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ABSTRACT

Indene derivatives including an allene functional group are readily prepared in moderate to excellent yields with high regioselectivity under
very mild reaction conditions by the Pd/C-catalyzed reaction of propargylic compounds. The resulting products can be further elaborated
using Pd-catalyzed annulation reactions.

Allenes have received considerable attention in recent
years.1-3 The interesting reactivity of allenes originates
mainly from their unique strained structure, and thus
continuous efforts have been made to construct the 1,2-dienic
moieties. Allenes are usually prepared by one of the
following methods: (1) elimination of substituted alkenyl
triflates/halides or allylic halides;4 (2) reductive elimination

of two vicinal halogen atoms from 2,3-dibromoalkenes;5 (3)
addition of organometallic reagents or metal hydrides to
propargylic halides and analogues;6 (4) rearrangement of
acetylenic systems;7 (5) reaction of 1,1-dihalocyclopropanes
with MeLi;8,9 (6) addition of organolithiums to vinylacety-
lenes;10 and (7) coupling reaction of allenic metallic reagents
with organohalides.11

To the best of our knowledge, there is no report about the
synthesis of allenyl indene derivatives.† Lanzhou University.
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Pd-catalyzed reactions of propargylic compounds have
been shown to be extremely effective for the construction
of carbon-carbon and carbon-heteroatom bonds.12 In this
process, however, expensive and air-sensitive Pd catalysts,
environmentally harmful phosphine ligands, and high tem-
perature were usually used. In connection with our research
on carboannulation reactions,13 we herein report a novel
cyclization reaction of propargylic compounds for the
synthesis of indene derivatives with high regioselectivity in
the presence of a phosphine-free catalyst Pd/C under ambient
conditions of temperature and air. An allene functional group
was also formed in the product that could be engaged in
post-transformations (Scheme 1).

Our initial study began with the reaction of 3-(2-(2,2-di-
(ethoxycarbonyl)ethyl)phenyl)prop-2-ynyl ethyl carbonate
(1a, 0.5 mmol) and 10% Pd/C (0.05 equiv) in the absence
of base in DMF at room temperature in air. The desired
product2a was isolated in a 69% yield with high regiose-
lectivity (Table 1, entry 1). K2CO3 and Cs2CO3 were in-

vestigated as bases. Cs2CO3 provided an excellent yield and
short reaction time (entries 2 and 3). Other solvents such as
THF and toluene were less effective (entries 4 and 5). Next,

the catalytic activity of palladium catalysts was examined
(entries 6-9). Pd(PPh3)4 and Pd2(dba)3 also showed good
results. Other palladium catalyst systems such as Pd2(dba)3/
dppf and Pd(OAc)2/PPh3 gave poor yields. Finally, the
amount of Pd/C was examined (entries 10-12). We found
that 0.5 mol % of Pd/C also afforded product in an excellent
yield. Although 0.2 mol % of Pd/C proved to be effective,
the use of 0.5 mol % of Pd/C realized high yield with good
reproducibility. The optimum reaction conditions thus far
developed employ 1.0 equiv of1a, 2.0 equiv of Cs2CO3,
and 0.5 mol % of Pd/C in DMF at room temperature in air.

Under the optimized reaction conditions above, the breadth
and scope of the reaction of substituted secondary and tertiary
propargyl substrates were investigated next. Substituted
secondary carbonates, having methyl or phenyl substituents,
produced high yields of the indene derivatives (Table 2

entries 2-6). Similarly, 2-furyl-substituted propargyl com-
pound1g led to desired product2g in 80% yield (entry 7).
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Scheme 1

Table 1. Optimization of the Pd-Catalyzed Cyclization of
Propargylic Carbonate1aa

entry catalyst base solvent
Pd

(mol %)
time
(h)

yieldb

(%)

1 Pd/C DMF 5 14 69
2 Pd/C K2CO3 DMF 5 3 88
3 Pd/C Cs2CO3 DMF 5 2 96
4 Pd/C Cs2CO3 THF 5 8 43
5 Pd/C Cs2CO3 toluene 5 8 56
6 Pd(PPh3)4 Cs2CO3 DMF 5 2 96c

7 Pd2(dba)3 Cs2CO3 DMF 5 2 92c

8 Pd2(dba)3/dppf Cs2CO3 DMF 5 14 24c

9 Pd(OAc)2/PPh3 Cs2CO3 DMF 5 14 9c

10 Pd/C Cs2CO3 DMF 1 3 96
11 Pd/C Cs2CO3 DMF 0.5 6 96
12 Pd/C Cs2CO3 DMF 0.2 10 64

a Reactions were carried out on a 0.5 mmol scale in 3.0 mL of solvent
at room temperature in air for the specified period of time with 1.0 equiv
of 1a, 2.0 equiv of base, and [Pd].b Isolated yields.c The reactions were
run under argon.

Table 2. Pd-Catalyzed Cyclization of Propargylic Compounds1

entry 1 Ca time (h) 2 yieldb (%)

1 R1 ) CO2Et,
R2 ) H, R3 ) H 1a

A 6 2a 96

2 R1 ) CO2Et,
R2 ) H, R3 ) Me 1b

A 6 2b 92

3 R1 ) CO2Et,
R2 ) H, R3 ) Ph 1c

A 6 2c 89

4 R1 ) CO2Et,R2 ) H,
R3 ) p-Tol 1d

A 6 2d 91

5 R1 ) CO2Et,
R2 ) H, R3 ) p-ClC6H4 1e

A 6 2e 95

6 R1 ) CO2Et,
R2 ) H, R3 ) p-BrC6H4 1f

A 6 2f 93

7 R1 ) CO2Et,
R2 ) H, R3 ) 2-furyl 1g

A 6 2g 80

8 R1 ) COMe,
R2 ) Me, R3 ) Me 1h

B 8 2h 75

9 R1 ) COMe,
R2 ) R3 ) (CH2)4 1i

B 10 2i 73

10 R1 ) COMe,
R2 ) R3 ) (CH2)5 1j

B 10 2j 78

11 R1 ) COMe,
R2 ) Ph, R3 ) Ph 1k

B 12 2k 66

12 R1 ) CO2Me,
R2 ) R3 ) H 1l

A 6 2a 93

13 R1 ) COMe,
R2 ) R3 ) H 1m

A 6 2a 91

14 R1 ) COPh,
R2 ) R3 ) H 1n

A 6 2a 86

15 R1 ) PO(OEt)2,
R2 ) R3 ) H 1o

A 4 2a 93

a Conditions A: 1 (0.5 mmol), Cs2CO3 (2.0 equiv), and Pd/C (0.5 mol
%) in DMF (3 mL) at room temperature in air. Conditions B:1 (0.5 mmol),
Cs2CO3 (2.0 equiv), and Pd2(dba)3 (5 mol %) in DMF (3 mL) at 100°C
under argon.b Isolated yields.
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The reactions of tertiary propargyl acetates1h, 1i, and1j
have also been studied. Good yields of the expected products
have been obtained in the presence of Pd2(dba)3 (entries
8-10). Fortunately, 1,1-diaryl-1,2-allene2k was also ob-
tained in a moderate yield (entry 11).14 Pd/C showed poor
results in the reactions of tertiary propargyl compounds.
Table 2 also shows results of propargyl substrates involving
different leaving groups. The reactions of propargyl carbonate
1l, propargyl acetate1m, propargyl benzoate1n, and
propargyl phosphate1o gave the desired products2a in
excellent yields (entries 12-15).

The facility with which this carboannulation process occurs
encouraged us to attempt a double cyclization. When
compound1p was reacted in the presence of 1.0 mol % of
Pd/C and 4.0 equiv of Cs2CO3 in DMF at room temperature
in air for 7 h, the double-annulation product2p was formed
in 83% yield (Scheme 2).

An interesting feature of this process is the fact that the
indene derivatives produced by carboannulation can be
further elaborated by using various Pd-catalyzed processes.
For example, the reaction of2awith 2-iodophenols afforded
the spirocyclic products3 in moderate yields (Scheme 3).

The mechanism shown in Scheme 4 is proposed for this
process. It consists of the following key steps: (a) palladium-

(0) initially promotes decarboxylation of propargylic com-
pound1 to generate an allenylpalladium complex4;15,16 (b)
regioselective intramolecular nucleophilic attack of the
carbanion forms product2.

In conclusion, we have developed a novel Pd/C-catalyzed
reaction without phosphine ligands for the synthesis of indene
derivatives from propargylic compounds with high regiose-
lectivity under ambient conditions of temperature and air. It
is noteworthy that lower catalyst loadings were used in this
process. Further studies into the chirality of the carboannu-
lation reaction are underway.
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