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The [3+2]-cycloaddition of azomethine ylides is an attractive 

and useful tool for the construction of various azaheterocycles.
1
 

In particular, nonstabilized azomethine ylides are electron-rich 

1,3-dipoles widely used in the synthesis of pyrrolidines from 

electron-deficient alkenes.
2
 Also, they smoothly react with 

carbonyl dipolarophiles to give oxazolidine rings which are 

versatile intermediates in the synthesis of a wide range of 

heterocyclic compounds.
3
 

 

Figure 1. Possible directions for the reaction of aroyl azides and 
nonstabilized azomethine ylides. 

In the course of our studies regarding azomethine ylide 

chemistry,
4
 we were interested in how they can react with aroyl 

azides 1. The latter are readily available and valuable reagents for 

the synthesis of amines, amides, ureas and isocyanates.
5
 Due to 

the high reactivity of these compounds several directions could 

be assumed for their reaction with dipoles 2 (Fig. 1). Since 

nonstabilized azomethine ylides react with the carbonyl group of 

isatoic and phthalic anhydrides,
3
 first, the possibility of 

cycloaddition to the C=O bond in acyl azides 1 and formation of 

an oxazolidine ring 3 could be expected at low temperatures. The 

second direction is a domino-sequence of Curtius rearrangement
6
 

and subsequent cycloaddition of the azomethine ylide to the 

formed aryl isocyanate. The chemoselectivity of the latter 

reaction is not clear and both oxazolidine 4 or imidazolidine 5 

ring formation could be expected. To the best of our knowledge, 

there are only a few specific examples of the [3+2]-cycloaddition 

of stabilized azomethine ylides derived from aziridines with 

isocyanates in the literature.
7
 Thus, an investigation of the 

reactivity of nonstabilized azomethine ylides with aroyl azides 1 

is of interest. 

 

Scheme 1. Reactions of benzoyl azide (1a). 

We commenced our study by examining the model reaction of 

benzoyl azide (1a) with N-benzylazomethine ylide derived from 

N-(methoxymethyl)-N-(trimethylsilylmethyl)benzylamine
8
 in the 

presence of catalytic TFA at room temperature. Mild conditions 

for ylide generation were chosen to reduce the rate of the Curtius 

rearrangement. Unfortunately, we found that this reaction 

resulted in a complex mixture of products probably due to the 

instability of 5-azidooxazolidine 3 (Table 1, entry 1). As 

expected, utilization of another classic method for the generation 

of ylide 7, condensation of sarcosine and paraformaldehyde in 

benzene at reflux (80 C), should occur via the formation of 

phenyl isocyanate (6a) and subsequent [3+2]-cycloaddition 

(Scheme 1; Table 1, entry 2). Nevertheless, heating the reactants 

in benzene with a Dean-Stark trap for 3.5 h surprisingly gave 

fenuron (8a) (1,1-dimethyl-3-phenylurea) in 87% yield. 

Apparently, the formed phenyl isocyanate (6a) was not reactive 

in the 1,3-dipolar cycloaddition under these conditions, and the 

generated N-methylazomethine ylide (7) reacted with trace water 

to give dimethylamine. The latter readily reacted with isocyanate 

to form urea 8a. 

Taking into account previous results, the most favourable 

precursor of azomethine ylide 7 should allow the reaction to be 

carried out without the formation of water and at higher 

temperature. These requirements are in line with conditions 

recently proposed by us for spiro[anthracene–oxazolidine] 

system 9, which undergoes cycloreversion to azomethine ylide 

upon heating in an anhydrous solvent.
9
 Indeed, heating N-

methylspiroanthraceneoxazolidine 9 at reflux with excess 

benzoyl azide (1a) in dry o-xylene for 4 h resulted in the 
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formation of imidazolidin-4-one 5a contaminated by an 

admixture of starting oxazolidine 9 and traces of fenuron (8a) 

(Table 1, entry 3). At the same time, increasing the reaction 

temperature to 210 C and heating the reagents in dry o-xylene in 

a microwave reactor under an argon atmosphere for 15 min 

increased the conversion of oxazolidine 9 into imidazolidine 5ª 

(Table 1, entry 4). 

Table 1. Optimisation of the reaction conditions. 

Entry Conditions 
Yield 5aa 
(%) 

1 
1a (1 equiv.), N-(MeOCH2)-N-
(Me3SiCH2)benzylamine (1.05 equiv.), TFA 
(0.35 equiv.), CH2Cl2, 0–25 C, 24 h 

Complex 
mixture 

2 
1a (1 equiv.), sarcosine (1.2 equiv.), CH2O (1.8 
equiv.), PhH, reflux, 3.5 h 

8a (87%) 

3 
1a (1.4 equiv.), 9 (1.0 equiv.), o-xylene, reflux, 
4 h 

–b 

4 
1a (1 equiv.), 9 (1.1 equiv.), o-xylene, MW, 210 
C, 15 min 

–c 

5 
1a (1.3 equiv.), 9 (1 equiv.), o-xylene, MW, 210 
C, 15 min 

–d 

6 
1a (1.5 equiv.), 9 (1 equiv.), o-xylene, MW, 

210 C, 15 min 
68e 

7 
1a (1.5 equiv.), 9 (1 equiv.), MW, 210 C, 15 
min 

42f 

a Yield after the acidic extraction of bases from the crude mixture with 1.5M 

HCl, subsequent neutralization with NaHCO3, and extraction with PhMe. b 

Mixture of 5a:9:8a (NMR ratio  8:3:1). с Mixture of 5a:9:8a (NMR ratio  

13:7:1). d Product was contaminated by starting oxazolidine 9. e Product was 

purified from traces of fenuron 8a by dissolution in a mixture of 

Et2O/hexane. f Product was purified by column chromatography. 

Unfortunately, the product was also contaminated by traces of 

spiroanthraceneoxazolidine 9. To overcome this circumstance a 

simple modification, consisted of using of 1.5 equiv. of benzoyl 

azide (1a), was applied (Table 1, entry 6). Gratifyingly, 1-

methyl-3-phenylimidazolidin-4-one (5a) was isolated in 68% 

yield.
10,11

 It should be noted that imidazolidin-4-one 5a could be 

readily isolated from the crude mixture by converting it into the 

corresponding water-soluble hydrochloride with subsequent 

extraction of non-basic admixtures by PhMe and basification 

with NaHCO3. As a side note, we also managed to carry out the 

reaction of benzoyl azide (1a) and spirooxazolidine 9 under 

solvent-free conditions and product 5a was obtained in 42% yield 

after chromatographic purification (Table 1, entry 7). It should be 

noted that such 3-arylimidazolidin-4-ones 5 were previously 

synthesized by the cyclization of glycinamides and were reported 

as muscular relaxants and antirheumatic agents.
12 

With the optimized conditions in hand, we investigated the 

influence of substituents on the aromatic ring (Table 2). 

Gratifyingly, aroyl azides 1 bearing chlorine substituents in the 

meta- and para-positions reacted with spiro[anthracene–

oxazolidine] 9 to give 3-(chlorophenyl)-1-methylimidazolidin-4-

ones 5b and 5c in 54% and 81% yield, respectively.
11

 Insertion of 

an additional electron-withdrawing NO2 group in the meta-

position did not affect the reaction and imidazolidine 5d was 

isolated in 71% yield. Electron-donating methoxy groups were 

tolerated and cycloadducts 5e and 5f were obtained in 64% and 

69% yield, respectively. In contrast, increasing the number of 

electron-donating groups in the aromatic moiety of aroyl azide 1 

decreased the yield of 3-arylimidazolidines 5g and 5h (59% and 

36%, respectively). Nicotinoyl azide obtained from nicotinic acid 

also reacted with N-methylspiroanthraceneoxazolidine 9 in 

moderate yield to give 5i (45%).
11

 

Table 2. Synthesis of 1-methyl-3-arylimidazolidin-4-ones 5a–j.a 

 
a Reagents and conditions: aroyl azide 1 (1.5 equiv.), 

spiroanthraceneoxazolidine 9 (1 equiv.), dry o-xylene, MW, 210 C, 15 min. b 

Isolated yields of chromatographically purified compounds 5f−j are specified. 

Interestingly, cinnamoyl azide, which possesses two reactive 

groups, namely, an acyl azide and activated double carbon-

carbon bond, reacted chemoselectively to give enamide 5j in 

30% yield. Signals of the pyrrolidine ring were not found in the 
1
H NMR spectrum of the crude product. Obviously, this is due to 

the fact that Curtius rearrangement starts at a lower temperature 

than the elimination of azomethine ylide from 

spiroanthraceneoxazolidine 9. 

The reaction of bulky pivaloyl azide did not result in the 

cycloaddition product, probably, due to the inactivity of 

azomethine ylide to the sterically hindered C=N moiety of the 

formed isocyanate. Notably the reaction also did not occur with 

more sterically available C=O group of the isocyanate.  

In view of the fact that the probable intermediate of this 

reaction is an aryl isocyanate, we performed the reaction of 

phenyl isocyanate 6a with spiroanthraceneoxazolidine 9 (phenyl 

isocyanate 6a (1.5 equiv.), 9 (1 equiv.), o-xylene, MW, 210 C, 

15 min). As expected, the reaction proceeded via [3+2]-

cycloaddition of N-methylazomethine ylide at the C=N group and 

gave imidazolidin-4-one 5a in 83% yield (Scheme 2). 



  

 

 

 

 

Scheme 2. Reaction of phenyl isocyanate 6a with spiroanthraceneoxazolidine 
9. 

Despite the considerable amount of examples of the 

cycloadditions of nonstabilized azomethine ylides to carbonyl 

compounds in the literature,
3
 the number of cycloadditions to 

imines are limited.
13

 Considering the obtained results for the 

reactivity of isocyanates, which possess both C=O and C=N 

groups, we were interested in the comparing the reactions of 

isocyanates with other dipolarophiles towards N-

methylazomethine ylide (7). 

Scheme 3. Comparison of the reactivity of phenyl isocyanate and different 

dipolarophiles. 

As a model system we chose the reaction of equimolar 

amounts of phenyl isocyanate (6a), spiro[anthracene–

oxazolidine] 9 and another dipolarophile using the optimised 

conditions for the [3+2]-cycloaddition to isocyanates (o-xylene, 

MW, 210 C, 15 min). Thus, benzaldehyde (10) is a well-known 

C=O dipolarophile that reacts with the azomethine ylide derived 

from precursor 9 to give 5-phenyloxazolidine 11 in 73% isolated 

yield.
9
 Heating the mixture of isocyanate 6a and benzaldehyde 10 

with the source of nonstabilized azomethine ylide 9 resulted in a 

mixture of imidazolidine 5a and oxazolidine 11 in NMR ratio 1 : 

5, respectively (Scheme 3). Under the same conditions, heating 

diethyl 2-benzylidenemalonate 12 as a classical C=C 

dipolarophile with isocyanate 6a gave a mixture of products with 

the predominance of diethyl 1-methyl-4-phenylpyrrolidine-3,3-

dicarboxylate 13 (NMR ratio 5a : 13 1 : 10). Remarkably, 

azomethine ylide 7 possesses diverse reactivity and it is able to 

act not only as a dipole but also as a base and a source of 

iminium cation.
14

 Thus, we performed a more complicated 

comparison consisting of heating N=C=O dipolarophile 6a and 

CH-acidic diethyl malonate 14. This experiment resulted in an 

almost equal mixture of imidazolidine 5a and diethyl pyrrolidine-

3,3-dicarboxylate 15 (NMR ratio 1 : 1.3). The latter result shows 

that the reactivity of ylide 7 as a base and as a dipole toward a 

low reactivity isocyanate is comparable. At the same time, it 

showed better reactivity with C=O and C=C dipolarophiles than 

with N=C=O. 

In conclusion, we developed a new reaction for the synthesis 

of 3-arylimidazolidin-4-ones 5 from aroyl azides 1 and 

spiro[anthracene-oxazolidine] 9 via in situ generation of the two 

intermediates – aryl isocyanates and nonstabilized N-

methylazomethine ylide. To the best of our knowledge, the 

observed process is a unique example of the conversion of an 

oxazolidine ring to an imidazolidine core. The results obtained 

reveal new aspects of the diverse azomethine ylides reactivity 

and further investigation of the reactions of these ylides is 

underway in our laboratory and will be reported in due course. 
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