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Abstract: This research combines the synthesis of several hexagonal and heptacyclic compounds derived from
Schiff bases. The Schiff bases were prepared by incorporating [d][1,3]dioxol-5-carbaldehyde with aniline
substituents used as nucleophiles. Several heptacyclic oxazapanes were prepared by incorporating Schiff
bases with succinic anhydride, and several hexagonal thiazenanes were prepared by incorporating Schiff
bases with 2-mercaptopropanoic acid. Physical and spectroscopic techniques, including infrared, ultraviolet-
visible, and nuclear magnetic resonance (NMR) spectroscopy, were used to ascertain the compounds’
structures. Thin-layer chromatography (TLC) was used to monitor the reaction's progress and ascertain the
melting points and purities. Using ultrasonication, chemicals (HY9, HI3) were transformed into
nanocomposites. Scanning electron microscopy (SEM) and X-ray diffraction (XRD) were used for
characterization. The effects of several substances on the growth of two distinct bacterial species—one Gram-
positive (Staphylococcus aureus) and the other Gram-negative (Escherichia coli)—were investigated. Some of
the compounds that were synthesized demonstrated substantial inhibitory activity against the bacteria that
were being studied, while the antibiotic amoxicillin served as a control. In addition, the prepared compounds
(Ho, H;3) were evaluated for their ability to inhibit the proliferation of human breast cancer cells (MCF-7) in
vitro. The cells were exposed to five different concentrations of the prepared chemicals (31.2, 62.5, 125, 250,
and 500 ug/ml), and negative and positive controls. The efficacy of the compounds against breast cancer cells
varied. The stability of the compounds against a helium-neon laser was studied when exposed to the laser for

15, 30, 45, and 60 seconds.
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1. Introduction

Heterocycle research is a perennial area in
organic chemistry. Scientists who work in
synthetic organic chemistry and the field of
natural substances are constantly drawn to it.
Because of their wide range of applications,
particular chemical reactivity, and natural
occurrence, heterocyclic chemistry has been
advancing. Compounds with a cyclic structure
and two or more distinct types of atoms in the
ring are known as heterocyclic compounds [1].
Heterocyclic compounds are found in nature in
large quantities and are vital to living things.
They are essential to every live cell's metabolism.
Nitrogen heterocycles are the most prevalent,
particularly those that incorporate oxygen or
sulfur [2]. Schiff bases are easily synthesized,
structurally varied chemicals often made via

condensation reactions between primary amines
and a ketone, aliphatic, or aromatic aldehyde [3].
An azomethine (~C=N-) linkage found in Schiff
bases can join two or more physiologically active
aromatic/heterocyclic scaffolds to create a
variety of molecular hybrids with intriguing
biological characteristics [4]. In the -C=N-
azomethine bond, the nucleophile of nitrogen and
the electrophile of carbon provide remarkable
binding for joining the electrophilic and
nucleophilic functional groups. It has been
discovered that if the imine nitrogen atom
participates in hydrogen bonding, hydrolytic
breakage of the azomethine bond can be avoided
in certain Schiff bases, such as the tetromino
diphenol macrocyclic Schiff base [5]. In
medicinal and pharmaceutical chemistry, Schiff
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bases are a significant family of commercially
used organic compounds with a wide range of
biological activities, including anti-inflammatory
[6], analgesic [7], antimicrobial [8], antioxidant
[9], anticonvulsant [10], antitubercular [11], and
anticancer [12], among others. Schiff base
derivatives, specifically imine derivatives, are
substances created when primary amines and
aldehydes condense. They have a wide range of
biological, medicinal, clinical, pharmacological,
and analytical uses, and because of their

adaptability and simplicity of preparation, they
are frequently used as ligand precursors [13]. The
nitrogen atom in azomethine is in charge of
forming a hydrogen connection with the active
centers of cell components and influencing
regular cell functions. Producing organic
molecules, dyes, pigments, polymers, stabilizers,
and corrosion inhibitors all require azomethine
compounds as catalysts and intermediates in
addition to their biological activity [14].

2. Experimental part

2.1. Materials: Fluka, Aldrich, and BDH
supplied all of the compounds utilized in this
investigation, and none of them required
additional purification.

2.2. Devices used: The Electrothermal
Melting Apparatus 9300 measured the melting
points. FT-IR 8400S Shimadzu
spectrophotometer by KBr disc, 400-4000 cm!
scale. Bruker equipment operating at 400 MHz
produced 'H-NMR and "C-NMR spectra.
Shimadzu UV-1800 spectrophotometer, Tikrit
University, having quartz cells ranging from 200
to 800 nanometers. Using Fluka silica gel plates
that were 0.2 mm thick and activated with
fluorescent silica gel G, Thin Layer
Chromatography (TLC) was carried out. UV
light was used to see the results. The Raypa
steam sterilizer (Spain) autoclave at the
University of Tikrit's Advanced Microbiology
Research Laboratory was utilized to sterilize the
microbiological medium used in the study. In the
same lab, Petri dishes utilized for the
microbiological investigation were incubated
using a Heraeus D-63450 incubator (Germany).
A MIRA3-TE SCAN microscope from Belsorp,
Czech Republic, was used to perform scanning
electron microscopy (SEM). A Shimadze-XRD-
6000 instrument was used for an X-ray
diffraction (XRD) study at Kashan University in
Iran. A 2010 Tikrit University helium-neon laser
with a I-milliwatt power output and an 808-
nanometer wavelength was used in visible laser
tests.

2.3. Preparation of Schiff base
derivatives (Hi-Hs). 0.003 mol of any amino
derivative was taken and dissolved in 20 ml of
absolute ethanol. Then, 0.003 mol (0.7 g) of 6-
bromobenzoate [d][1,3]dioxol-5-carbaldehyde

was dissolved in 15 ml of absolute ethanol. This
solution was mixed with 3 drops of glacial acetic
acid, followed by heating, and was added to the
above mixture. The reflux condition of this
reaction took 10-14 hours and TLC was used as
a monitor for the completion of the response.
After the completion of the response, the entire
mixture was allowed to cool gradually [15]. It
was filtered to collect the precipitate, dried to
constant weight, and recrystallized using
absolute ethanol (Table 1).

2.4. Preparation of 1,3-Oxazapane-7,4-
dione derivatives (H¢-H10). Table 1 shows that
when 0.004 mol of the synthesized Schiff bases
(H1-H5) were dissolved in 10 mL of dry benzene
with 0.4 g, 0.004 mol of succinic anhydride, the
mixture was filtered to produce a precipitate,
which was then recrystallized using the solvent
1,4-dioxane. After that, the mixture was left to
cool for 12 to 15 hours at room temperature [16].

2.5. Preparation of 1,3-thiazinan-4-one
derivatives (Hi1-His). After mixing 0.004 mol
of the prepared Schiff bases (Hi-Hs) with 0.424
g (0.004 mol) of 3-mercaptopropionic acid
dissolved in 20 mL of THF, the mixture was
stirred for 13—15 h [17]. The completeness of the
reaction was verified using TLC, and the product
was allowed to cool and neutralize with 10%
sodium bicarbonate before being filtered,
cleaned with cold water, and recrystallized with
THF (Table 1).

2.6. Preparation of Nano-Compounds of
(Hy, Hi3). The mixture is placed on a sonicator
for six hours after adding 10 milliliters of 100%
ethanol to 0.1 grams of the organic component
(Ho, Hi3). After drying the solution to produce a
precipitate, the organic nano compound (Ho, Hi3)
is manually milled into a fine powder [18].
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Table 1. The physical properties of the prepared compounds (Hi-His)

Comp. Ar Molecular Formula/ Color M.P R.T | Rf | Yield
No. M.Wt g/mol (°C) hour (%)
H; o~ \”' } Ci7H11BrN4O2383.21 Light 124-126 6 |0.62 79

N Purple
H> )i;j Ci2HsBrN30O2 306.12 White 131-133 7 10.67 83
H3 \L'ZT;/ - Ci13HoBrCIN3O2354.59 Light 120-122 7 10.63 82
B yellow
Hq XT™ | CioHiBrN:O: 385.02 | Brown | 146-148 | 7 0.70| 77
Hs N%\ Ci3H9BrCIN3O2S 386.65 Light 115-117 6 |0.65 81
~sN green
Hg \ﬂ)jg C21H1sBrN4Os 483.28 Orange 245-247 14 |0.82 59
H~ /l‘il; Ci6H12BrN3Os 406.19 | Light pink | 272-274 12 10.87 63
Hs | 7. | CyHi3BrCIN:Os 454.66 | Dark 247-249 | 14 |0.83| 62
< yellow
Hoy )Nl\”\j‘” Ci6H11Br2N3Os 485.09 Light 278-280 14 |0.90 67
N green
Hio N%\ C17H13BrCIN3OsS Light 253-255 15 [0.85 61
~sHN 486.72 Yellow
Hu xbjg C20Hi1sBrNsOsS 471.33 ];fvl‘lf‘; 177-179 | 13 |0.83| 61
Hiz /l‘i;j CisH12BrN3OsS 394.24 White 217-219 13 [0.76 63
His | 7T Ci6H13BrCINzO3S Light | 274-276 | 15 |0.75| 67
B 442.71 Yellow
Hi4 /Nl’\jm CisH11Br2aN3Os3S 473.14 Light 232-235 13 10.89 61
N Green
His B CisHi3BrCIN3O3S2 Yellow 198-200 14 | 0.79 58
~STN 474.77

2.7. Measuring the laser effectiveness of
some prepared compounds. A visible helium-
neon laser assessed the efficacy of a few
produced compounds (Hi, Hs, He, Hs, Hi2, Hi3).
Physical characteristics and alterations in the
produced compounds were noted when the
compounds were exposed to radiation for varied
lengths of time (15, 30, 45, and 60 seconds) [19].

2.8. Biological activity study. Gram-
positive and Gram-negative bacteria and
Staphylococcus aureus one of the two dangerous
bacterial species examined in this study was
Escherichia coli. These bacteria play a crucial
role in the medical field due to their resistance to
antibiotics. They were sourced from the
laboratories of the Department of Life Sciences
at the College of Education for Pure Sciences. To
assess the biological activity of antibiotics and
other medical substances, Molter Hinton agar, a
specialized culture medium, was used [20]. It

quantifies and ascertains the minimal inhibitory
concentration (MIC). DMSO solvent was used to
create chemical solutions of (Hi, Ha, Hs, H7, Hs,
Hio, Hi4, His) at concentrations of 0.1, 0.01, and
0.001 mg/ml. As the inhibition diameter
increases, the biological activity of the prepared
compounds also increases. Therefore, the results
were analyzed the following day to assess the
sensitivity of the derivatives used. This
sensitivity is determined by the apparent
inhibition diameter around the wells, which is
compared to the inhibition diameter of the
antibiotics [21].

2.9. MTT Cytotoxicity Assay. Three
replicates of the cytotoxicity tests were
performed, and the IC50 values were calculated.
The solute solution used was 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MW = 414) [22]. Following the
manufacturer's protocol, breast cancer cells were
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prepared as previously described. The cell
suspension was then added to a 96-well plate at a
concentration ranging from 1x10* to 1x10°
cells/ml, with each well receiving 200 ul of
complete culture medium. Sterile parafilm was
used to seal the plates, which were then gently
shaken and incubated. Following incubation, 200
ul of the control sample and the prepared
concentrations of the compounds under study
(31.2,62.5, 125,250, and 500 pg/ml) were added
to each of the three wells. The mixture was then

incubated in a 5% CO2 incubator for 24 hours at
37°C. After exposure to the tested compounds,
10 pl of MTT solution were added to each well.
The plate was then incubated for an additional
four hours at 37°C in a 5% CO2 incubator.
Following this, 100 pul of DMSO was added to
each well and left for five minutes. The
absorbance was then measured at 570 nm using
an ELISA reader [23]. The IC50 was determined
by statistically analyzing the optical density
measurements.

2. Results and discussion

The compounds were synthesized as in Scheme 1.

Ref. (3.1 (8 10)
abs. EtOH

COR

H
gt 7
O o
A:A& Ar
QU [Hg-H ol
C=N—Ar

Scheme 1. Route of prepared compounds (Hi-His)

3.1. Characterization of Schiff base
derivatives (Hi-Hs). When studying the UV-
visible spectrum of the [Hi-Hs] compounds in
absolute ethanol as a solvent and at a molar
concentration between [10° and 10%] of the
prepared compounds, short wavelengths (Amin)
appeared at 217-251 nm, which are attributed to
the (m—n*) transition, while long wavelengths
(Amax) appeared at 315-383 nm, which are
attributed to the (n—*) transition.

The bands linked to the amine group (NH2)
were not present in the FTIR spectrum of the
produced Schiff bases [Hi-Hs]. Instead, an
absorption band in the range 3087-3034 cm™! was
seen, which is explained by the aromatic (C-H)
bond stretching. Additionally, the aliphatic (C-
H) bond's symmetric and asymmetric bands were
detected at 2862-2831 cm™ and 2971-2931 cm™,
respectively. The (C=N) group is responsible for

a medium-sized band in the frequency range of
1620-1610 cm™ among the spectral bands. Two
bigger bands at 1481-1456 cm™ and 1682-1565
cm™! are visible in this band, which are ascribed
to the aromatic (C=C) bond stretching.
Additionally, the symmetric and asymmetric
stretching of the (C-O-C) bond is responsible for
the appearance of a medium and firm absorption
band at 1305-1274 cm™ and 1381-1336 cm™!. The
(C-N) type bond was vigorously stretched at
1229-1261 cm! in the spectrum [24], as seen in
Fig.s 1 and 2 and Table 2.

When the 'H-NMR spectrum of compound
[H3] in solvent (DMSO-d6) was analyzed, one
signal was observed at position (0H=8.79 ppm)
attributed to the protonation of the amino group
(N=C-H), and two signals were observed at
position (H=7.79, 7.23 ppm) attributed to the C-
H-Ar group. The spectrum showed one signal at
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position (3H=7.50 ppm) associated with the C-H-
Ar proton in the pyrimidine ring, one signal at
position (0H=4.36 ppm) associated with the CH>

proton, and one signal at position (6H=2.09 ppm)
associated with the CH3 proton, as illustrated in
Fig. 3.

Table 2. Uv-Viv and FT-IR absorption results for Schiff base derivatives (Hi-Hs)

A IR (KBr) cm™!
maxi Ar v(C- | v(C- | v(C= % v C-O- | v(C- Others
Co | & H) H) N) | (c=0) C N)
mp. | max; Arom. | Aliph. Arom. sym.
No. EtO asy.
H
nm
Hi | 228 | _x \”i‘ 3086 2862 1610 1456 1290 | 1242 -
380 N 2970 1577 1336
Hy | 229 | X7J | 3060 | 2852 | 1620 | 1461 | 1274 | 1257
315 2931 1582 1381
Hs | 227 YJ 3087 | 2858 | 1615 | 1472 | 1286 | 1261 | (723)v (C-
380 & 2971 1565 1376 C)h
Hy | 217 )Nlﬁ"” 3056 2831 1620 1481 1305 | 1240 | (692) v (C-
332 N 2939 1577 1340 Br)
Hs 251 Nc\l 3034 2849 1618 1473 1287 1229 | (731) v (C-
383 | ~s*wo 2935 1573 1356 C)
97.5-
°%T ]
90
82.5— ‘ § § ;
SER ;
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Fig. 1. FT-IR spectrum of the (H1) compound
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Fig. 2. FT-IR spectrum of the (H4) compound
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When analyzing the *C-NMR spectrum of
[Hs], a single signal was observed at the
813C=(160.01) ppm shift, which was attributed to
carbon (N=C-H). The observed spectrum
indicates that the signals §'°C=(118.02 - 146.62)

ppm are from the aromatic carbon ring (C-H-Ar).
A single signal at the §'°C=(112.63) ppm shift
was attributed to carbon (CH2), while a single
signal at the §'°C=(49.39) ppm shift was
attributed to carbon in the (CH3) group (Fig. 4).
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Fig. 3. 'H-NMR spectrum of the (H3) compound
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Fig. 4. 3C-NMR spectrum of the (H3) compound

3.2. Characterization of 1,3-Oxazepane-
7,4-dione derivatives (He-H10). When studying
the UV-visible spectrum of the compounds [He-
Hio] in ethanol (95%) as a solvent and at a
concentration between [10°-10*] molar for the
prepared compounds, short wavelengths (Amin)
appeared at 217-251 nm, which are due to the
(m—7w*) transition, with long wavelengths (Amax)
in the range 352-375 nm, which are due to the
(n—7*) type electronic transition.

Due to the presence of the (C=N) group in
the prepared Schiff base compounds, the middle
band 1620-1610 cm-1 [Hi-Hs] was lost during
the infrared spectroscopy of the compounds

prepared in this manner [He¢-Hio]. The stretching
of the carbonyl bond (C=0O) of lactone and
lactam is responsible for the appearance of two
prominent bands with frequencies of 1724-1718
cm! and 1690-1672 cm!, respectively. The
aromatic (C-H) bond stretching caused the
remaining bands to nearly retain their natural
range along the chain derivatives, as seen in the
absorption spectrum 3044-3028 cm’'. The
stretching of the (C-H) bond is responsible for
the appearance of two symmetric and
asymmetric bands in the ranges of 2866-2847
cm! and 2961-2924 cm’'. Additionally, two
aliphatic bands were detected, respectively. The
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aromatic (C=C) bond's vibrations caused two
stretching bands to appear in the ranges of 1502-
1456 cm™ and 1582-1562 cm’!, respectively.
Other, more intense bands appeared in the ranges
of 1228-1186 cm!, which are caused by the
stretching of the (C-N) bond, and an intermediate

band appeared in the ranges of 1255-1307 cm’!
and 1319-1378 cm’'. This is explained by the (C-
O-C) bond's symmetric and asymmetric
stretching [25], as seen in Fig.s 5 and 6 and Table
3.

Table 3. Uv-Viv and FT-IR absorption results for 1,3-Oxazepane-7,4-dione derivatives (Hg-H1o)

IR (KBr) cm’!
A Ar v(C- | v(C- v v v v(C-N) Others
Com | max; H) H) (C=0) | (C=C) | C-O- v
p. A Arom. | Aliph | lactone | Arom. C (C=0)
No. | max; v sym. | Oliph.
EtO (C=0) asy.
H lactam
nm
Hs 251 S 3034 2849 1718 1473 1281 1213 ---
353 | 2955 1684 1582 1352 ---
H~ 217 /I,‘i’\j 3030 2860 1720 1494 1255 1186 -
N
352 2943 1685 1581 1319 ---
Hs 219 \E:/j/m 3036 2847 1724 1456 1307 1228 v (C-(746)
372 & 2933 1672 1562 1336 --- Cl
Ho 226 )‘.\?jm 3028 2863 1721 1502 1306 1212 v (C-(643)
365 2924 1687 1580 1378 --- Br)
Hio 229 Ec\f 3044 2856 1723 1492 1286 1217 v (C-(734)
375 | 9N 2961 1690 1574 1358 --- Cl
100—
°%T
905 (\’—’\N\/"\j
80
70-] : -
E é § S & L
60 bl \
] & : gl @ ; g g
50 % 3
- g
3500 3000 2500 2000 1750 1500 1250 1000 750
H-27 1/cm

Fig. 5. FT-IR spectrum of the (H7) compound

While studying the '"H-NMR spectrum of
the compound [Hv], one signal was removed at
the position (6H=8.79 ppm) associated with the
(N=C-H) group in the prepared Schiff bases [Hi-
Hs], and one signal was added at the position
(0H=8.24 ppm) associated with the protons of the
(CH=N-pyrimidine) group. Among the spectrum
peaks, there were two single signals at (6H=7.88,
7.36 ppm) attributed to the (C-H-Ar) group, as
well as the appearance of a single signal at

(0H=7.07 ppm) attributed to the protons of the C-
H group in the seven-membered ring, in addition
to the appearance of a single signal at (60H=6.00
ppm) attributed to the protons of the (CHz2) group,
and the appearance of two triple signals at the
positions (6H=1.67-1.63 ppm) and (6H=1.16-
1.12 ppm) attributed to the protons of the (CHa-
CH2) group in the formed seven-membered ring

(Fig. 7).
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Fig. 8. °C-NMR spectrum of the (Ho) compound

The carbon atom in the (C=0) group of the in the range §'°C=(164.85-114.05) ppm, along
formed seven-membered ring was identified as  with a signal at §'°C=(101.81) ppm to carbon
the source of two signals at §'3C=(188.41, (CH:2) and a signal at 8'°C=(100.63) ppm
181.40) ppm in the *C-NMR spectrum of [Ho].  identified as the carbon atom (C-H) in the formed
In addition, the carbon atom in the aromatic ring  oxazepane ring, and the carbon atom (CH2-CH2)
(C-H-Ar) was identified as the source of signals in the ring was identified as the source of the two
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signals at &C=(60.14, 23.93) ppm, and
oxazepanes were produced (Fig. 8).

3.3. Characterization of 1,3-thiazinan-4-
one derivatives (Hi1-His). While studying the
UV-vis spectrum of [Hii-His] compounds in
absolute ethanol as a solvent at a concentration
of 10°-10*, short wavelengths (Amin) appeared at
(251-231) nm, which are attributed to the
(m—m*) transition, while long wavelengths (Amax)
appeared at 380-321 nm, which are attributed to
the (n—m*) transition.

The band linked to the azomethine group
(C=N) that was present in the range of 1620-1610
cm’! in the prepared Schiff base compounds [Hi-
Hs] was found to have disappeared during the
infrared spectroscopy of the compounds made in
this manner [Hi1-His]. Instead, a new band linked
to the (C=0) group in the thiazinane ring

appeared in the range of 1578-1666 cm™. Two
absorption bands at 2875-2825 cm™! and 2963-
2932 cm! were caused by stretching of the
aliphatic (CH2) bond, and two new bands in the
ranges of 1490-1468 cm™ and 1571-1548 cm’!
were linked to the aromatic (C=C) bond.
Additionally, a new band was detected in the
range 3080-3049 cm™!, which was linked to the
aromatic (C-H) bond. In addition to the
appearance of medium and strong absorption
bands in the ranges 1303-1244 cm™ and 1364-
1327 cm™, which resulted from the symmetric
and asymmetric stretching of the (C-O-C) bond,
the FTIR spectrum also revealed additional
bands in the range 1211-1178 ¢cm!, which were
attributed to the stretching of the (C-N) bond
[26], as shown in Fig. s 9 and 10 and Table 4.

Table 4. Uv-Viv and FT-IR absorption results for 1,3-thiazinan-4-one derivatives (Hi1-His)

IR (KBr) cm™!
M Ar Oth
Com | max v (C- v (C- v v vC-0- | v(C- ers
N H) H) C=0) | (C=C) C N)
P % vAliph Arom. | sym. | v (C-
No. | max;
EtOH Arom. asy. S)
Nm
Hu | 248 | 90| 3049 | 2831 | 1678 | 1468 1244 | 1203
373 | ™ 2963 1571 1364 862
Hiz | 231 | N7J | 3080 | 2875 | 1677 | 1490 1200 | 1178
380 N 2947 1548 | 1342 | 825
Hiz | 237 \ﬂ;f 3058 2853 1666 | 1485 1257 | 1196 | v (C-(735)
375 & 2932 1554 1327 827 CD
Hu | 251 | x°y™ | 3071 2862 | 1669 | 1468 1248 | 1211 | v (C-(648)
372 " 2934 1564 1353 846 Br)
His | 233 BN 3064 | 2825 | 1668 | 1490 1303 | 1193 | v (C-(740)
321 | “sTN 2945 1564 1355 877 Cl)
97.5-
%% T | m
20—
82.5— o
] 3 g g
75 \ m’E ; § é
] & | # | °
67.5] | ‘
] g g
3500 3000 3500 3000 1750 1500 1250 1000 750 500
H-32- 1/cm

Fig. 9. FT-IR spectrum of the (Hi2) compound
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Fig. 10. FT-IR spectrum of the (His) compound

When the 'H-NMR spectrum of [His] was
analyzed in DMSO-d®, a signal previously
present at position (30H=8.79 ppm) was observed.
This signal was attributed to (N=C-H). A single
signal was observed at (6H=7.96 ppm) for the
protons of the (C-H-pyrimidine) group. The
spectrum showed two single signals at (6H=7.65,
7.07 ppm) associated with (C-H-Ar), in addition
to a single signal at (3H=6.56 ppm) associated
with (CHz2). One signal was observed at
(0H=6.17 ppm) and attributed to the protons of
the (C-H) group in the formed hexagonal ring,
and one signal was observed at (6H=2.34 ppm)
and attributed to the protons of the (CH3) group.
Two triplet signals at positions (0H=2.14-2.07
ppm) and (6H=1.24-1.18 ppm) were attributed to
the protons of the formed hexagonal (CH2-CH2)

(Fig. 11).

During the study of the *C-NMR spectrum
of the compound [His], signals were observed in
the range 6'°C = 172.85-102.62 ppm, which are
attributed to the carbon atoms in the aromatic
rings (C-H-Ar); a signal at §'*C = 15.60 ppm,
which is attributed to the carbon atom in the
(C=0) group; and a signal at §'°C = 100.34 ppm,
which is attributed to the carbon atoms in the
(CH2) group. In addition, a signal was observed
at 8'3C = 61.68 ppm, which is attributed to the
carbon atom in the (C-H) group, and two signals
were observed at the position §'°C = 30.84 and
19.01 ppm, which are attributed to the two
carbon atoms in the (CH2) group. In addition, a
signal was observed at §'°C = 15.60 ppm, which
is attributed to the carbon atom in the (CHs3)
group (Fig. 12).
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Fig. 11. 'H-NMR spectrum of the (His) compound
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Fig. 12. 3 C-NMR spectrum of the (His) compound

3.4. Nanomaterial Characterization

34.1. Characterization of the Ho
compound. X-ray diffraction spectra (XRD) and
nanoscale properties for the compound [Ho] are

shown in Fig. 13. These features include the
number of layers (n = 10), the distance between
the layers (d=2.911), the grain size (D =29), and
the angle value (20=30.7088).

Counts

15000 —

5000 —

Position [*2Theta] (Copper (Cu))

Fig. 13. XRD pattern of Ho-NPs

The morphology images of the [H9]
compound in Figure 14 showed the presence of a
28.65 nm interlayer spacing in the sheet (a) and
a low grain size in the sheet (b). This is attributed
to the oxazepine ring linked to it, which led to an

increase in the porosity of the sheets and a larger
particle size, surface area, and thickening on the
sheet. The roughness bias of the compound
explains this due to the presence of active groups
(Cl, Br, O) [27], as in Fig. 14.

D1 = 28.65 nm
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3.4.2. Characterization of the Hjs.
According to Fig. 15, the compound [Hi3]'s XRD
pattern revealed that its nanoscale properties
include the number of layers (n = 7.8), the
distance between the layers (d = 4.3383), the
grain size (D = 17), and the angle value (20 =
20.4719).

The morphological images of the
compound (Hi3) in Figure 16 showed that the

morphology of the compound was observed
through scanning electron microscopy (SEM),
with large particle size, increased plate porosity
(b), division of the compound into high and
transparent layers, and the presence of thickening
on the plate (d), the presence of cracks on the
surface, and deep cavities appeared, which is
explained by the roughness bias of the
compound, as the nano-size was 30.59 nm [28].
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Fig. 15. XRD pattern of H13-NPs
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Fig. 16. SEM image of Hi3-NPs

3.5. Laser Activity Measurement Results
for Some Prepared Compounds. The analysis
revealed that the chemical compounds' physical
characteristics remained the same over the course
of 15, 30, and 45 seconds since they were
unaffected by the laser beams and retained their
structural makeup. However, during the time
period of 60 seconds, the physical properties
changed, and there was a significant decrease in
the melting points of all the studied compounds,

D1 = 30.59 nm

SEM HV: 15.0 k

/2

rrrrrrrrr

along with a change in the flow (Rf) values in
thin-layer chromatography (TLC) and a slight
change in color. These changes likely led to the
destruction of some bonds in the compounds, and
it is possible that new compounds were formed
as a result of the long and continuous exposure
for a period of 60 seconds to high energy (laser
beams), which led to the destruction of some
bonds and the formation of new ones [29], as in
Table 5.

Table 5. Results of measuring the laser effectiveness of some prepared compounds

| Comp.| 158 | 308

| 45S \ 60 S |
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Color 1\(;[('21) Rf | Color D(;ICP Rf | Color M.P°C Rf | Color D;ICP Rf
Hi I,Luiﬁ;’lte 11222' 0.62 I}Jflflte 112246' 0.62 PLuifpi 112246' 0.62 purple 111112' 0.7
Hs ;rlegiﬁ 111157_ 0.65 ;rlegiﬁ 111157_ 0.65 ;rleg:; 111157- 0.65 green 110023_ 0.53
Hs | Orange 22‘;%_ 0.82 | Orange 22158- 0.82 Orange 22158- 0.82 Red 223313_ 0.68
a | D Mo D2t o D o e 25 o
Hiz | White | 5> 076 White |2\ 076 White | 2\ 0.76 Yellow 57 | 0.9
His gﬁgﬁv T 05 YLJEB; T o %ﬁgﬁv Tt 075 Orange| Suy | 0.68

3.6. Evaluation of the Biological Activity
of Prepared Compounds. Both Gram-positive
and Gram-negative bacteria are targeted by
heterocyclic chemicals, which have a variety of
biological characteristics. In this investigation,
the compounds' biological activity was assessed
against two bacterial species: Staphylococcus
aureus and Escherichia coli. These two species
were chosen for their medical importance, as
they cause various diseases. The zone of
inhibition (cm) was calculated [30]. The results
demonstrate that the prepared chemicals can
inhibit the growth of both Gram-positive and

Gram-negative bacteria to varying degrees.
Compounds Hs, Hs, and His showed the most
significant activity against S. aureus at all
concentrations used, indicating their potential as
high concentrations. Regarding E. coli,
compounds Hs and Hi4 showed the highest
inhibition at all concentrations. These
compounds exceeded the effectiveness of the
antibiotic used in the study, indicating their
potential as future antibiotics. Other chemicals
showed varying levels of activity [31]. Table 6
and Fig. s 17 and 18 show the compounds' ability
to inhibit different types of bacteria.

Table 6. Biological effectiveness of prepared compounds and control treatments (inhibition in cm)

Comp. No. Escherichia coil Staphylococcus
aureus
Conc. mg/ml | 0.1 | 0.0 | 0.00 | 0.1 | 0.01 | 0.001
1 1

Hi 25 | 20| 15 1.7 | 2.0 1.0
Ha 30 |33 ] 20 1.5 1.3 1.0
Hs 35 | 1.0 ] 35 4.0 | 3.7 3.5
Hy 1.5 |13 7 1.5 1.5 1.5
Hs 2.1 | 23 9 3.5 3.9 3.8
Hio 20 | 1.5 15 2.5 1.3 1.0
Hi4 35 129 ] 29 1.2 1.0 0.8
His 1.0 | 0.5 5 40 | 20 2.0

Amoxicillin | 2.0 [ 2.0 | 10 24 1.6 1.0

3.7. In Vitro Cytotoxicity Study on
Breast Cancer (MCF-7) Cells. The ability of
compounds [Hi3, Ho] to inhibit the growth of
MCEF-7 cancer cells was tested using the in vitro
cytotoxicity technique. The test was performed
on the human mammary cancer cell line (MCF-
7), where cells were exposed to five different
concentrations of the prepared compounds (31.2,

62.5, 125, 250, and 500 pg/ml), in addition to
negative and positive control samples. The
absorbance (OD) was measured at each
concentration, and the average absorbance was
calculated for each concentration. The
percentage of viable cells was also calculated
based on the obtained values [32, 33]. The results
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showed a clear effect on the cytotoxicity of
compound [Ho], with the cell viability rate being

detailed below.

Fig. 18. Inhibitory effectiveness of compounds (Hs, Hs, Hio, and His) against Staph. Aureus

By examining the results of the
cytotoxicity test and the effects on MCF-7 cancer
cells at various concentrations, it can be observed
that at high concentrations (500 and 250 pg/ml),
a significant decrease in cell viability was
observed (54.64% and 84.79%, respectively),
indicating that the prepared compound has a clear
inhibitory effect on cancer cells, as in Fig. s 19
and 20.

When studying the effectiveness of
compound [His], the optical absorbance (OD)
was measured at each concentration, and then the
average absorbance for each concentration was
calculated to determine the percentage of viable

cells. The results showed a gradual decrease in
cell viability with increasing concentration.
These results indicate that the prepared
compound has an inhibitory effect on cancer
cells, becoming more pronounced with
increasing concentration, especially at the 500
ug/ml concentration, which showed a significant
decrease in cell viability, making it close to the
effect of the positive control (49.82%). In
contrast, lower concentrations (31.2 and 62.5
ug/ml) had a weak effect, indicating that the
compound's efficacy is dose-dependent, as in
Fig. s 21 and 22.
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Fig. 19. The effect of compound (Ho) on MCF-7 cells using the MTT test

Fig. 20. The effectiveness of the compoun (Ho) against breast cancer cells
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Fig. 21. The effect of compound (Hi3) on MCF-7 cells using the MTT test
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3. Conclusions

Heterocyclic five-membered rings were
created when hydrazide derivatives combine
with substances that have appropriate functional
groups. The majority of the produced compounds
have antibacterial activity and may stop the
development of germs, according to the findings
of bioassays. Some of these substances even
outperformed the antibiotics employed as

controls in terms of biological activity. A few of
the synthesized compounds demonstrated good
activity against MCF-7 cancer cells. It was also
shown that several of the synthesized compounds
were stable when exposed to helium-neon laser
light. Spectroscopic and physical studies
validated the exact architectures of the produced
nanocomposites.
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