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Abstract—A short, glycal-mediated synthesis of new chiral 5-substituted isoxazoles bearing a differentially O-protected glycerol
moiety in the side chain has been accomplished. An X-ray crystallographic structural analysis confirmed the structural assignment
of the new products. © 2002 Elsevier Science Ltd. All rights reserved.

Isoxazole containing natural and non natural com-
pounds are interesting because of their biological
activities1 e.g. as fungicides,2 herbicides,3 or as nicotinic
acetylcholine receptor ligands.4 Typical procedures1a

include the cycloaddition of nitrile oxides with alkynes,
or the condensation of 1,3-dicarbonyl compounds or
heteroanalogues5 with hydroxylamine. Taking into
account the plethora of realized isoxazole syntheses,
there are only few cyclocondensation reactions
described leading to enantiomerically pure 5-substituted
isoxazoles containing a more complex, stereocenter-
bearing side chain.6 Furthermore, these reactions were
carried out with only low to moderate yields, and/or

gave isomeric mixtures of 5- and 3-substituted isoxa-
zoles, respectively. A high yielding cyclocondensation
of an enaminone with hydroxylamine during the syn-
thesis of isoxazole C-nucleosides has been published by
Maeba and co-workers.7

Herein we report on a short, glycal-mediated synthesis
of the enantiomerically pure, 5-substituted isoxazoles
4–7 with differentially O-benzylated alcohol functional-
ities in the glycerol8 side chain. Tri-O-benzylgalactal
(1a) and tri-O-benyzlglucal (1b), quantitatively
obtained by perbenzylation of the starting glucals with
sodium hydride/benzyl bromide, have been selectively

Scheme 1. Syntheses of the isoxazoles 4 and 5.
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Scheme 2. Synthesis of 6.

biological activities of all the new compounds will be
tested in the near future.
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oxidized to enones 2 with bis-acetoxyiodobenzene
(BAIB) and para-toluenesulfonic acid (Koser’s
reagent9) following a modified10 procedure formerly
described by Kirschning11 (Scheme 1). Thus, we were
able to raise the yields respectively up to 86% for 2a
(lit.:11 57%) and 59% for 2b (lit.:11 49%). The fact that
the yield of 2b could not be significantly altered is in
accordance with a favored formation of side products
in this reaction.12

Reaction of enones 2 with one equivalent hydroxyl-
amine, prepared from hydroxylamine hydrochloride
and sodium hydroxide as ethanolic solution,13 afforded
the isoxazolines 3 as inseparable epimeric mixtures in
good yield. The latter were dehydrated in high yield
with para-toluenesulfonic acid7 in dichloromethane at
room temperature to give isoxazoles 4 with a free
hydroxyl at C-2� as target compounds. Deprotection of
the primary benzyl ether leading to the diols 5 was
achieved in a selective manner with boron trifluoride
etherate (1.2 equiv.) and tetrabutyl ammonium iodide
in dichloromethane.14 In alternative, debenzylation of
4a with chromium(II) chloride/lithium iodide15,16 led
regioselectively to diol 6 (Scheme 2). The yield of 23%
is rather poor, but this reaction sequence has not been
optimized.

Alcohol 4a was then converted into mesylate 7 which
could be recrystallized from ethyl acetate to give single
crystals suitable for X-ray analysis. The formation and
the X-ray crystal structure17 of 7 is shown in Scheme 3.

In summary, a short and efficient synthesis of new,
enantiomerically pure 5-substituted isoxazoles with dif-
ferent O-benzyl protection in the glycerol side chain has
been accomplished starting from D-galactal and D-glu-
cal, respectively. This opens firm ground for further
functionalization of the hydroxy groups which should
lead to a variety of related derivatives. An X-ray crys-
tallographic structural analysis of mesylate 7 confirmed
the structural assignment of the new products, and the

Scheme 3. Synthesis and X-ray structure of 7. Thermal ellipsoids are shown with 30% probability.
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16. Compound 4a: Colorless oil. [� ]D
20=−66 (c 4.7, CHCl3).

1H NMR (200 MHz, CDCl3): � 2.55 (bs, 1H, OH); 3.40
(dd, J=10/5 Hz, 1H, 3�-H); 3.55 (dd, J=10/5 Hz, 1H,
3�-H); 4.08 (q, J=5 Hz, 1H, 2�-H); 4.42 (d, J=11 Hz, 1H,
Bn-H); 4.46–4.49 (m, 2H, Bn-H); 4.60 (d, J=11 Hz, 1H,
Bn-H); 4.80 (d, J=5 Hz, 1H, 1�-H); 6.29 (d, J=2 Hz, 1H,
4-H); 7.22–7.40 (m, 10H, aromat.-H); 8.22 (d, J=2 Hz,
1H, 3-H). 13C NMR (50.3 MHz, CDCl3): � 69.8 (C-3�);
72.0 (C-2�); 72.2, 73.4 (C-Bn); 73.6 (C-1�); 102.5 (C-4);
127.7, 128.1, 128.3, 128.4, 136.8, 137.6 (C-aromat.); 150.0
(C-3); 169.4 (C-5).
Compound 4b: Colorless oil. [� ]D

20=+55 (c 4.6, CHCl3).
1H NMR (200 MHz, CDCl3): � 2.53 (bs, 1H, OH); 3.55
(dd, J=10/4 Hz, 1H, 3�-H); 3.63 (dd, J=10/5 Hz, 1H,
3�-H); 4.15 (ddd, J=7/5/4 Hz, 1H, 2�-H); 4.36 (d, J=12
Hz, 1H, Bn-H); 4.47–4.50 (m, 2H, Bn-H); 4.53 (d, J=12
Hz, 1H, Bn-H); 4.70 (d, J=7 Hz, 1H, 1�-H); 6.30 (d, J=2
Hz, 1H, 4-H); 7.20–7.36 (m, 10H, aromat.-H); 8.22 (d,
J=2 Hz, 1H, 3-H). 13C NMR (50.3 MHz, CDCl3): � 70.0
(C-3�); 71.6 (C-2�); 71.9, 73.4 (C-Bn); 73.6 (C-1�); 102.6
(C-4); 127.8, 128.0, 128.4, 136.9, 137.6 (C-aromat.); 150.1
(C-3); 169.6 (C-5).
Compound 5a: Colorless waxy solid. [� ]D

20=−119 (c 2.2,
CHCl3). 1H NMR (200 MHz, CDCl3): � 2.04 (t, J=6 Hz,
1H, 3�-OH); 2.91 (bs, 1H, 2�-OH); 3.49 (ddd, J=12/6/4
Hz, 1H, 3�-H); 3.66 (ddd, J=12/6/4 Hz, 1H, 3�-H); 3.97

(ddd, J=7/4/4 Hz, 1H, 2�-H); 4.42 (d, J=11 Hz, 1H,
Bn-H); 4.61 (d, J=11 Hz, 1H, Bn-H); 4.73 (d, J=7 Hz,
1H, 1�-H); 6.36 (d, J=2 Hz, 1H, 4-H); 7.26–7.39 (m, 5H,
aromat.-H); 8.26 (d, J=2 Hz, 1H, 3-H). 13C NMR (50.3
MHz, CDCl3): � 62.6 (C-3�); 72.1 (C-Bn); 73.1, 73.8
(C-1�,2�); 102.8 (C-4); 128.2, 128.3, 128.6, 136.6 (C-aro-
mat.); 150.2 (C-3); 168.9 (C-5).
Compound 5b: Yellow crystals. Mp 75°C (CHCl3).
[� ]D

20=+100 (c 3.1, CHCl3). 1H NMR (200 MHz, CDCl3):
� 2.57 (bs, 1H, OH); 3.18 (bs, 1H, OH); 3.66 (dd, J=10/4
Hz, 1H, 3�-H); 3.70 (dd, J=10/4 Hz, 1H, 3�-H); 4.01 (dt,
J=6/4 Hz, 1H, 2�-H); 4.39 (d, J=11 Hz, 1H, Bn-H); 4.56
(d, J=11 Hz, 1H, Bn-H); 4.67 (d, J=6 Hz, 1H, 1�-H);
6.31 (d, J=2 Hz, 1H, 4-H); 7.24–7.38 (m, 5H, aromat.-
H); 8.22 (d, J=2 Hz, 1H, 3-H). 13C NMR (50.3 MHz,
CDCl3): � 62.9 (C-3�); 72.1 (C-Bn); 72.6, 74.5 (C-1�,2�);
102.8 (C-4); 128.0, 128.2, 128.6, 136.7 (C-aromat.); 150.2
(C-3); 169.5 (C-5).
Compound 6: Colorless oil. [� ]D

20=+10 (c 0.4, CHCl3). 1H
NMR (200 MHz, CDCl3): � 2.04 (bs, 2H, OH); 3.63 (dd,
J=10/5 Hz, 1H, 3�-H); 3.69 (dd, J=10/4 Hz, 1H, 3�-H);
4.10 (ddd, J=5/4/4 Hz, 1H, 2�-H); 4.57 (s, 2H, Bn-H);
4.97 (d, J=4 Hz, 1H, 1�-H); 6.31 (d, J=2 Hz, 1H, 4-H);
7.29–7.38 (m, 5H, aromat.-H); 8.20 (d, J=2 Hz, 1H,
3-H). 13C NMR (50.3 MHz, CDCl3): � 68.2 (C-3�); 71.2,
71.5 (C-1�,2�); 73.8 (C-Bn); 101.5 (C-4); 127.9, 128.1,
128.6, 137.2 (C-aromat.); 150.2 (C-3); 166.8 (C-5).
Compound 7: Colorless crystals. Mp 82°C (Et2O). [� ]D

20=
−7 (c 0.3, CHCl3). 1H NMR (200 MHz, CDCl3): � 2.92
(s, 3H, CH3); 3.54 (dd, J=11/5 Hz, 1H, 3�-H); 3.74 (dd,
J=11/3 Hz, 1H, 3�-H); 4.40 (d, J=12 Hz, 1H, Bn-H);
4.42 (d, J=12 Hz, 1H, Bn-H); 4.51 (d, J=12 Hz, 1H,
Bn-H); 4.58 (d, J=12 Hz, 1H, Bn-H); 4.97 (d, J=4 Hz,
1H, 1�-H); 5.00 (ddd, J=5/4/3 Hz, 1H, 2�-H); 6.36 (d,
J=2 Hz, 1H, 4-H); 7.22–7.37 (m, 10H, aromat.-H); 8.25
(d, J=2 Hz, 1H, 3-H). 13C NMR (50.3 MHz, CDCl3): �

38.4 (CH3); 68.5 (C-3�); 72.3 (C-1�); 72.4, 73.6 (C-Bn);
80.9 (C-2�); 103.7 (C-4); 127.8, 128.0, 128.1, 128.3, 128.5,
136.3, 137.1 (C-aromat.); 150.3 (C-3); 167.3 (C-5).

17. Crystallographic data (excluding structure factors) for the
structure in this paper have been deposited with the
Cambridge Crystallographic Data Centre as supplemen-
tary publication number CCDC 184268. Copies of the
data can be obtained, free of charge, on application to
CCDC, 12 Union Road, Cambridge CB2 1EZ, UK [fax:
+44(0)-1223-336033 or e-mail: deposit@ccdc.cam.ac.uk].
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