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Abstract 
Cobalt(II) chloride catalyses the cleavage of epoxy peptides with an α-dehydro β-amino acid 
derivative to afford the corresponding dipeptide derivative which exhibits an intramolecular 
hydrogen bond and thus mimics a β-turn. This intramolecular hydrogen bonding preorganises the 
corresponding diallylated peptide for cyclisation via ring closing metathesis to afford the cyclic 
peptide as a constrained mimic of a β-turn. 
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Introduction 
 
It is well known that linear peptide fragments are flexible and exhibit numerous conformations in 
solution and even in the solid state. However, if one can restrict the conformational freedom of 
these linear peptides by introducing some constraints in the structure, it may render a 
biologically active peptide more specific and this may give rise to species, which are 
therapeutically useful. In view of the importance of constrained conformations, there have been 
several studies1 to lock peptides into turn configurations and to synthesise molecules that might 
mimic a reverse turn. Among the reverse turns, the β- and γ-turn conformations in proteins have 
been shown to play important roles during the biochemical recognition process. It has been 
shown that when peptides are used as an inhibitor they adopt a turn conformation2 while bound 
to their protein receptors. In connection with our work on the design and synthesis of aspartyl 
protease inhibitors3 (containing α-hydroxy-β-amino amide core unit) based on the β-turn mimetic 
concept, we reasoned that a double bond when present in the side chain of an amino acid will 
confer torsional restriction and in the presence of appropriate donor and acceptor sites peptides 
containing such amino acid residues may be constrained to adopt a turn conformation. Studies 
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have shown that peptides containing appropriately placed dehydro α-amino acids are capable of 
inducing a turn4. It is evident that the structural features present in an inhibitor must render a 
sufficient level of flexibility during its interaction with the receptor molecule. 

 
Scheme 1 
 

In spite of their utility as turn inducers, the dehydro α-amino a cids suffer from rigidity due to 
the constraint imparted by the double bond and often peptides derived from them do not possess 
the kind of flexibility required during binding with the host. We envisaged that incorporation of 
an additional carbon atom into dehydro α-amino acids would lead to α-dehydro β-amino acids 
and the latter might exhibit the required flexibility during its binding with a host. We now show 
that an α-dehydro β-amino acid derivative 2 can be used to make β-turn mimics containing an α-
hydroxy β-amino residue 3 via a cobalt catalysed opening of epoxy peptides 1 (Scheme 1). The 
following section describes the synthesis and turn induced cyclization leading to the constrained 
mimic 4 of a β-turn. The α-dehydro β-amino acid derivative 2a was prepared by palladium 
catalysed amination of the allyl acetate 5 itself prepared by Baylis-Hillman reaction (Scheme 2). 
The E-geometry of the double bond was assigned based on the 1H NMR data. The anisyl group 
was used as a N-protecting group as it is amenable to oxidative removal without affecting the 
double bond of the α-dehydro β-amino acid residue. 

 
2a 

Scheme 2  

 
The α-dehydro β-amino acid derivative 2a is a very good nucleophile as it cleaves epoxides 

in the presence of catalytic amount of cobalt(II) chloride5. In order to demonstrate this we have 
reacted epoxides6 1a and 1b with 2a in the presence of catalytic amount of anhydrous cobalt(II) 
chloride in acetonitrile to afford the corresponding β-phenylisoserine derived dipeptides 3a and 
3b respectively (Scheme 3). The dipeptides 3a-b were isolated by column chromatography 
(Silicagel, EtOAc-hexane) mainly as the trans diastereomer. A careful analysis of the reaction 
mixture revealed only the presence of a minor amount (~ 5-10%) of the corresponding syn 
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diastereomer. The regio- and stereochemistry of 3a and 3b was unambiguously proved based on 
the chemical shift and the coupling constants of the methine proton [–(Ar)N-CH(Ph)-] according 
to our earlier studies as mentioned in reference 5b. The dipeptide 3b derived from L-leucine 
exhibited an intramolecular hydrogen bond as indicated by the appearance of the amide proton at 
6.94ppm (J = 8.8Hz) in the 1H NMR spectrum7. The presence of such hydrogen bonding1b,1c 
suggests that a ten-membered cyclic structure may be formed by a non-covalent interaction 
between amide hydrogen and ester carbonyl. 
 

 
Scheme 3  

 
The participation of the ester carbonyl in such an interaction may be due to the enhanced 

electron density caused by the presence of conjugated double bond and aromatic ring. It is thus 
clear that the opening of an epoxy peptide with a α-dehydro β-amino acid derivative leads to an 
organised ten-membered structure mimicking a β-turn and it appears that the presence of a 
double bond may constrain the conformation leading to an intramolecular hydrogen bond. In 
order to demonstrate the role of α-dehydro β-amino acid 2a in constraining the conformation via 
hydrogen bond, we have synthesised the cyclic peptide 4a using a ring closing metathesis 
reaction (Scheme 3). Thus the epoxy peptide 1b (single diastereomer), obtained by cobalt 
catalysed aerobic oxidation8 of 6, was reacted with 2a in the presence of catalytic amount of 
cobalt(II) chloride9 to afford 3b after column chromatography in good yield. The ester groups in 
3b were transesterified with excess allyl alcohol in the presence of titanium isopropoxide10 to 
afford the diallylated peptide 3c (55-60%). The 1H NMR spectrum of 3c also showed the 
presence of an intramolecular hydrogen bond as evidenced by the appearance of signal due to the 
amide proton at 6.88ppm (J = 8.8Hz). The appearance of amide proton signal at ~ 7ppm in both 
peptides 3b and 3c suggests the presence of intramolecular hydrogen bond as its chemical shift 
does not undergo an appreciable shift on changing the concentration of the solution. The 
preorganized diallylated peptide 3c was subjected to a ring closing metathesis reaction using 
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ruthenium alkylidene11 (Grubbs Catalyst) to afford the corresponding cyclic peptide 4a (40-45%) 
as a mixture of E:Z (3:1) isomers. 

 
Scheme 3 
 

The presence of an intramolecular hydrogen bond was also evident in the cyclic structure 4a 
whose 1H NMR spectrum showed11 the appearance of an amide proton at 8.19ppm (J = 8.8Hz). 
The FT-IR of 4a also indicated the presence of intramolecular hydrogen bonding as a broad 
signal due to this stretching appeared at 3359.8 cm-1. It is not evident from 1H NMR which of the 
geometrical isomers (E-4a or Z-4a) is responsible for the intramolecular hydrogen bonding. 
However, it is concievable that the formation of cyclic structure 4a may be favoured by the pre-
organisation, via intramolecular hydrogen bond, of the diallylated precursor 3c which mimics a 
β-turn. In order to demonstrate the role of dehydro amino acid residue in intramolecular 
hydrogen bonding, we have converted the peptide 3a into the corresponding saturated analogue 
7a (Pd / H2; 25%). It is noteworthy, though not particularly surprising, that the saturated 
analogue 7a and 7b did not show the presence of any intramolecular hydrogen bonding. It is also 
interesting to note that the ring closing metathesis reaction on the diallylated saturated analogue 
7b did not proceed cleanly as only a small amount (10%) of the corresponding cyclic product 8 
(1:1; E / Z mixture) was isolated from a complex reaction mixture (Scheme 4). These studies 
suggest the crucial role of double bond in 3a in promoting the intramolecular hydrogen bonding 
which may in turn encourage the ring closing metathesis leading to the constrained β-turn mimic 
4. In conclusion, we have demonstrated that α-dehydro β-amino acid derivatives can be used as 
nucleophile to cleave epoxy peptides leading to the formation of dipeptide derivative which 
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mimics a β-turn by exhibiting intramolecular hydrogen bonding. This intramolecular hydrogen 
bonding preorganises the peptide for cyclisation via ring closing metathesis to afford a cyclic 
peptide as a constrained mimic of a β-turn. 

 
Scheme 4 
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