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Abstract: A simple and convenient synthetic ap-
proach to dihydrofurans has been developed from
the cyclization of 2-propynyl-1,3-dicarbonyl com-
pounds catalyzed by potassium tert-butoxide, cop-
per(II) trifluoromethanesulfonate and triphenylphos-
phine using methanol/dichloromethane as the solvent

under very mild conditions. Moreover, dihydrofurans
could be easily transformed into the corresponding
furans in the presence of trifluoroacetic acid.

Keywords: alkynes; copper; cyclization; dihydrofur-
ans; furans

Introduction

Dihydrofurans are an important class of oxygenated
heterocycles with widespread occurrence in nature,
and they are also useful building blocks in organic
synthesis.[1a–k] Meanwhile, a vast number of bioactive
natural and unnatural products based on the dihydro-
furan ring are very useful in the area of pharmaceuti-
cal chemistry.[1l–p] So, the development of efficient
synthetic approaches to dihydrofurans has attracted
tremendous attention.[2,3] Several methods for cyclic
ethers based on the metal-catalyzed cyclization reac-
tions have been reported.[3] Trost and co-workers re-
ported the cycloisomerization of 1-alkyn-4-ols to dihy-
drofurans catalyzed by Rh.[3a] McDonald and co-
wokers discovered that acyclic alkynols could be
transformed to cyclic enol ethers promoted by
Mo(CO)5.

[3b] The Pd-catalyzed cyclization of allenol
was reported by Ma and Alcaide, respectively.[3c,d] The
conversion of a-hydroxyallenes or (Z)-enynols to 2,5-
dihydrofurans catalyzed by Au has been developed by
Lee, Krause and Liu, respectively.[3e–g] However, few
methodologies were reported for the synthesis of 5-
methylene-4,5-dihydrofurans. Therefore, the investiga-
tion of new synthetic routes which allow the facile
building of 5-methylene-4,5-dihydrofuran rings under
the mild conditions would be a timely endeavor.

In recent years, copper-catalyzed reactions have re-
ceived considerable attention owing to their efficien-

cy, excellent selectivity and low costs.[4,5] Although
many copper-catalyzed strategies have been success-
fully applied to the preparation of many heterocyclic
compounds,[6] few applications in the synthesis of di-
hydrofurans were reported.[7] Based on our previous
studies,[8] we hypothesize that the direct synthesis of
5-methylene-4,5-dihydrofurans could be achieved by
using 2-propynyl-1,3-dicarbonyl compounds as start-
ing materials (Scheme 1). It is anticipated that the
rapid enolization of the dicarbonyl compounds under
base catalysis followed by an intramolecular nucleo-
philic addition of the oxygen anion of an enol to a
carbon-carbon triple bond activated by a copper salt

Scheme 1. The synthesis of dihydrofurans from 2-propynyl-
1,3-dicarbonyl compounds by the intramolecular cyclization
under the catalysis of base and copper.
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might provide a facile route to the construction of
substituted 5-methylene-4,5-dihydrofuran compounds.
To the best of our knowledge, this is the first synthesis
of 5-methylene-4,5-dihydrofurans from 2-propynyl-
1,3-dicarbonyl compounds using the combination of
base and copper salt as catalysts. Herein we present
our findings on this reaction that provides a new ap-
proach to dihydrofurans in a direct, efficient and
facile manner.

Results and Discussion

The starting 2-propynyl-1,3-dicarbonyl compounds
(2a–s) were easily prepared from 1,3-dicarbonyl com-
pounds (1a–s) (Scheme 2).[9]

Preliminary catalyst screening studies were per-
formed using methyl 2-acetylpent-4-ynoate 2a in
methanol at room temperature as a model reaction
(Table 1). No significant reaction was observed with-
out the addition of either Cu ACHTUNGTRENNUNG(OTf)2 or PPh3 (Table 1,
entries 1–3). The screenings of various assemblies of
strong bases and copper salts revealed a combination
of potassium tert-butoxide (10 mol%) and Cu ACHTUNGTRENNUNG(OTf)2

(0.5 mol%) in the presence of triphenylphosphine
(2 mol%) provided the best yield for the reaction
(Table 1, entries 4–11). Further examination of vari-
ous solvents showed that MeOH/CH2Cl2 (1/1 v/v) was
the most effective solvent for the reaction (Table 1,
entries 12–22). Although methanol was also a suitable
solvent for the reaction, it was found that the product
partly isomerized in it (Table 1, entry 4). Thus, the in-
tramolecular cyclization reaction of methyl 2-acetyl-
pent-4-ynoate (2a) could be completed smoothly
within 30 min in the presence of KO-t-Bu (10 mol%),
Cu ACHTUNGTRENNUNG(OTf)2 (0.5 mol%) and PPh3 (2 mol%) using
MeOH/CH2Cl2 (1/1 v/v) as the solvent at room tem-
perature in excellent yield.

Under these optimized conditions, the scope of re-
action was then explored. Typical results are shown in
Table 2. For the aliphatic 2-propynyl-1,3-dicarbonyl
compounds, the reaction gave excellent yields
(Table 2, entries 1 and 2). In general, the reaction for
all aromatic 2-propynyl-1,3-dicarbonyl compounds af-

forded the corresponding 5-methylene-4,5-dihydrofur-
ans in high yields. The results indicated that 2-propyn-
yl-1,3-dicarbonyl compounds without substitution or
with para or meta electron-withdrawing groups on the
phenyl ring could be rapidly converted to correspond-
ing 5-methylene-4,5-dihydrofurans in excellent yields
(Table 2, entries 3, 6, 7, 8, 11, 12 and 17). The reaction
was also efficient for 2-propynyl-1,3-dicarbonyl com-
pounds with para or meta electron-donating groups
on the phenyl ring (Table 2, entries 4, 5, 9 and 10).
Meanwhile, substrates possessing ortho groups on the
phenyl ring were also successfully employed to give 5-
methylene-4,5-dihydrofuran compounds in good
yields (Table 2, entries 13–16). For the heteroaromatic
compound 2r, the reaction was effectively carried out
in excellent yield (Table 2, entry 18). However, the re-
action of 2s (R1 = R2 =phenyl) provided a complex
mixture under the optimized conditions. It was found

Scheme 2. Synthesis of the substrates.

Table 1. Optimization of the catalytic conditions.[a]

Entry [Cu] Base Ligand Solvent Yield
[%][b]

1 – KO-t-Bu – MeOH 0
2 Cu ACHTUNGTRENNUNG(OTf)2 KO-t-Bu – MeOH trace
3 – KO-t-Bu PPh3 MeOH 0
4 Cu ACHTUNGTRENNUNG(OTf)2 KO-t-Bu PPh3 MeOH 99[c]

5 Cu ACHTUNGTRENNUNG(OTf)2 DABCO PPh3 MeOH 52
6 Cu ACHTUNGTRENNUNG(OTf)2 DBU PPh3 MeOH 97
7 Cu ACHTUNGTRENNUNG(OTf)2 KOH PPh3 MeOH 95
8 Cu ACHTUNGTRENNUNG(OTf)2 K2CO3 PPh3 MeOH 93
9 CuCl KO-t-Bu PPh3 MeOH 24
10 CuSO4 KO-t-Bu PPh3 MeOH 90
11 CuI KO-t-Bu PPh3 MeOH 91
12 Cu ACHTUNGTRENNUNG(OTf)2 KO-t-Bu PPh3 CH3CN 51
13 Cu ACHTUNGTRENNUNG(OTf)2 KO-t-Bu PPh3 CH2Cl2 51
14 Cu ACHTUNGTRENNUNG(OTf)2 KO-t-Bu PPh3 benzene 37
15 Cu ACHTUNGTRENNUNG(OTf)2 KO-t-Bu PPh3 CHCl3 79
16 Cu ACHTUNGTRENNUNG(OTf)2 KO-t-Bu PPh3 toluene 37
17 Cu ACHTUNGTRENNUNG(OTf)2 KO-t-Bu PPh3 hexane 60
18 Cu ACHTUNGTRENNUNG(OTf)2 KO-t-Bu PPh3 EtOH 77
19 Cu ACHTUNGTRENNUNG(OTf)2 KO-t-Bu PPh3 Et2O 28
20 Cu ACHTUNGTRENNUNG(OTf)2 KO-t-Bu PPh3 THF trace
21 Cu ACHTUNGTRENNUNG(OTf)2 KO-t-Bu PPh3 dioxane trace
22 Cu ACHTUNGTRENNUNG(OTf)2 KO-t-Bu PPh3 MeOH-

CH2Cl2

99[d]

[a] Reaction conditions: unless otherwise noted, [Cu]
(0.5 mol%), PPh3 (2 mol%), 2a (0.2 mmol) and KO-t-Bu
(10 mol%) stirred in solvent (0.2 mL) at room tempera-
ture for 0.5 h.

[b] Isolated yield after flash column chromatography.
[c] Product easily partly isomerized in MeOH.
[d] MeOH/CH2Cl2 =1/1 (v/v).
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later that the desired product 3s could be obtained in
good yield when the reaction temperature was de-
creased to 0 8C (Table 2, entry 19).

Next, in order to extend the generality of our
method, the scope of this cyclization reaction was ex-
plored further with 1,3-dicarbonyl compounds bearing
an internal alkyne. Firstly, the cyclization of methyl 2-
acetyl-5-phenylpent-4-ynoate was studied (entry 1,
Table 3). However, under the optimized conditions,
the rate of the reaction was very slow. Fortunately,
when the amount of catalysts was increased, the cycli-
zation reaction could be smoothly carried out in good
yield. For the 1,3-dicarbonyl compound with para
electron-withdrawing groups on the phenyl ring, like
a CH3CO group, the reaction was effectively per-
formed in good yield (entry 2, Table 3). The 1,3-dicar-
bonyl compound with a para electron-donating group

on the phenyl ring, like a methyl group, could also be
converted into the corresponding dihydrofuran with a
longer time (entry 3, Table 3). However, for 1,3-dicar-
bonyl compounds bearing an internal alkyne with ali-
phatic substituted groups (ethyl and n-propyl), the re-
action could not be carried out effectively under
these catalytic conditions (entries 4 and 5, Table 3).

Referring to the related literature,[8] the proposed
mechanism for the reaction is shown in Figure 1.
First, under base catalysis, the enol anion is rapidly
generated from 2. Meanwhile, the coordination of the
carbon-carbon triple bond of 2 to [Cu]2+ activated by
the ligand (PPh3) enhances the electrophilicity of the
alkyne. Subsequently, the intramolecular cyclization
reaction proceeds through the nucleophilic addition
of the enolate oxygen anion to the electron-deficient
alkyne moiety to form a vinyl-copper adduct. Finally,
the adduct undergoes protodemetallation to give the
observed 5-methylene-4,5-dihydrofuran product 3.

Additionally, in the process of the examination of
various solvents for the reaction, we found that the
product 3a was partly isomerized to the substituted
furan 4a in methanol in a long reaction time. Further-
more, some substituted furans are also useful and ver-
satile intermediates in synthetic organic chemistry.[10]

As a consequence, many methodologies have been re-
ported for the synthesis of furan derivatives.[11] The
most important strategies involving metal-catalyzed
cyclization of suitable precursors such as enynols, ep-
oxyalkynes, ketoalkynes or ketoallenes, and
others.[11a–e] Nishizawa reported the HgACHTUNGTRENNUNG(OTf)2-cata-
lyzed ketoalkyne cyclization leading to 2-methylfur-
ans.[11x] Wipf, Dixneuf and co-workers reported a Pd-
catalyzed cyclization reaction to afford substituted
furans.[11f,i,w] Cadierno found a highly efficient rutheni-
um-catalyzed method for the preparation of substitut-
ed furans from secondary propargylic alcohols and

Table 2. The synthesis of 5-methylene-4,5-dihydrofurans
from various 2-propynyl-1,3-dicarbonyl compounds: the
scope of substrates.

Entry R1 R2 Time [h] 3 Yield [%][d]

1 CH3 OMe 0.5 a 99[a]

2 n-C3H7 OMe 0.5 b 99[a]

3 Ph OMe 0.5 c 99[a]

4 p-CH3-C6H5 OMe 2.0 d 95[b]

5 p-CH3O-C6H5 OMe 5.0 e 83[b]

6 p-F-C6H5 OMe 0.5 f 99[a]

7 p-Cl-C6H5 OMe 0.5 g 99[a]

8 p-Br-C6H5 OMe 0.5 h 99[a]

9 m-CH3-C6H5 OMe 2.0 i 95[b]

10 m-CH3O-C6H5 OMe 2.0 j 90[b]

11 m-Cl-C6H5 OMe 1.5 k 99[a]

12 m-Br-C6H5 OMe 1.0 l 99[a]

13 o-CH3-C6H5 OMe 2.0 m 88[b]

14 o-CH3O-C6H5 OMe 2.0 n 85[b]

15 o-F-C6H5 OMe 1.0 o 95[b]

16 o-Cl-C6H5 OMe 1.5 p 91[b]

17 m-Cl-C6H5 OC2H5 1.0 q 99[a]

18 2-furyl OMe 1.0 r 99[a]

19 Ph Ph 2.0 s 90[c]

[a] CuACHTUNGTRENNUNG(OTf)2 (0.5 mol%), PPh3 (2 mol%), 2 (0.2 mmol) and
KO-t-Bu (10 mol%) stirred in MeOH/CH2Cl2 (1/1, v/v,
0.2 mL) at room temperature.

[b] CuACHTUNGTRENNUNG(OTf)2 (1 mol%), PPh3 (4 mol%), 2 (0.2 mmol) and
KO-t-Bu (10 mol%) stirred in MeOH/CH2Cl2 (1/1, v/v,
0.2 mL) at room temperature.

[c] CuACHTUNGTRENNUNG(OTf)2 (0.5 mol%), PPh3 (2 mol%), 2 (0.2 mmol) and
KO-t-Bu (10 mol%) stirred in MeOH/CH2Cl2 (1/1, v/v,
0.2 mL) at 0 8C.

[d] Isolated yield after flash column chromatography.

Table 3. The synthesis of substituted 5-methylene-4,5-dihy-
drofurans.[a]

Entry R 2 Time [h] 3 Yield [%]

1 phenyl 2t 6 3t 84
2 p-CH3CO-C6H5 2u 3 3u 90
3 p-CH3-C6H5 2v 12 3v 80
4 ethyl 2w 12 3w trace
5 n-propyl 2x 12 2x trace

[a] Reaction conditions: Cu ACHTUNGTRENNUNG(OTf)2 (5 mol%), PPh3 (20
mol%), 2 (0.2 mmol) and KO-tBu (10 mol%) stirred in
MeOH/CH2Cl2 (1/1, 0.2 mL) at room temperature.
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1,3-dicarbonyl compounds, etc.[12a] Encouraged by
these results, we tried to transform 5-methylene-4,5-
dihydrofurans into the corresponding furans via the
addition of an acid.[12] To our delight, 5-methylene-
4,5-dihydrofurans could be smoothly converted into
the corresponding furans in the presence of
CF3COOH in dry MeOH at room temperature within
24 h in good yields (Table 4, entries 1–4).

Conclusions

In summary, a general and highly efficient synthetic
method for substituted 5-methylene-4,5-dihydrofuran
compounds has been developed. This intramolecular
cyclization reaction was performed using readily
available materials (2-propynyl-1,3-dicarbonyl com-

pounds), an inexpensive catalyst (Cu2+ salt) and
ligand (PPh3) under very mild basic conditions in
good to excellent yields. Furthermore, the reaction ex-
hibited excellent functional group compatibility. Fur-
thermore, 5-methylene-4,5-dihydrofurans could be
easily converted into the corresponding furans under
acidic conditions. Future studies will focus on the de-
velopment of related transformations, and the appli-
cation of this methodology towards the synthesis of
natural products containing the dihydrofuran or furan
moiety.

Experimental Section

General Remarks

All reactions were performed under an air atmosphere
unless otherwise stated. All 1H and 13C NMR spectra were
recorded using Bruker 400 MHz and 75 MHz spectrometers.
Chemical shifts (d) are given in ppm, and coupling constants
(J) are given in Hertz (Hz). HR-MS were performed on a
Bruker Apex II mass instrument (ESI). MS were measured
on a VG-7070E spectrometer (EI at 70 eV); IR spectra
were recorded using a Nicolet NEXUS 670 FT-IR instru-
ment.

General Procedure for the Synthesis of Starting
Materials 2a–x

Under an argon atmosphere, propargyl bromide (5.1 mmol)
was added to a solution of 1 (5 mmol) and DBU (5.1 mmol)
in benzene (15 mL) and the solution was stirred at room
temperature for 24 h. After filtering off the DBU-HBr salt,
the solvent was evaporated and the residue was purified by
column chromatography (petroleum ether/ethyl acetate=
1/20, v/v) to afford the desired products 2.

Figure 1. Proposed mechanistic pathway.

Table 4. Dihydrofuran isomerisation studies.[a]

Entry 3 4 Yield [%]

1 3b b 80
2 3c c 85
3 3d d 80
4 3g g 88

[a] 3 (0.2 mmol) and F3CCOOH (20 mol%) stirred in dry
MeOH (3 mL) at room temperature for 24 h.
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The product 2a (70%) was isolated as a colourless oil
after column chromatography. IR (KBr): n=3288, 2957,
2926, 2122, 1745, 1718, 1435, 1361, 1154, 657 cm�1; 1H NMR
(400 MHz, CDCl3): d= 3.77 (s, 3 H), 3.73 (t, J= 7.6 Hz, 1 H),
2.72 (m, 2 H), 2.31 (s, 3 H), 2.02 (t, J=2.8 Hz, 1 H);
13C NMR (100 MHz, CDCl3): d= 200.85, 168.47, 80.23,
70.26, 57.97, 52.65, 29.52, 17.38; MS (EI): m/z (rel. intensity,
%)=154 (0.44), 139 (33.80), 123 (1.27), 95 (1.83), 43
(100.00).

Compounds 2b–2s could be synthesized via a similar
method. The propargyl bromide was replaced by other sub-
stituted propargyl bromide, and 2t–2x could be obtained.

The product 2t (yield: 63%) was isolated as a colourless
oil after column chromatography. IR (KBr): n=2954, 1745,
1719, 1490, 1437, 1358, 1272, 1224, 1152, 759, 693 cm�1;
1H NMR (400 MHz, CDCl3): d=7.37 (m, 2 H), 7.29 (m,
3 H), 3.81 (t, J=7.6 Hz, 1 H), 3.80 (s, 3 H), 2.96 (dd, J= 7.6,
2.0 Hz, 2 H), 2.36 (s, 3 H); 13C NMR (100 MHz, CDCl3): d=
201.33, 168.75, 131.60, 128.21, 128.03, 123.07, 85.59, 82.47,
58.28, 52.74, 29.69, 18.53.

General Procedure for the Synthesis of 5-Methylene-
4,5-dihydrofuran Compounds 3a–s

A mixture of Cu ACHTUNGTRENNUNG(OTf)2 (0.001 mmol) and PPh3

(0.004 mmol) in dry MeOH/CH2Cl2 (1/1, v/v, 0.2 mL) was
stirred for 10 min. Substrate 2 (0.2 mmol) and KO-t-Bu
(0.02 mmol) were added and the reaction mixture was
stirred at room temperature. After the completion of the re-
action (monitored by TLC), the reaction mixture was direct-
ly loaded onto a silica gel column and eluted with petroleum
ether/ethyl acetate/triethylamine (100:2:1) to afford the de-
sired product 3.

The product 3a (yield: 99%) was isolated as a colourless
oil after flash chromatography. IR (KBr): n= 2925, 2855,
1725, 1651, 1438, 1119, 1074, 1026, 723 cm�1; 1H NMR
(400 MHz, CDCl3): d=4.63 (dd, J= 5.6, 3.2 Hz, 1 H), 4.28
(dd, J=5.2, 2.8 Hz, 1 H), 3.74 (s, 3 H), 3.57 (dt, J= 2.8,
2.0 Hz, 2 H), 2.27 (t, J=2.0 Hz, 3 H); 13C NMR (100 MHz,
CDCl3): d= 166.04, 165.15, 159.81, 103.72, 85.95, 51.06,
33.33, 13.60; MS (EI): m/z (rel. intensity, %)= 154 (M+,
100.00), 139 (67.14), 123 (62.97), 95 (62.18); HR-MS (ESI):
m/z= 155.0703, calcd. for C8H11O3 [M+H]+: 155.0701.

Typical Procedure for the Synthesis of Substituted 5-
Methylene-4,5-dihydrofuran Compounds 3t–v

A mixture of CuACHTUNGTRENNUNG(OTf)2 (0.01 mmol) and PPh3 (0.04 mmol)
in dry MeOH/CH2Cl2 (1/1, v/v, 0.2 mL) was stirred for
10 min. Substrate 2t (0.2 mmol) and KO-t-Bu (0.02 mmol)
were added and the reaction mixture was stirred at room
temperature. After the completion of the reaction (moni-
tored by TLC), the reaction mixture was directly loaded
onto a silica gel column and eluted with petroleum ether/
ethyl acetate/triethylamine (100/2/1, v/v) to afford the de-
sired product 3t (yield: 84%) as a white solid. IR (KBr): n=
2952, 2924, 1717, 1695, 1656, 1442, 1232, 1086, 987, 698 cm�1;
1H NMR (400 MHz, CDCl3): d=7.52 (d, J= 7.6 Hz, 2 H),
7.31 (dd, J= 8.0, 7.2 Hz, 2 H), 7.16 (t, J=7.6 Hz, 1 H), 5.57
(s, 1 H), 3.75 (s, 5 H), 2.38 (s, 3 H); 13C NMR (100 MHz,
CDCl3): d=165.98, 165.07, 153.11, 134.90, 128.32, 127.72,
125.94, 103.87, 102.59, 51.17, 35.12, 13.81; MS (EI, 70 eV):

m/z (rel. intensity, %)= 230 (M+, 5.95), 215 (4.05), 128
(12.43), 105 (21.66); HR-MS (ESI): m/z= 253.0833, calcd.
for C14H14O3Na [M+ Na]+: 253.0835.

General Procedure for the Synthesis of 2,3,5-
Trisubstituted Furan compounds 4b, c, d, g

The compound 3 (0.2 mmol) was dissolved in dry MeOH
(3 mL). F3CCOOH (20 mol%) was added to the solution
and the reaction mixture was stirred at room temperature
for 24 h. The reaction was quenched with saturated aqueous
NaHCO3 solution. The crude product was purified by flash
column chromatography to afford the desired product 4.

The product 4b (yield: 80%) was isolated as a colourless
oil after flash chromatography. IR (KBr): n= 2960, 1719,
1584, 1439, 1386, 1239, 1207, 1094, 1053, 779 cm�1; 1H NMR
(400 MHz, CDCl3): d= 6.19 (d, J=0.8 Hz, 1 H), 3.79 (s, 3 H),
2.91 (t, J=7.6 Hz, 2 H), 2.24 (d, J= 0.8 Hz, 3 H), 1.68 (m,
2 H), 0.94 (t, J=7.6 Hz, 3 H); 13C NMR (100 MHz, CDCl3):
d= 164.72, 161.72, 149.96, 113.37, 106.05, 51.11, 29.43, 21.52,
13.73, 23.23; MS (EI): m/z (rel. intensity, %)= 182 (M+,
29.79), 167 (9.49), 153 (82.74), 151 (13.39), 123 (23.87), 43
(100.00); HR-MS (ESI): m/z=183.1017, calcd. for C10H15O3

[M+H]+: 183.1021; HR-MS (ESI): m/z=183.1016, calcd. for
C10H15O3 [M+H]+: 183.1017.
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