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A new series N-substituted sulfadiazine derivatives attached with different heterocyclic rings such as 4-oxo-1, 

4-dihydroquinazolin[7-12], 4-oxo-2H-benzo[1,3]thiazin[13-18] have been synthesized by condensation reactions.

The structures of synthesized derivatives are characterized by FT-IR, 1H-NMR, 13C-NMR spectroscopic techniques, and

some physicochemical properties. A molecular docking study is performed and the binding values show very good matching

with experimentally result. The present work deals with newly synthesized sulfadiazine derivatives that are screened for

their (In-vitro) antitubercular activity of compounds [7-18] is carried out against Mycobacterium tuberculosis H37Rv.

compounds [8,11,13,14,15,17] are found most active (MIC=4-16 µg/mL) and compounds [7, 9,10,12,16,18] are found good

to moderately active (MIC = 62.5-125 µg/mL) by using isoniazid as standard drug.
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Sulfadiazine (SDZ) is considered to be one of the most 

important N-substituted derivatives of the original 

compound, sulfanilamide, used as ideal sulfonamides 

antibacterial drug for the treatment of the moderate and 

mild infections of susceptible microorganisms1,2. 

Comparable to different sulfonamides, sulfadiazine is 

applied for the isosyncratic liver injury treatment3. In 

addition, sulfadiazine has displayed activity against 

Mycobacterium tuberculosis4. Heterocyclic 

compounds, especially those heterocycles that contain 

nitrogen and sulfur atoms, are very essential due to 

their broad utilization in industrial drug designs5,6, 

biological fields7, and medicinal chemistry8. 

Quinazoline ring analogs began to take a lot of space in 

pharmaceutical applications due to their broad range of 

chemotherapeutic activities containing antibacterial9, 

antifungal10, antiviral11, antihypertensive12, analgesic13, 

anticancer14, antimalarial15, anti-inflammatory16, 

cyclooxygenase (I-II) inhibitors17, anticonvulsant18, 

diuretic agents19, and antitubercular activity20. On the 

other hand, Benzothiazines are regarded as suitable 

heterocyclic compounds for various pharmacological 

activities like antimicrobial21, antifungal22, 

antiproliferative agents23, anticancer24, and antioxidant 

effects
25 

besides many other medicinal applications
26

. 

In this paper, to treat drug-resistant tuberculosis a 

novel method is reported. Design and synthesis of 

several sulfadiazine derivatives with structure 

modifications involving incorporation to six-

membered heterocyclic rings such as 2,3-dihydro 

quinazoline-4(1H)-one and 2,3-dihydro-4H-benzo 

[1,3]thiazin-4-one moieties and evaluate these new 

products as potential anti-mycobacterial (anti-

tuberculosis) activity comparison with isoniazid 

references drug is presented in this paper. A 

molecular docking study is performed and the binding 

values were matched with the experimentally result. 

Experimental Details 

Materials and methods 

The starting raw material sulfadiazine{4-amino-N-

(pyrimidin-2-yl)benzenesulfonamide}was received 

from the wadi al-rafidain for pharmaceutical products 

factory (Iraq). Other chemical materials and reagents 

applied in this research are purchased from 

commercial suppliers with no extra purification. 

Melting points were determined in open capillaries on 

a STUART (SMP30) digitally melting point-device 

and have not been corrected. The reactions progress 

was monitored by thin-layer chromatography (TLC) 

using Fertigfollen precoated sheets type Polygram 

Silg, the detection was followed by colouring with 

iodine vapour and the chromatograms were eluted by 

acetone/chloroform (7:3) solvent system. The 

synthesized compounds were identified by the 

following spectroscopic techniques.  
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Fourier-transform infrared spectrophotometer 

(FTIR) was recorded on Shimadzu (8400, Kyoto, 

Japan) and in the range of 4000 - 400 cm−1 using KBr 

discs. Proton nuclear magnetic resonance (1H-NMR) 

spectra and carbon nuclear magnetic resonance (13C-

NMR) were recorded using BRUKER (400 MHz) 

NMR spectrometer using deuterated dimethyl 

sulfoxide (DMSO-d6) as solvent. Chemical shifts (δ) 

were recorded in parts per million (ppm) and 

tetramethylsilane was used as an internal standard. 

The logarithm of partition coefficient (C logP) values 

were calculated on ChemDraw professional v:19.0 

(Cambridge software).The docking score for ligands 

towards each protein was calculated to estimate the 

binding free energy, with the best docking score 

(lowest energy value) indicating the highest predicted 

ligand/protein affinity. The anti-mycobacterial 

activity was performed in the National Center for 

Chest and Respiratory Diseases, Baghdad-Iraq. 
 

Synthesis of 4-((4-substituted benzylidene)amino)-N-

(pyrimidin-2-yl)benzenesulfonamide [1-6] 

An equimolar quantity of 4-amino-N-pyrimidin-2-

yl-benzenesulfonamide (sulfadiazine) (0.01 mol) and 

appropriate aryl aldehydes (0.01 mol) were dissolved 

in a (20 mL) of methanol then a few drops of glacial 

acetic acid was added as catalyst. The reaction mixture 

was heated under reflux at (100 °C) with stirring 

overnight. The end of the reaction was monitored by a 

TLC plate then the mixture was poured onto crushed 

ice. The formed solid was filtered off and washed with 

(2%) solution of NaHCO3 and distilled water then 

recrystallized from absolute ethanol.  
 

Synthesis of 4-(2-(4-substituted phenyl)-4-oxo-1,4-

dihydroquinazolin-3(2H)-yl)-N-(pyrimidin-2-yl) 

benzenesulfonamide [7-12] 

A mixture of appropriate 4-((4-substituted 

benzylidene)amino)-N-(pyrimidin-2-yl) benzenesulfon-

amide [1-6] (0.01 mol), 2-aminobenzoic acid (0.01 mol, 

1.37 g) in (30 mL) absolute ethanol was mixed and 

refluxed about 14-16 h. The progress of the reaction was 

checked by TLC. The excess solvent was evaporated 

under reduced pressure after the reaction is complete. 

The reaction mixture then cooled and solid precipitate 

was filtered, washed with distilled water, and 

recrystallized from ethanol. 
 

Synthesis of 4-(2-(4-subtituted phenyl)-4-oxo-2H-

benzo[e][1,3]thiazin-3(4H)-yl)-N-(pyrimidin-2-yl)benzene-

sulfonamide [13-18] 

2-mercaptobenzoic acid (0.01 mol, 1.54 g) 

dissolved in (30 mL) of dry benzene was added 

gradually to appropriate Schiff bases 4-((4-substituted 

benzylidene)amino)-N-(pyrimidin-2-yl) benzene-

sulfonamide [1-6] (0.01 mol) duration of 5 min. with 

constant stirring for 2 h. The reaction mixture was 

then refluxed on a water bath for about (20-24 h.). 

The excess solvent was evaporated and the remaining 

mixture has been treated with 2% sodium bicarbonate, 

filtered then recrystallized from ethanol. 
 
Docking Study 

A total of 12 sulfadiazine derivatives were drawn 

as separate files by using ChemDraw 18.0 software 

(ChemDraw, 2018). Molecular docking study and 

binding evaluation were performed by using the Glide 

tool included in the Schrodinger program 

(Schrodinger, 2017). All computational process  

were running on Windows 10 operating system Dell 

T-1872 laptop (Intel(R) Core(TM) i7 CPU 968 @ 

4.54GHz, 16 GB RAM, 2 GB VGA card, 2 TB HD). 

The MM+ force field is selected for geometry 

optimization and kept as mol format by Hyperchem 

version 8.0. with addition semi-empirical optimization 

by semi-empirical. The crystal structures of 

Mycobacterium tuberculosis protein as tyrosine 

phosphatase were downloaded from Protein Data 

Bank (PDB: 2OZ5) with a crystallographic resolution 

of 2.00 Å. In the maestro site, the ProPrep tool is used 

for the receptor (Mycobacterium tuberculosis protein) 

preparation, optimization, cleaning, filling missing 

loops, and energy minimization of downloaded PDB 

crystal files. For ligands (sulfadiazine derivatives) 

preparation, the LigPrep tool is used to identify the 

ionization level and adding of missing hydrogen 

atoms using OPLS 2005 force field molecular 

mechanics. To apply the docking study, the grid 

docking box was adjusted to 10 Å by 0.25 atomic 

charge. The flexible method using Glide-extra 

precision (XP) was selected for simulations prosses 

for the active binding site of the receptor. During all 

docking processes, the protein (receptor) was kept 

rigid while sulfadiazine derivatives (ligands) were set 

as flexible. The highest best orientation poses with 

low RMSD were saved and recorded for comparison.  

 
Anti-mycobacterial activity 

The N-substituted sulfadiazine derivatives attached 

with various heterocyclic such as 4-oxo-1,4-dihydro 

quinazoline (7-12) and 4-oxo-2H-benzo[1,3]thiazin 

(13-18) were evaluated to confirm their (in vitro) 

antimycobacterial activity against Mycobacterium 

tuberculosis 331/88 (H37Rv; This strain has been 
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diluted to 10-3) which is susceptible to all newly 

synthesized compounds. All derivatives inspected 

were dissolved in dimethylsulfoxide and their 

dilutions were ready in 0.2 mL tubes utilized by 

Middlebrook Broth 7H9 using the method mentioned 

in the literature.27 Concentrations with 1000, 500, 

250, 125, 62.5, 32, 16, 8, 4,2 and 1 µM was used to 

determine the minimum inhibitory concentration 

(MIC) by a micro broth dilution procedure at which 

the complete inhibition of mycobacterial growth was 

observed. Slight colonies from freshly grown M. 

tuberculosis H37Rv were hanging in Middlebrook 

Broth to obtain 1.0 McFarland turbidity and diluted 

ten times using the same medium 50 µL of this 

suspension was collected to tubes containing 50 µL of 

medium with a different concentration of the tested 

compounds and to a positive control tube containing 

Broth only. A tube of negative control was also 

inserted in the test to screen that the incubation was 

completed without any contamination. The MICs 

were tested after incubation at 37 °C for 14 days until 

mycobacterial growth was visibly observed in the 

positive control tube as white sediment at the tube 

bottom. Isoniazid was chosen as the standard drug. 

The inhibitions are determined according to the 

procedure listed in the reference.28 

Results and Discussion 

Chemistry 

Newly synthesized N-substituted sulfadiazines 

derivatives are outlined in Scheme 1. Sulfadiazine 

Schiff bases 4-((4-substituted benzylidene)amino)-N-

(pyrimidin-2-yl)benzenesulfonamide derivatives [1-6] 

were synthesized by the condensation reactions of 

various aryl aldehydes such as benzeldehyde,  

p-bromobenzeldehyde, p-chlorobenzeldehyde,

p-hydroxybenzeldehyde, p-nitrobenzeldehyde and 

p-(N,N-dimethylamino)benzeldehyde with 

sulfadiazine row material in the existence of glacial 

acetic acid as catalyst in absolute ethanol. 

The physicochemical properties of prepared 

sulfadiazine Schiff bases derivatives [1-6] and all 

other synthesized compounds [7-18] are described in 

Table 1. To show the extent of hydrophilicity for 

absorption and permeation of all synthesized 

compounds [1-18], the logarithm of partition 

coefficient (C logP) values was measured to estimate 

this property and ranging between 1.8 to 5.0. 

According to Lipinski, due to ClogP being less than 5, 

such compound's absorbability or permeability should 

be good. Imine derivatives [1-6] are characterized by 

FTIR spectrum which showed bands at (1603-1610) 

cm-1 of stretching vibration of imine group (C=N) as 

shown in Table 2. Other spectroscopic methods such 

as 1H-NMR, 13C-NMR were used for structure 

elucidation for these series of Schiff bases derivatives 

as appeared in Table 3 and 4, respictevely.1H-NMR 

(δ ppm) spectrum for these series derivatives [1-6] 

evidenced signals back to (CH=N) benzylidenimin 

protons besides to other identifying signals of 

aromatic and (NH) sulfonamide protons respectively. 
13C-NMR (δppm) spectrum analysis results denoted

signals for (CH=N) benzylidenimin carbons as well 

other diagnostic signals of aromatic and sulfadiazine 

carbon rings. 

4-oxo-1,4-dihydro quinazoline ring derivatives of

sulfadiazine [7-12], were synthesized by refluxing 

equimolar amounts from the appropriate imines [1-6] 

with 2-aminobenzoic acid in absolute ethyl alcohol. 

Cyclization happens where the functional group in 

2-aminobenzoic acid attacks as a nucleophile the

carbon of imine (C=N) bond. FTIR of these

compounds [7-12] showed the presence of carbonyl

(C=O) vibration of 4-oxo-1,4-dihydro quinazoline

rings in the extended spectral range (1674-1688 cm-1)

as shown in Table 2.
1H-NMR (δ ppm) spectrum for these series

derivatives [7-12] displayed sharp signals belonging 

to (CH2), (NH) protons of 4-oxo-1,4-dihydro 

quinazoline rings besides to other characteristic 

signals of aromatic and (NH) sulfonamide protons 
Scheme 1 — Newly synthesized N-substituted sulfadiazines 

derivatives 
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respectively just as shown in Table 3. 13C-NMR  

(δ ppm) spectrum for the same derivatives [7-12] 

indicated signals due to (CH2), (C=O) carbons of  

4-oxo-1,4-dihydro quinazoline rings in addition to 

other diagnostic signals of aromatic and sulfadiazine 

carbon rings as it appears in Table 4. 

Six membered heterocyclic compounds are known 

as 4-oxo-2H-benzo[1,3]thiazin [13-18] were 

synthesized from the reaction of suitable azomethine 

derivatives [1-6] with 2-mercaptobenzoic acid in the 

dry benzene as solvent. FTIR spectra of the 

synthesized compounds [13-18] appeared vibration of 

the (C=O) group of thiazine at the spectral range 

(1676-1690 cm-1). 1H-NMR (δ ppm) spectral data for 

these group derivatives [13-18] exhibited clear signals 

back to methylene (CH2) protons of 4-oxo-2H-benzo 

[1,3]thiazin rings besides to other diagnostic  

signals  of  aromatic  and  (NH)  sulfonamide  protons  

Table 1 — Physicochemical parameters for sulfadiazine derivatives [1-18] 

Comp. No. Molecular Formula Color M.p. (°C) Yield (%) C logP* Ref 

1 C17H14N4O2S Yellow solid 245-247 88 1.898 0.64 

2 C17H13BrN4O2S Yellow-orange 221-223 92 2.761 0.82 

3 C17H13ClN4O2S Dark Orange 212-214 89 2.611 0.87 

4 C17H14N4O3S Orange 238-240 86 2.132 0.55 

5 C17H13N5O4S Yellow-green 267-269 90 1.641 0.64 

6 C19H19N5O2S Light Orange 248-249 87 2.581 0.41 

7 C24H19N5O3S Off white 174-176 91 3.553 0.60 

8 C24H18BrN5O3S Brown 208-210 82 4.416 0.69 

9 C24H18ClN5O3S Light brown 191-193 90 4.266 0.67 

10 C24H19N5O4S Dark brown 178-180 87 2.886 0.76 

11 C24H18N6O5S Off white 187-189 74 3.296 0.73 

12 C26H24N6O3S White 199-201 69 3.718 0.58 

13 C24H18N4O3S2 Light yellow 231-233 71 4.196 0.62 

14 C24H17BrN4O3S2 Brown 237-239 61 5.059 0.83 

15 C24H17ClN4O3S2 Light brown 169-171 65 4.909 0.57 

16 C24H18N4O4S2 White 210-212 78 3.529 0.61 

17 C24H17N5O5S2 Brown 158-160 73 3.939 0.68 

18 C26H23N5O3S2 Dark yellow 195-197 81 4.361 0.74 

*Calculated on ChemDraw Professional v:19.0 (Cambridge software). 
 

 

Table 2 — FTIR υ (cm-1) spectral data for sulfadiazine derivatives [1-18] 

Comp. No. υ(N-H) υ(C-H)  Ar. υ(C=N) υ(C=C) Ar. υ(SO2) Asym. Others 

1 3215 3046 1604 1572 1341 - 

2 3266 3051 1608 1584 1358 υ (C-Br) 879 

3 3280 3033 1609 1566 1377 υ (C-Cl) 774 

4 3224 3048 1612 1531 1334 υ (OH) 3195 

5 3289 3075 1603 1543 1346 υ (NO2) 1451, 1318 

6 3272 3070 1610 1555 1371 υ (C-H) 2955 

7 3290 3020 1601 1562 1347 υ (C=O) 1688 

8 3285 3081 1603 1559 1362 υ (C=O) 1681,υ (C-Br) 861 

9 3290 3026 1602 1571 1355 υ (C=O)1687,υ (C-Cl) 778 

10 3233 3073 1609 1577 1359 υ (OH) 3127,υ (C=O) 1674 

11 3247 3053 1608 1548 1369 υ (C=O) 1678,υ (NO2) 1477, 1326 

12 3266 3047 1603 1522 1338 υ (C-H) 2961,υ (C=O)1680 

13 3283 3025 1607 1563 1342 υ (C=O) 1689 

14 3252 3034 1606 1572 1361 υ (C=O) 1685,υ (C-Br) 863 

15 3273 3029 1605 1529 1348 υ (C=O) 1677,υ (C-Cl) 772 

16 3244 3031 1608 1545 1365 υ (OH) 3154,υ (C=O) 1679 

17 3256 3018 1611 1533 1331 υ(C=O) 1676,υ (NO2) 1451, 1318 

18 3267 3027 1613 1581 1370 υ(C=O) 1690,υ (C-H) 2944 
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Table 3 — 1H-NMR spectral data for sulfadiazine derivatives [1-18] 

Comp No. 1H-NMR parameters (δppm)

1 6.86-7.95 (m, 12H, Ar-H), 8.51 (s, 1H, CH=N, benzylidenimin), 10.22 (s, 1H, NH, N-sulfonamide). 

2 6.55-7.49 (m, 11H, Ar-H), 8.37 (s, 1H, CH=N, benzylidenimin), 10.12 (s, 1H, NH, N-sulfonamide). 

3 6.59-7.72 (m, 11H, Ar-H),8.59 (s, 1H, CH=N, benzylidenimin), 10.38 (s, 1H, NH, N-sulfonamide). 

4 6.69-7.81 (m, 11H, Ar-H), 8.63 (s, 1H, CH=N, benzylidenimin), 9.44 (s, 1H, OH), 10.33 (s, 1H, NH, N-sulfonamide). 

5 6.58-7.88 (m, 11H, Ar-H), 8.71 (s, 1H, CH=N, benzylidenimin), 10.41 (s, 1H, NH, N-sulfonamide). 

6 3.55 (s, 6H, CH3, methyl), 6.73-7.84 (m, 11H, Ar-H), 8.74 (s, 1H, CH=N, benzylidenimin), 10.31 (s, 1H, NH, N-sulfonamide) 

7 5.82 (s, 2H, CH2), 6.08 (s,1H, NH), 6.81-7.91(m, 16H, Ar-H), 10.24 (s, 1H, NH, N-sulfonamide). 

8 5.79 (s, 2H, CH2), 6.10 (s,1H, NH), 6.85-7.79 (m, 15H, Ar-H), 10.29 (s, 1H, NH, N-sulfonamide). 

9 5.73 (s, 2H, CH2), 6.03 (s,1H, NH), 6.83-7.89 (m, 15H, Ar-H), 10.40 (s, 1H, NH, N-sulfonamide). 

10 5.66 (s, 2H, CH2), 6.13 (s,1H, NH), 6.74-7.90 (m, 15H, Ar-H), 9.35 (s, 1H, OH), 10.42 (s, 1H, NH, N-sulfonamide). 

11 5.49 (s, 2H, CH2), 6.07 (s,1H, NH), 6.79-7.98 (m, 15H, Ar-H), 10.34 (s, 1H, NH, N-sulfonamide). 

12 3.61 (s, 6H, CH3, methyl), 5.54 (s, 2H, CH2), 6.22 (s,1H, NH), 6.80-7.95 (m, 15H, Ar-H), 10.23 (s, 1H, NH, N-sulfonamide). 

13 5.22 (s, 2H, CH2), 6.69-7.86  (m, 16H, Ar-H), 10.29 (s, 1H, NH, N-sulfonamide). 

14 5.78 (s, 2H, CH2), 6.92-7.97 (m, 15H, Ar-H), 10.49 (s, 1H, NH, N-sulfonamide). 

15 5.63 (s, 2H, CH2), 6.88-7.91 (m, 15H, Ar-H), 10.36 (s, 1H, NH, N-sulfonamide). 

16 5.67 (s, 2H, CH2), 6.79-7.87 (m, 15H, Ar-H), 9.47 (s, 1H, OH), 10.38 (s, 1H, NH, N-sulfonamide). 

17 5.77 (s, 2H, CH2), 6.83-7.95 (m, 15H, Ar-H), 10.55 (s, 1H, NH, N-sulfonamide). 

18 3.69 (s, 6H, CH3, methyl), 5.53 (s, 2H, CH2),  6.72-7.94  (m, 15H, Ar-H), 10.52  (s, 1H, NH, N-sulfonamide). 

Table 4 — 13C-NMR spectral data for sulfadiazine derivatives [1-18]. 

Comp. 

 No. 

13C-NMR parameters (δ ppm) General structure of  compound with numbering of C-

atoms 

1 121.35-139.66 [(C2), (C5-C7), (C9-C10), (C12-C17)], 159.23 (C1,C3,C8), 162.75 (C11), 

168.47 (C4). 

 

 2 122.52-137.99 [(C2), (C5-C7), (C9-C10), (C12-C17)], 158.12 (C1,C3,C8), 163.39 

(C11),169.85 (C4). 

3 123.41-140.21[(C2), (C5-C7), (C9-C10), (C12-C17)],  

160.11 (C1,C3,C8),  163.43 (C11), 170.14 (C4). 

4 124.52-139-77 [(C2), (C5-C7), (C9-C10), (C12-C17)], 

159.48 (C1,C3,C8), 161.29 (C11), 169.37 (C4). 

5 122.55-141.16 [(C2), (C5-C7), (C9-C10), (C12-C17)],  

158.79 (C1,C3,C8), 163.11 (C11), 170.24 (C4). 

6 46.27 (CH3-N-ph),123.72-140.31 [(C2), (C5-C7), (C9-C10), (C12-C17)], 159.37 

(C1,C3,C8), 161.78 (C11), 169.59 (C4). 

7 96.37 (C11),119.83-139.71 [(C2), (C5-C10), (C13- C18), (C19-C24)],158.27 (C1,C3), 

162.41 (C12),168.81 (C4). 

 

8 97.22 (C11),118.61-138.98 [(C2), (C5-C10), (C13- C18), (C19-C24)],157.54 (C1,C3), 

161.77 (C12),169.49 (C4). 

9 96.18 (C11),121.52-141.61 [(C2), (C5-C10), (C13-C18), (C19-C24)],159.12 (C1,C3), 

163.20 (C12),169.74 (C4). 

10 94.73 (C11),118.59-140.63 [(C2), (C5-C10), (C13- C18), (C19-C24)],156.39 (C1,C3), 

161.58 (C12),170.23 (C4). 

11 96.58 (C11),120.77-141.62 [(C2), (C5-C10), (C13-C18), (C19-C24)],157.28 (C1,C3), 

161.75 (C12),169.38 (C4). 

12 44.91 (CH3-N-ph), 95.67 (C11), 120.19-138.52 [(C2), (C5-C10), (C13-C18), (C19-

C24)], 156.25 (C1,C3), 160.72 (C12),169.49 (C4). 

13 94.88 (C11),118.91-140.22 [(C2), (C5-C10), (C13-C18), (C19-C24)],160.33 (C1,C3), 

163.51 (C12),169.72(C4). 

 

 14 96.12 (C11),119.52-140.44 [(C2), (C5-C10), (C13-C18), (C19-C24)],156.51 (C1,C3), 

161.27 (C12),170.38 (C4). 

15 96.39 (C11),119.25-137.47 [(C2), (C5-C10), (C13-C18), (C19-C24)],155.67 (C1,C3), 

160.45 (C12),169.33 (C4). 

16 93.98 (C11),118.58-141.21 [(C2), (C5-C10), (C13-C18), (C19-C24)],156.21 (C1,C3), 

161.57 (C12),168.91 (C4). 

17 95.11 (C11),121.52-138.61 [(C2), (C5-C10), (C13-C18), (C19-C24)],156.37 (C1,C3), 

160.48 (C12),170.13 (C4). 

18 47.91 (CH3-N-ph), 95.32 (C11),120.73-138.54 [(C2), (C5-C10), (C13-C18), (C19-C24)], 

157.23 (C1,C3), 163.61 (C12),170.31 (C4). 
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Table 5 — Antimycobacterial activity resultsand docking scores of the synthesized sulfadiazine derivatives [7-18] 

Compound 

No. 

R- 

Substituents 

Minimal inhibition concentrations MIC in (µg/mL) 

(M. tuberculosis H37Rv strains) 

Docking score 

7 H 125 -5.433

8 Br 4 -7.556

9 Cl 125 -5.315

10 OH 62.5 -5.766

11 NO2 4 -7.6

12 N(CH3)2 62.5 -5.021

13 H 16 -6.769

14 Br 4 -7.243

15 Cl 8 -7.023

16 OH 62.5 -5.494

17 NO2 16 -6.45

18 N(CH3)2 125 -3.529

INH (Std.) 1 -3.539

Fig. 1 — Compound 11 in 2D & 3D form inside active site surrounded by amino acids 

respectively as shown in Table 3. Furthermore, 13C-

NMR (δ ppm) spectral values for the related 

derivatives [13-18] demonstration signals belongs to 

methylene (CH2), (C=O) carbons of 4-oxo-2H-

benzo[1,3]thiazin rings in addition to other distinctive 

signals of aromatic and sulfadiazine carbon rings as 

noted in Table 4. 

Antituberculosis activity 

All the tested compounds showed antituberculosis 
activity and minimum inhibition concentrations are 
between 125 to 4 µg/mL. Here, compounds showed 
the remarkable docking score -7.556 to -3.529 which 
can be compared with the standard drug isoniazid 
with -3.539 as docking scores. The docking scores of 
synthesized compounds with Inh A and MIC values in 
(µg/mL) against M. tuberculosis H37Rv strains are 
shown in Table 5. 

In the series of synthesized compounds, 

bromophenyl substituted compound [8,14] 

demonstrated enhanced activities in each 4-oxo-1,4-

dihydro quinazoline and 4-oxo-2H-benzo[1,3]thiazin 

derivatives besides nitrophenyl substituted compound 

[11] in 4-oxo-1,4-dihydro quinazoline rings only.

Other compounds such as [13, 15 and 17] also

exhibited good efficiency toward tuberculosis

bacterial isolates. The remaining compounds as

[10, 12 and 16] proofed moderate efficacy, while

compounds [7, 18] were the least effective.

Molecular Docking 

Fig. 1 shows compound [11] inside Mycobacterium 

tuberculosis protein active site with a very high 

docking score at 7.60 kcal/mol surrounded by a list of 

amino acids related to the high ability of this 

compound to bind inside the protein. The list of these 

amino acids is SER57, ARG 59, GLU60, PRO81, 

LEU83, SER91, HIE94, PHE98, LEU101, TYR125, 

MET126, GLU129, TYR130, PHE133, PHE161, 
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ALA162, LYS164, ASP165, ARG166, LEU199, 
LEU227, VAL231, LEU232. 

Inside the active site, the compound [11] interact 
by a salt bridge between the nitro group and ASP165. 
Moreover, this compound bind by obvious polar 
interaction aromatic rings with MET126, GLU129, 
TYR130, and PHE133 with negatively charged 
interaction between ketone group and GLU60 & 
LEU199, and with hydrophobic interaction around 
pyrimidine aromatic ring. Compared with all 
substitutions docking results approve the ability to 
withdraw group substitution to increase binding 
ability inside the active site. This finding can be used 
for future work to evaluate the effect of other 
withdrawing chemical groups on activity and use 
compound [11] as a hit for more molecular design 
studies. Interestingly, docking binding values matted 
with experimentally minimal inhibition 
concentrations values. 
 
Conclusion 

A successful attempt has been made for the 
synthesis of sulfadiazine derivatives with 4-oxo-1,4-
dihydro quinazoline and 4-oxo-2H-benzo[1,3]thiazin 
functionality. The most of synthesized compounds 
showed excellent antituberculosis activity. The MIC 
values were up to 16 μg/mL, which is also 
corroborated using molecular docking study. Some of 
the derivatives also offered noteworthy Anti-TB 
effectiveness with MIC values of 125 μg/mL. The  
4-oxo-1,4-dihydro quinazoline and 4-oxo-2H-
benzo[1,3]thiazin heterocycles were mainly 
responsible for the observed activities and  
different groups on phenyl rings of influence the 
efficiency. 
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