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Benzothlazole derivatives were obtained by condensation of o-aminothiophenol with 
acetoacetlc ester in xylene. 4-Methyl-2-mercaptoacetoacetanilide was isolated in 
the case of 5-methyl-2-aminothiophenol, whereas ethyl 3-(5-methyl-2-aminophenyl- 
mercapto)crotonate was isolated without a solvent in the presence of hydrochloric 
acid. 

The reaction of acetoacetic ester (AAE) with aminothiophenols (I) was first studied 
by A. I. Kiprianov and co-workers [i]. It was shown that 2-methyl-2-carbethoxymethylbenzo- 
thiazoline (II) is formed when these substances are heated in the absence of a solvent. 
The available data relative to this reaction in xylene are contradictory: according to the 
data in [2, 3], the principal product is 2-methyl-4,5-dihydro-l,5-benzothiazepin-4-one (III) 
or its isomer, whereas Buras and co-workers [4] assume that 2-acetonylbenzothlazole (IV) and 
II are formed under these conditions. 

We have studied the reaction of AAE with o-aminothiophenols Ia, b. At room temperature 
in the presence of small amounts of hydrochloric acid amine Ia reacts with AAE and is con- 
verted quantitatively to benzothiazoline II, whereas thiophenol Ib forms ethyl 3-(5-methyl- 
2-aminophenylmercapto)crotonate (V) under these conditions. 
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The IR spectrum of benzothiazoline II contains the absorption band of a secondary amino 

group (3360 cm-*), the band of a C=O bond in an ester grouping (1725 cm-*), a broad and in- 
tense absorption band of an ester group (1205 cm-~), and two bands of stretching vibrations 
of CH2 groups (2935 and 2985 cm-*). A triplet of methyl protons (1.15 ppm) a quartet of 
methylene protons (4.03 ppm) of an ester group, singlets of methyl protons (1.68 ppm)and 
protons of an N--H bond (5.0 ppm), and a multlplet of aromatic protons (6.13-7.3 ppm) are 
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Fig. I. UV spectra of 2- 
methylbenzothiazole (I), 2- 
acetonylbenzothiazole (2), 
and 4,5-dihydro-I, 5-benzo- 
thiazepin-4-one (3). 

observed in the PMR spectrum of thiazoline II. The multiplicity of the signal of protons 
of the C--CH= group (2.88 ppm) is evidently associated with their diastereotopic character. 

The IR spectrum of ester V contains absorption bands of a secondary NH group (3340 
cm -~) and a C=O group (1635 cm-:), the shift of which to the low-frequency region is prob- 
ably associated with the presence of conjugation. Intense absorption of an ester group at 
1250-1300 cm -I consisting of several bands is observed. The PMR spectrum of ester V con- 
tains a triplet of methyl protons (i.0 ppm) and a quartet of methylene protons (4.11 ppm) 
of an ester group with spin-spin coupling constant (SSCC) J = 7 Hz, singlets of a methyli- 
dyne proton (4.79 ppm) and of protons of two methyl groups (2.26 and 2.85 ppm), and signals 
of aromatic protons (6.97-7.55 ppm). 

Three substances -- 2-acetonylbenzothiazole (IV), benzothiazoline (II), and 2-methyl- 
benzothiazole (VI) -- can he isolated if the condensation of amine Ia and AAE is carried out 
by heating in xylene. The yield of IV reaches 40%, and the amount of thiazole VI increases 
as the heating time is increased. 

2-Acetonylbenzothiazole IV was previously obtained [6] from 2,2'-diaminodiphenyl di- 
sulfide and AAE in chlorobenzene and also by condensation of 2-methylbenzothiazole with 
ethyl acetate in the presence of potassium ethoxide [7]. A dihydrobenzothiazepinone struc- 
ture (III, R' = CH3) was assigned to ketone IV; however, the UV spectra of ketone IV and 
2-methylbenzothiazole VI in the short-wave region are similar (Fig. i) and differ from the 
spectrum of benzothiazepinone III (R' = H) obtained by the method in [8] from o-aminothio- 
phenol and propiolic acid. 

We confirmed the structure of ketone IV by alternative synthesis from o-aminothiophenol 
and diketene and by desulfuration in the presence of Raney nickel. In this case we obtained 
the previously described [5] l-phenyliminobutan-3-one (VII) rather than crotonanilide, which 
would have been formed from benzothiazepinone III (R' = CH3). The character of the PMR and 
IR spectra provides a basis for the assumption that a tautomeric equilibrium exists for 
ketone IV: 
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In addition to signals of the protons of the methyl and methylene groups of tautomer 
A (2.43 and 4.76 ppm), the PMR spectrum contains signals of methyl and methylidyne protons 
of tautomer B (2.23 and 5.92 ppm) The signal of the aromatic protons is found at 7.15- 
8.22 ppmo The IR spectrum of ketone IV does not contain the absorption bands characteristic 
for a carbonyi group; the band at ~1610 cm -I can be assigned to the vibrations of a C=C bond. 
The broad absorption band of a hydroxyl group with a maximum at ~2800 cm -I confirms the 
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presence of an enol form in IV with a chelated hydrogen bond. A similar instance of an 
intramolecular hydrogen bond between a hydroxyl group md a heterocyclic nitrogen atom has 
been described [9]. 

The mass spectrum of ketone IV contains an intense molecular-ion peak (m/e 191). The 
principal fragmentation pathway involves ejection of a molecule of ketene and cleavage in 
the alkyl group, in agreement with the data in [8]: 

A B 

The condensation of amine Ib with AAE in xylene leads to the formation of 4-methyl-2- 
mercaptoacetanilide (VIII), the IR spectrum of which contains absorption bands of stretch- 
ing vibrations of a secondary NH group at 3190 cm -z and of an amide grouping at 1675 cm -z 
and intense absorption at ~1725 cm -~, which attests to the presence of a second carbonyl 
group. 

Signals of methyl (2.08 and 2.29 ppm), methylene (4.32 ppm), and aromatic (6.6-7.0 
ppm) protons are observed in the PMR spectrum of acetoacetanilide VIII. The structure of 
anilide VIII was also confirmed by the mass spectrum, which contains a low-intensity molecu- 
lar-ion peak at m/e 223 (5.9).*. The base peak of the spectrum at 221 (I00) evidently 
arises as a result of splitting out of two hydrogen atoms from the molecular ion; the latter 
ejects a molecule of ketene to give an ion at 179 (99.6). 

EXPERIMENTAL 

The IR spectra of thin layers of KBr pellets of the compounds were recorded with a 
UR-20 spectrometer. The UV spectra of solutions of the compounds in ethanol were obtained 
with a Specord UV-vls spectrophotometer. The PMR spectra of solutions of the compounds in 
carbon tetrachlorlde (II) and trlfluoroacetic acid (IV, V, and VIII) were recorded with a 
Tesla BS-487B spectrometer with hexamethyldisiloxane as the internal standard. The mass 
spectra were obtained with an MKh-1303 spectrometer with a system for volatilization of the 
substances in the immediate vicinity of the ionization region at an ionizing-electron energy 
of 50 eV, an emission current of 150 ~A, and a temperature of II0-120~ The course of the 
reactions and the purity of the products were monitored by thin-layer chromatography (TLC) 
on activity II aluminum oxide or on Silufol UV-254 plates. 

2-Methyl-2-carbethoxymethylbenzothiazoline (II). An 8-g (0.061 mole) sample of AAE 
was added with stirring in the course of 30 min to 6.65 g (0.051 mole) of o-aminothiophenol 
Ia, and the mixture was acidified with a few drops of concentrated hydrochloric acid and 
stirred for 5 h. It was then vacuum distilled to give 10.8 g (90%) of a product with bp 
172-173~ (I0 mm), n~ ~ 1.5750, and Rf 0.61 [ether--hexane (I:I)] (bp 190-192~ (15 mm) [I]). 

2-Acetonylbenzothiaz01e (IV). A) An ll.5-g (0.089 mole)sample of AAE was added in the 
course of 30 min to a solution of 9.3 g (0.074 mole) of aminothiophenol Ia in I00 ml of ab- 
solute xylene, and the mixture was refluxed in a nitrogen atmosphere for 2.5 h. The solvent 
was removed by distillation, the residue was cooled, and the precipitated crystals were re- 
moved by filtration, washed with ether, and recrystallized from ethanol to give 5.35 g 
(38%) of a product with bp 122-123~ and Rf 0.68 [Silufol UV-254, chloroform-alcohol (20:1)]. 
The mother liquor was evaporated, and the residue was vacuum distilled. Repeated vacuum 
distillation gave 3.25 g (30%) of 2-methylbenzothiazole (VI), with bp I04~ (i0 mm), and 0.5 
g (3%) of 2-methyl-2-carbethoxymethylbenzothiazoline (II) with bp 172-173~ (I0 mm). 

B) A solution of 1.15 g (0.014 mole) of diketene in 3 ml of benzene was added with 
stirring in the course of 10-12 min in a nitrogen atmosphere to a solution of 1.8 g (0.014 
mole) of amine Ia in 30 ml of hot benzene, after which the mixture was heated on a water 
bath for 2 h. The precipitate was separated and recrystallized from ethanol to give 0.46 
g (25%) of a product with mp I18-120~ The IR spectra of the compounds obtained by methods 

A and B were identical. 

Ethyl 3-(5-Methyl-2-amlnophenylmercapto)crotonate(V). A drop of concentrated hydro- 
chloric acid was added to a mixture of 3 g (0.02 mole) of 5-methyl-2-aminothiophenol Ib and 
8.4 g (0.06 mole) of AAE, and the mixture was stirred for 1 h and allowed to stand at room 
temperature for 10-12 h. The orange mass was diluted with ether, and the crystals were 

*The m/e values are presented; the relative intensities in percent are given in parentheses. 
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separated to give 2.75 g (55%) of a prcduct with mp I17-I18~ and Rf 0.91 [Silufol UV-254, 
chloroform-ethanol (20:1)]. Found: N 5.6; S 12.6%. C13H, TN02S. Calculated: N 5.6; S 
12.7%. 

iiPhenyliminobutan-32on e (VII). A mixture of 0.5 g (0.0025 mole) of thiazole IV, 5 g 
of Raney nickel, and 30 ml of absolute alcohol was refluxed for 6 h, after which it was 
filtered. The alcohol was removed from the filtrate, and the residue was distilled to give 
0.II g (30%) of a product with 5p 123-125~ (2-3 mm) (bp 128-134~ (2-5 ram) [5]). 

4-Methyl-2-mercaptoacetoacetanilide (VIII). A solution of 3.1 g (0.024 mole) of AAE 
in 5 ml of o-xylene was added in the course of 15 min to a refluxing solution of 3 g (0.02 
mole) of 5-methyl-2-aminothiophenol in 30 ml of o-xylene, and the mixture was heated for 2 
h. It was then cooled, and anilide VIII was separated to give 1.4 g (32%) of a product with 
mp 176-178~ (from ethanol) and Rf 0.70 [Silufol UV-254, chloroform-alcohol (20:1)]. Found: 
N 6.4; S 14.3~. C**H,3NO~S. Calculated: N 6.3; S 14.3%. 
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THERMAL ISOMERIZATION OF 5-METHOXY-3-ARYLISOXAZOLES TO METHYL 

3-ARYL-2H-AZIRINE-2-CARBOXYLATES 
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and R. R. Kostikov 

UDC 547.717.786:542.952 

The thermal isomerization of 5-methoxy-3-arylisoxazoles to methyl 3-aryl-2H- 
azirine-2-carboxylates was subjected to a kinetic study. A correlation between 
the isomerization rate constants and the ~+ constants of the substituents in the 
aromatic ring is observed. The enthalpies of formation of a number of isoxazoles 
and 2H-azirines were calculated. The effect of the nature of the substituents on 
the mutual isomerization of isoxazoles and azirines is discussed. The results 
make it possible to refute the approved and previously proposed diradical mech- 
anism for the isomeric transformations and are in agreement with a nitrene mech- 
anism for the formation of azirines. 

When isoxazoles containing alkoxy [i, 2], alkylthio [2], and amino [3, 4] groups in the 
5 position are heated, they undergo isomerization to the corresponding derivatives of 2H- 
azirine-2-carboxylic acids. 

In the present research we made a kinetic study of the thermal isomerization of 5- 
methoxy-3-arylisoxazoles (la-e) to methyl 3-aryl-2H-azirine-2-carboxylic acids (IIa-e). 
Isoxazoles Ia-e were synthesized by the method in [2] from the corresponding isoxazolones 
obtained by the method in [5]. Azirines IIa-e were obtained from isoxazoles Ia-e by the 
method in [2]. 
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