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Summary: Alcohols 14 and 21 and the derived half-glutarate esters 15 and 22 have been prepared and 
evaluated as inhibitors of HMG CoA reductase. Compound 14, the hexalin moiety of the natural Jimgal 
metabolite compactin (ML-236B) and compound 21. its isomeric diene, have essentially no inhibitory pro- 
perties. Compounds 15 and 22 show definite activity although several orders of magnitude lower than that 
shown by compactin. 

Compactin Cl),’ also known as ML-236B,2 and the related compound mevinolin (2)’ are potent inhibitors 
of the enzyme HMG CoA reductase. Because this enzyme mediates the rate-limiting step in cholesterol biosyn- 

thesis, compounds that affect its activity are of potential importance as hypocholesterolemic drugs. Indeed, it 
has recently been found in clinical trials that compactin effectively reduces serum cholesterol levels in patients 

with hypercholesterolemia.4 

I: R=H 3: R=H 5 
2: R=Me 4: R-Me 

One of the interesting questions in connection with the inhibitory activity of compactin and mevinolin is 
the function of the hexalin portion of the molecule. It is known that the active forms of the inhibitors are the 

dihydroxy acids 35 and 43, and that they bind at the active site for at least the first step of the two-stage reduc- 
tion of HMG CoA to mevalonic acid.2b The 3,%dihydroxypentanoic acid side-chain in 3 and 4 bears a close 
structural resemblance to the natural substrate and product of the reduction, and it is probable that this portion 
contributes an important part of the binding affinity. In fact, compounds 3 and 4 may function as transition 

state analogs for this reduction.6 However, the structure of the hexalin unit is also important, since the addi- 
tional methyl group in mevinolin confers additional activity3 and removal of the (S)-2-methylbutanoyl group to 

give ML-236A (5) results in greatly diminished activity.’ One interpretation of these observations is that the 
hexalin portion of the molecule plays an important role in binding compounds 3 and 4 to the active site of 
HMG CoA reductase. Thus, it might be expected that this part of the molecule, excised from the 3,5- 
dihydroxypentanoic acid residue, would function as a competitive inhibitor of the enzyme. In this letter, we 
report the total synthesis and biological evaluation of alcohol 14, its half glutarate ester 15 and the isomeric 
dienes 21 and 22.7 
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The synthesis of compounds 14 and 15 is summarized in Scheme I. Thermal cycloaddition of ethyl (z)- 
crotonate9 and Danishefsky’s diene” provides an adduct (6) which is reduced with lithium aluminum hydride 
to produce, after hydrolytic workup and protection of the primary alcohol with t-butyldimethylsilyl chloride, the 
enone ether 7. This material is subjected to a cyclohexene annelation process previously developed for this pur- 
pose” to obtain enone 9. Treatment of the derived 1,3,5-triisopropylbenzenesulfonyl hydrazone” with four 
equivalents of n-butyllithium provides diene 10, which is reprotected to obtain 11. Hydrolysis of the dithiane 
group,13 followed by reduction of the resulting ketone with L-selectride l4 affords axial alcohol 12, which is 
esterified with @I-2-methylbutanoic anhydridesa to obtain ester 13.15 Desilylation of 13 affords alcohol 14, 
which is treated with glutaric anhydride to obtain diester acid 15. 
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a. 145’C, 72h. b. LiAIH4, ether, -78°C. c. I-BuMepSiCI, Et3N. DMAP, 

CH.&. d. co “?qT , THF, HMPT. -78°C. e. 10% HCI. MeOH, reflux. 

f. 2,4,6-(i-Pr&H2S02NHNHz, MeOH, HCI. g. n-BuLi, hexone, TMEDA. 

h. NCS, AgN03, collidlne, O’C. i. LiHB(s-Buj3. j. (S)-2-methylbutanoic 

anhydrlde, Et3N, DMAP, CH2C12. k. n-Bu4N+F-. THF. P. glutoric anhydrlde. 
Et3N, DMAP, CH2C12. 
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The isomeric diene 21 and its ghnarate ester 22 are obtained by the modified synthesis summarized in 
Scheme II. Reduction of enone 16 with sodium borohydride-ceric chlorideI provides the equatorial allylic 
alcohol 17, which undergoes smooth dehydration upon treatment with pyridinium p-toluenesulfonatet7 in 
refluxing 1,2-dichloroethane to give dienes 18 and 11 in a ratio of 92% The major isomer from this dehydra- 
tion is converted into alcohol 21 and the derived glutarate 22” in the same manner as is used for the prepara- 
tion of 14 and 15. 

Scheme II 
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o. ‘-6”Me$Ct, Et3N, DMAP, CH2C12. b. NOBH,,, CeC13, MeOH, 

c. PPTS, CtCHzCHzCI, reflux. d. NCS, AgN03, collidine, OoC. 

e. LiHB(s-Bu13. f. (Sk2-methylbutonoic anhydride, Et3N, DMAP, 

CH2C12. g. “-Bu4N+F-, THF. h. glutoric onhydride, Et3N, 

MAP, CH$la. 

Compounds 14, 15, 21, and 22 were evaluated as inhibitors of HMG CoA reductase by measuring their 
effect on mevatonate production from radiolabelled HMG CoA by rat liver microsomes.” Data are summarized 
in the Table. It is noteworthy that neither alcohol 14 nor alcohol 21 shows significant inhibitory activity at any 
concentration examined. Glutarates 15 and 22 do show definite inhibitory activity, but of a much lower magni- 
tude than that exhibited by compactin. The relatively low activity of 15, given its rather close structural resem- 
blance to acid 3 suggests that compound 3 indeed may be functioning as a transition state analog, and that an 
effective inhibitor of HMG CoA reductase may require the secondary carbinol at C-5. Further experiments to 
test this idea are in progress. 
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Table. Effect of Compounds 14, 15, 21 and 22 
on HMG CoA Reductase Activity’ 

Compound 200 nlu 
% Inhibition of Enzymatic Reactionb 

40pM 200 ,LM Compactin, 200 nM 

14 2.3 11.0 9.0 70.8 
15 0 41.0 72.0 63.0 
21 3.3 0 11.0 72.3 
22 0 27.0 63.0 72.0 

(a) The HMG CoA reductase was assayed in 0.5 mL incubations containing I50 mM potlssium phosphate buffer, pH 6.8, IO mM 
dithiothreitol, 4 mMEDTA. 2W mMKCI, 2 mMNADPH (regenerated with glucose-bphosphate and glucose-bphospbate dehydrogenase.), 18 
phf [3.‘4Cl-HMG CoA and 60 @g of microsomal protein. Compactin or a test compound was added in 10 pL of DMSO; control incubations 
also contained 10 pL of DMSG. Compactin ~85 added in tactone form. (b) Values are the % inhibition of the rate of mevalonate production 
in the presence of the appropriate test compound relative to an uninhibited control. All values are the average of three determinations. 
Assays are thought to be accurate to f5%. 
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