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Abstract

This work deals about the synthesis, NMR characterization and the density functional method (B3LYP) with the 6-31G basis set of 1,
3-dipolar cycloaddition reactions between the two azides as dipoles and propargylchloroisatin as dipolarophile. Furthermore, DFT
calculations were used to study the nucleophile—electrophile interactions of the azides and dipolarophile and also the stability be-

tween the regioisomers comparing their energy. Our calculations are in a good agreement with the experimental findings.
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1. Introduction

The construction of five-membered rings with heteroatoms via
1.3-dipolar cycloaddition is the most attractive strategy for prepar-
ing a frequently natural product structure because of their ability
to create regioselectivity manner cyclic motifs in organic mole-
cules (Tribak et al. 2017, Foss et al.2009). A great amount of
works has been focused to methods for the synthesis of an acces-
sible three-atom component using these reactions. The azides as
dipoles are a class of powerful reagents, which react readily with
various alkynes to afford triazoles rings, which are moieties pre-
sent in antiallergic, antibacterial, antifungal, antivirial and anal-
gestic drugs, however, its 1, 2, 4-isomer is used as a drug struc-
ture's component much more frequently. In addition, they can also
protect plants against various environmental stresses (Fowler et al.
1992, Prato et al. 1997, Moriyama et al. 1998, Wannassi et al.
2012, Kumar Kaushik et al. 2013, Krug et al. 2008).

In the literature, we can found a considerable amount of theoreti-
cal and experimental works which have been devoted to the study
of the mechanisms and selectivity of cycloaddition reactions of
dipole derivatives using the quantitative transition state theory. In
recent years, density functional theory (DFT) has been extensively
used in theoretical modeling. The development of better ex-
change—correlation functional has made it possible to calculate
many molecular properties with comparable accuracies to tradi-
tionally cycloaddition methods, with more favorable computation-
al costs (Tribak et al. 2017, Tribak et al. 2016, Tribak et al. 2017,
Rauk et al. 2001, Nguen et al. 2003).

In this study, we synthesized new 1.2.3-triazoles derivatives of 5-
Chloroisatin and aimed to investigate the energetic and structural
properties of 1,2,3-triazole compound, using density functional
theory calculations, at the B3LYP/6-31G level of theory used the

program Gaussian 09W and compared with experimental results
obtained from the synthesis by 1.3-dipolar cycloaddition (Geer-
lings et al. 2003, Senhaji et al. 2011, Kolb et al. 2004, Brase et al.
2005).

2. Results and discussion

2.1. Synthesis of dipolarophile 2

In order to synthesize new dipolarophile derived from 5-
Chloroisatin, which can be used as a precursor in the 1, 3-dipolar
cycloaddition reactions, we have chosen to react 5-Chloroisatin at
room temperature with 3-bromo prop-1-yen in the conditions of
liquid-solid phase transfer catalysis in DMF as solvent, using
K2COz as the base and BTBA as a catalyst, to prepare the com-
pound 5-chloro-1-(prop-2-yn-1-yl)indoline-2,3-dione (Tribak et al.

2016).
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Scheme 1
2.2. Condensation with azides

Among the numerous methods of preparing the pentagonal hetero-
cyclics, the 1, 3-dipolar cycloaddition reactions constitute an ele-
gant synthesis process. The bibliography offers many examples of
1, 3-dipolar cycloaddition reactions. We are particularly interested
here in the cycloaddition reaction of azides with alkynes, making
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it possible to obtain a wide variety of five-membered heterocyclics
in a rapid, reproducible and quantitative manner, via hetero-atomic
bonds. The Huisgen reaction proper is an addition between a true
alkyne and an azide to form a triazole ring, the conventional con-
ditions of this reaction require high temperatures, long reaction
times and lead to a mixture of two disubstituted isomer triazoles 1,
4 and 1.5.

In our case, the action of the two azides 1-azidodecane (a) and 1-
azaspirodecanedione (b) on 5-chloro-1-(prop-2-ynyl)indoline-2,3-
dione as a dipolarities under reflux of ethanol for days led to the
formation of the regioisomers resulting from the attack of the nu-
cleophilic nitrogen of the dipoles on the sp3 carbon more electro-
philic of the dipolarities (Huisgen, 1984).
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Scheme 2
From the values of the yields experimentally obtained, it can be
noted that the yield (71%) of regioisomer 4 was better than the
yield (19%) of regioisomer 3, the same conclusion was observed
for the other regioisomers, it is clear that the yield (70%) of com-
pound 6 is bigger than the yield (18%) of compound 5.

3. Theoretical studies

3.1. DFT study of compounds

DFT (density functional theory) methods were used in this study.
These methods have become very popular in recent years because
they can reach exactitude similar to other methods in less time and
less expensive from the computational point of view. In agreement
with the DFT results, energy of the fundamental state of a poly-
electronic system can be expressed through the total electronic
density. The calculations of geometrical parameters were per-
formed using the Gaussian 09W program package and B3LYP
(Becke’s Three Parameter Hybrid Functional using the LYP Cor-
relation Functional) approach in conjunction with the 6-31G basis
set to understand, describe and identify the most reactive sites of
dipolarities and dipole a and b (Hiberty 2004, Houk et al. 1973).
The reaction behavior can be explained using the orbital interac-
tions of the load analysis (hard-hard reaction) or by presenting the
local properties. It is generally accepted that the regiochemistry of
the concerted 1, 3-dipolar cycloaddition is controlled by the inter-
actions of the boundary orbitals. In our case and in agreement with
the analysis of FMO boundary molecular orbitals, the HOMO-
azide/LUMO-dipolarophile and LUMO-azide/HOMO-
dipolarophile energy differences are represented in tablel (Tribak
et al. 2016, Fukui 1974).

Tablel: Difference's Energy Possible between HOMO/LUMO Combina-
tions of Azides and Dipolarophile

Fig. 1: Optimized Geometry of the Dipolarophile 2.

a

Fig. 2: Optimized Geometries of Dipoles a and b.

Table2: lonization Potential (PI), Electronic Affinities (EA) and Kohn-
Sham Orbital Values for HOMO and LUMO in eV (Units)

Molecules HOMO LUMO EA Pl

2 -6.7608 -3.2462 3.2462 6.7608
a -6.7684 -1.0587 1.0587 6.7684
b -6.8111 -1.0802 1.0802 6.8111

In a limited representation of the difference for these the calcula-
tions of these indices, u, n and S can be evaluated from electron
affinity (EA) and ionization potential (PI). Indeed, if one sees the
difference of the chemical potential between the dipolarophile 2
and the azides, one can determine the direction of the transfer of
charge (Pal et al. 2000, Mendez et al. 1994, Gazquez et al. 1994,
Mendez et al. 1998, Domingo et al. 2004).

The result ((1a b—u2) (table 3) indicates that the net charge transfer
will occur from azide (a and b) to the dipolarophile 2 in the case of
all the reactions carried out, which implies that the azides act as
nucleophiles. The same conclusion is made by considering the
values w of the overall electrophilicity, the largest value corre-
sponds to the most electrophilic one which implies that the dipo-
larophile acts as an electrophile.

Table 3: Values In eV of Hardness 5, Electronic Chemical Potential p,
The Index of Electrophilicity wand the Result Au of Compounds 2 and a-b

X n S %) 2 Ap
2 50035 17572 05690  7.1233  -5.0035 -
a 39136 28548 03502 2.6825  -3.9136  1.0899
b 39457 28654  0.3489 27166  -3.9457  1.0578

|[HOMO azide — LUMO alkyne | |[HOMO alkyne —LUMO azide|

a 3522eV
b 3564eV

5.702 eV
5.680 eV

These results suggest that the reaction between the both azides and
the dipolarophile is controlled by HOMO azide — LUMO dipolar-
ophile, that represent by the small value for each azide. electron
affinity (EA = -ELumo), ionization potential (IP = -Enomo), elec-

tronegativity (x = IPJ;EA), global hardness (n = IP_ZEA), softness

(S:%), the overall electrophicity (w), the electrophilicity con-

densed functions of Fukui f« the relative electrophilicity indices
(S*/S) and nucleophilicity indices (S«/S*x) for dipolarophile 2
and dipoles a and b were presented in the tables 2, 3 and 4 (Wein-
berg et al. 2013).

This reciprocal action corresponds to a reaction in which the elec-
trophile-the dipolarophile reacts with the azide-the nucleophile.
From a local point of view, the relative electrophilicity indexes
(S*/Sk) and nucleophilicity (S/S*k) describe the electrophilicity
of an atomic center compared with its own nucleophilicity (Roy et
al. 1998, Roy et al. 1998, Pilepicet al. 2001, Al Houariet al. 2001).
The site with the largest ratio (S*«/Sk) is the most likely site for a
nucleophilic attack and the one with the largest (Sk/S*k), most
likely to interact with an electrophile

Table 4: Relative Indices of Electrophilicity, Nucleophilicity (In eV) and
Values of the Condensed Function of Fukui fi for the Junction Atoms for 2
and aand b

Atoms f+k fy S+k/S_k S_k/S+k
2 C19 -0.046 -0.032 1.439 0.694
C20 0.111 0.102 1.091 0.915
a N32 0.162 0.180 0.899 1.111
N34 0.200 0.228 0.875 1.142
b N38 0.149 0.162 0.921 1.084
N40 0.162 0.230 0.702 1.423
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The carbon atom of the dipolarophile (C19) has a better S*«W/S«k
ratio and can therefore be considered as the site most susceptible
to nucleophilic attack. If we consider the azides, the S w/S*«ratios
(Table 4) suggest that the N34 and N40 nitrogens are the most
reactive nucleophilic sites, which is in agreement with the experi-
mental results. It would be important to consider that the reaction
is not necessarily controlled orbitally.

The theoretical studies have been carried out and the natural loads
have been calculated in order to understand the regiochemistry of
the cycloadditions of the azides with the dipolarophile (Tribak et
al. 2016, Tribak et al. 2016).

During this reaction, the majority isomers formed were explained
by the reaction between the most negative side of the 1,3-dipole
with the least negatively charged carbon of the triple bond.

The theoretical study is in perfect agreement with the regiochem-
istry obtained during the cycloaddition reaction.

3.2. Stability study of cycloadducts 3, 4 and 5, 6

The next step is to study the stability of compounds 3, 4 and 5, 6
according to their energies, using the quantum chemistry calcula-
tion DFT/B3LYP/6-31G. The following figures 3 and 4 show their
optimized structures.

Compound 3

Fig. 3: The Obtained Molecular Structures 3 and 4 by DFT / B3LYP / 6-
31G.

Compound 5

Fig. 4: The Obtained Molecular Structures 5 and 6 by DFT / B3LYP / 6-
31G.

It can be seen that the regioisomer obtained theorical 4 is more
stable than the isomer 3 of an energy gap of 5.83 Kcal/mol, so the
same thing is observed for the others regioisomers, it is seen that
the regioisomer 6 is more stable than the isomer 5 of an energy
gap of 5.15 Kcal/mol. This is in agreement with the experimental
results by computing the yields of the isomers.

4. Experimental part

4.1. Generality

Melting points were determined by a capillary apparatus: fine
control Electrothermal capillary, and also by the kofler bench
apparatus. NMR spectra were measured using a Brucker AC 300
at 300 MHz (*H) and 75MHz (*3C). All NMR spectra were rec-
orded at room temperature in CDCls unless otherwise noted and
chemical shifts (8 in ppm) were referenced to tetramethylsilane
(TMS). Thin layer chromatography (TLC) was carried out on
aluminum-coated silica gel coated Merck plates revealed by a U.V.
The column chromatographies were carried out on 60 Merck silica
gel (230-400 mesh).

4.2. Synthesis of dipolarophile

4.2.1. General method for obtaining the dipolarophile

5-Chloro-1H-indole-2,3-dione 0.2g (1,1mmol) is solubilized in 15
mL of N-N-dimethylformamide (DMF), (0.23 g, 1.16 mmol) of
potassium carbonate (0.035 g, 0.10 mmol) of BTBA (tetra-n-
butylammonium) are added with stirring at room temperature,
thereafter 1.2 equivalents of 3-bromoprop-1-yne are slowly added,
the mixture is allowed to stand for 48 hours. The product was
obtained in 88% yield after column purification with an eluent
(ethyl acetate/ hexane).

2: 5-chloro-1-(prop-2-ynyl) indoline-2,3-dione:

Yield: 88%; mp: 166-170°C; Ri= 0.78(EtOH/Hex, 2:1). 'H NMR
(CDCl3) dppm 7.57-7.62 (m, 2H, Ha); 7.12 (d, H, Har,3u+
=6Hz); 4.54 (s, 2H, CH2); 2.34 (t, H,“Jwn =3Hz), C NMR
(CDCls) 8ppm :181.55 (C=0) ; 156.60 (N-C=0); 147.87, 130.07,
118.50 (Cq); 137.80, 125.24, 112.75 (CHar) ;73.72 (C=C) ;71.21
(CH); 29.59 (CH2)

4.2.2. General method for obtaining 1, 2, 3-triazoles

0.2 g of 5-chloro-1- (prop-2-ynyl) -indoline-2,3-dione and 1.2
equivalent of azides in ethanol are dissolved in a flask. The mix-
ture is stirred under reflux for 3 days, the reaction is followed by
TLC; the reaction crude is purified by chromatography on a silica
gel column (ethyl acetate/Hexane (5/1)). The reaction leads to the
formation of two separable regioisomers.

3: 5-chloro-1-((3-decyl-3H-1,2,3-triazol-4-yl)methyl)indoline-2,3-
dione:

Yield: 19%; mp: 130-135°C; R=0.55. *H NMR (CDCls;
300MHz) dppm 7.56 (m, H, Har); 7.53-7.54 (m, 2H, Har); 7.33 (d,
H, Har, “u-v =3Hz); 4.99 (s, 2H, CH2); 4.29 (t, 2H, CH2, 3Ju
H=9Hz) ; 1.82-1.87 (m, 2H, CH2) ; 1.22 (m, 14H,CH>), 0.86 (t, 3H,
CHs, 3Jnn=6Hz). C NMR (CDCls; 75MHz) éppm: 183.85
(C=0); 165.19 (N-C=0); 147.60, 144.20, 130.63, 111.98 (Cq);
135.72, 130.42, 123.43 (CHar) 133.82 (CH); 53.67, 45.41, 33.11,
29.93, 28.87, 27.39, 23.14 (CH2); 16.78 (CHa).
4:5-chloro-1-((1-decyl-1H-1,2,3-triazol-4 yl)methyl)indoline-2,3-
dione:

Yield: 71%; mp: 130-135°C; R=0.55. ‘H NMR (CDCls;
300MHz) éppm 7.53 (m, H, Har); 7.49-7.51 (m, 2H, Har); 7.28 (d,
H, Har, 4Jnn =3Hz); 4.96 (m,2H, CH2); 4.26 (t, 2H, CHz2, 3Ju+
=9Hz); 1.80-1.84 (m, 2H, CH) ; 1.19 (m, 14H,CH), 0.81 (t, 3H,
CHs, 3Jnn =6Hz). ¥C NMR (CDCls; 75MHz) sppm: 183.54
(C=0); 164.89 (N-C=0); 147.29, 143.90, 130.33, 111.67(Cq);
135.42, 130.12, 124.82 (CHar) 123.12 (CH); 53.37, 45.10, 32.81,
29.62, 28.57, 27.08, 22.84 (CH) 16.48 (CHz3)
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5:5-chloro-1-((3-dodecyl-3H-1,2,3-triazol-4-yl)methyl)indoline-
2,3-dione:

Yield: 18%; mp: 135-138°C; R=0.55. 'H NMR (CDCls;
300MHz) dppm 7.56(m, H, Har); 7.51-7.53 (m, 2H, Har); 7.30 (d,
H, Har, “n-n =3Hz); 4.98 (s5,2H, CH2); 4.30 ( t, 2H, CH2,*Ju-n
=3Hz); 1.83 (t, 2H, CH2, 3Jn.n =9Hz) ; 1.21 (m, 10H, CH?>); 0.85 (t,
3H, CHs, 3Ju+ =6Hz). 3C NMR (CDCls; 75MHz) dppm: 182.18
(C=0); 161.82 (N-C=0); 148.46, 144.22, 132.35, 114.97 (Cq);
135.53, 131.51, 123.24 (CHar); 130.57 (CH); 52.43, 45.85, 38.43,
30.38, 30.16, 29.11, 28.26, 23.38 (CH2); 18.50 (CHs3).
6:5-chloro-1-((1-dodecyl-1H-1,2,3-triazol-4-yl)methyl)indoline-
2,3-dione:

Yield: 70%; mp: 135-138°C; R=0.55. 'H NMR (CDCls;
300MHz) éppm 7.52(m, H, Har); 7.47-7.50 (m, 2H, Har); 7.28 (d,
H, Har, {1 =3Hz); 4.94 (5,2H, CH2); 4.24 (t, 2H, CH2,* Jun
=3Hz); 1.80(t, 2H, CHz, 3Ju-n =9Hz) ; 1.17 (m, 18H, CHy) ; 0.79
(t, 3H, CHs, 3Jun =6Hz). 3C NMR (CDCls; 75MHz) dppm:
181.64 (C=0); 161.29 (N-C=0); 147.93, 143.69, 114.44 (Cq);
135.00, 130.97, 122.71 (CHar); 123.34 (CH); 51.89, 45.32, 37.90,
29.84, 29.63, 28.58, 27.72, 22.85 (CH2); 17.97 (CHj).

5. Conclusion

Some interesting 1.2.3-triazoles derivatives of 5-Chloroisatin were
synthesized and confirmed by NMR elemental analysis. A sys-
tematic theoretical study on the regioselectivity in the intramo-
lecular 1,3-dipolar cycloaddition reactions using B3LYP/6-
31G/DFT method was conducted. Reaction course may be inter-
preted on the basis of nucleophile—electrophile of the dipole and
the dipolarophile. In addition, we have found that the studied reac-
tions take place with a complete regioselectivity yielding, in all
cases; they are in clear agreement with the experimental data.
Analysis of the global stability indices allows predicting that the
most stable regioisomer shows the best yield.
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