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Abstract
Model trans-esterification reaction of n-butylbenzoate with phenyl-p-chlorobenzoate in the molar ratio

of 20:1 has been studied.
In order to evaluate catalysts based on lanthanide system the activity of nyodymium compounds – neody-

mium acetate, neodymium acetylacetonate and nitrate complex with benzo-12-crown-4 (neodymium nitrate
coronate) – has been studied in the model trans-esterification reaction of n-butylbenzoate with phenyl-p-
chlorobenzoate.

The effect of the electronic structure of the metal on the catalytic activity of the coronates of lanthanum,
cerium, praseodymium, neodymium, samarium, terbium and erbium nitrates has been studied.

In order to estimate the optimum concentration of the catalysts, a study of the dependence of the trans-
esterification reaction on concentration of neodymium nitrate coronate was carried out. An asymptotic na-
ture of the concentration dependence on the catalytic activity of lanthanide compounds has been observed.

In order to look for new classes of inhibitors of trans-esterefication reaction, the model trans-esterificatiom
reaction of n-butylbenzoate with phenyl-p-chlorbenzoate has been studied in the presence of some carborane
derivatives: cesium salts of bis-1,2-(dicarbollyl) complexes of iron, cobalt and nickel(3+) and bis-1,2(di-
carbollyl)nickel(4+) [(C2B9H11)2Me]. Some of these compounds were found to be effective inhibitors.

The dependence of the constant rate of the model trans-esterification reaction of n-butylbenzoate with
phenyl-p-chlorobenzoate on the concentration of cerium salt of bis-1,2-(dicarbollyl) complex of nickel has
been studied to determine the optimum concentration of inhibitors.

The influence of the ester chemical structure on the activity of ester groups in the trans-esterification
activity has been determined in the reaction of di-n-butylterephthalate with different p-substituted derivati-
ves of phenylbenzoate (phenyl-p-methoxybenzoate, phenyl-p-methylbenzoate, phenylbenzoate, phenyl-p-
chlorobenzoate, phenyl-p-nitrobenzoate, p-methoxyphenylbenzoate, p-methylphenylbenzoate, p-chloro-
phenylbenzoate, p-nitrophenylbenzoate, n-butylbenzoate, di-n-butylterephthalate) in presence of the samarium
nitrate coronate.

Introduction

Some published studies of exchange reactions (in-
cluded trans-esterification) in blends of conventional
industrial polyesters indicate the possibility of pro-
ducing new polymer materials with valuable proper-
ties [1-4]. It should be noted that further develop-
ment of this method and its practical application in
the field of polyesters is hardly possible without an
exhaustive understanding of the basic exchange re-

actions in polyester mixtures, entailing the related
mechanisms and factors which determine the reacti-
vity of ester groups. The relatively slow rate of trans-
esterification reaction enables to look for new cata-
lytic systems with higher efficiency.

It should be mentioned here that, to produce
blends of copolysters with a given block or random
microstructure from a certain motherbatch polyes-
ter, it is essentially both to catalyze the trans-esteri-
fication reaction, and terminate this process at a
certain stage. In addition, using of the inhibitors may
expect to stabilize the mixtures of polyesters during
their processing and application.
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The objective of this investigation was to find new
and efficient catalysts and inhibitors in order to cont-
rol reactivities of ester groups during the process of
trans-esterification. On the first stage of this work the
model reaction of trans-esterification of n-butylben-
zoate with phenyl-p-chlorobenzoate in the molar ra-

tio of 20:1 (reaction 1) has been studied (Scheme 1)
In order to determine the influence of the chemi-

cal structure on the activity of ester groups, the reacti-
on of di-n-butylterephthalate with different p-substi-
tuted derivatives of phenylbenzoate (20:1 molar ratio)
has been studied (reaction 2 − Scheme 2)
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where, X and Y = OCH3, CH3, H, Cl, NO2
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Scheme 2

Experimental

All the solvents and starting chemicals were thor-
oughly purified using traditional purification techni-
ques and the properties of purified chemicals corre-
sponded very well with the literature data [5].

A number of substances which are listed in Table
1 were obtained by the method of acceptor-catalytic
esterification, following the next procedure.

Solution of 7.3338 g (0.0364 mole) of p-nitroben-
zoyl chloride in 50 ml of benzene was added to the
solution in 100 ml benzene of 3.4216 g (0.0364 mole)
of phenol and 4.4117 g (0.0385 mole) of triethylami-
ne. The reaction was allowed to proceed for 2 hours.
Ttriethylamine hydrochloride was precipitated out,
filtered and washed with water. Esters were purified

by crystallization from hexane or from its mixture
with benzene in the volume ratio 5:1. Measured prop-
erties of the purified esters agreed very well with the
literature values [5].

Complexes of lanthanide nitrates with benzo-12-
crown-4 were synthesized in the Moscow State Uni-
versity using the following procedure [6]: solution
of 3.32 g of neodymium nitrate in 29.2 ml of aceto-
nitrile was added to solution of 2.24 g of benzo-12-
crown-4 in 12.7 ml of acetonitrile. The resulting pre-
cipitate was filtered, washed with acetonitrile and
methylene chloride and dried over P2O5 for 3 days.
The obtained compounds were identified by elemen-
tal analysis and IR-spectroscopy.

Cesium salts of bis-1,2-(dicarbollyl) complexes
of iron, cobalt, nickel (III) and nickel (IV) salt of
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bis-1,2-(dicarbollyl) were synthesized in the Insti-
tute of Organo-Element Compounds of the Russian
Academy of Sciences using the method described in
Ref. [7].

The ampoules method has been used for kinetics
measurement [8]. All catalysts and inhibitors involv-
ed were soluble in the reaction mixture at the tem-
perature range 523-563 K.

The samples were analyzed by chromatographic
separation in "Hewlett-Packard" liquid Chromato-
graph: column with "Nucleosil 120C18", particle size
5 micron, UV-detector. The mixture of methanol/
water/isopropanol (volume ratio 8/4/3) was used as
an eluent. Flow rate was 0.4 ml/min at room tem-
perature. The estimated error in the observed reac-
tion rate constant (k0) is equal to be 5%.

Results and Discussion

It was been found that non-catalytic trans-esterifi-
cation reaction 1 follows first-order kinetics at a 20-
fold molar excess of butyl benzoate at temperatures
523 K, 538 K, 548 K and 563 K [8]. The activation
energy values and the pre-exponential factor in the
Arrhenius equation were found to be 108.9 kJ/mol
and 1.8⋅106 s-1, respectively. The high activation ener-
gy of the non-catalytic reaction 1 is the cause of the
low rate constant for the trans-esterification (k0 = 0.82⋅
10-5 s-1) reaction. The degree of reaction 1 at 523 K

was found to be only 50% in 24 hours. This prompted
us to look for efficient catalytic systems for trans-
esterification reactions.

Previously, the catalytic activity of a series of me-
tal containing catalysts, partly being used in organic
chemistry and in some polycondensation processes
had been studied by our group [9]. Some of these
results are listed in Table 2. The data show that not
every compound listed exhibit catalytic activity in
the trans-esterification reaction. In addition, tetra-
butoxytitanium and tributoxyantimony, which are ef-
fective catalysts in the reaction of alcoholysis of ester
bond [8], exhibit relatively low catalytic activity in
the reaction of esterification. Therefore, it was nec-
essary to continue search for new catalysts suitable
for trans-esterification reactions. Literature reports
that lanthanide compounds are effective catalysts for
polymerization processes, due to coordination of lan-
thanide atom with the carbon-carbon double bond of
the diolefin molecule [10]. Since this coordination
is also possible in the carbon-oxygen double ester
group's bond, the catalytic activity of such a com-
pounds also could be expected in trans-esterification
reactions.

In quest for further evaluation of lanthanide sys-
tem's based catalysts, the activity of neodymium com-
pounds has been studied at the first step. The constant
rates of reaction 1 have been found in the presence
of neodymium acetate, neodymium acetylacetonate
and nitrate complex with benzo-12-crown-4 (neody-
mium nitrate coronate). These constants are listed in
Table 3.

Catalytic activity of neodymium compounds was
found to be higher than that ones studied before
(Table 2). So, it confirms the hypothesis of the high
catalytic activity of lanthanide compounds during
esterification reaction. Our results show that the rate
of trans-esterification reaction is not significantly af-
fected by the chemical structure of the ligand in the
neodymium complexes involved. As it was proved
by IR-spectra, ligands of all neodymium catalysts
(Table 3), after heating at 523 K during 7 hours (re-
action 1) were substituted by benzoate groups. Thus,
during the trans-esterification reaction, substitution
of ligand in the initial catalyst imparts equal cataly-
tic activity to different neodymium's compounds.

In order to determine the optimum concentration
of the catalyst, the dependence of the trans-esterifica-
tion reaction on neodymium nitrate coronate's con-
centration has been studied. The dependence was
found to be asymptotic (Fig. 1), i.e. a considerable

oN Compound erefeR nce

1 pheny m-p-l ethoxybenzoa et ]5[

2 pheny m-p-l ethylbenzoa et "-"

3 phenylbenzoa et "-"

4 pheny -p-l chl ro obenzoa et "-"

5 pheny -p-l nitrobenzoa et "-"

6 m-p ethoxyp eh n -ly benzoa et "-"

7 m-p ethylp eh n ly benzoa et "-"

8 -p chl ro op eh n ly benzoa et "-"

9 -p nitrop eh n ly benzoa et "-"

01 -n but ly benzoa et "-"

11 -n-id butyl eret ph ht al eta "-"

Table 1
Esters, obtained by the method of acceptor-catalytic

esterification
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(over 0.5 mol.%) increase of catalyst concentration
results only in minor changes in the catalytic reac-
tion 1 rate. So, the further kinetic studies in the pre-
sence of compounds of neodymium and other lan-
thanide have been done for catalyst concentration of
0.5 mol.% with respect to phenyl-p-chlorobenzoate.

In order to estimate the effect of the electronic
structure of the metal on the catalytic activity of nitrat-
es, the coronates of lanthanum, cerium, praseodymi-
um, neodymium, samarium, terbium and erbium (0.5
mol.%) has been studied at 523 K. These results, pre-
sented in Fig. 2, show higher catalytic activity of sa-
marium, terbium and terbium nitrate coronates.

In order to determine the electron-donor property
effect of the substituents X and Y in the ester on the
reactivity of the ester group, the model reaction of
di-n-butylterephthalate with p-substituted derivatives
of phenylbenzoate (reaction 2) has been investigated.

Table 2
Observed rate constants for catalytic reaction 1 at 523 K

oN Catalyst Content of catal tsy − mo w%.l ith resp ottce
-p-lynehp chl ro obenzo eta chl ro obenzo eta k0⋅ 01 5- s 1-

1 Non-cataly cit er ca tion 0 8.0

2 CO(B 4H9)3 89.1 8.0

3 CO(sA 4H9)3 00.2 8.0

4 Ti CO( 4H9)4 99.1 2.1

5 CO(bS 4H9)3 79.1 9.1

6 Mn HCCOO( 3)2 00.2 1.2

7 HC[oC 3 HC)O(CHC)O(C 3]3 20.2 4.2

8 P HCCOO(b 3)2 10.2 5.2

9 Mn HC[ 3 HC)O(CHC)O(C 3]2 89.1 7.2

01 ObP 20.2 8.2

Table 3
Observed rate constants for reaction 1 in the presence of
neodymium compounds at 523 K (2 mol.% with respect

to phenyl-p-chlorobenzoate)

The reaction has been carried out at 523 K and a 20-
fold molar excess of di-n-butylterephthalate in the
presence of 0.5 mol.% of samarium nitrate coronate.
Under these conditions, the reaction was found to
obey the first-order kinetics law.

Figure 3 shows the Hammet dependence obtained
for esters with different substituents X and Y in the
acid and phenol fragments in the given reaction. The
results indicate a greater extent affection of the
changes in the donor-acceptor properties of the sub-
stituents located in the aromatic ring of acid residual

oN Catalyst k0⋅ 01 5- s 1-

1 Non-catalytic r tcae ion 28.0

2 N HCCOO(d 3)2 41.3

3 N HC[d 3 HC)O(CHC)O(C 3]3 71.3

4 N ON(d 3 4-nworC-21-ozneB) 32.3

Fig. 1. Dependence of the observed rate constants (k0) for
reaction 1 on the concentration of catalyst (neodymium
nitrate coronate) at 523 K.
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(ρ = 0.62) to the activity of ester groups in trans-
esterification reactions compare to redistribution of
the electron density in the phenol fragment (ρ = 0.45).

4) show the effectiveness of some of the compounds
involved, as inhibitors of trans-esterification. They
reduce the reaction rate by a factor of 4, compared to
that one – in the case of non-catalytic reaction.

Fig. 2. Effect of the nature of lanthanides on the observed
rate constants (k0) for reaction 1 at 523 K (0.5 mol.% of
lanthanide nitrate coronate).

Fig. 3. Effect of electron-donor properties of the substitu-
ents X and Y on the reactivity of the ester groups in reac-
tion 2 – logk0 versus σ (H), (X and Y = OCH3, CH3, H, Cl,
NO2): 1 – Substituent in the acid fragment. 2 – Substitu-
ent in the phenol fragment.

As it was mentioned above, to have a proper cont-
rol on overall reaction rate, the inhibition of transes-
terification reactions is equally important. In order
to look for new classes of inhibitors (carborane deri-
vatives) of trans-esterification reaction, reaction 1 in
the presence of cesium salts of bis-1,2-(dicarbollyl)
complexes of iron, cobalt and nickel (3+) and bis-
1,2-(dicarbollyl) nickel (4+) [(C2B9H11)2Me] has been
studied. The results of the major kinetic studies (Table

Table 4
Observed rate constants for trans-esterification reaction

1 in the presence of (C2B9H11)2Me (0.5 mol.%)

Met la Conce tn ration k0⋅ 01 5- s 1-

None 0 8.0

Co +3 sC +1 205.0 23.1

Ni +4 794.0 93.0

Ni +3 sC +1 005.0 82.0

eF +3 sC +1 994.0 12.0

To determine the optimum concentration of inhi-
bitors, the dependence of the observed constant rate
of reaction 1 on the concentration of the cerium salt
of bis-1,2-(dicarbollyl) complex of nickel has been
studied. As one can see from Fig. 4, the results are
rather complicated – with a minimum of the inhibi-
tor concentration equal to be 0.15 mol.% and, with 4
times lower reaction rate compared to the one, with-
out catalyst. Nevertheless, the results obtained must
be studied in greater detail.

Fig. 4. Effect of the inhibitor concentration [C2B9H11)2

NiCs] on the values of the observed constant rates (k0) of
reaction 1 at 523 K.
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Conclusions

The catalytic activity of the metal-containing com-
pounds on the basis of trans-esterification's model
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reactions has been studied. The concentration depen-
dence of lanthanide (neodymium)s' catalytic activi-
ty was found to be an asymptotic. A new class of
inhibitors of trans-esterification reactions, namely,
boron containing compounds of metals of the iron
group has been found. The effect of the inhibitor con-
centration on the trans-esterification reaction rate
seems to be enough complicated and needs further
investigation.
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