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Abs#re& The Cl l-C23 segment 4 of swinbe&le A (I) was synthesized stmeosektively staxtiag from (S)-malic 
acid via double nitroaidol ma&on under high pressure. und differentiation of the left and right parts of the 
symmtric compound 10 us the key steps. 

Swinholide A (l),l isolated from the marine sponge Theonella swinhoei, exhibits potent cytotoxic 

activity and the unique structure was finally established by Kitagawa et al.2 as a 44-membered dimeric 

macrolide. Recently, pi-s~nholide A (Z), a rnono~~c seco acid of 1. was also isolated from T~o~ef~ 

swinhoei3 and the first total synthesis of 2 has been reported by Paterson et al.4 We have also engaged in 

the synthesis of these compounds5 and now report the stereocontrolled synthesis of the Cl l-C23 segment 4. 

Retrosynthetic analysis of 1 (and 2) reveals that the polyol part 3 corresponding to the Cl l-C32 

segment could be synthesized stereoselectively via aldol reaction of segments 4 and 5.6 Segment 4 would 
be synthesized from the Cz symmetric ketone 6 prepared based on our method for the convergent synthesis 

~~wi~o~de A (2) 

Swinhoiide A (1) 

The optic&y active aldehyde 77 prepared from (s)-matic acid was used as a starting material for the 

synthesis of 4. Addition of nitromethane to 2 equiv of aldehyde 7 in Et3N under high pressure (5.5 kbar, 5 
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h) caused double nitroaldol reaction effectively producing a mixture of diols 8 in 90% yield.8 Deprotection 
of the TAP group in 8, and protection of the resulting tetrol as isopropylidene acetal followed by KMn04 

oxidation of the nitro group gave a mixture of three ketones 9 due to the isomers at the Cl5 and Cf7 

positions. On treatment of the mixture 9 witb K2C03 in MeOH. epimerization took place producing the C2 

symmmetric ketone 6 (JH NMR: 64.69 (dd, J=3.0, 12.0 Hz; CIS-and C17-H)), exclusively.7 
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(a) MaBQ (1 equtv), aIdehyde 7 (2 WuiV), EtsN, at 5.5 kbar, n (90%); (bf aq Acon, rt; (c) Me&(OM&. GSA, 
atine, n; (e) cBuONa, KMuO4, M&04, HzO, PhH, t-t; (e) K2C03. MeOH, rt (54% from 8); (f) Ph3P+Mef-, RBUIJ, 
Tf+F, rf (98%); (a) SHyMe&, TfiF, rt; 30%H202, 15% NaOH, rt. 

Next, we examined the introduction of methyl group to the Cl6 position. After introduction of 

exomethylene group by Wittig reaction, the resulting 10 was subjected to hyd~~rat~on with BHS.Me# (1 

equiv) giving the atcohol 12 (42%; 84% based on the consumed 10) and the partiaily reduced product 13 
(8%). On treatment of 10 with an excess of BH3.Me2S (5 equiv), this single isopropyl ether 13 was 

obtained as the major product in 48 % yield along with 12 (24%).9 Formation of 13 shows that 

hydroboraiun of the exomethylene group and differential reductive cleavage of the isopropylidene acetal 

took place simu~t~eo~ly in the present reaction, which was expected to enable the complete diffe~ntiation 

of the right and left parts of the C2 symmetric 10. Thus, after replacement of the isopropyiidene ace&Is by 

p-methoxybenzylidene acetals, the same reaction was catried out for 14. Treatment of 14 with an excess of 
BHs.Me2S gave, as expected, the fully differentiated diol 15 as a single diastereomer in 88% yield. The 

stereochemistry of 15 was confirmed based on the NOE measurement of oxetane 16 prepared from 15; NOE 

was observed between C 15-H and C17-H. 

Conformationai analyses of the probable intermediate 11 in the present reaction were undertaken. 
MM2 calculationstf) of 11 (CH2BR2 and CH2CH20Bn were replaced by CH20H and Me, respectively) 

revealed that the most stable conformation was i; the energy difference between i and an alternative 

conformation ii leading to the other diastereomer was cu. 1.5 kcal/mol. Therefore, the present reaction 

would proceed via the transition state shown in Fig 1, in which boron atom can coordinate with only one 

oxygen atom (C15-0) of two acetats producing exclusively the MPM ether 15 by the successive reductive 

cleavage of the acetal ring. 
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(a) aq AcOH, rt; (b) D-M~OP~CH(OMB)~, GSA. CHzGl2. rl(98% 
from IO); (c) Bl&Me2S (3 equiv). THF. rt; 15% NaOH, 30% H&2, 
rt (35%); (d) pTsCI, py, rt (81%); (e) K2C03. MeOH. rt (84%). 
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Dial 15 was then converted into 17 in three steps; 1) tosylation of the primary alcohol, 2) LiAlH4 

reduction, 3) 0-methylation with MeI-KH. Deprotection of the benzyl groups in 17 with Raney Ni, acid 

hydrolysis of the benzylidene group, and treatment with DDQ produced trio1 18. After oxidation of 18 with 

AgzCOg-Ceiite, the resulting B-hydroxyblactone 19 was methylat& with LDA and Mei giving 20 
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(a) PTsCI, Py. rt; (W LiAli-b, EtzO, 0% (c) KH, Mel, THF, 0°C (76% from 15); (d) I+. Raney Ni, EtOH. rt; (6) aq A&H. tt; 
(f) Dw, CH&.. rt (51% from 17): (a) Ag2co3-Celtte. PhH, reflux (51%); (h) LDA. f&i, HMPA. THF. -78 - -4aoc (71%; 
83% beoed on the consumed 19); (1) UBH4, THF, rt; 0) I;BuPh@iCI, Imklazole, DMF. rt; (k) Me&(OMc& PPTS. CH&(1. 
rt: (0 *SWJF, THF, rt: (m) (CCK&. DMSO, Cl-l&~, -78°C EbN. -78 - OX? (61% from te); (n) imide 22. n-Bu#fOTf, C 
PrsNEt. CM&. -78% - II (86% 05% based on the consumed 21): (0) 30% I+&. LIOH. aq THF. 0% (p) C&N2, EtgO. 
rt; (q) Et#OTf, 2.~lutidine, Cbt&i~. 0%; (r) DISAH, Cl-&&. -78oC; (8) PDC. MS3A. CH&h, rt (58% from 23). 
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stereoselectively. 1 S-lactone 20 was converted into aldehyde 21 in five steps; 1) LiBH4 reduction, 2) 

silylation of the primary alcohol, 3) acetonization of diol, 4) deprotection of silyi ether, 5) Swem oxidation. 

The aldehyde 21 was subjected to aldol reaction with optically active imide 22 producing 2 1,22-syn-aldol 

adduct 23 stereoselectively.12.13 Finally, the aldol23 was successfully converted into the desired aldehyde 

4.14 corresponding to the Cl l-C23 segment, in five steps; I) hydrolysis of imide with LiOOH, 2) 

esterification, 3) silylation of C21-hydroxyl group, 4) DIBAH reduction, 5) PDC oxidation. 
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Data for 4: IR (neat): 
CDCl3): 6 0.83, 0.90, 

1730, 1615, 1520 cm-l, [cx]~ -0.8” (c 1.75, CHCl3), 1H NMR (500 MHz; 
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