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Abstract: The use of an intramolecular hetero-Michael addition of enantiomerically enriched 7-alknxy-4—benzoylo$
2,3-unsaturated esters for the synthesis of endo-substituted oxepanes is descri
qchuuonmwguv«mdbythegeonﬂryofthedmbleboﬂmuwmmmdmrand nrmofal—dwble
nd in the linear chain is required in order to achicve good yields. The the fused oxepane-
tetrahydropyran nucleus of marine polyether toxins with absolute comrolofallthestueoeenmls

The oxepane ring is frequently encountered in polyether toxins such as brevetoxins,! ciguatoxin 1,2
yessotoxin,3 gambierol,4 gambieric acids’ and maitotoxin,6 frans-fused to other cyclic ethers whose size
oscillates from 6 to 9 members, with two cis-substituents near to the oxygen atom. The stereoselective synthesis
of such a ring is currently receiving a great deal of attention.”

Recently, we have reported an approach to the stereocontrolled synthesis of endo-substituted
tetrahydropyrans by an intramolecular hetero-Michael addition of a y-substituted-ct,B-unsaturated ester in which
the stereochemistry in the ring closure is controlled by the geometry of the double bond.8 We wondered if such
methodology could be applicable to the synthesis of oxepanes. The idea, in principle, is very attractive since the
precursors are similar to those used in the oxane synthesis.

0Bz 3 0Bz
*
o = CX
COoMe

We realized, however, that the hetero-Michael reaction leading to the seven-membered ring should be
thermodynamically disfavoured. This proved to be the case when we treated the o, B-unsaturated ester 22 under
basic conditions, because instead of the desired oxepane 3, the exo-tetrahydropyran 4 was obtained, probably by
a benzoate participation. It is well known, however, that the introduction of a Z-double bond in a linear chain
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introduces thermodynamic and entropic factors which may favour the cyclization reaction. In our case a tentative
approach could be the intramolecular cyclization of 5.
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In order to prove our idea the double unsaturated ester 7 was synthesized from propargylic alcohol

according to Scheme L.
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a) Ref. 8; b) i) Lindlar's catalyst, quinoline (cat), MeOH, 90%; ii) n-BuPh,SiCl, imidazole, CHyCly, 1t, 1 h; 92%; iii)
MeOH, HCI (cat), 1 h, 87%; c) i) Ti(OPr-i)g, (RR)-(+)-DET, TBHP, CH)Cl,, 3A MS, -20 °C, 80%; ii) PhOCOOH,
Ti(OPr-i)g, CHyCly, 1t, 84%; d) HF, CH3CN, 1t, 18 b, 91%.
Scheme I
However, when 8 was submitted to basic conditions (NaH, THF, -78°C) again the exo-oxane 10 was
obtained. Surprisingly, when we tried to remove the silyl protection under standard conditions using n-BugN*F-
the trans-oxepene 11, [a]D -25.7° (c 0.30, CHCI;), was obtained as the only sterereoisomer in 75% isolated

yield with a small amount of the free alcohol 8 (=15%).
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The most striking features of the procedure are that the stereochemistry can be controlled by the geometry
of the double bond and the only observed byproduct is the free alcohol which, obviously, can be recycled. Thus
when the Z-isomer 9 was treated with n-BuyN*F-, in THF solution, the cis-oxepene 12, [a] -19.7° (¢ 0.27,
CHCly) was obtained as the only stereoisomer with a small amount of 13.
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In an attempt to find a more similar model to that found in the polyether toxins we studied the cyclization
of the diastereoisomeric mixture 14 in which the nucleophilic oxygen is located in a secondary alcohol. Again in
this case the stereochemistry in the cyclization is completely controlled by the double bond geometry of the o, B-

unsaturated ester, the frans-substituted oxepenes 15, [a]D -27.6° (¢ 0.29, CHCl3), and 16, [a]D -28.4° (¢ 0.32,
CHCl3) being obtained in equimolecular amounts.
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In order to explain the role of the fluoride, we studied the cyclization reaction over the more simple
compound, changing the protecting group of the precursor. Thus, when the benzyl protected diol 18 obtained
from 179 (Scheme II), was treated with 7.Bu/N*F-, in THF solution, only the free alcohol 19 was obtained.
The role of the F~ seems to be simply to generate sufficient alkoxide to perform the cyclization. On the other
hand, when 19 was treated under our standard basic conditions the only sterecisomer frans-oxepane 20, {(1]%5 -
35.6° (¢ 2.02, CHCl3), was obtained although with only 15% isolated yield.
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a) i) PhCH(OMe),, CSA (cat), CHyCly, 1t, 5 min; ii) NaOMe, CH;Cly, 11, 10 min; iii) BnBr, NaH, »-BugN*T~ (cat),

THF, 18 h; iv) MeOH, CSA (cat.), 1t, 74% overall; v) NalO4, THF:H,O (5:1), 1t; vi) (MeO),P(O)CH"COMe,

benzene, 0 °C, E : Z (>20 : 1), 86% overall; b) n-Bu4N+F", THF, 11, 92%; ¢) NaH, THF, -78°C, 1 b, 12%.

Scheme I

The synthesis of the oxepane-tetrahydropyran nucleus A (Figure I) present in ciguatoxin and related
polycyclic toxins has been performed in a straightforward manner with the conjunction of the methodology
described above and the previously reported synthesis of fused tetrahydropyrans.3 Thus, the frans-oxepane 20
was homologated to the allylic alcohol 21 necessary to introduce the additional stereocentre by a new
asymmetric epoxidation with the proper choice of the chiral auxiliary. The control of the stereochemistry of the
newly created ring was obtained by performing the new hetero-Michael cyclization over the Z-isomer 22 of the o
,B-unsaturated ester, yielding the frans-trans-oxepane-oxane 23 as the sole sterecisomer (Scheme III). 10
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a) Ref. 8; b) i) Ti(OPr-i)4, (R,R)-(+)-DET, TBHP, CH)Cly, 3A MS, -20 °C, 85%; ii) PACOOH, Ti(OPr-i)4, CHyCly,
11, 89%; iii) NalOy, THF:Hy0 (5:1), 1t; iv) PhgP=CHCO,Me, MeOH, 1t, 12 b, Z : E (2 : 1),!1 78% overall; v) HF,
CH4CN, 1t, 18 h, 92%; c) NaH, THF, -78°C, 1h, 91%.
Scheme II
In summary, we have described a general methodology to the enantiomeric synthesis of fused polycyclic
ethers with absolute control in all the stereocentres.

The application of such methodology to fragments occurring in polyether toxins is under study and will be
published in due course.
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