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Abstract - The fully substituted isoxazole derivatives 3 were prepared 

in moderate to high yields via the cycloaddition reaction of nitrile ox- 

ides with p-acylpyruvates 2. p-Acylpyruvates, unlikely ordinary p-diketones, 

show high dipolarophilic reactivity toward nitrile oxides in the absence 

of base. 

1,3-Dipolar cycloaddition readion of nitrile oxides with olehs, acetylenes, and active 

methylene compounds such as pdiketones is well known. The reactions of benzonitrile 

oxides with p-diketones gave isoxazoles only in the presence of base, suggesting 

that the reaction involves 1,3-dipolar cycloaddition of nitrile oxide to the en01 form 

of the p-diketone, followed by subsequent dehydration of the resulting A2-isoxazolin- 

5-01, which could not be Tetrahydrobenzisoxazoles were synthesized by 

the reaction of nitrile oxides with 1,3-cyclohexanediones in the presence of excess 

tr iethyla~nine.~ 

We now wish to report herein the synthesis of new isoxazoles from the 1,3-dipolar 

cycloaddition reaction of nitrile oxides with p-acylpyruvates and the high dipola- 

rophilic activity of p-acylpyruvates. 

Hydroximoyl chlorides la-j, the precursors for nitrile oxides in situ and 2 6  

dichlorobenzonitrile oxide (4) were easily prepared according to the published meth- 

o d ~ . ~ . ' ~  p-Acylpyruvates 2a and 2k-m were prepared from acetone, acetophenone, 

and &butanone with diethyl oxalate by the reported procedures, respectively.11'12 

p-Acylpyruvates 2a-m reacted, under conditions of the absence of base, with nitrile 

oxides generated in situ from hydroximoyl chlorides la-j (methods A, B) or freshly 

prepared nitrile oxide 4 (method C), furnished 4-acylisoxazole-5-carboxylates 3a- 

m in moderate to high yields. The results were summarized in the Table. 



method A (for 3a.m) 
Et3N (1.0 equiv.), THF 
0 "C, 2 h +  25 "C, 20 h 

1 R-C=NOH + 
I 

C1 R%O method B (for 3j and 3m) 
toluene, A , 24 h 

1 3 
52-78% 

Entry R1 R2 R3 Entry R' Rz R3 

a CF, Me Me h 241, 5-NO,C$, Me Me 

b COMe Me Me i 2-ClC,H, Me Me 

c COOEt Me Me j 2,6-Cl,C,H, Me Me 

d COPh Me Me k 2,6-Cl,C,H, Ph Me 

e Ph Me Me 1 2,6-Cl,C,H, E t  Me 

f 3-NO,C$, Me Me m 2,6-Cl,C,H, Me Et 

g 4-ClC,H4 Me Me 

Initially, we examined cycloaddition reactions of 4 with various 1,3-dicarbonyl 

compounds such as ethyl acetoacetate, 2,4-pentanedione, 1,3-cyclohexanedione, and 

methyl acetopyruvate (2a) without using any base in order to evaluate their di- 

polarophilic activities. A slight excess amount (1.1 equiv.) of 4 was added to ethanol 

solution of 1,3-dicarbonyl compound and the mixture was stirred for 3 days at 

room temperature. While 4 and ethyl acetoacetate gave no reaction, 4 and 2,4- 

pentanedione or 1,3-cyclohexanedione afforded trace amounts of the correspond- 

ing isoxazoles. In contrast, in the case of 2a  methyl 3-(2,6-dichloropheny1)-4- 

acetylisoxazole-5-carboxylate (3j) was obtained in 80% yield (method C). 

+. + fi E%?:z OC, 3 days 

CH300C 0. 
80% 

C1 

To our knowledge, this is the first example of the cycloadditon reaction of nitrile 

oxides with p-acylpymvates in the absence of base. Compared to the nitrile oxides 
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t h e d y  generated (method B ) ' ~  or isolated (method C), the nitrile oxides generated 

in situ (method A ) ' ~  from the treatment of 2,6-dichlorobenzohydroximoyl chloride 

(lj) with triethylamine (1.0 equiv.) gave the best yield (89%) of the product 3j. 

The examination of the influence of base on the cycloaddition reaction using 5 

fold excess of triethylamine in the reaction of l j  with 2a  resulted in no differ- 

ence in yields of the isoxazole 3j compared to those of the isoxazole prepared un- 

der conditions of the absence of the base during cyclization reactions. On the 

basis of our observations, i t  can be assumed that the high reactivity of p-acylpy- 

ruvates is attributed partly to the high en01 content15 and partly due to the electron 

withdrawing substituents, alkoxycarbonyl groups, resulting in electron deficiency 

a t  the en01 double bond and accelerating the rate of reaction.' 

It was noteworthy that regioisomers of the 4-acylisoxazole-5-carboxylates 3a-k were 

not detected in all cases except in the cases of 31, m. The reaction of 2,6- 

dichlorobenzonitrile oxide with p-acylpyruvates 24 m gave the corresponding mixtures 

of regioisomers, 34 m and 54 m (see Table). The ratios of 3V51 and 3m15m were 

estimated respectively by integration of the alkoxy signals  on'^ nmr spectra.".li 

Attempts to separate these regioisomers were unsuccessful by preparative tlc or 

column chromatography on silica1 gel. The substituent effects of p-acylpyruvates 

on regioselectivity are under investigation. 

In conclusion the work described in this paper clearly demonstrates that p-acylpy- 

mvates show high dipolarophilic characters toward nitrile oxides without the aid 

of base in the 1,3-dipolar cycloaddition reaction. 

EXPERIMENTAL 

4-Acylisoxazole-5-carboxylates (3a-m); General Procedure: 

Method A (for 3a-m): To a stirred solution of pacylpyruvate 2 (10 mmol) and hydmximoyl 

chloride 1 (10 rnmol) in dry THF (40 ml) is added dropwise a solution of triethyl- 

amine (10 mmol) in dry THF (15 ml) a t  0 "C over a period of 2 h. The reac- 

tion mixture is further stirred 20 h a t  room temperature. After filtered 



Table. 4-Acylisoxazole-5-carboxylates 3a-m prepareda 

Prod- yield mpb Molecular ' H - ~ m r  (acetone-~,/TMs~ l r d  MS ( 2 0 e ~ f  Analysesf 
Method 

i%) PC) Formular 6, JiHz) 
CalcdiFound(%) 

uct vicm') m/z (%) C H N 

oil C,H,F,NO, 2.79(s, 3H); 3.99(s, 3H) 

oil C,,H,,NO, 1.36it, J=7.1, 3H); 2.71(s, 3H); 
(241.1) 3.88(s, 3H); 4.41(q, J=7.1, 2H) 

76-80 C,,H,,NO, 2.79(s, 3H); 3.69(s, 3H); 
(273.2) 7.62-8.22(m, 5H) 



Table. Continued 

3.73(s, 3H); 7.51-7.93(m, 8H) 1744 340(M+-C1,100) 57.47 2.95 3.72 
1667 57.41 2.93 3.75 

for 31: 1.04(t, J=7.2, 3H); 1748 328(M+, 25) 51.24 3.38 4.27 
3.04(q, J=7.2, 2H); 4.09(s, 3H); 1690 51.24 3.41 4.34 
7.61-7.63(m, 3H) 
for 51: 1.41(t, J=7.5, 3H); 
3.24(q, J=7.5, 2H); 3.55(s, 3H); 
7.61-7.63(m, 3H) 

for 3m: 1.46(t, J=7.2, 3H); 1736 328(M+, 3) 51.24 3.38 4.27 
2.61(s, 3H); 4.57(q, J=7.2, 2H); 1694 51.32 3.37 4.28 
7.62(s, 3H) 
for 5m: 1.25(t, J=7.2, 3H); 
2.90(s, 3H); 4.04(q, J=7.2, 2H); 
7.62(s, 3H) 

a All compounds are new. 

Not corrected, measured with a Thomas-Hoover melting point apparatus. 

Recorded on a Bruker AM-300 Nmr Spectrometer. 

Recorded on a Perkin-Elmer 283 Infrared Spectrophotometer with KBr pellet except for 3a, 3c, and 31+51 (neat). 
% 

Obtained on a Shimadzu QP 1000 Spectrometer. 2 
Recorded on a Perkin-Elmer 240C Elemental Analyzer. 2 

1 2 
The ratio of the regioisomers is determined by H-nmr spectroscopy. .R 

2 



off triethylamine hydrochloride, the solvent is removed under reduced pressure 

to give crude product 3. Pure product is isolated by column chromatography on 

silica gel using 40% CH,Cl, in petroleum ether as eluent. 

Method B (for 3j and 3m): A solution of p-acylpyruvate 2 (10 mmol) and hydrox- 

imoyl chloride 1 (10 mmol) in dry toluene (50 ml) is heated to reflux for 24 h. 

After removal of the solvent in uacuo, column chromatography of the crude product 

on silica gel (40% CH,Cl, in petroleum ether) afforded pure product 3. 

Methyl 3-(2,6-dichlorophenyl)-4-acetylisoxazole-5-cboxylate (3j); Typical 

Procedure: 

Method C: Methyl acetopyruvate (2a; 10.0 g, 69.5 mrnol) and freshly prepared 2 6  

dichlorobenzonitrile oxide (4; 14.4 g, 76.6 mmol) are dissolved in absolute EtOH 

(150 ml), and the mixture is stirred for 48 h a t  room temperature during which 

time a crystalline product 3j is appeared in the reaction mixture. After further 

24 h stirring precipitated solid is separated by filtration, washed with small vol- 

umes of EtOH, and dried in uacuo to give the product 3j (11.3 g). Another crude 

crop (7.5 g) is obtained from the filtrates and washings after silica gel column 

chromatography using 40% CH,Cl, in petroleum ether as eluent. Recrystalliza- 

tion of the crude product from n-hexane affords analytically pure 3j (17.5 g, 80%). 
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