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Abstract: We report two new different synthesis strategies of an eco-friendly organic dye 3-oxo-3H-

spiro[isobenzofuran-1,9'-xanthene]-3',6'-diyl diacetate. These methods were based on the reaction of fluorescein 

with acetic anhydride under different experimental conditions. The synthesized heterocyclic system obtained 

with excellent yield was characterized by FT-IR, 1H N.M.R., 13C N.M.R., and mass spectrometry. This reaction 

has also been studied theoretically using Gaussian 09 based on the DFT method at B3LYP/6-31G (d, p). The 

results obtained are in good correlation with those obtained experimentally. The inhibition behavior of the 

synthetic product has been studied using absorbance difference measurement, the percentage of inhibition 

efficiency attains 90% at 10-4M of NAR3 inhibitor. The surface analysis of mild steel was investigated using 

scanning electron microscopy (S.E.M.) and Energy Dispersive X-ray (E.D.X.) methods and show the adsorption 

behavior of inhibitor on the surface of mild steel. 

 

Keywords: O-alkylation; heterocyclic compounds; DFT; B3LYP/6-31G base (d, p); X-ray (E.D.X.); scanning 

electron microscopy (S.E.M.). 

 

1. Introduction 
 

Considerable attention has directed toward finding 

heterocyclic organic compounds previously used in 

synthetic organic chemistry in many chemical areas. 

Heterocyclic systems have recently attracted much 

attention because they have various abilities such as 

anti-microbial, anti-tumor, anti-epileptic, anti-

histaminic, anti-oxidant and anti-inflammatory 

actions 1–17; and they are being used as lead 

compounds for drug development 18. As the results 

of several recent studies have indicated that some 

heterocyclic compounds derivatives synthesized 

have a diversity of useful biological effects including 

antibacterial, antifungal, analgesic, antiviral, 

anticancer, antihypertensive, anticonvulsant, and 

anti-diabetic properties 19-25. They are also widely 

utilized as a building block in numerous materials 

and compounds 26. In recent years, they have been 

employed in numerous high-tech applications 

including molecular motors 27, machines 28,29 and 

switches 30,31. Our team has been investigating the 

fluorescein for their biological activity for several 

years—for example, anticancer, antibacterial and 

antifungal 32,33. The synthesis of heterocyclic esters  

is an interesting issue because these compounds are 

very useful substrates and important intermediates 

for the construction of various natural or bioactive 

molecules. The development of efficient methods for 

the formation of the C-O bond via the acylation of 

O-H bonds is one of the important and perpetual 

subjects in organic synthetic chemistry. Following 

the research done on the synthesis of heterocyclic 

systems, we focused on this work on the new 

strategy of synthesis of 3-oxo-3H-spiro-

[isobenzofuran-1,9'-xanthene]-3',6'-diyl diacetate to 

have access to new active biomolecule with an 

excellent yield. The same product was synthesized 

by Hossein Eshghi 34, catalytically using P2O5/SiO2 

according to the reaction between fluorescein and 

acetic acid. Our way of synthesizing this product is 

very important because it is more economical and is 

a more environmentally friendly alternative than the 

catalytic process. Our two approaches also achieve 

better efficiency. Then, the synthetic compound has 

several aromatic rings that can be used as an 

inhibitor against corrosion. For that, the anti-

corrosion activity of synthetic product has been 

evaluated using the difference absorbance method 

and the surface of mild steel analysis using 
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SEM/EDX technical. The theoretical study 

represents a global analysis that gives information on 

several parameters, among them; we find the energy 

value of the free enthalpy of the reaction that 

demonstrates us, not only the spontaneity of the 

reaction but also its exact energy value 35,36.  

 

 

 

2. Results and discussions of the synthesis 

reaction 
 

The O-alkylation reaction is one of the methods for 

the preparation of esters by creating new oxygen-

carbon bonds. In the first method, this is a 

particularly efficient synthesis of the 3-oxo-3H-spiro 

diacetate [isobenzofuran-1,9'-xanthene] -3',6'-diyl in 

high yield by direct reaction between fluorescein 1 

and acetic anhydride 2 (Scheme 1). 

 

 

Scheme 1. O-alkylation reaction of acetic anhydride 2 with fluorescein 1. 

 

The product: 3-oxo-3H-spiro[isobenzofuran-1,9'-

xanthene]-3',6'-diyl diacetate 3 was obtained with an 

excellent chemical yield by O-alkylation of acetic 

anhydride 2 with fluorescein 1 for 4 hours at 60°C. It 

was determined by nuclear magnetic resonance, 

infrared and mass spectrometry.  

The second method used for the synthesis of this 

product which consists of working in a basic medium 

aims to compare the reaction time and the yield of 

the two methods. Indeed, the reaction of acetic 

anhydride 2 with fluorescein 1 was carried out in dry 

acetone for 4 hours at 0°C in addition to 4 hours at 

room temperature in the presence of 

diisopropylethylamine.  

From the results obtained experimentally, it can be 

seen that although the yields are comparable, the 

short duration of the reaction and the absence of the 

solvent and the base give the advantage and favor the 

use of the first method over to the second. 

On the other hand, we expect initially to obtain 

several products with different yields. Still, the 

theoretical study reported in this work clearly shows 

the spatial symmetry of the fluorescein molecule, 

which justifies the formation of a single product. The 

interpretation of the spectra clearly shows the 

compatibility between the two experimental and 

theoretical studies. Indeed, the two carbons of the 

two methyl groups (CH3) of compound 3 occupy the 

same environment, the same is observed for the three 

protons of each methyl group which appear in the 

form of a singular attributed to the six protons. 

 

3-oxo-3H-spiro[isobenzofuran-1,9'-xanthene]-

3',6'-diyl diacetate 3:  

Yield = 95%; Melting point (acetone/ethanol):     

200–202°C; Rf = 0.80 (Ether/Hexane, 80: 20).  

1H-NMR (Bruker, 300.13 MHz, CDCl3): δ (ppm) = 

2.34 (s, 6H, 2CH3), 6.80–6.88 (m, 4H, Harom),              

7.10–7.24 (m, 3H, Harom), 7.60–8.10 (m, 3H, Harom).  

13C-NMR (75.47 MHz, CDCl3): δ (ppm) = 21.12 

(2CH3), 88.6 (1CcycO-), 110.05 (2C), 116.48 (1C), 

117.8 (2C), 124.1 (1C), 125.26 (1C), 126.16 (1C), 

129.01 (2C), 130.11 (1C), 135.32 (1C), 151.59 (2C), 

152.06 (3C), 152.90 (1C) (C6H5 aromatic carbons), 

168.84 (3C=O).  

MS-EI: 416.4 [M], C24H16O7. 

FT-IR (KBr) Ṽ (cm-1)  3035 (=C-H, arom), 1760 ν 

(C=O, lactone), 1596 ν (C=C, arom.), 1485, 1427, 

1371 ν (C-O). 

 

3.1.General 
Melting points were determined with an 

Electrothermal melting point apparatus and are 

uncorrected. N.M.R. spectra (1H, 13C) were recorded 

on a Bruker AM 300 (operating at 300.13 MHz for 
1H, at 75.47 MHz for 13C) spectrometer (Regional 

University Center of Interface, Fez) in CDCl3 

solution. N.M.R. data are listed in ppm and are 

reported relative to tetramethylsilane (1H, 13C); 

residual solvent peaks being used as an internal 

standard. T.L.C followed all reactions. T.L.C. 

analyses were carried out on 0.25 mm thick 

precoated silica gel plates (Merck Fertigplatten 

Kieselgel 60F254) and spots were visualized under 

U.V. light or by exposure to vaporized iodine. FT-IR 

spectra were recorded on an Avatar 370 FT-IR 

spectrometer in the form of KBr pellets. Mass 
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spectra were recorded on a Polaris Q Ion Trap 

G.C./MSn Mass Spectrometer (Regional University 

Center of Interface, Fez). References 1 and 2 were 

used successively for fluorescein and acetic 

anhydride in the synthesis section. The references 

used in the theoretical study are R1 and R2. NAR3 is 

the reference for the synthetic product used in the 

part of Anticorrosive behavior. 

 

3.2. Absorbance method 
The material used in this work is mild steel with the 

following chemical composition: Fe (99.21), C 

(0.21), Mn (0.05), Si (0.38), S (0.05), P (0.09) and Al 

(0.01). The mild steel surface was polished with 

emery paper (until 1500). Washed with distilled 

water, decreasing by acetone and dry before the start 

of each experiment used in this study. The molar 

hydrochloric acid (1M) was prepared by dilution of 

analytical grade 37%. The concentration range of the 

studied inhibitor was 10-4M-10-7M.). The mild steel 

samples are immersed in these solutions and placed 

in thermostated water during 6h at 298K. Then, the 

absorbance measurements (A°) and (A) are taken 

before and after immersion at a wavelength of 300-

310nm using U.V./Visible spectrophotometer               

(UV-6300PC, Double Beam Spectrophotometer). 

 

3.3. Surface analysis 

The scanning electron microscopy (S.E.M.) is an 

excellent method for surface morphology analysis. 

This technique can confirm the higher protective 

behavior of the studied inhibitors. The S.E.M. 

technique performed after an immersion during 

6hours in the presence and absence of NAR3 

inhibitor at an optimum concentration of 10-4M. The 

materiel composition is obtained using E.D.X. 

attached to the scanning electron microscopy with an 

acceleration voltage of 20kV. 

 

3.4. A typical procedure for O-alkylation  

Method 1 
0.5g of fluorescein dissolved in acetic anhydride was 

heated to a temperature of 60°C. After 4 hours, 

T.L.C. on silica gel (Ether/Hexane, 80:20) showed 

complete conversion of the starting material and the 

presence of a new product. The product was purified 

by recrystallization from a mixture of acetone and 

ethanol. The product was obtained in the form of a 

crystalline solid with a yield of 95%. 

Method 2 
To a stirring solution of fluorescein (0.34 g, 1 mmol) 

in 5 mL of solvent cooled to 0°C was added           

1.1 mmol of the base. Acetic anhydride (0.4 g,                     

4 mmol, 4.0 equiv) in 3 mL of solvent was added 

dropwise over 2 h with continuous cooling. The 

solution was cooled an additional 2 h. After 4 hours. 

The conversion of the starting material was 

complete, and a new product was noticed. The 

solvent was evaporated under reduced pressure. The 

residue was quenched with a saturated aqueous 

solution of ammonium chloride (20 mL) and 

extracted with dichloromethane (20 mL × 3). The 

organic phase was dried in sodium sulfate (Na2SO4), 

and the solvent was removed under reduced pressure. 

The product was purified by twice recrystallization 

from acetone/ methanol. The product was obtained 

as a white solid with a good yield of 92%. 

 

4. Theoretical study of the synthesis reaction 
 

4.1. Optimization of interatomic distances and 

determination of the density of charges and the 

angles of the reagents 

The optimized structures allow direct access to all 

the parameters related to the geometry of the 

molecules, namely: the densities of charges, the 

interatomic distances, the angles … All our 

calculations were performed by the DFT/ B3LYP 

density functional theory method, with the base          

6-31G (d, p). Tables 1 and 2 give the values of these 

quantities. Figures 1 and 2 respectively represent the 

geometries of optimized reagents. 

The C3 atom of R1 has the highest charge density 

value of all atoms, while the C2 and C4 atoms of R2 

has a charge density value of +0.580 higher than that 

of the other atoms of acetic anhydride.

 

Table 1. The density of charge of the atoms of the two reagents in (e). 

Fluorescein (R1) acetic anhydride (R2) 

C1 ; C7 0.11 C1 ; C5 -0.386 

C2 ; C8 0.28 C2 ; C4 0.587 

C3 ; C11 ; C13 -0.14 O3 -0.482 

C4 -0.19 O6 ; O7 -0.403 

C5 ; C19 -0.12   

C6 ; C12 0.33   

C9 0.06   

O15 ; O16 -0.57   

O18 -0.56   

O23 -0.50   

O25 -0.51   
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Table 2. Interatomic distances in (Å) and angles in (°) corresponding to reagents. 

Reagents Distance Å Angle ° 

 

 

 

 

R1 

 

 

 

 

 

dC1-C2 =1.396 

dC1-C3 =1.405 

dC3-H26 =1.085 

dC3=C5 =1.384 

dC5-C6 =1.404 

dC6-O16 =1.362 

dO16-H33=0.966 

dC2-O10 =1.369 

dC24=O25 =1.206 

dC18-C24 =1.482 

dC9-C17 =1.523 

A(C1,C2,O3)= 109.613° 

A(O3,C2,O6)= 123.674° 

A(C2,O3,C4)= 121.072° 

 

 

 

 

 

 

 

 

 

R2 

 

dC1-H9 =1.091 

dC1-C2 =1.505 

dC2-O3 =1.395 

dC2=O6 =1.198 

 

A(C1,C2,O3)= 109.9131° 

A(O3,C2,O6)= 123.476° 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Fluorescein structure optimized by the method B3LYP / 6-31G (d, p) 

 

 

Figure 2. Structure of acetic anhydride optimized by the method B3LYP/6-31G (d, p) 

 

4.2. Theoretical study of the condensation 

reaction of fluorescein (R1) and acetic anhydride 

(R2) 

 

 

4.2.1. Thermodynamic study 

We have gathered some thermodynamic quantities 

characterizing the reaction between R1 on R2 in 

Table 3. 
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Table 3. Thermodynamic quantities characterizing the reaction of fluorescein R1 and acetic anhydride R2 

calculated using the method B3LYP/ 6-31G (d, p). 

Thermodynamic quantities of the reaction 

ΔH (Kcal/mole) 18.6566 

ΔS (Kcal/mole.K) -0.1850 

ΔG (Kcal/mole) -33.7824 

 

The enthalpy value of the ΔHr reaction is positive, 

hence the endothermic nature of this reaction. 

The free enthalpy variation ΔGr that corresponds to 

the condensation reaction is negative; therefore, this 

reaction is thermodynamically favored. 

 

4.2.1.  Prediction of electrophile / nucleophilic 

character of reagents 

To highlight the electrophilic/nucleophilic nature of 

the reagents, we calculated the reactivity parameters as 

follows: 

- The HOMO / LUMO energy gaps of the reaction 

and the HOMO and LUMO molecular orbital 

energies of each reagent. 

- The gap energies ΔE, the electronic chemical 

potentials μ, the chemical hardness η, the chemical 

softness S(I), the global electrophilic indices ω, the 

global nucleophilic indices N by the following 

equations 31: 

ΔE(I) = EHOMO (fluo) − ELUMO (anhydride)    Eq.1 

ΔE(II) = EHOMO (anhydride) − ELUMO (fluo)    Eq.2 

μ = (EHOMO +ELUMO)/2         Eq.3 

η = ELUMO – EHOMO       Eq.4 

ω = μ2/2*η            Eq.5 

N=EHOMO–EHOMO (T.C.E.)        Eq.6 

S(I)=1/ η            Eq.7 

With TCE: Tetracyanoethylene,  

EHOMO (TCE) = -9.3686eV   calculated by DFT / 

B3LYP 6-31G (d, p). 

 

Table 4. HOMO and LUMO energies and the energy differences between the two possible HOMO / LUMO 

combinations of the reagents by the functional B3LYP in combination the base (6-31G) (d, p). 

Compound E (eV) HOMO (eV) LUMO (eV) ∆E(I) (eV) ∆E(II) (eV) 

Fluorescein -31170.8014 -6.0355 -1.2887  

-5.2953 

 

-6.1658 Acetic anhydride -10387.5536 -7.4545 -0.7401 

 

 

Figure 3. HOMO and LUMO Energy Diagram of Reagents 
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The results from Table 4 and Figure 3 show that the 

gaps | 𝑬𝑯𝑶𝑴𝑶 (R1) - 𝑬𝑳𝑼𝑴𝑶 (R2) | of the order of 

5.2953 eV are energetically weaker than the gaps  

| 𝑬𝑯𝑶𝑴𝑶 (R2) - 𝑬𝑳𝑼𝑴𝑶 (R1) | which are of the order of 

6.1658 eV. This allows us to conclude that the acetic 

anhydride (R2) has an electrophilic character while 

the fluorescein (R1) behaves like a nucleophile. 

 

4.2.2.  Theoretical analysis of reagents by global 

properties 

Table 5 shows that the electronic chemical potential 

μ of fluorescein (μ= -2.3734 eV) is on a level of 

energy higher than that of acetic anhydride (μ= -

3.3572 eV) which implies that electron transfer takes 

place from fluorescein to acetic anhydride. The 

global nucleophilicity N of fluorescein (N= 3.0830 

eV) is significantly higher than that of acetic 

anhydride (N=1.6640 eV) which means that 

fluorescein plays the role of a nucleophile whereas 

acetic anhydride is an electrophile. The same 

conclusion can be drawn from the values of the 

global electrophilicity ω. The chemical hardness of 

fluorescein (η = 4.7467 eV) is less than that of acetic 

anhydride (η = 6.7144 eV). This means that 

fluorescein retains few electrons in its environment. 

Then, the softness S(I) of the two reagents has close 

values, unlike acetic anhydride that maintains them 

in its environment. Consequently, the transfer of 

electrons takes place from fluorescein to acetic 

anhydride. 

In conclusion, HOMO/LUMO Gap calculations, 

electronic chemical potentials, and global 

electrophilicity and nucleophilicity indices show the 

nucleophilic nature of fluorescein and the 

electrophilic character of acetic anhydride globally. 

 

Table 5. Electronic chemical potential μ, chemical hardness η, chemical softness S(I), global electrophilicity ω, 

global nucleophilicity N, by the method B3LYP/6-31G (d, p). 

Compound E (eV) µ (eV) ƞ (eV) S(I) (eV) ω (eV) N (eV) 

Fluorescein -31170.8014 -2.3734 4.7467 0.1053 0.5933 3.0830 

Acetic anhydride -10387.5536 -3.3572 6.7144 0.0745 0.8393 1.6640 

 

Table 6. Natural populations of reagents calculated by the method B3LYP/6-31G(d, p). 

Natural populations 

Fluorescein Acetic anhydride 

Atoms P (N) P (N-1) Atoms P(N) P(N+1) 

C1 6.15300 6.05094 C1 6.78667 6.75448 

C2 5.65370 5.61948 C2 5.19341 5.38841 

C3 6.18664 6.18842 O3 8.57155 8.58342 

C4 6.35306 6.32610 C4 5.19341 5.38787 

C5 6.30583 6.17120 C5 6.78661 6.75449 

C6 5.65439 5.63749 O6 8.53138 8.68457 

C7 6.15164 6.07941 O7 8.53133 8.68419 

C8 5.6562 5.63102    

C9 5.74195 5.75232    

O10 8.48562 8.36704    

C11 6.32575 6.21142    

C12 5.65537 5.64789    

C13 6.18392 6.17839    

C14 6.33306 6.29615    

O15 8.69874 8.67317    

O16 8.69839 8.66215    

C17 6.01968 6.03323    

C18 6.1753 6.1694    

C19 6.22323 6.21679    

C20 6.19041 6.18343    

C21 6.20644 6.19872    

C22 6.23717 6.22533    

O23 8.54861 8.53162    

C24 5.17982 5.17612    

O25 8.61000 8.58076    
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4.2.3. Prediction of local reactivity of reagents 

• Application of the Domingo polar model using 

Fukui indices fk+ and fk- 

According to Domingo's polar model 37, the static 

indices of local electrophilicity ωk and local 

nucleophilicity Nk are reliable descriptors for the 

prediction of the most favored electrophilic-

nucleophilic interaction for the formation of a 

chemical bond between two atoms. It occurs between 

the most electrophilic site (characterized by the 

highest value of ωk) of the electrophilic molecule 

and the most nucleophilic site (characterized by the 

highest Nk value) of the nucleophilic molecule. The 

local electrophilic values ωk for the reactive atoms, 

and the local nucleophilic Nk of the acetic anhydride 

and fluorescein atoms calculated from the natural 

N.P.A. populations by the DFT/B3LYP 6-31G (d, p) 

method are reported in Table 6 and 7. 

 

Table 7. Fukui indices (fk+ and fk-) and local electrophilicity values ωk for reactive acetic anhydride atoms and 

Nk local nucleophilicity for reactive fluorescein atoms calculated by N.P.A. natural population analysis. 

Local indices N.P.A. 

Fluorescein Acetic anhydride 

Atoms fk
- Nk Atoms fk+ Ωk 

C1 0.102 0.305 C1 -0.032 -0.027 

C2 0.034 0.102 C2 0.194 0.164 

C3 -0.002 -0.005 O3 0.012 0.010 

C4 0.027 0.081 C4 0.194 0.164 

C5 0.135 0.402 C5 -0.032 -0.027 

C6 0.017 0.050 O6 0.153 0.129 

C7 0.072 0.216 O7 0.153 0.128 

C8 0.025 0.075    

C9 -0.010 -0.031    

O10 0.119 0.354    

C11 0.114 0.342    

C12 0.007 0.022    

C13 0.006 0.017    

C14 0.037 0.110    

O15 0.026 0.076    

O16 0.036 0.108    

C17 -0.014 -0.040    

C18 0.006 0.018    

C19 0.006 0.019    

C20 0.007 0.021    

C21 0.008 0.023    

C22 0.012 0.035    

O23 0.017 0.051    

C24 0.004 0.011    

O25 0.029 0.087    

 

 
 

Figure 4. The charge density of the atoms of the acetic anhydride in (e). 
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ωk=ω*fk+  Eq.8 (ω=0.8393 eV) and  

Nk= Nfk-   Eq.9 (N=2.9881eV) 

fk+=[Pk(N+1)–Pk(N)] Eq.10 for a nucleophilic 

attack 

fk-=[Pk(N)–Pk(N-1)] Eq.11 for an electrophilic 

attack 

From where: 

Pk (N): electron population of the atom k in the 

neutral molecule. 

Pk (N + 1): electron population of the k atom in the 

anionic molecule. 

Pk (N-1): electron population of the k atom in the 

cationic molecule. 

The results found are not in agreement with those 

desired in the synthesis. As the values of the Fukui 

indices are low in the O15 and O16 sites, this indicates 

that the neutral form of fluorescein does not give a 

good approach to the reaction. This requires not to 

work in a neutral environment. Indeed, it has been 

proposed to use two different conditions. The first 

procedure consists of direct condensation between 

fluorescein and acetic anhydride without the use of 

either solvent or base. The second involves the 

presence of acetone as solvent and pyridine as a 

base. In an acidic medium, fluorescein plays the role 

of a nucleophile through the free doublet located on 

the oxygen atoms of the two O.H. groups. In a basic 

medium, the base extracts the two hydrogens from 

the two O.H. groups of fluorescein. (Figure 5). pH 

remains moreover a parameter to be determined to 

lead to this reactive form of fluorescein. 

 

 
Figure 5. Structure of fluorescein in a basic medium optimized by the method B3LYP/6-31G(d, p) 

 

The answer to this ambiguity was found by using the 

MARVINSKETCH software. The distribution of 

the protonated forms as a function of the pH shows 

that the desired shape can take place at a pH in the 

vicinity of 14 (Figure 6). 

We proceeded by recalculating the same starting 

parameters, this time with fluorescein in basic  

medium.

 

Figure 6. Distribution of different forms of fluorescein as a function of pH obtained from MARVISKETCH 

program 
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Table 8. HOMO and LUMO energies and the energy differences between the two possible HOMO / LUMO 

combinations of reagents using the method B3LYP/6-31G (d, p). 

Compound 
E 

(eV) 
HOMO (eV) LUMO (eV) ∆E(I) (eV) ∆E(II) (eV) 

Fluorescein (basic form) -31144.6797 -4.2678 -1.2754  

-5.2953 

 

-6.1658 Acetic anhydride -10387.5536 -7.4545 -0.7401 

 

The results from Table 8 show again that the | 𝑬𝑯𝑶𝑴𝑶 

(fluo) - 𝑬𝑳𝑼𝑴𝑶 (acetic anhydride) | are energetically 

weaker than the | 𝑬𝑯𝑶𝑴𝑶 (acetic anhydride)-𝑬𝑳𝑼𝑴𝑶 

(fluo) | gaps and therefore acetic anhydride behaves 

as an electrophile while fluorescein behaves like a 

nucleophile. 

 

4.2.4.  Theoretical analysis of reagents by global 

properties 

Table 9 shows that the chemical potential μ of 

fluorescein (μ = -1.4962 eV) is on a level of energy 

higher than that of acetic anhydride (μ= -3.3572 eV) 

which implies that electron transfer takes place from 

fluorescein to acetic anhydride. We note this time 

that the value of the nucleophilic index of basic 

fluorescein is higher than that found for the neutral 

fluorescein. This shows the importance of the use of 

the base in the desired reaction ensuring its right 

approach. On the other hand, the results obtained 

show that in basic medium, the nucleophilic index 

(N = 4.8507 eV) higher than that of acetic anhydride 

(N=1.6640 eV) which means that fluorescein is a 

nucleophile whereas acetic anhydride is an 

electrophile. The same conclusion can be drawn 

from the values of electrophilic indices. 

Figure 7 represents the distribution of the charge 

density on the atoms of the two reactants. The 

amount of electronic charge is located on the two 

oxygen atoms of the hydroxyl group O.H. of R1, on 

the other hand, the location of the amount of positive 

charge on the two atoms of the symmetrical carbon 

of the group C=O of acetic anhydride R2. This 

confirms the results obtained. 

 

Table 9. Electronic chemical potential μ, global hardness η, global electrophilicity ω, global nucleophilicity N, 

using the method B3LYP/6-31G (d, p). 

Compound E (eV) µ (eV) η (eV) S(I) (eV) ω (eV) N (eV) 

Neutral Fluorescein -31171.2957 -2.3468 4.6937 0.1065 0.5867 2.9881 

Basic fluorescein -31144.6797 -1.4962 2.9924 0.1671 0.3741 4.8507 

Acetic anhydride -10387.5536 -3.3572 6.7144 0.0745 0.8393 1.6640 

 

  

 
 

Figure 7. Distribution and localization of the charge density on the atoms of the two reagents in (e) 
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• Application of the Gazquez-Mendez rule using 

condensed local softness (Sk+ and Sk-) 

According to the Gazquez-Mendez rule38, "Two 

chemical species interact through atoms with equal 

or similar softness". The local softness values Sk- for 

the reactive atoms of fluorescein and local softness 

Sk+ for the reactive atoms of acetic anhydride 

calculated with the N.P.A. population analysis are 

given in Table 10. 

 

Table 10. Fukui indices (fk+ and fk-) and Sk-local softness values for reactive fluorescein and Sk+ local softness 

atoms for acetic anhydride reactive atoms calculated by N.P.A. populations. 

Local indices N.P.A. 

Basic fluorescein Acetic anhydride 

Atoms fk- Sk- Atoms fk+ Sk+ 

C1 -0.008 -0.037 C1 -0.032 -0.027 

C2 0.110 0.531 C2 0.195 0.164 

C3 0.080 0.388 O3 0.012 0.010 

C4 -0.003 -0.013 C4 0.194 0.163 

C5 0.008 0.039 C5 -0.032 -0.027 

C6 0.083 0.403 O6 0.153 0.045 

C7 -0.008 0.037 O7 0.153 0.128 

C8 0.110 0.531    

O9 0.015 0.074    

C10 -0.014 0.067    

C11 0.008 0.039    

C12 0.083 0.403    

C13 0.080 0.388    

C14 -0.003 0.013    

O15 0.008 0.039    

C16 0.005 0.026    

O17 0.010 0.047    

C18 0.006 0.029    

C19 -0.021 -0.101    

C20 0.005 0.026    

C21 0.010 0.050    

C22 0.004 0.018    

C23 0.006 0.028    

O24 0.135 0.657    

O25 0.135 0.657    

 

With Sk+=S*fk+ (S=1/2 *η=0.1037eV-1) and Sk-=S*fk- (S=0. 1671eV-1). 

 

Table 10 also shows that the most favored 

interactions take place between the atom C2 and C4 

of acetic anhydride and the O24 and O25 fluorescein 

(neighboring local softness) which is in good 

agreement with the experimental results. 

 

5. Anticorrosion behavior of the synthetic 

compound 
 

5.1 Stability in an acid environment 

The technique is simple after solubilization of NAR3 

in acidic solution; we used liq-liq extraction 

(H2O/CH2Cl2) to recuperate our product after that the 

infrared analysis used in Kbr. 

To find available information about the stability of 

NAR3 inhibitor in acidic solution, the infrared 

analysis has been investigated before and after 

contact with the hydrochloric acid solution.
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Figure 8. I.R. spectrums of NAR3 inhibitor before and after contact in acid solution  

 

From infrared spectrums Figure 8 and Table 11, the 

result obtained shows the stability behavior of NAR3 

inhibitor in acidic medium. Therefore, any 

transformation of organic function that reflects the 

stability of the studied inhibitor. Then, this result can 

be justified the choice of an acid environment as a 

corrosion medium. 

 

 

Table11. Bands assignments (cm-1) of NAR3 in the I.R. spectrum. 

Assignment Frequencies (cm-1) 

 (O-H) 3800-3600 

(=C-H) aromatic 3200-2800 

 (C=O) 1700-1550 

(C-O) 1500-1080 

 

5.2 Absorbance measurements 

The absorbance difference measurement is a simple 

technique which applied using a U.V./Visible 

spectrophotometer (UV-6300PC, Double Beam 

Spectrophotometer). The mild steel samples are 

immersed in these solutions and placed in 

thermostated water during 6h at 298K. Then, the 

absorbance measurements (A°) and (A) are taken 

before and after immersion at a wavelength of 300-

310nm. 
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The difference between (A°) and (A) was recorded 

as the absorbance difference of the corrodent in each 

case. All the reported readings are an average of five 

experimental readings. 

The inhibition efficiency of NAR3 inhibitor was 

calculated using the following equation 40,41: 

      Eq.12 

Where (A°) and (A) are absorbance for mild steel 

without and with NAR3 in 1M HCl medium at 

298K. 

Table 12 shows the percentage of inhibition effect of 

mild steel at various concentrations of fluorescein in 

acidic media at 298K from absorbance difference 

measurements. The result obtained from this 

technique indicates that the inhibition efficiency 

increases slightly with inhibitor concentrations to 

achieve 90% at 10-4M. This inhibition behavior of 

synthetic compound can be reported to the ability of 

this compound to form protective film onto the steel 

surface, through the vacant d-orbital of iron and 

delocalized π electrons on the length of inhibitor 

molecule 41-45. 

 

Table12. Inhibition efficiency and Absorbance difference for NAR3 in 1M HCl solution at 298K after 6h of 

immersion. 

Medium Concentration (mol/L) Absorbance difference Efficiency 

(%) 
1M HCl -- 0.558 - 

NAR3 

10-4 0.056 90 

10-5 0.067 88 

10-6 0.134 76 

10-7 0.195 65 

 

Surface analysis SEM/EDX 

The surface analysis result of mild steel in the 

presence and absence of NAR3 inhibitor after 

immersion throughout 6 hours at 298K was 

investigated to point out the percentage of atoms 

absorbable on the surface of the working electrode 46 

SEM micrographs are presented in Figure 9. The 

image of mild steel after immersion in 1M HCl 

shows a rough surface compared with the mild steel 

after immersed in 10-4M of NAR3 inhibitor due to 

the formation of a heterogeneous protective film 42 

(Figure11(C)).
 

  

 
Figure 9. S.E.M. micrographs of mild steel before immersion (a) after 6h immersion in 1M of HCl (b) after 

immersion in 10-4M of NAR3 inhibitor (c) 

 

The E.D.X. the technique has been used to identify 

the chemical composition of the working electrode  

 

and the component adsorbed onto the mild steel 

surface before and after immersed in a different 
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solution with and without NAR3 inhibitor at the 

optimum concentration. 

The E.D.X. Spectra showing in Figure 10 and the 

percentage atomic of various atoms adsorbed on the 

surface of the working electrode are regrouped in 

Table 13. It is clear from the difference between the 

values of percentage atomic for mild steel after 

immersed in uninhibited and inhibited solution. On 

the other hand, the percentage of chlorine element 

was less than that obtained in 1M HCl indicating the 

adsorption behavior of our compounds that reflect 

the protection behavior of NAR3 inhibitor against 

corrosion in acidic medium 47. 

 

 

 
Figure 10. E.D.X. spectra of mild steel before immersion (a) after 6h immersion in 1M of HCl (b) after 

immersion in 10-4M of NAR3 inhibitor (C) 
 

Table13. Percentage atomic contents of elements obtained from E.D.X. spectra. 

 

6. Conclusion 
 

The nucleophilic substitution of fluorescein with 

acetic anhydride occurred under very mild conditions 

and led to the 3-oxo-3H-spiro[isobenzofuran-1,9'-

xanthene]-3',6'-diyl diacetate in high yield. Our way 

of synthesizing this product is economical, 

environmentally friendly than the catalytic process 

and also achieve better efficiency.  

The structure of the synthesized product was 

analyzed by M.S., Infrared, 13C N.M.R. and 1H 

N.M.R. This reaction has been studied using 

MARVINSKETCH to find a range of pH in the 

major form of fluorescein in basic medium and 

Gaussian 09 program within the DFT calculations at 

the B3LYP/6-31(d, p) computational level. The 

exothermic character of this reaction makes the 

formation of the new product 3 irreversible 

thermodynamically and kinetically favored in good 

agreement with the experimental result.  

In addition, the anti-corrosion behavior of the 

synthetic product has been evaluated using the 

difference absorbance method; the result reflects the 

higher inhibition effect of NAR3 against corrosion of 

mild steel in 1M HCl.  
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