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Abstract: Electron-rich alkenes me converted into N-methoxyaziridines by treatment with HN(OCH3J2 and 

trimethylsilyl tn#lute. Reduction with Liiammonia affords fhe N-H aziridines. 

Recent publications by Rudchenko et al. report that N-methoxyaziridines can be prepared in a singIe 

step from alkenes using HN(OCH&BF, in ether.’ This reagent acts as a source of methoxyninenium 

tetrafluoroborate, a highly reactive electrophile. Thus, N-methoxyaziridinium salts la and lb are obtained 

from tetramethylethylene and cis-2-butene, respectively, and the corresponding N-methoxyaziridines 2a and 

2b are isolated in 26% and 20% yield after neutralization with ammonia and distillation. 

We have been interested in the direct aziridination of alkenes in connection with previous work in our 

laboratory.2 Compared to other direct aziridinations,3 the Rudchenko method is appealing because of its 

simplicity. However, we were not able to achieve practical yields of the N-methoxyaziridines4 using the 

original procedure with cyclooctene as the test substrate. Some improvement in yield was observed in 

dichloromethane vs. ether, and by adding HN(OCH3)2 slowly to the alkene and BFj*etherate, but extensive 

optimization gave no more than 50% of the methoxyaziridine after neutralization of salts. 

The BF3=etherate activation method is somewhat complicated by the disproportionation process that 

must occur on the way to the tetrafluoroborate salt 3a. To circumvent this potential problem, we examined 

several other activating agents. A marginal improvement in the yield of aziridine was obtained using 

methanesulfonic acid in place of BFs*etherate, but trimethylsilyl triflate (TMSOTf) proved to be the best 

activating agent. A stoichiometry of 1.2:1 of TMSOTf : HN(OCH3)2 gave practical results, presumably via 

the initial formation of a niflate salt 3b. After neutralization with dilute NaOH, the crude N-methoxyaziridine 

4 was recovered in 86% yield (ca. 95% pure by NMR). Purification by chromatography (77% isolated) or by 

distillation (64% isolated overall) afforded 4 that was >98% pure according to NMR analysis. 

The optimized procedure5 works with other simple alkenes, but there are limitations in the functionality 

that can be present. Thus, reasonable yields of the N-methoxyaziridines 5 or 6 were obtained with cis or trans 

2-octenes (78% and 74%, respectively), and the aziridine ester 7 was prepared in somewhat lower yield from 

methyl crotonate (51%).4 However, complex product mixtures resulted with ally1 or crotyl alcohols, or with 

cyciohexenone as the substrates. Furthermore, no conversion to methoxyaziridine was detected with the 
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electron deficient substrate dimethyl fumarate. 

Further transformation from the N-methoxyatidine 4 into N-H aziridine S3d is possible using Na/NH, 

reduction. The two-step sequence from HN(OCH& to 8 proceeds in ca. 50% overall yield based on the 

dimethoxyamine reagent, and provides access to aziridines with overall retention of alkene stereochemistry. 
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In the course of these studies, l-trimethylsiloxycyclohexene was treated with HN(OCH,), and TMSOTf 

in an attempt to prepare a-(N-methoxyamino)cycIohexanone or other aziridine-derived products. Instead of 

the expected a-methoxyamino ketone, we isolated N-methoxycaprolactam 10, a substance previously obtained 

from reaction of cyclohexanone with H,NOCH&ert-C,Hg-0CL6 Apparently, this product is formed via silyl 

enol ether cleavage. Thus, a similar experiment using HN(OCH&TMSOTf with cyclohexanone as the starting 

material gave 10 in 84% yield, and a reaction catalyzed by methanesulfonic acid afforded 92% of 10 (isolated) 

after 18 hours at room temperature in CH,Cl,. This reaction is related mechanistically to the Beckmann 

reanangement, and probably involves carbon migration via 9 as shown. A similar reaction was observed 

starting with 2-methylcyclohexanone, resulting in a 2:l mixture of regioisomers 11 and 12. 
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In summary, the modified Rudchenko method is competitive with other direct aziridination procedures 

in overall yieldP The procedure is believed to generate the reactive N-methoxynitrenium ion CH,O-N-H+ 

F3CS03- in sit~,~ and allows stereospecific aziridination of electron-rich alkenes. Ketone functionality can 

interfere with the reaction due to a competing Beckmaun-type rearrangement. However, this latter process 

provides access to N-methoxy lactams that are otherwise difficult to prepare. 

Acknowledpment. This work was supported by the National Institutes of Health (CA 17918). 

References 

1. Rudchenko, V. F.; Ignatov, S. M.; Chervin, I. I,; Aliev, A. E.; Kostyanovskii, R. G. IN. AM. 

Nuuk SSSR, Ser. Khim. 1990, 39, 1249 (Engl.); Rudchenko, V. F.; Ignatov, S. M.; 

Kostyanovskii, R. G. J. Chem. Sot., Chem. Commun. 1990, 261. Dimethoxyamine: 

Rudchenko, V. F.; Ignatov, S. M.; Chervin, I. I.; Nosova, V. S.; Kostyanovskii, R. G. Zzv. 

Akud. Nauk SSSR, Ser. Khim. 1986, 35, 1153. 

2. Vedejs, E.; Dax, S.; Martinez, G. R.; McClure, C. K. J. Org. Chem. 1987,52, 3470. Vedejs, 

E.; Grissom, J. W.; Preston, J. K. J. Org. Chem. 1987, 52, 3487. Vedejs, E.; Grissom, J. W. 

J. Org. Chem. 1988, 53, 1882. 

3. Selected methods for direct aziridination of electron rich alkenes; (a) N-H aziridines: Schmitz, 

E.; Joehnisch, K. Khim. Geterotsikl. Soedin. 1974, 12, 1629. Schmitz, E.; Janisch, K. Chem. 

Heterocycf. Compd. 1974, 1432. Schmitz, E.; Ohme, R.; Schramm, S.; Striegler, H.; Heyne, H.- 

U.; Rusche, J. J. Prakt. Chem. 1977,319, 195. Andreae, S.; Schmitz, E. Synthesis 1991, 323. 

(b) N-Alkoxy-aziridines: Brois, S. J. J. Am. Chem. Sot. 1970, 92, 1079. Carey, F. A.; Hayes, 

L. J. J. Org. Chem. 1973,43, 3107. Ioffe, B. V.; Artsybasheva, Yu. P.; Zenkevich, I. G. Dokl. 



3264 

6. 

7. 

Akud. Nauk. SSSR 1976, 1130. (c) N-amidoaziridines: Hocsch, L.; Dreiding, AS. Helv. Chim. 

Acra 1975,.58, 1995. Atkinson, R.S.; Kelly, B.J. J. Chem. Sot., Chem. C~mmun. 1987, 1362. 

Atkinson, R.S.; Kelly, B.J. 1. Chem. Sot., Chem. Commun. 1988, 624. Atkinson, R.S.; Kelly, 

B.J. J. Chem. Sot., Chem. Commun. 1989, 836. Atkinson, R.S. Terrahedron 1989, 45, 2875. 

(d) N-amido to N-H aziridine: Hoesch, L.; Egger, N.; Dreiding, AS. Helv. Chim. Acta 1978, 

61, 795. (e) N-Sulfenyl aziridines: Atkinson, R.S.; Judkins, B. D. J. Chem. Sot., Chem. 

Commun. 1979, 832. Atkinson, R.S.; Lee, M.; Malpass, J.R. J. Chem. Sot., Chem. Commun. 

1984,919. (f) N-Sulfonyl aziridines: Mansuy, D.; Mahy, J.P.; Dureault, A.; Bedi, G.; Battioni, 

P. J. Chem. SOC., Chem. Commun. 1984, 17, 1161. Evans, D.A.; Woerpel, K.A.; Hinman, 

M.M.; Faul, M.M. J. Am. Chem. Sot. 1991,113,726. Evans, D. A.; Faul, M. M.; Bildeau, M. 

T. .I. Org. Chem. 1991,56, 6744. 

All N-methoxyaziridines were characterized by satisfactory high resolution MS (molecular ion) 

and by NMR spectroscopy. Each was observed as a mixture of two N-methoxy invertomers 

with characteristic N-methoxy chemical shifts as follows (CDCI,, 6): 4, 3.51 and 3.52 ppm; 5, 

3.51 and 3.53 ppm; 6, 3.53 and 3.54 ppm; 7, 3.53 and 3.60 ppm. 

A 50 mL flask was equipped with a dropping funnel and was charged with cycIooctene (2.5 

mL, 19.5 mmol) and dichloromethane (20 mL). After cooling to -14 “C (ice-ethanol bath), 

trimethylsilyl triflate (Aldrich; 3.0 mL, 15.5 mmol) was added. A solution of HN(OCH+, (1.0 

g, 13 mmol)’ in dichloromethane (5 mL) was then added slowly to the stirred mixture over a 

period of 30 min (CAUTION! the neat reagent must not be used! Contact with acids or with 

other electrophilic catalysts can result in an exothermic decomposition. Solutions of 

dimethoxyamine can be handled safely, but the rate of addition must be controlled). After 

addition was complete, the solution was allowed to warm to room temperature and was stirred 

1 h. The dichloromethane was then removed (aspirator), the residue was stirred with NaOH 

(1 M, 20 rnL), and the organic products were extracted with dichloromethane (3 x 10 mL). 

Drying (Na$G,), solvent removal, and distillation gave 4 (1.28 g, 64%, b.p. 90-93 “C at 30 

mm Hg), > 98% pure by NMR. Chromatographic purification over silica gel gave better 

recovery (77%) of 4, estimated to be 98% pure by NMR spectroscopy. 

Reduction of 4 to 8. Liquid ammonia (5 mL+) was condensed into a 25 mL flask at -78 ‘C. 

A solution of 4 (0.08 g, 0.52 mmol) in THF (4 mL) was added and was followed by the 

addition of sodium metal (0.1 g, 4.3 mmol). The blue mixture was allowed to warm to -30 *C 

while stirring and was kept at this temperature for 1 h. A solution of ethanol in hexane (1.5 

mL, 1:3) was added to quench the reaction, and the mixture was allowed to warm to room 

temperature as the ammonia was vented into the hood using a nitrogen stream. Aqueous ether 

workup followed by chromatography over silica gel (elution with chloroformethanol, 2O:l) gave 

S3d (0.045 g, 70%), > 97% pure by NMR. 

Rudchenko, V. F.; Shtamburg, V. G.; Pleshkova, A. P.; Kostyanovskii, R. G. Izv. Akad. Nauk 

SSSR, Ser. Khim. 1981, 30, 825 (Engl.). 

For a review of nitrenium ion chemistry, see Abramovitch, R. A.; Jeyaraman, R. in “Azides and 

Niaenes: Reactivity and Utility”, Striven, E. F. V. Ed., Academic Press , 1984. 

(Received in USA 18 February 1992) 


