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The reactions of acyl-substituted nitrenes '(2) have been 

shown to be dependent on the nature of the substituent, (3,5,6) 

and'on the solvent (5,6). In those cases (e.g. N3C02Et) in 

which the Curtius reaction is not observed the nitrene adds 

readily to COC systems (3c,5,6) but if the rearrangement to 

isocyanate can take place then the solvent may determine the 

course of the reaction. Thus irradiation of benzoyl aside in 

benzene led only to phenyl isocyanate (5a) but in dimethyl sulf- 

oxide the nitrene could be intercepted by reaction with tne medium 

(5b). In contrast, however, the nitrene derived from ethyl 

azidoformate did react with benzene, forming an azepine (6). 

The work described in this paper arose from an interest in 

I. Suspecting that a synthesis by the addition of carbethoxy- 

nitrene to ethyl azodiformate (11) (7) might be subject to 
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alternatives, we first examined the stability of II and also 

of the pure azide to UV radiation. Rodgman and Wright (9) 

reported that dimethyl azodiformate is stable to light of 

wavelength 405 II+I, but these azo esters show additional UV 
F02E' 

Eto*C-N~~N-C02Rt Et02C-N=N-CO2Et 

I II 
lIt02c 

N@2Rt)3 
\ 

Et02C / 
N-N=N-C02Et 

III IV 

absorption near 220 w (e.g. II shows hmax, RtOH - 221 v, 

~-12,300) as tie11 as at 405 y (s-24), so it was necessary 

to investigate the effect of shorter wavelength radiation on 

II. Using a loo-watt mercury lamp (Hanovia lamp type SH, me- 

dium pressure) we found evidence of a very slow decomposition, 

ethylene and carbon dioxide being detected (10). This reaction 

was very much slower than a second photolysis described below. 

Irradiation of pure ethyl azidoformate (ref. 11, yield 85%) 

in a manner similar to that for II (external water cooling) 

rapidly led to gas evolution and an orange color in the solution. 
-. 

Vapor-phase chromatography showed that two products were formed, 

and the orange one was identified as II. A preparative run 

gave II and III (12,13). 

Since in separate experiments no reaction occurred merely 

on mixing the azrbdo ester with II and allowing to stand at room 

temperature (starting materials were recovered quantitatively), 

and since II itself seemed to be relatively stable to W radia- 

tion, it is reasonable to conclude that III is formed by the 
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attack of the nitrene on II, which in turn arises from reaction 

of nitrene with the starting material.* 

Fahr (14) has shown that the following reaction gave V, 

not VI (as had been reported earlier (15)). The reaction 

proceeds at room temperature, and does not require UV radiation. 

Et02C-CHN2 + Et02C-N=N-C02Et- 
Et02C, 

/ N-N=CH-C02Et 

II EtO2C' 

EtO$-N 

Eto2c_!~c:H COZEt 

VI 

The mechanism shown below accounts for 

N:x-CH-C03Et N&H-CO,Et 

4 
Et0 C-z ? - 2 $ 

&4 
;)Et 

V 

such a transformation. 
8 

N:N-CH-C02Et 
*/I~ 

In our case the analogous product would be IV, which is un- 

known, but its decomposition (or photolysis) to nitrogen and 

III would be very probable. Nevertheless, since reaction of 

azide and 11 appears to depend on the formation of nitrene, a 

more likely scheme would appear to be as follows: 
** 

* 
Infra red spectra of aliquots taken after reaction had begun 

were completely superposable on those of mixtures of ethyl- 
azidoformate and II. This suggests that any cyclic inter- 
mediate which retains all the original nitrogen atoms would 
have to be present in very small concentration. 
;*Prof. W. Lwowski has kindly informed us that apparently 
nitrene formed by alpha elimination (see adjoining publication) 
does not attack II; nor does any II result from attack on azide. 
Apparently only excited azide (or nitrene) undergoes these re- 
actions. We cordially thank Prof. Lwowski for the opportunity 
to discuss results before publication. 
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:ij-C02Et + Et02C-N=N-C02Et -+ 

II 

hv Et,,,-%?%) 

III + N2 ‘(ora) IV - \&_@ 

&Et 

Intermediary formation of I is consistent with the very great 

electrophilic character of II (e.g. in its ready dehydrogenation 

of hydroquinones (16) and in its reactions with aldehydes (17) 

and amines (18)). 

Synthesis of a roapound belonging to the triazacyclopropane 

system was attempted by Curtius and Si.eber in 1930 (l-9), using 

a method similar in approach to that described here: 

NH2CON3 + II -+ Et02C-NjTh-C02Et MI(C02W2 
IX VIII 

NH2CONHC02Etr 
VII 

The products isolated were ethyl allophanate (VII), diethyl- 

iminodicarboxylate (VIII) and a compound, m.p. 173" (which was 

probably a mixture). These products may be formed as a result 

of attack by the nitrene on II to give the intermediate compound 

IX (analogous to I) which could lose cyanic acid and yield an 

imino compound, the latter rearranging to VIII in a manner 

similar to that postulated above for the formation of III. 

Collapse of IX could yield X (a or b), possible sources 

of ethyl allophanate, 
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f02Et 
NH2CO-N - N=N-C02Et NH2CON=N_N(C02Et)2 

Xa Xb 

but the latter may also have arisen from reaction of cyanic 

acid with ethanol formed from the decomposition of II. 

The author is indebted to Professor R.B. Woodward for 

the loan of apparatus and for the hospitality of his labora- 

tory. Financial support from Research Corporation and the 

donors of the Petroleum Research Fund, American Chemical 

Society is warmly acknowledged. 
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