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Abstract

Difluorinated carbasugar 3 has been synthesised from D-ribose via an intramolecular nitrone cycloaddi-
tion reaction with an overall yield of 22%. © 2000 Elsevier Science Ltd. All rights reserved.

Carbasugars are cyclic monosaccharide analogues in which the ring oxygen atom is substi-
tuted by a methylene group.1,2 Because of their close structural resemblance, some carbasugars
may be accepted in biological systems in place of the real furanose or pyranose sugars. There
has been considerable interest in recent years in the synthesis of carbasugars as carbohydrate
mimics, particularly as glycosidase inhibitors.3 One of the main synthetic strategies used for the
construction of carbasugars is the transformation of carbohydrates to carbocycles.4 Among the
methods available for the transformation is the intramolecular nitrone cycloaddition (INC)
reaction which has been used particularly for the synthesis of amino carbasugars.5 By employing
such a method, we had previously synthesised compounds 1 and 2, as key intermediates for the
synthesis of shikimic acid.5e To further our work in this area, we decided to replace the
methylene group in these amino carbasugars with a difluoromethylene group, reasoning that
these fluorinated compounds would have modified biological activities due to the electronic and
stereoelectronic effects associated with the fluorines.6 In this communication, we report the
synthesis of difluorinated carbasugar 3 from D-ribose.
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The synthesis of carbasugar 3 is outlined in Scheme 1. Isopropylidenation of D-ribose with
acetone and a small amount of concentrated hydrochloric acid as catalyst gave cleanly the
acetonide 57 (90%). Selective protection of the primary hydroxy group in 5 as the corresponding
tert-butyldiphenylsilyl ether 6, followed by oxidation with potassium permanganate then led to
the lactone 7 in 73% of yield, mp 97−99°C, [a ]D −17.3 (c 1.04 in CHCl3) (lit.,8 mp 68°C). For
the next step, the lactol 89 was obtained in 82% yield based on recovered starting material by
adding n-BuLi to a solution of lactone 7 and 3-bromo-3,3-difluoropropene at −100°C.10 We

Scheme 1. Reagents and conditions: i, acetone, aq. HCl (37%, cat.), rt, 4 h (90%); ii, TBDPSCl, Et3N, DMAP (cat.),
CH2Cl2, rt, 3 h (98%); iii, KMnO4, acetone, 60°C, 2 h (74%); iv, 3,3-difluoro-3-bromopropene, n-BuLi, THF–ether–
pentane (5:1:1), −100°C, 2.5 h (82%); v, NaBH4, MeOH, reflux, 5 h (66%); vi, n-Bu4NF, THF, rt, 6 h (84%); vii,
NaIO4, H2O, rt, 1 h (95%); viii, MeNHOH·HCl, pyridine, rt, 12 h (85%); ix, Ac2O, DMAP (cat.), pyridine, rt, 12 h
(100%); x, Pd(OH)2�C (20%), H2 (5 atm), EtOH, rt, 19 h (92%)
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have found that it was necessary to carry out the reaction at such a low temperature in order
to minimise the formation of byproduct resulting from the addition of n-BuLi to the lactone 7.
The sodium borohydride reduction of lactol 8 in methanol at room temperature was sluggish,
but proceeded well when being refluxed to give the diol 9 (66%) with the desired syn- (threo-)
stereochemical relationship between the new stereogenic centre and its adjacent stereogenic
carbon. The formation of the syn- (threo-) isomer is consistent with the reduction of the
hemiacetal proceeding via a Felkin–Anh transition state.5e Deprotection of 8 with tetra-n-butyl-
ammonium fluoride in THF afforded the triol 10 (84%), which was then cleaved by sodium
periodate in water to provide the lactol 11 (95%), existing almost exclusively as the a anomer,
[a ]D +18.4 (c 1.14 in CHCl3). Treatment of lactol 11 with an excess of N-methylhydroxylamine
hydrochloride in pyridine at room temperature led to the formation of the isoxazolidine 12 as
the only product in 85% yield, mp 65−66°C, [a ]D −53.9 (c 0.75 in CHCl3). Furthermore, in our
previous work with compounds 1 and 2, their corresponding nitrones were isolated under such
reaction conditions and were subsequently heated in refluxing toluene to effect the intramolecu-
lar nitrone cycloaddition.5e However, in the case of difluorinated lactol 11, the formation of
nitrone and its cyclisation occurred concomitantly to afford directly the isoxazolidine 12 in a
single step. That the cycloaddition occurred from the least hindered face was predicted on the
basis of our earlier findings in the case of 1 and 2. The stereochemistry at the newly formed two
stereogenic centres of the isoxazolidine and also that of the stereogenic centre created by the
sodium borohydride reduction in 12 were confirmed by X-ray crystallography (Fig. 1).11

Acetylation of isoxazolidine 12 afforded quantitatively the acetate 13, mp 75.5−77°C, [a ]D −39.6
(c 1.24 in CHCl3), which was hydrogenated in ethanol in the presence of Pearlman’s catalyst
(20% palladium hydroxide on carbon)12 to cleave the N�O bond in the isoxazolidine ring. The
resulting amino carbasugar 3 was obtained in 92% yield, mp 90−91.5°C, [a ]D −72.9 (c 1.68 in
CHCl3).

Figure 1. Asymmetric unit in the crystal of isoxazolidine 12, comprising two molecules of 12 (one disordered) and one
H2O, linked by hydrogen bonds. The absolute configuration was inferred from that of D-ribose.



S. Jiang et al. / Tetrahedron: Asymmetry 11 (2000) 3873–38773876

Compounds 1–3 have been screened as herbicides. Unfortunately, these compounds did not
show any significant activity in the tests. Our current efforts are directed towards preparations
of other difluorinated carbasugars and also the further functionalisation of 3 into other useful
synthetic targets.

Acknowledgements

We thank Dr. Richard H. Wightman (Heriot-Watt University) and Dr. Xiangzhu Wang
(Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences) for helpful discussions,
and Dr. Franz Dorn (Novartis Crop Protection AG) for carrying out biological testing. We also
thank Jonathan Robinson for performing some initial experiments and the EPSRC for access to
the high resolution mass spectrometry service at the University of Wales, Swansea.

References

1. McCasland, G. E.; Furuta, S.; Durham, L. J. J. Org. Chem. 1966, 31, 1516–1521.
2. For reviews, see: (a) Ogawa, S. J. Synth. Org. Chem. Jpn. 1985, 43, 26−39. (b) Suami, T. Pure Appl. Chem. 1987,

59, 1509−1520. (c) Suami, T.; Ogawa, S. Adv. Carbohydr. Chem. Biochem. 1990, 48, 21−90; (d) Suami, T. Top.
Curr. Chem. 1990, 154, 257−283. (e) Ogawa, S. In Studies in Natural Products Chemistry ; Rahman, A.-U., Ed.;
Elsevier Science: New York, 1993; Vol. 13, p. 187.

3. For reviews, see: (a) Ogawa, S. In Carbohydrates in Drug Design ; Witczak, Z. J.; Nieforth, K. A., Eds.; Marcel
Dekker: New York, 1997; p. 433. (b) Ogawa, S. In Carbohydrate Mimics: Concepts and Methods ; Chapleur, Y.,
Ed.; Wiley-VCH: Weinheim, 1998; p. 87. (c) Berecibar, A.; Grandjean, C.; Siriwardena, A. Chem. Rev. 1999, 99,
779–844.

4. For reviews, see: (a) Ferrier, R. J.; Middleton, S. Chem. Rev. 1993, 93, 2779−2831. (b) RajanBabu, T. V. In
Preparative Carbohydrate Chemistry ; Hanessian, S., Ed.; Marcel Dekker: New York, 1997; p. 545. (c) Ferrier, R.
J. In Preparative Carbohydrate Chemistry ; Hanessian, S., Ed.; Marcel Dekker: New York, 1997; p. 569. (d)
Martı́nez-Grau, A.; Marco-Contelles, J. Chem. Soc. Rev. 1998, 27, 155−162. (e) Dalko, D. I.; Sinaÿ, P. Angew.
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