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Abstract: Hydroalkoxycarbonylation of dienes offers a straightforward and atom-economic route to
valuable esters derived from simple unsaturated feedstocks and carbon monoxide. In this work, we
investigated the regioselective hydroalkoxycarbonylation of three representative substrates: 1.3-butadiene,
1.5-hexadiene, and 1.7-octadiene, using palladium-phosphine catalysts in ethanol at 120°C under 2.5 MPa
CO. Two catalysts, [PdCI2(PPhs)2] and [Pd(PPhs)4], were tested in combination with additional PPhs and
p-toluenesulfonic acid. Across all three dienes, the reactions consistently favored formation of the linear
ester, with yields increasing as the diene chain length grew and conjugation decreased: from 2.31% for
ethyl 4-pentenoate (from 1.3-butadiene) up to 32.08% for ethyl 8-nonenoate (from 1.7-octadiene). The
superior performance of Pd(PPhs)s compared with PdCl2(PPhs)2 highlights the importance of electron-rich
Pd(0) species in stabilizing acyl intermediates and sustaining catalytic turnover. These findings not only
clarify how catalyst structure and substrate features influence reactivity in diene
hydroalkoxycarbonylation but also provide practical guidance for tailoring conditions to enhance linear
selectivity. Such insights expand the synthetic potential of this methodology for producing Cs-Cio esters
relevant to polymer, plasticizer, fragrance, and fine-chemical applications.
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1. Introduction

Carbonylation reactions are widely applied for the direct synthesis of
carboxylic acid derivatives from unsaturated compounds in the presence of
carbon monoxide. Among them, hydroalkoxycarbonylation involves the addition
of an alcohol and CO across a C=C bond under palladium catalysis. This
transformation provides an efficient route to unsaturated esters and diesters and is
valued for its high atom economy, broad substrate scope, and simple reaction
setup. The resulting products are used as solvents and as intermediates for
polymers, plasticizers, and fine chemicals. Recent work has also focused on
improving the environmental profile of hydroalkoxycarbonylation, for example
by employing formic acid as an in-situ source of CO [1].

1,3-Dienes and non-conjugated dienes are challenging substrates for
hydroalkoxycarbonylation. The presence of two C=C bonds allows several
competing pathways, including mono- and bis-carbonylation, 1,2- or 1,4-addition,
formation of linear or  branched esters, and intramolecular
cyclo(oxy)carbonylation. At the same time, these systems are prone to double-
bond migration and to alternative insertion sequences. High selectivity therefore
requires careful choice of catalyst and reaction medium to control oxidative
addition, migratory insertion, and nucleophile attack [2,3].

For 1.3-butadiene, both early and recent studies have shown that Pd-
phosphine catalysts promote regioselective mono-hydroalkoxycarbonylation to
give 3-alkenoate esters such as methyl 3-pentenoate via n®-allyl-palladium
intermediates. Mechanistic investigations identified crotylpalladium complexes
and clarified the sequence of oxidative addition, CO insertion, and nucleophilic
attack, demonstrating that ligand steric and electronic properties and the reaction
medium determine which allyl fragment undergoes carbonylation. Later work
revealed that solvent and ligand effects, including the use of bulky bisphosphines
like dtbpx, can strongly influence selectivity in diene carbonylations. In parallel,
dicarbonylation of butadiene has been explored as a direct approach to adipate
diesters, compounds relevant to adipic-acid production. Recent mechanistic
analyses have even suggested refinements to the classic mono-
hydroalkoxycarbonylation pathway, emphasizing the role of basic additives and
off-cycle equilibria. These findings highlight both the synthetic utility and the
unresolved challenges of achieving full regio- and chemoselective control in the
carbonylation of conjugated dienes [4-6].

In contrast, non-conjugated dienes such as 1.5-hexadiene and 1.7-octadiene
present distinct patterns of reactivity and selectivity. Early investigations showed
that 1.5-hexadiene can undergo regioselective cyclocarboxylation under Pd/PPh;
catalysis in alcoholic media to give oxa- and carbocyclic products bearing ester
groups. Subsequent studies revealed that variations in CO pressure and the nature
of the nucleophile can shift the outcome between acyclic mono- or diesters and
cyclized products, reflecting competition between intramolecular trapping of
allyl-palladium intermediates and linear chain growth. Although these Cg and Cg
dienes are wvaluable industrial feedstocks, systematic data on the
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hydroalkoxycarbonylation regioselectivity of 1.5-hexadiene and 1.7-octadiene
with phosphine-ligated palladium catalysts remain limited, indicating the need for
further detailed investigation [7,8].

Across both conjugated and non-conjugated dienes, the nature of the
phosphine ligand and the reaction medium are key factors governing reactivity
and selectivity. Bulky, strongly donating bisphosphines such as dtbpx can
promote hydroalkoxycarbonylation under acid-free conditions for conjugated
substrates, whereas monodentate systems based on PPhs; typically require
Broensted or Lewis acids (for example, p-toluenesulfonic acid or AlICIs) to enhance
catalyst turnover and influence the site of insertion. More recent work has
optimized Hemaraphos-type ligands for the dicarbonylation of butadiene, with
kinetic studies correlating ligand robustness to both activity and selectivity. The
choice of solvent also plays a decisive role by affecting ion pairing, nucleophile
reactivity, and the solubility of carbon monoxide, and can therefore shift the
chemoselectivity observed in diene carbonylations [2,9,10].

Despite recent advances, achieving reliable control over regioselectivity in
diene hydroalkoxycarbonylation remains difficult. Competing allyl- and alkyl-
palladium pathways, reversibility of key elementary steps, and subtle interactions
among solvent, acid, and ligand can direct the reaction toward linear or branched
esters, mono- and dicarbonylation, or cyclized products. Computational and
experimental studies indicate that several catalytic cycles may operate
simultaneously even with simple alkenes, and that mechanistic insights from
mono-olefin carbonylation cannot be directly extrapolated to 1.3-butadiene. These
factors underscore the value of a systematic comparison of conjugated and non-
conjugated dienes, ligand frameworks, acid co-catalysts, and solvents under
unified reaction conditions [6,11].

In this work we present a comparative study of the regioselective
hydroalkoxycarbonylation of 1.3-butadiene, 1.5-hexadiene, and 1.7-octadiene
catalyzed by well-defined palladium-phosphine complexes. By varying the ligand
environment (bidentate vs monodentate), the type of Brensted or Lewis acid
additive, and the alcohol combination, we examine how these factors influence
product distribution and regioselectivity. The study identifies conditions that
favor linear mono-hydroalkoxycarbonylation, such as 3-alkenoate formation from
1.3-butadiene, as well as conditions that lead to dicarbonylation or intramolecular
cyclocarboxylation with non-conjugated dienes. These findings provide practical
guidance for controlling selectivity in diene carbonylations and demonstrate
efficient access to Cs-Cio ester intermediates under straightforward, scalable
conditions.

2. Experimental part

1.3-butadiene, 1.5-hexadiene, 1.7-octadiene, triphenylphosphine (PPhs), p-
toluenesulfonic acid (p-TsOH), PdClx(PPhs),, and Pd(PPh3)s were purchased from
MERYER Chemical Technology Co. and used without further purification.
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Carbon monoxide (supplied in cylinders) was employed without additional
purification.

Hydroalkoxycarbonylation reactions were performed in a 100 mL stainless-
steel autoclave equipped with a magnetic stirrer, CO inlet and outlet valves,
pressure gauges, an electric heater, and a thermoregulator. The setup allowed for
repeated purging of the reaction volume with CO and precise control of
temperature and pressure. After charging the autoclave with the corresponding
alkadiene, ethanol, palladium catalyst (PdCl.(PPhs), or Pd(PPhs)s), additional
PPhs, and p-TsOH, the reactor was sealed and purged three times with carbon
monoxide. The system was then pressurized with CO to 2.5 MPa and heated with
stirring to 120°C. The reactions were maintained at this temperature and pressure
for 5 h. After completion, the autoclave was cooled to room temperature and
depressurized.

In each case of hydroalkoxycarbonylation of 1.3-butadiene, 1.5-hexadiene,
and 1.7-octadiene, the autoclave was charged at room temperature with 3.31*10%
mol of alkadiene (1.79 g of 1.3-butadiene, 2.71 g of 1.5-hexadiene and 3.64 g of
1.7-octadiene), 0.761 g (1.65*10% mol) of ethanol, 0.026 g (3.8*10° mol) of
PdCl,(PPhs), (or an equimolar amount of Pd(PPhs)s), 0.060 g (2.28*10* mol) of
PPhs, and 0.058 g (7.06*10* mol) of p-TsOH, corresponding to a molar ratio of
[alkadiene]:[C2HsOH]:[Pd]:[PPhs]:[p-TsOH] = 870:435:1:6:9.

Product compositions were analyzed on an Agilent 7890A gas
chromatograph equipped with an Agilent 5975C mass-selective detector (Santa
Clara, CA, USA). Helium served as the carrier gas. Injection was performed at
300°C with a split ratio of 1000:1. The oven program started at 40 °C (hold 1
min), then increased at 5 °C min™ to 250°C and held for 1 min, giving a total run
time of 44 min. Detection was carried out in electron-impact mode. Separation
employed an HP-FFAP capillary column with a nitroterephthalic acid-
polyethylene glycol stationary phase.

3. Results and discussion

The hydroalkoxycarbonylation of 1.3-butadiene, 1.5-hexadiene, and 1.7-
octadiene with ethanol and CO was investigated using two palladium-based
catalytic systems: [PdClz(PPhs)z]: PPhs:p-TSOH and [Pd(PPhs)4]:PPhs:p-TSOH.
Across all substrates, we observed a consistent preference for linear over
branched esters, with activity increasing from the conjugated diene (1.3-
butadiene) to the non-conjugated dienes (1.5-hexadiene and 1.7-octadiene).

Hydroalkoxycarbonylation of 1.3-butadiene. 1.3-butadiene afforded a
mixture of five possible products: two linear esters (ethyl 4-pentenoate (1) and
ethyl 2-methyl-3-butenoate (2)) and three branched products (diethyl 2-methyl-
pentanedioate (3), diethyl 2,3-dimethylbutanedioate (4), diethyl hexanoate (5)):
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CH,=CH-CH,~CH;~COOEt (1) +

+ EtOOC-CH;-CH;~CH;-CH;~COOETt (2) +
PPh;; p-TsOH;
CO; EtOH CH,3

CHECHECREC, T + CH,=CH-CH-COOE! (3) +
2,5MPa
2. MKt=PdCL(PPh,), + Et0OC-CH—CH—COOE (4) +

b. MKt=Pd(PPh;), CH;CH;
EtOH=C,H;OH {3
+ EtOOC-CHyCH; CH-COOELt (5)

From the chromatograms obtained, it was found that the
hydroalkoxycarbonylation of 1.3-butadiene in the presence of PdCI»(PPhs), and
Pd(PPhs)s catalysts yielded predominantly ethyl 4-pentenoate with 1.69% and
2.31% vyields, respectively. Minor amounts of ethyl 2-methyl-3-butenoate (0.03%
and 0.02%), diethyl 2-methyl-pentanedioate (0.01% and 0.03%), and diethyl
hexanoate (0.02% and 0.023%) were also detected, while diethyl 2.3-
dimethylbutanedioate was not observed under the applied reaction conditions.
(Table 1). The low absolute yields are consistent with the known lower reactivity
of conjugated dienes in PPhs/acid media and with the susceptibility of such
systems to off-cycle palladium deactivation (e.g., Pd black formation) under
strongly protic/acidic conditions. In contrast, tailored bisphosphine ligands and
appropriate solvent choice can dramatically elevate both conversion and
selectivity. For example, Yang and co-workers demonstrated that with dtbpx
ligation the dicarbonylation of 1.3-butadiene to adipate diesters proceeds with up
to 97% selectivity and high yield in toluene, whereas the same catalyst in
methanol strongly suppresses the first carbonylation cycle, an illustrative solvent
switch between mono- and bis-carbonylation regimes. Their data also show that
in toluene the monocarbonylation intermediate is only detectable in trace
amounts, indicating fast turnover to the diester under these conditions [5].

Table 1 — Product yield of the reaction of hydroalkoxycarbonylation of butadiene-1.3

Product with PdCI2(PPhs). cat. with Pd(PPhs)s cat. product
product yield, % yield, %
ethyl 4-pentenoate 1.69 2.31
ethyl 2-methyl-3-butenoate 0.03 0.02
diethyl 2-methyl-pentanedioate 0.01 0.03
diethyl 2.3-dimethylbutanedioate 0 0
diethyl hexanoate 0.02 0.023
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Beyond dtbpx, Xantphos-type ligation under base-assisted conditions has
been shown to enable selective methoxycarbonylation of 1.3-butadiene to methyl
3-pentenoate, with mechanistic experiments isolating or inferring n3-allyl and
acyl-Pd intermediates and highlighting the role of external base in accelerating
alcoholysis of the acyl complex. These observations align with our linear
preference and suggest that in our PPha/p-TsOH system, slow alcoholysis and
acid-promoted off-cycle pathways likely limit overall yield [12].

This interpretation fits within the broader mechanistic framework recently
described for Pd-catalyzed alkoxycarbonylations. Two parallel catalytic cycles are
generally proposed: a Pd-OR (“alkoxy”) pathway, which favors unsaturated linear
esters, and a Pd-H (“hydride”) pathway, which can lead to saturated or branched
products. When the reaction medium and ligand environment promote rapid CO
insertion and alcoholysis from a less hindered acyl intermediate, the Pd-OR cycle
predominates, accounting for the preference for linear products observed for
conjugated dienes [11]. Our own combination of PPhs, p-TsOH, and ethanol
therefore represents a practical baseline that reveals the intrinsic linear bias of 1.3-
butadiene hydroalkoxycarbonylation, even though it underperforms compared
with state-of-the-art bisphosphine/toluene protocols. Literature precedents
indicate that improvements are achievable by switching to bulkier bidentate
ligands such as dtbpx or Xantphos, reducing medium acidity or adding a non-
nucleophilic base, and employing less coordinating, apolar solvents each of which
has been shown to enhance both catalytic activity and linear selectivity [5].

Hydroalkoxycarbonylation of 1.5-hexadiene. Under identical reaction
conditions, hydroethoxycarbonylation of 1.5-hexadiene gave a distribution of five
detectable products. The major species were the linear esters, with ethyl 6-
heptenoate (1) dominating the mixture, accompanied by a minor amount of ethyl
2-methyl-5-hexenoate (2), in addition, three branched diesters: diethyl 2-methyl-
heptanedioate (3), diethyl 2.5-dimethyl-hexaneoate (4), and a trace of diethyl
octanedioate (5) were observed:

CH,=CH-CH,~CH;~CH;CH;~COOEt (1) +

+ Et00C-CH;~CH,—CH,~CH;~CH,~CH,~COOEt (2) +

PPh;; p-TsOH;
CH,~CH-CH;CH;-CH=CH, —2E! THy
MKt; 120°C; + CH=CH-CH;~CH;-~CH-COOETt (3) +

2,5MP:
: CH,

+ ~CH,~CH;~CH;~ +
2. MKE=PdCL(PPhy), Et0O0C-CH;-CH;-CH;-CH,~CH-COOE (4)

b. MKt=Pd(PPh,),

EtOH=C,H;OH + EtOOC—(IJH—CHz—CHZ—(IJH—COOEt ®)

CH, CH,

Chromatographic analysis of the hydroalkoxycarbonylation of 1.5-hexadiene
in the presence of PdCI,(PPhs), and Pd(PPhs). catalysts showed that ethyl 6-
heptenoate was the major product, obtained in 8.59% and 11.06% yields,
respectively. Minor products included ethyl 2-methyl-5-hexenoate (0.06% and
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0.05%), diethyl 2-methyl-heptanedioate (0.56% and 0.84%), diethyl 2,5-dimethyl-
hexanoate (0.07% and 0.09%), and diethyl octanedioate (5.9% and 5.65%).
(Table 2). The superiority of the non-conjugated diene is consistent with the
reduced electronic stabilization of n3-allyl off-cycle species and more accessible
terminal hydropalladation relative to 1.3-butadiene.

Earlier studies on 1.5-dienes show another layer of selectivity: under Pd
catalysis these substrates can isomerize and then undergo hydrocarbonylative
cyclization, giving five-membered ring products instead of simple linear esters.
Whether this pathway dominates depends strongly on the ligand, the amount of
acid, and the CO pressure. Milder acidity and ligands that make intramolecular
trapping less favorable help keep the reaction on the acyclic, linear path, while
stronger acids or conditions that favor a more cationic Pd species tend to promote
cyclocarbonylation. In our experiments we mainly observed linear esters with
only a small amount of diester, which is consistent with conditions that do not
strongly promote the ring-forming route. Reviews of non-conjugated alkene and
diene carbonylations report similar trends, noting that a higher linear-to-branched
ratio is usually achieved when the phosphine ligands are bulkier and when the
system contains chloride or has a lower acid load, factors that steer the key
hydropalladation step toward terminal insertion and match well with the
selectivity we observed [13,14].

Table 2 — Product yield of the reaction of hydroalkoxycarbonylation of hexadiene-1.5

Product with PdCI2(PPhs)z cat. product with Pd(PPhs)s cat. product
yield, % yield, %
ethyl 6-heptenoate 8.59 11.06
ethyl 2-methyl-5-hexenoate 0.06 0.05
diethyl 2-methyl-heptanedioate 0.56 0.84
diethyl 2.5-dimethyl-hexanoate 0.07 0.09
diethyl octandioate 59 5.65

Hydroalkoxycarbonylation of octadiene-1.7. The longest-chain substrate,
1.7-octadiene, underwent hydroethoxycarbonylation to yield a broader but still
regioselective product spectrum. The reaction primarily furnished ethyl 8-
nonenoate (1), with smaller amounts of ethyl 2-methyl-7-octenoate (2). Three
branched dicarboxylates: diethyl 2-methyl-nonanedioate (3), diethyl 2,7-
dimethyl-octanedioate (4), and a fraction of diethyl decanedioate (5) were also
detected:
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CH,=CH-CH;~CH,~CH,;~CH,~CH,~CH,~COOE{ (1) +

+ Et0OC—CH,~CH,~CH,~CH;~CH,~CH,~CH,~CH,~COOEt (2) +

cH,

PPy TSOM: ) CH-CH~CH-CH,-CH-CH-COOE (3) +

CO; EtOH
CH,=CH-CH;~CH;~CH;~CH;~CH=CH,
MKt; 120°C;

CH,
2,5MPa

+ Et00C—CH;—CH,~CH;-CH~CHCH,—CH-COOE! (4) +

a. MKt=PdCl,(PPh;),
b, MKt=Pd(@Pho), + EtOOC—CH-CH;~CH;~CH,~CH,~CH-COOE (5)

EtOH=C,H;OH CHy CH;

From the chromatograms obtained, it was observed that the
hydroalkoxycarbonylation  of  1.7-octadiene  manifested even higher
regioselectivity and yield for the linear ester, ethyl 8-nonenoate: 22.5% with
PdCl; and an outstanding 32.08% with Pd(PPhs)s. Minor peaks in the
chromatograms corresponded to ethyl 2-methyl-7-octenoate (7.47% and 10.07%),
diethyl 2-methyl-nonanedioate (0.88% and 1.97%), diethyl 2,7-dimethyl-
octanedioate (0.5% and 0.71%), and diethyl decanoate (9.48% and 8.79%) (Table
3). The larger C8 backbone minimizes internal steric congestion during linear
acyl formation and facilitates alcoholysis, rationalizing the observed boost in both
conversion and linear selectivity. The superior performance of Pd(0)/PPhs; relative
to Pd(I1)/PPhs is in line with multiple studies where electron-rich, robust Pd(0)
sources stabilize the acyl-Pd resting state and resist aggregation/deactivation,
thereby enhancing turnover frequency. Complementary literature on diene di-
methoxycarbonylation and on the assisting role of anions further supports that
subtle medium and counter-ion effects modulate acyl stability and product
distribution - factors that could be leveraged to further increase the mono-
hydroalkoxycarbonylation channel toward linear esters [15].

Table 3 — Product yield of the reaction of hydroalkoxycarbonylation of octadiene-1,7

Product with PdCIz(P_Pha)z cat. product | with Pd(PP_h3)4 cat. product
yield, % yield, %
ethyl 8-nonenoate 225 32.08
ethyl 2-methyl-7-octenoate 7.47 10.07
diethyl 2-methyl nonanedioate 0.88 1.97
diethyl 2,7-dimethyl octanedioate 0.5 0.71
diethyl decanoate 9.48 8.79

4. Conclusion

This study shows that palladium-phosphine catalysts promote the
hydroalkoxycarbonylation of both conjugated and non-conjugated dienes with
ethanol and CO, giving a clear preference for linear esters over branched
products. Among the substrates, 1.3-butadiene was the least reactive, whereas 1.5-
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hexadiene and especially 1.7-octadiene underwent conversion more readily and
with stronger selectivity for the linear isomer. The Pd(PPhs)s catalyst consistently
outperformed PdClIy(PPhs),, underscoring the value of an electron-rich Pd(0)
center for stabilizing acyl intermediates and sustaining turnover. Taken together
with prior reports, the data highlight three main elements that govern selectivity in
these reactions: the nature of the diene (conjugated and non-conjugated), the
steric and electronic properties of the ligand, and medium effects such as acidity
and solvent polarity. Adjusting these factors allows higher yields and tighter
control of product distribution, offering a practical route to Cs-Cyo esters useful in
materials, fragrance, and fine-chemical applications.
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IFEKCAJUEHA U 1.7-OKTAJUEHA C UCIIOJIb30OBAHUEM KATAJIUTHYECKHUX
CUCTEM HNAJUIAJJUA-®OCPUHA
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Pe3tome: ['MapoanKkOoKCHMKapOOHWIMPOBAHHE IHMEHOB IIPEACTABISICT COOOW MpPOCTOH W aTOMapHO-
9KOHOMMYHBIH  CIOCOO TOJNy4eHHS LEHHBIX CJIOXKHBIX A(UPOB, MOJYYEHHBIX U3 IPOCTOrO
HEHACHIIIEHHOTO ChIPbs U MOHOOKcHZA yriepona. B sroit pabore Mbl MCCIENOBAM PETHOCENEKTUBHOE
THIPOATKOKCHKApOOHMIMPOBAaHUE TPeX TUMHYHBIX cyOcrtparoB: 1.3-OyramueHna, 1.5-rexcagumena m 1.7-
OKTaJIieHa C UCIIOIb30BaHueM naytaanii-pocrHOBbIX KaTanu3aTopoB B 3tanoie npu 120°C u naBieHnn
2.5 MIla. Ia karamm3aropa, [PdCl2(PPhs)2] u [Pd(PPhs)s], GbUIn IpOTECTHPOBaHBI B KOMOWHALHMH C
jgononHuTenbHbiM PPhs u n-tronmyoncynbdoHoBol kuciaoToi. s BceX TpeX IAMEHOBBIX COEIMHEHHH
peaKiyy HEU3MEHHO OJIarONpHATCTBOBAIN 00Pa30BaHHIO TMHEHHOTO CIOXKHOTO d(upa, MpUueM BBIXOIBI
YBEJIUYUBAIUCH TI0 MEpe YBEIHUEHHsI ATUHBI JUEHOBON LIEMU U YMEHBIICHUs KOHbIoraiuu: ¢ 2.31% mmst
stun-4-nenrenoara (3 1.3-Oyraguena) mo 32.08% mns otun-8-HoHeHoata (u3 1.7-OKTaaueHa).
IpeBocxoxusie xapakrepructuku Pd(PPhs)s mo cpasrenmio ¢ PdACl2(PPhs)2 mogdepkuBaroT BaKHOCTH
o0oraimeHHbIX DIeKTpoHaMu coefauHeHnit Pd(0) st cTabuiaM3aiiy  alMiIbHBIX  MPOMEXYTOYHBIX
MPOJYKTOB U TIOJJICPIKAHUSI KAaTAIUTUYECKOrO LUKJIA. OTH pe3yJIbTaThl HE TOJIBKO MPOSICHSIOT, Kak
CTPYKTypa KaTalu3aTopa M OCOOEHHOCTH CyOCTpaTa BIMSIOT Ha PEAKUHOHHYIO CIOCOOHOCTH IpU
THIPOATKOKCUKApOOHMIMPOBAHUHU JIUEHA, HO M JIAIOT NMPAaKTHYECKOEe PYKOBOJCTBO 110 MOAOOPY YCIOBHI
JUIS TIOBBIIICHUS JINHEHHOHN CeNeKTUBHOCTH. Takue BBIBOABI PaCHIUPSAIOT CHHTETHYECKUIT MOTEHIIMAI 3TOM
METOJMKHU JUIS MONy4YeHHs CIOXKHBIX 3pupoB Cs-Cio, BOCTpeOOBAaHHBIX MPH NPOU3BOJICTBE MOJIUMEPOB,
IUIACTU(PUKATOPOB, APOMATHUECCKHUX BEIIECTB M TOHKON OPraHUYECKOH XHMHUH.

KiwueBble cioBa: aJIKaaIuCHBbI, FPI,Z[poaJIKOKCI/IKap6OHI/IJ'II/IpOBaHI/Ie, NaJUTaAUCBBIC  KaTalln3aTOpPhI,
OTHUJIOBBIC 3(1)14[)1:1, PETUOCCIIEKTUBHOCTD
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Tyiiingeme: JlueHaepain TIUAPOATKOKCHKApOOHIICHYI KapamaibiM KaHbIKIIaFaH MIMKi3aTTap MEH
KOMIPTEeK OKCHIHEH Oarajibl d(UpIepl any/blH TiKeleil jKoHe aTOM-DKOHOMHKAIIBIK TCUTIH YCHIHAMIBL.
Byn sxymeicta 1.3-Oytaamen, 1.5-rekcaamen jxoHe 1.7-OKTaaueH CHSKTHI YII YJTUTK KOCBUIBICTHIH
stanonza 120°C remneparypana sxoHe 2.5 MIla CO kpIcbIMBIHAA Nayutaauii-pochrHAl KaTaausaTopiiap
KATBICBIH/Ia PETHOCENICKTUBTI T'MAPOAJIKOKCHKapOOHWIneHyi 3eprrenai. Karamusatopnap perinae
[PACI2(PPhz)2] xome [Pd(PPhs)s] kockimmia PPhs »koHe MO-TOMXyoNCYNb(pOH KBIIKBUIBIMEH Oipre
KOJIIaHBUIBL. Bapiiblk qUeHAep YIIIH peakuusuiap HEeTi3iHeH ChI3bIKTBI d(HUPICPAIH TY3LTyiMeH XKYp/i, an
LWIBIFBIMAADP Ti30CKTIiH Y3bIHIBIFBIHA Kapail apThin, KOC OalaHBICTHIH KOHBIOTAIMSCH a3aiifaH CaiblH
xorapbutabl: 1.3-OyTanieHHeH anblHFaH 3THI-4-nenTeHoar yuid 2.31%-nan Oacram, 1.7-0KTaqueHHEH
anpiHFaH 9TUI-8-HOHeHaT yuriH 32.08%-ra neitin sxerti. PACI2(PPhs)2 -men canbictsipranna Pd(PPhs)a
KyHeciHiH sxorapbl Oencenpiniri Pd(0)-aiH smextponra 0ail TypiepiHiH aumul apaiiblK KOCBUIBICTAPbI
TYPaKTaHIBIPYJaFbl KOHE KATAIUTHUKAJIBIK LUKII KOJJayJarbl MaHbI3bIH KOpPCETTi. Bys HaTmkenep
KaTaJInu3aTop KYPBUIBIMBIHBIH JKHE cyocTpar epeKIIETIKTePiHIH JUEHIIEPIIIH
THIPOATKOKCHKAPOOHMIIZICHY PEaKIMsAChIHA JCEpiH TYCIHIIPEAi KOHE JKOFaphl CENEKTHBTLUIIKKE KOI
JKETKI3yre MyMKIHIIK OepeTiH NpaKTHKAIBIK XKaraaiiap/el aHbIKTaiasl. MyHnnait kopeitbiHabuiap Cs-Cio
3¢upIepiH CHHTE3/CY IiH THIMAIL )KOIIAPBIH I, OJApABI IIOIUMEpIIep, ITacTH(HUKATOPIAP, XONI HicTi
3aTTap JKOHE XKYKa OpraHMKaIIbIK CHHTE3/Ie KOJIIaHyFa KO allabl.

Tyiiinai ce3nep: ankaauenaep, r’uAPOKOKCUKAPOOHUICY, NAIAANI KaTaIu3aTopiapsl, 3TW ddupiepi,
PEeTHOCENEeKTUBTLIIIK
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