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A one-pot synthesis of 2,3-dihydro-1H-pyrrolo[3,2-c]quinolines
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Abstract

A one-pot synthesis of the 2,3-dihydro-1H-pyrrolo[3,2-c]quinoline core from substituted 2-iodoanilines and 2,3-dihydro-1H-pyrrole
was achieved using 10 mol % Pd(PPh3)4, and K2CO3 in 1,4-dioxane at 170 �C for 1 h in a microwave oven. This reaction can be carried
out on a gram scale. The proposed mechanism involves a Heck-coupling reaction followed by intra-molecular Schiff base formation and
double bond migration.
Crown Copyright � 2008 Published by Elsevier Ltd. All rights reserved.
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Pyrrolo[3,2-c]quinoline ring system is a central core to a
number of biologically active molecules. Derivatives from
this class possess hypotensive,1 anti-inflammatory,2 anti-
cancer,3 and neuroprotective 4 activities. Moreover, 2,3-
dihydro-1H-pyrrolo[3,2-c]quinolines, the sub-class of com-
pounds described in this report, are potential therapeutic
agents for peptic ulcer disease by acting as gastric H+/K+

ATPase ‘proton pump’ inhibitors.5

The two reported routes to 2,3-dihydro-1H-pyrrolo[3,2-c]-
quinolines involve as the key step the tandem radical
cyclization of 4-(2-phenyl-4-isopropenyl-isoxalidine-3-yl)-
2,3-dihydropyrrole6 or the cyclization of symmetrical
malonamides.7 However, both of these approaches have
narrow scope and involve multi step reactions resulting in
low yields of final products. Herein, we would like to report
a one-pot synthesis of 2,3-dihydro-1H-pyrrolo[3,2-c]quino-
lines 1 which allows for the synthesis of gram quantities of
this important tricyclic core.

According to the retro-synthetic analysis shown in
Scheme 1, the target molecule 1, 2,3-dihydro-1H-pyrrolo-
[3,2-c]quinoline-1,8-dicarboxylate, can be obtained from
intermediate A by an intra-molecular Schiff base formation
and aromatization. Intermediate A was envisaged to come
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from the Heck coupling of 2-iodoaniline 2a with methyl
4-formyl-2,3-dihydro-1H-pyrrole-1-carboxylate, 3.8

Our initial experiment demonstrated that a one-pot
approach to this tricyclic core is feasible. Reaction of iodo-
aniline 2a with pyrrole 3 (1 equiv) in the presence of
Pd(PPh3)4 (10 mol %) and K2CO3 (2 equiv) in refluxing tol-
uene for 10 h directly afforded the target molecule 2,3-di-
hydro-1H-pyrrolo[3,2-c]quinoline 1, in 20% yield (Scheme
1). In contrast, the corresponding reaction with secondary
iodoanilines 2b and 2c only gave the dehalogenated starting
materials. Promisingly, the yield of 1 could be increased to
44% by extending the refluxing of 2-iodoaniline 2a and
aldehyde 3 to 24 h. This yield is in line with that reported
by Gurjar et al.9 in their preparation of 1,2,5,9b-tetra-
hydro-4H-pyrrolo[3,2-c]quinolin-4-ones via Heck coupling
r Ltd. All rights reserved.
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Table 2
Synthesis of several 2,3-dihydro-pyrroloquinolinesa
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of 2-iodoaniline with 3-carbethoxy-4,5-dihydropyrrole. In
order to shorten our reaction time and to potentially
further improve the yield, we evaluated microwave
conditions. Microwave irradiation has been reported to
increase the rate and yield of Heck reactions.10 Accord-
ingly, microwave irradiation of 2a and 3 (1.5 equiv) with
Pd(PPh3)4 (10 mol %) and K2CO3 (2 equiv) at 170 �C in
1,4-dioxane for 1 h afforded compound 1 in 60% yield.

We evaluated the influence of the palladium catalyst on
this reaction. The three palladium catalysts, Pd(dba)2,
Cl2Pd(PPh3)2, and Pd(PPh3)4, all gave similar yields of 1,
namely, 62%, 58%, and 60%, respectively.11 Using the most
economical catalyst of the three, Pd(PPh3)4, we examined
the effect of catalyst loading. Increasing the loading of
Pd(PPh3)4 from 2 to 5 to 10 mol % produced successively
higher yields, 8%, 20%, and 40%, respectively, with 10%
being the optimal loading. Increasing the number of equiv-
alents of aldehyde 3 from 1 to 1.5 slightly improved the
yield from 55% to 60% but there was no advantage in using
2 equiv of aldehyde. In subsequent optimization experi-
ments we used 10 mol % of Pd(PPh3)4 and 1.5 equiv of 3

together with microwave irradiation at 170 �C.12

Next, studies were conducted to determine the optimal
base and solvent combination. When K2CO3 was replaced
by Et3N (2 equiv), we observed only the de-halogenated
starting material derived from 2a. By switching to NaOH,
we found only a small amount of the desired product 1 (ca.
5%) plus some decomposed aldehyde 3. For the remainder
of the studies K2CO3 (2 equiv) was used as the base. Of the
seven solvents tried in this reaction (H2O, CH3CN, DMF,
DMSO, THF, DME, and 1,4-dioxane), the best yields
came from 1,4-dioxane and, secondly, from DME (Table
1). These two solvents may improve solubility of the reac-
tants and catalyst, as well as, enhance the basicity of
K2CO3. On the other hand, reactions carried out in H2O,
CH3CN, DMSO, or DMF were totally ineffective.
Table 1
Solvent and reaction time studya
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MeO2C+
Pd(PPh3)4 (0.1 equiv)

solvent / K2CO3 (2 equiv)

microwave
2a 3 1

Entry Solvent Time (min) Yieldb (%)

1 1,4-Dioxane 120 58
2 1,4-Dioxane 60 60
3 1,4-Dioxane 30 29
4 1,4-Dioxane 15 20
5 DME 60 33
6 DME 30 28
7 DME 15 18
8 THF 15 13

a Reactions conducted in microwave at 170 �C.
b Isolated yields following purification by preparative reverse-phase

HPLC.
To determine the optimal microwave reaction time, a
time course study was conducted using 1,4-dioxane and
DME (Table 1, entries 1–7). When reactions were run for
30 min, both solvents gave comparable yields (entries 3
and 6), but noticeably better yields were obtained using
1,4-dioxane when the reaction time was extended to 1 h
(entries 2 vs 5). Extending the reaction time to 120 min in
1,4-dioxane did not further improve the yield (entry 1 vs
2) and, as a result, a 1-h reaction time in 1,4-dioxane was
used for the remainder of the experiments.

Having determined the optimal reaction conditions, we
were interested in determining the scope of this one-pot
reaction (Table 2).13 Introduction of the electron-with-
drawing group (CF3, CO2Me, or Cl) in position R3, para
to the NH2 of the iodoanilines, afforded the highest yields
(entries 1–8 vs entry 9 R3 = H). It is important to note that
these reactions can be scaled up to afford gram quantities
of 2,3-dihydropyrrolo[3,2-c]quinolines (entries 2, 5, and
7). Introduction of a fluorine atom ortho to the NH2 group
(entry 6) and even a second fluorine atom in the meta posi-
tion (entry 8) only slightly decreased the yield. On the other
hand, the corresponding one-pot reactions with ortho-
bromoanilines were less effective (entry 1 vs 10–12; entry
9 vs 13) with 35% being the best isolated yield using the
strong electron-withdrawing fluorine atom in position R3

(entry 11). ortho-Bromoanilines with an electron donating
group in position R3 gave none of the desired product
(e.g., R1 = R2 = R4 = H, R3 = –CH(CH3)2, X = Br).

The mechanism leading to 2,3-dihydropyrrolo[3,2-c]-
quinolines likely involves a Heck cross-coupling followed
by an intramolecular cyclization (Scheme 2). The oxidative
addition of palladium(0) to the aryl halide is followed by
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Entry R1 R2 R3 R4 X Yielda (%)

1 H H Cl H I 73
2 H H Cl H I 74b

3 H H CO2CH3 H I 61
4 H H CF3 H I 60
5 H H CF3 H I 64b

6 F H Cl H I 50
7 F H Cl H I 38b

8 F H Cl F I 49
9 H H H H I 24

10 H H Cl H Br 14
11 H H F H Br 35
12 H CF3 H H Br 26
13 H H H H Br 13

a Isolated yields following purification by preparative reverse-phase
HPLC.

b Isolated yields of products (scale of 1 g of aryl halide) following
purification by silica gel column chromatography.
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syn addition of this organopalladium species across the
carbon–carbon double bond of aldehyde 3 generating
intermediate T2. syn-Palladium hydride elimination can
only occur in one direction producing T3, the Heck
coupled product. This intermediate can then undergo
double isomerization followed by cyclization or alternative
cyclization followed by double bond migration.

An alternate mechanistic hypothesis involving first
imine bond formation followed by Heck coupling seems
less likely. To explore this possibility, we pre-formed the
Schiff base 14 and subjected it to the Heck coupling condi-
tions but it did not afford the cyclized product 1 (Scheme
3). Interestingly, even when the 2,3-dihydro-1H-pyrrolo
and 2-iodoanilino motifs are tethered by an sp3 carbon
atom, as in compounds 15–17, the Heck cyclization does
not occur. Apparently, the tether in these systems (14–17)
likely prevents the attainment of the required reaction
geometry.

Removal of the methyl carbamate protecting group on
the pyrrolo-1H-[3,2-c]quinoline 18 was accomplished by
hydrolysis in NaOH and methanol (Scheme 4).14 2,3-Di-
hydropyrrolo-1H-[3,2-c]quinolines such as 19 represent a
class of valuable building blocks amenable for further
diversification.
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Scheme 3. Reagents and conditions: (a) Reactants on K-10 Clay,
microwave, 150 �C, 20 min; (b) NaBH(OAc)3, CH2Cl2, 90%; (c) TFAA,
DMAP, CH2Cl2, 85%; (d) PhCHO, NaBH(OAc)3, HOAc, CH2Cl2, 95%;
(e) Pd(PPh3)4, K2CO3, dioxane, 170 �C, 1 h, microwave.
In summary, we report an efficient one-pot synthesis of
the 2,3-dihydropyrrolo-1H-[3,2-c]quinolines, which allows
for the synthesis of gram quantities of this important tri-
cyclic core. The mechanism most likely involves a Heck
cross-coupling reaction followed by an intramolecular
Schiff base formation and aromatization.
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