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An unexpected palladium-catalyzed cascade reaction of

2-alkynylhalobenzene with 2-alkynylaniline is reported, which

provides a novel and efficient pathway for the synthesis of

11H-indeno[1,2-c]quinolin-11-ols.

Cascade reactions1 have been demonstrated as an efficient tool

for the introduction of molecular diversity and complexity2 in

an astonishing pathway. Such sequential processes frequently

occur with enhanced chemo-, regio-, and diastereoselectivity

for the overall transformation. Additionally, they offer a wide

range of possibilities for the efficient generation of complex

molecules in a single procedural step, and the need for several

workup and purification operations is omitted. Recently,

our laboratory has been involved in the development of

methodologies of cascade reactions for the construction

of nitrogen-containing heterocycles.3 We discovered that

5H-cyclopenta[c]quinoline derivatives could be synthesized

via a palladium-catalyzed cascade reaction of o-alkynylhalo-

benzene with amine.3c During the reaction process, a double

insertion of a triple bond was believed to be the key step with

high efficiency and selectivity. To expand the scope of

such transformation, a reaction of 2-alkynylhalobenzene with

2-alkynylaniline was then studied.

The exploration was performed for the reaction of 1-bromo-

2-(2-phenylethynyl)benzene 1a with 2-(2-phenylethynyl)benze-

namine 1b catalyzed by palladium acetate (5 mol %). Initially,

only a trace amount of the product was detected when the

reaction occurred in the presence of tricyclohexylphosphine

(10 mol%) and K3PO4 in 1,4-dioxane at 100 1C (Table 1,

entry 1). No reaction took place when the base was changed

to Cs2CO3,
iPr2NEt, or DABCO (Table 1, entries 2–4).

Gratifyingly, a product was observed in the presence of NaOH

as the base when the reaction system was exposed to the

air atmosphere after consumption of the starting materials

(Table 1, entry 5). However, this product with a 70% isolated

yield was not the expected 5H-cyclopenta[c]quinoline compound.

After X-ray crystallography analysis, the structure of this

compound was unambiguously identified as 11H-indeno[1,2-c]-

quinolin-11-ol 3a (Fig. 1, see the ESIw). This compound is

interesting, since both quinoline and indenol skeletons are

incorporated in one molecule. It is well recognized that the

compounds with the quinoline substructure have been used

as antimalarial, antiinflammatory agents, antiasthamatic, anti-

bacterial, antihypertensive, and tyrosine kinase inhibiting

agents.4 The indenol moiety is an important structural unit

as well in various biologically active and pharmaceutical

compounds.5 Therefore, 11H-indeno[1,2-c]quinolin-11-ol can

be also regarded as a privileged scaffold, and remarkable

biological activities will be expected once the 11H-indeno[1,2-c]-

quinolin-11-ols are evaluated in different biological assays.

Table 1 Initial studies for the palladium-catalyzed reaction of 2-alkynyl-
bromobenzene 1a with 2-alkynylaniline 2aa

Entry Ligand Base Solvent Yield (%)a

1 PCy3 K3PO4 1,4-Dioxane Trace
2 PCy3 Cs2CO3 1,4-Dioxane nr
3 PCy3

iPr2NEt 1,4-Dioxane nr
4 PCy3 DABCO 1,4-Dioxane nr
5 PCy3 NaOH 1,4-Dioxane 70
6 PCy3 KOH 1,4-Dioxane 83
7 PCy3 NaOMe 1,4-Dioxane 55
8 PCy3 t-BuOLi 1,4-Dioxane 33
9 PCy3 t-BuONa 1,4-Dioxane 95
10 PCy3 t-BuOK 1,4-Dioxane 70
11 L1 t-BuONa 1,4-Dioxane 43
12 L2 t-BuONa 1,4-Dioxane 38
13 DPPF t-BuONa 1,4-Dioxane 66
14 X-Phos t-BuONa 1,4-Dioxane 47
15 PCy3 t-BuONa DMF nr
16 PCy3 t-BuONa DMSO nr
17 PCy3 t-BuONa Toluene 47

a Isolated yield based on 2-alkynylaniline 2a.
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Interestingly, a much lower yield was isolated when the

reaction was performed in a nitrogen atmosphere. With this

promising result in hand, we reasoned that the oxygen might

be involved in the conversion. Thus, the reaction was repeated,

which took place under a nitrogen atmosphere first and was

exposed to air for half an hour. As expected, the yield was

comparable. Based on this result, the possible reaction pathway is

illustrated in Scheme 1. We proposed that a palladium(II)

species A would be formed after an oxidative addition of

2-alkynylbromobenzene 1 to Pd(0). This intermediate would

coordinate with the triple bond of 2-alkynylaniline 2. After

insertion, the intermediate B would be produced, which

then underwent another triple bond insertion to generate

intermediate C. Intramolecular C–N bond formation occurred

to furnish compound D, which subsequently converted to the

final product 3 via oxidation in the presence of oxygen and

base.6

Further screening of bases indicated that the reaction

worked most efficiently in the presence of t-BuONa, which

produced 11H-indeno[1,2-c]quinolin-11-ol 3a in 95% yield

(Table 1, entry 9). Several phosphine ligands were examined

in the meantime (Table 1, entries 11–14). However, no better

results were obtained. The reaction was tested in other solvents

as well. No reaction took place when the reaction was performed

in DMF or DMSO (Table 1, entries 15 and 16). Compound 3a

could be isolated in 47% yield when the reaction occurred in

toluene (Table 1, entry 17). The reaction was retarded with

diminished reactivity at lower temperature (data not shown in

Table 1).

With the optimized conditions highlighted in Table 1 (5 mol%

of palladium acetate, 10 mol% of tricyclohexylphosphine,

t-BuONa, 1,4-dioxane, 100 1C), the scope of the palladium-

catalyzed cascade reaction of 2-alkynylbromobenzene 1

with 2-alkynylaniline 2 was investigated. Table 2 shows the

summary of results for the evaluation of various substituted

2-alkynylbromobenzenes 1 with 2-alkynylanilines 2. In most

cases, these reactions proceeded well leading to the corres-

ponding 11H-indeno[1,2-c]quinolin-11-ol 3 in good to excellent

yields. For example, substrates bearing either electron-rich or

electron-poor substituents in the R1 or R3 position were

converted to the desired products with good reactivity.

Noticeably, the reaction was also workable for the substrates

with an alkyl group attached to the triple bond. However, only

moderate yields were obtained when the phenyl group was

replaced by other aryl groups in the R4 position (products

3d–3h). The reactions of 2-alkynylchlorobenzene 4 with

2-alkynylanilines 2 were examined under the standard conditions

in the meantime (Scheme 2). It was noteworthy that the

reactivity was not diminished, which generated the desired

product in a comparable yield.

In summary, we have described an unexpected palladium-

catalyzed cascade reaction of 2-alkynylhalobenzene with 2-alkynyl-

aniline, which provides a novel and efficient route for the

Fig. 1 ORTEP illustration of compound 3a (30% probability

ellipsoids).

Scheme 1 A possible mechanism for palladium-catalyzed reaction of

2-alkynylbromobenzene 1 with 2-alkynylaniline 2.

Table 2 Synthesis of 11H-indeno[1,2-c]quinolin-11-ols via a palladium-
catalyzed reaction of 2-alkynylbromobenzene with 2-alkynylanilinea

a Isolated yield based on 2-alkynylaniline 2.

D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

W
in

ds
or

 o
n 

08
 N

ov
em

be
r 

20
12

Pu
bl

is
he

d 
on

 0
6 

Ju
ly

 2
01

1 
on

 h
ttp

://
pu

bs
.r

sc
.o

rg
 | 

do
i:1

0.
10

39
/C

1C
C

12
74

7K

View Online

http://dx.doi.org/10.1039/c1cc12747k


This journal is c The Royal Society of Chemistry 2011 Chem. Commun., 2011, 47, 8967–8969 8969

synthesis of 11H-indeno[1,2-c]quinolin-11-ols. Not only

2-alkynylbromobenzenes but also 2-alkynylchlorobenzenes

are suitable partners in this transformation. This cascade

reaction provides a good example for the introduction of

molecular diversity and complexity with high efficiency and

selectivity. Exploration of other transformations of 2-alkynyl-

halobenzenes is in progress in our laboratory.
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