
 

 

_________________________________________________________________________________________________ 

*Corresponding author e-mail: Wa.Mohamed@qu.edu.sa.; (+966503315793). 

EJCHEM use only: Received date 20 May 2024; revised date 28 August 2024; accepted date 16 September 2024 

DOI: 10.21608/ejchem.2024.291095.9739 

©2024 National Information and Documentation Center (NIDOC) 

 

Egypt. J. Chem. Vol. 67, No. 11 pp. 297 - 307 (2024) 

 

                                                                                                                      

 Design of Novel Phthalocyanines as Potential Antimicrobial Agents 

Starting with Synthesized Phthalonitrile Derivatives:Complexation, 

Extraction and Antimicrobial Studies  

Donia Ben Salah
a
, Waleed koko

b*
, Sadeq M. Al-Hazmy

c
, Lassaad Baklouti

d
, Rafik Gatri

e
 and Naceur 

Hamdia  

a
Research Laboratory of Environmental Sciences and Technologies (LR16ES09), Higher Institute of 

Environmental Sciences and Technology, University of Carthage, Hammam-Lif, Tunisia 

b
Department of Biology, College of Science, Qassim University, Qassim 51452, Saudi Arabia. 

c
Department of Chemistry, College of Science, Qassim University, Buraidah 51452, Saudi Arabia 

d
 Laboratoire d’Application de la Chimie aux Ressources et Substances Naturelles et à l’Environnement 

(LACReSNE/ LR05ES09) 

e
 Laboratoire de Synthèse Organique Sélective et Hétérocyclique. Evaluation Biologique LR17ES01 Faculté´ des 

Sciences de Tunis Faculté des Sciences de Tunis. Campus Universitaire 1092 Tunis, Université de Tunis El 
Manar, Tunisia 

Abstract 

New phthalonitrile derivatives 1-4 were considered as the key intermediates for the synthesis of new phthalocyanines. Their 

capacity to bind various transition metal and heavy metal cations was studied in methanol. The absorbance and conductivity 

were measured using UV spectrophotometry. Spectral and elemental investigations revealed the structures of the newly 

synthesized phthalocyanines. The complexes formed were analyzed, and their stability constants were determined through 

digital data processing. The ability of water to extract these compounds in dichloromethane was also examined. It was 

discovered that compound 1 had a lower affinity for metal picrates compared to compound 2-4, especially Fe(III). The 

stoichiometry of the complex was confirmed by conducting conductivity studies. The antimicrobial properties of the novel 

compounds were investigated, and it has been established that have compounds 9, 12 and 13 potent inhibitory activities 

against both Gram-positive and Gram negative bacteria and fungi. 

Keywords: Catalysis, Catalysts, Structure analysis, Stoichiometry, Complexation, Phthalonitriles, metallophthalocyanine derivatives.  

 

1. Introduction 

The importance of phthalonitriles extends beyond 

their role as intermediates or precursors in synthetic 

chemistry; they also hold great potential for industrial 

material design. These compounds have garnered 

considerable attention due to their wide range of 

applications in various fields, including electronics, 

machinery, automobile, aerospace, and shipping, both 

in military and civilian contexts. The demand for 

cutting-edge equipment in these industries makes 

phthalonitriles particularly valuable [1,2]. 

Additionally, phthalonitrile derivatives have shown 

exceptional promise in the development of liquid 

crystal displays (LCDs) because of their negative 

dielectric anisotropy values in their liquid crystalline 

forms [3], [4], [5-6]. It is worth noting that 

phthalonitriles play a crucial role as precursors for the 

synthesis of phtalocyanines, which are essential for 

creating macrocyclic organic materials with 

functional properties. These materials exhibit 

similarities to the porphyrin ring structure and 

possess remarkable symmetry. The substitution of 

phthalonitriles allows for functionalization, serving 

specific purposes [7,8]. This versatility opens up 
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possibilities for synthesizing novel phthalocyanine 

compounds with varying electrical, optical, or 

magnetic properties. Phthalocyanines (Pcs) are highly 

conjugated and essentially planar aromatic 

macrocycles, consisting of four iminoisoindoline 

units, containing 18 delocalized π-electrons and 

widely praised for their thermal and chemical 

stability. Such electronic delocalization permits Pcs 

to display intense absorption bands in the near 

infrared region of the electronic spectrum, reaching 

very high extinction coefficients (~10
5
 M

−1
 cm

−1
), 

accompanied by high fluorescence quantum yields, 

concomitantly with favorable redox activity and rich 

electrochemistry [9-13]. These findings have 

implications in various applications. Recent research 

has demonstrated that phthalocyanine derivatives 

containing carboxylic acid (-COOH) as an electron-

withdrawing group exhibit charge transfer 

capabilities in a π-conjugated bridge structure, 

making them highly suitable for the advancement of 

DSSCs [14], [15], [16]. Conductivity measurements 

play a vital role in the identification of organic 

compounds that can be utilized as electronic 

materials. Crystalline materials possess high mobility 

and are highly suitable for electronic device 

applications, as well as organic thin film devices due 

to their ability to form regular thin film structures 

[17]. A major problem in the development of novel 

phthalocyanine compounds containing peripherally 

functionalized fused heterocyclic systems is low 

solubility, which prevents their use in medical 

applications. Our main objective is to synthesize new 

phthalocyanines in high yields with different 

substituents, which enhance their use in a broad 

spectrum of medical applications.In this paper, the 

focus is directed to the synthesis of phthalocyanine 

molecules and to study their complexation, extraction 

and antimicrobial studies. 

2. Experimental  

All reagents were obtained from Fluka and Aldrich. 

The purity of the products was tested in each step by 

TLC (SiO2, CHCl3/MeOH and THF/MeOH). Melting 

points were determined using an Electrothermal 

apparatus and are uncorrected. 
1
H NMR and 

13
C 

NMR spectra were determined on a Varian Gemini 

300 (300 MHz) spectrometer using TMS as internal 

standard (δ = 0 ppm). IR spectra were recorded on a 

Perkin-Elmer 398 spectrophotometer. MS were 

recorded on a LC-MS-MS 8030 Shimadzu 

spectrometer. Elemental analyses were performed on 

Perkin-Elmer 2400 elemental analyser, and the values 

found were within ±0.3% of the theoretical values. 

The UV-Vis spectra were recorded on a Perkin Elmer 

Lambda 11 spectrophotometer.  

2.1 Synthesis of 4-(2,4,6-

trimethylphenylamino)phthalonitrile (1)  

4-nitrophthalonitrile (0.38 g, 1.92 mmol), 2,4,6-

trimethylphenylamine (0.55 g, 1.92 mmol) and 

anhydrous DMF (15 mL) were added to a round 

bottom flask under a nitrogen atmosphere. A fine 

powder of anhydrous potassium carbonate (0.8 g, 

5.76 mmol) was added to this mixture. The resulting 

mixture was stirred at room temperature for 24 h. The 

crude product was collected by filtration, washed 

with distilled water, then recrystallised from THF-

petroleum ether to afford a white powder. Yield: 0.77 

g (98%); m.p. = 400 °C; IR (KBr pellet) vmax cm–1: 

1305 (C–N), 1568 (C=C), 2235 (C≡N), 3049 (C–H, 

aromatic); 
1
H NMR (DMSO-d6 , 300 MHz): d 2.02 

[s, 3H, CH3 (a)], 2.08 (s, 3H, CH3 ), 2.09 [s, 6H, CH3 

(b,c)], 4.21 (s, 1H, NH), 6.57 (s, 2H, H3’,5’), 8.38 (s, 

1H, H3 ), 8.63 (s, 1H, H5 ), 8.98 (s, 1H, H6 ); 
13

C 

NMR (DMSO-d6 , 75 MHz): d 17.5 [C(a,b)], 19.9 

(Cb), 114.5 (CN), 114.8 (CN), 116.4 (C2 ), 120.0 

(C2’), 120.5 (C6’), 123.9 (C4’), 128.2 (C3’,5’), 128.3 

(C3 ), 128.6 (C5 ), 135.4 (C6 ), 141.3 (C11), 149.5 (C4 

); MS (LCMSMS) m/z: Calcd. 261.3; found: 261.3. 

Anal. calcd for C17H15N3 : C, 78.14; H, 5.79; N, 

16.08; found: C, 78.1; H, 5.6; N, 16.0%.  

2.2 Synthesis of 4-(pyridine-2-ylsulfanyl) 

phthalonitrile (2) 

 The synthesis of 2 was similar to 1 but the mixture 

was stirred for 72 h; pyridine-2-thiol (0.55 g, 1.92 

mmol) was employed instead of 2,4,6-

trimethylphenylamine. The amounts of the other 

reagents were 4-nitrophthalonitrile, 1 g (5.55 mmol) 

and anhydrous potassium carbonate, 2 g (13.88 

mmol). Yield: 0.77 g (85%); m.p. = 370 °C; IR vmax 

cm–1: 3077 (Ar–CH), 3049 (Ar–CH), 2233 (C–N), 

1601 (C–C), 1568 (C=C), 1263 (C–S–C); 1 H NMR 

(DMSO-d6 , 300 MHz): δ 7.33–8.52 (m, ArH, 7H). 
13

C NMR (DMSO-d6 , 75 MHz): d 113.5 (C2 ), 115.9 

(CN), 116.2 (C1 ), 123.2 (C2’), 125.3 (C4’), 134.7 (C6 

), 136.3 (C4 ), 138.7 (C3’), 141.3 (C5 ), 150.8 (C5’), 

154.8 (C1’); MS (LCMS-MS) m/z: Calc. 237.2; 

found: 237.2. Anal. calcd for C13H7 N3S: C, 65.80; H, 

2.97; N, 17.71; found: C, 65.8; H, 2.9; N, 17.7%. 

 

2.3 Synthesis of metal-free phthalocyanines (5 

and 6) 

A solution of 4-(2,4,6-

trimethylphenylamino)phthaloni-trile 1 or 4-

(pyridine-2-ylsulfanyl) phthalonitrile 2 (0.20 g, 0.79 

mmol) in N,N-dimethylaminoethanol (DMAE, 4 mL) 

was heated to 90 °C in a glass tube and DBU (0.44 

mL, 0.80 mmol) was added to this solution at this 

temperature. The mixture was heated to 150 °C for 24 

h. Then it was cooled to room temperature and 

diluted with n-hexane (ca. 30 mL)and stirred for 12 h. 
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The precipitated product was filtered and thenwashed 

with methanol, hot ethanol, and diethyl ether and 

dried ina vacuum over P2O5. The solid product was 

purified with column chromatography on alumina 

with chloroform/methanol (100:4) solvent system as 

eluent to give a dark green product. 

 

2.4 Metal-free phthalocyanine 3 

 Yield: 83 mg (33%); m.p. > 200 °C; FTIR(KBr) 

nmax cm
–1

: 3442 (N–H), 1612 (C=N), 1403 (C=C), 

1093 (C–N), 794(C–C); 
1
H NMR. (DMSO-d6, 300 

MHz): δ 2.85 (s, 36H, CH3), 6.30 (m,4H, NH), 7.29–

7.03 (m, 12H, ArH); UV-Vis (DMSO): lmax, nm (log 

ε):643 (4.90), 693 (1.21), 344 (4.81); Anal. calcd for 

C68H62N12 : C, 77.98; H,5.96; N, 16.05; found: C, 

77.70; H, 5.80; N, 16.29%. 

 

2.5 Metal-free phthalocyanine 6 

Yield: 150 mg (66%); m.p. > 200°C; FTIR (KBr) 

nmax cm
–1

: 3443 (N–H), 1416 (C=N), 1091 (C–

N),796 (C–C). 1H NMR (DMSO-d6 , 300 MHz): d 

6.70 (m, 16H, ArH),7.29–7.03 (m, 12H, ArH); UV-

Vis (DMSO): lmax , nm (log ε): 617(4.56), 678 

(5.08), 313 (4.43), 405 (4.53). Anal. calcd for 

C68H62N12 : C,65.66; H, 3.18; N, 17.67; found: C, 

65.40; H, 3.30; N, 17.20%. 

 

2.6 General procedure for synthesis of 

metallophthalocyanines (7-10) and (11–14). 

Compound 1 (0.24 mmol) or compound 2 (0.24 

mmol), DMAE(4 mL), DBU (3 drops) and (0.06 

mmol) of corresponding metalsalts Zn(ClO4 )2 .6H2O, 

CuCl2 .2H2O, CoCl2 .6H2O and NiCl2 .6H2O)were 

added to a Schlenk tube. The mixture was heated at 

reflux temperature of 170 °C for 24 h under an N2 

atmosphere. The mixture was left to cool to room 

temperature then treated with ethyl acetate to 

precipitate the product which was filtered off and 

quickly washed with water. The green solid product 

was washed with hot ethanol and hot acetic acid and 

dried in a vacuum. The raw product was purified by 

chromatography on a silica gel column. 

Compound 7: Elution solvent system: 

chloroform/methanol (100:2).Yield: 132 mg (49%); 

m.p. > 200 °C; FTIR (KBr) nmax cm 
–1

: 1633(C=N), 

1478 (C=C), 1090 (C–N), 792 (C–C); 
1
H NMR 

(DMSO-d6 ,300 MHz): δ 2.94–4.41(s, 36H, CH3 ), 

6.50 (m, 4H, NH), 7.29–7.56 (m,12H, ArH). UV-Vis 

(DMSO): lmax , nm (log ε): 640 (5.31), 690 

(2.54),341 (5.37). Anal. calcd for C68H60N12Zn: C, 

73.53; H, 5.45; N, 15.13;found: C, 73.2; H, 5.1; N, 

15.3%. 

Compound 8: Elution solvent system: 

chloroform/methanol (100:3).Yield: 156 mg (59%); 

m.p. > 200 °C; FTIR (KBr) nmax cm–1: 1610(C=N), 

1488 (C=C), 1092 (C–N), 789 (C–C); 
1
H NMR 

(DMSO-d6 ,300 MHz): δ 3.10–4.20 (s, 36H, CH3 ), 

6.30 (m, 4H, NH) 7.37–8.85 (m,12H, ArH); UV-Vis 

(DMSO): lmax , nm (log ε): 643 (5.25), 687 

(2.24),341 (5.20); Anal. calcd for C68H60N12Ni: C, 

73.98; H, 5.47; N, 15.22;found: C, 73.4; H, 5.2; N, 

15.1%. 

Compound 9: Elution solvent system: 

chloroform/methanol (100:3).Yield: 145 mg (55%); 

m.p. > 200 °C; FTIR (KBr) nmax cm
–1

: 1620(C=N), 

1408 (C=C), 1093 (C–N), 793 (C–C); UV-Vis 

(DMSO):lmax , nm (log ε): 645 (5.15), 694 (2.01), 

342 (5.14); Anal. calcd for C68H60N12Co: C, 73.96; H, 

5.48; N, 15.22; found: C, 73.8; H, 5.4; N,15.1%. 

Compound 10: Elution solvent system: 

chloroform/methanol (100:3).Yield: 184 mg (69%); 

m.p. > 200 °C; FTIR (KBr) nmax cm
–1

: 1611(C=N), 

1407 (C=C), 1093 (C–N), 796 (C–C); UV-Vis 

(DMSO):lmax , nm (log ε): 644 (5.09), 693 (1.49), 

341 (5.06); Anal. calcd for C68H60N12Cu: C, 73.66; H, 

5.45; N, 15.16; found: C, 73.5; H, 5.3; N,15.1%. 

Compound 11: Elution solvent system: 

chloroform/methanol (100:3).Yield: 107 mg (44%); 

m.p. > 200 °C; FTIR (KBr) nmax cm
–1

: 1635(C=N), 

1418 (C=C), 1382 (C–N), 1093 (C–C); 1H NMR 

(DMSO-d6 ,300 MHz): δ 2.92–3.41(s, 36H, CH 3 ), 

6.20 (m, 4H, NH) 7.27–8.76 (m,12H, ArH); UV-Vis 

(DMSO): lmax , nm (log ε): 623 (4.91), 679 

(5.21),305 (4.74), 384 (5.08); Anal. calcd for C 52 H 

28 N12 S 4 Zn: C, 61.56; H,2.78; N, 16.57; found: C, 

61.3; H, 2.6; N, 16.4%. 

Compound 12: Elution solvent system: 

chloroform/methanol (100:3).Yield: 187 mg (77%); 

m.p. > 200 °C; FTIR (KBr) nmax cm
–1

: 1603(C=N), 

1415 (C=C), 1310 (C–N), 1085 (C–C); 
1
H NMR 

(DMSO-d6 ,300 MHz): δ 2.94–4.30 (s, 36H, CH 3 ), 

6.30 (m, 4H, NH), 7.05–9.10 (m,12H, ArH); UV-vis 

(DMSO): lmax , nm (log ε): 625 (4.82), 679 

(5.17),309 (4.69), 383 (4.96); Anal. calcd for C52H28 

N12 S4 Ni: C, 61.97; H, 2.80;N, 5.82; found: C, 61.8; 

H, 2.6; N 5.7%. 

Compound 13: Elution solvent system: 

chloroform/methanol (100:3).Yield: 158 mg (65%); 

m.p. > 200 °C; FTIR (KBr) nmax cm
–1

: 1568(C=N), 

1446 (C=C), 1316 (C–N), 1098 (C–C); UV-Vis 

(DMSO): lmax ,nm (log ε): 629 (4.70), 690 (5.05), 

316 (4.61), 388 (4.91); Anal. calcd for C52 H28 N12 

S4Co: C, 61.96; H, 2.80; N, 16.67; found: C, 61.8; H, 

2.6; N,16.5%. 

Compound 14: Elution solvent system: 

chloroform/methanol (100:3).Yield: 122 mg (50%); 

m.p. > 200 °C; FTIR (KBr) nmax cm
–1

: 1573(C=N), 

1417 (C=C), 1096 (C–N), 917 (C–C); UV-Vis 

(DMSO): lmax ,nm (log ε): 637 (4.71), 697 (4.92), 

322 (4.50), 395 (4.86); Anal. Calcd for C52H28 N12 S4 

Cu: C, 61.68; H, 2.79; N, 16.60; found: C, 61.5; H, 

2.6;N, 16.5%. 
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3. Results and Discussions  
To synthesize compounds 1-4, anhydrous DMF was 

used to dissolve 4-Nitrophthalonitrile, after which 

2,4,6-Trimethyl-phenylamine or 4-Methoxy-phenol 

or 2-(3,4-Dimethoxy-phenyl)-ethanol or Pyridine-2-

thiol was introduced. The resulting mixture was 

stirred for 15 minutes, and then finely ground 

anhydrous K2CO3 was added gradually over a span of 

2 hours while maintaining continuous stirring. The 

reaction mixture was kept under magnetic stirring at 

50°C for 72 hours. Upon completion of the reaction, 

as indicated by TLC analysis, the mixture was poured 

into 200 mL of an ice and water mixture. The 

precipitate formed was filtered, rinsed with water 

until the filtrate reached neutrality, and subsequently 

dried under vacuum. Finally, the precipitate was 

crystallized using ethanol to yield the target 

compounds 1-4. Scheme 1. 

 

 

 

 

 

 

 

 

The characterization of the products 1–3 involved a 

combination of methods including, 
1
H NMR, 

13
C 

NMR, and  NMR 2D, FT-IR, UV–vis, elemental 

analysis and LC–MS spectroscopy. In  the IR 

spectrum of compound 1, stretching vibrations of CN 

groups at 2227 cm
−1 

and aromatic groups (ArCH) at 

3079 cm−1appeared at expected frequencies. The 1H 

NMR spectrum of 1 in DMSO-d6 showed signals 

with ranging from 7.43 to 8.11 ppm belonging to 

aromatic protons and H2,3. The methyl protons 

appeared at 2.42 ppm. In the 13C NMR spectra of 1, 

the aromatic, and CH3 carbon atoms of 1 appeared 

between 116.2 and 161.7 ppm and at18.5 ppm, 

respectively, whereas carbon atom C2 was observed 

at 159.8 ppm. The structures of the compounds  3-4 

were confirmed using IR, 
1
H NMR, 

13
C NMR, MS 

spectroscopic data, elemental analysis and NMR 2D. 

In the IR spectra of 3 and 4, the characteristic CN 

stretching vibrations were observed at 2235 and 2233 

cm−1, respectively. The 1 H NMR spectra of 4 and 3 

were in excellent agreement with the proposed 

structures. Characteristic nitrile carbon atoms were 

observed at 114.5 and 114.8 ppm for 4 and at 115.9 

and 116.2 ppm for 5. 1H NMR spectral assignments 

are also supported via
1
H–

13
C HMBC experiments. As 

can be seen from the 
1
H–

13
C HMBC spectrum, the H5 

aromatic proton at 8.63 ppm correlates with C4 at 

149.5 ppm and C1’ at 141.3 ppm. H3’,5’ at 6.57 ppm 

correlates to C4’,6’ at 17.5 pm. The mass spectra of 

phthalonitrile derivatives 3-4 gave the characteristic 

molecular ion peaks at m/z = 261 and 237, 

respectively. Phthalocyanine, commonly referred to 

as Pcs, is a planar aromatic ring that consists of four 

isoindole units. These units create aromatic clouds 

that distribute 18 π-electrons across alternating 

carbon and nitrogen atoms. [18] Ever since its initial 

synthesis in the early 1900s, [19] Pc has found 

extensive use as dyes and pigments. However, 

ongoing research has expanded the scope of these 

compounds beyond their traditional [20] applications. 

This includes their use in catalysis, [21] chemical 

sensing, electrochromism, [22-23] photodynamic 

therapy (PDT), nonlinear optical (NLO) materials, 

[24] and liquid crystals. [25] Of particular interest is 

the exploration of new compounds through the 

incorporation of different substituents and central 

metal ions into the macrocyclic structure of Pcs. The 

synthesis of phthalocyanines and metal 

phthalocyanines follows the following procedure. 

(Schemes 2-3).The self-condensation of 1 and 2 in 

high-boiling solvent N,N-dimethylaminoethanol 

(DMAE) in the presence of a few drops of DBU (1,8-
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diazobicylo[4.3.0]non-5-ene) at reflux temperature 

under N2 afforded the metal-free phthalocyanines 5 

and 6 as green solids after purification by column 

chromatography (aluminium oxide) using CHCl3 

:CH3OH (100:4) as the solvent system (Scheme 2). 

The IR spectrum of metal-free phthalocyanine 6 

shows the classical NH band (inner NH) at 3442 cm
–1

 

The rest of the spectrum of 6 was similar to that of 4 

except for the CN group in 4. In the 
1
H NMR 

spectrum of 6, the typical shielding of  inner core 

protons could not be observed due to the probable 

strong aggregation of the molecules. The signals 

related to aromatic and aliphatic protons in the 

macrocyclic moieties and phthalocyanine skeleton 

gave a significant absorbance characteristic of the 

proposed structure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Substituted phthalonitriles or 1,3-diimino-1H-

isoindoles are generally used as starting materials for 

synthesis of Pcs.[26-29] Furthemore, phthalonitrile 

compounds 1 and 2 were also used as starting 

compounds for synthesis of the metallo-Pcs (Zn, Cu, 

Co, Ni) since only relatively mild reaction conditions 

were necessary. The synthesis of the 

metallophthalocyanines 7-14 was achieved by metal 

ion mediated cyclotetramerisation reactions of the 

corresponding precursors 1-2 in high boiling DMAE 

under an N2 atmosphere. Four metal salts, Zn(ClO4 )2 

.6H2O, CuCl2 .2H2 O, CoCl2 .6H2O and NiCl2 .6H2O 

salts, were used as templates for the formation of 

metallophthalocyanines, particularly since it is known 

that phthalocyanines containing cobalt and copper 

templates can be used as effective catalysts in 

oxygenation[30]  and oxyhalogenation processes. 

[31]  In a typical experiment, the reactions were 

carried out by simply mixing and grinding substituted 

nitriles 1 or 2 with one of the metal salts (Scheme 3). 

Characterisation of new Pc compounds was 

performed using IR, 
1
H NMR, elemental analysis and 

UV-Vis. The IR spectra of all Pcs 7-14 are in good 

agreement with the proposed structures. The sharp 

peak for the (C≡N) vibrations of phthalonitrile 4 at 

2235 cm−1disappeared after its conversion into metal-

free, nickel(II), cobalt(II), copper(II) and zinc(II)  

 

phthalocyanines 7-10, indicative of 

metallophthalocyanine formation. Phthalocyanines 

11-14 also have very similar IR absorptions. The IR 

spectra of metallophthalocyanines 11-14 are very 

similar, except the NH vibrations of the inner 

phthalocyanine core in the metal-free molecules show 

an NH stretching band peak at 3443 cm
−1

. The NH 

proton of compound 8 could not be observed owing 

to the probable strong aggregation of the molecule. 

[32-33] The 
1
H NMR spectrum of zinc 

phthalocyanine 8 showed the aromatic protons 

between 7.29 and 7.56 ppm and methylic protons at 

2.94–4.41 ppm.36,37 The tetra-substituted metallo-

phthalocyanine complexes (7–11) showed the 

phthalocyanine ring protons as unresolved multiplets 

(most likely due to the presence of isomers). The 

phthalocyanine ring and aromatic protons for 

peripherally substituted complexes were observed in 

the range 7.37 to 8.85 ppm for metallophthalocyanine 

5, 7.27 to 8.76 for metallophthalocyanine 9 and 7.05 

to 9.10 ppm for metallophthalocyanine 10. Although 

the presence of isomers as well as phthalocyanine 

aggregation at the concentrations used for the NMR 

measurements may lead to broadening of the 

aromatic signals, the observed spectra of all the 

complexes were relatively well resolved. 
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3.1 Complexation of metal cations in methanol 

An examination of the relationship between 

compounds 1-4 and cations from alkali and alkaline 

earth metals revealed no notable affinity for these 

cations. Conversely, it was noted that transition metal 

cations can form mononuclear complexes in a 1:1 

ratio. The logarithm of the stability constant, log βxy, 

for different complexes involving particular transition 

metals, along with the ligand's stoichiometry in 

methanol, is displayed in Table 1. The stability 

constants log βxy of compounds 1-4 with certain 

transition metal cations in methanol at 25 °C, I = 10
-

2
 M, where the range of σn

-1
 is 0.01 to 0.14, are 

provided in Table 1. 

Table 1: The stability constants log βxy of compounds 1-4 with certain transition metal cations in methanol

 

The primary focus of this study is the examination 

of transition metal cations and their propensity to 

form complexes with ligands 1-4. Interestingly, 

these cations do not interact with basic or alkaline 

earth metals, which are classified as monovalent and 

divalent cations. The observed behavior may be 

attributed to differences in the hardness levels of the 

cations being studied. In terms of selectivity, ligand 

1 exhibits a preference for iron and chromium 

complexation in methanol, while ligand 2 displays a 

shift towards cobalt within the same solvent. 

However, the complex formed by ligand 3 lacks 

stability to a similar degree, indicating that the size 

of the transition metal cations does not have a 

significant impact on this type of complexation. 

Regarding the complexation stability with Ni(II), 

ligand 4 showed higher stability in methanol and 

reduced complexation with Cu(II). Notably, 

complexation with Co(II) is significantly reduced by 

a factor of 100 when comparing ligand 2 and ligand 

4. Ligand 1, in its fundamental form, demonstrates a 

strong attraction to transition metal cations such as 

chromium and lead, resulting in the formation of 

singular complexes. Conversely, 

cyanopyranopyridothiazole 2 forms 1:1 complexes 

with Ni(II), Cu(II), Co(II), and Fe(III), but fails to 

exhibit any affinity towards Zn(II) and Mn(II). 

However, compound 4 displays a distinct affinity 

for Sn(II) and Mn(II), potentially due to the absence 

of phenyl groups, which allows for a more flexible 

ligand geometry. Notably, the nitrile functionality of 

ligand 2 transforms into the amide functionality of 

ligand 3, thereby enhancing the affinity for 

complexation with Zn(II) cations. 
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Scheme 4: Conductometric titration in the case of 4 with Cu(II) 
 

The stoichiometries obtained from the 

conductometric analysis of 1-4 with the Ni(II) and 

Cu(II) cations have effectively validated the 

findings derived from the UV spectrophotometry 

study. 

3.2 Extraction of metal picrates 

In order to assess the conjugation efficiency of 

pyranopyridothiazole derivatives, dichloromethane 

was used to extract metal picrates under neutral 

conditions at a temperature of 20 °C. Table 2 displays 

the extraction percentages (%E) of specific transition 

metal picrates from samples 1, 2, 3, and 4 in aqueous 

dichloromethane. The %E values for the metal 

cations analyzed are notably low, remaining below 

10%. In contrast, the %E values for metal cations 2-4 

varied between 18% and 53%.  

Table 2 also contains the percent extraction (%E) of 

various transition metal picrates 1, 2, 3 and 4 from 

water in dichloromethane at 25 °C concentration CL 

= CM = 2.5 × 10-4 mol/L.  
 

Table 2 : The extraction percentages (%E) of specific transition 

metal picrates from samples 1, 2, 3, and 4 in aqueous 

dichloromethane 

Research on ligands reveals that compound 4 serves 

as a more efficient extractant than both 2 and 3. 

Likewise, an analysis of the cation series shows that 

Fe(III) outperforms the assessed M(II) cations as an 

extractant. Consequently, it can be inferred that the 

studied pyranopyridothiazole derivatives lack notable 

selectivity, as illustrated in scheme 5. 

UV absorption spectra were recorded in the 

wavelength range from 220 to 360 nm. The 

absorption spectra of free phthalonitriles 1–3 

showed single absorption peaks at 285, 308, and 310 

nm, respectively, and in addition, a second peak at 

255 nm for 1, 2, and 3 was observed at 280 nm. 

Interactions between metal cations and these ligands 

are evident in the observed spectral changes. In 

particular, titration resulted in a decrease in 

absorption and a slight shift of the absorption peak 

to shorter wavelengths (subtractive shift) in all 

metal/ligand systems (Δλ≈3 nm). The completion of 

the interaction between phthalonitrile and cations is 

indicated by the spectral overlap (R (R=CM/CL) of 

8). Isoabsorbance points are clearly observed at 

Ag
+
/1, Hg

2+/
2 and 3. The results for transition metal 

cations are summarized in Table 3 and for heavy 

metal cations in Table 4. The complex formed was 

ML in all cases. However, in the case of Cu
2+

 and 

Zn
2+

, two complexes ML and ML2 were found with 

ligand 3. For Pb2+/2-3 and Mn2+/1-3 the variations of 

spectra are very small to not enable their treatments 

by the program Letagrop. 

Scheme 5: Trends of the extraction percentages (%E) for some 

transition metal and heavy metal picrates from water into 

dichloromethane with 1-4 

 

Table 3: Complexation of transition metal cations by 1-3 in 

methanol, at 25°C, I=10-2 mol.L-1. 

 

a: Absorbance changes too small to enable satisfactory fitting. 0.01 

<σN-1< 0.2  

 
Table 4: Complexation of heavy metal cations by 1-3 in methanol, 

at 25◦C, I=10-2 mol.L-1. 

 
a: Absorbance changes too small to enable satisfactory fitting. 0.01 

<σN-1< 0.06  
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The stability constants for complex MLs in 

transition metal cations in the first row vary 

between 2.80 and 4.76 log units. Among them, the 

highest value was observed for Cu
2+ 

bound to ligand 

1, indicating that this ligand is superior to Cu
2+

 

(SCu
2+

/Co
2+

 = 26). Ligand 2 also showed selectivity 

for Cu
2+

, with an SCu
2+

 /Co
2+

 selectivity of 

approximately 18. The stability curve of the ML 

complex (shown in Scheme 6) shows a similar 

stability sequence - the Williams rule - to that 

observed for octahedral high-spin Owen metal 

complexes. It is characterized by an increase in 

complex stability from Mn
2+

 to Cu
2+

 and then 

decrease to Zn
2+

. Furthermore, the ML2 complexes 

formed by Cu
2+

 and Zn
2+

 with ligand 3. The 

corresponding ML complexes were discovered to 

possess lower stability compared to their 

counterparts, with stability constants measuring at 

3.45 and 3.25 log units, respectively. A comparison 

of the three phthalonitriles reveals that ligand 1 

exhibits a stronger attraction towards transition 

metal and heavy metal cations. In both series of 

metal cations, the ML complex formed by ligand 1 

demonstrates greater stability than those formed by 

ligands 2 and 3, and even surpasses the stability of 

ML2. The inclusion of nitrile functionality and 

nitrogen in the bridge connecting the two aromatic 

moieties seems to heighten the affinity of ligand 1. 

The presence of a triple bond between the N and C 

atoms enhances aromaticity, resulting in more 

robust interactions between ligand 1 and the cation. 

Additionally, as Lewis suggests, the soft nature of 

nitrogen atoms and aromatic moieties could account 

for the heightened interactions with soft acids such 

as transition acids and heavy metal cations. 

 

 
Scheme 6: The profiles of stability of ligands 1-3 

3.3 Complexation by conductometry  

The approach suggested in this research offers a 

simple, precise, and economical method for 

conductometric detection in complexometric 

titrations that use metal cation chlorides as titrants. It 

operates by leveraging the chemical interactions 

between phthalonitriles and cations derived from 

chlorides. This technique is applicable to 

metal/ligand systems that posed challenges in earlier 

UV-Vis absorption analyses. The results obtained 

from this method were consistent with those 

obtained from the first technique, with the Cu2+/3 

system being the only one presented in this study 

(Scheme 7). The conductivity value altered during 

the titration of CuCl2 solution with phthalonitrile 3 

solution. 

 
Scheme 7: Conductometric titration of 3 by Cu2+ in methanol, CL 
= 3.88 x 10-5 mol.L-1. 

 

 

3.4 Extraction studies 

 The percentage of extracted material, %E, 

was generally low for all of the cation scenarios, and 

it only improved marginally for Ligand 1, where %E 

fluctuated between 4 and 36. This improvement 

could be attributed to Ligand 1 containing more N 

atoms than Ligands 2 and 3. The highest values of 

%E were observed for Cu
2+

 (36%) and Ag
+
 (27%). 

These results reinforce the high affinity of Ligand 1 

for Cu
2+

. The soft characteristics of base N alongside 

the acidic properties of Ag
+
 can account for the 

preference for Ag
+
. Nevertheless, this inclination was 

not evident in the complexation studies [29-37]. 

Phthalonitrile derivatives can be synthesized via 

nucleophilic aromatic substitution reactions, which 

entail the reaction between 4-nitrophthalonitrile and 

nucleophilic compounds in the presence of potassium 

carbonate. Typically, this reaction takes place in 

dipolar aprotic solvents like DMF and DMSO. The 

general methodology for creating new 

phthalocyanines and their quaternized derivatives, 

beginning with pyridine-2-thiol, 2,4,6-

trimethylaniline, and 4-nitrophthalonitrile, is depicted 

in Schemes 3 and 4. To create the original 

phthalonitrile derivative 4, 4-nitrophthalonitrile and 

2,4,6-trimethylaniline were reacted in DMF under a 

nitrogen atmosphere at room temperature for a 

period of 24 hours.  
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3.5 Antimicrobial activity of compounds 7-14 

The synthesized compounds (7-14) were evaluated 

for in vitro antimicrobial activity by using agar well 

diffusion techniques against one strain of gram-

positive bacteria (Staphylococcus) and four strains of 

gram-negative bacteria Escherichia coli, 

Pseudomonas aeruginosa, salmonella and Klebsiella 

aerogenes. Significant antimicrobial activities listed 

in Table 5.  
 

Table 5: Antimicrobial activity spectrum of the synthesized compound 

The results show a difference between all tested 

compounds in bioactivity on pathogenic bacterial 

growth. We could say that compounds 7, 8 showed 

the same activity against Micrococcus luteus. LB 

14110 bacteria. Compounds 10 and 13 showed the 

least activity against Staphylococcus aureus. ATCC 

6538 bacteria. Likewise, all other compounds were 

less active than ampicillin against Staphylococcus 

aureus (ATCC 6538). Promising results can be said 

to have been obtained when the antibacterial activity 

of all silver-NHC complexes was evaluated 

compared with standard drugs such as ampicillin 

and flucarbazole. The minimum inhibition 

concentration (MIC), which is the lowest 

concentration of test sample that completely inhibits 

the growth of microorganisms, was determined for 

the antibacterial study by the broth dilution method 

and the disc diffusion method, respectively [49]. The 

MIC values of compounds 7-14 against all bacterial 

strains are tabulated in Table 6. These results show 

that the most synthesized compounds have potent 

inhibitory activities against both Gram-positive and 

Gramnegative bacteria and fungi. Thus, they have an 

effective antimicrobial potential against food- borne 

pathogens and clinical microorganisms.  

 

Table 6: Determination of the Minimum Inhibitory Concentrations (MICs) expressed in mg/ml  
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4. Conclusion 
In this article, the synthesis of novel phthalonitrile 

derivatives 1–3 and their binding properties toward 

certain transition metal and heavy metal cations are 

discussed. These compounds are used to prepare 

novel unsubstituted metallophthalocyanines and 

metallophthalocyanines. Its aggregation behavior in 

different solvents (DMSO, DMF, and THF) and 

different DMSO concentrations was studied.UV 

spectrophotometric and conductometric studies 

show that in the case of Cu
2+

 and Zn
2+

 with ligand 3, 

in addition to ML, complexes ML and ML2 are also 

formed. In addition, the stability curve of complex 

ML follows the Owen-Williams rule, which 

indicates that it has high stability towards Cu
2+

 

complexes. The selectivity S(Cu
2+

/Co
2+

) of 1 is 26 

and the selectivity S(Cu
2+/

Co
2+

) of 2 is 26. In terms 

of stability, the presence of nitrogen atoms in the 

bridge between the two moieties in ligand 1 seems 

to increase the stability compared to ligands 2 and 3, 

whose structures contain oxygen (hard atoms). 
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