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ABSTRACT

The constraint of dipeptides with linkers derived from 6-aminocaproic acid (Aca) is a useful means of constructing a #-turn peptidomimetic.
The extension of this concept to the mimicry of a tripeptide entails the incorporation of a side chain moiety on either end of the Aca chain.
The synthesis and conformational analysis of two exemplary compounds is discussed.

The utility of g-turn peptidomimetics as pharmacological S-turn conformation in which the amino acid residues occupy
probes and possible drug candidates has inspired a numbepositions corresponding to thet 1 andi + 2 positions of

of approaches for their desigidmong these, macrocycliza- a natural-turn (Figure 1) Work in this laboratory has

tion with a linking group has proved a fruitful approach for
the synthesis gf-turn mimics, often with a good degree of
conformational restrictioAMacrocycles composed of ami-
nocaproic acid (Aca) and a dipeptide are known to adopt a R

i+1 H Ri+2 H

(1) Reviews: (a) Farmer, P. S. IBrug Design; Ariéns, E. J., Ed.; HN 0 o) 0
Academic: New York, 1980; Vol. 10, pp 139443. (b) Giannis, A.; Kolter, O-PwHN O HN
T. Angew. Chem., Int. Ed. Engl993,32, 1244—-1267. (c) Olson, G. L.; PN R
Bolin, D. R.; Bonner, M. P.; Bés, M.; Cook, C. M.; Fry, D. C.; Graves, B. Ri NH O Riva 12 6 2
J.; Hatada, M.; Hill, D. E.; Kahn, M.; Madison, V. S.; Rusiecki, V. K.; ]
Sarabu, R.; Sepinwall, J.; Vincent, G. P.; Voss, MJEMed. Chem1993, e e 1t Ry=Bn,Ry=H
36, 3039-3049. (d) Gante, Angew. Chem., Int. Ed. Engl994,33, 1699— 2: Ry=H,Ry=8n
1720. (e) Aubé, J. IrAdvances in Amino Acid Mimetics and Peptidomi- ) . )
metics; Abell, A., Ed.; JAI Press: Greenwich, 1997; Vol. 1, pp-1232. Figure 1. A generalize¢b-turn (left) and an Aca-constraingdturn

(2) For some recent examples, see: (a) Bach, A. C., II; Eyermann, C. peptidomimetic containing Gly-Gly in thiet+ 1 andi + 2 positions.
J.; Gross, J. D.; Bower, M. J.; Harlow, R.; Weber, P. C.; DeGrado, W. F.
J. Am. Chem. S0d.994,116, 3207—3219. (b) Shao, H.; Wang, S. H. H,;
Lee, C.-W.; Gapay, G.; Goodman, Ml. Org. Chem.1995, 60, 2956—
2957. (c) Miller, S. J.; Grubbs, R. H. Am. Chem. S04995,117, 5855— i i
5856. (d) Shao. H.: Lee, C.W.; Zhu. O.. Gantzel. P.: Goodmarhgew. focused on thg effect'of.Aca substituent stereochemistry on
Chem., int. Ed. Engl1996,35, 90-92. (e) Bach, A. C., Il.; Espina, J. R.;  the conformation of similar macrocyclésn that work, we
Jackson, S. A.; Stouten, P. F. W.; Duke, J. L.; Mousa, S. A.; DeGrado, W. established linker stereochemistry to have a significant effect

F.J. Am. Chem. S0d.996,118, 293—294. (f) Feng, Y.; Wang, Z.; Jin, S; . .
Burgess, K.J. Am. Chem. Sod998, 120, 10768—10769. (q) Feng, Y..  ©N the type ofi-turn adopted in a series of macrocycles based

Pattarawarapan, M.; Wang, Z.; Burgess,®g. Lett. 1999,1, 121—124. on the Ala-Gly motif. Despite the appealing simplicity and

10.1021/0l005618s CCC: $19.00  © 2000 American Chemical Society
Published on Web 05/16/2000



generality of this approach, it has been underutilized as a | N NG

strategy in peptidomimetic design.
Often, the biological activity of a peptide is dependent on
three consecutive amino acid residues, such as the well-
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known RGD triac® Utilization of an Aca-linking strategy

for the mimicry of such compounds would require the tether $

to mimic a third amino acid residue by incorporating an 3 Ph 4 Ph
amino acid side-chain equivalent onto itself. Two obvious

positions for side-chain substitution are at C-2 and C-6 of N""NEEIQ",S)Z’ 0 ji

the Aca chain, as pictured in Figure 1. In this Letter, we Ns\/\/?)LN 0

describe the synthesis of two Gly-Gly mimics containing a Ph \—/
monosubstituted Aca linker representing an additional “ph
phenylalanine moietyl(and2, Figure 1). The choice of Gly- 5

Gly as the central dipeptide was made to permit examination o

of the conformational tendencies of the linkers in the absence

of a conformationally demanding dipeptide unit. In earlier

work? it had been established that a 3-methyl-substituted 6
Aca chain occupied type IB-turn space to a surprising

o 1. LIOH (76%)
degree as determined by CD spectroscopy. However, the X 2. TFA
position of the methyl group in that compound did not V\/?)\H‘G'V‘G'V'OE‘ 3. DECP, EtGN (29%)
correspond to that of a side chain in a naturally occurring Ph
p-turn. PA(OH),, EtsSiH, /~ 78 X=Na

We envisioned using methods that would be widely Boc;O (80%) 7b, X = NHBoc

applicable to a variety of proteinogenic side-chain types with
modest modifications. While the final stages in the syntheses
followed standard peptide-coupling protocols, the synthesis phonate (DECP) resulted in the formationdofNo racem-

of the 2-benzyl-substituted linker was accomplished using ization was evident by chiral HPLC examination of azide
an oxazolidinone-mediated asymmetric alkylation reaction 7a (Chiralcel OD-H column, 7% EtOH/hexane) using a
as the key step (Scheme®IJhus, 6-bromohexanoyl chloride  racemic mixture as the standard.

was coupled to the standard Evans chiral auxiliary to form  The synthesis of the Aca tether bearing a C-6 benzyl
3. After displacement of the bromide with NaNleproto-  substituent utilized a chiral pool approach (Scheme 2).
nation and alkylation with benzyl bromide affordgq73%, Elongation of the carbon chain of Baephenylalandlwas

>98% de). Following the removal of the chiral auxilidry, effected by Wittig reaction with [3-(ethoxycarbonyl)propyl]-
the azido acid was coupled to tNeterminus of glycylglycine

ethyl ester to afford a seco-tripeptide. The azide moiety Was_
then directly reducédo afford Boc-protected amirgb. This Scheme 2

step proved convenient inasmuch as attempted direct reduc-

tions to the unprotected amine proved problematic, possibly Ph
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triphenylphosphonium bromideto give the product olefin  evidence of an Gi{NH) and Gly(NH) interaction that

(8). The six-carbon tether was incorporated into tripeptide would betray the presence of a type | orfFturn. Some

11 and cyclized using the standard peptide coupling tech- averaging of diastereotopic protons in both cases suggests
nigues shown. In this example, a modest amount of racem-that these compounds experience a degree of conformational
ization was encountered en route to the final targets, mixing. Still, it is evident that placing a substituent on the
presumably taking place during the olefination step (Chiralcel Aca linker does not interfere with the intrinsic preference
OD-H (4% EtOH/hexane) analysis of the hydrogenated form of this system for gll/Il' conformation.

of compound indicated that this material was obtained in ~ An X-ray crystallographic structure obtained from com-
ca. 93% ee). pound?2 confirmed the solution results (Figure 3; a crystal

Circular dichroism (CD) spectroscopy measurements of_

macrocyclesl and 2 were carried out in methanol at
concentrations previously established to minimize aggrega-
tion (c = 1 mg/mL, 0.02 cm path lengtd)The CD spectrum

of compoundl resembles the standard CD curve fofla

turn as established for an Aca-containing model system
(Figure 2)3¢9 Conversely, compound shows a significant

Figure 3. Ball-and-stick depiction of the X-ray crystallographic
structure of compound.

in the racemic space group2/a was crystallized from
MeOH/CHCI,). Indeed, the observed dihedral angles are all
within 26° of idealized type [l values!! Interestingly, this
structure also contains the “classicgtturn H-bond between
the Aca(C=0) and the Aca(NH) (&> H distance 1.892
A). Examination of this structure shows that the benzyl
substituent occupies a pseudoequatorial position in this
conformation, presumably to avoid steric interactions with
the remainder of the cyclic molecule.
In summary, two examples of phenylalanine-like Aca
Figure 2. CD spectra of compounds (blue) and2 (red). linkers have been prepared and incorporated into a cyclic
peptide. Peptidomimetics containing substitution at positions
2 and 6 on the tether adopt a type Il drtturn surrounding
the central Gly-Gly dipeptide, respectively. We are currently
extending these findings into the realm of pharmacologically
Cr_eIevant peptide mimicry.

population of the backbone mirror-imagell’ turn as
established by CD. For both and 2, NMR ROESY
experiments supported our assignments based on CD spe
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