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Abstract: The design and synthesis of a conformationally restricted peptide mimetic of the endogenous opiate 

peptide leucine enkephalin is described. This mimetic incorporate8 a nonpeptide &turn prosthetic unit; 

conformational analysis indicates that the active isomer exhibits a conformation closely corresponding to that 

of a highly potent, &selective enkephalin analog, Tyr-D-Pen-Gly-Phe-D-Pen (DPDPE, Pen=Penicillamine). 

Preliminary pharmacological investigation indicated that one isomer of the mimetic species exhibits significant 

in vivo analgesic activity, despite relatively low in vitro biding affinity. 

The intriguing relationship between morphine and the endogenous opiate 
Tyr-Gly-Gly-Phe-Leu 

peptide leucine enkephalin, 1, discovered in 19’75 by Hughes and Kosterlitz,’ has 

stimulated numerous effort8 to delineate the structural basis for their comon 

analgesic effects.2 The inherent mobility of the enkephalin framework, its rapid 

degradation in vivo,3 and the presence of multiple receptors4 has hampered the 

assessment of its bioactive conformations. Several turn conformations have been 

proposed based upon computational models?‘6 X-ray crystallography,7 and 

spectroscopic studies.8 To examine these hypotheses and explore the role of 

potential bioactive turn conformations of enkephalin, we have designed, synthesized 

and evaluated the 2 -_) 5 p-turn mimetic 2,3,9 utilizing our previously described 

conformationally constrained turn mimetic template8.10.11 

1 

Synthesis. Wittig reaction of aldehyde 312 with ylid 4 provided the (E,Z) 

diene 5 in 75% yield after chromatography. Saponification and deconjugation13 

afforded the (E,E) diene 6 in 80% yield. Coupling of diene 6 to the previously described diacyl hydrazide 7 

proceeded smoothly using Bop reagent.14 Cycloaddition was smoothly effected at room temperature upon 

treatment with iodobenzene dketate,” to provide the tricyclic system 9 which was readily cleaved with 
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methanol to afford 10 in 36% yield after chromatography. The syn and anti diastereomers lOa,b were separated 
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at this stage. Hydrogenation, saponification, reductive cleavage of the diacylhydrazide15 with concomitant 

removal of the N-benzyl protecting group, and the subsequent esterification afforded the 11-membered ring 

bislactams lla and llb. The synthesis of chimeric peptide 2, which perforce generates an additional pair of 

diastereomers was readily accomplished via a standard protocol. The newly generated pair were separated by 

reverse phase HPLC.16 

ConfonnutionaZ Analysis. Phase sensitive 2D-DQFCOSY and 2D-ROESY mm spectroscopy was used 

to analyze the ring conformations of 2a.2 and 2b.2, the more abundant isomers.17 (The ring structures of 2a.l 

and 2b.l are simply the mirror images of 2a.2 and 2b.2, respectively.) Chemical shifts for both structures are 

nearly identical, suggesting similar conformations.‘6 Both ring amide protons H, and Hs am well resolved at 

25 “C, suggesting the presence of hydrogen bonding that protects the amide protons from undergoing fast 

exchange with residual water. Selective broadening of Hs at higher temperature indicates that it is less 
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protected than H,. The coupling constants (J = 8.2-9.0 Hz) indicate that the HI-H2 and H7-Hs dihedral angles 

are about 0 or 180”. Weak NOISY cross-peaks between H, and Hz, coupled with strong cross-peaks between 

H7 and Hs, and the absence of cross-peaks between H, and H, indicate that H, and Hz are anti @SO* dihedral 

angle), while H, and I-Is are syn (O*). Additionally, a strong Hl-H,, cross-peak for 2a.2, and the absence of 

the same cross-peak for 2b.2 further confii the Hl-H, anti orientation, since the H, and H,, protons are anti 

for 2a.2, and syn for 2b.2. Thus the two peptide bonds must be nearly antiparallel with each other. 

The modeled structure of 2b.2,” minimized after 50 ps of molecular dynamics simulation at 300 K was 

compared with that of the cyclic, g-selective enkephalin analog, TV-spryly-Phe-open, as determined by 

NMR measurements and 250 ps molecular dynamics simulation in explicit ~ater.~ Fig. 1 compares the two 

structures, showing a remarkable similarity in the positioning of the Tyr ring, and a close correspondence of 

the type II’ @-turn region. The low energy calculated mimetic ring structure is fully consistent with the NMR 

analysis. Details of the NMR and modeling analyses will be reported elsewhere. 

Fig. 1. Low energy conformation of 26.2 (bold) overfaid with that of Tyr-D-Pen-Giy-me-D-Pen6 (dashed, light 

tracing). ~onfo~ation~ comp~son is excellent, except at the Phe position where the D-Phe of our mimetic 

is positioned away from that of the L-Phe of DPDPE. and may explain the relatively poor binding of the 

mhnetics. The structural comparison suggests that inversion of the H, stereochemistry would enhance activity. 

~~~~c~ Activity. The separated diastereomers of 2 were evaluated for their ability to bind to both 

p and 6 opioid receptors. Enkephalin mimetic 2b+2 displaced 53% at 1OpM at the p receptor and 50% at 6pM 
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at the 6 receptor. The other diastereomers displayed no significant displacement at either the p or 6 receptor 

at the 10 pM level.19 Despite the relatively weak in vitro binding activity, this analog exhibited relatively 

potent (EDso < 10 pg/mL icv) analgesic activity in a mouse writhing assay.% The relatively low binding 

activity could be reconciled with the aid of molecular modeling, which indicates significant correspondence 

between DPDPE and 2b.2 in most respects. However, the D-Phe configuration in the mimetic, rather than the 

L-Phe in DPDPE is probably important, and the degree of conformational flexibility of these two backbones 

differs significantly and may play a critical role in ahowing for productive binding. Efforts to further 

investigate the role of reverse tums in the bioactive conformations of enkephalin are in progress utilizing a 

recently developed more flexible framework,21 and will be reported in due course. 
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