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A new methodology for the one-pot direct conversion of 2,3-epoxy alcohols into enantiomerically pure 4-hydroxy-4,5-dihydroisoxazole 2-oxides
1 has been found. The reaction works at room temperature and can be run at the 5-10 g scale. The mixture of 4,5-cis and 4,5-trans isomers
obtained can be separated as such or as the bis-TDS ethers. A preliminary example of reductive cleavage of 1 to the corresponding amino
polyol is also reported.

4-Hydroxy-4,5-dihydroisoxazoles (Figure 1) represent avery  Unfortunately, the usual method for the preparation of 4,5-
interesting subclass of the dihydroisoxazole farhikince dihydroisoxazoles, nitrile oxide cycloaddition to alkenes,
cannot be applied to the synthesis of 4-hydroxy derivatives.

_ In fact, when vinyl ethers are employed, 5-oxygenated rather

than 4-oxygenated heterocycles are obtained with cyclo-

0-N addition to furans being an exceptidif.
R>% 4 <Rt An even more difficult problem is represented by the
OH preparation of enantiomerically pure products. Some ap-

proaches to this problem have been devisEthut each one
Figure 1. General structure of 4-hydroxy-4,5-dihydroisoxazoles. of these methodologies suffers from one or more of the
following disadvantages: lack of generality, chiral auxiliries

] . ] ~_ that require several steps to prepare and are not readily
the several manipulations possible at the heterocyclic ring gyailable in both enantiomerically pure forms, and low ee
can lead to expeditious preparations of biologically interest- \ 51ues of the products.

ing compounds:* For the past 10 years we have been investigating a new
approach for the synthesis of 2-oxide derivatives of these

(1) Padwa, A. InComprehensive Organic Synthesis; Trost, B. M., heterocycles based on the tandem nitroatdalramolecular
Fleming, I., Eds.; Pergamon Press: Oxford, 1991; Vol. 4, p 1069. s - . . .

(2) For examples, see: (a) Vogel, P.; Schaller Sgnlett1999, 1219. cyclization reaction between an aptwated primary nlt.r(.)alkane
(b) Schaller, C.; Vogel, P.; Jager, \Carbohyr. Res1998, 314, 25. (c) and an aldehyde bearing a leaving group ondhgosition
Wade, P. A.; Shah, S. S.; GovindarajanJLOrg. Chem1994,59, 7199. (Scheme 15,7
(d) Panek, J. S.; Beresis, R.J.Am. Chem. S04993,115, 7898. (e) Yin, '
H.; Franck, R. W.; Chen, S.-L.; Quigley, G. J.; Todaro,JLOrg. Chem.
1992,57, 644. (f) Jager, V.; Schroter, Bynthesid990, 556. (g) Schwab, (4) Davis, F. A,; Kumar, A.; Reddy, R. E.; Chen, B.-C.; Wade, P. A;;
W.; Jéager, V.Angew. Chem., Int. Ed. Engl981,20, 603. Shah, S. WJ. Org. Chem1993,58, 7591.

(3) Recently, it has also been found that a 4-oxygenated-4,5-dihydroisox-  (5) Zhang, A.; Kan, Y.; Zhao, G.-L.; Jiang, Betrahedron2000, 56,
azole derivative is itself biologically active as a galactosidase inhibitor. 965. (b) Wallace, R. H.; Liu, J.; Zong, K. K.; Eddings, Aetrahedron
Schaller, C.; Demange, R.; Picasso, S.; VogeBiBorg. Chem. Med. Lett. Lett. 1997,38, 6791. (c) Liu, J.; Eddings, A.; Wallace, R. Hetrahedron
1999, 277. Lett. 1997,38, 6795.
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Scheme 1. Tandem Nitroaldol—Intramolecular Cyclization
Preparation of 4-Hydroxy-4,5-dihydroisoxazole 2-Oxides

Table 1. Results of the One-Pot Reactions Depicted in Scheme
2

NO, O

epoxy alcohol (3) yield (%) d.r.®

o} L O—T\l' entry
R EWG, Base \
%H - R//\/KEWG o 81 60/40
a
X OH R ‘>\/OH
b O

l>(s§\/OH 97 72/28
In our continuing efforts to perform the “chiral switch” o

of the tandem procedure depicted in Schenfeng, turned ¢ @,,,,.Q\/OH 71 70/30

our attention to 2,3-epoxy aldehydes. These substrates, which )

can be obtained by oxidation of the corresponding glycidols,

are very interesting starting materials for this process. During 4o QO o s

the intramolecular cyclization they undergo a stereospecific oﬂ%\/OH 62 b/a4

epoxide ring opening, affording 4,5-dihydroisoxazoles of type G

1, possessing an additional acyclic and stereochemically

defined chiral center bearing a hydroxy gréa@ drawback

of this procedure is that, in many cases, these aldehydes are

difficult to isolate from the oxidation medium, if at all, as is

the case for simple glycidols, such2sand3b. The overall

yields for the glycidol oxidationtandem sequence is usually

in the range 0—40%.

In this Letter we describe a new one-pot consecttive
conversion of enantiomerically pure 2,3-epoxy alcohols into
4-hydroxy-4,5-dihydroisoxazole 2-oxidéghat requires no
isolation of the intermediate aldehyde. For this purpose we
screened several oxidation methodologies to find one that is
compatible with the rest of the new one-pot procedure and
found the Piancatelli oxidatidhto be the one of choice.
Under these conditions—bisacetoxyiodobenzene (BAIB) as
the stoichiometric oxidant and tetramethylpiperidinyloxy
radical (TEMPO) as the catalys®,3-epoxy alcohol8 were
smoothly converted at room temperature to the corresponding
aldehydes in 45 h. Addition of ethyl nitroacetate and
imidazole at this stage completed the one-pot consecutive
process and afforded, after another-28} h stirring at room
temperature, the corresponding 4-hydroxy-4,5-dihydroisox-
azole 2-oxided as a mixture of 4,5-cis and 4,5-trans isomers
(Scheme 2 and Table 1), where the former slightly predomi-

nates. . ;
stereoisomerically pure 4&s- and 4,5rans-4a,bcan be

These reactions could usually be carried out on a 5-10 g ) )
scale, and Table 1 reports the isolated yields and diastereo—d eprotected to the corresponding free dibésb, under the

isomer ratios of the products for the reactions with four usual conditions (anhydrous tetrabutylammonium fluoride in

o ) 0
different 2,3-epoxy alcohols, chosen to demonstrate the THF) in yields ranging from 78% to 90%.
generality of this approach. Yields of this new one-pot

Chem.1990,55, 781. For a review on the nitroaldol reaction, see: Rosini,

_ G. The Henry (Nitroaldol) Reaction. l@omprehensie Organic Synthesis

Scheme 2. One-Pot Consecutive Transformation of 2,3-Epoxy Trost, B. M., Heathcock, C. H., Eds; Pergamon Press: Oxford, 1991; Vol.

Alcohols 3 into 4-Hydroxy-4,5-dihydroisoxazole 2-Oxidds 2,p321. o
(7) (a) Righi, P.; Marotta, E.; Rosini, GChem. Eur. J1998,4, 2501.

a4,5-Cis/4,5-trans ratid Prepared according to ref 11.

procedure are much better than those obtained for the two-
step sequence, and especially for 4,5-dihydroisoxaztdes
and 1b which could not be obtained with the previous
methodology.

The 4,5-cis or 4,5-trans stereochemical configuration of
the dihydroisoxazoles obtained has been assigned by means
of the coupling constant between the protons on C4 and C5
and through NOE experiments. The low selectivity of this
process is of course a drawback, but it can also be considered
an advantage since both diastereoisomers are easily available
in gram quantities. Moreover, considering that starting 2,3-
epoxy alcohols can be obtained in every stereochemical
configuration through Sharpless asymmetric epoxidation, this
procedure makes available 4,5-dihydroisoxazole of type
in every absolute stereochemical configuration at C4 and C5
of the heterocyclic ring.

The mixture of diastereoisomeric products could be
separated directly by flash column chromatography in the
case of 4,5-dihydroisoxazoléds and1d, while productsla
and 1b required preliminary derivatization as the bést-
butyldimethylsilyl (TDS) ethergla and 4b. If needed, the

(6) (a) Rosini, G.; Marotta, E.; Righi, P.; Seerden, J}POrg. Chem.
1991,56, 6258. (a) Rosini, G.; Galarini, R.; Marotta, E.; Righi,JPOrg.

o F 3 gﬁ'%lca‘ﬁTEMPO' o R® (b) Righi, P.; Marotta, E.; Landuzzi, A.; Rosini, G.Am. Chem. So2996,
R [N OH 2Clp w2, D5 o 118, 9446.
4 ))Y (8) Marotta, E.; Baravelli, M.; Maini, L.; Righi, P.; Rosini, G. Org.
R 3a-d R H Chem.1998,63, 8235.

(9) For a clear explanation of the terms tandem, consecutive, and domino
NO> +0 process, see: Tietze, Chem. Rev1996,96, 115.

COLEL, ImH 1R39":l (10) Piancatelli, G.; Margherita, R.; De Mico, A.; Parlanti, L.; Vescovi,
' RZaZ COLEt A. J. Org. Chem1997,62, 6974.
OH (11) Kim, Y. J.; Ichikawa, M.; Ichikawa, YJ. Org. Chem2000, 65,
OH la-d 2599.

(12) See Supporting Information for full details.
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Each of the bis-TDS ethers, 4¢ks- and 4,5rans-4a—c,
could be deoxygenated in very good yiefdby exposure
to hot trimethyl phosphite, to obtain the corresponding 4,5-
dihydroisoxazole$a—c (Table 2). Again, if needed, depro-

tection of these compounds can afford the stereoisomerically

pure free diolg?

Table 2. Deoxygenation of 4,5-Dihydroisoxazole 2-Oxides

1RO-N P(OMe)3, 100°C R1R0O-N
R2— N\ Co,Et R2—: NP~ CO,Et
TDSO  o7DpS TDSO  o7DS
4 5
substrate yield (%)
4,5-cis-4a quant
4,5-trans-4a quant
4,5-cis-4b quant
4,5-trans-4b 95
4,5-cis-4c 94
4,5-trans-4c 93

One the most important transformations that a 4,5-
dihydroisoxazole can undergo is the lithium aluminum
hydride reductive ring cleavage of the heterocyél€his

reaction results in the stereoselective reduction of the C,N

double bond with concomitant N,O bond cleavage.
To demonstrate the viability of this new approach to the

Scheme 3. Linearization of a 4,5-Dihydroisoxazole Derivative

O-N 1. NaBH,, MeOH on
>N 2. TDSCI, ImH L=
SCOEt =TT N7 \_OTDS
SO  &1p 86 % ;
oTDS TDSO  Frps
4,5-cis-Sb 6
+
1. LIAIHg, Et0 OH NH,CI OH NHAc
2. H,0° MOH A0, Py_ MOAC
82% z 78% z
OH OH AO  OAc ¢

configuration of the newly formed chiral center was assigned
on the basis of known steric considerati@h& assuming
that the reducing agent attacks from the opposite side of the
two bulky silyloxy groups on C4 and C5.

To summarize, in this Letter we reported a new gram-
scale one-pot preparation of enantiomerically pure 5-hy-
droxylakyl-4-hydroxy-4,5-dihydroisoxazole 2-oxidésThe
advantage of this new approach is the establishment of a
direct link between one of the more easily available enan-
tiomerically pure substrates, 2,3-epoxy alcohols, and 4-hy-
droxy-4,5-dihydroisoxazoles, intermediates of great synthetic
potentiality for the preparation of biologically interesting
substrates. Further work is now underway to expand this one-
pot methodology to other starting materials and to the
synthesis of linear amino polyols.
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scriptions of experimental procedures for the preparation of
compounds 4,%rans and 4,5¢eis-1a—d, 4,5trans and 4,5-
cis-4a,b, 4,5-trans- and 4,5-cis-5a,®, and8; (2) actuaftH
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