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An intramolecular Diels-Alder reaction of the cyclohexatrienone 

derivatives gives the title compounds, which have a useful structural 

feature for constructing basic carbon frameworks of some kinds of 

natural products, in a stereoselective manner.

 In connection with-our current studies directed towards total synthesis of 

natural products using an intramolecular Diels-Alder reaction, 2) we planned to get 

a useful and common synthon for constructing basic carbon frameworks of various

kinds of natural 

products by the 

cycloaddition. For 

this purpose, we 

chose 7-substituted 

(3x)-12-oxotricy-

clo[6.3.1.03,8]-

dodec-4-ene (1) as 

a synthetic target 

because of the suit-

ably positioned 

functionalities in 1 

for assembling e.g., 

the left half part 

of the aconitine 

type alkaloid cardio-

petaline3) (2), the 

basic skeleton of 

sesquiterpenoid a-

cedrene4) (3), and 

of diterpenoid 

stemodin5) (4) as 

shown in Fig. 1. 

Here we describe a
Fig 1.
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Scheme 2.

the preference of the exo-conformer (10) in the transition 

state during the thermolysis (Scheme 1). The confirmation 

of the structure was made by X-ray crystallographic analy-

sis 13) of 11 (X=SO2Ph). 

 On the other hand, the results of the cycloadditions of 

the acyloxy series (9a-c) are summarized in Scheme 3. 

 The thermolysis of this series resulted in four pro-

ducts which were the diastereomers about two chiral centers, 

at C-3 and C-7. Despite of the homogeneity 10) of the start-

ing trienones (9a-c), the occurrence of an epimerization at

C-7 might be explainable by equilibration via retro Diels-Alder reaction and re-

addition under such considerable harsher thermal conditions (at 220 CC for 38- 60 

h). The stereochemistry at C-3 in the major isomers was correlated with that of 14

Scheme 3.

by treating a mixture of 19 and 20,14) obtained by the basic hydrolysis of 16, 17, 

and 18, with a condition of deoxygenation15) [i) so 2C12, pyridine then Me2NH ii) 

Na, liq. NH3, McOH, THE iii) PCC] (Scheme 4). 

 About both structures 16) of 19 and 20, it was confirmed by an independent PCC 

oxidation of both compounds affording the same diketone (22).17) Whereas the ano-

ther cycloadduct (21), an unseparable mixture of two diastereomers, was oxidized 

with PCC to give a single diketone (23) indicating that 21 should be the isomeric

at C-7. In conclusion, higher stereoselec-

tivities (14.6: 1 for 9a and 20.1: 1 for 

9c) about the configuration of C-3 was 

achieved in the thermolysis of 9a and 9c and 

it was found that the presence of the sp3 

carbon adjacent to the carbonyl group on the 

dienophile part would be necessary for the in-

creased stereoselectivity of the cycloaddition.
Scheme 4.
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Scheme 1.
simple and stereoselective route to the tricyclic ketone (1) by an intramolecular 

Diels-Alder reaction. 6) 

 Reaction of divinylcarbinol7) (6) with an excess 1-methoxycyclohexene (5) in 

the presence of a catalytic amount of mercuric acetate at 112 CC followed by fur-

ther heating with a catalytic amount of d-10-camphorsulfonic acid at the same tem-

perature gave 2-(2,4-pentadienyl)cyclohexanone (7) via Claisen rearrangement. 8) 

The crude 7 was then converted to the hydroxymethylene ketone9) (8) in 80.0% over-

all yield from 6. An introduction of the substituents on the dienophile part could 

be achieved by standard procedures as shown in Scheme 1 affording the trienones10)

(9a-g). 

 An intramolecular Diels-Alder re-

action was conducted as an about 50 

mmol solution in toluene using a seal-

ed tube at 180 CC11) for 20 h. The

Table 1.

a) A ratio of products determined by LC.

results of the cycloadditions are summarized in Table 1. 

 Two products (11 and 13) thus obtained were the diastereomers at C-3, which 

could be supported by the fact that the mixture of the cycloadducts, 11 and 13 (X=

so 2Ph), was treated with lithium in liq. ammonia in the presence of ethanol follow-

ed by PCC oxidation to give two ketones,12) 14 and 15 (Scheme 2). 

 The stereochemistry of the major cycloadduct (11) was deduced from because of
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Thus, we could develop an efficient and highly stereoselective route for con-

structing the functionalized tricyclo[6.3.1.03'8]dodec-4-ene system, which should 

be the potential synthon for assembling basic carbon frameworks of some kinds of 

natural products, by using an intramolecular Diels-Alder reaction as a key step. 

Further experiments aimed at constructing the carbon frameworks of natural 

products shown in Fig. 1. are in progress. 
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