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The solid-supported synthesis followed by cyclization in solution of cyclic (o,f)-tripeptides, potential peptide f-turn mimetics, is described.
The cyclization takes advantage of facilitating the rotation between trans- and cis-rotamers of two amide bonds. The method is amenable to
combinatorial approaches as is illustrated by the synthesis of a small array of cyclic (of)-tripeptides.

The S-turn is one of the important secondary structure  As part of a program directed toward covalent control of
elements in proteins. It is defined as any tetrapeptide shape and folding in peptides, we were interested in
sequence in which the &-C, "2 distance in a nonhelical developing a general approach for small molegtHeirn
region is less than 7 A and is often stabilized by a mimetics, which was also amenable to combinatorial pur-
10-membered hydrogen-bonded ring between the amideposes (Figure 1).

carbonyl of residue and the amide proton of residuet

3.1 There is a great deal of interest in the synthesis of small _

molecules that mimic th@-turn structure, for example, to

mimic or interfere with proteirprotein interactior’sor bind w2 O »

to biological targets. B )\\ R —
Numerouss-turn mimetics have been reported. Many are, o NH oL A SR

however, not generally applicable and cannot contain any N- H--O —> N

desired side chain, if any. Furthermore, the resemblance to R zg nR 9NMK“/N

aB-turn in solution may be absehthe absence of a reliable 0 HN

solid-phase synthesis route may also be an impediment to
the introduction of diversity. Favorable exceptions are
described, among othetdyy Ellman et al5 Kahn et al$ Figure 1. Protein/-turn andf-turn mimetic1.
Golebiowski et al”,and Burgess et at.who have designed
p-turn mimicking ring systems which have also been

successfully used in combinatorial preparations. In this Letter we describe the design and synthesis of a
potential S-turn mimic of entirely tripeptidic nature® A

B-turn
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Scheme 1. Retrosynthesis gf-Turn Mimetics with General
Structurel
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design was the use of substituted amide bonds in the
precursors in order to facilitate rotation and thereby cycliza-
corresponding tripeptidomimetic containing an amino sul- tion** The presence of four substituents'{R"*) in
fonamide will be reported shortly. Examples of cyclic tri- Principle provides ample opportunity for the generation of
and tetrapeptides consisting only of &mino acids are very ~ diverse libraries. Irl the H-bond of the 10-membered ring
scarcé® and usually contain proline, av-substituted amino ~ Of @ naturalf-turn is replaced by g-peptoid residué;
acid, or the very flexible amino acid glycine, which has no Providing covalent control of the structure of the turn as well
side chain. The presence of proline ofdssubstituted amino @S facilitating rotation around the amide bond.

acid is especially noteworthy, since this will facilitate rotation ~ The retrosynthesis dfis shown in Scheme 1. Our strategy
around the amide bond from theans- to thecis-rotamer. ~ fOr creating thes-turn mimetics was to leave the central (
This rotation is necessary for the nine-membered ring of the T 1 andi + 2) amino acids of thg-turn largely untouched

cyclic tripeptide to form. Clearly, the presence of otigns- with respect to a naturally occurrigyturn. The two amide
formation of a small cyclic peptidé. around the tertiary peptide amide bonds. Moreover, they

provide additional diversity as pharmacophores in the
ultimate tripeptides-turn mimic. Alternatively, one of the
substituents may be used as a resin attachment site. Ring

(6) () Eguchi, M.; Lee, M. S.; Nakanishi, H.; Stasiak, M.; Lovell, S.; _closur_e tol Shou'd take_ placg in the f!nal couplmg step
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We designed cyclicozf)-tripeptides of general structure
1 as mimics ofg-turns (Scheme 1). A crucial feature of our
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2000,2, 2615. o . . .
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Scheme 2. Synthesis of a Representative Mimétic
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aReagents and conditions: (a) (i) 20% piperidine, DMF, 30 min; (ii) oNBS-CI (5 equiv), collidine (10 equiv), 1 h; (b) (i) allyl alcohol
(10 equiv), PBP (5 equiv), DIAD (5 equiv), DCE, 1 h; (ii) 0.5 M3-mercaptoethanol, DBU (5 equiv), 30 min; (c) acryloyl chloride (4
equiv), TEA (6 equiv), 16 h; (d) benzylamine (20 equiv), LiCl, DMSO, 3 days; (e) Fmoc-Tyr(tBu)-OH (4 equiv), HBTU (4 equiv), HOAt
(0.5 equiv), collidine (8 equiv), 16 h; (f) (i) 20% piperidine, DMF, 30 min; (ii) 1% TFA/DCM, 02 min; (g) BOP (1.1 equiv), HOBt

(1.1 equiv), DIEA (2.5 equiv), 16 h; (h) TFA, 30 min.

our “site-specificN-alkylation” methodt® Thus, it should

5, which was reacted with acryloyl chloride. The resulting

ultimately be possible to introduce a large amount of resin-bound acrylaté® was then subjected to a Michael

diversity, using an array of alcohols for the §de chains
and amines for the 'R side chains. This diversity can be

addition yielding secondary aming to which Fmoc-Tyr-
(tBu)-OH was coupled to giv8. After cleavage of the Fmoc

further increased by accessing the large pool of commercially group, the lineanSa (af5) tripeptide could be selectively

availablea-amino acids for the R! and R™ side chains.
As an illustration of its potential, the synthesis of a
representative (1b) of this new class of potential turn
mimetics is shown in Scheme 2. The synthesis 1bf
commenced with resin-bound Fmoc-phenylalanBeat-
tached to the resin through the highly acid labile HMPV (4-
(4-hydroxymethyl-3-methoxyphenoxy)-valeric acid) linkér.
After Fmoc deprotection, a solid-supported sulfonamitle (

released from the resin by mild acid treatment, leaving the
side chain protection intact. After purification, linear trimer
9 was obtained in 68% vyield (average yield 96% per step, 9
steps). Cyclization d® was achieved at 1 mM concentration
in DCM using BOP leading to (g8)-tripeptide 1la in 55%
yield. Because cyclization is relatively slow, the activated
C-terminal residue might have partly racemiz&dfforts

are underway to clarify the issue of racemization. Finally,

having a relatively acidic proton was generated using oNBS- removal of the side chain tBu protecting group was ac-

C1.Y7 This sulfonamide was suitable for introduction of an
N-allyl substituent by a Mitsunobu reaction on the solid

complished using TFA to yield the desired cyclia,6-)
tripeptide1b in 11% vyield after preparative HPLC. Yields

phase. Next, the oNBS group was removed using a thiolatein this last deprotection step turned out to be somewhat
anion, affording the resin-bound deprotected secondary aminedisappointing because of the observed moderate acid stability

(15) (a) Reichwein, J. F.; Liskamp, R. M. Tetrahedron Lett1998,39,
1243. (b) Reichwein, J. F.; Wels, B.; Kruijtzer, J. A. W.; Versluis, C.;
Liskamp, R. M. JAngew. Chem., Int. EA.999,38, 3684.

(16) The HMPV linker is analogous to the HMPB linker introduced by
Riniker et al. and is available from Senn Chemicals AG. Riniker, B.;
Flérsheimer, A.; Fretz, H.; Sieber, P.; Kamber, Rtrahedron1993,49,
9307.

(17) Fukayama, T.; Jow, C.-K.; Cheung, Metrahedron Lett1995 36,
6373.
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of the resulting cyclic tripeptides. Instability ofamino acid
containing cyclic tripeptides has been noted bet8r@e-

(18) The NMR spectra show additional peaks that may be due to the
presence of multiple conformations of the cyclic trimer or may be caused
by the presence of the epimeric product.

(19) (a) Rothe, M.; Faehnle, M.; Wermuth, Bept., Proc. Eur. Pept.
Symp., 18t11984, 573. (b) Rothe, M.; Faehnle, M.; Maestle, W.; Feige, K.
Pept.: Struct. Funct., Proc. Am. Pept. Symp., 2885, 177.
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composition is complete within 2 h upon treatment with 10% [ NG

TFA in DCM, so it is essential that the deprotection time is
kept to a minimum. However, this problem can be addressed
by adapting the protecting groups used.

Using this route we were able to synthesize a small array
of other (functionalized) cyclicozf3) tripeptides in similar
yields (Figure 2). Since this method is clearly amenable to
combinatorial approaches, work is in progress on the
synthesis of libraries of these potential small molecgiaurn
mimetics. Indeed, preliminary modeling studies using Monte
Carlo conformational searching implemented in the Macro-
ModePF° program (vs 7.0) showed a clear resemblance of
the global minimum of thex,S-tripeptide backbone with a
type Il turn (Figure 3} The R—R™* distance was 6.8 A, Figure 3. Global minimum of theo,S-tripeptide backbone. The

nicely fitting within the 7 A limit? calculated torsion angles wefe*l = 59°, yi+l = 44° pi+2 =
In conclusion, we have shown the synthesis of putative 66°, 2 = 30°.

small molecules-turn mimetics comprising a cycliagf)
tripeptide skeleton starting from simple starting materials of in order to further expand the diversity of the cyclic tripeptide
which a large diversity is available. Using this route a variety skeleton to tripeptidomimetics.

of functionalized cyclic tripeptides was accessible. Moreover,

to our knowledge, these are the smallest readily functional- ~Acknowledgment. We thank Dr. Johan Kemmink for his
ized cyclic peptide systems that have been described so farassistance in recording and interpreting the 500 MHz spectra,
A crucial feature of our approach is facilitation of rotation Hans Hilbers for his assistance with the modeling studies,
around amide bonds by using substituted, i.e., tertiary amideand NDRF-Quadrant for financial assistance.

bonds, thereby enabling cyclization. Currently, on-resin
cyclization methods are under investigation. In addition,
modifications of thegs-peptoid moiety are being investigated
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cedures and characterization details (HPHE,13C, COSY
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