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Abstract

A facile one-pot synthetic protocol for the preparation of isoxazolo and pyrazolo annulated analogues of the benzoxazepine condensed carbazoles and azacarbazoles from the corresponding enolic ethers, α, β-unsaturated ketones, oxoketene dithioacetals and dimethylaminomethylene ketones derived from benzoxazepino condensed oxocarbazoles and oxoazacarbazoles has been described. Compounds were realized from the Japp-Klingemann reaction of the diazonium salt of 2-aminodibenzo [b,f] [1,4]oxazepine with 2-hydroxymethylideno cyclohexanone and N-benzyl-3-hydroxymethylidenopiperidin-4-one followed by Fischer indolization of the obtained hydrazone with kent’s acid. The synthesized heterocyclic compounds were characterized by IR, NMR and MS spectral data and in vitro antimicrobial activity of the synthesized compounds was screened against the standard bacterial and fungal strains. Some of these benzoxazepine derivatives have been found to display excellent antimicrobial activity against bacteria and fungi.
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Introduction

Benzoxazepine is one of the privileged heterocyclic template in medicinal chemistry, dibenz[b,f ][1,4]oxazepine (CR) is an important incapacitating agents of this class which is also more potent and less toxic than widely used other riot control agents [1,2]. Analogues of 11H-dibenz [b,e] azepine and dibenz [b,f] [1,4] oxazepine (tear gas) are used as human transient receptor potential ankyrin 1 (TRPAI) antagonists [3]. Sintamil, a new dibenzoxazepine derivative has been extensively studied during the last decade for anti depressant action with fairly good results in animals and human beings [4-6]. N-substituted dibenz [b,f] [1,4] oxazepin-11(10H)-ones have been reported to exhibit antidepressant [6], calcium antagonist [7], anticancer [8-10] and squalene synthase inhibiting activities [11]. Dibenz [b,f] [1,4] oxazepines are found in many physiochemically active compounds. Numerous derivatives have been prepared and evaluated for PGEs antagonists and analgesic activities [12] (Figure 1).
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Condensed heterocyclic systems containing carbazole, azacarbazole, azepine, benzoxazepine, isoxazole, pyrazole etc. represent such pharmacophoric scaffolds which have a wide range of biological applications such as analgesic, anti inflammatory, anti-bacterial, antifungal and anticancer activity [1-8, 13-20]. Carbazoles, azacarbazoles (including pyridocarbazoles) show impressive cytotoxic activity and form interesting targets in synthesis since such structures have potential for the development of anticancer drugs [5-8]. Coupled with this, encouraging findings of anticancer and antileukemic activity of triazolo and pyrrolo condensed benzoxazepines which was hailed as a major step forward in the battle against cancer [9-11], stimulated many eyes to examine the versatility of this nucleus in combating this disease. It firmly affirmed the observation that incorporation of additional rings onto the benzoxazepine core tended to exert a profound influence in conferring novel biological activities in this molecule. Another class of heterocycles which exhibit similar versatility in providing pharmacophoric scaffolds in medicinal field are the isoxazoles and pyrazoles whose derivatives have emerged as potent materials useful as potential anti HIV agents [21-25]. In view of the prodigious range of activities of the above molecules, it was considered of interest in the present work to develop the bioactive materials incorporating benzoxazepine nucleus on one side of carbazole or azacarbazole core and isoxazole and pyrazole nucleus on its other side, on this premise that their presence in tandem in the same molecular framework could contribute significantly to the biological activity in the resulting molecules. Here in, in this communication, we report the applications of facile synthetic protocols which have allowed an easy incorporation of isoxazole and pyrazole motifs on to the benzoxazepine condensed carbazole nucleus.

In pursuance of our interest in the biological potential of isoxazolo and pyrazolo annulated analogues of benzoxazepine condensed carbazoles and azacarbazoles 15-26 shown in scheme-1 [26-29], these were required to be obtained. On brainstorming in the direction of finding easy routes to their formation, we envisioned that these could possibly be readily available from the corresponding enolic ethers 7, 8, α,β-unsaturated ketones 9, 10, oxoketenedithioacetals 11, 12 and dimethylaminomethyleneketone 13, 14, which in turn, in principle be readily formed from the carbocyclic ketones derived from the benzoxazepino condensed oxocarbazoles and oxoazacarbazole 5 and 6 respectively on their reaction with-


	HCOOEt, NaOEt

	C6H5CHO

	CS2, CH3I (base)

	dimethylformamide dimethylacetal (DMF-DMA).



These intermediates have been known to undergo reaction with the bidentate nucleophiles to provide a very convenient synthetic entry to the five, six, and seven membered heterocycles [30-33]. In accord to their versatility in synthesis the procedures reported in the literature were applied on 5- and 6 to obtain 7-14, whose treatment with hydroxyl amine hydrochloride, and hydrazine hydrate afforded the corresponding isoxazole and pyrazole annulated analogues of benzoxazepine condensed carbazole and azacarbazoles 15-26 respectively (scheme-1).

The potential of 5- and 6 in the above synthesis prompted us to explore the feasibility of their preparation through an expedient route from the easily accessible starting materials. A perusal of literature on the synthesis of oxocarbazoles revealed that the most recorded method of their preparation is use of the Japp-Klingemann reaction on the corresponding aryl amines, followed by Fischer indolization of the obtained hydrazone in acid, to give the corresponding tetrahydrocarbazol-4-one derivative [34,35]. This methodology was applied on the diazotized 2-amino-dibenzo [b,f] [1,4] oxazapine (2) which was allowed to condense with 2-(hydroxy-methylideno) cyclohexanone (3) and 3-(hydroxymethylideno)-N-benzyl-piperidin-4-one (4) (which were prepared in situ from the reaction of cyclohexanone or N-benzyl-4-piperidone with ethyl formate in presence of sodium ethoxide) followed by cyclization in Kent acid (AcOH+HCl 20:5 ml v/v) to give 5 and 6 respectively (scheme-1) (Figure 2).
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2-Amino-dibenzo [b,f] [1,4] oxazepine (2) was obtained by the reduction of the corresponding 2-nitroderivative. The later was in turn realized through a reported procedure [36] which consisted of the base catalyzed cyclocondensation of o-aminophenol with 2-chloro-5-nitrobenzaldehyde. The formation of 5 and 6 is believed to take place through the cyclocondensation of the corresponding phenyl hydrazone derivative (scheme-2) which results from the reaction of 2 with 2-hydroxymethylideno cyclohexanone (3) or N-benzyl-3-hydroxymethylidenolpiperidin-4-one (4). The reaction is suggested to proceed through the sequence of reactions shown in scheme-2 (Figure 3).


[image: figure]



In order to find out the biological potential of synthesized compounds, antimicrobial activity of compound 15, 17, 18, 19, 21, 22, 23, 25 was studied towards four bacterial Escherichia coli (MTCC119), Bacillus subtilis (MTCC7419), Pseudomonas aeruginosa (MTCC1688) and Staphylococcus aureus (MTCC9886) using ciprofloxin as standard and two fungal species A flavus (MTCC871) and A.niger (MTCC282) using fluconazole as standard antifungal agent by disc diffusion method. By following a reported method by Kumar et al. [37] with some modifications. Antimicrobial activity of indicated compounds was recorded as zone of inhibition in mm and results are summarized in (Table 1). Results showed that majority of the compounds display varying degree of inhibition against the tested microorganisms. In general the potency against gram positive is higher than gram negative. Some tested compound showed remarkable antibacterial and antifungal activities. Compound 22 inhibited both gram positive and gram negative bacterial strains but show less efficiency towards fungal strains. Instead, compound 25 showed activity against both bacterial and fungal strains. Compound 21 showed excellent antifungal activity against both fungal strains comparable to standard drug Fluconazole.

Table 1: Antimicrobial activity of newly synthetic compounds
























	Compound
	E. coli
	B. subtilis
	P. aeruiginosa
	S. aureus
	 
	A. flavus
	 
	A. niger
	 
	 



	 
	100
	200
	400
	100
	200
	400
	100
	200
	400
	100
	200
	400
	100
	200
	400
	100
	200
	4000



	15
	6.8
	9.6
	12.8
	3.6
	5.8
	11.4
	6.1
	10.2
	13.3
	6.4
	10.6
	13.6
	6.5
	10.6
	14.4
	6.9
	9.8
	13.2



	17
	5.8
	11.2
	16.6
	4.4
	6.3
	6.6
	6.3
	9.2
	14.5
	6.3
	8.9
	18.9
	7.9
	10
	14.2
	6.1
	9
	12.4



	18
	7
	10.1
	14
	5.3
	7.8
	13
	7.2
	11.4
	18.7
	9.8
	14.7
	19.4
	4.3
	6.2
	9.3
	11.4
	15.1
	21.8



	19
	10
	13.8
	19.2
	6.4
	9
	15
	7.5
	9.2
	16.8
	5
	10.2
	16.7
	9.6
	16.9
	17.5
	10.8
	18.2
	20.6



	21
	6.6.
	11
	16.2
	5
	8.3
	14.4
	4.7
	9.3
	15.4
	6
	12.2
	17.6
	12
	17.4
	24.1
	9.4
	16.5
	23.7



	22
	12.4
	16.9
	22.4
	7
	10
	17.2
	6.9
	12.5
	18.7
	8.3
	19.2
	20.2
	10.4
	15.3
	16.4
	8
	20.2
	19



	23
	11
	15.4
	19
	6.2
	7.8
	15.2
	9.8
	14.3
	20.1
	8.7
	14.9
	21
	9.1
	13.2
	17.1
	10.3
	18.5
	21.3



	25
	12
	16.4
	22.3
	5.8
	9.2
	16.4
	13.9
	18.5
	24.3
	12.4
	17.1
	19.5
	10.4
	17
	20.3
	8.8
	15.2
	20.2



	Ciprofloxacin
	13.2
	18.7
	24.6
	10.2
	16.5
	24
	12.7
	18.5
	23.5
	12.3
	17.9
	23
	 
	 
	 
	 
	 
	 



	Fluconazole
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	11.9
	16.7
	21.1
	11.5
	16.4
	24




In summary, an efficient methodology for easy access to the pyrazolo and isoxazolo annulated analogues of carbazole and azacarbazole fused benzoxazepines has been described. The application of Japp-Klingemann reaction on 2-aminodibenzoxazepine and 2-hydroxymethylideno cyclohexanone/3-hydroxymethylideno-N-benzyl-4-piperidone followed by Fischer indolization of the obtained hydrazone with acid provided a very convenient synthetic entry to the oxocarbazole and oxoazacarbazole fused benzoxazepine. The later formed a very facile substrate in providing the subsequent annulation of this nucleus with pyrazole and isoxazole through the reaction of the corresponding enol ethers, enones, oxoketene dithioacetals and dimethylaminemethylene ketones with hydrazine hydrate and hydroxylamine hydrochloride respectively. Eight selected compounds from this series were evaluated for antimicrobial activity showing moderate to excellent antibacterial and antifungal activity.

Experimental

All reagents were purchased from HIMEDIA, Aldrich, Fluka and used directly without further purification. The melting points of all compounds were recorded in open glass capillaries on a VMP-D melting point apparatus and uncorrected. 1H-NMR spectra were recorded on Bruker-F-300 (300 MHz) spectrometer using CDCl3 as solvent and trimethylsilane (TMS) as internal reference and chemical shifts were expressed in δ (ppm). Mass spectra were recorded on model Clarus-600 Perkin Elmer; IR spectra were recorded on FTIR-9050S. CE (SCHIMADZU). Elemental analyses were carried out using a PERKIN ELMER CHNS/O analyzer series-II Model 2400. Reactions were monitored through TLC using benzene and methanol as eluent.

2,3-dihydo-1H-benzo-[2,3] [1,4] oxazipino [6,7-B] carbazol-4 (5H) -one (5).

Preparation of hydrazone

A solution of 2-amino- dibenzo [b,f] [1,4] oxazepine 1 (525 mg. 2.5 mmol) in aqueous HCl (5ml conc. HCl and 2ml water) was treated with a cold saturated solution of sodium nitrite (650 mg in 5ml of water) while the temperature was kept 0-5°C, It was then added drop wise to ice cold mixture containing 3-hydroxymethylidene cyclohexanone 3 (945 mg 7.5 mmol), sodium acetate trihydrate (810 mg, mmol), methanol (40ml), water (20ml) over a period of 5 hr with stirring. This content was allowed to stand for further 5h and the resulting solid mass was filtered, dried and recrystallized from ethanol to give the hydrazone, which was used in next step without further purification.

Cyclization of hydrazone

A solution of hydrazone (792 mg, 2.5 mmol) in Kent acid (a mixture of acetic acid (20ml) and hydrochloric acid (5ml.) was refluxed on an oil bath at 120-130 °C for 30 min. the content was cooled and poured to cold water with stirring. A yellow solid was obtained which was purified by column chromatography to give 2,3-dihydo-1H-benzo-[2,3] [1,4] oxazipino [6,7-b] carbazol-4 (5H) -one 5, Yield 532 mg (67%), cream-white, crystalline powder, mp 310-311°C. IR spectrum, ν, cm-1: 3110 (C-H str. ArH), 1710 (C=O), 1600 (C=N), 1480 (C=C), 1150 (C-N), 1110 (C-O-C). 1H NMR spectrum (400 MHz, CDCl3), δ, ppm (J, Hz): 11.91 (1H,s,	NH); 8.39 (1H, s, N=CH); 7.78 (1H, s, H Ar); 7.47 (1H, s, H Ar); 7.36 (4H, m, H Ar); 3.0 (2H, t, J = 6.1, CH2); 2.58 (2H, t, J = 6.1 CH2); 2.11 (2H, m, CH2). Mass spectrum (ES+, 70 eV), m/z (Irel, %): 302.10 [M]+ (65). Found, %: C 75.12; H 4.63; N 9.21. C19H14N2O2. Calculated, %: C 75.48; H 4.67; N 9.27/9.21. Similarly compound oxazipino derivative 6 was prepared. Yield 64%, cream-white, crystalline powder, mp 322-324 °C. IR spectrum, ν, cm-1: 3120 (C-H); 1720 (C=O); 1600 ((C=N); 1440 (C=C); 1150 (C-N); 1110 (C-O-C). 1H NMR spectrum (400 MHz, CDCl3), δ, ppm (J, Hz): 11.91 (1H, s, NH); 8.39 (1H, s, N=CH); 8.19 (1H, s, H Ar); 7.55 (1H, s, H Ar); 7.28 (8H, m, H Ar); 4.51 (2H, s, CH2); 3.39 (2H, t, J = 6.1, CH2); 2.63 (2H, t, J = 6.1, CH2); Mass spectrum (ES+, 70 eV), m/z (Irel, %): 393.15 [M]+ (47). Found, %: C 75.94; H 4.90; N 10.60. C25H19N3O2. Calculated, %: C 76.32; H 4.87; N 10.68.

3-(ethoxymethylene)-2,3-dihydro-1H-benzo[2,3][1,4] oxazepino[6,7-b]carbazol-4(5H)-one (7).

To a solution of sodium ethoxide (1300 mg) in dry benzene (10ml) at 0 °C, a solution of ethyl formate (520 mg 1.75mmol) in dry benzene (3 ml) was added. To this mixture 2,3-dihydo-1H-benzo-[2,3][1,4]oxazepino[6,7-b]carbazol-4(5H)-one 5 (302 mg, 1 mmol) in benzene (10ml) was then added and the mixture was stirred for 4h at room temperature and allowed to stand overnight. It was then diluted with cold water, acidified with dil. HCl and extracted with ether. The solid mass obtained was recrystallized from ethanol to give 7, Yield 210 mg (70 %), light-yellow, crystalline powder, mp 318-320 °C. IR spectrum, ν, cm-1: 3180 (C-H str. ArH); 1700 (C=O); 1660 (C=C); 1550 (C=N); 1590 (C=C); 1200(C-O-C). 1H NMR spectrum (400 MHz, CDCl3), δ, ppm (J, Hz): 11.91 (1H, s, NH); 8.39 (1H, s, N=CH); 7.78 (1H, s, HAr); 7.47 (1H, s, HAr); 7.36 (4H, m, HAr);; 6.99 (1H, s, CH); 4.49 (2H, q, J = 6.9, CH2); 3.1 (2H, t, J = 6.1, CH2); 2.82 (2H, t, J = 6.1, CH2); 1.21 (3H, t, J = 7.5, CH3). Mass spectrum (ES+, 70 eV), m/z (Irel, %): 359.14 [M]+ (48). Found, %: C 73.37, H 5.02, N 7.76. C22H18N2O3. Calculated, %: C 53.73/; H 5.06; N 7.82.

Similarly 8 was prepared from 6. Yield 260 mg (66%), pale-yellow, crystalline powder mp 314-316 °C. IR spectrum, ν, cm-1: 3150 (C-H); 1730 (C=O), 1630 (C=C); 1610 (C=N); 1480 (C=C str.); 1220 (C-O-C). 1H NMR spectrum (400 MHz, CDCl3), δ, ppm (J, Hz): 11.91 (1H, s, NH); 8.39 (1H, s, N=CH); 8.19 (1H, s, H Ar); 7.84 (1H, s, H Ar); 7.28 (8H, m, H Ar); 7.55 (1H, s, H Ar); 7.11 (1H, s, CH); 4.71 (2H, s, CH2); 4.49 (2H, q, J = 6.9, CH2); 3.73 (2H, s, CH2); 1.21 (3H, t, CH3). Mass spectrum (ES+, 70 eV), m/z (Irel, %): 449 [M]+ (36). Found, %: C 74.80; H 5.11; N 9.01. C28H23N3O3. Calculated, %: C 74.82; H 5.16; N 9.35.

3-benzylidene-2,3-dihydro-1H-benzo[2,3] [1,4[oxazepino[6,7-b]carbazol-4(5H)-one (9).

A mixture of 2,3-dihydro-1H-benzo-[2,3][1,4]oxazepino[6,7-b]carbazol-4(5H)-one 5 (453 mg. 1.5 mmol), benzaldehyde (265 mg. 2.5 mmol) and fused sodium acetate (300 mg. 3.7 mmol) in glacial acetic acid was refluxed for 5h. The reaction mixture was cooled in ice water. The resulting solid was filtered and washed with water, dried and recrystallized from ethanol to give pure oxazepino derivative 9, Yield 300 mg (yield 66%), brawn, crystalline powder, mp 326-328 °C. IR spectrum, ν, cm-1: 3200 (C-H str. ArH); 1680 (C=O); 1600 (C=N); 1400 (C=C), 1350 (C-N); 1000 (C-O-C). 1H NMR spectrum (400 MHz, CDCl3), δ, ppm (J, Hz): 11.91 (1H, s, NH); 8.39 (1H, s, N=CH); 7.78 (1H, s, H Ar); 7.50 (5H, m, H Ar); 7.47 (1H, s, H Ar); 7.36 (4H, m, H Ar); 7.15 (1H, s, CH); 3.1 (2H, t, J = 5.9, CH2); 2.82 (2H, t, J = 6.1, CH2). Mass spectrum (ES+, 70 eV), m/z (Irel, %): 390.8 [M]+ (63). Found, %: C 79.64; H 4.61; N 7.12. C26H18N2O2. Calculated, %: C 79.98; H 4.65; N 7.18.

Similarly compound 10 was prepared from 6. Yield 275 mg (70%), yellow-brawn, crystalline powder mp 308-310 °C, IR spectrum, ν, cm-1: 3150 C-H str. ArH), 1710 (C=O); 1630 (C=N); 1445 (C=C); 1380 (C-N); 1032 (C-O-C). 1H NMR spectrum (400 MHz, CDCl3), δ, ppm (J, Hz): 11.91 (1H, s, NH); 8.39 (1H, s, N=CH); 8.19 (1H, s, H Ar); 7.84 (1H, s, H Ar); 7.40 (10H, m, H Ar); 7.36 (4H, m, H Ar); 7.27 (1H, s, CH); 4.71 (2H, s, CH2); 3.73 (2H, s, CH2). Mass spectrum (ES+, 70 eV), m/z (Irel, %): 481.21 [M]+ (72), Found, %: C79.48; H 4.76; N 8.65. C32H23N3O2. Calculated, %: C 79.81; H 4.81; N 8.73.

3-(bis(methylthio)methylene)-2,3-dihydro-1H-benzo[2,3] [1,4]oxazipino[6,7-b]carbazol-4(5H)-one (11).

A mixture of 2,3-dihydro-1H-benzo-[2,3][1,4]oxazepino[6,7-b]carbazol-4(5H)-one 5 (453 mg. 1.5 mmol) and CS2 (1.5ml.) was added to a stirred cold solution of t-BuOK (560 mg, 5.0 mmol) in dry benzene (10ml) and DMF (10ml). The reaction mixture was allowed to stand at room temperature for 4h and then methyliodide (1.5ml. 6.0 mmol) was added gradually with stirring and external cooling (exothermic reaction). The reaction mixture was allowed to stand for further 4h and then refluxed for 3 h. The mixture was poured in ice and extracted with benzene. The combined benzene layer was separated, dried over sodium sulfate and then solvent was removed under reduced pressure to give oxazipino derivative 11, Yield 220 mg (48%), dark brown, crystals, mp 330-332 °C. IR spectrum, ν, cm-1: 3170 (C-H); 1720 (C=O); 1600 (C=N); 1400 (C=C), 1190 (C-N); 1180 (C-O-C); 700 (C-S). 1H NMR spectrum (400 MHz, CDCl3), δ, ppm (J, Hz): 11.91 (1H, s, NH); 8.39 (1H, s, N=CH); 7.78 (1H, s, H Ar); 7.55 (1H, s, CH); 7.47 (1H, s, H Ar); 7.36 (4H, m, H Ar); 3.1 (2H, t, J = 6.1, CH2); 2.82 (2H, t, J = 6.1, CH2); 2.86 (6H, s, CH3). Mass spectrum (ES+, 70 eV), m/z (Irel, %): 405.08 [M]+ (78); Found, %: C 64.57; H 4.43; N 6.83; S 17.72. C22H18N2O2S. Calculated, %: C 64.99; H 4.46; N 6.89; S 15.78.

Similarly compound 12 was prepared from 6. Yield 250 mg (42%), light-brawn, crystalline powder, mp 308-310 °C. IR spectrum, ν, cm-1: 3020 (C-H str. ArH); 1750 (C=O), 1610 (C=N); 1440 (C=C); 1032 (C-O-C); 680 (C-S). 1H NMR spectrum (400 MHz, CDCl3), δ, ppm (J, Hz): 11.91 (1H, s, NH); 8.39 (1H, s, N=CH); 8.19 (1H, s, H Ar); 7.84 (1H, s, H Ar); 7.55 (1H, s, CH); 7.28 (asymmetric, 8H, m, H Ar); 4.71 (2H, s, CH2); 3.73 (2H, s, CH2); 2.80 (6H, s, CH3). Mass spectrum (ES+, 70 eV), m/z (Irel, %): 497.12 [M]+ (43). Found, %: C 67.13; H 4.62; N 8.36; S 12.81. C28H23N3O2S2. Calculated, %: C 67.57; H 4.66; N;8.44; S12.89.

3-((dimethylamino)methylene)-2,3-dihydro-1H-benzo[2,3] [1,4]oxazepino[6,7-b]carbazol-4(5H)-one (13).

2,3-Dihydro-1H-benzo-[2,3][1,4]oxazepino[6,7-b]carbazol-4(5H)-one 5 (453 mg. 1.5 mmol) was dissolved in DMF-DMA (10 ml) and the solution was heated under reflux for 4h and concentrated. The residue was triturated with hexane filtered and washed with hexane to give dimethylamine derivative 13, Yield 310 mg (68%), light-brawn, crystalline powder mp 328-330 °C. IR spectrum, ν, cm-1: 3120 (C-H str. ArH), 1700 (C=O), 1600 (C=N), 1460 (C=C) str. ArH), 1210 (C-N), 1020 (C-O-C). 1H NMR spectrum (400 MHz, CDCl3), δ, ppm (J, Hz): 8.9 (1H, s, N=CH); 11.91 (1H, s, NH); 7.47 (1H, s, H Ar); 7.78 (1H, s, H Ar); 7.41 (1H, s, CH); 2.82 (2H, t, J = 5.9, CH2); 3.1 (2H, t, J = 6.0, CH2); 7.55 (1H, s, CH); 3.0 (6H, s, CH3). Mass spectrum (ES+, 70 eV), m/z (Irel, %): 357.16 [M]+ (34). Found, %: C 73.55; H 5.31; N 11.71. C22H19N3O2. Calculated, %: C 73.93; H 5.36; N 11.76.

Similarly dimethylamine derivative 14 was prepared from 6. Yield 360 mg (61%), brawn, crystalline powder, mp 324-326 °C. IR spectrum, ν, cm-1: 3010 (C-H str. ArH), 1750 (C=O), 1620 (C=N), 1530 (C=C), 1220 (C-O-C), 1020(C-N str). 1H NMR spectrum (400 MHz, CDCl3), δ, ppm (J, Hz): 11.91 (1H, s, NH); 8.39 (1H, s, N=CH); 8.19 (1H, s, H Ar); 7.84 (1H, s, H Ar); 7.61 (1H, s, CH); 7.55 (1H, s, CH); 7.28 (8H, m, H Ar); 4.71 (2H, s, CH2); 3.73 (2H, s, CH2); 3.0 (6H, s, CH3). Mass spectrum (ES+, 70 eV), m/z (Irel, %): 448.19 [M]+ (38); Found, %: C 74.82; H 5.36; N 12.41. C28H24N4O2. Calculated, %: C 74.98; H 5.39; N 12.49.

5,15-Dihydrobenzo[2,3][1,4]oxazepino[7,6-b] isoxazolo[3,4-a]carbazole (15).

Method (A): A solution of 3-(ethoxymethylene)-2,3-dihydro-1H-benzo[2,3][1,4]oxazepino[6,7-b]carbazol-4(5H)-one 7 (537 mg. 1.5 mmol) in glacial acetic acid (10 ml) was stirred with hydroxylamine hydrochloride (208 mg, 3mmol) for 6-8h at 70-80 °C. The solvent was removed under reduced pressure and the residue was purified by recrystallization from ethanol to give isoxazole derivative 15, Yield 325 mg (60%), cream, crystalline powder, mp 222-224 °C. Similarly 16 was prepared from 8. Yield 399 mg (59%), light-yellow, crystalline powder mp 266-269 °C.

Method (B): To a solution of 3-((dimethylamino)methylene)-2,3-dihydro-1H-benzo [2,3][1,4]oxazepino[6,7-b]carbazol-4(5H)-one 13 (535 mg. 1.5 mmol) in methanol (10ml) was added hydroxylamine hydrochloride (208 mg, 3mmol) and the solution was heated under reflux for 1h and concentrated. The resulting mixture was extracted with ethyl acetate and product was recrystallized from ethanol to give 15, 375 mg, (yield 70%), cream, crystalline powder, mp 222-224 °C. IR spectrum, ν, cm-1: 3010 (C-H), 1610 (C=N), 1600 (C=N), 1590 (C=C), 1210 (C-O-C), 690 (C-O-N). 1H NMR spectrum (400 MHz, CDCl3), δ, ppm (J, Hz): 11.8 (1H, s, NH), 8.3 (1H, s, CH), 7.9 (1H, s, H Ar), 7.6 (1H, s, CH of isoxazole), 7.4 (1H, s, H Ar), 7.3 (4H, m, H Ar), 2.8 (4H, m, CH); Mass spectrum (ES+, 70 eV), m/z (Irel, %): 327.01 [M]+ (56). Found, %: C 72.96; H 3.95; N 12.52. C20H13N3O2. Calculated, %: C 73.38; H 4.00; N 12.84.

Similarly 16 was prepared from 14. Yield 410 mg (61%), cream, amorphous powder, mp 266-269 °C. IR spectrum, ν, cm-1: 3150 (C-H str. ArH); 1640 (C=N); 1600 (C=N); 1580 (C=C); 1200 (C-O-C); 980 (C-O-N). 1H NMR spectrum (400 MHz, CDCl3), δ, ppm (J, Hz): 11.8 (1H, s, NH); 8.3 (1H, s, CH); 8.1 (1H, s, H Ar); 7.6 (1H, s, H Ar); 7.5 (5H, m, H Ar); 7.3 (4H, m, H Ar); 4.7 (2H, s, CH2); 4.3 (2H, s, CH2). Mass spectrum (ES+, 70 eV), m/z (Irel, %): 418.14 [M]+ (46). Found, %: C 74.28; H 4.29; N 13.05. C26H18N4O2. Calculated, %: C 74.62; H 4.33; N 13.39.

1,4,5,15-tetrahydrobenzo[2,3][1,4]oxazepino[7,6-b] pyrazolo[3,4-a]carbazole (17).

Method (A) A solution of 3-(ethoxymethylene)-2,3-dihydro-1H-benzo[2,3][1,4]oxazepino[6,7-b]carbazol-4(5H)-one 7 (537 mg. 1.5 mmol) in glacial acetic acid was stirred with hydrazine hydrate (1ml) and refluxed for 5-6h at 70-80 °C. Resulting solution was extracted with ethyl acetate and washed with sodium bicarbonate solution and dried over sodium sulfate, the solvent was removed and the product was purified by recrystallization from ethanol to give pyrazole derivative 17, 315 mg (yield 58%), yellow, crystalline powder mp 246-248 °C. Similarly pyrazole derivative 18 was prepared from 8. Yield 410 mg (61%), yellow, crystalline powder mp 232-234 °C.

Method (B) to a solution of 3-((dimethylamino)methylene)-2,3-dihydro-1H-benzo [2,3][1,4]oxazepino[6,7-b]carbazol-4(5H)-one 13 (535 mg. 1.5 mmol) in methanol (20ml) was added hydrazine hydrate (0.5-1 ml) and the solution was heated under reflux for 1h and concentrated. The resulting mixture was diluted with water and extracted with ethyl acetate. The solvent was removed and product was recrystallized from ethanol to give 17, Yield 295 mg (55%), mp 247-249 °C. IR spectrum, ν, cm-1: 3200 (C-H str.); 1610 (C=C str. ArH); 1600 (C=N); 1250 (C-N); 1190 (C-O-C). 1H NMR spectrum (400 MHz, CDCl3), δ, ppm (J, Hz): 12.6 (1H, s, NH); 11.8 (1H, s, NH); 8.3 (1H, s, CH); 7.9 (1H, s, H Ar); 7.7 (1H, s, CH of pyrazole ring); 7.4 (1H, s, H Ar); 7.3 (4H, m, H Ar); 2.8 (4H, m, CH2). Mass spectrum (ES+, 70 eV), m/z (Irel, %): 327.11 [M]+ (23). Found, %: C 73.16; H 4.29; N 16.99. C20H14N4O. Calculated, %: C 73.60; H 4.32; N17.17

Similarly 18 were prepared. Yield 418 mg (62%), mp 232-234 °C. IR spectrum, ν, cm-1: 3190 (C-H str. ArH); 1600 (C=N and C=C); 1170 (C-O-C); 1080 (C-N). 1H NMR spectrum (400 MHz, CDCl3), δ, ppm (J, Hz): 12.6 (1H, s, NH); 11.8 (1H, s, NH); 8.3 (1H, s, CH); 8.1 (1H, s, H Ar); 7.7 (1H, s, CH of pyrazole ring) 7.6 (1H, s, H Ar); 7.3 (4H, m, H Ar); 7.2 (5H, m, H Ar); 4.7 (2H, s, CH2); 4.3 (2H, s, CH2). Mass spectrum (ES+, 70 eV), m/z (Irel, %): 417 [M]+ (48). Found, %: C 74.31; H 4.55; N 16.46. C26H19N5O. Calculated, %: C 74.79; H 4.58; N 16.78.

3-phenyl-5,15-dihydro-1H-benzo-[2,3][1,4] oxazepino[7,6-b]isoxazole[3,4-a]carbazole (19).

Anhydrous sodium acetate (410 mg. 5mmol) dissolved in a minimum amount of hot acetic acid (5ml) was added to a solution of hydroxylamine hydrochloride (139 mg, 2mmol) in ethanol. This was added to a solution of benzylidene derivative 9 (390 mg.1mmol) in ethanol. The mixture was refluxed for 3-4h on sand bath. The content was poured in a ice bath, filtered and recrystallized from ethanol to give isoxazole derivative 19, Yield 274 mg (70%), yellow-brawn, crystalline powder, mp 236-238 °C. IR spectrum, ν, cm-1: 2800 (C-H); 1620 (C=N); 1610 (C=C); 1580 (C=N str. pyrazole); 1150 (C-O-C); 960 (C-O-N). 1H NMR spectrum (400 MHz, CDCl3), δ, ppm (J, Hz): 8.3 (1H, s, CH); 8.1 (5H, m, H Ar); 8 (1H, s, NH); 7.9 (1H, s, H Ar); 7.5 (5H, m, H Ar); 7.4 (1H, s, H Ar); 7.3 (4H, m, H Ar); 2.8 (4H, m, CH2). Mass spectrum (ES+, 70 eV), m/z (Irel, %): 405.45 [M]+ (80). Found, %: C 77.06; H 4.20; N 10.12. C26H17N3O3. Calculated, %: C 77.40; H 4.25; N 10.42.

Similarly 20 was prepared from 10. Yield 340 mg (71%), yellow-brawn, crystalline powder, mp 260-262 °C. IR spectrum, ν, cm-1: 3000 (C-H); 1620 (C=N); 1610 (C=C); 1560 (C=N); 1150 (C-O-C); 920 (C-O-N). 1H NMR spectrum (400 MHz, CDCl3), δ, ppm (J, Hz): 8.3 (1H, S, CH); 8.1 (1H, s, H Ar); 8 (1H, s, NH); 7.6 (1H, s, H Ar); 7.4 (10H, m, H Ar); 7.3 (4H, m, H Ar); 4.7 (2H, s, CH2); 4.3 (2H, s, CH2). Mass spectrum (ES+, 70 eV), m/z (Irel, %): 495.17 [M]+ (67). Found, %: C 77.35; H 4.46; N 11.05. C32H22N4O2. Calculated, %: C 77.71; H 4.48; N 11.33

3-phenyl-1,4,5,15-tetrahydrobenzo[2,3]1,4-oxazepino[7,6-b]pyrazolo[3,4-a]carbazole (21).

A mixture of benzylidene derivative 9 (390 mg. 1mmol) and hydrazine hydrate (1 ml) was heated under reflux for 12h in 20 ml. ethanol. It was then poured into crushed ice filtered and crystallized from ethanol to give pyrazole derivative 21, 295 mg (yield 76%), red-brawn, crystalline powder, mp 270-272 °C. IR spectrum, ν, cm-1: 3200 (C-H str. ArH); 1600 (C=N); 1590 (C=C); 1250 (C-O-C); 1200 (C-N). 1H NMR spectrum (400 MHz, CDCl3), δ, ppm (J, Hz): 12.3(1H, s, NH); 11.8(1H, s, NH); 8.3(1H, s, CH); 7.9(1H, s, H Ar); 7.8(4H, m, H Ar); 7.5(5H, m, H Ar); 7.4(1H, s, H Ar); 2.8(4H, m, CH2). Mass spectrum (ES+, 70 eV), m/z (Irel, %): 404.45 [M]+ (52). Found, %: C 77.17; H 4.44; N 13.67. C26H18N4O. Calculated, %: C 77.59; H 4.50; N 13.93.

Similarly 22 was prepared from 10. Yield 349 mg (72%), light-brawn, crystalline powder, mp 310-312 °C. IR spectrum, ν, cm-1: 3190 (C-H str. ArH); 1600 (C=N); 1580 (C=C); 1280 (C-O-C); 1290 (C-N). 1H NMR spectrum (400 MHz, CDCl3), δ, ppm (J, Hz): 12.3 (1H, s, NH); 11.8 (1H, s, NH); 8.3 (1H,, s, CH); 8.1 (1H, s, H Ar); 7.8 (4H, m, H Ar); 7.6 (1H, s, H Ar); 7.5 (5H, m, H Ar); 7.3 (4H, m, H Ar); 4.7 (2H, s, CH2); 4.3 (2H, s, CH2). Mass spectrum (ES+, 70 eV), m/z (Irel, %): 493.19 [M]+ (38). Found % C 77.41; H 4.64; N 13.95. C32H23N5O, Calculated. %: C 77.87; H 4.69; N 14.19.

3 -(methylthio)-5,1 5-dihydro-4H-benzo[2,3[1,4] oxazepino[7,6-b]isoxazole[3,4-a]carbazole (23).

Hydroxylamine hydrochloride (69 mg. 1mmol) was added to sodium methoxide (216 mg. 4 mmol) in methanol (10 ml) and stirred for 10 min. To this bis(methylthio)methylene compound 11 (405 mg. 1mmol) was added and the mixture was refluxed for 6-7h. The methanol was evaporated and residue was poured into ice cold water. The solid was filtered washed with diethylether and recrystallized from ethanol to produce 23, Yield 248 mg (61%), pale- yellow, crystalline powder mp 304-307 °C. IR spectrum, ν, cm-1: 3350 (NH str. of pyrazole); 3180 (C-H), 1640 (C=C); 1600 (C=N); 1560 (C=N); 1110 (C-O-C); 880 (C-O-N); 690 (C-S). 1H NMR spectrum (400 MHz, CDCl3), δ, ppm (J, Hz): 11.8 (1H, s, NH); 8.3 (1H, s, CH); 7.9 (1H, s, H Ar); 7.4 (1H, s, H Ar); 7.3 (4H, m, H Ar); 2.5 (3H, s, CH3); 22.8 (4H, m, CH2). Mass spectrum (ES+, 70 eV), m/z (Irel, %): 372.44 [M]+ (64). Found, %: C 67.16; H 4.01; N 11.03; S 8.17. C21H15N3O2S. Calculated, %: C 67.54; H 4.05; N 11.25; 03, S 8.59/8.17.

Similarly 24 was prepared from 12. Yield 837 mg (68%), light-brawn, crystalline powder, mp 260-263 °C. IR spectrum, ν, cm-1: 1630 (C=C); 1600 (C=N); 1220 (C-O-C); 1100 (C-H), 900 (C-O-N); 700 (C-S). 1H NMR spectrum (400 MHz, CDCl3), δ, ppm (J, Hz): 11.8 (1H, s, NH); 8.3 (1H, s, CH); 8.1 (1H, s, H Ar); 7.6 (1H,s, H Ar); 7.3 (4H, m, H Ar); 7.2 (5H, m, H Ar); 4.7 (2H, s, CH2); 4.3 (2H, s, CH2); 2.5 (3H, s, CH3). Mass spectrum (ES+, 70 eV), m/z (Irel, %): 464 [M]+ (71). Found, %: C 69.38; H 4.31, N 12.82; S 6.56. C27H20N4O2S. Calculated, %: C 69 80; H 4.34; N 12.06; S 6.90.

3-(methylthio)-1,4,5,15-tetrahydrobenzo[2,3][1,4] oxazepino[7,6-b]pyrazole[3,4-a]carbazole (25).

Hydrazine hydrate (1-.5 ml) and bis(methylthio)methylene compound 11 (405 mg. 1mmol) was taken in 10 ml ethanol and refluxed for 3h. The resulting residue was poured in water and extracted with ethyl acetate, washed with saturated solution of sodium bicarbonate and dried over anhydrous sodium sulfate. Removal of the solvent gave pyrazole derivative 25, Yield 259 mg (64%), pale-yellow, crystalline powder, mp 288-289 °C. IR spectrum, ν, cm-1: 3300 (NH str. pyrazole); 3000 (C-H str. ArH); 1590 (C=N); 1570 (C-H str. ArH); 1200 (C-O-C); 1150 (C-N); 700 (C-S). 1H NMR spectrum (400 MHz, CDCl3), δ, ppm (J, Hz): 12.3 (1H, s, NH); 11.8 (1H, s, NH); 8.3 (1H, s, CH); 7.9 (1H, s, H Ar); 7.4 (1H, s, H Ar); 7.3 (4H, m, H Ar); 2.8 (4H, m, CH2); 2.5 (3H, s, CH3). Mass spectrum (ES+, 70 eV), m/z (Irel, %): 372.44 [M]+ (62). Found, %: C 67.24; H 4.28; N 14.73; S 8.21. C26H16N4OS. Calculated, %: C 67.7; H 4.33; N 15.05; S 8.61.

Similarly 26 was prepared from bis(methylthio)methylene compound 12. Yield 330 (66 %), pale-yellow, crystalline powder, mp 274-275 °C. IR spectrum, ν, cm-1: 3320 (NH str. pyrazole); 3050 (C-H), 1590 (C=N); 1570 (C=C); 1210 (C-O-C); 1150 (C-N str.); 720 (C-S). 1H NMR spectrum (400 MHz, CDCl3), δ, ppm (J, Hz): 12.3 (1H, s, NH); 11.8 (1H, s, NH); 8.3 (1H, s, CH); 8.1 (1H, s, H Ar); 7.6 (1H, s, H Ar); 7.3 (4H, m, H Ar); 7.2 (5H, m, H Ar); 4.7 (2H, s, CH2); 4.3 (2H, s, CH2). Mass spectrum (ES+, 70 eV), m/z (Irel, %): 463.15 [M]+ (86). Found, %: C 69.58; H 4.52; N 14.82, S 6.54. C32H23N5OS. Calculated, %: C 69.95; H 4.56; N 15.11; S 6.92.
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