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A GENERAL ROUTE TO “CARBA” PEPTIDE BOND REPLACEMENTS : 

UNEQUIVOCAL SYNTHESIS OF BOC-L-PHE-Y(CH~-CH2)-L-ALA-OH 

AND BOC-L_PHE-Y(CHpCH$P_ALA-OH. 
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AbstracG An unambiguous synthesis of Boc-L-Phe-\r(CH2-CH2)&Ala-OH and Boc-LPhe- 
Y(CH2-CH$Q-Ala-OH from Boc-_Gphenylalanine, through lactame intermediates (3R,6R)-3- 
methyl 6-benzyl-piperidin-2-one and (3S,6R)-3-methyl6-benzyl-piperidin-2-one, is described. 

In peptide chemistry, isosteric peptide bond replacements have attracted considerable interest. 

Increased stability towards enzymatic degradation can thus be achieved, leading to pseudo-peptides 

analogues able to exhibit a prolonged duration of action as compared to the parent peptide hormonel. 

We have also shown that modifications of the peptide bonds can lead to peptide antagonists2, a 

strategy which has since been widely followed. Some of the common backbone modifications are of 

general use, such as the retro-inverso Y(NH-CO) or the reduced peptide bond Y(CH~-NH) 

approaches. The carba [Y(CH~-CH2)] replacement was applied in a limited number of structures, and 

no general methodology has been published to date, although it has been demonstrated in some 

examples to be an excellent mimic of the peptide bonds. For instance, we have synthesized in an 

earlier work the carba analogue of the protected dipeptide Boc-Nle-Gly-OH, i.e. S(S)-(N-tert- 

butyloxycarbonyl)amino-nonanoic acid (Boc-Nle-Y(CH2-CH+Gly-OH) and described its 

incorporation in positions 28 and 29 of cholecystokinin4. 

We now report a general synthetic approach to carba bond replacements which is retrosynthetically 

illustrated in Scheme 1. It implies the reaction of the N-protected aldehyde of a homologated amino 

acid with a subtituted methyl (triphenylphosphoranylidene) acetate, followed by catalytic 

hydrogenation of the double bond formed. This pathway leads to a diastereomeric mixture of N- 

protected dipeptides, as no significant chiral induction can occur during the reduction of the ethylenic 

bond. 
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Scheme 1 
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In order to demonstrate the feasability of that method, we investigated the synthesis of Boc-Phe- 

Y(CH2-CH$Ala-OH. Homologation of Bee-Hphenylalanine was carried out by the classical Arndt- 

Eistert procedure to produce Boc-ghomo-L-Phe-OH 15, which was converted to the corresponding 

aldehyde 26 according to Fehrentz and Castro7 (Scheme 2). 
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Reaction of methyl iodide with methyl (triphenylphosphoranylidene)acetate afforded in fair yields 

the corresponding phosphonium salt 3 (Scheme 3) as described by Bestmann and Schultz*. It was 

treated with a molar equivalent of aqueous sodium hydroxide to lead, after extraction with ethyl 

acetate to the ylide 4, which was immediately used without purification in the next step. 
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Scheme 3 

Ylide 4 reacted with aldehyde 2 (Scheme 4) to produce the unsaturated compound 59 (E isomer 

predominantly) which was submitted to catalytic hydrogenation to afford the l/l diastereomeric 

mixture 610 (Boc-L-Phe-~(CH2-CH2)&Ala-OMe + Boc-~-Phe-y(CH2-CH2)-J&Ala-OMe), as 

shown by IH-NMR spectroscopy. In order to assign the absolute configuration of each diastereomer, 

the mixture 6 was submitted to partial depmtection with tritluoroacetic acid, followed by cyclisation in 

refluxing pyridine to lead to lactames 7a and 7b, which were separated by silica gel chromatography. 

The structure of lactames 7a and 7bll was unambiguously assigned by IH-NMR spectroscopy*2: a 

nuclear Overhauser effect (NOE) was observed between H-3 and H-6 protons of compound 7b at 

305 and 320 K. whereas no effect was detected in compound 7a. suggesting that H-3 andH-6 

protons of compound 7b are located on the same side of the piperidinone ring. As the absolute 

configuration of the carbon atom in position 6 is R (since the synthesis started from Bock- 

phenylalanine), the configuration of C-3 is R in compound 7b. 
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Scheme 4 

Acid hydrolysis of (3S,6R)-3-methyl-6-benzyl-piperidin-2-one 7a and subsequent reaction with 

(di-tert-butyl)-dicarbonate (Boc20) (Scheme 5) afforded Boc-L-Phe-Y(CH2-CH$Q-Ala-OH 813, 

whereas (3R,6R)-3-methyl6-benzyl-piperidin-2-one 7b led to Boc-L-Phe-Y(CHz-CHz)-L-Ala-OH 

914. 
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Scheme 5 

This work constitutes an unequivocal method for preparing stereochemically definite carba 

dipeptide isosteres. This methodology, which mainly involves stable and storable reagents, should be 

applicable to most of dipeptide units, and is in developement in our laboratory. 




