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Abstract: The CI-C9 segment of epothilons was generated by an aldol reaction between chiral aldehyde 3 and ethyl ketone 
4. Removal of the TBS protecting groups and debenzylation generated spiro ketal 13 which was analyzed by X-ray 
crystallography. © 1997 Elsevier Science Ltd. All rights reserved, 

Herein we wish to report on the stereoselective synthesis of the C 1-C9 fragment of epothilons (Scheme 1). The 

epothilons A und B (1) were isolated by H6fle et al),2 and are considered promising anti-tumor agents since 

they are more active than taxol) In our retrosynthetic analysis of epothilons the connection of two fragments 

can be made between C9 and CI0. The substructure C1-C9 contains four of the seven asymmetric centres and 

should be easily synthesized by an aldol reaction of the key intermediates 3 and 4 (Scheme 2). A similar C6-C7 

dissection has already been employed by Schinzer et al.4 Nicolaou et al: .  and Mulzer et al. 6 in their 

retrosynthetic analysis ofepothilons. 
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Epothilones A: R = H, B: R = Me. 

Scheme 1 

R e a c t i o n  

Gennari, Paterson et al.7 demonstrated that aldol reactions of Z-enolates with aldehyde 3 generate the desired 

6,7-syn-7,8-ant/configuration in the major product. However, the influence of the asymmetric center at C3 on 

the stereochemistry of the aldol reaction was difficult to assess. In this aldol reaction the conformation of the 

enolate or a Cram chelation-controlled transition state could establish the desired stereochemistry. 

Nevertheless, we expected the enolate geometry to govern the stereochemistry of the aldol product. Fragment 

4 was synthesized starting from diol 5 (Scheme 3). 
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Scheme 2 

Benzylation followed by Swern oxidation generated aldehyde 6. Wittig-Homer olefination and successive 

reduction with DIBAI-H gave allyl alcohol 8, which was subjected to a Sharpless epoxidation to generate 

epoxide 9. 8 Opening the epoxide with Red-Al gave the 1,3-diol, 9 which was used to determine the enantiomeric 

excess by IH NMR shift experiments with (+)Eu(lffc)31° (93% ee). Protecting with TBSCI, n hydrogenation of  

the benzyl protecting group and Swern oxidation gave aldehyde 11. t2 Addition of  EtMgBr followed by 

oxidation yields building block 4 (Scheme 3). 
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Scheme 3, a) BnCI, KOt-Bu, dioxane, 2 h, 90 °C, 91%; b) Swern ox., 1 h, -78 °C ---} 0 °C, 93 %; c) (EtO)2P(O)CH2COzEt, 
Nail, toluene/THF, 1 h, 0 °C --} RT, 93 %; d) DIBAI-H, Et20, 3 h, -78 °C --} RT, 99 %; e) Sharpless: MS 4 A, Ti(OiPr)4, (-)- 
diethyl tartrate, tBuOOH, CH2CI2, -40 °C --} RT, 96 %; t") Red-Al, THF, 1 h, 0 °C, 96 %; g) TBDMSCI, imidazole, DMF, 44 h, 60 
°C, 98 %; h) H2, 10 % Pd/C, EtOH, 48 h, RT, 80 %; i) Swem ox., 1 h, -78 °C -} 0 °C, 97 %; k) EtMgBr, THF, 0 °C, 15 rain, 82 
%; 1) Jones ox. 0°C, 10 rain, 80 %. 

Aldehyde 3 was synthesized according to literature procedure, ~3 starting from (S)-(+)-3-hydroxy-2-methyl 

propionic acid methyl ester by protecting the alcohol as the benzyl ether followed by a reduction / oxidation 
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sequence. The aldol reaction was performed by reacting the lithium enolate of ethyl ketone 4 with aldehyde 3 

and only one aldol product was observed, t~ X-ray crystallography was applied to determine the configuration 

of the new asymmetric centers. Since none of the protected derivatives of 2 gave single crystals the TBS 

protective groups were removed by treatment with I-IF and the bermyl protective group was removed by 

hydrogenation with H2 Pd/C. Under hydrogenation conditions triol 12 cyclized to spiro ketal 13, of which a 

single-crystal X-ray structure 15 was obtained. (Scheme 4). 
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S c h e m e  4. Aldol reaction and synthesis of spiro ketal 13: a) LDA, TI-IF, 15 rain, -78 °C, 64 %; b) I-IF (48 %), MeCN, 3 h, RT, 
69 %; c) H2, Pd/C, 24 It, RT, 86 %. 

Figure 1 shows the X-ray structure of spiro ketal 13. We have thus demonstrated that the configuration of C3 

can be incorporated in the ketone fragment of the epothiion precursor and that upon aldol reaction the C1-C9 

segment can be generated with the desired stereochemistry. 

Figure 1. Molecular structure of compound 13. 
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