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An Olefin Metathesis Based Strategy for the Scheme 1. Synthesis of OPQ Ring SysterBsand 14.2
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The structure of the most potent nonpeptidic substance known RoY N
to man, the marine neurotoxin maitotoxif, (Figure 1), has (ij:\lfj Lo,
recently been elucidatéel. Containing no less than 32 rings al’ -
and 98 stereocenters, this structure presents an imposing o R=H: Ry = 7

challenge to synthetic chemistry and provides opportunities for 13: R=Me; Ry = Bn Qe

. . R : . . 14: R=Me; Ry =

invention and discovery both in chemistry and biology. Al-

though considerably larger, this structure is reminiscent to that _df“‘nRen"’]‘Qgngear(‘f ;O:(;jlt'lg)nsé[\l(a(é%t c? _—’)4?42I'3(K;‘|A0F[0(f892fheyé)9y5
of brevetoxin B3 except for the carbencarbon bonds bridging ~ f@Inium 1oci U U urv
rings Kand L, O and P, and V and W (see shaded areas, Figure eoHCla, 25°C, 3 h, 81%; forl0+ 3~ 11, DCC (1.5 equiv), 4-DMAP

(0.5 equiv), CHCI,, 25°C, 3 h, 85%; (b) ford — 5, Tebbe reagent
1). In this paper we wish to disclose the construction of these (4.0 equiv), THF, 25C, 0.5 h, them\, 4 h, 50%; forl1l— 12, same

intriguing regions of maitotoxinl) through application of our  congitions as fo — 5, 54%; (c) BH (10 equiv), THF, 0°C, 5 h,
recently developed olefin metathesisased strategy of cyclic  then 3 N NaOH (50 equiv), D> (50 equiv), 93%:; (d) AD mixx (2.0
ethers> Specifically, we report the synthesis of the OPI3)( equiv), MeSQNH: (3.0 equiv) t-BuOH—-H,0 (1:1), 0°C, 36 h, 98%;
UVW (23), and JKL @Q9) representing nine of maitotoxin's rings  (e) E&SiH (3.0 equiv), BE-EtO (1.1 equiv), CHCI,, 0°C, 2 h, 35%;
and 19 of its stereocenters (antipodlake Figure 1). (f) for 12— 13, BH; (10 equiv), THF, 0°C, 4 h, then 3 N NaOH (50
Our initial explorations of the olefin metathesis approach to €quiv), HO; (50 equiv), 89%; (g) k Pd/C (0.3 wt equiv), EtOH, 25
these frameworks focused on the simplified OPQ ring system °C: 3 h, 91%. 4-DMAP= 4-(dimethylamino)pyridine; DCG= 1,3-
9 (Scheme 1) lacking the methyl group at the PQ fusion. Thus, dicyclohexylcarbodiimide; Tebbe reagentCp,TiCH.CIAIMe,; THF

coupling of fragment£® and3® in the presence of 2-(chlorom- tetrahydrofuran.

ethyl)pyridinium iodide and 4-DMAP afforded estéf (81%). latior® of 5 as a means to control the stereochemistry of the
Exposure of4 to excess Tebbe reagent in THF, m:)tlall_y at 25 hydroxyl group at C-2, a reaction that led to some interesting
C and then at reflux, led to cyclic enol ethgin 50% yield. observations: (a) while AD mix gave exclusively compound

Initial attempts to introduge the required hydroxyl group via 7 (95% yield) as expected, AD mig led, unexpectedly, to a
hydroboration led predominantly to the wrong stereoiso@ier preponderance of the same ison¥e98% yield,ca, 13:1 ratio

(epimeric at C-1 and C-2) with the desired pgodgcbeing with its epimer8 (see Scheme 2)] and (b) exposure of the minor
formed only as a minor componer@g ca. 2:1, 93% combined  jsomer 8 to conditions similar to those of dihydroxylation

yield). Attention was then turned to the Sharpless dihydroxy- raaction [KCOs, BBUOH/H,O (2:1), 25°C] caused its complete
(1) Just prior to submission of this work, the absolute configuration of ISOMerization to the desired isomér These observations can

maitotoxin was reassigned as that shown in Figure 1 which is opposite to be explained by the mechanism shown in Scheme 2, by which

the previously adoptédbsolute stereochemistry and to that of the reported i i i iai ; i
fragments OPOIA). UVW (23). and JKL @9): (a) Sasaki, M.: Matsumori, the undesired isome is envisioned to undergo ring opening

N.. Maruyama, T.; Nonomura, T.; Murata, M.: Tachibana, K.; Yasumoto, ({0 16), enoliz_ation (tol7), and _eXdUSiV_e reclosure to the
T. Angew Chem 1996 108 1782. Nonomura, T.; Sasaki, M.; Matsumori,  thermodynamically more stable isomé(with both hydroxyl

’I‘?;SI(\BAUr(?)t)airi\g};gT?;\:/hi%aenl\E/llétrt(é;i vasumoto, Rngew Chem 1996 108~ and pyran groups disposed equatorially in space, see box,
R.: Oinuma, H.: Kishi, YJ. Am. Chem. Sod996 118 7946. We thank  Scheme 2). Dihydroxylation ob without a chiral ligand

Professor Y. Kishi for a preprint of this article. [OsO,—NMO] gave 7 as the major product7(8 ca, 5:1).

5 AZ) (él%MUgt&l'\gathf\fé(i%g'é?sM?E)ausnagi_SM Sﬁtake, M-?YgsmmOtct"T- Reductive removal of the anomeric hydroxyl group fran
. AM em S0C . asakl, M.; Nonomura, |.; Murata, . . .
M.; Tachibana, K.Tetrahedron Lett1995 36, 9007. (c) Sasaki, M.; (Scheme 1) was achieved withsBtH in the presence of Bf

Nonomura, T.; Murata, M.; Tachibana, K.; YasumotoTe&trahedron Lett Et,0, affording the desired OPQ model syst8r#0% yield)°
%9?5 566901{ t&%gzs?’%klégﬂz.g Nonomura, T.; Murata, M.; Tachibana, K. Having established the viability of the metathesis approach
etranedron Le X .
(3) Lin, Y.-Y.; Risk, M.. Ray. S. M. Van Engen, D.; Clardy, J.: Golik, these systems, we then set out to assemble the three
J.; James, J. C.; Nakanishi, K. Am Chem Soc 1981, 103 6773. (b) maitotoxin fragments OPQ§, Scheme 1), UVWZ3, Scheme

éee,ll\gég.;l(%e%gaé D. J.; Nakanishi, K.; Zagorski, M. 5Am Chem 3), and JKL @9, Scheme 4). Construction d#4 began with
ocC . ni 1 i i
(4) () Fujimura, O.; Fu, G. C.; Grubbs, R. B.Org, Chem 1994 59, gle:llnlc coiﬂptl)un(:ll_ol _and foIIOW(re]d th_e seqluence d(i?pm;Ed in
4029. (b) Grubbs, R. H.; Miller, S. J.; Fu, G. Bcc Chem Res 1995 cheme 1. In this instance, the ring closure of estér
%8, 448%@) é“%é%he“ W. J.; Hashimoto, M.; Grubbs, RJHAm Chem proceeded via metathesis to afford cyclic systétin 54%
oc1l 11 4. . : AP

(5) Nicolaou, K. C.; Postema, M. H. D.; Claiborne, C.J>Am Chem )életlg’ Vf\:(he.‘re"f[ls hﬁdr?boratloln Otf theflattgr—r?_TS 7g0/C pIrOV(T::[d

Soc 1996 118 1565. oth efficient and stereoselective, furnishibg(78%) plus its

(6) Compounds2, 3, 24, and 25 were synthesized fromp-glucal as C-1, C-2 stereoisomel, R = CHg, 11%). Apparently, the
described in the Supporting Information.

(7) All new compounds exhibited satisfactory spectral and exact mass  (9) Kolb, H. C.; VanNieuwenhze, M. S.; Sharpless, K.Ghem Rev.
data. Yields refer to spectroscopically and chromatographically homoge- 1994 94, 2483 and references cited therein.

neous materials. All compounds are optically pure. (10) Overreduction of lactor to a triol was a major side reaction.
(8) Stereochemical assignments were made by 2-D NMR spectroscopy  (11) Compoundd0, 18, and19 were synthesized from 1,4-butanediol
on the intermediates or the corresponding acetates. as described in the Supporting Information.
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Figure 1. Structure of maitotoxinX).
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Scheme 2. Proposed Mechanism for the Isomerization of
the OPQ Ring Systen8(— 7)
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Scheme 3. Synthesis of UVW Ring Systerﬁ?
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a Reagents and condltlons. (a) DCC (1.5 equiv), 4-DMAP (0.5
equiv), CHCl,, 25°C, 3 h, 93%; (b) Tebbe reagent (4.0 equiv), THF,
25°C, 0.5 h, them\, 4 h, 36%; (c) TFA (1.5 equiv), BBiH (3.0 equiv),
CH,Cl,, 0°C, 6 h, 80%); (d) TBAF (1.5 equiv), THF, 2%, 2 h, 91%.
TFA = trifluoroacetic acid; TBAF= tetran-butylammonium fluoride.

methyl group inl12 directs the stereochemical outcome of the
hydroboration reaction in favor of the desired isorh&r Hydro-
genolysis of the benzyl ether ih3 gave, in 91% yield, the
targeted OPQ ring systed#.

The synthesis of the UVW syste28 is outlined in Scheme
3. Thus, DCC-mediated esterification ©8* with 19'* fur-
nished esteR0 (93%), which upon reaction with excess Tebbe
reagent resulted in the formation of cyclic enol etBg&in 36%
yield. Exposure oR1to ESiH in the presence of GEOOH
gave stereoselectively the saturated sysgh{80%), desily-
lation of which afforded the desired compou8 (91%).

A sequence along similar lines (Scheme 4) resulted in the

preparation of the JKL ring syste@®. Thus, coupling o24°
with 25° led to ester26 (88% yield), whose olefination
metathesisq6— 27) required the use of dimethyltitanocéa&®
(20%, unoptimized}* Finally, stereoselective hydroboration
of 27 led almost exclusivelyX 20:1 ratio) to the desired isomer

1: maitotoxin

Scheme 4. Synthesis of JKL Ring Syste®%?
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a@Reagents and conditions: (a) DCC (1.5 equiv), 4-DMAP (0.2
equiv), CHCI,, 25°C, 3 h, 88%); (b) CpTiMe, (10 equiv), THF A,
12 h, 20%; (c) BH (10 equiv), THF, 0°C, 2 h, then 3 N NaOH (50
equiv), HO (50 equiv), 77% (4% of C-1, C-2 isomer); (d)Hd/C
(0.4 wt equiv), EtOH, 25C, 6 h, 98%.

28 (77%), deprotection of which was achieved via hydrogenoly-
sis, furnishing the targeted JKL ring framewd2R (98%).
Through this chemistry, the esteolefin metathesis reaction
has proven itself as a powerful strategy for rapid constru-
ction of complex cyclic polyether framework3. Specifically,
this methodology appears to offer a potential solufian the
assembly of maitotoxin’s JKL, OPQ, and UVW regions and,
together with our previous wotkon brevetoxin B, may even
provide a possible synthetic pathway to maitotoxih i¢self.
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