Synthesis and Characterization of Tetrachloro-1,3- Oxazepine derivatives and Evaluation Their Biological Activities
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Absract: 
Derivatives 6,7,8,9-tetrachloro[1,3]oxazepine-1,5-dione (1-10b) had been synthesized by reaction Schiff bases (1-10a) with tetrachlorophthalic anhydride(TCPA), under (2+5→7) cycloaddition reaction, all reactions had been monitored using TLC, FT IR and melting points had been used to Characterization of Schiff bases, Oxazepine compounds Characterized using FT IR,1H NMR and their melting points. Biological activity for Oxazepine compounds has been evaluated, against bacterial types (Staphylococcus aureus, E. coli, klebsiella spp.) and against (Geotrichum spp.) as a fungus, Variable activities have been observed against used strains of bacteria and fungi.
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Introduction:  
Lately, different heterocyclic compounds were synthesized, using reaction of Schiff bases with various reagents, as Oxazepines. Oxazepines are heterocyclic unsaturated compounds with two incorporating hetero atoms (oxygen and nitrogen). There are many synthetic strategies for synthesis of Oxazepines, using Gold, Palladium and Rhodium as catalyst,1-3 under microwave irradiation,4 and catalyst free,5 all these strategies led to formation of 1,3- Oxazepines -4,7-diones, Oxazepines were synthesized to give potential activities, Antioxidant and Anti-inflammatory,6 Neuroleptic agents,7 Kinase inhibitory,8Antimicrobial.9 This paper contains of 1,3- Oxazepines -4,7-diones derivatives, synthesized by reactions of Schiff bases with TCPA, to provide information of synthesis method and possible use of 6,7,8,9-tetrachloro[1,3]oxazepine-1,5-dione as antibacterial (Staphylococcus aureus , E. coli, klebsiella spp.) and antifungal compounds (Geotrichum spp.) , in contrast to other routes which use unsubstituted phthalic anhydride for synthesis of 1,3- Oxazepines-1,5-dione.   
Experimental Section  
Materials 
Aromatic aldehydes, amines and TCPA were supplied from Sigma-Aldrich Chemical Co. used without further purification, Solvents were supplied from Romil. Instrumentation Infrared spectra were recorded as ATR technique on Bruker-Tensor 27 spectrometer. 1H-NMR spectra were recorded on Bruker-300 MHz spectrometer using DMSO-d6 as a solvent and TMS as internal standard. Lambda max recorded by Jenway spectrophotometer Model 6800.
Procedure for the Preparation of Schiff Bases (1-10a).
To 100 mL a round bottomed flask contain 25 mL absolute ethanol, (4.5 mmol) of aromatic aldehyde and 3 drops of glacial acetic acid equipped with condenser and stir bar, (4.5 mmol) of aromatic amine dissolved in 10 mL absolute ethanol was added, reaction mixture refluxed for 3 h. then cool down to RT. product was collected as a solid by filtration, recrystallized form ethanol.  
Characterization of Schiff Bases (1-10a). 
[1a]. 1-(4-bromophenyl)-N-(p-tolyl)methanimine]: White solid, yield 82 %; mp 169 °C, IR (ATR) n 3050 (C-H aromatic), 3025 (ν NC-H ), 2982 (ν C-Hal ), 1617 (ν C=N), 1609, 1502 (aromatic ring), cm-1.
[2a]. 1-(4-chlorophenyl)-N-(p-tolyl)methanimine: Beige solid, yield 88 %; mp 169 °C, IR (ATR) n 3055 (C-H aromatic), 3026 (ν NC-H ), 2976 (ν C-Hal ), 1623 (ν C=N), 1587, 1499 (C=C aromatic), cm-1.
[3a]. N-(4-bromophenyl)-1-(4-chlorophenyl)methanimine: White solid, yield 85 %; mp 169 °C, IR (ATR) n 3063 (C-H aromatic), 3027 (ν NC-H ), 1617 (ν C=N), 1591, 1566 (C=C aromatic), cm-1.
[4a]. N-(4-bromophenyl)-1-(2,4-dichlorophenyl)methanimine: White solid, yield 89 %; mp 169 °C, IR (ATR) n 3062 (C-H aromatic), 3014 (ν NC-H ), 1612 (ν C=N), 1585, 1482 (C=C aromatic), cm-1.
[5a]. N-(4-bromophenyl)-1-(p-tolyl)methanimine: White solid, yield 75 %; mp 169 °C, IR (ATR) n 3050 (C-H aromatic), 3023 (ν NC-H ), 2972 (ν C-Hal ), 1621 (ν C=N), 1566, 1473 (C=C aromatic), cm-1.
[6a]. N-(4-chlorophenyl)-1-(2,4-dichlorophenyl)methanimine: White solid, yield 80 %; mp 169 °C, IR (ATR) n 3062 (C-H aromatic), 3021 (ν NC-H ), 1613 (ν C=N), 1575, 1484 (C=C aromatic), cm-1.
[7a]. N,1-bis(4-chlorophenyl)methanimine: Pale green solid, yield 76 %; mp 169 °C, IR (ATR) n 3056 (C-H aromatic), 3022 (ν NC-H ), 1622 (ν C=N), 1591, 1486 (C=C aromatic), cm-1.
[8a]. N-(4-chlorophenyl)-1-(p-tolyl)methanimine: Beige solid, yield 73 %; mp 169 °C, IR (ATR) n 3052 (C-H aromatic), 3026 (ν NC-H ), 2986 (ν C-Hal ), 1620 (ν C=N), 1565, 1474 (C=C aromatic), cm-1.
[9a]. N-(4-chlorophenyl)-1-(4-methoxyphenyl)methanimine: Beige solid, yield 73 %; mp 169 °C, IR (ATR) n 3071 (C-H aromatic), 3018 (ν NC-H ), 2963 (ν C-Hal ), 1619 (ν C=N), 1566, 1475 (C=C aromatic), cm-1.
[10a]. 1-(4-bromophenyl)-N-(4-chlorophenyl)methanimine: Beige solid, yield 78 %; mp 169 °C, IR (ATR) , 3064 (C-H aromatic), 3025 (ν NC-H ), 1617 (ν C=N), 1585, 1482 (C=C aromatic), cm-1.
Procedure for the Synthesis of 1,3- Oxazepines -4,7-diones derivatives (1-10b)
To 100 mL a round bottomed flask contain 25 mL dry benzene and (1 mmol) of Schiff Bases (1-10a) equipped with condenser, was added (1 mmol) of  TCPA dissolved in 20 mL dry benzene, reaction mixture refluxed for 5 h. then stirred overnight at room temperature, solid product was collected by filtration, recrystallized form ethanol.


Characterization of Schiff Bases (1-10b). 
[1b].3-(4-bromophenyl)-6,7,8,9-tetrachloro-4-(p-tolyl)-3,4-dihydrobenzo[1,3]oxazepine-1,5-dione: Pale yellow solid, yield 66 %; mp 178-180 °C, 1H NMR: (300 MHz, ) δ 7.87 (d, J = 8.5 Hz, 2H) for H11,13, 7.73 (J = 8.4 Hz, 2H) for H2,6 , 7.49 (d, J = 8.4 Hz, 2H) for H10,14, 7.22 (s, 1H) for H8, 7.16 (d, J = 8.3 Hz, 2H) for H3,5 , and  2.28 (s, 3H) for CH3,  IR (ATR) n 3045 (C-H aromatic), 1726  (ν C=O lacton ), 1667 (ν C=O lactam), 1511 (CO-N), 1321 (CO-O), cm-1.
[2b].6,7,8,9-tetrachloro-3-(4-chlorophenyl)-4-(p-tolyl)-3,4-dihydrobenzo[1,3]oxazepine-1,5-dione: Pale yellow solid, yield 63 %; mp 179-181 °C, 1H NMR: (300 MHz, ) δ 7.95 (d, J = 8.5 Hz, 2H) for H11,13, 7.59 (d, J = 8.5 Hz, 2H) for H2,6 , 7.54 – 7.44 (m, 2H) for H10,14, 7.21 (s, 1H) for H8, 7.17 (d, J = 8.2 Hz, 2H) for H3,5, and  2.28 (s, 3H) for CH3,  IR (ATR) n 3053 (C-H aromatic), 1726  (ν C=O lacton ), 1666 (ν C=O lactam), 1509 (CO-N), 1321 (CO-O), cm-1.
[3b].4-(4-bromophenyl)-6,7,8,9-tetrachloro-3-(4-chlorophenyl)-3,4-dihydrobenzo[1,3]oxazepine-1,5-dione: Pale green solid, yield 55 %; 290 dec. °C, 1H NMR: (300 MHz, ) δ 7.97 – 7.91 (m, 2H) for H3,5, 7.76 (d, J = 8.7 Hz, 2H) for H11,13, 7.67 (d, J = 8.4 Hz, 2H) for H2,6, 7.28 – 7.19 (m, 2H) for H10,14, and  7.21 (s, 1H) for H8.,  IR (ATR) n 3063 (C-H aromatic), 1717  (ν C=O lacton ), 1669 (ν C=O lactam), 1541 (CO-N), 1312 (CO-O), cm-1.
[4b].4-(4-bromophenyl)-6,7,8,9-tetrachloro-3-(2,4-dichlorophenyl)-3,4-dihydrobenzo[1,3]oxazepine-1,5-dione: White solid, yield 52 %; > 300 °C, 1H NMR: (300 MHz, DMSO-d6) δ 8.16 (d, J = 8.5 Hz, 2H) for H3,5, 7.81 – 7.73 (m, 2H) for H2,6, 7.57 (s, 1H) for H11, 7.37 (s, 1H) for H8, 7.17 – 7.14 (m, H) for H13, and  6.56 (d, J = 8.6 Hz, 8H) for H14,  IR (ATR) n 3060 (C-H aromatic), 1720  (ν C=O lacton ), 1670 (ν C=O lactam), 1532 (CO-N), 1313 (CO-O), cm-1.
[5b].4-(4-bromophenyl)-6,7,8,9-tetrachloro-3-(p-tolyl)-3,4-dihydrobenzo[1,3]oxazepine-1,5-dione: Yellow  solid, yield 78 %;  mp 260 dec. °C, 1H NMR: (300 MHz, ) δ 7.88 – 7.81 (m, 2H) for H3,5, 7.63 – 7.56 (m, 2H) for H2,6, 7.23 (d, J = 2.1 Hz, 1H) for H8, 7.15 (d, J = 8.7 Hz, 2H) for H10,14, 6.58 – 6.51 (m, 2H) for H11,13, and  2.38 (s, 3H) for CH3,  IR (ATR) n 3047 (C-H aromatic), 1721  (ν C=O lacton ), 1668 (ν C=O lactam), 1542 (CO-N), 1314 (CO-O), cm-1.
[6b].6,7,8,9-tetrachloro-4-(4-chlorophenyl)-3-(2,4-dichlorophenyl)-3,4-dihydrobenzo[1,3]oxazepine-1,5-dione: Yellow  solid, yield 64 %; mp > 300  °C, 1H NMR: (300 MHz, DMSO-d6) δ 7.70 – 7.57 (m, 2H) for H3,5, 7.48 – 7.41 (m, 2H) for H2,6, 7.37 (s, 1H) for H11, 7.30 (s, 1H) for H8, 7.06 (d, J = 8.6 Hz, 1H) for H13, and  6.62 (d, J = 8.6 Hz, 1H) for H14,  IR (ATR) n 3062 (C-H aromatic), 1722  (ν C=O lacton ), 1667 (ν C=O lactam), 1490 (CO-N), 1312 (CO-O), cm-1.
[7b].6,7,8,9-tetrachloro-3,4-bis(4-chlorophenyl)-3,4-dihydrobenzo[1,3]oxazepine-1,5-dione:Pale yellow  solid, yield 63 %; mp 288-290 °C, 1H NMR: (300 MHz, DMSO-d6) δ 7.64 (d, J = 8.9 Hz, 2H) for H3,5, 7.49 – 7.39 (m, 2H) for H11,13, 7.30 (s, 1H) for H8, 7.08 – 6.98 (m, 2H) for H2,6, and 6.58 (d, J = 8.6 Hz, 2H) for H10,14,  IR (ATR) n 3063 (C-H aromatic), 1717  (ν C=O lacton ), 1668 (ν C=O lactam), 1541 (CO-N) 1316 (CO-O), cm-1.
[8b]. 6,7,8,9-tetrachloro-4-(4-chlorophenyl)-3-(p-tolyl)-3,4-dihydrobenzo[1,3]oxazepine-1,5-dione: Pale yellow  solid, yield 71 %; mp 265-267 °C, 1H NMR: (300 MHz, DMSO-d6) δ 7.64 (d, J = 8.9 Hz, 2H) for H3,5, 7.46 – 7.41 (m, 2H) for H2,6, 7.27 (s, 1H) for H8, 7.06 – 7.00 (m, 2H) for H10,14, 6.57 (d, J = 8.8 Hz, 2H) for H11,13,and  2.38 (s, 3H) for CH3,  IR (ATR) n 3062 (C-H aromatic), 1722  (ν C=O lacton ), 1666 (ν C=O lactam), 1543 (CO-N) 1327 (CO-O), cm-1.
[9b].6,7,8,9-tetrachloro-4-(4-chlorophenyl)-3-(4-methoxyphenyl)-3,4-dihydrobenzo[1,3]oxazepine-1,5-dione: Pale green  solid, yield 74 %; mp 272-274 °C, 1H NMR: (300 MHz, DMSO-d6) δ 7.67 – 7.60 (m, 2H) for H3,5, 7.44 (d, J = 8.9 Hz, 2H) for H2,6, 7.25 (s, 1H) for H8, 7.08 (d, J = 8.8 Hz, 2H) for H10,14, 6.63 – 6.53 (m, 2H) for H11,13,and  3.84 (s, 3H) for OCH3.,  IR (ATR) n 3054 (C-H aromatic), 1723  (ν C=O lacton ), 1667 (ν C=O lactam), 1547 (CO-N) 1314 (CO-O), cm-1.
[bookmark: _GoBack][10b].3-(4-bromophenyl)-6,7,8,9-tetrachloro-4-(4-chlorophenyl)-3,4-dihydrobenzo[1,3]oxazepine-1,5-dione: Yellow  solid, yield 60 %; mp 250-253 °C, 1H NMR: (300 MHz, DMSO-d6) δ 7.88 (d, J = 8.5 Hz, 2H) for H11,13, 7.74 (d, J = 8.5 Hz, 2H) for H3,5, 7.69 – 7.60 (m, 2H) for H2,6 , 7.44 (d, J = 8.9 Hz, 2H) for H10,14 , and  7.30 (s, 1H) for H8,  IR (ATR) n 3062 (C-H aromatic), 1723  (ν C=O lacton ), 1667 (ν C=O lactam), 1591 (CO-N) 1312 (CO-O), cm-1.




Result and discussion 
Chemistry 
Target Oxazepine compounds were synthesized in according with route in scheme 1.
  


Scheme1. Synthetic route for synthesis of 1-10b compounds
Imines had been synthesized as precursors for Oxazepine compounds by condensation reaction of aldehydes and primary amines using absolute ethanol as a solvent, yield percentage indicated that substituted compounds by electrons withdrawing groups (EWG) for benzaldehyde (Para position) more than other compounds, due to, substituents (-I effect) that increase magnitude of the positive charge +ve on the carbonyl carbon atom. Hence, increasing the reactivity of benzaldehyde to attack by amine (as a nucleophile).
Oxazepines had been synthesized by reactions of imines with TCPA, using dry benzene as a solvent, in (2+5→7) cycloaddition reaction. This reactions type controlled by orbital symmetry. Therefore, the orbitals for reactants must be considered. Moreover, reactant's orbitals (anhydride and imines) overlap by convenient way to afford Oxazepines by suprafacial manner.
Synthesis of Oxazepines was carried out by overlapping of orbitals  for imines and TCPA, through formation of a four-membered ring as transition state, increasing this overlap led up to fashioning of 7 membered ring compounds, as depicted in scheme 2. 


Scheme 2. Formation mechanism of oxazepine compounds
  
In general, electrons donating groups (EDG) increasing HOMO energy level, therefore, reduce required energy for accomplished Oxazepines formation reaction, in this study, the reaction progress in according with pericyclic mechanism, imines behavior is HOMO, TCPA is LUMO, this expectation brought up through notice that yield percentage for  (5b, 8b and 9b) compounds have highest percent, due to precursors for (5b, 8b and 9b) imines have electrons donating groups increasing HOMO energy level for imines, give rise to decreasing required reaction's energy. figure 1.


Figure 1. HOMO and LUMO energy level
Characterization 
Imines compounds [1-10a] were synthesized by reactions of aromatic aldehydes with amines, using absolute ethanol as a solvent. Color, melting point and Rf changes indicate to formation of new compounds, FT IR spectra for [1-10a] compounds showed, disappearance of stretching vibration bands for NH2 group for substituted aniline, and νC=O group absorption band for substituted benzaldehyde, moreover, appearance of strong vibration band at range (1612-1623 cm-1), can be attributed for  ν C=N azomethine group, beside absorption bands at (3050-3071 cm-1) for aromatic νC-H, (3014-3032 cm-1) for ν NC-H and (1566-1609 and 1473-1566 cm-1) for aromatic rings.
Oxazepine [1-10b] were synthesized by reactions of synthesized imines and TCPA using dry benzene as a solvent in according with mechanism described in scheme 2. FT IR spectra for oxazepine [1-10b] compounds showed, disappearance of stretching vibration band for ν C=N azomethine group,  furthermore, appearance of vibration absorption band at (3045-3063 cm-1) assigned to aromatic ν C-H, (1717-1726 cm-1) for  ν C=O lacton , (1666-1670 cm-1) for ν C=O lactam , (1490-1547 cm-1) for ν CO-N and (1312-1327 cm-1) for ν CO-O. 

Biological activity
Antibacterial activity
Antibacterial activity for oxazepine compounds (1-10b) were evaluated against (Staphylococcus aureus , E. coli, klebsiella spp.) by applied 2 mg well-1 of  synthesized compounds  in DMSO, then incubated at 37 °C for 24 h., results indicates klebsiella spp. resistance for 6-10b compounds while E. Coli  was resistance to 8b and 9b compounds, other compounds demonstrated good inhibition against microbial tested strains, inhibition zone data in mm are given in table 1.

Antifungal activity
Antifungal activity for synthesized oxazepine compounds were screened for their antifungal activity against (Geotrichum spp.) by applied 2 mg well-1 of  synthesized compounds  in DMSO, then incubated at 37 °C for 24 h. results showed that all synthesized compounds have demonstrated good inhibition and no resistance for oxazepine compounds, inhibition zone data in mm are given in table 1.

Table 1. In vitro zone of inhibition (mm) of target oxazepine compounds.
	Strains  
	Compound

	
	1b
	2b
	3b
	4b
	5b
	6b
	7b
	8b
	9b
	10b

	Staphylococcus aureus
	10
	11
	15
	14.5
	13
	14
	13.5
	14.5
	14
	17

	E. Coli
	8
	8
	9
	8
	9.5
	8.5
	8
	0
	0
	8.5

	klebsiella sp.
	8.5
	0
	10
	10
	9
	0
	0
	0
	0
	0

	Geotrichum sp.
	10
	11
	14
	17
	11.5
	18
	18
	15
	17
	19



Conclusion 
New tetrachloro-[1,3] oxazepine-1,5-dione were synthesized in good yield, had been characterized by different spectra, their biological activity evaluated anti-bacterial against (Staphylococcus aureus, E. coli, klebsiella spp.) and anti-fungal against (Geotrichum spp.), variable activities were recorded for 1-10b compounds.
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