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Abstract: An inverse T-turn mimetic, having a morpholin-3-one ring as the key structural unit, was 
prepared in enantiomerically pure form in seven steps and 37% overall yield starting from 2(R)-[I'(S)- 
azido-2'-phenylethyl]oxirane (3). The mimetic has side-chains corresponding to a Phe-Ala-Ala 
tripeptide but the synthetic route was designed to allow incorporation also of other side chains. 
Molecular mechanics calculations revealed that the torsional angles of the second residue of the mimetic 
were effectively locked into an inverse y-turn like conformation. © 1997 Elsevier Science Ltd. 

Proteins and peptides display a multitude of important biomedicinal activities in fields as diverse as 

endocrinology, microbiology and immunology. However, direct use of peptides as drugs is often severely 

hampered by poor pharmacokinetic properties, such as low uptake on oral administration, rapid enzymatic 

degradation and facile excretion. 2 In addition, conformational flexibility may reduce the biological activity 

and receptor selectivity of peptides, whereas unfavourable solubility often imposes restrictions on their use 

under physiological conditions. To circumvent these problems large efforts have been devoted to the design 

and preparation of peptidomimetics, i.e. compounds which have structures different from those of peptides but 

still interact with a specific receptor. 3-9 

Turns are important secondary structural elements in proteins and mediate reversal of the overall 

direction of the polypeptide chain. In 13- and 7-turns this reversal occurs over four and three amino acid 

residues, respectively, so that the C=O of the first residue is located close in space to the NH of the last 

residue enabling formation of a hydrogen bond between these residues. Turns are usually situated at the 

surface of proteins allowing the outwardly projecting side chains to mediate important biological functions 

such as receptor binding, antibody recognition and posttranslational modification. 10 Structural studies have 

also revealed the presence of both 6- and T-turns in several small peptide hormones of pharmacological 

importance such as somatostatin, 10 oxytocin, 11-14 vasopressinl5-17 and LHRH. 18'19 The G-turn is the most 

common form of turn found in peptides and proteins and substantial interest has therefore been directed 

towards synthesis of 13-turn mimetics (cf. 4,6,8,20 for leading references). The related 7- and inverse 7-turns, 
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which are defined by the torsional angles of the second residue in the turn, 10'21 have attracted less attention 

and only a few approaches to 7-turn mimetics have been described. 22-24 As the first part of a project directed 

towards development of general syntheses of turn mimetics we now report the design and synthesis of the 

inverse ),-turn mimetic 1. In 1 the amide bond between residues 1 and 2 in the turn has been replaced by a 

methylene ether isostere simultaneously with ensuring the close spatial location of residues 1 and 3 through a 

covalent methylene bridge (Figure 1). Molecular mechanics calculations revealed that this backbone to 

backbone linkage, which gives a six-membered morpholin-3-one ring, effectively restricts the torsional angles 

of the second residue to values close to those of an inverse ),-turn. 
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Figure 1. A: A schematic inverse 7-turn and the mimetic 1. B: A superimposition of a Phe-Ala-Ala tripeptide 

oriented as an inverse T-turn (~  = -57 °, W = 32 °) and the mimetic 1. Compound 1 was energy minimized by 

molecular mechanics calculations using the MM3 92 program and then superimposed on the tripeptide using 

the MacMimic 3 program. 25 

Enantiomerically pure 2(R)-[l '(S)-azido-2'-phenylethyl]oxirane (3), prepared from commercially 

available phenylacetaldehyde (2, 46% over 7 steps) according to the literature, 26'27 was used as starting 

material in the synthesis of the mimetic 1 (Scheme 1). The azido group in 3 serves as a precursor of the ~- 

amino group of the first residue in the turn. Regioselective, nucleophilic opening at the primary position 28 of 

the epoxide 3 was achieved with (S)-(+)-2-amino-l-propanol, protected as the tert-butyldiphenylsilyl ether, in 

refluxing EtOH to give the aminoalcohol 4 (71%). Opening of the epoxide could also be performed with 

unprotected (S)-(+)-2-amino-l-propanol but in a somewhat lower yield (60%). In order to allow acylation of 

the amino group in 4 protection of the secondary hydroxyl group was found to be essential. This was achieved 

by silylation with triethylsilyl chloride (--~ 5) and acylation with (R)-(+)-2-bromopropionic acid was then 

effected using diisopropylcarbodiimide to give 6 (81% over two steps). 1-Hydroxybenzotriazole (HOBt) is 

commonly used to suppress razemization in synthesis of peptides, 29 but the presence of HOBt during the 

preparation of 6 resulted in considerable deprotection of the secondary hydroxyl group of 5 thereby lowering 

the yield of 6. Selective, acid catalysed deprotection 30 of the secondary hydroxyl group in 6 gave the alcohol 

7 which, on conversion into the corresponding alkoxide, underwent intramolecular ring closure 31 to give the 

oxa lactam 8 as a single diastereomer (86%). Elimination was found to be a competing side-reaction in the 

formation of 8 under various conditions, but could be completely avoided when alkoxide formation was 

performed with neat KH in a mixture of THF and DMF at 0 °C. Finally, deprotection of the primary hydroxyl 

function in 8 with TBAF (quantitative) and subsequent oxidation to the carboxylic acid stage with the RuC13- 

NaIO4 biphasic system of Sharpless 32 gave the desired inverse T-turn mimetic 1. 33 
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Scheme 1. a) 7 steps. 26'27 b) (S)-2-amino-1-tert-butyldiphenylsilyloxypropane (1.0 eq), EtOH, reflux, 72 h; 

71%. c) Et3SiC1 (2.2 eq), imidazole (2.3 eq), CH2C12, 0 °C ---> room temp., 26 h; 90%. d) (R)-(+)-2- 

bromopropionic acid (4.0 eq), diisopropylcarbodiimide (4.0 eq), CH2C12, 0 °C, 3 h; 90%. e) 1 M aq. 

HChTHF 3:2, room temp. ---> 40 °C, 24 h; 86%. f) KH (1.3 eq), THF:DMF 3:1, 0 °C, 1 h; 86%. g) TBAF 

(1.1 eq), THF, room temp., 2 h; 100%. h) NalO4 (3 eq), [RuC13(H20)I] cat., H20:CCI4:CH3CN 3:2:2, room 

temp., 2 h; 86%. 

The synthetic approach described in the present paper yielded the enantiomerically pure, inverse y-turn 

mimetic 1 in seven steps starting from 3 with an overall yield of 37%. In contrast, previous y-turn mimetics 

have been obtained without stereocontrol at the second residue of the turn, and even though the diastereomers 

were separated their configuration was not assigned. 22'23 Variation of the building blocks phenylacetaldehyde 

(2), (S)-(+)-2-amino-l-propanol, and (R)-(+)-2-bromopropionic acid employed in the synthesis of 1 should 

allow introduction also of other side chains into the mimetic. The carboxyl group of the mimetic may be 

linked to a peptide by standard methodology and, after reduction of the azido group, further elongation at the 

N-terminus of the mimetic should be possible, thus allowing use in solid-phase synthesis. Such further 

development, as well as incorporation of the resulting inverse y-turn mimetics in biomedicinally active 

peptides, is now under progress in our laboratories. 
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