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Abstract 

A synthesis of the highly functionalized bicyclic core of the zaragozic acids is described, in which the key step involves the 
construction of the C4 quaternary carbon center by a CeC13-promoted aldol reaction between the tx-D-xylofuranuronic acid derivative 2 
and D-(R)-glyceraldehyde acetonide. © 1998 Published by Elsevier Science Ltd. All rights reserved. 
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The zaragozic acids (squalestatins), a family of naturally occuring fungal metabolites isolated in 1992, 

have been found to be potent inhibitors of the enzyme squalene synthase and thus of potential therapeutic use for 

the treatment of hypercholesterolaemia. Structurally, these compounds share a common densely functionalized 

2,8-dioxabicyclo[3.2.1 ]octane skeleton 1. The complexity of this structure combined with the biological activity 

of these natural products has served to stimulate a large amount of synthetic activity in a number of laboratories, 1 

and culminated in the total syntheses of zaragozic acids A 2 and C. 3 
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In a new synthetic approach, we envisaged the construction of the bicyclic core of the zaragozic acids 

starting from the readily available ~-D-xylofuranuronic acid derivative 24 in which the configuration at C2 and C3 

correlates with the configuration at C6 and C7 of the target. As shown in the retrosynthetic analysis (Scheme 1), 

our plan involves the introduction of the three-carbon unit at C4 by aldol condensation of the enolate generated 

from 2 and D-(R)-glyceraldehyde acetonide 36. Assessment of the feasibility of quaternization at C47 as well as 

internal ketalization would lead to a short alternative synthesis of 1. The success of such an approach depends on 
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two crucial requirements: (a) The generation of an enolate from 2 and its reaction with a (D)-glyceraldehyde 

derivative bearing in mind that such a nucleophilic center which carries an adjacent oxygen is prone to 

epimerisation and ~-elimination, 8 and (b) the stereoselective introduction at C4 of the new C-C bond from the ~- 

face of the enolate. We believed that the facial selectivity in the attack upon the aldehyde could be induced by the 

benzyloxy group at C3ct. 
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Scheme I 

Initial attempts to effect the aldol condensation of ester 2 with aldehyde 3 via the lithium, sodium or 

potassium enolates (using LDA, LiHMDS, NaHMDS or KHMDS) in THF at -100°C were disappointing. Under 

these conditions, the desired product 4 was isolated in only 0-10% yield. At higher temperature, 13-elimination 

occured followed by the degradation of the resulting product. With the zinc enolate, formed from the potassium 

enolate by metal exchange at -100°C, a higher yield of 4 was obtained (20-30%). After considerable 

experimentation, 9 we found that addition of a precooled 1:1 mixture of cerium chloride and aldehyde 3 in THF to 

the solution of the potassium enolate in THF at -100°C gave 4 reproducibly in 65 to 70% yield, lH NMR analysis 

showed that 4 is a mixture of three out of the four possible diastereomers in 2.5:1.5: I ratio. Dess-Martin 

oxidation 10 of the mixture afforded two readily separable 13-ketoesters 5, [OqD +10.8 (c 1.45, CH2C12), and 611 

in a 4:1 ratio and in a combined yield of 88%. This established that the major diastereomers obtained fore the aldol 

reaction possessed the same configuration at C4. 
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Having introduced the C4 side chain onto the furanose ring, we next examined the ketalisation step. To this 

end, lithium aluminum hydride reduction of 4 afforded the expected diol which was protected as the dibenzyl 

ether 7 as a separable mixture of diastereomers. The major isomer was subjected to Dowex resin in refluxing 

acetonitrile for 20 h, and the crude product was treated with acetic anhydride in the presence of 

dimethylaminopyridine in dichloromethane to give a mixture of the desired ketals 81! (57%) and its isomer 9 

(19%). The structure and configuration of 8 were proven by extensive NMR experiments. In particular, the 

observed coupling constant between H6 and H7 (J=2.6 Hz) along with important cross-peaks in the NOESY 

spectrum between H3 and H6 provide strong arguments for the configuration depicted. Moreover, the observed J 

H3-H4 value of 10 Hz is in support with the trans-diaxial configuration in the chair conformation of the six 

membered ring. 
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As it has been already reported for such a system, 12 the ketalization step can lead to the undesired bicyclic 

ketal if the hydroxyl group at C4 (Squalestatins numbering) is unprotected. In fact, when compound 10, readily 

prepared by reduction of 4 and subsequent stereoselective protection of the primary hydroxyl group using the 

stannylene procedure, 13 was heated with HCI in MeOH-THF at 50°C for 24 h, the ketal 11, mp 129-130°C; [~]D 

+62 (c 1.10, CHCI3), was formed in 43% yield and 23% of the starting material was recoverd. Like for 

compound 8, the structure of ketal 11 was deduced on the basis of IH and 13C NMR experiments. 
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In summary, we have achieved a short synthesis of the bicylic core of zaragozic acids which features as the 

key step an aldol condensation of the readily available ester 2 with (R)-glyceraldehyde acetonide. 

Aknowledgement: We thank Hoechst Marion Roussel and the CNRS for a grant (BDI to P. F.). 



7856 

1. 

2. 

3. 

4. 

5. 
6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

References and Notes 

For a review of the chemistry and biology of the zaragozic acids (squalestatins) see: Nadin, A.; Nicolaou, 
K. C. Angew. chem. Int. Ed. Engl. 1996, 35, 1622-1656. For more recent approaches see: Hegde, S. 
G.; Myles, D. C. Tetrahedron Let. 1997, 38, 4329-4332. Xu, Y.; Johnson, C. R. Tetrahedron Let, 
1997, 38, 1117-1120. Paterson, I.; Fegner, K.: Finaly, M. R. V.; Jacobs, M. F. Tetrahedron Let. 
1997, 38, 4301-4304. Ito, H.; Matsumoto, M.; Yoshizawa, T.; Takao, K.; Kobayashi, S. Tetrahedron 
Let. 1997, 38, 9009-9012. Brogan, J. B.; Zercher, C. K. Tetrahedron Let. 1998, 39, 1691-1694. 
Kataoka, O.; Kitagaki, S.; Watanabe, N.; Kobayashi, J.; Nakamura, S.; Shiro, M.; Hashimoto, S. 
Tetrahedron Let. 1998, 39, 2371-2374. 
Nicolaou, K. C.; Nadin, A.; Leresche, J. E.; Yue, E. W.; La Greta, S. Angew. chem. Int. Ed. Engl. 
1994, 33, 2190-2191. Stoermer, D.; Caron, S.; Heathcock, C. H. J. Org. Chem. 1996, 61, 9115- 
9125. Caron, S.; Stoermer, D.; Mapp, A. K.; Heathcock, C. H. J. Org. Chem. 1996, 61, 9126-9134. 
Evans, D. A.; Barrow, J. C.; Leighton, J. L.; Robichaud, A. J.; Sefkow, M. J. Am. Chem. Soc. 1994, 
116, 12111-12112. Carreira, E. M.; Du Bois, J. J. Am. Chem. Soc. 1995, 117, 8106-8125. Sato, H.; 
Nakamura, S.; Watanabe, N.; Hashimoto, S. Synlett, 1997, 451-454. Armstrong, A.; Jones, L. H.; 
Barsanti, P. A. Tetrahedron Let. 1998, 39, 3337-3340. 
Compound 2 was prepared as a separable ~:13 (3:1) mixture of epimers at the anomeric center by refluxing 
the known 1,2-O-(1-methylethylidene)-3-O-(phenylmethyl)-~-D-xylofuranuronic acid 5 in methanol with a 
catalytic amount of Amberlite IR ion exchange resin for 24 h, followed by the the protection of the 
secondary alcohol as its methoxymeth~,l ether. 
Dhavale, D. D.; Tagliavini, E.; Tromoini, C.; Umani-Ronchi, A. J. Org. Chem. 1989, 54, 4100-4105. 
Prepared from D-mannitol according to the litterature procedure: Schmid, C.; Bryant, J. D. Org. Synth. 
1995, 72, 6-13. 
For the formation of carbon-carbon bonds at C4 of the furanose ring bearing an alkoxy group at C3 see: 
a) from an aldehyde at C4 via enamine and enol acetate derivatives: Secrist, J. A.; Winter, W. J. J. Am. 
Chem. Soc. 1978, 100, 2554-2555; by Cannizzaro reaction with formaldehyde: Jones, G. H.; 
Tanguchi, D. T.; Moffat, J. G. J. Org. Chem. 1979,44, 1309-1317. Gurjar, M. K.; Das, S. K.; 
Sadalapure, K. S. Tetrahedron Let. 1995, 36, 1933-1936. b) from ester at C4 via the Claisen 
rearrangement of the enolate: Ireland, R. E.; Norbeck, D. W. J. Am. Chem. Soc. 1985, 107, 3279- 
3285. McVinish, L. M.; Rizzacasa, M. A. Tetrahedron Let. 1994, 35, 923-926. 
Handa, S.; Tsang, R.; McPhail, A. T.; Fraser-Reid, B. J. Org. Chem. 1987, 52, 3489-3491 and 
references cited therein. 
Attempts to achieve the aldol reaction via enol acetate, enamine or silyl ketene acetal derivatives of 2 were 
unsuccessful. 
Dess, D. B.; Martin, J. C. J. Am. Chem. Soc. 1991, 113, 7277-7287 Ireland, R. E.; Liu, L. J. Org. 
Chem. 1993, 58, 2899. 
All new compounds are fully characterized by their spectroscopic and analytical data. 9: [0~]D +32 (c 0.9, 
CHC13), IR Vmax 2930, 2869, 1740, 1454, 1371, 1227, 1099, 1025 cm -1. 1H (CDCI3) 8 7.40-7.15 (15 
H, m, Harom), 5.57 (1 H, d, J = 4.5, HI) , 5.10 (1 H, dd, J = 2.6, J = 4.5, H7), 4.78 (1 H, d, J = 11.8), 
4.65 (1 H, d, J = 6.8), 4.62 (1 H, d, J = 7.6), 4.56 (1 H, d, J = 11.8), 4.50 (1 H, d, J = 7.6), 4.47 (1 
H, d, J = 6.8), 4.27 (1 H, d, J = 2.6, H6), 4.22 (1 H, dd, J = 2.2, J = 12.0, H3'a), 4.02 (1 H, dd, J = 
5.3, J = 12.0, H3'b), 3.97 (1 H, d, J = 10.0, H4), 3.92 (1 H, d, J = 11.9, H5'a), 3.87 (1 H, d, J = 11.9, 
H5'b), 3.78 (1 H, ddd, J = 2.2, J = 5.3, J = 10.0, H3), 2.07 (3 H, s), 2.03 (3 H, s) ppm. 13C (CDCI3) 8 
170.9, 169.8 (C, C=O acetates), 138.3, 137.6, 137.9 (C, Bn), 128.4, 128.1, 128.0, 127.9, 127, 8, 
127.6 (CH, Bn), 96.2 (CH, CI), 85.7 (C, C5 ), 81.0 et 80.7 (CH, C6et C7), 74.0 et 73.8 (CH2, C5,et 
C3'), 72.1 (CH), 71,8 (CH2 Bn), 69.9 (CH), 68.1 and 63.7 (CH2 Bn), 20.8 and 20.5 (CH3, acetates) 
ppm. 
See for examples: Paterson, I.; Fel3ner, K.; Finaly, M. R. V.; Jacobs, M. F. Tetrahedron Let. 1996, 37, 
8803-8806. Xu, Y.; Johnson, C. R. Tetrahedron Let. 1997, 38, 1117-1120. Hegde, S. G.; Myles, D. 
C. Tetrahedron 1997, 53, 11179-11190. Armstrong, A.; Jones, L. H.; Barsanti, P. A. Tetrahedron Let. 
1998, 39, 3337-3340. 
For a review see: David, S.; Hanessian, S. Tetrahedron, 1985, 41, 643-663. 


