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Abstract: (-)-7-Oxabicyclo[2.2.1]hept-5-en-2-one has been converted to (-)-6-exo-{(rert-butyl)dimethylsilyloxy}-7-
endo-benzyloxy-8-oxabicyclof3.2.1]Joct-3-en-2-one  and methyl 3,5-di-O-acetyl-2,6-anhydro-4-O-benzoyl-D-
glycero-D-galacto-heptouronate that were condensed with Me,AlSPh into a single aldol which was transformed
into a B-D-ManAp-CH(OAc)(1-3)-a-L-GulAp-CH(SEt), derivative. © 1999 Published by Elsevier Science Lid.
All rights reserved.

Carbohydrate mimics are potentially useful tools to study cellular interactions! and may become leads for
drug discovery.2 In particular C-linked disaccharides and oligosaccharides3 offer the advantage of being
resistant to acidic and enzymatic hydrolysis. They are therefore potential inhibitors of glycosidases and may
represent non-hydrolyzable epitopes. Since the first synthesis of B-D-Glep-CHy(1—6)-D-Glep by Rouzaud and
Sinaj,4 several approaches to C-disaccharides and C-linked oligosaccharides have been reported.3.5.6
Although several proposals appeared for the preparation of B-C-manno-hexopyranosides’ only three examples
of C-disaccharides involving B-C-mannosides (B-D-Manp-CHy(1—1)-B-D-Glc,8 B-D-Manp-CHy(1-4)-0-D-
Glcp-OMe,? B-D-Manp-CH,(1-56)-D-GlcSP) have been reported. We present here a new approach to the
synthesis of B-C-manno-hexopyranosides starting from (15,45)-7-oxabicyclo[2.2.1]hept-5-en-2-one ((-)-1: a
"naked sugar” of the first generation!0). The method generates 6,7-dihydroxy-8-oxabicyclo[3.2.1]oct-3-en-2-
one and D-glycero-D-galacto-heptouronic derivatives that can be coupled to construct new types of C-

disaccharides.
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Following Le Drian's method,!! (-)-1 was converted into (-)-6-endo-(benzyloxy)-5-exo-hydroxy-7-
oxabicyclo{2.2.1}heptan-2-one which was silylated ((--Bu)Me;SiCl, imidazole) into (+)-2 (68%, based on
(-)-1). Cyclopropanation of the triethylsilyl enol ether of (+)-2 with CICH,I/EtyZn (DCE, -10 to 20°C, 4 h),
and subsequent oxidation with FcClg/pyridine12 (DMF, 0-70°C, 2 h) provided enone (-)-3 (45%, based on
(+)-2, no purification of the intermediate compounds).13 Successive one-pot epoxidation of (-)-3 (+-BuOOH,
DBU, CHyCl, 20°C, 3 h),14 reduction of the ketone moiety with NaBHy in MeOH (0°C, 30 min),
benzoylation of the endo alcohol so-obtained (BzCl, pyridine, 20°C, 3.5 h) and desilylation (BugNF, THF,
Hy0, 0°C, 3.5 h) gave (-)-4 (66%). Dess-Martin periodinane oxidation of alcohol (-)-4 followed by acid
promoted (CF3COOH, CH3Clp, 20°C, 1 h) opening of the epoxide (with participation of the 3-endo-
benzoyloxy group) liberated a diol which was acetylated (AcCl, pyridine, DMAP (cat.), CH2Clp, 0°-20°C, 6 h)
into (+)-5 (79% based on (-)-4, no purification of intermediate products).!3 Baeyer-Villiger oxidation of (+)-5
was highly regioselective and generated uronolactone (-)-6 as expected.16 On treatment with ethanethiol and
then with MeOH under acidic conditions (CF3SO3H), the dithioacetal of 2,6-anhydro-heptouronic derivative
(-)-7 was obtained (72%). Its structure and conformation were deduced from its spectral data; in particular its
IH-NMR spectrum showed typical coupling constants for the B-manno-pyranoside with 3/(H-1,H-2) = 9.5,
3J(H-2,H-3) = 1.0, 3J(H-3,B-4) = 3.4, 3J(H-4,H-5) = 10.1, 3J(H-5,H-6) = 9.9 Hz and strong NOE's between
signals of 8y = 3.77 (H-2), 5.32 (H-4) and 4.10 ppm (H-6).
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Hydrolysis of the dithioacetal (-)-7 (Hg(ClO4)2-xH70, MeCN, 20°C, then: AgyCO3, MeCN/CHCl3,
20°C) liberated the unstable aldehyde 9 which was reacted with the aluminum enolate 8 generated by addition
of MeAlSPh17 to enone (-)-3. Out of four possible diastereomeric aldols only 10 was formed. Because of its
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instability it was not isolated but reduced with NaBHy; (MeOH, 0°C) to give diol (-)-11 in 56% overall yield
(based on (-)-7)). Repeating the same experiments starting from (£)-1 instead of (-)-1, diol ()-11 was
obtained, thus proving the homochiral matching of the aldol condensation of racemic (+)-3 and ()-7.

Acylation of diol (-)-11 (Ac9O, pyridine, DMAP, 20°C, 1 h) followed by desilylation (40% aqueous HF,
MeCN, 0°C, 2 h) and Dess-Martin periodinane oxidation (CH2Clp, 20°C, 45 min) furnished a ketone, the
Baeyer-Villiger oxidation of which (mCPBA, NaHCOj3, CHCl3, 20°C, 16 h) gave (-)-12. Subsequent treatment
with EtSH/CF3SO3H/CH2Cly, 20°C, 15 min) and with CHpNy (CH2Clp, 20°C) produced the B-D-C-manno-
pyranoside (-)-13 (61% based on (-)-11, without purification of the intermediate products).

The structure of (-)-11!8 was established by its 1H-NMR spectrum. Strong NOE's between signals of
protons H-2', H-4' and H-6' confirmed that no epimerization had occwrred during the aldol condensation.
Trans-configuration of H-3 and H-4 was confirmed by 3J(H-3,H-4) = 10.7 Hz; the cis configuration between
H-2 and H-3 was given by 3J(H—2,H-3) = 4.4 Hz. The (1'S) configuration was deduced from the Zimmerman-
Traxler mode of aldolisation!® and by analogy with related aldol reactions® (exo face of enone (-)-3 adds the
nucleophile; endo face of enolate 8 reacts with the aldehyde due to the bulk of the PhS group; for steric reasons
the exo face of ketone 10 is preferred for the reduction by NaBHy). Strong NOE's between H-2 and H-2' and a
weaker NOE between H-1' and H-4 as well as 3/(H-1'H-2) = 9.5 Hz and 3J(H-1',H-3) = 3.8 Hz confirmed the
conformation shown for (-)-11. The structure of (-)-13 was also given by its spectral data.20 The a-L-gulo-
pyranoside structure of C-1 to C-7 and the conformation shown for (-)-13 was confirmed by the IH-NMR data
(3J(H,H) and NOE's). It demonstrates that the acidic conditions used for the uronolactone opening epimerize,
in this case, the carboxylic moiety (less steric repulsions for the PhSO»---HOOC moiety in the L-gulo than in
the D-manno uronic acid).

Work is underway in our laboratory to use (-)-13 and (-)-3 and other templates3 to generate C-linked
oligosaccharides with 3~C-D-manno-pyranoside units.
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