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1. Introduction 
Due to their rigidity and considerable biological 
characteristics, heterocyclic compounds containing spiro 
moiety are particularly significant.[1] Making spiro 
heterocyclic compounds is significant and intriguing 
because this structure is also shown in natural 
alkaloids.[2] Among organic molecules, heterocyclic 
compounds are well known for exhibiting a wide range 
of biological characteristics.[3–15] Multicomponent 
reactions (MCRs), which can synthesize these 
compounds with significant biological activity in one 
pot and high yields compared to reactions with multiple 
steps [16, 17], are one method for making heterocyclic 
compounds. MCRs offer some advantages over multi-
step reactions, including good product efficiency, ease 
of deletion, atom economy, and speedy reaction 

times.[18–20] We must keep in mind that many MCRs 
require the use of a catalyst, and that a catalyst should 
always be employed while performing reactions. Due to 
their high area active surface, chemical and 
electrochemical permanence, and contributions to 
technology and applied research, transition 
nanostructures play a key role among catalysts.[21] Due 
to the huge surface area and high adsorption capacity of 
MWCNTs, supported nanometals and metal oxides on 
MWCNTs improve catalytic performance.[22] In 
comparison to centrifugation and filtering, the magnetic 
property of Fe3O4 magnetic nanoparticles (MNPs) can 
make the removal of nanocatalyst from the reaction 
mixture easier and faster.[23–25] To do this, a catalyst with 
magnetic properties was removed from the reaction 
mixture using an outside magnet. 
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The development of Ag/Fe3O4/SiO2@MWCNTs MNCs magnetic 
nanocomposites was done with the goal of producing novel pyrimidothiazines and 
pyrimidooxazines in high yields. These novel compounds were created utilizing a 
multicomponent reaction in aqueous media that included aldehydes, ethyl 
acetoacetate, urea or thiourea, electron-deficient acetylenic chemicals, and tert-
butyl isocyanide. It should be noted that Petasits hybridus leaf water extract was 
used in these processes repeatedly to demonstrate the reusability of the 
nanocatalyst and was used to create the high performance nanocatalyst. The NH 
group, which was assessed by two processes, is what gives recently synthesized 
pyrimidothiazines and pyrimidooxazines their antioxidant properties. 
Additionally, the antibacterial activity of newly created pyrimidothiazines and 
pyrimidooxazines was assessed using a disk distribution procedure with two 
different types of Gram-negative bacteria and Gram-positive bacteria, 
demonstrating that using these compounds prevented the growth of bacteria. This 
method is used to make pyrimidothiazines and pyrimidooxazines derivatives, and 
it offers advantages including quick reactions, high yields for the finished 
products, and the ability to separate catalyst and products with ease. 
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Scheme 1. Preparation of new pyrimidothiazines and pyrimidooxazines 6 

 
 
In contrast to centrifuging or filtering, external magnets 
were utilized to remove magnetic nanocatalysts, which 
was a simpler and faster method. Verifying the 
recyclability of the nanocatalyst that is removed from 
the reaction mixture is crucial for nanocatalysts. The 
synthetic chemicals might have biologically active 
antibacterial and antioxidant properties. Because the 
organic molecules contain a molecular structure with 
reducing capabilities, they have antioxidant activity, 
which means that the harmful effects of free radicals 
could be reduced or even eliminated. Additionally, 
chemical substances with antioxidant properties may be 
able to prevent or cure specific diseases.[26–29] 
Additionally, the produced substance might have 
antimicrobial action, which is why the current research 
team looked into this aspect. Drug-resistant bacteria are 
harmful and can cause a variety of issues in connection 
with numerous infectious diseases. Finding the optimal 
method for resolving or decreasing this process is 
important for several reasons. [30-33] 
 We use MNCs Ag/Fe3O4/SiO2@MWCNTs as 
organometallic catalysts to greenly synthesize new 
heterocyclic compounds[34-46] as we study a new method 
for the synthesis of pyrimidothiazines and 
pyrimidooxazines 6 in aqueous media at ambient 
temperature using MCR of aldehyde 1, urea or thiourea 

2, acetyl ethyl acetate 3, electron-deficient acetylenic 
compound 4, tert-butyl isocyanide 5 (Scheme 1). 
 
Experimental 
General 
Our research group uses starting solutions or reagents 
that have no chemical or physical differences. 
Preparation of nanocatalysts, 95% pure, 30 μm in 
diameter, 8 nm in diameter, from Merck. After the 
formation of Ag/Fe3O4/SiO2@MWCNTs MNCs, the 
structure was analyzed by surface methods such as 
XRD, SEM, EDX and VSM. To obtain Ft-IR spectra 
from the synthesized nanocatalysts, a Shimadzu IR-460 
spectrometer was used in KBr medium. Additionally, 
we installed a Bruker DRX-500 AVANCE spectrometer 
to measure 1H-NMR and 13C-NMR spectra of various 
compounds. This spectrometer operates at 500 MHz and 
uses CDCl3 as solvent and TMS as internal standard to 
provide characteristic results. It is noteworthy that the 
quality of the manufactured product with ionization 
energy of 70 eV was obtained using a Finnigan MAT 
8430 spectrometer. Basic analysis of the resulting 
compounds was obtained using a Heraeus CHN-O-
Rapid analyzer. 
 
Synthesis of Ag/Fe3O4/SiO2@MWCNTs MNCs [47] 
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For the synthesis of Ag/Fe3O4/SiO2@MWCNTs MNCs, 
first the water extract of Petasites hybridus rhizome (5 
mL) was added to the round bottom flask along with the 
FeCl2.4H2O (1.5 g), tetraethyl orthosilicate (3 mL), and 
then the AgNO3 (1.5 g). The mixture was then heated to 
100 oC. Following the conclusion of the reaction, the 
mixture was mixed for a further hour. By sonicating and 
centrifuging the reaction mixture at 7000 rpm for 
roughly 30 and 10 minutes, respectively, the organic 
compounds that were a result of the process were 
removed, yielding Ag/SiO2/Fe3O4. The Petasites 
hybridus rhizome water extract (100 mL) was added to a 
mixture of MWCNTs and Ag/SiO2/Fe3O4 (0.1 g) and 
agitated for 1 hour at 150 oC. The created catalyst was 
cleaned numerous times using a water-to-ethanol 
(50:50) mixture in order to separate the colloid. The 
catalyst was first washed with water and dried at 300 oC 
for 45 minutes. Following this, a high yield 
Ag/Fe3O4/SiO2@MWCNTs MNCs magnetic 
nanocomposite was generated.  
Synthesis of pyrimidothiazines and pyrimidooxazines 
6a–h  using a general method                                                                                                                                                                                                                                                                       
After mixing the aldehydes 1 (2 mmol), urea or thiourea 
2 (2 mmol), Ag/Fe3O4/SiO2@MWCNTs MNCs (0.01 
g), for 30 minutes in H2O (5 mL), ethyl acetoacetate 3 
(2 mmol) was added to the mixture. After 30 minutes at 
room temperature, a mixture of acetylenic compounds 4 
(2 mmol), tert-butyl isocyanide 5 (2 mmol), and catalyst 
(0.01 g) was added to the initial mixture. These 
reactions were then monitored for 3 hours by thin layer 
chromatography (TLC). In the end, an external magnet 
was utilized to separate the catalyst from the reaction 
mixture, and the solid excess was purified using first 
filtering and then a second cleaning step using EtOH; 
Et2O that resulted purified compounds 6.  
7-Ethyl 3,4-dimethyl 2-(tert-butylamino)-8-methyl-6-
phenyl-4H,6H-pyrimido[2,1-b][1,3] thiazine-3,4,7-
tricarboxylate (6a): Yellow powder, mp 123-125˚C, 
Yield: (96%). IR (KBr) (νmax/cm-1): 3365 (NH), 1742 
(C=O), 1738 (C=O), 1698, 1587, 1484, 1295 cm-1. 1H 
NMR (500 MHz, CDCl3): 1.20 (3 H, t, 3J = 7.4 Hz, 
Me), 1.38 (9 H, s, Me3C), 2.40 (3 H, s, Me), 3.63 (3 H, 
s, OMe), 3.73 (3 H, s, OMe), 4.07 (2 H, q, 3J = 7.4 Hz, 
CH2O), 5.54 (1 H, s, CH), 5.84 (1 H, s, CH), 7.16 (2 H, 
d, 3J = 7.7 Hz, 2 CH), 7.34 (2 H, t, 3J = 7.7 Hz, 2 CH), 
7.49 (1 H, t, 3J = 7.7 Hz, CH), 10.25 (1 H, s, NH) ppm. 
13C NMR (125.7 MHz, CDCl3): 168.6 (C=O), 167.6 
(C=O), 161.4 (C=O), 154.8, 151.6, 146.5, 137.5, 129.1, 
129.0, 127.6, 105.8, 105.2, 63.0 (CH2O), 60.1 (CH), 
59.0 (CMe3), 55.0 (CH), 52.7 (OMe), 51.9 (OMe), 28.9 
(CMe3), 21.4 (Me), 14.3 (Me) ppm. MS (EI, 70 eV): 
m/z (%): 501 (M+, 15), 396 (86), 31(100). Anal. Calcd 

for C25H31N3O6S (501.60): C, 59.86; H, 6.23; N, 8.38; 
Found: C, 59.86; H, 6.23; N, 8.38. 
7-Ethyl 3,4-dimethyl 2-(tert-butylamino)-6-(4-
methoxyphenyl)-8-methyl-4H,6H-pyrimido[2,1-
b][1,3]thiazine-3,4,7-tricarboxylate (6b): Yellow 
powder, mp 138-140˚C, Yield: (95%). IR (KBr) 
(νmax/cm-1): 3467 (NH), 1739 (C=O), 1736 (C=O), 1698, 
1594, 1487, 1297 cm-1. 1H NMR (500 MHz, CDCl3): 
1.21 (3 H, t, 3J = 7.3 Hz, Me), 1.39 (9 H, s, Me3C), 2.42 
(3 H, s, Me), 3.64 (3 H, s, OMe), 3.75 (3 H, s, OMe), 
3.78 (3 H, s, OMe), 4.08 (2 H, q, 3J = 7.3 Hz, CH2O), 
5.53 (1 H, s, CH), 5.80 (1 H, s, CH), 7.23 (2 H, d, 3J = 
7.7 Hz, 2 CH), 7.34 (2 H, d, 3J = 7.8 Hz, 2 CH), 10.28 
(1 H, s, NH) ppm. 13C NMR (125.7 MHz, CDCl3): 168.6 
(C=O), 167.6 (C=O), 161.4 (C=O), 154.8, 151.6, 146.5, 
137.5, 129.1, 129.0, 127.6, 105.8, 105.2, 63.0, 60.1, 
59.0, 55.0, 52.7, 51.9, 28.9, 21.4 (Me), 14.3 (Me) ppm. 
MS (EI, 70 eV): m/z (%): 531 (M+, 15), 412 (68), 
45(100). Anal. Calcd for C26H33N3O7S (531.62): C, 
58.74; H, 6.26; N, 7.90; Found: C, 58.74; H, 6.26; N, 
7.90. 
7-Ethyl 4-methyl 2-(tert-butylamino)-8-methyl-6-(p-
tolyl)-4H,6H-pyrimido[2,1-b][1,3]thiazine-4,7-
dicarboxylate (6c): Yellow powder, mp 137-139˚C, 
Yield: (96%). IR (KBr) (νmax/cm-1): 3525 (NH), 1743 
(C=O), 1738 (C=O), 1697, 1589, 1486, 1297 cm-1. 1H 
NMR (500 MHz, CDCl3): 1.23 (3 H, t, 3J = 7.3 Hz, 
Me), 1.37 (9 H, s, Me3C), 2.39 (3 H, s, Me), 2.42 (3 H, 
s, Me), 3.73 (3 H, s, OMe), 4.07 (2 H, q, 3J = 7.3 Hz, 
CH2O), 5.00 (1 H, s, CH), 5.72 (1 H, s, CH), 6.12 (1 H, 
s, CH), 7.24 (2 H, d, 3J = 7.8 Hz, 2 CH), 7.35 (2 H, d, 3J 
= 7.8 Hz, 2 CH), 10.32 (1 H, s, NH) ppm. 13C NMR 
(125.7 MHz, CDCl3): 168.6, 167.6, 161.4, 154.8, 151.6, 
146.5, 137.5, 129.1, 129.0, 127.6, 105.8, 105.2, 63.0, 
60.1, 59.0, 55.0, 52.7, 51.9, 28.9, 21.4 (Me), 14.3 (Me)  
ppm. MS (EI, 70 eV): m/z (%):  457 (M+, 10), 322 (86), 
31(100). Anal. Calcd for C24H31N3O4S (457.59): C, 
63.00; H, 6.83; N, 9.18; Found: C, 63.00; H, 6.83; N, 
9.18. 
Triethyl 2-(tert-butylamino)-6,8-dimethyl-4H,6H-
pyrimido[2,1-b][1,3]thiazine-3,4,7-tricarboxylate (6d): 
Yellow powder, mp 143-145˚C, Yield: (90%). IR (KBr) 
(νmax/cm-1): 3457 (NH),  1742 (C=O), 1738 (C=O), 
1698, 1579, 1486, 1298 cm-1. 1H NMR (500 MHz, 
CDCl3): 1.15 (3 H, t, 3J = 7.3 Hz, Me), 1.20 (3 H, t, 3J = 
7.4 Hz, Me), 1.26 (3 H, t, 3J = 7.4 Hz, Me), 1.38 (9 H, s, 
Me3C), 1.44 (3 H, d, 3J = 6.8 Hz, Me), 2.37 (3 H, s, 
Me), 4.08 (2 H, q, 3J = 7.4 Hz, CH2O), 4.16 (2 H, q, 3J = 
7.4 Hz, CH2O), 4.21 (2 H, q, 3J = 7.3 Hz, CH2O), 5.17 
(1 H, q, 3J = 7.5 Hz, CH), 5.43 (1 H, s, CH), 10.28 (1 H, 
s, NH) ppm. 13C NMR (125.7 MHz, CDCl3): 167.3, 
167.2, 163.7, 156.9, 152.3, 146.4, 105.8, 105.1, 63.8, 
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61.4, 60.4, 60.4, 55.0, 52.4, 28.9, 21.1, 19.3, 14.3, 14.3, 
14.0 ppm. MS (EI, 70 eV): m/z (%): 467 (M+, 15), 354 
(74), 31(100). Anal. Calcd for C22H33N3O6S (467.58): C, 
56.51; H, 7.11; N, 8.99;  Found: C, 56.51; H, 7.11; N, 
8.99. 
Triethyl 2-(tert-butylamino)-8-methyl-6-(4-nitrophenyl)-
4H,6H-pyrimido[2,1-b][1,3]oxazine-3,4,7-
tricarboxylate (6e): Yellow powder, mp 158-160˚C, 
Yield: (87%). IR (KBr) (νmax/cm-1): 3547 (NH), 1743 
(C=O), 1739 (C=O), 1698, 1629, 1593, 1495, 1287 cm-

1. 1H NMR (500 MHz, CDCl3): 1.16 (3 H, t, 3J = 7.2 Hz, 
Me), 1.23 (3 H, t, 3J = 7.4 Hz, Me), 1.28 (3 H, t, 3J = 7.4 
Hz, Me), 1.39 (9 H, s, Me3C), 2.38 (3 H, s, Me), 4.09 (2 
H, q, 3J = 7.2 Hz, CH2O), 4.14 (2 H, q, 3J = 7.4 Hz, 
CH2O), 4.23 (2 H, q, 3J = 7.4 Hz, CH2O), 5.12 (1 H, s, 
CH), 5.74 (1 H, s, CH), 7.32 (2 H, d, 3J = 7.8 Hz, 2 CH), 
8.02 (2 H, d, 3J = 7.8 Hz, 2 CH) 10.52 (1 H, s, NH) 
ppm. 13C NMR (125.7 MHz, CDCl3): 167.3, 167.0, 
164.8, 157.6, 154.2, 148.2, 145.8, 141.9, 130.0, 124.4, 
124.5, 103.7, 88.9, 61.4, 60.5, 60.4, 60.1, 55.9, 53.1, 
29.2, 21.1, 14.3, 14.4, 14.0 ppm. ppm. MS (EI, 70 eV): 
m/z (%): 558 (M+, 10), 410 (64), 31(100). Anal. Calcd 
for C27H34N4O9 (558.59): C, 58.06; H, 6.14; N, 10.03; 
Found:  C, 58.06; H, 6.14; N, 10.03. 
7-Ethyl 4-methyl 2-(tert-butylamino)-6-(4-
methoxyphenyl)-8-methyl-4H,6H-pyrimido[2,1-b] 
[1,3]oxazine-4,7-dicarboxylate (6f): Yellow powder, 
mp 161-163˚C, Yield: (94%). IR (KBr) (νmax/cm-1): 
3357 (NH), 1742 (C=O), 1738 (C=O), 1695, 1635, 
1593, 1486, 1298 cm-1. 1H NMR (500 MHz, CDCl3): 
1.18 (3 H, t, 3J = 7.5 Hz, Me), 1.38 (9 H, s, Me3C), 1.46 
(3 H, d, 3J = 7.6 Hz, Me), 3.63 (3 H, s, OMe), 3.73 (3 H, 
s, OMe), 4.09 (2 H, q, 3J = 7.6 Hz, CH2O), 5.18 (1 H, q, 
3J = 7.5 Hz, CH), 5.45 (1 H, s, CH), 10.28 (1 H, s, NH) 
ppm.13C NMR (125.7 MHz, CDCl3): 167.4, 167.2, 
159.5, 157.6, 147.5, 147.5, 133.3, 129.7, 114.3, 104.5, 
86.5, 60.1, 55.3, 55.0, 54.4, 52.4, 51.6, 29.1, 21.1, 14.3 
ppm. MS (EI, 70 eV): m/z (%): 529 (M+, 10), 380 (64), 
31(100). Anal. Calcd for C24H31N3O6 (457.53): C, 63.00; 
H, 6.83; N, 9.18; Found: C, 63.00; H, 6.83; N, 9.18. 
7-Ethyl 3,4-dimethyl 2-(tert-butylamino)-6-ethyl-8-
methyl-4H,6H-pyrimido[2,1-b][1,3]thiazine-3,4,7-
tricarboxylate (6g): Yellow powder, mp 176-178˚C, 
Yield: (96%). IR (KBr) (νmax/cm-1): 3426 (NH), 1745 
(C=O), 1739 (C=O), 1699, 1637, 1594, 1488, 1297 cm-

1. 1H NMR (500 MHz, CDCl3): 0.94 (3 H, t, 3J = 7.3 Hz, 
Me), 1.21 (3 H, t, 3J = 7.4 Hz, Me), 1.39 (9 H, s, Me3C), 
1.88 (2 H, m, CH2), 2.13 (3H, s, CH3), 3.64 (3 H, s, 
OMe), 3.75 (3 H, s, OMe), 4.12 (2 H, q, 3J = 7.6 Hz, 
CH2O), 4.72 (1 H, m, CH), 5.43 (1 H, s, CH), 10.45 (1 
H, s, NH) ppm. 13C NMR (125.7 MHz, CDCl3): δ 168.7, 
167.4, 161.5, 154.7, 152.6, 146.4, 106.5, 106.0, 62.8, 

60.3, 56.7, 55.0, 52.7, 51.9, 28.9, 27.3, 21.1, 14.3, 10. 
ppm. MS (EI, 70 eV): m/z (%): 453 (M+, 10), 422 (64), 
31(100). Anal. Calcd for C21H31N3O6S (453.55): C, 
55.61; H, 6.89; N, 9.26; Found: C, 55.61; H, 6.89; N, 
9.26. 
Diethyl 2-(tert-butylamino)-8-methyl-6-(p-tolyl)-4H,6H-
pyrimido[2,1-b][1,3]oxazine-4,7-dicarboxylate (6h): 
Yellow powder, mp 169-171˚C, Yield: (92%). IR (KBr) 
(νmax/cm-1): 3435 (NH), 1742 (C=O), 1738 (C=O), 1687, 
1592, 1485, 1294 cm-1. 1H NMR (500 MHz, CDCl3): 
1.21 (3 H, t, 3J = 7.2 Hz, Me), 1.25 (3 H, t, 3J = 7.4 Hz, 
Me), 1.34 (9 H, s, Me3C), 2.34 (3 H, s, Me), 2.43 (3 H, 
s, Me), 4.10 (2 H, q, 3J = 7.2 Hz, CH2O), 4.21 (2 H, q, 3J 
= 7.4 Hz, CH2O), 5.06 (1 H, s, CH), 5.75 (1 H, s, CH), 
5.79 (1 H, s, CH), 7.10 (2 H, d, 3J = 7.8 Hz, 2 CH), 7.15 
(2 H, d, 3J = 7.8 Hz, 2 CH) 10.64 (1 H, s, NH) ppm. 13C 
NMR (125.7 MHz, CDCl3): δ 167.2, 166.9, 157.6, 
147.5, 147.4, 137.7, 136.4, 130.0, 128.9, 128.9, 104.5, 
86.5, 60.8, 60.1, 55.2, 55.05, 51.6, 29.1, 21.1, 21.0, 
14.3, 14.0 ppm. MS (EI, 70 eV): m/z (%): 455 (M+, 15), 
425 (68), 31(100). Anal. Calcd for C25H33N3O5 (455.56): 
C, 65.91; H, 7.30; N, 9.22; Found: C, 65.91; H, 7.30; N, 
9.22. 
 
DPPH as reagent for evaluation of antioxidant 
property of pyrimidothiazines and pyrimidooxazines 
By using DPPH as a radical trap, Shimada et al.'s 
method [48] was used to evaluate the antioxidant 
properties of pyrimidothiazines and pyrimidooxazines 
6a–6d. The antioxidant properties of the synthesized 
pyrimidothiazines and pyrimidooxazines 6a–6d were 
investigated using the Shimada technique. For the 
purpose of examining this property, these chosen 
chemicals, whose concentrations ranged from 200 to 
1000 ppm, were added to the same volume of a 
methanolic solution of DPPH (1 mmol/L). After 
combining pyrimidothiazines, pyrimidooxazines, and 
DPPH at room temperature for 30 minutes, the mixture's 
absorbance was measured in a dark area, yielding a 
value of 517 nm. When methanol (3 mL) was used as an 
alternative to butylated hydroxytoluene (BHT) and 2-
tertbutylhydroquinone (TBHQ), the antioxidant activity 
of the synthesized pyrimidothiazines and 
pyrimidooxazines 6a–6d was evaluated. We assessed 
the amount of DPPH radical inhibition applying the Yen 
and Duh [49] equation.  
 
FRAP process for study of Antioxidant property of 
pyrimidothiazines and pyrimidooxazines 
The method devised by Yildirim et al. was used in the 
current investigation into the antioxidant properties of 
prepared pyrimidothiazines and pyrimidooxazines [50]. 
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In this process, pyrimidothiazines and pyrimidooxazines 
6a–d reduced iron (III). The generated 
pyrimidothiazines and pyrimidooxazines solution (1 
mL), ferricyanide potassium (2.6 mL), and buffer of 
phosphate (2.6 mL) were therefore agitated and 
combined at 55 oC for 35 min. After adding 2.5 mL of 
acid trichloroacetic to the first mixture, the latter was 
centrifuged for 10 minutes. FeCl3 (0.6 mL), deionized 
water (2.6 mL), and supernatant (2.5 mL) were 
combined, and their absorbance at 700 nm was 
measured. It is important to remember that the high 
levels of reducing are what cause the high absorbance. 
For giving good results, the experiments were 
performed three times.  
 
Study of pyrimidothiazines and pyrimidooxazines as 
antibacterial agents  
The examination of antibacterial properties using two 
different types of Gram-positive and Gram-negative 
bacteria was another area of study. The Persian Type 
Culture Collection (PTCC), Tehran, Iran, provided these 
bacteria for use in the disk diffusion procedure. The two 
types of bacteria were cultured for 16 to 24 hours at 37 
°C to provide the identical McFarland Standard No. 0.5 
for this operation. We used the standards of 
streptomycin and gentamicin to kill two different types 
of bacteria. Using a sterile swab used for culturing, the 
bacteria were produced (1.52 108 CFU/mL) in 
accordance with McFarland Standard No. 0.5 and 
Mueller Hinton agar. 25 g/ml of pyrimidothiazines and 
pyrimidooxazines were then poured on sterile blank 
disks and placed in an incubator for 24 hours at 37 °C 
for measuring diameter of these compounds. We then 
made a comparison between it and inhibition zone for 
confirmation of antibacterial activity of supplied 
derivatives of these compounds. The plates were placed, 
measured and compared with Streptomycin and 
Gentamicin. 
 
Theoretical calculation 
In this investigation, theoretical calculations were 
performed using the Gaussian 09 program to better 
comprehend the operation and effectiveness of the 
starting materials.[51] The density functional theory 
DFT/B3LYP approach [52-53] was employed to analyze 
the electronic structure and geometries, compute 
Mulliken atomic charges, and determine the vibrational 
frequencies of the synthesized chemical. The DFT 
approach with a 6-311++G** basis set for all atoms was 
chosen due to exceptional cooperation between a 
calculation time and an electronic correlation report. 
Using the Multiwfn 3.7 algorithm [54] and equations (1) 

through (6) pertaining to the energies of HOMO and 
LUMO [55], we calculated all of the descriptors. The 
Pulay scaled quantum mechanical force field 
methodology was used to build up the observed 
frequencies for optimal conformity between a 
theoretical and experimental setting.  
I = −EHOMO                       (1) 
A = −ELUMO                     (2) 
 µ = (ELUMO+EHOMO)/2        (3)  
 η = (ELUMO-EHOMO)/2        (4)  
S = 1/ η                           (5)  
ω = µ2/2η                        (6) 
 
Results and discussion 
Selecting the reaction's ideal states is a crucial step in 
the synthesis of organic compounds. To that end, a 
model reaction was initially mixed, using the following 
beginning ingredients: 4-benzaldehyde 1a, thiourea 2a, 
ethyl acetoacetate 3, dimethyl acetylenedicarboxylate 
4a, and tert-butyl isocyanide 5 (Table 1). The model 
reaction was conducted for 12 hours without a catalyst 
and no product was found during that time, 
demonstrating the necessity of a catalyst for these 
reactions (entry 1, Table 1). Another factor for 
optimization is reaction temperature, thus we raised it to 
100 oC for that reason; however, the yield of product 6a 
did not change noticeably (entry 2, Table 1).  In order to 
optimize the catalyst condition and produce compounds 
6a in adequate yields, metal oxide nanoparticles, such as 
Fe3O4-MNPs (0.02 g), were added to the reaction 
mixture (entry 4, Table 1). To select the best catalyst for 
the reaction, we tested a range of catalysts, such as ZnO-
NPs, Fe3O4 MNPs, Et3N, SiO2-NPs, Fe3O4/SiO2, 
Fe3O4/MWCNT, and Ag/Fe3O4@MWCNTs MNCs. The 
results, which are displayed in Table 1, show that the 
most effective catalyst for completing the model 
reaction is Ag/Fe3O4@MWCNTs MNCs (0.02 g). 0.02 
g of catalyst was sufficient to make 6a with a good yield 
(entry 10, Table 1). A rise in catalyst concentrations 
above 0.02 g did not yield any appreciable change in 
product yield. 
One of the best ways to separate catalyst quickly is to 
magnetize the catalyst with Fe3O4 that has been taken 
out of the reaction mixture and placed on an external 
magnet. Another essential component for conducting 
reactions and obtaining high product yields is a solvent. 
Table 2 indicates that the optimal solvent for conducting 
the sample reaction is water. 
When using nanocatalysts, the catalyst's capacity to be 
recycled is essential. As a result, the nanocatalyst was 
separated, cleaned, and dried at the end of the reaction 
in order to employ it in another reaction that was exactly



Chem Rev Lett 7 (2024) 222-240 
 

227 
 

 
Table 1. The synthesis of pyrimidothiazines 6a 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 

Table 2. Determination the best solvent in creation of 6a 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3. Reusability of nanocatalyst for synthesis of pyrimidothiazines 6a 

Run % 
Yielda 

1 97 
2 97 
3 92 
4 90 
5 85 

 
the same. In this investigation, the catalyst was used 
four times to prepare pyrimidothiazines 6a. Table 3's 
results suggest that there would be no loss of activity 
after using the catalyst four times. 
Following product purification, 1H NMR, 13C NMR, IR, 
and mass spectroscopy were used to determine the 
structural characteristics of the produced 
pyrimidothiazines and pyrimidooxazines 6. Given that 

all synthetic compounds have comparable functional 
groups, the structure of compound 6a was examined in 
this section as an example. One singlet at 1.38 ppm for 
methyl protons, three singlets at 2.40, 3.63, and 3.73 
ppm for one methyl and two methoxy protons, and one 
singlet at 10.25 ppm for NH proton with signals for 
aromatic moiety can all be found in the 1H NMR 
spectra of compound 6a. Three signals for the carbonyl 
group were visible in the 13C NMR spectra of 

Entry Catalyst Temp.(°C) Catalyst (g) Time (h) Yield%a 
1 none r.t. - 12 - 
2 none 80 - 8 - 
3 none 90 - 8 - 
4 Fe3O4 r.t. 0.01 6 48 
5 Ag/Fe3O4 r.t. 0.01 5 56 
6 ZnO-NPs r.t. 0.015 3 45 
7 SiO2-NPs r.t. 0.02 3 52 
8 Fe3O4/SiO2 r.t. 0.02 3 65 
9 Ag/Fe3O4@MWCNTs r.t. 0.02 3 97 

10 Ag/Fe3O4@MWCNTs r.t. 0.025 3 97 
11 Et3N r.t. 0.02 6 40 
12 MWCNTs r.t. 0.02 8 32 
13 Ag r.t. 0.02 5 58 
14 Fe3O4/MWCNT NPs r.t. 0.02 3 52 

Entry Solvent Time 
(h) 

Yield%
a 

1 EtOH 15 None 
2 CH2Cl2 8 58 
3 CHCl3 5 62 
4 H2O 3 97 
5 Solvent-free 8 48 
6 DMF 12 ---- 
7 toluene 12 74 



Chem Rev Lett 7 (2024) 222-240 
 

228 
 

compound 6a at 168.7, 167.7, and 161.5 ppm. 
Additionally, compound 6a's IR spectra was provided in 
order to establish the presence of carbonyl groups in the 
compound's composition. All phases of the production 
of pyrimidothiazines and pyrimidooxazines 6 were not 
described or provided with any information; 
nevertheless, Scheme 2 provides an explanation of the 
suggested mechanism of these reactions. Aldehyde 1 
first reacts with thiourea or urea 2 in the presence of a 
nanocatalyst, generating intermediate 7 through the 
elimination of water. At room temperature, in the 
presence of Ag/Fe3O4/SiO2@MWCNTs MNCs, ethyl 
acetoacetate 3 reacts with intermediate 7, resulting in 
the production of intermediate 10 through 
intermolecular cyclization. Activated acetylenic esters 4 
and isocyanide 5 react together for production of 
intermediate 11 which in the presence of catalyst react 
with intermediate 10 and by intermolecular cyclization 
prepared compounds 6. 

 
These reactions need the use of nanocatalysts and 
cannot be carried out without a catalyst. 
Ag/Fe3O4/SiO2@MWCNTs MNCs were supplied 
thanks to the use of Petasites hybridus rhizome water 
extract, and scanning electron microscopy (SEM) was 
used to check the structure of the constructed catalyst. 
We used the image to look into and verify the skeleton 
of the organometallic nanocomposite. SEM analysis can 
be used to investigate particle volume, surface 
homogeny, and morphology. Magnetic nanocomposites 
made of Ag/Fe3O4/SiO2@MWCNTs MNCs are shown 
in Figure 1 using SEM images. 
Ag/Fe3O4/SiO2@MWCNTs MNCs have a spherical 
configuration with the nanoparticles arranged next to 
one another in good order, according to the FE-SEM 
pictures.  
 

 
Scheme 2. The process for the preparation of 6 
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Fig. 1. The scanning electron microscopy image of Ag/Fe3O4/SiO2@MWCNTs MNCs  

 

 
Fig. 2. X-ray diffraction spectra of Ag/Fe3O4/SiO2@MWCNTs MNCs  

 
 
Figure 2 displays the XRD analysis of the 
Ag/Fe3O4/SiO2@MWCNTs MNCs. The diffraction 
peaks at 2 = 35.0°, 44.0°, 57.2°, and 63.0° in the XRD 
pattern for the synthesized Ag/Fe3O4/SiO2@MWCNTs 
MNCs (Figure 2) suggest the presence of Fe3O4 MNPs 
(JCPDS No. 19-629). The face-centered cubic lattice of 
metallic Ag (JCPDS file no. 04-0783) has peaks at 
2=38.3 and 46.2° planes that can suggest the presence of 
Ag NPs in the composites. The characteristic peak of 
MWNTs (JCPDS No. 41-1487) was detected as a broad 
crystalline peak of MWNTs between 26.0o and 43.5o. 
The average crystallite size of the 
Ag/Fe3O4/SiO2@MWCNTs MNCs was approximately 
estimated 33.4 nm by Debye-Scherrer equation. 
 

 
Figure 3. TEM image of the 
Ag/Fe3O4/SiO2@MWCNTs 
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The samples were examined by TEM, as shown in 
Figure 3, to further study the morphology of the 
Ag/Fe3O4/SiO2@MWCNTs MNCs.  
Ag/Fe3O4/SiO2@MWCNTs' elemental composition was 
examined using the Energy Dispersive X-ray 
Spectroscopy (EDS) spectrum. 
Ag/Fe3O4/SiO2@MWCNTs was shown to include 
oxygen, C, Si, Ag, and Fe (Figure 4). 
 

 
Figure 4. EDX image of Ag/Fe3O4/SiO2@MWCNTs 

 
The saturation magnetization (Ms) values of pure Fe3O4 
MNPs and magnetic Ag/Fe3O4/SiO2@MWCNT MNPs 
are displayed in Figure 5. Each sample showed 
characteristic superparamagnetic properties, with very 
little coercivity and remanence. The Ms of the 
Ag/Fe3O4/SiO2@MWCNT (19.3 emu/g) is suppressed 
when compared to the pure Fe3O4 NPs (52.3 emu/g), as 
Figure 5 illustrates.  
 

 
Figure 5. VSM analysis of the green 

Ag/Fe3O4/SiO2@MWCNTs 
 

Antioxidant ability Consideration of synthesized 
pyrimidothiazines and pyrimidooxazines by DPPH  

Because synthetic molecules have a significant nucleus 
and NH group, the pyrimidothiazines and 
pyrimidooxazines produced may have antioxidant 
properties. DPPH was employed as a radical to 
demonstrate that this objective was accomplished. By 
using hydrogen or electron capture by free radical of 
DPPH, the experiment of trapping this radical is 
employed to ascertain the biological qualities of 
pyrimidothiazines and pyrimidooxazines, food, and 
biological structures. [56, 57] In the present investigation, 
it would validate the antioxidant property of the 
produced pyrimidothiazines and pyrimidooxazines 6a–
6d if the hydrogen or electron was taken up by DPPH 
free radical. Furthermore, there is a clear correlation 
between the percentage of produced compounds that 
have hydrogen or electrons adsorbed by DPPH free 
radicals and the level of antioxidant activity of such 
compounds. The DPPH radical adsorbed the electron or 
hydrogen from pyrimidothiazines and pyrimidooxazines 
6a–6d, confirming their antioxidant properties and 
causing the absorbace of DPPH to drop to 517 nm. 
Now, BHT and TBHQ, two common antioxidants with 
varying concentrations, were used to compare the 
antioxidant properties of pyrimidothiazines and 
pyrimidooxazines derivatives 6a–6d. On the whole, the 
order of antioxidant ability of pyrimidothiazines and 
pyrimidooxazines derivatives 6a-6d was attained as 
TBHQ≈BHT >6c > 6a > 6b > 6d (Figure 6). 
 
Determination of antioxidant ability of 
pyrimidothiazines and pyrimidooxazines via Fe3+ 
reducing procedure 
The order of the reduced ferric ions Fe3+/ferricyanide 
and Fe2+/ferrous at 700 nm was determined by the 
antioxidant activity of the produced pyrimidothiazines 
and pyrimidooxazines 6a–6d (Figure 7). Among the 
pyrimidothiazines and pyrimidooxazines tested, 
compound 6c shown good reducing ability. As a result, 
pyrimidothiazines and pyrimidooxazines' potential to 
reduce emerged in the following order: 6c>6a>6b>6d, 
TBHQ>BHT>. 
 
Antibacterial activity evaluation of synthesized 
pyrimidothiazines and pyrimidooxazines 
Synthesized pyrimidothiazines and pyrimidooxazines 
were compared to the antibiotics streptomycin and 
gentamicin for their antimicrobial activity. Table 4 
shows the outcomes of this experiment. Two important 
and effective factors on the diameter of the inhibitory 
zone are the type of bacteria and the concentration of 
pyrimidothiazines and pyrimidooxazines. The 
pyrimidine-2,3-dicarboxylates 6 have the greatest effect 
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on Escherichia coli when compared to Gram positive 
and negative bacteria because they have a good diameter 
of inhibitory zone. 
 
Molecular geometry 
The atoms of the optimized pyrimidothiazines and 
pyrimidooxazines are numbered and shown in Figure 8, 
and Table 5 lists the energy of the optimized structures 
for these compounds. The optimization of all 

parameters, including bond lengths and bond angles, 
was done using the DFT approach. The bond lengths of 
C-H bonds in these four created compounds are 
computed to be 1.9 in the current study. The bond 
lengths of N-H bonds and the C-N bond length for four 
states are measured to be 1.02 and 1.30-1.34, 
respectively. Because the hybridized state of C4-N5 is 
sp, it has a significantly shorter bond length than other 
C-N bonds. The C21=O23, C8=O20, C14=O33 bond lengths  

 

 
 

Fig. 6. Antioxidant activity of 6a-6d compared with standards 
 

 
Fig. 7. The order of reducing capability of 6a-6d 

 
Table 4. Investigating the antibacterial activity of the synthesized pyrimidothiazines and pyrimidooxazines 6 
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6a 18 21 23 17 
6b 18 21 22 18 
6c 6 9 10 10 
6d 17 18 22 18 
6e 7 9 8 7 
6f 19 22 20 19 
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are calculated as 1.20-1.23 Å. The Sp3 hybridized 
carbon atom bonded with C2 (sp2) – C1 (sp3), C7 (sp2) – 
C1 (sp3), C3 (sp2) – C9 (sp3) atoms, shows their bond 
lengths 1.50 Å and 1.52 Å respectively. The bond length 
of C2 (sp2) – C8 (sp2), C14 (sp2) – C11 (sp2) are 1.45 Å, 
which is slightly lower value, which shows its double 
bond character. 
 

 
Fig. 8. The optimized molecular structure 6a 

 
Mulliken atomic charges 
The atomic electron charge on a molecule is a key 
element in determining the strength of a molecule's 
bonds, and the Mulliken process was used to calculate 
the atomic charges.[58] It should be emphasized that the 
net atomic charge in the molecule represents the 
distribution of electron densities on the molecule. Table 
5 and Figure 9 findings from the Mulliken atomic 
charge distribution demonstrate the positive or negative 
values of the Mulliken atomic charges on carbon atoms. 
In the sample optimized compound 6a-6d as donor 
atoms, all hydrogen atoms have a net positive charge, 
whereas all oxygen and nitrogen atoms have a net 
negative charge. The effects of this highly 
electronegative atom are shown in Table 5. 
 

Table 5. Mulliken atomic charges 

 
HOMO-LUMO study and Global reactivity 
parameters 
HOMO and LUMO are two additional crucial factors in 
quantum chemistry. In Figure 10, the positive and 
negative stages are represented by red and green colors, 
respectively, and these molecular orbitals provide 
information about the reactivity, physical, and structural 
features of molecules. The energy gap, which 
establishes the distinction between the HOMO and 
LUMO energies, provides information regarding the 
reactivity and kinetic stability of certain molecules 6a–
6d.[59] According to the molecular orbital theory used to 
determine the HOMO, LUMO energies and illustrate 
the energy gap in Table 6, the LP-LP and LP-bond pair 
type interactions are prevalent in the 6a-6d. Figure 10 
shows the HOMO and LUMO orbital figures together 
with their energies. While HOMO orbitals usually rest 
on phenyl groups, LUMO orbitals have a high density 
on carbonyl groups but are typically located near to the 
phenyl ring. 
For 6a–6d, the global chemical reactivity descriptors 
based on density functional theory were computed and 
are displayed in Table 7. As 6b chemical potential (µ) 
values are higher than those of 6a, 6c, and 6d, it can be 
inferred that 6b increased reactivity. Compounds 6a, 6c, 
and 6d showed increases in both chemical hardness and 
electrophilicity, whereas compound 6b both showed 
decreases. Global chemical reactivity descriptors 
conducted a thoughtful analysis of the relationship 
between 6a-6d structure, stability, and global chemical 
reactivity. The molecule is more chemically reactive, 
highly polarizable, and chemically soft (S) as indicated 
by the tiny values of η. The electron desirable of the 
molecule in its ground state was illustrated using the 
chemical potential (μ) computation. High quantities of 
chemical potential suggested that the molecule is more 
reactive and has limited stability.[60] An additional 
component is the global electrophilicity index (ω), 
which is employed in the computation of a molecule's 
energy stabilization in the event that an external 
electronic charge is acquired.Table 7 displays the 
antioxidant ability of compounds 6a-6d. It indicates that 
compound 6b has a high level of reactivity, and the 
compounds' order of antioxidant ability is 
6b>6d>6c>6a. 

6g 9 9 10 8 
6h 18 19 22 18 

Streptomycin 21 23 23 22 
Gentamicin 
 

20 24 22 20 

 
Mulliken 

6a 6b 6c 6d 
C1 -

0.14088
-

0.13937
-

0.14987
-

0.03666C5 0.30625
9 

0.30577
6 

0.33381
1 

0.28588
6 C10 -

0.22411 
-

0.23774 
-

0.11534 
-

0.04344 C11 0.02828
5 

0.12651
7 

-
0.13937 

-
0.02712 C12 0.11417

4 
0.04049

3 
0.07746

6 
0.08687

0 



Chem Rev Lett 7 (2024) 222-240 
 

233 
 

 
Molecular electrostatic potential surface 
The molecular electrostatic potential is a highly useful 
tool for visualizing the general size, shape, and polarity 
of molecules as well as for locating electrophiles and 
nucleophiles.[61] The different intensity values 

determined by the molecular electrostatic potential 
(MEP) approach are displayed in a color spectrum for 
simpler comprehension of the electrostatic potential 
energy data. It is important to note that the link between 
potential growth and the color spectrum is as follows: 
orange (most negative), yellow (most 

 

 
Fig. 9. The supply of Mulliken atomic charge for 6a-6d  

 
Table 6. Energies, band gap, dipole moment (Debye), and electronegativity 

Compou
nds 

Energy(e
V) 

(eVLUMOE
) 

(eVHOMOE
)  

Eg (eV) Gap(Ev) D(Debye
) 

χ 

6a -54018.69 -0.04913 -0.20262 0.15349 4.18 0.79 3.43 

6b -
57166.448 

-0.04033 -0.18962 0.14929 4.06 2.66 3.13 

6c -
48887.217 

-0.0488 -0.20169 0.15289 4.16 1.92 3.41 

6d -
45809.802 

-0.04765 -0.20144 0.15379 4.18 5.43 3.39 
 
neutral), green (most neutral), and blue (most positive). 
The locations of molecules that are vulnerable to 
electrophilic and nucleophilic assault were predicted 
using MEP. The electrostatic potential surface of the 
compounds 6a-d can be found in Figure 11 where the 
color of the selected compounds 6a-d falls in the scope 
of −0.116e−2 to +0.116e−2. Red and blue colors in the 
MEP structure are contributed to region with higher 
amounts of electron and low amount of electron, 
respectively. The nitrogen atoms of compounds 6a–6d 
have less negative potential than the other 
electronegative atoms, however the regions with 
negative potential in the MEP are located on the oxygen 
and nitrogen as electronegative atoms. Therefore, the 

potential locations with more positive electrostatic and 
negative electronegative charges are more satisfying for 
the compounds' suitability for nucleophilic and 
electrophilic performance. 
 
Vibrational assignments 
Compounds 6a-6d has 62–72 atoms in total, and 180–
210 fundamental modes of vibration. This research of 
the experimental FTIR spectrum was another area of 
concentration. The 6-311++G** basis set was used in 
the DFT/B3LYP approach to calculate the frequencies. 
An experimental factor of 0.9613 was used to scale the 
computed vibrational frequencies [58]. 
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Fig. 10. Plot HOMO and LUMO orbital for compounds 6a-d 

 
Table 7. The outcomes of molecular parameters 

 
 
 
 
 
 
 

 
Fig. 11. The electrostatic potential surface of the compounds 6a-6d 

Compounds     S   I A 
6a -3.425 2.088 0.479 11.236 4.18 5.51 
6b -3.129 2.031 0.492 9.638 4.06 5.16 
6c -3.408 2.080 0.481 11.168 4.16 5.49 
6d -3.389 2.092 0.478 10.979 4.18 5.48 
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These categories' infrared stretching frequencies altered 
in the same order, with C-N being 1280 cm-1 and C=N 
(cyanide) being 1642 cm-1. In the practical technique, 
the stretching frequency of the carbonyl group emerged 
at 1767-1779 cm-1, but in the theoretical manner, it was 
observed at 1657-1760 cm-1. The stretching frequency 
of aromatic C=C was found to be near together, at 1664 
cm-1 in the experimental technique and 1642-1646 in the 
theoretical method. 
 
Natural bond orbital analyses 
Natural bond orbital (NBO) showed the hybridization of 
atomic lone-pairs and bonding orbital atoms. 
Additionally, this process was used to estimate the 
energy of molecules with the same geometry without 
the need for electronic delocalization. Moreover, it is 
believed that the E Lewis only applies to electrostatic 
and static interactions. At high E2 stabilization energies, 
NBO analysis shows that the only major allowed 

intermolecular contacts between donor-acceptor 
electrons are LP-σ* type, whereas at low E2 values, σ-
σ* type interactions are presented. On the other hand, 
the compounds 6a-6d show no interactions between the 
π-π* orbitals. The E2

ij of compounds 6a-6d as second 
order energy values was compared between donors 
Lewis-type NBOs and acceptors non-Lewis NBOs and 
the outcomes are given in Table 8. The energy 
interaction between σ type bonding orbitals is signified 
as (BD), lone pair atoms as (LP), the σ* type 
antibonding orbitals as (BD*) and LP* as E (2). This 
result displayed intramolecular charge transfer in 
compounds 6a-6d where compound 6d is more than 6a, 
6b and 6c. The energy contribution for the (C–C) with 
(C–C) in compounds 6a-6d is 20.28-30.23 kcal/mol, N 
with N-C bond is 44.09-70.03 kcal/mol and O with C-O 
is 35.01-50.19 kcal/mol where the interaction of N with 
N-C was shown as the largest amount of energy. 

 
Table 8. The NBO analysis of compounds 6a-d 

Compounds Donor(i) Type Acceptor(j) Type E(2) kcal/mol 

6a 

C- C σ C - C π* 20.28 
N LP N - C π* 44.09 
O LP C - O π* 47.56 
S LP C - O π* 24.20 

6b 

C- C π* C - C π* 21.88 
N LP N - C π* 52.89 
O LP C - O π* 47.01 
S LP C - O π* 20.35 

6c 

C- C σ C - C π* 21.01 
N LP N - C π* 61.56 
O LP C - O π* 50.19 
S LP C - O π* 21.15 

6d 

C- C π* C - C π* 30.23 
N LP N - C π* 70.03 
O LP C - O π* 35.01 
S LP C - O π* 43.14 

 
 
Conclusion 
To sum up, this study examined the green and 
environmentally friendly MCRs of aldehydes, ethyl 
acetoacetate, urea, or thiourea, electron-deficient 
acetylenic compounds, tert-butyl isocyanide, and 
catalytic amounts of Ag/Fe3O4/SiO2@MWCNTs MNCs 
as effective catalysts in water at room temperature. The 
results showed that the MNCs produced new derivatives 

of pyrimidothiazines and pyrimidooxazines with 
acceptable yields. This investigation also examined the 
synthesised pyrimidothiazines and pyrimidooxazines 
6a–6d antioxidant activity using two procedures: FRAP 
and DPPH radical catching, which demonstrated that 
these compounds had good activity in comparison to 
conventional antioxidants. Furthermore, we applied the 
disk diffusion technique to demonstrate the antibacterial 
activity of synthesized pyrimidothiazines and 
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pyrimidooxazines against two types of Gram positive 
and Gram negative bacteria. The outcomes 
demonstrated that pyrimidothiazines and 
pyrimidooxazines that were created could stop the 
growth of bacteria. Among the advantages of these 
reactions are their high atom economy, high yield 
product generation, low catalyst quantity, and 
straightforward reaction. 
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