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Summary: The 2-lmldazollne ring has 

replacement Into pseudodlpeptides, a 

peptlde enkephalin analogues. 

been incorporated as an amide bond 

pseudotrlpeptlde, and pseudopenta- 

The isosteric replacement of crucial amide bonds In blologlcally active 

peptldes 1s a recognised strategy in programmes aimed at either the 

lnhlbitlon of proteolytlc enzymes or the development of agonists and antagonists 

at peptlde receptors. 
1 Recognising the relationship between the amide (1) and 

amidlne (2) functional groups, 
2 and as an extension of our involvement with 

2-imidazolines (4,5-dihydroimidazoles), 3 we have developed the 2-imldazollne 

moiety as an amide bond replacement. In this Letter we report the preparation 

of 2-(l-amlnoalkyl)-4(5)carboxy-2-imldazollne derlvatlves (3) as pseudo- 

dlpeptides, and the lncorporatlon of segment (3) into a potential inhibitor of 

angiotensin converting enzyme (ACE) and into analogues of the oplold 

pentapeptlde, leuclne enkephalin (4). We thus replace the amide bond with a 

basic heterocycle likely to be stable to proteolytlc degradation. 4 

F! I?.----/ 
F# 

A I I i 1 A,A1 ~-“$&’ H-Tyr’(H)-Gly2-Gly3-Phe4-L&-OH 

0 
(1) 
The first strategy was to prepare pseudodlpeptides (7) that could be 

separately coupled at N and/or C termini to appropriate peptldes or aminoacids, 

the heterocycle being assembled from an a,@-dlamlnoacid derivative and a 

protected a-amlnolmldate (Scheme 1). Thus &-2,3-diaminopropionic acid 

hydrobromlde, prepared from L_-asparagine, 5 was converted into the methyl ester 

(6) (MeOH, HCl; then NH3-CHC13; 47%) and treated in MeOH at reflux with the 

lmldate salt (5a) derived from aminoacetonitrile hydrochloride6 to produce the 

protected pseudodlpeptlde lmidazoline (7a) (66%).7 Likewise when the lmldate 

tetrafluoroborate (5b) was prepared from N-benzyloxycarbonyl-L_phenylalalanine 

methyl ester via the amide (NH3-MeOH; 64%) and 0-alkylation (Et30fBFi: 96%), 8 
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(5) a, R=H. X-Cl (6) 

/ 

R (7) a,R-H 
b, R-CH2Ph, X&F, b, R=CH.$‘h 
c, R=CH,C&OBZL, X=BF4 c, R-CH&H,OBZL 

(Z- benzyioxycarbonyl. Bzl- benzyl) 
(6). k4mi. d’c ~uaq 

SMe 

mLlpo ZNHdFcCzH 

(8) R (9) a, R-H 
SCHEME 1 b, R-CH$h 

and was condensed under the same condltlons with dlamlnoester (6) the lmldazo- 

line (7b) was isolated (67%).' The corresponding lmldate salt (5~) obtained 

from 0-benzyl-N-benzyloxycarbonyl-l-tyroslne methyl ester was unstable towards 

the condltlons of lmldazollne formation; instead, the S-methyl thlolmidate 

salt (8) was prepared from 0-benzyl-N-benzyloxycarbonyl-&-tyroslne via the 

plperldine amide [Lawesson's reagent (LR), piperldine; 80%] and thioamlde (LR; 

64%) with S-methylation (MeI). 
6 

Reaction of the salt (8) (without purification) 

with (6) (MeOH, reflux) afforded the pseudodlpeptlde (7~) (66%).' Imldazollnes 

(7a-c) may be considered as masked Gly-Gly, Phe-Gly, and Tyr-Gly analogues, 

respectively. With the access to pseudodipeptides now secure, the C-termini 

were unmasked in two cases (5M HCl aq.) to produce the lmldazollne acid 

hydrochlorldes (9a) (87%) and (9b) (90%). We have not to date succeeded in 

coupling aminoacids or peptldes to these acids, lo so that whilst the unit (3) 

can be successfully prepared, it cannot yet be incorporated intact into longer 

pseudopeptldes. 

In a second strategy we generate the lmldazollne moiety as the last stage 

of the synthesis, from a peptlde lmldate and a diaminopeptide. As a first 

simple example of this approach we synthesized the lmldazollne (11) as a mimic 

of known trlpeptlde lnhlbltors of ACE, '1 i e A. as a potential antihypertensive 

agent. The phenylalanine lmldate salt (5b) was condensed (CHC13, 2O'C) with a 

dlaminodipeptide (lo), prepared by a mixed anhydride coupling of 

&-2,3-bls(benzyloxycarbylamino)propionic acid [available from &-2,3-diamino- 

propionic acid (PhCH20COC1, NaOH aq.; 52%)] with &-leucine methyl ester 

(Bu'OCOCl, N-methylmorpholine; 77%) followed by acidic hydrogenolysis and 

N- 

W 
(2s lxmyloxycartmyl) 
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basiflcatlon (H2-Pd, MeOH, I-RX; then NH3-CHC13; 73%), to yield (11) as a 1:l 

mrxture of two diastereolsomers eplmeric at the 'phenylalanine' a-carbon. 
9 

To construct a pseudoenkephalln containing the 2-lmidazoline unit as a 

replacement of the 1,2-amide bond, the site of cleavage by amlnopeptrdase, 
12 the 

thiolmrdate salt (8) and the tetrapeptide (12) were required. The latter was 

assembled by coupling of N-benzyloxycarbonylglycine with &-phenylalanine 

4-nitrophenyl ester (DCC) and treatment of the dipeptide with &-leucine methyl 

ester to form the protected trlpeptlde Z-Gly-Phe-Leu-OMe (77% overall); 
13 

acidic hydrogenolysis (86%) and mixed anhydrlde coupling with g-2,3-bls(benzyl- 

oxycarbonylamlno)proplonlc acid (83%) afforded a masked tetrapeptrde that was 

converted into (12) by acldrc hydrogenolysis and baslflcatlon (68%). 

Condensation of (12) with the thlolmldate salt (8) (MeOH, reflux) gave the 

[1,2Ipseudoenkephalln derivative (13) (40%).' 

Using the same approach, a [2,3lpseudoenkephalin was also prepared. The 

lmldate component (14) was accessed from 0-benzyl-N-benzyloxycarbonyl-l_tyroslne 

4-nrtrophenyl ester by reactlon with aminoacetonitrlle (66%) and Pinner reaction 

of the dipeptide nitrile (EtOH, HCl; 90%). The required dlaminotripeptide (15) 

was assembled via the coupling of N-benzyloxycarbonyl-L_phenylalalanine with 

&-leuclne methyl ester (mixed anhydride; 85%), acidic hydrogenolysis (89%), a 

further mixed anhydrrde coupling with &-2,3-bis(benzyloxycarbonylamrno)- 

propionic acid (98%), and liberation of the N-terminus by acrdlc hydrogenolysls- 

baslflcatlon (74%). Tripeptrde (15) was condensed wrth the lmldate salt (14) 

(MeOH, reflux) to generate the [2,3Ipseudoenkephalin derlvatrve (16) as a 

single diastereoisomer (55%). 

(z- ben~yloxycafbanyi. BZL- benxyl) 

Our remaining target In the enkephalln group contalned an rmldazolrne 

replacement at the 3,4-amide bond, the site of cleavage by enkephallnase. 
12 

Thus N-tritylglyclne cyanomethyl ester was coupled wrth aminoacetonrtrlle 

(51%) with subsequent detrltylation (AcOH aq.; 74%).14 Reaction with 

0-benzyl-N-benzyloxycarbonyl-l_tyroslne 4-nltrophenyl ester (77%) and 

ethanolysls of the nrtrrle (EtOH, HCl; 30%) led to the required tripeptide 

lmrdate salt (17). Unfortunately we have to date been unable to prepare the 

2,3-diamino-3-phenylproplonlc acid needed to construct the diaminodrpeptide 
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component (18a). 
15 

Instead we have synthesized an oxazoline [3,41pseudo- 

enkephalin employing our strategy. The dipeptide representing residues 4 and 5 

was now (18b), available as a mixture of dlastereoisomers from DL-threo-3-phenyl- -- 
serine after bis(benzyloxycarbonylation) (PhCH2OCOC1, NaOH aq.; 71%), mixed 

anhydride coupling to &-leucine methyl ester (51%) and acidic hydrogenolysls- 

baslflcatlon (89%). Condensation of (18b) with the lmldate salt (17) (MeOH, 

reflux) indeed gave the [3,4]pseudoenkephalin derivative (19) (55%) as a 1:l 

mixture, inseparable by column chromatography, of the two diastereoisomers 

(4S,SR) and (4$5S) at the 2-oxazoline moiety (i.e. Ph and CO trans). 

Z-Tyr(BZL)-Gly 

+ 
Mecm,65% 

LelJ-OMe Leu-OMe 
H2"J Z-Tyr(BZL)-Gly 

(17) (18)a,X=NH2 (19) 

The pseudopeptides prepared herein are undergoing biological evaluation. 

We thank G.D. Searle and SERC for a CASE studentship (G.J.W.). 
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