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Abstract. Investigation of synthesized vinyl esters of several 

furancarboxylic acids: 2-furancarboxylic, 3-furancarboxylic, 5-formyl-2-

furancarboxylic, 5-nitro-2-furanoic and 2,5-furandicarboxylic from vinyl 

acetate using the reaction vinyl substitution in the presence of the system: 2-

chloro-4,6-dimethoxy-1,3,5-triazine, as well as Zn(OTf)2, 3,3'-Ph2BINOL-

2Li, KOtrBu and BuLi has been carried out. At the same time increasing of 

the catalytic activity of these systems was identified as following: 3,3'-

Ph2BINOL-2Li < BuLi < KOtrBu < Zn(OTf)2. The influence of various 

factors on products yield was studied. Optimal conditions for the formation 

of vinyl esters of carboxylic acids were: temperature -30°C, the Zn(OTf)2 

system, the molar ratio of carboxylic acid and vinyl acetate is 1:1.2. The 

yields of vinyl esters of the studied furancarboxylic acids has increased in 

the following order: vinyl ester of 5-nitro-2-furancarboxylic acid < vinyl 

ester of 5-formyl-2-furancarboxylic acid < vinyl ester of 2-furancarboxylic 

acid < vinyl ester of 3-furancarboxylic acid < vinyl ester 2 ,5-

furandicarboxylic acid. The structure of the synthesized compounds was 

confirmed by IR, 1H, 13C spectroscopy and gas chromatography-mass 

spectrometry. 

1 Introduction 

Currently, various organic compounds are synthesized at present time based on oil and gas 

processing products. Acetylene is one of the main product formed during the processing of 

oil, gas and coal [1-4]. Derivatives of carboxylic acids contained in oil, for example, esters 

of furancarboxylic acids, are used in medicine. Furan is a five-membered oxygen compound 

and it’s esters are used in medicine to treat various diseases [5-7]. 

The furan ring can replace pentoses in nucleotide synthesis. Vinyl, cyanomethyl, pyranyl, 

methyl and ethyl esters of 2-furancarboxylic and 2-furan-acrylic acids were synthesized and 

studied, and their activity against tumor cells was studied. It was found that vinyl ester of 2-

furancarboxylic acid has possessed by activity against tumor cells [8,9]. 

Vinyl esters of carboxylic acids are active compounds and are also used as intermediates 

in organic synthesis, polymerization, hydrogenation and cross-cyclization reactions. 
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Currently, research and development works by the chemistry, technology and application of 

vinyl esters of carboxylic acids are actively developed [10-12]. 

The vinylation of aliphatic alcohols, phenol and some of it’s derivatives, acetylene 

alcohols and acetic acid has been studied in the literature. These processes are predominantly 

carried out in homogeneous systems under high pressure of acetylene or inert gases. The 

influence of various factors on the course of the reaction and the yield of products was 

studied. However, the synthesis of vinyl esters of furancarboxylic acids with various 

substituents in the presence of 2-chloro-4,6-dimethoxy-1,3,5-triazine systems using 

Zn(OTf)2, 3,3'-Ph2BINOL-2Li, BuLi, KOtrBu from vinyl acetate was not carried out [13-18]. 

2 Methods and materials 

IR spectrums of the synthesized substances were obtained on a Bruker Fure Invenio C-2021 

spectrometer in the range 4000 – 400 cm–1. 1H-NMR spectrums were recorded in CDСl3 

on a Unity+400 instrument (Varian) with an operating frequency of 400 MHz. HMDS was 

used as an internal standard in the 1H-NMR spectra, and the chemical shift of the solvent in 

the 13C spectra. Mass spectrums of the substances were obtained on Agilent Technologies 

7890B Network GC system chromatography-mass spectrometers with a "5977A Inert mass 

selective detector" Mass Hunter Drugs SCAN.A1M with a mass selective detector in 

chromatography-mass spectrometry. The inner surface was coated with HP 5% 

phenylmethylsiloxane, and a 30 m long capillary column was used. The injector temperature 

was 280 ℃, and the temperature is thermostat was increased from 150 to 300 ℃ at a rate of 

15 ℃ per minute. 

3 Synthesis of vinyl esters of furancarboxylic acids from vinyl 
acetate 

0.01 mol of substituted furancarboxylic acid and 0.01 mol (1.76 g) of 2-chloro-4,6-

dimethoxy-1,3,5-triazine were dissolved in 20 ml of tetrahydrofuran. The solution was 

cooled to 0-5°C. At constant stirring 1.1 ml (0.01 mol) of N-methylmorpholine was added. 

In another flask at -30°C a suspension of an equivalent mole of the reagent (0.005 mol-

Zn(OTf)2, 0.005 mol-3,3'-Ph2BINOL-2Li, 0.01 mol-KOtrBu, 0.01 mol-BuLi) was prepared 

in 10 ml tetrahydrofuran. Then a solution of 0.92 ml (0.01 mol) of vinyl acetate in 2 ml of 

tetrahydrofuran was added dropwise over 10-20 minutes. The temperature was maintained at 

-30°C and mixture was stirred for 30 minutes. After this the content of the first flask were 

gradually added to the second flask during 30 min. The reaction was continued for another 2 

hours at -30°C. Then 20 ml of 5% NH4Cl solution was added, while the temperature did not 

rise above -10 °C. The content was extracted with diethyl ether (3x20 ml), the solvent was 

distilled off, the residue was washed successively with cooled 0.5 M NaHCO3, water, 1 M 

NaHSO4, water and a saturated solution of potassium chloride. The extract was dried, 

filtered, and the solvent was distilled off in vacuum. The residue was separated by column 

chromatography using mixture hexane : ethyl acetate 5:1. 

Below the results of the analysis of the FTIR, 1H-NMR, 13C-NMR spectrums of the 

synthesized vinyl esters. 

Vinyl ester of 2-furancarboxylic acid 

Yield 70%. IR, sm-1: 2958, 1730, 1681, 1567, 1232, 1016. 1H NMR: δ 5.05-5.15 (2H, 

5.05 (dd, J= 8.14 Hz), 5.15 (dd, J= 8.44 Hz )), 6.45 (1H, dd, J= 6.74, 1.8 Hz), 7.38 (1H, dd, 

J= 7.9, 1.52 Hz), 7.23 (1H, dd, J= 14.8, 7.8 Hz) , 7.126 (1H, dd, J= 1.8, 0.9 Hz). 13C NMR: δ 

97.7 (1C, s), 112.2 (1C, s), 119.9 (1C, s), 141.6 (1C, s), 143.7-146.8 (2C, 143.7 (s), 146.7 

(s)), 156.3 (1C, s). 
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Vinyl ester of 3-furancarboxylic acid. Yield 70%. 1H NMR: δ 4.96-5.21 (2H, 5.03 

(dd, J = 7.8, 2.3 Hz), 5.14 (dd, J = 14.8, 2.3 Hz)), 6.80 (1H, dd, J = 1.8, 1.0 Hz), 7.43 (1H, 

dd, J = 14.8, 7.8 Hz), 7.70 (1H, dd, J = 1.8, 1.1 Hz), 7.86 (1H, dd, J = 1.1, 1.0 Hz). 13C NMR: 

δ 97.3 (1C, s), 109.8 (1C, s), 119.9 (1C, s), 141.3 (1C, s), 143.0 (1C, s), 148.0 (1C, s), 165.7 

(1C, s). 

Vinyl ester of 5-formyl-2-furancarboxylic acid. Yield 54%. 1H NMR: δ 5.01-5.22 

(2H, 5.07 (dd, J = 7.8, 2.3 Hz), 5.15 (dd, J = 14.8, 2.3 Hz)), 7.33-7.55 (3H, 7.38 (d, J = 3.5 

Hz) , 7.44 (dd, J = 14.8, 7.8 Hz), 7.49 (d, J = 3.5 Hz)), 9.90 (1H, s). 13C NMR: δ 97.3 (1C, s), 

118.9 (1C, s), 122.2 (1C, s), 141.3 (1C, s), 145.9 (1C, s), 152.8 (1C, s), 160.3 (1C, s), 177.4 

(1C, s). 

Vinyl ester of 5-nitro-2-furancarboxylic acid. Yield 37%. 1H NMR: δ 5.01-5.22 (2H, 

5.07 (dd, J = 7.8, 2.3 Hz), 5.15 (dd, J = 14.8, 2.3 Hz)), 7.07 (1H, d, J = 3.3 Hz), 7.35-7.52 

(2H, 7.40 (d, J = 3.3 Hz), 7.45 (dd, J = 14.8, 7.8 Hz)). 13C NMR: δ 97.3 (1C, s), 112.6 (1C, 

s), 113.6 (1C, s), 141.3 (1C, s), 145.0 (1C, s), 156.1 (1C, s), 160.3 (1C, s). 

Vinyl ester of 2,5-difurancarboxylic acid. Yield 80%. 1H NMR: δ 5.01-5.22 (4H, 5.07 

(dd, J = 7.8, 2.3 Hz), 5.15 (dd, J = 14.8, 2.3 Hz)), 7.36-7.52 (4H, 7.44 (dd, J = 14.8, 7.8 Hz), 

7.45 (d, J = 3.5 Hz)). 13C NMR: δ 97.3 (2C, s), 118.9 (2C, s), 141.3 (2C, s), 145.9 (2C, s), 

160.3 (2C, s). 

4 Results and discussion 

The literature there is information on vinyl esters of various substituted furancarboxylic 

acids, including their vinylation with acetylene and the vinyl substitution reaction of vinyl 

acetate in the presence of various catalysts. In this work, the reaction of vinyl acetate with 

selected furancarboxylic acids in a tetrahydrofuran solution in the presence of 3,3'-

Ph2BINOL-2Li, Zn(OTf)2, BuLi and KOtrBu was carried out for the first time, which made 

it possible to synthesize vinyl esters of the corresponding furancarboxylic acids. 

Vinyl esters of 2-furancarboxylic acid, 3-furancarboxylic acid, 5-formyl-2-

furancarboxylic acid, 5-nitro-2-furancarboxylic and 2,5-furandicarboxylic acid were 

synthesized from vinyl acetate. First, the active triazine acid ester was prepared from 

furancarboxylic acids and 2-chloro-4,6-dimethoxy-1,3,5-triazine. Then, vinyl esters of the 

resulting acids were synthesized by reacting the active triazine ester of furancarboxylic acid 

with vinyl acetate in the presence of 3,3'-Ph2BINOL-2Li, Zn(OTf)2, KOtrBu and BuLi. The 

influence of temperature and the molar ratio of the initial carboxylic acid and vinyl acetate 

on the yield of vinyl esters was studied, and the relative activity of these systems was also 

investigated [19]. 

The general reaction scheme is shown on the example of using 2-furancarboxylic acid. 

The reaction occurs in two stages. First, the active triazine carboxylic acid ester is formed by 

reacting 2-furancarboxylic acid with 2-chloro-4,6-dimethoxy-1,3,5-triazine in the presence 

of N-methylmorpholine. The reaction of the active triazine ester with vinyl acetate in the 

presence of butyllithium then produces the vinyl ester of the corresponding carboxylic acid: 
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Below the reaction scheme and mechanism of formation of 2-furancarboxylic acid vinyl 

ester are presented. 
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The structure of the synthesized vinyl ester of 2-furancarboxylic acid was confirmed by 

IR, 1H, 13C NMR and gas chromatography-mass spectral analysis. Below the IR spectrum 

(Fig. 1), 1H NMR spectrum (Fig. 2), 13C NMR spectrum (Fig. 3) and gas chromatography-

mass spectrum (Fig. 4) of vinyl ester of 2-furancarboxylic acid are presented. 

 
 

Fig.1. IR spectrum of 2-furancarboxylic 

acid vinyl ester 

Fig. 2. 1H NMR spectrum of vinyl ester of 2-

furancarboxylic acid 

 
 

Fig. 3. 13C-NMR spectrum of vinyl ester of 

2-furancarboxylic acid 

Fig. 4. Chromato-mass spectrum of vinyl ester of 

2-furancarboxylic acid 

According to the analysis of the 1H-NMR spectrum, doublet-doublet signals of the -CH2 

proton atoms in the vinyl group at 5.05-5.15 ppm and a signal of the -CH proton in the vinyl 

 C:\Users\BRUKER\Documents\Bruker\OPUS_8.7.10\DATA\MEAS\2-FURON KARBON K-TA VINIL EFIRI.0          2-FURON KARBON K-TA VINIL EFIRI          Instrument type and / or accessory1/30/2023

3
1
4
1
.0

3

2
9
5
8
.5

6
2
8
7
4
.5

1

2
6
5
7
.0

0
2
5
7
7
.0

2

2
3
5
4
.4

0

1
7
3
0
.6

5

1
6
8
1
.3

0

1
5
6
7
.4

2

1
4
6
9
.3

0

1
3
6
1
.5

4

1
2
9
2
.9

8

1
2
3
2
.9

0

1
1
8
1
.1

3

1
1
1
7
.1

4
1
0
7
6
.4

8
1
0
5
5
.2

8
1
0
1
6
.1

6
1
0
0
2
.2

3
9
1
7
.3

1
8
8
4
.9

4

8
1
8
.6

3
8
0
1
.2

4
7
4
5
.5

2
7
0
2
.2

2
6
7
8
.6

8
6
4
5
.5

0
6
0
4
.6

6
5
9
0
.4

2
5
4
5
.0

0
4
8
0
.5

2
4
5
3
.6

1

500100015002000250030003500

Wavenumber cm-1

0
.2

0
.3

0
.4

0
.5

0
.6

0
.7

0
.8

0
.9

1
.0

 Page 1/1

E3S Web of Conferences 549, 03014 (2024)

TransSiberia 2024
https://doi.org/10.1051/e3sconf/202454903014

4

RETRACTED



group at 7.12 ppm are observed. In addition, in the IR spectrum of this compound, a signal 

is observed in the region of 1681 cm-1, vinyl group (-CH=CH2). 

The process was carried out in tetrahydrofuran (THF) solution at -30 °C. The influence 

of the reagents 3,3'-Ph2BINOL-2Li, BuLi, KOtrBu and Zn(OTf)2 on the yield of vinyl esters 

and the course of reactions was systematically analyzed (Table 1). 

Table 1. Influence of the nature of the reagents on the yield of vinyl esters of furancarboxylic acids 

(molar ratio carboxylic acid: vinyl acetate = 1:1, solvent THF, temperature -30 °C) 

Reagent 
Yield of vinyl esters, % 

I II III IV V 

3,3′-Ph2BINOL-2Li 33 44 46 28 20 

BuLi 43 51 58 34 25 

KOtrBu 52 72 73 43 30 

Zn(OTf)2 63 79 80 54 37 

where: I-vinyl ester of 2-furancarboxylic acid; II - vinyl ester of 3-furancarboxylic acid; III - divinyl 

ester of 2,5-furandicarboxylic acid; IV - vinyl ester of 5-formyl-2-furancarboxylic acid; 5-Nitro-2-

furancarboxylic acid V-vinyl ester 

Based on the results obtained, a series of activities was established in relation to the yield 

of products of the starting carboxylic acids and the catalytic activity of the reagents used in 

the synthesis of vinyl esters of furancarboxylic acids: 3,3'-Ph2BINOL-2Li < BuLi < KOtrBu 

< Zn(OTf)2. This phenomenon is explained by an increase of the stability of nucleophilic 

reagents in this series. 

Vinyl esters were synthesized with maximum yield (I-63%; II-79%; III-80%; IV-54%; 

V-37%) in the presence of Zn(OTf)2 at a temperature -30 °C. In the reaction of 2,5-

furandicarboxylic acid and vinyl acetate, their molar ratio was 1:1.2. In this case, the yield of 

carboxylic acid divinyl ester is 80%. During the reaction a small amount of monovinyl ester 

of this acid was also formed. The effect of the molar ratio of initial compounds on the yield 

of vinyl ester of 2-furancarboxylic acid in the presence of Zn(OTf)2 was systematically 

analyzed. The results obtained are shown in table 2. 

Table 2. Effect of temperature, molar ratio of initial compounds on the yield of vinyl ester of 2-

furancarboxylic acid (THF solvent). 

Molar ratio of 2-

furancarboxylic 

acid: 

vinyl acetate 

Temperature, 
0C 

Yield of vinyl ester of 2-furancarboxylic acid, % 

3,3′- Ph2BINOL-2Li BuLi KOtrBu Zn(OTf)2 

1:1.0 

-30 33 43 52 63 

-20 30 39 43 56 

0 - 28 34 44 

1:1.2 

-30 45 58 66 70 

-20 40 47 59 63 

0 32 41 50 48 

1:1.4 

-30 - 38 51 55 

-20 - 32 42 49 

0 - 28 32 31 

As can be seen from the experimental results presented in the table, what selected reagent 

systems: 3,3'-Ph2BINOL-2Li, BuLi, KOTrBu and Zn(OTf)2 have a significant effect on the 

yield of products. The reaction was carried out in THF solution at -30 - 0 ℃. Based on the 

research, optimal conditions for the synthesis of vinyl esters were determined: molar ratio of 

2-furancarboxylic acid and vinyl acetate is 1:1.2. In the presence of the Zn(OTf)2/THF 

system, vinyl ester of 2-furancarboxylic acid is formed with 70% yield. In the presence of 
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the 3'-Ph2BINOL-2Li, BuLi, KOtrBu and Zn(OTf)2 system, it’s yield is 45, 58, 66 and 70%. 

In further studies the reaction of vinyl acetate with various furancarboxylic acid derivatives 

was systematically investigated at -30 ℃ in the presence of Zn(OTf)2, with a molar ratio of 

the original carboxylic acid and vinyl acetate of 1:1.2. The results obtained are presented in 

table 3. 

Table 3. Synthesis of vinyl esters of substituted furancarboxylic acids 

Molar ratio R-COOH:CH3-

COO-CH=CH2 

Temperature

, 0С 

Yield of vinyl esters, % 

I II III IV V 

1:1.2 -30 70 80 83 58 45 

From the results obtained it is clear that Zn(OTf)2 provides the maximum yield of vinyl 

esters: I - 70; II - 80; III - 83; IV - 58; V - 45%. In this case, a vinyl group substitution reaction 

has occured between the triazine active ester of furancarboxylic acid and vinyl acetate. The 

yield of vinyl esters of furancarboxylic acids increases depending on the their nature in the 

following order: vinyl ester of 5-nitro-2-furancarboxylic acid < vinyl ester of 5-formyl-2-

furancarboxylic acid < vinyl ester of 2-furancarboxylic acid < vinyl ester of 3-

furancarboxylic acid < 2,5-furandicarboxylic acid divinyl ester. The experimental results 

show that with increasing the acidity of the selected carboxylic acids, the elimination of the 

2-hydroxy-3,5-dimethoxy-1,3,5-triazine ion becomes more difficult, what leads to decrease 

of the yield of vinyl esters. 

5 Conclusion 

The interaction of some furancarboxylic acids with vinyl acetate in vinyl substitution 

reactions involving 2-chloro-4,6-dimethoxy-1,3,5-triazine and the Zn(OTf)2, 3,3'-

Ph2BINOL-2Li, KOtrBu, BuLi systems led to to the synthesis of vinyl esters of selected 

furancarboxylic acids. It was found that the catalytic activity of the used reagents has 

increased in the following order: 3,3'-Ph2BINOL-2Li < BuLi < KOtrBu < Zn(OTf)2. Optimal 

conditions for the formation of vinyl esters of carboxylic acids were determined as: 

temperature -30 °C in the presence of Zn(OTf)2, carboxylic acid:vinyl acetate molar ratio 

1:1.2. The structure of the synthesized compounds was confirmed by IR, 1H, 13C 

spectroscopy, chromatography-mass spectrometry and quantum chemical calculations were 

carried out. It has been shown that the carboxyl group of the acid is the reaction center where 

the highest positive charge of the carbon atom allows the nucleophilic addition of the 

vinyloxy ion to occur. 
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