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Abstract: B -(1-4)-C-Disaccharides have been synthesized in four steps by stereoselective base
catalyzed Michael addition reaction of ghicosyl nitromethane to the chiral synthon,
levoghucosenone followed by radical removal of the nitro group with tributyltinhydride.
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C-Disaccharides are a class of unnatural and nonhydrolyzable mimics of disaccharides and potential
glycosidase inhibitors for the treatment of metabolic diseases. In response to our continuous interest in C-
glycosyl compounds and C-disaccharides,” we have focused our attention on the development of new strategies
for the synthesis of (1-4)-C-disaccharides and (1-4)-S-thiodisaccharides.*

Existing synthetic methods to C-

glycosyl compounds are multistep and 10W engo-tace attack W H endo
overall yield approaches.® The new approach /%&,

developed in our laboratory and presented here  exo-face attack Hj :‘ i

supports the ongoing studies on the utility of SUG., —H S

the  convenient  chiral "synthon" sue
levoglucosenone.® These approaches are based A B

on the Michael addition reaction of glucosyl X = SH, CHaNO,,CHO X=§, CHNO, CHOH,
nitronates and radical coupling of iodo SUG = GLU, GAL FUC,

derivatives to levoglucosenone.

Glycosyl nitromethanes® were convenient starting materials for the synthesis of C-disaccharides in
Martin's laboratories’ and others®. Our new approach also utilizes glycosyl nitromethanes as reactive donors in
the stereoselective Michael 1,4-addition reaction to the conjugated system of levoglucosenone.” The advantage
of the stereoselective 1,4-addition is the exclusive formation of an exo-adduct via formation of 1,4-C-linkage
from the less hindered face of the molecule (see A). The shielding effect of the 1,6-anhydro bridge in
levoglucosenone effectively prevents the formation of the 4-equatorial (e) product, and only the 4-axial (a)
product was routinely obtained. The most direct way to prove the correct stereochemistry of the 1,4-adduct is
to measure the coupling constants, J;,,, and J,., (see B), which range from 5.0-8.0 Hz and 1.0-1.5 Hz,
respectively. Lack of coupling between H-4 and H-S indicates that the pyranose ring of the adduct is in a 'C,
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conformation and is slightly distorted due to the presence of a carbonyl! function at C-2 with an axial substituent
at the 4-position. Due to long range couplings of 1-2 Hz, the complex multiplicity of the signals for H-3e is
consistent with "W" planar arrangements of H-1, H-3, as well as H-5.These important facts prompted us to
explore the synthetic utility of levoglucosenone by stereoselectively introducing a methylene bridge connecting
two sugar rings at C-(1-4). Indeed, the 'H-NMR coupling constants of the addition product § J,,, ,= 6.2 Hz and
Js.4=1.2 Hz indicate the axial disposition of the new C-4 substituent. This particular rule is highly predictable
and has been observed by other authors® during the course of the Michael conjugate addition, as well as proved
by us during the base-catalyzed addition reaction of 1-thiosugars™ and sugar aldehydes™ to levoglucosenone.
Furthermore, in contrast to the existing methods of C-disaccharide synthesis, our method does not require a
multistep procedure or special protection of functional groups.

The starting glycosyl nitromethane 3° was prepared by nucleophilic displacement of iodide 2 synthesized
from exocyclic glucal 1 according to the Van Boom methodology.'® The Michael 1,4-addition reactions of
glycosyl nitromethane 3 to levoglucosenone 4 were run in polar solvents (acetonitrile) in the presence of
potassium fluoride or triethylamine or tetramethylguanidine (TMG). These mildly basic conditions™® form a
nitronate anion and avoid concurrent B-elimination of the neighboring benzyl group. The isolation of the
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Scheme 1.

diastereoisomeric mixture of C-disaccharide 5" proceeds in 43% yield due to the recovery of starting 4.
Removing the nitro group of the methylene bridge of C-disaccharide § was achieved by reacting it with
tributyltin hydride? in the presence of the radical initiator 1,1'-azobis(cyclohexanecarbonitrile), (ABCN). The
resulting 2-keto-2,3-dideoxy-C-disaccharide 6 was obtained in good (68%) yields after purification by flash-
column chromatography. Alternatively, the radical coupling of iodide 2 with levoglucosenone in the presence
of radical initiator ABCN also gave C-disaccharide 6'°, however in a low (26% yield) due to concurrent
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formation of direct reduction product of 2. The removal of the anomeric hydroxyl of 6 was achieved by treatment
with triethyl silane (Et,SiH), borontrifluoride (BF,-Et,0) in a 1,2-dichloromethane (DCE) solution'® followed
by stereoselective reduction of the keto function™ at C-2 with the formation of 7" in 89% and 41% overall yield
from 4. Debenzylation was performed according to the Hanessian methodology'® followed by acetolysis"” of the
1,6-anhydro ring which produced the peracetylated target C-disaccharide 8" in 19% overall yield from 4.
This new methodology will prove very useful for synthesizing a wider range of 3-deoxy-C-disaccharides
with various linkages while using levoglucosenone as a convenient synthon to control the stereoselectivity. The
readily procured B-(1-4)-linked C-disaccharides are versatile synthons that may be employed in a variety of
transformations to amino- thio- and branch-chain sugars by functionalization of the remaining functional groups.
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