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Abstract 

The C1-C8 and C9--C24 fragments of (-)-discodermolide, the antipode of the marine natural product (+)- 
discodermolide, have been synthesized with excellent stereoselectivities. These syntheses feature the utilization of 
the isoxazolidine-mediated asymmetric alkylation methodology and fragment-fragment coupling aldol reactions. 
© 1999 Elsevier Science Ltd. All rights reserved. 

Discodermolide [(+)-1] was isolated from the marine sponge Discodermia dissoluta in 1990, l and 
is noted for its potent immunosuppressive and anti-cancer activities. 1,2 Due to the potential therapeutic 
applications and the extreme scarcity of discodermolide [0.002% (w/w) from frozen marine sponge], 
interest in the chemical synthesis of this natural product still continues unabated. 3 In this communication 
we wish to describe our approach to highly stereoselective syntheses of the C1-C8 (A) and C9-C24 (B) 
fragments of (-)-discodermolide. These syntheses feature the utilization of our isoxazolidine-mediated 
asymmetric alkylation methodology and fragment-fragment coupling aldol reactions. 

A logical retrosynthetic analysis of (-)-1 involves the dissection of the C8-C9 double bond to afford 
two fragments, A and B (Scheme 1), Indeed, the feasibility of the reconstruction of the Z double bond 
via a Wittig reaction has been demonstrated by Smith et al3b Our stereoselective syntheses of fragments 
A and B are summarized below. 

The synthesis of fragment B started with the known chiral aldehyde 24 (Scheme 2). The trisubstituted 
Z-double bond was constructed with complete stereocontrol through the use of Still's procedure s to 
afford the 0t,13-unsaturated ester 3. We envisioned establishing the stereogenic center at C16 via an 
asymmetric alkylation reaction using chiral isoxazolidine auxiliaries which were recently developed in 
our laboratories. 6 Thus, compound 3 was first converted into the unstable iodide 4, 7 which was then 
allowed to react with the enolate derived from the chiral propylamide (+)-5 to furnish compound 6. This 
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Scheme 1. 

double asymmetric aikylation proceeded with a diastereoselectivity greater than 96%. One of the distinct 
advantages of this isoxazolidine-mediated alkylation methodology is that the alkylated products can be 
transformed into the corresponding ketones, alcohols and aldehydes in a single operation. This is best 
exemplified by the conversion of compound 6 to the ethyl ketone 7a upon treatment with EtMgBr. At this 
point, the acetonide group in 7a was changed to the TBS groups (7b) which was necessary for subsequent 
manipulations. 
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Scheme 2. Conditions: (a) KHMDS, (CF3CH20)2P(O)CH(CH3)CO2Me, 18-c-6, THE -78°C then 2, -30°C (77%); (b) i. 
DIBAL-H, ether, -78°C (92%), ii. I2, PhaP, imidazole, CHaCN/ether (1/3), -20°C; (c) (+)-5, KHMDS, THE -78°C, then 
4, (76% for 2 steps); (d) EtMgBr, THE -78°C to 0°C, (70%); (e) i. CSA, MeOHFFHF/H20 (93%); ii. TBSOTf, 2, 6-1utidine 
(91%) 

The next stage of the synthesis involved a stereoselective aldol reaction of ethyl ketone 7a (or 7b) with 
aldehyde 8 (Scheme 3). 8 Coupling of two chiral fragments via stereoselective aldol reactions has been 
a subject of extensive investigation because of its great utility in the convergent syntheses of polyketide 
natural products. 9 The stereochemistry of our desired compounds 9a (or 9b) is very similar to, or the same 
as, the stereochemistry encountered earlier in the syntheses of 6-deoxyerythronolide B 10 and rifamycin 
S. I I The stereochemical course of this aldol reaction is extremely sensitive to both the metal counter 
ion used, and the substituents on the CI~ of the aldehyde. The results of a systematic survey of metals 
are summarized in Scheme 3. As can be seen from the Scheme, while the aldol reaction of aldehyde 
8 with the lithium Z (O)-enolate of 7a proceeded with only modest stereoselectivity (2:1), the use of 
magnesium and titanium as counter ions brought about good stereocontrol, with ratios of 3.6:1 and 11:1, 
respectively. 12 The stereochemical outcome of the aldol addition could be rationalized by considering 
the transition state depicted in Scheme 3. Both the chelation effect and the avoidance of the g+g- pentane 
interaction of Me] and Me2 stabilized this transition state, l°,l i,13 

Directed reduction 14 of the 13-hydroxyketone 9b afforded the syn-diol, 15 which was treated with DDQ 
in anhydrous CH2C1216 to provide compound 11 (Scheme 4). Protection of the C17 alcohol as its TBS 
ether followed by reaction with an excess of DIBAL-H resulted in the exclusive formation of the C21 
primary alcohol. 17 Swern oxidation of the alcohol afforded the corresponding aldehyde 12. The terminal 
Z-diene was installed via a two-step procedure involving a Wittig olefination with the phosphorane 14.18 
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Scheme 3. 

Treatment of the phosphonium salt 13 with PhLi in THF/HMPA generated 14, which was condensed 
with aldehyde 12 to afford alkene 15 as a single isomer in good yield. The phenylselenium moiety was 
then oxidized and eliminated to give the desired Z-diene. Finally, the primary TBS group was removed 
selectively with buffered HF-py, thereby concluding the synthesis of fragment B. 19 
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Scheme 4. Conditions: (a) i. Et:BOMe, NaBH4, THF/MeOH (3/1) (84%); ii. DDQ, 4/~ molecular sieves, CH2C12 (81%); (b) i. 
TBSOTf, 2, 6-1utidine, CH2C12, -78°(2 (98%); ii. DIBAL-H, toluene, -78°C to 0°C (89%); iii. (COCI)2, DMSO, TEA, CH2C12, 
-78°C (95%); (c) 13, PhLi, THF/HMPA, -78~0°C, then 12 (77%); (d) i. n202, NaHCO3, THF (87%); ii. HF-py, py, THE 
(87%) 

The synthesis of fragment A commenced with an anti-selective aldol reaction of the E (O)-enolate 
162o with the readily synthesized aldehyde 17 (Scheme 5). Extensive studies by Paterson and coworkers 
have determined that the diastereofacial selectivity (ds) of 16 is extremely high and that it can often 
adequately override the ds of many chiral aldehydes. In the present case, the double asymmetric aldol 
reaction proceeded in the expected manner to provide compound 18 exclusively. Directed reduction of 18 
afforded the syn-diol, 14,15 then the hydroxy groups were protected as TES ethers to provide 19. Selective 
removal of the benzyl group with Raney-Ni furnished the primary alcohol 20, which was subsequently 
oxidized to the aldehyde. Deprotection of silyl groups with 50% acetic acid resulted in spontaneous 
cyclization to the hemi-acetal 21. Treatment of 21 with a catalytic amount of CSA in MeOH led to 
the formation of the methylglycoside 22 (~:tx=l.5:l). Protecting group adjustment then completed the 
synthesis of fragment A. 21 

In the syntheses described above, every step proceeded with high stereoselectivity, leading to the 
efficient construction of  both fragments A and B of (-)-discodermolide. As earlier noted, the feasibility 
of  the coupling of A and B via a Wittig reaction has been demonstrated by Smith et al.3b 
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Scheme 5. Conditions: (a) 16 and 15, ether, -78°C to 0°C (73%); (b) i. Et2BOMe, NaBH4, MeOH/THF (1/3), -78°C (83%); ii. 
TESOTf, 2, 6-1utidine, CH:C12, -78°C (97%); (c) Raney-Ni, EtOH, 25°C (86%); (d) i. PDC, CH2C12 (99%); ii. 50% AcOH/H20, 
THF; (e) CSA (cat. amt.) MeOH (96%, 2 steps); (f) i. DDQ, CH2CI:/H20 (77%); ii. TBSOTf, 2, 6-1utidine, CH2C12, -78°C; iii. 
MeLi, ether, 0°C (83% for 2 steps) 
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