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Abstract. One of the most powerful methods for the rapid synthesis and form-
ation of complex polycyclic molecules with biological interest involves the use
of Diels—Alder (DA) reaction especially its intramolecular variant. The trans
isomers of 4-substituted cycloheptenones were experimentally found to be
excellent ethylenes, readily undergoing DA reactions. In this study we were
interested to elucidate and predict the reactivity of the intramolecular DA
(IMDA) reactions of the trans-A and trans-B isomers of 4-substituted cyclo-
heptenone by means of the indexes of reactivity derived from DFT, at
B3LYP/6-31G+(d,p) level of theory, using Gaussian09 program. In order to
identify the reactional sites and to predict site selectivity of these compounds
towards electrophilic and nucleophilic attack, the electrophilic B* and nucleo-
philic A, Parr functions, the local electrophilicity wy and local nucleophilicity
Ny were used in order to characterize the most electrophilic and nucleophilic
sites. For the purpose, to make clear classification of the electrophilicity and
nucleophilicity of the interacting diene and ethylene moieties within the same
molecule, the local reactivity difference index Ry, was used as a power full des-
criptor to study this IMDA cycloaddition. The fragments electrophilicity and
nucleophilicity indices were calculated, according to the fragmentation model.
The dual philicity index y and the degree of transferability were determined.
Here presented calculations showed, as expected, that the electronic transfer
will take place from diene to ethylene moiety. The predictions thus made are in
good agreement with other theoretical studies that analyse the electronic trans-
fer through global electronic density transfer (GEDT).

Keywords: cycloalkenone; cycloaddition; fragmentation; IMDA; diene; ethyl-
ene.
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728 TEMER, MOSTEFAI and RAHMOUNI

INTRODUCTION

For a long time, chemists have sought to establish relationships uniting the
structure and chemical reactivity of molecules. On the experimental level, the
means of analysing molecular structures have become both numerous and more
efficient. From a theoretical point of view, quantum chemistry methods represent
increasingly useful and reliable tools in the study of the structure and reactivity
of chemical compounds. The study of reactivity is based on two main aspects.
The first one consists of the calculation of thermodynamic parameters and the
second one is the prediction of the reaction mechanism which is done from a
theoretical point of view: either by locating the transition state structure (TS),
calculating the activation energies or highlighting the optimal reaction path, or by
the use of reactivity indices and descriptors in order to determine the preferential
sites of interaction between reagents.

The work presented in this paper is part of this latter approach, i.e., the pre-
diction of reaction sites using reactivity indices and descriptors. Indeed, predict-
ing the reactivity and selectivity of a chemical process is crucial. Our interest was
particularly focused on the theoretical study of the reactivity of two isomers of
4-[(4E)-4,6-heptadien-1-yl]-2-cyclohepten-1-one. These compounds were experi-
mentally found to be excellent ethylenes, readily undergoing Diels—Alder (DA)
reaction to form the corresponding trans-fused intramolecular DA (IMDA) react-
ions cycloadduct in very high yields. The DA reaction is undoubtedly one of the
most powerful and widely used approaches synthetic organic chemistry.! This
reaction, which proceeds via a one-step mechanism, consist on a cycloaddition
between a conjugated diene and a substituted ethylene, resulting in the formation
of unsaturated six-membered rings. It is regioselective, stereoselective, atom eco-
nomic and highly efficient, making it a valuable tool for synthesizing cyclic
structures, particularly in the construction of complex molecules and natural pro-
ducts.2 Depending on the nature of the diene and ethylene, many different types
of six carboxylic structures can be composed,3 this makes it important in the
pharmaceutical and biological field in particular even in modern industry.4 For
instance, the synthesis of products with biological activities such as: vitamin E
which deals with the inhibition of plant growth,> cytotoxicity and growth pro-
motion activity of neuritis® and mogolide A which is used to selectively modify
biochemical structures.”

Due to its usefulness and efficiency in carbon-carbon bond formation, DA
reactions have sparked the interest of experimental and theoretical chemists and
continues to be an important subject for both computational® and experimental
studies.?

The IMDA reaction is a variant of the DA reaction in which the diene and
the ethylene are linked in a same molecule, !0 but it does not change its reactivity,
which can only be modified by the strain associated to the intramolecular pro-
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DFT STUDY OF THE CYCLOADDITION 729

cess. Due to its flexibility and its notable stereoselectivity in the construction of
fused cycles in only one synthetic step, IMDA reaction has been utilized to cons-
truct many pharmacological and biological and also as a pathway in the total
synthesis of natural products.!!

DA reaction of cycloalkenones is considered to be a simple method of back-
bone construction which has made it possible to obtain fused or bridged tricyclic
products. 12 Stereoisomerism is controlled by the endo/exo approach and depends
on the length of the chain that separates the diene from the ethylene as well as the
cis/trans configuration of the latter. In a general way, the product in endo mode is
majority or exclusive in the case of 2-cycloalkenones.!3 These results have been
explained by steric effects and electronic effects.14

Dorr and Rawal described a powerful method using UV radiation to gener-
ate, in good yield, tricyclic compounds from relatively simple precursors. These
are the first examples of IMDA reactions of 2-cycloalkenones.!> This reaction
occurs in two steps, the first being a photochemical isomerization of cis-cyclo-
heptenone to trans-cycloheptenone. The IMDA thermal reaction at room temper-
ature then takes place on the trans isomers. It is very interesting to recall and
confirm that trans-enones are excellent ethylenes.!® It was concluded that iso-
merization of the ethylene of cis 2-cycloheptenone yields two diastereoisomers
trans-A and trans-B.

Interpreting and predicting the preferred direction of a reaction and product
formation is one of the most important issues related to the problem of molecule
reactivity.!7 The main purpose of this theoretical study is to predict the reactivity
of cycloheptenone diastoisomers frans-A and frans-B and the selectivity of the
IMDA reaction by means of the conceptual density functional theory (CDFT).18
In the first time, the global electrophilicity and nucleophilic indices, the electro-
philic and nucleophilic Parr functions and the single reactivity difference indices
have been successfully used to the study of the IMDA title reaction. Indeed, on
2009 Domingo et al. proposed the polar DA (P-DA) mechanism, !9 which is fol-
lowed by many and various of the experimental DA reactions, in which the nuc-
leophilic and electrophilic interactions taking place at the TSs are responsible for
the feasibility of the reaction. In this sense, the use of the electrophilicity and
nucleophilicity indices and the Parr functions have become powerful tools to
study DA reactions.

In 2012 Chattaraj et al. introduced a single reactivity difference index Rx
allowing to characterize the electrophilic/nucleophilic centre of a molecule, per-
mitting the study of polar intramolecular processes.20 In 2013, the electrophilic
and nucleophilic Parr functions were proposed to study the local reactivity in
polar reactions within the CDFT.2! In 2016, Domingo proposed a new theory of
reactivity in organic chemistry baptized molecular electron density theory
(MEDT), which rejects all theories, models and interpretations based on molec-
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730 TEMER, MOSTEFAI and RAHMOUNI

ular orbital analyses, in which the changes in electron density along a chemical
reaction are responsible for the chemical reactivity of organic molecules.?2

The partitioning of global electronic properties into fragments groups within
a same molecule serves as a powerful technique when discussing the nucleophil-
icity and electrophilicity of diene and ethylene fragments in IMDA pro-
cesses.23:24 To this end, an appropriate fragmentation model, in which trans-A
and trans-B isomers were arbitrarily partitioned into diene fragment (D), ethyl-
ene fragment (Dp) and the corresponding chain of union (Ch) as illustrated in
Fig. 1, were used, in the second time, to calculate the fragment electrophilicity
and nucleophilicity indices and in order to characterize the nucleophilicity and
electrophilicity of the interacting fragments.

H : H
H
?Q\\\ RJ%
R Y H © Fig. 1. Fragmentation scheme for IMDA

trans-A trans-B and the trans isomers of 2-cyclohept-
R=C-H,, enone.

The structure of this paper is as follows: after this brief introduction, the next
section deals the computational details. The section which follows contains the
main results and general discussion concerning the prediction of the global and
local electrophilicity and nucleophilicity reactivity the title compounds. Also, we
discussed the results concerning the fragment electrophilicity and nucleophilicity
indices for IMDA reaction of trans-A and trans-B isomers of 4-substituted cyclo-
heptenone. Finally, the paper is ended by recalling the main conclusions.

CALCULATION DETAILS

The Gaussian 09 package has been used to perform all calculations presented in this
work.25 To obtain fully optimized geometries for the trans isomers of 2-cycloheptenone deri-
vatives, we undertook calculations at B3LYP/6-31G+(d,p) level of theory. All optimized
structures were identified as minima on the potential energy surface, with no imaginary fre-
quencies appeared in their frequency calculations results, at the same level of theory. To pre-
dict the site selectivity of the molecules under study towards electrophilic and nucleophilic
attack and to elucidate their nucleophilicity and electrophilicity, various reactivity and select-
ivity descriptors and the appropriate local quantities have been calculated. The global and
local reactivity descriptors used in the present work are described below.2

The global hardness 77 (Eq. (1)), based the energies of the frontier molecular orbital
Epnomo and Eyyvo, are defined as follows:?’
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DFT STUDY OF THE CYCLOADDITION 73 1

1= ELumo — Enomo 1
The chemical potential ¢ (Eq. (2)) can be expressed using the energies of the frontier
molecular orbital, as:28

4= (ELumo + Enomo)/2 ()
The global electrophilic index?® wwas calculated using the following expression (Eq. (3)):
W= /21 3)

By the Kohn—Sham method, the empirical (relative) nucleophilic index N is defined as
follows (Eq. (4)):30
N = Exomomu) — EHoMO(TCE) “4)
Where Epomonu) cotresponds to the HOMO energy of the nucleophile and Eyomo(rck) 1S the
HOMO energy of the tetracyanoethylene (TCE) taken as reference.
The Parr function P(r) are expressed by the following equations:2!
P(r)=ps"(r) for electrophilic attacks ©))
P*(r) = p(r) for nucleophilic attacks ©)
where p,"(r) is the Mulliken atomic spin density (4SD) at the r atom of the radical cation of a
considered molecule pg(r) is the ASD at the r atom of the radical anion. Each 4SD condensed
at the different atoms of the radical cation and radical anion of molecule provides the local
nucleophilic B and local electrophilic Pk+ Parr functions of the natural system.

Accordingly, the local electrophilicity @ (Eq. (7)) and the local nucleophilicity Ny (Eq.
(8)) indices are defined as follows:

o= R (7)

Ny=NE ®)

The local reactivity difference index Ry is given by the following three conditions to

identity the centers with electrophilic (R = +n.nn) or nucleophilic (R = —n.nn) behaviour as

well as the ambiphilic (R, = +n.nn) behavior in addition to eliminate the centers with marginal
reactivity:3!

if (1<@/Ny<2) or (1<N/ i, <2)
then Ry = (&x+N,)/2 ambiphilic (R, = n.nm) ©
else Rk = (w—Ny) (10)
where R;>0 electrophilic (R = +n.nm)
and R; <0 nucleophilic (R = -—n.nm)
If |R|<0.1 thene R, =0

The local hardness (k) on an atom was expressed by Meneses and al, in terms of the

Fukui indices for both nucleophilic and electrophilic attacks, as well as the energies of HOMO

and LUMO.32 This approach allowed for the determination of group hardness associated with

each fragment (Eq. (10)), namely Q = D, Dp and Ch, within the compound 2-cycloheptenone,

which can be arbitrarily divided into diene (D), ethylene (Dp) and the union chain (Ch) frag-
ments, as illustrated in Fig. 1:

N =Zm or me = Ergmofy — Enomofx (11)
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732 TEMER, MOSTEFAI and RAHMOUNI

Using Koopman’s theorem, the electronic chemical potential of the D and Dp fragments
can be presented in the following form:32

Ho =2(Eyomo / 2/0) +E(ELumo / 2£) (12)
The local electrophilic index of each fragment (Eq. 12) 32
Wp = wzkeDfi(+ and Wpp = a)zkerfk+ (13)

The local nucleophilic index of each fragment can be calculated by the following equat-
ion:32

Np = NZyepfi and Npp = NEyepp fi (14)
The dual philicity indexes y is:32
71 =@pp + Np and ¥, =ap + Np, (15)
RESULTS AND DISCUSSION

The main optimized geometric parameters of the trans-A and trans-B iso-
mers of 4-[(4E)-4,6-heptadien-1-yl]-2-cyclohepten-1-one are given in Table I,
following the labelling of the atoms reported in Fig 2. B3LYP/6-31+G (d,p)
method predicts that the trans-A isomer is more stable than the trans-B isomer.
The energy gap between them is of the order of 24.22 kJ/mol.

TABLE I. The energy and the geometry parameters of 4-substituted 2-cycloheptenone isomers

Enrgy, bond length, bon angle trans-A trans-B
E/u.a. —620.70148 —620.69225
Cia—Cs3 775 A 591 A
C16-Cyy 5.00 A 337A
C17-C14-C16-C3 ~113.51° 115.27°
Cy7—Cr5-C30-Cs3 -29.53° -31.01°
C3-C17-CyCy3 -179.72° —70.07°
H35-Ci6-C3-H; -177.81° ~17.97°
H35-C16-C3-Cyy 55.27° —141.52°

a9 g {
Trans-B ( 9 //”}’ Fig. 2. Optimized geometries of 4-sub-

e stituted 2-cycloheptenone isomers cal-
culated at B3LYP/6-31+G(d,p) method.
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Global reactivity

The global reactivity indices of 4-substituted 2-cycloheptenone isomers,
which include the electronic chemical potential (), the chemical hardness (),
the global electrophilicity (w), the global nucleophilicity (V) and the global soft-
ness (S), were calculated at B3LYP/6-31+G(d,p) level of theory and are reported
in Table II.

TABLE II. Global electronic properties and reactivity indices of trans-A and trans-B isomers
of 4-substituted 2-cycloheptenone calculated at B3LYP/6-31+G(d,p) level of theory

Enomo  Erumo n u [0 N S
Isomer u.a. eV eV eV eV eV
trans-A -0.23 -0.06 4.62 —4.09 1.81 3.00 0.10
trans-B -0.23 —0.04 4.99 -3.78 1.43 3.12 0.10

These results show that trans-B isomer is more nucleophilic than trans-A
isomer. The global nucleophilicity calculated indices predict that the nucleophilic
power decreases from trans-B (N = 3.12 eV) to trans-A (N = 3 eV). Moreover,
trans-B isomer can be classified as a strong nucleophile, according to the nucleo-
philicity scale.33 The nucleophilic character of these compounds is in agreement
with the calculated electronic chemical potentials. Indeed, trans-B is character-
ized by the highest chemical potential (« = —3.78 eV) followed by trans-A (u =
= —4.09 eV). Concerning the electophilic power, it decreases from frans-A (v =
= 1.81 eV) to trans-B (w=1.43). According to the electrophilicity scale,33 trans-
-A isomer (@ > 1.50 eV) is a strong electrophile, that is able to participate easily
in polar DA reactions.!?

Local reactivity

In order is to predict the preferred electrophilic and nucleophilic sites within
molecules under study, it will be necessary to focus attention on the calculated
local electrophilicity and nucleophilicity reactivity indices. The corresponding
values for both nucleophilic and electrophilic functions are presented in Table III.

TABLE III. electrophilic ( 7 ) and nucleophilic (£ ) Parr functions, local electrophilicity (@)
local nucleophilicity (NVy), and local reactivity difference (Ry) of trans-A and trans-B isomers

Isomer Fragment Site B F Wy Ny Ry
trans-A Dp Cha 002 026  0.03 079 075
Cie 0.86 0.04 1.56 0.13 +1.42
D C,, 001 019  -001 058  —0.59
Cs3 0.00 0.29 0.00 0.87 —0.86
trans-B Dp Cis 0.22 0.30 0.32 0.96 —0.63
C 057  —001 08  -003 +0.85
D Cyy 0.08 0.17 0.12 0.55 -0.43
Cs; 0.13 0.35 0.19 1.09 —-0.90
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734 TEMER, MOSTEFAI and RAHMOUNI

The local value of Parr function provides insight into the reactivity and sel-
ectivity of the specific site in the molecule. In most polar cycloaddition reactions,
the regioisomeric channel most likely to form involves the interaction between
the most nucleophilic centre of the nucleophile and the most electrophilic centre
of electrophile. Therefore, analysis of the local electrophilicity w, and local nuc-
leophilicity Ny derived from Parr functions B and B, can explain the experi-
mentally observed regioselectivity.

In both trans-A and trans-B isomers, the electrophilic B Parr function
shows the Ci¢ carbon to be the most electrophilic centre, whereas the nucleo-
philic A Parr function displays C33 atom as nucleophilic centre. The local elec-
trophilicity wy predicts that Cig is the main electrophilic centre with 1.56 and
0.82 eV, in trans-A isomer and trans-B isomer, respectively. However, the local
nucleophilicity Ny suggests that C33 is the main nucleophilic centre of trans-A
and trans-B isomers with 0.87 and 1.09 eV, respectively. Accordingly, the IMDA
reaction path of the trans isomers of 4-[(4E)-4,6-heptadien-1-yl]-2-cyclohepten-
-1-one that is more privileged in terms of regioisomers will be characterized by
the first formation of the C;6—C33 single bound.

In order to simultaneously predict the electrophilicity and nucleophilicity
sites of a given molecular system, Ry index has been calculated. The negative
values of Ry correspond to nucleophilic centres. Whereas the positive values of
Ry, correspond to electrophilic centres. The predicted values of Ry show, as exp-
ected, that Cy4 site with the high positive value acts as the most electrophilic
centre, while the most nucleophilic centre is attributed to C33 site. One important
point to note is that the strong local electrophilicity value is assigned to the S
conjugated carbon Cig atom which is activated because of the withdrawing
mesomeric effect of the adjacent carbonyl group, enhancing then its electrophilic
character. Accordingly, the cycloaddition IMDA reaction of the trans isomers of
4-[(4E)-4,6-heptadien-1-yl]-2-cyclohepten-1-one may be regiospecific.

As shown in Fig. 3, illustrating the 3D representation of Mulliken atomic
spin density (4SD) of the radical anions and radical cations, the electrophilic PkJr
Parr functions of both trans-A and trans-B isomers which are mainly located at
ethylene fragment, particularly at the reactives sites Cjg and Cy4. The highest
PkJr value is assigned to C1¢ atom. Alternatively, the nucleophilic A Parr func-
tions are principally centred at diene fragment, precisely, at the reactive sites C33
and Cp7. ASD analysis allows to characterize the most nucleophilic and most
electrophilic centres and to establish the chemoselectivity and regioselectivity in
polar reactions.

Fragment electrophilicity and nucleophilicity indices

In this part, we were interested on the characterization of the group nuc-
leophilicity and electrophilicity for intramolecular DA reactions of the com-
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DFT STUDY OF THE CYCLOADDITION 73 5

TRnE:ARE) Trans-A (P,")
(

Trans-B (P,*) Trans-B (P,")
Fig. 3. 3D representation of ASD of the radical anion and the radical cation of trans-A and
trans-B isomers of 4-[(4E)-4,6-heptadien-1-yl]-2-cyclohepten-1-one.

pounds under study. The fragment electrophilicity and nucleophilicity indices
consisting of the global electrophilicity (w) and nucleophilicity (V) within IMDA
reagents associated with the fragmentation scheme given in Scheme 1 and the
degree of transferability 7Ty, 7Ty of the diene (D), ethylene (Dp) and the chain
(Ch) that connects them were calculated at B3LYP/6-31+G(d,p) and are repre-
sented in Table IV.

TABLE 1V. Fragment electrophilicity and nucleophilicity indexes for IMDA reaction of
trans-A and trans-B isomers of 4-substituted cycloheptenone

Parameter trans-A trans-B
op/ eV 0.42 0.37
Np/eV 1.09 1.36
®pp/ eV 0.74 0.56
Np,/ eV 0.78 0.61
wg, / eV -0.02 -0.02
Ng, / eV -0.07 -0.11
(Twp = wp/®), % 234 26.4
WOpp = Opp/ W), 70 . .
(Twpy Do/ ®), % 41.2 39.3
(TNp = Np/N), % 36.4 435
(TNp,, = Npy/N), % 26.2 19.6

The electrophilic index of the ethylene Dp fragment for trans-A and trans-B
isomers is higher than that of the diene D fragment. The nucleophilic index of
diene fragments for both frans-A and trans-B isomers is much higher than that of
ethylene fragments, the nucleophilicity values of D fragment are much higher
when compared to electrophilic ones (Np/wp > 1). The contribution of the union
chain to both nucleophilic and electrophilic is marginal compared to the D and
Dp fragments. The degree of transferability of the fragment’s electrophilicity is
higher at ethylene fragment than at diene fragment (Twp,> Twp). Thus, trans-A
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736 TEMER, MOSTEFAI and RAHMOUNI

and trans-B isomers present the electrophilicity pattern accumulated at the ethyl-
ene Dp fragment. On the other hand, the degree of transferability of the frag-
ment’s nucleophilicity show that 7Np is higher and 7Npy, in both #rans-A and
trans-B isomers. This suggests that the nucleophilicity pattern involved in IMDA
reaction is concentrated at the diene fragment. The compounds under study are
expected to undergo IMDA processes of D to Dp electron flow (DDpF), with
fragment D acting as the nucleophile and fragment Dp acting as an electrophile
(i.e., the normal electron demand process). Our predictions are in accordance
with those reported by Jorge Soto-Delgado and his collaborators.32

The calculated dual philicity indexes y reported in Table V, can be used to
describe the direction of the electron flux in IMDA process. Specifically, if the
charge transfer CT occurs from the diene to the ethylene fragments or inversely,
from the ethylene to the diene fragments. It may be noted that (y; > y) in both
trans-A and trans-B isomers. Consequently, in this IMDA reaction, the charge
transfer took place rather from the diene fragment to the ethylene fragment. This
finding is in agreement with other computational studies that characterize the
charge transfer by examining the global electron density transfer GEDT.34

TABLE V. The dual philicity indexes 7 and } predicted values

Isomer Y1 Y2 Avin
trans-A 1.83 1.21 0.62
trans-B 1.92 0.99 0.93

The fragment’s electrophilicity difference Aax indices provide the insight
into the polar character of the IMDA reaction. The calculated values are disp-
layed in Table VI. For trans-A and trans-B isomers, these values, that are not
significative, are 0.27 and 0.28 eV, respectively.

TABLE VI. Electrophilic index of wp, wp, and the invariance of electrophile (Awq) of D and
Dp fragments

D Dp _
Isomer n/ev uleVv w/eV nl/eV uleV wl/eV Awp = |wD_pr|
trans-A 1.91 -1.37 0.49 097 -120 0.77 0.27
trans-B 2.31 -1.62 0.57 0.55 -097 0.86 0.28
CONCLUSION

In summary, in order to predict which atoms within molecules under inves-
tigation are most likely to suffer electrophilic and nucleophilic attacks, various
global and local reactivity and selectivity descriptors have been shown to be very
powerful to predict the most electrophilic and nucleophilic sites. These descrip-
tors prove to be well adapted to study the reactivity of title molecules. It seems
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DFT STUDY OF THE CYCLOADDITION 737

useful to recall the main results that we obtained in this theoretical study and
which can be summarized as follows:

The global nucleophilicity indices predict that the frans-B isomer can be
classified as a strong nucleophile, according to the nucleophilicity scale. It is
more nucleophilic than the trans-A isomer. The trans-A isomer (v > 1.50 V) is
a strong electrophile, that is able to participate easily in polar DA reactions.

In order to predict the preferred electrophilic and nucleophilic sites within
the molecules under study, it will be necessary to focus attention to the calculated
local electrophilicity and nucleophilicity reactivity indices. In both trans-A and
trans-B isomers, the electrophilic Pk+ Parr function shows the  conjugated Ci¢
carbon to be the most electrophilic centre, whereas the nucleophilic A Parr
function displays C33 atom as nucleophilic centre.

The local electrophilicity wyk and local nucleophilicity Nx gave the same
trends of reactivity by favouring C14 and C33 as the most electrophilic and most
nucleophilic sites, respectively. Accordingly, The IMDA reaction path of the
trans isomers of 4-[(4E)-4,6-heptadien-1-yl]-2-cyclohepten-1-one that is more
favoured as regioisomer will be characterized by the first formation of the
C16—C33 single bound.

With an aim to simultaneously predict the electrophilicity and nucleophil-
icity sites of the molecules under investigation, the local reactivity difference
index Ry is shown to be very efficient in predicting nucleophilic and electrophilic
centres at particular site through their sign. This index is also able to identify the
stronger electrophilic and nucleophilic sites that are assigned, as expected, to Cig
and Cj3, respectively.

According to the fragmentation technique, describing the electrophilic and
nucleophilic group, the diene fragment was shown to be a good nucleophile
(electron donor) while the ethylene fragment behaves like an electrophile (elec-
tron acceptor) in this IMDA reaction. The dual descriptors y1 and y; clearly show
that the charge transfer occurred rather from the diene fragment, then from to the
ethylene fragment.
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N3BO[

KOHLEIITYATHA TEOPHJA ®YHKIOHMOHAJIA I'YCTUHE 3ACHOBAHA HA
KAPAKTEPU3ALIMJU JIOKAJIHE EJIEKTPOOUITHOCTHU U HYKJIEO®W/IHOCTH 3A
MMPOYYABAILE HHTPAMOJIEKYJICKE JUJIC-AJIIEPOBE PEAKITUJE
wipanc-U30MEPA 4-[(4E)-4,6-XEIITADUEH-1-WI]-2-ITUKJIOXEIITEH-1-OHA

IMANE TEMER, ASMAA MOSTEFAI u AL RAHMOUNI
Modelling and Calculation Methods Laboratory, University of Saida Dr Moulay Tahar, Saida, Algeria

JenHa op Haj3HAYajHUjUX MeToza 3a edUKACHY CHHTe3y U (hOpMHpae CIIOKEHUX TTOJIH-
UUKITHYHAX MoOJeKysaa on Ouonmolkor 3Hayaja odyxeara ymotpedy Hunc—Anpepose (DA)
peakuuje, HAPOUUTO HEHE MHTpPaMOJeKy/lIcKke BapHvjaHTe. ExcriepuMeHTanHo je yTBpheHo na
Cy TpaHC M30MEepH 4-CYNCTUTyMCaHUX LMKIOXENTEHOHa M3BaHPENHU NUEHOMWIH, Koju bes
npodnema yuectByjy y DA peakuujama. Y oBoM pafy je Uub OMO Aa ce pa3jaHCHHU U NpeABUIH
peaxTuBHOCT UHTpamonekyynckux DA (IMDA) peaxuuja iipauc-A u @ipanc-b usomepa 4-cyn-
CTUTYHCAaHUX LTUKIOXENTeHOHAa MOMOhy WHJIeKCa PeakTHBHOCTH HM3BeNEeHUX U3 TeopHje hyHK-
uuoHana ryctuse (DFT), Ha B3LYP/6-31G+(d,p) HuBoy TeopHje, kopucrehu Gaussian09 mpo-
rpam. Kako 0u ce mpeHTH(UKOBaNM peaKkLHUOHE LIEHTPE W NPENBUIETH CEEKTUBHOCT OBHX
jenumema npemMa enekTpoUIHOM U HyKJIeo(UIHOM Hanany, kopuuheHe cy enexkrpoduiHe
Iapose @ynkuuje (PF) u nyxneodunne Iapose dynxuuje ( Py ), ka0 u NoKaaHa €l1EKTPO-
¢unHOCT (wk) W noKanHa HykneoburHocT (Nk). Pagu jacHuje xnacudukauuje enexTpodui-
HOCTH U HYKJIEO(QHIHOCTH HMHTeparyjyhux cermeHaTa yHyTap MOJIEKy/la, JOKaaHH HHAEKC
pasnuke peakTUBHOCTH (Rx) xopuirheH je kao Jjeckpunrop 3a npoy4aBawe oBe IMDA nukio-
apguuuje. MHOexcH enexTpo@UIHOCTY U HYyKJIeO(UIHOCTH hparmeHara uspauyHaTH Cy IpemMa
mopeny dparmentaudje. JyanHu uHOekc GMIHOCTH (y) U cTeneH TpaHcdepaduiIHOCTU Cy
Takohe ompehenu. IIpopadyHu Cy MoKasalM, Kako je U OYeKUBaHO, #a he ce eleKTPOHCKH
TpaHcdep femaBaTH ca JUeHa Ka AUeHO(QHIHOM cermeHTy. IIpukasaHa mpensubama cy y
CKJIamy ca OPYrMM TEOPHjCKUM CTyIOHjama Koje aHaJlIM3Wpajy eleKTPOHCKU TpaHcdep myTem
7100a/IHOT ITPeHOoCa eJIeKTPOHCKE T'YCTHHE.

(Mpumibeno 8. asrycra, peBupupano 9. cenremdpa 2024, npuxsaheno 29. mapra 2025)
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