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A Stereoselective Hetero-Diels—Alder Approach to Carbon-Carbon Linked Disaccharides
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The chiral 1-oxabuta-1,3-diene 1 bearing the thiazol-2-y! ring at C-2 and the p-galacto-pentopyranosid-5-yl ring at C-4
reacts with ethyl vinyl ether 2 in an endo-specific hetero-Diels—Alder process to give a mixture of diastereoisomeric
3,4-dihydro-2H-pyran derivatives 3 and 4 in 4 : 1 ratio and 97% overall yield; these compounds are transformed by
thiazole-to-formyl unmasking and hydroxylation into stereoisomeric C-3—C-5 linked dipyranosides 7 and 8.

Because of the potential inhibitory activity of various carbohy-
drate-based biological processes,! pseudodisaccharides are
the targets of considerable synthetic efforts. In addition to
genuine C-disaccharides? in which the interglycosidic oxygen
atom that is present in natural products has been replaced by a
methylene group, other types of carbon-linked disaccharides
having different spacers between the two aldose rings have
been described.? Attention has been given in two instances
only,* to the best of our knowledge, to the synthesis of
disaccharides containing no spacer, i.e. compounds wherein
the two aldose rings are directly joined by a carbon—carbon
bond. We report here our approach to this class of compounds
employing an asymmetric hetero-Diels-Alder reaction
(HDA)S of a vinyl ether with a pyranosidyl substituted
oxadiene.%

To approach rapid construction of a newly emerging
pyranose from C-5 of an existing pyranose we considered the
readily available? chiral 1-oxabuta-1,3-diene 1 bearing the
thiazol-2-yl ring at C-2 and the p-galacto-pentopyranosid-5-yl
moiety at C-4. Successful asymmetric cycloaddition reaction
of this heterodiene with an alkoxylated alkene would produce
a functionalized dihydropyran suitable for elaboration into the
second aldose. The thiazole ring ensured a conveniently
masked formyl groups that could be eventually employed for
further elaboration of the final product. Hence, reaction of
oxabutadiene 1 (17 mmol) with neat ethyl vinyl ether 2 (35 ml)
in sealed tube at 80 °C afforded, after 5 days, a mixture of
diastereoisomeric 3,4-dihydro-2H-pyran derivatives 3 and 4 in
4:1ratio and 97% overall yield (Scheme 1). In the presence of
lithium perchlorate® (1 equiv.) the reaction was completed
after 18 h at room temp. to give, however, cycloadducts 3 and
4 in 1:1 ratio, although in almost quantitative overall yield.
Flash column chromatography [SiO,, light petrol (40-60)-
diethyl ether 4:1] of the reaction mixture afforded the
individual productst 3 and 4. The structure and stereo-
chemistry of the cycioadduct 4 were directly defined by X-ray
crystallographic analysis.10 On the other hand, the cis-stereo-
chemical relationship between the ethoxy and the p-galacto-
pentopyranosid-5-yl and the absolute configurations at the
newly formed stereocentres in the isomer 3 were deduced
from the structure (confirmed later on by X-ray crystallo-
graphic analysis!®) of a compound derived from it.} It is thus
seen that the topology of the cycloaddition reaction is endo
specific and that, in the absence of lithium perchlorate, its
diastereofacial selectivity leading to 3 as major product
indicates attack by the vinyl ether 2 to the oxabutadiene 1 face
opposite to the plane of the pyranose ring. The preference of 1
for the reactive conformation shown in Scheme 1 has been
already noticed in conjugate addition reaction.”

Hydroxylation of 3,4-dihydro-2H-pyran derivatives 3 and 4
by either hydroboration of the double bond with BH;-SMe, or
BH;-THF complexes or addition of benzyl oxide anion was
unsuccessful. Hence elaboration of these compounds by
conversion of the thiazole ring into the formyl group was
considered. The combination of the original® and improvedi!
one-pot deblocking protocol afforded the corresponding
formyl substituted dihydropyrans 5a (92%) and 6a (90%),
thus showing that the cleavage of the thiazole ring of
compounds 3 and 4 occurs without concomitant reduction of

the adjacent carbon—carbon double bond. In a similar way,
treatment of both 5a and 6a with NaBH, led to the exclusive
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Scheme 1 Reagents and conditions: i, neat reagents in sealed tube,
80 °C, 5 days; ii, CF3SO3;CHj;, CH3CN, room temp. 10 min, then
NaBH,, MeOH, 0 °C, 30 min, then HgCl,, CH;CN-H,0O, room temp,
15 min; iii, NaBH,, MeOH, room temp. 15 min; iv, BH;THF, THF,
room temp. 18 h then H,O, and NaOH, 60 °C, 1 h
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Fig. 1 (Gal = p-galacto-pentopyranosid-5-yl)

reduction of the formyl group giving rise to C-6 hydroxy-
methyl substituted dihydropyrans 5b (89%) and 6b (91%).
Thus, the remaining carbon—carbon double bond of these
compounds was available for cis-specific borane addition
using the BH;-THF complex and subsequent hydroxy group
introduction with hydrogen peroxide, providing dipyranosides
7 and 8, wherein L- and p-antipode 2,3-dideoxy-ribo-hexopy-
ranosid-3-yl rings are diastereospecifically installed at C-5 of a
D-galacto-pentopyranosidyl moiety. As shown in Fig. 1, due to
anomeric effect and allylic strain, one conformer is preferred
in both compounds 5b and 6b, which is diastereospecifically
attacked by the borane reagent from the less hindered side.
In summary we have developed a stereoselective inverse-
type hetero-Diels—Alder approach to a class of unnatural
disaccharides. This synthetic strategy suggests extensions to
other l-oxabuta-1,3-dienes bearing different pyranosidyl or
furanosidyl moieties as well as other electron-rich dienophiles.
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Footnotes

+ All new compounds exhibited consistent spectral ({H and 13C NMR,
IR) and analytical data. Optical rotations were measured at ca. 20 °C
in CHCl; and are given in units of 10-1 deg cm? g—1; TH NMR spectra
were measured at 300 MHz in CDCl; at 25 °C; J values given in Hz.
Selected data: 3: oil, [a]p = ~82.0 (¢ 2.72). 4: mp 158-160 °C (diethyl
ether), [a]p = —=77.4 (¢ 0.52). 5a: oil, [a]p = —64.4 (c 0.63). 6a: oil,
[a]p = —39.0 (c 1.1). 7: 70%, oil, [a)p = —29.1 (¢ 0.7), selected 'H
NMR (pyran numbering) & 1.21 (t, 3H, J 7.0), 1.39-1.45 (m, 1H,
Hi.x), 1.99 (dddd, 1H, J 12.4, 10.5, 6.6, 4.1, H,), 2.26 (ddd, 1H, J
13.2,4.4,2.0, Hag), 2.42 (bt, 1H,J 5.5 OH), 3.26 (d, 1H, J 4.4, OH),
3.31(ddd, 1H,J9.2,4.9,4.0, H¢), 3.34 (dq, 1H,J 9.3, 7.0), 3.56 (ddd,
1H,J 10.5, 9.2, 4.4, Hs), 3.78 (m, 1H), 3.90 (m, 1H), 3.91 (dq, 1H, J
9.3,7.0),4.56 (dd, 1H,J9.02.0, H,). 8: 64% , mp 114-116°C, [¢]p =
~82.8 (¢ 0.62), selected 'H NMR (pyran numbering) & 1.23 (t, 3H, J
7.1), 1.23-1.30 (m, 1H, Ha,,), 2.02 (ddd, 1H, J 12.7, 4.5, 2.1, H3¢g),
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2.14 (dddd, 1H, J 12.7, 9.2, 9.1, 4.5, Hy), 2.32 (dd, 1H, J 6.9, 6.2,
OH),3.38(ddd, 1H,J9.4,5.4,4.2, Hs), 3.50 (dd, 1H, 7 9.4,9.1, Hs),
3.56 (dq, 1H, J 9.4 7.1), 3.77 (ddd, 1H, J 11.5, 6.9, 5.4), 3.93 (ddd,
1H, J 11.5, 6.2, 4.2), 3.96 (dq, 1H, J 9.4, 7.1), 4.15 (s, 1H, OH), 4.63
(dd, 1H,J 9.7, 2.1, Hy).

i As shown below, this compound 9, mp 163-164 °C (diethyl ether),
[a]lp = —253.5 (¢ 0.51) is the epimer at C-2 of the aldehyde 5a; it
formed from 3 as a side product of 5a when the formyl group
unmasking was carried out by the original protocol (ref. 8) employing
Mel in refluxing MeCN (12 h) for the methylation of the thiazole ring.
This anomerization is very likely due to traces of acetic acid present in
the solvent.
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