
Pergamon 

0040-4039( 95 IO 1971-3 

Tir,Ardr<m Lrirers. Vul. 36, No 49. pp 9007-9010. 1995 
Elsewer Science Ltd 

PrInted I” Great Rritaln 
0040.4039/95 $9.50+0.tx 

Synthetic Approach toward Complete Structure Determination of Maitotoxin. 
Stereochemical Assignment of the C63-C68 Acyclic Linkage 

Makoto Sasaki, Taro Nonomura. Michio Murata, and Kazuo Tachibana* 

Abstract The relatlre cnnfiguratmn ~,f carbon\ wlthtn the C6?-ChX acyclic linkage of maitotoxln 
t WTX) wab asIgned h! synthesir of stereodefined model compounds (la-ld) and their comparison wth 
MTX in ’ tl and I’(. KMK spectta. 

Mattotoxin (MTX). Isolated from the dinotlagellate Gamh~rrdi,sr~us foxicus, is the most toxic and largest 

non-biopolymer known to date.‘,? The toxin posse\sex a powerful ability to elevate the intracellular Ca2+ level 

of a wade range of cell types.! The grol;s chemical structure and stereochemistry of fused or directly connected 

ether rings were eluctdated on the basis of extensive 1D/3D NMR measurements and negative FAB MS/MS 

experiments2 However. the relattve configurattons of the acyclic residues (CSC15, C35C39. C63-C68. and 

C134-C139) 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 realtze this strategy of stereochemtcal determtnation, it was required to assume, and 

consequently shown. that the preferred conformatton 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 characteristics 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)4 of MTX in order to reduce the configurational candidates as 
targets of synthesis. Small coupling constant5 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 I; these NMR data suggested that carbon chain C61-C65 adopted the zigzag conformation with the 

orientation of hydrogen atoms being I ,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 la-ld, representing 
the four possible diastereomers at C56-C75 of MTX.6 

Figure 1 

lrX=OH.Y=H 
lb X=H,Y=OH 

lc:X=H.Y=OH 
ld:X=OH.Y=H 

The synthesis of diastereomers la and lb IS summarized in Scheme 1. The C64-C6S bond7 was 
constructed by an aldol coupling of aldehyde 3 and methyl 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 P-hydroxyketone 5 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 5 to provide hemiketal 6, 
whose )H NMR data clearly showed the expected configuration at C64 (J63.64 = 9 Hz). Reduction of 5 with 
Saksena-Evans reagent9 led exclusively to the corresponding 64,66-anti-diol 7 in 97% yield, whereas 1,3-syn- 
selective reduction of 5 by the Narasaka-Prasad protocol 10 afforded 64,66-syn-diol 8 (5 1% yield).’ * 
Desilylation of 7 and 8 followed by oxidative cleavage of the p-methoxyphenyl (MP) group’* and 
hydrogenolysis/hydrogenation furnished respective nonaols la and lb. The remaining diastereomers lc and 
Id were prepared similarly starting from 4 and the antipode of 10, which was derived from ent-9. l3 

As expected, all four diastereomers thus obtained showed different NMR profiles and only la among 
these gave virtually identical ‘H and )3C NMR data to those for the C63-C68 region of MTX (Table l).t4 As 

seen from these data, the change in diastereomerism through a methylene affects the & values significantly; the 
SC differences between MTX and any of lb-ld exceeded 0.5 ppm for the most carbons and I 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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Scheme 1 a 

2 R = pMeOPh (MP) 
9 R=Bn 

6 

0-q 
- la,lb 

7:x=On,Y=H mo 
6.X=H.Y=OH 

‘Reagents and conditions (a) TBSOTf, 2,6-lutidme. CH$12. R, (b) 0~0,. NMO, THF-H20, R. 67% (two steps); (c) NalO+ 
THF-HzO, fi; (d) NaH. BnBr, THF-DMF, rf. 98%, (e) CAN, CH&N-fig, rt. 69%, [f) pTsCl, EtsN, DMAP, CH$I,, rt, 92%; (Q) 
NaCN, DMSO, 70 “C, 92%; (h) DIBALH, CH& -78 “C; (i) MeMgBr, Tt-i~, -30 “C, 54% (two steps); (i) (COCI),, DMSO, EtsN, 

CHzClz, -76 “C 10 I?, quant; (k) 4, LDA. THF, -7B”C, then 3, 37%: (I) TBAF, THF, fl, quant; (m) Me.,NBH(OAc)s, CH,CN-AcOH, 
0 “C IO n, 97%; (fl) NaBH,. Et2E0Me, THF-MeOH, -78 o to 0 OC. 51% (0) TBAF, THF, n, (p) CAN, CHsCN-Hfl, (q) H,. 
Pd(OH)$C, MeOH. la, 69% (three steps), lb. 92% (three steps) 

Table 1. ‘H and ‘3C NMR chemical shifts of C63-C68 reeions in MTX and la-1d.a 

MTX la 

position 6H %Z 6H k 

63 3.15 76.5 3.15 76.4 
64 4.02 66.4 4.02 66.2 
65 1.49 41.X 1.50 41.9 

1.72 I 72 
66 3.X5 65.7 3.85 65.1 
67 1.40 30.5 1.42 40.3 

1.85 1.X5 
6X 3.64 70.7 3.63 70.7 

a) The spectra were all measured m CD$?N-D20 (1 :I 1. 

lb lc 

6H &I! 6H k 

3.22 75.2 3.16 76.3 
4.02 67.2 4.01 66.1 
1.66 39.9 I.44 40.6 
1.72 1.79 
3.91 6X.5 3.90 67.2 
1.53 39.5 I.55 40.2 
I.91 1.88 
3.57 72.0 3.54 71.9 

Id 

6H k 

3.20 15.2 
4.00 67.1 
1.70 41.3 
1.70 
3.83 66.4 
1.44 39.x 
1.84 
3.62 70.7 
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