
Tetrahedron Letters,Vol 23,No.4q,pp 5185-5188,1982 0040-4039/82/495185-04$03.00/O 
Printed In Creat Brltaln 01982 Pergamon Press Ltd. 

AN EFFICIENT SYNTHESIS OF BISLACTONE SKELETON 

LEADING TO d,Z-CANADENSOLIDE' 

Takashl Sakal, Masanorl Yoshlda, Shoichl Kohmoto, 

Masanorl Utaka, and Akira Takeda 
* 

Department of Synthetic Chemistry, School of Engineering, 

Okayama University, Tsushima, Okayama 700, Japan 

Abstract A novel, stereoselectlve total synthesis of d,Z-canadensollde by 

application of the two-phase reaction (Bu4NBr, benzene-H20) of 2-bromohexanal with 

1,1,2-ethanetrlcarboxylic acid 2-tert-butyl, l-ethyl ester, l-potassium salt (6a) 

is described 

A series of antifungal mold metabolltes such as avenaciolide, 
2 

lsoavenaclolide, 
3 

ethitholide, 
3a 

and canadensolide (l)4'5J6 have attracted much attention owing to 

unique bls-y-lactone skeletons as well as biological activities In exploring 

synthetic methods of these substances, conslderable efforts have been concentrated 

on the methodology of the stereoselective construction of required skeletons and 

the introduction of exo-methylene group We previously reported an efficient 

synthesis of d,Z-avenaclolide by applying the two-phase reactlon (Bu4NBr, benzene- 

H20) of cl-halo aldehyde with potassium ethyl malonate 
7 

As a part of our succes- 

sive reserches 7,8 on the effective application of this method, we report here a 

novel, stereoselectlve total synthesis of d,Z-canadensolide (1) 

In the synthetic studies of 1 reported so far, 6,9 attempts to introduce an exo- 

methylene group to bislactone 3 were unsuccessfull, in contrast to the successful 

introduction in the case of avenaciolide bislactone skeleton 10 
The results 

can be explained by the facile deprotonation at C2a under a variety of basic condi- 

tlons We solved this problem by using the blslactone 2, which possesses ethoxy- 

carbonyl group at the C2a-posltlon, as the key intermediate for 1 The compound 2 

was elaborated stereoselectively via the two-phase reaction system (Sheme I) 
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(a) 1 equiv Bu4NHS04, 2 equlv NaOH, CH2C12-H20 (1 l), (b) 1 equiv KOH, EtOH, 

(c) 0 1 equlv Bu4NBr (TBAB), benzene-H20 (1 l), (d) CF3C02H, (e) 1 equlv PPh3, 

1 equlv Et02CN=NC02Et (DEAD), THF, (f) 6 2 equlv CH30MgOCO2CH3 (2 M solution In 

DMF), (g) 1 48 equlv NaOAc-AcOH, excess of 37% aqueous HCHO and Et2NH 

Monopotassium trlcarboxylates (6a and 6b) were obtalned readily by hydrolysis 

(ethanolrc KOH)ll of 1,1,2-ethanetrlcarboxyllc esters (5a and 5b), which were pre- 

pared by the two-phase reactlon (Bu4NHS04, NaOH, CH2C12-H20)12 of ethyl malonate 

with lodoacetic ester (4a or 4b) 

The two-phase system consisting of 2-bromohexanal (1 mol), carboxylate 6a (1 

mol), and Bu4NBr (0 1 mol) in benzene-H20 (1 1) was stlrred vigorously for 40 h 

at reflux temperature to give B-hydroxy-y-lactone IOa, 13 stereoselectlvely In 

a similar way, C5-octyl analog lObI was obtalned The relative stereochemlstrles 

of C5-alkyl and C4-hydroxyl group, and of the hydroxyl group and C3-acetate moiety 

are conflrmed to be trans by conslderatlon of the reactlon mechanism and by eventual 
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conversion of 10a Into blslactone 2 The cyclization to y-lactone 10 may 

preferentially occur In a manner as illustrated in the structure 8 to provide 

a more stable SIX-membered chelate ring structure (9) 

Chemospecific hydrolysis (CF3C02H, room temperature, 3 h) of tert-butyl ester 

of the lactone 10a afforded the corresponding acid lactone 11, 
13 

mp 88-90 "C The 

compound 11 did not cycllze to bislactone 2 even by treating with refluxlng CF3C02H 

This fact also imply that the relative stereochemistry of C4-hydroxyl and C3-acetate 

moiety of 11 is trans and suggests that intramolecular SN2-type lactonlzatlon 1s 

promising 

Hence, the lactone 11 was allowed to react with PPh3 and diethyl azodlcarboxyl- 

ate (DEAD) (THF, room temperature, overnight) by the adaptation of Mitsunobu's 

method 
14 

The resulting product was separated by column chromatography (silica 

gel, pentane-ether 2 1) to give bislactone 2 
13,15 

with the desired stereochemistry 

In the 
1 
H NMR spectrum of 2, the coupling constant due to C5a-H (6 5 08, d) and C6- 

H (6 4 76, dt) 1s 4 Hz, which suggests that the relative stereochemistry of these 

protons is the required cis configuration 
5,16 

Finally, the introduction of exo-methylene group was accomplished by Johnson's 

procedure 
10 

The bislactone 2 was heated with a 2 M solution of magnesium methyl 

carbonate (MMC) in DMF at 120 'C for 3 h to afford carboxylated compound 13 It 

was subJected to the Mannlch condensation to give d,Z-canadensollde 1 One re- 

crystallization (CC14) subsequent to TLC (Merck, Kieselgel 60 F254, hexane-ether 

1 2, Rf 0 33-O 45) afforded 1 l7 in 10% yield, mp 96-96 5 "C (lit 5c 96-96 5 "C) 
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