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A simple and efficient synthesis of complex pyrrolo[1,2-a]-
quinoline derivatives was achieved through sequential reac-
tions that involved an iron(III)-catalyzed synthesis of N-(2-
alkynylaryl)pyrroles and a gold(III)-catalyzed intramolecular
hydroarylation reaction. This strategy tolerated a wide range
of substrates with a variety of sensitive functional groups and
afforded the corresponding pyrrolo[1,2-a]quinoline deriva-

Introduction

Fused nitrogen heterocycles are very important because
of their occurrence in numerous natural products and their
significant role in the pharmaceutical industry and materi-
als science.[1] Among the various fused nitrogen heterocy-
cles, substituted pyrrolo[1,2-a]quinolines and their oxidized
and reduced forms are widespread among natural products
and biologically active pharmaceuticals.[2] Pyrrolo[1,2-a]-
quinoline skeletons are present in many biologically active
natural alkaloids such as gephyrotoxin (see Scheme 1),
which is a substituted perhydropyrrolo[1,2-a]quinoline that
was isolated by Daly and co-workers in 1977 from se-
cretions of the frog Dendrobates histrionics.[3] Gephyrotoxin
was studied for its biological activity and has been a target
for total synthesis.[4] These compounds can act as musca-
rinic antagonists and exhibit an array of neurological activi-
ties.[5] In addition, derivatives of pyrrolo[1,2-a]quinoline are
known to have antitumor,[6] antibacterial,[7] and antifun-
gal[8] activities (see Scheme 1). These tricyclic ring com-
pounds also possess interesting electron-transport proper-
ties.[9] Because of their potential biological activity and at-
tractive physicochemical properties, considerable attention
has been paid to the synthesis of functionalized pyrrolo[1,2-
a]quinolines.
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tives in moderate to good yields. The ease of availability of
the starting materials and the generality of the reaction se-
quences make it a highly attractive strategy to synthesize a
diverse range of pyrrolo[1,2-a]quinoline derivatives. More-
over, a preliminary photophysical study showed that the re-
sulting molecules exhibit good fluorescence activity.

Scheme 1. A few examples of pyrrolo[1,2-a]quinoline-containing
natural products and pharmaceuticals.

The most common approach to the synthesis of this class
of molecules involves a [3+2] cycloaddition of heterocyclic
N-ylides with electron-deficient alkynes or alkenes[10] and
their multicomponent[11] version. Very recently, a few new
methods such as intra- and intermolecular alkenylation re-
actions,[12] a multicomponent coupling reaction,[13] a
gold(I)-catalyzed tandem cyclization of 1,4-aminoalkynes
with alkynes,[14] rearrangement reactions,[15] as well as a few
others[16] have also been developed. Despite these advances,
many of these protocols have some limitations such as
harsh reaction conditions, low chemical yields, unavailabil-
ity of starting materials, or unsatisfactory scope and effi-
ciency. Therefore, the development of efficient methodolo-
gies to prepare functionally diverse pyrrolo[1,2-a]quinoline
molecules in a few steps by using readily available starting
materials under mild conditions is still highly desirable.

In this regard, multicomponent reactions (MCRs) have
received increased attention because of their simplicity, effi-
ciency, atom economy, and their potential for diversity-ori-
ented synthesis.[17] Moreover, such reactions are economi-
cally and environmentally attractive and have become an
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Scheme 2. Retrosynthetic analysis of pyrrolo[1,2-a]quinolines.

important area of research in organic chemistry. Therefore,
the synthesis of functional molecules by using MCRs is
presently a subject of interest. However, the metal-catalyzed
intramolecular hydroarylation of alkynes with aromatic
rings has recently proved to be a valuable synthetic method
to construct useful carbo- and heterocycles.[18,19] This strat-
egy is highly atom-efficient by nature, and, hence, environ-
mentally friendly as no byproducts are formed. Therefore,
the synthesis of complex heterocycles by using the multi-
component coupling approach and subsequent intramolec-
ular hydroarylation of the suitably tethered alkyne unit
would be highly attractive. This strategy would provide ra-
pid access to a diverse library of heterocyclic molecules that
are useful for their biological activities and for photophysi-
cal studies.

During the course of our recent studies to develop new
and efficient iron-catalyzed methods for the synthesis of
useful molecules such as pyrroles, 2H-chromenes, phenan-
threnes, fluorenes, and other molecules,[20] we envisioned
that a library of multifunctional pyrrolo[1,2-a]quinoline
skeletons could be efficiently synthesized in a two-step pro-
cess through an iron(III)-catalyzed three-component cou-
pling of nitro olefines, 1,3-dicarbonyl compounds, and 2-
alkynylaniline derivatives followed by a metal-catalyzed in-
tramolecular hydroarylation of the alkyne unit (see
Scheme 2). Herein, we report the two-step synthesis of di-
versely substituted pyrrolo[1,2-a]quinolines A that involves
the iron(III)-catalyzed synthesis of substituted N-(2-alk-
ynylaryl)pyrroles B followed by a gold(III)-catalyzed intra-
molecular hydroarylation of the alkyne moiety.

Results and Discussion

First, we developed a simple method to access a large
number of functionalized 1-[2-(phenylethynyl)phenyl]-1H-
pyrroles that would be used in the next step of the synthesis.
To do this, we initially used aniline 1a in our recently devel-
oped four-component coupling synthesis of pyrroles.[20d]

Only 20% yield of the desired pyrrole derivative 4a was ob-
tained; however, we observed that 4a was obtained in 58 %
yield through a three-component coupling reaction of anil-
ine 1a, nitroalkene 2a, and 1,3-dicarbonyl compound 3a in
the presence of FeCl3 (10 mol-%) in toluene at reflux. We
tested various other solvents such as dichloroethane, tetra-
hydrofuran (THF), ethanol, and nitromethane, but they re-
sulted in a lower yield of the desired pyrrole. To improve
the yield, various other common Lewis acids such as InCl3,
Yb(OTf)3, AgOTf, and AuCl3 were investigated. Unfortu-
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nately, all these catalysts gave only a trace amount of the
desired product along with many undesired products. Only
iron(III) chloride exclusively gave the desired pyrrole 4a
without affecting the alkyne unit. Therefore, we decided to
use FeCl3 to catalyze the three-component coupling synthe-
sis of 1-[2-(phenylethynyl)phenyl]-1H-pyrroles 4.

With the optimal conditions in hand, a large number of
reactions were examined with various 2-alkynylanilines,
nitroalkenes, and 1,3-dicarbonyl compounds in the presence
of iron chloride. The results are summarized in Table 1. The
reaction proceeded efficiently, and the corresponding prod-
ucts 4b–4s (see Table 1, Entries 2–19) were obtained in
moderate to good yields (38–62%). Varying the substituents
on any of the components did not have a significant effect.
With respect to the anilines, the reaction worked well with
a para substituent on the aryl ring such as a fluoro, chloro,
or methyl group to give comparable yields of the desired
pyrroles (see Table 1, Entries 3, 5, and 10). Interestingly,
this multicomponent coupling reaction proceeded in the
presence of different alkynyl units, and the electronic nature
of the substituents on the aryl ring of the alkyne moiety did
not have much of an effect on the reaction. All the electron-
donating and electron-withdrawing substituents on the aryl
ring such as a p-OMe, p-Br, p-Me, p-Cl, p-CO2Et, and m-
NO2 groups smoothly underwent the reaction to give the
corresponding products in moderate to good yields (see
Table 1, Entries 8, 9, and 11–14). The anilines that con-
tained alkyne units with alkyl substituents such as cyclo-
hexyl and n-hexyl also underwent the reaction to give mod-
erate yields of 4r and 4s (see Table 1, Entries 18 and 19).
Moreover, varieties of β-aryl- and β-heteroaryl-substituted
nitroalkenes were suitable substrates for this coupling reac-
tion. With respect to 1,3-dicarbonyl compounds, acetyl-
acetone (3a) and ethyl acetoacetate (3b) were tested to give
the desired pyrrole derivatives in moderate to good yields.
So, the variation of substituents on all the components were
comfortably accommodated, thereby securing simple access
to the library of multisubstituted 1-[2-(phenylethynyl)-
phenyl]-1H-pyrroles 4a–4s.

After having the large array of substituted 1-[2-(phenyl-
ethynyl)phenyl]-1H-pyrroles 4a–4s in hand, we then investi-
gated the second key step, that is, the hydroarylation reac-
tion with a variety of Lewis acids. Intramolecular hydro-
arylation reactions are generally carried out with many dif-
ferent transition metals such as Pt, Fe, Ga, Ag, In, Ru, and
Au.[20] As part of our continuing efforts towards the devel-
opment iron catalysis, we first examined the cycloisomeriza-
tion of N-(2-alkynylaryl)pyrrole 4a in the presence of 5 mol-
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Table 1. Iron(III)-catalyzed three-component coupling reaction to
synthesize substituted 1-[2-(phenylethynyl)phenyl]-1H-pyrroles.[a]

[a] Reagents and conditions: Aniline 1 (1.3 mmol), nitroalkene 2
(1 mmol), and 1,3-dicarbonyl compound 3 (1 mmol).

% FeCl3 in toluene at reflux. Surprisingly, after heating at
reflux for 24 h, the desired pyrrolo[1,2-a]quinoline 5a was
not formed in even a trace amount (see Table 2, Entry 1),
although iron has been shown to be a useful catalyst for
various intramolecular hydroarylation reactions. Use of a
more polar solvent such as nitromethane or a high-boiling
solvent such xylene could not alter the results (see Table 2,
Entries 2 and 3). Therefore, we investigated other soft π-
Lewis acid catalysts, which could activate alkynes, such as
In(OTf)3 (TfO = trifluoromethanesulfonate), AgOTf, and
AuCl3. In(OTf)3 (5 mol-%) gave 74% yield of the desired
product 5a when the reaction mixture was heated at reflux
in toluene for 20 h, whereas AgOTf (5 mol-%) produced 5a
in 62% yield by using similar conditions for 18 h (see
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Table 2, Entries 4 and 5). Finally, we noticed that AuCl3
(5 mol-%) was the most effective catalyst for this cyclization
process and gave the desired product 5a in 82 % yield when
the reaction mixture was heated at reflux for 12 h (see
Table 2, Entry 7). Solvents such as nitromethane and xylene
with the AuCl3 catalyst lowered the yields of the desired
products (see Table 2, Entries 8 and 9). Therefore, we de-
cided to use the AuIII catalyst and toluene as the solvent
for all the hydroarylation reactions.

Table 2. Optimization of the reaction conditions for the Lewis acid
mediated hydroarylation reactions.[a]

[a] Reagents and conditions: Substrate 4a (1 mmol), solvent (2 mL),
heating at reflux. [b] Isolated product.

The optimized conditions were then applied to various
1-[2-(phenylethynyl)phenyl]-1H-pyrroles to synthesize a di-
verse range of multifunctionalized pyrrolo[1,2-a]quinoline
derivatives. The results are summarized in Table 3. A vari-
ety of substituents that were attached to the alkyne moiety
were studied. To our delight, arylalkynes that contain elec-
tron-donating groups such as –OMe and –Me (see Table 3,
compounds 5h and 5k) or electron-donating groups such
as –Br, –Cl, –CO2Et, and –NO2 (see Table 3, compounds 5i
and 5l–5n) persisted under the reaction conditions to give
the desired products efficiently in very high yields. More-
over, substituents directly attached to the aryl ring were
studied. A weakly electron-donating group such as –Me
(see Table 3, compound 5j) or a weakly electron-with-
drawing group such as –F and –Cl (see Table 3, compounds
5c and 5e) also gave the desired products in high yields.
The –Cl, –Br, –CO2Et, and –NO2 functional groups would
be useful for further synthetic transformations to obtain
very complex molecules. In addition, the sensitive furan and
thiophene heterocyclic molecules, which were attached to
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Table 3. Intramolecular alkenylaion to synthesize varieties of multifunctional pyrrolo[1,2-a]quinolines.

the pyrrole unit, persisted under the reaction conditions to
afford the hybrid heterocyclic molecules 5o and 5p in 80%
and 74%, respectively. Interestingly, these reaction condi-
tions were also sufficiently efficient for the cyclization of an
alkyl-substituted alkyne unit to furnish substituted pyr-
rolo[1,2-a]quinoline 5r and 5s in moderate yields of 53 %
and 50%, respectively. With regard to the N-aryl group, no
significant electronic effect from the substituted aryl group
was observed for this cyclization reaction. Moreover, both
a carbonyl and ester group attached to the pyrrole unit were
equally tolerated and gave a high yield of the desired cy-
clized product.

Finally, the hydroarylation reaction of all the above sub-
strates proceeded through a 6-endo-dig cyclization to pro-
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duce the pyrrolo[1,2-a]quinoline derivatives. None of the 1-
[2-(phenylethynyl)phenyl]-1H-pyrrole derivatives underwent
cyclization through a 5-exo-dig mode. The products were
characterized by comparing the 1H NMR spectroscopic
data of related structures.[12c] Furthermore, the 6-endo-dig
mode of cyclization was further confirmed by the 1H NMR
spectroscopic data of 5r and 5s. In the 1H NMR spectra,
the signal of the alkenyl hydrogen atom of the quinoline
ring appears at δ = 6.79 (s) ppm for 5r and at δ = 6.73 (s)
ppm for 5s. The appearance of a singlet peak could only be
explained by a 6-endo-dig mode of cyclization. If the reac-
tion proceeded through a 5-exo-dig cyclization, then those
hydrogen atoms would have appeared as a doublet or mul-
tiplet.
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A possible mechanism based on our previous results and
those reported by others is proposed in Scheme 3. First,
enamine 1aa is formed by the reaction between 2-alkynylan-
iline 1a and acetylacetone (3a) with the catalyst iron(III)
chloride. Iron(III) chloride is a moderately strong Lewis
acid, and its complexation with a carbonyl group of the 1,3-
dicarbonyl compound results in an increase in the electro-
philicity of the carbonyl carbon atom and, hence, acceler-
ates the formation of the enamine. Then, both enamine 1aa
and nitrostyrene can coordinate simultaneously with the
iron(III) chloride to become activated for the Michael ad-
dition. This step is very similar to a previously reported
mechanism for an iron(III)-catalyzed Michael addition of a
1,3-dicarbonyl compound with a conjugated carbonyl com-
pound.[21] A simple isomerization of Michael addition
product 1cc followed by cyclization and elimination of
HNO and H2O, as occurs in a Nef reaction, produced 1-[2-
(phenylethynyl)phenyl]-1H-pyrrole 4a. Although 2-alk-
ynylanilines are prone to cyclize to an indole, iron(III)
chloride chemoselectively produced the pyrrole as shown in
Scheme 3. This is in contrast to other catalysts such as in-
dium and gold that gave only a trace amount of the pyrrole
derivative along with other uncharacterized products. In-
dium and gold could strongly coordinate with the alkyne
unit and produce undesired products such as indoles.[22]

Scheme 3. A probable mechanism.
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Next, the second key step reaction was initiated through
the coordination of the alkyne unit with gold(III) followed
by a nucleophilic attack of the pyrrole ring on the activated
carbon–carbon triple bond to produce intermediate 4aa.
Demetalation through a proton exchange released product
5a and regenerated the catalyst for the next catalytic cycle.

Finally, a preliminary survey of the photophysical ac-
tivity of a few compounds was carried out. The photophysi-
cal properties (as representative examples) are outlined in
Figure 1 and Table 4. These compounds exhibited fluores-
cence in a range from 452 to 465 nm with quantum effi-
ciencies (Φ) that ranged from 0.033 to 0.067. In view of the
spectroscopic measurements of 5a, absorption spectra were
recorded in different solvents (see Supporting Information).
In different solvents, the characteristic absorption band was
observed with the maximum varying between 370 and
400 nm. However, a distinct bathochromic shift of the ab-
sorption maxima was observed in water compared to that
observed in nonaqueous solvents.

Figure 1. Fluorescence spectra of a few pyrrolo[1,2-a]quinoline de-
rivatives in water.

Table 4. Photophysical data of different products in water as sol-
vent.[a]

Compound λabs
max

[b] [nm] λfl
max

[b] [nm] Φ[c]

5a 375 455 0.056
5c 398 462 0.049
5h 378 448 0.033
5i 370 458 0.032
5j 400 452 0.067
5q 400 465 0.063

[a] Water was used as a solvent for UV/Vis and fluorescence spec-
tra. [b] abs = absorbance, fl = fluorescence. [c] Determined by com-
parison to a solution of quinine sulfate (Φ = quantum yield).

The shift in magnitude of peak position with regard to
the polarity of the medium suggests the ground state of the
molecule is more polar. By monitoring the various peaks of
absorption maxima of 5a, we found only emission maxima
to show smooth profiles without any vibrational structure.
However, the fluorescence of 5a, which is very sensitive to
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the polarity of its surroundings, shows a clear bathochromic
shift as the solvent polarity is increased. The bathochromic
shift evinces a progressively diminished energy gap between
the ground and excited states as a result of the stabilization
of the excited state with increasing solvent polarity.

Conclusions

We have demonstrated a concise diversity-orientated ap-
proach towards the synthesis of pyrrolo[1,2-a]quinoline de-
rivatives through sequential iron(III)-catalyzed three-com-
ponent coupling followed by gold(III)-catalyzed intramo-
lecular hydroarylation reactions. The present strategy is
very simple and efficient and introduces five points of diver-
sity. Many sensitive functional groups and molecules per-
sisted under the reaction conditions. As a result, this strat-
egy provided a library of pyrrolo[1,2-a]quinolines from sim-
ple starting materials. Furthermore, some of the resulting
fused heterocyclic molecules exhibited good fluorescence
activity. Because of the ease of availability of the starting
materials, this strategy will be useful for the screening of a
large number of molecules for biological and photophysical
studies to identify potential drug candidates.

Experimental Section
Representative Procedure for the Synthesis of Pyrrole 4a: To a
stirred solution of acetylacetone (3a, 100 mg, 1 mmol), (2-nitro-
vinyl)benzene (2a, 149 mg, 1 mmol), and 2-(phenylethynyl)aniline
(1a, 251 mg, 1.3 mmol) in toluene (2 mL) was added anhydrous
FeCl3 (16 mg, 0.1 mmol). The mixture was heated to reflux for a
set period of time, and then it was cooled to room temperature.
The excess amount of solvent was removed under vacuum, and the
residue was directly purified by silica gel (mesh 100–200) column
chromatography (petroleum ether/EtOAc) to afford 4a (218 mg,
0.58 mmol, 58%) as a viscous yellow liquid. 1H NMR (300 MHz,
CDCl3): δ = 2.11 (s, 3 H), 2.37 (s, 3 H), 6.71 (s, 1 H), 7.26–7.31
(m, 5 H), 7.35–7.39 (m, 6 H), 7.46 (dd, J = 6, 4 Hz, 2 H), 7.66 (dd,
J = 6, 3.5 Hz, 1 H) ppm. 13C NMR (75 MHz, CDCl3): δ = 14.6,
30.1, 82.7, 93.0, 113.3, 113.6, 113.7, 114.2, 119.1, 119.6, 119.8,
121.1, 121.4, 126.3, 127.0, 127.8, 127.9, 128.2, 128.3, 130.5, 130.8,
135.0, 135.1, 137.2, 200.0 ppm. HRMS: calcd. for C27H21NONa
[M + Na]+ 398.1521; found 398.1539.

Representative Procedure for the Synthesis of Pyrrolo[1,2-a]quinoline
5a: To a 10 mL round-bottom flask that contained dry toluene
(2 mL) was added compound 4a (187.5 mg, 0.5 mmol). AuCl3
(7.5 mg, 0.025 mmol) was added, and the reaction mixture was
heated to reflux under argon for 12 h. After completion of the reac-
tion (monitored by TLC), toluene was evaporated under reduced
pressure, and the residue was purified by silica gel (mesh 100–200)
column chromatography (petroleum ether/EtOAc) to afford 5a
(154 mg, 0.41 mmol, 82%) as a yellow solid; m.p. 112–114 °C. 1H
NMR (300 MHz, CDCl3): δ = 1.83 (s, 3 H), 3.14 (s, 3 H), 6.84–
6.86 (m, 3 H), 6.90–7.03 (m, 8 H), 7.38 (t, J = 7.5 Hz, 1 H), 7.49
(t, J = 7.3 Hz, 1 H), 7.64 (d, J = 7.6 Hz, 1 H), 8.44 (d, J = 8.5 Hz,
1 H) ppm. 13C NMR (75 MHz, CDCl3): δ = 16.9, 31.8, 117.4,
118.7, 121.9, 124.5, 126.0, 126.1, 126.2, 126.7, 126.8, 127.2, 128.4,
128.6, 128.8, 129.7, 130.8, 133.9, 134.5, 135.7, 138.1, 200.8 ppm.
IR (KBr): ν̃ = 2955, 2921, 1656, 1511, 1406, 1369 cm–1. HRMS:
calcd. for C27H21NONa [M + Na]+ 398.1521; found 398.1534.
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Supporting Information (see footnote on the first page of this arti-
cle): General methods, representative procedures, 1H and 13C NMR
spectra, HRMS data, and absorbance and fluorescence spectra.
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Synthesis of Structurally Diverse Polyfunc-
tional Pyrrolo[1,2-a]quinolines by Sequen-
tial Iron-Catalyzed Three-Component
Coupling and Gold-Catalyzed Hydroaryl-An efficient synthesis of complex pyr- starting materials and the generality of the
ation Reactionsrolo[1,2-a]quinoline derivatives was reaction sequences make it an attractive

achieved by an iron(III)-catalyzed synthesis strategy to synthesize a diverse range of
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