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SYNTHESIS OF c-(1—3)- AND ¢-(1 4}-LINKED C-DISACCHARIDES USING
{(+)-7-OXABRICYCLO[2.21JHEPT-5-EN-2-ONE ("NAKED SUGAR"™),

R. Mampuya Bimwala and Pierre Vogel*

Section de Chimie de 'Université de Lausanne, 2, rue de la Barre, CH 1005 Lausanne, Switzerland

Summary, The a-(1-23)- and a-(1—4)-linked C-disaccharides derived from D-glucose and L-mannose have been
obtained with hiph stereoselectivity vig the addition of 2,3.4.0-tetra-O-acetyl-glucopyranosyl radical to
(15.4R 5R 6R }-6-endo-chloro-3-methylidene 5 -benzenesclenyl-7-oxabicyclof{2 2.1 Jhepran-2-one.

The replacernent of the interglycosidic oxygen atom in disaccharides by a methylene group generates a class
of interesting analogues of disaccharides, namely the C-disaccharides, which constitute potential inhibitors of
ghycosidases! and disaccharidases.? Since the first synthesis of a B-(1—6)-C-disaccharide (ID-gle-C-R-{1—6) D-
GleOMe) by Rouzaud and Sinay,® severa! approaches to C-disaccharides have been proposed. Some of them rely
on the condensation of an elecrrophilic and a nucleophilic reagent, both derived from a ratural, protected
carbohydrate®® (sce e.p. the syntheses of methylenc bridge analogues of maltose,® cellobiose,® sucrose? and
B.p-rehalose), others are based on the addition of glycosyl radicals to e-methylene lacones derived from 2
varbohydrate, leading to ¢-(1—2)-C-disaccharides such as methylene bridge analogues of kojibiose, ristobiose, and
- L-fucopyranosyl (1—2)-D-palactose.” We report a new approach to the synthesis of (1—3)- and (1~4)-C-
disaccharides which apply the addition of O-tetracetyl-D-plucopyranosyl radical to a 3-methylidene-7-oxabicyclo-

[2.2.1)hepran-2-one system derived from optically pure (+)-7-oxabicycla[2.2.1}hept-5-¢n-2-ane (1), 2 " naked

sugar” 10
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Under kinetically controlled conditions, the reaction of benzeneselenyl chloride with 1 gave adduct 2 nearly
quantitatively.}! The high regioselectivity of this electrophilic addition has been auributed ro the electron- relensing
effect of the homoconjugated carbonyl moiety due 1o favourable through-bond n(CO)-6C(1),C(M)-pC(H
interactions.'? Treatment of the enol cther 3 derived from 2! with the Eschenmoser’s salt'® (H;C=NMe;,l, 1.5

cquivalent) 1n botling anhydrous THF containing 1 equiv. of HMPT (24 h) afforded the methyleneketone 4 in 84%
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yield (eolourless ¢il, {a][_)25= -49.1, (¢=1.8, CH;Cl;). When a solution of BusSnH (1 equiv.) in absolute benzene
conwining 5 mol% of AIBN was added slowly (automatic syringe, 30 min) to a boiling solution of 4 and
acetobromoglucose 5 (1.3 equiv.} in benzene (10wl reactions time: 1 h), ¢ mixture was obiained from which the
a-C-glucoside 6 (48.5%),' the B-C-glucoside 7 (6.0%) and the reduced glucose derivative 8 were separated and

isolated by column chromatography on silica gel. Under these conditions, no trace of products resulting from the
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reduction of the chloride or/and of the phenylselenide functions could be deteeted in the crude reaction mixture (by
360 MHz '"11-NMR). Furthermore, no trace of the C(3) exo stereomer of 6 could be seen, thus peinting out the high
exo face selectivity of the hydrogen wansfer from Bu,SuH to the radical intermediate resulting from the quenching
of the glycosyl radical by enone 4. The endn configuration of centre C(3) C-linked to the glucose moicty was
determined by the abservation (double irradiation experimems) of a vicinal coupling constant of 6 11z between
H-C(4) and H-C(3) of the bicyclic sysremls and NOE berween H-C(5) and the CH,-C(3) protons. The o
configuration of the "anomeric” centre C(17) of the C-glucoside was expected for the major product®®16 and was
confirmed by the vicinal coupling constant JJ(Heg-C(17), Hax-0(2"))=4 Hz8%17 measured in its TH-NMR spectrum,

These features were also found in the TH-NMR spectra of the derivatives 9-14 described here-below.
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Reduction of ketone 6 with NaBH, (THI/MeOH 1:1, 0°C, 10 min) furnished the endo alcohol 10 (96%,
colourless oil, |a]p®= +18.8 (c=1.3, CH,CLy)). Oxidative elimination of the phenylselenide (mCPRA, CH,Cl,,
S785C, 20 min) gave the corresponding chloroalkenol 10 (96%, colourless oil, felp”i= +33.6 (c=1.3, CH,CLy)
which was acetylated with Ac,Q/pyridine and dimethylaminopyridine (DMAP: cartalyst) into 13 (97%, colourless
oil, [)p¥= +65.7 (¢=0.87, CH,Ch,). Double hydroxylation of the chloroalkene 1T with Hy0Oy and OsOy {catalyst)
in THF (0°C, 3 h) afforded the 3-exo-hydroxy-7-oxabicyclof2.2.1jheptan-2-onc derivative 12 nearly
quantitatively.'® Acetylation (Ac,O/pyridine/DMAP) of £2 gave 13 (94%, mp. 170-171°C: [elp®= +1129
{c=0.52, CH,CL,)).'® Baeyer-Villiger oxidation of ketone 13 with mCPBA/NaHCO; (CH,Cl, 20°C, 15 h) gave the
wrono-6,1-lactone 14 (94%, colourless oil, {a;,P= +99 (c=1, CHyCL)) with high regioselectivity, as for the
Baeyer- Villiger oxidation of related 7-oxabicyclo[2.2.1]heptan-2-ones substituted at C(3-2x0} by ester moieries. !
Treatment of lactone 14 with anhydrous MeQH containing a trace amount of K,CO, (20°C, 45 min) led to the
formation of the corresponding methyl furanuronate which was reduced jn sine by addition of NaBH, (20°C, 4 b)
into the comresponding methyl 4-C-substituted 4-deoxy-L-mannohexonate. Acidification of the solution with IN
HCI (pH 2-3) and stiring at 40°C overnight led to 4 complex mixmre of partially acetylated 4-deoxy-4-C-(a-D-
glucopyranosylmethyl)-L-mannono-8-lactone, After solvent evaporation 1o dryness {several evaporations with
toluene), and acetylation (Ac,Qfpyridine/ DMAP) the peracetylated derivative 15 was isolated (62%; colourless vil.

[alp®= +12.4 {c=0.8, CH;Cl,)).2
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Under acidic conditions, the methanolysis of uronolactone 14 (MeOH + S50CL,, 20°C, 3 h) gave the methy
(methylfuranosideuronate 16. Reduction with LiAIH, (& equiv.) in anhydrous THF (20°C, 150 min), followed by
acidic treatment (2N HCL pH=3, 0°-60°C), drying by azeotropic distillation (toluene) and acetylation
(Ac,Ofpyridine/DMAP,  20°C, 15 h), afforded methyl  2,5,6-wi-O-acetyl-3-deoxy-3-C-[(27,37.4°,67- tetra-
O-acetyl-a-D-glucopyranosylymethyl]-L-a-manno-furanoside (17) (65%, colourless oil, [alp®= +17.5 (c=1.2
CH,Cl).

Starting with the "naked sugar” 1, o-(1—3)- (Scheme 2) and a-(1—4)-C-linked-disaccharides (Scheme 1)
derived from D-glucose and L-mannose have been obtained readily with high stereoselectivity. Using the
enantiomer of 1, which is as readily available as 1,'% our approach should allow one to prepare the correspouding
a-(1—3)- and - (1—4)-C-linked disaccharides derived from D-glucose and D-mannose. Enone 4 and its
enantiomer are expected to add other carbohydrate derived radicals than 2,34,6-tetra-O-acetylglucopyranosyl

radical®18 and thus make possible to preparation of a large variety of C-disaccharides.
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