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Simple ammonium ionic liquids [ILs] are efficient, green, environmentally friendly catalysts in promoting
the Biginelli condensation reaction, Hantzsch reaction and Niementowski reaction to afford 1,2,3,4-tetra-
hydropyrimidine, 2-aminothiazole and quinazolinone derivatives respectively by eliminating the need for
harmful volatile organic solvents. These [ILs] are air and water stable, easy to prepare and cost-effective.
The effects of the anions and cations present in [IL] on reactions were investigated. The results clearly
indicated that the Biginelli condensation reaction, Hantzsch reaction and Niementowski reaction were
heavily influenced by the acidity of [IL], and among various ammonium ionic liquids, [EtsNHI[HSO,]
showed the best catalytic activity. Furthermore, [IL] could be easily separated and reused with a slight loss
of its activity. This technique provided a good alternative way for the industrial synthesis of 1,2,3,4-
tetrahydropyrimidinones, 2-aminothiazoles and quinazolinones. The present processes are eco-friendly
methods for the synthesis of these derivatives authenticated by several green parameters, namely,
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1. Introduction

In recent years, 1,2,3,4-tetrahydropyrimidine derivatives have
received significant attention owing to their diversified range of
biologically active compounds. Because of their excellent bio-
logical profile, tetrahydropyrimidinones constitute an impor-
tant class of heterocyclic compounds in pharmaceutical and
medicinal chemistry, which has attracted the attention of many
researchers.'™ There are various natural and synthetic tetrahy-
dropyrimidinone analogs available, which display a wide range
of pharmaceutical properties, namely, anticancer,’ antiviral,
antihypertensive,® calcium channel blocking,” antitubercular,®
anti-inflammatory,” antimicrobial,'® and insecticidal activities.""
Various biologically active compounds that contain hydropyri-
midinone scaffolds such as (a) 5-fluorouracil displaying anti-
cancer activity,"* (b) SQ 32926 exhibiting antihypertensive activity,"*
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E-factor, process mass intensity, reaction mass efficiency, atom economy, and carbon efficiency.

(c) monastrol (having a hydropyrimidine-2-thione motif) specifically
inhibiting the mitotic kinesin Eg5'* and (d) Mon-97 exhibiting
anticancer activity">® are represented in Fig. 1.

In addition to this, we have two other interestingly versatile
heterocyclic class of compounds, namely 2-aminothiazoles and
quinazolinones with very unique biological and pharmacological
activities under consideration. Of them, 2-aminothiazole is a
commonly occurring structural unit in various important drug
molecules such as (e) 2-oxo-N-(4-phenylthiazol-2-yl)-2H-chromene-
3-carboxamide that exhibits antifungal and antibacterial activities,
whereas (f) N-(4-phenylthiazol-2-yl)thiazol-2-amine exhibits anti-
inflammatory activity (Fig. 1).**” Moreover, quinazolinone falls in
the class of fused structural motifs with its derivatives showcasing
a wide range of bio-activity such as (g) mackinazolinone acting as
an antidepressant, and (h) rutaecarpine showing antithrombotic
activity among others (Fig. 1)."*

Because of broad biological applications displayed by
1,2,3,4-tetrahydropyrimidines, 2-aminothiazoles and quinazoli-
nones, the establishment of more versatile and flexible metho-
dology to synthesize these compounds is still required. There is
an urgent need for methodologies that are cost-effective and
accomplished with readily accessible starting materials, which
can follow the principle of atom economy. Literature survey
portrays various methods for the synthesis of tetrahydropyrimi-
dinones like using organocatalysts,*® Pd/C,"” Si-[SbSipim][PF],"®
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(e) 2-oxo-N-(4-phenylthiazol-2-yl)-
2H-chromene-3-carboxamide
(Antifungal and antibacterial)
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(g) Mackinazolinone
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Fig. 1 Biologically active compounds based on 1,2,3,4-tetradihydropyrimidine-
2-thione/one, 2-aminothiazoles and quinazolinones.

Yb(PFO);,"° ZrCl,,*° and Fe;0,@C@0SO;H>" catalysts. Similarly,
2-aminothiazoles and quinazolinones have been previously
synthesized in the presence of Fe;O, nanoparticle-N-halo
reagents,”” palladium(m) acetate,”® nanochitosan-I,,** Si0,-Cl,>>
TCCA-p-TSA*® as well as by using H-Y-zeolite,”” alum,*® and
Nafion-H*® as catalysts respectively. The available approaches
(detailed in Table 4 of the manuscript and Tables S12 and S13 of
ESIt) mainly involve the extensive use of hazardous organic
solvents, multistep reactions, lower yields, need for special
instruments and apparatus, longer reaction time, complex char-
acterizations of desired products, tedious workup procedures
and metal-based catalysts. Metal-based catalysts are generally
harmful and problematic to use because even if trace amounts of
toxic metals are present in pharmaceutical materials, it can
cause severe health hazards to people.*® Therefore, industrially
as well as pharmaceutically, the synthetic methodologies that
may utilise metal-free approaches are always in demand.*

Moreover, the synthetic strategies must satisfy the principle
of green chemistry metrices.>” Therefore, all these features
must be carefully considered where all the reactions should be
carried out in an eco-friendly medium accompanying various
advantages such as simple work-up procedures, non-toxicity,
higher yielding products and its easy isolation.*

1.1 Motivation and strategy

For the development of useful synthetic methodologies for
synthesizing heterocyclic compounds, we sought for cleaner
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and greener technologies for the formation of 1,2,3,4-tetra-
hydropyrimidinones, 2-aminothiazoles and quinazolinones.
Herein, we report a new synthetic method by utilising simple
ammonium ionic liquids. [ILs] have increasingly attracted atten-
tion in both academics and industrial fields**~” and they display
various important features that make them suitable and sustain-
able alternative for synthetic methodologies. Ionic liquids exhibit
unique physiochemical properties that may attribute to their
special structure and interaction between ions, such as they
exhibit very low vapour pressure that produces virtually no
hazardous vapours and non-flammability. The additional advan-
tage of these simple ammonium [ILs] is that they provide easy
isolation of products and are themselves recyclable as well as
recoverable, so that they can be further used in subsequent
reactions. Keeping these features as well as with the objective to
incorporate metal-free synthesis, we utilised the simple ammonium
[ILs] as catalysts in the synthesis of heterocyclic compounds such as
1,2,3,4-tetrahydropyrimidin-2-thiones/ones, 2-aminothiazoles and
quinazolinones.

By utilising the simple ammonium [ILs] in the synthesis of
heterocyclic compounds, we would like to report herein the
one-pot multicomponent reactions. Multicomponent reactions
(MCRs)*® involve the coupling of three or more simple and
flexible components in a one-pot medium, generating a
complex structure by the simultaneous formation of two or
more bonds.’” Eco-friendly methodologies that reduce the
number of synthetic steps and waste-free techniques are among
the special advantages of MCRs, which add to their green
credentials. To the best of our knowledge, this is the first
report wherein simple ammonium ionic liquids are utilised
in the synthesis of exceedingly biologically significant 1,2,3,4-
tetraydropyrimidine-2-one/thiones, 2-aminothiazoles as well as
quinazolinones (Scheme 1(1-3)).

2. Results and discussion
2.1 Catalytic evaluation

2.1.1 Effects of different ammonium ILs on the Biginelli
condensation reaction. The model reaction between urea (1b),
ethyl acetoacetate (2), benzaldehyde (3) and IL was performed
(Table 1). In order to check the efficacy of simple ammonium
ionic liquids, six different types of ionic liquids were tested and
analysed. The effect of different [ILs] was investigated by
varying the cation and anion counterparts. It is apparent from
Table 1 that the activity of ionic liquids was strongly affected by
the anionic counterpart. Excellent yields were obtained with the
[HSO,] anion. However, when a salt with phosphate anion such
as [Me;NH][H,PO,], [Et;NH][H,PO,] and [Pr;NH]H,PO,] was
used, the reaction yield was found to be lower than those
obtained with [HSO,] anions. Table 1 also shows that the yield
of the product is affected by the presence of cations in the ionic
liquid as well. The yield of the desired product 1,2,3,4-
tetrahydropyrimidin-2-one was found to be highest in the
presence of ionic liquid [Et;NH][HSO,] with 15 mol% (0.029 g)
as the optimal amount increasing, which had no effect on the
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Scheme 1 (1) Synthesis of 1,2,3,4-tetrahydropyrimidine-2-thione/one
promoted by ionic liquids. (2) Synthesis of 2-aminothiazoles promoted
by ionic liquids. (3) Synthesis of 3-phenylquinazolin-4-one promoted by
ionic liquids.

reaction yield. The reason may be attributed to the acidic
property of the ammonium ionic liquid. Hence, the overall
increasing order for the yield of the reaction is [PrsNH][H,PO,]
< [Pr;NH]HSO,] < [Me;NH]|H,PO,] < [Et;NH|[H,PO4] <
[Me;NH][HSO,] < [Et;NH][HSO,] i.e. 61%, 65%, 76%, 77%, 78%
and 80%, respectively. The correlative data are listed in Table 1.

2.1.2 Optimization of the reaction parameters on the Biginelli
condensation reaction on the yield of 1,2,3,4-tetrahydropyrimidin-2-
one (4) in the presence of [Et;NH][HSO,J*

Effect of the amount of ionic liquids and solvents. The influence
of the quantity of IL3 [Et;NH]|[HSO,] and the solvent on the
reaction was also examined carefully. A control experiment using
1:1:1 ratio (i.e. urea 1 mmol, ethyl acetoacetate 1 mmol, benzal-
dehyde 1 mmol) was first conducted in the absence of catalyst,
and it was observed that the reaction has failed to occur under
such conditions, which eventually necessitates the presence of
the catalyst to afford the desired product 1,2,3,4-tetrahydro-
pyrimidinone. We have also investigated the influence of the
quantity of [Et;NH][HSO,], which was analysed for 0 to 20 mol%
loading of the IL3. It is evident from Fig. 2 that on increasing the
quantity of IL3, the formation of product was found to be higher.
However, the yield did not continue improving when the quan-
tity was raised to 20 mol% or above. It was also observed that on
varying the solvents such as water, ethanol, methanol and
acetonitrile, there was no such hike observed in the percentage
yield of the product. In this context, the desired 1,2,3,4-
tetrahydropyrimidinone was obtained efficiently with 15 mol%
(0.029 g) loading of IL3 under solvent-free conditions (Fig. 2).

Effect of time on the yield of products promoted by [Et;NH][HSO,].
It was noted that the reaction time played a pivotal role in
enhancing the reaction kinetics. To analyse the effect of time,

6726 | New J. Chem., 2021, 45, 6724-6738
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Table 1 Effect of different types of [ILs] on the Biginelli condensation
reaction

( Ph O

IL1-IL6 HNT oS
H,N
> oy
H

1,2,3,4-tetrahydro
pyrimidine-2-one
(4)

Urea Ethylacetoacetate Benzaldehyde
1(b) (2)

Types of ionic Temperature Amount

Entry liquid Time/min (°C) mol%  Yield* (%)
1 [Me;NH][HSO,] IL1 5 100 5 Trace
2 [Me,NH|[HSO,| IL1 15 100 5 15
3 Me,;NH][HSO,] IL1 25 100 5 25
4 Me,NH|[HSO,]| IL1 35 50 5 38

5 Me;NH]|[HSO,] IL1 45 50 5 42
6 Me;NH][HSO,] IL1 55 50 5 42
7 Me,NH|[HSO,] IL1 45 RT. 10 56

8 Me,;NH][HSO,| IL1 45 RT. 15 78
9 Me,;NH][HSO,] IL1 45 R.T. 20 78
10 [Me;NH]|[H,PO,] IL2 45 RT. 15 76
11 [Et;NH][HSO,] IL3 35 RT. 15 68
12 [Et;NH][HSO,] IL3 45 RT. 15 80
13 [Et;NH][HSO,] IL3 45 RT. 20 80
14  [Et;NH][H,PO,] IL4 45 R.T. 15 77
15  [Pr;NH][HSO,]IL5 45 R.T. 15 65
16  [Pr;NH][H,PO,] IL6 45 RT. 15 61

? Yield refers to isolated yields.

we performed a model reaction in a distinct range of time
between 0 and 55 min. The conversion percentage was found to
be increasing on increasing the time from 5 min to 45 min. The
maximum conversion percentage was obtained at 45 minutes;
however, on further increasing the time period, there was no hike
in the yield of the reaction. Therefore, the optimum time period
for the coupling reaction was found to be around 45 minutes. The
results are demonstrated in Fig. 3.

Fig. 2 Effect of the amount of ionic liquids and solvents.? Reaction
conditions: urea (1 mmol), ethyl acetoacetate (1 mmol), benzaldehyde
(1 mmol), and IL 15 molZ%.

This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2021
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Fig. 3 Reaction kinetics of the Biginelli condensation reaction. Condi-
tions: urea (1 mmol), ethyl acetoacetate (1 mmol), benzaldehyde (1 mmol),
and IL (15 mol%).

2.1.3 Substrate scope. The optimized reaction conditions
were then tested for the construction of 15 compounds involving
thiourea/urea and substituted aldehydes. To explore the scope
and versatility of this methodology, a series of thiourea/urea (1a/
1b), ethyl acetoacetate (2) and substituted benzaldehydes (3)
were coupled under the established optimal reaction conditions
(Table 2). All the compounds were conveniently prepared by
taking [Et;NH][HSO,] in good to moderate yields by a one-pot
methodology. Though all the products were formed, it was noted
that the protocol was highly effective with urea as compared to
thiourea to yield the corresponding 1,2,3,4-tetrahydropyrimidine-2-
one products (comparing 4a with 4b in Table 3). Furthermore, in
order to investigate the efficiency of this methodology, it was also
extended for the electron-withdrawing as well as electron-donating
species in substituted benzaldehydes. It was noted that the sub-
stituted benzaldehydes containing electron-withdrawing groups
(chloro/fluoro/bromo) were highly efficient for the conversion of
desired 1,2,3,4-tetrahydropyrimidine-2-thione/ones (4) with high con-
version percentage yields ranging from 87% to 94% (4g, 4h, 4i, 4j, 4Kk,
4], 4m, 4n, and 4o0). Next, the scope of electron-donating groups was

Table 2 Optimization of the reaction condition for the synthesis of
1,2,3,4-tetrahydropyrimidin-2-one?

Amount of

[Et;NH][HSO,] mol% Temperature (°C) Time Yield® (%)
0 100 6h NR
5 100 2 h 42
10 100 1.5h 56
15 100 1.5h 65
15 50 1h 78
15 R.T. 55 min 80
15 R.T. 45 min 80
15 R.T. 35 min 68
20 R.T. 45 min 80
25 R.T. 45 min 80

% Reaction conditions: urea (1 mmol), ethyl acetoacetate (1 mmol),
benzaldehyde (1 mmol), IL (15 mol%). © Isolated yields.
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also evaluated for the Biginelli condensation reaction and the
protocol exhibited resulting in moderate yields ranging between
80% and 85% (4a, 4b, 4c, 4d, 4e, and 4f). The most distinguished
characteristics of this protocol were high conversion percentage,
reaction devoid of unwanted side products, wide substrate applic-
ability, extensive functional group tolerance and recoverable ionic
liquid.

2.1.4 Comparison of the catalytic activity of [Et;NH]|[HSO,]
with the previously reported catalyst/ionic liquids. A compre-
hensive literature survey suggests that the synthesis of 1,2,3,4-
tetrahydropyrimidine-2-thione/ones promoted by a simple ammo-
nium ionic liquid displayed its predominance over previously
reported protocols (Table 4). To the best of our knowledge, this is
the first time that highly efficient [Et;NH|[HSO,] was employed for
the synthesis of tetrahydropyrimidine derivatives. [Et;NH]|[HSO,]
catalysed protocol is superior in terms of ambient reaction con-
ditions, extensive functional group tolerance and recoverability
and reusability of an ionic liquid. Additionally, the present study
replaces the use of hazardous organic solvents with an approach
which is solvent- and waste-free under room temperature condi-
tions within a duration of 30 min to an hour. Thus, the present
study is an alternative for the synthesis of tetrahydropyrimidine
moieties.

2.1.5 Single-crystal X-ray diffraction (XRD) analysis of 4k.
In order to validate the formation of synthesized 1,2,3,4-
tetrahydropyrimidine-2-thione/ones and to authenticate this
approach, we chose to perform single-crystal X-ray diffraction
analysis of compound 4k.

Furthermore, after getting the perfect Wilson curve of com-
pound 4k (Fig. S1 of ESIt), the crystal structure of synthesized
compound 4k was solved using the WinGX (shelx method) and
Olex2.1.2 software.*>** The ORTEP 3 was utilized for the
graphics of the crystal structure 4k and the same is represented
in Fig. 4 along with the CCDC number. The detailed crystal-
lographic studies of compound 4k revealed that the arrange-
ment of the compound in the crystal lattice is stabilized by the
H-bonding interaction between O-atom of carbonyl and H-atom
of -CH, with a distance of 2.76 A and an angle of 124°. All other
parameters such as crystal data and structure refinement table
(Table S1, ESIt), fractional atomic coordinates (x10%) and
equivalent isotropic displacement parameters (A% x 10°)
(Table S2, ESIt), bond lengths (Table S3, ESIT) and bond angles
(Table S4, ESIt) are provided in the ESIt of this article.

2.1.6 Proposed reaction mechanism. A plausible reaction
mechanism has been proposed for the one-pot multicom-
ponent reaction of 1,2,3,4-tetrahydropyrimidin-2-one/thiones
promoted by a simple ammonium ionic liquid [Et;NH][HSO,]
as outlined in Fig. 5. First, the ionic liquid [Et;NH][HSO,] as a
Lewis acid participates in the reaction which activates the
aromatic aldehyde followed by the nucleophilic addition of
urea or thiourea which forms the N-acylimine intermediate.
Then, this intermediate interacts with ethyl acetoacetate eno-
late to produce an open-chain intermediate ureide followed by
intramolecular cyclization. Finally, aromatization of dihydro-
pyrimidinone under air atmosphere would afford desired
1,2,3,4-tetrahydropyrimidin-2-one/thiones.

New J. Chem., 2021, 45, 6724-6738 | 6727
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Table 3 Substrate scope for the synthesis of 1,2,3,4-tetrahydropyrimidine-2-thione/ones (4)?
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“ Reaction Conditions: urea/thiourea (1 mmol), ethyl acetoacetate (1 mmol), substituted aromatic aldehydes (1 mmol), IL (15 mol%). ° Yield refers

to isolated yields.

2.2 Utility of [Et;NH][HSO,] in the formation of bioactive
2-aminothiazoles and quinazolinones

With the aim to explore the versatility of simple ammonium
ionic liquids and its catalytic proficiency in organic synthesis,
we report herein [Et;NH][HSO,] catalysed 2-aminothiazole and
quinazolinone synthesis. An inexpensive and commercially
available reagent that has a high tolerance to different func-
tional groups, IL3 has been shown to mediate a wide variety of
2-aminothiazole formation in an efficient and selective manner.
It has also been successfully able to carry out the synthesis of a
wide range of quinazolinone in a sustainable manner. To the
best of our knowledge, a synthetic approach to 2-aminothiazoles

6728 | New J. Chem., 2021, 45, 6724-6738

and quinazolinones from simple ammonium ionic liquids has
not been reported so far.

2.2.1 Catalytic parameters for the synthesis of 2-aminothiazole.
To optimize the reaction, we began by choosing acetophenone
(5), thiourea (1a), resublimed iodine and [Et;NH]|[HSO,] as
model substrates to establish the reaction. Table 5 demonstrates
that by varying the amounts of [Et;NH][HSO,] and temperature
of the reaction, the percentage yield of 2-aminothiazole was also
affected. Intensifying the amount of IL up to 15 mol% exhibits a
noteworthy alteration in the percentage yields. Though, an
additional increment in the amount of IL, i.e., up to 30 mol%
or more, resulted in no change in the conversion of percentage
yield. This may be because of the exhaustion of the IL or attainment

This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2021
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Table 4 Comparing excellence of [EtsNH][HSO4] with previously reported catalysts for the synthesis of tetrahydropyrimidinones

Catalyst Solvent Temperature  Time Yield (%)  Ref.
(28,4R)-4-Tosylamido-N-(2,4,6-triphenylbenzene) pyrrolidine2-carboxamide ~ THF/dioxane R.T. 96 h 60 16
Pd/C (10% w/w) Methanol R.T. 24-48 h 71 17
Si-[SbSipim][PF] EtOH (reflux) 100 °C 35h 80 18
Yb(PFO), SF? 120 °C 4h 87 19
NH,NH,PO,/MCM-41 SF? 100 °C 6h 72 39
[PEG-DAIL][CI] Toluene 80 °C 5h 85 40
ZnO@SBA-15 EtOH 65 °C 2.5h 82 41
ZrCl, EtOH Ultrasound 35 min 75 20
Fe;0,@C@0S0;H SF? 80 °C 20 min 93 21
[Et;NH][HSO,] SF? R.T. 30-45 min 90 PW*

“ present work. ? Solvent free.

[Distance =2.76 A°]
[Angle = 124°]

Fig. 4 X-ray crystallographic structure of compound 4k (CCDC 19596007).
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Fig. 5 Proposed mechanism for the synthesis of 1,2,3,4-tetrahydropyrimidine-
2-thione/ones promoted by [EtsNH][HSO4].

of the maximum conversion efficacy of the IL. Concurringly,
temperature and time also play a pivotal role in affecting the
reaction kinetics to large extents. Therefore, with the view of
studying the effect of these two parameters, a varied range of
temperature (room temperature to100 °C) was used to carry out the

This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2021

model reaction for different time periods (30 min-12 h). Conclu-
sively, by using 15 mol% (0.029 g) of the IL at 40 °C for a reaction
time of 0.5 hours, the percentage yield (92%) was found to be
maximum. Our methodology here proves to be superior to the
previously reported methods (Table S12, ESIT) in terms of ambient
reaction conditions of temperature and time in solvent free
protocol to give excellent yields. It has been observed that even
after prolonged reaction time and increase in temperature, no
significant change has been perceived.

2.2.1.1 Substrate scope for the synthesis of 2-aminothiazole
derivatives. Using the optimized reaction conditions, we further
inspected the opportunity of using thiourea (2 mmol), and
various substituted ketones (1 mmol). A series of 2-amino-
thiazoles were synthesized in good to excellent yields by screening
an array of ketones having electron-withdrawing as well as electron-
donating groups, as displayed in Table 6. We can successfully
conclude that ketones comprising electron-donating groups have
better yields (6j, 6k, and 6l of Table 6) than the ones with electron-
withdrawing groups (6e, 6f, 6h, and 6i of Table 6).

2.2.1.2 Plausible mechanism of the reaction. In the first step,
in the presence of active iodine, thiourea was oxidised to
furnish the electrophilic thionic intermediate (A). In the second
step, acetophenone can enolize to 1-phenylethenol, promoted
by protonation. Thereafter, 1-phenylethenol was attacked by sulfur
of intermediate (A) to provide a-sulfur substituted ketone (B).

Table 5 Optimization of the reaction condition for the synthesis of
2-aminothiazole?

Amount of

[Et;NH][HSO,4] mol% Temperature (°C) Time Yield” (%)
0 100 12 h 72
5 100 8h 77
10 80 6h 83
10 40 3h 83
15 60 60 min 85
15 40 30 min 92
15 rt 55 min 87
20 40 30 min 92
20 70 30 min 92
30 80 30 min 92

“ Reaction conditions: acetophenone (1 mmol), thiourea (2 mmol),
resub I, (1 mg), IL (15 mol%). ® Isolated yields.
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Table 6 Substrate scope for the synthesis of 2-aminothiazoles (6a—61)?

0

s
s
[Et;NH][HSO,], 1,
RJ\ + HZNJLNHz _— 2 JIN/>—NH2

40°C,30 min R

Acetophenone  Thiourea 2-Aminothiazole

® 1(a) ©)

5 s
N’>‘NH2 N/>~NH2

s
/>—NH2
N

(6b) (6¢c)
6a i
as m(in;)89% 45 min; 89% 28 min; 88%
S
) D—
s /—NH,
N’>‘NH2 N/>\NHZ "

(6d) (6e)
26 min; 89% 28 min; 90%

S
/>‘NH2
N

(6f)
25 min; 89%

s S
D—NH, N’>‘NH2
N

(69) (6h) (61)
32 min; 92% 25 min; 86% 27 min; 89%
S S S
/>~NH2 />~NH2 /)~NH2
N N N
(6j) (6k) (8l)

38 min; 93% 35 min; 90%

Crystal structure

34 min; 91%

“ Reaction conditions: acetophenone (1 mmol), thiourea (2 mmol),
resublimed I, (1 mg), IL (15 mol%).

In the third step, the nitrogen atom of its imine group pro-
motes an intramolecular nucleophilic attack on the carbonyl
carbon to facilitate 2-amino-4-phenyl-4,5-dihydrothiazol-4-ol
(C), which thereby eliminates a molecule of water to give the
final product 4-phenylthiazol-2-amine. The reaction mechanism
pathway is outlined in Fig. 6.

Further, to confirm the formation 2-aminothiazoles, single
crystal X-ray analysis of compound 6j was performed. The
crystal structure of compound 6j is presented in Fig. 7, whereas
the crystal packing diagram of 100, 010 and 001 planes are
provided in Fig. S1 (ESIt). The hydrogen bonding of two
molecules of 6j shows an interesting interaction between
O---H (i.e. between the oxygen atom of methoxy and the
hydrogen atom of amine). The other parameters such as
refinement table, fractional atomic coordinates, anisotropic
displacement parameters, bond length, bond angles and hydro-
gen atom coordinates are provided in ESI{ as Tables S6-S11.

2.2.2 Catalytic parameters for the synthesis of quinazoli-
none. For the optimization process, we chose the model reaction
of isatoic anhydride (7), p-bromoaniline (8), triethyl orthoformate
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Fig. 6 Proposed mechanism for the synthesis of 2-aminothiazoles pro-
moted by [EtsNH][HSO4,].

(TEOF) (9) in the presence of ionic liquid [Et;NH][HSO,] to
establish the process. By varying the amounts of [Et;NH][HSO,4],
time and temperature of the reaction, the percentage yield of
quinazolinone was affected, as shown in Table 7. It was found that
by increasing the amount of IL3 to 15 mol%, had a spectacular
impact on the yield of the product, but its further increment to
30 mol% had no such observational change. Furthermore, to
introspect the pivotal role of time and temperature on the
reaction, a varied range of temperature (room temperature to
100 °C) was used to carry the model reaction for a time range of
(20 min-12 h). Conclusively, by using 15 mol% (0.029 g) of ionic
liquid for a time of 20 mins at room temperature, a maximum
percentage yield of 95% of the product was obtained. It was
established that no further increase in temperature or prolong
reaction time had any such significant change in the reaction
yield. Our protocol surpassed the previously reported methods
(Table S13, ESIt) of synthesis of this reaction as they had demon-
strated the use of microwave irradiations, high temperature
conditions and longer time duration, which we have established
here under ambient reaction conditions.

Fig. 7 Crystal structure of compound 6j showing hydrogen bonding
CCDC 1963534.1
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Table 7 Optimization of the reaction condition for the synthesis of
quinazolinones?

Amount of

[Et;NH][HSO,] mol% Temperature (°C) Time yield® (%)
0 100 12 h 80

5 100 6h 82

10 80 1h 85

10 40 45 min 87

10 R.T. 35 min 90
15 40 35 min 90
15 R.T. 20 min 95
20 R.T. 20 min 95
20 60 20 min 95
30 70 20 min 95

“ Reaction conditions: isatoic anhydride (1 mmol), aniline (1 mmol),
triethylorthoformate (1 mmol), IL (15 mol%). ? Isolated yields.

2.2.2.1 Substrate scope for the synthesis of quinazolinone
derivatives. Availing the optimized reaction conditions, we
further synthesized a series of quinazolinones using isatoic
anhydride (1 mmol), TEOF (1 mmol) and differently substituted
anilines (1 mmol) to obtain derivatives having both electron-
donating and electron-withdrawing substituents with good to
excellent yields (Table 8). It was deciphered that anilines with
electron-donating substituents generate products with very
high yield (10b, 10d). On the contrary, electron-withdrawing
substituted anilines lead to moderate yield of products (10a,
10c, 10e, and 10f).

2.2.2.2 Plausible reaction mechanism. We propose a plausible
reaction mechanism for the one-pot multicomponent reaction
for the synthesis of 3-phenyl quinazolin-4-one promoted by a
simple ammonium ionic liquid, [Et;NH]|[HSO,], as outlined in
Fig. 8.

Table 8 Substrate scope for the synthesis of quinazolinones (10a—10f)°

o] NH,
H
o [EtNHHSO,]
+ + ANoKHTN ——— 3
,& o) RIS T.,15-20 mins
N0 ( )
H R

Isatoic Substituted Triethylorthoformate 3-phenylquinazolin-4-one
Anhydride aniline ) 10y
(@] ®)
Br OCH, CN

LT T Y
J J 2

(10a) (10b) (10c)

20 min; 95% 25 min; 97% 22 min; 92%

OCHJ
(10d) (10e) (10f)
23 min; 94% 18 min; 89% 18 min; 88%

“ Reaction conditions: isatoic anhydride (1 mmol), substituted aniline
(1 mmol), triethylorthoformate (1 mmol), IL (15 mol%).
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Fig. 8 Proposed mechanism for the synthesis of quinazolinone promoted
by [EtsNH][HSO4].

First, the ionic liquid activates the carbonyl group of isatoic
anhydride followed by the nucleophilic attack by the lone pair
electrons of aniline with the release of carbon dioxide. In the
next step, there is the release of ethanol group and further attack
of lone pair of electrons of the amine group in benzamide to
triethylorthoformate. Finally, there is the loss of two ethanol
groups and a ring closing reaction to yield the final product.

2.3 Preparation and characterizations of ionic liquid
[Et;NH][HSO,]

2.3.1 Preparation of triethylammonium sulfate [Et;NH][HSO,].
The ionic liquid was synthesized by the previously reported
method.***? Synthesis of IL was carried out in a 500 mL round-
bottomed flask, which was immersed in a hot water bath and fitted
with a reflux condenser. Then, 98% of sulfuric acid (98 g, 1.0 mol)
solution in water was added dropwise into the trimethylamine
(101 g, 1.0 mol) solution at 60 °C in 1 hour. After the addition,
the reaction mixture was stirred for an additional period of
1 hour at 70 °C to ensure that the reaction had proceeded to
completion. Traces of water were removed by heating the residue
at 80 °C under high vacuum until the weight of the residue
remained constant. The yield of [Et;NH][HSO,] was 98%. 'H NMR
(DMSO-d¢): 0 (ppm) 1.08 (t, /; = 8.32 Hz, J, = 8.73 Hz, 9H), 2.92
(q, 6H), 6.61 (brs, 1H), represented in Fig. 9.

AT N o)
[LN/\] I Hso, | - ('CHZ) /
/ (-NH) ™~
I~ -

Fig. 9 lllustration of the *H NMR spectrum of [EtsNHI[HSO4I.
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2.3.2 Thermal studies

Differential scanning calorimetry (DSC). Differential scanning
calorimetry (DSC) is a method which is widely used to observe
the thermal behaviour of the ionic liquid [Et;NH][HSO,].** This
technique offers important advantages such as the small quan-
tity of samples required for the experiment, rapidity of measure-
ment, versatility and precision of temperature control. DSC of
the ionic liquid has been performed in the temperature range
(—100 to 400 °C). The DSC thermogram for the ionic liquid is
given in Fig. 10. In the DSC curve, there is only one thermal
transition, i.e. an endothermic peak at 300 °C, which is due to
the melting transition of the ionic liquid.

Thermogravimetric analysis (TGA). Thermogravimetric analysis
(TGA) was recorded to procure an insight into the stability of
synthesised ammonium ionic liquid [Et;NH][HSO,], as repre-
sented in Fig. 11. The thermogram curve shows two different
regions. The weight loss in the first region, ie. at 150-250 °C, is
due to the loss of absorbed water and organic solvents. However,
the main weight loss in the second region, i.e. at 330 °C, elucidates
the complete decomposition of [Et;NH|[HSO,4].

2.3.3 Toxicity of ammonium ionic liquid [Et;NH][HSO,].
The very important consideration before commercialization of
any process employing chemicals is the concept of toxicity. The
reports on the toxicity of the reported ammonium ionic liquid
[Et;NH][HSO,] are limited."® However, on the basis of previously
reported studies,””*° we have concluded that due to their simple
construction from an acid and a base, we can expect toxicity
similar to the parent amines and acids. Generally, quaternary
ammonium ionic liquid toxicity depends upon the cation struc-
ture and chain length (longer alkyl chain increases toxicity), and
hence, this can be minimized by choosing alkyl amines having a
shorter chain length, which is considered in the present study.
Hence, the overall order for the toxicity of quaternary ammo-
nium ionic liquids, with some exceptions is [Me;NH]|[HSO,] <
[Et;NH][HSO,4] < [Pr;NH][HSO,]. We would like to point out that
triethylamine does not bio-accumulate and the highest toxicity

[EtsNH][HSO«]
0.
g -10]
£
E
3 i
S 2
®
L3
=
30
40 |
100 0 100 200 300 400

Temperature (°C)

Fig. 10 Differential scanning calorimetry (DSC) curve of [EtsNH][HSO4].
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Fig. 11 Thermogravimetric analysis (TGA) curve of [EtzsNH][HSO4].

potential of triethyl is through inhalation, which is vastly reduced
when bound in an ionic complex. Moreover, the hydrogen sulfate
ions are not toxic in the dilute form. Considering corrosiveness,
the hydrogen sulfate salts are acidic (pK, of the HSO,™ anion in
dilute solution is approx. 2); however, they are significantly less
than concentrated sulfuric acid and other strong acids. Briefly,
corrosion could be a concern for process safety and equipment
compatibility and needs to be considered carefully before
designing ionic liquids.

3. Experimental section
3.1 General information

Commercial solvents and reagents were used as received. All
other reagents used were of analytical grade and obtained from
Spectrochem and Merck. Double-distilled water was used
throughout the experiment. Melting points are uncorrected.
The thermal stability of ammonium ionic liquid [Et;NH]|[HSO,]
was determined using a PerkinElmer Pyris diamond TGA/
differential thermal analyser. For obtaining the data, the sam-
ple was heated from room temperature to 1000 °C in N,
atmosphere at a heating rate of 10 °C min ' and gas flow of
200 mL min . Differential scanning calorimetry (DSC) was
used to investigate the thermal stability of the ionic liquid
[Et;NH][HSO,]. The data were recorded by a conventional
modulated differential scanning calorimetry (MDSC) method
using a Q200 V24.11 Build 124 model. Thin-layer chromatography
was performed on Merck pre-coated silica gel aluminium plates
with 60 F,s, indicator. The structural assignments of synthesised
compounds were based on "H NMR, *C NMR, mass spectroscopy
and single-crystal X-ray diffraction analysis. Nuclear magnetic
resonance (NMR) was acquired at 400 MHz and 100 MHz for
'H NMR and *C NMR respectively using a JEOL JNM-ECS 400
spectrometer instrument with CDCl; and DMSO-dg as solvents.
TMS was taken as the reference in NMR, and data were processed
with its delta software. Coupling constant (J) is reported in Hertz
and chemical shift values are reported in ppm for '"H NMR, and
multiplicities are as follows: s (singlet), d (doublet), dd (double
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doublet), t (triplet) and m (multiplet). High-resolution mass
spectroscopy was carried out using an Agilent ESI-TOF mass
spectrometer. X-ray analysis was carried out using an Oxford
Diffraction Xcalibur four-circle diffractometer equipped with a
Eos CCD detector using graphite mono-chromatized Mo-Ka radia-
tion (1 = 0.71073 A). For the single X-ray crystallography, crystals of
compound 4k and 6j were grown in ethanol solvent at room
temperature by slow evaporation of solution growth method.

3.2 General procedure for the synthesis of 1,2,3,4-tetrahydropyri-
midine-2-thione/ones using [Et;NH][HSO,] (4a-40)

To an equivalent mixture of thiourea/urea (1a/ib) (1 mmol),
ethyl acetoacetate (2) and substituted benzaldehyde (3), qua-
ternary ammonium ionic liquid [Et;NH][HSO,]| (loading of
15 mol%) was added. The reaction mixture was stirred at room
temperature for about 30-45 min. The progress of the reaction
was monitored by TLC (eluent = n-hexane/EtoAc = 9/1). After
completion of the reaction, the organic layer was extracted
using ethyl acetate, which was further dried over Na,SO, and
evaporated under vacuum. The crude product was purified by
recrystallization from ethanol or by column chromatography
wherever required to obtain the pure desired 1,2,3,4-
tetrahydropyrimidine-2-thione/ones (4a-40) products. Finally,
the product was confirmed by several known techniques such
as '"H NMR, >C NMR, High Resolution Mass Spectroscopy (HR-
MS) and single-crystal X-ray diffraction analysis.
Ethyl-6-methyl-2-oxo0-4-phenyl-1,2,3,4-tetrahydropyrimidine-5-
carboxylate (4a). White crystalline solid; M.P. = 200-202 °C. (206~
207 °C).°° "H NMR (400 MHz, CDCl;) § ppm: 8.56 (s, 1H), 6.94-
6.79 (m, 5H), 6.26 (brs, 1H), 3.56 (q,J = 7.2 Hz, 2H), 1.85 (s, 3H),
0.68 (t,J = 7.1 Hz, 3H); **C NMR (100 MHz, CDCl;) 6 ppm: 165.63,
152.98, 147.65, 144.56, 128.13, 127.16, 126.42, 99.95, 59.33, 54.64,
13.95, 8.40. HRMS (ESI): m/z caled for C14H;6N,03: 260.1177;
found 261.1247 [ M + H].
Ethyl-6-methyl-4-phenyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-
5-carboxylate (4b). White crystalline solid; M.P. = 200-201 °C
(208-209 °C).*° "H NMR (400 MHz, CDCl;) 6 ppm: 9.27 (s, 1H),
8.64 (s, 1H), 7.11-6.97 (m, 5 H), 5.15 (s, 1H), 3.88 (q, 2H), 2.16
(s, 3H), 0.97 (t, J, = 8.01 Hz, J, = 7.98 Hz, 3H); "*C NMR (100 MHz,
CDCl;) 6 ppm: 174.63, 165.62, 144.28, 143.34, 129.04, 127.36,
126.35, 101.95, 60.02, 55.40, 18.36, 14.63. HRMS (ESI): m/z caled
for C;,H;6N,0,S: 276.0928; found 277.1007 [M + H].
Ethyl-6-methyl-2-oxo0-4-(p-tolyl)-1,2,3,4-tetrahydropyrimidine-
5-carboxylate (4c). White crystalline solid; M.P. = 204-206 °C
(206-207 °C).2* "H NMR (400 MHz, CDCl;) § ppm: 9.034 (s, 1H),
7.19 (d, J = 8.12 Hz, 2H), 7.08 (d, J = 8.31 Hz, 2H), 5.26 (s, 1H),
4.03 (q, 2H), 2.93 (s, 1H), 2.30 (s, 6H), 1.17 (t, J; = 8.12 Hz, J, =
8.32 Hz, 3H); *C NMR (100 MHz, CDCl;)  ppm: 170.78, 158.24,
152.49, 146.72, 141.72, 133.86, 131.41, 105.29, 64.42, 59.42,
25.92, 23.13, 19.07.
Ethyl-6-methyl-2-thioxo-4-(p-tolyl)-1,2,3,4-tetrahydropyrimidine-
5-carboxylate (4d). White crystalline solid; M.P. = 207-208 °C.
'H NMR (400 MHz, CDCI3) & ppm: 9.18 (s, 1H), 8.52 (s, 1H),
6.92 (d, J = 8 Hz, 2H), 6.82 (d, J = 8 Hz, 2H), 5.02 (s, 1H), 3.79
(g, 2H), 2.06 (s, 3H), 2.03 (s, 3H), 0.89 (t, J; = 8.12 Hz, ], = 8.01 Hz,
3H); "*C NMR (100 MHz, CDCl,) § ppm: 174.50, 165.60, 144.10,
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140.42, 137.38, 129.07, 126.66, 101.97, 60.02, 54.95, 21.00, 17.79,
14.03. HRMS (ESI): m/z caled for C;5H;gN,0,S: 290.1098; found
291.1172 [M + HJ.
Ethyl-4-(4-hydroxy-3,5-ditertbutylphenyl)-6-methyl-2-oxo-1,2,3,4-
tetrahydropyrimidine-5-carboxylate (4e). White crystalline solid;
M.P. = 210-212 °C. '"H NMR (400 MHz, CDCl;) § ppm: 9.48
(s, 1H), 7.36 (s, 2H), 5.10 (s, 1H), 3.84 (brs, 3H), 2.74 (q, 2H),
1.41 (s, 18H), 0.95 (t, J; = 8.33 Hz, J, = 8.46 Hz, 3H); >*C NMR
(100 MHz, CDCl;) ¢ ppm: 191.93, 190.64, 159.83, 137.51, 127.97,
127.80, 127.32, 126.52, 53.75, 53.56, 34.14, 31.12, 30.13, 29.17.
HRMS (ESI): m/z caled for C,,H;3,N,0,: 388.2362; found 389.2421
[M + H].
Ethyl-4-(4-hydroxy-3,5-ditertbutylphenyl)-6-methyl-2-thioxo-
1,2,3,4-tetrahydropyrimidine-5-carboxylate (4f). White crystal-
line solid; M.P. = 200-202 °C. '"H NMR (400 MHz, CDCl;) &
ppm: 9.28 (s, 1H), 7.15 (s, 2H), 4.88 (s, 1H), 3.98 (brs, 3H), 2.51
(q, 2H), 0.93 (s, 18H), 0.75 (t, J; = 8.23 Hz, J, = 8.13 Hz, 3H); °C
NMR (100 MHz, CDCl;)  ppm: 191.69, 184.38, 176.86, 160.08,
137.53,128.24, 127.32, 110.49, 53.67, 45.49, 34.42, 29.97, 12.88,
8.54. HRMS (ESI): m/z caled for C,,H3,N,05S: 404.2134; found
405.2213 [M + H].
Ethyl-4-(3-fluorophenyl)-6-methyl-2-oxo-1,2,3,4-tetrahydropyri-
midine-5-carboxylate (4g). White crystalline solid; M.P. = 209-
210 °C. "H NMR (400 MHz, CDCI;) é ppm: 8.94 (s, 1H), 7.08 (dd,
J=12.2,7.6 Hz, 1H), 6.94 (d, J = 7.7 Hz, 1H), 6.84 (d, ] = 11.3 Hz,
1H), 6.74 (t,] = 8.4 Hz, 1H), 5.13 (s, 1H), 3.86 (q, 2H), 2.14 (s, 3H),
0,97 (t, 3H); ">C NMR (100 MHz, CDCl;) 6 ppm: 170.62, 165.67,
158.09, 153.26, 152.18, 134.80, 127.18, 118.48, 118.26, 104.57,
64.53, 59.26, 23.15, 19.05.
Ethyl-4-(3-fluorophenyl)-6-methyl-2-thioxo-1,2,3,4-tetrahydro-
pyrimidine-5-carboxylate (4h). White crystalline solid; M.P. =
213-214 °C. *H NMR (400 MHz, CDCl;) § ppm: 9.88 (s, 1H), 9.26
(s, 1H), 7.12 (dd, J = 13.5, 7.84 Hz, 1H), 6.93 (d, J = 7.6 Hz, 1H),
6.78-6.84 (m, 2H), 5.13 (s, 1H), 3.91 (q, 2H), 2.17 (s, 3H), 1.00
(t,J = 7.1 Hz, 3H); "*C NMR (100 MHz, CDCl;) § ppm 170.62,
168.71, 158.09, 153.26, 152.18, 134.87, 127.18, 119.14, 118.93,
104.57, 64.53, 59.26, 23.15, 19.05. HRMS (ESI): m/z caled for
C14H,5FN,0,S: 294.0838; found 295.0885 [M + H].
Ethyl-4-(4-chlorophenyl)-6-methyl-2-oxo-1,2,3,4-tetrahydro-
pyrimidine-5-carboxylate (4i). White crystalline solid; M.P. =
202-204 °C (215-216 °C).>° "H NMR (400 MHz, CDCl;) § ppm:
9.26 (s, 1H), 7.78 (s, 1H), 7.38 (d, J = 8.4 Hz, 2H), 7.24 (s, 1H),
5.13 (s, 1H), 3.97 (q, / = 7.1 Hz, 2H), 2.24 (s, 3H), 1.08 (t, J =
7.1 Hz, 3H); ">C NMR (100 MHz, CDCl;) § ppm: 163.10, 149.93,
146.62, 141.69, 129.77, 126.24, 126.01, 96.74, 57.13, 51.38,
15.78, 12.01. HRMS (ESI): m/z caled for C,4H;5CIN,O3:
294.0775; found 295.0838 [M + H]
Ethyl-4-(4-chlorophenyl)-6-methyl-2-thioxo-1,2,3,4-tetrahydro-
pyrimidine-5-carboxylate (4j). White crystalline solid; M.P. = 208—
210 °C (180-181 °C).>° "H NMR (400 MHz, CDCl;) § ppm: 9.50
(s, 1H), 8.86 (s, 1H), 7.05 (d, J = 6 Hz, 2H), 6.90 (d, J = 7 Hz, 2H),
4.93 (s, 1H), 3.96 (q, 2H), 1.97 (s, 3H), 0.93 (t, J, = 8.01 Hz, J, =
8.21 Hz, 3H); >C NMR (100 MHz, CDCl;) 6 ppm: 194.51, 167.71,
167.17, 130.97, 130.62, 128.96, 128.23, 101.13, 61.59, 54.23,
26.30, 13.98. HRMS (ESI): m/z caled for Cy;H;5CIN,O,S:
310.0535; found 311.0615 [M + H].
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Ethyl-4-(3-chlorophenyl)-6-methyl-2-oxo0-1,2,3,4-tetrahydropyri-
midine-5-carboxylate (4k). Yellowish white crystalline solid;
M.P. = 210-212 °C (188-189 °C).*' "H NMR (400 MHz, CDCl,)
0 ppm: 9.02 (s, 1H), 7.51 (s, 1H), 7.17 (d, J = 12.4 Hz, 1H), 7.10-
7.14 (m, 2H), 5.14 (, 1H), 3.94 (q, 2H), 2.20 (s, 3H), 1.05 (t, J =
6.8 Hz, 3H); >C NMR (100 MHz, CDCl;) 6 ppm: 164.36, 151.45,
147.51, 145.96, 132.38, 128.69, 126.08, 125.53, 123.78, 98.01,
58.30, 53.02, 17.02, 13.01. HRMS (ESI): m/z caled for
C14H;5CIN,0,S: 294.0769; found 295.0838 [M + HJ.

Ethyl-4-(2-bromophenyl)-6-methyl-2-ox0-1,2,3,4-tetrahydro-
pyrimidine-5-carboxylate (41). White crystalline solid; M.P. =
198-200 °C (201-202 °C).>" 'H NMR (400 MHz, CDCl;) 6 ppm:
8.97 (s, 1H), 7.37 (d,J = 7.1 Hz, 1H), 7.11 (t,J = 7 Hz, 2H), 6.96
(t,J = 7.2 Hz, 1H), 5.59 (s, 1H), 5.24 (s, 1H), 3.81 (q, 2H), 2.23
(s, 3H), 0.89 (t, J; = 8.12 Hz, J, = 8.33 Hz, 3H); "*C NMR (100 MHz,
CDCl;) 6 ppm: 164.30, 151.12, 148.08, 141.35, 131.60, 128.10,
127.43, 127.01, 121.56, 97.48, 58.37, 53.30, 16.93, 12.94. HRMS (ESI):
m/z caled for Cy4H;5BrN,0;: 338.0266; found 339.0340 [M + H].

Ethyl-4-(2-bromophenyl)-6-methyl-2-thioxo-1,2,3,4-tetrahydro-
pyrimidine-5-carboxylate (4m). White crystalline solid; M.P. =
201-202 °C. *H NMR (400 MHz, CDCl;) § ppm: 9.46 (s, 1H), 7.01
(d, J = 7.7 Hz, 1H), 6.90 (d, J = 8,1 Hz, 1H), 6.66 (dd, J = 10.2,
6.5 Hz, 2H), 5.13 (s, 1H), 2.43 (q, 2H), 1.77 (s, 3H), 0.43 (t, J =
6.9 Hz, 3H); '*C NMR (100 MHz, CDCl,) 6 ppms: 182.53, 177.73,
170.76, 147.30, 132.77, 131.21, 130.67, 128.78, 121.86, 104.05,
59.88, 43.70, 12.20, 6.95. HRMS (ESI): m/z caled for
C14H;5BIN,0,S: 354.0038; found 357.0061 [M + H].

Ethyl-4-(4-bromophenyl)-6-methyl-2-oxo-1,2,3,4-tetrahydropyri-
midine-5-carboxylate (4n). Yellowish white crystalline solid;
M.P. = 208-210 °C (212-213 °C).*' "H NMR (400 MHz, CDCl;)
d ppm: 8.26 (s, 1H), 7.39 (d, ] = 8.4 Hz, 2H), 7.16 (d, ] = 8.4 Hz, 2H),
6.11 (s, 1H), 5.32 (s, 1H), 4.04 (q,J = 7.1 Hz, 2H), 2.30 (s, 3H), 1.14
(t, J = 7.1 Hz, 3H); *C NMR (100 MHz, CDCl;) 6 ppm: 165.74,
152.96, 147.88, 143.62, 131.44, 128.53, 121.23, 100.05, 59.80,
54.65, 18.48, 14.19. HRMS (ESI): m/z caled for C;,H;5BrN,O;:
338.0274; found 339.0352 [M + H].

Ethyl-4-(3-bromophenyl)-6-methyl-2-oxo-1,2,3,4-tetrahydropyri-
midine-5-carboxylate (40). Yellowish white crystalline solid; M.P. =
201-204 °C. 'H NMR (400 MHz, CDCl,) 6 ppm: 8.53 (s, 1H), 7.00 (t,
J=8.2 Hz, 1H), 6.83 (s, 1H), 6.79 (d, J = 7.1 Hz, 1H), 6.59 (m, 1H),
4.64 (s, 1H), 3.43 (q, 2H), 1.71 (s, 3H), 0.56 (t, J; = 8.11 Hz, J, =
7.98 Hz, 3H); >C NMR (100 MHz, CDCl;) § ppm: 164.13, 151.29,
147.23, 145.95, 129.15, 128.78, 128.27, 123.00, 120.55, 97.85, 58.11,
52.88, 16.83, 12.76. HRMS (ESI): m/z caled for Cy;H;sBIN,Oj;:
338.0266; found 339.0339 [M + H].

3.3 General procedure for the synthesis of 2-aminothiazoles
using [Et;NH][HSO,] (6a-61)

Using the optimized reaction conditions, initially, acetophe-
none (1 mmol), thiourea (2 mmol) and resublimed iodine were
taken in a round-bottomed flask and 15 mol% [Et;NH]|[HSO,]
was added to the reaction mixture. All the contents were heated
at 40 °C for 30 min. The progress of the reaction was monitored
by thin-layer chromatography (eluent = n-hexane/EtoAc = 9/1).
The crude product was purified by recrystallization from etha-
nol to obtain the pure desired 2-aminothiazoles (6a-6l)
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products. Finally, the product was confirmed by several known
techniques such as "H NMR, "*C NMR, high-resolution mass
spectroscopy (HR-MS) and single-crystal X-ray diffraction analysis.
Melting points of the compounds were also taken.

4-Phenylthiazol-2-amine (6a). Light yellow coloured crystal-
line solid; M.P. = 150 °C (151-153 °C).>* '"H NMR (400 MHz,
CDCl,) 6 ppm: 7.77-7.75 (d, J = 7.89 Hz, 2H), 7.39-7.35 (m, 2H),
7.30 (d, J = 7.1 Hz, 1H), 6.70 (s, 1H), 5.30 (brs, 2H); *C NMR
(100 MHz, CDCl3) 6 ppm: 171.23, 158.23, 128.91, 119.68, 118.11,
117.09, 111.86. HRMS (ESI): m/z calcd for CoHgN,S: 176.0412;
found 177.0485 [M + H].

4-Methylthiazol-2-amine (6b). Yellow coloured solid; M.P. =
42-43 °C (45-46 °C).>* "H NMR (400 MHz, CDCl;) § ppm: 7.24
(s, 1H), 4.95 (brs, 2H), 2.32 (s, 3H); *C NMR (100 MHz, CDCl;) §
ppm: 172.42, 153.90, 104.16, 15.00. HRMS (ESI): m/z calcd for
C4HgN,S: 114.0252; found 115.0325 [M + HJ.

4-(Pyridin-2-yl)thiazol-2-amine (6¢). Yellow coloured solid;
M.P. = 144-145 °C. 'H NMR (400 MHz, CDCl;) § ppm: 8.40
(d, J = 10.59 Hz, 1H), 7.71 (dd, 1H), 7.53 (dd, 1H), 7.09-6.98
(m, 2H), 5.72 (brs, 2H); *C NMR (100 MHz, CDCl;) § ppm:
168.37, 150.61, 141.81, 134.76, 128.45, 127.41, 125.78, 101.81.
HRMS (ESI): m/z caled for CgH,N3S: 177.0361; found 178.0445
[M + H].

4-(Pyridin-3-yl)thiazol-2-amine (6d). Yellow coloured solid;
M.P. = 175-177 °C. '"H NMR (400 MHz, CDCl;) § ppm: 8.68
(s, 1H), 8.13 (d, J = 8.12 Hz, 1H), 7.74 (d, J = 8.08 Hz, 1H), 6.97
(m, 1H), 6.49 (s, 1H), 6.21 (brs, 2H); **C NMR (100 MHz, CDCl,)
0 ppm: 167.76, 146.92, 146.37, 146.07, 131.76, 129.59, 122.28,
101.85. HRMS (ESI): m/z caled for CgH,N3S: 177.0361; found
178.0428 [M + H].

4-(4-Fluorophenyl)thiazol-2-amine (6e). Yellow coloured
solid; M.P. = 103-104 °C (102-103 °C).”" "H NMR (400 MHz,
CDCl;) § ppm: 7.72 (t, J; = 7.2 Hz, ], = 6.8 Hz, 2H), 7.05 (t, J;, =
8.3 Hz, J, = 8.6 Hz, 2H), 6.63 (s, 1H), 5.19 (brs, 2H); **C NMR
(100 MHz, CDCl;) 6 ppm: 167.45, 148.30, 130.06, 126.62, 114.40,
114.19, 100.40. HRMS (ESI): m/z caled for CoH,FN,S: 194.0311;
found 195.0381 [M + H].

4-(3-Bromopyridin-2-yl)thiazol-2-amine (6f). Yellow coloured
solid; M.P. = 182-183 °C. '"H NMR (400 MHz, CDCl;) § ppm:
8.48 (s, 1H), 7.82 (d, J = 14.4 Hz, 1H), 7.15 (d, J = 17.2 Hz, 1H),
6.71 (s, 1H), 5.28 (brs, 2H); ">C NMR (100 MHz, CDCl;) § ppm:
166.40, 146.51, 144.40, 141.89, 139.61, 137.34, 135.05, 112.66.
HRMS (ESI): m/z caled for CgHeBrN3S: 254.0948; found
2555.9556 [M + H].

4-(4-Bromophenyl)thiazol-2-amine (6g). Yellow coloured
solid; M.P. = 180-181 °C (180-183 °C).** "H NMR (400 MHz,
CDCl;) 6 ppm: 7.63 (t, J = 7.69 Hz, 2H), 6.95 (m, 2H), 6.53
(s, 1H), 5.10 (brs, 2H); "*C NMR (100 MHz, CDCl;) § ppm: 167.65,
148.50, 130.26, 126.82, 114.60, 114.39, 100.60. HRMS (ESI): m/z
caled for C9H,BrN,S: 253.9521; found 254.9594 [M + H].

4-(2,4-Difluorophenyl)thiazol-2-amine (6h). Yellow coloured
solid; M.P. = 153-156 °C. "H NMR (400 MHz, CDCl;) 6 ppm:
7.73-7.67 (m, 1H), 6.59-6.53 (m, 3H), 5.91 (brs, 2H); >*C NMR
(100 MHz, CDCl;) 6 ppm: 172.10, 161.11, 160.25, 153.58, 131.76,
120.98, 111.20, 105.18, 103.83. HRMS (ESI): m/z caled for
CoHF,N,S: 212.0219; found 213.0291 [M + H].
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4-(4-Chlorophenyl)thiazol-2-amine (6i). Yellow coloured
crystalline solid; M.P. = 163-164 °C (161-162 °C).>* "H NMR
(400 MHz, CDCl;) ¢ ppm: 7.70 (d, J = 8.13 Hz, 2H), 7.33 (d, J =
8.16 Hz, 2H), 6.69 (s, 1H), 4.98 (brs, 2H); *C NMR (100 MHz,
CDCl;) § ppm: 165.66, 145.77, 127.63, 126.06, 123.41, 122.41,
96.02. HRMS (ESI): m/z caled for CoH,CIN,S: 210.0018; found
211.0086 [M + HJ.

4-(2,5-Dimethoxyphenyl)thiazol-2-amine (6j). Yellow coloured
crystalline solid; M.P. = 145-146 °C. "H NMR (400 MHz, CDCl,) 6
ppm: 7.66 (d, J = 3.2 Hz, 1H), 7.24 (d, ] = 7.8 Hz, 1H), 6.88 (d, ] =
8.7 Hz, 1H), 6.80 (d, J = 8.7 Hz, 1H), 5.00 (brs, 2H), 3.87 (s, 3H),
3.82 (s, 3H); °C NMR (100 MHz, CDCl;) 6 ppm: 171.60, 152.43,
150.33, 149.21, 117.53, 116.26, 115.11, 114.77, 96.02, 59.97,
59.57. HRMS (ESI): m/z caled for Cy;H;,N,0,S: 236.0609; found
237.0751 [M + H].

4-(p-Tolyl)thiazol-2-amine (6k). Yellow coloured crystalline
solid; M.P. = 135-136 °C (136-137 °C).”> 'H NMR (400 MHz,
CDCl;) § ppm: 7.65 (d, J = 8.23 Hz, 2H), 7.17 (d, J = 8.23 Hz, 2H),
6.63 (s, 1H), 5.19 (brs, 2H), 2.34 (s, 3H); "*C NMR (100 MHz,
CDCl;) § ppm: 167.43, 151.37, 137.60, 132.03, 129.36, 125.96,
102.04, 21.34. HRMS (ESI): m/z caled for C;oH;oN,S: 190.0565;
found 191.0639 [M + H].

4-(4-Methoxyphenyl)thiazol-2-amine (61). Yellow coloured
crystalline solid; M.P. = 205-206 °C (206-207 °C).”" "H NMR
(400 MHz, CDCl;) ¢ ppm: 7.72 (d, J = 8.01 Hz, 2H), 6.90 (d, J =
8.12 Hz, 2H), 6.56 (s, 1H), 5.91 (brs, 2H), 3.83 (s, 3H); *C NMR
(100 MHz, CDCl;) § ppm: 174.33, 161.32, 156.94, 130.56, 127.62,
116.20, 102.02, 57.28. HRMS (ESI): m/z caled for C;oH;oN,OS:
206.0514; found 207.0589 [M + H].

3.4 General procedure for the synthesis of
3-phenylquinozolin-4-one using [Et;NH]|[HSO,] (10a-10f)

To equimolar amounts of isatoic anhydride (1 mmol), aniline
(1 mmol), triethylorthoformate (1 mmol), 15 mol% of the ionic
liquid [Et;NH][HSO,] was added and the reaction mixture was
stirred at room temperature for about 2 h. The progress of the
reaction was monitored using the medium of thin-layer chro-
matography (TLC) (eluent = n-hexane/EtoAc = 9/1). After the
reaction goes to completion, the crude product was extracted
using ethyl acetate, which was then further purified by recrys-
tallisation using ethanol to obtain the pure 3-phenylquinozolin-
4-one product. Finally, the product was characterised using
spectroscopic techniques such as 'H NMR, and “C NMR,
which confirm its synthesis. Melting points of the compounds
were also taken.

3-(4-Bromophenyl)quinazolin-4(3H)-one (10a). Light yellow
coloured crystalline solid; M.P. = 192-193 °C (188-190 °C).>®
'H NMR (400 MHz, CDCl;) d ppm: 8.35-8.33 (d, J = 7.5 Hz, 1H),
8.08 (s, 1H), 7.83-7.75 (m, 2H), 7.69-7.67 (d, J = 8.5 Hz, 2H),
7.57-7.53 (t, J, = 7 Hz, ], = 7.7 Hz, 1H), 7.33-7.28 (d, J = 8.5 Hz,
2H); *C NMR (100 MHz, CDCl;) § ppm: 160.54, 147.75, 145.48,
136.41, 134.77, 132.84, 128.63, 127.84, 127.67, 127.16, 123.16,
122.18.

3-(4-Methoxyphenyl)quinazolin-4(3H)-one (10b). Light yel-
low coloured crystalline solid; M.P. = 182-183 °C (180 °C).>
'H NMR (400 MHz, CDCI;) 6 ppm: 8.39-8.37 (d, ] = 7.75 Hz, 1H),
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8.13 (s, 1H), 7.82-7.77 (m, 2H), 7.58-7.541 (t, J; = 6.75 Hz, J, = 8
Hz, 1H), 7.37-7.28 (d, ] = 8.75 Hz, 2H), 7.07-7.05 (d, J = 8.75 Hz,
2H), 3.89 (s, 3H); "*C NMR (100 MHz, CDCl;) § ppm: 161.03,
159.92, 147.91, 146.44, 134.50, 130.18, 128.15, 127.55, 127.16,
122.39, 114.84, 77.37, 55.63.
3-(4-Chlorophenyl)quinazolin-4(3H)-one (10c). Light yellow
coloured crystalline solid; M.P. = 200-201 °C. 'H NMR (400
MHz, CDCl;) é ppm: 8.39 (d, J = 7.5 Hz, 1H), 8.13 (s, 1H), 7.80-
7.90 (m, 4H), 7.64 (d, / = 7.8 Hz, 3H); "*C NMR (100 MHz, CDCl;)
J ppm: 160.27, 147.58, 144.64, 141.06, 135.12, 133.54, 128.18,
127.91, 127.82, 127.28, 117.81, 113.16.
3-(3-Methoxyphenyl)quinazolin-4(3H)-one (10d). Light yel-
low coloured crystalline solid; M.P. = 148-150 °C. 'H NMR
(400 MHz, CDCl;) ¢ ppm: 8.40 (d, J = 7.8 Hz, 1H), 8.16 (s, 1H),
7.79-7.85 (m, 2H), 7.57-7.60 (m, 1H), 7.48 (t, J = 8.0 Hz, 1H),
6.99-7.07 (m, 3H), 3.88 (s, 3H); >*C NMR (100 MHz, CDCl;) §
ppm: 160.72, 160.43, 147.77, 146.12, 138.48, 134.64, 130.43,
127.70, 127.54, 127.21, 122.36, 119.11, 115.11, 112.84,
77.36, 55.58.
3-(2,4-Dichlorophenyl)quinazolin-4(3H)-one (10e). Light yel-
low coloured crystalline solid; M.P. = 192 °C. '"H NMR (400
MHz, CDCl;) § ppm: 8.52 (s, 1H), 8.34 (d, J = 7.5 Hz, 1H), 8.08 (s,
1H), 7.75-7.83 (m, 2H), 7.68 (d, J = 8.5 Hz, 2H), 7.55 (t, J =
7.4 Hz, 1H); "*C NMR (100 MHz, CDCl;) 6 ppm: 159.08, 146.42,
143.45, 139.99, 133.93, 132.35, 129.02, 126.99, 126.72, 126.63,
126.09, 123.27, 122.65, 120.88.
3-(4-Chloro-2-fluorophenyl)quinazolin-4(3H)-one (10f). Light
yellow coloured crystalline solid; M.P. = 183-184 °C. 'H NMR
(400 MHz, CDCl;) 6 ppm: 8.56 (s, 1H), 8.38 (d, J = 7.8 Hz, 1H),
8.13 (s, 1H), 7.77-7.83 (m, 2H), 7.54-7.58 (m, 1H), 7.36 (d, J =
8.8 Hz, 2H); **C NMR (100 MHz, CDCl;) § ppm: 159.05, 156.34,
155.23, 141.47, 138.22, 133.97, 132.20, 129.62, 128.03, 127.16,
126.36, 124.75, 123.87, 115.74.

4. Conclusions

In conclusion, simple ammonium ionic liquids [Et;NH]|[HSO,]
are highly efficient, environmentally benign, atom economic,
and facile protocol for the synthesis of bioactive 1,2,3,4-
tetrahydropyrimidine-2-thione/ones as well as 2-aminothiazoles
and quinazolinones via a multicomponent reaction. Remarkable
advantages of this protocol are as follows: (I) the Biginelli
condensation reaction was in good agreement with the green
chemistry parameters like E-factor (0.42), process mass intensity
(1.42), reaction mass efficiency (70%), atom economy (88%) and
carbon efficiency (80%); (II) the Hantzsch reaction for the
synthesis of 2-aminothiazoles and Niementowski reaction for
the synthesis of quinazolinones was found to be very effective
and selective in the presence of [Et;NH][HSO,]; (III) this protocol
features high functional group compatibility and easily accessi-
ble starting materials; (IV) one-pot sequential transformation
was easily achieved; and (V) the ionic liquid is easily recovered
and could be reused for at least six consecutive cycles. The
stability of synthesized 1,2,3,4-tetrahydropyrimidine-2-thione/
ones and 2-aminothiazoles were affirmed by single-crystal X-ray
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crystallographic technique. Moreover, this protocol is plausible
to be fruitful for the widespread organic transformations and for
the synthesis of a pharmaceutically pertinent architecture.
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