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The recently discovered fungal metabolites known both as 
the squalestatins1 and zaragozic acids2 have become attractive 
targets for synthesis3 as a consequence of their picomolar inhi
bition of the enzyme squalene synthase (EC 2.5.1.21), the first 
committed step in the biosynthesis of sterols. Members of this 
family of natural products have also been found to be potent 
inhibitors of farnesyl—protein transferase.4 In independent 
studies from Merck2 and Glaxo,1 a number of closely related 
structures sharing the common 2,8-dioxabicyclo[3.2.1]octane 
core have been isolated and characterized to date. The purpose 
of this communication is to disclose a route to the synthesis of 
zaragozic acid C (I)5 which is amenable to the synthesis of the 
other members of this family of natural products.6 
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In the successful synthesis plan, we have presumed that the 
bicyclic ketal core A would be accessible from acyclic precursor 
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C and that the obligatory internal ketalization would lead to 
the desired ketal rather than its structural isomer B (Scheme 
I).7 In another critical step, we planned to introduce the C5 
nucleophilic carboxylate fragment into intermediate D through 
a chelate-orchestrated Grignard addition with stereocontrol 
evolving from the C6 oxygen (eq 1). The reduction of this plan 
to practice is summarized below. 
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The synthesis was initiated with the chiral glycolate aldol 
reaction between the boron enolate derived from imide 28 and 
cinnamaldehyde to provide aldol adduct 3 in excellent yield 
(Scheme 2). A series of routine steps transformed this 
intermediate into aldehyde 4, which served as the component 
of the bicyclic core containing the Ce and C7 oxygen-bearing 
stereogenic centers. Di-fert-butyl D-tartrate (5)9 was next 
employed for the balance of the carbon framework of the core 
less the C5 carboxyl moiety. Enolization of ketal 610 with in 
situ silylation (LiHMDS, TMSCl)11 afforded the silylketene 
acetal 7 that underwent a stereoselective Lewis acid-catalyzed 
aldol addition [(1PrO)TiCl3, CH2Cl2, - 7 8 — - 4 0 0C, 5 h] with 
aldehyde 4 to give adduct 8 as a single isomer in 76% yield. 
After Dess—Martin oxidation12 of 8 —* 9, addition of vinyl-
magnesium bromide (6:1 CH2Cl2ATHF, - 7 8 0C) proceeded to 
give 10 with at least 10:1 selectivity to introduce the latent C5 
carboxyl moiety in the form of the vinyl substituent. It should 
be noted that reaction diastereoselection is strongly solvent 
dependent.13 The stereochemical outcome of this transforma
tion14 is consistent with chelate control through the C6 benzyloxy 
substituent (eq 1). Although the indicated chelate-derived 
stereocontrol is speculative, it is noteworthy that the other 
obvious chelate option accessible to the C5 carbonyl group 
predicts the opposite sense of asymmetric induction (eq 2). 

The indicated six-step refunctionalization sequence of vinyl 
carbinol 10 (76% yield) afforded lactone 12 as a fully elaborated 
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0 Reagents and conditions:15 (a) Bu2BOTf, Et3N, PhCH-CHCHO, CH2Cl2, - 7 8 0C, 1 h 40 0C, 1.5 h; (b) TBSOTf, 2,6-lutidine, CH2Cl2, 
O 0C, 1 h; (c) LiBH4, MeOH, THF, O 0C, 3.5 h; (d) (COCl)2, DMSO, Et3N, CH2Cl2, - 7 8 0C, 30 min — O 0C, 1 h; (e) 3 equiv of cyclopentanone 
dimethyl ketal, TsOH, C6H6, 65 0C, 200 Ton, 12 h; (f) LiHMDS, TMSCl, THF, - 7 8 0C, 30 min — O 0C 30 min; (g) (!'PrO)TiCl3, CH2Cl2, - 7 8 
0C 2 h, — - 4 0 0C, 2.5 h; (h) 3 equiv of Dess-Martin periodinane, pyridine, CH2Cl2, 8 h; (i) 20 equiv of CH2=CHMgBr, 6:1 CH2Cl2ZTHF, - 7 8 
0C, 10 h; (j) OsO4, NMO, 10:3:1 f-BuOH/THFZH20, 40 h; (k) Pb(OAc)4, C6H6, 20 min; (1) [(n-C3H7)4N][RuO4], NMO 4 A sieves, CH2Cl2, 5 h; (m) 
O3, pyridine, CH2Cl2, - 7 8 0C, 2 h, then Me2S, - 7 8 — 23 0C, 2 h; (n) NaClO2, NaH2PO4, Me2C=CHMe, f-BuOH, 3.5 h; (o) 7 equiv of N1N'-
diisopropyl-0-terf-butylisourea, CH2Cl2, 24 h; (p) 1.7 equiv of 13, 3.4 equiv of fert-butyllithium, 1:1 hexane/ether, - 7 8 0C, 5 min, then 12, - 7 8 
0C, 15 min; (q) 2 equiv of DDQ, CH2Cl2ZH2O, 1 h; (r) 2 equiv of Ac2O, DMAP, 1:4 pyridine/CsHs, 1 h; (s) 20:10:1 CH2Cl2ZTFAZH2O, 14 h; (t) 
H2, 750 psi, 10% PdZC, AcOH, MeOH, 20 h; (u) (4£,6/?)-6-methyl-9-phenylnon-4-enoic acid, DCC, DMAP, CH2Cl2, 36 h; (v) TBAF, THF, 0 0C, 
15 min; (w) TFA, CH2Cl2, 24 h. 
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intermediate, to which a nucleophilic Ci side chain equivalent 
can be added. Generation of the nucleophilic alkyllithium Ci 
side chain derived from primary iodide 1316 (2 equiv of tert-
butyllithium, —78 0C) in 1:1 hexane/ether followed by addition 
of 12 cleanly provided 14 as a mixture of lactol diastereomers. 
Solvent selection is critical in this step, as this alkyllithium 
reagent is unstable in THF.17 

Oxidative cleavage of the p-methoxybenzyl ether (DDQ, CH2-
CI2/H2O) followed by immediate acetylation (AC2O, DMAP, 
pyridine) of the C4' hydroxyl completed the assemblage of lactol 
15, the synthon equivalent to intermediate C and direct precursor 
to the bicyclic core and associated Ci side chain. In the critical 
ketalization/hydrolysis step, acid-catalyzed transformation of 
lactol 15 (20:10:1 CH2Cl2ZTFAyH20,14 h, 23 0C) afforded the 
triacid, which was esterified with Af,./V'-diisopropyl-0-tert-
butylisourea18 to provide 16a along with small quantities of the 

(16) This iodide was readily prepared from intermediates previously 
reported by us, ref 3d. 

(17) Bailey, W. F.; Punzalen, E. R. J. Org. Chem. 1990, 55, 5404. 

derived C7 desilylated analog 16b, which was resilylated. 
Hydrogenolysis of the Cg benzyloxy substituent then afforded 
alcohol 17 in preparation for coupling to the C6 acyl residue. 
Acylation of 17 with (4E,6/?)-6-methyl-9-phenylnon-4-enoic 
acid3e (DCC, DMAP, CH2Cl2, 23 0C) afforded the zaragozic 
acid C derivative 18a in protected form. Successive fluoride-
mediated desilylation and hydrolysis provided (+)-zaragozic 
acid C, whose spectral and chromatographic properties are iden
tical with those of a comparison sample of the natural product. 
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