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ABSTRACT

The achiral bis(trimethylsilyl)methyl group acts as an efficient stereochemical determinant of the r-alkylation reaction in â-branched
r-phenyloxazolidinyl- or r-diphenyloxazolidinyl- â-lactams and provides the first stereocontrolled access to syn- r-amino- r,â-dialkyl(aryl)- â-
lactams. These products are readily transformed into type II â-turn mimetic surrogates 2B.

During the last two decades,â-turn peptidomimetics1 have
been sought as promising candidates for drug discovery due
to their ability to agonize or antagonize important biological
processes. We recently have established a novel approach
to the design of type IIâ-turn mimetics2 based on the
separation of restriction and recognition elementsprinciple
using the-(R-alkyl-R-amino-â-lactam)-(glycine)- segment
as the betagenic (i + 1)-(i + 2)- central core (Figure 1).
In the same report, we provided MD and NMR conforma-
tional evidence that showed that onlyR-alkylated or syn-
R,â-dialkylated â-lactam peptides1A and 1B stabilize

â-turned conformations in DMSO, whereas theR-unbranched
or anti-R,â-dialkylatedâ-lactam peptides collapse to open
conformations.

While the synthesis of dipeptide surrogates2A has been
addressed for the first time in our laboratory3 using the
R-alkylation ofN-[bis(trimethylsilyl)methyl]-â-lactams4 as
a key step (Figure 2), the extension of this methodology to
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Figure 1. â-Lactam peptide approach to type IIâ-turn mimetics.
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the preparation ofsyn-dialkyl dipeptides2B is not obvious.
Indeed, Ojima and others4 have established that the asym-
metric alkylation of enolates generated by the deprotonation
of â-substituted monocyclicâ-lactams invariably leads to
anti-R,â-dialkyl derivatives (e.g.,5f6).

Nevertheless, contrary to these general observations, we
have found2 that several structurally very similarâ-substi-
tutedN-[bis(trimethylsilyl)methyl]-â-lactams can afford mainly
syn-R-alkylated products (e.g.,7f8). Herein we report the
first general synthesis ofsyn-R,â-dialkyl(aryl)-â-lactam
dipeptides2B as well as a mechanistic model and experi-
mental evidence that accounts for the stereochemistry
observed as a function of the substituents borne by the
nitrogen atom of theâ-lactam.

To study the scope and stereochemical outcome of the
R-alkylation reaction, a series ofâ-branchedN-bis(trimeth-
ylsilyl)methyl-â-lactams were prepared from imines9 and
mono- or diphenyloxazolidinylacetic acid chlorides, accord-
ing to the described methods (Scheme 1).5

As shown in Table 1,â-lactams11-16 were completely
deprotonated within a few minutes with LDA in THF at-78
°C, and the resulting enolates were cleanly alkylated in fair
to good yields, either with activated benzyl and allyl
bromides or with primary normal alkyl iodides.6 Secondary
alkyl iodides failed to facilitate the reaction.

Inspection of the alkylation reaction ofR-phenyloxazo-
lidinyl-â-lactams (11-13; R ) H; entries 1-9) led to the
identification of the structural factors governing the syn/anti
stereoselectivity. For instance, increasing the bulkiness of
the R2 group in the alkylating agent was found to improve
the syn ratio. This effect was apparent from the good
stereoselection observed for benzyl bromide (entries 1 and
5) or R-branched allyl bromides (entry 6), compared with
the almost equimolar diastereomeric mixtures obtained from
simple orâ-substituted allyl bromides (entries 2, 4, and 7).
Small reactive electrophiles like methyl iodide or methyl
triflate (entries 3, 8, and 9) gave the poorer syn stereo-
selectivities. On the other hand, the aliphatic or aromatic
nature of theâ-substituent (R1) seemed to exert a limited
but appreciable effect on the diastereoselection, with the
aliphatic groups giving uniformly higher ratios of syn isomers
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Figure 2. Stereochemical sense of theR-alkylation ofR-(4-phenyl-
1,3-oxazolidin-3-yl)-â-lactams.

Scheme 1
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than their aromatic counterparts (compare entries 1, 2, and
3 with entries 5, 7, and 8, respectively). Our finding was
that incorporation of a second phenyl group in the oxazo-
lidinone ring (R-diphenyloxazolidinyl-â-lactams14-16; R
) Ph) significantly enhanced the syn stereoselectivity in all
instances, including those involving simple allyl and normal
alkyl groups, and provided a convenient preparative entry
to the desiredR-aminosyn-R,â-dialkyl(aryl)-â-lactams.

Transformation ofR-diphenyloxazolidinyl-â-lactams into
the dipeptide surrogates of type2B was carried out unevent-
fully, Scheme 2, by hydrogenolytic removal of the diphen-
yloxazolidinone ring and simultaneous Boc protection of the
R-amino-â-lactam group, followed by the elaboration of the
N-bis(trimethylsilyl)methyl moiety to theN-carboxymethyl
group. For example, Boc-(â-lactam)-(Gly)-H fragments36
and 37 were obtained in overall yields of 73 and 65%,
respectively.

To gain insight into thespecificsyn stereodirecting effect
exerted by the bis(trimethylsilyl) methyl and diphenyl-
oxazolidinyl groups on the alkylation reactions disclosed
above, we (a) explored the behavior ofN-trimethylsilyl-
methyl-â-lactams bearing less hindered groups at the nitrogen
atom and (b) conducted computational modeling of the
respective intermediateâ-lactam lithium enolates.

We found (Scheme 3) that reaction ofN-bis-silyl-â-lactams
11 and13 with cesium fluoride or tetra-n-butylammonium
fluoride, respectively, resulted in clean mono- or didesilyl-
ation of the bis(trimethylsilyl)methyl moiety to provide the
â-lactams38-41 in high yields. R-Benzylation ofN-tri-
methylsilylmethyl-â-lactams38 and 39 under conditions
identical to those used above afforded exclusively the anti

isomers42 and 43, whereas desilylation of bis-silyl-R,â-
dialkyl-â-lactams 17 or 21 gave the corresponding syn
isomers. These results were meaningful, not only because
they clearly stated the necessity of asecondtrimethylsilyl
group to reach any syn selectivity but also because they
anticipated the obtention of either syn or anti isomers from
the samestarting N-bis(trimethylsilyl)methyl-â-lactam by
simply desilylating the N-substituent before the alkylation
step.

A preliminary RHF/PM37 conformational analysis of the
putative lithium enolates (Figure 3) arising from the depro-
tonation of twoâ-methyl-â-lactam models (R) H and R)

Table 1. R-Alkylation of â-Substitutedâ-Lactams11-16

entry R product R2-X yield (%)a syn:antib

1 H 17 PhCH2Br 82 >98:2
2 H 18 CH2dCHCH2Br 91 67:33
3 H 19 MeI 90 53:47
4 H 20 CMe2dCHCH2Br 80 60:40
5 H 21 PhCH2Br 84 90:10
6 H 22 CH2dCMeCH2Br 67 93:7
7 H 23 CH2dCHCH2Br 85 50:50
8 H 24 MeI 75 10:90
9 H 24 MeOTf c 30:70

10 Ph 25 PhCH2Br 67 >98:2
11 Ph 26 CH2dCHCH2Br 72d 95:5
12 Ph 27 PhCH2Br 92 >98:2
13 Ph 28 2NaphthCH2Br 78 >98:2
14 Ph 29 CH2dCHCH2Br 85 >98:2
15 Ph 30 nBuI 58 >98:2
16 Ph 31 MeI 70e 71:29
17 Ph 31 MeI 82d 95:5
18 Ph 32 PhCH2Br 81 >98:2
19 Ph 33 MeI 84d 73:27

a Yield of the pure mixture of syn and anti products.b Determined by
1H NMR (500 MHz) analysis of the reaction crude. Configurations were
assessed by NOE experiments and X-ray crystallography (compounds28
and 30; see Supporting Information).c Yield not determined.d Enolate
trapping carried out at-30 °C for 16 h.d Enolate trapping carried out at
-78 °C for 16 h.

Scheme 2

Scheme 3
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Ph) was conducted, assuming a lithium cation chelated by
the oxazolidinone carbonyl oxygen atom and solvated by
the THF solvent. In each case, two significant energy minima

were characterized with theâ-lactam nitrogen pyramidal-
ized.8 As expected, for the more stable conformations (II ),
the bis(trimethylsilyl)methyl group and theâ-substituent
(Me) were located at opposite faces of theâ-lactam ring.
Moreover, in these conformers, one of the SiMe3 groups
shielded the back face of the enolate, thereby inhibiting the
formation of anti-R,â-dialkylated products. Finally, the
second 5-phenyl group borne by the oxazolidinone ring in
enolateII (R ) Ph) caused a partial rotation of the 4-phenyl
group with respect toII (R ) H), which is consistent with
the greater syn stereoselectivity observed forR-diphenyl-
oxazolidinyl-â-lactams with respect to the monophenyl
counterparts.

In summary, theR-alkylation of â-substitutedR-phenyl-
oxazolidinyl-N-bis(trimethylsilyl)methyl-â-lactams represents
the first method for preparing enantiopuresyn-R-amino-R,â-
dialkyl(aryl)-â-lactams, which are suitable intermediates for
the synthesis of type IIâ-turn dipeptide surrogates.
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Figure 3. Comparison of the calculated RHF/PM3 structures of
the lithium enolates ofâ-methylâ-lactam models (R) H) and (R
) Ph). Some hydrogen atoms are omitted for clarity.
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