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SUMMARY 

INTRAMOLECULAR [2+2] PHOTOCYCLOADDITIONS AS AN APPROACH 

TOWARDS THE RIGHT-HAND SIDE OF SOLANOECLEPIN A 

Solanoeclepin A (1) is the most active natural hatching agent for the potato cyst 

atode. This compound is excreted in minute quantities from the roots of young potato 

plants, which serves as a signal for the nematodes to leave the cysts. Subsequently, they 

prate to the roots of the plant and feed on them, with disastrous consequences for the host. 

An extensive research program from 1985 until 1992, involving several research groups in 

ie Netherlands, has resulted in the isolation and characterization of this interesting natural 

product. 

,C02H 

C02H 

Its heptacyclic structure contains all ring sizes ranging from three to seven and 

ses nine stereogenic carbon atoms. The most striking structural feature is the densely 

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

unprecedented structural feature in natural products. The structure of 1 to a certain extent 

semblés that of glycinoeclepin A (2), the hatching agent of the soybean cyst nematode, 

which the name of solanoeclepin A has been derived. The extreme scarcity of the 

al material, its fascinating architecture and the potential role it has in the search for an 

onmentally benign method to combat the nematodes, make 1 a challenging target for 

synthesis. 

In chapter 1 some general information about solanoeclepin A and glycinoeclepin A, is 

i sented, as well as a retrosynthetic analysis of the target natural product. 

Chapter 2 deals with the preparation and intramolecular photochemical 

addition of 6-methyldioxenones with mono-, di-, tri- and tetrasubstituted alkenes, 

ected at C-5 of the dioxenone via a two atom tether. Depending on the substitution 

| rn of the alkene and the rigidity of the tether, the photocycloaddition exhibited 

rkable regiochemistry, switching with complete selectivity from crossed to straight and 

versa. Monosubstituted alkene 1 afforded exclusively the crossed cycloadduct 2 (eq 1). 

hv (300 ran) 

MOMO MeCN/acetone (9:1 v/v) 
rt,4h MOMO 

(1) 
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Summary 

Di-, tri- and tetrasubst i tuted alkenes, on the other hand , afforded exclusively the 

straight products (e.g. the conversion of 3 to 4, eq 2). 

hv (300 nm) 

MOMO o 

MOMO MeCN/acetone (9:1 v/v) 
rt, l h 

O 

O 

4 83% 

The more rigid lactone precursor 5 showed the opposi te regioselectivity aga 

leading to the desired bicyclo[2.1.1]hexane skeleton (eq 3). 

hv (300 nm) 

MeCN/acetone (9:1 v/v) 
rt, l h 

(3) 

6 95% crude 

This a l lowed the stereoselective synthesis of the highly compact and comp : 

pentacyclic bislactone 6, which contains the appropr ia te subst i tut ion pat tern a .1 

stereochemistry for elaboration towards the r igh t -hand side of solanoeclepin A. Finally, a 

mechanist ic rationale for the regioselectivity of the [2+2] photocycloaddi t ions, based n 

molecular model ing results, is presented in chapter 2. 

In chapter 3 further chemistry wi th the 6-methyldioxenone cycloadducts is descril 

Retro-aldol reactions on the pho toproduc t s p rov ide stereoselective pa thways to indai>. i, 

trifunctionalized spiro[3.5]nonanes and spiro[3.4]octanes as well as to novel substitu A 

cyclobutanes (e.g. the formation of 8 from 7, eq 4). 

O 

o- o 1) KOH, l ,4-dioxane/H20 
0 °C, 105 min. 

2) CH2N2, MeOH, 0 °C 

o-
? o 

LA OMe ' 

78% 

In addit ion, chapter 3 deals w i th the functionalization of the cycloadducts with i 

four -membered r ing fragmentation, by a rapid and exhaust ive reduct ion leading to 

release of a diol function from the d ioxanone moiety. Applicat ion of these condition 

cycloadduct 6 afforded tetraol 9 (eq 5). 

) 

9 52% TBDMSÖ . 
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Summary 

This tetraol has been further functionalized by a four-step sequence to cyclic 

carbonate 10 in which all four hydroxyl groups have been differentiated. 

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

explored. Therefore, dioxenone derivative 11 bearing an additional oxygen substituent on 

the C-6 methyl group was prepared (eq 6). Unfortunately, this strategy was unsuccessful, 

to the instability of the intermediate bicyclohexanone towards the oxidative cleavage 

conditions. 

o-
0 1) hv (300 nm) 

2) LiAlH^ THF 
rt, 5 min. 

NaI04 OH 

»OH H20, 0 °C, 4 h 
(6) 

11 
OAc 

HO 
12 39% 

O C02H 

13 86% 

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

other than the dioxenone, for the [2+2] cycloaddition. To this end, a,ß-unsaturated-y-

lolide 14 and oc,ß-unsaturated ketone 15 have been synthesized. 

These precursors would greatly facilitate the functionalization of the corresponding 

ladducts. However, in both cases the photochemistry resulted exclusively in 

«position of the substrates, probably due to the instability of the pendent enol ether 

rds the irradiation conditions. 

In chapter 5 the preparation and cyclization of 6-unsubstituted dioxenones tethered 

mo-, tri- and tetrasubstituted alkenes is described. The key-step in the synthesis of the 

rid tetrasubstituted cyclization precursors comprised a very efficient magnesium-iodide 

inge reaction with 16, which allowed allylation at C-5 of the dioxenone (eq 7). 

O 'PrMgCl 

THF, -78 °C ' 

CIMg 

CuCN (cat.) 
-78 °C, 30 min. 

(7) 

The 6-unsubstituted dioxenones showed very similar behavior compared to the 6-

vl analogs (chapter 2), with respect to the reactivity and regioselectivity in the [2+2] 
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Summary  

photocycloaddi t ion reactions. Thus , photocycloaddi t ion of precursor 19 afforded the 

bicyclo[2.1.1]hexane 20 in excellent yield (eq 8). 

hv (300 run) 

MeCN/acetone 
rt, l h 

4 steps 
I 

20 95% MOMÖ 21 

Crossed cycloadduct 20 was elaborated to alcohol 21, a useful in termediate in model 

s tudies towards solanoeclepin A. In order to investigate whether the f ive-membered l a d 

w a s crucial for the regiochemical ou tcome of the cycloaddit ion, or that connect ing the tt 

and the alkene via any other r ing would also suffice, s even -membered r ing acetonide 22 

prepared (eq 9). However , 22 afforded straight cycloadduct 23 indicating that a sevi -

membered r ing allows too much conformational flexibility in the cycloaddit ion. 

hv (300 nm) 

MeCN/acetone (9:1 v/v) 
rt, 30 min. 

23 88% 

•>) 

In chapter 6 the synthesis of a small r i gh t -hand subs t ruc ture of solanoeck I 

containing both the bicycIo[2.1.1]hexanone a n d the cyclopropanecarboxylic acid moieties of 

the na tura l product , is described (scheme 1). The key steps involve the [2 I] 

photocycloaddi t ion of dioxenone 25 to afford 26, and the cyclopropanat ion of allylic a lo ! 

28, which afforded a 60:40 mixture of trans cyclopropanes . At tempts to improve 

diastereoselectivitv of the latter reaction, remained unsuccessful. 

Scheme 1 

C02H 4 steps 
OTES 

hv (300 nm) 

O 29 28 

'&i 

OH . - -
2 steps 

O 

26 

3 steps 

OTES „ 

27 

C o m p o u n d 29 (60:40 mixture of trans cyclopropanes , minor isomer d rawn) has b n 

subjected to hatching activity tests, bu t unfortunately p roved to be devoid of any act! 
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