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Palladium-Catalyzed [3 + 2] Cycloaddition Reaction of Vinylcyclopropanes
with o,B-Unsaturated Esters or Ketones

Isao SHIMIZU, Yukihiro OHASHI, and Jiro TSUJI®
Tokyo Institute of Technology, Meguro, Tokyo 152, JAPAN

Summary: Reaction of vinylcyclopropanes having two electron-withdrawing groups
with o, B-unsaturated esters or ketones in the presence of sz(dba)3.CHCl3-l,2—
bis(diphenylphosphino)ethane (dppe) or tributylphosphine catalyst gave vinyl-
cyclopentanes in good yields.

Efficient synthesis of cyclopentanoids is a current interest in organic
synthesis.l) Although [3 + 2] cycloaddition reaction is useful for construc-
tion of cyclopentane systems, preparation of 1,3-dipolar moieties 1 is not
easy.2'4) (eq. 1) We wish to report here a new synthetic method for cyclo-
pentanes 4 by palladium-catalyzed [3 + 2] cycloaddition reaction using vinyl-
cyclopropanes 2 having two electron-withdrawing groups as a 1,3-dipolar equiva-
lent 3. (eq. 2)
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Zwitter ionic m-allylpalladium complexes are known as useful 1,3-dipolar
equivalents which react with electron deficient olefins to form methylenecyclo-
pentanes.3)'4) We have reported that palladium-catalyzed allylation of active
methylene compounds using allylic carbonates proceeds under neutral conditions
since alkoxide anion is generated in situ and behaves as a base to pick up an
acidic hydrogen to give carbanions.?) We applied this in situ formation of
carbanions to the preparation of zwitter ionic n-allylpalladium complexes.s)
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As another 1,3-dipolar synthon, we have investigated the possibillity of
preparing the zwitter ionic T"-allylpalladium complexes 6 from the carbonate 5.
As expected, reaction of 5 (0.5 mmol) with dimethyl ethylidenemalonate (1 mmol)
in the presence of Pd,(dba)3.CHCl3 (0.0125 mmol) and tributylphosphine (0.1
mmol) in dimethylsulfoxide (DMSO, 3 mL) at 30 ©°C for 3 h gave the cyclopentane
7?7 in 88% yield. However, reaction of 5 with methyl acrylate did not give the
expected cyclization product 10, and the diene 12 produced from 9 and the
vinylcyclopropane 8 from 6 were obtained as major products. This result indi-
cates that the cycloaddition of the carbonate 5 is possible only with olefins
having two electron-withdrawing groups. When methyl acrylate is used, 1,4-
addition of 6 gives the carbanion 9, which undergoes rapid proton transfer with
the more acidic 5 without giving the cyclized product 10.
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In order to avoid the rapid proton transfer, we selected dimethyl 2~
vinylcyclopropane-1,l1-dicarboxylate 8, as a precursor of zwitter ionic
complexes 6.7) The diester 8 was prepared from the dicarbonate 13 and
dimethyl malonate in 67% yield using of Pd,(dba)3.CHCl4-dppe (0.5 molgy)
catalyst in dry THF at room temperature for 20 h. As expected, vinylcyclo-
propanedicarboxylate 8 (0.5 mmol) underwent smooth [3 + 2] cycloaddition reac-
tion with methyl acrylate (1L mmol) in the presence of sz(dba)3.CHC13 (0.0125
mmol) and dppe (0.05 mmol) in DMSO (3 mL) at 80 ©C for 2 h to give the vinyl-
cyclopentane 10 in 84% yield as a mixture of diastereomers after chromato-
graphic purification on Si0, with hexane-ether.®)

CO,Me Pd{0) - PPh E A °
MeOCOs \~0CO,Me + < 2 <3 \EA/\ 67%

1

A

&
?



3827

Table. Palladium-catalyzed Reaction of Vinylcyclopropanes and
a,B-Unsaturated Esters and Ketones

Vinylcyclopropane Olefin Ligand Temp Time Product?) Yield®
(°c) (h) (%)
E E
EE
1 >_< 8) A& dppe 80 2 (10) 84
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a) All products were identified by lH—NMR, 13C-NMR, and IR analyses.
b) Isolated yield after column chromatography.
c) 2.5 mmol of methyl vinyl Kketone was used.
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unsaturated ketones or esters are summarized in Table 1.
palladium, both dppe and P"Bu,
gave the bicyclo(3.3.0]octane 14.

Formation of cyclopentanes using various vinylcyclopropanes and o, B-
As the ligand of
are efficient. Reaction of 8 with cyclopentenone
This reaction is useful for cyclopentanoid

synthesis. Further application is in progress.
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36.0 (t), 37.4 (t), 38.6 (t), 39.9 (t), 45.9 (a), 47.5 (4), 47.5 (4), 48.0
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