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Abstract

In this study, preparation, as well as investigation of α‐glycosidase and cholines-

terase (ChE) enzyme inhibition activities of furan‐2‐ylmethoxy‐substituted com-

pounds 1–7, are reported. Peripherally, tetra‐substituted copper and manganese

phthalocyanines (5 and 6) were synthesized for the first time. The substitution of

furan‐2‐ylmethoxy groups provides remarkable solubility to the complex and red-

shift of the phthalocyanines Q‐band. Besides, the inhibitory effects of these com-

pounds on acetylcholinesterase (AChE), butyrylcholinesterase (BChE), and

α‐glycosidase (α‐Gly) enzymes have been investigated. The AChE was inhibited by

these compounds (1–7) in low micromolar levels, and Ki values were recorded

between 11.17 ± 1.03 and 83.28 ± 11.08 µM. Against the BChE, the compounds

demonstrated Ki values from 7.55 ± 0.98 to 81.35 ± 12.80 µM. Also, these com-

pounds (1–7) effectively inhibited α‐glycosidase, with Ki values in the range of

744.87 ± 67.33 to 1094.38 ± 88.91 µM. For α‐glycosidase, the most effective Ki

values of phthalocyanines 3 and 6 were with Ki values of 744.87 ± 67.33 and

880.36 ± 56.77 µM, respectively. Moreover, the studied metal complexes were

docked with target proteins PDB ID: 4PQE, 1P0I, and 3WY1. Pharmacokinetic

parameters and secondary chemical interactions that play an active role in inter-

action were predicted with docking simulation results. Overall, furan‐2‐ylmethoxy‐
substituted phthalocyanines can be considered as potential agents for the treatment

of Alzheimer's diseases and diabetes mellitus.
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1 | INTRODUCTION

Although the origin of porphyrin chemistry dates back to Hans Fischer in

the 1930s, the synthesis of these macrocyclic compounds and the pre-

paration of new macrocyclic species continuously is a matter of scientific

interest. Phthalocyanines (Pcs), besides being one of the most studied

macrocyclic compounds, are the best‐known synthetic porphyrin analogs.

These macrocycles are widely studied compounds for many high‐tech
applications, such as photovoltaic cells,[1,2] chemical sensors,[3] electro-

chromic materials,[4] Langmuir Blodgett films,[5] liquid crystals,[6] and
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photodynamic cancer therapy.[7,8] Among these applications, the use of

phthalocyanines as an enzyme inhibitor has attracted attention in recent

years.[9,10] Providing the solubility of phthalocyanines is very important

for use in these application areas.[11] The solubility of phthalocyanine

complexes, especially evaluated for biological applications, such as

anticancer and enzyme inhibition, is very important for increasing the

effectiveness of the compounds. The introduction of various substituents

in peripheral, nonperipheral, or axial positions and extension of

π‐electron density have a strong effect on the electronic and absorption

properties as well as increasing the solubility properties of Pcs.[12–15]

α‐Glycosidase is an enzyme of the glycoside family of hy-

drolases that hydrolyzes the α‐glycosidic bonds in carbohydrate

molecules. The inhibition of α‐glucosidase is very important for

the design of antidiabetic drugs because it prevents the post-

prandial increase in blood sugar levels in diabetic patients by

reducing the digestion of carbohydrates. Inhibition of α‐
glycosidase helps to slowly release monosaccharide molecules

into the bloodstream after a meal.[16,17] In 1940, Allis and Hawes

discovered two major forms of cholinesterase (ChE) enzymes,

acetylcholinesterase (AChE) and butyrylcholinesterase (BChE).

These two enzymes are present in the human body. The AChE

enzyme is found in neuromuscular connections in muscle tissue,

red blood cell cells, and cholinergic nerve synapses, whereas

BChE is present in the liver, plasma, nervous system, and pan-

creas. BChE and AChE belong to the class of serine hydro-

lases.[18,19] The difference in amino acid residues from the active

sites BChE and AChE determines the different properties of the

substrates and inhibitors of these enzymes. These are important

components of the brain's cholinergic synapses and neuromus-

cular connections. The main function of BChE and AChE is the

catalytic hydrolysis of the neurotransmitter acetylcholine and

the termination of nerve impulses in cholinergic synapses.[20]

In this study, to investigate some metabolic enzyme inhibi-

tion properties, the furan‐2‐ylmethoxy group containing phtha-

lonitrile derivative and its phthalocyanine complexes have been

obtained. The studied compounds showed good solubility and

were also recorded as anticholinergic and antidiabetic potentials.

2 | MATERIALS AND METHODS

2.1 | Instruments and chemicals

UV–Vis studies were carried out by a Shimadzu UV‐1280 spec-

trophotometer. Infrared and NMR spectra were performed on a

Perkin‐Elmer Fourier transform infrared (FT‐IR) spectrophotometer

and a Bruker 300MHz spectrometer, respectively. The MALDI

Synapt G2‐Si Mass Spectrometry was used to take Mass spectra

(MS). 2,5‐dihydroxybenzoic acid was used as the matrix for MALDI‐
TOF mass spectrometry. All solvents and starting materials were

purchased from Merck Chemical Company. 4‐(furan‐2‐ylmethoxy)

phthalonitrile (1) and its soluble zinc, indium, gallium, and metal‐

free phthalocyanine derivatives (2, 3, 4, and 7) were prepared

according to the reported procedures.[21,22]

2.1.1 | General procedure for the synthesis of the
phthalocyanine complexes (5, 6)

The phthalonitrile derivative (1) (0.100 g, 0.36mmol), anhydrous CuCl2

and MnCl2 ~(0.030 g) in the presence of amyl alcohol and 1,8‐
diazabicyclo‐[5.4.0]‐7‐undecene (DBU; 0.05ml) were heated in a sealed

tube under an argon atmosphere for 10 h. After completion of the re-

action, the resulting green mixture was cooled to room temperature.

The crude products were precipitated by diethyl ether and then washed

with ethyl acetate. The crude products were further purified by column

chromatography using a mixture of CH2CI2:EtOH (10:1 v/v) as an eluent.

The obtained Pcs 5 and 6 were highly soluble in ethyl acetate,

dimethylsulfoxide, dimethylformamide, CH2Cl2, and CHCl3.

Yield of 5: 42 mg (39.8%). M.p. > 200°C. FT‐IR (υmax cm
−1): 3,012

(m, Ar. C–H), 2,950 (–CH3), 1,622 (m, Ar. –C═C), 1,477 (m, Aliph.

C‐H), and 1,122 (s, –C–O–C). UV‐vis λmax (nm) tetrahydrofuran

(THF): 680 and 348. Anal. Calc. For C52H32CuN8O8: C, 65.03; H,

3.36; Cu, 6.62; N, 11.67; O, 13.33; Found: C, 65.66; H, 3.25; N, 12.76.

MS (MALDI‐TOF): m/z 977.10 [M+H2O]+.

Yield of 6: 48 mg (45.4%). M.p. > 200°C. FT‐IR (υmax cm
−1): 3,022

(m, Ar. C–H), 2,962 (–CH3), 1,678 (m, Ar. –C═C), 1,488 (m, Aliph.

C–H), and 1,166 (s, –C–O–C). UV‐vis λmax (nm) THF: 730, 503, and

365. Anal. Calc. For C52H32MnN8O: C, 65.62; H, 3.39; Mn, 5.77; N,

11.77; O, 13.45; Found: C, 65.52; H, 3.23; N, 11.96. MS (MALDI‐
TOF): m/z 970.08 [M+ H2O]+.

2.2 | Enzyme studies

The inhibitory efficacy of compounds 1–7 on BChE/AChE activities

was obtained conforming to the spectrophotometric procedure of

Ellman et al.[23] and also performed according to our previous

study.[24–27] Besides, the inhibitory effect of these compounds on

α‐Gly enzyme activity was carried out using the p‐nitrophenyl‐D‐
glycopyranoside (p‐NPG) substrate according to the analysis of Tao

et al.[28] Those graphs obtained the IC50 values. Three different novel

concentrations of phthalocyanine complexes were used to calculate

Ki values. In this study, graphs were given which are exhibited for the

most effective inhibition of the studied compounds. According to this

method, measurements were made every 5min at a wavelength of

412 nm. Related graphs were created for the inhibition values of

each molecule (%).

2.3 | Molecular docking studies

Molecular docking studies allow examining the biological activity of

molecules at the molecular level. This virtual scanning technique pre-
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dicts binding energies, binding poses, and intermolecular interactions

between the developed compounds and biological systems with high

accuracy.[29] In this way, molecular docking studies provide useful in-

formation in drug designs. The PDB ID: 4PQE, 1P0I[30], and 3WY1[31]

target proteins representing the crystal structure of acetylcholinester-

ase (AChE), butyrylcholinesterase (BChE), and α‐glycosidase (α‐Gly)
enzymes, respectively, were obtained from the protein data bank. Since

metallophthalocyanine complexes are multiatom molecules, the com-

plexes geometry was drawn and optimized with the Docking Server

system. Geometry optimization of metallophthalocyanine complexes

was performed by the MMFF94 method. The charge calculation

method was chosen as Gasteiger. In all calculations, pH7.0 was pre-

ferred. In docking calculations, grid maps were selected as

90 × 90 × 90Å (x, y, and z) and Lamarckian genetic algorithm and Solis

& Wets local search method were used.[32] During docking, the popu-

lation size was set to 150. A translation step of 0.2 Å, as well as

quaternion and torsion steps of 5 Å, were applied during the search for

the appropriate region of the target protein of the molecules studied.

3 | RESULTS AND DISCUSSION

3.1 | Synthesis and characterization

Figure 1 represents the synthetic route of novel soluble metal‐free
and metallophthalocyanine complexes 2–7.

Targeted peripherally substituted phthalocyanines 5 and 6 were

prepared by using the metal salts in 1,8‐diazabicyclo‐[5.4.0]‐7‐
undecene (DBU). The reactions were carried out by using DBU and

metal salts (CuCl2 for 5 and Mn(CH3COO)2 for 6) and appropriate

solvents (amyl alcohol) at 145°C. The crude complexes were isolated

after washing with ethyl acetate. The yields obtained for the copper

and manganese phthalocyanines 5 and 6 are 40% and 45%, respec-

tively. Elucidation of the newly phthalocyanine complexes was per-

formed with ultraviolet‐visible spectrophotometry, elemental analysis,
1H‐NMR (nuclear magnetic resonance) spectroscopy, FT‐IR, and

MALDI‐TOF mass spectrometry. In the FT‐IR spectrum of phthalo-

cyanines, the peak of the C≡N vibration of compound 1 at 2,227 cm−1

disappeared as expected. Stretching vibrations of aliphatic C–H bonds

of phthalocyanines, as in the phthalonitrile derivative, were detected

at around 2,955 cm−1. Similarly, stretching vibrations of aromatic C–H

bonds of phthalocyanines 2–6 were observed at around 3015 cm−1.
1H‐NMR investigations of complexes 2, 3, 4, and 7 provided the

expected chemical changes for the structure.[22] Due to the para-

magnetic character of copper, manganese, and cobalt, there is no

signal for the phthalocyanines 4, 5, and 6 in 1H‐NMR spectroscopy.

Besides, it has been found that the complexes synthesized in the

structures observed without significant fragmentation are stable

under MALDI‐MS conditions. The molecular ion peaks were observed

at m/z: 977.10 [M+H2O]+ for 5 and 970.08 [M+H2O]+ for 6.

3.2 | UV‐Vis absorption studies

The first and most common method used to understand whether

phthalocyanine complexes are formed is absorption spectroscopy.

These complexes show typical electronic spectra with two absorp-

tion regions. One of them in the UV region at about 300–350 nm

(B band) and the other one in the visible area at 600–700 nm

(Q‐band). UV‐vis absorption spectra of the MPcs are compared in the

F IGURE 1 The synthetic scheme of soluble metal‐free and metallophthalocyanines 2–7 (i) 1,8‐diazabicyclo‐[5.4.0]‐7‐undecene (DBU), amyl
alcohol, metal salts, 145°C (ii) DBU, dimethylformamide, 145°C

GÜZEL ET AL. | 3 of 9
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THF solution. As can be seen, the absorption spectra in the THF

solution exhibit a typical phthalocyanine Q band around 650–700 nm

accompanied by a weak vibronic band around 615–630 nm.[8,33] The

solution spectra show a spectral characteristic, indicating D4h sym-

metry, which is typical for phthalocyanine complexes.[34] The ab-

sorption peak in the near‐UV region is the B‐band or Soret band that

is attributed to the a2u→e*g transition; a further band in the visible

region is related to the Q‐band caused by the π–π* transition

a1u→e*g. It can be stated that there are some vibrational bands at

relatively shorter wavelengths, which are a standard property of

metallophthalocyanine.[35] In the UV–vis spectra of the obtained

phthalocyanines, the Q bands, which are one of the characteristic

bands for phthalocyanines and observed in the visible part, were

seen at 677 nm for 2, 697 nm for 3, 702 nm for 4, 679 nm for 5,

730 nm for 6, and 665, 701 nm for 7 (Figure 2).

In metallophthalocyanine complexes 2–7, the single (narrow)

Q bands showed that these phthalocyanines are in monomeric

form in the solvent medium. All complexes demonstrated intense

single Q‐absorption bands, which are indicative of the me-

tallophthalocyanines with the D4h symmetry.[34,36] Also, indium,

gallium, and manganese phthalocyanine complexes 3, 4, and

6 showed redshift when compared to other metallophthalocya-

nine complexes in this study. This situation could be interpreted

by the fact that the larger gallium, indium, and manganese atoms

are located out of the plane of the phthalocyanine cavity for

complexes 3, 4, and 6. Aggregation can be explained as a very

tight stacking of monomers, dimers, and rings in the studied

solvent. There are many parameters in phthalocyanines that af-

fect aggregation, such as concentration, peripheral and

nonperipheral substituents, nature of the solvent, operating

temperature, and the metal ion in the macrocyclic nucleus.

To better observe the solubility and aggregation properties

of the phthalocyanines, dilution studies were performed in THF

solvent. As an illustrative example, peripherally substituted zinc

F IGURE 2 Normalized absorption spectra of the soluble
peripherally substituted phthalocyanines 2–7 in THF

F IGURE 3 Electronic absorption spectra of zinc phthalocyanine
2 (ZnPc) in THF at different concentrations: (A) 40 × 10−6, (B)
30 × 10−6, (C) 20 × 10−6, (D) 10 × 10−6, (E) 5 × 10−6 mol dm−3.
The inset shows calibration plot for Q‐band maximum

TABLE 1 The enzyme inhibition results of phthalocyanines (1–7) against butyrylcholinesterase (BChE), acetylcholinesterase (AChE), and
α‐glycosidase (α‐Gly) enzymes

Compounds
IC50 (µM) Ki (µM)
AChE r2 BChE r2 α‐Gly r2 AChE BChE α‐Gly

1 38.35 .9738 17.47 .9373 983.27 .9205 30.24 ± 6.43 13.84 ± 2.14 1,032.14 ± 83.24

2 104.37 .9722 83.20 .9889 902.83 .9783 83.28 ± 11.08 67.61 ± 9.43 945.25 ± 56.22

3 81.04 .9488 103.22 .9904 804.34 .9584 67.83 ± 16.51 81.35 ± 12.80 880.36 ± 56.77

4 19.26 .9705 24.05 .9912 1,034.89 .9823 14.66 ± 2.07 21.46 ± 2.55 1,094.38 ± 88.91

5 15.91 .9673 11.27 .9688 911.20 .9542 11.17 ± 1.03 7.55 ± 0.98 957.21 ± 93.08

6 48.04 .9814 59.37 .9082 695.37 .9346 38.98 ± 5.82 47.42 ± 5.98 744.87 ± 67.33

7 94.37 .9572 76.22 .9824 1,104.04 .9898 69.08 ± 13.77 59.03 ± 9.01 1,073.11 ± 103.24

TACa 145.31 .9734 208.03 .9881 ‐ ‐ 112.05 ± 24.05 177.15 ± 39.05 ‐

ACRb ‐ ‐ ‐ ‐ 0.38 .9703 ‐ ‐ 0.57 ± 0.11

aTacrine (TAC) was used as a control for AChE and BChE enzymes.
bAcarbose (ACR) was used as a control for the α‐glycosidase enzyme.

4 of 9 | GÜZEL ET AL.
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phthalocyanine complex 2 was carried out using concentrations

ranging from 5 to 40 μM (Figure 3).

3.3 | Enzyme results

3.3.1 | AChE and BChE inhibition results

ChE enzyme inhibitors are extensively used in medicine for the

pharmacological correction of cholinergic neurotransmission

pathologies. The efficacy of anti‐ChEs drugs is based on their

capability to potentiate the effects of ACh molecule by reducing

the rate of ChEs‐catalyzed hydrolysis of ACh molecule. Indeed,

an extension of the lifetime of ACh molecules can compensate

cholinergic abnormalities in disturbances of neuromuscular sy-

naptic transmission and Alzheimer's disease (AD). All the com-

pounds (1–7) had significantly higher AChE inhibitory activity

than that of standard AChE inhibitors, such as Tacrine (TAC).

Furthermore, the Ki values of the phthalonitrile derivative and its

complexes (1–7) and standard compound (TAC) are summarized

in Table 1. As can be seen from the results obtained in Table 1

and Figure 4, these compounds (1–7) effectively inhibited AChE,

with Ki values in the range of 11.17 ± 1.03 to 83.28 ± 11.08 µM.

However, all the compounds (1–7) had almost similar inhibition

profiles. The most active 5 showed Ki values of 11.17 ± 1.03 nM.

For AChE, IC50 values of TAC as positive control and some novel

compounds were studied in this study in the following order: 5

(15.91 µM, r2: .9673) < 4 (19.26 µM, r2: .9705) < 1 (38.35 µM,

r2: .9738) < 6 (48.04 µM, r2: .9814) < TAC (145.31 µM, r2: .9734).

For BChE, IC50 values of TAC as positive control and novel

phthalocyanine complexes 1–7 in the following order: 5

(11.27 µM, r2: .9688) < 1 (17.47 µM, r2: .9373) < 4 (24.05 µM,

r2: .9912) < 6 (59.37 µM, r2: .9082) < TAC (208.03 µM, r2: .9881).

Additionally, the novel compounds effectively inhibited BChE,

with Ki values in the range of 7.55 ± 0.98 to 81.35 ± 12.80 µM.

However, all of these compounds (1–7) had almost similar in-

hibition profiles. The most active compound 5 and 1 effectively

inhibited BChE, with Ki values of 7.55 ± 0.98 to 13.84 ± 2.14 µM.

3.3.2 | α‐Glycosidase inhibition results

Many organisms naturally produce inhibitors of α‐glycosidase, and
various inhibitors have been recorded to date; some are being al-

ready utilized for the treatment aim. Many microorganisms and

plants have been recorded to produce glycosidase inhibitors, but

those which produce molecules that mimic the structure of oligo-

saccharide or monosaccharide are very efficient because they re-

semble the sugar moiety of natural substrate. For enzyme

glycosidase, phthalocyanines 1–7 have IC50 values in the range of

0.82–1.94 nM and Ki in the range of 1.56 ± 0.32‐14.78 ± 2.57 µM

(Table 1 and Figure 4). The results have documented that all of these

phthalocyanines (1–7) have shown the inhibitory effects of

α‐glycosidase efficient acarbose (IC50: 0.38 µM) as a standard gly-

cosidase inhibitor. The most effective Ki values of phthalocyanine

complexes 6 and 3 were with Ki values of 1.56 ± 0.32 and

2.68 ± 0.65 µM, respectively. For α‐glycosidase, IC50 values of ACR as

positive control and compounds (1–7) are in the following order:

ACR (0.38 µM, r2: .9703) < 6 (0.82 µM, r2: .9724) < 3 (1.94 µM,

r2: .9728) < 2 (2.94 µM, r2: .9835). In general, such compounds give

results on these metabolic enzymes at the micromolar level. Therefore,

these compounds are very crucial for drug production. As is known,

some α‐glucosidase inhibitors exhibit efficient antidiabetic properties.

Indeed, the most effective way to improve glucose control in

patients with type 2 diabetes mellitus (T2DM) consists of a proper

F IGURE 4 Determination of Lineweaver–Burk graphs for

excellent inhibitors of acetylcholinesterase (AChE) for
phthalocyanine 5, butyrylcholinesterase (BChE) for phthalocyanine
5, and α‐glycosidase (α‐Gly) for phthalocyanine 6, respectively

GÜZEL ET AL. | 5 of 9
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diet of fat and carbohydrate, bodyweight reduction, physical

activity, use of oral hypoglycemic agents, and insulin injection.

T2DM treatments generally use oral hypoglycemic factors, as mi-

glitol, acarbose, and voglibose. For instance, we preferred acarbose

as standard in this study. Overall, these compounds can act in

α‐glycosidase inhibition activity, an enzyme located in the small

intestine epithelium. Preventing the hydrolysis of carbohydrate

molecules like glucose is an alternative to treatment and a

therapeutic approach for T2DM.

3.4 | Molecular docking

Experimentally determined enzyme inhibition activity of some

phthalocyanines was calculated with the help of simulation. Each

phthalocyanine was individually docked into the determined

target proteins as 4PQE, 1P0I, and 3WY1. The obtained esti-

mated free binding energies and secondary chemical interaction

energies (van der Walls + H‐bond + desolved energy) are given in

Table 2.

According to the docking results, the calculated AChE en-

zyme inhibition activity is very similar to the experimental se-

quence. The only difference in the docking results according to

the experimental results between the 4PQE target protein and

the phthalocyanines 2–7 is that the inhibition efficiency of the

gallium phthalocyanine complex 4, whose inhibition efficiency

should be in the second place, has the lowest value. In other

words, it is the calculation in the second row of the enzyme in-

hibition activity of the zinc phthalocyanine complex 2 with the

experimentally lowest inhibition efficiency. This may be due to

the high vdW + Hbond + desolv energy value of the zinc complex

2. This complex with amino acid residues on target protein ap-

pears to be highly interacting, as given in Figure S6. The calcu-

lated estimated free binding energies for all other complexes are

well in agreement with the experimental inhibition efficiency

ranking. On the contrary, for the computational results of BcHE

enzyme activity, all compounds were docked with the 1P0I target

protein. The estimated free binding energies of compounds

2–7 with the 1P0I target protein and vdW + Hbond + desolv en-

ergies showed a parallel trend, and these examined energy values

are listed in Table 2. The binding poses and interaction modes

between the studied phthalocyanines and the target protein re-

presenting the BcHE enzyme are given in Figure 5. Docking poses

and interaction modes between 2–7 and other target proteins

(PDB ID: 4PQE and 3WY1) were added to Figures S6 and S7,

respectively. The order in the figures was made from the stron-

gest to the lowest interaction between the drug candidate mo-

lecule and the target proteins.

As shown in Figure 5, copper phthalocyanine complex 5 with

the highest inhibition efficiency formed an H‐bond with the

ASN245 amino acid residue of the 1P0I target protein. Also, this

complex with the target protein interacts in polar, hydrophobic,

and π–π interactions. ASN241 and ARG240 amino acid residues

in polar interactions, TYR282, LEU249, PRO281, and LEU244

amino acid residues in hydrophobic interactions and TYR282

amino acid residues in π–π interactions play an active role in π–π

interactions. If it examines the interaction modes of the gallium

phthalocyanine complex 4 with the interested target protein, this

complex exhibits H‐bond, polar, hydrophobic, and π–π interac-

tions as in the copper phthalocyanine complex 5. However, amino

acid residues playing an active role in interactions differ according

to the type of interaction.[37,38] Complex 4 were formed the H‐bond
with the amino acid residue TYR282. The length of the H‐bond be-

tween the nitrogen atom in the copper phthalocyanine complex 5 and

ASN245 is 3.04Å, whereas the length of the H‐bond between the

nitrogen atom in the gallium phthalocyanine complex 4 and the

TYR282 amino acid residue is 3.35Å. Therefore, the shorter H‐bond
length in the copper phthalocyanine complex 5 may have enhanced

the interaction energy. Also, ARG282 and GLU 238 amino acid re-

sidues play a role in polar interaction; PRO281 and PRO359 amino

acid residues in hydrophobic interaction; and TYR282 amino acid re-

sidue in π–π interaction in the gallium phthalocyanine complex 4.

There are polar, hydrophobic, and π–π interactions between the

manganese phthalocyanine complex 6 and the 1P0I target protein. The

TABLE 2 The docking energy results between the investigated phthalocyanines with the related target proteins

Compound

4PQE (AChE) 1P0I (BChE) 3WY1 (α‐Gly)
Est. free

energy of

binding

vdW+Hbond + desolv

energy

Est. free

energy of

binding

vdW+Hbond + desolv

energy

Est. free

energy of

binding

vdW+Hbond + desolv

energy

2 −7.06 −9.94 −4.08 −6.11 −6.67 −7.84

3 −6.54 −7.33 −4.05 −5.73 −7.64 −8.05

4 −5.85 −6.28 −5.03 −7.27 −5.52 −6.21

5 −7.23 −8.79 −5.21 −7.67 −6.50 −7.70

6 −6.87 −7.54 −4.23 −7.01 −7.99 −8.23

7 −6.44 −7.21 −4.14 −6.95 −7.46 −9.84

Abbreviations: AChE, acetylcholinesterase; BChE, butyrylcholinesterase; TAC, Tacrine; vdW, vdW+Hbond + desolv energy, van der Walls +

H‐bond + desolved energy; α‐Gly, α‐glycosidase.
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F IGURE 5 Docking poses and interaction modes between phthalocyanines 2–7 and 1P0I target protein
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corresponding amino acid residues in these interactions are shown in

Figure 5.

The phthalocyanine ligand, which is the main factor involved in the

formation of complexes is formed a cation‐π bond with amino acids,

unlike complexes. Also, the excess in the number of interaction types of

the metal‐free phthalocyanine 7, as shown in Figure 2, is thought to

cause the high interaction energy given in Table 2.

According to the order of inhibition efficiency, polar, hydrophobic, and

π–π interactions in the zinc phthalocyanine complex 2 placed in Figure 5

draw attention. In these interactions, ASN241, ASN245, PRO281, and

PHE278 amino acids are active. Finally, the ASN241, ASN245, PRO281,

PHE278, and TYR282 amino acids are effective in polar, hydrophobic,

and π–π interactions in the indium phthalocyanine complex 3, which is

placed in the appropriate position after docking.

4 | CONCLUSION

In conclusion, α‐glycosidase, ChE enzyme inhibition activities of furan‐2‐
ylmethoxy‐substituted phthalocyanine derivatives are reported for the

first time. The substitution of furan‐2‐ylmethoxy groups to the phthalo-

cyanine ring not only increased the solubility of the complex but also

ensured a significantly bathochromic shift of the Q‐band. Experimental

results were compared with standard molecules used in the relevant

activities. The results obtained will certainly shed light on future bio-

chemical, physiological, and pharmacological studies in the relevant fields,

and the results will have important effects on the investigation and

treatment of many metabolic diseases, such as Alzheimer's and diabetes.

In this context, especially copper and manganese phthalocyanines are

thought to make significant contributions to the design of drugs to be

used for future treatment and related applications. Molecular docking

studies were carried out for the effectiveness of AChE, BChE, and α‐Gly
enzyme inhibition of the synthesized phthalocyanines, and the calculated

results were found to be quite compatible with the experimental data.
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