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Abslnrct: Three alternative methods for the synthesis of the optically active heptanoate (6). a key intermediate in 
the preparation of a highly potent and tissue selective HMG Co-A reductase inhibitor are described. 

Inhibitors of HMG-CoA reductase, the rate limiting enzyme in cholesterol biosynthesis, are receiving 

considerable attention due to their proven efficacy at lowering both total plasma and low density lipoprotein 
cholesterol in man.’ This is evidenced by the significant number of recent reports on both natural’ and 

synthetic? inhibitors. In particular, several different approaches to the key structural feature, the bhydroxy- 

&&tone (1) or its open chain analogue (2), have been reported.sA 

x=o, 
X 
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An important aspect of these previous syntheses is that they all provide a functional group “X” 

suitable for carbon-carbon bond formation to the “bulky lipophihc” portion of these compounds (i.e. X = 

C&OH, C&Br, CHJ, CHO). 
F 
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CI-981, a potent and liver selective5 member of the HMG-CoA reductase inhibitor class of compounds 

currently undergoing clinical trials, differs from most of these compounds in that the Blactone moiety is 

attached to a heteroaromatic group via the hetero-atom.6 The original chiral synthesis of this compound 

employed the chit-al acetate enolate chemistry developed by Braun.3hS7 Unfortunately, due to the linear 
nature of this route, the overall yield was low. Thus, an alternative more economical route was sought. 
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The retrosynthetic analysis we selected led to a 6-lactone moiety (1; X = CHJX) or the open chain 

analogue (3), as a key intermediate in the preparation of CL981. 
We herein report three efficient methods which have been applied in our laboratories for the synthesis 

of enantiometically pure (4R-cis)- 1,l -dimethylethyl 6cyanomethyL2,2dimethyl- 1,3-dioxane-4-acetate (6), 

the key intermediate in the synthesis of CI-981. Our initial approach to this intermediate centered on 

homologation of the 5 carbon subunit (4).ss9 
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R,=lk, Et, n-Su 

R=TBDYS 

. . N&H; b. CM; E. Ug(0.$X~gCOgtBu), d. Bu~NF, AcOH, THF; 0. 151BH4, UaY B(E0+6@ -0g’c; 

1. (ua)2cIOMa)2, WSO6H @as 6 (6646%). 

The TBDMS protected compound 4 was hydrolyzed and chain extended by activation using NN- 
carbonyldiimidazole followed by reaction with the magnesium salt of potassium t-butyl malonate.” 
Acidification followed by deprotection using buffered fluoride ion gave 5.” Diastereoseleetive reduction 

using the procedure of Chen et a.lm’*’ followed by protection as the acetonide resulted in 6.13 Overall, the 

yield of this sequence was 60-656, with diastereoselectivity in the range of 1OO:l (3RSRz3SSR). 

Recrystallization increases this ratio to =350:1 providing 6 with an enantiomeric purity of B9.5%.t4 

Alternatively a cross Claisen approach using lithium tert-butyl acetate and the unprotected compounds 

7” offered a shorter and more economical synthesis of 6. While the cross Claisen has been used for the 

preparation of compounds of type Z4’&, the presence of the nitrile in the case reported hem, provided an 

alternative site of reaction which could potentially cause difficulty. In practice, treatment of 7 with 3-4 
eq. of lithium tert-butyl acetate resulted in smooth conversion to 5, with no detectable reaction at the 

nin-ile, in 75 to 80% yield. Conversion of 7 to 6 was achieved in 65 to 70% overall yield, 

a. l-BtKpX&DA, Hoxmm,TW; thmn 7 in TW; b. NaEH, Y&H, I~(EI),CM@~~C; 
t. (Ye)nC(OMe)a, W&O,H gives 6 (&76%). 

The commercially available alcohol @)),I6 provided the starting point for the third route. It was 

envisioned that the primary hydroxyl group would be converted to a leaving group such as sulfonate (9) 

which would then be displaced by treatment with cyanide ion to provide the desired target (6). However, 

literature precedentI on an analogous compound indicated that a leaving group such as methanesulfonyl 

or toluenesulfonyl would be ineffective. Indeed, use of mesylate or tosylate provided clean reaction, in 
contrast to the earlier report”, but require weeks to achieve significant conversions. 
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Use of the more activated nitro-or halo-substituted benzenesulfonates (9) provided significantly greater 

rates of reaction.‘* However, all were very sensitive to traces of moisture or acid and decomposed very 

rapidly on standing. The displacement reaction was sensitive to the stoichiometry of the cyanide and 

temperature.‘g With carefully controlled conditions the conversion of 8 to 6 was carried out in 85 to 90% 

overall yield. The final choice of activated sulfonyl ester was governed by cost of reagents, reaction rate, 

and yield. Large scale preparative work used the 4-chlorophenylsulfonate @a). 

SaXICI 

Qb XI Br 

ecx=No* 

a. 4-X-PhBO$ZI, Cl$Cl, NEI, (05%). b. NaCN, DMSO, (009&) 

Key intermediate 6 contains both the chiral centers present in CI-981 and can be obtained in an 

extremely pure form due to its highly crystalline nature. As such, 6 serves as an ideal intemxdiate for 

the preparation of CI-981. The three syntheses described here have all been carried out successfully on 
a multi-kilo scale. 
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