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A domino sequence of cyclization of 1,6-enyne with 2-bromoarylaldehyde followed by the intramolecu-
lar Aldol-condensation has been realized in the presence of 5 mol % of palladium catalyst. This sequence
provides a convenient protocol to access polycyclic ring systems with readily available starting materials
under simple Pd(0)-catalyzed conditions. The intramolecular Aldol-condensation has been proposed as
the key step for the catalytic cycle.

� 2009 Elsevier Ltd. All rights reserved.
The [5-7-6] tricyclic ring systems are important structural
components and widely occur in a range of polycyclic natural
products, such as Dilatriol,1 Rameswaralide,2 Grayanotoxin,3 Gua-
nacastepene A,4 etc. Inspired by their interesting structure and di-
verse biological activities, a variety of synthetic approaches toward
[5-7-6] tricyclic ring systems has been developed.5 Although the
current methods can efficiently construct the [5-7-6] tricyclic ring
systems, they always require multi-steps synthetic route and some
complex substrates, which are not so easy to obtain. Thus, other
versatile and flexible methodologies to construct [5-7-6] tricyclic
ring systems using readily accessible building blocks are still
needed. Herein, we report an one-pot synthesis of [5-7-6] tricyclic
ring compound 3 from the commercially available 1,6-enyne 1 and
2-bromoarylaldehyde 2 under simple palladium-catalyzed condi-
tions Eq. 1:
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The so-called tandem Heck-isomerization process between the
aryl halides (ArX) and allylic or homoallylic alcohols has been
widely utilized to synthesize various aldehydes and ketones as
illustrated by the reaction of bromobenzene with propenol in Part
ll rights reserved.
A, Scheme 1.6 In general, these reactions are triggered by the oxi-
dative addition of Pd(0) to ArX, which leads to the formation of
Ar-Pd(II) intermediate A1. Then sequential insertion of double
bond to Ar-Pd(II) and selective b-H elimination will afford the eno-
late species C1. Finally, the isomerization of C1 gives the carbonyl
product.7 As part of our program to design new sequence of
cyclization of 1,6-enyne, we are particularly interested in the
transition-metal-catalyzed one-pot processes for both the synthe-
sis of structurally complex molecules and the entry into synthetic
building blocks.8 Intrigued by the mechanism of the above-men-
tioned Heck-isomerization process, we envisioned that the corre-
sponding vinyl-Pd(II) species A2 also would be presumably
formed when 1,6-enyne 1 and 2-bromoarylaldehyde 2 were
encountered with the presence of catalytic amount of Pd(0)-spe-
cies (Part B, Scheme 1). At this stage, we anticipated that the newly
formed enolate intermediate C2 would be trapped by the intramo-
lecular aldehyde group of the substrate 2 to deliver the [5-7-6]
tricyclic ring product 3.

To test our strategy, we start our investigation from the reaction
of 1,6-enyne 1a and 2-bromophenylaldehyde 2a. The treatment of
the substrates by using the combination of Pd(OAc)2 catalyst
(5 mol %), Bu4NBr (2.0 equiv), and NaOAc (2.5 equiv) furnishes
the desired product 3a in 39% yield (Table 1, entry 1). Interestingly,
PPh3 (15 mol %), normally working as the ligand to palladium,
almost has no effect to the yield (entry 2). However, the additive
LiCl takes a positive effect on the yield and the best results is con-
sequently obtained when 1 equiv LiCl is used (entry 3). The nature
of the base also seems to impose an important impact on the reac-
tion results. Other bases, such as NaHCO3, Na2CO3, K2CO3, NaOMe,
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Scheme 1. New strategy for the tandem Heck-isomerization process.
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and Et3N, were much less efficient than NaOAc (entries 7–12).
Bu4NBr exhibits better effect to the yield than Bu4NCl (entry 6).
The yield will dramatically drop without Bu4NBr (entry 5).9
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With the optimized conditions in hand, we next examined the
generality of this catalytic method for the synthesis of [5-7-6] tri-
cyclic ring using a variety of enynes 1 and 2-bromoarylaldehyde 2
(Table 2). Primary alkyl groups and phenyl group can be used as
substituents on the alkyne. The 1,6-enyne 1c with terminal alkyne
group gives the best results probably due to the smallest stereo
Table 1
Optimizations for Pd(OAc)2-Catalyzd reaction of 1a with 2aa

5 m
CHO

Br

Ph

X

Bu4NOH

1a 2a

B

Entry Bu4NBr (equiv) Base (equiv

1 2.0 NaOAc (2.5)
2 2.0 NaOAc (2.5)
3 2.0 NaOAc (2.5
4 2.0 NaOAc (2.5)
5 / NaOAc (2.5)
6c 2.0 NaOAc (2.5)
7 2.0 NaHCO3 (2.5
8 2.0 Na2CO3 (2.5
9 2.0 K2CO3 (2.5)

10 2.0 NaOMe (2.5
11 2.0 NEt3 (2.5)
12 2.0 NEt3 (8.0)

a Reaction conditions: 1a (0.3 mmol), 2a (0.45 mmol), and Pd(OAc)2 (0.015 mmol) in
b Isolated yield.
c Bu4NCl was used.
bulk (entry 3). Notably, nitrogen linked 1,6-enynes exhibit similar
reactivity under the reaction conditions (entry 4). With regard to
2-bromoarylaldehyde, both 2b and 2c also are good choices for
the construction of poly-cyclic systems. It is worth noting that
the novel domino sequence can be performed with 1,7-enynes
(Eqs. 2 and 3). Hence, other two different poly-cyclic systems10,
3ea and 3ec, are obtained in 38% and 37% yields, respectively.
These reactions provide valuable products in only one step from
readily available compounds.

Our mechanistic proposal for the reaction is as follows (Scheme
2). The interaction of 2-bromoarylaldehyde 2 with Pd(0)-species
leads to the formation of the aryl-Pd(II) intermediate. Insertion of
alkyne of 1,6-enyne substrate to aryl-Pd(II) bond produces the
vinylpalladium intermediate A2, which undergoes intramolecular
insertion of olefins to give B2. Then Ha-elimination selectively
occurs to release palladium catalyst and yields enolate intermedi-
ate C2. In the end, the newly formed enolate is expected to be
trapped through the intramolecular Aldol-condensation to give
the desired product 3.11

In summary, our effort to investigate the sequence of cycliza-
tion of 1,6-enyne has led us to the rational design of a new reaction
to produce [5-7-6] tricyclic ring systems. The feature of this proto-
col is to employ 1,6-enyne 1 and bromoarylaldehyde 2 as starting
materials which are readily available. With regard to the mecha-
ol% Pd(OAc)2
Br, DMF, 100ºC

CHO

Ph
X

3a

ase, Additive

) Additive (equiv) Yieldb (%)

/ 39
PPh3 (0.15) 35

) LiCl (1.0) 61
LiCl (3.0) 45
LiCl (1.0) 19
LiCl (1.0) 27

) LiCl (1.0) 17
) LiCl (1.0) 15

LiCl (1.0) <5
) LiCl (1.0) 18

LiCl (1.0) 17
LiCl (1.0) 19

DMF (3 mL) at 100 �C for 24 h.



Table 2
Synthesis of [5-7-6] tricyclic ring compound 3 from 1 and 2a
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a Reaction conditions: 1 (0.3 mmol), 2 (0.45 mmol), Pd(OAc)2 (0.015 mmol), NaOAc (0.75 mmol), Bu4NBr (0.6 mmol), and LiCl (0.3 mmol) in DMF (3 mL) at 100 �C for 24 h.
b Isolated yield.
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Scheme 2. Proposed mechanism for the formation of 3.
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nism, we believe that the intramolecular Aldol-condensation is a
key step to fulfill the whole of design plan. Further studies on
the application of products are ongoing in our laboratories and will
be reported in due course.
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