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a b s t r a c t

A stereodivergent route, starting from D-glyceraldehyde derivative, employing Wittig olefination–Claisen
rearrangement protocol is reported for the synthesis of six novel carbahexofuranoses—carba-a-D-gluco-
furanose, carba-b-D-altrofuranose, carba-a-D-allofuranose, carba-b-D-idofuranose, carba-a-D-galactofura-
nose and carba-b-D-talofuranose in enantiomerically pure form.

� 2011 Elsevier Ltd. All rights reserved.
A group of carbohydrate mimetics,1 called carbasugars2 are ob-
tained by replacing ring oxygen atom of a sugar with a methylene
group.3 They have comparatively higher lipophilicity and hence are
potentially beneficial for increasing oral efficiency and cell wall
penetration. Further, due to lack of acetal functionality, the com-
pounds containing carbasugar moiety are more resistant to the
endogenous degradative enzymes. As a consequence of this car-
basugars have higher affinity and selectivity for their cognate
receptors as compared to their natural saccharide counterparts.4

Carbasugars, in their chiral form, can be versatile intermediates
for synthesis of aminocarbasugars,5 carbaoligosaccharides6 and
carba-nucleosides7 (Fig. 1). Carbafuranoses are present as subunits
of natural carbanucleosides, such as aristeromycin8 and neplano-
cin-A9 and synthetic carbanucleosides like Carbovir10 and Cyclara-
dine11 are potent antitumour and antiviral agents. Carbasugars
required for synthesis of such carba-nucleosides are available only
through a complex multistep chiral synthesis.12–15

Several novel and interesting synthetic strategies have been
reported for the synthesis of various carbafuranoses,12 especially,
carbapentofuranoses employing either achiral starting materials13

or chiral substrates like carbohydrates.14 However, only a few ap-
proaches have been reported for the synthesis of carbahexofuranos-
es.15 Therefore, there is enough scope to develop novel, general and
more efficient routes for synthesis of carbahexofuranoses. Such
ll rights reserved.
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synthetic routes will be more appealing if they allow the prepara-
tion of all possible stereoisomers of carbahexofuranoses. We herein
report such an approach while achieving the first synthesis of six
isomeric D-carbahexofuranoses.

Wittig olefination of aldehydes or ketones to get allyl vinyl
ethers16 followed by a Claisen rearrangement17 is a convenient
protocol for the generation of 4-pentenals which serve as versatile
synthetic intermediates. Such 4-pentenals have been applied to the
synthesis of terpenes, alkaloids and heterocycles.18 As a part of the
continued interest towards the application of this protocol, a prac-
tical approach for the synthesis of novel carbahexofuranoses has
been designed.

2,3-O-cyclohexylidene-D-glyceraldhyde19 1 was treated with
allyloxymethylenetriphenylphorane to get the corresponding allyl
vinyl ether 2 (Scheme 1) as an inseparable mixture of E- and
Z-isomers in 1:1.5 ratio. The allyl vinyl ethers 2 underwent Claisen
rearrangement in refluxing xylene to afford aldehyde 3a and 3b as
an inseparable mixture of diastereomers. The ratio of the aldehydes
was estimated to be 1:2.7 from the proton NMR spectrum. Reduction
of the diastereomeric mixture of aldehyde 3a and 3b with NaBH4

gave chromatographically separable mixture of alcohols 4a and 4b
in the ratio of 1:2.7. The structures of these alcohols were estab-
lished by converting them to the known alcohols.20,21

Proceeding towards the synthesis of carbahexofuranoses, alco-
hol 4a was oxidized with PCC in CH2Cl2 at 0 �C to aldehyde 3a
½a�29

D = �18.40 (c 6.60, CHCl3) (Scheme 2). Grignard reaction of alde-
hyde 3a with vinyl magnesium bromide gave the dienol 5a as an
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Figure 1. Structure of carbasugars, carba-nucleoside and carbadisaccharide.
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Scheme 1. Reagents and conditions: (a) CH2CHCH2OCH2Ph3P+Cl�, t-BuO�Na+, THF,
50–55 �C, 1 h; (b) Xylene, reflux, 6 h; (c) NaBH4, aq Methanol, rt, 35 min.
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inseparable mixture of diastereoisomers. This distereomeric mix-
ture of dienol 5a, under ring closing metathesis conditions with
Grubbs’ second generation catalyst, gave a mixture of diastereo-
meric cyclopentenols which on chromatographic separation gave
cyclopentenols 6a ½a�29

D = �16.10 (c 0.35, CHCl3) and 6b
½a�29

D = +38.66 (c 1.89, CHCl3) in equimolar quantities. Stereochem-
ical assignment to the cyclopentenol 6a was based on the NOESY
NMR experiment, which showed the NOE correlation between pro-
tons on carbon C-1 and C-5. This also established the stereochem-
istry of the cyclopentenol 6b. In a similar fashion the alcohol 4b
was oxidized to aldehyde 3b ½a�29

D = �5.22 (c 5.86, CHCl3) and con-
verted to the cyclopentenols 6c ½a�29

D = +16.61 (c 6.54, CHCl3) and 6d
½a�29

D = �48.64 (c 4.50, CHCl3) in 1:1 ratio. In the NOESY NMR spec-
trum of cyclopentenol 6c, NOE correlation between the protons on
carbon C-1 and C-5 confirmed the stereochemical assignment to
the compound. This also established the stereostructure of cyclo-
pentenol 6d. The hydroxyl group in cyclopentenols 6a–d was pro-
tected as their benzoate esters 7a–d, respectively.

cis-Dihydroxylation of the cyclopentene benzoate 7a using
potassium osmate followed by protection of diol with 2,2-dime-
thoxy propane gave carbasugar derivative 8a ½a�29

D = �29.61 (c
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Scheme 2. Reagents and conditions: (a) PCC, CH2Cl2, 0 �C, 4 h; (b) Vinyl magnesium brom
DABCO, pyridine, CH2Cl2, rt, 6 h.
2.51, CHCl3) in 60% yield (Scheme 3). Stereochemical assignment
of the carbasugar derivative 8a was based on NOESY NMR experi-
ment. The NOESY spectrum did not show any NOE correlation
between the protons on carbon C2 and C3 this indicates that the
cis-dihydroxylation of double bond in the cyclopentene benzoate
7a took place exclusively from the opposite face of the alkoxy
groups, which is in accordance with Kishi’s principle.22 The cyclo-
pentene benzoate 7b on dihydroxylation and further protection of
the resulting diol gave the fully protected derivatives of carbahexof-
uranose 8b ½a�29

D = �10.05 (c 6.61, CHCl3) and its diastereoisomer 8c
½a�29

D = +57.09 (c 2.77, CHCl3) in the ratio of 2:1. The stereostructure
of compound 8c was confirmed by NOESY wherein a NOE correlation
between protons on carbon C-2 and C-3 was observed. This also
established the absolute stereochemistry of the diastereomer 8b.
Following a similar protocol, cyclopentene benzoates 7c and 7d
were transformed to their corresponding carbasugar derivatives.
Cyclopentene benzoate 7c gave exclusively the carbahexofuranose
derivative 8d ½a�29

D = +9.22 (c 4.57, CHCl3). The stereochemical
assignment was based on the NOESY NMR experiment and was in
accordance with Kishi’s principle.22

The cyclopentene benzoate 7d gave the fully protected deriva-
tives of carbahexofuranose 8e ½a�29

D = �7.10 (c 1.17, CHCl3) and its
diastereomer 8f ½a�29

D = �44.42 (c 6.72, CHCl3) in the ratio of 2:1.
The NOESY NMR spectrum of compound 8f showed NOE correla-
tion between protons on carbon C-2 and C-3. This confirmed the
stereostructure of the compound 8f. This also established the ste-
reostructure of the other diastereomer 8e.

Finally, to complete the synthesis of carbahexofuranoses, the
carbasugar derivatives 8a–8f were treated with NaOH in aqueous
methanol followed by acid mediated hydrolysis of acetals to afford
carba-a-D-glucofuranose 9a ½a�32

D = +0.52 (c 2.71, H2O), carba-b-D-
altrofuranose 9b ½a�32

D = �0.27 (c 1.13, H2O), carba-a-D-allofuranose
9c ½a�32

D = +3.57 (c 2.68, H2O), carba-b-D-idofuranose 9d ½a�32
D =

�10.42 (c 2.34, H2O), carba-a-D-galactofuranose 9e ½a�32
D = �2.10

(c 3.34, H2O) and carba-b-D-talofuranose 9f ½a�29
D = �7.24 (c 3.36,

H2O), respectively in enantiomerically pure form (Scheme 4).
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In conclusion, we have achieved synthesis of six novel carbah-
exofuranoses from D-glyceraldehyde derivative by applying Wittig
olefination–Claisen rearrangement protocol. These carbahexofura-
noses could serve as chiral pool substrates for the synthesis of di-
verse carba-nucleosides and related analogues.
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D = �12.1 (c 0.68, CHCl3)]. Hence the stereochemistry at newly created

chiral centre in alcohol 4a was assigned as ‘S’ while that in alcohol 4b was
assigned as ‘R’.

HO
(R)

(+)-10

OBn
HO

(S)

OBn

(-)-10

21. Fukuyama, T.; Wang, C.-L. J.; Kishi, Y. J. Am. Chem. Soc. 1979, 101, 260–262.
22. Cha, J. K.; Christ, W. J.; Kishi, Y. Tetrahedron 1984, 40, 2247–2255.
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