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Introduction
The 1,3-dipolar cycloaddition reaction (1,3-DC) has offered the 

opportunity to produce a wide range of heterocyclic compounds.1,2 
These compounds were used to prepare new molecules of crucial 
importance for both pharmaceutics and industry sector.3 The 
application of 1,3-DC reactions in natural product synthesis is 
heavily dependent upon an understanding of the regioselectivity and 
chemioselectivity of the reaction. The regioselectivity of 1,3-dipolar 
cycloaddition reactions can be determined by electronic structure 
of reactants, steric factors or combination of both effects.4 The 
aim of this work is to determine the preferred regioisomer (ortho/
meta) of the 1,3-cycloaddition reaction between acyclic nitrones 
and norsarkomycin and its analogues. The effects of N-substituents 
nitrones on the reactivity of the reaction have been evaluated by 
global, local reactivity and activation energy. 

Actually, the most used theoretical method is the Density 
Functional Theory (DFT), because it can give very realistic results.5,6 
Recently, DFT studies for the cycloaddition of acyclic nitrones with 
alkenes became the interest center of several theoretical researchers. 
In this context, Nivedita Acharjee reported a theoretical study 
at the DFT B3LYP/6-31G+(d) level of theory of the 1,3-dipolar 
cycloaddition reactions of an electron deficient C-aryl-N-phenyl 
nitrone to benzylidene derivatives (with different electrophilicities) 
and arranged to determine the preferred regioisomer.7 In 2016, 
Mary Mensah and al. achieved a theoretical study on 1,3-dipolar 
cycloaddition of nitrones to the carbon–carbon double bonds of 
methylene cyclopropanes with the objective to determine the preferred 
regioisomer 4- or 5-isoxazolidines.8 

Our attention will be focused on the effect on the ring size and 
the N-substituent nitrone on the 1,3-dipolar cycloaddition reaction 
of nitrones and C-C exocyclic double bond of norsarkomycin 
and its analogues. The general chemical formula of nitrone is 
“X-CH=NO-Y”.9–13 On the first hand, these molecules were first used 
to snare free radicals in chemical systems and then subsequently 
in biochemical systems.14 On the other hand, the sarkomycin is 
an antitumor antibiotic, isolate from the fermentation liquor of 
Streptomyces erythrochromogenes by H. Umezawa et al.15,16 The 
structure of this compound is 3-methylene-2-oxocyclopentane-1-
carboxylic acid.17 

The theoretical DFT methods were used to determine the quantum 
chemical parameters such as Fukui indices, local and global softness 
in order to predict the most reactive site. Although, the transition state 
theory remains the most rigorous approach to study the mechanism 
and regioselectivity of cycloaddition reactions, the location of the 
transition states is not always simple. This study will allow us to 
explain the regioselectivity in different reactions and to determine the 
most favorable regioisomer (ortho/meta).

Computational methods
All calculations were carried out with GAUSSIAN 09 program 

package.18 Geometries of reactants, products and transition states, 
were optimized using B3LYP functional with 6-31G+(d) basis set.19 
All transition state structures (TSs) were subjected to full frequency 
calculations to ensure that they have one and only single negative 
eigen-value, characterized by an imaginary vibration frequency along 
the reaction coordinate. The intrinsic reaction coordinates (IRC) 
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Abstract

The regioselective 1,3-dipolar cycloaddition reactions of acyclic nitrones with 
norsarkomycin and its analogues have been investigated by density functional theory. 
The reactivity indices and activation energy calculations were evaluated at B3LYP/6-
31G+(d). The reaction path was followed by intrinsic reaction coordinates calculation. 
Thermodynamic and kinetic parameters of the possible ortho/meta regio-isomeric 
have been determined in order to illustrate the preferred regioisomer. The obtained 
results indicate that these reactions mechanism are concerted and both electronic and 
steric effects describe the regioselectivity of these reactions. The linear variation of 
the activation energy and Fukui indices as a function of the ring size allows us to 
predict the characteristics parameters of the reaction between acyclic nitrones and the 
three-membered analogue of norsarkomycin. These latter were in good agreements 
with those that have been determined by calculation with the same method.
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calculation was done in forward and backward path in order to check 
the uniqueness specific transition states and draw the reaction path 
having the minimum energy.20,21

Results
The studied nitrones can exist into four isomers Z-s-cis, Z-s-

trans, E-s-cis and E-s-trans. The Z/E are used for describing the 
stereochemistry of the double bonds C=N of the nitrones. The s-cis/s-
trans are the conformations of a single bond separating two double 
bonds C=N and C=C (Figure 1). 

From the optimized structures Z-s-cis, Z-s-trans, E-s-cis and 
E-s-trans several parameters can be explore. In the case of R=CH3 
calculation showed that the Z-s-cis-isomer is the most stable isomer 
thermodynamically. The abundance of the most stable specie Z-s-cis 
isomer is equal to 70% and the Z-s-trans 30% for all four compounds 
at 298 K in gas phase. The relative abundances of the Z- and E-isomers 
were calculated using the Boltzmann equation:

  K
−∆

=
G

kTe                                                         (1)

Where ΔG denotes the difference between the Gibbs free energies 
of E-isomer relative to the Z-isomer and K is the Boltzmann constant.22

Molecular orbital theory

Analysis of frontiers molecular orbitals (FMO) is one of the most 
popular methods in the study of cycloaddition reaction.23 According 
to Fukui functions, the FMO method asserts that the mutual 
interference between the orbitals of the reactants in the initial phase 
of the cycloaddition, are generally elements that govern the progress 
and the regioselectivity of the transformation.24 To get a clear idea, 
we conducted a global optimization on the geometry of dipoles 
and dipolarophiles at the same base to explain the regioselectivity 
and the reactivity in 1, 3-DC reaction of the more reactive nitrone 
(Z-s-trans) with norsarkomycin and its analogues. To illustrate 
more this way, we have presented in Figure 2 the two possible 
interactions: LUMOdipolarophile–HOMOdipole=ΔE1 and LUMOdipole–
HOMOdipolarophile=ΔE2. The FMO analysis for these cycloadditions 
shows that the main interactions occur between the HOMOdipole and the 
LUMOdipolarophile, thus, exhibiting normal electronic demand character 
of the cycloaddition reaction (Tables 1 & Table 2). 

The Fukui functions f(k) are used to describe site selectivity or 
reactivity of an atom k in a molecule, depending upon the type of 
electron transfer. This latter can be realized by electronic population 
analysis.25 We have three different types of condensed Fukui function 
of the atom k,

 
( ) ( ) ( 1) ( )k kf k q N q N+ = + +

       
(2) for nucleophilic attack

 
( ) ( ) ( ) ( 1)k kf k q N q N− = + −

       
(3) for electrophilic attack

 
(0) ( ) ( 1) ( 1)k kf k q N q N= + + −

 
(4)

Where qk(N), qk(N-1) and qk(N+1) are the electronic populations 
of the site k in neutral, cationic, and anionic systems, respectively.

The condensed local softnesses Sk can be easily calculated from 
the condensed Fukui functions fk and the global softness S(r).26,27 The 
local softness sk(r) is defined by:

 

  LUMO HOMO

1

E E
S =

−                       

(5)

  ( )
( )k k

s r Sf+ +=
      

(6)For nucleophilic attack

  
( ) ( )k ks r Sf− −=

               
(7)For electrophilic attack

Results of nucleophilic and electrophilic Fukui indices and local 
softnesses for different sites in nitrones and norsarkomycin and its 
analogues are summarized in the Tables 3-5.

According to the calculated Fukui functions (Tables 3-5), the 
oxygen of dipole favors an interaction with C3 of dipolarophile and 
the carbon C1 of dipole interact with C2 of dipolarophile to give the 
meta-regioisomer, which is the major product obtained by FMO.

The two types of reactants used in these reactions are the electron-
donating (ED) (nucleophilic) and electron-withdrawing (EW) 
(electrophilic) substituents. These substituents were characterized by 
the presence or absence of electron density in their molecular orbital. 
The presence of the electron-donating and electron-withdrawing 
groups defines the direction of flow of electrons between any two or 
more reacting systems. In this context, EW and ED substituents on 
either the dipole or the dipolarophile affects the transfer of electrons 
from the highest occupied molecular orbital (HOMO) to the lowest 
unoccupied molecular orbital (LUMO) of the reacting species 
according to frontier molecular orbital (FMO) approximation. The 
possible N-substituent nitrones considered in this work are shown 
below as R1=CH3, R2=Ph, R3=CH2-Ph, R4=p-Ph-NO2 and R5=CF3 
(Figure 3). 

The effect of electron-donating and electro-
withdrawing groups on the reactivity

Firstly, we would like to talk about the 1,3-DC between the isomer 
Z-s-trans nitrones (1-5) and the norsarkomycin and its analogues. In 
this context, we saw previously two types of groups electro-donating 
and electro-withdrawing. The electron-donating groups considered in 
this work are (CH3), (C6H5), (C6H5CH2). In each reaction, different 
combination of R1, R2 and R3 are considered. The easier [3+2] 
concerted addition pathway was observed for reaction in which R4 is a 
p-PhNO2 group, with activation energy equal to 54.06kJ.mol-1 for the 
meta-isomer. The reaction with the highest activation energy is equal 
to 79.75kJ.mol-1 and corresponding to a methyl and was assigned to 
the ortho pathway. Therefore, the presence of the electron–donating 
group increases the activation energy that makes the cycloaddition 
uneasy. The reactivity of p-PhNO2 can be explained by the conjugation 
of the substituent decreasing the Ea probably due to the mesomeric 
effects.

Compared to Z-s-trans, the most reactive nitrone is N1 because 
it is less hindrance substituent comparatively to the other nitrones 
for the Meta pathway. Besides, for the ortho pathway the N4 is more 
reactive owing to the mesomeric effects.

The results obtained by FMO, show that the 1,3-DC between 
norsarkomycin (Sa1) and Z-s-trans N3 displays the smallest value of 
ΔE so the most reactive nitrone from the FMO is N3. In addition, the 
FMO indicated that the most reactive Z-s-cis nitrone is N2.

https://doi.org/10.15406/mojddt.2017.01.00013
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The computational results given in Table 7 show that the 1,3-DC 
reaction between the Z(s-cis/s-trans) nitrones (1-5) and norsarkomycin 
and its analogues are under kinetic control.

Regioselectivity 

The 1,3-DC reaction was the subject of many studies in order to 
understand the mechanistic problem in all its complexity. In fact, none 
of the proposed mechanisms, until now, can be generalized to all the 
previously discussed work. In our case, and in order to contribute to 
the subject, we considered a mechanistic approach of the reaction 
studied by theoretical methods at DFT (B3LYP/6-31G+(d)) level. 
Computational studies have been applied to provide that the reactions 
follow a concerted pericyclic pathway along four possible states; two 
ortho-isomers states and two meta-isomers. 

Reaction between norsarkomycin (Sa1) and (Z)-N-(cyclopent-1-
en1-ylmethylene) methanamide oxide (N1): As shown in Table 7 
the activation energies associated with the cycloaddition reactions are: 
60.71kJ.mol-1 (TSm (s-trans)), 79.75kJ.mol-1 (TSo (s-trans)), 73.93kJ.mol-1 
(TSm(s-cis)) and 80.42kJ.mol-1 (TSo(s-cis)). Accordingly, it can be predicted 
that the s-trans-meta regioisomer will be formed preferentially. These 
values reveal that Meta approaches are favored in regard to ortho ones 
along the cycloaddition process, in agreement with the FMO analysis. 
Furthermore, the electronic and thermal free energies indicate that 
the thermodynamic product is the ortho path for the Z-s-cis-isomer. 
Therefore, the reactions are under kinetic control (Figures 4-6).

Reaction between norsarkomycin (Sa1) and (Z)-N-(cyclopent-
2-en-ylmethylene)-aniline oxide (N2): In the reaction of N-phenyl 
substituted nitrone with norsarkomycin (Sa1), the mechanism 
follows a concerted pericyclic pathway. It produces four transition 
states structures; Z-s-cis-meta, Z-s-cis-ortho, Z-s-trans-meta and 
Z-s-trans-ortho isomers. The activation energies associated with 
the cycloaddition reactions are: 63.14kJ.mol-1 (TSm(s-trans), 67.49kJ.
mol-1(TSo (s-trans), 82.09kJ.mol-1 (TSm(s-cis)) and 70.08kJ.mol-1 (TSo(s-

cis)) respectively. Consequently, it can be predicted that the s-trans-
meta regioisomer will be formed preferentially. These values reveal 
that Meta approaches are favored in regard to ortho ones along the 
cycloaddition process, in accord with the FMO analysis (Figures 7 
& Figure 8). Moreover, for the thermodynamic stability, the most 
favored product is the Po (Z(s-cis) as shown in Table 7.

Reaction between (Z)-N-(cyclopent-1-en-1-ylmethylene)-1-
phenylmethanamine oxide (N3) and norsarkomycin (Sa1): In the 
case of R=Bn, the activation energy for the formation of Z-s-trans-
meta-isomer is 56.06kJ.mol-1 whereas that for the formation of the 
meta-Z-s-cis, ortho-Z-s-trans and ortho-Z-s-cis are respectively 74.60, 
64.35 and 69.12kJ.mol-1, showing that the meta-Z-s-trans-isomer is 
kinetically favored over the other-isomers transition states. These 

values reveal that Z-s-trans-meta approach is favored concerning 
ortho ones along the cycloaddition process, in agreement with the 
FMO analysis (Figures 9 & Figure10).

Reaction of (Z)-(cyclopent-1-enylmethylene)-4-nitroanilineoxide 
(N4) with norsarkomycin (Sa1): For the 1,3-cycoaddition between 
Sa1 and N1, the activation energies associated with the cycloaddition 
reactions are: 54.6kJ/mol (TSm(s-trans)), 67.11kJ.mol-1 (TSo(s-trans)), 
81.96kJ.mol-1 (TSm(s-cis)) and 68.19kJ.mol-1 (TSo(s-cis)) respectively. 
Consequently, it can be predicted that the meta/s-trans regioisomer will 
be formed preferentially. These values indicate that Meta approaches 
are more favored than the ortho ones along the cycloaddition process, 
in agreement with the FMO analysis. Thus in this reaction, the Po(s-cis) 
product is 3.9; 6.6; 12.18kJ.mol-1 lower in energy than that of the Po(s-

trans), Pm(s-trans) and Pm(s-cis) products, favoring the formation of the ortho 
Z-s-cis-isomer thermodynamically stable (Figures 11 & Figure 12).

Reaction of (Z)-N-(cyclopent-1-en-ylmethylene)-1,1,1-
trifluoromethanamine oxide(N5) with norsarkomycin (Sa5): The 
transition states of the reactions between the norsarkomycin and 
different isomers of N5 prove that the cycloaddition is under kinetic 
control. Furthermore, the activation energies associated with the 
cycloaddition reactions are: 59.29kJ.mol-1 (TSm(s-trans)), 69.37kJ.mol-

1 (TSo(s-trans)), 78.37kJ.mol-1 (TSm(s-cis)) and 73.09kJ.mol-1 (TSo(s-cis)). 
Therefore, it can be predicted that the Z-s-trans-meta regioisomer will 
be formed preferentially. These values reveal that Meta approaches 
are favored in regard to ortho ones along the cycloaddition process. 
This result is in agreement with the FMO analysis (Tables 6-8). 
Whereas, the ortho-Z(s-cis)-isomer being more stable by 2.6; 6.7 and 
8.9kJ.mol-1 than the Po(s-trans), Pm(s-trans) and Pm(s-cis) respectively (Figures 
13 & Figure 14). 

Methodologies of comparison

One of our main objectives in this study is to determine some 
properties of the reaction between nitrone and 3-membred analogue 
of the norsarkomycin (2-methylene-oxocyclopropanecarboxylicacid). 
If we compare the values of +

kf  (C2) and +
ks  (C2) deduced from the 

linear variation as shown Figure 15 and calculated theoretically (Table 
9), the two ways give close result. Therefore, the meta-regioisomer is 
more favorable than the ortho-path.

From Figure 16 it can be predicted the values of activation 
energies correspond to the reactions between nitrone1 and Z-s-cis Sa5 
and Z-s-trans Sa5 respectively are equal to 71.65kJ.mol-1 and 56.79kJ.
mol-1. For the DFT mechanistic studies, we have fully optimized the 
transition states structures of the reaction between Sa5 and the (Z-s-
trans/Z-s-cis) nitrone1 isomers; we have obtained activation energies 
of values respectively: 60.4kJ.mol-1 for (s-trans) and 73.23kJ.mol-1 for 
Z-s-cis-meta isomer.

Figure 1 optimized structures geometry for different isomers of nitrone at the B3LYP(6-31)G+(d) level.
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Figure 2 Frontier molecular orbital diagrams of the reactions between the Z-s-trans-nitrone1 and the norsarkomycin and its analogues.
Table 1 Energies and coefficients molecular orbital frontiers and interactions of the reactions between Z(s-trans) nitrones (1-5) and norsarkomycin and its 
analogues

ΔE1 (eV) Z(s-
trans)

LUMOSa-
HOMON1

LUMOSa-
HOMON2

LUMOSa-
HOMON3

LUMOSa-
HOMON4

LUMOSa-
HOMON5

Sa1 3.16 3.14 3.08 3.59 3.78
Sa2 3.37 3.35 3.29 3.79 3.99

Sa3 3.63 3.61 3.55 4.06 4.25
Sa4 3.63 3.6 3.54 4.05 4.25

Table 2 Energies and coefficients molecular orbital frontiers and interactions of the reactions between Z(s-cis) nitrones (1-5) and norsarkomycin and its 
analogues

ΔE2 (eV) 
Z(s-cis)

LUMOSa-
HOMON1

LUMOSa-
HOMON2

LUMOSa-
HOMON3

LUMOSa-
HOMON4

LUMOSa-
HOMON5

Sa1 3.27 3.25 3.26 3.71 3.92
Sa2 3.48 3.46 3.47 3.92 4.13

Sa3 3.74 3.72 3.73 4.18 4.39
Sa4 3.73 3.71 3.72 4.17 4.38

Table 3 Nucleophilic and electrophilic Fukui indices and local softnesses for the atoms C1, C2 and C3 of norsarkomycin and its analogues

+
kf −

kf 0
kf +

ks −
ks

C1(Sa1) 0.06 0.018 0.039 0.012 0.003

C2(Sa1) 0.312 0.131 0.2215 0.064 0.026

C1(Sa2) 0.046 0.024 0.035 0.009 0.004

C2(Sa2) 0.294 0.119 0.206 0.059 0.024

C1(Sa3) 0.062 0.007 0.0345 0.012 0.0014

C2(Sa3) 0.268 0.113 0.1905 0.052 0.022

C1(Sa4) 0.039 0.035 0.037 0.008 -0.007

C2(Sa4) 0.254 0.099 0.176 0.049 0.019
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Table 4 Nucleophilic and electrophilic fukui indices and local softnesses for the atoms O1, N and C1, of Z(s-cis) nitrones (1-5)

Z(s-cis) +
kf −

kf 0
kf +

ks −
ks

O1(N1) 0.144 0.268 -0.062 0.462 0.86

N (N1) 0.109 0.009 0.05 0.349 0.029

C1(N1) 0.207 0.124 0.042 0.664 0.398

O1(N2) 0.107 0,218 -0.056 0.385 0.784

N(N2) 0.056 0.025 0.016 0.201 0.089

C1(N2) 0.152 0.108 0.022 0.547 0.389

O1(N3) 0.096 0.251 -0.078 0.312 0.815

N(N3) 0.072 0.012 0.03 0.234 0.039

C1(N3) 0.153 0.119 0.017 0.497 0.386

O1(N4) 0.048 0.23 -0.091 0.222 1.066

N(N4) -0.005 0.029 -0.017 -0.023 0.134

C1(N4) 0.097 0.096 0.001 0.449 0.445

O1(N5) 0.155 0.286 -0.066 0.518 0.956

N(N5) 0.082 -0.001 0.042 0.274 -0.003

C1(N5) 0.204 0.11 0.047 0.682 0.367

Table 5 Nucleophilic and electrophilic fukui indices and local softnesses for the atoms O1, N and C1, of Z(s-trans) nitrones (1-5)

Z(s-trans) +
kf −

kf 0
kf +

ks −
ks

O1(N1) 0.547 0.766 0.18 0.216 0.367

N (N1) -0.069 0.148 0.047 0.217 -0.116

C1(N1) -0.011 0.113 -0.237 0.124 0.226

O1(N2) 0.546 0.662 0.283 0.116 0.263

N(N2) -0.068 -0.011 -0.081 0.057 0.013

C1(N2) 0 0.133 -0.111 0.133 0.111

O1(N3) 0.552 0.671 0.253 0.119 0.299

N(N3) -0.076 -0.016 -0.067 0.06 -0.009

C1(N3) 0.01 0.085 -0.134 0.075 0.144

O1(N4) 0.543 0.598 0.269 0.055 0.274

N(N4) -0.059 -0.062 -0.074 -0.003 0.015

C1(N4) -0.015 0.076 -0.115 0.091 0.1

O(N5) 0.169 0.321 -0.076 0.583 1.107

N(N5) 0.079 -0.014 0.047 0.273 -0.048

C1(N5) 0.177 0.112 0.033 0.61 0.386
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Table 6 DFT/B3LYP relative energies as well as corrections of zero point energy (ZPE) and free energy (kJ.mol-1) of different products

Products ΔE (kJ.mol-1) ΔG (kJ.mol-1) ΔE+ZPE (kJ.mol-1) ΔH (kJ.mol-1)
Pméta (Sa1+N1(s-trans) 11.05 14.18 12.47 12.47

Portho (Sa1+N1(s-trans) 2.76 1.92 10.13 3.01

Pméta (Sa1+N1(s-cis) 19.92 27.32 24.56 21.79

Portho (Sa1+N1(s-cis) 0 0 0 0

Pméta (Sa1+N2(s-trans) 8.33 11.17 10.71 10.33

Portho (Sa1+N2(s-trans) 9.67 12.38 12.26 11.92

Pméta (Sa1+N2(s-cis) 10,71 13.01 12.64 9.92

Portho (Sa1+N2(s-cis) 0 0 0 0

Pméta (Sa1+N3(s-trans) 8.87 15.52 11.09 0

Portho (Sa1+N3(s-trans) 0 0 0 48.16

Pméta (Sa1+N3(s-cis) 25.69 29.87 26.61 74.48

Portho (Sa1+N3(s-cis) 0 0 0 48.16

Pméta (Sa1+N4(s-trans) 9.71 15.82 11.97 11.09

Portho (Sa1+N4(s-trans) 0 0 0 0

Pméta (Sa1+N4(s-cis) 12.18 17.28 13.81 13.14

Portho (Sa1+N4(s-cis) 3.89 6.86 3.97 3.47

Pméta (Sa1+N5(s-trans) 6.86 10.5 8.91 8.37

Portho (Sa1+N5(s-trans) 2.59 0.96 2.18 2.51

Pméta (Sa1+N1(s-cis) 8.91 11.67 10.38 10.17
Portho (Sa1+N1(s-cis) 0 0 0 0

Table 7 DFT/B3LYP activation energy for 1,3-dipolar cycloaddition reaction between different nitrones and the norsarkomycin (Sa1) in (kJ.mol-1)

Activation energy (kJ.mol-1)

Reactants Z(s-trans) Z(s-trans) Z(s-cis) Z(s-cis)
TS1(meta) TS2 (ortho) TS1 (meta) TS2 (ortho)

N1+Sa1 60.71 79.75 77.4 80.42

N2+Sa1 63.14 67.49 82.09 70.08

N3+Sa1 56.27 64.35 74.6 69.12

N4+Sa1 54.06 67.11 81.96 68.24

N5+Sa1 59.29 69.37 78.37 73.09

Table 8 DFT/B3LYP activation energy for 1,3-dipolar cycloaddition reaction between nitrone1 and norsarkomycin and its analogues in (kJ.mol-1)

Activation energy (kJ.mol-1)

Reaction
Z(s-trans) Z(s-trans) Z(s-cis) Z(s-cis)
TS1 (meta) TS2 (ortho) TS1 (meta) TS2 (ortho)

N1+Sa1 60.71 79.66 77.4 80.42

N1+Sa2 66.53 71.21 83.68 85.77

N1+Sa3 69.49 88.91 89.16 82.09

N1+Sa4 67.15 69.12 92.01 90.33
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Table 9 Nucleophilic and electrophilic fukui indices and local softnesses for the atoms C1, C2 and C3 for 3-membred analogue of norsarkomycin

Sa5 +
kf −

kf 0
kf +

ks −
ks

C1 0.172 0.015 0.095 0.039 0.003

C2 0.022 0.079 0.051 0.005 0.018
C3 0.335 0.107 0.221 0.077 0.024

Figure 3 Proposed mechanism for the1,3-dipolar cycloaddition of acyclic 

nitrones (1-5) with norsarkomycin and its analogues.

Figure 4 Intrinsic reaction coordinate (IRC) for reactions between 
Norsarkomycin and different isomers of nitrone1 IRC performed at the 

B3LYP/6-31G+(d) level.

Figure 5 Eneregtic profile of the reaction of Z-s-cis-isomer N-methyl 

substituted nitrone with norsarkomycin.

Figure 6 Energetic profile of the reaction of Z-s-trans-isomer N-methyl 

substituted nitrone with norsarkomycin.

Figure 7 Energetic profile of the reaction of Z-s-cis-isomer N-phenyl 
substituted nitrone with norsarkomycin.
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Figure 8 Energetic profile of the reaction of Z-s-trans-isomer N-phenyl 
substituted nitrone with norsarkomycin.

Figure 9 Energetic profile of the reaction of Z-s-cis-isomer N-benzyl 
substituted nitrone with norsarkomycin.

Figure 10: Energetic profile of the reaction of Z-s-trans-isomer N-benzyl 

substituted nitrone with norsarkomycin.

Figure 11 Energetic profile of the reaction of Z-s-cis-isomer N-para-PhNO2 

substituted nitrone with norsarkomycin.

Figure 12 Energetic profile of the reaction of Z-s-trans-isomer N-para-
PhNO2substituted nitrone with norsarkomycin.

Figure 13 Energetic profile of the reaction of Z-s-cis-isomer N-CF3 

substituted nitrone with norsarkomycin.
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Figure 14 Energetic profile of the reaction of Z-s-trans-isomer N-CF3 

substituted nitrone with norsarkomycin.

Figure 15 Variation of electrphilic Fukui indices and local softness for (C2) as 

a function of ring size for the norsarkomycin and its analogues.

Figure 16 Variation of activation energy as a function of ring size for 
the 1,3-cyloaddition between Z-s-trans and Z-s-cis nitrones1 and the 

norsarkomycin and its analogues(meta regioisomer).

Concluding Remarks
We have examined in the present theoretical study, the 

regioselectivity of the 1,3-dipolar cycloaddition reaction of the 
acyclic nitrone with the norsarkomycin and its analogues by both 
FMO analysis, activation energy, global and local reactivity at DFT/
B3LYP level using the 6-31G+(d) basis set. This study reveals that 
the Z-nitrones are more abundant than E-nitrones. According to 
the analysis of FMO, energies and charge transfer at the transition 
states indicate that all these reactions are concerted and are with 
normal electron demand character. In addition, for the reactions 
between N-substituents nitrone with the norsarkomycin and its 
analogues; the meta-pathway is favored both kinetically over ortho-
isomer in all cases. The results show a clear preference for the meta- 
regioselectivity of the cycloaddition process in conformity with FMO. 

Therefore, the selectivity of the reactions was governed solely by the 
difference in activation energies leading to the two isomers and not 
in any way by the thermodynamic stability of the isomers formed. 
The linear variations of some properties as function of ring size allow 
us to predict some characteristics of the reaction between nitrone1 
and 3-membred analogue of norsarkomycin, which has not been 
synthetized. We have found that the reactivity of the 1,3-cycloaddition 
reaction between nitrones and norsarkomycin and its analogues is a 
decreasing function with the ring size.
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