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Summary y 

Studiess towards the Total Synthesis of Solanoeclepin A: 
Synthesiss of analogues containing the Tetracyclic Left-Hand Substructure 

Thee potato cyst nematodes (PCN), Globodera rostochiensis and Globodera pallida, 
aree responsible for major losses in the global potato production. These PCN are named after 
thee so-called cyst, the swollen dead bodies of the female nematodes containing a couple of 
hundredd fertilized eggs. The juvenile nematodes are hatched and lured from their protective 
cystt by a hatching agent, which is released in spring by the growing root of the potato plant. 
Subsequently,, the nematodes penetrate the root of the potato plant resulting in reduced plant 
growthh and, therefore, production losses. The quest for an environmentally friendly method to 
controll  the PCN resulted in the isolation and structure elucidation (in 1992) of the most active 
hatchingg agent, solanoeclepin A (1, Figure 1). In theory, the PCN can be combatted with the 
naturall  hatching agent as follows: an uncultivated PCN infested field is treated with 
solanoeclepinn A resulting in hatching of the nematodes. Because there is no source of 
nutritionn the nematodes will die from starvation. In the next season the soil should then be 
cleann for uninfected potato cultivation. This hypothesis was successfully tested by laboratory 
andd field experiments. 
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Figuree 1 

Solanoeclepinn A is not only interesting because of its biological activity. The complex 
polycyclicc structure, containing nine stereogenic centers and all ring sizes ranging from three 
too seven, makes the total synthesis of this natural compound particularly challenging. The 
studiess towards solanoeclepin A described in this thesis have eventually led to a successful 
synthesiss of the tetracyclic left-hand substructure 2 in enantiopure form. An important 
problemm in the synthesis, which was tackled successfully, was the construction of the properly 
functionalizedd seven-membered ring as present in solanoeclepin A. 

Chapterr 1 describes a general introduction on solanoeclepin A. The historic 
background,, the isolation and the principle of using solanoeclepin A as a method to control 
PCNN are discussed. Furthermore, the structure of the natural product is compared with 
glycinoeclepinn A, the hatching agent of the soybean cyst nematode. 

Chapterr 2 describes the enantioselective syntheses of aldehydes 9 and 10 (Scheme 1). 
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Summary Summary 

Too construct the 7-oxabicyclo[2.2.1]heptane unit a stereocontrolled intramolecular Diels-

Alderr reaction of 3, reported by Mukaiyama and Iwasawa, was used. To obtain the correct 

stereoisomerr (90:10) in the Diels-Alder reaction, (7?)-phenylglycine was used as the chiral 

source.. Starting from (^)-phenylglycine, furfural and 3,3-dimethylacryloyl chloride, Diels-

Alderr precursor 3 was obtained in three steps. After the Diels-Alder reaction the ./V-substituent 

off  4 was removed and the NH-lactam was transformed into the protected hydroxy esters 5 and 

6.. A regioselective hydroboration at C2 (89:11) by using disiamylborane (89:11) followed by 

severall  functional group transformations resulted in aldehydes 9 and 10. 
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Chapterr 3 deals with studies towards the synthesis of the seven-membered ring via a 

carbonyll  coupling reaction. A promising method was the McMurry coupling of a dialdehyde. 

Forr the preparation of the McMurry precursor aldehyde 9 and vinyl triflate 11 were joined by 

usingg a chromium-mediated coupling reaction (Scheme 2). Surprisingly, only the desired 19-

(S)(S) isomer was found under the reaction conditions. Subsequently, lactone 12 was 

transformedd into diol 13, which upon oxidation should provide the dialdehyde precursor for 

thee McMurry coupling. Unfortunately, lactone 14 was obtained as the sole product under the 

reactionn conditions. Therefore, this route to construct the seven-membered ring had to be 

abandoned. . 
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Schemee 2 
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Ann alternative way to close the seven-membered ring is described in Chapter 4. Ring-

closingg metathesis (RCM) was the method of choice. A chromium-mediated coupling of 

aldehydee 10 with vinyl triflate 11 afforded lactone 15 as a 69:31 mixture of C I9 

diastereomerss (Scheme 3). This mixture could easily be separated by column chromatography 

andd the major isomer possessed the desired 19-(S) configuration. 
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Summary Summary 

Then,, in six highly efficient steps, compound 15 was transformed to triene 16, which 

wass successfully cyclized by using RCM. Dihydroxylation of the least substituted double 

bond,, followed by step-wise oxidation of the hydroxyl groups, afforded enol-ketone 18. The 

enoll  ketone was transformed into compound 2 in four steps. This solanoeclepin A analogue 

appearedd to be devoid of hatching activity. Thus, It can be concluded that the tetracyclic left-

handd substructure on its own is not responsible for the hatching activity of the natural product. 

Inn the last Chapter of this thesis, the synthetic approach developed for compound 2 

wass successfully applied in the synthesis of more elaborate solanoeclepin A analogues (19 

andd 20, Figure 2). Both compounds were prepared as mixtures of diastereomers and, 

gratifyingly,, showed hatching activity. 

H02C C 

Figuree 2 Two more elaborated solanoeclepin A analogues 

Thee results in this thesis demonstrate that the convergent synthetic approach presented 

augurss well for a successful completion of the total synthesis of solanoeclepin A. The 

methodologyy wil l be further developed as soon as the properly functionalized vinyl triflate 21 

becomess available (Scheme 5). 
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Thee structure activity relationship studies of the solanoeclepin A analogues prepared 

soo far wil l direct the synthesis of new analogues. Eventually, this approach should lead to a 

welll  accessible and biologically active solanoeclepin A analogue, that possibly can be used as 

ann environmentally benign method to control the potato cyst nematodes. 
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