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ABSTRACT: An efficient synthesis of bisbenzopyrones by a
N-heterocyclic carbene (NHC)-catalyzed intramolecular hy-
droacylation−Stetter reaction cascade has been developed. A
series of symmetrical and unsymmetrical bisbenzopyrones
were obtained with good to excellent yields. Bisbenzopyran-4-
ol was synthesized efficiently.

Bisbenzopyrone and bisbenzopyran are important scaffolds
in natural products such as chamaejasmine and bisbenzo-

pyran-4-ol (Figure 1).1 These molecules display a wide range of
biological and medicinal activities in plant growth, develop-
ment, self-defense, and the treatment of wounds, burns, asthma,
and ulcers.2 Many remarkable endeavors have been made to
synthesize these natural products. The key step is how to
construct the bisbenzopyrone or bisbenzopyran core. Only a
few examples utilizing Ullmann-type coupling/reduction or
radical dimerization have been reported, although a long
reaction route or low yield was encountered (Scheme 1, eqs 1,
2).3 Therefore, the development of direct and efficient
synthetic methods to synthesize these molecules using simple
starting materials is highly desirable.
In recent decades, the NHC-catalyzed reaction has emerged

as a powerful strategy to assemble relatively complex
molecules.4 Among them, NHC-catalyzed intramolecular
Stetter reactions of aldehydes with various Michael acceptors
have been extensively studied.5 Remarkable advances have been
recorded in the NHC-catalyzed hydroacylation of unactivated
alkenes.6 Meanwhile, the NHC-catalyzed hydroacylation of
alkynes has also been developed.7 Recently, we have developed
several unconventional NHC-catalyzed reactions.8 To continue
our research interest in the development and application of
NHC-catalyzed reactions, herein, we report the first NHC-
catalyzed intramolecular hydroacylation−Stetter reaction cas- cade,9 which leads to the formation of bisbenzopyrones

efficiently.
Inspired by NHC-catalyzed addition reactions, it was

anticipated that bisbenzopyrone skeletons could be generated
via the NHC-catalyzed intramolecular hydroacylation−Stetter
reaction cascade of the corresponding alkynl bisbenzaldehydes,
which could be prepared easily from commercially available 1,4-
dibromobut-2-yne and 2-hydroxybenzaldehydes (Scheme 1, eq
3). Furthermore, unsymmetric bisbenzopyrones will be
obtained conveniently starting from different hydroxy-
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Figure 1. Selected bisbenzopyrone and bisbenzopyran natural
products.

Scheme 1. Construction of Bisbenzopyrone Skeleton
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benzaldehydes (R1 ≠ R2), which are difficult to obtain from
those dimerization strategies.
To test this hypothesis, 2,2′-(but-2-yne-1,4-diylbis(oxy))-

dibenzaldehyde (1a) was prepared as the model substrate. As
shown in Table 1, a screening of different NHC catalysts (3−6)
was first carried out (entries 1−4). To our delight, the desired
cascade reaction product bisbenzopyrone 2a was obtained in
51% yield as a diastereomeric mixture (syn/anti = 2:1) when
catalyst 6 was used in the presence of 40 mol % K2CO3 in THF
at 70 °C for 5 h (entry 4). The diastereomeric ratio (dr) was
determined by 1H NMR and HPLC using a chiral column, in
which three peaks were detected as a mixture of racemate and
meso isomers.10 Next, other bases such as Cs2CO3,

tBuOK,
DBU, and iPr2NEt were evaluated (entries 5−8); K2CO3 was
the optimal base for this cascade reaction. Increasing the
reaction temperature returned a measurable increase in yield
(entry 9). Then, various solvents were screened, and 1,4-
dioxane gave the best results (entry 13). Additionally, further
increasing the reaction temperature or the loading of K2CO3
had no obvious influence on the reaction (entries 14 and 15).
Lowering the catalyst loading to 10 mol % resulted in a lower
yield (entry 16). Unfortunately, attempts to optimize the
stereoselectivity were met with limited success.10

With the optimized reaction conditions in hand, we
examined this synthetic method with a range of substrates
with different substitution patterns of the aromatic ring

(Scheme 2). In general, a variety of symmetrical bisbenzopyr-
ones were successfully prepared via this cascade reaction.
Substrates with a methy or methoxyl substituent at the 3-
position of the phenyl ring resulted in the desired
bisbenzopyrones with high yields (2b, 2c). However, the
methoxyl substituted substrate at the 4-position resulted in a
lower yield (2d). The negative effects of the electron-donating
substitution at the para position on the yield may be attributed
to the low reactivity of the aldehyde with the NHC catalyst.
Substitutions of the phenyl ring at the 5-position worked well
(2e−2h); both electron-withdrawing and -donating substitu-
ents gave the corresponding products in good to excellent
yields. Moreover, the di-tert-butyl substituted substrate and the
1-naphthaldehyde substrate were also well tolerated (2i, 2j).
Satisfactorily, the reaction was readily scalable without losing
any efficiency (Scheme 2, 2a). The structure of syn-2a (major
isomer) was confirmed by X-ray analysis.10

Then, we turned our attention to the construction of
unsymmetrical bisbenzopyrones. As shown in Scheme 3,
installing various unsymmetrial substituents on the phenyl
ring had little influence on the reaction outcomes, and the
corresponding products were also formed in good to excellent
yields. Monomethoxyl substituted substrate 1k returned the
desired unsymmetrical bisbenzopyrone product 2k with 87%
yield. Substrates with different substituents at the 5-position of

Table 1. Optimization of the Reaction Conditionsa

entry NHC base solvent
temp
(°C)

time
(h)

yield
(%)b

1 3 K2CO3 THF 70 5 0
2 4 K2CO3 THF 70 5 0
3 5 K2CO3 THF 70 5 0
4 6 K2CO3 THF 70 5 51
5 6 Cs2CO3 THF 70 5 0
6 6 tBuOK THF 70 5 0

7 6 DBU THF 70 5 16
8 6 iPr2NEt THF 70 5 0

9 6 K2CO3 THF 80 2 66
10 6 K2CO3 toluene 80 2 0
11 6 K2CO3 CH3CN 80 2 21
12 6 K2CO3 DMF 80 2 trace
13 6 K2CO3 1,4-dioxane 80 2 82
14 6 K2CO3 1,4-dioxane 90 2 81
15c 6 K2CO3 1,4-dioxane 80 2 82
16d 6 K2CO3 1,4-dioxane 80 2 46

aReactions were carried out with 1a (0.10 mmol), NHC·HX (0.02
mmol), and base (0.04 mmol) in solvent (1.0 mL) under N2.

bIsolated
yield. c1.0 equiv of K2CO3 was used.

d6 (0.01 mmol), K2CO3 (0.02
mmol).

Scheme 2. Scope of Symmetric Substituted Aromatic
Aldehydesa

aReactions were carried out with 1 (0.10 mmol), 6 (0.02 mmol), and
K2CO3 (0.04 mmol) in 1,4-dioxane (1.0 mL) under N2 at 80 °C for 2
h. Yields of isolated products are reported. The dr value was
determined by 1H NMR or HPLC analysis; the major isomer is shown.
bReaction time is 4.0 h. c0.04 mmol 6 was used.
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one phenyl ring all worked well in this cascade reaction (2l−
2n). Substrates with a methoxyl substituent at the 3-position of
one phenyl ring, and monosubstituted, disubstituted at the
other phenyl ring or naphthyl ring, were well tolerated; the
desired unsymmetrical bisbenzopyrone products were obtained
with excellent results (2o−r). Substrates bearing substituents at
the 5- and 5′-position of the phenyl rings were also converted
to the products in good yields (2t, 2u).
A plausible catalytic cycle is depicted in Scheme 4. The

catalytic cycle starts with the addition of the NHC catalyst to
aldehyde 1a to generate Breslow intermediate A.11 The
nucleophilic Breslow intermediate A subsequently participates
in an intramolecular hydroacylation of unactivated alkyne to
give intermediate B, which affords the α,β-unsaturated ketone
C and liberation of the NHC catalyst. The configuration of C
remains unclear, and an attempt to trap C failed due to the next
Stetter reaction, which may be faster than the first step. Then,
the nucleophilic Breslow intermediate is formed again through
the addition of the NHC catalyst to C, which undergoes an
intramolecular Stetter reaction to give the desired bisbenzopyr-

one 2a and release of the NHC catalyst to complete the
catalytic cycle. The stereochemistry could arise from an
intramolecular proton transfer event from the enolate
intermediate E, in which the NHC moiety is too far away to
control the stereoselectivity.
In summary, we have developed an efficient strategy for the

synthesis of bisbenzopyrones by an NHC-catalyzed intra-
molecular hydroacylation−Stetter reaction cascade. This
reaction involves the construction of two benzopyrones
through two carbon−carbon bond formations. A variety of
symmetrical and unsymmetrical bisbenzopyrones were ob-
tained with good to excellent yields, and the obtained
bisbenzopyrone 2g could be transformed into the natural
product bisbenzopyran-4-ol by simple reduction (Scheme 5).
Further investigations on the mechanism and other NHC-
catalyzed cascade reactions are underway in our laboratory.
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Scheme 3. Scope of Unsymmetric Substituted Aromatic
Aldehydesa

aReactions were performed with compound 1 (0.10 mmol), 6 (0.02
mmol), and K2CO3 (0.04 mmol) at 80 °C in 1,4-dioxane (1.0 mL)
under N2 for 2 h. Yields of isolated products are reported. The dr value
was determined by 1H NMR or HPLC analysis; the major isomer is
shown.

Scheme 4. Proposed Catalytic Cycle

Scheme 5. Synthesis of Bisbenzopyran-4-ol
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