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Abstract: Various N-(R)-(+)-(a-methylbenzyl)-(2R,3R)-disubstituted aziridines were prepared by
intramolecular cyclization. The regioselective reduction of the ring C(3)-N bond in the presence of
(Boc),0 by catalytic hydrogenation with atmospheric pressure of hydrogen provides (D)-phenylalaninol
analogues in good yields. © 1998 Elsevier Science Ltd. All rights reserved.
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The importance of unnatural, enantiomerically pure amino acids is increasing especially in the
syntheses of peptide-based biologically active compounds.' In connection with our research toward enzyme
inhibitors, we became interested in the efficient preparation of substituted phenylalanines and their derivatives.
Most aromatic modification of phenylalanine uses transition metal catalyzed cross coupling reactions starting
from tyrosine or arylboronic acid.> The need for various phenyl substituted a-amino acids prompted us to
investigate more general and efficient preparative method for those molecules.

We recently showed that a variety of enantiomerically pure aziridine-2-methanols (2) were prepared by
organometallic addition to the aziridine-2-carboxaldehyde (1) in high yields. The aziridine ring C-N bond can
be regioselectively cleaved by AcOH to provide various 2-amino-1,3-propanediols (3) (Scheme 1 ).}
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The selective reduction of the hydroxyl group at C-1 of 3 would provide $-amino alcohols which can
be transformed to o-amino acids after oxidation of the primary alcohol. Since a variety of aromatic groups
can be introduced in the first addition step, the reduction of the C-1 hydroxyl group and N-a-methylbenzyl
group will provide phenylalaninol analogues.

Recently, the preparation of enantiomerically pure 2,3-disubstituted aziridines from amino acids and
their derivatives by intramolecular cyclization was reported.” Treatment of the amino alcohol 3 with MsCl
and Et;N in CH,Cl, at —-78°C provides various cis-2,3-disubstituted chiral aziridines (4) by a stereospecific
intramolecular cyclization in high yields (Scheme 2).° Yamamoto™® reported that cis-2,3-disubstituted
aziridines are thermodynamically more stable than the corresponding trans-2,3-disubstituted aziridines and we
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Entry R Yield (% isolated)
4 5
a Phenyl 83 85

b 4-Chlorophenyl 81
c 4-Fluorophenyl! 81 80
d 1-Naphthyl 76 67
e 2-Naphthyl 82 71
f 2-Methoxypheny! 56 81
9 3-Methoxyphenyl 76 85
h p-Trifiuoromethylphenyl 77 82
i 4-Biphenyl 72 78

2-Thiazolyl 80
k Methy 83 75

confirmed that by observing the smooth cyclization of the mesylate of 3 to give high yields of the cis-aziridines
(4). However, we could not isolate the corresponding trans-2,3-disubstituted aziridines from the cyclization of
(1R.25) stereoisomers of 3 when R was an aromatic substituent.® The chemical shifts of the two ring protons
of the aromatic substituted aziridines are very similar which makes the coupling constant measurement difficult.
However, the two ring protons of the methyl substituted aziridine (4k) are well resolved and show 6.5 Hz of
coupling constant which confirms cis relationship of those two protons (J/,, ~ 7 Hz, Joams ~ 4 Hz).®

We recently reported regioselective reduction of the C-N bond of 2-substituted aziridines by catalytic
hydrogenation with the Perlman’s catalyst.” The same protocol applies to the 2,3-disubstituted aziridines (4)
and the reduction of the ring C-N bond occurs at the C(3) which has an aromatic substituent. ~ The presence
of (Boc) ,0 provides ring nitrogen activation and facilitates the reduction of the ring C-N bond and also N-a-
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methylbenzyl group with atmospheric pressure of hydrogen to provide 2(R)-N-Boc-phenylalaninol derivatives
(5 in high yields. However, the reduction of 4b and 4j yielded complex product mixtures and we failed to
isolate the expected product. Interestingly, the reduction of 4k also occurs at C(3) regioselectively to give an
alaninol homologue as the only isolated product which clearly shows the presence of the ethyl group in 'H and
"C NMR.” The acetate of 5a was hydrolyzed quantitatively by KOH in ethanol to give N-Boc-(D)-
phenylalaninol. The N-Boc-(D)-phenylalaninol from 5a was oxidized to the corresponding carboxylic acid
using RuCl, and NalO,'® and the crude carboxylic acid was converted to its methyl ester using methyl todide
in the presence of potassium hydrogen carbonate in DMF at room temperature’ without loosing optical
integrity in 81% yield.

To summarize the above results, we developed an efficient method for the preparation of a variety of
substituted (D)-phenylalanine derivatives by regioselective reduction of cis-2,3-disubstituted aziridines. Since
the enantiomer of 4 can be readily prepared from (S)-a-methylbenzylamine, the preparation of the substituted
(L)-phenylalanine derivatives is also possible.
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