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Abstract— A convenient protocol for the synthesis of oxoazetidinyl-phenothiazinone derivatives has been initiated with the
reaction of resorcinol and acetoacetic ester to yield coumarin. In another reaction, Schiff bases were prepared by the
condensation of substituted-salicylaldehyde with benzidine and substituted-salicylaldehyde with benzene-1,4-diamine,
subsequently cyclized with chloroacetyl chloride to form p-lactam-amine. Further, the amine reacted with coumarin in the
presence of ZnCl, to form prefinal derivatives. The interaction of biphenylyl-azetidin-2-one or phenyl-azetidin-2-one with
sulphur powder and iodine afforded the final phenothiazinone derivatives. The structures of the synthesized derivatives were
determined by elemental analysis, UV-visible, FT-IR, *H-NMR, and mass spectra. The obtained derivatives exhibited
excellent to moderate antimicrobial activity.

Keywords— Phenothiazinone, acetoacetic ester, coumarin, benzidine, benzene-1,4-diamine, salicylaldehyde.

l. INTRODUCTION

Phenothiazines are of major significance in heterocyclic chemistry. They comprise a tricyclic system which is constituted by
two benzene rings and an internal ring containing sulphur and nitrogen [1]. They were primarily employed as dyes in the
textile industry during the 19th century, but with new evidence they have been shown to possess excellent antipsychotic
properties and are employed in the treatment of schizophrenia and other conditions. Their medicinal importance started
becoming evident during the 20th century when methylene blue, a common dye, was found to be an efficient antimalarial and
antiseptic drug [1-4]. Phenothiazine's general molecular formula is Ci2HoNS and contains N and S atoms in the center. The
presence of such configuration renders them highly reactive and amenable for further alterations [5]. The presence of these
moieties impacts their electronic nature, lipophilicity, and planar geometry in such a way that it facilitates their
binding/attachment to numerous biological target sites [6]. The central nitrogen atom is a significant target site for numerous
acetylations, alkylations, or condensations with aldehydes, which inadvertently affects binding affinity to dopamine D:
receptors, histamine Hi receptors, and various other CNS-related targets and is pivotal in the development of antipsychotics,
antihistamines, and antiemetics [7-10]. Besides this, it has great significance in blood-brain barrier penetration, thereby
improving its utilization in medication of CNS-related diseases [11].

B-Lactams comprise a four-membered cyclic amide where the nitrogen atom is attached to the B-carbon relative to the
carbonyl group and hence are also known as azetidinones [12-15]. These are quite famous among medicinal chemists. These
molecules are among the base scaffolds of many useful antibiotics such as penicillins, cephalosporins, carumonam,
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aztreonam, thienamycin, and nocardicins [16-19]. The first B-lactam was synthesized in 1907 by Staudinger, but it was only
after 1943 that research on these molecules gained momentum as more of the compounds showed intense biological activities
such as antibacterial, antifungal, antiviral, anticancer, anti-inflammatory, anticonvulsant, hypotensive, hypnotic,
antitubercular, and vital against combating many serious diseases [20-23].

Since the discovery of the coumarin molecule in 1820, it has gained an exclusive place in heterocyclic medicinal chemistry.
It is basically 2H-1-benzopyran-2-one [24-27]. It displays a wide spectrum of biological activities such as platelet
aggregation inhibition, anticonvulsant, antiviral, anticoagulant, antifungal, anti-HIV, anticarcinogenic, antihistaminic, and
antitubercular [28-30]. Coumarin synthesis can be achieved through various chemical reactions such as Pechmann, Perkin,
Knoevenagel, and Reformatsky. Among all these, Pechmann condensation is the most frequent method adopted for the
synthesis of coumarin [31].

CHj;
M + N
[
HaC OC3Hs HO OH
HO (@) o

N\

SCHEME-1
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1. EXPERIMENTAL METHODOLOGY

The melting points of all synthesized -lactam-phenothiazinone derivatives were examined by the open capillary method [32-
34]. The purity and progress were determined by using precoated TLC plates (Merck, 60F-254) in an iodine chamber to
develop the slides, with eluent hexane/ethyl acetate (5:2) [35-38]. The *H NMR spectra were recorded in CDCls and DMSO
on a Bruker NMR spectrophotometer at 400 MHz. Tetramethylsilane was taken as the internal standard and chemical shift
values (8) are given in parts per million (ppm). A Jasco FT-IR-470 spectrophotometer (KBr) with diffuse reflectance method
was used for recording FT-IR spectra. MS-JEOL SX102 mass spectroscopy was used for recording mass spectra using
Argon/Xenon (6 kV, 10 mA) as the FAB gas and m-nitrobenzyl alcohol as the matrix. UV spectra of the samples were
carried out on a double beam UV-visible spectrophotometer.

2.1 Synthesis of 7-hydroxy-4-methyl-2H-chromen-2-one (1):

Equimolar quantities of resorcinol (0.1 mole) and ethyl acetoacetate with 70% sulphuric acid (30 mL) were heated carefully
for 0.5 hour. The resulting dark green solution was cooled and poured over crushed ice. The crude product was filtered off,
washed repeatedly with water, and dried at 100°C. The anhydrous coumarin thus obtained was insoluble in methanol but was
recrystallized with difficulty from benzene as pale yellow needle-like crystals. Chemical Formula: CioHsOs; Molecular
Weight: 176; Yield 75%; m.p. 185-186°C.

2.1.1  Synthesis of (E)-2-(((4-aminophenyl)imino)methyl)-6-substituted-phenol (2a-f)

Equimolar amounts of reactants (substituted-salicylaldehyde and benzene-1,4-diamine) were taken in 25 mL ethanol and
refluxed on a heating mantle for 5-6 hours with 1 mL glacial acetic acid. After being rinsed with cold water, the resulting
products were recrystallized in ethanol. The characterization values are given below:

2a. (E)-2-(((4-Aminophenyl)imino)methyl)-6-fluorophenol:

Chemical Formula: Ci:HiiFN20; Molecular Weight: 230; Yield: 58%; m.p. 102°C; Elemental Analysis calcd: C,
67.82; F, 8.25; N, 12.17. Found: C, 67.80; F, 8.21; N, 12.12. IR (KBr) v_max (cm™): 740 (C-F), 3341 (N-H), 3034
(CH, aromatic), 1422 (C=N), 1572 (C=C skeletal).

2b. (E)-2-(((4-Aminophenyl)imino)methyl)-6-bromophenol:

Chemical Formula: CisHiiBrN20O; Molecular Weight: 291; Yield: 52%; m.p. 86°C; Elemental Analysis calcd: C,
53.63; Br, 27.44; N, 9.62. Found: C, 53.60; Br, 27.40; N, 9.58. IR (KBr) v_max (cm™): 810 (C-Br), 3338 (N-H),
3036 (CH, aromatic), 1424 (C=N), 1570 (C=C skeletal).

2¢. (E)-2-(((4-Aminophenyl)imino)methyl)-6-chlorophenol:

Chemical Formula: CisHiiCIN20O; Molecular Weight: 247; Yield: 57%; m.p. 93-94°C; Elemental Analysis calcd: C,
63.29; Cl, 14.37; N, 11.36. Found: C, 63.26; Cl, 14.34; N, 11.32. IR (KBr) v_max (cm™): 690 (C-ClI), 3330 (N-H),
3040 (CH, aromatic), 1430 (C=N), 1575 (C=C skeletal).

2d. (E)-2-(((4-Aminophenyl)imino)methyl)-6-nitrophenol:

Chemical Formula: Ci1:H1:1N3Os; Molecular Weight: 257; Yield: 61%; m.p. 105-106°C; Elemental Analysis calcd: C,
60.70; N, 16.33. Found: C, 60.66; N, 16.30. IR (KBr) v._max (cm™): 1560 (N=0 str. asym, nitro-benzene), 1285
(N=O str., sym, nitro-benzene), 3340 (N-H), 3038 (CH, aromatic), 1430 (C=N), 1578 (C=C skeletal).

2e. (E)-2-(((4-Aminophenyl)imino)methyl)-4-methoxyphenol:

Chemical Formula: CisH1sN202; Molecular Weight: 242; Yield: 65%; m.p. 98-99°C; Elemental Analysis calcd: C,
69.41; N, 11.56. Found: C, 69.38; N, 11.53. IR (KBr) v_max (cm™): 1177 (O-C, OCHs), 3330 (N-H), 3040 (CH,
aromatic), 1425 (C=N), 1575 (C=C skeletal).

2f. (E)-2-(((4-Aminophenyl)imino)methyl)-4-methylphenol:

Chemical Formula: C1sH1sN20; Molecular Weight: 226; Yield: 70%; m.p. 108-109°C; Elemental Analysis calcd: C,
74.31; N, 12.38. Found: C, 74.28; N, 12.35. IR (KBr) v_max (cm™): 2975 (p-CHs-phenyl), 3335 (N-H), 3038 (CH,
aromatic), 1432 (C=N), 1575 (C=C skeletal).
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2.1.2  Synthesis of (E)-2-(((4"-amino-[1,1'-biphenyl]-4-yl)imino)methyl)-substituted-phenol (3a-f)

Equimolar concentrations of reactants (substituted-salicylaldehyde and benzidine) were taken in 25 mL ethanol and refluxed
on a heating mantle for 5-6 hours with 1 mL glacial acetic acid. After being rinsed with cold water, the resulting products
were recrystallized in ethanol. The characterization values are given below:

3a. (E)-2-(((4'-Amino-[1,1'-biphenyl]-4-yl)imino)methyl)-6-fluorophenol:
Chemical Formula: CioH1sFN20O; Molecular Weight: 306; Yield: 62%; m.p. 103-104°C; Elemental Analysis calcd:

C, 74.50; F, 6.20; N, 9.14. Found: C, 74.47; F, 6.15; N, 9.12. IR (KBr) v_max (cm™): 680 (C-F), 3355 (N-H), 3044
(CH, aromatic), 1433 (C=N), 1580 (C=C skeletal).

3b. (E)-2-(((4'-Amino-[1,1'-biphenyl]-4-yl)imino)methyl)-6-bromophenol:
Chemical Formula: C1sH1sBrN20; Molecular Weight: 367; Yield: 54%; m.p. 95-96°C; Elemental Analysis calcd: C,

62.14; Br, 21.76; N, 7.63. Found: C, 62.11; Br, 21.72; N, 7.60. IR (KBr) v_max (cm™): 710 (C-Br), 3355 (N-H),
3054 (CH, aromatic), 1440 (C=N), 1570 (C=C skeletal).

3c. (E)-2-(((4'-Amino-[1,1'-biphenyl]-4-yl)imino)methyl)-6-chlorophenol:
Chemical Formula: C1oH1sCIN2O; Molecular Weight: 323; Yield: 63%; m.p. 87-88°C; Elemental Analysis calcd: C,

70.70; CI, 10.98; N, 8.68. Found: C, 70.67; Cl, 10.95; N, 8.64. IR (KBr) v_max (cm™): 680 (C-Cl), 3335 (N-H),
3038 (CH, aromatic), 1432 (C=N), 1572 (C=C skeletal).

3d. (E)-2-(((4'-Amino-[1,1'-biphenyl]-4-yl)imino)methyl)-6-nitrophenol:

Chemical Formula: C1oH1sN3Os; Molecular Weight: 333; Yield: 48%; m.p. 105-106°C; Elemental Analysis calcd: C,
68.46; N, 12.61. Found: C, 68.41; N, 12.58. IR (KBr) v._max (cm™): 1555 (N=0O str. asym, nitro-benzene), 1272
(N=O str., sym, nitro-benzene), 3345 (N-H), 3031 (CH, aromatic), 1436 (C=N), 1580 (C=C skeletal).

3e. (E)-2-(((4'-Amino-[1,1'-biphenyl]-4-yl)imino)methyl)-4-methoxyphenol:
Chemical Formula: C20H1sN202; Molecular Weight: 318; Yield: 55%; m.p. 103-104°C; Elemental Analysis calcd: C,

75.45; N, 8.80. Found: C, 75.43; N, 8.77. IR (KBr) v_max (cm™): 1170 (O-C, OCHs), 3335 (N-H), 3042 (CH,
aromatic), 1430 (C=N), 1584 (C=C skeletal).

3f. (E)-2-(((4'-Amino-[1,1'-biphenyl]-4-yl)imino)methyl)-4-methylphenol:
Chemical Formula: C20H1sN2O; Molecular Weight: 302; Yield: 75%; m.p. 85-86°C; Elemental Analysis calcd: C,
79.44; N, 9.26. Found: C, 79.40; N, 9.23. IR (KBr) v_max (cm™): 2970 (p-CHs-phenyl), 3332 (N-H), 3040 (CH,
aromatic), 1436 (C=N), 1572 (C=C skeletal).

2.1.3  Synthesis of 1-(4-aminophenyl)-3-chloro-4-(substituted-2-hydroxyphenyl)-azetidin-2-one (4a-f)

Equimolar quantities (0.02 mole) of (E)-2-(((4-aminophenyl)imino)methyl)-6-substituted-phenol (2a-f) in 25 mL dioxane
were added to chloroacetyl chloride and triethylamine at 0°C with continuous stirring and kept for three hours at room
temperature, then refluxed on a heating mantle for 8-9 hours. After cooling, the reaction mixture was poured into crushed ice
and recrystallized in ethanol. The characterization data are as follows:

4a. 1-(4-Aminophenyl)-3-chloro-4-(3-fluoro-2-hydroxyphenyl)-azetidin-2-one:

Chemical Formula: CisHi.CIFN202; Molecular Weight: 307; Yield: 70%; m.p. 88-89°C; Elemental Analysis calcd:
C, 58.74; Cl, 11.56; F, 6.19; N, 9.13. Found: C, 58.72; Cl, 11.52; F, 6.15; N, 9.11. IR (KBr) v_max (cm™): 3072
(CH, aromatic), 1020 (C-N), 1650 (Amide), 970 (C-C1), 1585 (C=C), 3375 (phenol). '"H NMR (CDCls, 400 MHz, §,
ppm): 6.82-7.89 (m, 8H, aromatic), 4.81 (s, 1H, -OH), 6.8 (s, 1H, NHz, D-O exchangeable), 4.12 (d, 1H, J=4.8 Hz,
B-lactam C3-H), 4.98 (d, 1H, J=4.8 Hz, B-lactam C4-H). [Note: -lactam protons appear as doublets, not singlets]

4b. 1-(4-Aminophenyl)-4-(3-bromo-2-hydroxyphenyl)-3-chloroazetidin-2-one:

Chemical Formula: CisHi2BrCIN202; Molecular Weight: 368; Yield: 60%; m.p. 101-102°C; Elemental Analysis
calcd: C, 49.01; Br, 21.74; Cl, 9.64; N, 7.62. Found: C, 48.98; Br, 21.70; Cl, 9.60; N, 7.59. IR (KBr) v_max (cm™):
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3068 (CH, aromatic), 1025 (C-N), 1652 (Amide), 977 (C-Cl), 1580 (C=C), 3378 (phenol). 'H NMR (CDCls, 400
MHz, 8, ppm): 6.80-7.83 (m, 8H, aromatic), 4.75 (s, 1H, -OH), 6.6 (s, 1H, NHz, DO exchangeable), 4.10 (d, 1H,
J=4.8 Hz, B-lactam C3-H), 4.95 (d, 1H, J=4.8 Hz, B-lactam C4-H).

4c. 1-(4-aminophenyl)-3-chloro-4-(3-chloro-2-hydroxyphenyl)-azetidin-2-one:

Chemical Formula: : C15H12CI2N20O5; Molecular Weight: 323; Yield: 60%; m.p. 101-102°C; Elemental Analysis: C,
55.75; Cl, 21.94; N, 8.67 found: C, 55.71; Cl, 21.90; N, 8.63; Infrared-vmax per cm-KBr: 3055(CH, Aromatic),
1030(C-N), 1652(Amide), 975(C-Cl),1588(C=C), 3376(phenol), 1H NMR: 6.84-7.87(m, 8H, aromatic), 2.4(s, 1H,
lactam ring), 4.76(s, 1H, -OH), 6.4(singlet, 1H, NH>, D,O exchangeable).

4d. 1-(4-aminophenyl)-3-chloro-4-(2-hydroxy-3-nitrophenyl)-azetidin-2-one:

Chemical Formula: C1sH12CIN3O4; Molecular Weight: 334; Yield: 55%; m.p. 115-116°C; Elemental Analysis: C,
53.99; CI, 10.62; N, 12.59 found: C, 53.96; CI, 10.58; N, 12.57; Infrared-vmax per cm-KBr: 3051(CH, Aromatic),
1034(C-N), 1658(Amide), 978(C-Cl),1588(C=C), 3360(phenol); 1H NMR: 6.87-7.83(m, 8H, aromatic), 2.6(s, 1H,
lactam ring), 4.73(s, 1H, -OH), 6.5(singlet, 1H, NH;, D,O exchangeable).

4e. 1-(4-aminophenyl)-3-chloro-4-(2-hydroxy-5-methoxyphenyl)-azetidin-2-one:

Chemical Formula: C16H15CIN2O3; Molecular Weight: 319; Yield: 62%; m.p. 106-107°C; Elemental Analysis: C,
60.29; ClI, 11.12; N, 8.79 found: C, 60.27; Cl, 11.09; N, 8.76; Infrared-vmax per cm-KBr: 3058(CH, Aromatic),
1035(C-N), 1652(Amide), 980(C-Cl),1590(C=C), 3371(phenol); 1H NMR: 6.81-7.89(m, 8H, aromatic), 2.1(s, 1H,
lactam ring), 4.72(s, 1H, -OH), 6.8(singlet, 1H, NH2, D,O exchangeable).

4f. 1-(4-aminophenyl)-3-chloro-4-(2-hydroxy-5-methylphenyl)-azetidin-2-one:

Chemical Formula: C16H1sCIN2O2; Molecular Weight: 303; Yield: 55%; m.p. 104-105°C; Elemental Analysis: C,
63.48; Cl, 11.71; N, 9.25 found: C, 63.44; Cl, 11.68; N, 9.20; Infrared-vmax per cm-KBr: 3060(CH, Aromatic),
1025(C-N), 1650(Amide), 980(C-Cl),1584(C=C), 3371(phenol); 1H NMR: 6.88-7.74(m, 8H, aromatic), 2.1(s, 1H,
lactam ring), 4.73(s, 1H, -OH), 6.2(singlet, 1H, NH>, D,O exchangeable).

Synthesis of 1-(4'-amino-[1,1'-biphenyl]-4-yl)-3-chloro-4-(substituted-2-hydroxyphenyl)-azetidin-2-one (5a-f)

Equimolar quantities (0.02 mole) of (E)-2-(((4'-amino-[1,1'-biphenyl]-4-yl)imino)methyl)-substituted-phenol (3a-f) in 25 mL
dioxane were added to chloroacetyl chloride and triethylamine at 0°C with continuous stirring and kept for three hours at
room temperature, then refluxed on a heating mantle for 13-14 hours. After cooling, the reaction mixture was poured into
crushed ice and recrystallized in ethanol. Characterization data are as follows:

5a. 1-(4'-Amino-[1,1'-biphenyl]-4-yl)-3-chloro-4-(4-fluoro-2-hydroxyphenyl)-azetidin-2-one:

Chemical Formula: C21Hi1sCIFN202; Molecular Weight: 383; Yield: 61%; m.p. 106-107°C; Elemental Analysis
calcd: C, 64.59; Cl, 7.63; F, 4.09; N, 6.03. Found: C, 64.55; Cl, 7.60; F, 4.06; N, 6.01. IR (KBr) v_max (cm™): 3065
(CH, aromatic), 1035 (C-N), 1650 (Amide), 870 (C-Cl), 1580 (C=C), 3382 (phenol). '"H NMR (CDCls, 400 MHz, §,
ppm): 6.81-7.66 (m, 12H, aromatic), 4.85 (s, 1H, -OH), 3.11 (s, 3H, methyl), 4.15 (d, 1H, J=4.8 Hz, p-lactam C3-
H), 5.01 (d, 1H, J=4.8 Hz, B-lactam C4-H).

5b. 1-(4'-amino-[1,1'-biphenyl]-4-yl)-4-(4-bromo-2-hydroxyphenyl)-3-chloroazetidin-2-one:

Chemical Formula: C21H16BrCIN2O2; Molecular Weight: 444; Yield: 55%; m.p. 93-94°C; Elemental Analysis: C,
56.84; Br, 18.01; ClI, 7.99; N, 6.31 found: C, 56.80; Br, 18.00; Cl, 7.99; N, 6.29; Infrared-vma per cm-KBr:
3062(CH, Aromatic), 1038(C-N), 1652 (Amide), 874(C-Cl), 1585(C=C), 2825(-CHs) 3386(phenol); 1H NMR:
6.81-7.63(m, 11H, aromatic), 2.5(s, 1H, lactam ring), 4.82(s, 1H, -OH), 3.12(s, 3H, methyl).

5c. 1-(4'-amino-[1,1'-biphenyl]-4-yl)-3-chloro-4-(3-chloro-2-hydroxyphenyl)-azetidin-2-one:

Chemical Formula: C21H16Ci2N202; Molecular Weight: 399; Yield: 60%; m.p. 103-104°C; Elemental Analysis: C,
63.17; Cl, 17.76; N, 7.02 found: C, 63.15; Cl, 17.72; N, 7.01; Infrared-vmax per cm-KBr: 3060(CH, Aromatic),
1032(C-N), 1651(Amide), 872(C-Cl), 1588 (C=C), 2820 (-CHs) 3387(phenol); 1H NMR: 6.82-7.64(m, 11H,
aromatic), 2.4(s, 1H, lactam ring), 4.81(s, 1H, -OH), 3.14(s, 3H, methyl).
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5d. 1-(4'-amino-[1,1'-biphenyl]-4-yl)-3-chloro-4-(2-hydroxy-3-nitrophenyl)-azetidin-2-one:

Chemical Formula: C21H16CIN3O4; Molecular Weight: 410; Yield: 68%; m.p. 87-88°C; Elemental Analysis: C,
61.55; CI, 8.65; N, 10.25 found: C, 61.50; CI, 8.62; N, 10.21; Infrared-vmax per cm-KBr: 3070(CH,
Aromatic),1028(C-N),1650(Amide), 875(C-Cl),1584 (C=C), 2830(-CHs) 3380(phenol); 1H NMR: 6.80-7.67(m,
11H, aromatic), 2.7(s, 1H, lactam ring), 4.83(s, 1H, -OH), 3.10(s, 3H, methyl).

5e. 1-(4'-amino-[1,1'-biphenyl]-4-yl)-3-chloro-4-(2-hydroxy-5-methoxyphenyl)-azetidin-2-one:

Chemical Formula; C2H19CIN2O3; Molecular Weight: 395; Yield: 58%; m.p. 118-119°C; Elemental Analysis: C,
66.92; Cl, 8.98; N, 7.09 found: C, 66.91; Cl, 8.94; N, 7.06; Infrared-vma per cm-KBr: 3060(CH, Aromatic),
1030(C-N), 1654(Amide), 872(C-Cl), 1585(C=C), 2830(-CHs), 3375(phenol); 1H NMR: 6.86-7.62(m, 11H,
aromatic), 2.1(s, 1H, lactam ring), 4.83(s, 1H, -OH), 3.09 (s, 3H, methyl).

5f. 1-(4'-amino-[1,1'-biphenyl]-4-yl)-3-chloro-4-(2-hydroxy-5-methylphenyl)-azetidin-2-one:

Chemical Formula: CzH19CIN2O2; Molecular Weight: 379; Yield: 55%; m.p. 91-92°C; Elemental Analysis: C,
69.75; Cl, 9.36; N, 7.39 found: C, 69.71; Cl, 9.33; N, 7.35; Infrared-vmax per cm-KBr: 3060(CH, Aromatic),
1032(C-N), 1650(Amide), 874(C-Cl), 1582(C=C), 2820(-CHs), 3386(phenol); 1H NMR: 6.81-7.62(m, 11H,
aromatic), 2.1(s, 1H, lactam ring), 4.82(s, 1H, -OH), 3.13(s, 3H, methyl).

Synthesis of 3-chloro-4-(substituted-2-hydroxyphenyl)-1-(4-((4-methyl-2-oxo-2H-chromen-7-
ylhamino)phenyl)-azetidin-2-one (6a-f)

Equimolar quantities (0.02 mole) of 1-(4-aminophenyl)-3-chloro-4-(substituted-2-hydroxyphenyl)-azetidin-2-one (4a-f) and
7-hydroxy-4-methyl-2H-chromen-2-one (1) were taken in 25 mL ethanol and refluxed on a heating mantle in the presence of
anhydrous ZnCl. for 9-10 hours. The reaction mixture was cooled and filtered, washed with cold water, and recrystallized
from ethanol. Characterization data are as follows:

6a. 3-Chloro-4-(3-fluoro-2-hydroxyphenyl)-1-(4-((4-methyl-2-oxo-2H-chromen-7-yl)amino)phenyl)-azetidin-
2-0ne:

Chemical Formula: C2sHisCIFN204; Molecular Weight: 465; Yield: 61%; m.p. 116-117°C; Elemental Analysis
calcd: C, 64.59; Cl, 7.63; F, 4.09; N, 6.03. Found: C, 64.55; Cl, 7.60; F, 4.06; N, 6.01. IR (KBr) v_max (cm™): 3065
(CH, aromatic), 1035 (C-N), 1650 (Amide), 870 (C-Cl), 1580 (C=C), 2825 (-CH3), 3382 (phenol). 'H NMR (CDCls,
400 MHz, 6, ppm): 6.72-7.76 (m, 11H, aromatic), 4.82 (s, 1H, -OH), 3.01 (s, 3H, methyl), 4.18 (d, 1H, J=4.8 Hz, -
lactam C3-H), 4.96 (d, 1H, J=4.8 Hz, 3-lactam C4-H).

6b. 4-(3-Bromo-2-hydroxyphenyl)-3-chloro-1-(4-((4-methyl-2-oxo-2H-chromen-7-yl)amino)phenyl)-azetidin-
2-0ne:

Chemical Formula: C,5H;gBrCIN,O,4; Molecular Weight: 526; Yield: 66%; m.p. 88-89°C; Elemental Analysis: C,
57.11; Br, 15.20; Cl, 6.74; N, 5.33 found: C, 57.07; Br, 15.15; Cl, 6.72; N, 5.30; Infrared-vma per cm-KBr:
3060(CH, Aromatic), 1032(C-N), 1650(Amide), 865(C-Cl), 1580(C=C), 2832(-CH3) 3378(phenol); 1H NMR:
6.88-7.78(m, 11H, aromatic), 2.5(s, 1H, lactam ring), 4.79(s, 1H, -OH), 3.03(s, 3H, methyl).

6¢. 3-Chloro-4-(3-chloro-2-hydroxyphenyl)-1-(4-((4-methyl-2-oxo-2H-chromen-7-yl)amino)phenyl)-azetidin-
2-0ne:

Chemical Formula: C,5H;gCI;N,0,; Molecular Weight: 481; Yield: 60%; m.p. 103-104°C; Elemental Analysis: C,
62.38; Cl, 14.73; N, 5.82 found: C, 62.35; Cl, 14.70; N, 5.78; Infrared-vmax per cm-KBr: 3068(CH, Aromatic),
1025(C-N), 1656(Amide), 860(C-Cl), 1584 (C=C), 2835(-CHs3), 3375(phenol); 1H NMR: 6.82-7.75(m, 11H,
aromatic), 2.4(s, 1H, lactam ring), 4.76(s, 1H, -OH), 3.06(s, 3H, methyl).

6d. 3-Chloro-4-(2-hydroxy-3-nitrophenyl)-1-(4-((4-methyl-2-oxo-2H-chromen-7-yl)amino) phenyl)-azetidin-2-
one:

Chemical Formula: C2sHi1sCIN3Os; Molecular Weight: 492; Yield: 55%; m.p. 106-107°C; Elemental Analysis: C,
61.05; Cl, 7.21; N, 8.54; O, 19.52 found: C, 61.02; Cl, 7.17; N, 8.50; O, 19.52; Infrared-vmax per cm-KBr: 3062(CH,
Aromatic), 1025(C-N), 1655(Amide), 860(C-Cl), 1584 (C=C), 2830(-CHs), 3372(phenol); 1H NMR: 6.84-7.71(m,
11H, aromatic), 2.3 (s, 1H, lactam ring), 4.77(s, 1H, -OH), 3.05(s, 3H, methyl).
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6e. 3-Chloro-4-(2-hydroxy-5-methoxyphenyl)-1-(4-((4-methyl-2-oxo0-2H-chromen-7-yl)amino)phenyl)-
azetidin-2-one:

Chemical Formula: C26H21CIN20s; Molecular Weight: 477; Yield: 66%; m.p. 88-89°C; Elemental Analysis: C,
65.48; Cl, 7.43; N, 5.87 found: C, 65.48; Cl, 7.43; N, 5.87; Infrared-vmax per cm-KBr: 3055(CH, Aromatic), 1040(C-
N), 1645(Amide), 870(C-Cl), 1582(C=C), 2835(-CHs), 3382(phenol); 1H NMR: 6.87-7.79(m, 11H, aromatic),
2.6(s, 1H, lactam ring), 4.74(s, 1H, -OH), 3.07(s, 3H, methyl).

6f. 3-Chloro-4-(2-hydroxy-5-methylphenyl)-1-(4-((4-methyl-2-oxo0-2H-chromen-7-yl)amino)phenyl)-azetidin-
2-one:

Chemical Formula: C2sH21CIN204; Molecular Weight: 461; Yield: 58%; m.p. 101-102°C; Elemental Analysis: C,
67.75; Cl, 7.69; N, 6.08 found: C, 67.71; Cl, 7.67; N, 6.04; Infrared-vmax per cm-KBr: 3062(CH, Aromatic), 1034(C-
N), 1655(Amide), 861(C-Cl), 1585(C=C), 2835(-CH3), 3370(phenol); 1H NMR: 6.83-7.71(m, 11H, aromatic),
2.2(s, 1H, lactam ring), 4.75 (s, 1H, -OH), 3.04(s, 3H, methyl).

Synthesis of 3-chloro-4-(substituted-2-hydroxyphenyl)-1-(4'-((4-methyl-2-oxo-2H-chromen-7-yl)amino)-[1,1'-
biphenyl]-4-yl)-azetidin-2-one (7a-f)

Equimolar quantities (0.02 mole) of 1-(4-amino-[1,1'-biphenyl]-4-yl)-3-chloro-4-(substituted-2-hydroxyphenyl)-azetidin-2-
one (5a-f) and 7-hydroxy-4-methyl-2H-chromen-2-one (1) were taken in 25 mL ethanol and refluxed on a heating mantle in
the presence of anhydrous ZnCl. for 7-8 hours. The reaction mixture was cooled and filtered, washed with cold water, and
recrystallized with ethanol. Characterization data are as follows:

7a. 3-Chloro-4-(3-fluoro-2-hydroxyphenyl)-1-(4'-((4-methyl-2-oxo-2H-chromen-7-yl)amino)-[1,1'-biphenyl]-4-
yl)-azetidin-2-one:

Chemical Formula: Cs1H22CIFN204; Molecular Weight: 541; Yield: 54%; m.p. 82-83°C; Elemental Analysis: C,
68.83; Cl, 6.55; F, 3.51; N, 5.18 found: C, 68.80; CI, 6.51; F, 3.48; N, 5.14; Infrared-vmax per cm-KBr: 3050(CH,
Aromatic), 1025(C-N), 1645(Amide), 840(C-Cl), 1580(C=C), 2830(-CHs) 3370(N-H stretch), 3375(phenol) 1H
NMR: 6.91-7.78 (m, 15H, aromatic), 2.4(s, 1H, lactam ring), 4.78 (s, 1H, -OH), 3.06(s, 3H, methyl), 4.11(1H, C-
NH-C).

7b. 3-Chloro-4-(3-bromo-2-hydroxyphenyl)-1-(4'-((4-methyl-2-0xo-2H-chromen-7-yl)amino)-[1,1'-biphenyl]-

4-yl)-azetidin-2-one:

Chemical Formula: C31H,,BrCIN,O,; Molecular Weight: 602; Yield: 50%; m.p. 122-123°C; Elemental Analysis:
C, 61.86; Br, 13.28; Cl, 5.89; N, 4.65 found: C, 61.81; Br, 13.24; Cl, 5.86; N, 4.62; Infrared-vmax per cm-KBr:
3051(CH, Aromatic), 1022(C-N), 1640 (Amide), 842(C-Cl), 1580(C=C), 2836 (-CHs), 3370(N-H stretch),
3375(phenol); 1H NMR: 6.80-7.63 (m, 15H, aromatic), 2.4(s, 1H, lactam ring), 4.71(s, 1H, -OH), 3.04(s, 3H,
methyl), 4.12(1H, C-NH-C).

7¢. 3-Chloro-4-(3-chloro-2-hydroxyphenyl)-1-(4'-((4-methyl-2-oxo-2H-chromen-7-yl)amino)-[1,1'-biphenyl]-
4-yl)-azetidin-2-one:

Chemical Formula: Cs1H2:CI:N2Os; Molecular Weight: 557; Yield: 48%; m.p. 82-83°C; Elemental Analysis: C,
66.80; Cl, 12.72; N, 5.03 found: C, 66.76; Cl, 12.70; N, 5.01; Infrared-vmax per cm-KBr: 3052(CH, Aromatic),
1028(C-N), 1648(Amide), 844(C-Cl), 1585 (C=C), 2832(-CHs), 3376(N-H stretch), 3378(phenol); 1H NMR: 6.81-
7.67 (m, 15H, aromatic), 2.5(s, 1H, lactam ring), 4.74(s, 1H, -OH), 3.02(s, 3H, methyl), 4.10(1H, C-NH-C).

7d. 3-Chloro-4-(2-hydroxy-3-nitrophenyl)-1-(4'-((4-methyl-2-oxo-2H-chromen-7-yl)amino)-[1,1'-biphenyl]-4-
yl)-azetidin-2-one:

Chemical Formula: Cs;H,,CIN3;Og; Molecular Weight: 568; Yield: 62%; m.p. 105-106°C; Elemental Analysis: C,
65.56; Cl, 6.24; N, 7.40 found: C, 65.51; Cl, 6.20; N, 7.36; Infrared-vmax per cm-KBr: 3056(CH, Aromatic),
1035(C-N), 1642(Amide), 845(C-Cl), 1588(C=C), 2836(-CHs), 3378(N-H stretch), 3372(phenol); 1H NMR: 6.83-
7.62(m, 15H, aromatic), 2.2 (s, 1H, lactam ring), 4.72(s, 1H, -OH), 3.03(s, 3H, methyl), 4.14(1H, C-NH-C).

7e. 3-Chloro-4-(2-hydroxy-5-methoxyphenyl)-1-(4'-((4-methyl-2-oxo0-2H-chromen-7-yl)amino)-[1,1'-
biphenyl]-4-yl)-azetidin-2-one:

Chemical Formula: C;;H,5CIN,Os; Molecular Weight: 553; Yield: 70%; m.p. 115-116°C; Elemental Analysis: C,
69.50; Cl, 6.41; N, 5.07 found: C, 69.46; ClI, 6.38; N, 5.03; Infrared-vmax per cm-KBr: 3060(CH, Aromatic), 1030(C-
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N), 1645(Amide), 840(C-Cl), 1580(C=C), 2832(-CHa), 3375(N-H stretch), 3375(phenol); 1H NMR: 6.81-7.60(m,
15H, aromatic), 2.1 (s, 1H, lactam ring), 4.70(s, 1H, -OH), 3.04(s, 3H, methyl), 4.12(1H, C-NH-C).

7f. 3-Chloro-4-(2-hydroxy-5-methylphenyl)-1-(4'-((4-methyl-2-ox0-2H-chromen-7-yl)amino)-[1,1'-biphenyl]-
4-yl)-azetidin-2-one:

Chemical Formula: C;,H,5CIN,O,4; Molecular Weight: 537; Yield: 65%; m.p. 118-119°C; Elemental Analysis: C,
71.57; Cl, 6.60; N, 5.22 found: C, 71.52; ClI, 6.55; N, 5.20; Infrared-vmax per cm-KBr: 3055(CH, Aromatic), 1035(C-
N), 1648(Amide), 830(C-Cl), 1590(C=C), 2840(-CHs), 3380(N-H stretch), 3365(phenol); 1H NMR: 6.83-7.68(m,
15H, aromatic), 2.1 (s, 1H, lactam ring), 4.73(s, 1H, -OH), 3.04(s, 3H, methyl), 4.19(1H, C-NH-C).

Synthesis of 8-(3-chloro-2-(substituted-2-hydroxyphenyl)-4-oxoazetidin-1-yl)-4-methylpyrano[2,3-
b]phenothiazin-2(11H)-one (8a-f)

Equimolar quantities (0.02 mole) of 3-chloro-4-(substituted-2-hydroxyphenyl)-1-(4-((4-methyl-2-ox0-2H-chromen-7-
yl)amino)phenyl)-azetidin-2-one (6a-f) and 1 g sulphur powder were heated at 160-170°C for 3-4 hours in the presence of 2 g
iodine. The reaction mixture was cooled at room temperature and treated with dilute HCI to remove unreacted amine, then
washed repeatedly with water. Characterization data are as follows:

8a. 8-(3-Chloro-2-(3-fluoro-2-hydroxyphenyl)-4-oxoazetidin-1-yl)-4-methylpyrano[2,3-b]phenothiazin-
2(11H)-one:

Chemical Formula: C2sHisCIFN204S; Molecular Weight: 495; Yield: 52%; m.p. 106-107°C; Elemental Analysis
calcd: C, 60.67; Cl, 7.16; F, 3.84; N, 5.66; S, 6.48. Found: C, 60.64; Cl, 7.12; F, 3.80; N, 5.64; S, 6.46. IR (KBr)
v_max (cm™): 3055 (CH, aromatic), 1035 (C-N), 1648 (Amide), 675 (C-S-C, phenothiazine ring), 840 (C-Cl), 1580
(C=C), 2845 (-CHs), 3385 (N-H), 3360 (phenol). '"H NMR (CDCls, 400 MHz, 6, ppm): 6.81-7.71 (m, 8H, aromatic),
4.71 (s, 1H, -OH), 3.07 (s, 3H, methyl), 4.2 (s, 1H, NH), 4.20 (d, 1H, J=4.8 Hz, B-lactam C3-H), 4.98 (d, 1H, J=4.8
Hz, B-lactam C4-H).

8b. 8-(2-(3-Bromo-2-hydroxyphenyl)-3-chloro-4-oxoazetidin-1-yl)-4-methylpyrano[2,3-b]phenothiazin-
2(11H)-one:

Chemical Formula: C2sHisBrCIN204S; Molecular Weight: 556; Yield: 60%; m.p. 97-98°C; Elemental Analysis: C,
54.02; Br, 14.38; Cl, 6.38; N, 5.04; S, 5.77 found: C, 54.01; Br, 14.33; Cl, 6.35; N, 5.01; S, 5.74; Infrared-vimax per
cm-KBr: 3060(CH, Aromatic), 1030(C-N), 1640 (Amide), 678(C-S-C phenothiazine ring), 848(C-Cl), 1590(C=C),
2840(-CHs), 3382(N-H stretch), 3366(phenol); 1H NMR: 6.81-7.74(m, 8H, aromatic), 2.8(s, 1H, lactam ring), 4.74
(s, 1H, -OH), 3.08(s, 3H, methyl), 4.4(1H, C-NH-C).

8c. 8-(3-Chloro-2-(3-chloro-2-hydroxyphenyl)-4-oxoazetidin-1-yl)-4-methylpyrano[2,3-b]phenothiazin-
2(11H)-one:

Chemical Formula: C2sH16C12N204S; Molecular Weight: 511; Yield: 64%; m.p. 106-107°C; Elemental Analysis: C,
58.72; Cl, 13.86; N, 5.48; S, 6.27 found: C, 58.68; Cl, 13.82; N, 5.43; S, 6.25; Infrared-vmax per cm-KBr: 3060(CH,
Aromatic), 1030(C-N), 1655(Amide), 667(C-S-C phenothiazine ring), 850(C-Cl), 1590(C=C), 2846(-CH), 3387(N-
H stretch), 3362 (phenol); 1H NMR: 6.83-7.70(m, 8H, aromatic), 2.5(s, 1H, lactam ring), 4.74(s, 1H, -OH), 3.05(s,
3H, methyl), 4.3(1H, C-NH-C).

8d. 8-(3-Chloro-2-(2-hydroxy-3-nitrophenyl)-4-oxoazetidin-1-yl)-4-methylpyrano[2,3-b]phenothiazin-2(11H)-
one:

Chemical Formula: C,5H;6CIN3O4S; Molecular Weight: 522; Yield: 52%; m.p. 106-107°C; Elemental Analysis: C,
57.53; Cl, 6.79; N, 8.05; S, 6.14 found: C, 57.50; Cl, 6.76; N, 8.02; S, 6.10; Infrared-vmax per cm-KBr: 3055(CH,
Aromatic), 1030(C-N), 1655(Amide), 680(C-S-C phenothiazine ring), 820(C-Cl), 1570(C=C), 2850(-CHs),
3380(N-H stretch), 3365 (phenol); 1H NMR: 6.80-7.72(m, 8H, aromatic), 2.5(s, 1H, lactam ring), 4.74(s, 1H, -OH),
3.02(s, 3H, methyl), 4.3(1H, C-NH-C).

8e. 8-(3-Chloro-2-(2-hydroxy-5-methoxyphenyl)-4-oxoazetidin-1-yl)-4-methylpyrano[2,3-b]phenothiazin-
2(11H)-one:

Chemical Formula: C,¢H19CIN,O5S; Molecular Weight: 507; Yield: 55%; m.p. 102-103°C; Elemental Analysis: C,
61.60; Cl, 6.99; N, 5.53; S, 6.32 found: C, 61.57; Cl, 6.96; N, 5.50; S, 6.27; Infrared-vmax per cm-KBr: 3070(CH,
Aromatic), 1040(C-N), 1645(Amide), 672(C-S-C phenothiazine ring), 846(C-Cl), 1584(C=C), 2840(-CH3),
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3388(N-H stretch), 3363 (phenol); 1H NMR: 6.81-7.74(m, 8H, aromatic), 2.5(s, 1H, lactam ring), 4.70(s, 1H, -OH),
3.05(s, 3H, methyl), 4.4(1H, C-NH-C).

8f. 8-(3-Chloro-2-(2-hydroxy-5-methylphenyl)-4-oxoazetidin-1-yl)-4-methylpyrano[2,3-b]phenothiazin-
2(11H)-one:

Chemical Formula: C,¢H19CIN,0,S; Molecular Weight: 491; Yield: 68%; m.p. 104-105°C; Elemental Analysis: C,
63.61; Cl, 7.22; N, 5.71; S, 6.53 found: C, 63.57; Cl, 7.18; N, 5.67; S, 6.51; Infrared-vmax per cm-KBr: 3060(CH,
Aromatic), 1040(C-N), 1641(Amide), 670(C-S-C phenothiazine ring), 844(C-Cl), 1583(C=C), 2848(-CH3),
3380(N-H stretch), 3365 (phenol); 1H NMR: 6.82-7.76(m, 8H, aromatic), 2.4(s, 1H, lactam ring), 4.72(s, 1H, -OH),
3.05(s, 3H, methyl), 4.6(1H, C-NH-C).

Synthesis of 8-(4-(3-chloro-2-(substituted-2-hydroxyphenyl)-4-oxoazetidin-1-yl)phenyl)-4-methylpyrano[2,3-
b]phenothiazin-2(11H)-one (9a-f)

Equimolar quantities (0.02 mole) of 3-chloro-4-(substituted-2-hydroxyphenyl)-1-(4'-((4-methyl-2-ox0-2H-chromen-7-
yl)amino)-[1,1'-biphenyl]-4-yl)-azetidin-2-one (7a-f) and 1 g sulphur powder were heated at 160-170°C for 2-3 hours in the
presence of 2 g iodine. The reaction mixture was cooled at room temperature, treated with dilute HCI to remove unreacted
amine, and washed repeatedly with water. Characterization data are as follows:

9a. 8-(4-(3-Chloro-2-(3-fluoro-2-hydroxyphenyl)-4-oxoazetidin-1-yl)phenyl)-4-methylpyrano[2,3-
b]phenothiazin-2(11H)-one:

Chemical Formula: CsiH20CIFN204S; Molecular Weight: 571; Yield: 45%; m.p. 121-122°C; Elemental Analysis
calcd: C, 65.21; Cl, 6.21; F, 3.33; N, 4.91; S, 5.61. Found: C, 65.17; Cl, 6.18; F, 3.29; N, 4.87; S, 5.58. IR (KBr)
v_max (cm™): 3070 (CH, aromatic), 1020 (C-N), 1641 (Amide), 640 (C-S-C, phenothiazine ring), 780 (C-Cl), 1590
(C=C), 2860 (-CHs), 3370 (N-H), 3380 (phenol). 'H NMR (CDCls;, 400 MHz, §, ppm): 6.76-7.72 (m, 13H,
aromatic), 4.70 (s, 1H, -OH), 3.08 (s, 3H, methyl), 4.4 (s, 1H, NH), 4.22 (d, 1H, J=4.8 Hz, -lactam C3-H), 5.00 (d,
1H, J=4.8 Hz, B-lactam C4-H).

9b. 8-(4-(2-(3-Bromo-2-hydroxyphenyl)-3-chloro-4-oxoazetidin-1-yl)phenyl)-4-methylpyrano[2,3-
b]phenothiazin-2(11H)-one:

Chemical Formula: C3;,H,,BrCIN,0,S; Molecular Weight: 632; Yield: 65%; m.p. 119-120°C; Elemental Analysis:
C, 58.92; Br, 12.64; CI, 5.61; N, 4.43; S, 5.07 found: C, 58.88; Br, 12.60; ClI, 5.58; N, 4.40; S, 5.05; Infrared-vmax per
cm-KBr: 3072(CH, Aromatic), 1025(C-N), 1640(Amide), 648(C-S-C phenothiazine ring), 785(C-Cl), 1592(C=C),
2865(-CH3), 3377 (N-H stretch), 3382(phenol); 1H NMR: 6.81-7.74(m, 13H, aromatic), 2.7(s, 1H, lactam ring),
4.74 (s, 1H, -OH), 3.05(s, 3H, methyl), 4.6(1H, C-NH-C).

9c. 8-(4-(3-Chloro-2-(3-chloro-2-hydroxyphenyl)-4-oxoazetidin-1-yl)phenyl)-4-methylpyrano[2,3-
blphenothiazin-2(11H)-one:

Chemical Formula: C3,H,0CI,N,0,S; Molecular Weight: 587; Yield: 55%; m.p. 107-108°C; Elemental Analysis:
C, 63.38; CI, 12.07; N, 4.77; S, 5.46 found: C, 63.34; Cl, 12.05; N, 4.74; S, 5.42; Infrared-vmax per cm-KBr:
3075(CH, Aromatic), 1024(C-N), 1645(Amide), 642(C-S-C phenothiazine ring), 781(C-Cl), 1595(C=C), 2862(-
CH3), 3373(N-H stretch), 3385 (phenol); 1H NMR: 6.76-7.74(m, 13H, aromatic), 2.3(s, 1H, lactam ring), 4.71 (s,
1H, -OH), 3.04(s, 3H, methyl), 4.2(1H, C-NH-C).

9d. 8-(4-(3-Chloro-2-(2-hydroxy-3-nitrophenyl)-4-oxoazetidin-1-yl)phenyl)-4-methylpyrano[2,3-
b]phenothiazin-2(11H)-one:

Chemical Formula: Cs1H20CIN3OsS; Molecular Weight: 598; Yield: 60%; m.p. 116-117°C; Elemental Analysis: C,
62.26; Cl, 5.93; N, 7.03; S, 5.36 found: C, 62.22; Cl, 5.90; N, 7.01; S, 5.32; Infrared-vmax per cm-KBr: 3070(CH,
Aromatic), 1020(C-N), 1641(Amide), 640(C-S-C phenothiazine ring), 780(C-Cl), 1590(C=C), 2860(-CHs),
3370(N-H stretch), 3380 (phenol); 1H NMR: 6.76-7.72(m, 13H, aromatic), 2.5(s, 1H, lactam ring), 4.70(s, 1H, -
OH), 3.08(s, 3H, methyl), 4.4(1H, C-NH-C).

9e. 8-(4-(3-Chloro-2-(2-hydroxy-5-methoxyphenyl)-4-oxoazetidin-1-yl)phenyl)-4-methylpyrano[2,3-
b]phenothiazin-2(11H)-one:

Chemical Formula: Cs,H»3CIN,OsS; Molecular Weight: 583; Yield: 58%; m.p. 103-104°C; Elemental Analysis: C,
65.92; Cl, 6.08; N, 4.80; S, 5.50 found: C, 65.88; Cl, 6.05; N, 4.77; S, 5.46; Infrared-vmax per cm-KBr: 3065(CH,
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Aromatic), 1030(C-N), 1645(Amide), 642(C-S-C phenothiazine ring), 784(C-Cl), 1585(C=C), 2862(-CHs), 3375(N-
H stretch), 3385 (phenol); 1H NMR: 6.76-7.73(m, 13H, aromatic), 2.3(s, 1H, lactam ring), 4.73(s, 1H, -OH), 3.06(s,
3H, methyl), 4.7(1H, C-NH-C).

9f. 8-(4-(3-Chloro-2-(2-hydroxy-5-methylphenyl)-4-oxoazetidin-1-yl)phenyl)-4-methylpyrano[2,3-
b]phenothiazin-2(11H)-one:

Chemical Formula: Cs2H23CIN204S; Molecular Weight: 567; Yield: 68%; m.p. 114-115°C; Elemental Analysis: C,
67.78; Cl, 6.25; N, 4.94; S, 5.65 found: C, 67.74; Cl, 6.22; N, 4.91; S, 5.63;Infrared-vmax per cm-KBr: 3076(CH,
Aromatic), 1024(C-N), 1645(Amide), 642(C-S-C phenothiazine ring), 785(C-Cl), 1590(C=C), 2866(-CH3), 3365(N-
H stretch), 3378 (phenol); 1H NMR: 6.76-7.75(m, 13H, aromatic), 2.8(s, 1H, lactam ring), 4.73(s, 1H, -OH), 3.05(s,
3H, methyl), 4.6(1H, C-NH-C).

Determination of Minimum Inhibitory Concentration (MIC)

The broth microdilution method was used to determine the MIC of synthesized novel heterocycles 8-(3-chloro-2-(2-hydroxy-
3-nitrophenyl)-4-oxoazetidin-1-yl)-4-methylpyrano[2,3-b]phenothiazin-2(11H)-one and 8-(4-(2-(3-bromo-2-hydroxyphenyl)-
3-chloro-4-oxoazetidin-1-yl)phenyl)-4-methylpyrano[2,3-b]phenothiazin-2(11H)-one derivatives. A twofold serial dilution
method of the sample compounds was made immediately in a microtiter plate filled with Mueller-Hinton broth in order to
prepare different concentrations. All wells contained a final concentration of 5 X 10° CFU/mL following the addition of the
bacterial inoculum. The standard drug used was chloramphenicol. The plate was incubated at 37°C for 24 hours. Each well in
the microtiter plate was filled with resazurin, and it was then incubated at 37°C for 30 minutes. The wells with bacterial
growth changed color. The extract concentration that completely stopped the bacterial growth is known as the minimum
inhibitory concentration (MIC). The test compound's MIC is given in pg/mL. Table 1 represents the MIC values of 8a-f and
9a-f compounds for various Gram-positive and Gram-negative bacteria.

TABLE 1
ANTIMICROBIAL ACTIVITY OF PHENOTHIAZIN-2(11H)-ONE DERIVATIVES 8a-f and 9a-f: MIC (ug/mL)
Compd R (phenolic substituent) S.aureus | B.subtilis | E.coli K. pneumoniae
8a m-Fluoro 25 100 100 50
8b m-Bromo 100 50 100 50
8c m-Chloro 100 50 50 50
8d m-Nitro 50 50 50 6.25
8e p-Methoxy 50 25 12.5 100
8f p-Methyl 100 50 50 100
9a m-Fluoro 125 50 100 50
9b m-Bromo 25 100 50 100
9c m-Chloro 100 25 25 25
9d m-Nitro 100 6.25 50 25
% p-Methoxy 100 100 50 100
of p-Methyl 100 100 100 50
Chloramphenicol (standard) 25 50 25 25

*Note: MIC values are presented in pg/mL. All tests were performed in duplicate; variation was within £1 dilution. For K.

pneumoniae, chloramphenicol MIC was determined as 25 pg/mL.*
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1. RESULTS AND DISCUSSION

Novel  synthesized  heterocyclic ~ 8-(3-chloro-2-(2-hydroxy-3-nitrophenyl)-4-oxoazetidin-1-yl)-4-methylpyrano[2,3-
b]phenothiazin-2(11H)-one and 8-(4-(2-(3-bromo-2-hydroxyphenyl)-3-chloro-4-oxoazetidin-1-yl)phenyl)-4-
methylpyrano[2,3-b]phenothiazin-2(11H)-one derivatives (twelve derivatives, 8a-f and 9a-f) were checked for their
antimicrobial activity against Gram-positive bacteria B. subtilis, S. aureusand Gram-negative bacteria E. coli, K.
pneumoniae.

When the synthesized derivatives were evaluated against S. aureus, compound 9a (R = m-fluoro) showed excellent activity
with an MIC value of 12.5 pg/mL, and compound 9b (R = m-bromo) showed good activity with an MIC value of 25 pg/mL.

Against B. subtilis, compound 9d (R = m-nitro) displayed superior activity with an MIC value of 6.25 ug/mL.
Compounds 8e (R = p-methoxy) and 9¢ (R = m-chloro) exhibited MIC values of 25 pg/mL. The remaining compounds
reflected only satisfactory activity.

Against E. coli, compound 8e (R = p-methoxy) displayed an MIC value of 12.5 pug/mL, and compound 9¢ (R = m-chloro)
exhibited an MIC value of 25 pug/mL. Ten compounds against E. coli showed good to moderate activity.

Against K. pneumoniae, compound 8d (R = m-nitro) was found to be the most lethal, achieving an MIC value of 6.25
pg/mL with superior quality. Compounds 9¢ (R = m-chloro) and 9d (R = m-nitro) showed MIC values of 25 pg/mL. The
remaining nine derivatives exhibited moderate activity against the K. pneumoniae strain.

From this microbial result analysis, meta-positioned electronegative groups (especially nitro, fluoro, and chloro) were
responsible for achieving excellent MIC values.

Antimicrobial Activity of Phenothiazin-2(11H)-one Derivatives

100 N S aureus

88 B. subtilis
B E. coli

HEEE K. pneumoniae

80 A

60

MIC (ug/ml)

20

9a 9b 9c 9d 9e of 10a 10b 10c 10d 10e 10f
Compounds

FIGURE 1: Showing antimicrobial activity of Phenothiazine-2(11H)-one derivatives

V. CONCLUSION

The current study demonstrated that the synthesized novel heterocyclic phenothiazin-2(11H)-one derivatives possessed
significant antimicrobial activity against both Gram-positive and Gram-negative bacterial strains. The biological evaluation
revealed that the antimicrobial activity was strongly influenced by the nature and position of substituents present on the
phenolic ring. Among all the tested compounds, nitro-substituted derivatives displayed excellent antibacterial activity.
Compound 8d showed excellent activity against K. pneumoniae with an MIC value of 6.25 pg/mL, while
compound 9d displayed remarkable inhibition against B. subtilis with the same MIC value. Methoxy-substituted
derivative 8e showed appreciable activity against E. coli, whereas methyl-substituted compounds exhibited comparatively
lower activity. Overall, the synthesized compounds showed comparable activity and, in some cases, superior activity to the
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standard drug chloramphenicol against specific bacterial strains. It is suggested that phenothiazin-2(11H)-one derivatives
represent promising scaffolds for the development of new antimicrobial agents.
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