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Three different methodologies for the preparation of highly substituted 2-aryl-quinazolin-4(3H)-ones
including short and high-yielding reaction sequences are described. The 2-aryl-substituent of most of
the target compounds bears three functional groups. The fluorescence properties of these compounds
are presented and potential correlations between structure and optical properties are discussed.
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Figure 1. Basic mechanism for excited state intramolecular proton transfer (ESIPT)
in HPQ 1. (S0: ground state, S0* excited state, S00 and S*: vibrationally excited forms of
S0 and S0*, respectively).
Quinazolin-4(3H)-ones, especially their 2-alkyl and 2-aryl
derivatives, are a class of nitrogen-containing heterocycles of con-
siderable interest, owing to the remarkable diversity of their bio-
logical activities.1 Anticancer,2 anticonvulsant,3 antiinflamatory,4

antidiabetic,5 and antimalarial6 effects are only some of their re-
ported characteristics. Additionally, 2-(20-hydroxyphenyl)-quinaz-
olin-4(3H)-one HPQ (1) and some of its derivatives have been
reported to be highly fluorescent in the solid state.7,8 Their fluores-
cence properties arise from excited state intramolecular proton
transfer (ESIPT) from the phenol hydroxyl to the imine function
(Fig. 1). Such compounds can serve different useful applications,
for example, in chemical sensing systems or in fluorogenic probes
for biological assays.7,9

The construction of the quinazolin-4(3H)-one ring system has
been achieved via condensation of anthranilic acid derivatives with
acid chlorides or other benzoic acid derivatives,10,11 by the conden-
sation of imidates with anthranilic acid,12–14 or aza-Wittig reac-
tions of a-azido-substituted aromatic imides.15 Although some of
these methods provide useful strategies for the synthesis of these
bicyclic compounds, they often suffer from major drawbacks, such
as low yields, too many synthetic steps, and lack of general appli-
cability.10 Moreover, only few methods have been described for the
synthesis of 2-aryl-quinazolin-4(3H)-ones with rather reactive
functional groups at the 2-aryl ring, such as hydroxyl or amino
groups.7,16,17 In particular, the literature lacks methods for the syn-
thesis of quinazolin-4(3H)-ones that tolerate multiple functional
groups on the 2-aryl substituent.
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Therefore, there is certainly a need for improved concepts that
allow further derivatization of the quinazolin-4(3H)-one system
at the 2-aryl substituent in order to create novel fluorophores or
compounds of pharmaceutical potential.

We herein report three rapid and efficient routes to quinazolin-
4(3H)-ones with a phenol or aniline ring as the 2-substituent, some
of which are highly substituted. The fluorescence properties of the
synthesized compounds were evaluated, and relationships be-
tween the observed fluorescence and the substitution pattern on
the 2-aryl ring were deduced.
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Scheme 2. Synthesis of quinazolin-4(3H)-ones with nitroanilines at the 2-position.
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Initially, we synthesized an HPQ derivative with a dimethyl
amino group in para position to the phenol and another compound
with an additional ortho-methoxy substituent. Aldehydes 3a,b
were prepared from commercial compounds under reductive ami-
nation conditions18, transforming the nitro function of 2a,b into a
dimethylamino group in a single one-pot reaction in good yield.
This comprises the reduction of the nitro group, and two subse-
quent reductive amination steps. Subsequently, aldehydes 3a,b
were condensed with anthranilamide 4,7 followed by in situ oxida-
tion to establish the imine function, furnishing target compounds
5a,b in high yield (Scheme 1).

Scheme 2 illustrates the preparation of HPQ derived nitroani-
lines. The synthesis of aniline 10a bearing two nitro groups started
with acid 7 that was transformed into aldehyde 8a by reduction
and subsequent oxidation of the crude alcohol intermediate.19 This
highly electrophilic species was efficiently converted to 9a via an
SNAr type reaction.20 Subsequent condensation of highly substi-
tuted aldehyde 9a with 4, followed by in situ oxidation gave target
compound 10a in excellent yield. In order to obtain mono-nitro
aniline 10b, commercial fluoroaldehyde 8b was treated in a similar
way than 8a, quantitatively furnishing aldehyde 9b.21 Reaction
with 4 yielded target compound 10b.

Scheme 3 illustrates the synthesis of anilines bearing either an
unsubstituted amino group, or an electron-rich (methylation) or an
electron-poor (Cbz substitution) one. Aminoalcohols 11a and 11b
were Cbz-protected22, followed by oxidation of benzylic alcohols
12 using MnO2

23 furnishing aldehydes 13. Reaction with anthra-
nilamide 4, followed by in situ oxidation with DDQ gave N-Cbz ani-
line 14. The protecting group was removed using 5% Pd-C to
quantitatively produce free HPQ-derived aniline 15b and its meth-
ylated congener 15a. It should be noted that use of 10% Pd-C was
found to cause partial reduction in the imine function. As in the
preparation of 5 and 10, the preparation of the target compounds
was achieved in short syntheses with good to excellent yields.

Table 1 summarizes the fluorescence properties of the synthe-
sized compounds in the solid state. This table also includes data
of HPQ 1 which was used as reference, and of its analog 16 (MeO-
Scheme 1. Synthesis of phenolic quinazolin-4(3H)-ones.

Scheme 3. Synthesis of quinazolin-4(3H)-ones with N-substituted anilines at the 2-
position.
HPQ)7 bearing a methoxy group para to the phenolic hydroxyl. As
is the case for the parent fluorophore HPQ, these compounds are
fluorescent only in the solid state, but not in solution. It is generally
assumed that solvation of the phenol or aniline function precludes
an intramolecular hydrogen bond and thus ESIPT. Among the new
molecules, aniline 14b was found to be highly fluorescent, being in
the same range as HPQ 1, and that of its methoxy derivative 16. But



Table 1
Fluorescence properties of HPQ and the synthesized analogs

Entry Compound kex,max (nm) kem,max (nm) Relative fluorescence
intensity a.u.

1 1 365 495 1.00 ± 0.06
2 16 365 550 0.96 ± 0.05
3 15b 280 460 0.08 ± 0.004
4 15a 280 460 0.09 ± 0.005
5 14b 365 525 0.89 ± 0.06
6 5a,b Sa Sa <0.0001
7 10a,b Sa Sa <0.0001

a S = screening of all possible wavelengths between k = 250 and k = 850 nm.
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also anilines 15a and 15b showed good fluorescence intensities
that were still four orders of magnitude higher than the one of
compounds 5 and 10. In addition, fluorophores 14b, 15a, and 15b
exhibit large Stokes shifts (P160 nm), which are useful for the de-
sign of fluorescence-based sensing systems of high sensitivity. For
example, a large Stokes shift can circumvent the problem of tissue
background fluorescence in in vivo tests.9

In attempting to correlate the structure with the fluorescence
properties, one finds among the phenols that lack of substitution
or introduction of an ortho-methoxy group is favorable, while a
para-amino group appears to be detrimental to fluorescence (1 vs
16 vs 5a,b).

In case of the anilines, molecules with electron-withdrawing ni-
tro groups in ortho or para position of the aryl ring displayed neg-
ligible fluorescence (10a,b). On the other hand, simple anilines
showed an increase in fluorescence intensity by four orders of
magnitude (15a,b vs 10a,b). Alkyl substitution of the aniline nitro-
gen appeared to have no significant impact (15a vs 15b). On the
other hand, introduction of an electron-withdrawing Cbz substitu-
ent into the amino group further increases the fluorescence inten-
sity by one order of magnitude (14b vs 15a, 15b). Similar
observations were reported in related compounds where the ani-
line nitrogen was part of an amide or sulfonamide unit.24

In conclusion, we have established efficient routes to novel phe-
nol and aniline derivatives of the quinazolin-4(3H)-one system.
The condensation of aldehydes with anthranilamide proved to be
tolerant to multiple substitution patterns, furnishing target com-
pounds that are highly functionalized on the 2-aryl ring. In partic-
ular, three of the synthesized compounds showed good to high
fluorescence intensities and large Stokes shifts and might thus find
applications in chemical sensor systems or enzyme assays. More-
over, the correlations between the substitution pattern on the 2-
aryl ring and the fluorescence properties made in this study will
help to direct our future work in the development of novel fluoro-
phores based on this system. Beyond these advantages, the syn-
thetic procedures established in this study may prove useful in
the access to new derivatives of the quinazolin-4(3H)-one core that
are of interest in pharmaceutical research.
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