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ABSTRACT

In this work vinyl ester of lactic acid by homogeneous catalytic vinylation of lactic acid with acetylene was
synthesized. The influence of temperature, nature of catalysts and the reaction time on the product yield was
studied. The process was carried out at a temperature of 80-140 °C for 2 hours by passing acetylene through
solution of lactic acid in the DMFA catalyst system. As a catalyst Lewis acids (ZnCl,, AICls, FeCls, AICI; and
AlCl3+6H,0) 10% by weight of lactic acid were used.

AHHOTALIUSA

B paboTre CHHTE3UpOBaH BUHWIOBBIH 3(UP MOJOYHOH KHCIOTBI T'OMOICHHOTO-KaTAIATHUYCCKUM
BUHUJIUPOBAHHUECM MOJIOYHOM KHCJIOTHI AllCTUJICHOM. I/Isyquo BJIMAHUEC TEMIICPATYPhI, IPUPOABI KaTajnu3aTopa 1
JUIMTEJIFHOCTH PeakIUu Ha BBIXOA mpoxaykra. Ilponecc mpoBogunu npu temmeparype 80-140 °C B TeueHue 2
9acoB NPOIyCKaHMEM AalleTHIeHa 4epe3 pacTBopa MOJOYHOM KuCIOoTel B cucteMe DMFA-karanuszartop. B
KaueCcTBe KaTau3aTopa UCIOIb30BATNCH JIbtoncoBsie KUCI0THI (ZnCly, CrCls, FeCls, AICI; u AlCl3+6H20) 10%

OT MaCChl MOJIOYHOM KHUCJIOTHI.
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KaroueBbie caoBa: MoiouHas KHCJIOTa, allCTUJICH, all€TaT IIMHKa, JIproucoBEIe KHCJIOTBI, BAHUJIMPOBAHUC,

BUHMJIOBBII 3 MP MOJIOYHON KHCIIOTHI.

Introduction

Currently various biologically active organic
compounds with unique properties are synthesized in
the oil and gas industry using modern innovative
technologies. On an industrial scale acetylene is
obtained by pyrolysis of methane, vinyl acetate
production is based on vinylation of acetic acid by
acetylene one of the most important raw materials in
the chemical industry [1-3].

Many compounds with different properties are
synthesized on the basis of carboxylic acids and are
widely used in variou fields of industry. In particular,
their vinyl esters are used as solvents and in the food
industry as flavorings; monomers in the preparation of
polymers and as lubricants in the preparation of various
materials [4]. In this direction acetic acid is sufficiently
studied and produced in industrial scale. But the
reaction of vinylation of compounds contained
simultaneously in their molecules hydroxyl and
carboxyl groups by acetylene has not been studied.
There are several ways of obtain vinyl esters, among
them the most technologically and cost-effective is
catalytic vinylation of some organic acids in
homogeneous and heterogeneous conditions [5].

2-Hydroxypropionic acid (lactic acid-CHs-
CH(OH)-COQH) is a natural, widespread substance,
wich can be obtained by fermentation or chemical
synthesis [6]. It’s production is 40,000 tons per year and
it is widely used as a food product, plant growth
regulator, environmentally friendly “green” solvent,
biodegradable polymers and special chemical
intermediate [7]. Currently lactic acid and it’s polymers
are produced globally by large American companies
such as Cargill, Ecochem and Archer Daniels Midland
[8].

In this paper, the process of vinylation of lactic
acid by homogeneous catalytic method was
investigated. The influence of the catalyst nature,
temperature and duration on the reaction on it’s
processing and yield of product has been investigated.

Il. EXPERIMENTAL

Synthesis of vinyl ester of lactic acid. In four-neck
flask by volume of 200 ml, equipped with a fridge,
thermometer, tube for introduction of acetylene and
mixer 100 ml of the solvent dimethylformamide
(DMFA); 1.8 g (0.2 mol) of lactic acid; 0.18 g of zinc
acetate (10% by mass of lactic acid) and 0.018 ¢
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AICl3+6H,0 (10% by mass of zinc acetate) have been
playced.

The reaction mixture was heated in a thermostat to
temperature 80 °C. Acetylene was introduced through
a tube with constant stirring. The acetylene feed rate
was controlled via a foam flowmeter. Two hours later
the reaction was stopped and after cooling the reaction
mixture was distilled in a vacuum (10-15 mm Hg. C.)
in the presence of 0.002 g of hydroquinone (inhibitor)
at this vinyl ester of lactic acid was obtained 1.32 ¢
(57% yield) with boiling point 83-85 °C. Reaction was
carried out by this method at different durations and
temperatures. Zinc acetate+Lewis acid: ZnCl,, AICls,
FeCls, AICI; and AICI3+6H,0 were used as catalysts.

OH

0
CH;—CH—COOH + CH, cat. G

I1l. RESULTS AND DISCUSSION

Vinylation of lactic acid by homogeneous-
catalytic method was work carried out. The influence
of the catalyst nature and temperature on the process
was studied. The reaction was carried out in a
dimethylformamide (DMF) solution in the presence of
catalysts: zinc acetate and 10% Lewis acids ZnCl,
AICIs, FeCls, AICI; and AICI3+6H,0 relative to it’s
mass. The process was carried out at a temperature of
80-140 °C for 2 hours in the DMFA catalyst system by
passing acetylene through the reaction mass. The
reaction scheme is as follows:

o)
CHg—CH—C”
o4 O CH=CH,

The process was processed with formation of 7-complex between acetylene and zinc acetate:

HC=CH +

Zn(CHzCOO), —— > HC=CH

+2
Zn(CH3COO)2

-the in the result of rupture in it of one « - bond, the & - complex and anion of acetic acid were formed:

HC+=CH

E—

+2
Zn(CH3COO)2

CH=CH
\\@ |

+ CH3COO
Zn—0—C—CHs
o)

Due to the high electron density of carbonyl oxygen it becomes partially negative charged:

Co
CH3—CH—C.

\

— CHg—CH—c@

©)
O

Y,

OH OH

Acetoacetic vinyl cation by acid anion interacts and forms an intermediate carbocation:

©

@) CH=CH
Y < ;
CHa—CH=Co i o-c—cH
fO—C—
OH OH I 3

o

- > CH3—§H—C<§>

o
]
O—HC=CH—Zn—0—C—CHs

OH

Wich has been regrouped with the decomposition and formation of vinyl ester of lactic acid:

i
O—HC=CH—Zn—0—C—CHs

/
CHgfc‘Eo:fC@OX g

The structure of the obtained vinyl ester of lactic
acid was proved by analysis of FTIR, H_NMR,
13C_NMR spectras.

In the FT-IR spectrum of vinyl ester (Fig.1) alarms
related to C=0 group was observed at 1755 cm™, and
1206-1294 cm - stretching vibrations inherent With
the-C-O-C With the band at 1432 cm™* CHj stretching

—

CH=CH
JO-CH=CH, "o
CHs—CH=Cg * Zn-0-C-CH
OH 0

vibrations, bands at 873 cm™ deformation vibrations of
CH, a band at 1370 cm™ stretching vibrations group
=CH, in 1132 cm* stretching vibrations C-OH group
1646.14 cm™ were observed manifestation of stretching
vibrations, characteristic for the vinyl group (-
CH=CHy,).
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In the *H_NMR spectrum of vinyl ester of lactic
acid (Fig.2) proton (CH=) vinyl group observed at 7.22
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Figure 1. FT-IR spectrum of vinyl ester of lactic acid
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In the spectrum of 3C_NMR (Fig. 3) vinyl ester
of lactic acid carbon atom of carboxylic group was
observed at 169.4 ppm., carbon atom of CH-OH group

Figure 2. 'TH_NMR —spectrum of vinyl ester of lactic acid
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Figure 3. 13

CH group at 4.323 ppm., protons of methyl group
(CHj3) at 2.03 ppm. were observed.

vinyl group (CH=) were observed at 20.5 ppm. and
142.4 ppm., carbon of CH,= group was observed at
97.8 ppm.
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C_NMR —spectrum of vinyl ester of lactic acid Some physical and chemical constants of the
synthesized vinyl ester of lactic acid were determined
(Table. 1).
Table 1
SOME PHYSICAL CONSTANTS OF THE VINYL ESTER OF LACTIC ACID
Vinyl ester Thyp. °C dz° na’
CH3—CH—COOCH=CH,
(‘DH 149-150 1.0552 1.4132

The influence of the catalyst nature and
temperature on the yield of vinyl ester of lactic acid was
investigated. The results are presented in table. 2.
Table 2
INFLUENCE OF THE NATURE OF THE CATALYST AND TEMPERATURE ON THE PROCESS OF
VINYLATION OF LACTIC ACID (CATALYST 10% ZINC ACETATE AND 10% METAL
CHLORIDE SALTS WITH RESPECT TO THE ACID MASS, TEMPERATURE 80 °C, DURATION 2

HOURS)
o Yield of vinyl ester of lactic
Temperature, °C Catalysts acid, %

Zn(CHsCOO), + ZnCl, 24

Zn(CHsCOO0); + CrCls 33

80 Zn(CH3COO); + FeCls 47
Zn(CH3C0O0); + AlCl3 49

Zn(CH3COO0),+AlICl3*6H,0 57

Zn(CHsCOO), + ZnCl, 29

Zn(CHsCOO0); + CrCls 39

90 Zn(CH3COO); + FeCls 55
Zn(CH3C0O0); + AlCl3 49

Zn(CHsCOO0),+AICI3+6H,0 62

Zn(CH3C00)2+ZnCl; 34

Zn(CH3C0O0),+CrCls 42

100 Zn(CH3C00),+FeCls 59
Zn(CH3C00),+AICI3 54

Zn(CHsCOO0),+AICl3+6H,0 66

Zn(CH3C00),+ZnCl; 38

Zn(CH3C0O0),+CrCls 47

110 Zn(CH3COQ0),+FeCls 64
Zn(CH3C0O0),+AICI3 61

Zn(CHsCOO0),+AICl3+6H,0 69

Zn(CH3C00)2+ZnCl; 43

Zn(CH3C00),+CrCls 53

120 Zn(CH3COO0),+FeCls 67
Zn(CH3C0O0),+AICI3 63

Zn(CH3COO0),+AlICl3*6H,0 75

Zn(CH3C00),+ZnCl; 39

Zn(CchOO)z+CrCI3 46

130 Zn(CH3C00),+FeCls 56
Zn(CH3CO0),+AICI3 54

Zn(CHsCOO0),+AICl3+6H,0 66

140 Zn(CH3C00),+ZnCl; 36
Zn(CchOO)z+CrCI3 40

Zn(CH3COO)2+FEC|3 49

Zn(CH3CO0),+AICI3 42

Zn(CHsCOO0),+AICl3+6H,0 58

Analysis of the results has shown that the vyield has depended on the composition of catalyst and
temperature in the range of 80-140 °C has a great temperature of process. In range of temperature 80 to
influence on the process of vinylation of lactic acid. In 120 °C the product yield increases from 24 to 75%,
all cases the vinyl ester of lactic acid is formed and it’s  further increasing temperature leads it’s decreasing.
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But along with the increasing in product yield, it was
observed a slight decomposition of DMFA in the
acetylene flow at temperature above 120 °C. Also, due
to the vinyl group the formation of oligomeric
compounds is observed, what has reduced the yield of
the product. The optimal temperature of the process
with the participation of AICI3*6H,0 is 120 °C. and at
this yield of vinyl ester was equaled 75%. Therefore

further investigation were carried out at this
temperature.

Analysis of the results of the study on the effect of
the duration of the reaction on the formation of vinyl
ester of lactic acid show has that with the increasing
duration of the reaction, the product yield has
increased. In the presence of the catalyst AlCl3*6H,0
vinyl ester yield with increasing reaction time in the
range of 1-4 hours has increased from 54.0 to 86.8%.

Table 3

INFLUENCE OF THE CATALYST NATURE AND REACTION TIME ON THE YIELD OF VINYL
ESTER OF LACTIC ACID (TEMPERATURE 120 °C)

Catalyst

Yield of vinyl ester of lactic

Time, h. acid, %

-

32,0

43,0

48,2

Zn(CHsCOO), + ZnCl,

53,9

45,0

39,6

41,8

53,0

69,6

Zn(CH3COOQO); + CrCls

73,3

68,0

57,6

47,6

67,0

70,8

Zn(CH3COOQ); + FeCls

76,2

69,9

58,6

46,0

63,0

66,0

Zn(CH3COO),+AICI;

73,0

64,6

50,0

54,3

75,0

79,8

Zn(CH3CO0)2+AICI3+6H.0

86,8

76,0

OO WIN|IRPOCRIWINIFRPIOOTARWIN|IRPIOCIRIWINFRIO|OIAWIN

62,8

It was established that in addition to the main
product the catalysate has contained a significant
amount of the initial substance-lactic acid. Its
separation, cleaning and re-introduction to the reaction
has increased the overall yield of the product. A further
increasing duration of the reaction adversely affects on
yield of vinyl ester. The optimal conditions for the
process are: reaction time 4 hours; catalyst AIClz+6H.0
and at this the yield of vinyl ester was 86.8%.

VI. CONCLUSION AND FUTURE WORK

Vinylation of 2-hydroxypropanoic acid (lactic
acid) with acetylene in the presence of zinc acetate
catalysts and metal chlorides: zinc, chromium, iron (I11)
and aluminum has been investigated. It was found the
optimal conditions for the synthesis of vinyl ester of

lactic acid are: the reaction time 4 hours, the catalyst-
zinc acetate and AICl3-6H,0. The yield of the resulting
vinyl ester was 87%.
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CUHTE3 D TUWJIEH KAPEOHATA PEAKIIUEN YIJIEKHCJIOTO I'A3A C OKUCHIO DTUJIEHA B
NPUCYTCTBUHU HOBBIX ITMHK METUJIEH-BUC-AJIKNJI®EHOJISATHBIX KATAJIM3ATOPOB

AHHOTAIUA
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CI/IHTGSI/IpOBaHI)I HOBBIC MeTI/IJ'IeH-6I/IC-aJ'IKI/IJ'Iq)eHOJ'IHTI)I IOWHKa MW IIOKasaHa HX BBICOKHC yCTOﬁ‘IHBOCTb,

KaTaJIUTUYCCKasA aKTUBHOCTb U MPOU3BOAUTCIBHOCTD B CHMHTE3C HUKINYCCKUX Kap6OHaTOB, HUCXO0OAd U3 OKHCH
stuneHa u CO2. YCTaHOBJ'IeHO, uyro 0e3 MNPpUMCHCHU COKaTalIn3aTropa, CHHTC3UPOBAHHBIC METHJIEH-0HC-
ankmipeHomATs HKa mpu 25-1200C u naBiaernu CO2 0.1-10.0 MIla 3a 30-180 MuH npuBOIAT K 00pa30BaHUIO
3THIIEH KapOoHata ¢ KoHBepcueit okucu stmieHa 40.0-100.0 %, nponsBoanTenbHOCTHIO KaTanuzaTopa 34.8-414.5
r OK/r Kat u TOF=150.1-2071.3 [Moms OQ]/[moss Kat 4], COOTBETCTBEHHO, U C CEIEKTHBHOCTHIO 10 DK — 98-
100 %

ABSTRACT

The new methylene-bis-alkyl-phenolates of zinc were synthesized and their high stability, catalytic activity,
and productivity in the synthesis of cyclic carbonates starting from ethylene oxide and CO2 were established. It
was found that without the use of cocatalyst, the synthesized methylene-bis- alkyl-phenolates of zinc at 25-120°
C and a CO2 pressure of 0.1-10.0 MPa in 30-180 min lead to the formation of ethylene carbonate with an ethylene
oxide conversion of 40.0-100.0%, with a catalyst productivity of 34.8-414.5 g EC/g Cat and TOF=150.1-2071.3

[mol OE]/[mol Cat<h], respectively, and with selectivity for EC - 98-100%

KioueBble cj10Ba: OKHCH OTHJICHA,
HUKJIONPUCOCANHCHUC, DTUJICH Kap6OHaT

JIBYOKHChH  yTJIEpOJia,

MGTI/IHGH'6I/IC'aJ'IKI/IJ'I(1)CHOJ'I$ITBI IINUHKa,

Keywords: ethylene oxide, carbon dioxide, zinc methylene bis alkyl phenolates, cycloaddition, ethylene

carbonate

1. BBEAEHUE

YenoBedyecTBO HCTIONB3YyeT MIPUPOIHBIE
HCKOTAaeMble KaK HCTOYHHMKH SHEPIHMH M OTPOMHOE
KOJINYECTBO BBHIPAOATBIBaETCSI 3a CYET COKUTAHUS
HedTH, ra3za W KaMmMeHHOro yrisi. EcTecTBEHHBIM
MOOOYHBIM TPOAYKTOM WX CXHIaHHUSA  SBISCTCS
TUOKCHZ YTJIepoJa — TMApHUKOBBIA Ta3, KOTOPBIN
HETAaTHBHO BIUSCT HAa KJIMMaT Hamed riaHeTsl. C
Ka)XJbIM JTHEM CTAHOBUTCS Oosiee ocTpoil mpobiema
yrunusauuu CO2. B To %ke BpeMsi B IPOMBIIIIEHHOCTH
nepepabarbiBaeTcst Bcero okoio 100  MIH.TOHH
JUOKCHA yriiepoaa, 9yTo cocraBisieT menbire 0,5% ot
BCcero 0obema BeIOpocoB [2,14].

BoBneuenne CO; B XHMHUYECKHE PEAKIUH H
CHHTE3 pPAa3JIMYHBIX TPOMW3BOAHBIX KapOOHOBBIX
KHCJIOT, JJAKTOHOB, ITOJIMKapOOHATOB U ITMKIMYECKUX
KapOOHATOB SBISAETCA OJHUM M3 OCHOBHBIX BAPHAHTOB
ero yrwmmsanuu [5]. Cpeou HUX [HKIHYECKUC
KapOOHAaTBl OCOOCHHO HWHTEPECHBI B CBS3HM C HX
MPUMEHEHHUEM B KaueCTBE JJICKTPOJHUTOB LIS JTUTHMN-
WOHHBIX  Oaraped, a TaKKe MPOMEKYTOUYHBIX
COCIMHEHUH JUIA CHHTE3a Pa3IMYHBIX XHUMHUYECKHX
coelMHeHu noymmepos [2, 3].

Hmst peakiiuu CO2 ¢ SMOKCHAaMU, B OCHOBHOM,
UCHONb3YIOT KHCHOThl JIbtouca wmnu bpencrena. B
OOJIBIIMHCTBE CIy4aeB CKOPOCTh PEaKIUH Pe3KO
BO3pacTaeT B MPUCYTCTBUHM HYKJICO(PHIIBHBIX JJ00aBOK
— COKaTaJIM3aToOpOB, TaKUX KaK aMHWHBI, TaJIOTCHUI-
aHnoHbl U T.. CeroiHs B pacmoOpsDKEHHH XUMHKOB
AMEeTCsl 3HAYUTEIFHOE KOJIUYECTBO KATATUTHYCCKIX
CUCTEM, WUCIOJNB3YEMBIX B CHHTE3C IHMKINYCCKUX
kapOonaroB. [louTn Bce KaTaIUTHYECKUE CHCTEMBI,
UCIIONIb3yeMble B HACTOSIIIEE BpeMsl Il CHHTe3a
OUKITHYECKIX KapOOHATOB, MOYKHO OTHECTH K OJTHOH 13
OBYyX  OONBIIMX TPYymm: B  TEPBYIO  BXOIAT
METaJJIOKaTaJIU3aTOPbI, TO €CTh COJIM WIIM KOMIUIEKCHI
METAJIJIOB; BTOPYIO COCTABJISIFOT OPraHOKaTalIn3aToOPBI,
B KayeCcTBE KOTOPBIX 4Yalle BCEro HCIHOJB3YIOTCS
(dhochonreBbIE 1 aMMOHHEBBIE COJIH, & TAKXKE CITUPTHI
H (beHOJ'[BI. BoJBIIMHCTBO M3BECTHBIX KaTajan3aTopoB
UMEET CYIISCCTBCHHBIC HEJOCTATKH, CPEIH KOTOPBIX
BBIJICIISIFOTCS HA3Kasl YCTOMYMBOCTh WJIH aKTHBHOCTB,
HEOOXOIMMOCTh  HCIIOJIF30BAHHS  COKATaJIM3aTopa,
BBICOKAst CTOMMOCTH [8].

[MosToMy, OUCK U pa3paboTKa MPUHIUITHAIBLHO
HOBBIX, [EIICBBIX W <«3EIEHBIX» KaTATUTHYECKIX
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