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Treatment of a wide range of functionalized hydroxyal-
lenic esters with 5 mol% Ph3PAuCl and 5 mol %AgOTf
in CH2Cl2 at 25 �C for 1 h produced selectively 2-alkyl-
and aryl-3-ethoxycarbonyl-2,5-dihydrofurans in good to
excellent yield through intramolecular hydroalkoxylation
by a 5-endo mode.

Because functionalized 2,5-dihydrofuran is an important
structural motif frequently found in natural products and
has been used as an essential skeleton in pharmaceutics,
development of efficient and versatile synthetic methods for
these compounds has been continuously required,1 and
many synthetic strategies for functionalized 2,5-dihydrofur-
ans have been reported in the literature.2 First, Krause and

Hoffmann-Roder developed a novel gold-catalyzed cycliza-
tion reaction of highly functionalized R-hydroxyallenes to
the corrersponding 2,5-dihydrofurans.3 On the basis of these
results, valuable cyclization reactions of a variety of hydro-
xyallenes4 and mercaptoallenes5 were demonstrated. We
described a selective synthesis of 2,5-dihydrofuran having
two substituents at the 2- and 3-positions via 5-endo intra-
molecular hydroalkoxylation of allenyne-1,6-diols catalyzed
by gold.6 Recently, the R-hydroxybenzyl allenic esters pos-
sessing hydroxy and methoxy group as electron-donating
group were cyclized to ethyl 2-naphthoates through gold-
catalyzed 6-endo intramolecular hydroarylation.7 However,
an efficient syntheticmethod for 2,5-dihydrofurans is needed
to overcome the difficult introduction of specific substituents
or the requirements of multistep synthesis. Furthermore,
many synthetic methods required preorganized hydroxyal-
lenes possessing functional groups on the 2- and 3-positions.
Therefore, an alternate method having various functional
group variations on the 2,5-dihydrofuran nucleus is highly
desirable to study structural and biological activity. Espe-
cially, a direct preparation of 3-ethoxycarbonyl-2,5-dihydro-
furans from hydroxyallenes through intramolecular hydro-
alkoxylation is more challenging because of their reactivity
as aMichael acceptor. In the pursuit of an ongoingmedicinal
chemistry program, we have been recently interested in
introducing a wide range of substituents on the 2- and
3-positions, especially an ethoxycarbonyl group on the
3-position, of 2,5-dihydrofuran. In this respect, we envi-
sioned that functionalized R-hydroxy allenic esters might
be cyclized to functionalized 2,5-dihydrofurans through
cyclization. In this paper, we report an efficient synthesis
of 2-alkyl- and aryl-3-ethoxycarbonyl-2,5-dihydrofurans
through gold-catalyzed intramolecular hydroalkoxylation
by the 5-endo mode (Scheme 1).

First, the functionalized R-hydroxyaryl allenic esters
were selectively prepared from reaction of aldehydes with
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organoindium reagent generated in situ from indium and
ethyl 4-bromobutynoate.8 Intramolecular hydroalkoxyla-
tion 1a and 1b with gold catalyst was initially examined
(Table 1). Treatment of 1a with 5 mol % AuCl3 afforded 2a

in 15% yield (entry 1). Although treatment of 1a with 5 mol
% AuCl3 and 15 mol % AgOTf gave ethyl 2-ethynyl-3-
phenylpropenoate in 30% yield (entry 2), use of 5 mol %
Ph3PAuCl and 5 mol % AgOTf gave 5-endo intramolecular
hydroalkoxylated product 2a in 80% yield in CH2Cl2 at 25 �C
for 1 h (entry 3). Allenic ester 1b having 3-methoxyphenyl
groupwas treatedwith 5mol%of Ph3PAuCl and 5mol%of
AgBF4 to give ethyl 5-methoxy- and 7-methoxy-2-naphthoate
in 10% and 40% yields, respectively, through intramolecular
hydroarylation by the 6-endo mode and 2b in 32% yield
through intramolecularhydroalkoxylationby the5-endomode
(entry 5). To suppress hydroarylation and increase hydroalk-
oxylation, a variety of silver salts such as AgOTf, AgAsF6,
AgSbF6, and AgPF6 were examined (entries 4, 6, 7, and 8). Of
the reactions screened, the best results were obtained from
treatment of 1b with 5 mol % Ph3PAuCl and 5 mol % AgOTf
inCH2Cl2at25 �Cfor1hundernitrogenatmosphere,producing
selectively 2b in 78% yield by the 5-endo mode together with
ethyl 2-naphthoate in 12% yield by the 6-endomode (entry 4).

To demonstrate the efficiency and scope of the present
method, we applied this catalytic system to a wide range of

hydroxyallenes (Table 2). Reaction of ethyl 2-hydroxy-
methyl-2,3-butadienoate (1c) with 5 mol % Ph3PAuCl and
5mol%AgOTf provided 3-ethoxycarbonyl-2,5-dihydrofur-
an (2c) in 70% yield by the 5-endomode (entry 1). Under the
optimum reaction conditions, various hydroxyallenes 1d, 1e,
and 1f obtained from aliphatic aldehydes such as n-butanal,
hydrocinnamaldehyde, and cyclohexancarbaldehyde were
converted to 2-alkyl-3-ethoxycarbonyl-2,5-dihydrofuran
catalyzed by gold in good to excellent yields (entries 2, 3,
and 4). Next, intramolecular hydroalkoxylation of a wide
range of hydroxyallenes obtained from aromatic aldehydes
were examined (entries 5-11). The presence of 4-chloro and
2-iodo groups on the phenyl ring did not affect either the
reaction rate or product yield (entries 5 and 6).Hydroxyallenes
(1i and 1j) having a carbonyl group such as 4-acetyl and
4-ethoxycarbonyl on the aromatic ring were smoothly con-
verted to the corresponding dihydrofurans 2i and 2j in 89%
and 97% yield, respectively (entries 7 and 8). Compound 1k

generated from 4-nitrobenzaldehyde was treated with gold
catalyst to produce 2k in 85% yield (entry 9). In the case of
hydroxyallenes derived from aromatic aldehydes possessing
a methyl group as an electron-donating group, yield of
product was low (2l, 49% and 2m, 28%). Therefore,
10 mol % Ph3PAuCl and 10 mol % AgOTf was required to
complete the intramolecular hydroalkoxylation with the
same efficiency. It was gratifying to selectively obtain 2,5-
dihydrofuran 2l possessing a 4-methyl group in 83% yield
(entry 10). When hydroxyallene 1m bearing three methyl
groups was subjected to gold catalyst, the corresponding
3-ethoxycarbonyl-2,5-dihydrofuran2mwas selectivelyobtained
in77%yield (entry11).However,when1bwas treatedwithgold
catalyst, ethyl 2-naphthoate was contaminated in 12% yield
through intramolecular hydroarylation by the 6-endo mode,
indicating that the reaction pathway (hydroalkoxylation by the
5-endomode vshydroarylationby the 6-endomode)was divided
between the methyl and methoxy groups.

Next, 2-fold intramolecular hydroalkoxylations were
briefly examined (Scheme 2). 1,4-Diformylbenzene was trea-
ted with organoindium reagent generated in situ from ethyl
4-bromobutynoate (1.5 equiv) and indium (1 equiv) in the
presence of lithium iodide (3 equiv) to produce selec-
tively hydroxyallene 2n in 77% yield, which was smoothly
converted to 2-(4-formylphenyl)-3-ethoxycarbonyl-2,5-dihy-
drofuran (2o) in 85% yield by the 5-endo mode. Again,
indium-mediated allenyl addition to 2o to afford 2p in 60%

TABLE 1. Synthesis of 2-Aryl-3-ethoxycarbonyl-2,5-dihydrofuran via Gold-Catalyzed Cyclization

entry catalyst Ar time (h) yield (%)a

1 5 mol % AuCl3 Ph (a) 15 15
2 5 mol % AuCl3/15 mol %AgOTf Ph 10 30b

3 5 mol % Ph3PAuCl/5 mol % AgOTf Ph 1 80
4 5 mol % Ph3PAuCl/5 mol % AgOTf 3-MeO-C6H4 (b) 1 78 (3)c (9)d

5 5 mol % Ph3PAuCl/5 mol % AgBF4 3-MeO-C6H4 1 32 (10)c (40)d

6 5 mol % Ph3PAuCl/5 mol % AgAsF6 3-MeO-C6H4 1 50 (5)c (27)d

7 5 mol % Ph3PAuCl/5 mol % AgSbF6 3-MeO-C6H4 1 33 (9)c (35)d

8 5 mol % Ph3PAuCl/5 mol % AgPF6 3-MeO-C6H4 1 68 (3)c (14)d

aIsolated yield. bEthyl 2-ethynyl-3-phenylpropenoate. cEthyl 5-methoxy-2-naphthoate. dEthyl 7-methoxy-2-naphthoate.

SCHEME 1. Selective Synthesis of 2-Alkyl- and Aryl-3-ethoxy-

carbonyl-2,5-dihydrofurans

(8) MacInnes, I.; Walton, J. C. J. Chem. Soc., Perkin Trans. 2 1987, 1077.
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yield (dr = 2:1) and sequential gold-catalyzed intramolecu-
lar hydroalkoxylation by the 5-endo mode produced 1,4-
bis(3-ethoxycarbonyl-2,5-dihydrofuran-2-yl)benzene (2q) in
76%yield (dr=2:1).When 1,4-diformylbenzenewas treated
with In (2 equiv), lithium iodide (6 equiv), and ethyl 4-bro-
mobutynoate (3 equiv) for 2-fold allenylation, the desired
diallenyl compound was produced in 18% yield together
with 2n in 70% yield.

In summary, we developed an efficient synthetic method
of 2-alkyl- and aryl-3-ethoxycarbonyl-2,5-dihydrofurans
through gold-catalyzed intramolecular hydroalkoxylation
of hydroxyallenes by a 5-endo mode. This method would
pave a new way to synthetically valuable processes of a wide
range of functionalized 2,5-dihydrofuran derivatives.

Experimental Section

3-Ethoxycarbonyl-2,5-dihydrofuran (2c). To a solution of
5 mol % triphenylphosphine gold chloride (12.4 mg, 0.025
mmol) and 5 mol % silver trifluoromethanesulfonate (6.4 mg,
0.025 mmol) in dry dichloromethane (2.5 mL) under nitrogen
atmosphere was added ethyl 2-hydroxymethyl-2,3-butadieno-
ate (71.1 mg, 0.5 mmol). The reaction mixture was stirred at
room temperature for 1 h. Then, the reaction mixture was
filtered and concentrated under reduced pressure. The residue

SCHEME 2. Synthesis of 1,4-Bis(3-ethoxycarbonyl-2,5-dihy-
drofuran-2-yl)benzene Catalyzed by Gold

TABLE 2. Synthesis of 3-Ethoxycarbonyl-2,5-dihydrofurans Having 2-Alkyl and Aryl Group via Gold-Catalyzed Cyclization of Hydroxyallene

a10 mol % Ph3PAuCl and 10 mol % AgOTf was used.
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was purified by flash column chromatography on silica gel
(ethyl acetate:hexane =1:7) to give 3-ethoxycarbonyl-2,5-dihy-
drofuran (49.8 mg, 70%). 1H NMR (400 MHz, CDCl3) δ 6.83
(s, 1H), 4.81 (s, 4H), 4.23 (q,J=7.11Hz, 2H), 1.31 (t,J=7.11Hz,
3H); 13C NMR (100 MHz, CDCl3) δ 162.5, 137.8, 133.1, 76.2,
74.1, 60.7, 14.2; IR (film) 3432, 2924, 1716, 1644, 1376, 1267,
1111, 1065, 895 cm-1; HRMS (EI): m/z calcd for C7H10O3

142.0630, found 142.0635.
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