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ABSTRACT
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RT=H, Ph, n-CgHqz, tBu, etc.  E-X = l,, ICI, Br,, PhSeBr
RZ = Ph, Me, t-Bu. TIPS, etc.

A variety of 3,5-disubstituted 4-halo(seleno)isoxazoles are readily prepared in good to excellent yields under mild reaction conditions by the
reaction of 2-alkyn-1-one  O-methyl oximes with ICI, | , Br,, or PhSeBr.

The biological activity of substituted isoxazoldsas made  carbonyl compound¥, and o, 3-unsaturated nitrile¥. The
them a focus of medicinal chemistry over the years. reaction of an oxime-derived dianion and an éstar
Isoxazoles are potent, selective agonists at human clonecamidé* also provides isoxazoles. [3 2] Cycloaddition

dopamine D4 receptotsand exhibit GABA, antagonisé, reactions between alkynes and nitrile oxides have also been
analgesid, antiinflammatory* ulcerogenic, antimicrobial® developed® However, these methods often require strong
antifungal® COX-2 inhibitory® antinociceptive, and anti- bases, strong mineral acids, or high temperatures or provide
cance? activity. poor regioselectivity.

Many synthetic meth_ods have bee_n employed in the |t has been known for over a century that isoxazoles can
synthesis of isoxazolésincluding reactions of hydroxyl-  pe halogenated to give 4-haloisoxazofesiowever, even
amine with 1,3-dicarbonyl compoundsa,f-unsaturated  he mildest conditions for the halogenation of isoxazoles
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Recent work by our group and others has shown the TheO-methyl oximes are readily prepared by stirring the
electrophilic cyclization of functionally substituted acetylenes ynone in the presence of methoxylamine hydrochloride,

to be an efficient way of generating benktihiophenes;
isoquinolines and naphthyridiné%,isocoumarins andx-
pyronest® benzofurang’ furans?! indoles?? furopyridines?®
cyclic carbonate3! 2,3-dihydropyrroles and pyrrolés,
pyrilium salts and isochromenésand bicyclic/3-lactams?’

pyridine, and NgSO, at room temperature using methanol
as the solvent? When R is a bulky group relative to the
alkyne moiety, the desired isomer is the predominant
product. However, if Ris significantly less bulky, a mixture

of isomers often results and the desired isomer must be

This work prompted us to examine the possible synthesis of separated by column chromatography. The yields of the

isoxazoles by the electrophilic cyclization of 2-alkyn-1-one
O-methyl oximes. We now report our success.

desiredZ-O-methyl oximes from the ynones are generally
good, and these compounds are easily isolated by column

A three-step approach to isoxazoles has been examinedchromatography on silica gel.

involving (i) preparation of the ynone, (ii) formation of the
O-methyl oxime, and (iii) electrophilic cyclization (Scheme
1).

To study the scope of this electrophilic cyclization strategy,
the reactions ofO-methyl oximesl and 2 with different
electrophiles (ICl, 4, Brp, and PhSeBr) at room temperature

The ynones required for this methodology are readily have been studied (Table 1, entries6). O-Methyl oxime
prepared by the palladium/copper-catalyzed Sonogashira] reacts at room temperature in @, with ICI (Table 1,

coupling of an acid chloride with a terminal acetyl&her
by allowing the lithium acetylide to react with an aldehyde,
followed by oxidation of the secondary alcol®l.The

entry 1) to afford isoxazold.0 in a good yield. Treating
O-methyl oximel with I, in CH3;CN (entry 2) also affords
the expected isoxazol®0 in good yield, although more of

requisite ynones can also be conveniently prepared by thethe electrophile was required to generate a high yield. The
Pd-catalyzed carbonylative coupling of terminal acetylenes yse of } in CH,Cl, resulted in lowered yields. Brand

with aryl iodides$® or treatment of a silyl acetylene with an
acid chloride in the presence of aluminum chlorigle.
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PhSeBr can also be utilized in the cyclization process (entries
3—5). However, the reactions require more electrophile and
longer reaction times.

Since ICI provided a higher yield and a shorter reaction
time for the parent system, compared witfidompare entries
1 and 2), this procedure was chosen to test the scope of the
cyclization process. Alkynes bearing vinylic and alkyl groups
provide good yields of the desired 4-iodoisoxazoles (entries
6 and 7). The reaction is not inhibited by the presence of
bulky tert-butyl or TIPS groups (entries 8 and 9). However,
2.0 equiv of ICl is required in the latter reaction. When 1.2
equiv of ICl is used for the alkyne bearing a TIPS group, a
comparable yield is achieved, but the reaction takes longer.

We have also examined the effect on the yield of varying
the nature of the group'Rwhile retaining R as a phenyl
group. The reaction works well when' & a hydrogen, an
alkyl chain, or a bulky alkyl group (entries #12). The
N-methyl-3-indolyl heterocycle also gave a respectable yield
of 55% (entry 13). The use of more ICl in the latter example
did not provide a higher yield. In all cases, the desired
isoxazoles have been obtained in good yields with no
evidence of any products arising from simple addition of
the electrophile to the alkyne.

(31) Birkofer, L.; Ritter, A.;Uhlenbrauck, HChem. Ber1963 96, 3280.
(32) Beak, P.; Basha, A.; Kokko B.; Loo, D. Am. Chem. S0d.986,
108, 6016.
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Table 1. Synthesis of Substituted Isoxazdles

entry substrate E-X time (h) product yield (%)°
N,OMe N,O R2
J v
DN g2 R" E
R R? E
1 Ph Ph 1 1.2 1ICl 0.5 1 10 (86)
2 Ph Ph 1 3.0L%° 1.0 I 10 an
3 Ph Ph 1 2.5 Br, 24 Br 11 (75)
4 Ph Ph 1 3.0 PhSeBr 24 PhSe 12 91
5 Ph @ 2 3.0 PhSeBr 24 PhSe 13 (88)
6 Ph Q‘ 2 1.21C1 0.5 I 14 (78)
7 Ph CH; 3 1.21C1 0.75 I 15 99)
8 Ph +-Bu 4 1.21C1 0.75 I 16 o0
9 Ph TIPS 5 2.01ICl 1.0 I 17 (82)
10 H Ph 6 1.21C1 0.25 I 18 (83)
11 n-CgHis Ph 7 1.21C1 0.75 1 19 (94)
12 +Bu Ph 8 1.21C1 0.75 I 20 (100}
13 ©j§ Ph 9 1.2 1Cl 0.5 I 21 (55)
Me

a All reactions were carried out in Gigl, (10 mL/mmol) at room temperature using 0.25 mmol of starting material unless otherwise spédifdted
yields after column chromatographyThe reaction was carried out in GEN.

Our investigation has shown that highly substituted isox- Chemical Methodologies and Library Development Center
azoles can be formed in good to excellent yields using mild of Excellence (P50 GM069663) for support of this research
reaction conditions. The preparation of starting materials is and Johnson Matthey, Inc., and Kawaken Fine Chemicals
very general and can be applied to a wide variety of Co., Ltd., for donations of palladium catalysts.
substrates. We believe that this approach to substituted
isoxazoles should be quite useful in synthesis considering
the many ways one can transform the resulting halogen and
selenium functional groups. For example, the 3-haloisox-
azoles should be useful in many palladium-catalyzed pro-
cesses, such as Sonogashirauzuki®* and HecR® reactions. 0L052027Z

Supporting Information Available: Experimental pro-
cedures and characterization data for all starting materials
and products. This material is available free of charge via
the Internet at http://pubs.acs.org.
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