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Synthetic Study on Oscillatoxin D: Construction of the Cl-(2% Spiroether 
Segment by Intramolecular Aldol Condensation and Michael-Type Addition 

A6srract: The Cl-C7 segment (10) ud the Cs-C21 segment (14) of oscillrtoxin D have been 
synthesilad cffkiently. The acyclii comfmmd &mind by coupling of these two regmeats. ius been 
cinwsrvd into &I? cl-c26 sjhethu (IS) powers& ths same st8mq&~ - of cm~iht~~in D. The 
consmlcrion of the spkdler has beam aohiaved by intramcdcculu d&i coz&nsm ‘on and Ididlael-type 
addition 9s key stqm. 

Oscillatoxin D (la) and 3@methyloscillatoxin D (lb) are natural products derived from ~poiykctides. 

They occur with aplysiatoxins. potent tnmor ptomoters. in the matine blue-gteen algae belonging to the Oscilht- 

toriaceae: Lyngbya #wajuscula, Schizothrix ciziciwka, and Oscillatoria nigroviridis.l Oscillatoxin D displays 

antileukemic activity against the L 1210 ceil line.2Aplysiatoxiw and oseillatozdns have received much attention 

as attractive synthetic targets and sevetal synthetic studies have tecently been mported.’ In connection with a 

series of our synthetic studies on aplysiatoxins,* we have succeeded to construct the unique spiroether of la 
and lb which is absent in the s auctums of ~ly~~xins. 

In retrosynthetic analysis (Scheme 1) , we adopted a possible In ‘omitnetic pathway for the cyclixation of 

the spiroether ring. Inuamolecuhu Michael-type addition of Cl l-hydroxyl group to C7 position in 2 and inn%- 

molecular aldol condensation-dehydration between C2 and C7 positions in 3, are reasonably considered. 

Further division of 3 at the Cl ester linkage and at the C7-Ca bond provides three l&ments: the tricarbonyl 

moiety (Cl-C7), (Z)-homoallyl alcohol equivalent Q-CM, and &hydoxy+actone (C27 -Cyg). We describe 

hemin the synthesis of the Cl-C% segment whose all smmogenic centers ate identical with those of natural la 

and lb. 
T” 7 T 

1s: (krciltltoxin D (R=H) OH 2 3 

lb: 3@-Me1I1ykmcillstorin D fR=Mc) 

-1 

The synthesis of the Cl-C7 segment (Scheme 2) was statted ftom methyl (S)-3-hydroxy-2-methyl- 

ptopionate which was readily converted to tbe known alcohol 4 in two steps (93% yield).s Tosylation of 4 

followed by substitution with iodide gave the alkyl iodide 5 (86% yield, 2 step~).~ Tmatment of4 with iodine, 

triphenylphosphine, and imidazole in benzene also gave 5 dimctly in a good yield. Lithium et&ate of ethyl 

4361 



4362 

isobutyrate was allcylated with 5 to afford the ester 6 in a quantitative yield. Then 6 was converted to the 1,3- 

did&me derivative 7 by the following three steps in 85% yield: (1) deprotection of benzyloxymethyl (BOM) 

ether, (2) Swern oxidation of the resulted alcohol, and (3) ~~ce~i~tion of the aldehyde with 1,3- 

~~~iol. Afterrednction of7 with lithium ~~~~y~ (LiAlQ], protection of themsukd alcohol 

as t-butyldiphenylsilyf (TBDFS) ether afforded 8’(91% yield, 2 steps). Further onofhvocarhonsunit 

to 9 was achieved by treatmeut of lithiated 8 with ~-~2,2-~~~oxy~~e in 99% yield. Finally, 9 was 

transformed into the desired aldehyde 10 in two steps (86% yield): (1) depr@tection of TEtDPS ether and (2) 

oxidation of the primary alcohol. This segment 10, which has one free atdehyde group and two molsl~cd 

carbonyl groups as lg-dithiane and di~~yla~~, would be the useful synthetic ~~~ not only far la 

and lb but also for the other aplysiatoxins. 

9 10 

a) TsCI. pytJ CH&lx (95%). b) NaI I acetone (91%). C) 12 f P&P, imidazole / bcsnmne @2%). d) ethyl ismbup~~, 
LI)AITW (1ooW). e) H~~~~/~H @2%). f) (WC&~, DMSO, E?#jCH2C!&. g) 13 

BF&Et2 I CH& @2%, 2 steps). h) LiAl& / Et20 (93%). i) Tt3DPSCi, imidazok / IlMF (98%). i) t-BuLi /*&PA- 
W, the.n l~2~&hx+wte (99%). k) n-Bu4NFI TW (p3%). I) S4_pyr., DMSO, Et3N / CH&12 @2%). 

sche*nt 2 

For the synthesis of the C&-C& segment (Scheme 3), the alcohol 11 was employed as a versatile 

interme&ate which has aiready been synthesized from o-ghtcose and 3-hydroxyacetophenone.4 In order to 

introduce the Cg-Q (Z@lcfin vicr acetylene reduction, 11 was converted to 14. The chloride 12 was prepamd 

by bunt of 11 with ~~heny~~h~ph~ne in refluxing carbon tetrachloride in 99% yield. Then 12 was 

subjected to the base (lithium diisopropylamide) induced elimination to provide the acetylenic alcohol 13 in 

72% yield.7 The secondary hydmxyl group was protec&xI as ~~~x~e~yl COMB ether in 87% yield.8 

The coupling of two segments (10 and 14) and construction of the spiroether ring system were next 

tm#miRed as follows (Scheme 4). The mourn acetylide of 14 was successfully coupled with the aldehyde 10 to 
give the dia stereomeric alcohol (93% yield, diastereosekctivity: ca. 1:l). The diketone 15 was prep& ffom 
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the alcohol in two steps: (1) oxidation of the secondary hydmxyl group in 87% yield and (2) hydrolysis of the 
~~i~e~ with N-c~~su~i~~de in 85% yield. When 15 was treated with 50% aq. ‘IFA-CHCl3 (l:J), 

hydrolysis of the dimethylacctal and the intramolwular al&l c~ensa~~~hy~o~ took plaoe giving 
cyclohexenones Ma and 16b in 56 and 27% yields, respectively. Qxidation of the aldehyde 16~ to the 

~~~ wrbo@ic wid fWowcd by ueatment witb ~ affor&d the methyl ester in 64% yield. 
Then par&I hy~~a~on of the acetylenic linkage in the presence of LindIar catalyst in ethyl acetate gave the 

(Z&olefin 17a in 77% yield The hy~xy~~h~e 16b was also subjected to the same three steps sequence 
(54% yield) to give 17b as the dire& prwursor for in~~~~ ~~~l-~ addition.~ 

Demote&on and acid catalyzed ~~~u~ Michael-type addition of the MM ether 1% pzwmded 

axccessively in cone. HCI-MeOH to give the four diastemume& spiroethers: l&19,20, and 21 in 10, l&5, 

and 14% yields, respectively. In addition, these spiroethers were obtained from the hydroxyl compound l?b 

under the same acidic edition. Under the basic lotion (t-BuOK I THF), 17b was ova into l9 and 

2f in 43 and 24% yields, respectively. The stereochemistries of the four diastereomers (18 - 21) were 
elucidated through detailed analysis of their NOE difference spectra.** The NOE enhancements of 1% were 

similar to those of natural la and lb.1 Irradiation of the C25 axiai methyl group and the Cur equatorid methyl 

group of 18 gave positive NOES for Hz, I-I+ and Hm protons and for Hlo and H= protons, respectively, 

These indicate that Hz and IIt protons have to be iwated in axial positions and the ether oxygen has to be 
attached equatorially to the cyclohexanone ring. The stereostructures of 19,20, and 21 were clearly assigned 
as indicts in Scheme 4. In ~~t~~ 20 and 21, astir of cycl~~x~~~ ring flipped in contrast 
to that of X8 and 19, and the C4 co~~~~ti~ epimerixed to stabilize ~~yn~~ly. Thus we have 

synthesized a very important intermediate toward total synthesis of la and lb. Now, optimization of 



4364 

diastemoselectivity on intramolecular Michael-type addition, isomeri zation to the desired spiroether l&*1 and 

conversion into la and lb, have been investigating. 
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groups of the C11-hydroxyl group (see NOTE 9). 
Without difficulty, 22 and 23 were converted into 24 and 17b, respectively, by the same sequence 
as described in Scheme 4. Especially, 23 acted as a versatile intermediate because depmtection of THP 
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for 21: (i) H24 + Hz, H4. Hg, and 

11. Formation of l&20, and 21 was observed chromatographically when a small amount of 19 was 
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