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ABSTRACT

r-Methylation of 3 gave 5 as a major product whereas 4 gave 6 predominantly, although both 3 and 4 have an (S)-chiral center at C(3). This
indicates that chirality at C(2) in 3 and 4 was memorized in the corresponding intermediate enolates and the induced chirality made a major
contribution in the stereochemical course of the reaction, while chirality at the adjacent chiral center C(3) had little effect.

NonproteinogenicR,R-disubstituted-R-amino acids have at-
tracted considerable attention because of their utility as
conformational modifiers of biologically active peptides and
as enzyme inhibitors.1 Typical methods for their asymmetric
synthesis involve chiral auxiliary-based enolate chemistry.2,3

However, we developed a direct asymmetricR-alkylation

of R-amino acid derivatives without using any external chiral
sources.4,5 For example, phenylalanine derivative1 undergoes
R-methylation to give2 in 81% ee and 96% yield upon
treatment with potassium hexamethyldisilazide (KHMDS)
followed by methyl iodide. We proposed the chiral non-
racemic enolate intermediateA6 with a chiral C(2)-N axis
as a crucial intermediate for this asymmetric induction.4c We
report here the stereochemistry of theR-alkylation of
L-isoleucine derivative3 and its C(2)-epimer,D-allo-iso-
leucine derivative4.

It is unclear whether the stereochemical course of the
reaction of3 and4 is governed by the chirality at C(2) or
C(3). If the chiral information at C(2) is completely lost with
formation of the enolate,R-alkylation of either3 or 4 should
give products (e.g.,5 and6) with an identical diastereomeric
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composition via common enolate intermediateB. On the
other hand, if the chirality of C(2) is preserved in enolate
intermediates (i.e.,memory of chirality7,8), 3 and 4 should
give products with different diastereomeric compositions via
diastereomeric enolate intermediates such asC (aS, 3S) and
D (aR, 3S), respectively. To test this hypothesis, the
R-methylation of3 and4 was examined.

L-Isoleucine andD-allo-isoleucine derivatives3 and4 with
tert-butoxycarbonyl (Boc) and methoxymethyl (MOM) groups
at the nitrogen were prepared from the parent amino acids
in respective yields of 92 and 75%. Treatment of3 with 1.1
molar equiv of KHMDS in THF at-78 °C for 60 min
followed by the addition of methyl iodide gave a mixture of
diastereomers5 and6 in a ratio of 93:7 in a combined yield
of 93%. On the other hand, the same treatment of4 gave a
mixture of5 and6 in a ratio of 14:86 with a combined yield
of 91%. Although5 and6 were obtained as an inseparable
mixture, the ratio was unambiguously determined by 400
MHz 1H NMR, and each of the pure diastereomers was
obtained after conversion to the correspondingp-nitrobenz-
amides7 and8, respectively.9 The stereochemistry of8 was

determined to be (2R,3S) by an X-ray crystallographic
analysis (Figure 1).10 R-Methylation of both3 and4 occurred

with retention of configuration at C(2) with comparable
diastereoselectivities (93% ds for3 vs 86% ds for4). Thus,
the chirality at C(2) made a decisive contribution to the
stereochemical course ofR-methylation even in the presence
of the adjacent chiral center C(3). We assumeC andD for
the possible structures of chiral enolate intermediates gener-
ated from3 and4, respectively, by analogy with our recent
results.4c The central chirality at C(2) in3 and4 appears to
be preserved inC andD as dynamic axial chirality6 due to
restricted rotation of the C(2)-N bond.

Since the Boc and MOM groups at the nitrogen seem to
be essential for the axial chirality inC and D, we next
examined the reactions ofN,N-di-Boc derivatives9 and10
that do not generate axially chiral enolates. UponR-methy-
lation under conditions identical to those for3 and4, 9 gave
a 54:46 mixture of11and12 in 83% yield.11 The exact same
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Figure 1. X-ray structure of8.
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results suggests that the reactions of both9 and10 share a
common enolate intermediate,E.12

R-Allylation of 3 and4 gave stereochemical results that
paralleled those ofR-methylation. Treatment of3 with
KHMDS for 60 min followed by the addition of allyl
bromide in THF at-78 °C gave13 and14 in a 92:8 ratio
with a combined yield of 78%, while the same treatment of
4 gave13 and14 in an 18:82 ratio with a combined yield of
73%.

In conclusion, the stereochemical course of theR-alkyla-
tion of bothL-isoleucine andD-allo-isoleucine derivatives3
and4 was controlled predominantly by the chirality at C(2),
while that at the adjacent chiral center C(3) had little effect.
The chirality at C(2) in3 and4 is assumed to be memorized
in the intermediate enolates in the form of dynamic axial
chirality along the C(2)-N axis.
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