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Abstract—A protocol for the synthesis of quinolines substituted on both pyridine and benzo-fused rings is reported. The method is
based on the formylation of a substituted N-(zert-butoxycarbonyl)aniline followed by direct cyclisation and aromatisation of the
intermediate product obtained by condensation of the formed N-Boc o-aminobenzaldehyde with an enolisable carbonyl compound.

Yields up to 88% have been obtained.
© 2004 Published by Elsevier Ltd.

During the course of our studies related to the synthesis
of new chiral pyridine-phosphine ligands we required a
practical procedure for accessing chiral 5-fluoro-1,2,3,4-
tetrahydroacridines. Among the approaches, the
Friedldnder reaction which entails the condensation of
an enolisable carbonyl compound with an o-amino aryl
aldehyde, generally obtained by reduction of the corre-
sponding o-nitro aryl aldehyde, appeared the most
attractive.! However, in many cases the yield of this
reaction is unsatisfactory due to the relative instability
of the o-amino aryl aldehyde which can readily undergo
self-condensation reactions. This circumstance has been
observed by us when the 2-amino-3-fluorobenzaldehyde
(6)> by treatment under Friedldnder conditions (EtOH
or carbitol, saturated KOH in MeOH, room tempera-
ture to 130 °C) with the chiral ketone 2,6,6-trimethylbi-
cyclo[3.1.1]heptan-3-one (5b), gave the 5-fluorotetrahy-
droacridine 4d in only 15% yield (Scheme 1).

A brilliant solution of this problem has been very re-
cently developed by McNaughton and Miller who have
been able to obtain directly substituted quinolines from
ketones and o-nitrobenzaldehydes by a one-pot reduc-
tion—condensation sequence.® This method provides
products in high yields, but suffers of the fact that the
number of commercially available substituted o-nitro-
benzaldehydes is exceedingly small and their prepara-
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Scheme 1. Reagents and conditions: (a) KOH, EtOH, reflux.

tions are in many cases difficult. For instance, the 3-
fluoro-2-nitrobenzaldehyde from which 4d would be
the prepared, is an unknown compound.

In this article we wish to report a version of the
Friedldnder quinoline synthesis which avoids the isola-
tion of the o-amino benzaldehyde intermediate and
which allows the preparation of quinolines substituted
on both pyridine and benzo-fused rings from several
anilines and carbonyl compounds.

The method is hinged upon the direct azaannulation and
aromatisation of the intermediate product obtained by
condensation of an enolisable carbonyl compound with
a N-(tert-butoxycarbonyl) o-aminobenzaldehyde. This
aldehyde is produced by formylation of a substituted
N-(tert-butoxycarbonyl)aniline which is in turn obtained
from the corresponding aniline.* The global process is
depicted in Scheme 2 and the results obtained using a
number of substituted o-aminobenzaldehydes and car-
bonyl compounds are summarised in Table 1.

The N-Boc anilines 2a—¢ were readily prepared in high
yield by heating a THF solution of the corresponding
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Scheme 2. Reagents and conditions: (a) (Boc),O, THF, 60 °C, 15 h; (b) -BuLi, THF, —50 °C, 3 h, then DMF, —78 °C to rt; (c) Sa—{, ~-BuOK, 1,4-

dioxane, rt, 1-7 h; then 3 N HCI, reflux 1-4 h.

Table 1. Synthesis of quinolines from N-Boc anilines (Scheme 2)*
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#Reaction conditions: carbonyl compound (24.0 mmol), ~-BuOK (0.539 g, 48.0 mmol), zert-butyl N-(2-formylphenyl)carbamate (20.0 mmol) in dry

1,4-dioxane (15 mL) at rt, 1-7 h; then 3 N HCI reflux 1-4 h.
®Isolated yields.

anilines 1a—c with di-zerz-butyl dicarbonate.> The aldehy-
des 3a—c were obtained by treating the dianions of 2a—c,
generated using 2.2 equiv of terz-butyllithium in THF,
with N,N-dimethylformamide.®’ The position of the for-
myl group onto the benzene ring depends upon the regio-
specificity of directed metallation, which has been
established for many substituted aniline derivatives.*

The condensation and the azaannulation reactions were
carried out by a one-pot method. Firstly, aldehydes 3a—c
and carbonyl compounds 5a—f in dioxane containing
potassium ferz-butoxide were stirred at room tempera-
ture for 1-7 h and then a 3 N hydrochloric acid solution
was added. Heating the resulting mixture under reflux
for 14 h led to the quinolines 4a—h.® The reaction times
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of each step depend from the steric hindrance of the car-
bonyl compound.

The combination of the aldehydes 3a—¢ with cyclohexa-
nones 5a,b afforded the corresponding 1,2,3,4-tetrahy-
droacidines 4a-d in good yields (Table 1, entries 1-4).
Most gratifyingly, the S5-fluorotetrahydroacridine 4d
(Table 1, entry 4) was obtained in high yield (88%).
Modest yields were instead obtained with acyclic car-
bonyl compounds Sc—e (Table 1, entries 5-7).

In order to obtain an easy entry into 2,3-dihydro-1H-
acridin-4-one derivatives, which are useful intermediates
in the synthesis of more complexes heterocycles,’ the
reaction of the aldehyde 3b with 2,2-dimethoxycyclo-
hexanone (5f) was examined. The acridinone 4h was ob-
tained in low yield (Table 1, entry 8) which was not
possible to improve also when the analogue cyclic ketal
1,4-dioxaspiro[4.5]decan-6-one was used. This outcome
is likely attributable to the relatively low stability of 4h
which we noted to undergo ready degradation on stand-
ing at room temperature for one week.

In conclusion, we have developed a method for the prep-
aration of regiospecifically functionalised quinolines
from substituted anilines and carbonyl compounds. This
procedure, which complements existing ones, is particu-
larly useful for the preparation of substituted 1,2,3,4-tetra-
hydroacridines'!® from sterically hindered cyclo-
hexanones.!!
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A very interesting one-pot procedure has been developed
by for the synthesis of quinoline and 1,2,3,4-tetrahydro-
acridine derivatives. The method is based on the formyl-
ation of ortho-dilithiated N-pivaloylanilines followed by
treatment with carbonyl compounds and KHMDS. How-
ever, the method failed when 2-methycyclohexanone was
used as the carbonyl component Ubeda, J. I.; Villacampa,
M.; Avendano, C. Synthesis 1998, 1176.
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