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(57) ABSTRACT 

A temperature-responsive polymer and polymer material 
Which has ester bond(s) and/or acid amide bond(s) respec 
tively at one or more sites in the side chain and can be 

arbitrarily controlled by varying the side chain is provided. 
The process for production thereof and the use thereof are 
also provided. 
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Fig- 6 
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Fig- ‘7 
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A: (acrylamide' : B-acrylamide acetanilide) (90: 10, mol/mol) 

B: (acrylamide : 3-acrylamide acetanilide) (85 : 15, mol/mol) 
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TEMPERATURE-RESPONSIVE POLYMER 
COMPOUND AND PROCESS FOR PRODUCING 

THE SAME 

TECHNICAL FIELD 

[0001] This invention relates to a novel polymer com 
pound Which undergoes stretching and cohesion With a 
change in the polarity of the polymer per se due to a 
temperature change, a process for producing this polymer 
compound, a heat-responsive polymer material containing 
this compound, a separation method With the use of a 
material containing this heat-responsive polymer material, 
and a method for separating chemicals, biological polymers 
(proteins, peptides, etc.) and biological samples (cells, etc.) 
by using this material. 

[0002] In addition, this invention relates to a temperature 
responsive polymer compound a change in the characteris 
tics of Which can be controlled depending on temperature. 
Furthermore, the present invention relates to a temperature 
responsive polymer compound Which is usable, by taking 
advantage of the temperature-depending change in the char 
acteristics thereof, in adsorption and separation materials, 
drug carriers, dielectric and magnetic materials, pieZoelec 
tric and pyroelectric materials, degradable and reactive 
materials, biofunctional materials, etc. 

[0003] This invention also relates to a temperature-respon 
sive polymer compound by Which the polarity and hydro 
gen-bonding ability of a material can be changed or con 
trolled depending on temperature. The present invention 
further relates to a temperature-responsive polymer com 
pound Which is usable in materials for adsorbing, separating 
and releasing substances to be applied to biological func 
tions With the use of a change in the polarity and the 
hydrogen-bonding ability depending on temperature. The 
present invention furthermore relates to a method for 
adsorbing, separating, recovering and releasing substances 
characteriZed by using these polymer compounds. 

[0004] It should be noted that the terms “heat-responsive” 
and “temperature-responsive” used herein have the same 
meaning. 

BACKGROUND ART 

[0005] Typical examples of heat-responsive polymer 
materials having ester bonds or acid amide bonds include 
partially oxidiZed polyvinyl alcohol and N-isopropyl acry 
lamides. It is knoWn that the cloud point of an ester 
bond-type polymer or an alkylamide polymer Would be 
gradually loWered With an increase in the carbon atom 
number in a side chain. It is therefore impossible to synthe 
siZe a heat-responsive polymer of the alkylamide type 
having a side chain With a large carbon atom number. In the 
case of an ester-bond type polymer or an alkylamide poly 
mer, it is also difficult to provide a sufficient polarity in 
separating any protein. 

[0006] N-Alkylacrylamides typi?ed by N-isopropylacry 
lamide, Which in polymer form are knoWn to be tempera 
ture-responsive, have been frequently applied to DDS (Drug 
Delivery System) and separating agents. HoWever, alky 
lacrylamide monomers shoWing temperature-responsive 
ness in polymer form carry exclusively alkyl groups With a 
small number of carbon atoms. OWing to this characteristic, 
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these alkylacrylamides are poor in the hydrophobic nature or 
the hydrogen bonding properties, Which makes it difficult to 
efficiently separate, adsorb and release all biological com 
ponents or organic matters by using the these kinds of 
polymers. Although hydrogen-bonding groups can be intro 
duced into these compounds by forming a copolymer With 
the use of a monomer having a hydrogen-bonding group, 
there arises a problem in this case, i.e., an increase in the 
cloud point or the disappearance of the temperature-respon 
siveness. As a result, a target substance, in particular, a 
biological component should be separated, adsorbed and 
released under severe conditions. 

[0007] In polymer compounds shoWing structural changes 
due to external stimuli (temperature, pH, light, etc.), the 
structural changes result in changes in the characteristics of 
the polymers, for example, volume or hydrophilic/hydro 
phobic nature. For example, it is Well knoWn that poly(N 
isopropyl acrylamide) shoWs a structural change in an 
aqueous solution depending on temperature. Namely, this 
compound is soluble in Water in a loW temperature side of 
32° C. or beloW but becomes insoluble in Water in a high 
temperature side exceeding 32° C. That is to say, it is a 
temperature-responsive polymer compound having a loWer 
critical solution temperature (LCST). It is considered that 
such a polymer compound Would shoW a hydrophilic nature 
and be dissolved in Water in a sWollen state in the loW 
temperature side and, in the high temperature side, it Would 
shoW a hydrophobic nature and be aggregated in a con 
tracted state. By using these temperature-depending 
changes, temperature-responsive polymer compounds have 
been applied to drug delivery systems and high-functional 
materials such as separators. 

[0008] To apply these temperature-responsive polymer 
compounds to high-functional materials, it is needed to use 
not only temperature-responsive polymer compounds hav 
ing LCST but also those having the upper limit critical 
solution temperature (UCST), i.e., being insoluble in Water 
in a loW temperature side but becoming soluble in Water in 
a high temperature side. When a protein unstable to heat is 
to be separated by adsorbing on a temperature-responsive 
polymer compound via a hydrophobic action, a temperature 
responsive polymer compound having the UCST, i.e., shoW 
ing a hydrophobic nature at loW temperatures, is seemingly 
useful. At present, hoWever, there are knoWn temperature 
responsive polymer compounds of feW types having the 
UCST and it is difficult to neWly develop temperature 
responsive polymer compounds usable as efficient high 
functional materials. 

[0009] To obtain high-functional temperature-responsive 
polymer compounds, it is necessary to develop temperature 
responsive polymer compounds having novel characteristics 
Which are not achieved by the existing ones. In general, it is 
considered that a temperature-responsiveness is expressed 
oWing to the balance betWeen a hydrophilic moiety and a 
hydrophobic moiety. For example, a temperature-responsive 
polymer compound becomes insoluble in Water With an 
increase in the carbon atom number in the side chain thereof. 
It is, therefore, difficult to synthesiZe a temperature-respon 
sive polymer compound having a side chain With a large 
carbon atom number. 

DISCLOSURE OF INVENTION 

[0010] Under these circumstances, an object of the present 
invention is to provide a heat-responsive polymer material 
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having a side chain With a large carbon atom number and 
showing various polarities Which is synthesized by intro 
ducing acid amide bond(s) and ester bond(s) respectively 
into a side chain at one or more sites in the polymer chain, 
and a process for producing the same. Another object of the 
present invention is to apply the above-mentioned heat 
responsive polymer to the separation and puri?cation of 
proteins, chemicals or biological samples such as bioengi 
neering products and cells having various polarities. 

[0011] Another object of the present invention is to pro 
vide a polymer compound the temperature-responsiveness 
of Which can be controlled by changing the functional 
groups or composition of the monomers constituting the 
polymer. Another object of the present invention is to 
provide a temperature-responsive polymer compound hav 
ing an aromatic ring and being eXpected as eXerting a high 
hydrophobicity or an electronic interaction Which cannot be 
achieved by the existing temperature-responsive polymer 
compounds. A still further object of the present invention is 
to provide separation materials such as chromatographic 
packings containing these temperature-responsive polymer 
compounds. 
[0012] A further object of the present invention is to 
provide a heat-responsive polymer Which has a side chain 
With a large carbon number capable of imparting a hydro 
phobic nature thereto together With a functional group 
having hydrogen-bonding properties. 
[0013] The present invention aims at providing a material 
Which undergoes interaction With substances including bio 
logical components With the use of the hydrogen-bonding 
properties and hydrophobic nature thereof and can shoW the 
LCST or the UCST even in an aqueous solution containing 
a salt. The present invention further aims at providing novel 
materials (chromatographic packings, etc.) for the separa 
tion, adsorption or release of substances With the use of the 
above-described polymer. 

[0014] To synthesiZe a heat-responsive polymer material 
having a side chain With a large carbon atom number, the 
present inventors have produced a material having a side 
chain With a large carbon atom number by introducing acid 
amide bond(s) and ester bond(s) respectively into one or 
more sites in the side chain. Then they have found that the 
thus obtained material shoWs a heat-responsiveness and 
various polarities. The present inventors have further found 
that this material is applicable to the separation of bioengi 
neering products (proteins, peptides, etc.) having various 
polarities. The present invention has been completed based 
on these ?ndings. 

[0015] The present inventors have conducted intensive 
studies and consequently found that a temperature-respon 
sive polymer compound the temperature-responsiveness of 
Which can be controlled can be synthesiZed by appropriately 
specifying functional groups of the monomer to be poly 
meriZed. The present inventors have further found that a 
temperature-responsive polymer compound the tempera 
ture-responsiveness of Which can be controlled can be 
synthesiZed by appropriately specifying the functional 
groups or composition of tWo types of monomers to be 
copolymeriZed. The present inventors have furthermore 
found that adsorption and separation materials containing 
these temperature-responsive polymer compounds are appli 
cable to the separation of various substances. The present 
invention has been completed based on these ?ndings. 

[0016] To obtain heat-responsive polymers having hydro 
gen-bonding properties and highly hydrophobic nature, the 
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present inventors have synthesiZed hydroXyalkylamide 
monomers With a large carbon atom number in their alkyl 
groups and polymeriZed the same to give polymer materials 
having both of hydrogen-bonding groups and hydrophobic 
groups. They have found that these polymer materials shoW 
temperature-responsiveness. The present inventors have fur 
ther found that these temperature-responsive polymer com 
pounds are usable in materials for separating, adsorbing and 
releasing substances and thus various substances can be 
separated by applying these materials. The present invention 
has also been completed based on these ?ndings. 

[0017] Further, the present inventors have conducted 
intensive studies and consequently found that a temperature 
responsive polymer compound, the temperature-responsive 
ness of Which can be controlled, can be synthesiZed by 
introducing a hydrogen-bonding functional group and a 
hydrophobic group into a monomer folloWed by polymer 
iZation, or by copolymeriZing such a monomer With another 
polymeriZable monomer. The present inventors have also 
found that adsorption/separation materials containing the 
above temperature-responsive polymer compound are appli 
cable to the separation of various substances. The present 
invention has been completed based on these ?ndings. 

[0018] Accordingly, the present invention provides a poly 
mer compound comprising polymer subunits as de?ned in 
groups A-E and With the total or relative number of indi 
vidual monomer units as given. 

(1) 
GroupA: 

$0 or 
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-continued 
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[0019] wherein R represents a linear or branched divalent 
aliphatic hydrocarbon group having 1 to 8 carbon atoms, a 
divalent alicyclic hydrocarbon group having 3 to 8 carbon 
atoms, or a divalent aromatic hydrocarbon group having 6 to 
14 carbon atoms; R‘ represents a linear or branched aliphatic 
hydrocarbon group having 1 to 8 carbon atoms, a linear or 
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branched aliphatic hydrocarbon group having one or more 
hydroXyl groups and 1 to 8 carbon atoms, a linear or 
branched aliphatic hydrocarbon group having one or more 
acid amide bonds and/or ester bonds and 2 to 9 carbon 
atoms, or a linear or branched aliphatic hydrocarbon group 
having one or more acid amide bonds and/or ester bonds, 
one or more hydroXyl groups and 3 to 9 carbon atoms; and 
n is an integer of 2 or above. 

Group B: 

x0 0r @0 
N N 
\ \ 
R R 
/ / 
N N 

>:() >=O 

[0020] Wherein R represents a linear or branched divalent 
aliphatic hydrocarbon group having 1 to 8 carbon atoms, a 
divalent alicyclic hydrocarbon group having 3 to 8 carbon 
atoms, or a divalent aromatic hydrocarbon group having 6 to 
14 carbon atoms; R‘ represents a linear or branched aliphatic 
hydrocarbon group having 1 to 8 carbon atoms, a linear or 
branched aliphatic hydrocarbon group having one or more 
hydroXyl groups and 1 to 8 carbon atoms, a linear or 
branched aliphatic hydrocarbon group having one or more 
acid amide bonds and/or ester bonds and 2 to 9 carbon 
atoms, or a linear or branched aliphatic hydrocarbon group 
having one or more acid amide bonds and/or ester bonds, 
one or more hydroXyl groups and 3 to 9 carbon atoms; and 
n is an integer of 2 or above. 

Group C-1: 

[0021] Wherein n is the number of the middle kind of 
monomer unit, j is the number of the right kind of monomer 
unit, n is from 0.005 to 0.995 (inclusive) and j is from 0 to 
0.5 (inclusive); R1, R2, R3 and R4 are the same or different 
and each represents a hydrogen atom or a methyl group; X1, 
X2, X3 and X4 are the same or different and each represents 
an acid amide group, an ester group or an ether group; Y1 
represents a linear or branched divalent aliphatic hydrocar 
bon group having 1 to 8 carbon atoms, a divalent alicyclic 
hydrocarbon group having 3 to 8 carbon atoms or a divalent 
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ar2omatic hydrocarbon group having 6 to 14 carbon atoms; 
Y represents a linear or branched divalent aliphatic hydro 
carbon group having 1 to 8 carbon atoms, a divalent alicyclic 
hydrocarbon group having 3 to 8 carbon atoms, a linear or 
branched divalent aliphatic hydrocarbon group having 1 to 
8 carbon atoms and one or more ether groups or a linear or 

branched divalent aliphatic hydrocarbon group having 1 to 
8 carbon atoms and one or more hydroXyl groups; Z1, Z2, Z3, 
Z5 and Z6 are the same or different and each represents a 

hydrogen atom, a linear or branched aliphatic hydrocarbon 
group having 1 to 8 carbon atoms, a linear or branched 
aliphatic hydrocarbon group having 1 to 8 carbon atoms and 
one or more hydroXyl groups, a linear or branched alicyclic 

hydrocarbon group having 1 to 8 carbon atoms and one or 
more hydroXyl group, a linear or branched aliphatic hydro 
carbon group having 1 to 8 carbon atoms and one or more 

ether groups, a linear or branched alicyclic hydrocarbon 
group having 1 to 8 carbon atoms and one or more ether 

groups, a glycoside having 3 to 12 carbon atoms or a 

glycoside having 3 to 12 carbon atoms and carrying a linear 
or branched aliphatic hydrocarbon group having 1 to 8 
carbon atoms, provided that Z1, Z3, Z5 and Z6 are functional 
groups bonded respectively to X1, X2, X3 and X4 When they 
are tertiary amide groups and Z5 may be bonded to Z6; and 
Z4 represents a hydrogen atom, a hydroXyl group, an amide 
group, a nitryl group, a linear or branched aliphatic hydro 
carbon group having 1 to 8 carbon atoms, a linear or 
branched aliphatic hydrocarbon group having 1 to 8 carbon 
atoms and one or more amide groups, a linear or branched 

aliphatic hydrocarbon group having 1 to 8 carbon atoms and 
one or more carbonyl groups, a linear or branched aliphatic 

hydrocarbon group having 1 to 8 carbon atoms and one or 
more nitryl groups, or a linear or branched aliphatic hydro 
carbon group having 1 to 8 carbon atoms and one or more 

hydroXyl groups. 

Group C-2: 

R5 

[0022] Wherein R5 represents a hydrogen atom or a methyl 
group; X5 represents an acid amide group, an ester group or 
an ether group; Y3 represents a linear or branched divalent 
aliphatic hydrocarbon group having 1 to 8 carbon atoms or 
a divalent alicyclic hydrocarbon group having 3 to 8 carbon 
atoms; and Y4 represents a linear or branched aliphatic 
hydrocarbon group having 1 to 8 carbon atoms or a linear or 
branched aliphatic hydrocarbon group having 1 to 8 carbon 
atoms and one or more hydroXyl groups; n represent an 
integer 2 or more. 
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Group D: 

[0023] Wherein Z represents a hydrogen atom or a methyl 
group; X represents a hydrogen atom or a linear or branched 
aliphatic hydrocarbon group having 1 to 8 carbon atoms and 
carrying at least one hydroXyl group; Y represents a linear or 
branched aliphatic hydrocarbon group having 2 to 8 carbon 
atoms and carrying at least one hydroXyl group, or X and Y 
may form together a chemical bond; and n is an integer of 
2 or more. 

Group E-1: 

Z 

n 

0 

X5 N X1 ) 
i 

[0024] Wherein Z represents a methyl group or a hydrogen 
atom; n is an integer of 2 or more; X1, X2, X3, X4 and X5 are 
the same or different and each represents a hydrogen atom, 
a group R, or a group —CO—NH—R, provided that at least 
one of X1 to X5 is a group —CO—NH—R (Wherein R 
represents a linear or branched aliphatic hydrocarbon group 
having 1 to 6 carbon atoms, a linear or branched aliphatic 
hydrocarbon group having 1 to 10 carbon atoms and con 
taining at least one amide bond, a linear or branched 
aliphatic hydrocarbon group having 1 to 10 carbon atoms 
and containing at least one hydroXyl group, an alicyclic 
hydrocarbon group having 3 to 10 carbon atoms and con 
taining at least one hydroXyl group, an alicyclic hydrocarbon 
group having 3 to 10 carbon atoms and containing at least 
one amide bond, or a hydrogen atom); and i is an integer of 
from 0 to 6. 

Group E-2: 




















































