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Abstract The stereoselective synthesis and conformational evaluation of Gly-Pro type Vl 
turn mimic 7, the first mimetic to constrain the central three bonds and incorporate the side 
chain groups of a beta-turn, is described. A superimposition of the crystallographically 
determined structure of 7 with the structure of a typical type VI turn revealed exceptional 
similarity in backbone and side chain atom positions. The temperature dependence of the 
chemical shift of the amide proton of the derivative 8 in DMSO confirmed the presence of a 
remarkably stable i, i+3 intramolecular hydrogen bond. 

Conformationally constrained polypeptides forced to adopt beta turn conformations 
have been the focus of substantial research activity, ‘2 There is great interest in such 
compounds since turns are present in the active conformations of numerous biologically 
important peptides. 3 The design strategies toward turn-constrained analogs have been 
diverse,4 and their successes in duplicating the structural features of turns have been varied.8 
In particular the type VI turn has attracted considerable interest as a result of its unique 
structural and functional properties (Figure 1) .6 The characteristic feature of the type VI turn is 
the presence of a cis-proline residue at the i+2 position. Type VI turns have been 
spectroscopically detected in the solution conformations of several highly potent peptide 
hormone analogs,’ and have been implicated in the function of important proteins.8 
Structure-activity relationships of these molecules would be significantly clarified through 
functional analysis of analogs constrained to the type VI turn conformation using rigid mimics 
that incorporate side chain functional groups. 

As part of a program to synthesize polypeptides as scaffolds for functional groups, we 
required a rigid mimic that possessed the conformational characteristics and side chain 
functional groups of the central two residues of the type VI turn and that would be amenable 
to solid phase peptide synthetic procedures. Inspection of the structure of the type VI turn6 
revealed that the Cot-H bond vectors of the i+l and i+2 residues are disposed such that 
connection of the alpha carbons with a two atom covalent bridge would result in a 
conformationally stable bicyclic structure, as in compound II (Figure 1). Incorporation of the 
two atom bridge removes the possibility of rotation about the ~1, co, and 92 bonds. Herein we 
report the synthesis and conformational evaluation of bicyclic lactam II (X=CHz, R=H), a 
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Figure 1. Structures of the type VI turn (11 and dipeptide mimic (II). 

constrained Gly-Pro type VI turn9 that is the first mimic to restrict the three central backbone 

torsion angles and to incorporate side chain functional groupslo 

The starting material for the synthesis was (R)-Z-(2’-propenyl)proline Cl), available in 

optically pure form from (S)-proline following the procedure developed by Seebach and co- 

workers-11 Protection of the secondary amino group of 1 as a benzyloxycarbamate and 

esterification of the carboxyl group proceeded smoothly to afford ester 2 in 60% overall yield.12 

Oxidative cleavage of the double bond of ester 2 was effected with sodium periodate and 

catalytic osmium tetroxide, resulting in aldehyde 3 (60%). 

Attachment of a protected glycine synthon to the aldehyde function of the intermediate 

3 proved non-trivial, but was successfully accomplished by a Wittig-Horner reaction. 

Condensation of 3 with phosphonate 4 13 afforded dehydroamino acid 5 as an equimolar 

mixture of E and Z isomers (65%). The high yield of this transformation demonstrates the 

value of Wittig reactions to construct highly functionalized amino acid derivatives. 

Subsequent hydrogenolysis of the secondary amino protecting group of 5 occurred with 

concomitant alkene reduction to furnish amino ester 6 as a 1:l mixture of diastereomers (85%). 

Cyclization of 6 was achieved with complete regioselectivity in refluxing triethylamine, 

resulting in a mixture of epimeric bicyclic lactams which could be completely converted to the 

thermodynamically more stable cis isomer 7 in 86% overall yield, completing the 

stereoselective synthesis. 

The ability of bicyclic lactam 7 to duplicate the conformational features of the central two 

residues of a type VI turn was evaluated by crystallographic, computational and spectroscopic 

techniques. The structure of lactam 7 was determined by X-ray crystallography.*4 To assess the 

conformational similarity between mimic 7 and a typical type VI turn, a superimposition of 

the main chain and side chain atoms of 7 with the corresponding atoms of the type VI turn 

from RNase (Tyr92-Pro93115 was carried out using a computational overlay algorithm16 that 

minlrnizes the deviation between the positions of analogous atoms of the two structures. The 

two structures displayed exceptional similarity, with 0.15 A RMS overall deviation (Figure 2). 
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Further indication of the utility of the bicyclic structure of 7 as a mimic of the type VI 

bun was obtained from IH NMR spectroscopy of derivative 8. The temperature dependence 

of the chemical shift of the amide resonance of isobutylamide 8 in DMSO (-1.3 ppb/K) was 

consistent with an intramolecular hydrogen bond from the amide NH to the carbamate 

carbonyl oxygen. 17 The uncommonly low value for this number reflects the the exceptional 

stability of the i, i+3 hydrogen bond of the mimetic, which most Iikely is due to the substantial 

rigidity of the bicyclic structure. 

Figure 2. Stereoview of the overlay of the side chain and backbone atoms of 7 (X-ray structure) 

with those of the type Vi turn (Tyr 92-Pro 93) of RNase. Positional deviations of the ester 

carbonyl carbon and carbamate nitrogen are 0.21 and 0.13 A, respectively. 



In conclusion we have shown that lactam 7 is ‘a dipeptide mimetic of high rigidity and 

similarity in backbone and side chain conformation to the type VI turn. It is anticipated that 

turn mimics incorporating i+Z side chain functional groups should be accessible through 

stereoselective alkylation of enolates derived from 7. Studies are underway to prepare such 

functionalized mimics and to use these compounds to obtain constrained peptides. 

Acknowledgment. Financial support from the University of Houston and American 

Cyanamid (Faculty Research Award to J. P. G.) is gratefully acknowledged. 

P-= Hruby, V. J. LiJe Sci. 1982,31,189-199. Toniolo, C. Znt. J. Peptide Protein Res. 1990,35, 287- 
&. Rizo, J.; Gierasch, L. M. Ann. Rev. Biochem. 1992,61, 397-418. 
2. Ball, J. B.; Alewood, P. F. 1. Mol. Recognit. 1990,3, 55-64. Kemp, D. S. Trends Biol. Sci. 
1990,8,249-255. 
3. Smith, J. A.; Pease, L. G. Crit. Rev. Biochem. 1980,8, 315-399. Rose, G. D. ef al. Ada. 
Protein. Chem. 1985,37, l-109. 
4. Freidinger, R. M. et al. Znt. 1. Pept. Protein. Res. 1980,16, 464-470. Krstenansky, J. L. et al. 
B&hem. Biophys. Res. Commun. 1982,109, 1368-1374. Kemp, D. S.; Sun, E. T. Tetrahedron 
Lett. 1982,23, 3759-3760. Nagai, U.; Sato, K. Tetrahedron Lett. 1985,26, 647-650. Kemp, D. S.; 
Stites, W. E. Tetrahedron Lett. 1988,29, 5057-5060. Kahn, M. et al. J. Mol. Recognit. X988, I, 75- 
79. Hinds, M. G. et al. 1. Chem. Sue., Chem. Common. 1988, 1447-1449. Olson, G. L. et al. 1. 
Am. Chem. Sot. 1990,212, 323-333. Ernst, I. et al. Tetrahedron Lett. 1990,28, 4011-4014. Diaz, 
H.; Kelly, J. W. Tetrahedron Lett. 1991,32,5725-5728. Genin, M. J.; Johnson, R, L. 1. Am. Gem. 
Sot. 1992,124,877&8783. Paul, P. K. C. et al. Bioorg. Med. Gem. ktt. 1992,2,141-144. 
5. Kemp, D. S.; McNamara, P. Tetrahedron Lett. 1982,23, 3761-3764. Freidinger, R. M. et al. 
Science 1980,210, 656-658. Sato, K.; Nagal, U. J. Chem. Sot., Perkin Trans. 2 1986, 1231-1234. 
Casceri, M. A. et al. Mol. Pharmacol. 1986,29, 34-38, Yu, K.-L. et al. J. Med. Chem. 1988,31, 
1430-1436. Douglas, A. J_ et al. Biuchem. Sot. Trans. 1988,16, 175-176. 
6. Richardson, J. S.; Richardson, D. C. in Prediction of Protein Structure and the Principles of 
Protein Conformation Fasman, G. D., ed.; Plenum Press: New York; 1989, pp 48-53. 
7. Veber, D. F. et aI. Nature 1981,292, 55-58. Kessler, H. et al. Angezu. Chem. Znf. Ed. Engl. 
1992,32, 328. Dyson, H. J. et al. J. Mol. Biol. 1988,201, 161-200. Tallon, M. et al. Biopolymers 
X993,33,915926. 
8. Adler, M. et aZ Biochemistry 1990,29,8211-8217. Cockcroft, V. B. Proteins 1990,8, 386-3%. 
9. For examples of peptfdes with Gly-Pro type VI turns presumed in the bioactive 
conformation, see Kessler, H. et al. J. Am. Chem. Sot. 105, 6944; Kessler, H. et al. Angew. 
Chem. Znt. Ed. Engl. 1992,31, 328 
10. For rigid mimics that constrain three bonds but do not incorporate side chains, see Nagai, 
LJ. et al. Tetrahedron Lett. 1985,26, 647-650; Genin, M. j. et ai. 1. Am. Chem. Sot. 1992. 
11. Seebach, D. et al. J. Am. Chem. Sot. 1983,205, 53903398. 
12. All new compounds were completely characterized by NMR (‘H and ‘30, IR, and 
elemental analysis. Complete details of the experimental procedures, compound 
characterization, and conformational analysis will be published shortly in a fuU paper. 
13. Schmidt, U.; Lieberknecht, A.; Wild, J. Synthesis, 1984,53-60. 
14. We are grateful to Dr. James D. Korp for the crystal structure determination. 
15. Wlodawer, A.; Sjolin, L. Biochemistry 1983,22, 2720-2726. 
16. Performed on a Silicon Graphics Workstation using the Quanta package. 
17. A CHARMm-minimized model of amide 8 based on the crystal structure of 7 displays a 
sound intramolecular hydrogen bond (N-O distance 2.76 A, NH-O angle 1500). 

(Received in USA 3 September 1993: revived 10 November 1993; accepted 21 December 1993) 


