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Summary: The dianion of diethyl-1,3-acetone dicarboxylate 6 was reacted with a vinyl cation 
equivalent, 2.bromoethyl phenyl selenide, to give the mono alkylated 3.oxoglutarate 7 in 80% yield. 
Subsequent four-step elaboration gave the title citric acid analagues. These agents were designed as 
potential mechanism-based inhibitors of ATP-citrate lyase, an enzyme involved in cholesterol and 
lipid biosynthesis. 

ATP-citrate lyase (ACL; E.C. 4.1.3.X.) catalyzes a retro-aldol reaction of citrate 1 to 

oxaloacetate 22 (Scheme I). The reaction is coupled both to the hydrolysis of ATP to ADP and 

inorganic phosphate (Pi) and the formation of one mole of acetyl CoA 3. Cytosolic 3 is utilized in 

mammalian cholesterol and fatty acid biosynthesis, and inhibition of ACL may represent a useful 

drug strategy for treating hyperlipidaemix2b For this reason we were interested in preparing and 

evaluating (+(erythro)- and (f)-(three)-Zvinyl citrates 4 and 5 as potential mechanism-based 

inhibitors of ACL.3,4 
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Vinyl citrates 4 and 5 are. latent electrophiles designed to profit from the incipient anion formed by 

the enzyme to generate a reactive Michael acceptor i directly in the active site.5 Subsequent 

alkylation of an active site nucleophile would lead to irreversible enzyme inactivation. 
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The dianion of diethyl 1,3_acetonedicarboxylate 6a was reacted with a previously unrecognized 

vinyl cation equivalent, 2.bromoethyl phenyl selenide 6b.c to give C-alkylated 3.oxoglutarate 7 in 

80% isolated yield’,*a (Scheme 11). Elaboration of 7 to an inseparable mixture of diastereomeric 

uiacids 8 was accomplished using previously described cyanohydrin/hydrolysis conditions.*b 

Esterification of 8 in methanol afforded (f)-(erythro).triester 9 and (f)-(three)-triester 10 after 

reverse phase HPLC purification (30% THF-water, Cl8 bonded silica). X-ray crystallographic 

analysis9 of the less polar crystalline 10 (Et20, mp 61-63 OC) established the relative threo- 

configuration found in 10 (ORTEP drawing, Scheme II). Conversion of 9 (10) to the 

chromatographically stable vinyl citrate triester 11 (12) was realized via phenyl selenoxide 

elimination in the absence. of base (1.1 equiv. 03, CC14, -10 0C then 60 UC, 10 min; 70%). Vinyl 

citrate (f)-4 ((x+5) was obtained from 11 (12) following acid catalyzed ester hydrolysis (3 M 

aqueous HCl, reflux, 3 h; 85%). These hydrolysis conditions also produced ca. 10% of the a$- 

unsaturated citrate 13 as a 2:1 mixture of geometric isomers. 

Evaluation of 4 and 5 using purified rat liver ACLto revealed reversible binding constants 

(Ki) of similar magnitude (530 pM and 480 )IM, compared to K,,, citnte = 106 PM, Table I). The 

vinyl ciuates were substrates for enzyme (K,‘s within 1.5x that of natural substrate 1) submitting to 

retro-aldol skeletal cleavage at a substantially lower rate (V,,, ) relative to 1. Time dependent 

inactivation of ACL was not observed at 2 mM concentrations of 4 or 5 as evidenced by changes in 

the decay rate for enzyme under the assay conditions. Assuming the formation of i, this result is 

surprising in light of an active site nucleophile believed to play a critical role in covalently binding 

citrate during catalysis.2 Alternatively, regioselective promnation of ii may have occurred in the 

enzyme active site yielding iii which is incapable of irreversibly inactivating ACL. 
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