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Abstract. The reaction of benzoic, 4-methylbenzoic, 2-bromobenzoic and 
4-bromobenzoic acids with phenylacetylene was carried out in a toluene 
solution at a temperature of 110 0C in the presence of a catalyst - 1 mol % 
[Zn(C4H7S2)4](NO3)2. In the coupling reaction of carboxylic acids with 
phenylacetylene a mixture of coupling products is formed according to the 
Markovnikov and anti-Markovnikov rules. A reaction mechanism was 
proposed and it was found that the yield of vinyl esters increased in the serie 
4-CH3-C6H4COOH< C6H5COOH< 4-Br-C6H4COOH< 2-Br-C6H4COOH. It 

was found that with an increasing acidity of the carboxylic acids, the product 
formed by Markovnikov rule has been formed in a larger amount. On the 
contrary, as the acidity of the starting compounds decreased, the amount of 
the anti-Markovnikov coupling product has increased. The total yield of 
reaction products of phenylacetylene with carboxylic acid is 44% (65/35) in 
4-methylbenzoic acid, 67% (80/20) in benzoic acid, 78% (82/18) in 4-
bromobenzoic acid, 82% (85 /15) in 2-bromobenzoic acid. The structure of 
the synthesized vinyl esters was proved on the base of the analysis of IR, 1H, 
13C NMR and Mass spectrums. 

1 Introduction 

Vinyl esters of carboxylic acids are active compounds and are used as intermediates in 
organic synthesis, polymerization reactions, hydrogenation and cross-cyclization. Currently, 

research and development work in chemistry, physics, technology and application of vinyl 

esters of carboxylic acids are rapidly developing [1]. 

In the literature, such d-metals as Hg, Pd, Pt, Ru, Rh, Ir and Au were used as catalysts in 

the reaction of carboxylic acids with phenylacetylene, and at thise high yields of products 

were achieved [2–4]. In this method, phenylvinylbenzoate and styrylbenzoate esters of 

carboxylic acid with phenylacetylene were formed on the base of the Markovnikov and anti-

Markovnikov rules. In this case, factors such as temperature and the use of rare metal 

                                         
* Corresponding author: asqar.parmanov@mail.ru 

 
 

 

, 05006 (2024)BIO Web of Conferences

AQUACULTURE 2023
https://doi.org/10.1051/bioconf/20248405006 84

  © The Authors,  published  by EDP Sciences.  This  is  an  open  access  article  distributed  under  the  terms  of the Creative
Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/). 

RETRACTED

https://www.scopus.com/author/submit/profile.uri?authorId=57210802726&origin=AuthorNamesList&offset=1&authorSt1=Torambetov&authorSt2=b&resultsKey=AUTH_1686869370


catalysts require economic costs in production. Therefore, a number of valuable intermediate 

metal complexes were used as catalysts [5]. 

The synthesis of vinyl and 1-alkenyl esters of carboxylic acids based on phenylacetylene 

and a number of carboxylic acids was carried out in the presence of a ruthenium complex 

catalyst. Later such catalysts as rhodium, rhenium, iridium, gold and bimetals were used in 

some researches [6, 7]. 

The catalytic addition of carboxylic acids with alkynes is of great importance for the 

large-scale industrial production of vinyl acetate, polyvinyl acetate and polyvinyl alcohol [8]. 
Initially vinyl acetate was obtained by vinylation of acetic acid with acetylene at temperature 

200°C in the presence of a zinc acetate catalyst. At present, it is obtained by the Wacker 

reaction in the presence of a PdCl2–CuCl2 catalyst [9]. However, there is no general effective 

method for the catalytic addition reaction of carboxylic acids with alkynes. It should be noted 

that the most important advances in this field were achieved using ruthenium complexes as 

catalysts for intermolecular processes, and palladium catalysts were widely used for 

molecular reactions [10]. 

2 Methods and materials 

The IR spectrums of the synthesized substances were recorded on a Bruker Fure Invenio C-

2021 spectrometer in the range 4000 – 400 cm–1. 1H_NMR spectrums were recorded in 

CDCl3 on a Unity+400 instrument (Varian) operating at 400 MHz. HMDS was used as an 

internal standard in the 1H_NMR spectrums and the chemical shift of the solvent was used 

in the 13C- spectrums. The mass spectrums of the substances were registered on an Agilent 

Technologies 7890B Network GC system chromato-mass spectrometer. 

3 Reaction of aromatic carboxylic acids with phenylacetylene in 
the presence of catalytic systems 

A mechanical stirrer, a reflux condenser and an addition funnel were placed in a 100 ml three-

necked flask. 1.22 g (1 mmol) of benzoic acid (C6H5COOH), 1.02 g (1.1 ml, 1 mmol) of 

phenylacetylene (C6H5CCH), catalyst (0.01 mmol) were added to the flask and dissolved in 

20 ml of toluene. The reaction mixture was heated in a thermostat at 110°C with stirring for 

24 hours. The reaction mixture was extracted with diethyl ether (3x15 ml) and washed 

successively with 0.5 M NaHCO3 solution, distilled water, 1 M aqueous NaHSO4 solution, 

distilled water, saturated potassium chloride solution and distilled water. The extract was 
dried over 5 g of Na2SO4 or K2SO3 for 12 h and filtered. The solvent was removed in vacuo. 

The residue was dried in a vacuum desiccator to constant mass. The resulting products were 

separated by column chromatography on silica gel in the system n-hexane/ethyl acetate (9:1). 

IR-, 1H-, 13C-NMR and chromato-mass spectrums of the obtained vinyl esters were taken. 

Below the results of the FTIR, 1H_NMR, 13C_NMR spectrums of the synthesized vinyl 

esters are presented. 

1-Phenylvinyl benzoate. Yellow liquid. Yield - 1.2 g (54.0%), boiling point = 75-76/10 

°C, Rf = 0.44; IR: 3061, 2853, 1723, 1680, 1450, 1267, 801. 1H_NMR: δ 5.34 (1H, d, J=2.4 

Hz), 5.74 (1H, d, J= 2.4 Hz), 7.31-7.53 (5H, 7.37 (tt, = 7.2, 1.3 Hz), 7.41 (dddd, J= 7.7, 7.2, 

1.8, 0.5 Hz), 7.46 (dddd,J = 8.5, 7.5, 1.3, 0.4 Hz)), 7.60 (1H, tt, J = 7.5, 1.5 Hz), 8.04 (2H, 

dddd, J = 8.5, 1.9, 1.5, 0.4 Hz), 8.36 (2H, dtd, J = 7.7, 1.2, 0.5 Hz). 13C NMR: δ 91.0 (1C, 
s), 125.2 (1C, s), 125.7 (2C, s), 127.8-127.8 (2C, 127.8 (s), 127.8 (s)), 128.3-128.5 (4C, 128.4 

( s), 128.4 (s)), 129.5 (1C, s), 129.7 (2C, s), 149.5 (1C, s), 164.0 (1C, s). LC/MS: Agilent 

6420 Triple Quad LC/MS: m/z calculated 224.197, C15H12O2
+; found 226.0. 

 
 

 

, 05006 (2024)BIO Web of Conferences

AQUACULTURE 2023
https://doi.org/10.1051/bioconf/20248405006 84

2

RETRACTED



Styryl benzoate (E/Z). White crystalline substance. Yield-0.3 g (13%), Tmp. = 48 °C, Rf 

= 0.68. IR: 3284, 3100, 3031, 1722, 1676, 1493, 1267. 1H NMR: δ 6.87 (1H, d, J = 6.7 Hz), 

7.10-7.53 (8H, 7.16 (d, J = 6.7 Hz), 7.22 ( tt, J = 7.5, 1.3 Hz), 7.32 (dddd, J = 7.6, 7.5, 1.7, 

0.6 Hz), 7.37 (dddd, J = 7.6, 1.8, 1.3, 0.6 Hz), 7.46 (dddd, J = 8.5, 7.5, 1.3, 0.4 Hz)), 7.60 

(1H, tt, J = 7.5, 1.4 Hz), 8.03 (2H, dddd, J = 8.5, 1.9, 1.4, 0.4 Hz). 13C NMR: δ 107.3 (1C, s), 

127.2 (2C, s), 127.8-127.8 (2C, 127.8 (s), 127.8 (s)), 128.3-128.5 (4C, 128.4 (s), 128.4 (s) ), 

129.5 (1C, s), 129.7 (2C, s), 130.6 (1C, s), 146.8 (1C, s), 163.5 (1C, s). 

1-Phenylvinyl 4-methyl benzoate. Yellow liquid, yield 0.7 g (30.0%), Тbp.. = 82-83/10 
оС, Rf = 0.32. 1H NMR: δ 2.33 (3H, s), 5.34 (1H, d, J = 2.4 Hz), 5.74 (1H, d, J = 2.4 Hz), 

7.18 (2H, ddd, J = 8.5, 1.5, 0.5 Hz) , 7.31-7.48 (3H, 7.37 (tt, J = 7.2, 1.3 Hz), 7.41 (dddd, J = 

7.7, 7.2, 1.8, 0.5 Hz)), 7.91 (2H, ddd, J = 8.5, 1.6, 0.5 Hz) ), 8.36 (2H, dddd, J = 7.7, 1.4, 1.3, 
0.5 Hz). 13C NMR: δ 21.3 (1C, s), 91.0 (1C, s), 125.2 (1C, s), 125.7 (2C, s), 127.8 (1C, s), 

128.4 (2C, s), 129.1 (2C, s), 129.4-129.7 (3C, 129.5 (s), 129.6 (s)), 141.5 (1C, s), 149.5 (1C, 

s), 164.0 (1C, s). 

Styryl 4-methyl benzoate. White crystalline substance, yield-0.35 g (14%), Tmp. = 59 

°C, Rf = 0.75; 1H NMR: δ 2.33 (3H, s), 6.60 (1H, d, J = 13.5 Hz), 7.09–7.43 (7H, 7.15 (ddd, 

J = 8.5, 1.4, 0.5 Hz), 7.22 (tt, J = 7.5 , 1.3 Hz), 7.32 (dddd, J = 7.6, 7.5, 1.7, 0.6 Hz), 7.37 

(dddd, J = 7.6, 1.8, 1.3, 0.6 Hz)), 7.65 (1H, d, J = 13.5 Hz), 7.91 (2H, ddd, J = 8.5, 1.6, 0.5 

Hz). 13C NMR: δ 21.3 (1C, s), 123.8 (1C, s), 127.2 (2C, s), 127.8 (1C, s), 128.4 (2C, s), 129.1 

(2C, s), 129.4-129.7 ( 3C, 129.5 (s), 129.6 (s)), 130.6 (1C, s), 141.5 (1C, s), 145.3 (1C, s), 

163.5 (1C, s). 

1-Phenylvinyl 4-bromo benzoate- Yellow liquid, yield-1.94 g (64%), Tbp. = 91-92/10 

°C, Rf = 0.52. 1H NMR: δ 5.34 (1H, d, J = 2.4 Hz), 5.73 (1H, d, J = 2.4 Hz), 7.31-7.48 (3H, 
7.37 (tt, J = 7.2, 1.3 Hz), 7.41 (dddd, J = 7.7, 7.2, 1.8, 0.5 Hz)), 7.69 (2H, ddd, J = 8.7, 1.4, 

0.4 Hz), 7.88 (2H, ddd, J = 8.7, 1.7, 0.4 Hz), 8.36 (2H, dddd , J = 7.7, 1.4, 1.3, 0.5 Hz). 13C 

NMR: δ 91.0 (1C, s), 122.3 (1C, s), 125.2 (1C, s), 125.7 (2C, s), 127.8 (1C, s), 128.4 (2C, s), 

129.5 (1C, s), 131.1 (2C, s), 131.7 (2C, s), 149.5 (1C, s), 164.0 (1C, s). 

Styryl 4-bromo benzoate. White crystalline substance, yield-0.425 g (014%), m.p. = 68 

°C, Rf = 0.78. 1H NMR: δ 6.60 (1H, d, J = 13.5 Hz), 7.15-7.43 (5H, 7.22 (tt, J = 7.5, 1.3 Hz), 

7.32 (dddd, J = 7.6, 7.5, 1.7, 0.6 Hz), 7.37 (dddd, J = 7.6, 1.8, 1.3, 0.6 Hz)), 7.58-7.83 (5H, 

7.65 (d, J = 13.5 Hz), 7.69 (ddd, J = 8.7, 1.3, 0.4 Hz), 7.77 (ddd , J = 8.7, 1.7, 0.4 Hz)). 13C 

NMR: δ 122.3 (1C, s), 123.8 (1C, s), 127.2 (2C, s), 127.8 (1C, s), 128.4 (2C, s), 129.5 (1C, 

s), 130.6 (1C, s), 131.1 (2C, s), 131.7 (2C, s), 145.3 (1C, s), 163.5 (1C, s). 

1-Phenylvinyl 2-bromo benzoate. Yellow liquid, yield-2.11 g (70%), Tbp.. = 85-86/10 
°C, Rf = 0.45. 1H NMR: δ 5.34 (1H, d, J = 2.4 Hz), 5.74 (1H, d, J = 2.4 Hz), 7.31-7.48 (4H, 

7.37 (tt, J = 7.2, 1.3 Hz), 7.41 (dddd, J = 7.7, 7.2, 1.8, 0.5 Hz), 7.41 (ddd, J = 8.1, 7.6, 1.5 

Hz)), 7.52-7.76 (2H, 7.59 (ddd, J = 8.6, 7.6, 1.5 Hz), 7.70 (ddd , J = 8.6, 1.5, 0.5 Hz)), 7.95 

(1H, ddd, J = 8.1, 1.5, 0.5 Hz), 8.36 (2H, dddd, J = 7.7, 1.4, 1.3, 0.5 Hz). 13C NMR: δ 91.0 

(1C, s), 121.3 (1C, s), 125.2 (1C, s), 125.7 (2C, s), 126.3 (1C, s), 127.8 (1C, s), 128.2 (1C, 

s), 128.3-128.5 (3C, 128.4 (s), 128.4 (s)), 132.1 (1C, s), 132.6 (1C, s), 149.5 (1C, s), 166.2 

(1C, s). 

Styryl 2-bromo benzoate. White crystalline substance, yield-0.37 g (15%), Tm.p.. = 66 

°C, Rf = 0.72. 1H NMR: δ 6.60 (1H, d, J = 13.5 Hz), 7.18 (1H, tt, J = 7.5, 1.3 Hz), 7.25-7.43 

(5H, 7.32 (dddd, J = 7.6, 7.5, 1.7, 0.6 Hz) ), 7.33 (ddd, J = 8.1, 7.5, 1.5 Hz), 7.37 (dddd, J = 

7.6, 1.8, 1.3, 0.6 Hz)), 7.52–7.76 (3H, 7.59 (ddd, J = 8.6, 7.5, 1.5 Hz), 7.68 (d, J = 13.5 Hz), 

7.70 (ddd, J = 8.6, 1.5, 0.5 Hz)), 7.95 (1H, ddd, J = 8.1, 1.5, 0.5 Hz). 13C NMR: δ 121.3 (1C, 
s), 123.8 (1C, s), 126.3 (1C, s), 127.2 (2C, s), 127.8 (1C, s), 128.2 (1C, s), 128.3-128.5 ( 3C, 

128.4 (s), 128.4 (s)), 130.6 (1C, s), 132.1 (1C, s), 132.6 (1C, s), 145.3 (1C, s), 166.2 (1C, s). 
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4 Results and discussion 

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

organic synthesis, particular in polymerization, hydrogenation and cross-addition reactions. 

The reactions of addition of carboxylic acids to alkynes proceed under mild conditions in the 

presence of metal catalysts with the formation of vinyl esters. Mercury salts were originally 

used as catalysts in this reaction, but their high toxicity limits their widespread using. Various 

metal complex catalysts: Ru, Pd, Rh, Ir, Re, Au and Ag affect on the course of these reactions 

in different ways and have different selectivity. However, these metals are expensive and 

their complexes are relatively unstable [11]. 

It is known that in the interaction of carboxylic acids with terminal alkynes addition 

products are formed according to the Markovnikov and anti-Markovnikov (Z/E) principle: 
and at this mixture of isomeric 1-alkenyl esters is formed in various ratios [12–14]. 

 

 
This reaction was first carried out in 1980 in the presence of a ruthenium complex 

catalyst. Later studies were carried out with such catalysts as rhodium, rhenium, iridium, gold 

and bimetals. The ruthenium catalysts have been extensively studied due to their high 
efficiency and ease of synthesis. Some complex ruthenium catalysts allow to control regio- 

and stereoselective of the reactions. The coordination of an alkyne to a metal ion affects the 

regioselectivity of the reaction [15–17]. 

In this work the processes of formation of vinyl esters based on aromatic carboxylic acids 

with various substituents - benzoic, 2-bromobenzoic, 4-bromobenzoic and 4-methylbenzoic 

has been carried out in the presence of tetrakis-(2-amino-5-ethylthio-1,3,4- thiadiazole)-

zinc(II) dinitrate ([Zn(C4H7S2)4](NO3)2). The reaction scheme is represented as follows: 

 

 

Based on the literature sources a mechanism for the addition of carboxylic acids to 

phenylacetylene in the presence of a catalyst was proposed: 

 

The regioselectivity of the reaction depends on the coordination of the alkyne with the 

active site of the metal surface. As a result of the coordination of the metal ion to the second 

carbon atom of the triplet alkyne molecule the carbon atom in position C1 is partially 
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positively charged. The Markovnikov addition product is formed as a result of the 

nucleophilic addition reaction of the carboxyl ion. On the contrary, the coordination of the 

metal ion with carbon in the first position is the result of the nucleophilic attack of the 

carboxyl ion on the C2 atom, which leads to the addition product according to the anti-

Markovnikov rule [18]. 

The structure of the synthesized vinyl esters was confirmed by IR, 1H-, 13C-NMR and 

chromato-mass spectral analysis. Below are IR (Fig. 1), 1H-NMR (Fig. 2), 13С-NMR (Fig. 3) 

and chromato-mass spectrums (Fig. 4) of 1-phenylvinyl benzoate are presented. 
 

  
Fig. 1. IR spectrum of 1-phenylvinylbenzoate Fig. 2. 1H-NMR spectrum of 1-

phenylvinylbenzoate 

  
Fig. 3. 1-phenylvinylbenzoate 13С NMR 
spectrum 

Fig. 4. Chromato-mass spectrum of 1-
phenylvinylbenzoate 

 

The reaction of carboxylic acids 4-bromobenzoic, 2-bromobenzoic acid and 4-

methylbenzoic acid with phenylacetylene was carried out in a solution of toluene at 110 0C 

in the presence of a catalyst - 1 mol % [Zn(C4H7S2)4](NO3)2. The resulting products were 
separated by column chromatography on silica gel in the system n-hexane/ethyl acetate (9:1). 

The obtained results are presented in the table 1. 

Table 1. Addition of carboxylic acids to phenylacetylene, temperature -110 0C, reaction time 24 
hours, solvent toluene, catalyst -1 mol% [Zn(C4H7S2)4](NO3)2 

№ Aromatic carboxylic acid  

(R-COOH) 

General 

yield, % 

Yield of addition product 

according to Markovnikov, 

% 

Product yield according 

to anti-Markovnikov 

(E/Z), % 

1 С6Н5СООН 67 80 20 

2 4-Br-С6Н4СООН 78 82 18 

3 2-Br-С6Н4СООН 82 85 15 

4 4-CH3-С6Н4СООН 44 65 35 

 
It can be seen from the obtained results that the reaction of phenylacetylene with 

carboxylic acids depends to some extent on the nature of the used carboxylic acids. The yield 

of vinyl esters increases in the serie 4-CH3-C6H4COOH< C6H5COOH<4-Br-C6H4COOH<2-
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Br-C6H4COOH. It should be noted that the acidity of carboxylic acids increases in this order. 

The results of the experiment show that in the addition reaction of selected carboxylic acids 

to phenylacetyl a mixture of products was formed according to the Markovnikov and anti-

Markovnikov rules. As the acidity of the carboxylic acid increases, more Markovnikov 

addition products are formed. On the contrary, as the acidity of acids decreases, the amount 

of product forming according to the anti-Markovnikov rule has increased. The total yield of 

reaction products of phenylacetylene with carboxylic acid for 4-methylbenzoic acid is 44% 

(65/35), benzoic acid, 67% (80/20) in 4-bromobenzoic acid 78% (82/18) in 2-bromobenzoic 
acid 82% (85/15). 

5 Conclusions 

In this work the reaction of benzoic, 4-methylbenzoic, 2-bromobenzoic and 4-bromobenzoic 

acids with phenylacetylene was carried out in a solution of toluene at 110 0C in the presence 

of a catalyst - 1 mol % [Zn(C4H7S2)4](NO3)2. In the addition reaction of carboxylic acids with 

phenylacetylene a mixture of products was formed according to the Markovnikov and anti-

Markovnikov rules. It has been found that the yield of vinyl esters has increased in the series 

4-CH3-C6H4COOH< C6H5COOH<4-Br-C6H4COOH<2-Br-C6H4COOH. A mechanism for 

the reaction is proposed. It has been established that with increasing in the acidity of the 
carboxylic acid the Markovnikov addition product is formed in a larger amount. On the 

contrary, as the acidity decreases, the amount of the addition product formed according to 

the anti-Markovnikov rule has increases. The total yield of reaction products of 

phenylacetylene with carboxylic acid is 44% (65/35) in 4-methylbenzoic acid, 67% (80/20) 

in benzoic acid, 78% (82/18) in 4-bromobenzoic acid, 82% (85 /15) in 2-bromobenzoic acid. 

The structure of the synthesized vinyl esters was proved on the base on the analysis of IR, 
1H, 13C NMR and mass spectra. 
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