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Abstracb A novel synthetic approach toward the zsragozic acids core structure is described. New dipolsrophiles in 
the 1,3-dipoIar cycloaddition to the carbonyl ylides are reported. The substituent effect of the dipolarophiles is also 
discuss& 

Zaragozic acid A’ tsqualestatin lp (1) was discovered as a metabolite from an unidentified sterile fungus 

UW5453) and was identified as a potent inhibitor of BquaIene synthase in recent years. This compound has been 

actively pursued as a synthetic target bemuse of its potential utility as a cholesterol lowering agent as well as its 

unique st~cture.~ L-740,758’ (2) was discovered as an oxidative photodegradatIon product of zaragozic acid A, and 

was shown to retain potent activity (KM 25nM). Thus, both compounds 1 and 2 became equally important synthetic 

ZaragozIc acid A 1 L-740,758 2 

The general strategy is shown below. Our approach is based on the tandem cyclimtion-cycloaddition reaction 

of dipolarophiles with carbonyl ylides, which has been extensively studkd by Padwa’s group in recent yeam This 

strategy is advantaged by the swiftness of assembling the bicyclic core structure in a single step. 

I Strategy dipotamphite 

X=0, CH, 

J 

The diazo substrates for this cyclization-cycloaddition reaction were prepared by standard methods. 

Successful applications of this hey reaction am shown in the scheme. Thus, a dilute benzene solutIon of the diam 

compound was sIowly added to the pr&eati (700 0 banzene solution of the dipolarophiIe and a catalytic amount of 

rhodium acetate. In most cases, the reaction was complete within l/2 hr. Subsequent removal of the solvent and 

purification by silica gel chromatography gave the desired product. In all of the cases in the scheme, the reaction 

proceeded tegio, and stereoselectively giving a single cyclization-cycloaddition product from each reaction. The 

stereochemistry of the C6-hydroxyl group was determined by NOESY spectrum (S,6,15).6 The structure of 5 was 

confirmed by a singk-crystsl X-ray analysis of a crystalBrie derivative 11.’ 
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These are the first examples of vinyloxytrialkylsilanes and an alkoxyacetylenes as dipolarophiles in this 

cyclization-cycbaddition reaction. As well, conversion of 14 to 15 is the first report of a dipolarophile reacting with 

the carbonyl ylide generated between a diazoketone and an aliphatic ester forming a six-membered acetal.5d, 1 

Although the eases yielding the “carbocyclic version” of the core structure went smoothly in general (4,s 6,131, the 

low yield for formation of 35 with an oxygen in the Z-position was rather disappointing. 

Surprisingly, the most commonly used dipolarophiles in the literature gave only poor results with our 

diamketoester substrates 3 and 14. Many cases in the literature generated the dipole from diamketones such as 165e 

(see Table). In our studies, electron-rich dipolarophiles such as vinyloxytriaklylsilanes and an alkoxyacetylene gave 

the most succes.W results with diazoketoesters. Relatively electron-deficient dipolarophiles such as rnethylacrylate or 

rnethylpropiolate failed or gave only poor results with diazoketoesters, even though they added smoothly to the 

carbonyl ylide derived from d&&&one 16. 

Conversely, these electron-&h dipolarophiles did not give good results with diazoketone 16. This striking 

contrast prompted us to investigate the matching/mis-matching of the dipolarophiles and the carbonyl ylides. The 

results of the addition of the dipolarophiles to the carbonyl ylides were summarized in the table. Dipolarophiles were 

classified as acetykmes, olefins, and aldehydes. Isolated yields and the pmducts of the reaction were shown. As the 

dipolamphile becomes more electron-rich, it,reacts better with 3, and poorly with 16. It is noteworthy that the order of 

dipolarophile reactivity switches depending on the presemx or absence of an extra carboxyl group on the dipole. 
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Table Yields and the products of the cydization-cycloadditian reaction 

4 + 
k m.&+ -+qO* 

16 3 14 

(a) Acetylenic dipolarophiles isolated yield % @mducts> 

Eco--%a -* 

16 17% (18) BOA (19.20) 

3 72% (4) 16% (21) -L ( > 17 

(b) Olefinic dipol+rophiles 

16 16% (22) 15% (231 40% (24p 90% (25,26P 

3 66nm 48%(27) 0% 0% 

14 16% (15) 9% (28) 

(c) Aldehyde dipolarophiles 

dipolarophile p-~ 

0 0 

3 
I 

products Y 
- 

z & uw 
0 

Y 

z & ue 
0 

1696 (29) 7% co 

lB fX=EtO, Y=H, Z=H) 

19 (X=H, Y=cO&fe, Z&D 

20 otzCO&ie, Y=H. Z=H) -da 

28 (X=BziO) 

$k 21 C&H, Y=CqMe, Z=CO$.fe~ 0 

22 (X=TMso, Y&x, Z=H) 
23 (X=BzlO, Yd-i, Z=H) 29 (X=pMeo 

24 fX=AcO, Y=H, Z&D 30 (X=Phl 
Y 

25 (x=cC?&e, Y=H, Z&D 
26 (X=H, Y=CO#&, Z=HI 
27 (X=BzlO, Y=H, Z=CO#e) 

Mechanistic studies by Houk,“rb Huisgen,*,d and Sustmane suggest that the order of reactivity might be 

explained using frontier molecular orbitals. According to Houk’s qualitative analysis, electron withdrawing groups 

connected to the dipole or dipolarophile will lower both HOMO and LUMO energy levels, whereas donating pups 

will raise HOMO and LUMO levels. So that the cases with dttzoketone 16 tend to be HOMO (of the dipolebcontrolled 

reactions, and the ones with dtamketoester 3 tend to be LUMO-controlled reacti~ns.~ 

The dipolamphiles newly introduced in this report, such as ethoxyaaztylene 7, vinyloxytrialkylsilanes @,9,10) 

and benzylvinylether 17 would be synthetically quite useful since they furnish oxygen functional group(s) on to the 

newly formed carbocyclic bridgehead. Ethylvinylether and vinylacetate have been previously reported to serve this 

purpose. However, ethylvtnylether would require harsh conditions to cleave the et&r bond after cycloaddition. 

Vinylacetate seems to work well with relatively electron-rich carbonyl ylides, but not with electron-deficient carbony 



9188 

yiide such as the ones hm 3 and 14. Considering there have not been many ektron-rich d+&rophiles rep&ad in 

this cyclizationcycloaddition reaction, these dipolamphiles would complement the existing dipolarophiles and 

expand the scope of this reaction. 
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