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Carbon monoxide-based synthesis is an extensive and promising branch of organic
synthesis. The interest in this area is primarily due to the wide synthetic capabilities of C1
chemistry, as well as the gradual depletion of traditional sources of hydrocarbon raw materials
and the rise in the cost of petroleum products. In this regard, the development of new processes
based on alternative sources of raw materials is an urgent task.

The synthesis of carbon monoxide is currently becoming increasingly important for several
reasons. Firstly, CO is an important raw material for the production of many chemical compounds,
such as methanol, formaldehyde, acetone, etc. These compounds are widely used in various
industries, including the production of plastics, dyes, medicines and other products. Secondly,
CO synthesis can be used to produce hydrogen from biomass or other renewable sources,
which makes this process more environmentally friendly and sustainable compared to traditional
methods of hydrogen production based on the use of fossil fuels. Third, CO synthesis plays an
important role in the production of clean energy.

This article reported on the study of the activity of the three-component catalytic system
PdCI,(PPh;),-PPhs-AICl; in the reaction of hydroethoxycarbonylation of cyclopentene with ethanol
at low pressure of carbon monoxide (P=25 atm.).

The optimal parameters of the process of hydroethoxycarbonylation of cyclopentene with
the ternary system PdCI,(PPh;)-PPh;-AICI; have been determined. At the molar ratio of the
initial reagent [CsHg]:[C,HsOH]=2:1, at the molar ratio of the component of the catalytic system
[Pd]:[PPh;]:[AICI:] in the ratio 1:6:10 and at T=120°C, Pco =25 atm. and reaction duration T=6
hours, ethylcyclopentanecarboxylate was synthesized with a yield of 75.74%.

KEY WORDS: cyclopentene, carbon monoxide, ethanol, dichlorbis(triphenylphosphine)
palladium (1), aluminum chloride (l1l), triphenylphosphine, hydroalkoxycarbonylation, carbo-
nylation.
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KASAXCKUIA HALIMOHATNBHbLIN YHUBEPCUTET UM. Allb-®APABU
Pecny6bnuka Kasaxcrtan, 050040, r. Anmatsl, np. ane-®apabu 71

CuHme3bl Ha 0CHo8e MOHOKcUOa yanepoda sensemcs obwupHoU U nepcrnekmueHol om-
pacrnbio opeaHUYeCKO20 cuHme3sa. limepec k amol obrnacmu obycrioeneH rnpexoe ece2o-wu-
POKUMU CUHMEeMUYeCKUMU 803MOXHOCmsaAMU xumuu C1, a makxxe nocmeneHHbIM UCMOWeHUeM
mpaduyUOHHbIX UCMOYHUKO8 y2r1e8000p00H020 Chipbsi U yOopoxxaHuem Hegpbmernpodykmos. B
amou cesi3u akmyarnbHoU 3adaqel sensemcs pa3pabomka HO8bIX MPOUECCO8 Ha OCHO8e arlb-
mepHamugHbIX UCMOYHUKO8 ChIpbSI.

CuHme3 MoHookcuda yenepoda 8 Hacmosiujee epems npuobpemaem ece bonbuwee 3Ha-
YeHue Mo HecKonbKUM npu4yuHam. Bo-nepebix, CO sienisiemcsi 8aHbIM CbipbeM 01151 Mpou3800-
cmea MHO2UX XUMUYECKUX COeOUHEHUU, maKux Kak MemaHors, hopmanb0eaud, auemoH u m. 0.
BOmu coeOuUHeHUs WUPOKO UCMOMb3YIOMCs 8 Pas3/iuYHbIX OMPAacsisgx NPOMbIWIEHHOCMU, 8KITHO-
Yas rnpou3so0cmeo rnaacmmacc, Kpacumenedu, nekapcmea u 0pyaux npodykmos. Bo-emopsbix,
cuHmes CO moxem ucrionb308ambcs 05 npoudsodcmea 8o0opoda u3 buomaccs unu Opyaux
80306H08/15I€MbIX UCMOYHUKO8, Ymo Oeriaem amom rpoyecc 6osiee 3Ko102u4eckU Yucmsim U
ycmoUyuebiM Mo CpasHeHUr ¢ mpaduyuoHHbIMU Memodamu rpousgodcmea 8000poda, OCHO-
8aHHbIMU Ha UCMO/1b308aHUU UCKONaemMoa2o monnauea. B-mpembux, cuHme3 CO ugpaem 8axHyto
posb 8 npou3sodcmee Yucmou sHepauu.

B daHHOU cmambe coobwanock 06 udy4eHUU akmugHOCMU MPEXKOMIOHEHMHOU Kama-
numudyeckol cucmembl PACI,(PPh;),-PPhs-AICI; 8 peakyuu 2audposmokcukapboHuUnupogaHusi
UuKoneHmeHa 3maHosioM Mpu HU3KOM 0aeieHuu MOoHokcuda yenepoda (P=25 amm.).

OnpedeneHbl onmumasbHble napamempsl npoyecca 2ud0pPOIMoKcUKkapbOHUNUPOBaHUSI
yuknoneHmeHa mpexkomrnoHeHmHol cucmemoli PACI,(PPh;),-PPh;-AlCls. [Mpu MosibHOM co-
OMHOWEeHUU Ucxo0Ho20 peazeHma [CsHsg]:[C.HsOH]=2:1, npu MOIbHOM COOMHOWEHUU KOMIMO-
HeHma kamanumudeckoli cucmembi [Pd]:[PPh;]:[AICI;] 6 coomHoweHuu 1:6:10 u npu T=120°C,
PCO=25 amm. u npodormKkumenbHOCMbIO peakyuu T=6 4aco8 cuHmMe3uposaH 3MUuyUKII0NeH-
maHkapbokcunam ¢ 8bixo0om 75,74%.

KJTOYEBBbIE CJIOBA: yuknoneHmeH, MOHOKcud yenepoda, amaHor, duxnopobuc(mpu-
eHungocuH)nannadud (1), xnopud amomurus (1), mpugbeHungoceuH, eudpoasikokcukap-
b6oHunuposaHue, kapboHunUposaHue.
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Kemipmek moHooKcudi HezidiHOeai cuHmMe3 opeaHuUKariblKk CUHMe30iH KeH XoHe rnepcrekmu-
8aribl canackl 60sbin mabbinadsl. byn canara Kbi3biFywblinbiK eH andbiMeH — C1-XUMUSIHbIH KEH
CuUHmMemukarblKk MyMKiHOIKmepiHe, coHOali-aK KemMipcymek wukizammapbiHbIH 0acmyprli Ke3-
OepiHiH 6ipmiHOen capKblnybl XeHe MyHal eHiMOepiHiH KbiMbammaybimeH 6alinaHbicmbl. OcbiraH
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batinaHbicmbl banamarsi wWukizam ke30epi HezaisiHOe xaHa npouecmepdi a3iprey e3ekmi MiHOem
6onbin mabbinadsbi.

Kemipmek moHookcudi cuHmesi Kasipai yakbimma bipHewe cebenmepae balnaHbicmbl MaHbi-
30binbiFbl apma mycyode. bipiHwideH, CO memaHorn, hopmarnb0eaud, auemoH xoaHe m.6. cusiKmbl
KermeaeH XUMUSINbIK KOCblbicmapObl 6HOIpY YWiH MaHbi30b! WukKidam 605bin mabbinads!. byn
Kocblnbicmap apmyprii cananapda, CoHbIH iwiHOe nnacmmacca, 60osirbiw, 0api-0opMek xoHe backa
Oa eHimAep eHAipiciHOe KeHiHeH KondaHbinaldbl. ExiHwideH, CO cuHmesi buomaccadaH Hemece
backa xaHapmbiiameiH ke30epdeH cymekmi eHOIpy ywiH natidanaHbliiybl MyMKiH, 6y Ka3ba
ombIHOapbIH natidanaHyra Hezis0enzeH cymekmi eHOipyOiH dacmyprii 8dicmepimeH carnbiCmbi-
praHOa 6yn npouecmi 3Kono2usifibiKk masa XxoHe mypakmsl emeoi. YwiHwideH, CO cuHmesi masa
9Hepeausi eHOIpyde MaHbI30b! pes1 amkapaobl.

byn makanada yukrnoneHmeHOi KeMipmeKk MOHOOKCUDIHIH meMeH KbicbiMbiHOa (P=25 amm.)
amaHornmeH 2udpoamokcukapboHunoey peakyusicbiHOarbl PdCly(PPhs),-PPhs-AlICI; yw komno-
HeHmmI kamanumukarbiK XyUeciHiH akmusminiai 3epmmenin, yuknoneHmeHOi 2uépoamokcukapbo-
Hundey peakyusinapbiHoa PdCl,(PPhs),-PPhs-AICI; xyleci xorapbl Kamanumukarblk 6enceHoinik
KepcememiHdiei 3epmmenzeHi 6assHOanobI.

Luknonenmerdi ywkomnoHeHmmi PdCly(PPh;),-PPhs-AICl; xyleci kKambicbiHOa 2udpoa-
mokcukapboHundey rnpoueciHiH muimOi napamempriepi aHbiKmandbl. bacmankbl peazeHm-
mepdiH [CsHs]:[C.HsOHJ=2:1 Monbdik KambiHacbiHOa, KamanumukarbiK Xyde KOMIOHEHMMEepiHiH
[Pd]:[PPh3]:[AICI;] monblik kambiHacbkiHbIH 1:6:10 menwepiHde xeHe T=120°C-ma, PCO=25 amm.
KbICbIMOAa XXoHe peaKUUsIHbIH Xypy y3akmbifbl T=6 caramma 75,74 % WbIrbIMMEH 3MUuyuKIio-
rneHmaHkapbokcunam cuHme3oersin anbiHObI.

KIITTIK CO30EP: yuknoneHmeH, kemipmek MOHOKcuOi, amaHors1, Ouxnpobuc(mpucheHurn-
ocebuH)nannadud (1), armomunud (1) xnopudi, mpugheHunghocghuH, cudpoankokcukapboHundey,
KapboHurnodey.

carbonylation of unsaturated compounds. Today, this method, called the Reppe
synthesis, has become a popular method for obtaining organic compounds [1].
An important advantage of the Reppe synthesis is the possibility of obtaining unsaturated
carboxylic acids and their derivatives in one stage with a high purity of the product. Reppe
synthesis is an important method in industry, especially in the production of medicines
and other biologically active substances. In addition, this method can be used to obtain
aldehydes, ketones, and polymeric materials such as polycarbonates and polyurethanes
[2-6]. After the discovery of the Rolen and Reppe reaction in the 1940s, the carbonylation
reactions involving transition metals discovered by Heck and others in the 1970s were
accelerated by the discovery of cross-combination reactions of carbonyl groups, and
their scope expanded significantly. Since then, scientific progress in this field has been
enormous, in particular due to the development of selective and efficient catalysts.
Carbonylation is a general term for many reactions in which carbon monoxide is added
to an organic molecule. Carbonylation reactions are one of the most important processes
in organic chemistry, since they are used to synthesize many industrial and medical
compounds, such as aldehydes, ketones, esters, and amides [7]. Hydroformylation reactions
have enabled the development of many valuable methods for the direct introduction of
carbonyl groups into organic molecules due to their ability to coordinate and activate
carbon monoxide. However, the Oxo and Rehlen methods use carbon monoxide under
high pressure, the reaction is carried out at high temperature, and highly toxic compounds
are used as catalysts. At present, the development of highly active catalysts based on Pd,

ntroduction. In 1938, the German chemist Walter Reppe discovered the
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Ru, Rh and Pt and catalysts based on other transition metals has made it possible to carry
out carbonylation reactions under much milder and safer conditions.

Carbonylation reactions in the presence of metals of variable valence have become
an area of intensive research in synthetic organic chemistry in the last decade. Metal
complexes such as Co, Ni, Fe, Ru, Rh, Os, Ir, Pt, Pd exhibit high catalytic activity in
hydroalkoxycarbonylation reactions of alkenes and other unsaturated compounds [8—11].

Palladium complexes promoted by free ligand-forming agents and strong protic acids
are the most promising catalysts for hydroalkoxycarbonylation reactions. Carbonylation
reactions in the presence of palladium complexes significantly enriched the methods for
obtaining carbonyl compounds [12—14]. The alkoxycarbonylation reactions in the presence
of palladium make it possible to effectively convert unsaturated compounds, CO, and
alcohols into the corresponding derivatives of carboxylic acids [15-17].

Palladium complexes have a number of advantages over other catalysts in
hydroalkoxycarbonylation reactions. These advantages include high activity, selectivity
and resistance to reaction conditions. Carbon monoxide can serve as an ideal ligand for
catalysts based on Pd(0) and Pd(II), since it can act as a 6-donor and m-acceptor [18]. As
a result, the palladium center forms relatively stable intermediates with reagents that are
sufficiently reactive in subsequent reactions of the catalytic cycle [19].

In the olefin carbonylation reaction in the presence of metal complex catalysts, olefins
react with alcohol and carbon monoxide to form esters of carboxylic acids.

In this reaction, olefins are added to the active catalyst, and then the alcohol reacts
with the complex formed on the catalyst. The CO molecule enters the molecule of the
alkylated product and forms the desired carbonyl product [14].

An example of olefins olefins olefins is the reaction of propylene in the presence of
rhodium (Rh) catalysts [20]:

Mkt
H,C==CHCHj; + CO + CH;0H —» CH;CH,COOCH;4

The carbonylation reaction of cycloolefins is a reaction in which carbon monoxide
is reacted with cyclic hydrocarbons having a double bond in the ring system, such as
cyclohexene, cyclopentadiene and diene rubbers. The reaction proceeds under pressure of
carbon monoxide and in the presence of catalysts, usually metal complex catalysts. The
carbonylation process can take place in the liquid or gas phase at temperatures up to about
150°C. As a result, complex carboxylic acids, aldehydes, and ketones are obtained [21-22].

Cycloolefin carbonylation products are used in various industries, including
pharmaceuticals, plastics, synthetic rubbers, dyes, perfumes, and others. b. wide range
of applications in manufacturing. The carbonylation reaction of cycloolefins is complex
and requires careful control of the reaction conditions to obtain the desired products. In
addition, the process can lead to the formation of unexpected by-products that degrade the
quality of the final product. Therefore, to obtain high-quality products such as carboxylic
acids, it is necessary to precisely control such reaction parameters as pressure, temperature,
catalyst concentration, and reaction time using optimal catalysts [21].

Thus, the carbonylation of cycloolefins is an important process for the synthesis of
high quality products. It is widely used in industry and continues to attract the attention of
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researchers in connection with the search for new, more efficient methods for the synthesis
of complex carbon compounds.

Sergei Batashev and other scientists [23] performed hydromethoxycarbonylation
reactions of cyclohexene in the presence of Pd(OAc),/trans-2,3-bis(diphenylphosphinomethyl)
norbornene/p-toluenesulfonic acid (TsOH) at 378 K with [HPd(CO),Ots] by compared with
the diphosphine complex, [HPd(TBDPN)(CH;OH)]OTs showed higher stability.

0]

O +CO + CH;OH —» OCH;

As a rule, the optimal reaction time for each particular hydroalkoxycarbonylation
reaction should be determined experimentally, taking into account the specific reaction
conditions and the choice of catalysts. This contributes to achieving the maximum yield of
the target product, minimizing the formation of by-products, and increasing the efficiency
of the hydroalkoxycarbonylation reaction.

Materials and research methods. Experiments on the hydroethoxycarbonylation
of cyclopentene of the PdCIL,(PPh;),-PPh;-AlCl; system were carried out in a laboratory
autoclave without the use of a solvent.

PdCl,(PPh;), 0,08 g (1,14x10* mol), PPh; 0,180 g (6,84x10* mol), AICI; 0,152 g
(10,26x10* mol), ethanol 2,289 g (4,96x102 mol) and cyclopentene 6,76 g (9,92x107
mol) were added to a 100 ml steel autoclave equipped with a magnetic stirrer and a device

|
|
K e = By

Figure 1 - Scheme of a laboratory setup for carrying out the reaction of hydroalkoxycarbonylation
of olefins on metal complex catalysts
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for introducing carbon monoxide. The ratio of the initial reagents and components of the
catalytic system ([CsH;]:[C,HsOH]:[PdCIl,(PPhs),]:[PPh;]: [AICL;]) = 870:435:1:6:10. The
autoclave was sealed and pumped three times with carbon monoxide to remove the air
inside it and with 15 atm was filled to pressure. Then a magnetic mixer and an electric
heater were added, which increased the temperature to 120 °C and the carbon monoxide
pressure to 25 atm within 1 hour. At this set temperature and pressure, the reaction mixture
was intensively mixed for 5 hours. Then it is cooled to room temperature, and the reaction
mixture is fractionated at atmospheric pressure. As a result of distillation, 5,359 g (75.74 %)
of the product was obtained.

Results and discussion. Hydroethoxycarbonylation of cyclopentene in the ternary
system PdCly,(PPh;),-PPhs-AICI;

Il
[Pd] C-0-C,Hs
T=120°C
Pco=25atm
t=6h

+CO + C,H;OH

Activation of the three-component PdCl,(PPh;),-PPh;-AlCl; catalytic system
containing AlCl; as a promoter was investigated in the reaction of cyclopentene carbon
monoxide and ethanol hydroethoxycarbonylation, and high catalytic activation of the
PdCl,(PPhs;),-PPh;-AlCl; system was detected at low carbon monoxide pressure (PCO
=25 atm) for this reaction. It is proved that the reaction proceeds with the formation of
cyclopentanecarboxylic acid ethyl ether, due to the coincidence of physical properties,
i.e. boiling point and refractive index values, with reference data.

It was found that the yield of the target product is influenced by the reaction conditions:
temperature, CO pressure, the proportion of the initial reagents, the ratio of the components
of the catalytic system and the duration of the reaction.

Influence of the molar ratios of the initial reagents on the yield of the reaction product

The influence of the ratio of primary reagents on the yield of the target product in
the reaction of hydroethoxycarbonylation of cyclopentene with ethanol under reduced
pressure of carbon monoxide was studied, and the results of the experiments are presented
in Table I and in Figure 2.

Table 1 — Study of the effect of molar ratios of the starting reagents in the hydroethoxycarbonylation
reaction of cyclopentene on the product yield

Ratio of initial WIS EHDE i Reac.t?on General
components of the conditions 0
reagents catalytic system p T output, %

C.H_:[CH.OH g o’ ¢ mass.
[CHHGHOH | pacy pph) 1rpphaIct] | T°C | atm | hour | T2
652,5:435 1:6:9 120 25 6 55,19
870:435 1:6:9 120 25 6 69,66
1087,5:435 1:6:9 120 25 6 66,70
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As a result of the experiments, it became known that a change in the molar
ratio of the initial reagents has a great influence on the yield of the reaction product.
The change in the molar ratio of primary reagents - cyclopentene and ethanol from
[CsHg]:[C,HsOH]=652.5:435 to 1087.5:435 was taken into account. It has been established
that an important factor affecting the yield of the target product is the change in the
concentration of cyclopentene. Molar ratios were studied between 652.5:435 and 870:435
resulting in an increase from 55.19 % to 69.16 %. As a result of a further increase in the
ratio of primary reagents [CsHg]:[C,HsOH] to 1087.5:435, the product yield decreased to
66.7 %. Based on the results obtained, it was determined that the molar ratio of the most
optimal primary reagents is [CsHg]:[C,H;OH] = 870:435.

Influence of the ratio of the components of the catalytic system on the yield of the product

The effect of the molar ratio of the components of the PACI,(PPh;),-PPh;-AICl,
catalytic system on the yield of the product formed as a result of the cyclopentene
hydrotoxicarbonylation reaction under such conditions [CsH;]:[C,HsOH] = 870:435, T =
120 °C, Poo = 25 atm., T = 6 h. was investigated. The results of the study are presented
in Table 2 and Figure 3.

Table 2 — Study of the influence of the ratio of the components of the catalytic system
on the yield of the product in the reaction of hydroethoxycarbonylation of cyclopentene

Ratio of initial The ratio of the components Reaction conditions
. General output, %
reagents of the catalytic system (mass)
[C,H:IC,H,OH] [PACL(PPh,),1:[PPh_T:[AICI.] ToC P T,
atm | hour
870:435 1:6:8 120 25 6 61,19
870:435 1:6:9 120 25 6 69,66
870:435 1:6:10 120 25 6 75,74
870:435 1:6:11 120 25 6 45,85
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It has been established that the use of a Lewis acid, aluminum (III) chloride,
as a promoter increases the activity of the catalytic system. Changing the ratio of
[PACL(PPh,),]:[PPh,]:[AICL] from 1:6:8 to 1:6:11, i.e. an increase in the concentration
of the promoter led to the yield of the ratio of the target product from 61.19 % to 1:6:10
led to an increase to 75.74 %, a further increase in the ratio to 1:6:11 showed a decrease
in the yield of the product by 45.85 %. Based on the results obtained, it was found that the
optimal molar ratio of the components of the catalytic system is 1:6:10.

The effect of temperature, reaction time, and CO pressure on the yield of the
reaction product

The molar ratio of primary reactants and components of the catalytic system for the
hydroethoxycarbonylation reaction of cyclopentene under reduced pressure of carbon
monoxide (P., = 25 atm) ([C,H ]:[C,H,OH]:[Pd]:[PPh,]:[AICL] = 870:435:1:6:10),
after finding the most optimal values, the effect of temperature on the carbonylation
reaction was studied, and it became known that temperature has a significant effect on

the yield of the target product. The results of the experiment are presented in 7able 3 and
Figure 4.

] 8
70 ‘ 70
|
&0 \ 60
8 | IS
g ‘ g 50
H 13
(4 ‘ 24
=3 | o
2 ] %3s
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|
| 10
15
20
25
0
35 77 P atm
Figure 4 — The effect of temperature Figure 5 — The effect of CO pressure on the
on the product yield product yield

The experiment was carried out in the temperature range of 100-130 °C and the
temperature change in the yield of the reaction product of hydroethoxycarbonylation
of cyclopentene was determined. An increase in the reaction temperature from 100 °C
to 120 °C increased the yield of the target product from 35.89 % to 75.74 %, a further
increase in temperature to 130 °C increased the yield of the target product, which led to
its decrease by 54.63 %.

Based on the obtained research results, it is known that the most optimal temperature
for the reaction of hydroethoxycarbonylation of cyclopentene is 120 °C.

Since the reactions of carbonylation of cyclopentene with ethanol proceed directly in
the presence of carbon monoxide, the magnitude and magnitude of the supplied pressure of
CO is considered one of the main influencing factors. During the study 15; 20; 25; 30; the
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Table 3 — Study of the effect of temperature, reaction time and CO pressure on the yield of the
reaction product of cyclopentene gyroethoxycarbonylation

Ratio of initial The ratio of the components Reaction conditions
- General output, %
reagents of the catalytic system )
[C,H,J:[C,H,OH] [PACL(PPh,),1:[PPh_L:[AICI] T oC Pl T,
! atm hour
870:435 1:6:10 100 25 6 35,89
870:435 1:6:10 110 25 6 48,75
870:435 1:6:10 120 25 6 75,74
870:435 1:6:10 130 25 6 54,63
870:435 1:6:10 120 15 6 45,92
870:435 1:6:10 120 20 6 58,36
870:435 1:6:10 120 30 6 43,89
870:435 1:6:10 120 35 6 3843
870:435 1:6:10 120 25 4 54,03
870:435 1:6:10 120 25 5 62,49
870:435 1:6:10 120 25 7 50,33
870:435 1:6:10 120 25 8 32,11

influence of CO pressure 35 atm on the yield of the target product was investigated and it
was found that a pressure of 25 atm is effective for hydroethoxycarbonylation reactions of
cyclopentene (the yield of the target product is 75.74 %). Increasing the process pressure
from 15 atm to 25 atm led to an increase in the yield of the target product from 45.92 %
to 75.74 %. It has been established that a further increase in CO pressure to 30 atm and 35
atm leads to a decrease in the yield of the target product to 43.89 and 38.43 %, respectively.
The results of the experiment are presented in Table 3 and Figure 5.

In addition, as a result of the hydroethoxycarbonylation reaction of cyclopentene,
the ratio of the content of the initial reagents and components of the catalytic system
([CsHg]:[C,HsOH]:[Pd]:[PPh;]:[AICI;] = 870:435:1:6:10) and the most effective values of
the reaction parameters (T=120 °C, P.,=25 atm), the effect of the duration of the reaction
on the carbonylation reaction was studied.The results of the experiment are presented in
Table 3 and Figure 6.

50,33 |

) 7 h

Figure 6 — The effect of reaction duration on output
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It was found that the cyclopentene hydroethoxycarbonylation reaction was carried out
with a time interval of 4-8 hours and had a great influence on the yield of the cyclopentene
hydro-oxycarbonylation reaction product.An increase in the reaction time from 4 to 6
hours led to an increase in the target yield of the product from 54.03 % to 75.74 %. It is
known that a further increase in the reaction time to 7 and 8 hours leads to a decrease in
the target yield of the product by 50.33 % and 32.11 %, respectively.

It is known that the optimal duration of the reaction for the process of hydrotoxicar-
bonylation of cyclopentene occurring at the parameters [CsHg]:[C,HsOH] = 870:435,
[Pd]:[PPh;]:[AICL;] = 1:6:10, T = 120 °C, P-x=25 atm, determined by the results of the
above study, is 6 h was.

Thus, the ternary system PdCl,(PPh;),-PPh;-AlCl; with AICI; as a promoter has
a high catalytic activity in the reaction of hydroethoxycarbonylation of cyclopentene
in the presence of carbon monoxide, which it exhibits. Molar ratio of primary
reactants and components of the catalytic system to the yield of the reaction product
of hydroethoxycarbonylation of cyclopentene with respect to the catalytic system
PdCI,(PPh;),-PPh;-AICl;. The effect of parameters such as temperature, CO pressure,
and reaction time was studied. As a result, the following effective parameters were
determined: PCO = 25 atm, T=120 °C, t = 6 hours, [CsH;]:[C,Hs;OH]:[Pd]:[PPh;]:[AIC];]=
870:435:1:6:10. As a result of the hydroethoxycarbonylation reaction under the found
optimal conditions, the product yield was 75.74 %.

The fractionated product was analyzed and identified by GCh. Basically, at
a retention time of 6450 minutes, a change in the value of the total ion current
by pA = 6793 was observed, which in turn indicates that the target product,
ethylcyclopentanecarboxylate, contains ions proportional to this value (1-unreacted
cyclopentene; 2 - ethylcyclopentanecarboxylate; 3 - containing a 99 % standard solution
of ethylcyclopentanecarboxylic acid with ether). The result of the analysis of the product
obtained as a result of the hydroethoxycarbonylation reaction of cyclopentene under
certain optimal parameters is shown in Figure 7.

The IR spectrum of the ethylcyclopentanecarboxylate product obtained as a result of
the synthesis was recorded (Figure §8). In the spectrum, the absorption bands at 3552.21 cm'
and 3446.58 cm™ indicate the presence of an O-H bond of the carboxylic acid, and the
absorption band at 1733.28 cm! indicates the presence of a C=0 bond. From the absorption
band at 1260.57 cm!, vibrations of the C-O bond of the aromatic ether can be observed.

Conclusion. The activity of the three-component catalytic system PdCl,(PPh;),-PPhs;-
AICl; in the reaction of hydroethoxycarbonylation of cyclopentene carbon monoxide at low
pressure was studied and it was found that the PdCI,(PPh;),-PPh;-AICl; system exhibits
high catalytic activity in the reactions of hydroethoxycarbonylation of cyclopentene.
The effective parameters of the hydroethoxycarbonylation process were determined
for the first time in relation to the cyclopentene three-component system PdCl,(PPh;),-
PPh;-AIClL;. At the molar ratio of the initial reagent [CsHg]:[C,H;OH] = 2:1, at the molar
ratio of the component of the catalytic system [Pd]:[PPh;]:[AICl;] in the amount of
1:6:10 and at T=120 °C, P¢o =25 atm. under pressure and reaction time =6 hours,
ethylcyclopentanecarboxylate was synthesized with a yield of 75.74 %. @
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Figure 7 — Chromatogram of the product of hydroethoxycarbonylation of cyclopentene
of the PdCI,(PPh;),-PPh;-AICl; system in optimal parameters
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Figure 8 — IR spectrum of the reaction product of hydroethoxycarbonylation of cyclopentene
of the PdCI,(PPh;),-PPh;-AICl; system
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