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Abstract: The incorporation of a-substituted t-amino acids into a tetrapeptide motif induces a 
reverse turn in aprotic solvent systems as revealed by NOESY and ROESY techniques, and by CD 
spectra. The conformations of these compounds have been studied by molecular modeling, and 
further supported by performing a highly stereoselective free radical aUylation reaction on an ~t- 
phenylseleno 13-amino acid unit within the tetrapeptide. © 1997 Elsevier Science Ltd. 

The de novo design of secondary structures of peptides is an area which has attracted considerable 

attention in recent years 1. In this regard, 13-turns play an important structural and conformational role in many 

biologically relevant proteins. 2 These motifs have been the focus of many studies in the design and synthesis 

of peptidomimetics and related molecules. 3 Common strategies for constructing 13-turn-like secondary 

structures consist in incorporating a conformationally rigid peptidomimetic cyclic molecule, 2-4 a 

conformationally rigidified acyclic peptidomimetic molecule 3 such as an (z,13-unsaturated T-amino acid, 5 an 

(z,(z-dialkylamino acid, 6 or a D-(z-amino acid. 7 As an extension of our studies on the highly stereoselective 

free radical allylations of (z-phenylseleno I]-amino acids by exploiting intramolecular H-bonding as a 

stereocontrolling element, 8 we report herein on the synthesis and conformadonal aspects of a tetrapeptide that 

comprises an (z-substituted I]-amino acid. 9 

In our previous studies, we found that (z-substituted 13-amino acid derivatives adopt a conformation in 

which the N-H and C=O(NMe2 or OMe) groups are coplanarly aligned in space to form a pseudo six- 

membered ring via an intramolecular H-bond. 8 Based on solution and X-ray crystallographic data as well as on 

molecular modeling data, we hypothesized that the incorporation of a ~-amino acid in a peptide chain might 

enforce a reverse turn, thus generating a 13-turn-like secondary structure ('Figure 1). 
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The synthesis of the intended tetrapeptides followed an unencumbered path as shown in Scheme 1. 

Thus, treatment of the dianion of Boc-l]-amino-L-butyric acid methyl ester with phenylselenyl bromide gave 

almost exclusively the corresponding (S)-~-phenylselenyl derivative which was carefully hydrolyzed to the 

acid 1. Peptide coupling with 2-trimethylsilylethyl L-prolinate in the presence of PyBOP or TBTU/DIPEA 

gave the dipeptide [(o~-R-phenylseleno)-Boc-[~-HAla]-Pro-OCH2CH2SiMe3, 2. Acid hydrolysis of the Boc 

group followed by peptide coupling with Boc-Ala-OH gave the corresponding tripeptide 3 in 73% yield. 

Finally, removal of the TMSE ester group and coupling of the resulting proline tripeptide with H-Val-NMe2 led 

to the desired tetrapeptide 4 harboring an enantiopure t~-phenylseleno l-amino acid. The corresponding 

"natural" tetrapeptide sequence BocAla-Ala-Pro-ValNMe2 was synthesized in a similar way. 
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Reaction conditions: a. PyBOP/DIPEA/CH3CN/-78 to 0°C, 2-trimethylsilylethyl prolinate; b. 4N HCl/dioxane; c. 
TBTU/DIPEA/CH3CN~°C; d. TBAF/THF; e. TFAA/TEA/CH2CI2/-78°C; f. allyl tributylstannane[AIBN/hv/CH2CI2/O°C. 

In order to maximize intramolecular H-bonding as in our previous studies, 8 we converted the Boc group 

in the tetrapeptide 4 into the corresponding N-trifluoroacetyl analog 5. Treatment of the latter with allyl 

tributylstannane in the presence of AIBN under irradiation afforded a compound 6 as a single diastereomer in 

which the phenylseleno group had been replaced by an allyl group with retention of configuration. That the 

free radical allylation had taken place with a greater than 95:5 ratio of stereoselectivity as in related 13-amino acid 

amides 8, was ascertained by preparing the product 6 independently utilizing the preformed o~-(S)-allyl 13-amino 

L-butyric acid 8 as for the sequence shown in Scheme 1. Model studies in the stereocontrolled free radical 

allylation of dipeptides containing an o~-phenylseleno I]-amino acid related to 2 led to a single diastereomers 

(anti/syn >98:2) as shown in Scheme 2.10, 11 

Although we could not obtain X-ray quality crystals to study the solid-state three-dimensional structure 

and conformation of the two tetrapeptides 5 and 6, we secured convincing spectroscopic evidence regarding the 

relative disposition of the two peptidic chains. The solution conformation of peptides 5 and 6 were 

investigated in CDCI3 with NOESY and ROESY techniques. 12 The qualitative yet clearly diseernible long 

distance nOe's are indicative of the presence of a reverse turn in 5 and 6 (Figure 2). Molecular modeling 
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studies (Macromodel 4.5 version, 13 Amber force field) with hOe derived intemuclear distances as constraints 

also suggest the prevalence of a 13-tum-like conformation in 5 and 6. 

Scheme 2 
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The CD spectra of 5 and 6 measured in 1,1,2,2-tetrachloroethane showed in each case, a band at about 

220 nm indicative of a reverse turn which supports the nOe data.14,15 It is therefore possible that the 13-amino 

acid unit in the tetrapeptide still adopts a conformation similar to that in the corresponding monomer (Figure 1). 

This is further supported by the unprecedented chemical conversion of 5 to 6 via a highly stereoselective free 

radical aUylation reaction as in the esters and amides of (z-phenylseleno-13-N-substituted amino acids. 8 The 

successful stereocontrolled (z-C-allylation under mild free radical conditions within peptidic motifs is most 

likely due to approach of the allyl group from the tess hindered side of a conformationally biased and H-bonded 

(z-amino radical 5A, as illustrated in Figure 2. 

Figure 2 
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In summary, p-amino acids can be used as scaffolding devices for the design and assembly of 

secondary structures of peptides. 17 The localized 3-dimensional organization of peptidic subunits harboring 

such (z-substituted [~-amino acids may induce important conformational and functional properties that cannot be 

realized with their counterparts derived from (z-amino acids. Further studies in these and related areas ,will be 

reported in due course. 



3158 

Acknowledgment: We thank NSERC for generous financial assistance through the Medicinal 

Chemistry Chair program. We also thank Dr. Minh Tan Phan Viet and Ms. Sylvie Bilodeau (Universit6 de 

Montr~l) for performing the NMR experiments and Dr. J. Turnbull (Concordia University) for offering the 

use of the CD spectrometer and for helpful discussions. 

References and notes: 

1. a) DcGrado, W. F. Adv. Protein Chem. 1988, 39, 51; b) Fasman, G. D. In "Prediction of Protein 
Structure and the Principles of Protein Conformation", Fasman, G. D., ed.; Plenum Press: New York, 
1989; pp 193-316; c) Creighton, T. E. "Proteins: Structures and Molecular Principles"; 2nd ed.; Frcernan: 
New York, 1993; d) Goodman, M.; Ro, S. in "Burger's Medicinal Chemistry and Drug Discovery", 5th 
ed.; Wolff, M., ed.; Wiley: New York, 1995; Vol. I, pp 803-861. 

2. Rizo, J.; Giersach, L. M.. Ann. Rev. Biochem. 1992, 61, 387. 
3. a) Kahn, M.; Wilke, S.; Chen, B.; Fujita, K.; Lee, Y.-H.; Johnson, M. E. J. Mol. Recognition 1988, 1, 

75; b) Ball, J. B;. Alewood, P. F. J. Mol. Recognition 1990, 3, 876; c) H61zemann, G. Kontakte 
(Darmstadt) 1991, 1, 3; d) Horwell, D. C., Guest editor, Bioorg. Med. Chem. Lett. 1993, 3, 797; e) 
Giannis, A.; Kolter, T. Angew. Chem. Int. Ed. EngL 1993, 32, 1244. 

4. See for example: a) Olson, G. L.; Voss, M. E.; Hill, D.E.; Kahn, M.; Madison, V. S.; Cook, C. M. J 
Am. Chem. Soc. 1990, 112, 323; b) Ward, P; Ewan, G. B.; Jordan, C. C.; Ireland, S. J.; Hagan, R. M.; 
Brown, J. R. J. Med. Chem. 1990, 33, 1848; ; c) Mierke, D. F. ; Kurz, M.; Kessler, H. J. Am. Chem. 
Soc. 1994, 116, 1042; d) Haubner, R; Schmitt, W.; H61zemann, G.; Goodman, S. L.; Jonczyk, A.; 
Kessler, H. J. Am. Chem. Soc. 1996, 118, 7881. e) Dumy, P.; Keller, M.; Ryan, D. E.; Rohwedder, 
B.; Wohr, T.; Mutter, M. J. Am. Chem. Soc. 1997, 119, 918. 

5. Hagihara, M.; Anthony, N. J.; Stout, T. J.; Clardy, J.; Schreiber, S. L. J. Am. Chem. Soc. 1992, 114, 
6568. 

6. a) Hinds, M. G.; Welsh, J. H.; Brennard, D. M.; Fisher, J.; Glennie, M. J.; Richards, N. G. J.; Turner, 
D. L.; Robinson, J. A. J. Med. Chem. 1991, 34, 1777 ; b) Kawai, M.; Omori, Y.; Yamamura, H.; 
Butsugan, Y.; Taga, T.; Miwa, Y. J. Chem. Soc., Perkin Trans. 1 1995, 2115 and references cited 
therein. 

7. See for example: a) Chalmers, D. K.; Marshall, G. R. J. Am. Chem. Soc. 1995, 117, 5927; b) Yah, Y. ; 
Erickson, B. W.; Tropsha, A. J. Am. Chem. Soc. 1995, 117, 7592. 

8. Hanessian, S.; Yang, H.; Schaum, R. J. Am. Chem. Soc. 1996, 10, 2507. 
9. For a review on [3-amino acids, see Cole, D.C. Tetrahedron 1994, 50, 9517. 

10. The stereochemical assignments were corroborated by independent syntheses from enantiopure 
components. 

11. For a recent review on free radical chemistry involing a-amino acids, see: (a) Easton, C. J. Chem. Rev. 
1997, 97, 53, and references cited therein; see also ref. 8. For recent reviews on stereochemical control in 
acyclic systems utilizing free radical chemistry, see: (b) Smadja, W. Synlett 1994, 1. (c) Porter, N. A.; 
Giese, B. and Curran, D. P. Acc. Chem. Res. 1991, 24, 296, and references cited therein. 

12. 5 and 6 were examined with a standard NMR protocol involving IH NMR, 13C NMR, COSY, HMQC, 
TOCSY, NOESY and ROESY. The mixing time for both NOESY and ROESY varied from 300 msec to 1 
see, in CDCI 3, at 25 °C, with a 600 MHz Bruker AMX-600 spectrometer. 

13. Mohamadi, F.; Richards, N. G. J.; Guida, W. C.; Likamp, R.; Lipton, M.; Caufield, C.; Chang, G.; 
Hendrickson, T; Still, W. C. J. Comput. Chem. 1990, 11,440. The molecular modeling was performed 
with the Macromodel 4.5 version package on a Silicon Graphics workstation, with a protocol involving a 
sequential Monte Carlo conformational search, energy minimization, molecular dynamic simulation, and 
energy minimization again. 

14. Johnson, Jr., W. C. Proteins: Structure, Function, and Genetics 1990, 7, 205. 
15. The CD spectrum of the natural tetrapeptide showed much diminished absorption at 220 nm. 
16. For clarity, the radical is shown as a singly-occupied p-orbital, which could be delocalized into the 

carbonyl group of the amide. 
17. For recent examples concerning conformational aspects of 13-amino acid constituted oligomers, see a) 

Fermindez-Santin, J. M.; Munoz-Guerra, S.; Rodriguez-G~ilan, A.; Aymami, J.; Lloveras, J.; Subirana, 
J.A.; Giralt, E.; Ptak, M. Macromolecules 1987, 20, 62; b) Seebach, D.; Overhard, M.; Kuhnle, F.N.M.; 
Martinoni, B.; Oberer, L.; Hommel, U;. Widmer, H. Helv. Chim. Acta 1996, 79, 913; c) Appella, D.H.; 
Christianson, L.A.; Karle, I.L.; Powell, D.R.; Gellman, S.H.J. Am. Chem. Soc. 1996, 118, 13071. 

(Received in USA 30 January 1997; revised 13 March 1997; accepted 17 March 1997) 


