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Synthetic Approach toward Complete Structure Determination of Maitotoxin.
Stereochemical Assignment of the C63-C68 Acyclic Linkage
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Abstract. The relative configuration of carbons within the C63-C68 acyclic linkage of maitotoxin
(MTX) was assigned by synthesis of stereodefined model compounds (1a-1d) and their comparison with
MTX in 'H and 13C NMR spectra,

Maitotoxin (MTX}, isolated from the dinoflagellate Gambierdiscus toxicus, is the most toxic and largest
non-biopolymer known to date.!-> The toxin possesses a powerful ability to elevate the intracellufar Ca+* level
of a wide range of celf types.? The gross chemical structure and stereochemistry of fused or directly connected
ether rings were elucidated on the basis of extensive 2D/3D NMR measurements and negative FAB MS/MS
experiments.2 However. the relative configurations of the acyclic residues (C5-C15, C35-C39. C63-C68, and
C134-C129) remained to be determined. Herein we report the relative configurations of the C63-C68 portion of
MTX by comparison between stereodefined synthetic fragments and MTX in their NMR spectra.

maitotoxin (MTX)

In order to realize this strategy of stereochemical determination, it was required to assume, and

consequently shown, that the preferred conformation of an appropriately designed fragment with the natural
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configuration in NMR solvent reflects that of the corresponding portion of MTX; the NMR charactenstics of the
fragment should therefore not significantly differ from those of the corresponding moiety of MTX.

We first attempted the stereochemical analysis of the acyclic region in question by the NOESY and
Exclusive Correlation Spectroscopy (E.COSY)* of MTX in order to reduce the configurational candidates as
targets of synthesis. Small coupling constant® between 63-H and 64-H and prominent NOEs between 62-H/64-
H and 63-H/65-H allowed us to deduce the relative stereochemistry at the C63 and C64 positions as indicated in
Figure 1; these NMR data suggested that carbon chain C61-C65 adopted the zigzag conformation with the
orientation of hydrogen atoms being 1,2-gauche for 63-H/64-H. However, sever overlap of the cross peak
signals prevented the detailed analysis for the C66-C68 portion of MTX, leaving the diastereomeric relations
between C64/C66 and C66/C68 to be solved. Thus, we directed our effort to synthesize 1a-1d, representing
the four possible diastereomers at C56-C75 of MTX.6

Figure 1

ta:X=0H, Y=H 1c: X =H,
1b:X=H Y=0H 1d : X = Ol

The synthesis of diastereomers la and 1b is summarized in Scheme 1. The C64-C65 bond’ was
constructed by an aldol coupling of aldehyde 3 and methy] ketone 4, both prepared from a common bicyclic
compound 2.8 Lithium enolate derived from 4 was reacted with 3 to provide, after chromatographic separation,
the desired B-hydroxyketone § as the major adduct in 37% yield. The stereochemistry of the newly generated
hydroxyl group at the C64 position was assigned by removal of the silyl group in § to provide hemiketal 6,
whose TH NMR data clearly showed the expected configuration at C64 (Je3 64 =9 Hz). Reduction of § with
Saksena-Evans reagent® led exclusively to the corresponding 64,66-anti-diol 7 in 97% yield, whereas 1,3-syn-
selective reduction of § by the Narasaka-Prasad protocoll0 afforded 64,66-syn-diol 8 (51% yield).!!
Desilylation of 7 and 8 followed by oxidative cleavage of the p-methoxyphenyl (MP) group!2? and
hydrogenolysis/hydrogenation furnished respective nonaols 1a and 1b. The remaining diastereomers 1¢ and
1d were prepared similarly starting from 4 and the antipode of 10, which was derived from ent-9.13

As expected, all four diastereomers thus obtained showed different NMR profiles and only 1a among
these gave virtually identical 'H and '3C NMR data to those for the C63-C68 region of MTX (Table 1).!4 As
seen from these data, the change in diastereomerism through a methylene affects the 8¢ values significantly; the
8¢ differences between MTX and any of 1b-1d exceeded 0.5 ppm for the most carbons and | ppm for at least
one. These results not only allowed for the configurational assignment of the C63-C68 region of MTX as
depicted in la, but also validated our first assumption on the conformational identity between MTX and its
fragment.
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“Reagents and conditions: (a) TBSOTT, 2 8-lutidine, CH,Cl,, 11; (b) 0sO4, NMO, THF-H,0, 1t, 87% (two steps); (c) NalO,,
THF-H0, t; (d) NaH, BnBr, THF-DMF, rt, 98%: (8) CAN, CH3CN-H50. 1, 89%; () p-TsCl, EtsN, DMAP, CH.Cly, 1t, 92%; (g)
NaCN, DMSO, 70 °C, 92%; (h) DIBALH, CH,Cl,, -78 °C; (i) MeMgBr, THF, -30 °C, 54% (two steps); (j) (COCl),, DMSO, Et3N,
CHCly, -78 °C to 11, quant; (k) 4, LDA, THF, -78°C, then 3, 37%; (I) TBAF, THF, rt, quant; (m) Me,NBH(OAc)3, CH3CN-ACOH,
0°C 1o rt, 97%; (n) NaBH,, Et,80Me, THF-MeOH, -78 ° to 0 °C. 51%: (o) TBAF, THF, rt, {p) CAN, CH3CN-H0, (g) Ha.
Pd(OH)/C, MeOH, 1a, 69% (three steps), 1b, 92% (three staps).

Table 1. 'H and 13C NMR chemical shifts of C63-C68 regions in MTX and 1a-1d.2

MTX la 1b 1c 1d
positon OH 8C SH & 4 §¢C SH &¢ SH &
63 315 76.5 3.15 764 322 752 316 763 320 752
64 402 664 4.02 66.2 402 67.2 4.01 66.1 4.00 67.1
65 149 418 1.50 419 1.66 399 1.44 40.6 1.70 41.3
1.72 1.72 1.72 1.79 1.70
66 385 65.7 385 657 391 68.5 390 672 3.83 66.4
67 1.40 40.5 1.42 40.3 1.53 395 1.55 40.2 1.44 39.8
1.85 1.85 1.91 1.88 1.84
68 364 70.7 363 70.7 3.57 720 354 719 3.62 70.7

a) The spectra were all measured in CD3CN-D30 (1:1).
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