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We ~:ave shown previously that the ketovinylation of the azide ion goes with preserva t ion ,  in the main, 
of the original geometr ic  configuration (Scheme 1), and f rom c is -2-chlorovinyl  ketones,  instead of the ex-  
pected cis.-2-azidovinyl ketones,  the corresponding isoxazoles  a re  isolated. We regard  the format ion of the 
la t te r  as the resul t  of the spontaneous breakdown of the intermediate  c is -2-azidovinyl  ketones [1]. 
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In such breakdown the formation may occur  of the imidogen (I), the stabilization of which must  be effeeted 
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by reaction between the elect rophilic imidogen nitrogen and the nucleophilic oxygen atom of the carbonyl group.* 

Trams-2-azidovinyl  ketones are  considerably more  stable than their  c i s - i s o m e r s .  They decompose 
only when heated [2] or  in a s trongly acid medium [3]. It may be expected that the thermal  breakdown of 
t rans-2-az idovinyl  ketones will lead to the imidogen (II), wMeh unlike (I) should have the trans conf igura-  
tion. The ~tereochemical conditions should affect the way in which this species is stabilized, and it must be 
expected that products  will be formed that are  different f rom those given by c is -2-azidovinyl  ketones. In 
fact,  we have shown previously  [2] that the thermolys is  of t rans-a-az idoacry lophenone  leads mainly to the 
format ion ofbenzoylace toni t r i leby a route which canbe represen tedby  Scheme 2(route a, in which R = H). 
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* It is possible  that the breakdown of the c is-2-azidovinyl  ketone and the cycl izat ion into an isoxazole may 
proceed  syachronously.  
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However ,  benzoylace toni t r i le  was accompanied  by a smal l  amount of a substance  which was not identified 
at that t ime.  

In the p r e sen t  work  we have invest igated the thermolys i s  of t r ans -2 -az idov iny l  ketones in g r e a t e r  de -  
tail with the use  of a l a r g e r  amount of t r ans -3-az idoacry lophenone  and a lso  for  the case  of t r a n s - 3 - a z i d o -  
2-methylacry lophenone.  The the rmolys i s  of the l a t t e r  was studied with the use  of butyl alcohoi and di-  
me thy l fo rmamide  (DMFA) as  media .  In this case  the expected 2 -benzoy lp rop ion i t r i l ewas  obtained in very  
low yield, whereas  the main  product  proved  to be an i somer i c  n i t rogen-  containing substance which in spec t r a l  
cha r ac t e r i s t i c s  (IR and P M R  spect ra)  and behav ior  in TLC differed a lso  f r o m  the 4 -methy l -5 -phenyl i soxazo le  
which we had p r e p a r e d  prev ious ly  [1], although it was highly r emin i scen t  of the la t te r  in its p rope r t i e s .  I t  must  be 
ment ionedtha t  4 -methy l -5 -pheny l i soxazo le  was also detected in the r e a c t i o n ,  but only in t r a c e s  (TLC data). Like 
4 -methy l -5 -pheny l i soxazo le ,  the unknown compound obtained gave a complex  with CdC12 which read i ly  decom-  
posed on s t eam dist i l lat ion in p r e s ence  of H2SO 4. It  also did not d isso lve  in aqueous alkal ies ,  but, unlike the co r -  
responding i soxazoles ,  i t  s c a r ce l y  r eac ted  at all  with sodinm ethoxide in alcohol. I t  should be noted that the PMR 
spec t rum of this compound is  ve ry  s i m i l a r  to that of 4 -methyl -5-phenyl i soxazole ,  but the s ignals  f rom c o r r e s -  
ponding protons  a r e  somewhat  shifted. Detailed investigation showed that the unknown substance was 4 - m e t h y l - 5 -  
phenyloxazole,  which was conf i rmed by compar i son  with a known sample  p r e p a r e d  by the method descr ibed  
in [4] (the IR and PMR s pec t r a  were  identical ,  and a mix ture  of the i r  p i e r a t e s  mel ted  without depress ion) .  

We a lso  detected benzoic  acid in the reac t ion  products ,  and we showed that hydrocyanic  acid was l ib -  
e ra ted  in the cour se  of the t he rm o l ys i s . *  All this indicates that the breakdown and r e a r r a n g e m e n t  of t r a n s -  
3 -az ido-2-methy lac ry lophenone  take m o r e  than one course .  It  is imposs ib le  to imagine  the  fo rmat ion  of an 
oxazole r ing in the given concre te  case  with the r e a r r a n g e m e n t  of the carbon skeleton of the original  m o l e -  
cule. Such r e a r r a n g e m e n t  with subsequent eyel izat ion into a 4 -methy l -5 -pheny loxazo le  can be supposed to 
go through the in t e rmed ia te  format ion  of an az i r id ine  ring, which is  known to be fo rmed  readi ly  in the 
the rmolys i s  of some  vinyl azides  [7, 8]. Subsequent c leavage of the C - C  bond (originally a double bond) 
with cycUzation,  as  r ep re sen ted  in Scheme 2 (route b), must  lead to the cor responding  oxazole.  It  should 
be noted that in the study of the photochemical  r e a r r a n g e m e n t  of i s o x a z o l e s  acy laz i r id ines  we re  isola ted as 
in te rmedia te  products ,  and these  were  readi ly  conver ted  fu r the r  into oxazoles  when heated  or  t rea ted  with 
sodium ethoxide [6, 9]. S imi lar  in te rmedia te  products  could probabl~; be i so la ted  a lso  in our  case ,  but the 
use  of m i l d e r  conditions would b e ' n e c e s s a r y .  A detailed invest igat ion of the the rmolys i s  of l a rge  amounts 
(about 24 g) of t r ans -3 -az idoac ry lophenone  in DMFA also led to the conc lus ion tha t ,  apar t  f r o m  the main 
product ,  benzoylace toni t r i le ,  a s m a l l e r  amount of previous ly  unidentified 5-phenyloxazole is  fo rmed  and 
contains some  admix ture  of 5-phenyl isoxazole  (about 70% of the f o r m e r  in the mix tu re  of he te rocyc les ) .  

Thus, for 2 -methy l - subs t i tu ted  t r ans -3-az idoacry lophenone  the extent of convers ion  into the oxazole 
r ing is g r e a t e r  than for  the unsubsti tuted compound, which is unders tandable ,  however ,  for  the e lect rophi l ie  
imidogen ni t rogen a tom readi ly  f o r m s  a t h r e e - m e m b e r e d  ring with an ethylenic grouping of higher  e lec t ron 
density.  This  sugges ts  that, not onlY s t e reochemica l  fac to rs ,  but a l so  e lec t ronic  effects  can affect  the r e -  
sult of the the rmolys i s  of t r ans -2 -az idov iny l  ketones.  We must  ment ion that the t he rmolys i s  of the same  
compounds was studied in [10]. However,  in that invest igat ion no s ignif icance was at tached to s t e r e o c h e m -  
ical  f ac to rs ,  and chromatographic  methods were  not used, and it was the re fo re  concluded that, apar t  f r o m  
benzoylace toni t r i l es ,  only i soxazoles  a r e  fo rmed.  Thus,  4 -methy l -5 -pheny loxazo le  - t h e  main product  of 
the the rmolys i s  of 3 -az ido-2-methy lac ry lophenone  - was taken in [10] to be the cor responding  isoxazole ,  
whereas  the fo rmat ion  of i soxazoles  in the cases  examined of t r ans -2 -az idov iny l  ke tones ,  though occurr ing  
in pr inc ip le  (route c, Scheme 2), is  made difficult by its p robab le  dependence on the p r e l i m i n a r y  t rans  
~ e i s  i somer i za t ion  of the original  ethylenic compounds.  Even if such i somer iza t ion  does occur  to a slight 
extent fo r  3-az idoacrylophenone,  it can be p rac t i ca l ly  neglected in the case  of i ts  2-methyl  der iva t ive .  

EXPERIMENTAL 

Trans-2-azidovinyl ketones were prepared by the method described in [i]. IR-spectra were deter- 
mined vr a UR-10 instrument, and PMR spectra were determined with Hitachi H-60 (34 ~ and Perkin- 
Elmer R-12 (35 ~ instruments. 

* We shall not discuss the sources of benzoic and hydrocyanic acids in the thermolysis here in detail, but 
it is most probable that they are formed from 2-benzoylpropionitrile, which, as reported by the authors 
who prepared it for the first time, gives benzoic and hydrocyanic acids on standing, which makes the isola- 
tion of an analytically pure sample of 2-benzoylpropionitrile difficult [5]. It is also possible that these 
products are formed in the partial oxidation of the oxazole [6]. 
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Therrnolysis  of t rans-3-Azidoacrylophenone in DMFA. With s t i r r ing  and heating a solution of 24 g 
of t rans-3-e.zidoaerylophenone in 200 ml of DMFA was added dropwise to 100 ml of DMFA heated to 50-55 ~ 
Heating and s t i r r ing  were  continued fur ther  for  3 h. On the next day solvent was removed in a vacuum 
through a high column. The residue was diluted with ether.  The ethereal  solution was extracted six t imes 
with 5% NaOH. The alkaline solution was acidified, and the c rys ta l s  of benzoylacetoni tr i le  which came 
down were  f i l tered off, washed with water ,  and dried. Yield 17.1 g (85%), mp 80~ a mixture with a known 
sample [11] melted without depression.  

The e~:hereal solution remaining after  the alkali extraction was evaporated. The residue was an oil, 
which was extracted with pentane. After the evaporation of pentane we obtained 1.14 g of oil, which acco rd -  
ing to GLC :with t r i s tea r in  as ca r r i e r )  was a mixture of about 70% of 5-phenyloxazole and about 30% of 5- 
phenylisoxazole.  The mixture obtained was t reated with an alcoholic solution of sodium ethoxide. After  2 
days alcohol was vacuum-evaporated down to one-half  of its original volume. The residue was poured into 
water  and extracted with ether.  F r o m  the ethereal  solution we obtained 5-phenyloxazole (purified fur ther  
by passage  i;hrough a small  column of alumina in hexane), mp 38-40 ~ [12]. The IR and PMR spect ra  coin-  
cided with tiaose of a known sample [12]. In the PMR spect rum (ethyl ether,  hexamethyldisiloxane) we found 
the following signals f rom protons:  6 2 = 7.41 ppm (singlet), 6 4 = 7.96 ppm (singlet), and 6C~H5 , a 

= C - H  =C--H 
multiplet in the range 7.11-7.72 ppm. For  compar ison we determined the PMR spect rum (ethyl ether,  
hexamethyldisiloxane) of the i somer ic  5-phenylisoxazole [13] and found the following signals f rom protons:  
6 3 = 6.49 ppm (doublet), 6 4 = 8.17 ppm (doublet) [J3 4 = 1.7 Hz], 6C6H5 , a multiplet in the range 
=C - H  =C - H  H, H 
7.13-7~78 pl?m. The alkaline layer  remaining after  the sodium ethoxide t reatment  was acidified, and we i so -  
lated benzoylacetoni t r i le  (rap 80 ~ undepressed in a mixture test) formed by the opening of the 5-phenylisox-  
azole ring [:L1]. 

Thermolys i s  of t r a n s - 3 - A z i d o - 2 - m e t h y l a c r y l o p h e n o n e -  in Butyl Alcohol. A mixture of 7.48 g of 
t r ans -3-az ido-2-methy lac ry lophenone  and 120 ml of absolute butyl alcohol was boiled for  10 h with a reflux 
condenser  connected to a Tishehenko vessel  containing 10% NaOH.* In the course  of the thermolys is  a weak 
s t r eam of ni trogen was passed  through the react ion mixture.  Butyl alcohol was removed in a vacuum. To 
the residue vce added 100 ml of ether and 35 g of finely ground cadmium chloride. After  3 days the complex 
with cadmium chloride was f i l tered off and washed on the f i l ter  with dry  ether. The residue was t reated 
with 50 ml c~f 10% H2SO 4 and s team-dis t i l led.  The yield of 4-methyl-5-phenyloxazole  was 2.85 g; it con-  
rained about 5% of 4-methyl -5-phenyl isoxazole  as impuri ty.  For  the purif ication of 4-methyl-5:-phenyloxa-  
zole see below. 

The ethereal  solution remaining after  the separat ion of the cadmium chloride complex was evaporated. 
The res idue was an oil containing 2-benzoylpropioni tr i le  and benzoic acid. The lat ter  (about 0.5 g) was i so -  
lated f rom the mixture by t reatment  with saturated sodium bicarbonate  solution. 2-Benzoylpropioni t r i le  
(yield 1.66 ~:) is an oil, bp 127-130 ~ (3 mm) [11]; decomposes  on keeping with the l iberation of benzoic acid. 
Found: C 74.64; H 5.75%. C10H9ON. Calculated: C 75.47; H 5.75%. IR-spec t rum,  u, era-l:  1684 (C=O), 
2257 (N - C ) .  PMR spect rum,  ppm: 6CH (quadruplet) = 4.74, 6CH ~ (doublet) = 1.43 [JCH3_CH = 7.54 Hz], 
CGHs, multi~let (about 7.09 ppm). 

In  Dimethylformamide.  A mixture of 0.495 g of t r ans -3-az ido-2-methy lac ry lophenone  and 300 ml of 
d ry  DMFA was refluxed for  10 h in a s t r eam of nitrogen. The out :going gases were  passed through 10% 
NaOH in a Tishehenko vessel  to trap HCN liberated. The reaction mixture was poured into water  and ex- 
t rac ted  with ether.  The ethereal  solution was extracted with 5% NaOH. Ether was evaporated,  and the r e s i -  
due (0.42 g) was 4-methyl-5-phenyloxazole  containing t races  of 4-methyl -5-phenyl isoxazole  (according to 
TLC on alur.aina with a 1:5 mixture of acetone and hexane as solvent). F rom the alkaline solution by ac id-  
ification and extract ion with ether we obtained about 0.06 g of a mixture of 2-benzoylpropioni tr i le  and ben-  
zoic acid. 

Pur i f icat ion of 4-Methyl-5-phenyloxazole.  A solution of C2H5ONa in alcohol p repared  f rom 0.3 g of 
sodium and 7 ml of absolute alcohol was added to 1.8 g of 4-methyl-5-phenyloxazole  containing 4 -methy l -  
5-phenylisoxazole as impuri ty.  On the next day 30 ml of dry  ether was added. The precipi ta te  formed was 
filtered off ~md washed on the filter with dry ether. The treatment of the precipitate with dilute H2SO r gave 

* At the end of the reaction cyanide ions were detected in this solution. 
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0.07 g of benzoic  acid,  mp 118 ~ (a mix tu re  with a known sample  mel ted  without depress ion) .  The e t h e r e a l -  
alcoholic f i l ter 'a te  was  evapora ted ,  and the res idue  was t rea ted  with 5% KOH. After  the acidification of the 
alkaline solution we obtained 0.02 g of a ni t rogen-containing oil (probably 2-benzoylpropioni t r i le)  [its IR-  
spec t rum contained bands at 1684 (C =O) and 2257~(C ~N) cm-l ] .  The e therea l  solution was washed with 
wa te r ,  dr ied over  Na2SO4, and evapora ted .  The res idue (1.35 g) was pure  4-methyl -5-phenyloxazole ,  bp 
124-125 ~ (15 ram),  mp 36-37 ~ In i ts  PMR s p ec t rum (solvent DMFA; hexamethyldis i loxane):  8_- C _ H  = 8.19 
ppm, 6CH 3 = 2.41 ppm,  6CoH~, mult iplet  in the range 7.12-7.75 ppm. Found: C 75.49; H 5.85%. Ct0HsON. 
Calculated: C 75.44; H 5.69% D. 

The p i e ra t e ,  p r e p a r e d  in the usual way in e ther ,  had mp 122 ~ (methanol).  Found: C 49.48; H 3.11%. 
C16HI2N408. Calculated:  C 49.04; H 3.16%. 

The IR and PMR s pec t r a  of the sample  obtained coincide with those of known 4 -me thy l -5 -pheny lox-  
azole [4]; a mix tu re  of the p i e r a t e s  mel ted  without depress ion .  For  compar i son  we give the PMR spec t rum 
of 4 -methy l -5-phenyl i soxazo le :  5 = C _  H = 8.37 ppm,  8CH 3 = 2.21 ppm,  5C~H5, mult iplet  in the range 7.26- 
7.71. 

In conclusion we thank N. P. Gambaryan  for  his par t ic ipat ion  in the d iscuss ion of the poss ib le  scheme 
of the r e a r r a n g e m e n t  into the oxazole  ring, and also P. V. Pe t rovsk i i  and B. V. Lokshin for  de termining  the 
PMR and IR spec t ra .  

CONCLUSIONS 

I. An investigation was made of the thermal breakdown of trans-2-azidovinyl ketones, and it was 
shown that, in contrast with the breakdown of their cis-isomers, which give isoxazoles, the trans-azides 
form mainly benzoylaeetonitriles and oxazoles, and the proportions of these in the mixture depend on the 
nature  of the subst i tuents  at the double bond. 

2. A scheme  fo r  the r e a r r a n g e m e n t  of the t r ans -2 -az idov iny l  ketones  into oxazoles  is  d iscussed.  
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