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Abstract: Stereoselective reductions of compound 5, by means of (+)- B-chlorodiisopinocampheylborane led to 6 with a
good selectivity. Intramolecular hetero-Michael cyclization of 13 with NaH in HMPA gave 14 with an excellent
selectivity.

Brevetoxin Bl and venustatriol? ("left ends" represented by formulas 1 and 2, respectively) are two
particularly attractive targets among the polyether toxins of marine origin. These molecules possess in
common a "head-to-tail", frans-fused octahydro pyrano-pyran [BC] subunit, angularly substituted by a methyl

group.
OH

In the preceding paper we have presented an efficient enantioselective synthesis of ketoester (S)-5, by
asymmetric Michael-type alkylation of imine 4 derived from pyranone 33, We wish to report here the
conversion of this chiral building block into trans-fused bicyclic compound 6 and 14, [BC] structural bases of
the aforementioned toxins.
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The foremost problem which emerged in the construction of rans-fused derivatives 6 and 14, was the
stereoselective reduction of the keto group of starting material §, the hydride ion having to be delivered cis
relatively to the propionate appendage.

Table 1 gathers the results obtained in the reduction of § with various reagents. The resulting alcohols
were not isolated, but directly cyclized into bicyclic lactones trans 6 and cis 74. These reductions can be
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classified into two groups. Within the reactions under "substrate control"3 conditions (entries 1 to 10: use of an
achiral reagent, control of the newly created stereogenic center determined by the intrinsic chirality of the
substrate), the selectivities in favor of the desired rans isomer 6 are low. These disappointing stereochemical
findings clearly reflect the minute energy difference between the two conformers of §, in rapid
interconversion (AAG estimated to 0.5 Kcal mole-1). In sharp contrast, when (+)-B-chlorodiiso-
pinocampheylboraneS (IpcyBCl) was used (entry 11: reduction under "reagent control"3 conditions: use of a
chiral reagent, control of the newly created stereogenic center determined - if the phenomenon of double
diastereodifferentiation is neglected-by the ch/irality of the reagent), the trans isomer 6 was obtained with
excellent selectivity.

It should be noted that the configuration at the created asymmetric center is mainly S, as predicted by the
proposed transition-state model for asymmetric reduction with (+)-IpcyBCIS. Nevertheless a modest chemical
yield (35 to 40%) of lactone 6 was observed in the latter case, a vexing drawback which we have attributed to
a competitive retro-Michael side-reaction induced by the strongly electrophilic IpcoBCl. This proposal is
supported by the following experiment: reduction of 87 a derivative of 5§ in which all retro-Michael-type
fragmentation reaction is suppressed, with (+)-Ipc2BCl, gave actually the expected product 98 with a
satisfactory yield (70%).
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Table 1: reduction of 5 with various reagents

Entry Reducing agent Ratio 6/7
1 NaBH4, EtOH, 20 , 1.2:1
2 NaBH3, EtOH, -78°C 1:1
3 LiBH4,20°C 1:1
4 Bu

LiBH, /(—Q-O-) AIMe? -78°C 13:1
Bu’2
5 NaBH4, CeCl3, MeOH, 18:1
20°C
6 L-selectride, THF, -78°C 1:3.5
7 Zn(BHy)9, Et0, 0°C 1.2:1
8 Hy/PtO>, ACOH, 20°C 1:37
9 DIBAH, THE, -78°C_ 1:2
10 Bu 10
Buno{)—+ 30°C 1:15
BuU
11 (+)-IpcoBCl, neat, 20°C 20:1
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Catalytic hydrogenation of enol lactone 10, easily prepared from 53, was also examined. This reduction
(H/PtO3) has given a mixture of bicyclic derivatives 6 and 7 (1: 2, respectively).
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With the desired trans lactone 6 in hand, we next turned to its conversion into 14. This bicyclic unit

possesses an additional, stereocontrolled acetate side-chain, particularly well-suited for the connection with
the other elements in the synthesis of the aforementioned polyether toxins. Elaboration of 14 started with 6
which was reduced into lactol 11 (DIBAH, -78°C). This was not isolated, but directly condensed with the
phosphorane 12, giving hydroxy-ester 1311 (75% overall yield).
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The crucial intramolecular hetero-Michael cyclization of 13, leading to the desired bicyclic derivative
1412 (and/or its diastereomer 1513) was then examined!4 (Table 2). Among the various reaction conditions
used, only NaH in HMPA (entry 4) has given 14 as a nearly single diastereomer (80% yield). At this stage, we
speculated that the diastercomeric ratio reported in entry 4 (14/15 > 50/1) would reflect the thermodynamic
stability of these stereomers (an equilibration which necessarily implicates the reversibility of the Michael
process). The first part of this proposal was supported by molecular mechanic calculations (MMX). These
actually revealed that compound 14 and 15 exhibit energies of 20.0 Kcal mole-1 and 23.6 Kcal mole-1,
respectively. The difference in energy between the epimers is therefore of 3.6 Kcal mole-1, in favor of isomer
14, owing to the less sterically encumbered equatorial disposition of the acetate appendage. Although this
value is in good agreement with the experimental findings, the reversibility of the Michael addition in entry 4
had also to be demonstrated. This has been made by equilibrating 15 into 14 by using MeONa in HMPA (3h

at 20°C).
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Approaches to polyethers toxins by using the present methodology are currently under investigation.
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Table 2 : cyclization of 13 into 14 + 15

Entry Operaimg conditions Ratio 13/15
i Triton B, Mel) C N ED!
3 Hg(OAc)z, 20°C, then 561
NaBHs-NaQH!5
3 NaH, THF, 200C 1.5:1
P NaH, HMPA, 20°C =50:1
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