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Abstract—A new methodology for the synthesis of acridine derivatives is disclosed. The starting materials are commercially
available quinolines, which can be converted, via five high efficient steps, in a key quinoline intermediate substituted with a TBS-
protected-enol–ether and an internal alkyne. The key and last step is a rhodium-catalyzed benzannulation of the quinoline inter-
mediate yielding the desired poly-substituted acridines derivatives.
� 2004 Elsevier Ltd. All rights reserved.
Acridine derivatives (Scheme 1) have been known since
the 19th century where they were first used as pigments
and dyes.1 Their antiseptic activity has been discovered
in the early 1900s and some derivatives were extensively
used during World War I for their antibacterial and
antimalarial properties.1 In the 1920s, their potential in
the fight against cancer was first noted. Since then, a
large number of acridines drugs, natural alkaloids or
synthetic molecules, have been tested as antitumour
agents, a recent target being their telomerase and
topoisomerase inhibition activity.2 Acridines are much
sought after targets since a range of these compounds
continue to be used today for the treatment of acute
leukaemia (amsacrine),3 as anticancer agents (ledakrin),4

for their antibacterial properties (acriflavine and ethac-
ridine),2 for action against parasites in the treatment of
malaria, trypanosomiasis and leishmaniasis (quinacrine,
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Scheme 1. Acridine and acridone structures and numbering.
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acranil)2 and last but not least for treatment of Alzhei-
mer�s disease (tacrine).2;5 Acridine and acridone (Scheme
1) can be interconverted relatively easily and several
synthetic routes have been designed for this matter.2;6;7

Most routes to acridines and their derivatives proceed
through the corresponding acridone (Scheme 1). This is
largely due to the ease of formation of diphenylamine-2-
carboxylic acids (via the Ullman reaction), which under
strong acids can cyclize to the corresponding acridones.8

Although discovered in the early 1900s, these reaction
are still in use today.9 The transformation from acridone
to acridine requires harsh reductive (sodium amalgam,1

aluminium and mercury amalgam10) and oxidative
(chromic acid, iron(III)chloride/HCl,1 nitric acid9) con-
ditions. Among the methods for forming acridines,
which do not proceed through an acridone intermediate,
the best known is probably the Bernthsen reaction,11

which involves heating a diphenylamine and an organic
acid with zinc chloride for up to 40 h. Yields are not high
and the temperature required for best results is between
200 and 270 �C.11 The cyclization of diphenylamine-2-
carboxaldehyde is also widely used for acridine synthe-
sis. Again strong acid conditions (trifluoroacetic acid,
sulfuric acid) and/or high temperatures are required.12

The Pfitzinger quinoline synthesis has been adapted
successfully to access acridines but requires reflux for
several hours in sodium hydroxide solution.13 Due to the
harsh conditions needed in all these routes, they appear
unsuitable for the synthesis of functionalized acridines
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Scheme 2. Reagents and conditions: (a) 3 equiv MeMgBr, THF, 40 �C, 98%; (b) 10 equiv MnO2, toluene, 80 �C, 80%; (c) NaI, CH3CN, 0.5 equiv HCl

4N, reflux, 80%; (d) 1-hexyne, 0.07 equiv PdCl2(PPh3)2, 0.3 equiv CuI, 1.5 equiv Et3N, toluene, rt, 65%; (e) LDA, NC(CO)OEt, 27%; (f) 1 equiv CSA,

CHCl3, reflux, 15%.
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incorporating sensitive functional groups. This obser-
vation led us to look for alternative routes.

Two routes have been investigated. In the first route
(Scheme 2), we attempted to adapt a benzannulation
reaction described for the synthesis of naphthalene
ring.14

Thus, we observed that intermediate 6 undergoes an
acid-catalyzed benzannulation to yield 7. Compound 6
was obtained in five steps from commercially available
chloro-quinoline 1 beginning with the addition of
MeMgBr (98%) and oxidation to the corresponding
methyl-ketone 3 with MnO2 (80%). Finkelstein reac-
tion15 on compound 3 yielded the iodo derivative 4
(80%)16 which undergoes Sonogashira reaction17 with
1-hexyne (65%) to give 5. Mander reaction18 with ethyl-
cyanoformate (27%) produced the desired b-ketoester
quinoline 6. The low yield in the Mander reaction is
explained by the reactivity of precursor 5. This sub-
stance tends to dimerize, in the neat state, leading to
compound 8 (detected by mass spectrometry, Scheme 3).
In solution, it produces a presumed exo-methylene
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intermediate, which is unreactive in the desired trans-
formation, but that can give rise, upon quenching in the
presence of an alcohol (methanol or ethanol), to the
corresponding adduct 9 or 10 via an O-cyclization-
alkylation process.19 These structures are very interest-
ing due to their structural features, recalling Pentalongin
and Dehydroherbarin derivatives, which possess a broad
range of biological activities.20

Additionally (Scheme 2), the acid-catalyzed benzannu-
lation (CSA, HCCl3, reflux), of quinoline derivative 6,
led only to 15% of the desired acridine 7, which was
accompanied by several other products. No character-
ization was possible due to the difficulties of separation.
All attempts to obtain cleanly a predominant C-alkyla-
tive product from 6 failed.

We then chose a different route in which the reac-
tive methyl-ketone derivative 4 was protected (Scheme
4) in order to prevent the O-alkylation reaction to occur.

Based on work published on naphthalene derivatives,21

we transformed 4 (from the previous route) to the
O-TBS protected derivative 11 with TBSOTf and 2,6-
lutidine (80%).
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Scheme 4. Reagents and conditions: (a) 3 equiv TBSOTf, 3 equiv 2,6-

lutidine, CH2Cl2, 80%; (b) 1-hexyne or phenylacetylene, 0.07 equiv
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4mol% [Rh(CO)2Cl]2, toluene, 120 �C, 60–70%.
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Scheme 5. Reagents and conditions: (a) 3 equiv MeMgBr, THF, 40 �C, 98%; (b) 10 equiv MnO2, toluene, 80 �C, quant.; (c) NaI, CH3CN, 0.5 equiv

HCl 4N, reflux, 80–98%; (d) 2.2 equiv TBSOTf, 3 equiv Et3N, CH2Cl2, 77%; (e) 1-alkyne, 0.07 equiv PdCl2(PPh3)2, 0.3 equiv CuI, 1.5 equiv Et3N,

toluene, rt; (f) 10mol% [Rh(CO)2Cl]2, toluene, 2–4 h, 120 �C.
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After an efficient Sonogashira reaction with 1-hexyne
(12a, 90%), metal-catalyzed cylization to the corre-
sponding acridine 13a, was possible with 4mol%22 of
the Rh(I) complex [Rh(CO)2Cl]2 in 70% yield.23 Sono-
gashira reaction with phenylacetylene on derivative 11
gave the intermediate 12b, which smoothly underwent
the rhodium-catalyzed annulation in 60% yield. This
methodology provides 1,3-disubstituted acridines.

The same synthetic pathway was conducted also
on 2-chloro-6-methoxy-quinoline-carboxaldehyde 14
(Scheme 5).

The iodo-methylketone derivative 17 was synthesized
using the previous route. Action of TBSOTf with Et3N
on 17 gave the O-TBS protected derivative 18 (77%),
which underwent efficient Sonogashira reaction with
several alkynes: 1-hexyne (19a, 70%), phenylacetylene
(19b, 60%), tetrahydro-2-(2-propynyloxy)-2H-pyran
(19c, 70%),24 3,3-diethoxy-1-propyne (19d, 72%). The
Rh(I)-catalyzed cyclization produced the corresponding
1,3,7-tri-substituted acridines 20a (60%), 20b (50%), 20c
(60%),25 20d (40%).26 We were able to use alkynes 19c
and 19d, bearing sensitive protecting groups, in this
transformation. In addition, experiments were per-
formed under thermal conditions without catalyst.
Heating derivative 19c for 5 h at 120 �C in toluene, led to
the formation of 10–15% of the desired acridine as
shown by the analysis of the proton NMR spectrum.27

Some work is still performed to improve the cyclization
efficiency and to analyze more carefully the free-metal
temperature-based cyclization.

In summary, we have developed a new and efficient
strategy to access 1,3-disubstituted and 1,3,7-tri-substi-
tuted acridines, in a six steps pathway from commer-
cially available quinolines. Extension of this
methodology to other heterocyclic structures is under-
way and will be published in due course.
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