DESCRI PTI ON

TI TLE OF | NVENTI ON: POLYURETHANE, METHOD FOR PRODUCI NG
POLYURETHANE, CONDUCTI VE PASTE COWPOSI TI ON, CONDUCTI VE
W RE, AND METHOD FOR PRODUCI NG CONDUCTI VE W RE

TECHNI CAL FI ELD
[ 0001]

The present invention relates to a pol yurethane, a
met hod for producing a pol yurethane, a conductive paste
conposition, a conductive wire, and a nmethod for

produci ng a conductive wre.

BACKGROUND ART
[ 0002]

A recent growing popularity of Internet of Things
(1 0oT) has accelerated the devel opnent of wearable
devi ces that can be attached to a human body.
Particularly, wearable devices are expected to be
utilized in the fields of medicine, health care, |ong-
termcare, and sports, and exam ned for early detection
of diseases and heal th managenent by real -tine
nmoni tori ng of biological information and exercise
i nformation or body novenents sensing.

[ 0003]

The fornms of wearabl e devices for continuously
measuri ng biological information include: an accessory-
type such as watches, eye-glasses, and ear phones; a
cloth-type; a patch-type for direct attachnent to a
body; and the like. For stable nmeasurenment of accurate
bi ol ogical information, it is required to fit a wearable
device to a body surface in use. Particularly, cloth-

type and patch-type devices are required to have high



flexibility and stretchability to foll ow body novenents,
as well as durability against repetitive elongations and
shrinkages. Thus, it is inmportant to devel op techni ques
and materials for inparting stretchability to wires and
sensors.

[ 0004]

For exanmple, a wearabl e device disclosed in Patent
Docunent 1 uses a bell ows-shaped stretchable silver wre
covered with a stretchable urethane film Even if a
netal wire itself does not have stretchability, the
Wi ring design enabl es pseudo-stretchability and ensures
el ectric conductivity.

[ 0005]

Mor eover, there have been reported: a nethod in
whi ch a woven fabric is formed by weavi ng a conducti ve
thread to inpart stretchability (Patent Docunment 2); and
a method using a stretchable conductive conposite thread
formed by wi nding a conductive fiber around a
stretchabl e elastic fiber (Patent Docunent 3).

[ 0006]

However, the nmethod of weaving a conductive thread
has problenms including a limted pattern shape to be
formed and | ow t hroughput in conparison with pattern
formation by printing. Further, in the nethod of Patent
Docunment 1, a pattern shape is also limted and conpact
wiring design is difficult. Hence, stretchable
conducti ve paste and ink have been actively devel oped to
form by printing, a wire enabling electric conduction
even during el ongati on.

[ 0007]

There are many proposals or applications such as,

for exanple, stretchable wires using Galinstan including

galliumindiumtin or a liquid metal including gallium



indium a stretchable wire in which silver nanowires are
m xed as a nmetal additive (Patent Docunent 4); a
stretchable wire which contains a conbination of a
fluorine rubber, a surfactant, and a silver filler and
generates silver nanoparticles during annealing (Patent
Docunment 5); a stretchable wire using silver flakes
havi ng suitable tap density and average particle

di anmet er (Patent Docunment 6); a stretchable wire using a
silver powder having suitable particle dianeter,
particle size distribution, and porosity (Patent

Docunment 7); or the IliKke.
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SUMVARY OF | NVENTI ON
TECHNI CAL PROBLEM
[ 0009]

The present invention has been nade to sol ve the
above-nmenti oned problens, and the present invention ains
to provide: a conductive paste conposition for formng a
stretchabl e conductive wire which varies slightly in
el ectric conductivity at the tinme of elongation and
shri nkage; and a pol yurethane for providing the

conposi tion.



SOLUTI ON TO PROBLEM
[ 0010]

To achieve the object, the present invention
provi des a pol yuret hane contai ning a phenolic hydroxyl

group represented by the follow ng general fornula (1A),

L ~
C/Z/ z ~c
(HO 7z 2z OH ) (1A)
kd
kb
XF Xf
L — _ka ke

ke

wherein Az represents a linear, branched, or cyclic
(ka+2) -val ent hydrocarbon group or a fluorinated

hydr ocar bon group having 1 to 20 carbon atoms, and - CHp-
constituting the (ka+2)-valent hydrocarbon group is
optionally substituted with -0, -NR*, -C(=0-, or -

Si (RR3) -; each of RZ and R® is a linear, branched, or
cyclic al kyl group having 1 to 6 carbon atons, or a
phenyl group; R* is a hydrogen atom or a linear or
branched al kyl group having 1 to 4 carbon atons; Z
represents a single bond or an oxygen atom each Xf

i ndependently represents a hydrogen atom a hal ogen atom
a |inear, branched, or cyclic nonoval ent hydrocarbon
group having 1 to 10 carbon atons optionally substituted
with a fluorine atom an al koxy group having 1 to 10
carbon atons optionally substituted with a fluorine atom
or an el ectron-w thdrawi ng group; each of ring ZZ

i ndependent|ly represents an aromati c nonocyclic or

pol ycyclic ring having 5 to 20 carbon atons; each carbon
atomof the ring ZZ is optionally substituted with a

nitrogen atom an oxygen atom or a sulfur atom “ka”



represents an integer of 0 to 2; “kb” and “kd” each
represent 1 or 2; “kc” and “ke” each represent an
integer of 0 to 2; and a dashed line represents a
bondi ng arm

[0011]

Such a pol yurethane provides a conductive paste
conposition for formng a stretchable conductive wre
whi ch varies slightly in electric conductivity at the
time of elongation and shrinkage.

[0012]

Further, in the present invention, the
pol yur et hane preferably contains a phenolic hydroxyl
group represented by the follow ng general fornula (1B),

| \ O\\.EAZ'/O \
(Ho} 1 Hi | /—(—OH by (9
F

F

L ke —ka ke

wherein Az’ represents a linear, branched, or cyclic
(ka+2) -val ent hydrocarbon group or a fluorinated
hydr ocar bon group having 1 to 19 carbon atoms, and - CHp-
constituting the (ka+2)-valent hydrocarbon group is
optionally substituted with -0, -NR4*%, -C(=0 -, or -
Si (RR3) -; “ka” represents an integer of 0 to 2; "“kb”,
“kec”, “kd”, and “ke” each represent 1 or 2; R?, RS and
Rt are as defi ned above; and a dashed line represents a
bondi ng arm
[ 0013]

Such a pol yurethane can further decrease change in
el ectric conductivity at the tinme of elongation and
shri nkage when used as a conductive paste conposition

for formng a stretchable conductive wire.



[ 0014]

Further, in the present invention, the
pol yur et hane preferably further contains one or nore
weakly acidic functional groups represented by the

foll ow ng general fornulae (l1la) to (1c),

R——Rf CFa :
— ?(( "

OH © Rf NsORf
OH
(1a) (1b) (1c)

wherein R represents a hydrogen atom a fluorine atom
or a linear, branched, or cyclic hydrocarbon group
having 1 to 10 carbon atonms optionally substituted with
a fluorine atom Rf represents a fluorine atom or a

i near, branched, or cyclic fluorinated hydrocarbon
group having 1 to 10 carbon atons; “n” is an integer of
1 or 2; and a dashed line represents a bonding arm

[ 0015]

When such a pol yurethane is used for a conductive
paste conposition for form ng a stretchabl e conductive
wire, it can further decrease change in electric
conductivity at the time of elongation and shrinkage.

[ 0016]

Further, in the present invention, the
pol yur et hane preferably further contains one or nore
structures represented by the follow ng general formnul ae
(2a) to (2c),
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wherein R! is a hydrogen atom or

OH

(2b)

(2¢)

a nonoval ent

hydr ocarbon group having 1 to 3 carbon atons; Aa

represents a single bond,

cyclic dival ent
and - CH-
substituted with -0,

at ons,

-C(=0) -,

is optionally -NR4 C(=0O)-;

or a linear,

branched, or
hydr ocar bon group having 1 to 20 carbon
constituting Aa is optionally
-C(=0 O,

or -GCeHs-, or

each of A, and Ac

i ndependent|ly represents any group selected fromthe

group consisting of -O, -OC(=0-NR*, -NR*, and -
C(=0 O ; each of nl, n2 and n*is an integer of 0 to 10;
nd is an integer of 0 or 1; R* is as defined above; and
a dashed line represents a bonding arm

[ 0017]
When such a polyurethane is contained in a
conducti ve paste conposition for formng a stretchable

conductive wire, it can further decrease change in
el ectric conductivity at the time of elongation and
shri nkage.
[ 0018]
Further, the present invention provides a nethod
for producing the pol yurethane conprising introducing
t he phenolic hydroxyl group to a pol yurethane by using
an al cohol or am ne represented by the follow ng genera

formula (1C) after a chain extension reaction,



o O\\Af/o = 1C
(Hok;]:ﬁj:; ‘\5;3%0de (1C)
F

— —

_ ke “ka ke

wherein Az” represents a linear, branched, or cyclic
(ka+2) -val ent hydrocarbon group or a fluorinated

hydr ocar bon group having 1 to 19 carbon atonms, and - CHp-
constituting the (ka+2)-valent hydrocarbon group is
optionally substituted with -O, -C(=0)-, or -Si(RR3)-;
X represents an oxygen atom or NR* “ka” represents an
integer of 0 to 2; “kb”, “kc”, “kd”, and “ke” each
represent 1 or 2; and R?, R3, and R* are as defined above.
[ 0019]

Such a method for producing a pol yurethane enabl es
easy synthesis of the aforenmentioned pol yurethane.
[ 0020]

In this case, it is preferable to use one or nore
al cohols represented by the followi ng general fornul ae
(3a) to (3c) as a chain extender to introduce the weakly
acidic functional group to the pol yurethane,

HOHM\{/H;OH HOMOH Ho Tt ToH
T p 'a
HN
CHy X(CFQ S0,
F2C—{CF; O—-cr, CFs
oH OH
(3a) (3b) (3c)

wherein R! is a hydrogen atom or a nonoval ent

hydr ocarbon group having 1 to 3 carbon atonms; As is a
single bond, or a linear, branched, or cyclic dival ent
hydr ocar bon group having 1 to 20 carbon atoms, and - CHp-
constituting As is optionally substituted with -0, -



C(=0)-, -C(=0 0O, or -GCsHs-, or is optionally -NR* C(=0) -
; R* is a hydrogen atom or a linear or branched alkyl
group having 1 to 4 carbon atons; and each of nl, n2

and n4 is an integer of 0 to 10.

[ 0021]

Such a nmethod for producing a pol yurethane makes
It possible to readily introduce the weakly acidic
functional group to the pol yurethane.

[ 0022]

Further, the present invention provides a
conducti ve paste conposition containing (A a conductive
filler, (B) the polyurethane, and (C) a solvent.

[ 0023]

Such a conductive paste conposition allows
formation of a stretchable conductive wire which varies
slightly in electric conductivity at the tinme of
el ongati on and shri nkage.

[ 0024]

Further, in the present invention, the conductive
paste conmposition preferably further contains (D) a
phenol conpound.

[ 0025]

Such a conductive paste conposition allows
formati on of a stretchable conductive wire which shows
| ess change in electric conductivity at the tinme of
el ongati on and shri nkage.

[ 0026]

Further, in the present invention, the phenol
conpound as the conponent (D) preferably contains a
structure represented by the followi ng general fornula
(2A),



_ - Ay
L~
C’Z/ “~c
(HO zz Zz OH) (2A)
kd
kb
Xf Xf
L ~— _ka ke

ke

wherein Ré represents a hydrogen atom a hal ogen atom a
cyano group, or a hydroxyl group; Ay represents a |linear
branched, or cyclic (ka+2)-val ent hydrocarbon group or a
fluorinated hydrocarbon group having 1 to 20 carbon
atoms, and -CH;- constituting the (ka+2)-val ent
hydrocarbon group is optionally substituted with -0, -
C(=0) -, or -Si(RR3)-; “ka” represents an integer of O
to 2; “kb” and “kd” each represent 1 or 2; “kc” and “ke”
each represent an integer of 0 to 2; and Z, Xf, ZZ, R?
and R® are as defined above.

[0027]

Such a conductive paste conposition allows
formati on of a stretchable conductive wire which shows
| ess change in electric conductivity at the tinme of
el ongati on and shri nkage.

[ 0028]

Further, in the present invention, the phenol
conpound as the conponent (D) preferably contains a
structure represented by the follow ng general fornula
(2B),

—

ke ka ke

(2B)

wherein Ay’ represents a linear, branched, or cyclic

10



(ka+2) -val ent hydrocarbon group or a fluorinated

hydr ocar bon group having 1 to 19 carbon atoms, and - CHp-
constituting the (ka+2)-valent hydrocarbon group is
optionally substituted with -O, -C(=0)-, or -Si(RR3)-;
“ka” represents an integer of 0 to 2; “kb”, “kc”, “kd”,
and “ke” each represent 1 or 2; and R, R}, and Ré are as
defi ned above.

[ 0029]

Such a conductive paste conposition allows
formati on of a stretchable conductive wire which shows
even smal l er change in electric conductivity at the tinme
of elongation and shrinkage.

[ 0030]

In this case, the conductive filler as the
conponent (A) is preferably contained in a proportion
exceeding 70 parts by nmass relative to 100 parts by nmass
of a total of the conponents (A) and (B).

[ 0031]

Such a conductive paste conposition allows
formati on of a stretchable conductive w re which has
sufficient electric conductivity and shows | ess change
in the electric conductivity at the time of elongation
and shri nkage.

[ 0032]

Further, in the present invention, the conductive
filler as the conponent (A) is preferably a powder
selected fromthe group consisting of gold, silver,
silver chloride, platinum copper, tin, iron, magnesi um
titanium nickel, palladium alum num tungsten,
nol ybdenum ruthenium chrom um indium solder, carbon
and conposites thereof.

[ 0033]

Such a conductive paste conposition allows

11



formati on of a stretchable conductive wire with enhanced
el ectric conductivity.
[ 0034]

In this case, the conductive filler as the
conponent (A) is particularly preferably a silver powder.
[ 0035]

Such a conductive filler is suitable fromthe
conprehensi ve perspective of electric conductivity and
price.

[ 0036]

Further, in the present invention, the conductive
filler as the conponent (A) preferably has an average
particle size of 5 nmto 10 pum
[ 0037]

It is suitable to blend such a conductive filler
in the conductive paste conposition.

[ 0038]

Further, the present invention provides a
conductive wire formed on a substrate, the conductive
wire containing a baked product of the aforenentioned
conducti ve paste conposition.

[ 0039]

Such a conductive wire varies slightly in electric
conductivity at the time of elongation and shrinkage.
[ 0040]

In this case, the substrate is preferably
stretchabl e.

[ 0041]

Such a substrate is suitable for the conductive
wire of the present invention.

[ 0042]
In this case, the substrate is preferably a

t her nopl asti ¢ pol yur et hane.

12



[ 0043]

Such a substrate is nmore suitable for the
conductive wire of the present invention.
[ 0044]

Further, in the conductive wire of the present
i nvention, electric resistance upon 20% el ongation is
preferably 500% or |ess of electric resistance before
t he el ongati on.

[ 0045]

Such a conductive wire varies slightly in electric
conductivity at the time of elongation and shrinkage,
and can fit to a body surface in use.

[ 0046]

Further, a maximum el ectric resistance when the
conductive wire of the present invention is el ongated
and shrunk repeatedly 1000 tinmes with an el ongation
ratio of 20%is preferably 5000% or | ess of electric
resi stance before the el ongations and shrinkages.

[ 0047]

Such a conductive wire has appropriate conduction
stability in repetitive el ongations and shri nkages.
[ 0048]

Further, the present invention provides a nethod
for producing a conductive wire by using the
af orementi oned conductive paste conposition to forma
conductive wire on a substrate, wherein the conductive
wireis formed with a baking tenperature of 60 to 160°C.
[ 0049]

Such a method for producing a conductive wire
makes it possible to forma conductive wire on a
substrate with | ow heat resistance, and ensures to
provide a conductive wire which varies slightly in

el ectric conductivity at the tinme of elongation and

13



shri nkage.
[ 0050]

Further, in the present invention, a conductive
wire can also be fornmed on a substrate by printing the
conducti ve paste conposition.

[ 0051]

By formng a wire pattern by printing,
designability and productivity of the wire can be
I nproved.

ADVANTAGEQUS EFFECTS OF | NVENTI ON
[ 0052]

As descri bed above, a conductive paste conposition
contai ni ng the pol yuret hane of the present invention
makes it possible to forma conductive wire which varies
slightly in electric conductivity at the tinme of
el ongati on and shrinkage, and is capable of efficiently
transmtting electric signals to a device (i.e.,
excellent in electric conductivity), and which is |ight-
wei ght and can be manufactured at | ow cost.

Mor eover, because of the excellent conduction
stability in repetitive el ongations and shrinkages, it
is possible to forma conductive wire suitable for
wear abl e devices in which strain is generated by human

body novenent.

DESCRI PTI ON OF EMBODI MENTS
[ 0053]

I n conventional techniques, a conductive wire
usi ng a conductive paste obtained by m xing a netal
filler into a resin contains an insulating conmponent.
Thus, the electric resistance is higher than those of a

nmetal wire, increase in the resistance due to elongation

14



and degradation due to repetitive el ongations and
shrinkages are inevitable, and sonetimes the wire is
br oken. Moreover, it is concerned that change in

el ectric conductivity due to el ongation and shrinkage
may affect the device operation. For these reasons,

t here have been demands for the devel opnent of a
conductive material conposition having higher electric
conductivity and | ess change in the electric
conductivity at the time of elongation and shrinkage.

[ 0054]

As a result of the intensive studies for solving
t he af orenenti oned problems, the inventors found that by
usi ng a conductive paste conposition containing (A a
conductive filler, (B) a polyurethane containing a
phenol i ¢ hydroxyl group represented by the follow ng
general formula (1A), and (C) a solvent, it is possible
to obtain a conductive wire that has | ow resistance,
| ess decrease in electric conductivity upon el ongati on,
and excel l ent conduction stability in repetitive
el ongati ons and shri nkages.

Particul arly, the polyurethane containing the
phenol i ¢ hydroxyl group represented by the follow ng
general formula (1A) has not been known conventionally.
[ 0055]

I n other words, the present invention is the
pol yur et hane cont ai ning the phenolic hydroxyl group
represented by the follow ng general fornula (1A),

15



L
c 77 z ~c
(HO 77 77 OH) (1A)
kd
kb
XF xXf
L — _ ka — ke

wherein Az represents a linear, branched, or cyclic
(ka+2) -val ent hydrocarbon group or a fluorinated

hydr ocar bon group having 1 to 20 carbon atonms, and - CHp-
constituting the (ka+2)-val ent hydrocarbon group is
optionally substituted with -0, -NR*, -C(=0-, or -

Si (R?R8) -; each of R2 and R® is a linear, branched, or
cyclic al kyl group having 1 to 6 carbon atons, or a
phenyl group; R* is a hydrogen atom or a linear or
branched al kyl group having 1 to 4 carbon atons; Z
represents a single bond or an oxygen atom each Xf

I ndependently represents a hydrogen atom a hal ogen atom
a |inear, branched, or cyclic nonoval ent hydrocarbon
group having 1 to 10 carbon atons optionally substituted
with a fluorine atom an al koxy group having 1 to 10
carbon atons optionally substituted with a fluorine atom
or an el ectron-w thdrawi ng group; each of ring ZZ

i ndependent|ly represents an aromati c nonocyclic or

pol ycyclic ring having 5 to 20 carbon atonms; each carbon
atomof the ring ZZ is optionally substituted with a
nitrogen atom an oxygen atom or a sulfur atom “ka”
represents an integer of 0 to 2; “kb” and “kd” each
represent 1 or 2; “kc” and “ke” each represent an
integer of 0 to 2; and a dashed line represents a
bondi ng arm

[ 0056]

Herei nafter, the present invention will be

16



described in detail, but the present invention is not
limted thereto. Note that, in the follow ng
description, a chiral carbon, and thus an enantiomer and
a di astereonmer may exist in sone of the structures
represented by chem cal formulae. 1n such cases, these
i somers are represented by one representative fornula.
One of these isonmers may be used, or m xtures thereof
may be used.
[ 0057]
Pol yur et hane

The pol yuret hane of the present invention contains
a phenolic hydroxyl group represented by the foll ow ng
general formula (1A),

L
c 77 z ~c
(HO 7z 2z Jfon) (1)
kd
kb
XF xXf
L — _ ka — ke

ke

wherein Az represents a linear, branched, or cyclic
(ka+2) -val ent hydrocarbon group or a fluorinated

hydr ocar bon group having 1 to 20 carbon atoms, and - CHp-
constituting the (ka+2)-valent hydrocarbon group is
optionally substituted with -0, -NR4, -C(=0-, or -

Si (R?R8) -; each of R2 and R® is a linear, branched, or
cyclic al kyl group having 1 to 6 carbon atons, or a
phenyl group; R* is a hydrogen atom or a linear or
branched al kyl group having 1 to 4 carbon atons; Z
represents a single bond or an oxygen atom each Xf

I ndependently represents a hydrogen atom a hal ogen atom
a linear, branched, or cyclic nonoval ent hydrocarbon

group having 1 to 10 carbon atons optionally substituted

17



with a fluorine atom an al koxy group having 1 to 10
carbon atons optionally substituted with a fluorine atom
or an el ectron-w thdrawi ng group; each of ring ZZ
i ndependent|ly represents an aromati c nmonocyclic or
pol ycyclic ring having 5 to 20 carbon atoms; each carbon
atomof the ring ZZ is optionally substituted with a
nitrogen atom an oxygen atom or a sulfur atom “ka”
represents an integer of 0 to 2; “kb” and “kd” each
represent 1 or 2; “kc” and “ke” each represent an
integer of 0 to 2; and a dashed line represents a
bondi ng arm
[ 0058]

Specific exanples of the |inear, branched, or
cyclic (ka+2)-val ent hydrocarbon group having 1 to 20

carbon atonms as Az include the foll ow ng.

H 1
H, CHgy Hs 2 !
Hs R C. - C . N /C\ é o
C.. o CH o e cH CH3 __“H™CH, H3C/ \CHE
Hs l Ho Hy l ﬁ
| 2
H : H 1
Hi  H ¢ _CH : 2 CH ‘
¢ ¢ o A HE CH; - L H T ¢y _~CHa
< e “CH ﬁz o e C c HSC/H\(I:/
H, Ha ! H, H, Hy ! .
CHy HaC_  CHj H,  H, Hy  Hs CH;
\ e - c c .o HAL B | Ha
L e T e e ﬁ . /ﬁ\ At
¢ H™e c E & & \ 2 c c
Ha H» 2 2 2 2 CHy Hy Hy
CH: H oH
H 2 3
HiC._ CHs c|: Ly CH HCo He™ Ha
W /C\ . \‘\H/H‘\. - “C/ (o C H | i /C\
C C (o} c | 2 . o - ¢ H CH
H ‘ | -o—"H ™ 3
Hy  Ha | 2 CH.  CHs H,C. C c Hy  Hy
CHj4 3 CH3 Hy Hz
H
“~ \ i :
CH CH N H:  Ho  Hp H_.C.
| e T HEC\C/C\C/CH3 ’ C/C\c/c\ - C|: ﬁz
CH I H, H
e 2 2 H H H CH
[ - CH 2 2 2
Hz c <
H,

(wherein a dashed |ine represents a bonding arm)
[ 0059]
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H, H, H, Hs Hs Hz
\‘C/C\C/C\C/C\C’/ ‘\C/C\ L G /C\\ ‘\C/C\C/C\ /C\C/C\C/'
H2 H2 H2 H2 HQ HQ HQ HQ HZ HZ H? Hz Hz
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-~ C C o] C C. . c C C o (o4 -
\C/ \_C/ \_C/ \C/ \C/ - ‘C/ ‘\.C/ ‘\.C/ ‘\C/ \C/ \C/
H Ha Hz H; H; Ha Ha Hz H; H; H;
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o e e e e e o e e e e e e
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Hy Hs H 22 gz H; y H, iy gz
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C c [of C C o] C
H, H, H H; H:  Ha /N Hy  H;
CHj
Hs H»  H Ha H; H; gz gz gz (l: gz gz gz
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H, H, H, H H, H, Hs Ha Hq Ho Ho Hs

(wherein a dashed |ine represents a bonding arm)

[ 0060]
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(wherein a dashed |ine represents a bonding arm)
[ 0061]

Specific exanples of the |inear, branched, or
cyclic (ka+2)-val ent fluorinated hydrocarbon group
having 1 to 20 carbon atonms as Az include the one in
which a part or all of the hydrogen atons in the
hydr ocarbon group are substituted with a fluorine atom
[ 0062]

-CH;- constituting the (ka+2)-val ent hydrocarbon
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group is optionally substituted with -O, -NR*, -C(=0)-,
or -Si (RR3)-.
[ 0063]

Specific exanples of the |linear, branched, or
cyclic al kyl group having 1 to 6 carbon atonms of R2 and
R3 include a nmethyl group, ethyl group, propyl group,

i sopropyl group, n-butyl group, sec-butyl group, tert-
butyl group, n-pentyl group, n-hexyl group, cyclopropyl
group, cychl obutyl group, cycl opentyl group, cyclohexyl
group, and the |ike.

[ 0064]

Specific exanples of the |inear or branched al kyl
group having 1 to 4 carbon atons of R*include a nethyl
group, ethyl group, propyl group, isopropyl group, and
the like.

[ 0065]

Z represents a single bond or an oxygen atom and
Is preferably an oxygen atom
[ 0066]

Specific exanples of the hal ogen atom of Xf
I nclude a fluorine atom a chlorine atom a brom ne atom
and the |ike.

[ 0067]

Specific exanples of the |linear, branched, or
cyclic nonoval ent hydrocarbon group having 1 to 10
carbon atons optionally substituted with a fluorine atom
of Xf include: an al kyl group such as a nethyl group,
et hyl group, propyl group, isopropyl group, n-butyl
group, sec-butyl group, tert-butyl group, cycl opropyl
group, and cycl obutyl group; a trifluoronethyl group; a
2,2,2-trifluoroethyl group; and the |ike.

[ 0068]

Specific exanples of the al koxy group having 1 to
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10 carbon atonms optionally substituted with a fluorine
atom of Xf include a methoxy group, ethoxy group,

pr opoxy group, isopropoxy group, n-butoxy group, sec-
but oxy group, tert-butoxy group, cyclopropoxy group,
trifluoronmethoxy group, 2,2,2-trifluoroethoxy group, and
the like.

[ 0069]
Specific exanples of the el ectron-w thdraw ng

group of Xf include a carbonyl group, al koxycarbonyl
group, cyano group, nitro group, sulfo group, fornyl
group, sulfonic acid ester group, am de group, -O C(=0) -
G (Gis a sulfur atomor NH), and the IliKke.
[ 0070]

Specific exanples of the aromatic nonocyclic or
pol ycyclic ring having 5 to 20 carbon atonms of the ring
ZZ include the follow ng. As described below, the ring

ZZ may further have a substituent.
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[0071]

“ka” represents an integer of 0 to 2, “kb” and
“kd” each represent 1 or 2, and “kc” and “ke” each
represent an integer of 0 to 2.
[ 0072]

Speci fic exanpl es of the pol yurethane containing
t he phenolic hydroxyl group represented by (1A) include
a pol yuret hane obtai ned by reacting the follow ng
pol yi socyanate, a high-nol ecul ar-wei ght polyol, and a
chai n extender. The polyisocyanate, the high-nolecular-
wei ght polyol, and the chain extender nay be used
i ndi vidually or in conbination.
[ 0073]

Exanpl es of the polyisocyanate include: aliphatic
and alicyclic polyisocyanates, such as ethyl ene
di i socyanate, trimethylene diisocyanate, tetranethyl ene
di i socyanate, pentanethyl ene diisocyanate, hexanethyl ene
di i socyanate (HDI), octanethylene diisocyanate,
nonamnet hyl ene dii socyanate, 2-nethyl pentane-1, 5-
di i socyanate, 3-nethyl pentane-1,5-diisocyanate, 2,2’ -
di met hyl pent ane dii socyanate, 2,2,4-trinmethyl hexane
di i socyanate, decanethyl ene diisocyanate, butene
di i socyanate, 1, 3-butadiene-1,4-diisocyanate, 2,4, 4-
tri met hyl hexamet hyl ene dii socyanate, 1,6, 11-
undecanet hyl ene triisocyanate, 1,3, 6-hexanethyl ene
triisocyanate, 1,8-diisocyanate-4-isocyanatonethyl octane,
2,5, 7-trimethyl -1, 8-dii socyanat e- 5-
i socyanat onet hyl oct ane, bi s(i socyanatoet hyl)carbonat e,
bi s(i socyanat oet hyl )ether, 1,4-butylene glycol dipropyl
ether-w, w’-diisocyanate, lysine isocyanatomethyl ester,
| ysine triisocyanate, 2-isocyanatoethyl-2,6-diisocyanate
hexanoat e, 2-isocyanatopropyl-2,6-diisocyanate hexanoate,
bi s(4-i socyanate-n-butylidene)pentaerythritol, 2,6-
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di i socyanat onet hyl caproate, isophorone diisocyanate
(IPDI), 1,3-cyclohexyl diisocyanate, 1,4-cyclohexyl

di i socyanate, 1, 3-bis(isocyanatonethyl)cycl ohexane, 1, 4-
bi s(i socyanat onet hyl ) cycl ohexane, 1, 3-

bi s(i socyanat oet hyl ) cycl ohexane, 1, 4-

bi s(i socyanat oet hyl ) cycl ohexane, nethyl cycl ohexane

di i socyanate, 2,2’ -dinethyldicycl ohexyl met hane

di i socyanate, 4,4’ -dicyclohexyl net hane dii socyanat e,

di mer acid diisocyanate, 2, 5-

di i socyanat onet hyl bi cycl o[ 2, 2, 1] - hept ane, 2, 6-

di i socyanat onet hyl bi cycl o[ 2, 2, 1] - hept ane, 2-

i socyanat onet hyl - 2- (3-i socyanat opr opyl ) - 5-

i socyanat onet hyl bi cycl o-[ 2, 2, 1] - hept ane, 2-

i socyanat onmet hyl - 2- ( 3-i socyanat opr opyl ) - 6-

i socyanat onet hyl bi cycl o-[ 2, 2, 1] - hept ane, 2-

I socyanat onet hyl - 3-(3-i socyanat opropyl ) -5-( 2-

I socyanat oet hyl ) -bicyclo-[ 2, 2, 1] - heptane, 2-

I socyanat onet hyl - 3-(3-i socyanat opropyl ) - 6- ( 2-

i socyanat oet hyl ) -bi cyclo-[ 2, 2, 1] - hept ane, 2-

i socyanat onet hyl - 2- ( 3-i socyanat opr opyl ) - 5- ( 2-

I socyanat oet hyl ) -bicycl o-[ 2, 2, 1] - hept ane, and 2-

I socyanat onet hyl - 2- (3-i socyanat opr opyl ) - 6- ( 2-

I socyanat oet hyl ) -bi cyclo-[2, 2,1]-heptane; aromatic

pol yi socyanates, such as 2,4-tolylene diisocyanate or
2,6-tolylene diisocyanate and i somer m xture thereof
(TDI), 4,4 -di phenyl met hane diisocyanate or 2,4 -

di phenyl net hane dii socyanate and i somer m xture thereof
(MDlI), toluidine diisocyanate (TODI), para-phenyl ene

di i socyanate, naphthal ene diisocyanate (NDI), and 4,4 -
di benzyl diisocyanate; aromatic-aliphatic

pol yi socyanates, such as ortho-xylylene diisocyanate,
net a- xyl yl ene dii socyanate, para-xylylene diisocyanate,

1,3-tetranet hyl xyl yl ene dii socyanate, and 1, 4-
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tetranmet hyl xyl yl ene dii socyanate; polyners thereof
prepared as urethane-nodified products, biuret-nodified
products, carbodiim de-nodified products, uretonimnm ne-
nodi fi ed products, uretdione-nodified products,

i socyanur ate-nodi fi ed products, or allophanate-nodified
products; and the |ike.

[ 0074]

Exanpl es of the high-nol ecul ar-wei ght pol yol
i ncl ude pol yoxypropyl ene gl ycols, polyoxyethyl ene
gl ycol s, pol yoxytetranet hyl ene glycols, and copol yners
t hereof such as pol yether polyol, polyester polyol,
pol yest er-am de pol yol, polycarbonate polyol, acrylic
pol yol, polyolefin having a term nal hydroxyl group,
silicone polyol, vegetable oil-based polyol, and the
l'ike.

[ 0075]

Speci fic exanples of the pol yoxypropyl ene glycols
and pol yoxyet hyl ene glycols include addition polyners of
et hyl ene oxi de, propyl ene oxide, butylene oxide, and the
|i ke using the following as an initiator: |ow nolecul ar-
wei ght pol yols such as di hydric al cohols (such as
et hyl ene glycol, 1,2-propanediol, 1, 3-propanediol, 1, 2-
but anedi ol , 1, 3-butanediol, 1, 4-butanediol, 1,5-
pent anedi ol , 1, 6- hexanediol, 1,7-heptanediol, 1, 8-
oct anedi ol , 1, 9-nonanedi ol, neopentyl glycol, 3-nethyl-
1, 5- pentanedi ol, 3, 3-dinethylol heptane, 2,2, 2-
trimet hyl pentanedi ol , 1, 4-di hydroxy-2-butene, 2,6-

di net hyl - 1- oct ene- 3, 8-di ol , diethylene glycol,
triethylene glycol, dipropylene glycol, cyclohexane-1, 3-
di ol , cycl ohexane-1, 4-diol, cyclohexane-1, 3-di net hanol,
cycl ohexane- 1, 4- di met hanol , 1, 3-adamant anedi net hanol ,

di mer acid diol, 1,2-benzenediol, 1,3-benzenediol, 1,4-
benzenedi ol , hydroqui none di (2-hydroxyet hyl ether),
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bisphenol A, bis(B-hydroxyethyl)benzene, and xylylene
glycol), trihydric alcohols (such as glycerin,
trimethyl ol propane, and triisopropanol am ne),
tetrahydric alcohols (such as pentaerythritol, o-methyl
gl ucosi de, and diglycerin), and polyhydric al cohols
(such as sorbitol and sucrose); |ow nolecul ar-wei ght
am no al cohols, such as nonoet hanol am ne
di met hanol am ne, and triethanol am ne; and | ow nol ecul ar -
wei ght pol yam nes, such as et hyl enedi anm ne,
propyl enedi am ne, butanedi am ne, pentanethyl enedi am ne,
hexamet hyl enedi anm ne, isophorone di am ne, piperazine,
t ol uenedi am ne, netaphenyl enedi am ne,
di phenyl net hanedi am ne, xylyl enedi am ne,
di net hyl t hi ot ol uenedi am ne, and 4, 4- net hyl enebi s- o-
chl oroaniline. Note that the al kyl ene oxide, a
constituent conponent of the polyester polyol, can be
used individually, or two or nore kinds thereof can be
used in conbi nation. Polyoxyal kyl ene pol yol obtained
froma conbination of two or nore kinds may have either
a bl ock or random structure.
[ 0076]

Specific exanples of the pol yoxytetranethyl ene
gl ycols include crystalline pol yoxytetranethyl ene glycol,
anor phous pol yoxyt etramet hyl ene gl ycol obtai ned by
copolymerizing THF with al kyl -substituted
t etrahydrofuran, such as 3-nethyltetrahydrofuran, or
af orenenti oned di hydric al cohols, or the |iKke.
[0077]

Exanpl es of the polyester polyol include:
pol ymeri zati on condensat es between any of the
af orenenti oned | ow- nol ecul ar - wei ght pol yol s and
pol yhydric carboxylic acid (such as oxalic acid, malonic

acid, succinic acid, glutaric acid, adipic acid, pinelic
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acid, suberic acid, glutaconic acid, azelaic acid,
sebacic acid, 1,1-dinmethyl-1, 3-di carboxypropane, 3-
met hyl - 3-ethyl glutaric acid, 1,4-cyclohexyldicarboxylic
aci d, hexahydrophthalic acid, nmaleic acid, fumaric acid,
itaconic acid, muconic acid, o-hydromuconic acid, B-
hydr onmuconi ¢ acid, phthalic acid, ortho-phthalic acid,
terephthalic acid, isophthalic acid, toluenedicarboxylic
aci d, naphthal enedi carboxylic acid, HET acid, dinmer acid,
and hydrogenated di nmer acid) or a derivative, acid
anhydride, or acid halide thereof; and ring-opening
polymers of lactone (such as PR-propiolactone, {-
butyrolactone, y-butyrolactone, y-valerolactone, 0o-
valerolactone, and e-caprolactone) or lactide (such as
L-lactide and D-lactide) using the aforenenti oned | ow
nol ecul ar-wei ght polyol as an initiator. Note that the
| ow- nol ecul ar - wei ght pol yol, polyhydric carboxylic acid,
ol i goner acid, lactone, or |actide, which are
constituent conmponents of the polyester polyol, my be
used individually, or two or nore kinds thereof may be
used in conbination.
[ 0078]

Exanpl es of the polyester-am de polyol includes
pol ymeri zati on condensat es obtained by substituting a
part of the | ow nol ecul ar-wei ght pol yol of the pol yester
polyol with the aforementioned | ow nol ecul ar-wei ght
pol yam ne or am no al cohol.
[ 0079]

Speci fic exanpl es of the polycarbonate pol yol
i nclude pol ynerization condensates between any of the
af orementi oned | ow nol ecul ar-wei ght pol yol and a
car bonat e conpound, such as di nethyl carbonate, diethyl
carbonate, ethylene carbonate, propyl ene carbonate,
di phenyl carbonate, dinaphthyl carbonate, dianthryl
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carbonat e, di phenanthryl carbonate, diindanyl carbonate,
t etrahydronapht hyl carbonate, and the |ike. Note that

t he | ow nol ecul ar - wei ght pol yol or the carbonate
conpound, which are constituent conponents of the

pol ycarbonat e polyol, nmay be used individually, or two
or nore kinds thereof may be used in conbi nation.

[ 0080]

Specific exanples of the acrylic polyol include
copol ynmers obtai ned by copol yneri zi ng hydroxy group-
contai ning (nmeth)acrylate, such as 2-hydroxyet hyl
(meth)acryl ate, hydroxypropyl (meth)acrylate,
hydr oxybutyl (nmeth)acryl ate, 3-hydroxy-2, 2-

di met hyl propyl acrylate, 2,2-dihydroxynethyl butyl
(nmeth)acryl ate, pentaerythritol tri(nmeth)acryl ate,

pol yhydr oxyal kyl nal eate, pol yhydroxyal kyl fumarate, and
the like, with vinyl nmonomer including: (meth)acrylic
esters, such as nethyl (neth)acryl ate,

et hyl (meth)acryl ate, propyl (meth)acryl ate,

i sopropyl (meth)acryl ate, butyl (meth)acryl ate,

i sobutyl (met h)acrylate, s-butyl(nmeth)acrylate, t-

butyl (neth)acryl ate, pentyl (meth)acryl ate,

I sopentyl (nmeth)acryl ate, hexyl (nmeth)acryl ate, 2-

et hyl hexyl (nmet h) acryl ate, octyl (meth)acryl ate,

nonyl (net h) acryl ate, isononyl (nmeth)acryl ate,

decyl (nmet h) acryl ate, dodecyl (neth)acryl ate,

cycl ohexyl (nmet h) acryl ate, phenyl (meth)acryl ate,

benzyl (nmeth)acryl ate, allyl(nmeth)acryl ate, ethylene

gl ycol di(nmeth)acrylate, butyl ene gl ycol

di (met h)acryl ate, hexanedi ol di (meth)acrylate, and oligo
et hyl ene glycol di(neth)acrylate; aromatic vinyl
monomers such as styrene, vinyltoluene, and o-

met hyl styrene; vinyl cyani de nononers such as

(nmeth)acrylonitrile; carboxyl group-containing vinyl
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nmononers such as fumaric acid, maleic acid, and itaconic
acid, or alkyl esters thereof; isocyanate group-

contai ning vinyl nmononmers such as 3-(2-isocyanate-2-
propyl) —a-methylstyrene; fluorine-containing vinyl
nononmers such as tetrafl uoroethyl ene,
chlorotrifluoroethylene, trichlorofl uoroethyl ene,

hexaf | uor opropyl ene, vinylidene fluoride, vinyl fluoride,
and trifluoronmethyltrifluoroethylene; silicone nononers
such as y-(meth)acryloxypropyltrimethoxysilane; and the
li ke. Note that the (nmeth)acrylate or vinyl nononer,

whi ch are constituent conponents of the acryl polyols,
may be used individually, or two or nore kinds thereof
may be used in conbi nation.

[ 0081]

Specific exanples of the polyolefin having a
term nal hydroxyl group include conpounds obtained by
attaching a hydroxyl group to a term nal of a polyner,
whi ch i s obtained by polymerizing one or two or nore
ki nds of ol efins including ethyl ene, propylene,
but adi ene, isoprene, styrene, acrylonitrile, vinyl ether,
and vinyl acetate, as well as these olefins with a part
of the structures thereof substituted with a hal ogen
such as fluorine, chlorine, brom ne, and the |ike.

[ 0082]

Specific exanples of the silicone polyol include:
vinyl group-containing silicone conpounds obtai ned by
polymerizing y-methacryloxypropyltrimethoxysilane or the
i ke; and pol ysil oxanes having at | east one term na
hydroxyl group per molecule, such as o,w-
dihydroxypolydimethylsiloxane and o, ®-

di hydr oxypol ydi phenyl si | oxane.
[ 0083]

Specific exanples of the vegetable oil-based
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pol yol include: hydroxyl group-containing vegetable oils,

such as castor oil and coconut oil; ester-nodified
castor oil polyol, dehydrated castor oil, partially
dehydrated castor oil, and hydrogenated castor oil,

whi ch can be obtained froma reaction between castor oil
fatty acid and polyol; and the |iKke.
[ 0084]

Exanpl es of the chain extender to be used include:
di hydric al cohols, such as ethylene glycol, 1, 2-
propanedi ol , 1, 3-propanediol, 1,2-butanediol, 1, 3-
but anedi ol , 1, 4-butanedi ol, 1,5-pentanediol, 1, 6-
hexanedi ol , 1, 7-heptanediol, 1,8-octanediol, 1, 9-
nonanedi ol , neopentyl glycol, 3-nethyl-1,5-pentanediol,
3, 3-di net hyl ol hept ane, 2,2, 2-trinmethyl pentanediol, 1,4-
di hydr oxy- 2- but ene, 2, 6-di net hyl - 1- oct ene- 3, 8-di ol ,
di et hyl ene glycol, triethylene glycol, dipropylene
gl ycol, cycl ohexane-1, 3-diol, cycl ohexane-1, 4-diol,
cycl ohexane- 1, 3-di net hanol , cycl ohexane-1, 4-di net hanol ,
1, 3- adamant anedi net hanol , dinmer acid diol, 1, 2-
benzenediol, 1,3-benzenediol, 1, 4-benzenediol,
hydr oqui none di (2- hydroxyethyl ether), bisphenol A,
bis (B-hydroxyethyl)benzene, and xylylene glycol; amines,
such as et hanol am ne, di methanol am ne, triethanol am ne,
et hyl enedi am ne, propyl enedi am ne, butanedi am ne,
pent anmet hyl enedi am ne, hexamet hyl enedi anmi ne, isophorone
di am ne, piperazine, toluenedi am ne
met aphenyl enedi am ne, di phenyl net hanedi am ne,
xyl yl enedi am ne, di nethylthiotoluenedi am ne, and 4, 4-
met hyl enebi s-o-chl oroaniline; and the |iKke.

Exanpl es of the chain extender further containing
a weakly acidic functional group include the follow ng.
[ 0085]
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R4, R’, and R® are as defined above.)

(wherein Ri,
[ 0086]
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(wherein Rl is as defined above.)
[ 0088]

Exanpl es of the chain extender further

foll ow ng substances which contain phenol.
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Speci fic exanpl es of the pol yurethane containing
t he phenolic hydroxyl group represented by (1A) include
a pol yurethane obtained froma reaction between the
af orementi oned pol yi socyanate, high-nolecul ar wei ght
pol yol , and chai n extender.
[ 0090]

Furt her exanpl es of the polyurethane include a
pol yur et hane obtai ned froma reaction between the
af orementi oned pol yi socyanate, high-nolecul ar wei ght
pol yol, and chain extender, as well as a cappi ng agent
bel ow.
[ 0091]
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(wherein X represents an oxygen atomor NR4 and R*is as
defi ned above.)

[ 0093]

The above exanpl es include the follow ng

pol yur et hane,
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wherein “la” is an integer of 7 to 30; “Ib” is an
integer of 2 to 30; “lc” is an integer of 3 to 30; “ld”

is an integer of 1 to 5; and “le” is an integer of 2 to
20.

[ 0094]

The pol yuret hane containing the phenolic hydroxyl
group represented by the above general fornmula (1A) is
preferably particularly the one containing a phenolic

hydr oxyl group represented by the foll ow ng general
formula (1B),

o\i 0
(Hoh&ﬂgzzgiqf/ " \\ﬂji:::}éoH}kd (1B)

F

L ke —ka ke

wherein Az’ represents a linear, branched, or cyclic
(ka+2) -val ent hydrocarbon group or a fluorinated

hydr ocar bon group having 1 to 19 carbon atonms, and - CHp-
constituting the (ka+2)-valent hydrocarbon group is
optionally substituted with -0, -NR*, -C(=0-, or -

Si (RR3) -; “ka” represents an integer of 0 to 2; "kb”,
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“kc”, “kd”, and “ke” each represent 1 or 2; R?, R3 and
Rt are as defi ned above; and a dashed line represents a
bondi ng arm
[ 0095]

Az’ represents a |linear, branched, or cyclic
(ka+2) -val ent hydrocarbon group or a fluorinated
hydr ocar bon group having 1 to 19 carbon atoms, and - CHp-
constituting the (ka+2)-valent hydrocarbon group is
optionally substituted with -O, -NR4*, -C(=0 -, or -
Si (R2R3) -,
[ 0096]

“ka” represents an integer of 0 to 2, and “kb”,
“kec”, “kd”, and “ke” each represent 1 or 2.
[ 0097]

Specific exanples of the substructures represented
by the aforenentioned general formulae (1A) and (1B)
i nclude the follow ng.
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(wherein X represents an oxygen atom or NR4, a dashed
l'ine represents a bonding arm and R* is as defined
above.)

[ 0098]
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(wherein X represents an oxygen atom or NR4, a dashed
l'ine represents a bonding arm and R* is as defined
above.)

[ 0099]
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(wherein X represents an oxygen atom or NR4, a dashed
i ne represents a bonding arm and R* is as defined
above.)

[ 0100]
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(wherein X represents an oxygen atom or NR*% a dashed
i ne represents a bonding arm and R* is as defined
above.)

[ 0101]
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(wherein X represents an oxygen atom or NR*% a dashed
l'ine represents a bonding arm and R* is as defined
above.)

[ 0102]
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(wherein X represents an oxygen atom or NR4, a dashed
l'i ne represents a bonding arm and R*is as defined
above.)
[0103]

Moreover, in the present invention, the
af orementi oned pol yuret hane preferably further contains
one or nore weakly acidic functional groups represented
by the follow ng general formulae (la) to (1c),

Rf “SORf

(1a) (1b) (1c)
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wherein R represents a hydrogen atom a fluorine atom
or a linear, branched, or cyclic hydrocarbon group
having 1 to 10 carbon atonms optionally substituted with
a fluorine atom Rf represents a fluorine atom or a

| i near, branched, or cyclic fluorinated hydrocarbon

group having 1 to 10 carbon atons; “n” is an integer of
1 or 2; and a dashed line represents a bonding arm
[ 0104]

R represents a hydrogen atom a fluorine atom or
a |inear, branched, or cyclic hydrocarbon group having 1
to 10 carbon atons optionally substituted with a
fluorine atom Specific exanples thereof include a
hydr ogen atom fluorine atom nethyl group, ethyl group,
propyl group, isopropyl group, n-butyl group, sec-butyl
group, tert-butyl group, cyclopropyl group, cyclobutyl
group, cycl opentyl group, cycl ohexyl group,

di fl uoronet hyl group, trifluoronethyl group, 2,2,2-
trifluoroethyl group, and the liKke.
[ 0105]

Rf represents a fluorine atom or a linear
branched, or cyclic fluorinated hydrocarbon group having
1 to 10 carbon atons. Specific exanmples thereof
preferably include a fluorine atom difluoromethyl group,
trifluoromethyl group, 2,2,2-trifluoroethyl group, and
the like.

[0106]

“n” is an integer of 1 or 2.
[0107]

Specific exanples of the weakly acidic functional
group (la) include the follow ng fluoroal cohol -
cont ai ni ng groups.

[ 0108]
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F.C CF, ) F F F F
CFs CF
. = .. 3
) CFs OH

CF3

FiC

(wherein each of R’ and R8 independently represents a
hydrogen atom or a linear, branched, or cyclic
hydr ocar bon group having 1 to 6 carbon atonms; R’ and R®
are optionally bonded to each other to forma non-
aromatic ring having 3 to 8 carbon atons together with a
carbon atom bonded to R” and R, and a dashed I|ine
represents a bonding arm)
[0109]

Specific exanples of the weakly acidic functional
group (1b) include the follow ng cyclic fluoroal cohol -

cont ai ni ng groups.
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R O O <
0 F 0 F F O\/O
L F F o}
CF3 CF,

(wherein Rl is a hydrogen atom or a nonoval ent

hydr ocar bon group having 1 to 3 carbon atons; and a
dashed |ine represents a bonding arm)

[0111]

Specific exanples of the weakly acidic functional
group (1c) include the follow ng sul fonam de-cont ai ni ng
gr oups.

[0112]
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[0113]

More preferably, the pol yurethane of the present
I nvention further contains one or nore structures

represented by the follow ng general fornulae (2a) to

(2c),
0
)I\ RW
N A a
N {ktﬁk%?;c ]
n? A, n?
|
HN
~50

o} 0
)I\ ) JI\ )
Ty A’{/\}\ el TN N
H o o 3 H " n n? %
A n A,
CH, CF, 2
~ - n? : |

)
CF
FsC——CF; o CF4 3
OH
OH

(2a) (2b) (2¢)

wherein Rl is a hydrogen atom or a nonoval ent

hydr ocarbon group having 1 to 3 carbon atons; Aa
represents a single bond, or a linear, branched, or
cyclic dival ent hydrocarbon group having 1 to 20 carbon
atoms, and -CHx- constituting Aa is optionally
substituted with -0, -C(=0-, -C(=0 0O, or -GCeHs-, or
is optionally -NR4-C(=0) -; each of A, and Ac

i ndependent|ly represents any group selected fromthe
group consisting of -O, -OC(=0-NR4, -NR*, and -
C(=0 O ; each of nl, n2 and n*is an integer of 0 to 10;
nd is an integer of 0 or 1; R* is as defined above; and
a dashed line represents a bonding arm

[0114]

Rl is a hydrogen atom or a nonoval ent hydrocarbon
group having 1 to 3 carbon atons, and is preferably a
hydrogen atom a nethyl group, or an ethyl group.

[0115]
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Met hod for Produci ng Pol yurethane

The aforenenti oned pol yuret hane can be obt ai ned,
for exanple, by a reaction between a polyisocyanate and
a polyol, polyam ne, polycarboxylic acid, or the like
according to a known nmet hod such as one-shot nethod or
prepol ymer nmethod. Preferably, a prepolyner nmethod is
enpl oyed.

[0116]

In the prepolymer nethod, a polyurethane is
synt hesi zed through steps of: (a) reacting a
di i socyanate and a hi gh-nol ecul ar-wei ght polyol with
excess isocyanate groups to obtain a reaction m xture
contai ning a prepolynmer having an isocyanate group at a
term nal; and (b) reacting the prepolyner with a | ow
nol ecul ar-wei ght diol, diam ne, or dicarboxylic acid
(chain extender) to polynerize the prepolyner. Further,
a pol yisocyanate having three or nore reactive groups,
or a polyol, polyam ne, or polycarboxylic acid having
three or nore reactive groups can be added to obtain a
pol yur et hane having a crosslink structure.

[0117]

Alternatively, after the polynerization in (b) is
performed with the excess isocyanate groups, a capping
agent having a reactive group (such as a hydroxyl group,
an am no group, a carboxyl group, or the |ike) that can
react with an isocyanate group can be added to introduce
a functional group derived fromthe capping agent to the
ur et hane term nal
[0118]

The pol yuret hane containing the phenolic hydroxyl
group of the present invention can be synthesized by
substituting all or part of at |east one of the high-

nol ecul ar - wei ght pol yol, the chain extender, and the
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cappi ng agent with a conpound contai ning the phenolic
hydroxyl group in the reactions of (a) and (b) described
above. However, the nethod preferably conprises:

i ntroduci ng the phenolic hydroxyl group as a capping
agent after a chain extension reaction. That is, the
met hod nore preferably conprises: introducing the
phenolic hydroxyl group to the pol yurethane by using an
al cohol or am ne represented by the foll ow ng general

formula (1C) after the chain extension reaction,

(HO}_{:TTT/O\\Af ‘\:;%OH) (1C)
kb 17 7 kd
T+

— —

_ ke “ka ke

wherein Az” represents a linear, branched, or cyclic
(ka+2) -val ent hydrocarbon group or a fluorinated
hydr ocar bon group having 1 to 19 carbon atonms, and - CHp-
constituting the (ka+2)-val ent hydrocarbon group is
optionally substituted with -0, -C(=0)-, or -Si(RR3)-;
X represents an oxygen atom or NR* “ka” represents an
integer of 0 to 2; “kb”, “kc”, “kd”, and “ke” each
represent 1 or 2; and R?, R, and R* are as defined above.
[0119]

Az” represents a |linear, branched, or cyclic
(ka+2) -val ent hydrocarbon group or a fluorinated
hydr ocar bon group having 1 to 19 carbon atoms, and - CHp-
constituting the (ka+2)-val ent hydrocarbon group is
optionally substituted with -0, -C(=0)-, or -Si(RR3)-.
[0120]

X represents an oxygen atom or NR%.
[0121]

“ka” represents an integer of 0 to 2, and "“kb”
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“kc”, “kd”, and “ke” each represent 1 or 2.
[0122]

R2, R3, and R* are as defined above.
[0123]

Note that a phenolic hydroxyl group can react with
an i socyanate, and thus, in a case of introducing the
phenol i ¢ hydroxyl group to the high-nolecul ar-wei ght
pol yol or the chain extender, it is preferable to forma
pol yuret han while protecting the phenolic hydroxyl group
with a suitable protective group, followed by a
deprotection reaction
[ 0124]

Further, in the reactions of (a) and (b), all or
part of at | east one of the high-nol ecul ar-wei ght polyol,
t he chain extender, and the cappi ng agent can be
substituted with a conpound containing the weakly acidic
functional group to synthesize the pol yurethane
contai ning the phenolic hydroxyl group and the weakly
acidic functional group.

[ 0125]
Pol yi socyanat e

Exanpl es of the polyisocyanate as a constituent
conmponent of the pol yurethane include: aliphatic and
alicyclic polyisocyanates, such as ethylene diisocyanate,
trimethyl ene diisocyanate, tetranethyl ene diisocyanate,
pent amet hyl ene dii socyanate, hexamethyl ene diisocyanate
(HDI'), octanethyl ene diisocyanate, nonanethyl ene
di i socyanate, 2-nethyl pentane-1, 5-diisocyanate, 3-
met hyl pent ane- 1, 5-di i socyanate, 2,2 -dinethyl pentane
di i socyanate, 2,2,4-trimethyl hexane diisocyanat e,
decanet hyl ene dii socyanate, butene diisocyanate, 1, 3-
but adi ene- 1, 4-di i socyanate, 2,4, 4-trinmethyl hexanethyl ene

di i socyanate, 1,6, 11-undecanethylene triisocyanate,
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1, 3, 6- hexanmet hyl ene trii socyanate, 1,8-diisocyanate-4-
I socyanat onet hyl octane, 2,5,7-trinmethyl-1, 8-

di i socyanat e- 5-i socyanat onet hyl oct ane, bis

(i socyanat oet hyl ) carbonate, bis(isocyanatoethyl)ether,
1,4-butylene glycol dipropyl ether-w, w’-diisocyanate,
| ysi ne i socyanatonet hyl ester, lysine triisocyanate, 2-
I socyanat oet hyl -2, 6-di i socyanate hexanoate, 2-

I socyanat opropyl -2, 6-di i socyanate hexanoate, bis(4-

i socyanat e-n-butyl i dene) pentaerythritol, 2,6-

di i socyanat enet hyl caproate, isophorone diisocyanate
(IPDI), 1,3-cyclohexyl diisocyanate, 1,4-cyclohexyl

di i socyanate, 1, 3-bis(isocyanatonethyl)cycl ohexane, 1, 4-
bi s(i socyanat onet hyl ) cycl ohexane, 1, 3-

bi s(i socyanat oet hyl ) cycl ohexane, 1, 4-

bi s(i socyanat oet hyl ) cycl ohexane, net hyl cycl ohexane

di i socyanate, 2,2’ -dinethyldicyclohexyl met hane

di i socyanate, 4,4’ -dicyclohexyl net hane dii socyanat e,
di mer acid diisocyanate, 2,5-

di i socyanat onet hyl bi cycl o[ 2, 2, 1] - hept ane, 2, 6-

di i socyanat onet hyl bi cycl o[ 2, 2, 1] - hept ane, 2-

i socyanat onet hyl - 2- (3-i socyanat opr opyl ) - 5-

i socyanat onet hyl bi cycl o-[ 2, 2, 1] - hept ane, 2-

i socyanat onet hyl - 2- (3-i socyanat opr opyl ) - 6-

i socyanat onet hyl bi cycl o-[ 2, 2, 1] - hept ane, 2-

i socyanat onet hyl - 3- ( 3-i socyanat opr opyl ) - 5- ( 2-

I socyanat oet hyl ) -bicyclo-[ 2, 2, 1] - heptane, 2-

I socyanat onet hyl - 3-(3-i socyanat opr opyl ) - 6- ( 2-

i socyanat oet hyl ) - bi cycl o-[ 2, 2, 1] - hept ane, 2-

i socyanat onet hyl - 2- ( 3-i socyanat opr opyl ) - 5- ( 2-

i socyanat oet hyl ) -bi cyclo-[2, 2, 1] - heptane, and 2-

I socyanat onet hyl - 2- (3-i socyanat opr opyl ) - 6- ( 2-

I socyanat oet hyl ) -bi cyclo-[2, 2,1]-heptane; aromatic

pol yi socyanates, such as 2,4-tolylene diisocyanate or
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2,6-tolylene diisocyanate and i somer m xture thereof
(TDI), 4,4 -di phenyl met hane diisocyanate or 2,4 -

di phenyl net hane dii socyanate and i somer m xture thereof
(MDI), toluidine diisocyanate (TODI), para-phenyl ene

di i socyanate, naphthal ene diisocyanate (NDI), and 4,4 -
di benzyl diisocyanate; aromatic-aliphatic

pol yi socyanates, such as ortho-xylylene diisocyanate,
net a- xyl yl ene dii socyanate, para-xylylene diisocyanate,
1, 3-tetranet hyl xyl yl ene diisocyanate, and 1, 4-
tetranmet hyl xyl yl ene dii socyanate; polyners thereof
prepared as urethane-nodified products, biuret-nodified
products, carbodiim de-nodified products, uretonim ne-
nodi fi ed products, uretdione-nodified products,

i socyanur ate-nodi fi ed products, or allophanate-nodified
products; and the |ike.

[ 0126]

The above polyi socyanates may be used individually
or two or nore kinds thereof may be used in conbination.
[0127]

Hi gh- Mol ecul ar - Wei ght Pol yol

A polyol having a nunber-average nol ecul ar wei ght
of 500 to 5,000 and having two or nore hydroxyl groups
that can react with an isocyanate group can be used as
t he hi gh-nol ecul ar-wei ght polyol that is a constituent
conponent of the pol yurethane. Exanples thereof include
pol yet her pol yol, polyester polyol, polycarbonate polyol,
acrylic polyol, polyolefin having a term nal hydroxyl
group, silicone polyol, vegetable oil-based polyol, and
the like.

[0128]

Exanpl es of the polyether polyol include

pol yoxypropyl ene glycols, polyoxyethylene glycols,

pol yoxyt etranet hyl ene gl ycols, copolynmers thereof, and
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the like.
[0129]

The pol yoxypropyl ene glycols and pol yoxyet hyl ene
gl ycol s are al kyl ene-oxi de addition polyners using a
| ow- nol ecul ar - wei ght pol yol, polyam ne, or am no al cohol
as an initiator. Exanples of the |ow nolecul ar-wei ght
pol yol include: dihydric alcohols, such as ethylene
gl ycol, 1,2-propanediol, 1, 3-propanediol, 1,2-butanediol,
1, 3- but anedi ol , 1, 4-butanediol, 1,5-pentanediol, 1,6-
hexanedi ol , 1, 7-heptanediol, 1,8-octanediol, 1,9-
nonanedi ol , neopentyl glycol, 3-nmethyl-1,5-pentanedi ol,
3, 3-di net hyl ol hept ane, 2,2, 2-trinmethyl pentanediol, 1,4-
di hydr oxy- 2- but ene, 2, 6-di net hyl -1-octene-3, 8-di ol
di et hyl ene glycol, triethylene glycol, dipropylene
gl ycol, cycl ohexane-1, 3-diol, cycl ohexane-1, 4-di ol
cycl ohexane- 1, 3-di net hanol , cycl ohexane-1, 4-di net hanol ,
1, 3- adamant anedi met hanol , dinmer acid diol, 1,2-
benzenediol, 1,3-benzenediol, 1,4-benzenediol,
hydr oqui none di (2-hydroxyet hyl ether), bisphenol A,
bis (Bp-hydroxyethyl)benzene, and xylylene glycol;
trihydric alcohols, such as glycerin, trinmethyl ol propane,
and triisopropanol am ne; tetrahydric alcohols, such as
pentaerythritol, o-methyl glucoside, and diglycerin; and
pol yhydric al cohols, such as sorbitol and sucrose.
Exanpl es of the | ow nol ecul ar-wei ght am no al cohol
I ncl ude nonoet hanol am ne, di net hanol am ne, and
triethanol am ne. Exanples of the | ow nol ecul ar-wei ght
pol yam ne i ncl ude ethyl enedi am ne, propyl enedi am ne,
but anedi am ne, pentanet hyl enedi am ne,
hexamet hyl enedi anm ne, isophorone di am ne, piperazine,
t ol uenedi am ne, netaphenyl enedi am ne,
di phenyl net hanedi am ne, xylyl enedi am ne,

di met hyl t hi ot ol uenedi am ne, 4, 4-met hyl enebi s-o0-
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chl oroaniline, and the like. These initiators nmay be
used individually or two or nore kinds thereof may be
used in conbination.

[ 0130]

Further, the | ow nol ecul ar-wei ght pol yol
contai ning the aforenenti oned phenolic hydroxyl group or
t he weakly acidic functional group can be used to obtain
a pol yether polyol containing the phenolic hydroxyl
group or the weakly acidic functional group. Note that
pol ynmeri zation is preferably performed while protecting
t he phenolic hydroxyl group and the weakly acidic
functional group, foll owed by deprotection.

[0131]

Exanpl es of the al kyl ene oxi de include ethylene
oxi de, propyl ene oxi de, butylene oxide, and the I|ike.
One or a conbination of two or nore thereof can be used.
Pol yoxyal kyl ene pol yol obtained froma comnbi nati on of
two or nore kinds nay have either a bl ock or random
structure.

[0132]

The pol yoxytetranmethyl ene glycol is a ring-opening
pol ymeri zati on product obtained through cationic
pol ynmeri zati on of tetrahydrofuran (THF). Exanples
t hereof include crystalline pol yoxytetranethyl ene glycol,
anor phous pol yoxyt etramet hyl ene gl ycol obtained by
copolymerizing THF with al kyl -substituted
tetrahydrofuran such as 3-nethyltetrahydrofuran, the
af orementi oned di hydric al cohols, or the |ike.

[0133]

Exanpl es of the polyester polyol include:
pol yneri zati on condensates between any of the
af orenenti oned | ow- nol ecul ar - wei ght pol yol s and

pol yhydric carboxylic acid or oligomer acid; and ring-
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openi ng polynmers of |actone or |actide using the |ow
nmol ecul ar - wei ght pol yol as an initiator.
[ 0134]

Exanpl es of the polyhydric carboxylic acid include
oxal ic acid, malonic acid, succinic acid, glutaric acid,
adi pic acid, pinelic acid, suberic acid, glutaconic acid,
azel aic acid, sebacic acid, 1,1-dinmethyl-1, 3-

di car boxypropane, 3-nethyl-3-ethylglutaric acid, 1,4-
cycl ohexyl di carboxylic acid, hexahydrophthalic acid,

mal ei c acid, fumaric acid, itaconic acid, muconic acid,
oa-hydromuconic acid, PB-hydromuconic acid, phthalic acid,
ortho-phthalic acid, terephthalic acid, isophthalic acid,
t ol uenedi car boxyli c acid, naphthal enedi carboxylic acid,
HET acid, dimer acid, and hydrogenated dimer acid. It

is also possible to use a derivative, acid anhydride, or
acid halide thereof.

[ 0135]

Examples of the lactone include B-propiolactone,
P-butyrolactone, y-butyrolactone, y-valerolactone, 0o-
valerolactone, e€-caprolactone, and the like. Examples
of the lactide include L-lactide and D-1acti de.

[ 0136]

One kind of the | ow nolecul ar-wei ght polyol,
pol yhydric carboxylic acid, oligonmer acid, |actone, or
| acti de, which are constituent conponents of the
pol yester polyol, may be used, or two or nore kinds
t hereof may be used in conbination.

[0137]

Further, it is also possible to use polyester-
am de pol yol obtained by substituting a part of the | ow
nol ecul ar - wei ght pol yol of the polyester polyol with the
af orenmenti oned | ow nol ecul ar-wei ght pol yam ne or am no

al cohol
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[ 0138]

Exanpl es of the polycarbonate polyol include
pol ynmeri zati on condensates between the aforenentioned
pol yol s and the carbonate conpound.

[0139]

Exanpl es of the carbonate conpound incl ude
di met hyl carbonate, diethyl carbonate, ethylene
car bonate, propyl ene carbonate, di phenyl carbonate,

di napht hyl carbonate, dianthryl carbonate, di phenanthryl
carbonat e, diindanyl carbonate, tetrahydronaphthyl
carbonate, and the like.

[ 0140]

One kind of the |ow nolecul ar-wei ght pol yol or
carbonat e conpound, which are constituent conponents of
t he pol ycarbonate polyol, nmay be used, or two or nore
ki nds thereof may be used in conbination.

[ 0141]

Exanpl es of the acrylic polyol include copolyners
obt ai ned by copol yneri zi ng hydroxy group-contai ning
(nmeth)acrylate with vinyl nononer.

[ 0142]

Exanpl es of the hydroxyl group-containing
(meth)acrylate include 2-hydroxyethyl (nmeth)acryl ate,
hydr oxypropyl (meth)acrylate, hydroxybutyl
(meth)acryl ate, 3-hydroxy-2, 2-di met hyl propyl acryl ate,
2, 2-di hydroxynet hyl butyl (nmeth)acryl ate, pentaerythritol
tri(meth)acryl ate, pol yhydroxyal kyl mnal eate,
pol yhydr oxyal kyl fumarate, and the |like. These hydroxyl
group-contai ning (neth)acryl ates may be used
i ndividually or two or nore kinds thereof may be used in
conbi nati on.

[ 0143]

Exanpl es of the vinyl nonomer include:
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(nmeth)acrylic esters, such as nethyl (meth)acrylate,
et hyl (met h)acryl ate, propyl (meth)acryl ate,
I sopropyl (nmeth)acrylate, butyl (nmeth)acryl ate,
i sobutyl (met h)acrylate, s-butyl(nmeth)acrylate, t-
butyl (neth)acryl ate, pentyl (nmeth)acryl ate,
i sopentyl (nmeth)acryl ate, hexyl (nmeth)acryl ate, 2-
et hyl hex!l (nmet h)acryl ate, octyl (nmeth)acryl ate,
nonyl (met h) acryl ate, isononyl (nmeth)acryl ate,
decyl (nmet h) acryl ate, dodecyl (neth)acryl ate,
cycl ohexyl (met h) acryl ate, phenyl (meth)acryl ate,
benzyl (nmeth)acrylate, allyl(nmeth)acryl ate, ethylene
gl ycol di(neth)acrylate, butylene glycol
di (met h) acryl ate, hexanedi ol di (meth)acrylate, and oligo
et hyl ene glycol di(neth)acrylate; aromatic vinyl
monomers, such as styrene, vinyltoluene, and o-
met hyl styrene; vinyl cyani de nonomers, such as
(meth)acrylonitrile; carboxyl group-containing vinyl
nmononmers, such as fumaric acid, maleic acid, and
itaconic acid, or alkyl esters thereof; isocyanate
group-cont ai ni ng vinyl nonomers, such as 3-(2-
isocyanato-2-propyl)-a-methylstyrene; fluorine-
contai ning vinyl mononmers, such as tetrafl uoroethyl ene,
chl orotrifluoroethylene, trichlorofluoroethyl ene,
hexaf | uor opropyl ene, vinylidene fluoride, vinyl fluoride,
and trifluoronethyltrifluoroethylene; silicone nononers,
such as y-(meth)acryloxypropyltrimethoxysilane; and the
| i ke. These vinyl nonomers nay be used individually or
two or nore kinds thereof nmay be used in conbination.
[ 0144]

Exanpl es of the polyolefin having a termn nal
hydr oxyl group include conpounds obtained by attaching a
hydr oxyl group to a term nal of one or nore olefin

pol ymers. Exanples of the olefin include ethylene,

57



propyl ene, butadi ene, isoprene, styrene, acrylonitrile,
vinyl ether, and vinyl acetate. Further, part of these
structures may be substituted with a hal ogen, such as
fluorine, chlorine, or brom ne.

[ 0145]

Exanpl es of the silicone polyol include: vinyl
group-contai ning silicone conmpounds obtai ned by
polymerizing y-methacryloxypropyltrimethoxysilane or the
i ke; and pol ysil oxanes having at | east one term na
hydroxyl group per molecule, such as o,w-
dihydroxypolydimethylsiloxane and o, w-

di hydr oxypol ydi phenyl si | oxane.
[ 0146]
Exanpl es of the vegetabl e oil-based pol yol

i nclude: hydroxyl group-containing vegetable oils, such

as castor oil and coconut oil; ester-nodified castor oi
pol yol , dehydrated castor oil, partially dehydrated
castor oil, and hydrogenated castor oil obtained froma

reacti on between castor oil fatty acid and polyol; and
the like.
[ 0147]

The hi gh-nol ecul ar-wei ght pol yol has a nunber-
average nol ecul ar weight in a range of preferably 500 or
nore and 5,000 or |ess, nore preferably 1,000 or nore
and 3,000 or less, further preferably 1,000 or nore and
2,000 or |ess.

[ 0148]

When t he nunber-average nol ecul ar wei ght of the
hi gh- nol ecul ar-wei ght polyol is at the lower limt or
nore, it is possible to suppress excessive increase in
t he urethane group concentration in the pol yurethane,

I ncrease in the hardness due to this concentration

i ncrease, and decrease in performance such as
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stretchability. In addition, when the number-average
nol ecul ar weight is at the upper limt or less, it is
possi bl e to suppress excessive decrease in the urethane
group concentration, prevent the strength attributable
to the urethane bond from decreasi ng, and achi eve both
appropriate strength and stretchability.
[ 0149]

The hi gh-nol ecul ar-wei ght polyol is preferably
bi functi onal polyol or trifunctional polyol, nore
preferably bifunctional polyol.
[ 0150]
Chai n Ext ender

Exanpl es of the chain extender to be enpl oyed
i nclude: dihydric al cohols, such as ethylene glycol,
1, 2- propanedi ol, 1, 3-propanediol, 1, 2-butanediol, 1, 3-
but anedi ol , 1, 4-butanediol, 1,5-pentanediol, 1, 6-
hexanedi ol , 1, 7-heptanediol, 1,8-octanediol, 1, 9-
nonanedi ol , neopentyl glycol, 3-nmethyl-1,5-pentanediol,
3, 3-di net hyl ol hept ane, 2,2, 2-trinmethyl pentanediol, 1,4-
di hydr oxy- 2- but ene, 2, 6-di net hyl - 1- oct ene- 3, 8-di ol ,
di et hyl ene glycol, triethylene glycol, dipropylene
gl ycol, cycl ohexane-1, 3-diol, cycl ohexane-1, 4-diol,
cycl ohexane- 1, 3-di net hanol , cycl ohexane-1, 4-di net hanol ,
1, 3- adamant anedi net hanol , dinmer acid diol, 1, 2-
benzenediol, 1,3-benzenediol, 1,4-benzenediol,
hydr oqui none di (2- hydroxyet hyl ether), bisphenol A
bis (B-hydroxyethyl)benzene, and xylylene glycol; amines,
such as et hanol am ne, di methanol am ne, triethanol anm ne,
et hyl enedi am ne, propyl enedi am ne, butanedi am ne,
pent anet hyl enedi am ne, hexamet hyl enedi anm ne, isophorone
di am ne, piperazine, toluenedi am ne
met aphenyl enedi am ne, di phenyl net hanedi am ne,

xylyl enedi am ne, dinethylthiotoluenedi am ne, and 4, 4-
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nmet hyl enebi s-o-chl oroaniline; and the |iKke.
[ 0151]

Further, one or nore al cohols represented by the
foll ow ng general fornulae (3a) to (3c) may be used as
t he chain extender to introduce the weakly acidic
functional group to the polyurethane. The chain
extender may be the polyol represented by (3a) to (3c),
or may be a conbination with the above-listed chain

ext enders,
R'\ R1 R'\

HO MOH HOMOH HOMOH
A, A, A,
A HN .
CHy CF, 50,

F.C—|-CF, O—f-cr, CFs

o OH
(38) (3b) (3¢)

wherein Rl is a hydrogen atom or a nonoval ent

hydr ocarbon group having 1 to 3 carbon atons; Aa
represents a single bond, or a linear, branched, or
cyclic dival ent hydrocarbon group having 1 to 20 carbon
atoms, and -CHy- constituting As is optionally
substituted with -0, -C(=0-, -C(=0 0O, or -GCeHs-, or
Is optionally -NR*-C(=0O)-; R*is a hydrogen atom or a
| i near or branched al kyl group having 1 to 4 carbon
atons; and each of n!, n2 and n4 is an integer of 0 to
10.

[ 0152]

By using such a chain extender, the polyurethane
contai ning the structures represented by the above
general formulae (2a) to (2c) can be obtai ned.

[ 0153]

Rl is a hydrogen atom or a nonoval ent hydrocarbon
group having 1 to 3 carbon atons, preferably a hydrogen
atom a nethyl group, or an ethyl group.
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[ 0154]

Aa represents a single bond, or a |linear, branched,
or cyclic divalent hydrocarbon group having 1 to 20
carbon atoms, and -CH- constituting Aa i s optionally
substituted with -0, -C(=0-, -C(=0 0O, or -GCsHs-, or
is optionally -NR4-C(=0) -. Specific exanples of the
| i near, branched, or cyclic dival ent hydrocarbon group
having 1 to 20 carbon atons of Asinclude the foll ow ng.
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HEC\ - 3
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.. H /CH\
C CH;

Voo
HyC—CH,

[ 0155]

v
Hz 1
L c C.. | .-
. - P / ) C C
. ‘:3” ﬁ/ \ﬁ cH CHs o HTCHy  He™ TCH,
. 2 2 ! H;
HQ 3 HQ :
c CH, ‘ CH; . CH
- e HG CHs - C.H -~ C.H 3
o R R e’ e He HCT
: 2 S H2 HQ | “
' 2 ‘ ‘
HiC CHs Hy  Hs Hp  H: GHs
R \C/ X c C ) ‘\E/C\C/C\ C|) gz
NN S e N ~ ~
A
2 CHs Ha H;
(‘:HE H, S? e o '
i} . c L S H A 2 :
P N S g g
C H, | | H(_l‘, 2 \\C/E\C, . ﬁ? ﬁz
CH; CH; SR H H
CH; CH; ? :
H;
HaC HsC —CH, _C._ H:
| P H,C CH; H,C—CH; Lo
CH HC._ CHy \ \ Iy H,C™  CHs
~7~CH e CH ’
H.C 3 CH HC..H CH, HLC. A~ |
‘ \ c S o HoC. . CH
CH - CH e e
o e . CH Hy e
N LN
H2 HQ C Hz
Hs
Hs A :
H:  Hy  H H_C. .~ o '
CHy . ¢ & ¢ e e A y.-CH
e e e | H, HQC\ /CHQ ‘“C\/ “CHy
Hy  Hs  Hs CH
ch/ "CH; H,C—CH; H2C—CH,
gz | gz gz gz gz
- |
‘(|2H \(‘3H2 e en - \C‘:H “CH, -~ \C‘:H "CH,
2 | |
¢ CH h HC._ _CH H.C._ CH -
2 o H.,C._ .CHa e e e
H, CH;y H; H: o H:
) HyC” Hoe
H,C 2 4 Hy et
Co . S+ T - Cor.- ~.H -
e H e Neul i o e T T
H H2 HQ HZ HQ HZ | HQ HZ
2 CH; e H, H,C. HC.
; .
&d H.C’ . S
- cH HC” ) S . __t.y.c ~H2C\C/C\C’/
e dn e T cTHYET e Ha
2 o e H, Hz H; | Ha CH,
Hy  Hy CH;
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Furt her exanpl es thereof include the one in which
any of -CH.- of As described above is substituted with -
o, -C(=0-, -C(=00C, -GCHs-, or -NR*-C(=O-. Rt is a
hydrogen atom or a linear or branched al kyl group
having 1 to 4 carbon atons, and each of nl, n2, and n4is
an integer of 0 to 10.

[ 0156]

Specific exanples of the polyols represented by

t he above general fornulae (3a) to (3c) include the

follow ng, but are not limted thereto.
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R4, R’, and R® are as defined above.)

(wherein Ri,
[ 0157]
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HO oH  Ho OH HO /}\OH Ho /\(\OH HO ’\‘:\OH HO /h(\OH
© ;( 0”0 0% o © o 0
CF, H( H\/ H(CFQ H(
CF, CF, CF, CF,
o _QCFg o_<'CF3
b _%CFg O_Q,CF;, o_%ca o_%ca
OH oOH OH OH OH OH
[ 0158]

HN HN
™80, \sloz
CF, CF5 HN HN HN
\sloz \?oz \sloz
CF4 CFy CF,
R'l R1 R1
HO/\‘\/\OH HO/jA/\OH HO/I\OH
o 0% o oo
HN HN
HN ~ ~
\?02 S|02 S|02
CFs CFs CF;

(wherein Rl is as defined above.)
[ 0159]

The chai n extender having the weakly acidic
functional group is used in an anount of preferably 5 to
50 mass% nore preferably 20 to 40 mass% relative to a
total amount of the constituent conponents of the
ur et hane.

[ 0160]
Crossl i nki ng Agent

Exanpl es of a crosslinking agent to be used

i nclude: trihydric alcohols, such as glycerin,

trimet hyl ol propane, and triisopropanol am ne; and
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polyhydric alcohols, such as pentaerythritol, o-methyl
gl ucosi de, and diglycerin.
[0161]

The crosslinking agent is added in an anmount
within preferably O to 5 mass% nore preferably 0 to 3
mass% relative to the total anount of the constituent
conponents of the urethane.

[0162]

When the crosslinking agent is added in an anount
at the upper limt or less, the strength does not
i ncrease excessively, and the flexibility and
stretchability would not be inpaired. Thus, the
crosslinking agent is suitable for use in the conductive
paste conposition containing the polyurethane of the
present invention.

[0163]
Or gani ¢ Sol vent

The pol yurethane is synthesized by bul k
pol ymeri zati on or solution polynerization. Exanples of
an organi c solvent used in the solution polynerization
I nclude: aromatic hydrocarbon solvents, such as tol uene,
xyl ene, cunene, 1,2,3-trinethyl benzene, 1, 2, 4-
trimethylbenzene, 1,3,5-trimethylbenzene, styrene, o-
met hyl styrene, butyl benzene, sec-butyl benzene,

i sobut yl benzene, cynene, diethyl benzene, 2-ethyl-p-

xyl ene, 2-propyltoluene, 3-propyltoluene, 4-
propyl t ol uene, 1,2,3,5-tetranethyltoluene, 1,2,4,5-
tetranet hyl t ol uene, tetrahydronaphthal ene, 4-phenyl - 1-
but ene, tert-anyl benzene, anyl benzene, 2-tert-

butyltol uene, 3-tert-butyltoluene, 4-tert-butyltol uene,
5-i sopropyl -m xyl ene, 3-nethyl et hyl benzene, tert-butyl -
3-et hyl benzene, 4-tert-butyl-o0-xylene, 5-tert-butyl-m

xyl ene, tert-butyl-p-xylene, 1,2-diisopropyl benzene,
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1, 3-dii sopropyl benzene, 1, 4-diisopropyl benzene,

di propyl benzene, pentanet hyl benzene, hexanet hyl benzene,
hexyl benzene, and 1, 3,5-triethyl benzene; aliphatic

hydr ocar bon sol vents, such as n-heptane, isoheptane, n-
hexane, octane, 3-nethyl hexane, 2, 3-di nethyl pentane, 3-
et hyl pent ane, 1, 6-hept adi ene, 5-nmethyl-1-hexyne,
nor bor nane, norbornene, dicycl opentadiene, 1-nethyl-1, 4-
cycl ohexadi ene, 1-heptyne, 2-heptyne, cycl oheptane,

cycl oheptene, 1, 3-di net hyl cycl opent ane,

et hyl cycl opent ane, cycl ohexane, nethyl cycl ohexane, 1-
nmet hyl - 1-cycl ohexene, 3-nethyl-1-cycl ohexene,

met hyl enecycl ohexane, 4-nethyl-1-cycl ohexene, 2-nethyl -
1- hexene, 2-nethyl-2-hexene, 1-heptene, 2-heptene, 3-
hept ene, n-octane, 2, 2-dinmethyl hexane, 2, 3-

di met hyl hexane, 2, 4-di nmet hyl hexane, 2, 5-di net hyl hexane,
3, 3-di met hyl hexane, 3, 4-di net hyl hexane, 3-ethyl -2-

met hyl pent ane, 3-ethyl -3-nmet hyl pentane, 2-nethyl hept ane,
3- net hyl hept ane, 4-nethyl heptane, 2,2, 3-trinmethyl pentane,
2,2,4-trinmet hyl pentane, cycl ooctane, cyclooctene, 1, 2-
di net hyl cycl ohexane, 1, 3-di met hyl cycl ohexane, 1, 4-

di met hyl cycl ohexane, ethyl cycl ohexane, vinylcycl ohexane,
i sopropyl cycl opent ane, 2, 2-di net hyl - 3- hexene, 2, 4-

di met hyl - 1- hexene, 2, 5-di net hyl - 1- hexene, 2, 5-di net hyl -
2- hexene, 3, 3-dinmethyl-1-hexene, 3,4-dinmethyl-1-hexene,
4, 4-di et hyl - 1- hexene, 2-ethyl-1-hexene, 2-nethyl-1-
hept ene, 1-octene, 2-octene, 3-octene, 4-octene, 1,7-
oct adi ene, 1l-octyne, 2-octyne, 3-octyne, 4-octyne, n-
nonane, 2, 3-di net hyl hept ane, 2, 4-di nmet hyl hept ane, 2, 5-
di net hyl hept ane, 3, 3-di nmet hyl hept ane, 3, 4-

di net hyl hept ane, 3, 5-di net hyl hept ane, 4-ethyl heptane, 2-
nmet hyl oct ane, 3-net hyl octane, 4-nethyl octane, 2,2, 4, 4-
tetranmet hyl pentane, 2,2, 4-trinethyl hexane, 2,2,5-

tri met hyl hexane, 2, 2-di nmet hyl -3-heptene, 2, 3-di net hyl - 3-
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hept ene, 2, 4-di met hyl - 1-heptene, 2,6-dinethyl-1-heptene,
2, 6-di met hyl - 3- hept ene, 3, 5-di nethyl -3-heptene, 2,4, 4-
trimethyl-1-hexene, 3,5,5-trinethyl-1-hexene, 1-ethyl-2-
nmet hyl cycl ohexane, 1-ethyl-3-nethyl cycl ohexane, 1-ethyl-
4- met hyl cycl ohexane, propyl cycl ohexane,

i sopropyl cycl ohexane, 1,1, 3-trinethylcycl ohexane, 1,1, 4-
trimethyl cycl ohexane, 1,2,3-trinmethylcyclohexane, 1, 2, 4-
trimethylcycl ohexane, 1,3,5-trinethylcyclohexane,

al lyl cycl ohexane, hydrindane, 1, 8-nonadi ene, 1-nonyne,
2-nonyne, 3-nonyne, 4-nonyne, 1-nonene, 2-nonene, 3-
nonene, 4-nonene, n-decane, 3, 3-dinethyl octane, 3, 5-

di met hyl oct ane, 4, 4-di net hyl oct ane, 3-ethyl - 3-

met hyl hept ane, 2-net hyl nonane, 3-nethyl nonane, 4-

met hyl nonane, tert-butyl cycl ohexane, butyl cycl ohexane,

i sobut yl cycl ohexane, 4-isopropyl-1-nmethyl cycl ohexane,
pentyl cycl opentane, 1,1, 3,5-tetranethyl cycl ohexane,

cycl ododecane, 1-decene, 2-decene, 3-decene, 4-decene,
5-decene, 1, 9-decadi ene, decahydronapht hal ene, 1-decyne,
2-decyne, 3-decyne, 4-decyne, 5-decyne, 1,5,9-decatriene,
2,6-di methyl-2,4,6-octatriene, |inonene, nyrcene,
1,2,3,4,5-pentamethylcyclopentadiene, o-phellandrene,

pi nene, terpinene, tetrahydrodicycl opentadi ene, 5, 6-

di hydr odi cycl opent adi ene, di cycl opent adi ene, 1, 4-

decadi yne, 1,5-decadiyne, 1,9-decadiyne, 2,8-decadi yne,
4, 6-decadi yne, n-undecane, anyl cycl ohexane, 1-undecene,
1, 10-undecadi ene, 1l-undecyne, 3-undecyne, 5-undecyne,
tricyclo[6.2.1.027]undeca-4-ene, n-dodecane, 2-

nmet hyl undecane, 3-nethyl undecane, 4-nethylundecane, 5-
met hyl undecane, 2, 2, 4, 6, 6- pent anet hyl hept ane, 1, 3-

di net hyl adamant ane, 1-et hyl adamant ane, 1,5, 9-

cycl ododecatriene, 1,2,4-trivinylcyclohexane, and

I soparaffin; ketone solvents, such as cycl ohexanone,

cycl opent anone, acetone, nethyl ethyl ketone, 2-octanone,
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2- nonanone, 2-heptanone, 3-heptanone, 4-heptanone, 2-
hexanone, 3-hexanone, diisobutyl ketone, nmethyl isobutyl
ket one, nethyl cycl ohexanone, and net hyl n-pentyl ketone;
et her solvents, such as ethylene glycol dinethyl ether,
propyl ene glycol dinmethyl ether, diethylene glycol

di net hyl ether, diethylene glycol diethyl ether,

di et hyl ene glycol dibutyl ether, diethylene glycol ethyl
met hyl ether, diethylene glycol butyl methyl ether,

di et hyl ether, diisopropyl ether, di-n-butyl ether, di-
sec-butyl ether, diisobutyl ether, anyl ether, isoanyl
ether, di-tert-amyl ether, methyl cyclopentyl ether,

met hyl cycl ohexyl ether, nethyl-tert-butyl ether, di-n-
hexyl ether, anisole, dihydroterpinyl acetate,

t etrahydrofuran, and di oxane; ester solvents, such as

et hyl ene gl ycol nononet hyl ether acetate, ethyl ene

gl ycol nonoethyl ether acetate, ethylene glycol
nonobutyl ether acetate, ethylene glycol monopropyl

et her acetate, ethylene glycol diacetate, propylene

gl ycol nononet hyl ether acetate, propylene glycol
nonoet hyl et her acetate, propylene glycol nonopropyl

et her acetate, propylene glycol nonobutyl ether acetate,
propyl ene glycol nono-tert-butyl ether acetate,

propyl ene gl ycol diacetate, diethylene glycol nononethyl
et her acetate, diethylene glycol nonoethyl ether acetate,
di et hyl ene gl ycol nonopropyl ether acetate, diethylene
gl ycol nonobutyl ether acetate, nmethyl acetate, ethyl
acetate, butyl acetate, isobutyl acetate, acetate-tert-
butyl, ethyl pyruvate, nethyl 3-methoxypropionate, ethyl
3- et hoxypropi onate, tert-butyl propionate, 3-

met hoxybutyl acetate, and et hyl-3-ethoxypropi onate;
lactone solvents such as y-butyrolactone; nitrile
solvents such as acetonitrile; hal ogen-based sol vents,

such as nethyl chloride, nethylene chloride, chloroform
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carbon tetrachloride, 1,2-dichloroethane, and 1,1, 2, 2-
tetrachl oroet hane; aprotic polar solvents, such as N-
met hyl pyrrolidone, N, N -dinmethylformam de, N, N -

di net hyl acet am de, di nmet hyl sul f oxi de, and
hexamet hyl phosphoram de; and the |iKke.

[0164]

Note that the organic solvent is added in an
ampunt within preferably 20 parts by mass or nore and
500 parts by nmass or less, nore preferably 25 parts by
mass or nore and 100 parts by mass or less, relative to
100 parts by mass of the total anmpunt of the
pol yur et hane constituent conponents (polyi socyanate,
hi gh- nol ecul ar - wei ght pol yol, chai n extender,
crosslinking agent).

[ 0165]

The organic solvent may be renpved by distillation
under reduced pressure or by crystallization after the
pol yneri zation reaction, or may be applied to a
conductive paste conposition in a form of pol yurethane
sol uti on without renoval.

[0166]
Cat al yst

I n the pol yurethane synthesis, a catalyst is
preferably added to pronote a urethane bond formation
reacti on, as necessary.

[0167]

The catalyst to be used for the urethane formation
can be appropriately selected from known catal ysts.
Exanpl es t hereof include am ne-based catal ysts, anmoni um
salt-based catal ysts, potassium salt-based catal ysts,
organonetal lic catalysts, and the |ike.

[0168]

Exanpl es of the am ne-based catal ysts include
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triethylam ne, N, N-dinethylcyclohexylanm ne,
triethyl enediam ne, 2-nmethyltriethyl enedi am ne,
N, NN N, N -tetranet hyl ethyl enediam ne, N,N,N ,6N -
t etranmet hyl propyl enedi am ne, N,N, N, N, N’ -
pent amet hyl di et hyl enetriam ne, N,N, N, N, N -pentanet hyl -
(3-am nopropyl ) et hyl enediam ne, N, N, N, N, N -
pent anet hyl di propyl enetriam ne, N,N, N, N -
t et ranmet hyl hexanet hyl enedi am ne, bis(2-
di met hyl am noet hyl ) et her, di met hyl et hanol am ne,
di met hyl i sopropanol am ne, di nmet hyl am noet hoxyet hanol ,
N, N- di net hyl hexanol am ne, N, N-di nethyl-N - (2-
hydr oxyet hyl ) et hyl enedi am ne, N, N-di net hyl -N - ( 2-
hydr oxyet hyl ) propanedi am ne, N, N, N -
tri met hyl am noet hyl et hanol am ne,
bi s(di net hyl am nopropyl ) am ne
bi s(di net hyl am nopr opyl )i sopropanol am ne, N-nethyl-N -
(2-di met hyl am noet hyl ) pi perazi ne, N-nethyl-N -(2-
hydr oxyet hyl ) pi perazi ne, N-nmethyl nor pholine, N-
et hyl nor phol i ne, 1-nethyli m dazole, 1, 2-
di net hyl i m dazol e, 1-isobutyl-2-methylim dazole, 1-
di met hyl am nopropyli m dazole, 1-(2-
hydr oxyet hyl )i m dazol e, 1-(2-hydroxypropyl)i m dazole, 1-
(2- hydroxyet hyl)-2-nmet hyli m dazol e, 1-(2-hydroxypropyl)-
2-nmethyl i m dazole, and the I|iKke.
[0169]
Exanpl es of the ammoni um sal t-based catal ysts
i ncl ude: quaternary anmonium salts, such as tetraethyl
hydr oxyl amoni unt ammoni um salts of 1, 8-
di azabi cycl o(5, 4, 0) -undecene-7 or 1, 5-
di azabi cycl o(4, 3,0)-nonene-5 with octylic acid, oleic
acid, p-toluenesulfonic acid, formc acid, phenolic acid,
ortho-phthalic acid, acetic acid, maleic acid, or boric
acid; and the I|ike.
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[0170]

Exanpl es of the potassium salt-based catal ysts
I ncl ude potassium carbonate, potassium acet ate,
pot assium octylate, and the |iKke.

[0171]

Exanpl es of the organonetallic catalysts include:
organotin conpounds, such as tin acetate, tin octylate
(tin 2-ethyl hexaonate), tin oleate, tin |aurate,

di butyltin diacetate, dinethyltin dilaurate, dibutyltin
di l aurate, dibutyltin dinercaptide, dibutyltin nmaleate,
di butyltin di neodecanoate, dioctyltin dinercaptide,
dioctyltin dilaurate, and dibutyltin dichloride;

or ganol ead conpounds, such as |ead octoate and | ead
napht henat e; organoni ckel conpounds such as ni ckel

napht henat e; organocobalt conpounds, for exanple, cobalt
napht henate and the |ike; organocopper conpounds such as
copper octenoate; organobi smuth conpounds, such as

bi smut h octyl ate and bi snuth neodecanoate; and the I|ike.
[0172]

Since the pol yurethane of the present invention
contains the weakly acidic functional group and thus may
be capable of inhibiting the activity of a basic
catalyst, it is preferable to use an organonetallic
catal yst, and nore preferabl e exanple thereof is an
or ganobi smut h conpound.

[0173]

These catal ysts for the urethane formati on may be
used individually or two or nore kinds thereof may be
used in conbination. Note that the catalyst for the
uret hane formation is used in an amunt within
preferably 0 parts by mass or nore and 5 parts by nass
or less, nore preferably 0.1 parts by mass or nore and 2

parts by mass or less, relative to 100 parts by mass of
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the total amount of the pol yurethane constituent
components.
[ 0174]
Cappi ng Agent
To the pol yurethane according to the present
enbodi nrents after the polynerization with excess
I socyanate groups, a term nal capping agent can be added
to introduce a functional group derived fromthe capping
agent to the polyurethane termnm nal
For exanmpl e, as the capping agent for the
pol yur et hane term nal, the follow ng
hydr oxyal kyl (met h) acryl ates can be used to synthesize
ur et hane acryl ate,

Q @] O Q
HO HO HO \)\
\/\OJKK Y\o)%/ O)V HO /\/\OJKK
R> R® RS R>
0 o "
HO /\/o He 0
\/\/\o HO \/\o
5 5 R>
R R OFt
o o o) o
HO R!
o\/\
HO/\/\/\’( 0 0 o
R® 5 5 5
OPh 0 R R CH R
RS

o 0 0 HO o Oﬁ/&
RW
ﬁ/lko OJY \)ko o)k( 0 o} 0
R’ R® R® R® % JY
OH OH
R’ R®
OH

wherein RS is a hydrogen atomor a nmethyl group; Et is
an ethyl group; Ph is a phenyl group; and Rlis as
defi ned above.
[ 0175]
R> is a hydrogen atom or a nethyl group.
[0176]
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The urethane acrylate, together with a reactive
mononmer and a polynerization initiator as necessary, can
be heated or irradiated with active energy beam such as
ultraviolet ray, visible light, |aser beam el ectron
beam, X-ray, y-ray, plasma, or microwave, and then,
pol ymeri zed and cured to forma cured product.

[0177]

Exanpl es of the reactive nononmer to be used
i nclude: al kyl (nmet h)acryl ates, such as
met hyl (met h) acryl ate, ethyl (nmeth)acryl ate,

i sopropyl (nmet h)acryl ate, n-butyl (meth)acrylate, t-

butyl (neth)acrylate, isobutyl (nmeth)acryl ate,

i soanyl (nmeth)acrylate, |auryl (meth)acryl ate, dodecyl
(nmeth)acryl ate, stearyl acrylate,

cycl ohexyl (met h) acryl ate, isobornyl (neth)acrylate, and
adamant yl (net h) acryl ate; aryl oxyal kyl (met h) acryl at es,
such as phenoxynet hyl (nmet h) acryl ate and
phenoxyet hyl (meth)acrylate; (meth)acrylic aral kyl esters,
such as benzyl (neth)acryl ate and

phenet hyl (nmet h) acryl ate; nonofuncti onal (meth)acryl ate
conmpounds, such as phenyl (neth)acryl ate, 2-

hydr oxyet hyl (met h) acryl ate, 2-

hydr oxypropyl (net h) acryl ate, 3-

hydr oxypropyl (nmet h)acryl ate, and 4-

hydr oxybutyl (meth)acrylate; tri(nmeth)acrylates, such as
but anedi ol di (nmeth)acryl ate, hexanedi ol di (nmeth)acryl ate,
oct anedi ol di (nmet h)acryl ate, nonanedi ol di (nmeth)acryl ate,
dodecanedi ol di (nmet h)acryl ate, ethoxyl ated hexanedi ol

di (met h)acryl ate, propoxyl ated hexanedi ol

di (meth)acryl ate, diethylene glycol di(neth)acryl ate,

pol yet hyl ene gl ycol di(neth)acrylate, polypropylene

gl ycol di(neth)acryl ate, neopentyl glycol

di (meth)acryl ate, ethoxyl ated neopentyl gl ycol
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di (meth)acrylate, trinmethylol propane tri (neth)acryl ate,
et hoxyl ated trinmet hyl ol propane tri (neth)acryl ate,
propoxyl ated tri nmethyl ol propane tri (nmeth)acryl ate,
tris(2-hydroxyethyl)isocyanurate tri(neth)acrylate, and
glycerin tri(nmeth)acrylate; polyfunctional
(nmeth)acryl ate conpounds, such as pentaerythritol
tri(meth)acryl ate, dipentaerythritol tri(meth)acrylate,
ditrimethyl ol propane tri(meth)acrylate, pentaerythritol
tetra(meth)acrylate, ditrinethyl ol propane
tetra(meth)acryl ate, dipentaerythritol
tetra(meth)acryl ate, dipentaerythritol
pent a( et h)acryl ate, ditrinmethyl ol propane
pent a( net h) acryl ate, di pentaerythritol
hexa(nmet h) acryl ate, and ditri methyl ol propane
hexa(met h) acryl ate; and et hyl eneoxy-nodi fi ed products,
propyl eneoxy-nodi fi ed products, and | actone-nodified
products thereof. One of these may be used al one, or
two or nore thereof may be used in conbination.
[0178]

Exanpl es of the polynmerization initiator include
acet ophenone, 2, 2-di et hoxyacet ophenone, p-
di met hyl am noacet ophenone, benzophenone, 2-
chl orobenzophenone, 4,4’ -bi sdi et hyl am nobenzophenone,
benzoin ethyl ether, benzoin-n-propyl ether, benzoin
i sopropyl ether, benzoin isobutyl ether, benzoin-n-butyl
et her, benzoin dimethyl ketal, thioxanthone, p-
isopropyl-a-hydroxyisobutylphenone, 2,2-dimethoxy-2-
phenyl acet ophenone, 1-hydroxycycl ohexyl phenyl ket one,
2-nmet hyl - 1-[ 4- (et hyl t hi o) phenyl ] - 2- nor phol i nopr opan- 1-
one, 2-hydroxy-2-nethyl-1-phenyl propan-1-one, 2,4, 6-
trimethyl benzophenone, 4-nethyl benzophenone, (2,4, 6-
trimet hyl benzoyl ) - di phenyl phosphi ne oxi de, bis(2, 4, 6-
tri met hyl benzoyl ) - phenyl phosphi ne oxi de, 2, 2-di net hoxy-
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1, 2- di phenyl et hanone, and the like. Preferably, 1-
hydr oxycycl ohexyl phenyl ketone or bis(2,4,6-
trimet hyl benzoyl ) phenyl phosphi ne oxide is used. One of
t hese may be used al one, or two or nore thereof may be
used in conbination.
[0179]

Further, the phenolic hydroxyl group can be
I ntroduced to a pol yurethane by using an al cohol or
am ne represented by the follow ng general fornula (1C)

after a chain extension reaction,

(HO}_{:TTT/O\\Af ‘\:;%OH) (1C)
kb 17 7 kd
T+

— —

_ ke “ka ke

wherein Az” represents a linear, branched, or cyclic
(ka+2) -val ent hydrocarbon group or a fluorinated
hydr ocar bon group having 1 to 19 carbon atonms, and - CHp-
constituting the (ka+2)-val ent hydrocarbon group is
optionally substituted with -G, -C(=0)-, or -Si(RR3)-;
X represents an oxygen atom or NR* “ka” represents an
integer of 0 to 2; “kb”, “kc”, “kd”, and “ke” each
represent 1 or 2; and R?, R3, and R* are as defined above.
[ 0180]

Az” represents a |linear, branched, or cyclic
(ka+2) -val ent hydrocarbon group or a fluorinated
hydr ocar bon group having 1 to 19 carbon atonms, and - CHp-
constituting the (ka+2)-val ent hydrocarbon group is
optionally substituted with -O, -C(=0)-, or -Si(RR3)-.
[0181]

X represents an oxygen atom or NR%.
[0182]
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“ka” represents an integer of 0 to 2, and “kb”

“kec”, “kd”, and “ke” each represent 1 or 2.
[0183]

R2, R3, and R* are as defined above.
[ 0184]

Specific exanples of the |linear, branched, or
cyclic (ka+2)-val ent hydrocarbon group having 1 to 19
carbon atonms of Az” include the foll ow ng.

H 1l
HQ CH3 HQ 2 ! -
H, c. i c. - P ¢ ol
.c ol CH o e o M HTeH:  He os
HQ : HQ HQ : ﬁ
2
H 1
Hz H; 2 CH i Ha CH |
C 3 3 | CH
- c C. P HC CH3 C..H - C_H 3
S T N C S~ e e P
[ C - CH S [ c - H.c”H °C
HQ HQ ' Hz ﬁg Hz Hs v d ,
CH H, H CH
| 3 HSC\ CH; Hsy H, H CQ CQ ‘ 3 H
N C - C Lo G e e & CZ
e ¢ G c c 5 AL
C c H H H H | 2 C C
H, H, 5 2 2 2 CH; Ho Hs
CHj H, CHs
HsC CH Ha -~
L - /H\C, [ H AN /H\ N
C c c & | \ | 2 N oy c c
H H: | : CH, CH HaC ¢ H"C Hy  H
CH3 3 ? CH3 Hs Ho
H
o 2
CH CH o H  H  H .H_C
| Hoo' o HEL O M oG B T ‘?/ &
CH
yolad ¢H Hoo Mo Hz  Hy  H; _CH
HQ \“ﬁ/ -~
2

(wherein a dashed |ine represents a bonding arm)
[ 0185]

77



Hs H, H, Hs Ho Hs Hs Hs Hs Hs H,

\\‘C/C\ /C\C/C\C" ‘\C/ - /C\C/C\ /C\\ \‘C/ e \C/C\C/C\C,"

H:  H: H: Hy H, Hy  Hy Hy H;  Hz  Hy  Hz Hg
Ha Ha Hs Hs Hs Ha H; Hs H, H,
‘\C/C\C/C\C/C\C/C\C/Cx‘ "“C/C\C/C\C/C\C/C\C/C\C’”
H, H, Hy  Hy, Hy H:  H» H  Hy Hy H
H; H; H; H; H; Hs H, Hy H; H; H; H,

- C C C C C C. - C C C C C C o

-\C/ \C/ \C/ \C/ \C/ \C/ -~ \C/ \C/ \C/ \C/ \C/ \C/ \\C/
H; H; H; H: H: Hz H; H; H; H; H; Hy Hy
Hs H, Hs Hs Hz Hz H, H, H; Hs Hs Hs H; H;

- C C C C C C C. - C C C C C C C L
o T e e e e e o e T e T e e T e e
Ha Hz H; Hz Ha Ha Ha Hy H3 Ha Hz Hs H; H; H3

Hy H H
H2 H2 HQ HQ 2 2 2
oG MG o Mg O e AOHAC OO
Hs H, 9 H, Hs Hs H, Hs Ha Hz H
g? E gz gz H, 2 H, H,
. < e \EC/ e ‘xC/C\C/C\C/C\ ~ \C,"
Hy Hs H Hs Hs Hy /™. Hi H,
CH;
fowoaom oo oo
\.\ - “\ / -
e e e e e e FoR o R N A N
H, H, H, H  H, H H, H, H, Hy My Hy

(wherein a dashed |ine represents a bonding arm)

[0186]
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HaC CH; CH  “CH, ey L ~"TCHOCHp -7 CH . CHy
H C‘: (|3H H C|: C|:H ?H (:|:H2 H (‘: C‘:H H C|: Cl:H
2 2 7 2 7 =
\C/ “\C/ HQC\ /CHQ \C/ - ‘\C/ c-
Ha Ha CH, Ha B, H,
H,C —CH e
2C —CH;, Cc Hs
/ HQC/ \CHQ HZC‘CHQ /C\ . . |
HoC.  CH2 \ \ H,c™ TCH, o !
CH H.C. H -CH» HiC. /CHQ - GH
| c S el HoC._ CH: H,C CH, €7 e,
~.__CH | C . LT /
ﬁg - \\“C/CH\ H, ﬁz H-C—CH, H,C—CH,
Hz
H, | ; .
PN 1 H.C H,C H,C "
H,C ;’.EHQ S oy | | (\: H CQ
He —cH W R et e ¢ Te c e
’ . H Hs H; Ha H, H; i Ho
-~~CH; 2 Hs hoo o HiC.
3
- H,
Ha H: H.C HaC C.
CH.C_- H | Hy Hy Hs 22 | gz T
c c c c. C c C. P S N | H2
& S i S SR
H,C H H H 2 CH,M2 e c-
T 7 CH HeC e o
H Ho
/CQ‘ c. 22 22 ) , o
Ha HZ? |"|2 Hs HQC\: HZ : “CH \HC/ Hzé gz - 2‘
’C\ /C\ /C“\ "C\ /C“\ /C\*\ | ‘ - \C/ \C,/ T /C\\ -
A e O T
2 2 2 _CH;™ H 2 2
CHs Hae ™ 2 H; Hy ’ CH?‘ _.CH,
- HQC/CHZ
R Aa AN A I I N
Hs E T T e T e e e e e e
Ho H, Ho Ho H, Hy H, Ho
\ |
H  Hy Hy ! Hy  Hy  Hy HQC/CHQ
‘“c/C\C/C\C/C\C/E\C/C\C/C\C/C\U" Hp  Hy  Hy | Hip  Hy  Hp
Hz Hz H; Hz Hz Hz Hz H; ‘\“C/C\C/C\C/C\C/CH‘ R

H3 Hs H3 Hs Hz H: Hz Hz

(wherein a dashed |ine represents a bonding arm)
[0187]

Speci fic exanples of the al cohol or am ne
represented by the above general forrmula (1C) include

the follow ng, but are not |limted thereto.

79



XH HX
HX
4 "
J XH
@\ o 0 o o XH O il
g OH OH OH OH OH OH OH
F F F F F F

! e o 0 HX 0
XH HX
OH HX OH OH OH OH
F F F F F

XH

(o (o (o

i B S S
Pu O QY

(wherein X represents an oxygen atomor NR* and R* is
as defined above.)
[ 0188]
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F
F F
) ) F 0 0
X X
HX on H FoH HX HX Ao WX o
OH OH OH F

Q [e] F
[e] Q F 2\0 @H % (o] F
X
HO F HO oH F F
F F F F
(o] Q Q F (0] Q
ﬁj oy
X X X X X
H F on " Foo H F F HX Ho:@; H HO
OH OH OH F

OH F OH

o] o (o] o] Q
Ok
o] Q F
Q o Q F o]
X HX
H F HX on F on X F HX OH HX oH
OH F OH F F

(wherein X represents an oxygen atomor NR* and R* is
as defined above.)
[0189]

il e S I o Sl o
Q%g¢g¢ 977

Ry

CH OH

(wherein X represents an oxygen atomor NR* and R* is
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as defined above.)
[ 0190]

The cappi ng agent containing the phenolic hydroxyl
group is preferably used in an amount of 1 to 20 mass%
nore preferably 1 to 5 nass% relative to the tota
anmount of the urethane constituent conponents.

[0191]

The reaction tenperature at the tine of
pol yur et hane synthesis is appropriately changed
according to the kind of the reaction substrate. 1In
general, the tenperature is preferably 30°C to 200°C,
nore preferably 40°C to 120°C
[0192]

The pol yuret hane has a wei ght-average nol ecul ar
wei ght of preferably 10,000 to 500,000, nore preferably
15,000 to 200, 000, further preferably 20,000 to 150, 000.
The wei ght - average nol ecul ar wei ght (Mv) is nmeasured on
pol ystyrene basis by gel perneation chromatography (GPC).
[ 0193]

In the present enbodi nents, the pol yurethane
according to the present enbodi nents nmay further contain,
as an additive, an antioxi dant, defoamer, ultraviol et
absorber, and the like, if necessary.

[ 0194]
<Conductive Paste Conposition>

The conductive paste conposition of the present
I nvention contains (A) a conductive filler, (B) a
pol yur et hane cont ai ning the phenolic hydroxyl group of
t he present invention, and (C) a solvent, and preferably
further contains (D) a phenol conpound. Hereinafter,
each conponent will be described in nore details.

[ 0195]
(A) Conductive Filler
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Exanpl es of the component (A) for enhancing
el ectric conductivity include: nmetal particles or alloy
particles, such as powders of gold, silver, platinum
copper, tin, iron, magnesium titanium nickel,
pal | adi um al um num tungsten, nolybdenum rutheni um
chrom um indium or solder, and silver-plated powders
t hereof; powders of carbon, carbon black, carbon
nanot ube, silver chloride, zinc oxide, titanium oxide,
and indiumtin oxide; and the I|ike.

[ 0196]

From t he viewpoint of electric conductivity, gold,
silver, or platinumis preferable. Fromthe viewpoint
of price, silver, copper, tin, iron, titanium nickel,
al um num tungsten, nolybdenum ruthenium chrom um or
stainless steel is preferable. Conprehensively, silver
(silver powder) is nost preferable.

[0197]

The conductive filler particles my have any shape,
such as spherical, granular, angular, dendritic, flaky,
needl e-1ike, or irregular shape. Several types of
fillers may be used in conbi nation.

[ 0198]

The average particle size of the conductive filler
is not particularly limted, but is preferably 5 nmto
10 um.

[ 0199]

The method for neasuring the average particle size
is not particularly limted. For exanple, a |aser
diffraction-type particle size distribution measurenent
apparatus can be used for the neasurenent.

[ 0200]
The conductive filler is added in an anmobunt w thin

a range preferably exceeding 70 parts by mass, nore
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preferably 80 parts by mass or nore and 90 parts by mass
or less, relative to 100 parts by mass of a total of the
(A) conductive filler and (B) pol yurethane contai ning

t he phenolic hydroxyl group.

[ 0201]

(B) Pol yuret hane Containing Phenolic Hydroxyl G oup

Exanpl es of the pol yurethane containing the
phenolic hydroxyl group include those descri bed above.

[ 0202]

The pol yuret hane containing the phenolic hydroxyl
group may be used individually, or a plurality of kinds
t hereof may be m xed for use. Further, a part of the
pol yur et hane cont ai ni ng the phenolic hydroxyl group may
be substituted with a pol yurethane containing no
phenol i ¢ hydroxyl group.

[ 0203]

The pol yur et hane contai ni ng no phenolic hydroxyl
group is contained in an amount of preferably 0 to 30
mass% relative to a total amount of the pol yurethane
contai ning the phenolic hydroxyl group and the
pol yur et hane cont ai ni ng no phenolic hydroxyl group.

[ 0204]

Preferably, the pol yurethane containing the
phenol i c hydroxyl group further contains the
af orementi oned weakly acidic functional group.

[ 0205]

I n the conductive paste conposition of the present
i nvention, when the conductive filler is metal or alloy
particles, particularly a silver powder, it is presuned
that a silver salt is fornmed froman oxide film of the
silver powder and the phenolic hydroxyl group or the
weakly acidic functional group in the polyurethane, and

the silver salt is reduced by heat to formsilver
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nanoparticles. In this event, it is presuned that a
stable silver salt is fornmed in case of the functiona
group exhibiting strong acidity so that the reduction by
heat hardly progresses, while the silver salt and thus
silver nanoparticles are hardly fornmed in case of weak
acidity. Therefore, it is presuned that using a
pol yur et hane containing a functional group with
appropriate acidity enables silver salt formation and
silver salt reduction even by baking at relatively | ow
tenperature, thereby easily generating silver
nanoparticl es.
[ 0206]
(C) Sol vent

The component (C) is a solvent. By containing the
conponent (C), the conductive paste conposition has
sui table viscosity and enhanced workability.
[ 0207]

Specific exanples of the solvent as the conponent
(C) include: aromatic hydrocarbon-based sol vents, such
as toluene, xylene, cunene, 1,2,3-trinmethyl benzene,
1,2,4-trinmethyl benzene, 1, 3,5-trinethyl benzene, styrene,
ao-methylstyrene, butylbenzene, sec-butylbenzene,
I sobut yl benzene, cynene, diethyl benzene, 2-ethyl-p-
xyl ene, 2-propyltoluene, 3-propyltoluene, 4-
propyl toluene, 1,2,3,5-tetranethyltoluene, 1,2,4,5-
tetranmet hyl t ol uene, tetrahydronaphthal ene, 4-phenyl-1-
but ene, tert-anyl benzene, anyl benzene, 2-tert-
butyltol uene, 3-tert-butyltoluene, 4-tert-butyltol uene,
5-isopropyl -m xyl ene, 3-nethyl ethyl benzene, tert-butyl-
3-et hyl benzene, 4-tert-butyl-o-xylene, 5-tert-butyl-m
xyl ene, tert-butyl-p-xylene, 1,2-diisopropyl benzene,
1, 3-diisopropyl benzene, 1, 4-diisopropyl benzene,

di propyl benzene, pentanet hyl benzene, hexanet hyl benzene,
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hexyl benzene, and 1, 3,5-triethyl benzene; aliphatic

hydr ocar bon- based sol vents, such as n-hept ane,

I sohept ane, 3-nethyl hexane, 2, 3-di nethyl pent ane, 3-

et hyl pent ane, 1, 6-hept adi ene, 5-nethyl-1-hexyne,

nor bor nane, norbornene, dicycl opentadi ene, 1-nethyl-1, 4-
cycl ohexadi ene, 1-heptyne, 2-heptyne, cycl oheptane,

cycl oheptene, 1, 3-di net hyl cycl opent ane,

et hyl cycl opent ane, net hyl cycl ohexane, 1-nethyl-1-

cycl ohexene, 3-nethyl-1-cycl ohexene,

nmet hyl enecycl ohexane, 4-nethyl-1-cycl ohexene, 2-nethyl -
1- hexene, 2-nethyl-2-hexene, 1-heptene, 2-heptene, 3-
hept ene, n-octane, 2,2-dinmethyl hexane, 2, 3-

di met hyl hexane, 2, 4-di nmet hyl hexane, 2, 5-di net hyl hexane,
3, 3-di met hyl hexane, 3, 4-di net hyl hexane, 3-ethyl -2-

met hyl pent ane, 3-ethyl -3-nmet hyl pentane, 2-nethyl hept ane,
3- net hyl hept ane, 4-nethyl heptane, 2,2, 3-trinmethyl pentane,
2,2,4-trinmethyl pentane, cycl ooctane, cyclooctene, 1, 2-
di met hyl cycl ohexane, 1, 3-di nethyl cycl ohexane, 1, 4-

di net hyl cycl ohexane, ethyl cycl ohexane, vinylcycl ohexane,
i sopropyl cycl opent ane, 2, 2-di net hyl - 3- hexene, 2, 4-

di met hyl - 1- hexene, 2, 5-di net hyl - 1- hexene, 2, 5-di net hyl -
2- hexene, 3, 3-di net hyl -1-hexene, 3, 4-di nmethyl-1-hexene,
4, 4-di et hyl - 1- hexene, 2-ethyl-1-hexene, 2-nethyl-1-
hept ene, 1-octene, 2-octene, 3-octene, 4-octene, 1,7-
oct adi ene, 1-octyne, 2-octyne, 3-octyne, 4-octyne, n-
nonane, 2, 3-di net hyl hept ane, 2, 4-di net hyl heptane, 2, 5-
di met hyl hept ane, 3, 3-di net hyl hept ane, 3, 4-

di net hyl hept ane, 3, 5-di net hyl hept ane, 4-ethyl heptane, 2-
nmet hyl oct ane, 3-nethyl octane, 4-nethyl octane, 2,2, 4, 4-

t etranet hyl pent ane, 2,2, 4-trinmethyl hexane, 2,2, 5-

tri met hyl hexane, 2, 2-di nethyl -3-heptene, 2, 3-dinethyl - 3-
hept ene, 2, 4-di nmet hyl - 1- heptene, 2, 6-dinethyl-1-heptene,
2, 6-di met hyl - 3- hept ene, 3, 5-di net hyl - 3-heptene, 2,4, 4-
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trimethyl-1-hexene, 3,5,5-trinmethyl-1-hexene, 1-ethyl-2-
met hyl cycl ohexane, 1-ethyl-3-nethyl cycl ohexane, 1-ethyl-
4- met hyl cycl ohexane, propyl cycl ohexane,

i sopropyl cycl ohexane, 1,1, 3-trinethylcycl ohexane, 1,1, 4-
trimethyl cycl ohexane, 1,2,3-trinethylcyclohexane, 1,2, 4-
trimethylcycl ohexane, 1,3,5-trinethylcyclohexane,

al lyl cycl ohexane, hydrindane, 1, 8-nonadi ene, 1-nonyne,
2-nonyne, 3-nonyne, 4-nonyne, 1-nonene, 2-nonene, 3-
nonene, 4-nonene, n-decane, 3, 3-dinethyl octane, 3, 5-

di net hyl oct ane, 4, 4-di nmet hyl octane, 3-ethyl - 3-

nmet hyl hept ane, 2-net hyl nonane, 3-nethyl nonane, 4-

met hyl nonane, tert-butyl cycl ohexane, butyl cycl ohexane,

i sobutyl cycl ohexane, 4-isopropyl-1-methyl cycl ohexane,
pentyl cycl opentane, 1,1, 3,5-tetranethyl cycl ohexane,

cycl ododecane, 1-decene, 2-decene, 3-decene, 4-decene,
5-decene, 1, 9-decadi ene, decahydronapht hal ene, 1-decyne,
2-decyne, 3-decyne, 4-decyne, 5-decyne, 1,5,9-decatriene,
2,6-dinmethyl-2,4,6-octatriene, |inonene, nyrcene,
1,2,3,4,5-pentamethylcyclopentadiene, o-phellandrene,

pi nene, terpinene, tetrahydrodicycl opentadiene, 5, 6-

di hydr odi cycl opent adi ene, di cycl opent adi ene, 1, 4-

decadi yne, 1,5-decadiyne, 1,9-decadiyne, 2,8-decadiyne,
4, 6- decadi yne, n-undecane, anyl cycl ohexane, 1l-undecene,
1, 10-undecadi ene, 1-undecyne, 3-undecyne, 5-undecyne,
tricyclo[6.2.1.027]undeca- 4-ene, n-dodecane, 2-

nmet hyl undecane, 3-net hyl undecane, 4-nethyl undecane, 5-
nmet hyl undecane, 2, 2, 4, 6, 6- pent anet hyl hept ane, 1, 3-

di net hyl adamant ane, 1-et hyl adamant ane, 1,5, 9-

cycl ododecatriene, 1,2,4-trivinylcyclohexane, and

i soparaffin; ketone solvents, such as cycl ohexanone,
cycl opent anone, 2-octanone, 2-nonanone, 2-heptanone, 3-
hept anone, 4-heptanone, 2-hexanone, 3-hexanone,

di i sobutyl ketone, nethyl cycl ohexanone, nethyl n-pentyl
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ket one, nmethyl isobutyl ketone, and isophorone; al cohol
sol vents, such as 3-nmethoxybutanol, 3-nethyl-3-
met hoxybut anol , 1-nethoxy-2-propanol, and 1-ethoxy-2-
propanol ; ether solvents, such as propyl ene glycol
nonomet hyl et her, ethylene glycol nononethyl ether,
propyl ene gl ycol nonoethyl ether, ethylene glycol
nonoet hyl ether, propylene glycol dinethyl ether,
di et hyl ene gl ycol dinethyl ether, diethylene glycol
di et hyl ether, diethylene glycol nmononmethyl ether,
di et hyl ene gl ycol nonoet hyl ether, diethylene glycol
nonopr opyl ether, diethylene glycol nmonobutyl ether,
di i sopropyl ether, diisobutyl ether, diisopentyl ether,
di - n-pentyl ether, nethyl cyclopentyl ether, methyl
cycl ohexyl ether, di-n-butyl ether, di-sec-butyl ether,
di -sec-pentyl ether, di-tert-anyl ether, di-n-hexyl
et her, and ani sole; ester solvents, such as ethyl ene
gl ycol nonobutyl ether acetate, propylene glycol
nmononet hyl ether acetate, propylene glycol nonoet hyl
et her acetate, propylene glycol nonopropyl ether acetate,
propyl ene gl ycol nonobutyl ether acetate, propylene
gl ycol diacetate, diethylene glycol nononethyl ether
acetate, diethylene glycol nonoethyl ether acetate,
di et hyl ene gl ycol nonobutyl ether acetate, ethyl |actate,
et hyl pyruvate, butyl acetate, nethyl 3-
met hoxypropi onate, ethyl 3-ethoxypropionate, tert-butyl
acetate, tert-butyl propionate, and propyl ene glycol
nmono-tert-butyl ether acetate; |actone solvents such as
v-butyrolactone; terpene solvents, such as oa-terpineol,
a-pinene, dihydroterpineol, and dihydroterpinyl acetate;
and the |ike. These solvents may be used individually
or as a mxture of two or nore kinds thereof.
[ 0208]

Di et hyl ene gl ycol nonobutyl ether, diethylene
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gl ycol nonoet hyl ether acetate, or diethyl ene glycol
nmonobutyl ether acetate is particularly preferable
because the solvents hardly evaporate during printing
and inpart suitable viscosity for printing.

[ 0209]

The solvent (organic solvent) is preferably added
in an amount within a range of 100 to 1,000 parts by
mass relative to 100 parts by mass of (B) the
pol yur et hane.

[ 0210]
(D) Phenol Compound

Further, it is preferable to contain a phenol
conpound containing a structure represented by the

foll ow ng general fornula (2A) as the phenol conpound,

RG

I
_ - A

L
C’Z/ “~c
(HO 77 zz OH) (28)
kd
kb
Xf Af

L — _|ka ke

ke

wherein Ré represents a hydrogen atom a hal ogen atom a
cyano group, or a hydroxyl group; Ay represents a |inear
branched, or cyclic (ka+2)-val ent hydrocarbon group or a
fluorinated hydrocarbon group having 1 to 20 carbon
atoms, and -CH;- constituting the (ka+2)-val ent

hydr ocarbon group is optionally substituted with -0, -
C(=0) -, or -Si (RR3)-; “ka” represents an integer of O
to 2; “kb” and “kd” each represent 1 or 2; “kc” and “ke”
represent an integer of 0 to 2; and Z, Xf, ZZ, R?, and
R are as defined above.

[0211]

Ré represents a hydrogen atom a hal ogen atom a
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cyano group, or a hydroxyl group.
[0212]

Ay represents a |linear, branched, or cyclic
(ka+2) -val ent hydrocarbon group or a fluorinated
hydr ocar bon group having 1 to 20 carbon atonms, and - CHp-
constituting the (ka+2)-valent hydrocarbon group is
optionally substituted with -0, -C(=0)-, or -Si(RR3)-.
Specific exanples of the |inear, branched, or cyclic
(ka+2) -val ent hydrocarbon group having 1 to 20 carbon

atons as Ay include the follow ng.

H, oo o w X (:: ¢’
- o DL S . T - -
oN h ?H C C CH CHs ~o H7CH; HaC ™ ~CHa
’ Mz | Hy  H: ! H,
H H !
H: H z 2
- P M. CHs Lo G ACre
c o ReTi e c Mo H™C
Ha Ho : H, Ha Hz | :
?Ha HiC_ CHg H:  Ha ; gz 22 ?H3 H
C. Co . A el
Teor bt T \H/ ﬁ/ ¢ | ﬁz /E\C,C\
H o e Fa o M T CH; M H
CHs H CH
H, 2 ~CHa
HaC_ CHs ’ C\ . HoCoH.o ROl Mo o
o \ﬁ, \C/H\ﬁ’ (‘: | ‘ A, \\c/ﬁ‘c’/ S/H\a/ 3
Hz 2 éHg 2 CHs CHs HQC\CH3 H, H, 2 2
Hy
HyC.  CH e Hae — e Hoe " cH cH e
3 3 ' ' | HoC —-Hz Lo,
~oH CH HoC.  CHs 2 e S H.C™ CH
<7 CH ~ 2 2
i H,C 3 CH H,C H .CH; HyC.. CH | I
_CH ! ! C Gl HzC.. CH;
- ~___.CH o _.CH | C Wl
Ha ~C - C ~ . _CH Ho c N
Fiz Hz S Hz
2

(wherein a dashed |ine represents a bonding arm)
[0213]
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S Hy  Hy  Hi ~.H_C - c” :
HC GO JCHs L c. c. c Rolaire T L HEH
C C \C/ \c/ \C/ - | H2 HZC CHz ~C CH2
Hy  Ha H, H, Hs CH oo [
Ha S CHy HZC—CHy H,C —CH,
Tl gz ! éz gz Hy My
HCTTTCH, e “Chy R T = B R
| | !
HiC . __CHz HiC o CH Ho <|:H2 HiC., . CH oG OH -
e MRS
H; Hay CHz H2 H; H;
| - -7 -
c R HQ? HQ(\: Hs Hy  Hy
cAeT ‘ C SH.oC - £ -
GG b b e Cme HoCoor L CH G
: z C7H H, | A, i, | A, ; A \ Hz
Fe o M ’ ? CH, HiC. HLC.
H4C -
s Mot e o Cow,
| 7T NCH  HCT | ! 2 H,C c -
L ok B T S S
TG CHy H €. .CH - G G RL e co Ha
\ ; ~cT oo Ha Ha Hy : Hz CH,
HaC —CH, Hy  H, -CH: -

(wherein a dashed |ine represents a bonding arm)
[ 0214]

Hy Hy Hy  H, Hy Hy Hy  Hy Hy Hy H; H Hy Hy  Hy Hy H
Lo C..C._.C. Lo L. .Co .- ~ L e L C .- Lo L €. .C._.Cl
- - - (o C C c” - c-
H: M Ha H:  Hy Hy Hp H:  Ha Hz Hy H Hry  Hy Hy Hy Hp
Hy  Hy Hy Hy H Hy Hy Hy Hy Hy H Hy Hy Ha Hy Hy
. . - C N el €L C_C_.C._.C._. -
o C e e B LIPS oS e o
Hy Hy Hy Hy Hy H Hy H, H: Hy Hy H Hp Hy Hy Hy Hy Hy H
Hy H H H H Hy Hy Hy Hy H Hy H H
sl Ol OO LGl Gl CL Sl OO O O LG C -
~C C C C cC - ~C C C C C c”
Hp Hy M Hr Ha H M Hp Hy H Hy Hp Hy M H
Hy  Hy Hy Hy | Hy Hy Hy Hy Hy H Hy Hy N/ Hp  Hy
LHc C C. Lo L CH.Cl - R S oR SR O Lo L L C.Co .
- C c - - CH™C c” TC (" C [ - C C [
| H:  ha He P2 Hz Hp oy Hz Fr H: Hy Hy Hy Hy H;
Ha  Hz | Hi  Hz Hz Hy H H: H: Ha Hy Hy H H H H
AR . B O SN Ol = RO AU R SR SN O SN T RT U R O O TR S Oy B
~C C C"H™C CH C - CH C
e B H: Hz | Hy  Hy Hy Hy H | H: Ho /oy H R \
H Hy H Y Hy H; H Hy Hy H | Hy Hy
S e /c\ 4(:\ Pl /C\ - e N T //C\ P /c\ e
C C C [ C ~ C C [ C [ C
Hy Hy FHy A H FHp H O A T P

(wherein a dashed |ine represents a bonding arm)
[ 0215]

Specific exanples of the |inear, branched, or
cyclic (ka+2)-val ent fluorinated hydrocarbon group
having 1 to 20 carbon atons as Ay include the one in
which a part or all of the hydrogen atonms in the
hydr ocarbon group are substituted with a fluorine atom
[ 0216]
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“ka” represents an integer of 0 to 2, “kb” and
“kd” each represent 1 or 2, and “kc” and “ke” each
represent an integer of 0 to 2.
[0217]

Z, Xf, ZZ, R?, and R3 are as defined above.
[ 0218]

The phenol conpound represented by the above
general formula (2A) is preferably a phenol conpound

represented by the follow ng general fornula (2B),

Sogiactiy

e

ke ka ke

28B)

wherein Ay’ represents a linear, branched, or cyclic
(ka+2) -val ent hydrocarbon group or a fluorinated
hydr ocar bon group having 1 to 19 carbon atoms, and - CHp-
constituting the (ka+2)-valent hydrocarbon group is
optionally substituted with -0, -C(=0)-, or -Si(RR3)-;
“ka” represents an integer of 0 to 2; “kb”, “kc”, “kd”,
and “ke” each represent 1 or 2; and R?, R3], and RS are as
defi ned above.
[ 0219]

Ay’ represents a |linear, branched, or cyclic
(ka+2) -val ent hydrocarbon group or a fluorinated
hydr ocar bon group having 1 to 19 carbon atoms, and - CHp-
constituting the (ka+2)-valent hydrocarbon group is
optionally substituted with -0, -C(=0)-, or -Si(RR3)-.
[ 0220]

“ka” represents an integer of 0 to 2, and "“kb”
“kec”, “kd”, and “ke” each represent 1 or 2.
[ 0221]

R2, R3, and Ré are as defined above.
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[ 0222]
Speci fic exanples of the conpounds represented by

t he above general formulae (2A) and (2B) include the

foll ow ng.

Uy Ny
Q\Q 0., L UL, Q%@*

% U, Ui, Yo, Ui,
Q\%@ %©$©%©

@Qfﬁ@H 0. Vo Yo,

r ﬁo

)
Q\OH Q\OH o\) Q\OH OI-PQ\OH Ho\) QOH

@ SN
b‘ *CE; jou @ﬁg Q

[ 0224]
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OH o@ OO OH O O
on HO OH on MO OH O O
OH OH

@ ) . (L
0 Cﬁl\ 0 CJ\/L OH © CO,Me o} CO,Me o} cN
on H© OH : :OH HO : :OH HO : :OH

§© g{@ §© ﬁi;\ §©

OCF3 OH

[ 0225]

gE 2\0 EE F ggo F ggo F
@OH F K;LOH (;[ F C[OH QCFS
CF3 F OH F OH
F
0 o ) ) )
HO @F HO [ lOH HO @OCFS HO QOH HO @CB
OH OH

OCF3 OH
HO QOH HO FQOH HO @F HO QOH HO Qcm
CF3 F OH F OH
[ 0226]
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[ 0234]

OH OH OH OH

o
o o -
ol ot e e
HO © HO HO
OH OH OH OH

[ 0235]
The nethod for synthesizing the phenol conpounds
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represented by the above general formulae (2A) and (2B)
Is not particularly limted. The phenol conpounds can
be synthesized by an appropriate nmet hod dependi ng on the
structure thereof. For exanple, when “kb” and “kc” in
the formula (2B) represent 1, the synthesis can be

perfornmed by the steps (i) to (v) shown in the foll ow ng
reaction formula,

XA ‘ e
——OH
,'Ii (2Bb)
F
ke
M\\OR OH|\0R Rpoq/oﬁ\y‘o‘\o HO‘\OAYO|\OH
- ORp 2 ORp g 2 ORp T | by
< eBgy —i. ? M SR |7 Y SR |
£ F F £ F F
ke ke ke lka ke ke lka ke
(2Be) (2Bf) (2Ba)
(u)
XA ‘ .
——F
,ﬁ (2Bc)

wherein R, Ay’', “ka”, “kc” and “ke” are as defined
above; Rp represents an acid-labile group; and XA
represents a hal ogen atom
[ 0236]

The step (i) is a step of protecting a hal ogenated
phenol conpound (2Bb) to give an internediate
hal ogenated aryl conmpound (2Bd).
[ 0237]

The reaction of the step (i) easily proceeds under
known conditions. For exanple, when Rp is a tertiary
al kyl group such as a t-butyl group, t-anmyl group,
nmet hyl cycl opentyl group, ethyl cycl opentyl group,
met hyl cycl ohexyl group, ethyl cycl ohexyl group,
met hyl adamantyl group, and ethyl adamantyl group, the
reaction is preferably carried out at a reaction
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tenperature of -20°C to 50°C without a solvent or in a
sol vent such as toluene and hexane using a hal ogenat ed
phenol compound (2Bb) and ol efins corresponding to Rp
such as isobutene and isoanylene in the presence of an
acid catalyst. Exanples of the acid catalyst to be used
i nclude: inorganic acids such as hydrochloric acid,

sul furic acid, nitric acid, and perchloric acid; and
organi ¢ acids such as nethanesul foni c acid,
trifluoronethanesul fonic acid, p-toluenesulfonic acid,
and benzenesul fonic acid.

[ 0238]

The step (ii) is a step of subjecting a
fl uorobenzene conmpound (2Bc) to a nucl eophilic
substitution reaction to give the internediate
hal ogenated aryl conmpound (2Bd).

[ 0239]

The reaction of the step (ii) easily proceeds
under known conditions. When Rp is a tertiary al kyl
group such as, for exanple, a t-butyl group, t-anyl
group, nethylcycl opentyl group, ethylcyclopentyl group,
met hyl cycl ohexyl group, ethylcycl ohexyl group, and
met hyl adamantyl group, the reaction is preferably
carried out at a reaction tenperature of 10°C to 80°C in
a solvent such as tetrahydrofuran and N-nethyl -2-
pyrrolidone using the fluorobenzene conmpound (2Bc) and
al cohol corresponding to Rp such as t-butyl al cohol and
t-anyl al cohol, or correspondi ng al koxi des such as
potassiumt-butoxide in the presence of a base.
Exanpl es of the base to be used include: netal hydrides,
such as borane, al kyl borane, sodi um hydride, lithium
hydri de, potassium hydri de, and cal cium hydride; alkyl
metal conmpounds, such as trityllithium trityl sodi um
trityl potassium methyllithium phenyllithium n-
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butyllithium sec-butyllithium tert-butyllithium and
et hyl magnesi um brom de; al koxi des, such as sodi um
met hoxi de, sodium et hoxi de, |ithium nmethoxide, l|ithium
et hoxi de, lithiumtert-butoxide, and potassiumtert-
but oxi de; and the |ike.
[ 0240]

The step (iii) is a step of oxidizing the
hal ogenated aryl conpound (2Bd) to give an intermedi ate
phenol conmpound (2Be).
[ 0241]

The reaction easily proceeds by a known net hod.

Exanpl es of the nethod include the follow ng reaction

formul a,
XA~ MA (RIOYB._~ OH
| orp \@ORp ‘ | Lorp | or
éli Mg or Li /K B(OR'); (2J) /li H,0, 7 p
F F F T
ke ke ke \T{e
(2Bd) (2Bg) (2Bh) (2Be)

wherein Rp, “ke”, and XA are as defined above; MA
represents Li, MgCl, MgBr, and Myl; and R represents a
| i near, branched, or cyclic nmonoval ent hydrocarbon group
having 1 to 6 carbon atons.
[ 0242]

First, in a solvent such as tetrahydrofuran and
di et hyl ether, an organonetallic reagent (2Bg) is
prepared fromthe hal ogenated aryl conpound (2Bd) and Li
or My. Then, the reagent is reacted with a boric acid
ester conpound (2J) to give an aryl boronic acid
derivative (2Bh). Finally, an oxidant such as hydrogen
peroxi de, perform c acid, peracetic acid, or m
chl oroperbenzoic acid is used to obtain the internediate
phenol conpound (2Be). In this step, the reaction can

usual ly proceed in one-pot without a purification step.
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[ 0243]
The step (iv) is a step of etherifying the
i nt ermedi ate phenol conpound (2Be) to give an aryl ether
conpound (2Bf).
[ 0244]
The reaction easily proceeds by a known net hod.

Exanpl es of the nethod include the follow ng reaction

formul a,
OH ol 0
Ty S Ay T,
| ——ORp ( 1;\ 1 R o—'/j/ A [
Mo T .’T Etherification P o ‘6 > ORp
Y PRI SEO|R NP
L R® B F
ke ke _ka ke
(2Be) (2Bi) (2Bf)
wherein Rp, “ka”, “ke”, and Ay’ are as defined above;

and each T! i ndependently represents a hydroxyl group, a
hal ogen atom an al kane sul fonyl oxy group, or an arene
sul f onyl oxy group.
[ 0245]

Exanpl es of the etherification nmethod include an
et herification nmethod by base treatnent of the
i nt ermedi ate phenol conpound (2Be) and a | eavi ng group-
cont ai ni ng conpound (2Bi).
[ 0246]

Exanpl es of the hal ogen atom of T! include a
chloride atom a brom ne atom and an iodi ne atom
Furt her, exanples of the al kane sul f onyl oxy group and
arene sul fonyl oxy group of T! include nethane
sul fonyl oxy, trifluoronmethanesul fonyl oxy,
benzenesul f onyl oxy, and p-tol uenesul fonyl oxy group.
[ 0247]

Specific exanples of the base to be used incl ude:
al koxi des, such as sodi um nmet hoxi de, sodi um et hoxi de,

[ithium nethoxide, lithiumethoxide, lithiumtert-
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but oxi de, and potassiumtert-butoxide; organic am nes,
such as pyridine, triethylamne, N, N-dinmethylaniline,
and 4-di net hyl am nopyri di ne; i1norganic hydroxi des, such
as sodi um hydroxi de, l|ithium hydroxide, potassium

hydr oxi de, barium hydroxi de, and tetra-n-butyl amoni um
hydr oxi de; i norgani c carbonates, such as sodi um
carbonate, sodium bicarbonate, |ithium carbonate, and
pot assi um carbonate; netal hydrides, such as borane,

al kyl borane, sodi um hydride, lithium hydride, potassium
hydri de, and cal ci um hydri de; al kyl metal conpounds,
such as trityllithium tritylsodium trityl potassium
met hyl I'i thium phenyllithium sec-butyllithium tert-
butyl i thium nethyl magnesi um chl ori de, ethyl magnesi um

chl oride, and ethyl magnesi um brom de; netal am des, such

as sodi um am de, potassium am de, [ithium
di i sopropyl am de, potassium diisopropylam de, |ithium
di cycl ohexyl am de, potassium di cycl ohexylam de, |ithium

2,2,6,6-tetranet hyl piperidine, lithium

bi strinmethylsilylam de, sodium bistrimethylsilylam de
pot assi um bi strinmethylsilylam de, |ithium

i sopropyl cycl ohexyl am de, and bronomagnesi um

di i sopropyl am de; and the |ike. The anount of the base
to be used is preferably 0.9 to 10 noles, particularly
1.0 to 5.0 noles per nole of the intermedi ate pheno
conpound (2Be).

[ 0248]

Exanpl es of the solvent include: water; ethers,
such as tetrahydrofuran, diethylether, di-n-butylether,
and 1, 4-di oxane; hydrocarbons, such as n-hexane, n-
hept ane, benzene, toluene, xylene, and cunene; al cohols,
such as net hanol, ethanol, isopropyl alcohol, and tert-
butyl al cohol; aprotic polar solvents, such as dinethyl
sul f oxi de (DMSO) and N, N-di met hyl f or mam de (DMF); and
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chl ori ne-based organic solvents, such as nethyl ene
chloride, chloroform and carbon tetrachloride. One
kind or a conbination thereof can be selected and used
depending on the reaction conditions. The bases |isted
above thenselves may be used as a sol vent.

[ 0249]

The reaction tenperature and tine vary dependi ng
on the reagents and conditions. For exanple, when T! is
a brom ne atom and potassium carbonate is used as a base
to performthe reaction, the reaction tenperature is
fromroomtenperature to 120°C, preferably 30°C to 90°C,
fromthe viewoint of rapid conpletion of the reaction.
The reaction tinme is usually about 1 to 60 hours, though
it is preferable, in terns of yields, to nmonitor the
reacti on by gas chromat ography (GC) or silica gel thin-
| ayer chromatography (TLC) to conplete the reaction.

The aryl ether compound (2Bf) can be obtained fromthe
reaction m xture by typical aqueous post-treatnment
(aqueous work-up), and if necessary, it can be purified
according to a standard nethod such as distillation and
chr omat ogr aphy.

[ 0250]

The step (v) is a step of subjecting the aryl
et her conpound (2Bf) to a deprotection reaction to give
t he phenol conpound of the present invention.

[ 0251]

Exanpl es of the solvent include: hydrocarbons,
such as toluene, xylene, hexane, and heptane; chl orine-
based sol vents, such as nethyl ene chloride, chloroform
and di chl oroet hane; ethers, such as diethyl ether,
tetrahydrofuran, and di butyl ether; ketones such as
acetone and 2-butanone; esters such as ethyl acetate and

butyl acetate; nitriles such as acetonitrile; alcohols
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such as net hanol and ethanol; aprotic polar solvents,
such as N, N-di net hyl formam de, N, N-di net hyl acet am de,
and di net hyl sul foxide; and water. One kind or a

conmbi nation of two or nore kinds thereof can be sel ected
and used. Alternatively, the reaction can be perforned
wi t hout a sol vent.

[ 0252]

Exanpl es of the acid for use include: inorganic
aci ds, such as hydrochloric acid, sulfuric acid, nitric
acid, and perchloric acid; organic acids, such as
met hanesul fonic acid, trifluoromethanesul fonic acid, p-
tol uenesul fonic acid, and benzenesul fonic acid; and
Lewi s acids, such as boron trifluoride, trimethylsilyl
triflate, alum num chl oride, magnesium chloride, iron
chloride, zinc chloride, and titanium chloride; and the
li ke. Further, acid is used in an amount of preferably
0.001 to 5 noles, particularly 0.01 to 0.5 noles, per
nol e of the aryl ether conmpound (2Bf). Wen the anount
to be used is 0.001 noles or nore, the reaction rate
does not decrease and thus, there is no cost
di sadvant age due to increased reaction tinme. Wen the
amount to be used is 5 noles or |less, no side reactions
due to strong acidity occur and thus, the yields does
not decrease. |In addition, to reduce acidity, a base,
for exanple, am nes such as ammonia, triethylam ne
pyridine, lutidine, collidine, and N, N-di met hyl anili ne,
may be added.

[ 0253]

In the aforenenti oned deprotection reaction, an
appropriate reaction tenperature can be sel ected
dependi ng on the reaction conditions. Since the
reacti on may not proceed under |ow tenperature

conditions, the reaction tenperature is preferably 40°C
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to 120°C. Moreover, the reaction time is preferably
determ ned by nonitoring the progress of the reaction by
t hin-1ayer chromatography, gas chromat ography or the
like to inprove the yields. The reaction tine is

usual ly around 2 hours to 1 day. The reaction can
proceed by diluting the aryl ether conmpound (2Bf) with a
solvent, followed by adding acid and stirring with heat.
After conpletion of the reaction, the phenol conpound of
t he present invention can be obtained by a typical
aqueous post-treatnent (aqueous work-up), and if
necessary, it can be purified according to a standard
met hod such as distillation, recrystallization,
chromat ogr aphy, or the I|ike.

[ 0254]

When bl endi ng the aforenmenti oned phenol conpound
with the conductive paste conposition of the present
invention, it is contained preferably in a range
exceeding 0.5 parts by nmass, nore preferably 1 parts by
mass or nmore and 10 parts by mass or less relative to
100 parts by mass of a total of the (A) conductive
filler, (B) polyurethane containing the phenolic
hydr oxyl group, and (D) phenol conpound.

[ 0255]

The af orenenti oned phenol conpound has the sane
ef fect as the phenolic hydroxyl group and the weakly
acidic functional group in the pol yurethane of the
present invention. In other words, when the conductive
filler is netal or alloy particles, especially a silver
powder, it is presunmed that a silver salt is formed by
t he phenolic hydroxyl group of the phenol conpound and
an oxide filmof the silver powder, and the silver salt
is reduced by heat to generate silver nanoparticles. 1In

particul ar, the phenol conpound with an el ectron-
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wi t hdrawi ng group on an aromatic ring has inproved
acidity and facilitates formation of the silver salt as
conpared to a non-functional phenol. Therefore, it is
expected that silver nanoparticles are fornmed even at a
| ow tenperature. |In addition, when the phenol conpound
is the phenol conpound represented by the above general
formula (2B), it has a fluorine atomon the aromatic
ring, and it is expected that a nucleophilic
substitution reaction proceeds by the silver salt, and a
silver fluoride byproduct of the reaction is reduced by
heat or the |ike, thereby form ng silver nanoparticles.
[ 0256]
Conductive Wre

Mor eover, the present invention provides a
conductive wire formed on a substrate, the conductive
wi re containing a baked product of the conductive paste
conposition. A stretchable conductive wire is provided
when the substrate has stretchability.

Herei nafter, the conductive wire according to the

present invention will be described, but the present
I nvention is not limted thereto.
[ 0257]

Exanpl es of the substrate on which the conductive
wire is formed include pol yurethane, polyester, silicone,
nitrile rubber, butadi ene rubber, polyethylene,
pol ypropyl ene, polyolefin, PTFE, PFA, and the |like. The
substrate is preferably stretchable, nore preferably a
stretchabl e sheet or film further preferably a
stretchabl e pol yuret hane substrate, particularly
preferably a thernoplastic pol yurethane substrate. The
surface of the sheet may be flat or uneven. An uneven
surface allows formation of a stretchable wire having a

bel l ows-1i ke structure in a direction orthogonal to the
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substrate, and nmakes it possible to suppress change in
el ectric conductivity at the tinme of elongation and
shrinkage. Alternatively, it is also possible to use a
nonwoven fabric or a fabric made of stretchable fibers.
[ 0258]

The stretchable substrate preferably has a
stretchability of 1000% at maxi nrum Human skins are
known to stretch, according to the novenents, by 10% on
bones of chest and so forth, by 20% on abdom na
portions and so forth, and by 50% on joints. The
stretchability required for conductive wires vary
dependi ng on the attachnent | ocation on skin.

[ 0259]

Herei nafter, description will be given of the case
enpl oyi ng a substrate having stretchability (stretchable
substrate). The sane applies to a substrate having no
stretchability, and the present invention is not |limted
to the foll ow ng.

[ 0260]

A conductive wire made fromthe conductive paste
conposition of the present invention is forned on a
stretchabl e substrate. Suitable exanples of the nethod
for formng the conductive wire onto the stretchable
substrate includes, but not particularly limted to, dip
coating, spray coating, spin coating, roll coating, flow
coating, doctor coating, screen printing, flexographic
printing, gravure printing, inkjet printing, and the
like. Particularly, formng a wire pattern by printing
can enhance the productivity and enabl es free design,

i ncluding wiring w dth.
[ 0261]
The conductive wire to be used preferably has a

film thickness in a range of 10 nm to 1000 um, more
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preferably 5 um to 50 um.
[ 0262]

The conductive paste conposition is applied onto
the stretchabl e substrate by printing, and then baked.
In other words, a wire pattern is fornmed on the
substrate by printing the conductive paste conposition.
The baking tenperature for formng the wire pattern is
in a range of 60°C to 160°C, preferably 120°C to 150°C,
and the baking time is 1 second to 10 hours, preferably
10 mnutes to 5 hours. The baking can be perfornmed on a
hot plate or in an oven, or can be performed by flash
annealing in a shorter period of tinme at a higher
tenperature than the aforenmentioned tenperature. The
baking can al so be performed by irradiation with
infrared |ight.

[ 0263]

The electric conductivity of the stretchable
conductive wire can be eval uated by neasuring the
el ectric resistance between both ends of the wire forned
on the substrate. The stretchable conductive wire can
be eval uated as excell ent when the change in electric
resi stance before or during elongation of the substrate
is small and the degradation of the electric
conductivity after the el ongated substrate is shrunk and
returned to the original state is small. It is nore
preferable that no wire breakage occurs and the change
in electric resistance is small in repetitive
el ongati ons and shri nkages.

[ 0264]

Further, upon 20% el ongati on, the conductive wire
of the present invention preferably has electric
resi stance of 500% or | ess of electric resistance before

t he el ongation. The lower limt value is not
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particularly limted, and is preferably as | ow as
possi bl e; for exanple, 150% or nore. \When el ongations
and shri nkages are repeated 1000 tinmes at an el ongation
ratio of 20% the conductive wire preferably has a

maxi mum el ectric resistance of 5000% or |ess of electric
resi stance before the el ongations and shrinkages. The
lower imt value is not particularly limted, and is
preferably as | ow as possible; for exanple, 300% or nore.
These electric resistances can be nmeasured according to
a nmeasurenment nethod described |ater.

[ 0265]

Further, a cover filmmay be provided to cover the
conductive wire. Providing a cover filmcan inprove the
wat er resistance and nechani cal strength. The cover
filmalso needs to be stretchable since both of the
substrate and the conductive wire are stretchable. As
with the substrate, the material of the cover film can
be sel ected from pol yuret hane, urethane acryl ate,
pol yester, silicone, nitrile rubber, butadiene rubber,
pol yet hyl ene, pol ypropyl ene, polyol efin, PTFE, PFA, and
the like. The cover filmto be used preferably has a
thickness in a range of 10 nmto 1 mm
[ 0266]

The conductive wire formed by using the conductive
paste conmposition of the present invention shows high
el ectric conductivity, especially when it contains a
silver powder, since silver nanoparticles fornmed in the
wi re baking process are dispersed in the insulating
pol ymer anong the silver powder particles. Furthernore,
even when the distances between the silver powder
particles are increased as a result of the wire
el ongation, the electric conduction path is not easily

cut off because of the silver nanoparticles dispersed
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anong the silver powders, so that the wire rarely breaks

and the electric conductivity slightly changes.

EXAMPLE
[0267]

Herei nafter, the present invention will be
specifically described with reference to Synthesis
Exanpl es, Exanples, and Conparative Exanples. However,
the present invention is not limted thereto. Note that
wei ght - aver age nol ecul ar wei ght (Mv) and nunber-aver age
nol ecul ar wei ght (Mh) were neasured on pol ystyrene basis
by gel perneation chronmatography (GPC). The GPC
measur ement conditions are as foll ows.

Col umm: TSKgel G4000Hx, TSKgel G3000Hx., TSKgel G2000Hx.
(two)

Mobi | e phase: tetrahydrofuran

Col um oven tenperature: 40°C

Sanpl e concentration: 0.20 mass%

Sample injection amount: 100 uL

Flow rate: 1 nL/mn

[ 0268]

A polyurethane containing a phenolic hydroxyl
group was synthesi zed as foll ows.

[1] Synthesis of Phenolic Hydroxyl Group-Containing
Cappi ng Agent
Synt hesi s Exanple 1-1: Synthesis of Capping Agent 1

o

Etherification
Agent 1
: : Q
o o}
o e A

Bromophenoll Bromobenzenel Intermediate Phenol 1 Protecting Phenol 1 Capping Agent 1
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[ 0269]
Synt hesi s Exanmple 1-1-1: Synthesis of Bronpbbenzene 1
Under a nitrogen atnosphere, nmethanesulfonic acid
(4.8 g) was added to a toluene (10 g) solution of
br omophenol 1 (76.4 g) and isoanylene (112.2 g) at -20°C
to -10°C. After stirring at the sanme tenperature for 3
hours, triethylam ne (10.1 g) foll owed by 25 mass% of
caustic soda water (32.0 g) were added dropw se to stop
the reaction. Typical aqueous post-treatnment (aqueous
wor k-up) was performed. By distillation under reduced
pressure, bronobenzene 1 was obtained (84.6 g, yield:
819% .
Boiling point: 67°C/ 10Pa.
[ 0270]
Synt hesi s Exanple 1-1-2: Synthesis of Internediate
Phenol 1
Under a nitrogen atnosphere, a Gignard reagent
prepared in advance using bronobenzene 1 (52.2 g),
magnesi um (5.1 g), and 140 nL of tetrahydrofuran was
added dropwi se to a solution of trinethyl borate (22.9
g) and tetrahydrofuran (310 nL) at an internal
tenperature of -5°C or less. The stirring was conti nued
at a reaction tenperature of 5°C for 3 hours. Then,
acetic acid (18.0 g) and 35% hydrogen peroxide (25.3 Q)
were added at an internal tenperature of 30°C or |ess.
The stirring was continued at roomtenperature for 3
hours, followed by an ordinary post-treatnent nmethod and
recrystallization with a m xed sol ution of toluene/n-
hexane to obtain internediate phenol 1 (29.7 g, yield:
759 .
IR(D-ATR) :v=3233, 3071, 2941, 2929, 2853, 1622, 1601,
1512, 1480, 1465, 1447, 1378, 1334, 1311, 1205, 1196,
1158, 1111, 1097, 975, 966, 870, 8l6cm1i,
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1H-NMR (600MHz in DMSO-dé6) :5=9.52(1H, s), 6.88(1H, t),
6.55(1H, dd), 6.46(1H, dd), 1.62(2H, q), 1.14(6H, s),
0.93(3H, t)ppm
19F-NMR (565MHz in DMSO-d6) :8=-126.6(1F, s)ppm.
[0271]
Synt hesi s Exanple 1-1-3: Synthesis of Protecting Phenol
1

Under a nitrogen atnosphere, etherification agent
1 (36.9 g) was added at 60°C to 80°C to a slurry
solution of internmediate phenol 1 (29.5 g), potassium
carbonate (20.5 g), sodiumiodide (40 ng), and
di met hyl f ormal dehyde (74 g). After stirring at the sane
tenperature for 20 hours, water (160 g) was added
dropwi se to stop the reaction. Typical aqueous post-
treat ment (aqueous work-up) was perforned to obtain
protecting phenol 1 (53.2 g, crude yield: 91%.
[0272]
Synt hesi s Exanple 1-1-4: Synthesis of Capping Agent 1

A solution of the protecting phenol 1 (53.2 Q)
t hus obt ai ned, p-tol uenesulfonic acid nonohydrate (0.2
g), and toluene (140 g) was continuously heated and
stirred at an internal tenperature of 70°C to 100°C for
3 hours. Then, 50 g of water was added at an interna
tenperature of 30°C or less to stop the reaction
Thereafter, typical aqueous post-treatnent (aqueous
wor k-up) was perfornmed, followed by recrystallization
with a m xed solution of ethyl acetate/n-hexane to
obtain capping agent 1 (31.6 g, yield of two steps: 71%.
IR(D-ATR) :v=3483, 3189, 2919, 2852, 1605, 1521, 1477,
1468, 1449, 1395, 1313, 1275, 1263, 1243, 1205, 1163,
1113, 1046, 1032, 1008, 955, 864, 840, 799, 788cm1l.
1H-NMR (600MHz in DMSO-d6) :5=9.18 (1H, s), 6.82(1H, t),
6. 74(1H, dd), 6.54(1H, dd), 4.29(1H, s), 3.83(2H, t),

113



3.36(2H, t), 1.63(2H, nm, 1.16-1.44(16H, mppm
19F-NMR (565MHz in DMS0O-d6) :5=-133.7 (1F, t)ppmn.

[ 0273]

Synt hesi s Exanple 1-2: Synthesis of Capping Agent 2

o

@ @ Etherification @ %
Agent 1
o Q °
@ T,
OH

Fluorchenzene 1 Bromobenzene 2 Intermediate Phenol 2 Protecting Phenol 2 Capping Agent 2

[0274]
Synt hesi s Exanmple 1-2-1: Synthesis of Bronpbbenzene 2

Under a nitrogen atnosphere, fluorobenzene 1 (100
g) was added dropwi se at 0°C to 10°C to a solution
obt ai ned by di ssol ving t-butoxy potassium (63.9 g) in
THF (360 g). After stirring at the sane tenperature for
10 hours, water (150 g) was added dropw se to stop the
reaction. Typical aqueous post-treatnment (aqueous wor k-
up) was perfornmed. By distillation under reduced
pressure, bronobenzene 2 was obtained (98.6 g, yield:
77% .
Boiling point: 97-100°C /700Pa.
[ 0275]
Synt hesi s Exanple 1-2-2: Synthesis of Internediate
Phenol 2

| nt er medi at e phenol 2 was obtained in the sane
manner as in Synthesis Exanple 1-1-2, except that
bronobenzene 2 was used instead of bronpbenzene 1
(yield: 779 .
[ 0276]
Synt hesi s Exanple 1-2-3: Synthesis of Protecting Phenol
2
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Protecting phenol 2 was obtained in the sane
manner as in Synthesis Exanple 1-1-3, except that
I ntermedi ate phenol 2 was used instead of internediate
phenol 1 (yield: 92%.
[0277]
Synt hesi s Exanple 1-2-4: Synthesis of Capping Agent 2
Cappi ng agent 2 was obtained in the sanme nmanner as
i n Synthesis Exanple 1-1-4, except that protecting
phenol 2 was used instead of protecting phenol 1 (yield:
789 .
[ 0278]
Synt hesi s Exanple 1-3: Synthesis of Capping Agent 3

HE“

Etherlflcatlon
Agen
- @ RO

Bromophenol 3 Bromobenzene 3  Intermediate Phenol 3 Protecting Phenol 3 Capping Agent 3

[0279]
Synt hesi s Exanple 1-3-1: Synthesis of Bronobenzene 3
Bronobenzene 3 was obtained in the same manner as
in Synthesis Exanple 1-1-1, except that bronmophenol 3
was used instead of bronmophenol 1 (yield: 77%.
Boi l i ng point: 66°C/ 6Pa.
[ 0280]
Synt hesi s Exanple 1-3-2: Synthesis of Internediate
Phenol 3
| nt er medi at e phenol 3 was obtained in the sane
manner as in Synthesis Exanple 1-1-2, except that
bronobenzene 3 was used instead of bronobenzene 1
(yield: 629.
[ 0281]
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Synt hesi s Exanple 1-3-3: Synthesis of Protecting Phenol
3
Protecting phenol 3 was obtained in the sane
manner as in Synthesis Exanple 1-1-3, except that
i ntermedi ate phenol 3 was used instead of internediate
phenol 1 (yield: 82%.
[ 0282]
Synt hesi s Exanple 1-3-4: Synthesis of Capping Agent 3
Capping agent 3 was obtained in the same manner as
in Synthesis Exanple 1-1-4, except that protecting
phenol 3 was used instead of protecting phenol 1 (yield:
929% .
IR(D-ATR) :v=3494, 3215, 2932, 2918, 2849, 1613, 1526,
1503, 1480, 1470, 1434, 1400, 1287, 1264, 1212, 1183,
1091, 1077, 1054, 1020, 1004, 967, 942, 804cm1,
1H-NMR (600MHz in DMSO-d6) :5=9.75(1H, s), 6.70(2H, dt),
4.28(1H, t), 3.92(2H, t), 3.35(2H, m, 1.65(2H, m,
1.32-1.42(4H, m), 1.20-1.32(12H, mppm
19F-NMR (565MHz in DMSO-d6) :8=-158.1~-157.9(1F, m), -
159. 3~-159. 1(1F, m ppm
[ 0283]
Synt hesi s Exanple 1-4: Synthesis of Capping Agent 4

b @@ S

Bromophenol 4 Bromobenzene 4 Intermediate Phenol 4 Protecting Phenol 4 Capping Agent 4

[ 0284]

Synt hesi s Exanple 1-4-1: Synthesis of Bronobenzene 4
Bronobenzene 4 was obtained in the same manner as

in Synthesis Exanple 1-1-1, except that bronmophenol 4
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was used instead of bronmophenol 1 (yield: 72%.
Boi l i ng point: 53°C/ 15Pa.
[ 0285]
Synt hesi s Exanple 1-4-2: Synthesis of Internediate
Phenol 4
| nt er medi at e phenol 4 was obtained in the sane
manner as in Synthesis Exanple 1-1-2, except that
bronobenzene 4 was used instead of bronobenzene 1
(yield: 649 .
1H-NMR (600MHz in DMSO-d6) :5=9.99(1H, s), 6.44(2H, m),
1.62(2H, m, 1.15(6H, s), 0.94(3H, t)ppm
19F-NMR (565MHz in DMS0O-d6) :5=-122.9(2F, s)ppmn.
[ 0286]
Synt hesi s Exanple 1-4-3: Synthesis of Protecting Phenol
4
Protecting phenol 4 was obtained in the sane
manner as in Synthesis Exanple 1-1-3, except that
I ntermedi ate phenol 4 was used instead of internediate
phenol 1 (yield: 89%.
[ 0287]
Synt hesi s Exanple 1-4-4: Synthesis of Capping Agent 4
Cappi ng agent 4 was obtained in the sanme manner as
i n Synthesis Exanple 1-1-4, except that protecting
phenol 4 was used instead of protecting phenol 1 (yield:
739 .
IR(D-ATR) :v=3532, 3101, 2922, 2853, 2801, 1649, 1613,
1530, 1468, 1457, 1426, 1397, 1268, 1254, 1239, 1200,
1156, 1046, 1036, 1018, 855, 817, 804cm?.
1H-NMR (600MHz in DMSO-d6) :5=9.38(1H, s), 6.63(2H, m),
4.30(1H, s), 3.85(2H, t), 3.36(2H, t), 1.63(2H, m,
1.32-1.42(4H, m), 1.20-1.32(12H, mppm
19F-NMR (565MHz in DMSO-d6) :8=-158.1 (1F, m)ppm.
[ 0288]
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Synt hesi s Exanple 1-5: Synthesis of Capping Agent 5

HO@
Etherification
J[:tj“ ,[j:]\ ,[:tj\ _ Agent 1 7[;:11 ;: F

F
OH

Fluorobenzene 2  Bromobenzene 5  Intermediate Phenol b Protecting Phenol 5 Capping Agent b

[ 0289]
Synt hesi s Exanple 1-5-1: Synthesis of Bronobenzene 5
Bronobenzene 5 was obtained in the same manner as
in Synthesis Exanple 1-2-1, except that fluorobenzene 2
was used instead of fluorobenzene 1 (yield: 949%.
Boil i ng point: 82-84°C/ 300Pa.
[ 0290]
Synt hesi s Exanple 1-5-2: Synthesis of Internediate
Phenol 5
| nt er medi at e phenol 5 was obtained in the sane
manner as in Synthesis Exanple 1-1-2, except that
bronobenzene 5 was used instead of bronobenzene 1
(yield: 629 .
[ 0291]
Synt hesi s Example 1-5-3: Synthesis of Protecting Phenol
5
Protecting phenol 5 was obtained in the sanme
manner as in Synthesis Exanple 1-1-3, except that
i ntermedi ate phenol 5 was used instead of internediate
phenol 1 (yield: 81%.
[ 0292]
Synt hesi s Exanple 1-5-4: Synthesis of Capping Agent 5
Cappi ng agent 5 was obtained in the sanme nmanner as
i n Synthesis Exanple 1-1-4, except that protecting

phenol 5 was used instead of protecting phenol 1 (yield:
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779 .
[ 0293]
Synt hesi s Exanple 1-6: Synthesis of Capping Agent 6

Br Br %
Etherification
Agent 1
- OCFy — OCF3
OCF QOCF;

F o] o]
OCF; K
Fluorobenzene 3 Bromobenzene © Intermediate Phenol & FProtecting Phenol#é Capping Agent &

[ 0294]
Synt hesi s Exanple 1-6-1: Synthesis of Bronobenzene 6

3

Bronobenzene 6 was obtained in the same manner as
i n Synthesis Exanple 1-2-1, except that fluorobenzene 3
was used instead of fluorobenzene 1 (yield: 779%.
Boi ling point: 99-100°C 1KPa.
[ 0295]
Synt hesi s Exanple 1-6-2: Synthesis of Internediate
Phenol 6

| nt er medi at e phenol 6 was obtained in the sane
manner as in Synthesis Exanple 1-1-2, except that
bronobenzene 6 was used instead of bronobenzene 1
(yield: 68%.
[ 0296]
Synt hesi s Exanple 1-6-3: Synthesis of Protecting Phenol
6

Protecting phenol 6 was obtained in the sane
manner as in Synthesis Exanple 1-1-3, except that
i ntermedi ate phenol 6 was used instead of internediate
phenol 1 (yield: 86%.
[ 0297]
Synt hesi s Exanple 1-6-4: Synthesis of Capping Agent 6

Cappi ng agent 6 was obtained in the sanme manner as
in Synthesis Exanple 1-1-4, except that protecting
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phenol 6 was used instead of protecting phenol 1 (yield:
869 .

[ 0298]

Synt hesi s Exanple 1-7: Synthesis of Capping Agent 7

HO OH Br @
Etherification Rgent 2 OH O
OH \IIIII\\]IIII\
OH

Dihydroxybenzene 1 Capping Agent 7

[ 0299]

Synt hesi s Exanple 1-7-1: Synthesis of Capping Agent 7
Under a nitrogen atnosphere, etherification agent

2 (19.5 g) was added at 60°C to 80°C to a slurry

sol ution of dihydroxybenzene 1 (55.9 g), potassium

carbonate (41.5 g), sodiumi odide (100 ng), and

di met hyl f or mal dehyde (300 g). After stirring at the

sanme tenperature for 3 hours, water (400 g) was added

dropwi se to stop the reaction. Typical aqueous post-

treatment (aqueous wor k-up) was perforned.

Recrystallization was performed with a m xed sol ution of

et hyl acetate/n-hexane to obtain capping agent 7 (18.6 g,

yield: 62%.

[ 0300]

Synt hesi s Exanple 1-8: Synthesis of Capping Agent 8
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o

Eﬁr
HO HO o
Etherification Agent 1
O

Dihydroxyhenzene 2 g Agent

[ 0301]

Synt hesi s Exanple 1-8-1:. Synthesis of Capping Agent 8
Cappi ng agent 8 was obtained in the same manner as

in Synthesis Exanple 1-7-1, except that di hydroxybenzene

2 and etherification agent 1 were used instead of

di hydroxybenzene 1 and etherification agent 2

respectively (yield: 43%.

[ 0302]

Synt hesi s Exanple 1-9: Synthesis of Capping Agent 9

Br

HO HO
Etherification Agent 1
S 0
OH
CN Ho OH
CN
Dihydroxybenzene 3 Capping Agent 9

[ 0303]

Synt hesi s Exanmple 1-9-1: Synthesis of Capping Agent 9
Capping agent 9 was obtained in the same manner as

in Synthesis Exanple 1-7-1, except that di hydroxybenzene

3 and etherification agent 1 were used instead of

di hydr oxybenzene 1 and etherification agent 2

respectively (yield: 45%

[ 0304]

121



Synt hesi s Exanple 1-10: Synthesis of Capping Agent 10

Br 0
O S I
Ho 0 o” o o~ o
Etherification Agent 3 H
F |
o) OH OH
< :
/>(O OH
Intermediate Phenol 1 Protecting Phenol 10 Capping Agent 10

[ 0305]
Synt hesi s Exanple 1-10-1: Synthesis of Protecting Pheno
10
Protecting phenol 10 was obtained in the sanme
manner as in Synthesis Exanple 1-1-3, except that
etherification agent 3 was used instead of
etherification agent 1 (yield: 819%.
[ 0306]
Synt hesi s Exanple 1-10-2: Synthesis of Capping Agent 10
Cappi ng agent 10 was obtained in the sane manner
as in Synthesis Exanple 1-1-4, except that protecting
phenol 10 was used instead of protecting phenol 1 (yield
869 .
[ 0307]
Synt hesi s Exanple 1-11: Synthesis of Capping Agent 11

X,

(SR o/

OH % o ><O OH OH

Etherification Agent 4

SIS o SN o

Intermediate Phenol 1 Protecting Phenol 11 Capping Agent 11

[ 0308]
Synt hesi s Exanple 1-11-1: Synthesis of Protecting Pheno
11
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Protecting phenol 11 was obtained in the same
manner as in Synthesis Exanple 1-1-3, except that
etherification agent 4 was used instead of
etherification agent 1 (yield: 82%.

[ 0309]
Synt hesi s Exanple 1-11-2: Synthesis of Capping Agent 11

Cappi ng agent 11 was obtained in the sane manner
as in Synthesis Exanple 1-1-4, except that protecting
phenol 11 was used instead of protecting phenol 1
(yield: 759%.

IR(D-ATR) :v=3619, 3292, 2948, 2890, 1608, 1516, 1452,
1386, 1280, 1234, 1191, 1157, 1109, 1101, 1052, 1023,
966, 945, 912, 851, 841, 823, 798, 756, 740cm?.

1H-NMR (600MHz in DMSO-d6) :5=9.20(2H, s), 6.82(2H, t),
6.76(2H, dd), 6.57(2H,dd), 4.55(2H, t), 3.85(4H, s),
3.54(4H, d)ppm

[ 0310]

[2] Synthesis of Weakly Acidic Functional G oup-
Cont ai ni ng Pol yol

Synt hesi s Exanple 2-1: Synthesis of Hexafl uoroal cohol -

Cont ai ni ng Chai n Extender 1

FaC CFs MeONa/MeOH HO\:%j/OH
HO OH 4+ ’OWRKOH ST

O
oH 3 O) OH
Esterification Agent 1 FaC CFj
Chain Extender 1
[0311]

Synt hesi s Exanple 2-1-1: Synthesis of Chain Extender 1
Under a nitrogen atnosphere, trinmethyl ol propane

(1260 g), esterification agent 1 (1415 g), and a

met hanol solution (60.7 g) of 28 mass% of sodi um

met hoxi de were stirred at 100°C to 140°C. Ester

exchange was perfornmed while nethanol was being
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distilled off. After the reaction was conpl eted, the
resul tant was cooled to 50°C or | ess and neutralized

wi th hydrochloric acid. Thereafter, typical aqueous
post-treatment (aqueous work-up) was performed, foll owed
by recrystallization with a m xed solution of |PE/ n-
hexane to obtain 949 g of chain extender 1 (purity:
99.1% vyield: 46.2%.

Chai n extender 1:

Whit e powder

1H-NMR (DMSO-d6) :5=0.78 (3H,t), 1.26 (2H,q9), 3.27 (4H,m),
4.17 (2H,s), 4.49 (2H,t), 9.08 (1H,s)

[0312]

Synt hesi s Exanple 2-2: Synthesis of Hexafl uoroal cohol -
Cont ai ni ng Chai n Extender 2

FaC CF3 MeONa/MeOH HO\/EOH

HO“/EQH + ”OWHKOH T /?
OH 0 o7 OH
Esterification Agent 1 F3C CF3

Chain Extender 2

[ 0313]

Synt hesi s Exanple 2-2-1: Synthesis of Chain Extender 2
Chai n extender 2 was obtained in the same manner

as in Synthesis Exanple 2-1-1, except that glycerol was

used instead of trinmethylol propane as a raw nateri al

(yield: 409 .

[ 0314]

Synt hesi s Exanple 2-3: Synthesis of Hexafl uoroal cohol -

Cont ai ni ng Chai n Extender 3
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Strongly-Acidic O

Cation Exchange Resin E

0
F4C e
FaCEﬁOWH OYO HO OH
070

Alcohol 3
oo o oo ELN

CO-H COC| o]
0 CH
Carboxylic Acid1 Acid Chloridel O)YOH OFSC : F
FsC CF3
Intermediate 3 Chain Extender 3
[ 0315]

Synt hesi s Exanple 2-3-1: Synthesis of Internmediate 3
Under a nitrogen atnosphere, oxalyl chloride (8.7
g) was added to a suspensi on containing carboxylic acid
1 (10.0 g), toluene (50.0 g), and 2 drops of N, N-
di met hyl formam de. After stirring at roomtenperature
for 5 hours, the solvent was distilled off under reduced
pressure to obtain acid chloride 1.
Under a nitrogen atnosphere, an acetonitrile
solution of acid chloride 1 was added to a sol ution of
i ce-cool ed alcohol 3 (15.6 g), triethylamne (7.9 @),
and acetonitrile (20 m.), and stirred at room
tenperature overnight. After the reaction was conpl et ed,
wat er was added. Typical post-treatnent was perfornmed
to obtain 19.0 g of intermediate 3 (crude yield: 80%
[ 0316]
Synt hesi s Exanple 2-3-2: Synthesis of Chain Extender 3
The internediate 3 (15.0 g) thus obtai ned,
met hanol (30 g), and strongly-acidic cation exchange
resin (1 g) were heated under reflux. While acetone was
distilled off, deprotection was performed. After the
reacti on was conpl eted, the ion exchange resin was
renoved and the solvent was distilled off. Thus 13.3 g
of chain extender 3 was obtained (crude yield: 97%.
[0317]
Synt hesi s Exanple 2-4: Synthesis of Hexafl uoroal cohol -
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Cont ai ni ng Chai n Extender 4

CF;
HOMH
Fs O><O HO’j;\OH
o

% Alcohol 4 Strongly-Acidic
o><o (COCl), (@) Et,N Cation Exzchange Resin
7 o070
OH cocl Eoo
i ‘ CF. 3
Acid Chloride 1 3
FsC H Chain Extender 4
Intermediate 4

[0318]

Synt hesi s Exanple 2-4-1: Synthesis of Internmediate 4
I ntermedi ate 4 was obtained in the same manner as
in Synthesis Exanple 2-3-1, except that al cohol 4 was
used i nstead of al cohol 3.
[ 0319]
Synt hesi s Exanple 2-4-2: Synthesis of Chain Extender 4
Chai n extender 4 was obtained in the same manner
as in Synthesis Exanple 2-3-2, except that internedi ate
4 was used instead of internediate 3 (yield of two
steps: 75%.
[ 0320]
Synt hesi s Exanple 2-5: Synthesis of Pentafl uoroal cohol -
Cont ai ni ng Chai n Extender 5

0
HO
O on
¥R 0 0
)(o alcohol & Strongly-Acidic HO OH
0 {COCl)» 0 EtaN Cation Exzchange Resin

O
0“0 ©
Fa
CO-H COocCl CF, O+CF
; : ; : s} 3
Carboxylic Acidl Acid Chloride 1 o CF4 HO
Intermediate 5 Chain Extender 5
[ 0321]

Synt hesi s Exanple 2-5-1: Synthesis of Internmediate 5

I ntermedi ate 5 was obtained in the same manner as
i n Synthesis Exanple 2-3-1, except that alcohol 5 was
used i nstead of al cohol 3.
[ 0322]
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Synt hesi s Exanple 2-5-2: Synthesis of Chain Extender 5
Chai n extender 5 was obtained in the same manner

as in Synthesis Exanple 2-3-2, except that internedi ate

5 was used instead of intermediate 3 (yield of two

steps: 75%.

[ 0323]

Synt hesi s Exanple 2-6: Synthesis of

Trifl uoronet hanesul f onam de- Cont ai ni ng Chai n Extender 6

02 G2

8.5 >%
O><O FBC 0 CF3 Q Strongly-Acidic Ho/ﬁ/\OH

Et3N W Cation Exchange Resin

HN..
k+) HN. S0z
NH2 SOZ CF3
Amine 1 CF3
. Chain Extender &
Intermediate &
[ 0324]

Synt hesi s Exanple 2-6-1: Synthesis of Internediate 6
Under a nitrogen atnosphere,

trifluoromet hanesul fonic anhydride (32.1 g) was added

dropwise at -78°C to a mixed solution containing amine 1

(15.0 g), dichloronethane (45.0 g), and triethylam ne

(12.5 g), and stirred at the sane tenperature for 2

hours. The tenperature was increased to room

tenperature, and the m xture was further stirred for 1

hour. Then, water was added while the m xture was bei ng

cooled with ice to stop the reaction. Thereafter,

typi cal post-treatnent was perfornmed to obtain 22.7 g of

internediate 6 (crude yield: 78%.

[ 0325]

Synt hesi s Exanple 2-6-2: Synthesis of Chain Extender 6
Chai n extender 6 was obtained in the same manner

as in Synthesis Exanple 2-3-2, except that internedi ate

6 was used instead of internmediate 3 (yield: 87%.

[ 0326]
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[ 3] Synthesis of Weakly Acidic Functional G oup-
Cont ai ni ng Pol yur et hane

Raw material s

<Hi gh- Mol ecul ar - Wei ght Pol yol s>

* Nl PPOLAN 4010 (manufactured by Tosoh Corporation):

pol yester polyol, nunber-average nol ecul ar wei ght: 2000
* Nl PPOLAN 4009 (manufactured by Tosoh Corporation):

pol yester polyol, nunber-average nol ecul ar wei ght: 1000
+ KURARAY POLYOL P-2010 (manufactured by KURARAY CO.,
LTD.): polyester polyol, nunber-average nol ecul ar

wei ght: 2000

+ KURARAY POLYOL C-2090 (manufactured by KURARAY CO.
LTD.): polycarbonate pol yol, nunber-average nol ecul ar
wei ght: 2000

« PLACCEL 210 (manufactured by DAI CEL CORPORATI ON) :

pol ycaprol actone diol, nunber-average nol ecul ar wei ght:
1000

[ 0327]

<Di i socyanat e>

+ 2,4-tolylene diisocyanate or 2,6-tolylene diisocyanate,
and i somer m xture thereof (TDI)

- i sophorone diisocyanate (1PDI)

[ 0328]

<Chai n Ext ender >

o Ho”:t“OH
HO OH HO”:t“OH
Q(\OH \(\OH o0 T Hoff\
025\

) OH
O/J OH O CF, ¢F3
ECr,  FoC URs &OH F.C™ OH HBLCH

F.C CFs
! ChainExtender 6

ChainExtenderl ChainExtender2 ChainEztender3 ChainExtender4 ChainExtender5

[ 0329]
<Cappi ng Agent >
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EE 2\0 EE @\o F @E F EE
ISR sTFOR Wl oINSk o SRS R o b o B
F OH F F OH

OH

Capping Agent 1 Capping Agent 2 Capping Agent 3 Capping Agent 4 Capping Agent 5 Capping Rgent 6
)
o° o

L J :
HO T
OH O o ! o><o O\
® o 3 o
HO
O o OH FO ko OH
oH o N oH F F

Capping Agent 7 Capping Rgent 8 Capping Agent 9 Capping Agent 10 Capping Agent 11 Capping Agent 12

CH OH

Commerci al ly avail abl e cappi ng agent 12 was used.
[ 0330]

<Cat al yst >

+ XK- 640 (manufactured by KING | NDUSTRI ES, Inc.)
[ 0331]

Synt hesi s Exanple 3

Under a nitrogen atnosphere, 40 nass% of NI PPOLAN
4009 in 445.8 g of BCA solution was added dropw se to
86.0 g of TDI, 134.2 g of diethylene glycol nonobutyl
et her acetate (BCA), and 0.36 g of XK-640 (manufactured
by KING I NDUSTRIES, Inc.), and the m xture was stirred
for 1 hour to prepare prepolymer. The prepolynmer
sol ution was heated to 90°C, and 50 mass% of chain
extender 1 in 232.9 g of BCA solution was added dropw se
thereto. After it was matured at the sane tenperature
for 10 hours, 10 mass% of capping agent 1 in 91.1 g of
BCA sol ution was added and matured for 1 hour.

PUL:
Mv=125, 190, Mw/ Mh=3. 53
[ 0332]

PU2 to PUL7 and Conparative PUlL to Conparative PU3
were synthesized by the sane procedure as in Synthesis
Exanpl e 3, except that the kinds and proportions of
di i socyanate, high-nol ecul ar-wei ght polyol, chain

ext ender, and capping agent, as well as the amount of
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catal yst used were changed to those shown in Tables 1
and 2.
[ 0333]
[ TABLE 1]
Nblkgcguhl-ar- Di i socyanate Ex(ihear:dner Ciggin?g Cat al yst M
Wei ght Pol yol s [pnaésts]by [part by | [part by [prraésts]by " M
[ part by mass] mass] mass]
puL | NI PPc[J_4A5|\]1 4009 [Tzal] 1[ 29] 1[2] %'.61‘50 125,190 | 3.53
bz | NI PP?_4A31\]| 4009 l[ng]l 2[ 24] 1[2] Fg 8310 72,110 | 3.22
puz | N PPc[J_4A6|\]1 4010 [Tg] 3[31] 1[2] %'.61‘50 98,690 | 4. 15
pU4 Pi 4212110 [Tgrg] 4[ 30] 1 2] %'.61‘50 89,330 | 4.24
bUS ci 4212190 [TsDzl] 5[ 30] 1[2] %‘_61‘50 78,980 | 3.61
PUS PLA(E(;ESL] 210 [Tﬂ] 6[ 29] 1[2] %'.61‘50 82,630 | 3.99
b7 | NI PP?_4A51\]| 4009 [Tﬂ] 1[ 29] 2[ 2] %‘_61‘50 111, 430 | 4.22
pug | NI PPc[J_4A5|\]1 4009 [Tzal] 1[ 29] 3[ 2] %'.61‘50 110,260 | 4.12
pUg | NI PP?_4A5|\]I 4009 [T2DA!] 1[ 29] 4[ 2] )%_.61‘50 127,670 | 4.65
puto | NI PP?_4A51\]| 4009 [Tﬂ] 1[ 29] 5[ 2] %—.61450 95,410 | 4.11
[ 0334]
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[ TABLE 2]

. . Cappi ng
Hi gh- . Chai n
D t
Mol ecul ar - I I[;Z?%/ags ® | Ext ender ,[Aggrn: E:ggflt yks); My Mw/
Wei ght Pol yol s [part by P Mh
9 y mass] by mass]
[ part by mass] mass] mass]
NI PPOLAN 4009 TDI XK- 640
PU11 [ 45] [ 24] 1[ 29] 6[ 2] (0. 1] 100, 990 | 4. 73
NI PPOLAN 4009 TDI XK- 640
PU12 [45] [ 24] 1[ 29] 7[ 2] [0.1] 99,860 | 3.93
NI PPOLAN 4009 TDI XK- 640
PU13 [ 45] [ 24] 1[ 29] 8[ 2] (0. 1] 102, 770 | 4. 33
NI PPOLAN 4009 TDI XK- 640
PU14 [ 45] [24] 1[ 29] 9[ 2] (0. 1] 115, 040 | 4. 88
NI PPOLAN 4009 TDI XK- 640
PU15 [ 45] [24] 1[ 29] 10[ 2] (0. 1] 111,130 | 5. 15
NI PPOLAN 4009 TDI XK- 640
PU16 [ 45] [ 24] 1[ 29] 11[ 2] (0. 1] 104, 950 | 4. 44
NI PPOLAN 4009 TDI XK- 640
PUL7 [ 45] [24] 1[ 29] 12[ 2] (0. 1] 121, 670 | 4. 57
Conparative NI PPOLAN 4009 TDI XK- 640
PUL [ 46] [ 24] 1[ 30] (0. 5] 119, 220 | 4. 22
Conpar ative NI PPOLAN 4009 | PDI XK- 640
P2 [43] [30] 2[ 27] [2.00] 63,690 | 2.05
Conparative NI PPOLAN 4009 TDI XK- 640
PU3 [45] [ 24] 5[ 31] (0. 05] 79,680 | 2.42
[ 0335]
A phenol conmpound to be used as an additive was

synt hesi zed as foll ows.

[4] Synthesis of Phenol
Synt hesi s Exanple 4-1:

Bromophenol 1

[ 0336]

Synt hesi s Exanple 4-1-1:

12

manner

%qi

Protecting phenol
as in Synthesis Exanple 1-1-3,

Bromobenzene 1

v

Etherification
Agent 5

@

Intermediate Phenol 1

Conmpound

12 was obt ai ned
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Protecting Phenol 12 Phenol 1

1
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except that
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etherification agent 5 was used instead of
etherification agent 1 (yield: 85%.
[ 0337]
Synt hesi s Exanple 4-1-2: Synthesis of Phenol 1

Phenol 1 was obtained in the same manner as in
Synt hesi s Exanple 1-1-4, except that protecting phenol
12 was used instead of protecting phenol 1 (yield: 849%.
IR(D-ATR) :v=3402, 2953, 2942, 2920, 2870, 2854, 1607,
1516, 1479, 1471, 1460, 1398, 1313, 1275, 1255, 1205,
1158, 1111, 1028, 840, 788cm1.
1H-NMR (600MHz in DMSO-d6) :5=9.18(1H, s), 6.82(1H, t),
6. 72(1H, dd), 6.54(1H, dd), 3.82(2H, t), 1.62(2H, m,
1.14-1.38(18H, m, 0.83(3H, t)ppm
19F-NMR (565MHz in DMSO-d6) :8=-133.7 (1F, t)ppm.
[ 0338]
Synt hesi s Exanple 4-2: Synthesis of Phenol 2

L
PN, gg@ %

Fluorobenzene 2 Bromobenzene5 Intermediate Phenolb

Protecting Phenol 13 Phenol 2

[ 0339]
Synt hesi s Exanple 4-2-1: Synthesis of Protecting Phenol
13

Protecting phenol 13 was obtained in the sanme
manner as in Synthesis Exanple 4-1-1, except that
i ntermedi ate phenol 5 was used instead of internediate
phenol 1 (yield: 88%.
[ 0340]
Synt hesi s Example 4-2-2: Synthesis of Phenol 2

Phenol 2 was obtained in the sane manner as in
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Synt hesi s Exanple 1-1-4, except that protecting phenol
13 was used instead of protecting phenol 1 (yield: 72%.
IR(D-ATR) :v=3423, 2954, 2942, 2920, 2853, 1639, 1l6le,
1531, 1478, 1472, 1379, 1400, 1379, 1244, 1214, 1152,
1054, 1032, 1020, 828, 822, 809, 789cmli,

IH-NMR (maj or isoners only, 600MHz in DMSO

de) :06=10.32(1H, s), 6.38(1H, m), 6.27(1H, m), 3.82(2H
t), 1.63(2H, m, 1.16-1.40(18H, nm), 0.82(3H, t)ppm
I9F-NMR (major isomers only, 565MHz in DMSO-d6) :&=-
137.4(1F, m, -171.7(1F, mppm

[ 0341]

Synt hesi s Exanple 4-3: Synthesis of Phenol 3

Br Br g\
Etherification
Agent 5
— OCF: OCF3 \[:;]\
F OCFS OCF;3

O\K o
OCF5

Fluorobenzene 3 Bromobenzene 6 Intermediate Phenol &

Protecting Phenol 14 Phenol 3

[ 0342]
Synt hesi s Exanple 4-3-1: Synthesis of Protecting Phenol
14

Protecting phenol 14 was obtained in the sane
manner as in Synthesis Exanple 4-1-1, except that
i ntermedi ate phenol 6 was used instead of internediate
phenol 1 (yield: 90%.
[ 0343]
Synt hesi s Exanple 4-3-2: Synthesis of Phenol 3

Phenol 3 was obtained in the same manner as in
Synt hesi s Exanple 1-1-4, except that protecting phenol
14 was used instead of protecting phenol 1 (yield: 819%.
IR(D-ATR) :v=3591, 3446, 2926, 2855, 1605, 1507, 1468,
1391, 1254, 1204, 1172, 1026, 983, 912, 836, 792cm1,

133



1H-NMR (600MHz in DMSO-d6) :5=10.06(1H, s), 7.08(1H, d),
6.49(1H, d), 6.34(1H, dd), 3.86(2H, t), 1.64(2H, m,
1.15-1.38(18H, m, 0.83(3H, t)ppm

19F-NMR (565MHz in DMSO-d6) :8=-57.5(3F, t)ppm.

[ 0344]

Synt hesi s Exanple 4-4: Synthesis of Phenol 4

e ga@ S,
o D i
Eromophenol 3 Bromobenzene 3 Intermediate Phenol 3 Protecting Phenol 15 Phenol 4
[ 0345]
Synt hesi s Exanple 4-4-1: Synthesis of Protecting Phenol
15
Protecting phenol 15 was obtained in the sanme
manner as in Synthesis Exanple 4-1-1, except that
i ntermedi ate phenol 3 was used instead of internediate
phenol 1 (yield: 919%.
[ 0346]
Synt hesi s Exanple 4-4-2: Synthesis of Phenol 4
Phenol 4 was obtained in the same manner as in
Synt hesi s Exanple 1-1-4, except that protecting phenol
15 was used instead of protecting phenol 1 (yield: 76%.
IR(D-ATR) :v=3290, 2956, 2918, 2873, 2849, 1615, 1526,
1502, 1470, 1420, 1398, 1284, 1265, 1216, 1180, 1089,
1062, 1053, 1042, 1030, 1016, 975, 945, 802cm1,
1H-NMR (600MHz in DMSO-dé6) :5=9.74(1H, s), 6.70(2H, dt),
3.91(2H, t), 1.64(2H, m, 1.32-1.39(2H, m, 1.16-
1.32(16H, m, 0.82(3H, t)ppm
I9F-NMR (565MHz in DMSO-d6) :8=-158.1~-157.9(1F, m), -
159. 3~-159. 1(1F, m ppm

134



[ 0347]
Synt hesi s Exanple 4-5: Synthesis of Phenol 5

BrQ HO
HO e \©\ Q
\O Etherification BRgent & (@]
OH

T
CH

Hydroquinone Phenol 5

[ 0348]
Synt hesi s Exanple 4-5-1: Synthesis of Phenol 5

Phenol 5 was obtained in the same manner as in
Synt hesi s Exanmple 1-7-1, except that hydroqui none and
etherification agent 6 were used instead of
di hydroxybenzene 1 and etherification agent 2
respectively (yield: 59%.
[ 0349]
Synt hesi s Exanple 4-6: Synthesis of Phenol 6

F
OH Q \@ f\ HO@
Etherification Agent 6 /) OQ
F o
0
\K\ o OH

Intermediate Phenol 1 Protecting FPhenol 16 Phenol &

[ 0350]
Synt hesi s Exanple 4-6-1: Synthesis of Protecting Phenol
16

Protecting phenol 16 was obtained in the same
manner as in Synthesis Exanple 1-1-3, except that
etherification agent 6 was used instead of
etherification agent 1 (yield: 949%.
[ 0351]
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Synt hesi s Exanple 4-6-2: Synthesis of Phenol 6

Phenol 6 was obtained in the same manner as in
Synt hesi s Exanple 1-1-4, except that protecting phenol
16 was used instead of protecting phenol 1 (yield: 90%.
IR(D-ATR) :v=3380, 2944, 2869, 1642, 1606, 1516, 1477,
1446, 1394, 1368, 1317, 1263, 1242, 1195, 1162, 11009,
1023, 969, 956, 867, 838, 796cml.
1H-NMR (600MHz in DMSO-d6) :3=9.19(2H, s), 6.82(2H, t),
6. 75(2H, dd), 6.55(2H, dd), 3.85(4H, t), 1.66(4H, quin),
1.42(4H, mppm
19F-NMR (565MHz in DMSO-d6) :8=-133.6(2F, t)ppm.
[ 0352]
Synt hesi s Exanple 4-7: Synthesis of Phenol 7

Br ﬂ) F F
OH \-/\:j 0O HO
Br {) \© l)
Etherification Agent 7 (@] ]
F - - O

s = ge
o OH
F(4\ F
Intermediate Phenol 1 Protecting Phenol 17 Phenol 7
[ 0353]
Synt hesis Exanple 4-7-1: Synthesis of Protecting Phenol
17
Protecting phenol 17 was obtained in the same
manner as in Synthesis Exanple 1-1-3, except that
etherification agent 7 was used instead of
etherification agent 1 (yield: 929%.
[ 0354]
Synt hesi s Exanple 4-7-2: Synthesis of Phenol 7
Phenol 7 was obtained in the same manner as in
Synt hesi s Exanple 1-1-4, except that protecting phenol
17 was used instead of protecting phenol 1 (yield: 87%.
IR(D-ATR) :v=3385, 2941, 2923, 2856, 1608, 1514, 1479,
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1468, 1455, 1288, 1276, 1253, 1203, 1156, 1110, 1042,
1022, 988, 956, 842, 818, 802, 787, 748cmli.

1H-NMR (600MHz in DMSO-d6) :5=9.18 (2H, s), 6.82(2H, t),
6.74(2H, dd), 6.55(2H, dd), 3.83(4H, t), 1.66(4H, quin),
1.20-1.41(12H, mppm

19F-NMR (565MHz in DMSO-d6) :8=-133.7 (2F, t)ppm.

[ 0355]

Synt hesi s Exanple 4-8: Synthesis of Phenol 8

Br \%JF F
OH \/\i:j O::E J/rjj HO :f J/fij
Br
Etherification Agent 7 F 0 ’) F 0 {/'
F Foo Eo

e}
o o
F(ﬁ\ F
Intermediate Phenol 4 Protecting Phenol 18 Phenol 8
[ 0356]
Synt hesi s Exanple 4-8-1: Synthesis of Protecting Phenol
18
Protecting phenol 18 was obtained in the same
manner as in Synthesis Exanple 1-1-3, except that
I ntermedi ate phenol 4 and etherification agent 7 were
used instead of intermediate phenol 1 and etherification
agent 1 respectively (yield: 88%.
[ 0357]
Synt hesi s Exanple 4-8-2: Synthesis of Phenol 8
Phenol 8 was obtained in the same manner as in
Synt hesi s Exanple 1-1-4, except that protecting phenol
18 was used instead of protecting phenol 1 (yield: 849%.
IR(D-ATR) :v=3401, 2942, 2923, 2856, 1648, 1l6l6, 1528,
1479, 1469, 1459, 1378, 1247, 1202, 1148, 1045, 1023,
1017, 823, 802cm1.
1H-NMR (600MHz in DMSO-d6) :5=9.38 (2H, s), 6.64(4H, m),
3.85(4H, t), 3.36(2H, t), 1.64(4H, m, 1.32-1.42(4H m,
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1.18-1.40(12H, mppm

19F-NMR (565MHz in DMS0O-d6) :5=-131.0(4F, d)ppmn.
[ 0358]

Synt hesi s Exanple 4-9: Synthesis of Phenol 9

/>TO OH

Intermediate Phenol 1 Protecting Phenol 19 Phenol 9

(wherein Ms represents a nesyl group.)
[ 0359]
Synt hesi s Exanple 4-9-1: Synthesis of Protecting Phenol
19

Protecting phenol 19 was obtained in the sanme
manner as in Synthesis Exanple 1-1-3, except that
etherification agent 8 was used instead of
etherification agent 1 (yield: 85%.
[ 0360]
Synt hesi s Exanple 4-9-2: Synthesis of Phenol 9

Phenol 9 was obtained in the same manner as in
Synt hesi s Exanple 1-1-4, except that protecting phenol
19 was used instead of protecting phenol 1 (yield: 819%.
1H-NMR (600MHz in DMSO-dé6) :5=9.22(2H, s), 6.83(2H, dd),
6. 78(2H, dd), 6.57(2H, ddd), 3.95~3.98(4H, m,
3.65~3.70(4H, m, 3.50~3.56(8H, m ppm
19F-NMR (565MHz in DMSO-d6) :8=-136.8 (2F, t)ppm.
[ 0361]
Synt hesi s Exanple 4-10: Synthesis of Phenol 10
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OH

I/\SI Q\‘
Sllane 1 Intermedlate Phenoll
IVIgICuI

i
Dibromo Compound 1 Etherification Agent § Protecting Phenol 20 Phenol 10

[ 0362]
Synt hesi s Exanple 4-10-1: Synthesis of Etherification
Agent 9

Under a nitrogen atnosphere, a Gignard reagent
prepared in advance using silane 1 (30.7 g), magnesi um
(6.7 g), and 120 nL of tetrahydrofuran was added
dropwi se at an internal tenperature of 10°C to 30°Cto a
solution of dibronmo conmpound 1 (75.0 g), cuprous iodide
(0.52 g), triethyl phosphite (0.96 g), and
tetrahydrofuran (100 nL). Stirring was continued at the
sanme reaction tenperature for 20 hours. Then, a
sat urated aqueous sol uti on of anmoni um chl oride (200 Q)
was added at an internal tenperature of 30°C or less to
stop the reaction. A typical post-treatnment nmethod was
perfornmed to obtain etherification agent 9 (43.3 g,

yield: 629 .
Boi l i ng point: 72°C/ 20Pa.
[ 0363]

Synt hesi s Exanple 4-10-2: Synthesis of Protecting Pheno
20

Protecting phenol 20 was obtained in the same
manner as in Synthesis Exanple 1-1-3, except that
etherification agent 9 was used instead of
etherification agent 1 (yield: 85%.
[ 0364]
Synt hesi s Exanple 4-10-3: Synthesis of Phenol 10
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Phenol 10 was obtained in the same manner as in
Synt hesi s Exanple 1-1-4, except that protecting phenol
20 was used instead of protecting phenol 1 (yield: 93%.
1H-NMR (500MHz in DMSO-dé6) :5=9.18(1H, s), 6.81(1H, t),
6. 72(1H, dd), 6.53(1H, dd), 3.82(2H, t), 1.63(2H, m,
1.19-1.40(12H, m, 0.44(2H, m, -0.06(9H, s)ppm
19F-NMR (470MHz in DMSO-d6) :5=-133.7 (1F, t)ppm.
[ 0365]
Exanples 1 to 26 and Conparative Exanples 1 to 5
<Preparation of Conductive Paste Conpositions>

As pol yuret hanes for preparing conductive paste
conpositions, PUL to PUl7 and Conparative PUlL to
Conparative PU3 shown in Tables 1 and 2 as well as the
follow ng resins were used.
* Fl uori ne rubber (G801, manufactured by DAIKIN
| NDUSTRI ES, Ltd.)
- Pol yester (UE-9200, manufactured by UNITI KA Ltd.)
[ 0366]

As conductive fillers, the follow ng silver
powders A to E and copper powder A were prepared.
- Silver powder A: average particle diameter (Duwso) isS
2.1 um
- Silver powder B: average particle diameter (Duso) is
5.3 um
- Silver powder C. average particle diameter (Diso) is
1.2 um
- Silver powder D: average particle diameter (Duso) is
0.67 um
- Silver powder E: average particle dianmeter (Dwso) is
1.72 um
- Copper powder A: average particle diameter (Duso) is
1.30 um

In the average particle dianeter neasurenent, a
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| aser-diffraction particle size distribution neasurenment
apparatus was used to neasure the particle size
di stribution, and the cunul ative value up to 50% of the
particle dianeters was determ ned as an average particle
di amet er.
[ 0367]

The follow ng phenols 1 to 13 were used as the
phenol conpounds as additives. Here, phenol 11 is sane
as the capping agent 1, phenol 12 is sanme as the capping

agent 4, and phenol 13 is sanme as the cappi ng agent 11.

@Q;\W @g ﬁ:;\ ﬁi;:m?@

Phenol 1 Phenol 2 Phenol 3 Phenol 4 Phenol 5

ge¥p @f? @f? Y e

Phenol 6 Phenol 7 Fhenol 8 Phencol 9

OH OH
i HO HO
YO, =270, W0 0,
F F F F F

Phenol 10 Phenol 11 Pherol 12 Fhenol 13

OH

[ 0368]

According to the formul ati ons shown in Table 3, a
pol ymer, a conductive filler, a phenol conpound, and a
solvent (BCA) were stirred and m xed to prepare a

conducti ve paste conposition.
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[ TABLE 3]

Pol ymer _ _ Phenol
Conductive Filler Sol vent Conpound
[ part by
mass] [part by mass] [ part by mass] [ part by
mMass]
Cl-1 PUL[ 11 Silver Powder (C[61 BCA[ 28 -
Cl-2 PU3[ 11 Silver Powder A[61 BCA[ 28 -
Cl-3 PU5S[ 11 Silver Powder B[61 BCA[ 28 -
Cl-4 PUS[ 11 Silver Powder D61 BCA[ 28 -
Cl-5 PUL3[ 11 Silver Powder E[61 BCA[ 28 -
Cl-6 PU16[ 11 Silver Powder (C[61 BCA[ 28 -
Cl-7 PUL[ 11 Silver Powder C[60 BCA[ 27 Phenol 1 [2]
Cl-8 PUL[ 11 Silver Powder C[59 BCA[ 27 Phenol 3 [3]
Cl-9 PUL[ 11 Silver Powder C[59 BCA[ 27 Phenol 7 [3]
Cl-10 PUL[ 11 Silver Powder C[59 BCA[ 27 Phenol 10 [3]
Cl-11 PUL[ 11 Silver Powder C[60 BCA[ 27 Phenol 11 [2]
Cl-12 PU2[ 11 Silver Powder C[59 BCA[ 27 Phenol 2 [3]
Cl-13 PU3[ 11 Silver Powder C[59 BCA[ 27 Phenol 4 [3]
Cl-14 PU4[ 11 Silver Powder C[59 BCA[ 27 Phenol 5 [3]
Cl - 15 PUG[ 11 Silver Powder C[59 BCA[ 27 Phenol 6 [3]
Cl-16 PU7[ 11 Silver Powder C[59 BCA[ 27 Phenol 7 [3]
Cl-17 PUS[ 11 Silver Powder C[59 BCA[ 27 Phenol 8 [3]
Cl-18 PU9[ 11 Silver Powder C[59 BCA[ 27 Phenol 8 [3]
Cl-19 PU10O[ 11 Silver Powder C[59 BCA[ 27 Phenol 9 [3]
Cl - 20 PUL1[ 11 Silver Powder (C[59 BCA[ 27 Phenol 11 [3]
Cl-21 PU12[ 11 Silver Powder C[59 BCA[ 27 Phenol 11 [3]
Cl -22 pPU14[ 11 Silver Powder C[59 BCA[ 27 Phenol 12 [3]
Cl -23 PU15[ 11 Silver Powder C[59 BCA[ 27 Phenol 13 [3]
Cl -24 PU16[ 11 Silver Powder C[59 BCA[ 27 Phenol 13 [3]
Cl - 25 PUL7[ 11 Silver Powder ([59 BCA[ 27 Phenol 7 [3]
Cl - 26 PUL[ 11 Copper Powder A[ 60 BCA[ 27 Phenol 11 [2]
al-27 Cogﬂi[ig]ve Silver Powder C[59] BCA[ 27] -
Cl-28 Cogﬂg[igive Silver Powder D[59] BCA[ 27] -
Cl-29 Cogﬂg[igive Silver Powder E[59] BCA[ 27] -
Cl - 30 RELEZ;&QE] Silver Powder C[68] BCA[ 20] -
Cl-31 Pol yester[ 12] Silver Powder ([ 68] BCA[ 20] -
BCA: di ethyl ene gl ycol nonobutyl ether acetate
[ 0369]

Eval uati on of Stretchabl e Conductive Wre
<Preparation of Eval uation Sanpl es>

A conductive paste conposition was applied onto a
pol yuret hane film by using a screen printer MI-320TVC
manuf actured by Mcro-tec Co., Ltd., followed by heating
with a hot-air dryer to forma stretchable conductive
wire with aline width of 10 mm a length of 70 nm and
a film thickness of 10 um.
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[ 0370]
<Measurenent of Initial Electric Resistance in Non-
El ongat ed St ate>

The el ectric resistance between two ends of the
stretchabl e conductive wire forned on the pol yurethane
filmwas neasured by 4-term nal resistance neasurenent
met hod. The electric resistance was nmeasured with PXle-
4136SMU resi stance neasurenent unit manufactured by
Nati onal | nstruments Corp.

*Electric resistance (Q) R=V/I (V: voltage, I: current)

Tabl e 4 shows the neasurenent results of the
initial electric resistance (electric resistance in a
non- el ongated state).

[ 0371]
<Measur enent of Maxi mum El ectric Resi stance upon 20%
El ongati on>

The polyurethane filmw th the stretchable
conductive wire forned thereon was el ongated by 20% from
t he non-el ongated state (0% in which the pol yurethane
filmwas not | oose. The polyurethane filmin this state
was i mmbilized to neasure the electric resistance by
the 4-term nal resistance neasurenment method.

The polyurethane filmw th the stretchable
conductive wire forned thereon was el ongated at a speed
of 300 nmmImn in a |ongitudinal direction of the
stretchabl e conductive wire (rectangle) by using a
preci sion universal testing machi ne AG Xpl us HS
manuf act ured by Shi madzu Cor porati on.

- Change in electric resistance upon 20%
elongation=[electric resistance (Q) upon 20%
elongation]+[initial electric resistance (Q)]x100

Table 2 shows the change in electric resistance

upon 20% el ongati on
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[ 0372]
<Measur enment of Maxi mum El ectric Resistance upon 300%
El ongati on>

The polyurethane filmwi th the stretchable
conductive wire forned thereon was el ongated by 300%
fromthe non-elongated state of 0% and was i mMmmobilized
to nmeasure the electric resistance.

The polyurethane filmw th the stretchable
conductive wire forned thereon was el ongated at a speed
of 300 nmmImn in a |ongitudinal direction of the
stretchabl e conductive wire (rectangle) by using a
preci sion universal testing machi ne AG Xplus HS
manuf act ured by Shi madzu Cor porati on.

- Change in electric resistance upon 300%
elongation=[electric resistance (Q) upon 300%
elongation]+[initial electric resistance (Q)]x100

Tabl e 4 shows the change in electric resistance
upon 300% el ongati on.

[ 0373]
<Measur enent of Maxi mum Resi stance Value in Repetitive
El ongati ons and Shrinkages at 0 to 20%

The polyurethane filmw th the stretchable
conductive wire forned thereon was reciprocately
el ongated and shrunk 1000 times between the non-
el ongated state (0% in which the polyurethane film was
not | oose and 20% el ongated state, and the change in
el ectric resistance of the conductive wire over tinme was
measur ed.

In this repetitive stretching test, the
pol yuret hane film was el ongated and shrunk at a tensile
speed of 300 mMmImn in the |longitudinal direction of the
stretchabl e conductive wire (rectangle) by using a

preci sion universal testing nmachi ne AG Xpl us HS
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manuf act ured by Shi madzu Cor porati on.

Mor eover, el ectrodes were set inside a sanple
I mmobi lization jig of the tensile tester (the precision
uni versal testing machi ne AG Xplus HS), and the electric
resi stance was neasured by the 4-term nal resistance
measur enment net hod using PXle-4136SMJ resi stance
measurement unit manufactured by National Instrunments
Cor p.
- Change in maxi num el ectric resistance val ue by 1000-
time repetitive elongations and shrinkages with an
el ongation ratio of 0 to 20% [ nmaxi num el ectric
resistance (Q) in repetitive stretching test]+[initial
electric resistance (Q)]1x100

Tabl e 4 shows the change in a maxi mum el ectric
resi stance by 1000-time repetitive elongations and
shrinkages with an el ongation ratio of 0 to 20%
[ 0374]
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[ TABLE 4]

Change in . Change i n Maxi mum
Conducti ve Initial El ectric (Iizf}aencgterilcn El ectric Resistance
P Baki ng El ectric |Resistance ) (% by 0-20% 1000-
ast e ) ) Resi st ance ; A
... [Tenperature/ Ti me|Resi stance| (% Upon Time Repetitive
Conposi tion (% Upon 3009 !
(Q) 20% El onaat i on El ongati ons and
El ongati on 9 Shri nkages
Exanple 1 Cl-1 120°C/ 0. 5hr 4.6 390 44700 1740
Exanpl e 2 Cl-2 120°C/ 0. 5hr 3.2 490 - 3260
Exanpl e 3 Cl-3 120°C/ 0. 5hr 1.8 490 - 4540
Exanpl e 4 Cl-4 120°C/ 0. 5hr 3.3 250 - 2510
Exanmple 5 Cl-5 120°C/ 0. 5hr 6.1 440 - 2170
Exanpl e 6 Cl-6 120°C/ 0. 5hr 4.1 480 - 1890
Exanple 7 Cl-7 120°C/ 0. 5hr 4.4 330 35800 1520
Exanpl e 8 Cl-8 120°C/ 0. 5hr 5.5 490 - 1650
Exanple 9 Cl-9 120°C/ 0. 5hr 5.2 190 21800 950
Exanpl e 10 Cl-10 120°C/ 0. 5hr 3.8 350 - 1660
Exanpl e 11 Cl-11 120°C/ 0. 5hr 3.9 400 - 1530
Exanpl e 12 Cl-12 120°C/ 0. 5hr 6.5 440 - 1400
Exanpl e 13 Cl-13 120°C/ 0. 5hr 4.4 390 - 1590
Exanpl e 14 Cl-14 120°C/ 0. 5hr 6.5 330 - 1120
Exanpl e 15 Cl-15 120°C/ 0. 5hr 5.5 230 - 1080
Exanpl e 16 Cl-16 120°C/ 0. 5hr 5.6 200 - 920
Exanpl e 17 Cl-17 120°C/ 0. 5hr 3.8 380 - 1590
Exanpl e 18 Cl-18 120°C/ 0. 5hr 5.2 220 - 1210
Exanpl e 19 Cl-19 120°C/ 0. 5hr 4.7 340 - 1670
Exanpl e 20 Cl -20 120°C/ 0. 5hr 3.3 400 - 1780
Exanpl e 21 Cl-21 120°C/ 0. 5hr 3.3 390 - 1740
Exanpl e 22 Cl-22 120°C/ 0. 5hr 3.5 340 - 1660
Exanpl e 23 Cl -23 120°C/ 0. 5hr 4.4 330 - 1510
Exanpl e 24 Cl-24 120°C/ 0. 5hr 3.9 350 - 1750
Exanpl e 25 Cl -25 120°C/ 0. 5hr 4.2 290 - 1420
Exanpl e 26 Cl -26 120°C/ 0. 5hr 10.2 220 - 3380
Conpar ative - 27 120° G/ 0. Shr 5.7 510 Cut of f 3730
Exanple 1
Comparative cl-28 120° ¢/ 0. 5hr 8.2 490 Cut of f 6720
Exanpl e 2
Comparative al-29 120° ¢/ 0. 5hr 8.6 550 Cut of f 5580
Exanpl e 3
Conparative o
Exanpl e 4 Cl - 30 120°C/ 0. 5hr 5.2 650 Cut of f 6500
Conpar ative o
Exanpl e 5 Cl-31 120°C/ 0. 5hr 9.9 1290 Cut of f 9850
- : Not neasured
[ 0375]

It can be understood that,
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when t he conductive paste conposition blended with the
pol yur et hane cont ai ning the phenolic hydroxyl group is
used, increase in electric resistance due to wire

el ongati on was smal| despite the baking perforned at a

| ow tenperature of 120°C for short time, i.e. 30 m nutes,
and the resulting conductive wires were excellent in
conduction stability against the repetitive el ongations
and shrinkages (Exanples 1 to 26). Moreover, by adding
t he phenol conmpound as an additive, it is possible to
suppress degradation due to wire elongations (Exanmples 7
to 26). In contrast, in Conparative Exanples, the

pol yur et hanes with no phenolic hydroxyl group
(Conparative Exanples 1 to 3) and the resins
(Conparati ve Exanples 4 to 5) showed consi derabl e
increase in electric resistance due to wire el ongation
and repetitive elongations and shrinkages.

[ 0376]

It should be noted that the present invention is
not limted to the above-described enbodi ments. The
enbodi nrents are just exanples, and any exanples that
substantially have the sanme feature and denonstrate the
same functions and effects as those in the technica
concept disclosed in claims of the present invention are

included in the technical scope of the present invention.
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CLAI Ms

1. A pol yuret hane conprising a phenolic hydroxyl

group represented by the follow ng general fornula (1B),

| \ O\\.EAZ'/O \
(Ho} 1 Hi | /—(—OH by (9
F

F

L ke —ka ke

wherein Az’ represents a linear, branched, or cyclic
(ka+2) -val ent hydrocarbon group or a fluorinated

hydr ocar bon group having 1 to 19 carbon atonms, and - CHp-
constituting the (ka+2)-val ent hydrocarbon group is
optionally substituted with -0, -NR*, -C(=0-, or -

Si (R2R3) -; *“ka” represents an integer of 0 to 2; *“kb”,
“kec”, “kd”, and “ke” each represent 1 or 2; each of R?
and R® is a |linear, branched, or cyclic alkyl group
having 1 to 6 carbon atons, or a phenyl group; R*is a
hydrogen atom or a |inear or branched al kyl group
having 1 to 4 carbon atons; and a dashed |line represents

a bonding arm

2. The pol yuret hane according to claim 1, further
conprising one or nore weakly acidic functional group
represented by the follow ng general fornulae (1la) to
(1lc),
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R——Rf CFa :
— ?(( "

OH © Rf NsORf
OH
(1a) (1b) (1c)

wherein R represents a hydrogen atom a fluorine atom
or a linear, branched, or cyclic hydrocarbon group
having 1 to 10 carbon atonms optionally substituted with
a fluorine atom Rf represents a fluorine atom or a

| i near, branched, or cyclic fluorinated hydrocarbon
group having 1 to 10 carbon atons; “n” is an integer of
1 or 2; and a dashed line represents a bonding arm

3. The pol yuret hane according to claim1l or 2,
further conprising one or nore structures represented by
the followi ng general fornulae (2a) to (2c),

(:H2 c;F2 50,

n' t|:F
FiG CF, o CF3 :

OH
OH

(2a) (2b) (2¢)

wherein R! is a hydrogen atom or a nonoval ent

hydr ocar bon group having 1 to 3 carbon atons; Aa
represents a single bond, or a linear, branched, or
cyclic dival ent hydrocarbon group having 1 to 20 carbon
atoms, and -CHy- constituting As is optionally
substituted with -0, -C(=0-, -C(=00O, or -GCsHs-, or
is optionally -NR4-C(=0) -; each of A, and Ac

I ndependently represents any group selected fromthe
group consisting of -O, -OC(=0-NR4, -NR4, and -
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C(=0)O; each of n!, n2 and n4 is an integer of 0 to 10;
nd is an integer of 0 or 1; R* is as defined above; and
a dashed line represents a bonding arm

4. A nmet hod for producing the pol yurethane according
to claiml1, conprising introducing the phenolic hydroxyl
group to a pol yurethane by using an al cohol or am ne

represented by the follow ng general fornula (1C) after

a chai n extension reaction,

(HO}_{:TTT/O\\Af ‘\:;%OH) (1C)
kb 17 7 kd
T+

— —

_ ke “ka ke

wherein Az” represents a linear, branched, or cyclic
(ka+2) -val ent hydrocarbon group or a fluorinated

hydr ocar bon group having 1 to 19 carbon atonms, and - CHp-
constituting the (ka+2)-val ent hydrocarbon group is
optionally substituted with -0, -C(=0)-, or -Si(RR3)-;
X represents an oxygen atom or NR* “ka” represents an
integer of 0 to 2; “kb”, “kc”, “kd”, and “ke” each
represent 1 or 2; and R?, R, and R* are as defined above.

5. The nethod for produci ng the pol yurethane
according to claim4, conprising introduci ng a weakly
acidic functional group to a polyurethane by using one
or nore al cohols represented by the foll ow ng general

formul ae (3a) to (3c) as a chain extender,
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RW R1 RT
HO MOH HO MOH HOMOH
A, A, A,

J— HN .

CHy 4 CF, 50,
F.C—-CF5 O —-cr, CFs

o OH

(3a) (3b) (3¢)

wherein Rl is a hydrogen atom or a nonoval ent

hydr ocarbon group having 1 to 3 carbon atons; As is a
single bond, or a linear, branched, or cyclic dival ent
hydr ocar bon group having 1 to 20 carbon atonms, and - CHp-
constituting As is optionally substituted with -0, -
C(=0-, -C(=0 0O, or -CsHs-, or is optionally -NR* C(=0)-
; R*is a hydrogen atom or a linear or branched alkyl
group having 1 to 4 carbon atons; and each of nl, n2

and n4 is an integer of 0 to 10.

6. A conductive paste conposition conprising (A a
conductive filler, (B) the pol yurethane according to any

one of claims 1 to 3, and (C) a solvent.

7. The conductive paste conposition according to
claim®6, further conprising (D) a phenol conpound.

8. The conductive paste conposition according to
claim?7, wherein the phenol conpound as the conponent
(D) conprises a structure represented by the foll ow ng
general formula (2A),
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R6

_ - Ay
L~
C’Z/ “~c
(HO zz Zz OH) (2A)
kd
kb
Xf Xf
L ~— _ka ke

wherein Ré represents a hydrogen atom a hal ogen atom a
cyano group, or a hydroxyl group; Ay represents a |linear
branched, or cyclic (ka+2)-val ent hydrocarbon group or a
fluorinated hydrocarbon group having 1 to 20 carbon
atoms, and -CH;- constituting the (ka+2)-val ent
hydrocarbon group is optionally substituted with -0, -
C(=0) -, or -Si(RR3)-; “ka” represents an integer of O
to 2; “kb” and “kd” each represent 1 or 2; “kc” and “ke”
each represent an integer of 0 to 2; Z represents a
singl e bond or an oxygen atont each Xf independently
represents a hydrogen atom a hal ogen atom a |inear
branched, or cyclic nonoval ent hydrocarbon group having
1 to 10 carbon atons optionally substituted with a
fluorine atom an al koxy group having 1 to 10 carbon
atons optionally substituted with a fluorine atom or an
el ectron-wi t hdrawi ng group; each of ring ZZ

i ndependent|ly represents an aromati c nonocyclic or

pol ycyclic ring having 5 to 20 carbon atonms; each carbon
atomof the ring ZZ is optionally substituted with a
nitrogen atom an oxygen atom or a sulfur atom R2? and
R3 are as defined above.

9. The conductive paste conposition according to
claim 8, wherein the phenol conpound as the conponent
(D) conprises a structure represented by the foll ow ng
general formula (2B),
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L ke

F

—

ke ka ke

R

wherein Ay’ represents a linear, branched, or cyclic
(ka+2) -val ent hydrocarbon group or a fluorinated

hydr ocar bon group having 1 to 19 carbon atoms, and - CHp-
constituting the (ka+2)-val ent hydrocarbon group is
optionally substituted with -0, -C(=0)-, or -Si(RR3)-;
“ka” represents an integer of 0 to 2; “kb”, “kc”, “kd”,
and “ke” each represent 1 or 2; and R?, R3], and RS are as
defi ned above.

10. The conductive paste conposition according to any
one of clainms 6 to 9, wherein the conductive filler as

t he conponent (A) is contained in a proportion exceeding
70 parts by mass relative to 100 parts by mass of a
total of the conponents (A) and (B).

11. The conductive paste conposition according to any
one of claims 6 to 10, wherein the conductive filler as
t he conmponent (A) is a powder selected fromthe group
consisting of gold, silver, silver chloride, platinum
copper, tin, iron, magnesium titanium nickel,
pal I adi um al um num tungsten, nolybdenum rutheni um
chrom um indium solder, carbon, and conposites thereof.

12. The conductive paste conposition according to

claim 11, wherein the conductive filler as the conponent

(A) is a silver powder.
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13. The conductive paste conposition according to any
one of claims 6 to 12, wherein the conductive filler as
t he conmponent (A) has an average particle size of 5 nm

to 10 um.

14. A conductive wire forned on a substrate, the
conductive wire conprising a baked product of the
conductive paste conposition according to any one of

claims 6 to 13.

15. The conductive wire according to claim 14, wherein

t he substrate is stretchabl e.

16. The conductive wire according to claim 15, wherein

the substrate is a thernoplastic pol yurethane.

17. The conductive wire according to claim15 or 16
wherein electric resistance upon 20% el ongation is 500%

or less of electric resistance before the el ongati on.

18. The conductive wire according to any one of clains
15 to 17, wherein a maxi mum el ectric resistance when the
conductive wire is elongated and shrunk repeatedly 1000
times with an elongation ratio of 20%is 5000% or |ess
of electric resistance before the el ongations and

shri nkages.

19. A nmet hod for producing a conductive wire by using
t he conductive paste conposition according to any one of
claims 6 to 13 to forma conductive wire on a substrate,
wherein the conductive wire is formed with a baking
tenperature of 60 to 160°C.
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20. A met hod for producing a conductive wre,
conprising printing the conductive paste conposition
according to any one of clains 6 to 13 to form a

conductive wire on a substrate.

155



