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Abstmct: A method is &scribed for the stereoselective preparation of peptidyl trifluoromethyl ketones which is 

centered around the addition of trifluoromethyl zinc iodide to a peptidyl aIdehyde. Oxidation of the resulting 

alcohol with selected oxidants affords the corresponding ketone in greater than 99% isomeric purity. 

Peptidyl trifluoromethyl ketones (TFMKs; eg. la) are an important class of inhibitors of hydrolytic 

enzymes including serine,* aspartyl,z*s metallo-,k and cysteine proteinases.*Q While a large number of 

methods have been developed for the preparation of simple alkyl TFh4Ks.s only three approaches for 

introducing the trifluoromethyl ketone functionality into a peptide backbone have been reported: a modified 

Dakin-West reaction employing trifluommethyl acetic anhydride (eq 1); a Henry reaction between a nitro 

alkane and fluoraV(eq 2); and the condensation of the dianion of substituted acetic acids with fluoral 

followed by a Cur&s rearrangements (eq 3). With all three approaches, a peptide backbone is appended to 

the amino group of amino alcohol 2, and the resulting peptidyl trifluoromethyl alcohol (TFMA) oxidized to 

the corresponding TFMK la. 
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As part of our structure-activity studies on the inhibition of human leukocyte elastase (HLE) by peptidyl 

TFMKs, it became necessary to prepare isomerically pure TFMKs of known absolute stereochemistry. 

Common to all three processes described above is the addition of an achiral carbanion to a trifluoromethyl 
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carbonyl derivative in the crucial carbon-carbon bond forming step. As a result, the ketones la produced by 

these methods are 1: 1 mixtures of epimers at the stereogenic center alpha to the ketone carbonyl group. We 

therefore pursued a conceptually different approach and investigated the addition of a trifluoromethyl anion 

equivalent to a peptidyl aldehyde (eq 4). The success of this method for preparing isomerically pure TFMKs 

lb required that both the trifluoromethyl anion addition and subsequent alcohol oxidation be effected 

stereospecifically. 

lb 

While pentafluoroethyl and higher homologous perfluoroallcyl anions can be readily generated and 

employed synthetically,9 the trifluoromethyl anion is unstable and decomposes rapidly.9htu This problem 

can be circumvented by generating the trifluoromethyl anion in the presence of the substrate. For the 

preparation of simple allcyl and aryl trifluoromethyl carbinols from aldehydes. several reagent systems have 

been successfully employed to produce trifluoromethyl anion equivalents: CFsTMS/TBAF,tt CFsI/Zn,t2 

CFsI/SnC12 1s (trialkylsilyl)(trifluoromethyl)diazenes.’4 and electrochemical trifluoromethylation.ts 

However, none of these procedures has previously been applied to the construction of peptidyl 

trifluoromethyl alcohols. We have found that the CFsJ.Zn system can be used to prepare peptidyl TFMAs 

stereoselectively. 
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Aldehyde 7a was prepared in a straightforward manner from L-valine thereby establishing the absolute 

stereochemistry of the stereogenic center alpha to the aldehydic carbonyl group as the natural S configuration. 

As a result of minor amounts of epimerization during its preparation, 7a was a 955 mixture of S/R 

epimers.16. When a mixture of peptidyl aldehyde 7a, CFsI, and zinc was sonicated at room temperature 

according to the procedure of Kitazume and Ishikawat~~r only a 5- 10% yield of the desired TFMA 8a was 

produced. The remainder of the reaction mixture consisted of epimerized aldehyde 7a. It was hypothesized 
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that under the conditions of sonication the CF3ZnI rapidly decomposed to a basic by-product which converted 

the aldehyde to an enolate, thereby precluding the aldehyde from further reaction. In order to improve the 

life-time of the CF3ZnI reagent, the reaction was run at -2O’C and activated zinc was used to eliminate the 

need for sonication. These modifications resulted in a 50% isolated yield of the desired alcohol 8a. Again, 

the only other component of the reaction mixture was epimerized aldehyde. 

In a typical experiment, a solution of trifluorometbyl iodide (100 mmol) in DMF (25 ml) at -40°C was 

added over 2-3 h via a dry ice/acetonitxile cooled addition funnel to a -20°C mixture of aldehyde (5 mmolj and 

activated zinc17 (100 mmol) in DMF (75 ml) . After stirring for an additional 1 h at -20°C. the clear solution 

was warmed to mom temperature+ partitioned between water and ethyl acetate, acidified with 1N HCl, and the 

aqueous phase extracted with several portions of ethyl acetate. The combined organic extracts were washed 

with 20% NaOH and brine, dried (K2C03/NazS04, 1:l) and the solvents evaporated. The crude 

trifluoromethyl alcohols 8 were purified by flash chromatography on silica gel.18 

The trifluoromethyl alcohol 8s was a mixture of all four possible diastereomers (HPLC analysisth). The 

two major isomers accounted for 9592% of the mixture, both before and after purification. The relative 

stereochemistry of alcohols 8a was assigned by HPLC correlation with the individual syn and anti 

diasterwmeric pairs of 8a independently prepared from the diastereomerically pure syn and anti amino 

alcohols 2.8 me absolute stereochemistry of the sterwgenic center at C3 of the two major isomers was 

derived from L-valine and therefore had the S configuration. Thus, these two isomers were assigned as 

(3S,2S)-syn-8a and (3S,2R)-anti-8a. The ratio of syn to anti (3S)-8a was 1:6. The anti product is that 

predicted to be the major isomer by Cram’s cyclic chelation model .19 57% of the epimeric (3R)-Sa alcohols 

was present. The ratio of 3S/3R epimers was about the same in the alcohol Sa as in the starting aldehyde 7a. 

This is consistent with the hypothesis that incomplete conversion of aldehyde to aifluommcthyl alcohol is the 

result of the aldehyde’s conversion to an unreactive enolate. If the enolate were generated under equilibrating 

conditions, the product alcohol would have a higher percentage of the 3R epimers than in the starting 

aldehyde. Further support for this theory comes from an experiment wherein the reaction mixture was 

quenched with ds-acetic acid. As determined by MS and lH NMR, the recovered epimerized aldehyde had 

virtually complete incorporation of a deuterium atom at C3. A control experiment in which aldehyde 7a in 

DMF was treated with d4-acetic acid and subjected to the standard work-up did not result in either 

epimerization or deuterium incorporation. 

A number of oxidants will convert the peptidyl TFMAs into the corresponding ketones?m5-8 Most cause 

extensive epimerization of the stereogenic center alpha to the ketone carbonyl. The Dess-Martin periodinanem 

was previously shown to oxidize TFMAs without epimerization. 8b In addition, a modification of the 

Pfitzner-Moffatt oxidationzt has also been found to be useful in this respect. Thus, treatment of alcohol 8a 

(0.2 mmol) with dichloroacetic acid (0.6 mmol) and I-(3-dimethylaminopropyl)-3-ethylcarbodiimide 

hydrochloride (2 mmol) in DMSO (2 ml) and toluene (2 ml) afforded ketone 9a with an isomezic purity of 90- 

45% prior to purification. Following chromatography, the peptidyl TFMK 9a was isolated in 70% yield in 

greater than 99% isomeric purity. Enzyme inhibition studies confumed that 9a, which possessed the natural 

S configuration at C3, was the biologically active epimer with a K, of 0.8 nM against HLE (the 3R epimer of 

9a had a Ki > 150 nM sb). 

This is the only method reported to allow for the preparation of single isomers of peptidyl TFMKs of 

defined stereochemistry. In addition, this process can be used to prepare TFMKs which are not readily 
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accessible by other approaches. For example, when the substituent “R” in amino alcohol 2 is a bulky group 

such as tert-butyl, the routes described in equations l-3 may be problematic. In contrast. the aldehyde 7b. 

readily prepared from L-tert-leucine Sb, was smoothly converted to TFMA 8b in 85% yield. Oxidation of 

8b with periodinane afforded the tert-butyl trhluoromethyl ketone 9b in 72% yield as an 85:lS mixture of Cs 

epimers, the major isomer presumably having the S configuration. 

In summary, the methodology presented here allows for the preparation of peptidyl trifluoromethyl 

ketones of defined absolute stereochemistry. The success of this process with the tripeptides in this study 

indicates it should be generally applicable to the stereoselective synthesis of a variety of peptidyl 

trlfluoromethyl alcohols and ketones. In addition, access is afforded to analogues which are not readily 

available by other technologies. These compounds will serve as important probes of enzymatic catalysis and 

inhibition. 
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