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SPECIFICATION

TITLE OF THE INVENTION

PREPARATION OF SPHERICAL POLYPHENOL PARTICLES

BACKGROUND OF THE INVENTION
1. Field of the Invention: o

The present invention relates to a process for
preparing spherical polyphenol particles. Particularly it
relates to a process for preparing spherical polyphenol
particles by using a dispersing agent.

2. Prior Art:

Few processes for preparing spherical polyphenol
particles without methylene chains have been found and
only one example described below is shown. The example is
a process for preparing spherical polyphenol particles in
a reversed micelle polymerization system (Polymeric Mate-
rials: Science and Engineering Préprint, American Chemical
Society, 68, 171-172(1993)).

.This process, however, has a few'problems. First, the
monomer concentration is low, and there are great diffi-
culties in commercially producing a spherical pblyphenol
particle. An emulsifier (anionic surfactant) of 3 moles
or above per mole of the monomer is needed to obﬁain a
spherical resin. The amount is 10 or well over in terms

of ratio by weight. Removing the remaining emulsifier



requires a lot of labor. Second, a reaction solvent
consisting of water and an organic solvent, especially a
reaction solvent with much water is a double-layer system
and the formation of particles is not found in it.
Additionally, only p-ethylphenol is used to carry out
these tests. Furthermore, these p-ethylphenol molecules
link up with each other at positions ortho to the hydroxyl
group.l This reaction mechanism is shown as follows. A
mixture consisting of isooctane, an anionic surfactant and
a buffer solution is mixed to form micelles. A buffer
solution in which an enzyme is soluble is added to form
micelles containing the enzyme. A hydrogen peroxide
aqueous solution is added to cause polymerization in the
surface of the micelles énd polymer particles grow up in
the micelles. | |
JP-B-6-68017(Tokkohei), USP4,647,952, discloses that
a phenolic resin is prepared by reacting a phenol with a
peroxide and a peroxidase or an oxidase enzyme in an
organic solvent, a mixture consisting of ethanol or ethyl
acetate and a potassium phosphate buffer solution.
Neithef surfactants nor dispersing agents are used in the
reaction. The present inventors found that the thus-
obtained polymer particles were amorphous.
JP-A-4-110093(Tokkaihei) discloses é wastewater
treatment technology. This is a process for removing

polyphenols in an adueous solution. A hydrophilic polymer



is added to prevent the intended product from being caught
in an enzyme and then keep the activity of the enzyme. The
reaction is carried out in an aqueous solution and the
limiting concentration of a substrate is about 50 g/l,
when phenol itself is used as the substrate. The limiting
concentration is further reduced when alkylated phenols
are used. This reaction, therefore, is absolutely unavail-
able in synthesis of polymers.

. The above-mentioned processes are neither general nor
equal to the commercial production of spherical polyphenol

particles.

SUMMARY OF THE INVENTION

The present inventors earnestly studied to solve the
above-mentioned problems and found a process for adding a
dispersing agent to selectively prepare spherical polyphe-
nol particles having optional diameters without férming
micelles.

A general object of the present invention is to
provide a process for preparing a spherical polyphenol
particle which comprises preparing a solution'comprising a
phenol, an organic solvent, water, a peroxidase and a
dispersing agent, adding hydrogen peroxide into the solu-
tion to obtain a reaction mixture and separating the
spherical polyphenol particle from the reaction mixture.

Polymer emulsions of spherical polyphenol particles
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prepared according tolthe present invention have low
viscosity (improvement of work efficiency). These
particles are expected to be available in the field of
dyestuffs. Conqrete examples include a packing material
for high performance liquid chromatography (HPLC) which
uses its phenolic hydroxyl groups and a spacer for uniform
space. Graphite beads, prepared by incinerating these
particles, are expected to be suitable for adsorbents or

lightweight particles.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a scanning electron microscope photograph
of a spherical particle obtained by the process of Example
4.
Figures 2 and 3 are also scanning electron microcope
photographs of the products obﬁained by the polymerization

processes of Comparative Examples 2 and 3, respectively.

DESCRIPTION OF THE PREFERRED EMBODIMENT
Phenols are illustrated according to the formula (1).
OH
' ' Z
¢y

v

wherein Y and Z each are a hydrogen atom, a halogen atom,



an alkyl group, an alkoxy group, an allyl group, an aryl
group, a phenylalkyl group, a cérboxyl group of the
formula -COOR where R is a hydrogen atom or a lower alkyl
group of 1 to 5 carbon atoms or an amino group of the
‘formula -NRIR2 where R! and R? each are a hydrogen atom, a
lower alkyl group of 1 to 5 carbon atomé or a phenylalkyl
group, 2 in conjunction with the adjacent meta position
may form a condensed benzene ring, and Y or Z is a
hydrogen atom wheﬁ Y is present at a posiﬁion ortho or
para to the hydroxyl group. _

Alkyl groups illustrated by Y or Z include alkyl
groups containing at most 10 carbon atoms such as t-butyl,
n-butyl, octyl and nonyl. The number of carbon atoms is 1
to 10 when Y or Z is an alkoxy group. Typical examples
are phenyl itself or substituted phenyl groups with a
halogen atom, a hydroxyl group or a lower alkyl group when
Y or Z is an aryl group. The halogen atom is fluorine,
chlorine, bromine or iodine. The phenols include 4-t-
butylphenol, 4-n—butylphenol,'4-ethy1phénol, cresol, p-
phenylphenol, p-octjlphenol,.p-hydroxybenzoic acid, 4-
hydroxynaphthoic acid, p,p’-biphenol, 4-aminosalicylic
acid, salicylic acid, methyl salicylate, ethyl salicylate
and ethyl 4-hydroxybenzoate. Phenol itself, p-phenylphenol
and cresol are more preferred as phenols.

Bisphenols are illustrated according to the formula

(2).'



OH

X O @

wherein X is -CO-, -(Rl)c(R?)-, -5-, -0-, -50,-, -OR3-,
-R40-, -R3- or -C(RS), R; AND R2 each are a hydrogen atom
or a linear or chain alkyl group of 1 to 5 carbon atoms,
R3 and Rr? each are a linear or chain alkylene group of 1
to 5 carbon atoms, R? is a linear or chain alkylene group
of 1 to 8 carbon atoms, and R6 is an alkylene group of 2
to 5 carbon atoms and conjoins with its adjacent carbon
atom in forming a saturated aliphatic cycie.

Particularly bisphenol F and bisphenol A which have
hydroxyl groups at the p- and p‘-positions of the benzene
rings are preferred.

The reaction is carried out in a mixture of water and
an organic solvent. The organic solvent is compatible
with water. Preferable organic solvents include methanol,
ethanol, 1,4-dioxane, tetrahydrofuran(THF), N,N-dimethyl-
formamide(DMF), dimethylsulfoxide(DMSO), acetonitrile and
acetone.

Distilled water or buffer solutions may be used as
the water. The pH value is pH 4 to pH 12. Preferable
buffer solutions include phosphate buffer solution, ace-
tate buffer solution and succinate buffer solution. Pref-

erably the mixing fatio by volume of the water to the



organic solvent is 1:9 to 9:1.

Peroxidases are used as oxidative polymerization
catalysts of phenols. The most preferred peroxidase is
horseradish beroxidase or soybean peroxidase and may also
be chloroperoxidése or lactoperoxidase. The amount of the
above-mentioned peroxidases is usually 10 mg to 10 g per
100 g of a phenol as a substrate. |

Two enzymes may be used in combination in a process
of the present invention. One enzyme is used for oxida-
tive polymerization énd.another enzyme, for dehydrogeng-
tion or generation of peroxides such as hydrogen peroxide.
The enzyme for oxidative polymerization is the same as
mentioned ébove and the enzyme for generation of hydrogen
peroxide is an enzyme having oxidase activity. The most
preferred oxidase is glucose oxidase. Alcohol oxidase,
cholesterol oxidaée, acyl coenzyme A oxidase (Acyl-CoA
oxidase), choline oxidase and sarcosine oxidase may also
be used.

Dispersing agents include alkylether type, alkylary-
lether type, alkylester type, polyoxyethylenealkylamine
type, polyoxyethylenealkylamide type, polyoxyethylenepo-
iyoxypropylene,type, sorbitanalkylester type, fatty acid
ethanolamide type and sacéharoseester type. Particularly
preferred examples are poly(methyl Vinyl ether), poly(N-
vinyl-2-pyrolidone), poly(oxyethylené), poly(2-ethyl-2-

oxazoline), poly(vihyl alcohol), poly(acrylamide), hydrox-



yethyl cellulose and soluble starch. The amount is 1 to

100 parts by weight per 100 parts by weight of the raw

material phenol and the preferred amount is 10 to 50 parts

by weight pér 100 parts by weight of the raw material
phenol. The diameter of a spherical polyphénol particle
depends on the amount of a diséersing agent. The diameter
is decreased when the amount is large. The diameter is
increased when the amount is small.

The reaction is carried out as follows. (1) An
orgénic solvent is mixed with water to prepare a solution.
A phenol, an enzyme and a dispersing agent are dissolved
in the solution, followed by stirring. (2) On the other
hand, a phénol is dissolved in an organic solvent and an
enzyme is dissolved in water. Both solutions are mixed to
prepare a solution and a dispersing agent is added into
the solution, followed by stirring. The substrate concen-
tration ié'usually 1 to 1,000 g per liter of the solvent.

Hydrogen peroxide is usually most preferred. A
peroxide is dropped slowly to start the reaction. The
amount of hydrogen peroxide is 0.1 to 2.0 mbles per mole
of the phenol. The reaction temperature is usually 0 to
45°C. Slow dropping is preferred because high concentra-
tions of the peroxide in the reaction mixture restrain the
peaction and deactivate the enzyme.

After completion of the reaction, polymers are

separated with a centrifugal separator or a vacuum filter.



A solution which has the same composition as the solution
used in the reaction does may also be added into the
thus-obtained polymer to wash by ultrasonic wave treat-
ment. The intended spherical polyphenol particle is
obtained accordiné to the additional separation of the
polymer with a centrifugal separator or a vacuum filter.

fhe particle diameter of the thus-prepared spherical
polyphenol particlelis determined with a scanning electron
microscope(SEM). Generally spherical polyphenol particles
do noﬁ'decompose below about 350°C according to the result
of TGA analysis. About 40% of the polymer remains at
1,000°C in nitrogen atmosphere according to the result of
TGA analysis. The polymer completely decomposes at about
500°C in air atmosphere according to the result of TGA
analysis. No melting point of the polymer is found
according to the result of DSC analysis.

The polymer is insoluble in ordinary solvents.

The present invention will be explained below in more
detail by way of examples and comparative examples.
Example 1

A substrate of 0.47 g (5.0 mmole) of phenol, 0.12 g
of poly(methyl vinyl ether) and 10 mg of horseradish
peroxidase were dissolved in a mixed solution of 10 ml of
potassium phosphate buffer solution (pH 7.0, 0.1 mole) and
15 ml of 1,4-dioxane. 30 wt.3% hydrogen peroxide agqueous

solution (28 pul) was dropped 20 times at 15-minute
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intervals at room temperature (about 20°C), followed by
stirring. The reaction mixture was transferred to a
centrifugal tube 24 hours later and the polymer was
separated by centrifugal force. The supernatant was
removed. A mixed solution of distilled water and 1,4-
dioxane (20:80 vol.%) was added into the poelymer to again
disperse the polymer by ultrasonic wave treatment. The
pelymer was again separated by centrifugal force and dried
in a vacuum dryer to obtain 0.47 g of the polymer. The
thus-obtained polymer was observed with a SEM (scanning
electron microscope). The particles were spherical and the
average diameter was about 250 nm.
Example 2

A substrate of 0.47 g (5.0 mmole) of phenol, 0.12 g
of poly(oxyethylene) and 10 mg of horseradish peroxidase
were dissolved in a mixed solution of 15 ml of distilled
water and 10 ml of 1,4-dioxane., 30 wt.% hydrogen peroxide
aqueous solution (28 pl) was dropped 20 times at 15-minute
intervals at room temperature (about 26°C), followed by
stirring. The reaction mixture was transferred to a
centrifugal tube 24 hours later and the polymer was sepa-
rated by centrifugal force. The supernatant was removed.
A mixed solution of distilled water and 1,4-dioxane (20:80
'vol.%) was added into the polymer to again disperse the
pelymer by ultrasonic Wave'treétment,' The polymer was

again separated by éentrifugal force and dried in a vacuum
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dryer to obtain 0.45 g of the polymer. The thus-obtained
polymer was observed with a SEM (scanning electron micro-
scopej. The particles were spherical.and the average
diameter was about 500 nm.
Example 3

A substrate of 0.47 g (5.0 mmole) of pﬁenol, 0.12 g
of poly(oxyethylene) and 10 mg of horseradish peroxidase
were dissolved in a mixted solution of 10 ml of potassium
phdsphate buffer solution (pH 7.0, 0.1 mole) and 15 ml of
1l,4-dioxane. 30 wt.% hydrogen peroxide aqueous solution
(28 ul) was'dropped 20 times at 15-minute intervals at
room temperature (about 20°C), followed by stirring. The
reaction mixture was transferred to a centrifugal tube 24
hours later and the polymer was separated by centrifugal
force. The-supernatant was removed. A mixed solution of
distilled water and 1,4-dioxane (20:80 vol.%) was added
into the polymer to again disperse the po}ymer by
ultrasonic wave treatment. The polymer was again
separated by centrifugal force and dried in a vacuum dryer
to obtain 0.47 g of the polymer. The thus-obtained
polymer was observed with a SEM (scanning electron
microscope). The particles were spheric&l and the average
diameter was about 300 nm.
Example 4

A substrate of 0.85 g (5.0 mmole) of p-phenylphenol,

0.12 g of poly(methyl vinyl ether) and 10 mg of horserad-



- 12 -

ish peroxidase were dissolved in a mixted solution of 10
ml of potassium phosphate buffer solution (pH 7.0, 0.1
mole) and 15 ml of 1,4-dioxane. .30 wt.% hydrogen peroxide
aqueous solution (28 ul) was dropped 20 times at 15-minute
intervals at room temperature (about 20°C), followed by
stirring. The reaction mixture was tranéférred to a
centrifugal tube 24 hours later and the polymer was sepa-
rated by centrifugal force. The supernatant was removed.
A mixed solution of distilled water and 1,4-~dioxane (20:80
vol.%) was added into the polymer to again disperse the
polymer by ultrasonic wave treatment. The polymer was
again separated by centrifugal force and dried in a vacuum
dryer to obtéin 0.79 g of the polymer. The thus-obtained
polymer was observed with a SEM (scanning electron micro-
scope). The particles were spherical and the average
diameter was about 300 nm as shown in Figure 1.
Comparative Example 1

The same procedure as that in Examble 1 was repeated
except fﬁat the dispersing agent was not’used. The yield
was 0.47 g and 100 %. The thus-obtained polymer was
observed with a SEM (scanning electron microscope). The
particles were amorphous and not spherical.
Comparative Example 2 |

The same procedure as that in Example 1 was repeated
except that 0.12 g of polyethyleneimine as é cationic

dispersant in place of the dispering agent. The thus-
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cbtained polymer was observed with a SEM (scanning
electron microscope). The particles were amorphous and not
épherical as shown in Figure 2.
Comparative Example 3

The same procedure as that in Example 1 was repeated
except that 0.12 g of bis(2~-ethylhexyl) sodium sulfosucci-
nate as an anionic surfactant in place of the dispersing
agent. The thus-obtained polymer was observed with a SEM
(scanning electron microscope). The particles were amor-

phous and not spherical as shown in Figure 3.
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'WHAT IS CLAIMED IS:

1. A process for preparing a spherical polyphenol
particle which comprises preparing a solution comprising a
phenol, an organic solvent, water, a peroxidase and a
dispersing agent, adding hydrogen peroxide into the éolu-
tion to obtain a reaction miiture and ‘separating the

spherical polyphenol particles from the reaction mixture,.

2. A process according to claim 1, in which the

phenol is represented by the formula (1),

OH
¢

Y

wherein Y and Z each are a hydrogen atom, a halogen atom,
an alkyl group, an alkoxy group, an allyl group, an aryl
group, a phenylalkyl group, a carboxyl group of the formu-
la -COOR wheie R is a hydrogen atom or a lower alkyl group
of 1 to 5 carbon atoms or an amino group of the formula
-NRIR? where Rl and R? each are a hydrogen atom, a lower
alkyl group of 1 to 5 carbon atoms or a phenylalkyl group,
Z in conjunctién with thé adjacent meta position may form
a condensed benzene ring, and Y 6r 2z is a hydrogen atom
when Y is present at a position ortho or para to the hy-

droxyl group.
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3. A process according to claim 1, in which the

phenol is phenol itself, p-phenylphenol or cresol,

4, A process according to claim 1, in which the

phenol is represented by the formula (2),

HO OH - |
O X O @

Wherein X is -CO", _(Rl)C(RZ)_' -S-, "0", -SO"‘, -802-,

-OR3—, R4o-, -R%- or -C(RG)-, R! and R? each are a hydro-
gen atom or a linear or chain alkyl group of 1 to 5 carbon
atoms, R3 and r¢ each are a linear or chain alkylene group
of 1 to 5 carbon atoms, RS is a linear or chain alkylene
group of 1 to 8 carbon atoms, and R® is an alkylene group
of 2 to 5 carbon atoms and conjoins with its adjancent

carbon atom in forming a saturated aliphatic cycle.

5. A process according to claim 1, in which the

phenol is bisphenol F or bisphenol A.

6. A process according to claim 1, in which the
dispersing.agent is poly{methyl vinyl ether) or poly(ox-

yethylene).

7. A process according to claim 1, in which the

amount of the dispérsing agent is 1 to 100 parts by weight
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per 100 parts by weighﬁ of the phenol.

8. A process according to claim 1, in which the

organic solvent is compatible with water and the mixing

ratio by volume of the water to the organic solvent is 1:9
to 9:1.

9, A process according to claim 1, in which the

organic solvent is selected from the group comprising a

lower alcohol, acetone, 1,4-dioxane and tetrahydrofuran.

10. A process according to claim 1, in which the

water is distilled water or a buffer solution of pH 4 to
pH 12.

11. A process according to claim 10, in which the

buffer solution is potassium phosphate buffer solution,

acetate buffer solution and succinate buffer solution.

12. A process according to claim 1, in which the

dase.

peroxidase is horseradish peroxidase or soybean peroxi-

13.

A spherical polyphenol particle prepared accor-
ding claim 1.
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