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Abstract: The title dienylcyclopropanes smoothly rearrange to five-membered rings in the 
presence of a Pd(0) catalyst under mild conditions. 

Although the vinylcyclopropane-cyclopentene rearrangement' has attracted mechanistic 

interest, the synthetic application has been limited because of the high temperature (300- 

500°C) required.2 Here we wish to describe that dienylcyclopropanes activated by two 

electron-withdrawing groups easily rearrange to vinylcyclopentene derivatives in the presence 

of a catalytic amount of Pd(0) at 25-60°C. 

To a solution of dienylcyclopropane I (0.24 g, 1.1 mnol) in DMS03 (3.0 ml), Pd(PPh3)44 

(30 mg, 0.03 nrnol) was added under argon atmosphere. The mixture was heated at 50°C for 

15 min. The resulting yellow solution was diluted with ether (5.0 ml) and washed with 

brine. After ether extraction (5 mlx2), the combined organic solution was dried (Na2S04), 

concentrated, and the residue purified by silica gel column chromatography (hexane-ethyl 

acetate = 1O:l) to give vinylcyclopentene II (0.21 g, 87% yield) as a colorless oil. 
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The generality of this rearrangement was explored with the examples shown in Table 1. 

Several aspects are quite noteworthy. Exposure of ethyl 3-(1,3-butadienyl)-2,2-dimethyl- 

cyclopropanecarboxylate derived from ethyl crysanthemate to the reaction resulted in the 

recovery of the starting cyclopropane after prolonged heating (5 h) at 60°C. Moreover, 

the reaction of 2-vinylcyclopropane-1,1-dicarboxylate diethyl ester yielded complex 

mixture containing isomeric mixture of ethyl 2-carboethoxyhexadienoate, no trace of cyclo- 

pentene derivatives being detected. Thus, the presence of two electron-withdrawing groups 

and dienic moiety is essential for the rearrangement. The stereochemistry of both types of 

substituents on the cyclopropane ring did not affect the reaction pathway (Entry 2, 3, 4, 

5, and 6). 
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Table 1. Pd(0) Catalyzed Rearrangement of Dienylcyclopropanesa 

Entry Substrateb Temp("C) Yield(%)c Product 
(Isomer Ratio)d 
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60 86e 
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60 70 

60 96 
60 88 
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60 81 
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aReactions were performed on a l-2 mnol scale with 3 mol% Pd(PPh3)4 unless otherwise stated. 
Rearrangements were completed within 1 h. bDienylcyclopropanes were prepared in 40-70% 
yields by Wittig reaction of the corresponding 2-formylcyclopropane-1,1-dicarboxylate esters 
or relative compounds with phosphorane such as Ph3P=CHCH=CH2. 2-Formylcyclopropane-l,l-di- 
carboxylate ester derivatives were prepared by the ozonolysis of 2-vinylcyclopropane-l,l- 
dicarboxylate6 or directly by the reaction between a,B-unsaturated aldehydes andbromomalonate 
diester.7 cIsolated yields. dDetermined by the examination of the NMR spectra. eReaction 
was performed on 30 mm01 scale. See ref. 10. fIII and IV: IR (neat) 1740, 1652, 1262, 900 
cm-l; 1H NMR (CC14) 6 0.91 (d, J = 7.5 Hz, 0.75H, for IV), 1.28 (d, J = 7.5 Hz, 2.25H, form) 
1.69 (br s, 0.75H, for IV), 1.74 (br s, 2.25H, for DI), 2.9-3.2 (m, lH), 3.51 (s, 3H), 3.75 
(s, 3H), 4.0-4.2 (m, lH), 4.6-4.9 (m, 2H), 5.3-5.6 (m, 2H). Structure III and IV were easily 
assigned from the examination of the 1H NMR spectra since 5-methyl groups are shielded by the 
cis substituents and absorb at 6 1.28 and 0.91, respectively. B. B. Snider, J. V. DunEia, 
J. Org. fiem., 
809. 

5, 3461 (1980); F. J. McQuillin, D. G. Parker, J. &em. Sot. Perkin .T., 1974, 
gPure E and Z isomers were prepared by glpc separation (3% Silicone OV-17 onUniport HP, 

2 m, 15O'C). hIsomers were separated by preparative tic. Assignment of the stereochemistry 
was based on the reported data. H. M. Hutton, T. Schaefer, Cm. J. @em., 40, 875 (1962). 



The rearrangement might proceed through nucleophilic attack of Pd(0) to the dienic 

group to form a zwitterion A consisting of a-pentadienylpalladium8 and stabilized anion 
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moieties under cyclopropane cleavage. The intermediate collapses to form cyclopentene 

derivative and the new C-C bond formation exclusively produces a five-membered ring and 

not a seven-membered one. 
9 

The regioselectivity is ascribed to the preferred W type 

conformation of the pentadienyl group. 

__ 
E = COOMe 

The present new method has provided us with a simple route to terpenic cyclopentanoids 

as exemplified by the syntheses of dolichodial and iridodiol. Decarbalkoxylation of gem- 

diester 1111' (NaI/wet HMPA, llO"C, 20 min") followed by reduction with LAH gave alcohol 

V1* in 77% yield. Selective epoxidation to the key intermediate VI was realized with 

reasonable regioselectivity l3 by MCPBA at 0°C in dichloromethane (88%). Hydrogenation 

(Pt02, 1 atm of H2) and trimethylsilylation produced VII. Reaction of VII with diethyl- 

aluminum 2,2,6,6_tetramethylpiperidide (DATMP)14 in benzene at 25°C for 4 h produced, after 

desilylation with 1~ HCl, diol VllI in 54% overall yield from VI. Finally with PCC,15 diol 

was transformed into dolichodial IX 
16 

in 60% yield. Treatment of VI-trimethylsilyl ether 

with DATMP prior to hydrogenation provided iridodiol X 
17 in 60% overall yield from VI. 

18 
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