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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
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.culties in comercially producing a spherical polyphenol particle. An

emul sifier (anionic surfactant) of 3 noles or above per nole of the nononer

is needed to obtain a spherical resin.. The anount is 10 or well over in

terms of ratio by weight. RenDV|ngiﬂn?rena|n|ng enul sifier -2- requires

a lot of labor. Second, a reaction solvent con5|st|ng of wat er and an
solvent wt ter is a

doul o- 1 ayEPERyEPBnRattts RE AEEREN oNestsk @ AACh IO ROTRRY 1 i1,
AL onel g S BT YMRSSha SrUSRAN Sl WSR LR o,
Po% 01 SEREELER BAELDAN B, WP Bl AN UAMIBSIE g o
buf fer sol gha0BhbS£BINEEibA bEr PaFti@leds isAddH f@und 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



solution in which an enzyne is soluble is added to form m celles containing
the enzyne. A hydrogen peroxide aqueous solution is added to cause

pol ymeri zation in the surface of the nﬁfelles and pol ynmer particles grow up
inthe mcelles. JP-B-6-68017(Tokkohei)®, "USP4, 647, 952, di scl oses that a
phenolic resin is prepared by reacting a phenol wth a peroxide and a
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technology. This is a process for renoving pol yphenols in an aqueous
sol ution. Aliwiltdphi toAceaty8tion of a substrate is about 50 g/1,
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



-3- is added to prevent the intended product from being caught

and then keep the activity of the enzyne. The reaction is carried out
aqueous solution and the limting concentration of a substrate is about 50

~g/l, when

phenol itself is used as thed4substrate. The limting

concentration is further reduced when al kyl ated phenols are used. This
therefore, is absolutely unavail- able in synthesis of polyners.
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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
¢V’

v

wherein Y and Z each are a hydrogen atom, a halogen atom,
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- provide a process for preparing a spherical polyphenol particle which
conprises preparing a solution conprising a phenol, an organic solvent,
water, a peroxidase and a dispersing agent, adding hydrogen peroxide into
"the solu- tion to obtain a reacti.on aigture and separating the spheri cal
pol yphenol particle fromthe reaction m xture. Polymer emul sions of
spheri cal pol yphenol particles -4- prepared according to the present
i nvention leavelkyd \grmugs, tan (a4 Hpoxy egreenp of amoaklpl f groepeyan akgge
- particles are expected to be available in the field of dyestuffs. Concrete

‘exanpl es | SEWRy & RIGOWR Helllergzoup ora heajibery i ognempeoki ghed

For uni for AeERHIE GO METRAuSLE 7 SPETEREDY A HORIAF of | gmerosdkyl
“particles, ARPHeq &% W Dl AR T A0SR PN $-8lp 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).'



i ghtwei ght particles. BRIEF DESCRI PTION OF THE DRAWNGS Figure 1 is a
scanni ng el ectron mcroscope photograph of a spherical particle obtained by
the process of Exanple 4. Figures 2 and 3 are also scanning el ectron

m crocope phot ographs of the products @ébt-ai ned by the pol ynerization
processes of Conparative Exanples 2 and 3, respectively. DESCRI PTION OF THE
PREFERRED EMBODI MENT Phenols are illustrated according to the formula (1).

CH [err] whereig ¢¥_and cach are a hydrogen _atom a halggfn at om -5-
‘an al kyl group, an aN{oxy &roup, an allyl I oup, a
phenyl al kyl group, a c QLR Q @

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



formula -COOR where Ris a hydrogen atomor a | ower alkyl group of 1 to 5
carbon atons or an amno group of the fornmula [err] where [err] and [err]
each are a hydrogen atom a lower alkyl group of 1 to 5 carbon atons or a
phenyl al kyl group, Z in conjunction W 'h "t he adj acent neta position may
forma condensed benzene ring, and Y or Z is a hydrogen atomwhen Y is

t at i L he hyd I . Al kyl
Pl Poetr at e RgRRLE 88196hE018" 4RS! Bor 85050 cﬁni aiming at most 10 carbon
atons such as t- €§%¥§§ggsggtxkfkgggxlagngxg éT@%#?Hq%i qycﬁprbon at ons

is 1 to 10 when n rou plca npl es ‘are phenyl
itself or %&)@élwesdoéggﬁ&o%oup@w th% @%’e%%&eﬁt%@ rodk iQeEO Y gr oup
he

or a |l ower al kyl™ group or Zis an aryl group hal ogen atomi s
fluorine, ddbesérsdishopepoxodasadbiesoybeaphpatboxidaskeldadray also

but yl phenol , 4-n-butyl phenol, 4-ethyl phenol, cresol, p- phenyl phenol,
p- oct yl pherts | clpl dwopexgbidase coacldctdperpadidageaphtthel ammaint, of the
p, p' - bi phenol, 4-am nosalicylic
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 dehydrogena-
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-



.acid, salicylic acid, nethyl salicylate, ethyl salicylate and ethyl

4- hydr oxybenzoat e. Phenol itself, p-phenyl phenol and cresol are nore

preferred as phenols. Bisphenols are illustrated according to the fornula

(2). -6- [err] wherein Xis -CO,--8R-[err] -S-, -0-, [err] -[err]-
-[err]- or [err] [err] AND [err] each are a hydrogen atomor a linear or

chai n al kyl of to 5 carbon_atons, R3 and R4 each are a linear or
chain alkyﬁ@&€“©$ ¥H1Q§?oﬁ@ﬂc%?b%hl%tﬁﬁérchﬁ i Thg prpaaat 48 dhion

al kyl ene groyp of .1 to 8 carbon ato and R6_is an al kylene group of 2 to
5 carbon at Jﬁ?dﬂ%ﬁghﬁtPP?tgsgdP%EEﬁthaVﬁbﬂﬁEté EefSPWing a
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by weight per 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.



.hydroxyl groups at the p- and P -positions of the benzene rings are
preferred. The reaction is carried out in a mxture of water and an organic
sol vent. The organic solvent is conpatjible with water. Preferable organic
sol vents include nethanol, ethanol, 7,2-di oxane, tetrahydrofuran(THF),
N,N—dinethyl f or mam de( DVF) , dinethylsUIfoxide(DNBC», acetonitrile and

acet one.  Dgdd Lo R ahs OF WAL ehosgLyll 0RRo0BY cDE,USEdcRS LR MGLE . The

H val ue |s era rons i nc e phosphate
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Pref- erably the mxing ratio by volune of the water to -7- organic
sol vent is thdkisbth inedPpOIYREs S0 a«ﬁ&syssfl aﬁtﬁsseﬁitVﬁaﬁel yeBAkzation
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



catal ysts of phenols. The nost preferred peroxidase i s horseradish
per oxi dase or soybean peroxi dase and may al so be chl oroper oxi dase or

| act oper oxi dase. The anount of the above-nentioned peroxidases is usually
10 ng to 10 g per 100 g of a phenol as1® substrate. Two enzymes nmay be used
I n conbi nation in a process of the present invention. One enzyne is used
for oxida- tive ynmerization and anot her enzyne, for dehydrogena- tion or
generation b?tﬁ€V6}Fdé§ IOCR AeTRPFRSYET daeutde0 °ﬂﬁ3(ﬁ9%§ﬂ¥?@ﬂb$X|datlve

olynerization is th as nmentioned above and the enz for generation
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prefor el OXLAERE hindl VERRCPUITES AN e e R L SR L, 2&?3‘2&
e e ey NP
pol yoxyet hyl.gngably! afil fexb¥Pgo1R@ivax ¥et BY'sR19A%d 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 centrlfugal force and dried in a vacuum



. yoxypropyl ene type, sorbitanal kyl ester type, fatty acid ethanol am de type
and saccharoseester type. Particularly preferred exanpl es are pol y(nethyl
vinyl ether), poly(N vinyI-2-pyroIid09§), pol y(oxyet hyl ene),

pol y(2- et hyl -2- oxazoline), poly(vinyl~alcohol), poly(acrylam de), hydrox-
-8- yethyl cellulose and soluble starch. The amount is | to 100 parts by

amount s e 3 iRl o SECehERBTRAEL RS Shuattreal Bl o e
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the amount “of “a di spersing agent. e draneter Is decreased when the anmount
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is carried out as follows. (1) An organic solvent is mxed with water to
prepare a ildmMdt¥r 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-



A phenol, an enzyne and a di spersing agent are dissolved in the solution,
f-ol l owed by stirring. (2) On the other hand, a phenol is dissolved in an
organi ¢ solvent and an enzyne is dissoi ed in water. Both solutions are

m xed to prepare a solution and a diSpefsing agent is added into the
solution, followed by stirring. The substrate concen- tration is usually 1
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restrain the reaction and deactivate the enzyne. After conplefion of the
reaction, pRWETRIS SSRuSERL 2801 tHad ¢Loppedugal temgar aton 50miautacuum
filter. 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 a cationic

dispersant in place of the dispering agent. The thus-



-9- A solution which has the sane conposition as the solution used in the
reaction does may al so be added into the thus-obtained polymer to wash by
ultrasonic wave treat- nent. The intended spherical polyphenol particle is
obt ai ned according to the additional "separation of the polyner with a
centrifugal separator or a vacuumfilter. The particle dianeter of the

Lhus- pr epar e 3phen’ Gal RALY RS B BILELCLR 08 Lehaf Mgedt 4 a scanni ng

el ectron m Croscope( neral Ty Spherical polyp parttcl es do not
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About 40% o mer s at 1 rlCin nitrodgen atnosphere

accordi ng t9-h88; E83URE Bhol iaN#iywre 2Lhe polyner conpletely deconposes
at about SO%ferr]C in air atnospheré according to the result of TGA

anal ysis. Noompath8@vEOERhmplet Re pol ymer is found according to the result

of DSC anal ysis. The polynmer is insoluble in ordinary solvents. The present

invention wi || behexphmenpiobedawel asmehat 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.



detail by way of exanples and conparative exanpl es. Exanple 1 A substrate
of 0.47 g ( oI .12 g of poly(methyl .vinyl.ether) and 10
ng of horseriﬁ&@ﬁ@éﬂu wer e d| ssolved in a m xed SG| utLon of 40 . af
potaSS|un1p Iutlon ~pH47-0, 0.1 nole) ajpd 15Fni Of 0
1, 4- di oxane. thydrogen per oxi de aqueous sol ution ﬁf?f*@as !
' dropped 20 tlnes at 15-m nute - 10 - intervals at roomtenperature™
(about 20[ eWHAT) ISf GLATMBD B§:stirring. The reaction m xture was
transferred to a centrifugal tube 24 hours later and the polyner was

separ ated by cen%rlfuﬁaPrP§ﬁ§§ f¢ﬁep§eﬁéFﬁéﬂaﬁtSR&?H%Q%%MQP yRhAnQH

solution of disti er and, 1, 4- di oxane (20: Sgﬂﬁl .99 was ,added into
t he pol yner ?Bthﬁ BFE%eFQ@PFﬁéeSOPﬁﬁ??rﬂyguPtF& RPEMER . The

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 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.

Sheet Has Been Reilaced
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pol ymer was- agai n separated by centrifugal force and dried in a vacuum
dryer to obtain 0.47 g of the polyner. The thus-obtaj

observed with a SEM (scanni ng el ectron mnicroscope). H@Hﬁﬂ‘“ﬁﬂWe
spherical and the average di ameter wasifbeut 250 nm anplte 2 Assubstrate
of 0.-47 g (5.0 mmle) of phenol, 0.12 g of pol y(oxyethyl ene) and 10 ng of
hor ser adi sh per oxi dase were dissolved in a mxed solution of 15 m of
distilled water 3nd 1® prooésd, dcddosiing. ta0chaiso hydiogwhigdy dhiele aqueous
solution (28 [err]) was dropped 20 tinmes at _15-minute intervals at room

t enper at ur @eutioEhengk)itsel f ovedPRen¥LPhenad. o¥heresfdt-i on ni xture
was transferred to a centrifugal tube 24 hours later and the pol yner was
sepa- rated by centrifugal force. The supernatant was renoved. A m xed

solution of distjlled water and 1, 4-d{ oxane 0.80_.vol..% .was added into
the pol ymer to abain i%E%ﬁ%%ﬁt%%é%53§ﬂ%rQByggPFWa§0nFB4&Q&§%tﬁiﬁrmﬁn. The
pol ymer waggal N SEPA Rt ELeRYed By " LALIBLARISS (27¢ dried Tn a vacuum

HO OH

O._ X O . ‘(2.)

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



.dryer to obtain 0.45 g of the polyner. The thus-obtained pol yner was

ebserved with i el ectron mcro- scope). The-particlgs.were.
spheri cal and”“ﬂﬁwm Bml(m ter was about 500 nm Exanples3e#y subs;;g@tg’
of 0.47 g (5.0*mbl &) & phehol, 0.12 §6of pol y(oxyet hyl ene) “aRtiadBamy of |
hor ser adi sh peroxi dase were dissolved in a mxted sol ution of "Tom=gf~==!
pot assi um phosphat e buffer sol ution épH 7.0, 0.1 nole) and 15 m of

1, 4- di oxan@eB0L4Y  BARYSIr By erebehbxPHethguBRER Lol ution (28 [err]) was
dropped 20 tinmes at 15-minute intervals at roomtenperature (about
20[err]C), followed by stirring. The reaction m xture was transferred to a

i f I be, 24 h R
Contrifugal forck THb Rupeta afroratta cee ERALCE CERVALER, Bhe

distilled valfin 80%d:defll OX@NCokpdt BO1Y Wi th WREeRUSRE 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
peroxidase is horseradish peroxidase or soybean peroxi-

dase. *

13. A spherical polyphenol particle prepared accor-

ding claim 1.

A
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into the polymer to again disperse the polynmer by ultrasonic wave
treatnment. The pol yner was again separated by centrifugal force and dried
in a vacuumdryer to obtain 0.47 g of the polyner. The thu””TﬁEt pig—
pol ymer was observed with a SEM (scannilg-el ectron nicrogcopé& #.S BEEN
~ particles were spherical and the average di aneter was about Qﬂ% nm Egannl
4 A substrate of 0.85 g (5.0 nmol e) of § 8 henyl phenol, 0.12 g of
pol y(net hyl vinyl ether) and 10 ny of\Bf ad- - 12 - ish peroxidase

TG S NSRRI GO
peroxi de agupguscspbyiLens (28 Legihl a5 dLapPednal:th Sggiltthléza@e'}}ite

interval s ai” room rmeralne err ["owWe
water, a peroxidase and a dispersing agent to obtain

spherical polyphenol particles.

(No figure 3u€yg&ﬁ£ul)
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stirring. The reaction mxture was transferred to a centrifugal tube 24
hours | ater and the pol yner was sepa- rated by centrifugal force. The
supernat ant was renoved. A nixed solution of distilled water and

1, 4-di oxane (20:80 vol.% was added into the polynmer to again disperse the
pol ymer by ultrasonic wave treatnent. The pol ymer was agai n separated by
centrifugal force and dried in a vacuumdryer to obtain 0.79 g of the

pol ymer. The thus-obtained pol yner was observed with a SEM (scanni ng

el ectron mcro- scope). The particles were spherical and the average

di anmeter was about 300 nm as shown in Figure 1. Conparative Exanple 1 The
sane procedure as that in Exanple 1 was repeated except that the dispersing
agent was not used. The yield was 0.47 g and 100 % The thus-obtai ned

pol ymer was observed with a SEM (scanning el ectron m croscope). The
particles were anorphous and not spherical. Conparative Exanple 2 The sane
procedure as that in Exanple 1 was repeated




except that O 12 g of polyethyleneimne as a cationic dispersant in place
of the dispering agent. The thus- - 13 - obtained pol yner was observed
with a SEM (scanning el ectron mcroscope). The particles were anorphous and
not spherical as shown in Figure 2. Conparative Exanple 3 The sane
procedure as that in Exanple 1 was repeated except that 0.12 g of

bi s(2- et hyl hexyl ) sodi um sul fosucci- nate as an anionic surfactant in place
of the dispersing agent. The thus-obtained pol yner was observed with a SEM
(scanning el ectron mcroscope). The particles were anor- phous and not
spherical as shown in Figure 3.
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VHAT IS CLAIMED | S: 1. A process for preparing a spherical polyphenol
particle which conprises preparing a solution conprising a phenol, an
organi ¢ solvent conpatible with water, water, a peroxidase and a di spersing
agent, addi ng hydrogen peroxide into the solu- tion to obtain a reaction

m xture and separating the spherical polyphenol particles fromthe reaction
m xture. 2. A process according to claiml1, in which the phenol is
represented by the fornula (1), [err] (1) Y wherein Y and Z each are a
hydrogen atom a hal ogen atom an al kyl group, an al koxy group, an allyl
group, an aryl group, a phenyl al kyl group, a carboxyl group of the fornu-
la -COOR where Ris a hydrogen atomor a |lower alkyl group of 1 to 5 carbon
atons or an am no group of the fornmula -NRLR2 where R and R each are a
hydrogen atom a | ower alkyl group of 1 to 5 carbon atons or a phenyl al kyl
group,




Z.in COI’]] unction with the adjacent nmeta pesition nay forma condensed
benzene rARBLIGENESY or z is a hydr ogen atomwhen Y is present at a position
ortho or para&tv-the hy- droxyl group.«’ " - 15 - 3. A process according to
claim1l1, in which the phenol is phenol itself, p-phenyl phenol or cresol, 4.
A process according to claim1, in which the phenol is represented by the

f I OH (2) wherein X is
(C):BW?(EBA HI ﬁHIROSO [err] [err] [err] [err] or [erg])[err] and

[errj eac G2 2 near chain alkyl group of 1 to 5

car bon atE ﬂ ngﬁ%% each a%@?%g@ FENORIPRY ) ene group of 1 to 5

car bon atom; err}9 is a linear or chain al kyl ene
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greupof 1 to 8 carbon atoms, and R6 is an al kyl ene grou

atons and conjoins withits adjancent carbon atomin forrm ﬁ&péﬁé%ﬁgﬁgﬁﬁgﬁa
al i phatic cycle. 5. A process according to claim1, in Mg eh?pherqh§E5J ,,,,,
i s bisphenol F or bisphenol A 6. A process according tih-Claimf |
whi ch the di spersing agent is poly(ne;hy} vinyl ether) or poly(ox-

yet hyl ene). 7. A process according to claiml, in which the anount of the
di spersing agent is 1 to 100 parts by weight REPLACEMENT SHEET - 16 -
per 100 parts by pREgRRA®roNNOrPBSftkIcky PofiyPHEREESpARTREfESI (O claim 1,
in which the m xi g TatrTo by votrome—of—the—water—to—tfe—orgartc solvent is
1:9 to 9:1.

ABSTRACT
Phenols are reacted with hydrogen peroxide in a solu-
tion comprising an organic solvent compatible with water,
water, a perbxidase and a'dispersin§ agent to obtain

spherical polyphenol particles.




9. * A process according to claim1, in which the organic solvent is
sel ected fromthe group conprising a | ower al cohol, acetone, 1, 4-dioxane

and tetrahydr llemlu Im lm mpcess ‘according to clai ' ' wat er
i S distilledlmt'r rl ” ’ solution of pH4 to pﬂEé C@& OECTESS
according to clai‘m 10, "in®which the buffer solution is p&tassium phosphate
buffer solution, acetate buffer sol ufi & and succinate buffer solution. 12.
A process according to claim1, in which the peroxidase is horseradish
per oxi dase ﬁﬁh§0§§eéﬂAFﬁbﬁxis:dase- 13. A spherical polyphenol particle
prepared accor- ding clarml. '
1 A process for preparing a spherical polyphenol

particle which comprises preparing a solution comprising a

phenol, an organic solvent compatible with water, water, a peroxidase and 2

dispersing agent, adding hydrogen peroxide into the solu-
tion to obtain a reaction mixture 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
(1)

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 where 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 phenflalkyl group,
Z in conjunctien with the adjacent meta position may form
a condensed benzene ring, and Y or z is a hydrogen atom
when Y is present at a position ortho or para to the hy-

droxyl group.
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per 100 parts by weight of the phenol.

8. A process according to claim 1, in which 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 soclwvent 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
peroxidase is horseradish peroxidase or soybean peroxi-

dase.

13. A spherical polyphenol particle prepared accor-

ding claim 1.



