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Abstract 

Three novel series of dihydrotriazin derivatives bearing 1,3-diaryl pyrazole 

moieties were designed, synthesized and evaluated in terms of their antibacterial and 

antifungal activities. Most of the synthesized compounds showed potent inhibition of 

several Gram-positive bacterial strains (including multidrug-resistant clinical isolates) 

and Gram-negative bacterial strains with minimum inhibitory concentration values in 

the range of 1–64 µg/mL. Compounds 4b and 4c presented the most potent inhibitory 

activity against Gram-positive bacteria (S. aureus 4220, MRSA 3167, QRSA 3519) 

and Gram-negative bacteria (E. coli 1924), with minimum inhibitory concentration 

values of 1 or 2 µg/mL. Compared with previous studies, these compounds exhibited 

a broad spectrum of inhibitory activity. The cytotoxic activity of the compounds 4a, 

4b, 4c and 11n were assessed in L02 cells. In vitro enzyme study implied that 

compound 4c exerted its antibacterial activity through DHFR inhibition. 

  

Keywords: Pyrazole; Dihydrotriazine; Antibacterial activity; Antifungal activity; 

Cytotoxicity; DHFR inhibition 
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Infections caused by multidrug-resistant (MDR) bacteria, particularly by 

Gram-negative pathogens, represent a serious and growing threat to human health. 

The“ESKAPE”pathogens, such as Escherichia coli, Klebsiella pneumoniae, 

Acinetobacter baumannii and Pseudomonas aeruginosa, are emerging as threatening 

pathogens.
1,2 

Current bacterial infection treatments have become inadequate and are 

often associated with higher healthcare costs and increased morbidity and mortality.
3,4

 

Furthermore, fungal infections pose a serious threat to human health, especially to 

immunocompromised patients.
5,6

 More than 90% of the life-threatening invasive 

fungal infections (IFIs) are caused by the Candida, Cryptococcus and Aspergillus 

species. The Candida species, particularly Candida albicans (C. albicans), are the 

most common cause of IFIs and are ranked as the fourth most common cause of 

nosocomial bloodstream infections in modern hospitals with approximately 40% 

mortality.
7,8

 Therefore, there is an urgent need for the development of new 

antibacterial agents with divergent and unique structures and mechanisms of action 

that differ from those of existing antimicrobial agents.
9  

Heterocyclic chemistry has become one of the most important fields of research 

in pharmaceutical industry due to their many fold applications. Pyrazoles and its 

derivatives are important nitrogen containing heterocyclic compounds.
10

 Pyrazoles 

constitute the core structures of natural products and pyrazole based well known drugs 

are available in the market such as celebrex, viagra and acomplia.
11

 Medicinal 

chemistry studies have shown that a 1,3,5-triazine scaffold is an outstanding 

pharmacophore, and many molecules with this scaffold have been reported as 

antibacterial agents. 1,2-Dihydro-1,3,5-triazine (Baker triazines) compounds are by 

far the best known, with several studies exploring their potential as inhibitors of 

eukaryotic dihydrofolate reductase (DHFR), an important enzyme in the de novo 

pathway of purine and thymidine synthesis, and small molecules targeting this 

enzyme have demonstrated utility as potential antibiotics.
12,13

 In our previous work, 

we reported the identification of a series of 1,3-diphenyl-1H-pyrazoles functionalized 

with rhodanine derivatives, and demonstrated that all of the compounds belonging to 

this series showed outstanding bacteriostatic activity against Gram-positive bacteria, 
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as exemplified by compounds A and B (MIC = 2 µg/mL and 16 µg/mL, respectively) 

(Fig. 1).
14,15

 Unfortunately, compounds belonging to this series did not show any 

bacteriostatic activity against Gram-negative bacteria. In contrast, we synthesized a 

series of dihydrotriazine derivatives containing benzyl naphthalene moieties. 

Compounds C and D were found to be the most potent of all of the compounds tested, 

with an MIC value of 0.5 µg/mL or 1 µg/mL against several Gram-positive (S. aureus 

4220 and QRSA CCARM 3505) and Gram-negative (E. coli 1924) strains of bacteria. 

(Fig. 1).
16,17

 In this study, we designed and synthesized three novel series of 

compounds (4a-c, 8a-i, 11a-p) (Fig. 2) using a hybrid strategy with compounds A-D 

as the lead compounds, in which the rhodamine moiety was replaced by a 

dihydrogentriazine scaffold. Simultaneously changing the substituents on the phenyl 

ring of the pyrazole, to investigate their effects on activity. Inspired from existing 

antibacterial agents bearing nitro groups, such as chloramphenicol that operates via 

inhibition of bacterial protein synthesis after the nitro group is metabolized to a 

hydroxyamino group, nitro group was introduced into the phenyl ring on the N
1
 

position of the pyrazole. Thus, three series of 28 dihydrotriazin derivatives bearing 

1,3-diaryl pyrazoles were synthesized, characterized and screened. 

 

Figure 1. Previously reported antibacterial compounds 
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Figure 2. Designed target compounds 

 

The targets were synthesized according to the route depicted in Scheme 1.  

Hydrazone derivatives (compounds 2, 6 and 9) were prepared by reacting substituted 

acetophenones with phenylhydrazine, 4-nitrophenylhydrazine or 

2,4-dinitrophenylhydrazine in the presence of glacial acetic acid in ethanol.
18

 A series 

of intermediates (2, 6 and 9) reacted under Vilsmeier-Haack (DMF-POCl3) conditions 

and afforded corresponding 4-carboxaldehyde functionalized pyrazole intermediates 

(3, 7 or 10).
19,20

 Then, the intermediates were reacted with moroxydine hydrochloride, 

metformin hydrochloride or phenformin hydrochloride in acetic acid to generate the 

target compounds.
17

 The structures of the synthesized dihydrotriazine compounds 

were characterized by 
1
H NMR, 

13
C NMR, MS and HRMS analyses. The purity 

(≥95%) of the compound is verified by the HPLC study performed on Develosil C18 

(4.6 mm×250 mm, 5 μm) column using a mixture of solvent 0.1FA acetonitrile/0.1FA 

water at the flow rate of 1 mL/min and peak detection at 311 nm under UV.
21
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Scheme 1. Synthetic scheme for the synthesis of the target compounds. Reagents and 

conditions: (a) EtOH, AcOH or AcONa, Reflux 5-7 h, (b) POCl3 , DMF, 0℃, 0.5 h, 

70℃, 6h, (c) Moroxydine hydrochloride or metformin hydrochloride or phenformin 

hydrochloride, AcOH, 120℃, 4-8 h. 

 

The MIC values of the synthesized compounds were determined against S. 

aureus, E. coli, Candida albicans, Streptococcus mutans and the clinical isolates of 

multidrug-resistant Gram-positive bacterial strains (Tables 1 and 2).
22

 Gatifloxacin, 

moxifloxacin, norfloxacin, and oxacillin were used for the antibacterial activity, 

fluconazole and itraconazole for the antifungal activity as positive controls.  

As shown in Table 1, most of the synthesized compounds showed good 

inhibitory activities against the different bacteria and the one fungus tested in the 

current study with MICs ranging from 1-64 µg/mL. Compound 4c had the highest 

activity against the two different types of Gram-positive bacteria, with an MIC value 

of 1 µg/mL, this was slightly lower than gatifloxacin (MIC = 0.25 µg/mL) and 

moxifloxacin (MIC = 0.25 µg/mL). Against the Gram-negative E. coli 1924, 

compounds 4b and 4c were equipotent or more potent than the positive controls 

gatifloxacin and moxifloxacin (MIC = 2 µg/mL), with an MIC of 1 µg/mL. In terms 

of its activity towards the fungus C. albicans 7535, compound 4c displayed the 

strongest potency of all of the compounds synthesized in series 4 with an MIC value 
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of 1 µg/mL, which was equal to that of fluconazole. Compounds 4a and 4b also 

displayed good potency, with an MIC of 4 µg/mL, which was slightly lower than that 

of fluconazole (MIC = 1 µg/mL). 

As indicated in Table 2, all of the synthesized compounds were also tested for 

their inhibitory activities against the clinical isolates of several different 

multidrug-resistant Gram-positive bacterial strains (MRSA CCARM 3167 and 3506, 

QRSA CCARM 3505 and 3519). Compound 4c showed potent activity against the 

MRSA (3167 and 3506) strains, with an MIC value of 1 µg/mL. This was equivalent 

to moxifloxacin (MIC = 1 µg/mL) and greater than gatifloxacin (MIC = 2 µg/mL), 

oxacillin (MIC > 64 µg/mL) and norfloxacin (MIC = 8 µg/mL for MRSA 3167 and 4 

µg/mL for MRSA 3056). Compounds 4a and 4b showed the same potenty as 

gatifloxacin (MIC = 2 µg/mL) against the MRSA (3167 and 3506) strains. For the 

QRSA (CCARM 3505 and 3519) strains, compound 4c also had the greatest 

inhibitory effect, with an MIC value of 1 µg/mL. This was equivalent to oxacillin 

(MIC = 1 µg/mL) and stronger than moxifloxacin (MIC = 4 µg/mL), norfloxacin 

(MIC > 64 µg/mL) and gatifloxacin (MIC = 8 µg/mL against CCARM 3505 and 4 

µg/mL against CCARM 3519). Compounds 4a, 4b, 11g and 11m were equipotent to 

the positive controls moxifloxacin (MIC = 4 µg/mL for QRSA 3505), with an MIC of 

4 µg/mL. 

Based on the present data of the synthesized compounds, simple 

structure-activity relationships (SAR) could be proposed. The introduction of a 

dihydrotriazin moiety resulted in moderate to good levels of inhibition against the 

Gram-negative strains. Comparing the antibacterial activity of the compounds in 

series 4, 8 and 11, compounds in series 4 showed better activity than those in series 8 

and 11 against most of the test strains, which suggested that the 4-nitrophenyl moiety 

at the N
1
 position of the pyrazole is critical. Nevertheless, the introduction of a 

2-nitrophenyl moiety on the phenyl ring, as exemplified by the compounds 11d and 

11p, resulted in a significant difference in the activity, which indicated that the 

increase of 2-nitrophenyl moiety on the phenyl ring did not exhibit a positive impact 

on the activity. Furthermore, no clear pattern was found for the SAR between the 
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antibacterial activity and the position and physicochemical properties of different 

substituents on the phenyl ring, indicating that the electronic effect of the substituent 

on the benzene ring is not critical. Isosteric replacement with a phenethyl group at the 

N-position of the dihydro-1,3,5-triazine ring, as exemplified by the compounds in 

series 4, resulted in a significant difference in the activity, indicating that the 

phenethyl group was critical to the activities of these compounds. 

 

Table 1. Inhibitory activity (MIC, µg/mL) of compounds 4a–c, 8a–i and 11a–p against various 

bacteria. 

 

Compound 

 

R
1
 

 

R
2
 

Gram-positive strains      Gram-negative strains   Fungus 

  

4220
a
 3289

b
 1924

c
 7535

d
 

4a 2,4-di-Cl morpholine 2 8 4 4 

4b 2,4-di-Cl NHMe2 2 4 2 4 

4c 2,4-di-Cl NH(CH2)2Ph 1 1 1 1 

8a 3-Cl morpholine 16 32 16 16 

8b 4-Cl morpholine 16 32 16 16 

8c 4-Br morpholine 8 32 16 16 

8d 4-CH3 morpholine 64 64 64 64 

8e 4-CH3 NHMe2 32 64 32 32 

8f 3-Cl NHMe2 4 16 8 8 

8g 4-Br NHMe2 8 16 8 8 

8h 4-Cl NHMe2 8 32 8 8 

8i H NHMe2 32 >64 64 >64 

11a 2-Cl morpholine 32 64 64 64 

11b 2-F morpholine 64 >64 64 64 

11c 4-Br morpholine 8 16 8 8 

11d 2-NO2 morpholine >64 >64 >64 >64 

11e 2,4-di-Cl morpholine 16 16 8 8 

11f 2-Cl NHMe2 32 64 32 64 

11g 3-Cl NHMe2 4 8 8 8 

11h 4-CH3 NHMe2 16 16 16 64 

11i 3-OCH3 NHMe2 32 64 32 32 

11j 2-F NHMe2 64 64 32 32 

11k 2-Br NHMe2 32 32 32 64 

11l H NHMe2 32 64 32 32 

11m 4-Br NHMe2 8 16 8 8 

11n 2,4-di-Cl NHMe2 8 8 8 8 

11o 4-F NHMe2 32 32 32 32 

11p 2-NO2 NHMe2 >64 >64 >64 >64 

Gatifloxacin 0.25 0.25 2 n.d 
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Moxifloxacin 0.25 0.25 2 n.d 

Fluconazole n.d n.d n.d 1 

Itraconazole n.d n.d n.d 0.6 
a 
Staphylococcus aureus RN 4220. 

b 
Streptococcus mutans 3289.  

c 
Escherichia coliKCTC 1924. 

d 
Candida albicans 7535. 

S. aureus RN 4220 is a genotype of S. aureus. KCTC, Korean Collection for Type Cultures; 

CCARM, Culture Collection of Antimicrobial Resistant Microbes; n.d.: Not determined 

 

Table 2. Inhibitory activity (MIC, µg/mL) of compounds 4a–c, 8a–i and 11a–p against clinical 

isolates of multidrug-resistant Gram-positive strains. 

 

Compound 

 

R
1
 

 

R
2
 

 

Multidrug-resistant Gram-positive strains 

  MRSA QRSA 

  3167
a
 3506

b
 3505

c
 3519

d
 

4a 2,4-di-Cl morpholine 2 2 4 4 

4b 2,4-di-Cl NHMe2 2 2 4 2 

4c 2,4-di-Cl NH(CH2)2Ph 1 1 1 1 

8a 3-Cl morpholine 16 16 16 16 

8b 4-Cl morpholine 16 16 16 16 

8c 4-Br morpholine 8 4 16 8 

8d 4-CH3 morpholine 32 32 64 64 

8e 4-CH3 NHMe2 16 32 64 64 

8f 3-Cl NHMe2 16 16 32 32 

8g 4-Br NHMe2 4 4 16 16 

8h 4-Cl NHMe2 16 8 16 16 

8i H NHMe2 32 32 32 64 

11a 2-Cl morpholine 32 32 32 64 

11b 2-F morpholine 64 32 64 64 

11c 4-Br morpholine 8 4 8 8 

11d 2-NO2 morpholine >64 >64 >64 >64 

11e 2,4-di-Cl morpholine 8 8 8 16 

11f 2-Cl NHMe2 32 64 32 64 

11g 3-Cl NHMe2 4 4 4 16 

11h 4-CH3 NHMe2 8 8 8 16 

11i 3-OCH3 NHMe2 32 32 64 64 

11j 2-F NHMe2 64 32 64 64 

11k 2-Br NHMe2 32 32 32 64 

11l H NHMe2 32 64 32 64 

11m 4-Br NHMe2 8 4 4 8 

11n 2,4-di-Cl NHMe2 4 4 8 16 

11o 4-F NHMe2 32 32 64 64 

11p 2-NO2 NHMe2 >64 >64 >64 >64 

Gatifloxacin 2 2 8 4 
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Moxifloxacin 1 1 4 4 

Norfloxacin 8 4 >64 >64 

Oxacillin >64 >64 1 1 
a
 Methicillin-resistant S. aureus CCARM 3167. 

b
 Methicillin-resistant S. aureus CCARM 3506. 

c
 Quinolone-resistant S. aureus CCARM 3505. 

d
 Quinolone-resistant S. aureus CCARM 3519. 

 

To determine whether the antibacterial and antifungal activities of the 

synthesized compounds were selectively toxic towards bacteria and the fungus, we 

evaluated the cytotoxicity of the compounds 4a, 4b, 4c and 11n using a standard 

technique.
23

 As shown in Table 3, the result indicated that the compounds 4a, 4b and 

11n showed any appreciable cytotoxic activity (IC50 > 100 µmol/L against L02 cells), 

suggesting that the promising antibacterial activity of these compounds is not due to 

their toxicity, but some unknown mechanism of action. 

 

Table 3. Antibacterial activity and cytotoxicity for 4a, 4b, 4c and 11n 

 Test organisms 4a 4b 4c 11n 

MIC (µmol/L) 

 

IC50
a

 (µmol/L) 

S. aureus 4220 

MRSA 3167 

L02
b
 

3.9 

3.9 

>100 

4.2 

4.2 

>100 

1.8 

1.8 

50.46 

15.5 

7.7 

>100 
a
 IC50 is the concentration required to inhibit the cell growth by 50%. Data represent the average 

of three independent experiments running in triplicate. Variation was generally between 5–10%. 
b
 Human normal hepatic cells. 

 

Molecular docking is a significant computational method used to forecast the 

binding of the ligand to the receptor binding site by varying position and 

conformation of the ligand keeping the receptor rigid. To rationalize the observed 

antibacterial activity and understand the possible mechanism of action of these 

compounds, a libdocking investigation was undertaken. The crystal structure data (S. 

aureus DHFR) were obtained from the protein data bank (PDB ID: 3fra).
24,25 

The 

water molecules and heavy atom in protein were removed and the protein was 

prepared by adding hydrogen and correcting incomplete residues using Clean Protein 

tool of DS, then the protein was refined with CHARMm. The structures of 4b, 4c and 

11l were sketched in 2D and converted into 3D using the DS molecule editor (Fig. 3). 

Fragment A of 4b is bound into the active site, in which the benzene ring formed 

pi-alkyl bond with Phe 92. The pyrazole N atom of 4b formed alkyl bond with Leu 20 
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and nitro group of 4b formed hydrogen bond with the backbone of Gly 94 and Gln 95. 

The dihydrotriazin ring N atom of 4b interacted with Gln 19 via Conventional 

hydrogen bond. Fragment B of 4c is bound into the active site, in which the benzene 

ring formed alkyl bond with Leu 5, Val 31 and Ala 7. The Cl atom of 4c interacted 

with the backbone of Ile 14 and Leu 20. Fragment C of 11l is bound into the active 

site where the pyrazole N atom shows interaction with Gln 95 via Conventional 

hydrogen bond. Nitro group of 11l also formed Conventional hydrogen bond with the 

backbone of Gly 94 and Thr 96. The benzene ring of 11l formed pi-alkyl bond with Ile 

14. Our docking results indicated that more active compounds 4b and 4c, showed the 

more favorable intermolecular interactions with the DHFR active site than compound 

11l. The preliminary docking results imply that compounds 4b, 4c and 11l possibly 

display their antibacterial activity through the interaction with DHFR protein by 

targeting residues of the active cavities of DHFR. 
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Figure 3. Docking result of compound 4b, 4c and 11l. (A) Key residues in binding 

site surrounding 4b. (B) 2D molecular docking modeling of compound 4b with 3fra. 

(C) Key residues in binding site surrounding 4c. (D) 2D molecular docking modeling 

of compound 4c with 3fra. (E) Key residues in binding site surrounding 11l. (F) 2D 

molecular docking modeling of compound 11l with 3fra. 

 

In order to confirm this phenomenon, compound 4c (MIC= 1 μg/mL) was tested for 

its ability to inhibit DHFR activity in vitro enzyme assays (Fig. 4).
26

 The test molecule 

rendered a inhibitory against the dihydrofolate reductase at 10 μmol/L, comparably 

indicated its cause 92% decrease than that of the control group. The results implied 

that compound 4c exerted its antibacterial activity through DHFR inhibition. 

 

Figure 4. Inhibition of DHFR activities in vitro. 

 

In summary, we have synthesized three novel series of dihydrotriazin derivatives 

bearing 1,3-diaryl pyrazole moieties and evaluated their antibacterial and antifungal 

activities. The results showed that most compounds exhibited moderate to good levels 

of antibacterial activities. In particular, all of the compounds in series 4 exhibited 

good levels of antibacterial activities against Gram-negative strains (E. coli 1924) and 
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antifungal activity (C. albicans 7535). These results suggested that the dihydrotriazine 

derivatives bearing 1,3-diaryl pyrazole moieties, which play a critical role in 

increasing the antibacterial properties of the compounds, represented promising lead 

compounds for the development of novel antibacterial agents. In vitro enzyme study 

implied that compound 4c exerted its antibacterial activity through DHFR inhibition. 
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Three novel series of dihydrotriazine derivatives were designed, synthesized,  and 

evaluated for their antibacterial and antifungal activity.  


