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Abstract The reactions on benzotriazoles continue to

happen to reach interesting varieties of their derivatives.

This study reports a fast one-pot microwave-assisted sol-

vent-free synthesis of N-alkenyl-1,2,3-benzotriazole (3, 5,

and 7) and 1-(2-Alkyloxycarbonyl-vinyl)-1H-[1–3] tria-

zole-4-carboxylic acid methyl ester (8 and 9) derivatives by

nucleophilic addition reactions of 1,2,3-benzotriazole

(C6H5N3) (1) and 1H-[1–3] triazole-4-carboxylic acid

methyl ester (C4H4N3O2) (10) with R-propiolates (R = Me,

Et; 2 & 4) and phenylacetylene 6 in good yields. The

values of activation energy for rotation around C–N bond

in the synthesized N-alkenyl-1,2,3-triazole compounds

were studied by DFT-B3LYP/6-31G* method.

Keywords Microwave-assisted synthesis � 1,2,3-

Triazoles � N-alkenyl-1,2,3-benzotriazole � Solvent free �
Alkylpropiolates � Solvent-free synthesis � DFT-B3LYP

method � Molecular modeling

Introduction

Triazoles are known to be relatively resilient to metabolic

degradation and have known utility in several medicinal

chemistry campaigns as isosteres for phenyl rings and

carboxyl functionalities [1]. In general, 1,2,3-triazole for-

mation requires harsh conditions, that is, high temperature

and longer reaction times. In the original description, the

explored examples showed that although these were rela-

tively clean processes, they could take from 12 to 48 h at

high temperatures (*110 �C) [1]. The triazoles may dis-

play a wide range of biological activities as anti-HIV and

anti-microbial agents as well as selective b3-adrenergic

receptor agonist and anti-allergic agents [2–6]. Addition-

ally, 1,2,3-triazoles are found in herbicides, fungicides, and

dyes [7, 8]. As an aromatic heterocycle, Benzotriazole is a

commonly used corrosion inhibitor. Benzotriazoles are also

a class of compounds containing the benzotriazole skele-

ton. The [3 ? 2] cycloaddition reactions under microwave

irradiation and theoretical conditions were previously

investigated and reported to produce 1,2,3-triazoles [9–14].

The 1,2,3-triazole derivatives are produced by reaction of

o-phenylenediamine, sodium nitrite, and acetic acid. The

conversion proceeds via diazotization of one of the amine

groups [15, 16]. Benzotriazole is a complexing agent and

as such is a useful corrosion inhibitor, e.g., for silver pro-

tection in dishwashing detergents and an anti-fog agent in

photographic development. Aircraft deicer and anti-icer

fluid contain benzotriazole. Benzotriazole derivatives are

found in pharmaceuticals such as antifungal, antibacterial,

and anthelmintic drugs. Benzotriazole is fairly water sol-

uble, not readily degradable, and has a limited sorption

tendency. Hence, it is only partly removed in wastewater

treatment plants and a substantial fraction reaches surface

waters such as rivers and lakes [15, 16]. In 2008, Shi et al.
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[17] reported a rapid and easy entry to a variety of

substituted, functionalized benzotriazoles under mild con-

ditions by a [3 ? 2] cycloaddition of azides to benzynes.

Benzotriazole-containing polymers have recently emerged

in organic electronic applications and are increasingly

attracting a great deal of attention. These polymers are

reviewed from a general perspective in terms of their

potential use in three main fields, electrochromics, organic

solar cells, and organic light-emitting diodes [18]. It is well

demonstrated that substitution reactions on triazoles (1 and

10) and its N-substituent derivatives have not been widely

utilized. This is due to the triazole action as a deactivating

group on the benzene ring while the orientation is largely

influenced by the nature and the position of the substituent

groups [19]. The microwave solvent-free synthesis of 1H-

[1–3] triazole-4-carboxylic acid methyl ester (10) was

reported before [10]. The 13C-NMR analysis of the

chemical shifts of carbon atoms in the benzotriazoles was

already investigated by Carta et al. [20]. The results of 13C-

NMR analysis in benzotriazole derivatives demonstrated

bearing a substituent on the ring, and an alkyl substituent

on the nitrogen position of the triazole moiety proved to be

a tool for identification of the N-alkyl isomers [20]. By the

use of the reported 13C-NMR data [20], it is possible to

observe that the chemical shifts assigned to the quaternary

carbon atoms C-3a and C-7a fall in different regions no

matter if they are close to the ring substituent or not. The

results have prompted investigations to see if these recur-

ring differences were maintained in both ring and N1(2)(3)

structure benzotriazoles [20]. Using the analysis of results

obtained from 13C-NMR method, it is obviously possible to

distinguish different isomers. [20] Microwave-assisted

synthesis has been utilized as a powerful and effective

technique to promote a group of chemical reactions [21–

37]. Since the first publications on the use of microwave

irradiation in organic chemistry, the accelerated process

described has been a lure for chemists to further apply new

reactions to this technology [30]. Some of the different

methods to syntheses of compounds 3–7 were reported

before [38–40].

This study reports a fast one-pot microwave-assisted

(200 W/100 �C and 15 min.) solvent-free with high-ori-

ented synthesis of N-alkenyl-1,2,3-triazoles (3, 5, 7, new

derivatives 8 & 9) by the nucleophilic addition reactions of

1,2,3-benzotriazole (1) and 1H- [1–3] triazole-4-carboxylic

acid methyl ester (10) with alkyl-propiolates (2 and 4) in

good yields. The GC yield of 7 was about 15 %. There was

not any successful reaction between 1 and 10 with DMAD

and DEAD in the conditions and by changing the MW-

irradiation conditions. Another (Fig. 1) aspect of this study

was the molecular modeling of the values of activation

energy for rotation around C–N Bond in the synthesized N-

alkenyl-1,2,3-triazole compounds. This study was carried

out by DFT-B3LYP/6-31G* method.

Experiments

The N1-alkenyl-1,2,3-triazole derivatives that were syn-

thesized (3, 5, 7, 8, and 9) were known by their physical

data, FT-IR, 1H-NMR, 13C-NMR, mass (MS) spectra, and

CHN analysis. The FT-IR spectra were recorded as KBr

pellets on a Shimadzu FT-IR 8000 spectrometer. 1H-NMR

and 13C-NMR spectra were determined on a 300 MHz

Brüker spectrometer. The solvent for NMR recording was

CDCl3. GC and GC–MS analysis were performed on a

Shimadzu QP5050A GC–MS instrument, injector 200 �C;

temperature program: 100 �C (2 min), then 16 �C per min

till 250 �C on a Zebron capillary column ZB-5 (0.25 lm

thickness, 0.32 mm diameter, and 30 m length). It should
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oriented synthesis of simple N-
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be noted that a limited amount of compounds is required

for the experiment. Therefore, some small quantity of

vapor is evolved during irradiation. A Labmate microwave

reactor (Milstone-Ethos 1.; 2,540 Hz, Max 1,200 W) was

used for the MW-assisted syntheses; temperatures were

measured externally by infrared fiber optics.

Molecular modeling

The calculations on the structures of the synthesized N-

alkenyl-1,2,3-triazole (3, 5, 7, 8, and 9) have been per-

formed by the density functional theory (DFT) method.

The structure of the N-alkenyl-1,2,3-triazole (3, 5, 7, 8, and

9) was optimized by DFT-B3LYP/6-31G* method. All

calculations have been performed by Spartan ‘10 package

[41]. To calculate the values of activation energy for

rotation around the C–N bond in the synthesized triazoles,

appropriate dihedral angle change around the C–N bond

(reaction coordinate method) and optimization in each step

were utilized. The Hartree’s energy was converted to

kcal mol-1, and the relative energies were calculated. The

graphs and the related tables demonstrated the appropriate

data. All of the graphing operations for the synthesized N-

alkenyl-1,2,3-triazoles were performed using the Microsoft

Office Excel-2013 program. The optimized structures of the

synthesized N-alkenyl-1,2,3-triazole (3, 5, 7, 8, and 9) were

carried out to calculate the 1H-NMR by DFT-B3LYP/6-

31G* method. The experimental and calculated 1H-NMR

by the DFT method were compared and discussed.

Conformer(3A); 2167 = 0° Conformer(3B); 2167 = 180°

Conformer(5A); 2167 = 0° Conformer(5B); 2167 = 180°

Conformer(7A); 2167 = 0° Conformer(7B); 2167 = 180°

Fig. 2 The structure and the conformers (A and B with U2167 = 0� and 180�, respectively) of the 1,2,3-triazoles 3, 5, and 7
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Results and discussion

Synthesis the N-substituted-1,2,3-triazoles

In accordance with the method explained in the experi-

mental section, the mixture of 1,2,3-triazole 1 and 10 with

the propyolate derivatives (2, 4, and 6) in different exper-

iments was exposed to 200 W/100 �C microwave irradia-

tion for 15 min. The FT-IR, 1H-NMR, 13C-NMR, MS

spectrums, and CHN analysis of the MW-irradiation pro-

cess are demonstrated in the experimental section. No

details are given about the by-products, and only the final

products are considered. The results demonstrate high-

oriented synthesis of simple N1-alkenyl-1,2,3-triazole (3, 5,

7, 8, and 9) products. Even after changing the conditions of

the reactions, the reaction between the triazoles 1 and 10

with DMAD and DEAD did not show any result. Consid-

ering this and the low yield (about 15 % by GC method) of

the nucleophilic addition reactions of 1 and 6 (H–C:C–

Ph), it seems that the Cb of the reactants 2 and 4 should

have enough d? charge for the nucleophilic addition

reactions of 1 and 10 on 2, 4, and 6. The symmetry reactants

of DMAD and DEAD do not have this suitable condition

for this regio- and chemo-selectivity. The results of the GC,

Mass, FT-IR, 1H-NMR, and 13C-NMR of the products have

been investigated. The GC spectrum of 3-benzotriazol-1-

yl-acrylic acid methyl ester (3) shows a signal at retention

time R.T. = 9.608 min that is related to the product 3. The

mass (MS) spectrum of 3-benzotriazol-1-yl-acrylic acid

methyl ester (3) was investigated. The results have shown

the omission of –N2, –CO2CH3, –N–CH=CH–CO2CH3,

and –N3–CH=CH–CO2CH3 from [M]? = 203 in the MS

spectrum of 3. The data of the FT-IR, 1H-NMR, and 13C-

NMR spectrums of 3-Benzotriazol-1-yl-acrylic acid methyl

ester (3) were demonstrated in the experimental section.

The GC spectrum of 3-Benzotriazol-1-yl-acrylic acid ethyl

ester (5) showed a signal at retention time R.T. = 10.150

that is related to the product 5. The mass spectrum of

3-benzotriazol-1-yl-acrylic acid ethyl ester (5) has shown

the omission of –N2, –CO2C2H5, –N–CH=CH–CO2C2H5,

Conformer(8A); 2167 = 0° Conformer(8B); 2167 = 180°

Conformer(9A); 2167 = 0° Conformer(9B); 2167 = 180°

Conformer(10A); 2167 = 0° Conformer(10B); 2167 = 180°

Fig. 3 The structure and the conformers (A and B with U2167 = 0� and 180�, respectively) of the 1,2,3-triazoles 8, 9, and 10
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–N3–CH=CH–CO2C2H5, and –CO2H group by the

Mclafferty rearrangement from [M]? = 217 in the MS

spectrum of 5. The FT-IR, 1H-NMR, and 13C-NMR spec-

trums of 3-benzotriazol-1-yl-acrylic acid ethyl ester (5)

have been demonstrated in the experimental section. The

results of the GC, Mass, FT-IR, 1H-NMR, and 13C-NMR of

the products 8 and 9 have been demonstrated in the

experimental section.

The FT-IR spectrums show the C=O of ester functional

group at 1,712 and 1,704 cm-1 for 3 and 5, respectively.

The –N3– function vibration frequencies of 1,2,3-benzo-

triazole (1) rings appeared at 1,437 & 1,279 & 1,456 and

Fig. 4 The rotation process to

interconversion of the

conformers (3A, [T.S.]3, and 3B
with U2167 = 0�, 94�, and 180�,

respectively) of the 1,2,3-

triazole 3

Fig. 5 The rotation process to

interconversion of the

conformers (5A, [T.S.]5, and 5B
with U2167 = 0�, 90�, and 180�,

respectively) of the 1,2,3-

triazole 5
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1,276 cm-1 for the products 3 and 5, respectively. The

C=C stretching of N1-alkene branch of the products 3 and

5 appeared at 1,656 and 1,650 cm-1, respectively. The

Csp
2 –H stretching of the products appeared at 3,000–3,150

and 3,000–3,100 cm-1 for 3 and 5, respectively. The Csp
3 -

H stretching of the products 3 and 5 appeared at 2,958 and

2,986 cm-1, respectively. The N1-H stretching frequency

of benzotriazole 1 as a single absorption has been

removed from the FT-IR spectrum of the products 3 and 5,

respectively. The 1H-NMR spectrum of 3 shows a singlet

signal for CH3 group at 3.84 ppm. The quartet and triplet

for –CH2CH3 appeared at 1.33–1.38 ppm (q, 2H, 7.0 Hz)

and 4.28–4.35 ppm (t, 3H, 7.0 Hz) for 5. In 1H-NMR

spectrums, the trans pattern of H–Csp
2 =Csp

2 –H of the pro-

ducts 3 and 5 appeared as an AX doublet of doublet in

6.72–6.77 & 8.48–8.53 ppm (d.d-AX, 2H, 15 Hz) and

6.71–6.76 & 8.47–8.52 ppm (d.d-AX, 2H, 15 Hz),

respectively. The 13C-NMR results show 10 and 11

C-atom types for 3 and 5, respectively. See the results at

the experimental section. The [M?] for 3, 5, and 7 were

203, 217, and 221, respectively. The mass spectrums of 3,

5, and 7 show m/z 175, 189, and 193, respectively,

meaning that each of the products under mass conditions

has lost 28 weight unit. This is due to the omission of

–N2=N3– from the structure of the products. These evi-

dences and the reported results of 13C-NMR analysis

Fig. 6 The rotation process to

interconversion of the

conformers (7A, [T.S.]7, and 7B
with U2167 = 0�, 94�, and 180�,

respectively) of the 1,2,3-

triazole 7

Fig. 7 The rotation process to

interconversion of the

conformers (8A, [T.S.]8, and 8B
with U2167 = 0�, 91�, and 180�,

respectively) of the 1,2,3-

triazole 8
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method by Carta et al. [20] confirm that the substituted

alkene group was located on N1 in the structures of 3, 5,

and 7 products. There were almost the same interpreta-

tions for the structures of products 8 and 9 from com-

pound 10. The percentages of C, H, and N were explained

in the experimental section. Based on the results shown in

the experimental section, the MS spectrums and CHN

analysis demonstrated the formation of products during

the synthesis process.

Activation energy for rotation around C–N bond

in the synthesized N-alkenyl-1,2,3-triazoles

The principles of rotation about the C=C bond through the

dipolar transition state (the thermal mechanism of the Z, E-

isomerization) have been discussed in previous studies

[42–44]. The main factors concerning C=C rotation are:

increasing the electron-donating power and the acceptor

capacity promotes polarization of the C=C bond in the

Fig. 8 The rotation process to

interconversion of the

conformers (9A, [T.S.]9, and 9B
with U2167 = 0�, 92�, and 180�,

respectively) of the 1,2,3-

triazole 9

Fig. 9 The rotation process to

interconversion of the

conformers (10A, [T.S.]10, and

10B with U2167 = 0�, 93�, and

180�, respectively) of the 1,2,3-

triazole 10
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molecular ground state and stabilizes the charges in the

transition state, thereby decreasing the values of activation

energy to rotation. An increase in the size of the substitu-

ents at the double bond increases steric strain in the

molecular ground state, which also decreases the rotation

values of activation energy. Increasing the dielectric con-

stant of the medium favors polarization of the C=C bond in

the ground state and separation of charges in the transition

saddle, which decreases the barrier to rotation about the

C=C bond. The values of activation energy for rotation

around the C–N bond are a very useful quantitative char-

acteristic of the structure of enamines [42–44].

The transition state forms of the compounds 3–10 were

confirmed by the applied DFT method. For this procedure,

in this study, the transition state forms ([T.S.]n; n = 3, 5, 7,

8, 9, and 10) were optimized for the first-order saddle point,

which was characterized with only one imaginary

frequency.

Due to the delocalization of the electron pair of the

nitrogen atom in the aromatic ring of 1,2,3-triazole, the

rotation around C–N bond in the structures of N-alkenyl-

1,2,3-triazole (3, 5, 7, 8, 9, and 10) calculated by DFT-

B3LYP/6-31G* was rather low. The delocalization of the

electron pair of the nitrogen atom (inside the aromatic rings

and out of the structures N–C=C–C=O) has been restricted

due to this reason; so, the energy rotation around C–N bond

is low. It is assumed, in this study, that the barrier rotation

around C–N is of a greater importance compared to C=C

bond. The stable conformers of the N-alkenyl-1,2,3-triazole

(3, 5, 7, 8, 9, and 10) were calculated and optimized by

Table 1 The selected structural data of the 1,2,3-triazoles (3, 5, and 7) and the saddle form of interconversions of the conformers A and B

Selected data 3A $ 3B 5A $ 5B 7A $ 7B

3A [T.S.]3 3B 5A [T.S.]5 5B 7A [T.S.]7 7B
DG = 0.45 DG* = 9.05 DG = 0.50 DG* = 9.41 DG = 0.36 DG* = 5.26

Bond length (Å)

N1–N2 1.386 1.386 1.396 1.386 1.386 1.395 1.377 1.377 1.385

N2–N3 1.283 1.283 1.278 1.284 1.283 1.278 1.289 1.289 1.284

N3–C4 1.386 1.385 1.386 1.385 1.385 1.386 1.381 1.381 1.382

C4–C5 1.405 1.406 1.409 1.406 1.406 1.409 1.408 1.408 1.410

C5–N1 1.378 1.379 1.381 1.378 1.379 1.381 1.375 1.375 1.377

N1–C6 1.388 1.388 1.385 1.389 1.388 1.385 1.402 1.402 1.399

C6–C7 1.341 1.341 1.343 1.341 1.341 1.343 1.343 1.343 1.344

C7–C8 1.474 1.474 1.475 1.475 1.474 1.476 1.464 1.464 1.466

C6–H16 1.085 1.085 1.085 1.085 1.085 1.085 1.084 1.084 1.084

C7–H17 1.083 1.083 1.081 1.083 1.083 1.081 1.086 1.086 1.086

H16���H18 2.461 3.511 – 2.466 3.453 – 2.442 3.496 –

H17���N2 2.669 3.512 – 2.664 3.463 – 2.535 3.403 –

H17���H18 – 3.771 2.071 – 3.883 2.074 – 3.711 2.107

H16���N2 – 2.965 2.439 – 2.992 2.438 – 2.950 2.443

Bond angle (�)

N1N2N3 109.02 109.05 109.31 109.04 109.05 109.32 109.27 109.27 109.49

N2N3C4 109.15 109.13 109.06 109.13 109.13 109.04 108.80 108.80 108.72

N3C4C5 108.60 108.63 108.92 108.61 108.63 108.92 108.59 108.59 108.91

C4C5N1 103.73 103.69 103.53 103.72 103.69 103.53 103.76 103.76 103.53

C5N1C6 128.42 128.64 133.99 128.49 128.64 134.02 128.33 128.33 133.53

N1C6C7 125.69 125.47 127.33 125.63 125.47 127.50 124.10 124.10 125.94

C6C7C8 118.11 118.27 118.48 118.20 118.27 118.25 126.28 126.28 125.28

N1C6H16 114.28 114.41 112.33 114.37 114.41 112.30 112.52 112.52 110.93

C6C7H17 122.52 122.42 124.11 122.48 122.42 124.20 117.47 117.47 119.30

Torsional angle (�)

N2N1C6C7 0.00 94.14 180 0.00 90.14 180 0.63 94.00 164.18

N2N1C6H16 180 -85.81 0.00 180 -89.81 0.00 179.37 -86.00 -14.13

N1C6C7C8 180 180 180 180 180 180 179.87 180 178.57

C8C7C6H16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -3.30

The values of DG and DG* were reported in kcal mol-1. [T.S.]n means transition state form. See the graphs
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DFT-B3LYP/6-31G* method. The results of the selected

structural data i.e., bond lengths in Å, bond angle, (h) and

dihedral angles (U) (in �) are demonstrated in the Figs. 2,

3, 4, 5, 6, 7, 8 and 9 for the N-alkenyl-1,2,3-triazole (3, 5, 7,

8, 9, and 10) and Tables 1 and 2. In N-alkenyl-1,2,3-tria-

zole (3, 5, 7, 8, 9, and 10), the conformers ‘‘A’’

(U2167 = 0�) are more stable compared to ‘‘B’’ forms

(U2167 = 180�). The 3A, 5A, 7A, 8A, 9A, and 10A are

(DG = 0.45, 0.50, 0.36, 0.22, 0.35, and 0.60 kcal mol-1)

more stable than 3B, 5B, 7B, 8B, 9B, and 10B, respec-

tively. See Tables 1 and 2. To calculate the values of

activation energy for rotation around the C–N bond and

investigate the interconversion process of the two stable

conformers (A and B) of the N-alkenyl-1,2,3-triazole (3, 5,

7, 8, 9, and 10), the change of the U2167 dihedral angle

around the C–N bond and optimization in each step by

DFT-B3LYP/6-31G* method were employed. The reaction

coordinate method for A and B conformers of the N-

alkenyl-1,2,3-triazole (3, 5, 7, 8, 9, and 10) was carried out

to gain the transition state forms by changing U2167 from 0�
to about 90� and 180� to about 90�. The values of the

activation energies around the C–N bond in the process of

the interconversion of the two stable conformers (A and

B in 3, 5, 7, 8, 9, and 10) are (DG*) 9.05, 9.41, 5.26, 8.14,

8.56, and 6.29 kcal mol-1, respectively. See Figs. 4, 5, 6,

7, 8, 9 and Tables 1 and 2.

The dihedral angles (U2167) in the process of the inter-

conversion of the two stable conformers (A and B in 3, 5,

7, 8, 9, and 10) are: 94�, 90�, 94�, 91�, 92�, and 93�,

respectively. Tables 1 and 2 have shown the calculated

Table 2 The selected structural data of the 1,2,3-triazoles (8, 9, and 10) and the saddle form of interconversions of the conformers A and B

Selected data 8A $ 8B 9A $ 9B 10A $ 10B

8A [T.S.]8 8B 9A [T.S.]9 9B 10A [T.S.]10 10B
DG = 0.22 DG* = 8.14 DG = 0.35 DG* = 8.56 DG = 0.60 DG* = 6.29

Bond length (Å)

N1–N2 1.378 1.384 1.384 1.378 1.384 1.383 1.362 1.367 1.367

N2–N3 1.289 1.286 1.286 1.289 1.286 1.286 1.301 1.298 1.298

N3–C4 1.374 1.375 1.375 1.374 1.375 1.376 1.367 1.368 1.368

C4–C5 1.376 1.376 1.376 1.377 1.376 1.376 1.373 1.372 1.372

C5–N1 1.358 1.358 1.358 1.358 1.358 1.359 1.363 1.363 1.363

N1–C6 1.398 1.395 1.395 1.399 1.395 1.395 1.411 1.406 1.406

C6–C7 1.338 1.339 1.339 1.338 1.339 1.339 1.332 1.332 1.332

C7–C8 1.479 1.479 1.479 1.480 1.479 1.480 – – –

C6–H16 1.085 1.084 1.085 1.085 1.084 1.084 1.085 1.084 1.084

C7–H17 1.083 1.084 1.081 1.083 1.084 1.085 1.084 1.085 1.084

H16…H18 2.582 3.342 – 2.581 3.332 – 2.543 3.294 –

H17…N2 2.632 3.427 – 2.632 3.414 – 2.622 3.396 –

H17…H18 – 3.826 2.418 – 3.846 2.411 – 3.856 2.404

H16…N2 – 2.938 2.481 – 2.945 2.485 – 2.929 2.453

Bond angle (�)

N1N2N3 107.49 107.65 107.65 107.49 107.65 107.65 107.45 107.61 107.61

N2N3C4 109.52 109.36 109.36 109.52 109.36 109.35 109.30 109.12 109.12

N3C4C5 108.44 108.68 108.68 108.43 108.68 108.66 108.62 108.87 108.87

C4C5N1 104.52 104.45 104.45 104.52 104.45 104.46 104.35 104.27 104.27

C5N1C6 127.92 131.82 131.82 127.92 131.82 131.68 127.66 131.47 131.47

N1C6C7 124.54 125.47 125.47 124.55 125.47 125.45 124.40 125.58 125.58

C6C7C8 118.36 118.96 118.96 118.42 118.96 118.96 – – –

N1C6H16 114.51 112.78 112.78 114.52 112.78 112.90 112.68 111.02 111.02

C6C7H17 122.30 123.32 123.32 122.28 123.32 123.32 121.78 123.28 123.28

Torsional angle (�)

N2N1C6C7 0.00 91 180 0.00 92 180 0.00 93 180

N2N1C6H16 180 -89 0.00 180 -88 0.00 180 -87 0.00

N1C6C7C8 180 180 180 180 180 180 – – –

C8C7C6H16 0.00 0.00 0.00 0.00 0.00 0.00 – – –

The values of DG and DG* were reported in kcal mol-1. [T.S.]n means transition state form. See the graphs
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results for the distances between H6���H18 and H7���H18 in

the two stable conformers (A and B in 3, 5, 7, 8, 9, and 10).

The distances between H16���H18 and N2���H17 of the

stable conformers (A in 3, 5, 7, 8, 9, and 10) are: (2.461,

2.669), (2.466, 2.664), (2.442, 2.535), (2.582, 2.632),

(2.581, 2.632), and (2.543, 2.622) Å, respectively. The

distances between H17���H18 and N2���H16 of the B rota-

mers (in 3, 5, 7, 8, 9, and 10) are: (2.071, 2.439), (2.074,

2.438), (2.107, 2.443), (2.418, 2.481), (2.411, 2.485), and

(2.404, 2.453) Å, respectively. In the transition state of

A $ B, the interatomic distances of H16���H18, N2���H17,

H16���H18 and N2���H17 (3, 5, 7, 8, 9, and 10) are: (3.511,

3.512, 3.771 & 2.965), (3.453, 3.463, 3.883 & 2.992),

(3.496, 3.403, 3.711 & 2.950), (3.342, 3.427, 3.826 &

2.938), (3.332, 3.414, 3.846 & 2.945), and (3.294, 3.396,

3.856 & 2.929) Å, respectively. Derivative 10 was not

synthesized here. This molecule was calculated to compare

its data with other molecules (structures 8 and 9). See

Figs. 4, 5, 6, 7, 8, 9 and Tables 1 and 2.

In the stable conformers 7A and 7B, the dihedral angles

U2167 are not 0 and 180�, respectively. The dihedral angles

U2167 for 7A and 7B were calculated as 0.63� and about 164�,
respectively. The conformer 7B in U2167 = 164� is

0.018 kcal mol-1 more stable than this conformer in

U2167 = 180�. Because of aromatization in the 1,2,3-triazole

rings, the values of activation energy rotation around C–N

bond are lower than the ordinary enamines. See Tables 1 and

2. Due to delocalization of the electron pair of the nitrogen

atom inside the 1,2,3-triazole aromatic rings, the calculated

magnitude of DG* for rotation around C–N bond in such

structures (N–C=C–C=O) is rather low (from about

5–10 kcal mol-1). An increase in electron-donating power and

acceptor capacity decreases the energy barrier to the rotation.

The two rotamers A and B for each of the structures were

obtained due to the low values of activation energy of C–N

bond rotation in the structures of N-alkenyl-1,2,3-triazole (3,

5, 7, 8, 9, and 10). The interconversion of the isomers A and

B is very simple because of the delocalization of the electron

pair of the nitrogen atom in the aromatic rings of the 1,2,3-

triazoles. So, there is no resonance between this nitrogen

atom and C=C (like the ordinary eneamines). The interac-

tions between these compounds with the receptors,

considering their medicinal effects, are closely related to the

structures of their isomers A and B. The physicochemical

properties as well as the structural properties are related to

this phenomenon. One of the important investigations rela-

ted to this property is the chemical shifts of the H-vinyl

atoms in the structures.

The chemical shifts (in vacuum state) for H-16 and H-17

of the compounds 3–10 were calculated by DFT-B3LYP/6-

31G* method. The rotation around C–N bond (U2167) in the

structures of N-alkenyl-1,2,3-triazole (3, 5, 7, 8, 9, and 10)

has made different chemical shifts for the H-atoms. The

calculated chemical shifts in non-solvent conditions by

DFT-B3LYP/6-31G* method are demonstrated in Table 3.

The values in parentheses are the experimental values of

H-16 and H-17 chemical shifts (in CDCl3). The different

chemical shifts are related to the different local shielding of

the H-atoms that occurs because of the interconversion

between the rotamers A and B of compounds 3–10. There

is good agreement between the theoretical and experi-

mental results. As it can be seen in Table 3, the calculated

chemical shifts of H-16 and H-17 for 3 and 5 were 8.72 and

5.86 ppm, respectively, when U2167 was 180�. The 1H-

NMR experimental data for the introduced hydrogen atoms

in the structures and in CDCl3 were obtained: 8.50 and

6.72 ppm, respectively. The experimental and calculated

data for the chemical shifts of H-16 and H-17 in 5 and 8

(when U2167 = 0�) were: {8.14 (8.38), 6.73 (6.98)} and

{7.72 (6.80), 6.78 (6.65)}, respectively. See Table 3.

Typical procedure for synthesis

3-Benzotriazol-1-yl-acrylic acid methyl ester (3)

A mixture of benzotriazole 1 (0.06 g, 5 mmol) and methyl

propiolate 2 (0.8 g, 1.0 ml, 0.01 mol) was made in a dried

heavy wall Pyrex tube. The tube was sealed and then exposed

to microwave oven. After 15 min irradiation at 200 W

(100 �C) power, the mixture was cooled to room tempera-

ture. The residue of compounds was evaporated under air and

reduced pressure. An off-white solid was afforded. The

product 3 can be recrystallized from dried diethyl ether.

Table 3 The calculated chemical shifts (in vacuum) of H-16 and H-17 of the compounds 3–10

Compounds and data Chemical Shifts of H-16 and H-17 of the compounds 3–10

3 5 7 8 9 10

U2167 U2167 U2167 U2167 U2167 U2167

0� 180� 0� 180� 0� 180� 0� 180� 0� 180� 0� 180�

H-16 8.16 8.72 (8.50) 8.14 (8.38) 8.79 (8.51) 7.58 8.24 7.72 (6.80) 8.34 7.71 8.33 6.77 7.45

H-17 6.69 5.86 (6.72) 6.73 (6.98) 5.88 (6.71) 7.52 6.57 6.78 (6.65) 5.67 6.81 5.71 6.36 5.12

The values in parentheses are the experimental values of H-16 and H-17 chemical shifts (in CDCl3)
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Conclusion

Here a fast one-pot microwave-assisted solvent-free with

high-oriented synthesis of simple N-alkenyl-1,2,3-triazole

(3, 5, 7, 8, and 9) derivatives by nucleophilic addition

reactions of 1,2,3-benzotriazole 1 and 10 with alkyl-propi-

olates (2 and 4) and phenylacetylene 6 is reported. The Cb

of the reactants 2 and 4 should have enough d? charge for

the reactions of 1 and 10 on 2 and 4. The symmetry reac-

tants of 6, DMAD, and DEAD do not have this suitable

condition for this regio- and chemo-selectivity. The results

of the procedure confirmed the facility and rapidity of this

solvent-free with high-oriented synthesis of 3, 5, 7, 8, and 9

derivatives by the nucleophilic additional reaction. The

calculations on the structures of the synthesized N-alkenyl-

1,2,3-triazole (3, 5, 7, 8, and 9) were performed by the DFT

method. In this study, the computational method employed

cover density functional theory (DFT) approaches. The

structure of the N-alkenyl-1,2,3-triazole (3, 5, 7, 8, and 9)

was optimized by DFT-B3LYP/6-31G* method. The val-

ues of activation energy for rotation around C–N bond in

the synthesized N-alkenyl-1,2,3-triazole compounds were

studied by DFT-B3LYP/6-31G* method.
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