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Abstract: An efficient strategy for the synthesis of 2,6-disubstitut-
ed 2,3-dihydro-4H-pyran-4-ones has been developed, which relied
on Sonogashira coupling of alkynes and p-toluenethiol esters and
AgOTf-promoted 6-endo-dig cyclization of the derived b-hydroxy
ynones.
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Thiol esters serve as a stable and easy-to-handle surrogate
for acid chlorides in palladium-catalyzed reactions.1

Fukuyama and co-workers reported a mild and efficient
reduction of ethanethiol esters with triethylsilane in the
presence of Pd/C, which constitutes the prototype of
palladium-catalyzed reactions of thiol esters.2 Subse-
quently, they also reported that coupling of ethanethiol es-
ters with organozinc reagents3 or terminal alkynes4 under
palladium catalysis is also feasible, which allows for effi-
cient synthesis of unsymmetrical ketones. Meanwhile,
Liebeskind et al. have described palladium-catalyzed cou-
pling of p-toluenethiol esters with organotin5 or orga-
noboron reagents,6 which also provides access to
unsymmetrical ketones.

It is well known that 2,3-dihydro-4H-pyran-4-one deriva-
tives are the versatile intermediates for the synthesis of
functionalized tetrahydropyrans and spiroacetals. Several
methods, such as hetero-Diels–Alder reaction,7 palladi-
um-catalyzed oxidative cyclization of b-hydroxy enones,8

and intramolecular oxa-conjugate cyclization of b-hy-
droxy ynones,9 have been reported for the synthesis of
2,3-dihydro-4H-pyran-4-one derivatives, although prepa-
ration of suitable precursors for these reactions is difficult
in some cases.8b Herein, we report a new strategy for the
synthesis of 2,6-disubstituted 2,3-dihydro-4H-pyran-4-
ones, which relied on Sonogashira coupling of readily ac-
cessible terminal alkynes and p-toluenethiol esters and 6-
endo-dig cyclization of the derived b-hydroxy ynones, as
summarized in Scheme 1.

We initially examined palladium-catalyzed coupling of
thiol esters 1a–d and alkyne 2 as a model case (Table 1).
Coupling of ethanethiol ester 1a and 2 (2 equiv) under the
conditions reported by Fukuyama et al.4 [PdCl2(dppf), (2-
furyl)3P, CuI] in DMF–Et3N (5:1) at 50 °C for 22 hours

gave ynone 3 in 39% yield (entry 1). Prolonged reaction
time was necessary for consumption of 1a, during which
time 1,4-addition of ethanethiol to the product ynone 3
was observed as a side reaction. To improve the product
yield, we screened a variety of reaction conditions. We
found that p-toluenethiol ester 1b displays better reactivi-
ty than 1a; reaction of 1b and 2 under the same conditions
for 4 hours gave 3 in an improved 73% yield (entry 2).
Benzenethiol ester 1c and p-nitrobenzenethiol ester 1d
proved to be less efficient than 1b (entries 3 and 4). We
preferred to use p-toluenethiol esters in the following ex-
periments not only because of their good reactivity profile
but also because of easy handling of crystalline p-tolu-
enethiol. We found Pd2(dba)3·CHCl3 to be the optimal
source of palladium for the present reaction (entries 5 and
6). When a mixture of 1b and 2 was reacted in the pres-
ence of a Pd2(dba)3·CHCl3/(2-furyl)3P catalyst system and
CuI in DMF–Et3N (5:1) at 50 °C for 4.5 hours, the desired
ynone 3 was isolated in 77% yield (entry 5). Although
longer reaction time (22 h) was necessary, the reaction
proceeded even at room temperature to give 3 in a compa-
rable yield of 80% (entry 6).

Various combinations of terminal alkynes and p-tolu-
enethiol esters were tolerated under the optimized condi-
tions to deliver the corresponding ynone in 73–82% yield
(Table 2).10

For each ynone, the MPM group was removed by treat-
ment with DDQ to give the respective b-hydroxy ynone in
85–100% yield (Table 3). We found that b-hydroxy
ynones thus obtained underwent smooth 6-endo-dig cy-
clization upon exposure to AgOTf9a,b in CH2Cl2 at room
temperature, leading to 2,6-disubstituted 2,3-dihydro-4H-
pyran-4-one derivatives in excellent yields (94–100%).11

This 6-endo-dig cyclization could be performed either un-
der catalytic or stoichiometric conditions without affect-

Scheme 1 Our strategy for the synthesis of 2,6-disubstituted 2,3-di-
hydro-4H-pyran-4-ones
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ing the product yield (entry 2), but the reaction proceeded
faster under the latter conditions; the reaction completed
within 3.4 hours under the stoichiometric conditions,
while it took 9.5 hours to complete under the catalytic
conditions.

In conclusion, we have developed an efficient method for
the synthesis of 2,6-disubstituted 2,3-dihydro-4H-pyran-
4-one derivatives. We have found that efficiency of Sono-
gashira coupling of terminal alkynes and thiol esters could
be significantly enhanced by the use of p-toluenethiol es-
ters as an electrophilic component, affording the corre-
sponding b-alkoxy ynones in good yields. AgOTf-
promoted cyclization of the derived b-hydroxy ynones
furnished 2,6-disubstituted 2,3-dihydro-4H-pyran-4-ones
in excellent yields. Application of the present method to
the synthesis of natural products is currently under inves-
tigation.
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Table 2 Synthesis of Various Ynones

Entry Thiol 
ester
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Promoted 6-endo-dig Cyclization of b-Alkoxy Ynone 
(Table 3, Entry 1)
To a solution of ynone 10 (79.4 mg, 0.188 mmol) in CH2Cl2–
pH 7 buffer (10:1, v/v, 1.9 mL) cooled to 0 °C was added 
DDQ (48.4 mg, 0.207 mmol), and the resultant mixture was 
stirred at r.t. for 1 h. The reaction was quenched with sat. aq 
NaHCO3 solution. The whole mixture was filtered through a 
pad of Celite, and the filtrate was extracted with EtOAc. The 
organic layer was washed with brine, dried over Na2SO4, 
filtered, and concentrated under reduced pressure. 
Purification of the residue by flash chromatography on silica 
gel (10–30% EtOAc–hexanes) gave a b-hydroxy ynone 
(48.5 mg, 85%) as a yellow oil.
Spectroscopic Data for b-Hydroxy Ynone
IR (film): 3427, 2930, 2862, 2210, 1669, 1455, 1362, 1160, 
1097 cm–1. 1H NMR (500 MHz, CDCl3): d = 7.33–7.25 (m, 

Table 3 Synthesis of Various 2,6-Disubstituted 2,3-Dihydro-4H-
pyran-4-ones

Entry Ynone Product Yield 
step 1 
(%)

Yield 
step 2 
(%)

1 10

17

85 96a

2 11

18

92
98a

98b

3 12

19

90 97a

4 13

20

100 100a

5 14

21

96 98a

6 15

22

88 98b

7 16

23

88 94a

a Cyclization was performed using AgOTf (1.1 equiv) in CH2Cl2 at r.t.
b Cyclization was performed using AgOTf (0.1 equiv) in CH2Cl2 at r.t.
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5 H), 4.49 (s, 2 H), 4.12 (m, 1 H), 3.49 (t, J = 6.5 Hz, 2 H), 
3.06 (br, 1 H), 2.69 (d, J = 6.0 Hz, 2 H), 2.35 (t, J = 7.5 Hz, 
2 H), 1.79–1.67 (m, 2 H), 1.63–1.49 (m, 4 H), 1.45–1.37 (m, 
2 H), 0.90 (t, J = 7.5 Hz, 3 H). 13C NMR (125 MHz, CDCl3): 
d = 187.5, 138.2, 128.4 ( 2 C), 127.6 (2 C), 127.5, 95.5, 81.0, 
72.9, 70.1, 67.3, 52.3, 33.5, 29.6, 25.9, 21.9, 18.6, 13.4. ESI-
HRMS: m/z calcd for C19H26NaO3 [M + Na]+: 325.1774; 
found: 325.1770.
To a solution of the above b-hydroxy ynone (38.0 mg, 0.126 
mmol) in CH2Cl2 (12.6 mL) was added AgOTf (35.5 mg, 
0.138 mmol), and the resultant mixture was stirred at r.t. for 
3.2 h under exclusion of light. The reaction mixture was 
diluted with EtOAc and washed with brine. The organic 
layer was dried over Na2SO4, filtered, and concentrated 

under reduced pressure. Purification of the residue by flash 
chromatography on silica gel (30% EtOAc–hexanes) gave 
2,3-dihydro-4H-pyran-4-one 17 (36.5 mg, 96%) as a yellow 
oil.
Spectroscopic Data for 2,3-Dihydro-4H-pyran-4-one 17
IR (film): 2955, 1666, 1604, 1398, 1099, 737 cm–1. 1H NMR 
(500 MHz, CDCl3): d = 7.35–7.26 (m, 5 H), 5.29  (s, 1 H), 
4.49 (s, 2 H), 4.31 (m, 1 H), 3.50 (t, J = 5.0 Hz, 2 H), 2.43–
2.30 (m, 2 H), 2.25–2.15 (m, 2 H), 1.89–1.68 (m, 4 H), 1.53–
1.46 (m, 2 H), 1.35–1.28 (m, 2 H), 0.89 (t, J = 7.5 Hz, 3 H). 
13C NMR (125 MHz, CDCl3): d = 193.4, 177.9, 138.33, 
128.4 (2 C), 127.6 (2 C), 104.1, 104.0, 78.9, 73.0, 69.6, 41.0, 
34.5, 31.3, 28.4, 25.3, 22.1, 13.7. ESI-HRMS: m/z calcd for 
C19H27O3 [M + H]+: 303.1955; found: 303.1965.
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