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Abstract-Four Chydroxykxaroks together with model compounds have been investigated by UV. IR 
and NMR spectroscopy and by pK, measurements, 4-Hydroxyisoxazoles exist predominantly in the 
hydroxy-form in a wide range of media, 

PREVIOLJ~ papers in this series have concerned the tautomeric behaviour of 3-hydroxy-2 
and 5-hydroxy-isoxazoles.3v4 Attention is now turned to the corresponding Chydroxy 
compounds, for which there are three possible tautomeric forms: we shall 
refer to these as the hydroxy-(A), ox+(B), and bet&e (Cj forms (Formulae Scheme). 
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CHydroxyisoxaxoles have previously been prepared5-12 (Formulae Scheme) by 
five routes: (i) From 2-acetoxy-1,3-diketones with hydroxylarnine; (ii) by reduction 
and diaxotisation of Cnitroisoxaxoles; (iii) by a complex base catalysed rearrangement 
of nitrocyclopropanes; (iv) by hydrogen peroxide oxidation of isoxaxole4boronic 
acids; and (v) by hydrolytic cleavage of 2-oxoAaryL3a 3Mihydro[1.3]dioxolo- 
[4.5-blisoxaxoles. Previous preparative work is summarized in Table 1. together with 
the previous conclusions concerning the tautomeric structure of these compounds. 

TA8L8 1. bl%ATIJRiI DATA ON ‘+-HYDROXYISOXAZOLES 

Ref. Cpd. M.p. Route Conclusions on tautomerism Derivs. 

5 v 
10 IV 
6 IV 

III 
I I 
8 I 

II 
IV 
V 

9 I 
III 

11 v 
12 VI 

VII 

123”. 151” 
115-119 

- 

77-80 
81-82 
92-94 

oil 
118-119 
105.125 

79 
96 
- 

124 
171-172 

i 
ii 
ii 
. . . 
111 
. . . 
111 

i 
i 
i 
i 
iv 
iv 
i 
V 

V 

OH, chemical evidence-acidic OMe: OAc 
OH. chemical evidence-acidic OCOPh 
OH + some 0x0, IR (solid) - 

OH + little 0x0, IR (solid) OCOPh 
- 

- 
- 
- 

- 
OH. polarographic 
OH. IR (solid) 
OH. IR (solid) 

OMe 
OMe 
OMc 
OTs 

- 
-. 

OCOPh 
OMe : OAc 

Preparation of compounds. Four 4-hydroxyisoxaxoles (I. III, IV. V) were prepared 
by route (i). From 2-acetoxy-1-phenylbutane-1,3-dione the hydroxyisoxazole IV was 
obtained as previously6 described; but reaction with hydroxylamine in acid pH gave. 
without isolation of any intermediate. the isomer III, previously prepared’ by route 
(iv) The mp.s of some of these compounds vary considerably with the rate of heating. 
which explains certain discrepancies in Table 1. Three Cmethoxyisoxazoles (VIII-X) 
were prepared from the corresponding hydroxycompounds with diazomethane’ 
(VIII, IX) or dimethyl sulphate5 (X). 

Me 

Compound VIII IX X 
Me 

t’ Me 
Me Ph 
Ph Ph 

XI 

OH 6 8.90 

6 2.44 6206 
Me Me 

+ 



The tautomerism of hctcroaromatic compounds with S-mcmlxrcd rings-XI 6135 

3.5.5-Trimcthylisoxolin-4-one (XI) was previously preparedi from its oxime 
obtained by thermal isomerisation of the 3H-pyrazole-l&dioxide (XII) We repeated 
this preparation successfully but obtainal tw oximes in the ratio 1:9 (by NMR) 
which we assign to the syn-anti isomers (XIII) (oxime, m.p. 114-116”) and (XIV) 
(oxime m.p. 156-157”), based on the NMR chemical shifts (for CDClj solution) 
shown in the formulae Previously only oxime XIV had been isolated. 
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CAcetoxy- and 4-methoxy-3,5-diphenylisoxazole were converted into the corres- 
ponding Zethylisoxazolium fluoroborates (XV, XVI) by triethyloxonium fluoro- 
borate. However, all attempts to convert either of these to the betaine (XVII) to 
provide a model for tautomer (C) failed, as did attempted preparation of XVII direct 
from V. 

4-Hydroxyisoxazoles ate unstable, particularly in dilute solution in non-polar 
solvents where their rapid decomposition can be followed in the UV spectrum. 
Benzoic acid was isolated from 4-hydroxy-3-methyl-5-phenylisoxazole: this de- 
composition could occur by formation of a hydroperoxide of type XX followed by 
decomposition XX + XXI. 

RESULTS AND DISCUSSION 

pK, Values (Table 2) and UV spectra in aqueous solutim (Table 3). The Chydroxy- 
isoxazoles are weak bases, with pK, values which are each 0.11 to @58 f-Z, units less 
negative than the corresponding methoxy compounds As the potentially tautomeric 
compounds are slightly stronger bases than the models, and as any large proportion 
of the forms B and C (of Formulae Scheme) woukl tend to reduce their basic&y. this 
indicates a preponderance of the hydroxy-form A This conclusion depends on the 
cations formed from the hydroxy and the methoxy compounds being of similar 
structure: this similar structure is indeed confirmed by the ultraviolet spectra of the 
cations The cations must all have structures of type XVIII; the unlikely alternative 
XIX is ruled out by comparison of the cation spectra of I with VIII and of III with IX : 
the introduction of a phenyl group in the 5-position clearly causes increased con- 
jugation. Further evidence for the cation structure XVIII is provided by the spectra 
of the fixed cations XV and XVI. 
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Confirmation of the predominance of the hydroxy structure in aqueous solution is 
afforded by the UV spectra of the neutral species: again, each hydroxy compound 
resembles the methoxy analogue and the hypsochromic shift of 6-8 nm caused by 
the introduction of the O-Me group can be attributed to steric hindrance to con- 
jugation. The similar effect of the introduction of a Sphenyl group in the two series 
of neutral species spectra is further evidence of similar structure. 

All the compounds are Hammett bases within experimental error (n = 1.0 + O*l).’ 4 
The spectrum of the 5.5dimethyl mode1 compound XI is the same in 20N. sulphuric 
acid as in water: it is either a very weak base, or cation and neutral species have the 
same absorption. 

The 4-hydroxyisoxazoles are weak acids of pK, 7.2-86 (in water). The UV spectra 
are both bathochromically shifted by 35-55 nm on anion formation. but the extinction 
coefficients are little altered : the bathochromic shift is considerably greater than that 
encountered for most phenols. l5 

TABLE 5. IR SPECTRAL MAXIMA (CM - ‘) AND APPARENT EXTINCTION COETFlClENIS (EA) OF 

‘t-HYDROXYlSOXAZ0L.B 

w. 
no. 

Substituent vOHfree v OH bonded v Ring 
3 4 5 

Phase 
cm-’ &A cm-’ &1\ cn-i EA 

I CH, OH CH, CHCl, (@2 mol) 
CHCI, (@03 mol) 
KBr 

III CH, OH C,Hs CHCl, (@2 mol) 
KBr 

IV ChH, OH CH, CHCl, (@2 mol) 
KBr 

V C,Hs OH C,Hs CHCl, (008 mol) 
KBr 

X C,H, OCH, C,Hs CHCI, (@2 mol) 
KBr 

3580 51 3140 69 
3580 131 --- 

3100 (s) 
3580 22 3220 97 

3100 (s) 
3510 32 3220 98 

3050 (s) 
3560 39 3200 75 

3100 (s) 
- 

1660 

(- 
1660 
1600 
1640 
1640 
1635 
1600 
1625 
1620 
1620 

59 

-) 
(s) 

(rz 
110 

(s) 
33 

(s) 

(3 

- Indicates no absorption found; (-) indicates region obscured by solvent; m = medium: s = strong 

Spectra in non-aqueous media The UV spectra of the potentially tautomeric 
compounds (I, III, IV, V) and of the methoxy mode1 compounds (VIII-X) are re- 
corded in Table 4 for a number of solvents of widely varying polarity from cyclo- 
hexane to hexamethylphosphoramide Without exception, wavelength maxima and 
extinction coefficients are all similar to the values found for aqueous solution. which 
is good evidence for the predominance of the same tautomeric form over the whole 
range of solvent polarities. 

The IR spectra (Table 5) demonstrate that the hydroxy form is the preferrd taut- 
omer for both chloroform solutions and the crystalline state of each of the compounds 
(I. III. IV. V). 0.2 Molar solutions in chloroform show bands near 3580 cm-’ for free 
v O-H (cf free v O-H for 3-hydroxy4,5dimethylisoxazole at 3550 cm-’ in 
CHCl,’ and also bands at 3100-3200 cm-’ for associated v O-H. The dimethyl 
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58%) separated; it crystallised from EtOH as needles. m.p 178”. (Found: C, 68.7: H, 5.2: N, 4.4. 
C,,HlsNO. requires: C, 68.7; H, 5.1; N. 4.7%). 

4-Hydroxy-3.5-diphenylisoxarole. Acetoxydibenzoylmethane monoxime (5 g), EtOH (95%. 50 mlh and 
HzSO, (2.5 ml) were heated under retIux for 3 hr. The cold solution was poured onto ice to precipitate 
4-hydroxy-3.5-diphenylisoxaxok (4.2 g, looo/,) which, after recrystallisation from benzene, gave needles, 
m.p. 122125” (decomp.) (lit. m.p. 123”;’ 105, 125”*). 

4-Methoxy-3,5&nethylfsoxozole. 4-Hydroxy-3,5-dimethylisoxaxok (1.8 g) in ether (20 ml) was treated 
gradually with ethereal diazomethane until evolution of nitrogen ceased. After 2hr the solvent was 
evaporated off and the Cmethoxy-3,5dimethylisoxaxole (1.6 g, 74%) distilled at 110-l 15”/1 mm (oil bath 
temp) (lit.’ 95-100”/12 mm). 

4-Methoxy-3-methyl-S-phenylisoxazole. 4-Hydroxy-3-methyl-5-phenyhsoxaxole (@5 g) and diazo- 
methane as above gave the merhoxpizoxazole (035 g, 67%) as an oil b.p. 130-140”/02 mm (Found: 
C, 69.5; H, 6.1; N, 7.1. C,,H,,NOz requires: C, 698; H, 5.8;N, 74%). 

3.5.5Trimethyl4isoxazolinone. 3.3.5-Trimethyl-3H-pyraxok 1,2-dioxide was converted into 3.5.5- 
trimethyl4isoxazolinone by the literature route. I3 The 3,5,5-trimethyl4isoxazolinone oxime inter- 
mediate was separated by filtration and afforded oxime XIV by crystallisation from chloroform, m.p. 
156-157” (lit. m.p. 156’3’*b 156-157”3. Ether extraction of the aqueous mother liquors alforded oxime 
XIII, as needles. m.p. 114-116” from chloroform (Found: C, 50.5; H, 7.0; N. 19.4. C,H,,N,O, requires: 
C, 507; H, 7.1; N, 19.7%); NMR: (CDCI,). oxime XIV 6 166 (s, 6H), 206 (s, 3H) 9.10 (s, 1H): oxime 
XIII 6 146 (s, 6H), 244 (s, 3H). 8% ($ 1H). 

4-Acetoxy-2-ethyl-3,5-diphenylisoxozofiiun jluoroborate. Triethyloxonium fluoroborate (1.89 9) and 
4-acetoxy-3,Sdiphenylisoxaxok (2.5 g) in dichloromethane (30 ml) were kept at 20” for 15 hr. The solvent 
was evaporated and the residue dissolved in warm acetone Ether precipitated thefluoroborate (2.6 g, 78%) 
as prisms, m.p. 158-159”. (Found: C, 57.2; H. 4.9; N, 3.7. Cr9H,sBF4NOz requires: C, 57.7: I-I, 4.6: N, 
3.6%). 

2-Ethyf4methoxp3.5-diphenylisoxazoliwn fluoroborote. 6Methoxy-3,5-diphenylisoxazole (05 g) was 
converted as above into theflwroborate (@58 g, 74%) which crystallised from acetoneether as colourless 
needles m.p. 176-177”. (Found: C 59.1; H. 4.9; N, 38. C,sH,sBF~NOz requires: C. 58.9: H, 4.9: N, 3.8%). 
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