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Hex-2-enopyranosides featuring a malonate-type
C-glycosidic bond and a free hydroxy group at C-4’
undergo, under basic conditions [DBU (20 mol%) in
trifluoroethanol], a ring contraction leading to either
2,5-dialkyl-2,5-dihydrofurans or 2-alkylfurof3,2-b]furans
depending on the substitution pattern of the glycosides.

Ring contraction reactions of pyranoid to furanoid derivatives
are well established and especially useful in carbohydrate
chemistry.! Such reactions generally require a suitable leaving
group on the carbon atom 3 to the oxygen atom and
intramolecular displacement with participation of the ring
oxygen atom.2 An alternative approach utilizes a Horner-
Wadworth-Emmons type reaction of pyranoses? via an acyclic
intermediate and in situ heteroatom conjugate addition across an
«,B-unsaturated ester. The reaction sequence affords C-alkyl
furanoses. During ongoing work on the use of pyranose f-C-
glycosides as chiral building blocks,* we intended to synthesise
the dihydrofurans and furo[3,2-b]furans. These compounds are
present as substructures in numerous bioactive natural products
such as pamamycins,5 halichondrins,® nonactic acid,” gonio-
furfurone? and erythroskyrine.?

In the presence of base, malonate-type substituted C-
glycosides epimerise!® by a process involving a retro Michael—-
Michael sequence.!!-12 It was anticipated that such C-glyco-
sides with a free C-4’ hydroxy group would be prone to ring
contraction provided that trapping of the acyclic intermediate,
which should form the tetrahydrofuran, occurs faster than the
recombination leading to a tetrahydropyran. The transformation
of a series of compounds 1 showed the feasibility of this
concept.

Indeed, reaction of B-C-glycoside 1at in the presence of a
base, yielded 2,5-dihydrofuran 2a%,§ as a mixture of dia-
stereoisomers (1) and (1) roughly in a 1: 1 ratio (Scheme 1
and Table 1). Weak bases (trifluoroethoxide) effect the
transformation in higher yield than strong ones (methoxide)
(entries 1 and 2). The ring contraction occurred with sig-
nificantly increased yields, reaching effectively 60-65% with
1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) or caesium carbon-
ate in aprotic polar solvents, e.g. THF or acetone (entries 3 and
4). Finally, the best yield of 2a was obtained by combining DBU
(20 mol%) with trifluoroethanol (TFE) (entry 5). These
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Scheme 1

optimized conditions were applied to $-C-glycosides 1b—et
which afforded 2,5-dialkyl-2,5-dihydrofurans 2b—ef respect-
ively in fair to good yields (Table 2).

The hex-2-enopyranosides 1f—-gt under the above conditions
lead to the 2-alkylfuro[3,2-b]Jfurans 3a-cf as a mixture of
diastereoisomers (1’«) and (1’B) in a 3:7 ratio with moderate
yields (Scheme 2). As depicted in Scheme 3, the formation of 3a
occurs with a fert-butyldimethylsilyl group transfer from
primary to secondary oxygen (e.g. C-6’ — C-5%). With 1g, the

Table 1 Optimization of the base promoted ring contraction process from
1a

Yield” of

Entry« Base Solvent t/h 2ac (%)

1 MeONa MeOH 40 35
2 CF;CH,ONa TFE 1.5 32
3 Cs,CO;3 acetone 1.5 65
4 DBU THF 20 60
5 DBU TFE 20 86

a The reactions were carried out at room temp. » Yields refer to pure isolated
(ftash chromatography, silica) products. ¢ Mixture of epimers 1’oc: 1’ in a
1:1 ratio estimated by 'H NMR spectroscopy.

Table 2 Synthesis of 2,5-dialkyl-2,5-dihydrofurans 2a-e from (-C-
glycosides?

Entry Glycoside 1 T/°C Product? 2 Yield¢ (%)
1 a 25 a 86
2 b 55 b 60
3 c 25 [ 82
4 d 55 d 75
5 e 55 e 77

a The reactions were carried out with DBU (20 mol%) in TFE. # Mixture of
epimers 1’ac: 1’Bina 1: 1 ratio estimated by 'H NMR spectroscopy. ¢ Yields
refer to pure isolated (flash chromatography, silica) products.
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Scheme 2 Reagents and conditions: i, DBU (20 mol%), TFE, 55°C;
ii, BuyNF (1.1 equiv.), THF, room temp.
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base sensitive methoxycarbonyl group was cleaved under these
conditions. On the other hand, attempts to remove the tert-
butyldimethylsilyl group in 1f (BuyNF in THF) resuited in a
rearrangement to the furofuran 3b,§ most probably as a result of
the more basic conditions.!3 From a mechanistic point of view,
we assume that the formation of the furanofuran derivatives 3
proceeds through a double five-exo-trig!* heterocyclization
(Scheme 3). The configuration of the newly created chiral
centre (C-3") derives both from the C-4’ configuration and the
necessity of the cis ring junction. Moreover, owing to the
reversible steps of the skeletal rearrangement, no 1,2-trans
disubstituted tetrahydrofuran derivatives are observed.

It is worth noting that this ring contraction proceeds
satisfactorily in TFE as solvent. The higher efficiency of TFE is
most likely due to its low pKa value (12)!5 which favours proton
transfer equilibrations, leading to the five membered ring,
owing to the proton acidity of this kind of C-glycosides.
Moreover, the saturated -C-glycosides 4a-b (Scheme 4) did
not lead to the respective ring contraction products but
underwent partial epimerization on the anomeric carbon atom.
Consequently, the Z-double bond in open-chain intermediates
(Scheme 3) was crucial for ring contraction and presumably acts
as a favourable entropic factor.16 Finally, the importance of the
C-aglycone functionalities (3-nitroacetate or 1,3-diketone) was
highlighted by the difference of the 3-C-glycosides 1e and 1f,
with the latter favouring the formation of a bicyclic deriva-
tive.
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Scheme 3 Proposed mechanism for the ring contraction of glycosides

4a X = X’ =COMe
b X = NOy, X’ = CO.Me

Scheme 4
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Footnotes

+ The B-C-glycosides were prepared using a palladium-catalysed alkylation
of 3,4-dicarbonate glycals.

1 All new compounds gave satisfactory analytical and/or spectral data.

§ Spectroscopic data for 2a (two diastereoisomers): colourless oil, Ry =
0.13 (diethyl ether); IR (neat) v/cm—! 3382, 2960, 1707, 1364, 1261, 1089
and 800; "H NMR (200 MHz, CDCl5) 8 2.60 (3/2 H, 5),2.63 (3/2 H, 5), 2.69
(3/2H,s),2.71 (3/2H,),2.73 (1 H, brd, J 4.7 Hz), 3.52 (1 H, ddd, J 2.9,
4.7, 11.7 Hz), 3.68 (1 H, m), 3.69 (1 H, d, J 9.5 Hz), 487 (1 H, m), 5.23
(1H,m),5.76 (1 H,br d, 6.0 Hz) and 5.91 (1 H, m); '3C NMR (100 MHz,
CDCl5) $29.37 (g), 30.09 (q), 30.63 (q), 30.76 (q), 64.22 (1), 64.55 (1), 73.59
(d), 75.13 (d), 84.42 (d), 84.82 (d), 86.85 (d), 87.30 (d), 128.52 (d), 129.54
(d), 129.66 (d), 201.90 (s), 202.06 (s), 202.40 (s) and 202.66 (s). For 3b (two
diastereoisomers): colourless oil, Ry = 0.35 (ethyl acetate); IR (neat)
vicm~1 3418, 2930, 1712, 1593, 1418, 1361, 1152, 1076, 973; 'H NMR
(400 MHz, CDCls) dy major diastereoisomer: 1.56 (1 H, ddd, J 4.8, 10.0,
13.5Hz),2.00 (1 H,m),2.16 (3H,s),2.24 (3H,s),2.32 (1 H,dd, /5.2, 13.5
Hz), 3.69 (1 H, d, J 9.3 Hz), 3.77 (1 H, d, J 10.1 Hz), 3.92 (1 H, dd, J 3.9,
10.1 Hz), 4.26 (1 H, m), 4.40 (1 H, d, J 3.9 Hz), 4.53 (1 H, ddd, J 5.1, 9.3,
9.8 Hz),4.78 (1 H, dd, J 4.2, 4.4 Hz); minor diastereoisomer: 1.58 (1 H, ddd,
J2.4,6.6,14.0Hz),2.15(3H,s),2.22 (3H,s), 2.42 (1 H, pseudo dt. J 7.0,
14.0 Hz), 3.75 (1 H, d, J 8.8 Hz), 3.85 (1 H, d, J 10.0 Hz), 4.01 (1 H, dd, J
3.7,10.0 Hz), 423 (1 H, d, J 4.2 Hz), 4.54 (1 H, m) and 4.81 (1 H, m); 13C
NMR 8¢ major diastereoisomer: 30.26 (2xq), 38.85 (t), 73.95 (d), 74.72 (1),
76.54 (d), 77.90 (d), 82.25 (d), 88.60 (d), 201.45 (s) and 202.38 (s).
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