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CHAPTER - 1: Introduction

Along the Florida coast, the dinoflagellate Gymnodinium breve often form a blooms. leading to massive mortality of
fish. Large blooms ot this organism (red tides) can kill hundreds of tons of fish a day. The blooms sometimes cause
human irritation of eyes and throat in the coastelarea’. and the contamination of shell [ish, occasionally result in
human poisoning cases. The toxic principle was identified as Brevetoxin B. Further efforts for isolation and structure
elucidation of this family revealed many types of marine polycyclic ethers. which include brevetoxin A.
hemebrevetoxin B, gamberiol. gymnocin A. yessotoxin and so on.

In 1989. Shimizu et al.” reported the isolation of a new type of marine polycyclic ether, Hemibrevetoxin B (1) from
Gymmnodinium breve, having about half of the molecular size of brevetoxins. The structure consists of a trans-fused
$ix-, six-, seven-. seven-membered tetracyclic ether core (ABCD-ring) containing 10 chiral centres. an « -vinyl
moiety. and a (Z)-diene side chain. Since its isolation as the smallest member of marine polycyclic ethers, synthetic

efforts by numerous organic chemists have been focused on.
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CHAPTER - 2 : Synthetic Study of Convergent Synthesis of Hemibrevetoxin B
2-1. Synthesis of the AB ring segment

Synthesis of the AB ring segment 8 is illustrated bellow. The alcohol 3 . prepared from 2 by known procedure,” was
converted to 4 . Then protection of the alcohol as TES ether followed by- hydrogenation and simultaneous
debenzylation of 4 were performed by using Hy/Pd(OH).-C to give the diol 5. The resulting diol was protected as
TIPSO ether with TIPSOT(/ 2.6-1utidine to give 6. The ester functionality of 6 was reduced to alcohol 7 by using

LiAIH,. The alcohol 7 was then subjected to stepwise oxidation using SO and NaClO- to furnish the carboxylic acid 8.
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2-2. Construction of the D ring precursor

The D ring precursor 11 was prepared from the known epoxide 9'. Protection of 9 with MPMCI/NaH and then
treatment with dimethylsulfonium methylide generated insitu, afforded allylic alcohol 10 in 77% yield. Protection of
the resulting tertiary alcohol with TBSOTI/ 2.6-lutidine followed by the MPM deprotection provided the alcohol 11
in 70 % yield.

OH OMPM OH
hMPMCI P i) TBSOTY II/
TCBNO™ Me” 2> jj) Me,s*r, TCBNO™ Me S Wopa . TCBnO” Me”ZnFl
9 n-Buli
10 11

2-2. Connection of AB Ring Segment and D Ring Precursor

The cyclization precursor 12 has been prepared from the carboxylic acid 8 and the alcohol 11. Next the convergent
construction of the key intermediate 13 was achieved via the intramolecular allylation of « -acetoxy ether 12
followed by ring closing metathesis. The polycyclic framework 14 was constructed from 13, which was converted to

1 in our previous synthesis.’
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CHAPTER-3:Effect of molecular size on stereochemistry of cyclization of allyltin acetals

One of the latest stage in our convergent synthesis of naturally occurring polycyclic ether brevetoxin B was the
cyclization of the allyltin acetal 1a leading to the formation of C-C bond (Scheme 3-1). The trans product 4a was
required for the construction of the target molecule. However, in the first try a 1:1 mixture of the trans- and cis-
cyclization products 4a and 5a was obtained upon treatment of 1a with MgBr..OEt.. Nevertheless, by changing the

solvent from dichloromethane to acetonitrile high trans-selectivity was achieved.

Scheme 3-1
BuaSn
X
N
OCOCH,CI MgBroeOEt,
) -
R 507 o R Solv.
R?Y A
1a-e
Entry R rR? R® R* Yield, 4: 5 Yield, 4 : 5
(CH,Cly) (CH4CN)
1a-5a Me (E';TET/ 78%, 50 :50 82%, >95: 5"
OTBS
Me MeOH o *
1b-5b be H H H 75%, 62 : 38 88%, >95 : 5
=>"2507Ph
H
1¢-5¢ (Me,CH),CH H H H 87%, 67 - 33 74%, 83 : 17
1d-5d Me,CH H H H 80%, 41 : 59 24%, 73 :27
1e-5e PhCH,CH, H H H 82%, 53 : 47 78%, 77 : 33

*Note: cis-isomer was detected only as a weak spot on TLC, but not in the NMR of a crude reaction
mixture



Hence. the appropriate model compound for the detection of the solvent dependence of stercoselectivity must have at
least two trans-fused six-membered rings imitating the structure of 1a. Indeed. the compound 1b gave exclusively
trans-product 4b after cyclization in acetonitrile (Scheme D).

Thus, we have found that the marked solvent effect on the stereoselectivity of the cyclization observed for the
reaction of polycyclic ether 1a was hardly to be detected if one would try to optimize the reaction conditions using a
small model compound like 1c-e. On the other hand, reasonable model b was constructed using the mechanistic
computational analysis. It is interesting to realize that although the modern theory of nucleophilic substitution is
claborated far beyond the simple discrimination between S.1 and S«2 mechanisms,” we were still unable to find any
clear precedents that could help to understand the experimentally observed solvent effect on the stereoselectivity. Tt

might mean that a thorough mechanistic consideration is advisable in all important cases.
Chapter — 4 : Conclusion

1. A convergent formal total synthesis of hemibrevetoxin B (1) was achieved. via the intramolecular allylation of an

« -acetoxy ether and ring- closing metathesis . [ Chapter -2]

2. The origin of the marked solvent effect in the cyclization of the brevetoxin precursors was determined. where as in

the small model compound the marked solvent dependence is absent. [ Chapter-3]
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