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A novel and efficient preparation of 4-polyfluoroaryl pyrrolo-

[1,2-a]quinolines via a palladium-catalyzed reaction of 1-[2-(2,2-

dibromoethenyl)phenyl]-1H-pyrrole with polyfluoroarene is described.

This transformation is efficient, leading to the corresponding products

in good yields.

It is well known that polyfluorinated compounds have an

important role in medicinal chemistry1 and material science.2

Continuous efforts have been devoted to the generation of

molecules containing the polyfluoroarene structure. Recently,

we have focused on fluorinated natural product-like compounds

due to their remarkable effects on biological activities. As a

part of our research in the construction of natural product-

like compounds,3 we are interested in the preparation of

polyfluoroaryl substituted pyrrolo[1,2-a]quinolines. Pyrrolo[1,2-a]-

quinoline and its derivatives are found in a wide variety of

biologically important molecules,4 and their applications with

electron transport properties have been reported.5 We anticipated

that the polyfluoroaryl substituted pyrrolo[1,2-a]quinolines would

be beneficial for various biological evaluations. Therefore, we

initiated a program for rapid access to polyfluoroaryl pyrrolo-

[1,2-a]quinolines.

Recent work on the synthesis of polyfluorinated aromatic

compounds via direct coupling reactions of C–H bonds6 of

polyfluoroarenes with aryl and alkenyl halides has been

attractive in organic synthesis.7,8 In the meantime, Lautens

and others reported9–12 the formation of heterocycles using

gem-dihalovinyl systems. The reactivity of gem-dihalovinyl

systems and the efficiency of C–H activation of polyfluorinated

aromatic compounds prompted us to consider the synthetic

feasibility of the reaction of 1-(2-(2,2-dibromovinyl)phenyl)-1H-

pyrrole 1 with polyfluoroarene 2 (Scheme 1). We envisaged that

an intermolecular alkenylation of a polyfluoroarene C–H bond

and an intramolecular alkenylation of a pyrrole or indole C–H

bond in one step would be a good vehicle for the efficient

assembly of pyrrolo[1,2-a]quinolines 3. Herein, we describe the

results of an investigation that has led to the discovery of a novel

route to 4-polyfluoroaryl pyrrolo[1,2-a]quinolines via a palladium-

catalyzed C–H bond activation of 1-[2-(2,2-dibromoethenyl)-

phenyl]-1H-pyrrole with polyfluoroarene.

Conditions for the palladium-catalyzed C–H bond activation

were explored using 1-[2-(2,2-dibromoethenyl)phenyl]-1H-pyrrole

1a and perfluoroarene 2a as substrates. Initially, the reaction

was carried out with Pd(OAc)2 (5 mol%), S-Phos (10 mol%),

and Cs2CO3 (3.0 equiv.) in 1,4-dioxane at 100 1C under a

nitrogen atmosphere (Table 1, entry 1). Gratifyingly, the

expected 4-(perfluoroaryl)pyrrolo[1,2-a]quinoline 3a was

formed and isolated in 45% yield. With this promising result

in hand, we then focused on the selection of solvent. The yield

was increased to 58% when toluene was used (Table 1, entry 2).

We further screened different ligands. No desired product was

detected without the addition of a phosphine ligand in a control

experiment (data not shown in Table 1). The reaction gave rise

to the best result when Ru-Phos was employed as the ligand

(Table 1, entry 8). Switching the ligand to others proved to be

unfruitful. Only a trace amount of product was observed

when the ligand was replaced by Xant-Phos or DPPF (Table 1,

entries 5 and 9). We were pleased to discover that the yield was

increased to 90% when the temperature was lowered to 90 1C

(Table 1, entry 11), while the yield was inferior when the reaction

was performed at 110 1C or 80 1C. Screening other bases and

palladium sources revealed that the combination of Cs2CO3 and

Pd(OAc)2 gave the best yield (Table 1, entries 13–17).

The generality of this process was explored under the

optimal reaction conditions involving 5 mol% of Pd(OAc)2,

10 mol% of Ru-Phos, 3.0 equiv. of Cs2CO3 in toluene at 90 1C

(Table 2).13 Various 1-[2-(2,2-dibromoethenyl)phenyl]-1H-

pyrrole 1 and polyfluoroarenes 2 were evaluated. A wide range

Scheme 1 Proposed synthetic route for the generation of polyfluoroaryl-

substituted pyrrolo[1,2-a]quinolines.
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of polyfluoroarenes were employed and tolerated in the reaction.

For example, 1-[2-(2,2-dibromoethenyl)phenyl]-1H-pyrrole 1a

underwent the reaction with 1,2,4,5-tetrafluoro-3-methoxy-

benzene leading to the expected product 3b in 80% yield.

Compound 3c was obtained in 68% yield when 1,2,4,5-tetra-

fluoro-3-methylbenzene was used as a reactant. 1,2,4,5-Tetra-

fluoro-3-(trifluoromethyl)benzene was a good partner as well,

which afforded the desired product 3d in 82% yield. Further

investigation revealed that reaction of 1-[2-(2,2-dibromoethenyl)-

phenyl]-1H-pyrrole 1awith cyano or nitro-substituted polyfluoro-

arene also worked well to furnish the corresponding product in

good yields. Interestingly, incorporation of 2,3,5,6-tetrafluoro-

pyridine in the transformation did not hamper the efficiency

of the process, which generated pyrrolo[1,2-a]quinoline 3h

in 86% yield. Additionally, we found that the reaction of

1-[2-(2,2-dibromoethenyl)phenyl]-1H-indoles with polyfluoro-

arenes 2 proceeded smoothly, giving rise to the 4-polyfluoroaryl

indolo[1,2-a]quinolines 3l–3o in good yields. The reaction of

1-[2-(2,2-dibromoethenyl)phenyl]-1H-pyrrole 1a with perfluoroarene

2a in a 10 mmol scale was performed in the meantime, which

afforded the corresponding product 3a in 88% yield.

In conclusion, we have described a novel route for the

efficient assembly of 4-polyfluoroaryl pyrrolo[1,2-a]quinolines

and their derivatives via a palladium-catalyzed reaction of

1-[2-(2,2-dibromoethenyl)phenyl]-1H-pyrroles with polyfluoro-

arenes. This transformation incorporates an intermolecular alkenyl-

ation of a polyfluoroarene C–H bond and an intramolecular

alkenylation of a pyrrole or indole C–H bond in one step.

Financial support from the National Natural Science

Foundation of China (No. 21032007, 21172038) is gratefully

acknowledged.

Notes and references

1 A. Zahn, C. Brotschi and C. J. Leumann, Chem.–Eur. J., 2005,
11, 2125.

2 For selected recent reviews and papers, see: (a) H. Amii and
K. Uneyama, Chem. Rev., 2009, 109, 2119; (b) F. Babudri,
G. M. Farinola, F. Naso and R. Ragni, Chem. Commun., 2007,
1003; (c) M. L. Tang, A. D. Reichardt, N. Miyaki,
R. M. Stoltenberg and Z. Bao, J. Am. Chem. Soc., 2008, 130, 6064;
(d) Y. Wang and M. D. Watson, J. Am. Chem. Soc., 2006, 128, 2536;
(e) E. A.Meyer, R. K. Castellano and F. Diederich,Angew. Chem., Int.
Ed., 2003, 42, 1210; (f) A. R.Murphy and J.M. J. Fréchet,Chem. Rev.,
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