
Bioorgwzic & Medicinal Ckmisfry L.etters. Vo1.3, No.12, pp. 2879-2882. 1993 096&894X,93 $6.00 + .OO 

hited in Great Britain 0 1993 Pergamon Press Ltd 

THE STEREOSELECTIVE SYNTHESIS OF (E)-ALKENE DIPEPTIDE 
ISOSTERESl 

Yaw Pui Yong and Mark A. Lipton* 
Department of Chemistry, Purdue University, West L&yet& IN 47907-1393 

(Received in USA 30 September 1993; accepted 25 October 1993) 

Abstract: A diastereo- and enantio- selective synthesis of the Q-alkene dipeptide isostere of ~-Ala- 
L-Ala from L-alanine has been developed which proceeds via stereocontrolled addition of a Q- 
vinyllithium reagent followed by a [23]-Wittig rearrangement. The synthesis proceeds in seven 
steps overall from L&nine methyl ester. It is believed that this approach will provide a fairly 
general and convenient route to isostems of a number of different dipeptides. 

An appealing strategy toward the creation of therapeutic molecules with peptide-like activity is to modify 

the structure of a biologically active peptide to alleviate the principal problem associated with the use of peptides: 

the instability of amide bonds toward hydrolysis in vivo .2 One of the oldest solutions to this problem is the 

replacement of a peptidic amide bond with an (E)-alkene. a close structural analogue of a rrwrs secondary amide 

which is hydrolytically inert. Such Q-alkene dipeptide isosteres (1) - first introduced by Samrnes3 and Cox4 

over a decade ago - have become increasingly popular in recent years, as evidenced by the numerous approaches 

toward the synthesis of these isosteres which have appeared. 3-6 The most attractive of these approaches has been 

the [2,31-Wittig rearrangement reported by Liskamp6in which the regiochemistry of the alkene and the 

oxygenation of the incipient C-terminus are installed in one operation. The one drawback to this approach was 

the lack of st ereocontrol which limited its application to “Gly-Xxx” and “Xxx-Gly” dipeptides. Herein we report 

a solution to the problem in the form of a concise synthesis of the (E)-alkene isostere of L-Ala-L-Ala (1, 

R1=R2=CH3) from L-alanine methyl ester in which the [2,3]-Wittig reaction is used to establish the new 

stereogenic center of the dipeptide analogue in stemocontrolled fashion.7 

H”dCo,H [2,3]-Wittig HNaR 
2 2 

RI A, 

1 three 

In order to produce the new stereogenic center with the proper conQuration, it was necessary to obtain a 

three earnino alcohol for the [2,3]-Wittig rearrangement. The best method for obtaining them from amino 

acids in high diastereomeric excess is that of Polt,g which begins with the protection of the alanine nitrogen 

(Scheme 1) as a benzophenone Schiff base(2)o to allow chelation-controlled reduction and addition of the 

intended nucleophile, Q-1-lithiopropene (3). The desired thee @amino alcohol 4 was obtained in 61% yield 

as a 7: 1 mixture with its erythro isomer. Lo The sensitivity of the Schiff base necessitated reprotection with the 9- 

phenylfluorenyl group11 to afford 5 free of diastereomeric impurities after chromatography. The [2,3]-Wittig 

rearrangement was accomplished using Still’s modification 12 by forming the tributylstannylmethyl ether 6 in 

85% yield followed by transmetallation and subsequent rearrangement in hexane to afford the homoallylic 

alcohol 7 in 44% yield as a single diastereomer. Like Liskamp and Bol, we found THF to be an inferior solvent 
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for this reaction; however, we did not observe any [ 1,2] rearrangement product in THP but simply a sharp 

decrease in the yield of the [2,3] product. The synthesis of the dipeptide isostere was completed by oxidation to 

the carboxylic acid 8 in 5 1% yield using Jones’s reagent .l3 
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Scheme 1. Synthesis of the dipeptide isostere 8 from L-alanine methyl ester 

The choice of a Q-alkene as a precursor to the [2.3]-Wittig rearrangement was based on the findings of 

Midland,I4 in which a system closely related to 5 was shown to undergo [2,3]-Wittig rearrangement to afford a 

product with stereochemistry analogous to that of 7 free of diastereomeric impurities. In contrast, when an (E)- 

olefin was used in Midland’s system a mixture of two products was obtained, neither of which corresponded to 

the stereochemistry of 7. This latter fiiding was closely in accord with the results of Liskamp. The precedent of 

Midland also suggests that the new stereogenic center obtained via [23]-Wittig rearrangement should possess an 

(R) configuration as shown in Scheme 1. Proof of the stereochemistry was obtained (Scheme 2) by conversion 

of the intermediate 7 to the known benzylated dioll0. 153 Thus, 7 was converted to the corresponding ether 9 

in 72% yield and subjected to ozonolysis and reduction with borohydride to afford the desired alcohol 10. The 

optical rotation of 10 matched that of the expected (R) isomer ([aID +17.2’, c OS).st 
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Scheme 2. Determination of the stereochemistry of 7 via correlation 

We believe that this methodology should prove broadly applicable to the synthesis of isosteres of L-, L- 

dipeptides. Current efforts are underway to improve the overall yield of the synthesis and to extend this 

methodology to the stereocomplementary synthesis of isosteres of dipeptides containing D-amino acids (e.g., 

11). 
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