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Abstract. The process of obtaining of aliphatic dibasic
esters from dicarboxylic acids and C,;-Cs alcohals in the
presence of perfluoro(4—methyl—3,6—dioxaoctane)sul pho-
nates of different metals has been researched. For the
comparative estimation of catalysts their concentration
was chosen identical and of such value that the rate of the
process was limited exactly by the rate of chemical
reaction. The dependences of technological characteristics
of ederification process on catayst nature and
concentration and on reagents nature have been
determined. High activity of the investigated catalysts has
been found out, which is probably caused by the
synergetic effect of metal cation and perfluoroic fragment,
which provides decreasing of electron density on metal
ion and at the same time good solubility of catalyst in the
substrate, thus providing its high active concentration.

Keywords. esterification, dicarboxylic acids, perfluoro-
oxasul phonates, catalysts, C4-Cs alcohals.

1. Introduction

The Lewis acids are effective catalysts of esteri-
fication due to their mildness and sometimes specificity of
their action. Nowadays a large number of different
organometallic compounds have been investigated as
catalysts, which allowed to improve many processes of
esters manufacturing [1-4]. Apparently, a prerequisite for
ensuring of the efficiency of esterification in the presence
of homogenous catalyst — Lewis acid — is its good
solubility in reaction medium. For example, isotridecanol
is used to improve the solubility of catalyst — salts of
trifluorometansulfoacid — in the process of abtaining
esters of lactic acid [5]. However, high boiling point of
aliphatic dicarboxylic acid diesters renders applying of
these catalytic solutions impossible due to complexity of
the recovery catalyst from the mixture of reaction

products. That is why perfluorooxasulfoacid salts, which
are sufficiently soluble in organic substrates and could be
extracted by water from the reaction mixture, were chosen
for the study. High activity of these compounds in
obtaining esters reactions is caused either by the nature of
metal cation or by anion of acid residue. The last one due
to having eectrophilic perfluoro chain reduces the
electron density on the active center of the catalyst —
cation of metal —and increases its eectrophilic properties.
The aim of the research was to determine the influence of
cation of perfluorooxasulfoacid salt nature on the rate of
reaction and on technological characteristics of the
esterification process of aliphatic dicarboxylic acids with
alcohols C4-Cs.

2. Experimental

We have used catalysts — perfluoro(4-methyl-3,6-
dioxaoctane)sul phonates of different metals
(CRCF,OCF,CH(CF3)OCF,CF;S035)Me  (Me(pfos)n,
where Me is Ca, Be, Zn, Sn, Co, Ni, Al, and Cu) and
reagents — 1-butanol, 2-methyl-1-propanol, 3-methyl-1-
butanal, 1-pentanal, succinic (SA), and adipic (AA) acid.

The laws of esterification have been investigated in
an open system with stripping of water, formed in the
reaction [6]. The experiments were carried out until the
accumulation of water in Dean-Stark trap was completely
stopped. The reaction products were analyzed by titration
and by gas-liquid chromatography. According to analysis
results conversion of the carboxylic groups of dibasic acid
and its monoester as well as compasition of the reaction
mixture were cal culated.

3. Results and Discussion

The influence of the nature of the catalyst, its
concentration and composition of the reaction mixture on
the laws of diesters obtaining have been investigated.



258

Esterification in an open system combines chemical
reaction and mass transfer process of water stripping from
the reactor. At the high catalyst concentrations the rate of
esterification reaction islimited by stripping of water from
the reaction system. To eliminate the influence of this
factor when comparing the effect of the catalyst nature on
the esterification of dibasic acids, sufficiently low catalyst
concentration was used. This allowed us to calculate the
highest rate of esterification from the curve of water
accumulation in the Dean-Stark trap (Fig. 1).

In general, investigations of esterification of
succinic acid with 1-butanol showed that the aluminium
perfluoro(4-methyl-3,6-dioxaoctane)sulphonate  is  the
most active catalyst. Activity of the catalg/sts decreases in
the row of cations AI* > Co™ > Cu** > Ni¥* > Zn?" > S >
> Be” > Ca’* (Fig. 1). Such alaw can be explained by the
influence of cation size and its relative electronegativity
(Fig. 2). Therole of the cation charge, obvioudly, isof less
importance, since for triply charged cation, surrounded by
three ligands of large size, large steric hindrance in the
catalyst—eagent complexes formation may occur.
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Fig. 1. Dynamics of water accumulation in Dean-Stark trap by
esterification of succinic acid with 1-butandl in the presence
of various catalysts. Catalyst concentration — 1.140° mol/dm?®

A similar dependence has been obtained for the
process of esterification of adipic acid with 1-butanal.

In the presence of any investigated catalyst at
different time carboxylic acid groups of succinic acid and
monobutylsuccinate (MBS) conversion of more than 90 %
was achieved (Table 1). However, the feature of all
cataysts is the fact that in their presence the ratios
between intermediate and final reaction products as well
as MBS and dibutylsccinate (DBYS) yields are somewhat
different at close values of conversion.
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By increasing the catalyst concentration, the rate of
diesters obtaining has been increased and the duration of
the esterification process of dibasic acids with C4-Cs aco-
hols has been decreased. Apparently, the catalyst concent-
ration, at which the rate of water stripping is equa to the
rate of its formation by the chemical reaction, is the optimal
one.
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Fig. 2. Theinfluence of the metal ion radius and therelative
€l ectronegativity of the element on the high rate of the
esterification reaction
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Fig. 3. Theinfluence of the reagents nature on the esterification
process. Dibasic acid:al cohol molar ratio—2.5/1.
C(Zn(pfos),) —1.140° mol/dm?®

At the same concentration of catalyst in the 1-
butanol-AA, 1-butanol—-SA and 2-methyl-1-propanol-AA
systems intensity of water stripping and the chemical
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reaction rate are different (Fig. 3). In general, such a
different effect of alcohols and dibasic acids on the
esterification can be explained by the differences in their
chemical and physical properties as well as the properties
of their monoesters. The physical properties of the
alcohals first of all determine the different boiling points
of the mixture in the reaction that affects the rate of
chemical transformation. Therefore, to achieve the same
acid number of the reaction products (the same conversion
of carboxylic groups) the reaction time should be different
and should increasein the row of:

1-butanol — AA <1-butand — SA <2-methyl-1-propanol — AA.
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The yield of the monoester at the esterification of
adipic acid with 1-butanol was dightly higher compared
to the yield at esterification of adipic acid with 1-butanol
at the same conversion of carboxyl groups (~ 95-96 %).
The unreacted dicarboxylic acid weight content in the
reaction productsis practically constant and is 2 %.

Thus, in the esterification reaction of dibasic acids
both the nature of the alcohol (its reactivity and physical
properties) and the nature of dicarboxylic acid affect the
rate of reagents conversion. Undoubtedly, the change in
the composition of the reaction mixture (different
reactivity of the monoesters) and the polarity of the
reaction medium also influences the reaction of the
diesters obtaining.

Table 1

Indicator s of the esterification process of succinic acid with 1-butanol

Casys | T | Acdrumbes, | Deyeefcabootic | gBE TR | D04 | Maximum reion
min mg KOH/g groups conversion, % rate, r>0°, mol/(dm™s)
SA | MBS | DBS | MBS | DBS
Al(pfos);| 95 32.7 91.1 4.0 15 78.7 22 88.9 19
Co(pfos),| 145 7.1 98.1 0.9 3.7 82.2 55 92.6 1.6
Cu(pfos),| 190 10.4 97.2 13 0.9 85.2 14 95.8 15
Ni(pfos),| 180 28.1 924 35 5.1 76.3 7.6 84.8 14
Sn(pfos),| 230 10.1 97.3 13 4.6 80.8 6.8 90.5 12
Zn(pfos),| 200 15.0 96.0 19 47 79.8 6.9 89.1 14
Be(pfos),| 285 113 97.0 14 23 83.3 3.3 93.6 11
Ca(pfos),| 355 32.7 94.9 24 16.2 63.7 239 | 710 0.97
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Fig. 4: The scheme of transformations in the esterification reaction, catalyzed by metals
perfluoro(4-methyl-3,6-dioxaoctane)sul phonate
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For the explanation of the catalyst action the
scheme shown in Fig. 3is offered.

It is obvious that the ligand environment of the
cation not only improves the solubility of the salt in the
reaction medium but also increases the polarization of
covalent bonds C-S-O in its molecule (Fig. 4) due to the
high el ectronegativity of the fluorine atoms.

Due to this fact, there is a significant shift of
electron density from the metal cation, which makes it
much more e ectrophilic. Probably, thefirst catalytic act is
coordination of the oxygen atom of the dicarboxylic acid
molecule on such activated cation. This coordination
causes decrease of eectron density on the carbon atom of
its carboxyl group forming d'-charge on it, which facili-
tates the interaction with the alcohol. After coordination of
the acohol molecule on the carboxyl C-atom the
redistribution of the chemical bonds and the cleavage of
water molecules take place. The final stage is decay of the
catalytic complex formed by the catalyst and the ester.

We should not also exclude the possibility of
simultaneous coordination of O-atoms of the acid
molecules and alcohol on the electrophilic metal cation
with the removal of water and the emergence of a new
bond between the carboxyl C-atom of the acid and the
RO-fragment of the alcohol molecule.

4. Conclusions

The investigations carried by us showed that the
salts of perfluorooxasulfoacids have high activity in
esterification process. It was determined that the
composition of the catalyst, in particular the nature of the
cation of catalyst significantly affects the technological
parameters of the esterification process, namely the
conversion of carboxyl groups of the reagents, the final
acid number of the products, the duration of the reaction
and the composition of the reaction mixture. The
dependence between the relative electronegativity, radius
of cation of the catalyst and the rate of chemical reaction
has been found. It was established that the minimal radius

Stepan Melnyk

of cation and high relative electronegativity are optimal
for an intensive course of chemical reactions. The same
factors allow to achieve the best technological parameters
of the process, particularly to reduce the time of reaction
and achieve high conversion of dicarboxylic acid (91.1—
98.1 %) and yield of diester (88.9-95.8 %).
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HNEPO®TOPOKCACYJIb®OHATHU
METAJIIB — KATAJII3ATOPH OJEPKAHHS
ECTEPIB

Anomauia. Jlocniodceno npoyec 00epicanHs —ecmepie
anipamuynux  ouxapoonosux kuciom i cnupmie CpCs y
npucymnocmi  nepgpmop(4-memun-3,6-0iokcaokman)cynvghonamie
pisHux memanig. /[na NOPIGHANLHOI OYiHKU Kamanizamopig ix
KOHYenmpayis eubpaHa O0OHAK0OI0 i Makow, wod weuoKicmo
npoyecy Jnimimysanaca came WUOKICMIO XIMIUHOI  peakyii.
Ompumano  3anejcHocmi  6nIugy KOHYeHmpayii ma npupoou
Kamanizamopa, npupoou OuKapOOHOBOI Kuciomu ma CRupmy Ha
MeXHONO2IYHI  NOKA3HUKU  npoyecy —ecmepuikayii. Busenena
docums BUCOKA AKMUBHICMb OOCTIONCEHUX Kamanizamopis, sKd,
1LMOBIPHO, 06YMOGILEHA CUHEPSIUHUM epekxmoMm Oii Kamiony memany
i neppmoposanoeo @pacmenma, Axkuti 3a0e3newye AK 3MeHUleHHs
€NIeKMPOHHOT 2yCmunY Ha TIoHI Memaiy, max i 006py po3UUHHICMb
Kamanizamopa 6 cyocmpami i CIMEOpeHHs 1020 8UCOKOT aKmMUSHOI
KOHYenmpayii.

Knrouosi cnosa. ecmepughixayis, ouxapb6onosi Kuciomu,
nepgmopokcacynvghonamu, kamanizamop, cnupmu Cy-Cs.





