
Pergamon 

0040-4039(95)00090-9 

Tetrahedron Letters, Vol. 36, No. 10, pp. 1571-1574, 1995 
Elsevier Science Ltd 

Printed in Great Britain 
0040-4039195 $9.50+0.00 

Complete Structures of the Sphingosine Analog Mycotoxins Fumonisin B1 
and AAL Toxin TA: Absolute Configuration of the Side Chains 

W. Thomas Shier *l, Hamed K. Abbas 2 and Farid A. Badria 1 

1Department of Medicinal Chemistry, University of Minnesota, Minneapolis, MN 55455, USA 
2Southern Weed Science Laboratory, Agricultural Research Service, United States Department of Agriculture, Stoneville, MS 

38776, USA 

Abstract: Fumonisin B 1 and AAL toxin TA are sphingosine-analog mycotoxins characterized by ptopane-l,2,3-tricarboxylic acid 
side chains est~rified to ~'yltmaia¢ backbone. The absolute configuration of all st~'cogeaic centen in the backbones is known. 
Using chiral gas chromatography methodology we have determined the absolute configuration at C-3' in the side chains to be S, 
thereby completing structure determination of both toxins. 

Fumonisin B11 (FB1) (la) (Fig. 1) and AAL toxin TA 2 (2a) (Fig. 2) are mycotoxins produced by two 

agriculturally important plant pathogens, Fusarium monili forme and Alternaria alternata. FB 1 is of particular 

concern because of the ubiquitous occurrence of the fungus on maize, and because it is a putative 

environmental tumor promoter with sufficient chemical stability to persist through most types of normal food 

processing.3A The 2D-structure of AAL toxin TA was determined by Bottini et al. 2 and that of FB1 by 

Bezuidenhout et aL 1 who showed that the toxins consist of one (AAL toxin TA) or two (FB1) propane-1,2,3- 

tricarboxylic acid (PTCA) side chains estm'ified to alkylamine backbones that are structurally analogous to 

sphingosine, 5 a putative intra~llulat regulatory lipid. 6 The absolute configuration at each stereogenic center in 

the FB 1 backbone has been determined by Hoye et al. 7 using a combination of NMR and chiral gas 

chromatography methods. The same relative configurations were established for the C-1 to C-5 fragment of 

FB1 by ApSimon et al. 8,9 and by Pock et al. 10 based on NMR analysis of 2,3-carbamate and oxazoline 

derivatives, respectively; and for the C- 10 to C-16 fragment of FB1 by Blackwell et al. 11 using NMR analysis 

of a 10,14-cyclic ether derivative of the FB1 backbone. The absolute configuration at each stereogenic center 

was established in AAL toxin TA backbone by Boyle et al., 12 and in fumonisin B2 by Harmange et al., 13 using 

a combination of synthetic and NMR methods. The only unknown structural feature of these toxins is the 

absolute configuration at C-3' of the side chain PTCA. The PTCA side chains are of particular interest in light 

of the observation 14 that hydrolyzed fumonisins (aminopentols) not only retain biological activity despite 
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Fig. 1. Structure of fumonisin B1 and derivatives. 
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Fig. 2. Structure of AAL toxin TA and derivatives. 

having lost about half their molecular weight, but also have a broader spectrum of activity than the intact toxins. 

This observation has led to the suggestion that the producing fungi may enzymaticaUy add PTCA moieties to 

the toxin backbone as a detoxification mechanism. To better understand the nature of the side chains we have 

used chiral gas chromatography column methodology to show that the absolute configuration at C-3' is S in 

both FB 1 and AAL toxin TA. 

The same approach was used to demrmine the absolute configuration at C-3' of the side chains of the two 

toxins, specifically conversion (Fig. 3) of the side chains to a derivative resolvable on a chiral gas 

chromatography column. Since free PTCA is symmetrical, it is necessary to differentiate the free carboxyl 

groups from the esterified carboxyl prior to separation from the backbone. Selective reduction of free carboxyl 

groups with diborane in THF 15 was chosen in preference to borohydride salt reduction of the ester linkage, 

because diborane reduction yields derivatives that do not have an asymmetric proton alpha to a free carboxyl 

group, and hence would not be expected to racemize under mild alkaline conditions. Reduction of the 

toxinsl6,17 by diborane in TI-IF was facilitated by conversion ]8 to the N-acetyl derivatives ( lb  and 2b), which 

increased solubility in THF. In order to minimize the possibility that the side chains might be lost by 

intramolecular transesterification, the predicted products lc  and 2c were protected from acid, and immediately 

tosylated with tosyl chloride in pyridine and reduced with LiAII-I4 in THF. The side chains, released as alcohol 

3, were extracted into ether using saturated citric acid solution to suppress extraction of the alkylamine 

backbone, and examined by gas chromatography on a Chiraldex GT-A column. 19 However, neither the 

corresponding racemic alcohol (3-methyl-l-pentanol) nor its acetate was resolved into two peaks on the 

column 19. The released side chain alcohols 3 were subjected to Jones oxidation 20 to yield the carboxylic acids 
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4, which were examined by gas chromatography on a Chiraldex GT-A column. 21 Again, the corresponding 

racemic free carboxylic acid (3-methylvaleric acid) was not resolved, but the methyl ester 21 gave baseline 

resolution. 22 Authentic (S)-3-methylvaleric acid methyl ester (5) was prepared from L-isoleucine (6) by 

treatment with hydroxylamine-O-sulfonic acid in alkali to yield 4, 23 which was methylated with diazomethane 

to yield 5. 24 The S configuration of the stereogenic centers in L-isoleucine [(2S,3S)-2-amino-3- 

methylpentanoic acid] are known from the x-ray crystallographic studies of Trommel and Bijvoet. 25 The side 

chain acids 4 released from the toxins were methylated with diazomethane to yield 5. The side chain 

derivatives released from both FB1 and AAL toxin TA eluted with the retention time of (S)-5. 22 

These observations complete the 3-D structure determinations for both FB 1 and AAL toxin TA. 
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