TETRAHEDRON
LETTERS

Pergamon Tetrahedron Letters 41 (2000) 903—906

Efficient convergent synthesis oti@ans-fused 6-6-6-6-membered
tetracyclic ether ring system

Goh Matsuo, Hiroshi Hinou, Hiroyuki Koshino, Toshiro Suenaga and Tadashi Nakata
RIKEN (The Institute of Physical and Chemical Research), Wako-shi, Saitama 351-0198, Japan

Received 21 October 1999; revised 10 November 1999; accepted 12 November 1999

Abstract

A very efficient convergent strategy for the construction oftthasfused 6-6-6-6-membered tetracyclic ether
ring system was developed based on the acetylide-triflate coupling of two tetrahydropyrans, oxidation of the alkyne
group to an -diketone, double cyclization to 6,6,6,6-membered tetracyclic diacetal, and stereoselective reduction
of the diacetal with E{SIH-TMSOTf. © 2000 Elsevier Science Ltd. All rights reserved.
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Marine polycyclic etherd,exemplified by the brevetoxins, have attracted the attention of numerous
synthetic organic chemists due to their uniqgue and complex structure, and potent biological activities. The
characteristic structural feature of this family is tin@ns-fused polycyclic ether ring system. Although
several convergent methods for the construction of the various ring systems have been fetherted,
development of a more efficient convergent method is still required toward the total syntheses of these
marine polycyclic ethers. We now report a very simple and highly efficient strategy toward the convergent
syntheses of the polycyclic ether ring systems, employing the stereoselective syntlesis-fafsed 6-
6-6-6-membered tetracyclic ethk?

Our strategy for the convergent synthesislahvolves the simple four step-sequence as shown in
Scheme 1: (1) coupling of a tetrahydropyiiamaving an acetylene, ariid (2) oxidation of the resulting
alkyneiii to the -diketoneiv; (3) intramolecular double acetalization iefto the tetracyclic diacetal
v; and (4) stereoselective reductionwofo give 1. The most crucial and interesting step in this strategy
is which routeiv takes in the double acetalization, i.e. route A to the 6-membered diacetatoute
B to the 5-membered diacetal. Heat of formations o’ (R=Me) andvi (R=Me), calculated by PM3,
suggested that is 6.0 kcal/mol lower in energy thavi, which means our desired route Avowould
predominaté.

With this prospect, our convergent synthesisldfegan with a coupling reaction of acetylife and
triflate 35 (Scheme 2). The coupling reaction of the lithium acetylid ahd3 in the presence of HMPA
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Scheme 1.

in THF proceeded smoothly, giving the symmetrical alkynie 94% yield! Oxidation of the alkyne
group in4 with RuO,—NalQ, in CCl;—MeCN-H08 furnished the -diketone5 in 84% yield. The stage
was now set for the crucial double acetalization step (route A or B), leading to 6-membered diacetal
5-membered diacetai. As was expected, the reaction proceeded via our desired route A with complete
regio- and stereocontrol, giving the 6-membered diacetdlhus, upon treatment & with CSA and
CH(OMe) in MeOH-CHCl,, deprotection of the TBS groups followed by a double acetalization took
place under reflux for 26 h to give quantitatively the desired 6-6-6-6-membered tetracyclic dicetal
as the single product. During the present conversion reactidnimo 6a, the formations of a small
amount of the isomeric diacet@, dihemiaceta¥, and monoacet&were observed. The conformational
analyses of the three possible stereoisoréers by MM2* calculations revealed that the most stable
isomer of thetrans-fused tetracyclic diacet&la lies 3.9 and 13.0 kcal/mol lower in energy than that of
6b and 6c¢, respectively (Fig. 1). The compoun@b, 7, and8 were prepared frond under the milder
conditions as follows (Scheme 3): (B)BusNF treatment gave the dihemiace?(100%); (2) TsOH
treatment in MeOH at room temperature g&u@6%), and the two isomeric diacet&la (14%) andéb
(6%). The stereostructures of isoméesand6b were unequivocally confirmed BH, 13C NMR, NOE
(Fig. 1), and HMBC analyses.
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With the desiredransfused tetracyclic acetdda in hand, we proceeded to the final step of this
convergent strategy, i.e. stereoselective reduction of the two acetal groégs in
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Fig. 1. Structures oda—c and NOE correlations observedéa and6b
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Reduction of6a with Et3SiH (3.0 equiv.) in the presence of TMSOTf (2.4 equRA)in CH,Cl,
proceeded smoothly to give the desiteahs-fused 6-6-6-6-membered tetracyclic ettiéf®%in 98%
yield, and as the sole product (Scheme 2). The reductiofaofvith EtsSiH using either SnGlor
BFs Et,0, instead of TMSOTf, under the same reaction conditions also stereoselectively pravided
in high yields: i.e. (b) E§SiH-SNnC},1%° 94% yield; (c) E4SiH-BFR; Et,0,1°€86% yield. Reductions of
compoundsb, 7, and8 were also examined (Scheme 3). Interestingly, reduction of the stereoi§bmer
with EtsSiIH-TMSOTTf gave the same result as thabaf to afford thetransfused tetracyclic ethet in
90% yield. The present reduction of the two isonmgasnd6b must thus proceed via the same oxonium
ion intermediate. Furthermore, reduction of monoacg@talth EtzSiH-TMSOTT also afforded as the
single product in 87% yield!

In conclusion, we have developed a very simple and efficient convergent strategy for the construction
of a transfused 6-6-6-6-membered tetracyclic ether ring system. Using this method, the synthesis of
transfused tetracyclic ethet was achieved with complete stereoselectivity in only four steps, and in
77% overall yield from triflate3. This strategy would be widely applicable to efficient syntheses of
natural polycyclic ethers. Further studies along these lines are currently in progress in our laboratory.
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