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# (54) POROUS COPOLYMER OF A GLYCIDYL ESTER OR
ETHER AND A MONO- or POLY-ALKYLENE GLYCOL
DIESTER FOR USE AS A FILLER FOR LIQUID
CHROMATOGRAPHY

(71 We, SHOWA DENKO K.K., a Japanese Body Corporate of 13—39, 1-
chome, Shiba, Daimon, Minato-ku, Tokyo, Japan, do hereby declare the invention,
for which we pray that a patent may be granted to us, and the method by which it is
to be performed, to be particularly described in and by the following statement:—

5 This invention relates to a filler for liquid chromatography which consists 5
essentially of a porous copolymer which is a gel-like copolymer of (A) a glycidyl
ester or ether and (B) a mono- or poly-alkylene glycol diester with component (A)
being crosslinked by component (B) and the copolymer containing free epoxy
groups derived from component (A) or modified groups resulting from ring-

10 opening of the epoxy groups, and to a process for its preparation. 10
Liquid chromatography can be classified into gel chromatography, adsorption
chromatography, partition chromatography and ion exchange chromatography
according to the mechanism of separating components. The present invention
: provides a novel filler to be packed in a column in these various types of

15 chromatography. 15

The main characteristic features of the chromatographic filler of this invention
are that it contains free epoxy groups or groups resulting from their modification by
ring-opening reaction; and that it can be used both in an organic medium and in an
aqueous medium, has high mechanical strength, and is easy to produce. No
chromatographic filler having these features together has been known previously. 20

Typical cross-linked polymers used heretofore as liquid chromatographic
fillers, especially as gel chromatographic fillers, include (a) polystyrene crosslinked
with divinylbenzene, (b) polymethacrylate crosslinked with ethylene glycol
: dimethacrylate, (c) polyacrylamide gel crosslinked with methylene-bis-acrylamide,

25 (d) polyvinyl alcohol gel crosslinked with glycidyl methacrylate, (¢) a gel obtained 25

by polymerizing polyethylene glycol dimethacrylate, (f) dextran gel crosslinked

with epichlorohydrin, and (g) p-hydroxyethyl methacrylate gel crosslinked with

ethylene glycol dye methacrylate. Polymers (a) and (b) are used as chromato-

graphic fillers in ‘an organic medium, and polymers (c) to (g). in an aqueous

medium. Of polymers (c) to (g), polymers (e) and (g) have a relatively high 30

mechanical strength, but the others have low mechanical strength.

When a substance with large molecules is to be separated by gel
chromatography in an aqueous medium, the degree of crosslinkage of a
copolymeric filler should be reduced to widen the meshes of its network structure.

35 As a result, the gel-like copolymers (c), (d) and (f) are soft and mechanically weak. 35
Thus, although these fillers can be used when an eluant is caused to flow
spontaneously so as not to exert pressures thereon, these copolymeric fillers would
be distorted by pressure and become useless when the eluant is passed at a fast rate
by means of a pump.
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In view of the ease of production, bead-like chromatographic fillers are
preferably used, and such fillers are generally produced by a suspension-
polymerization method. However, when the monomer component of a copolymer
has strong hydrophilicity as in polymers (c) and (g), it is impossible to perform
suspension polymerization by a simple aqueous suspension method. If the
suspension polymerization is to be used in any case, it must be performed by a
water-in-oil suspension method which is troublesome to operate or control.

The present invention provides a granular filler for liquid chromatography
consisting essentially of a porous copolymer of (A) a glycidyl ester of a
monoethylenically unsaturated carboxylic acid or a glycidyl ether of a mono-
ethylenically unsaturated alcohol and (B) a mono or polyalkylene glycol diester of
an monoethylenically unsaturated carboxylic acid with component (A) being cross-
linked by component (B) to form a gel copolymer and the mole ratio of component
(A) to component (B) being 10:90 to 90:10, said copolymer containing in its
molecule epoxy groups derived from component (A) or modified groups resulting
from a ring-opening reaction of such epoxy groups with a modifying compound
having a hydrophilic, oleophilic or ion exchangeable group.

The invention also provides a process for producing the granular filler, the
process comprising subjecting (A) the glycidyl ester or glycidyl ether and (B) the
alkylene glycol diester to aqueous suspension polymerization in the presence of an
inert organic diluent which is insoluble or only slightly soluble in water and capable
of dissolving components (A) and (B) thereby to afford particles of a porous gel
copolymer having component (A) crosslinked with component (B) and containing
in its molecule epoxy groups derived from component (A), and optionally reacting
the resulting copolymer with a modifying compound having a hydrophilic,
oleophilic or ion exchangeable group to modify the epoxy groups by ring-opening.

This aqueous suspension polymerization is a simple oil-in-water suspension
polymerization and because of the presence of the organic diluent, the glycol
diester (B) acts as a main crosslinking component whereupon most of the epoxy
groups in the glycidyl ester or ether (A) remain in the resulting copolymer without
being ring-opened. In some of the conventional fillers described above, a glycidyl
ester or ether is used as one component of a polymer, but it acts as a crosslinking
component. Copolymer (d) cited above is such an example. In other words, by
copolymerization in the absence of an organic diluent, the glycidyl ester or ether
acts as a crosslinking component with the ring-opening of its epoxy groups, and
therefore, the resulting copolymer contains no free epoxy group.

The chromatographic filler of this invention is especially characteristic in that
it consists of a gel-like copolymer of components (A) and (B) and contains in its
molecules free epoxy groups or modified groups derived from component (A). This
gel-like copolymer is suitable as a chromatographic filler used in an aqueous
medium because the epoxy groups have affinity for water. This copolymer can also
be used as a chromatographic filler in an organic medium.

The organic diluent present during the polymerization serves not only to
prevent the ring-opening of the epoxy groups of component (A), but also to adjust
the pore sizes of the resulting porous gel-like copolymer. It also prevents the
reduction of the mechanical strength of copolymers having a large pore size.

If it is desired to produce a porous gel having a large pore size by crosslinking
copolymerization in tﬁe absence of an organic diluent, it is necessary to decrease
the amount of the crosslinking component and thus to reduce the degree of
crosslinkage. If the degree of crosslinkage is small, the mechanical strength of the
resulting gel naturally decreases. In contrast, in aqueous suspension polymerization
in the presence of an organic diluent, phase separation between the resulting
polymer and the organic diluent occurs in the suspended particles as the
polymerisation proceeds, and a gel having a large pore size can be formed. Hence,
even when the crosslinking component is used in a relatively large amount, the
pore size of the resulting gel does not become small, and the gel has high
mechanical strength.

The technique for using an organic diluent for pore size adjustment has been
known, but it has not been known to use organic diluents for the purpose of causing
free epoxy groups to remain in the resulting copolymer and thus obtaining a gel
which is useful as a chromatographic filler in an organic medium and an aqueous
medium and has high mechanical strength. The organic diluents used and their
effects will be described in more detail hereinbeiow.

The epoxy-containing gel-like copolymer described above is especially useful
as a gel chromatographic filler. By modifying the epoxy groups, the properties of
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the gel can be further improved, or it can be rendered adaptable as a filler for other
types of liquid chromatography, i.e., adsorption chromatography, partition
chromatography, and ion exchange chromatography as well. The present invention
is very characteristic in this regard, too. Since the epoxy groups have relatively
good reactivity and react with various active hydrogen-containing compounds and
reactive compounds, various functional groups can be introduced into the
copolymer to modify the properties of the copolymer. For example, the epoxy
groups can be hydrolyzed to 1,2-dihydroxyethyl groups, which resuits in markedly
enhanced hydrophilicity, and affords a gel which is better as a gel chromatographic
filler for use in an aqueous medium. The funtional groups that can be introduced
include hydrophilic groups, olephilic groups and groups having ion exchange
capacity. These functional groups and methods for their introduction will be
described in detail elsewhere.

The present invention thus embraces a chromatographic filler consisting of an
egoxy-containing el-like copolymer composed of components (A) and (B), a
chromatographic filler consisting of the gel-like copolymer in which the epoxy
groups have been modified by ring-opening reaction, and processes for producing
these fillers.

Some preferred embodiments of the present invention are described below.

First, the description will be directed to the epoxy-containing gel-like copolymer
and a process for its preparation.

Component (A) for producing the gel-like copolymer which constitutes the
chromatographic filler of this invention is a glycidyl ester or a glycidyl ether, and
glycidyl esters of monoethylenically unsaturated carboxylic acids containing 3 to 12
carbon atoms and glycidyl ethers of monoethylenically unsaturated alcohols

~ containing 3 to 12 carbon atoms are used. Those having less carbon atoms are

especially preferred. Examples thereof include glycidyl methacrylate, glycidyl
acrylate, and allylglycidyl ether.

Component (B) acting as a crosslinking component is a mono- or poly-
alkylene glycol diesters, preferably esters formed between alkylene glycols
containing 2 to 3 carbon atoms or polymers thereof and acrylic or methacrylic acid.
Examples of such diesters are alkylene glycol diesters such as ethylene glycol
diacrylate, ethylene glycol dimethacrylate, propylene glycol diacrylate or
propylene glycol dimethacrylate, and polyalkylene glycol diesters such as
polyethylene glycol dimethacrylate or polypropylene glycol dimethacrylate.
F;lreferably, the polyalkylene glycols have a degree of polymerization of not more
than 4.

The gel-like copolymer comprises 10 to 90 mole?;, preferably 40 to 80 mole®;,
of component (A) and 90 to 10 mole%], preferably 60 to 20 mole?%;, of component
(B). Not more than 50 mole%, of component (A) may be replaced by another mono-
ethylenically unsaturated ester of low molecular weight such as methyl
methacrylate, methyl acrylate or vinyl acetate. The content of epoxy groups in the
copolymer naturally increases with increasing proportion of component (A). The
degree of crosslinkage of the copolymer increases with increasing proportion of
component (B), and therefore, the network structure of the copolymer is denser,
and the copolymer has a lower degree of swelling and becomes harder. If the
proportions of these components are outside the specified ranges, it is impossible to
obtain gel-like copolymers which have the desired features and properties.

Component (A) and (B) are subjected to aqueous suspension polymerization in
the presence of the inert organic diluent to form the desired bead-like gel
copolymer. The components (A) and (B) are dissolved in the organic diluent, and
subjected to oil-in-water type suspension polymerization. The presence of the
organic diluent inhibits the ring-opening of the epoxy groups in component (A) and
its subsequent crosslinking, and thus, the epoxy groups are retained in the resulting
polymer. In the absence of an organic diluent, the epoxy groups are ring-opened.
This induces crosslinkage and very much complicates the polymerization reaction,
and the desired product cannot be obtained.

The organic diluent should be inert to the polymerization reaction and
insoluble or only slightly soluble in water but should dissolve the starting
monomers. The amount of the organic diluent preferably is at least 309, by volume,
more preferably 40 to 80% by volume, based on the total amount of the monomers
and the organic diluent. Larger amounts resuit in greater inhibition of the ring-
opening of the epoxy groups in the polymerization process. Generally, 60 to 95°; of
the epoxy groups in the component (A) charged can be easily left in the resulting
copolymer. The remainder of the epoxy groups are considered to undergo
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hydrolysis during the polymerization.

The epoxy content of the resulting gel can be adjusted by the amount of
component (A) used (that is, the ratio of component (A) to component (B) or the
partial replacement of component (A) by a comonomer). Preferably, the epoxy
groups remain in the resulting copolymer in an amount, calculated as epoxy
oxygen, of at least 0.5% by weight, and up to about 10% by weight, based on the
weight of the copolymer.

The use of the organic diluent at the time of aqueous suspension
polymerization also serves to adjust the pore size of the resulting porous gel. If an
organic diluent having a low ability to swell the resulting gel is used, phase
separation occurs in the suspended particles during the polymerization, and the

_ separated organic diluent layer leads to the formation of pores. As a result, a gel

having a macroporous structure can be obtained. If, on the other hand, a diluent
having a great ability to swell the gel is used, the polymerization proceeds while the
resulting product is in the swollen stage. Thus, phase separation does not
appreciably occur, and a polymer having a relatively small pore size is obtained.
The effect of the organic diluent on the pore size has previously been known with
regard to other gels, and this knowledge can be equally applied to the gel of the
present invention composed of components (A) and (B). The degree of swelling
g.rloperty can be determined on the basis of the solubility parameter of the organic
iluent.

Examples of suitabie organic diluents that can be used in the present
invention, in order of decreasing degree of the ability to swell the resulting gel, are
cyclohexanone, chlorobenzene, benzene, toluene, n-propyl acetate, n-butyl
acetate, dibutyl ether, n-heptyl alcohol, n-octyl alcohol, and n-octane.

The aqueous suspension polymerization can be performed in a known manner
in the presence of a free radical generating catalyst such as azobisisobutyronitrile
or benzoyl peroxide. The amount of the aqueous layer suitably is substantially the
same as the volume of the organic layer but may be up to about 10 times the volume
of the organic layer and is not particularly critical. The polymerization
temperature, which varies according to the catalyst used, can be from 50 to 100°C.
The gel-like copolymer can be obtained as granules suitable for chromatographic

According to the present invention, the use an inert organic diluent at the time
of aqueous suspension polymerization makes it possible to leave epoxy groups
derived from component (A) in the resulting gel, and to afford a chromatographic
filler which has hydrophilicity and a controlled pore size and even when the pore
size is large, has high mechanical strength. Generally, gels having a medium degree
of pore size, for example, a pore size of 50 to 500 A, are suitable as adsorption
chromatographic fillers. For use as gel chromatographic fillers, the pore size is
adjusted to a suitable value, for example, 10 to 1000 A according to the size of the
molecules of a sample to be separated.

Now, the chromatographic filler in which the epoxy groups have been
modified by ring-opening and a process for its production will be described.

According to the present invention, fillers having improved properties and
being suitable for various types of chromatography can be obtained by treating the
epoxy-containing gel-like copolymer described above with a modifier, especially a
compound having active hydrogen, thereby to ring-open the epoxy groups, namely
to introduce functional groups into the sites of the epoxy groups thus ring-opened.
Since the epoxy groups are very reactive, the modification treatment can be carried
out relatively easily.

The modification of an epoxy group by ring-opening reaction is schematically
shown as follows:

waH-CHz_X—Z—Y—e are G = CH, e CH - CH, (D)
No/ X Y Y 0%

wherein X—Y is a modifier, X is a reactive atom such as active hydrogen and Y is a
functional group. Examples of Y are hydrophilic groups such as a residue of water
—OH, a residue of an alkylene glycol or polyalkylene glycol —OROH (wherein R
is an alkylene group or polyalkylene ether group), or a residue of a triol
—OR(OH),; oleophilic groups such as a residue of a carboxylic acid —OCOR
(wherein R is an alkyl group); and groups having ion exchange ability (ion
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exchangeable groups) such as a sulfonic acid group —SO,H or a dialkylamino
group —NR, (wherein R is an alkyl group).

When an epoxy-containing gel-like copolymer is treated with water as a
modifier, the epoxy groups are ring-opened by hydrolysis and thus converted to
1,2-dihydroxyethyl groups. The hydrolysis can be performed easily be heating the
gel-like copolymer to a temperature lower than 100°C in water in the presence of
an acid or alkali, preferably sulfuric acid. The resulting gel has enhanced hydro-
philicity owing to the 1,2-dihydroxyethyl groups, and exhibits superior properties as
a filler for gel chromatography in an aqueous medium to the copolymer before
modification. For example, in the separation of polyethylene glycol as a sample by
gel chromatography in an aqueous medium, the gel copolymer before modification
induces adsorption of polyethylene glycol having a large molecular weight of, say,
more than 1,000, whereas the modified gel copolymer does not cause such
adsorption. Hence, the modified gel-like copolymer permits better separation of
polyethylene glycol by gel chromatography (separation according to the size of
molecules). The modified filler can be suitably applied to the gel chromatographic
separation of dextran, proteins, enzymes and oligopeptides. This gel has better
mechanical strength and higher resistance to bacteria and fungi than the
conventional hydrophilic gels cited earlier in the specification, for example the
polyamide gel (c) or the dextran gel (f).

When an alkylene glycol, a polyalkylene glycol or a triol is used as a modifier
instead of water, ring-opening of the epoxy groups and addition of such a
compound are also effected as shown by formula (I), and as a result, modified
copolymers having the corresponding hydrophilic groups can be obtained. The
ring-opening and addition reaction of the epoxy-containing copolymer with such a
polyol modifier can be easily performed in the presence of a boron trifluoride
catalyst. A similar reaction is known for example in a reaction of adding
polyethylene glycol to a long-chain epoxy alkane in the production of a nonionic
surface-active agent (see, for example, U.S. Patent 3,240,819). The reaction in this
invention can be carried out in the same manner as in the known reaction. The gel-
like copolymer so modified has enhanced hydrophilicity owing to the hydrophilic
groups added, and can be suitably applied as a filler for liquid chromatography in
aqueous media.

When monocarboxylic acids are used as the modifier, the carboxylic acid adds
simultaneously with the ring-opening of the epoxy groups, and modified
copolymers having the corresponding oleophilic carboxylic acid residues
introduced therein can be obtained. Preferred monocarboxylic acids are those
containing 4 to 20 carbon atoms. One example of the reaction between a
monocarboxylic acid and an epoxy-containing copolymer comprises mixing the
epoxy-containing gel copolymer with caprylic acid, and heating the mixture at
125°C for 9 hours in the presence of a 0.6% dipropylene glycol solution of benzyl-
trimethylammonium hydroxide as a catalyst. (A similar reaction is disclosed in Ind.
Eng. Chem. Vol. 48, No. 1, pages 86—92 (1956)).

When sodium hydrogen sulfite or sodium sulfite is used as the modifier, a
modifier gel copolymer having a sulfonic acid group introduced simultaneously
with the ring-opening of the epoxy groups can be obtained. The resulting gel
copolymer has cation exchange ability because of the sulfonic acid group present in
it, and is useful as a filler for cation exchange chromatography. Introduction of a
sulfonic acid group can be effected by heating the epoxy-containing copolymer in
an aqueous acetone solution of sodium hydrogen sulfite or sodium sulfite.

The use of a dialkylamine, for example a secondary amine such as
diethylamine, dipropylamine or dibutylamine as the modifier affords a modified gel
copolymer having a group containing the corresponding tertiary amino nitrogen
introduced therein. The gel copolymer has anion exchange ability because of its
tertiary amino nitrogen, and can be suitably used as a filler for anion exchange
chromatography. The reaction of the epoxy-containing coplymer with the
secondary amine is carried out easily by heating the reactants in an aqueous
medium to about 50°C to 100°C.

Specific examples of the modifier and the functional group introduced into the
gel copolymer have been given above. But the invention is not limited to these
examples, and as needed, copolymers having other functional groups introduced
therein can be furnished.

The following Examples illustrate the present invention more specifically.

The accompanying drawings are chromatograms obtained by using the gel
copolymer fillers of this invention, and infrared absorption spectral charts of the
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gel copolymers. The drawings will be specifically described in the following
Examples.

Example 1.

A mixture consisting of 30 g of glycidyl methacrylate as component (A), 30 g of
ethylene glycol dimethacrylate as component (B), 90 g of n-butyl acetate as an
organic diluent, and 0.3 of azobisisobutyronitrile as a catalsyt was suspended in a
solution of 1.5 g of polyvinyl alcohol (dispersant) in 1 liter of water. With stirring,
the mixture was heated at 60°C for 6 hours to perform oil-in-water type suspension
polymerization. The reaction mixture was cooled to room temperature, and the
resulting granular gel copolymer was collected by filtration. The copolymer was
washed with water several times, washed with acetone, and dried. The content of
the epoxy groups in the polymer was determined by the hydrochloric acid-
dimethylformamide method, and was found to be 3.9%, by weight calculated as
epoxy oxygen which corresponded to 70% of theory based on the amount of
component (A) charged.

The polymer was sieved, Gel particles having a size of 44 to 75 microns were
collected and packed into stainless steel column having an inside diameter of 8 mm
and a length of 500 mm. Using this column, 0.05%; solutions of polystyrenes having
different molecular weights were separated. The separation was performed using
tetrahydrofuran as an eluant at room temperature at a flow rate of 1 ml/min. Figure
1 is a chromatogram showing the results, in which the axis of abscissas represent
the elution volume and the axis of ordinates, the absorbance. The parenthesized
numerals show the molecular weights of the polystyrene samples. In figure 1,
benzene was used in order to know the total permeation limit, namely the position
at which a substance having the lowest molecular weight would appear.

The gel obtained in this Example had an exclusion limit (the upper limit of
molecular weight that can be analyzed) for polystyrene of 6 x 105 in
tetrahydrofuran, and a swelling ration in tetrahydrofuran of 4.9 ml/g.

Example 2. ,

Gel chromatography of dextran was performed in an aqueous medium using
the same filler and apparatus as used in Example 1. Specifically, 0.5 ml each of
0.05% solutions of dextrans having different molecular weights were passed
through the column. Pure water was used as an eluant. The flow rate was 1
ml/minute, and the temperature was room temperature. The eluted ingredients
were detected by using a differential refractometer. The chromatogram obtained is
shown in Figure 2. The axis of abscissas represents the elution volume, and the axis
of ordinates represents the difference of refractive index, ARI. The parenthesized
numerals represent the weight average molecular weights of the dextran specimens
used. Ethylene glycol was used to know the total permeation limit. The gel
obtained in this Example had an exclusion limit for dextran of 1 x 108, and a
swelling ratio in water of 4.7 ml/g.

Example 3.

A mixture consisting of 43.5 g of allyl glycidyl ether, 16.5 g of ethylene glycol
dimethacrylate, 82 g of monochlorobenzene and 0.3 g of azobisisobutyronitrile was
suspension-polymerized in water under the same conditions as described in
Example 1. The resulting copolymer was washed, and dried. A transparent bead-
like epoxy-containing gel copolymer was obtained.

Example 4.

A mixture consisting of 45 g of glycidyl methacrylate, 15 g of ethylene glycol
dimethacrylate, 65 g of chlorobenzene and 0.3 g of azobisisobutyronitrile was
subjected to aqueous suspension polymerization in the same way as in Example 1.
The resulting copolymer was washed, and dried. A microscopic examination
showed that the resulting gel particles were semi-transparent and somewhat
opalescent. The gel copolymer had an exclusion limit for polystyrene of 2 x 10° in
tetrahydrofuran, and the amount of the remaining epoxy groups was 6.5% by
weight calculated as epoxy oxygen which corresponded to 77Y of theory based on
the amount of the component (A) charged.

Example 5.
A mixture consisting of 45 g of glycidyl methacrylate, 15 g of ethylene glycol
dimethacrylate, 84 g of cyclohexanone and 0.3 g of azobisisobutyronitrile was
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subjected to aqueous suspension polymerization in the same way as in Example 1.
The resulting copolymer was washed, and dried to form gel particles which were
transparent beads. The amount of the remaining epoxy groups was 6.17; by weight
calculated as epoxy oxygen which corresponded to 72% of the amount of
component {A) charged.

The infrared absorption spectrum of the gel copolymer obtained in this
Example is shown in Figure 3. The two absorption bands at 910 cm™" and 840 cm™!
in Figure 3 correspond to an absorption band of an oxirane ring, and apparently
show the presence of epoxy groups.

The gel particles were sieved and those having a size of 10 to 20 microns were
packed into a stainless steel column having an inside diameter of 8 mm and a length
of 500 mm. Alkylbenzenes were separated using this column. The solvent used was
tetrahydrofuran, and the flow rate of the sample was | mi/min. The temperature
was room temperature. The chromatogram obtained is shown in Figure 4. It is seen
from Figure 4 that this gel copolymer well separated a mixture of benzene, toluene,
ethylbenzene, propylbenzene, hexylbenzene, decylbenzene and pentadecyl-
benzene according to the molecular sizes.

; The gel copolymer had an exclusion limit for polystyrene of 500 in tetrahydro-
uran.

Example 6.

A mixture consisting of 57 g of glycidyl methacrylate, 3 g of ethylene glycol
dimethacrylate, 65 g of chlorobenzene and 0.3 g of azobisisobutyronitrile was
subjected to the same polymerization as in Example 1. A gel copolymer was
obtained which was semi-transparent and well swellable with tetrahydrofuran. The
content of the remaining epoxy groups was 9.7% by weight calculated as epoxy
oxygen which corresponded to 919 of theory based on the amount of component
(A) charged.

Example 7.

A mixture consisting of 15 g of glycidyl methacrylate, 15 g of methyl
methacrylate, 30 g of ethylene glycol dimethacrylate, 90 g of n-butyl acetate and 0.3
g of azobisisobutyronitrile was subjected to the same polymerization as in Example
1. Opalescent beads were obtained. The resulting gel copolymer had a swelling
ratio in tetrahydrofuran of 5.0 ml/g and a swelling ratio in water of 4.1 ml/g. The
gel copolymer had an exclusion limit for polystyrene of 8 x 108 in tetrahydrofuran.

Example 8 (modification with water).

A mixture consisting of 30 g of glycidyl methacrylate, 30 g of ethylene glycol
dimethacrylate, 98 g of chlorobenzene and 0.3 g of azobisisobutyronitrile was
subjected to aqueous suspension polymerization in the same way as in Example 1 to
afford a granular epoxy-containing gel copolymer. The copolymer was sieved, and
gel particles having a size of 44 to 75 microns (20 g) were collected and well mixed
with 200 mi of a 0.5N aqueous solution of sulfuric acid. The mixture was heated to
90°C on a water bath, and stirred to hydrolyze the epoxy groups. The product was
cooled after 5 hours, and the gel was washed with pure water and then with
acetone. No free epoxy group was observed in the resulting gel. This shows that all
the epoxy groups contained in the starting gel were converted to 1,2-dihydroxy-
ethyl groups by hydrolysis. )

These gel particles were packed into a stainless column having an inside
diameter of 8 mm and a length of 500 mm. Using this column, 0.05% aqueous
solutions of dextrans of different molecular weights and polyethylene glycol were
each separated at 20°C and a flow rate of 1 ml/min. The resulting chromatogram is
shown in Figure 5. The parenthesized numerals show the molecular weights of the
samples.

This gel copolymer had an exclusion limit for dextran of 10° in water.

Adsorption of polyethylene glycol occurred when polyethylene glycol was
separated in an aqueous medium using the epoxy-containing gel copolymer
obtained in Example 1. However, no such adsorption phenomenon occurred when
the gel whose epoxy groups were ring-opened by hydrolysis in Example 8 was used.
Hence, polyethylene glycol was well separated gel-chromatographically as seen
from Figure 5.

The gel copolymer obtained in Example 8 had high mechanical strength as
demonstrated by the following test.

A gel having a size of 15 to 20 microns which was prepared in the same manner

10

15

20

25

35

45

50

35

60



1,566,647

10

15

20

25

30

35

40

45

50

55

as described above was packed into a stainless column having an inside diameter of
8 mm and a length of 500 mm. Pure water was passed through the packed column at
a flow rate of 5 ml./min. by means of a pump. However, the gel particles were not
deformed, and the original packed state was retained. This shows that these gel
particles had mechanical strength which can withstand high-speed flow of eluant.
The gel had an exclusion limit for dextran of 108, as stated above. A commercially
available homogeneously crosslinked gel such as dextran gel and a polyacrylamide
gel having the same exclusion limit was too soft, and when water was passed
through a column packed with such a gel at the same rate as above using a pump,
the gel particles were deformed, and the original packed state could not be
retained.

Example 9 (modification with water).

A mixture consisting of 76.5 g of glycidyl methacrylate, 13.5 g of ethylene
glycol dimethacrylate, 91.0 g of cyclohexanone, 33.5 g of chlorobenzene and 0.5 g
of azobisisobutyronitrile was suspended in a solution of 2.3 g of polyvinyl alcohol
(dispersant) in 1.5 liters of water. Aqueous suspension polymerization was
performed in the same way as in Example 1 to afford spherical transparent gel
particles. The copolymer obtained was sieved to collect gel particles having a size
of 44 to 75 microns. Twenty grams of the collected gel particles were well mixed
with 200 m! of a 0.3N aqueous solution of sulfuric acid. The mixture was heated to
90°C on a water bath, and stirred to hydrolyze the epoxy groups. Five hours later,
the product was cooled, and filtered. The resulting gel was washed with pure water
and then with acetone, and allowed to cool spontaneously.

The gel particles were packed into a stainless steel column having an inside
diameter of 8 mm and a length of 500 mm. Using this column, 0.057%, aqueous.
solutions of polyethylene glycols having different molecular weights were
separated gel-chromatographically. The eluant used was pure water, and the flow
rate was 1 ml/min. The separation was performed at room temperature. The
resulting chromatogram is shown in Figure 6. The parenthesized numerals show the
molecular weights of the samples.

The gel obtained in this example had an exclusion limit for polyethylene glycol
of 1500 in water.

Example 10 (modification with water).

A mixture consisting of 48 g of glycidyl methacrylate, 13.5 g of ethylene glycol
dimethacrylate, 44.1 g of cyclohexanone, 46.3 g of chlorobenzene, and 0.3 g of
azobisisobutyronitrile was subjected to aqueous suspension polymerization in the
same way as in Example 1 to afford a granular epoxy-containing gel copolymer.
The copolymer was sieved, and gel particles having a size of 44 to 75 microns were
collected. Twenty grams of the gel particles were well mixed with 200 mi of 2 0.3N
aqueous solution of sulfuric acid. The mixture was heated to 90°C on a water bath,
and stirred to hydrolyze the epoxy groups. Five hours later, the product was
cooled. The gel was washed with pure water and then with acetone, and allowed to
cool spontaneously.

The gel was packed into a stainless steel column having an inside diameter of 8
mm and a length of 500 mm. Using this column, 0.05% aqueous solutions of
dextrans having different molecular weights and polyethylene glycol were
separated at room temperature using water as an eluant. The flow rate was 1
ml/min. The gel chromatogram obtained is shown in Figure 7. The parenthesized
numerals show the molecular weights of the samples.

This gel copolymer had an exclusion limit for dextran of 1.5 x 10° in water.

Example 11 (modification with water).

The water-modified gel having a size of 15 to 20 microns which was produced
in Example 8 was packed into a stainless steel column having an inside diameter of
46 mm and a length of 250 mm. Using this column, oligosaccharides were
separated by adsorption chromatography. A 78:22 mixture of acetonitrile/water
was used as an eluant, and the flow rate was 0.8 ml/min. The eluted ingredients
were detected by a differential refractometer. The separation was performed at
room temperature. The chromatogram obtained is shown in Figure 8. The
numerals show the degrees of polymerization of the saccharides. Oligosaccharides
(up to decamer) could be separated in 28 minutes,
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Example 12 (modification with water).

The water-modified gel having a size of 15 to 20 microns which was produced
in Example 8 was packed into a stainless steel column having an inside diameter of
4.6 mm and a length of 250 mm. Using this column, a mixture of water-soluble
vitamins and caffeine was separated by adsorption chromatography using a 93/7
mixture of an aqueous solution of 0.055M sodium phosphate and 0.045M potassium
hydrogen phosphate/methanol as an eluant at a flow rate of 0.8 ml/min. A UV
detector was used.

Figure 9 shows the chromatogram obtained by separating (1) ascorbic acid, (2)
orotic acid, (3) pyridoxine hydrochloride, (4) tll')niamine hydrochloride, (5)
nicotinamide, and (6) caffeine.

Example 13 (modification with polyethylene glycol).

Twenty-five grams of the gel having a size of 44 to 75 microns which was
produced in Example 1 was well mixed with 200 g of polyethylene glycol (average
molecular weight 400), and then 1 ml of a boron trifluoride/ethyl ether complex was
added as a catalyst. The mixture was heated at 85°C for 4 hours with stirring. After
cooling, the gel was washed with acetone, and filtered to afford a chromatographic
filler having polyethylene glycol bonded in it. The epoxy groups contained in the
starting gel were not found in the resulting modified product.

Example 14 (modification with glycerol).

Twenty-five grams of the gel having a size of 44 to 75 microns which was
produced in Example 1 was well mixed with 200 g of glycerol, and then 1 ml of a
boron trifluoride/ethyl ether complex was added. With stirring, the mixture was
heated at 85°C for 5 hours. The reaction product was cooled, washed with acetone,
and filtered to afford a chromatographic filler having glycerol bonded in it.

WHAT WE CLAIM IS:—

1. A granular filler for liquid chromatography consisting essentially of a porous
copolymer of (A) a glycidyl ester of a monoethylenically unsaturated carboxylic
acid or a glycidyl ether of a monoethylenically unsaturated alcohol and (B) a mono-
or poly-alkylene glycol diester of a monoethylenically unsaturated carboxylic acid
with component (A) being crosslinked by component (B) to form a gel copolymer
and the mole ratio of component (A) to component (B) being 10:90 to 90:10, said
copolymer containing in its molecular epoxy groups derived from component (A)
or modified groups resulting from a ring-opening reaction of such epoxy groups
with a modifying compound having a hydrophilic, oleophilic or ion exchangeable
group.

2. A filler according to claim | wherein component (A) is a glycidyl ester of a
carboxylic acid containing 3 to 12 carbon atoms or a glycidyl ether of an alcohol
containing 3 to 12 carbon atoms, and component (B) is an acrylate or methacrylate
ester of an alkylene glycol containing 2 or 3 carbon atoms or of a polymer thereof.

3. Afiller according to claim | or 2 wherein the mole ratio of component (A) to
component (B) is 40:60 to 80:20.

4. A filler according to claim 1, 2 or 3 wherein up to 50% of component (A) is
replaced by a comonomer selected from methyl methacrylate, methy! acrylate and
vinyl acetate.

5. A filler according to any one of the preceding claims wherein the epoxy
group content of the copolymer is 0.5 to 109, by weight calculated as epoxy oxygen
based on the weight of the copolymer.

6. A filler according to any one of claims 1 to 4 wherein the copolymer
contains, as modified groups, 1,2-dihydroxyethyl groups resulting from ring-
opening hydrolysis of the epoxy groups.

7. A filler according to any one of claims 1 to 4 wherein the copolymer
contains, as modified groups, hydrophilic residues of an alkylene glycol, a
polyalkylene glycol or a triol, oleophilic residues of a carboxylic acid, or ion-
exchangeable residues of sulphonic acid or a dialkylamine.

8. A filler according to claim 1 substantially as described in any one of the
Examples 1, 3 to 10, 13 and 14.

9. A process for producing a granular filler as claimed in any one of the
preceding claims which comprises subjecting (A) the glycidyl ester or
glycidyl ether and (B) the alkylene glycol diester to aqueous suspension
polymerization in the presence of an inert organic diluent which is insoluble or onlv
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slightly soluble in water and capable of dissolving components (A) and (B) thereby
to afford particles of a porous gel copolymer having component (A) crosslinked
with component (B) and containing in its molecule epoxy groups derived from
component (A), and optionally reacting the resulting copolymer with a modifying
compound having a hydrophilic, oleophilic or ion exchangeable group to modify
the epoxy groups by ring-opening.

10. A process according to claim 9 wherein the amount of the organic diluent
is at least 30% by volume based on the total volume of components (A) and (B) and
the diluent, and the amount of water is equal to, or more than, the total amount of
the organic phase.

11. A process according to claim 9 wherein the amount of the organic diluent
is 40 to 807, by volume based on the total volume of the components (A) and (B)
and the diluent.

12. A process according to claim 9, 10 or 11 wherein the modifying compound
is water, and the epoxy groups are converted to 1,2-dihydroxyethyl groups.

13. A process according to claim 9, 10 or 11 wherein the modifying compound
is an alkylene glycol, polyalkylene glycol, triol, carboxylic acid, sulfonic acid salt or
a dialkylamine.

14. A process according to claim 9 substantially as described in any one of
Examples 1, 3 to 10, 13 and 14.

15. A liquid chromatography process when carried out using a
chromatography column packed with a granular filler as claimed in any one of
claims 1 to 8.

J. A. KEMP & CO,,
Chartered Patent Agents,
14, South Square,
Gray’s Inn,
London WCIR 5EU,

Printed for Her Majesty’s Stationery Office by the Couricr Press, Leamington Spa, 1980.
Published by the Patent Office, 25 Southampton Buildings, London, WC2A 1AY, from
which copies may be obtained.
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