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The Pd(0) catalyzed acylation of  2-(alkoxycarbonyl)cyclo-
pentylzinc iodides gives cis-products preferentially.

Stereocontrol at sp3 carbanionic centers is one of the most
fundamental and essential subjects in organic synthesis. Gener-
ally, thermodynamically more stable trans-substituted products
with good to high diastereomeric ratios (80 :20 ~ >99 :1) are
obtained by the reactions of 2-substituted cyclopentyl- and
cyclohexyl-zinc or copper species with electrophiles such as
benzoyl chloride, allylic halides and vinyl iodides.1

In contrast, we report here a highly cis-selective reaction of 2-
(alkoxycarbonyl)cyclopentylzinc iodide 2 (Scheme 1). In con-

nection with our work on the stereocontrolled SE reaction of
chiral organometallic compounds,2 we examined a chelation
controlled acylation of a cyclic system. The iodo ester 1 was
chosen as a starting material, since the intramolecular chelation
of its organometallic derivative 2 was expected to fix the con-
figuration in the cis-form and result in a cis-selective introduc-
tion of substituents. The zinc reagent 2 (Met = ZnI) was pre-
pared by the treatment of iodide 1 (R1 = Et) with activated zinc
(3.2 equiv.) in dry 1,4-dioxane at 40 8C for 1.5 h in the presence
of chlorotrimethylsilane (0.2 equiv.).3 Benzoylation of 2
(R1 = Et) with benzoyl chloride in the presence of 5 mol% of
Pd[(o-tol)3P]4 at room temperature for 14 h gave the expected
cis-3a (R1 = Et, R2 = Ph) in 90% isolated yield (Table 1, entry 1).
Since use of the corresponding methyl ester as a starting
material gave an inferior result (entry 2), the ethyl ester was
used for the following study. Other benzoyl chloride derivatives
gave the corresponding compounds cis-3c–e in good yields
(entries 3–5).† Under the same reaction conditions, pivaloyl
chloride gave cis-3f in good yield (entry 6), however, the more
reactive phenylacetyl chloride afforded cis-3g in a moderate
yield. A slight improvement of the yield was observed (entry 7)
when the reaction was carried out under milder conditions (10–
15 8C, for 2.5 h). Attempted acylation with ethyl chloroformate
under various reaction conditions resulted in failure (entry 8).
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† Careful examination of the 1H NMR spectra (400 MHz) of the crude
products indicated the formation of a small amount of trans-3 (less
than 5% yield), which was easily separated by column chromatography.

To confirm the stereostructure of the products (cis-3),
isomerization under basic conditions was examined. Treatment
of cis-3a with a catalytic amount of 1,8-diazabicyclo[5.4.0]-
undec-7-ene (DBU) in EtOH at reflux for 1.5 h gave thermo-
dynamically more stable trans-3a in 84% yield, and 6% of cis-3a
was recovered.‡ The configurations of cis-3a and trans-3a were
also confirmed by NOE experiments (Scheme 2).

In conclusion, the Pd(0) catalyzed acylation of 2 with aro-
matic and aliphatic acid chlorides proceeded in a highly dia-
stereoselective manner aided by intramolecular chelation to give
the thermodynamically unstable cis-substituted cyclopentane-
carboxylates (cis-3) in good yields. Since the basic isomerization
gives thermodynamically more stable trans-isomers, the above
method offers a diastereodivergent route to 2-acylated
cyclopentanecarboxylates. Further extension and synthetic
applications of the above types of chelation controlled SE reac-
tions are currently underway.
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Table 1 Chelation controlled cis-acylation of 2 

Entry 

1 
2 
3 
4 
5 
6 
7 
8 

R1 

Et 
Me 
Et 
Et 
Et 
Et 
Et 
Et 

R2 

C6H5 
C6H5 
p-CH3C6H4 
m-ClC6H4 
p-CH3OC6H4 
But 
C6H5CH2 
OEt 

cis-3 

3a 
3b 
3c 
3d 
3e 
3f 
3g 
3h 

Yield (%) 

90 
77 
71 
74 
55 
73 
51 
— 

‡ Ethyl 2-benzoylcyclopentane-1-carboxylate cis-3a: δH(400 MHz,
CDCl3; J values are given in Hz) 1.05 (3 H, t, J 7.1), 1.54–2.25 (6 H, m),
3.08 (1 H, q, J 8.3, CHCO2Et), 3.94–4.00 (2 H, m), 4.07–4.13 (1 H, m,
CHCOPh), 7.43–7.57 (3 H, m), 7.92–7.95 (2 H, m); δC(100 MHz,
CDCl3) 13.5, 23.8, 28.0, 29.6, 47.3, 48.5, 59.7, 128.0, 128.1, 132.4, 136.4,
173.4, 200.5. trans-3a: δH(400 MHz, CDCl3) 1.18 (3 H, t, J 7.1), 1.72–
2.18 (6 H, m), 3.40 (1 H, q, J 8.3, CHCO2Et), 4.06–4.14 (3 H, m,
CO2CH2CH3 and CHCOPh), 7.43–7.56 (3 H, m), 7.97–8.00 (2 H, m);
δC(100 MHz, CDCl3) 14.0, 25.7, 30.5, 31.4, 46.4, 49.4, 60.4, 128.5,
132.9, 136.6, 175.2, 201.4.
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Experimental

Typical procedure for the preparation of cis-3
To a suspension of activated zinc (312 mg, 4.8 mmol) in dry 1,4-
dioxane (2 cm3) was added 1,2-dibromoethane (34.4 × 1023

cm3, 0.4 mmol). The mixture was heated at 65 8C for 5 min.
After the addition of chlorotrimethylsilane (40 × 1023 cm3, 0.32
mmol), the mixture was stirred at room temperature for 15
min and then a 1,4-dioxane (6 cm3) solution of 1 (570 mg, 1.5
mmol) was added to the mixture. The mixture was stirred at
40 8C for 1.5 h and cooled to room temperature. To the mixture
were added a 1,4-dioxane (1.5 cm3) solution of Pd[(o-tol)3P]4,
which was prepared by mixing Pd2(dba)3(CHCl3) (41 mg, 0.07
mmol) and (o-tol)3P (93 mg, 0.31 mmol) in dry 1,4-dioxane at
room temperature for 0.5 h, and benzoyl chloride (158.5 mg,
1.12 mmol). After stirring at room temperature for 14 h, the
mixture was filtered through a short pad of Celite. Extraction
with ethyl acetate and concentration under reduced pressure
gave a crude mixture. Formation of the trans-isomer was
estimated by 400 MHz NMR spectroscopy at this stage.
Purification by flash column chromatography on silica gel
(hexane–ethyl acetate = 17 :1) gave cis-3a (247 mg, 90%).
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