DESCRI PTI ON BLOCK POLYMER HAVI NG FUNCTI ONAL GROUPS ON I TS

BOTH ENDS 5 Technical Field The present invention rel ates
t:o -a bl ock pol ymer which has functional groups on its both ends, a

met hod for the production thereof and its application to 10 pol yneric
mcelle. Mre detailedly, this invention di scl oses a pol ymer whi ch has
functional groups on its both ends while having, inits main chain, a
pol yet hyl - ene oxi de chain as a hPESEHATIONegnent and anot her chain

derived from polyester or (nmeth)acrylic acid 15 derivative as a hydrophobic

segnent . I I S 1 [ e . yner" JjJncl

ol i goner. Backgr ouﬁg'okﬂ ﬁagj‘% HAV Iﬁ%« Eﬁﬁéﬂ?ﬁgtnggglq% wdle'ss

nanosphere conposed of BOTH ENDSphilic/ hydrophobic type bl ock pol yner

wherein a g hydrophilic polymer |ike polyethylene oxide is conbined

w th a hydrophobic polyner at the nolecular |evel is now attracting

attention as heehpicad Fdeld ug delivery or 25 the like. Said polyneric

m cel |l e and nanosphere RRgep reddif W et f6h f FeTa8e§YdboRNibhigeKkhydr ophobi ¢
type bl ock | ymer erein a hydrophiljc polyner is.conbined wth a

hydr ophobi ¢ pBB&HéFraW eh mﬁﬁuiﬁhﬁt %@%1.QP°“ s on its H%*W: idnal
processes to peatode farhitdreo-p rifi yiti orc/ thyce ophahd c ittgpa phlldela thidny nes,
however, er .S 2 Jsi matal | oRgon t ] ofterm nal .f.unctional
groups tolige ﬁt1 P’%‘Shéé’d,"‘l‘é’n@c? 1ta%'er em‘ﬁgﬁ_egg%‘?{;?%ggi:pﬁ:gsg mnv%é's?e‘ | ock

pol yners whos@isghesesnd rplomer which-has funettondlt arewpison orts

hydroxyl groupoth! bnai! whidle Faviy! | PRal td'AEPR YRR nSUGC POIVETNYT-
i ntroduced onto the m cell e surface at. an, optional ;proportiqgn, it would

become possi bPBet 8%HAGyChe in AfA i dropbi Lherpeonent and another

chain derived from polyester or (meth)acrylic acid

15 derivative as a hydrophobic segment.
In this invention, the term "polymer" includes
oligomer. '

Background Art

20 A polymeric micelle or nanosphere composed of
a hydrophilic/hydrophobic type block polymer wherein a
hydrophilic polymer like polyethylene oxide is combined
with a hydrophobic polymer at the molecular level is now
attracting atteﬁtion as a carrier for drug delivery or

25 the like. Said polymeric micelle and nanosphere have
been prepared from a hydrophilic/hydrophobic type block
polymer wherein a hydrophilic polymer is combined with a
hydrophobic polymer at the molecular 1level.

In conventional processes to produce a hydro-

30 philic/ hydrophobic type block polymer, however, there
is a 1limitation on the species of terminal functional
groups to be introduced, and there have only been pro-
posed block polymers whose functional groups are re-
stricted to methoxy or hydroxyl group. If optional

35 functional groups were successfully introduced onto the
micelle surface at an optional proportion, it would
become possible to provide a functional polymeric mi-



2 ~ - .celle which could be useful for drug delivery to certain o]

rgans. Thus, the object of this inventionis to provi de a
bl ock polymer, which has functional groups on 5 both ends of its main
chain, as a pol yfunctional polyner whicch i s capable of formng a

pol ymeric mcelle. . Disclosure of invention The

i nvent ors of b Sl i v telC . as] £
produced a b|%§i‘<§80 ;‘ﬁng?' %%iugﬁi e as ‘gpp?%{)e{‘:ljgé g?qhgﬁ-ﬁ?:(}%ec%tée%t%n? no

group, carbox§reans.qgroup or nercapto group on one end of nol ecul e and

various functional groughug) e URIcENSF YRS fRventidnkWleen® phenylene
or phenylalkylene,gerivgaive havi ng 15 a certain kind qQf protected am no
Foyiggpa blogk

group, carbox® Rl LD ahds afHpgtigpalgadeyns on

utilized a&& aboth endsngfpdltsmara izatotain i ds ahopo and uniedri ontaly | piteyntxi de

and lactide or,lagtone or t li.c acid ester _are_ . ol yneri zed as
18 LP° sRea bR &l ol ind 20 nfTkEer Sonmig 3% |

nononer s, and"? IS na&e to react if

n-electr e
necessary. They have al so confirned that a bl ock pol yner
obtained in tHsc1880se L ThvenGor®eric mcelle which is quite stable
I n an aqueous—sutvert: This invention thus provides a bl ock

pol ymer 25 which has fuf®ei dRyendediiL onthts ni eneatipnhryeyfoundy out
\)/(mIOC?C;-I[S fw]prEﬁﬂﬂt f%ebrs f:ﬁﬁ'nm%a&i(ﬂ:b dzbelmduced a b'lockl polyéngr which

- 0- err err rrl- err]- . .

wherei n X deﬁ%%%saaﬁ}égﬁﬁkeérghpqéﬂﬂﬁﬁfﬁ??%Fd amino ggohp'lﬁagﬁFBﬂﬂ at ons
whi ch has oneg peupwoer mercapto groupulist ienenesdsefcmbdéciulemanite group

consi st - - . ' : m Kk -t
am no- pr ot ect‘f%é‘%?(s)ug,“hgggggfgl dg%o‘ﬁ{osob%ogﬁg% gghé"'r Q"d’ Whev'\'/i t'ahn
y

car boxyl - pr ot®tKY hgngs orpesyd eher @aptrhenylal kylene dgraygtivscihaying h
mer capt o-18 Ol£CéePPaFJhOUPnd of protected amino group, carboxyl group

or mercapto group and a hydroxyl group is utijized as a

1iving polymerization initiator and when ethylene oxide

and lactide or lactone or (meth)acrylic acid ester are

polymerized as monomers, and further when electrophilic
20 agent ié made to react if necessary. .

They have also confirmed that a block polymer
obtained in this manner forms a polymeric micelle which
is quite stable in an aqueous solvent.

' This invention thus provides a block polymer
25 which has functional groups on both ends of molecule and
which is represented by formula (I) below:

X —0=—€CH,CH20¥3€Y)2Z (1)

30 wherein X denotes an a]k}! group having 1 to
10 carbon atoms which has one or two
substituents selected from the group consist-
ing of amino group blocked with
amino-protecting group, carboxyl group blocked

35 ' with carboxyl-protecting group and mercapto
group blocked with mercapto-protecting group,



3 - or phenyl or phenyl-alkyl group which has the

above- ment i oned substituents on benzene ring; Y denotes
a_gkoup selected fromthe : group consisting of the foll ow ng
recurring 5 units J[err] 3 15

wherein R err] and R err] independently denote hydr ogen
atom or al kyl group having 1 to 5 carbo ato

denot es hydrogen at om r phenyl or phegylzaijy]l &ﬁﬂﬂf ﬁ%%ﬁ? %%R%ggs
al kyl group 20 above-hanthgnédt s uhstd itiven tat core htnz#nesr1ng,

substituted with hydroxyl grou nder Cktl nces q
denotes an integer of 2 Q % notes a gr%¥p selected ?rSHnﬁh%

denotes functional group gedertednéisking of the f01HQW?@ﬂcﬁ$P%6ﬁBP9tlng

of hydrogensat om units acryloyl group (CHerr]=CHCO),
met hacryl oyl group (CHerr]=C(CH err])-CO), vinyl benzyl
group 30 (CH2= CH-[err& CHerr]-), allyl group
(CHerr]=CHCHerr]-). i p- ﬁoluenesglfopgt grg ous havin
g%HLgrg]roLg”] sderrl-). whi ch |§%|90ccg‘§rcgil-psgbgtlt5%‘e ?%@_g_ |Irocum ’
10 Rl . Rz
RS R3
l |
._CHzcl:- . _Cﬂz(lg_.
COOR!* CN
15 '
wherein Rl and R2 independently denote
hydrogen atom or alkyl group having 1 to
§ carbon atoms; R3 denotes hydrogen atom
_ or methyl group; R denotes alkyl group
20 having 1 to 5 carbon atoms which is
subs tituted with hydroxyl group-under
circumstances; q denotes an integer of 2
- 5; ;
Z denotes functional group selected from
25 the group consisting of hydrogen atom,

acryloyl group (CH2=CH-CO-), methacrylovil
group (CH2=C(CH3)—GG—); vinylbenzyl group

(CH, =CH CH,-), allyl group (CH,=CH-CH,-),
a0 2 2 2 2
p-toluenesulfonyl group (CH34<::>—302-),

mercapto group, alkyl group having amino group -

which is mono- or di-substituted under circum-
35 stances with alkyl group having 1 to' 5 carbon

atoms, alkyl group having 6arboxy1 group or

its ester group,-alky] group having acetal



35 ~ . stances with al kyl group having 1 to 5 carbon

atonms, al kyl group havi ng carboxyl group or Its ester group,
al kyl group having acetal 4 '
group, and hal ogen atom and 4 n1and n i ndependent|y.
denote an integer of 2 - 10, 000. The above

bl ock pol yner can be easil r oduced from.,t he I|v ng pol yner
représented by the follow?ﬁﬁgp' apgrﬁﬁﬂggfﬂjfﬁqmtuﬁﬁﬁdance with the
present invention. Thi s i nwerndm tihedependeptdyi denotet amnliy tegerocess
to produce the block pelyner gfg B@rnula (1) with use of the 10 living
pol ymer represented by the followhg formula (I1) as a starting
material, but also the living polynmer of formula (11) per se which is

usabl e for tghe further Th@raﬂaobl Bhoek Bdllyadr AV NBE 8axing prdaareldl ic
or hydr ophagbi c se

X[ err]-0- (CH er'r ?]UY%‘PF]P?‘ YBPF] FepgpEsnyed by the fpljowing
wherei n Xa denftexamule a{ kKY) @9nosdpcbadange with the present in?entﬁoﬁarbon

at oms whi ch hasthirge ﬂ{ngQhon therefore &ro\l\gdseusbsl;[eé U&E gc EFSLF%

t he group am no group
am no- protectn&fqﬁunﬁ)th@rbbayk gpduper of formula (I) whihcuee mfthhe

carboxyl PHOt eqlivithd) PPyme r represented by &b EITPMPng" PHPmR ACKEY )

W th ner capt o- prQtecting group, or denotes
phenyl or phenﬂseﬂlﬁﬁaﬁtbﬁ% ﬂﬁFEﬁ‘ﬁ&s but also the 11v1nghgolymer of
above- nment i oned eteld t (ED) Sp@A se which is usab]etfmieﬁﬁerfﬂgther

Y and Ya denote a sel iCL €, romth { ou
consi sting of {%(k£ SR YT polymer by %ﬁﬁn%%pﬁﬁpﬁﬁg1?ogromdng

f or nul ae hydrophob1c segment.
15

X5 0—€CH;CH2 03 €Y g=rY, M°  (ID)

wherein Xa denotes an alkyl group having
_ 1 to 10 carbon atoms which has one or
20 two substituents selected from the .group
consisting of amino group blocked with
amino-protecting group, carboxyl group
blocked with carboxyl-protecting group
and mercapto group blocked with
25 mercapto-protecting group, or denotes
phenyl or phenyl-alkyl group which has
the above-mentioned substituents on
benzene ring; .
Y and Ya denote a group selected
30 from the group consisting of the groups
represented by the following formulae

0 0
I Il
~C-CHOCCHO- and -C-C
35 I | l I
R!' R? R -



[err] -. ' 5 [err] 15

wherein Rlerr] and R err] independently denot e
hydrogen atom or al kyl group _ having 1 to 5 carbon
atons; R err] denot eg hydrogen atom or met hyl
group; Rferr] denotes al kyl group hav- 20 ing 1.to 5
carbon atons which is substituted w th hydroxyl
group urgler circunstances; and q @enotes
an integer of 2 - 5; Il [err] denotgs cation of
al kaline nmetal 25 _C(gq.tg(ﬁt.gd_from t5gedgrou.pcq@ﬁiz§n@(j’ of .
lithium sodium potassium and cesium . q ’
5 R?® R3
“CHr—?~ ~ and —CHr—? ;
COORH¢ COOR!*
10 | R? R®
l o lo
—CHz—CI:"‘ and —CHz—-(I:
CN CN
15 | wherein R! and R independently-

denote hydrogen atom or alkyl group
having 1 to 5 carbon atoms; R’
denotes hydrogen atom or methyl
aroup; R' denotes alkyl group hav-
20 . ing 1 to 5 carbon atoms which.is
~substituted with hydroxyl group
under circumstances; and q denotes
an integer of 2 - §;
'Mg denotes cation of alkaline metal
25 selected from the group consisting of
lithium, sodium, potassium and cesium;
and
m and n independently denote an
integer of 2 - 10,000.
30
The block polymer of the above formula (I)
forms, when treated in a solvent, a stable polymeric
micelle which contains said block polymer as an active
ingredient. Thus, this invention provides also such a
35 polymeric micelle.
As will be seen from their constituent compo-



and - . m and n i ndependently denote an

I nteger of 2 - 10,000. 30 The bl ock pol yner of the above
formula (1) forns, when treated in a solvent, a stable polyneric

m cel | e which contains said. bl ock pol yner 635 an active I ngredient.

Thus, this invention provides also such a 35 polyneric mcelle.

As wll be seen fromtheir constituent conp
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organi sm suich as carrier, for dru ery. Nbreover, since this

i nvention prodih@dd & ermingd yfnvla"rq t‘?ﬂ%bl EOW’IPcﬁaPs t(!i\ﬁ"le(f%ﬁealﬂee Yysedin

aqueous selovethe Pradudvien &f .ﬁ@tériavsnwwahl %rTehQﬁQ'fe(Utﬁy usef ul
al so for drug dellvert}('et]_ﬂ:é,a certain or EDDECRIPTIO\IO:
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may be prQpec raf | far . fungt t of
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am no- protecting group, carboxy-protecting group and

mer capt o- protecting group which are usually used in this 25 field. Any of
these groups D&ETAICEOTMESORIPKIONQF aBNVENTIDNY can be elimnated by neans
of hydrol¥§is or cafa-

The block polymer of formula (I), whose group
X is substituted with amino group, carboxyl group or
mercapto group which may be protected, carries a free
functional group at one terminal of polymer when pro-
tected as it is or when deprotected. In this specifica-

20 tion, said terminal is called a-terminal for convenience
sake.

The above-mentioned protecting groups include
amino-protecting group, carboxy-protecting group and
mercapto-protecting group which are usually used in this

25 field. Any of these groups can be employed so long as
they can be eliminated by means of hydrolysis or caté—
Tytic hydrogenation and have no adverse effects on the
living polymerization of this invention.

Concrete examples of amino-protecting group

30 1include benzylidene group which forms Schiff base (imino
group) together with nitrogen atom of amino group and
whose benzene ring may be substituted with alkyl group
having 1 to 3 carbon atoms, in particular methyl group,
or halogen atom, in particular fluorine or chlorine,

35 preferably non-substituted benzylidene group;
alkoxycarbonyl having 1 to 5 carbon atoms, 1in particular



| yt+c hydrogenati on and have no adverse effects on the l'iving

pol ysreri zation of this invention. Concrete exanpl es of

am no-protecting group 30 include benzylidene group which fornms Schiff base
(imno group) together with nitrogen atpm of am no group and whose
benzene ring may be substituted with al kyl group having 1 to 3 carbon

atons, in particula th ro or o] to ar.ticul.ar
f1uorine or chk&flng @??%%ﬁﬁhﬁ?iﬁygﬁ%%P3u5§? gb?%ﬁ Héﬂf?ll&@ﬂgﬁ;tﬂf ©
al koxycar bonyl girtaupsg sk ltex: ttedc af dom tbhengroup pansisdliag of alkyl group

7 tert-but b
selectegrfrolrjnﬁﬁ)(lq %033%%5%2? ﬂ9é¥2)§$+§ ?H&OHReRQYIQQOLBre?ntg%¥§iu on

atons and phen}ﬁfggﬁu@eﬁhvkﬁﬁleu tr1etb¥‘§?]ﬁ%tﬁ9¢s#ﬂwpt Ai-@herel |yl

and di met hyk- pggnyh .5 snnhwc gﬁradw swélpeblmksdamﬁh B'Fb'%‘é‘c&ﬁwgecdr*dlﬂa
gr oup I ncl udes cyano ornms am no when re- duced by

a certain way. 1ncludes é% (&ﬁ&#%tﬁhbianﬁ?é@sogmbﬁPbSXV“ﬂr&N&ﬁ|Wﬁ)group
i ncl ude aIkoxydgb@dpbbawIubﬂiéth5wsﬁrbon atonB which 10 constitutes a

part of ester with carbogl g né bu#joxy a'{I%.‘ ga“&ﬁgei}'}g“ﬁgﬁit“?{?i@é?“"

n- propoxy, i so-propoxy, bu oXY, I'-'su
met hoxy, in 1ipsiudeuladkdionzgtownyhavi paehyt onbt haxpoana tomspmdyich

met hoxy. C%bozsxhs%we@ %erw o &@EQPXM 95%5%5&91 13 rdupuP fdcl udes

cyano group which forns carboxy roug hydrol yzed in a certain way.
Concr et e exainé§tdF‘M§ﬂxﬂﬁ¥F$%%te%? ﬂﬁygrbubr°9°xYncF§8eﬁ&%&%ﬂy'benzw

trlnEth:S:|y|g—gQQUﬂy,E?ertnbutoEyp ﬁﬁéhyi—bea;yhtu&euembwhaxﬁ¢u1no-
m, (6] an tert t

al kyIO gr oﬁp V\hPEI\'Q&&HS}ﬁrt th%'%zy{m%¥%0pékp?(ﬁEYLd3e§ngﬁyaFWI Egd('r rop?"pes"yag are
capabl e of mertioxy .st mmxwhagmuprbboaheuedi dhkgherbo xy-ong, tecting
Concretely1gEta¥bupegm@1uJ£ @ﬂ¥ y??@uQrQRYEh @?pHEyEar%%xyﬁe%J%Uﬁ”

n- pentyl, sec-pentyl, hexy and decyl group, in’particul ar,
met hyl , ethyl WhﬂprbmﬂfQ%XFed th%t??rta‘" way. G oup X may be

Conposed of phenyl or Concrete examplies of mercapto-protecting group
include phenyl, benzyl, trimethylsilyl, acetyl, o-, m-,
p-methyl benzyl, triethyl silyl, o-, m-, p-tolyl and

20 tert-butyldimethyl silyl.

Examples of alkyl group which constitutes
group X include such alkyl groups as are capable of
forming straight chain- or branched-alkylene group,
concretely methyl, ethyl, n-propyl, iso-propyl, n-butyl,

25 sec-butyl, n-pentyl, sec-pentyl, n-hexyl, heptyl and

" decyl group, in particular, methyl, ethyl, n-propyl qu
n-butyl. ' L

Group X may be composed of phenyl or
phenyl-alkyl, in particular benzyl or phenethyl.

30 Such being the case, concrete examples of
group X (a part of Xa) which has an amino-protecting
group include, not restrictively, 1- or 2-benzalimino
ethyl group, t-, 2- or 3-benzalimino propyl group, 1-,
2~, 3- or 4-benzalimino butyl group, 1-, 2-, 3-, 4~ or

35 5-benzalimino pentyl group, 2-, 3- or 4-benzalimino
phenyl group, 2-, 3- or 4-benzalimino benzyl group, 2-,



phenyl -al kyl ,” in particul ar benzyl or phenethyl. 30 Such bei ng

the case, concrete exanpl es of group X (a part of Xa) which has an
am_ no- protecting group include, not restrictively, 1- or 2-benzalimno
ethyl group, 1-, 2- or 3-benzalimno propyl ggroup, 1-, 2-, 3- or

4- benzal i m no butyl group, 1-, 2-,'3 4- or 35 5-benzalimno pentyl group,

S;buﬁ- gr 4- ben§§|£p1ﬂobenzg g no é%eé%yl éréﬁp4-ﬁ?nﬁ§gLQ%Egi%%Q%&H

4-benzal i m no pﬂehnl hyamgnowmpthMl Nroupst rinetthy2-N, Ns{bystrimehbydt hyl
group, 1- or 2- b silyl m hyl Qr a r
3-N, N-(bistri rr%l:t' hﬁr‘kbg‘%rgxa%rr%ﬁr'opgl’)gz;jlou&ppeé N, ﬂ Pg?s(t)ngl“?ﬁlryﬂl-
(bi strimet hyl s$r§/v))amnhaeatrypvgrarpwm»- 2 23 37 °6r =N, ¥-p

N-(bistrinmetgyl (sib¥ki mathpopertiyh )graaumob%:tyﬁ gféup , 14 Nz—, 3-, 4- or

N- (bi strinmethyl _sjl m nophen rq
N-gblstrlmethgl5 hr§#7(§ﬁ§ﬁ53@ﬁf§W‘g 35112am¥pogﬁnty1 grmhp. 2=, 3= or-

N- (bi strinmethyl4sN| yN) (aishopherayhylsignydp,amdindphen pkt gyoup, 2-, 3- or
si |yl -N-nmet hyl agi gongt I's

si 1yl - N-met hyl AAE: @;l.sqpqu,gtr}” Firg 1) AAQRLR IY group, | 8T NSty
ami nopropyl gr ofipN., 1N-(Elstr1me3hYGrSdﬂ¥1}|3ﬂﬁ¢3@h%m¢9h¥{LSE9h9L

ani nobutyl ggoug..¢ hy1281 131 ~Nime¥hyor i dd met Ry 1-
silyl- N—nethylan1ﬁo‘met F sn J mé¥ ;i r ilh+?¥|n%{°ur or

ent
SV N ot ol e NoErompenyt S3TyRrnTie hytani noathy rarhyp. 1-. 2- or
silyl-N-net hyl agi-Nebenmgithyl s3dngup-N-methdy1 cimindpispyet ybup, 1-, 2-,
ST N et hyl anfofbe AyN-ErTRgERyy LAV -Lage ] ipobutyt srous, 1-,
si |yl -N-et hyl a2 noe8hyl 4200rgbeotip;t rliimethylors Gl W tN+methylaminopenty

silyl-N-ethy a”&PSGEOPEL 3 Qrouﬂu-]tmn?ethf’r é’{‘lé]’rl\hl&uéifﬁ&*wlnxﬂorhenyl
silyl-N-ethy am no Uté group, trimet
ou

silyl- N- et hyl an® FieBRnt ¢t g gr %- Nf;rymethw¢t$1}m&hyrmethylam1nobenzy1
silyl - N-ethyl ang peabengl,g8oupr 3-,N-3rr1(i\fet41Ntéim-hblj-m35hylam1no—

SE N Lot RRERRLD, BFOUB, B meliny L ALYy ag pae thy,
2-di met hyl am nogtayp, gieupr 2-N-Zriatethyl Biiybtiryethyhapi opgthgitoup, 1-,
é'd néthyla%?lq&PgXL 1-, §H1ngﬁtw4€¥¥mg¥hff’s%%y1§ﬂkeéhy?5minopropy1
group, 1-, 2-, 3- or 4~N-trimethyl silyl-N-ethyl
aminobutyl group, 1-, 2-, 3~, 4- or §5-N-trimethyl
silyl-N-ethylaminopentyl group, 2-~, 3- or 4~N-trimethyil
silyl-N-ethylaminophenyl group, 2-, 3- or 4~-N~trimethyl
25 silyl-N-ethylaminobenzyl group, 2-, 3~ or 4-N-trimethyl
silyl-N-ethylaminophenethyl group, dimethyl aminomethyil
group, 1- or 2-dimethylaminoethyl group, 1-, 2- or
3-dimethylaminopropyl group, 1-, 2-, 3- or 4-dimethyl-
aminobutyl group, 1-, 2-, 3-, 4- or S5-dimethylamino-
30 pentyl group, 2-, 3- or 4-dimethylaminophenyl group, 2-,
3- or 4-dimethylaminobenzyl group, 2-, 3- or
4-dimethylaminophenethyl group, diethylaminomethyl
group, 1- or 2~diethylaminoethyl group, 1-, 2--or
3-diethylaminopropyl group, 1-, 2-, 3- or 4-diethyl-
35 aminobutyl group, 1-, 2-, 3-~, 4- or S5~diethylaminopentyl
group, 2-~, 3~ or 4-diethylaminophenyl group, 2-, 3- or



30 pentyl group, 2-, 3- or 4-dinethylam nophenyl group, 2-, 3- or

4-di mgt hyl am nobenzyl group, 2-, 3- or 4- di met hyl am nophenet hyl group,
di et hyl am nonet hyl group, 1- or 2-diethylam noethyl group, 1-, 2- or
3-di et hyl am nopropyl group, 1-, 2-, 3- or 4-giethyl- 35 am nobutyl gr oup,
1-, 2-, 3-, 4- or 5-diethylam nopentyl. group, 2-, 3- or

4- d| et hyl am nophgn

9 " 4-diet hylgni“nogﬁgwf“g‘)beﬁzyg gr(?up’ 4-'di et hyI amdjethy] arBP]no et hyl

group. InC| dent @ hgneth¥h gneuprot ém1@ntaﬂgrr,ouﬂwrs thecprehenting
benzylidene, theg Pé@&ei?&eétﬁmrn%an BRI ePE IS NYho €6R B8d BhhWb am no

or propyl amno, 5 or cyano Concrete exanpl es of
group X (a part %f"%)ca" bR E‘ﬁtﬁé@ é“ﬂé%oﬁﬁ'}*'otaé'b‘t’l?1g°©r%l]ﬂ"¥hc?l5‘a€°-not
re- strict§ved i, cy®h Bogyeabbonyl nethyl group, 1- or

2- met hoxycar bonyl et hyl r .3- methox car bon o] I
group, 1-, 2-, 3- or 4- rret§85§753$80ﬁfl‘lamp]e%tﬂ'?ﬂ'é"d’u% 2 pQXL gl": 2%
5- et hoxycar bonwhpehtyhs a cgrbopy-drot®dctimgl- Mdmxwtahb@eyl nphemyk—

O oup, S et EPict VBT UOXKEARaYMa i, oy O Froys; PL drTELNOXY:
car bonyl phenet 2}/ gr oup, hoxycar bonyl rreth grogzg_r
opafhoyyeapbonyl 2.thyl 9"°3lpet Hlosey HRhy$- ‘p?éb%ygroup,

2- et hoxycar bonyl

1-, 2-, 3- of0 4-£4PSsNy 1 prﬁﬁ&howblﬁﬂ,t W- graoyp,3-l-or 24-rm3thoﬁycﬁf'bonyl
5- et hoxycar bonyl

t b h :
2-, 3- or 4-et hc&‘{/péfb%ﬁ Ppbeﬂzyl 2gr’oﬁ’p (2)J o{e% %a‘glx’g{]%o%g‘ag %Bﬁalrt%p
phenet hyl group, gteup.bai-oxaeanluonylmethmd’gﬂqumhény'brgroup. 2~, 3-
2-tert-but I t eyt - bat I
2 tert-butoxycarbprilugtlky8tling ) whinssA ok | %L B0 S5¥egLREKLRGEPY!
5-tert-but oxycar®arRoneht phepedhyl Broup, ®thrxyrea mbhtmybul benypphenyl

group, 2-, 3rgory- 0.4 2Eéknau},ew%rmnsdtbmzxdramun 2-2- 3oror
4-tert-but oxycar% ¥g henet h roup, nitrile group suc

3- cyanopr opyl xycarbd p"@cﬁﬂr @t"é’”é%ean‘p‘l'eg of 7 0%5 *‘?Shﬁélyt' of .
Xa) 30 which ha&mmﬁapbotpnobeehlpng 164,093 ,i 1864 udl; owtS-ethoxycarbonyl

restrictively, F}P J.‘Xy{m&%‘ﬂ&o get h¥i| %r oq‘p et]hox%carbonyl phenyl group,
2-, 3~ or 4-ethoxycarbonyl benzyl group, 2~, 3~ or

20 4-etho¥ycarbony1 phenethyl group, tert-butoxycarbonyl
methyl group, 1- or 2-tert-butoxycarbonyl ethyl group,
1-, 2- or 3-tert-butoxycarbonylpropyl group, 1-, 2-, 3-
or 4-tert-butoxycarbonylbutyl group, 1~-, 2-, 3-, 4~ or
§5-tert-butoxycarbonylpentyl group, 2-, 3~ or

25 4-tert-butoxycarbonylphenyl group, 2-, 3- or
4~-tert-butoxycarbonylibenzyl group, 2-, 3- or
4-~tert-butoxycarbonylphenethyl group, nitrile group such
as 3-cyanopropyl group.

Concrete examples of group X (a part of Xa)

30 which has a mercapto-protecting group include, not
restrictively, phenylmercapto methyl group, 1~ or
2-phenyimercapto ethyl group, 1-, 2- or 3-phenyimercapto
propyl group, 1-, 2-, 3~ or 4-phenylmercapto butyl
group, 1-, 2-, 3-, 4- or S5-phenylmercapto pentyl group,

35 2~, 3~ or 4-phenylmercapto phenyl group, 2~, 3- or
4-pheny1mercapfo benzyl group, 2-, 3- or 4-phenyl -



2- phenyl nercapto et hyl group, 1-, 2- or 3-phenyl mercapto propyl group,
1-, 2-, 3- or 4-phenyl nercapto butyl group, 1-, 2-, 3-, 4- or
5- phenyl nercapt o pentyl group, 35 2-, 3- or 4-phenyl nercapto phenyl group,
2-, 3- or 4- phenyl nercapto benzyl groupgg2-, 3- or 4-phenyl -
10 mer capt o phenet hyl group, benzyl mercaptonet hyl group, 1- or
2- benzyl mer cap thyl araqup - 2 3. benzyl ngr cant.o-.pr opyl group,
L o or e Ry Sy Finfly peozy TREFCaRRR R P e I P
5- benzyl ner capes Bebepzydmeuisapto €thyl group,bdnzyldrercoapt o phenyl group
2-, 3- or 4-BenZYh IR AUV T & PERp , 21~ ,32-0r 3~ o @-benzyl mercapto
phenet hyl group, tolyl-nmercapto nethgl group, 1- or 2-tolylnercapto
ethyl group, 14-benzyimeycanty ukrtHteupropyl roup—14~ 2% 3- or
4-t ol yl - rrersap5gbbu&y:1nlgrr@ap;tolpe‘etw ﬁgrofp, op-, 3551;trgl yl mer capt o pentyl
group, 2-, 3- Qr 4-to ner.cgpt o en gr Qup, ,2-, 3- or
4-t ol yl mer capt Bgﬁfyﬂﬁﬁﬂﬁ i% ph?ﬂYfzﬁr%VPA-gGPyFﬁeFHépto phenet hy
group, and ace#ybebzytimerenptio drecugy1 group, 2-, 3- Avother segnent Y in
addition to thg_ I e§#¥ﬂF¥ﬁ i n | 304y - U ' S
derived froma C?g{\f@ﬁﬁﬁ;&%@?&f rme fisu%fg{l: i’ngotv\% f%rﬁcoﬁt%uﬁ%%mﬁ
a- hydroxy aci d9feugehydr &ri &t tady Wmrndapto ethydppesast.ed by 2hetf ol | owi ng
Lor”U|ah di@rri—tolylmercapto propyWWE¥f$ﬂ[quﬁrb—ﬁn@rRhﬁir%_'gdepegdent|y
enote hydro- 4-t01y1-merca%i% %g¥9fngfgu s QL?UB—,a%ng4— J% carbon
S-tolylmercapto pentyl group, 2~, 3- or 4-tolylmercapto
phenyl group, 2-, 3- or 4-tolylmercapto benzyl group,
2-, 3- or 4-tolyimercapto phenethyl group, and acetyl

15 thioethyl group.

Another segment Y in addition to the
oxyethylene segment in formula (I) is a group which is
derived'froﬁ a cyclic diester formed by subjecting two

20 mo1ecu1es of a-hydroxy acid to dehydration and which is
represented by the following formula:

0 0
Il Il
-~-CCHOCCHO-
25 | |
: R! R?
wherein RI and R2 independently denote hydro-
_ gen atom or alkyl group having 1 to S'cqrbon
30 atoms.

The above-mentioned cyclic diester may be
formed from either similar or different a-hydroxy acids,
but is preferably derived from two molecules of similar

35 a-hydroxy acids. In particularly preferable example of

Y, both Rl and R2 denote either hydrogen atom or methyl



30 - . at ons. The above-nentioned cyclic diester may

be + forned fromeither simlar or different [err]-hydroxy acids, but
is preferably derived fromtw nolecules of simlar 35 [err]-hydroxy
acids. In particularly preferable exanpl et pf Y, both Rlerr] and R err]
denote either hydrogen atom or net hyl group. Y can
al so be a groypglggived fromsuch a | actone as is represented by t he
follow ng formula, concretel¥ a- Iactone [err]-]actone, y-Ilactone,
6-lactone or 5 [err]-|aftene: alpgr e a grgyp derived from such,gerein q

denotes an i ntiege¥ord &s-is represented by the following formulalhe mark g

preferably denotes |nt ; derived fro act one) or. 5 Y |s
derived from fP"Geg§t a%tbﬁg one, actone, gg% *ﬁ??hes

derived fré&m €- Kamt&ﬂacryllc acid ester or (neth)acrylonitrlle whlch S
represented by the folloing fornula: 20 [err]

(0]
.
—C—~C Hz}ﬁ—o—

10 wherein q denotes an integer of 2 -
5.

The mark q preferably denotes integér 4 (Y is
derived from y-lactone) or 5 (Y is derived from
16 &-lactone).

Y can further be a group derived from
(meth)acrylic acid ester or (meth)acrylonitrile which is
represented by the folloing formula:
20 ' .
R3 R?

"'CHz'(l:'— : or ’ —CHz(I:-
COOR!* CN
25 '
wherein R3 denotes hnyogen atom or
methyl group, and R4 denotes an alkyl
group having 1 to 5 carbon atoms which
is substituted with hydroxyl group which
30 may be protected under circumstances.

Concrete examples of R' include methyl, ethyl,
n-propyl, n-butyl, tert-butyl, 2-trimethyisiloxy ethyl,
2-(tert-butyldimethylsiloxy ethyl) and 2-hydroxyethyl.

35 1In this specification, the terms (meth)acrylic acid and
(meth)acrylo-nitrile each comprehend methacrylic acid



25 . wherein R err] denotes hydrogen atom or

nmetthyl group, and R err] denotes an al kyl group having 1
to-5 carbon atons which is substituted with hydroxyl group
whi ch 30 may be protected ymgder circunstances.

Concrete exanples of Rlerr] include nethyl, ethyl, n- propyl, n-butyl,
tert-butyl, 2-trinethylsiloxy ethyl 2- (tert.-butyl di nethylsi|loxy ethyl)
and 2- hydroxfe’l%yﬁqr‘é T RtHY s %Bécf"?itggtcir&h,°W1ﬁ§1t1eer e e rI"?SSIIa%H/%/i c acid
and (met h)tacrhdo-nitril e each conprehend nethacrylic acid

12 - and acrylic acid, and nethacrylonitrile and acryl oni - trile.
As for the nunber of oxyethylene segnent in 5 forrmula (I), mcan be any
integer of 2 - 10,000. Agnfor thecapmlrEe ofi O etdYdrtfue YPeHE otRss of

this invems  formdid, (B oGt caPNBedafper ditRlge ( @ nOdA) )oGEIMEDA

havi ng desired nunper of n*'(l:a{; be obt. ai Qed by neans off .ad.i' usting the
proportion of* S IARtRAWbEN ERG | BRAIYEEAON PracssHi Pl 1% UV Ter r]
for the |ivirgieami anlmodtynmeongadispersible [menol-ocidgidl ysegmeftt hi s
nvention 1S HARFRf 0dds i red SRINERFCBY th USRI WO otE RSB déing! of
materials applt- . cable to TTvi ng organi sm and the above nunber m can
be appr ofrd st ingicthe nb neeo sttondiodg the emeamd; ofjtiyleame exide

Pol ymer. 10 to the init¥ator %edPHBt £¥r h@i haWihg AW SHESPSAPhEriza—
nunber of n can be sel ected fromi nteger % - 1Q, 000 so . that rTP| ecul ar
wei ght di strittt®Mon TRE BEogkipeIxaproRFf this inventionis [theroTQEfoies a
functi onal gromtpremi éel YOusédief orethenalirodhertdiomafdfermactos ticallis appli -

[err]-term ng| conve-. nience sake: termn | ghi _side
in the s{%uar%?%rteoo “fb'r'ﬂu?'éﬁ ?H ?mbelsél?'getgh\[%ea%é’-mtée]radﬁnﬁg 'I(r)l'? %%'g be
above bl ock puipmanriately determinggt hgggimdamg fioncanareteyruag ebn be

intro- 45 the polymer. :

As for segment Y, similarly, any desirable
number of n can be selected from integer 2 - 10,000 so
that molecular weight distribution may be quite narrow.

. The mark Z denotes a functional group on the
20 other terminal (hereinafter called g—terminal for conve-
nience sake; the terminal on the right side in the
sturcture of formula (I)) besides the a-terminal of the
above block polymer.

Although any functional group can be intro-

25 duced for Z by means of electrophilic substitution
reaction onto the anion portion of ¢-terminal of the
1iving block po1yme?zof formula (II), such a group as to
improve bio-compatibility or as is usable for further
reactions is preferably employed in view of the objec-

30 tive of this invention. .

Such being the case, examples of group Z in
formula (I) include hydrogen atom {(which forms hydroxyl
group when Y is in particular derived from lactide or
lactone), acryloyl group (CH2=CH—CO—), methacryloyl

35 group (CH2=C(CH3)—CO-), vinylbenzyl group



25 duced for Z by neans of electrophilic substitution reaction onto the

anison portion of [err]-term nal of the living block polynmer of fornula
(11), such a group as to - inprove bio-conpatibility or as is usable for
further reactions is preferably enployged in view of the objec- 30 tive
of this invention. Such bei ng the case, exarrpl es of group Z
I n f or mul 1) e~fydk og UEF group
when Y is in g%ézt |%‘f1@'e(r:n2/e frggr]rs rcgtr(o% C(?;J éﬂ KY }| oyl

group (Cr2= c';%,; n %1 RGCEY BBk yI° ordup R GH'dd req( %ﬁﬁgléugﬂs

nyl benzyl
\(“CH¥ CI—I-[Zgrr]eth{b?*Y t,:arhpnyllmgrtdmrﬂ oaquar (|Gl QGPCHy 1) , mekhyloxy group
havi ng Carﬂ)())@’érlgél%'ﬂnefh&‘is ?’Sbﬁr (ﬁ}pph_)as carb@iﬁﬂé@?‘yl group
car bonyl net h)ﬁ @&fg“' er;} |§rr' é:,a,rb)oenryreg; rrerpterp | oxy
car bonyl neth [ e [ | group
Eg[ooc ]Clg%err}(o() , H.000¢C y—carbanhb&tybxtlhy%mup (HOOC—CH%;E )].Cagkyl] ,.
err err r r.qu e err
S AL TRG B by 8B RP USRS Mla Aty (SEES Tk 44

al kyl avi ng Pt s 'acet’al gro
f or nyl et hane f(mymleam} C(-P@HrPH) CH§-3--d|3rr§t-fﬂmei}:h®mﬂer9_®ane
(o err QT o (GEBT enchThers |- b 1AkgREsr oY raoLp

(CHerr]-[er nmef capt 0 group; hal‘ogen atom such as
chlorine, brqrgme '@9'0 AblrLhptooUtoll Chd o dén JPOR-sfén
di -substituted uhag ir ngfances \Rnthlgg- group haw?\g l1to5

carbon atons asélcéb'ﬁ&r?né‘m BPehikle and 1%'dﬁlteh- ladeyaiT Fb@&h\)lﬁmh is

o out nd BeRRE ¢ Elpupeni &Hiy%@?egé@w”%uc &l LB pBKY act i e

or 20 | act ongrolierhaeingnt Yoi 5§ darbead atoms (sm&M)asrg/-l-am noe thelld ester
or (meth) apr;ﬂ Otpéélh_l{ e? €$$X05F§ Rl)i' dﬁ fl\P d1meth(*xla r?o%f]ﬁ]{fp to the

[err]-term na $o t hat
2- hydr oxyet hyll nefidemptahly, mebeamprmarom@nd HdvesanbTrowmwughm be

hydroxyl groygsp ?o@é&‘eémfaﬂrgﬁ h@bfn@?ﬂce{d 1tsh9dé\1¥Q)’é‘d ”P%hof‘éét’i‘ﬁécépto

group, hal ogen at om and group wh I S nono- di - substituted
under ci r”RQunshafERRe vj t‘Hh%Pk9P9@P&GpY 13 derived from (methjacrylic

acid ester or (meth)acrylonitrile, ethylene oxide for
example is added to the @-terminal of the living block
polymer of formula (II) so that 2-hydroxyethyl group may
be formed, and, thereafter, through its hydroxyl group,

25 there can be introduced the above-mentioned mercapto
group, halogen atom and alkyl group which is mono- or
di-substituted under c1rcumstances with alkyl group
having 1 to 5 carbon atoms.

30 Table beiow shows examples of typical block
polymer of this invention which the above groups (or
segments) are combined with one another to consti tute.



having 1 to 5 carbon atons. 30 Tabl e bel ow shows exanpl es of

typt cal bl ock pol ymer of this invention which the above groups (or
segnents) are conmbined with one another to constitute.
14 Tabl e 14 .
X-0-(CH err]CH err]0)[err]-(Y)[err]-Z (1) wherein m .
and n are each optional integer of 2 Table - 10,000. Conpound NO. = °
X Y Z —F—[err]CH=N-CH err]CH err]
[err] H 2 Herr]N-CH err]CH err] - [err]. H
3 [err]CH=N-CH err]CHerr]- _ler [ ]
Herr]NNCHerr]CHerr]- f(erh_ngzCH’[%;rTr"Fv;n_z t
wherein m and n are eéch optional integer of 2
- 10, 000.
Compound NO. X Y 74
0 0
nmn
1 @CH=N—CHZCH2— — CCHOCCHO— H
: . | _
: : CH; CH;
0 0
[N |
2 HoN—CH,CH, — — CCHOCCHO— . H
: l | .
CH; CH;
. _ 0 0 . 0
| L o .
3 @CH=N—CHzCH2- —CCHOCCHO— ~ CC=CH,
I I I
CHs CHs ~ CHs
0 o0 0
n ]
4  HaN—CH;CH;— — CCHOCCHO— CC=CH,
CHs CH; CH,
0 0
|| .
] NC—€CH, )5 — CCHOCCHO— B
' oo
CH; CH,
0 o .0
_ - i |
6 NC—€CHz)3 — CCHOCCHO— CC=CH,

! | |
CHs CHs CH;



5 NG (-CHerr])-[err] [err] H 6

NCs(CH err])[err]- [err] [err]
.15- Conpound NO X Y Z
NC-(CH err])-[err] [err] ilgerr] 8
NC-(CH err])- [err] H 9
NC-(CH err]) = 3 [err] . [err] 10
NC-(CH err])[ert]- NO. [er?(] [err] Y11 Z
Herr]N-(CHerr])[err]- Jerr] H
_ 0 0 0
i ll
7 NC<€CHy)5 — CCHOCCHO — CCH=CH,
: o -
CHs CHs
0 :
: il '
8 NC—CHz)5 —C(CHz)s0— H
0 0
Il i
9 NC—€CHz)5. —C(CHz)s0— CC=CH.
' !
CHs
0o .- 0
' - ] - I
10 NC—€CH2 35 —C(CHz) 50— CCH=CH,
0 0
| : L |
11 HoN—€CH )7 — CCHOCCHO— H
(R
CHs CHs
0o 0 0
' nn I
12 HoN—€CH D7 — CCHOCCHO— CC=CH,
: . I
CHs CHs ' CHs
0O 0 0
o I
13 HaN—€CH2O7T — CCHOCCHO— CCH=CH,
. Lo
CHs CHs
0

' 1l
14 HeN—€CH 7 —C(CH3)s0— i



12° . Herr]N-(CHerr])[err]- | [err]
"Herr]N(CHerr])-[err] [err] [err]
Herr]N(CH err])[err]- - C(CHerr])[err]0-

[err] 13
14
|1

16 Conpound NO. X _ 16Y. Z 15
Herr]N-(CHerr])[err]- o [err] [err] 16
Herr]N-(CH T~ -C{CHerr])Jerr]o- CCHECHZ .
0 0 1€ NONC- (CH2 - - $h2 (1 OB
I ' CH3—CH3
00 .0 ’ 0 0
Il il
l s
CHs .
0 0
: I Il
16 H:N—<€CED7 —C(CHz)s0— CCH=CH,
0 0 -
o .
17 NC—CHa )5 —coocco—  50:{(O) Cls
I o
CHs; CHs
0 o 0
o I
18 - NC—~CHy)5 —CCHOCCHO— - CH,CO0—Bu(t)
' I
CHs CHs
0 o
‘ i '
19 NC—<CHz)7 — CCHOCCHO—  (CH),CH(OCH2CHj3),
I
CH; CHs
0 O
n
20 - HaN—€CH)v — CCHOCCHO— S0:{((D) CHs
CHs CH,
0 0 0
o I
21 HoN—€CH2)7 — CCHOCCHO— CH,CO—Bu(t)
I
CH; CHs
0 o0
o
— CCHOCCHO— CH,CH,CHO

22 NC—€CHs)75
: | I
CHs CHs



18 . NC-(CH2 T - CCHOCCHO- CH2CO- Bu(t)
| = | CH3 CH3
00 19 NC-t CH2) - - - CCHOCCHO- . (CH2) 2CH( OCH2CH3) 2
I I _ 17 CH3 CH3
0 0. 20 H 2N-ECH2) - 7 - CCHOCCHO- -So z ' CuH3
| | - CH3CH3 )
00 Compound N 21 X H2N- ( CHR-) - CCHOCZHO-
CH2CO- Bu(t) ) i i
CH3 CH3 ' (IH30 22 NC- f CHT
- CCHOCal | O CH2CH2Cl HO : I I
CHT3 Cl Ts 23 NC—€CH —Conmpound NO
Y Z —53 2J% NC - (%&%prr]) Perr]
H | | 24 NC-(CHerr])[err]-
CHerr]CH err] OH '
CHs
. I
24 NC—€CH2)5 —CH,C— CH,CH,0H
[
COOCH g
CHs 0
| - .
25 NC—€CH2 )3 —CH,C— CH,CH,0CC=CH,
I _ R
COOCH4 CHg
CHs
_ ; |
26 HoN—€CHoO71 —CH,C— H
. o
CO0CH s
CH,
' I
21 HoN—€CHO7 —CH,C— CH,CH.0H
I
COOCH;
CH3 0 -
_ | i
28 HzN‘fCHeﬂ‘T —CHzC—' ‘—CH2CH20CC=CH2
I I
COOCH3; CHjs
CHs
|
_29 NC<CH)s —CHC— - H
|
COOCH,CH,0Si(CH3)

|
Bu(t)



25 NC-(CH err])- [err]

| .
CH=err]CH err] OCC=CH[ err] 26 H[err]N-(CH[err])[err] [err]
H: 27 Herr]N-(CH err])[err]- Jerr]
CH err]CH err] OH 28 Herr] NygCH[ err])[err]- [err]
[err] 29 NC-(CH err])-[err] [err]
18 Conpound—N&S: X - ¥ £ 30
H er r] N- ( CH| GanppiupceNO ] - [®Brr] Y H YA
CHs
|
30 HoN—€CH )7 —CH,C— H
|
COOCH,CH,0H
0 0 0
o ]
31 (O)CH=N—CH,CH,—  —CCHOCCHO—  CCH=CH,
P
CHs CHs
0 O 0
1 il
32 HeN-€CHoo=7 — CCHOCCHO— CCH= CHz
| I
CH; CHs
0 0 O
. Il o
33 Bu(t)0C-€CHs>3 — CCHOCCHO— H
: I | '
CH; CHs
0 0 O 0
L I 1l
34 Bu(t)0C—<€CH:>5 — CCHOCCHO — CC=CH.
I |
CH; CHj; CHs
'6 _ -ow" 0,_
il | S
35 HOC-(CHy) = — CCHOCCHO— H
| |
CH; CHs
0 o O 0
Il n i
36 HOC—ECH 2 )7 — CCHOCCHO— CC=CH,

[ [
CHs CH; CHa



31° [err]CH= NNCH err]CH err] - [err] 32

;
Herr]N-(CH err])-

[err] [err] [err] 33
[err] [err] H 34 [err]
[err] [err] 35 [err] [err]
36 [err] [err] [err]
19 Conpouhd—Ne: —X ¥ . Z 5
37 [err] Cidogpédnd GO err])[erd] - [err] ¥ H 2
0 O
n
5 37 <:::>CHzS‘€CHz7?‘ — CCHOCCHO— ~ H
I I _
: CH; CHj
0 0
: [
10 - 38 HS—€CH. 7 — CCHOCCHO— ~H
1 |
CHs CHg
CHs
15 '
39 @CH=N-—-CH20H2— —CH,C—
. S
COOCH,CH,0Si(CH3) 2
|
Bu(t)
20 CH;
‘ . _ I .
40 HaN—CHCH, — —CH,C— H
. R
COOCH,CH,0H
25
In the above table, Bu(t) denotes —C(CHa)s.
30

35

The above-mentioned block polymer which is to

be provided by this invention can be produced efficient-

1y in accordance with the following reaction schemes.



10 . 38 HS-(CH err])[err]- [err] H

15- 39 [err]CH=N-CH err]CH err] - [err]
40 Herr]N-CH err]CH err] - [err] H 25
In the above table, Bu(t) denotes -C(CH ezg])[err]. 30
The above-nentioned bl ock polynmer which is to be provided by this
i nvention carg Egcp{ggugggeﬁlgici ent - |y in accordance with the
following re —35 20

CH:—CH :

| No” -
©,,®
5 Xa—0 M- —
(A)

XTO'—€C'H3CH303F‘1-—C HzCHzOQMe

(B)
10 - RS
R!? 00 0 :
. \_. = ! - R 4 |
/_.0 or CH:=C-—COOR* ,. .
15 : : o e
Xa—.O—.GCHzCHzOQm—GYBT_—l—Ya M - Tysis -

(m) (and deprotection of Xa
. under circumstances)
z-introducible
00 X —O0—CH,CH,0¥€Y)—H -Soctrophile

(I-1)

A

deprotection if .

X—O0—€CH;CH 0¥z ooty —

(1-2)

25 .
(I=2) : (when Z is 'CHgsoz_-) muclecphile
X—0—€CH:CH:0¥5€Y¥—~2"

3% €1-3)

(The marks Xa, X, M®, Y, Ya and Z in the above
reaction are as defined above, and Z' is a
.35 residue derived from nucleophile.)



Reacti-on Schene [err]

-

10

15

20

25

30

35

21

Reaction from (A) to (II):
Initiator (A) is diluted with an aprotic

solvent, and, then, ethylene oxide and hydrophobic
monomer (segment Y-derivable monomer) are added in this
order to the reaction system so that polymerization
reaction may proceed. Examples of aprotic solvent
include benzene, toluene, hexane, tetrahydrofuran and
dioxane. The initiator has a concentration of 0.1 to 95
% by weight, preferably 1 to 70 % by weight, most pref-
erably 2 to 5§ % by weight. The ratio of initiator to
ethylene oxide is, although polymerization is possible
at any ratio according to the desired number of m to be
achieved, 1:1 to 1:10,000, preferably 1:1,000, and most
preferably 1:200. As for the proportion of initiator to
hydrophobic monomer, although any proportion is possible
according to the desired number of n to be achieved, it
is 1:1 to 1:10,000, preferably 1:1,000, and most prefer-
ably 1:200. The reaction is preferably conducted in a
pressure glass tube or in an autoclave. Reaction tem-
perature is -50C - 150C , preferably 0C - 100C , and
most preferably 30C - 50C . Reaction pressure is 0.1
to 10 kgf/cmi G, preferably 1 to 2 kgf/cm’G. As for
reaction time, ethylene oxide is allowed to react nor-
mally for 0.01 to 200 hours, preferably 1 to 100 hours,
and most preferably 20 to 50 hours, and, after hydropho-
bic monomer is added to the reaction system, the reac—
tion is continued for further 0.01 to 200 hours, prefer-
ably 1 to 100 hours, and most preferably 20 to 50 hours.
Thus obtained 1iving block polymer (II) has a
protected functional group at the terminal of ini tiator
(a-terminal) quantitatively and an alkali metal alkoxide
at the other terminal (¢-terminal). When the polymer of
formula (II) 1is treatgd with acid for example, -there can
be produced a block polymer which has a functional group
such as amino -group, carboxyl group and mercapto group
at a-terminal, and a hydroxyl group at g-terminal (the



(The marks Xa, X, Merr], Y, Ya and Z i n the above reaction are

as «defi ned above, and Z' is a 35 resi due derived from

nuecl eophil e.) 21 Reaction from
(A to (I1): Initiator (A)ods diluted with an aprotic

sol vent, and, then, ethylene oxide and hydrophobic nononer (segnent

Y-derivabl e nononer) are,added in thi 5 def.to the.r tiQn syst.em so
that pol ymeri%3f o‘ﬁl)'ere Yedé& g&ﬁ wﬁﬂ [s)fr'b%r%g{aacgé\?‘erég8§%§BF§H c@o‘ﬁlent

i ncl ude benzentockopatwmerhdsarie.clustedahinir tierbhoakdprolymgirordnd .o rihe-
initiator has g pppentration of 0.1 to 95 % by weight, preferably 1 to

70 % by wei ght, nost pref- 10 erably 2 to 5 @6b¥ wei ght. The rati o of
initiator to et hyl eREhexi gelyaers teRipsedtodeby 2 E0roH 12s (Fdssi bl e

?t in{0r83%0\ﬁﬁf@ﬁdﬁﬂﬁetgakhggge$dw?iﬂuﬁﬁmﬂgﬁﬁuﬁ?tétgﬁ—tergdﬂbﬂisﬁ%'Jéﬁ
o 1:10, , prefera -1, , and nost, . refera : , .or e
proportion of? T9TYFS ogytBafé“ﬁy&ﬁ@ﬁmﬂﬁﬁbﬁhﬁogﬁ??cg??kguéﬁ gg?'ﬂﬂ&&ﬂ?ion
i s possible bloekcpollymgrt oft ife riediar el huniwer thhé abovebaeachiencd, it

is 1:1.to 1: POy . preferably 1:1,000, and nost prefer- ably 1:200.

The reaction’is preferably conducted in a _pressure glass tube or in an
aut ocl ave. Reaction tenﬁxempﬂeﬁapﬁr@ﬁQPtEnﬂhw{ECJnclBQFeFPFGOPHSﬁEferably

Oferr] T -10L0GI® éA Care@PEp rese®¥d Wyef@ieibty BOh ] Formulalerr] C .
Reaction pressure is 0.1 to 10 kgf/cnferr] G preferably 1 to 2

kgf/cnferr]G As for reaction tine, ethylene oxide is allowed to react
nor- - mally for 0.01 to 200 hoursRYyreferably 1 to 100 hours, 25 and
most preferably 20 to 50 hours, and, jafter hydropho- bi ¢ nmononer is
added to the reaction system #WheQ@&=CH, {ion is continued for further
0.01 to 200 hours, prefer- ably 1 to 100 hours, and.nost preferably 20

to 50 houyres. Thus obt ai nge—\i vi ng bl ock polyner (l11). has a 30
protected functional group at tAhe S@5 @ ofC Hpi t ioat or
([err]-termnal) quantitatively and an\afKali netal al koxi de at the

other termnal ([err]-termnal). Wen the polynmer of formula (I1) is
treated with acid for exanple, Dih&rBacdd - be produced a bl ock pol yner
which has a functional group

20 . wherein A denotes a group forminé an
active ester, e.x., a portion forming a
halogen atom such as chlorine and bro-
mine or an acid anhydride, D denotes
chlorine, bromine or iodine, and Q

25 denotes a functional group-containing
group such as o o

~<::>—CH=CH2, -CH=CH, , —COOCsz,

30 CH, CH, (OCH, ), .

Concrete examples of electrophile include, not
restrictively, acrylic acid chloride, acrylic acid
anhydride, acrylic acid, methacrylic acid chloride,

35 methacrylic acid anhydride, methacrylic acid,
vinylbenzyl chioride, vinylbenzyl bromide, allyl chlo-
ride, allyl bromide, allyl iode, p-toluenesulfonic acid



35'such as ami no group, carboxyl group and nercapto group at
[ery]-terminal , and a hydroxyl group at [err]-term nal (the

22" case where Y is derived fromlactide or lactone). This bl ock
polymer is included in the block polyner Qéforrru- la (1). _

QG her polynmers represented by fornula (I) whi ch have various functi onal

groups at [err -ter naI are roduced addi ng el ectrophile (reactant)
to the Iiving® °5F§l \Mﬁncn) T%ﬁ%ﬁFat?#IFtPMQtHé°&Béﬁ@tﬁé&0tlon

system 2-ethyExamloaomiori @citophnd e3| Bolife thoxpeWody11hb M ch are
represented by e followwng formula Rerr] | A COC=CHerr] 15
A-SOerr]- CH[errF D-CH[err] Q 20 wherein A denotes a
group form ng an When Z is+iel estesyl fory] arpopt amd wveni g a

hal ogen atgnl$§€he@%v@3(FH&M?gﬁvkéﬁ{ﬁﬁ or 1actone. anBitA% r @u%%f%%

anhydri de, D denotes brom ne or |od|ne an 25
denotes a fun8fPYRaragy Hfp- fdb'rﬁ'!ﬁﬁlﬁgt"°d“°ed by nuclgeghildgcs ubsti-

[err]-CH=CH, tGts6h] &y meardOdH SidhiNEL 4 nucPOophi1ic reagent react
CH err] C{er rl‘%cf"u%g rlrJ 351%3('1r erh'l ch has been agg'?\crage >1$%Ep| es of

el ectrophile |
p—-toluenesulfonic acid. These reactions are each con-

10 ducted by a normal method. Concrete examples of the

' above nucleophilic reagent include, not restrictively,
sodium hydrosulfide, potassium hydrosulfide, sodium
2-aminoethoxide, potassium 2-aminoethoxide and halogen.
The protecting group (ester group etc.) at X portion

15 and/or at Z portion of the obtained block polymer of
formula (I) may be eliminated, if necessary, by a known

" hydrolysis reaction, reduction or catalytic hydogenation

reaction. In this manner, there can be provided a block
polymer of formula (I) wherein functional groups at

20 a-terminal and/or @-terminal are liberated.

The block polymer of formula (I) includes in
its molecule hydrophilic segment and hydrophobic seg-
ment. It is possible, therefore, to adjust the balance
between hydrophilicity and hydrophobicity by means of

25 selecting species or molecular weight of the segments
appropriately. Hence, the block polymer of formula (I)
is capable of forming a polymeric micelle in a solvent.

Treatments for preparing polymeric micelle
which is composed of the block polymer of formula (I) as

30 a constituent component include heat treatment, ultra-
sonic treatment and organic solvent treatment which are
conducted separately or in combination. As for heat
treatment, a mixture of one or more kinds of block
polymer of formula (I) is dissolved in water, and the

35 resultant solution is heated to 30 - 100C . As for
ultrasonic treatment, a mixture of one or more kinds of



restrictively, acrylic acid chloride, acrylic acid anHydride, acrylic
acids nethacrylic acid chloride, 35 nethacrylic acid anhydride, nethacrylic

aci d, vi nyl benzyl chloride, vinylbenzyl brom de, allyl chlo- ride,
allyl bromde, allyl iode, p-toluenesulfonjc acid

23 chl oride, ethyl chloroacetate, h%/ bromobacetate, 2-ethyl

chl oropropi onate and 3, 3-di net hoxypropyl br o- m de. When

Z i's p-tol uends\e¢lorpeiymenpofndoutm ay (B) iis ddisselved oimgwetelr.danst

| act one, anot hege ftE€h1 PRAL so1 ug:ﬁQ:Hp 1@nl:|t¥.§'aféﬂtmrth8t Faddecerin. 1 w
nucl eophi l i ¢ subs means. of naki ng a nucl eoph| I |2% r eagent

r eact at [r 0t"ér n?ﬁ%t?e\'/'vﬁp&ﬁ RathebWackouatng speand t
p-tol uenesul f dewrsegci prefoeablye30 indid t?é@ &acto muréo moset pet elfe raa—

nor rl e 10001 LONCESLE EXAPRLES AL (1P oo PROUE TWELPORPLLERRTIIY

i ncl ude, no rvely i UM assi

hydr osul fi de, msiotkure of Qnarmnom‘m'@uldmdqocniasmm zpahymeethﬁxifoe'mida
hal ogen. 0] Ot grLLOTVEEOHR (7o ﬂfps@f‘ﬁe t3ladyPehb! pa L;i
and/or at Z portlon of tai ned bl oc ynmer o orrru f may be

elininated, iftaftsaqlyfionyig digpersed wum*;&w-s %ﬁettbﬁreﬁéawlon or
catal ytic hydagwadwmw s6PA6hitOA s loV dpYratedNErExalSTEsCar begand\d ded

bl ock | f.f | f t 20
2 termi nal'ah @A 1S Lo He P thaiaT st EetrdhidPoeliag’y o,
pol yner . of fortmcbmr(e) ¢imktd ndéerinn benziene ,nd ccludre hydﬁtm@hhﬂsuiégm&nt and
hydr ophobi | 5 '
ydrophool ¢ S§ 7| d t andl h&rdnﬁmﬁ%s' %’Q"ebydﬁeg{hésg@?m{z@e th{iS g 1% &nce

bet ween hydroph| drophobici't speci es
or nol ecul ar \ﬁéﬂgﬂﬂ"ﬁﬁ th'EhgegﬁEFlPs'tW'\ axfpr"@p‘?‘-‘r"at’fé yorgamie s?h!ebrtock

pol yner of fomBy ad |dptionh’. CaRdWeved, [iA NP e NOFANEYI £ aawbbe in a

sol vent for prepar y | C m whi ch
i s conposé& oft"t“ffes'blm‘i[ 'b'(')?ge ?§8P’ E’Hrrﬁﬁr g(n‘? %d ge'“%st:o g@ﬁtat
conponent i ncimetet hiesatcdndwme bedt a tulat temperataore o-atri@aigreﬁronnd @bgani c

o Vont e T e Al Panty BOUIIER ORI Gad "wé R TRGY" S
in these methods. )

In the following, this invention will be
20 explained in more detail by means of Examples, which do
not however restrict the scope of this invention.
Example 1: Preparation of a polymer represented by the
following formula:

25 o b ¢ c ¢ " "
'HeN-CH, CHJKCH(H{O}—fCCHOCCHO%—H

CHa CH,;
a a
30 THF 20 ml, 2-benzaliminoethanol 0.15 g and

potassium naphthalene 0.5 mol/L-tetrahydrofuran solution
2 ml were added to a reactor and agitated for 3 minutes
in an argon atmosphere; a potassium compound of 2-
benzaliminoethanol (potassium 2-benzaliminoethoxide) was
35 produced.
Ethyleneoxide 8.8 g was added to this solution



treatnment, a mxture of one or nore kinds of block pol ynmer of fornula
(I')<-is dissolved in water, and the 35 resultant solution is heated to 30 -

100[err]C . As for ultrasonic treatnent, a m xture of one or nore kinds
of ' é bl ock polynmer of fornula
(1) is dissolved in water, and the reSultant solution is treated in the

range from1l W to 20 W preferably 2 to 4 W for qgne seco to 24
hours, preferamdy a8d tatad &t (rpam teperakyce ppdes d- atgp 9

hours. As for p@rig@iredatatefort IEWé N@aY s, 21 act1mex17u|2egoi~ammdmredmtrce ki nds
of bl ock polyner, of formula SSO an _or n|c solvent and
the resul - ’zfntresa(ﬂtthq'brﬁ‘?%“{ﬂ%‘be?'égda?hlt\?/gfgr °In&"% erezg'f

the organi c salfitent viascuauns poensdvall &iaﬁbbeseettedganﬂuerﬁ,sd\NﬂhdeQﬁude
met hanol , gt hangly .5t etiﬁwdéd)w a\Oas a%giaﬁxgﬂ@ agt?lt%rt QOYr REWANS at

t ol uene, dinethy 1l X or mam di met hyl acetan1de and
met hyl ene GMQthﬁmpemﬁi¥ﬂQMxﬁﬂﬂohhefPﬁateptﬂdeoﬂ@aﬂﬁzﬂﬂﬂ\R9ﬂ°ve fray be

optional . Howg\Rn tHid wd¥ U Pdd Vi 4t60c3@909¥5pahld1‘3,3 ,an&ﬂd:l'w chﬂﬁﬁﬁv by
far 5 to 20 tines, The treat- EEF $Rnducted at eratu

rangi ng from ® faguced gras RTecirhia %9ab| yhg presipita RS s can be
enpl oyed | witthese nBtifdgal separation whe triefiheld dyi nlg-eezha sdrrymegt | on

will be 2 Ialn d in nore aj angso
however 3& e'%%eo'b fﬂf% gk?ﬁée 55 b EXES@H I e 1: I'g]epar atlon of
a pol yner repﬂaiaﬂnaﬂlxwthmsel Permeat10n chGPN@WP@JthMnﬂﬁf monoferr|

30 HdaaA0, nd ZEIP@'}K@‘HHM‘Q?'[ KeightOo¥ thelbblymer was about
15000.
According to proton nuclear magnetic resonance

15 spectra with heavy chloroform of the polymer attained,
this polymer was confirmed to be a heterotelechelic
oligomer having both units of polyethylene oxide (PEO)
and polylactide (PL), and quantitatively having amino
group on the a-terminal and hydroxyl group on the @-

20 terminal. The chain length of the block polymer deter-
mined by the integral ratio of the spectra was about
9000 for PEO and about 7000 for PL.

The results of proton nuclear magnetic reso-—

nance spectra are as follows:

25
Y H-NMR  (DMSO), & (ppm)
1.6 (a: 294 H)
2.8 (b: 2 H)
3.6 (c: 820 H)
30 5.2 (d: 98 H)

(The marks a - ¢ correspond to the hydrogen
atoms in the above formula. The same applies to the
followings.)

35



pot-assi.um napht hal ene 0.5 nol /L-tetrahydrofuran sol ution 2 M were added

to @ reactor and agitated for 3 m nutes I n an argon atnosphere; a

pot assi um conpound of 2- benzal i m noet hanol (potassium

2- benzal i m noet hoxi de) was 35 produced. 26 Et hyl eneoxi de 8.8 g
was added to this solution 25 and
agitated at m e ature under Af ter bei ng reacted, for, two
days, Iactlde;ﬁfﬂéiggé adgEgPega ’QHNr?r%xﬂﬂ1¥WF%0T%?P%ﬁe3ﬁ88a&Wxﬁnﬁifor
anot her hour. Af t er vactiom padmgalfoafmiitee reacted solvent, 1 N-hydro- 5
chloric acid 50 M was added and agitated for 2 hours at - room
tenperature, and the protective group was renovéd; then this was poured

into cold propanol, and the podlyner d pﬂoducedlha@ praci pat atg@d. The
precipitatg att ai ne[:t N -\ i ccrobrdd HY9@ | gg.a.r_@U@pI eyl : eze
drying 10 from benzene. TEe y?e(d mgs : (?ﬁ Qﬁ??neﬂ‘ R
attained with gel perneation chronatography was nono- nDdaI' and t he

nol ecul ar wei ght of the PHFy20r migs 23wz alinkid{ddthanol 0.15 g, ahmerording
to proton nucl ear negnet Q h [ rJm of

t he pol yner att® alansed W 'l'g?hgﬁ E %ngr%mé%elcj%ﬁ%%%h’ﬁg%%/" Q S%f]%hon
het er ot el echel(iZ m1) wﬂrgoaddedatpng retae tati tandfagbtytedyFene3omice- (PEO
and p0|y|Q%t'@%d§”0n éﬂ“hﬁ&éﬂthiﬁkb$%B%%F”@ 6H@£§k1um Pﬁﬁ#ﬁuﬂﬁ ¥

[err]-term nal_ and [ oxy 20 ter e chain

| ength of thethmzapbwmegrbggpl (potiaasd usy %‘H@ﬂﬁbb‘?hﬂ"?&h%‘éﬁ’t he

spectra was aw@g prod@dédfor PEO and about 7000 for PL. The
results of proton nucle netic.res nance cira,ate as,fql.l ows:
25 [err] H man dfe%r.]a (gpms addgepf &o tﬁ'lslsgl ;1%4

and 2di {ote? aff room temperatud:é gmd 8L01 H tBO After
5.2 (d: 9§5H)reaction for 2 days, 8-valerolactone 5.0 g was added to
this reaction solution and agitated for another hour.
After vacuum removal of the reacted solvent, 1 N-hydro-
chloric acid 50 m1 was added and agitated for 2 hours at
room temperafure. and the protective group was removed;
20 then this was poured into cold propanol and the polymer
produced was precipitated. The precipitate attained
with centrifugal separation was refined by freeze drying
from benzene. The yield was 12.5 g (90 %). The polymer
attained with gel permeation chromatography was mono-
25 modal and the molecular weight of the polymer was about
14000. T
According to proton nuclear magnetic resonance
spectra with chloroform deuteride of the polymer at-
tained, this polymer was confirmed to be a
30 heterotelechelic oligomer having both units of polyeth-
ylene oxide (PEQ) and poly(d-valerolactone) (PVL), and
quantitatively having amino group on the a-terminal and
hydroxy group on the @g~terminal. The chain length of
- the block polymer determined by the integral ratio of
35 the spectra was about 800 for PEO and about 5200 for
PVL.



(The marks a - ¢ correspond to the hydrogen atonms in the above fornula.

The sanme applies to the follow ngs.) 35

26 - Exanple 2: Preparation of a polyner represented by the

foll owi ng formnul a: [err] HF 20 m, 2-benzal i m noet hanol
0.15 g, and pot assi um napht hal ene 0.5 | / L-tetrahydrofuran sol ution

(2 M) were added to a reactor and agitated for 3 min- 10 utes in an argon
at mosphere; the potassi uth@ofg§¥A§soPf Protam A ycIRfHPRERBL T CpELSSST um
2-benzal i m noai #veé depectranare’ adudd.1 ows: Et hyl eneoxi de 8.8 ¢
was added to this solution and agitated at roomtenperature.and at 1
atm After 15 reaction for 2 days, [err]-valerolactone 5.0 g was added to
this reaction sol ution aht-BYRt {DMSONar dar(wewer hour . After vacuum
renoval of g he reacted sq[yepgt-éoy-w”dro- chloric acid 50 M was added
and agitated for 2 hours at room tenperature, and the protective group
was renoved; 20 then thi2-faébgodPédHInto coul d propanol and the pol yner
produced was precipitateg,gThe:ppeqiypitate attained wi th centrifugal
separation was refined bg %rg ze 8rybﬁg from benzene. The yield was 12.5
g (90 %9. The pol yner aPt £8re80% gel perneation chromat ography was
nono- 25 nodal and the nol ecul ar wei ght of the pol yner was about 14000.

Accordi ng ugl ea IsC T ang p ' chl or,of orm
dout cri do VS BEadR) 6.8} °2p rBBURR e SY U e yme SPFEREBs bhkda By B,
30 heterotel echelic oligonéplihawing Sermul@:ts of pol yet h- yl ene oxi de

(PEO and poly([err]-valerol actgne) (QVL)a and guantigatively havi ng

am no group on the a-term ndi afld
Hy;N-CH;CH:0(CH,CH2037—<€CH:C(CH,;) H-H-

15 ) ' COOCH:CH,0OH
e f .

THF 20 ml1, 2-benzaliminoethanol 0.15 g and
potassium naphthalene 0.5 mol/L-tetrahydrofuran solution
(2 m1) were added to a reactor and agitated for 3 min-
20 wutes in an argon atmosphere; the potassium compound of
2-benzaliminoethanol (potassium 2-benzaliminoethoxide)
was produced. .
Ethyleneoxide 8.8 g was added to this solution
and agi tated at room temperature and at 1 atm. After
25 reaction for 2 days, 2-(trimethylsiloxy)ethyl methacryl -
-~ ate 10.0 g was added to this reaction solution and '
agitated for another hour. After vacuum removal of the
reacted solvent, 1 N-hydrochloric acid .50 m1 was added
and agitated for 2 hours at room temperature, and the
30 protective group was removed; then this was poured into
cold propanol and the polymer produced was precipitated.
The precipitate attained with centrifugal separation was
refined by freeze drying from benzene. The yield was
15.0 (96 %). The polymer attained with gel permeation
35 chromatography was mono-modal and the molecular weight
of the polymer was about 14000.



hydroxy group on the [err]-terminal. The chain | ength of t he bl ock
polynmer determned by the integral ratio of 35 the spectra was about 800

for PEO and about 5200 for PVL. : 27
The results of proton nuclear magnetic resg- nance spectra are as
fol | ows: [eH]HNM?(mﬁq [ew](pmﬁ 5 1.7 (a:

208
3.6 l(_?j: 904 H 10 Exarﬁﬂ@réP 'P-'#e\b%r%f?'éﬂ" f“’&]ﬁ&lr F’E@P“Fetdreieﬁﬁ PGt he
foll owi ng forspeatra ﬂﬁﬂﬂ]hediy methanol of théHpodWmer, attained,

2- benzal i m no h n sgjium.nap I

nol / L-tetrahy ?‘o u?an scﬁ ug"l'agsn onftg'%r? % mg gdggg%r?}%]%gg‘&%}c and
agitated for @liigemer0 having rbahh augthapﬁoepﬂefpéh wleaep dds RE@hpound
of 2- bsnzahuﬁbm@t@aﬁﬁ)dKwéﬁﬁyvnmathaez@hbw)oertﬁmne) and §@én -

pr oduced. yl eneoxi d g sol ugj on
and agitated EﬂtPGdHPﬂém&%%ﬂQﬂe?@ﬂ&Pa?rﬂuatﬁP A FeFTE?ﬁW%ﬁﬁH(N1 Re 2

- days, 2-(tri nehbyhsnletwgst)retdwltwthwwl po1ymatredwe&ngn\sas badddgee to this
reacti on solutl n_an

the | leact ctngBelal: rafiy ik thn bpBRRLE adubp (L S0 FpH PEGTRNE ©

about 7000 for PHEMA.
10 The results of proton nuclear magentic reso-
nance spectra are as follows:

"H-NMR (DMSO), & (ppm)

0.9-1.3 (a: 150 H)
15 2.0 (b: 100 H)
2.8 (c: 2 H)
3.6 (d: 800 H)
3.8 (e: 100 H)
4.1 (f: 100 H)
20 ' _ i

Example 4: Preparation of a polymer represented by the
' following formula:

0 0
e - b ¢ c c I da || d
25 HOCCHzCHzO(CHzCHzO‘a—meCHOCCIHO')'H—H
o | | CHs CH;
~a a

THF 20 ml, tert-butoxycarbonylethanol 0.13 g
30 and potassium naphthalene 0.5 mol/L-tetrahydrofuran
solution 2 m1 were added to a reactor and agitated for 3
minutes in an argon atmosphere; the potassium compound
of tert-butoxycarbonyléthanol (potassium tert-:
butoxycarbonylethoxide) was produced.
35 Ethyleneoxide 8.8 g was added to this solution
and agitafed at room temperature and at 1 atm. After



and agi tated for 2 hours at roomtenperature, and the 30 protective group

was* renoved; then this was poured into col d propanol and the pol yner
produced was precipitated. The precipitate attained with centrifugal
separation was refined by freeze dryi from benzene. The yield was
15.0 (96 % . The pol ynmer attained with'g perrreatlon 35 chromat ogr aphy
was nono- nodal g t he I%c | ar wel%ﬁ of the Zner was about 14000.
28 reachiog, fiPRg aHFotd ddedr e ddednifckhis spectra

wi t h heavy meté&aabioof sbme tpohymrrd algtiati artaed] for t&hctp@I-yﬁBurwasAthafrl rmed
to be a heter | ech I| r__hawvin h un|t I | ene

oxi de (PEO épéﬁd (il ngﬁvﬁyd§0x3efh§Fac acrgf EHEN%?Q éﬁhqéuéﬁ-
titatively haathd %0(1 md weasupdde d landa-agirtated . forTh% houchadh Irepgt h of
the bl ock S)OH‘:’@iﬁ:SE ﬂ&tew nﬁqdb}Srtohc%ch Mh«ﬁ% v«Faaé | Peiby £8€ %ﬁ‘éﬁt A

about 8800 for e results of
prot on nucl eal‘\'a?ra@‘é'l’lf'Pé FB§8— °°1 %M@@%’tﬂa‘ct?%‘ a"r'!!a aRotypepnRroduced

Eegr}gfNygo(mmg)préeip]témaal The precipithtl laBtdtmedSWith &én-

3.8 (e: 100 iB"'f".ga‘- separai?'?"ﬁ ?”Easid'?fﬁ)"% by g(%%%égﬁgghﬁﬁgggpation of
a polyner represzened bYhehgield was 14.0 g f({@B8 & ng The npbhymer [err]

10 attained with gel permeation chromatography was mono-
modal and the molecular weight of the polymer was about
14000.

According to proton nuclear magentic resonance
spectra with heavy chloroform of the polymer attained,

15 this polymer was confirmed to be a heterotelechelic
oligomer having both units of polyethylene oxide (PEO)
and polytactide (PL), and quantitatively having carboxyl
group on the a-terminal and hydroxyl group on the -
terminal. The chain length of the block poliymer deter-

20 mined by the integral ratio of the spectra was about
8000 for PEO and about 6000 for PL. -

The results of proton nuclear magentic reso-
nance spectra are as follows:

25 'H-NMR (DMSO), & (ppm)
- 1.6 (a: 252 H)

2.4 (b: 2 H)

3.6 (c: 730 H)

5.2 (d: 84 H)
30 9.8 (e: 1 H)



THF 20- m, tert-butoxycarbonyl ethanol 0.13 g 30 and potassi um napht hal ene
0.5 nol / L-tetrahydrof uran solution 2 mM were added to a reactor and

agirtated for 3 m nutes in an argon atnosphere; the potassi um conpound
.of tert-butoxycarbonyl et hanol (potassiLnntgat- but oxycar bonyl et hoxi de)
was produced. 35 Ethyleneoxide .8 g was added to this solution

a00 %01t aLed Sl LD AL YAER B " R renragpated byt on

solution and agitated for %n&ﬂ¢mnnbo@prmﬂﬂwer vacuum renoval of the
reacted solvent, 1 Nhydrochloric acid 50 nl was added and agitated for
2 hours at room 5 tenperature, and protective @ oup s renoved; then this
was poured into cold propaRol Bnd thé pobymer prdlodeced] ¢ was

precipitat&d. The pred BiG H:€ Ht OiHJ QL DI¢erRC CHOlQ cf}pggl_srppar ation
was refined by freeze drying from benzene. Th¢ yield was™14.0 g (88 %.
The polyner 10 attained with gel perneation chro Iﬁgra Qy was nono-

~nodal and the nol ecul ar wei ght of the pol yner was out 14000.

" According to proton nucl ear magentic resonance &pectrd with heavy

chl orof orm of the polyner attained, 15 this polyner was confirned to be a
het erot el echel i c ol iT4tEm@0 Hali nbenayh thieis Tofl 3@ yand patessiite ( PEO)

and |oolt yl a0t i lﬁ@pﬂ?hh 1 aamd B d T ﬁ%*féi:)‘ah?&'r%@‘u@%hb;@g’lmtn-laon 92’T ﬁg?cﬂgr%he
e Dok R Bl a P00 S0 thEeh or. 3 WLAHERS 1 5 Sr he
spectra was abogbn atmd@ph dme; e apdt absium6@dmpoarnd’lof benzylthiol The
ggsults of pr@Fggz?qghN% :gﬁgg@dﬁérﬁ?g grﬁfugggce spectra irg ?Z fg%;oiﬁ:
Ethyleneoxide 8. was added to this solution
16 and agitated at room temperature and at 1 atm. - After
reaction for 2 days, lactide 7.2 g-was added to this
reaction solution and agi tated for another hour. After
vacuum removal of the reacted solvent, aqueous solution
of sodium boron hydride 50 ml was added and agitated for
20 2 houré at room temperature, and the protective group
was removed; then this was poured into cold propanol and
the polymer produced was precipitated. The precipitate
attained with centrifugal separation was refined by
freeze drying from benzene. The yield was 14.5 g (91
25 %). The polymer attained with gel permeation chromatog-
raphy was mono-modal and the molecular weight of the
polymer was about 16000.
According to proton nuclear magentic.resonance
spectra with heavy chloroform of the polymer attained,
30 this polymer was confirmed to be a heterotelechelic
oligomer hav{ng both units of polyethylene oxide (PEQ)
and polylactide (PL), and quantitatively having mercapto
group on the a-terminal and hydroxyl group on the ¢-
terminal.
35 The results of proton nuclear magnetic reso-
nance spectra are as follows:



3.6 (c: 730 H) 5.2 (d: 84 H 30

2.4 (b: 2 H

9.8 (e: 1 H 30 Exanpl e 5:

Preparation of a polymer represented by the foll ow ng
formul a: [err] THF 29, mM , benzylthiol 0.13 g and

pot assi um 10

napht hal ene 0.5 nol/L-tetrahydrofuran solution 2 mM were

added to a reactor and qgi e r.3 rmnutes in an argon at nosphere;
t He pot assi um conpound oﬂ'h@h&&P@%QJ-lg Rﬁﬂ}uylthiopotassiun) was

produced. . Et ByKened00d®#1)3. 8 g was added to this solution 15
and agitated at roomte ratyr nd,yat 1 atm After reaction for 2
days, lactide 7.2 ¢ masgggdgé'tgophgg reaction solution and agitated

f or anot her

solution s .
hours at roo
this was pou

hour. After5.2 (gacd@fh HOnoval of the reacted sol vent, aqueous
of sodi um boron hydride 50 ml was added and agitated for 20 2

tenperature, and the protective group was renoved; then
M}sjm dPreBpEadiome f a el ey nEePpesansed hys the

precipitated. The precipi fal@owingt tfaimdad th centrifugal separation was

refined by

nono- nodal

freeze drying from benzene. The yield was 14.5 g (91 25 9.

and the nol ecw ar dwei ghtg of gt he ”pogy r yas abgut 16900.

The pol ymer attained with gel permeation chrorgt og- g raphyﬁmas

Accor di ngg 0 prot @i, Muct 8B'C ARt HG ¢ S with heay -
chl orof orm of the pol yner at?gined,zBO *tHits oFf%er é?%knf ﬁﬂﬁg:ée be a
é elglhyl ene (':oxi de (PEO
3_ 8

het erot el echel i c ol i gonmer having both units

16

20

25

30

35

E{BOI
a a b

THF 20 m1, 2-benzaliminoethanol 0.15 g and
potassium naphthalene 0.5 mol/L-tetrahydrofuran sotlution
2 ml were added to a reactor and agitated for 3 minutes
in an argon atmosphere; a potassium compound of 2-
benzaliminoethanol (potassium 2-benzaliminoethoxide) was
produced.

Ethyleneoxide 8.8 g was added to this solution
and agitated at room temperature and at 1 atm. After
reaction for 2 days, lactide 7.2 g was added to this
reaction solution and agi tated for another hour. After
vacuum removal of the reacted solvent, 0.1 N-hydrochlo-
ric acid 50 m1 was added and agitated for 2 hours at
room temperature, and the protective group was removed;
then this was poured into cold propanol and the polymer
produced was precipitated. The precipitate attained
with centrifugal separation was refined by freeze drying
from benzene. The yield was 14.0 g (88 %). The polymer
attained with gel permeation chromatography was mono-
modal and the molecular weight of the polymer was about
15000.

According to proton nuclear magnetic resonance
spectra with heavy chloroform of the polymer attained,
this polymer was confirmed to be a heterotelechelic



and potylactide (PL), and quantitatively having nercapto group on the

a-term nal and hydroxyl group on the [err]- termnal. 35 The
results of proton nucl ear nagnetic reso- nance spectra are as foll ows:
31 [err] H NVR (DVSO) , [err]32(pprr) 1.6 (a: 300
H) , 3.6 (b: 800 H) 5.2 (c: 100 H 5 Exanpl e
6: Preparation,of a polyner represented by the ] fol |l ow ng
f or nul a: olipgmer having both unyip 9f pplvethydeae @xise HRED) 0. 15 g

and 15 pot assauth pepiytiasitdnie (L 1Dl dhdt ghanbydaet veay haliligamino 2 N

were added to agtor,and agitated for 3 njputes i n an argon

at mospher e; aQSS gsglswuriﬁh%o%po Hd" gra . and m%tﬁ?&FYﬁPH&e?ﬁm oMot PTm
2- benzal i m nokehwindd) wibe chyirmodierglth20f the bl ockEpbylymesoxiake8-8 g
was added §0 fHhadsSehUlih@n ; Parrgi, | edsatp Lo r re. at 1
atm After reactgl&otﬁ fgor1 n2te ays, aﬂg%%ﬁ dgf 7%5%?%&’%3336%%0%%

reaction sol BP0R ERd BEL: anely akputRBORr faouPL. After vacuum r enoval

of the reacted sol vent, Thel riddidiP ¥ Qur Sboh i FuatedroRaGhetas Fed&sl and
agitated for 2 hours roomt_e%ature, and the protective group was
i

t
r emoved; Tﬁ%ﬁetﬁf’gc\ﬁg Bo& &F ¥ propanol and the pol ymer

produced was precipitated. The precipitate attained - with centrifugal
separ ati ojpg was refined bﬁ_hh@{ezﬁ)'ﬁr{yf NG SPPNH om benzene. The yield was

14.0 g (88 %9. The polygnnszs (a: 283 H)
1.9 (b: 3 H)
2.8 (c: 2 H)
3.6 (d: 800 H)
156 5.2 (e: 94 H)
§.7, 6.2 (f: 2H)

Example 7: Preparation of a polymer represented by the
‘following formula:

20 | :
0 0
a b ¢ c ¢ ” d ” d
NC-CH:CH,CH,0—<CH,CH:0);€¢CCHOCCHOX—H
o5 CHs CH;s
. e e

A reactor was charged with 20 ml of THF, 0.04
g of acetonitrile and 2 m1 of solution of potassium
naphthalene dissolved in tetrahydrofuran in a concentra-
30 tion of 0.5 mol/L-tetrahydrofuran, and the resulting
mixture was stirred for three minutes in an argon atmo-
sphere, and, thus, there was formed cyanomethyl potassi-
um. _
There was added 4.4 g of ethylene oxide to the
35 resulting solution, which was then stirred at 1 atm and
at a room temperature. After two days-reaction was



attained with gel perneation chromatography was nono- nodal and the
nolsecul ar wei ght of the polynmer was about . 15000. Accordi ng
to proton nucl ear magnetic resonance 35 spectra wi th heavy chl orof or m of

t he pol yner attai ned, this polyner\Mghconflrned to be a '

het erot el echel ic 32 ol i gomer
havi ng both units of pol yethyl ene oxide (PEO and pol yl actide (PL), and
quantitativel3¥Havi hg2a®i 96 actg#&uﬁﬁﬁ1Qﬁﬁ9qeﬁ?]tF%rﬁ?ﬁﬁF‘aﬂd1‘q“‘

et hacryl oyl wtiietp wast BRehehNiowed toerrdavt fJﬁethﬁhér|6ﬁ9tth}tfm
bl ock pol yner_ det er the integral ratjo of 3 ?Eectral

obout T Y Baddbrieeens ARouRIeg0eppoured (e ool 83 BRERRBN S o
pr ot on nucI ea foagnebecreastion solwead Mthreaerardnatﬂbbbowff. sd0

[err]H-NM%([?ﬂEQ tﬂng$r£8§”E igmef pyioht bé-§¥ééﬁp?§§gt%d G8ot i

.9 (b: 3
5 2 (e: 94 stal1zed precipitate wass purfijfied by Fipepre ¢ryPP@p§F&N(N10f

a pol ymer VGMEﬁiﬁﬁéd byhé hgield was 11 0 gf«dd<%mr© éernyéameaq1on
0 0 [eru ct% chargeg of THF,
0. 04 hromatography taught t e polymer ta1ned wa
mono-modal and had a number average molecu1ar weight of
10 about 11,000. ’
Resul ts of proton nuclear magnetic resonance
spectra were as follows:

' H-NMR (cbc13). 5 (ppm)

15 2.4 (a: 2 H)
" 1.8 (b: 2 H)
3.6 (c: 400 H)
5.2 (d: 50 H)
1.6 (e: 150 H)
20 | _ | )

Example 8: Preparation of a po1ymer represented by thé
following formula:

25 a b ¢ d d | e || e ” g
NC- CHzCHﬁHhO%CHﬂHhO}—+CCHOCCHO%—CC CH..
CHs CH, CHs
f . f h
30 | A reactor was charged with 20 ml of THF, 0.04

g of acetonitrile and 2 m1 of solution of potassium
naphthalene dissolved in tetrahydrofuran in a concentra-
tion of 0.5 mol/L-tetrahydrofuran, and the resulting
mixture was stirred for three minutes in an argon atmo-

35 sphere, and, thus, there was formed cyanomethyl potassi-
um.



g of acetonitrile and 2 mi of solution of potassium napht hal ene
di ssolved in tetrahydrofuran in a concentra- 30 tion of 0.5

ROl’/ L-t etrahydrof uran, and the resulting m xture was stirred for three
m nutes in an argon atno- sphere, and, _thus, there was forned
cyanonet hyl potassi - um ieré was added 4.4 g of ethyl ene

‘oxide to the 35 resulting solution, mhlch was then stirred at 1 atm and
at” a roomtenperature. Aheee wae ddded chcdiomofasthylene oxide to the

33 over, résg18i b s8¢itd®nasyiidedwi® thenrgatwea Litdyi d.tm andthi ch
was then allowed to react for further one hour. Thus pr.oduced sol ution

was poured ind BobPoR SPBBETAture. eﬁftﬁrthg°r%585|SﬁaEGFVEnWaﬁad been
distilled offovee, B. Ehatoﬁhedhwiﬁﬁiwu%yﬂ@deﬂ1gbtthe ﬁéee&ﬁbhaﬂeﬁu1d,

benzene, The YREPh“HRs 3065 s Ok e oo F et BhFER8  CRN s RedTranhy
t aught that the pol ymer Nektai rtde neawas aﬂﬁﬂ@ hodal ofindebbacayhicbacid
average ”D|eCHhﬁ§dW¢HQhEooﬁhﬁg‘¥¥§%eﬂj-&“¥Eh was then a1 1B6w8H! &% of proton

nucl ear magnetic resonance pectra were as
Ler 1] b NVR ( CDRREE, FPT, THELMET J#) hours at a r°2m4teapezanyre Thus
1.8 (b: 2 H produced solu%ion( Was!@buded into cooledSpPoplno?) Efter

1.6 (e 1?8 |_Qhe re?SFP8ﬂr%§ﬁpgwwhﬁé59abetIqg1g£1?1gglxp$, ggp %s%nt?P by

t he
0 0 formefieppjymer might be precipitated. Centrifugalized

precipi tate was purified by freeze drying from benzene.
The yield was 10.5 g (91 %). Gel permeation chromatog-
raphy taught that the polymer obtained was mono-modal
16 and had a number average molecular weight of about
11,000.
"Results of proton and carbon nuclear magnetic
resonance spectra were as follows:

20 "H-NMR (CDC1,), & (ppm)
6 (f: 150 H)

.8 (b: 2 H)

9 (h: 3 H)

.4 (a: 2 H)

(c, d: 400 H)

(e: 50H)

25

}(g: 2H)

DA WN = - =

6
2
.6
2
30

'3c-NMR (CDC1y), & (ppm)

13.9 (2)#

16.5 (10)

18.0 (8).
35 25.2 (3)

64.2 (7)

69.2 (9)



30 * . A reactor was charged with 20 mMl of THF, 0.04 g of
acet,onitrile and 2 m of solution of potassium napht hal ene di ssolved in
tetrahydrofuran in a concentra- tion of 0.5 nol/L-tetrahydrofuran, and
the resulting m xture was stirred for ;gﬁee m nutes in an argon atno- 35
sphere, and, thus, there was fornmed cyano hyl--pot assi - um

34 There was added 4.4 g of ethylene oxide to the

resul ting solution, whic®8u8s (en stirred at 1 atm and at a room

t emper at ur e. After two oy 9 [(@FAClgpn was over, 7.2 g of lactide was
added to the reaction Iqu|d 5 whi ch was then allowed to react for
further one hour. 4 (1Next there was added 10 g of nethacrylic
acid anhydride to thnassﬁsuemJ\Mnch was then allowed to react for
further twoghours at a rqg[gn rq]ezrature Thus produced sol uti on was
poured into cool ed propano r the reaction sol vent had been
distilled off, so that tA&9. 5 (B rilet) pol yner mi ght be precipitated.
Cbntrifugalized preC|p|tate was purified by freeze drylng from benzene.
The yield was 10.5 g (91 ¢ Cel perneation chromat og- hy taqght
that the pol ymer obtalne& he FIRLRRIZ N 1BareRt hedes ﬁ@ﬁﬁeF VESRRD

mol ecul ar wei ght of abouito thelkd¥dbn atom in the fBEIGWingdifdrmim and

car bon nbd magneti c resonance spectra were as folloms 20

[err]H N QZIX][err]) [err] (ppn) ' 1. 69 150 H&

1.8 (b: 2 Lg (3 261(a 21fy 25
3.6(c d: 400H) 123 5 5 6 7 11 13

_ H
| Sy
_ CHy CHs _0 CHs
15 - 10 14

Example 9: Preparation of a polymer represented by the
following formula:

20 |
a b ¢ d d d I e ||
HaN—-CH,CH:CH;CH,- o—écnchzoa-—GCCHoccnoa-——H
CHs; CH,
25 -f . f-.

. There was dissolved 200 mg of the polymer
obtained in Example 7 into 40 m1 of ammonia-saturated
methanol, and the resulting solution was hydrogenated at
25C and 35 atm with use of 0.5 g of Raney-Ni-W2. One
30 hour after, the reaction solvent was distilled off, and,
thus, polymer was recovered with cooled propanol. The
yeild of the polymer obtained by freeze drying from
benzene was 180. mg (90 %). Gel permeation chromatogra-
phy taught that the polymer obtained was mono-modal and
35 had a number average molecular weight of about 11,000.
Resul ts of proton and carbon nuclear magnetic



5.2 (e: 50H) 5.6 [err] 6,2 30
]

[err]CGNWR (CDCl[err]), [err] (ppm 13.9 (2)*

16.:5 (10) 18.0 (8) 35 25.2 (3) : 64. 2
(7) 69.2 (9) 36 35

68. 8 -(4) 70.0 (5, 6) 119.4 (1) 126.5
(13)-- 5° 135.2 (12) 169.5 (8. 11) _ * The
figures in paresomesss sRector rwepengs follows: o the carbon atomin
the follow ng fornmula 10. [err] Exanpl e 9: Preparation of a

pol ymer represented by HWENMR (coc1y ), 5f?ngyrm]fornula. 20

1.6 (b, f: 150 H)
5 1.8 (c: 2 H)

2.7 (a: 2 H)

3.6 (d: 400 H)

5.2 (e: 50H)

10 3c-nMr (cDC1,). & (ppm)
S 16.5 (10)%
25.1 (3)
26.4 (2)
40.9 (1)
15 64.2 (7)
- 68.8 (4)
69.2 (9)
70.0 (5, 6)
169.4 (8)
20 . L

% The figures in parentheses each correspond
to the carbon atom in the following formula:

g
05 12 3 4 5 5 6 T @ 2
HzN"CHzCHzCHzCHzOf‘fCHiCHzO}ﬁjﬁfCHzCHzo:T£C?HOC?HO)1T*H
8 Cli; CHg
10

30 Example 10: Preparation of polymeric micelle:
The block copolymer sample 50 mg obtained in
Examplie 1 was dissolved in water or an appropriate

buffered solution so that concentration might become
0.01 to 0.1 % (w/v). With particle distribution mea-

35 surement by dynamic light scattering, the formation of a
single polymer micelle with average grain diameter of 30



[err] - 25
obtained in
resul ting so

There was di ssol ved 200 ng of the polyner

Exanple 7 into 40 nml of amoni a-saturat ed nmet hanol , and the
| ution was hydrogenated at 25[err]C and 35 atmw th use of

0.5 g of Raney-Ni-W2. One 30 hour after, _the reaction solvent was

distilled off, and, t hus, pol yner was PEcovered with cool ed pr opanol .
of the polyner obtained by freeze drying from benzene was
180 ng (90 % nmawespeomddrimes chy orhe cypbutionphyTheughi tilcall mHeeddie/ner

The- -.yeild

obt ai ned was aaneemwn%déﬁ mapgapwm@.r RYEE PPE make%' Mg /1el 9 fh

about 11, 000.

36 reson

(CDG [err])
H)

(e: 50H)
16.5 (10)*

(1) 15
70.0 (5, 6)
par ent heses

10

15

20

25

30

35

sults of proton and carbon nuclear magnetic

ahbe spsyits \Ré:rétd'é“f"iﬂ'[%\/\sa“aws‘ss this poflymerqmigeile

ﬁesrkoﬁpﬂﬁko be a new poﬂyﬁbfth1éelﬂ50hh31ﬁg an amino 1.8 (C

d: 400
0group °" Q%Feﬂpﬂénﬁﬁ?i%iiﬁﬁ%Tr]) Eerr] (p;%)

Example 11:25Prep@ration of polyférilc(@jcelle: 40.9

64.2 (?thS]Ecw cgro1fﬁ%égéénp1e §°Tﬂg ?thQEE%IﬁQQ
cBXAmpder dspaggdissoTved in water or an appropr1ate
buffered solution so that concentration might become
0.01 to 0.1 % (w/v). With particle distribution mea-
surement by dynamic light scattering, the formation of a
single polymer micelle with average grain diameter of 28
nm was confirmed in the solution. The critical micelle
concentration of this polymer micelle was 11 mg/L. From
the results of structural analysis, this polymer micelle
was found to be a new polymer micelle having a carboxyl
group on the micelle surface.
Example 12: Preparation of polymeric micelle:

The block copolymer sample 50 mg obtained in
Example 6 was dissolved in water so that concentration
might become 0.1 % (w/v). With particle distribution
measurement by dynamic 1ight scattering, the formation
of a single polymer micelle with average grain diameter
30 nm was confirmed in the solution. The critical mi-
celle concentration.of this polymer micelle was 10 mg/L.

"Benzoyl peroxide 0.01 g was solTubilized in this micelle."

solution and reacted for 5 hours at 80C . After the
reaction, it underwent dialysis against water with a
fractional molecular weight 12000 membrane filter, and
from. the results of structural analysis, this polymer
micelle was found to have the average grain diameter 30
nm, unchanged from before the reaction. The micelle
diameter was not echanged even by the addition of dodecyl
sulfate, and it was confirmed that the micelles were
effectively crosslinked. From the results of structural
analysis, this polymer micelle was found to be a new

.2



to the-carbon atomin the follow ng fornul a: [err] 30 Example 10:
Preparation of polyneric mcelle: The bl ock copol yner sanpl e
50 'ng obtained in Exanple 1 was dissolved in water or an appropriate
buffered solution so that concentration n1ght becone 0.01 to 0.1 %
(wWv). Wth particle distribution nea- 3538 sur ement by dynam c |i ght
scattering, the formation of a single polyner mcelle with average grain
diameter of 3prosslinked polymer micelle having an amBfo groupmomathe
confirmed in giCePPeUkyPRacahe critical mcelle concentration of this
pol ynmer mcelle was 10 ng/L. From the results of structural analysis,
this polymer mcelle was found to be a new polynmer mcelle having an
amno 5 groupndwstheat apph ecabrfiaas. Exanple 11: Preparation of
polynericgﬁcelle

. . ne bl ock c qQbt ai ned
I n Exanpl e 4 was diggb?véavfeﬁ{\kgterp c'r"'I %ﬁ??gfgoFyme&Tﬂpé g‘d
solution so thas ibntbatbathoendbgﬁmdmiinnaﬂibr@u@é sochb. asYapiheo) . Wth

particl edi st rdlb&\;ﬁoncgfa?oxw oPULRTEHy dPo b Sub | ERG :’ﬁ&%&g b Gr P

formati on of W th average grain ter of 28
nm was conhrWﬁ&FWrﬁth§°§6FntP§H311Wéhﬁﬁi|%ﬁ# Wht@hbe""dercéhcéﬁﬂratlon of

th'is pol yrre[] évtmlié@ \Aﬁ&slal TR Ewu.?lwm,q% rrﬁﬁylﬁﬁreﬁef’t sacwﬂ%erl—l
anal ysi s, IS y m ce ou 0 be olyner mcelle
having a ! rﬁk@ Bﬂﬁrontpﬁb WqGQQQJhﬁﬁW%ﬁ% ﬁyd'°%§éh%?é tyoand
Preparation(ﬁyqxnghmb1c1hvcehlehe molecule can The &dpektedpadgquateanpl e
50 ny Obta'nepbfr'This block polymer can therefore be advantageously

used in the field of production and processing of

bio-compatible materials.

15 Furthermore, it is possible to efficiently
bind molecules of 1iving organism such as antibody to
the polymeric micelle compounds which are produced from
the above polymer and which have on their surface func-
tional groups such as amino group, carboxyl group and

20 mercapto group, since said micelle has the. following
characteristics:

1) Drugs can be introduced into the nucleus
of micelle;
2) Owing to @-terminal functional group,

25 there can be prepared a stable crosslinked micelle

" ‘(nanosphere); and -
3) Surface functional groups are stable in
water and are capable of reacting with amine or thiol.
On the other hand, polyethylene oxide chain,

30 poly-glycol acid and polylactone, which aré segments
constituting the block polymer of this invention, are
each known to be decomposed in a 1iving organism, and,
therefore, electric charge on the surface of polymeric
micelle can be freely changed. Fom these facts, we can

35 expect that the polymeric micelle compounds which are
provided by this invention and which have on their



20 'Exanpl e 6 was dissolved in water so that concentration m ght becone
0.1-% (Wv). Wth particle distribution nmeasur ement by dynam c |ight
scattering, the formation of a single polymer micelle with average
grain dianeter 30 nmwas confirnmed in the solution. The critical m -
25 cell e concentration of this polyner m & e was 10 nog/ L. Benzoyl
peroxide 0.01 g was solubilized in this mcelle solution and reacted
for 5 hours ats®ofage]|tunchienalt geoups widdt iten anp ! ivakerewens ddal ysis
agai nst water gdéPiér forfdrGhi 883k vERhERY A M 1Gn 1@%@5@%? filter,
and 30 fromthe results of structural analysis, this polyner mcelle
was found to PRA GHE S¥ch gasAlpgngsiite: ganwsrPhensn  unchanged from
before the reaction. TheHeheel | eherediiamat posedD i@y CHHHYSEhEY e P¥nLhe
addition ofg d |z 34 Sl f .and.it seonfirmed that the mcelles were
35 effect isve&&eog'?/owgsﬂ n‘Eéedgagﬂgﬁ1 tRet SSLTPtersHofJEt"F ANiis Igreag'ﬂﬁf‘ sis,
this polynmer mcelle was found to be a new '

38 crosslinked polyner mcelle having an am no group on the

m cell e surface. I ndustrial applicability 5 This i nvention
provi des a bl ock polynmer which has at its both ends functional groups
such as am no group, carboxyl group, hydroxyl group and nercapto group
whi ch a protein usually has, and which, under circum stances, has a

vi nyl group which may further be polyner- 10 ized. Moreover, the bal ance
bet ween hydrophilicity and hydr ophobicity in the nol ecul e can be

adj ust ed adequat e- ly. This block polyner can therefore be

advant ageousl y used in the field of production and processing of

bi o- conpatible materials. 15 Furthernore, it is possible to
efficiently bi nd nol ecul es of |iving organi smsuch as antibody to

the polyneric mcelle conpounds which are produced from the above

pol ymer and whi ch have on their surface func- tional groups such as

am no group, carboxyl group and



charactori stics S8 ST D OE Lgs can be ifﬁ't'rgé“LJQSdﬁiH||$||!|H|4||||]H|||gE|||'i
S * ;

aof .mcelle; 2) OMng to [err]-termnal functienat grouwp,
there can be prepared a stable crosslinked mcelle (nanosphere); and
3) Surface functional groups are stable i40 wat er.. and are capabl e of

. reacting with am ne or thiol On the ot her- hand, pol yethyl ene

- oxide chain, 30 poly-glycol acid and p@lyAms one, which are segnents
constituting the block polyner of this invention, are each known to be
deconposed in a living organism and, therefore, electric charge on the.
surface of pollyneric Anbtetkepodiymea whdatly icharepdeséobedhbye foaons; we
can 35 expect-ﬂgmﬁlfrgﬁjpw%neric m cel | e conmpounds whi ch are provi ded
by this invention and have on their
39 surface functional groups will be applicable as i) carrier for
drug delivery to a certai X oQar€ QGHd G Hp O3g6¥dj<Z ne such as diagnostic
nanosphere. Hence, there is a possiblity that this inven- 5
tion will be applied in the field of medical treatnent.
40 wher&inl KSdenbtes an ai Ky lookr gapb yhavingi ¢h tios

represented by formu- la;§l3, PEbR%a toms which has one or two

substituents selected from the group consist-
ing of amino group blocked with amino-protect-
ing group, carboxyl group blocked with
carboxyl-protecting group and mercapto group
blocked with mercapto-protecting group, or
phenyl or phenyl-alkyl group which has the
above—-mentioned substituents on benzene ring;
Y denotes a group selected from the
group consisting of the f011owin§ recurring

units
0 0 . 0 e
[ Il K .
-CCHOC(l:HO— N —C(CHa3g0- .
PR ¥
R3 RS
—CH:C— or  —CH,C-
COOR* | ‘CN

wherein Rl and Rz independently denote

hydrogen atom or alkyl group having 1 to
S5 carbon atoms; R3 denotes hydrogen atom
or methyl group; R‘ denotes alkyi group
having 1 to 5 carbon atoms which is
substituted with hydroxyl group under
circumstahées: q denotes an integer of 2
...5;



EAFL-;} éroup having 1 to 10 cag IbZ)n at ons whi c\ﬁhﬁ;? Hmmﬂ"ﬂmﬂ‘m H“l _

substituents selected fromthe group consi st- ing of afm o drodp
bl ocked wi th amni no-protect- i ng group, carboxyl group blocked with
car boxyl -protecting group and nercapto graup bl ocked with

nmer capt o- prot ecti ng group, or phenyl or phenyl -al-kyl group whi ch
has the - above- nentloaede%&%te LB 61 aPEPEErs sbM8cted from

Y denotes a group selected fromt YR consi stin of t he
following recurring the gﬁﬂ?'?s°°"s’s"[’é'r9r?’f ydrogen at wher ei n

Rlerr] and Rlerr] indepstegnsyy dEBobe(CH =CH-CO-), ﬁa&hammyn@&bn1or

al kyl group having 1 to C@ at gep ydr ogen
atom or meIHs Tp F%ﬁ, C ﬁdteg ﬂﬁﬁﬁ‘ J%ﬁé p
having 1 to 5 carbon ato wb t tg hydr oxyl
group under (6“ r%u cgg? adgr}(;tyes an A HS dpt‘ H Si
it p—to1uenesu1fony14£roup (CH3d<jf>~SOZ-).
mercapto group, alky1 group having amino group
which is mono—- or di-substituted under circum-
stances with alkyl group having 1 to § carbon
atoms, alkyl group having carboxyl group or
its ester group, alkyl group having aldehyde
or its acetal group, and halogen atom; and

m and n independently denote an integer
of 2 - 10,000.

2. The block pelymer of claim 1 wherein X denotes
an alkyl group having 1 to 10 carbon atoms which is
substituted with amino group, carboxyl group or mercapto
group which is not blocked with protecting group.

3. The block polymer of claim 1 wherein X denotes

an alkyl group having 1 to 10 carbon atoms which is

substituted with
amino group blocked with amino-protecting
group selected from the group consisting of
alkoxycarbonyl group having 1 to 5 carbon
atoms ; benzyl{dene group whose benzene ring is
substituted under circumstances with alkyl
group having 1 to 3 carbon atoms or with
halogen atom; silyl group having three groups
selected from the group consisting of alkyl
group having 1 to 3 carbon atoms and phenyl
group; and cyano group, oOr
carboxyl group blocked with carboxy-protecting



Z denotes functional group selected from the gro N
nydr ogen at om corvi oyt aroup (crterr1=c 0o ). NIRRT AN
group (CHerr]=C(CHerr])-C0O), vinylbenzyl group L B 5
(CHerr]=CHJ[err]-CHerr]-), allyl group (CHerr]=CHCHerr]-),

p-t ol uenesul fonyl group (CH err]-[err]-SOé‘Brr] ), mer capt o
group, al kyl. group having am no group whi ch is nono- or

di -substituted under ci I’gQ‘Wiilp selected Bt emcele Wgtrbual kepinsgrscimahavfng 1 to
5 carbon at ons I 04 CaLbgx u

its ester group, alkyl gr]cl)%p 'q{‘g‘p %\?hhg 198678 }%rg’o(r?l I%ttgﬁnacet al group,
and hal ogen atomy and benzyloxy gromwand1nh¢nuépeﬁbéﬁﬂlFrGéﬁbte an

i nt eger of 2 -+ 4GnUHY 1me Ehoxy grou;heahhoelﬁraﬁ’l@ )éWuppf &"al m1

wherein X denotes an al kyl group havin i‘rgr bon at ogs
substituted with amino GESEEPrHRER g‘@ﬁ%ﬁ'beﬁr‘" PcRSFE3B A |s not

bl ocked wi th protectingiggOWroup ?se1ected Themblthekgp@luprmrorm‘1scﬂmgn 1
wherein X denotes an al Ig)@l g‘rﬁ'}?ﬂ hav%nlg ﬁ 10 carbon atons which'is
substituted with PP BEked with am no- protecting

group selected fromthe gr oup consi sting of al koxycar bonyl group
having 1 to 54carbon Tod¥ %mpépza;#'é?aemgﬁomemsrp )@weeél ng
is substitute un er clrcunstances wth al oup

having 1 to 3aBapdéy lagsesporhaying 1 to 10 cnahegeﬁtaf"&mwfeuq'm %r oup

having three sh%ms'cuted with S £5d eglraﬂﬁnbt Bekgaowd thonsi sting of al kyl
group havi ng car,bon .at ons_and roup r}’d cyano
&k e

group, or "°'p(fz§'rtt? I"ggrq{u?)"‘bl‘@&‘é% '\'/\ftHeEﬁP’Bdﬁ%"ﬁr I'hg

trimethylsilyl group or cyano group, or subst1tuted with
carboxyl group blocked wi th carboxy—protectihg group
which is tert.-butoxy group.

5. The block polymer of claim 1 wherein X denotes
an alkyl group having 1 to 10 carbon atoms which is
substituted with amino group or carboxyl group which is
not blocked with protecting group.

6. The block polymer of claim 1 wherein Y denotes
re_.(:_urri ng units represented by the following formulae

0 0 0
I Il SIS | I lI
—CCH;O0CH,0- | —C(liHOCCHO— N
|
CHs CH;
0 0.
| [
—C—GCHz)s_()— ~ "C_GCth—O— ~
P

—CHz—(IJH—- or  —-CH,—-C-

COO alk C.QQ alk



avoup having & Lo’s chrnon atomnt T o P bonsyt oxy g oup Hllllllemlﬂlmﬂlllllll

gr oup; tri phenyl met hoxy group; and cyano group, or *
mer capt o group bl ocked w th nercapto- protect- i ng group selected
fromthe group consisting of phem8 and benzyl. 4. The

bl ock polymer of. ¢claim1 wherein X denotes an al kyl group having 1 to 10
carbon atons which is substltwﬁg}émﬁfhfxndgh@tsgpabl@qud\yﬁdmp

am no-protecting group which is benz |de [ trnineth i %l_ group or
cyano group, or substituted windy ng %ﬁ ngoéﬁgﬁg fen i's

car boxy-protecting group mhichmustiﬁutemutmuqegrompcumsﬁances, whirkh bl ock

pol ymer of claim1l wherein X q§qgl | group having 1 to 10 carbon
atonms which is substituted wt é%ﬁ&?%‘g‘ybr car boxyl group which is not

bl ocked with protecting group. 6. The bl ock polymer of claim1l

\[Nﬂerfl n Y denotes recurrtpg nibeR b%n'yﬂﬁentoqd dWaimet fﬂhéawi ROZf aemdltass
err

' | k d t
an al kyl gr Oud’nydrogen atom’hﬁgmdc’ﬂt(9r9"t"ar°o%rf“%1¥'bﬁﬁr}ﬂ,ﬁ?(¥h Pa enot es

substituted, under circumstances, with hydroxyl group. 7.
The bl ock poleer of ClaAn1$v¥ﬂ8r§H%c% %%W%h&ﬁ- represented by the
following formula (II):

X50—€CH;CH: 03 €YY, M° (I1)

wherein Xa denotes an alkyl group having 1 to
10 carbon atoms which has one or two
substituents selected from the group consist-
ing of amino group blocked with
amino-protecting group, carboxyl group blocked
with carboxyl-protecting group and mercapto.
group blocked with mercapto-protecting group,
or denotes a phenyl or phenyl-alkyl group
which has the above-men tioned substituents on
benzene ring;

Y and Ya each denote a group selected
from the group consisting of groups represent—
ed by the folliowing formulae

o o)
I R
—C—?HOC?HO— and -C- ?HOCCHO H
R! ) R?2 R! llz'z
0

I | Il
—C(CH2)g0- and -cccn,;-o ;



hydeogen atom acryloyl group or nethacryl oyl group.

bl ock polyner represented by the following forrmula (I I) [umm“mmnﬁﬂ‘l“ |“|
wherein Xa denotes an al kyl group having 1 to 10 car bdn Gt dis "whfch*
has one or two substituents selected fromthe group consi st-

i ng of am no group bl ocked with anago- protecting group, carboxyl
group bl ocked wi th carboxyl -protecting group and nercapto

group bl ocked with mercapto-prot®cting group, or déhotes a phenyl

or phenyl -al kyl group which has the above-nmentiond dgsubstituents on
benzene ring; ~CHznd Ya each dende@ a gTSdbrsﬁlected ;
fromthe group consisting of gro é %Fpresent- by the foll ow ng
formulae [err] 44 [erOORH

| b

—CH,;—-C- " and —CHr—ée

CN (I:N
wherein R1 and R2 independently denote

hydrogen atom or alkyl group having 1 to'

5 carbon atoms; R3 denotes hydrogen atom

or methyl group; R4 denotes alkyl group

having 1 to 5 carbon atoms whigh is
substituted with hydroxyl grouﬁ under
circumstances; and q denotes an integer

of 2 - §5;

M denotes cation of alkaline metal
selected from the group consisting of lithium,
sodium, potassium and cesium; and

m and n independently denote an integer
of 2 - 10,000.

9. A method to produce the block polymer of claim
1 which cbmgrises the following steps:

(1) a step wherein the living block polymer represented
by the following formula (II):

X5 0—€CH:CH: 034 Y3y Y, M° ° (II)

wherein Xa denotes an alkyl group having t to
10 carbon atoms which has one or two
substituents selected from the group consist-
ing of amino group blocked with
amino-protecting group, carboxyl group blocked
with carboxyl-protecting group and mercapto



E

o SH1 iyl oup havi ng n 1o o ePenee Y RN o atoms: R[Llllllﬂlllllﬂﬂlllﬂiﬂﬂlll

hydrogen at om or nethyl group; Rlerr] denot es alkyl brdl
having 1 to 5 carbon atons which is substituted with hydroxyl
group under ci rcunst ances; && q denotes an integer

of 2 - 5; Merr] denotes cation of al kaline netal

sel ected fromthe groupgyuuaf%16@kea Wit we@rcapto-p ro&EB g $Pbapsi um
and cesium and

nde endent te an |nte er
o2 10 000 9. or Aepqten RoPpPBNICET IMPAMICTAHN T RFOtE Jol ai m 1
whi ch conprises the fol whiicly kdepEhe( abosesinen tilvereal nsubhet 1 twempsbback

pol ymer represented by t Shd o formula (11): [err]
wherein Xa denotes an mqgﬁgg#%u%4ﬁgving lto 10 carbon atons
whi ch has one or two Y sndsifiat eanhs danete cal grourt Relgeded
consi st - 'ng‘*r&ﬂ“fﬁbQEPHQprBGKQQFMﬂH1of groups represent-
am no- protecting group, car groug with
car boxyl - protecting gro®? chpl °w‘“9 f°rm“1ae 45 group
bl ocked with nercapto-protectlng group, or denotes a phenyl or . phenyl-alkyl
group whi ch has the above-nenti oned substituents -on benzene ring; Y
and Ya each denote a groupOsel ect €l fromthe group d@nsistimy of groups
represent- ed by the follolling fordhul ae Il Il .
-C- ?HOC?H0~-mm ~C—-CHOCCHO® .
Rl- Rz . | lLl llz.z
o 0
| [ )
~C(CH:)g0 - ' and ‘—C(CHz}—O ;
R?3 R3
| . Te
-C.H_z—(li— and —CHz—(l: ;
COOR!* COOR!
R3 RS
l
—CHr—?— " and —CH,—ée
I

CN : : CN

wherein R1 and Rz independently denote

hydrogen atom or alkyl group having 1 to

S carbon atoms; R? denotes hydrogen atom

or methyl group; R4 denotes alkyl group

having 1 to § carbon atoms which is

subs tituted with hydroxyl group under

circumsfances; and q denotes an-integer

of 2 - 5; _

ﬂg denotes cation of alkaline metal
selected from the group consisting of 1ithium,



Eilg:]f)][ é» hydr ogen atom or al kyl gr\gﬂgrﬁ:ﬂ\r/]| ;R[gerlr]mand R[e(r:;]MHI“IﬂBIm Ils"”“I

Rl err] denotes hydrogen atom or nethyl group; R err] denot*s ¢al kyl™"
group having 1 to 5 carbon atons which is substituted wi th hydroxyl
group ‘under ci rcunst ances; and q denotgg an integer of 2 - 5;
denotes cation of alkaline netal selected fromthe group conS|st|ng of

lithium _ sodium, potass1%% and cesium; and
m and n independently denote an integer
of 2 - 10,000.

is made to react in an inert solvent with an
eléctrophiTe which is represented by the following
formula
RS
I
A-COC=CH, .

A-SO0, CH; . or

D-CH,-Q

wherein A denotes a group forming an
~ active ester, D denotes chlorine, bro-
mine or iodine, and Q denotes

4<::>—CH=CH2. -CH=CH2, —COOCZHs or-

(2) a step to convert, if necessary,

—802-<::>~CH3 bound to Ya into mercapto group, amino

group which is mono- or di-substituted under circum-

s tances with an alkyl group having 1 to 5 carbon atoms,
carboxyl group or halogen atom, with use of a corre-
sponding nucleophilic reagent, and

(3) a step to eliminate, if necessary, the
protecting group of Xa.

10. ) A polymeric micelle which comprises the block
polymer of claim 1 as an effective ingredient.



sodi unt pot assi um and cesium and : m and n i ndependently denote
an integer of 2 - 10,000. * 1is made to react in an inert sol vent
with an electrophile which is represented by the following formula Rerr]
| A - COC = CHerr] A-SOerr]-CHerr] or- DCHerr]-Q

wherein A denotes a group form ng an 47 active ester, D denotes
chlorine, bro- m ne or iodine, and Q denotes T

- - CH=CH , - CH=CH , -(IXX;
: -Eﬁ{élr]CH[eL?iE%CH[err])[éf:i? : Eé?é?bgrg%egrto convert, if

necessary, -SOerr]-[err]-CHerr] bound to Ya into mercapto group, am no
group which is mono- or {gjg w:b%értvteﬁv&ﬁ@%ncbrrwmesstaam%w&dhm«.-al kyl
group having 1 to 5 carbon atons,_ carboxyl group or halogen atom wth use

of a corre- Whdsh hgsnfansdiana b $E%b€ﬁt°“ahas both en g:3)2nd Ahirho
elimnate, if compassasy, hmebmmlta@ihmrgbﬁapmf séamentsl. As for Zhe

2]9:‘ Z\gflr i/g Pngﬁléxlﬁugzé\ﬁ?xln% gr urﬂsseosnt'pgs bngh g?’nlci¥nethe bclloac!kmpolaysmearn
has amino group, carboxyl group or mercapto group on
a-terminal, and hydroxyl group, carboxyl group, aldehyde
group or vinyl group on @g-terminal. Hydrophi]ic segment
comprises polyethyl ene oxide; while hydrophobic segment
is derived from lactide, lactone or (meth)acrylic acid
ester. The block polymer of this invention forms a
polymeric micelle which is usable as bio-compatible

materials.




