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1. Introduction

Heterocyclic compounds are compounds that contain nitrogen, oxygen, sulfur, and carbon atoms [1,2].
Heterocyclic compounds are important; Because of its widespread in nature, and it is included in the
composition of many organic compounds that are essential in the basic formation of life, as there are
various forms, including sugars and their derivatives [3], and also that some enzymes and vitamins that
play an important role in the metabolic processes of all cells contain in their structure non-rings
Homogeneous as a vitamin (ascorbic acid) that contains the furan ring [4].

2. Experimental part:
2.1. Preparation of 2-Amino-5-(-4-(pyrrolidine-1-yl)phenyl)thiazole-4-carboxylic acid (HA)

(0.025 mol, 4.375 g) of 4-(1-pyrrolidinyl) benzaldehyde) and (0.025 mol, 1g) of sodium hydroxide
were mixed with ethanol in (15) ml of absolute ethanol, with (0.025 mol,3.2g) alpha-dichloro acetic
acid and (0.025 mol, 1.9 g) of thiourea, and the mixture was escalated for (4) hours, cooled to the
laboratory temperature, then the precipitate was filtered and recrystallized from ethanol to give a pink
precipitate [5],with a melting point of (207-210) C° and the percentage of the product (64%).

2.2. Preparation of 5-(2-amino-5-(4-(pyrrolidin-1-yl)phenyl)thiazol-4-yl)-1,3,4-thiadiazol-2-
amine (HA,)
In an appropriate glass beaker that could withstand heat and didn't need a solvent, equal moles of (HA)

and thiosemicarbazide were combined. The mixture was heated at the melting point with stirring and
thorough mixing for 5 to 10 minutes or until it changed. The nature of the molten reactants in terms of
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color and texture, the amount of product (91%), the melting point of the product (225-227 °C), and the
collection and recrystallization of the product with ethanol [6].

2.3. Preparation of Schiff base derivatives (HA3-HAg)

(HA) and thiosemicarbazide was mixed in a suitable glass beaker that could endure heat and didn't
need a solvent. For five to ten minutes, or until it changed, the mixture was heated to the melting point
while well mixed and stirred. The characteristics of the molten reactants, including their color and
texture, their quantity (91%), their melting point (225-227 °C), and their collection and
recrystallization with ethanol [6].

Table (1): The physical properties of Schiff bases derivatives (HA3-HAg)

Comp. No. R M.P (C)° Yield % Powder Color
HA3 2- OH 211-213 68 Gray
HA, 2-Cl 226-228 72 Light Yellow
HAs 4- NO, 231-233 70 Light brown
HAg 4- OCH3 221-223 69 Yellow

2.4. Preparation of oxazepine derivatives (HA7-HA )

Equal moles of (HA3-HAs) (0.001) moles were dissolved with (0.001) moles of phthalic anhydride in
20 ml of methanol, and the mixture was elevated for 6 hours, added to crushed ice, and recrystallized
with acetone [7].

Table (2): The physical properties of oxazepine derivatives (HA7-HA1()

Comp. No. R M.P (C)° Yield % Powder Color
HA, 2- OH 242-244 77 Gray
HAg 2- Cl 248-250 81 Light Yellow
HAq 4- NO, 247-249 84 Light brown
HA 4- OCH3s 239-241 73 Yellow

2.5. Measurement of biological activity

The biological activity was measured by the agar-well diffusion method [8,9], where the method
included spreading the bacterial inoculum on the entire culture medium using a glass diffuser and then
drilling wells in the agar medium using a hole punch [10]. A sterilizer with a diameter of 6 mm was to
load the solutions with a volume of 100 microliters of each concentration in one dish in which one
bacterial sample was grown separately. This step was repeated for all the solutions prepared with their
concentrations and each bacterial sample used under study [11]. The compounds' biological activity
(antibacterial activity test) was studied on two types of bacteria [12]. After selecting the above isolates,
they were activated using Nutrient Broth liquid medium by re-cultivating them in the above medium
and then incubating them in a laboratory incubator at 37 °C for 24 hours to be ready to make the
bacterial Vaccine at a concentration of 1.5 x 108 bacterial cells per ml of the physiological solution by
comparing Vaccine with a McFarland standard score of 0.5 [13].
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3. Results and Discussion
3.1. FT-IR of Prepared compounds
Table (3): FT-IR of Prepared compounds

CONrgp' R |V ﬁr' v C=N vC=C-Ar | vC-N Others

HAs | 2:0H | 3029 1641 15931527 | 1386 v OH 3423

HA: | 2-Cl | 3047 1623 1533,1502 | 1384 v C-CI 808

HAs | 4-NO, | 3041 1631 1602,1521 | 1388 | vNO, asy 1456 sy 1311
HAs | 4-OCHs | 3053 1623 1531,1512 | 1385 | vCHssy 2860 asy 2947
CONrEp' R |V ﬁr' Veft;? ;rfu‘ d(g vC=C-Ar | vC-N Others

HA, | 2-0H | 3031 | 1730 | 1677 | 16001523 | 1386 v OH 3477

HAs | 2-Cl | 3024 | 1728 | 1682 | 15981567 | 1388 v C-Cl 802

HA; | 4-NO, | 3053 | 1724 | 1693 | 16011564 | 1367 | vNOasy 1493 sy 1330
HAp | 4-OCH, | 3039 | 1735 | 1687 | 1600,1523 | 1388 | vCHasy 2856 asy 2941

3.2. 'H-NMR of Prepared compounds

The (*H-NMR) of (HA3) also showed a signal at the chemical shift= (2.00 ppm) and a signal at the
chemical shift= (3.27) ppm due to the (CH,) protons of the pyrrolidine ring, with multiple signals
appearing at the chemical shift= (7.57-6.53). ppm refers to the protons of the aromatic ring (Ar-CH),
with the appearance of a signal at chemical shift= (8.21) ppm belonging to a proton (H-C=N), and the
appearance of a signal at chemical shift= (9.66) ppm belonging to a proton (OH) [14, 15], as shown in
the figure (5) for the compound (HAs).

The (*H-NMR) of (HAs) also showed a signal at the chemical shift= (2.00) ppm and a signal at the
chemical shift= (3.30) ppm due to the protons (CH,) of the pyrrolidine ring, with multiple signals
appearing at the chemical shift= (7.70-6.58) ppm refers to the protons of the aromatic ring (Ar-CH),
with the appearance of a signal at chemical shift= (8.23) ppm belonging to a proton (H-C=N) [16, 17],
as shown in Figure (6) of the compound (HAs)

The (*H-NMR) of (HAg) also showed a signal at (2.00) ppm and a signal at (3.30) ppm due to the
(CHy) protons of the pyrrolidine ring, with multiple signals appearing at (8.25-6.58) ppm refers to the
protons of the aromatic ring (Ar-CH) [18], as shown in Figure (7) of the compound (HAg).

The (*H-NMR) of (HA,) also showed a signal at the chemical shift= (1.99) ppm and a signal at the
chemical shift= (3.31) ppm due to the (CH2) protons of the pyrrolidine ring, with multiple signals
appearing at the chemical shift= (8.21-6.56). ppm refers to the protons of the aromatic ring (Ar-CH)
[19, 20], as shown in Figure (8) of the compound (HA).

3.3. ¥*C-NMR of Prepared compounds

When studying the (**C-NMR) of (HA3), it was noted that a signal appeared at the chemical shift=
(33.64) ppm and a signal at the chemical shift= (47.73) ppm belonging to carbon (CH2) of the
pyrrolidine ring, and multiple signals at the chemical shift= (175.52-111.76) ppm belonging to carbon
(C=C)) of the aromatic rings [21, 22], as shown in Figure (9) for compound (HA3)

When studying the (**C-NMR) spectrum of the prepared (HAs) compound, it was noted that a signal
appeared at the chemical shift= (33.38) ppm and a signal at the chemical shift= (47.84) ppm due to
carbon (CHy) of the pyrrolidine ring, and multiple signals at the chemical shift= (190.17-111.75) ppm
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belonging to carbon (C=C)) for the aromatic rings [23, 24], as shown in Figure (10) for the compound
(HAS).

When studying the (*C-NMR) of (HA;), it was noted that a signal appeared at the chemical shift=
(34.77) ppm and a signal at the chemical shift= (47.72) ppm belonging to carbon (CH,) of the
pyrrolidine ring, and multiple signals at the chemical shift= (154.17-111.97) ppm belonging to Carbon
(C=C)) for aromatic rings, and a signal at 168.56)) ppm refers to carbon (C=0) [25], as shown in
Figure (11) for compound (HA?).

3.4. Biological activity

After conducting tests related to the effectiveness of the solutions against different bacterial species,
we obtained the results shown in Tables (3), where the solutions were tested on two types, namely S.
aureus and E. coli. The tests showed that the selected solutions had high efficacy [26], as shown in
Table (3) and Figure (12), where the solutions gave a clear variation in the effectiveness of the
compounds against both types of the selected bacterial genera, meaning that the solutions were
effective against the antimicrobial activity towards these Types [27], and as shown in Table (3). It is
worth noting that the secondary dilutions inhibition drops showed a similar effectiveness to the
concentrated solutions, meaning that the low concentrations have a low concentration antibacterial
activity (LCAA) [28], meaning that low concentrations can be used to inhibit bacteria, in other words,
with a lower economic cost (LEC) Low [29].

Table (3): The biological activity of some compounds against S. aureus and E. coli bacteria

Concentrations and diameter of inhibition in (mm)
. Sample
E. coli Staphylococcus aureus code
0.0001 0.001 0.1 0.0001 0.001 0.1

7 9 13 9 13 14 HA7
niz 6 14 niz 7 11 HAS8
niz 4 16 8 12 15 HA9

0 11 11 8 8 9 HA10

*NIZ (No Inhibition Zone)

Figure (1): FT-IR spectrum of (HA3).
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Figure (4): FT-IR spectrum of (HA7).
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Figure (5): (*H-NMR) spectrum of (HAj).
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Figure (6): (*H-NMR) spectrum of (HA5).
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Figure (7): (*H-NMR) spectrum of (HAg).
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Figure (9): (**C-NMR) spectrum of (HA3)

ns

-t

=IAT
-inm

Aus

- 4
SLT
AR
-
aril ]
b A
2 s
b 2 b
SR
3 3w
b 3 e
1 maE
b} san
4T
b
b |
]

oot an

- d

. 3 awin

il FLLY L] L (s L= . LE L] (RS ] L] LR L] o bl R

T i gageen b

T i L] ELLE an L

Figure (10): (13C-N MR) spectrum of (HAs)
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Figure (11): (**C-NMR) spectrum of (HA,)

Figure (12): Result of culturing the bacteria and its effect on the additive, B shows the diameter
of the inhibition
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Scheme 1. Route of prepared compounds (HA1-HA10)
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4. Conclusions: The accuracy and validity of the prepared compounds were confirmed through
spectral and physical measurements, where the infrared spectrum proved the presence of active
aggregates accurately, and this confirmation increased the nuclear magnetic resonance spectrum of the
proton and carbon, which accurately agreed on the validity of the structures of the prepared
compounds. These compounds are stable at laboratory temperature and do not degrade or change
color. The prepared compounds showed high and good inhibitory activity against Gram-positive and
Gram-negative bacteria, and the results were compared with control samples, which are antibiotics.
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