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The challenging pyrrolo-[2,1-j]quinolone core structure has been synthesized from N-(alkynoyl)-6-meth-
oxytetrahydroquinoline in good yields using electrophilic cyclization as the key step. These reactions
require simple starting materials and mild reaction conditions. In addition, we have demonstrated that
the iodine moiety, which could be easily introduced in the final step, is very useful for further function-
alization by employing various palladium-catalyzed cross-coupling reactions.

� 2012 Elsevier Ltd. All rights reserved.
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Figure 1. Core structures of naturally occurring Cylindricines and Lepadiformine.
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Scheme 1. Synthesis of 1H-pyrrolo-[2,1-j]quinolone framework via ipso-
iodocyclization.
1H-Pyrrolo-[2,1-j]quinolone is a commonly found core struc-
ture in the family of tricyclic marine alkaloids such as Lepadifor-
mine1 and Cylindricine ( Fig. 1).2 The complex three-ring core
structure found in these molecules makes them intriguing syn-
thetic targets. These alkaloids exhibit interesting biological activi-
ties such as cytotoxicity against cancer cells, antiarrhythmic
properties, and other cardiovascular effects.3 Ever since Cylindri-
cines were isolated by Blackman et al.2 many attempts have been
made to synthesize them and the other marine alkaloids.4 In these
processes the synthesis of the core structure was lengthy, often
requiring several steps, and resulted in low to moderate yields.

Over the last decade halogen mediated electrophilic cyclization
reactions have emerged as a very useful method in organic synthe-
sis.5 Pioneering work in this area has been reported by Larock and
co-workers as they have reported synthesis of several heterocycles
and carbocycles including indole,6 benzofuran,7 benzo[b]thio-
phene,8 benzo[b]selenophene,9 furan,10 quinoline,11 isoquinoline,12

and benzopyran.13 Recently, synthesis of spiro[4.5]trienones was
reported via ipso-iodocyclization of 4-(p-Methoxyaryl)-1-
alkynes.14 Several variations of these ipso-cyclization reactions
have been reported since then.15

Herein we describe a novel approach for the synthesis of the
1H-pyrrolo-[2,1-j]quinolone core structure using the electrophilic
ipso-cyclization of various N-(alkynoyl)-6-methoxytetrahydro-
quinolines (Scheme 1).16 This method can be used to synthesize
these highly functionalized heterocyclic compounds under mild
ll rights reserved.

i).
reaction conditions starting from commercially available 6-meth-
oxy-1,2,3,4-tetrahydroquinoline (1) in two or three steps.

To synthesize N-(alkynoyl)-6-methoxytetrahydroquinolines 2
and 3, HATU coupling between tetrahydroquinoline 1, and phenyl-
propiolic acid or octynoic acid was performed. These couplings
were successful and produced propiolamides 2 and 3 in very high
yields of 81% and 93%, respectively (Scheme 2). N-(alkynoyl)-6-
methoxytetrahydro-quinolines 5–9 were synthesized by the
reaction of carbomoyl chloride 4 with alkynyl lithiums in yields

http://dx.doi.org/10.1016/j.tetlet.2012.12.014
mailto:tkesharw@bard.edu
http://dx.doi.org/10.1016/j.tetlet.2012.12.014
http://www.sciencedirect.com/science/journal/00404039
http://www.elsevier.com/locate/tetlet


H
N

DIEA, HATU, THFMeO

N

MeO

O
R

Ph CO2H

1

phenyl

n-pentyl

R %

81

93

2

3

Scheme 2. Synthesis of N-(alkynoyl)-6-methoxytetrahydroquinolines via HATU
coupling reaction.

L. Low-Beinart et al. / Tetrahedron Letters 54 (2013) 1344–1347 1345
ranging from 49% to 73% (Scheme 3). Carbomoyl chloride 4 was
synthesized from the reaction of 6-methoxytetrahydro-quinoline
with phosgene using Et3N as a base. This reaction furnished 4 in
high yield of 80% (Scheme 3).
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Scheme 3. Synthesis of N-(alkynoyl)-6-methoxytetrahydroqu

Table 1
Iodocyclization of N-(alkynoyl)-6-methoxytetrahydroquinolinesa

Entry Alkyne Reaction c

1

N
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MeO
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The reaction of propiolamide 2 with I2 and NaHCO3 using
CH3CN as solvent resulted in the formation of the desired pyrrol-
o-[2,1-j]quinolone 10 in an excellent yield of 91% (Table 1, entry
1). To study the scope of this reaction, various electrophiles such
as Br2, NBS, and NIS were employed. Cyclization attempts using
Br2 and NBS were unsuccessful whereas NIS in acetic acid resulted
in the formation of 10 in a modest yield of 40% (entry 2). Since, NIS
resulted in a lower yield of product we continued our study of elec-
trophilic cyclization using I2 as the electrophile.

To further study the scope of this reaction, substituted propiola-
mides were employed. Placing a tolyl functionality on the alkyne
furnished 11 in slightly lower yield than 10 (entry 3). Using the
stronger electron-rich group, p-methoxyphenyl, resulted in 83%
yield of 12 (entry 4). The heteroaryl and vinyl groups were success-
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inolines from carbomoyl chloride 4 and alkynyl lithiums.
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Table 1 (continued)

Entry Alkyne Reaction conditionsa Product Yieldb (%)

5
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a All reactions were performed using 0.30 mmol of propiolamides, 2 equiv of I2, and 3 equiv of NaHCO3 in 6 mL of CH3CN at room temperature for 24 h.
b Isolated yields.
c Reaction was performed using 0.25 mmol of propiolamides and 2 equiv of NIS in 2 mL of CH3COOH at room temperature for 24 h.
d Yield was determined by NMR using 2-bromobenzaldehyde as an internal standard.
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Scheme 4. Plausible mechanism for ipso-iodocyclization.
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Scheme 5. Functionalization of 10 using Suzuki cross-coupling reactions.
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fully employed, and the resulting products 13 and 14 were
obtained in good yields of 76% and 66% respectively (entries 5
and 6). The cyclization of the n-pentyl group to form 15 resulted
in the modest yield of 45% (entry 7) and the cyclization of the
tert-butyl functionality did not lead to any cyclized product 16
(entry 8). The difference in yields of the two alkyl functionalities
can be explained by their differing geometry. We believe that the
tert-butyl group is unable to approach the quinoline’s aromatic
ring because of its bulky size resulting in no cyclization.

The proposed mechanism of electrophilic ipso-iodocyclization
proceeds via initial co-ordination of electrophilic iodine with the
alkyne to form intermediate 17, followed by an ipso-attack from
the electron-rich aromatic ring to generate cationic intermediate
18 (Scheme 4). The presence of the methoxy group increases the
electron density on ipso-carbon, which in turn facilitates the neces-
sary attack on alkyne by the aromatic ring. The methyl group in
intermediate 18 is subsequently removed by the iodide nucleo-
phile via SN2 reaction.

In order to demonstrate the general utility of the ipso-iodocyc-
lization products, attempts were made to further functionalize 10
using Suzuki coupling reactions (Scheme 5). The Suzuki coupling
reaction using phenylboronic acid produced the desired product
with a high yield of 84%. The electron rich 3-thienylboronic acid re-
sulted in the formation of 20 in slightly higher yields of 89%.
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In summary, the pyrrolo-[2,1-j]quinolonecore structure was
successfully synthesized in high yields using electrophilic cycliza-
tion reaction. I2 was successfully employed as electrophile in these
cyclization reactions. Cyclization with NIS resulted in low yield of
the product. Our efforts to synthesize bromine analogues of
pyrrolo-[2,1-j]quinolone were unsuccessful as the cyclization reac-
tion with Br2 and NBS failed for reasons that we do not presently
understand. Alkynes bearing aryl, heteroaryl, vinyl, and alkyl
groups were successfully cyclized. The core structure was further
functionalized using Suzuki cross-coupling reactions.
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