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Abstract

Some new phenylene bis tetrazole (T1-3) and bis benzoxazepine-
dione (B1-3) derivatives have been successfully synthesized through
cyclization reaction for some bisimines (S1-3). The bisimines were
transferred to heterocyclic compounds by adding sodium azide and
phthalic anhydride to form bistetrazoles and bisbenzoxazepinediones
respectively. The structures of the prepared compounds have been
identified using infrared spectroscopy technique (FT-IR), the proton
nuclear magnetic resonance (1HNMR) and the carbon nuclear magnetic
resonance 13CNMR. Antibacterial effect of the novel compounds
has been evaluated against Staphylococcus aureus (gram-positive
bacteria) and Escherichia coli (gram-negative bacteria). The results
indicated that bistetrazole T1 and bisbenzoxazepinedione B1 showed
the highest inhibition zone against the growth of the applied bacteria.
This may relate to presence of dimethyl amino group (CH3)2N increasing
the potential of bacterial cell attack by the tested compound as this
substituent can behave as donating group. This leads to less resistivity
from bacteria to the tested compound resulting in an increase in the
inhibition zone. Thus, tetrazole and oxazepine derivatives bearing
dimethyl amino group should be considered as antibacterial agents for
drug industry application field.

1. Introduction:
Schiff bases are organic compounds that contain an Imine

bond (C=N). These compounds are versatile and have wide
applications in industrial, biological, analytical, and inorganic
pharmaceutical fields [1]. Schiff bases have attracted the
interest of researchers in the field of medicinal and pharma-
ceutical chemistry because of their biological efficacy [2].
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Schiff bases are also promising compounds in antiviral drug
design and discovery [3]. They have been shown to possess
antibacterial, anticonvulsant, antidepressant, anticancer, anti-
hypertensive, antipyretic, analgesic, sedative, hypnotic, and
anti-HIV properties [4]. Schiff bases are typically obtained
by facile condensation between an aldehyde or a ketone with
primary amines [1].

The imine group can undergo cyclization reaction with
some compounds to give heterocyclic derivatives. Imine com-
pounds can be converted to cyclic product by treating it with
maleic anhydride resulting in oxazepinediones [5]. Addi-
tionally, imines transferred to Benzoxazepinediones when
phthalic anhydride reacted with it [6], [7]. Another cycliza-
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tion reaction is the dealing imines with mercaptobenzoic acid
or aminobenzoic acid to form benzothiazinones and quina-
zolinones respectively [8], [9]. Tetrazoles also prepared from
imines reaction with addition sodium azide to it [10], [11].
The academic community has shown considerable interest
in the synthesis of new heterocyclic compounds from Schiff
bases through cyclization on the imine group and the assess-
ment of their antibacterial action [12], [13].

The aim of this research is to synthesize a novel series of
heterocyclic compounds through cyclization reaction for some
imines. The newly synthesized compounds are phenylene bis
tetrazole and bis benzoxazepinedione derivatives attached to
substituted phenyl (N(CH3)2, Br and NHCOCH3. In addition
to the novel products antibacterial effect evaluation against
some types of gram-positive and gram-negative bacteria. The
design, synthesis, and assessment of novel organic compounds
will persist valuable scientific academically.

2. Materials and Methodology:

2.1 Chemicals:
All chemicals for this research were used without any

purification. Melting points determined using with Stuart
melting point instrumental and infrared spectra (FT-IR) were
scanned by Shimadzu FT-IR-3800 Spectrophotometer. The
1HNMR and 13CNMR spectra were recorded on a Bruker
Ultra Shield – 400 MHz with and DMSO-d6 as a solvent. The
microbials were isolated and identified by laboratory facilities
at biology department, science college in Kirkuk university.

2.2 Methods:
2.2.1 Synthesis of N,N ′ - (1,4-phenylene) bis (1- phenyl-

methanimine) (S1-3)[14].
Phenyl-1,4-diamine (0.108 g, 0.001 mole) and differ-

ent benzaldehydes (0.002 mole) were dissolved in absolute
ethanol (30 mL) with three drops of glacial acetic acid. The
mixture was refluxed for 6 hours. After cooling, it filtered
and dried then recrystallized from ethanol. Some physical
properties of compounds (S1-3) are available in Table Table 1.

Table 1. Physical properties of imines (S1-3).

Comp.
No. R

Molecular
Formula/M.Wt

g/mol
Color M.P (0 C) Time (h.) Yield (%)

S 1 (CH3)2N
C24H26N4

370 White 138-140 6 78

S 2 CH3CONH
C24H22N4O2

398.29 Dark Brown 132-134 6 80

S 3 Br
C20H14N2Br2

442.042 Yellow 125-127 6 85

2.2.2 Synthesis of 1,4-bis(5-phenyl-4,5-dihydro-1H-tetrazol-
1-yl) benzene (T1-3) [11]:

(0.001 mole) of imines (S1-3) dissolved in tetrahydrofu-
ran (10 mL). To the imine solutions, (0.002 mole) of sodium
azide was added after that the mixture refluxed for 10 h and
left overnight. The precipitate was filtered and dried then
recrystallized using absolute ethanol. Table Table 2 exhibits
some physical characteristics of tetrazoles (T1-3).

Table 2. Physical characteristics of tetrazole (T1-3).

Comp.
No. R

Molecular
Formula/M.Wt

g/mol
Color M.P (0 C) Time (h.) Yield (%)

T 1 (CH3)2N
C29H22N10

456.334 Pole Yellow 129-131 10 65

T 2 CH3CONH
C24H24N10O2

484.332 Brown 125-127 10 87

T 3 Br
C20H16N8Br2

528.084 Yellow 113-115 10 85

2.2.3 Synthesis of 4,4′-(1,4-phenylene) bis(3-phenyl-3,4-
dihydrobenzo[e][1,3] oxazepine-1,5-dione) (B1-3) [15].

A mixture of imines (S1-3) (0.001 mole) and (0.002
mole) of phthalic anhydride was dissolved in dry benzene (25
mL). The mixture was refluxed for 8 h and it cooled down
to the room temperature. The precipitate was collected by
filtration. The precipitate was dried and purified by crystal-
lization it from absolute ethanol. Some physical properties of
benzoxazepinedione (B1-3) are listed in Table Table 3.

Table 3. Physical properties of benzoxazepinediones (B1-3).

Comp.
No. R

Molecular
Formula/M.Wt

g/mol
Color M.P (0 C) Time (h.) Yield (%)

B 1 (CH3)2N
C40H46N4O6

678.462 White 123-125 8 70

B 2 CH3CONH
C40H42N4O8

706.46 Light 119-121 8 73

B 3 Br
C36H34N2O6Br2

750.212 Light White 110-112 8 85

2.2.4 Antibacterial effect study [16]:
The antibacterial activity effect of the final novel compounds
(T1-3 and B1-3) was tested against gram-positive bacteria
(Staphylococcus Aureus) and gram-negative bacteria (Escherichia
Coli). This was performed by using the agar diffusion method.
To prepare the disks, Whatman number 1 was utilized and re-
mained for period of 24 h along with the new tested derivatives
(0.0001, 0.001, and 0.01) mg L−1. The inhibition diameter
area was measured to each microbials for analysis purposes.
Ciprofloxacin was applied as blank and control antibodies
with concentration of (0.01 mg mL−1).
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3. Results and Discussion:
In this research paper, bisimines (S1-3) were synthesized
from reaction between aldehydes and amines, using absolute
ethanol as solvent. These imines have been transformed into
heterocyclic derivatives via cyclocondensation reaction of
imines with phthalic anhydride (dry benzene as solvent) and
sodium azide (THF as solvent) as shown in Scheme Scheme 1.
The addition of sodium azide to the bisimines resulting in
forming bistetrazoles (T1-3), while in the case of phthalic
anhydride addition, bisbenzoxazepinediones (B1-3) leading
to be produced. For details about the mechanisms for syn-
thesis of the bisimines, the bisbenzoxazepinediones and the
bistetrazoles, see [15], [17] respectively.

Scheme 1. Describes the synthesis steps of bisimines (S1-3),
bistetrazoles (T1-3) and bisbenzoxazepinediones (B1-3).

3.1 Characterization:
In the IR spectrum of bisimines S2, clearly a stretching band
observed at 1631 cm−1 for the (C=N) group with disappear-
ance of the (N-H vibration band in phenylamine’s primary
amine group. Additionally, asymmetrical and symmetrical
vibration bands for CH3 noticed at frequency (2945 cm−1 and
2839 cm−1) respectively. A single absorbance band realized
at (3287 cm−1) referring to (N-H) amide and another band at
(1764 cm−1) for carbonyl in amide group as shown in Figure
Figure 1. The IR spectral data of the bisimines S1 and S3 is
collected in Table Table 4.

Figure 1. IR spectrum for bisimine S2.

Table 4. IR data for bisimines S1 and S3.

Comp.
No. R

υ C−N
cm−1

υ C = N
cm−1

υ =C−H
Arom
cm−1

υ ArC =C
cm−1

Other
absorptions

cm−1

S1 (CH3)2N 1220 1656 2330
1528
1467

asym. υ(C−H)2923
sym.υ(C−H)2854

S3 Br - 1668 3010
1556
1489 υ(C−Br)754

The 1HNMR spectrum of bisimine S1 obviously showed
a singlet band for the imine group (CH=N) at δ 8.8 with the
disappearance of amine proton signal compare to the starting
materials. Furthermore, aromatic protons signals appeared
at δ 7.52-8.40 and singlet for methyl protons at δ 2.52 and
this is correlated with the literature [18]. According to the
integral calculation results, the ratio of methyl protons (4CH3)
to imine proton (CH=N) is 12:1 as shown in Figure Figure 2.
This is strong evidence for imine formation from an amine.
The spectral data for bisimines S2 and S3 summarized in Ta-
ble Table 5. The protons of DMSO-d6 as a solvent appeared
at δ 3.37-3.39.
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Figure 2. 1HNMR spectrum for bisimine S1.

Table 5. 1HNMR data spectra for bisimines S2 and S3.

Comp.
No. R 1HNMR data in δ ppm

S2 NHCOCH3
2.53 (s, 6H, 2CH3), 7.75-8.92 (m, 12H aromatic CH),

9.15 (s, 2H, imine), 10.83 (s, 2H, amide).

S3 Br
123.15-142.18 (12 aromatic carbons),

159.42 (imine carbon).

The 13C NMR spectrum of bisimine S1 appeared ten aro-
matic carbons at the range of δ 129.95-133.64 and two aro-
matic carbons in benzene connected to nitrogen atom out of
the benzene ring at 154.20 and 139.98 for C-N and C-N= re-
spectively. Moreover, a singlet observed at δ 19.02 for carbon
in methyl group and this is in agree with the literature [18].
The interesting band appeared at δ 161.21 for carbon in C=N
and this good evidence for imine formation. Consequently,
the combined spectroscopic data is consistent with the forma-
tion of imine compound S1see Figure Figure 3. The spectral
data for bisimines S2 and S3 collected in Table Table 6.

Figure 3. 13CNMR spectrum for bisimine S1.

Table 6. 13HNMR data spectra for bisimines S2 and S3.

Comp.
No. R 13HNMR data in δ ppm

S2 NHCOCH3
19.81 (2CH3), 126.04-151.12 (12 aromatic carbons),
162.02 (2 imine carbon), 171.13 (2 amide carbon).

S3 Br
123.15-142.18 (12 aromatic carbons),

159.42 (imine carbon).

The IR spectrum of bistetrazole T2 exhibited two diag-
nostic vibrational bands for N=N and N-N in the tetrazole
ring at 1452 cm−1 and 1130 cm−1 respectively with the dis-
appearance of CH=N band. This can be taken as evidence for
cyclization transferal of CH=N compared to the IR spectrum
of the bisimine S2. As well as, it clearly indicated stretching
vibrational bands at 3211 cm−1, 3124 cm−1 for the N-H vi-
bration amide and NH vibration absorbance band in tetrazole
respectively see Figure Figure 4. The remaining IR data is
appeared at the expected regions. Table Table 7 collets the IR
data of bistetrazoles T1 and T3.
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Figure 4. IR spectrum for bistetrazole T2.

Table 7. IR data for bistetrazoles T1 and T3.

Comp.
No. R

υ C−N
tetrazole

cm−1

υ N = N
cm−1

υ N −N
cm−1

υN −H
cm−1

υ =C−HArom.
υC−HAliph.

sym. asym.
cm−1

Other
absorptions

cm−1

T1 (CH3)2N 1275 1450 1125 3216
3010
2854
2923

υC−N
1245

T3 Br 1270 1430 1115 3290
3290
2878
2310

υC−Br
768

The 1HNMR spectrum of bistetrazole T2 showed a singlet
at δ 2.12 for protons in the methyl group and aromatic protons
signals at the range of (δ 7.50-8.40) for three benzene rings.
Additionally, the proton signal of N-H amide in NHCOCH3
appeared at δ 8.82 and two distinct signals observed at δ 2.51
for N-H proton in tetrazole ring and C-H of the tetrazole at
δ 6.81 see Figure Figure 5. The integral calculation results
indicated that the ratio of methyl protons (2CH3) to N-H
proton in the tetrazole ring is 6:1. This a confirmation for
cyclization reaction of imine to tetrazole being formed. The
spectral data for bistetrazoles T1 and T3 exhibited in Table
Table 8.

Figure 5. 1HNMR spectrum for bistetrazole T2

Table 8. HNMR spectrum for bistetrazoles T1 and T3.

Comp.
No. R 1HNMR data in δ ppm

T1 (CH3)2N

2.48 (s, 12H, 4CH3),
2.77 (s, 2H, NH tetrazole),
7.13 (s, 2H, CH tetrazole),

7.71-8.85 (m, 12H aromatic CH).

T3 Br
2.73 (s, 2H, NH tetrazole),
6.92 (s, 2H, CH tetrazole),

7.62-8.25 (m, 12H aromatic CH).

The 13CNMR spectrum of bistetrazole T2 indicated a di-
agnostic carbon signal for C-NH in the tetrazole ring at δ

116.78 with disappearance of the carbon signal for imine
group compared to the started materials see Figure Figure 6.
This is referring to achieve the cyclization reaction for the
imine group. The carbonyl group signal noticed clearly at
δ 170.07, in addition to the aromatic carbons signals at the
range of δ 116.78-160.91 and this is reported in the literature
[11]. It also showed the methyl group signal at δ 25.12. The
spectral data for bistetrazoles series T1 and T3 is available in
Table Table 9. Carbons signals for the DMSO-d6 as a solvent
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appeared at δ 40. The IR spectrum of bisbenzoxazepine-

Figure 6. 13CNMR spectrum for bistetrazole T2.

Table 9. HNMR spectrum for bistetrazoles T1 and T3.

Comp.
No. R 13CNMR data in δ ppm

T1 (CH3)2N
24.20 (4CH3), 119.23 (two tetrazole C),

127.15-162.17 (12 aromatic C).

T3 Br
120.43 (two tetrazole C),

129.37-161.06 (12 aromatic C).

diones B2 illustrated two distinguished vibrational bands for
carbonyl group (O-C=O, N-C=O) in the oxazepine ring at
1693 cm−1 and 1660 cm−1 respectively, with the disappear-
ance of CH=N band see Figure Figure 7. This described as
evidence for cyclization reaction of imine group compared
to the started materials. The remaining IR data realized in
the expected regions. Table Table 10 shows the IR data of
bisbenzoxazepinediones B1-3.

Figure 7. IR spectrum for bisbenzoxazepinedione B2.

Table 10. IR data for bisimines S1 and S3.

Comp.
No. R

υ OC = O
cm−1

υ N −C = O
cm−1

υ C−N
cm−1

υ =C−HArom.
υ C−HAliph.

sym. asym.

cm−1

Other
absorptions

cm−1

B1 (CH3)2N 1714 1693 1235
3070
2846
2909

υ C−N
1221

B3 Br 1696 1694 1206
3290
2842
2928

υ (C−Br) 757

The 1HNMR spectrum of bisbenzoxazepinedione B3 ex-
hibited a singlet signal for (CH-N) in the oxazepinedione ring
at δ 9.68 with the disappearance of imine proton signal com-
pare to the starting materials. Furthermore, aromatic protons
signals appeared at δ 6.57-7.70 and this documented in the
literature [18]. see Figure Figure 8. This is strong evidence
for bisbenzoxazepinediones producing from an imine. The
spectral data for bisbenzoxazepinediones B1and B2 is shown
in Table Table 11.
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Figure 8. HNMR spectrum for bisbenzoxazepinedione B3.

Table 11. HNMR spectrum for bisbenzoxazepinediones B1
and B2.

Comp.
No. R 1HNMR data in δ ppm

B1 (CH3)2N
2.24 (s, 12H, 4CH3),

7.20-8.37 (m, 20H, aromatic CH),
9.73 (s, 2H, CH oxazepinedione),

B3 NHCOCH3

2.31 (s, 6H, 2CH3),
7.26-8.86 (m, 20H, aromatic CH),
9.87 (s, 2H, CH oxazepinedione),

10.05 (s, 2H, amide).

The 13C NMR spectrum of bisbenzoxazepinediones B3
indicated two diagnostic signals for carbonyl atoms (O-C=O,
N-C=O) in the oxazepine ring at δ 173.20 and δ 170.03 re-
spectively with disappearance of the carbon signal for imine
carbon atoms compared to the started materials see Figure
Figure 9. This refers to an indicator for converting the imine
group to cyclic compound. It also showed the aromatic car-
bons signals at the range of δ 104.52-149.90. The spectral
data for bisbenzoxazepinediones B1-3 series is collected in
Table Table 12. Carbons signals for the DMSO-d6 as a solvent
appeared at δ 39.85.

Figure 9. 13CNMR spectrum for bisbenzoxazepinedione B3.

Table 12. 13CNMR spectrum for bisbenzoxazepinediones B1
and B2.

Comp.
No. R 13CNMR data in δ ppm

B1 (CH3)2N

23.40 (4CH3),
106.12 (2C in oxazepinediones),
109.20-151.32 (15 aromatic C),

170.38 (2C, N-C=O),
172.92 (2C, O-C=O).

B2 NHCOCH3

24.17 (2CH3),
107.08 (2C in oxazepinediones),
110.61-157.18 (15 aromatic C),

171.49 (2C, N-C=O),
173.97 (2C, O-C=O),

174.16 (amide C).

3.2 Antibacterial Activity:
The newly synthesized compounds (T1-3 and B1-3) were

tested for antibacterial activity evaluation toward Staphylo-
coccus aureus (gram-positive bacteria) and Escherichia coli
(gram-negative bacteria). The results indicated that bistetra-
zole T1 and bisbenzoxazepinedione B1 showed the highest
inhibition performance against the growth of the applied bac-
teria. Furthermore, both of T1 and B1 were behaved more
active at high concentrations compared to the low concentra-
tions due to the high concentration effect making to be the
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inhibition zone increased. However, the remaining of tested
compounds gave low antibacterial activity against both of
the applied bacteria. One of the reasons for these results is
could be present of dimethyl amino group (CH3)2N as this
substituent can behave as donating group. This may increase
the potential of bacterial cell attack by the tested compound
leading to less resistivity from bacteria to the tested compound
resulting in an increase in the inhibition zone. It also noticed
that B1 behaved more active than T1 from high to low con-
centrations. This may relate to the different electronegativity
of the oxygen atom availability in the oxazepinedione ring
compared to the tetrazole ring having only nitrogen atom. Ta-
ble Table 10 is collected the antibacterial effect results for
the newly synthesized series on the tested bacteria in addition
to some of disk images for the zone inhibition results are
exhibited in Figures Figure 10 and Figure 11.

Table 13. 13CNMR spectrum for bisbenzoxazepinediones B1
and B2.

Comp.
No Conc. mg mL−1

Gram negative
Escherichia

Coli

Gram positive
Staphylococcus

aureus

0.01 31 21
T1 0.001 16 15

0.0001 12 13

0.01 21
T2 0.001 14 14

0.0001 11 10

0.01 18 19
T3 0.001 12 13

0.0001 11 10

0.01 28 25
B1 0.001 20 21

0.0001 18 20

0.01 20 18
B2 0.001 13 15

0.0001 11 10

0.01 16 15
B3 0.001 15 13

0.0001 11 10

Ciprofloxacin 10 mg disk−1 30 28

Figure 10. Images of the inhibition zone for B1 against (a):
Escherichia Coli and (b): Staphylococcus aureus bacteria.
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Figure 11. Images of the inhibition zone for T1 against (a):
Escherichia Coli and (b): Staphylococcus aureus bacteria.

4. Conclusions:
Some new phenylene bistetrazole and bis benzoxazepine-

dione derivatives have been successfully synthesized from
some bisimines and their structures were identified depending
on the identification results. Antibacterial effect assessment
results indicated that bistetrazole T1 and bisbenzoxazepine-
dione B1 were exhibited the highest inhibition performance
against the growth of the applied bacteria and the both having
higher activity at high concentration compared to the low con-
centrations as a result of the high concentration effect leading
to increase the inhibition zone. However, the remaining of
tested chemicals behaved with low antibacterial effect activity
against the applied bacteria. This may contribute to present
of dimethyl amino group (CH3)2N as this substituent can be-
have as donating group leading to increase the potential of
bacterial cell attack by the tested compound resulting in a less
resistivity from bacteria to the tested chemicals. Furthermore,
compound B1 is more active than T1 and this can be ascribed
to the structure difference in terms of the high electronegativ-
ity of the oxygen atom for the oxazepinedione ring compared
to the tetrazole ring containing nitrogen atom. As a result,
tetrazole and oxazepine derivatives bearing dimethyl amino
group (CH3)2N should be regarded as antibacterial agents for
pharmaceutical field.
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