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Abstract: α-Aminoamidines are promising reagents for the synthesis of a diverse family of pyrimidine
ring derivatives. Here, we demonstrate the use of α-aminoamidines for the synthesis of a new series
of 5,6,7,8-tetrahydroquinazolines by their reaction with bis-benzylidene cyclohexanones. The reaction
occurs in mild conditions and is characterized by excellent yields. It has easy workup, as compared
to the existing methods of tetrahydroquinazoline preparation. Newly synthesized derivatives of
5,6,7,8-tetrahydroquinazoline bear protecting groups at the C2-tert-butyl moiety of a quinazoline
ring, which can be easily cleaved, opening up further opportunities for their functionalization.
Moreover, molecular docking studies indicate that the synthesized compounds reveal high binding
affinity toward some essential enzymes of Mycobacterial tuberculosis, such as dihydrofolate reductase
(DHFR), pantothenate kinase (MtPanK), and FAD-containing oxidoreductase DprE1 (MtDprE1),
so that they may be promising candidates for the molecular design and the development of new
antitubercular agents against multidrug-resistant strains of the Tubercle bacillus. Finally, the high
inhibition activity of the synthesized compounds was also predicted against β-glucosidase, suggesting
a novel tetrahydroquinazoline scaffold for the treatment of diabetes.

Keywords: α-aminoamidine; diarylidencyclohexanone; tetrahydroquinazoline; molecular docking;
inhibitor; antitubercular; antidiabetic

1. Introduction

Quinazoline and tetrahydroquinazoline skeletons constitute essential structural mo-
tifs in natural products and pharmaceutically active compounds [1–4]. Recently, some
5,6,7,8-tetrahydroquinazoline derivatives have revealed antitubercular activity [5]. There-
fore, developing novel routes for a synthetic design of tetrahydroquinazolines is a high-
value goal, due to their promising bioactivities. Traditional approaches for preparing
tetrahydroquinazoline derivatives are mainly based on the cyclocondensation of various
guanidine derivatives with aldehydes and ketones, providing C2-substituted tetrahydro-
quinazolines [3,6–12]. It has been reported that various polysubstituted pyrimidines were
synthesized by a base-promoted intermolecular oxidation C–N bond formation of allylic
compounds with amidines, using molecular oxygen (O2) as the sole oxidant [13]. The sug-
gested protocol utilized protecting-group-free nitrogen sources and good functional group
tolerance. It has essential environmental advantages for green and sustainable chemistry,
because molecular oxygen is known to be an ideal oxidant, due to its natural, inexpensive,
and environmentally friendly characteristics [13]. 2-Methyl-tetrahydroquinazolines have
been obtained with good yields (38–81%) by reacting the α,β-unsaturated ketones with
acetamidine hydrochloride in acetic acid [7]. 2-Amino-tetrahydroquinazolines have been
synthesized by reacting substituted diarylidencyclohexanones with guanidine hydrochlo-
ride. Unlike earlier works for the synthesis of 2-aminopyrimidines from chalcones and
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guanidine hydrochloride, in which an external oxidizing agent was required to convert
dihydropyrimidines to pyrimidines, in the present study, the aromatization occurred by
aerial oxidation [7].

Recently, this synthetic procedure was applied to a reaction of different bis-benzylidene
cyclohexanones with guanidine hydrochloride in the presence of NaH in DMF as a solvent,
resulting in the formation of 8-(arylidene)-4-(aryl)5,6,7,8-tetrahydroquinazolin-2-ylamines
with a yield of 19–28% [6]. Herein, we report the use of α-aminoamidines for the synthesis
of a new series of 5,6,7,8-tetrahydroquinazoline derivatives by their reaction with bis-
benzylidene cyclohexanones. The method is characterized by excellent yields, mild reaction
conditions, and easy workup, so that it is an advance over the existing synthetic procedures.
The key advantage of new tetrahydroquinazoline derivatives is the presence of protecting
groups (PG) at the C2-tert-butyl moiety of the quinazoline fragment. We demonstrate that
these PGs can be readily cleaved, resulting in the appearance of the terminal free amino
group, which opens up further opportunities for their functionalization.

Derivatives of polysubstituted pyrimidines, quinazolines, and hydroquinazolines have
revealed a range of pharmacological effects, including antioxidant, antibacterial, antiviral,
antifungal, antitubercular, and anti-inflammatory [12]. Therefore, the antitubercular activity
of newly synthesized tetrahydroquinazoline derivatives was screened using a molecular
docking approach over a series of essential enzymes of Mycobacterial tuberculosis, namely
dihydrofolate reductase (DHFR), pantothenate kinase (Mt PanK), and FAD-containing
oxidoreductase DprE1 (Mt DprE1). In addition, tetrahydroquinazolines have been reported
as exhibiting inhibitory activity towards α- and β-glucosidases, which is promising for
blocking specific metabolic processes involved in a variety of diseases, such as diabetes
and related diseases [6]. Therefore, the in silico screening was also performed for the
tetrahydroquinazoline derivatives to identify the inhibitory activities of these compounds
against the Raucaffricine β-glucosidase. We found that some new tetrahydroquinazoline
derivatives revealed high binding affinity toward all of these three key enzymes. Moreover,
the molecular docking of other substances, which have recently revealed high in vitro
inhibitory activity against a range of Mycobacterium tuberculosis strains, such as the clinically
approved drugs and trial substances methotrexate, macozinone, and TBA-7371, holds
promise that our ligand 3c may reveal in vitro activity of a similar order of magnitude.
Therefore, the studied ligands may also be promising candidates for the development
of new antitubercular agents against multidrug-resistant strains of the Tubercle bacillus.
Moreover, their high inhibition activity against β-glucosidase offers opportunities for the
design of a novel scaffold for promising therapeutics in the treatment of diabetes.

2. Results and Discussion
2.1. Chemistry

An efficient approach for the synthesis of pyrimidine rings has been reported by using
Cu-catalyzed and 4-HO-TEMPO-mediated [3 + 3] annulation of amidines with saturated
ketones [14]. In this reaction, the synthesis of pyrimidines occurs by a cascade reaction of
oxidative dehydrogenation/annulation/oxidative aromatization via direct β-C(sp3)−H
functionalization of saturated ketones, followed by annulation with amidines [14]. In
addition, an efficient method for the modular synthesis of various pyrimidine derivatives
has been demonstrated by using the reactions of ketones, aldehydes, or esters with amidines
catalyzed by an in situ prepared recyclable iron(II) complex [15]. It has been noticed that
the reaction occurred in a regioselective fashion via a remarkable unactivated β-C−H bond
functionalization [15].

Recently, we suggested that α-aminoamidines can be applied as substrates for sub-
sequent transformations and synthesis of imidazole- and pyrimidine-containing building
blocks yielding 21–93% [16]. Here, we further demonstrate the use of α-aminoamidines
for the synthesis of novel tetrahydroquinazoline derivatives by the tuned synthetic pro-
cedure. Diarylidencyclohexanones were introduced as carbonyl derivatives instead of
α,β-unsaturated ketone used in our earlier works. Using these procedures, the series
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of substituted 5,6,7,8-tetrahydroquinazolines 3a-g was synthesized by the reaction of α-
aminoamidines 1a,e with diarylidencyclohexanones 2a-d in pyridine solution by heating at
100 ◦C for 24 h, resulting in higher (47–80 %) yields of products 3a-g (Scheme 1).
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Scheme 1. Synthesis of substituted 5,6,7,8-tetrahydroquinazolines 3a-g.

The mechanism of the cyclocondensation of 2-substituted pyrimidine rings in such
reactions has recently been suggested as a cascade process, initiated by Michael addition of
a guanidine moiety to one of the two olefinic bonds of an enone fragment of diaryliden-
cyclohexanones [6]. A similar reaction mechanism has also been suggested by Michael
addition of either acetamindine, guanidine, or phenylenediamines on one of the two olefinic
bonds of the enone moiety, leading to an intermediate, followed by a reaction between the
amine group and the keto group of the enone [7]. After which, upon dehydration of the
dihydropyrimidine skeleton, the final cyclic products were formed [7]. These products
were further aromatized by molecular oxygen converting into the target compounds [7].

The most likely outcome in our reaction conditions is that the synthesis of com-
pounds 3a-g would proceed through similar synthetic routes by Michael addition of α-
aminoamidines 2a-d to one of the olefinic bonds of diarylidencyclohexanones 2a-d. All
synthesized compounds are summarized in Table 1.

Table 1. Reagents 1a,e, 2a-d, and synthesized products 3a-g and 4e-g.

Compounds Protecting
Group (PG) R R1 Yields, %

1a Ms Me - -
1e Boc Et - -
2a - - H -
2b - - OCH3 -
2c - - Cl -
2d - - NO2 -
3a Ms Me H 70
3b Ms Me OCH3 65
3c Ms Me Cl 50
3d Ms Me NO2 80
3e Boc Et H 57
3f Boc Et OCH3 47
3g Boc Et Cl 54
4e H Et H 88
4f H Et OCH3 92
4g H Et Cl 95

1H NMR spectra of compounds 3a-g are characterized by signals of NH protons at 7.43–7.48 ppm (for Ms-protected
derivatives 3a-d (Figures S1–S4)) and 6.90–6.97 ppm (for Boc-protected derivatives 3e-g (Figures S5–S7)), aromatic
protons of two aryl cycles, singlets of CH=proton at 8.17–8.50 ppm, and aliphatic protons at around 2.90 ppm (4H)
and 1.70 ppm (2H); and proton protecting group and protons of substitutes (Figures S1–S7).

Using compounds 3e-g and the modified synthetic procedure from [10], we obtained
unprotected 5,6,7,8-tetrahydroquinazolines 4e-g, which can be used for synthetic purposes
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as building blocks. Cleavage of Boc-derivatives of tert-butyl-(2-(8-arylidene-4-aryl-5,6,7,8-
tetrahydroquinazolin-2-yl)butan-2-yl)carbamates 3e-g was realized with a good yield by
stirred-in MeOH with added concentrated HCl at 40 ◦C for 24 h (Scheme 2).
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Scheme 2. Cleavage of protecting groups in compounds 4e-g.

Cleavage of the Boc-protecting group in compounds 3e-g was proven by the absence
of corresponding proton signals in the 1H NMR spectra, characteristic for this group, and
the appearance of broadened signals of N+H3 protons (8.20–8.53 ppm) in the spectra of
compounds 4e-g (Figures S8–S10). The rest of the 13C NMR spectra of compounds 3a-g and
4e-g were assigned by signals of aromatic, aliphatic atoms and substitutes, as described in
the Experimental Section and Supplementary Information (Figures S11–S20). In addition,
the mass-spectra for compounds 3a-g and 4e-g are provided in Supplementary Information
(Figures S21–S30).

2.2. Molecular Docking

It has recently been demonstrated that tetrahydroquinazolines are able to inhibit the
activity of Mycobacterium tuberculosis dihydrofolate reductase (DHFR) [6]. In addition,
several other enzymes have recently been identified to be involved in vital physiological
functions in Mycobacterium tuberculosis and were suggested as novel attractive molecular
targets for anti-TB drug development [17–19]. Among these essential mycobacterial en-
zymes are M. tuberculosis pantothenate kinase (MtPanK) and M. tuberculosis FAD-containing
oxidoreductase DprE1 (MtDprE1) [20]. Therefore, the antitubercular activity of all newly
synthesized compounds 3a-e and 4e-g were screened by molecular docking against M.
tuberculosis DHFR (PDB code 1DF7), MtPanK (PDB code 4BFT), and MtDprE1 (PDB code
4FF6), respectively. The preparation of the receptors and ligands was carried out using
the AutoDockTools (ADT) software, version 1.5.7 [21]. The addition of hydrogen, the
calculation of the Gasteiger charges of the receptor, and ligands were also performed using
the ADT software. Molecular docking calculations were performed with the AutoDock
Vina 1.1.2 software [22]. During the docking, the receptor was kept rigid and the ligand
molecules were conformationally flexible. In AutoDock Vina, the Lamarckian genetic
algorithm was used as a research parameter. The size of the cubic box generated by ADT in
the region of the DHFR receptor interaction (residues Gly15, Ile20, Gln28, Phe31, Ser49)
was defined as 60 × 64 × 60 Å. The center of the grid box for the DHFR receptor was set at
Cartesian coordinates x = 9309, y = 26,479, and z = 13,044. For MtPanK and MtDprE1 recep-
tors, the grid box was centered at x = −18,742, y = −13.919, and z = 11,679 and x = 14,990,
y=−20,507, and z = 37,226, [23] respectively. The grid-point spacing was set to 0.375 Å. The
number of ligand-binding modes was set to 9 and the Vina exhaustiveness parameter to 64.
For each ligand, three independent searches were performed using different random seeds.
The best docking mode corresponds to the largest ligand-binding affinity.

2.2.1. Molecular Docking against Mycobacterium tuberculosis Enzymes

To gain insight into the biological activity of the new tetrahydroquinazoline derivatives,
their binding affinity and selectivity toward DHFR, MtPanK, and MtDprE1 proteins were
explored and characterized using AutoDock Vina 1.1.2. We found that the compounds
3a-d and 4e-g had high binding affinity to DHFR, so that their Vina docking binding scores
varied in the range of −9.0 ÷ −9.7 kcal/mol, as summarized in Table 2.
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Table 2. Molecular docking binding score for 3a-d, 4e-g, and some existing inhibitors toward the key
enzymes of Mycobacterium tuberculosis and β-glucosidase.

Compounds
Mw

(g/mol) 1

Docking Binding Energy (kcal/mol)

logP 2
Mycobacterium

Tuberculosis
DHFR

(PDB 1DF7)

Pantothenate
Kinase

(MtPanK)
(PDB 4BFT)

FAD-Containing
Oxidoreductase

(MtDprE1)
(PDB 4FF6)

β-Glucosidase
(PDB 4A3Y)

studied ligands

3a 433.6 −9.3 −9.7 −10.6 −10.3 4.61
3b 493.6 −9.0 −9.4 −10.9 −10.7 4.47
3c 523.6 −9.6 −9.6 −10.9 −10.9 5.82
3d 502.5 −9.4 −9.4 −10.4 −11.1 2.77
4e 369.5 −9.1 −9.1 −9.1 −10.6 4.78
4f 429.6 −9.3 −8.8 −9.1 −10.0 4.64
4g 438.4 −9.7 −9.6 −8.5 −10.3 5.99

reference inhibitors

39 from [6] 427.6 −11.2 −10.7 -3 −12.5 6.98
40 from [6] 427.6 −12.2 −11.0 −11.1 −12.5 6.98

methotrexate
(MTX) 454.5 −9.0 −8.5 −9.4 −8.7 −1.23

dihydrofolic
acid (DHF) 443.4 −9.5 −9.2 −9.7 −9.1 −2.16

macozinone
(PBTZ169) 456.5 −10.3 −8.8 −9.8 −9.2 4.42

M-1 from [24] 471.5 −10.4 −9.0 −9.8 −9.5 3.56
TBA-7371 355.4 −8.3 −7.6 −8.4 −8.4 1.31
quercetin 302.2 −8.4 −8.3 −9.1 −9.2 0.35

epigallocatechin
(EGC) 306.3 −8.1 −7.8 −8.1 −8.8 1.11

1 For 4e-f, Mw is given for free base. 2 LogP was calculated by OSIRIS Property Explorer, available at http:
//www.organic-chemistry.org/prog/peo/. 3 The best docking binding of compound 39 to MtDprE1 occurred
outside of the active site of the enzyme.

Figure 1 shows the best-scored docked pose of 3c bound to M. Tuberculosis DHFR
(PDB code 1DF7). The ligand occupies a long groove, largely aligned by hydrophobic
residues, adjacent to the DHFR binding site, such as Phe31. Ligand 3c was found to be well-
suited within the DHFR active site, centered around residues Ile5, Gln28, Phe31, Ile94, and
Tyr100, respectively [25–27]. In addition to several hydrophobic interactions, 3c utilized
its sulfonamide head group to interact with the protein through some hydrogen bonds by
Gln28 (Figure 1, Insert Panel). Moreover, we identified that interactions involving active
site residue Phe31 played a crucial role, driving π-π between the aromatic ring of 3c and
the neighboring Phe31 residue.

http://www.organic-chemistry.org/prog/peo/
http://www.organic-chemistry.org/prog/peo/
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scheme of protein–ligand interactions of 3c with neighboring residues, colored green. The red dot-
ted lines show key short-range interactions between ligand 3c and the DHFR enzyme. 
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Mycobacterium tuberculosis and promising docking binding scores for DHFR [6]. For these 
reasons, the hit molecules 39 and 40 from [6] were re-docked by AutoDock Vina to be 
comparable with our docking results (Figure 2 and Table 2). 

It can be noticed that the most favored docking energy of −12.2 kcal/mol was found 
for compound 40, possessing two naphthalene rings (Figure 2). Moreover, we also probed 
two other well-known inhibitors of DHFR, namely, methotrexate (MTX) and dihydrofolic 
acid (DHF) [28]. These inhibitors demonstrated the binding scores of −9.0 and −9.5 
kcal/mol, so that we can conclude that ligands 3c and 4g are among the most promising 
antitubercular agents [29]. 

39  Methotrexate (MTX)  

40  Dihydrofolic acid (DHF)  

Figure 1. The best-scored docked pose of 3c bound to the Mycobacterium tuberculosis DHFR protein
(PDB code 1DF7). Ribbon representation of the structure of the DHFR-3c complex. The protein is
shown as a ribbon model in green and 3c is represented as a licorice model in red. The active site
residues of DHFR, such as Ile5, Gln28, Phe31, Ile94, and Tyr100, are shown in blue. (Insert Panel) A
scheme of protein–ligand interactions of 3c with neighboring residues, colored green. The red dotted
lines show key short-range interactions between ligand 3c and the DHFR enzyme.

It has been reported that the DHFR groove acts as an interaction site to some struc-
turally similar 2-aminopyrimidines, which revealed very good in vitro activity against
Mycobacterium tuberculosis and promising docking binding scores for DHFR [6]. For these
reasons, the hit molecules 39 and 40 from [6] were re-docked by AutoDock Vina to be
comparable with our docking results (Figure 2 and Table 2).
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It can be noticed that the most favored docking energy of−12.2 kcal/mol was found for
compound 40, possessing two naphthalene rings (Figure 2). Moreover, we also probed two
other well-known inhibitors of DHFR, namely, methotrexate (MTX) and dihydrofolic acid
(DHF) [28]. These inhibitors demonstrated the binding scores of −9.0 and −9.5 kcal/mol,
so that we can conclude that ligands 3c and 4g are among the most promising antitubercular
agents [29].

Figure 3a,b shows the best-scored docked pose of 3c bound to MtPanK and MtDprE1,
respectively. In the case of MtPanK, ligand 3c penetrated deeply into a hydrophobic pocket
of the enzyme, so that it became surrounded by aromatic side-chains of Thr177, Thr182,
Phe239, Thr235, Phe247, Phe254, and Thr257, respectively (Figure 3a). The binding pose of
3c fits well within the active site of MtPanK centered on Tyr177, His179, Tyr282, Tyr235,
Arg238, and Asn277 [20,30], as shown in Figure 3a. The residue Phe254 plays a crucial role
in the formation of the π-π stacking interaction between ligand 3c and the MtPanK protein,
as seen in the insert of Figure 3a.
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Recently, some novel benzothiopyranones have revealed in vitro biological activities
against a range of Mycobacterium tuberculosis strains [24]. For these reasons, the promising
metabolite M-1 from [24] and other high-potent inhibitors, such as macozinone (PBTZ169)
and TBA-7371 were re-docked by AutoDock Vina to be comparable with our docking
results (Figure 2 and Table 2). According to the U.S. National Library of Medicine (https:
//ClinicalTrials.gov), TBA-7371 (Identifier: NCT04176250) is currently at Phase 2 of the
early bactericidal activity against Pulmonary tuberculosis. It should be noted that metabolite
M-1 and the clinically trialed substance TBA-7371 have binding scores toward MtPanK in
the order of −7.6–9.0 kcal/mol. Taken together, the comparison over the binding scores
of the in vitro active inhibitors holds promise that our ligand 3c may reveal the in vitro
activity of a similar order of magnitude.

Finally, inhibitory activity of the studied compounds was screened over the other
important enzyme MtDprE1 of Mycobacterium tuberculosis strains. We found that the
binding interaction of 3c with MtDprE1 was similar in many aspects to those of the MtPanK
enzyme (Figure 3b). Ligand 3c binds within the active site of MtDprE1, reported to be at

https://ClinicalTrials.gov
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residues Ile115, Gly117, Trp230, Leu363, Val365, Cys387, and Lys418, respectively [31]. The
ligand binding is driven by hydrophobic interactions with Thr60, Trp230, and Tyr314, as
shown in the insert of Figure 3b. These findings agree well with the high binding energy of
3c equal to –10.9 kcal/mol.

2.2.2. Molecular Docking against β-Glucosidase

It has been shown that tetrahydroquinazolines might inhibit glucosidases and glyco-
gen phosphorylase enzymes [6]. Inhibition of glycoside hydrolases has essential potency
in the treatment of diabetes [32–34]. Among the various types of glucosidase inhibitors,
disaccharides, iminosugars, carbasugars, and thiosugars play an essential role [32]. How-
ever, some more effective inhibitors of glucosidases from tea polyphenol extracts, which
are not based on a sugar scaffold, have recently been proposed [35–39]. Therefore, to gain
further insight into the antidiabetic action of these compounds, molecular docking studies
against Raucaffricine β-glucosidase (PDB code 4A3Y) were carried out and docking bind-
ing energies are also summarized in Table 2. Interestingly, the docking energy estimated
through molecular docking studies was found to be in the range of−10.0÷−11.1 kcal/mol.
Therefore, these new compounds may represent a novel chemical scaffold for developing
highly potent and specific antidiabetic drugs.

Figure 4 shows the best docking pose of ligand 3c at the β-glucosidase enzyme. It can
be noted that 3c inserted deeply into the active site cleft, so that its 4-aril moiety reached
the middle of the protein fold. It has been recognized that the long active site cleft of
β-glucosidase provides many water-mediated hydrogen bonds and aromatic-stacking in-
teractions. This is why this protein pocket is believed to be a critical scaffold for efficient
hydrolysis of oligosaccharides by the diverse family of β-glucosidases, so that it is com-
monly considered as an active target in molecular docking studies [35–37]. It should be
pointed out that the binding of ligand 3c was driven by hydrophobic interactions with
Trp392, Trp469, Trp477, and Phe485, among which Trp392 plays a crucial role. More-
over, ligand 3c bound well-within the active site residues Glu186, Trp392, and Glu420 of
β-glucosidases, as demonstrated in Figure 4. In addition, Trp392 formed a π-π staking
interaction with the quinazoline ring of 3c, as seen in the insert of Figure 4. Finally, the
peripheral polar chlorine substituents of ligand 3c participated in H-bonding with Glu276,
Ser350, Glu420, and Phe485, respectively.
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To compare the inhibitory activity of the studied compounds, some natural inhibitors
of β-glucosidase—quercetin and epigallocatechin (EGC)—were also screened (Table 2 and
Figure 5). It should be noted that these natural inhibitors of β-glucosidase revealed binding
scores of 1–2 kcal/mol smaller than those of all studied ligands (Table 2). Their docking
binding scores exceeded those of some other well-known inhibitors of β-glucosidase
from tea polyphenols, reported to be in the range of −7.7 ÷ −9.5 kcal/mol [35]. To sum
up, it should also be noticed that the high binding affinity and regioselectivities of the
studied ligands towards β-glucosidase make them promising non-sugar-based antidiabetic
therapeutics.
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3. Materials and Methods
1H and 13C NMR spectra (400 and 100 MHz, respectively) were recorded on Bruker

Avance 400 and Varian MR-400 spectrometers in DMSO-d6. 1H and 13C chemical shifts
were reported relative to residual protons and carbon atoms of the solvent (2.49 and
39.5 ppm, respectively) as the internal standard. The LCMS spectra were recorded using a
chromatography/mass spectrometric system that consists of a high-performance liquid
chromatography Agilent 1100 Series equipped with a diode matrix and a mass selective
detector Agilent LC/MSD SL, column SUPELCO Ascentis Express C18 2.7 µm 4.6 mm ×
15 cm. Elemental analysis was realized on a EuroVector EA-3000 instrument. TLC was
performed using Polychrom SI F254 plates. Melting points of all synthesized compounds
were determined with a Gallenkamp melting point apparatus in open capillary tubes.

All the starting materials were provided by Enamine Ltd. (Ukraine). According to the
HPLC MS data, all synthesized compounds are >95% pure. Preliminary spectral analysis
was also provided by Enamine Ltd. (Ukraine). All solvents and reagents were commercial
grade and, if required, purified in accordance with the standard procedures. Precursor
α-aminoamidines 1a,e were synthesized as described elsewhere [16]. Diarylidenecyclohex-
anones 2a-d were prepared as described elsewhere [40].

3.1. General Procedure for the Preparation of Protected 2-(5,6,7,8-Tetrahydroquinazolin-
2-yl)propan-2-amines 3a-g

Corresponding protected α-aminoamidine acetates 1a,e (1 mmol) and diarylidencyclo-
hexanone (1 mmol) were dissolved in pyridine (15 mL). The mixture was heated at 100 ◦C
for 24 h. After completion of the reaction (TLC control), the solvent was removed under
vacuum, methanol (20 mL) was added, and the mixture was cooled to 0 ◦C. The crude
residue of 3a-g was filtered and washed with methanol (20 mL).

3.1.1. N-(2-(8-Benzylidene-4-phenyl-5,6,7,8-tetrahydroquinazolin-2-yl)propan-2-
yl)methanesulfonamide (3a)

Yield 0.30 g (70%), yellow solid, mp 142–143 ◦C. 1H NMR spectrum, δ, ppm: 8.29 (s,
1H, NH), 7.65 (d, J = 6.5 Hz, 2H, Ar), 7.48 (d, J = 6.3 Hz, 5H, Ar), 7.45–7.38 (m, 3H, Ar),
7.31 (t, J = 7.4 Hz, 1H, CH), 2.86 (t, J = 5.7 Hz, 2H, CH2), 2.81 (br. s, 5H, SO2CH3, and
CH2), 1.69 (m, 7H, 2CH3, and CH2). 13C NMR spectrum, δ, ppm: 169.0, 165.3, 159.7, 138.4,
134.5, 130.6, 130.2, 129.7, 129.6, 128.9, 128.7, 128.6, 128.2, 124.9, 60.7, 44.3, 29.1, 27.6, 27.0,



Int. J. Mol. Sci. 2022, 23, 3781 10 of 14

22.5. Mass spectrum, m/z (Irel, %): 434.2 [M+H]+(100). Found, %: C 69.30; H 6.22; N 9.70.
C25H27N3O2S. Calculated, %: C 69.26; H 6.28; N 9.69.

3.1.2. N-(2-(8-(4-Methoxybenzylidene)-4-(4-methoxyphenyl)-5,6,7,8-
tetrahydroquinazolin-2-yl)propan-2-yl)methanesulfonamide (3b)

Yield 0.32 g (65%), yellow solid, mp 143–144 ◦C. 1H NMR spectrum, δ, ppm: 8.25
(s, 1H, NH), 7.68 (d, J = 8.3 Hz, 2H, Ar), 7.48 (d, J = 8.5 Hz, 2H, Ar), 7.42 (s, 1H, CH),
7.06 (d, J = 8.5 Hz, 2H, Ar), 7.01 (d, J = 8.1 Hz, 2H, Ar), 3.83 (s, 3H, OCH3), 3.80 (s, 3H,
OCH3), 2.86 (m, 4H, 2CH2), 2.82 (s, 3H, SO2CH3), 1.70 (br. s, 8H, 2CH3, and CH2). 13C
NMR spectrum, δ, ppm: 168.7, 164.5, 160.6, 159.3, 132.7, 131.9, 131.3, 130.6, 130.2, 129.5,
124.3, 114.6, 114.4, 114.0, 60.6, 55.7, 44.2, 29.1, 27.7, 27.3, 22.6. Mass spectrum, m/z (Irel,
%): 494.2 [M+H]+(100). Found, %: C 65.65; H 6.30; N 8.43. C27H31N3O4S. Calculated, %:
C 65.70; H 6.33; N 8.51.

3.1.3. N-(2-(8-(4-Chlorobenzylidene)-4-(4-chloromethoxyphenyl)-5,6,7,8-
tetrahydroquinazolin-2-yl)propan-2-yl)methanesulfonamide (3c)

Yield 0.25 g (50%), yellow solid, mp 201–202 ◦C. 1H NMR spectrum, δ, ppm: 8.26 (s,
1H, NH), 7.71 (d, J = 8.3 Hz, 2H, Ar), 7.56 (d, J = 8.4 Hz, 2H, Ar), 7.49 (m, 4H, Ar), 7.43 (s,
1H, CH), 2.83 (m, 4H, 2CH2), 2.80 (s, 3H, SO2CH3), 1.68 (br. s, 8H, 2 CH3, and CH2). 13C
NMR spectrum, δ, ppm: 168.8, 163.6, 159.2, 136.6, 135.3, 134.7, 134.2, 132.3, 131.5, 131.1,
128.9, 128.5, 128.2, 124.6, 60.2, 43.8, 28.5, 27.0, 26.4, 21.9. Mass spectrum, m/z (Irel, %): 502.0
[M+H]+(100). Found, %: C 59.81; H 5.05; N 8.31. C25H25Cl2N3O2S. Calculated, %: C 59.76;
H 5.02; N 8.36.

3.1.4. N-(2-(8-(4-Nitrobenzylidene)-4-(4-nitrophenyl)-5,6,7,8-tetrahydroquinazolin-2-
yl)propan-2-yl)methanesulfonamide (3d)

Yield 0.42 g (80%), yellow solid, mp 162–163 ◦C. 1H NMR spectrum, δ, ppm: 8.40 (s,
1H, NH), 8.34 (d, J = 8.3 Hz, 2H, Ar), 8.27 (d, J = 8.4 Hz, 2H, Ar), 7.95 (d, J = 8.4 Hz, 2H,
Ar), 7.76 (d, J = 8.4 Hz, 2H, Ar), 7.52 (s, 1H, CH), 2.96–2.75 (m, 7H, 2 CH2, and SO2CH3),
1.71 (br. s, 8H, 2 CH3, and CH2). 13C NMR spectrum, δ, ppm: 169.6, 163.7, 159.4, 148.3,
146.6, 144.4, 143.7, 137.9, 131.3, 131.1, 128.7, 125.9, 124.0, 123.8, 60.7, 44.4, 28.9, 27.5, 26.6,
22.2. Mass spectrum, m/z (Irel, %): 524.0 [M+H]+(100). Found, %: C 57.30; H 4.75; N 13.38.
C25H25N5O6S. Calculated, %: C 57.35; H 4.81; N 13.38.

3.1.5. tert-Butyl-(2-(8-benzylidene-4-phenyl-5,6,7,8-tetrahydroquinazolin-2-yl)butan2-
yl)carbamate (3e)

Yield 0.27 g (58%), yellow solid, mp 137–139 ◦C. 1H NMR spectrum, δ, ppm: 8.17 (s,
1H, CH), 7.60 (m, 2H, Ar), 7.53–7.38 (m, 7H, Ar), 7.31 (t, 1H, Ar), 6.91 (br. s, 1H, NH), 2.85 (t,
2H, CH2), 2.78 (t, 2H, CH2), 2.05 (m, 2H, CH2), 1.65 (m, 2H, CH2), 1.59 (s, 3H, CH3), 1.32 (br.
s, 9H, OC(CH3)3), 0.68 (t, J = 7.3 Hz, 3H, CH3). 13C NMR spectrum, δ, ppm: 165.2, 163.7,
159.5, 138.5, 136.9, 134.8, 130.7, 130.1, 130.0, 129.6, 129.4, 128.9, 128.6, 128.3, 128.1, 77.8, 60.4,
28.7, 27.6, 26.9, 25.5, 8.8. Mass spectrum, m/z (Irel, %): 470.4 [M+H]+(100). Found, %: C
76.70; H 7.50; N 8.98. C30H35N3O2. Calculated, %: C 76.73; H 7.51; N 8.95.

3.1.6. tert-Butyl-(2-(8-(4-methoxybenzylidene)-4-(4-methoxyphenyl)-
5,6,7,8tetrahydroquinazolin-2-yl)butan-2-yl)carbamate (3f)

Yield 0.25 g (47%), yellow solid, mp 141–142 ◦C. 1H NMR spectrum, δ, ppm: 8.10 (s,
1H, CH), 7.59 (d, J = 8.4 Hz, 2H, Ar), 7.42 (d, J = 8.4 Hz, 2H, Ar), 7.03 (d, J = 8.5 Hz, 2H, Ar),
6.98 (d, J = 8.5 Hz, 2H, Ar), 6.91 (br. s, 1H, NH), 3.80 (s, 3H, OCH3), 3.77 (s, 3H, OCH3), 2.82
(m, 4H, 2 CH2), 2.19–1.92 (m, 2H, CH2), 1.65 (m, 2H, CH2), 1.59 (s, 3H, CH3), 1.33 (br. s, 9H,
OC(CH3)3), 0.65 (t, J = 7.1 Hz, 3H, CH3). 13C NMR spectrum, δ, ppm: 165.5, 163.5, 159.3,
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136.3, 132.8, 131.8, 131.2, 129.7, 129.4, 121.6, 120.0, 115.3, 114.5, 114.0, 109.4, 102.6, 77.6, 55.7,
28.7, 27.7, 27.1, 25.6, 8.8. Mass spectrum, m/z (Irel, %): 530.2 [M+H]+(100). Found, %: C
72.54; H 7.47; N 7.90. C32H39N3O4. Calculated, %: C 72.56; H 7.42; N 7.93.

3.1.7. tert-Butyl-(2-(8-(4-chlorobenzylidene)-4-(4-chlorophenyl)-
5,6,7,8tetrahydroquinazolin-2-yl)butan-2-yl)carbamate (3g)

Yield 0.29 g (54%), yellow solid, mp 184–185 ◦C. 1H NMR spectrum, δ, ppm: 8.12 (s,
1H, CH), 7.64 (d, J = 8.3 Hz, 2H, Ar), 7.55 (d, J = 8.3 Hz, 2H, Ar), 7.47 (s, 4H, Ar), 6.90 (br.
s, 1H, NH), 2.80 (m, 4H, 2 CH2), 2.05 (m, 2H, CH2), 1.66 (m, 2H, CH2), 1.58 (s, 3H, CH3),
1.30 (br. s, 9H, OC(CH3)3), 0.68 (t, J = 7.4 Hz, 3H, CH3). 13C NMR spectrum, δ, ppm: 164.0,
163.2, 159.1, 137.2, 135.5, 134.6, 132.7, 131.8, 131.4, 129.0, 128.7, 127.7, 124.6, 77.8, 60.4, 28.7,
27.5, 26.8, 25.4, 8.8. Mass spectrum, m/z (Irel, %): 538.2 [M+H]+(100). Found, %: C 66.90; H
6.13; N 7.82. C30H33N3O2Cl2. Calculated, %: C 66.91; H 6.18; N 7.80.

3.2. General Procedure for the Preparation of 2-(8-Aryliden-4-aryl-5,6,7,8-tetrahydroquinazolin-
2-yl)butan-2-amine hydrochloride 4e-g

tert-Butyl-(2-(8-arylidene-4-aryl-5,6,7,8-tetrahydroquinazolin-2-yl)butan-2-yl)carbamate
3e-g (100 mg) was mixed with MeOH (20 mL), and concentrated HCl (2 mL) was added
to the solution. The reaction mixture was stirred at 40 ◦C for 24 h. After that, solvent was
removed under reduced pressure. The solid was rinsed with dry MeCN and then dried
under vacuum.

3.2.1. 2-(8-(4-Benzylidene)-4-(4-phenyl)-5,6,7,8-tetrahydroquinazolin-2-yl)butan-2-amine
hydrochloride (4e)

Yield 0.075 g (88%), white solid, mp 159–160 ◦C. 1H NMR spectrum, δ, ppm: 8.50 (br.
s, 3H, N+H3), 8.37 (s, 1H, Ar), 7.69 (m, 2H, Ar), 7.52 (m, 5H, Ar), 7.44 (t, J = 7.5 Hz, 2H, Ar),
7.33 (t, J = 7.2 Hz, 1H, Ar), 2.85 (m, 4H, 2 CH2), 2.14–1.90 (m, 2H, CH2), 1.66 (m, 5H, CH2,
and CH3), 0.80 (t, J = 7.4 Hz, 3H, CH3). 13C NMR spectrum, δ, ppm: 166.7, 164.8, 160.3,
137.9, 137.0, 133.7, 130.4, 130.0, 129.8, 128.8, 128.7, 128.3, 125.8, 61.2, 32.7, 27.5, 27.1, 24.3,
22.4, 8.5. Mass spectrum, m/z (Irel, %): 370.4 [M+H]+(100). Found, %: C 73.99; H 6.93; N
10.40. C25H27N3·HCl. Calculated, %: C 73.96; H 6.95; N 10.35.

3.2.2. 2-(8-(4-Methoxybenzylidene)-4-(4-methoxyphenyl)-5,6,7,8-tetrahydroquinazolin-2-
yl)butan-2-amine hydrochloride (4f)

Yield 0.08 g (92%), white solid, mp 169–170 ◦C. 1H NMR spectrum, δ, ppm: 8.32 (s,
1H, CH), 8.20 (br. s, 3H, N+H3), 7.70 (d, 2H, Ar), 7.50 (d, 2H, Ar), 7.05 (d, 2H, Ar), 7.00 (d,
2H, Ar), 3.80 (s, 3H, OCH3), 3.77 (s, 3H, OCH3), 2.86 (m, 4H, 2CH2), 2.12–1.93 (m, 2H, CH2),
1.65 (m, 5H, CH2, and CH3), 0.79 (t, J = 7.4 Hz, 3H, CH3). 13C NMR spectrum, δ, ppm:
164.6, 160.8, 159.4, 132.1, 131.6, 130.2, 129.5, 125.1, 114.4, 114.0, 61.1, 55.7, 32.7, 27.7, 24.3,
22.5, 8.5. Mass spectrum, m/z (Irel, %): 430.2 [M+H]+(100). Found, %: C 69.62; H 6.92; N
9.05. C27H31N3O2·HCl. Calculated, %: C 69.59; H 6.92; N 9.02.

3.2.3. 2-(8-(4-Chlorobenzylidene)-4-(4-chlorophenyl)-5,6,7,8-tetrahydroquinazolin-2-
yl)butan-2-amine hydrochloride (4g)

Yield 0.08 g (95%), white solid, mp 276–277 ◦C. 1H NMR spectrum, δ, ppm: 8.50 (br. s,
3H, N+H3), 8.35 (s, 1H, CH), 7.74 (d, J = 8.3 Hz, 2H, Ar), 7.59 (d, J = 8.3 Hz, 2H, Ar), 7.55
(d, J = 8.5 Hz, 2H, Ar), 7.50 (d, J = 8.4 Hz, 2H, Ar), 2.85 (m, 4H, 2 CH2), 2.13–1.94 (m, 2H,
CH2), 1.67 (m, 5H, CH2, and CH3), 0.79 (t, J = 7.5 Hz, 3H, CH3). 13C NMR spectrum, δ,
ppm: 164.8, 158.2, 136.6, 135.7, 135.1, 133.0, 132.1, 131.7, 130.7, 128.9, 128.8, 126.1, 61.2, 32.7,
27.4, 26.9, 24.3, 22.3, 8.5. Mass spectrum, m/z (Irel, %): 438.2 [M+H]+(100). Found, %: C
63.20; H 5.49; N 8.86. C25H25N3Cl2·HCl. Calculated, %: C 63.24; H 5.52; N 8.85.
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4. Conclusions

Tetrahydroquinazoline scaffolds have attracted considerable interest as valuable build-
ing blocks in organic synthesis and because they are widely found in natural products
that exhibit a wide range of multifunctional biological activities [41,42]. By using bis-
benzylidene cyclohexanones and α-aminoamidines as nitrogen sources, a versatile and
practical protocol for the synthesis of diversely substituted 5,6,7,8-tetrahydroquinazolines
is provided. One of the advantages of newly synthesized derivatives 3a-g is that they
bear protecting groups at the C2-tert-butyl moiety of a quinazoline ring. The latter can be
easily cleaved, opening up further opportunities for the functionalization of a tetrahydro-
quinazoline scaffold. To probe the biological activities of the new tetrahydroquinazoline
derivatives, we carried out molecular docking against some essential enzymes of Mycobac-
terial tuberculosis, such as DHFR, MtPanK, and MtDprE1, respectively. Analysis of the
binding energy scores and protein–ligand interaction maps indicated that some derivatives,
such as 3c and 3d, revealed promising characteristics of inhibitor–enzyme docking, so
that they may be attractive candidates for the molecular design of new antitubercular
drugs against multidrug-resistant strains of the Tubercle bacillus. We also believe that these
high docking scores evaluated using identical docking parameters hold a promise that our
ligand 3c may reveal the in vitro activity of a similar order of magnitude as the existing
well-known inhibitors. In addition, the literature analysis suggests that the synthesized
tetrahydroquinazoline derivatives may exhibit multifunctional inhibitory activity against
various receptors. Therefore, we plan to address this matter in detail once all in silico
screenings have been performed.

Moreover, molecular docking studies of compounds 3a-g and 4e-g against Raucaffricine
β-glucosidase revealed high inhibition potency, with the binding energy score being in
the range of −10.0 ÷ −11.1 kcal/mol, making them a promising chemical scaffold for
developing antidiabetic drugs.
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