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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 B-acylpyruvates 2. pB-Acylpyruvates, unlikely ordinary p-diketones,
show high dipolarophilic reactivity toward nitrile oxides in the absence

of base.

1,3-Dipolar cycloaddition reaction of nitrile oxides with olefins, acetylenes, and active
methylene compounds such as p-diketones is well known. 1 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 enol form
of the p-diketone, followed by subsequent dehydration of the resulting A?-isoxazolin-
5-0l, which could not be isolated.”” Tetrahydrobenzisoxazoles were synthesized by
the reaction of nitrile oxides with 1,3-cyclohexanediones in the presence of excess
triethylarnine.4

We now wish to report herein the synthesis of new isoxazoles from the 1,3-dipolar
cycloaddition reaction of nitrile oxides with §-acylpyruvates and the high dipola-
rophilic activity of B-acylpyruvates.

Hydroximoyl chlorides la-j, the precursors for nitrile oxides In situ and 2,6-
dichlorcbenzonitrile oxide (4) were easily prepared according to the published meth-
ods 510 B-Acylpyruvates 2a and 2k-m were prepared from acetone, acetophenone,
and 2-butanone with diethyl oxalate by the reported procedures, respectively.}1’12
B-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.
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method A {for 3a-m)
EtN (1.0 equiv.), THF
0°C,2h—>25°C,20Hh

R? 35-98% 0

1
R 2
0
R1C=NOH + ] . \”j]: “R
! H . N
cl rRYboOC” 0~ method B (for 3j and 3m) *0” “COOR?

toluene, A , 24 h

1 2 3
52-78%

Entry R R R3 Entry R R? R®
a CF, Me Me h 2Cl, 5-NO,CH, Me Me
b COMe Me Me i 2-CICH, Me Me
¢ COOEt Me Me j 2,6-CL,C.H, Me Me
d COPh Me Me k 2,6-CL,CH, Ph Me
e Ph Me Me 1 2,6-C1,C_.H, Et Me
f 3NOCH, Me Me m 2,6-ClL.CH, Me Et
g 4CICH, Me Me

Initially, we examined cycloaddition reactions of 4 with various 1,3-dicarbonyl
compounds such as ethyl acetoacetate, 2,4-pentanedione, 1,3-cyclchexanedione, and
methyl acetopyruvate (2a) without using any base in order to evaluate their di-
polarcphilic 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-dichlorophenyl)-4-
acetylisoxazole-5-carboxylate (3j) was obtained in 80% vield (method C).

Cl th method C Cl1 o
EtOH, 25 °C,
C=N0 + 0 6°C,3days |
H 80% CH3
CH;00Cc~ © G N
¢ ‘0" ~COOCH;
4 2a 3j

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

oxides with B-acylpyruvates in the absence of base. Compared to the nitrile oxides
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thermally generated (method B or isclated (method C), the nitrile oxides generated
in situ (method A)* from the treatment of 2,6-dichlorobenzohydroximoyl chloride
(1j) with triethylamine (1.0 equiv.) gave the best yield (89%) of the product 8j.
The examination of the influence of base on the cycloaddition reaction using 5
fold excess of triethylamine in the reaction of 1j with 2a resulted in no differ-
ence in yields of the isoxazole 8 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, it can be assumed that the higH reactivity of p-acylpy-
ruvates is attributed partly to the high encl content!® and partly due to the electron
withdrawing substituents, alkoxycarbonyl groups, resulting in electron deficiency
at the enol double bond and accelerating the rate of reaction.t

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

not detected in all cases except in the cases of 8, m. The reaction of 2,6-

cl o cl
R2 COOR3
“ N0~ ~coor3 “ Neo R?
31, m 5, m °

dichlorobenzonitrile oxide with p-acylpyruvates 21, m gave the corresponding mixtures
of regioisomers, 3, m and 51, m (see Table). The ratios of 3151 and 3m/5m were
estimated respectively by integration of the alkoxy signals on'H nmr specf:1ra.16’17
Attempts to separate these regioisomers were unsuccessful by preparative tlc or
column chromatography on silical gel. The substituent effects of j-acylpyruvates
on regioselectivity are under investigation.

In conclusion the work described in this paper clearly demonstrates that 3-acylpy-
ruvates 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 B-acylpyruvate 2 (10 mmol) and hydroximoyl
chloride 1 (10 mmol) in dry THF (40 ml) is added dropwise a solution of triethyl-
amine {10 mmol} in dry THF (15 ml) at 0 °C over a period of 2 h. The reac-

tion mixture is further stirred 20 h at room temperature. After filtered
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Table. 4-Acylisoxazole-5-carboxylates 3a-m prepared®
Prod- Yield mp”? Molecular 'H-Nmr (acetone-deI‘MS)C Ird Ms (20eV) Analyses!
Method Calcd/Found(%)
uct %) (0 Formular 5, J(Iz) viem")  m/iz (%) c H N
3a A 74 oil C,HF,NO, 2.79(s, 3H); 3.99(s, 3H) 1751  237(M-*,11) 40.52 2.55 591
(237.1) 1701 40.05 2.50 578
3b A 45 49-51 CHNG, 2.67(s, 3H), 2.68(s, 3H); 1724 211(M*, 7) 51.19 4.30 6.63
(211.1}) 3.89(s, 3H) 1609 51.18 4.28 6.58
3c A 81 oil C, H, ,NO, 1.36(t, J=7.1, 3H); 2.71(s, 3H); 1748 241(M-, 5) 49.80 4.60 5.81
(241.1) 3.88(s, 3H);, 4.41(q, J=7.1, 2H) 1628 49.62 4.62 577
3d A 35 76-80 C H, NO, 2.79s, 3H); 3.69(s, 3H); 1763  273(M-, 1) 61.54 4.06 5.13
(273.2) 7.62-8.22(m, 5H) 1697 61.51 4.07 5.43
1651
e A 95 83-85 C,H NG, 2.75(s, 3H); 3.43(s, 3H); 1748 245(M-, 5) 63.67 4.52 .71
(245.2) 7.51-7.58(m, 5H) 1690 63.53 4.52 5.76
31 A 98 94-96 C HN,Oq 2.78(s, 3H); 3.64(s, 3H); 1736  290(M-, 4) 53.80 3.47 9.65
(290.2) 7.85-8.47(m, 4H) 1674 53.65 3.49 9.59
3g A 79 125-126 C_H CINO, 2.75(s, 3H); 3.57(s, 3H), 1748  279M*, 8) 55.83 3.60 5.01
(279.6) 7.58(s, 4H) 1686 55.96 3.68 5.04
3h A 90 78-80 C,HCIN,O, 2.82(s, 3H); 3.68(s, 3H); 1748  324(M*, 3) 48.09 2.79 8.63
(324.6) 7.92-8.49(m, 3H) 1674 48.24 2.79 B.70
3i A 71 117-119 C_H CINO, 2.78(s, 3H); 3.50(s, 3H); 1748  279(M*, 3) 55.83 3.60 5.01
(279.6) 7.563-7.59(m, 4H) 1690 55.78 3.63 5.02
3j A 89 109-111 C H/CI,NO, 2.61(s, 3H); 4.10(s, 3H); 1740 314(M-, 4) 49.71 2.89 4,46
B 78 (314.1) 7.62(m, 3H) 1686 49.71 2.85 4.43
C 80
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Table. Continued

3k A 50

3451 A 44
(35:65)

3m+5m B 52
(95:5)

95-96

oil®

84-86°

¢, H, CLNO,

187711

(376.1)
¢, H, C,NO,

147711

(328.1)

¢, H, CL,NO,

141!

(328.1)

3.73(s, 3H); 7.561-7.93(m, 8H)

for 31: 1.04(t, J=7.2, 3H);
3.04(g, J=7.2, 2H); 4.09(s, 3H);
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),
2.61(s, 3H); 4.57(q, J=7.2, 2H);
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)

1744
1667

1748
1690

1736
1694

340(M*-C1,100) 57.47

328(M+, 25)

328(M-, 3)

57.41

51.24
51.24

51.24
51.32

2.95
2.83

3.38
3.41

3.38
3.37

3.72
3.75

4.27
4.34

4.27
4.28

All compounds are new,

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

€ Recorded on a Bruker AM-300 Nmr Spectrometer.

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

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

13

The ratio of the regioisomers is determined by IH-pmr spectroscopy.
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off triethylamine hydrochloride, the solvent is removed under reduced pressure
to give crude product 8. Pure product is isclated by column chromatography on
silica gel using 40% CH,Cl, in petroleum ether as eluent.

Method B (for 8j and 3m): A sclution of B-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 vacuo, 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-carboxylate (3j); Typical
Procedure:

Method C: Methyl acetopyruvate (2a; 10.0 g, 69.5 mmol) 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 at room temperature during which
time a crystalline product 8j 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 vacuo 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 (17.56 g, 80%).
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The structures of the regioisomers 31, m and 51, m were differentiated by
taking into account the chemical shifts of alkoxy signals of esters on "Honmr
spectra. Alkoxy signals of both 31 and 3m are downfield shifted while those
of 51 and 5m are upfield shifted because of the deshielding effect of the
oxygen atom on the isoxazole nucleus.’® In addition, the structures of 3a-k
were strongly supported by the chemical degradation of 8¢ as an example
into 3-(4-chlorophenyl)-4-acetylisoxazole vie hydrolysis followed by decar-
boxylation and its "Honmr structural assignment. The presence of a proton
signal at 9.90 ppm in the degraded product indicated that the proton was
attached on C-5 based on the fact that the signal for a proton on C-5
appeared downfield about 2 ppm than that for C-4 proton which generally
appeared in the range of 6.0- 7.5 ppm depending on the substituents in the
isoxazoles (for example, see: reference 18). From these results, we assumed
that the structures of 3a-k could be assigned as 4-acylisoxazole-5-carboxyl-
ates rather than 5-acylisoxazole-4-carboxylates. Preparation of 3-(4-chloro-
phenyl)-4-acetylisoxazole as a degraded product of 3g Compound 3g (280 mg,
1 mmol) was treated with aqueous NaQH and then acidified with aqueous
HCl. The reaction mixture was extracted with EtOAc followed by usual work-
up afforded the crude carboxylic acid derivative, which was decarboxylated
under reduced pressure (20 torr, 150 °C) and chromatographed on silica gel
column to give the desired 3-(4-chlorophenyl)-4-acetylisoxazole (69 mg, 31%};
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18.

'H-nmr (CDCL) 82.78 (s, 3H), 7.30-7.75 (m, 4H), 9.90 (s, 1H); ms (m/z, %)

221 (M-, 12), 178 (29), 43 (100).
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