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A one-pot triphenylarsine-catalyzed synthesis of trans-cyclopropane derivatives is achieved by means of
the reaction between acetylenic esters and C–H acids in the presence of triphenylarsine. This procedure is
simple and proceeds under mild reaction conditions. Its success depends on the choice of solvent, tem-
perature and C–H acid used.

� 2009 Elsevier Ltd. All rights reserved.
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Spirocyclopropane and cyclopropane moieties are present in a
number of pharmacologically important natural products some of
which belong to the group of alkylating anticancer agents.1 A num-
ber of synthetic approaches to cyclopropanes and spirocyclopro-
panes have been reported, which include transition metal-
catalyzed cyclopropanation of alkenes with diazo compounds,2

1,3-dipolar cycloaddition,3 Diels-Alder,4 domino aldol/Horner–
Wadsworth–Emmons reaction,5 Simmons–Smith reaction,6 reac-
tion of alkenes with free carbenes, carbenoids7 or ylides, for exam-
ple, phosphorus,8 sulfur,9 arsenic10 and phenyliodonium ylides.11

In addition, the Michael-initiated ring closure (MIRC) method,
which is one of the most important synthetic routes for the prep-
aration of cyclopropanes, has also been employed.12 Although
highly functionalized cyclopropanes can be prepared using these
methods, they are non-stereoselective, and a mixture of cis/trans
isomers is generally obtained.13 Huang and co-workers first re-
ported a method for the stereoselective synthesis of cyclopropanes
using an arsonium ylide and an alkene.14 Later, Ding reported a
process for the highly stereoselective synthesis of a cis-cyclopro-
pane from an arsonium salt and an alkene as starting materials.15

Ren and Cao reported a procedure for the stereoselective synthesis
of spirocyclopropane and 1,2-cyclopropane derivatives using an
arsonium salt or ylide and electron-deficient alkenes.16 More re-
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cently, similar reactions of alkenes and arsonium salts yielding
trans-cyclopropanes have been reported by the same group.17

In continuation of our investigations,18 we report herein a ster-
eoselective synthesis of trans-cyclopropanes via the reaction
between acetylenic esters and C–H acids in the presence of tri-
phenylarsine (Scheme 1).

The present method benefits from the catalytic role of triphen-
ylarsine, and also allows access to cyclopropane derivatives stere-
oselectively. The proposed mechanism for the reaction is shown in
Scheme 2.
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Scheme 1. Synthesis of trans-cyclopropane derivatives.
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Scheme 2. Proposed mechanism for the Ph3As-catalyzed cyclopropanation.

Table 1
Reactions of acetylenic esters with C–H acids containing an X group in the presence of Ph3As (50 mol %)

Entry R X Solvent Product 3 Time (min) Yielda (%)

1 Me –OC(Me)2O– EtOH 3a 120 85
2 Me –CH2C(Me)2CH2– CH3CN 3b 120 82

3 Me EtOH 3c 100 90

4 Et EtOH 3d 90 88

5 t-Bu EtOH 3e 120 96

6 Me –N(Me)CON(Me)– EtOH 3f 90 90

a Isolated yield.

Table 2
Reactions of acetylenic esters with C–H acids involving a Y group in the presence of
Ph3As (50 mol %)

Entry R Y Solvent Product 3 Time (min) Yielda (%)

1 Me PhCO EtOH 3g 90 95
2 Et PhCO EtOH 3h 90 90
3 Me CN Acetone 3i 120 80

a Isolated yield.

Figure 1. ORTEP representations of the X-ray structures of cyclopropanes 3b, 3d
and 3g.
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Compounds 3a–i (Tables 1 and 2) result from the initial addi-
tion of triphenylarsine to the acetylenic ester 1 and subsequent
protonation of the 1:1 adduct by the C–H acid 2. Next, the posi-
tively charged arsonium ion (A) is attacked by the anion of the
C–H acid (B) to produce intermediate arsonium ylide (C). This
intermediate undergoes a 1,3-H shift to give 1,4-diionic zwitter-
ionic compound (D). Finally, intramolecular attack and ring closure
form the cyclopropane ring with elimination of triphenylarsine.

To determine the effect of solvent on the reaction, various exper-
iments were run with solvents of different polarities. The results
show that the reaction only proceeded in a high dielectric constant
medium (i.e., CH3CN, ethanol or acetone) (Tables 1 and 2). In addi-
tion, the effect of the pKa of the C–H acids was also investigated. In
the pKa range studied, it was ascertained that the reactions were fa-
voured with lower pKa and proceeded successfully with Meldrum’s
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acid, dimedone, 1,3-indandione, 1,3-dimethylbarbituric acid, dib-
enzoylmethane and malononitrile. The reactions did not occur in
the presence of C–H acids with high pKas (such as dimethyl and
diethyl malonate, and methyl and ethyl acetoacetate).

The products 3a–i were characterized by IR, 1H NMR, 13C NMR
and MS spectroscopy and by X-ray crystallography. Unambiguous
structural elucidation was accomplished by single crystal X-ray
diffraction (Fig. 1). The assignment of the 1,2-cyclopropanes as
the trans isomers was confirmed by the X-ray crystallography
analysis.19,21

In conclusion, we have developed a method for the highly ster-
eoselective cyclopropanation reaction of acetylenic esters and C–H
acids with triphenylarsine as catalyst. The reaction conditions are
mild and the products were obtained in good yields favouring for-
mation of the trans isomer.
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solid; mp: 150–153 �C; IR (KBr): 3050, 2974, 1728, 1719, 1598 cm�1; 1H NMR
(300 MHz, CDCl3) d: 1.45 (s, 18H, 2 � t-Bu), 3.32 (s, 2H, 2CCH), 7.85 (dd,
3JHH = 5.6, 4JHH = 3.1, 2H, 2Hmeta), 7.99 (dd, 3JHH = 5.6, 4JHH = 3.1, 2H, 2Hortho); 13C
NMR (74 MHz, CDCl3) d: 27.89 (3CH3), 36.75 (C–H), 42.82 (Cspiro), 82.69 (C–O),
123.08 (Cortho), 135.43 (Cmeta), 142.03 (Cipso), 164.30 (CO2), 193.43 (C@O); Anal.
Calcd for C21H24O6: C, 67.73; H, 6.50. Found: C, 67.54; H, 6. 67.
trans-1,2-Di(methoxycarbonyl)-5,7-dimethyl-5,7-diazaspiro[2,5]octane-4,6,8-trione
(3f): White solid; mp: 125–127 �C; IR (KBr): 2947, 1734, 1671 cm�1; 1H
NMR (500 MHz, CDCl3) d: 3.34 (s, 6H, 2NCH3), 3.50 (s, 2H, 2CCH), 3.78 (s,
6H, 2OCH3); 13C NMR (125 MHz, CDCl3) d: 29.08 (N–CH3), 36.42 (Cspiro),
39.04 (C–H), 52.97 (OCH3), 150.85 (NCON), 164.62 (NCO), 165.10 (CO2);
MS m/z (%) (EI): 298 (M+, 25), 239 (100), 195 (36), 180 (32), 93 (21), 59
(51), 51 (54); Anal. Calcd for C12H14N2O7: C, 48.32; H, 4.73; N, 9.39.
Found: C, 48.30; H, 4.76; N, 9.61.
trans-1,2-Di(methoxycarbonyl)-3,3-dibenzoylcyclopropane (3g): White solid;
mp: 174–176 �C; IR (KBr): 2956, 1737, 1672, 1579; 1H NMR (500 MHz,
CDCl3) d: 3.53 (s, 6H, 2OCH3), 3.61 (s, 2H, 2CCH), 7.41 (t, 4H, 3JHH = 7.8,
4Hmeta), 7.52 (t, 2H, 3JHH = 7.4, 2Hpara), 8.05 (d, 4H, 3JHH = 7.3, 4Hortho); 13C
NMR (125 MHz, CDCl3) d: 31.54 (C–H), 52.48 (OCH3), 53.60 (C(COPh)2),
128.67 (Cmeta), 129.57 (Cortho), 134.01 (Cpara), 135.24 (Cipso), 168.10 (CO2),
189.70 (C@O); MS m/z (%) (EI): 366 (M+, 6), 335 (3), 275 (2), 261 (1), 247
(1), 115 (2), 105 (100), 89 (2), 77 (47), 59 (2), 51 (7); Anal. Calcd for
C21H18O6: C, 68.85; H, 4.95. Found: C, 68.93; H, 4.87. Crystal/refinement
details for compound 3g: C21H18O6, M = 366.35, crystal size, 0.45 � 0.34 �
0.20 mm3, crystal system, monoclinic, space group P21/c (No. 14), a =
9.1230(1), b = 9.2436(1), c = 21.3842(3) Å, b = 93.129(1)�, V = 1800.63(4) Å3,
Z = 4, Dc = 1.351 g/cm3, l = 0.099 mm�1, F000 = 768, Mo Ka radiation, k =
0.71073 Å, T = 100(2) K, 2hmax = 75.2�, R1 = 0.0443, wR2 = 0.1179, GOF =
1.005, |Dqmax| = 0.51(5) e Å�3. CCDC 716768.
trans-1,2-Di(ethoxycarbonyl)-3,3-dibenzoylcyclopropane (3h): White solid;
mp: 202–204 �C; IR (KBr): 1740, 1680, 1605; 1H NMR (500 MHz, CDCl3)
d: 1.04 (t, 6H, 3JHH = 7.1, 2CH3), 3.60 (s, 2H, 2CCH), 3.96 (q, 4H, 3JHH = 7.1,
2OCH2), 7.40 (t, 4H, 3JHH = 7.8, 4Hmeta), 7.52 (t, 2H, 3JHH = 7.4, 2Hpara), 8.08
(d, 4H, 3JHH = 7.3, 4Hortho); 13C NMR (125 MHz, CDCl3) d: 13.77 (CH3), 31.55
(C–H), 53.62 (C(COPh)2), 61.63 (OCH2), 128.61 (Cmeta), 129.64 (Cortho),
133.96 (Cpara), 135.32 (Cipso), 167.61 (CO2), 189.67 (C@O); MS m/z (%) (EI):
394 (M+, 2), 349 (3), 341 (27), 321 (35), 279 (7), 257 (9), 176 (3), 167
(18), 137 (17), 123 (25), 111 (23), 105 (7), 97 (38), 81 (52), 69 (100), 57
(62), 51 (34), 43 (53); Anal. Calcd for C23H22O6: C, 70.04; H, 5.62. Found:
C, 70.11; H, 5.67.
trans-1,2-Di(methoxycarbonyl)-3,3-dicyanocyclopropane (3i): Light yellow
solid; mp: 81–83 �C; IR (KBr): 2254, 1736 cm�1; 1H NMR (300 MHz,
CDCl3) d: 3.19 (s, 2H, 2CCH), 3.91 (s, 6H, 2OCH3); 13C NMR (74 MHz,
CDCl3) d: 11.82 (C(CN)2), 33.05 (C–H), 54.04 (OCH3), 110.15 (CN), 163.99
(CO2); MS m/z (%) (EI): 208 (M+, 23), 176 (10), 149 (13), 133 (6), 121
(15), 105 (12), 89 (9), 75 (10), 64 (32), 59 (100), 43 (22); Anal. Calcd for
C9H8N2O4: C, 51.93; H, 3.87; N, 13.46. Found: C, 52.03; H, 3.95; N, 13.50.


