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Abstract 
This article describes a method for the synthesis of vinyl esters from fruit acids: 

malic, tartaric, citric and acetylene, as well as the results of a spectrophotometric 
analysis of the obtained compounds. Process conditions, product yields, and 
physicochemical properties of the resulting vinyl esters are given. 
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Introduction. An analysis of the literature on new trends in the chemistry of 
acetylene compounds, ethynylation and vinylation reactions, process conditions and 
patterns arising from them, practical and theoretical concepts shows that acetylene is a 
primary or secondary raw material for the thermal processing of hydrocarbons and 
carbon. Acetylene is also obtained from calcium carbide. For example, in China, 15 
million tons of calcium carbide per year is produced to produce acetylene. 

It should be noted that, despite the fact that vinyl esters of carboxylic acids are 
used in many areas, the literature mainly contains information on the synthesis of vinyl 
ester from acetic acid. Information on the synthesis of other series of acids, for 
example, vinyl esters of fruit acids, is practically not given. In addition, there are 
relatively few sources on the use of vinyl substitution and reactions based on malic, 
citric, and tartaric acids in the synthesis of vinyl esters. 

Materials and methods. The synthesized compounds were subjected to column 
chromatography. Column chromatography was performed on neutral alumina 
(Brockmann activity II), Silicagel L 40/60 or Merck Kieselgel 60 sorbents. diethyl 
ether, ethanol and acetone. Solvents used in chromatography are purified and 
absoluteized by standard methods. 

Spectrophotometric analyzes of the synthesized substances were carried out in 
the laboratories of the Institute of Chemistry of Plant Substances and Bioorganic 
Chemistry of the Academy of Sciences of Ukraine and the Center for Advanced 
Technologies of the Ministry of Innovative Development. 

The 1Н and 13С NMR spectra of the compounds were obtained in CDCl3 and 
CD3OD solvents on BK-AP3 and Unity-400plus instruments manufactured by Varian. 
Also, FT-IR was performed on Nicolet iS50 spectrometers manufactured by Thermo 
Fisher Scientific.. 

The results obtained and their discussion. The vinylation reaction in the 
presence of acetylene was carried out according to the same procedure for all 
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substrates: malic, citric, and tartaric acids. A high-pressure reactor with semi-
automatic temperature control "RCG Reactor" (volume 1.6 l) was used. 

Synthesis of vinyl esters of malic acid. First, the reaction mixture was prepared 
in a 500 ml round bottom flask. To do this, 250 ml of dimethyl sulfoxide is poured into 
the flask. 13.4 g (0.10 mol) of malic acid (1-hydroxy-1,2-ethanedicarboxylic acid) are 
dissolved in it. Then, 10% (1.34 g) zinc salt of malic acid is added to the solution with 
respect to the mass of added malic acid and, with respect to the mass of added zinc salt 
of malic acid, it is mixed with 10% (0.134 g) Lewis acids: AlCl3 and AlCl3∙6H2O. 

The prepared reaction mixture is poured into the reactor, the reactor is 
hermetically sealed, and air is removed from the reactor using nitrogen gas. The 
temperature is then gradually raised to 60°C. After reaching a temperature of 60°C, 
acetylene is introduced into the reactor through a cylinder under a pressure of 4 atm. 
The supply of acetylene is continued until the reactor pressure gauge shows a pressure 
of 4 atm. Then the acetylene cock supplied to the reactor is closed, and gaseous 
nitrogen is supplied from the second fitting through a nitrogen cylinder until the 
pressure inside the reactor reaches 14 atm. Start the stirrer and bring the heating up to 
120-130 0С. In this case, the pressure inside the reactor rises to 15-16 atm under the 
influence of temperature. In this case, the process is carried out for 2-8 hours until the 
pressure in the reactor decreases and remains unchanged. 

Then the process is stopped, the reactor is cooled and the reaction mixture is 
removed. The reaction mixture was filtered and extracted twice with ethyl acetate. The 
extract is dried over potassium carbonate and the solvent is distilled off. The residual 
product is separated into fractions by distillation under vacuum. 

Yield of the obtained products: malic acid monovinyl ester (1-hydroxy-1,2-
ethanedicarboxylic acid) - 65.0% (10.4 g), Тmelt = 97-98 0С (10.1325 kPa; 76.0 
mmHg), divinyl ester of malic acid (1-hydroxy-1,2-ethanedicarboxylic acid) - 31.0% 
(5.766 g), Тbp = 93-94 0С (10.1325 kPa; 76.0 mmHg). 

Synthesis of vinyl esters of tartaric acid. 15.0 g (0.1 mol) tartaric acid (1,2-
dihydroxy-1,2-ethanedicarboxylic acid), 1.5 g zinc tartrate (10% w/w based on acid), 
0.15 g. Lewis acid (10% by weight relative to the weight of zinc tartrate) and injected 
into the reactor (4 atm). acetylene, 10 atm. nitrogen and heated to 130°C. 

Yield of the obtained products: monovinyl ester of tartaric acid (1,2-dihydroxy-
1,2-ethanedicarboxylic acid) - 62.0 % (10.912 g), Тmelt = 103-105 0С (10.1325 kPa; 
76.0 mmHg) , divinyl ester of tartaric acid (1,2-dihydroxy-1,2-ethanedicarboxylic 
acid) - 28.0% (5.656 g), bp = 99-100 0С (10.1325 kPa; 76.0 mmHg). 

Synthesis of vinyl esters of citric acid. 19.2 g (0.1 mol) citric acid (2-hydroxy-
1,2,3-propanetricarboxylic acid), 1.92 g zinc citrate (10% by weight based on acid 
weight), 0.192 g Lewis acid (10% by weight relative to the mass of zinc citrate) and 
the reactor is injected with 4 atm of acetylene, 10 atm. nitrogen and heated to 130°C. 
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Yield of the obtained products: monovinyl ester of citric acid (2-Hydroxy-1,2,3- 
propane tricarboxylic acid) - 57.0 % (12.426 g), Тmelt = 120-123 0С (10.1325 kPa; 
76.0 mmHg) , divinyl ester of citric acid (2-Hydroxy-1,2,3-propanetricarboxylic acid) 
- 25.0 % (6.1 g), Tmelt = 115-117 0С (10.1325 kPa; 76.0 mmHg), trivinyl ester of 
citric acid (2-Hydroxy-1,2,3-propane tricarboxylic acid) - 11.0% (2.97 g), Тmelt = 
105-106 0С (10.1325 kPa; 76.0 mmHg). 

The structure of the synthesized complex mono-, di- and trivinyl ethers was 
proved by IR-, 1H-, 13C-NMR and chromato-mass spectrometry, and some physical 
constants were determined. 

Monovinyl ester of malic acid. Yield: 65%. White crystalline solid, m.p. 97-98 
oC. IR, cm-1: 3106.1 (OH), 2930 (CH2), 1735.8 (-C=O), 1693.04 (-CH=CH2), 1386 
(CH2), 1296.18 (C-OH ), 1072.7 (C-O-C), 1112 (CH-OH). 1H-NMR (400 MHz, 
CD3OD, δ, m.s.): 7.44 (1H, dd, J= 14.8, 7.8 Hz, CH=), 5.12 (1H, dd, J=14.8, 2.3 Hz, 
=CH2) , 5.0 (1H, dd, J= 7.8, 2.3 Hz, =CH2), 2.34-2.39 (4H, 2.36 (t, J= 7.4 Hz, -CH2), 
2.37 (t, J=7.4 Hz, -CH2), 1.81 (2H, m, J=7.4 Hz) 13C-NMR (400 MHz, CD3OD, δ, 
ppm): 176.0 (-COO-), 174.0 (-COOH), 141.4 (CH=), 97.0 ( =CH2), 33.8 (CH2), 30.5 
(CH2), 20.0 (CH2).  

Divinyl ester of malic acid. Yield: 31 %. Colorless liquid. bp=93-94 °C/, IR, 
cm-1: 3334.43 (OH), 2928-2868 (CH2), 1740.25 (-C=O), 1647.34 (-CH=CH2), 1087 
.51 (C-O-C), 1094 (CH-OH). 1H-NMR (400 MHz, CD3OD, δ, m.s.): 7.44 (2H, dd, J= 
14.8, 7.8 Hz), 5.12 (2H, dd, J=14.8, 2.3 Hz), 5.0 (2H, dd , J= 7.8, 2.3 Hz), 2.38 (4H, t, 
J=7.4 Hz), 1.82 (2H, q, J=7.4 Hz). 13C-NMR (400 MHz, CD3OD, δ, m.s.): 171.0 (-
COO-), 141.0 (CH=), 98.5 (=CH2), 34.7 (CH2), 20.1 (CH2).  

Monovinyl ester of tartaric acid. Yield: 62 %. White crystalline solid, m.p. 103-
105 oC. IR, cm-1: 3334.43 (OH), 2930 (CH2), 1740.25 (-C=O), 1647.34 (-CH=CH2), 
1386 (CH2), 1318.27 (C-OH ), 1087.51 (C-O-C), 1112 (CH-OH). 1H-NMR (400 
MHz, CD3OD, δ, m.s.): 7.44 (1H, dd, J= 14.8, 7.8 Hz, CH=), 5.12 (1H, dd, J=14.8, 2.3 
Hz, =CH2) , 5.0 (1H, dd, J= 7.8, 2.3 Hz, =CH2), 2.34-2.39 (4H, 2.36 (t, J= 7.4 Hz, -
CH2), 2.37 (t, J=7.4 Hz, -CH2), 1.81 (2H, m, J=7.4 Hz) 13C-NMR (400 MHz, CD3OD, 
δ, ppm): 176.0 (-COO-), 174.0 (-COOH), 141.4 (CH=), 97.0 ( =CH2), 33.8 (CH2), 30.5 
(CH2), 20.0 (CH2).  

Divinyl ester of tartaric acid. yield: 28 %. Colorless liquid. bp=99-100 °C/, IR, 
cm-1: 2928-2868 (CH2), 1722 (-C=O), 1667-1644 (-CH=CH2), 1254 (C-O-C), 1094 
(CH-OH ). 1H-NMR (400 MHz, CD3OD, δ, m.s.): 7.44 (2H, dd, J= 14.8, 7.8 Hz), 5.12 
(2H, dd, J=14.8, 2.3 Hz), 5.0 (2H, dd , J= 7.8, 2.3 Hz), 2.38 (4H, t, J=7.4 Hz), 1.82 
(2H, q, J=7.4 Hz). 13C-NMR (400 MHz, CD3OD, δ, m.s.): 171.0 (-COO-), 141.0 
(CH=), 98.5 (=CH2), 34.7 (CH2), 20.1 (CH2).  

Monovinyl ester of citric acid. yield: 57%. White crystalline solid, m.p. 120-123 
oC. IR, cm-1: 3295.91 (OH), 2930 (CH2), 1758.6 (-C=O), 1643.3 (-CH=CH2), 1386 
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(CH2), 1292.72 (C-OH ), 1217.57 (C-O-C), 1112 (CH-OH). 1H-NMR (400 MHz, 
CD3OD, δ, m.s.): 7.44 (1H, dd, J= 14.8, 7.8 Hz, CH=), 5.12 (1H, dd, J=14.8, 2.3 Hz, 
=CH2) , 5.0 (1H, dd, J= 7.8, 2.3 Hz, =CH2), 2.34-2.39 (4H, 2.36 (t, J= 7.4 Hz, -CH2), 
2.37 (t, J=7.4 Hz, -CH2), 1.81 (2H, m, J=7.4 Hz) 13C-NMR (400 MHz, CD3OD, δ, 
ppm): 176.0 (-COO-), 174.0 (-COOH), 141.4 (CH=), 97.0 ( =CH2), 33.8 (CH2), 30.5 
(CH2), 20.0 (CH2). 

Divinyl ester of citric acid. yield: 25%. White crystalline solid, m.p. 115-117 
oC. IR, cm-1: 3439 (OH), 2930 (CH2), 1722 (-C=O), 1652 (-CH=CH2), 1386 (CH2), 
1254 (C-OH), 1206 (C-O-C), 1112 (CHOH). 1H-NMR (400 MHz, CD3OD, δ, m.s.): 
7.44 (1H, dd, J= 14.8, 7.8 Hz, CH=), 5.12 (1H, dd, J=14.8, 2.3 Hz, =CH2) , 5.0 (1H, 
dd, J= 7.8, 2.3 Hz, =CH2), 2.34-2.39 (4H, 2.36 (t, J= 7.4 Hz, -CH2), 2.37 (t, J=7.4 Hz, -
CH2), 1.81 (2H, m, J=7.4 Hz) 13C-NMR (400 MHz, CD3OD, δ, ppm): 176.0 (-COO-), 
174.0 (-COOH), 141.4 (CH=), 97.0 ( =CH2), 33.8 (CH2), 30.5 (CH2), 20.0 (CH2). 

Trivinyl ester of citric acid. yield: 11 %. Colorless liquid. b.p. OH). 1H-NMR 
(400 MHz, CD3OD, δ, m.s.): 7.44 (2H, dd, J= 14.8, 7.8 Hz), 5.12 (2H, dd, J=14.8, 2.3 
Hz), 5.0 (2H, dd , J= 7.8, 2.3 Hz), 2.38 (4H, t, J=7.4 Hz), 1.82 (2H, q, J=7.4 Hz). 13C-
NMR (400 MHz, CD3OD, δ, m.s.): 171.0 (-COO-), 141.0 (CH=), 98.5 (=CH2), 34.7 
(CH2), 20.1 (CH2). 
Some physical constants of the synthesized vinyl esters of carboxylic acids were 
studied (Table 1). 

Table 1 
Some physical constants of synthesized vinyl ethers and their yield 

№ 

Name vinyl ether 

Formula  
Molecular 

weight, 
g/mol 

T bale 
°С/(10.1 
kPa; 76.0 
mmHg) 

 
Тmel., 0С 

20
Dn  

20
4d  

г/sm3 
Yield, % 

1 Monovinyl ester of 
malic acid. 

C6H8O5 160,124 - 97-98   65,0 

2 Divinyl ester of 
malic acid. 

C8H10O5 186,161 93-94 - 1,472 1,196 31,0 

3 
Monovinyl ester of 

tartaric acid. C6H8O6 176,123 - 103-105   62,0 

4 Divinyl ester of 
tartaric acid. 

C8H10O6 202,160 99-100 - 1,499 1,316 28,0 

5 Monovinyl ester of 
citric acid. 

C8H10O7 218,159 - 120-123   57,0 

6 Divinyl ester of 
citric acid. 

C10H12O7 244,197 - 115-117   25,0 

7 Trivinyl ester of 
citric acid. 

C12H14O7 270,235 105-106 - 1,490 1,228 11,0 
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Conclusions. In the synthesis of vinyl esters of hydroxy acids, the main starting 
materials are the corresponding fruit acids and acetylene. 

Acetylene, malic, citric and tartaric acids were used as raw materials in the 
research work. The solvent used is dimethyl sulfoxide, dimethylformamide, hexane, 
benzene, chloroform, dichloromethane and tert-butyl methyl ethers; aluminum 
chloride crystal hydrate, aluminum chlorides were used as catalysts; and hydroquinone 
as an inhibitor and intermediate reagents. In addition, this chapter presents methods for 
homogeneous vinylization of hydroxy acids (malic, tartaric, citric), the synthesis of 
vinyl esters from fruit acids, vinylization based on acetylene. 

The structure of the vinyl esters synthesized in the work was also proved by 
modern physical methods of investigation using IR, 1H, 13C NMR and chromato-mass 
spectrometry, and some physical constants were determined. 

References 
1. Plate  N.A.,  Slivinsky  E.V.  Fundamentals  of chemistry and technology of 
monomers: − M.: Nauka, 2012. – 619 р.  
2. Shostakovsky M.F. Simple vinyl ethers: - M .: Science, 2011. 
3. Ziyadullaev A.E., Nurmanov S.E., Djumartova U. U., Parmanov A.B., Soliev 
M.I. Theoretical basis of the reaction of homogeneous catalytic vinylation of cyanuric 
acid.// Eurasian Union of Scientists (ESU) No. 9 (66), 2-part, 2019. Pages 37-41. 
4. Parmanov A.B., Nurmonov S.E., Abdugafurov I.A., Ziyadullaev O.E., 
Mirkhamitova D.X. Synthesis of vinyl ester of lactic acid.// Евразийский Союз 
Ученых (ЕСУ) # 7 (64), 2019. 51-56 б. 
5. Parmanov A.B., Nurmanov S.E., Tomash Maniecki, Ziyadullayev O.E., 
Abdullayev J.U. Homogeneous vinylation of 2-hydroxy-2 phenylethanical acid. 
International Journal of Research - Granthaalayah, India 6(11), (2018). 350-354.  
6. Тимофеев В.С., Серофимов Л.А. Принципы технологии основного 
органического и нефтехимического синтеза.Москва: Высщая школа. 2003. 536 с 
7. Trost B. M., Malhotra S., Mino M., Rajapaksa N. S. Low toxic alternatives to 
(meth) acrylates: Vinyl esters, vinyl carbonates, and vinyl carbamates // Chem. Eur. J. 
-2008, -vol. 14, 7648-7661. 
8. Luo F., Pan C., Qian P., Cheng J. Carboxylic acids as substrates in 
homogeneous catalysis // Synthesis, -2010, p. 2005-2019.  
9. Nakamura A., Tokunaga M. Au (I) complexes-catalyzed transfer vinylation of 
alcohols and carboxylic acids // Tetrahedron Lett. -2008, -vol. 49, р. 3729-3777. 
10. Reichling J., Schnitzler P., Suschke U. Essential oils of aromatic plants with 
antibacterial, antifungal, antiviral, and cytotoxic properties–an verview // Forsch 
Komplementmed – 2009. – V.16 (2). – P. 79-90. 



 

6 
 

11. Bekhit A.E, Cheng V.J, Connell M., Zhao J.H, Sedcole R., Harrison R. 
Antioxidant activities, sensory and anti-influenza activity of grape skin tea infusion // 
J.Food Chem. – 2011–V.129(3). – P. 837-845. 
12. Kazemi Mohsen. Chemical Composition and Antimicrobial Activity of Essential 
Oil of Matricaria recutita. International Journal of Food Properties. 2014, №18. 
Р.1784-1792. 
13. Дикусар Е.А. Синтез и изучение фунгицидной активности аминовых солей 
глицирризиновой кислоты / Е.А. Дикусар, В.И. Поткин, Н.Г. Козлов, P.A. 
Гаджилы, Р.Т. Тлегенов, А.П. Ювченко, P.A. Желдаков // Химия и растительного 
сырья. 2011. №4. -С. 53-56. 
14. М.И.Солиев, А.К.Охундадаев. Теоретическое расчёты электронных 
строении молекулы ментола и тимола // Журнал «Вопросы науки и 
образование». №8 (20), 2018 год. Россия. Сайт журнала: 
https://scientificpublication.ru. 
15. Киселев A.B. Риски, возникающие при применении лекарственного 
растительного сырья и фитопрепаратов на его основе / A.B. Киселев, А.Э. 
Габидова, В.А. Галынкин, К.В. Айрапетян // Гигиена и санитария. - 2010. -№6. -
С. 78-80. 
16. M.I.Soliev, A.K.Okhundadaev. Theoretical calculations of the electronic 
structure of the menthol and thymol molecules // Journal of Science and Education. 
No. 8 (20), 2018. Russia. Journal website: https://scientificpublication.ru. 
17. Nurmanov S.E., Soliev M.I., Mirkhamitova D.Kh. Electronic structure of 
aromatic acetylene alcohols and modeling of their vinylation // Modern scientific 
research and innovations. 2015. No. 3. Part 1 [Electronic resource]. URL: 
https://web.snauka.ru/issues/2015/03/43329 (date of access: 09/13/2022). 
18. Mahboubi M., Kazempour N. Chemical composition and antimicrobial acti-vity 
of peppermint (Mentha piperita L.) Essential oil Songklanakarin // Jour-nal of Science 
and Technology February. – 2014. – V.36 (1): – P. 83–87. 
19. Lv J., Huang H., Yu L., Whent M., Niu Y., Shi H., Thomas T.Y.W., Luthria D., 
Charles D., Lucy Y.L. Phenolic composition and nutraceutical properties of organic 
and conventional cinnamon and peppermint // Food Chem. – 2012. – V.132 (3). – P. 
1442–1450. 
20. Soliev M.I., Abdilalimov O., Nurmonov S.E. The reaction for obtaining 3-
vinyloxymethyl-chamazulene // Universum: chemistry and biology: electron. scientific 
magazine 2020.1(79). URL: https://7universum.com/en/nature/ archive/item/11051 
(date of access: 09/26/2022). 
21. Soliev M.I., Abdilalimov O., Nurmonov S.E. Technology for the production of 
vinyl esters of menthol and thymol // Universum: technical sciences: electron. 



 

7 
 

scientific magazine 2021.9(90). URL: https://7universum.com/ru/tech/archive/ 
item/12254 (accessed 26.09.2022). 
22. Сурнина Н.Т. Изучение химического состава и биологической активности 
густого экстракта и шрота травы тысячелистника обыкновенного // дисс. канд. 
фарм. наук. Казан. 2002. 168 с. 
23. Dewick P.M. The biosynthesis of C5 -C20 terpenoid compounds //Natural 
product reports. 1995. P. 507-534. 
24. Youngwan Seo, Jung-Rae Rho, Neri Geum, Jong В. Yoon,Jogheo Shin. 
Isolation of guaianoid pigments from the Gorgonian Calicogorgia granulosa. //J. Nat. 
Prod. 1996. Vol. 59. P. 985-986. 
 


