
Synthesis of Fused Polycycles from
Propargylic Compounds with Terminal
Alkynes via a Palladium-Catalyzed
Tandem C −H Activation/Biscyclization
Process
Li-Na Guo, † Xin-Hua Duan, † Xue-Yuan Liu, † Jie Hu, † Hai-Peng Bi, † and
Yong-Min Liang* ,†,‡

State Key Laboratory of Applied Organic Chemistry, Lanzhou UniVersity, Lanzhou
730000, China, and State Key Laboratory of Solid Lubrication, Lanzhou Institute of
Chemical Physics, Chinese Academy of Science, Lanzhou 730000, P.R. China

liangym@lzu.edu.cn

Received September 24, 2007

ABSTRACT

Various benzo[ b]fluorene and fluorene derivatives have been prepared from propargylic compounds with terminal alkynes through a novel
palladium-catalyzed tandem biscyclization reaction. This reaction involved a sequence of carboannulation, coupling, C −H activation and C −C
bond formation process. A plausible mechanism has been proposed that was consistent with the deuterium-labeling experiment.

Palladium-catalyzed C-C bond formation via C-H bond
activation is a highly attractive method in organic synthesis
since it can give the products directly from readily available
and unreactive starting materials without forming copious
amounts of byproducts.1 Recently, palladium-catalyzed tan-
dem cyclization involving C-H bond functionalization has
received considerable attention.2 However, most of those

transformations were initiated with aryl halides. To the best
of our knowledge, there has been no report on the tandem
biscyclization reaction involving C-H bond activation
initiated by propargylic compounds with terminal alkynes.3

Herein, we wish to report a novel palladium-catalyzed
tandem reaction involving a sequence of carboannulation,
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C-H activation, coupling, and carbopalladium cyclization.
In this process, more than one carbon-carbon bond can be
formed, and polycyclic aromatic rings can also be constructed
in a one-pot manner.

We initially focused on palladium-catalyzed cyclization/
coupling reaction of propargylic carbonate1a and pheny-
lacetylene (2a) to synthesize the highly substituted indene4
(Scheme 1).4,5 Surprisingly, when compound1awas treated

with 2a at 60 °C in DMF in the presence of Pd(PPh3)4 (5
mol %) and CuI (10 mol %), using Et3N as a base, the 2,3-
disubstituted indene4 was isolated in only 6% yield, and an
unexpected diethyl 5-benzyl 11H-benzo[b]fluorene-11,11-
dicarboxylate (3aa) was obtained as a major product. The
formation of polycyclic compound3aa shows that this
tandem reaction involved a novel C-H activation process
in which three carbon-carbon bonds and two carbocycles
were constructed. This result encouraged us to extend our
protocol to investigate this novel C-H activation reaction.
Consequently, we investigated the tandem cyclization reac-
tion of 1a and2a under various conditions.6 Pd(PPh3)4/CuI
and Pd(OAc)2/PPh3/CuI proved to be the best catalysts. Pd2-
(dba)3·CHCl3/CuI were less effective. DMF turned out to be
a better solvent than THF and dioxane. As a base, Et3N gave
the best result. It is noteworthy that the reaction in the
absence of CuI resulted in a dramatic decrease in the yield
of 3aa.

To evaluate the scope of this C-H activation process, a
number of different substrates were examined (Table 1). The
reaction of1awith various substituted terminal alkynes often
led to good yields of the polycyclic carbocycles (entries
1-5). The use of tetrahydropyranyl propargyl ether (2f) gave
the desired product in 67% yield (entry 6). Secondary
carbonates1b-e possessing various substituents at the
propargylic position also worked well to give the desired
products in good to excellent yields (entries 7-10). Prop-
argylic carbonate1f with different electron-withdrawing
groups also afforded the desired product3fa in 30% yield
(entry 11). Propargylic acetate1ghas also proven successful

and gave a similar yield to1a (entry 12). To our delight,
propargylic tertiary acetates1h and 1i also afforded the
products3haand3ia in moderate yields after longer reaction
times, perhaps due to steric hindrance (entries 13 and 14).7

In addition, a secondary propargyl acetate bearing a het-
eroaromatic substituent such as a furyl group also proceeded
well in this tandem reaction (entry 15).

Although the NMR spectroscopic data support the forma-
tion of polycyclic compounds3, the structure was unambigu-
ously confirmed through an X-ray crystal structure analysis
of compound3ca (Figure 1).8
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Scheme 1

Table 1. Tandem C-H Activation/Biscyclization Reaction of
Propargylic Compounds with Terminal Alkynesa

a Reaction conditions:1 (1.0 equiv),2 (2.0 equiv), Et3N (5.0 equiv),
Pd(OAc)2 (5 mol %), PPh3 (10 mol %), and CuI (10 mol %), in DMF, at
60 °C. b Isolated yield.
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Furthermore, secondary carbonates having a vinyl or a
styryl group such as5a and5b were also employed in this
reaction (Scheme 2). Satisfactorily, the hydrogen on the
simple double bond can also be activated under the above-

optimized conditions. The reaction proceeded smoothly to
give the 9H-fluorene derivatives6aa and6ba in 61% and
52% yields, respectively.

To study the mechanism of this C-H activation process,
labeled1a-D5 was used as a modified substrate (Scheme 3).
When compound1a-D5 was treated with2a under the
conditions used above,3aa-D5 was isolated in 81% yield.
In the 1H NMR spectra of3aa-D5, it was obvious that one
of the deuteriums in the ortho position of benzene-d5 has
been transferred to the benzyl position of the product. The
result indicated that there is an intramolecular proton transfer
in this C-H activation process.

A plausible mechanism for this new C-H activation
process is outlined in Scheme 4. It may be rationalized in

terms of the following steps: (a) cyclization of propargylic
carbonate under palladium catalysis to give the palladium

complex 7,3,4 (b) intramolecular proton transfer of the
palladium complex7 to form the palladacycle intermediate
8,2f (c) reaction of8 with the copper acetylide to give
intermediate9,2f (d) intramolecular coupling to generate
intermediate10, and (e) intramolecular carbopalladium
cyclization of 10 to produce intermediate11, followed by
reductive elimination and isomerization to furnish the desired
product and regenerate the Pd(0) catalyst. When the pal-
ladium complex7 picks up an active hydrogen from the
nucleophilic moiety or the reaction system, and then couples

Figure 1. Structure of3ca.

Scheme 2

Scheme 3
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with the copper acetylide directly, side product4 can be
formed.

In conclusion, we have developed a novel tandem biscy-
clization reaction of propargylic compounds with terminal
alkynes, which afforded a simple and efficient route to
polycyclic aromatic compounds. This study has demonstrated
for the first time that propargylic compounds can initiate a
tandem biscyclization process involving a C-H functional-
ization of benzene, heteroaromatic rings, or simple C-C
double bonds in the presence of a palladium catalyst. Further
investigation on the scope and the mechanism of the reaction
is process.
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