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Abstract: The synthesis of a conveniently functionalised oxocene-oxane- 
oxepane framework uas achieved by two simultaneous one-carbon homologations. 
followed by a one-pot double carbon-carbon bond-forming strategy. 
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Ciguatoxin (1)' is the toxic principle of ciguatera, which is the agent 

responsible for the most widespread food poisoning of nonbacterial origin. 

The toxin is also a potent activator of voltage-dependent Na+ channels2 and 

thus is of particular interest to the biomedical research community. Yet 

the total world supply of pure toxin has never exceeded 1.3 mg, which has 

made structural elucidation a challenging task.3 This molecular structure 

presents a formidable synthetic objective, particularly with regard to the 

construction of its fused medium-sized rings. Considerable synthetic 

progress has been made on this problem over the years and much fascinating 

chemistry has recently been reported4 that utilizes both carbon-carbon and 

carbon-oxygen bond-forming processes to effect cyclization. 

In connection uith the total synthesis of ciguatoxin (1) and relatecl 

t rans-fused polyethers, currently in progress in these laboratories,5 YE' 

have sought a "symmetrical" approach to the construction of trans-fused 

oxatricyclic subunits in which tuo identical groups uere simultaneously 

created and allowed to close by tuo simultaneous carbon-oxygen bond forma-. 

tions based on the general synthetic sequence depicted in Scheme 1 (pathuaj 

I, a " , 2+4)?As an extension of this methodology, we describe here the syn- 

thesis of the conveniently functionalised oxocene-oxane-oxepane subunit 17 

by tuo simultaneous one-carbon homologations concluding in the generation 

of both external rings of the tricyclic system by a one-pot double carbon"- 

carbon bond-forming strategy (Scheme 1, pathway "b", Z-6). 
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SCHEME 1 12 -2. 

Starting from the oxabicyclic system 75c our initial studies uere conduc- 

ted on the already published Leuis acid-mediated intramolecular cyclization 

of w-trialkylstannyl ether acetals4a which, however, proved unsuccessful in 

yielding the projected oxatricyclic framework 11.6 More recently, the same 

group have reported' that the use of the corresponding aldehydes gives the 

desired cyclization product in better yield uith higher diastereoselectivi- 

ty compared to the reaction of the acetals, which entirely agrees with the 

results obtained by us in the one-pot process which includes vie-diol frag- 

mentation and cyclization of the resulting aldehyde-allylic tin system. The 

six- and seven- membered j3-hydroxy cyclic ethers 13, n=l, 2 were thus ob- 

tained in high yields with exclusive trans stereoselectivity. 

HO P 
SCHEMEZ. Reagents and conditions: (a), i, NM0 (4.0 l quiv.), OS04 (0.2 
l quiv.), acctone:HpO (4:1), 25-C, 10 h; ii, 
(4:11, 25'C, 5 h; 

NaIO4 (1.5 equiv.), HeOH:H20 
iii, HO-OH (5.0 l quiv.), CSA cat., reflux, 12 h; iv, 

n-Bu 4NF (2.5 equiv.), THF, O'C, 3 h, 78% from 7; (b) a)lyl bromide (4.4 
equiv.), NaH (2.6 equiv.), DRF, 0-25'C, 3 h, 96%; Cc) set-8uLi (2.4 equiv.), 
n-BuSSnCl (2.1 equiv.), HMPA, THF, -78", 30 min, 83%. - 
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Unexpectedly, when10 was induced to react by the presence of Tic13 
(O'Pr) or other Lewis acids, such us BFe.OEts, TiCI,, MgErs.OEt, failed 
to give desired cyclic ethers. 

7. Yamamoto, Y; Yamaha, J.; Kadota, I. Tetrahedron w. 1991, 32, 7069. 
8. The synthesis of 12 from n=O to n=3, will be published in a full account 

of this work. The cyclization to 13, n=l is a representative. To a 
stirring solution of 12, n=l (840 mg, 1.0 mmol) in dry CHeCle (5 mL1 was 
added n-Bu,NIO4(1.1 mmol), and the mixture was maintained at 0°C for 5 
min and at 25'C for 10 min. The reaction mixture uas cooled at -78°C and 
a CHe Cl2 solution (2 mL) of BFs.OEt2 (2.0 mmol) was slowly added. 
Stirring at -78. C was continued for 15 min. The reaction then was 
quenched by the addition of 2% NaOH followed by extraction uith CHsCls. 
The organic phase was dried (MgS04) and concentrated. To this solution 
at O°C was added an excess of p-bromobenzoyl chloride (2.0 mmol) and 
EtsN (2.5 mmol). The reaction was stirred at 25°C for 6 h, diluted with 
CH2C12, and washed sequentially with 10% HCL, HsO, and brine.The organic 
phase uas dried (RgSO4) and concentrated. The residue uas purified by 
flash chromatography to yield the p-bromobenzoate of 13, n=l ( 389 mg, 
63%) as a colourless oil; 400-MHz 'H NMR (CDCl3)6 5.85 (Cs H, ddd, J= 
17.2, 12.5, 6.6 Hz), 5.34 (C,H, dd, J=l7.2, 1.1 Hz), 5.19 (C,H, dd, J= 
12.5, 1.1 Hz), 4.84 CC 4 H, ddd, J=9.5, 9.4, 4.6 Hz), 4.03 (C7H, dddd, J= 
11.5, 4.4, 2.0, 2.0 Hz), 3.85 (C3H, dd, J=9.4, 6.6 Hz), 3.49 (C,H, ddd, 
J=11.5, 11.5, 2.8 Hz), 2.31 (CeH, m), 1.80 (CaH2, m), 1.65 (CsH, m). 

9. The relative stereochemistry and proton connectivities of 17 uere 
determined by detailed analyses of 'H-'H and 13C-'H COSY experiments. 
The transfusing manner of the ether rings was suggested by the coupling 
constants of angular protons and fully confirmed by NOE's on a ROESY 
experiment. 17 [bis-(p-bromobenzoate)] 400-MHz'H-NHR (CDCl3)65.89 (C17H, 
ddd, J117.2, 10.6, 5.3 Hz], 5.84 (C7H, br dd, Jz11.6, 11.6 Hz), 5.80 (Cs 

H, ddd, J=16.8, 10.4, 5.0 Hz), 
(ClaH, 

5.71 (CaH, br dd, J=ll.6, 9.4 Hz), 5.36 
br d, J=17.2 Hz), 5.28 (ClH, br d, J=l6.8 Hz), 5.23 (Cls H, m), 

5.17 (ClsH, br d, JxlO.6 Hz), 5.12 (C4H, ddd, J=lO.O, 4.0, 3.5 Hz), 5.10 
(ClH, br d, J=lO.4 Hz), 4.21 (CjsH, dd, J=5.0, 5.0 Hz), 4.14 (CsH, dd, 
J=lO.O, 5.3 Hz), 4.02 (CsH, br dd, J=11.6, 9.2 Hz), 3.41 (Ctr H, ddd, 
J=13.5, 9.2, 44 Hz), 3.32 (CgH, ddd, J=13.2, 9.2, 4.6 Hz), 3.19 (CleH, 
ddd, J=9.6, 9.2, 4.4 Hz), 2.85 (C5H, ddd, J=l3.6, 9.4, 3.5 Hz), 2.53CCls 
H, 
m), 

ddd, Jz12.0, 4.6, 4.4 Hz), 2.50 (C5H, br d, J=13.6 Hz), 2.00 (Cl4 Hz, 

Hz). 
1.90 (C13H, m), 1.88 (C13H, m), 1.73 (ClotI, ddd, J=13.5, 13.2, 12.0 
100.6~MHZ '3C NMR (CDCls) 6 136.6, 136.4 (c-2, c-171, 135.5, 125.7 

(C-6, C-71, 116.5, 116.4 (C-l, C-18), 83.5 (C-16), 81.4 (c-12), 80.5 (c- 
91, 80.1 (c-31, 79.7 (C-81, 
(C-10), 

79.3 (C-II), 77.6, 76.8 (t-4, c-151, 39.5 
30.3 (C-14), 27.4 (C-13), 24.8 (C-5). 
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