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AMIDE BOND ISOSTERES: IMIDAZOLINES IN PSEUDOPEPTIDE CHEMISTRY
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Summary: The 2-imidazoline ring has been incorporated as an amide bond
replacement i1nto pseudodipeptides, a pseudotripeptide, and pseudopenta-
peptide enkephalin analogues.

The 1sosteric replacement of crucial amide bonds 1n biologically active
peptides 1s a recognised strategy i1n programmes aimed at either the
inhibation of proteolytic enzymes or the development of agonists and antagonists
at peptide receptors.1 Recognising the relationship between the amide (1) and
amidine (2) functional groups,2 and as an extension of our involvement with
2-i1midazolines (4,S—dihydr01m1dazoles),3 we have developed the Z2-imidazoline
moilety as an amide bond replacement. In this Letter we report the preparation
of 2-(1-aminocalkyl)-4(5)carboxy-2-1midazoline deravatives (3) as pseudo-
dipeptides, and the incorporation of segment (3) into a potential inhibitor of
angiotensin converting enzyme (ACE) and into analogues of the opioid
pentapeptide, leucine enkephalin (4). We thus replace the amide bond with a
basic heterocycle likely to be stable to proteolytic degradatlon.4
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The first strategy was to prepare pseudodipeptides (7) that could be
separately coupled at N and/or C termini to appropriate peptides or aminocacaids,
the heterocycle being assembled from an a,B-diaminocacid deraivative and a
protected a-aminocimidate (Scheme 1). Thus L-2,3-diaminopropionic acid
hydrobromide, prepared from E—asparaglne,5 was converted into the methyl ester
(6) (MeOH, HCl; then NH3-CHC13; 47%) and treated in MeOH at rgflux with the
imidate salt (5a) derived from aminoacetonitrile hydrochloride to produce the
protected pseudodipeptide imidazoline (7a) (66%).7 Likewise when the imidate
tetrafluoroborate (5b) was prepared from N-benzyloxycarbonyl-L-phenylalanine
methyl ester via the amide (NH;-MeOH; 64%) and O-alkylation (Et3O+BF;; 96%),8
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and was condensed under the same conditions with diaminoester (6) the imidazo-
line (7b) was 1solated (67%).9 The corresponding imidate salt (5c¢) obtained
from O-benzyl-N-benzyloxycarbonyl-L-tyrosine methyl ester was unstable towards
the conditions of imidazoline formation; instead, the S-methyl thioimidate
salt (8) was prepared from O-benzyl-N-benzyloxycarbonyl-L-tyrosine via the
piperidine amide [Lawesson's reagent (LR), piperidine; 80%] and thiocamide (LR;
64%) with S-methylation (MeI).6 Reaction of the salt (8) (without purification)
with (6) (MeOH, reflux) afforded the pseudodipeptide (7c) (66%).9 Imidazolines
(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 imidazoline acid
hydrochlorides (9a) (87%) and (9b) (90%). We have not to date succeeded in
coupling aminoacids or peptides to these ac1ds,10 so that whilst the unit (3)
can be successfully prepared, 1t cannot yet be incorporated intact into longer
pseudopeptides.

In a second strateqy we generate the imidazoline moiety as the last stage
of the synthesis, from a peptide imidate and a diaminopeptide. As a first
simple example of this approach we synthesized the imidazoline (11) as a mimic
of known traipeptide inhibitors of ACE,11 1.e. as a potential antihypertensive
agent. The phenylalanine imidate salt (5b) was condensed (CHC13, 20°C) with a
diraminodipeptide (10), prepared by a mixed anhydride coupling of
L-2,3~-bis(benzyloxycarbylamino)propionic acid [available from L-2,3-diamino-
propionic acid (PhCHZOCOCI, NaOH ag.; 52%)] with L-leucine methyl ester

(Butococt, N-methylmorpholine; 77%) followed by acidic hydrogenolysis and
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basification (Hz-Pd, MeOH, HCl; then NH3—CHC13; 73%), to yield (11) as g 1:1
mixture of two diastereoisomers epimeric at the ’'phenylalanine’ a-carbon.

To construct a pseudoenkephalin containing the 2-imidazoline unit as a
replacement of the 1,2-amide bond, the site of cleavage by amlnopeptldase,12 the
thioimidate salt (8) and the tetrapeptide (12) were required. The latter was
assembled by coupling of N-benzyloxycarbonylglycine with L-phenylalanine
4-nitrophenyl ester (DCC) and treatment of the dipeptide with L-leucine methyl
ester to form the protected tripeptide Z-Gly-Phe-Leu-OMe (77% overall);13
acidic hydrogenolysis (86%) and mixed anhydride coupling with L-2,3-bis(benzyl-
oxycarbonylamino) propionic acid (83%) afforded a masked tetrapeptide that was
converted into (12) by acidic hydrogenolysis and basification (68%).
Condensation of (12) with the thioimidate salt (8) (MeOH, reflux) gave the

[1,2)pseudoenkephalin derivative (13) (40%).
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Using the same approach, a [2,3])pseudoenkephalin was also prepared. The
imidate component (14) was accessed from O-benzyl-N-benzyloxycarbonyl-L-tyrosine
4-nitrophenyl ester by reaction with aminoacetonitrile (66%) and Pinner reaction
of the dipeptide natrile (EtOH, HCl; 90%). The required diaminotripeptide (15)
was assembled via the coupling of N-benzyloxycarbonyl-L-phenylalanine with
L-leucine methyl ester (mixed anhydraide; 85%), acidic hydrogenolysis (89%), a
further mixed anhydride coupling with L-2,3-bis(benzyloxycarbonylamino)-
propionic acid (98%), and liberation of the N-terminus by acidic hydrogenolysis-
basification (74%). Traipeptide (15) was condensed with the imidate salt (14)
(MeOH, reflux) to generate the [2,3]pseudoenkephalin derivative (16) as a
single diastereoisomer (55%).

OEt HN l 2R
Phe-Lou-OMe _MeOH, 65%C _ /\( Phe-Leu-OMe
+
NH,* CF

2
(14) (15) (16)
(Z= benzyloxycarbonyl, BZL~ benzyl)
Our remaining target in the enkephalin group contained an imidazoline
replacement at the 3,4-amide bond, the site of cleavage by enkephallnase.12

Thus N-tritylglycine cyanomethyl ester was coupled with aminocacetonitrile

(51%) with subsequent detritylation (AcOH aqg.; 74%).14 Reaction with

z Tyr(BZL)\

O-benzyl-N-benzyloxycarbonyl-L-tyrosine 4-nitrophenyl ester (77%) and

ethanolysis of the nitrile (EtOH, HC1l; 30%) led to the required tripeptide
imidate salt (17). Unfortunately we have to date been unable to prepare the
2,3-diamino-3-phenylpropionic acid needed to construct the diaminodipeptide
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5 Instead we have synthesized an oxazoline [3,4]pseudo-

component (18a).1
enkephalin employing our strategy. The dipeptide representing residues 4 and 5
was now (18b), available as a mixture of diastereoisomers from DL-threo-3-phenyl-
serine after bis(benzyloxycarbonylation) (PhCHZOCOCI, NaOH aq.; 71%), mixed
anhydride coupling to L-leucine methyl ester (51%) and acidic hydrogenolysis-
basification (89%). Condensation of (18b) with the imidate salt (17) (MeOH,
reflux) indeed gave the [3,4)pseudoenkephalin derivative (19) (55%) as a 1:1
mixture, inseparable by column chromatography, of the two diastereoisomers

(48,5R) and (4R,5S) at the 2-oxazoline moiety (i.e. Ph and CO trans).
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The pseudopeptides prepared herein are undergoing biological evaluation.
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