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SEM), Transmission electron microscopy (TEM), Energy dispersive x-ray analysis (EDAX),
powder X-ray diffraction (PXRD), and Fourier transform infrared spectroscopy (FT-IR) were
used to establish the structure and morphology of the synthesized nanocatalyst. The clean workup
procedure, high to excellent yields, relatively short reaction times, and high atom economy are
the incredible advantages associated with the protocol.

© 2023 by the authors; licensee Growing Science, Canada,

1. Introduction

Heterocyclic compounds constitute the largest diversity of organic molecules of chemical, biomedical, and industrial
significance. The dominance of polymerized organic compounds as an eloquent factor in the discrete area is conventional.
Heterocyclic constituents depict a significant part of human life, on account of their biological eminence, under the stress
of pathogens. Heterocyclic compounds have a predominant disparity of praxis in medicine and fertilizer processing, and
their unconventional predominant requisition beforehand for these compounds came to be proclaimed beforehand.
Heterocyclic compounds acquired the center of attention on the leading edge because of their extensive biological activities.
The fusion of an operating platform in the composition of heterocyclic compounds reinforces valuables aligned with them.!
19 Diazepines are considered the biologically active epitope antigenic determinant and the useful building blocks in the
construction of various pharmaceutically significant lead molecules.!! Their derivatives are imperious types of compounds
that have been widely explored for pharmacological activities such as antibacterial, antiviral, antioxidant, anticancer,
antitumor'>!3, antiparasitic'4, antiemetic, antihistaminic, spasolytic'>, antagonistic, anticonvulsive, anti-inflammatory and
anti-fungicidal.'*!'® Some of them are an integral component of antimalarial drug therapy, anti-HIV, and other various
pharmaceutical applications.!” Certain drugs embracing azepine nucleus are used for the treatment of Parkinson’s and
Alzheimer’s disease since they exhibit anticonvulsant activity and may be used as tranquilizers.!® Moreover a number of
1,4 azepine derivatives find their utility as dyes for acrylic fibers,!® as valuable intermediates for the synthesis of fused
hetero- diazepine compounds bearing triazole,*’oxadiazole, *'oxazine, ?* and Furano-nuclei. 2
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Therefore, keeping in view such a wide range of pharmaceutical profiles and industrial applications associated with such
an important seven-membered aza-scaffold, the development of mild and efficient protocols for their preparation continues
to be a challenging endeavor for synthetic organic chemists.?*>* Some commonly reported literature methods include
cycloaddition reactions, 26imino-annulation, %’ ring-closing metatheses [RCM], 2% and coupling reactions.?**! However a
large number of methods reported in the literature suffer from several bottlenecks viz the use of drastic conditions, lesser
yields, and typical product isolation procedures. Though certain improvements have been proposed to overcome the
shortcomings of existing methods by incorporating ionic liquids, 3*silica-supported acids,** metal triflates,>*HY-zeolites,*’
and boronic acids,* L-proline,’” TMSCI/Nal,3¥ InC13,* and DBU,* in synthetic protocols. Also, the use of microwave,*
ultrasound - radiation,*” and aqueous media,** have also been reported to achieve the improvement in their synthetic
outcomes to some extent. Hence, buoyed from these findings vis-a-vis to overcome the shortcomings of the existing
synthetic strategies, it was thought worthwhile to develop an efficient, cost-effective, eco-savy, neat protocol for
synthesizing 1,4-azepine derivatives 5,7-dimethyl-6-(phenyldiazenyl)-3,6-dihydro-2H-1,4-diazepine derivatives 5(a-e) and
2,4-dimethyl-3-(phenyldiazenyl)-3H-benzo 6(a-¢) as medicinally potent heterocyclic scaffolds. The role of zinc oxide
nanoparticles (ZnO NPs) was corroborated in the synthetic strategy (Scheme 1) as the heterogenous support catalytic
system. It is known that the surface of zinc oxide possesses both Lewis acidic and basic sites.**#” Therefore, ZnO
nanoparticles were synthesized using the precipitation process, considering a modified literature-based protocol. This
single-step process to scale up the production without unwanted impurities is desirable for the cost-effective preparation of
ZnO nanocrystals. Moreover, ease of separation of catalyst, reusability, recyclability, and waste-free protocol are the
attributes to place the strategy as green and environmentally benign. An overview of the synthetic strategy to develop a
series of 1,4 —diazepines is elicited in scheme 1.
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Scheme 1. Synthesis of substituted-1,4 diazepine derivatives

Initially, a series of aryldiazonium compounds coupled to pentane-2,4-dione 1(a-f) was prepared as per the method
reported in the literature. *® The 1(a-f) was treated with ethylene diamine (EDA) (2)/ ortho phenylene diamine (OPD) (3) to
yield the desired 1,4-diazepine derivatives 5,7-dimethyl-6-(phenyldiazenyl)-3,6-dihydro-2H-1,4-diazepine derivatives 4(a-
e) and 2,4-dimethyl-3-(phenyldiazenyl)-3H-benzo 5(a-e), respectively after being assisted by ZnO NPS as the
heterogeneous catalyst.

2. Results and discussion
2.1 Characterization of Catalyst

The optical and nanostructured characteristics of the produced ZnO nanoparticles were screened. Fig. 1 displays an X-
ray diffraction pattern with large peaks centred at 31.7°, 34.4°, 36.2°, 47.5°, 56.6°, 62.9°, 66.4°, 67.9°, 69.1°, 76.9°, which
correspond to the presence of (100), (002), (101), (102), (110), (013), (200), (112), (201), (202) indices, respectively.*’
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Fig. 1. PXRD pattern of zinc oxide nanoparticles

All of the diffraction peaks were attributed to the pure zincite hexagonal phase of ZnO (space group p63mc), with lattice
parameters a = 3.25 and ¢ = 5.21, which are consistent with JCPDS card n0.96-900-4180. There were no characterization
peaks for any other phase of ZnO, indicating that the produced material was pure. The sharpness of the peaks revealed the
catalyst's crystalline form. The existence of many peaks implies that the crystallites are oriented randomly (Fig. 1). The
Debye-Scherrer formula (equation 1) was used to compute the average crystallite size.

b= Kl/ﬁCosB M

where, D denotes crystallite size, K = Scherrer constant (shape factor) = 0.9, A = 0.154nm is the wavelength of the incident
CuKa radiation, 3 represents full-width at half maximum of the corresponding peak, and is the Bragg diffraction angle. The
equation determined that the average crystallite size was 21.3 nm. SEM and TEM investigations were used to further
establish the catalyst's morphology (Fig. 2). ¥ The SEM pictures of ZnO nanoparticles at various magnifications are shown
in Fig. 2A and Fig. B. The generation of ZnO nanoparticles is confirmed by these flower-like images. The XRD pattern
confirmed the crystalline structure of the zinc oxide flower. The diameter of the flower-like structure is estimated to be
between 1-2 pm.
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Fig. 2. SEM images of zinc oxide nanoparticles

Fig. 3A and Fig. 3B depict TEM pictures of the catalyst's development into a flower-like structure. The sample's single-
crystalline structure was shown by the TEM picture, which showed distinct lattice fringes. The lattice spacing is 0.45 nm
as observed. Only zinc and oxygen are present in the sample, according to the EDX analysis shown in Fig. 4, with no other
contaminants.*’
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Fig. 4. EDAX pattern of zinc oxide nanoparticles

Similarly, the appearance of a strong peak in the FT-IR spectrum at 364.07 cm 1 in Fig. 5 indicated the presence of a
Zn-0O vibrational peak in the produced ZnO NPs. The absence of any additional IR frequency peak validates the produced
catalyst's structural purity. *°
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Fig. 5. FT-IR spectrum of zinc oxide nanoparticles

Under ethanolic conditions, the role of zinc oxide NPs as catalytic support for the synthesis of aryl azo diazepine
derivatives was investigated. Condensing 3-(phenyl diazinyl) pentane-2,4-dione 1(a) and ethane-1, 2diamines (2) in the
presence of a variable catalytic quantity of ZnO NPs was used to conduct optimization experiments (5-20 mole %).
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Table 1. Optimization of catalyst concentration for the model reaction
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1(a) ethane-1,2-diamine 4(a)
3-(phenyldiazenyl) Q) 5,7-dimethyl-6-(phenyldiazenyl)
L pentane-2,4-dione -3,6-dihydro-2 H-1,4-diazepine
Entry Without ZnO ZnO ZnO ZnO NPs ZnO (Bulk) ZnO (Bulk)
Catalyst NPs NPs NPs

Catalyst (mole %) - 5 10 15 20 15 20

Time® (mins.) 90 80 60 50 80 90 90
Temperature (°C) 80 60 70 60 80 70 80

Yield © (%) 38 70 83 92 90 66 65

*Reaction Conditions: The mixture of 3-(phenyl diazenyl)pentane-2,4-dione 1(a) (2mmole) and Ethane—1, 2 diamines (2) (2mmole) with or without
different concentrations of catalysts was heated at different temperatures.
®Progress of the reactions was monitored by TLC.
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Fig. 6. A library of synthesized 1,4-diazepines
“[solated Yields.
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Initially, the reaction was carried out under ambient conditions using 5 mole% of catalyst loading in solvent-free media.
An unsatisfactory yield was obtained after the elapse of 4 hrs. reaction time. No remarkable change took place on even
increasing the reaction time up to 8 hrs. It was observed that upon using 15 mole% of ZnO at 60°C. The yield of desired
product; 5,7—dimethyl 1-6(phenyl diazenyl)-3,6-dihydro—2H-1,4-Diazepine derivative is 92% which is the maximum. The
use of ZnO in comparison to bulk ZnO reduces the reaction time by a factor of two with higher yields. This may be assigned
to the nano size of the catalyst particles with enhancement in the surface area.> !

The "H NMR spectrum of compound (4a) showed an up field singlet resonance at 8 1.95 ppm as characteristic of the
two adjacent methyl groups (C-10’, 15°). A singlet at § 3.68 confirms the presence of two methyl groups on the azepine
ring. A one proton singlet at § 5.28 justifies the presence of C-6 proton, whereas phenyl ring protons, delineated a multiplet
at § 7.48 — 7.65. Likewise, the FT-IR bands at 3070 cm™ and 3004 cm™! correspond to the sp? and sp® hybridized C-H
stretching vibrations, respectively. The azo group (N=N) exhibits a peak at 1795 cm!, while the stretching frequency at
11632, 1542, and 1411 cm! corresponds to the C-C ring vibrations. A typical band around 1660 cm for the C=C/C=N group
indicates at 1688 and 1667 cm™! indicates the presence of C=C/C=N functional groups.

The protocol was validated for reactions of structurally different substrates using the optimum reaction conditions for
the model system, as indicated in Fig. 6. A wide range of substituted anilines with both electron-withdrawing and electron-
donating groups can be tolerated by the reaction. The reaction time and yields were affected by steric hindrance. 32 Chloro-
substituted molecules outperformed all other substituted anilines in terms of the yield of the products. (Fig. 6, entries 4(c)
and 5(b)).
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Fig. 7. Reusability of the synthesized catalyst
3. Conclusion

A simple, efficient, and environmentally friendly method for obtaining 1,4 diazepine scaffolds was developed and
reported herein. The intermediacy of ZnO NPS as a heterogeneous catalytic system aided the development of the protocol,
which resulted in the desired synthesis of 5,7-dimethyl-6-(phenyldiazenyl)-3,6-dihydro-2H-1,4-diazepine derivatives 4(a-
e) and 2,4-dimethyl-3-(phenyldiazenyl)-3H-benzo 5(a-e). The facile recovery and reusability of the catalyst are elicited by
this one-pot synthesis approach. Furthermore, the established protocol's clean conditions, short reaction time, high yields,
and ease of workup are among the notable benefits that make this strategy for inclusion in green chemistry tenets.

4. Experimental section

All chemicals were procured from Sigma Aldrich and Merck India and were not purified further. The reactions were
carried out in an aerobic environment with no special precautions taken. FrontierPerkin-ElmerFT-IRSP10STD was used
to record Fourier Transform Infrared (FT-IR) spectra as ATR spectra in the range of 4000350 cm™. The 'H and *CNMR
spectra of the produced compounds were recorded at 400 MHz in chloroform (CDClIs) solvent using a Bruker Advance II
400 NMR spectrometer, and chemical shifts were represented in parts per million. Using electrospray ionization (ESI) in
positive mode, mass analysis was performed on a quadrupole-time-of-flight (Q-TOF) mass spectrometer (MICROMASS).
CuK-alpha radiations of 0.154 nm were used in the XRD experiments using a Bruker D8 Advance X-ray diffractometer.
A Jeol (Jem-2100) electron microscope was used to capture transmission electron microscopy (TEM) pictures at a 200 kV
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acceleration voltage. Scanning Electron Microscopic (SEM) images and their corresponding Electron Dispersive X-ray
analysis (EDX) data were recorded by Jeol microscope (JSM7100F). Elemental analyses were performed on Thermo
Scientific (Flash 2000) CHN Elemental Analyzer. Thin-layer chromatography (TLC) was performed using precoated
aluminum sheets with silica gel 60F254.53-5¢

4.1 Synthesis of Zinc Oxide Nanoparticles (ZnO NPs) as Heterogeneous Catalyst

The hydrothermal chemical precipitation approach was used to synthesize the catalyst. ** A 25 mL aqueous solution of zinc
acetate dihydrate (0.5 M or 2.29 gm) (A) was prepared at room temperature for 15 minutes with steady stirring. A
homogeneous solution (B) was made in another round-bottomed flask by dissolving (1.25 M or 1.29 gm) sodium hydroxide
in 25 ml distilled water using a magnetic stirrer at room temperature for 15 minutes. Now, the zinc acetate solution (A) was
added dropwise to the sodium hydroxide solution (B) for about 10 minutes. The resultant solution was stirred continuously
for two hours at room temperature, yielding zinc hydroxide in the form of a white precipitate. The precipitate was filtered
and washed with ethanol and distilled water. The precipitate was dried in the air at around 80°C before being ground to a
fine powder. Finally, the product was calcined for 12 hours at 300°C in a muffle furnace. A yield of 1.5 gm was obtained.

4.2 General procedure for One-Pot Synthesis of 1,4-Diazepines 4(a-e) and 5(a-e)

In a 250 cc round-bottomed flask, compound 1(a-f) (Immole), ethane-1,2-diamine (EDA) (2) or benzene- 1,2- diamine
(OPD) (3) (Immole), ethyl alcohol (20 ml) were taken. Now the catalytic amount of ZnO NPs (15 mole%) was added to
the flask and then the contents were refluxed at 60°C with constant stirring for 30 minutes. The progress of the reaction was
monitored by TLC (on aluminum sheets precoated with silica) using n-hexane/ethyl acetate (4:1), (v/v) as the eluting system.
On completion, the reaction mixture was cooled to room temperature and dissolved in 15ml of ethanol. The catalyst was
separated by filtration and the solvent was removed under reduced pressure using a rotatory evaporator. Further. purification
of the product was achieved by column chromatography over silica gel using n-hexane /EtOAc (4:1) (v/v) as the eluting
system yielding the pure products 4 (a-e) and 5 (a-e) in good yields.

4.2 The physical analyses data for substituted 1,4-diazepine derivatives 4(a-e) and 5(a-e) are given below:

Compound (4a): 5,7-dimethyl-6-(phenyldiazenyl)-3,6-dihydro-2H-1,4-diazepine (4a) Compound was synthesized
using 3-(phenyldiazenyl)pentane-2,4-dione (1a) and ethane-1,2-diamine (EDA) (2).

Color: Yellowish Orange; M.P.: 110—112°C; Yield: 89%

FT-IR (ATR, v, cm™): 3070 (C—H, sp?), 3004 (C—H, sp?), 1795 (N=N), 1688, 1667 (C=C/C=N), 1632, 1542, 1411 (C=C
ring str.), 723 (CH>);

'H NMR (400 MHz, CDCl3): d 1.95 (6H, s, CHj), 3.68 (4H, s, CHa), 5.28 (1H, s, CH), 7.43-7.65 (5H, m, CH).

13C NMR (400 MHz, CDCLy): § 14.5 (C—5", 7°), 50.3 (C~2, 3), 56.6 (C—6), 122.2 (C—11,15), 127.8 (C—13), 128.2 (C~12,
14), 149.5 (C-10), 151.7 (C-5.7).

HRMS (ESI) m/z: 229.1407[M+H] *; Anal. Cald. for Ci3H;¢Ns: C, 68.39; H, 7.06; N, 24.54 %. Found: C, 68.32; H, 7.04;
N, 24.48 %.

Compound (4b): 6-((2-bromophenyl)diazenyl)-5,7-dimethyl-3,6-dihydro-2H-1,4-diazepine (4b)
Compound was synthesized using 3-((2-bromophenyl)diazenyl)pentane-2,4-dione (1b) and ethane-1,2-diamine (EDA) (2).
Color: Orangish Brown; M.P.: 113—115°C; Yield: 91%

FT-IR (ATR, v, em™'): 3074 (C—H, sp?), 3014 (C-H, sp®), 1789 (N=N), 1661 (C=C/C=N), 1632, 1546, 1417 (CC ring
str.), 726 (CHa), 674 (C-Br);

'H NMR(400 MHz, CDCl;):  1.93 (6H, s, CHs), 3.66 (4H, s, CH,), 5.23 (1H, s, CH), 7.24 (1H, d ,J = 8.0, CH), 7.52 (1H,
d,J=7.9, CH). 7.62-7.77 (2H, d, J = 8.0, CH).

13C NMR (400 MHz, CDCLy): § 14.5 (C—5°, 7°), 50.3 (C-2, 3), 56.6 (C—6), 113.62 (C—11), 117.7 (C—15), 128.2 (C—13,
14), 133.0 (C—12), 139.5 (C—10), 151.7 (C-5,7).

HRMS (ESI) m/z: 307.0537[M+H]"; Anal. Cald. for C;3H;5BrN4: C, 50.83; H, 4.92; N, 26.01 %. Found: C, 50.78; H, 4.88;
N, 25.99 %.

Compound (4¢): 6-((2-chlorophenyl)diazenyl)-5,7-dimethyl-3,6-dihydro-2H-1,4-diazepine (4c)

Compound was synthesized using 3-((2-chlorophenyl)diazenyl)pentane-2,4-dione (1c) and ethane-1,2-diamine (EDA) (2).
Color: Creamish Yellow; M.P.: 116—115°C; Yield: 94%
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FT-IR (ATR, v, cm™): 3068 (C—H, sp?), 3024 (C—H, sp*), 1791 (N=N), 1673 (C=C/C=N), 1636, 1548, 1421 (C=C ring
str.), 787 (C-Cl), 716 (CHy);

'H NMR (400 MHz, CDCLy): § 1.97 (6H, s, CHs), 3.69 (4H, s, CH,), 5.27 (1H, s, CH), 7.37 (1H, d,J = 7.9, CH), 7.49-7.70
(2H, d,J = 8.0, CH), 7.79 (1H, d,J = 8.2, CH).

13C NMR (400 MHz, CDCL): 8 14.5 (C—5°, 7°), 50.3 (C~2, 3), 56.6 (C—6), 117.7 (C—15), 122.1 (C—11), 128.2 (C—13),
128.3 (C—-14), 129.2 (C—12), 151.7 (C—5,7) 152.4 (C—10).

HRMS (ESI) m/z: 263.1069[M+H] *; Anal. Cald. for Ci3H;5CIN4: C, 59.43; H, 5.75; N, 21.32 %. Found: C, 59.40; H, 5.71;
N, 21.28 %.

Compound (4d): 5,7-dimethyl-6-(o-tolyldiazenyl)-3,6-dihydro-2H-1,4-diazepine (4d)
Compound was synthesized using 3-(o-tolyldiazenyl)pentane-2,4-dione (1d) and ethane-1,2-diamine (EDA) (2).
Color: Reddish Orange; M.P.: 121-123°C; Yield: 87%

FT-IR (ATR, v, cm™): 3074 (C—H, sp?), 3037 (C—H, sp?), 1787 (N=N), 1666 (C=C/C=N), 1634, 1546, 1416 (C~C ring
str.), 731 (CH>);

'H NMR (400 MHz, CDCls): & 1.93 (6H, s, CHs), 2.24 (3H, s, CHs), 3.63 (4H, s, CH,), 5.29 (1H, s, CH), 7.05-7.21 (2H,
d,J= 8.2, CH), 7.42-7.56 (2H, d,J = 8.3, CH),

13C NMR (400 MHz, CDCLy): § 14.5 (C—5°, 7°), 17.7 (C—11"), 50.3 (C~2, 3), 56.6 (C—6), 119.1 (C—15), 128.0 (C—11),
128.2 (C—14), 128.4 (C—13), 129.0 (C—12), 150.5 (C—10) 151.7 (C-5,7).

HRMS (ESI) m/z: 244.1508[M+H] *; Anal. Cald. for C14H;sN4: C, 69.39; H, 7.49; N, 23.12 %. Found: C, 69.31; H, 7.44;
N, 23.08 %.

Compound (4e): 5,7-dimethyl-6-((2-nitrophenyl)diazenyl)-3,6-dihydro-2H-1,4-diazepine (4¢)
Compound was synthesized using 3-((2-nitrophenyl)diazenyl)pentane-2,4-dione (1e) and ethane-1,2-diamine (EDA) (2).
Color: Reddish Orange; M.P.: 119—-121°C; Yield: 92%

FT-IR (ATR, v, cm™'): 3071 (C—H, sp?), 3024 (C—H, sp?), 1792 (N=N), 1669 (C=C/C=N), 1652 (NO,), 1628, 1549, 1419
(C=Cring str.), 727 (CH»);

'H NMR (400 MHz, CDCls): § 1.93 (6H, s, CHs), 3.61 (4H, s, CHa), 5.30 (1H, s, CH), 7.58-7.85 (3H, d,J = 8.3, CH), 8.12
(1H, d,J = 8.2, CH),

13C NMR (400 MHz, CDCLy): § 14.5 (C-5°, 7°), 50.3 (C—2, 3), 56.6 (C—6), 117.7 (C—12), 123.8 (C—15), 128.2 (C—14),
128.4 (C—13), 129.4 (C-10), 151.7 (C-5,7), 154.8 (C—11).

HRMS (ESI) m/z: 274.1231[M+H] *; Anal. Cald. for C;3HsNsOz: C, 57.13; H, 5.53; N, 23.63 %. Found: C, 57.09; H, 5.50;
N, 23.58 %.

Compound (5a): 2,4-dimethyl-3-(phenyldiazenyl)-3H-benzo[b][1,4]diazepine (5a)
Compound was synthesized using 3-(phenyldiazenyl)pentane-2,4-dione (1a) and benzene- 1,2- diamine (OPD) (3).
Color: Orange; M.P.: 117-119°C; Yield: 84%

FT-IR (ATR, v, cm™): 3068 (C—H, sp?), 3018 (C—H, sp?), 1788 (N=N), 1671, 1662 (C=C/C=N), 1631, 1528, 1407 (C=C
ring str.), 721 (CH»);

'H NMR (400 MHz, CDCls): § 2.09 (6H, s), 5.06 (1H, s), 7.34 (2H, d, J = 8.3 Hz, CH), 7.42-7.66 (7H, d, J = 8.1 Hz, CH).

13C NMR (400 MHz, CDCL): § 14.5 (C—5°, 7°), 56.6 (C—6), 122.2 (C—11,15), 127.8 (C—13), 128.1 (C~16, 16), 128.2
(C-12, 14, 17,17°), 137.7 (C-2, 3), 149.5 (C—10), 151.7 (C=5,7).

HRMS (ESI) m/z: 277.1405[M+H] *; Anal. Cald. for Ci7H;¢N4: C, 73.89; H, 5.84; N, 20.27 %. Found: C, 73.82; H, 5.79;
N, 20.21 %.

Compound (5b): 3-((2-chlorophenyl)diazenyl)-2,4-dimethyl-3H-benzo[b][1,4]diazepine (5b)

Compound was synthesized using 3-((2-chlorophenyl)diazenyl)pentane-2,4-dione (1c) and benzene- 1,2- diamine (OPD)
(3). Color: Yellow; M.P.: 112—-114°C; Yield: 91%
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FT-IR (ATR, v, em™): 3073 (C—H, sp?), 3022 (C-H, sp®), 1789 (N=N), 1674 (C=C/C=N), 1641, 1544, 1417 (C—C ring
str.), 776 (C-Cl), 718 (CH>);

'H NMR (400 MHz, CDCL):  2.09 (6H, s), 4.95 (1H, s), 7.28-7.44 (3H, d, J = 8.3 Hz, CH), 7.49-7.70 (4H, d, /= 7.9 Hz,
CH), 7.79 (1H, d, J = 8.2 Hz, CH)

13C NMR (400 MHz, CDCls): § 14.5 (C—5°, 7°), 56.6 (C—6), 117.7 (C—15), 122.2 (C—11), 128.1 (C—16, 16), 128.2 (C—14,
17,17°), 128.3 (C—13), 129.2 (C—12), 137.7 (C-2, 3),151.7 (C—5,7) 152.4 (C~10).

HRMS (ESI) m/z: 311.1071[M+H] *; Anal. Cald. for C7H;5CIN4: C, 65.70; H, 11.41; N, 18.03 %. Found: C, 65.68 ; H,
11.38; N, 18.01 %.

Compound (5¢): 3-((2-methoxyphenyl)diazenyl)-2,4-dimethyl-3H-benzo[b][1,4]diazepine (5¢)

Compound was synthesized using 3-((2-methoxyphenyl)diazenyl)pentane-2,4-dione (1f) and benzene- 1,2- diamine (OPD)
3.

Color: Dark Orange; M.P.: 119—-121°C; Yield: 88%

FT-IR (ATR, v, cm™): 3071 (C—H, sp?), 3022 (C-H, sp*), 1784 (N=N), 1675, 1669 (C=C/C=N), 1638, 1521, 1409 (C—C
ring str.), 1082 (C-0), 724 (CH,);

'H NMR (400 MHz, CDCls): § 2.09 (6H, s), 3.84 (3H, s), 5.00 (1H, s), 7.13-7.41 (4H, d, J = 8.0 Hz, CH), 7.51-7.75 (3H,
d,J=8.3 Hz, CH), 7.87 (1H, d, J= 8.0 Hz, CH).

13C NMR (400 MHz, CDCly): § 14.5 (C—5°, 7°), 56.0 (C—11°), 56.6 (C—6), 114.3 (C—12), 117.7 (C—15), 128.1 (C—16,
16%), 128.2 (C—14, 17, 17°), 129.4 (C—13), 132.7 (C—10), 137.7 (C-2, 3), 146.3 (C—11), 151.7 (C~5.7).

HRMS (ESI) m/z: 307.1501[M+H] *; Anal. Cald. for CisH;sN4O: C, 70.57; H, 5.92; N, 18.29 %. Found: C, 70.54; H, 5.87;
N, 18.21 %.

Compound (5d): 2,4-dimethyl-3-(o-tolyldiazenyl)-3H-benzo[b][1,4]diazepine (5d)
Compound was synthesized using 3-(o-tolyldiazenyl)pentane-2,4-dione (1d) and benzene- 1,2- diamine (OPD) (3).
Color: Yellowish Brown; M.P.: 128—130°C; Yield: 79%

FT-IR (ATR, v, cm™): 3082 (C—H, sp?), 3031 (C-H, sp?), 1793 (N=N), 1673 (C=C/C=N), 1626, 1553, 1418 (C=C ring
str.), 716 (CHy);

'H NMR (400 MHz, CDCls): § 2.09 (6H, s), 2.24 (3H, s), 5.01 (1H, s), 7.05-7.21 (2H, d, J= 8.3 Hz, CH), 7.34 2H, d, J =
8.3 Hz, CH), 7.42-7.66 (4H, d, J = 8.2 Hz, CH).

13C NMR (400 MHz, CDCL): § 14.5 (C-5, 7°), 17.7 (C—11"), 56.6 (C—6), 119.1 (C—15), 128.0 (C—11), 128.1 (C-16,
16°),128.2 (C—14, 17, 17°), 128.3 (C—11), 129.0 (C—12), 137.7 (C~2,3), 150.5 (C~10), 151.7 (C-5,7).

HRMS (ESI) m/z: 290.1561[M+H] *; Anal. Cald. for CisHisN4: C, 74.46; H, 6.25; N, 19.30 %. Found: C, 74.42; H, 6.21;
N, 19.28 %.

Compound (5¢): 2,4-dimethyl-3-((2-nitrophenyl)diazenyl)-3H-benzo[b][1,4]diazepine (5¢)

Compound was synthesized using 3-((2-nitrophenyl)diazenyl)pentane-2,4-dione (le) and benzene- 1,2- diamine (OPD)
(3).Color: Yellowish Orange; M.P.: 126—128°C; Yield: 88%

FT-IR (ATR, v, cm™): 3083 (C—H, sp?), 3027 (C—H, sp?), 1787 (N=N), 1667 (C=C/C=N), 1662 (NO»), 1632, 1542, 1421
(C=Cring str.), 723 (CHy);

'H NMR (400 MHz, CDCL):  2.09 (6H, s CHs), 5.02 (1H, s, CH), 7.34 (2H, ddd, J = 8.3 Hz, CH), 7.51-7.58 (2H, m, CH),
7.65-7.85 (3H, m, CH), 8.12 (1H, d, J = 8.3 Hz, CH).

13C NMR (400 MHz, CDCL3): § 14.5 (C—5°, 7°), 56.6 (C—6), 117.7 (C~12), 123.8 (C—15), 128.1 (C~16, 16°), 128.2 (C-2,
3,13, 14), 129.4 (C-10), 137.7 (C—14), 151.7 (C~5.7), 154.8 (C—11).

HRMS (ESI) m/z: 322.1249[M+H] *; Anal. Cald. for C;7Hi5sNsO: C, 63.54; H, 4.71; N, 21.79 %. Found: C, 63.51; H, 4.68,;
N, 21.75 %.
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