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ABSTRACT

The present invention aims to provide a method of

producing a powdered hydrophilic modified polyrotaxane, which

enables production of a powdered hydrophilic modified

polyrotaxane excellent in storage stability in an industrially

advantageous way. The present invention provides a method of

producing a powdered hydrophilic modified polyrotaxane,

P

comprising: a hydrophilic modification step of preparing a

solution of a hydrophilic modified polyrotaxane by modifying

all or part of hydroxy groups on a cyclodextrin of a polyrotaxane

with hydrophilic modifying groups, the polyrotaxane containing

the cyclodextrin, a polyethylene glycol included in the

cavities of the cyclodextrin molecules in a skewered manner,
and a capplng group that is placed at each end of the polyethylene
glycol and prevents dissociation of the cyclodextrin molecules

from the polyethylene glycol; and a drying step of spraying the

prepared solution of the hydrophilic modified polyrotaxane and

drying the solution of the hydrophilic modified polyrotaxane

1n a heated gas stream.
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PRODUCTION METHOD FOR POWDERED HYDROPHILIC MODIFI.
POLYROTAXAN!

L+J

TECHNICAL FIELD

[0001]

The present invention relates to a method of producilng

a powdered hydrophilic modified polyrotaxane.

BACKGROUND ART

[0002]

“Slide-ring gels”, new gels different from physical gels

and chemical gels, have been developed 1in recent years. A
compound that is used for such slide-ring gels and 1s drawing
attention 1s a crosslinked polyrotaxane.

A crosslinked polyrotaxane has a structure in which
linear molecules are threaded through cyclic molecules 1n a
skewered manner and the cyclic molecules are movable along the
linear molecules (has a pulley effect). The pulley effect
allows the crosslinked polyrotaxane to be viscoelastic and to
uniformly distribute tensile force applied thereto. The
crosslinked polyrotaxane is therefore not likely to have cracks
or flaws, i.e., has excellent characteristics that conventional
crosslinked polymers do not have. Such a crosslinked

polyrotaxane is obtainable by placing a capping group at each

end of a linear molecule of pseudopolyrotaxanes and to prevent

dissociation of the cyclic molecules of pseudopolyrotaxanes,

and crosslinking the resulting polyrotaxanes. The

pseudopolyrotaxanes have a linear molecule which 1s included
in the cavities of the cyclic molecules in a skewered manner.
[0003]

For the cyclic molecules of the polyrotaxane,
cyclodextrins are favorably used. Cyclodextrins, however,

contain a large number of hydroxy groups and these hydroxy
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groups are firmly bonded to one another by a large hydrogen
bonding strength. Therefore, the resulting polyrotaxane 1s
hardly dissolved in water, limiting the application range.
Patent Literature 1 discloses a hydrophilic modified
polyrotaxane that is dissolved in water or a water-based solvent,
which may extend the application range to coatings, adhesives,
and the 1like. A hydrophilicmodifiedpolyrotaxane is typically
produced by modifying the hydroxy groups on a cyclodextrin of

a polyrotaxane with hydrophilic modifying groups in a solvent,

thereby vielding a hydrophilic modified polyrotaxane 1n an

aqueous solution state. This agqueous solution of the

hydrophilic modified polyrotaxane may be used as it 1s, 1.e.,

in a solution state without drying. When a solution of the

hydrophilic modified polyrotaxane having a higher
concentration than the obtained solution 1s required, however,
a complicated process for concentration is needed. In addition,
particularly if the solution of the hydrophilic modified
polyrotaxane is to be given another function through a chemical
modification and the solution contains water, the water 1n the
solution may inhibit the chemical modification reaction,
limiting the application range. To prevent this, Patent

Literature 1 discloses amethod of producing a solid hydrophilic

modified polyrotaxane by freeze-drying of a solutlon of the

hydrophilic modified polyrotaxane.

CITATION LIST

- Patent Literature

(0004]

Patent Literature 1: JP 2007-63412 A (Japanese Kokai
Publication No 2007-63412)

SUMMARY OF INVENTION

- Technical Problem
[0005]

When a solution of a hydrophilic modified polyrotaxane
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is dried to produce a solid hydrophilic modified polyrotaxane

in an industrial scale, such a freeze-drying method as disclosed

in Patent Literature 1 requires a large cost for equipment and

.

for running of the equipment. In addition, freeze-drying 1s

not suitable for drying such a dilute solution of the

hydrophilic modified polyrotaxane as disclosed 1n Patent
Literature 1 because it takes a huge amount of time.

Furthermore, a drying method such as vacuum drylng causes

the resulting hydrophilic modified polyrotaxane to be

aggregated. Therefore, in order to efficiently dissolve the

aggregated hydrophilic modified polyrotaxane 1in water or a
water-based solvent without lumps, a complicated process such

as crushing the aggregated hydrophilic modified polyrotaxane

into a powder, and adjusting the powder to have an appropriate

particle size by classification and the like 1s required.

The present invention aims to solve these problems and

provide a method of producing a powdered hydrophilic modified

polyrotaxane, which enables production of a powdered

hydrophilic modified polyrotaxane in an i1ndustrially

advantageous way.

- Solution to Problem
[0006]
The present invention relates to a method of producing

a powdered hydrophilic modified polyrotaxane, comprising: a

hydrophilic modification step of preparing a solution of a

hydrophilic modified polyrotaxane by modifying all or part of

hydroxy groups on a cyclodextrin of a polyrotaxane with

hydrophilic modifying groups, the polyrotaxane containing the
cyclodextrin, a polyethylene glycol included in the cavities
of the cyclodextrin molecules in a skewered manner, and a

capping group that 1s placed at each end of the polyethylene
glycol and prevents dissociation of the cyclodextrin molecules
from the polyethylene glycol; and a drying step of spraying
the prepared solution of the hydrophilic modified polyrotaxane
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and drying the solution of the hydrophilic modified

polyrotaxane 1in a heated gas stream.
The present invention is described in detail below.

(000 7]

The present inventors found that drying methods such as

vacuum drying cause aggregation in the resulting hydrophilic

modified polyrotaxane, and in addition, the storage stability

of the hydrophilic modified polyrotaxane may be insufficient.

For example, when a hydrophilic modified polyrotaxane 1s

produced by vacuum drying at 40°C to lower than 100°C, by heating
the solution to the boiling point of water and then drying at

normal pressure, or the like, the storage stability becomes

remarkably poor and decomposition tends to occur at a storage

temperature of 30°C to 40°C. This causes 1solation of the

cyclodextrin in which all or part of the hydroxy groups are

modified with hydrophilic modifying groups (hereinafter, also

referred to as modified cyclodextrin). The 1solation of the
modified cyclodextrin caused by decomposition of the
hydrophilic modified polyrotaxane degrades the
characteristics of the resulting crosslinked polyrotaxane,
limiting the available range of the various applications.
The present inventors conducted intensive studiles and
found that, in drying a solution of a hydrophilic modified
polyrotaxane, a method of spraying the solution of the

hydrophilic modified polyrotaxane and drying the solution of

the hydrophilic modified polyrotaxane 1n a heated gas stream

enables production of a powdered hydrophilic modified
polyrotaxane excellent in storage stability in an industrially
advantageous way. Thus, the present inventilion was completed.
(0008]

The method of producing a powdered hydrophilic modified
polyrotaxane of the present invention includes a hydrophilic

modification step of preparing a solution of a hydrophilic

modified polyrotaxane by modifying a polyrotaxane which

includes a cyclodextrin, a polyethylene glycol included 1n the
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cavities of the cyclodextrin molecules in a skewered manner,
and a capping group that is placed at each end of the polyethylene
glycol and prevents dissociation of the cyclodextrin molecules

ﬁ

from the polyethylene glycol, the modification of the

polyrotaxane being performed by modifying all or part of hydroxy
groups on the cyclodextrin with hydrophilic modifying groups.

Through the hydrophilic modification step, the polyrotaxane 1s

formed into a hydrophilic modified polyrotaxane soluble 1in
water or a water-based solvent.

[0009]
The polyrotaxane 1is typically produced through the

following steps: an inclusion step where a polyethylene glycol
having a reactive group at each end is mixed with a cyclodextrin
in an agueous medium to form an aqueous dispersion of a
pseudopolyrotaxane, the aqueous dispersion containing
pseudopolyrotaxane particles in which the polyethylene glycol
is included in the cavities of the cyclodextrin molecules 1n
a skewered manner; a drying step of the aqueous dispersion of
a pseudopolyrotaxane to produce a solid of the
pseudopolyrotaxane; and a capping step where the
pseudopolyrotaxane is reacted with a compound that contains a
capping group having a group reactive with the reactive group
of the solid of the pseudopolyrotaxane, which 1ntroduces the
capping group to each end of the polyethylene glycol included
in the cavities of the cyclodextrin molecules.

[0010]
~ The polyethylene glycol (hereinafter, also referred to

as PEG) preferably has a weight average molecular welght of
1,000 to 500,000, more preferably 10,000 to 300,000, and still
more preferably 10,000 to 100,000. A weight average molecular

gr—

weight of the PEG of less than 1,000 may result in poor

characteristics of a crosslinked polyrotaxane 1n which the

resulting hydrophilicmodified polyrotaxane is crosslinked. A

weight average molecular weight of the PEG of more than 500,000

causes too high a viscosity of the solution of the polyrotaxane
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produced in the hydrophilic modification step, which may

inhibit uniform reaction.

The weight average molecular weight herein 1s a
polyethylene glycol equivalent value determined through
measurement by gel permeation chromatography (GPC). A column

used for determination of a polyethylene glycol equilvalent

weight average molecular weight by GPC is, for example, TSKgel
SuperAWM-H (product of TOSOH CORPORATION) .
[0011]

The PEG may have a reactive group at each end, and the

reactive group may be introduced by a conventilional method.

The reactive group can be appropriately changed depending

on the capping group to be used. Examples of the reactive group

include, but not particularly limited to, hydroxy groups, amino

groups, carboxyl groups, and thiol groups. A carboxyl group

is particularly preferred. Examples of the method of

introducing a carboxyl group at each end include a method of

oxidizing each end using TEMPO
(2,2,6,6-tetramethyl-1l-piperidinyloxy radicals) and sodium
hypochlorite.

[0012]

In the inclusion step, the weight ratio between the P

L]

G

and the cyclodextrin is preferably 1:2 to 1:5, more preferably
1:2.5to 1:4.5, and still more preferably 1:3 to 1:4. A weight

P

of the cyclodextrin of less than twice the weight of the PEG

may decrease the number (i.e. inclusion amount) of cyclodextrin

molecules including the PEG. A weight of the cyclodextrin of

more than five times the weight of the PEG does not 1ncrease
the inclusion amount further, and thus 1s not economical.
[0013]

Examples of the cyclodextrin include a-cyclodextrin,

g

R-cyclodextrin, y-cyclodextrin, and derivatives of these

cyclodextrins. Particularly preferred in terms of inclusion
property is o-cyclodextrin. These cyclodextrins may be used

alone or in combination.
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(0014

Examples of the aqueous medium include water, and agqueous
mixtures of water and an agueous organic solvent such as DMF

and DMSO. Particularly, water 1s preferred.
(0015]

The only required condition for mixing the PEG and the

cyclodextrin in the inclusion step is mixing them in the above

aqueous medium. Preferably, the PEG and the cyclodextrin are

dissolved in the agueous medium. Specifically, the PEG and the
cyclodextrin are added to the aqueous medium and this

pre-mixture is typically heated to 50°C to 100°C, preferably
60°C to 90°C, and more preferably 70°C to 80°C, so that the

components are dissolved in the aqueous medium. This provides
a substantially transparent mixed solution.,

10016]

Cooling the resulting mixed solution of the PEG and the

cyclodextrin precipitates pseudopolyrotaxane particles of the

PEG and the cyclodextrin, resulting in a basically white aqueous

dispersion of the pseudopolyrotaxane.
(0017]

The mixed solution is preferably cooled to an end-point

temperature of 0°C to 30°C, more preferably 1°C to 20°C, and sti1l]

more preferably 1°C to 15°C. An end-point temperature of the

mixed solution of lower than 0°C may freeze the aqueous

dispersion of a pseudopolyrotaxane to decrease the fluidity.

An end-point temperature of the mixed solution of higher than

30°C may not sufficiently precipitate pseudopolyrotaxane
particles.
[0018]

The time for retaining the flowing state of the resulting
aqueous dispersion of a pseudopolyrotaxane after the mixed
solution is cooled to a desired temperature is typically several

seconds to one week, and preferably several hours to three days.
[0019]

The pseudopolyrotaxane concentration of the aqueous
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dispersion of a pseudopolyrotaxane (hereinafter, also referred
to as a “solids concentration of the aqueous dispersion of a

pseudopolyrotaxane”) is preferably 5 to 25% by weight, more

preferably 5 to 20% by weight, and still more preferably 10 to
20% by weight. A solids concentration of the agqueous dispersion
of a pseudopolyrotaxane of lower than 5% by welght 1s not

economical. A solids concentration of the aqueous dispersion

of a pseudopolyrotaxane of higher than 25% by welght may

decrease the fluidity of the aqueous dispersion of a
pseudopolyrotaxane, causing difficulty in drylng the
dispersion.

[0020]

In the drying step, the drying temperature for the agqueous

dispersion of a pseudopolyrotaxane is preferably 70°C to 200°C,

more preferably 70°C to 180°C, and still more preferably 70°C
to 170°C. A drying temperature for the aqueous dispersion of

a pseudopolyrotaxane of lower than 70°C in the drying step may

cause insufficient drying. A drying temperature for the
aqueous dispersion of a pseudopolyrotaxane of higher than 200°C
in the drying step may cause decomposition of the
pseudopolyrotaxane, possibly decreasing the inclusion ratio

which 1s described later.
(0021]

The capping step may be carried out by a conventilional

method, and in terms of the reactivity and stability of chemical

bonding, particularly preferred is a capping method of reacting

a pseudopolyrotaxane having a carboxyl group at each end of the

PEG with an adamantane amine or a salt thereof as a capping agent.
[0022]

In the hydrophilic modification step, the hydroxy groups

on a cyclodextrin of a polyrotaxane may be modified with
hydrophilic modifying groups by a conventional method.

[0023]
Specific examples of the hydrophilic modifying group

include, but not particularly limited to, carboxyl groups,
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sulfonic acid groups, sulfuric acid ester groups, phosphoric
acid ester groups, primary to tertiary amino groups, quaternary
ammonium bases, and hydroxy alkyl groups. Preferred are

hydroxy alkyl groups resulting from a reaction with a compound
such as propylene oxide, inview of the diversity of the reaction

in synthesis of a crosslinked polyrotaxane.
[0024]

In the hydrophilic modification step, the hydroxy groups

on a cyclodextrin of a polyrotaxane are modified with

hydrophilic modifying groups by, for smooth reaction,
dissolving the polyrotaxane in a solvent such as DM50 or an

alkali aqueous solution and reacting the polyrotaxane with a

compound having a hydrophilic modifying group. Particularly

preferable solvent used in the hydrophilic modification step

i

is an aqueous solution of sodium hydroxide.
[0025]

For example, synthesis of a hydrophilic modified
polyrotaxane through addition of propylene oxide is carried out
as follows. A polyrotaxane is dissolved in an aqueous solution
of sodium hydroxide. Propylene oxide is added thereto and the
mixture is stirred for reaction at from room temperature to 50°C
for several hours to one day. Thereby, a substantially

transparent aqueous solution of a hydrophilic modified

polyrotaxane to which propylene oxide is added 1s obtalned.
(0026]

The concentration of the hydrophilic modified

polyrotaxane in the solution of the hydrophilic modified

polyrotaxane (hereinafter, also referred to as the "solids

concentration of the solution of the hydrophilic modified

polyrotaxane”) 1is preferably 5 to 25% by weight, and more

preferably 5 to 20% by weight, and still more preferably 5> to
15% by weight. A solids concentration of the solution of the

hydrophilic modified polyrotaxane of lower than 5% by weight

r—

is not economical. A solids concentration thereof of higher

than 25% by weight raises the viscosity of the solution of the
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hydrophilic modified polyrotaxane, which may cause difficultly

in spraying the polyrotaxane in the drying step.
[0027]

The present inventors also found that adding a metal

chelator and/or an antioxidant to a solution of the hydrophilic

modified polyrotaxane and then spraying and drying the mixture

in a heated gas stream further effectively prevents

decomposition of the hydrophilic modified polyrotaxane during

the drying step and of the resulting dried hydrophilic modified
polyrotaxane with time during storage.
Specific and preferable examples of the metal chelator

include aminopolycarboxylic acid metal chelators such as

ethylene diamine tetraacetic acid (EDTA), cyclohexane diamine
tetraacetic acid (CDTA), nitrilotriacetic acid (NTA),
triethylenetetraamine hexaacetic acid, iminodiacetic acid
(IDA), diethylene triamine pentaacetic acid, N-(Z-hydroxy
ethyl)ethylene diamine triacetic acid, glycol ether diamine
tetraacetic acid, L-glutamic acid diacetic acid, L-aspartic
acid-N,N-diacetic acid, and a salt thereof. Preferable
examples of the antioxidant include polyphenols such as
rosmarinic acid (rosemary extract), catechin, epicatechin,
gallocatechin, catechin gallate, epicatechin gallate,
gallocatechin gallate, epigallocatechlin gallate,
epigallocatechin, tannic acid, gallotannin, ellagiltannin,

caffeic acid, dihydro caffeic acid, chlorogenic acid,

isochlorogenic acid, gentisic acid, homogentisic acid, gallic
acid, ellagic acid, rutin, quercetin, quercetagin,
quercetagetin, gossypetin, anthocyanin, leucoanthocyanin,
proanthocyanidin, and enocyanin.
(0028 ]

The amount of the metal chelator is preferably 0.001 to
5% by weight, more preferably 0.005 to 2% by weight, and still

more preferably 0.01 to 1% by weight, based on the welght ot
the hydrophilic modified polyrotaxane. The amount of the

antioxidant is preferably 0.001 to 5% by weight, more preferably
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0.005 to 2% by weight, and still more preferably 0.01 to 1% by
weight, based on the weight of the hydrophilic modified

polyrotaxane. The metal chelator or the antioxidant 1n an

amount of less than 0.001% by weight may not effectively 1mprove
the storage stability. The metal chelator or the antioxidant

in an amount of more than 5% by weight does not further 1mprove

the intended effect, and thus 1s not economical.
(0029]
The resulting solution of the hydrophilic modified

polyrotaxane is purified by a conventional purification

technique such as dialysis or reprecipitation. The purified
product is then dried, thereby yielding a solid of the
hydrophilic modified polyrotaxane.

[0030]
The method of producing a powdered hydrophilic modified

polyrotaxane of the present invention includes a drying step
of spraying the prepared solution of the hydrophilic modified
polyrotaxane and drying the solution of the hydrophilic
modified polyrotaxane 1n a heated gas stream.

A hydrophilic modified polyrotaxane produced by a
conventional method 1s decomposed with time during storage.
This is presumably attributed to chain of a slight amount of
oxyradicals generated by heating and the like. 1In contrast,
in the method of producing a powdered hydrophilic modified
polyrotaxane of the present invention, a solution of the

hydrophilicmodified polyrotaxane is sprayed, and the resulting

fine drops are instantly dried in a heated gas streamin a drying
step. This enables to avoid excessive heating in the drying
step and lead to a short time exposure to heat. This presumably
prevents the generation of radicals in the drying step, and

thereby significantly improves the storage stability.

Drying in a shelf vacuum dryer or the like causes the

resulting hydrophilic modified polyrotaxane to stick to trays
of the dryer. Such a polyrotaxane stuck to the trays 1s

considerably hard to take off, and in addition, 1t becomes
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aggregated. Therefore, in order to efficiently dissolve the

aggregated hydrophilic modified polyrotaxane 1n water or a

water-based solvent without lumps, a complicated process such
as crushing the aggregated hydrophilic modified polyrotaxane
into a powder and adjusting the particles of the powder to an
appropriate particle size by classification or the like 1s

required. On the other hand, the method of producing a powdered

hydrophilic modified polyrotaxane of the present invention
allows direct production of a powdered hydrophilic modified
polyrotaxane in the drying step, avoiding such a complicated

process.
[0031]

Examples of the method of spraying the solution of the
hydrophilic modified polyrotaxane in the drying step include

a nozzle method using a nozzle such as a pressure nozzle, a
two-fluid nozzle, a four-fluid nozzle, or anultrasonic nozzle,
and a rotating disk method.

[0032]

The nozzle method can be suitably used for a solution of

the hydrophilic modified polyrotaxane with a low viscosity.

1

Examples of the spray dryer usable for the nozzle method

include a nozzle atomizer spray dryer. The method employed 1in

such a nozzle atomizer spray dryer is roughly classified 1into

pr—

counter spraying of spraying the solution of the hydrophilic

modified polyrotaxane against the hot-gas blowing direction,
and parallel spraying of spraying the solution of the

hydrophilic modified polyrotaxane in the same direction as the

hot-gas blowing direction. The counter spraying leads to long
residence time of the sprayed solution of the hydrophilic

modified polyrotaxane, while the parallel spraying leads to
short residence time of the sprayed solution of the hydrophilic
modified polyrotaxane. With such anozzle atomizer spraydryer,
changing the nozzle size to adjust the size of drops to be sprayed
allows adjustment of the particle size of the resulting powdered

hydrophilic modified polyrotaxane to a desired size.
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[0033]

The rotating disc method can be suitably used for a

solution of the hydrophilic modified polyrotaxane with a high

viscosity.

Examples of the spray dryer usable for the rotating disc
method include a rotary atomizer spray dryer. With such a
rotary atomizer spray dryer, changing the number of rotations
of the disc to adjust the size of drops to be sprayed allows
adjustment of the particle size of the resulting powdered
hydrophilic modified polyrotaxane to a deslired size.
(0034 ]

The gas to be blown out for the drying step can be gas
such as ailr or nltrogen.

In the drying step, the inlet temperature of the spray
dryer is preferably set to 70°C to 200°C and the outlet

temperature of the spray dryer is preferably set to 55°C to 105°C.
An inlet temperature of lower than 70°C may cause

insufficient drying. An inlet temperature of higher than 200°C
may decompose the hydrophilic modified polyrotaxane during

drying and decrease the inclusion ratio. Even 1f a powdered

hydrophilic modified polyrotaxane is obtained without

decomposition, decompositionmay occur with time during storage,
causing isolation of the modified cyclodextrin molecules. The

inlet temperature of the spray dryer is more preferably 70°C

to 180°C, and still more preferably 70°C to 170°C.

An outlet temperature of the spray dryer of lower than

55°C may cause insufficient drying. An outlet temperature of

higher than 105°C may decompose the hydrophilic modified

polyrotaxane and decrease the inclusion ratio. Even 1f a
powdered hydrophilic modified polyrotaxane is obtained without
decomposition, decompositionmay occur with time during storage,

causing isolation of the modified cyclodextrin molecules. The

outlet temperature of the spray dryer is more preferably 60°C

to 100°C, and still more preferably 70°C to 100°C.
[0035]
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In the drying step, the inlet temperature of the spray
dryer may be controlled by blowing out at least two different

temperature hot gasses from an inlet of the spray dryer. If

two different temperature hot gasses are blown out, for example,
the inlet temperature of the spray dryer can be controlled by
changing the flowing ratio of the two different temperature hot
gasses.

The inlet temperature of the spray dryer is convenlently
computable by the following formula.

(Inlet temperature) = [temperature of higher temperature

hot gas x (flow rate of higher temperature hot gas/total flow
rate of hot gases)] + [temperature of lower temperature hot gas
x (flow rate of lower temperature hot gas/total flow rate of

hot gases) ]

[00306]
Preferably, in the drying step, the solution of the

hydrophilic modified polyrotaxane is sprayed in a first higher

temperature hot gas, and the resulting mostly dried particles
of the solution are then brought into contact with a second lower
temperature hot gas for further drying.

Fig. 1 illustrates an example 1in which at least two
different temperature hot gasses are blown out from an 1nlet

of a spray dryer in the drying step of the present i1nvention.

Fig. 1(a) is a schematic top view of the 1nlet of the spray dryer.

Fig. 1(b) is a schematic side view of the 1inlet of the spray

—m

dryer. As illustrated in Fig. 1, an inlet 10 of a spray dryer

has a cylinder shape and a spray nozzle 1 1s disposed at the
center of the circle of the top of the cylinder. A solution
6 of the hydrophilic modified polyrotaxane 1s sprayed 1in a
conical pattern from the spray nozzle 1. Here, a higher
temperature hot gas is blown out from the center portion of the
inlet of the cylinder (a higher temperature hot gas blowiling
portion 3) in a higher temperature hot gas blowing direction

5, and a lower temperature hot gas is blown out fromthe periphery
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portion (a lower temperature hot gas blowing portion 2) 1in a
lower temperature hot gas blowing direction 4. Thus, the

solution 1s dried.

[0037 ]

The pressure in the dryer system in the drying step 1s

not particularly limited, but 1s typically a pressure near an

atmospheric pressure. Vacuumdrying is also possible. Drying

is preferably performed under a pressure equal to or lower than
an atmospheric pressure.
[0038]

The residence time of the sprayed solution of the

hyvdrophilic modified polyrotaxane is typically several seconds

to several minutes, and for suppression of isolation of modified
cyclodextrin molecules, it 1is preferably three minutes or
shorter, and more preferably two minutes or shorter. Too short
a residence time of the sprayed solution of the hydrophilic
modified polyrotaxane leads to insufficient drying.
[0039]

The diameter of the drops of the solution of the
hydrophilic modified polyrotaxane to be sprayed 1s preferably

1 to 2,000 um, and more preferably 5 to 500 pm. A diameter of

the drops of smaller than 1 pum may cause the drops to be blown
out together with the gas, decreasing the drying yield. A

diameter of the drops of larger than 2,000 pmmay lead to a small

P

total surface area of the whole drops, decreasing the drying

speed.
10040]

In the method of producing a powdered hydrophilaic

modified polyrotaxane of the present invention, the volume

average particle size of the resulting powdered hydrophilic

modified polyrotaxane is preferably 1 to 1,000 um, more
preferably 5 to 500 um, and still more preferably 10 to 100 pm.

A volume average particle size of the powdered hydrophilic

modified polyrotaxane of smaller than 1 pm may cause the drops
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to be blown out together with the gas, thereby decreasing the

drying yield. A volume average particle size of the powdered

hydrophilic modified polyrotaxane of larger than 1,000 um tends

to cause 1insufficient dryving and thereby the particles may

adhere to the dryer. In addition, the powdered hydrophilic

modified polyrotaxane with such a volume average particle size
may take a long time when dissolved.

The volume average particle size herein can be analyzed
using a laser diffraction particle size analyzer.

(004 1]

According to the method of producing a powdered

hydrophilicmodified polyrotaxane of the present 1nvention, the
inclusion ratio of the resulting powdered hydrophilic modified
polyrotaxane can be 6 to 60%. An inclusion ratio of lower than

% may not give a sufficient pulley effect to the resulting

crosslinked hydrophilic modified polyrotaxane obtained by

crosslinking the powdered hydrophilic modified polyrotaxane.

An inclusion ratio of higher than 60% may result 1n excessively

dense arrangement of modified cyclodextrinmolecules, which are

cyclic molecules, so that the mobility of the modified

cyclodextrin molecules decreases. In order to give an

appropriate mobility and a higher inclusion ratio to the

modified cyclodextrin molecules, the inclusion ratio 1s
preferably 15 to 40%, and more preferably 20 to 30%.

The inclusion ratio herein refers to a ratio of the

inclusion amount of cyclodextrin molecules 1ncluding a PEG to

the maximum inclusion amount of the cyclodextrin molecules for

a PEG. The inclusion ratio is optionally controllable by

changing the mixing ratio of the PEG to the cyclodextrin or the
kind of agueous medium. The maximum 1nclusion amount refers
to the number of cyclodextrin molecules i1in the case of the

close-packed state in which one cyclodextrin molecule 1ncludes

two repeating units of the PEG.
[0042]

The inclusion ratio can be measured by H-NMR.
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Specifically, the inclusion ratio can be calculated by
dissolving the polyrotaxane 1n DMSO-ds, subjecting the solution
to measurement using an NMR measuring device (product of Varian

Technologies Japan Ltd., “VARIAN Mercury-400BB”), and

comparing the integrated value of cyclodextrin at 4 to 6 ppm

and the 1ntegrated value of cyclodextrin and PEG at 3 to 4 ppm.

The hydrophilic modified polyrotaxane 1is produced by modifying

the hydroxy groups on a cyclodextrin of a polyrotaxane with

hydrophililic modifying groups. Therefore, the 1nclusion ratio

of the hydrophilic modified polyrotaxane 1s the same as the

inclusion ratio of the polyrotaxane.
[004 3]

When the maximum number of the modifiable hydroxy groups

of a cyclodextrin of a polyrotaxane 1s 1, the degree of

modification of the resulting powdered hydrophilic modified

polyrotaxane by the method of producing a powdered hydrophilic

pr——

modified polyrotaxane of the present invention is preferably

0.1 or more, more preferably 0.2 or more, and still more

preferably 0.4 or more. A degree of modification of the

powdered hydrophilic modified polyrotaxane of lower than 0.1

gives 1nsufficilent solubility towater or a water-based solvent,
possibly generating fine i1nsoluble matters.

The maximum number of the modifiable hydroxy groups of
a cyclodextrin herein refers to the number of all the hydroxy

groups 1ncluded 1n the polyrotaxane before modification. The

degree of modification herein refers to the ratio of the number

of modified hydroxy groups to the number of all the hydroxy

groups. The degree of modification of the powdered hydrophilic

modified polyrotaxane can be calculated by dissolving a

solution of the powdered hydrophilic modified polyrotaxane in
DMSO-de¢, subjecting the solution to measurement using an NMR

measuring device (product of Varian Technologies Japan Ltd.,

“VARIAN Mercury-400BB”), and comparing the integrated value of
hydroxy propyl groups at 0.7 to 1.3 ppm and the 1ntegrated value
of cyclodextrin and hydroxy propyl groups at 4.2 to 6.2 ppmn.
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ffects of Invention

&

- Advantageous
10044 ]

The present invention provides a method of producling a

powdered hydrophilic modified polyrotaxane, which enables

production of a powdered hydrophilic modified polyrotaxane

excellent in storage stability in an industrially advantageous

way.

ESCRIPTION OF DRAWINGS

L+
23
O

BR1.

(004 5]

Fig. 1 illustrates an example 1n which at least two

different temperature hot gasses are blown out from an 1nlet

of a spray dryer in the drying step of the present invention.

Fig. 1(a) 1is a schematic top view of the inlet of the spray dryer.
Fig. 1(b) is a schematic side view of the 1inlet of the spray

dryer.

DESCRIPTION OF EMBODIMENTS

(004 06]
The present invention is described below 1n more detail

based on examples which, however, are not intended to limit the

scope of the present invention. In the following, a PEG having

a carboxyl group at each end was produced by oxidation of a PEG
in accordance with the method described in WO 05/052026 A.
(0047 ]

(Example 1)

(1) Preparation of PEG having carboxyl group at each end
molecule by TEMPO oxidation of PEG

In a 200-L reaction vessel, 100 L. of water was charged,

and 10 kg of a PEG (weight average molecular weight: 35,000),
100 g of TEMPO (2,2,6,6-tetramethyl-l-piperidinyloxy

radicals), and 1 kg of sodium bromide were dissolved therein.
To the solution was added 5 L of a commercially available aqueous

solution of sodium hypochlorite (effective chlorine
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concentration: 5%), and the resulting mixture was stirred at

room temperature for 30 minutes. An amount of 5 L of ethanol

was added to decompose the excess of sodium hypochlorite and

terminate the reaction. Extraction separation using 50 L of
methylene chloride was repeated three times to extract the
components exceptingmineral salts, and thenmethylene chloride

r—

was evaporated under vacuum. Thereby, 10 kg of a PEG having

a carboxyl group at each end was obtained.
[0048]

(2) Preparation of aqueous dispersion of pseudopolyrotaxane

using a—cyclodextrin and PEG having carboxyl group at each end
An amount of 325 L of water was added to 10 kg of the

prepared PEG having a carboxyl group at each end. Then, 40 kg

of a-cyclodextrin was added to the mixture and the resulting

mixture was heated to 70°C for dissolution. The solution was

cooled to 4°C while being stirred, whereby a milky agueous

dispersion of a pseudopolyrotaxane was precipitated.
(004 9]

(3) Drying of aqueous dispersion of pseudopolyrotaxane

Using a nozzle atomizer spray drier (product of Ohkawara
Kakohki Co., Ltd., “L-8"), 400 kg of the prepared agqueous

dispersion of a pseudopolyrotaxane was spray-dried at an inlet

temperature of the spraydryer of 165°C and an outlet temperature

of 90°C under ordinary pressure. Thereby, 50 kg of a powdered

pseudopolyrotaxane was obtalned.
[0050]

(4) Cappiling of pseudopolyrotaxane using adamantane amine and

BOP reagent reaction system

In a 500-L reaction vessel, 500 g of adamantane amine was
dissolved 1n 170 L of dimethyl formamide (DMF) at room
temperature. Then, 50 kg of the powdered pseudopolyrotaxane
was added to the vessel and the mixture was stirred.

Subsequently, a solution i1n which 1.3 kg of a BOP reagent

(benzotriazol-1l-yl-oxy-tris (dimethylamino) phosphonium

hexafluorophosphate) was dissolved 1n 80 L of DMF was added to
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the vessel, and the mixture was stirred. To the vessel was

further added a solution i1n which 500 mL of

P

diisopropylethylamine was dissolved 1n 80 L of DMF, and the

mixture was stirred at normal temperature overnight.
The resulting mixture was filtered. To the residue was

added 300 L of hot water (70°C), the mixture was stirred well,

and the resulting mixture was filtered. This process was

repeated three times. The resulting residue was vacuum—-dried,
and th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>