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ABSTRACT

N-Boc-protected-5-substituted δ-lactams were readily prepared from the corresponding â3-amino acids. Alkylation reactions of their Na enolates
with various electrophiles proceeded in high yields with high facial selectivity. The structure of the alkylation products was confirmed by
single-crystal X-ray analysis. This method provides a fast access to optically active r,δ-disubstituted δ-amino acids.

The interest inω-amino acids andω-amino acid-containing
peptides1 has increased enormously with the finding that short
chain peptides consisting exclusively of optically activeâ-
or γ-amino acids can form stable folded structures in solution
and in the solid state.2,3 Recently, a few reports have
highlighted the potential of higherω-amino acids, including
δ-amino acids, for studying peptide folding4 and for the
construction of novel oligomers.5 Optically activeδ-amino

acids with various substitution patterns and diverse side chain
functionalities, e.g.,R,δ-disubstituedδ-amino acids, are thus
of interest for further studies in this area. Additionally,R,δ-
disubstitutedδ-amino acids can serve as dipeptide mimetics
in which the amide bond has been replaced by the nonhy-
drolyzable ethylene unitψ[CH2CH2].6

Although there are a few reports on the synthesis of
“carba” ψ[CH2CH2] dipeptide units in the literature,6 no
general stereoselective synthetic route has been described
so far.7 In an effort to develop a general method for the
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preparation of optically activeR,δ-disubstitutedδ-amino
acids which would be amenable to the synthesis of all four
possible diastereomers and which would allow the introduc-
tion of various natural and unnatural side chains at the
R-position, we investigated the synthesis and the alkylation
of N-Boc-protected-5-substitutedδ-lactams4.8

Prior to alkylation studies, we required a convenient
method for preparingN-Boc-protected lactams4. We found
that the method described by Smreina et al.9 for the synthesis
of γ-substitutedγ-amino acids was very efficient for the
conversion ofN-Boc-protectedâ3-amino acids1a-c (with
side chains of Ala, Phe, and Ile) into the corresponding
5-substitutedδ-lactams4a-c (Scheme 1).

The condensation of1 with Meldrum’s acid in the presence
of EDC (1.5 equiv) and DMAP (1.5 equiv) afforded the
correspondingâ-aminoacyl Meldrum’s acid2 in good yield
and purity. As expected, reduction of the keto functionality
of crude2 with NaBH4 yielded3 which was easily purified
by crystallization in all cases. Decarboxylative ring closure
of 3 in toluene at 110°C afforded lactam4 in high yield
after flash chromatography. The overall yields for this three-
step reaction sequence from1 ranged between 59% and 94%.

By analogy with previous studies onN-acyl piperidines10

andN-acyl morpholinones,11,12 we anticipated that the ring
substituent in the C-5 position of lactam4 would preferen-
tially adopt an axial conformation as a consequence of
pseudoallylic A(1,3) strain, thus providing stereocontrol
during alkylation of the enolate anion generated from4.

Table 1 shows the results of alkylation of enolates of4a-c
with various electrophiles. The results are reported for Na
enolates generated with NaHMDS (1.0 equiv) in THF/DME
(1:1) solution (0.2-0.25 mM) for 2 h 30 min at -78°C.

Under these optimized conditions, high levels of 1,4-
asymmetric induction were achieved with each of the three
lactams (anti:syn>98:2), thus demonstrating that the selec-
tivity is independent of the bulk of the R1 side chain.13

As shown by alkylation studies on4a, the stereochemical
outcome of the reaction was not affected by the size of the
electrophile. Yields of alkylation were good to excellent
except with isobutyl bromide. In this case, no reaction
occurred under our standard reaction conditions. Since the
reactivity of the enolate is sensitive both to solvent and
counterion effects, additional studies are needed to determine
the optimum conditions for alkylation by isobutyl bromide
and other primary halides.

The relative configuration at the newly formed stereogenic
center in compounds6 and10 was unambiguously assigned
by X-ray crystal structure analysis (one example is given in
Figure 1). The configuration of the other alkylation products
was assigned by analogy.
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Table 1. Alkylation of N-Boc-protected Lactams4

compd 4 R1 electrophile product yielda (%) drb

4a Bn BnBr 5 82 >99:1
4a Bn MeI 6 94 98:2
4a Bn CH2dCHCH2Br 7 57 >99:1
4b Me BnBr 8 65 >99:1
4b Me MeI 9 99 >99:1
4c sec-Bu CH2dC(Me)CH2Br 10 81 99:1
4c sec-Bu (CH3)2CHCH2Br 11 0
a Yield after flash chromatography.b Ratio determined by analytical C18

RP-HPLC of the crude product.

Figure 1. Structure of lactam10 (X-ray).

Scheme 1

a Meldrum’s acid, EDC, DMAP, CH2Cl2, rt, 2 h. b NaBH4,
CH2Cl2/AcOH (10:1), 0°C, 12 h.c Toluene, 110°C, 4 h.
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Interestingly, deprotonation/kinetic protonation of adduct
10 afforded lactam12 with inverted configuration at C-2 in
excellent yield and with high stereoselectivity (90% yield,
dr > 99:1 as determined by analytical C18 RP-HPLC)
(Scheme 2).

Finally, conversion of lactams10 and 12 to the corre-
spondingN-Boc-protected-R,δ-disubstitutedδ-amino acids
was performed smoothly and in good yield, by treatment
with LiOOH in THF/H2O. No significant epimerization
(<5%) occurred at theR-position as evidenced by RP-HPLC
analysis of peptides incorporatingδ-amino acids13 and14
(Scheme 3).

This method provides a general entry into this class of
compounds by making accessible all four possible dia-
stereomers, depending on the configuration of the starting
â-amino acid. Additional studies to broaden the scope of
these lactam enolate alkylations and utilization ofR,δ-

substitutedδ-amino acids for the construction of novel
δ-oligomers are in progress in our laboratories.
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(13) While this work was in progress, Battistini et al. (ref 8c) also reported
complete diastereoselectivity in the addition of benzyl bromide to the lithium
enolate of a 4,5-disubstituedN-Boc δ-lactam.

Scheme 2

a NaHMDS, THF/DME (1:1), 4 h,-78 °C. b Saturated NH4Cl.

Scheme 3

a LiOH, H2O2, THF/H2O (4:1).
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