Specification [Title of the Invention] ORGANOPOLYSI LOXANE [ Field of

t he I nvention] [0001] The present invention relates to an
or ganopol ysi | oxane having a specific structure. [Background of the
| nvention] [0002] Si nce organopol ysi | oxanes have nany

excel l ent characteristics, organopol ysiloxanes in various forns have
been used frequently as a feel iqgrgger or afilmformng resin. For
exanpl e, Patent Document 1 di scFosestication

pol y(N-acyl al kyl enei m ne) - nodi fi ed organopol ysi | oxane havi ng a hi gh
el asti c nodul us and undergoi ng neither rupture nor plastic
deformation within a range of a certain extensibility. According to
thi s docub®BHtle toff sthep ghmepal Y@l o PREBNOPOLYEALCKANE n, for exanpl e,
hair setting performance and retention property of the hair thus set,
conpar ed Wil @& onl dihg obireritionf ornming resins. [Prior Art Document]
[ Pat ent Docunent] [0003] [Patent Document 1] JP-A 07-133352 [ Summary
of the | niEhtilon]

The present invention relates to an
organopolysiloxane having a specific structure.
[Background of the Invention]

[0002]

Since organopolysiloxanes have many excellent
characteristics, organopolysiloxanes in various forms
have been used freguently as a feel improver or a film-
forming resin. For example, Patent Document 1 discloses
a poly(N-acylalkyleneimine) -modified organopolysiloxane
having a high elastic modulus and undergoing neither
rupture nor plastic deformation within a range of a
certain extensibility. According to this document, this
organopolysiloxane 1s excellent in, for example, hair
setting performance and retention property of the hair
thus set, compared with conventional film-forming resins.
[Prior Art Document]

[Patent Document]
[0003]
[Patent Document 1] JP-A 07-133352

[Summary of the Invention]



[ 0004] The present invention provides an organopol ysil oxane
obtained by binding, to at least two silicon atons of an

or ganopol ysi | oxane segnent constituting a main chain, a

pol y(N-acyl al kyl enei m ne) segnent conposed of a repeating unit

represented by the following formula (1): --(cH2-)7-y (1) eR wherein
121 repreiﬁgég a hydrogen atom or an al kyl group having from1 to 3
carbon at %d n stands for 2 or 3, via an al kyl ene group

containing a hetero atom mhereln t he po N-acyl al kyl enei m ne)
segnent has a nuHb&=SRREMage HoH e §§%¥ Ht from 1,600 to 3,500;

a nmass ratio (ani of _the okggnopo si | oxane segnent (a% constituting
t he mai n SFEATCR YWelWIW %&F%%I@ﬁe@%ﬁmgse@?reﬁ @3St two
(hereinafter be called "mass ratio (a/b) sinply) is from42/58 to
58/ 42; t hiel bR cberysi ¢bxah o EsyHere 1 et lperne weeament
poly(hbcylalkylenelnlne) segnents adj acent to each other has a

wei ght - avermrgfel fol veq | armaveh gthabi, fa groly 600acpl BlIspleneaimtindke

or ganopol ysi | oxane segment constituting the main chain has a

wei ght - averggEn ot e sed velf ghtrefed tiomg 7000 tepAddddl by Detari | ed
Description of the Invention] [0005] When t he

or ganopol fixsi 1oxiane theoklsedl) n Patent Docunent 1 is used, for
exanple, in a hair setting agent, the resulting hair setting agent is
excellent in setting performance because it has a high elastic

nmodul us. In the neantinme, this organopol ysil oxane is not great in the

def ormat i va+ﬁ|n whi ch deformati on occurs w thout causing
rupture or plasticldefornati i so that large deformation of the hair
due to external fattors (flng conbing, wind, oscillation or the

like) may resul ©in Rupture or deformation of a filmformed on the

hair. Thyg,e.id;faes 2ok Xhic i ty@gﬁgo Gef b cRA! b TBNG8 ki nom e

st andpoi nt of holding~a alr ong hours.
having from 1 to 3 carbon atoms and n stands for 2 or 3,

via an alkylene group containing a hetero atom, wherein
the poly(N-acylalkyleneimine) segment has a number-
average molecular weight of from 1,600 to 3,500; a mass
ratio (a/b) of the organopolysiloxane segment (a)
constituting the main chain to the poly(N-
acylalkyleneimine) segment (b) (hereinafter be called
“mass ratio {(a/b)”, simply) is from 42/58 to 58/42; the
organopolysiloxane segment between two poly (N-
acylalkyleneimine} segments adjacent to each other has a
weight-average molecular weight of from 1,600 to 3,500;
and the crganopolysiloxane segment constituting the main
chain has a weight-average molecular weight of from 7,000

to 100,000.



[ 0006] The present inventors have carried out an extensive

i nvestigation and found that an organopol ysil oxane having a specific
structure has a high elastic nodulus and is great in the deformation
anount wi thin which deformation occurs wi thout causing a rupture or
pl astic deformation, so that it has excellent properties as an

el ast oner 0007 , The present invention provides an

or ganopol E/%%q%ﬁ]a%% REIH Pt %fa@ti“? IREI Y hs wel | as  a great
deformati on amount (hereinafter, be called "deformabl e anount™)

Wi t hin mhﬂgﬁﬂggfornation occurs without causing rupture or plastic
def ormati on. [0008] HfXganopolysiquane] ) The

or ganopol ysi | oX8ifal dfhe R gameRayy Sidvsaticotiiss Ipgast yiderPagittdi ned by
bi ndi ng t he pol y(Nacyl al kyl enei mi ne) segnent conposed of a repeating
uni t reprixement by ihaistsbyvefdnrenaAnrlel) i athdisastetvingsidgoun
atons of the organopol ysil oxane segnent constituting the main chain
via an al®y ereswlrtouy donitmise tigirey egesrto i ercdlI068] in settiAig

| east two pol y(N-acyl al kyl enei m ne) segnents are bound to any of the
silicon gieoneaTsia theaangsd hiec dregarsofailgisid loaenies segiheinis vi dnan

al kyl ene group containing a hetero atom It is preferred that they
are boundtHe nnQmaDrhis |demaiciings idfosddite orgaap sl oxanthe
segnent except for those at both ends thereof via the al kyl ene group

and nor e qyRfireldtecdt hatourte Y ialte DIk H GdARit B &&hddLon at ons
of the organopol ysil oxane segnent except for those at both ends

thereof vjidHAR aldod He BY S1RANT P8l ion, so that
or ganopol ysi | oxane of t'he present invention is a graft polymer

having, a$eSifde SR DI Uhe 3L W external factors

pol y(N-acyl al kyl enei m ne) segnents each conpose a repeating unit

represent@q .t e, AoV AR 3dh1d3%0h: the 1ike) may

result in rupture or deformation of a film formed on the
hair. Thus, it does not exhibit sufficient performance
from the standpoint of holding a hair style for long
hours.

[0006]

The present inventors have carried out an extensive
investigation and found that an organopolysiloxane having
a specific structure has a high elastic modulus and is
great in the deformation amount within which deformation
occurs without causing a rupture or plastic deformation,
so that it has excellent properties as an elastomer.
[0007]

The present invention provides an

organopolysiloxane with a high elastic modulus as well as



The al kyl ene group containing a hetero atom functions as a |inking
group for the poly(Nacyl al kyl enei m ne) segnment. Exanples of such an
al kyl ene group include al kyl ene groups having from2 to 20 carbon
atons and containing from1 to 3 nitrogen atons, oxygen atomns, or

sul fur atons. Annng them groups represented by any of the fol |l ow ng

h db
the Tor mit #799¢ it Gl ARar cAErEti e Tnate SUpEent ed by

count or | o0 %ﬂ%ﬁwﬂe&re §fe”ertaﬂgvﬁmc%ﬁi?°%aw”“'a A“ e

resents a
i ncl ude

et hyl sulfate ion, methyl sulfate ion, chlorjde ion, |od|de I on,

sul fate i"Birf; %’t%l%?éélﬂf%@efd?? R bt G Traias i,
- - (CHATTNH - (CH2TNH (CH2) 7NH-Op CH3 CH3 I+ An 3 | 3 |
--kcHfir-NEEERO cH3cH3 | An/ CH3CH3

[Organopolysiloxane]

The organcpolysiloxane of the present invention is

a polymer obtained by binding the poly(N-

acylalkyleneimine) segment composed of a repeating unit

represented by the above formula (1) to at least two

silicon atoms of the organopolysiloxane segment
constituting the main chain via an alkylene group
containing a hetero atom.

[0009]

At least two poly(N-acylalkyleneimine) segments are

bound to any of the silicon atoms constituting the

organopolysiloxane segment via an alkylene group

containing a hetero atom. It is preferred that they are

bound to one or more silicon atoms of the

organopolysiloxane segment except for those at both ends

thereof via the alkylene group and more preferred that

they are bound to two or more silicon atomsg of the

organopolysiloxane segment except for those at both ends

thereof via the alkylene group. This means that the

organcpolysiloxane of the present invention is a graft

polymer having, as a side chain thereof, at least

two



I+ An ---(CHA--NI4CHA--2 N\ (Vv)-(CH2TO CH2CHCH2-- CH3N 3 | |1 CH3OHCH3
--(CHATS(vii) [0011] In the N-acyl al kyl enei m ne unit
constituting the poly(Nacyl al kyl enei m ne) segnent, the al kyl group
having from1 to 3 carbon atons represented by 121 in the formula (1)
is, for exanple, a linear alkyl group having from1l to 3 carbon atons

Cher cof THRERURE S FET Tl Lo bah SOAVTAGE G SrTEAy L of oup,

umber of SGENAT s TRRIAGHIT DY i (TR MBI 6

avai | abi I{iotalloo]f raw materials for the preparation of the

The alkylene group containing a hetero atom

functions as a linking group for the poly(N-
acylalkyleneimine) segment. Examples of such an alkylene
group include alkylene groups having from 2 to 20 carbon
atoms and containing from 1 to 3 nitrogen atoms, oxygen
atoms, or sulfur atoms. 2Among them, groups represented
by any of the following formulas (i) to (vii) are
preferred, of which those represented by the formula (i)
or (ii) are more preferred and those represented by the
formula (i) are more preferred. In the formula, An~
represents a counterion of a quaternary ammonium salt and
examples thereof include ethyl sulfate ion, methyl

sulfate ion, chloride ion, iodide ion, sulfate ion, p-

toluenesulfonate ion, and perchlorate ion.



or ganopol ysi | oxane of the present invention. [0013] The

or ganopol ysi | oxane of the present invention can achieve both a high
el astic nodulus and a | arge defornmable anpbunt insofar as the mass
ratio (a/b) falls within a range of from42/58 to 58/42. Fromthis
vi ewpoi nt, the mass ratio (a/b) is preferably from45/55 to 55/45,
nore preferably from47/53 to 53/47. The term"mass ratio

(a/b)" as ;n_nean a val ue 9|y#j Ryt egral .ratio
of the alk %gP hﬁLyI gro in the‘gfgan polygiF ngﬁe segnent q t he
nmet hyl ene group |@»fhe pol y(N-acyl al kyl enei m ne) seg t, found by
subj ecting a soluqlau“.mhlch has been obtained by di S8lAn-ng 5 mass%
of the or si+exane ¢ffi) t he pres&@@Hd (o _deuteratq@)
chloroform 'to ¢l ear magnetic resonahce "GYE- NVRf Znpal ysis. The

or ganopol ysi | oxan€Hgf the present invention Gtawing tBE;mass ratio

(a/b) wthin the above-described range is excellent in solubil} g in
a pol ar solvent s chnas matem: nd handl i ng ease after dissol vi B
t herein. An the gano %HPEH
|nvent|onLQ$éﬁ¢t; a_é68$3_ oxane s ment éﬁn
pon(N—acyIaIkyleaﬂgnlne) sedifent s adjacent to each otth has ©H

wei ght - aver age nol ecul ar wei ght (hereinafter be called "MAg", S|nply)

within ar eyf from1,600 to 3,500, the resulting
or ganopol yscclg'&&a & can exhivBlt a |ar ge deformabl e anobunt. Fromthis

standpoint, MM is nore preferably from1,800 to 3,200, even nore
pr ef erablpdiigm 2, 000 to 3, 000. [0015]

In the N-acylalkyleneimine unit constituting the
poly{N-acylalkyleneimine) segment, the alkyl group having
from 1 to 3 carbon atoms represented by R' in the formula
(1) is, for example, a linear alkyl group having from 1
to 3 carbon atoms or a branched alkyl group having 3
carbon atoms. Specific examples thereof include a methyl
group, an ethyl group, an n-propyl group, and an
isopropyl group.

[0012]

In the formula (1), n is the number of 2 or 3 and
is preferably 2 from the standpoint of availability of
raw materials for the preparation of the
organopolysiloxane of the present invention.

[0013]
The organopolysiloxane of the present invention can

achieve both a high elastic modulus and a large

(vi)



The term "t he organopol ysil oxane segnment between

(pol y(N-acyl al kyl enei m ne) segnents adjacent to each other" as used
herein nmeans, as represented by the fornula (2), a segnent surrounded
by a broken |line between two points froma |inkage point (linkage
poi nt a) of a poly(N-acyl al kyl enei m ne) segnent to the

or ganopol ysi géﬁgp S { LN o] (linhkag oj n of a
pol y(N—aca/y a% y ehei ne§ s:%arg%)srr%j;élL a%?g@ﬁééh)tr@%s t%%t%%og%&d)es%a}f%%d

pol y(N-acyl.al kyl enei mi ne). segnen co ed of_ one SiOunit, one
Ro, ”and YL L5100 R F i P SR Oafd, Pt chis

"pol y(N-acyl al kyl enei_mi ne) segnment” ns, -WR7_bound to the .

(2) 1 0 GREOINt, thY TRYR (PRI S (5o FRR he e/ 35
represents an al kyl group having from1 to 22 carbon atons or a
phenyl griCup /M6 r s dtiet s ki ese 410t tedt/4hing a hetero
atom -WR7 represents a poly(Nacylal kyl enei m ne) segment, R7
represents a résiddE€rIF "Mass yrrdrdioz /4N 1 MR iveeest hesedny neang a

positive nunber. [0017]
value determined from an integral ratio of the alkyl or

phenyl group in the organopolysiloxane segment to the
methylene group in the poly(N-acylalkyleneimine) segment,
found by subjecting a solution, which has been cbtained
by dissolving 5 mass% of the organopolysiloxane of the
present invention in deuterated chloroform, to nuclear
magnetic resonance ('H-NMR) analysis. The
organopolysiloxane of the present invention having the
mass ratio (a/b) within the above-described range is
excellent in solubility in a polar solvent such as water
and handling ease after dissolving it therein.

[0014]

When in the organopolysiloxane of the present
invention, the organopolysiloxane segment between two
poly (N-acylalkyleneimine} segments adjacent to each other
has a welght-average molecular weight (hereinafter be
called “MWg”, simply) within a range of from 1,600 to
3,500, the resulting organopolysiloxane can exhibit a

large deformable amount. From this standpoint, MWg is



MAg is a nol ecul ar wei ght of the segnment surrounded by a broken |ine
in the above fornula (2) and it may be understood as the mass (g/nol)
of the organopol ysil oxane segnent per nole of the

pol y(N-acyl al kyl enei m ne) segnent. Wien 100% of the functional group
of a nodi fied organopol ysil oxane which is a raw material conpound is

substituted wth I acyl al enei.m , the value is ual_to
the f unct“foolhealprger%%%aq%%{li'\kfacf%nﬁ E;(%é ot )ﬂo%]&%hee‘fﬁfbi"f?%% preferably

or ganopol ysi | e. [0018 The nol ecul ar wei ght of the

pol y( mCﬁ%%ﬁ(’Zdbeq n&cheal i%(bmsnt may be cal cul ated fromthe nol ecul ar
wei ght and pol ynerizati on degree of an Nacyl al kyl enei m ne unit or
nmeasur ed ]rﬁ gel perneation chromatography (hereinafter be called
"GPC' sinply). In the present invention, the nolecul ar weight nmeans a
nunber - aver age TH§! é&3Mar ths gRganeRcdvies lemand \Bsomeate Heteiasimar t er
be called "MNox", sinply) as determ ned by GPC neasurenent conducted
under nea@flen@htactirdiiyleneidust)i Eagrentey 447 entpltes.eafien t he
MNox falls within a range of from 1,600 to 3,500, an

or ganopologidrdk are usask Hidddimeemnsar gos dedfmramshlteedaimurithean be
obtained. Fromthis standpoint, the Mox is preferably from 1,800 to
3, 200, ndicermrlef ef2abl ya faregyme 0 Gty hdD bye e raken driefer ably from

2,000 to 2,500. [0019] ~ The My may be calculated fromthe
fol I owi ngeftaredd awd Jpdhhtsiftent ke 1GOHRM ddmss %1 ihalgl R L e
called "Csi", sinply) of the organopol ysil oxane segnment” constituting

the mai ngfhal holMBFGCHy e IMYDEHARHES )ddgmdri03Y the The

wei ght - aver age nol ecul ar wei ght (hereinafter be called "MAI",

si npl y) Q;rggagl%gygﬂ Ooqagéaxﬁ | QR S ePTRN GANSE tddiiig (Itl_fﬁ]&!?giéﬁ chain

is from7, , 000. Fromthe standpoint "of "solubility 1™ a
pol ar so C t ) i fter dissalving it

t herei n, b:étaqlltts%gre@%aﬁ%%%(yg%%ﬁ%g#l{ég}e%ﬁ%& , S%grm%h%r (e%’rdéraac%ln form
20, 000 t @ 6Q0,000Q; I ; freyr Vi re
prefer ab?')? ? r %mgf(?q%oget%rg%&g{e%# %@ﬂé‘%&al%g‘g%{l%é%q%@g%é %fe%gﬁ
present i_nventl n easi by.jncorporated_in vario roduct s_ by
di ssol vi r?gl\él ?O?“ﬁ’%g%ﬁmogf %6 \l?e%%bsld%ﬁgasmvlvgt Br- aﬁﬁi‘ Y"yf Eg)leces ot

or ganopol ysi | ne segne constitutin he i.n chain has . .a skel eton
common t £a5 %%%?flfl?a]at rg p%lefgi I é’)?&ﬁfg( i 'Cé’ﬁ%ilécy A | al
conpound, so that MAsi has _a wei Ig{ht - aver age, nol ecul ar

segment” means -W-R' bound to the™R°.

§ R2 RZ R2 i RZ
—E—Sli—O S,i—-O ii-—-O—E-—.‘!‘:i—O— (2)
; le R* Y 'LZ E ls\
o L-\;;V """"""""""""""""" " V:V B
R’ RY
[0016]

In the above formula (2), R? independently
represents an alkyl group having from 1 to 22 carbon

atoms or a phenyl group, R® represents an alkylene group



wei ght substantially equal to that of the nodified organopol ysil oxane
which is a raw material conpound. It is to be noted that the

wei ght - aver age nol ecul ar wei ght of the nodified organopol ysil oxane
which is a raw nmaterial conpound is nmeasured usi ng GPC under the
measur enent conditions described in Exanples, and is expressed in

terms of palystyrene %fg _#1 I ght - ayer age | ecul ar
wei ght (Vﬁl c% nay eaF eli[én)g era%%m’ca 2%7 %e,seg:éﬁplayfoggf e
or ganopol si%% ane of.the present invention is preferably from 20,000
Lo 100, OG- Hore PrET EVHITY) 7GR0, 060 "CH 655008, “ovar LiFe OF 2
preferably from40,000 to 80,000 fromthe standpojnt of sqlubility in
a pol ar s%?%rjﬁﬁ%% W e g 1Y i aROHRIFe FERRIYi ng i t
therein. The MNX is determ ned using GPC under the nmeasurenent
condi ti on’Yekcribed in Exanples, and is expressed in terns of
pol ystyrene. [0022] The organopol ysi | oxane of the present
i nvention has, MW dddia meH acytlathiwghi Witastfi ¢heo @slgmsndn dvg npueeted
def or mabl e amount, characteristic thernoplasticity, nmeaning that when
heat ed t &% & émsEyant Uriarg adnydhsf ahom SPmmlp0E) jand hiowsnamrbdeed| y
i nproved plasticity and softens but while the tenperature returns to
t he r oomundemssrcaaidures dflteematsar nfgyatdlon off teatdamgnddoInesitlanesme
el asticity quickly. [0023] [Preparation process of
or ganopolssgjriaoaper mole of the poly (N-acylalkyleneimine) segment.
When 100% of the functional group of a modified
organopolysiloxane which is a raw material compound is
substituted with a poly(N-acylalkyleneimine), the value
is equal to the functional group equivalent (g/mol) of
the modified organopolysiloxane.
[0018]
The molecular weight of the poly (N-
acylalkyleneimine} segment may be calculated from the
molecular weight and polymerization degree of an N-
acylalkyleneimine unit or measured using gel permeation
chromatography (hereinafter be called “GPC” simply). In
the present invention, the molecular weight means a
number-average molecular weight in terms of polystyrene
(hereinafter be called “MNox”, simply) as determined by
GPC measurement conducted under measurement conditions

described later in Examples. When the MNox falls within

a range of from 1,600 to 3,500, an organopolysiloxane



A preparation process of the organopol ysil oxane of the present

I nvention wll next be descri bed. The or ganopol ysi | oxane of

the present invention is prepared, for exanple, by reacting a

nodi fi ed organopol ysi |l oxane represented by the following forrmula (3)
\/R2 R3S -CSi 0Si R4P) I , \ R 2 ) /dA5S A R wherein R2 has the

he. same Gran RS R Bl T i e SRRy of ¢ he
G a1 HROE A L S M e o NS R )
o8 to 3,200, more preferably from 2,000 to 3,000, even more
preferably from 2,000 to 2,500.
[0019]

The MWg may be calculated from the following
formula (I) by using the content (mass%) (hereinafter be
called “Csi”, simply)} of the organopolysiloxane segment
constituting the main chain.

MWg=Csi x MNox/(100-Csi) (I)

[0020]

The weight-average molecular weight (hereinafter be
called “MWsi”, simply) of the organopolysiloxane segment
constituting the main chain is from 7,000 to 100,000.
From the standpoint of solubility in a polar solvent such
as water and handling ease after dissolving it therein,
it is preferably from 10,000 to 80,000, more preferably
form 20,000 to 60,000, more preferably from 20,000 to
50,000, even more preferably from 20,000 to 40,000. The
organopolysiloxane of the present invention can be easily
incorporated in various products by dissolving it in a
polar solvent such as water. The organopolysiloxane
segment constituting the main chain has a skeleton common
to a modified organopolysiloxane which is a raw material

compound, so that MWsi has a weight-average molecular

10



- (CHATO - CH2THCH2- N(CH3) 2(xi i )- (CHAT SH(xiii) OH R5 represents a
nonoval ent group represented by any of the above formulas (viii) to
(xiii), d represents the nunber from91.5 to 1255.0, and e represents
the nunber from2.0 to 62.5, with a term nal -reactive

pol y(Nacyl al kyl enei mi ne) obtai nabl e by ring-opening pol yrreri zat i on of

L IR S et ey Hos el o g el a0

Cel R o AR E i P
is to be noted that the weight-average molecular weight
of the modified organopolysiloxane which is a raw
material compound is measured using GPC under the
measurement conditions described in Examples, and is
expressed in terms of polystyrene.
[0021]

The weight-average molecular weight (which may
hereinafter be called “MWt”, simply) of the
organcpolysiloxane of the present invention is preferably
from 20,000 to 100,000, more preferably from 30,000 to
80,000, even more preferably from 40,000 to 80,000 from
the standpcint of solubility in a polar solvent such as
water and handling ease after dissclving it therein. The
MWt is determined using GPC under the measurement
conditions described in Examples, and is expressed in
terms of polystyrene.

[0022]

The organopolysiloxane of the present invention has,
in addition to a high elastic modulus and a great
deformable amount, characteristic thermoplasticity,
meaning that when heated to a temperature range of from
50 to 220°C, it shows markedly improved plasticity and

softens but while the temperature returns to the room

11



be called "cyclic imno ether (4)", sinply), a polynerization
initiator may be used. As the polynerization initiator, conpounds
havi ng high electrophilic reactivity, for exanple, alkyl esters of a
strong acid nay be used. Exanples thereof include al kyl ester
benzenesul fonates, al kyl ester p-toluenesul fonates, alkyl ester
trifluor nesul fopates,, al kyl ester trifluoroacgetates, and

di al kyl g@%ﬁgﬁﬁ%‘? RELE ‘%%rer%%r}a%’r%k Rt etngy) Har RS rEes
preferred, 0025 . Exanpl es of a solvent for polynerization

i ncl ude a%]e#%l%'#ﬁ PULK Y such as ethyl acetate and propyl acetate,
ethers such as diethyl ether, diisopropyl ether, dioxane, and

t et rahydr Q?r3d]n, ket ones such as acetone and nethyl ethyl ketone,
hal ogen sol vents such as chl orof orm and met hyl ene chl ori de,

nitril e- bERERPIRA VST LIRS L RITIMWeI s Bkarszoni tril e, and
aprotic polar solvents such as N, N-di net hyl f or ram de,

N, N- di net hyl acét @R ragridrinnadgds @i dhadersenarreses i lasatriec ofti d
esters are preferred. The used anobunt of the solvent is usually from
20 to 2, 00¢ peraserdy msstbayediionl 109<tpare sldmcmissi of the cyclic
imno ether (4). [0026] The pol ynerization tenperature is
typically fromT3e tcargbt@@olprdflexaney ff ahed@riceetF0GnvEItion is

pol ynmeri zation time varies depending on the polynerization

t enper at wreparddie fldkeamebid, 8 tygiaally 4 meailst«ai 60 hours.

[ 0027] Usi ng, for exanple, 2-substituted-2-oxazoline as the
cyclic i mm@areigtany(ido:ehiai g R aH{Nar e tthd engli dwnigly WHGhilis a
conmpound of the above fornmula (1) having 2 as n, while using

2-susti t utzgddi hydr o- 2- oxazi ne obtai ns pol y(N-acyl propyl enei m ne)

whi ch is a conpound of the above fornula (1) having 3 as n. [0028]

TZ IT2 T.‘Z
R® ?i—o L|~:i—o Tc,i—R‘* (3)
R? d R® e R?

wherein R® has the same meaning as described above, R?
and R* independently represents the same group as R? or a
monovalent group represented by any of the following

formulas (viii) to (xiii}:

—fCHNH, (i) —+ CHy}s NH+ CH 1 NH, (i)
—fCHANCHs) () —GCHZ%TI—GCHA;N(CHQZ i)

CH

3
—fcHro —CHCHCH —N(CHz), (i) —{cH3oSH i)
OH
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The pol y(N-acyl al kyl enei mi ne) obtai nable by the living polynerization
of the cyclic imno ether (4) has, at the end thereof, a reactive
group. Therefore, the organopol ysil oxane of the present invention can
be obtained by reacting the reactive group at the end of the

pol y(N-acyl al kyl eneimne) with the reactive group represented by any

of the a Vi ]| i) which the ified

or ganopolqg/)ﬁ\slz%le %%E?}p%eygrﬁoé}gqﬁ% e 1S r?uelpare(sﬁnr{% s.by[ (?(5’27"'9]0f

The preparatign process using living pplynerization is effective in
that it i hepoag%?‘g ptssathe ) &’ ok r'o? ’ﬁ%“p’od TR YA YegiRe with
used annuq%gaofdagg cyclic imno ethercgi% and the polynerization

i ni tiat o HPShdvirPhel ow i 7P thevt e i Y fOrfRREEITNYS dride i HUBRRE t i on,
it is possible to obtain a substantially nonodi sperse

pol y( NacyiZkyd ¢hei%ridre)> ha¥i iy & wreia arr sastghite ety (Hut i on
narrower than that obtainable by the typical radical polynerization
The nunmb&cYa i lenegiming) .oktqimabla Her Tigug-amgning x Ml ecul ar

wei ght of cyclic The nunmber of noles of polyner:rat on :nit ator

i mno et RYLpricamiar iara wrglic ofniu ahrdr atdmresantteditlyy (41

[ MNi : cal cul at ed nunber - aver age nol ecul ar wei ght of

‘pol y( N- adidldldilrendigrnmea of#t)ai nabl e by |iving pol ynerization] [0030]
The used anobunt of the cyclic imno ether (4) and the used anmount of

the polynerization initiator are preferably those giving the MNi in
the formul a gi'li) of from1,600 to 3,500, nore preferably from 1, 800

to 3, 200,(9\/( z)ﬁ)r‘j preferably from 2,000 to 3, 000.
(

4)
N==?—-O
R1
wherein R' and n have the same meanings as described
above.
f0024]

In the ring-opening polymerization of the cyclic
imino ether represented by the formula (4) {(hereinafter
be called “cyclic imino ether (4)”, simply), a
polymerization initiator may be used. As the
polymerization initiator, compounds having high
electrophilic reactivity, for example, alkyl esters of a
strong acid may be used. Examples thereof include alkyl
ester benzenesulfonates, alkyl ester p-toluenesulfonates,
alkyl ester trifluoromethanesulfonates, alkyl ester

trifluorcacetates, and dialkyl ester sulfates. Of these,

dialkyl ester sulfates are preferred.
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[ 0031] The wei ght - average nol ecul ar wei ght of the nodified

or ganopol ysi | oxane represented by the formula (3) is preferably from
7,000 to 100,000, nore preferably from 10,000 to 80, 000, nore
preferably from 20,000 to 60,000, nore preferably from 20,000 to

50, 000, even nore preferably from 20,000 to 40,000 fromthe
standpoinfo§%5folubility of the organopol ysil oxane thus obtained in a
pol ar sol vent such as water and handling ease after dissolving it

therein. [003 so, the functional group equival ent of the
nodi fi ed or gan(Z)E]B"(ﬁr%,ps]ieisofgné—" FEpredent S P ?Jﬁ%rﬁﬁ%ﬁl (e an
upper limt in order to satisfy both the mass ratio (a/b) and MA of
the or gar?o‘if'otrjfsiar%])ér%s?ﬁrsf hqélé? oty éfts ke Fﬁ'r&iﬁnRIFF%EYM ewpoi nt
and a viewpoint of providing the main chain with_ adequate

hydr opholF<G%3LE 1 If-BRAT 1T a2 G rbufF- eahi e il sprirenwrbl§tignm
500 to 3,500, nore preferably from800 to 3,200, and even nore

pr ef er abldAF%351R 1, 00H teF mRothrofean e kg tIngr tswHalagyrangtwtpiand ent
of the nodified organopol ysil oxane represented by the forrmula (3)"
means a Wty lbmtdirekahond vildi ingarhesakigytits saattages mitlewd Zorm

wei ght of the nodified organopol ysil oxane represented by the formul a
(3) by amralereddy loing hhlmumishy, ofitRS jperbamddadleraaftd rmiatodid i ed

or ganopol ysi | oxane. [0033] The nodi fied organopol ysi | oxane

r epr esentagek tipnitthe ffeoramd oerFjoraind-itlee, teardriamtotriengidsar solvents

pol y(Nacyl al kyl enei m ne) are used in anmounts to give the mass ratio
of them (smdi fdsed,ar-ganeoly S denadield e myimnal At eetamide, and

pol y(N-acyl al kyl eneimne)) within a range of preferably from42/58 to

58/ 42, matigneisilefaHok fdeom 48/ Bheke, SaL48ice¥endMEeepLeherably from
47/ 53 to 53/47 fromthe standpoint of the elastic nodul us and

def or mabla-cx@muRly of ThheugegagRBahY SblEoxane sbhiyenebt ai feda1hFxanml es]
from 20 to 2,000 parts by mass based on 100 parts by mass
of the cyclic imino ether (4).
[0026]

The polymerization temperature is typically from 30
to 170°C, preferably from 40 to 150°C. The polymerization
time varies depending on the polymerization temperature
or the like and it is typically from 1 to 60 hours.

[0027]

Using, for example, 2-substituted-2-oxazoline as
the cyclic imino ether (4) obtains poly(N-
acylethyleneimine) which is a compound of the above
formula (1) having 2 as n, while using 2-sustituted-

dihydro-2-oxazine obtains poly(N-acylpropyleneimine)

14



[ 0034] The present invention will hereinafter be described
specifically based on Exanples. The present invention should not be
limted to or by these Exanples. In the synthesis of each

or ganopol ysi | oxane, various nol ecul ar wei ghts were neasured under the
fol |l owi ng neasurenent conditions. [0035] <Measurenent conditions of

wei ght - avar age | ec yei gh f dified organopol ysiloxane>
Col um: éﬁ%er Hggd%d§%ﬂgﬂﬂ5%Q¥E£§56q¥%?%ﬁhékr 4H%To§g% Q%ﬁﬁ%?gfl%ﬁ)
Eluent: 1 mMtriethylam ne/ THF Flow rate: 0.35 nmi/mn Col um
tenperatd}é: 40C Detector: UV Sanple: 50 kL [0036]

[0028]

The poly (N-acylalkyleneimine) obtainable by the
living polymerization of the cyclic imino ether (4) has,
at the end thereof, a reactive group. Therefore, the
organopolysiloxane of the present invention can be
obtained by reacting the reactive group at the end of the
poly(N-acylalkyleneimine) with the reactive group
represented by any of the above formulas (viii) to (xiii)
which the modified organopolysiloxane represented by the
formula (3) has.

[0029]

The preparation process using living polymerization
is effective in that it is possible to easily control the
polymerization degree with used amounts of the cyclic
imino ether (4) and the polymerization initiator as shown
below in theoretical formula (II) and in addition, it is
possible to obtain a substantially monodisperse poly (N-
acylalkyleneimine) having a molecular weight distribution
narrower than that obtainable by the typical radical

polymerization.
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<Measur enent conditions of MNox and MA > Col um: K-804L
(product of Tosoh Corporation). Two col unms connected in series.
Eluent: 1 nmM di net hyl dodecyl am ne/chloroform Flowrate: 1.0 nb/mn
Col um tenperature: 40C Detector: R Sanple: 50 1.11 [0037]

The 1H NVR neasurenent for determning the nass ratio (a/b) was
conducted under the follow ng conditions. clH NVR neasurenent

condi ti ons> The conposition of the polynmer thus obtai ned was

[ 3 B oy i ‘f“', V [ y | . .
confir ma(hﬁ}lzl HeiVE o6 0o M sy dE QGO grl\}lcﬂgcularnv%ei)ght of cyclic

The numbér of moles of polymerization iniCSator

imino ether (4) + Molecular weight of polymerization initiator ~ (II)

[MNi: calculated number-average molecular weight of
poly(N-acylalkyleneimine) obtainable by living
polymerization]

[0030]

The used amount of the cyclic iminoc ether (4) and
the used amount of the polymerization initiator are
preferably those giving the MNi in the formula (II)} of
from 1,600 to 3,500, more preferably from 1,800 to 3,200,
even more preferably from 2,000 to 3,000.
foo31]

The weight-average molecular weight of the modified
organopolysiloxane represented by the formula (3) is
preferably from 7,000 to 100,000, more preferably from
10,000 to 80,000, more preferably from 20,000 to 60,000,
more preferably from 20,000 to 50,000, even more
preferably from 20,000 to 40,000 from the standpoint of
solubility of the organcopolysiloxane thus obtained in a
polar solvent such as water and handling ease after

dissolving it therein.
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A sol ution obtained by dissolving 0.5 g of a sanple in 2 g of a
sol vent for neasurenent (deuterated chloroforn) was neasured. PULSE
SEQUENCE Rel ax. delay: 30 seconds. Pul se: 45 degrees. Cunul at ed

nunber: 8 tines. Peaks confirmed: peak near 0 ppm nethyl
group of pol ydinet hyl sil oxane, peak near 3.4 ppm nethyl ene portion
of ethyl epgyd44 ne. A silicone/pol y(N-propionyl et hyl enei m ne)
rati o was determ ned from each i nt egral value. [0038] [Exanple 1]:

Synt hesi s of p Si A termnal-r i

pol y( N- pr opi onf?L yﬁgel'ynelérﬁ%r(l lonal s%ﬁcfur?es c%@d’abjfrtﬁ %%Cvﬁg 6. 17
(0.04 no f ieth fate and 93.8 47 o 2-et hyl- 2-
oxazol i nera‘?cﬂlfi(fg %%ﬁ%’{ﬁ%ﬂe% rRiYh%e‘ﬁ ‘%Rf

resul ting solutlon under reflux for 8 hours |n a nitrogen atnosphere.
It had MY dt32,BHPRRSTebStred P EE 1 Fvhsihy 10 Qb B | on
of 100 g of si de ha| nr%grl mary_am nopropyl - nodi fi ed

pol ydi metiAs | Gxdhe FvbiMH -of gy raATRA Bfs W e 26,1900, anine

equi val ent (functi onal group equivalent): 2,000) was added thereto at
a tinme aRfasrt dqwentigm xFaoa &4 shdewpointeander MiewpernLo
hours. The solvent was renoved fromthe reacti on m xture under

reduced pressureidigiobits majiryartopiol yeitloeteuatss ydatmhateldiowy,
solid. The resulting product had a mass ratio (a/b) of 50/50 and MA
of 56, 00G:heNdtrret digriang gridumateani wa tdnthyidy quotd fovrad laci ronhid 0 usd ng
met hanol as a sol vent reveal ed that about 20 nol e% of am no groups
r emai ned.3 ,[30AB 9 mdxex g e 25 1 Syfirtdre S 00 afo @ ,gaompalns idvane
preferably from 1,000 to 3,000. The term “functional
group equivalent of the modified organopolysiloxane
represented by the formula (3)” means a value obtained by
dividing the weight-average molecular weight of the
modified organopolysiloxane represented by the formula
(3) by an average of the number of R® per molecule of the
modified organopolysiloxane.
[0033]

The modified organopolysiloxane represented by the
formula (3) and the terminal-reactive poly(N-
acylalkyleneimine) are used in amounts to give the mass
ratio of them (modified organopolysiloxane/terminal-
reactive poly(N-acylalkyleneimine)) within a range of

preferably from 42/58 to 58/42, more preferably from

45/55 to 55/45, even more preferably from 47/53 to 53/47

17



A termnal -reactive pol y(N propionyl ethyl enei mne) was synthesi zed by
di ssolving 6.18 g (0.04 nol) of diethyl sulfate and 75.6 g (0.762
nol ) of 2-ethyl-2- oxazoline in 166 g of dehydrated ethyl acetate and
heating the resulting solution under ref lux for 8 hours in a

ni trogen atnosphere. It had MNox of 2,040 as neasured by GPC. A 33%

cil aceteie o Wiabl 1008 ool LI AIUMBLIE sorgman,
vel " 40000 A0 el ehl IHCkLenel, Orgie. sl val ent):

heat ed unﬂfr rgi |ux for 10 hours. The solvent was renmoved fromthe
reaction m3aUt e%%der reduced pressure to obtain organopol ysil oxane
B as a pahﬁNéﬁIIOM/solid. It had a mass ratio (a/b) of 55/45 and MNA
of 74, 000: tralizing titration with hydrochloric acid while using
met hanol as a sol vent reveal ed that about 25 nol e% of am no groups
remai ned. [ 004G BX&RSNE IPVesHiie $1id lofregegairdiery S8 Searribed

A term nal -reactive pol y(N-propi onyl et hyl enei m ne) was synthesi zed by
di ssol vi fperifiqrlly d5igasd )orofExpnlng - sihrapeegsatl iovengien. 11
nol) of 2-ethyl-2- oxazoline in 238 g of dehydrated ethyl acetate and
heati ng tfh@ulssulati Mg slolnittiesh tnder efihesd dGxandices s iIm &hei t r ogen
at nosphere. It had MNox of 2,500 as neasured by GPC. A 33% et hyl

acet at e spinithiegisofofl @hrah afrgambealhe i gramer yweanicwep modydculedt f i ed
pol ydi net hyl si | oxane (wei ght-average nol ecul ar wei ght: 26,000, am ne
equi val ente i(dhirc tWenralmegrsaue e qiideat eie (£ 2, 1888)ngvasaddeddrher et o at
atime and the resulting m xture was heated under ref lux for 10
hours. Thendisdlorent was renmoved fromthe reaction m xture under
reduced pressure to obtain organopol ysil oxane C as a pale yell ow
solid. Itfgpadia mass ratio (a/b) of 46/54 and MN of 44, 000.
Neutralizing titration with hydrochloric acid while using nmethanol as

a sol ventMeR\ealafnticthalorRoUlord Y §7010fh tah A9 YLO RS JLined.
[0041] [Exanple 4]: Synthesis of O ganopol ysil oxane D A

term nal 5 i (: i ; im.ne) was synthesized by
di ssol vi %q?10%§ Od%ﬁr?g %@g%%ilpgl%ﬁﬂs%ﬁagefe and 93.9 g (0.95 nol)
of 2-ethyl-2- i.ne..in.2 f d ra hyl _acet at e .and
heating the regéﬁﬁﬁhg ggbgfig24ggge? Se%%ﬁx ?gpﬁg H 5P§HF% anitrogen

atnnsphe&%so t had ¥%%é 05 2,530 as neasured by GPC. A 33% et hyl

acetate solu |gﬁr8P O& of side-chain primry am nopropyl-nodified

pol ydi net hyl si | oxane (wei ght-average nol ecul ar wei ght: 46,000, am ne
equi val ent (futhFBﬁélﬁgpgu%réSE%VgPEﬁP??T§F87O) was added thereto at
atime and the_resulting m xture was heated under reflux for 10
hours. The soI@iﬁW fater efovad™EY Bt he reaction m xture under
reduced pressure to obtain organopol ysil oxane D as a pale yel |l ow

solid. It had &ohu®ss kampergdnky:of030/50 and MAY of 53, 000.

Neutralizing titration with hydrochloric acid
Detector: UV

Sample: 50 uL
f0036]
<Measurement conditions of MNox and MWt>

Column: K-804L (product of Tosoh Corporation). Two
columns connected in sgeries.

Eluent: 1 mM dimethyldodecylamine/chloroform
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whi | e usi ng nethanol as a solvent reveal ed that about 26 nol e% of

am no groups remai ned. [0042] [Conparative Exanple 11: Synthesis of
Or ganopol ysi | oxane A term nal -reactive

pol y( N- propi onyl et hyl enei m ne) was synt hesi zed by dissolving 3.84 g
(0.02 nmol) of diethyl sulfate and 96.2 g (0.97 nol) of 2-ethyl-2-
oxazoline in ZQ%ngq;d§§h¥9Q§Hﬁg g&pyl acetate and heating the
resul ting soluti‘on under’ ref Iu%r?or 8 hours in a nitrogen

at nosphere. It had MNox of 4,000 as neasured by GPC. A 33% et hyl
acetate sol uti iﬂmﬂuﬁ?ﬂ??ﬁaEﬁ%ﬁﬁdﬂéﬁh primary am nopropyl - modi fi ed
pol ydi met hyl si |_oxane gyehgﬂt-average nol ecul ar wei ght: 26,000, am ne
equi val ent (furﬁ?ﬁecﬁ?ﬁ 0| p equivalent): 2,000) was added thereto at
atime and the resulting m xture was heated under reflux for 10
hours. The sol V&#Plgas Y%edved fromthe reaction nmixture under
reduced pressure to obtain organopol ysil oxane E as a pale yel |l ow
solid. ItIH®la mass ratio (a/b) of 50/50 and MAt of 100, 000.
Neutralizing titration with hydrochloric acid while using nmethanol as
a sol vent revedhed ‘HhiMRabeasuremapkefouf derenuigiogpsheemassed.
[0043] [Conparative Exanple 2]: Synthesis of O ganopol ysil oxane

A tern natatrisactd Ad poly (derphopi ehyetdy | drei fo Nejwiras cynd hiesdrzed by
di ssolving 9.10 g (0.06 nol) of diethyl sulfate and 141 g (1.42 nol)
of 2- et hytH2NMBx arakimement3a@éndiafiohelydr at ed et hyl acetate and
heating the resulting solution under reflux for 8 hours in a nitrogen
at nosphere. |t Thad ddMposdft idrb4F anamraymed RhuEPChtA133% iy
acetate solution of 100 g of side-chain primary am nopropyl-nodified
pol ydi metdun ssidmeeans, (weigikt (aver age , mphegukar owekght and618@0,) .am ne
equi val ent (functional group equivalent):1,440) was added thereto at

a tinme and thea agohtiing Sorbuhees, kaated Madern kel W Lol e
hours. The sol vent was renoved fromthe reacti 6n m xture under

reduced p, j r 'ggﬁﬁpe ] e yel | ow
solid. | Pﬁ%%%%%sgéﬁ%fa%%%é and(%g%t%%l 000.

Neutral i @Hl%rt&ftorrﬁ{)i q;&tswg[)e%lﬁwﬁ%?chl oric acid while using nethanol as

a solvent reveal ed 't ha nol e% of am no groups renai ned.

[ 0044] [ Compar ?’Eﬁ&% Eﬁﬁyﬁ?ﬂh—%ﬂ . Synthesi s of organopol ysil oxane

A term nal -reactive po propi onyl et hyl enei m ne) was synt hesi zed by

di ssol vi ng 11'%e%a&9'g§lggk)3%fseconds. Pulse: 45 degrees.

Cumulated number: 8 times.

Peaks confirmed: peak near 0 ppm: methyl group of
polydimethylsiloxane, peak near 3.4 ppm: methylene
portion of ethylene imine.

A silicone/poly(N-propionylethyleneimine) ratio was
determined from each integral wvalue.

[0038]
[Example 1]: Synthesis of Organopolysiloxane A
A terminal-reactive poly(N-propionylethyleneimine)

was synthesized by dissolving 6.17 g (0.04 mol) of
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diethyl sulfate and 88.2 g (0.89 nol) of 2-ethyl-2- oxazoline in 203
g of dehydrated ethyl acetate and heating the resulting solution
under reflux for 8 hours in a nitrogen atnosphere. It had MNox of
1,310 as neasured by GPC. A 33%ethyl acetate solution of 100 g of
side-chain primary am nopropyl -nodi fi ed pol ydi nmet hyl si | oxane

(wei ght - aye | ar ight, 10,00 am pe equival.e

(functi 0?1% égr uﬁgﬁﬁﬁl%‘ﬁﬁ?f O%OSQV\%LSFI AWl :a%é%ﬁ_%_ti me and
the resultin ] xture heat ed under ref lux for 10 hours. The

sol vent v%?éaﬁ%% a1 r%&ﬁsﬁe‘:’ﬁ ecg%lw‘g???ﬁ‘gt%trlngurﬁn%?tﬁ%% pressure
to obtain organopal ysiloxane G as_ a pale yellow solid. It had a nmass
rati o (a/H? n%dﬁ%’% LERENATDISDB10E WRARY al$ Bl kg 1% rat s t h
hydrochl oric acjid while using nmethanol as a solvent reveal ed that
about 17 ¥R I @FRhA g Femiltedad dBe% gfc@mp&latisve Exanpl e
4] : Synt hesi s of organopol ysil oxane A term nal -reactive

pol y( N pﬁ%ﬁﬁw%tbtyl@fgi mPn 8B Swes hnelsesiared sy udiiosoldi A§ 03977 ¢
(0.02 nol) of diethyl sulfate and 57.5 g (0.58 nol) of 2-ethyl-2-
oxazol i nefi rpidetr ghain dehiyey ednigtdytomcetrad el heat i ng t he
resulting solution under reflux for 8 hours in a nitrogen atnosphere.
It had MyoodyoiingBh6l sisl oxerees ufved iyt -ERE raiye3 386 latdhyll a ra ot iaglet: :
solution of 100 g of side-chain primary am nopropyl-nodified

pol ydi metdsy|id ,0xamime wejgihtalaser agiiriad iegid larg i guide 1000;) anmi ne
equi val ent (functional group equivalent): 2,000) was added thereto at
a time amd dde resuldda@ rndrd was editned alarhd efddix fiafg 10
hours. The sol vent was renoved fromthe reaction m xture under

reduced RIiS&SIEL vl RiAH ArERIORA IS Peane HirwiA Palgeyel | ow
solid. It had a mass ratio (a/b) of 62/38 and MA of 65, 000.

Neut ral i ZidGrdritt hald Qenbividn BIBO ORI S Wi sk g diet hanol  as

a solvent reveal ed that about 50 nol e% of am no groups remal ned.

0046 i i | ; t ai d
P SR P TIAL
g%ﬂﬂxﬂﬁx¥ﬁﬁ%ﬁe ?g%lkégul%gggh§%§8h$k Xad alPass raElo

in accor nce w oW ng ne e results are

col ot el bR TANP o, s L REb RS B B eblPee
using th%il%! ?QH%%hE%&E%f%El t% Qﬂgw%gTﬁa methanol as a solvent
revealed that about 20 mole% of amino groups remained.
[0039]
[Example 2]: Synthesis of organopolysiloxane B
A terminal-reactive poly(N—propionylethyleneiminé)
was synthesized by dissolving 6.18 g (0.04 mol) of
diethyl sulfate and 75.6 g (0.762 mol) of 2-ethyl-2-
oxazoline in 166 g of dehydrated ethyl acetate and
heating the resulting solution under reflux for 8 hours

in a nitrogen atmosphere. It had MNox of 2,040 as

measured by GPC. A 33% ethyl acetate solution of 100 g
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[0047] <Filmformation process> An adequate anount of an

et hanol sol ution of organopol ysil oxane (50 w% was cast on a Teflon
(trade nane) petri dish and dried for 5 days while flow ng nitrogen
at roomtenperature. Then, it was dried under reduced pressure (40
kPa) while flowing nitrogen for 8 hours at roomtenperature to obtain

a pale yello a ent. film of. about mmthick. The filmthus
ob?aineé %%sg%éé_lﬁ¥%ﬁ %%%%f%ﬁ%“%ﬁ%9¥%E§HfT?éﬂtﬁ%%es were used as a
sanpl e for_the, neasurenent_of an elastic nodul us. and. extensibility.
[oggs] <r%%}siﬁ$le%%ﬂ&%?f§%%?‘? c?"ﬁ%ﬁﬁa’ﬁ‘s@’erage MGHRCR} A YL AUl us of
each sanpl e was nmeasured in accordance with the foll ow ng nmet hod.
When ¢ he 44153 B ) S E Mol (SRt 5%k (G Pap oPAWbT Rl SR k-

organopol ysi | oxane used as a hair setting agent has a high hair
Setting PovkF0) was addem ARt USH 7 oFLHe A cHZe DYHAME
vi scoel asticity measuring apparatus "DVA-225" (product of | T Keisoku
Sei gyo CAMixXiuxe wWakdwerterkinggnaeShiearfeomded Siowds: Them 0. 01 to

0.1%
solvent was removed from the reaction mixture under

reduced pressure to obtain organopolysiloxane B as a pale
yellow solid. It had a mass ratio (a/b) of 55/45 and MWt
of 74,000. Neutralizing titration with hydrochloric acid
while using methanol as a solvent revealed that about 25
mole% of amino groups remained.
[0040]
[Example 3]: Synthesis of Organopolysiloxane C

A terminal-reactive poly (N-propionylethyleneimine)
was synthesized by dissolving 7.22 g (0.05 mol) of
diethyl sulfate and 110.2 g (1.11 mol) of 2-ethyl-2-
oxazoline in 238 g of dehydrated ethyl acetate and
heating the resulting solution under reflux for 8 hours
in a nitrogen atmosphere. It had MNox of 2,500 as
measured by GPC. A 33% ethyl acetate solution of 100 g
of side-chain primary aminopropyl-modified
polydimethylsiloxane (weight-average molecular weight:
26,000, amine equivalent (functional group equivalent):
2,000) was added thereto at a time and the resulting

mixture was heated under reflux for 10 hours. The
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Frequency: 1 Hz Sanple size: (0.8 to 1.5) x (8 to 10) x (5 to 6) mm
Measured at: 25C [0049] <Measurenent of extensibility> The
term"extensibility" as used herein neans a ratio, relative to an
initial sanple length (length before stretching), of a defornation
anount of a sanple at rupture, which is calculated in accordance with

the foll ow i I i le | th at t i
et ohi TS0 Chelbuid PYoHORY FoSBIPHE HER0TR mddRLer ® 1o
i sa?r}gl e_l ength. \Wen

foll ow n asurenent conditians and the initial

the sanprECTROTS HRC CREEnST Bi TTE9 OrO TN FETLL TS 5147 FrBRtE on
the hair usj t he correspondj ng or ganopal ysi | oxane as settin

agent is %%if%&s?q’%/l%r olgég%@gieﬁ‘ Wsl%arré’é:%i (ra/&éf (S’rfrrétq/g”t‘?‘ Gl Pt
external factors (finger caonbing, w nd, oscillation, or the |ike) and
the hair Rtyi% s IBUEETR 1 Tiveltd bt Lo g iffduydrochloric acid
Extensibility (%, = (length of a sanple at rupture in a stretching
directi oﬁ”hlfﬁhi%ﬁwglfﬁi@i@@f Fhed et /revealed thalytabwit the
sanpl e (Illf Appar atus: Tensilon RTC (product of A& Conpany)

Measur emgiRlefodet aMpine (JHoups remairgthpl e size: (0.8 to 1.0) x (4.0

to 6.0) x (38.0 to 40.0) mm Measured at: 25C
[0041]

[Example 4]: Synthesis of Organopolysiloxane D

A terminal-reactive poly (N-propionylethyleneimine)
was synthesized by dissolving 6.10 g (0.04 mol) of
diethyl sulfate and 93.9 g (0.95 mol) of 2-ethyl-2-
oxazoline in 203 g of dehydrated ethyl acetate and
heating the resulting solution under reflux for 8 hours
in a nitrogen atmosphere. It had MNox of 2,530 as
measured by GPC. A 33% ethyl acetate solution of 100 g
of side-chain primary aminopropyl-modified
polydimethylsiloxane (weight-average molecular weight:
46,000, amine equivalent (functional group equivalent) :
1,870) was added thereto at a time and the resulting
mixture was heated undexr reflux for 10 hours. The
sclvent was removed from the reaction mixture under
reduced pressure to obtain organopolysiloxane D as a pale
yellow solid. It had a mass ratio (a/b) of 50/50 and MWt

of 53,000. Neutralizing titration with hydrochloric acid

22



Rate of stretching: 300 mmMmn [00501 <Measurenent of water
solubility> A 5 wt % aqueous sol ution or dispersion of each
sanpl e was prepared and the transmttance (T% of the resulting

| i quid was neasured in accordance with the follow ng conditions. The
transmttance of 50% or nore suggests easy incorporation of the

le i . . M-V S spect & ot.onmet er -2550
(procuct TR veing Rer BNl Fod el R e bR THanshethce
Measur ement V\@.VG% engt h: 660 nm Sanp] eiq2 W % di spersion in deionized
water CpUTCH™ (38 (ATHG I PR RGeS Bx. 4 1

[0042]
[Comparative Example 1]: Synthesis of Organopolysiloxane
E

A terminal-reactive poly (N-propionylethyleneimine)
was synthesized by dissolving 3.84 g (0.02 mol) of
diethyl sulfate and 96.2 g (0.97 mol) of 2-ethyl-2-
oxazoline in 203 g of dehydrated ethyl acetate and
heating the resulting solution under reflux for 8 hours
in a nitrogen atmosphere. It had MNox of 4,000 as
measured by GPC. A 33% ethyl acetate solution of 100 g
of side-chain primary aminopropyl-modified
polydimethylsiloxane (weight-average molecular weight:
26,000, amine equivalent (functional group equivalent):
2,000) was added thereto at a time and the resulting
mixture was heated under reflux for 10 hours. The
solvent was removed from the reaction mixture under
reduced pressure to obtain organcopolysiloxane E as a pale
yellow solid. It had a mass ratio (a/b) of 50/50 and MWt
of 100,000. Neutralizing titration with hydrochloric
acid while using methanol as a solvent revealed that
about 49 mole% of amino groups remained.

[0043]
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[Comparative Example 2]: Synthesis of Organopolysiloxane
F

A terminal-reactive poly (N-propionylethyleneimine)
was synthesized by dissolving 9.10 g (0.06 mol) of
diethyl sulfate and 141 g (1.42 mol} of 2-ethyl-2-
oxazoline in 304 g of dehydrated ethyl acetate and
heating the resulting solution under reflux for 8 hours
in a nitrogen atmosphere. It had MNox of 2,540 as
measured by GPC. A 33% ethyl acetate solution of 100 g
of side-chain primary aminopropyl-modified
polydimethylsiloxane (weight-average molecular weight:
46,000, amine equivalent (functional group
equivalent) :1,440}) was added thereto at a time and the
resulting mixture was heated under reflux for 10 hours.
The solvent was removed from the reaction mixture under
reduced pressure to obtain organopolysiloxane F as a pale
vellow solid. It had a mass ratio {a/b) of 40/60 and MWt
of 100,000. Neutralizing titration with hydrochloric
acid while using methanol as a solvent reveéled that
about 15 mole% of amino groups remained.
[0044]
[Comparative Example 3]: Synthesis of organopolysiloxane
G

A terminal-reactive poly(N-propionylethyleneimine)

was synthesized by dissolving 11.8 g (0.08 mol) of
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diethyl sulfate and 88.2 g (0.89 mol) of 2-ethyl-2-
oxazoline in 203 g of dehydrated ethyl acetate and
heating the resulting solution under reflux for 8 hours
in a nitrogen atmosphere. It had MNox of 1,310 as
measured by GPC. A 33% ethyl acetate solution of 100 g
of side-chain primary aminopropyl-modified
polydimethylsiloxane (weight-average molecular weight:
10,000, amine equivalent (functional group equivalent) :
1,090) was added thereto at a time and the resulting
mixture was heated under reflux for 10 hours. The
solvent was removed from the reaction mixture under
reduced pressure to obtain organopolysiloxane G as a pale
yellow solid. It had a mass ratio (a/b) of 50/50 and MWt
of 23,000. Neutralizing titration with hydrochloric acid
while using methanol as a solvent revealed that about 17
mole% of amino groups remained.
[0045]
[Comparative Example 4]: Synthesis of organopolysiloxane
H

A terminal-reactive poly (N-propionylethyleneimine)
was synthesized by dissolving 3.77 g (0.02 mol) of
diethyl sulfate and 57.5 g (0.58 mol) of 2-ethyl-2-
oxazoline in 124 g of dehydrated ethyl acetate and
heating the resulting solution under reflux for 8 hours

in a nitrogen atmosphere. It had MNox of 2,510 as
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measured by GPC. A 33% ethyl acetate solution of 100 g
of side-chain primary aminopropyl-modified
polydimethylsiloxane (weight-average molecular weight:
26,000, amine equivalent (functional group equivalent):
2,000) was added thereto at a time and the resulting
mixture was heated under reflux for 10 hours. The
solvent was removed from the reaction mixture under
reduced pressure to obtain organopolysiloxane H as a pale
yellow solid. It had a mass ratio (a/b) of 62/38 and MWt
of 65,000. Neutralizing titration with hydrochloric acid
while using methanol as a solvent revealed that about 50
mole% of amino groups remained.

[0046]

[Evaluation]

By using the organopolysiloxanes obtained in
Examples 1 to 4 and Comparative Examples 1 to 4 as a
sample, their elastic modulus, extensibility, and
solubility in water were measured in accordance with the
following methods. The results are collectively shown in
Table 1.

Samples to be used for the measurement of the
elastic modulus and extensibility were prepared using the
following film formation process.

[0047]

<Film formation process>
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An adequate amount of an ethanol solution of
organopolysiloxane (50 wt%) was cast on a Teflon (trade
name) petri dish and dried for 5 days while flowing
nitrogen at room temperature. Then, it was dried under
reduced pressure (40 kPa) while flowing nitrogen for 8
hours at room temperature to obtain a pale yellow
transparent film of about 1 mm thick. The film thus
obtained was cut into pieces and the resulting pieces
were used as a sample for the measurement of an elastic
modulus and extensibility.

[0048]
<Measurement o©of elastic moduluss

The elastic modulus of each sample was measured in
accordance with the following.method. When the film has
an elastic modulus of 5 x 10° Pa or more, the
organopolysiloxane used as a hair setting agent has a
high hair setting power.

Apparatus used for measurement: Dynamic
viscoelasticity measuring apparatus “DVA-2257 (product of
IT Keisoku Seigyo Co., Ltd.)

Measurement mode: Shear mode

Strain: from 0.01 to 0.1%
Frequency: 1 Hz
Sample size: (0.8 to 1.5) x (8 to 10} x (5 to 6) mm

Measured at: 25°C
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[0049]
<Measurement of extensgibility>

The term “extensibility” as used herein means a
ratio, relative to an initial sample length (length
before stretching), of a deformation amount of a sample
at rupture, which is calculated in accordance with the
following equation (III} by using a sample length at
rupture in a stretching direction as a result of
stretching the sample under the following measurement
conditions and the initial sample length. When the
sample shows an extensibility of 50% or more, the film
formed on the hair using the corresponding
organcpolysiloxane as a setting agent is not easily
broken even by large hair deformation due to external
factors (finger combing, wind, oscillation, or the like)
and the hair style thus set can be held for long hours.

Extensgibility (%) = (length of a sample at rupture
in a stretching direction - initial length of the sample)
/ initial length of the sample (ITII)

Apparatus: Tensilon RTC (product of A&D Company)

Measurement mode: Stretching

Sample size: (0.8 to 1.0) x (4.0 to 6.0) x (38.0 to
40.0) mm

Measured at: 25°C

Rate of stretching: 300 mm/min
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[0050]
<Measurement of water solubility>

A 5 wt% aqueous solution or dispersion of each
sample was prepared and the transmittance (T%) of the
resulting liguid was measured in accordance with the
following conditions. The transmittance of 50% or more
suggests easy incorporation of the sample in water.

Apparatus: UV-VIS spectrophotometer UV-2550
(product of Shimadzu Corporation)

Measurement mode: transmittance

Measurement wavelength: 660 nm

Sample: 5 wt% dispersion in deionized water

Opticai path length: 1 cm
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[0052]

It has been found clearly from Examples and
Comparative Examples in Table 1 that the
organopolysiloxanes of the present invention are
excellent elastomers having a great deformable amount
while having a high elastic modulus. In addition, the
organopolysiloxanes of the present invention are

excellent in water solubility.
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[ 0052] It has been found clearly from Exanpl es and Conparative
Exanples in Table 1 that the organopol ysil oxanes of the present

I nvention are excellent elastoners having a great deformbl e anount
whil e having a high elastic nodulus. In addition, the

or ganopol ysi | oxanes of the present invention are excellent in water
solubility. dainms [Caiml] c12A050r ganopol ysi | oxane obt ai ned
by binding, to at least two silicon &€0fs of an or ganopol ysi | oxane
segnent constituting a main chain, a poly(Nacyl al kyl enei m ne)
segnent conprising a repeating unit represented by the foll ow ng
formula (1) eRg#? wherein Fe- represents a hydrogen atom or an al kyl
group hav ol 1 to 3 carbon atons and nis 2 or 3, via an

al kyl ene group _.containing.a hetero ato
y 9 pAn organop lyglloxane oﬂgained by binding, to at

least two silicon atoms of an organcpolysiloxane segment

constituting a main chain, a poly(N-acylalkyleneimine)

segment comprising a repeating unit represented by the

following formula (1):

feri—
& R

wherein R' represents a hydrogen atom or an alkyl group

(1)

having from 1 to 3 carbon atoms and n is 2 or 3, via an
alkylene group containing a hetero atom,

wherein the poly(N-acylalkyleneimine) segment has a
number-average molecular weight of from 1,600 to 3,500; a
mass ratio (a/b) of the organopolysiloxane segment (a)
constituting the main chain to the poly(N-
acylalkyleneimine) segment (b) is from 42/58 to 58/42;
the organopolysiloxane segment between two poly (N-
acylalkyleneimine) segments adjacent to each other has a
weight-average molecular weight of from 1,600 to 3,500;
and the organopolysiloxane segment constituting the main
chain has a weight-average molecular weight of 7,000 to
100,000.

[Claim 2]
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wherein the pol y(Nacyl al kyl enei m ne) segnment has a nunber-average
nol ecul ar weight of from1,600 to 3,500; a nmass ratio (a/b) of the
or ganopol ysi | oxane segnent (a) constituting the main chain to the
pol y(Nacyl al kyl enei mi ne) segment (b) is from42/58 to 58/ 42; the
or ganopol ysi | oxane segnent between two pol y(Nacyl al kyl enei m ne)

segnents adj ac t rh J1as, - n] ecul ar wei ght
of from1, 600 ?3{63,%(%?%}%%& or gfﬁgﬁﬁﬁr@g\%@%@eﬁr

consti tutj - i in h i ght - aver age nol ecul ar. wei ght of
7000 1 o O TG, T ian 24 £ e B MR AR R A R i g

to daim1, wherein, .of the silicon atons_ of the rgano olysiloz<ane
1lcC N-

segnent COHEIFHUGHY THA T HiaitRin SRt the e ‘poly
ol y(Nacyl al kyl.enei mi ne) segnent is bound via the al kylene group
Eon%/gi ni yr‘?fyal%é’tytgredledt e)o%gée%'?e%rjeg DN Frhe aE]YJé{)é]iqr?@cons atom

ot her than silicon atons at both ends of the organopol ysil oxane
segment . JX9UR Fo9itaining arfie tGrRafssEt y e xh ks dridiimpn atamsg m 1
or 2, wherein the alkylene group containing a hetero atomis an

al kyl ene o i HEANTY FHrWmMEhay Ahaah rbion earb s il adomadimiensls rom

one to three nitrogen atons, oxygen atons, or sulfur atons.
of the organcpolysiloxane seqment.

[Cléim 3]

The organopolysiloxane according to Claim 1 or 2,
wherein the alkylene group containing a heteroc atom is an
alkylene group having from 2 to 20 carbon atoms and

containing from one to three nitrogen atoms, oxygen atoms,

or sulfur atoms.
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