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The formation of C-C bonds-the basic building blocks of

molecules is the most significant chemical phenomena in

chemistry. Friedel-Crafts alkylation is among the one in the

construction of C-C bond.1 The alkylation of aromatic rings

via Friedel-Crafts alkylation is well established.2 An intra-

molecular form of the Friedel-Crafts alkylation has become

an effective method for the rapid construction of many

carbo- and heterocyclic compounds.3 However, due to high

reactivity the reaction in certain fused ring systems were

found to be of less benefit.4 Also, heterocyclic rings tend to

be poor substrates for the Friedel-Crafts reaction.5

Over a past decade, ionic liquids6 (ILs, Figure 1) have gained

tremendous potential as a solvent over conventional organic

solvents in many organic reactions including nucleophilic

substitution reactions.7 Song et al.
8 have recently reported

metal triflate catalyzed Friedel-Crafts alkylation of aromatic

compounds with alkenes and alkynes in hydrophobic ILs.

Also recently, we have demonstrated that ILs enhance pyrrole

C–alkylation regioselectively at C2 position via nucleophilic

substitution reaction.9 Further, our group reported the synthesis

of chromane derivatives using intramolecular Friedel-Crafts

reaction in IL.10

In addition, immobilizing IL onto solid supports is the

growing field of interest due to easier separation of the

catalyst from the reaction media and its possible utilization of

the catalyst in a continuous system.11 Further, polymer forms

of ILs were found to have exceptional properties such as

stability, electrochemical activity, and high ionic conducti-

vity.12 Our group has designed a polystyrene supported ionic

liquid13 (PSIL, Figure 1)14 that can be used for nucleophilic

substitution reactions. In extension of our program on alkyl-

ations of heteroarenes in IL media,15 herein, we wish to

report cycloalkylation of pyrrole in IL and PSIL as two eco-

friendly protocols. 

Table 1 illustrates intramolecular pyrrole C-alkylation of

1-(4-bromobutyl)-1H-pyrrole (1a) under various reaction con-

ditions. Our initial investigation begins with the entry 1 where

the cyclization is performed at the temperature of 100 °C in

aprotic organic solvent like acetonitrile without any IL. The

reaction afforded 23% of 5,6,7,8-tetrahydropyrrolo[1,2-a]pyri-

dine 2a16,17 after 24 h. Next, we have performed the same

reaction in IL, [bmim][SbF6] in the absence of co-solvent.

We observed dark-brown coloration within 1 h. The reaction

mixture on thin-layer chromatography showed absence of

starting material however, the reaction provided uncharac-

†This paper is dedicated to Professor Eun Lee on the occasion of his ho-

nourable retirement.

Figure 1. Structure of ILs and PSIL.

Table 1. Intramolecular C-alkylation of pyrrole with 1-(4-bromobutyl)-
1H-pyrrole (1a) under various reaction conditionsa

entry
[bmim][SbF6]

g (equiv)

time

(h)

yield (%)b

1a 2a

1c - 24 68 23

2d 1.87 (5) 2 - -

3 1.87 (5) 22 - 89

4 0.75 (2) 38 trace 88

5 [bmim][BF4] (0.55) 48 40 45

6e [bmim][BF4] (5) 22 trace 86

7e [bmim][PF6] (5) 20 - 88

8 [bmim][OTf] (5) 24 - 88

9 [bmim][NTf2] (5) 24 - 86

aAll reactions were carried out on a 1.0 mmol reaction scale of 1-(4-
bromobutyl)-1H-pyrrole (1a) with 1.0 mmol NaHCO3 in 2.0 mL of
CH3CN at 100 °C. 
bIsolated yield. 
cReaction in the absence of ionic liquid. 
dReaction in the absence of co-solvent acetonitrile; Uncharacterized
substance.eTrace of pyrrole was detected by 1H NMR.
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terized substance after workup (entry 2). 

Interestingly, the same reaction under identical condition in

the presence of co-solvent completed within 24 h affording

89% of cyclized product 2a (entry 3). The significant

difference in the observation between entries 2 and 3 indicates

the need of appropriate amount of co-solvent. In short,

dilution of the reaction mixture is requisite for this reaction to

proceed. To further optimize the conditions for intramolecular

C-alkylation of pyrrole, the reactions were run in four other

ILs. In entry 5 with 0.55 equiv of [bmim][BF4], the reaction

was found to be slower and provided 2a in moderate yields.

Further, in entries 6-9, 5.0 equiv of [bmim][BF4], [bmim][PF6],

[bmim][OTf], and [bmim][NTf2] each were used as ILs and

consistent results were obtained to give desired product 2a in

86, 88, 88, and 86% yields, respectively. These findings

clearly indicate that the change of counter anion does not alter

much the rate of intramolecular C-alkylation of pyrrole.

Alkylation reaction was next performed in the presence of

ionic resin, PS[hmim][BF4] (2.2 mmol/g) as our second proto-

col. Interestingly, the reaction proceeded successfully with

high yields (Table 2).

Entry 1, with 0.11 equiv of resin reached completion in 48

h to yield 88% of desired product 2a. Increase in catalyst

loading enhanced the reaction rate and the reaction time was

reduced to 35 h (entries 1-3). We further studied the correla-

tion between PSIL and two solvents other than acetonitrile.

After 24 h of stirring the desired product 2a was obtained in

35% yield in tert-butanol; 30% yield in 1,2-dioxane as

solvents (entries 5 and 6). These results clearly indicate the

effect of solvent on the conversion of 1a to product 2a. 

Further, we have investigated series of substrates to achieve

various ring closure systems (Table 3). In our initial studies,

we observed poor reactivity in the case of chloro substrate 1c

whereas, iodo substrate 1b proceeded to completion in the

presence of both [bmim][SbF6] and PS[hmim][BF4] (entry 1,

52 and 58% yields, respectively). While 5- and 8-membered

ring formation were found to be unsuccessful from 1d and

1f, respectively (entries 3 and 5) whereas, 7-membered ring

formation was achieved in low yield (entry 4).

The venerable intramolecular C-alkylation reaction in pyrrole

is normally catalyzed by Lewis acids with the generation of

toxic waste. However, our methodology is free from any

Lewis acid, where the reaction media IL and PSIL them-

selves catalyzes intramolecular C-alkylation. 

In summary, the work described here employs IL and

PSIL as two eco-friendly media to achieve intramolecular C-

alkylation in pyrrole, resulting excellent yields of ring closure

(6-membered) product. 1-(4-Bromobutyl)-1H-pyrrole (1a) is

used as a model substrate to afford 5,6,7,8-tetrahydropyrrolo

[1,2-a]pyridine (2a) in 89% yield. Our methodology is simple

and devoid of Lewis acid. Work-up procedure is convenient

in the case of both IL and PSIL protocols.

Experimental Section

Typical Procedure for Intramolecular Pyrrole C-Alkyla-

tion in Ionic Liquid.

5,6,7,8-Tetrahydropyrrolo[1,2-a]pyridine (2a): 1-(4-

Bromobutyl)-1H-pyrrole (1a, 202 mg, 1.0 mmol) was added

to a mixture of NaHCO3 (84 mg, 1.0 mmol) and [bmim][SbF6]

(750 mg) in acetonitrile (2.0 mL). The mixture was stirred

over 38 h at 100 °C. The reaction mixture was extracted from

ionic liquid phase with ethyl ether (10 mL × 5). The organic

Table 2. Intramolecular C-alkylation of pyrrole with 1-(4-bromobutyl)
-1H-pyrrole (1a) in the presence of PS[hmim][BF4] under various
reaction conditionsa

entry
PS[hmim][BF4]

mg (equiv)

CH3CN

(mL)

time

(h)

yield (%)b

1a 2a

1 50 (0.11) 2 48 trace 88

2 250 (0.55) 2 40 - 89

3 500 (1.1) 4 35 trace 89

4c 500 (0.11) 4 56 - 88

5d 250 (0.55) t-BuOH 24 50 35

6d 250 (0.55) 1,4-dioxane 24 54 30

aAll reactions were carried out on a 1.0 mmol reaction scale of 1-(4-
bromobutyl)-1H-pyrrole (1a) with 1.0 mmol NaHCO3 in CH3CN at 100 °C.
bIsolated yield and equiv indicates the amount of IL portion, not ionic
resin. 
cIL portion per gram of polymer-supported IL used was 0.73 mmol. 
dSolvent used was 2.0 mL.

 

Table 3. Intramolecular C-alkylations of pyrroles with various alkyl
halides in the presence of [bmim][SbF6] and PS[hmim][BF4] under
various reaction conditions

entry substrate

[bmim][SbF6]
a PS[hmim][BF4]

b

time (h)
product 

(%)c
time (h)

product 

(%)c

1 15 2a (52) 31 2a (58)

2 24 2a (8) 24 2a (12)

3d 24 - 24 -

4 24 2e (22) 24 2e (27)

5 24 2f (trace) 24 2f (trace)

aReactions were carried out on a 1.0 mmol reaction scale of 1-(ω-
bromoalkyl)-1H-pyrrole (1) in the presence of 1.0 mmol NaHCO3,
[bmim][SbF6] (5.0 equiv) in 2.0 mL of CH3CN at 100 °C. 
bReactions were carried out on a 1.0 mmol reaction scale of 1-(ω-
bromoalkyl)-1H-pyrrole (1) in the presence of 1.0 mmol NaHCO3,
PS[hmim][BF4] (1.1 equiv) in 4.0 mL of CH3CN at 100 °C and equiv
indicates the amount of IL portion, not ionic resin. 
cIsolated yield. 
dStarting material was recovered.
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layer was dried over anhydrous sodium sulfate and evaporated

under reduced pressure. The residue was purified by flash

column chromatography (silica gel) (5% EtOAc/hexanes) to

obtain of 5,6,7,8-tetrahydropyrrolo [1,2-a]   pyridine (2a, 106

mg, 88%) as a colorless liquid: 1H NMR (400 MHz, CDCl3) δ

1.81-2.00 (m, 4H), 2.75-2.85 (m, 2H), 3.89-4.02 (m, 2H),

5.84-5.85 (m, 1H), 6.13-6.15 (m, 1H), 6.52-6.54 (m, 1H); 13C

NMR (100 MHz, CDCl3) δ 21.5, 23.3, 23.9, 45.3, 103.8,

107.4, 118.5, 129.1; MS (EI) 121 (M+, 100); Registry No.

13618-88-7.

6,7,8,9-Tetrahydro-5H-pyrrolo[1,2-a]azepine (2e):16 light

yellow solid: m.p. 36-37 oC; 1H NMR (400 MHz, CDCl3) δ

1.63-1.66 (m, 2H), 1.73-1.79 (m, 4H), 2.71 (t, J = 5.6 Hz,

2H), 3.91 (t, J = 5.6 Hz, 2H), 5.85-5.87 (m, 1H), 5.94-5.95 (m,

1H), 6.49-6.51 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 28.1,

28.3, 29.8, 31.1, 50.2, 105.5, 106.3, 121.0, 135.3; MS (EI) 135

(M+, 100); Registry No. 13618-89-8.

Typical Procedure for Intramolecular Pyrrole C-Alkyl-

ation Using Polymer-Supported Ionic Liquid. The pro-

cedure is same using polymer-supported ionic liquid except

that PS[hmim][BF4] (500 mg, 1.1 mmol) in CH3CN (4.0 mL)

was used and after completion the reaction mixture was

filtered and washed with ethyl acetate. The filtrate was dried

over anhydrous sodium sulfate and evaporated in vacuo. The

residue was purified by short flash column chromatography.
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