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ABSTRACT

Ring opening of r-substituted- r-methoxycarbonyl- N-nosylaziridines provides a practical access to enantiopure r,r′-disubstituted â-lactam
scaffolds, novel types of ditopic reverse turn surrogates. The procedure is general, short, and high yielding and starts from handy r-substituted
serinates and r-amino acid derivatives.

Since their introduction by Freidinger,1 externally scaffolded
lactam peptides1 (Figure 1) are among the most efficient

and popular â-turn mimics.2 They present two major
advantages over cyclic peptides or internally scaffolded
peptidomimetics: (a) recognition by receptors can be tuned

owing to the flexibility of the CdO‚‚‚HN hydrogen bond,
and (b) incorporation of theâ-turn surrogate (i + 1) - (i +
2) segment into the peptide chain is not compromised by
macrocyclization reactions.

The design of lactam peptidomimetics presents, however,
an important limitation. As the restraint element (cycle) and
recognition groups (R1, R2) are usually crammed in the
scaffold, it is very difficult to devise lactam structures free
from undesired interactions with the receptor, especially for
ditopic3 ones.

Most of the lactam peptidomimetics used routinely as
â-turn surrogates (Figure 2) require one or two cycles to
correctly overlay the dihedral angles of theâ-genic (i + 1)
- (i + 2) residues to a particularâ-turn type (e.g., Nagai’s
bicyclic lactams2 or Freidinger’s lactams3). Hence, the
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Saperstein, R.Science1980, 210, 656-658. (b) Freidinger, R. M.J. Med.
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(3) ComprehensiVe Supramolecular Chemistry; Lehn, J.-M., Atwood, J.
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Figure 1. Scaffold/ditopic receptor interaction inâ-turn lactam
peptidomimetics: a bulky restraint element may preclude efficient
recognition of R1 and R2 groups.
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design of “minimal” lactam peptidomimetics incorporating
restraint elements as small as possible becomes highly
attractive. Within this endeavor, we have undertaken the
development of pseudopeptides4 by applying a “â-lactam
scaffold-assisted design” (â-LSAD). Mimetics resulting from
such an approach differ only in one single carbon atom from
the native peptides and are characterized by (a) an (i + 1)
residue consisting of anR-alkyl-R-amino-â-lactam ring
unsubstituted at positionâ and (b) a linear disposition of
the CR, N, and CR′ atoms.4

Although the synthesis of scaffolds formonotopicâ-lactam
pseudopeptides4 (R2 ) H) is known,4,5 no general method
exists to prepare theditopic â-lactam counterparts required
for the full development ofâ-LSAD.6 Only the syntheses of
the racemic azapeptidomimeticâ-lactam57 and the proline-

derived â-lactam scaffold68 have been reported. In both
instances, a Mitsunobu-type N1-C4 cyclization was the key
step to form the 2-azetidinone ring fromR-substituted serine
dipeptides8. Unfortunately, the general applicability of such
intermediates to the synthesis ofâ-lactam scaffolds7 is
drastically limited by the low acidity of the amide moiety
and the steric hindrance of substituents nearby.9

Herein, we report a general preparation of enantiopure
ditopic â-lactam scaffolds7 by means of an alternative
N1-C2 ester-amine cyclization strategy (Scheme 1). Our

synthetic plan employedâ-N-peptidyl-azaserinates9 as
â-lactam ring precursors and involved the reaction of
R-amino esters1110 with N-(o-nosyl)-aziridines10,11 which
acted as N-protected, O-activated equivalents ofR-substituted
serinates12.12

Nosylation of methylR-benzylserinate15 under standard
conditions (o-Ns-Cl, Et3N, DMAP catalyst) proved surpris-
ingly troublesome (Scheme 2), yielding the expected N-
monoprotected product in less than 25% yield. Changing to
inorganic bases (K2CO3) also led to the formation of the same
product along with the unexpected oxazolidin-2-one16,
incorporating a carbamate carbonyl group from potassium
carbonate. Gratifyingly, we found thatR-substituted methyl
serinates (15 and 17) or their peptides (18) were cleanly
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(9) For instance, in our hands, dipeptide CHO-(D)-Ser(RBn)-GlyOBn
failed repeatedly to cyclize to the correspondingâ-lactam7 (PG ) CHO;
R1 ) Bn; R2 ) H, R ) Bn) under several Mitsunobu conditions, including
those reported in refs 7 and 8.

(10) Alternative access toâ-N-peptidyl-azaserinates9 was also explored
from R-amino esters (including unhindered benzyl glycinate) andR-sub-
stituted serines with the hydroxy group activated asO-mesylate13 and
lactone14, but all attempts to prepare the desiredR,â-diamino esters met
with failure.
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Ed.; Pergamon: New York, 1996; Vol. 1A, p 1-60. (c) Atkinson, R. S.
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(12) Available from (D)-serine. See: Seebach, D.; Aebi, J. D.; Gander-
Coquoz, M.; Naef, R.HelV. Chim. Acta1987, 70, 1194-1216.

Figure 2. â-Lactam scaffold-assisted design (â-LSAD): formal
insertion in the native peptide of a carbon atom (CR-H +
H-N f CH2) provides the minimal pseudopeptide4 required to
accommodate aâ-turn conformation. PG: protecting group.

Scheme 1
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transformed into the correspondingN-nosyl aziridines by
treatment with 2 equiv ofo-Ns-Cl and excess KHCO3 in
acetonitrile at reflux. This reaction avoids cumbersome N-
or O-monoprotections required for conventional stepwise
transformation ofR,â-aminoalcohols intoN-sulfonylaziri-
dines13 and enables further in situ ring-opening reactions of
the products, vide infra.

Reaction of benzyl glycinate22 and benzyl alaninate23
with N-nosylaziridine19 (Scheme 3) led to a clean and

completelyâ-regioselective ring-opening reaction to form
theR-substitutedâ-N-peptidyl-azaserines24and25 in good
yields.14 These compounds might be converted into7 after

previous hydrolysis to the correspondingâ-amino acids,
followed by cyclodehydration.15 However, all attempts to
hydrolyze the methoxycarbonyl group were thwarted by
previous debenzylation or decomposition. Alternative in-
tramolecular base-promoted direct ester-amine condensation
of 24and25 to 7 also proved impracticle.16 These behaviors
were attributed primarily to the sterical shielding around the
CO2Me group and also to the latent acidity of theR′ proton.
To cancel this later effect,â-aminoalcohol silyl ethers2617

were investigated as nonenolizable surrogates ofR-amino
esters22 and23.

As shown in Table 1, aziridines19 and20 give a smooth
ring-opening reaction with amines26 to the corresponding

R,â-diamino esters27, but in contrast to their enolizable
counterparts24 and 25, cyclization of 27f28 was now
conducted in virtually quantitative yields (90-98%) upon
treatment with LiHMDS.18 Finally, the C-terminal carboxylic
group was restored after desilylation by oxidation with Jones’
reagent or the trichloroisocyanuric acid/2,2,6,6-tetramethyl-
1-piperidinyloxyl system (TCCA/TEMPO).19 The method
was applicable both to ditopic and to monotopicâ-lactam
scaffolds (see entries 1 and 6 in Table 1). Furthermore,
isolation of aziridines was not necessary to prepareâ-N-
substituted azaserines27. Indeed, slightly higher overall
yields were attained whenN-nosyl aziridines obtained from
methyl serinates15and17were immediately opened in situ
with â-aminoalcohol silyl ethers (entries 1-3 and 6).

Importantly, the method could also be extended to the
synthesis ofR,R′,R′-trisubstitutedâ-lactam scaffolds (Scheme
4, Table 2). We found that ring-opening reaction ofN-o-
nosylaziridines generated in situ fromR-substituted methyl

(13) For a related one-pot tosylation/aziridination ofR,â-aminoalcohols,
see: Bieber, L. W.; de Arau´jo, M. C. F. Molecules2002, 7, 902-906.

(14) To the best of our knowledge, these examples represent the first
general preparation ofR-substitutedâ-N-peptidyl-azaserines in enantiopure
form. For stereocontrolled synthesis ofR-substitutedâ-N-alkyl-azaserines,
see: (a) Pfammatter, E.; Seebach, D.Liebigs Ann. Chem.1991, 1323-
1336. (b) Burgaud, B. G. M.; Horwell, D. C.; Padova, A.; Pritchard, M. C.
Tetrahedron1996, 52, 13035-13050.

Scheme 2

Scheme 3

Scheme 4

Table 1. Synthesis ofâ-Lactam Scaffolds29 from Aziridines
19 and20

entry R1 R2 product yield (%)a product yield (%)c

1 CH2Ph H 27a 72 (75)b 29a 62 (81)d

2 CH2Ph Me, (S)* 27b 56 (67)b 29b 82
3 CH2Ph Me, (R)* 27c 56 (65)b 29c 81
4 CH2Ph Ph, (S)* 27d 52 29d 60
5 CH2Ph Ph, (R)* 27e 56 29e 50
6 Me H 27f -- (66)b 29f -- (74)d

7 Me iPr, (R)* 27g 53 29g 78

a Yield of pure isolated products.bOverall yields of27 from R-alkyl
serinates15 and17 by in situ ring opening of intermediate aziridines19
and 20 with â-aminoalcohol silyl ethers26. cOverall yields of the pure
products for transformation27f29. dOxidation step conducted using the
TCCA/TEMPO reagent.
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serinates15, 17, 30, and31with theR,R-disubstituted amino
esters20 32 afforded the correspondingR,â-diamino esters
in a one-pot operation. Treatment of these intermediates with
LiHMDS resulted in clean cyclization to provide the corre-
spondingâ-lactams33 in fair to good overall yields. These
results confirm the striking effect of the lack ofR′ acidic
protons on the reaction and represent one of the shortest and
more efficient routes to prepare highly hinderedâ-lactam
peptidomimetics.

Finally, coupling reactions involving orthogonal depro-
tection reactions at the N- and C-termini of theâ-lactam
dipeptides29eand33awere performed to illustrate the easy
incorporation of theâ-lactam scaffolds prepared into
pseudopeptides (Scheme 5). After screening,N-ethoxycar-

bonyl-2-ethoxy-1,2-dihydroquinoline (EEDQ)21 was found
to be the dehydration reagent of choice to couple the
carboxylic function of29eto sterically demandingR-amino

esters (e.g., H-Aib-OBn) without significant epimerization
at the phenylglycine residue.22 On the other hand, standard
N-denosylation with thiophenol and simultaneous reprotec-
tion with the Boc group was achieved in high yield.23

Conversely, inversion of the nosyl cleavage/peptide coupling
sequence in33a permitted an efficient and epimerization-
free elaboration of the highly hinderedR-amino-â-lactam
group (e.g., with Boc-Ala-H), providing the pseudopeptide
36 in high yield.

In conclusion, a short, practical, and epimerization-free
procedure to obtain mono- and ditopicâ-lactam scaffolds
has been developed, paving the way for the full application
of the â-LSAD concept. Several families ofâ-lactam
pseudopeptides resulting from this approach have been
prepared in our laboratory, and evaluation of their confor-
mational and biological behavior is underway.
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Table 2. Synthesis ofâ-Lactam Scaffolds33 from
R-Substituted Serines15, 17, 30, and31

entry serine R1 product R2 R3 yield (%)a

1 15 CH2Ph 33a Me Me 70
2 15 CH2Ph 33b -(CH2)4- 51
3 17 Me 33c -(CH2)4- 59
4 30 iBu 33d Me Me 45
5 31 CH2C6F5 33e Me Me 40

a Overall nonoptimized yields of pure isolated products33 from R-alkyl
serinates. One equivalent ofR-amino ester was used in all examples.

Scheme 5
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