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ABSTRACT
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Ring opening of a-substituted- a-methoxycarbonyl- N-nosylaziridines provides a practical access to enantiopure
scaffolds, novel types of ditopic reverse turn surrogates. The procedure is general, short, and high yielding and starts from handy

serinates and a-amino acid derivatives.
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Since their introduction by Freidingéexternally scaffolded
lactam peptided (Figure 1) are among the most efficient
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Figure 1. Scaffold/ditopic receptor interaction ifi-turn lactam
peptidomimetics: a bulky restraint element may preclude efficient
recognition of R and R groups.
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and popularS-turn mimics? They present two major

owing to the flexibility of the G=O---HN hydrogen bond,
and (b) incorporation of thg-turn surrogatei(+ 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 (R R? are usually crammed in the
scaffold, it is very difficult to devise lactam structures free
from undesired interactions with the receptor, especially for
ditopic® ones.

Most of the lactam peptidomimetics used routinely as
pB-turn surrogates (Figure 2) require one or two cycles to
correctly overlay the dihedral angles of thegenic { + 1)

— (i + 2) residues to a particulgi-turn type (e.g., Nagai's
bicyclic lactams2 or Freidinger’'s lactamg$). Hence, the

(2) For reviews, see: (a) Souers, A. J.; Ellman, JTAtrahedror2001,
57, 7431-7448. (b) Hanessian, S.; McNaughton-Smith, G.; Lombart, H.-
G.; Lubell, W. D. Tetrahedron1997, 53, 12789-12854. (c) Kahn, M.;
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Figure 2. p-Lactam scaffold-assisted desigf-l(SAD): formal
insertion in the native peptide of a carbon atomo{8 +
H—N — CH,) provides the minimal pseudopeptidaequired to
accommodate A-turn conformation. PG: protecting group.

design of “minimal” lactam peptidomimetics incorporating

derived -lactam scaffold6® have been reported. In both
instances, a Mitsunobu-type NT4 cyclization was the key
step to form the 2-azetidinone ring fromsubstituted serine
dipeptides8. Unfortunately, the general applicability of such
intermediates to the synthesis Gflactam scaffolds7 is
drastically limited by the low acidity of the amide moiety
and the steric hindrance of substituents nedrby.

Herein, we report a general preparation of enantiopure
ditopic f-lactam scaffolds7 by means of an alternative
N1—-C2 ester-amine cyclization strategy (Scheme 1). Our
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synthetic plan employeg-N-peptidyl-azaserinate® as
p-lactam ring precursors and involved the reaction of
a-amino esterd 1'° with N-(o-nosyl)-aziridinesl0,** which
acted as N-protected, O-activated equivalents-sfibstituted
serinatesl 2.2

Nosylation of methyk-benzylserinatd5 under standard

restraint elements as small as possible becomes highlyconditions 6-Ns-Cl, E&N, DMAP catalyst) proved surpris-
attractive. Within this endeavor, we have undertaken the jngly troublesome (Scheme 2), yielding the expected N-

development of pseudopeptidédy applying a 5-lactam
scaffold-assisted design3{LSAD). Mimetics resulting from
such an approach differ only in one single carbon atom from
the native peptides and are characterized by (a) anJ)
residue consisting of am-alkyl-o-aminog-lactam ring
unsubstituted at positiofi and (b) a linear disposition of
the Gu, N, and @' atoms?

Although the synthesis of scaffolds faronotopigs-lactam
pseudopeptides (R? = H) is known#*® no general method
exists to prepare thditopic g-lactam counterparts required
for the full development ofi-LSAD.® Only the syntheses of
the racemic azapeptidomimefielactam5’ and the proline-

(4) Palomo, C.; Aizpurua, J. M.; Benito, A.; Miranda, J. |.; Fratila, R.
M.; Matute, C.; Domercq, M.; Gago, F.; Martin-Santamaria, S.; Linden,
A. J. Am. Chem. So003 125 16243-16260.

(5) (a) Macias, A.; Ramallal, A. M.; Alonso, E.; Del Pozo, C.; Gonzalez,
J.J. Org. Chem200§ 71, 7721-7730. (b) Palomo, C.; Aizpurua, J. M.;
Benito, A.; Galarza, R.; Khamrai, U. K.; Vazquez, J.; DePascual-Teresa,
B.; Nieto, P. M.; Linden, AAngew. Chem., Int. EA.999 38, 3056-3058.

(c) Wu, Z.; Georg, G. |; Cathers, B. E.; Schloss, JBiborg. Med. Chem.
Lett. 1996 6, 983-986.

(6) Freidinger-typef-lactam scaffolds (R= H): (a) Turner, J. J.;
Sikkema, F. D.; Filippov, D. V.; van der Marel, G. A.; van Boom, J. H.
Synlett2001, 1727-1730. (b) Sreenivasan, U.; Mishra, R. K.; Johnson, R.
L. J. Med. Chem1993 36, 256-263. For relategb-substituted3-lactam
scaffolds, see: (c) Palomo, C.; Aizpurua, J. M.; Ganboa, |.; Benito, A,;
Cuerdo, L.; Fratila, R. M.; Jimenez, A.; Loinaz, |.; Miranda, J. |.; Pytlewska,
K. R.; Micle, A.; Linden, A.Org. Lett.2004 6, 4443-4446. (d) Alonso,

E.; Lopez-Ortiz, F.; Del Pozo, C.; Peralta, E.; Mas| A.; Gonzkez, J.J.
Org. Chem2001, 66, 6333-6338. (e) Ojima, IAcc. Chem. Re4995 28,
383-389. (f) Maier, T. C.; Frey, W. U.; Podlech, Bur. J. Org. Chem.
2002 2686-2689.
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monoprotected product in less than 25% yield. Changing to
inorganic bases (¥CQO;) also led to the formation of the same
product along with the unexpected oxazolidin-2-oh&
incorporating a carbamate carbonyl group from potassium
carbonate. Gratifyingly, we found thatsubstituted methyl
serinates 15 and 17) or their peptides X8) were cleanly

(7) Broadrup, R. L.; Wang, B.; Malachowski, W. Petrahedron2005
61, 1027710284.

(8) (a) Bittermann, H.; Gmeiner, B. Org. Chem200§ 71, 97—102.
(b) Bittermann, H.; Bokler, F.; Einsiedel, J.; Gmeiner, Bhem-—Eur. J.
2006 12, 6315-6322.

(9) For instance, in our hands, dipeptide CH®)-Ser@Bn)-GlyOBn
failed repeatedly to cyclize to the correspondffipctam? (PG = CHO;
Rl = Bn; R2 = H, R= Bn) under several Mitsunobu conditions, including
those reported in refs 7 and 8.

(10) Alternative access {-N-peptidyl-azaserinateswas also explored
from a-amino esters (including unhindered benzyl glycinate) arglib-
stituted serines with the hydroxy group activatedGsnesylatel3 and
lactonel4, but all attempts to prepare the desireg-diamino esters met
with failure.
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(11) Monographs on the reactivity of aziridines: (a) TannerABgew.
Chem., Int. Ed. Engll994 33, 599-619. (b) Pearson, W. H.; Lian, B. W.;
Bergmeier, S. C. IComprehensie Heterocyclic Chemistry iPadwa, A.,
Ed.; Pergamon: New York, 1996; Vol. 1A, p-B0. (c) Atkinson, R. S.
Tetrahedron1999 55, 1519-1559. (d) Osborn, H. M. 1.; Sweeney, J.
Tetrahedron: Asymmetry997 8, 1693-1715.

(12) Available from p)-serine. See: Seebach, D.; Aebi, J. D.; Gander-
Coquoz, M.; Naef, RHelv. Chim. Actal987 70, 1194-1216.

Org. Lett, Vol. 9, No. 1, 2007



Scheme 2
Ph Ph
HAN 0-NSCI, K,COq N
27 oH MeOC " =0

CO,Me (o]
15 16 (37%)
R1 ) R1
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T ©oH xoc
Cox MeCN, reflux, 16 h N-Ns
15 (R'=Bn; X= OMe) 19 (89%)
17 (R'= Me; X= OMe) 20 (85%)
18 (R'= Bn; X= NHCH,CO,Bn) 21 (86%)

transformed into the correspondimgtnosyl aziridines by
treatment with 2 equiv 0b-Ns-Cl and excess KHC in
acetonitrile at reflux. This reaction avoids cumbersome N-
or O-monoprotections required for conventional stepwise
transformation ofo,f-aminoalcohols intd\-sulfonylaziri-
dines® and enables further in situ ring-opening reactions of
the products, vide infra.

Reaction of benzyl glycinat22 and benzyl alaninat23
with N-nosylaziridine19 (Scheme 3) led to a clean and

Scheme 3
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28a-g 29a-g

completelys-regioselective ring-opening reaction to form
the a-substituteB-N-peptidyl-azaserine®4 and25 in good
yields1* These compounds might be converted iitafter

(13) For a related one-pot tosylation/aziridinatiorag$-aminoalcohols,
see: Bieber, L. W.; de Afgo, M. C. F. Molecules2002 7, 902-906.

(14) To the best of our knowledge, these examples represent the first
general preparation ef-substituteq3-N-peptidyl-azaserines in enantiopure
form. For stereocontrolled synthesisw®ubstituted3-N-alkyl-azaserines,
see: (a) Pfammatter, E.; Seebach,iebigs Ann. Chem1991 1323~
1336. (b) Burgaud, B. G. M.; Horwell, D. C.; Padova, A.; Pritchard, M. C.
Tetrahedron1996 52, 13035-13050.
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previous hydrolysis to the correspondiffigamino acids,
followed by cyclodehydratio> However, all attempts to
hydrolyze the methoxycarbonyl group were thwarted by
previous debenzylation or decomposition. Alternative in-
tramolecular base-promoted direct est@mine condensation
of 24 and25to 7 also proved impracticlé® These behaviors
were attributed primarily to the sterical shielding around the
CO;Me group and also to the latent acidity of tieproton.
To cancel this later effecfj-aminoalcohol silyl ether@6'’
were investigated as nonenolizable surrogates-amino
esters22 and 23,

As shown in Table 1, aziridines9 and20 give a smooth
ring-opening reaction with amineXs to the corresponding

Table 1. Synthesis of3-Lactam Scaffold29 from Aziridines
19 and20

entry R! R2 product yield (%)* product yield (%)

1 CH;Ph H 27a 72 (75)° 29a 62 (81)¢
2 CHyPh Me, (S)* 27b 56 (67)° 29b 82

3 CHyPh Me, (R)* 27c¢c 56 (65) 29¢ 81

4 CHoPh Ph, (S)* 27d 52 29d 60

5 CHoPh Ph, (R)* 27e 56 29e¢ 50

6 Me H 27f - (66)° 29f - (74)

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

aYield of pure isolated product®Overall yields of27 from a-alkyl
serinatesl5 and 17 by in situ ring opening of intermediate aziriding9
and 20 with S-aminoalcohol silyl ether26. cOverall yields of the pure
products for transformatio@7—29. 9Oxidation step conducted using the
TCCA/TEMPO reagent.

o,B-diamino ester®7, but in contrast to their enolizable
counterparts24 and 25, cyclization of 27—28 was now
conducted in virtually quantitative yields (9®8%) upon
treatment with LIHMDS'® 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/TEMPOY¥ The method
was applicable both to ditopic and to monotopidactam
scaffolds (see entries 1 and 6 in Table 1). Furthermore,
isolation of aziridines was not necessary to prepaie-
substituted azaserine®/. Indeed, slightly higher overall
yields were attained whel-nosyl aziridines obtained from
methyl serinate45and17 were immediately opened in situ
with g-aminoalcohol silyl ethers (entries-B and 6).
Importantly, the method could also be extended to the
synthesis ofy,a’ ,o'-trisubstituteds-lactam scaffolds (Scheme
4, Table 2). We found that ring-opening reaction M-
nosylaziridines generated in situ fromsubstituted methyl

Scheme 4
R1

R 1) 0-NsCl (2 equiv), KHCO3,  NsHN.,
HaN., | on then, H,NCR2R3CO,Me 32 L—\N R2 \

Co,Me 2 LIHMDS (2,5 equiv), THF o \rR

CO,Me
15,17, 30-31 33
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Table 2. Synthesis ofs-Lactam Scaffold33 from
o-Substituted Serine$5, 17, 30, and31

entry serine R! product  R? R3  yield (%)~
1 15 CHzPh 33a Me Me 70
2 15 CHzoPh 33b —(CHa)s— 51
3 17 Me 33c —(CHa)s— 59
4 30 ‘Bu 33d Me Me 45
5 31 CHyCgF5 33e Me Me 40

aQverall nonoptimized yields of pure isolated produg3from a-alkyl
serinates. One equivalent afamino ester was used in all examples.

serinated 5, 17, 30, and31 with the a,a-disubstituted amino
ester®” 32 afforded the corresponding,5-diamino esters

in a one-pot operation. Treatment of these intermediates with
LiIHMDS resulted in clean cyclization to provide the corre-
spondingB-lactams33 in fair to good overall yields. These
results confirm the striking effect of the lack of acidic

esters (e.g., HAib—0OBN) without significant epimerization

at the phenylglycine residi#é On the other hand, standard
N-denosylation with thiophenol and simultaneous reprotec-
tion with the Boc group was achieved in high yiéfd.
Conversely, inversion of the nosyl cleavage/peptide coupling
sequence irB3a permitted an efficient and epimerization-
free elaboration of the highly hinderettaminof-lactam
group (e.g., with Boe Ala—H), providing the pseudopeptide
36 in high yield.

In conclusion, a short, practical, and epimerization-free
procedure to obtain mono- and ditogfelactam scaffolds
has been developed, paving the way for the full application
of the S-LSAD concept. Several families of-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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