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Scheme 1. Selective preparation of (E)-α-ethynyl-α,β-unsaturated esters
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Scheme 2. Preparation of allenyl acetates

Table 1. Reaction optimization
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Ph
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Ph
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entry    reagent (equiv) solvent time (h) yield (%)

1 PPTS (0.2) CH2Cl2 6 0
2 AcOH (0.2) DMF 12 0
3 Pyridine (0.2) DMF   0.67 75
4 PPh3 (0.2) DMF 0.5 69
5 DABCO (0.2) DMF 0.5 75
6 DABCO (0.2) THF 4.5 50
7 DABCO (0.2) CH3CN 4.5 70
8 DABCO (0.1) DMF 2.5 81

Because synthesis of α-ethynyl-α,β-unsaturated esters is one 
of the challenging problems in synthetic organic chemistry,1 
many efficient synthetic methods for the preparation of these 
compounds have been reported.2 However, the need for a highly 
selective synthetic method of (E)-α-ethynyl-α,β-unsaturated 
esters has been remained.1 Generally, the selective synthesis of 
these compounds was accomplished by the transition metal- 
catalyzed cross-coupling reactions of (Z)-α-halo-α,β-unsaturat-
ed esters with terminal alkynes through Sonogashira cross-cou-
pling reaction. Nevertheless, this method is limited because the 
selective synthetic method of (Z)-α-halo-α,β-unsaturated esters 
is difficult and isomerization is somewhat occurred during the 
cross-coupling reactions. Although selective synthesis of (Z)-
α-halo-α,β-unsaturated esters via CrCl2-mediated olefinations 
of aldehydes with trihaloacetates was reported,3 the preparation 
of (Z)-α-halo-α,β-unsaturated esters through bromination-de-
hydrobromination,4 rearrangements,5 alkoxycarbonylation,6 
deoxygenation of glycidic esters,7 thermal eliminations,8 or Wit-
tig/Horner-Emmons/Peterson-type condensations9 often suffer 
from poor stereoselectivities, unsatisfactory yields, costly rea-
gents, and/or lengthy procedures.10 Therefore, we tried to pre-
pare selectively (E)-α-ethynyl-α,β-unsaturated esters from ano-
ther precursor without the use of (Z)-α-halo-α,β-unsaturated 
esters. As part of our continuing studies into the utility of allene 
groups,11 we report herein the preparation of the selective syn-
thesis of (E)-α-ethynyl-α,β-unsaturated esters from allenyl ace-
tates catalyzed by DABCO and their application to Sonogashira 
cross-coupling reaction (Scheme 1).

First, various allenyl acetates were prepared from the re-
action of aldehydes with organoindium in situ generated from 
ethyl 4-bromobutynoate and indium in the presence of lithium 
iodide in DMF followed by acetylation (Scheme 2).11k

Next, allenyl acetates were treated with various acids or bases 
(Table 1). Allenyl acetate (1d) did not react with PPTS and AcOH 
(entries 1 and 2). Surprisingly, treatment of 1d with pyridine 
(0.2 equiv) in DMF selectively produced ethyl (E)-α-ethynyl 
cinnamate (2d) in 75% yield (entry 3). E selectivity was deter-
mined by the chemical shift of the vinyl proton in 2d. Vinyl 
proton in E isomer of 2d appeared at upfield due to the shield-
ing effect from the ester group.10h Encouraged by this result, 
triphenylphosphine and DABCO were subsequently examined. 
Use of triphenylphosphine (0.2 equiv) provided 2d in 69% 
†This paper is dedicated to Professor Sunggak Kim on the occasion of 
his honorable retirement.

yield in DMF for 0.5 h (entry 4). In the case of DABCO (0.2 
equiv), the desired product 2d was selectively produced in 75% 
yield in DMF (entry 5). DMF was the best solvent among seve-
ral reaction media examined (DMF, THF and CH3CN) (entries 
5-7). Of the reactions screened, the best results were obtained 
with DABCO (0.1 equiv) in DMF at 25 oC for 2.5 h, producing 
selectively 2d in 81% yield (entry 8). There is no ethyl (Z)-α- 
ethynyl cinnamate formed in any reactions.
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Table 2. Synthesis of (E)-α-ethynyl-α,β-unsaturated estersa

cat. DABCO
R

OAc

CO2Et

R
CO2Et

1 2
rt

entry R time 
(h)

product 
(2)

yield 
(%)

1 n-Bu 1a 3.5 2a 72
2 C6H11 1b 4 2b 82
3 PhCH=CBr 1c 1 2c 70
4 Ph 1d 2.5 2d 81
5 4-Cl-C6H4 1e 0.5 2e 86
6 3-Br-C6H4 1f 0.5 2f 88
7 2-I-C6H4 1g 1 2g 73
8 2,4,6-Me3-C6H2 1h 3 2h 84
9 3-MeO-C6H4 1i 2 2i 72
10 3,5-(MeO)2-C6H3 1j 1 2j 80
11 3,4-(OCH2O)-C6H3 1k 1 2k 80
12 4-Ac-C6H4 1l 0.5 2l 81
13 4-MeO2C-C6H4 1m 0.5 2m 81
14 2-Furyl 1n 0.5 2n 84

a10 mol % DABCO was used.

Table 3. Synthesis of (E)-α-alkynyl-α,β-unsaturated estersa

CO2Et

Ar

Ph
CO2Et

Ar-X+
cat. Pd/Cu

Et3N, DMF, rt
31d

Ph

entry Ar X time 
(h) product yield 

(%)

1 Ph I 0.5 3a 40b

2 Ph I 0.5 3a 50b,c

3 Ph I 0.5 3a 25b,d

4 Ph I 0.5 3a 80

5 4-EtO2C-C6H4 I 0.4 3b 90

6 4-n-Bu-C6H4 I 0.4 3c 83

7 3-MeO-C6H4 I 0.7 3d 64

8 2-Ac-C6H4 I 2 3e 77

9
CO2Et

OTf 0.4 3f 74

a2 mol % Pd2dba3CHCl3/16 mol % Ph3P, 10 mol % CuI, 1.5 equiv of R-X and
equiv of Et3N were used. b5 mol % PdCl2(PPh3)2 instead of Pd2dba3CHCl3
and PPh3 was used. cTHF was used. dCH3CN was used.

We applied the catalytic system to a variety of allenyl acetates 
(Table 2). Allenyl acetate 1a derived from the reaction of 1-bu-
tanal with organoindium in situ generated from ethyl 4-bromo-
butynoate and indium followed by acetylation was treated with 
DABCO (0.1 equiv) in DMF for 3.5 h to produce selectively 
ethyl 2(E)-ethynyl-2-hexenoate (2a) in 72% yield (entry 1). In 
the case of allenyl acetate obtained from cyclohexanecarbalde-
hyde, ethyl 2(E)-ethynyl-3-cyclohexylacrylate 2b was selec-
tively obtained in 82% yield (entry 2). Allenyl acetate 1c gave 
rise to the corresponding (E)-α-ethynyl-α,β-unsaturated ester 
2c in 70% yield (entry 3). Altering the electron demand of the 
substituents on aromatic rings did not diminish the efficiency 
and selectivity (entries 5-13). Allenyl acetates (1e, 1f and 1g) 
possessing 4-chlorophenyl,3-bromophenyl and 2-iodophenyl 
group were cleanly converted to the desired products (2e, 2f 
and 2g) in excellent yields (entries 5-7). Treatment of allenyl 
acetates having 2,4,6-trimethylphenyl and 3,5-dimethoxyphenyl 
group with DABCO (0.1 equiv) provided selectively (E)-α- 
ethynyl-α,β-unsaturated esters (2h and 2j) in 84% and 80% 
yields, respectively (entries 8 and 10). The present method 
worked equally well with allenyl acetates (1l and 1m) bearing 
electron-withdrawing groups such as ketone and ester group 
were employed (entries 12 and 13). Allenyl acetate (1n) posse-
ssing furyl group turned out to be compatible with the reaction 
conditions (entry 14). Surprisingly, no (Z)-α-ethynyl-α,β-un-
saturated esters are formed in any reactions. Unfortunately, 
tetrasubstituted alkenes bearing ethynyl group were not prepar-
ed because organoindium in situ generated from ethyl 4-bromo-
butynoate and indium did not react with ketone compound.

We attempted the reaction of ethyl 4-bromobutynoate having 
methyl or phenyl group at 4-position with indium in the presence 
of several additives to prepare (E)-α-alkynyl-α,β-unsaturated 
esters but we could not obtain the corresponding allenyl alcohol.
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Alternatively, (E)-α-alkynyl-α,β-unsaturated esters could be 
selectively obtained in good to excellent yields without isomeri-
zation through Sonogashira cross-coupling reaction (Table 3). 
Enyne 1d reacted with iodobenzene using 5 mol % PdCl2(PPh3)2, 
10 mol % CuI and Et3N (2 equiv) in DMF, THF and acetonitrile, 
producing the cross-coupling product 3a in 40%, 50% and 25% 
yields, respectively (entries 1-3). However, reaction of 1d with 
iodobenzene in the presence of 2 mol % Pd2dba3CHCl3, 16 
mol % PPh3, 10 mol % CuI and Et3N (2 equiv) in DMF gave the 
desired product E-3a in 80% yield (entry 4). For a large number 
of aryl iodides, the presence of various substituents such as 
ethoxycarbonyl, n-butyl, methoxy and acetyl group on the aro-
matic ring showed little affect efficiency of the reactions (entries 
5-8). We were pleased to obtain the cross-coupling product 3f 
in 74% yield from treatment of 1d with vinyl triflate under the 
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optimum reaction conditions (entry 9).
In summary, we have developed the selective synthetic me-

thod of (E)-α-ethynyl-α,β-unsaturated esters from the treatment 
of allenyl acetates, which were obtained from the reaction of 
organoindium in situ generated from ethyl 4-bromobutynoate 
and indium with aldehydes followed by acetylation, with DA-
BCO (0.1 equiv) in DMF at room temperature. These com-
pounds were applied to the synthesis of (E)-α-alkynyl-α,β-un-
saturated esters through Sonogashira cross-coupling reaction.

Experimental Section

Preparation of allenyl acetate (1d). Ethyl 4-bromobutynoate 
(95.5 µL, 0.75 mmol) was added to a suspension of indium 
(57.4 mg, 0.5 mmol) and LiI (200.8 mg, 1.5 mmol) in DMF 
(2.0 mL). After being stirred for 30 min at room temperature 
under a nitrogen atmosphere, benzaldehyde (50.7 µL, 0.5 mmol) 
was added to reaction mixture. After 5 h, the reaction mixture 
was quenched with saturated NaHCO3 (20 mL). The aqueous 
layer was extracted with diethyl ether (3 × 20 mL). The com-
bined organic layers were washed with brine (20 mL), dried 
over MgSO4, filtered, and concentrated under reduced pressure. 
The residue was purified by silica gel column chromatography 
using EtOAc:hexane = 1:5 to give ethyl 2-(1-hydroxyphenyl)-
methyl-2,3-butadienoate (93.8 mg, 86%). Pyridine (188 µL, 
2.25 mmol) was added to a solution of allenyl alcohol (330 mg, 
1.5 mmol) in CH2Cl2 (7.5 mL) at 0 oC. After being stirred for 
5 min, acetyl chloride (160 µL, 2.25 mmol) was added and re-
action mixture was stirred for 1 h at 0 oC. After being warmed 
to room temperature, the reaction mixture was quenched with 
10% HCl (20 mL). The aqueous layer was extracted with CH2Cl2 
(3 × 10 mL), and combined organic layers were washed with 
water (20 mL) and brine (20 mL), dried with MgSO4, filtered, 
and concentrated under reduced pressure. The residue was 
purified by silica gel column chromatography using EtOAc: 
hexane = 1:10 to give alleny acetate (1d) (293.0 mg, 75%).

Typical experimental procedures for ethyl (E)-α-ethynylci-
nnamate (2d). To a solution of 1d (131 mg, 0.5 mmol) in DMF 
(2.0 mL) was added DABCO (5.7 mg, 0.05 mmol) and then, 
reaction mixture was stirred at room temperature for 2.5 h under 
a nitrogen atmosphere. The reaction mixture was quenched with 
saturated NaHCO3 (20 mL). The aqueous layer was extracted 
with diethyl ether (3 × 20 mL). The combined organic layers 
were washed with brine (20 mL), dried over MgSO4, filtered, 
and concentrated under reduced pressure. The residue was puri-
fied by silica gel column chromatography using EtOAc:hexane = 
1:20 to give ethyl (E)-α-ethynylcinnamate (2d) (68.0 mg, 81%) 
as a pale yellow solid; mp = 38 ~ 40 oC; 1H NMR (400 MHz, 
CDCl3) δ 8.06-8.03 (m, 2H), 7.98 (s, 1H), 7.44-7.22 (m, 3H), 
4.34 (q, J = 7.12 Hz, 2H), 3.57 (s, 1H), 1.31 (t, J = 7.12 Hz, 2H); 
13C NMR (100 MHz, CDCl3) δ 165.9, 147.9, 134.3, 131.4, 
130.9, 112.6, 87.0, 79.5, 62.3, 14.7; IR (film) 3286, 2981, 1717, 
1598, 1448, 1367, 1259, 1087, 1019 cm-1; HRMS (EI) calcd 
for C13H12O2M+ 200.0837, found 200.0838.

Typical experimental procedure for synthesis of ethyl (E)-2- 
phenylacetylenyl-3-phenylacrylate (3a). Et3N (84 µL, 0.6 mmol) 
and iodobenzene (51 µL, 0.45 mmol) were added to a suspen-
sion of Pd2dba3CHCl3 (6.3 mg, 2 mol %), PPh3 (12.6 mg, 16 

mol %) and CuI (5.3 mg, 10 mol %) in DMF (0.8 mL) at room 
temperature under nitrogen atmosphere. Then, ethyl (E)-2-ethy-
nyl-3-phenylacrylate (2d) in DMF (0.7 mL) was added. After 
being stirred for 20 min at 25 oC, the reaction mixture was quen-
ched with saturated NaHCO3 (20 mL). The aqueous layer was 
extracted with diethyl ether (3 × 20 mL). The combined organic 
layers were washed with brine (20 mL), dried over MgSO4, 
filtered, and concentrated under reduced pressure. The residue 
was purified by silica gel column chromatography using EtOAc: 
hexane = 1:30 to give ethyl (E)-2-phenylacetylenyl-3-phenyl-
acrylate (3a) (65.0 mg, 80%) as a pale yellow oil; 1H NMR (400 
MHz, CDCl3) δ 8.10-8.06 (m, 2H), 7.94 (s, 1H), 7.56-7.53 (m, 
2H), 7.46-7.40 (m, 3H), 7.39-7.34 (m, 3H), 4.36 (q, J =7.10 Hz, 
2H), 1.40 (t, J = 7.10 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 
166.1, 145,6, 135.0, 132.0, 131.0, 130.9, 129.2, 129.0, 128.9, 
123.5, 113.7, 98.5, 85.8, 62.2, 14.7; IR (film) 2980, 2202, 1718, 
1260, 1198, 755, 688 cm-1.
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