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In the present study, a variety of dibenzo [b,f][1,4] oxazepine derivatives
was successfully synthesized in good yields under ultrasonic irradiation
as an environmental friendly technique. This one-pot method is
practically reliable, mild, catalyst-free, and inexpensive. Ultrasonic
irradiation on the reaction mixture leads to fine emulsion between the
reactants and violent collapses of a lot of cavitation bubbles in less than a
microsecond releases extreme heat, leading to cross the activation energy
barrier. In the absence of ultrasonic irradiation, a trace amount of the
product was formed after 50 min. The superiority of the ultrasound
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irradiation over other methods in the synthesis of dibenzo [b,f][1,4]
oxazepine derivatives is its low reaction temperature and operational
simplicity in approximately same yields.
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Introduction

Benzoxazepines are one of the important scaffolds of heterocycles, because of wide range of
biological properties and industrial applications [1-4]. Among the family of benzoxazepines,
dibenzo[b,f][1,4]oxazepine derivatives are known in many physiologically active compounds and
chemical transformations [5-7]. Some important therapeutically active dibenzoxazepines are
inserted in Scheme 1 [8-11].

Limited attention has been given to the synthesis of this structure including [7]: i) A two-step
protocol involving etherification and reductive cyclization of 1-halo-2-nitrobenzene and
salicylaldehyde (Scheme 2a) [12, 13], ii) A two-step method involving imination and etherification
of 2-aminophenol with 2-halobenzaldehyde (Scheme 2b) [14, 15]. Etherification of these reactions
proceed by an intramolecular nucleophilic displacement of nitro, fluoro, or chloro groups in high
boiling polar solvents such as dimethyl sulfoxide at high temperature (Over 100 °C) with long
reaction time.

These protocols need long reaction time and harsh reaction conditions. In 2008, Jorapur and co-
workers reported the synthesis of dibenzo [b,f][1,4] oxazepine in good yield using high molecular
weight poly ethylene glycol, but it suffers from poor substituent tolerance [16]. Recently,
hydrogenation and nucleophilic addition to imine dibenzo[b,f][1,4]oxazepines by using of catalysts

such as iridium complex or proline were also reported [17, 18].
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Scheme 1. Some important therapeutically active dibenzoxazepines
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However, these methods are expensive and include unavailable starting material and catalyst. It
seems, development of a clean, mild, fast, inexpensive, and versatile method for the synthesis of the
dibenzo[b,f][1,4]oxazepines is necessary. Nowadays, the concept of speeding up the chemical
transformations by ultrasound irradiation has created a lot of great interest in chemistry [19-28].

Ultrasonic irradiation enables the rapid and safe heating of the reaction mixture. Recently,
several useful review papers summarized the latest developments on ultrasound assisted chemical
reactions [29-32]. Micro-jets formation during the ultrasonic irradiation produces fine emulsion
between the reactants and increases the local temperature of the reaction mixture, leading to

supply the activation energy [33].
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Scheme 2. General methods for synthesis of dibenzo[b,f][1,4]oxazepines

Ultrasound is also a versatile technology in different fields such as, medicine [34],
nanotechnology [35-37], food [38], and energy production [39].

In this study, an efficient synthesis of a series of dibenzo[b,f][1,4]oxazepine derivatives 3 by
reaction of 2-chlorobenzaldehydes 1 and 2-aminophenols 2 under ultrasound activation without

any catalysts is shown in Scheme 3.
Experimental

Matreials and methodes

All chemicals required for the synthesis of dibenzo[b,f][1,4]oxazepine derivatives 3 were
purchased from Sigma-Aldrich (St. Louis, MO, USA), Fluka (Neu-Ulm, Germany), and Merck
(Darmstadt, Germany) companies and were used as received. The all synthesized compounds gave

satisfactory spectroscopic data. A Bruker (DRX-500 Avance) NMR was used to record the 1H NMR
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spectra. All NMR spectra were determined in CDCI; at ambient temperature. Gas chromatography-
MS spectrometry (GC-MS) (Agilent HP 6890, electron ionization (EI), 70 eV, HP-5 column (30 m x
0.25 mm x 0.2 pm), HP 5793 mass selective detector) was used to record the mass spectra. The
reactions are monitored by thin layer chromatography (TLC) carried out on silica gel with UV light
and iodine, as detecting agents. Ultrasonic irradiation was performed in an Elmasonic P ultrasonic
cleaning unit (ultrasonic bath) with a frequency of 80 kHz and an output power of 80%, or using an

ultrasonic homogenizer (Bandelin Sonopuls HD 3100) with probe model MS 73 and 100% power.

General procedure for synthesis of dibenzo[b,f][1,4]oxazepines 3a-h

A mixture of 2-chlorobenzaldehyde 1 (3 mmol), KOH (3.2 mmol), 2-aminophenol 2 (3 mmol),
and dimethylformamide (10 mL) was charged in a 100 mL flask and was irradiated in an
ultrasound bath for 50 min. After completion of the reaction, 50 mL water was added and the
mixture was extracted with EtOAc (3x10 mL). The solvent was removed under vacuum and the
residue was subjected to a short column chromatography (EtOAc/hexane, 1:15) on silica gel to
obtain pure products. All the isolated dibenzo[b,f][1,4]oxazepines 3 successfully gave related
spectral data of 1H NMR, 13C NMR and MS analyses in comparison with authentic samples prepared

by reported methods.
Spectra data of dibenzo[b,f][1,4]oxazepines 3a-h

Dibenzo[b,f][1,4]oxazepine (3a)

1H NMR (500 MHz, CDCls): 6 7.22 (m, 5H), 7.38 (d, ] = 7.6 Hz, 1H), 7.41-7.43 (d, ] = 7.6 Hz, 1H),
7.48 (t, ] = 8.0 Hz, 1H), 8.57 (s, 1H). 13C NMR (CDCls, 125 MHz): § 121.1, 121.8, 125.5, 126.1, 127.8,
129.2,129.6, 130.5, 133.7, 140.9, 153.1, 160.8, 161.0. MS (EI) (70 eV): m/z (%) 195 (100) [M+], 167
(42), 139 (35), 89 (28), 63 (78).
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Scheme 3. Efficient synthesis process of dibenzo[b,f][1,4]oxazepine derivatives 3 using ultrasonic
irradiation

8-Methyl dibenzo[b,f][1,4]oxazepine (3b)
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1H NMR (500 MHz, CDCls): & 2.29 (s, 3H,), 7.00-7.18 (m, 5H), 7.29 (dd, J1= 7.6, .= 1.6 Hz, 1H),
7.40 (t, ] = 8.0 Hz, 1H), 8.49 (s, 1H). 13C NMR (CDCls, 125 MHz): § 21.0, 121.0, 121.4, 125.3, 126.3,
127.8, 129.7, 129.9, 130.5, 133.7, 135.8, 140.4, 150.9, 161.0. MS (EI) (70 eV): m/z (%) 209 (100)
[M+], 180 (50), 77 (30), 39 (43).

4-Chloro dibenzo[b,f][1,4]oxazepine (3c)

1H NMR (500 MHz, CDCls): 6 7.25 (m, 5H), 7.39 (dd, /1 = 8.0, J,= 2.0 Hz, 1H), 7.52 (dd, /1= 8.0, J, =
2.0 Hz, 1H), 8.55 (s, 1H). 13C NMR (CDCls, 125 MHz): § 122.4, 125.9, 126.5, 126.7, 128.6, 129.2, 129.4,
129.5, 133.7, 140.5, 152.5, 155.5, 159.8. MS (EI) (70 eV): m/z (%) 232 (34)[M+2], 229 (100) [M],
201 (25), 166 (45), 139 (20), 63 (12).

4-Chloro-8-methyl dibenzo[b,f][1,4]oxazepine (3d)

1H NMR (500 MHz, CDCls): 6 2.32 (s, 3H), 7.15 (m, 5H), 7.51 (dd, J: = 8.0, /2= 2.0 Hz, 1H), 8.52 (s,
1H). 13C NMR (CDCls, 125 MHz): 6 21.1, 121.9, 125.8, 126.6, 128.5, 129.2, 129.7, 130.0, 133.5, 136.2,
140.1, 150.3, 155.5, 159.7. MS (EI) (70 eV): m/z (%) 245 (33)[M+2], 243 (100) [M-], 214 (25), 180
(12), 75 (10).

4,8-Dichloro dibenzo[b,f][1,4]oxazepine (3e)

1H NMR (500 MHz, CDCls): & 7.21 (m, 4H), 7.36 (d, ] = 2.0 Hz, 1H), 7.53-7.56 (dd, J1 = 8.0, J;= 2.0
Hz, 1H), 8.55 (s, 1H). 13C NMR (CDCls, 125 MHz): & 123.3, 126.2, 126.7, 128.7, 128.9, 129.0, 129.1,
131.5, 134.0, 141.4, 151.1, 155.3, 160.9. MS (EI) (70 eV): m/z (%) 267 (10)[M+4], 265 (67)[M+2],
263 (100) [M+], 235 (10), 200 (50), 164 (80).

3-Chloro dibenzo[b,f][1,4]oxazepine (3f)

1H NMR (500 MHz, CDCls): 6 7.23 (m, 6H), 7.36 (d, J = 7.2 Hz, 1H), 8.47 (s, 1H). 13C NMR (CDCls,
125 MHz): 6 121.8, 121.8, 125.9, 126.2, 126.5, 129.5, 129.7, 131.3, 139.5, 140.5, 152.6, 159.8, 161.1.
MS (EI) (70 eV): m/z (%) 231 (34)[M+2], 229 (100) [M-], 201 (25), 166 (28), 139 (12), 63 (10).

3-Chloro-8-methyl dibenzo[b,f][1,4]oxazepine (3g)

1H NMR (500 MHz, CDCls): 6 2.31 (s, 3H), 7.12 (m, 6H), 8.44 (s, 1H). 13C NMR (CDCls, 125 MHz): §
21.0,121.3, 121.7, 125.7, 126.2, 130.0, 130.1, 131.2, 136.2, 139.3, 140.1, 150.5, 159.7, 161.2. MS (EI)
(70 eV): m/z (%) 245 (34)[M+2], 243 (100) [M+], 214 (45), 180 (12), 152 (10), 77 (8).

3,8-Dichloro dibenzo[b,f][1,4]oxazepine (3h)
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1H NMR (500 MHz, CDCl3): § 7.05-7.25 (m, 5H), 7.34 (d, J = 2.0 Hz, 1H), 8.46 (s, 1H). 13C NMR
(CDCls, 125 MHz): § 121.7, 122.8, 126.0, 126.1, 129.0, 129.4, 131.4, 131.5, 139.9, 141.5, 151.2, 160.9,
160.9. MS (EI) (70 eV): m/z (%) 267 (11)[M+4], 265 (67)[M+2], 263 (100) [M+], 235 (8), 200 (7),
165 (5).

Results and discussion

The effect of various conditions was studied on the synthesis of dibenzo [b,f][1,4] oxazepine 3a
using the reaction of 2-chlorobenzaldehyde and 2-minophenol as a model reaction (Table 1). In the
absence of any base, even after 2 h, no desired product was obtained, while good results were
demonstrated in the presence of the base.

Various base were applied in N,N-dimethylformamide (DMF) under ultrasonic irradiation. Base
has two vital roles in the reaction, including deprotonation of the phenol for nucleophilic
displacement of chloro group on 2-chlorobenzaldehyde and increasing the rate of imine formation
(Scheme 4). The reaction in the presence of KOH provided the desired product 3a with a high yield
(Table 1, entry 6). The model reaction was also carried out in various solvents (Table 1, entries 6-
10). The best yield was achieved by using DMF as a polar aprotic solvent (Table 1, entry 6). It
should be noted that, prolonging the reaction is necessary in order to achieve a desired product 3a
with a high yield (Table 1, entry 11).

Analysis of the mixture by GC-MS revealed that, at the beginning of the reaction, formation of
imine I is favor than dibenzo[b,f][1,4] oxazepine 3a (Scheme 4). It noteworthy that, using ultrasonic
irradiation on the reaction mixture leads to fine emulsion between the reactants and violent
collapses of a lot of cavitation bubbles in less than a microsecond releases extreme heat which leads
to cross the activation energy barrier. In the absence of ultrasonic irradiation, trace amount of the
product was formed after 50 min (Table 1, entry 12). Thus, the optimal reaction conditions were
determined to be KOH as the base, DMF as the solvent at room temperature under ultrasound
irradiation for 50 min.

With the optimal reaction conditions in hand, attention turned to explore the scope of the
reaction. Various 2-chlorobenzaldehydes 1 and 2-aminophenols 2 were employed and
corresponding substituted dibenzo [b,f][1,4] oxazepine derivatives were obtained in high yields
(Scheme 5). The superiority of the ultrasound irradiation over microwave irradiation [15] in the
synthesis of dibenzo [b,f][1,4] oxazepine derivatives is low reaction temperature and operational

simplicity of the ultrasound irradiation technique.
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Table 1. The optimization experiments for synthesis of dibenzolb,f][1,4]oxazepine 3a under

ultrasonic irradiationa

0]
H OZND Different conditions @N
Cl ' HO O@
1 2 3a
Entry Solvent Base Time (min) Yield (%)®

1 DMF - 120 -
2 DMF NaH 50 76
3 DMF NaOH 50 71
4 DMF K2CO3 50 49
5 DMF Cs2C03 50 56
6 DMF KOH 50 87
7 H20 KOH 50 Trace
8 DMSO KOH 50 78
9 EtOH KOH 50 70
10 xylene KOH 50 68
11 DMF KOH 30 53
12 DMF KOH 50 Trace

a Reaction conditions: solvent (5 mL), 2-chlorobenzaldehyde (3 mmol), 2-minophenol (3 mmol), base (3
mmol)
b Determined by GC

¢ Without ultrasound irradiation

The structure of the products was investigated by 1H NMR, 13C NMR, and EI-MS analyses. The tH
NMR spectrum of the product 3a consisted of a multiplet line at § = 7.22-7.26 ppm (5H), two
doublet resonances (2H) at § = 7.38 and 7.42 and a triplet line (1H) at § = 7.48 ppm for the aromatic
protons. The presence of characteristic sharp signal for proton of imine at § = 8.57 ppm is a good
indication of the formation of desired product 3a.

The 1H-decoupled 13C NMR spectrum of the product 3a indicated 13 resonances in agreement
with the proposed structure, at 6 = 161.04 ppm a sharp resonance for carbon of imine and 12
distinct resonances for aromatic carbons between § = 121.15-160.89 ppm. The MS (EI) mass
spectrum of 3a clearly showed the presence of the molecular ion (195) [M+*] with elimination of

CH2N radical from M+ to give m/z = 167 as a characteristic cation in its spectrum.



H. Paghandeh et al. 8

4 T
0
H,N OH
H :@ K»C03,))), DMF
+
Cl HO imine formatlon
-H,0 imine I

Q

[¢’]

e

=

-H* g,

=

&

=

=

—N o Cl

nucleophilic displacement©;
0 -CI —N
3a
(& J

Scheme 4. The proposed mechanism for the formation of dibenzo[b,f][1,4]oxazepine by using
ultrasonic irradiation
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Scheme 5. Structure of the synthesized dibenzo[b,f][1,4]oxazepines 3a-h by using ultrasonic
irradiation

Conclusion

In conclusion, efficiency of the ultrasound as an environmental remediation technique for
synthesis of dibenzo[b,f][1,4]oxazepine derivatives was reported. Desired products were prepared
in high yields under the mild conditions and catalyst-free. Compared to other methodologies used
for the same chemical transformation, ultrasound displays several advantages including a safe,

inexpensive and clean energy.



One-pot, clean and energy efficient synthesis of ...

Disclosure statement

No potential conflict of interest was reported by the authors.

References

[1]. Miki T., Kori M., Mabuchi H., Tozawa R., Nishimotos T., Sugiyama Y., Teshima K., Yukimasa H. J.
Med. Chem., 2002, 45:4571

[2]. Bihel F., Kraus ].L. Org. Biomol. Chem., 2003, 1:793

[3]. Agirbas H., Kemal B., Budak F. J. Med. Chem. Res., 2011, 20:1170

[4]. Klunder ].M., Hargrave K.D., West E., Pal K., Behnke M.L., Kapadia S.R., Mcneil D.W., Wu ].C,,
Chow G.C., Adams |. J. Med. Chem., 1992, 35:1887

[5]- Mckenzi T.C. Synthesis, 288, 1983 DOI: 10.1055/s-1983-30305

[6]. Albert L. Heterocycles, 2008, 75:2155

[7]. Zawar N., Ohlmeyer M. Heterocycl. Commun., 2014, 20:251

[8]. Sandra G.J., Gary W.D., Brogden R.N. Drugs, 1982, 24:1

[9]. Lawrence R.A,, Jones R.L., Wilson N.H. J. Pharmacol., 1992, 105:271

[10]. Nagarajan K., David J., Kulkarni Y.S., Hendi S.B., Shenoy S.]., Upadhyaya P. Eur. J. Med.
Chem., 1986, 21:21

[11]. Dols P.P., Folmer B.].B.,, Hamersma H., Kuil C.W., Lucas H., Ollero L., Rewinkel ].B.M.,
Hermkens P.H.H. Bioorg. Med. Chem. Lett., 2008, 18:1461

[12]. Fakhraian H., Nafary Y., Yarahmadi A., Hadj-Ghanbary H.]. J. Heterocycl. Chem., 2008, 45:1469
[13]. Fakhraian H., Yarahmadi A. J. Heterocycl. Chem., 2009, 46:988

[14]. Lin Y.C,, Li N.C,, Cherng Y.J. J. Heterocycl. Chem., 2014, 51:808

[15]. Ghafarzadeh M., Saeedian Moghadam E., Faraji F. J. Heterocycl. Chem., 2013, 50:754

[16]. Jorapur Y.R, Gurusamy R., Prakash ].S., Ravindra R.P. Tetrahedron Lett., 2008, 49:1495
[17]. Kai G., Chang-Bin Y., Wei L., Yong-Gui Z., Xumu Z. Chem. Commun., 2011, 47:7845

[18]. You-Qing W., Yuan-Yuan R. Chin. J. Catal., 2015, 36:93

[19]. Arya K., Rawat D.S,, Sasai H. Green Chem., 2012, 14:1956

[20]. Mirza-Aghayan M., Kashef-Azar E., Boukherroub R. Tetrahedron Lett., 2012, 53:4962

[21]. Safari ]., Javadian L. Ultrason. Sonochem., 2015, 22:341

[22]. Dandia A., Gupta S.L., Parewa V. RSC Adyv., 2014, 4:6908

[23]. Pagadala R., Maddila S., Jonnalagadda S.B. Green Chem. Lett. Rev., 2014, 7:131

[24]. Bandyopadhyay D., Mukherjee S., Turrubiartes L.C., Banik B.K. Ultrason. Sonochem., 2012,
19:969


https://www.thieme-connect.de/DOI/DOI?10.1055/s-1983-30305

H. Paghandeh et al. 10

25]. Shirazi F.S., Akhbari K. Ultrason. Sonochem., 2016, 31:51

26]. Kidak R., Ince N.H. Ultrason. Sonochem. 2006, 13:195

27]. Mason T. J. Chem. Soc. Rev., 1997, 26:443

28]. Vazirimehr S., Davoodnia A, Nakhaei-Moghaddam M., Tavakoli-Hoseini N.
Heterocycl. Commun., 2017, 23:1

[29]. Banerjee B. Ultrason. Sonochem., 2017, 35:13

[30]. Patil R, Bhoir P., Deshpande P., Wattamwar T., Shirude M., Chaskar P. Ultrason. Sonochem.,
2013,20:1327

[31]. Collin G.J., Gianluca L.P., Awang B., Krishnaiah D. Ultrason. Sonochem., 2009, 16:583

[32]. Banerjee B. Ultrason. Sonochem., 2017, 35:1

[33]. Pokhrel N., Vabbina P.K., Pala N. Ultrason. Sonochem., 2016, 29:104

[34]. Suslick K.S., Price G. J. Annu. Rev. Mater. Sci., 1999, 29:295

[35]. Harifi T., Montazer M. Ultrason. Sonochem., 2015, 23:1
[
[
[
[

[
[
[
[

]
]-
].
]-
36]. Gedanken A. Ultrason. Sonochem., 2004, 11:47

37]. Leong T.S.H., Martin G.].O., Ashokkumar M. Ultrason. Sonochem., 2017, 35:605

38]. Ojha K.S, Mason T.J., O’donnell C.P., Kerry ].P., Tiwari B.K. Ultrason. Sonochem., 2017, 34:410
39]. Pollet B.G. Int. J. Hydrogen Energy, 2010, 35:11986

How to cite this manuscript: Hossein Paghandeh, Hamid Saeidian* Ebrahim Saeedian
Moghadam, Zohreh Mirjafary, Mohammad Ghaffarzadeh*. One-pot, clean and energy efficient
synthesis of dibenzo[b,f][1,4]oxazepine derivatives promoted by ultrasound. Asian Journal of
Green Chemistry, 2018, 2,1-10. DOI: 10.22631/ajgc.2017.95751.1018


http://www.sciencedirect.com/science/journal/13504177
http://www.ajgreenchem.com/article_50891.html

