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Abstract: A simple and general synthesis of 3-acyl-5-alkyl(aryl)isoxazoles by reaction of

terminal alkynes with nitrates in acetic acid in the presence of SO3 or alkaline salts is described.
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In continuation of our ongoing program to develop synthetically useful reactions of al-

kynes with SO3, we have found that SO3 can be an effective reagent or mediator for novel

transformations of the triple bond. Phenylacetylene on treatment with SO3 in H2SO4,

yields δ-sultone - 4,6-diphenyl-[1,2]oxathiine-2,2-dioxide [1]. The reaction of internal al-

kynes with the SO3/DMSO/CCl4 system leads to 1-chloro-2-methylthioethenes [2]. In

contrast, the SO3-dioxane complex easily oxidizes triple bonds of internal alkynes or dial-

kynes to 1,2-diketones or bis(1,2-diketones) [3]. In an earlier report, we demonstrated,

that SO3 in the presence of sodium or ammonium nitrate effected an oxidative hetero-

cyclization of phenylacetylene to 3-benzoyl-5-phenylisoxazole [4]. The later result is in

contrast to the behavior of the NaNO3/I2(or KI) systems which only leads to iodonitration
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of the alkynes [5].

Isoxazoles play interesting roles in medicinal and agricultural chemistry and serve as

important synthetic building blocks (e.g., see [6,7] and refs therein).

The two accepted general approaches for the formation of izoxaloles are: condensation

of 1,3-dicarbonyl compounds with hydroxylamine and 1,3-bipolar cycloaddition of nitrile

oxides to alkynes [6].

A few methods are known for the synthesis of isoxazoles from terminal alkynes. The

reaction of acetylene gas with fuming nitric acid gives rise to a mixture of isoxazoles

bearing oxygen-containing substituents in the 3 position [8]. However, Gasparrini et al.

found that terminal alkynes (R=Ph, n−Pr, n−Bu, BzOC2H4) react with nitric acid under

biphasic conditions (nitromethane/water) and in the presence of a catalytic amount of

tetrabutylammonium tetrachloroaurate to give 3,5-disubstituted isoxazoles in 30-55 %

yield [6]. Recently, it has been shown that the reaction of phenylacetylene with acetone

or acetophenone in the presence of an equimolar amount of ammonium cerium nitrate

resulted in the formation of 3-acetyl- or 3-benzoylisoxazoles with a 57-85 % analytical yield

(GLC data) [7]. Another approach to this class of compounds is to react phenylacetylenes

and α-nitrocarbonyl compounds [9,10] in solid phase [11]. In almost all above mentioned

cases , preparative yields of the isoxazoles are very modest and the employed reagents are

expensive and unsafe. Therefore, there is still a demand for new mild synthetic methods

for the preparation of isoxazoles from alkynes in the presence of inexpensive and bench

top reagents.

Since nitrates of alkali metals are cheap, environmentally friendly, and safe to handle,

we decided to explore the possibility of using the SO3/NO−

3 system in the reaction with

alkynes for isoxazole syntheses starting from alkynes.

We have shown that terminal alkynes (1a-g) react smoothly with a number of nitrates

in the presence of SO3-dioxan complex in anhydrous acetic acid, producing isoxazoles (2a-

g) in moderate yields (Scheme 1, Table 1). The reaction is accompanied by the evolution

of NO and NO2 gases.

a R = C6H5, b R = n−C3H7, c R = n−C4H9, d R = n−C5H11, e R =

c−C5H9-CH2, f R = C6H5COOCH2, g R = C6H5COOCH2CH2

Scheme 1 Reaction of terminal alkynes with MNO3/SO3 system with formation of 3-Acyl-5-
alkyl(aryl)isoxazoles.

The yields of the desired products 2a-g is strongly dependent on the presence of water

in the acetic acid. Using acetic acid containing water, leads to a sharp decrease of the

yields and the appearance of the corresponding ketones RCOCH3 as by-products. Using

phenylacetylene 1a as a model, we examined the effects of the reaction conditions and
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the type of nitrates on the process in the presence of SO3-dioxane complex. In all cases,

increasing the temperature from 25 ◦C to 110 ◦C seems to have no positive effect on the

reaction. In the same way, sodium, potassium or ammonium nitrates are shown to have

a very similar activity. An exception is Ca(NO3)2·4H2O which is inactive to isoxazole 2a

formation and only stimulates appearance of acetophenone, probably due to the crystal

water. In this reaction, sulfur trioxide can complex with dioxane, as well as oleum, being

an appropriate mediator for synthesis of isoxazole 2a from phenylacetylene 1a and sodium

nitrate, albeit at higher temperatures (Table 1).

The treatment of phenylacetylene 1a in acetic acid with NaNO3, in the absence of

SO3-dioxane complex at room temperature of 110 ◦C, yields trace amounts of isoxazole

2a, the major product is benzoic acid after a long period of time (30 h). We have

unexpectedly found that some alkaline salts (NaF, KCl, or NaHSO4) instead of SO3

can also promote in the isoxazole synthesis from alkyne 1a and NaNO3 (Table 1). In

general, the activity of these salts is low compared to SO3 and only becomes apparent

at higher temperatures. Yet, with NaHSO4 almost the same yield of isoxazole 2a is

obtained as with the SO3-dioxane complex. Previously, we have showed that nitroyl

halides X-NO2 (X=F, Cl, Br, I) are intermediates in the reaction of NaNO3 with sodium

or potassium halides in acetic acid [12]. Nitroyl fluoride and chloride only possess nitrating

activity, where as the bromide and the iodide are halogenation reagents for alkynes,

arenes and heteroaromatics [5,12]. Taking these results into account, it seems likely

that the same intermediates are veritable reagents in the reaction of alkynes with the

NaNO3/NaF(KCl)/AcOH system, and accordingly in the case of NaNO3/NaHSO4(or

SO3)/AcOH. A most probable intermediate agent is the nitroyl sulfate HSO4-NO2.

In order to investigate the generality of the reaction, we studied the reaction of va-

rious alkynes 1b-g with NaNO3 and SO3-dioxane complex. In all cases isoxazoles 2 b-g

were obtained in moderate yields (Table 1). Terminal alkynes, bearing free OH-groups,

(R=HOCH2 and HOCH2CH2) are unstable to the reaction conditions and give a complex

mixture of products. Their benzoyl,but not acetyl, derivatives 1f,g provide acceptable

yields of respective isoxazoles 2f,g, which are very promising building blocks for the pre-

paration of various functionalized isoxazoles. Trimethylsilylphenylacetylene also reacts

with NaNO3 and SO3-dioxane complex, giving only rise to a small amount of isoxazole

2a (∼12 %) yet. The major product in this case is benzoic acid.

The reaction of terminal alkynes with HNO3/SO3system proceeds through forma-

tion of the nitrile oxide RCOC+=N-O− which reacts with alkynes in course of the 1,3-

cycloaddition process (Scheme 2). In support of this assumption, we have found in GS-MS

spectra of the reaction, a mixture of phenylacetylene 1a, an impurity of PhCOC+=N-O−

(M/Z=147). The reaction mixture of hexyne-1 1c contains an impurity of the nitrile oxide

3 (M/Z=127) and the product of the dimerization of 3 - 4-pentanoyl-1,2,5-oxadiazol-3-

yl-butylmethanone N-oxide 4 (M/Z=254) (GC-MS data).

It could be expected, that nitrites can also react with the terminal alkynes to isoxazole.

However, we have observed that the reaction of NaNO2 with the alkyne 1a and SO3-dioxan

complex in acetic acid is accompanied by strong evolution of nitrogen oxides and only



V.O. Rogachev et al. / Central European Journal of Chemistry 3(3) 2005 370–376 373

Scheme 2 Assumed mechanism of formation of isoxazoles from alkynes.

traces of desired product 2a are obtained.

Spectral data for compounds 2a-g can be found in Table 2.

In summary, the reaction of various terminal alkynes with alkaline nitrates in acetic

acid in the presence of SO3 is a simple and general one-pot procedure for the synthesis

of 3-acyl-5-alkyl(aryl)isoxazoles. Alkaline fluorides, chlorides and especially NaHSO4 can

also be used in this reaction instead of SO3.

NMR 1H and 13C spectra were recorded on Bruker AMX200 and AMX400 spectro-

meters. Gas Chromatography Mass Spectroscopy data were obtained on HP 5972 and

HP 5890 units. All reagents were obtained from commercial sources.

Typical Procedure: To a stirred suspension of NaNO3 (1.7 g, 20 mmol), SO3-

dioxane complex (1.75 g, 10.4 mmol) in anhydrous acetic acid (10 mL) the alkynes 1a-g

were added during 5 min. The resulting mixture was stirred for 3h at 25 ◦C or 60 ◦C,

poured into H2O (100 mL) and extracted with Et2O (150 mL). The ether extract was

dried over Na2SO4 and the solvent was evaporated in vacuo. The crude product was

purified by flash chromatography on silica gel (elution by hexane/benzene 5:1 for 2a-e

or hexane/ethylacetate 7:1 for 2f,g). Rf= 0.5 (2a-e), 0.2 2f,g (Merck UV-254, eluent –

benzene).
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Substrate Temperature, Nitrate Reagent Reaction time, h Product Yield, Mp, ◦C Lit. Mp,
◦C % (methanol) ◦C

1a 25 NaNO3 SO3-dioxan 3 2a 55

1a 25 KNO3 SO3-dioxan 3 2a 48

1a 25 NH4NO3 SO3-dioxan 3 2a 50

1a 110 NaNO3 SO3-H2SO4 3.5 2a 44 86-87 85-86 [10]

1a 100 NaNO3 NaF 10 2a 15

1a 45 NaNO3 KCl 30 2a 11

1a 100 NaNO3 KCl 30 2a 30

1a 100 NaNO3 NaHSO4 2 2a 48

1b 25 NaNO3 SO3-dioxan 3 2b 35 oil no data [6]

1c 25 NaNO3 SO3-H2SO4 3.5 2c 26 oil no data [6]

1c 25 NaNO3 SO3-dioxan 3 2c 53 oil no data [6]

1d 25 NaNO3 SO3-dioxan 3 2d 54 oil -

1e 25 NaNO3 SO3-dioxan 3 2e 31 oil -

1f 60 NaNO3 SO3-dioxan 3 2f 60 80.5-81.5 -

1g 60 NaNO3 SO3-dioxan 3 2g 58 80-81 no data [6]

Table 1 Synthesis of 3-acyl-5-alkyl(aryl)isoxazoles (2a-g) from terminal alkynes (1a-g) and
nitrates.
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Product 1H NMR (CDCl3),
13C NMR (CDCl3), MS,

δ,J(Hz) δ [m/z], (%)

2a 7.02 (s, 1H), 7.50 (m,

5H), 7.64 (m, 1H), 7.83

(m, 2H), 8.33 (m, 2H)

100.1, 125.8, 126.5,

128.4, 129.0, 130.5,

130.6, 133.9, 135.6,

162.2, 170.6, 185.6

249 [M]+ (40), 105

[PhCO]+ (100), 77

[Ph]+ (57), 51 [M-

PhCO-Ph-O]+ (19).

2b 0.89 (m, 6H), 1.66 (m,

4H), 2.68 (t, 2H, J=7.5),

2.90 (t, 2H, J=7.5), 6.26

(s, 1H)

13.2, 13.4, 17.0, 20.6,

28.3, 41.4, 99.0, 161.6,

174.9, 194.7

181 [M]+ (0.1); 166

[M+-CH3] (0.1); 138

[M+-C3H7] (22); 51

[COC3H7]
+ (100),

43[C3H7]
+ (97).

2c 0.94 (t, 3H, J=7.5), 0.95

(t, 3H, J=7.5), 1.40 (m,

4H), 1.70 (m, 4H), 2.80

(t, 2H, J=7.5); 3.03 (t,

2H, J=7.5), 6.35 (s, 1H)

13.6, 13.8, 22.1, 22.3,

25.8, 26.3, 29.4, 39.5,

99.3, 161.8, 175.4, 195.2

194 [M+- CH3] (0.1),

180 [ M+- C2H5] (0.1),

152 [M+- C4H9] (22),

85 [C4H9CO]+ (100),

57 [C4H9]
+ (91), 39

[M+-2C4H9CO] (12), 29

[C2H5] (24).

2d 0.83 (m, 6H); 1.28 (m,

8H), 1.65 (m, 4H), 2.71

(t, 2H, J=7.5), 2.94 (t,

2H, J=7.5), 6.28 (s, 1H)

13.5, 13.6, 22.1, 22.2,

23.2, 26.4, 26.9, 30.9,

31.1, 39.6, 99.03, 161.7,

175.2, 194.9

237 [M]+ (0.1); 222

[M+-CH3] (0.1); 181

[M+-C5H11] (29); 99

[COC5H11]
+ (81), 71

[C5H11]
+ (67), 43

[C3H7]
+ (100).

2e 1.12 (m, 4H); 1.47 (m,

4H), 1.54 (m, 4H), 1.66

(m, 4H), 2.14 (m, 1H),

2.29 (m, 1H), 2.70 (d,

2H, J=7.5), 2.94 (d, 2H,

J=7.5), 6.28 (s, 1H)

24.6, 24.7, 32.1, 32.2,

32.3, 35.3, 38.2, 45.6,

99.3, 161.7, 174.7, 194.6

261 [M]+ (0.1), 246

[M+-CH2-H] (27), 178

[M+-C6H11] (100), 162

[M+-C7H15] (26), 136

(18), 111 (10), 83 (21),

68 (15), 55 (23), 41 (57).

2f 5.37 (s, 2H), 5.52 (s,

2H), 6.73 (s, 1H), 7.40

(m, 6H), 8.00 (m, 4H)

56.3, 66.4, 102.6, 128.3,

128.5, 129.1, 129.5,

130.0, 130.1, 133.1,

133.4, 159.8, 165.0,

165.1, 168.7, 185.7

365 [M]+ (0.1), 105

[PhCO]+ (100), 77

[Ph]+ (15).

2g 3.23 (m, 2H), 3.45 (m,

2H), 4.62 (m, 4H), 6.53

(s, 1H), 7.41 (m, 6H),

7.95 (m, 4H)

26.8, 39.1, 59.3, 61.2,

100.5, 128.1, 128.3,

129.6, 129.7, 129.8,

130.2, 132.6, 133.0,

161.7, 165.4, 165.5,

171.1, 190.7

393 [M]+ (0.1), 105

[PhCO]+ (100), 77

[Ph]+ (11).

Table 2 Spectral data of isoxazoles 2a-2g.


