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Abstract: A new method for highly regio- and stereoselec-
tive synthesis of polysubstituted cyclopropane compounds
via the Pd(0)-catalyzed coupling-cyclization reaction of
2-(2′,3′-allenyl)malonates with organic halides is described.
In these reactions, the starting materials are easily available
and the operation is convenient. The ratios of trans-isomer/
cis-vinylic cyclopropanes are up to 98:2.

The cyclopropyl group has been playing a prominent
role in organic chemistry.1 This smallest cycloalkane is
found as a basic structural element in a wide range of
naturally occurring compounds2 and has also been used
as a versatile synthetic intermediate in organic syn-
thesis.3-5 Thus, it still is of current interest to develop
efficient methods for the stereoselective synthesis of
polysubstituted functionalized cyclopropanes.

Recently, palladium-catalyzed reactions of allenes have
been most extensively investigated to achieve numerous
transformations.6,7 On the basis of our previous work,8,9

a Pd(0)-catalyzed coupling-cyclization reaction of 2-(2′,3′-

allenyl)malonates with organic halides was developed for
the regioselective synthesis of cyclopropane or cyclopen-
tene derivatives via a π-allyl palladium intermediate.10

It is a challenge to control both the regio- and stereo-
selectivity of the reactions if there is a substitutent R2

at the 2′-position of the allenic compounds (Scheme 1).
Here, we wish to report our recent observation on the
highly regio- and stereoselective synthesis of polysubsti-
tuted cyclopropane derivatives.

Synthesis of 2-(2′,3′-alkadienyl)malonates 2. Com-
pounds 2a-e were prepared from the Pd(PPh3)4-cata-
lyzed alkylation reaction of malonates in ClCH2CH2Cl
with the corresponding 2,3-alkadienyl acetates 1a-e,
which, in turn, were prepared from the corresponding 2,3-
allenols11 and acetic anhydride (Scheme 2).12

Cyclization Reaction of 2-(2′,3′-Allenyl)malonates
with Organic Halides. When the reaction of dimethyl
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2-(1′-methyl-2′-butyl-2′,3′-butadienyl)malonate (2a) and
PhI (3a) was carried out in the presence of 5 mol % of
Pd(PPh3)4, 10 mol % of n-Bu4NBr as the phase transfer
catalyst, and 4.0 equiv of K2CO3 in the CH3CN under
reflux, it was very interesting to find that the cyclopro-
pane derivative 4aa was formed as the sole product in
94% yield with the ratio of trans-4aa/cis-4aa as high as
96:4 (Scheme 3). The stereochemistry of 4aa was deter-
mined by the 1H-1H NOESY spectra (Figure 1). The
formation of the cyclopentene derivative 5aa was not
observed.

The Pd(PPh3)4-catalyzed coupling-cyclization reaction
of dimethyl 2-(1′-methyl-2′-hexyl-2′,3′-butadienyl)ma-
lonate (2b) and PhI in different solvents was studied
(Table 1). The reaction in CH3CN gave 4ba in 86% yield
(trans-4ba:cis-4ba ) 95:5) (entry 1, Table 1). When the
reaction was carried out in DMSO, low yield and stereo-
selectivity of 4ba were observed (entry 3, Table 1). The
reactions in DMF and toluene gave similar results;
however, they were slower (entries 4 and 5, Table 1).
Therefore, we defined Conditions A (5 mol % of Pd(PPh3)4,
10 mol % of n-Bu4NBr, 4.0 equiv of K2CO3, CH3CN,
reflux) for the highly regio- and stereoselective prepara-
tion of cyclopropane derivative 4ba. If the reaction was
conducted in the absence of n-Bu4NBr (Conditions B: 5
mol % of Pd(PPh3)4, K2CO3 (4.0 equiv), CH3CN, reflux)
the ratio of trans-4ba/cis-4ba decreased slightly while
the yield was higher (compare entry 2 with entry 1, Table
1).

On the basis of these preliminary results, we extended
this reaction to different 2-(2, 3-allenyl)malonates. The

results of these reactions leading to cyclopropane deriva-
tives 4 as the sole products are summarized in Table 2.

The results of the Pd(PPh3)4-catalyzed coupling-cy-
clization reactions of 2b and 2c with different organic
halides under Conditions A and B were summarized in
Table 3. It should be noted that the configuration of the
CdC bond in 1-alkenyl iodide remained unchanged
during the reaction (entries 2, 4, and 6, Table 3).

In summary, we have developed a new protocol for the
highly regio- and stereoselective synthesis of polysubsti-
tuted cyclopropane compounds. Further studies in this
area are being pursued in our laboratory.

Experimental Section

Starting Materials. (1) Synthesis of (3-n-Butyl)penta-
3,4-dien-2-yl Acetate (1a). Typical procedure A: Acetic
anhydride (1.1 mL, 11.2 mmol) was added to the mixture of (3-
n-butyl)penta-3,4-dien-2-ol (1.12 g, 8 mmol), Et3N (1.52 mL, 11
mmol), and DMAP (97 mg, 0.8 mmol) in Et2O (25 mL). The
solution was stirred at room temperature for 1 h as monitored
by TLC. Evaporation and purification via flash chromatography

SCHEME 2

SCHEME 3

FIGURE 1.

TABLE 1. The Pd(PPh3)4-Catalyzed
Coupling-Cyclization Reaction of Dimethyl
2-(1′-Methyl-2′-hexyl-2′,3′-butadienyl)malonate (2b) with
PhI in Different Solventsa

entry solvent time (h) yield of 4ba (%) cis:trans

1 CH3CN 17 86 5:95
2c CH3CN 16 93 6:94
3 DMSO 16 81 8:92
4 DMF 34 85 6:94
5 toluene 60 85 6:94

a PhI (1.2 equiv) was used. b The first letter refers to the allene
while the second letter refers to the halide. c The reaction was
carried out in the absence of Bu4NBr.
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on silica gel (eluent: petroleum ether:ethyl acetate ) 20:1)
afforded 1.455 g (100%) of 1a.11 The analytical data are the same
as what were reported by us in ref 11.

(2) Synthesis of Dimethyl 2-(1′-methyl-2′-butyl-2′,3′-
butadienyl)malonate (2a). Typical procedure B: To a
mixture of NaH (60% dispersion in mineral oil, 11 mg, 1.1 equiv)
and Pd(PPh3)4 (14.5 mg, 5 mol %) in dry ClCH2CH2Cl (2.0 mL)
was added subsequently dimethyl malonate (0.09 mL, 3.0 equiv)
and (3-n-butyl)penta-3,4- dien-2-yl acetate 1a11 (46 mg, 0.25
mmol) under nitrogen. The resulting mixture was stirred at room
temperature for 24 h as monitored by TLC. Then the solution
was quenched with an aqueous solution of saturated NaCl (2
mL) and extracted with ether (20 mL). The organic layer was
washed with brine (3 × 8 mL) and dried over anhydrous sodium

sulfate. After evaporation, the residue was purified by flash
chromatography on silica gel (eluent: petroleum ether:ethyl
acetate ) 20:1) to afford 53 mg (83%) of 2a; liquid; IR (neat)
2956, 1955, 1760, 1739, 1435 cm-1; 1H NMR (300 MHz, CDCl3)
δ 4.63-4.78 (m, 2 H), 3.73 (s, 3 H), 3.70 (s, 3 H), 3.48 (d, J )
10.4 Hz, 1 H), 2.62-2.77 (m, 1 H), 1.92-2.02 (m, 2 H), 1.24-
1.45 (m, 4 H), 1.07 (d, J ) 6.60 Hz, 3 H), 0.89 (t, J ) 7.15 Hz, 3
H); 13C NMR (75.4 MHz, CDCl3) δ 204.7, 169.2, 168.9, 106.8,
78.5, 57.2, 52.6, 52.5, 36.4, 30.8, 29.8, 22.5, 17.9, 14.1; MS m/z
(%) 254 (M+, 12.20), 93 (100); HRMS m/z (EI) calcd for C14H22O4

254.15181, found 254.15498.

Pd(0)-Catalyzed Coupling-Cyclization Reaction of
Allenylmalonates with Organic Halides. Conditions A:
Preparation of 1,1-Bis(methoxycarbonyl)-2-butyl-2-(1′-
phenyl-ethenyl)-3-methylcyclopropane (4aa). Typical pro-
cedure: To a mixture of potassium carbonate (112 mg, 0.8
mmol), n-Bu4NBr (6.4 mg, 10 mol %), and Pd(PPh3)4 (12 mg, 5
mol %) in CH3CN (2 mL) was added dimethyl 2-(1′-methyl-2′-
butyl-2′,3′-butadienyl) malonate 2a (51 mg, 0.2 mmol) and
iodobenzene (49 mg, 1.2 equiv, 0.24 mmol) subsequently under
nitrogen. The resulting mixture was refluxed for 24 h as
monitored by TLC. After filtration, washing with ether, and
evaporation, the residue was purified by flash chromatography
on silica gel (eluent: petroleum ether:ethyl acetate ) 20:1) to
afford 62 mg (94%) of 4aa (cis-4aa:trans-4aa ) 4:96); liquid; IR
(neat) 2955, 1733, 1626, 1576, 1435, 1229 cm-1; 1H NMR (400
MHz, CDCl3) trans-4aa, δ 7.51 (d, J ) 8.80 Hz, 2 H), 7.11-7.26
(m, 3 H), 5.62 (s, 1 H), 5.12 (s, 1 H), 3.73 (s, 3 H), 3.36 (s, 3 H),
2.21 (q, J ) 6.80 Hz, 1 H), 1.82-1.96 (m, 1 H), 1.01-1.32 (m, 8
H), 0.71 (t, J ) 7.05 Hz, 3 H); 13C NMR (75.4 MHz, CDCl3) δ
168.7, 167.9, 145.5, 138.5, 128.4, 127.7, 126.5, 116.5, 52.6, 52.5,
43.9, 43.5, 30.2, 29.8, 29.1, 23.1, 14.3, 10.6; the following data
were discernible for the cis isomer, cis-4aa, 7.62 (d, J ) 8.60
Hz, 2 H), 5.80 (s, 1 H), 4.98 (s, 1 H), 3.77 (s, 3 H), 3.29 (s, 3 H),

TABLE 2. The Pd(PPh3)4-Catalyzed
Coupling-Cyclization Reactions of 2 with PhI in CH3CNa

yield (c/t)d

entry
2

R1/R2/(2) time (h)b 4c Cond. A Cond. B

1 n-C6H13/Me/(2b) 17 (10) 4ba 86 (5:95) 93 (6:94)
2 n-C6H13/Ph/(2c) 36 (13) 4ca 86 (4:96) 91 (4:96)
3 Me/Me/(2d) 21 (25) 4da 93 (6:94) 72 (5:95)
4 Bn/Me(2e) 42 (25) 4ea 88 (20:80) 80 (13:87)

a PhI (1.2 equiv) was used. b The reaction time for Conditions
A. The reaction time for Conditions B is given in parentheses.c The
first letter refers to the allene while the second letter refers to
the halide. d c/t ) cis/trans.

TABLE 3. The Pd(PPh3)4-Catalyzed Coupling-Cyclization Reactions of 2 with Organic Halides in CH3CNa

a RI (1.2 equiv) was used. b The reaction time for Conditions A. The reaction time for Conditions B is given in parentheses. c The first
letter refers to the allene while the second letter refers to the halide. d c/t ) cis/trans.
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0.82 (t, J ) 6.96 Hz, 3 H); MS m/z (%) 330 (M+, 3.35), 270 (100).
Anal. Calcd for C20H26O4: C 72.73, H 7.88. Found: C 72.70, H
7.71.

Conditions B: Preparation of 1,1-Bis(methoxycarbo-
nyl)-2-hexyl-2-(1′-phenylethenyl)-3-methylcyclopropane
(4ba). Typical procedure: To a mixture of potassium carbon-
ate (140 mg, 1.0 mmol) and Pd(PPh3)4 (15 mg, 5 mol %) in CH3-
CN (2 mL) was added dimethyl 2-(1′-methyl-2′-hexyl-2′,3′-
butadienyl)malonate 2b (70 mg, 0.25 mmol) and iodobenzene
(61 mg, 1.2 equiv, 0.3 mmol) subsequently under nitrogen. The
resulting mixture was refluxed for 16 h as monitored by TLC.
After filtration, washing with ether, and evaporation, the residue
was purified by flash chromatography on silica gel (eluent:
petroleum ether:ethyl acetate ) 20:1) to afford 83 mg (93%) of
4ba (trans-4ba:cis-4ba ) 94:6). 4ba viscous liquid; IR (neat)
2954, 1736, 1623, 1575, 1435, 1222 cm-1; 1H NMR (300 MHz,
CDCl3) trans-4ba, δ 7.52 (d, J ) 9.70 Hz, 2 H), 7.15-7.28 (m, 3
H), 5.64 (s, 1 H), 5.13 (s, 1 H), 3.75 (s, 3 H), 3.36 (s, 3 H), 2.17-
2.27 (m, 1 H), 1.83-1.98 (m, 1 H), 1.20 (d, J ) 6.75 Hz, 3 H),
1.02-1.29 (m, 9 H), 0.74 (t, J ) 7.03 Hz, 3 H); the following

data were discernible for the cis isomer, cis-4ba, δ 7.64 (d, J )
9.0 Hz, 2 H), 7.28-7.17 (m, 3 H), 5.81 (s, 1 H), 4.98 (s, 1 H),
3.78 (s, 3 H), 3.31 (s, 3 H); MS m/z (%) 358 (M+, 7.03), 298 (100).
Anal. Calcd for C22H30O4: C 73.74, H 8.38. Found: C 73.43, H
8.23.
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