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ABSTRACT

In the present work a number of reactivity descriptors such as (Enomo), (ELumo) energy gap (AEg,), hardness (z),
softness (S) and electronegativity (y) of some TTF-donor substituted molecules were investigated with the density
functional theory DFT employing the 6-31G(d,p) basis sets in an attempt to elucidate their chemical reactivity.
Fukui index has also employed to determine the reactivity of each atom in the molecule in order to predict reactive
sites on the molecule for nucleophilic, electrophilic and radical attacks. The chemometric methods PCA and HCA
were employed to find the subset of variables that could correctly classify the compounds according to their
reactivity.

Keywords: Tetrathiafulvalenes, Density Functional Theorya&eity descriptors, Principal Component Analysis
and Hierarchical Cluster Analysis

INTRODUCTION

The synthesis and characterization of new hetetiocygstems based on chalcogens (oxygen, sulflensen and
tellurium) has been one of the central objectivegantemporary organic chemistry. Several intengsfiystems
have been synthesized and characterized. Especsailfur-based heterocyclic systems have found spdead
applications in modern material science and mediathemistry [1]. Tetrathiafulvalenes and relatedehocycles
have received much interest due to their uniquetrele-donating capabilities [2]. A number of intstiag

properties of the TTF moiety includes its abilioyform molecular metals and superconductors attéomperatures.
It has also been incorporated in a number of mactimcsystems for use as molecular sensors, enbjosensors,
switches, wires and shuttles, exploiting the inhesdectron donor properties [3].

The main purposes of theoretical chemistry basetth®@madequate knowledge of the general behaviarmblecular
system and also to predict the reactivity of at@md molecules as well as site selectivity [4-6]n&iy functional
theory [5,7] has been quite successful approximethod for many body systems, especially in thd fiélorganic
chemistry. During the last decades, density fuméticheory (DFT) has undergone fast developmempiedally in
the field of organic chemistry, as the number ofusai® exchange—correlation functionals increasededd, the
apparition of gradient corrected and hybrid funusils in the late 1980s greatly improved the chehaicauracy of
the Hohenberg-Kohn theorem [8] based methods. TolenkSham formalism [9] and its density-derived @ibi
paved the way to computational methods. In paraflatew field of application of DFT developed, tlrecalled
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conceptual DFT [7]. Parr and Yang followed the idbat well-known chemical properties as electrotieig,
chemical potentials and affinities could be shag#gcribed and calculated manipulating the eleatrdensity as
the fundamental quantity [10,5]. Moreover, startingm the work of Fukui and its frontier molecularbitals
(FMOs) theory [11], the same authors further gdirse the concept and proposed the Fukui funct®a ool for
describing the local reactivity in molecules [13,113 the present work an attempt has been madepiore the
uses of DFT descriptors for some TTF-donor sulistitumolecules in order to understand their intéwact
mechanism and to elucidate the centres in the cangsoon which such interactions are likely to occur

MATERIALS AND MEHTODS

All computational calculations have been perfornmed personal computer using the Gaussian 09W program
packages developed by Frisch and coworkers. [14] Bécke's three parameter hybrid functional usihegltYP
correlation functional (B3LYP), one of the most ugb functional of the hybrid family, was herein difer all the
calculations, with 6.31G (d, p) basis set. [15,88jussian output files were visualized by means AUSSIAN
VIEW 05 software. [17] Principal component analy$t€A) [18,19] is a chemometric method was perfatmsing
software XLSTAT.

RESULTS AND DISCUSSION

In a previous work [20], we have described the Isgsis of TTF-donor substituted molecul@s4] indicated in
Scheme 1. The strategies toward the TTF-dimethif@n(TTF-DMA) 4 are based on an organometallic cross-
coupling reaction between a tributylstannyl-TTF id&tive and ap-halogeno-aromatic compound (route a). A
multistep procedure (route c) was envisioned, offemuch better overall yields (44 - 50%) from tqgpropriate
tributylstannyl-TTF derivativedb and 1c, and thep-nitrobenzene as a reagent. In this case, thegstetattron-
withdrawing nitro group increased the reactivitytiod Stille reaction, and the donor - acceptortiest2b (R = R =
CH,) and2c (R = CH;, R = H) were isolated in very high yields (98 and 96%spectively). In the second step of
the synthetic process the nitro derivatiZewere reduced into the corresponding amino comp®8nd quite good
yields @b: 62%;3c: 65%). Finally the amino speci8swere successfully converted (74 - 78%) into tligeN,N-
dimethylated molecule$ by a classical dialkylation reaction using an escef dimethyliodide in a basic medium.
Finally, a Suzuki cross-coupling reaction betwede fodotetrathiafulvalend’ and the p-(dimethyl-amino)
phenylboronic acid was then used (route b), leatirgymodest improvement of the yield (22%).

Scheme 1. Synthetic route for the preparation of TF-donor substituted molecules (2-4)
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Molecular geometry

The molecular geometry analysis plays a very ingrdrtole in determining the structure-reactivityat®nship
[21]. The molecular geometry can be described leypbsitions of atoms in space, evoking bond lengthisvo
joined atoms and bond angles of three connecteshsatdhe molecular geometries can be determinedhby t
guantum mechanical behavior of the electrons amdpated byab-initio quantum chemistry methods to high
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accuracy. Molecular geometry represents the thieernsional arrangement of the atoms that deternsegsral
properties of a substance including its reactipiylarity, phase of matter, color, magnetism, aiadolgical activity
[22,23]. The optimization of the geometry for thelatules 2-4) has been achieved by energy minimization, using
DFT at the B3LYP level, employing the basis set1l&@&,p).The following figure 1 and tables 1-3 reyanat the
schemes of the optimized molecules, their bondtlengnd their angle measurement.

Figure 1. Optimized molecular structure of TTF-dona substituted molecules (2-4)
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Table 1: Optimized geometric parameters of compounb) and (2c)

Compound 2b Compound 2c
Bond length(A) Bond Angles (°) Bond length(A) Bond Angles (°)
1C2C 1.35 4C1C9S 12355 1C4C 1.35 4C1C9S 123.33
1C9S 1.78 1C9S2C 95.65 1C9S 1.78 1C9S2C 94.56
9S2C 1.78 9S2C3C 116.99 9S2C 1.76 9S2C3C 119.22

2C3C 1.34 9S2C28C 115.01 2C3C 1.34 32H2C3C 124.07
2C28C 150 28C2C3C 127.98 2C32H 1.08 7S5C1i1C 116.07
11C13C 141 5C1licCi2C 120.47 2C24C 150 5C11C12C .6820
5C11C 147 2C28C31H 111.38 5C1i1C 147 11C12C15H .4319
18C21IN 147 11C12C14C 121.01 11C12C 140 14C18C21MN9.14
21IN220 1.23 14C18C2IN 119.14 18C2IN 147 18C21N23117.66
28C31H 1.09 18C21N230 117.67 21N230 1.23 23021N22124.67

Table 2: Optimized geometric parameters of compoun@3b) and (3c)

Compound 3b Compound 3c
Bond length(A) Bond Angles (°) Bond length(A) Bond Angles (°)
1C4C 1.35 1C4C8s 123.61 1C4C 1.35 1C4C8S 123.39
4C2S 1.78 4C8S5C 95.54 4C8S 1.79 4C8S5C 94.49
8S5C 1.78 8S5C6C 117.01 8S5HC 1.76 8S5C32H 116.77

5C6C 1.34 6C5C25C 127.92 5C6C 1.34 5C6C25C 126.44
25C27H 1.09 9S3C1i1C 115.89 5C32H 1.08 25C6C7S 917.4
3C11C 1.47 3C1licC1i2C 121.08 6C25C 1.50 9S3C11C 915.8
5C25C 1.52 5C25C27H 111.42 3C1i1C 1.48 2C3C1i1C 827.4
11C12C 1.41 14C18C33N 120.86 11C12C 141 3C11C12C21.08
18C33N 1.39 18C33N35H 11558 18C29N 1.39 18C29N31H15.61
33N35H 1.01 35H33N34H 112.23 29N31H 1.01 31H29N30H12.26
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Table 3: Optimized geometric parameters of compoun@b) and (4c)

Compound 4b Compound 4c
Bond length(A) Bond Angles (°) Bond length(A) Bond Angles (°)
1C4C 1.35 4C1C9s 123.60 1C4C 1.35 4C1C9s 123.37
1C9S 1.78 1C9S2C 9555 1C9S 1.79 1C9S2C 94.51
9S2C 1.78 9S2C3C 117.01 9S2C 1.76 9S2C3C 119.22

2C3C 1.34 9S2C29C 115.05 2C3C 1.34 11C5C7S 115.84
6C11C 1.48 7S6C11C 115.88 3C22C 150 9S2C30H 116.77
2C29C 150 2C29C31H 111.47 2C30H 1.08 3C22C24H 4211.
29C31H 1.09 6C11C13C 121.63 5C11C 148 5C11Ci13C .6021
11C13C 140 14C18C37N 121.48 11C13C 1.40 21N18C14Q1.48
18C37N 1.39 18C37N21C 11945 18C21N 1.39 31C21N18(19.63
37N21C 145 21C37N38C 118.24 2IN31C 1.45 31C21N35(18.77

Molecular electrostatic potential (ESP) map

Electrostatic potential maps, also known as elstdtic potential energy maps, or molecular eleafrjotential
surfaces, illustrate the charge distributions ofenoles three dimensionally. The purpose of findirgelectrostatic
potential is to find the reactive site of a molecdleese maps allow us to visualize variably changegions of a
molecule. Knowledge of the charge distributions barused to determine how molecules interact with another.
Molecular electrostatic potential (MESP) mappingeésy useful in the investigation of the molecud&nucture with
its physiochemical property relationships [24]. 8loSCF electron density surface mapped with mogecul
electrostatic potential (MESP) of compoungb)(and @c) are shown in Fig. 2.

Figure 2. Molecular electrostatic potential surfaceof compounds (2b) and (4c)
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Global reactivity descriptors

The understanding of chemical reactivity and s#iedivity of the molecular systems has been dffelst handled
by the conceptual density functional theory (DFPRY][ Chemical potential, global hardness, globdtness,
electronegativity and electrophilicity are globaactivity descriptors, highly successful in preidigt global
chemical reactivity trends. Fukui functions (FF)dalocal softness are extensively applied to prdie lbcal
reactivity and site selectivity. The formal defiaits of all these descriptors and working equatiéorstheir
computation have been described [25-27]. Varioydiegttions of both global and local reactivity degtors in the
context of chemical reactivity and site selectivitjve been reviewed in detail [28]. Parr et alroditiced the
concept of Electrophilicity«) as a global reactivity index similar to the cheatihardness and chemical potential
[28]. This reactivity index measures the stabilmatin energy when the system acquires an additielegtronic
chargeAN from the environment. The electrophilicity is thefd as: § = p?/ 2n), p = -(I+A)/2 andn = (I-A)/2 are
the electronic chemical potential and the chemicafdness of the ground state of atoms and molecules
respectively, approximated in terms of the vertidahization potential (I) and electron affinity (A)The
electrophilicity is a descriptor of reactivity thaltows a quantitative classification of the glok&ctrophilic nature
of a molecule within a relative scale [29].

Table 4: Energetic parameters of TTF-donor substitted molecules (2-4)

Compounds  Eiomo (V)  Eumo (V) AEw(eV) 1(eV) A(eV)

2b -4.730 2.560 2.169 4730  2.560
2c -4.776 -2.585 2.191 4776  2.585
3b -4.275 -0.734 3.541 4275 0.734
3c -4.315 -0.761 3.554 4315 0.761
4b -4.225 -0.689 3.536 4225 0.689
4c -4.254 -0.711 3.543 4254 0.711
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Figure 3. Highest occupied molecular orbitals anddwest unoccupied molecular orbitals of compounds 2 and (4c)
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Table 5: Ouantum chemical descriptors of TTF-donorsubstituted molecules (2-4)

Compounds  p(eV) x(eV) n(eV) S(eV) o(eV)

2b -3.645 3.645 1.085 0461 6.124
2c -3.680 3.680 1.096 0.456 6.181
3b -2505 2505 1.771 0.282 1.772
3c -2.538 2538 1.777 0.281 1.813
4b -2.457 2457 1.768 0.283 1.708
4c -2.483 2483 1772 0.282 1.740

As shown in table 4, the molecul®d] is the mosimolecule has the ability to accept electronsofle = -4,77€V)
while (4b) has the highest HOMO energyydmo = -4,22eV) that allows him to be the best electionor molecule.
The high value of the energy gap indicates thatntbécule shows high chemical stability, while aairiOMO-
LUMO gap means small excitation energies to theifolhof excited states, table 4 shows that compo(at) is
the most stable. High ionization energy indicatigsh Istability and chemical inertness and smallZation energy
indicates high reactivity of the atoms and molesutéompound4b) has the lowest ionization potential value (I =
4,22eV) which indicate that it is the best electdmmor. The electronic affinity (A) is defined as #nergy released
when an electron is added to a neutral moleculeofecule with high (A) values tend to take electreasily. From
Table 4 it is clear that Compoun2d is the best reactive.

Local reactivity descriptors
Fukui Function [30-32] is one of the widely useddbdensity functional descriptors to model cheinieactivity
and site selectivity and is defined as the denreatif the electron densitp(r)with respect to the total number of

electrons N in the system, at constant externariat V(r)acting on an electron due to all the nuclei indpstem

() =law/avlr )], =lonlr)/onl

The condensed Fukui Function are calculated usiagptocedure proposed by Yang and Mortier [33]etlamn a
finite difference method

f*=[q(N +1)-q(N)]. for nucleophilic attak,
f~= [q(N)— q(N —1)] , for electrophilic attak,
f°=[q(N +1)-q(N -1)]/2, for radical attak.
Where q(N) is the charge on kth atom for neutralemue while q(N + 1) and g(N - 1) are the sameit®anionic

and cationic species, respectively. The value stdptors calculated at B3LYP/6-31G(d,p) level gsMulliken
charges on atoms in molecules are presented ire Babland 8.
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Table 6: Values of the Fukui function considering BO charges of the molecules (2land (2c)

Compound (2b) Compound (2c)

Atom f* f f° Atom f* f f°

1C -0.024 0.009 -0.008 1C -0.016 0.008 -0.004
2C 0.003 0.007 0.005 2cC -0.001 -0.006 -0.003
3C 0.003 0.006 0.005 3C 0.003 0.012 0.008
4C 0029 -0001 0.014 4C  0.028 0.000 0.014
5C 0.006 0.007 0.007 5C 0.009 0.007 0.008
6C -0.043 0.004 -0.019 6C -0.042 0.004 -0.019
7S -0.040 -0.158 -0.099 7S -0.045 -0.162 -0.103
8S -0.070 -0.152 -0.111 8S -0.082 -0.156 -0.119
9S -0.045 -0.162 -0.103 9S -0.043 -0.167 -0.105
10S -0.033 -0.161 -0.097 10S -0.030 -0.161 -0.096
11C -0.013 0.018 0.002 11C -0.016 0.017 0.001
12C -0.021 -0.005 -0.013 12cC -0.020 -0.005 -0.012
13C -0.008 -0.009 -0.009 13C -0.009 -0.009 -0.009
14 C -0.025 -0.008 -0.017 14cC -0.025 -0.008 -0.017
15H -0.056 -0.003 -0.029 15H -0.054 -0.003 -0.029
16 C -0.028 -0.008 -0.018 16C -0.027 -0.008 -0.018
17H -0.055 -0.012 -0.033 17H -0.055 -0.012 -0.034
18C 0.020 -0.005 0.008 18C 0.019 -0.005 0.007
19H -0.051 -0.024 -0.038 19H -0.052 -0.024 -0.038
20H -0.053 -0.025 -0.039 20H -0.053 -0.026 -0.039
21N -0.106 -0.015 -0.061 21N -0.106 -0.016 -0.061
220 -0.132 -0.025 -0.078 220 -0.133 -0.025 -0.079
230 -0.133 -0.023 -0.078 230 -0.133 -0.023 -0.078
24 C 0.004 0.008 0.006 24C 0.004 0.008 0.006
25H -0.017 -0.033 -0.025 25H -0.018 -0.036 -0.027
26 H -0.016 -0.029 -0.022 26H -0.009 -0.032 -0.020
27H -0.005 -0.033 -0.019 27H -0.014 -0.034 -0.024
28 C 0.004 0.008 0.006 28C 0.015 0.005 0.010
29 H -0.008 -0.033 -0.020 29H -0.033 -0.031 -0.032
30H -0.018 -0.030 -0.024 30H 0.003 -0.031 -0.014
31H -0.016 -0.033 -0.024 31H -0.040 -0.024 -0.032
32C 0.014 0.005 0.009 32H -0.026 -0.058 -0.042
33 H -0.030 -0.030 -0.030

34 H 0.004 -0.031 -0.013

35H -0.041 -0.023 -0.032

Local reactivity descriptors are used to decidatied reactivity of different atoms in the moleculeis established
that molecule tends to react where the value ofrg@sr is largest when attacked by soft reageit where the
value is smaller when attacked by hard reagent [B4¢ use of descriptors for the site selectivitthe molecule for
nucleophilic and electrophilic attack has been m&#wameters of local reactivity descriptors shoat #C is more
reactive site for nucleophilic and free radicabekis and 11C for electrophilic attack in compou(®is2c), for
compounds 3b-3c) the most reactive site for nucleophilic and fradical attacks is 1C and 2C for electrophilic
attack, 4C represent the more reactive site foteophilic and free radical attacks and 11C for tetgahilic attack

in compounds4b-40).

Principal Component Analysis (PCA):

In this work, we auto scaled all calculated va®abin order to compare them in the same scalerwidtels, PCA
(principal component analysis) was used to redbeenumber of variables and select the most relevaes, i.e.
those responsible for thp-Aminophenyl tetrathiafulvalenes reactivity. Aftgrerforming many tests, a good
separation is obtained between more active andaletsge tetrathiafulvalenes compounds using terabées: I, Ay
1L S, 1,®, Evomo » BELumo » AEgap (see Table 4 and 5).

We can observe from PCA results that the firstetpencipal components (PC1, PC2 and PC3) deseat#9% of
the overall variance as follows: PC1 = 81.91%, RQ2A.54% and PC3 = 6.54%. The score plot of theamaes is a
reliable representation of the spatial distributadrthe points for the data set studied after erpig almost all of
the variances by the first two PCs. The most infitive score plot is presented in Figure 4 (PCluefC2) and
we can see that PC1 alone is responsible for fh@raton between more activeb( 2¢) and less active compounds
(3b, 3c, 4band4c) where PC1>0 for the more active compounds and<BGdr the less active ones. The same
results follow in the case of global reactivityrtdebased ow.

156
Scholar Research Library



Amel Bendjeddouet al Der Pharmacia Lettre, 2016, 8 (4):151-160

Table 7: Values of the Fukui function considering BO charges of the molecules (3land (3c)

Compound (3b) Compound (3c)
Atom * f f Atom f* f f

1C 0.045 0.011 0.028 1C 0.049 0.011 0.030

2C -0.023 0.017 -0.003 2C -0.025 0.018 -0.004

3C 0.001 0.001 0.001 3C 0.001 0.001 0.001
4C 0.003 0.001 0.002 4cC -0.001 0.001 0.001
5C 0.003 0.007 0.006 5C -0.004 -0.004 -0.004
6C 0.002 0.007 0.005 6C 0.007 0.012 0.009
7S -0.099 -0.146 -0.122 7S -0.094 -0.144 -0.119
8S -0.108 -0.146 -0.127 8S -0.102 -0.148 -0.125
9sS -0.171 -0.148 -0.160 9S -0.178 -0.149 -0.164
10S -0.165 -0.162 -0.164 10S -0.169 -0.165 -0.167
11C 0.027 -0.011 0.008 11C 0.028 -0.013 0.008
12C -0.033 0.006 -0.014 12C -0.035 0.006 -0.014
13C -0.007 -0.005 -0.006 13C  -0.008 -0.005 -0.006
14C 0.001 -0.001 -0.001 14C 0.001 -0.001 0.001
15H -0.024 -0.009 -0.017 15H -0.026 -0.009 -0.018
16C -0.004 -0.001 -0.002 16C  -0.003 -0.001 -0.002
17H -0.029 -0.015 -0.022 17H -0.031 -0.016 -0.023
18C -0.058 -0.055 -0.057 18C  -0.061 -0.058 -0.060
19H -0.041 -0.029 -0.035 19H -0.043 -0.030 -0.036
20H -0.041 -0.030 -0.036 20H -0.043 -0.031 -0.037
21C 0.019 0.007 0.013 21C 0.020 0.007 0.013
22H -0.035 -0.034 -0.035 22H -0.037 -0.035 -0.036
23H -0.025 -0.031 -0.028 23H -0.026 -0.031 -0.028
24H -0.040 -0.022 -0.031 24H -0.042 -0.022 -0.032
25C 0.009 0.007 0.008 25C 0.008 0.007 0.007
26H -0.026 -0.027 -0.026 26H -0.023 -0.031 -0.027
27H -0.028 -0.031 -0.029 27H -0.030 -0.033 -0.032
28H -0.022 -0.030 -0.026 28H -0.025 -0.028 -0.027
29C 0.008 0.007 0.008 29N -0.003 0.004 0.001
30H -0.022 -0.030 -0.026 30H -0.029 -0.030 -0.029
31H -0.028 -0.031 -0.029 31H -0.029 -0.029 -0.029
32H -0.025 -0.026 -0.026 32H -0.047 -0.054 -0.051
33N  -0.003 0.004 0.001

34H -0.028 -0.028 -0.028

35H -0.028 -0.028 -0.028

Table 8: Values of the Fukui function considering BO charges of the molecules (4land (4c)

Compound (4b) Compound (4c)
Atom f* f f Atom f* f £
1C -0.002 -0.001 -0.002 1C -0.005 -0.001 -0.003
2C 0.002 0.007 0.004 2C -0.007 -0.004 -0.004
3C 0.001 0.007 0.004 3C 0.017 0.012 0.008
4C 0.044 0.013 0.029 4C 0.060 0.013 0.030

5C -0.004 0.002 -0.001 5C -0.001 0.002 -0.001
6C -0.029 0.016 -0.006 6C -0.014 0.017 -0.007

7S -0.159 -0.141 -0.150 7S -0.303 -0.140 -0.152
8S -0.156 -0.160 -0.158 8S -0.320 -0.162 -0.160
9S -0.091 -0.139 -0.115 9S -0.229 -0.141 -0.114
10 S -0.081 -0.139 -0.110 10S -0.216 -0.137 -0.108
11C 0.030 -0.015 0.008 11C 0.013 -0.018 0.006
12C -0.026 0.006 -0.010 12C -0.036 0.007 -0.018
13C -0.016 -0.005 -0.010 13C -0.007 -0.004 -0.004
14 C 0.030 -0.008 0.011 14cC 0.005 -0.009 0.002
15H -0.025 -0.010 -0.017 15H -0.039 -0.012 -0.019
16 C 0.011 -0.009 0.001 16C 0.014 -0.009 0.007
17H -0.030 -0.015 -0.023 17H -0.046 -0.016 -0.023
8C -0.123 -0.017 -0.070 18C  -0.137 -0.016 -0.069
19H -0.034 -0.028 -0.031 19H -0.066 -0.028 -0.033
20H -0.038 -0.029 -0.033 20H -0.066 -0.030 -0.033
21C 0.022 0.015 0.019 21N 0.026 -0.006 0.013
22 H -0.014 -0.015 -0.015 22C 0.014 0.007 0.007
23H -0.045 -0.024 -0.035 23H -0.060 -0.032 -0.030
24H -0.030 -0.025 -0.028 24H -0.050 -0.027 -0.025
25C 0.020 0.007 0.013 25H -0.050 -0.030 -0.025
26 H -0.036 -0.035 -0.035 26C 0.028 0.007 0.014
27H -0.024 -0.030 -0.027 27H -0.072 -0.035 -0.036
28 H -0.040 -0.021 -0.031 28H -0.055 -0.031 -0.027
29C 0.008 0.007 0.007 29H -0.064 -0.022 -0.032
30H -0.023 -0.025 -0.025 30H -0.095 -0.052 -0.048
31H -0.025 -0.030 -0.028 31C 0.037 0.016 0.018
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32H -0.020 -0.029 -0.025 32H -0.069 -0.025 -0.034
33C 0.006 0.007 0.007 33H -0.033 -0.016 -0.016
34H -0.019 -0.029 -0.024 34H -0.058 -0.026 -0.029
35H -0.025 -0.030 -0.028 35C 0.037 0.016 0.019
36H -0.022 -0.026 -0.024 36H -0.028 -0.015 -0.014
37N 0.031 -0.004 0.013 37H -0.070 -0.025 -0.035
38C 0.021 0.015 0.018 38H -0.057 -0.026 -0.028
39H -0.014 -0.015 -0.014

40H -0.032 -0.025 -0.028

41H  -0.043 -0.023 -0.033

Figure 4. Score plot for TTF-donor substituted moleules (2-4) in gas phase
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The loading vectors for the first two principal gooments (PC1 and PC2) are displayed in figure 5cevesee that
more active compounds (PG10) can be obtained when we have higher A, I, %, values. In this way, some
important features on the more active compoundsearsbserved.

Figure 5. Loading plot for the variables responsit# for the classification of the TTF-donor substitued molecules studied
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Hierarchical Cluster Analysis (HCA):

Figure 6 shows HCA analysis of the current studye horizontal lines represent the compounds andehtécal

lines the similarity values between pairs of comps) a compound and a group of compounds and agroogs

of compounds. We can note that HCA results are sanjlar to those obtained with the PCA analysis, the

compounds studied were grouped into two categonsme actives (compound2b and 2¢) and less active
(compounds3b, 3c, 4band4c).
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Figure 6. Dendrogram obtained for TTF-donor substitited molecules studied
6 —

Similarity
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Compounds

CONCLUSION

In conclusion, Based on the density functional the®3LYP/6-31G(d,p) method, the global and locaatévity
descriptors of the title compounds were performad discussed. The descriptors obtained could peowidre
information and may contribute to a better undewditag of the electronic structure of these compsufdom PCA
results, Consistency between the results obtaimexdigh the reactivity descriptors and those thédrdéned From
PCA analysis. Finally we hope that these consemesendll be of assistance in the quest of the erpental and
theoretical evidence for the title compound in naalar bindings.
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