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Abstract An expeditious synthesis of 2,3-dihydroquinazolin-4(/H)-ones in the pres-
ence of oxalic acid as an environmentally friendly organocatalyst is reported. The salient
features of the protocol are high yields, green reaction profile, shorter reaction times, and
simple experimental and work-up procedure.
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Introduction

The recent quest towards the implementation of green methodologies in synthetic
chemistry has spurred an extensive interest in the multicomponent reactions
(MCRs) for the generation of highly privileged scaffolds of molecular complexity
[1]. Such methodologies are able to manage dual goals such as environmental
protection, as well as economic benefit. The systematic improvements in such
methodologies are challenging benchmarks to organic chemist, and hence desperate
attempts have been made for the development of these methodologies [2, 3]. The
MCRs show remarkable significance in construction of diverse and complex organic
molecules in a single step, which includes all essential parts of the starting
materials. Furthermore, MCRs also have additional merits such as its exceptional
synthetic efficiency, high atom economy, decrease in waste generation and
formation of essential carbon—carbon and carbon-heteroatom bonds [4-8]. MCRs
using environmentally benign catalyst under mild reaction conditions in eco-
friendly solvent have become fundamental strategy in green synthetic methodolo-
gies [9, 10].

Recently, a great deal of attention has been focused on the use of organocatalysts
in synthetic chemistry [11-13]. Organocatalyzed reaction offers handy technique for
the synthesis of fundamental moieties having potential applications in the diverse
fields [14]. Organocatalysts are cost-effective, stable, non-toxic, easy to handle,
metal-free, and are often used in stoichiometric amounts [15]. The most exciting
features of organocatalysts include minimization of waste and environmentally safe
disposal [16, 17]. Oxalic acid is a strong acid since it has two carboxylic groups
joined directly to each other and thus is widely used as an efficient organocatalyst in
organic transformation [18-23]. Furthermore, oxalic acid is also used for the
preparation of low transition temperature mixtures (LTTMs) liquids [24, 25]. The
remarkable catalytic efficacy and hydrophilic nature of oxalic acid prompted us to
explore its catalytic utility in the MCRs leading to synthesis of biologically active
heterocyclic scaffolds.

Quinazolinones are prominent class of aza-heterocyclic compounds which acts as
a core unit in the number of marketed drug products (Fig. 1). Quinazolinone
derivatives such as 2,3-dihydroquinazolin-4(1H)-ones are privileged structural
motifs having variety of applications in the biological, pharmacological and
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Fig. 1 Examples of some important marketed drugs having quinazolinones framework. (Color
figure online)
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medicinal fields [26-32]. Owing to unique applicative profile, a number of protocols
have been developed for the synthesis of 2,3-dihydroquinazolin-4(1H)-ones. The
most common route for the synthesis of 2,3-dihydroquinazolin-4(1H)-ones includes
MCR of isatoic anhydride, ammonium acetate with aryl aldehydes. Variety of
catalysts have been reported for the synthesis of 2,3-dihydroquinazolin-4(1H)-ones
using this route [33—-50]. However, some of these methods suffer from drawbacks
such as use of a metal-based catalyst, high reaction temperature, tedious catalyst
preparation, high expense, and toxic nature of catalyst. Therefore, the development
of a green and cost-effective method for synthesis is highly desirable.

As part of our research work in the development of sustainable methodologies for
the preparation of bioactive heterocycles [51, 52], herein we report green protocol
for synthesis of 2,3-dihydroquinazolin-4(1H)-ones by means of one-pot, three-
component reaction of isatoic anhydride, NH4OAc with various aromatic aldehydes
in the presence of oxalic acid as a catalyst.

Experimental

All chemicals were purchase from local supplier and used as received. Melting
points were determined by the open capillary method. The IR spectra were
measured on Bruker ALPHA FT-IR spectrometer in between the frequency range
500—4000 cm™'. The NMR spectra were recorded on Bruker AC (300 MHz for 'H
NMR and 75 MHz for '*C NMR) spectrometer using TMS as an internal standard in
DMSO-dg. Chemical shifts () are expressed in ppm.

Representative procedure for synthesis of 2,3-dihydroquinazolin-4(1H)-ones

Synthesis of 2,3-dihydroquinazolin-4(1H)-ones by using three-component reaction
of isatoic anhydride, NH,OAc and aryl aldehydes (method A)

In a 25-mL RB flask, a mixture of isatoic anhydride (I mmol), aryl aldehyde
(1 mmol), ammonium acetate (1.2 mmol), and oxalic acid (20 mol%) in
ethanol:water (1:1, 4 mL) was stirred at 80 °C. Upon the completion of reaction
as indicated by TLC, the reaction mixture was allowed to cool at room temperature,
and water (5 mL) was added and stirred continuously until a solid was obtained in
the reaction flask. The resultant solid was filtered, washed with water, and then
dried. The solid was recrystallized by petroleum ether:ethyl acetate (70:30, v/v). All
the resulting products were pure and characterized by spectroscopic techniques.

Synthesis of 2,3-dihydroquinazolin-4(1H)-ones by using anthranilamide and aryl
aldehydes (method B)

In a 25-mL RB flask, a mixture of anthranilamide (1 mmol), aryl aldehyde
(1 mmol), and oxalic acid (20 mol%) in ethanol:water (1:1, 4 mL) was stirred at
80 °C. Upon the completion of reaction as indicated by TLC, the reaction mixture
was allowed to cool at room temperature, and water (5 mL) was added and stirred
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continuously until a solid was obtained in the reaction flask. The resultant solid was
filtered, washed with water, and then dried. The solid was recrystallized by
petroleum ether:ethyl acetate (70:30, v/v). All the resulting products were pure and
characterized by spectroscopic techniques.

Selected spectral data of representative compounds

2-Phenyl-2,3-dihydroquinazolin-4(1H)-one (Table 3, entry 1) Mp: 225-227 °C,
"H NMR (300 MHz, DMSO dj): 8 (ppm) & 8.19 (bs, 1H, NH), 7.61-7.64 (d, 1H,
J = 6.9 Hz, Ar-H), 7.34-7.49 (m, 5H, Ar-H), 7.20 (s, 1H, Ar—H), 7.01 (bs, 1H,
NH), 6.65-6.75 (t, 2H, J = 6.9 Hz, Ar-H), 5.75 (s, 1H, CH); °C NMR (75 MHz,
DMSO dy): 6 67.1, 114.8, 115.3, 117.5, 127.2, 127.7, 128.6, 128.8, 133.6, 141.9,
148.2, 164.1; IR (KBr) (cm™'): 3305, 3180, 3059, 3031, 1652, 1609 cm™".

2-(p-Tolyl)-2,3-dihydroquinazolin-4(1H)-one (Table 3, entry 9) Mp: 220-222 °C,
"H NMR (300 MHz, DMSO dg): & (ppm) & 8.00 (s, 1H, NH), 7.61-7.64 (d, 1H,
J =17.8 Hz, Ar-H), 7.36-7.38 (d, 2H, J = 7.5 Hz, Ar-H), 7.13-7.20 (m, 3H, Ar—
H), 6.61-6.83 (m, 3H, NH, Ar—H), 5.70 (s, 1H, CH), 2.29 (s, 3H, CH;); '°C NMR
(75 MHz, DMSO dg): 6 21.2, 67.2, 114.7, 115.2, 117.5, 127.2, 127.7, 133.5, 138.2,
138.6, 148.3, 164.4; IR (KBr) (cm™'): 3308, 3180, 3058, 3030, 2943, 1651,
1606 cm ™.

2-(1H-Indol-3-yl)-2,3-dihydroquinazolin-4(1H)-one  (Table 3, entry 11) Mp:
218-220 °C, '"H NMR (300 MHz, DMSO dj): & (ppm) 10.87 (s, 1H, Indole-H,),
10.37 (s, 1H, NH), 7.36-7.52 (m, 1H, Ar—H), 7.03-7.22 (m, 4H, Indole-H,, Hs, H,
H,), 6.88-6.96 (m, 1H, Ar-H), 6.85 (s, 1H, Indole-H,), 6.63-6.69 (m, 2H, Ar-H),
6.56 (s, 1H, NH), 5.81 (s, 1H, CH); '3C NMR (75 MHz, DMSO dy): $ 55.5, 110.8,
112.1, 114.1, 121.6, 122.7, 124.9, 125.4, 126.0, 130.4, 132.3, 134.9, 141.6, 152.9,
163.9; IR (KBr) (cm™'): 3283, 3172, 3055, 2923, 1657, 1615 cm ™.

2-(Pyridine-2-yl)-2,3-dihydroquinazolin-4(1H)-one (Table 3, entry 12) Mp:
186-188 °C, '"H NMR (300 MHz, DMSO d,:CDCl3): & (ppm) 8.51-8.53 (d, 1H,
J = 3.9 Hz, Pyridine-H3), 8.27 (s, 1H, NH), 7.50-7.77 (m, 3H, Pyridine-H,, Hs,
He), 7.15-7.29 (m, 3H, NH, Ar-H), 6.63-6.76 (m, 2H, Ar-H), 5.73 (s, 1H, CH); '°C
NMR (75 MHz, DMSO d4:CDCl3): 6 67.6, 114.9, 115.2, 117.6, 120.8, 123.6, 127.7,
133.6, 137.2, 147.7, 149.2, 160.3, 164.1; IR (KBr) (cm™"): 3328, 3182, 3051, 2928,
1665, 1650 cm™".

2-(Ferrocenyl)-2,3-dihydroquinazolin-4(1H)-one  (Table 3, entry 13) Mp:
241-242 °C, 'H NMR (300 MHz, DMSO dy): & (ppm) 11.9 (s, 1H, NH),
8.07-8.09 (d, 1H, J = 7.5 Hz, Ar-H), 7.92 (s, 1H, NH), 7.55-7.70 (m, 1H, Ar-H),
7.15-7.41 (doublet of triplet, 1H, Ar-H), 6.62-6.74 (m, 1H, Ar-H), 5.54 (s, 1H,
CH), 5.24 (s, 1H, Cp), 4.48 (s, 1H, Cp), 4.15-4.18 (m, 5H, Cp), 4.07 (s, 2H, Cp); °C
NMR (75 MHz, DMSO dy): 6 63.5, 66.4, 67.9, 68.6, 70.0, 76.5, 90.5, 114.8, 117.3,
121.0, 125.7, 126.2, 127.6, 133.5, 134.6, 149.6, 155.9, 162.5; IR (KBr) (cm™'):
3428, 3158, 3075, 3023, 1641, 1006 cm™".
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Results and discussion

To establish the most appropriate reaction conditions, initially the template reaction
between isatoic anhydride (1 mmol), benzaldehyde (1 mmol), and NH4OAc
(1.2 mmol) in the presence of oxalic acid (20 mol%) was carried out in various
solvents at 80 °C. The reaction proceeded scarcely in toluene, DMF, THF, EDC,
water, and ethanol providing the desired 2-phenyl-2,3-dihydroquinazolin-4(1H)-one
in lower yields (Table 1, entries 1-6). Surprisingly, it was observed that reaction
marches efficiently in mixed solvent system of ethanol:water (1:1, v:v) furnishing
the anticipated product in excellent yield (Table 1, entry 7).

Our next task was to optimize the catalyst loading. For this, we have carried out
the template reaction using different amounts of catalyst and the results are
summarized in Table 2. It was found that the quantity of catalyst had a significant
impact on the yield of reaction. When the quantity of oxalic acid was increased from
5 to 15 mol%, the yield of anticipated product was elevated significantly from 45 to
80% (Table 2, entries 1-3). To our delight, the excellent yield was achieved for
20 mol% of oxalic acid (Table 2, entry 4). Further increase in catalyst quantity did
not have a deep influence on yield of the desired product (Table 2, entries 5).

After the optimization of reaction conditions, we evaluated the scope and
generality of protocol by reacting isatoic anhydride, NH4OAc with various aromatic
aldehydes. The results are shown in Table 3. The reaction proceeded smoothly in all
the cases forming the corresponding 2,3-dihydroquinazolin-4(1H)-ones in good to
excellent yields (72-92%). It is worthy to note that aryl aldehyde with electron
donating, as well as electron withdrawing substituents reacted efficiently with equal
chemical reactivity (Table 3, entries 2—10). Interestingly, hetero-aromatic aldehydes

Table 1 Optimization of solvent in the synthesis of 2-phenyl-2,3-dihydroquinazolin-4(1H)-one

o) (0]
CHO |
(0] Oxalic Acid, (20 mol%) NH
/& + 4 NH,OAc >
N o Solvent N
H H
Entries Reaction condition Time (min) Isolated yields (%)
1 Toluene/80 °C 40 22
2 DMF/80 °C 40 27
3 THF/80 °C 40 30
4 EDC/80 °C 40 32
5 Water/80 °C 40 65
6 Ethanol/80 °C 40 75
7 Ethanol:Water (1:1)/80 °C 40 90

Reaction conditions: isatoic anhydride (1 mmol), NH;OAc (1.2 mmol), benzaldehyde (1 mmol), and
oxalic acid (20 mol%) at the given conditions
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Table 2 Optimization of catalyst loading

0]
CHO
0 Oxalic Acid NH
/& + 4 NH,0Ac »
N fo) Ethanol:Water (1:1)
H

—O

Iz

Entry Catalyst (mol%) Reaction time (min) Isolated yields (%)
1 05 40 45
2 10 40 75
3 15 40 80
4 20 40 90
5 30 40 90

Reaction conditions: isatoic anhydride (1 mmol), NH4OAc (1.2 mmol), benzaldehyde (1 mmol), and
oxalic acid at the given conditions

Table 3 Oxalic acid catalyzed synthesis of 2,3-dihydroquinazolin-4(1H)-ones

o CHO \O

I o . NH
©f\)0\ + ‘ X + NH,OAc Oxalic acid (20 mol%) .

N o 2 . i o N N

N R Ethanol:Water (1:1), 80°C H |

1 2 3 4a-m /\R
Entries  Aryl aldehyde (2) Product Time (min) Yield" (%) Mp (°C) [Ref.]
1 Benzaldehyde 4a 40 90 225-227 [224-226] [40]
2 4-Nitrobenzaldehyde 4b 35 92 197-199 [198-200] [40]
3 3-Nitrobenzaldehyde 4c 38 90 191-193 [190-192] [40]
4 4-Chlorobenzaldehyde 4d 45 88 209-211 [210-211] [40]
5 4-Bromobenzaldehyde 4e 44 87 203-204 [202-204] [41]
6 4-Cyanobenzaldehyde 4f 40 92 <300 [350-351] [42]
7 4-Hydroxybenzaldehyde 4g 50 86 278-279 [277-279] [43]
8 4-Methoxybenzaldehyde 4h 48 90 182-183 [182-184] [40]
9 4-Methylbenzaldehyde 4i 45 87 220-222 [221-222] [40]
10 3,4,5- 4j 55 84 186-188 [185-187] [41]
Trimethoxybenzaldehyde

11 Indole-3-carboxaldehyde 4k 65 81 218-220 [219-220] [42]
12 Pyridine-2-carboxaldehyde 41 60 72 186188 [187-188] [43]
13 Ferrocenecarboxaldehyde 4m 70 75 241-242

Reaction conditions: isatoic anhydride (1 mmol), NH;OAc (1.2 mmol), aryl aldehyde (1 mmol), and
oxalic acid (20 mol%) at the given conditions

# Isolated yields
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0
ﬁ CHO I
©\ANH2 ‘ X Oxalic Acid, (20 mol%) NH
+ =
. N AN
NH, X, Ethanol:Water (1:1), 80°C Ho |
5 2 6a-f o

Scheme 1 Oxalic acid catalyzed reaction between anthranilamide and aromatic aldehydes

Table 4 Oxalic acid catalyzed reaction between anthranilamide and aromatic aldehydes

Entries Aryl aldehyde (2) Product Time (min) Isolated Yield (%)
1 Benzaldehyde 6a 45 88
2 4-Nitrobenzaldehyde 6b 44 90
3 3-Nitrobenzaldehyde 6¢ 40 87
4 4-Chlorobenzaldehyde 6d 48 86
5 4-Bromobenzaldehyde 6e 45 85
6 4-Cyanobenzaldehyde of 40 88

Reaction conditions: anthranilamide (1 mmol), aryl aldehyde (1 mmol), and oxalic acid (20 mol%) at
the given conditions

such as indole-3-carboxaldehyde (Table 3, entry 11) and sterically congested
pyridine-2-carboxaldehyde (Table 3, entry 12) were also well-tolerated providing
the desired products in moderate yields (81-72%). To our delight, ferrocenecar-
boxaldehyde (Table 3, entry 13) could also serve as a substrate providing moderate
yield (75%) of the expected product.

To broaden further the scope of the protocol, oxalic acid was scrutinized for
analogous synthesis of 2,3-dihydroquinazolin-4(1H)-ones using reaction of
anthranilamide and aryl aldehydes under the optimized reaction conditions
(Scheme 1). It was observed that oxalic acid efficiently catalyzes the reaction
between anthranilamide and aryl aldehydes providing the corresponding products in
good to excellent yield (Table 4).

The plausible mechanism for the synthesis of 2,3-dihydroquinazolin-4(1H)-ones
using both methods (method A & B) is shown in Scheme 2. In method A, initial
protonation of the carbonyl group of isatoic anhydride (I) by oxalic acid, followed
by the attack of NH,OAc results in the subsequent ring opening, and decarboxy-
lation provides anthranilamide intermediate (IT). Further, activated aldehyde reacts
with (II) followed by removal of water to give imine intermediate (III). The
intramolecular nucleophilic attack of carboximidate nitrogen on imine carbon
followed by cyclization furnishes the anticipated 2,3-dihydroquinazolin-4(1H)-ones
(IV). Thus, we conclude that reaction proceeds through the formation of
anthranilamide intermediate [45]. In method B, oxalic acid activates the carbonyl
group of aromatic aldehyde, which then reacts with anthranilamide following the
similar pathway as depicted for method A.
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Method A:
o +/H
| i H
o Oxalic acid NH4OAC ‘ CO+/
/& %& NH, ‘
Ring Openlng H
H ) l
0 i
‘ H -H,0 NH,
> «——— OH
+/ +
NH NH,
(IV) (1)
Method B:
(o}
‘ CO+/H ‘O
NH, \ o Intramolecular |
o H 3 Cyclization NH
2 “ "
NH H N =
H NS

Scheme 2 Mechanistic pathway for the synthesis of 2,3-dihydroquinazolin-4(1H)-ones

Table 5 Reusability of catalyst

for synthesis of 4a Sr. no. Cycles Yield (%) Catalyst recovered (%)
1 Fresh 90 94
2 1 88 91
3 2 85 88
4 3 82 86

Table 6 Comparison of oxalic acid with reported catalyst for synthesis of 2,3-dihydroquinazolin-4(1H)-

ones”

Sr. no. Catalyst used Catalyst (mol%) Temp (°C) Time Isolated yield (%) References
1 Oxalic acid 20 80 40 min 90 This work
2 DBSA 20 42 3h 68 [34]

3 Ce(S04),-4H,0 3 120 45 min 95 [36]

4 AI(MS);-4H,0 5 80 2h 88 [40]

5 Molecular iodine 20 115 20 min 97 [44]

6 TBAB 10 70 50 min 89 [45]

? The results belongs to method A

The reusability of oxalic acid was tested for the template reaction. After the
separation of product, the resulting filtrate was extracted with chloroform, the
aqueous layer containing oxalic acid was separated, and water was evaporated in
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vacuo to get crude oxalic acid. The recovered oxalic acid was reused three times
without significant decrease in the yield of desired product. The slight decrease in
the observed yield (Table 5) is attributed to inadequate recovery of the catalyst due
to the attrition during filtration.

In order to show the advantages of oxalic acid in comparison with other catalysts,
we have summarized several results for the preparation of 2,3-dihydroquinazolin-
4(1H)-ones (Table 6). The comparison of results reveals that oxalic acid is a highly
effective catalyst in terms of reaction time and yield than other reported catalysts.

Conclusion

We have described a one-pot, simple and efficient method for the multi-component
synthesis of 2,3-dihydroquinazolin-4(1H)-ones using isatoic anhydride, NH,OAc
with diverse aryl aldehydes using a catalytic amount of oxalic acid at 80 °C. The
present environmentally benign methodology follows the tenets of green chemistry
for synthesis of important scaffolds by using an easily available, inexpensive, water
soluble, and non-toxic organocatalyst. The method offers several advantages such as
high yields, cleaner reaction profiles, minimum waste generation, less environmen-
tal pollution, operational simplicity, shorter reaction times, and simple experimental
and work-up procedure.
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