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a,a-DIFLUOROKETONE INHIBITORS OF HMG CoA REDUCTASE 
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Abstract: The rationale for a new class of HMG CoA reductase inhibitors, represented by a,a- 
difluoroketones 3 and 4, is described. The syntheses of 3,4, and their nonfluorinated analogue 5 are presented. 

The importance of mevinolin (1; acid form), a naturally occurring HMG CoA reductase inhibitor, as an 

antihypercholesterolemic agent1 has inspired an extensive search for simplified analogues lacking the structurally 

complex hexalin ring system of 12 , resulting in the discovery of potent inhibitors such as 22a. In contrast, more 

limited structure-activity studies have indicated that the 3R,SR-dihydroxyheptanoic acid portion of 1 is much less 

tolerant of variation than the hexalin system 3. The dihydroxy acid portion of 1 and 2 most likely interacts with the 

hydroxymethylglutaryl binding domain of the reductase enzyme4, possibly mimicking the enzyme-generated 

hemithioacetal of mevaldic acid and coenzyme A 5 . A similar binding interaction could be provided by a- 

fluoroketones, which are potent inhibitors of several classes of enzymes by virtue of their propensity to form stable 

hydrates and adducts with enzyme active-site nucleophiles 6. It has been demonstrated that an analogue of 2 and 

CoASH can bind to yeast HMG CoA mductase simultaneously 4. One might therefore expect a,a-difluoroketone 

3 or 4 to form a hemithioketal with CoASH in the enzyme active site 7. Alternatively, 3 or 4 could bind as a 

ketone hydrate. We describe herein the synthesis in racemic form of a,a-difluoroketones 3 and 4, and their 

nonfluorinated analogue, 5. 

The synthesis of the nonfluorinated compound 5 , shown in Scheme 18, was achieved using the triethyl 

orthoester of malonaldehyde (6). Reagent 6, readily prepared from ethyl cyanoacetate by orthoester formation9 

followed by reduction with diisobutylaluminum hydride (DIBAL), serves as a convenient synthon for 3- 

hydroxyesters via its reaction with lithium reagentslovll. Thus, alkylation of bromide 7l2 with lithio t-butyl 

6885 



6886 

acetate and subsequent DIBAL reduction provided aldehyde 8, which was converted in two steps to ketone 9. 

Aldol condensation of 6 with the enolate of 9 followed by acid workup led directly to 3-hydroxy-5-ketoester 10 in 

good yieldl3. Saponification provided the acid 5. 

Scheme I 

7 8 9 

a. HCl, ethanol; 95%. b. ethanol. 10 days; 79%. c. DIBAL, toluene, -78’: 80%. d. t-BuOAc, LDA, 
THF. -78”; 88%. e. DIBAL, toluene, -78’; 83%. f. CHjLi, THF, 0”; HsO+; 98%. g. Jones oxidation; 79%. 

h. 9, LDA,THF; 6, -78’; H30+; 80%. i. NaOH, HzO, CH30H, THF; H30+; 85%. 

A strategy similar to that of Scheme I was used in the synthesis of 3 (Scheme II)~. Alkylation of bromide 7 

with 2-carboethoxy dithiane14 and hydrolysis of the dithiane yielded 2-ketoester 11, which was treated with 

diethylaminosulfur trifluoride (DAST)l5 to provide a moderate yield of difluoroester 12. Difluoroester 12 led 

cleanly to ketone 13 upon treatment with methyllithium. Aldol condensation of 13 with 6, as before, provided the 

3-hydroxy-5-keto-6,6_difluoroester 14, although the yield was significantly lower than in the case of 1016. 

Saponification of 14 (1.1 equiv. NaOH, 1:l:l THF-methanol-water) to give 3 was remarkably facile, being 

complete within seconds. By comparison, it is suggestive that the corresponding reaction of 10 to give 5 required 

over 2 hours for completion under the same conditions (vide infra). 

Scheme II 

PhAO 

7 a,b c,dJ--$o~ c,d 

11 12: R=OC,HI; 14: R=C,Hs 

13: R=CH, 3: R=H 

a. ethyl-1,3-dithiane-2-carboxylatc, KH. DMF, CsHs; 92%. b. NBS, H20, acetone; 95%. 

c. DAST (neat), 60’; 33%. d. CH?Li, THF, -78”; H30 . +. 99%. e. LiN(TM&, THF; 6, -7S0;H30+; 20%. 

f. NaOH, H20. CHsOH, THF; H30 ; 99%. 
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Synthesis of the 4,4-difluoro compound 4 was effected by a somewhat different route, shown in Scheme 

III8. Reformatsky reaction of aldehyde 8 with ethyl hromodifluoroacetate 17 and trimethylsilyl protection yielded 

the difluoroester 15, which underwent smooth condensation with lithio ethyl acetate to afford 3-ketoester 16. 

Borohydtide reduction of 16 and protection with the t-butyldimethylsilyl group led to the protected 13diols 17. 

Selective oxidation of the trimethylsilyl ether of 17 with Jones reagent provided 3-t-butylsiloxy-4,4-difluoro-5 

ketoester 18. Treatment of 18 with 1.2 equivalents of tetrabutylammonium fluoride in THF led to a rapid and 

quantitative reaction to produce thefree acid 4. De-esterification presumably resulted from fluoride ion-induced 

attack by water which is present in the commercial tetrabutylammonium fluoride employed. In support of this 

suggestion, basic aqueous hydrolysis of 18, as with 14, was exceptionally rapid. It is likely that the enhanced 

reactivity observed in hydrolysis of esters 14 and 18, as compared with 10, involves neighboring group 

participation: attack of hydroxide on the electrophilic difluoroketone group, subsequent cyclization, and loss of 

ethoxide would form a transient pseudoacid (a Ghydroxy S-lactone), which would open to the acyclic carboxylate. 

Compounds 3 - 5 proved to be effective inhibitors of HMG CoA reductase in vitrol8. These results will be 

presented elsewhere. 

Scheme III 

Ph-o TMSO Ph-o TMSO 0 

8 a,b C,&($XF c c&+cQc2H5 d*e 

15 16 

P-0 TMSo oTBS Ph- 

JJJ-$pC2~ f ,,JJ$po2c2H5 g 4 

17 18 

a. BrWCCW2H5, Zn. THF; 70%. b. TMSOTf, 2.6~lutidine, CH2C12; 92%. c. LiCH2C02C2HS, THF, -78’; 77%. 
d. NaBH4; 100%. e. TBSOTf, 2,6-lutidine, CH2C12; 83%. f. Jones oxidation; 75%. g. n-Bu.+NF, THF, 98%. 

Am We thank L. B. Killmer, Jr. for mass spectral analyses, E.A. Reich for elemental analyses, 
and J. D. Elliott for helpful discussions. 
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