DESCRI PTI ON HETEROTELECHEL| C BLOCK COPOLYMER AND A METHCD

FCR THE PRODUCTI ON THEREOF 5 Field of the invention The
présent invention relates to a hetero- tel echelic bl ock copol ymer which
has different function- al groups on its both ends, a nethod for the
productlon 10 thereof and its application to hlgh nDIecuIar m cel |l e.

More detailedly, this invention dlscloses apﬁ§¥{ whi ch has different
functional groups on its both ends N@, in its main chain,

pol yet hyl ene oxi de as a hydrophillc segnent and pol yester as a

hydr ophobi ¢ 15 segnent. I.n, thi nven the term"polynmer"
I ncl udes ol i goner. HETEPPHFLEHH§H§§ éLOCK COPéLikém AP ep u*ﬁ?aﬂpgelle
or nanosphere com pOoEOR PHE2aPROOUTTITION CYHERE@MhObI c. t ype bl ock

copol yner wherein a hydrophilic polyner |ike polyethylene oxide is

conbi ned with a hydr ophobi ¢ polyner -at the nol ecul ar l evel is now
attracting attefjéldnofistheCinveatilonw drug 25 deIivery or the like: Said

hi gh- nol | ar™ 1
hyarophi 11 e/ hydros phUBPcPEFRERE dOYeRIDAR ek BHRA b & hOEPERRI 11 o
IpOI yl- ner iisetwbe' hed hllbbtkacbpieh‘lqidwblvm-im:yhﬁ ai Egéleel;ﬁl fanctiounl-ar
eve ln_conventi rocesses u
phlllc/hydropH%B %r?w%% 3?03&30§8§Pyp ’h&Vé&%ﬁhéqh tﬁe érﬁgFFﬁ?Pgtlon
on the spetmestbérecfnandl1tunabpdﬁdat1omﬁtnuhnghﬁmoﬂbneﬂaranﬂcbhebe have

Cestrioted a6 MOES e k81 PEAIGCREET IR or 03¢ £ges B4 CHET LRSS
introducing(ﬂﬂhbﬂh]hasndifdaabngrmmnctIUHalruranmelbm its both ends

while having, in its main chain, polyethylene oxide as a

hydrophilic segment and polyester as a hydrophob1c
15 segment. . .
In this invention, the term "polymer" includes
oligomer.

Prior arts

20 A high-molecular micelle or nanosphere com-
posed of a hydrophilic/hydrophobic type block copolymer
wherein.a hydrophilic polymer 1ike polyethylene oxide is
combined with a hfdrophobic'polymer at the molecular
Tevel is now attracting attention as a carrier for drug

25 delivery or the like. Said high-molecular micelle and
nanoSphére have been prepared from a hydrophilic/hydro-
phobic type block copolymer wherein a hydrophilic poly-

- mer is combined with a hydrophobic polymer at the molec-
ular level.

30 In conventional processes to produce a hydro-
philic/hydrophobic type block copolymer, however, there
is a 1limitation on the species of terminal functional
groups introduced, and there have only been proposed

) block copolymers whose functional groups are restricted

A.35 to methoxy and hydroxyl groups. If one succeeded in

"5i introducing optional functional groups onto the micelle



2 * surface at an optional proportion, it would becone possible to
provide a functional high-nolecular mcelle = which could be useful for
dr ug delivery to certain organs. 5 ‘The object of this
invention is to provide a bl ock copol yngr, which has different
functional groups on its both ends, as a polyfunctional polymer which
S capabl e of forn1ng a hi gh- nnlecular m cel | e. 10 Discl osure of

i nvention surface af,an rﬂﬁéh"c%?%" oPT PRPE I APentitowondee begome out

that there Canpﬁé&hbﬂebﬂ:dﬂwﬁbl@%aabf@ﬁht?@ﬁﬁhymbh—mo'l%ﬁhlheﬁ'l 11e
protected or no iote ed alqﬁ£¥€ group one end of nol ecul e and
vari ous functlﬂ gFSng(ﬂPt ¢l of%érdéﬂa deddyedy docgankai®rivative
‘having a certaomgans ki nd of al dehyde group and a hydroxyl group is
utilized as a.living.polymeriz n.jpitiatar and when ethylene

oxi de and 18ctide or Iact ¥9i)l?ﬁeFFE§d‘5§eﬂﬁﬂ8“ is to.Rrovige a
They have alsobconklbmmiﬂymﬁrﬁiﬁHﬁEK EQQOHYffereﬁQrthh%ﬂBﬂ&ﬂth$%§s
manner forns a hlqt m@ gyl I m cel wg gi ite_stable in an
aqueous sol ven?™ 1t8 Doth en ﬁ?u%slﬂv%%? H“BF&?P s PRlymer hd ebnisi ¢
bl ock copol yneeapablb iozfsﬁtrfﬁiafgeru AigKeLtmoNecuJaPUmS cen 145 both ends of
nmol ecul e and which is represented by fornu- la (1) bel ow [err] 30
0 wherein R err] and R err] independently denote Clerr]

al koxy, ary®oxDisclaesyreCiof rinwdrkiony, or R and Rlerr]’
conbi ned with each other,.rh enot.e ethglened

(-O-CH(R )-CH2-0-: wherein aneﬁ%%rs of thig 1p g"ﬁy&PoééN%ﬂﬁﬂHQﬁ Wtrr]

al kyl ) which nbhat there can easily be produced a block copolymer
which has a protected or non-protected aldehyde group on

one end of molecule and various functional groups on the

15 other end, when an alkylene derivative having a certain
kind of é]dehyde group and a hydroxyl group is utilized
as a living polymerization initiator and when ethylene
oxide and lactide or lactone are polymerized as mono-
mers. _ .

20 , They have also confirmed that a block eopolye
mer obtained in this manner forms a high-molecular
micelle which is quite stable in an aqueous solvent.

This invention provides a heterotelechelic
block copolymer which has different functional groups on

25 both ends of molecule and which is represented by formu-
Ta (I) below:

DCH~(CH)~0~€CHyCHa00—(C—L~0y—€CH)—Z
30

wﬁerein R1 and R° 1independently denote C

-1
alkoxy, aryloxy or ary]—CI_3 alkyloxy, or R?
- and Rz, combined with each other, denote

'jﬁ 35 ethylenedioxy (—0—CH(R')-CH2—O—: wherein R'

denotes hydrogen atom or C,_6 alkyl) which may



s

3

be substituted with (Jerr] alkyl, or, conbined
[err]

with each other, denote oxy (= 0),
Rlerr] and R err] independently denote

wher ei n
hydr ogen at om

C.err] alkyl, aryl or 10 arylgCferr] alkyl; and r denotes an
L nt eger of 2 - 5, " mdenotes an
I nteger of 2 - 10, 000, . N depotes an integer of 2 -
10, 000, 15 bg 88&5?@5%%?4rﬂbb%rgpislalks]» or, combined

denotes an integer of O wi2®, each other, denotd &gpof{eso)yhen q is O
(zero), hydrogen atom al kal
ci nnanoyl, p-toluenesul fonyl, 20

nmet hacryl oyl ,

or 2-am nopropionyl, or

an 5
al koxycar bonyl
aspect, this i
of the above

i nteger .of 1,- 20, .denoti
, carboxyl, - 3&"59& ar

netal, acetyl,

acryl oyl ,
2- mer capt opr opi onyl

al lyR¥r vinylberRgl, while, when q is
-eLr l ,
LB 5c~ EH- ae bGES-

nvention provides a process to pgypduce the bl ock copol§ﬁer
formula (1) which process conprises the follow ng steps:
itiator repréesented by the

nd R4

independently denote

hydrogen atom, Ci-qp alkyl, arf] or

aryl-C,;_, alkyl, and r denotes an integer

an

an
an

integer of 2

integer
integer
integer

of 2
of 1
of O

- 10,000,
- 10,000,
- 5,

- 20,

denotes, when q islo (zero), hydrbgen

atom, alkali metal, acetyl, acryloyl,

methacryloyld, cinnamoyl, p-toluenesulfonyl,

2-mercaptopropionyl or 2-aminopropionyl, or

allyl or vinylbenzyl, while, when q is an

~integer of 1 - 20, denoting Cis

carboxyl1, mercapto or amino.

As another aspect, this iﬁvention provides a

process to produce the Block copolymer of the above

formula (I) which process comprises the following steps:

A polymerization initiator represented by the

Step (1) 30 A pol yneri zation if
followng formula (I1) wherein R
10
Of2—.5,
m dénotes
n denotes
15 p denotes
q denotes
Y4
20
alkoxycarbonyl,
25
Step (1)
30
following formula (II)
Ri-1
R2-1!
35

wherein R!

and R

2-1

SCH-€CH,-0"M!
' Y

(IT)

independently



[err]?35 wherein R err] and R err] independently

4" denote Cferr] alkoxy, or, Rerr] and Rerr],

¢ortbi ned with each other, denote et hyl enedi oxy which may
be substituted with C[err] al kyl , p denotes an integer of
5 1 - 5 and M denotes al kali netal IS ;ad$ f? react

wi th et hyl eneoxi de so that a conpound resented bysthe fo Qmﬁng
formul a {III) may be pro- dana:te Ojieﬁfk°xy- or, K and R'wherein
Rlerr], Rerr], p and Mare aScdiﬂmiI&i w1th (each othBh‘”eﬂe'n'%tfeor mJ' a ( 1),

and m denotes an i nt eger ' Step (2)

The conpound of formula (11) i&thy ?6’Zﬂh’?Eaﬂ?ymP?h5P§§ﬁhﬂykﬂd
| actone which is represented lwith cﬂyifiﬂ*ﬁ%ﬂﬂgpfaéﬁukas(hh|1ﬁkd§br of

(Ir-b): g : 1 - 5 and ‘M denotes alkali metal

is made to react with ethyleneoxide so that a compound
represented by the following formula (XII) may be pro-

duced
10 . R]—] i
' CH-€CH,-0~€CH,CH,0—CH,CH,0 U (111)
R2-1 p . n-1
wherein R"', Rz", p and M are as de-
15 fined in formula (II), and m denotes an
integer of 2 - 10,000.
Step (2)

The compound of formula (II) is allowed to
20 react with lactide or lactone which is represented by
the following formula (III-a) or (III-b):

0
R "CH ; (I1I-a)
- | O—C\O/CH R
or .
0\\\0
.))=0 (I1I-b)
30 CH. A

wherein R3 and R4 independently denote

hydrogen atom, 01_10 alkyl, aryl or

aryl - 1.3 alkyl, and r denotes an integer
35 of 2 - 5,



[err]® - wherein R3 and Rerr] independently denote

hydrogen atom Cerr] al kyl, aryl or aryl-Clerr] alkyl,
and r denotes an integer 35 of 2 -5,
5 so that a bl ock copol yner representeg by the foll ow ng formula
(HOrmybefowmd wherein : [err]
[err]. and R err], err], p, m n and Mare
as so that a Joglecopplumersrepresented by theefaxidmmp
provides a |iveagmleay(@V)fmay bd Nférm@4ention (which is included in the
pol ymer of formula (1)) which is usable as an i.nternedi ate for
further extendi ng sone pol ner segnment or other 20 Step (3) (i)
The al kali netal aIKOX|de Y¥ormula (1V) ' _ T I
: /CHfCHz)'O‘fCHzCHzO}—(C“L"'O}—C—L—'O X
5 R2-1 0 -1
(1Iv)
wherein
. _ RS R4 .
_ i
10 L denotes —éH 0 ('i CH-= or —(-CH':)I_-

O
and R'"Y, R“', p, m, n and M are as
defined above.
15 _

The above step provides a living polymer of '
this inﬁention (which is included in the polymer of
formula (I)) which is usable as an intermediate for
further extending some polymer segment or other.

20
Step (3) .
(i) The alkali metal alkoxide of formula (IV) is
selectively hydrolyzed to form a block copolymer of the
following formula (V)

25 | |

Ri-1
CH—€CH,>-0—€CH,CH00—(C—L—0y—H (V)
R2-1 p m -l n
0 .
wherein R1'1, Rz'i, p, m, L and n are as
30 defined above; or |
(ii) the block 6opo1ymer of formula (IV) is com-

pletely hydrolyzed to form a block copolymer of the
following formula (VI)



sel ectively hydrolyzed to forma bl ock copol yner of the fol |l ow ng
formula (V) 25 - [err]

wherein Rlerr] , Rerr], p, m L and n are as 30 ' defi ned
above; or (i) t he bl ock copol yner of forrmula (1V) is com
pletely hydrol yzed to forma block copol ymer of t he follow ng formula
(V1)

[err] 5 whergin p, m n and L are as deflned

above. The abov

this invention which has a protgcte ﬁehydgﬁmaozt %1 § -l aldehyde
group itself at the -a-term nal of nDIecuIe and d)hydroxyl group at the

[err]-term nal. Step (4) : - The-bl ock copol yner of fornul a
whi ch has a 15 -protected aldeh roup at the a-termnal of molecule
|(\s/)al | owed Yo react Iovvl th g M. aBefnd Lciafe &% Jetinedqy,
nmet hacrylic acidab@vanan1c aC|d or p-toluenesul fonic acid,
or a reactive derivative thereof, or 20 (ii) allyl halide or
vi nyl benzyl halide, - or '
The above .steps provide a block copolymer of

this invention which has a protected aldehyde group or
10 an aldehyde group itself at the a-terminal of mol ecule,
and a hydroxy1 group at the gp-terminal.

Step (4) _
The block copolymer of formula (V) which has a
16 protected aldehyde group at the a-terminal of molecule
is allowed to react with
(i) acetic acid, acrylic acid, methacrylic
acid, cinnamic acid or p-toluenesul fonic acid,
or a reactive derivative thereof, or
20 ; - (ii) allyl halide or vinylbenzyl halide, or
' (iii) a halide represented by the fo}1owing
formula (VII)

X=CHz—2z'  (VID)
25 : a
wherein X is chlorine, bromine or iodine,
q' is an integer of 1 - 20 and Z' is Ci_s
alkoxycarbonyl or a protected amino,
30

to form block copolymers of this invention each of which
has a corresponding functional group other than hydroxy1l
group at the g-terminal of molecule.

35 Step (5)

The p-toluenesulfonic ester obtained in (i) of



(iii)*a halide represented by the follow ng formula (M 1)

(Vi) 25 wherein X is chlorine, brom ne or iodine,

g -is an integer of 1 - 20 and Z' is Cerr]

al_koxycar bonyl or a protected am no, 30 7to form bl ock copol yners of
this invention each of which has a correspondi ng functional group other
t han hydr oxyl - group at theilerr]-ternlnal of nol ecul e. 35 Step (5)
The p-tol uenes@teBnféd)esaar bsvtfuntkhes rconyepted, by means of _

7 Step (4} ranBe8%elrd il tidiY Sid €6, a D1 JBRNE0RbI1ymer havip
transesterification, into a bl ock copolyner havi ng anot her functlonal

group (e.x., napeibes Sungtiienalraroupife.xerrmererptaapr amised &t

copol yner whi c@ngag-2erminaldehyes mm@ﬁtwgo%ﬂap Whigh has an
car boxyl - protectlng 8rou - and whi ch has bee groduced t hrough the above
steps can © dldeByderrretesting BropnP n9hr3| garkoxyicpratecting group

bl ock copol ynean@f whitch hasemndemn Wtﬁk@doﬂﬁreﬁgﬁhEhe ab8ve! 8%klpdd HPUPS
or all the protect%FgHQro ps are el i M nat ed, As anot her

aspect, this iPfef i % “E?a“s % ghﬂ’rﬁ‘l’élﬁ?ﬁr repgkipd. wiptq dde
t he bl ock copobYsek copoQ&dB?WﬂﬂftHié 1nvent1on wherefnPahe oF tthes

obt ai ned heterotelecgellc 15 d;? ﬁ éhls i pvepti on can be used as a
precursor for Protertips,gray h t hiee 56P§ﬁﬁ Ings9FPUPSH@T&en from
their constot ueniménaredents, these polynmers are expect- ed to have

bio-affinity.and hi gh big%vgJé¥%égtg%pecty this invention provides a
high-molecular micelle with use of the block copolymer
of formula (I).

A part of thus obtained heterotelechelic

15 polymer of this invention can be used as a precursor for
the production of another polymer.  As will be seen from
their constituent components. these polymers are expect-
ed to have b1o-aff1n1ty and h1gh bioavailability. They
can therefore be used for materials directly applied to

20 1l1iving organism such as carrier for drug delivery.
Moreover, in accordance with the third aspect, this
invention provides a high-molecular micelle which is
quite stable in an aqueous solvent: The polymer of this
invention is therefore useful also for drug delivery to

25 a certain organ.

Brief explanation of drawings

'F{gure 1 is a gel permeation chromatogram of
acetal a-terminal/hydroxy @-terminal polyester ox-
30 dide/polylactide block copolymer (the sample of Example
1).
Operational condition: TSK-Gel (G4000HXL,
G3000HXL, G2500HXL)
Eluent: THF (containing 2 % triethyl amine)
35 Flow rate: 1 ml/min.



can therefore be used for materials directly applied to 20.1iving organi sm
such as carrier for drug delivery. Mor eover, in accordance with the
thi-rd aspect, this i nvention provides a high-nolecular mcelle which is
quite stable in an aqueous solvent. The polyner of this i nvention is

t herefore useful also for drug delivery to 25 a certain organ. Bri ef
expl anati on of drawi ngs Figure 1 is a gel perneation

chr omat ogr am of acet &1 gare 2rishows v okon [ epe] easr magae tie yness@r ox-

30 i de/ polyl aCﬁhﬂeebbﬁﬁktﬁﬁpﬁﬁ/rﬂ?fefﬁ‘heasﬁgﬂn?nﬁfl/ﬁ&%%k@ a-tePminal
Oper at i onal COﬂdItIOﬂ TSK-Gel, (A

G3000HXL, G250BAXYPthylene °x1de/l=ErUéTrﬂet1r¢F Neﬁkapnpﬁrgm%t{mhﬁ hy!

ani ne) 35 sample DIfoExadip¥e 1) /1l /i n.
8 Fi'gure 2 shows proton nucl ear magnetic reso- nance

spectra of Scetal a- term nal /.hydroxy [err]-term nal pol yet hyl ene

oxi de/ pol yl acti de bl ock Fﬂ@@ﬁ#ﬂﬁ dHdWs pro€diPhBcPbaFXmaghe thle reso-
Figure 3 shomsygroton nu ear netic re ance spectra of_ aceta

a-terni nal / hydP8R§e[ 8PPF- ta1ﬁ%T§ fﬂyPéﬁ hydroxy e-terminal

SRRTAA er“’*"‘"“““’ﬁ‘?&“’ﬁ"“"“""wﬁﬁ*‘ﬁﬁﬁf"extﬁé’gﬁit"??aﬁe?sc‘“ﬁ*“;ﬁ'rée
spectra of aldgﬁyaesf@PSF ﬁ&' WEhgdgtxy [err]-term nal pol yet hyl ene

oxi de/ pol yt@cti de bl ock copolyner (the sanpl e of Exanple 4). 15
Figure 5 shows carbon nuF%ear eso0: ce s ectra of aceta

a-term nal / met hacryl oyl [&@Me ;H?ﬂﬁnﬁﬁﬁtﬁﬂlﬁgfﬂﬁPén@ geeddspdietorti de
bl ock copol ynenance $bpleetsanjpfe alfddhyd®l @~-bgrminal/hydroxy e—-terminal

polyethylene oxide/polylactide block copolymer (the
sample of Example 4).
15
Figure 5 shows carbon nuclear magnetic reéo—
nance spectra of acetal a-terminal/methacryloyl -
terminal po19ethy1ene oxide/po1yiactide block copolymer
( the sample of Example 5).
20
Figure 6 shows carbon nuclear magnetic reso-—
‘nance spectra of acetal a-terminal/allyl @-terminal
polyethylene oxide/polylactide block copolymer (the
sample of Example 6).
25 ' |
Figure 7 shows carbon nuclear magnetic reso-
nance spectra of acetal a~-terminal/p-toluenesul fonyl g—-
" terminal polyethylene oxide/polylactide block copolymer
(the sample of Example 6).
30
Figure 8 shows the particle size distribution
of high molecular micelle, determined by dynamic laser
scaftering, in an aqueous squtioh of aldehyde a-termi-
nal/hydroxy @-terminal polyethylene oxide/poliylactide
35 block copolymer (the sample of Examplie 4).



20 - Figure 6 shows carbon nucl ear magnetic reso- nance
spectra of acetal [err]-termnal/allyl [err]-term nal pol yet hyl ene
oxide/ pol yl acti de bl ock copol ynmer (the sanpl e of Exanple 6). 25

Figure 7 shows carbon nucl ear magnetic resq¥ nance spectra of acetal
a-termnal / p- toluenesulfonyl g- term nal pol yet hyl ene oxi de/ pol yl acti de
bl ock copol yner (the sampl e of Exanple 6). 30 Figure 8
shows the partRetailed.deseriptiomef thesinventienccul ar nicelle,

determi ned by dynamnic | axaé al1ky3CPldetidid. o f "aPKo ?Uﬁﬁasaﬂawt Hah is

al dehyde a-ter nal / hydr gx [err] t ey m nal yet hyl ene
OX|deypolylact1ﬁ§°3§’BPoEEaHb§% hi ishatnmPE gfaEEHﬂﬁré15Y1 group.

9f | kDet ai edrlieesfor)bl othef anhqnl Wﬁim of c ﬁ‘ koﬁbeoal | Qort i on
of a oxy venti on_nean_ s t . chai

br anched- al ylatpﬁj °"FI‘|'éraef(Jr}e) "Hg %\?W1%o£ﬂgnaaf‘q’gwf mathsxy or
Jerr] 5 al kyﬂl.nefﬁyrrul pruplyn ari(isd-q:ftl‘miﬁl(lbﬁtsi‘) laebudetw,h- yl,

et hyl, propyl, but sec- ut ent

I so- pentyl, §9r8'§ gg?hyP ﬂyl’s° p?ﬁ%%lhy* ﬂty? ééPYﬁ é%t 1,

2- et hyl hexyl ﬁemythgmdpénmryapyloctﬂ perethyl nekmsedebhe ahuyh-wdmcm in

t he al koxy of errl 10 err era

parti cul ar C[e%]'JE * FR %J@g Jhe apﬁ é@békfﬁ Iy p&gfePﬁhpg fﬁhﬂ*es

of al koxy 10 Rand R’andsteerﬂertdhanefq S | atkylle hnthary;catlharx¢ gr opoxy

and |soprog?§% Exanples of Rerr] and R err] include aryl, espe- 15
ary

cially phenyl -Cerr] alkyl, especially benzyl or. pheneth%I
These groups may be S|n1Especnaﬂ“ﬁenmaﬁqrablebmxamalgsebérabkpxm afl &

Gt byl enedi oxy an8". CtRRrRAEHE dRctuds W%ﬁh@?%?& bR BRI,
atomor 20 (] tseprapokyl.) \Exasiplres dk Rluband t ednm‘ludecpe'vﬂ], xdpd-

Ehgﬁt3{gngﬁfgiéggﬁerLHtheedEW@/aﬁv lenQ91Q§¥ OLspecid1ly benzyl or

phenethyl. These groups may be similar or different,
but is preferably similar. Although R} and Rz-may de-
note, combined with each other, ethylenedioxy
(-O—CH(R')-CHZ-O—: wherein R' denotes hydrogen atom or
20 c,_s alkyl) which may be substituted with c,_s al ky1l,
they are preferably ethylenedioxy, propylenedioxy or
1, 2-butylenedioxy.
When hydrolyzed, R1 and R2 of these groups are
conveniently combined with each other to form oxy (= 0),
25 or, in other words, to form the block cobo]ymer of this
invention which has an aldehyde group at the a-terminal
of the molecule.
The mark "p" in formula (I) denotes an integer
of 1 - 5. In view of the fact that the segment
30
R
/C H—CH ;> —0—
R? b

is derived from the polymerization initiator (See:

35 formula (II)) in thg_process of this invention, R', R

and p are preferab1&'se1ected so that said segment



\Wen hydrol yzed, Rlerr] and R2 of these groups are conveniently
conbined with each other to formoxy (= 0), 25 or, in other words, to form

the bl ock copolymer of this i nvention which has an al dehyde group at

the a-term nal of the nnlecule The mark "p" in fornula
. : 10

(I') denotes an integer of 1 - 5. In viewof the fact that the segnent

HNENECRIEUCIEY e MR RED R
are preferabl ynethegyed2so2t-ddmetdokyetdit’dtyy, 3, 3-dimethoxypropoxy,

2. 2. di mot hoxyht ng T hethg a%?e@?%&tx?bw%p%fm”é’&ﬁ%i'ﬁehﬁfﬁimmm o
di et hoxynet hoxqthaxy2 ayeahMpthoxypatdmw 3, &fﬂféwasabapexy,, :

0 o oo Wop BBy BeBBORY TR R i L ERSRY 8k oTor gpgpy ang
Rlerr] may denprepaxy of nydnegépnunmnybutoiierr] aIkyI aryl or
aryl-Clorr) k) oo ongS Rak0RY Wb, and ! g, AUBFARREh e
acid) . and GFtpylaQHgnLvadyﬂromIamﬁh%ﬁ;ﬂych1kybnsohbowgeapothby ar eof
bioavail abi | it¥eoty for the oBG8¥HIIdH i d e PERELSh | OMp RLFERRRIRY TEanS

of living polynerlzatlon o] nvent i on, ormila (1)
may theor el@cahbyeveke amng hygunsaﬁ atiom (deﬁnnndnframlolutaeﬁbyhsnd)OX|de

(mononer) to Pghxgﬁégpy%f(?égngg'fpéﬂéﬁégFfé éﬁq&ﬁi?pomlg gr gg w$31nt

fulfill the nvent on owever 1S pre erab
i nteger of 2 -ofobdeavafhabriddtyt.hat this segnent may 20 give

hydrophilicity to the bl gogggﬁéy@%‘éﬁétgp uct16£WFP$b€Qs g&lae 3
preferably an |nte east pur pose easi |y adjusting
the nol ecul ar Qi § y1ng polymerization of this 1nvent1on, the mark "m"

15 in formula (I) may theoretically take any figure if the
amount ratio of ethylene oxide (ﬁonomer) to polymer-
ization initiator is adjusted. 1In order to fulfiil the
object of this invention, however, m is preferably an
integer of 2 - 10,000. In order that this segment may

20 give hydrophilicity to the block copolymer of this
invention, m is preferably an integer at least 10. For
the purpose of easily adjusting the molecular weight
distribution of this segment narrow and providing a
block copolymer having excellent bioavailability, m is

25 an integer of at most 500, preferably at most 200.

As for "n" which defines the molecular weight
of polyester segment of formula (I), optimal number
3 and R
as will be seen from the fact that this segment mainly

varies depending on the property'of the groups R 4

30 dimparts hydrophobicity to the block copolymer of this
invention. Following the polymerization process of this
invention, n can take any number in the same manner as
in the case of polyethylene oxide segment. The number
of n is therefore not restricted. However, it is nor-

35 mally 2 - 10, 000.

Moreover, in order to keep hydrophilicity/



di stribution of this segnent narrow and providing a bl ock copol yner
havi ng excel l ent bioavailability, mis 25 an integer of at nost 500,

preferably at nost 200. As for "n" which defines the

nmol ecul ar wei ght of polyester segnent of, fornmula (1), optiml nunber
vari es depending on the property of the groups R err] and Rerr] as
Will be seen fromthe fact that this segment mainly 30 inparts

hydr ophobi ci t y hydromb ahigit vobal anee welidhpgainsy podmethylens | owidg t he

pol yneri zati ongRydaedS, M pFéPerablyNtaReisCRn R nAydAlF ¥y DWWE! §p the
sanme manner as I n the case of pol yethyl ene oxide segnent. The nunber

of nis theref@tHRUkast10 cte¥00However, it is nor- 35 mally 2 - 10, 000.

Moreover, in order to keephdlyglogmbhti CkbW). Z of formula NI GREPRI Gi LY
bal ance wel | agai nst__pol yet hy| ene_ oxi de Ysegnent, mpreferably takes an

i nteger of B0 SPaR) fijep "the sEuactipapaligrouppdor reaptive groum) akguent
-[er[] Z of for;ﬂdr?ﬁwah ¥ riHet51o_éﬁeé'bf:;pqt&gkhglofﬂiﬁﬁi'&'iﬁlvéﬁﬂéh%ﬁfwhen .
reactive group) at [erJs]- ermnal o e bl ock _copol ymer o i S

i nvention. e 18 [oq {{“CP)( 261 o9 ¢i %E_e, cafe wherefe s Airecklvcbeyndound
L 0 oxygFE Ft_tomtai ldﬁ}?drﬁﬁ_tﬂorﬁoﬁiztfﬁé Bf-sbbﬁltﬁ@n)’%‘ftf El::he_SQﬁfI yesi;é_mnéég-zbcan
e an alkali netal,. this case, t 0 r i S invention can be a
l'i ving pol yner f"ent)'s%c‘%a'kult‘,ﬁ an pﬁﬁlgﬁi? B‘P%Hﬁs 36\/52“%&% a?:geas an
initiator flor pwitymer lofitlyi ol ywentishi ean ble iaS 11 vint ol ymer

precursor for yarious kind of polyners. ., Erom this viewpoint, exanpl es
of alkali netaP 'f& FHEh 2 s%%lf’(m%/rpB?agg‘i‘Em"gl’((?"(?é?lmrﬁa“ act as an © ppg
above |iving pdinitdratica rimdyfapthbeovideiag po Ipalenieratioar cit 4 genot es

err] Jposit 1 ont 4 THIC 4 & 'p rey¥SRE PR XAFTPHY SN RaluParpymer i s
easily 20 hydr #Flnomech iSaivii dwpo by gxamplesnoffuntitkert ibanectaiveine tude ed

i nto other ,functi n%L raups. by neans of .vari ous reactions such as
esterificat1::50n%(§’rﬁe‘lt eﬁ’ﬁolf%aﬂ%'ﬂ.ang CERIE™ when gis 0, Z can be acetyl
(-COCH3), acryl oyl The above 1iving polymer is ready to provide a

polymer wherein Z denotes hydrogen atom (or a polymer
which has hydroxyl group at the @-position) since the

_ alcoholate portion of the living polymer is easily

- 20 -hydro]}zed. Said h&droxy] group can further be convert-
ed intb other functional groups by means of various
reactions such as esterification or etherification.
Thus, when q is 0, Z can be acetyl (-COCHs). acryloyl
(—COCH=CH2), methacryloyl (—COC(CH3)=CH2), cinnamoyl

25 (-CHCH=CH @) and p-toluenesulfonyl (-SO, <§>—CH3 ),
and, further, can be allyl (-CH2-CH=CH2) and vinylbenzy]
(—CH2<::>#CH=CH2). When these functional groups have
ethylenically unsaturated bond, pendant type polymers
can be derived with use of said bond. When Z denotes

30 p-toluenesulfonyl group, it can be converted by a known
method into other functional group with use of trans-
esterification. Z can therefore be 2-mercaptopropionyl
or 2-aminopropionyl.

When q is an integer of 1 - 20, preferably 1 -

35 4, especially preferably 2, the segment-{CHzaiZ denotes

en bloc, for example, C,_s alkoxy (e.x., methoxy, ethoxy



(- COCH=CH2) , met hacryl oyl (-COC(CH3)=CH2), cinnanobyl 25 (-CHCH=CH [err] ) .
and p-toluenesul fonyl (-SO2 [err] CHerr]) and, further, can be allyl
(- CH2- CH=CH2) and vi nyl benzyl (-CH2 [err] CH=CH2). When these
functional groups have et hylenically quaturated bond, pendant type

pol yners can be derived with use of sai'@ bond. Wen Z denotes 30

p-t ol uenesul fonyl grou it can be converted by a known nmet hod into

ot her function%¥ Q?BBB§M|FHQEQP%ﬁ’W9¥ﬂ&1 -ebgvérpricarpewl.zocan

t herefore be 22nameﬁaanyqp|@mmboxyiﬁeehﬁﬂ1nogggpuoayl When
gis an integer of 1 - 28 8refera 1 - 35 4, especia I preferabl 2,
the segnent-(CH err]) Z d@Rdeed b lﬂﬂﬂ?sfiﬁa@Rbﬁﬁlef BFF]QQHQ%MP
(e.x., methoxymeet béxgthis 1nvent1on wh1ch the above subst1tue$%s (or

propoxy)car onyl - net -eth ro 2- am noet hy
car boxy- met Ry 8 °98PH§¥50P #y ’“eé) Wt one aWthérltﬁeFGﬂﬁ§H5W$°

exanpl es of bIock copol y- mer of this invention which the above
substituents (or 5 segnents) are conbined with one another to constitute.
13 Tabl e 1 [érr] Conpound R[err]

R 2 p nferr] L n*[err] -(CHerr])Zz No :

CHerr] CHerr]



1 CHerr]CH20 CHerr]CH0 2 280 -CHOCCH 40 - : H
0

CHerr] CHerr] 2
CHerr]CH20 CHerr]CH0 2 280 -CHOCCH 40 K
0 CH err] CH3 3 CHerr]CH0
CHerr]CH20 2 280 -CHOCCH 70 18 '

‘CH err] CH3 4 CH err] CH20 CH[err]CHZO 2 280 -CHOoCCH 70 L.

K .

CHerr] CH3 5 CH[ err]CH20 CH err‘]‘CHZU—Z 280 CHOCCH- 70

COCH=CH err] -

Cerr] Gler 34 , GXH%MMmW@HOF'%@Hﬁ—ZZSO (-IoHocCH 70
err - '

CH err] CH3 7 - - CH[err]CHZO CH[err]Cl—?err]O 2 280 -CHOCCH— 70

CH err] 0
CH err] CH er H—"8—CtHerrteHer+o—CHerre20—2—286——€HeSEH— 70
S02 [err]-CHPemppund R1 R? p m*V? L n*2  —(CH)Z _
14 No Table 1 (continued). Oorrpoundl Rl err]
Rlerr] p mlecr]) | n*[err] -(CHerr])-7
CHerr] CHerr] -9 CH[err]CHZO CH[err]CH[err]O 2 280 -CHOCCH 70
CO- CHSH CHis 0.
CH err] 1  CHsCHs0 CHsCH,0 2 280 -éﬁﬂﬁéﬂ- © 8
' 0
n Cna CH3
2. CH,CH0 CHsCH,0 2 280 -Chogla- 40 X
CHs CHs
3 CHiCH,0 CHsCH;0 2 280 —éﬁocéﬂ— 0
. 0_
CHs CHs
4 CHsCH20 CHsCH.0 2 280 —(l,HOﬁéH— 70 K
0
CHs CHs

5  CHsCH,0 CHsCH,0 2 280 -éHO%éH— 70 COCH=CH,

CH; CHs
6 CHCHi0 CHCH0 2 280 -CHOCCH- 70 COC(CHs)=CHy

- -

CHy CH, |
7 CHsCH;O CHsCH;0 2 280 -énocén— 10 cE:{O) .

' CHs CH3 .
8  CHsCH;0 CHsCH,0 2 980 -éﬁocéﬂ- 70 50s(O)-CHs
0



15 CH err] CH 6r]0

CH[err]CH[errLO CHerr]CHerr]O0O 2 100

CH3 CH err] 10 CHerr]CHerr]0O C€Herr]CHerr]O 2 280 -CHOCCH 70

COCHNH[ err ] . 0

*CH[ err] ' CH err] CHerr]

11 CHerr]CHerr]0O CHerr]CHerr]0O 2 4280 -CHOCCH 70 COCH err]

_0 CH err] CHerr] 12

SH[err]CH[err]O. CHerr]CH err] T3b1£0q (ég#¥¥%teiﬂﬂerr] CH? 13

CHerr]O CHerr]Q 2 100 --CHOCCH 70

0 14 2] O arr wiy O 100 * - H
Ctﬁﬂ 6ﬁ£h{3§[£rr] 0 ]QHE 0 : ( )[err 2K 3}-§P 16

-(CH err])[err] 50

COCH=CH err]

CHerr] CHerr]
0

0= 2 100
0

17  CHerr]CHerr]O0 CH[err]CH[err]O 2 100 -CH[erf])
50 CQOC(CH err])=CHerr] : .

9 - tHsCH0 CHsCH,0" 2 280 ?&Hoz}éﬁ

- CHOCCH-

Tabl e 1 (continued)

n*[err] -(CH2)-2
g5

fo

11

12

13

14
15
16

17

18

19

CH;CH,0

w
- .

CH3CH20

CHs0

CHsCH-0
CHsCH-0
CHsCH20

CH3CH20

70

H

15

Cormpound Rl err] cyy CHq
CEsCHs0 CHSCHs0 2 280

CH3CH20
CHsCH,0

CHs0

CH3CH20

CHsCH-0

CH3CH20

’ CHgCHgO

2 280

3 100

2 100

2 100
2 100
2 100

2 100

2 280

2 100

-énog&n—

CH3 CHs
—éHOCéH—

CHs CHs
-éuocén—
0

CHs CHs
—éuogén—
0 -

—CHy>7
—€CH22
—Cl237

—ClH237

CHs CH,
-&Hocén~

CHs CHs
-éﬂocén—

R2

70

70

10

70

o0

50

80

]

[~

40

70

H
CH[e r] J%@r] 19

3

p n[err] L

-CO?HNHz

CHs

COCHs

H

K

COCH=CH,

COC(CH3)=CH, -



CH erf] CH err] 20. 0= 2 100 -CHOCCH 70
COCH=CH2

0
€H3 CH err] 10 21 = 210 0= 21 0 =
2 100 -CHOCCH 70 CoOC(CHerr]) CH2 15
8 CH err] CHerr] 22
= 2 100 -cHoccH 70 r] 1 R -
0 / gfégi2_1.§°°“ﬁﬁ%%ﬁ4} cH3 .23
0= 2 100 -cCHoCCH 70 COCH3 '
CH3 CH3 2k ' 3—3166 eHeecH—F0—— H
0 25 Compound RO= R2 2 ﬂOGn*U(CH[ Brr]) p&#r ]—(CH@})—Z H
25 26 No 0= 2 100 -(CH2)- 50 COCH=CH2 4
27 5 O=__ 2 100 -(CHerr|)[err] 50 COC{CHrprLL) =CH2
30 *1) and 2) show val ues cal cul ated from nunber aver age
nol ecul ar wei ght. The above- iBaed heterotel echelic
bl ock copol yneggwhi ch is tqe prove dg@gby- m)cém_nvmlt ICOCH:CH 35
produced efficiently by the production process of khis i nventi on which
I's shown by the foll ow ng reaction : 16
CHs CHs
10 - _ é é
> 21 0= 2 100 -CHOCCH- 70 COC(CHs)=CH,
o CHs CHs |
22 0= 2 100 -Crogti- 70 cB(O)—
15 : 0
: : CHs CHs -
23 0= 2 100 -énocén— 70 COCHs
0
20  CHs CHs |
24 0= 3 100 -CHogCE- 70 B
25 0= 2 100 —€CH)x 50 H
25 | : i
26 0= 2 100 —€CH;>x 50 COCH=CH,
21 - 0= 2 100 —€CHz>x 50 COC(CHs3)=CH,
30 %1) and 2) show values calculated from number

average molecular weight.

The above-mentioned heterotelechelic block
copolymer which is to be provided by this invention is
35 produced effi cien:ﬂy by the production process of this
invention which is éhown by the following reaction



schenes. Reacti on Schene [err] (A [err]

[err] (O * ) hydrolysis [err] of -0 M and/or ii)
él irm nati on of pro- tecting groups Rerr], Rerr]
16
schemes .

Reacfi on Scheme

CH2—CH

R ' .

. oyt \
Rz)cn—ecnz?;o I .

€y
R! |
R_z)cn-(cnﬁ;o-(cnzcnZO)l—;Icnch,,o‘M*'
(B
RS _0_ 0

J:ﬂ:/[ or ) CO\—O
0 R* Cﬂz{ .

R .
-+
CH~€CH,)~0~€CHaCHy0)—(C—L—05—C—E—0
R? P m |l n-11
' 0
© .
S R! :
; N\ ; o
i) hydrolysis Rg/CH_ECHﬁ;HCHzcnzo)m_(ﬁ L 0)n—H
of -OM
and/or D)

ii) elimination of pro-

tecting groups R!, R
AN 0

N .
[PCH—fcnzto—fcnzcnzo)—(ﬁ—L—oa—H
m n
- 0

()



[err] ’
etherlfl

(F)

[err]

17 [err] i) acylation R2 ii)
cation (B or [err]
or al kal i hydrosul ftide : (G
deprot ection 17

D-—————AR‘

/CH‘fCH z)"o-fCH +CH zOHC—L—O)'— acyl or
i) acylation R2 0 [ ether .

ii) etherifi-
cation (E)

or

S
& qz@—ms N

Rt |
R2>CH'€,CH2>5HCH2CH20);"(%‘"L—O)n—‘soz@—Cﬂs
0

™

WOC—CHSE,  or —Ni,
0 &

N

or alkalihydrosulfide

R SIH or Nﬂz
CH—€CH, )~ 0~€CH,CH,0—¢C—L—0y—C—CH
R? p : m nftl,
0 -0 R" .-
®
deprotection

T
®, @ or () —— H>c—€cnz>-o—- - ACHaI
| @



Production of (B) from (A): Al kali netal acetal-protected

al koxide (A) is made to react with ethyl ene oxide to form conpound (B)
to-which pol yethyl ene oxide segment is added. Conmpound 5 (A) can be
obtai ned by treating acetal -protected alcogpl with a nmetallizing agent
such as alkali netal Iike sodi um and potassi um O{Qanlc met al lee
sodi um napht ha: ot assi um napht hal ene, cuny pot assi um an

cunyl cesi ﬁm o?rﬁﬂpsﬂi‘ﬁ@drq%ds(ﬂ} from AJ)'n hydri'de or 10 potassi um hydri de

The above reaction from @AksliG GRtd P %1%rote9€sur aVkbRqde AV &Y.
preferably in an anhxdrous rotic solvent, and at a tenperature in a

broad range, $o reagto mi °%RXﬁ%ﬂ?]Q¥‘dﬁrE?ef&BWycgﬂPeﬂﬂdlCB)
60[err] C , contenwbﬁnbh %'Iylebtlﬁgl eahtd gﬁfﬁ?ﬁf@@éﬁﬁﬁt% QZQhaagﬂ gr C’onﬁ‘mtﬁ'{d] C

. Th t nducted either under pressur
aeduceg reag nggufgnng%éﬁ& QﬂJZRX\ﬁﬁﬁat&%% ?ﬁEFgaéP'ﬁGﬁcﬁéd -alcohol
strictively, banthnr mh&huem21wglaﬁﬁﬂtEfﬁéﬁhygrgiuﬁamtmet?1dqﬁy§pfoﬁﬂg

t tril es ctaqr include rictively,

lask, autoci SVE0INE" Brdsebirestunt pigaiigamekeh ] Skof sSgiumehannERam cd
airtight, and 1eneLSpbmasspnmfmhﬁMthémd%fwidﬁﬁhl%ﬂﬁé&sﬂaﬁ aEBe g?nciHE 80
trat of rea ' dis O t0,95. % t, .. er.a y o]
%:gyl %l ght , 8"{“93?% glﬁa |y 3"}9 &l r%a%@/’ ‘\:\\ﬂgh?i.’d’“m R t"é&&ctq on of
(O fron1(t9 potassium hydrAdecaction nlxture'containing (B) is allomed

to react wth lactide orTI acLy g’geéq_\faogt[rg\ ?'P] VA"?g(gtoﬁlfj ia)h(i:’gfo (C|)o

wher ei n pol yester segnent 1s a
of pol yet hyl enecourdeithoat solvemd .t icon mfefdirabTgathi an aanyaeodswost t he

fggfoﬁz fgecapaBFQQY %gﬁgkh&nsugﬁqééﬁwﬁé?éggﬁ%tbgggh"laC kggﬁe5§ﬂ3ﬂr
regard to R ere}xand-80® rt (3DOEC of prefratabiy )10C - BBOWEp|, eeonfrem@‘rﬂ:r-abl e
lactide ingdudpy Qplal R3bhi HempSrature (20C - 30°C ). The reaction
may be conducted either under pressure or under reduced
pressure. Examples of solvent used include, not re-
stfictiveiy, benzene, toluene, xylene, tétrahydrofurah,
dioxane and acetonitrile. Examples of reactor include,

20 not restrictively, round flask, autocTave and pressure

sealed tube. Reactor is preferably.sealed airtight, and
is more preferably filled with inert gas. The concen-
tration of reaction liquid is 0.1 to 95 % by weight,
preferably 1 to 80 % by weight, most preferably 3 to 10
25 % by weight. | |

. Production of (C) from (B):

A reaction mixture containing (B) is allowed

to react with lactide or lactone to form a 1iving.b100k
30 copolymer (C) wherein polyester segment is added via oO—
terminal hydroxyl group of polyethylene oxide. The
condition of this reaction can be almost.the same as the
above reaction from (A) to (B). Usable lactide or
lactone is capable of forming such a chain as has been
35 defined with regérg to R3 and R4 of L of formula (I).
Examples of preferable lactide include, not restrictive-



19 " ly, lactide of lactic acid and | actide of glycolic acid.
Exanpl es of usable | actone, on the other hand, include

ferr]-propiol actone, y-butyrol actone, [err]-val erol actone and
[err]-caprol actone. Anobng these, y-butyrol 3@t one and 5 5-v al erol actone

are preferable fromthe viewpoint of easy reactivi ty. : In
t he above step t roport on of  pol yner- - lzation initiator to
et hyl ene oxi de? Y BPFg:é dgr 9 ac"ﬁﬁ'?'e‘c acT d apd lareiideaofoglyeelis meid 000,

nore preferabl Examp18@ olfo ulsa d0Dac torb, PoRf Thabb¥ hbrlfaddQ o chigdls 200.
The process of othis |n§ent|on not .on Lt possible to adjust

mol ecul ar wei gRT PEPPAQJRCLod fm Y- bu %Egi?ﬁFﬂﬁevoarHé1P£Pﬂ@°6P“ﬁbﬁﬁﬁbr used
to polynerlzatEenaprohﬂ@ﬂdﬁﬁfﬂ AﬁhﬁgaiﬁésﬁtoyL?aanowaaQodbsggafedhor ;5
nmono- nodal Rl o erein eac or segnent s has

very narrom?nn?egéqg °%§9$%"%h%ﬁ?lﬁﬁ? erabi?oﬁ'°m he V’e“P°’"fm?ﬁ!V|ng
pgléner (ﬁ) Ltrabv wbmmhégsgﬁh t?|ned %R thF aﬁore§nagne r. |svgpclcan
uded in the pol ynmer S |nven | f al cohol a L i

be converted (i) int ékﬁﬁrt b RyAPBIFydpP Pol e ry
-noder ate condi #izatipn. dni bdrdi;onamb ngtpleng, oriide, légrt)idldl%(i H@dﬁﬁiite(D)
whi ch has an akdehygde gr fas -jerm roxyl .. grqup at
[err]-terninal gy )r{rgar'?gl%por%vroe’atfhg f%) umeﬁgg HPt P%ﬁf\ﬁﬁgﬁi"nﬁa&'t al
can be 1§inﬂbtdméﬂuﬂnﬂ.hwdﬁﬂiyzedfeﬁhpl#alteo-agdrmby3|soeanohe

carried out with use of ggi.d r%&%gsas* r*“#Jgggégﬁ&?g?n{'yaﬂ'gyaﬂ‘akﬁfdrogen

hydr ochl ori c aci d, sulfurie , nitricracrd,
fluoride, or af kappssibde &9 30 Bk umo hedubai deedgh tpofasaichmskeygitent de,

and, if neces- accoz-%"i”h& ¥ ffﬁéqqaéfm of . ?ﬂngﬁépdﬂggdogoogéE}ng&g%gcho yom

(D): to react
acrylic acid, ngﬂhagtyrhcbgd(akao prov1des a mopot+dlispaesedfom c acid to

form an [qu] hShBLABHa1 b1ock copolymer wherein each of the formed
segments has a very narrow molecular weight distribu-
tion.
The 1iving polymer (C) itself which is ob-

tained in the above manner is included in the polymer of

20 this invention. The alcoholate (C), however, can be
converted (i) into polymer (D) by partial hydrolysis
under a moderate condition (i.e., only adding water), or
(ii) into polymer (D') which has an aldehyde group at
a-terminal and arhydroxyl.group at ¢-terminal by means

25 of treating (C) under a condition wherein acetal can be
simultaneously hydrolyzed. The latter hydrolysis can be
carried out with use of acids such as trifluoroacetic
acid, hydrochloric acid, sulfuric acid, nitric acid,
formic acid and hydrogen fluoride, or alkalis such as

30 sodium hydroxide and potassium hydroxide, and, if neces-
sary, with heating.

Production of (E) - (G) from (D):
(D) is made to react with

35 (i) acetic acrylic acid, methacrylic acid or
p—-toluenesulfonic acid to form an g-terminal



20 ° acyl compound, or , (ii1) a halide represented

by formula (V) hal o- E (V) 5
wherein halo and Ein formula (V) corre- spond to
groups ot her than acyl group in 2 -CH err])[err] Zin
formula (1) to forman [err]-term nal e?her conpound. 10

The above reactions can be onductedtpy known esterification or
etherification process. oﬁqmﬁ&%P Tic acid in the above (i), it is
conveni ent to use a r(ﬁdot iav hadldrde/ atépice$én V&g aby C Faeind1 augv)as acid
anhy- 15 dride and acid halide. When a nmercapto group is to
be i ntroduced onto the [err]-termnal, it is useful to make a

p-t ol uenesul f o- .. nated conpound (FMa%hKE with an gvdctrophilic agent
such as thig@sodi um acetate, thiopotassiumacetate or 20 potassium
hydrosul fide so that a thioester group may be I ntroduced onto.the

[err]-terminal, and thereafterwheréirahalo afdi B tihi leeSﬁrm & rup d\ibﬂgeﬁci d
or alkali, and, then, t her. ai ned (o] resent e y
(0. " When an amsfﬂ) gr oﬁg é)pa?gsbgtﬁﬁgr éﬁ@e&cﬁt(?rz%"? hin

a-termnal, it is useful to hyd¢GH (Dh f®othulae(I) of an electrophilic.
agent such as et.h |

N—(3-bronnprop¥§ ﬂfﬁ anbdégk 18Fg JB enzenan1no)ethane or _

N (2- bronnﬁ@hyl)benzyl car banat e, and thereafter to conduct an al kal

or acid treatnent so 30 | t

sinmulta- neousl y hyd‘rrg?yt?go[@eer ;p]é%?%atr%n%'trglgnowe g‘(’)ngngtgﬁ bghusnown

there can be opshentfiigagdppmer wiihsrifdcali emimwogessp As fior organ-

! fs r nd Rlerr]
From 35 pol ymey S 1519 1B thecrBond Y 70 € i Coighpank BB bed"s JTTH

[err]- tern1naIraﬂﬁéhyﬁedéahVBé1GGnGmﬂQnﬂqnﬂqrﬁ$1d such as acid anhy-
158 dride and acid halide.

When a mercapto group is to be introduced onto
the @-terminal, it is useful to make a p-toluenesulfo-
nated compound (F) react with an electrophilic agent
such as thiosodium acetate, thiopotassium acetate or

20 potassium hydrosulfide so that a thioester group may be
introduced onto the o-terminal, and thereafter to treat
said thioester group with acid or alkali, -and, then,
there can be obtained a polymer represented by (G).

When an amino group is to be introduced onto

25 the e—terminal, it is useful to hydrolyze (D) with use
of an electrophilic agent such as N-(2-bromoethyl)-
phthalimide, N-(3-bromopropyl)phthalimide, 1-bromo-2-

(benzenamino)ethane or N-(2-bromoethyl)benzyl carbamate,
and thereafter to conduct an alkali or acid treatment so
! and Rz,
neously hydrolyze @-terminal imide bond, and, thus,

30 as to eliminate the gfoups R and to simulta-

there can be obtained a polymer which has an amino group

at g-terminal.

1 2

Elimination of the groups R and R from
35 polymers (D), (E), (F) and (G) for the purpose of ob-

taining a-terminal aldehyde can be conducted by the



21 ¢ above-nentioned conversion from(C) to (D). As for the

recovery of polynmer fromthe reaction liquid, it can be carried out by
solvent precipitation of the polyner per se, gel filtration

chromat ography. dialysis, ultrafil- tratj,on or the |iKke.

In this manner, there can be obtalned vari Gds ki nd of heterotel echelic
bl ock copolyners represented by formula (1) of this invention. The

obt ai ned pol yndPove-meatieped jaanxe pi 9ef yons (Edpiel £D4D foﬁmlﬁyniﬁhgh-

10 nol ecul ar nireebl8ryhio®h picy yaRiey Hici! shénraaceqtiﬁowﬁqmd Sqlyv ey
Thi s high-nol ecul ar mcelle can be prepared by, for exanpl e, su Jectlng

a pol ymer sol uPRERTBH oyd. bY sgjaanbPrecirhtatifng efcibpere] ymer per

ultrasonificatsen §81tFaattrRI¥i ot ivomd 888F&phR9!, Vaﬁifawgﬁat Meflr SEPAL at el y
or in.conbipation, . Heatin treatnent i s conduct ed by dlsper3|ng or

di ssol ving 2 ntfatienoProfPetiks e spe- cies of block copol yners’ of
this Inv]gentlgln Ig vater gh <[?th1s] rﬁaﬁfﬁ@fu ?Wﬁ&ré?@ﬂh?ﬂef bBtaifed %;&Q{ﬁmdc
more prefera rasonification is conducte

di spersing a ki %Q?UPetW%%h%% R}egkecoBPI¥MBER ESRSPPRMLed by
water in a rangerhudai I\[\/)tafZQWisthmﬁesﬁnd TRe24btai nBGmeymeﬁf erably
in a range frogh1VVtgd§VVfor t hr.ee ni.c sol vent

6 a
treatment is cbREGEPE4TAYINS PRlYMAT) n"gs a‘“?r??( peobr foRmipse %’Df‘é@‘p’eci es
of block 10 cmpdegukas micdl 1@ Wi ch SDsVesry gtaptesiAganhaquevdd -

ing solution in iate% and thereafter evaporating the or gani ¢ sol vent.
Exanpl es of t hd° I"c solvent in- 30 clude chloroform benzene, tol uene,
met hyl ene chl ori de, Thds h1gh—mo'lecu1 artmicel 80cpASBebbeebar@dpare

e T O LRy gpkl BbabTs s B4 Tnn Y PRI SR o84 3T hEL A Bietor e
di et hyl f or manpedesdont lte ki hmatimp tredtmentftan dl&k;sonﬁgibht1kﬂsultlng
sol ution aggin§Peg@ment and an organic solvent treatment, separately
or in combination. Heating treatment is conducted by
dispersing or dissolving a mixture of one or more spe-
cies of block copolymers of this invention in water at a
temperature ranging from 30 - 100C , more preferably 30

20 - 50C . Ultrasonification is conducted by dispersing a
mixture of one or more species of block copolymers in
water in a range from 1W to 20W for oné second to 24
hours, preferably in a range from 1W to 3W for three
hours. ‘ _ _

25 : Organic solvent treatment is conducted by
dissolving a mixture of one or more species of block
copolymers in an organic solvent, dispersing the result-
ing solution in water and thereafter evaporating the
organic solvent. Examples of the organic solvent in-

30 clude chloroform, benzene, toluene, methylene chloride,
etc.

It is also possible to prepare the high-molec-
ular micelle of this invention by dissolving said mix-
ture in methanol, ethanol, tetrahydrofuran, dioxane,

35 dimethy1su1foxidé,3dimethy]formamide or the like, and
thereaf ter dia]&i%ng the resulting solution against an



22 © aqueous solvent. The fractional nolecul ar weight of the

menbrane used for the dialysis is not restricted since opti mal val ue
vari es according to the nol ecuar wei ght of bl ock copolymer to be .
treated. Generally, however, the 5 fractlgaal nol ecul ar wei ght is at nost
1, 000, 000, pref- erably 5,000 - 20, 000. As an agueous

soI vent, there can be e ffer solution. The

| b
proportlon of BA¥eRYSeS sdi Oey'btjs s-'f)'i'%t%’g?rmc iopmafd omphacylare weight ©&thent

in dialy- 10 miembrangenmsed | for m?j mlvsﬂgslsphﬁiefrélé'tYﬁﬁléldD slﬂﬂce
tines. Terrperature not. restricted in particuyl a Nor ma t he
treatnent is cSRdd Eiaid value "aer’[ee?rT?f°Pg’"9 T 'FHl]?cﬁ‘rad’ddée’cPht of
hi gh- ol ecul ar br'lmmd Icmpaﬂ yners to beénvesated. haeeaeea'rltliyqalhdwaw t e the
concentratign as.

/ ' bl
agueous sol v?ﬁt %ﬂlwﬁqﬁﬁ@?l%ﬁé f?e gu@ﬂs s |-°§g’sg’r@ta e%lncﬁn
Thi s means ?ﬁ:?’%’:ﬂ Sgéam o1 Sk Loto bloog the i gh-nol ool
7
i LZI lrrga(r;fs this invention (?%'l s"{(b'jjepe%? e#lt‘ée'ﬂgmgpfsgnf’ﬂ? P’ﬁcre&fsé’ﬁf’
half-life in watelroahd duf féehumlutiemn bEheapdopbaitibhne gfoltheeraqie—
this inventi onotﬁgs s%)ﬁneélo%nt soéé)ﬁ:gﬂt{ﬁé géoggcgl;%hﬁg t:f gﬂ'llvteﬁlt \r,\g'gk({ie%i yEry.

Bel ow, thls i nvention a hed i n nor.e al
exanpl es, B0t sli®sd su\mdnmrgany xtopl @80dbimes, | pretfferablar & dovet0Ol by

this inventiony (l)lﬂ 0 1?‘%6%%1:2{3 is ??gpl'gs%r‘?’gtﬁ%ihm parti ?d':azro m, 3,

3-diet hoxypropan assi um na
mol / L-t et r ahy dNefrmad ys,olt!te'r otreatment i sacondiucliedoath® e8¢ on cont ai ner

and agi tat ed for 3 m‘ﬁﬂﬂsespﬂ&t?é‘e&‘rlgpé‘lé%gpéeﬂ?ﬁﬁ m@c%?“l%s%f“q?rﬁ%”

pound of 3, 3-diethoxypropanol” (potassium pr opanoxi de)
was produced. invention has m mfickiben] dui ge 3l ) mec&oamtﬂ@m lass ¥ 1a$ on

15 4 - 12 mg/{, and is much more stable in an aqueous
solvent than 10w-molecu1ar'micéile such as liposome
which has widely been given considération as a carrier
-for drug delivery. This'ﬁeans that, when administered
into blood, the high-molecular micelle of this invention

20 1is expected to significantly increase in half-1ife in
blood, and, thus, it can be said that the polymer of
this invention has excellent properties as a carrier for
drug delivery.

' Below, this invention is explained in more
25 detail with the working examples, but these working
| examples do not limit the area covered by this invention
in any way.

Example 1

30 THF 20 m1, 3, 3-diethoxypropanol 0.15 g, and a
potassium naphthalene 0.5 mol/L-tetrahydrofuran solution
2 ml was added to the reaction container and agitated
for 3 minutes in an argon atmosphere; a potassium com-
pound of 3, 3-diethoxypropanol (potassium 3, 3-diethoxy-

'35 propanoxide) was produced.
Ethyleneoxide 8.8 g was added to this solution



23 * and agitated at roomtenperature and 1 atm After reacting for
two days, lactide 7.2 g was added quantita- tively to this reaction
sol-ution and then agitated for one hour. This solution was poured into
cool ed propanol 5 and the polymer produced was precipitated. The precipi-
tate attained through centrifugal sepafati & was refined by freeze
drying from benzene. This yield was 15.0 g (949 . The pol yner attained
t hrough gel peamdawigirtated cart onetwgteaphy radareoandnidaltm.t hafited ecul ar

e br ot on nucl &2 Gk o 8st 1 8HkE0R 7.2 o, wan. agdest SHERHE £-1°

t he proton nuclear magnet ohance
deuteride of thdvely [fhﬂ yhhars areat hédn shilstpoinyaed thencagiitated tfobe t he

het er ot el echel ixhe0 lHo@FHTE" fﬁg/ ?E? Fnhg? BBuQQHyQSQo %ggﬁgﬁﬁer %ﬁghﬁﬂthe

(PEO and pol yactlde (PL) an guan aving a
a-terninal 8ndamgdithey rplomer praoduced {vesr ]Drtesnlmrtalte@Fl gTthe :ﬁred’hm-

nb t
det o - aver%gﬁe*?*%i‘#ﬁ:i"r#‘ea*"ﬂw%? o8h 17 F03T 98B e HIC was” e PRI ATT
and 7000 for PRy freez nﬂﬁaszfrom benzene Tmh130ynbld3was 15.0 g
3-di et hoxypr opggah)Q- 1THs Féfyme r aHBQ% Aeal ggﬁ-gﬂ@ht ly3h e@% eation

nol / L- tetrahydrofuran solution 25 2 e Feaction €ont ai ner
and agitated chromatoaraphywas, @ﬂ"@rggﬁa&tnﬁbph@PéGOQTpdtaymahw(nfn

pound of 3;103- ¢ipat Ww&p% (@%Géstﬁ‘ifbﬁre?"lq' et hoxy- pr opanoxi de)

was produced. | ene oxide 5.7 g'was added to this solu- 30
tion and agitated at roo ?QﬁL#% theleprotapnpucleasr mponedds ng f or

two days, |actird@ohadcd \¥pe GE¥ED hOthe Eh'lér&?%ﬂn' GQU%erWtdeo%farﬁhé‘g' tated

for one hour. This sol.ution was poured into cold propanol

pol yner pr oBQd¥Befadtdadned « tls RRLYPPECHESL apefann&ﬂnée d® ttheugh
centrifugal seha&a&quvaahdf¥¢r&xhéwméfeﬁaeang #o¥hNanki t8MFe BN o tH D S

yield was %% 4yqege ox1agq(PEO) and polyactide (PL) and quantitatively
having acetal group on the a-terminal and hydroxy group
on the g-terminal (Figure 2). The number average molec-
ular weight of each segment of the Block'po1ymer deter-
mined by the integral ratio of the spectra were 8800'f6r
20 PEO and 7000 for PL.

Example 2
| "THF 20 m1, 3, 3-diethoxypropanol 0.15 g, and a
potassium naphthalene 0.5 mol/L-tetrahydrofuran solution
256 2 ml was added to the reaction container and agitated
' for 3 minutes in an argon atmosphere; a potassium com-
pound of 3, 3-diethoxypropanol (potassium 3, 3-diethoxy-
propanoxide) was produced.
Ethylene oxide 5.7 g was added to this solu-
30 tion and agitated'at room temperature under 1 atm.
After reacting for two days, lactide 7.2 g was added to
this reaction solution and agitated for one hour. This
solution was poured into cold propanol and the polymer
produced was precipitated. The precipitate attained
35 through centrifugal separation was refined by freeze
drying from benzene. This yield was 12.4 g (95%). The



24 © polyner attained through gel perneation chromatography was
nono- nodal , the nol ecul ar wei ght of the pol yner was about 12, 000.
According to the proton nuclear nagnetic 5 resonance spectra in the
chl orof orm deut eri de of the pol ymer at ned this polynmer was
confirnmed to be the het er ot el echelic ol goner havi ng both units of
pol yet h- erne oxi de (PEO and polylactide (PL) and quantitative-
|y havi ng acet RR1¥M@Ep aktained-throng |gahdpﬁy@psxyOﬂaé}nnnatnsranhy

[err]-term nal waBhgoRWUMidaVET €S M&1 6CUIAF weight OH tie SHAIYWER WaE Of

t he bl ock polyner detern1ned by the integral ratio of the Spectra were
5400 for PEO 2aboytd1@s89%-or PL. ~ 15 Exanple 3 THF 20 ni,

3, 3-diethoxypropanol 0. Wedbrdithy ato th@%i‘éibﬂ”h%%ﬁ@af}ah&fﬁ&-ﬁ: _
nmol / L- tetrahydrofuran sol ution was added to the reaction-container

and agitated Fespganfee,spaekra i %mt‘&? gBhlaradesmedeuterjsde,of (theom 20 |

pound of 3, 3- ﬂloetyhm—ymwmd.(Mﬁéswmyﬁer?:wasehbmeed 1y apeneneé de)
was produced. ene oxi de 8 g, was added to this sol u-

tion and agi taf'@&eé'f’treac?rﬁ'leeﬁ)%r%"tUF%"'%ﬁdEP"l“&t koth unjpts, of, palyethtor
two days, [errjlenlecioddidid AREG) Gaid W61 ¥Paatiae t(PLt)hla'i:J QffHn Tt £01 Wé Lon

and agitated f hou Thi s solu Qur col d propano
and ° t he polyhgfvﬂﬁﬁhﬁfﬁﬂ FLITRUR M ¢ Ed“m$ﬁ€RbP éJh? r°"3gtt2|ned
Lhr ough CEEOI‘I bu@inlp Wm'm%?i'ﬁgﬂj ne‘dhbynu}nbefrr e%eaiwlmhéé@mhr |
enzene. This yie Jhe r gttai ned . .throu e
per meat i on x g'r’f"at fpﬁi&%@"%ﬂ(ﬁ%gg? gﬁﬂéﬂerr_mﬁe’m%ﬁ ‘%e‘iegﬁf? 'g? e

t he pol yner wabyawnﬂ ihtdﬂKh] ratio of the dpeetdanwere BSUOQrfs PNPEDC| ear
magneti c gggn%ﬁ ectﬁ in the chloroformdeuteride of the 35

attain I'S po

pol ymer was confirmed to be the het erot el echelic
ol i goner having both units of pol yet h-

15 Example 3 _
THF 20 ml, 3, 3-diethoxypropanol 0.15 g, and a
potassium naphthalene 0.5 mol/L-tetrahydrofuran solution
2 ml was added to the reaction container and agitated
for 3 minutes in an argon atmbsphere; a potassium com-
20 pound of 3, 3-diethoxypropanol (potéésium 3, 3-diethoxy-
propanoxide) was produced. _
Ethylene oxide 8.8 g was added to this solu-
tion and agitated at room temperature under 1 atm.
After reacting for two days, 8-valerolactone 5.0 g was
25 added to this reaction solution and agitated for one
bhour. This solution was poured into cold propanol and
the polymer produced was precipitated. The precipitate
attained through centrifugal separation was refined by
freeze drying from benzene. This yield was 13.5 g
30 (97%). The polymer attained through gel permeation
chromatography was mono-modal, the molecular weight of
the polymer was about 14,000.
According to the proton nuclear magnetic
resonance spectra in the chloroform deuteride of the
35 polymer attainédh this polymer was confirmed to be the
heterote]echeifé.bligomer having both units of polyeth-



25 ~ ylene oxide (PEO and poly([err]-valerolactone) (PVL) and

quantitatively having acetal group on the a-term nal and _hydr oxy group
on-the [err]-termnal (Figure 3). The nunber aver age nol ecul ar wei ght
of the block polynmer determned 5 by the integral ratio of the spectra

were 8800 for PEO and 5200 for PVL. 2% Exanple 4 2.0

mol /L-HCO 50 M was added to nmethanol 50 10 m in which the bl ock
copol ymer sanpydeaet gixiske i(PEO) EkdnpbbyeﬁﬂmaIdreiabtedeandHme;amm

agitated 1 houﬁu%kt1t aﬁﬁﬁaheous i u?etaffgﬁﬁubhbﬁ $RbUG- grm1na1 and

neutralized our hour s of di
(fractional nnhyﬁmpaw\nﬂqyn mekhevmstpemioahEdFagaraSB)15 TD@ triumbee 1t he

f h
ST oy " TRV SRS R o ST K mer BT

permeation 9 byht 9&?@$ﬁﬂﬂﬁﬂvﬁ&tt@n¢f hbg spepbranweang8800 Fort (REO
before the reaghgoBaod for pPvL. . According to the proton nuclear magnetic
resonance spectra in the chloroforn1deuter|de of the pol ymer attained,
the acetal group di sappeared fromthe a-termnal of this polyner and

i nstead a peakggainpheals ing wth the al dehyde was observed; it was
confirnmed to 25 be a fieteratel echelic PEQ PL ol i goner quantltatlvely

havi ng an al dehyde groupzb@1ﬂﬂ94kﬂﬂ?1t%ﬂnﬂﬁavaﬁnﬂdéeﬂyapomythanc@r6ﬂb on

the [err]- ﬂer”hﬂahn(ﬁhﬁﬁﬂﬁ*Eﬂe b1ock &5 GPRe P §Qm ta1n§gyﬁhﬂ'”e 20

and nethacryllgxanh dride 1.0 were added to c oro orm I n which

1.0 g of the BmBdR 30Hﬁ%nﬂﬁs§&ﬂﬁﬁ% apdathis vaspraibpied laboyursat

sol ved and thi goems tagipledathird. NOWFBe At thPONB bPIRTHA- was hBLEralflized
sol ution was neu%hah ﬁ d and rinsed with a ?5 hﬁ rochl gri¢c acid aqueous
sol ution. - The%d 88 MAueoys, Aol yLtony Feuri APUreord Ai83¥8dIS and t he

pol ynmer was (fractional molecular weight 1000) was performed against

15 20 times the amount of water and this was refined by
freeze drying. The yield was 0.85 (85%). The molecular
weight of the polymer attained through gel permeation
chromatography was confirmed to be unchanged from that
before the reaction. - '

20 . According to the proton nuclear magnetic
resonance spectra in the chloroform deuteride of the
polymer attained, the acetal group disappeared from the

a-terminal of this polymer and instead a peak originat-
'1n9 with the aldehyde was observed; it was confirmed to -

256 be a heterotelechelic PEO/PL oIigomer quaﬁtitatively

having an aldehyde group on the a-terminal and a hydroxy
~group on the g-terminal (Figure 4).

Example §

30 Pyridine 20 ml and methacrylic anhydride 1.0 g
were added to chloroform 20 ml in which 1.0 g of the
block copolymer sample attained in Example 2 was dis-
solved and this was agitated 24 hours at room tempera-
ture. This solution was neutralized and rinsed with a

35 hydrochloric acid aqueous solution. The chloroform
phase was poured into cold propanol and the polymer was



26 ~ precipitated. The precipitate attained through centrif- ugal
separation was refined by freeze drying from ben- zene. This yield was
0.8 g (80% . The nol ecul ar wei ght of the polynmer attained through gel
perneation chroma- 5 tography was. confirned to be unchanged from before
t he reaction. According 2% the carbon nucl ear nagnetic
Ffesonance spectra in the chlorof orm deuteride of the: pol ymer att ai ned,
t he peak or|glmaﬁeh|1tatédtheThpdmcﬁp1y3t;tnuhttaiﬁmﬂ[Eﬁfbubﬁrabhak1GL

this polyner i nst ead a eak derived fromthe
met hacr:)ry?/oyl %%%gp%g 5? 3355’ ?ry?cﬁ‘{/]g’é' %e%% ymgffrﬂ'@dgf’B'be a
het er ot el echelzenPEO"PInsI genﬂrwarsaot B g (80%X.J velle hmol agubarawetgh t
Ooobr ooy "® % ket T8k Gl at TR Vikln USH SddF1b £hrbRAT "
mol /L-tetrd toghgphpiwaancovfirmed Zonibeanthclidnde drbromebéfatrenwthe 20
added to tetrapgg§9{§ﬁan 20 M in which the bl ock copol - ynmer 1.0 g

attained in Exanple 2 was dissol ved and agitated for four hours at room
tenperature. The reac- Accordnnpr¢au¢meammmhqniwuﬁﬂqnmwmnbnqtnccold '

PPl and (FestiEn 88 YHEE LS " WP 'diflcith £olif SUFELPLI8I Se khE ned 25

t hr ough centrrfu e ar I on was’ re
benzene. This B® mewastbagaeg ($9%) pedie Ol"‘lsmm awi bl ghe bﬁdrbuy

polymer al{@i Nerod ' SWOEnECh-termARRTCR' AhiG WYRIRSF WIYalfsafall | med to

be unchanged rom betore the reaction Accordi ngto the
carbon nucl earcomRhetety and; ingltgade aspoak &eanivet tromrbher m deuteri de

of the po“ﬂ@?ﬁa@?ﬁ?bﬁﬁdgrBhF ﬂ%@kegyﬁﬂ dr“kﬂﬂt$bfﬂﬁepyﬁégx¥on-

group on the [err] t er m nal | sappear ed conpl etely and
i nstead a peakf HEW?@eH°fP9nﬁth@tanﬁplsﬁhgﬂdﬂp RinEkgemer t auapéiiyner

was confirmed ¢gtPPePy haviRbehAl 8c8TA8! igrdtp ) di- Ol é AIRE ril¥ART | bkl ue! Y
havi ng
15 methacry]oy1_group on the @-terminal (Figure 5).

Example 6 _

' Potassium naphthalene 0.5 mol/L-tetra-
hydrofuran solution 2 m1 and allyl bromide 5 ml were

20 added to tetrahydrofuran 20 ml in which the block copol-
ymer 1.0 g attained in Example 2 was dissolved and
agitated for four hours at room temperature. The reac-
tion product attained was poured into cold propanol and
the polymer was precipifated. The preéipitate attained

25 through centrifugal separation was refined by freeze
drying from benzene. This yield was 0.98 g (98%). The
molecular weight of the polymer attained through gel
permeation chromatography was confirmed to be unchanged
from before the reaction.

30 According, to the carbon nuclear magnetic
resonance spectra in the chloroform deuteride of the
polymer attained, the peak originating with the hydroxy
group on the @-terminal of this polymer disappeared
completely and instead a peak derived from the allyl

35 group was expressed; the polymer was confirmed to be a
heterotelechelic PEO/PL oligomer quantitatively having



27 © an acetal group on the a-termnal and an allyl group on t he
[err]-termnal (Figure 6). Exanple 7 5 Pot assi um
nhapht hal ene 0.5 nol /L-tetrahydro- furan solution 2 mM and paratol uene
sul fonylchloride 5 g wer e added to theH% trahydrofuran 200 M in which

t he bl ock copolyner sanple 1.0 g attaired in Exanple 4 was di ssol ved
and this was agitated for 4 hours at room 10 tenperature. The reaction
product attai rRftl aget pbugreup opnitbeco-denmipaiolanthdn el hol yerpupaon

preci pitated. the1$E%QFﬁFtht?F?gﬁ%babﬂed t hrough centrifugal separation
was refined by freeze drying from benzéne. This yield was 0.95 g (959%.

The nol ecul ar wei ght of the polyner 15 attained through gel perneation
chromat ogr aphye x@mpie zonfirmed to be unchanged from before the reaction.

Accordi ng to tfreeTarton nucl ear nmagnetic . resonance spectra in the
chl or of or m®eut eri de of ?ﬂéass‘“ﬂopm¢h&t‘t%%9d5 e PJeabe brabydserng with

the hydroxy Zwugéﬁtwomtwﬁ éernli]ai'nar Fd?‘ﬂtoqfuélﬂé %lppia/mcméaﬁ)aease%
conpl etely and |nstead a derived om t he ‘farato uene sulfo

ny
group was exprt@Eedded BI §ﬁ@r tetrghy drafunan £ Phein ‘H'é!‘é?oitBPechel ic

PEQ PL ol i gome§iock Gtlepdl ymbirVshiphaViN® an sAcRiAed  MIE ampTe 8- wasni nal

25 and a paratol uene sul fon roup on the [e -term nal Figure 7).
Exanpl e 8 di s°lveg gbﬁbég Eﬁﬁoﬁﬁmﬁaﬁﬁflﬁ}éﬂ*éﬂ?ﬂﬁﬁiﬂ Eé le 30 2

i's dissol vl I’@erﬁﬁéﬂit@f-ean anar e%lc&tmerbtﬁrfoeruaolattamedlmspoaﬁeao
becone 0.01-0. 1% i ? mcel |l e formation in theg glutlons
was confirmed W% ot di Brspa“ sBng Fha Rajymes, wAs Rresiht tatedynani ¢

light scatter-The preégi pibetiaoantahmmftm»cmmlchmwmgam @ebheathbh 35
ORS00 ol FhSTRLF T og, RUL ¥EBRSA s i Sorone. 1S V4T
was 0.95 g (95%). The molecular weight of the polymer
15 attained through gel permeation chromatography was
confirmed to be unchanged from before the reaction.
According to the carbon nuclear magnetic
resonance spectra in the chloroform deuteride of the
polymer attained, the peak originating with the hydroxy
20 group on the @-terminal of this polymer disappeared
completely and instead a peak derived from the’
paratoluene sulfonyl group was expressed; the polymer
was confirmed to be a heterotelechelic PEO/PL oligomer
.quantitatively having an acetal group on the a-terminal
" 25 and a paratoluene sulfonyl group on the g—-terminal
(Figure 7).

Example 8
The block copolymer 50 mg attained in Example
30 2 1is dissolved in water or an appropriate buffer solu-
tion so as to become 0.01-0.1% (w/v). When the micelle
formation in these solutions was confirmed with particle
size distribution measurement by dynamic 1ight scatter-
ing, the fofmation of a single polymer micelle with
35 average grain diqmeter 30 nm was confirmed (Figure 8).
The cri tical midéﬂ1e concentration of this polymer



28 © mcelle was 10 ng/L. Exampl e 9 A reactor was
charged with 30 m of THF, 0.13 5 g of 3, 3-diethoxypropanol and 2 ni

sol-uti on of potassi- um napht hal ene di ssolved in tetrahydrofuran in a
concen- tration of 0.5 nnl/L-tetrahydrgﬁPran, and the resulting

m xture was stirred for three mnutes in arrargon atno- sphere, and,
thus, there was formed a potassiumderiva- 10 tive (potassium 3,

3-di et hoxypr op®icald® was 3103ma/L. di et hoxypropanol . There
was added 7.0 g of .ethylene oxide to the resul ting solution, which was
then stirred at_ 1 atm and at a roomtenperature. After two

days-react!onlﬁﬁﬁﬂﬂﬁbbiér, 7.2 g of lactide of lactic acid was added to t he
reaction liquid, which vag féeatéFiwh8dchairgbld! With 806 m1 of 'AHF, THUF3
produced sol ution was poured into cool ed propanol so as to precipitate
the forned pol gm&f 3. 3-dinthexyarepancyr apdp?: e sy tion rafePatassteze
20 drying fromuieivapethdéndi @idsvidedlin tet FAhYHrofifan iPY Yé&Hcen-
obt ai ned by ge%ﬁgfnneatypn chro ograghy was - nono- nodal an ad a
nunber aver age fi@%¥@N AT i JHpoHf L=tetrahydngfuran, and the naspiiing

nucl ear nmagnet infi XQHP WS SPREF6R Pbr2BhirBe MIhaite’d iRClan Rirddh Citme.Of orm
deuteride taug ' r was a_heterotel echelic oligoper

ht .t hat thj s pol . I
whi ch had sphareniand ﬂof'{tb'bg ye¥H§F€né’a§xf8é"“89E6) PRtRsiup ALY Hea-
( Pé) aRddwhioclh tqwtddcftatsr/fi ¥m ha]pI tanda_sehlakygzghgga?c iwé?h of :{r;gr34 -term nal
and a hydroxy r a e [err]-termnal. or e nunber average
ke tadins drapdl

nol ecul ar wei g t of this block polyner obtained from

integral ratio of t he Thecd rwas i added 2800gf 6F BERy1amd 2MG@d Oto Pthe
There was di ssaol veq 200 [%o'@f t he Ob{"ﬁ{jne to 40 m  of

d | ock ,pol yner .i
di net hyl acet am' $84 1419 wtion, v sYPEt itgﬁ“vvﬁﬁd'i')éldyfetqua M2 dat er
with use of adi @ ytoom Nestbperatdagi NgA & teratwoodaly sHrleadlid’n was :

15 over, 7.2 g of lactide of lactic acid was added to the
reaction liquid, which was then stirred for further one
hour. Thus produced solution was poured into cooled
propanol so as to precipitafe the formed polymer.
Centrifugalized pracipitaté was purified by freeze

20 drying from benzene. The yield was 11.5 g (79 %). The
polymer obtained by gel permeétion-chromatography was
mono—-modal and had a number average molecul ar weight of
11,000.

" Proton nuclear magnetic resonance spectra of

25 the obtained polymer in ch1profofm deuteride taught that
this polymer was a heterotelechelic oligomer which had
‘both units of polyethylene oxide (PEO) and polylactide
(PL) and which quantitatively had an acetal group at the
a-terminal and a hydroxyl group at the g-terminal. As

30 for the number average molecular weight of each segment
of this block polymer obtained from integral ratio of
the spectra, it was 5800 for PEO, and 5100 for PL.

There was dissolved 200 mg of the obtained
block polymer into 40 ml of dimethylacetamide, and the

35 resulting solution was dialyzed against water with use

of dialytic membrane having a fractional molecular



29 " weight of 12,000 - 14,000 over a period of 24 hours (wat er was
exchanged after 2, 5 and 8 hours, each two liters). Dynamc |ight
scattering nmeasurenent of the obt ai ned sol ution taught that there had
been formed 5 high-nol ecul ar nicelle.havig%’an average particle size

of 40 nm The critical mcelle concentrati of this mcelle was 5

ng/ | . Exanmpl e 10 10 There was added dropwise 0.1 N
hydrochloric weigditd afo 12 990 of ##c@P0eoveruni periludaiofe®4 rhdixespl e 9
so that pH mg t a hgn, gt sal t
stirred for tmghrﬁrfmaﬁbsa&?%%?nn%d g?gehrg S Q?"T’hgr éotutrs' étah Qti on
was neutral i zed iten$)o. 1 Dymami taqlmst;t sordteoi ngf meagunentendr of dH';e and,
then, the oBYdilne) st 6y ’E‘ﬁﬁ?ﬂtalt}%%dtﬁg?-bnﬁtad"’%te%rn Hdrpegs
dlalytlc nenbrane having a fracti ona I'ecul ar 1 0 -

14, 000 over Sa pdghsmodrec apuprice11e bavipawas exemsgeoaafmeﬂee stzeind 8
hours each twg f2Q0 lninf.er a ,J%q t he
obt ai ned sol ut | Qn toauéﬁht ts?lha? ﬁ{e?gbﬁja ﬁ.gggas%%ﬁ.&bm [ S"W?ﬁ?&?ﬁ

m cel | e havi ng™dgedJ& Hp8 Par9Lle size of 40 nm The critical micelle
concentration of this mcelle was 5 ng/J. 25 This mcelle

sol uti on was fEeeze drled and t hen was di ssol ved in di nethyl sul foxi de
deuteride and Example chjected to NVR neasurenent. It was found that t he
signal deriged from acet afheg*@%@taédedp@%amisé 8.7PN hyd M1 RS

conpl etely di sappear.ed, anq thFr ob- 30 .served si gnal derlved from
hydr ogen of caPEBﬁyF W%ﬁ% ﬁdsﬂyHFb§8n°BFaAP&9hy@eEﬁ?WPﬁﬁrﬂnn
(t) and 9.8 ppeo tha&SbHWMﬂﬁﬁiIN€|deE§QSHat632rath ofthehe In@adordt was

found that 95 %.of acet al, ;had n droszed i nto al dehyde. 35
-tion was stirre urs at a room temperature.

Thereafter, the solution was neutralized with 0.1 N

15 aqueous solution of sodium hydroxide, and, then, the
resulting solution was dialyzed against water with use
of diaTytic membrane having a fractional molecular
weight of 12,000 - 14,000 over a period of 24 hours
(water was exchanged after 2, 5 and 8 hours, each'two

20 1liters). Dynamic light scattering measurement of the
obtained solution taught that there had been formed
high-molecular micelle having an average particle size
of 40 nm. The critical micelle concentration of this
micelle was 5 mg/{.

25 This micelle solution was freeze-dried, and
then was dissolved in dimethylsulfoxide deuteride and
was subjected to NMR measurement. It was found that the
signal derived from acetal group at 1.2 ppm and 4.6 ppm
had almost completely disappeared, and there was ob—:

30 served signal derived from hydrogen of carbonyl methy-
lene and hydrogen of aldehyde at 2.7 ppm (t) and 9.8 ppm
(s) respectively. From area ratio of the signal, it was
found that 95 % of acetal had been hydrolyzed into
aldehyde. |

35



30 * Exanple 11 There was dissol ved 200 ng of PEQ PL bl ock

pol ymer (nunber- average nol ecul ar wei ght of each seg- ment: PEO 4, 500;
PL:- 13, 000), which had been synthe- 5 sized in the same nanner as in
Exanple 1, into 40 m of di met hyl acet arg.de, and the resulting solution
was di a- | yzed agai nst water with use dial ytic menbrane having a
fractional nolecul ar weight of 12,000 - 14,000 over a - period of 24

hours (water wiEXapd®added after 2, 5 and 8 10 hours, each two liters).

Dynani ¢ |ight scattering Thermrﬁ%wadtbsooh%,ab@eéaww b d gught

that there had been formed hi gh-nol ecular m ce havi ng an aver age
particle size 8Ply®efm(numher avq cage meltecul agnweihghi- of eaghypeg-this

mcelle was 4 w@gnt: 1PEO: 4800 Pt POPOOOFDI Whi¥h had been synthbsS
i nvention provides-a heterotelechellc ol 1 gaonmer or polymer whi ch has

different f@ncBiiGed in the Rame Manpen ’edinoExpmelgy ecﬂl"§°arﬁ9 vl conf has

hydro- 20 phi | 46 siet@yaRcetHini 96! OMN@LERe SPESEMthE SbIutBich was Qhﬁw
i s expected frﬂn1|ts constltuent conponent s that thi's oligoner o

pol yner will sidFedx@aaiant watey guith | use ofydiglytis, membrang shab‘ﬂ'?g%rrer
or pol yrns*[)I ai S‘r‘é%[tabirﬁ‘lOfmchHdﬂmr Mélhgrmlefuliar che-l |r1]en \dfw:fbwhérﬁ?
qU|te stable in _an aqueo ol vent therefore hig
possi bl e t hat Pt?é'w% (ﬂ%i %ro ouyis p(i’(?/?t%‘? ¥as BﬁcaﬁﬂpPgdaqu Fng AP sm
or can be o0 | haadsi,n eadh dlwb Nt ers) & cByhamiicl Pigltugca tt@Hiingry i s
gizfn%ed and/ore%%%@eﬁ%%t of the obtained solution taughtB%hat there

had been formed high-molecular micelle having an average

particle size of 30 nm. The critical micelle concentra-

tion of this micelle was 4 mg/¢.

15

Industrial applicability

This dinvention provides a heterotelechelic
oligomer or polymer which has different functional
groups at both ends of its molecule and which has hydro-

20 philic segment and hydrophobic segment in its main
chain. It is expected from its constituent components
that this oligomér or polymer will show excellent
bioavailability. Furthermore, this oligomer or polymer
is capable of forming high-molecular micelle which is

25 quite stable in an aqueous solvent.

It is therefore highly possible that the
oligomer or polymer can be applied to living organism,
or can be utilized in a field wherein a carrier for drug
delivery is produced and/or used.

30



kll ) t:el OWA het er ot el echel i c[ glr?i:k copol ynermv\,glrglhnl sR[(ra(raP]r ez qeuﬂ]““'ﬂﬂltlllm*ll

41 ndependent|y denote (Cerr] - al koxy, aryloxy or aryl-*

al kyl oxy, or R and R2, conbi ned 3%{h each other, denote

et hyl enedioxy (-OCH(R err])-CH err]-0-: erein R denot es
‘hydrogen atomor CJerr] al kyl) which may be substituted with
Cerr] alkyl, or, conbined wi t FCIAIMS ot her, denote oxy (= 0),
[err] wherein R err] and R4 |ndependently denot e

hydr ogen ato err] alkyl, -aryl | -Clerr] alkyl, and r
dgnot gs an i nmtb;:[er ] Ayheterzte'F egh.e'lg c block 00p0y1 ym(:e[r ™ t%g an

integer of 2 -rdfPr&8¥nted by formula {Idenigw:an integer of 2 - 10, 000,
p denotes an integer of 1 - 5, g denotes an integer of 0 -

20, "Z denotgg, when q is 0 (zero), hydrogen . -at om

-t ol enesl fonyl ) i¢CHy Sﬂﬁﬁsg(r:@ bata %éon‘”

allyl or vinyl benzyl, MhIBe when ﬁprf an I nt eger oﬁ 1

denoting (ferr] al koxycar- bonyl , carboxynercapto or am no
wherein R' and R2 independently denote 01 1
alkoxy, aryloxy or ary'l—C1 3 alkyloxy, or R?
and R2 combined with each other, denote
ethylenedioxy (-O-CH(R')—Cﬂz—O-: wherein R’
denotes hydrogen atom or C; , alkyl) which may
be substituted with C, . alkyl, or, combined
with each other, denote oxy (= 0),

RS R
Ldﬂﬂws_éH_o_ﬁ_éH_ m'_{CHﬁ?
O

4 independently denote

wherein R and R
hydrogen atom, Cy.qp 23tkyl, aryl or
aryl1-C, _, alkyl, and r denotes an integer |

of 2 - 5,

10,000,
10,000,

m denotes an integer of 2

n denotes an integer of 2

p denotes an integer of 1 - 5,

q denotes an integer of 0 - 20,

Z denotes, when q is 0 (zero), hydrogen
atom, alkali metal, acetyl, acryloyl,
methacryloyl, cinnamoyl, p-toluenesulfonyl,
2-mercaptopropionyl or 2-aminopropionyl, or
allyl or vinylbenzyl, while, when q is an
integer of 1 - 20, denoting CI-G al koxycar-

bonyl, carboxymercapto or amino.



Rerri and Rierr], conbined wiih cach othor denote oxy. - = INHNIAHLIIAINN

.heterotel echelic bl ock copolymer of claim1 wherein Rlerr] and R%r]

i ndependently denote ([ err] al koxy, phenyl oxy or benzyl oxy, or, when

conbi ned with each other, denote ethyl enedd®xy which may be substituted
‘Wth CL 3 al kyl. 4, The heterotel echelic block copolyner of claim
1 wherein R er2] and R eThg he&brbeélmﬂhle1éa:ctb1atdlerqonte‘rwlerou? caadm in
L, both R err] rht a hyelr o t 0, e an

i nt eger of 4, 1a§'g’gq%§'ﬁlo#esragﬁ Pnt eg:%ﬂ'ba‘;n%? Wi e']%’zlh Sthér, Tﬁghgie
heterotelechedavalock copol yner of claim1 mhereln Rlerr] and Rlerr]

i ndependent|y denote (Cerr] al koxy; and, in L, both Rerr] and Rerr] are
hydrogen atom or nethyl, or r denotes an integer of 4; and g denotes an
integer of 0 -33. 6. The hethroikeleched ia:bIlaak lﬁanmmolqﬁeﬂeﬁmcl aim
1 wherein md te ﬁpﬂi fgger of
10 - 200. epo&ﬁéré@?hﬁ hg'?‘grotel%&(%egﬁq‘g’eb oc copo Q)f 01( 21

wher ei n R er r [phemyll &k¥r e, beaziyll @y .niotth aden cﬁqmmﬂbrtblbhm?chand in
L, both R3 an r] y tdW lmay 'bd SiE0EE I nt eger
of 4; and ¢ dgorgfigg d?{z‘gFQ ,grt“gggfgggnote ogae);r:]) %E'E om acg?uead

acryl oyl, mnet vt Cyl, é1hﬁﬂnnyl p- toluenesul fonyl, allyl or vinylbenzyl
8. The heterotel echelic block copol ynmer of cla|n11 mhereln Rl err]

and Rlerr] mdependently denote C err] al koxy;
4. he heterotelechelic block copo]ymer of claim

1 wherein R' and R?, combined with each other, denote
oxy; and, in L, both Ra and R4

methyl, or r denotes an integer of 4; and q denotes an

are hydrogen atom or
integer of 0 - 3.

5. The heterotelechelic block copolymer of claim
1 wherein R' andl¥ independently denote c -8 alkoxy;
and, in L, both R3 and R4 are hydrogen atom or methyl,
or r denotes an integer of 4; and q denotes an integer
of 0 - 3.

6. The heterotelechelic block copolymer of claim
1 wherein m denotes an integer of 10 - 200, and n de-

notes an integer of 10 - 200.

7. * The heterotelechelic block copolymer of claim
i wherein R1 and Rz. combined with each other, denote
oxy; and, in L, both R3 and R4 are hydrogen atom or
methyl, or r denotes an integer of 4; and q denotes O
(zero); and Z denotes hydrogen atom, acetyl, acryloyl,
methacryloyl, cinnamoyl, p-toluenesul fonyl, allyl or

vinylbenzyl.

8. The heterotelechelic block copolymer of c1aimiﬁl
1 wherein R1 and R2 independently denote 01-6 alkoxy;



33 and, in L, both Rerr] and R err] are nmethyl, or r denot

of 4; and q denotes O (zero); and Z denotes hydrogen atom OH'“&IH““LI“IH"[I ““I
pot assi um or cesi um 9. The heterotel echelic .block copd yrrer vofs =
claim1 wherein Rlerr] and Rlerr], conbine g wi th each other denot e oxy;
anhd, in L, both R3 and R err] are nethyl, r denotes an integer of 4; and
q denotes an integer of 1 - 3; and Z dQnotes C[err{ al koxycar bonyl ,
carboxyl, mercaffeo HP bwi heth Rigand R' mrg gethyto or onudenohes an

het er ot el echel i tégoEKos0R9! xﬁar qotiefn%rtraa D (d)em)clé’d&ni $oh&ResONPI i S-

es the follow ng, ste Ste 1) A polynerization initiator _
represent ed byh¥ﬁ5°$gFIBﬁPﬂg PEr fedium,| potassiyp qr cesium. wher ei n
Rlerr] and |ndependently denote C[err] al koxy, or,
conbined with each ot her, denote ethylenedloxy whi ch

may be substitdted with EPer PtSFR§P1°§h°1‘° block copphymes af cipdmer of

'h F and thGHOWEire1n R' and R? abbﬂﬂ1ﬁ?ﬂfﬂ;tq}fh?ﬁﬁftﬁ&rre?éhoWFth .
t rmul a
ﬁ;yybgng?é[ Sdigﬁg snd; ConEougotheaaeseneﬁi 2}e é;tﬁ;lomgpgr genotes( )

an integer of 4; and q denotes an integer of 1 - 3; and
Z denotes C, . alkoxycarbonyl, carboxyl, mercapto or
amino.

10. ‘A-process to produce the heterotelechelic
block copolymer of formula (I)-of'c1aﬁm 1 which comprie-
es the following steps:

Step (1)
A polymerization initiator represented by the
fo1low1ng formula (II)

Rl-l

e 11)
.1>CH-€CH23;O M (

R?-

-1 and RE-1 independently

denote C, ,, alkoxy, or, combined with

wherein R!

each other, denote ethylenedioxy which
may be substituted with Ci.g alkyl, »p
denotes an integer of 1 - § and M denotes
alkali metal |

is made to react with éthyleneoxide so that a compound
represented by the following formula (III) may be pro-
duced:

Ri-! /
Rz_1)c;r—<crrg;o—<cnzcnzo>m—_1—cnzcnzo"}ﬁ (111)



.‘[I\/Ie;;]é as defined in formula (I1) ,'B:nd m denot e\gh::]e: Et (Iiggr] Jllmﬁ"mllww"ﬂ*"

-Step (2) The conpound of fornula (11) is allowed to react® wit h
lactide or lactone which is represented byayhe following formula (111-a) or
(T1r1-b): [err] or [err] wherein R err] and R err]

‘i ndependent |y denote hydr ggqn ataam err] alkyl, aryl _or
aryl-Clerr] alkyl, and r dedttereid, B¢ e'ggﬁ : C'L an M0F¥2 asgdefined 5

a bl ock copol yirar foemudee(Ter) biaridian fdd A@vedIgan Of Atibget | ¥ @By h®,l0007Ed:

Step.(2)

The compound of formula (II) is allowed to
react with lactide or lactone which is represented by
the following formula (III-a) or (III-b):

.
RE—ci =0

0= LR (ILI-a)
or . )

O\C
: =0 - (I1I-b)
<CHz)i o

3'and R4 independently denote

wherein
hydrogen atom, C, ,, alkyl, aryl or
aryl-C,_, alkyl, and r denotes an integer

of 2 - 5,

so that a block copolymer represented by the following
formula (IV) may be formed:

Rl-l -t
CH~CH-0~€CHoCHa0—(C—L—0y——C—E—0 X
R2-1 p n g n-1 g
(1v)
wherein

R3 R
] ]
L denotes ——CH-—O——(I%—CH— or —GCHz-)-;-

and RV, Rl 1

defined above;

, P, m n and M are as



R e b e 0o (TR

-above; 35 and, in addition undef
ci rcunst ances, Step (3) (i) . The alk% netal al koxi de of formul a
(TV) is selectively hydrolyzed to forma bl dck copol ymer of the follow ng
formula (V) err] wherein R err], Rerr],
p, m L and n anrd,adn additionjamded ehocumsbpnces;i) t he bl ock
copolymer of formula (1V) is com pletely hydrolyzed to forma bl ock
copolymer of the followng formula (V) [err]

Step (3)

(i) . The alkali metal alkoxide of formula (IV) is

selectively hydrolyzed to form a block copplymer of the
following formula (V)

R
)cn-fcnza—o-fcnzcnzoa—{c—l,—oy—n (v)
R2-1 i |
wherein R' 1, Rz-l, p, m, L and n are as

defined abové; or

(ii) the block copolymer of formula (IV) is com-
pletely hydrolyzed to form a block copolymer of the
following formula (VI)

;.>CH-€CH2350*€CH20H20}£—(§%—L—0}—H (V1)
' n
: 0

wherein p, m, n and L are as defined above;

Step (4)
The block copolymer of formula (V) is allowed
to react with
(i) acetic acid, acrylic acid, methacrylic
acid, cinnamic acid or p-toluenesul fonic acid,
or a reactive derivative thereof, or
(ii) allyl halide or vinylbenzyl halide, or
(iii)-a hal ide represented by the following
formula (VII)

X—éCHz)(FZ' (VII)

wherein X is chlorine, bromine’ or iodine,
q' is an integer of 1 - 20 and Z* s Ci-s



wherein p, m n and L are as defined above; Step (4) “!llllmmullﬂﬂmnm
copolyner of formula (V) is allowed to react with ( i C waClisd, s

aacrylic acid, methacrylic acid, cinnamc acid or p-toluenesul fonic
aci d, or a reactive derivative thgreof, or (ii) allyl
hal i de or vinyl benzyl halide, or % ii) a halide represented by the
foll ow ng formﬂa.(WI? [err] wherein X is
chlorine, bromne or iodine, alkoxycarbonyl orsaaprptecded @mino; 20 and
Z is (err] 36

al koxycarbonyl or a protected am no; and, under circunstances, Step (5)

The p-tol uenesaifonpBdest i reamstanogs.pro- duced in (i) of Step (4) is
subj ected to transe- sterification, or the derivatives produced in (i),
(ii) or (iii) of Step.(4) are subjected to hydrolysis reac- tion. 11.
A hi gh-nol ecul AE€Rj 8P e which conprises the heterotel echelic bl ock
copolymer of claim1l as gheaplitéqd ueWEUIFYnid! St éFUfOHFvaLi Ve bro-

duced in (i) of Step (4) is subjected to transe-
sterification, or the derivatives produced in (i), (ij)
or (iii) of Step (4) are subjected to hydrolysis reac-

tion.

11. A high-molecular micelle which comprises the
heterotelechelic block copolymer of claim 1 as an active

component in an aqueous solvent.

i2. | The high-molecular micelle of claim 11 wherein
Z denotes a group other than alkali metal in the
hetero—teIechelié block copolymer of fbrmu]a (I) of
claim 1.

13. The high-molecular micelle of claim 11 wherein
Z denotes a group other than alkali metal while R’ and
R?, combined with each other, denote oxy in the '
heterotelechelic block copolymer of formula (I) of claim

1.



12. = . The high-nolecular mcelle of claim 1l wherein Z denotes a group

other than<-alkali. netal in the hetero-tel echelic bl ock copol ynmer of fornula
{1) of claim1. 13. The hi gh-nol ecular mcelle of claim 1l wherein

Z denotes a group other than alkali nmetal while Rlerr] and Rl err], conbined
wi th each other, denote oxy in the heterot e%chel i c bl ock copol ynmer of

formula (1) of claiml
. ABSTRACT

This invention provides '‘a heterotelechelic
o]igomer or polymer which is represented by formula

below:
R - -
CH-€CHg)-0—€CH,CH200—(C—L—0—€CH2—2 (1)
R?2 R m H n q

wherein R‘-and R? form an acetal, or, combined
with each other, denote oxy (= 0),
| P, m, n and q each denote a certain
integer,
L is a group which forms an ester, and

Z denotes a certain functional group.

This invention also provides a process to
proddce the above oligomer or polymer by means of living
polymeri-zation. Since this oligomer or polymer forms a
high- molecular micelle whiqh.is stable in an agqueous
solvent, said oligomer or polymer will be useful as a

carrier for drbg delivery.



