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One-pot reaction of carbon dioxide with 1,4-dilithio-1,3-diene derivatives afforded cyclopentadienone
derivatives bearing various substituents in high yields within several minutes.

Introduction

Carbon dioxide has long been the focus of attention for
numerous chemical disciplines from several points of
view and has been recognized as a potential source of
carbon in the synthetic chemistry and industry.1 In this
paper, we would like to report an efficient and selective
synthetic method of cyclopentadienone derivatives from
carbon dioxide and 1,4-dilithio-1,3-dienes, along with
cleavage of one of the CdO double bonds (eq 1).

Reaction of carbon dioxide with organolithium com-
pounds normally affords acids after hydrolysis.2 Although
formation of ketones is observed in many cases, they are
usually unwanted side-reaction products.3-5 Cyclopen-
tadienone compounds, which are useful reactive organic

intermediates, have a wide application in organic syn-
thesis and in organometallic chemistry.6-8 However,
known types of cyclopentadienone derivatives are very
limited as a result of lack of efficient synthetic methods.
In 1992, Zadel and Breitmaier reported a one-pot syn-
thesis of unsymmetrical ketones from CO2 and two
organolithium compounds via an intermolecular reaction
pattern.3e To develop a practical method for the synthesis
of cyclopentadienone derivatives by the well-known reac-
tion of organolithium compounds with carbon dioxide, we
applied the intramolecular reaction pattern using 1,4-
dilithio-1,3-dienes. Cyclopentadienone derivatives with
various substituents could be prepared in high yields in
one-pot within several minutes.

Results and Discussion

1,4-Diiodo-1,3-diene derivatives are now readily avail-
able.9 Lithiation of 1,4-diiodo-1,3-diene derivatives affords
1,4-dilithio-1,3-dienes, which have been used as 1,4-
dianion precursors for the preparation of main group
metalloles.10,11 In our reaction, bubbling of CO2 into a
THF solution of 1,4-dilithio-1,3-dienes 2, generated in
situ from the reaction of corresponding diiodo compounds
1 with 2 equiv of nBuLi or 4 equiv of t-BuLi,9-11 afforded
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cyclopentadienone derivatives 3 in high yields in one pot
(Scheme 1). These reactions were very fast and complete
within 10 min at low temperature. Results are sum-
marized in Table 1. 2,3,4,5-Tetrapropyl cyclopentadi-
enone 3a8b and 2,3,4,5-tetrabutyl cyclopentadienone 3b
were formed in 92% and 90% yields, respectively. It is
noteworthy that these compounds 3a and 3b are not
stable. They gradually dimerized to form [4 + 2] cyclo-

adducts quantitatively within 3 days even kept in the
dark and cool.6

Unsymmetrically substituted cyclopentadienones could
be also prepared in high yields in a similar procedure.
Cyclopentadienones 3c-e bearing silyl, phenyl, or alkyl
groups were prepared in 80%, 66%, and 90% yield,
respectively, from corresponding 1,4-diiodo-1,3-dienes.
Indone is another type of important compound. By using
this reaction, the indone derivative 3f was formed in 84%
yield.4 Compared with 3a and 3b, compounds 3c-f are
quite stable. No dimerization was observed after weeks.

Dilithiated ketals are usually turned to ketones after
hydrolysis.5a However, interestingly, without hydrolysis
of the reaction mixture, cyclopentadienones 3 were
already formed quantitatively, as demonstrated by the
13C NMR spectra of the reaction mixture. Thus, a
proposed reaction mechanism is given in Scheme 2. One
of the two alkenyllithium moieties reacts first with CO2

to generate a lithium carboxylate 4 and/or 5, which is
then intramolecularly attacked by the remaining alken-
yllithium moiety to afford cyclopentadienones 3 along
with release of lithium oxide. It is noteworthy that,
though the intermediacy of dilithiated ketals 6 cannot
be excluded, no trimethylsilyl ketals 7 were observed
when the reaction mixture was treated with chlorotri-
methylsilanes.

Experimental Section

General. All reactions were conducted under a slightly
positive pressure of dry, prepurified nitrogen using standard
Schlenk line techniques when appropriate. Unless otherwise
noted, all starting materials were commercially available and
were used without further purification. Tetrahydrofuran (THF)
was refluxed and distilled from sodium/benzophenone ketyl
under a nitrogen atmosphere. n-BuLi and t-BuLi were ob-
tained from Kanto Chemicals Co. Ltd.
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Scheme 1

Table 1. Formation of Cyclopentadienone Derivatives
by the Reaction of 1,4-Dilithio-1,3-diene Derivatives with

Carbon Dioxidea

a Reaction conditions: the 1,4-dilithio-1,3-diene derivative was
prepared in situ from the corresponding 1,4-diiodo-1,3-diene
derivative (1.0 mmol) and t-BuLi (4.0 mmol) in THF (5 mL) at
-78 °C; carbon dioxide was bubbled into the 1,4-dilithio-1,3-diene
solution for 1 min at -78 °C, and then the mixture was stirred at
-30 °C for 5 min under CO2. b GC yields. Isolated yields are given
in parentheses.

Scheme 2
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1H and 13C NMR spectra were recorded at 300 and 75.4
MHz, respectively, in CDCl3 unless stated otherwise. GC yields
were determined using suitable hydrocarbons as internal
standards. IR spectra were recorded as neat liquids. 1,4-Diiodo-
1,3-diene derivatives (1a-e) and the diiodo compound 1f were
synthesized by the reported procedure.9f

Typical Procedure for the Preparation of Cyclopen-
tadienone Derivatives from Corresponding Diiodo Com-
pounds. To a THF (5 mL) solution of 1,4-diiodo-1,3-butadiene
(1.0 mmol) at -78 °C was added t-BuLi (4.0 mmol, 1.6 M in
pentane). After this reaction mixture was stirred at -78 °C
for 1 h, CO2 was bubbled for 1 min. The mixture was then
stirred for 5 min under a slightly positive pressure of CO2 at
-30 °C. The above reaction mixture was quenched with 3 N
HCl and extracted with ether. The extract was washed with
water, NaHCO3, water, and brine and dried over MgSO4. The
solvent was then evaporated in vacuo to give a brown oil, which
was purified by column chromatograph (silica gel, heaxne/CH2-
Cl2 ) 1:1) to afford 2,3,4,5-tetrapropyl cyclopentadienone
(3a) as an orange liquid in 75% isolated yield (186 mg).8b GC
yield of 92% of 3a was determined using dodecane as the
internal standard. IR (neat): 1716 cm-1 (CdO). 1H NMR
(C6D6): δ 0.81-0.91 (m, 12H), 1.30-1.38 (m, 4H), 1.45-1.55
(m, 4H), 2.05-2.16 (m, 8H). 13C NMR (C6D6): δ 14.38, 14.42,
22.76, 23.23, 25.41, 28.41, 126.22, 154.56, 203.86. HRMS calcd
for C17H28O 248.2140, found 248.2145.

2,5-Bis(trimethylsilyl)-3,4-dibutyl Cyclopentadienone
(3c). Orange liquid, isolated yield 57% (192 mg), GC yield 80%.
IR (neat): 1700 cm-1 (CdO). 1H NMR: δ 0.40 (s, 18H), 0.92
(t, J ) 6.2 Hz, 6H), 1.33-1.48 (m, 8H), 2.40 (t, J ) 7.3 Hz,
4H). 13C NMR: δ 0.06, 13.86, 23.18, 28.05, 32.87, 128.21,
172.85, 211.12. HRMS calcd for C19H36OSi2 336.2305, found
336.2317.

2,4-Dibutyl-3,5-diphenyl Cyclopentadienone (3d). Red-
dish liquid, isolated yield 66% (227 mg). IR (neat): 1690 cm-1

(CdO). 1H NMR: δ 0.57 (t, J ) 6.9 Hz, 3H), 0.75 (t, J ) 6.9
Hz, 3H), 0.80-1.53 (m, 8H), 2.12 (t, J ) 6.9 Hz, 2H), 2.42 (t,

J ) 6.9 Hz, 2H), 7.22-7.43 (m, 10H). 13C NMR: δ 13.39, 13.75,
22.41, 22.66, 22.84, 26.69, 29.90, 31.62, 125.00, 127.05, 127.85,
128.07, 128.17, 128.35, 128.46, 129.30, 131.72, 134.17, 153.47,
158.28, 202.53. HRMS calcd for C25H28O 344.2140, found
344.2145.

2,3-Dipropyl-4-butyl-5-trimethylsilyl Cyclopentadi-
enone (3e). Orange liquid, isolated yield 78% (228 mg), GC
yield 90%. IR (neat): 1678 cm-1 (CdO). 1H NMR: δ 0.16 (s,
9H), 0.83-0.98 (m, 9H), 1.23-1.48 (m, 8H), 2.03 (t, J ) 6.8
Hz, 2H), 2.20 (t, J ) 8.1 Hz, 2H), 2.33 (t, J ) 7.5 Hz, 2H). 13C
NMR: δ 0.13, 13.89, 14.31, 14.47, 22.70, 22.75, 23.16, 25.25,
27.84, 28.85, 32.55, 122.94, 130.25, 154.88, 173.60, 207.91.
HRMS calcd for C18H32OSi 292.2222, found 292.2231.

2,3-Dibutyl-1-indone (3f). Light green liquid, isolated yield
65% (157 mg), GC yield 84%. IR (neat): 1718 cm-1 (CdO). 1H
NMR: δ 0.81-0.91 (m, 6H), 1.23-1.55 (m, 8H), 2.17 (t, J )
7.5 Hz, 2H), 2.45 (t, J ) 7.5 Hz, 2H), 6.93-7.29 (m, 4H). 13C
NMR: δ 13.88 (2 CH3), 22.58, 22.75, 22.99, 25.97, 29.94, 31.42,
118.90, 121.59, 127.79, 131.11, 133.08, 134.75, 145.64, 157.71,
198.50. HRMS calcd for C17H22O 242.1671, found 242.1679.
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