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ABSTRACT

The present invention aims to provide an industrially
advantageous method of producing a powdery
pseudopolyrotaxane with a high inclusion ratio. The
present invention relates to a method for producing a
pseudopolyrotaxane, including: an inclusion step of mixing
a polyethylene glycol and a cyclodextrin in an agueous
medium to form an agqueous dispersicon of pseudopolyrotaxane
that contains pseudopolyrotaxane particles in which the
polvethylene glycol is iIncluded 1in the cavities of the
cyclodextrin molecules in a skewered manner; and a drylng

ﬁ

step of drying the agqueous dispersion of pseudopolyrotaxane

produced in the inclusion step to obtain the

pseudopolyrotaxane. In the drying step, the agqueous

.

dispersion of pseudopolyrotaxane i1s sprayved and dried 1n a

heated gas—-streamn.
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METHOD FOR PRODUCING PSEUDOPOLYROTAXAN!

TECHNICAL FIELD
(0001 ]

The present invention relates to a method for

produclng a pseudopolyrotaxane.

BACKGROUND ART
[0002]

Crosslinked polyrotaxanes are produced by
crosslinking pclyrotaxanes in which a capping group is
introduced at each end of a pseudopolyrotaxane. In the
case that a pseudopolyrotaxane is formed from a

polyethylene glycol (hereinafter, also referred to as a
"PEG") and a cyclodextrin that includes the PEG, for

example, the resultant crosslinked polyrotaxane has a

structure in which linear molecules of the PEG thread
through cyclodextrin molecules in a skewered manner and the

cyclodextrin molecules are movable along the linear

molecules (has a pulley effect). The pulley effect allows
the crosslinked polyrotaxane to unifermly distribute

tensile force applied thereto. The crosslinked

polyrotaxane is therefore not likely to have cracks or

flaws, 1.e., has excellent characteristics that

conventlonal crosslinked polymers do not have.

10003} .
The pseudopolyrotaxanes used for production of

crosslinked polyrotaxanes are generally produced by mixing

a PEG and a cyclodextrin in an aqueous medium. Accordingly,

the resultant pseudopolyrotaxanes are obtained in the form
of an aqueous dispersion. Efficient formation of a

polyrotaxane by introduction of a capping group to each end

of a pseudopolyrotaxane with a chemically stable bond can
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be achieved by a reaction between a PEG with a -COOH group
at each end and a capplng group reactive with the ~-COOH
group, such as a -NH; group or a -OH group.

This reaction of 1introducing a capping group to each
end of a pseudopolyrotaxane, however, is deactivated by

molsture in the system. Thus, the reaction requires the

absence of water 1n the reaction system, or the water
content controlled to an extremely slight amount, for

efficient proceeding thereof. 1In other words, the agueous

dispersion of pseudopolyrotaxane reqguires sufficient
elimination of water by drying the agueous dispersion after
solid-1liquid separation by, for example, centrifugation or
filtration, or drying without such separation.

[0004]

Patent Literature 1 discloses that suspension of a

precipitate of a PEG/a-cyclodextrin inclusion compound

(pseudopolyrotaxane) in water and heating of the suspension

to 70°C or higher lead to a decrease in the inclusion
ability and release of cyclodextrin molecules. Therefore,

¥ ]

adrying the aqueous dilispersion of pseudopolyrotaxane at 70°C

cr hligher may cause a decrease 1n the inclusion ratio. The

cecrease 1n the inclusion ratio deteriorates the pulley

effect of the crosslinked polyrotaxane, whereby the desired

properties are not achieved. Accordingly, agueous

dispersions of pseudopolyrotaxane have been mainly freeze-

dried or dried under decreased pressure at 70°C or lower.
[0005]

For example, Patent Literature 2 discloses a method
1n which an aqueous dispersion of pseudopolyrotaxane added
in acetone, and the pseudopolyrotaxane is precipitated and
then filtered, and.the resultant product is vacuum dried at

room temperature. However, the moisture in the

pseudopcelyrotaxane cannot be sufficiently eliminated by

replacing the medium with acetone and filtering.

Accordingly, drylng at room temperature cannot completely
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eliminate the moisture, and residual moisture inhibits the
reaction of introducing & capping group at each end of the
pseudopolyrotaxane.

Moreover, conventional drying methods such as freeze-
drying and vacuum dryving at 70°C or lower cause the
resulting pseudopolyrotaxane to agglomerate. Therefore,
powdering steps such as pulverization and classification
are required before the reaction of introducing a capping

group at each end, complicating the production process.

CITATION LIST

Patent Literature

[0006]

Patent Literature 1: JP 3-237103 A (Japanese Kokai
Publication No Hei-3-237103)

Patent Literature 2: JP 2005-272664 A (Japanese Kokail
Publication No 2005-272664)

SUMMARY OF INVENTION

Technical Problem
(0007
Conventional drying methods are performed at a

Cemperature equal to or lower than the boiling point of

water that is the dispersing medium. Therefore, it

requires not only an extremely long drving time but also,

preparing and running large equipment.

R

Another problem 1s that even a heating temperature of

70°C or lower causes a pseudopolyrotaxane to release
cyclodextrin when 1t contains moisture and is dried for a

long time.

Furthermore, a drying method is desired which
provides a pcwdery pseudopolyrotaxane without any
complicated steps such as pulverization and classification

after drying.
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The present invention aims tc provide an industrially
advantageous method of producing a powdery
pseudopolyrotaxane with a high inclusion ratio and solves

the above probliems.

Solution to Prob_em
[0008]

The present 1nvention relates to a method

-

INONA

producling & pseudopolyrotaxane, including: an inclusion
step of mixing a PEG and a cyclodextrin in an agueous

medium to form an aqueous dispersion of pseudopolyrotaxane

that contains pseudopolyrotaxane particles in which the PEG

~

1s 1ncluded 1n the cavities of the cyclodextrin molecules

in a skewered manner; and a drying step of drying the

agueous dispersion ¢f pseudopolyrotaxane produced in the

incluslion step to obtain the pseudopclyrotaxane. In the
crylng step, the aqueous dispersion of pseudopolyrotaxane
1s sprayved and dried 1n a heated gas-streamn.

The present 1nvention 1s described in detail below.
[0009]

The present inventors have found that spray-drying

-~

the aqueous dlspersion oi pseudopolyrotaxane in a heated

gas—-stream 1n the drying step enables industrially
advantageous production of a powdery pseudopolyrotaxane
with a high inclusion ratio, thereby completing the present
invention.

[0010]

The method for producing a pseudopolyrotaxane of the

present 1nvention includes an i1nclusion step of mixing a

PEG and a cyclodextrin in an aqueous medium to form an

agueous dispersion of pseudopolyrotaxane that contains

pseudopolyrotaxane particles in which the PEG is included

-

in the cavities of the cyclodextrin molecules in a skewered

manner.
0011}
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The PEG preferably has a weight average molecular
weight of 1,000 to 200,000, more preferably 10,000 to
300,000, and still more preferably 10,000 to 100,000. A

welght average molecular welight of the PEG of less than

1,000 may result 1in poor characteristics of a crosslinked

polyrotaxane. A welght average molecular weight of the PEG

of more than 500,000 may cause the agueous dispersion of

pseudopolyrotaxane to have low fluidity, which makes it

difficult to spray the aquecus dispersion of
pseudopolyrotaxane i1n the drying step.

The welight average molecular weight herein is a
polyethylene glycol equivalent value calculated through
measurement by gel permeation chromatography (GPC). A
column used for determination of a polyethylene glycol
egqulva_.ent weight average molecular weight by GPC is, for
example, TSKgel SuperAWM-H (product of TOSOH CORPORATION).

[0012]
The PEG preferably has a reactive group at each end

of the linear molecule. The reactive group can be
introduced at each end of the linear molecule by a
conventionally known method.

The reactive group introduced at each end of the
linear molecule can be appropriately changed depending on

' ol

the capping group to be used. Examples of the reactive

group include, but not particularly limited to, hydroxyl,

amino, carboxyl, and thiol groups. Carboxyl group is

particularly preferred. Examples of the method for
introducing a carboxyl group at each end of the linear
molecule include a method ©of oxidizing each end of the
linear molecule using TEMPO (2,2,6,6-tetramethyl-1-
piperidinyloxy radicals) and sodium hypochlorite.

[0013]
In the i1nclusion step, the weight ratic between the

PEG and the cyclodextrin is preferably 1:2 to 1:5, more

preferably 1:2.5 to 1:4.5, and still more preferably 1:3 to
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1:4., A weight of the cyclodextrin of less than twice the

welght of the PEG may decrease the number (i.e., inclusion

amount) of cyclodextrin molecules including the PEG. A

welght of the cyclodextrin of more than five times the

welght of the PEG may not increase the inclusion amount

further, and thus 1s not economical.
[0014]

prasss

Examples of the cyclodextrin include o-cyclodextrin,

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

cyclodextrins. Particularly n terms of inclusion property,

o—cyclodextrin 1s preferred. These cyclodextrins may be

used alone or in combination.
0C15]

Examples of the aqueous medium include water, and

agueous mixtures of water and an agqueous organic soclvent

such as DMF and DMSO. Particularly, water is preferred.

[0016] .
The only regquired condition for mixing the PEG and

the cyclodextrin in the inclusion step 1s mixing them in

the above aqueous medium. Preferably, the PEG and the

cyclodextrin are dissolved 1n the agueocus medium.

Specifically, the PEG and the cyclodextrin are added to the

agueous 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
agueous medium. This provides a substantially transparent

mixed solution.
[0017]

Cooling the resulting mixed solution of the PEG and

the cyclodextrin precipitates pseudopolyrotaxane particles
of the PEG and the cyclocextrin, resulting in a basically

whilte agueous dispersion of pseudopolyrotaxane.

10018}

If the mixed solution i1s continuously or

intermittently cooled while being flowed so that
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pseudopolyrotaxane particles are precipiltated, the

resulting aqueous dispersion of pseudopolyrotaxane has good

fluidity, and does not cause a decrease in fluidity with

time. Accordingly, the agqueous dispersion of

pseudopolyrotaxane can be easily sprayed in the drying step.

If the mixed solution 1s cooled while being left to

stand for precipitation of pseudopolyrotaxane particles,

the resulting agueous dispersion of pseudopolyrotaxane 1s

turned into the form of paste or cream which has very low

fluidity, or intc the form of gel which has no fluidity.

Since an aqueous dispersicn of pseudopolyrotaxane turned

into the form of paste or cream also loses its fluidity

with time, such an aqueous dispersion is preferably stirred

and mixed under suitable conditions g0 as to be fluid
before spray-drying 1in the drying step.
(00191

The mixed solution 1is preferably cooled to an end-

point temperature of 0 to 30°C, more preferably 1 to 20°C,
and still more preferably 1 to 15°C. An end-point

temperature of the mixed solution of lower than 0°C may

freeze the aqueous dispersion of pseudopolyrotaxane to

P

decrease the fluidity. An end-point temperature of the

—
v
o

mixed solution of higher than 30°C may not sufficiently

| -

precilpitate pseudopolyrotaxane particles.
[0020]

The mixed solution 1is preferably cooled at a cooling

speed of 0.01 to 30°C/min, more preferably 0.05 to 20°C/min,

and still more preferably 0.05 to 10°C/min. A cooling
speed 1n cooling the mixed solution of lower than

C.01°C/min may precipitate very fine pseudopolyrotaxane

particles, resulting in a decrease in fluidity of the
resulting aqueous dispersion of pseudopolyrotaxane. A

cooling speed in cooling the mixed sclution of higher than

30°C/min may produce large pseudopolyrotaxane particles

which decrease the distribution stability of the resulting
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aqueous dispersion of pseudopolyrotaxane, leading to

sedimentation.
00217

F

For more thorough precipitation of pseudopolyrotaxane

particles, intermittent cooling is also pcssible as

described above. Also, the cooling speed or the flowing

state of the mixed solution can be changed during the
cooling.
(0022]

The time for retaining the flowing state of the

resulting aqueous dispersion of pseudopolyrotaxane after
the mixed solution 1s coocled to a desired temperature is

typically several seconds to one week, and preferably

several hours to three days.
(002 3]

The method of flowing the mixed solution while

cooling the mixed solution may be a known method such as
stirring with stirring blades or ultrasonic irradiation.
The degree of flowing the mixed solution is not
particularly limited, and may be cptionally selected from
the range of slight flowing of the mixed solution caused by

gentle stirring to strong flowing caused by vigorous

stirrling using a homogenizer. Excessively weak flowing may

decreases the distribution stability of the resulting

aqueous dispersion of pseudopolyrotaxane, likely leading to

sedimentation. In contrast, excessively strong flowing may

precipitate very fine pseudopolyrotaxane particles, likely

P

leading to decreased fluidity of the resultant aqueous

dispersion of pseudopolyrotaxane.

A

If the mixed soluticn is ccoled without being flowed,

an aqueous dispersion of pseudopolyrotaxane 1s turned into
the form of gel which has very low fluidity or no fluidity.
(0024 ]

The volume average particle size of the particles in
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the agueous dispersion of pseudopolyrotaxane varies
depending on the cocling speed, the end-point temperature
after the cooling, and the flowing state of the mixed

solution during the cooling. The volume average particle

size 1is preferably 1 to 200 um, more preferably 1 to 100 pum,

and still more preferably 1 to 50 um, in terms of the
fluidity and the distribution stability of the agueous

dispersion of pseudopolyrotaxane. If the volume average

particie size of the particles in the agueous dispersion of

pseudopolyrotaxane 1s less than 1 pm, the dispersion may
show decreased fluidity or no fluidity. If the volume

average particle size of the particles in the agueous

dispersion of pseudopolyrotaxane is more than 200 um, the
particles 1in the aqueous dispersion of pseudopolyrotaxane

may be sedimented.

The volume average particle size of the particles in
the aqueous dispersion of pseudopolyrotaxane herein can be
analyzed using a laser diffraction particle size analyzer.
[0025]

The pseudopolyrotaxane concentration of the agqueous

dispersion of pseudopolyrotaxane (hereinafter, also

referred to as a “solids concentration”) 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 aqueous dispersion of

pseudopolyrotaxane of lower than 5% by weight is not
economical. A solids concentration of the agqueous
dispersion of pseudopolyrotaxane of higher than 25% by

welght may decrease the fluidity of the aqueous dispersion

i

of pseudopolyrotaxane, causing difficulty in spraying of

the dispersion in a heated stream in the drying step.

[0026]
The method for producing a pseudopolyrotaxane of the

present invention includes a drying step ¢f drying the

r—

aqueous dispersion of pseudopolyrotaxane produced in the
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1nclusion step to obtain a pseudopolyrotaxane. The method
for producing a pseudopolyrotaxane of the present invention
can provide a powdery pseudopolyrotaxane through this

drying step.

In the drying step, the aquesous dispersion of
pseudopolyrotaxane 1ls sprayed and dried in a heated gas-

stream.
(0027 ]

Examples of the method for spray-drying the agueous

F
and

dispersion of pseudopolyrotaxane include a nozzle method
using a nozzle such as a pressure nozzle, a two-fluid

nozzle, a four-fluid nozzle, or an ultrasonic nozzle, and a

rotating disk method.
10028}

The nozzle method can be suitably used in the case

that the aqueous dispersion of pseudopolyrotaxane has high
fluidity.
Examples of the device usable for the nozzle method

include a nozzle atomizer spray dryer. The method emploved
in those nozzle atomizer spray dryers is roughly classified
into counter spraying of spraying the agqueous dispersion of
pseudopolyrotaxane against the hot-gas blowing direction,

and parallel spraying of spraying the agueous dispersion of

pseudopolyrotaxane in the same direction as the hot-gas

plowing direction. The counter spraying leads to long

—

residence time of the sprayed aqueous dispersion of

pseudopolyrotaxane, while the parallel spraving leads to
short residence time of the sprayed aqueous dispersion of
pseudopolyrotaxane. With such a nozzle atomizer spray

dryer, changing the nozzle size to adjust the size of drops

to be sprayed allows adjustment of the particle size of the

resulting pseudopolyrotaxane to a desired size.

(0029]
The rotating disc method can be suitably used in the

case that the aqueous dispersion of pseudopolyrotaxane has
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low fluidity, or the pseudopolyrotaxane in the aqueous
dispersion of pseudopolyrotaxane has a relatively large

particie size.

bxamples of the device used 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 powdery pseudopolyrotaxane to a desired size.
[0030]

In the drying step, the gas-stream may include a gas

such as air or nitrogen.

The temperature of the gas-~stream in the drying step

1s preferably 70 to 200°C, more preferably 70 to 180°C, and

still more preferably 70 to 170°C. If the temperature of
the gas-stream Is lower than 70°C, the drying may be

insufficient. If the temperature of the gas-stream is
higher than 200°C, the pseudopolyrotaxane is decomposed,
posslbly resulting in a recduction in the inclusion ratio.

[0031]
The pressure in the system in the drying step is not

particularly limited, but is typically a pressure near the

atmospheric pressure. Drying under a reduced pressure is
alsc possible, and drying under a pressure equal to or
lower than the atmospheric pressure is preferred.

[0032]

The residence time o©f the sprayed aguecus dispersion
of pseudopolyrotaxane is typically several seconds to
several minutes. For suppression of release of
cyclodextrin molecules, 1t 1s preferably three minutes or
shorter, and more preferably two minutes or shorter. Too
short a residence time of the sprayed aqueous dispersion of
pseudopolyrotaxane leads to insufficient drving.
0033]

The diameter of the drops of the agueous dispersion
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of pseudopolyrotaxane to be sprayed is preferably 1 to

2,000 um, and more preferably 5 to 500 uym. A diameter of
the drops of smaller than 1 pum may cause the drops to be

blown together with the gas, decreasing the drying vield.
A diameter of the drops of larger than 2,000 um may lead to

a small total area of the whole drops, decreasing the
drving speed.
10034 ]

The 1nclusion ratio of the resulting powdery

pseudopolyrotaxane can be 6 to 60% in the present invention,

although 1t depends on the use and purpose of the resulting

powdery pseudopolyrotaxane and crosslinked polyrotaxane.

An 1nclusion ratilio of lower than 6% may not give a pulley

effect to the resulting crosslinked polyrotaxane. An

inclusion ratio of higher than 60% may result in too dense

arrangement of cyclodextrin molecules, which are cyclic

molecules, so that the mobility of the cyclodextrin.

molecules decreases. In order to give appropriate mobility
to the cyclodextrin molecules and still achieve an

1nclusion ratio as high as possible, the inclusion ratio is

preferably 15 to 40%, and more preferably 20 to 30%.

The inclusion ratio herein refers to a ratio of the

incluslon amount of the cyclodextrin molecules including a

PEG to the maximum inclusion amount of 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

inclusion amount refers to the number of cyclodextrin

A

molecules in the case of the close-packed inclusion state

in which one cyclodextrin molecule includes two repeating
units of the PEG.

10035]

The inclusion ratio can be measured by 'H-NMR. If

the measurement i1is performed in the state where the

resulting powdery pseudopolyrotaxane is dissclved,



10

15

20

30

39

CA 02821887 2013-06-14

13

cyclodextrin molecules are released, preventing measurement

of a correct inclusion ratio. Accordingly, the measurement

15 typically performed in the state where a
pseudopolyrotaxane 1s modlified to a polyrotaxane in which a
capping group 1s i1ntroduced at each end of the
pseudopolyrotaxane so as not to have the cyclodextrin
molecules be released. Thus obtalined inclusion ratio can
be regarded as the inclusion ratio of the powdery
pseudopolyrotaxane. Specifically, the inclusion ratio can
be calculated by dissolving an obtained polyrotaxane in

DMSO-dg, subjecting the solution to measurement using an

NMR measuring device (VARIAN Mercury-400BB), and comparing

the integrated wvalue of cyclodextrin peak and the PEG peak

at 3 to 4 ppm.
[0036]

The wvolume averade particle size of the powdery

pseudopolyrotaxane to be obtained by the method for
produclng a pseudopolyrotaxane in the present invention is
preferably 1 to 300 um, more preferably 5 to 70 um, and

still more preferably 5 to 50 um. A volume average

particle size of a powdery pseudopolyrotaxane to be

obtained c¢f smaller than 1 pum may cause the powdery
pseudopolyrotaxane to be blown together with the gas,

decreasing the drying yield. A volume average particle
size of a powdery pseudopolyrotaxane to be obtained of more

than 300 um may cause the particles to adhere to the inside
of the drver.

10037 ]
The water content of a powdery pseudopolyrotaxane

obtained by the method for producing a pseudopolyrotaxane

of the present invention is preferably 10% by weight or

lower, more preferably 7% by weight or lower, and still
more preferably 5% by welght or lower. A water content of

a powdery pseudopolyrotaxane of more than 10% by weight
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increases the moisture amount in the reaction system where
a capping group 1s introduced at each end of the
pseudopolyrotaxane for preventing the release of
cyclodextrin molecules. This may prevent proceeding of the
reaction or decrease the introduction ratio of the capping
groups.

In yet another aspect, the present invention provides
a method for producing a pseudopolyrotaxéne, comprising: an
inclusion step of mixing a polyethylene glycol and a
cyclodextrin in an aqueous medium to form an agqueous
dispersion of pseudopolyrotaxane that contains
pseudopolyrotaxane particles 1n which the polyethylene
glycol 1s included in the cavitles of the cyclodextrin
molecules in a skewered manner, and a drying step of drying
the agqueous dispersion of pseudopolyrotaxane produced 1in
the inclusion step to obtain the pseudopolyrotaxane, 1n the
drying step, the agueous dispersion of pseudopolyrotaxane
being sprayed and dried 1n a heated gas-stream, wherein the
polyethylene glycol has a reactive group at each end of the
linear molecule, the reactive group 1s at least one
selected from the group consisting of amino group, carboxyl
group and thiol group, the weilght ratio between the
polyethylene glycol and the cyclodextrin 1is 1:2 to 1:5,the

gas-stream temperature in the drying step is 70 to 200°C.

Advantageous Effects of Invention

10038

The present invention can provide a method for
producing a pseudopolyrotaxane which includes an
industrially advantageous method of producing a powdery

pseudopolyrotaxane with a high inclusion ratio.
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DESCRIPTION OF EMBODIMENTS

[0039]
The present invention is described below in 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 of the
linear molecule was produced by oxidation of a PEG 1in
accordance with the method described in WO 05/052026 A.
[0040]

(Production Example 1)

In a 1-L flask, 100 g of a PEG (welght average
molecular weight: 35,000), 1 g of TEMPO (2,2,06,0-
tetramethyl-l-piperidinyloxy radical), and 10 g of sodium
bromide were dissolved in 1 L of water. To the solution was
added 50 mL of an aqueous solution of sodium hypochlorite

(effective chlorine concentration: 5%), and the resulting

mixture was stirred at room temperature for 30 minutes. An

amount of 50 mL of ethanol was added to decompose the

excess of sodium hypochlorite and terminate the reaction.

An organic layer was isolated by repeating extraction
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with 500 mL of methylene chloride three times using a

separating funnel, ancd the methylene chloride was distilled

off using an evaporator. The resulting substance was

dissolved 1n 2 L of warm ethanol, and the sclution was

allowed to stand in a freezer (-4°C) overnight, so that

only a PEG having a carboxyl group at each end of the

linear molecule was precipitated. The PEG was collected

and dried under reduced pressure. Thereby, 100 g of a PEG

having a carboxyl group at each end of the linear molecule

was obtained.
(0041 ]

(Production Example 2)

In a 1-L flask, 100 g of a high-molecular-weight PEG
(welght average molecular weight: 100,000), 1 g of TEMPO
(2,2,6,6-tetramethyl-1-piperidinyloxy radical), and 10 g of

sodium bromide were dissolved in 1 L of water. To =he

solution was added 50 mL of an agueous solution of sodium

hypochlorite (effective chlorine concentration: 5%), and

Che resulting mixture was stirred at room temperature for

30 minutes., An amount of 50 mL of ethanol was added to

decompose the excess of sodium hypochlorite and terminate
the reaction.

An organic layer was isolated by repeating extraction
with 500 mL of methylene chloride three times using a

separating funnel, and the methylene chloride was distilled

off using an evaporator. The resulting substance was

dissolved 1n 2 L of warm ethancol, and the solution was

allowed to stand in a freezer (-4°C) overnight, so that

only a PEG having a carboxyl group at each end of the

linear molecule was precipitated. The PEG was collected

and drled under reduced pressure. Thereby, 100 g of a PEG

havling a carboxyl group at each end of the linear molecule
was obtalined.
[0042]

(Example 1)
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(1) Preparation of aqueous dispersion of pseudopolyrotaxane

from a-cyclodextrin and a PEG having carboxyl group at
each end of the linear molecule

A 1-L flask with a stirrer was charged with 650 mL of

water, 20 g of the PEG having a carboxyl group at each end

of the linear molecule prepared in Production Example 1,

and 80 g of a-cyclodextrin, and the mixture was heated to
70°C to dissolve the substances.
The solution was cooled To 5°C at a cooling speed of

0.4°C/min while being stirred by a stirring blade at a

—

rotational speed of 700 rpm, and further stirred at the

same temperature for 10 hours. Thereby, a milky aqueous
dispersion of pseudopolyrotaxane having favorable fluidity

(s0lids concentration: 13% by weight) was obtained.

Measurement using a laser diffraction particle size
analyzer showed that the particles in the aqueous
cispersion of pseudopolyrotaxane had a volume average

particle size of 10 pm.
1004 3]
() Drying of aqueous dispersion of pseudopolyrotaxane

Using a nozzle atomizer spray drier (product of
Chkawara Kakohki Co., Ltd., “L-8"), 750 g of the prepared
agqueous dispersion of pseudopolyrotaxane was dried

——

(residence time: 1 minute) at a dryer gas inlet temperature

of 160°C and an outlet temperature of 70°C under ordinary

pressure. Thereby, 93 g of a powdery pseudopolyrotaxane
was obtained. The obtained powdery pseudopolyrotaxane had

a water content of 2.2% by weight and a volume average

particle size of 35 pum.
0044 ]
(Example 2)

A powaery pseudopolyrotarane was obtained in the same

manner as 1n Example 1 except that, in the preparation of

the aqueous dispersion of pseudopolyrctaxane, the amount of

the water for dissolving was 500 mL (solids concentration
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of the aqueous dispersion of pseudopolyrotaxane: 17% by
welght). The prepared aqueous dispersion of

pseudopolyrotaxane was 1in a’milky form with fluidity zand

had a median particle size of 18 um. The obtained powdery

5> pseudopolyrotaxane had a water content of 1.4% by weight

and a volume average particle size of 46 um.
(00457

(bxample 3)

A powdery pseudopolyrotaxane was obtained in the same

10  manner as in Example 1 except that, in the drving of the
agqueous dispersion of pseudopolyrotaxane, the gas-stream
inlet temperature of the dryer was 188°C, the outlet

temperature was 90°C, and the residence time was 20 seconds.
The obtained powdery pseudopolyrotaxane had a water content

15 of 0.9% by welght and a volume average particle size of 28

Ehe(
[0046]

(Example 4)

A powdery pseudopolyrotaxane was obtained in the same

20 manner as 1in Example 1 except that, in the drving of the
agqueous dispersion of pseudopolyrotaxane, the gas-stream
inlet temperature in the dryer was 120°C, the outlet

temperature was 70°C, and the residence time was 1 min.
The obtained powdery pseudopolyrotaxane had & water content

25 of 4.8% by weight and a volume average particle size of 32

The
[0047]

(Example 5)

A powdery pseudopolyrotaxane was obtained in the same

30 manner as in Example 1 except that, in the preparation of

the agueocus dispersion of pseudopolyrotaxane, the cooling

speed was 0.05°C/min, and in the drying of the aqueous

dlspersion of pseudopolyrotaxane, the gas-stream inlet

temperature in the dryer was 170°C and the outlet

1)

35 temperature was 80°C. The prepared agueous dispersion of
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pseudopolyrotaxane was 1in a milky form with fluidity and

had a median particle size of 5 um.

The obtained powdery pseudopolyrotaxane had a water

content of 1.7% by weight and a volume average particle

5 slze of 40 pm.

(Example 6)

A powdery pseudopolyrotaxane was obtained in the same

manner as 1n Example 1 except that, in the preparation o:

the aqueous dispersion of pseudopolyrotaxane, the stirring
10 speed of

T the stlrring blade was 600 rpm and the cooling
speed was 10°C/min.

R D

The prepared agueous dispersion of
pseudopolyrotaxane was 1n a milky form with slight fluidity,

and had a median particle size of 38 um. The obtained

powdery pseudcopolyrotaxane had a water content of 2.1% by

15 weilght and a volume average particle size of

=~ 3D um.
[0048]
(Example 7)

A powdery pseudopolyrotaxane was obtained in the same
manner as 1n Example 1 except that,

in the preparation of
the aqueous dilispersion of pseudopolyrotaxane, the stirring

i

speed of

20

the stirring blade was 75 rpm and the cooling

speed was 0.1°C/min. The prepared aqueous dispersion of

pseudopolyrotaxane was in a milky form with good fluidity

and had a median particle size of 50 um. The obtained

powdery pseudopolyrotaxane had a water content of 1.9% by

welght and a volume average particle size of 33 um.
[0049]

(Example 8§8)

2O

A powdery pseudopolyrotaxane was obtained in the same
30 manner as in Example 2 except that,

in the preparation of

the aqueous dispersion of pseudopolyrotaxane, the stirring
speed of

- the stirring blade was 7,000 rpm and the cooling
speed was 20°C/min. |

The prepared aqueous dispersion of
pseudopolyrotaxane was in a milky form with slight fluidity

35 and had a median particle size of 2 um. The obtained
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powdery pseudopolyrotaxane had a water content of 1.3% by

welght and a volume averagé particle size of 9 um.
[0050]

(Example 9)

An aqueous dispersion of pseudopolyrotaxane was

obtained in the same manner as in Example 1 except that, in
the preparation of the agueous dispersion of
pseudopolyrotaxane, the prepared mixture was cocled by
eallowing 1t to stand without stirring. Since the prepared
aquecus dispersion of pseudopolyrotaxane was in a paste
form with little fluidity, the dispersion was diluted with
150 g of water (solids concentration of the aqueous
dispersion of pseudopolyrotaxane: 11% by weight) and

stirred with a spatula to give fluidity. The resultant

dispersion was dried in the same manner as in Example 1,
thereby yielding a powdery pseudopolyrotaxane. The

obtalned powdery pseudopolyrotaxane had a water content of

3.6% by welght and a volume average particle size of 11 um.
[0051]

(Example 10)

A powdery pseudopolyrotaxane was obtained in the same

manner as 1n kExample 1 except that the PEG having a

carboxyl group at each end prepared in Production Example 2
was used. The prepared agqueous dispersion of

pseudopolyrotaxane was in a milky form with slight fluidity

and had a median particle size of 15 um. The obtained
powdery pseudopolyrotaxane had a water content of 1.6% by

weight and a volume average particle size of 33 um.
[0052]
(Example 11)

An agueous dispersion of pseudopolyrotaxane was

optained 1n the same manner as in Example 10 except that,
in the preparation of the aqueous dispersion of

pseudopolyrotaxane, the prepared mixture was cooled by

allowing 1t to stand without stirring. Since the prepared
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agqueous dispersicn of pseudopolyrotaxane had no fluidity,
the dispersion was diluted with 250 g of water (the solids
concentration of the aqueous dispersion of
pseudopolyrotaxane: 10% by weight) and stirred with a
spatula to give slight fluidity. The resultant dispersion

was dried in the same manner as in Example 1, thereby
yielding a powdery pseudopolyrotaxane. The obtained

powdery pseudopolyrotaxane had a water content of 3.5% by

welght and a volume average particle size of 14 pum.
[0053]

(Comparative Example 1)

A pseudopolyrotaxane was obtained in the same manner

as in Example 1 except that the aqueous dispersion of

pseudopolyrotaxane was freeze dried (dried at -10 to 20°C
for 48 hours). The obtained pseudopolyrotaxane was in the

form of porous agglomerates with a water content of 1.2% by

welght.
10054 ]

(Comparative Example 2)

A pseudopolyrotaxane was obtained in the same manner

as 1n Example 1 except that the aqueous dispersion of

pseudopolyrotaxane was dried under reduced pressure at 20°C
for 96 hours. The obtained pseudopolyrotaxane was in the

form of a hard agglomerate with a water content of 4.0% by

welght.
(00557
<Kvaluation>

The inclusion ratioc was measured on each
pseudopolyrotaxane obtained in the examples and comparative
examples by the following method. Table 1 shows the
results.

[0050]
(1) Capping of pseudopolyrotaxane using adamantane amine

and BOP reagent reaction system
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In a 1-L flask, 0.5 g of an adamantane amine was

dissolved in 170 mL of dimethyl formamide (DMF) at room

temperature. Then, 50 g of the obtained pseudopolyrotaxane

was added to the flask and the mixture was promptly shaken

well.
Subsequently, a solution in which 1.3 g of a BOP

reagent (benzotriazol-1l-yl-oxy-—

tris{dimethylamino)phosphonium hexafluorophcsphate) was
dissolved in 80 mL of DMF was added to the flask, and the
mixture was promptly shaken well.

Furthermore, to the flask was added a solution in

which 0.50 mL of diisopropylethylamine was dissolved in 8C

F

mL o DMK, and the mixture was promptly shaken well. The

resultant mixture was allowed to stand in a refrigerator

overnlght.
10057 ]

(2) Purification of polyrotaxane and measurement of

/

inclusion ratio

The obtained mixture was subjected to a cleaning
operation 1n which 300 mL of DMF was added to the flask and
the mixture was mixed well and centrifuced, and then the
supernatant was discarded. The cleaning operation using
DME was repeated twice in total to obtain a precipitate.
The obtained precipitate was subjected to & cleaning

operation in which the precipitate was dispersed in 2,000

mL of hot water (70°C) and the mixture was well stirred and

then filtered.
The cleaning operation with hot water was repeated

four times in total. The obtained precipitate was freeze

dried, thereby finally yielding a purified polyrotaxane.
The 1inclusion ratio of the obtzined polyrotaxane was

determined by ‘H-NMR. The obtained inclusion ratio can be

pron

regarded as the inclusion ratio of the pseudopolyrotaxane.

[0058]
[ Table 1]
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| | Inclusion ratio

Example 1

Example 2

Example 3

S
Example 4

Example 5

Example 6

Example 7

Example 8

Example O

Example 10

Exampie 11

Comparative
Example 7

| —

Comparative
Example 2

INDUSTRIAL APPLICABILITY

[0059]
The present invention can provide a method for

producing a pseudopolyrcoctaxane which includes an
industrially advantageous method of producing a powdery

pseudopolyrotaxane with a high inclusion ratio.
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We Claim:
1. A method for producing a pseudopolyrotaxane,
comprising:

an inclusion step of mixing a polyethylene glycol
and a cyclodextrin in an aqueous medium to form an
aqueous dispersion of pseudopolyrotaxane that contains
pseudopolyrotaxane particles 1n which the polyethylene
glycol is included in the cavities of the cyclodextrin
molecules in a skewered manner, and

a drying step of drying the aqueous dispersion of
pseudopolyrotaxane produced in the 1nclusion step to
ocbtain the pseudopolyrotaxane,

in the drying step, the aqueous dispersion of
pseudopolyrotaxane being sprayed and dried in a heated
gas-stream,

wherein the polyethylene glycol has a reactive
group at each end of the linear molecule,

the reactive group 1s at least one selected from
the group consisting of amino group, carboxyl group and
thiol group,

the weight ratio between the polyethylene glycol
and the cyclodextrin i1s 1:2 to 1:35,

the gas—-stream temperature in the drying step 1s 70

to 200°C.

2. The method for producling a pseudopolyrotaxane
according to claim 1,

wherein the polyethylene glycol has a weight
average molecular weight of 1,000 to 500,000.

3. The method for producing a pseudopolyrotaxane

according to claim 1 or claim 2,
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wherein, 1n the 1nclusion step, the polyethylene
glycol and the cyclodextrin are dissolved 1n the aqueous
medium to prepare a mixed solution, and the mixed
solution 1s continuously or intermittently cooled while
being flowed to precipltate the pseudopolyrotaxane

particles, thereby producing the aqueous dispersion of

pseudopolyrotaxane.

4, The method for producing a pseudopolyrotaxane according
to claim 3,

wherein the cooling speed is 0.01 to 30°C/min.

5. The method for producing a pseudopolyrotaxane
according to any one of claims 1 to 4,
whereln the solids concentration of the aqueous

dispersion of pseudopolyrotaxane is 5 to 25% by weight.

6. The method for producing a pseudopolyrotaxane

according to any one of claims 1 to 5,

whereiln the particles 1n the agqueous dispersion of

pseudopolyrotaxane have a volume average particle size of

1 to 200 um.

7. The method for producing a pseudopolyrotaxane

according to any one of claims 1 to 6,
whereln the pressure 1n the system in the drying

step 1s equal to or lower than the atmospheric pressure.
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