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glycopeptides

TOMOYA OGAWA#*, KIYOAKI KATANO*% and MASANAO MATSUI
The Institute of Physical and Chemical Research, Wako-shi, Saitama, 351 (Japan)
(Received April 19th, 1978; accepted for publication, May Stk, 1978)

As a result of recent studies on the biochemistry of oligosaccharides present at
cell surfaces, many of them have been found to have branched-chain structures! and to be
linked to asparagine; and these may be classified into two types. For example, oligosaccha-
ride 1 (which was isolated from immunoglobulin glycopeptide®) and oligosaccharide 2
(which was isolated from calf thyroglobulin3) may respectively be classified as an N-acetyl-
lactosamine type, or type A, and an oligo-D-mannosidic type, or type B, of oligosaccha-
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ride®. Not only their biological functions® but also their unique, branched-chain structures

have stimulated efforts directed toward their chemical synthesis®.
As part of a project on the chemical transformation of carbohydrates through tri-

alkylstannylation, we report here a synthesis of core pentasaccharides, both of type A
(22) and type B (17).

The reaction of tributyltin alkoxide? (4) with 2,3 4,6-tetra-O-acetyl-a-D-manno-
pyranosyl bromide (3) was reported® to afford a high yield of orthoester 5. Moreover, a
regioselective enhancement of the nucleophilicity of the hydroxyl groups of methyl a-D-
mannopyranoside (6) by tributylstannylation and subsequent treatment with such electro-
philic reagents as an acyl halide® or an alkyl halide!® was reported to give a high yield of
methyl 3,6-di-O-substituted o-D-mannopyranoside (7). Consequently, if a glycosyl halide
such as 9 is used as an electrophilic reagent, instead of a simple alkyl halide, for the reac-
tion with 6, a regio-controlled introduction of two D-mannosyl residues might be expected
to occur at 0-3 and 0-6, viz orthoesters.
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In fact, the reaction of 2-O-acetyl-3,4,6-tri-O-benzyl-a-D-mannopyranosyl chlo-
ride [Ry 0.76 in 1:4 toluene—ethyl acetate; *H-n.m.r. data (in CDCl3): § 2.12 (5,3 H,
COCH3), 544 (t,1 H,J2Hz,H-2),and 6.03 (d, 1 H,J 2 Hz, H-1), which was prepared by
the reaction of orthoester 8 with chlorotrimethylsilane!! | with partially stannylated 6,
prepared in the usual way®'° through reaction with 1.5 molar proportions of bis(tributyl-
tin) oxide, afforded a 34% yield*** of 10, a molecule containing an orthoester form at 0-3
and 0-6 of methyl a-D-mannopyranoside, {[a]p +40.0° (c 0.52, CHCl3)****; R 0.48
(4:1 CHCi; —acetone); 'H-n.m.r. data (in CDCl;): 8 1.76 (s, 3 H, C-CH3) and 1.83 (5,3 H,
C-CH3)} and a 2.2% yield of a molecule containing an orthoester form at 04 and 0-6 of
methyl a-D-mannopyranoside, {[a]p +38.5° (¢ 0.46, CHCly); Ry 0.33 (4:1 CHCl3 —ace-
tone); *H-n.m.1. data (in CDCl3): § 1.73 (s, 3 H,C-CH3) and 1.82 (s, 3 H, C-CH3)}.

***Yields are not optimized.
*‘**All compounds for which [a]y) is recorded gave an acceptable, elemental analysis.
TThin- -layer chromatography was performed on precoated plates of Silica Gel 60 F,, -
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Treatment of 10 with sodium hydride and a-bromotoluene in V,N-dimethylform-
amide'? afforded a 77.3% yield of per-O-benzylated 10 (11) {[a]p +45.5° (c 0.44, CHCl3);
Ry 0.86 (2:1 toluene—ethyl acetate); 'H-n.m.r. data (CDCl3): § 1.74 (s, 3 H, C-CH;3) and
1.86 (s, 3 H, C-CH;) }. Rearrangement of 11 into the protecied trimannoside 12 {[a]p
+41.7° (¢ 0.59, CHCl3); R 0.36 (4:1 toluene—ethyl acetate); 'H-n.m.r. data (CDCl3): §
2.06 (s,3 H, COCH3) and 2.13 (s;3 H, COCH;) } was achieved in 27 3% yield by heating
at 120° in the presence of HgBr, under N, . Deacetylation of 12 with sodium methoxide
in methanol—tetrahydrofuran afforded an 83.8% yield of diol 13, the key intermediate for
further transformation {[a]p +53.8° (¢ 0.47, CHCl3); R 0.37 (2:1 toluene—ethyl ace-
tate) }. The a stereochemistry was assigned to the two newly introduced D-mannosidic
linkages in 13 by measuring the *C-n.m.r. data (D,0) for methy! 3,6-di-O-a-D-mannopyr-
anosyl-o-D-mannopyranoside (14) {[a]p +96.7° (¢ 0.45, MeOH); Rp 0-2 (1:3:1 CHCl; —
MeOH—conc. NH,OH); !H-n.m.r.-data (CD;0D): § 3.36 (s,3 H, OCH3),4.60(d, 1 H,J
1.5 Hz),4.83 (4,1 H,J 1.5 Hz), and 5.06 (d, 1 H, J2OHz)forth:eeanomencprotons}
obtained by hydrogenolysis of 13 in ethanol in the presence of 10% Pd— C. Three ano- "~
meric carbon atoms were observed, at § 100.1 (*Jcy 170.9 Hz, C-1a), 101.8 ey 1719
Hz, C-1), and 103.2 (}J¢y 1699 Hz, C-1b), in accordance with the 'Jcy value for the a-
D-glycosyl stereochemistry!® (see Fig. 1).
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Reaction of 13 with 9 in the presence of silver triflate and tetramethylurea'® in
dichloromethane under N, afforded a 78.8% yield of the protected penta-D-mannoside 15
{[a]p +34.7° (c 0.51, CHCl3); R 0.67 (4:1 toluene—ethy! acetate) }. Deacetylation of
15 afforded a 78.1% yield of 16 {[alp +45.9% (¢ 0.7, CHCl,); Ry 0.26 (4:1 toluene—ethyl
acetate) }, which was hydrogenolyzed in aq. ethanol in the presence of 10% Pd—C to af-
ford methyl 3,6-di-0-(2-0-a-D-mannopyranosyl-a-D-mannopyranosyl)-a-D-mannopyrano-
side (17) {[e]p +89.6° (c 0.51, MeOH); R 0.18 (3:1 MeOH—conc. NH,0H) }. The *C-
n.m.r. spectrum of 17 in D, O showed five anomeric carbon atoms: § 98.7 (IJCH 1700 Hz,
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Fig. 1. 25.05-MHz, Fourier-transform, **C-n.m.r. spectrum of compound 14 in D,0. (Top: proton-
coupled spectrum by gated-decoupling technique; bottom: proton noise-decoupled spectrum. Chemical
shifts from Me,Si).

C-1a), 101.6 (*Jcy 170.0 Hz, C-1b), 101.7 (*Jcyg 170.0 Hz, C-1), and 103.6 (*Jcy
170.0 Hz, C-1c and C-1d), in accordance with the assigned stereochemistry (see Fig. 2).
The key intermediate 13 could also be transformed into the core saccharide 22
(a type A oligosaccharide). Thus, the reaction of 3,4,6-tri-O-acetyl-2-deoxy-2-phthalimido-
B-D-glucopyranosy! chloride!s (18) with 13 in the presence of silver triflate and s-collidine
in nitromethane afforded a 43.7% yield of protected pentasaccharide 19 {[a]p +12.0°
(c 0.59, CHCl3); R 0.4 (2:1 toluene—ethyl acetate) }. Treatment of 19 with boiling etha-
nolic hydrazine hydrate!® under reflux in an atmosphere of argon afforded 20. Acetyla-
tion of 20 with acetic anhydride in methanol gave a 45.8% yield of the N-acetylated penta-
saccharide 21 {[a]p +21.3° (¢ 0.47, CHCl;3); RF 0.43 (4:1) CHCl;—MeOH) } . Hydro-
genolysis of 21 in the presence of 10% Pd--C in aq. ethanol afforded methyl 3,6-di-O0-
[2-0-(2-acetamido-2-deoxy-3-D-glucopyranosyl)-a-D-mannopyranosyl] -a-D-manno-
pyranoside (22) {[a]p +44.2° (¢ 0.51, MeOH); Rr 0.27 (4:1 MeOH-conc. NH, OH) }
The assigned stereochemistry was confirmed by the following **C-n.m.r. data (D, 0):
8 97.5 (*Jcu 1699 Hz, C-1a), 100.4 (*Jcy 160.0 Hz, C-1c and C-1d), 100.4 (*Jcy
168.0 Hz, C-1b), and 101.8 (*Jcy 1729 Hz, C-1) (see Fig. 3).
In conclusion, regio-controlled activation of the hydroxy! groups of methyl a-D-
mannopyranoside through tributyistannylation was successfully applied to the synthesis
of the core pentasaccharides of glycoproteins.
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Fig. 2. 25.05-MHz, Fourier-transform, *>C-n.1m.r. spectrum of compound 17 in D,0. (Top: proton-

coupled spectrum by gated-decoupling technique; bottom: proton noise-decoupled spectrum. Chemical
shifts from Me, Si).
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Fig. 3. 25.05-MHz, Fourier-transform, **C-n.m.r. spectrum of compound 22 in D,0. (Top: proton-
coupled spectrum by gated-decoupling technique; bottom: proton noise-decoupled spectrum. Chemical
shifts from Me, Si).
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