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Abstract: Methoxycarbonyl-protected methallyl amine serves as an excellent substrate for 
chloroperoxidase-mediated asymmetric epoxidation. The resulting (R)-epoxide (94% ee) 
was converted to the title compound in three steps with nearly complete maintenance of 
stereochemical integrity. ‘Iitanium tetrachloride ring-opening of the epoxide provided the 
chlorohydrin with excellent selectivity and inversion of the stereogenic center. Oxidation 
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esterified in siru with methyl iodide. Q 1997 Elsevier Science Ltd 

ct-Methylamino acids are intriguing peptide building blocks because of their complete resistance 
to a-epimerization, and once incorporated they may impart conformational rigidity’ and a reduced 
tendency toward proteolysis. Furthermore, a-methylamino acids of both optical antipodes, particularly 
a-methylcysteines, have been converted to biologically active natural products.2 

Aziridinecarboxylates have increasingly been demonstrated as viable precursors to amino acids 
in general. Both heteroatom nucleophiles3 and carbon nucleophiles4 have been shown to react with 
aziridinecarboxylates stereo- and regioselectively. Thus, we have sought a short and simple route to 
a protected 2-methylaziridinecarboxylate which could be elaborated to a variety of a-methylamino 
acids and natural products. 

that has successfully transformed a number of prochiral alkenes to optically active epoxides in the 
presence of a stoichiometric oxidant.5 An efficient synthesis of (R)-(-)-mevalonolactoneM serves as 
an example of its utility. Herein, we report that protected methallylamine6 is epoxidized in high yield 
and excellent enantioselectivity when catalyzed by CPO. The resultant product is converted to (R)- 
dimethyl 2-methylaziridine-1,Zdicarboxylate (1) in only three additional steps (Scheme 1). 

Carbamate 2 was dissolved as a 50 mM solution in 10 mM Na citrate buffer (pH=5.5) and treated 
with 2.0 equiv. of t-butylhydroperoxide, followed by 1.9~ 10m4 equiv. of purified chloroperoxidase7 
(8.0 mg CPO/mmol substrate). After 1.5 h, extraction and flash chromatography provided an 82% 
yield of (R)-epoxide 38 with 94% ee. Results were quite similar when C. fumugo culture medium 
supernatant9 was used instead of purified enzyme. 2-Methyl- 1 -alkenes similar to 2 have always given 
R-configuration epoxide$ (barring a priority change), but the configuration in this case was proven 
hv mrrplatkn tn ~‘J\_m~th,~lnlvAAnl 10 “J W”II”IYU”&. S” \“,~“LY”.,~61J”~U”~. 

An aza-Payne type reaction” would have been convenient at this point, but all attempts to form 
the hydroxy aziridine by this direct method failed. l2 Instead, acid-promoted epoxide ring opening of 
ruc-313 was investigated and a wide range of regioselectivitiesi4 was observed (Table 1). Titanium 
tetrachloride proved to be the most useful Lewis acid for our purposes providing chlorohydrin 4i5 in 
92% yield. Regioselectivity was high (96:4) and inversion of stereochemistry appeared to be complete: 
Treating chlorohydrin (Q-4 with NaH in THF regenerated (R)-3 with the original ee. 

* Corresponding author. 

3541 



3548 F. J. LAKNER and L. P. HAGER 

O 

2 

TBHPICPO 
aqueous buf~r 

82%yield 
4250 turnovers 

O 

CH3OL N.'~OCH3 
(R)- I ,  92% ee 

O 

CH30 CH2CI2 
92% 

(R)-3, 94% ee 

l NaH 
THF 

1)KH 0 0 

DMF CH30 H 
64% = 

(s).s 

0 

IS)41 PDC 
DMF 
62% 

Scheme  1. 

Table 1. Acidic ring opening of racemic epoxide 3 a 

o ~ o o 
" ÷ 

CH30 CH2Cl2 CH30 OH CH30 X 

re¢-3 A B 

MX n (equiv.) Temp, Time Yield (A+B) A/B* 

MgBr 2 (I.1) 0 °C, 1.0 h > 98 % 2/98 
CatacholBBr (1.1) 0 °C, 2.0 h > 98 % 11/89 
HCI (1.2) ¢ 0 °C, 0.5 h > 98 % 11/89 
BBr 3 (1.1) 0 °C, 0.5 h 83 % 31/69 
AICI 3 (1.1) 0 °C, 0.5 h > 98 % 42/58 
TiCI4 (1.1) 0 *C, 0.8 h > 98 % 84/16 
TiCl4 (1.5) -78  *C, 2.0 h 92 % 96/4 

• El)oxide (200 ms) "bin 0.5 mL CH2CI 2 was added dropwise to the acid dissolved in 4.5 mL CH2CI2, unless 
otherwise indicated. Determined by GC analysis and confirmed by 'H-NMR integration. © ether solvent. 

Chlorohydrin (S)-4 could be separated from its regioisomer by chromatography but it was simpler 
to oxidize both together with pyridinium dichromate in dimethylformamide 16 and separate the acid 
(S)-517 from the unreacted tertiary alcohol by extraction. Strangely, pure acid (S)-5 possessed no 
optical rotation either in ethanol or CH2C12. Also, NMR spectra of this acid in CDCI3 solvent showed 
apparently two compounds in a ratio of 2:1. Dissolution in D20 remedied the problem, presumably 
by disrupting intramolecular hydrogen bonding. Finally, a DMF solution of (S)-5 was added to 2.2 
equiv, of pentane-washed KH suspended in DMF. Once H2 evolution ceased, the mixture was treated 
with 4.0 equiv, of methyl iodide and was stirred overnight. Workup and flash chromatography resulted 
in a 64% yield of protected aziridine (R)-I. Is Enantiomeric excess was only slightly diminished (92% 
ee) during this step. 

Having established an efficient synthesis of (R)-dimethyl 2-methylaziridine-l,2-dicarboxylate (1), 
we would like to elaborate on its synthetic utility. Epoxide (R)-3, difficult to obtain in high ee by 
other methods, will be a matter of investigation, also. Base-promoted aza-Payne type reaction with 
(R)-3 would lead to the aziridinecarboxylate of the other enantiomer since only a single inversion of 
configuration would occur in that case, presenting another synthetic challenge. 
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