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Abstract - Allenylsilanes react with nitrosonium tetrafluoroborate in aceto-
nitrile at -30°C to provide 4-trialkylsilylisoxazole derivatives, which

undergo in situ protodesilylation upon addition of water and heating to 70°C.

In recent years, isoxazoles have emergad as one of the most important classes of heteroaromatic
compounds. A number of interesting isoxazoles occur in nature, and synthetic derivatives have

found extensive application in medicine and in agricu]ture.2’3

Equally significant is the role
of isoxazoles as reagents and intermediates in a variety of ingenious synthetic methods, notable
examples of which include the Hoodward peptide-coupling reaction,4 the Buchi enone transposition,5
Stevens' approach to the synthesis of vitamin B]z,6 and the Stonk isoxazofe annelation (eq 1).7

Isoxazoles can be prepared using a number of different approaches;z’3 however, few of these
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methods have proved to be general, and the synthesis of unsymmetrical 3,5-disubstituted (and

3,4,5-trisubstituted) derivatives remazins a particularly vexing pr0b1em.8 In this Communicaticn
we report a rew, regiocontrolled [3+2] annulation route to isoxazoles which should be applicable
to the preparation of a variety of highly substituted derivatives difficult to prepare employing

previous methodology.

The reaction of allenylsilanes with electron-deficient olefins and acetylenes provides a powerful
methed for the synthesis of five-membered carbocyclic compounds.g Recently we have shown that
aldehydes and N-acyl imine derivatives can participate as "heteroallenophiles" in a related [3+42]
annulation route to five-membered dihydrearomatic heterocycies.TD In principle it should be

possible to extend this annulation strategy to the synthesis of heferoaromatic systems as well,
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simply by employing various electrophilic species of the general form XEY+, where X=RC or N and

¥=0, 5, or NR. Here we disclose the successful implementation of this strategy in 2 new route to

substituted isoxazoles {Scheme 1}. Thus, electrophilic addition of the heteroalienophile NEO+

Scheme 1
) i
o® H SiR o) c—SiR PR
0+ c=c=c_ P e Y P — D¢
N R2*” R N\(C -~ N SiR,
H R H Yg2
1 2
R‘ R1
e SiR, AN SiR,
el e
o 0, _r?
N™ g2 N
4 3

{as nitrosonium tetraﬂuomborate)]]’12 at £-3 of an allenylsilane produces a vinyl cation (1)
stabilized by hyperconjugative interaction with the adjacent carbon-silicon ¢ bond. A 1,2-tri-
alkylsilyl shift then occurs affording an isomeric vinyl cation {2}, which is intercepted by the

nucleophilic nitroso group oxygen to generate 3. Deprotonation furnishes the aromatic isoxazole.

In a typical reaction the allenylsilane §j3 was added in one portion to a suspension of 1.0 equiv
of NOBF4 in acetonitrile at -30°C. The resulting colorless solution was stirred at this tempera-
ture for 30 min and then poured into a mixture of ether and saturated agueous sodium bicarbonate

solution, Ether extraction followed by evaporative distillation provided the expected isoxazole

6'%7° i 871 yield.
CH;
- SitBuMe, NOBF,, CH3CN = SitBuMe;,
Hc=C=C - O @)
CH; 87% ‘N
5 6

The synthesis of 4-silylisoxazoles is best achieved as described above using [£-butyfdimethyl-
sdiLyllallenes, In contrast, the reactions of {taimethylsilyllaflenes with NOBF, produce the

desired isoxazoles accompanied by 15-50% of the corresponding desifyfated derivatives. The
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{trimethylsilyl)allenes do find use, however, in a variant of cur [3+2] annulation procedure
that leads in one simple operation to 5-substituted and 3,5-disubst1tuted‘isoxazo]es Tacking
the 4-silyl substituent {eq 3). Reaction of the allenylsilanes 7a—c16 with NOBF4 in acetonitrile

(-30°C, 30 min), addition of ca. 10 equiv of water (after warming to room temperature), and

. . R‘
H, SiMe NOBF,, CH3CN;
“e=c=c” H,0, & S )
HZ/ \R1 : O‘N/ )
R
7a (R'=c-CgH,, R2=H) 19 o6
7¢ (R'=CHy, RZ=CH,CHy) 8 (59%)

further reaction at 65-70°C for 10-44 h (to complete desilylation) thus furnished the substituted

isoxazoles 8a-c in 59-66% averall yie1d.18

In these annulations NGBF4 is distinctly superior to other nitrosating agents such as NOC1 and
NOHSO4. It should also be noted that the use of acetonitrile as solvent appears to be crucial

to the success of the reaction. For example, in chloraoform the allenylsilane & reacted with NOBF4
to produce the desired isoxazole in only 33% yield as one component of a complex mixture of
products.

As in earlier versions of our [3+2] strategy,g’ID

the new annulation method does not proceed
efficiently when applied to allenylsilanes Tacking substituents at C-1, and consequently the
reaction can only be employed for the synthesis of isoxazoles substituted at the C-5 position of
the heterocyclic ring, Nonetheless, this new annulation strategy should constitute a valuable
addition to the methodology for the preparation of highly substituted isoxazoles, particularly
unsymmetrical,disubstituted derivatives. Mcrecver, it should be noted that the trialkylsityl
substituent in annulation products such as 6 has the capacity to facilitate electrophilic
substitution reactions at -4 of the iscxazole ring. For example, sequential treatment {in one

flask) of the allenylsilane g?z with NOBF, (CH3CN, -30 » 25°C) and then bromine (25°C, 24 h)

provided the bromoisoxazole 10 in 72% yield after chromatographic purification.

CH,
: NOBF,, CH3CN; Br
H,’- o /SIiBUM82 Bry, cCly o (4)
/c_c_c\ — - O
n-Hept CH; 72% N* n-Hept
9 10
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Further studies are underway in our laboratory to extend this general [3+2] annulation strategy

to the synthesis of other classes of heteroaromatic compounds.
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Bp 74-77°C (1.5 mmHg),
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