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Akbrd-Tbc pqaration and tautomerism of 3,4dimcthyl-isoxazolin-S-one has ba.n swdicd. A 
comparison of the IR and UV spectra as well as of the dipole morntnt of this compound with those of 
the three possible mctbyl derivatives utablishes that the 4-H tautomcric form predominatea in non- 
polar solvarts, wW the 2-H form predominates in dioxan and in hydroxylic solvents. 

IT HAS been recently reported’ that the reaction between ethyl a-methylacetoacetate 
(I) and hydroxylamine yields 4,Sdimethylisoxazolin-3sne instead of 3,4dimethyl- 
isoxaxolin-S-one as described.* In contrast with the usual behaviour of &ketoesters, 
in this case the carboxyl group rather than the carbonyl group is involved in the first 
reaction stage. 

As hydroxylamine reacts in this anomalous way with ethyl a-ethylacetoacetate and 
ethyl 2sxo-cycloheptanecarboxylate, this behaviour may be due to the inductive 
effect of the alkyl groups, which make the carbon atom of the carbonyl group less 
electrophilic than that of the carboxyl group. It should be noted however that, in the 
reaction of I with N-methylhydroxylamine, only 2,3,4trimethylisoxaxolin-5-one has 
been obtained.8 

In order to direct the attack of hydroxylamine to the carbonyl group, we decided 
to increase the electron availability on the carboxylic carbon atom and consequently, 
the reaction of hydroxylamine with a-methylacetoacetic acid methylamide (II) did lead 
totheoxime (III). By acidification, either in water or in anhydrous tetrahydrofuran, the 
oxime eliminates methylamine and yields 3,4dimethyl-isoxaxolin-5one (V) (method 
A): 

MtiMH-Me MA-CH-MC M-H-Me 
I 

Sil,OlI 
II I 

MCI 

CO-NH-Me - 
/ \ 

N CCLNH--Me N 
\ 

OH ‘0’ 

I.I III V 

Moreover, hydroxylamino reacts at the carbonyl group of diethyl acetyl-methyl- 
malonate, perhaps because of the absena of the enolic form, yielding the oxime IV. 
In turn IV, by saponification with cone alkah at room temperature and by successive 

1 A. R. Katritzky and S. Bksnc, Proc Chem. Sk 387 (1961). 
’ R. Uhknhuth, I&@ Ann. Z%, S6 (1897). 
L A. J. Boulton and A. R. Katritzky. Terrohcdron 12,41 (1961). 
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acidification, yields 3,4-dimethyl-isoxazolin-5-one (V) (method B): 

COOEt COOEt M---MC 
I NH,OU I 1. POH // \ 

Me-CO-c-Me r M&--C-Me - N 
2. lI(‘I 

CL0 
I II I 

OooEt N COOEt ‘0’ 

\ 
OH 

lv V 

3,4-Dimethyl-isoxazolin+one (V) is a solid compound which can be purified by 
sublimation (m.p. 49-51’). It decomposes on heating, so that distillation @.p. 8889”/ 
05 mm) is not a suitable method of purification. The compound is easily oxidized by 
atmospheric oxygen (it must be always kept under nitrogen); it is very soluble in 
water. A knowledge of the properties of V prompted a reinvestigation of the reaction 
between ethyl a-methylacetoacetate and hydroxylamine. A considerable proportion 
of V can actually be obtained, probably depending upon the acidity of the solution 
(method C). Further work is in progress. 

The 3,4dimethylisoxazolin-5-one (V) is an acidic substance @K, = 5.27, in 
water*) for which three different tautomeric structures (Va, Vb and Vc) must be 
considered : 

M-Me Me-C&Me Mc--C--CH-Me 

HN’ ’ C=O, 
/ \ 

N C-OH, 
// \ 

N c-0 

‘0’ ‘0’ 
\ / 

0 

V8 vb vc 

Methylation with diazomethane yields a mixture of two methyl derivatives corre- 
sponding to the tautomeric structures Va and Vb: 

(a) 2, 3,4trimethylisoxazolin-5-one (VI), previously prepared from N-methylhy- 
droxylamine and I ,j 

(b) 3,4dimethyl-5-methoxyisoxazole (VII), hitherto unknown. 

MC 
/ 

Me-Me MeMe Me-C-C-Me 

/ \ // \ / \ 
Me-N c-0 N C-MC N 

‘0’ ‘0’ ‘0’ 

VI MI VU 

From the knowledge of the physico-chemical properties of these two substances and 
$4.4trimethylisoxazolin-5-one’ (VIII; corresponding to Vc), it has been possible to 
investigate the tautomeric equilibrium of V (Table 1). 

The IR spectrum of V in the liquid phase (Fig. 1) shows a broad and strong 
absorption band extending from 3300 up to about 2500 cm-i, attributed to the pre- 
sence of the NH bonded group of form Va, as well as two bands in the C=O region at 

l For other known isoxazolin-S-ones the following values arc rcportcd:” 3-phcnyl PK. - 4.01; 
3-phenyl4mcthyl PK. = 4.73; 3-phenyl4bromo PK. - 2.3. 

’ P. Billon. Ann. Chim. 10 7, 357 (1927). 
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1790 and 1690 cm-r due to the stretching of the C=O groups of forms Vc and Va 
respectively. 

More definite information was obtained from an IR investigation of the quili- 
brium in Ccl, solution at different concentrations (Fig. 2). The absorption pattern in 
the G-0 stretching region undergoes profound modification with increasing dilution: 
in concentrated solution (full line spectrum of Fig. 2) there is a very strong band at 

I I I I I I I I 

4am 300 2ax 1600 lzal 
L-._l& 

Ro. 1. IR spectrum of 3,4dimerhyl-isoxazolin-S-one (V). liquid phase. 

1 

L-_-__ - __ _-.-- 
43c; 3”?c; “I 2x3 1632 

FIG. 2. IR spectra of 3.4-dimcthyl-isoxazolin&onc (V) in CCI, solution (full line: 
0.05 M, all path 04 mm; dashed line: Qool M, cell path 2 cm). 

1695 cm-t followed by a very weak one at 1758 cm-r and by another quite strong one 
at 1799 cm-l. At high dilution (dashed line spectrum) the 1695 cm-l band disappears 
whereas the other two bands reach their maximum intensity. The disappearance of 
the 1695 cm-l Cao band at high dilution shows undoubtedly the occurrence of an 
association phenomenon in concentrated solutions. Moreover, the presence, in the 
spectrum of very dilute solutions of V, of two carbonyl bands at 1758 and 1799 cm-l 
suggests that an quilibrium takes place between two different tautomeric forms. By 
comparison of the spectrum of V with the spectra of the N-methyl (VI) and C-methyl 
derivatives (VIII), which show respectively C==O stretching bands at 1754 cm-r 
(Ccl,) and at 1794 cm-t (CCIJ, it is easy to assign the absorption band of V at 1758 
cm-’ to the tautomeric form Va and the band at 1799 cm-’ to the tautomeric form Vc. 
Upon dilution, beside the 1695 cm-* C-0 association band, also the broad association 
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Fw. 3. Comparison between the IR spectrum of V (full line) and that of a deutaatcd 
sampk (dsshed line) in El, solution. 
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Fs. 4. UV spectra of V and of itr methyl derivs VI, VII and VIII, in &OH. 
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band at about 3000 cm-t disappears, revealing the occurrence of two weak bands, 
respectively at 3580 and 3305 cm-‘, which were barely detectable in more concentrated 
solutions. The 3305 cm-l band is clearly a NH stretching band since it disappears 
upon deuteration (Fig. 3) whereas a new band appears at 2459 cm-‘, with a ratio of 
1.345, as expected for a ND stretching mode. On the contrary the 3580 cm-’ band 
remains almost unchanged in the spectrum of the deuterated sample of Fig. 3, thus 
ruling out its assignment to a free OH stretching mode and ensuring its choice as the 
overtone of the C 0 stretching band at 1799 cm’-’ (2 x 1799 .z 3598 cm-l). There- 
fore, on the basis of the IR evidence of Fig. 2 and of the comparison with the IR 
spectra of VI and VIII, both tautomeric forms Va and Vc exist in solution of Ccl,, 
form Vc being predominant. 

The UV absorption bands of V are strongly influenced by the nature of the solvent. 
A single strong absorption at 259 rnp (log E = 3.9). similar to that of VI (268 rnp, log 
E == 403), appears if the solvent is hydroxylic (Fig. 4). In 70% perchloric acid, both 
compounds (V and VI) show a blue shift to 245 and 250 rnp respectively, without 
variation of the intensity. Therefore structure Va is to be attributed to compound V, 
in these solvents. A different spectrum is obtained in the case of a non-hydroxylic 
solvent, like cyclohexane (Fig. 5). A strong band at 210 rnp and a low intensity 
shoulder at ca. 250 rnp are observed. The comparison with the spectra of the deriva- 
tives VI, VII and VIII shows that, in this solvent compound V is present mostly as Vc. 
only a small amount of Va being present. By gradually adding ethanol to the cyclo- 
hexane solution, the band at 210 rnp decreases, while that at 259 rnp becomes stronger 
and sharp. 

In dioxan solution, compound V absorbs mainly at 257 rnp (log E -1 366); an 
additional weaker band at 216 rnp (log E =-I 3.38) suggests however that, beside the 
Va, a certain amount of the Vc form is present in this solvent. In fact 3,4,4trimethyl 
isoxazolin-5-one (VIII) in dioxan absorbs at 214 rnp (log E = 3.32). In agreement, 
the large dipole moment of V in dioxan, compared to those of VI, VII and VIII in the 
same solvent (Table I), shows that the form Vb, which would decrease the total 
moment, is almost absent. 

The behaviour of V in benzene solution is similar to that reported for CCI, 
solutions: cryoscopic data in benzene at different concentrations show apparent mol. 
ws decreasing from 200 (molar fraction 0.0169) to I15 (molar fraction 0*00144), the 
theoretical value being 113.1, thus indicating an intermolecular association dis- 
appearing with dilution. In Fig. 6 curves of apparent mol. wt. at 5O (full line) and at 
37” (dashed line) are plotted against concentration. In agreement to these data, 
measurements of the dipole moment of V in benzene gave an average value of 4.85 D 
for solutions with molar fraction under 0*0016, while, on increasing concentration, 
lower values were observed: 4.48 D for solutions between 0+X365 and O-009. 

The IR and UV evidence supports therefore the following conclusion. In the 
liquid state as well as in concentrated solutions in non-polar solvents 3,4dimethyl- 
isoxazolin-5-one (V) exists as a mixture of the tautomeric forms Va and Vc, associated 
through hydrogen bonds. In dilute solutions the CH form Vc predominates (more 
than Woo/:). On the contrary, the NH form Va is predominant in dioxan solution, and 
this is almost exclusive in hydroxylic solvents. 

Table 1 gives the physical properties of the two isomers 3,4-dimethylisoxazolin-5- 
one (V) and 4,5-dimethylisoxazolin-3-one as well as their methyl derivatives. As 
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CH,-C - C-CH, 

II II 

Fm, 5. UV spectra of V and of its methyl derivs VI, VIJ and VIII, in cyclohexane. 

pointed out by Katritzky,s the 4,5dimethylisoxazolin-3-one exists in the hydroxylic 
form, not only in polar or associating solvents, but also in non-polar solvents. This 
fact is to be attributed to the strong association between hydroxylic structures which 

/O\ 
O-_-H . . N C-MC 

/ \ / 
Me--C< C-C-MC 

/ \ / 
MC< N.. *H4 

\ / 
0 

are not separated even in dilute benzene solution. On the other hand the molecules of 
3,4_dimethylisoxazolin-5-one are wealdy bonded, since enolic form Vb is unsuitable 

L A. J. Boulton. A. R. Katritzky, A. Majid Hamid, and S. 0sknc. Terraludron 20, 2835 (1964). 
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Methykxion of V with dkmmetha~~: f3,4,-rrfmcthyb&o~f~S-one (VI) Md 3,4dmrthyl-S- 

mrIhoxpk7x~o~e (VII0 

Diazomcthane in ctbcr was slowly added to an etbcrcal soln of V, until evolution of gru ceased. 
The soln was then cxtrstcd 3 times with equal amounts of wata to remove the N-methyl dcriv. 
Evaporation of the dried cthcrcal soln gave VII, which is a colourkss liquid (b.p. 80”/20 mm). The 
N-methyl VI was rccovcrcd from the aqueous soln by conantration and succtssivc extraction with 
ether. The observed ratio bctwccn the O-methyl and the N-methyl dcriw produced was approximately 
2: I. with a total yield of ca. 75%. (Found: C, 56.74; H, 7.29; N, l@78; OCH,, 2394. C,H,NO, 
(VII) requires: C. 56.68; H, 7.13; N, 1142; OCH,, 24.41x.) 

Dielectric constanr mcawrcments of benzene or dioxan solns wcrc made by an apparatus of the 
hctaodync beat type.’ 

‘G. Spcroni, G. Del Re, and C. Casclli, Rk. Sci. 24,3llS (19%). 


