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It has been considered until recent ly  (see e.  g. the review [2]) that azides do not react  with carbonyl com-  
pounds. This view was based on the work of Sch/Jnberg and Urban [3], who were unable to isolate any react ion pro-  
ducts when a mixture of azidobenzene and benzophenone was heated at temperature  of 115 to 170 ~ 

We undertook a new investigation of the reactions of azidobenzene with aldehydes and ketones, which we re -  

> C - N -  
garded as possibly providing methods for the synthesis of the oxaziridine system \ / . Ways of forming the re- 

-N-N- 0 
la ted oxadiaz i r id ine  system \ /  are also being studied in our laboratory [4,5]. We carried out the thermal  de -  

O 
composit ion of azidobenzene in boil ing benzaldehyde and cyclohexanone:  we added a di lute  solution of az idoben-  
zene in the carbonyl compound slowly to a large excess of the la t ter .  In both cases, instead of the expected oxa-  
ziridines or nitrones (which could be formed as a result of the thermal  i somerizat ion of the oxazir idines [6, 7]), the 
reac t ion  products were the corresponding a z o m e t h i n e s - N - b e n z y l i d e n e a n i l i n e  (y ie ld  75%) and N-cyc lohexy l idene-  
anil ine (y ie ld  70%), 

It has now been established [8-11] that the first stage in the thermal  decomposi t ion of azides in various media  
is the e l imina t ion  of a molecule  of nitrogen and formation of an azen RI~., known also as the nitren or imen radica l  
(see the review [12]). As regards the further conversion of phenylazen in aldehydes or ketones into Schiff bases, two 
different mechanisms for this can be suggested. The first envisages the addit ion of the azen rad ica l  at the C = O bond 

R R ' C -  NG~H~ 
with formation of oxaziridines " ~ J  . Such a mechanism has many analogies:  a s imilar  s c h e m e -  

O 
the addition of phenylazen at the C = S b o n d - h a s  been proposed to expla in  the react ion of azidobenzene with thiones 
[3] and carbon disulfide [13]; later  it  was shown that as a result of the addit ion of arylazen [11] and acy lazen  [14, 

> c - -  c < 
15] radicals  to the C = C bond aziridines - \ J  are formed. Final ly,  we recent ly  proved the possibil i ty of the re -  

NR 
action of an arytazen rad ica l  with t h e -  N=O g~oup [5]. On the other hand it is known [16] that  carbenes, which are analogs 

C -- CH~ 
of azens, add to the carbonyl group with formation of oxiranes ~ J  . If in the react ion of azidobenzene 

O 
with carbonyl  compounds oxaziridines are indeed formed, then as they have powerful oxidizing properties [6, 17] 
they may,  par t icular ly  at hightemperatures ,  oxidize carbonyl compounds, being reduced themselves to azomethines ,  
which were, in fac t , i so la ted .  The other possible variant  of the conversion of oxazir idines into Schiff b a s e s - t h e  ther-  

*This ar t ic le  is published in accordance with a resolution of the Conference of Chief Editors of Journals of the Acad-  
emy of Sciences of tile USSR of July 12, 1962, as a dissertation paper by L. A. Neiman.  For pre l iminary  communi -  
cat ion see [i], 
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mal isomerizat ion of oxaziridines to nitrones > C = N(O) C~Hs [6, 7] with subsequent c leavage  to azomethines [ 1 8 ] -  

we re jec ted ,  for after being boiled for more than 2.5 h in benzaldehyde N,~x-diphenylnitrone C6HsCH = N(O) C6Hswas 
recovered unchanged in more than 80% yie ld .  

However, our react ion,  leading to the formation of azomethines,  may proceed by a second mechanism,  which 
is different in pr inciple .  It is known [10, 11] that the azen radica l  is capable  of abstracting hydrogen, both from an- 
other such radica l ,  and from a molecule  of the medium.  The resulting anil ine can then react  in the usual way with 
aldehydes and ketones with formation of Schiff 's bases. In the first p lace  [1] we did not consider this mechanism at 
al l ,  for according to the l i terature [19, 20] the react ion between anil ine and cyclohexanone goes only to a smal l  ex-  
tent,  and even in presence of catalysts the yield of N-cyc lohexyl ideani l ine  does not exceed 50%. However, control 
experiments showed that under the conditions that we used (high temperature ,  very large excess of cyclohexanone) 
N-cyc lohexyl ideneani l ine  is formed in about 70% yie ld .  Moreover, it was found that ani l ine,  though obtained in 
only low yield,  is the only product in the thermal  decomposit ion of azidobenzene in benzophenone( the react ion was 
carried out under the same conditions as the decomposi t ion: in  benzaldehyde and Cyclohexanone).  

Though these experiments  support the second of the mechanisms examined for the formation of azomethines ,  
it  should be noted that,  in view of the steric factors operating,  the mechanism of the react ion of the azen radica l  
with benzophenone may differ substantially from the mechanism of the react ion of phenylazen with benzaldehyde or 
cyclohexanone.  Moreover, even in the thermal  decomposit ion of azidobenzene in decal in  [10], i. e . ,  under condi-  
tions most favorable for the abstraction of hydrogen, anil ine is formed in a yield of only 40%. This yield is not in 
good accord with the high yields of azomethines which we obtained in the case of benzaldehyde and cyclohexanone.  
Hence, the avai lab le  exper imenta l  data do not permit  us to make a f inal  choice between the two mechanisms dis- 
cussed above for the formation of azomethines.  It is interesting that as a by-product  of azidobenzene we isolamd the 
t r imer of the lat ter ,  which has been obtained previously only in very smal l  amounts by the i rradiat ion of benza lde-  
hyde in a sealed flask for many months, or even two years [21]. The effect  of phenylazen radicals  on the po!ymer i -  
zation of benzaldehyde is analogous to the already known [22] ca ta ly t i c  act ion of arylazen radicals  on the po lymer-  
izat ion of acryloni t r i le .  

We were unable to conduct the react ion of azidobenzene with aldehydes and ketones under the conditions for 
the photoIysis of azides.  In the ul t raviolet  i r radiat ion of solutions of azidobenzene in cyclohexanone or in  a mixture 
of hexane and cyclohexanone (a t  20 ~ and 80 ~ the resulting decomposit ion of azidobenzene quickly came to a stop 
because of the clouding and darkening of the solutions. However, in the photolysis of azidobenzene in boil ing meth-  

anol in presence of benzaldehyde we obtained azobenzene (the product of the combinat ion of two phenylazen radi-  
cals) and also benzaldehyde dimethyl  aceta l ,  which is formed in the i rradiat ion of benzaldehyde in methanol  even 
in absence of az idobenzene.  

E X P E R I M E N T A L  

Thermal  Decomposit ion of Azidobenzene in Benzaldehyde. In an atmosphere of nitrogen, a solution of 5 g of 
azidobenzene in 100 ml of benzaldehyde was added dropwise in the course of 2.5 h to 300 ml of boil ing benza lde -  
hyde. The mixture was boiled further for 30 rain and then left  for 12 h at 20 ~ Benzaldehyde was driven off at 18 
ram, 100 ml of ether was added to the residue, and the crystal l ine prec ip i ta te  of the tr imer was f i l tered off aud 
washed with ether; yield 2.5 g; m.  p. 248-246 ~ (from g lac ia l  acet ic  acid) (cf .  [21]). The f i l t ra te  was washed with 
saturated sodium carbonate solution and then water,  and it was dried over anhydrous sodium sulfate.  Ether was driv- 
en off, and the residue was dist i l led at 1 mm; at 128-132 ~ N-benzyl ideneani l ine  came over; yield 5.? g (75%). 
After two crystal l izat ions from 70% alcohol it had m. p. 80-51 ~ (of. [23]). 

Thermal  Decomposit ion of Azidobenzene in Cyclohexanone.  A solution of azidobenzene in 100 ml  of cyc lo -  
hexanone was added dropwise in the course of 4 h to 300 ml of boiling cyclohexanone.  During this t ime 910 ml 
(97%) of nitrogen was l ibera ted .  The mixture was kep t  for 12 h at 20 ~ cyclohexanone was vacuum-dis t i l l ed  off, 
and the residue was dis t i l led at 1 ram; at 105-109 N-cyclohexyl ideneani l ine  came over; yield 8.07 g (70%); after 
redis t i l la t ion,  b. p. 93-94 ~ (50 p); n~ 1.5248.Its picrate mel ted  with decomposit ion at 174-175 ~ (from a mixture of 

alcohol  and ether).  Found: N 14.00%. C18HmOTN4. Calculated:  N 13.92%. The methiodide had m. p. 159-160 ~ 

Found: I 39.92%. CI~I-ImNt. Calculated I 40 .3%.  

Thermal  Decomposit ion of Azidobenzene in Benzr A solution of 5 g of azidobenzene in 10 g of ben-  
zophenone was added dropwise with stirring to 300 ml  of benzophenone at 180 ~ The react ion mixture rapidly went 
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dark-colored .  When the addition was comple te ,  the mixture was heated further for 15 rain and then left  for 12 h at 

20 ~ It was then dist i l led at 1 ram.  From Fraction I (volume 70 ml),  after dissolution in 120 ml of dry ether and the 
passage of  dry HC1, we precip i ta ted  ani l ine hydroehloride (yield 1.0 g; about 20%). In another exper iment  the pres- 
ence of anil ine in Fraction I was proved by its isolation in the form of diphenytthiourea.  

.Photolysis of Azidobenzene in Presence of Benzaldehyde. A boil ing solution of 5 g of azidobenzene and 50 ml 
of benzaldehyde in 350 ml  of methanol  was exposed  to ul t raviolet  radiat ion (PRK-4 lamp at a distance of 10 cm from 
the walls of the flask). The l iberat ion of nitrogen began, but slowed down as the solution darkened.  After a 10 h i r -  
radia t ion of the boiling solution 770-790 ml  of nitrogen (82-85~ was l iberated al together .  Methanol and benza lde -  
hyde were driven off in a vacuum, and the residue (20-25 ml) was dist i l led at 1 ram. At 39-45 ~ benzaldehyde d i -  

o n ~ . 5  methyl  ace ta l  came over [yield 13.7 g; b. p. 192-194 (cf. [24]); 1.51531]; at 130-133 ~ azobenzene came over; 
yield 3.4 g (90%). 

N-Cyclohexyl ideneani l ine .  A solution of 4 g of freshly dist i l led ani l ine in 100 ml of cyc!ohexanone was added 
in the course of 2 h to 285 ml of freshly dist i l led cyclohexanone at the boil  (reflux condenser). The mixture was 
boi led further for i h and then left for 12 h. Cyclohexanone was vacuum-dis t i l l ed  off, and the residue was dis t i l led.  
We obtained 5.15 g (about 70~ of N-cyc lohexyl ideneani l ine ,  b. p. 148-1480 (16 ram) (cf .  [19]). Picrate,  m. p. 174- 
175 ~ (decomp.) .  

S U M M A R Y  

In the decomposi t ion of azidobenzene in benzaldehyde and in cyclohexanone the corresponding Schiff bases 
are formed. 

Two possible mechanisms for this react ion are discussed. 
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