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Abstract

During the telomerization reaction of ethylene with methyl alcohol, isopropyl alcohol is formed
using a system consisting of hydrogen peroxide and acetone as a catalyst. Ethylene acts as a
monomer, and methyl alcohol serves as a telogen. The process begins with the formation of
telomers corresponding to the initial alcohol. The reaction follows a free radical mechanism,
starting with the interaction of hydrogen peroxide with acetone.
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Introduction

The term telomerization derives from the Greek words telos (end, part) and meros (portion,
share). It refers to a type of chain reaction where the repeating fragment of a monomer (M) is
introduced between two fragments (X-Y) of a telogen molecule, resulting in a set of
homologous telomers X-Mn-Y (n=2-40) [1].

One of the promising methods for using natural and industrial gases in organic synthesis is the
telomerization reaction, which allows obtaining various mono-, bi-, and multifunctional
compounds important for practical applications, based on the simplest olefins such as ethylene
and propylene [2]. Currently, this reaction is used for the production of synthetic disinfectants,
as well as for detergents, waxes, lubricants, paints, solvents, dielectrics, plasticizers, resins, and
synthetic fibers [3].

The telomerization reaction plays an important role in the development of chemistry. As the
number of carbon atoms in the molecule of aliphatic compounds increases, the difficulties in
their synthesis increase sharply. Therefore, very few compounds containing 15 or more carbon
atoms in the molecule are known. EXxisting experimental data show that the telomerization
reaction is a less exploredfield of organic chemistry [4].

Depending on the nature of particle X, the telomerization reaction proceeds based on
coordination, free radical, and ionic mechanisms. The telomerization reaction can be expressed
by the following scheme.

NRCH = CH2 + XY — (initiatory X(RCHCH2)n Y

In this context, XY represents the carrier of the reaction chain. However, these types of schemes
do not necessarily indicate that all studied telomerization reactions have a chain-like character.
In substances prone to homolytic bond cleavage, the telomerization reaction proceeds based on
the free radical mechanism. It would not be appropriate to include substances with C-F bonds
in such reactions. Aromatic compounds with an unactivated C-N bond do not undergo
telomerization reactions well, and telomerization is almost non-existent in acetylene homologs
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[5]. The C-H bonds in amino acids participate in the reaction, but telomerization does not occur
with C-N bonds. In cyclic compounds, telomerization may occur with the opening and closing
of the cycle [6].

Peroxides are the most commonly used compounds as initiators. Azocompounds, oxygen, and
UV or y-radiation can also ensure the occurrence of the telomerization reaction. Unsaturated
compounds are frequently used as monomers [7].

For radical telomerization reactions, the following schemes, reflecting the mechanisms of these
processes, have been proposed [8]:

i

— >R Initiator )
X—Y +R ——»RY + X’
Initiation
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X+ C=C —> X—C—C-
\ [ )

| Chain growth

—> X—(—C—C—)n+1—Y + X

2X—(—C—C—)n—C—C" ——» [X—(—C—C—)ns1l

Telomer

Chain termination

This scheme is not universal for all reactions because telomerization reactions that do not
conform to this scheme are also known. Moreover, the scheme does not indicate the formation
of by-products [9].

Many scientists have contributed significantly to the development of this field. For example,
N. Semenov developed the theory of chain reactions, S. Medvedev and colleagues proposed
chain transfer mechanisms, and S. Bagdasaryan studied the initiation and inhibition
mechanisms of polymerization reactions, contributing to the development of telomerization.
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N. Nesmeyanov and his students conducted a series of studies on the telomerization reactions
of olefins with carbon tetrachloride, chloroform, and silicon hydrides. For the first time, the
telomerization reaction of ethylene and carbon tetrachloride was carried out. In 1948, American
chemists R. Joyce, N. Hanford, and I. Harmon studied the telomerization reaction between
ethylene and carbon tetrachloride under pressure in the presence of benzoyl peroxide. They
isolated reaction products containing 3 to 9 carbon atoms in the molecule and demonstrated
that they have the following structure: [CI(CH2CH2)nCcls].

Subsequently, G. B. Ovakimyan and A. A. Beer demonstrated, through their studies, the
possibility of developing and implementing a simple continuous industrial method for
synthesizing such compounds. A. Karapetyan's research revealed that the composition of the
telomer mixture largely depends on the molar ratio of ethylene and carbon tetrachloride
introduced into the reactor [10].

Takahashi and Smutny independently discovered the telomerization reaction of 1,3-butadiene.
In this reaction, telomerization represents the dimerization reaction of 1,3-butadiene with the
addition of a telogen. The products of this reaction are called telomers, and the process scheme

is shown below [11].
N NG N
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Telomerization Products of 1,3-Butadiene

In this process, several isomers can be formed. Besides 1,3-butadiene, other dienes or cyclic
dienes such as cyclopentadiene are also utilized. VVarious compounds, such as water, ammonia,
alcohols, or acidic compounds, can be used as telogens. When water is used, unsaturated
alcohols are obtained [11].

The Kuraray company has produced octanol-1 on an industrial scale (5,000 tons per year),
using palladium and nickel organometallic compounds as catalysts. The production of octene-
1 from butadiene was initiated in 2008 in Tarragona by Dow Chemical. In the presence of a
palladium catalyst, telomerization of butadiene with methanol produces 1-methoxy-2,7-
octadiene, which is then fully hydrogenated to 1-methoxyoctane in a subsequent step. Finally,
octene-1 and methanol are obtained from 1-methoxyoctane [12].

Regina Palkovis and her students studied the telomerization reactions of 1,3-butadiene with
various alcohols in the presence of different catalysts. Palladium and phosphine were used as
catalysts. This research focused on the activity of the telomerization process involving new
Pd/phosphine systems and their nucleophilic reactions. It subsequently contributed to the
development of the telomerization process of 1,3-butadiene with various nucleophiles. In this
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study, nucleophiles included alcohols such as ethylene glycol, 1- and 2-propanol (1-PrOH, 2-
PrOH), 1,2- and 1,3-propanediol (1,2-PD, 1,3-PD), glycerol (Gly), and 1,2- and 1,4-butanediol
(1,2-BD, 1,4-BD) [13].

Etilene’s telomerization with methyl alcohol (methanol) to form isopropyl alcohol can be
represented by the following reaction:

HaC—OH + H,C=CH WO%CW{“WU%=C}h—?H—CH3

OH
The process you describe follows a free radical mechanism, where hydrogen peroxide and
acetone form a catalytic system, while ethylene serves as the monomer and methyl alcohol acts
as the telogen. The reaction begins with the formation of telogens corresponding to the initial
alcohol. Here’s a step-by-step outline of the mechanism:

OH
|
CH3*‘C‘:*CH3 + H202 E—— CH3*C‘:*CH3
O O-OH
OH : PH
CH3—(I3—CH3 + Hy0p— H,0 + OH +CH3‘(|3—CH3
O—OH O~0-

HsC—OH + OH — = H,C—OH + H;0
H.C=CH, * OH — > Hz(.:_Hzc_OH
H2C—OH * H,C—H,C~OH——= HO—H,C—HC~OH

CHs
OH
HC-OH * CH3_$ECH3 . Hzé—OH + CH3_(::_CH3
0O—0O- O—OH

(I)H
CHy=C—CH —> H0; + HaC~C~CHs

O—OH O
HO—HZC_HCI:_OH + OH ——> Hz(.:—HCl:—OH + Hy0,

CHs CHs
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H3C—C|I—OH + CH3—(|3—CH3 — H3C—(|3—OH + CH3‘(|3—CH3
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The general mechanism of the oxidation reaction in the presence of peroxides in this process
is as follows: initial stage — radical formation: Acetone reacts with hydrogen peroxide,
producing radical particles. At this stage, the peroxide bonds break, forming active radicals.
Next stage — radical addition: The formed radicals interact with active groups of other organic
molecules. During this process, carbonyl groups (C=0) or hydroxyl groups (OH) are oxidized,
leading to the formation of new peroxide or hydroxyl radicals. Branching stage: Active radicals
continue chain reactions, resulting in the formation of several oxidation products. In this stage,
alcohols (-OH), diol groups (two hydroxyl groups), and other complex compounds are formed.
Final stage — radical recombination: Radical particles combine to form stable products. As the
final products of the oxidation, alcohols and peroxide compounds appear. During the oxidation
process, the structure of the organic compound changes, and new covalent bonds are
formed.The driving force of the reaction is the high reactivity of peroxides.

The synthesized isopropyl alcohol was used as an extractant-solvent for purifying sulfur from
mechanical impurities in the Mubarek Gas Processing Plant. The process involved adding 13.3
liters of isopropyl alcohol to 4 kg of technical sulfur in a 20-liter autoclave, mixing for 1 hour,
extracting, and filtering. The extract was distilled, yielding 3.7 kg of purified sulfur.
Additionally, 12.8 liters of recovered isopropyl alcohol were recommended for reuse as an
extractant.
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