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Abstract: Introduction: Reactions based on CO allow the synthesis of almost all oxygen-containing
organic compounds, which are important raw materials for obtaining practically valuable products of wide
consumption. Alkoxycarbonylation of olefins with CO and various alcohols in the presence of metal
complex catalysts synthesizes esters of carboxylic acids in one step. The purpose: In accordance with
previously synthesized ethyl esters of enanthic and 2-methylcapronic acids in the reaction of
ethoxycarbonylation of hexene-1 with CO in the presence of the catalytic system PdClz(PPhs)2-PPhs-
AICls in this work we planned to synthesize ethyl esters of capronic and 2-methylvalerian acids by
hydroethoxycarbonylation of pentene-1 with CO in the presence of the same catalytic system.
Methodology: The autoclave was sealed and then filled with CO to 1.5 MPa pressure. The pressure of CO
was brought to 2.0 MPa, the temperature was raised to 100°C for 1 hour and at this pressure and
temperature the reaction mixture was stirred for 5 h. Results and discussion: Experimental results show
that the reaction proceeds with the formation of two isomeric products of linear (EECA) and branched
structure (EE-2-MVA). Optimal reaction conditions have been found, at which the yield of the target
products (sum of isomeric esters of EECA and EE-2-MVA) reaches 74.72 %. Conclusion: The catalytic
activity of the three-component system PdClz(PPhs)2-PPhs-AlCls containing AICIs as a promoter in the
reaction of ethoxycarbonylation of pentene-1 has been established. The reaction proceeds with the
formation of two isomeric products of linear (EECA) and branched structure (EE-2-MVA).
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1. Introduction

Palladium-catalyzed carbonylation of olefins has been of industrial interest
for about five decades, as confirmed by several papers [1]. Syntheses of most
organic compounds based on carbon oxide (II) is an extensive and topical part of
modern organic synthesis. A wide range of oxygen-containing organic
compounds, which are valuable raw materials for obtaining medicines, pesticides,
plastic masses, synthetic fibers, etc., can be obtained on the basis of carbon oxide
(1. The vast majority of carbon oxide (1) based syntheses are catalytic [2].

Carboxylic acids and their derivatives (esters, anhydrides, amides, metal
salts, etc.) are high volume products and chemical intermediates. There are
several known ways of obtaining carboxylic acids and their derivatives by
carbonylation catalyzed by transition metals. Although oxidative carbonylation is
sometimes also called hydrocarboxylation or hydroetherification, it differs
significantly in that an oxidizer, usually air, is required to re-oxidize Pd° formed
in stoichiometric amounts to Pd?*In addition, the catalytic system also contains a
catalyst, usually a copper salt, to catalyze the conversion of Pd’/Pd?*, thereby
closing the catalytic cycle and stabilizing the Pd-catalyst [3-4].

Recently, Reppe carbonylation has received considerable attention. This
process is very versatile because it can transform not only olefins but also
acetylenes and dienes. It can also transfer a large variety of functional groups,
which makes it attractive in organic synthesis. The main agents are CO and a
nucleophile, usually water, alcohol, or acid, yielding a wide range of saturated or
unsaturated acids, esters, or anhydrides, respectively. When the nucleophile is
water or alcohol, the process is called hydrocarboxylation or hydroetherification,
respectively. Hydroetherification is sometimes also called
hydroalkoxycarbonylation or hydrocarbalkoxylation [3].

Oxidative carbonylation of unsaturated hydrocarbons catalyzed by
PdCl2(PPhs)2 can produce acids and their derivatives in a single step, but has the
disadvantage of producing complex product mixtures, lower yields of the target
product, and the need for complex separation processes. Despite these
disadvantages, Union Oil has developed a process to convert ethylene to acrylic
acids, and ARCO has announced the commercial availability of its technology to
convert butadiene to adipic and sebacic acids. It was reported in [3] that Pd(Il)-
monophosphine complexes like [PdCI2(PPhs)2] in combination with HCI were
active, although wunder rather harsh pressure conditions (300-700 bar).
Subsequently, it was found that the reaction could be carried out at much lower
pressures. This fact prompted several research groups, including us [3-9].

a-Olefins (alkenes) unsaturated acyclic hydrocarbons contained in petroleum
and natural gas products are widely used in petrochemical synthesis to obtain
plastic materials, some synthetic rubbers, ester chemical fibers and other
industrially important products due to their high reactivity, availability and
cheapness [10-11]. There are few publications about the use of Lewis acids metal
complex catalysts as promoters in the carbonylation reaction of organic substrates
with carbon oxide (1) [12-13]. In [13] it was found that some Lewis acids like
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Al(CF3sS0s)s and AI(CH3SOg)s are effective as promoters of palladium complex
based catalytic systems in styrene and pentene-1 hydroetherification reactions and
they can replace the Brensted acids traditionally used for this purpose. It is noted
that the use of AICIs as a promoter of metal complex catalysts in these reactions is
ineffective.

The catalytic activity of the three-component PdClz(PPhs)2-PPhs-AlCIs
system containing Lewis acid (AlCls) as a promoter in the ethoxycarbonylation of
pentene-1 was studied in the present work.

2. Results and discussion

We studied the catalytic activity of the three-component system
PdCI2(PPhs)2-PPhs-AlCls with dry aluminum chloride as a metal complex catalyst
promoter in the alkoxycarbonylation reaction of pentene-1 by Reppe synthesis.

In this work, we investigated the catalytic activity of metal complex catalyst
promoters for the hydroesterification reaction of pentene-1.

MKt
CHZZCH'CHz'CHZ_CH3 +C=0+ CH3_CH2_OH _—
CH3_CH2'CH2'CH2'CH2'(|::O + CH3_CH2_CH2'CH_C:O
O—CH,—CH - _
M 2~ Lh, () CHOH,C-CH

MKt — PdCI2(PPhs)2-PPhs-AICl3

1 — ethyl ester of caproic acid;
2 — ethyl ester of 2-methylvaleric acid

In order to compare Brensted and Lewis acids in this work, we used several
types of promoters. Para-toluenesulfonic acid was used as Brensted acid.
Aluminum trichloride was used as an example of Lewis acids.

Before that, Brensted acids were almost entirely investigated in scientific
works, and Lewis acids have been of interest only in recent years. The reaction
was found to proceed with the formation of two products (linear - ethyl ester of
caproic acid (EECA) and branched - ethyl ester of 2-methylvaleric acid (EE-2-
MVA)). Since the boiling points of these two isomers (EECA=168°C, EE-2-
MVA=152-153°C) are very close, their yield ratios were determined on an
Agilent 7890A/5975C chromato-mass spectrometer (USA) and an IR-Prestige 21
IR spectrometer by Shimadzu (Japan). The results of the chromato-mass
spectrometer and IR-spectrum are shown.

The activity of PdCIl2(PPhs)2-PPhs-AICls three-component catalytic system
with a promoter in the form of aluminum trichloride in the reaction of
ethoxycarbonylation of pentene-1 by Reppe was studied. The reaction conditions
(catalytic system components ratio, CO pressure, temperature, reaction time) were
determined and the effect of the target products (EECA and EE-2-MVA) on the
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yield of the target product was studied.

The ratio of the three-component system PdClz(PPhs)2-PPhs-AICls and the
reagent ratio in the ethoxycarbonylation reaction of pentene-1 at low pressure of
CO were studied. The pressure of CO as was investigated earlier was 2.0 MPa or
20 atm, the temperature required for the reaction was 100°C, the time required for
the reaction was 5 h.

Molar ratios of reagents [pentene-1]:[ethanol] in the ratio
[PACI2(PPhs)z]:[PPhs]:[AICIs]=1:6:7 in ethoxycarbonylation reaction of pentene-1
at low CO pressure have been determined. As a result, in the ratio [pentene-
1]:[ethanol]=435:550, the target yield was 61.16%, the linear yield was 50.92%,
and the branched yield was 10.24%. The results of the experiment are presented
below in Table 1.

Table 1 - Investigation of molar ratio of reactants at [PdClz(PPhs)2]:[PPhs]:JAICI])=1:6:7 in
ethoxycarbonylation reaction of pentene-1 and low pressure of CO (Pco=2.0 MPa, T=100°C, t=5 h)

Reagent molar ratio EECA* and EE-2- Yield, % (mass.)

Ne pentene-1:ethanol MVA** % Yield EECA*, Yield EE-2-MVA**,
(mass.)total yield % (mass.) % (mass.)

1 550:435 44.94 36.09 8.85
2 550:550 50.69 40.65 10.04
3 435:550 61.16 50.92 10.24
4 435:740 60.86 48.13 12.73
Notes: 1 EECA* - Ethyl ester of caproic acid.

2 EE-2-MVA** - Ethyl ester of 2-methylvaleric acid.

After studying the molar ratios of reactants in the reaction of

ethoxycarbonylation of pentene-1 at low pressure of CO the relationships of
three-component system ([PdCl2(PPhs)2]:[PPhs]:[AICIs]) were studied. As a
result, it was found that the optimum ratio of the three-component catalytic
system [PdCIz(PPhs)z]:[PPhs]:[AICIs] is 1:7:9, the total product yield is 68.74%,
the linear product is 57.06%, and the branched product is 11.68%. The results of
the experiment are given below in the Tables 2-3.

Table 2 — Investigation of the PPhsmolar ratios in the three-component system PdCl2(PPhs)2-PPhs-AlCl3
in the reaction of ethoxycarbonylation of pentene-1 at a low pressure of CO (Pco=2.0 MPa, T=100°C, =5
h)

EECA* and EE-2- Yield, % (ma:f:)l s

Ne Molar ratio of catalysts MVA** % Yield EECA*, l\/llev A 0/
(mass.)total yield % (mass.) 70

(mass.)

1 | PdCI2(PPhs)2-PPhs-AlCI3(1:5:7) 50.06 39.83 10.23

2 | PdCI2(PPhs)2-PPhs-AlCI3(1:6:7) 61.16 50.92 10.24

3 | PdCI(PPhs)2-PPhs-AlCIs(1:7:7) 62.32 50.38 11.94

4 | PdClz(PPhs)2-PPhs-AlCI3(1:8:7) 50.73 40.81 9.92

Notes: 1 EECA™* - Ethyl ester of caproic acid.

2 EE-2-MVA** - Ethyl ester of 2-methylvaleric acid.
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Table 3 - Investigation of AICIs molar ratio in the three-component system PdClz(PPhs)2-PPhs-AlICls in
the ethoxycarbonylation reaction of pentene-1 at low pressure of CO (Pco=2.0 MPa, T=100°C, t=5 h)

Yield, % (mass.)

Ne | Molar ratio of catalysts EECA* and EE-2-

PdCl2(PPhs)2-PPhs-AlICl3 MVA**, Yield EECA*, % Yield EE-2-

% (mass.) total yield (mass.) MVA** % (mass.)
1 1:7:5 66.72 55.53 11.19
2 1:7:7 67.04 55.59 11.45
3 1:7:9 68.74 57.06 11.68
4 1:7:12 57.09 44,76 12.33
Notes: 1 EECA™* - Ethyl ester of caproic acid.
2 EE-2-MVA** - Ethy| ester of 2-methylvaleric acid.

After investigation of molar ratios of reactants in ethoxycarbonylation
reaction of pentene-1 at low pressure of carbon oxide (Il) [pentene-
1]:[ethanol]=435:550 three-component system
[PACI2(PPhs)2]:[PPhs]:[AICIs]=1:7:9 the optimum temperature of process has
been determined. As a result, it was found that the optimum temperature of the
process was 100 °C. The total yield of the products was 68.74%, the yield of the
linear product was 57.06% and the branched product was 11.68%. The results of
the experiment are presented below in Table 4.

Table 4 — Investigation of the temperature effect on the yield of the target product in the presence of the
three-component system [CsHio0]:[C2HsOH]: [PdClz(PPhs)z;:[PPhs]:[AICIs] in the ethoxycarbonylation
reaction of pentene-1 at low pressure of CO (Pco=2.0 MPa, 1=5 h)

Temperature EECA* and EE-2- Yield, % (mass.)
Ne oC ' MVA**, Yield EECA*, % Yield EE-2-MVA**,
% (mass.) total yield (mass.) % (mass.)
1 90 52.3 429 9.4
2 100 68.74 57.06 11.68
3 105 60.3 44.62 15.68
4 110 50.41 42.03 8.38
Notes: 1 EECA* - Ethyl ester of caproic acid.
2 EE-2-MVA** - Ethyl ester of 2-methylvaleric acid.

Molar ratios of reagents in ethoxycarbonylation reaction of pentene-1 at low
pressure of CO [pentene-1]:[ethanol]=435:550, three-component system
[PACI2(PPhs)z]:[PPhs]:[AICIs]=1:7:9 and process temperature were studied, then
influence of duration of reaction was studied. As a result, it was found that the
optimum duration of the process was 7 h. The total yield was 72.74%, the linear
product was 59.06% and the branched product was 13.68%. The results of the
experiment are presented below in Table 5.

114



ISSN 1813-1107, eISSN 2710-1185 Me 3, 2022

Table 5 — Investigation of the influence of process duration effect on yield of target product in presence of
three-component system [CsH10]:[C2HsOH]:[PACI2(PPhs)2]:[PPhs]:.[AICIs]=435:550:1:7:9 in
ethoxycarbonylation reaction of pentene-1 at low pressure of CO (Pco=2.0 MPa, T=100 °C)

Time of EECA* and EE-2- Yield, % (mass.)
o o
* reacttri]gn, h| % (mat/;.\)/ total yield EECA*, % (mass.) (E;{;SZS:'I)\AVA**, %
1 5 68.74 57.06 11.68
2 6 70.56 58.06 1255
3 7 72.74 59.06 13.68
4 8 717 60.6 111
5 9 63.9 53.7 10.2
Notes: 1 EECA™* - Ethyl ester of caproic acid.
2 EE-2-MVA** - Ethyl ester of 2-methylvaleric acid.

Molar ratios of reactants in the reaction of ethoxycarbonylation of pentene-1
at low pressure of CO [pentene-1]:[ethanol]=435:550, three-component system
[PACI2(PPhs)2]:[PPhs]:[AICIs] =1:7:9, after studying the process flowing
temperature the influence of pressure was investigated. As a result, it was found
that the pressure, which showed the optimal result, was 2.0 MPa. The total yield
was 72.74%, the yield of the linear product was 59.06% and the branched product
was 13.68%. The results of the experiment are presented below in Table 6.

Table 6 - Investigation of process pressure effect on yield of target product in the presence of three-
component system [CsH10]:[C2HsOH]:[PdCI2(PPhs)2]: [PPhs]:[AICI5]=435:550:1:7:9 in
ethoxycarbonylation reaction of pentene-1 at low pressure of CO (t = 7 h, T=100°C)

Ne Study of system effect on EECA* and EE- Yield, % (mass.)
pressure, atm 2-MVA*™*, Yield EECA*, Yield EE-2-
% (mass.) total % (mass.) MVA**,
yeild % (mass.)

1 15 66.21 55.02 11.19

2 20 72.74 59.06 13.68

3 25 62.57 50.21 12.36

4 30 55.34 44.82 10.52

Notes: 1 EECA* - Ethyl ester of caproic acid.

2 EE-2-MVA** - Ethyl ester of 2-methylvaleric acid.

Thus, the three-component system PdCl2(PPhs)2-PPhs-AICIs with aluminum
trichloride promoter in the ethoxycarbonylation of pentene-1 at low pressure of
CO (>20 atm) was found to exhibit catalytic activity. Optimal conditions for the
process were found ([CsH10]:[C2HsOH]:[PACl2(PPhs)2]:[PPhs]:
[AICI5]=435:550:1:7:9; T=100°C; Pco=2.0 MPa; © = 7 h); the total product yield
reached 74.72%, the linear product-ethyl ester of caproic acid-59.06%, and the
branched product-ethyl ester of 2-methylvaleric acid—13.68%.
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IR and chromatography-mass spectroscopy of obtained products

The IR spectra of the product obtained by the reaction of
ethoxycarbonylation of pentene-1 with carbon oxide (II) and ethanol in the
presence of catalytic system PdCl2(PPhs)2-PPhs-AlCls.

The IR spectrum shows 1738.4 cm™ clear absorption bands of wavelength 1
(complex ether group C=0), 1033-1300 cm™ clear absorption bands
characterizing wavelength 1 (“ether bands") and 2857-2928 cm'* absorption bands
of CH-, CH2 - and CHs groups (CHs, CH2 and CH - groups).

The yield ratios (EECA + EE-2-MVA) of Agilent 7890A/5975C (USA)
chromatography-mass spectrometer of two products obtained by the reaction of
ethoxycarbonylation with ethanol and carbon oxide (lI) in the presence of
PdCI2(PPhs)2-PPhs-AICIs catalytic system, which showed high yield within
promoters.

3. Experimental part

Pentene-1  and  dichlorobis(triphenylphosphine)palladium,  SIGMA-
ALDRICH triphenylphosphine, absolute ethanol, reactive aluminum trichloride
and carbon (1) oxide without special purification were used as initial reagents.
The experiments were performed without the use of solvents in a laboratory
autoclave-type unit made of stainless steel. Due to proximity of boiling points of
isomeric products (esters) of linear and branched structure, their separation by
fractional distillation is impossible, their ratio was determined by chromatography
on Agilent 7890A/5975C (USA) chromatography-mass spectrometer.
Chromatographic conditions: 7890A gas chromatograph with 5975C mass-
selective detector from Agilent; mobile phase (carrier gas) - helium; evaporator
temperature 300 °C, flow drop (Split) 1000:1; column thermostat temperature,
beginning 40°C (1 min), temperature rise 5 °C per minute, end 250 °C, at this
temperature held 1 min, total analysis time 44 min; ionization mode of mass-
detector by electronic shock. HP-FFAP capillary chromatographic column,
column length 30 m, inner diameter 0.25 mm, fixed phase - nitroterephthalic acid
modified with polyethylene glycol.

Identification of the synthesized compounds was performed by infrared
spectroscopy. IR spectra were taken on a single-beam infrared spectrometer
"Ni(lzolet 5700" of Termo Electron Corporation (USA) in the region of 400-4000
cm™.

Ethoxycarbonylation of pentene-1. In a 100 ml steel autoclave, equipped with
an agitator and a carbon oxide (1) injection device, 2.23 g (3.17*102 mol) of
pentene-1, 1.16 g (2.51*10 mol) of ethanol, 0.091 g (3.46*10* mol) of PPhs,
0.054 g (4.04*10™* mol) of AICIs, 0.041 g (5.77*10° mol) of PdCI2(PPhs).. Ratio
of initial reagents and component of catalytic system
([CsH10]:[C2HsOH]:[PACl2(PPhs)2]:[PPhs]:[AICI3]) is equal to 550:435:1:6:7.

The autoclave was sealed, purged 2 times with carbon oxide (II) to remove
air from it, and then filled with CO to 1.5 MPa pressure. After that stirring and
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heating were switched on. The pressure of CO was brought to 2.0 MPa, the
temperature was raised to 100 °C for 1 h and at this pressure and temperature the
reaction mixture was stirred for 5 h. Then it was cooled to r.t. The reaction
mixture was fractionated under vacuum. As a result the total yield reached
74.72%, the linear product - ethyl ester of caproic acid is equal 59.06% and the
branched product - ethyl ester of 2 - methylvaleric acid — 13.68%.

4. Conclusion

The catalytic activity of the three-component system PdCIz(PPhs)2-PPhs-
AICls containing AICIs as a promoter in the reaction of ethoxycarbonylation of
pentene-1 has been established. The reaction proceeds with the formation of two
isomeric products of linear (EECA) and branched structure (EE-2-MVA).
Optimal reaction conditions have been found, at which the yield of the target
products (sum of isomeric esters of EECA and EE-2-MVA) reaches 74.72 %.
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analysis" at Al-Farabi Kazakh National University under the project YS 2021-2023, IRN AP09058656
under the grant funding of the Committee of Science of the Ministry of Education and Science of the
Republic of Kazakhstan.
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MEHTEH-1-JI PACl2(PPhs)2-PPhs-AlClz )KYHECI KATbICBIHJA 3 TOKCUKAPBOHUJIJIEY

Hlanmazamoemos K.M.1, JKaxcoinvikosa I'.2K.}, Kananueea @.M.*,
Kyoaiioepzenos H.2K.1, Aovizoexosa I'.M.?

Lon-@apabu amemoazel Kazax yimmeix yuusepcumemi, Anmamel, Kazaxcman
2Kopkbim ama ameindazel Keizeiiopoa ynueepcumemi, Kvizvliopoa, Kaszakcman
E-mail: banu.81@mail.ru

Tyiiingeme. Kipicne. KeMmipTeri TOTBIFbIHA HETi3ACITeH peakuusuiap OapiblK AEpiik OTTeri 0ap
OpraHuKaJbIK KOCBUIBICTAp/bl CHHTE3ZEYre MYMKIHIIK Oepeni, onap ic JKy3iHOe KYHJAbl OHIMAEpAl aimy
YUIH MaHbI3Abl [mKizaT Oonbim  TaObutagpl. Onedunmepai CO  koHE OpTYpdi CHHMpPTTEpMEH
QIKOKCUKapOOHMIIICY  apKbUIbl  METAJUIKOMIUIEKCTI  KaTalu3aTopiapiblH  KAaThICybIMEH KapOOH
KBIIIKBUIIAPBIHBIH 3(QHpIepiH Oip caTbiFa CUHTE3Aeyre MYMKIHAIK Oepei.

byn orcymvicmuiy maxcamel. BYpeIH CHHTE3IENTEH SHAHTA XKOHE 2-METHJIKAIPOH KbIMIKBUIBIHBIH 3THII
adupnepine coiikec PdACl2(PPhs)2-PPhs-AlCIs xatamutukanslk sxyifecidi KaTeicybIMeH rekceH-1 CO
ITOKCUKApOOHWIIJICHY PEaKIMACHIHAA OCBHI JKYMBICTA YKCAC KaTaJMTHKAJIBIK JKYHEHIH KAThICYBIMEH
neHteH-1  CO  THAPOITOKCUKAPOOHWIJECHY  pEaKIMSACHIMEH KalpoH JKOHE — 2-MeTHJBalepuaH
KbIIKBUIIAPBIHBIH ~ OTWJI  S(UPIEpIHIH  CUHTe3lepl  KocmapiaHraH.  ©Odicmeme.  ABTOKJIaB
caHpl1aycbi3gansbln, cofan keiin CO-Hbl 1.5 MIla kbickiMbiHA JediH TonTeipbligbl. CO KbichiMbl 2.0
MIla neiiin xeTkizinmi, Temneparypa 1 carar iminge 100°C neitin kertepinai »koHe OyJI KBICHIM MEH
TeMIeparypaja peakLus Kocrmackl 5 caraT OOibl apanacTelpbUlIbl. Homuoicenep men mankwiaay.
Toxipube HOTHKENEpi peakuusHblH ChBBIKTHIK (KKDD) xoHe TapMakTanran KypsuibiMis! (2-MBKDD)
€Ki M30MEepIIiK OHIMIHIH Ty3LTyiMeH XXYPETIHIH KepceTTi. PeakIisHbIH OHTAWJIBI MIAPTTAPHI TAOBLIIBI,
OHZIa MakcaTThl eHiMiepaiH wWbFbIMEL (KKDO xone 2-MBKDD uzomepitik 3¢upiepiHiH KOCBHIHIBICHI)
74.72% xetti. Kopoimuvinovl. TlenteH-1 3TOKCHKapOOHMIACHY peakuuschiHaa mpomotop petinae AlCIs
6ap PdCl2(PPhs)2-PPhs-AlCI3 yur KOMITOHEHTTI KYHECiHiH KaTaJuTHKAIBIK OeJCEHAUIr aHBIKTAIIbL.
Peaxuus ce3bikThIK (KKDD) xione TapmakTanran KypsuibiMabl (2-MBKDD) exi usomepii eHiMiHIH maiga
00JTyBIMEH KYPETIHIr aHBIKTAJIIIBI.
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ITOKCUKAPBOHUJIMPOBAHUE NMEHTEHA-1 B NPUCYTCTBUU CUCTEMbI
PdCI2(PPhs)2-PPhs-AlICls

Hlanmazaméemos K.M.}, Kaxcovinvikoea I'.2K.', Kananueea ®.M.1,
Kyoaiioepzenos H.JK.Y, Aovizoexosa I.M.?

1Kasaxckuii nayuonanshwlil ynusepcumem um. anv-Papabu, Ammamer, Kasaxcman
2Kbizbiiopounckuii ynueepcumem um. Kopxoim Ama, Ketsviiopoa, Kasaxcman
E-mail: banu.81@mail.ru

Pe3tome: Beeoenue. Peakimm Ha ocHoBe CO mO3BOJSIOT CHUHTE3HMPOBATh IPAKTUYECKH BCE
KHCJIOPOJICO/ICPIKAIIE OPTaHUYECKHE COCIUHEHHMSI, KOTOPBIE SIBIISIOTCS Ba)KHBIM CBHIPHEM JUIS TIOJIyYCHUS
MPaKTUYECKH LEHHBIX MPOJYKTOB HIMPOKOr0 MOTPeOIeHHs. AJKOKCHKapOOHWIUPOBaHHE OJE(PHHOB C
nomMo1pio CO ¥ pa3IMYHbIX CIIMPTOB B MPUCYTCTBUH METAITIOKOMITIEKCHBIX KaTaJlH3aTOPOB CHHTE3UPYET
CJIOXHBIE d(UPBl KapOOHOBBIX KHCIOT B OAHY cramuio. [lenv pabomwul. B cootBeTcTBUM C paHee
CHHTE3UPOBAHbIMM OSTWJIOBBIMU S(GHpPaMH SHAHTOBOH W 2-METHJKAIIPOHOBOH KHCIOT B peaKlHH
sToKcuKapOoHmmpoBanus rekcera-1 ¢ CO B mpucyrctBun Katamutuueckoit cuctemsr PACl2(PPhs)e-
PPhs-AICIs B manHOii paGoTe 3alUTaHHPOBAaHBI ~ CHHTE3bl JTHIIOBBIX 3(GHPOB KAIPOHOBOW W 2-
METHJIBAJICPUAHOBOM KHCIIOT peaklueil THIPOITOKCUKapOoHmInpoBanus neHteHa-1 ¢ CO B IpHUCYTCTBUU
QHAJOTMYHOM KaTaJUTHYECKOH cUCTeMbl. Memodonoeus. ABTOKIAB TePMETU3HPOBAIN U  3aTEM
sanonHuin CO no naenenus 1,5 MIla. [lapnenne CO nosogunu g0 2,0 MIla, temnepaTypy MOBBIIATN
10 100°C B Teyenre 1 4 ¥ TpH 3TOM JABIEHUU U TEMIIEPATYPE PEAKIMOHHYIO CMECH MEPEMEIINBAIM B
TeyeHue S5 4. Pesyrbmamul u oOcyscoenue. Pe3ynbTaThl SKCIEPUMEHTOB ITOKA3BIBAIOT, YTO PEAKLUs
MPOTEKaeT C O00pa3oBaHMEM [BYX H30MepHBIX mpoxykroB nuHelHOH (DOKK) u pasBerBicHHOMN
cTpykTypbl (33-2-MBK). HaiifieHbl onTuMaibHbIC YCIOBHUSI PEAKIMH, IPU KOTOPBIX BBIXOJ ILIEJIEBBIX
npoaykToB (cymma uzomepHsix s¢upoB O9KK u 33-2-MBK) nocturaer 74.72 %. 3axnouenue.
VcraHOBIEHa KaTaJlUTHYECKas aKTHBHOCTh TpexkoMmoHeHTHO# cucteMsl PdACl2(PPhs)2-PPhs-AlCls,
comeprkameit AlCIs B kagecTBe mpoMoTOpa, B peakuun 3TOKCHKapOOHUIMPOBaHUS MeHTeHa- 1. Peakims
npoTekaeT ¢ 00pa3oBaHHWEM JBYX H30MEpHBIX MHpoaykroB suHeiinoro (3OKK) u pa3BeTBICHHOrO
ctpoenus (33-2-MBK).

KaroueBble cioBa: mneHteH-1, oxcup yriaepoma  (Il), compTel, 3TOKCHKapOOHHIMPOBAHHE,
METaJUIOKOMILIEKCHBIE KATAH3aTOPBI
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