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A general and practical synthesis of 2-substituted 6-oxopyrrolo[3,2,1-ij]quinolines has been achieved fol-
lowing a single-step Pd/C-mediated coupling-cyclization strategy. The methodology involves the reaction
of 8-iodo-4-oxo-1,4-dihydro quinoline-3-carboxylic acid ethyl ester with a variety of terminal alkynes in
the presence of 10% Pd/C–PPh3–CuI as a catalyst system in EtOH. The reaction mechanism and utility of
the methodology have been discussed.

� 2009 Elsevier Ltd. All rights reserved.
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Figure 1. Pyrrolo[3,2,1-ij]quinoline (A) and 6-oxopyrroloquinoline (B).
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While pyrrolo[3,2,1-ij]quinoline ring A (Fig. 1) has been found
to be integral part of several natural products,1 natural occurrence
of 6-oxopyrroloquinoline ring B (Fig. 1) is rather unusual. Synthetic
6-oxopyrroloquinolines have been reported in the literature prep-
aration of which mainly involve two general approaches, for exam-
ple, (i) the construction of a pyrrole ring onto a quinoline by a
standard indole synthesis,2–9 or (ii) the construction of a new six-
membered ring between N1 and C7 of an indole.1,10–18

In 1997, a palladium-mediated synthesis of 6-oxopyrroloquin-
oline was reported via the coupling of 8-iodo-4-oxo quinoline
with propargyl alcohol.19 However, only one example was
reported and no detailed study on the methodology including
the use of other terminal alkynes has been carried out. Recently,
synthesis and scale-up of a 6-oxopyrroloquinoline based promis-
ing antiviral agent, that is, PHA-529311 has been reported by
using the same methodology as a key synthetic step.20 Removal
of residual palladium and copper from the penultimate and final
products was a concern and therefore an appropriate scale-up
sequence was designed to avoid the metal contamination in
the final product. Nevertheless, the coupling reaction was carried
out using (PPh3)2PdCl2/CuI as a catalyst system in refluxing EtOH
to afford the coupled product in 60% yield. In the recent past,
the use of 10%Pd/C–PPh3–CuI has been reported as an efficient
catalyst system for coupling-cyclization process.21–25 Because of
easy recovery of palladium along with the reduced burden of
metal contamination to the products, the use of Pd/C as a heter-
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ogeneous catalyst is known to be advantageous compared to
other Pd-catalysts or salts. Herein, we report a highly efficient
and practical method for the synthesis of 6-oxopyrroloquinolines
(3) from 8-iodo-4-oxo-1,4-dihydro quinoline-3-carboxylic acid
ethyl ester (1) and terminal alkynes (2) using 10% Pd/C-PPh3–
CuI as a catalyst system in EtOH (Scheme 1).

The key iodo compound (1) required for our study was prepared
according to a similar process reported in the literature20 (Scheme
2). Thus heating 2-iodoaniline (4) and diethylethoxymethylene
malonate (DEEM) in refluxing toluene provided the enamine (5)
in 80% yield which on treatment with phosphorus pentoxide in
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Scheme 1. Synthesis of 2-substituted 6-oxopyrrolo[3,2,1-ij]quinolines.
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Scheme 2. Preparation of 8-iodo-4-oxo-1,4-dihydro quinoline-3-carboxylic acid ethyl ester (1).

Table 1
Effect of bases/solvents on the coupling reaction of 8-iodo-4-oxo-1,4-dihydro
quinoline-3-carboxylic acid ethyl ester (1) with propargyl alcohol (2a)a

N
H

O

CO2Et

I

CH2OH (2a)

Pd-catalyst, CuI, Et3N

Solvent, 80 oC

N

O

CO2Et

OH

1 3a

Entry Solvent; catalysts Time (h) Yieldb (%)

1 Toluene; (PPh3)2PdCl2 48.0 55
2 Ethanol; (PPh3)2PdCl2 4.0 68
3 Ethanol; 10% Pd/C–PPh3 2.0 85c

4 H2O; 10% Pd/C–PPh3 5.0 55
5 Ethanol; 10% Pd/C–PPh3 48.0 0d

6 Ethanol; 10% Pd/C–PPh3 28.0 50e

a All reactions were carried out by using 1 (1.0 equiv), 2a (1.5 equiv), catalysts
and Et3N (2.5 equiv) at 80 �C.

b Isolated yields.
c 1:4:10 ratio of 10% Pd/C: PPh3: CuI was used.
d The reaction was carried out at 30 �C.
e The reaction was carried out at 50 �C.
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methanesulfonic acid afforded the desired iodo compound (1) in
75% yield (Scheme 2).

We examined the reaction of 1 with a terminal alkyne, that is,
propargyl alcohol (2a) using (PPh3)2PdCl2–CuI as catalyst under
the same reaction conditions as reported earlier.20 The desired
product 3a was isolated in 55% yield (Table 1, entry 1). Incidentally,
3a was isolated in 54% yield when Ph(PPh3)2PdI was used as a Pd-
catalyst earlier.19 In order to improve the yield of 3a the C–C bond
forming reaction between 1 and 2a was carried out in EtOH at a
higher temperature (i.e., 80 �C). While the yield of 3a was increased
to 68% (Table 1, entry 2) the better yield however was noted when
10%Pd/C–PPh3 was used (Table 1, entry 3) in place of (PPh3)2PdCl2.
Encouraged by this result and due to our continued interest in the
Pd-catalyzed reaction in water we examined the use of water as a
solvent in the present case. The reaction proceeded well in water to
afford 3a albeit in lower yield (Table 1, entry 4). Nevertheless, low-
ering of reaction temperature was found to be counter productive
as 3a was isolated in 0% and 50% yield when the reaction was car-
ried out at 30 �C for 48 h (Table 1, entry 5) and 50 �C for 28 h (Table
1, entry 6), respectively. Thus, the use of 10%Pd/C–PPh3–CuI as a
catalyst system in EtOH at 80 �C was found to be optimum and
we chose to use this reaction condition for our further studies.
Accordingly, a variety of terminal alkynes (2a–k) were coupled
with 1 and results of this study are summarized in Table 2.

As presented in Table 2, the reaction proceeded well with both
aliphatic (Table 2, entries 1–9) and aromatic alkynes (Table 2,
entries 10–11).26a The alkyl side chain may contain a primary
(Table 2, entries 1, 2 and 5) or secondary (Table 2, entry 3) or tertiary
hydroxyl group (Table 2, entry 4). A cyano group on the alkyl side
chain (Table 2, entry 9) was also well tolerated. All the reactions were
generally completed within 2–6 h irrespective of the nature of
substituents present in the terminal alkynes (2a–k). Yields of prod-
ucts were found to be moderate when terminal alkynes 2f, 2g and 2h
were used, possibly due to the quick evaporation of these reactant al-
kynes under the reaction conditions employed (Table 2, entries 6–8).
Yields were found to be good in case of other alkynes and no lower
degree of dimerization of reactant alkynes was observed under the
present Pd/C–Cu catalysis. The aromatic alkynes 2j and 2k provided
the corresponding products in 83% and 80% yields, respectively. All
the new compounds synthesized were well characterized by spec-
tral and analytical data.26b

Compounds containing appropriately substituted 6-oxopyrrol-
oquinoline framework bearing an alkyl side chain (such as pro-
pyl group) at C-2 position containing a saturated cyclic amine
(such as morpholine and piperidine) have been claimed as
potential anti-atherosclerotic and anti-viral agents.27,28 In order
to demonstrate the scope and utility of our process we prepared
compound 7, using Pd/C-mediated coupling-cyclization as a key
synthetic step (Scheme 3). Thus the chloro derivative 3l was
prepared by reacting the iodo compound 1 with an appropriate
terminal alkyne, that is, 5-chloropent-1-yne (2l) using 10%Pd/
C–PPh3–CuI as catalyst system in EtOH. When reacted with mor-
pholine, the chloro group of 3l was conveniently replaced by a
morpholine ring affording the desired compound 6. The ester
moiety of 6 could be then converted into the requisite carbox-
amide group to afford the compound 7.

Mechanistically, the present coupling-cyclization process seems
to proceed via Pd/C–Cu mediated coupling of 1 with terminal al-
kynes (2) to afford the internal alkyne Z in situ which undergoes
Cu-mediated intramolecular cyclization to yield the product 3
(Scheme 4). The intermediacy of Z was supported by the fact that
N-methyl derivative of compound 1 afforded the corresponding
alkynyl substituted product when treated with terminal alkyne
2d under the same reaction condition as presented in Table 2.
Moreover, participation of copper salt in the intramolecular cycli-
zation of the appropriately functionalized internal alkynes gener-
ated in situ has been documented well in the literature.21–25

In conclusion, an easy and inexpensive method has been
developed to access functionalized 2-substituted 6-oxopyrrol-
o[3,2,1-ij]quinoline derivatives following a single-pot coupling-
cyclization strategy. The methodology involves the use of 10%
Pd/C–PPh3–CuI as a catalyst system and ethanol as a solvent. The
process was found to be general as it worked with a variety of ter-
minal alkynes and well tolerated with a range of functional groups.
The methodology is amenable for the synthesis of compounds of
potential pharmacological interest. Further applications of this
method are under active investigation.



Table 2
Pd/C-mediated synthesis of 2-substituted 6-oxopyrroloquinolines (3)a

Entry Alkynes (2) Products (3) Reaction time (h) Yield (%)b
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Table 2 (continued)

Entry Alkynes (2) Products (3) Reaction time (h) Yield (%)b

10
2j

N

O O

OEt

3j 3.0 83

11
2k

N

O

OEt

O

3k 2.5 80

a All reactions were carried out by using 1 (1.0 equiv), 2 (1.5 equiv), 1:4:10 ratio of 10% Pd/C: PPh3: CuI and Et3N (2.5 equiv) in EtOH at 80 �C.
b Isolated yields.
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Scheme 3. Application of the Pd/C-mediated coupling-cyclization methodology.
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