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a  b  s  t  r  a  c  t

A  controllable  Brønsted  acid-driven  aerobic  oxidation  strategy  for  the  efficient  and  convenient  construc-
tion  of  quinazolinone  ring  system  has  been  developed  using  bi-SO3H-functionalized  ionic  liquids  as
catalyst  under  air atmosphere.  The  tunable  syntheses  of  dihydroquinazolinones  and  quinazolinones  have
been achieved  using  the  same  catalyst  in  different  reation  meduim  via  solvation-induced  proton  transfer.
eywords:
erobic oxidation
rønsted acid

onic liquids
unable synthesis

The bi-SO3H-functionalized  ionic  liquids  (ILs) catalyst  can be readily  recovered  and  reused  for  the  gram-
scale  application  for at least  three  runs  without  any significant  impact  on the  yields  of  the  products.  The
operational  simplicity  and  environmentally  benign  procedure  are  synthetically  useful features.

©  2017  Elsevier  B.V.  All  rights  reserved.
uinazolinones

. Introduction

Aerobic oxidation is an important conversion in the preparation
f fine chemicals and a lot of important organic compounds such
s aldehydes, ketones and aromatic heterocyclics [1]. Although a
umber of efficient oxidants have been developed, molecular oxy-
en can be regarded as the best oxidants compatible with current
nvironmental concerns. However, air is rarely used alone and tran-
ition metals were generally required for further activation [2]. In
ddition, the selective control of oxidation by using molecular oxy-
en or air as oxidant often become the bottleneck in the regulation
f products formation [3].

Quinazolinone ring system represents a very attractive scaffold
n a variety of synthetic drugs and natural products [4]. Quinazoli-
ones as well as the 1,2-dihydroquinazolinones are widely used
s antibacterial, antiinflammatory, antileishmanial and anti-tumor

gents [5–8]. Recently, 2-substituted quinazolin-4(3H)-one and
ihydroquinazolinones were used as sensors for detection of amine
apors and Cu2+ ions [9,10]. These special utilities of quinazolinone
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and dihydroquinazolinone derivatives highlight their synthetic
necessity [11]. In most cases, the preparation of quinazolinones
is achieved through the oxidation of dihydroquinazolinones [12].
Although a number of methodologies to construct quinazolinones
via aerobic oxidation have been developed, metal co-catalysts were
generally used [13]. Recently, metal-free protocols via aerobic oxi-
dation in wet DMSO and aerobic oxidative amination for syntheses
of 2-hetarylquinazolinones have been reported [14,15]. But tun-
able syntheses of dihydroquinazolinones and quinazolinones via
controlled oxidation under such aerobic condition are inadequately
addressed.

Herein, we  disclosed an example of controllable metal-free
Brønsted acid-promoted aerobic oxidation for constructing quina-
zolinone scaffolds from o-anthranilamides with aldehydes under
air atmosphere by using bis-sulfonated ILs as catalyst. The tun-
able syntheses of dihydroquinazolinones and quinazolinones have
been expediently achieved via modulation of the proton activity in
different reaction medium.

2. Results and Discussion
In ring of quinazolinone, there is an amide-iminol tautomerism
in quinazolinones or dihydroquinazolinones [16]. Generally, the
amide tautomer of dihydroquinazolinone is more thermodynam-

dx.doi.org/10.1016/j.mcat.2017.03.006
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Scheme 1. Workin

Table 1
Hammett acidity Function (H0) values of different Brønsted acidic ionic liquids and
H2SO4.

entry acid Amax [I] % [HI]+ % H0

1 – 0.565 100 0 –
2  C1 0.523 92.50 7.50 2.08
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3  C2 0.492 87.07 12.93 1.81
4  C3 0.359 63.53 36.47 1.231
5  H2SO4 0.510 90.26 9.73 1.95

cally stable than the iminol tautomer. Anticipating that the
minol tautomer of dihydroquinazolinones could convert to iminol
automer of quinazolinones (4-hydroxyquinazolines) more easily
hrough oxidation-dehydroaromatization in air (Scheme 1), we
ealized that the controlled syntheses of dihydroquinazolinones
nd quinazolinones under aerobic condition might be able to be
chieved through the control of amide-iminol tautomerism. To a
ertain extent, acid can promote the formation of iminol tautomer
16]. Therefore, we resorted to acid-driven aerobic oxidation strat-
gy.

Due to the remarkable properties of ILs such as designable
tructure and good compatibility in water and organic solvent,
uning the acidity of ILs can be achieved by the structure design
nd modification. In order to test our working hypothesis, three
O3H-functionalized acidic ILs (Fig. 1) with different acidity were
esigned and synthesized. Hammett function (H0) [17], which can
e calculated by the formula (H0 = 0.99 + lg[I]/[HI]+), was used to
ssess the acidity of ILs catalysts in organic solvents (Table 1). C3
howed strongest acidity in selected acids (Table 1, entry 4). We
egan our efforts on examining the model reaction between 2-
minobenzamide (1a) and benzaldehyde (2a) in the presence of
cid using air as oxidant. The results are summarized in Table 2.
he addition of acid could promote the aerobic oxidation using
tOH as solvent. And strong acid did better results on the forma-
ion of quinazolinone (4a). The C3 which was the strongest acidity

n EtOH showed the best catalytic activity in this aerobic oxida-
ion (Table 2, entry 7 and 8). In addition, the yield of quinazolinone
4a) could be reached 85% in the presence of C2 when the reaction
ime increased to 12 h (Table 2, entry 6). In consideration of the
g hypothesis.

efficiency of catalysts, we choose C3 for further investigation. The
following examination on the catalyst loading of C3 and reaction
temperature was performed. The results showed that the reaction
time needed to be prolonged to get a better yield when the cata-
lyst loading of C3 or reaction temperature was decreased (Table 2,
entries 9–13). The effect of organic solvents on this aerobic oxida-
tion was also investigated (Table 2, entries 14–18). Polar solvents
were favourable for the formation of quinazolinone 4a. For instance,
the yield of quinazolinone 4a was  98% in ethanol (Table 2, entry 8),
80% in DMF  (Table 2, entry 18). The green solvent such as PEG-
400 also afforded a good yield (89%) of 4a (Table 2, entry 17). It
is probably because the iminol tautomer can be stabilized through
hydrogen bonding formation in the polarity condition.

With these expected results in hand, we subsequently inves-
tigated the possibility of blocking oxidation process via proton
salvation effect to reduced proton activity under such aerobic oxi-
dation using the same catalyst. To pursue this goal, water was  added
to reaction mixture. It was  observed that the yield of 4a decreased
from 82% to 17% with increasing water fractions from 10 to 90 vol%
(Table 2, entries 19–21). Pure water gave 90% yield of 3a instead
of 4a (Table 2, entry 22). Dihydroquinazolinone 3a could also be
obtained at a yield of 88% even at room temperature (Table 2,
entry 23). The yields of the 4a decreased in the presence of water
probably due to the formation of the hydrated proton (H3O+) from
Brønsted acid catalyst and water which reduces catalytic activity
of C3 [20]. Thus, we have successfully achieved the regulation of
aerobic oxidation.

Next, the scope and generality of this controlled Brønsted acid-
promoted aerobic oxidation was explored under such operational
condition. In consideration of the solubility of the catalyst and
substrates, shorten reaction time, high yield and environmental
acceptance, the operational condition we chose for syntheses of
quinazolinones was the treatment of anthranilamides and alde-
hydes in the presence of C3 at 80 ◦C in EtOH. It was  observed
that the reactions of substituted 2-aminobenzamide with aldehy-

des proceeded smoothly and most of pure products were obtained
by simple washing and recrystallization without using silica gel
column chromatography. Aromatic aldehydes with electron with-
drawing or electron donating groups can be successfully converted
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Fig. 1. The structures of SO3H-functionalized ionic liquids catalysts.

Table 2
Optimization of the Reaction Conditions.a

entry catalyst (mol %) solvent temp (◦C) time (h) Yield (%)b

3a 4a

1 Acetic acid (20) EtOH 80 1 35 25
2  CH3SO3H(20) EtOH 80 1 42 46
3  H2SO4(20) EtOH 80 1 32 42
4  C1 (20) EtOH 80 1 52 26
5  C2 (20) EtOH 80 1 38 55
6  C2 (20) EtOH 80 12 <10 85
7  C3 (20) EtOH 80 1 <10 83
8  C3 (20) EtOH 80 2 trace 98
9  C3 (10) EtOH 80 5 trace 95
10  C3 (30) EtOH 80 1.5 trace 97
11  C3 (20) EtOH 60 8 trace 95
12  C3 (20) EtOH 40 32 <5 90
13  C3 (20) EtOH r.t. 48 <10 88
14  C3 (20) Toluene 80 2 20 30
15  C3 (20) CH3CN 80 2 16 70
16  C3 (20) Dioxane 80 2 30 35
17  C3 (20) PEG-400 80 2 <5 89
18  C3 (20) DMF  80 2 15 80
19  C3 (20) EtOH/H2O (9:1, v/v) 80 2 12 82
20  C3 (20) EtOH/H2O (5:5, v/v) 80 2 45 50
21  C3 (20) EtOH/H2O (1:9, v/v) 80 2 75 17
22  C3 (20) H2O 80 2 90 <10
23  C3 (20) H O r.t. 12 88 <10

l), catalyst based on 1a,  solvent (5 mL) under air.
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a Reaction conditions: o-aminobenzamide 1a (1 mmol), benzaldehyde 2a (1 mmo
b Isolated yield based on 2a.

o the corresponding quinazolinones with good to excellent yield
73%–98%). The fused aryl (4f) and heteroaryl (4b, 4d and 4k) alde-
ydes were also well tolerated in this reaction, producing the
orresponding products in yield from 77% to 93%. The synthe-
is of 2-alkyl substituted quinazolinones from 2-aminobenzamide
ith aliphatic aldehydes were more difficult in literatures [18].

o our delight, the aliphatic aldehydes (4i and 4l) can also be
uccessfully converted to the corresponding products with good
ield (76% and 84%). And the differently substituted anthranil-
mides such as methyl and bromide were also successfully used in
his reaction to get quinazolinones (4k and 4m). When 2-Amino-
-methylbenzamide was used in this reaction to get 3-methyl
uinazolinone, reaction temperature should be increased to 120 ◦C

n PEG-400. This might be more difficult to form iminol tautomer
f 3- substituted quinazolinones. The increase of temperature
ould make the transition easier. Subsequently, we used water
nstead of ethanol as reaction medium for syntheses of 1,2-
ihydroquinazolinones. The corresponding products were also
btained in yield from 72% to 94%. The substrate compatibility is
lso good. In addition, quinazolinones were also obtained by direct

ehydrogenation oxidation of their dihydroquinazolinone forms
Scheme 2).

In view of the simplicity of this controllable synthetic method,
he reusability of catalyst for scale-up synthesis should also
Scheme 2. Synthesis of quinazolinones via direct dehydrogenation oxidation of
dihydroquinazolinones.

be checked so as to confirm the applicability of this protocol.
Therefore, the several reactions were selected to examine the recy-
clability of the catalyst system. The results indicate that the catalyst
system can be recycled for the muti-gram scale syntheses of quina-
zolinones and dihydroquinazolinones (Table 3). After three cycles,
the yields of products were slightly decreased because of catalyst
loss in the recycling process. The recycled C3 was  also characterized
by FT-IR and 1H NMR. Compared with the fresh C3, the characteris-
tic peaks of reused C3 were the same in the IR and 1H NMR  spectrum
(see Supporting information).

Possible mechanisms for preparation of quinazolinones from

o-anthranilamides with aldehydes have been reported before.
Based on experimental observations and literature reports of sim-
ilar reaction, a plausible reaction mechanism was proposed for
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Table  3
Tunable synthesis of dihydroquinazolinones and quinazolinones.a

a Reaction conditions: o-aminobenzamide 1a (1 mmol), benzaldehyde 2a (1 mmol), catalyst based on 1a, EtOH or water
(5  mL), 80 ◦C, 2 h under air; b Isolated yield, c 120 ◦C in PEG-400, 4 h, d 100 ◦C, 6 h, e Catalyst was recycled. Reactions performed
at  20 mmol  scale of all reactants.

uinaz

t
d
g

Scheme 3. A possible mechanism for the formation of q
his controllable metal-free Brønsted acid-promoted aerobic oxi-
ation (Scheme 3). Firstly, aldehydes were activated by acid to
ive intermediate 1. The next step involved nucleophilic addition
olinone and 1,2-dihydroquinazolinone and derivatives.
with amino-group to generate tetrahedral intermediate 2. Sub-
sequently, cyclization resulted in another intermediate 4. Finally,
1,2-dihydroquinazolinones were formed through proton transfer in
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he reaction medium containing an appropriate amount of water.
nd quinazolinones were formed in organic solvent via oxidative
ehydrogenation of the intermediate 5 and subsequent deprotona-
ion.

. Conclusions

In this work, we have described a successful controllable acid-
riven aerobic oxidation strategy for the efficient and convenient
onstruction of quinazolinones and dihydroquinazolinones using
is-sulfonated ILs as catalyst from o-anthranilamides with aldehy-
es in the air. It provides a tunable synthetic approach to afford
he desired product. Particularly noteworthy is that the catalyst
an be readily recovered and reused for muti-scale syntheses at
east three runs without any significant impact on the yield of
he products. This protocol offers several advantages such as the
road substrate scope, high yield, environmentally benign solvent
nd an easy experimental workup procedure. Further exploring the
erobic synthetic approach to the synthesis of N-containing hetero-
ycles using functional Ionic Liquids is underway in our laboratory.

. Experimental section

.1. General methods

All commercial reagents were used without further purifica-
ion unless otherwise noted. Reactions were magnetically stirred
nd monitored by thin layer chromatography (TLC). Melting points
ere recorded in open capillaries and are uncorrected. The mass

pectra were obtained from a Finnigan8230 instrument (ESI).
igh resolution mass spectrometry (HRMS) spectra analysis was
erformed by electrospray ionization (ESI-microTOF). Nuclear
agnetic resonance (NMR) spectra were recorded on a Bruker
vance 400 spectrometer at ambient temperature operating at
00 MHz  for 1H NMR  and 100 MHz  for 13C NMR  by using CDCl3
r DMSO-d6 as solvents and TMS  as an internal standard. UV–vis
bsorption spectra were measured on a Shimadzu UV-2450 spec-
rophotometer. FTIR spectrum was recorded on Thermo Nicolet
70, elemental analysis was recorded on Elementar Vario E1 III and
hermal analysis was recorded on Netzsch STA 449C.

.2. Preparation of sulfonic functionalized ionic liquids catalysts
19]

Ethanol (25 mL)  and the corresponding amine was charged into
 100 mL  round bottom flask. After that, 1,3-propyl sultone was
dded dropwise with stirring at 70 ◦C and the reaction was  kept for
2 h; the intermediate product of internal salt was washed repeat-
dly with diethyl ether to remove non-ionic residues and further
ried under vacuum at 80 ◦C for 8 h; Then the internal salt was

oaded into a 250 mL  round bottom flask, and an aqueous solution
f acid was added dropwise with stirring at 70 ◦C and the reaction
as kept for 8 h; resulted product was washed repeatedly with ace-

one to remove unreacted raw material and dried under vacuum at
0 ◦C for 12 h to afford sulfonic functionalized ionic liquids catalyst.

.3. General procedure for the measurement of acidity

All experiments were carried out in 20 ◦C. To the mixture of p-

itroaniline (1 �mol/L) in anhydrous ethanol, the solution of acid
2 �mol/L) in anhydrous ethanol was added. The absorption value
f the mixed solution at 360 nm was measured by UV–vis spec-
rophotometer.

[
[

sis 434 (2017) 134–139

4.4. General procedure for preparation of dihydroquinazolinones

To a mixture of o-aminobenzamide (1 mmol), aldehyde
(1 mmol) in distilled water (5 mL)  was added C3 (0.2 mmol,
111 mg). The resulting mixture was stirred at 80 ◦C for 2 h in the
open air. After completion of the reaction, the resulting solution
was cooled to room temperature. The products were precipitated
out, and the aqueous phase containing C3 was  isolated simply by
filtration. It can be recovered and reused in the next run after heat
treatment to remove water under vacuum at 80 ◦C for 12 h. The
pure products were obtained by recrystallization with DMF/water
or silica gel column chromatography.

4.5. General procedure for preparation of quinazolinones

To a mixture of o-aminobenzamide (1 mmol), aldehyde
(1 mmol) in EtOH (5 mL)  was  added C3 (0.2 mmol, 111 mg). The
resulting mixture was stirred at 80 ◦C for 2 in the open air. After
completion of the reaction, the resulting solution was cooled to
room temperature. Deionized water (20 mL)  was  added to the reac-
tion mixture. The products were precipitated out, and the aqueous
phase containing C3 was isolated simply by filtration. It can be
recovered and reused in the next run after heat treatment to remove
water under vacuum at 80 ◦C for 12 h. The pure products were
obtained by recrystallization with DMF/water or silica gel column
chromatography.
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