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Abstract. The interest towards radical telomerization is conditioned by the fact that it
enables to obtain comparably low-molecular long-chain organic substances with various
functional groups that are hard to obtain with ordinary methods and that can be widely
applied in practice. The reaction of telomerization of ethylene and trichloracetic acid ethyl
ester [3] is especially interesting. The reaction proceeds in the following way:

nCH, = CH, +CCL,COOEt — CI (CH,CH,)nCCL,COOEt

Telomers, received from ethylene and trichloracetic acid esters, are utilized to obtain
the psychotropic drug Gamalon, g-Capron (e-hexanoic acid) and biological active substances
Ly-sin and methion.
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mechanism, reactivity.
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Results and Discussions
Telomerization of Ethylene and
Trichlororoacetic acid

In order to study this reaction, a series of
autoclave experiments were conducted: we had
an experiment with the equipment which is
presented in Fig. 1. It was a 200 cm3-volume
stainless steel autoclave (/) which was equipped
with electromagnetic stirrer (2) and a pocket of
thermocouple. We added solution of initiator to
telogen. During each experiment 103.5 g (75 ml)
of trichloracetic acid ethyl ester was loaded into
the autoclave under the conditions of high
pressure and closed valves (4, 5, 11). The
autoclave was cooled at up to -20-25 °C and the
vacuum in the system was created through the
valve (6) connected to a vacuum line. The
residual pressure was 5-10 mmHg. Then we
closed the valve (6), opened valves (4, /1) and
delivered ethylene to evacuate air. Ethylene was
delivered from the balloon (7). The autoclave was
warmed up to room temperature, electromagnetic
stirrer was turned on and telogen was saturated
with ethylene to defined pressure of manometer
(9). Once pressure decay was stopped, the
autoclave was placed into the thermostat (&) and
heated to the reaction temperature. Liquid
silicone was used as a heat transmitter. The
stirring in the autoclave was done with nitrogen
sparging. The temperature was regulated via
contact thermometer connected to the network
through electromagnetic switch. The control over
telomerization was implemented according to the
pressure decay on the manometer (9). The
reaction was conducted until the drop of ethylene
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pressure was finished. Calculation of the amount
of ethylene loaded into the autoclave was
determined by ethylene amounts reacted (based
on the data of telomers composition) and returned
after the reaction or by solubility of ethylene.

For security reasons, the equipment was
outfitted with blasting plate (/0) designed for
200 atmospheric pressure and emergency valve (11).

After finishing the reaction, autoclave was
cooled down to room temperature. Throttling
of non-reacted ethylene was done in fixer (12).
It was cooled down to -15-20 °C in Dewar
vessel and was collected in gasometer (/4).
The fixer was installed to hold the reaction mass
taken away during throttling. After throttling of
air, reaction products were removed, non-
reacted initial ester was removed by distillation
and the mix of telomeres was distilled on the
rectifying column of 7-10 theoretical plate
effectiveness.

Samples were analyzed on air-liquid
chromatograph, on heat-conducting detector.

It was established that the product
chromatogram had 4 peaks (see Fig. 2):

I — corresponded to telomer n,, 1,1,3-
thrichlorerbor acid ethyl ester;

2 — corresponded to telomer n,, 1,1,5-
thrichlorcapron acid ethyl ester;

3 — corresponded to telomer n,, 1,1,7-
thrichlorcapril acid ethyl ester;

4 — corresponded to telomer n,, high
molecule esther.

Besides, the identity of telomers was
established by boiling temperature, density,
refraction, infrared spectroscopy and element
analysis.

Vacuum line

Fig. 1. The scheme of the equipment to carry out the reaction
of telomerization in the intermittently operational autoclave
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Fig. 2. Chromatogram of telomer mix:

17;1];27;12;37;13;47;14

Thermodynamics of the Reaction of
Telomerization of Ethylene and Trichloracetic
Acid Ethyl Ester

The telomerization reaction is an exothermic
process. The approximate estimation of thermal
effect of the reaction is possible through the
energy of chemical bonds. The total thermal effect
of telomerization reactions is mostly determined
by the energies of breaking double C=C bonds
and generation of single C=C bonds.

There is no data available in the literature about
thermodynamic characteristics of the reaction of
telomerization of ethylene and trichloracetic acid ethyl
ester. That is why we estimated standard thermal
effect of the reaction, coefficients of heat capacity
equation c? = @(T), and entropy for initial and final
products of the reaction based on molecular structure
with group revision method [2]. Results are reported
in Table 1; Fig. 3 shows dependence of AF and LeK,
values on temperature. Approximate values of
temperature allowing the reaction to be conducted
thermodynamically are determined graphically.

As long as the reaction of telomerization takes
place in liquid but not in air phase, calculations of
thermal effects of reaction should take into account
heat of phase transition - heat of condensation of
trichloracetic acid ethyl ester and telomers, and heat
of dilution of ethylene into the telogen. The heat of
dilution of telomers in telogens can be ignored.

Combination of reaction equation and phase
transformation equation leads to the following:

1. For 1,1,3 —trichlor butyric acid ethyl ester
(telomer 7)):

AH, =AH, —-AH

¢

+AH

telog.dilut telog.evapor - A]_Iz'f,evapor

2. For 1,1,5 — trichlor hexanoic acid ethyl
ester:

AH, =AH, —2AH +AH

ester.dilut telog.evapor cgevapor

3. For 1,1,7 — trichlor hexyl acetic acid ethyl
ester:

AH, =AH, -3AH +AH

ester.dilut telog.evapor AH cjoevapor
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Fig. 3. The dependence of equilibrium constant
logarithm and AF isobaric potential on temperature
for A, B, C telomerization reactions

The heat of evaporation of trichloracetic acid
and telomers is calculated with respective
empirical formula through extrapolation of boiling
temperature data:

AH,,  H~(8.75+4.575 IgT,

evapor

*
oil) Tboil

In Fig. 3, the heat of ethylene dilution in
trichloracetic acid ethyl ester is ~3.5 kcal/
mol =14.5 kj/mol.

Table 1

Standard thermal effects and entropy increment of reactions
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# Reaction AHagg AS, g
kcal/mol | kcal/mol
A | CCI3COOC,Hs+ C,Hy — CI(CH,CH,)CCLCOOC,;Hs -27.7 -31.1
B | CCI3COOC,Hs+2CHy — CI(CH,CH»),CC1,COOC,H5 -50.8 -65.5
C | CCI3CO0C,Hs+3CHy — CI(CH,CH»);CC1L,COOC,Hs5 -73.9 -100.1
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AH, =27.7+3.5+9.5-10.5=30.2 kcal/mol =
=126.5 kj/mol

AH, =50.8+23.5+9.5-11.4 =55.9 kcal/mol =
=234.2 kj/mol

AH, =73.9+3.35+9.5-11.9 =82.0 kcal/mol =
=343.6 kj/mol

The data shows that thermal effect of these
reactions in liquid phase is slightly different from
that in air phase. Therefore, thermal effect of
telomerization of ethylene and trichloracetic acid
ethyl ester is about 28.5 kcal/mol (119.3 kj/mol)
on 1 mol ethylene which is close to polymerization
heat of ethylene (30 kcal/mol).

Solubility of Ethylene in Trichloracetic
Acid Ethyl Ester

To study kinetics of telomerization reactions
the condition of air and liquid phases is of big
importance as it determines liquid and air phase
composition, dependence of reaction speed on
components’ concentration.

The solubility of ethylene was studied on
special equipment (Fig. 4).

Vacuum

\)\}'\» .

\

IAA

Fig. 4. The scheme of the equipment
for studying ethylene solubility

The creation of vacuum in the equipment was
done under the conditions of opened valves of both
systems. We closed valves (/0) and (7) and loaded
trichloracetic acid ethyl ester into the autoclave.
The thermostat of the autoclave was cooled down
to -15 + 20 °C. Then we opened valve (7) and
created vacuum in the system. Subsequently we
closed the vacuum line and supplied the systems
with ethylene. The required temperature was
reached in both thermostats and the stirrer. We
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turned the equipment off from ethylene delivery
line and observed the termination of the saturation
of trichloracetic acid ethyl ester with ethylene by
ending the pressure decay. After that, we closed
the stirrer, opened the valve (/0) and the systems
remained under similar temperature during one
hour. Then the valves (7—10) were closed and the
second system was separated from the first. The
solubility of ethylene was studied under different
pressure and temperature.

Air solubility depends on the nature of air
and solvent, temperature and pressure. The
association between air solubility and partial
pressure is expressed by Henry’s Law:

N, =kP,

Where: N, 2 —is a molar fraction of liquid soluble air;

P, — partial pressure of air; k — Henry’s law constant
(atmospheric/molar fraction).

Ethylene solubility under different pressure
and temperature is shown in Fig. 5. The figure
shows that ethylene solubility is directly proportional
to ethylene pressure and responds to Henry’s law.
Out of experimental data, we calculated Henry’s
law constant at 25, 90, 100, 120 °C and it was
respectively 0.428, 1.195, 1.395 and 1.725.

P, atm 1

= 2
3
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Fig. 5. Ethylene solubility in trichloracetic ethyl ester
at various pressure and temperature:

1-120°C;2-100 °C; 3-90 °C; 4-25°C

Based on these data we found the heat of
ethylene dilution in trichloracetic acid ethyl ester.
For this reason, we designed the curve
representing association between logarithm of
Henry’s law constant and inverse of absolute
temperature. This association is shown in Fig. 6,
which is drawn as a straight line and tangent of
its angle is a thermal heat of ethylene.
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Fig. 6. Dependence of logarithm of Henry’s law
constant on inverse of absolute temperature in the
system — ethylene trichloracetic acid ester

The diagram and Arrhenius equation help
determine ethylene dilution heat, which is
approximately 3.5 kcal/mol.

Fig. 7 shows the dependence of molar
volumes of studied solutions on pressure and
temperature. It is clear that the change of molar
volumes of solutions is directly proportional to
pressure in the area of temperature and pressure
of the research interest.
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Fig. 7. Dependence of molar volumes of ethylene
solution on pressure at 25, 90, and 100 °C
temperature

The goal of conducted series of autoclave
experiments of telomerization of Ethylene and
trichloracetic ethyl ester was to study the following
issues:
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1. Effect of temperature on the yield and
composition of telomers.

2. Effect of concentration of initiator on the
yield and composition of telomers.

3. Effect of mixture of initial reagents on
the composition of telomers.

Effect of Temperature

One of the important factors for telomerization
reactions is reaction temperature. It determines the
velocity of dissociation of the initiator and reaction
potential of reacting components and affects the
chain transmission constants. The effect of
temperature on ethylene conversion was studied
under the conditions of loading equal quantities of
reagents. Fig. 8 depicts the dependence of ethylene
conversion on temperature.

C,H,; Conversion %

70 80 90 100 120

t, °C

Fig. 8. Dependence of ethylene conversion
on temperature

The highest conversion of ethylene is
achieved at 100 °C (12.3 mol %). Conversion is
reduced through decreased temperature, which
can be attributable to incomplete dissociation of
initiator. Temperature increase above 100 °C
considerably raises the recombination velocity of
initiator’s free radicals.

Fig. 9 describes the dependence of pressure
decay on time at various temperatures. As far
as velocity of telomerization reaction is limited

¢ hours

"

6 7 8 9 10

Fig. 9. Pressure drop dependence on time at various temperatures
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by the velocity of dissociation of initiator, the data
of pressure decay can be used to determine the
velocity of telomerization. As shown in Fig. 9,
the duration of reaction at 70 °C is 10.5 hours,
while the reactions at 100 and 120 °C end in~4.5
and 1.5 hours, respectively

Effect of Initiator

According to kinetic equation of telome-
rization, the velocity of telomer yield is
proportional to initiator concentration in power
1/, (for squared discontinuity and dispro-
portionation) or 1 (for allylic discontinuity). The
study of effect of quantity of initiator on telomer
compositions and yields was conducted in the
following telogen concentration intervals - BP
(benzoyl peroxide) 11:10-3-82:10-3 mol/liter and
AIBN (azo-bis-isobutyronitrile) 24 - 10-3-
163 - 1073 mol/liter.

As we see from Fig. 10, with the increase
of concentrations of BP and AIBN initiators up
to some limit, the linear dependence between
telomer yield and square root of initiator
concentration takes place.

telomer yield %

40 4

307

20,

0 2 4 6 8 10 .\.'T ) 102
Fig. 10. Effect of initiator on telomer yields:
1 — Benzoyl peroxide, =120 °C, ¢ = 2.5 hours;
2 —AIBN, t=100°C, t= 1.5 hours

It is found that the linear dependence takes
place up to 27.5 - 10~ mol/liter for BP and up to
121.9 - 1073 mol/liter for AIBN. Above these
concentrations, linear dependence is no longer
in place.

Based on Fig. 11, for BP with average
concentration of 27.5 - 10~ mol/liter telomers are
received with ~49 mol yield and for AIBN with similar
concentration telomers are received with ~18 mol
yield per mole of initiator. Therefore, BP is 2.7 times
as effective as AIBN. Thus, the length of kinetic
chain for BP is ~100 and for AIBN it is ~40. Derived
from experimental data, chain transmission constants
are calculated at 100 °C:c,=94 - 103+ 12.6 - 10;
c,=1.76 £0.24; c;=3.26 + 0.42.
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Fig. 11. Effectiveness of initiator:
1 — Benzoyl peroxide, =120 °C, ¢ = 2.5 hours;
2 —AIBN, t=100 °C, ¢t = 1.5 hours
Effect of Ethylene Molar Concentration
on the Composition of Telomers
Fig. 12 describes the dependence of telomer
composition change on molar composition of
ethylene in the mixture at 100 °C.

804
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60+

Telomer weight %

40,
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20 '

0 20 40 60 80
C,H,; mol.%
Fig. 12. The dependence of telomer composition
change on molar composition
of ethylene in the mixture at 100 °C:

I — telomer n=1; Il — telomer n = 2;
Il — telomer n =3

As we see from the diagram, when
ethylene concentration goes to zero in the original
mixture, telomer n1 composition reaches 100 %.
In case of significant increase of ethylene
concentration in initial mixture, the quantity of
lower order telomers approaches zero and upper
order telomers (n > 3) will be the major products
of telomerization reaction.

The curves n = 2 and n = 3 have maximums.
Therefore, the adequate composition of ethylene
in the mixture to receive n =2 (70 weight %) is
45 mol % and to receive telomer n =3
(33 weight %) is 80 mol %.
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According to the data from this study, it is
recommended to conduct telomerization reaction
of ethylene and trichloracetic acid ethyl ester
under the following conditions:
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AnHoTanus. MHTEpec K paauKaibHOW TEIOMEPHU3alMK BBI3BaH TEM, YTO OHA I03BO-
JIACT NOJTYYUTh CPAaBHUTCIIbHO HU3KOMOJICKYIIAPHBIC JJIMHHOLCIIOYHBIC OPTaHNYCCKUEC BEILIC-
CTBa C Pa3IMYHBIMH (QYHKIIMOHATBHBIMHU IPYIIIIAMH, KOTOPBIE TPYAHO MOTYYUTH C TOMOIIBIO
OOBIYHBIX METOJIOB M KOTOpPBIE MOTYT OBITh IIMPOKO NMPUMEHEHBI Ha TIpakTHKe. Peakius Te-
JIOMEPU3aIUH dTUIIEHA U TPUXIIOPYKCYCHOM KUCIIOTHI ATHIIOBOTO 3(Hpa MpencTaBiisier 0co-
ObIli MHTEpec. Peakius mpoTeKkaeT CIEAyIOIUM 00pa3oM:

nCH2 = CH2 +CCI3COOEt — Cl (CH2CH2)nCCI2COOEt

Tenomepsl, momy4deHHbIE U3 dPUPaA STHIICHA H TPUXIOPYKCYCHOM KHCIIOTBI, UCTIONB3Y-
FOTCS JUTS TIOY4EHUS ICUXOTPOITHBIX IIPENapaToB, TAKUX KaK raMOJIOH, €-KaIllpoH (e-Kampo-
HOBasi KUCIIOTAa) U OMOJIOTMYECKH aKTUBHBIX BEIIIECTB, HATPHMEP JIN3UHA U MEXHOHA.

KuroueBble cjioBa: peakius, TeTOMepU3aIus, ITUIICH, TPUXIIOPYKCYyCHas KMCIIOTa, 3TH-
JIOBBIH 3(hUpP, MEXaHU3M, PEaKIUOHHAS CIIOCOOHOCTb.
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