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ABSTRACT 
 

In this letter, through computational study based on density functional theory (DFT/B3LYP) using 
basis set 6-31G (d,p) a number of global and local reactivity descriptors were computed to predict 
the reactivity and the reactive sites on the molecules. The molecular geometry and the electronic 
properties such as frontier molecular orbital (HOMO and LUMO), ionization potential (I) and 
electron affinity (A) were investigated to get a better insight of the molecular properties. Molecular 
electrostatic potential (MEP) for all compounds were determined to check their electrophilic or 
nucleophilic reactivity. The chemometric methods PCA and HCA were employed to find the subset 
of variables that could correctly classify the compounds according to their reactivity. 
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1. INTRODUCTION 
 
Heterocyclic compounds are widely distributed in 
nature and are essential to life in various ways 
[1]. Since the discovery of organic metals, a large 
amount of work has been carried out in order to 
improve the conductivities of salts and charge 
transfer complexes (CT) of TTF derivatives. 
However, interest in TTF goes beyond the field of 
conducting materials. To include its role as an 
important building block in supramolecular 
chemistry. Various categories of organic 
conductors have now been described [2,3], these 
include systems based upon molecular charge-
transfer complexes, conjugated polymers, 
thiaarene systems and stacked organometallic 
species, where the metal atoms play no active 
role in conduction. In the quest to develop these 
systems various other interesting have come to 
light. Several kinds of theoretical and 
experimental work on TTF and its derivatives 
have been done by a number of workers [4-5] 
until now. 
 

Reactivity in chemistry is a key concept because 
it is intimately associated with reaction 
mechanisms thus allowing understanding 
chemical reactions and improving synthesis 
procedures to obtain new materials. A branch of 
Density Functional Theory (DFT) [6-8] called 
Conceptual DFT [9-11] has been developed and 
used in chemistry. As a consequence, a set of 
global and local descriptors to measure the 
reactivity of molecular systems has emerged. 
Due to the diverse biological and industrial 
importance of tetrathiafulvalenes derivatives a 
detailed structure-chemical reactivity relations 
have been undertaken. The present paper gives 
a complete description of the molecular 
geometry, global and local reactivity descriptors 
and MEP features of the title compounds. 
 

2. MATERIALS AND METHODS 
 

All computational calculations have been 
performed on personal computer using the 
Gaussian 09W program packages developed by 
Frisch and coworkers [12]. The Becke's three 
parameter hybrid functional using the LYP 
correlation functional (B3LYP), one of the most 
robust functional of the hybrid family, was herein 
used for all the calculations, with 6.31G (d,p) 
basis set [13,14]. Gaussian output files were 
visualized by means of GAUSSIAN VIEW 05 

software [15]. Principal component analysis 
(PCA) [16,17] is a chemometric method was 
performed using software XLSTAT. 

 
3. RESULTS AND DISCUSSION 
 
3.1 Chemistry 
 
In a previous work [18], we have described the 
synthesis of TTF-donor substituted molecules 1-
4 indicated in Scheme 1. The strategies toward 
the TTF-vinyldimethylaniline (TTF-VDMA) 4 are 
based on Wittig-type condensations between the 
TTF-carboxaldehyde precursor 1 and an 
appropriate triphenylphosphonium salt. The more 
conjugated TTF-VDMA derivative 4 was first 
synthesized in a multistep sequence (route a) 
involving, in the first step, the Wittig-type 
condensation described in the literature. As 
expected, the reaction between the p-
nitrobenzyltriphenylphosphonium bromide and 
TTF-carboxaldehyde in the presence of 
triethylamine led to 2 in a quite high yield (73%). 
The nitro compound 2 was then easily converted 
into 3, which was finally dialkylated to give the 
target N,N-dimethylated molecule 4 (65%). On 
the other hand, compound 4 was also obtained in 
one step in 44% yield through a Wittig 
condensation between the p-
dimethylaminobenzyl-triphenylphosphonium 
bromide and the TTF-carboxaldehyde 1       
(route b). 
 
3.2 Molecular Geometry 
 
The impact of the geometric structure on the 
electronic properties manifests itself through the 
bond lengths and bond angle across the 
compound backbone, the most relevant 
structural parameters of title compounds were 
determined by DFT calculations using B3LYP 
functional 6-31G (d,p) as basis sets. The 
geometry of the compounds under investigation 
is considered by possessing C1 point group 
symmetry. The absence of imaginary frequencies 
confirmed that the stationary points correspond 
to minima on the Potential Energy Surface. No 
solvent corrections were made with these 
calculations. DFT enables to calculate molecular 
properties such as optimized geometry and 
energy. Using information obtained as a guide, 
molecular descriptors calculated using quantum 
mechanical methods enable determination of 
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molecular quantities characterizing reactivity, 
shape and binding properties of molecules. The 
atoms numbering of molecule used in this paper 
is reported in Fig. 1. Some selected optimized 
geometrical parameters of entitled compounds 

have been obtained by using the above method 
and they are presented in Tables 1 and 2. In the 
present work, geometry optimization parameters 
for TTF-donor substituted molecules (1-4) have 
been employed without symmetry constraint. 
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Scheme 1. Synthetic route for the preparation of TTF-donor substituted molecules 1-4 
 

 
Compound 1 

 
Compound 2 

 
Compound 3 

 
Compound 4 

 
Fig. 1. Optimized molecular structure of TTF-donor substituted molecules 1-4 

 
Table 1. Optimized geometric parameters of compound 1 and 2 

 

Compound 1 Compound 2 

Bond length (Å)     Bond angles (°) Bond length (Å) Bond angles (°) 

R(1,5) 1.350 A(7,6,8) 124.994 R(1,5) 1.350 A(7,6,8) 124.930 

R(2,3) 1.351 A(6,7,9) 124.851 R(6,7) 1.337 A(5,10,7) 94.730 

R(2,4) 1.085 A(3,2,4) 123.698 R(7,9) 1.083 A(1,12,2) 94.859 

R(6,7) 1.337 A(5,1,10) 123.437 R(3,13) 1.787 A(5,1,12) 123.141 

R(6,8) 1.083 A(4,2,11) 117.626 R(14,15) 1.351 A(9,7,10) 117.110 

R(3,10) 1.773 A(1,5,12) 122.741 R(15,17) 1.088 A(12,1,13) 113.303 

R(3,14) 1.463 A(1,11,2) 94.840 R(18,19) 1.412 A(13,3,14) 117.302 

R(5,12) 1.786 A(10,3,14) 118.646 R(19,21) 1.387 A(10,5,11) 113.697 

R(6,13) 1.763 A(10,1,11) 114.098 R(25,28) 1.467 A(3,14,15) 124.780 

R(7,12) 1.762 A(15,14,16) 121.866 R(28,29) 1.232 A(15,18,19) 123.353 



Table 2. Optimized geometric parameters of compound 3 and 4

Compound 3 
Bond length (Å)     Bond 
R(2,3) 1.349 A(7,6,8)
R(6,7) 1.337 A(6,7,9)
R(7,9) 1.083 A(5,1,12)
R(3,13) 1.789 A(1,5,10)
R(1,12) 1.785 A(1,12,2)
R(14,15) 1.352 A(5,11,6)
R(15,17) 1.090 A(13,3,14)
R(18,19) 1.408 A(3,14,15)
R(19,21) 1.388 A(14,15,17)
R(25,28) 1.390 A(15,18,19)

 

3.3 Molecular Electrostatic Potential 
(ESP) Map 

 
Molecular electrostatic potential (ESP) at a point 
in the space around a molecule gives an 
indication of the net electrostatic effect produced 
at that point by the total charge distribution 
(electron + nuclei) of the molecule and correlates 
with dipole moments, electro negativity, partial 
charges and chemical reactivity of the molecule. 
It provides a visual method to understand the 
relative polarity of the molecule. The negative 
electrostatic potential corresponds to an 
attraction of the proton by the conce
electron density in the molecule. The positive 
electrostatic potential corresponds to repulsion of 
the proton by the atomic nuclei in regions where 
low electron density exist and the nuclear charge 

 

-4.868e-2 
Compound 1 

-5.024e-2 
Compound 3 

Fig. 2. Molecular electrostatic potential surface of compounds 1
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Table 2. Optimized geometric parameters of compound 3 and 4 
 

 Compound 4 
Bond angles (°) Bond length (Å) Bond 

A(7,6,8) 124.862 R(7,9) 1.083 A(7,6,8) 
A(6,7,9) 124.840 R(1,12) 1.785 A(3,2,4) 
A(5,1,12) 123.219 R(3,13) 1.789 A(2,3,13)
A(1,5,10) 123.129 R(14,15) 1.352 A(5,1,12)
A(1,12,2) 94.740 R(15,17) 1.090 A(1,5,10)
A(5,11,6) 94.640 R(18,19) 1.407 A(5,10,7)
A(13,3,14) 117.023 R(19,21) 1.387 A(3,14,15)
A(3,14,15) 124.222 R(21,25) 1.414 A(14,15,17)
A(14,15,17) 117.640 R(28,29) 1.453 A(19,18,20)
A(15,18,19) 119.299 R(29,30) 1.096 A(18,19,21)

Molecular Electrostatic Potential 

Molecular electrostatic potential (ESP) at a point 
in the space around a molecule gives an 
indication of the net electrostatic effect produced 
at that point by the total charge distribution 
(electron + nuclei) of the molecule and correlates 

ents, electro negativity, partial 
charges and chemical reactivity of the molecule. 
It provides a visual method to understand the 
relative polarity of the molecule. The negative 
electrostatic potential corresponds to an 
attraction of the proton by the concentrated 
electron density in the molecule. The positive 
electrostatic potential corresponds to repulsion of 
the proton by the atomic nuclei in regions where 
low electron density exist and the nuclear charge  

is incompletely shielded. For all compounds 
were MEP was calculated by DFT/B3LYP at 6
31G (d,p) basis set and MEP surface are plotted 
in Fig. 2. An electron density is surface mapped 
with electrostatic potential surface depicts the 
size, shape, charge density and reactive sites of 
the molecules [19-21]. The different values of the 
electrostatic potential represented by different 
colors; red represents the regions of the most 
negative electrostatic potential, blue represents 
the regions of the most positive electrostatic 
potential and green represents the region of zero 
potential [22]. Fig. 2 provides a visual 
representation of the chemically active sites and 
comparative reactivity of atoms and it is clear 
that in compounds 1 and 2 oxygen atom (red 
region) of aldehyde and nitro groups react with 
electrophilic sites. In all compounds hydrogens 
atoms (blue region) react with nucleophilic sites.

 
 4.868e-2 

 
-4.898e-2  4.898e

Compound 2 

 
 5.024e-2 

 
-2.991e-2  2.991e

Compound 4 

 
Fig. 2. Molecular electrostatic potential surface of compounds 1-4 
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Bond angles (°) 
 124.857 
 123.862 

A(2,3,13) 115.383 
A(5,1,12) 123.188 
A(1,5,10) 123.154 
A(5,10,7) 94.657 
A(3,14,15) 124.137 
A(14,15,17) 117.599 
A(19,18,20) 116.507 
A(18,19,21) 122.372 

is incompletely shielded. For all compounds 1-4 
ere MEP was calculated by DFT/B3LYP at 6-

(d,p) basis set and MEP surface are plotted 
in Fig. 2. An electron density is surface mapped 
with electrostatic potential surface depicts the 
size, shape, charge density and reactive sites of 

1]. The different values of the 
electrostatic potential represented by different 
colors; red represents the regions of the most 
negative electrostatic potential, blue represents 
the regions of the most positive electrostatic 

the region of zero 
potential [22]. Fig. 2 provides a visual 
representation of the chemically active sites and 
comparative reactivity of atoms and it is clear 

oxygen atom (red 
region) of aldehyde and nitro groups react with 

philic sites. In all compounds hydrogens 
atoms (blue region) react with nucleophilic sites. 

 
4.898e-2 

 
2.991e-2 

 



3.4 Frontier Molecular Orbitals 
 

The frontier molecular orbital determine the way 
in which the molecule interacts with other 
species. HOMO (highest occupied 
orbital), which can be thought the outermost 
orbital containing electrons, tends to give these 
electrons such as an electron donor. On the 
other hand, LUMO (lowest unoccupied molecular 
orbital) can be thought the innermost orbital 
containing free places to accept electrons
Therefore, while the energy of the HOMO is 
directly related to the ionization potential, LUMO 
energy is directly related to the electron affinity. 
Energy difference between HOMO and LUMO 
orbital is called as energy gap tha
important stability for structures 
LUMO helps to characterize the chemical 
reactivity and kinetic stability of the molecule
[25]. A molecule with a small gap is more 
polarized and is known as soft molecule. 
Recently, the energy gap between HOMO and 
LUMO has been used to prove the bioactivity 
from intramolecular charge transfer (ICT)
because it is a measure of electron conductivity. 
The frontier orbital (HOMO, LUMO) of TTF
substituted molecules 1-4, with B3LYP/6
31G(d,p) method is plotted in Fig. 3. The HOMO 
and LUMO energy gap of title compounds 
calculated by B3LYP/6-31G(d,p) method are 
given in Table 3. 
 

3.5 Global Reactivity Descriptors
 
The chemical reactivity of the molecular systems 
has been determined by the conceptual density 
functional theory [6]. Electronegativity (χ) 
chemical potential (µ), global hardness (η), 

 

Fig. 3. Highest occupied molecular orbitals and lowest unoccupied molecular orbitals of 
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Orbitals (FMOS) 

The frontier molecular orbital determine the way 
in which the molecule interacts with other 
species. HOMO (highest occupied molecular 
orbital), which can be thought the outermost 
orbital containing electrons, tends to give these 
electrons such as an electron donor. On the 
other hand, LUMO (lowest unoccupied molecular 
orbital) can be thought the innermost orbital 

places to accept electrons [23]. 
Therefore, while the energy of the HOMO is 
directly related to the ionization potential, LUMO 
energy is directly related to the electron affinity. 
Energy difference between HOMO and LUMO 
orbital is called as energy gap that is an 

 [24]. HOMO-
LUMO helps to characterize the chemical 
reactivity and kinetic stability of the molecule 

. A molecule with a small gap is more 
polarized and is known as soft molecule. 

en HOMO and 
LUMO has been used to prove the bioactivity 
from intramolecular charge transfer (ICT) [26,27] 
because it is a measure of electron conductivity. 
The frontier orbital (HOMO, LUMO) of TTF-donor 

, with B3LYP/6-
od is plotted in Fig. 3. The HOMO 

and LUMO energy gap of title compounds 1-4 
p) method are 

3.5 Global Reactivity Descriptors 

The chemical reactivity of the molecular systems 
has been determined by the conceptual density 
functional theory [6]. Electronegativity (χ) 
chemical potential (µ), global hardness (η), 

global softness (S) and electrophilicity index (w) 
are global reactivity descriptors, highly 
successful in predicting global reactivity trends 
on the basis of Koopmans’s theorem, [17] global 
reactivity descriptors are calculated using the 
energies of frontier molecular orbitals E
ELUMO as χ = -1/2(ELUMO + EHOMO

=1/2(ELUMO + EHOMO ), η = 1/2(ELUMO 

1/2η and ω = µ2 /2η. The energies of frontier 
molecular orbitals (ELUMO, EHOMO

reactivity descriptors for 1, 2 are listed in Tables 
3 and 4. 
 
The frontier orbital gap helps to characterize 
molecular electrical transport properties [28,29], 
the chemical reactivity and kinetic stability of the 
molecule. A molecule with a small frontier orbital 
gap is generally associated with a high chemical 
reactivity and low kinetic stability. The frontier 
orbital energy gap for both the compounds was 
found to be 2.891 eV, 2.101 eV, 3.100 eV and 
3.120 eV respectively. Larger the HOMO
energy gap, harder the molecule. The HOMO
LUMO energy gap of compounds 4, 3 
slightly larger, signifying higher excitation energy 
in comparison to 2, hence compounds 
are harder in comparison to compound 
two molecules react, which one will act as an 
electrophile or nucleophile will depend upon the 
value of electrophilicity index. Higher the value of 
the electrophilicity index better is the electrophilic 
character. Thus, between all compounds, 
compound 2 acts as a good electrophile as the 
molecule shows higher value for global 
electrophilicity index (ω) at 6.79
compared to compounds 1, 3 
values for global electrophilicity index (ω) was 
4.113 eV, 2.597 eV and 2.466 eV. 

 
Fig. 3. Highest occupied molecular orbitals and lowest unoccupied molecular orbitals of 

compounds 1-4 
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global softness (S) and electrophilicity index (w) 
y descriptors, highly 

successful in predicting global reactivity trends 
on the basis of Koopmans’s theorem, [17] global 
reactivity descriptors are calculated using the 
energies of frontier molecular orbitals EHOMO , 

HOMO ), µ = - χ 

LUMO - EHOMO), S = 
/2η. The energies of frontier 

HOMO) and global 
are listed in Tables 

The frontier orbital gap helps to characterize 
lecular electrical transport properties [28,29], 

the chemical reactivity and kinetic stability of the 
molecule. A molecule with a small frontier orbital 
gap is generally associated with a high chemical 
reactivity and low kinetic stability. The frontier 

ital energy gap for both the compounds was 
found to be 2.891 eV, 2.101 eV, 3.100 eV and 
3.120 eV respectively. Larger the HOMO-LUMO 
energy gap, harder the molecule. The HOMO-

4, 3 and 1 was 
slightly larger, signifying higher excitation energy 

, hence compounds 4, 3 and 1 
are harder in comparison to compound 2. When 
two molecules react, which one will act as an 
electrophile or nucleophile will depend upon the 

ectrophilicity index. Higher the value of 
the electrophilicity index better is the electrophilic 
character. Thus, between all compounds, 

acts as a good electrophile as the 
molecule shows higher value for global 
electrophilicity index (ω) at 6.794 eV, as 

 and 4 whose 
values for global electrophilicity index (ω) was 
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Table 3. Energetic parameters of TTF-donor substituted molecules 1-4 
 

Compounds EHOMO(eV) ELUMO(eV) ΔEgap(eV) I(eV) A(eV) 
1 -4.894 -2.003 2.891 4.894 2.003 
2 -4.828 -2.727 2.101 4.828 2.727 
3 -4.388 -1.287 3.100 4.388 1.287 
4 -4.334 -1.214 3.120 4.334 1.214 

 
Table 4. Quantum chemical descriptors of TTF-donor substituted molecules 1-4 

 
Compounds µ(eV) ϰ(eV) ƞ(eV) S(eV) ω(eV) 
1 -3.449 3.449 1.446 0.346 4.113 
2 -3.778 3.778 1.050 0.476 6.794 
3 -2.838 2.838 1.550 0.323 2.597 
4 -2.774 2.774 1.560 0.321 2.466 

 
To analyze the chemical behavior of some 
substituted TTF, we evaluated their global and 
local reactivity descriptors. The values of µ, ϰ, S 
and ω were calculated and the results are 
reported in Table 4. The chemical hardness 
(softness) value of compound 2 (η = 1.050 eV) is 
lesser (greater) among all the molecules. Thus, 
compound 2 is found to be more reactive than all 
the compounds. Also, noted that compound 2 
possesses higher electronegativity value (ϰ = 
3.778 eV) than all compounds so; it is the best 
electron acceptor. In addition, the value of ω for 
compound 2 (ω = 6.794 eV) indicates that it is 
the stronger electrophiles than all compounds. 
Moreover, compound 2 has the smaller frontier 
orbital gap so, it is more polarizable and is 
associated with a high chemical reactivity, low 
kinetic stability and is also termed as soft 
molecule. 
 
3.6 Local Reactivity Descriptors 
 
The local reactivity descriptor like Fukui function 
indicates preferred regions where a chemical 
specie (molecule) will amend its density when 
numbers of electrons are modified or it indicates 
tendency of electronic density to deform at a 
given position upon accepting or donating 
electrons [30,31]. The condensed or atomic 
Fukui functions on the kth atom site, for 

electrophilic )( 
kf , nucleophilic )( 

kf  and free 

radical )( 0
kf  attacks are defined as: 

 )()( NqNqf kkk  1 ,  )()( 1 NqNqf kkk  

and   2110 /)()(  NqNqf kkk  respectively, 

where qk is atomic charge (Mulliken, Hirschfeld 
or NBO, etc.) at the kth atomic site in the anionic 
(N+1), cationic (N-1) or neutral molecule. Parr 
and Yang showed that sites in chemical species 
with the largest values of Fukui function (fk) 

shows high reactivity for corresponding attacks. 
In the title compounds, the order of the reactive 
sites for electrophilic attack, nucleophilic attack 
and free radical attacks is given in Tables 5    
and 6. 
 
For compounds 1 and 2, the parameters of local 
reactivity descriptors show that 1C is the more 
reactive site for nucleophilic and free radical 
attacks and 3C, 2C for electrophilic attack. For 
compounds 3 and 4 the most reactive site for 
nucleophilic, free radical and electrophilic attack 
is 1C. 
 
3.7 Principal Component Analysis (PCA) 
 

In this work, we auto scaled all calculated 
variables in order to compare them in the same 
scale. Afterwards, PCA (principal component 
analysis) was used to reduce the number of 
variables and select the most relevant ones, i.e. 
those responsible for the tetrathiafulvalenes 
derivatives reactivity. After performing many 
tests, a good separation is obtained between 
more active and less active tetrathiafulvalenes 
compounds using ten variables: I, A, χ, ɳ, s, µ, ω, 
EHOMO, ELUMO , ΔEgap (see Table 3 and 4). 

 
We can observe from PCA results that the first 
three principal components (PC1, PC2 and PC3) 
describe 99.71% of the overall variance as 
follows: PC1 = 93.63%, PC2 = 3.57% and PC3 = 
2.51%. The score plot of the variances is a 
reliable representation of the spatial distribution 
of the points for the data set studied after 
explaining almost all of the variances by the first 
two PCs. The most informative score plot is 
presented in Fig. 4 (PC1 versus PC2) and we 
can see that PC1 alone is responsible for the 
separation between more active 1 and 2 and less 
active compounds 3 and 4 where PC1>0 for the 
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more active compounds and PC1<0 for the less 
active ones. The same results follow in the case 
of global reactivity trend based on ω. 
 
The loading vectors for the first two principal 
components (PC1 and PC2) are displayed in Fig. 
5. We can see that more active compounds (PC1 
˃ 0) can be obtained when we have higher A, I, 
S, χ, ω, values. In this way, some important 
features on the more active compounds can be 
observed. 
 

3.8 Hierarchical Cluster Analysis (HCA) 
 

Fig. 6 shows HCA analysis of the current study. 
The horizontal lines represent the compounds 
and the vertical lines the similarity values 
between pairs of compounds, a compound and a 
group of compounds and among groups of 
compounds. We can note that HCA results are 
very similar to those obtained with the PCA 
analysis, i.e. the compounds studied were 
grouped into two categories: More actives 

compounds 1 and 2 and less active compounds 
3 and 4. 
 

 
 

Fig. 4. Score plot for TTF-donor substituted 
molecules 1-4 in gas phase 

 
Table 5. Order of the reactive sites on compounds 1 and 2 

 

Compound 1 Compound 2 

Atom 1 C 3 C 7 C 6 C Atom 1 C 3 C 25 C 30 O 

f + 0.059 0.004 0.000 -0.001 f + 0.028 0.021 0.006 0.003 

Atom 3 C 5 C 6 C 7 C Atom 2 C 18 C 1 C 5 C 

f - 0.027 0.008 -0.003 -0.003 f - 0.009 0.008 0.005 0.004 

Atom 1 C 3 C 7 C 6 C Atom 1 C 3 C 18 C 7 C 

f
 0
 0.026 0.016 -0.001 -0.002 f

 0
 0.017 0.010 0.002 0.000 

 

 
 

Fig. 5. Loading plot for the variables responsible for the classification of the TTF-donor 
substituted molecules studied 
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Table 6. Order of the reactive sites on compounds 3 and 4 
 

Compound 3 Compound 4 
Atom 1 C 18 C 21 C 23 C Atom 1 C 28 N 21 C 20 C 
f 

+
 0.036 0.027 0.003 0.003 f 

+
 0.034 0.034 0.032 0.007 

Atom 1 C 2 C 18 C 7 C Atom 1 C 29 C 33 C 23 C 
f
 -
 0.020 0.006 0.005 0.000 f

 -
 0.021 0.018 0.018 0.009 

Atom 1 C 18 C 23 C 21 C Atom 1 C 29 C 33 C 20 C 
f 0 0.028 0.016 0.001 0.001 f 0 0.028 0.022 0.021 0.005 

 

 
 

Fig. 6. Dendrogram obtained for TTF-donor 
substituted molecules studied 

 
4. CONCLUSION 
 
In conclusion, based on the density functional 
theory B3LYP/6-31G(d,p) method, The optimized 
geometric parameters (bond lengths and bond 
angles) are theoretically determined. The global 
and local descriptors have been used to 
investigate the reactivity of different cationic, 
anionic and radical sites and the influence of 
these on the molecular interaction in a qualitative 
and quantitative way. The descriptors obtained 
could also provide more information and may 
contribute to a better understanding of the 
electronic structure of these compounds. The 
MEP map shows the negative potential sites are 
on oxygen atoms as well as the positive potential 
sites around the hydrogen atoms. Compound 2 is 
more polarizable and is associated with a high 
chemical reactivity and is also termed as soft 
molecule. In addition, theoretical results from 
reactivity descriptors for title compounds show 
most reactivity at C1 for nucleophilic attack; 
hence it may be used as a precursor for the 
synthesis of new heterocyclic compounds such 
as donors containing TTF moieties. From PCA 
results, Consistency between the results 
obtained through the reactivity descriptors and 
those that determined From PCA analysis. 
Finally we hope that these consequences will be 
of assistance in the quest of the experimental 
and theoretical evidence for the title compound in 
molecular bindings. 
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