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Abstract: Treatment of methyl 2-[6-substituted-
3(Z)-hexen-1,5-diynyl]benzoates (1) with five mol%
of palladium chloride and three equivalents of
cupric chloride in refluxing acetonitrile gave
dibenzo ACHTUNGTRENNUNG[b,d]pyran-6-ones (2) in modest to good
yields.
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Many biologically active natural products and phar-
maceutically important compounds contain a dibenzo-
ACHTUNGTRENNUNG[b,d]pyran-6-one skeleton. Thus, the development of
syntheses of functionalized dibenzo ACHTUNGTRENNUNG[b,d]pyran-6-ones
has attracted much attention from organic chemists.[1]

Palladium-catalyzed cyclization reactions are very
powerful methods for the construction of heterocyclic
compounds.[2] Ma reported the use of a catalytic
amount of PdCl2 and equivalents of CuCl2 for the car-
bonylation of propargyl alcohols and amines to give
b-lactones[3] and b-lactams,[4] respectively. Similar re-
action conditions have been applied to the carbonyla-
tion of terminal alkynes[5] and the synthesis of 3-halo-
benzo[b]furans by Li.[6] Recently, we found that treat-
ment of 1,2-dialkynylbenzenes with five mol% of
PdCl2 and two equivalents of CuCl2 gave benzoful-
venes in good chemical yields.[7] Our continued inter-
est in the cyclization reactions of enediynes for the
synthesis of heterocycles[8] encouraged us to investi-
gate the cyclization reaction of methyl 2-[6-substitut-
ed-3(Z)-hexen-1,5-diynyl]benzoates (1) in the pres-
ence of catalytic amount of PdCl2 and three equiva-
lents of CuCl2 to give functionalized dibenzo-
ACHTUNGTRENNUNG[b,d]pyran-6-ones (2).
The synthesis of methyl 2-[6-alkyl-3(Z)-hexen-1,5-

diynyl]benzoates (1a–f) starting from methyl 2-iodo-
benzoate (3) is outlined in Scheme 1. A Sonogashira
coupling reaction of 3 with trimethylsilylacetylene
using Pd ACHTUNGTRENNUNG(PPh3)4 as the catalyst gave compound 4 in
91% yield. The silyl group was removed by treatment

of 4 with methanol in the presence of potassium car-
bonate to give 5 in 85% yield. Compound 5 was then
coupled with various vinyl chlorides 6a–f under the
Sonogashira coupling reaction conditions to give the
desired products 1a–f in 59–89% yields, respectively.
The synthesis of methyl 2-[6-aryl-3(Z)-hexen-1,5-di-
ACHTUNGTRENNUNGynyl]benzoates (1g–n) is outlined in Scheme 2. Com-
pound 5 was coupled with vinyl chloride 6g using
ACHTUNGTRENNUNGPd ACHTUNGTRENNUNG(PPh3)4 as the catalyst to give enediyne 7 in 76%
yield. Compound 7 was then treated with various aryl
iodides in the presence of a catalytic amount of Pd-
ACHTUNGTRENNUNG(PPh3)4 in methanol to give 1g–n in 50–90% yields.
Treatment of compound 1a with five mol% of

PdCl2 and three equivalents of CuCl2 in various or-
ganic solvents gave cyclization adduct 2a in 3–65%
yields. It was found that compound 2a could be ob-
tained in the highest yield (65%) in refluxing acetoni-
trile. The results are summarized in Table 1 and the
structure of compound 2a was unambiguously deter-
mined by X-ray crystallography[9] (Figure 1).
Other methyl 2-[6-substituted-3(Z)-hexen-1,5-diyn-

ACHTUNGTRENNUNGyl]benzoates 1b–i bearing different substituents on the

Scheme 1. Preparation of 1a–f.
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terminal alkynes have also been subjected to the cyc-
lization reaction under the optimal reaction condi-
tions. The results are summarized in Table 2. With the
exception of compound 1d, these reactions gave the
dibenzo ACHTUNGTRENNUNG[b,d]pyran-6-ones in modest to good yields.
The low yield of dibenzo ACHTUNGTRENNUNG[b,d]pyran-6-one 2d obtained
by cyclization of 1d could be due to steric hinderance
caused by the tert-butyl group, which adversely affects
the cyclization reaction. It was also found that if a
bulky substituent, such as isobutyl, is present at the 6-
position a small amount (8%) of an undesired prod-
uct (7c) was obtained. The structure of 7c was unam-
biguously determined by X-ray crystallography[9]

(Figure 2). Similar results were observed in the reac-
tions of 1d, 1g and 1h. Compounds 2d, 2g and 2h
were obtained in 11%, 65% and 45% yields along
with 7d, 7g and 7h in 15%, 11% and 13% yields, re-
spectively. Reaction of 1i under the same reaction
conditions gave cyclization adduct 2i in 50% yield,
however no five-membered ring adduct of the type 7
was observed. Compounds 1g, 1h and 1i all have an
aryl group at the alkyne terminus, but only 1i bearing
an electron-withdrawing group at the para position of
the aryl ring did not give the five-membered ring
adduct 7. This observation led us to explore substitu-
ent effects upon this cyclization reaction. Accordingly,
compounds 1j–n were prepared and subjected to the
cyclization reaction conditions. The results show that
compounds bearing an electron-donating group on
the aryl ring, such as 1j and 1k, gave dibenzo-
ACHTUNGTRENNUNG[b,d]pyran-6-ones 2j and 2k as the major products
along with the minor adducts 7j and 7k in 8% and

Scheme 2. Preparation of 1g–n.

Table 1. Solvent effects on the cyclization reactions.

Solvent Temp [oC] Time [h] Yield [%]

CH3CN reflux 1 65
THF reflux 1 45
Et2O reflux 12 30
Toluene 80 24 24
DMF 80 24 23
Benzene reflux 24 22
DMSO 80 24 9
CH2Cl2 reflux 24 9
CH3OH reflux 24 3

Figure 1. ORTEP plot of the X-ray crystal structure of 2a.

Table 2. Synthesis of various dibenzo ACHTUNGTRENNUNG[b,d]pyran-6-ones.

Compounds R Products (Yield [%])

1a ACHTUNGTRENNUNG(CH2)4CH3 2a (65)
1b ACHTUNGTRENNUNG(CH2)5CH3 2b (63)
1c CH2CH ACHTUNGTRENNUNG(CH3)2 2c (40) 7c (8)
1d C ACHTUNGTRENNUNG(CH3)3 2d (11) 7d (15)
1e ACHTUNGTRENNUNG(CH2)4OH 2e (47)
1f CH2OH 2f (76)
1g C6H5 2g (65) 7g (11)
1h 4-CH3OC6H4 2h (47) 7h (13)
1i 4-CF3C6H4 2i (50)
1j 2-CH3C6H4 2j (32) 7j (8)
1k 4-CH3C6H4 2k (39) 7k (10)
1l 2-CF3C6H4 2l (35)
1m 2-pyridinyl 2m (42)
1n 2-thienyl 2n (28) 7n (trace)
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10% yields, respectively. Compound 1l bearing a tri-
fluoromethyl group at the 2-position of the phenyl
ring gave only the dibenzo ACHTUNGTRENNUNG[b,d]pyran-6-one 2l albeit
in lower yield (35%). The low yield of this reaction
could be due to steric hinderance caused by the ortho
substituent. The electron-deficient pyridinyl ring has
also been employed in this cyclization reaction. Cycli-
zation of compound 1m gave compound 2m as the
only product. Compound 1n containing a more elec-
tron-rich thienyl group gave 2n in 28% yield and a
trace amount of the five-membered ring adduct 7
could be observed in the 1H NMR spectrum of the
crude reaction mixture.
Compound 1o has also been prepared by the palla-

dium-catalyzed coupling reaction of 5 with 2-(1-hept-
ACHTUNGTRENNUNGynyl)-1-iodobenzene (8). Treatment of 1o with five
mol% of PdCl2 and three equivalents of CuCl2 under
optimal reaction conditions gave the 6H-
benzo[d]naphthol ACHTUNGTRENNUNG[1,2-b]pyran-6-one product 2o in
63% yield. (Scheme 3) Finally, compound 2f was con-
verted to the seven-membered ring lactone 9f in 82%
yield by treatment with methanol in the presence of
potassium carbonate [Eq. (1)].

We have also carried out control experiments by
simply treating 1a with three equivalents of CuCl2 in
the absence of PdCl2 in refluxing CH3CN for 1 h. The
monocyclized product 10a was obtained in 64% yield
along with 10b in 32% yield [Eq. (2)]. However,

treatment of 1a with one equivalent of PdCl2 under
the same reaction conditions, gave compound 2a in
61% yield as the only product. As a result of these
control experiments, we find that PdCl2 is required
for the formation of the dibenzo ACHTUNGTRENNUNG[b,d]pyran-6-ones.
The proposed mechanism for the formation of prod-
ucts 2 and 7 is outlined in Scheme 4. Initially, palla-
dium(II) coordinates with the triple bond of the sub-
strate (1) to form complex 10. The carbonyl oxygen
of the ester functionality then attacks C-2 of the
alkyne to form oxonium ion 11. This vinyl palladium
intermediate may then undergo either 6-endo or 5-
exo cyclization to form intermediate 12 or 14, respec-
tively. In the presence of CuCl2, the C�Pd bond
would be cleaved to form a C�Cl bond to provide in-
termediate 13. Finally, the methyl group of 13 is then
removed by nucleophilic attack of chloride to give
compounds 2. On the other hand, cleavage of the C�
Pd bond of intermediate 14 by CuCl2, followed by re-
moving the methyl group of 15 by nucleophilic attack

Figure 2. ORTEP plot of the X-ray crystal structure of 7c.

Scheme 3. Synthesis of compound 2o.
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of chloride would give fulvene 16. Compound 16 may
react with CuCl2 to give trichloro products 7. Basical-
ly, the second cyclization step favors the 6-endo path-
way to provide the aromatized product. However,
when the substituent on the terminal alkyne is a more
sterically hindered alkyl group or a more electron-
rich aryl ring, the 5-exo adducts are obtained as minor
products.
In conclusion, we have developed an efficient syn-

thetic method for the construction of the dibenzo-
ACHTUNGTRENNUNG[b,d]pyran-6-one ring system. This method involves a
one-step palladium-catalyzed tandem cyclization reac-
tion of enediynes. Yields are from modest to good.
We have also observed substituent effects on this cyc-
lization reaction. The application of this methodology
to the synthesis of natural products is currently under
investigation.

Experimental Section

Coupling Reaction of Methyl 2-Ethynylbenzoate (5)
with Vinyl Chloride (6) (Method A)

To a stirred solution of vinyl chloride (7.5 mmol) in anhy-
drous ether (20 mL) in the presence of Pd ACHTUNGTRENNUNG(PPh3)4 (5 mol%)
was added a solution of methyl 2-ethynylbenzoate (1.2 g,
7.5 mmol) , CuI (5 mol%) and n-butylamine (0.5 mL) in an-
hydrous ether (20 mL). The resulting solution was stirred at
room temperature for 6 h, quenched with saturated NH4Cl

solution and extracted with EtOAc (60 mLM3). The com-
bined organic extracts were washed with saturated Na2CO3

solution and dried over anhydrous MgSO4. After filtration
and removal of solvent, the residue was purified by column
chromatography (silica gel 400 mesh, 1:30 EtOAc:hexane as
eluent) to give the products.

Cyclization of Methyl 2-[6-Substituted-3(Z)-hexen-
1,5-diynyl]benzoate (Method B)

The reaction mixture of methyl 2-[6-substituted 3(Z)-hexen-
1,5-diynyl]benzoate (0.36 mmol), PdCl2 (3.16 mg, 5 mol%)
and CuCl2 (145 mg, 1.08 mmol) in CH3CN (5 mL) was
heated to reflux and stirred at this temperature for 1 h.
After cooling to room temperature, the reaction mixture
was quenched with saturated NH4Cl solution and extracted
with EtOAc (30 mLM2). The combined organic extracts
were dried over anhydrous MgSO4. After filtration and re-
moval of solvent, the residue was purified by column chro-
matography (silica gel 400 mesh, 1:30 EtOAc:hexane as
eluent) to give the products.
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