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First synthesis of 4a-carba-b-DD-galactofuranose
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Abstract—The synthesis of 4a-carba-b-DD-galactofuranose is described starting from diacetone glucose. The key ring-closure step was
carried out by metathesis to form a cyclopentene. Catalytic hydrogenation of the C@C double bond gave the galacto configured
saturated carbahexofuranose with excellent diastereoselectivity.
� 2007 Elsevier Ltd. All rights reserved.
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Figure 1. Galactofuranose and some analogues.
Galactose is an unusual sugar in that, while in its pyra-
nose form, it is widespread in the oligo- and polysaccha-
rides of mammals and lower organisms alike; in its
furanose form, it is common in bacteria but unknown
in mammals. An interesting example is Mycobacterium
tuberculosis, the bacterium responsible for causing tuber-
culosis, whose cell wall polysaccharide, arabinogalactan,
contains a polymeric region built up of galactofuranose
Galfb(1!5)Galfb(1!6) repeating units.1 Various mole-
cules containing a structural unit mimicking the galacto-
furanose monosaccharide have been synthesised,
including iminosugars,2 thiosugars3 and C-glycosides
(Fig. 1).4 The ability of some of these compounds to
inhibit bacterial enzymes, i.e., UDP Gal mutase and
potentially galactofuranosyl transferase (GlfT),5 that are
responsible for the biosynthesis of this cell wall glycan
makes galactofuranose mimics interesting biological
targets with potential therapeutic value. Carbasugars,
in which the ring oxygen is replaced by a methylene
group, can also act as glycomimetics.6 Syntheses of some
carbahexofuranoses7 and carbapentofuranoses8 have
been reported, but carbagalactofuranose 1 has not been
synthesised before, despite the biological importance of
its natural analogue. We report its synthesis in this Letter
for the first time.

We planned to start the synthesis of 1 from a hemiacetal
of the same ring size as the desired product, a furanose
hemiacetal in this case, and to use ring-closing metathe-
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sis to form the carbocyclic ring.9,10 As the C-4 stereo-
chemistry is lost during the synthesis, it is possible to
use the C-4 epimer of galactose, glucose, which is easily
persuaded to adopt a furanose structure as its diaceto-
nide derivative 2. To avoid the potential problem of
selective protection of an allylic alcohol in the presence
of another secondary alcohol,10 we opted to use hemi-
acetal 3 as a key synthetic intermediate, so that the
product of Grignard addition 4 would contain a 1,2-diol
that could be selectively protected leaving OH-411 as the
only free hydroxyl group.12
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Scheme 1. Reagents and conditions: (i) AcOH, H2O, 91%; (ii) BnBr,
NaH, DMF; (iii) AcOH, H2O, HCl, 80 �C, 67% over two steps.
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Hemiacetal 3 is available by a published route from
diacetone glucose 2 (Scheme 1): selective deprotection
of the primary acetonide, perbenzylation of the resulting
triol 5, and then hydrolysis of the remaining acetonide
gave hemiacetal 3.13

Treatment of hemiacetal 3 with vinylmagnesium bro-
mide in THF gave triols 4a,b as a 6:1 mixture of C-1 epi-
mers (as measured by 1H NMR spectroscopy) that was
separable by column chromatography (Scheme 2). The
stereoselectivity of this reaction was dramatically
improved to ca. 20:1 by using vinylmagnesium chloride,
also in THF (for assignment of the stereochemistry of
the major product 4a, see below). Treatment of the
major diastereomer 4a with 2,2-dimethoxypropane using
camphorsulfonic acid as catalyst gave 1,2-acetonide 7 as
the major product in 33% isolated yield. Two further
products, 8 and 9, were also formed (ratio 7:8:9,
10:5:2) and were assigned the seven- and six-membered
ring structures, respectively, on the basis of 13C NMR
signals.14 Regioselectivity for the desired 5-membered
ring compound 7 could be increased by running the
reaction under kinetic control:12 treatment of triol 4a
with 2-methoxypropene and pyridinium tosylate in
DCM for 15 min gave the 5-membered ring compound
7 in 94% yield as essentially the only regioisomer (as
seen by crude NMR).

The free alcohol in 7 was oxidised under Swern condi-
tions to give ketone 10, which was then treated with a
phosphonium ylid to give the methylenated product
11, the best yields being obtained at low temperature.
The acetonide protection was removed from diene 11
by acidic hydrolysis to give diol 12. This was then trea-
ted with Grubbs’ 2nd generation catalyst, but the ring-
closed product 13 was only formed in low yield (24%),
along with various unidentified by-products. Changing
the solvent to dichloromethane or running the reaction
under microwave irradiation did not help.

Thus, we protected diol 12 as its diacetate 14, which in
contrast underwent smooth ring-closure to give cyclo-
pentene 15 (Scheme 3). Reduction of the C@C double
bond in 15 was attempted by catalytic hydrogenation,
with Et3N present to ensure the integrity of the benzyl
ether protecting groups during the reaction.15 A single
diastereoisomer of the saturated cyclopentane 16 was
isolated in 49% yield; much of the remaining mass
balance could be accounted for by the formation of a
product in which one acetate group had been lost. The
configuration at C-4 of the reduced product 16 was
assigned later (see below). We therefore decided to
attempt reduction of the 1,2-deprotected compound 13,
which was formed from 15 by Zemplen deacetylation.
Reduction of diol 13 was thus attempted under the same
reaction conditions as for 15, and the saturated carba-
sugar 17 was formed as the major product in 75% yield,
as a single diastereomer. That the stereoselectivity in the
reduction of 15 and 13 was of the same sense was demon-
strated by acetylation of 17 to give 16 (Ac2O, pyridine
(1:1), rt, 3 h, 72%). The carbafuranose 17 was deprotec-
ted by hydrogenolysis over palladium on charcoal to
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give the free carbasugar 1.16 We also prepared perace-
tate 18 by treatment of 1 with Ac2O and pyridine.17

Our final problem was the assignment of the stereo-
chemistry at C-1 and C-4 of the final product 1. To
determine this, we decided to degrade our compound
into a known carbapentofuranose by cleavage of the
C-5–C-6 bond.7 First, OH-1 and OH-2 in 17 were pro-
tected as their 2-naphthoate esters (Scheme 4). The fully
protected compound 19 was then subjected to catalytic
hydrogenation conditions to remove the benzyl ethers
from C-3, C-5 and C-6, followed by treatment with
sodium periodate to oxidatively cleave the C-5–C-6
bond and work up with sodium borohydride to reduce
the C-5 aldehyde and then treatment with sodium meth-
oxide to cleave the C-1 and C-2 ester protection. This se-
quence gave a carbapentofuranose 20 in 47% yield that
was unambiguously identified as 4a-carba-a-LL-arabino-
furanose by comparison of the 1H and 13C NMR spectra
with those of known compounds.18 Thus, the starting
material 17 and its derivatives 16, 18, and 1 can be
assigned the b-DD-galacto stereochemistry.

We have synthesised 4a-carba-b-DD-galactofuranose for
the first time. Key steps in the synthesis were stereoselec-
tive Grignard opening of a hemiacetal, use of a 1,2-diol
to ensure regioselectivity in alcohol protection, ring-
closing metathesis to form the carbasugar, and stereo-
selective reduction of a C@C double bond to give the
galacto configured compound.
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