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ABSTRACT

Syntheses of the propyl glycosides (1-3) of f-D-Galp-(1—4)-8-D-GlcpNAc, §-D-Glcp-(1—6)-[8-p-
Galp-(1-4)]--pD-GlcpNAc, and f-p-Galp-(1-4)-8-D-Glcp-(1-6 )-[f-D-Galp-(1 > 4)]-f-p-GlcpNAc, re-
spectively, are reported. Reaction of allyl 2-acetamido-3-0-benzyl-2-deoxy-6-O-(4-methoxybenzyl)-§-p-
glucopyranoside with 2,3 ,4,6-tetra-O-acetyl-a-D-galactopyranosyl bromide under Hg(CN), catalysis, fol-
lowed by oxidative removal of the 4-methoxybenzyl group, gave allyl 2-acetamido-3-O-benzyl-2-de-
oxy-4-0-(2,3,4,6-tetra-O-acetyl-§-D-galactopyranosyl)-f-n-glucopyranoside (10) O-deacetylation of which,
followed by hydrogenolysis/hydrogenation, gave 1. Reaction of 10 with §-p-glucopyranose penta-acetate
and S-lactose octa-acetate, under catalysis by trimethylsilyl trifluoromethanesulfonate, and treatment of the
products as for 10 gave 2 and 3, respectively. Attempted glycosylation of 10 with 2,3,4,6-tetra-O-acetyl-§-D-
glucopyranosyl bromide under catalysis by Hg(CN), or silver trifluoromethanesulfonate gave an orthoester.
Complete assignments of the 'H- and *C-n.m.r. spectra of 1-3 are reported together with their carbon
spin-lattice relaxation times which indicate that 3 assumes a compact instead of an extended shape.

INTRODUCTION

The five distinct serotypes' of human pathogenic Group B Streptococci® (GBS)
share a highly complex, common polysaccharide antigen®, and each of the serotypes
features a specific, capsular polysaccharide having repeating units of 5-7 monosaccha-
ride residues’. We have described*® the synthesis of several oligosaccharides which form
parts of the common polysaccharide antigen and used them in immunochemical studies’
which led to the establishment of the immunodominant region of the common antigen.

In order to provide structurally well-defined carbohydrate probes for the study of
antigen—antibody interactions of the individual serotypes, current work is directed
towards the synthesis of oligosaccharides that correspond to the specific capsular
polysaccharide of a particular serotype.

Of the five distinct serotypes of GBS, the most prevalent in human disease is type
III which is, amongst others, the major cause of bacterial meningitis in newborn
infants’. The capsular polysaccharide type III is composed of the following branched
pentasaccharide repeating-unit®:

* Dedicated to Professor Leslie Hough in the year of his 65th birthday.
t Synthetic Oligosaccharides Related to Group B Streptococcal Polysaccharides, Part 4. For Part 3, see ref. 4.
Issued as NRCC 00000.
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3)-8-D-Galp-(1 —4)-f-D-Glcp~(1 = 6)-§-D-GlcpNAc-(1 -
4
T
1
a-D-Neup5Ac-(2— 3)-f-D-Galp

The incomplete asialoantigen is identical in structure to the capsular polysaccha-
ride of type 14 Streptococcus pneumoniae, represented by the following branched
tetrasaccharide repeating-unit’:

3)--p-Galp-(1 - 4)-p-D-Glcp-(1 - 6)-p-D-GlcpNAc-(1 -
4
T
1
B-D-Galp

This tetrasaccharide has been synthesized in its reducing form'. Using the same
strategy, the 7-methoxycarbonyl-3,6-dioxaheptyl and 8-acetamido-3,6-dioxaoctyl gly-
cosides have also been synthesized''. The preparation of a fully protected, linear isomer
has been described'” and used in a polycondensation reaction. The syntheses of the
propyl glycosides (2 and 3, respectively) of the branched tri- and tetra-saccharide
fragments of type III GBS are now described together with the 'H- and "C-n.m.r. data.

RESULTS AND DISCUSSION

The synthesis strategy involved allyl 2-acetamido-3-0O-benzyl-2-deoxy 6-0-(4-
methoxybenzyl)-g-p-glucopyranoside (7) as the key intermediate, in which HO-4 was
expected to be sufficiently nucleophilic to react with a galactopyranosyl donor. Remov-
al of the 4-methoxybenzyl group would then expose HO-6 for reaction with a glucosyl
and a lactosyl donor, respectively. This approach differs from that employed by other
groups'®!! which involved, as the first step, f-lactosylation at HO-6 of benzyl 2-
acetamido-3-O-benzyl-2-deoxy-a-D-glucopyranoside® and the corresponding, 1,2-
trans glycosides having 7-methoxycarbonyloctyl-3,6-dioxaheptyl'! and 8-azido-3,6-
dioxaoctyl aglycons''. The yields in this step varied'®! in the range 41-51%. The
structures of the products were proved'®' by the fact that they failed to react with
triphenylmethyl chloride in pyridine. As the second step, HO-4 was f-galactosylated,
with'® or without'' prior activation, to provide the target tetrasaccharides in yields'®" of
31-61%.

Compound 7 was obtained from allyl 2-acetamido-2-deoxy-f-D-glucopyrano-
side', which was treated with 4-methoxybenzaldehyde dimethyl acetal' in dry N,N-
dimethylformamide in the presence of p-toluenesulfonic acid to give 4 (92%). Reaction
of 4 with benzyl bromide in the presence of barium oxide and barium hydroxide
octahydrate in N,N-dimethylformamide gave 5 (98%). Treatment" of 5 for 10 min in
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boiling methano! with pyridinium p-toluenesuifonate' removed the 4-methoxyben-
zylidene group to give the diol 6 (97%). Removal of the corresponding benzylidene
acetal required'” 24 h in 80% aqueous acetic acid at 50°. Compound 6 was regioselec-
tively 4-methoxybenzylated at HO-6 with 4-methoxybenzyl chloride under the agency
of dibutyltin oxide and tetrabutylammonium iodide™ in benzene to provide 7 (75%)
together with 5% of the regioisomer 8.

Condensation of 7 with 2,3.4,6-tetra-O-acetyl-z-D-galactopyranosyl bromide in
nitromethane-toluene, under catalysis by mercury(ll) cyanide, gave the expected,
1,2-trans-linked disaccharide 9 (65%). Selective removal of the 4-methoxybenzy! group
by oxidation™ with 2,3-dichloro-3,6-dicyano-1,4-benzoquinone in dichloromethane-
water afforded allyl 2-acetamido-3-G-benzyl-2-deoxy-4-0-(2,3 4,6-tetra-O-acetyl-f-n-
galactopyranosyl)-f-pD-glucopyranoside (10, 84%). The 1,.2-trans configuration of the
interglycosidic linkage in 10 was proved by the characteristic™' J,, , -, values of 159 and
163 Hz for the C-1 resonances at 104.0 and 99.1 p.p.m., respectively.

Unexpectedly, reaction of 10 with 2,3.4,6-tetra-G-acetyl-a-D-glucopyranosyl
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bromide in nitromethane-toluene in the presence of mercury(ll} cyanide did not
provide the trisaccharide derivative 15, but gave the 6-acetate 11 and the orthoester 13
as the major products (experimental details not provided). Catalysis by silver triftuoro-
methanesulfonate, in the presence of tetramethylurea and 4 A molecular sieves as acid
scavengers in dichloromethane, also failed to promote the formation of 15, and 13 was
isolated (34%) as the major product. The structure of 13 was proved by the presence in
its "Con.m.r. spectrum of lines at 121.3 (CH,C0,), 97.0 (Jo 5, 183 Hz, C-1,), and 21.8
(CH;-CO,), characteristic” of 1,2-cyclic orthoesters. Further confirmation was provid-
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‘ed by the *C-n.m.r. spectrum of 14 (see Experimental) obtained from 13 by Zemplén

O-deacetylation, and by its sensitivity to 0.01M hydrochloric acid. This finding was
surprising, since the primary hydroxyl groups of several 2-acetamido-2-deoxy-D-gluco-
sides were shown'®"" to be sufficiently nucleophilic in glycosylation reactions using
either the orthoester', the modified Koenigs—Knorr'!, or the trichloroacetimidate"
methods.

The trimethylsilyl trifluoromethanesulfonate (TMSOTH()-catalyzed reaction?’ be-
tween 10 and 1,2,3,4,6-penta-O-acetyl-f-D-glucopyranose was examined next. It was
assumed that an orthoester, even if formed initially, would be isomerized in situ by the
Lewis acid-type catalyst and, indeed, D-glucopyranose penta-acetate reacted with 10 to
provide the target trisaccharide 15 and no orthoester 13 could be isolated. In this
reaction, the acetylated acceptor 11 was also formed as the major side-product (17%
isolated). This type of side reaction in TMSOTf-catalyzed glycosylation reactions is well
documented®*, Similarly, the reaction of 10 with lactose octa-acetate under TMSOTE-
catalysis gave the fully protected tetrasaccharide glycoside 17 and no orthoester was
isolated. The yields of 15 (39%) and 17 (46%) in the above reactions are comparable to
those (41% and 51%) reported'" for lactosylation at HO-6 of 2-acetamido-2-deoxy-D-
glucose derivatives having both HO-4 and HO-6 unsubstituted.

Conventional removal (NaOMe/MeOH then H,-Pd/C) of the O-protecting
groups from 9, 15, and 17 gave the propyl glycosides 1-3, respectively, in which the
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1,2-trans configuration of the interglycosidic linkages was proved by the characteristic
Ji.1 1.2 values (7.8-8.0 Hz)” for 1-3 (Table I) and the J. ,; , values (160-163 Hz)®* for 1

and 2 (Table II).

Combined use of 1D and 2D 'H- and *C-n.m.r. spectroscopic methods ['H-'H
COSY?, relay-COSY?, J-resolved spectroscopy, 1D, heteronuclear shift-correlation
spectroscopy (CHORTLE®)] permitted unambiguous assignment of '"H- and '*C-n.m.r.

spectra of 1-3 (Tables I and II).

TABLE 1

'H-N.m.r. data® for 1-3

V. POZSGAY et al.

Chemical shifts® (p.p.m.)

Coupling constants® (Hz)

H atont” 1 2 3 Juskt 1 2 3
1, 4532 4546  4.545 La2a 8.1 8.3 8.2
2, 372 3.74 3.741 2,34 ndf 107 10.7
3, 3.69 3685  3.688 3,4, nd. 8.4 8.6
4, 3.70 3828 383 4,5, nd. 10.1 nd.
5, 3580 3720 372 5,64 2.2 1.8 2.0
64 3825 4289 4287 50,64 5.2 49 43
6, 3980 3953 3959 6,6, 12.3 11.2 11.4
1 4469 4530 4533 15,25 7.8 8.0 7.8
2, 353 3548  3.53 2,3, 10.0 10.0 10.0
3, 3.664 3665  3.668 35,4y 3.5 34 34
4, 3922 3923 392 45,5, 0.5 14 0.9
5y 372 3.70 3.704 5565 nd. nd. 40
6p 372 3.74 55,6 nd. 8.4 8.1
6 3.78 3.79 65,6 nd. 12.0 12.3
i 4521 4556 lo2c 79 8.0
2 3332 337 20.3¢ 9.4 9.6
3 3505  3.655 3cdc 8.6 nd.
4 3402 3.67 40,5c 9.8 nd.
5¢ 3462 3.595 5¢,6¢ 24 24
6c 3921 3984 50,6 6.2 5.0
6 3.73 3.820 6c,6'c 12.5 12.4
Ip 4.454 1p,2p 7.9
25 3.540 25,3p 10.0
35 3.661 354y 3.5
3.929 4,5, 1.0
55 3.728 50:6p 4.0
6o 3.73 50:6'n 8.2
6, 3.77 60,6's 116
CH,CO 2030 2030 2,033
CH,CH,CH, 0870 0864  0.864
CH,CH,CH, 1550 1550 1552
CH,CH,CH, 3.55 3.55 3.55
3.85 3.84 3.84

At 500 MHz, in D,0, at 300 K; see Experimental for details.  Values obtained by first-order analysis. ° A-D
refer to the monosaccharide units as shown in the formulae. ¢ Not determined. ¢ Assignments for residues B

and D may be interchanged.
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Carbon spin—lattice relaxation time (7)) values for 1-3 were measured in order to
obtain information on the motional behaviour of the individual units in the glycoside 3.
Even though quantitative interpretation of carbon T values is not without difficulty®,
such data can be used to characterize qualitatively the relative mobilities of sugar
residues in oligosaccharides. For example, in a trisaccharide-containing steroid glyco-
side, the non-reducing, terminal glycosyl unit, farthest from the bulky, anchoring
aglycon, had the longest 7, relaxation times, indicating the least restricted motion
among the sugar residues®. The non-reducing, terminal galactosyl units in pentasaccha-
rides exhibit*' carbon T, relaxation times longer than those in the middle of the chain,
which was interpreted as an indication of their greater mobility.

TABLE II

“C-N.m.r. chemical shifts** for 1-3 and J_, ;,, values® for 1 and 2

Carbon atom’ 1 2 3

1, 101.83 (160) 101.97 (156) 101.98
2, 55.95 55.94 55.96
3a 73.34 73.32 73.20
4, 79.33 78.74 78.72
54 75.60 74.35 74.34
64 60.91 68.2 68.27
1, 103.71 (160) 103.59 (163) 103.79
2, 71.80 71.78 71.78

35 73.29 73.28 73.3¥
4, 69.37 69.41 69.42¢
55 76.17 76.1 76.18"
65 61.84 61.89 61.84
1 103.36 (160) 103.21

2 73.80 73.49
3¢ 76.48 75.11

4. 70.50 79.27

5¢ 76.67 75.54
6 61.6 60.90
1p 103.58

2, 71.78

3 73.36/
4, 69.39¢
5 76.09*
6p 61.84

CH,CO 22.98 22,97 22.98

CH,c0 175.34 175.36 175.34

CH,CH,CH, 10.43 10.41 10.41

CH,CH,CH, 22.90 22.92 2292

CH,CH,CH, 73.16 73.35 73.35

“ At 300 K, at 125 MHz, in D,0O: see Experimental for details. > Assignments are based on 1D, *C-'H
correlation spectroscopy (CHORTLE®) using the 'H-n.m.r. data in Table I: See Experimental for other
details. ° Values obtained by first-order analysis.  A-D refer to the monosaccharide units shown in the
formulae. ° Assignments for residues B and D may be interchanged. /#* Identical superscripts indicate
interchangeable assignments.
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TABLE III

BC NT, values? for 1-3

Carbon atom® 1 2 ¥

1, 0.43 0.35 0.31
2, 0.40 0.34 0.29
3, 0.46 0.40 0.38
4, 0.39 0.33 0.25
54 0.40 0.31 0.27
6, 0.44 035 0.27
1, 0.45 0.41 0.34
2, 0.43 0.41 -

35 0.41 0.34 0.35
4, 0.40 0.34 0.31
54 0.38 0.38 0.32
6, 0.62 0.54 0.49
I 0.39 0.30
2 0.43 0.31
3c 0.46 0.32
4c 0.41 0.28
5. 0.40 0.31
6c 0.44 0.32
1p 0.34
2, -

3, 0.29
4, 0.30
5, 0.3
6, 0.49

“In s. ® For designators A-D, see formulae 1-3. ¢ Values given for units B and D may be interchanged.

TABLE IV

Average C N7, values” for 1-3

Sugar unit® 1 2 3

A 0.42 (0.42) 0.34 (0.34) 0.30 (0.30)
B 0.41 (0.45) 0.38 (0.40) 0.33 (0.36)
C 0.42 (0.42) 0.30 (0.31)
D* 0.31 (0.35)

“In s; the values represent averages for C-1/5; the values in parentheses represent averages for C-1/6. ® For
designators A-D, see formulae 1-3. ¢ The values for compound 3 may be interchanged.

The carbon T, values (Tables III and IV) for 1-3 indicate that the overall
flexibility decreases with increasing molecular size. For 2, the average N7, value (Table
IV) for unit A is smaller than those for units B and C, indicating a relatively restricted
segmental motion for the GlcNAc residue. In 2, the motion of the Gle residue (unit C) is
less restricted than that of the Gal residue (unit B) probably due to its (1—6) instead of
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(1-4) linkage. The average NT, values (Table III) for 3 exhibit a further decrease
relative to those for 2, the decrease being most pronounced for the Glc residue (unit C),
which constitutes further proof for the assignments in Table II. Although the average
NT, values for the terminal, non-reducing residues (units B and D) are somewhat larger
than those for units A and C, it is unlikely that the small differences (0.03 and 0.01 s,
respectively) represent significant variations in the segmental motion of the individual
units.

EXPERIMENTAL

Meiting points were determined with a Fisher—Johns apparatus and are un-
corrected. Optical rotations were measured at 20° with a Perkin—Elmer Type 141
polarimeter. Column chromatography was performed on Silica Gel 60 (Merck, 0.040—
0.063 mm). The eluates in Sephadex chromatography were analyzed with a Waters
R-403 differential refractometer. All reagents and solvents were of commercial grade.
Solvents used for chromatography were distilled prior to use. Glycosylation reactions
were performed under argon in anhydrous solvents. Molecular sieves were activated for
2 h at 150-200° prior to use. 2,3,4,6-Tetra-O-acetyl-a-D-galacto- and -gluco-pyranosyl
bromide, D-glucose penta-acetate, and lactose octa-acetate were commercial products
and were used without purification. The 'H- (500 MHz) and “C-n.m.r. (125 MHz)
spectra for 1-3 were recorded with a Bruker AM-500 instrument at 300 K and the
13C-n.m.r. (50 MHz) spectra for 7-18 were recorded with a Bruker AM-200 instrument
at 300 K. Internal references: CH, signal of acetone (2.225 for 'H and 31.07 p.p.m. for
BC for solutions in D,0), CDCI, (77.0 p.p.m. for "*C for solutions in CDCl,), CD,0D
(49.9 p.p.m. for ®C for solutions in CD,0OD). Proton homonuclear shift-correlated
2D-n.m.r. experiments (COSY?®, relay-COSY?*') were performed by using standard
pulse sequences provided by Bruker (DISB87). Heteronuclear *C-'H shift-correlation
spectroscopy was performed by the CHORTLE technique®. Solutions of 1-3in 99.5%
D,O were freeze-dried twice before n.m.r. measurements in 99.95% D,0.

4-Methoxybenzaldehyde dimethyl acetal. — To an equimolar, stirred mixture of
4-methoxybenzaldehyde and trimethyl orthoformate was added a catalytic amount of
p-toluenesulfonic acid. An exothermic reaction started immediately and the colour
changed from yellow to violet. Stirring was continued under vacuum (30-50 mmHg) for
1 h. The product thus obtained was used without purification. For n.m.r. data, see ref.
14,

Allyl  2-acetamido-2-deoxy-4,6-O-(4-methoxybenzylidene )-B-D-glucopyranoside
(4). — A mixture of allyl 2-acetamido-2-deoxy-#-D-glucopyranoside (26 g, 0.1 mol),
4-methoxybenzaldehyde dimethyl acetal (80 mL), p-toluenesulfonic acid (200 mg), and
N,N-dimethylformamide (100 mL) was kept at room temperature for 24 h. Triethyla-
mine (1 mL) was added; the solution was poured into a well-stirred mixture of water (1.5
L)and hexane (300 mL), and the precipitate was collected and washed several times with
water and hexane to give 4 (34.8 g, 92.2%), m.p. 282-285° (dec), [¢], —54° (c 1.5,
N,N-dimethylformamide).
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Anal. Calc. for C,(H,;NO, (379.39): C, 60.15; H, 6.59; N, 3.69. Found: C, 60.24;
H, 6.49; N, 3.75.

Allyl 2-acetamido-3-O-benzyl-2-deoxy-4,6-O-( 4-methoxybenzylidene )-B-D-gluco-
pyranoside (5). — A mixture of 4 (36.0 g, 95 mmol), benzyl bromide (25 mL, 36 g, 210
mmol), barium oxide (105 g), barium hydroxide octahydrate (32 g), and N,N-di-
methylformamide (250 mL) was shaken vigorously for 12 h at room temperature, then
filtered. The filter cake was extracted with 1,2-dichloroethane (2 x 600 mL) at reflux
temperature, and the combined filtrate and washings were concentrated under vacuum
to afford a solid which was washed thoroughly with hexane and water to give § (43.9 g,
98.5%), m.p. 262-264°, [a],, —40° (c 1.2, N,N-dimethylformamide).

Anal. Cale. for C,;H,NO, (469.51): C, 66.57; H, 6.65; N, 2.98. Found: C, 66.48;
H, 6.75; N, 3.04.

Allyl 2-acetamido-3-O-benzyi-2-deoxy-B-D-glucopyranoside (6). — A mixture of §
(10.0 g, 21.3 mmol), pyridinium p-toluenesulfonate (1.0 g), and methanol (800 mL) was
stirred under reflux until dissolution was complete (~ 10 min). T.l.c. (6:1 chloroform—
methanol) showed complete conversion of § into the product. Concentration gave a
solid which was washed with ether to give 6 (8.0 g, 97.2%), m.p. 213-214°, [«], —29° (c
0.5, ethanol); lit."” m.p. 188-189°, [a], — 11.4° (methanol); lit.* m.p. 190-191°, [a],, —4°
(pyridine).

Anal. Calc. for C,¢H,NO, (351.38): C, 61.52; H, 7.11; N, 3.99. Found: C, 61.75;
H, 7.16; N, 4.08.

Allyl 2-acetamido-3-O-benzyl-2-deoxy-6- (1) and -4-O-(4-methoxybenzyl)-B-D-
glucopyranoside (8). — A mixture of 6 (12.0 g, 34.2 mmol), dibutyltin oxide (8.55 g, 34.3
mmol), and benzene (500 mL) was stirred under reflux for 3 h, using a Dean—Stark trap,
and ~200 mL of benzene was distilled. The stirred solution was cooled to ~ 50°,
tetrabutylammonium iodide (14.5 g, 39.2 mmol) and 4-methoxybenzyl chloride (8.5 g,
7.35 mL, 54.3 mmol) were added, and stirring was continued for 6 h at 45-50°. The
mixture was concentrated, and a solution of the syrupy residue in chloroform (200 mL)
was extracted with water (3 x 100 mL), then concentrated. Chromatography (1:1
hexane—ethyl acetate, then ethyl acetate) of the residue gave 7 (12.0 g, 74.5%), m.p.
141-142°, [o], —10° (¢ 0.4, chloroform). C-N.m.r. data (CDCl,): 6 170.5 (C=0), 159.0
(C-4 MeOBn), 138.5 (C quat., Bn), 133.9 (CH = allyl), 129.7-127.7 (aromatic carbons),
117.3 (CH,= allyl), 113.7 (C-3, 5MeOBn), 99.1 (C-1), 80.3 (C-3), 73.9, 73.7, 73.2 (2 x),
70.2, 69.8 (C-4,5,6, CH, Bn, CH, MeOBn, CH, allyl), 56.6 (C-2), 55.2 (OCH,), 23.5
(CH,CO).

Anal. Calc. for C,;H,;NO, (471.52): C, 66.22; H, 7.05; N, 2.97. Found: 66.32; H,
7.14; N, 3.04.

Subsequent elution gave 8 (0.85 g, 5.3%), m.p. 139-141°, [a], —2.5° (c 0.7,
chloroform).

Anal. Found: C, 66.51, H, 7.12; N, 3.00.

Allyl  2-acetamido-3-O-benzyl-2-deoxy-6-O-(4-methoxybenzyl)-4-O-(2,3 4,6-te-
tra-O-acetyl-B-p-galactopyranosyl)-f-p-glucopyranoside (9). — A mixture of 7 (1.8 g,
3.8 mmol), 2,3,4,6-tetra-O-acetyl-a-D-galactopyranosyl bromide (3.2 g, 7.8 mmol),
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mercury(II) cyanide (1.8 g, 7.1 mmol), 4 A molecular sieves (~2 g), nitromethane (10
mL), and toluene (10 mL) was stirred at room temperature for 4 h. T.l.c. (3:1 ethyl
acetate-hexane) then revealed the complete disappearance of 7. The mixture was filtered
and concentrated, and a solution of the residue in chloroform (50 mL) was extracted
with aqueous KI, then with water, and concentrated. Chromatography (2:1 ethyl
acetate-hexane) of the residue gave 9, isolated as a glass (1.98 g, 64.7%), [«], —11° (c
0.7, chloroform). *C-N.m.r. data (CDCl,): § 170.3-169.9 (C =0), 160.5 (C-4 MeOBn),
138.5 (C quat. Bn), 133.8 (CH = allyl), 129.5-127.5 (aromatic carbons), 117.4 (CH,=
ally), 114.0(C-3,5 MeOBn), 100.9, 99.6 (C-1,, 13), 78.7(C-3,), 76.4 (C-4,), 69.5 (C-6,),
60.9 (C-65), 54.9 (C-2,), 23.5 (CH,CON), 20.7, 20.6, 20.3(2 x ) (4 CH,CO).

Allyl  2-acetamido-3-O-benzyl-2-deoxy-4-0-(2,3 4,6-tetra-O-acetyl-f-nD-galacto-
pyranosyl)-f-pD-glucopyranoside (10). — A mixture of 9 (1.9 g, 2.36 mmol), 2,3-dichlo-
ro-5,6-dicyano-1,4-benzoquinone (0.63 g, 2.77 mmol), dichloromethane (25 mL), and
water (5 mL) was stirred for 3 h at room temperature, then extracted with aqueous
NaHCQO,, dried, and concentrated. Chromatography (100:1 then 100:2 chloroform—
methanol) of the residue gave 10 as an amorphous solid (1.35 g, 83.8%), [«], — 10°(c0.9,
chloroform). *C-N.m.r. data (CDCl,): ¢ 170.3, 170.2, 170.0, 169.9 (4 CH,CO), 169.5
(CH,CON), 138.5 (C quat. Bn), 133.8 [CH= allyl), 128.2-127.5 (aromatic carbons),
117.3 (CH, = allyl), 104.0 (Ji; ., 159 Hz), 99.1 (J¢. ., 163 Hz) (C-1,,1p), 77.6 (C-3,),
76.2 (C-4,), 75.0, 73.7, 70.7 (C-5,, CH, Bn, CH, allyl), 70.5 (C-5;), 70.0 (C-3;), 69.4
(C-2p), 66.8 (C-4y), 60.9, 60.6 (C-6,,65), 55.3 (C-2,), 20.3 (CH,CON), 20.7,20.5 (3 x ) (4
CH,CO).

3,4,6-Tri-O-acetyl-o-D-glucopyranose 1,2-{[allyl 2-acetamido-3-O-benzy!-2-de-
oxy-4-0-(2,3,4,6-tetra-O-acetyl-p-p-galactopyranosyl)-p-p-glucopyranosid-6-yl)  or-
thoacetate} (13). — A stirred mixture of 10 (50 mg, 0.073 mmol), 2,3,4,6-tetra-O-acetyl-
a-D-glucopyranosyl bromide (40 mg, 0.097 mmol), tetramethylurea (58 mg, 60 mL; 0.5
mmol), 4 A molecular sieves (200 mg), and dichloromethane (2mL)was stirred for 1 hat
20°, then cooled to 0°, and treated with silver trifluoromethanesulfonate (30 mg, 0.11
mmol), and stirring was continued at 0° for 24 h. Solids were collected on Celite 545 and
washed with dichloromethane, and the combined filtrate and washings were washed
with ice-cold, aqueous NaHCO, and concentrated. Chromatography (1:1 ethyl acetate—
hexane) of the residue gave syrupy 13 (25 mg, 34%) as the main product, [«], —11° (¢
0.3, chloroform). "C-N.m.r. data (CDCl,): § 170.2-169.0 (C=0), 133.9 (CH = allyl),
128.3, 127.7 (aromatic carbons), 121.3 (C quat. orthoester), 117.1 (CH, = allyl), 100.0
(Jeama 163Hz, C-1,),99.0 (Jo 1, 156 Hz, C-15), 97.0 (J., 1, 183 Hz, C-1.), 63.0, 62.5,
60.8 (C-6,,64,60), 50.9 (C-2,), 23.3 (CH,CON), 21.5 (CH, (orthoester), 20.8, 20.7
(CH,CO).

a-D-Glucopyranose 1,2-{[allyl 2-acetamido-3-O-benzyl-2-deoxy-4-O-(f-D-galac-
topyranosyl)-B-D-glucopyranosid-6-yl] orthoacetate} (14). — A solution of 13 (20 mg) in
anhydrous methanol (3 mL) was treated with a catalytic amount of sodium methoxide
at room temperature for 24 h. The solution was neutralized with Dowex 50W (H")
resin, filtered, and concentrated to give 14 as an unstable glassy solid (12 mg, 89.5%).
BC-N.m.r. data (D,0): § 174.0 (C=0), 138.1 (C quat. Bn), 133.8 CH = allyl), 128.9,
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128.5 (aromatic carbons), 121.6 (C quat. orthoester), 118.3 (CH, = allyl), 103.3 (C-1y),
100.3 (C-1,), 97.8 (C-1.), 80.6 (C-3,), 77.8 (C-4,), 62.3, 61.6 (2 x) (C-6,,65,60), 54.8
(C-2)), 22.5 (CH,CON), 21.9 (CH; orthoester).

Allyl  2-acetamido-3-O-benzyl-2-deoxy-4-0-(2,3,4,6-tetra-O-acetyl-B-p-galacto-
pyranosyl)-6-0-(2,3,4,6-tetra-O-acetyl-f-D-glucopyranosyl)-p-pD-glucopyranoside (15).
— A mixture of 10 (200 mg, 0.29 mmol), 1,2,3,4,6-penta-O-acetyl-f-D-glucopyranose
(200 mg, 09.51 mmol), 4 A molecular sieves (~ 500 mg), and anhydrous dichloro-
methane (5 mL) was stirred for 1 h at room temperature. Trimethylsilyl trifluorometha-
nesulfonate (200 L) was added and stirring was continued for 24 h. Triethylamine (0.5
mL) was added, solids were collected and washed with dichloromethane, and the
combined filtrate and washings were concentrated in vacuo. Chromatography (1:1 ethyl
acetate—hexane) of the residue gave, first, allyl 2-acetamido-6-O-acetyl-3-O-benzyl-2-
deoxy-4-0-(2,3,4,6-tetra-O-acetyl-f-nD-galactopyranosyl)-§-D-glucopyranoside  (11),
isolated as a syrup (35 mg, 16.5%), [a], —2°, (c 0.2, chloroform). >C-N.m.r. data
(CDCl,): 4 170.1 (C=0), 130.7 (CH = allyl), 128.3, 127.6 (aromatic carbons), 117.3
(CH, = altyl), 100.2,98.9(C-1,,1,),76.0, 75.6(C-3,,4,), 72.9,72.5,70.9,70.5, 69.5, 69.1,
66.7 (C-5,,C-24,35,45.55, CH, Bn, CH, = allyl), 63.7 (C-6,), 60.8 (C-65), 51.3 (C-2,),
23.2 (CH,CON), 20.7, 20.6 (4 x ) (5 CH,CO).

Eluted second was 15 (115 mg, 38.7%), [¢], —29° (¢ 0.3, chloroform). *C-N.m.r.
data (CDCl,): 6 171-169 (C=0), 133.8 (CH = allyl), 128.3, 127.6 (aromatic carbons),
116.9 (CH, = allyl), 101.1, 99.8, 99.0 (C-1,,1;,1,), 68.3 (C-6,), 61.7, 60.7 (C-65,6.), 49.6
(C-2,), 23.1 (CH,CON), 20.6 (CH,CO).

Allyl  2-acetamido-3-O-benzyl-2-deoxy-4-0-(2,3,4,6-tetra-O-acetyl-f-p-galacto-
pyranosyl)-6-0-[2,3 ,6-tri-O-acetyl-4-0-(2,3,4,6-tetra-O-acetyl-f-D-galactopyranosyl)-
B-D-glucopyranosyl}-f-nD-glucopyranoside (17). — A mixture of 10 (400 mg, 0.58 mmol),
lactose octa-acetate (600 mg, 0.88 mmol), 4 A molecular sieves (1.5 g), and dichloro-
methane (10 mL) was stirred at room temperature for 1 h. Trimethylsilyl trifluoro-
methanesulfonate (300 uL) was added and stirring was continued for 24 h. Work-up, as
described for 15, gave 17 as an amorphous solid (350 mg, 45.8%), [a], —24° (c 0.9,
chloroform). *C-N.m.r. data (CDCL,): 4 170.0-168.8 (C=0), 138.0 (C quat. Bn), 133.6
(CH= allyl), 128.0, 127.4 (aromatic carbons), 116.7 (CH, = allyl), 100.8 (J, 4., 160
Hz), 100.5 (¢, ., 161 Hz), 99.6 (Ji., 4., 161 Hz), 98.8 (Ji ., 164 Hz) (C-1,,15,1:,1p),
68.9 (C-6,), 61.7, 60.6, 60.4 (C-64,6,6,), 50.3 (C-2,), 22.9 (CH,CON), 20.7-20.3
(CH,CO).

Propyl  2-acetamido-2-deoxy-4-O-(f-D-galactopyranosyl)-B-D-glucopyranoside
(1). — A solution of 9 (170 mg, 0.21 mmol) in anhydrous methanol (10 mL) was treated
with a catalytic amount of sodium methoxide at room temperature for 24 h. The
solution was neutralized with Dowex SOW (H*) resin, filtered, and concentrated to give
12 (128 mg, 95%) as a syrup. >C-N.m.r. data (CDCl,): § 160.2 (C-4 MBn), 135.5(CH =
allyl), 130.6-128.7 (aromatic carbons), 117.1 (CH,= allyl), 114.8 (C-3,5 MeOBn),
104.1, 101.7 (C-1,, C-1), 82.3 (C-3,), 77.3 (C-4,), 76.4, 74.8, 70.8 (3 CH, allyl, Bn,
MeOBn), 76.1, 74.7, 73.0 (2 x), 70.3 (C-5,,24,33,4s,55), 67.0 (C-6,), 56.2 (CH,0), 55.2
(C-2,), 23.0 (CH,CON).
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A mixture of 12 (110 mg), ethanol (10 mL), water (3 mL), glacial acetic acid (0.5
mL), and 10% Pd/C (200 mg) was stirred for 24 h under hydrogen at 20° under
atmospheric pressure, then filtered, and concentrated. The amorphous residue was
eluted from Sephadex G-10 with water. Fractions that contained 1 were combined and
freeze-dried to give 1 as an amorphous solid (53 mg, 72%), [a], —9° (c 0.2, water). For
the n.m.r. data, see Tables [-IV.

Propyl 2-acetamido-2-deoxy-4-O-(f-p-galactopyranosyl)-6-O-(f-D-glucopyrano-
syl)-B-D-glucopyranoside (2). — Compound 15 was O-deacetylated, as described for 9,
to give 16 as a glass (36 mg, 93%). "C-N.m.r. data (D,0): § 174.9 (C=0), 138.4 (C quat.
Bn), 134.1 (CH= allyl), 129.4, 129.1 (aromatic carbons), 119.0 (CH,= allyl), 103.7,
103.3,100.9 (C-1,,15,1), 80.9(C-3,), 67.7(C-6,), 62.1, 61.6 (C-65,6.), 55.3 (C-2,), 23.0
(CH,CO).

Hydrogenolysis of 16, as described for 12, followed by purification on Sephadex
G-15, gave 2 as an amorphous solid (77%), [], —12° (¢ 0.2, water). For the n.m.r. data,
see Tables ITV.

Propyl 2-acetamido-2-deoxy-4-O-(-D-galactopyranosyl)-6-O-[4-O-(f-D-galacto-
pyranosyl)-B-D-glucopyranosyl]-f-D-glucopyranoside (3). — Compound 17 was O-dea-
cetylated, as described for 9, to give 18 (95%). *C-N.m.r. data (D,0): § 171.8 (C=0),
138.3 (C quat. Bn), 134.0 (CH = allyl), 129.3, 129.0 (aromatic carbons), 118.9 (CH,=
allyl), 103.7, 103.6, 103.0, 100.8 (C-1,,15,1.,1,,), 80.0(C-3,), 67.7 (C-6,), 62.0, 61.8, 60.8
(C-64,6¢,6p), 55.2 (C-2,), 22.9 (CH,CO).

Hydrogenolysis of 18, as described for 12, gave 3 as an amorphous solid, [o], —9°
(c 0.1, water). For the n.m.r. data, see Tables I-IV.
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