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On the Possibility of Chemical Modification
of Polyethylene Glycol in Melt
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Summery

The reactions between polyethylene glycol of molecular
weights 1000-15000 and benzoyl bromide, acetic anhydride and
dinitrofluorobenzene in melt have been astudied. The advan-
tage of chemical modification in melt, in comparison with
that in solution, has been shown.

Introduction

The polyethylene glycol (PEG) derivatives synthesized by
chemical modification of terminal hydroxyl groups have wide
applications in biochemistry (as artificial antigens (1), so-
luble matrices in liquid phase synthesis of peptides (2,3),
for separation of protein mixtures, viruses and some other
biological objects (4,5), for the synthesis of drugs with
prolonged action (6,73, etc.). Rather often, however, at the
modification of PEG terminal groups, the functionality of
synthegsized compounds is appreciably lower than its theoreti-
cal value (8-10?. This is, probably, explained by two main
factors: a chemical factor and a physical one. The chemical
factor involves the formation of hydrogen bonds between the
chain hydroxyls and ether groups, affecting the PEG reacti-
vity. The physical factor involves the polymer ability to
crystallize from dilute solutions in organic solvents.

The detailed studies of PEG hydroxyl groups activity
for the example of the model reaction of benzoylation have
shown (11) that the association of terminal OH-groups with
oxygen atoms of the main chain weakly affects the PEG
reactivity. This permits to claim that the chemical factor
is not the main reason aggravating the polymer modification.
Evidently the physical factors are crucial. The present paper
gives the results of the studies how the physical factors
affect the PEG reactivity and describes the synthesis optimum
conditions for a number of this polymer derivatives, which
are important for practical purposes.

Experimental

PEG of molecular weights (MW) 1000, 2000, 6000 and 15000
were used without preliminary purification. Pyridine was dried
over KOH for five days and distilled over barium oxide at
388 K (12). Tributylamine was distilled over sodium at
489 K (12), benzoyl bromide was synthesized from benzoic acid
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and phosphorus tribromide as in ref. (13). Acetic anhydride
wag distilled at 413 K (12). Dinitrofluorobenzene was vacuum
dried over P205 at 330 K for 6 hours.

PEG dibenzoate of MW_31000 in a melt was produced as
follows, ;0.9 ml (3.8 x 1077 mole) of tributylamine and 0.24 ml
(2 x 1077 mole) of_3benzoy1 bromide were added to 0.5 g of &
melt PEG 1000 ( 10"~ mole of OH-groups) in a reaction vegsel
with a ground stopper. The reaction vessel was filled with
nitrogen and put into a thermostat with temperature of 358 K
for 10 minutes. When the reaction ended the polymer was
purified from an excess of reagents by precipitation in
diethyl ether. The purity of the synthesized PEG derivatives
was controlled by thin layer chromatography on "silufol"
plates in ethanol. The degree of conversion was determined
by IR-spectroscopy by the intensity of the band of carbony;1
stretching vibrationgs in the reaction product at 1730 cm ',
using the absorbance coefficient of the model compound, viz.
ethylbenzoate., To estimate the width of the molecular-weight
distribution (MWD) the polymer was analyzed using gel-per-
meation chromgtographyz(GPC with Jaters G-200, columns of
styrogel (10, 5 x 10, 10”7 and 10" A) tetrahydrofuran weas
used as asn eluent.,

The other PEG derivatives in melt were obtained by a
similar technique. The table lists +the conditions of the
synthesis and molecular weight characteristics of reaction
products.

Regults and Discussion

PEG of molecular weight above 3000, similarly to other
polymers of regular structure, i.e. polyethylene (14), poly-
propylene (15), can crystallize from dilute solutions in
organic solvents. Studies of solutions of these polymers
show (14-16) that the formation of regular elements of &
solid starts already in solution and manifests itself by the
appearance of aggregates of macromolecules of different mor-
phology depending on the solvent quality, on MW and tempera-
ture of crystallization. Evidently, the reactivity of macro-
molecules in the supermolecular siructures must considerably
differ from that in homogeneous solutions. Actually, it is
shown (17) by the example of polyethylene chlorination in
CCl4, that the degradation of the polymer solubility results
in "a drastic retardation of the reaction not permitting to
carry out chlorination to high degree of conversion.

The analysis of the literature shows that at the choice
of PEG concentrations for its chemical modifications authors
have not taken account of the possibility of polymer crys-
tallization. Diminished functionalities of PEG derivatives,
probably are the result of processes of microstructuring of
the polymer in organic solvents.

Therefore, for obtaining high degrees of conversion
homogeneous solutions must be used for PEG chemical modifi-
cations. The range of PEG concentrations corresponding to
homogeneous conditions must be determined accurately on the
basis of phase diagrams of the polymer state in the solvent
used. However, for the system PEG-organic solvent such data
sre not available. Our preliminary estimates of PEG solubili-
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ty in CCl4 and dioxane have shown that homogeneous conditions
can, be created only for sufficiently dilute solutions (to
107 mole/l), but their use for polymer chemical modification
is inconvenient for preparative treatment.

Undesirable effect of physical factors may be excluded
if the reaction is carried out in the absence of solvent,
viz, in a melt. The low melting point of PEG (equal 329-330 K
(18)) is favourable for such a reaction. The only example we
know of the reaction of PEG terminasl hydroxyl groups in melt
is three dimensional polycondensation with diisocyanate when
triisocyanate is used as a cross-linking agent (19). It
should be noted +that in PEG melt most OH-groups participate
in the formation of hydrogen bonds with ether oxygen atoms of
the main chain (20). However, the literature (20) does not
give any information on types of H-complexes in melt and on
their quantitative ratio., Nevertheless, it can be concluded,
that hydrogen bonds are retained in melt. The main effect of
melt is the creation of high concentration of reagents
allowing to increase considerably the reaction rate and thus
to decrease the reaction time., For example, reaching 90% con-
version when PEG dibenzoate of MW is produced in CCl4 by re-
action (1), takes about 60 hours, while the similar*process
in melt takes 5 minutes (see the table).

HO(CH20H2O)BH + 2C6H5COBr + 2N(C4H9)3 —— 2N(C4H9)3‘HBr +
+ 06H5000(0H2c320)noc06H5 (1)

Let us consider in more detail the specific features of
the reaction occuring in melt. PFirst of all PEG interaction
with benzoylbromide in the presence of tributylamine has been
gtudied (1), It is shown +that for polymers of MW 1000, 3000
reaction proceeds in 10-40 minutes, the derivatives produced
are characterized by functionality close to the theoretical
one and by narrow MWD (table). Simultaneously when PEG
dibenzoates of large MW (6000, 15000) are synthesized an
appreciable destruction of the polymer is observed. To eluci~
date the reasons of this phenomenon, model experiments on
studies of molecular weight characteristics of PEG of MW
15000 with and without +tributylamine have been carried out.
It is shown that in both cases melting does not result in
polymer destruction., But, it is known that hydrogen bromide
released in the reaction can destroy the PEG polymer chain
(21)., Evidently, destruction is related +to the absence of
complete compatibility of reagents, the compaetibility
degrading with increasing PEG MW. As a result PEG and tri~
butylamine are in different phases, therefore amine ceannot
fulfill the function of hydrogen halide acceptor with
sufficient efficiency.

Since compatibility of reacting substences considerably
affects the reaction course, Ilater we used modifying agents
providing complete mutual solubility of +the melt components.
That was the PEG - acetic anhydride -~ pyridine system (2)
HO(CHQCHzo)nH + 2(CH300)20 + 2CSH5N ——— 205H5N. HOOCCH3 +
+ CHC00(CH,CH,0)  0CCH, (2)

The reaction (2) conditions and molecular-weight characte-
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ristics of PEG derivatives produced are listed in the table.
As it is seen in a homogeneous medium polymer destruction
does not occur until MW 15000,

Thus, the suggested method of PEG chemical modifi-
cation in melt decreases the reaction +time and provides
high degree of conversion, while retaining constant polymer
molecular-weight characteristica. The method is developed
for the acylation reaction which is widely used (22) for the
determination of PEG MW by the concentration of terminal
functional groups. In addition, PEG acylation products have
found application in biochemistry as soluble matrices in
liquid phase synthesis of peptides (3).

The method of PEG terminal functional group modifica-
tion in melt can be extended for synthesis of other PEG
derivatives with valuable properties. Using this method we
have synthesized (reaction 3) 2,4-dinitrophenyl derivatives
of PEG which are known as artificial antigens (1).

HO(CH2CH20)nH + 2F;é;::>—ﬂ02 + 2(02H5)3N —— 2(02H5)3N'HF +
2

+ N02-<<:2>-0(CH2CH20)n No,, (3)
0 NO

2 2
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