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AbatrreIt has been revealed that I-azirines having an ester function at C can he synthesized bv the 

thermahv induced skeletal rearranpement of S-alkoxvisoxazoles and S-alkvlmercaptoisoxazoles. Charac- 

terization of the azirines obtained was made by chemical reactions as WCU as by spoctrometry. A further 

thermal transformation of azirine esters into oxazole derivatives could not be found. Mass spectra of 

representative I-azirines are discussed with the aid of hiah resolution mass spectrometrv and their 

behaviour under electron impact is correlated with that of 5-alkoxvisoxazoles which are their valence 

isomers. 

RECENTLY we studied mass spectrometry of S-alkoxyisoxazoles and reported several 
mechanisticaliy interesting observations.2 some of which could be rationalized by 
postulating an el~tron-~pact-educed cleavage of an N-O linkage. In parallel with 
this study we felt it necessary to know the thermal hehaviour of isoxazoles since, as 
mass spectra are usually determined by vaporizing the sample in a heated inlet system. 
the observed scission of an N-O bond may not be necessarily triggered solely by the 
electron-impact process. The result was published in a preliminary form.3 which could 
reveal that 3-phenvl-5alkoxyisoxazoles (VI. VII. VIII1 undergo a serious change on 
heating at high temperature and transform into alkyl 2-phenyl- I-azirine-3- 
carboxylates (XIII. XIV. XV1 in moderate vield. Thermally induced skeletal 
rearrangement of isoxazoles into a highly strained ring is a surprise,? but it appears to 
offer a potential synthetic method of 1-azirines. These reactions are described in detail. 

Further. as an extention of this studv. we desired to know the effect of a substituent 
on the benzene ring at C 1 to the reaction course in order to gain mech~istic~ insight. 
and to study the thermal behaviour of other isoxazoles having a substituent at C . with 
the hope to obtain other I-azirines having a carbonyl function. because they are rather 
difficult to prepare by the known methods discussed later. Our additional object was 
to compare the mass spectra of I-azirine esters with those of their isomeric isoxazoles 
and. if possible. to find the correlation between their electron-impact-induced fragmen- 
tations. 

Preparation of isoxazoles. For the present study we required many 5alkoxyiso- 
xazoles in large qu~tity. Althou~ 5-methoxyisox~oles can be obtained by the 
action of diazomethane on appropriate isoxazol-5-one in moderate yield.5*6 
application of the diazoalkane procedure to the preparation of higher 5alkoxyiso- 
xazoles appears to be less convenient. We examined the action of alcohol and sulfuric 

* Author to whom ail inquiries should be addressed. 

t Related observations on 4-isoxazolines have been made recently.’ 
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acid on isoxazof-Sones.’ but the yield was very small. Consequently. we studied 
nucleophilic displacement of Shaioisoxazoles with alkoxide. Adembri and Tedeschi 
reported the prep~ation of 3-phenyl-S~hloroisoxazole (II by the action of phosphors 
oxychloride on 3-phenylisoxazol-S-one in the presence of triethylamine molar- 
equivalent to the isoxazol-5-one.8 Our detailed study reveals that use of the amine in 
less than one equivalent can give I in a consistent yield ~~~63%). But in our 
experiences the rate of the addition of the amine appears to be very critical to the yield 
of I, rapid addition resulting in a poor yield. Similar observations were made for the 
preparation of 3-phenyi4methy~-5~~oro-isoxa~ole (11)s and 3-p-anisyWchloro_ 
isoxazole (III), but their yields were small. The reaction of I and III with sodium 
alkoxide proceeds satisfactorily. 3-Phenyl-5-alkylmercaptoisoxazoles (IV, V) were 
obtained by a similar procedure. 

Ph 

IV : R,=Me 

I : R=R,=H 
II : R=Me R,=H 
III : R-H R,=OMe 

V : R,-n-Bu 

Ph 

VI : R,=Me 
VII : R,=Et 
VII : R,=n-Bu 

Skeletal rearrangement. It was reported that isomerization of VI, VII. and VIII 
takes place at 200” and the azirines (XIII. XIV. XV) can be isofated in moderate 
yiefd,3 However, as is suppoe the azirines cannot always be isolated in a reproduc- 
ible yield, because the reaction depends greatly on heating conditions. We used to 
take IR spectra at intervals in every run and stop heating when an absorption at 1600 
cm-‘, which is very strong for isoxazoles. diminishes in intensity relative to a develop- 
ing Y~,~ band, The 1600 cm -’ band is weak to medium for the azirines. Continued 
heating after this stage causes an appreciable decrease in yield and a tarry and 
intractable material increases. By observing this precaution we could obtain 50-7C$A 
yield, 

3-p-Tolyi-S-methoxyisoxazole (IX) and 3-p-chforophenyl-5methoxy-isoxazole (X) 

P”RC,H, 
x 

PRC.H,)?,CO(~R t 

IX : R=R =Me 
X : R=CI R,=Me XIII : R=H R,=Me 

XI : R=OMt R =Me XIV : R=N R,=Et 

XtI : R=NO. R =Me XV : R=H R,=n--3u 
XVI : R=R,=Me 
XVII : R=CI R =Ne 
XVIII : R=OMe R,=Me 
XIX : R==NO, R.=Me 
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behave similarly. but the above-stated IR spectral change cannot be a reliable criterion 
for IX. because the 1600 cm-’ band is moderately strong for the rearranged product 
and thus the intensity of two developing vcxe and ~c+, bands onlv provides an internal 
check for the change, Isomerization of IX and X is completed within cu. 30 min 
heating at 200” and an oil obtained from IX and a crystalline material from X can 
be characterized as the azirines XVI and XVII, respectively. 

The reaction of 3-p-anisyl-5methoxyisoxazole (XI) proceeds differently. When 
0.015 mole of the compound was immersed in a heating bath (200”). an explosive 
reaction took place immediatelv after melting and a tarry and intractable material 
resulted. Several runs were attempted under similar conditions without success. Conse- 
quently. the temperature was lowered to 130’ and the compound was slowly heated up 
to 180”. IR spectral change suggested that the transformation was negligible below 
170”. However, when the temperature reached 180”, an explosive reaction ensued 
in two out of three runs. From a successful run a pale yellow slightly viscous oil 
was obtained in 33”/, yield, the analyses and spectral data of which establish its 
structure as the azirine (XVIII). 

We also examined the rearrangement of 3-p-nitrophenyl-5methoxy-isoxazole 
(XII). When the compound was heated at 200” for about 10 min. effervescence took 
place with concomitant evolution of a nitrile-like odour, suggesting the operation of 
competing reactions. Heating was stopped when this was observed and we were able 
to isolate an 18% yield of a crystalline material which was identified as the azirine 

(XIX). 
It is of great interest that the thermal rearrangement of Cisoxazolines into aroyl- 

aziridines proceeds at a much lower temperature than the condition reported herein4 
and the difference in chemical reactivity of isoxazoles apd isoxazolinesg will also pre- 
vail here. 

In the light of the thermally induced ready isomerization of acvlaziridines into 4- 
oxazolines4 and/or 2.5diaryloxazoles’” and of 2-phenyl-3benzoyL 1-azirine into 2- 
phenyl-5aryloxazole” we studied the thermal rearrangement of methyl 2-p- 
chlorophenyl-1-azirine-3-carboxylate (XVII) in diglyme, but we were unable to 
obtain isoxazole or oxazole derivatives in a detectable amount. Such an event would 
have produced an appreciable amount of 5-alkoxyoxazoles during the rearrangement 
process of 5-alkoxyisoxazoles. the formation of which could not be confirmed. It is 
considered that most of the azirine esters are fairly stable to the thermally induced ring 
enlargement reaction and this is one of the most noteworthy features of the present 
synthetical method. 

IR and UV spectral characteristics of the-obtained azirines are indicated in Table 1. 
which reveals that introduction of a carboalkoxy function brings vc+, band to a higher 
frequency than that of 2-phenyl-1-azirine (1742 cm- ‘).” UV spectra of 2-phenyl-5- 
alkoxyoxazoles, other valence tautomers of 3-phenyl-5-alkoxyisoxazoles, have Iz, 
287 mu and, thus, the oxazole structure for the present product can be convincingly 
eliminated. 

Additional support for the proposed structures is provided by chemical reactions. 
Irradiation of ethyl 2-phenyl-1-az.irine-3-carboxylate (XIV) with 2537 A” light afforded 
2-phenyl-5ethoxyoxazole ocx) in 48% yield. Excitation at a ketimine group must be 
responsible for this rearrangement, since n +n* excitation of a CO,Et moeity is 
unlikely. 
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#i’ TABLE 1. IR AND UV ABSOIWTIONS OF THE AZIRINE ESTERS (XIII, XIV. XV, XVI, XVII, 
XVIII. AND XIX} 

Azirine 

1 III 

IV 

xv 

XVI 

XVII 

XVIII 

XIX4 

IR Spectra (cm-‘) 

1cp42Q 
*c-0-c yc=\ 

1202 1778 

17301’ 1196 1773 

1 732b 1195 1774 

1731* 1205 1770 

1736” 1200 1773 

17336 1203 1770 

1732’ 1200 1770 

UV Spectra (mu. log E) (EtOH) 

&I.% 
243 (3-96). 288 (sh) (2.691 

243 (4.02). 288 (sh) (2.91) 

243 (3.96). 288 (sh) (2.82) 

251 (4.21) 

254 (4.06) 

214 (3.92). 270 (4.101 

270 (4.05) 

a Ccl,: h Neat: c CHCI,: * vIioL 1533 and 1350 cm“: r dioxan 

Phv(.“OEt 2537 

Y 

WW 

Of 1 

XN xx 

Ring expansion of 1-azirines on treatment with acid chloride has been well studied 
by Sato. et ~1.‘~ and Fowler. ef ~1.‘~ Sato. ef al. observed that treatment of 2-phenyl-l- 
azirine (XXI) with acid chloride in hot benzene yields 2-substituted-5-phenyloxazole 
(XXII). while Fowler. ef al. isolated 4-methyL2SdiphenyIoxazole (XXIV) from the 
reaction of 2-phenyI-3-methyi- 1 -azirine fXXIIIl with benzoyl chloride in cold acetone. 
or N-benzoyl-2-phenyl-2-chloro-3-methylaziridine (XXV) by the reaction in hot ben- 
zene. Oxazole formation can be rationalized by postulating 1.2-scission of the inter- 
mediate aziridine ring. 

I 
R 

Cl 
H - 

R ,CO-N 

XXV 

: R=H 

XXIII 
: R=H 

XXIV : R=Me 

XXVI : R=COOMe R =Ph 

COOMe 

C,H,CI-P 
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Reaction of methyl 2-phenyl- 1-azirine-3carboxylate (XIII) with benzoyl chloride 
in hot benzene afforded a compound C ,,H ,NO,. the UV spectrum of which exhibits 
ez”’ 298 mu (log E, 4*26), resembling that of 2,5-diphenyloxazole-4carboxylic 
acid (e 303 mu). ls It has vM cci4 1731 cm- ’ in IR spectrum. The reports of previous 
workersi3* l4 and these spectral data can formulate this compound as methyl 2,5di- 
phenyloxazole4carboxylate (XXVI). However, the azirine ring is generally stable 
to the action of acid chloride if there is a carboalkoxy function on the ring. When this 
reaction was applied to other azirine esters, the starting material was recovered 
almost quantitatively in most cases. Prolonged heating of the methyl ester (XVII) with 
benzoyl chloride in toluene gave a small amount of the oxazole ester (XXVII) as well 
as a large amount of the recovered azirine ester. Electron drawing carboalkoxy group 
will probably diminish electron density at ring nitrogen, which will make an electro- 
philic attack by aroyl chloride difficult. 

The other reactio:t which was examined is the hydrolysis of the methyl ester XIII. 
The reaction was repeated several times. but in many cases a tarry material resulted. 

amount of a crystalline material as well as a large amount of tar. Insufficient quantity 
precluded its final characterization. but analysis and spectral data (vp=T’l740 cm-‘. 
zzr’ 289 mu (log c. 3.99) suggest that dimethyl 2.5-diphenylpyrazine-3.6- 

dicarboxylate (XXIX) is one of the acceptable structures. The presence of three 
functions in the amino ketone (XXVIII), which must be a direct hydrolysis product of 
XIII, make the reaction complicated. Dimerization of 2-phenyl-1-azirine (XXI) into 
2,Sdiphenylpyrazine is known.’ 2* 16* ” 

Ph 

II/ 
COOMe H+ 

N -[ 
Ph-E-COOMe] ““OJqJ;,,, 

XIII XkVIII 

Initial step for the formation of I-azirine would be a scission of an N-O linkage of 
the isoxazole to give the diradical. and subsequent rehybrization and electron pairing 
would lead to the azirine ring. Close values of electronegativities for nitrogen and 
oxygen (Pauling scale, 39 and 3.5, respectively) suggest that there will be a repulsion 
between the two heteroatoms of the isoxazole and the scission will be easy at high 
temperature. If a homolytic mechanism should operate, a substituent on the benzene 
ring will play an additional role in this cleavage. This is because a homolytic cleavage 
between electronegative atoms is generally facilitated by an electron releasing sub- 
stituent and retarded by an electron drawing one, as has been observed for the uni- 
molecular dissociation of benzoyl peroxide. ‘* Although our results on the transfor- 
mation of 3-p-substituted-phenyl-5-methoxyisoxazoles are less revealing in this 
respect, one observation pertinent to this prediction could be cited: namely, an 
explosively rapid reaction of 3-panisyl-5-methoxyisoxazole (XI) could be accounted 
for in terms of a substituent effect In this isoxazole repulsion between the two hetero- 
atoms must be large due to the presence of an electron-donating substiuent at para- 
position and the thermally induced scission must be quite rapid This effect, coupled 
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with a relatively unstable nature of the azirine ester (XVIII), which was most unstable 
even at ambient temperature among the azirines reported here, must he responsible 
for the failure we often encountered in isolating XVIII. 

To obtain other 1-azirines having a carbonyl function, thermal transformation of 3- 

phenyl-5-alkylmercaptoisoxazoles (IV. V) was investigated. Preliminary experiments 

indicated that the isoxazole V is more stable to heat than 5alkoxyisoxazoles. which 
was shown from the intensity of a developing v~_~ band, and therefore the reaction 
was undertaken at 230”. The product obtained in 17% yield was an orange oil, the 
analyses of which are indicative-of, but not fully satisfactory for, the composition 
C , ,H ,,NOS corresponding to methyl 2-phenyl- 1-azirine-3-thiolcarboxylate (XXX). 
The most characteristic IR band was at 1673 cm-‘. which falls in the region assignable 

to the vc_ band of thiolesters. I9 An IR band at 1763 cm-’ of medium intensity can be 
attributable to the vc_ band of the 1-azirine ring (Fig. 1). Its high resolution mass 

spectrum has an m/e 233.083 ion as an apparent molecular ion. which agrees with 
C,,H,,NOS. It has also a peak at m/e 116.053 (M-COSBu)‘. Its UV spectrum has 

,JF,9p 282 mu (log E, 4.11) and 250 mu (log E, 3.84) (sh). Based on these spectral 
observations, the structure of the azirine thiolester (XXX) can be proposed for the 
oil obtained. The reaction of 3-phenyl-5-methylmercaptoisoxazole (IV) was carried 
out at 200”, because the reaction product at higher temperature was very difficult to 

1 I I I I I I , / I I 

2000 1500 1000 

(cm -1 1 

FIG. 1 IR Spectrum of XXX. 
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Ph 

2% 
SH1l-n 

Sk-n N 

V xxx 

work up. But in this case only a few drops of an orange oil appeared on the walls of 
the flask. the remainder being an intractable tar. and a further detailed study on this 
compound was given up. It is noted. however. that the IJV spectrum of this oil is 
essentially similar to that of XXX. We consider the photochemical method” to be 
more promising for the isomerization of 5-alkvlmercaptoisoxazoles into azirine thiole- 
sters. which is in study. 

The identity of 2-(2,4-dinitrophenyl)-3-methyl-1-azirine was confirmed for the first 
time by Cram. et al. 2o Since then several methods have been devised for the construc- 
tion of I-azirine ring. Pyrolysis of vinyl azides was developed.‘2.2’ but this procedure 
was limited in that vinyl azides were relatively unavailable until recently, when a 
convenient preparation of them was reported. ” Photolysis of vinyl azides also gives l- 
azirines.23 Base-catalysed rearrangement of quatematy hydrazones has been 
employed as another standard method for the synthesis of l-azirines.24*2’ Other less 
studied methods are the reactions of nitrile oxide with phosphorus ylide.26. 27 or of 
nitrile with sulfur ylide,28 and addition of nitrene to an acetylenic compound.29 
However, only one 1-azirine ester has been obtained by these methods.23 Preparation 
of conjugate vinyl azides from allenic esters and subsequent photolysis could produce 
two azirine esters.30 but obviously this method is limited to 2-methyl-1-azirines. 

Two 3-aroyl-2-aryl-1-azirines have been isolated as intermediates of photoinduced 
isoxazole oxazole rearrangement. ‘I As is evident from the present work and the 
reports of Ullman, et al. I1 and Baldwin, et a1.,4 that the isoxazole derivative will pro- 
vide a useful route for the preparation of 1-azirines having a carbonyl function, if an 
adequate isomerization method (thermal or photochemical*) is employed. With 
respect to yield of the azirine esters and convenience the 5-alkoxyisoxazole thermolysis 
will compare favourably with the vinyl azide photolysis procedure.23 

Mass spectra. Partial mass spectra of ethyl 2-methyl-1-azirine-3carboxylate and 
ethyl 2.3-dimethyl- I-azirine-3-carboxylate have been given.30 We determined the spec- 
tra of the azirine esters XIII and XIV (Figs 2 and 3) and could find the (M-59)’ and 
(M-73)* ions. respectively. associated with the cleavage of the ester group. as substan- 
tiated by exact mass determinations of XIII (Table 2). The resulting ions may be 
formulated as an azirinyl ion (b) if the decomposition takes place through an intact 
azirine molecular ion (a). However. it must be noted that this ester function is not 
ejected in one step. observation of metastable ions apparently indicating the operation 
of two-step fragmentation. 

a 

l The photo-chemical preparation of 
very much on the kind of solve&s1 

b 

1-wirk am& from S-amiooko~olc., for example, depends 
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TABLE 2. EXACT MASS DETERMIUATIONS OF XIII 

mle Composi- 

tion 

Found Calcd. mle Composi- 

tion 

Found C alcd. 

175 C ,,H,NO 175.066 175.063 132 C,H,NO 132.044 132.045 

160 C,H,NO 160.043 160.040 120 C xH,O 120.058 120.058 

147 C,H,NO 147.069 147.069 116 C&N 116.051 116.050 

144 C,H,NO 144.046 144.045 105 C ,H,O 105.035 105.034 

40 60 80 

P OOMe 
05 

FIG. 2 Mass Spectrum of XIII. 

40 60 80 100 

x 
m 161 

116 133 * x 

M t 

I 
120 140 160 180 

we 

FIG. 3 Mass Spectrum of XIV. 
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The most characteristic feature in the spectra of the present azirine esters is that an 
m/e 105 ion (C,HH,O solely for XIII) is the base peak, the formation of which can not 
be rationalized unless a skeletal rearrangement of the molecular ion operates. 
One of the likely precursors could be 2-phenyl-5alkoxyoxazole radical ion (c), which 
may be generated by an electron-impact-induced ring expansion of the azirine esters. 
Scission at a dotted line could produce a benzoyl ion. If this is true, a metastable ion 
for the process M++m/e 105 might be present, which, however, was not found. Bowie, 
et al. determined a number of the mass spectra of 2-phenyl-Ssubstitutedoxazoles and 
found that the benzoyl ion occupies a minor proportion of the total ion currents,32 but 
of course these facts do not necessarily disprove the supposed generation of the 

Ph 

a C 

benzoyl ion from (c). A process m/e 120 (C&-Is0 solely for XIII)-+m/e 105 and other 
route leading to the m/e 105 ion depicted in Figs. 2 and 3 are strongly supported by the 
presence of metastable ions. But again the genesis of the precursors cannot be 
accounted for in terms of an intact azirine skeleton and it is suggested that this type of 
compound undergoes an extensive skeletal rearrangement on electron impact. 

Comparison of the spectra of the present azirine esters with those of 3-phenyl-5- 
alkoxyisoxazoles* reveals that the spectra of both isomers are similar not only in 
precise ion compositions* but also in metastable transitions. The spectra of the azirine 
esters were not determined under the same experimental conditions employed 
previously,’ but their striking similarity will suggest a tentative conclusion that the 
behaviour of azirine esters under electron bombardment is closely associated with 
that of their isomeric 5-alkoxyisoxazoles, as is often pointed out.2.33* 34 However, 
in the light of the chemical observations reported herein, it must be emphasized that the 
thermally induced formation of azirines must not be neglected in the interpretation of 
the spectra of isoxazoles determined through a heated inlet system, although this must 
be a function of the time the compound stays there and of the temperature employed. 

EXPERIMENTAL 

M.ps were determined on a Yamagimoto hot stage and uncorrected. W and IR spectra were obtained 
with Hitachi-124 and JASCO-IR+ spectrophotometers, respectively. Mass spectra were determined 
with a Hitachi RMU 6D single focussing spectrometer with the following condition: ionization energy, 70 
eV; total emission, 100 pA; inlet system temperature. 100°; ion source temp. 200°. Exact mass 
determinations were carried out with a CEC-1 10-B mass spectrometer at 70 eV by inserting the sample 
directly in an ion source (80’). Pet ether had b.p. 30-70°. Elemental analyses were performed at 
Department of Pharmacy, Kyoto University. 

Analyses of the preliminary reported azirines (XIII, XIV, XV)) given: XIII (Found: C, 68.56; H, 
5.09: N. 7.94. C,&I,NO, requires: C. 68.56; H. 5.18; N, 8.00%: XIV (Found: C, 69.54; H. 5.88; N. 
7.41. C,,H,,NO, requires: C, 69.82: H, 5.86; N, 740%): XV (Found: C, 71.58; H. 7.08; N. 6.58. 
C,,H,,NO, requires: C, 71.86; H, 7.00; N. 6.45%). 

l Ion compositions of all fragment ions of XIII wem determined by a computer technique. Similar Speara 
were also obtained by inserting the sampIe directly in an ion source. 
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3-~~~y~-5-c~fo~oi~o~~ (I).Et,N (8-O g. 0.08 mole) was slowly added over 30 min to an ice-cool& 
and stirred mixture of 3-obenylisoxazol-5-one (16.0 g. 0.1 mole1 in P0C1, (90 ml) and the mixture was 
refluxed for I.5 hr. a clear soln having resulted after cu. 30 min of heating. Excess of POCI 1 was 
removed in ~ocuo, the residue was poured into ice. and the soln was made alkaline to litmus. Ppts were 
extracted with ether, the extracts were d&l (NatSO,), and distilled (b.p. 84-9Za@4 mm) to givt B solid, 
1 l-4 p (63%). m.p. 4647O (lit. m.p. Sl-S2”3. Recrystallization from light petroleum gave the corn-’ 
pound as cotourless needles. m.p. 46-47O. (Found: C. 50.00; H 3.28. C,H,ClNO requires: C, 60~18: H. 
3.37%). However. this compound was used for the subsequent reactions without recrystallization 
throu&out this studv. 

By essentially simihtr procaiure If (b.p, 97-99”/i mm, 4’ 15631 (lit. b.p. SY/@S mm. m.p. {2g_30°8)). 
(Found: C, 61-82; H, 4.43. C,eHsCINO requires: C, 62%; H, 4-17%) was obtained in 22% yield. 

3-Pltenyl-5-n-truroxvisoxuzole (VIIIL 3-Phenyl-Schloroisoxazoie (0.9 g) was added to the soln 
prepared from Na (0.15 g) and n-BuOH (10 ml) and the mixture was heated for 30 min on a steam bath. 
The solvent was removed in VQ~O and a solid (O-9 p1 was recrystallized from light petroleum as 
colourless needles. m.p. 6l-63*. (Found: C. 71.56; H. 6.92: N. 6-34. C,,H,,NO, requires: C. 71.86: H. 
7.00: N. 6.45%). 

By a similar procedure VII, m.p. 75-77” (from light petroleum), was derived. 
3-Pheny~-5-methyimerfqptoisoxarok (IV). A soln of 3-phenyl-S~hloroisox~ole (7.2 g) in EtOH (30 

ml) was mixed with 20% aqueous sodium methyl mercaptide (14-4 8) and refluxed for 2 hr. Crystals 
separated on cooling. which were filtered off. The filtrate was concentrated in a rotary evaporator and 
extracted with ether. from which an additional crop was obtained. Combined materials (8% I g) were 
distilled at 134-l 36”/2 mm and the solidifid distillate (4.4 g. m.p. 39-W) was recrystallized from light 
petroleum as colourless needles. m.p. 42-43O. (Found: C. 62.89: H. 4.68: N. 7.30. C ,J&NNoS requires: 
C. 62.80: H. 4.74: N. 7.33%): i,,,_ ffoB 225 mp (log E. 4.101, 238 rnp (log z. 4.1 I). and 264 mp (sh). 

3-Phen.~~-S-n-buryfnercqploisoxoroie (VI. 3-Phenyl-5-chloroisoxazole (9-O gl was added in small por- 
tions to the soln af n-butyl mercaptan (4.5 8)1 NaOH (25 &water (25 ml), EtOH (75 ml) and the mixture 
was refluxed for 2 hr. Low boiling materials were removed in a rotary evaporator and the residue was 
extracted with ether. Dried (NaSO,) extracts were distilled to give the compound as yellow oil (b.p. 
I49-I52O/G7 mm), 8-i g&l’ 1.5762, (Found: C, 6695; & 668; N, 599. &H,,NOS requires: C, W91; 
H, 6-48 ; H, SQoo/,); e 226 rnp (tog s, 4.20), 238 mp (Iog e, &233,264 mp (shf. 

3-p-TolylisoxoloM-one. Ethyl p-toluoylacetate (b.p. 119-124”/0-7 mm v- 1738, 1680 cm-‘) (444 g), 
hydroxylamine hydrochloride (222 g), NaOH (21.3 g), and water (80 ml) were heated for 30 min at 100”. 
The restdting soIn was acid&d and ppts were dissolved in boiling water. The produd (176 8) obtained on 
cooling tbe soln was twice recrystaIIimd from CCI, as colourless r& m.p. 13s1379 (Found: C, 68@; 
H, 5.24; N, 7.81. Ct0H,N02 requires: C, 68.56; H, 5.18; N, 8m%). 

3-p-Tolyl-5-methoxyisoxazole (IX). 3.p-Tolylisoxarol-5-one (7.9 g) was treated with ethereal diazo- 
me&axe and the resulting soln was washed with 2% NaOH aq. Evaporation of the dried fNa,SiOJ SOL 

gave a product. which was repeatedfv recrvstallized from light petroieum as cofourless rods. 4.3 P. m.P. 
78-79*. (Found: C, 69.85; W, 5.79; N, 7.35. C,,H,,NO, requires: C, 69-82; H, 5.86; N, 7.40%); J.:z 
243 mp (log 8,4.25). 

hfethyt 2-pzofyl-l-azitine-3~~~xylate (XVI). 3-~Tolyl-5-methoxyi~x~ole (3.2 g) was charged in 
a distillation Rask and heated in an oil bath (2OW’~ for 30 min. Distillatian (b.p. 95-105“/0+3 mm) gave 
the aririne. 1.6 p_ 50%. A further fractional distillation gave &n analytically pure sample as colourless oil. 
b.p. !QO-105D~O~6 mm, ng 1.5492, which next day turned into yellow even on standing in the dark. 
(Found: C. 70.02: H. 5.96: N. 7.17. C ,H,,NO. requires: C. 69.82: H. 5.86: H. 740%). 

3-p-ChforophenyZiroxazol5S-one. This compound was prepared from ethyl p-chlorobenzoylacetate and 
hydroxylamine hydrochloride and recrystallized from M&H as colourless rods. m.p. 153 156’ (de& 
(Found: C, 5551; H, 931. C4H5ClN03 requins: C, 5926; H, 3WAj; +$B 1807 cm-‘. GrilnanlIer, et 
al. recorded m.p. 152-l 53* for this compound. ” but it was found that the decomposition point of this 
compound is a function of the time of heating and we often noted the decomposition point higher than 
160° for the same specimen. 

3,p-Chiorophenyl-5-me~~ox.~~~ox~~~e (Xk This compound was wepared m described b&m and 
recrystallized from MeOH as colourless needles. m-p. 107-108*. (Found: C. 57-38: H. 4.15: N- 6&I. 
C ,$H ClNO requires: C. 57.29: H. 3.85: N. 6.68%): At!. 246 mp (log E. 4.20). 

Methy& 2-pchiomphenyl-I-aTirine-3-corb (XVII). 3-p-Chlorophenyl-S-mcthoxyisoxazole (4-2 
g) was charged in a distilration flask and immersed in an oil bath G?OO”~. After 30 min of heating the Aask 
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was evacuated and a colourless distillate was obtained at b.o. IO&l 13O/O.9 mm. which immediatelv 
solidified in a condenser. 2.6 p (62%). m.p. 70-73’. Two recrvstallizations from liproin gave the 
compound as coiourless needles. m.p. 72-73’. (Found: C. 57.16: H. 3.74: N. 6.45. C,,,H GINO 
requires: C. 57.29: H. 3.85: N. 6.68%). 

3-p-Anisyyl-5-mefho_@soxazole (XI). (a). 3-p-Anisvlisoxazol-S-one (6-O P) was treated with ethereal 
diazomethane and the mixture was treated as before. The product was twice recrystallized from MeOH as 
colourless rods. 2.5 p. m.p. 97-98*. (Found: C. 64.17: H. 5.54: N. 6.82. C,,H,,NO requires: C. 
64-38: H. 540: N. 6.83%): LEzB 255 mu (log .4.20). tbt Compound III prepared in 29% yield from 3- 
p-anisylisoxazol-S-one in the same way as I and II (b.p. 123”/2 mm. m.p. 81-83’ (from light petroleum) 
(Found: C. 57.16: H. 3.83: N. 6.65. C ,,H,CINO, requires: C. 57.29: H. 3.85: N. 6.68%) (1.4 a) was 
added to a soln of Na (0.2 p) in M&H (5 ml) and the mixture was refluxed for I hr. The solvent was 
removed and addition of water to the residue pave crvstals. 1.2 a. which were recrystallized from MeOH. 

m.p. 97’. 
Methyl 2-p-anisyl- I-uzirine-3-carboxyiate (XVIII). 3-p-Anisyl-S-methoxyisoxazole (3.6 g) was 

charged in a distillation flask and immersed in an oil bath ( 130*). Temp was slowly raised to 190” during 
1 hr 20 min and then maintained at that temp for 15 min. Distillation gave a colourless oil (b.p. 12& 
1340/0.7 mm. 1.2 g). which turned into vellow during distillation. This distillate was fractionated to give 
the compound as pale yellow oil, b.p. 108-I 12”/0~5 mm, n, 2s 1.5638. (Found: C, 64-18; H, 5-52; N, 
6.76. C,,H,,NO, requires: C. 64.38: H. 5-40: N. 6.83%). On standing this compound turned into a 
viscous oil. 

3-p-NitrophPn.vl-S-methoxyisoxazole (XII). 3-p-Nitrophenylisoxal-5*ne6 (7.4 g) was treated with 
ethereai diazomethane. Pale vellow needies separated immediatetv. which were filtered off. washed well 
with 2% NaOH aq and dried. 6-l g. The filtrate was concentrated to give a solid. 1.3 p. Combined 
crystals were recrystallized from EtOH as pale yellow needles. m.p. 173-174’. (Found: C. 54.51: H. 
3.73: N. 12.74. C,,H,N,O, requires: C. 54.55: H. 3.66: N. 12.72%): IzzE 213 mp (log e. 3.92). 275 
mp (log E. 4.00): rErl 1530 and 1352 cm-‘. 

Methyi 2-p-nitrophenvt-I-ozirine-3.car~xylote (XIX). 3-p-Nitro-phenyl-S-metboxyisoxazole (0.8 g) in 
a test tube was heated in an oil bath (200”) until a little effervescence began. which took about 10 min. 
After cooling the tube was destroyed and the content was repeatedlv extracted with ether. The extracts 
were evaporated and the residue was chromatographed on SiO, with Iight @roteurn-EtOAc (1: 1). An 
initially eluted product was orange crystals whi& were ngeatcdly recrystaIGZd from lifloh a.9 pale 

vellow prisms. m.p. 100’. 0.15 p. (Found: C. 54.72: H. 3.90: N. 12.76. C, H,N1O, requires: C. 54.55: 
H, 3.66: N. 12.72%). The next eluted material and a product remained on the column were a brown tar. 
which never crvstallized. 

Photochemical reaction of’ ethyl 2-phenyl-1-azirine-3-curboxylae (XIV). A soln of XIV (@50 g) in 
ether (300 ml) was irradiated over 3 hr 45 min with a Riko low-pressure Hp lamp (30 W) in a quartz 
immersion well. The solvent was evaporated and the residue was chromatographed on SiO % with ether. 
An initiallv eluted product was the starting azirine (0.1 I g. eroa 243 mp) and the next eluted product mu 
(024 9) was a pale yellow oil, the IR spectrum d wbicb was identical with that of XX prepared according to 
Karrer, etal.36 Its UV spectrum had e” 287 rng. 

Thermal behaviour of me&v1 2~~ch~oro~~eny~- 1 -azirjne-3-car~xyi~e (XVII). The azirine XVII 
(0.082 g) was heated in refluxinp diglyme (3 ml) for 8 hr and the reaction was monitored by UV specra. 
An absorption max remained at 254 mN after 8 hr of refluxing. Evaporation of the solvent in vucuo and 
chromatography of the residue on SiO, with ether gave a pale vellow ail. 0.05 a. which did not crvstallize 
but had an almost identical IR spectrum with that of XVII. 

Methyl 2.5.diphenyloxuzole-4-carboxylate (XXVI). To a mixture of methyl 2-phenyl- I-azirine-3- 
carboxylate (0.42 p). Et,N (0.25 g). and anhyd benzene (5 ml) a soln of benzoyl chloride (0.34 p) in 
anhyd benzene (5 ml1 was added. the soln was refluxed for 2 hr and then washed with Na.CO, aq. The 
solvent was removed in a rotary evaporator and a gummv residue was dried on a porous plate to give a 
solid. This was twice recrystallized from aqueous EtOH as colourless needles. 0.04 g. m.p. 85.5-86“. 
(Found: C. 73.38; H. 4.81: N. 5.14. C .H,,NO, requires: C. 73.11: H. 4.69: N. 5.02%). 

Methyl 2-pheny~-S-~ch~orophenyioxazoie-4~~&~~~e (XVIO. A soln of methyl 2-~hloroph~yl-1~ 
azirine-3carboxvlate (0.42 p). Et N (0.2 ml). and toluene (5 ml) was mixed with a soln of benzoyl 
chloride (0.3 p) in toluene (5 ml) and refluxed for 4 hr. Tbe mixture was washed with Na.CO,aq. the 
solvent was removed in a rotary evaporator. and the residue solidified on standing. which was filtered ofl’ 
and recrvstallized from light petroleum. 0.25 a_ m.p. 72-73O. This was identified as XVII by a mixed 
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m.~. The filtrate pave crvstds on refrigeration for about a week. which were twice recrystallized from 
EtOH as coiaurless needles. 30 mg. m.p. 137-138.P. {Found: C. 64.95: H. 3.73: N. 4.52. 
C,,HI,CINO, requires: C, 65-08; H, 3.86; N, 447%); e 306 mp(logs, 405). vc& 1726 cm-‘. When this 
reaction was carried out in hot benzene, the starting azirine was refoveraf quantitatively. 

Atiempled hydro!vsis of methvl 2-phenyt- l-otirine-3-curbo&ute (XIII). Tbe azirine XIII (0.50 8) was 
heated in MeUH (10 ml) containing HCI (0.1 ml1 for 7 hr. The yellow soin wa evaporated and a residual 
oil was reflued in MeOH (5 ml) containing NH,OH (0.1 ml) for I.5 hr. The solvent was removed. a 
residual eummv material vielded a small amount of crvstals on trituratian with ether. which were filtered 
off. washed with ether. and recrvstallized from EtOH as pale vellow needles. m.p. 192-194”. I1 mg. 
(Found: N. 8.26. C&,,N,O, requires: N. 8&S%). 

nduntf I-phenyi- f -ozirine-3-tb~~r~rte (XXX). 3-Pheny~-S-n-~tylm~c~to~sox~ole (4.7 gl in 
a distillation flask was immersed in an oil bath (230”) and heated for 1 hr 10 min. IR spectrum of black- 
brown tarrv material showed a stronp. but broad absorption at 1660 cm-“. Distillation gave a pale orange 
oil. b.p. 1 IF 123*/O-7 mm. 0.7 p. This procedure was repeated once more by heating the isoxazole (4.7 
a) for 1 hr and an oil. I-2 a. was obtained. A portion (1.6 a) of the combined distillates was fractionallv 
distilled and a pale orange oit (b-p. 104-1090/l mm. ng 1.5723). l-1 g. was analyzed. (Found: C. 
65.92: H. 7.03: N. 5.42. C ,,H,,NOS requires: C. 66.91: H, 6.48: N. 6~00%). Other major mass smtral 
peaks other than those noted in the text are at m/e 105.036 (C H,O).mle 121~016fC,H,S~.m/e 144,047 
(C&H NO) (M-SBu)‘. and m/e lf7~021 (C,H NOS’I (M-C,H,)+. 

Ac~~ow~ed~ement-We thank Mr. N. Wasada. The Government Institute of Technology. Tokyo. for 
hiah resolution mass spectrometrv. and Hitachi Naka Factorv for low-resolution mass spectra. 

REFERENCES 

’ Pm IV. I’. Nishiwaki. Bull. C&em. Sot. Japan 413024 (1969), 
2 1. Nishiwaki. Tefr&edrorz 25. 747 (1969). 
i T. Nishiwaki. Tet~~dro~ Letters 2049 (1969). 
4 J. E. Baldwin. R. G. Pudusscrv. A. K. Oureshi and B. Sklarz. J. Am. Chem. SOC. 90 5325 (1968). 
? A. J. Boulton and A. R. Katritzkv. Tefruhedron 12. 41 (1961). 
* A. R. Katritzkv. A. Bksne and A. J. Boulton. Ibid. 18. 777 (1962). 
7 R. Uhlenhuth. tie&s Ann. 2-96. 33 (1897). His assiipned structure for the reaction producl was 

incorrect as pointed out.” See also T. Nishiwaki. 1. C!tem. Sot. (Cl 245 (19691. 
s G. Adembri and P. Tedeschi. Boll. Sci. Fat. Chim. Ind. Bolog~ 23. 203 (19651. Ghem. Abstr. 63. 

13234 (196%. 
y N. K. Kochetkov and S. D. Sokolov. Advs in ~efer~~vc~~ Chem. 2. 365 (1963). 
lo A. Padwa and W. Eisenhardt. Chem. Commun. 380 (19681. 
” E. F. Ullman and B. Sinph. J. Am. Chem. Sot. 88. 1844 (19661: B. Sinah and E. F. Ullman. J. Am. 

Chem. Sot. 84% 6911 (1967). 
I2 G. Smolinsky. J. Org. Chem. 27. 3557 (1962). 
I3 S. Sate. H. Kato and M. Ohta. Bulf. Chem. Sot. Jup#t 40. 2938 (1967): S. Sate. J. Chem, Sot. 

Japan 90. t 13 ( 19691. 
I4 F. W. Fowler and A. Hassner. J. Am. Chem. Sot. 90. 2875 (196% 
I5 F. Korte and K. Stiiriko. Chem. Ber. 93, 1033 (1960). 
I6 G. Smolinskv and B. I. Feur. J. Org. Cbem. 31. 1423 (19661. 
t’ I,,. Homer. A. Christmann and A. Gross. Chem. Ber, 96. 399 (1963). 
I8 W. A. Prvor. Free Radicals o. 97. McGraw Hill. New York 11966). 
I9 K. Nakanishi. Itlfrared AbsorptM Spectra p. 52. Nankodo. Tokyo (19601. 
2o D, J. Cram and M. J. Hatch. J. Am. Chem. Sot. 75. 33 11953). 
21 G. Smolinsky, Truns. New York Acod. Sci. II, 30, S 1 f (1968). 
22 A. &SSM and F. W. Fowler, J. Org, Chenr. 33,26$6 (1968): F. W. Fowler, A. Hassner arid L. A. 

Levv. J. Am. Chem. Sot. 89. 2077 (19671. 
z’ A. Hassner and F. W. Fowler. Ibid. 90. 2869 (1968). 
*+ R. F. Parcell. Gem. & Ind. 1396 (1963). 



Studies on heterocvclic chemistrv-V 465 

zJ S. Sato. Bull. Chem. Sot. Japan 41. 1440 (1968). 
26 H. J. Bestmann and R. Kunstmann. Angew. Chem. 78. 1059 (1966). 
z’ R. Huisgen and J. Wulff. Tetruhedron Letters 917 (1967). 
2R H. Koenig. H. Metzger and K. Seelert. 100 (Hundert) Jahre BASF.Aus. Forsch. 49 (1965). Chem. 

Abstr. 64. 17409 (19661. 
z9 D J. Anderson. T. L. Gilchrist and G. W. Rees. Chem. Commun. 147 (1969). 
r” G: R. Harvey and K. W. Ratts. J. Org. Chem. 31. 3907 (19661. 
” T. Nishiwaki and H. Matsuoka to be published. 
I2 J. H. Bowie. P. F. Donag.hue. H. J. Rodda. R. G. Cooks and D. H. Williams. Org. Mass 

Spectrometrv 1. 13 (19681. 
” M. Ohashi. K. Kamachi. H. Kakisawa. A. Tatematsu. H. Yoshizumi. H. Kano and H. Nakata. Org. 

Muss Spectromefn, 2. 195 (1969): H. Nakata. H. Sakurai. H. Yoshizumi and A. Tatematsu. Org. 
Mass Spectromeyv 1. 199 (1968). 

” J. H. Bowie. R. K. M. R. Kahurv and R. G. Cooks. Aust. J. Chem. 22. 563 (1969). 
‘! P. Griinancer and M. Lanpella. Gazz. Chim. Ital. 89. 1784 (19591Chem. Abstr. 55.4481 (1961,. 
” P. Karrer. E. Mivamichi. H. C. Storm and R. Widmer. Helv. Chim. Acta 8. 205 (1925). 

2F 


