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A general and practical route to the synthesis of 

mutisubstituted pyrrolo[1,2-a]quinolines has been described 

from 2-alkylazaarenes and nitroolefins using cerium chloride 

as a catalyst via a tandem Michael addition, Cyclization and 

Aromatization. This protocol featured ready availability of 10 

the starting materials, the operational simplicity and high 

regioselectivity to access multifunctionalized pyrrolo[1,2-

a]quinolines with the formation of multiple C-C and C-N 

bonds in one-pot. In addition, various substitution patterns 

and functional group were found to be compatible under the 15 

optimized conditions, which was lacking in existing 

procedures. 

The chemistry of  fused nitrogen  heterocycles is of  great 

importance due to their wide applications.1 Among these  

compounds,  the pyrrolo[1,2-a]quinoline  derivatives  raised  20 

special interest  because of their  potential biological activity2 

and physical properties.3 Moreover, the skeleton of 

pyrrolo[1,2-a]quinoline exists in gephyrotoxin, a natural 

alkaloid which conduct to numerous studies regarding its 

biological activity.4 However, only a few relevant synthetic 25 

methodologies were reported, which mainly relied on 1,3-

dipolar cycloaddition of quinolinium N-ylides with electron-

deficient alkynes or alkenes (A),5 transition-metal-catalyzed 

intramolecular cycloisomerizations of  pyrroles with specific 

C-2 functionalization (B).6 Recently published reports 30 

involved a copper-catalyzed [3+2] cyclization of quinolines 

with alkenyldiazoacetates (C),7 copper-catalyzed annulation 

of 2-alkylazaarenes with α, β-unsaturated carboxylic acids 

(D).8 Besides, a muticomponent approach for the synthesis of 

pyrrolo[1,2-a]quinoline derivatives was also reported.9 
35 

Despite the great successes achieved in this field, these 

methods still suffer from some limitations, such as harsh 

reaction conditions, limited substrate scope and substitution 

pattern, and involvement of multistage synthesis. Recently, a 

comprehensive structure–activity relationship (SAR) study in 40 

drug design has raised a growing demand for a variation of 

substitution patterns of target molecule. Therefore, developing 

more practical synthetic approaches to pyrrolo[1,2-

a]quinolines with a variety of substitution patterns  is highly 

desired. 45 

A domino reaction is a consecutive series of intramolecular 

or intermolecular organic reactions. It allows the organic 

synthesis of complex multinuclear molecules from acyclic 

precursors.10 Benzylic C-H bond of 2-alkylazaarenes has been  

functionalized with a variety of unsaturated bonds by various 50 

groups including our own.11,12d Among these reports, only 

acyclic compounds were formed. If a suitable substrate 

combined with a suitable catalyst were chosen, subsequent 

amination process can provide a fused heterocycle. The 

domino reaction is a more attractive strategy to construct 55 

polycyclic nitrogen heterocycles. Until recently, very few 

reports have appeared on this method (D).8, 12a 

 
Scheme 1. The disconnection approaches to the pyrrolo[1,2-a]quinoline 

core. 60 

Our group have reported a series of domino processes for 

synthesis of heterocycle compounds with the formation of 

multiple C-C and C-hetero bonds in one-pot.12 As a 

continuous effort on these domino processes, herein, we 

report a general and practical domino reaction to access 65 

multifunctionalized pyrrolo[1,2-a]quinolines from readily 

available 2-alkylazaarenes with active methylene and 

nitroolefins using cerium(III) chloride as the catalyst under 

mild conditions. 

Initially, trans-(Z)nitrostyrene (2a) and ethyl 2-(quinolin-2-70 

yl)acetate (1a) were employed as model substrates to optimize 

the reaction conditions. Stirring a mixture of ethyl 2-

(quinolin-2-yl)acetate 1a (1.5 equiv), trans-(Z)nitrostyrene 2a 

(1.0 equiv), and TsOH·H2O (10 mol %) in EtOH at room 

temperature afforded pyrrolo[1,2-a]quinolines (3a) in 65% 75 

isolated yield (Table 1, entry 1). The use of iodine as a 

catalyst did not improve the yield (Table 1, entry 2). Then 

various metal Lewis acids were employed as potential 

catalysts for this transformation. The results showed that 

when CeCl3·7H2O was used as a catalyst, the reaction could 80 

gave the corresponding product with the highest yield of 88% 

(Table 1, entry 10). In view of excellent catalytic capacity, 

outstanding stability and low toxicity, CeCl3·7H2O was 

chosen as the effective catalyst for the domino reaction. On 

the other hand, solvent also played a crucial role in the 85 

reaction. Among various solvents examined, ethanol was 
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found to be the optimal. Other solvents reduced the yield of 

this reaction (Table 1, entries 13-18). Subsequently, we 

attempted to raise the temperature to 80℃. However, the yield 

decreased to 70% because of unknown side reactions (Table 1, 
Entry 19).  5 

Table 1．Optimization of the reaction conditions.a 

 

Entry Catalyst Solvent Yield (%)
 b
 

1 TsOH·H2O EtOH 65 

2 I2 EtOH 57 

3 MgCl2·6H2O EtOH 61 

4 NiCl2·6H2O EtOH 75 

5 AlCl3·6H2O EtOH 69 

6 ZrCl4 EtOH 82 

7 FeCl3·6H2O EtOH 73 

8 CoCl2·6H2O EtOH 81 

9 CuCl2·2H2O EtOH 62 

10 CeCl3·7H2O EtOH 88 

11 Ce(NO3)3·6H2O EtOH 76 

12 Ce(SO4)2·4H2O EtOH 52 

13 CeCl3·7H2O THF 38 

14 CeCl3·7H2O EtOAc 43 

15 CeCl3·7H2O Toluene 20 

16 CeCl3·7H2O DMSO 55 

17 CeCl3·7H2O DMF 46 

18 CeCl3·7H2O CH3CN 50 

19
c
 CeCl3·7H2O EtOH 70 

a Reaction conditions: 1a (0.25 mmol), 2a (0.20 mmol), catalyst (0.02 

mmole), solvent (2 mL), room temperature, 24 h. b  Isolated yield. c The 

reaction was at 80℃. 

With the optimal conditions in hand, the substrate scope of 10 

the reaction was extended. First of all, the substrate scope of 

nitroolefin 2 was screened. As illustrated in Table 2, aromatic 

nitroalkenes with both electron-rich (4-Me, 4-OMe, 4-NMe2) 

and electron-deficient (CF3) substituents on the aromatic ring 

participated in this reaction smoothly to afford the expected 15 

products in good to excellent yields. Generally, an electron-

donating substituent on the aromatic ring has a positive effect 

on the yield. When R1 was replaced by a 2-chlorophenyl 

group, the reaction gave a lower yield in comparison with that 

R1 was a 4-chlorophenyl group (Table 2, entries 3i, 3k). This 20 

implied that steric effect had an influence on the reaction. 

Unprotected phenol moiety was also well tolerated under the 

reaction conditions, and 3d was obtained in 90% yield. 

Pleasingly, the reaction of ring-fused (2m), heterocyclic (2n 

and 2o), styryl (2p) and phenylethynyl (2q) nitroalkenes also 25 

afforded the corresponding products in good yields (Table 2, 

entries 3m-3q). When R1 group were replaced by aliphatic 

groups, the use of ultrasound was necessary to obtain good 

yields of the reaction (3r and 3s). Notably, when disubstituted 

nitroalkene was employed as the substrate, the reaction also  30 

Table 2．．．．Synthesis of pyrrolo[1,2-a]quinolines.a 

N

R4

O

R1

N

OEt

O

N

OEt

O

N

R1

N R4

O NO2 10 mmol % CeCl3 7H2O

+

R2

R2

R3

R3

EtOH, r.t.

N

OEt

O

N

OEt

O

O

N

OEt

O

O O

N

OEt

O

OH

N

OEt

O

Cl

N

OEt

O

Cl

N

OEt

O

F

N

OEt

O

Br

N

OEt

O

Cl

N

OEt

O

N

OEt

O

CF3

N

OEt

O

Ph

N

OEt

O

Ph

N

OEt

O

O

N

OEt

O

S

N

OEt

O

Ph

O

N

OEt

O

Ph

Cl

N

OEt

O

N

OEt

O

N

OEt

O

Ph

Br

N

OEt

O

Ph

F3C

N

Ph

O

Ph

N

OEt

O

Ph

3a (88%) 3b (86%) 3c (82%)

3d (90%) 3e (98%) 3f (92%)

3g (93%) 3h (96%) 3i (83%)

3j (85%) 3k (91%) 3l (80%)

3m (89%) 3n (85%) 3o (83%)

3p (74%) 3q (70%) 3r (76%)b

3s (80%)b 3u (86%)

3v (93%) 3w (91%) 3x (95%)

3y (82%)

1 2 3

3t (56%)b
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a Standard reaction conditions: 1 (0.25 mmol), 2 (0.20 mmol), 

CeCl3·7H2O (0.02 mmol), 2 mL EtOH, room temperature, 24 h, Isolated 

yield. b The reaction was performed at 40℃ under ultrasound for 3 h. 

proceeded smoothly to provide the trisubstrated product 3t in 

56% yield. 5 

Subsequently, different quinoline derivatives 1 were 

investigated. Both electron-withdrawing and electron-

donating substituents on the aromatic ring were tolerated in 

this reaction. The electron-rich group on the aromatic ring was 

unfavorable for the formation of pyrrolo[1,2-a]quinolines, 10 

while the electron-deficient substituents increased the reaction 

yields (Table 2, 3u -3x). Additionally, when R4 was a phenyl 

group, the product 3y was obtained in 82% yield. 

Presumably, this process involves Michael addition of 2-

alkyl-quinolines to α, β-unsaturated nitroalkenes followed by 15 

a subsequent cyclization, thereby leading to the final product. 

We were able to isolate the intermediate 4a from the reaction 

of ethyl 2-(quinolin-2-yl)acetate 1a and trans-(Z)nitrostyrene 

2a. It is noteworthy that the Michael adduct 4a gave the final 

product 3a in excellent yield in the presence of CeCl3·7H2O in 20 

EtOH, as shown in Scheme 2. However, only trace of product 

3a was observed in the absence of catalyst under similar 

reaction conditions. Therefore, CeCl3·7H2O plays an essential 

role to enhance the rate of this transformation. 

 25 

Scheme 2. The control experiment to prove the mechanism.  

A plausible reaction mechanism is suggested on the basis of 

these preliminary date and literature precedents (Scheme 3). 13 

The first step of the reaction is the Michael addition of 2-

alkyl-quinoline I with nitroolefin II to form the intermediate 30 

III. Ce(III) chloride may accelerated the reaction by 

increasing the electrophilicity of the nitroolefin through 
coordination. Subsequently, the intermediate III is converted 

into intermediate IV by a Ce(III)-catalyzed  intramolecular 

cyclization. Finally, the intermediate IV eliminate a water and 35 

nitroxyl (HNO) to form the final product V.14 

 
Scheme 3. Plausible reaction mechanism. 

In summary, we have developed a facile domino cyclization 

to construct pyrrolo[1,2-a]quinoline derivatives from α, β-40 

unsaturated nitroalkenes with 2-alkyl-quinolines  catalyzed by 

cerium chloride. Compared to previous reports, this present 

method has the advantages of general applicability, simple 

operation, mild condition and good yields. Therefore, 

considering the above feature, we believe this one-pot 45 

catalytic transformation would be an attractive approach for 

the synthesis of pyrrolo[1,2-a]quinoline derivatives.  
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