
Pergamon 
Tetrahedron Letters, Vol. 38, No. 20, pp. 3603-3606, 1997 

© 1997 Elsevier Science Ltd 
All rights reserved. Printed in Great Britain 

PII :  S0040-4039(97)00674-6 0040-4039/97 $17.00 + 0.00 

The Use of Stabilized Carbon Nucleophiles in Pailadium(II)-Catalyzed 
1,4-Oxidation of Conjugated Dienes 

Magnus RSnn, Pher G. Andersson,* and Jan-E. B~ickvall* 

Department of Organic Chemistry, University of Uppsala, Box 531, S-751 21 Uppsala, Sweden 

Abstract. Palladium(lI)-catalyzed aerobic oxidation of conjugated dienes 3 having a stabilized carbon nucleophile 
in the side chain resulted in a carbecyclization with an overall 1,4-cis-addition to the diene. The reactions were 
carried under an atmosphere of molecular oxygen in DMSO. An interesting exolendo selectivity of the electron- 
withdrawing groups in the tether led to a control of the relative stereochemistry between four stereogenic centers. 
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The palladium-catalyzed 1,4-oxidation of conjugated dienes in which two nucleophiles are added to the 1- 

and 4-position of the 1,3-diene has emerged into a synthetically useful reaction, l-s In the intermolecular 

reaction oxygen nucleophiles and halide anions are added to the diene in a highly regio- and stereoselective 

manner. 3,4 In the intramolecular version the reaction was extended to a number of heteroatom nucleophiles 

and in this way stereodefined fused heterocyclic systems are accessible (eq. 1).5,6 
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Recently the intramolecular reaction of equation I was extended to involve carbon-carbon bond formation 

via two different approaches: 7,8 (i) chloropalladation of an acetylene in the side chain generates a 

vinylpalladium species which reacts with the diene in a Heck-type addition, and (ii) an allylsilane was 

employed as nucleophile in the side chain. A more direct approach to obtain carbon-carbon bond formation 

would be to use a stabilized nucleophile in the side chain (eq. 2). 
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Attempts to employ the Pd(II)/benzoquinone electron transfer system with stabilized carbon nucleophiles 

(pK a 5-7) in the side chain have so far been unsuccessful. However by changing to the O2/DMSO oxidation 

system9-] l we now have been able to realize this reaction pathway. 

The starting materials for the palladium-catalyzed carbocyclization reaction were prepared according to 

equation 3. The diene alcohol 5b was transformed to the requisite dienes 3 via the iodide 2. ~2 Palladium- 

catalyzed oxidation 13 of 3a employing Pd(OAc) 2 as catalyst in DMSO in the presence of LiOAc and 1 atm of 

molecular oxygen resulted in complete consumption of the substrate (40 °C, 40h) and produced a 57:43 

mixture between products 4a and 5a in a combined yield of 50% (eq. 4). The stereochemistry of products 4a 

and 5a was unambiguously assigned by NMR spectroscopy using NOE measurements.14 
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Compound 4a was obtained as a single isomer with the relative stereochemistry shown in equation 4. 

Thus, the relative stereochemistry between four stereogenic centers is controlled in one single reaction. The 

1,4-addition to the diene occurs with overall syn stereochemistry, which is a result of a trans carbopalladation 15 

of the double bond of the diene to give a n-(allyl)paUadium intermediate (eq. 2) followed by external anti 

attack by acetate (Y = OAc). Because of the bulkiness of the PhSO 2 group compared to the nitro group the 

former will point away from the cyclohexadiene in the transition state conformation and end up in the exo 

position in the g-aUyl intermediate 6 (Scheme 1). External nucleophilic attack by acetate on 6 produces 4a as a 

single isomer. Diene formation via elimination of palladium and a hydrogen 16,17 competes with nucleophilic 

attack by acetate and accounts for product 5a, which also was obtained as a single isomer. 

The use of 3b as substrate gave a mixture of the two compounds 4b and 5b (45:55) in a combined yield of 

40%. In this case the PhSO 2 exo/endo selectivity was lower (4:1) probably due to the larger size of the ester 

group compared to the nitro group. 

The low selectivity of 4 versus 5 is most likely due to a slow nucleophilic attack on the ~-allyl intermediate 

6, leading to competing [3-hydride elimination (Scheme 1). The activation of the n-allyl complex by 

coordination of DMSO 18 or molecular oxygen is rather weak and leads only to a moderate rate of nucleophilic 

attack. 
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Scheme I 4a 
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We have demonstrated a new carbon-carbon bond formation reaction employing catalytic amounts of 

palladium. Furthermore, the possibility to control the relative stereochemistry between four stereocenters in 

one reaction could prove useful in e.g. synthesis of natural products. This highly convenient method is now 

under further development. 
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