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Abstract: Enantioselective first total synthesis of concanolide A (concananycin F), which is one of a new class 

of macrolide antibiotics, concanamycins, has been achived by a highly effective and convergent route. 
© 1998 Elsevier Science Ltd. All rights reserved. 
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The concanamycins A-F [1 ], a new class of 18-membered macrolide antibiotics, are potent and specific 

inhibitors of vacuolar H+-ATPase attracting particular interest [2]. Concanamycin A (1), first isolated in 1981 

by Kinashi etal. [la,c], is a major component of concanamycins. On the other hand, concanolide A (2) is the 

common aglycon of both concanamycins A and C; it also identical with natural concanamycin F [le,3]. In a 

previous paper [4], we described the effective synthesis of the enantiomerically pure C5--C13 and C20--C28 

segments as promising synthetic intermediates toward the total synthesis of concanamycins. Herein we now 

disclose the enantioselective first total synthesis of concanolide A (concanamycin F) (2) which has comparable 

biological properties to those of 1 [le,2]. This total synthesis involves a highly stereoselective aldol reaction 

between the 18-membered lactonic aldehyde 3 and the ethyl ketone 4 [4]. (Figure 1). 
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The synthesis of the C14219 macrocyclic lactone via macrolactonization was first addressed (Scheme 1 ). 

The cross-coupling reaction between the vinyl iodide 5 [4] (1 equiv.) and the vinyl tributyltin 20 (1 equiv.), 

which was recently synthesized in our laboratory [5], by Stille method [6] using a catalytic amount of 

Pd2(dba)3, Ph3As, LiCI in N-methylpyrrolidinone (NMP) [7] at 40 *C for 16 h proceeded effectively to afford 

the desired E,E-diene 7 in 72% yield as the only isolated product. Deprotection of the pivaloyl group in 7 using 

methyl lithium, followed by Swern oxidation of the resultant alcohol $ gave the aldehyde 9. The Wittig reaction 

of 9 with ethyl 2-(triphenyiphosphoranylidene)propionate in toluene at 100 *C for 16 h proceeded smoothly to 

yield only the trans isomer 1 0 in 85% overall yield from 8. Reduction of the ethyl ester in 1 0 using 

diisobutylaluminum hydride (DIBAL) in toluene at -78 *C afforded the allyl alcohol 1 1 in 90% yield. Oxidation 

of I 1 employing MnO2 provided the ct, fl-unsaturated aldehyde 12 which was subjected to Horner-Wadsworth- 

Emmons reaction with the phosphonic ester 13 [8] using potassium bis(trimethylsilyl)amide (KHMDS) in the 

presence of 18-crown-6 [9] in THF at -20 °C to give the desired cis-isomer 1 4 (E/Z=l:>99) in 99% overall 

yield, The isopropylidene group in 14 was removed under mild acidic conditions (pyridinium p- 

toluenesulfonate (PPTS), MeOH), and then the resultant diol 15 was selectively protected (MTrCI, Et3N, 4- 

DMAP, CH2C12) with a monomethoxytrityl (MTr) group to afford the secondary alcohol 16. Hydrolysis of the 

methyl ester of 16 under basic conditions (IN KOH, 1,4-dioxane) yielded the carboxylic acid 1 7 in 79% 

overall yield from 14. The macrolactonization of the seco-acid 17 to construct the 18-membered lactone ring 

was best effected by Yamaguchi method [10] under high dilution conditions to give the macrocyclic lactone 1 $ 

in 82% yield. Another effective synthesis of the macrocyclic lactone 1 $ was achieved by the new route 

involving intramolecular Stille coupling [11] (Scheme 2). The fully protected acetylene 19 [4] was first 

converted into the allyl alcohol 2 3 in high overall yield (4 steps, 76% overall yield) by a series of reactions 

presented in the synthesis of I 1 from 7. At this stage, the acetylene 23 was effectively transformed to the vinyl 

iodide 24 in 84% yield via the zirconium-catalyzed carboalumination [12]. Oxidation of 24 using MnO2 

provided the a,fl-unsaturated aldehyde 25 which was subjected to the previously mentioned Horner- 

Wadsworth-Emmons reaction with 1 3 [8] to give the desired cis-isomer 26 (E/Z=5:95) in 91% overall yield. 

Hydrolysis of 26 under basic conditions (IN KOH, 1,4-dioxane) yielded the carboxylic acid 27 in 95% yield. 

The esterification of the carboxylic acid 2 7 and the secondary alcohol 2 9, which was prepared from 6 in two 

steps involving deisopropylidenation and selective protection with MTr group, proceeded smoothly by 

Yamaguchi method [10] to give the ester 30 in 79% yield. The macrocyclization of 30 was effectively realized 

by intramolecular Stille coupling [6] using a catalytic amount of Pd2(dba)3, Ph3As, i-Pr2NEt in DIVIF-THF(I: 1) 

[7] at 60 *C for 18 h to furnish the 18-membered lactone 18 in 72% yield as the only isolated product. 

With the effective synthesis of the 18-membered lactone 18, total synthesis of 2 was addressed (Scheme 

3). Treatment of 1 8 with PFI'S in MeOH gave the alcohol 31 which was subjected to Swern oxidation to 

furnish the aldehyde 3 in 89% overall yield. We next attempted the stereoselective connection of 3 and 4 [4] by 

an aldol reaction. The aldol condensation between 3 (1 equiv.) and 4 (2 equiv.) was best achieved using 

PhBCI2 [5b,c,13-16] and i-Pr2NEt in CH2C12 at -78 °C for 1.5 h to produce the desired aldol 32 in 84% yield 

with >95:5 diastereoselectivity as a major product. Finally, the desilylation of 32 in 2 steps using HF-Py and 

tetrabutylammonium fluoride (TBAF) gave 2 in 55% yield. Thus, the obtained 2 was identical to an authentic 

sample of natural concanolide A (concanamycin F) based on 1H-NMR, [Ct]D (synthetic: [ct]25 D +10.3 ° 

(c=0.17, CHCI3); natural: [a]20D +11.0" (c=0.30, CHCI3)) and TLC behaviors in several solvent systems 

[le,31. 
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Schen'm 1. Reagents and conditions: a) Pd2(dba)3, Ph3As, UCI, NMP, 40 °C, 16 h, 72%; b) MeU, Et20, r. t., 0.5 h, 96%; c) (COCI)2, 
DMSO, Et3N, CH2CI2, -78 °C, 20 rain; d) Ph3P=C(Me)CO2Et, PhMe, 100 °C, 16 h, 89% from 8; e) DIBAL, PhMe, -78 °C, 05 h, 90%; f) 
MnO2, CH2CI2, r. t., 1,5 h; g) KHMDS, 18-crown-6, THF, -20 °C, 16 h, 99% from 11; h) PPTS, MeOH, r. t., 1 h, 96%; i) MToCI, Et3N, 4- 
DMAP, CH2CI2, r, t., 3 h; j)IN KOH, 1,4-dioxane, 80 °C, 3 h, 82% from 15; k) 2,4,6-trichlorobenzoyl chloride, Et3N, THF (0,01 M for 17), 4- 
DMAP, PhMe (0.002 M for 17), 110 °C, 14 h, 82%. 
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Scheme 2. Reagents and conditions: a) DIBAL, PhMe, -78 °C, 15 rain, 90%; b) (COCI)2, DMSO, Et3N, CH2CI 2, -78 °C, 20 rain; c) PhsP= 
C(Me)CO2Et, PhMe, 100 °C, 16 h, 92% from 20; el) DIBAL, PhMe, -78 °C, 15 rain, 92%; e) CP2ZrCI2, AIMe3, 12, (CH2CI)~ . r t,, 16h, 84%: f) 
MnO2, CH2CI 2, r. t., 1.5 h, 95%; g) KHMDS, 18-crown-6, TH F, 0 °C, 5 h, 96%; h) 1N KOH, 1,4-dioxane, 80 °C, 3 h, 95%; i) PPTS, MeOH, r. 
t., 2 h, 79%; j) MTrCI, Et3 N. 4-DMAP, CH2CI2, r, t., 1 h, 96%; k) 2,4,6-trichlorobenzoyl chloride, Et3N, THF, 4-DMAP, PhMe, r. t., 16 h, 
79%: I) Pd2(dba)3, Ph3As,/-Pr2NEt, DMF-THF, 60 °C, 18 h, 72%. 
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Schemm 3. Reagents and conditlbns~ a) PPTS, MeOH, r. t., 5 h, 94%; b) (COCI)2 , DMSO, Et3N , CH2CI2, -78 °C, 20 rain, 94%; c) PhBCI2,/- 
Pr2NEt, CHL:,CI2, -78 °C, 1.5 h, 84%; d) 1. HF-Py, THF, 0 ° C, 15 min, 2. TBAF, THF, r. t., 2.5 h, 55%. 
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