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Methylrhenium trioxide (CH3Re03 or MTO)1-4 has 
found wide use in catalysis, including the epoxidation4 
and metathesis5 of olefins, aldehyde olefination? and 
oxygen t ran~fer .~  Extensive reports have now appeared 
in the area of MTO-catalyzed substrate oxidations with 
hydrogen per~xide .~ ,~- '~  

Certain catalytic applications of MTO for organic 
reactions that do not utilize peroxide have now been 
realized. In particular, a catalytic amount of MTO with 
ethyl diazoacetate (EDA) will convert aromatic imines 
to aziridines and convert aldehydes and ketones to 
epoxides. The aziridine preparation proceeds in high 
yields under anaerobic conditions more conveniently than 
with existing methods.16 Compounds with a three- 
membered heterocyclic ring can be obtained with the 
EDAIMTO catalytic system. Aromatic imines undergo 
cycloaddition reactions to give aziridines under mild 
conditions. 

(1) cat. MTO R. 
ArCH=NR + NpCHCOpEt A r & . H  

4 2  
(R = Ph. Bu"' HX") COpEt 

The reactions were carried out with several arylimines. 
Experiments on a 30 mmol scale, with 3% catalyst, gave 
isolated yields of the aziridine of 87-96%, as summarized 
in Table 1. The only byproduct (<5%) was diethyl 
maleate, the principal product when the imine was 
omitted. The coupling constants of the ring protons in 
the aziridines are in the range 2-6 Hz. For example, 
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Table 1. Yields of Aziridines Obtained from Arylimines 
(ArCH-NR) and EDA, with MTO as Catalysta 

yield" (%) 

Ar R = n-hexyl n-butyl phenyl 

C6H5 93 92 87 
p-MeOCeH4 94 94 92 
p-NOzCsH4 92 91 
p-MeC& 93 93 
2 -napthy1 96 96 

a Isolated yields, a h r  vacuum distillation, based on EDA, which 

Table 2. Yields of Fpoxides Obtained from Aldehydes 

was used in small deficiency relative to the imine. 

and Ketones and EDA with MTO as Catalyst4 
R' R2 yield" (%I 
H C6H5 79 (52Ib 
H n-Pr 75 
Me S-BU 64 
Me C6H5 57 
Me i-Pr 49 

a Isolated yields, a h r  vacuum distillation, based on EDA, taken 
in small deficiency relative to the imine. * The lower yield was 
obtained when the EDA was added all at once rather than 
dropwise. 

PhCH=NPh yields a product with J = 2.2 Hz (CDC13).17 
Thus, the only product is the isomer with a trans 
configuration with respect to the C-C bond. GC-MS 
showed that only a single stereoisomer was present. The 
compounds were characterized by 'H- and 13C-NMR and 
by elemental analysis (supporting information), which in 
every case matched the theoretical formula. 

Carbonyl compounds can also serve as substrates in 
cycloaddition reactions with the EDAIMTO catalytic 
system. Several aldehydes and ketones were employed, 
and in these cases they were used as the solvents, for 
this overall reaction: 

Aldehydes gave only the trans epoxide, whereas ke- 
tones gave both, with the E-isomer predominant. (A 
minor product, 5-21%, was also observed with GC-MS; 
its formula weight was the sum of the carbonyl com- 
pound and EDA. It was identified as the A3-1,3,4- 
oxadiazoline, 1.) The epoxides themselves, identified by 
literature data,1E-23 were isolated in overall yields of 49- 
79%, Table 2. 

Epoxides can be obtained in higher yields and with 
greater convenience by other reactions, including the 
MTO-catalyzed reactions of alkenes and hydrogen per- 
oxide, but they are included here to illustrate the scope 
of the new chemistry. 

The mechanism of these transformations remains to 
be resolved in detail, but a metal-carbene intermediate 

(17) Vaultier, M.; Carrie, R. Tetrahedron 1979, 35, 1357. 
(18) Vandenbroucke, W.; Anteunis, M.; DeBruyn, A. Bull. Soc. Chim. 

(19) Roux-Schmitt, M. C.; Seyden-Penne, J. Tetrahedron 1972,28, 

(20) Valente, V. R.; Wolfhagen, J. L. J. Org. Chem. 1966,31, 3509. 
(21) Johnson, W. S.; Belew, J.; Chinn, L.; Hunt, R. J. Am. Chem. 

(22) Bachelor, W. S.; Basal, R. K. J .  Org. Chem. 1969, 34, 3600. 
(23) Nozaki, H.; Takaya, H.; Noyori, R. Tetrahedron 1966,22,3393. 

Belg. 1989, 78, 229. 

4695. 

Soc. 1953, 75, 4995. 

0 1995 American Chemical Society 



Communications J. Org. Chem., Vol. 60, No. 22, 1995 7091 

Acknowledgment. This research was supported by 
the U.S. Department of Energy, Office of Basic Energy 
Sciences, Division of Chemical Sciences under contract 
W-7405-Eng-82. 

Supporting Information Available: The spectroscopic 
and analytical data for the aziridines and epoxides produced 
and the experimental procedures (5 pages). 
J0951658B 

analogous to many that are kn0wn24325 is a distinct 
possibility. We were unable to write a suitable electronic 
structure, however, without loss of oxygen from rhenium, 
unlikely since the intermediate repeatedly recycles to 
MTO. We suggest therefore the involvement of a car- 
benoid intermediate, &, analogous to the well-studied 
peroxide A. Several examples of r,?-formaldehyde and q2- 

A AC 

oxyethylidene complexes have been reported.26 An elec- 
tron-rich double bond may attack the -CHCOZEt group 
of &, just like other electron-rich centers attack the 
peroxide oxygen of A. Work is in progress to extend the 
scope of this chemistry and to detail the operative 
mechanisms. 
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