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ABSTRACT

Though the design and synthesis of N-heterocyclic motifs are extremely challenging and demanding, the
involvement of toxic reagents and solvents often triggers environmental safety concerns. Herein, we have explored a
simple, scalable, and benign method for the construction of 2,3-dihydroquinazolin-4(1H)-ones via the reaction
between anthranilamide and aryl aldehydes in the presence of [(C3H7);N-SOsH]CI as a Bronsted acid ionic liquid
(BAIL) catalyst in aqueous ethanolic medium at room temperature condition. Good to excellent yield of product,
simple operational procedure, recovery and reusability of catalyst, and green reaction medium are the prime features
of this protocol for the synthesis of 2,3-dihydroquinazolin-4(1H)-ones.

Keywords: [(C3H7);N-SO3H]CI; Bronsted Acidic lonic Liquid; 2,3-dihydroquinazolin-4(1H)-one; Reusability of
Catalyst; Room Temperature.
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INTRODUCTION

In the modern era, heterocyclic compounds play a significant role in the pharmaceutical field due to their
wide range of bioactivities.> More specifically, the design and synthesis of new nitrogen-containing
heterocyclic scaffolds have always been a priority domain for synthetic organic chemists.>* Among these,
quinazolin-4(3H)-one and 2,3-Dihydroquinazolin-4-one (DHQ) form essential core structures within the
quinazoline framework.> Their molecular structure consists of a quinazoline ring fused with a
cyclohexanone ring.® The synthesis of these compounds is of great interest in medicinal chemistry due to
their potential pharmacological properties, such as TRPM2 inhibitors,” fXa inhibitors,® cholinesterases
inhibitors,” anticonvulsant agents,'® etc. Some of the Marketed quinazoline drugs are depicted in Fig.-1.!!
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Fig.-1: Representative Biological Potent Marketed Quinazoline Drugs

To synthesize 2,3-dihydroquinazolin-4(1H)-ones, various distinct protocols have been developed for the
construction of the DHQ core, the most common and simple synthetic route for the preparation of DHQs
are ZnFe>04@SiO~SOsH,"? p-TSA," wang-OSO;H,'"* ZrO»-Al,Os nanocatalyst,'”” Pd(II)/TPPMS,'¢ L-
Proline@Fe;04!7 etc. However, the traditional methods are beneficial to some extent and some of these
still facing some limitations, such as longer reaction times with unsatisfactory or inconsistent yields, use
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of expensive or complex reagents and catalysts, poor substrate tolerance, etc. However, with the growing
concern of environmental contagions, there is an urgent need for the design and development of a simple,
straightforward, and sustainable protocol for the synthesis of 2,3-dihydroquinazolin-4(1H)-ones (DHQ).
Despite these, using green solvents and catalysis in organic synthesis is one of the many tactics to achieve
greenness in the processes by eliminating the volatile organic components (VOC’s).!®! In this regard,
ionic liquids (ILs) have become a promising candidate to replace conventional solvents and catalysts due
to their remarkable solubility, and potential recyclability, non-flammability, and non-volatility have made
them more effective for synthetic conversions.?**! Among the diverse categories of ionic liquids, Brensted
acidic ionic liquids (BAILs) have gained considerable attention because of their adequate acidity and
thermal stability, nontoxicity, and inertness toward air and water. It is non-corrosive than normal
homogeneous acids.??> The significant acidity of BAIL catalyst is mostly due to covalently bonded
sulfonic acid (—SOsH) moiety to the IL and such catalytic systems have gained widespread applications in
synthetic transformations.” Also, the excellent miscibility of these BAIL catalysts with the reaction
mixtures significantly enhances mass-transfer efficiency and improves the catalytic activity. With these
considerations in mind, we would like to disclose a versatile procedure for the fabrication of 2,3-
dihydroquinazolin-4(1H)-one (DHQ) derivatives from diversely substituted aromatic aldehydes and
anthranilamide using [(C3H7);N-SO3;H]CI as a Bronsted acid catalyst in aqueous ethanolic medium under
room temperature condition.

EXPERIMENTAL
Material and Methods
All Solvents, reagents, and chemicals were acquired from a local supplier and utilized without additional
purification. The melting points of the purified compounds were measured using a DBK-programmed
melting point apparatus with a temperature rise of 2 °C per minute. The progress of reactions was
observed using thin-layer chromatography (TLC) on a silica gel-coated metal plate. Synthesized
compounds were evaluated utilizing techniques such as FT-IR, 'H and *C NMR, and mass spectrometry
(MS).

Synthesis of [(C3H7);N-SO3;H]C1 BAIL Catalyst
The [(C3H7)sN-SOsH]CI as Brensted acidic ionic liquid (BAIL) was prepared according to our previously
reported method.?*
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Scheme-1: Preparation of [(C3H7);N-SOsH]Cl BAIL Catalyst

General Procedure for the Preparation of 2,3-dihydroquinozoline-4(1H)-one Derivatives

To a mixture of anthranilamide (I mmol) and substituted aromatic aldehyde (I mmol), the 10 mol %
[(CsH7)3sN-SO3H]CI of BAIL was added and the mixture was stirred at room temperature till completion
of the reaction. The reaction progress was monitored using thin-layer chromatography (TLC) with
petroleum ether-ethyl acetate (7:3 v/v) as the eluent. Upon completion of the reaction, water was added to
the reaction mixture. Then the product was filtered off and the BAIL catalyst was successfully recovered
by evaporating the water and reused for a subsequent fresh batch of the reaction after reactivation. The
crude product was further subjected to recrystallization in ethanol to purify the separated products (3a-h).
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Scheme-2: Synthesis of 2,3-dihydroquinazoline-4(1H)-ones by using [(C3H7);N-SO3H]Cl1 IL as catalyst
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RESULTS AND DISCUSSION
At the initial level of our study, the [(CsH7);N-SO;H]CI BAIL catalyst was synthesized from
tripropylamine and chloro-sulfonic acid (CI-SO3H) as per the reported method. The resulting [(C3H7)3N-
SO;H]CI BAIL catalyst was separated, thoroughly washed with dry DCM and finally dried under vacuum
and subsequently characterized using FT-IR, 'H, and '*C NMR, mass, and D,O exchange analysis, as
reported in our previous research work. We then initiated a preliminary study on the synthesis of 2,3-
dihydroquinazolin-4(1H)-one via a prototype reaction between anthranilamide 1a (1 mmol) and
benzaldehyde 2a (1 mmol) at ambient temperature in an aqueous medium under catalyst-free condition.
The findings are shown in Table-1. It was observed that no significant progress occurred in the reaction
mixture at room temperature, and even elevated temperatures were insufficient for generating the imine
intermediate (Table-1, entries 1 and 2). Subsequently, we evaluated the synthetic potential of the BAIL
catalyst in an aqueous medium at room temperature. A notable change was observed when 5 mol % and
10 mol % of the catalyst were used, affording a better yield (84%) of the desired product 3a (Table-1,
entries 3 and 4). The completion of the reaction was assessed by TLC (7:3 v/v, petroleum ether: ethyl
acetate). Interestingly, when the reaction was conducted in an aqueous ethanolic medium (1:1 v/v EtOH:
H-0) using 10 mol % of the BAIL catalyst (Table-1, entry 5), a synergistic effect of the 1:1 EtOH: H.O
system was observed, leading to a significant improvement in yield, with the desired product obtained in
96 % yield. Employing a pure ethanolic system using 10 mol % of [(C3H7)sN-SO3H]CI catalyst was also
less effective and afforded the desired product with 90 % yield, respectively (Table-1, entry 6). Increasing
the catalyst loading to 20 mol % in the 1:1 EtOH: H2O system did not improve the product yield (Table-1,
entry 7). Finally, a solvent screening study was conducted using various organic solvents like MeOH,
propane-2-ol, and glycerol (Table-1, entries 8-10). No product formation or only trace amounts of the
desired product (3a) were observed in propane-2-ol and glycerol, respectively (Table-1, entries 9 and 10).

Table-1: Optimization of Catalyst Loading in Synthesis of 2, 3- dihydroquinazolin-4-(1H)-ones®

Q CHO o
©\)L NH, + © Catalyst NH
Condition N
NH, N
la 2a 3a
Entry Catalyst (mol %) Conditions Time (min.) Yield®(%)
1 — H,O/RT -- -
2 H,0/80 °C -- --
3 [(CsH7);N-SO;H]Cl1 H,O/RT 26 84
(05)
4 [(C3H7)sN-SOs;H]Cl H,O/RT 25 84
(10)
5 [(CsH7)sN-SOsH]CI (10) EtOH: H.0O 15 96
(1:1)/RT
6 [(C3H7)sN-SOs;H]Cl EtOH/RT 15 90
(10)
7 [(C3H7):N-SOsH]Cl EtOH: H,O 10 95
(20) (1:1)/ RT
8 [(CsH7)sN-SOsH]CI (10) MeOH/ RT 45 53
9 [(C3H7)3sN-SOsH]cl Propane-2-ol/ 120 --
(10) RT
10 [(C5H7)3sN-SO3H]CI (10) Glycerol/ RT 60 14

Reaction condition: anthranilamide (1.0 mmol), benzaldehyde (1.0 mmol), and catalyst (entries 3 to 10) in 5 mL

solvent; ® Isolated yields.

After getting the optimized reaction conditions in hand, numerous aryl aldehydes (2a-h) were introduced
to react with anthranilamide (1a) to prove the general applicability of this protocol. The findings suggest
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that the anthranilamide interacted well with the substituted aromatic aldehydes bearing both electron-rich
and electron-deficient groups producing good to excellent yield of the resulting 2,3-dihydroquinazolin-
4(1H)-ones (Table-2, entry 3a-h). A moderate yield (84.47 %) of the intended quinozoline product was
obtained from p-chlorobenzaldehyde, as anticipated (Table-2, entry 3g).

Table-2: [(C3H21);N-SOsH]CI IL Catalyzed Synthesis of 2, 3-dihydroquinazolin-4(1H)-ones®

0
CHO 0
©\)LNH2 N [(C3H,):N-SO;H]CI IL (10 mol %) NH
ni,  t g

2 X 1:1 EtOH:H,0, RT N X
1 R Ho ”
N 2a-h /R
3a-h
Entry Aldehyde (2) Product Time(min.) | Yield®(%)
O
CHO NH
3a ©/ 15 96.08
N
H
0)
CHO NH
OH
3b HO/©/ N 16 90.34
H
OH oH
O
3c CHO
©/ NH 08 97.97
\N N
| H _
N
|
O
CHO NH
OH
3 Meo/©/ NJ\@[ 16 88.86
H
OH OMe
0]
CHO NH
3e /©/ N 14 92.65
O,N H
NO,

457
IONIC LIQUID CATALYZED SYNTHESIS OF 2,3-DIHYDROQUINOZOLINE-4(1 H)-ONE DERIVATIVES S. D. Sawant et al.



RASAYAN J. Chem.
Vol. 18 | No. 1 |454-460]| January - March | 2025

0]
CHO NH
3f /©/ N 14 96.06
MeO H
OMe
o)
CHO NH
3g 22 84.47
N
Cl I
Cl
0
Yeulleed:
3h N OH TﬁI J 18 89.24
N b

aReaction conditions: 1 mmol of 1a and 1 mmol of 2 in presence of [(C3H7)sNSOs;H]Cl BAIL (10 mol %) at RT in
EtOH:H»O (5 mL, 1:1 v/v); PIsolated yields.

Reaction Mechanism
The proposed reaction pathway for the synthesis of 2,3-dihydroquinazolin-4(1H)-one, catalyzed by

[(C5H7)sN-SOsH]CI IL is illustrated in Scheme-3.%° The first step likely involves the activation of the
carbonyl group of aldehyde (2a) by the acidic ionic liquid through coordination with the carbonyl oxygen.
This activation enables the interaction of benzaldehyde (2a) with anthranilamide (1a), afforded the imine
intermediate (I). Furthermore, the catalyst stimulates the imine group of (I), facilitating an intramolecular
nucleophilic attack by the carboximidate nitrogen on the imine carbon, leading to the formation of the

desired product (3a).
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Scheme-3: Plausible Mechanism for the Synthesis of 2,3-dihydroquinazolin-4(1 H)-one using [(C3H7)sN-SOsH]CI IL

Inspired by the efficacy of the existing methodology, we evaluated the effectiveness of our synthesized

ionic liquid catalyst in the synthesis of 2,3-dihydroquinazolin-4(1H)-one =~ compared to  previously
documented catalysts for the specified reactions (Table-3, entries 1-6). The comparative results indicate
that the [(CsH7);NSOs;H]CI IL catalyst offers multiple advantages over previously reported catalytic
systems, including shorter reaction times, higher product yields, and more environmentally friendly

solvent and temperature conditions.
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Table-3: Comparative Evaluation for the Synthesis of 2,3-dihydroquinazolin-4(1H) one* with other Reported

Methods
Entry Catalyst Reaction Time Yield (%)*
Conditions
1 CuO (20 mg), HCI (5 mol %) PEG/60 °C _ 95%
2 Fe;04@EDTA/Cul (20 mg) EtOH/reflux 20 min 97%
3 Hydroxyapatite NPs (100 mg) H,0, 110 °C 60 min 9528
4 KCC-1/Pr-SOsH (05 mg) EtOH, reflux 120 min 95%
5 CoAlO4 spinel nanocrystal (8 mol %) | US, EtOH, 45 °C 15 min 963°
6 [(CsH7)sN-SO:H]CIIL (10 mol %) | H.O: EtOH/RT 15 9Present work
CONCLUSION

In summary, we have successfully demonstrated a greener protocol for the synthesis of 2,3-
dihydroquinazolin-4(1H)-ones by employing the [(C3H7);N-SOs3H]CI BAIL catalyst in an aqueous
ethanolic medium under mild reaction conditions. In this approach, product formation was achieved
effortlessly at room temperature. The notable advantages of the current protocol include reduced cost,
operational simplicity, ease of product isolation and purification, use of easily accessible precursors,
recyclability, and reusability of the BAIL catalyst. Additionally, all the products were obtained with good
selectivity and yields ranging from 84 % to 97 %.
ACKNOWLEDGMENTS

The authors would like to acknowledge the Head, Department of chemistry, Shivaji University, Kolhapur
(SUK) for consistent guidance and also thankful to Central Facility Centre, SUK for providing necessary
Characterization facilities.

CONFLICT OF INTERESTS
There is no conflict of interest to declare.

AUTHOR CONTRIBUTIONS
All the authors contributed significantly to this manuscript, participated in reviewing/editing and
approved the final draft for publication. The research profile of the authors can be verified from their
ORCID ids, given below:
S. D. Sawant" http://orchid.org/0009-0005-0520-0954
P. J. Patil® https://orcid.org/0000-0002-2880-8226
G. D. Salunke® https:/orcid.org/0009-0000-1890-1550
S. P. Hangirgekar https://orcid.org/0000-0003-3723-8509
S. A. Sankpal@ https://orcid.org/0000-0001-8209-5899

Open Access: This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http:/creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s)
and the source, provide a link to the Creative Commons license, and indicate if changes were made.

REFERENCES

1. G.C. dos Santos, L. M. Martins, B. A. Bregadiolli, V. F. Moreno, L. C. da Silva-Filho, B. H. S. T. da
Silva, Journal of Heterocyclic Chemistry, 58, 2226(2021), https://doi.org/10.1002/jhet.4349

2. M. Alrooqi, S. Khan, F. A. Alhumaydhi, S. A. Asiri, M. Alshamrani, M. M. Mashraqi, A. A.
Aldahish, Anti-Cancer Agents in Medicinal Chemistry, 22, 2775(2022),
https://doi.org/10.2174/1871520622666220324102849

3. E.Frank, G. Sz6l18si, Molecules, 26, 4617(2021), https://doi.org/10.3390/molecules26154617

4. T. Biswas, R. K. Mittal, V. Sharma, 1. Kanupriya, 1. Mishra, Medicinal Chemistry, 20, 369(2024),
https://doi.org/10.2174/0115734064278334231211054053

5. N. Sultana, M. Sarfraz, S. T. Tanoli, M. S. Akram, A. Sadiq, U. Rashid, M. 1. Tariq, Bioorganic
Chemistry, 72, 256(2017), https://doi.org/10.1016/].bioorg.2017.04.009

6. H. A. Abuelizz, M. Marzouk, H. Ghabbour, R. Al-Salahi, Saudi Pharmaceutical Journal, 25, 1047
(2017), https://doi.org/10.1016/j.jsps.2017.04.022

459
IONIC LIQUID CATALYZED SYNTHESIS OF 2,3-DIHYDROQUINOZOLINE-4(1 H)-ONE DERIVATIVES S. D. Sawant et al.




7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

RASAYAN J. Chem.
Vol. 18 | No. 1 |454-460]| January - March | 2025

H. Zhang, H. Liu, X. Luo, Y. Wang, Y. Liu, H. Jin, L. Zhang, European Journal of
Medicinal Chemistry, 152, 235(2018), https://doi.org/10.1016/j.ejmech.2018.04.045

J. Xing, L. Yang, Y. Yang, L. Zhao, Q. Wei, J. Zhang, H. Zhang, FEuropean Journal of
Medicinal Chemistry, 125, 411 (2017), https://doi.org/10.1016/j.ejmech.2016.09.055

N. Sultana, M. Sarfraz, S. T. Tanoli, M. S. Akram, A. Sadiq, U. Rashid, M. 1. Tariq, Bioorganic
Chemistry, 72,256 (2017), https://doi.org/10.1016/j.bioorg.2017.04.009

H. Kothayer, S. M. Ibrahim, M. K. Soltan, S. Rezq, S. S. Mahmoud, Drug Development
Research, 80, 343 (2019), https://doi.org/10.1002/ddr.21506

T. P. Selvam, P. V. Kumar, Archives Pharmacal Research, 34, 887 (2011),
https://doi.org/10.1007/s12272-011-0604-3

H. Aghavandi, A. Ghorbani-Choghamarani, Research Chemical Intermediate, 49, 441 (2023),
https://doi.org/10.1007/s11164-022-04890-8

G. Yashwantrao, V. P. Jejurkar, R. Kshatriya, S. Saha, ACS Sustainable Chemistry Engineering, 7,
13551 (2019), https://doi.org/10.1021/acssuschemeng.9b03199

S. Shukla, R. N. Rao, H. Bhuktar, R. K. Edwin, T. Jamma, R. Medishetti, S. Banerjee, V. B. Giliyaru,
G. G. Shenoy, S. Oruganti, P. Misra, M. Pal, Bioorganic Chemistry, 134, 106452 (2023),
https://doi.org/10.1016/j.bioorg.2023.106452

K. H. Narasimhamurthy, Y. R. Girish, N. Thimmaraju, K. S. Rangappa, Chemical Data
Collection, 21, 100230 (2019), https://doi.org/10.1016/j.cdc.2019.100230

M. Kobayashi, S. Kataoka, T. Nakayama, S. Kikkawa, H. Hikawa, I. Azumaya, Chemistry select, 9,
€202305001(2024), https://doi.org/10.1002/slct.202305001

G. K. Kharmawlong, R. Nongrum, B. Chhetri, J. W. S. Rani, N. Rahman, A. K. Yadav, R.
Nongkhlaw, Synthetic Communication, 49, 2683(2019),
https://doi.org/10.1080/00397911.2019.1639754

T. Sahoo, J. Panda, J. Sahu, D. Sarangi, S. K. Sahoo, B. B. Nanda, R. Sahu, Current Organic
Synthesis, 17, 426(2020), https://doi.org/10.2174/1570179417666200506102535

Y. S. Kurniawan, K. T. A. Priyangga, P. A. Krisbiantoro, A. C. Imawan, Journal of Multidisciplinary
Applied Natural Science, 1, 1 (2020), https://doi.org/10.47352/jmans.v1il.2

Y. Zhao, B. Han, Z. Liu, Accounts of Chemical Research, 54, 3172(2021),
https://doi.org/10.1021/acs.accounts.1¢00251

M. G. Ahmad, K. Chanda, Coordination Chemistry Review, 472, 214769(2022),
https://doi.org/10.1016/j.ccr.2022.214769

T. Pramanik, S. Pal, S. Santra, A. Majee, Synthetic letters, 35, 2447(2024), https://doi.org/10.1055/a-
2412-9738

N. Iravani, M. Keshavarz, L. A. Taib, Research on Chemical Intermediates, 49, 4405(2023),
https://doi.org/10.1007/s11164-023-05105-4

S. Sawant, P. Patil, G. Salunke, S. Sankpal, S. Hangirgekar, Chemical Science Review and Letters,
11, 29(2024), https://doi.org/10.37273/chesci.cs205210390

G. Yashwantrao, V. P. Jejurkar, R. Kshatriya, S. Saha, ACS Sustainable Chemistry Engineering, 7,
13551(2019), https://doi.org/10.1021/acssuschemeng.9b03199

M. Naderi, J. Molaee, Nanomaterials Chemistry, 2, 95(2024),
https://doi.org/10.22034/n¢.2024.487826.1037

S.  Kohli, G. Rathee,S. Hooda, R. Chandra, RSC Advance, 13, 1923(2023),
https://doi.org/10.1039/D2RA07496F

M. Kancherla, M. R. Katlakanti, K. Seku, V. Badathala, /ranian Journal of Chemistry and Chemical
Engineering, 38, 37(2019), https://doi.org/10.30492/1JCCE.2019.31707

S. Azizi, J. Soleymani, M. Hasanzadeh, Nanocomposites, 6, 31(2020),
https://doi.org/10.1080/20550324.2019.1708634

J.  Safaei-Ghomi, R.  Teymuri, [Iranian  Journal of  Catalysis, 11,113(2021),
https://doi.org/https://oiccpress.com/ijc/article/view/3589

[RIC-9169/2024]

460

IONIC LIQUID CATALYZED SYNTHESIS OF 2,3-DIHYDROQUINOZOLINE-4(1 H)-ONE DERIVATIVES S. D. Sawant et al.



