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Absfract : The Fmoc-protected bicyclic mobxuks 7 and 8 have been produced as cti-Gly-Ro peptide mimetics in 
nine synthetic steps st&n8 from q&ally pure (It)-2-allylproline. The& ose in solid-phase peptick synthesis has 
been dunon@ated by their incorpowtion into analo8w of ci.&ly%?-brrdykinin. 

Peptide secondary stxucture mimetics are proving to be important tools in the exploration of structure-activity 

relationships in biologically active peptides and proteinsl. One important feature in many peptide hormones is 

the occurrence of cis-peptide bonds, which although rarely observed in short linear2 and cyclic peptides 

without proline, can become significantly populati in aqueous solution in praline-containing peptides. The cis- 

rrun.r Xaa-Pro (Xaa = any proteinogenic amino acid) conformer distribution is determined on the one hand by 

steric interactions between the Co centres of the two amino acid residues in the cis isomer, and between the Cu 

centre of Xaa and the &position of proline in the trans rotomer (see Figure); differences in cis and trans peptide 

bond solvation energies appear not to have an overriding influend. On the other hand, the subtle long range 

effects which may also influence the relative population of cis- and trans-Xaa-Pro conformers are often less well 

characterized. The importauce of this relatively slows (k - 1O-3 - 10-l s-l) isomerization on protein folding 

pathway@. receptor-mediated transmembrane signalling7, and the mode of actiou of immunosuppressive 

drugs*, has attracted great interest recently. 

We are interested in structural mimetics of dipeptide cis-Xaa-Pro units, which might, for example, be 

valuable to assess whether such conformations are important for biological activity. Interest in cis-peptide bond 

surrogates has grown recently, and substituted 1,5-tetrazolesa, 1,Zdlsubstituted pyrrolesta, simple o- 

aminomethylphenylacetic acid derivatives 11, B-lactam derivativest2, and cyclic peptides have been developed 

for this purpose. We describe here a new cis-Xaa-Pro mimetic 1 (see Figure), which according to molecular 

modelling (data not shown) allows retention of the peptide backbone and amino acid side chains in positions 

closely similar to those likely to occur in native ci.s-Xaa-Pro type-VI tum conformationst4. We focus& initially 

on a synthesis of the cis-Gly-Pro mimetic 1 where R = H. The incorporation of this unit into the peptide 

hormone bradykinin using Fmoc-solid phase methods is also described below. 

(R)-Allylpmline. prepared by known merJ’nW5, was transfd in six step8 on a multi-gram scale into the 

optically pun bicyclic molecule 4, as shown in Scheme-1 16. Upon treatment of the lithium enolate derived from 

4 with di-t-butylaxodicarboxylate the two diastereomers 5 and 6 were formed in I:9 ratio, respectively. These 

were treated directly with excess lithium diisopropylamide t&DA), and the enolate was quenched with pivalic 

acid to afford a 2:3 ratio of 5 and 6, which were readily separated by silica chromatography (eluant, n-hexane : 

EtOAc, 7 : 3). It was anticipated that upon quenching the enolate of 4, the trans-isomer6 should on steric 
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FIGURE 

bans Xaa-Pro cis Xaa-Pro cis Xaa-Pro mimetic (1) 

grounds be fomd as the major pnxiuct. Indeed, the cis configuration of the minor pxuduet was confirmed by 

converting 5 in three steps (i. TFA. CH2Clg; ii, ptoZ. Hz ; iii, SOC12) into the uicyclic molecule 9. Evidence 

for the rrans configuration of 6 was obtained from tH 2D-ROESYlr spectra after its incorporation into a peptide 

(vide i&a). 

Thereafter, 5 and 6 were converted into 7 and 8, respectively, by treatment with TFA, reductive 

cleavage of the hydrazine moiety, and protection of the free amine with Fmoc-chioride. In this form, the two 

mimetics 7 and 8 can be incorporated into peptides using the standard Fmoc solid-phase method of peptide 

synthesis18. 

To illustrate this we chose to incorporate the mimetics 7 and 8 into analogues of the peptide hormone 

bradykinin (Argl-Pxo~-Pr&Gly‘t-Phe~-Se~-Pro7-Phe8-Arg9), a potent mediator of blood vessel dilation, 

smooth muscle contraction, pain. inflammation and vascular permeabilityt9. NMR studies of bradykinin in 

aqueous solution20 indicate that no stable, folded secondary structure is significantly populated on the NMR 

time-scale, i.e. the peptide exists primarily in a diso&md state. However, a significant population (10%) of the 

cis-Ser-Pro confotmer has been detected by tH lWR, and replacement of Ser6 by glycine leads to a significant 
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SCHEME-l 
Reagents : a), PttCH2OCOCI, aq. NaOH, Etch ; b). Ieobutene. ~.tf2SO4. CH&l2 ; c), 04, 

CHtCls, -78O, then PhSPnCH-C%OEt ; d), HZ, WC ; e). DMAP cat., tohiene, retlux ; 
1). LDA, THF-hexone, then @SuOOGN h= : a). WA, m2C12 ; h), H2. PI% H20 ; 
I), Fmoc-Cl, Ne&O4. aq. dioxen. 
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increase (to 35%) in the population of the cis-Gly6-Pro7 rotomer 21. The aim, therefore, was to use 7 and 8 in 

syntheses of bradykinin analogues 10 and 11, which may be viewed as mimics of cis-Glp-Ro7bradykittin. 

The synthesis of 10 was initiated with p-alkoxybenylalcohol resin (Wang resin**) preloaded with 

Fmoc-Arg(Pmc)” on a 0.25 mm01 scale. After removal of the Fmoc group (20% piperidine in N- 

methylpyrrolidone), subsequent amino acids (4 x excess) were activated with o-bcnzoaiazol-l-yl-N,N,N’,N’- 

tetramethyluronium hexafluorophosphate in N-methylpynolidone and condensed onto the free ammo group of 

the peptide chain. Each coupling proceeded ~99% to completion based on Raiser or Isatin tests as appropriate. 

The bicycle 7 was used in 2-fold excess and coupled to - 90% completion. After capping with acetic anhydride, 

the assembly of the peptide was completal, the resin was treated with lTA/H#thioaniso&&am&hiol/phenol 

(82;5;5;3;5). and the product was purified by revnsc-phase h.p.1.c.. to afford product 10 (>99% by reverse 

phase-h.p.1.c.) in 53% overall yield.. The analogue 11 was prepared in a similar manner, and again no problems 

were encountered in using the bicyck 8 in the usual automated cycles of peptide synthesis. 

In contrast to Gly6-bradykinin. the 6OOMHz IH i&MR spectra of 10 and 11 showed that only a 

single major rotomeric form (- 95%) of each is present in aqueous solution at pH 4. These correspond to a 

conformer with frans peqtide bonds at Argl-Pro2 and ~-Pro3, since strong NOES were evident in phase 
sensitive 2D-ROESY spectral7 between the &protons of each proline ring and the a-protons of the preceding 

residue (see Figure). The low-field peptideNH-region of each spectrum, however, contained weak doublets 

typical of a small proportion (= 5%) of at least one cis-Xaa-Pro conformer, most likely arising from 

conformational heterogeneity at the Arg*-Pro2 and/or PI&@ peptide bonds. Resonances from the major 

conformers in the 1H NMR spectra of 10 and 11 were assigned using standard methods”. All significant off- 

diagonal cross-pesks in 2D-ROESY spectra could be assigned to rotating frame NOES arising between protons 

located either within one residue, or in adjacent residues in the sequence. No longer range NOES were apparent 

in these spectra, indicating that 10 and 11 do not adopt stable secondary structure in water on the NMR 

timescale. The 2D-ROESY specmtm of 11, however. showed a cross peak between the protons indicated by the 

arrow on structure 11. which confirmed the rru~relationship of the carboxyl- and amido-substituents on the 

bicyclic system 

One motivation to prepare 10 and 11 was to test their affinity for the bradykinin B1 and B2 receptors. 

When assayed for their ability to displace SH-bradykinii from the guinea pig ileum receptors, both analogues 

were l@ - 103 fold less active than the known tab bradykinin antagonist D-Arg-[Hyp3,Thi5, D-Tic7,Oi&J 

bradykinin (Hoe 140). Recently, another bradykinin antagonist, containing a 1,idisubstitute.d tetraxole 

dipeptide as a cis-Se&Pro7 mimetic, was shown* to be inactive at the bradykinin & receptor. While it cannot 

be concluded from these data that the ci.r-Scrd-pro7 conformation is not recognized by these receptors, recent 

results from Kyle and ~oworkerst9~. who have developed a new series of potent bradykinin antagonists, 

suggest that the active conformation of bradykinin comprises a C-terminal &urn with the rrans-&&-Pro7 

geometry. However, the dipeptide mimetics of type 1 (R = H) reported here can now be produced by an 
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cffkknt synthetic route, and may be incorporated into a wide varkty of peptide sequences. Hence, they may 

find general use in the Mapment of new s antagonists and enayme inhibitors. The claboxation of this 

system into othcx Xaa-Fro mimetics (1. R = alkyl) and pepti&twn templates is cun~tly under imrestigation. 
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