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Abstract  This study investigates the chemical reactivity of a set of Clovamides and derivatives, including newly 
identified cis-diastereoisomers, through Density Functional Theory (DFT). Using the B3LYP/6-31+G(d,p) level of 
theory, global and local reactivity descriptors—such as HOMO-LUMO gap, electronegativity, hardness, 
electrophilicity, and Fukui functions—were calculated to evaluate reactivity profiles. Clovamide (Clova02) emerged 
as the most reactive compound due to its low energy gap and hardness, while Clova01 showed the highest 
electrophilic character. Local reactivity analysis identified O26 and O24 as the most nucleophilic, and C11 and C1 
as the most electrophilic centers. Additionally, C20 and C23 on the phenylalanine moiety were revealed as sites 
favorable to radical attack. The study highlights the comparable reactivity of the newly isolated cis-Clovamide 
isomers to their trans counterparts, supporting further interest in their synthesis and potential biological applications. 
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1. Introduction 

Clovamides and derivatives are important chemical 
compounds with multiple biological activities. They have 
emerged as a class of specialized secondary metabolites 
isolated from numerous plant species, in which they play 
significant role in the tolerance of oxidative stress due to 
their high antioxidant activity [1]. Clovamides and 
derivatives are Hydroxycinnamic Acid Amides (HCAA) 
reported as important resistance factor against pathogens 
in Cocoa (Theobroma cocoa) [2]. They are also referred to 
as N-phenylpropenoyl-L-amino acids with cell reinforcing 
properties, or with direct antimicrobial activity [3]. The 
biosynthesis of those HCAAs is made through the amide 
condensation of hydroxycinnamoyl-CoA thioesters and 
amines [4]. Interestingly, recent researchs on the bioactive 
molecules from Ivorian medicinal plants, have led to the 
description of two (2) new Cis-Clovamides for the first 
time, among a total of five (5) N-phenylpropenoyl-L-
amino acids, isolated from methanolic extract of peelings 
of Icacina mannii tubers. While several papers are found 
in the literature about Trans-Clovamides and derivatives, 

those about their Cis diastereoisomer counterparts like 
those described by Akissi et al.,(2023) [5], are rather rare. 

However, the Clovamides and derivatives, whose 
scaffolds are designed by Figure 1, can be synthesized by 
the amidation of cinnamic acids and derivatives with 
amino acids L-phenylalanine and derivatives [6]. That 
leads to compounds with the junction of two moieties: An 
L-phenylalanine and derivatives moiety and a cinnamoyl 
moiety which is responsible of the diastereoisomery Cis or 
Trans of the Clovamides and derivatives. 

 

 



 Journal of Materials Physics and Chemistry 9 

 
Figure 1. General numbered structures of cis and Trans Clovamides and 
derivatives 

All the promising chemical properties of the 
Clovamides and derivatives will be best understood, with 
a better understanding of their reactivity. Theoretical 
methods can help achieve that, in providing accurate 
information on the electronic populations around each 
atom constituting the molecules. So the aim of this work 
with a Density Functional Theory study on the 5 isolated 

Clovamides and derivatives (Table 1), is first to describe 
their chemical properties derived from the characteristics 
of their electronic densities, such as their Molecular 
Electrostatic potential (MEP), and their sites of 
electrophilic, nucleophilic and radical attacks. Then we 
will discuss the differences between the cis and Trans 
diastereoisomers, and see whether the Cis-Clovamides and 
derivatives are worth synthesizing like their Trans 
counterparts. 

2. Materials and Methods 

2.1. The Inputs and Outputs of the 
Calculations 

The chemical 2D structures of the five isolated 
Clovamides and derivatives, drawn and numbered 
appropriately, so as to allow the comparative study of their 
reactivity, are displayed in Figure 2. They were the main 
inputs of all the calculations. The isolated Trans 
Clovamide and derivatives are designated as Clova01, 
Clova02 and Clova09 while their isolated Cis counterparts 
are Clova03 and Clova04. 

Table 1. Designations of the studied Clovamides and derivatives 

Compounds’ Designations R R1 R2 R3 R4 R5 R6 Name (UIPAC) 

Clova01 H H H OH OH H OH (2S)-2-[(2E)-3-(3,4-dihydroxyphenyl)prop-2-
enamido]-3-(4-hydroxyphenyl)propanoic acid 

Clova02 H OH H OH OH H OH 
(2S)-3-(3,4-dihydroxyphenyl)-2-[(2E)-3-(3,4-
dihydroxyphenyl)prop-2-enamido]propanoic 

acid 

Clova03 CH3 OH H OH OH H OH 
methyl (2S)-3-(3,4-dihydroxyphenyl)-2-[(2Z)-

3-(3,4-dihydroxyphenyl)prop-2-
enamido]propanoate 

Clova04 H OH H OH OH H OH 
(2S)-3-(3,4-dihydroxyphenyl)-2-[(2Z)-3-(3,4-
dihydroxyphenyl)prop-2-enamido]propanoic 

acid 

 
Clova09 CH3 OH H OH OH H OH 

methyl (2S)-3-(3,4-dihydroxyphenyl)-2-[(2E)-
3-(3,4-dihydroxyphenyl)prop-2-

enamido]propanoate 
 

  

 



10 Journal of Materials Physics and Chemistry  

 

 

 
Figure 2. 2D numbered structures of the five isolated Clovamides and 
derivatives 

The theoretical study of chemical reactivity was done 
on three theoretical outputs. The first analysis is on the 
energy results of geometric optimization without 
imaginary frequencies which allowed the display of the 
surfaces of Molecular Electrostatic Potential. The second 
analysis is on concepts relative to the Frontier Molecular 
Orbitals (FMO), which makes it possible to describe the 
evolution of the electronic density when approaching the 
reagents, and the third focuses on local indices through the 
Fukui functions and the dual descriptors [7]. The DFT 
calculations in order to optimize the geometries and the 
related frequencies of the molecules have been made with 
the functional B3LYP, in the basis 6-31+G (d, p) [8,9], 
using the software Gaussian 09 [10]. The basis is 
sufficiently extended in taking into account the 
polarization functions for the explanation of the 

contributions of the lone pairs of electrons on the 
heteroatoms. Global reactivity indices were obtained from 
the conceptual DFT model [11]; calculations with Natural 
Bond Orbitals (NBO) and Natural Population Analysis 
(NPA) [12]. 

2.2. Reactivity Descriptors  

2.2.1. Global descriptors 
In order to predict chemical reactivity, some theoretical 

descriptors related to the conceptual DFT have been 
determined. These are ionization potential (PI), electron 
affinity (AE), electronegativity (χ), global Softness (s), 
global hardness (η) and global electrophilicity (ω) [13]. 
These descriptors are all determined from the optimized 
molecules. It should be noted that the descriptors related 
to the molecular frontier orbitals have been calculated as 
part of the Koopmans approximation [14]. While the 
LUMO energy characterizes the sensitivity of the 
molecule to a nucleophilic attack, the HOMO energy 
characterizes the susceptibility of a molecule to an 
electrophilic attack. Electronegativity (χ) is the parameter 
that reflects the ability of a molecule not to let its electrons 
escape. Global softness (s) expresses the resistance of a 
system to the change in its number of electrons. The 
overall electrophilicity index (ω) characterizes the 
electrophilic power of the molecule. These different 
parameters are calculated from the following equations (1): 

 
𝑃𝑃𝐼𝐼 = −𝐸𝐸𝐻𝐻𝑂𝑂𝑀𝑀𝑂𝑂 
𝐴𝐴𝐸𝐸 = −𝐸𝐸𝐿𝐿𝑈𝑈𝑀𝑀𝑂𝑂 
𝜒𝜒 = −𝜇𝜇 = −1⁄2 (𝐸𝐸𝐿𝐿𝑈𝑈𝑀𝑀𝑂𝑂 + 𝐸𝐸𝐻𝐻𝑂𝑂𝑀𝑀𝑂𝑂) 
𝜂𝜂 = (𝐸𝐸𝐿𝐿𝑈𝑈𝑀𝑀𝑂𝑂 − 𝐸𝐸𝐻𝐻𝑂𝑂𝑀𝑀𝑂𝑂) ⁄2 ; 𝑠𝑠 = 1⁄𝜂𝜂   ;     𝜔𝜔 =𝜒𝜒2/2𝜂𝜂   (1) 
 
The chemical potential (μ) is defined as the escaping 

tendency of electron from equilibrium while (χ) describes 
the ability of a molecule to attract electrons towards itself 
in a covalent bond. With regard to the global hardness (𝜂𝜂), 
it measures the resistance towards the deformation or 
polarization of the electron cloud of the atoms, ions or 
molecules under small perturbation of chemical reaction. 
Parr et al. introduced the concept of Electrophilicity (ω) as 
a global reactivity index similar to the chemical hardness 
and chemical potential (𝜇𝜇). 

2.2.2. Local and Dual Descriptors 
  Principle of using electron density 

During a chemical transformation two phenomena take 
place; namely nuclear rearrangements and electronic 
rearrangements. Within the framework of the Born-
Oppenheimer approximation, these two movements are 
studied separately. Likewise, due to the difference in time 
scale between these movements, bringing the reagents into 
contact will initially induce a variation in the electron 
density reflecting electronic polarization. Thus, the study 
of the variation in electron density under the effect of the 
arrival or departure of electrons, translates the notions of 
nucleophile or electrophile. While under the effect of such 
disturbance, the nucleophilic site easily becomes depleted 
of electrons, on the contrary an electrophilic site tends to 
become enriched in electrons. 
  Definition of Fukui Functions 
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Generally, the addition or removal of an electron 
on/from a molecule (without the rearrangement of the 
nuclei, meaning that the nuclear potential v(𝑟𝑟), remains 
constant), increases or decreases the electron density at 
each point in the space, but in a non-homogeneous  
manner:  

While the most electrophilic sites become more 
enriched in response to the addition, the most nucleophilic 
areas will become more impoverished. This is the reason 
that justifies the interest in the derivatives of the electronic 
density with respect to the number of electrons N in the 
molecule, to arrive at the two Fukui functions [15,16]. By 
deriving left and right around N0, the initial number of 
electrons in the molecule, we have the Fukui functions: 

( ) ( )
( ), 0

ρƒ r = N
v r N N

r+

≥

∂ 
 ∂  





 
relative to the electrophilic character of the molecule and 

( ) ( )
( ), 0

ρƒ r = N
v r N N

r−

≤
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 ∂  


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relative to the nucleophilic character of the molecule.  

In practical terms, we calculate, with fixed geometry, 
the electronic density when we add an electron and when 
we remove an electron. We can rewrite the Fukui function 
without approximation: 

( ) ( ) ( )1ƒ r =ρ r -ρ rN N
+

+
    

( ) ( ) ( )1ƒ r =ρ r -ρ rN N
−

−
  

 
For the special case of radicals, the barycenter of the 

Fukui functions is used: 

( ) ( ) ( ) ( ) ( )° -
1 1ƒ r =1/ 2 r r =1/ 2 ρ r ρ rN Nf f + −

+ + −   
      

The chemical reactivity information brought by Fukui 
functions can both be synthesized in a quantity called a 
dual descriptor: 

( ) ( )
( )

( ) ( )
2

(2)
2

ρƒ r = r r =
N v r

r f f f+ − ∂ ≈ − ∆  ∂  



    

In practice, the study of atomic charges resulting from 
the condensation of information from Fukui functions on 
each atom makes it possible to simplify the study of the 
distribution of the electronic density. Atom in molecules 
(AIM) type approaches are recommended; Mulliken’s 
being excluded because of its drawbacks [12]. We have 
chosen the one based on natural population analysis. Since 
electrons have a negative charge, we obtain for each Ai 
atom of a molecule [17]: 

( ) ( )N i N 1 iƒ q A -= q AAi
+

+  

( ) ( )N 1 i N iƒ q A A= -qAi
−

−  

( ) ( )°
N 1 i N 1 iƒ 1/ 2 q A -q A=Ai − +    

 ( )2ƒ ƒ ƒ ΔƒA AA A i ii i
+ −≈ − =  (2) 

3. Results and Discussion 

3.1. Chemical Reactivity of Clovamides and 
Derivatives 

 Analysis of Surfaces of Molecular electrostatic 
potential 

The five isolated Clovamides and derivatives are 
displayed with their surfaces of Molecular Electrostatic 
Potential (MEP) in Figure 3. These surfaces evolve 
continuously, from a red color code indicating the most 
negative electrostatic potentials, to blue indicating the 
most positive potentials [18]. 

 
Clova01 

 
Clova02 

 
Clova04 
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Clova09 

 
Clova03 

Figure 3. Display of Molecular Electrostatic Potentials of 3D numbered 
structures of the five isolated Clovamides and derivatives 

These Molecular Electrostatic Potential maps indicates, 
on the one hand, that the surfaces around the oxygen 
atoms are the most negative potentials that evolve from 
red, orange to yellow.  

Table 2. Electronic properties of Clovamides and derivatives 
(HOMO, LUMO and energy gap) 

Compoun
ds 

HOMO 
(eV) 

LUMO  
(eV) 

ΔE 
(eV) 

PI= (-
EHOMO) 

AE=(-
ELUMO) 

Clova02 - 5.533 -1.431 4.103 5.533 1.431 
Clova09 - 5.519 -1.358 4.161 5.519 1.358 
Clova03 - 5.472 -1.280 4.192 5.472 1.280 
Clova04 - 5.543 -1.291 4.252 5.543 1.291 
Clova01 - 5.704 -1.444 4.260 5.704 1.444 

 
Additionally, the surfaces on the aromatic rings are also 

negative with an orange and yellowish portion extending 
to the vicinal carbons of the linkage (between the two 
rings). That confirms the electrophilic characteristic of 
these zones which will be favorable to nucleophilic attacks, 
or Lewis base type reagents. Thus, while oxygen atoms 
can be engaged in hydrogen bonds, neighboring carbonyl 
functions can react with nucleophiles that arrive there. On 
the other hand, the most positive surfaces are around the 
hydrogen atoms with an accentuation at the level of the 
hydroxyl groups. That also, confirms the nucleophilic 
characteristic of these zones which will be favorable to 
electrophilic attacks or Lewis acid type reagents. 
 Analysis of Frontier Orbitals 

The Highest Occupied Molecular Orbital (HOMO) and 
the Lowest Unoccupied Molecular Orbital (LUMO), are 
also called Frontier Orbitals. They play the fundamental 
contribution in the understanding of the chemical 
reactivity of our studied compounds. Thus the HOMO is 

the external orbital with electrons, so it characterizes the 
ability to give them. On the other hand, the LUMO is the 
lowest orbital without any electron, so it characterizes the 
ability to receive them. This is how they allow us to 
explain the global reactivity descriptors defined by 
equations (1). The energy gap (ΔE) between the HOMO 
and LUMO helps to characterize the chemical reactivity 
(due to its polarizability) and kinetic stability of the 
molecules [17].  

The larger its energy gap is, the less polarizable the 
molecule is and this is generally associated with low 
chemical reactivity and high kinetic stability [19,20]. The 
results of the calculations on Gaussian 09, at the level 
B3LYP/6-31+(d,p) are in Table 3. They show that 
compound Clova02 has the smallest energy gap (ΔE= 4.103 
eV). Clova02 is the Clovamide itself and is thus the most 
polarizable and possesses the highest chemical reactivity 
and the lowest kinetic stability among the five isolated 
Clovamides and derivatives. On the other hand, Clova01 
has the greatest value of energy gap (ΔE= 4.260 eV). 

Table 3. Global reactivity indices of Clovamides and derivatives 

Compounds χ(eV) μ(eV) η(eV) ω(eV) s(eV) 
Clova01 3.574 -3.574 2.130 2.999 0.469 
Clova02 3.482 -3.482 2.051 2.955 0.487 
Clova03 3.376 -3.376 2.096 2.719 0.477 
Clova04 3.417 -3.417 2.126 2.746 0.470 
Clova09 3.439 -3.439 2.080 2.842 0.481 
 
In terms of chemical reactivity, we have the following 

ranking: Clova02˃Clova09˃Clova03˃Clova04˃Clova01. 
It is noted that the two Trans diastereoisomers (1st and 
2nd position) have a higher chemical reactivity than their 
Cis counterparts which come in 3rd and 4th position. As 
for the Trans diastereoisomers; the carboxylic acid form of 
Clovamide has a higher chemical reactivity than the 
methyl ester form. Conversely, as for the Cis diastereo-
isomers, it is the methyl ester form that has a higher 
chemical reactivity than the carboxylic acid form. 
 Analysis of the global reactivity descriptors 

Following the calculations of equation (1), the global 
reactivity descriptors are recorded in table 3. The chemical 
hardness η value of Clova02, η= 2.051 eV is the lowest 
among the studied Clovamide and derivatives.  So, 
Clova02 is more reactive than the other studied 
compounds. It confirms the above ranking of chemical 
reactivity: Clova02˃Clov09˃Clova03˃Clova04˃Clova01. 
But as regards to the values of electronegativity, Clova01 
with χ=3.574eV has the highest value and is the best 
electron acceptor. Also, as regards to the electrophilic 
index value Clova01 (with ω =2.999eV) is the leader and 
more electrophilic one. The following ranking is noticed: 
Clova01˃Clova02˃Clova09˃Clova04˃Clova03. We can 
deduce from this, that Clovamide (Clova02) is the most 
reactive but not in terms of electron acceptance. 

3.2. With the Local and Dual Reactivity 
Descriptors 

 Analysis of the local and dual reactivity 
descriptors 

Local reactivity indices were calculated for each 
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molecule, with equation (2). In order to obtain the data 
necessary for the analysis of local and dual descriptors, 
calculations at the level of the B3LYP functional with the 
basis 6-31+(d,p) were carried out with populations of 
natural bonding orbitals (NBO). First, calculations are 
made on the neutral molecule, then on the molecule with 
charge -1 and finally on the molecule with charge +1. The 
results are used to calculate the Fukui functions according 
to equations (3). This work was done on each of the 5 
molecules, studied in this work. 
√ Electrophilic sites, prone to nucleophilic attacks. 

The most significant electrophilic zones characterized 
by the three highest of Aif +  and positive values of the dual 
descriptor f∆ Ai , are located on carbons C11 and C1, 
followed by the labile hydrogen H40 carried by oxygen 
O35 (see Table 4 and Table 5). Thus the Lewis base type 
reagent [21] attacks on Clovamides and derivatives will be 
carried out on C11 carbonyls.  

Table 4. Ai
+f values of the most electrophilic sites of the studied 

Clovamides and derivatives 

  f + Ai 
Atom N° Clova01 Clova02 Clova03 Clova04 Clova09 

C 11 0.418 0.401 0.413 0.424 0.417 
C 1 0.312 0.298 0.312 0.313 0.317 
H 40 0.253 0.284 0.253 0.251 0.253 

Table 5. ΔƒAi values of the most electrophilic sites of the studied 
Clovamides and derivatives 

  ΔƒAi 
Atom N° Clova01 Clova02 Clova03 Clova04 Clova09 

C 11 0.841 0.813 0.833 0.852 0.842 
C 1 0.662 0.637 0.651 0.655 0.661 
H 40 0.492 0.543 0.491 0.490 0.491 
 
And there, the following ranking is noticed: 

Clova04˃Clov09~Clova01˃Clova03˃Clova02. 
It is observed that the Cis form of Clovamide(Clova03) 

and its ester derivative (Clova04), have an electrophilic 
power similar to that of their Trans counterparts, and even 
a few point higher. Indeed, when considering the values of 
the Fukui descriptors of the electrophilic power on the 
C11 carbonyl, Clova03 is 20 points higher than Clova02. 
Also Clova04 is 10 points higher than Clova09. 
√ Nucleophilic sites, prone to electrophilic 
attacks. 
 

Nucleophilic zones are found on oxygens, nitrogen with 
non-bonding electron pairs and carbon with π (pi) 
electrons. The strongest being, of course the zones 
characterized by the 3 or 4 highest values of Aif −  with 
negative values of the dual descriptor f∆ Ai . The most 
nucleophilic sites are carried by the oxygens (O26; O24; 
O35 and O33) of the hydroxyl groups on the aromatic 
nuclei of the Clovamides and derivatives which are the 
subject of our study (see Table 6). Thus, the attacks of 
Lewis acid type reagents [21] on the studied compounds 
will be done on O26. The following ranking of the most 
nucleophilic sites, with negative values of the dual 
descriptor ∆𝒇𝒇𝐀𝐀𝐢𝐢, can be made: O26 ˃O24˃O35 ˃O33; at 

the level of each molecule.  The oxygen atoms O26 and 
O24, respectively on para and meta positions of the 
aromatic ring of the phenylalanine moiety, are the first and 
second most nucleophilic sites of the Clovamides and 
derivatives. The oxygen atoms O35 and O33, respectively 
on para and meta positions of the aromatic ring of the 
cinnamoyl moiety, are the third and fourth most 
nucleophilic sites. 

This difference can be explained by the conjugate effect 
in which the lone pair electrons of O33 and O35, are 
involved with the π electrons of the aromatic cycles of the 
cinnamoyl moiety, the latter being themselves conjugated 
with the π electrons of the ethylenic bond on C5 and C6, 
these being in turn conjugated with the π electrons of the 
carbonyl function consisting of C1 and O2 

Table 6. ƒ-Ai and ΔƒAi values of the most nucleophilic sites of the 
studied Clovamides and derivatives 

 Clova01 Clova02 
Atom ƒ-Ai ΔƒAi ƒ-Ai ΔƒAi 
O26 0.415 -0.751 0.426 -0.800 
O24 ND ND 0.423 -0.783 
O35 0.412 -0.738 0.423 -0.773 
O33 0.390 -0.730 0.403 -0.766 

  Clova03 Clova04 Clova09 
Atom  ƒ-Ai ΔƒAi ƒ-Ai ΔƒAi ƒ-Ai ΔƒAi 
O26  0.418 -0.773 0.412 -0.768 0.414 -0.770 
O24  0.413 -0.753 0.408 -0.747 0.408 -0.747 
O35  0.399 -0.744 0.406 -0.734 0.404 -0.748 
O33  0.372 -0.699 0.389 -0.731 0.383 -0.707 

 
The following ranking of the nucleophilic power of 

O26 of the studied Clovamide and derivatives is: (see 
Table 7): Clova02 ˃ Clova03 ˃ Clova09 ˃ Clova04 ˃ 
Clova01. 

We see that the difference in the values of the 
descriptors is very minimal between the Trans and Cis 
Clovamide with regard to their nucleophilic power on O26. 
This suggests that the Cis form might be a good 
alternative in the absence of the trans form. 

Table 7. ƒ-Ai and ΔƒAi values of the most nucleophilic site O26 of 
the studied Clovamides and derivatives, for ranking purpose 

 O26 
Compounds 𝒇𝒇𝑨𝑨𝑨𝑨−  ∆𝒇𝒇𝐀𝐀𝐢𝐢 

Clova02 0.426 - 0.800 
Clova03 0.418 - 0.773 
Clova09 0.414 - 0.770 
Clova04 0.412 -  0.768 
Clova01 0.415 -  0.751 

 
√  Sites of radical attacks 

Sites favorable to free radical attacks have in common 
with nucleophilic sites the presence of π electrons or non-
bonding electrons. Thus, the carbons of the aromatic cycle 
of the phenylalanine moiety, C20 and C23, are the most 
favorable to free radical attacks. With the exception of 
Clova01 and Clova02 where C5 comes in second place as 
the most favorable site for free radical attack, C20 and 
C23 are the two most favorable sites for free radical attack. 
A ranking of the studied compounds, relatively to the 
values of Aif ° on C20 and C23, can be displayed like this 
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Clova03˃Clova09˃Clova04˃Clova02. Cis forms are more 
susceptible to radical attack than their Trans form 
counterparts: Clova03˃Clova09 and Clova04˃Clova02. 
These results show the interest in synthesizing the cis forms 
of Clovamides and derivatives, in order to learn more about 
their properties through experimental measurements. 

Table 8. f° Ai values of the most favorable sites to radical attacks of 
the studied Clovamides and derivatives 

Clova01 Clova02 
Atom N° 𝐟𝐟𝐀𝐀𝐀𝐀°  Atom N° 𝐟𝐟𝐀𝐀𝐀𝐀°  

C 18 0,054 C 20 0,046 
C 5 0,053 C 5 0,044 
O 35 0,043 C 23 0,043 
C 30 0,040 C 30 0,036 
O 26 0,039 O 35 0,036 
C 27 0,038 C 27 0,034 
C 23 0,038 C 21 0,032 

Clova03 Clova04 Clova09 
Ato
m N° 𝐟𝐟𝐀𝐀𝐀𝐀°  Ato

m N° 𝐟𝐟𝐀𝐀𝐀𝐀°  Atom N° 𝐟𝐟𝐀𝐀𝐀𝐀°  

C 20 0,053 C 20 0,048 C 23 0,049 
C 23 0,052 C 23 0,047 C 20 0,048 
C 21 0,039 O 35 0,039 C 21 0,036 
O 24 0,037 C 30 0,037 O 24 0,035 
C 18 0,036 C 27 0,036 C 29 0,033 
O 26 0,031 C 21 0,036 C 5 0,033 
C 29 0,027 O 24 0,035 C 18 0,032 

4. Conclusion 

The computational analysis of the molecular properties 
of the set of Clovamides and its derivatives, isolated by 
Akichi et al. [5], reveals significant insights into their 
chemical reactivity and stability. The study focused on the 
global reactivity descriptors, such as the energy gap (ΔE), 
chemical hardness (η), electronegativity (χ), and 
electrophilic index (ω), as well as local and dual reactivity 
indices to evaluate the sites most prone to nucleophilic, 
electrophilic, and radical attacks. Among the five 
compounds studied, Clova02 (trans-Clovamide) exhibited 
the highest chemical reactivity due to its smallest energy 
gap and lowest chemical hardness, indicating its enhanced 
polarizability and low kinetic stability. In contrast, 
Clova01 showed the highest electronegativity and 
electrophilic index, making it the best electron acceptor.  
These findings arouse particular interest in Clovamides 
and derivatives in general (carboxylic acid or methyl ester 
forms), but also, they reveal a particular interest, for the 
Cis diastereoisomers, isolated for the first time from 
methanolic extracts of icacina mannii tubers. Indeed, they 
showed chemical reactivity close to that of their trans 
diastereoisomers counterparts. Therefore, they deserve 
further studies and even synthesis work so that 
complementary experiments can be carried out on them. 
Analysis of local reactivity indices highlighted the 
nucleophilic and electrophilic sites most susceptible to 
interaction, with oxygen atoms (O26, O24, O35, and O33) 
identified as the most nucleophilic sites, and carbonyl 
groups on C11 and C1 as the most electrophilic. The study 
also indicated that the radical attack susceptibility varies 
across the compounds, with Cis isomers being more prone 

to radical attacks compared to their Trans counterparts. 
This reactivity trends observed for the compounds follow 
a clear pattern, with Clova02 being the most reactive in 
terms of both nucleophilicity and electrophilicity, while 
Clova01, despite its higher electrophilic character, 
exhibited lower nucleophilic reactivity. 

In conclusion, the molecular properties of Clovamides 
and its derivatives reveal distinct trends in reactivity that 
could guide the development of these compounds in 
various chemical and pharmacological applications. 
Future studies may focus on the experimental validation of 
these theoretical findings and further exploration of their 
reactivity in different environments. 
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