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ABSTRACT

This research includes synthesis of new heterocyclic derivatives of disubstituted
1,3-oxazepine-5-one. Azomethine compounds (N1-N5) were synthesized by the re-
action of aromatic aldehydes with primary aromatic amines, in the presence of gla-
cial acetic acid as a catalyst in absolute ethanol. The synthesized compounds were
identified via spectral methods viz., FT-IR, 1H-NMR, and 13C-NMR and measure-
ments of some physical properties. The prepared oxazepine compounds (N6-N10)
were obtained from treatment of azomethine compounds with phthalide. Ng and
N7 derivatives have recorded the higher zone of inhibition 15 mm against Can-
dida guilliermondii and Candida zeylanoides respectively. The lower zone of in-
hibition was 8.0 mm and 9.3 mm by N7 toward the growth of Candida albicans
and Candida guilliermondii respectively. Slight variation in the structure of those
derivatives can show the very dramatic effect on the efficiency of these compounds
in their bio-activity and may be helpful in designing more antifungal agents for
therapeutic use in future.

Keywords: Azomethine, anti-candidal activity, NMR, phthalide, oxazepine.

INTRODUCTION

Azomethine compounds are class of compounds containing the group (C=N)
(Scheme 1), usually prepared by the condensation of a primary aromatic amino
group with an active carbonyl aromatic aldehyde. They are versatile precursors
in the synthesis of organic, bio-organic, organometallic and industrial com-
pounds via ring closure, cycloaddition, and replacement reactions.*3
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A German chemist discovered azomethine compounds, Nobel Prize winner,
Hugo Schiff in 18644, and structurally, an analog of a ketone or aldehyde in
which azomethine group has replaced the carbonyl group (C=0), as shown in

Scheme 1.5
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Scheme 1. Structure of azomethine compounds

Initially, the classical synthetic route for azomethine compounds involves con-
densation of ammonia, primary amines and amino acids with carbonyl com-
pounds under azeotropic distillation with the simultaneous removal of water®$,
see Scheme 2.
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N N
L HNG Methanol E*N_E@
/ KOH, refl. 8hr. H-ﬁ@ B
ch, HoOC COOH
4-methylbenz 2-amino-3-(1H-indol 3-(1H-indol-3-y1)-2~(4-methylben
aldehyde -3-yl)propanoic acid zylideneamino)propanoic acid

Scheme 2. The effect of KOH on azomethine synthesis

The reaction of pyridine-2-amine with 4-(dimethyl amino) benzaldehyde pro-

duces the azomethine compound (Scheme 3).°

Abs EtoH HsC, /
CHO + H,N C N
reﬂ 3hr.
H, C

4 -(Dimethylamino) Pyndm 2- N-(4- (Dlmethylammo)benzyl
benzaldehyde amine idene)pyridin-2-amine

Scheme 3 The prepared azomethine compound presence glacial acetic acid

Oxazepines are class of heterocyclic compounds of the seven-membered ring
with two heteroatoms (O and N). The oxygen atom is located at position 1 and a
nitrogen atom in positions -2,-3 or -4. Example of one of oxazepine compound
is the product of the reaction between azomethine compounds and pyromellitic
dianhydride (Scheme 4).*°
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Scheme 4 Using dry benzene as a solvent to prepare oxazepine derivatives

Reaction of azomethine compound (2-Amino-1,3,4 -thiadiazole-5-thiol) with
3-Nitrophthalic anhydride gave oxazepine compounds in efficient yields, see
Scheme 5.
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amino)-1,3,4-thiadiazole-2-thiol -3,4-dihydrobenzo[e][1,3Joxazepine-1,5-dione

Scheme 5 Effect of nitro group on product efficiency of the prepared oxazepine compound

The aim of this work is preparing azomethine compounds from aromatic alde-
hyde reaction with primary aromatic amines to interfere with the preparation
of oxazepine compounds from the reaction of azomethine compounds prepared
with phthalide compound. Oxazepine compounds were tested against some
pathogenic yeasts in vitro.

METHODOLOGY

Melting points were recorded on Electrothermal Melting point Apparatus (un-
corrected). FT-IR spectra were recorded at room temperature from 4000-400
cm™ with KBr disc on Infrared Spectrophotometer Model Tensor 27 Bruker
Co., Germany. The ‘H-NMR and 3C-NMR spectra were recorded on Bruker Ac-
300MHz spectrometer.
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General Procedure for synthesis of azomethine compounds N -N_

Equimolar mixtures 0.02 mol of aldehydes and aromatic amines and trace of
glacial acetic acid dissolved in 25 ml absolute ethanol was placed in a 100-ml
round-bottom flask equipped with condenser and stirrer bar. The mixture was
allowed to react at reflux temperature for 4 hour, and then let to cool down to
the room temperature, whereby a crystalline solid was separated out. The solid
product was recrystallized twice from ethanol. The structural formula, names,
melting points, colors, and percentage of yields for the synthesized azomethine
compounds are recorded.>*

General procedure for synthesis of oxazepine compounds N -N

Equimolar mixtures 0.01 mol of azomethine compounds and phthalide com-
pound dissolved in 30 ml of tetrahydrofuran was placed in a 100-ml round-
bottom flask equipped with condenser and stirrer bar presence trace of glacial
acetic acid as a catalyst was added. The reaction mixture was refluxed for 3 hour,
and left to stand for 24 hour and then solid product was precipitated. The solid
product was filtered off and recrystallized from ethanol. The structural formula,
names, melting points, colors, and percentage of yields for the prepared oxaz-
epine compounds are recorded.2°25

Antifungal activity

This test was archived in vitro to investigate inhibitory effects of the prepared
oxazepine compounds using well diffusion method on Muller-Hinton agar. This
experiment was done as mentioned by Owaid et al. Four milligrams of the pre-
pared oxazepine compounds were dissolved in absolute methanol and applied
separately in 6 mm-well, while methanol was used as a control.2® After 18 hr of
incubation at 37 °C, the zone of inhibition was taken using the ruler in millim-
eters.

RESULTS AND DISCUSSION

Tables 1 and 2 exhibited structural formula, nomenclature, the percentage of
yield, melting point, and their color. The best yield of the prepared azomethine
compounds was 90% for compounds N, and N, while the lower yield was 80%
for compounds N,. The higher melting point was 250-252 °C for compound
N,. The lower melting point was 60-62 °C for compound N,. The best yield of
the prepared oxazepine compounds was 91% for compounds N, while N com-
pound given lower yield reaches 75%. The higher melting point was 243-245 °C
for compound N,. The lower melting point was 76-78 °C for compound N,. The
different colors and melting points between the raw material and products are
initial evidence to take place the chemical reaction.
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Azomethine compounds were synthesized from commercially available aromat-
ic aldehydes and primary aromatic amines and identified by their melting points
and FT-IR.

FT-IR spectra showed the disappearance of the stretching absorption bands of
carbonyl group (C=0) of the aldehydes at 1700-1715 cm™ and the appearance
of the stretching absorption bands of azomethine group (C=N) at 1549-1642
cm™indicative of the formation of the resulting imines beside the characteristic
bands of the residual groups in the structure (Scheme 6). It was observed that
the aromatic amine which contains electrophoresis group in at para position
when condensing with aromatic aldehyde; it has less reaction speed. While the
reaction speed increases when the same group and the same site on the aromatic
aldehyde ring. Glacial acid is used as a catalyst to increase the electrophile of the
carbonyl group to accelerate the reaction and increase the precentage yield, see
Table 3 and Figures 1 and 2.2

o
rR-&_R + R'NH, I?Fbs'—EtO:}ll> RRC=—NR"
— T.
R H ,Refl.
R=
~OH
NO, N(CH%)z
CZHS
n_ N02
=
3
No,’

Scheme 6. Structure of the prepared azomethine compounds

Table 3. FTIR of azomethine compounds N, -N,

FT-IR, n(cm™)
- C-H C-H Al
ot | S | aromat , Others
Code Aromatic | Aromatic | Alkene | Asym. | sym.
N, |1642 | 1509 | 3066 | 3101 | 2063 | 2874 |  NO,1519, 1341
N, |1609 [ 1580 | 3042 | 3113 | 2072 | 2945 | N, 1900, 1328

0-H 3491, NH 3278

C=0 1640
NO,1511, 1334

N 1549 1481 3043 3070 | 2962 | 2886

N 1592 1562 3042 3088 | 2984 | 2874 C=0 1645

1607 1580 3042 3101 | 2987 | 2891 C=0 1642
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Figure 2. FT-IR spectra of N,

The mechanism of azomethine compounds formation was established by lit-
erature as given by Scheme 7. The reaction involves a nucleophile attack of the
double-electronic of the NH, group on the carbonyl group C=0 of aldehydes to
form a hemiaminal N-substituted medium that loses a water molecule to give the
stable compound (azomethine). The reaction is believed to occur in the following
mechanism?®:
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Scheme 7. Mechanism of azomethine compounds formation

The synthesis of oxazepine compounds was achieved by the reaction of imines
and phthalide. The resulted products were identified by their melting points, FT-
IR spectra (Table 4) and both '"H-NMR and BC-NMR spectral data (Table 5 &
6). The FT-IR spectra of the products showed the disappearance of the stretch-
ing absorption bands of the group (C=N) of the azomethine compounds and the
stretching absorption bands phthalide compound and showed the appearance

of the stretching absorption bands at 1614-1650 cm™ indicative of lactam bond
(C=0) formation beside the characteristic bands of the residual groups in the

structure, see Table 4 and Figure 3 and 4).%

Table 4. FT-IR of the prepared oxazepine compounds N-N,

FT-IR n(cm™)
Comp. | C=0 Cc-0 C-N Cc=C C-H C-HAli. Others
Code | Lactam | Lactam | Lactam [ Arom Arom | Asym. | Sym.
N, | 1647 | 1112 | 1181 | 1603 | 3066 | 2062 [ o876 | NO.19%3.
6 1347
0-H b3497
N-H3281
N, | 1614 [ 1134 [ 1211 | 1586 | 3109 | 2987 | 2877 NO, 1509,
1340
N, | 1647 | 1108 | 1167 | 1576 | 3069 | 2043 | 2ga7 [ MO I520
N, | 1650 | 1130 | 1307 | 1567 | 3038 | 2944 | 2863 -
N, | 1643 | 1129 | 1289 | 1580 | 3042 | 2987 | 2890 -

Acta Pharmaceutica Sciencia. Vol. 56 No. 2, 2018 | 47



100

a0

Transmittance [ %]

G0

Eea )
O
=
[l

(ol

HH

T T T T T T
3500 3000 2500 2000 1500 1000
Wawvenumber cm-1

Figure 3. FT-IR spectra of N,

Transmittance [%]

70
1

=
= W\Hﬂ
. BRUKER
1 LD
= I
=2 4
i _, r .
L - by —
= M / S, A
N —, PN
& N
) NN A o
= S — . [EQ S !
=1 {0 |
i) t Sy
w | e B
r—
w |
ow

il

@it

a3
i

7
BO0.6
i

2

i34 19

T T T T
3500 3000 2500 2000 1500
Wavenurrber cm-1

Figure 4. FT-IR spectra of N,

48 | Acta Pharmaceutica Sciencia. Vol. 56 No. 2, 2018



The 'H-NMR spectrum of compound N, in solvent DMSO (Figure 5) showed
chemical shifts, §(ppm), triplet in 1.06 (3H, CH_-CH3), singlet in 2.07 (3H,
C-C_H3), quartet in 2.44 (2H, CH3-CH,), singlet in 3.18 (2H, O-CH,), singlet in
8.55 (H, N-CH), multiplet and doublet of doublet in 8.42-6.98 (11H, aromat-
ic protons) and spectrum of compound N, (Figure 6) showed chemical shifts,

8(ppm) at: singlet in 3.31 (3H, O-C_Hg), singlet in 3.83 (2H, O-CH,), singlet in

5.43 (1H, -NH), singlet in 9.33 (2H, N-CH), singlet in 11.57 (1H, -OH), multiplet
in 8.87-7.00 (13H,aromatic protons).?® Other chemical shifts, §(ppm) of com-

pounds N-N , are given in Table 5.

Table 5. The 'H-NMR Spectra of the prepared oxazepine compounds N,-N,; in DMSQ

Comp. ) )
code Chemical Shift § ppm
Triplet in 1.06 (3H, CH,-CH3), singlet in 2.07 (3H, C-CH,), quartet in 2.44 (2H,
N, CH3-CH,), singlet in 3.18 (2H, 0-CH,), singlet in 8.55 (H, N-CH), multiplet and

~ doublet of doublet in 8.42-6.98 (11H, aromatic protons).

Singlet in 3.31 (3H, 0-CH,), singlet in 3.83 (2H, 0-CH,), singlet in 5.43 (1H,
N -NH), singlet in 9.33 (H, N-CH), singlet in 11.57 (1H, -OH), multiplet in 8.87-7.00
(13H,aromatic protons).

Singlet in 1.18 (3H, N-CH,), singlet in 2.51 (3H, =C-CH,), singlet in 3.39 (2H,

N, 0-CH,), singlet in 9.67 (H, N-CH), multiplet and doublet of doublet in 8.31-7.37
(13H, aromatic protons).
N Singlet in 1.24 (3H, N-CH,), singlet in 2.47 (3H, =C-CH,), singlet in 3.19 (2H,

0 0-CH,), singlet in 9.59 (H, N-CH), multiplet in 7.83-7.36 (14H, aromatic protons)

Singlet in 1.23 (6H, -N(CH,),), singlet in 2.41 (3H, N-N-CH,), singlet in 2.98 (3H,
N =C-CH,), singlet in 3.11 (2H, 0-CH,), singlet in 9.34 (H, N-CH), multiplet and
doublet of doublet in 7.64-6.74 (13H, aromatic protons).
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Figure 6. 'H-NMR Spectra of N,
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The #C-NMR spectrum of compound N, in solvent DMSO (Figure 7) showed
chemical shifts, 8(ppm), 14.92 (C-CH)), 18.45 (CH,-CH), 24.60 (CH,-CH,),
92.12 (0O-CH,), 150.36 (N-CH), 162.20 (N-CO), 124.56-141.59 (aromatic car-
bons) and spectrum of compound N, (Figure 8) showed chemical shifts, §(ppm),
25.58 (0-CH,), 72.11 (0-CH,), 147.35 (N-CH), 150.73 (N-CO), 112.34-137.04
(aromatic carbons)®. Other chemical shifts, 5(ppm) of compounds N,-N , are
given in Table 6.

Table 6. The *C-NMR Spectra of the prepared oxazepine compounds N-N, in DMSO

Comp. . )
code Chemical Shift § ppm
N 14.92 (C-CH,), 18.45 (CH,-CH,), 24.60 (CH,-CH,), 92.12 (0-CH,), 150.36 (N-CH),
6 162.20 (N-CO), 1 24.56-141. 59 (Aromatic Carbons).
N 25.58 (0-CH,), 72.11 (0-CH,), 147.35 (N-CH), 150.73 (N-C0), 112.34-137.04
7 (Aromatic Carbons).

10.17 (N-CH,), 35.41 (=C-CH,), 99.14 (0-CH,), 144.03 (N-CH), 148.21 (CH,-C=),
N, 151.22 (CO-C=), 152.83 (N-CO in the five-membered ring), 159.41 (N-CO in the
seven-membered ring), 116.05-129.69 (Aromatic Carbons).

10.24 (N-CH,), 35.83 (=C-CH,), 93.62 (0-CH,), 145.04 (N-CH), 147.99 (CH,-C=),
5 152.69 (CO-C=), 154.80 (N-CO in the five-membered ring), 160.07 (N-CO in the
seven-membered ring), 116.60-130.63 (Aromatic Carbons).

singlet in 10.31 (-N(CH,),), singlet in 36.26 (N-N-CH,), 38.08 (=C-CH,), 98.12
(0-CH,), 135.11 (N-CH), 151.77 (CH,-C=), 152.19 (CO-C=), 155.87 (N-CQ in the
10 five-membered ring), 160.07 (N-CO in the seven-membered ring), 118.05-129.52
(Aromatic Carbons).
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The reaction of the prepared azomethine compounds with phthalide is given in
the following equation (Scheme 8). Glacial acid is used as a catalyst to increase
the electrophile of the carbonyl group of phthalide compound to accelerate
the reaction and direct the reaction toward the carbon of carbonyl in the five-
membered ring of phthalide compound rather than toward the methylene group
(CH,) at the same ring of phthalide compound.3°

+  THF, H* O r
—NR = 5 T\P<R'
Refl. 3hr. .

“R

NO, N(CH3)2
CH —NH

leNer Har(@

Scheme 8. Structure of the prepared oxazepine compounds

It may be concluded that the reaction takes places via concerted (5+2) dipolar
cycloaddition mechanism as represented in the reaction Scheme 9.3°3

CH,COOH 0 j, R 0 R
_— N—C/ — ]\?<R'

CH,C00

Scheme 9. Mechanism of oxazepine compounds formation

The reaction involves a nucleophile attack of the double-electronic of the azome-
thine group at the electropositive carbon atom of the carbonyl group to give a
dipolar intermediate and the target molecule of oxazepine compounds.

Antifungal activity

Zone of inhibition of some human pathogenic fungi was done well-diffusion
method to test the potential of the prepared oxazepine compounds N-N, as
shown in Figure 9. Generally, N, is the best derivative that has significantly
(p<0.01) recorded a stronger influence to inhibit the growth of Candida sp. at
an average of the zone of inhibition 13.8 mm, while N, derivative has recorded
the lowest inhibition 10.9 mm toward clinical fungal pathogens. From another
hand, N and N, derivatives have recorded the higher zone of inhibition 15 mm
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against Candida guilliermondii and Candida zeylanoides respectively followed
14 mm by N, toward Candida albicans. N8 and N6 derivatives have shown in-
hibitory effects 13.3 mm and 13.0 mm against growth of Candida krusei and
Candida guilliermondii respectively. The lower zone of inhibition was 8.0 mm
and 9.3 mm y N_toward the growth of Candida albicans and Candida guillier-
mondii respectively (see Figure 10). Ahmed et al. studied antibacterial activity of
1,3-oxazepine and 1,3,4-oxadiazole3?, while Sunil et al. studies role of oxazepine
derivative as an anticancer agent against Human Colorectal Adenocarcinoma.33
The resistance mechanisms depend on which specific pathways are inhibited by
the drugs and the alternative ways available for those pathways that the organ-

isms can modify to get a way around to survive.34

Candida guilliermondii
v

Figure 9. Antifungal activity of the prepared oxazepinecompounds N-N, in methanol
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Figure 10. Zone of inhibition of Candlida sp. using the prepared oxazepine compounds (mm)

CONCLUSION

The formation of stable 7th—membered 1,3- oxazepine ring has been achieved
by (5+2) cycloaddition reaction of phthalic and azomethine group. The results
of FT-IR, ¥C-NMR, and 'H-NMR showed that the target molecules were formed
due to the least obstructive effect in all preparation processes. Generally, N, is
the best derivative that has significantly (p<0.01) recorded a stronger influence
to inhibit growth of Candida sp. at average of zone of inhibition 13.8 mm, while
N, derivative has recorded the lowest inhibition to clinical fungal pathogens
(10.9 mm). Slight variation in the structure of those derivatives can show the
very dramatic effect on the efficiency of these compounds in their bio-activity.
The present work may be helpful in designing more potential antibacterial and
antifungal agents for therapeutic use in the future.
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