
Tramhahn L&as. Vol. 34. No. 13. pi 2051-=. 1993 ilwo439193 s6.00 + .oo 

Printed in Chat Britain PCIgMMilRCULld 

ANRWCHIRALALKYLATIONMRTHODOLOGYFORTHRS-fSOR2 ~XETOACIDS 

IN HIGH OPTICAL PURlTY USING 27TRIFLYLoXY RSTERS 

Robert V. Hoffman* and Hwa-Ok Rim 

Departmnt of Chemi&y and Biochemistry 

New Mexico State UniversiQ’ 

Las Cruces, NM 88003-0001 

Summay Optically active 2-tr#lykq esters are excellent alkykting agents for /3-keWster etwkztes. 

Decarbaqvlation of the alkylation products gives 2-substituted4ketoacid derivatives in high optical purities. 

We recently mported a new method for the synthesis of ketomethylene peptide isosteres in which the C-2 

to C-3 carbon-carbon bond of the key yketoacid segment 1 is formed by the reaction of a 3&toester enolate 

with ethyl bmmoacetate (Scheme l).t 
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One limitation of this approach is that ethyl bromoac&te gives a ‘)rketoester product which is 

unsubstituted at C-2. Since many intmsthrg ketomethylene peptide isostetes have alkyl substituents at C-2 (eg. 

2). a useful extension of the strategy would allow for the incotporation of substituents at C-2 of the y-kemacid 

unit (eg. 4)with control of the stereochemistry at that position. To do this te@es that 2-substituted esters ather 

than bromoacetate (eg. 3) be used as the a&dating agent. 
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However, reports of 2-halocstcrs other than ethyl bromoacetate being used successfully as alkylating 

agents am very scarce.* Apparently the mactivity of 2-haloesters (3, X= Br, I) towards nucleophiles is attenuated 

significantly by R2 groups other than hydrogen, to the extent that only very low yields of a&dation products can 
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be obtained. Previous studies of the reactions of Zsulfonyloxy esters with nucleophiles did not include any 

carbon centered nucleophiles,~ however, the excellent results obtained with a variety of nucleophile types 

suggested that 2-hiflyloxy esters (3, X= OTfj might be excellent alkylating agents for &lcetoester enolates. In the 

first place they am very effective alkylating agents towatds a variety of nucleophiles that fail to react with 2- 

bromoesters.af In the second place they can be easily pmpamd with high optical purity4 so that they could 

potentially lead to stereochemical control at C-2 of the 4ketoacid product 4. We am pleased to report that 2- 

tritlyloxy esters are excellent alkylating agents for pketoester enolates and the resulting 2-substituted 4ketoacid 

products are produced in good yields and high optical purities. This utiliition of 2-triflyloxyesters as carbon 

alkylating agents thus provides an excellent method for the synthesis of 2-substituted ketomethylene peptide 

isosteres. 

Ethyl 3-ketoesters (Method A) S-d WCIE chosen initially because they could be hydrolyzed using lithium 

hydroxide, a method used previously for the hydrolysis of amino acid esters without detectable racemixatiion.48 

The 3-ketcester 5 was converted to its enolat_in F, treated with a dichlommethane solution of a 2-tritlyloxy 
v u 

1. NaH 

oEt2. 

P AC. 

5a, R+le 5a, Rp=“Me 
b, R,=Et b, Rpi-Bu 
c, R,=n-Pr c, R2=CH2Ph 
d, R+Pr d, RpPh 
8, R,=Ph 

Table 1. Synthesis of 2-Substituted-4-ketoalkanoic Acids 4 from the Reaction of Ethyl 

3-Ketoestem 5 with 2-Triflyloxy Esters 6 (Method A). 

Ernctantsm s;Bb 

1. 5a 6a 4aa 64 94 97:3 

2. 5a 6b 4ab 58 68 8416 

3. Sa 6c 4ac 76 71 86:14 

4. Sa 6d 4ad 85 0 50:50 

5. 5b 6a 4ba 65 92 944 

6. 5b 6c 4bc 56 66 83:17 

7. SC 6a 4ca 90 68 8416 

8. 5d 6a 4da 84 52 76~24 

9. 5d 6c 4dc 62 28 64~36 

10. 5e 6a 4ea 44 94C 97:3 

a. Diastereomeric excess determined from the coupliig of acid 4 with (S)-(-)-a-methyl- 

benzylamine. b. Ratio of S:R enantiomers of acid 4. c. Optical purity determined by 

coupling with Pm-OMe. 
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ketortcid4,thedaeacollemdinToble2showthatgood~~~s~obcainad,endtheopticalpuritiesarequite 

high. The reaction tbne can be shortened considerably by deesterhication with TFA (30 min), neutralixation to pH 

6, and m&xing in benxene 2 h. Identical msults wem obtained for Jab with this shortened procedure as for the 

longer, room mmpemmm pmcedure @ported in Table 2. Entry 2, and excellent results were obtained for 4ca and 

4dc using the shorter procedure (Entry 4.5). 

The chiral alkylation methodology described above for the preparation of 2-alkylated4ketoestem and 

acids is noteworthy in several respects. To the best of our knowledge it is the first general me&cd for the 

formation of carbon-carbon bonds to the a-position of esters by a substitution process. Second 2-alky14 

ketoacids am produced in acceptable y&is and high optical purities, and are themselves important synthetic 
imrmdiam.lO Finally 2-alkylated4ketoacids with chhal walkyl substituents can be easily converted to 

ketomethylene peptide isosteres using existing methodol~gy,~ thus this alkylation strategy is very useful for the 

synthesis of a variety of potentially important protease inhibitors. Extensions of this methodology am under 

active investigation. 
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