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CHAPTER 1 

INTRODUCTION 

1.1 Solanoeclepin A 

Potato cyst nematodes (PCN, figure 1.1), also known as potato root eelworms, are 

parasitic worms which feed on potato roots causing yield losses or even total crop failure. 

Two species of the PCN exist: the golden cyst nematode (Globodera rostochiensis) and the pale 

cyst nematode (Globodera pallida). Both species were introduced into Europe from Peru 

(South America) over 100 years ago. Today they are the most important pest of the European 

potato crop causing annual yield losses of 10% (worth about 470 million € per annum). 

Figure 1.1 Potato cyst nematode Figure 1.2 Cysts on a potato root 

While feeding on the potato roots, the bodies of the female nematodes swell to form 

the cysts (figure 1.2). After having been fertilized by the male eels, the cysts, each containing 

approximately two hundred next-generation nematodes, end up in the soil. The dormant 

nematodes inside the cyst can survive in this state for up to thirty years and can withstand 

drought and frost. The nematodes are triggered to leave the cysts when they come in contact 

with so-called hatching agents, which are excreted from the roots of young potato plants. 

The importance of these signal substances was already recognized in the 1920's.1 Because of 

their high specificity and biodegradability, the use of hatching factors as a method to control 

PCN is highly attractive from an environmental point of view. Application of the signal 

substance to the soil, will trigger the hatching of the nematodes. If this is done in the absence 

of potato plants, the juvenile PCN will starve within a period of eight weeks. However, the 

hatching factors are excreted from the plants in minute quantities, which has hampered the 

isolation and identification of these interesting compounds. 

In 1986, an extensive research program, funded by the Dutch government, was 

initiated in order to isolate and characterize the most active hatching agent for the potato 

cyst nematodes and to probe its use as a novel method to control them. For this purpose, 

several expert research teams in the Netherlands worked in close cooperation, viz. LUXAN 

(Eist) as a company specialized in crop protection, the Netherlands Institute for 

Carbohydrate Research-TNO (Groningen) for the production and isolation of the crude 

concentrate of the hatching agent, TNO-Biotechnology and Chemical Institute (Zeist) for the 
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final purification of the hatching agent and the HLB Agricultural Research Centre (Assen) for 

testing the samples for hatching activity at several stages of purification. From the extracts of 

approximately one thousand potato plants, 245 \ig of the most active ingredient were 

isolated, which showed hatching activity in concentrations as low as 109 g/L.2 After the 

material had unexpectedly crystallized during extensive NMR experiments, X-ray crystal 

structure determination by the group of Schenk (1992, University of Amsterdam) revealed 

the spectacular architecture of the hatching agent (figure 1.3).3-4 
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Figure 1.3 Crystal structure of solanoeclepin A (hydrogen atoms omitted for clarity) 

This very potent compound was named solanoeclepin A by analogy to glycinoeclepin 

A, the hatching agent for the soybean cyst nematode (see section 1.2). Its highly oxygenated 

heptacyclic structure (C27H30O9) contains all ring sizes ranging from three to seven and 

includes nine asymmetric carbon atoms. Actually, solanoeclepin A can be considered as a 

tetranortriterpene, with the systematic name: fra/7S-2-(2,13-dihydroxy-9-methoxy-7,7,16-

trimethyl-5,10,20-trioxo-19-oxahexacyclo[9.7.0.13.''.03.8.l1w5.0i2.i6]eicosa.i(ii)/8-dien-15-yl)-

cyclopropanecarboxylic acid.2 The most striking structural feature is the densely substituted 

bicyclo[2.1.1]hexanone unit, a highly strained ring system, which is an unprecedented 

structural feature in natural products. Other salient features include the cyclopropane

carboxylic acid moiety and the a-diketone moiety in the seven-membered ring, of which one 

carbonyl group is masked as the methyl enol ether. The limited information available states 

that the hatching agent is unstable at pH below 2 and above 7 and at temperatures above 

approximately 35 °C. About the biogenetic origin of solanoeclepin A no information is 

available. However, it is plausible to assume that the skeleton is derived from cycloartenol 

(3), a widespread plant sterol, which has also been isolated from potato plants (eq 1.1 ).5 This 

biosynthetic pathway has been proposed for glycinoeclepin A.6 Cycloartenol, in turn, is 

derived from (3S)-2,3-epoxysqualene (2), through enzymatic cyclization by cycloartenol 

cyclase.7 

cycloartenol ci/clnse 
(1.1) 
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The extreme scarcity of the natural material, its fascinating structure and its potential 

role in the search for an environmentally benign method to combat the nematodes, render 

solanoeclepin a challenging target for total synthesis. Additionally, the synthetic work will 

provide information on the structure-activity relationship of the hatching agent, which so far 

is unavailable. This could result in structurally much simpler analogs of solanoeclepin A, 

with sufficient activity to be used as hatching agents for PCN. 

1.2 Glycinoeclepin A 

The hatching agent for the soybean cyst nematode (Heteropdera glycines) was isolated 

by Masamune et al. from the dried root of the kidney bean.8 This compound was named 

glycinoeclepin A, and the structure was determined as 4.9 

C02H 

This structure shows significant similarities to that of solanoeclepin A. However, 

although glycinoeclepin A shows hatching activity for the soybean cyst nematode at 

concentrations of 109 g/L, it provides no stimulus for the potato cyst nematode.10 This 

indicates the specificity of the nematodes for a particular host plant. Alongside 

glycinoeclepin A, two closely related structures were isolated from the kidney bean roots, i.e. 

glycinoeclepin B (5) and C (6).n 

OAc 

C02H COoH 

Even though both compounds are structurally similar to glycinoeclepin A, they 

display no significant hatching activity even at concentrations of ICH g/L. Removal of the 

acetyl group from the C-12 hydroxyl group of 5, increases the activity considerably to 105 

g/L, indicating the importance of this alcohol function. However, compared to 

glycinoeclepin A the activity is still greatly inferior. The interesting characteristics of 4 have 

resulted in three total syntheses of this compound, by the groups of A. Murai, K. Mori and E. 

J. Corey.12 Murai reported the first synthesis, which comprised the convergent assembly of 4 

by using building blocks 8 and 10, derived from dione 7 and carvone (9), respectively 

(scheme 1.1).12a 
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Scheme 1.1 

CO,Me 

9 steps 
C02H 

In this way, glycinoeclepin A was obtained in a total of 28 steps, wi th a longest linear 

sequence of 21 steps (overall yield, 0.004% calculated from 9). In 1994, Corey repor ted an 

extraordinary semi-synthes is of 12-desoxyglycinoecIepin A (14), by an emula t ion of the 

assumed biosynthetic route to glycinoeclepin A.6 As it was p roposed that cycloartenol 

constitutes one of the key intermediates in the biogenetic pa thway , the cycloartenol 

derivat ive abietospiran (11) was used as a start ing material for this un ique approach (scheme 

1.2). 

Scheme 1.2 

MeOv 

14 (15%) 

10 steps 

C02H 9 steps 

C02Me 

BF3-OEt2 

CH2C12, -20 °C 

C02Me 

"OH 
13 (60%) 

One of the most no tewor thy transformations in this synthesis is the Lewis acid 

media ted r ing expansion of cycloartenol derivative 12 to afford the s e v e n - m e m b e r e d r ing of 

13. This reaction provides the basic skeleton of solanoeclepin A and therefore a similar 

process could well be one of the steps in the biosynthesis of 1. 
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1.3 Retrosynthetic Analysis of Solanoeclepin A 

To render the synthesis of solanoeclepin A convergent, the complex structure should 

be divided into two fragments of comparable size. The highly oxygenated seven-membered 

ring was envisaged to be a good point to connect both fragments. Therefore, the first key 

disconnection is the bond between the a-diketone moiety (15 -> 16, scheme 1.3). 

PGO, 

.,*C02H 
PGO 

,*C02PG 

15 (PG = protective group) 

,AC02PG 
PGO 

17 

PGÔ P G 

18 

,1xC02PG 

The seven-membered ring can be formed by way of a ring closing metathesis 

reaction with divinyl compound 16. Dihydroxylation of the formed alkene, followed by 

further oxidation and methylation then leads to 15. Compound 16 is expected to arise from a 

chromium mediated coupling13 between aldehyde 17 and ß-keto ester derived vinyl triflate 

18. The synthesis of aldehyde 17 in enantiomerically pure form and the proof of principle for 

the formation of the seven-membered ring have been published recently.14 

1.4 Purpose and Outline of the Investigation 

This thesis deals with the development of a synthetic pathway to the right-hand side 

of solanoeclepin A (i.e. compound 18). This delicate part of the natural product contains the 

highly substituted bicyclo[2.1.1]hexanone moiety as well as the cyclopropanecarboxylic acid 

function. An efficient route to the right-hand fragment 18 should eventually allow the total 

synthesis of solanoeclepin A. 

In chapter 2 an intramolecular [2+2] photocycloaddition approach towards the 

tricyclic core of 18 is described. 6-Methyldioxenones tethered to variously substituted 

alkenes are prepared to investigate the viability of the photochemical approach. Depending 

on the substitution pattern of the pendent alkenes, the cycloaddition reactions display 

remarkable unprecedented regiochemistry. 
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Further chemistry with the 6-methyldioxenone cycloadducts is described in chapter 

3. Retro-aldol reactions on the photoproducts, provide a stereoselective pathway to indanes, 

trifunctionalized spiro[3.5]nonanes or spiro[3.4]octanes as well as to novel substituted 

cyclobutanes. In addition, chapter 3 deals with the functionalization of the cycloadducts 

without four-membered ring fragmentation. 

In chapter 4 the possible use of a vicinal diol to obtain the required cyclobutanone is 

explored. Furthermore, chapter 4 describes the attempted use of alternative chromophores, 

other than the dioxenone, for the [2+2] cycloaddition. 

The preparation and cyclization of 6-unsubstituted dioxenones tethered to variously 

substituted alkenes is described in chapter 5. The cycloadducts obtained from the 6-

unsubstituted dioxenones, facilitate the eventual formation of the required cyclobutanone. 

Chapter 6 deals with the synthesis of a small right-hand substructure of 

solanoeclepin A, containing both the bicyclo[2.1.1]hexanone unit and the cyclopropane-

carboxylic acid moiety of the natural product. 

In the final chapter of this thesis a retrospection of the investigations is presented, as 

well as some future prospects. Parts of this thesis have been published15 or will be published 

in the near future. 
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