
Tetrahedron Letters 50 (2009) 2570–2572
Contents lists available at ScienceDirect

Tetrahedron Letters

journal homepage: www.elsevier .com/ locate / tet let
A novel and simple benzannulation reaction using the potassium salt of methyl
mercaptoacetate for the synthesis of 3-aryl-2-methoxycarbonylacridines

Inga Cikotiene *

Department of Organic Chemistry, Faculty of Chemistry, Vilnius University, Naugarduko 24, LT-03225 Vilnius, Lithuania

a r t i c l e i n f o a b s t r a c t
Article history:
Received 23 December 2008
Revised 25 February 2009
Accepted 12 March 2009
Available online 16 March 2009

Keywords:
Acridines
Benzannulation
1,6-Electrocylic reaction
Methyl mercaptoacetate
0040-4039/$ - see front matter � 2009 Elsevier Ltd. A
doi:10.1016/j.tetlet.2009.03.072

* Tel.: +370 5 219 31 95; fax: +370 5 233 09 87.
E-mail address: inga.cikotiene@chf.vu.lt
A new benzannulation methodology has been developed and applied to the synthesis of 3-aryl-2-
methoxycarbonylacridines.

� 2009 Elsevier Ltd. All rights reserved.
Acridines are classes of fused heterocycles which have been
known since the 19th century as pigments and dyes.1 In the early
1900s their antiseptic activity was studied and during World War I
several derivatives of acridine became popular as antibacterial and
antimalarial drugs. Nowadays acridines are of considerable interest
because of the diverse range of their biological properties, for
example, antibacterial1 and antiparasite.2 Moreover their anti-can-
cer properties3 have also been studied, for instance their inhibitory
activity against topoisomerases and telomerase.4

A literature survey revealed that acridines are usually con-
structed via harsh conditions which appear unsuitable for the syn-
thesis of functionalized acridines. For example, high temperatures,
and strongly basic or acid media are required for synthesizing acri-
dines via known methods: modification of acridone intermedi-
ates,5 the Bernthsen reaction,6 cyclization of diphenylamine-2-
carboxaldehyde,7 or by adaptation of the Pfitzinger quinoline syn-
thesis.8 For the above reasons, the development of a new method
to smoothly construct functionalized acridine derivatives is still
an important task.

Benzannulation is a useful process in organic synthesis since a
wide range of organic molecules contain fused benzene rings. It
is a well-known method for the construction of different arenes
and benzo-fused heterocycles.9 For example, benzannulation reac-
tions can be carried out using transition metal carbene com-
plexes10 and metal-catalyzed11 or various metal-free methods.12

Recently, the Belmont group have developed two new methodol-
ogies for the smooth synthesis of acridine nuclei from 2-alkynyl-
ll rights reserved.
quinoline-3-carbaldehydes via benzannulation and aminobenzann-
ulation reactions. The first method requires rhodium, silver- or
gold-catalyzed benzannulation of the key quinoline intermediate
substituted with a TBS-protected enol–ether and an internal al-
kyne.13 The aminobenzannulation process involved Grignard and
oxidation reactions of the starting 2-alkynylquinoline-3-carbalde-
hydes to form the corresponding methyl ketones, followed by
addition of amines leading to a smooth cyclization process.14

Herein a new, concise synthesis of 3-aryl-2-methoxycarbonyl-
acridines from 2-arylethynylquinoline-3-carbaldehydes via a novel
benzannulation reaction is reported. The starting compounds 1a–e
were synthesized by the palladium-catalyzed Sonogashira cou-
pling of commercially available 2-chloroquinoline-3-carbaldehyde
with 1-arylacetylenes via literature procedures.14,15 Treatment of
compound 1a with 1 equiv of the sodium salt of methyl mercap-
toacetate in methanol at room temperature led to the formation
of a crystalline orange product 2a. Neither the IR nor 13C NMR
spectra of 2a showed the presence of C„C or formyl groups in
the product. In the 1H NMR spectra, two new aromatic CH singlets
at 7.70 and 8.00 ppm along with a singlet due to the methoxy
group at 3.94 ppm were observed. These data together with 13C
NMR and elemental analysis data indicated that a novel benzann-
ulation reaction had occurred. Thus, it was decided to optimize the
conditions to trigger the benzannulation reaction with 1a and
methyl mercaptoacetate as the starting materials (Table 1). The
use of potassium methoxide in methanol at room temperature
gave the best result (entry 2). While sodium methoxide in metha-
nol provided a slightly lower yield of the desired product 2a, K2CO3

in methanol and dimethylsulfoxide proved to be far less effective
(entries 3 and 7). Triethylamine in methanol gave no reaction (en-



Table 1
Optimization of the reaction conditions for benzannulation

Entry Solvent Base Yield of 2a (%)

1 CH3OH CH3ONa 79a

2 CH3OH CH3OK 90a

3 CH3OH K2CO3 29a

4 CH3OH Et3N 0a,b

5 C2H5OH C2H5OK 21a

6 2-C3H7OH 2-C3H7OK 0a, 10b

7 DMSO K2CO3 38a

a Reactions were performed at rt.
b Reaction was performed at reflux temperature.
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Scheme 2. A proposed mechanism for the benzannulation reaction.
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try 4) while the use of potassium ethoxide or 2-propoxide in
appropriate absolute alcohols gave very low yields of 2a together
with undefined mixtures (entries 5 and 6). The reaction of 1a with
methyl mercaptoacetate using potassium deuteriomethoxide in
deuterated methanol gave the labelled product 3 (Scheme 1). Thus,
the optimal reaction conditions required 1 equiv of potassium
methoxide and 1 equiv of methyl mercaptoacetate in methanol
at room temperature. Encouraged by these results we decided to
perform the reactions of 2-arylethynylquinoline-3-carbaldehydes
1b–e with methyl mercaptoacetate. The reactions proceeded
smoothly to afford good isolated yields of 3-aryl-2-methoxycar-
bonylacridines 2b–e (Scheme 1).

It is assumed, that the benzannulation reaction proceeds via
thiepino[4,5-b]quinolines, which are formed during nucleophilic
attack on the C„C bond by methyl mercaptoacetate together with
a Dieckmann-type condensation of the formyl group with the
methylene moiety. It is believed that due to the antiaromatic char-
acter of the intermediates, 1,6-electrocyclic ring closure followed
by aromatization with elimination of sulfur proceeds very
smoothly to form the corresponding 3-aryl-2-methoxycarbonylac-
ridines 2a–e (Scheme 2). An analogous transformation from ben-
zothiepine to naphthalene derivatives was reported earlier,16 so
our proposed mechanism has good precedent for the final step.

It is noteworthy that methyl mercaptoacetate is the most effi-
cient reagent for this transformation. Other thiols such as 1-
butanethiol and benzylthiol did not undergo reaction with the
starting compounds to give acridine derivatives.

In summary, a novel, efficient and strightforward procedure for
the synthesis of the acridine framework via an unexpected reaction
of 2-arylethynylquinoline-3-carbaldehydes with methyl mercap-
toacetate has been developed.17–19 Taking into account that the es-
ter functionality in the molecules can undergo further
transformations, this method for the synthesis of the title com-
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Scheme 1. Reagents and conditions: (i) KSCH2CO2CH3, CH3OH, rt, 4 h.
pounds should be useful for the preparation of various important
acridines. Extension of these reactions is currently underway in
our laboratory and application of this novel benzannulation meth-
odology to other carbo- or heterocyclic structures will be reported
in due course.
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