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Abstract - Arylideneamines (1) added to the acyl isocyanato moiety of 
methacryloyl isocyanate (MAI) to produce the corresponding [4 + 21 

cycloadducts, 2H-1.3.5-oxadiazin-4(3tY-ones (2). It has been clarified that even 

at low temperature the cycloadducts (2) partially dissociate to two original 

substrates, MA1 and 1 ,  in solution on the basis of VT-nmr spectroscopy. 

Methacryloyl isocyanate (MAI) is a versatile polyfunctional reagent bearing an enone moiety as well as a 
1 highly reactive acyl isocyanato group. Recently, it has been found that enamines added not only to the acyl 

isocyanato moiety, but also to the enone moiety in MAI: At a higher reaction temperature initial [4 + 21 

cycloadducts to the acyl isocyanato moiety dissociate to two original substrates and then the regenerated 

enamine addes to enone moiety in MAI. la  This offers not only the fust example for thermal dissociation 
of [4 + 21 cycloadduct of acyl isocyanate system to C=C bonds, but also shows that MA1 is a novel 

ambident heterodiene in the cycloaddition reaction. 

It is well known that acyl isocyanates add to C=N bonds to give [4 + 21 and/or [2+ 21 cycloadducts whose 

relative yields depend on the reaction conditions as well as on the nature of substrates. 2 

Taking into account the novel reaction of MA1 with enamines, it seemed to be of interest to study the 

cycloaddition reaction of MA1 with C=N bond. We report here the cycloaddition reaction of MA1 with 

arylideneamines (1). 

Although isolation of the cycloadduct of MA1 to benzylideneaniline ( la )  was unsuccessful, its formation 

was confirmed on the basis of nmr spectroscopy of the reaction mixture as described below. In the 

reactions of arylidenealkylamines (1 b-ln), however, the corresponding cycloadducts to MA1 were 

isolated in most cases. The reactions of MA1 with imines ( lb - l e )  were investigated under various 

conditions, and the selected results together with those of reactions of MA1 with imines ( I  g-ln) are 

shown in Table 1. A typical procedure is as follows: To a solution of 1.95 g (10 mmol) of imine ( l b )  in 

ether (4 ml) was added 1.10 g (10 mmol) of MA1 at 0 'C under dry nitrogen; white crystals immediately - 
separated out. After the reaction mixture was stirred for 10 min at -10 "C, a rapid filtration gave the 

corresponding cycloadduct (2b) in 82% yield. In general, a similar reaction in benzene resulted in a lower 
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Table 1. Reactions of MA1 with Imines (1) 

nine Reaction conditions Adduct 

Solvent ~emp/"C') Tim& Yield/% mp/"C vc=ob) VC=N b) 

l a  Et,O 0 1 2a not isolated ( see Table 2 ) 
2-1 
10 min 

2-1 
10 min 

2-1 
10 min 

2-1 
15 min 
I0 min 

2-1 

10 min 
1 

0.5 + 0.5 

15 min 
0.5 -+ 0.5 

2-1 
lOmin 
10 min 

very hygroscopic 

59-60 1671 
51-53 1669 
74-75 1673 
68 -69 1669 
70 - 71 1671 
34-35 1671 

a) r t : Room temperature. 
b) Measured in KBr pellets, 

yield of 2 .  As all the cycloadducts (2). particularly, 2 g-2k, are very sensitive to moisture, their isolation 

should be carried out meticulously. Purification of 2 by recrystallization was unsuccessful because of 

dissociation in solution as described below. 
3 On the basis of ir spectral data and of chemical conversion, however, cycloadducts (2) were deduced to 

be 2H-1,3,5-oxadiazin-4(3H)-ones, [4 + 21 cycloadducts to the acyl isocyanate moiety in MA1 (Table 1 ). 
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Hydrolysis of 2 b  or 2 g  gave readily the corresponding urea (3) or (4), which was identical with an 

authentic sample prepared from MA1 and benzylamine or cyclohexylamine, respectively. 4 

Nmr spectroscopic study showed that an equilibrium is set up between the cycloadduct ( 2 )  and two 

original substrate, MA1 and imine ( 1 )  in solution. Thus, the dissociation phenomena of cycloadducts ( 2 )  
were followed by VT-nmr spectra of a mixture of equimolar amounts of MA1 and imines ( l a - 1  i) in 

CDCI?, and those of MAI-1 g-2 g system as a representative example are shown in Figure 1.  The ratios of 
" 

MAW112 at each temperature determined by the VT-nmr spectra are listed in Table 2. 

Figure 1. VT-nmr spectra of MAI-1 g-2 g system in CDC$ 
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Table 2. Dissociation of cycloadduct (2) to MA1 and Imine (1) 

+YO MA! + ArCH=N-R 
0 N. 
H ~ A ~  I 

2 

Temp. "C 60 45 28 0 -20 -3 0 1 

M A I I l a l 2 a  11110  I l l 1 0  11110  1211211 51511  51511  
M A I l l b l 2 b  0.510.5l l  0.210.211 0.110.111 2bonly - - 
M A I l l c 1 2 ~  0.510.511 0.310.311 0.210.211 0.110.111 2conly - 
MA1 1 I d  12d 0.6 10.6 I 1 0.4 10.4 I 1 0.1 1 0.1 I 1 2d only - - 
MA1 I l e  12e 0.7 1 0.7 I 1 0.3 10.3 1 l 0.2 10.2 1 1 2e only - - 
MA1 I If 1 2f 0.6 10.6 I 1 0.3 10.3 I 1 0.1 I 0.1 I 1 2f only - - 
MAII lg l2g  2.312.311 11111  0.510.511 0.1I0.111 Zgonly - 
M A l l l h l 2 h  31311  1 1 1 1 1 0.5 1 0.5 I 1 0.1 10.1 I 1 2h only - 

As shown in Table 2, MAIIll2 ratios depended on temperature; the lower temperature, the lower the 

dissociation of cycloadduct (2) becomes. Surprisingly, cycloadduct (2a) highly dissociates to MA1 and l a  

even at -30 "C; thus 2a  can not be isolated in a routine manner. 

The above fact offers the first example for the thermal dissociation of [4 + 21 cycloadduct of acyl 

isocyanate system to C=N bond. 
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