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Abstract: Drug-resistant bacteria, especially multidrug-resistant strains, chronic infections, and emerging 
pathogens, continue to evolve and spread widely. This development places a significant burden on the global 
healthcare system, and there is an urgent need to develop new and highly effective antibacterial drugs. In this 
study, several Mannich bases derived from 2-aminothiazole and diphenylbenzene with benzaldehyde 
substitutes were prepared. The prepared Mannich bases were used as ligands to prepare copper and cadmium 
complexes. Finally, the prepared complexes were reacted with phosphines (dppe, dppp) to prepare various 
complexes in an attempt to synthesize more potent compounds. Physical characteristics such as melting point 
and color were used to validate the structures of the free compounds. The compounds were also characterized 
spectroscopically using infrared spectroscopy, proton and phosphorus nuclear magnetic resonance (NMR), 
quantitative elemental analysis (C.H.N.), and magnetic susceptibility studies of the formed complexes. Some 
compounds showed good activity against Gram-negative and Gram-positive bacteria, with compound (A34) 
having the largest share, as it showed excellent activity, reaching an inhibition rate of (34 mm) against 
Staphylococcus aureus and an inhibition rate of (24 mm) against Escherichia coli. In an additional study, the 
antioxidant activity of the compounds prepared outside the body was studied, where the compound (A34) 
showed excellent activity, reaching (58.75%) and this is a good indicator of the effectiveness of the compounds 
as antioxidants. 
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1. Introduction 

Organic compounds containing nitrogen, carbonyl, and oxygen atoms—as well as their metal 
complexes—play essential roles across numerous industrial and scientific fields. Their applications 
span industrial synthesis [1], agriculture [2], environmental chemistry [3], catalysis, analytical 
chemistry, and biomedical sciences [4–6]. Among the foundational transformations in organic 
chemistry, the Mannich reaction stands out as a highly influential synthetic pathway that has 
profoundly shaped the development of both organic chemistry and biochemistry. The Mannich 
reaction is considered one of the fundamental carbon–carbon and carbon–nitrogen bond-forming 
methods and is widely used in the preparation of pharmaceuticals, including antibacterial and 
antiprotozoal agents [7], as well as a variety of natural products and biologically active molecules [8, 
9]. It also serves as a key route for generating valuable intermediates required in the pharmaceutical 
industry. Moreover, Mannich-type ligands—characterized by nitrogen, carbonyl, and oxygen donor 
atoms—have gained significant attention in coordination and inorganic chemistry. These ligands 
function effectively as chelating agents [10], forming stable metal complexes with diverse structural 
and functional properties. In coordination chemistry, such complexes are particularly important due 
to their biomimetic behavior and their potential to model biological metal–ligand interactions [11]. 
Antianginal, anticancer, antituberculosis, anthelmintic, hypolipidemic, and flavoring activities have 
all been demonstrated by Mannich metal complexes [11, 12]. Additionally, in the treatment of water 
and wastewater, Mannich compounds are regarded as heavy metal scavengers [13]. Mannich bases 
are crucial drug carriers for the synthesis of numerous high-value medicinal medicines because they 
include aminoalkyl chains. Along with a variety of biocatalytic, antiseptic, and detergent actions, they 
also have anti-inflammatory, anticancer, antibacterial, antifungal, anticonvulsant, and antiviral 
qualities [14, 15]. Mannich bases can be synthesized either from purely organic reagents or through 
coordination with inorganic metal ions [15, 16]. It has also been shown that a variety of metal 
complexes are capable of catalyzing Mannich reactions [17].  



The aim of this study is to synthesize a series of copper and cadmium complexes by reacting 
metal salts with Mannich bases to obtain Mannich-type coordination compounds, followed by their 
subsequent reaction with phosphines to form phosphine-containing complexes. The biological 
activities of these complexes, including their antibacterial properties and antioxidant potential, will 
then be evaluated. 
 

2. Experimental Part 

2.1. Material: All of the chemicals used in this study were purchased from BDH, Fluka, and 
Aldrich without any futher purification. 

2.2. Preparation of Mannich base derivatives (A10-A14) [18, 19]. 2-Aminothiazole (0.003 
mol, 1.6 g) was dissolved in approximately 15 mL of absolute ethanol and stirred at 50–60 °C. A 
solution of diphenylamine (0.003 mol, 1.4 g) in 15 mL of absolute ethanol was then added, and the 
mixture was stirred for 30 minutes. Subsequently, 0.003 mol of the corresponding substituted 
benzaldehyde, dissolved in a minimal amount of ethanol, was added dropwise to the reaction mixture. 
The reaction was allowed to proceed with continuous stirring for 4–6 hours. Thin-layer 
chromatography (TLC) was used to monitor and confirm completion of the reaction. After 
completion, the mixture was cooled slowly to room temperature, and the precipitate was filtered, 
collected, and dried to a constant weight. The crude product was then purified by recrystallization 
from ethanol. The physical properties are shown in Table 1. 

 
Table 1. Some physical properties and percentage of Mannich compounds (A10-A14) 

Yield (%) M.P. (0C) Color Molecular FormulaR 
Comp 

No. 
75 138-140 Yellow C22H18BrN3S 4-Br A10 
74 132-135 Yellow C22H18ClN3S 4-Cl A11 
78 130-133 Light Yellow C22H17Cl2N3S 2,3-Cl A12 
73 141-144 Brown C22H18N4O2S 4-NO2 A13 
71 112-115 Dark Yellow C22H19N3OS 4-OH A14 

 
2.3. Preparation of Mannich base complex (A32-A35) [20, 21]. A mixture of the Mannich 

compounds [A10, A11] (0.002 mol) and the metal nitrate M(NO₃)₂ꞏ6H₂O (0.001 mol) was thoroughly 
ground in a ceramic mortar for approximately 1.5 hours until a noticeable color change occurred, 
indicating complex formation. The resulting product was then washed with cold water to remove 
unreacted materials and subsequently recrystallized from ethanol to obtain the purified complex. 
Table 2 shows the physical properties of the prepared complexes [A32-A35]. 

 
Table 2. Some physical properties of the prepared complexes [A32-A35] 

Yield 
(%) 

M.P (0C) Color Complexes R 
Comp 

No. 
60 176-178 Brown [Cu(A10)2(H2O)2] Br A32 
58 181-184 Yellow [Cu(A11)2( H2O)2] Cl A33 
62 201-203 Light Yellow [Cd(A10)2(H2O)2] Br A34 
55 139-142 Brown [Cd(A11)2(H2O)2] Cl A35 

 
2.4. Preparation of phosphine complexes of Mannich bases (A36-A43) [22, 23]. A hot 

solution of phosphines (dppe, dppp) (0.001 mol), dissolved in a minimal volume of chloroform, was 
added to the previously prepared complexes [A32–A35] (0.001 mol), also dissolved in a small amount 
of chloroform. The reaction mixture was heated in a water bath with continuous stirring for 3–4 hours. 
After completion, the solution was concentrated, allowed to cool, and filtered. The resulting 
precipitate was collected and washed with diethyl ether. Table 3 shows the physical properties of the 
complexes [A36-A43]. 



Table 3. Some physical properties of the complexes [A36-A43] 
Yield 
(%) 

M.P(0C) Color Complexes R Comp No.

59 168-170 Light yellow [Cu(A10)2(dppe)] Br A36 
63 155-158 Orange [Cu(A10)2( dppp)] Br A37 
62 132-135 Green [Cu(A11)2(dppe)] Cl A38 
67 141-143 Light Green [Cu(A11)2(dppp)] Cl A39 
61 145-148 yellow [Cd(A10)2(dppe)] Br A40 
62 173-176 Dark yellow [Cd(A10)2( dppp)] Br A41 
57 167-170 Light Brown [Cd(A11)2(dppe)] Cl A42 
56 193-196 Brown [Cd(A11)2(dppp)] Cl A43 

 
2.5. Evaluation of bacterial bioactivity. Two bacterial strains—Staphylococcus aureus 

(Gram-positive) and Escherichia coli (Gram-negative)—were obtained from the central laboratory 
at Tikrit University. To prepare Mueller-Hinton agar, 20 grams of each strain were dissolved in 500 
milliliters of distilled water and stirred thoroughly until completely dissolved. The mixture was then 
sterilized in an autoclave at 1.5 bar pressure and 120°C for 14 minutes. After cooling, the medium 
was poured into Petri dishes and left to dry at 25°C [24, 25]. Test compound solutions were prepared 
in dimethyl sulfoxide (DMSO) at concentrations of 25%, 50%, and 100% (mg/ml). Once the culture 
medium solidified, the bacterial samples were spread evenly in three directions across the surface of 
the Petri dishes to ensure uniform distribution. Three wells were then created in each dish using a 
cork borer with a 6 mm diameter, and the prepared solutions were added to these wells [26, 27]. The 
plates were incubated at 37°C for 24 hours in a controlled environment. After incubation, the zones 
of inhibition were measured in millimeters using a ruler. Amoxicillin was used as the reference 
antibiotic for comparison [28, 29]. 

2.6. Measurement of the antioxidant activity of compounds ex vivo. To evaluate the ability 
of the synthesized compounds (A10, A11, A33, A34, A39, A40, A41) to scavenge DPPH free radicals, 4 
mg of each compound was dissolved in 100 mL of methanol to prepare a stock solution with a 
concentration of 0.1 mmol/L. Then, 3 mL of the DPPH solution was mixed with 1 mL of the 
compound solutions prepared at concentrations of 10%, 20%, 40%, 80%, and 100% (µg/mL). 
Ascorbic acid (AA), prepared at the same concentrations (10%, 20%, 40%, 80%, 100% µg/mL), was 
used as a positive control. The mixtures were kept in the dark for 30 minutes [30–32]. 

The absorbance was measured at 516 nm, and the percentage of DPPH radical scavenging 
activity was calculated. The scavenging ability was determined using the following equation [33, 34]: 

I% = (Abc0 – Abc1) / Abc0 × 100 
 

3. Results and discussion 

The chains of compounds were created according to the following scheme 1: 
3.1. Characterization of Mannich base derivatives (A10-A14). When studying the infrared 

spectra of manchine derivatives (A10-A14), it was observed that an absorption band appeared in the 
range of (3215-3161) cm⁻¹ due to the extension of the (NH) bond, an absorption band appeared in the 
range of (3067-3016) cm⁻¹ due to the extension of the aromatic (CH) bond, an absorption band 
appeared in the range of (2943-2920) cm⁻¹ due to the extension of the aliphatic (CH) bond, and an 
absorption band appeared in the range of (1605-1595) cm⁻¹ due to the extension of the (C=N) bond. 
In addition, two absorption bands were observed in the range of 1566-1517 cm⁻¹. The absorption 
band in the range of (1488-1469) cm⁻¹ is due to the stretching of the aromatic (C=C) bond, the 
absorption band in the range of (1269-1234) cm⁻¹ is due to the stretching of the (C-N) bond, and the 
absorption band in the range of (781-756) cm⁻¹ is due to the stretching of the (C-S) bond, as shown 
in Table 4 and Fig.s 1 and 2 [35]. 

 



 
 

Scheme 1. Path of the ready compounds 
 

Table 4. Infrared absorption results (cm-1) for Mannich base derivatives (A10-A14) 
IR (KBr) cm-1 

R 
Comp. 

No. Others 
C-N 
C-S 

C=C 
Arom. 

C=N 
C-H 
Aliph. 

N-H 
C-H 
Arom. 

 (C-Br) 613 
1269 
781 

1535 
1485 

1599 2941 
3171 
3031 

4-Br A10 

 (C-Cl) 751 
1256 
762 

1540 
1479 

1603 2932 
3191 
3058 

4-Cl A11 

 (C-Cl) 730 
1234 
773 

1517 
1488 

1605 2943 
3210 
3067 

2,3-di Cl A12 

(NO2) asy. 
(1525) 

sym. (1337) 

1251 
758 

1566 
1474 

1602 2929 
3215 
3041 

4-NO2 A13 

 (OH) 3437 
1244 
756 

1521 
1469 

1595 2920 
3161 
3016 

4-OH A14 

        
A single signal at the chemical shift (5.78-6.16) ppm, attributed to the proton of the (NH) group; 

a single signal at the chemical shift (4.92-5.05) parts per million, attributed to the proton of the (CH) 
group; and a multiple signal in the range (6.78-8.03) parts per million, attributed to the protons of the 
aromatic rings, were all observed when examining the compounds’ 1H-NMR spectrum using the 
solvent (DMSO-d6), as shown in Table 5 and Fig.s 3 and 4. 

 
Table 5. 1H-NMR spectrum values for compounds (A10-A14) 

Comp No. R NH CH Ar-H 
A10 4-Br 5.78 5.04 6.81-8.03 
A11 4-Cl 5.99 4.95 6.92-7.90 
A12 2,3-Cl 6.16 4.99 7.03-7.61 
A13 4-NO2 6.09 5.05 6.98-7.85 



A14 4-OH 5.94 4.92 6.78-7.79 
          

When the 13C-NMR spectrum of the compounds was studied using the solvent (DMSO-d6), it 
was found that the carbon of the (C=N) group in the thiazole ring appeared as a signal at the chemical 
shift (163.83) ppm, that the carbons of the aromatic ring appeared as a multiple signal at the chemical 
shift (122.48-141.69) ppm, that the carbon of the (CH) group appeared as a signal at the chemical 
shift (87.82) ppm, and that the carbon of the solvent (DMSO-d6) appeared at the chemical shift 
(39.34-40.59) ppm. The spectrum is displayed in Table 6 and Fig.s 5 and 6. 

 
Table 6. 13C-NMR spectrum values for compounds (A10-A14) 

Comp No. R C=N CH Ar (C=C) 
A10 4-Br 165.38 85.46 120.47-145.43 
A11 4-Cl 163.83 87.82 122.48-141.69 
A12 2,3-Cl 166.20 78.61 121.46-136.85 
A13 4-NO2 164.48 82.15 120.23-141.22 
A14 4-OH 163.76 84.52 119.86-143.34 

 

 
           Fig. 1. Infrared spectrum of compound A10      Fig. 2. Infrared spectrum of compound A14 

 

 
  Fig. 3. 1H-NMR spectrum of the compound A11.  Fig. 4. 1H-NMR spectrum of the compound A12 

 
3.2. Characterization of Mannich base complexes (A32-A35). A new absorption band appears 

in the range of 513–490 cm⁻¹, corresponding to the stretching vibration of the M–O bond. In the 
infrared spectra of the Schiff base complexes (A20–A23), a noticeable decrease is observed in both 
the carbonyl (C–N) band at 1242–1236 cm⁻¹ and the azomethine (C–S) band at 743–723 cm⁻¹. In 
addition, a new absorption band emerges in the 482–439 cm⁻¹ region, attributed to M–N bond 
stretching, while another new band appears in the 3433–3391 cm⁻¹ range, corresponding to the 
stretching vibration of the O–H group. The remaining bands in the ligands appear within similar 
spectral regions. A single absorption band at 3273–3235 cm⁻¹ corresponds to the stretching vibration 
of the (N–H) group. An absorption band observed at 3072–3045 cm⁻¹ is attributed to the stretching 
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of aromatic C–H bonds. Two absorption bands in the ranges 2934–2920 cm⁻¹ and 2875–2852 cm⁻¹ 
arise from the stretching vibrations of aliphatic C–H bonds. Additionally, two bands at 1553–1529 
cm⁻¹ and 1500–1473 cm⁻¹ are assigned to the stretching of aromatic C=C bonds. A distinct band at 
1598–1593 cm⁻¹ corresponds to the stretching vibration of the C=N group. These characteristic 
absorptions are summarized in Table 7 and illustrated in Fig.s 7 and 8 [36]. 

Fig. 5. 13C-NMR spectrum of the compound A11     Fig. 6. 13C-NMR spectrum of the compound A12 
 

Table 7. Infrared absorption results (cm-1) for Mannich base complexes (A35-A32) 
IR (KBr) cm-1 

R 
M 

Comp. 
No. Others 

M-O 

M-N 
C-N 
C-S 

C=C 
Arom. 

C-H 
Aliph 

C-H 
Arom. 
C=N 

(OH) 
N-H 

(C-Br)624 
505 
439 

1242 
723 

1553 
1500 

2920 
2852 

3061 
1593 

3433 
3255 

Br 
Cu 

A32 

(C-Cl)734 
490 
442 

1238 
743 

1545 
1473 

2934 
2868 

3072 
1597 

3391 
3254 

Cl 
Cu 

A33 

(C-Br)604 
510 
460 

1236 
746 

1529 
1482 

2927 
2875 

3045 
1598 

3414 
3235 

Br 
Cd 

A34 

(C-Cl)723 
513 
482 

1240 
744 

1533 
1475 

2920 
2862 

3053 
1595 

3396 
3273 

Cl 
Cd 

A35 

 

 
             Fig. 7. FT-IR spectrum of compound A32            Fig. 8. FT-IR spectrum of compound A35 
 

3.3. Characterization of phosphine complexes of mannich bases (A36-A43). When examining 
the infrared spectra of phosphine complexes derived from Mannich bases (A36–A43), a characteristic 
band attributed to the (C–N) group was observed in the 1242–1222 cm⁻¹ region. A band appearing in 
the 748–735 cm⁻¹ range corresponded to the (C–S) group. The development of an absorption band in 
the 501–453 cm⁻¹ region was assigned to the stretching vibration of the (M–O) bond, while a new 
band in the 457–425 cm⁻¹ range was associated with (M–N) bond stretching. Additionally, the 

750150022503750
1/cm

60

75

90

%T

34
3
3.

41 32
5
5.

95

30
6
1.

13
29

20
.3

2
28

52
.8

1

1
59

3.
25

15
54

.6
8

15
00

.6
7

14
21

.5
8

13
54

.0
7

12
42

.2
0

11
93

.9
8

11
68

.9
0

11
11

.0
3

10
70

.5
3

10
10

.7
3

9
54

.8
0

9
08

.5
0

82
3.

63
75

9.
98

72
3.

33
69

8.
2
5

62
4.

9
6

5
05

.3
7

43
9.

78

A32
750150022503750

1/cm

50

75

100

%T

33
96

.7
6 3
27

3.
31

30
53

.4
2

29
20

.3
2

28
62

.4
6

15
95

.1
8

15
33

.4
6

14
75

.5
9

14
00

.3
7

1
36

7.
58

13
09

.7
1

1
24

0.
27

11
5
1.

54
10

68
.6

0
10

20
.3

8
99

7.
2
3

95
2.

8
7

82
3.

63
74

4.
55 7
23

.3
3

69
2.

47

54
9.

73
51

3.
08

4
82

.2
2

A35



stretching vibration of the (P–Ph) bond produced a new absorption band in the 1439–1421 cm⁻¹ 
region, and another band appearing at 1137–1108 cm⁻¹ was attributed to (C–Ph) stretching. 

The remaining ligand bands appeared within their expected regions. The (NH) stretching 
vibration generated an absorption band in the 3278–3204 cm⁻¹ range, whereas aromatic (CH) 
stretching produced a band at 3072–3026 cm⁻¹. Two bands in the 2993–2914 cm⁻¹ and 2933–2869 
cm⁻¹ regions corresponded to aliphatic (CH) stretching. Furthermore, the (C=N) stretching vibration 
gave rise to an absorption band in the 1598–1590 cm⁻¹ region. Two additional bands, observed at 
1531–1510 cm⁻¹ and 1483–1469 cm⁻¹, were attributed to aromatic (C=C) stretching (Table 8; Fig.s 9 
and 10) [37]. 
 

Table 8. Infrared absorption results (cm-1) for Mannich base complexes (A36-A43) 
IR (KBr) cm-1 

M R 
Comp. 

No. Others 
M-O 

M-N 
C-N 
C-S 

P-Ph 
C-P 

C=C 
Arom. 

C=N 
C-H 
Aliph. 

N-H 
C-H 
Arom. 

(C-
Br)616 

467 
425 

1235 
739 

1437 
1124 

1524 
1469 

1591 
2949 
2878 

3265 
3059 

Cu 
dppe 

Br A36 

(C-
Cl)643 

493 
432 

1231 
741 

1430 
1129 

1529 
1483 

1594 
2912 
2870 

3215 
3026 

Cu 
dppp 

Br A37 

(C-
Cl)771 

453 
437 

1242 
746 

1432 
1108 

1510 
1481 

1593 
2993 
2933 

3226 
3031 

Cu 
dppe 

Cl A38 

(C-
Cl)727 

479 
438 

1237 
745 

1427 
1116 

1530 
1476 

1598 
2965 
2883 

3204 
3072 

Cu 
dppp 

Cl A39 

(C-
Br)597 

480 
436 

1225 
738 

1421 
1131 

1527 
1470 

1590 
2924 
2869 

3278 
3060 

Cd 
dppe 

Br A40 

(C-
Br)605 

478 
428 

1222 
748 

1434 
1137 

1512 
1473 

1596 
2941 
2889 

3242 
3056 

Cd 
dppp 

Br A41 

(C-
Cl)719 

501 
457 

1227 
735 

1424 
1119 

1531 
1477 

1592 
2929 
2873 

3261 
3032 

Cd 
dppe 

Cl A42 

(C-
Cl)730 

487 
440 

1228 
744 

1439 
1126 

1526 
1480 

1597 
2914 
2875 

3252 
3059 

Cd 
dppp 

Cl A43 

 

 
            Fig. 9. FT-IR spectrum of compound A38         Fig. 10. FT-IR spectrum of compound A41 
       

When the 31P-NMR spectra of the compounds were recorded in DMSO, a single resonance 
signal was observed in the chemical shift range of 32.79–38.08 ppm. This singlet corresponds to the 
equivalent phosphorus atoms in the complexes and confirms the presence of a single isomeric form. 
The data are summarized in Table 9 and illustrated in Fig.s 11–14. 

 
Table 8. 31P-NMR spectrum for Mannich base complexes (A36-A43) 
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Comp. 
No. 

R M 31P-NMR 
Comp. 

No. 
R M 31P-NMR 

A36 Br Cu dppe 38.08 A40 Br Cd dppe 37.43 
A37 Br Cu dppp 35,65 A41 Br Cd dppp 36.97 
A38 Cl Cu dppe 32.79 A42 Cl Cd dppe 35.24 
A39 Cl Cu dppp 34.54 A43 Cl Cd dppp 37.82 

 
Fig.11. 31P-NMR spectrum of the compound A36.           Fig.12.  31P-NMR spectrum of the compound A38 

 

 
Fig. 13.  31P-NMR spectrum of the compound A39.          Fig. 14.  31P-NMR spectrum of the compound A41 
 

3.4. Elemental Analysis (C.H.N.O.) Measurement. The manufactured compounds were 
subjected to elemental analysis (C.H.N.) to confirm the precision and accuracy of their structural 
composition. The elemental ratios that were obtained were either consistent with or very close to the 
calculated values, thereby validating the manufactured compounds' structures. 

 
Table 9. Results of elemental analysis (C.H.N.O) of manufactured compounds 

Found Calculated Complexes R 
Comp  

No. 
S% N% H% C% S% N% H% C%    
4.97 6.72 4.78 63.21 4.80 6.30 4.53 62.99 [Cu(A10)2(dppe)] Br A36 
5.32 6.86 5.10 68.02 5.09 6.67  4.96  67.69 [Cu(A11)2(dppp)] Cl A39 
4.79 6.28 4.69 61.23 4.59 6.01 4.47 61.02 [Cd(A10)2( dppp)] Br A41 
5.16 6.71 4.86 65.09 4.95 6.49 4.67 64.94 [Cd(A11)2(dppe)] Cl A42 

 
3.5. Magnetic susceptibility measurements of prepared complexes [38, 39]. The magnetic 

susceptibility of the prepared copper and cadmium complexes was calculated at a temperature of 
25°C. The diamagnetism (D) of the atoms in the organic molecules, metal ions, and inorganic radicals 
was corrected using Pascal's constants for the atoms forming the prepared complexes. D (g. atom-1) 



= the total number of ions or atoms of the element multiplied by the value of Pascal's constant. The 
values of the magnetic moment (µeff) (effective magnetic moment) were calculated according to the 
following relationship:   

g * M.wχ=  Mχ  
χA = χM – D 

 
Magnetic measurements of the prepared complexes (A32, A33, A34) showed values close to (5.12 

- 3.02) B.M, which suggests that the cobalt, copper, nickel and cadmium (II) complexes are 
hexagonally coordinated with a highly octahedral shape, as in Table 10, which shows the magnetic 
susceptibility of the prepared complexes. 

 
Table 10. Results of magnetic measurements of the prepared complexes 

Effective 
magnetic 
moment 
µeff (BM)  

Atomic  
susceptibility 

6-χA×10  

Diamagnetic 
correction 

factor  
6-D×10 

Molar 
susceptibility
χM×10-6 

Gram-
sensitivity 

6-χg×10 
Complexes  No. 

5.126608 11027.71 292.12 10735.59 12.642 [Cu(A10)2(H2O)2] A32 
3.117006 4076.619 359.44 3717.179 3.823 [Cu(A11)2( H2O)2] A33 

3.4995 5138.505 313.32 4825.185 5.462 [Cd(A10)2(H2O)2] A34 
 

3.6. Bacterial susceptibility to prepared compounds. The biological activity of the prepared 
compounds (A12, A32, A34, A38, A40) against two types of medically important bacteria, namely 
Staphylococcus aureus (Gram-positive) and Escherichia coli (Gram-negative), was evaluated using 
the Well Diffusion Method to measure the diameters of inhibition at three different concentrations 
(100%, 50%, 25%), and compared with the activity of the standard antibiotic Amoxicillin [40-43]. 
The results showed that some of the prepared compounds possessed high inhibitory activity against 
the growth of the tested bacteria. Compound A34 recorded the highest inhibition diameter against S. 
aureus, reaching 34 mm, and a diameter of 24 mm against E. coli, outperforming the standard 
antibiotic amoxicillin. Compound A31 also showed outstanding activity, reaching 27 mm and 25 mm 
against Gram-positive and Gram-negative bacteria, respectively [44-48]. 
 

Table 11. Antibacterial activity of the synthesized compounds (inhibition zone in mm) 
Comp. No Staphylococcus Aureus 

(S.A)  
Escherichia Coli  

(E.C)   
100% 50% 25% 100% 50% 25% 

A12 20 18 15 12 10 9 
A32 23 20 17 20 18 17 
A34 34 31 28 24 21 19 
A38 21 16 12 13 10 5 
A40 22 17 15 15 10 5 

Amoxicillin 23 17 14 18 15 12 
 

 
Scheme 2. Inhibitory activity for Staph. Aureus and E. Coli 
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Fig. 15. Inhibitory activity of the compounds A31 and A34 against E. Coli 

 

 
Fig. 16. Inhibitory activity of the compounds A31 and A34 against Stapfh. aureus 

 
3.7. Measurement of antioxidant activity [49-51]. The antioxidant activity of compounds 

(A10, A11, A33, A34, A39, A40, and A41) was evaluated using the DPPH assay, which is based on the 
discoloration of the purple DPPH* solution to yellow upon reaction with free radical scavengers. The 
decrease in absorbance at 517 nm was used to calculate the percentage of radical scavenging activity 
(%RSA), reflecting the efficiency of each compound in neutralizing DPPH* free radicals. 

The results demonstrated that several compounds exhibited notable antioxidant properties, with 
activity increasing progressively as the concentration increased. Among the tested compounds, A34 
displayed the highest activity, reaching 58.75% RSA at the maximum concentration (100 μg/ml). 
This was followed by A41 and A39, which achieved 53.75% and 50%, respectively, indicating strong 
radical-scavenging capabilities. Compounds A11 and A40 showed moderate activities of 48.75% and 
48.875%, although their efficiencies varied at lower concentrations; notably, compound A40 
exhibited a complete loss of activity at 20 and 10 μg/ml. 

In contrast, A10 showed relatively weak antioxidant performance, not exceeding 41.25% at any 
concentration tested, while A33 exhibited limited but consistent activity, reaching only 31.25%. When 
compared to the reference antioxidant ascorbic acid, which showed 62.5% activity at the highest 
concentration and decreased to 35% at the lowest concentration, compounds A34 and A41 
demonstrated comparable efficiencies, suggesting their potential as alternative antioxidant agents. 

A gradual increase in antioxidant activity with concentration was visually supported by the 
observed color change of the reaction mixtures—from dark purple to pale yellow—indicating 
increasing free radical inhibition. These findings highlight the promising antioxidant potential of 
several compounds, particularly A34 and A41, for potential pharmaceutical or food-related 
applications, as presented in Table 12 and Fig. 17. 
 
Table 12. The percentage of antioxidant activity in the form of %RSA for the prepared compounds 

at different concentrations 
100% 80% 40% 20% 10% Comp. No 



41.25 37.5 12.5 12.5 10 A10 
48.75 37.5 31.25 31.25 25 A11 
31.25 30 28.75 25 18.75 A33 
58.75 56.25 25 18.75 12.5 A34 

50 37.5 27.5 25 17.5 A39 
48.875 43.75 37.5 0 0 A40 
53.75 47.5 25 15 12.5 A41 
62.5 58.75 57.5 50 35 Ascorbic acid 

  
  
  
  

 
  

  
 Fig. 17. Color change of compounds (A33, A41, A40, A39) with increasing concentration 

  
4. Conclusions 

The prepared compounds, including Mannich base derivatives and their corresponding metal 
complexes, exhibited well-defined structural characteristics supported by comprehensive 
spectroscopic analyses. Infrared spectroscopy, along with proton, carbon, and phosphorus NMR data, 
confirmed the presence of the expected functional groups and validated the proposed structures. The 
copper and cadmium complexes displayed spectral features characteristic of six-coordinate systems, 
and magnetic moment measurements further supported their octahedral geometries. 

From a biological standpoint, several of the synthesized compounds demonstrated notable 
antibacterial activity. In particular, compound (A34) showed superior performance compared with the 
reference antibiotic amoxicillin, indicating strong potential as a therapeutic agent. Furthermore, 
compounds (A34) and (A41) exhibited significant antioxidant activity, achieving 58.75% and 53.75% 
radical scavenging activity, respectively, at the highest tested concentration. Their activity levels, 
being comparable to that of ascorbic acid, highlight their capability as natural free-radical scavengers. 

Overall, these findings underscore the promising bioactivity of the synthesized Mannich 
derivatives and their metal complexes. The results provide a solid foundation for further 
investigations aimed at evaluating their pharmacological potential, toxicological profiles, and broader 
biological applications across different systems. 
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