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Abstract: Oxaziridines react with Cu(l) salts to afford products resulting from the initial formation
of a nitrogen-centered radical/oxygen-centered anion pair. For an o-aryl radical, a chiral pyrrolidine
was obtained with high enantioselectivity and was transformed into cis-8-phenylmethyl-D-proline.
3-Carbomethoxy- or 3-(2'-furyl)-substitution gave products resulting from B-cleavage or C-»N

migration, respectively.

Nitrogen-centered radicals, as generated by various processes, are increasingly useful intermediates in
organic synthesis.l Oxaziridines react with low-valent metal salts, such as FeSQy, to generate reactive species
that are functionally equivalent to nitrogen radical/oxygen anion pairs, as discovered by Emmons? and elucidated

principally by Minisci.>

Work from this laboratory4 recently showed that the treatment of 3-(3'-

butenyl)oxaziridines 1 resulted in the formation of species such as 2, that cyclize to give the carbon-centered
radical 3 (Scheme 1). Depending on the relative stereochemistry between the o-methylbenzyl group and the
emerging methylene radical substituent, pyrrolidines such as 4 or aziridines § were obtained as the ultimate
products of these reactions. In either case, the products were obtained with high stereoselectivities (295% ee or

de for 4 or §, respectively) and good yields.
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We wished to improve upon the synthetic utility of this reaction by examining oxaziridines with
substituents other than phenyl at C-3 (Scheme 2). In particular, we are interested in the synthesis of unnatural
amino acids for use in the design of peptides with unusual conformational and biological properties.5 We chose
proline derivative 6 for synthesis because the benzyl group placed at C-5 of the pyrrolidine ring provides an
additional hydrophobic binding site. The choice of proline is especially apt because this amino acid residue
frequently occupies the i + I position of a B-turn, a kind of secondary peptide structure often involved in peptide-

macromolecule interactions.®

In addition, we have discovered that oxaziridines containing non-aryl substituents at C-3 give products
resulting from two additional reaction pathways different from those summarized in Scheme 1. As was the case
with the stereochemically controlled bifurcation to 4 or 5, each reaction cleanly provides only one or two of the
four possible products in good yields and each may have synthetic utility in its own right.
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Scheme 2
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The simplest route to a 8-phenylmethyl-containing proline derivative using this chemistry would be to
include a carboxylic acid derivative in the starting oxaziridine . Should the desired pyrrolidine be obtained,
reduction and protecting group modification would directly afford the target amino acid. Accordingly, methyl 2-
oxo-hex-5-enoate’ was transformed into the oxaziridine 78 in the usual® way: imine formation with (S)-a-
methylbenzylamine ((S)-0-MBA) in refluxing toluene was followed by cooling the reaction mixture to -78 °C
and oxidation with meta-chloroperoxybenzoic acid (m-CPBA) (Scheme 3). Oxaziridine 7 was isolated from the
mixture of stereoisomeric oxaziridines thus obtained in 39% unoptimized yield; the stereochemical structure
shown is presumed based on our earlier experience with this type of oxaziridination*® Treatment of 7 with 1-5
mol % of either [Cu(PPh3)Cl]4'? or Cu(CH3CN)4PFg!! gave none of the desired pyrrolidine; instead, amide 9
was obtained in high yield. In this reaction, the radical anion 8 generated by single electron transfer from the
Cu(l) salt to the oxaziridine was labile to |3-scission.2'3 The utilization of this mechanistic pathway by
intermediate 8 is presumably related to the greater stability of the carbomethoxy radical (DH298 = 86 kcal/mol) 2
versus the phenyl radical (DH%9g = 112 kcal/mol).13 The mechanistic details of this reaction, as yet undefined,
are under investigation.
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With the intervention of the B-scission pathway preventing the direct synthesis of the desired 2-
carbomethoxypyrroline, we decided to synthesize proline analogue 6 using an aromatic surrogate for the
carboxylic acid. It was anticipated that an electron-rich aryl group could be oxidatively cleaved in the presence of
another phenyl substituent; we chose a 3,4,5-trimethoxyphenyl group for this purpose (Scheme 4).1% Ketone
10 was prepared from the dimethylhydrazone of 3,4,5-trimethoxyacetophenone and subjected to oxaziridination
as described above. In this case, 11 was isolated in 62% purified yield along with two stereoisomers in 12%
and 7% yields, respectively. As expected for isomer 11,4 treatment with 1 mol % of Cu(CH3CN)4PF¢ gave a
74% yield of 12. The enantiomeric purity of 12 ([o]p = -91.3 (¢ = 1.2)) was established to be 295% ee by 'H
NMR using 2,2,2-trifluoro-1-(9-anthryl)ethanol as a chiral solvating agent‘15
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Having obtained pyrroline 12, reduction with LAH (78% yield) followed by protection (88%) afforded
the cis-pyrrolidine 13. The cis stereochemistry of 13 was anticipated based on the analogous reduction of 3,4-
dihydro-2-phenyl-5-phenylmethyl-(SH)-pyrrole, established as affording cis product by X-ray crystallography;4
this result has also been confirmed by an NOE study on 13. Finally, oxidative demolition of the
trimethoxyphenyl group was accomplished using catalytic ruthenium dioxide hydrate and sodium
metaperiodate16 to give 6.7 Although we prepared the isomer of 6 corresponding to D-proline, access to the L-
series would result from the use of (R)-a-MBA in the oxaziridine-forming reaction.

Finally, we also wished to determine whether another carbomethoxy surrogate, such as a 2-furyl
group,18 could be used in place of phenyl for a sequence similar to 1156 (Scheme 5). In this case, treatment of
oxaziridine 1412 with 5 mol % of [Cu(PPh3)Cl]4 gave the expected pyrroline 15 in 27% yield. However, the
major product was the surprising result of formal C—N migration of the furyl group, amide 16 (48%).
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Such migration reactions are the normal result of oxaziridine photolysi520 but are much rarer under the
“radical” conditions employed herein. In addition, this pathway has been conspicuously absent during our own
investigations of oxaziridine-copper(I) chemistry. As a control, oxaziridine 14 was submitted to standard
photolysis conditions; many products were obtained in addition to small amounts of 16 that were detected by
TLC only. It is possible that 16 arises from the mechanism shown, namely, that the initially formed nitrogen
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radical attacks the furyl group to give a resonance-stabilized radical. Carbon-carbon bond cleavage then forms
16 with concomitant ejection of the catalytic copper salt.

In summary, we have shown that 3-aryl-3-(3'-butenyl)oxaziridines are efficient precursors to
enantiomerically enriched pyrrolines. The utility of this chemistry has been demonstrated by the synthesis of a
derivative of D-proline containing a hydrophobic phenylmethyl substituent at the 8 position. In addition, the
mechanistic palette of nitrogen radical species obtained by single-electron transfer reactions of oxaziridines has
been shown to include fragmentation (B-scission) and migration reactions.
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