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a b s t r a c t 

In this study, four novel phthalocyanine complexes containing zinc metal were synthesized. Af- 

ter preparing the starting compounds (2-(4-hydroxyphenyl)-3-phenylthiazolidin-4-one 1 and 2-(4-(2- 

hydroxyethoxy)phenyl)-3-phenylthiazolidin-4-one 3 by the conventional method, they were reacted with 

4-nitrophthalonitrile separately using K 2 CO 3 in DMF. Compounds 2 and 4 , are well-documented com- 

pounds for obtaining phthalocyanines. Subsequently, synthesized phthalonitrile compounds 2 and 4 were 

reacted with Zn(II) salt at high temperature in the presence of DBU to convert them into targeted sym- 

metrical ( 2a, 4a ) and unsymmetrical ( 2b, 4b ) phthalocyanines under suitable conditions. Their photo- 

chemical, photophysical, and electrochemical features were then examined. These metallophthalocyanines 

indicated good solubility in some organic solvents, such as DMSO, DMF, THF, DCM, and CHCl 3 . Further- 

more, the structures of ligands ( 1, 2, 3, 4 ) were determined by 1 H NMR, 13 C NMR, and FT-IR spectrometry, 

while complexes ( 2a, 2b, 4a, 4b ) were determined by FT-IR, UV–Vis, fluorescence, and MALDI-TOF spec- 

trometry. Inhibitory effects of ligand and phthalocyanine compounds ( 1, 2, 3, 4, 2a, 2b, 4a, 4b ) against 

human erythrocyte carbonic anhydrase I (hCA I) and II (hCA II) isoenzymes, as well as cow’s milk xan- 

thine oxidase (XO), were examined. It was found that 2a, 2b, 4a , and 4b had strong inhibition effects at 

micromolar levels against all three. The compounds 2b and 4b showed stronger inhibition effects for hCA 

I and II than 2a and 4a . In the case of XO, although the inhibition effects of these molecules ( 2b, 4a, 4b ) 

were similar, 2a had the strongest inhibition effect. Since CA and XO inhibitors are the target molecules 

of drug development studies to be used in the treatment of many diseases, the results of this study will 

aid drug design studies in the development of new XO and CA inhibitors. 

© 2022 Elsevier B.V. All rights reserved. 
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. Introduction 

Phthalocyanines (MPcs, Pcs), particularly analogs containing 

atural porphyrin rings, have been researched in many scientific 

nd technological fields. They are planar conjugated macrocyclic 

olecules having 18- π electrons, aromatic compounds formed by 

n electron cloud between four isoindole units formed by the al- 

ernating replacement of carbon and nitrogen atoms. They exhibit 

ultiple and reversible electron transfer properties [1–4] . 

MPcs and/or Pcs, which have many technological applications 

nd upramolecular material chemistry. They have optoelectronic 

roperties, are stable against light and chemicals, and are used as 
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hemical catalysts [ 5 , 6–8 ]. Zn-containing metallophthalocyanines 

re recommended for PDT because of their long triplet lifetimes 

nd efficient singlet oxygen production [9] . Recent research has 

ocused on the biological and pharmaceutical applications of ph- 

halocyanines. These chemical compounds have various relevant 

roperties, including enzyme inhibition as well as antioxidant, an- 

ibacterial [ 10 , 11 ], anticancer [12] , and antimicrobial [13] activi- 

ies. For example, phthalocyanines have been investigated concern- 

ng their inhibitory effects on α-glycosidase, carbonic anhydrase, 

holinesterases [ 11 , 14 ] , and xanthine oxidase (XO) [15] . As phthalo-

yanines need to be easily soluble for their biological and techno- 

ogical applications, studies on ZnPcs containing thiazole deriva- 

ives are important [ 16 , 17 ]. New phthalocyanine compounds, in- 

luding thiazolidines with high solubility, were tried to be synthe- 

ized in the planned study. Thiazolidines are a versatile scaffold 

https://doi.org/10.1016/j.molstruc.2022.132630
http://www.ScienceDirect.com
http://www.elsevier.com/locate/molstr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molstruc.2022.132630&domain=pdf
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or developing new bioactive structures. Moreover, they also have 

mportant biological and pharmacological properties. These include 

ntidiarrheal, anticonvulsant, antimicrobial, antidiabetic, antihis- 

aminic, anticancer, antidepressant, anti-HIV, antiplatelet activat- 

ng factor, antioxidant, anti-inflammatory, and cyclooxygenase in- 

ibitory properties [ 18 –21a ]. It is known that heteroatoms (such as 

ulfur, nitrogen, and oxygen) used as substituents have a feature 

hat can affect the electronic spectra of the complexes. Therefore, 

enzothiazoles were used, considering that heteroatom-containing 

ubstituents increase the photosensitizing activities of the com- 

lexes due to the synergistic effect [ 21b –d ]. In this work, we con-

ected the thiazolidin-4-one units to the phthalocyanine ring to 

ncrease the pharmacological properties of and for the determina- 

ion of the effects different enzymes have on substituted groups of 

hthalocyanines. Thus, new phthalocyanine compounds were de- 

igned from molecules formed by synthesizing thiazolidine deriva- 

ives. The inhibition activities of these thiazolidine-derived ph- 

halocyanines against carbonic anhydrase isoforms and XO were 

xamined in detail. Carbonic anhydrases (CA, carbonate hydrolase, 

arbonate dehydratase, EC 4.2.1.1) are a Zn 

2 + -containing metalloen- 

yme commonly found in living organisms that catalyze the re- 

ersible hydration of CO 2 [22] . They are found in vertebrates, in- 

ertebrates, higher plants, algae, and bacteria [23] . To date, 16 CA 

soenzymes have been identified in vertebrates, and it has been 

etermined that the vital functions of these isoenzymes vary ac- 

ording to the tissues and organs [24] . Abnormal levels or ac- 

ivity changes of CA isoenzymes are associated with many dis- 

ases [25] , such as glaucoma [26] , edema [27] , central nervous sys-

em and renal diseases [28] , osteoporosis [29] , and cancer [30] . 

herefore, it is crucial to determine inhibitors and activators spe- 

ific to CA isoenzymes in the biomedical field. Numerous CA in- 

ibitors have been developed to date, with molecules such as ac- 

tazolamide (AZA), methazolamide, dorzolamide, brinzolamide, di- 

lofenamide, ethaxazolamide, zonisamide, and indisulam used clin- 

cally for the treatment of diseases such as hypertension, glaucoma, 

dema, and epilepsy [ 24 , 31 , 32 ]. Xanthine oxidase (XO: EC 1.17.3.2),

n contrast, is a homodimer metalloflavoprotein commonly found 

n mammalian tissues [33–35] . It is the key enzyme that catalyzes 

he oxidation of hypoxanthine and xanthine to uric acid. It is also 

esponsible for the formation of superoxide anions and hydrogen 

eroxide [35–37] . Excessive production of uric acid results in hy- 

eruricemia, which is the basis of gout [35–38] . In addition, hydro- 

en peroxide and superoxide anion radicals cause severe complica- 

ions, including DNA damage [ 35 , 39 ], cardiovascular diseases, dia- 

etes, and kidney dysfunctions [ 35 , 40–43 ]. Therefore, XO inhibitors 

re significant in preventing uric acid accumulation and superox- 

de formation. Allopurinol is a strong XO inhibitor used as a treat- 

ent agent in cases of hyperuricemia. However, its use is limited 

ue to its serious side effects [ 36 , 44 ]. Febuxostat and topiroxostat,

olecules approved by the U.S. Food and Drug Administration, also 

erve https://www.fda.gov/ as XO inhibitors. It has been observed 

hat these molecules have serious side effects in clinical applica- 

ions [ 36 , 45 , 46 ]. Therefore, it is important to identify less toxic, ef-

ective XO inhibitors that can be used in the clinic. Recent studies 

ave shown that various phthalocyanines have an inhibitory effect 

n hCAI and II isoenzymes [ 11 , 15 ], and XO [ 12 , 15 , 47 ]. Due to the

mportance of CA and XO inhibitors in the field of medicinal chem- 

stry, studies for the determination of new and isoenzyme-specific 

nhibitors continue intensively. 

In this study, four novel phthalocyanine compounds (symmetri- 

al and unsymmetrical) that had the same ligand but were bound 

ifferently were documented. In addition, the spectroscopic (pho- 

ophysical and photochemical), voltammetric (CV), enzymatic in- 

ibition (human erythrocyte carbonic anhydrase I [hCA I] and II 

hCA II] isoenzymes and cow milk xanthine oxidase [XO]) effects 

f these phthalocyanine compounds were evaluated. 
2 
. Experimental details 

.1. Materials and methods 

In the study, all chemicals (such as 4-nitrophthalonitrile, 

-hydroxybenzaldehyde, thioglycolic acid, aniline, silica gel, 

thylene carbonate, 1,8-diazabicyclo[5.4.0]undec–7-ene (DBU), 

otassium carbonate (K 2 CO 3 ), Zn(CH 3 COO) 2 ·2H 2 O and tetra- 

utylammonium hexafluorophosphate (TBAPF 6 )) and solvents 

such as N, N-dimethylformamide (DMF), tetrahydrofuran (THF), 

ichloromethane (DCM), dimethyl sulfoxide (DMSO), n-hexane, 

hloroform, methanol, ethanol, and toluene) used for the synthesis 

f the compounds were commercially obtained from Sigma-Aldrich 

nd Merck. All chemicals used in enzyme inhibition studies were 

urchased from Sigma-Aldrich Co. (Steinheim, Germany). Thin- 

ayer chromatography (TLC on Merck 0.2 mm silica gel 60 F 254 

nalytical aluminum plates) was used for reaction controls of 

he synthesized compounds. Heidolph Laborota 4001 and Bibby 

otary evaporator brand device was used to remove solvents. In 

ddition, Heidolph MR Hei-standard heating stirrers were used 

o obtain the compounds. 1 H (300 MHz) and 

13 C NMR (75 MHz) 

pectra were recorded using a Varian 300-MHz Mercury Plus. 

nfrared spectra were recorded with a Perkin-Elmer 1600 FT-IR 

40 0 0–40 0 cm 

−1 ) spectrometer. UV–Vis and fluorescence spectrum 

ere measured with Shimadzu UV 2600 model spectrophotometer 

nd the Agilent Technologies Cary Eclipse spectrophotometer, 

espectively. The MALDI-TOF spectra were recorded with Bruker 

altonics flex Analysis (LT MALDI-TOF MS). Photo-irradiations 

ere performed using a General Electric quartz lamp (300 W). 

yclic voltammograms of all ZnPc compounds were recorded on 

amry Interphase 10 0 0 potentiostat with their electrode system; 

lassy carbon as working electrode, Pt disk as reference electrode, 

t wire as counter electrode at a scan rate of 100 mV/s and Fc/Fc + 

edox couple was utilized as external standard to calibrate the 

esults. 

.2. Synthesis 

.2.1. Synthesis of 2-(4-hydroxyphenyl) −3-phenylthiazolidin-4-one (1) 

Synthesis of starting compound 2- (4-hydroxyphenyl) −3- 

henyl thiazolidin-4-one (1) was obtained according to procedure 

48] . 

.2.2. Synthesis of 4- (4- (4-oxo-3-phenyl thiazolidin-2-yl) phenoxy) 

hthalonitrile (2) 

2-(4-hydroxyphenyl) −3-phenylthiazolidin-4-one 1 (0.5 g, 

.84 mmol) and 4-nitrophthalonitrile (0.32 g, 1.84 mmol) were 

issolved in dry DMF (15 mL). To this mixture, anhydrous K 2 CO 3 

0.46 g, 3.32 mmol) was added. The reaction mixture was heated 

t 50 °C under argon atmosphere for 24 h, and then the mixture 

s allowed to cool to room temperature. After the reaction was 

ompleted, the reaction mixture was poured into 150 mL of ice 

ater. The residue was filtered through a filter paper and washed 

ith plenty of water, and dried. Orange solid 4- (4- (4-oxo-3- 

henylthiazolidin-2-yl) phenoxy) fthalonitrile 2 was obtained 

0.45 g, 61% chemical yield). Mp: 100–102 °C. Anal. calcd for 

 23 H 15 N 3 O 2 S: C, 69.51; H, 3.80; N, 10.57; O, 8.05; S, 8.07%; found

, 69.42; H, 3.71; N, 10.43%. FT-IR νmax (cm 

−1 ): 3077–3046 cm 

−1 

Ar–CH); 2232 cm 

−1 (C 

≡N); 1682 cm 

−1 (C = O); 1590, 1564 cm 

−1 

C = N, C = C); 1169 cm 

−1 (C 

–O-C). 1 H NMR (300 MHz, CDCl 3 ): δ
pm = 7.72 (d, J = 8.7 Hz, 1H), 7.41 (d, J = 7.6 Hz, 2H), 7.30 (m,

H), 7.19 (m, 4H), 6.99 (d, J = 7.6 Hz, 2H), 6.16 (s, 1H), 3.95 (q,

 = 5.5 Hz, 2H). 13 C NMR (75 MHz, CDCl 3 ): δ ppm = 171.1, 161.4,

54.2, 137.6, 137.4, 135.7, 129.8(2C), 129.5(2C), 127.7, 126.0(2C), 

22.0, 121.9, 121.1(2C), 118.0, 115.5, 115.1, 109.6, 65.1, 33.7. 

https://www.fda.gov/
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.2.3. Synthesis of 2-(4-(2-hydroxyethoxy)phenyl) −3-phenyl 

hiazolidin-4-one (3) 

2- (4-hydroxyphenyl) −3-phenylthiazolidin-4-one 1 (1 g, 

.69 mmol), ethylene carbonate (0.65 g, 7.37 mmol) and K 2 CO 3 

1 g, 7.37 mmol) were dissolved in DMF. The reaction mixture 

as refluxed at 120 °C under argon atmosphere for 18 h and 

hen the reaction mixture is allowed to cool to room tempera- 

ure. Then mixture was poured dropwise into 100 mL of ice wa- 

er. The solid was washed with plenty of water and dried. 2- 

4-(2-hydroxyethoxy)phenyl) −3-phenylthiazolidin-4-one 3 was ob- 

ained in as brown solid (1 g, 86% chemical yield). Anal. calcd 

or C 17 H 17 NO 3 S calculated: C, 64.74; H, 5.43; N, 4.44; O, 15.22;

, 10.17%; found C, 64.97; H, 4.75; N, 4.63%. FT-IR νmax (cm 

−1 ): 

356 cm 

−1 (OH); 2928 cm 

−1 (Ar–H); 1668 cm 

−1 (C = O); 1596, 

510 cm 

−1 (C = N, C = C); 1076 cm 

−1 (C 

–O-C). 1 H NMR (300 MHz,

DCl 3 ): δ ppm 7.32–7.16 (m, 4H), 7.14–7.10 (m, 3H), 6.79 (dm, 

 = 8.5 Hz 2H), 6.06 (s, 1H), 4.04 – 3.93 (m, 4H), 3.92–3.87 (m, 

H). 13 C NMR (75 MHz, CDCl 3 ): δ ppm = 171.5, 159.3, 137.6, 131.4, 

29.3(2C), 128.9(2C), 127.4, 126.2(2C), 114.9(2C), 69.4, 65.6, 61.1, 

3.8. 

.2.4. Synthesis of 4-(2-(4-(4-oxo-3-phenylthiazolidin-2-yl) 

henoxy)ethoxy)phthalonitrile (4) 

4-(2-(4-(4-oxo-3-phenylthiazolidin-2-yl)phenoxy) ethoxy) ph- 

halonitrile 4 was prepared following the same procedure adopted 

or compound 2. The amount of reagents used are as follows: 2- 

4- (2-hydroxyethoxy) phenyl) −3-phenylthiazolidin-4-on 3 (0.5 g, 

.59 mmol), 4-nitrophthalonitrile (0.27 g, 1.59 mmol), and K 2 CO 3 

0.39 g, 2.85 mmol). For compound 4 (0.4 g, 57% chemical yield). 

p: 96–98 °C. Anal. calcd for C 25 H 19 N 3 O 3 S: C, 68.01; H, 4.34; N,

.52; O, 10.87; S, 7.26%; found C, 67.89; H, 4.21; N, 9.47%. FT-IR 

max (cm 

−1 ): 2925 cm 

−1 (Ar–CH); 2231 cm 

−1 (C 

≡N); 1677 cm 

−1 

C = O); 1595, 1564 cm 

−1 (C = N, C = C); 1172 cm 

−1 (C 

–O-C). 1 H

MR (300 MHz, CDCl 3 ): δ ppm = 7.72 (d, J = 8.5 Hz, 1H), 7.29 (d,

 = 2.5 Hz, H), 7.25 (t, J = 4.1 Hz, 3H), 7.23 (d, J = 1.8, 7.8 Hz, 2H),

.14 (bd, J = 8.8 Hz, 2H), 6.80 (bd, J = 7.0 Hz, 2H), 6.07 (s, 1H), 4.38

4.36 (m, 2H), 4.30 – 4.28 (m, 2H), 3.92 (q, J = 15.8 Hz, 2H). 13 C

MR (75 MHz, CDCl 3 ): δ ppm = 171.6, 162.0, 158.7, 137.7, 135.5, 

32.4, 129.3(3C), 128.9(3C), 127.4, 126.1(3C), 119.9, 119.8, 115.0(3C), 

7.8, 66.1, 65.4, 33.8. 

.2.5. General synthesis procedure of symmetrically (2a-4a) and 

nsymmetrically (2b-4b) zinc (II) phthalocyanines 

ZnPcs were prepared using a 3:1 ratio [49] mixture of 

-(4-(4-oxo-3-phenylthiazolidin-2-yl)phenoxy) fthalonitrile 2 

0.27 g, 0.68 mmol) and 4-(2-(4-(4-oxo-3 phenylthiazolidin- 

-yl)phenoxy)ethoxy)phthalonitrile 4 (0.1 g, 0.23 mmol). 

n(OAc) 2 ·2H 2 O (0.06 g, 0.27 mmol) were dissolved in 5 mL 

MF and 1- 2 drops of DBU have added to this mixture. Then, 

he solution was increased up to stirred at 160 °C under nitrogen 

tmosphere overnight. After the reaction mixture turned green, it 

as monitored by Thin Layer Chromatography (TLC). When the 

eaction was finished, the mixture was cooled to room temper- 

ture and poured into 100 mL of ice water. The resulting green 

recipitate was filtered off then washed several times with dis- 

illed water, hot ethanol/methanol, respectively, and dried under 

acuum. The final product was purified and separated fractions 

sing silica gel column chromatography THF: n -hexane (1:3) as 

luent. The order in condensation products that arrived in the 

olumn was as follows: first fraction A 4 (2a), second fraction A 3 B 

2b), third fraction AB 3 (4b), and fourth gave B 4 (4a) product. 

A 4 type symmetrical zinc phthalocyanine (2a): Yield: 27% (0.1 g). 

nal. calcd for C 92 H 60 N 12 O 8 S 4 Zn: C, 66.76; H, 3.65; N, 10.15; O,

.73; S, 7.75; Zn, 3.95%; found C, 66.64; H, 3.58; N, 9.93%. FT-IR 

max (cm 

−1 ): 3065 cm 

−1 (Ar–CH); 2924, 2853 (Al. C 

–H); 1685 

m 

−1 (C = O); 1596, 1493 cm 

−1 (C = N, C = C); 1043 cm 

−1 
3 
C 

–O-C). UV–Vis (DMF), λmax , nm (log ε): 680 (4.09), 615 (3.39), 

59 (3.79). MALDI-TOF MS: m/z [M] + calcd. for C 92 H 60 N 12 O 8 S 4 Zn:

652.28; found [ M + ] 1652.53. R f value: 0.67 ( n -hexane: THF (3: 1

/v)). 

A 3 B type symmetrical zinc phthalocyanine (2b): Yield: 36% 

0.14 g). Anal. calcd for C 94 H 64 N 12 O 9 S 4 Zn: C, 66.44; H, 3.80; N,

.89; O, 8.47; S, 7.55; Zn, 3.85%; found C, 66.71; H, 3.65; N, 9.77%. 

T-IR νmax (cm 

−1 ): 3062 cm 

−1 (Ar–CH); 2921, 2840 (Al. C 

–H); 

685 cm 

−1 (C = O); 1596, 1467 cm 

−1 (C = N, C = C); 1044 cm 

−1 

C 

–O-C). UV–Vis (DMF), λmax , nm (log ε): 683 (4.89), 616 (3.31), 

61 (3.72). MALDI-TOF MS: m/z [M] + calcd. for C 94 H 64 N 12 O 9 S 4 Zn:

699.24; found [ M + ] 1700.04. R f value: 0.42 ( n -hexane: THF (3: 1

/v)). 

B 4 type symmetrical zinc phthalocyanine (4a): Yield: 12% (0.05 g). 

nal. calcd for C 100 H 76 N 12 O 12 S 4 Zn: C, 65.58; H, 4.18; N, 9.18; O,

0.48; S, 7.00; Zn, 3.57%; found C, 65.33; H, 4.46; N, 9.31%. FT- 

R νmax (cm 

−1 ): 3042 cm 

−1 (Ar–CH); 2928, 2853 (Al. C 

–H); 1604 

m 

−1 (C = O); 1488, 14 4 4 cm 

−1 (C = N, C = C); 1064 cm 

−1 (C 

–O-

). UV–Vis (DMF), λmax , nm (log ε): 681 (4.70), 619 (3.28), 356 

3.92). MALDI-TOF MS: m/z [M] + calcd. for C 100 H 76 N 12 O 12 S 4 Zn:

831.40; found [ M + ] 1831.43. R f value: 0.28 ( n -hexane: THF (3: 1

/v)). 

AB 3 type symmetrical zinc phthalocyanine (4b): Yield: 14% 

0.06 g). Anal. calcd for C 98 H 72 N 12 O 11 S 4 Zn: C, 65.86; H, 4.06; N,

.40; O, 9.85; S, 7.17; Zn, 3.66%; found C, 65.59; H, 3.82; N, 9.27%. 

T-IR νmax (cm 

−1 ): 3059 cm 

−1 (Ar–CH); 2931, 2853 (Al. C 

–H); 

684 cm 

−1 (C = O); 1599, 1489 cm 

−1 (C = N, C = C); 1045 cm 

−1 

C 

–O-C). UV–Vis (DMF), λmax , nm (log ε): 682 (4.97), 620 (3.24), 

60 (3.71). MALDI-TOF MS: m/z [M] + calcd. for C 98 H 72 N 12 O 11 S 4 Zn:

784.36; found [ M + ] 1787.88. R f value: 0.33 ( n -hexane: THF (3: 1

/v)). 

.3. Enzyme inhibition assay 

As in our previous studies, CA I and II isoenzymes were iso- 

ated from human erythrocytes by sepharose-4B-L-tyrosine sul- 

anilamide column chromatography, an affinity chromatography 

echnique [22] . The purity of isoenzymes was checked using SDS- 

AGE [50] . The purified hCA I and II isoenzymes were dialyzed 

gainst 0.05 M Tris-SO 4 (pH:7.4) buffer overnight then divided into 

 mL fractions and stored at −80 °C for use in inhibition studies. In 

he inhibition studies of hCA I and II isoenzymes, the esterase ac- 

ivity measurement method defined by Verpoorte et al. was used 

51] . With this method, p-nitrophenyl acetate was used as the sub- 

trate. The formation of p-nitrophenol from p-nitrophenyl acetate 

as monitored by measuring absorbance at 348 nm at 25 °C with 

 spectrophotometer. The enzyme unit was calculated using the 

bsorption coefficient ( ε = 5.4 × 10 3 M 

−1 cm 

−1 ) of p-nitrophenyl 

cetate at 348 nm [52] .. The activities of hCA I and II isoenzymes

ere measured for at least five different concentrations of each ph- 

halocyanine (2a, 4a, 2b, 4b) and ligand (1 and 3) molecule. The 

xperiments were repeated in triplicate for each inhibitor concen- 

ration. The control activity of the enzyme was accepted as 100%, 

nd activity% plots against the phthalocyanine concentration were 

lotted. From these graphs, IC 50 values expressing the inhibitor 

oncentration that reduced the enzyme’s activity by half were de- 

ermined. AZA was used as a standard inhibitor for hCA I and II 

soenzymes. The cow milk XO used in this study was purchased 

rom Sigma-Aldrich (XO Item No: Sigma, X4500). The XO assay 

as carried out according to Noro et al [53] . with some modifi- 

ations. The reaction mixture (1 mL) included 50 mM potassium 

hosphate buffer (pH 7.5), 0.051 mM xanthine (used as substrate), 

nd 0.024 U XO for the control reaction. The uric acid formation 

as monitored by measuring the absorbance at 290 nm for 3 min. 

 buffer and xanthine mixture were used as a blank. The activity of 

O was measured for at least five different concentrations of each 
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Scheme 1. Synthesis of starting compounds (1, 3) and 4-phthalonitrile derivatives (2, 4). (i) Toluene, reflux.(ii) Ethylene carbonate, K 2 CO 3 , DMF, 120 °C. (iii) 4- 

nitrophthalonitrile, K 2 CO 3 , DMF, 50 °C. 
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hthalocyanine (2a, 4a, 2b, 4b) and ligand (1 and 3). The experi- 

ents were repeated in triplicate for each inhibitor concentration. 

he control activity of the enzyme was accepted as 100%, and ac- 

ivity% plots against the phthalocyanine concentration were plot- 

ed. From these graphs, IC 50 values expressing the inhibitor con- 

entration that reduced the enzyme’s activity by half were deter- 

ined. Allopurinol was used as a standard inhibitor for XO. 

. Results and discussion 

.1. Synthesis and characterization 

Various ligand systems were prepared to form periph- 

rally symmetric and unsymmetric phthalocyanines (Pcs) 

ith metal-binding in the present work. The main re- 

ctions involved in the synthetic route are shown in 

cheme 1 . The starting phthalonitrile compounds 4-(4-(4-oxo- 

-phenylthiazolidin-2-yl)phenoxy)phthalonitrile 2 and 4-(2-(4-(4- 

xo-3-phenylthiazolidin-2-yl)phenoxy)ethoxy)phthalonitrile 4 were 

ynthesized and characterized according to the literature [ 15 , 54 ]. 

Statistical concentration is often utilized to synthesize phthalo- 

yanines formed by the reaction of one different isoindole and 

hree identical isoindole subunits (A 3 B) [55] . It is known to give six

ossible phthalocyanine derivatives (A , A B, A B [AABB, ABAB], 
4 3 2 2 

4 
B 3 , B 4 ) by the condensation of two different phthalonitriles [56] . 

he stoichiometry and reactivity of precursors play an important 

ole in the isolation of the desired A 3 B type macrocycle from the 

ixture in statistical condensation. Here, the reactants are typi- 

ally used in a 3:1 molar ratio to give forms of A 3 B-type phthalo-

yanine [ 57 , 58 ]. In this study, we synthesized four possible ph-

halocyanine derivatives with different symmetries (A 4 , B 4 , A 3 B,and 

B 3 ) by the statistical concentration of different phthalonitrile lig- 

nd derivatives (1 and 3) with Zn(OAc) 2 ·2H 2 O in DMF using DBU. 

 2 B 2 symmetries almost did not occur due to statistical concen- 

ration. Phthalocyanines with different symmetries and polarities 

ere easily purified by column chromatography on silica gel using 

 THF/hexane (1:3) solvent system. As a result of purification, the 

ompounds were isolated as A 4 , A 3 B, AB 3 , and B 4 , respectively. 

Under these reaction conditions, the theoretical yields of prod- 

cts were obtained as roughly 32% (A 4 and B 4 ), 58% (A 3 B and AB 3 ),

nd 10% (other condensation products). The synthetic procedure 

f newly synthesized symmetrical and unsymmetrical zinc(II) ph- 

halocyanine derivatives (2a, 2b, 4a, and 4b) is given in Scheme 2 . 

All novel phthalocyanine products formed were analyzed and 

haracterized using a series of spectroscopic techniques, includ- 

ng MALDI-TOF mass spectrometry, NMR ( 1 H and 

13 C) and FT- 

R spectroscopy, and UV–Vis spectroscopy. The FT-IR spectra of 

he compounds are given in Fig. S4, Fig. S8, Fig. S10, Fig. S12, 
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Scheme 2. Synthesis of symmetrical ZnPcs (2a, 4a) and unsymmetrical ZnPcs (2b, 4b). (i) DMF, DBU, Zn(OAc) 2 ·2H 2 O, 24 h, 160 °C. 
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ig. S14, and Fig.S16 for 2, 4, 2a, 2b, 4a, and 4b, respec- 

ively. The IR spectrum of the 4-(4-(4-oxo-3-phenylthiazolidin-2- 

l)phenoxy)phthalonitrile (2) exhibited vibrations of aromatic (Ar- 

) peak at 3046–3077 cm 

−1 and (C 

≡N) group peak at 2232 cm 

−1 ,

hile the stretching vibration of (C = O) group peak was de- 

ermined at 1682 cm 

−1 .Similarly, with the IR spectra of 4-(2-(4- 

4-oxo-3-phenylthiazolidin-2-yl)phenoxy)ethoxy)phthalonitrile (4), 

eaks were observed at 2925 cm 

−1 for aromatic (Ar-H), at 2231 

m 

−1 for C = N stretching, and at 1677 cm 

−1 for (C = O) stretch-

ng frequencies, respectively. It was seen that the OH bands both at 

095 cm 

−1 for compound 1 and 3356 cm 

−1 for compound 3 disap- 

eared in all spectra after phthalonitrile formation. In addition, the 

ormation of new metallophthalocyanines (2a, 2b, 4a, and 4b) from 

ompounds 2 and 4 as in Scheme 2 was accomplished by the dis- 

ppearance of the −C = N vibration at 2232 cm 

−1 and 2231 cm 

−1 ,
5 
espectively. This proved that cyclotetramerization had taken place 

uccessfully. 

When the proton NMR of the compounds (2, 3, 4) before 

yclotetramerization was examined, resonance frequencies be- 

ween 6 and 4.5–3.9 ppm were observed for all specific protons 

H methylenic protons and H quaternary proton between N and S in the 

hiazolidon, respectively) ( Fig.1 ). Regarding the other characteris- 

ic protons, when compound 1 turned to compound 3 by the ad- 

ition of ethanediol, the four protons belonging to the ethylene 

roup in the aliphatic chain for compound 3 resonated as multi- 

lets between 4.28 and 3.93 ppm. When the hydroxyl groups in 

ompounds 1 and 3 were masked by phthalonitrile, the most char- 

cteristic proton (Ha) adjacent to the nitrile ring in the resulting 

ompounds 2 and 4 resonated at 7.72 ppm with an interaction as 

 doublet ( J = 8.5 Hz). Likewise, the methylenic protons for com- 
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Fig. 1. Synthesis compounds 1–4. 
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Fig. 2. UV–Vis absorption spectra of compound (2a) in different solvents at 

1.00 × 10 −5 M. 

Fig. 3. UV–Vis spectra of symmetrical (2a, 4a) and unsymmetrical (2b, 4b) ZnPcs in 

DMF at a concentration of 1 × 10 −6 M. 
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ound 4 were resonated as multiplets at 4.37 and 4.44 ppm, re- 

pectively. 

In the 13 C NMR spectrum, all the ethylenic, methylenic, qua- 

ernary, and carbonyl carbon signals of compounds 2, 3, and 4 

ere resonated at the deserved region. The resonated signals were 

71.1 (C = O), 65.1 (-CH = ), and 33.7 (-CH 2 -) for compound 2; 171.5

C = O), 69.5 (-CH 2 -), 65.6 (-CH = ), 61.1 (-CH 2 -), and 33.9 (-CH 2 -)

or compound 3; and 171.6 (C = O), 69.5 (-CH 2 -), 65.6 (-CH 2 -), 61.1

-CH = ), and 33.9 (-CH 2 -) for compound 4. Other distinguishing car- 

ons for compounds 2, 3, and 4 were the resonance frequencies of 

arbons (marked by Cx, Cy) bonded to oxygen. These marked car- 

ons (Cx, Cy) resonated at 161.4, 154.2 ppm for compound 2, 159.3, 

37.6 ppm for compound 3, and 162.0, 158.7 ppm for compound 4, 

espectively. Regarding the resonance signals of the aromatic ring 

arbons of compounds 2, 3, and 4, it was impossible to see all of 

hem in different regions since some of the carbons overlapped 

s a result of resonating in the same region. Although tetrasub- 

tituted metallophthalocyanine complexes with positional isomers 

issolve in many organic solvents, their 1 H- and 

13 C NMR spectra 

ould not be obtained, possibly due to dynamic NMR stability, the 

ulky group effect, and aggregation tendencies. 

The MALDI-TOF mass spectra of phthalocyanines were also 

ecorded; as: m/z [M] + calcd. for C 92 H 60 N 12 O 8 S 4 Zn:1652.28, found: 

 M 

+ ] 1652.53 for 2a.; as: m/z [M] + calcd. for C 94 H 64 N 12 O 9 S 4 Zn:

699.24, found: [ M 

+ ] 1700.04. for 2b.; as: m/z [M] + calcd. for 

 100 H 76 N 12 O 12 S 4 Zn: 1831.40, found: [ M 

+ ] 1831.43. for 4a.; as: m/z

M] + calcd. for C 98 H 72 N 12 O 11 S 4 Zn: 1784.36; found: [ M + ] 1787.88.

or 4b, respectively. 

.2. UV–Vis absorption spectra and aggregation behavior 

Phthalocyanines are generally given two absorption bands (Q 

nd B) at approximately 670 nm and 300 nm, respectively [59] . 

he Q bands of the synthesized phthalocyanine compounds were 

bserved at about 6 80–6 83 nm, and the B bands were observed 

t about 356–360 nm. Peripherally symmetrical 2a and 2b and 

nsymmetrical 4a and 4b zinc(II) phthalocyanine complexes were 

ynthesized and UV–Vis absorption properties were analyzed. All 

ynthesized phthalocyanines were dissolved in common organic 

olvents such as THF, DCM, CHCl 3 , DMSO, and DMF ( Fig. 2 , Fig.

17). 

Aggregation (such as low solubility and the prevention of opti- 

al and electrochemical properties) is the most important problem. 

t prevents the interaction of phthalocyanines in various applica- 

ions, such as in photodynamic therapy [60] . The solubility and ag- 

regation tendencies of symmetric ( 2a, 4a ) and unsymmetrical ( 2b, 

b ) compounds in DMF were investigated ( Fig. 3 ). 

Whereas compound 4a (Fig.S17) showed mild aggregation, com- 

ounds 2a, 2b, and 4b did not show any aggregation behavior in 

ifferent solvents at a concentration of 1 × 10 −5 M. as shown 

n Fig. 3 . The UV–Vis spectra exhibited the typical shape of Pcs 
6 
ith an intense sharp Q band at around 6 80–6 83 nm for all the

ynthesized zinc-containing complexes ( 2a, 2b, 4a, 4b ) in DMF. 

s a result, both symmetrical and unsymmetrical phthalocyanine 

ompounds showed the highest absorption in DMF. Therefore, in 

he photophysical and photochemical studies, aggregation proper- 

ies were examined in the same solvent at different concentrations 

 Fig. 4 ). The concentration effect on the aggregation properties of 

he 2a, 2b, 4a , and 4b compounds were also studied at various 

oncentrations ranging from 2 × 10 −6 to 1.2 × 10 −5 M in DMF. 

It was observed that not all compounds agglomerated in this 

orking range, as no blue shift (shorter wavelength shift) was ob- 

erved in absorption against concentrations of 10 −6 –10 −5 M. In ad- 

ition, the results obtained from the UV–Vis graphs in the Q band 

maximum wavelength) show that the ratio between concentra- 

ion and absorption at the time of plotting changed according to 

he Lambert–Beer law. The spectroscopic properties and aggrega- 
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Fig. 4. UV–Vis spectra of symmetrical (A–B) and unsymmetrical (C–D) ZnPcs in different concentrations (in DMF): (A) 2a, (B) 4a, (C) 2b, and (D) 4b. 

Table 1 

Absorption, excitation and emission spectral data for 2a, 2b, 4a , and 4b standard studied ZnPc (in DMF). 

Compound Q band λmax,( nm) log ε Excitation λEx , (nm) Emission λEm , (nm) Stokes shift (nm) 

2a 680 4.09 678 690 12 

2b 683 4.89 – –

4a 681 4.70 682 692 10 

4b 682 4.97 684 690 6 

ZnPc a 670 5.37 670 676 6 

a Data from Zorlu et al. (2010) [64] . 

Table 2 

Photophysical, photochemical and fluorescence quenching parameters of ZnPcs ( 2a, 

2b, 4a , and 4b ) in DMF. 

Compounds �F �	 �d (x10 −4 ) Ksv ( M 

− 1 ) 

2a 0.09 0.78 0.74 32.9 

2b – 0.24 0.40 27.3 

4a 0.16 0.04 0.38 24.2 

4b 0.11 0.08 0.45 29.8 

ZnPc a 0.17 0.56 0.23 57.60 b 

a Data from Zorlu et al. (2010) [62] and Spiller et al. (1998) [67] . 
b Data from Gurol et al. (2007) [71] . 
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ion behavior were evaluated in DMF; the results are summarized 

n Table 1 and Table 2 . 

.3. Photophysical properties 

.3.1. Evaluation and interpretation of fluorescence spectra 

The absorption, emission, and excitation spectra of the ZnPc 

omplexes (2a, 2b, 4a, 4b) are shown in Fig. 5 (using complex 

a, as an example) and Fig. S18, and the data are summarized in 

able 1 . While zinc(II) phthalocyanine derivatives (2a, 4a, and 4b) 

howed fluorescence emission and excitation, compound 2b did 
7 
ot give any fluorescence emission signal. This is thought to be due 

o the effect of substituent groups attached to the ZnPc ring. 

The Stokes shift values ( 	Stokes ) of substituted zinc(II) phthalo- 

yanines (2a, 4a, 4b) were found to be 12, 10, and 6 nm, respec- 

ively. In addition, the Stokes value of complex 4b (6 nm) was 

ound to be similar to Std-ZnPc. As can be seen in Fig. 5 , the ex-

itation and absorption spectra of complex 2a were similar. This 

hows that the nuclear configurations of the ground and excited 

tates were similar and not affected by excitation in DMF [ 18 , 61 ]. 

.3.2. Fluorescence quantum yields ( �F ) 

The fluorescence quantum yields ( �F ) of all compounds (2a, 2b, 

a, and 4b) were determined in DMF using the methods described 

n the literature [62] . Compounds 2a, 4a, and 4b showed medium 

uorescence emission, while compound 2b could not be studied 

ue to the absence of fluorescence emission [60] . The yields were 

lso calculated for the zinc(II) phthalocyanine compounds (2a, 2b, 

a and 4b). The results are listed in Table 2 . The �F values of

he ZnPc compounds (2a, 2b, 4a, and 4b), compared with standard 

nPc (0.17) in DMF, were lower. However, the fluorescence quan- 

um yield (0.16) of compound 4a was found to be close to that of 

tandard ZnPc (0.17). 
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Fig. 5. UV–Vis absorption (black dashedlines), excitation (red solidlines), andemission (navy solidline) spectra of the symmetrical Pc complex (2a) in DMF. 
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.4. Photochemical studies 

.4.1. Singlet oxygen quantum yield ( �	) 

An ideal photosensitizer, which has an important place in pho- 

odynamic therapy, is determined by its phototoxic singlet oxygen 

apability. Singlet oxygen is produced when oxygen in the triple 

round state interacts with a photosensitizer. This is known as 

hotosensitization. The proportion of singlet oxygen supplied by 

he excited phthalocyanine can be expressed by singlet oxygen 

uantum efficiency ( �	) [63] . Singlet oxygen quantum efficiency 

 �	) determinations were performed according to the experimen- 

al setup in the literature [54] . 1,3-Diphenylisobenzofuran (DPBF) 

as used as a chemical quencher for singlet oxygen in DMF. Dis- 

ppearance at the DPBF peak was spectroscopically monitored by 

ending light to the solution (at 417 nm). There was no signifi- 

ant change in the intensity of the Q band during the experiment. 

his shows that phthalocyanines are not degraded during singlet 

xygen measurement [ 64 , 65 ]. It is known that the singlet oxygen

uantum yield depends on the triplet quantum yield of the pho- 

odetector, and complexes with high triplet quantum yields are ex- 

ected to have high singlet oxygen quantum yields [66] . The sin- 

let oxygen quantum efficiencies of the ZnPcs (2a, 2b, 4a and 4b) 

 �	) were calculated via Eq. (1) using standard ZnPc ( �	= 0.56 in

MF) [ 62 , 67 ]. 

	 = �Std 
	

R · I Std 
abs 

R 

Std · I abs 

, (1) 

here �Std 
	

is the singlet oxygen quantum yields for the standard 

nPc ( �Std 
	

= 0.56 in DMF) [ 62 , 67 ]. R and R 

std are the DPBF pho-

obleaching rates in the presence of the respective samples (2a, 2b, 

a, and 4b) and standard, respectively. I abs and I Std 
abs 

are the rates of 

ight absorption by the samples (2a, 2b, 4a, and 4b) and standard, 

espectively. The light intensity 8.15 × 10 15 photons s − 1 cm 

−2 

as used for �	 determinations. 

Following the calculations, singlet oxygen quantum efficiencies 

	 values were recorded as 0.78, 0.24, 0.04, and 0.08for ZnPcs 

a, 2b, 4a, and 4b, respectively ( Fig. 6 , Table 2 ). As can be seen

rom Table 2 , the singlet oxygen quantum yield ( �	) of com- 

lex 2a was higher than that of other phthalocyanine complexes 

2b, 4a, and 4b). 2a also showed a higher singlet oxygen quantum 

ield ( �	 = 0.78) than containing thiazole groups ZnPc derivatives 

 �	 = 0.61 for lit. [68] ), �	 = 0.62 for lit [69] ., and �	 = 0.71 for

it [70] . in DMF). It is thought that the substituted groups [69b] , at-
8 
ached to the phthalocyanine ring played an important role chang- 

ng the efficiency of singlet oxygen formation by the bulky group 

ffect [9] . Additionally, com pared to the standard ZnPc, it can be 

aid that the high singlet oxygen generation of compound 2a was 

uite satisfactory in terms of its potential use in PDT as a photo- 

ensitizer. 

.4.2. Photodegradation and quantum yield ( �d ) 

Photodegradation quantum yield ( �d ) determinations were 

onducted using the experimental setup described in the litera- 

ure [ 54 , 72 , 73 ] Determination of the stability of phthalocyanine

erivatives under light irritation is very important for molecules 

esigned to be used in PDT. An ideal photosensitizer should spend 

nough time in the body without disrupting and should be re- 

oved from the body after completing activation at the optimal 

ime [74] . The targeted photostabilities were determined by reduc- 

ng the absorption spectra of the zinc(II) phthalocyanines (2a, 2b, 

a, and 4b) measured under light illumination in DMF at a con- 

entration of 1 × 10 −5 M ( Fig.7 ). The reduction of the Q bands

f symmetric and unsymmetrical phthalocyanine complexes was 

onitored by UV–Vis, and spectroscopy was defined by the pho- 

odegradation quantum yield ( �d ). A light intensity of 3.26 × 10 16 

hotons s − 1 cm 

−2 was employed for �d determinations. Pho- 

odegradation quantum efficiencies were determined according to 

q. (2) . The calculated �d values are given in Table 2 . 

d = 

( C 0 − C t ) · V · N A 

I abs · S · t 
, (2) 

here C 0 and C t are the concentrations of the samples before and 

fter irradiation, respectively. V is the reaction volume, N A is the 

vogadro constant, S is the irradiated cell area, t is the irradiation 

ime, and I abs is the overlap integral of the radiation source light 

ntensity and the absorption of the samples [ 54 , 63 ]. 

Based on the data in Table 2 , the photodegradation quantum 

ields of all synthesized phthalocyanine complexes (2a, 2b, 4a, 4b) 

ppear to have had roughly similar stability (with the exception of 

a). It is known that phthalocyanine complexes used in PDT are 

onsidered stable with values as low as 10 −6 and unstable with 

alues around 10 −3 [74] . Accordingly, we can say that the synthe- 

ized ZnPc complexes had intermediate photostability. When pho- 

odegradation quantum yields ( �d ) are compared with standard 

nPc, it can be seen that both symmetric (2a, 4a), and unsym- 

etric (2b, 4b) phthalocyanine complexes had lower photostability. 
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Fig. 6. Singlet oxygen UV–Vis spectra with DPBF at different times of symmetrical ( 2a, 4a ) and unsymmetrical ( 2b, 4b ) Pc complexes: (A) 2a , (B) 4a , (C) 2b , and (D) 4b in 

DMF at a concentration of 1 × 10 −5 M. 

Fig. 7. Photodegradation of symmetrical ( 2a, 4a ) and unsymmetrical ( 2b, 4b ) Pc complexes (A) 2a , (B) 4a , (C) 2b , and (D) 4b in DMF at a concentration of 1 × 10 −5 M 

showing the disappearance of the Q band at 5 min intervals (inset: plot of Q band absorbance versus time). 

9 
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Fig. 8. (A) Fluorescence emission spectral changes of 2a (1.00 × 10 −5 M) on addition of different concentrations of BQ in DMF. (B) S–V plots for BQ quenching of substituted 

ZnPc complexes 2a, 2b, 4a, and 4b in DMF. 
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Fig. 9. Cyclic voltammograms of complexes 2a, 2b, 4a , and 4b in DMF containing 

0.1 M TBAPF 6 (scan rate = 100 mVs −1 ). 

Fig. 10. Cyclic voltammograms of complex 2a in DMF containing 0.1 M TBAPF 6 
(scan rate from 25 to 100 mVs −1 ). 
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rom the literature, it can be noted that substituted groups of ph- 

halocyanines containing chemically active sites are high, while the 

hotodegradation value of zinc(II) phthalocyanine complexes car- 

ying chemically stable substituents is low [ 75 , 76 , 9a ]. Thus, it can

e said that the zinc(II) phthalocyanine complexes (2a, 2b, 4a, 4b) 

hat have chemically substituents compared to the previously syn- 

hesized phthalocyanines are stable. 

.5. Fluorescence quenching studies by 1,4-benzoquinone [BQ] 

Fluorescent quenching experiments were performed on sym- 

etric (2a, 4a) and unsymmetric (2b, 4b) ZnPc derivatives (in DMF) 

54] . These were accomplished by adding BQ concentrations (0, 

.008, 0.016, 0.024, 0.032, and 0.040 M) to a fixed concentration 

f complexes ( Fig. 8 A). Here, suitability to Stern–Volmer (S–V) ki- 

etics was examined. By adding 1,4-BQ (quencher), energy trans- 

er between fluorophore (the excited ZnPc) and the quencher oc- 

urred. The S–V constants (Ksv) of the studied zinc(II) phthalo- 

yanines (2a, 2b, 4a, 4b) are shown in Table 2 . The quenching 

pectra of fluorescence intensity related to the BQ concentration 

f synthesis complexes can be seen in Fig. 8 A and Fig. S19. From

ig. 8 B, it can be seen from the linearity in the slope graph of the

lots that the diffusion-controlled quenching mechanism occurred 

s expected. The fluorescence spectra of symmetrical (2a, 4a) and 

nsymmetrical (2b, 4b) zinc(II) phthalocyanines BQ concentrations 

ere recorded, and the changes in fluorescence intensity related to 

Q concentration by the S–V equation [77] can be seen in Eq. (3) :

 0 / I = 1 + Ksv [ BQ ] . (3) 

here I 0 and I are the fluorescence intensities of fluorophore in 

he absence and presence of quencher, respectively. BQ is the con- 

entration of the quencher, and Ksv is the S–V constant. 

In this study, it was thought that there might be a ground state 

nteraction between synthesis complexes and BQ since no shifts in 

ifferent peaks and wavelengths could be observed. The Ksv values 

f the phthalocyanines studied (32.9, 27.3, 24.2, and 29.8 M 

−1 for 

ompounds 2a, 2b, 4a, and 4b, respectively) in DMF were found to 

e low compared to the standard unsubstituted ZnPc (57.60 M 

−1 ). 

his suggests that the substitution of the phthalocyanine ring re- 

uced the Ksv value ( Table 2 ) [63] . 

.6. Electrochemical studies for ZnPc compounds 

Cyclic voltammetry (CV) was used to investigate the electro- 

hemical properties of 2a, 2b, 4a, and 4b ( Figs. 9 - 10 and Fig.

20). Cyclic voltammograms of the ZnPc compounds (Dyes) were 

ecorded using Gamry Interphase 10 0 0 Potentiostat with their 
10 
lectrode system; glassy carbon served as the working electrode, 

t disk as the reference electrode, and Pt wire as the counter elec- 

rode at a scan rate of 100 mV/s. All electrochemical measure- 

ents were conducted in DMF solvent containing tetrabutylammo- 

ium hexafluorophosphate (TBAPF 6 ) as the supporting electrode, 

nd Fc/Fc + redox couple was utilized as the external standard to 

alibrate the results. Cyclic voltammograms of the complexes cali- 
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Fig. 11. IC 50 graphs of 2a, 2b, 4a, and 4b for hCA I and II. 

Table 3 

Electrochemical properties of 2a, 2b, 4a and 4b. 

Dye λmax (nm) λonset (nm) E o-o (eV) a E red (V) E ox (V) E HOMO/LUMO (eV) b , c 

2a 680 699 1.77 −1.07 0.67 −5.11 / −3.34 

2b 683 700 1.77 −0.79 0.86 −5.30 / −3.53 

4a 681 697 1.78 −0.91 0.75 −5.19 / −3.41 

4b 682 703 1.76 −0.92 0.78 −5.22 / −3.46 

a Band gap (E 0–0 ) was calculated from the absorption onset wavelength ( λonset ) using 

E 0–0 = 1240/ λonset . 
b HOMO level was calculated by the equation HOMO = -(4.8 + E 1/2 ) (vs. Fc/Fc + ) [78] . In this 

equation, 4.8 eV is the energy level of ferrocene/ferrocenium couple below the vacuum level. 
c LUMO level was estimated from E LUMO = E HOMO + E 0–0 . [79] . 

b
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c

v

i

0

m

l

rated with external ferrocene standard (0.36 V vs Pt disk pseudo- 

eference electrode) and recorded at 100 mV/s can be seen in 

ig. 9 . The electrochemical parameters can be seen in Table 3 . In

he study, a nitrogen atmosphere was maintained throughout the 

yclic voltammogram scans from 25 to 100 mV/s ( Fig. 10 and Fig. 

20). 

In this study, a high current intensity anodic peak was obtained 

ithout the appearance of any cathodic peak, showing that both 
11 
ymmetrical and unsymmetrical phthalocyanines were irreversibly 

xidized ( Fig. 9 and Fig. S20) [80] . As shown in Fig. 9 , the ZnPc

ompounds (2a, 2b, 4a, 4b) gave phthalocyanine ring-based re- 

ersible reduction peaks at −1.07 V, −0.79 V, −0.91 V, and −0.92 V 

n addition to the irreversible oxidation peaks at 0.67 V, 0.86 V, 

.75 V, and 0.78 V, respectively. It is well known that the central 

etal ion can reduce or oxide when the d-orbitals of the metal ion 

ocate between the HOMO and LUMO of the ring [81] . 
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Fig. 12. IC 50 graphs of 2a, 2b, 4a, 4b for XO. 
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Table 4 

Inhibition results of thiazolidin-4-one containing zinc(II) phthalocyanines and lig- 

ands on hCA I and hCA II isoenzymes. 

Compounds IC 50 for hCA I R 2 IC 50 for hCA II R 2 

1 8.54 μM 0.9309 5.22 μM 0.9679 

3 5.64 μM 0.9259 4.86 μM 0.9771 

2a 14.58 μM 0.9652 38.8 μM 0.9645 

2b 7.36 μM 0.9454 5.55 μM 0.9517 

4a 14.89 μM 0.9237 28 μM 0.9504 

4b 5.51 μM 0.9791 11.29 μM 0.9678 

AZA 0.643 μM 0.9344 0.457 μM 0.9890 

∗Acetazolamide (AZA) used as a standard inhibitor for hCA I and hCA II isoenzymes. 
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For all ZnPc compounds, it can be seen from Table 3 that HOMO 

nergies were between −5.11 and −5.30, while LUMO energies 

ere between −3.34 and −3.53 Fig. 10 . and Fig. S20 show that the

eversibility of the oxidative process remained almost unchanged 

ith different scan rates for complexes 2a, 2b, 4a, and 4b; thus, it 

an be said that dye ZnPc showed good redox stability. The peak 

urrents of the R 1 and O 1 processes increased linearly with the 

quare root of the scan rate, indicating their diffusion-controlled 

tructure [82] . 

.7. Enzyme inhibition results 

As CA isoenzymes are involved in many vital physiological func- 

ions, inhibitors of these isoenzymes have found a place in clin- 

cal applications to treat many diseases, ranging from glaucoma 

o epilepsy and even cancer. However, identifying new, effective, 

soenzyme-specific inhibitors has been the target of biomedical 

tudies due to the non-specificity of CA inhibitors (AZA, brinzo- 

amide, dorzolamide, etc.) used in clinical practice and their vari- 

us side effects [ 22 , 24 ]. XO inhibitors are target molecules that can

e used in the treatment of uric acid accumulation in the body 

nd hyperuricemia caused by superoxide anion radicals and other 

elated diseases [ 35 , 36 ]. Allopurinol, febuxostat, and to piroxostat, 

hich are approved as XO inhibitors in clinical use, have severe ad- 

erse effects [36] . Therefore, the identification of new, potent XO 

nhibitors with fewer side effects is an urgent requirement. In a 

ew previous studies, the inhibition effects of synthesized phthalo- 

yanines on CA [ 11 , 15 ], and XO [ 12 , 15 , 47 ] activity were determined.

iven the importance of CA and XO inhibitors in light of this infor- 

ation, we investigated the inhibition effects of zinc(II) phthalo- 

yanines containing thiazolidin-4-one that we synthesized in this 

tudy on hCA I, hCA II, and XO activities. 

The inhibition effects of thiazolidin-4-one containing zinc(II) 

hthalocyanines and ligands (1 and 3) on hCA I and II activities 

re presented in Table 4 . The inhibition effects of ligands (1 and 3)

nd phthalocyanines synthesized (2a, 2b, 4a, 4b) in this study on 

CAI and II isoenzymes were determined using IC 50 values. AZA 

as used as the reference inhibitor for both isoenzymes. It was 
12 
bserved that 4b was the most potent hCA I inhibitor, while 4a 

ad the weakest inhibitory effect on hCA I. Regarding hCA I, the 

nhibitors can be ranked as follows: 4b > 2b > 2a > 4a . In contrast, 2b

ad the strongest inhibitory effect on hCA II, while 2a showed the 

eakest inhibitory effect. Regarding hCA II, the inhibitors can be 

anked as follows: 2b > 4b > 4a > 2a . Although the inhibition effects

f 2a, 2b, 4a , and 4b were at micromolar levels in the case of hCA

 and II isoenzymes, it was observed that these molecules exhib- 

ted a weaker inhibitory effect than AZA in this respect. The IC 50 

alues of 2a, 4a, 2b, 4b and AZA in relation to hCA I and II are

iven comparatively in Fig. 11 . In addition, when the inhibition ef- 

ects of the synthesized molecules for hCA I and II were compared 

ith the starting compounds 1 and 3 , it was observed that 4b had 

 stronger inhibition effect against hCA I than the ligands ( 1 and 

 ). In terms of hCA I inhibition, 2b had a stronger inhibition effect 

han ligand 1 but was less effective than ligand 3 . The 2a and 4a

olecules showed weaker inhibition effects on hCA I activity than 

 and 3 , while starting compounds 1 and 3 exhibited stronger in- 

ibition effects on hCA II activity than 2a, 4a, 2b , and 4b . 

The activities of thiazolidin-4-one containing zinc(II) phthalo- 

yanines and ligands (1 and 3) against XO were tested. The results 

f this testing can be seen in Table 5 , IC 50 values were determined

y calculating the results obtained in these activity tests. Allopuri- 

ol was used as a reference inhibitor against XO. From the results, 
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Table 5 

Inhibition results of thiazolidin-4-one containing zinc(II) phthalocyanines and lig- 

ands ( 1 and 3 ) on XO. 

Compounds IC 50 for XO R 2 

1 No inhibition effect –

3 No inhibition effect –

2a 1.54 μM 0.9191 

2b 2.91 μM 0.9984 

4a 1.67 μM 0.9906 

4b 2.60 μM 0.7536 

Allopurinol ∗ 20 μM 0.9578 

∗ Allopurinol used as a standard inhibitor for XO. 
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t appears that 2a was the most potent XO inhibitor, while 2b had 

he least potent XO inhibitory effect ( Fig.12 ). It can also be seen

hat 2a, 2b, 4a, and 4b had a much stronger inhibitory effect on 

O than on hCA I and II isoenzymes. Starting compounds 1 and 3, 

n contrast, had no significant inhibition effect on XO activity. 

. Conclusion 

In this study, we reported on the synthesis of novel symmetri- 

al and unsymmetrical phthalocyanine compounds that were char- 

cterized using spectrometry (FTIR, UV–Vis, MALDI-TOF mass) and 

MR spectroscopy. The photochemical behavior of the complexes 

as studied. Photophysical and photochemical analyses of synthe- 

ized ZnPc compounds was performed in DMF. Considering the 

uantum yields, it can be determined that complex 2a had the 

ighest singlet oxygen quantum efficiency (0.78), whereas complex 

a had the lowest quantum efficiency ( Table 2 ). This is thought 

o be due to bulky groups influence and the substituted groups 

ffect on the phthalocyanine. In addition, complex 2a had higher 

uantum efficiency ( �	) compared to Std-ZnPc. It can be said that 

ompound 2a is quite satisfactory for potential use in PDT as a 

igh singlet oxygen generation photosensitizer. It was also discov- 

red that the newly synthesized phthalocyanines (2a, 2b, 4a, 4b) 

ad potent inhibitory effects on hCA isoenzymes (I and II) and XO. 

t very low micromolar concentrations, these molecules inhibited 

CA I, hCA II, and XO enzymes. The inhibitory effects on XO en- 

yme activity were more potent. 2b (for hCA I IC 50 : 7.36 μM, for

CA II IC 50 : 5.55 μM) and 4b (for hCA I IC 50 : 5.51 μM, for hCA

I IC 50 : 11.29 μM) showed stronger inhibition effects against hCA I 

nd II than 2a (for hCA I IC 50 : 14.58 μM, for hCA II IC 50 : 38.8 μM)

nd 4a (for hCA I IC 50 : 14.89 μM, for hCA II IC 50 : 28 μM). Although

he inhibition effects of these molecules were similar for the XO 

nzyme, 2a (IC 50 : 1.54 μM) was the most potent. These results may 

ssist in the development of new CA and XO inhibitors investigated 

n drug design studies for clinical applications. 
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