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-1- 60- 198. 565 "Inprovements in or relating toﬁw”"J:m”
conirast agent s" This invention rel atfes T

agents + 5 mere particuliarly to gas-containingiep ?ggﬂxggen ééh?§ 8<e
i-n:di agnostic i mging, and to novel polynmers useg oy pl?% ; ----- lo paged ..........
‘manuf act ur e. ; It is well known thal ultrasg 'E“?nagPﬁﬁdcénﬁPmﬁﬁﬁnz ......
a potentially.valuable di agnostic tool, for exa ‘HW4@ “Rasgdi-es topagdde........
vascul ar syste?b_eggtggglarly in cardlogra' y "4t of : P428& FS... to paped 3.
m crovascul ature varrety of contrast ag ﬁfs ‘h&s %ﬁéﬁﬂﬂr0p0§eﬂhlg ,,,,,,,,,,
enhance t he acoustic images so obtained, |nclud|ng suspenst ons of -
solid particles, e Ixd i e

encapsul at ed gases. Of 11

density contrast agents mhlch are easily conpressible are particularly
efficient in terms Thig théhéléﬁoﬂéleeEaEBSﬁéﬁéircbh@fagﬁnﬁééhES and

consi derable interest has therefore been shown.,in the aration of

gas- cont ai i ngMaRE BITLLEHLARLYNEC gas- §9§F@ﬁ§1n9 contraséagggBH?aPﬁlng

contrast nedlaueéelﬁlamagnannlbolhaglng, ahfBieebi neved pelpmers ueegnance
(MR) i maging, S sce bility contrast agents which wll act to
reduce 25 MR %Pgﬁgganpgﬁgig ctly) Xygen-cont ai ni ng contrast nedi a al so
represent potential L§ mseWellphnawaghhaFcuWRrasonicohmagéngagempsises
Furthermore, ig FEEeB ¢Lgrof v§1ﬁ§§1&”§9&§ gklﬂaéool PEEN.QhRBI ¥ed ! hat
gases such as ca IOXI as negafive oral contrast
agents. 10 StUdFﬁBtpﬁltb@uHﬁ§§ulﬁVoFYFH§mirEér§é§uE§§BYe§n gener at ed

in vivo by intgaedidg2ephy, eshaoafOf;lssue ﬂ'ﬂbﬁ?b@bQGhEa{:hfeaCCﬁp{rabhétg
subst ances have dennnstra otenti al effICIGHﬁéQOf such bubbl es

as contrast 35°faGeRtITagh égﬁBEﬁrBﬁﬁgpgﬁﬂyprQEEﬁegeEﬂnFH cﬁrE Severely
limted in pragtboeribowmuges by bbeaihed! Lhékthdimgobuspensions of

solid particles, emulsified liquid droplets, gas bubbles

15 . and encapsulated gases or liquids. It is generally
accepted that low density contrast agents which are -
easily compressible are particularly efficient in terms
of the acoustic backscatter they generate, and
consgiderable interest has therefore been shown in the

20 preparation of gas-containing and gas-generating
gystems.

Gas-~containing contrast media are also known to be
effective in magnetic resonance (MR) imaging, e.g. as
susceptibility contrast agents which will act to reduce

25 MR signal intensity. Oxygen-containing contrast media
also represent potentially useful paramagnetic MR
contrast agents. '

Furthermore, in the field of X-ray imaging it has
been observed that gases such as carbon dioxide may be

30 used as negative oral contrast agents.

Initial studies invoiving free gas bubbles
generated in vivo by intracardiac injection of
physiologically acceptable substances have demoﬁstrated
the potential efficiency of such bubbles as contrast

35 agents in echocardiography; such techniques are severely
limited in practice, however, by the short lifetime of




- 2- 3 the free bubbles. Interest has accordlngly been shown I n
nELhods of stabilising gas bubbles for -echocar di ography and ot her

ul trasonic studies, for - exanpl e using emulsifiers, oils, thickeners or
sugars, 5 or by entraining or encapsul ating the gas or a precursor
therefor in a variety of polynmer systens; B.g. as gas- cont ai ni ng

pol ymer m croparticles. Thus, for exanple, WO 80/02365 di scl oses

h f I ' € |
Ut rasont ¢ i mbBee FRRRTREREINR PrACeURReThERoRURR A a6ty BRRA 'O
adequat e stabunntmeahOdﬁeoauﬁsnbnénglpgegesrbdbbles for use in

echocar di ogr apB¥noéatfibgrabhly thVb€Hb9fu§E§ason1ctBtﬁﬁ&é% OEo&he

encapsul ati ng coati ng. % 8 di scl oses the use of
m cr obubbl e 1SexaBP§6eP§FBﬁse§P&§F F§€§ b?léﬁcaﬁgapﬁﬁpﬁﬁslﬁrdgﬁéﬁﬁﬁed

protein, esg. b@nby &ﬁtuauahhgnb& chUBPsaISLERy PRETYhRs or BNpriecagéeld on
of m crobubbl e havi n ]mbut: still do
S

not pernit efff or 1in,gg &FF?&VlB% BPlyﬁﬁrlﬁVFtﬁ@%rt €afd HFoE3Edi um
The use 20  otoautalinfingt podytetri médragarticiey.al so create probl ens

with regard to potenblgl SLLELOSRLS . eRE! BD9a36s disc1ogkR” AHOSRLA90

di scl oses, inter alia, rasont c con agents-conmprising a
n1cropart|cuIagelsymnhencepSU1athogegrmdabbbupbﬂﬁﬁei0€onnhanpngga gas or

volatile fhui duZpragbhif: 1RAYeRY asgeh'hﬁgrBBhQB%QE'ﬁw ﬁQEerhbﬁkvi free or

bonded form Representative Synthetic egra | ymers i ncl ude
pol yesters of B¥BiBLE éQPEHﬁF@ gephility atpBh?aﬂ&??n§}8ﬁ5a9F9¢&F6§d

pol yam no aC'dEorpﬁbéaﬂhdé&hocardlbgkﬁﬁﬁyyR&tid ga¢Cchar vdew o&fdthe
pol yort hoesters adabl e,m croparticul ate polyners,

based on ponnEPFgﬁﬁsﬁl8§h§§§sen&FBnggEgPEeﬁoﬁﬁ 1BB- A 0441468, while
systens based on m USepanti7anbst dipellpses théausesooficmdirrobpbbile(cyclic

contrast - hent S1EBREREoPR,ssABLI s b shrrpER LB ELER. i depaspred | ooae or
synt hetic pbobeéy; agabl. e hpmapmesesumndlbugis . or Suchasysé efisuperavig

the production of microbubble systems having a size of

e.g. 2-5 um but still do not permit efficient

visualisation of the left heart and myocardium. The use

20 of such protein-derived agents may also create problems
with regard to potential allergenic reactions.

EP-A-0327490 discloses,'iggg; alia, ultrasonic
contrast agents comprising a microparticulate synthetic -
biodegradable polymer containing a gas or volatile fluid

25 (i.e. having a boiling point below 60°C) in free or
bonded form. Representative synthetic biodegradable
polymers include polyesters of hydroxy carbonic acids,
polyalkyl cyanocacrylates, polyamino acids, polyamides,
polyacrylated saccharides and polyorthoesters.

30 Similar biodegradable microparticulate polymers,
based on polymerised aldehydes, are described in EP-A-
0441468, while systems based on microparticulate poly
(amino acid) - poly (cyclic imide) derivatives are
described in EP-A-0458079. '

35 Ultrasonic contrast agents consisting of
microparticles consisting of :amyloses or synthetic
biodegradable polymers and a gas or volatile fluid are



- 3- 1 descri bed in WO 89/ 06978. EP- A- 0458745 di scl oses air or
gas-filled m crobal | oons in which the encapsulating material is a
defformabl e and resilient interfacially deposited polymer 5 which is

pref erably bi odegradabl e, exanples i ncl uding pol ysacchari des,

pol yam no aci ds, polylactides, pol ygl 3cel i des, | actide/l actone

copol yners, polypeptides proteins, pol yort hoesters, polydi oxanone,

poly-[err]- anr £ ﬂﬁi nes, pol yanhydrides 10 and poly
(al kyl cyanoacry ateQ3 e nrc baIIoons are normal |y prepared by

emul si on technrquesEHakhQﬁ?&%ﬁS dlsqig@@§|ﬁﬂ6n06fgﬂﬁaﬁmﬂ r around

droplets of a ygldaiddaA 100ns lirdWHl oM it ehoapasa rﬁy mra%\éeaerlatleda Such
t echni ques generally involve the use of surfactants exanpl e

| ecithins, fatOpiarmable ang aesidfentofnientacially ted eodymer
conpounds such wag iy pteifferatyls ivdelgradable, e@davr@nery qmdlemr@ ycol ,

in order to stabilise the emyl si qn neraIIy

acknow edged t PRLYS th’@rrl‘g&sed yamino; rags}fisag?fh]é’a’?ﬁ Sdesirably be
bi odegr adabl e p@lyglycmmiaed()Hamnﬂddﬂmaetbhelcopbﬂwmaks elimnation from
or absorp E¥§§ e p%ﬁk&&t?o&§€%%%£esQ%&%nc%%l?hloxanog%§

therefore been pr

polyanhydrldequ&ﬂjﬁnﬁmynﬂhﬁ§§neﬁbly&ﬁﬂ@@@SPQaze@ﬂ@:p@Kﬂﬂﬁ@ﬂh@h@SEMM|ch are
bi odegr adghl e 3% JASH! 1%yl cyand@ %Q:%%t)' bi biHeY rilcr@Pelloci@ Qe.eor

ur et hane groups therein to enz m ¢ hydrolysis in vi\vo.
our published Mﬂﬁﬂﬁ%%ﬁrﬂ%ﬁpqmﬁﬁe#W'Rﬂﬁﬂﬁé&?r§ﬁ° iques lepddme £Pig there

are described la@pwartﬂaﬁ\ﬁ@‘f Fhe Rirleds b rageidt afd@ﬂeartsabef @eviogaed 1le0
exhibit high a efnﬁiqllab e Ieveli of _bi ode r%pabég i{ in vivo by
virtue of the Bﬁé&ﬁﬁ% b&;;éw O e ENGPETa e USt er units of
formul a 35 techniqued gene®@aldl§ (RvedwveRtéer use O0fCBuEatants, for
(1) 15 example lecithins, fatty acids or esters thereof with
polyoxyalkylene compounds such as polyoxyethylene glycol
or polyoxypropylene glycol, in order to stabilise the
emulsion.
It is generally acknowledged that polymer-based
20 contrast agents should desirably be biodegradable in
order to facilitate their ultimate elimination from or
absorption by the test subject. In many instances it
has therefore been proposed to use polymers such as
polyesters, polyanhydrides, polycarbonates, polyamides
25 and polyurethanes which are biodegradable as a result of
the susceptibility of ester, amide or urethane groups
therein to enzymic hydrolysis in wvivo.
In our published International Patent Application
No. WO 93/17718 there are described polymer-based
30 contrast agents which are designed to exhibit high and
controllable levels of biodegradability in wvivo by
virtue of the presence in the polymer of methylene
diester units of formula

35 - (0) n-CO-0-C(RR2) -0-CO- (0) - (1)

(where R! and R? each represent a hydrogen atom or a



(wher e, R[err] and R[err] each represent a hydrogen atomor a

-4- carbon-attached nonoval ent organic group or Rlerr] and Rerr]
toget her form a carbon-attached dival ent organic group and mand n are
each zero or 1). Such units are particularly rapidly degraded by
common esterase enzynmes 5 but are relativgly stable in the absence of
enzymnes. These polyners may be formulated into
m croparticl e- _and/or | oon- coataining con rast ents, by, for
exarml e, emul sPBREEBCARLAGBSS ERoYa et Srigndd utanpyey Ry THE R

above- nment i onedogRtAe@4587h5a barbon-atvichkchedr davh}ehe oeganiargrbup a

i sper sin0 a0%Ghy fi Gng n ard SHELAGLER! ol 9)0° BLERCLIANT Log Such
processi ng; rOV|8e3 fhat SERe &ar 3 srol 0gi ca

acceptable it paytlcﬂlaxéyr@dp1§AYrdegrné§dubYtﬁemmpnaesteraspr@@uQMps(n

exanpl e tOse”hﬁﬁEeaEEer@i§E§6§E9'Ethﬁlé51n ﬁﬂ@labséhég'bfténggmbge contrast

agent mcroparticles m crobal loons_in the intended carrier
medi um w@h§§P1P21Zm§€§cW?He?ep§P?WEFaESQe8nE8ntrast agents

conpri sing nicmﬂbubbhealgﬁegaanavoa &d&r@bﬁ@@b&ﬁﬁcontalﬁﬁﬁ?p&bhﬁkﬁﬁtby
ILic,mletles,

Wi ch ey 11 GRGERLE BY.  BSEnearRBle: BBt Ao ecRRLAES BhehomRYl a (1) as
descri bed abovehoskedescaibedstinaghet aboay-méntioned BRakpbe580dsSpreftar ed
o)) T ShtY) SO BN A90EE pocesBEB B § afpBerBingZabint| Celeh

sol vent is a éﬁ@ﬁp@gaatedtpyb@hpreﬁpntpﬁurnagnguéhlpgocesglngn t he

formof mcellgsovaaddt gﬁa%afc 8 s6easkhRki B8 physiologelynyl sing the
anphi philic noreties an esired vin volatile qrganic

sol vent, e.g. Bfcsptabdeajsr meyenif desiired, b@eaﬁsgéépﬁge&ntﬁhﬁ fAaadyr f ace

active prOpertpQ&dQEtEthﬁobkEﬁbuéaEbeeﬁﬁﬁhbéhth@SdEBﬁer51b1&Qﬁ9€
unnecessaig t he I cation
(0]

eou %ﬂ factants k
T oeodur ok¥or antnory srabtadtyTRE Bhe' BRuRRhRr Baent miSRPBALEISIEE) . for
exanpl e, thensahdé¢er3microbalapopngolipymehegintpndegd, carglehydedﬁhmllc

pol ymer gr ouPSBUGR /39209 ¥RXYE BELER81GRALBasdy WBhtr88t agents

comprising microbubbles of gas or a gas precurser
encapsulated by non-proteinaceous crosslinked or

20 polymerised amphiphilic moieties, which may if desired
contain methylene diester units of formula (I) as
described above. These contrast agents may, for
example, be prepared by emulsifying a polymerisable
amphiphiie, e.g. 80 as to yield an oil-in-water emulsion

25 in which a volatile water-immiscible organic solvent is
encapsulated by the amphiphilic moieties, e.g. in the
form of micelles, and thereafter crosslinking or
polymerising the amphiphilic moieties and, if desired,
removing the volatile organic solvent, e.g. by

30 evaporation. It will be appreciated that the surface
active properties of the polymerisable amphiphiles may
render unnecessary the use of extraneous surfactants in
the emulsification procedures of such processes. The
polymerisable amphiphiles may, for example, themselves

35 contain polymer groupings, e.g. hydrophilic polymer
groups such as polyoxyethylene chains, as well as
polymerisable groupings, e.g. (meth)acrylic or other



pol yneri sabl e groupings, e.g. (nmeth)acrylic or other

-5- pol yneri sabl e al kenyl or al kynyl groups, and hydrophobic

groeups such as long chain al kyl groups. The present invention is
based on the finding that . pol ymer - based gas-contai ni ng contrast agents
in which 5 mcrobubbles of gas are encapsul ated by non- pol ymeri sabl e
wal | -form ng bl ock or graft copol yner surfactants possess a nunber of
advant ageous pro ertles uch ¢ Etra t agents ma

eri 1835 f Uy ﬁxgigiﬁ ig
excel | ent st orBgLYMeTrigpble) plienyl ghoalsyR¥l| ¥GUBRg 2B PESFORRPRIF in
vivo 10 f ol | gwbugsadachi abr Abhgnchaihealkyl gewvepal passages of

: ey o S on:
Chey can be desi gt oPLRIaHE, thERhELoR" B baBLEMATPHE inaihd) BELLO"
Moreover, it ipopywerbbaspd gas- cgetecning @©ntneshaagaetandnswhecbf t he

vari ous reglonalééobueﬁleenafn QfaEQeeHEQ§5u9£t98a5§ ool yrer to

i nfl uence pr opertles contr ast ents suc as their
stability, d|sE@lXWEFFF??lebWéFégﬁ@ﬁmlBg Pekeqregratft copolymexhe fact

Lhat contrgs; Qﬁ@??étaﬁﬁgr bBgeks &Eﬁumber ??vsdvaﬁaagaauée?ﬂb%ar?méseasiIy
e prepared difec ock or gra YyITE ctants

as descrl é?ggnﬁ?PéFaSP agerps 4 @Xn?ﬁgégﬁt ﬁif?ﬂﬁ 8 oragge of
prepglypﬁrisedsmabilioynang gopd| gtebisityashdntontrasst effeay imteivel s
avoi ds nee S s e §¢9. as
are descrf EOigéygéa aéé?é%ggﬁgélo?h ?ﬁeénge%d%%?gggédﬁggéggéuen Iy to
renove bycprgumatsoandnotheesaaae@ffadminaﬁbraaiensbzhlatravenous

nitiators fromjbe: poRUEhSy! Bafll 88T k81 5REA 0! BRllbrgo rRBYAI Of 0TI Cal | y
acceptabl e; contrast agents tal ne from, polymer starting

|y
material s nmay Alegegpadatipnprheyeabier- storeavear, i hkedPi PysehhechHt r ast

agents obt ai negdeD¥cELBASLENKhAInAtupPe! ¥ABI 8$2bi 6F the vae26Lk0REgions
Furt her nor e active t es t he bl ock

| t
o grart ESporgresonaind Gr, LBE BLOCRCST apantr crparher Ep TREurhPE 1o
prepare 35 conbpastiageofsthecoondtngst oagért sngechi aa bheir

enulsificati0nSEgﬁgfigygsdwgbggg&byfigg’e%iéfgsfggl properties etc.
The fact that contrast agents according to the
invention may readily and easily be prepared directly
20 from block or graft copolymer surfactants, e.g. as
described hereinafter, is also advantageous. Thus the
use of prepolymerised wall-forming copolymer surfactant
starting materials avoids the need for crosslinking or
polymeriéation reactions, e.g. as are described in WO
25 92/17212, with the attendant need subsequently to remove
by-products and/or residues from materials such as
initiators from the products in order to render them
physiologically acceptable; contrast agents obtained
directly from polymer starting materials may also
30 exhibit greater structural integrity than contrast
agents obtained by crosslinking or polymerisation
reactions. Furthermore, as a result of the surface
active properties of the block or graft copolymer
surfactant starting materials, it is possible to prepare
35 contrast agents according to the invention by
emulsification techniques without using extraneous
surfactants/emulsifiers, although as will be described



surfactants/enul sifiers, although as will be described
- 6- herei nafter use of such emulsifiers is not precluded wher e
desired in specific enbodiments of the invention. According to
one aspect of the present invention there is provided a contrast agent
conprising gas 5 mcrobubbles encapsul ated by a non-pol ynerisable wall -
formng block or graft copol yner surfactant. The term
"non- pol ynmeri sahl e"._as, used herein i respect .of the_copol r
surfactant | ndPAESBSEREE PRFSOT Suchaemilgi B BRE A8 Rbr REFEy Giter go
further 10 peherer deatired éngspeoifng pmbpdiments of tbe dhventiomant r ast
agents according {0aLRe-BKENELOBRe! Lok BE the p2RBREE! 3h6dnti8h the
wever, e e o urt her

copol yner surfactant may, hd capa ur,
pol yneri sat i onthexet ienProNdded a copsrastExpgent CORRriPdRS BR8N will be

encount ereg i N deBoblPblesl LhVEPEAN6EEd by a non-pblombeiBubial Wwafiarm ng”
as used herein_in resp e copgg%ner surfactant indicates that

t of th
this material formipg Eﬁﬁ&#eﬁ?l?régﬁaSPBo et 8PEERACEE™ o form an
encapsul ati ng structTheetbam Mmgoa-gelyvmedigaple® ak d8ed hekedhni iy W t hout
requiring chemcal reactions such.as rosslinki ot further ..
bolymer f sat | onFaPEPEoPr: She; AEpoLIher, prrfaftany, dpddeRtery Fhatrtnier of
exanpl e, take tnhéerial wadi obtsobirruaikilyr updetgol €ésxrtbey. conpri si ng one or

nore encapgul a aLctahupbles . 2 Ll
encapsula??ng Eggyﬁgg%gbg%gpeg'érsgg?éggeggégggétggPiéﬁi&ggag?ier.
The surfact ant cppspasti ageptscapesPyAdng ioeiheninventientr adt waddt be

according to ta?pke\'s&atleantwbltl thar BBbbYymer sakFaethneMnble BbGEQREE iN

the copol yner of “separate %O r glons of dQmains having,differ nt _

| yophilicity. PRosgpable g nﬁHﬁF§ EnBOSYMRELEALHOR F@SFgﬁgnﬁruﬁ f&i ns wil |

be hydr opfiblrec exgtemae conditienst BhAanr @glonbeoendounteted in wulch be -

hydrophob%&l,e sug@ thaE tge gopolynpr exhibits anphi philic properties.

It may, h ver - §PEE-Be 55 possi ble to use copol yners contai ni ng

separ at e regions Theotetdmmiivad lefbirbingfgasf osedxhepeén dinf respegtdegr ees

of of the copolymer surfactant indicates that this material
is inherently capable of interacting to form an
encapsulating structure having a desired degree of

20 integrity without requiring chemical reactions such as
crogelinking or further polymerisation to stabilise the
structure. Such structures may, for example, take the
form of solid microparticles, e.g. comprising one or
more encépsulated gas microbubbles, or membranes or

25 films encapsulating gas microbubbles dispersed in a
liquid carrier.

The surfactant properties of copolymers used in
contrast agents according to the invention will normally
arise from the presence in the copolymer of separate

30 regions or domains having different lyophilicity. Most
commonly one or more such regions or domains will be
hydrophilic and one or more other regions or domains
will be hydrophobic, such that the copolymer exhibits
amphiphilic properties. It may, however, alsoc be

35 possible to use copolymers containing separate regions
or domains exhibiting, for example, differing degrees of

hydrophilicity.



hydrophilicity. -7- Bl ock
copol yner surfactants which may be used in contrast agents according to
the i nvention include bl ock copol ymers having two or nore bl ocks of
differing | yophilicity, for exanple in linear di-block, tri-block 5 or
mul ti-block arrays, e.g. of the type A-B- A-B-A B-A- B or A-B-A-B-A-B
where A and B are pol yner bl ocks of differing Iyophilicity e.g.

hydrophilic and hyd hobi ¢ bl ocks _re tiv Bran hed st.ruyctures,
0 oo the T 1y pEIBEReppoLymer" St AR tREE s WB . Red B 4l 18 g o
the type 15 [ ecohtrast agem&sab&@ohdlegptoyeﬂe 1nvent10nThaciuﬂe biloake or

ot her type of h e el y small in
order to %F@%ﬁy%%%e5|a%gnﬁgg %IR? % Big%k%lcgbgﬁgﬁ%%1%$L for
example, in théy@@belefclwoclfoe"opmayMres 1@oﬂnaenrngll blogkdr dgtii- hlecémd
hydr ophobi ¢ bl eekfniit1TRY otk axra3dya8!8qeaEschl EobeCh SR pShied a-

hydr ophobi ¢ bl ocks 1 n der to rendér _the copolymer water-sol'u
In general whePeO¥néiP-&iBed- FI&@@§eaPeaBﬁe§eﬁFe po VW§§eb%&Fk§n@¢ude bot h

ol igoneric gr ouasfe&dngua.s:bpmhcaewrrer g6 ﬁ?ﬂﬂb@hlua@ HEiAN Gy A ORHOL &

, which lLe i b
3 0% con O Btbeks reBpeh TR 1T BrARcHRE, FEERoEARRES 8 o' oF gkl 3 2°

possessing a deékpeabl e repeating unit. Copol ynmer s cont ai ni ng such
ol i gonerigsor quasi-polyneric bl ocks are sonetines described in the
art as "extended
A
' B

and macrocyclic structures, e.g. of the type
15

TN
A B

M~——
may also be employed.
_The size of one or other type of block may if
20 desired be chosen to be relatively small in order to
obtain a desired hydrophilic/lipophilic balance. Thus,
for example, in the case of block copolymers containing
hydrophilic and hydrophobic blocks it may be
advantagéous to select small-sized hydrophobic blocks in
25 order to render the copolymer water-soluble.

In general where small-sized blocks are present
these may include both oligomeric groups and quasi-
polymeric groups, including monomeric groups, which may
for example exhibit polymer characteristics (e.g. as a

30 result of the presence of long chain units) while not
strictly possessing a definable repeating unit.
Copolymers containing such oligomeric or quasi-polymeric
blocks are sometimes described in the art as "extended
polymers". One category of such extended polymers

35 useful in contrast agents according to the invention
comprises hydrophilic polymer blocks linked by
oligomeric or quasi-polymeric hydrophobic regions or



pol yners". One category of such extended polynmers 35 wuseful in contrast

agents according to the invention conpri ses hydrophilic polyner bl ocks
| i hked by ol i goneric or quasi-polyneric hydrophobic regions or

- 8- domai ns. Gaft copolyner surfactants which may be used
I n contrast agents according to the-i8vention will normally

conprise a first polyner having branches of a second 5 polyner of

di fferent Iyopabhaghgy along its length; if desired either the first
or second pol yner be a bl ock copol ynmer, in which case the

surfactant may be Graftecnpglxmsro§ur§a§tan§§pvhy@brmaanbeuysﬁdl1pype of

graft COPO'y”EEoﬁﬁkﬁéﬁtQBEnEQ”HEbéﬁalﬁghiérEBEOQthﬁgloHOMXEEFnQ%&%EQ%e
havi ng branches of hydfophi lic along its [ ength

Copol yner surf§€W§ﬁF§elﬁ ééﬁFFaEPlxﬁéﬁt§aX&BSrHFﬁ&°heS of o a; §ESPREent i on

may, for eSa”Dbélyﬁé&tafndhfﬁéQéht|l?ophlllbﬁﬁyoa&oﬁg degnileagdnr;i yed from
pol ynmers such

acc pol yal coh ol yyin
B cohory, " SBgigerh it BRRoFPRoRSE hopy PRy PEe PRLYROF Ay beh
pol yam noaci dsblBokyrepslymelr, asnpwhycoht kaset ehe, surfacpahyamayabe,
pol yanhydri des gLy aly( ) hC dsg cand
derivatives SutﬁB@%ﬁé%tggéb§0§95?E COBPl %st??&?e %?h%egg§é of by
hydrophilic greupst Copoﬁﬂweal§Ur§éC§§@tup°mE@h§ﬁ§sﬁ hgéﬁ??h@bﬁ§r|5|ng
copol yner 1§urf§6§?ab§ bacmbﬁe ha’%lﬂé_{gdbﬁ?aﬂbhéﬁ B?Qhoﬂ§drogh€?.'11@0_”a' ns
consi st essentlal | ene g units may be particularly
advant ageous. P81 Ymer a ﬁ@ 5F§séﬁ€€ B+ charged groups within the

hydrophi l'ic reglonscapodgm&rnSuﬁnacbanadvaﬂtagﬁeuasslagents actbeding gh

wat er - solubllh§¥ ggx ﬁerni .use_of rglat vel §1 sEaLI EygrogpLéLc

regi ons or n PEFRELPBNERY SOk PRRERSucROEhArJedYSHEE s Yay al so

enhance t he 30regsbabi birt Jombidesderiveds fobmt pelywmpobysachsasf act ant by

i nhi biting.agg Lol gi : | '

copol yrer 25 pE39batBnariace, ol ILBRNTR' 16T BBTyEinyR BBSHLD) .
polyvinylpyrrolidone, olyethylene glycol and

polyaminoacids. Polymers such as polyorthoesters,
polyacetals, polyanhydrides, polyglycolic acids,
poly(meth)acrylic acids and derivatives such as esters

20 thereof, substituted as necessary by hydrophilic groups,
may also be useful. Contrast agents comprising
copolymer surfactants in which the hydrophilic regions
or domains consist essentially of polyethylene glycol
units may be particularly advantageous.

25 The presence of charged groups within the
hydrophilic regions or domains may be advantageous since
their high water-solubility may permit use of relatively
small hydrophilic regions or domains; interactions
between such charged species may also enhance the

30 stability of dispersionslof the copolymer surfactant by
inhibiting aggregation.

Hydrophobic regions or domains in copolymer
surfactants used in contrast agents according to the
invention may, for example, be derived from oil-soluble

35 condensation, ionic and free-radical generated polymers,
for example poly(meth)acrylate esters, polyorthoesters,
vinylic and styrenic polymers, polyacetals,



i nvention may, for exanple, be derived fromoil-soluble 35 cohdensation,

i oni c and free-radical gener ated pol yners, for exanple

poky(net h)acryl ate esters, polyorthoesters, vinylic and styrenic

pol ymers, pol yacetals, -O-

pol yanhydri des, polyglycolic acids and ethgrs and esters t hereof, and
pol yl actic acid/ polyglycolic acid copolyners such polyners may, for

Sk 5 o o P YgRnyar alls, BOTVEIYCAINES Al BHE ARALNSE B0 YR N P
Eﬁgrgp?aﬁ:ghregb;giggérgffggzgzzgftaavan;igﬁggiygézgoléigng;i%? a pol yester
ersa ridcs rate

contal ni ng one o atic grou

pol ynet hyl ene §Fobgspubsgituted wigd bydsophobpe H?@P@Eh@ﬁﬂ% Bﬁoeagyﬂay

particul arky aralk@ﬂ'%&nﬁﬁyﬂhgfwﬂﬂs-%@rEh&&eBBQDEhthShQH Ry
surfactants mhl h ggye w, wat er - 5ol ubi litye. ese ropertles

are (at least M bigs Fegigns or gBﬁhHBVbapﬁ?QFQ@FPUﬁ ¥ The
physi cal statec@hp&ﬂeeli polgestleebichainhodwhiehgmayhbdehan ol igemdsiico form

t al h t t har d
sof thess t her o8F HED LaPoITHEYEE R3S £oReATHIAE SnerRiClBRR Tons
regi ons or donmehadnohltipbatdoolyorps (e.gsufipet elyrstineléne naxowpskct |y
or throughga "”kerFF%0s1z% %f tREp kﬁ%ggh@bﬁelﬁiébﬁgt kg 9%1%%9 593K ©

group or a nul tifunctional orgafic group such uni t
occurring i n oddfduenge F@@|UﬁélgﬁO@ﬂﬁﬂghgrOpertleS °ﬁs°ﬁ§91§m@F'ously been

noted, pol yner sha¥aétants W@ﬂbhﬁ%hv%gqahsw%EQELéodﬁbh&QE& eb§ biwpidegr adabl e
in 25 order t faC|I|tat% their U|tlnﬁﬁe eli,m nati

.
absorption by tRESEcBErOPEEEIEE a¥Re (@bndrast &Qeﬁ?§t8fthe reFH&t Rfent i on
are therefore pyéfrephbbycbiategaatdbne. The phgsiealdpsicatecofoltyweer

surfactan whi i r o] bond i.ch_ar abile. i

Vivor CThe Teopory AEPESEERE BiBek o 5 8 R eREr ofly B Hs! Bl ERams BryBeal
advant ageous| yor amogphosien s&eiudtiuziesl andotte, degyeeasfi hagdngsst lbaest er s,
pol yacetal s, gb&%ﬁg%grhﬁéreBQ'y&%¥09h56 pel 4% Mortancelhers, esters and

pol yl actic aci copo yners her eo
different regions or domains of the copolymer

surfactant may be joined directly or through a linker,
20 e.g. comprising a polyvalent atom or inorganic group or
a multifunctional organic group such as a monomer unit
occurring in one of the regions or domains.
As has previously been noted, polymer-based
contrast agents should desirably be biodegradable in
25 order to facilitate their ultimate elimination from or
absorption by the test subject. The contrast agehts of
the invention are therefore preferably biodegradable,
i.e. comprise copolymer surfactants which incorporate
groups or bonds which are labile jin vivo. The copolymer
30 surfactants may therefore, for example, advantageously
contain acid-labile bonds, e.g. as in polyorthoesters,
polyacetals, polyanhydries, polyglycolic acids and
ethers, esters and polylactic acid copolymers thereof.
Other potentially useful copolymer components ekhibiting
35 biodegradability include polysaccharides,
polyaminoacids, polylactides, lactide/ lactone
copolymers, polypeptides, proteins, polydioxanones,



Q her potentially useful copol yner conmponents exhibiting 35

bi odegradabi l ity include pol ysacchari des, pol yam noaci ds,

potyl actides, |actide/ |actone copol yners, pol ypeptides, proteins,
pol ydi oxanones, - 10 -

pol y-[err]-am noket ones, pol yphosphazenes,1@nd pol y(al kyl

cyanoacryl ates). A particularly useful class of copolyner
surfactants in c nt rast ags accord

t .
enzynical |y bi 88 tfa gdéﬂ“llé‘ ﬁﬂa@nepo h&ﬁ?&‘?@len&sdulﬁgl\ée% Id'ortgﬁ'?(fy alrrEI a

(1) as definedcgbavacrylatejanpl es of such grous are described in the

af orenenti oned publ i %%%tl%bﬁ%%g&’QQQEPEaEEQ%P ﬁﬁ q@ﬁ@#¥ﬁ% tions Nos. WO

92/ 04392 and WO 93/ contents o ncor por at ed
herein by refesumfactants in copgresthagents eiccoadimcatO th® err] and

Rierr] (whgn Oglﬁ ntion H&%‘%a‘iﬁd"e?&%ﬁcﬁﬂ BQBd%é%‘Ma%leeﬁ@%h&Q%%se”t a

car bon-attached hydrocarbyl or hetefaocycl |c anpl e having
1-20 carbon até#@St@IQST§NRﬂr|&h&tléflgormﬁﬂéuﬁIéu@ﬁ é?f&RQQ E%PW%‘ al kenyl
group (preferabkumples RFVishghugroasl@readeerabeds in @h@ycl oal kyl group

(preferably havin 10 ca n _at r I ¢ group such
as an aral kyl GFS%Fm%ﬁ&éF@ngFVESlS%eﬁng%ﬁﬁrﬁﬁtﬁgnfg % 8% atons), an aryl
group (preferahbpli&atlbmglN@supWOoszaoaaBnoandtmnsp3dﬂ7almet¢h@cycl|c
group haV| rho t 0 I

sel ected rom Sg’gt%%&SNo IY%%C?I Vi rgg‘gr %ggr%%d rher{% ?‘ %g’f:ycel I'C group| ng
may carry one or noda ﬁ@n@tm@n&B Of fogmu&ps(§dcﬁla§ndaR5g@Wthcnﬁh

groups of the N@éfr I LR OR[err],
-SR[err] and E%%EF srl a ere e?#F[gﬁﬁhﬁﬂgffuBE% rhg[esgggh ydrogen
atoms, acyl gr68Fboy-avf@ches hydrocarbyloeys &§eﬂ@FWﬁ@dcfSFORPerﬁPrand
Rlerr]; R err] ek&n@l@yfﬂl@%@& arom carbonaatéﬁﬁé' @r.oup a8 a3 iphatA.cas defined

f t
NG s AP T ETARICE N T ST KT
di val ent ha , 10 rbonh exangl)e, ab callkyili
aiﬁgnirldgLQUp kgzzglmpwmph c% n¥le;gpge eygzg%éfngg?ﬁ§$1ng up to 10
atg w%bﬁ# N ; o 3HaF

car bon may “C one~or nDre unc groups as
arallphatlc group such as an aralkyl group (preferably

having up to 20 carbon atoms), an'aryl group (preferably

20 having up to 20 carbon atoms) or a heterocyclic group
having up to 20 carbon atoms and one or more heterocatoms
selected from 0,8 and N. Such a hydrocarbyl or
heterécyclic grouping may carry one or more functional
groups such as halogen atoms or groups of the formulae

25  -NR3R%?, -CONR3R%, -OR%®, -SR® and -COOR®, where R® and R*
are each hydrogen atoms, acyl groups or hydrocarbyl
groups as defined for R! and R?; R® is a hydrogen atom,
an acyl group or a group as defined for R' or R?; and RS
is a hydrogen atom or a group as defined for R! or R2.

30 Where R! and R? represent a divalent grouping this may,
for example, be an alkylidene, alkenylidene, alkylene or
alkenylene group (preferably having up to 10 carbon
atoms), which may carry one or more functional groups as
defined above.

35 One preferred class of units of formula (I)
comprises those in which R! and R? are each selected from
hydrogen atoms and methyl groups, e.g. in which R?



‘defined above. 35 One preferred class of units of fornmula (1)
conprises those in which R err] and Rlerr] are each selected from
hydrogen atonms and nmethyl groups, e.g. in which Rerr]

represents a hydrogen atomand R err] represents a nethyl group.

. If desired the properties of the wall-forming polymer may be nodified
by a softener or elasticiser as 5 descri bed in EP-A-0458745.

Any DI ocompat | Bl 435,F8Y DFyATBLENCACbR LHE &2 reSADLLASE Adfoifypl (he

i nvention, for trogen, oxygen, ydroge us oxi de,
car bon d|§%PH§ hel i um argon, sul phur hexafl uoride and | ow 10

nol ecul ar wei ght 0p&f°8€bh¥eﬁ|Hﬂé'B%bﬁérﬁiééoéﬁréﬁéswall fé¥mings Met hane,
acetyl ene or carbon tetraf Luorl uorozlkane such as

per f | uor obut anBOSYMer maye FIGBS&S&%%ahX ﬁa?OEEgﬁﬁyaﬂFaﬁ BEEICLPRE §Fs may
be free wakbepibba encapsaLausag4structure formed by the 15

copol yner surfactan ai ned i conta structure
W Ehi the encapsul AFFnB etPABRERELS) Bag Py P& SRRLERRR ipaFbE that the
term "gas" as usadrhsteagents ofnthedésvenyisnbsfancexamptes asdrin gaseous

format the ? ?%g'lnggﬁgn ﬂﬁgksggﬁrahH£§88E §§£Sérlgér88n The

contrast agents 0 porate one or
mor e addltlonaﬂléﬁﬂﬂgvfh@iéumioﬁrgon: evdppus B@Kéé@é@riﬁgnﬁﬂétﬁQWaC|ds

(e.g. strapght mehak@lar weiéht” 8pedofk1uPsalybai adrEat h¥d§6b§§boh§r exanpl e
cont ai ni ng 10- 20 arbon a and carbo ¥drate and 25 S& cerlde

esters thereof 8Uf ogﬁhﬁFFbPﬁg s (Begtylene PE caRPAR tHFLR t8eg. ¥PBunins
such as human sgr perfluorahbkane}, snahyabhpéeﬂEugkybﬁtanandrbIock

boly(oxyet hyl eREFERGERBEBLARE bR BRcAaREntndRdieesy ThE kas, may, beng
ext ended pol ymEree wBthik thpoépaapsulatiagubttﬁbtusenﬁyrmédrbyxahple, have
?OfLrLgaLO ;ﬁ;§o Ym%? @%E%b?QnEO ﬁ5g0§ CQQQ#%EHédUEEd a?8chf&iWahly
structure within the encapsulatlng structure. It will
be appreciated that the term "gas" as used herein
includes any substance which is in gaseous form at the
normal human body temperature of 37°C.

20 The contrast agents of the invention may if desired
incorporate one or more additional emulsifiers, for
example selected from fatty acids (e.g. straight chain
saturated or unsaturated fatty acids, for example
containing 10-20 carbon atoms) and carbohydrate and

25 triglyceride 'esters thereof, phospholipids (e.g.
lecithin), proteins (e.g. albumins such as human serum
albumin), polyethylene glycols and block copolymers
(e.g. poly(oxyethylene) -poly (oxypropylene) -
poly (oxyethylene) block copolymers such as Pluronics),

30 including extended polymérs. Block copolymer '
emulsifiers may, for example, have a similar gross
composition to a block copolymer used as the wall-
forming polymer surfactant, but may exhibit a different
hydropholic/lipophilic balance as a result of, for

35 example, different ratios between the contents of
hydrophilic and hydrophobic blocks.

Microparticulate contrast agents of the invention



hydropholic/lipophilic balance as a result of, for 35 exanple, different
rati os between the contents of hydr ophi I i ¢ and hydrophobi ¢ bl ocks.
M:croparticul ate contrast agents of the invention

- 12 - may if desired be coated, for exanple with one or nore
coating materials such as polyethylene gl y&ol-s, proteins or

pol ysaccharides, e.g. to nodify their aggregation t endenci es and/ or

bi ol ogi cal pr opgyt s PSqedived pe £BBELAS! £80CELANBEEOKILATIch bbembpyenti on
. may be use n"a variety o |agnost|c i magl ng technlg es, )

i ncl udi ng ul t recabiktg WREaRdaks gYC nﬁﬁiﬁ@lyqﬁgYFeH§eglyc Rﬁ'dP§BFS%P?C
ultrasonic '”?8&”ﬁo§9§ab6h&51&€§9'egg.etg-modifgsthéi@eaggbéghtionontrast
agents, constitute preferred 10 ,fiaturei of the_i.nvention. For
ul trasoni c appteRIenERessanA/qt biologlfigl PEPBEFEPRT: in order to pernit
frfﬁ Fﬁssagef tCbﬁugastpagantﬁDaac¢rdyageﬁoanhetdnaehtéwa mayohence

W e preferred i.magi ng_firequency. - 1 L, may be
convenient to Bﬁﬁao nngcV%S&Sgﬁe?%hé%géagggyg gﬁ;géggaggcgﬁégug%'o.{-10
[err]m e.g. lificledihg ultrasSubd;aMRi anfyXzpyeimagBbPes, Thedr Weeh
average sizes 9f ajaqriigciQ B90-LEONEE LARKIHGVRKEY Lheusehiing 0Ll

appl i cati ons, ex > gastrointestinal “I magi ng or 20 I nvesti gat.l ons
of the uterus 8e Pupreptikiddbyscontrast ageHF§roE&PFF&GP&FeP€8%FF &d

agents acggrdi RgatArkBeof thel A¥OBhteBnTRY, for exanple, be stored and
transported in dry form in mhlcg,condition é@g wi |l normally be
stabl e i ndefi nit el yFoBe g TRELB WAPR AR3LPPPEpPIECe S5  liquid carrier
ge%?- fter!le waheealrdiogiiaptiyi, 0An orderphys pelradicc freealpaseage phosphat e
buffer) prior mnirstration. Lo _thi . C rati of the
injected or pthgfﬁng % e 8P€5Yb8XFF§§ta§82§¥ %%?1%8% %%%oﬁgP@%a at
ggll, dependlngiur the prefiegredatimagiog firequency ofeadeyta®pli-d& i on.
ntrast ent e | tidg% : Al Sl @ Rthubb 184S BRRS in

such carr?grs,ﬁmg’ &gsg%'i%%ly vgﬁlf gaﬁgr%sgﬁe®bfllhe encapsulatirrlgln
pol ymer nenbr aan pyexsgsarsitzey &fy 0-dwl0afdlyof -Ghe 1-7 4m.

Substantially larger bubbles, e.g. with average sizes of

up to 500 um, may however be useful in other

applications, for example gastrointestinal imaging or
20 investigations of the utefus or Fallopian tubes.
Microparticulate contrast agents according to the
invention may, for example, be stored and transported in
dry form, in which condition they will normally be
stable indefinitely, being mixed with an appropriate
25 liquid carrier (e.g. sterile water for injection,
physiological saline or phosphate buffer) prior to
administration. In this way the concentration of the
injected or otherwise administered contrast agent may be
varied at will, depending on the precise nature of the
30 intended application. Contrast agents of the invention
may also be stored in suspension in such carriers,
especially when the porosity of the encapsulating
‘polymer membrane is comparatively low, and/or the
encapsulated gas has low solubility in the carrier
35 liquid.
The contrast agents of the invention may be
prepared by any convenient process. Such processes,



encapsul ated gas has low solubility in the carrier 35 l'i quid.

The contrast agents of the invention may be prepared by any conveni ent
process: Such processes, - 13 -

which in general will involve interacting a gas with a

non- pol yneri sabl e wal | -form ng bl ock or grk¥t-surfactant So as to
produce the desired contrast agent, constitute a further feature of
the invention. wich in Ige%%ar 285 §ALa! '1‘fﬁrd1‘v%r %%%%&%’é'ﬁb‘ gngfa%cm'tqp%s for
the preparation of mate | s _encapsul ated by a nbrane of

pol yrer mat er i Aongpelyaerisglbd g walil-&ozming b1°CkS&€h95§ft SurfaCtant

"M croencapsul gd @ %fa)dff@@d%f&d tRel deBioeds tRhtrast adenkt, DcohReds\tuthdr cel
Dekker Inc., NEW/Ybr .Contrast agents accordlng to the

i nvention may 2 %?Q%HFF B bhepdP¥ERS¢ OBmul si on techni ques, e. g.
such as ar& known Imd@réq@ﬂﬂﬁﬁ&Veahhcrﬁu@ha@@@ﬂ&&i@& technigyelsy ficaal | y
I nvolve (i) genera | enul si | r0 i d
hydr ophobi c phggés W a%%tl %fo%aterl ﬁ%”%ﬁc%@@%&%%%n pg p%@ﬁgTentlally
sol ubi | i sed membrramleeqf podyved piaé;sae'ltaﬂelae*@f descrdbgdstin Bdted adhaet

the interfaces dyehngen "%ﬁ'c‘}o@i’l%%‘fx%ui%@lﬁrﬂ )anabh@lwt@a Drug tP%c‘é%% e

contrast agent from the enulsion.” Sing enul si ons nay be

generated; in O¥eR-&-t Deag¥seMpgcely P@k@@}?oll@ﬁer' Q‘Gf“‘f Xp@P-”&nt(l\?nsl‘*l) -desi rably
be phef er ent i aldonty@lsh aljen®d akcrddngt tobehed iakent iohe may

interfaces of the finest i nner mys ersed hases
Ry bSant at | ve RAVERIEDIY, Pe; B Spared by, emulddon seqBoipieed. o om0
93/17718. 25 such aBhereyknopii LiinC/thepppiliviver baltancsueh pepoklpmes
sur fact ant Sta%Flng?iﬁﬁgﬁhilﬁgrnl % (isl E%gakgngjgs emuls$d ol yners

appropriate to 57 p processing.” Thus, for
exanpl e, the pﬁ@mwggﬁn@gomydnophlllc @@ﬁUthr©@b@b}@ePhgaﬁSaMb@ﬁﬁsnus|ng

oi | -in-watgr 3Qne mft&%t%.‘ilx\éaﬁrsa%%'f%refllt 'mx, abienhg ikespi bl e

to use an oil-in-wat | si Ol’l t o process copQ surfactant

havi ng a degreénoﬁhﬁa@éﬁ9§m Pﬁ@@ewﬁ@ﬁgepﬁeor is ﬂ&?&FJ?GFGSIébSNGcks are

such as to creghe Shit@¥Faces between said phases and (ii) obtaining
the desired contrast agent from the emulsion. Single or
multiple emulsions may be generated; in the latter case

20 the copolymer surfactant will desirably be
preferentially solubilised in or distributed about the
interfaces of the finest (i.e. innermost) of the
dispersed phases. Representative multiple emulsion
techniques are described in WO 93/17718.

25 The hydrophilic/lipophilic balance of copolymer
surfactant starting materials may be seiected to give
copolymers appropriate to a particular form of emulsion
processing. Thus, for example, the processing of oil-
soluble copolymer surfactants using oil-in-water

30 emulsions may be advantageous. It may also be possible
to use an oil-in-water emulsion to process a copolymer
surfactant having a degree of water-solubility where the
water-soluble blocks are such as to create strong
attractive interactions which slow the kinetics of

35 dissolution sufficiently to permit microparticle
formation in the presence of water; a similar approach
may be taken using a water-in-oil emulsion and a



attractive interactions which slow the kinetics of 35 dissolution
sufficiently to permt mcroparticle formation in the presence of

wat er; ‘a sim |l ar approach may be taken using a water-in-oil enul sion
and a _ - 14 - copol yner
surfactant having a degree of oil-sol ubi-l 14y .- Where it is desired
to use copol yner surfactants whi ch becone distributed at the phase

i nterfaces

) in the_f f £
useful Lo enpi SYPRLPBFEnERELRFFARE ShRY EY A fed5pe BECGRT2B81bELIRY, 0 ©
liquid crystalline Whenetmte$s deglrad to ubeanebpalyphusevrinekagsral or
reversed hexagg g' ppﬂéé&%e p{;ﬁeﬁh& eéheogh%@e%nk'é%h@egr 80kl d

phases of sur ac s In a mXxture wt
component s. in the fhgmh?drapﬁéﬁmcophﬁgﬁaﬁﬁténﬁh§?8ms1§eWéVaP§d in

accordancegW t joL1{;$ eap@ Fl@& EBEO@WE§S§uQEaEE§nts cabaweat bgn may, for
exanpl e, conprise a mm Sci nic solvent such as an

al i phatic, cycﬁgarﬁﬁﬁﬁﬁpé éPt95118Péﬁ|EHXFFEﬁsaPﬁcﬁFEBﬁtuEeﬁ Eofra@fi ng up
to 10 carbon ]amedlg®s hﬁﬁésexﬁéﬁh@oﬁamcbﬁneeversbdohbaagpnal phases,

di et hyl cycl ohexane, ethyl cycl ohexa thyl h n n

et hyl hexane, t&k éﬁePﬁ§ é@neoﬁrogﬁﬁ 5&ﬁ8ngt ¥pg§§%§ Shases O\%soprenmd
such as canpheaepolyhewoeaméacaaaﬂs haladmkanuresudhhagthﬁﬂhylene chl ori de,
chloroforﬂb sngggstetrachlorlde met hyl brom de or a Freon; an

ester such~as 8?W§ or propyl acetate, butyl formate or propyl or

i sopropyl butyrate Bhei dydwophebic phage of emylgieps ge@ezaked df ot her

li pophilic SO'&EEBrd%ﬁFe w1th The seadbal-@n oty hel Provesplof the prepared
usi ng conventional tech nlques such as agitation, sonicatian

stirring (pref &R¥BRYiRAgMaYpeEPTs EXARPAE)y GPUBERES Folrber - lm"&lgcﬁ\%eng
(e.g. high shegpg@ivicngblvielt @oRe WEEan aliphatfiagt a:lytclaxma.lplmg:a@.ls:lxy

et 1 P g s50LLeT oty dlepchd Ko PECIRSIREC T a0 ot
si ze of theomagafor sxmthpliec nclodtanes aWulmggﬂapepr@duced, thus,
for exanple, f%ﬁ%%%ﬁ?f&?@f&iéﬂ%%%ﬁ %&Hﬂf@f&lohexane, a methylheptane,
an ethylhexane, toluene, xXylene or a terpene, terpenoid
or isoprenoid such as camphene or limonene; a
20 haloalkane, such as methylene chloride, chloroform,
carbon tetrachloride, methyl bromide or a Freon; an
ester such as ethyl or propyl acetate, butyl formate or
propyl or isopropyl butyrate or isobutyrate; or an
appropriéte ether or other lipophilic solvent.
25 The emulsion may, for example, be prepared using
' conventional techniques such as agitation, sonication,
stirring (preferably high speed stirring) or other forms
of mixing (e.g. high shear mixing), the copolymer
surfactant advantageously being predissolved in what is
30 to be the dispersed phase. It will be appreciated that
factors such as stirring speed will influence the size
of the encapsulated microbubbles ultimately produced;
thus, for example, faster stirring tends to yield
smaller microbubbles.
35 One useful embodiment of this process according to
the invention comprises generating a single or multiple
emulsion wherein the copolymer surfactant is



smal |l et m crobubbl es. 35 One useful enbodi nent of this process
according to the invention conprises generating a single or nultiple
enul si on wherein the copol yner surfactant is _

- 15 - preferentially distributed about the (where appropriate

I nnernost) interfaces between the phases; Xnhd renoving ei ther the

di spersed phase or both phases, e.g. by evaporation, spray drying or,

e or et oL el brecbrentfaly B ABuclp UBRGLALRER (Ekkedporopriate

m croparticul a sion exa
be an oi | dinmexmost) \A@ttelrfuan'—e@ betswegnt shei pheisies, napgt emoving

emul sion, Y adyapbagseHikpRe sOphbbleed Bothl hRaWess e.g. byeated under
an atnosphere of the Is to be 10 |ncorporated i N the contrast

agent, if desi F¥@pPRra 1°“rr§@ﬁ@§dd§Wé§QUP€' EREes Prederabiyh as fatty acids
and est er 4y IaRkeIiRngs topgeheirate aowtlmeldeaﬁcqu%aculateand

bl ock copol yners a% as h relgggfore descr|a§ﬂ O% i f _de |r be
used in the enTPRYEAEL AFFYroc Epemgﬁi%a h&E*GM® gr

phase is renovet oilsdahwater, wateteisn-piéd orcwapart-ia-edlrin-ateacovered
fromthe gHﬂ%EF lonngﬁaaﬁy%%ta g%u%i leiy%%%&%&%%ﬁ % ot#erﬁ&se

filtration. eérnafive oCessS solution of t
copol ymer surf &xeated mndwrappr@§mp§pbeapr@¢|@hposaﬁ whichpigaitioc bsol vent

(e.g. a syghphoxiderPracad qhﬁ%h@/bontras%uhga%:ﬂdsf ae%x%acaet her such as

tetrahydrofuran or an N, N-di substi tuted ™am de such a

di met hyl f or mant§8ycesl Pressyrgad ﬁmpﬂséﬁlﬁaﬁe§ﬂ§hpﬁ§séaﬁéygac&éﬁn&ﬂé hi gh
speed 25  sti Eers@e)rsﬁomstphomi@cia@ t@&@t@&hﬁé%bo@b@hﬁr&bn‘dﬂg&bcmb be
coll ected and | pg ﬁ%gd to |e cropart H§ aan trﬁg gents in
accordance wit R Logke SOPRH: 9-affe Ee& eEorgy A8FTAPESous| y

contain a polymay if desditred be aseﬂ da phkyemmllsiflicaltdlono prpalessaner
(e.g. a 3Q P'Urong@%re 3 E%ghgag§a;ﬁaae fia s r'QGthkaﬁe gobaye:

menti oned EP—A—O458 f'ocess conprises injec ng a
sol ution of processc e pisroparticilest may be apspwsredt &remg &iviec

dispersion phase by, for example, flotation or
filtration.

In an alternative process a solution of the

20 copolymer surfactant in an appropriate aprotic polar
organic solvent (e.g. a sulphoxide such as dimethyl
sulphoxide, a cyclic ether such as tetrahydrofuran or an
N,N-disubstituted amide such as dimethylformamide) is
mixed with an aqueous phase (e.g. using a high speed

25 stirrer) so as to precipitate polymer material which may
be collected and lyophilised to yield microparticulate
contrast agents in accordance with the invention. The
aqueous phase may advantageously contain a polymer
material such as polyvinyl alcohol or poloxamer (e.g. a

30 Pluronic). Such techniques are described in the above-
mentioned EP-A-0458079. '

A further process comprises injecting a solution of
the copolymer surfactant in an appropriate organic
solvent into liquid nitrogen; the solution may, if

35 desired, also contain an additive such as
hydroxypropylcellulose. Alternatively the copolymer
surfactant may be dissolved in an appropriate solvent or



solvent into liquid nitrogen; the solution may, if 35 desired, also
contain an additive such as hydr oxypr opyl cel l ul ose. Alternatively the
copol yrer surfactant may be di ssolved in an appropriate solvent or

- 16 - di spersed in e.g. an oil-in-water, water-in-oil or mul tiple
enul sion, and the solution or enul sion sprig - dried, e.g. as described

I n EP- A-0514790. Coacervation techniques, e.g. as are known in

the 5 art, al so Jbe enpl oyed in prepali contrast. _agent

according to tﬁE%Pﬁ5§ﬁFi&H.e'g' %% OQ1C6 %%g gég§%%§§b%1ﬁg§3129%ntion may
al so be pr epdtdpley eswlledonng andp themeo Lagdbac paneswisiiong sgposg
filmformng p ties.as r . e 30 M&lg@phi i c/1ipophilic

bal ances and ngﬁggﬁra%° Fzg%_g%%%&Eb%%hP%hb?héfgFgrggﬁéve the ability to
sel f-organi se i nto Coacgryatign Sechnieyese- Bi-He 38 8&¥eukESWISidh tdspol yner

surfactantg mayrke weodati@oPbePam@lsyedt iNprebaringdicoP@hSistnagints
anphi philes in Ian1ggr or IaggILar form 15 which may be used to generate
gas- cont ai ni ng3CEOFEBg £ the 13¥eptiedy in WD 91/15244. M xtures of

E'Opgl yrre(rj o ﬁurfmohh | & m{agtwatghd' lenjtlzo sﬁha&ﬂepiiﬁSrebaidrnehiayaalwﬂdeet iC

i odegr adabl e S i pi ri ives e [ rfactants,
e.g. grepared %{ g%g%éi%gaS§3e5§§§ﬁé%§p§ﬁg#gfo%%9§P¥%5ﬁtf_hﬁﬁﬁggigﬁ¥> ocC.
109 (1987), P. £188) forpiingngiropertiesi asompaeatilitg ofokthieiilt sing or

viscosi tysjpner ﬁi’rﬁ%ghilic/&%%@ﬂ‘i%h b%ﬁg&l beE Eﬁb mB1eRU18RE o140 lang

gl ucose or |l actose, iy al’so be_used for the preparation of

echogeni ¢ vesi ¥hdsh ghgreforgedaviep s abipisyossssed f-prganise intg stil |

further varianpieklithe B&OQQ%&S%ineUl@.ke strulk¢eielsQn Bugds dopdlhatéxd
enul sion is prepared. in whic e di spersed pB&se,conprlses the gas to

-t
be encapsul at e§UrEactangs; mayhen uek EGpBE?P@Fesﬁ BEaons o
preferential | ydispersdonal efi anphdphideisd igolaminans ophdame 1lzar datras0

i cr obubbiLs SPESCR DBY B BREIER SHRTaCs drrnePicaining plictes 37 o

preferred enbodememibeld timi WOpLAJasS244. Miktugescods cdpodameed phase is a

hydr ophobi ¢ surfactants with phospholipids (as well as synthetic

biodegradable phospholipid derivatives of the copolymer

surfactants, e.g. prepared as described by Laschewsky et

20 al. in J. Am. Chem. Soc., 109 (1987), P. 788), optionally
incorporating solubilising or viscosity-increasing
agents such as glycerol, propylene glycol, glucose or
lactose, may also be used fof the preparation of
echogenic vesicles, e.g. as described in EP-A-0554213.

25 In a still further variant of the process of the
invention a gas-in-liquid emulsion is prepared in which
the dispersed phase comprises the gas to be encapsulated
and in which the copolymer surfactant is'preferentially
soluble in the liquid continuous phase, thereby

30 generating a contrast agent comprising a dispersion of
gas microbubbles stabilised by encapsulating copolymer
surfactant. In a preferred embodiment of this process
the gaseous dispersed phase is a hydrophobic _
perfluorcalkane such as perfluorobutane or perfluoro-

35 pentane and the dispersion phase is an aqueous solution
of a water-soluble copolymer surfactant, e.g. an
extended bolymer.



per fl uoroal kane such as perfluorobutane or perfluoro- 35 pentane and the

di spersion phase is an aqueous sol ution of a water-sol uble copol yner
surfactant, e.g. an ext ended pol yner.

- 17 - Copol yner surfactants useful in the preparation of
contrast agents according to the inventionthay, for exanpl e, be
prepared by nmethods known in the art, e.g. as described i n Pol ynmer

Surfactants by Irj adadﬁoflgne)é Suh f%lgtfa%(ﬁtsa%tse?% q.ﬁ are |n O‘ijatl‘b% éjf\/larcel

Dekker, New e contents o rporate

herein by ref eCOREEasthggents aceapNiag fooshe 1n"e€’<§ﬁ<§1"yﬁ@|’i’s FRF be
prepared by te@mkr@ll%s, wfpx@atﬁw by membdwmwxgu@mth@@rmc@ gam oni ¢

polynerlsatlon nerisation, or condensati

prepol yners. gg ﬁﬁﬁémﬁﬁy%%F PCERRhS &Y gjﬁrgﬁéFgﬁ'by

copol yreri §i ng (Swniaatmrto@mmﬁwmg ¥odol wzer- Marcetlerﬁaklk:gn ndNemt one
end in a pol y“%'ﬁab'l%ﬁ)oulﬁth‘@ Qﬁo ents o%e%g){l%hg% o an g@fal?%rdaft' ng

onto" or "grafting fro s.  Sul graft
copol ymers ar ehereld’ewr |’~’l§>5@r|eﬁl°eBl odleugop SoFmeramade . DPEOCK | port & W H.

Janes, (Appliedopollsires My bEherepairéd byordehnliYhtds such as thelhe
hydrophilic/lipo hiIicg%Flance of the %gp%bﬁn?F sur f.ac ag}s w il be
determ ned by Fg%ﬁgfge clFEEYR FEPZO3C K a A EF Rﬁgx&ﬁ §'5antituting
the diffedént I@Iad;deic polyme rtilsa triging oirv eondensaltdione @f prepodiyalensol unes

?Le?e?ore be sel ect efdﬁléﬁ% g‘{?png(rrgr;ggér g\yil%at :aﬂyt ?Ma%p?gat I cul ar

form of enul si GRPPLYTEIiSigQg é‘ gecxompnomede SOMPFA® 1550 fe Polymer Bl ock

and graft COpO't)é'iﬁfln%.ltrlfr@TaQ:nbﬁeC‘é@lﬁallﬁﬂ Agd polymeirddedladglowy wikdges of
formula (1) as heraygbefore g “ned e theg;glves nov andégpngtltute
a further PESCEHFe "SRYYE SFé ant F Mo T s && el

conpri si nQS_sucmed;@pdsy.nerSus'tdnaﬂod@t dlock angl bdmmlcsmt copoquemsmargr. _
phases of diffg S@leécao '"%'ﬂ&élé"’fé%%)@l&m%p " chpomh or%ursi ekant is

preferentially SO|UbI |se erse phase théreof or is
di stributed abdgReene (Applied Sciences Publishers Ltd., London 1973).

The hydrophilic/lipophilic balance of the copolymer

surfactants will be determined by factors such as the

20 nature of the polymers constituting the different blocks
and the relative ratio between the total volumes of e.g.
hydrophilic and hydrophobic blocks. This balance may
therefore be selected to give polymers appropriate to a
particular form of emulsion processing, e.g. as '

25 described above.

Block and graft copolymer surfactants containing
biodegradable linkages of formula (I) as hereinbefore
defined are themselves novel and constitute a further
feature of the present invention, as do emulsions

30 comprising such copolymer surfactants, e.g. emulsions
comprising phases of differing lyophilicity wherein the
copolymer surfactant is preferentially solubilised in
the dispersed phase thereof or is distributed about the
interfaces between said phases. Most commonly the

35 phases will be hydrophilic and hydrophobic respectively,
although the copolymer surfactants may also be used to
gtabilise oil-in-o0il emulsions of immiscible oils.

The novel copolymer surfactants according to the



I nterfaces between said phases. Mdst commonly the 35 phases will be

hydr ophi I i ¢ and hydrophobi c respectively, al t hough the copol yner
surfact'ants nay al so be used to stabilise oil-in-o0il emulsions of

i mm scible oils. The novel copolynmer surfactants according to the
18 I nvention may, for exanple, contal#® +fepresentative or

preferred atomns/groups R[err] and R err] and hydrophilic and

hydr ophobi ¢ regi Qns Qf( Q({Sg),nﬁfo%s %rngﬂ%gefgn%aln re%%gér&%fq:%v@%

bi odegr adabl e ['i nka es or “éxa I se-unit or mu
- (CHerr])a- (p@)aﬁe@@e@@@:qrr@r/@]nmw agdCR? %l@}rh}’@wbll-}?band (||)
(where Rerr], {RI&G; ﬂhoﬂﬂca%dld?{sedﬁzsdlﬁﬁi'dﬁb%{so%x‘éﬁifm:@d a 10 and b

are each integers in_the range_ 1-30, preferably |€
Preferred copoldffsTidadt-actdid diodegragaldie 4 ipkages may{ oF SHFRYfEent of

t he i nventison Qj‘dﬁlﬂi_—li@é(lﬁﬁ}t@ Werformula | ncludi ng extended polyners. In
addition to their 15 useful ness as starting materials for the

pr epar at i on. of contrast agents according to the invention these novel
bl ock copol yner sur f-acgh} s (@oHCEO-0-1C(RIR8eqgradaldk, - (CH,) L nkagd I Idf
formula (1) may have a w de range of further utilities, e.g. by

anal ogy with known bl ock copolyner 20 surfactants ésee for exanpl e

Encycl opedi a of(whsingn®*, R?, wcardice aot.a hereimbe deﬁ¢medva@¢ and
Sons, Newjg ¥ b (a]r%ﬁ@a)ch integers iBl @3He GRRQYeY AR oS URAHEAU

accordanceé with the I nvention may therefore™ind use”in appli cat I ons
such as 25 f 3 8le. g. in water-in-oil enulsions such as nayonnai se

and margarine and mﬁrdﬂéz\mrcc?@mlysdéin%xﬁlﬁtmts in %wadmarfcemv}lltmnd
i ce cream pal nts, coatl S an pre natl ons as _dil.spersi ng
agents for pig eﬂ% dite enty qf &ﬂ?grlé’ é‘ocf’oé"trené’g")%a‘ ﬁ‘}ﬁ%ert i es

such as 30 wanerludesics textemded podlymexns .f i mrstaddltl:lmnertloaltﬁesun:h as
15 usefulness as starting materials for the preparation?of

contrast agents according to the invention these novel
block cbpolymer surfactants containing biodegradable
linkages of formula (I) may have a wide range of further
utilities, e.g. by analogy with known block copolymer
20 surfactants (see for example Encyclopedia of Polymer
Science Vol. 2 pp. 412-434 - John Wiley and Sons, New
York (1985)).
Block copolymer surfactants in accordance with the
invention may therefore find use in applications such as
25 foods, e.g. in water-in-oil emulsions such as mayonnaise
and margarine and oil-in-water emulsions such as
synthetic milk and ice cream; paints, coatings and
impregnations, e.g. as dispersing agents for pigments or
as biodegradable coatings to impart properties such as
30 water-resistance or a glossy finish to materials such as
paper or cardboard; cosmetics, e.g. moisturising cream
and make-up; detergents, e.g. for general washing and
cleaning as in laundry applications, or for dispersal of
oil spills; phase transfer catalysts; drug formulations,
35 e.g. as dispersants, solubilisers, gelling agents and
emulsifying agents for drugs (including water-insoluble
drugs); drug delivery systems, e.g. as carriers



paper or cardboard; cosnetics, e.g. noisturising cream and make- up;
detergents, e.g. for general washing and cleaning as in laundry
applications, or for dispersal of oil spills; phase transfer

catal ysts; drug fornulations, 35 e.g. as dispersants, solubilisers,
gelling agents and . enul si fying agent 29fer drugs (including

wat er -i nsol ubl e drugs); drug delivery systens, e.g. as carriers
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rel ease, gtura§essﬁﬂ §0|haﬂe91veéebﬁaSEher§aK§ aédelﬁbﬁE&b&leadheSIves
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: rovi.d
of an active tKel-8pEBt LRPAGBRE. t&mQEGBg?rgﬂrsFF Eﬁfﬁ £§§a 1o %Iﬁgﬁﬁhatlc
system coatlnanaflﬁgdm@at gdeplaeementy, biodegrafdabiet drpsstiegs,

resista til - ' '
i astoner s (1 nieameinge Haeh ponezallnn 5RlpaalaCRuFprERs: RRLERNNCa
crosslinked relehast creass whdcblnawebesusedheslwﬁﬁuﬁaétbP@esIomﬂy

bi odegr adahl e I h bl
procegS|n§B blogﬂe gébggrgggiepgbhﬁlﬁgg @S% diﬁg?v®€§$§?n ?ﬁféggggrzal

sizes for the 26 apoEy#éwebﬁb@K§P§P§1Fe§§eFﬁa%°tﬁedﬁéé &eeh§iheof B e

light; p0|ynertﬂboﬂ9hbﬁd@¥@'%&%&%m,ec&atiﬁgdbipﬁéaﬂéal deviiaklsi,Clegy.i N

anot her polyner matfix, for exa the fracture properties
t hereof ; self- FGbPF@EPFﬁgPrOtelﬁaFgﬁﬂgancg g%eﬁ%é} 1 ﬁ'gdeafadgtlgn

generates | ow Zatigehedd a@ewghthmm@uaéalwhedlasmpmar@e (anl lgimntmatng
e D e o cebotin i crospriabld (02,
copol yner surfedhambmmzw)bmhlch matyi beeg@edot@cm@m@ﬁ§p§ug§gﬁggaﬂabn of an
otherw se 30 ;oAb ta%1% JRIHA RAMEHR H¥aG PhrtBeRAUCH 1) HIYBY anes
vessels by thermal processing; biodegradable clear
packaging films, wherein the domain sizes for the
20 polymer blocks are less than the wavelength of visible
light; polymer property modifiers, e.g. as dispersed
particles in another polymer matrix, for example to
modify the fracture properties thereof; self-lubricating
materiale, e.g. wherein biodegradation generates low
25 molecular weight compounds which provide a lubricating
effect; compatibilisers for polymer blends, e.g. to
facilitate dispersion of one polymer in another (the
biodegradability of the copolymer surfactant may be
utilised to accelerate degradation of an otherwise
30 relatively stable polymer blend); separation membranes
exhibiting selective transport properties, e.g. as wound
coatings permitting transport of gas to the wound but
providing a barrier to dirt and infection; anti-fouling
coatings, e.g. such that continuous controlled
35 biodegradation from the surface prevents adhesion of
organisms, secondary toxic components optionally being
incorporated to provide further protection through



exhi bi.ting selective transport properties, e.g. as wound coati ngs

permtting transport of gas to the wound but providing a barrier to
dirt and infection; -anti-fouling coatings, e.g. such that continuous
controlled 35 biodegradation fromthe surface prevents adhesi on of

organi snms, secondary toxi c conponents opti2énal |y bei ng incorporated to
provi de further protection through ' -
20 - con I e r t oLt @l .g
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and cartilage Eééﬁépﬁééfﬁl £8r iRPFbARAIR éeﬂlsfﬂﬁ ugsrlexaagmenebone
di shwashi ng and t sugar beet |ndus?r in the nuf act ure of

hydr ogel s, gma¥6?wusﬁapﬁr?ﬂ%lc%hY?BI?%@ ?%?Ehi%gﬁftranSP 587 or
agrochenio@Is ahﬂlﬁééﬁBI|§$ganﬂoipuéétineﬁachﬂﬂe dlshaashigblandbﬁhébent

materials, e.g. for I es.or ill_10, nt al n The
f ol | owi ng non- ?Vﬁ?fag 8 E&gﬂﬁF ’s@?%el?ogﬁe ma?ﬁ?ﬁ%?? *Fhe invention.
L|st of abbrevhpfirogelés e.g. #bBMise in Bh@' cambboiledbueleanct of| e
L, ' 0 let d
1, 8- dlazablcygﬁig?gE Q%] ﬂ%ggﬂéﬂgﬁg%% 1gEE%%metlc%F%Pd toi egrleshagg
chr onat ogr aphyas hlghlxgébﬁorbentnﬂ@h@%iéhﬁsu?pﬁatEOESHaPPleS or spill
10 containment.

The following non-limitative Examples serve to
illustrate the invention.

List of abbreviations
- AIBN: 2,2'—aéobisisobutyronitrile
DMF : N,N-dimethylformamide
20 DBU: 1,8-diazabicyclo{5.4.0]lundec-7-ene(1,5-5)
GPC: gas phase chromatography
MgS0O,: ' magnesium sulph;te
25 '
Mp: melting point
PEG;' polyethylene glycol
30 THF : tetrahydrofuran
SEC: gize exclusion chromatography
Mw : weight average molecular Qeight,
35

Mn: number average molecular weight



mel ting point PEG pol yet hyl ene gl ycol 30 THF:

tetrahydrofuran SEC. si ze excl usi on chromat ogr aphy M.
wei ght -average nol ecul ar wei ght 35 Vh: nunber average nol ecul ar
wei ght - 21 - EXAMPLE 1 -
Preparation of internediates and pre- - 2wlyners a) Met hyl ene

bi s(16- hydroxyhexadecanoate) 5 To a solutron of 16- hydr oxyhexadecanoi c
acid (15.0gq, 0 . N 5 nol) was

added at room t# A TE » Wen STIrTring,

di i odonet hane pilﬂﬁgxgﬂ 028 nDI) was added 10 The m xture was left with
stirring at roomtenperature for 2 days. DMF was evaporated under
reduced pressure and t he re5|due di ssol ved _by addrno chl orof orm (100
m ) and water Msghyjlenesb SopNEEPEKNICKRSCERAQAN Y he aqueous

| ayer was gxtracted with chloroforn1(3 x 100 m) 15 and t he combi ned
organi ¢ phases were drie under

q
reduced pressuf® an&°4H§1°%N%§réérbyérP§¥P$§P§FFPESa°f?8&1 qﬁ% Scetate to
give 10.17g  0.0665%b19f ibheMs t(2€0pmidycDBHds (8. WBgt,eOs@lSISdmoM) was

96. 2[err] C. [err H MR, (300 M4z rr]) r 44 1 5- 20
1.6 (m 8H), at4ﬁ):>om3tgﬂlp%D9 51‘%) A.F%% k %rﬁ?rui:e‘é WIFh
(75N+E CDCl [esthrrlhgmrﬁ12¢d¢mptban55(7287g1 029232mol) was ad ed

10 The mixture was left with stirring at room temperature

for 2 days. DMF was evaporated under reduced pressure
and the residue dissolved by adding chlofoform (100 ml)
and water (50 ml). After separating the phases the
aqueous layer was extracted with chloroform- (3 x 100 ml)
15 and the combined organic phases were dried (MgSO4). The
solvent was removed under reduced pressure and the
residue recrystallised from ethyl acetate to give 10.17g
(65%) of the title product as a white solid. Mp:
96.2°C. IHNMR (300 MHz, CDCl;): & 1.2-1.4 (m, 44H), 1.5-
20 1.6 (m, 8H), 2.35 (t, 4H), 3.64 (t, 4H), 5.75 (s, 2H).
13CNMR (75MHz, CDCl,;): d 24.43, 25.55, 28.81, 29.42,
32.63, 33.80, 62.91, 78, 172.20.

b) Acid chloride terminated poly(methyl methacrylate)
25 1000

Acid terminated poly(methyl methacrylate) was
synthesised by a matched chain transfer polymerisation.
2-Ethoxyethanol (160g) was heated to 120°C. To this a
30 mixture of 2-ethoxyethanol (80g), methyl methacrylate
(160g, 1.6 mol), thioglycollic acid (14.4g, 0.156 mol)
and 4,4'-azobis (4-cyanopentanoic acid) (14.4g, 0.1 mol)
was added over a period of 1.5 hours. The reaction was
held at 120°C for a further 0.5 hours before cooling to
35 room temperature. The polymer was precipitated into a
cold solution of sodium chloride (5% w/v). The polymer
was purified by repeated precipitation from hot methanol



32.63, 33.80, 62.91, 78, 172.20. b) Acid chloride term nated

pol y(rmet hyl nethacrylate) 25 1000 Acid term nated pol y(nethyl
nmet hacryl ate) was synt hesi sed by a matched chain transfer

pol ymeri sati on. 2- Et hoxyet hanol (160g) was heated to 120[err]C. To
this a 30 m xture of 2-ethoxyethanol 8@&),- nethyl nethacryl ate
(160g, 1b6 ?D|) t hi oglycollic acid (14.4g, 0.156 nol) and

4,4' -azobis(4-¢ o] a ) 4 I a r
peri od of 1. 5 h %€$ 88$§e8$%g% ?%ﬁ Vééér ¥ ﬁ %ﬁgP )1EBEe? f%ﬁsg Pégther
0.5 hours bef ogaveoal hugbes 3verageomeleapbant weeghtTRE BdPyReltans -
erC|p|tated into a cold solution of sodiumchloride (5@6m/v) The
pol yrer was purified by repeated precipitatio ot net hanal
P (ResacbeaminsEral BALVAPEFRYS RERBSFTYERECY: GaBoanaPyLlS

?ZYﬁiﬁa?ugberlﬂ&ﬁi?ﬁaf"ﬁh?ﬁglﬁé?WEhQHfEOEOQﬁ@nEHKBOOSml) TheAci d e
ed po hyl et hacr
dry tol uene (S%éTﬁFign Ya& °°°¥e§ Eét§ a %ﬁ% ;ﬁég ?%i%%%$¥?ﬁ}ééasgngylln

chloride (15g,0.118 floll8wasl added alidellys| ofhe. réhetioncwasnpaamiptedi tted

Lo varm Lo 1 000! SUBRY LU 8on DERBBLLE-LlCuEXEBAErer chX@kubaEh! o7 e vas

renoved under pressure
[err]- N@thyacrgkeyyl[ehlprmdehway teﬁqyegoooder redugp? pressure to

[err]-Hydy oxy- §§ EﬁEhEi¥1§ EG (6.40g, 3.20 mmol ) was 15 di ssol ved
in THF (1%@ m7j and the solutron cooled to 10[err] C. Pyridine (0.38g,

4.78 mmol) was diluted with THF
c) = =0 2

Dry o-Hydroxy-w-methoxy PEG 2000 (6.40g, 3.20 mmol) was

15 dissolved in THF (160 ml) and the solution cooled to
10°C. Pyridine (0.38g, 4.78 mmol) was diluted with THF
(4 ml) and added to the solution under a dry nitrogen
atmosphere. Methacryloyl chloride (0.50g, 4.78 mmol)
wag diluted in THF (12 ml) and added dropwise. The

20 temperature was gradually raised to room temperature and
the mixture was left with stirring for 24 hours. The
reaction mixture was filtered and the remaining acid
chloride and solvent removed under reduced pressure.
The residue was dissolved in THF and precipitated by

25 addition of ether to give 4.50g (68%) of the title

30
Following the method of US-A-3432445, anhydrous zinc
acetate (23.00g, 125.4 mmol) was added to a solution of
aluminium isopropoxide (51.20g, 250.7 mmol) in
decahydronaphthalene (130 ml). The mixture was'heated

35 to 190°C with stirring under nitrogen and the reaction
allowed to proceed for three hours during which about 20
ml distillate was collected in the boiling range 73-88°C.



(4 mM),and added to the solution under a dry nitrogen at nosphere.
Met hacryl oyl chloride (0.50g, 4.78 muol) was diluted in THF (12 m)
and added dropwi se. The 20 tenperature was gradually raised to room
t enperature and the m xture was left with stirring for 24 hours. The
reaction mxture was filtered and the reps3ing acid chl ori de and
solvené renoved under reduced pressure. The residue was dissolved in
THF and preci pi bt ! RSt t he
t|t| e pr o&ﬁf‘ﬁ a‘)ﬁy%é‘oél)ap%(lllﬂ"‘al Ifwla% Fglrr Qc o OXI %I(Caq‘%a@u chfd

n {OAl [OCH ( @hkﬂﬁm¢${eﬂr}ﬂQﬂamqquerthSOProducFolaoﬁﬁﬁgnPhe ﬁﬁﬁﬁgé of
8- i 3432445, WY Y fiaolved 98 HEATH00 nEghaambly s added to
a solution of dl um ni um | Sopr opoxi 51. 20 0. 7 mol
decahydr onapht mlewetqnlwnﬁr)lfugﬁﬁ’e ta meé’ﬂ@&neeg SP&lP@o[ e®¥]C

W th stirrighg AR aa:ridni Ry viee AGh q;lleld (231%)oved araliyadesd for
t hree hours durlng AQ @b about m distillate was. q»%ecteg |n t he
boi | i ng range Zn content gave a mo e ratio n of )
The decahydr onap.tptdlal ene was then renoved under reduced pr essure at
160- 180[ err] C. The product, a resinous orange solid, was dissolved in
distilled n-heptane and the solution centrifuged to remove any
remai ni ng solia@y. AEthyliden : 0 gt 2

anal ysis .4 for A&ﬁs#gﬁéﬁﬁf [;ant gave a nDIe ratfo of‘Af/Zn-of

1.98. e) EChylTdene S[16- (5-chl or ocar bonyl pent anoyl oxy) - 10
hexadecanoat el In a three-necked round bottoned flask equi pped with
a refl ux ceNGenSffee hellkasd @Amd Batitdnd® Atk gfEPpedE with a

reflux condenser, a glass gas inlet tube and a pressure
equalizing dropping funnel was placed freshly distilled
15 adipoyl chloride (2.60 ml, 17.50 mmol) dissolved in
absolute chloroform (15 ml). The temperature was raised
to ca. 50°C and under a gentle stream of nitrogen through
the solution, a solution of ethylidene bis(16-hydroxy-
hexadecanoate) (1.0g, 1.75 mmol) in absolute chloroform
20 (30 ml) was added dropwise and left at this temperature
a further 3 hours after addition. The mixture was then
cooled to room temperature and quickly transferred into
a 50 ml round bottomed flask equipped for distillation
under reduced pressure. Chloroform was first distilled
25 off at normal pressure, then oil-pump vacuum was
established and excess adipoyl chloride distilled off at
ca. 75°C, 5 mbar pressure, leaving the residual title

compound (1.56g) .
30 £) l6-Hexadecanoyloxyvhexadecanoic acid

16 -Hydroxyhexadecanoic acid (5.43g, 19.9 mmol) was
dissolved in tetrahydrofuran (190 ml) and pyridine
(2.36g, 29.9 mmol) was added. Palmitoyl chloride

35 (5.48g, 19.9 mmol) was dissolved in tetrahydrofuran (10
ml) and added dropwise at room temperature. After
stirring at room temperature for 16 hours, the mixture



equal i.zi ng droppi ng funnel was placed freshly distilled 15 adi poyl
chloride (2.60 m, 17.50 mmol) dissolved in absol ute chloroform (15
m?). The tenperature was raised to ca. 50[err]C and under a gentle
stream of nitrogen through the solution, a solution of ethylidene

bi s( 16- hydr oxy- hexadecanoate) (1.09,541.75 nmml) in absolute

chl or of orm 20 (30 M) was added dropmﬁse and left at this tenperature

a further 3 hours after addition. The m xture was then cooled to room
t enper at ur e ansaguifdlitgredansteithed fidtsate evaporaked, yaagrnserfysed 11 ask

S?SLPFngfEE db&%;s ?%'OnThF re'didae hﬁ?ﬁ@ﬂ@s@?@%&Uﬁﬁ chhbgoEbetn was first
oft at normal pressure n oil-p vacuum
establ i shed an¥ashess ¥ikd WaFercHPo g8 H‘ﬁgt' lij:glfg‘f ojganc p W%(?‘E.e ¥8ferr]c,

5 nmbar pressur grilegaviMago, he Aeseﬁlue{raporaelng undenpoeddcéd. bBgsure30

f 16- Hexad | d

(5. 430, 195 e, crasiue SeE PUEHEARR i & piy POMEY  BIRERE IR 2l ¢
pyri di ne @hl&&@fo&ﬁl Smtmnllhamsa.atgemetmnmlt epncentaptden3d frons. 48,
199 o1 ) v 0, 1104 hdehab S Lol Oco giud b ang ey hopu o

at room tenpera Cure ren room:t n‘gerature for 16 hours
the m xture the m_ugmpmnd H R (300 MHz, 0.85(t,

filtered and the fiddjate. gyaposst ed, unesr teﬁycﬁﬂ 1.55- prmsuﬂf: 6Hpe

resi due was di ssdlved in_chloroform V\Sa te 50 m),
and the of@anc sHasé wds25 (£, PHed~FRyseiy) - eyég %E‘r aéhﬂ

re;:lﬁced preﬁlsurc@fo}ﬁ 4. r@si dus \A@-qpqol fi &t MR -1 MH,C@JDHM) el5ut ed
W chl orof grm I n a n at i fr 1%
to 2% net hanol Y% %l gz@%oi’n% g'%gl %élm;? 195%1( E?%%) %g]tsﬁ 2%n7(5

conpound. [err]29.XdR (20ASVH29.CEG [29r.136),: IB154, BIBBIt 34 29 3&5 15

CH , 1.20- 156
SO i W eﬁ?%ﬁsoﬁﬂw&%awew

2H, OCH[Jérr]) [err]C NWVR (75 Mz, CDCI[err]) [err]
g) 6= 1 canoyl chl

16-Hexadecanoyloxyhexadecanoic acid (7.73g, 15.13 mmol)
prepared as in (f) above was dissolved in

20 tetrahydrofuran (140 ml) and oxalyl chloride (4.80g,
37.83 mmol) was added dropwise. The mixture was stirred
at room temperature for 3 days and then the solvent and
unreacted oxalyl chloride were evaporated under reduced
pressure to give 8.0g (100%) of the title compound.

25

Ethylidene bis (16—hydroxyhexédecanoate) (4.38g9, 7.67

30 mmol) was dissolved in THF (80 ml) and pyridine (0.61g,
7.71 mmol) was added. 16-hexadecanoyloxyhexadecanoyl
chloride (4.18g, 7.90 mmol) was dissolved in THF (20 ml)
and added dropwise. After 3 days at room temperature
the mixture was filtered and the filtrate was left at -

35 20°C for 2 hours. The precipitated product was filtered
and purified by flash chromatography (silicagel,
chloroform) to give 2.4g (29%) of the title compound. H



14.01, 22.57, 24.10, 24.91, 25.82, 28.53, 28.75, 28.94, 29. 08, 29.15,

29. 25, 29.36, 29.54, 31.81, 34.29, 35.16, 64.27, 76.48, 76.90, 77.10,
77.32, °169.50, 173.91. 15 g) 16- Hexadecanoyl oxyhexadecanoyl chl oride
16- Hexadecanoyl oxyhexadecanoi ¢ acid (7.73g, 15.13 mmol) prepared as in
(f) above was dissolved in 20 tetrahydrgfuran (140 m) and oxalyl

chl oride (4.80g, 37.83 Mol ) was added dropwi se. The m xture was
stirred at roomtenperature for 3 days and then the solvent and

unr eact ed oxal NMR ch3 00 i Mz we€BChylapdy &t &P Uide3H.edibdd 1-2-IpdedSure to

gi ve 8.0g (100gf,;of e it f®po cu.h)-o- 1.5-1.7
1-[16-(16- Fbxa%%chno%#%xyhé&gﬁicano§ﬁgxy$?431(lhh )'exadecano(rgxy]ethyl

16- hydroxyhexatl@&ano@tlf- ; 2.25 Eithy | §Bye mCHai §(9160h>)dr§xfl‘?ex(§de Fhoat e)
(4.38g, 7.67 301%7 4Ala§5d(§sah.yed.¢(ro)ﬂdj: dB0)n1 b .a5d (@yr i1di,neq-0. 619,
E’é 1

790 mmol )5 vas 16 R e S SR L N

7.90 nmol )5 wasC
Fa¥f at roon1tﬂzgzra2Nr2% 2426%h25n2xtm5e5M338f21t@Seﬂ,aal Phe28iBtrate was
e at - o] (o] N] S e;pregipitate dpct filtered
and purified b%g % %chro grg%hy (s?f?gaggr@ 85! g pF%rng?ﬁ?éfo gi ve
2. 49 (29@@ of 1%e. 5Lt1§3c5npound [err]H
25 - NVMR (300 MHz, CDCl[err]): [err] 0.85 (t, 3H, CHerr]), 1.2-1.4

(s 90H, CH[err]) ] -O), 1.5-1.7 (m

14H, -CH ®®r]-3) 2.Pseparabi FL Y pndeapped cBEGE o
-CHerr]-0H), 405(t 4H C(O) OCHZ) 685(q 1H -0 5

CH(CH err]) - C)%.
22.2, 24.2, 24=8%E< . e ras rae 2
31.5, 32.3, 33Aﬁ 1ﬁitﬂat62 Eolﬁélﬁn QBSOprepared7hy5¢atéﬂu5 addition

of potassium metal (0.400 g, 10.23 mmol) to methanol
15 (1.300g, 40.57 mmol) in an inert atmosphere. This
initiator solution (0.220g, 1.32 mmol potassium
methoxide) was injected into an ampoule containing
ethylene oxide (10.000g, 227.00 mmol). The sealed
ampoule was allowed to stand at room temperature

20 overnight. The temperature was then raised to 60°C and
reaction allowed for 72 hours. After removal of
unreacted monomer, the contents of the ampoule were
dissolved in dichloromethane and the solution
neutralised with dilute aqueous hydrochloric acid. The

25 polymer solution was washed three times with distilled
water, rotary evaporated and then vacuum dried.
Assignments for MeO-PEG polymers. 1H-NMR: & 2.7 (OH) ,
3.2 (OCH;), 3.5 (-CH,- main chain), 3.4 (-CH,OCH;).
13NMR: & 58.5 (-OCH;), 61.2 (-CH,0H), 70.5 (-CH,- main

30 chain), 71.3 (-CH,OCH;), 72.2 (-CH,CH,OH). The GPC was
recorded in THF and the molecular weight calibration was
via PEG standards. GPC data for a typical sample: Mp:
2679, Mn: 2012, Mw: 2283. Polydispersity: 1.135.

35  3) General procedure for methoxy PEG chloroformate

PEG 2000 monomethyl ether (6.00g, 3.00 mmol) was



10 ) Preparati on of Methoxy-endcapped PEGs Preparation of a
Tyi cal Pol ymer (MeO- PEG 2000) An initiator solution was prepared by
careful addition of potassiumnetal (0.400 g, 10.23 mmol) to nethanol
15 (1.300g, 40.57 mol) in an inert atnosphere. This initiator
solution (0.220g, 1.32 nmmol potassium dret hoxi de) was injected into an
anpoul e cont ai ni ng et hyl ene oxi de (1620009 227.00 mmol ). The seal ed
anpoul e was all owed to stand at roomtenperature 20 . overnight. The

t enperat ure wadisgedves d8dtedugdperFPC gEr).ol and drigicbyoneslisiag fior a72

hours. After r@%ﬁﬁﬁbt@&k aﬁ a%ﬁtﬁ%Cte@yEEGQﬂér(OtngCOQtQGt&mBﬁ)tQ%sa”D0U|e
wer e di ssol ve Poronethane and the qutlogyg neutral i sed
ol uti

with dilute aqéggﬁg ﬁ§dF8€WI5FWEe§€FHreThe Tzdch i on was washed
three tines w bhldamtﬁbhrhﬁde ("dlphbegenémt)arm ngposabedmacl)t ag vacuum

grke?CCH[ePr]) %Hﬁ&ngﬁg%EES‘@ﬁa d[e?h%HiQFPFBEﬁ%Elr% ; (o

[err] NVR: [err]nlscsu%e( wBHptirkpd at. 2o@mcapmpe]r@ra)1xe7ﬁo5 (L 2CHpeirs] andai n

30  chain), g+t gt @g[ e”rhgcébi%h)c WZ.% GE‘%EEH] (gL kOicegne GPC

was recor HF an l"ecu t calibration was via
PEG st andar ds. PEPEsY&eatPogiyet ybﬁcmgp@pmp_@upi in queetgtanﬁvezolz M
2283. Pol ydi spersnty: 1.135. 35 ) General procedure for nethoxy PEG

chl orof or mat e PEG 2000 nononet hyl ether (6.00g, 3.00 mmol) was
- 26 - 10 dissolved in tol uene (50 mM) and dried by refluxing in a
Dean Stark apparatus. Pyridine (0.24g, 3.00 mml) was added at room
tenperature. T h .60g, 3.00
mmol ) was = =
a) 00- k- r le -
15 hydroxyhexadecanoate & adipoyl chloride-block-
R _

Methylene bis(16-hydroxyhexadecanoate) (0.56g, 1.0 mmol)
and dry o-methoxy-e-hydroxy PEG of number average

20 molecular weight 5000 (0.5g, 0.1 mmol) were dissolved in
a mixture of xylene/trichloroethylene (80:20 100 ml),
and heated to 60°C. Adipoyl chloride (0.192g, 1.05
mmol) was added. The mixture was refluxed at reduced
pressure and 60°C for 24 hours. The polymer was

25 recovered by fractional precipitation from xylene/
trichloroethylene (80:20) at 4°C. The product was shown
by SEC to have a Mn of 3800 and.a Mw of 8000
(polystyrene equivalents).

30 b) - = i =

Methylene bis(16-hydroxyhexadecanoate) (0.56g, 1.0 mmol)
35 and dry o-methoxy-w-hydroxy PEG of number average

molecular weight 2000 (0.0572g, 0.0286 mmol) were

dissolved in a mixture of xylene/trichloro-ethylene



5. dissolved in toluene (10 m ) and added dropw se. The m xture was

stirred at roomtenperature for 12 hours and filtered. The sol vent was
evapor at ed under reduced pressure to give the title conpound in
guantitative yield. 10 EXAMPLE 2 - Preparation of Block and

G aft copol yners a) PEG 5000- bl C_)C »Pol yester of Methyl ene bis(16-
15 hydr oxyhexadecanoat e & adi poyl I'ori de- bl ock- Met hyl ene
bi s( 16- hydr oxyhexadecanoate) (0.56g, 1.0 nnDI) - and dry

[err]-met hoxy-[ 689}20ydr bRy PEG o&n@uh%tied\v@a@% &0 Adﬂmcé{:]ulﬁlm%t

5000 (0.5g, 0.1¢gmpag, “@r§1g'ﬁﬁ81yeﬁaénadded a &t Re@fe was refluxed
xylene/trlchloroethylene (80: 20 m. ) and heated to 60[err]C

Adi poyl chl ori Rt (Pedesed Hrggsure aﬂﬂn¢9 et dfediovfife niThe ReOIMRET
refluxed at redpgsdrecovePE@SEY Eratei®MAEr :}&ipitgéldsmu.fﬁomThe pol yner

rL chlor oet%SYS#if%%%/é%?é:%igﬁé‘%vﬁy?ﬁ#hégér Bt AL Rl Prosuss sec 1o

have a Mh of 38@4s ashiown Nby 0BEG0OO have 4pmhytsfy34a<m3 m@iaaﬂ\emﬁ)n?oeo

b) PEG 2000-b - e ne bi s(16-
hydroxyhexadecahg'g#%%@%?g%é é?ﬁigﬂf%$?%§ bl ock- PEG 2000 (Met hod
1) Met hyl ene bi s(16- hydroxyhexadecanoate) (0. 569, 1 0 mmol ) 35
and dry [err]-ngf hoxypék , e pYal gDl ecul ar
wei ght 2000 (0.0572g, O.C ol )\ ‘ dissolved 1p_a nlxture of

xyl ene/ tritHl or o- et HH¥S

Methylene bis(l6-hydroxyhexadecanoate) (0.56g, 1.0 mmol)
was dissolved in a mixture of xylene/trichloroethylene
15 (80:20 - 100 ml), and heated to 60°C. Adipoyl chloride
(0.201, 1.1 mmol) was added. The mixture was refluxed
at reduced pressure and 60°C for 35 minutes. Dry o-
methoxy-w-hydroxy PEG of number average molecular weight
2000 (0.4g, 0.2 mmol) was added to the reaction mixture.
20 The mixture was refluxed at reduced pressure and 60°C
for a further 24 hours. The polymer was recovered by
fractional precipitation from xylene/trichloroethylene
(80:20) at 4°C. The product was shown by SEC to have a
Mn of 5200 and a Mw of 17500 (polystyrene equivalents).
25

o-Hydroxy-w-methoxy PEG of number average molecular

30 weight 2000 (40g, 0.02 mol) was dissolved in toluene and
dried with molecular sieve (4A). To this a solution of
acid chloride terminated poly(methyl methacrylate) as
produced in Example 1(b) (20g, 0.02 mol) in toluene was
added. The mixture was refluxed for 24 hours. The

35 polymer was isolated by precipitation with petroleum
ether (40-60). The polymer was purified by ion exchange
(IRA-400, Fisons) and by dissolution in water, heating



(80:20 - 100 m), and heated to 60[err]C. Adipoyl chloride (0. 186,

1.014 mmol) was added. The ni xture was refl uxed at reduced pressure
and 60C for 24 hours. The pol yner was recovered by fractional
precipitation from 5 xyl ene/trichl oroethyl ene (80:20) at 4[err]C. The
pr oduct was shown by SEC to have a_Nggof 3400 and a Mw of 12700

(pol ystyrene equi val ents). c) PEG 2000- bl ock- Pol yest er of

nmet hyl ene bi s(16- 10 hydr oxyhexadecanoat e & adi poyl
chl ori de- bl ockabB@e the cloudnggnpNgﬁh@bezyopolymerwggﬁyﬂgﬁgntat1on

bi's(16- hydrOXyQEﬁ?Q%CEEﬁéE?) @ﬁe5§9?dﬁc9 EBDbbtalnedMﬁésdﬁiﬁahl9d in a

m xture of xylene/trichloroethylene émﬁ nh heated to
60[err]C. Ad|éé?ﬁoéﬁﬁérFBet°1uen60agélprfcipﬁﬁﬁF? Lt dB@Bro%ﬁan1xture
was refluxed etheat (16dg0¢drpr 9seuaethadLdbier pyodhet 35 & whiee. Dry a-

met hoxy- [err] hydroxy PEG of nunber average nol ecul ar wei ght 2000
(0.4qg, 0.2 nnDP? RA8L - added to the reaction mxture. 20 The m:xture was

refluxed at reduced pressure and 60[err]C - for a further 24 hours. The

pol ymer was reggverse ' > . ) 1a

xyl ene/trichl oroethy 2 ] ne pro-uc Was shown by
SEC to have a mnﬂﬁiaﬂﬂﬂﬁ_ﬁndﬂﬂﬂww of 17500 (polystyrene equi val ent s) .
25 d) Di - bl ock copol yner of Pon(nethyI met hacryl at e) 1000
and PEG 2000 [err]-Hydroxy- §] met hoxy PEG of nunber er age

mol ecul ar 180 0“@W§HPXYBOGWEEQSXYOP§ ﬁﬁl?uW§§rd?¥§SP€§deﬁ Kﬁ%he and

dried with ol geyyht abeme(@ﬁbero]bz tol) hivasadiekulived dh tolueae énd

T(by (200, 0, 08k Wik Bpaghulizs S1ev Tadly” The thilt & BOTEE Ber pieu”
for 24 hours. Eh&ds&hlomdaﬁneermaaatedlpbéy(mytpyécmpthacmwﬂaWEﬂhapetroIeum
e o 40-60) . EBEuRAY TR s¥aReR’ 1§ o) 0B 85°RB19%1n colhbRE 4

Fi sons) and by on TR water
15 added. The mixture was refluxed for 24 hours. The

polymer was isolated by precipitation with petroleum
ether (40-60). The polymer was purified by ion exchange
(IRA-400, Fisons) and by dissolution in water, heating
above the cloud point of the copolymer and decantation

20 (three times). The product so obtained was finally
digsolved in toluene and precipitated with petroleum
ether (40-60) to yield the title product as a white
powder.

25 f) = Poly(Methyl methacrylate)-graft-PRG 2000

o-Methyacryloyl-e-methoxy PEG of number average
molecular weight 2000 as synthesised in Example 1 (c)
(0.50g, 0.25 mmol) and AIBN (2mg, 0.012 mmol) were

30 dissolved in THF (3.0 ml) and degasséd by repeated
freezing, evacuation and thawing cycles (4 times).
Methyl methacrylate (0.5 ml, 4.7 mmol) was distilled
directly into the ampoule and the ampoule sealed.
Polymerisation was performed in an oil bath at 60°C for

35 22.75 hours.

The polymer was recovered by precipitation with



-.28 -. above the cloud point of the copolynmer and decantation

(three tines). The product so obtained was finally di ssol ved in toluene
and precipitated with petrol eum ether (40-60) to yield the title
product as a white 5 powder . e) - Di-block copolymer of

Pol y( et hyl net hacryl at e) 1000_apg PEG 4000 10
[err]-Hydroxy-[err]-methoxy PEG of nunber average nol ecul ar wei ght
4000 (80g, 0.02 nol)_ was dissolved in toluene and dried with nol ecul ar

sieve (4[err]).PaErokeum ctbent (40-¢9) then puwiied bucdisselviegdin a
pol y(net hyl mté\ﬁ'&lﬂé&h@&n@%f Tnp%ﬂdmﬁ@ X ot er 1(Hdo (RPp. OoR2 nol)

in toluene was 15 add re_was refluxed for 24 hours. The

u
pol ymer was i sdfeRetPg,2 ?%%l?)?t%té’% RRSTeGaiee gt Of sqlnhiqmo. 60) .
The pol yner wasThertitPel hyododt exadadtbed unddt Rfediifed FpBessyrand by

di ssolution.in water, heating above the cloud point of the copolyner
and decantation 20 (three tinmes). The product so obtained was finally

di ssol ved in toueneahii p pi copelivmex hoh PEG| amdn ¢ pe tlay ]l ¢ne

yield the title pro%@%ﬁlﬁm% _ Ok I

nmet hacryl ate)-graft- err|-Methyacryloyl-]err]-nethoxy PEG
of nunber average L:3tbeul ar wei ght 2000 as synthesised in Exanple 1(c)
(0.50g, 0.25 mmol) and AIBN (2ng, 0.012 nmol) were 30 di ssolved in THF
(3.0 m) and dega sse repeaj ed . freezing, evacuati on and thaw ng
cycles (4 1% ne o f%éﬁ?é# %%f Pate (0.5 m, 4.7 mmol) was distilled
directly into tmetmymauéebmm«s mﬁacawd:embate) (Podyzeer i a0 on was
performed in an8$i)dﬁ%£ 3%3&%&& ]Q%LO&A enei%%fghig§g§thylene The

pol ymer was recovVere eCIp
mixture (80 20), and heated to 60°C. Adipoyl chloride

(0.6109, 3.33 mmol) was added. The mixture was refluxed

15 at reduced pressure and 60°C for 4 hours.

2) Coupling of blocks to give multi block copolymer
Dry o,® di-hydroxy PEG 1500 (1.25g, 0.833 mmol) was
added to the reaction mixture from above. Refluxing at

20 reduced pressure was continued for 2 days. The polymer
was recovere& by drying at reduced pressure. The
residue was dissolved in dichloromethane and
precipitated from methanol. SEC showed the product to
have a Mn of 5600 and a Mw of 9400 (polystyrene

25 equivalents) and that there was no evidence of the
presence of PEG homopolymer. IHNMR indicated formation
of a block copolymer with a molar composition of 2.6:1
polyester to poly(ethylene oxide).

30 h) Di-block copolymer of PEG 2000 and Poly(lactic
acid) 2000

c-Hydroxy-w-methoxy PEG 2000 (10.0g, 5.0 mmol) was
dissolved in toluene (300 ml) and dried by reflﬁxing in
35 a Dean and Stark trap for 12 hours. Poly(lactic acid)
(Resomer L-104, Molecular weight 2000) (1.0g, 0.5 mmol)
and p-toluenesulfonic acid mono hydrate (2 mg, 0.001



-. 29 -. petrol eum et her (40-60) then purified by dissolving in a

smal | amount of THF and adding to water (200 m). On heati ng above
60[ err]C the pol ynmer cane out of solution. The title product was dried
under reduced pressure. 5 g) Mul ti - bl ock copol yner of PEG and

pol y( net hyl ene- bi s( 16- hydroxthy@decanoate) pl us adi poyl

chl ori de (1:3:4) 10 Pol yest er fornation Met hyl ene
bi s( 16- hydroxyhexadecanoat (1 392 2.50 was__di ssolved in a
xyl ene/ tri chl oMB&fy were 2 ﬁfr%@r( @Ga?O)andaﬁ&aFF red luxing ofr tde

Adi poyl chl ori elﬁxture (f@161:@ﬁ'ee3d&§sm|h)e wod veatte tra sT hemdveldu g deas

refluxed 15 ed pressure 60[err].C for 4 hour

Coupl i ng of bléEfél gf &S HﬁptlaB%OgP l?ﬁ@r was Wﬁé#?%[gPFP ﬂaﬁ%

di - hydr oxy PEGaﬂaanltéﬁﬁﬂ.0.833 nmol ) mas added to the reaction

m xture frgm above. Refluxing at 20 reduced pressure was continued for 2
days. The pol yner was recovered by drylng at reduced pressure The
resi due was di 9ol védagk ¢ Nexe of oy k ALY

met hanol . SEC shomegk££ﬁ¥£ﬁﬁ§1 5 34 @ Hava ga Mag PO
(pol ystyrene 25 equi val ents 0 t there t he
presence of PEG hong§%¥¥¥%¥jﬁFbgﬁpﬂNNR i ndi cated fornation of a bl ock
copolynmer with a nDIar conp05|t|on of 2.6:1 pol yester to poly(ethyl ene
oxi de) 0 bl ac nmer . of PEG 200 nd Pal y(1l.gc
aci d) 2006% eH% g%% %X PRYBEREIES ﬁé@agﬁgoqﬁxggﬁ 14 %3 mmol ) was
di ssolved in tnhméﬂew@%O@lmﬁbland dm1a&lbmeV@Hluhlogemhylene (4:1)

(250 ml) and heated to 60°C. Adipoyl chloride (freshly

distilled) (2.92g, 15.97 mmol) was added dropwise and

the mixture refluxed at 60°C under vacuum (100 mbar) for

15 5 hours. Dry o-hydroxy-w-methoxy PEG 2000 (6.39g, 3.19
mmol) dissolved in toluene (58 ml) was added together

with trichloroéthylene (14 ml). The mixture was
refluxed under vacuum klOO mbar) for another 14 hours.
After cooling to room temperature and precipitating in a

20 refrigerator, the mixture was filtered. The precipitate
was dissolved in chloroform and precipitated once from
hexane and then twice from methanol. A portion of the
crude product (4.25g) was dissolved in chloroform and
precipitated once more from methanol to give the title

25 compound (3.78g): 1H NMR 200 MHz &: 1.3 (g, CH,), 1.5-1.7
(m, CHp), 2.2-2.4 (m, CH,CO), 3.6 (s, OCH,CH,O0), 4.0-4.1
(m, CH0), 5.7 (s, OCH,0). SEC: Mp=21,191; Mn=5,571;
Mw=21,079 (polystyrene equivalents) .

30 3)

- Methylene bis(16-hydroxyhexadecanoate) (7.50g, 13.47
35 mmol) was dissolved in xylene/trichlorethylene (4:1)
(235 ml) and heated to 70°C. Adipoyl chloride (freshly
distilled) (2.74g, 14.97.mmol) was added dropwise and



35 a. Dean and Stark trap for 12 hours. Poly(lactic acid) (Resoner

L- 104, Mol ecul ar wei ght 2000) (1.0g, 0.5 mmol) and p-tol uenesul fonic
acid nono hydrate (2 ng, 0.001 - 30
- mmol ) were added. After Dean and Stark refluxing of the

mxture for three days, the solvent was reppved under reduced
pressure, and the residue was washed with Wwater and filtered. 5

i) Bl ock copol yner of nethyl ene bi s(16-hydroxyhexa- decanoat e) ,

adi poyl chl ori dtheamiiix¥tarnrg -tafiliosad [ay r]0°C under vacmmuthddPO0PERGa)0ECr 10

Met hyl bi
thyl ene ls(ﬁg{rg{%fﬁwgmﬁﬁi{%%xfﬁﬁ 2000 [BMdgWes g9

di ssolved in x | (250 m) _and heated to
60[err] C. Adi pasmolhidirgsrlyed eign toluene (53 mlepag z%i_fgq tegerhenpl ) was
ﬁﬁ?j{?;’ gr op\iwése V\g.‘lnﬁ'l tricﬂr@rda'[eﬁﬂ&hé efil3nged at ]m{ ?ﬁhi:lt@llbakfé%ﬁs ggcugm?)g 100
or our s err]-hydroxy-[err]:netho . ,
3.19 Aol )r%ﬁléyiﬁfi/éﬁl%%f il k30 rﬂéa%sf%c?&?)%beg%t%é%oués' wi th
tmr)i c;ﬂ ?r oet hyl ﬁ(l‘ﬂ:e(]iﬂchdﬂ])ingl”lﬁ) rﬁi‘O’c]Emlrtfemm‘lature reafd ypesEb ipnitest Mrsgr uirn 4 100
ar or anot her ours. After cool | .o ropmt .
precipitating irdafdnﬁara L itgl'é? a{?Jc?thu]fehé”afﬁ X ulrtee]irf\?a@"f iﬁg&;féxgé.&fﬁgh%{ge
precipitate was\adi sBcskwd eth | chldnaffaxim randmrgrigei pited eehechréem om
hexane and the%é:}’!rfee ddd rf@(;:}o'kfﬂowérn{fa%ﬁ%éérﬂhﬁqtﬂfalf th&TddgaPr oduct

(4.25g) was dissolved In c of preci pitated once npre from

met hanol t3® gi wraduct ivas mwerifiedpanflash thyongtegyaphRebbidty [err]:

(< G5 T ks Mool st siobdansioni > o
: , 4.0-4. m err]O,. ,5. err : ;

Mp=21, 191; ans?@f%ﬁ tratiqR Enom 7R ¥pa st%/lr"é]rﬁgé'c}tﬁ .“[' i)

Bl ock copol yrmer(nfsogt hyl'eneiMrR 3016 Mipdidaxuhesa-(s (br), CHyllecansdte) p5

adi poy! chiori dg, ang; her ol iydr 98-he" diyco), 3.37 (BB BANY) PEE 2900,

15 OCH,CH,0), 4.01-4.06 (m, CH,0), 5.73 (s, OCH,0). SEC:
Mp=13,313; Mn=6,357; Mw=12,351, (polystyrene

equivalents) .
k) 3 f et iden is(16- -
20 noate i i - -0
methoxy PEG 2000 '

Ethylidene bis(l16-hydroxyhexadecanoate) (2.00g, 3.50
mmol) was dissolved in xylene/trichlorethylene (4:1) (70

25 ml) and heated to 70°C. Adipoyl chloride (freshly
distilled) (0.73g, 3.99 mmol) was added dropwise and the
mixture refluxed at 70°C under vacuum (100 mbar) for 6
hours. Dry o-hydroxy-o-methoxy PEG 2000 (1.72g, 0.86
mmol) dissolved in toluene (15 ml) was added together

30 with trichloroethylene (3 ml). The mixture was refluxed
under vacuum (100 mbar) for another 40 hours. After
cooling to room temperature and precipitating in a
refrigerator, the mixture was filtered. The precipitate
was dissolved in chloroform and purified by flash

35 chromatography (silica, eluant: chloroform with 0.75%
methanol) to give the title compound (0.42g). H NMR 300
MHz &: 1.24 (s (br), CH;), 1.44 (d, CH;-CH), 1.59-1.64



Met hyl ene bi s(16- hydr oxyhexadecanoate) (7.50g, 13.47 35 mol ) was

di ssolved in xylene/trichlorethylene (4:1) (235 mM) and heated to
70[err] C. Adi poyl chloride (freshly distilled) (2.74g, 14.97 nmol) was
added dropwi se and - 31 - t he
m xture refluxed at 70[err] C under vacuum $§300 nbar) for 5 hours. Dry
[err]-hydroxy-[err]-methoxy PEG 2000 (5.99g, 2.99 di ssolved in

t ol uene (53 n1) was_added taget | or oe en ). The
m xture was (my 5 xeg 3r§d§ g&ac(ﬂhmc&y\%épnbér)r{g 8 g et 4061431 [??
ALter_ cool i ng thCHzmlgob Srmeoat gte engb)p,r ecight b rt;H)ln &BEC: Mp%IZJ'gZE@atOI‘,
the mxture was, t %@E ed i n chloroform
and precipitat edrto"l'n'c%r roMn‘ﬁJ-rgaﬂ ﬁlﬁererh en once from rret hanol . Hal f
t he crude 10 product was purlfled by fl ash chromat ography (silica,
?lrg;nz) to " /(;Ogl Vi 4.'"’ B 1 a5 2 g m errfﬂnﬁl(l\a/gt 2}8})' ﬁ/lr—]|z

0 .
[err]: 1.23 (s (br) Cengmal Procedyre (m CHerr]), 2.31-2.36 (m
CHerr]CO, 3.37 (s, CHerr]O, 3.63 (s, 15 OCH[err]CH[err]O) 4.01-4.06

CH O, K.73 Q). SEC , Mh= 7
Wplz, ggrlr] ()pol% ﬂ’é%el‘%ﬂ_'[ce% Ehii§re Prep rﬁff BY §T q%’p% yner of

et hyl i dene bi s(gddtywet ixaythiexa-o20thylene deciadwatkl), vaxﬂpa;dpnbﬂarct@ee and

[err]-hydrgxy-[ ghg t R t h
bi s( 16- hydlcac()xyh xad)ecanoa? }}Yl 0%9{8%3 ng)ékgoﬁpcud e{éuﬁ )dasso ved I n
xyl ene/ tri chl orethylene ¢xide V(i?'lh Z%?—PrQﬂé)Cm rand ehqtid®| erThec. Adi poyl

ehlori de ({1 ool ymers dheefdid Sfxd oy 2l bymold Wasstest g opwi se and

t he m xt ure refluxed at 70[err] C er vacuum{])oo nbar) for 6
hours. Dry [er?fedfR®ige (3§ rqrﬁ*ﬁémylfp dhy, 0.86 mol )

di ssolved in toluene (15 m_) was added toget her

15 The dry solvent, toluene or tetrahydrofuran, was
distilled into a flamed glass ampoule. Ethylene oxide
was dried over calcium hydride and condensed into the
glass ampoule under high vacuum. An appropriate
quantity of catalyst, to give an ethylene oxide block of

20 the desired length, was added by injection into the
ampoule under a nitrogen atmosphere. The ampoule was
sealed, heated to 60°C and the reaction allowed to
proceed for 24 hours. Caprolactone, lactide, or
caprolactone and lactide mixtures in tetrahydrofuran

25 were next added by injection of an appropriate quantity
into the ampoule under a nitrogen atmosphere. The
ampoule was heated to 60°C for 24 hours, and then the
polymerization was terminated by addition of isopropyl
amine. The polymer solution was diluted with

30 tetrahydrofuran and washed with dilute aqueous citric
écid to remove catalyst residues. The polymer solution
was further washed with distilled water until neutral
and the high molecular weight polymer precipitated with
n-heptane. The precipitated polymer was finally vacuum

35 dried to yield a white polymer. The nature of the
polymerizations performed and results are summarized in
Table 1.



30 with tric

filtered. The

hl or oet hyl ene (3 m).
vacuum (100 nbar) for another 40 hours.
tenperature and precipitating in a

precipitate

Af

refrigerator,

ter

The m xture was refl uxed

under

cooling to room

the m xture was _
was di ssolved in chloroformand purified by

flash 35 chromat ography (silica, eluant hl oroformw th 0. 75%
nmet hanol) to give the title conpound (O. 423(3: [err]H NMR 300 VHz
[err]: 1.24 (s (br), CHerr]), 1.44 (d, CHerr]-CH), 1.59-1.64
- 32 - (m CHerr]), 2.26-2.31 (mlfablpedr] CO, 3.37 (s, CHerr]O,
3.64 (s, OCH err]CH err]Q, 4.04 (t, CHerr]Q, 6.85 (g, CH). SEC
|Vp:12, 410; Mr3-830—M=8-"715 Ipu: ystyremnmeey vt et a) 5 = ;
Preparation of | Bi: bj ockmGgr¥mer S| piluent | cat/MeRE[ 8bnP| OCEdMK &y -nmr The
di - bl ock copol yner s] were %r epared py sequepti_al polyneri zati on of
ethyl ene oxi de| (EO)| RPFH P¥pfDEREtpne 10 |TRL), bF ethylene oxide with
| actide (LD), &nd ofeo cEt hylene| oxi de w th capr )| actpne and 'l actide. Thd
pol ymeri sati ong—wer yzerb tre—bmret-atc—grri= oxoatkoxtde—as
prepared in Exalimlj (od) 7.6 16 Theowdeye SphyRNt, | 84 UNBoD000/CPLS, 700
t et rahydr of ur ags —eH-S e —te—a-Hared—fassrarpett-e—Et Ryt enre
oxi de was| driegd; quef, gal gi um yc;i%gg R condpgsed h&i SobAra2, 800 gI asf
anpou| e under il gh I#-Yadll| :.\nnr nu at.e ﬂ_llQ hit t \L cat al \/cf
give an ethylefe oxjde bl pck pf 20 4 he dfg 3red I =99th Eg‘@%oﬁﬂéﬁqzbéfoo
injection intolfthe |~ npoul e under a njkrogen al nosph
was seal efl, hefated fo 60[err][C and t'ht reacti bR al 8
proceed for 24|Rourft tol akt onel *EERT dk°- r sca)F?)?I é’(?f’ T antf
| actide mxtures in tetr hydrofur 25 wekre next|addef 8% i njection of af
appropriate quhBtith2-0 | 7intprthel Efooul e| Urtder a| APt r pER%r 4P AHFHRSAY - The
LD700)
q 1.7 1.0 | THF 1.69 49 E06,400/LD900
10 r 1.4 [1.0 THF 1.82 56 EO3,500/CPL500
8)
Aluminium isopropoxide (1L.19g, 5.8 mmol) was dried underxr
15 high vacuum in a glass ampoule for 4 hours at room
temperature. Dry toluene was distilled into the ampoule
under high vacuum and dissolution of the aluminium
isopropoxide allowed. Ethylene oxide (7.42g, 168.6
mmol) was dried over calcium hydride and condensed into
20 the glass ampoule under high vacuum. The ampoule was
sealed, heated to 45°C and reaction allowed to proceed
for 39 hours. Caprolactone (8.63g, 75.6 mmol) was next
added by injection into the ampoule under a nitrogen
atmosphere. The ampoule was heated to 45°C for a further
25 24 hours. The highly viscous product was dissolved in
' dichloromethane, the polymerization terminated with
dilute aqueous acetic acid and the high molecular weight
polymer precipitated with n-heptane. Molecular weight
was determined by 'H-NMR indicating ethylene oxide and
30 caprolactone block lengths at 500 and 5,200,



anpoul.e was heated to 60[err]C for 24 hours, and then the

pol yneri zation was term nated by addition of isopropyl am ne. The

pol ymer sol ution was diluted with 30 t et rahydrof uran and washed with
di l ute aqueous citric acid to renove catal yst residues. The pol yner
sol ution was further washed with disty,ll ed water until neutral

and the high nol ecul ar wei ght polynmer precipitated with n- hept ane. The
precipitated polymer was finally vacuum 35 dried to yield a white

pol yner. The nespeetdvelde pol ynmeri zati ons performed and results are
summari zed in Tabl e 1. - 33 -
Table 1 Ex. MongQner s '

[ err] H NMR t-y) parakign of: Poly (Me Hetha rafy LD
1 1.0 7.6 nggggﬂggngggg_p;ggggggéC& 000/CPL5 700 5 m 1.0
1.1 toluene 0.30 93 ECQ2, 500/ CPL2, 800 n 1.0 3.0

THF 0.82 74 EX4, 000/ CPL12, 000 o] 1.0 1.7 © toluene
0. 33 68 EQBMebhaERPyEp900w-methopy PEG02, 004 ag. eynthesised gn44 48
EO2, 400/ ( CPL8, LD700

q 1.7 E%QUPI?H&(C) wasgdded to ALRN 137 5835° F5aotor 29, 1)0
THF 1.82 thes evAcgased/CPlodpene (ca 40ml) was dlStllled under

vacuum into the reactor followed by destabilised methyl

10 methacrylate (MMA) monomer. The reactor was sealed and
then heated to 50°C for approximately 20 hours. The
title polymer was recovered by precipitation into
heptane. It was purified by dissolving in a minimum
amount of THF, adding this solution to water and then

15 heating above the cloud point of the polymer, at which
point the polymer came out of solution. This was
repeated once. The prepared graft copolymers were
characterised by 'H-NMR (Table 2):

20 Table 2
Ex |Methacryoyl- MMA AIBN (mg) |NMR Analysis
- PEG (g) monomer (ml) PEG content
(wt-%)
t 4.0 4.0 6.6 34
u 2.0 4.0 6.6 24
25 vi 4.0 2.0 3.5 50
w 3.0 4.5 8.1 27
x 4.5 | 3.0 5.7 41
y 0.5 10 16.5 1.3

30



S) Pol ynmeri zation catal yzed by al um ni um i sopropoxi de Al um ni um
| sopropoxide (1.19g9, 5.8 mmol) was dried under 15 hi gh vacuumin a gl ass

anpoul & for 4 hours at room © tenperature. Dry toluene was distilled
into the ampoul e under high vacuum and di ssol ution of the al um ni um
| sopropoxi de al | owed. Ethylene oxide (7.42@, _168.6 mmol ) was dried
over cal cium hydride and condensed into 2 t he gl ass anpoul e under high
vacuum The anpoul e was sealed heated to 45[err]C and reactlon

all owed to progked Randolmnchaénhex : BEQ ‘

next added by | £148R0Vb o ECh A BLEOYED
at mosphere. The anpou e mas ea e ﬁb %.bu Torsa Tur?hgr 25 2524 hours. The

hi ghly vi scous prodd€€an@ateissBhydglipo:l. /o4, HUSESRE Bne, the

pol yneri zati on term nated mnth dilute aqueous acetlc acid and the high
nmol ecul ar wei ght

r reC| a h ane.. Mol ecul ar wei ght
was detern?nedTﬁya[ﬁPFEFP ﬁYibéﬁPﬂw$eﬁélﬁxﬁﬁérﬁﬁﬁhgﬁ
caprol act one bﬂeﬁknbaﬁguh$1ang50® 280dmho2P0in dimethoxyethane (10 ml)

Vet nacryl at o) “REcFopfcEénperaturt Yhe LARERTEFENNS] BRLKINELAYkaipoy:
[err]- N@thacrytbibr@éerK2ﬁ§thbxylPEE;mmobb asTh9nthBPES§uurﬁ of tBeanpl e

1(c) vas addednioeolBN.GE 8:-0488217°261804288 cooc! el %@le%@l uene

(ca. 40m ) was disti vacuum j nto the’ reacto
dest abi | i $8d neehyticn ObﬁéﬁﬁaéﬁyléﬁéeFN§MP°Hﬁﬁoﬂ§rthl?hEeWE8€§5Prﬁas

seal ed and pE@hfaobe@bedsgo 50ﬁ¢rﬁh61fOﬁaépﬂaaé&n§h§|Meaﬁlﬁgurs The
title polyner was recover

ﬁ?g|tat on |n£ ﬂ
o T o by SoBrEiReS ESE A high: beforprtheniREurs was®
solution to maboeladdtbhQOO&Stempeaatngeabbhe sbkvehbudvaporatell ahd

pol ymer, at MhLﬁQ solidpgeg&dﬁges l ggrlﬁ ngtggieﬁk EELQEIQBP IHLﬁo&@?
15 for 15 minutes and filtered to glve the title compound
(1.30g) as a white solid.

aa) ' r 1 n
20 bal -B-

Ethylidene bis[16-(5-chlorocarbonylpentanoyloxy) -
hexadecanoate] prepared as in Example 1(e) (0.88 g, 1.02
mmol) was dissolved in toluene (15 ml) in a 100 ml 3-

25 necked round bottomed flask equipped with a glass gas
inlet tube and a reflux condenser. PEG 1500 (3.06g,
2.04 mmol) was added and the mixture heated at 60°C for
22 hours, cooled to room temperature and the solvent
removed under reduced pressure to give the title

30 compound (4.12g) as a white wax.

35
The reaction was performed as in Example 2(aa), but with
ethylidene bis[16- (5-chlorocarbonylpentanoyloxy) -



repeated once. The prepared graft copolyners were characteri sed by

[err] HNMR (Table 2): 20 Tabl e 2 Ex
Met hacryoyl - MVA Al BN (ng) NMR Anal ysis PEG ()
nmononer (m) PEG cont ent t 4.0 4.0

6.6 34 u 2.0 - 36 -4.0 6.6 24
25 % 4.0 2.0 3.% 50 W

3.0 4.5 8.1 27

3.0 5 hepxadecanoateq1(1.02g, 1418 mmolg. nin toluene (2@ ml) and

16. 5 1. 3EG 3&o0 (1.77g, 1.18 mmol) to give the title cokpound z)
Random chai n- ext ended pol yner ‘of PEG 1500, adi poyl chloride and
et hyl i dene bi s(?@%r@@ﬁ’e%ﬁll € wax. decanoate) (0.37:1.85:1.75).
gultlblock To a suspension of ethylidene bis(16-hydroxyhexa-

ecanoat e) 0 dimet hox e . . room
tenperatur §§%d%2 #ﬁggﬂ%¥5g4§pP@F%ﬂié§#$‘ ) 15270 [err]],

[
d

1.85 mmol ). The temEpdtidenenibitehid 6 -hydnoxyhexadevanpaddlal (nandomed t o
60[err]C, and a CO'%ﬂ¥§§§ﬁf%§§5 sol ution obtained. After 5 hours at this
tenperature PE .o5g, 0.37 mmol) was added and heating
A solution of PEG 2000 (A) (4.14g, 2.07 mmol) in 1,1,2-
10 trichloroethylene (26 ml) was added via a syringe to a

round bottomed flask containing ethylidene bis(16-
hydroxyhexadecanoate) (B) (118 mg, 0.207 mmol), under
nitrogen atmosphere. The resulting mixture was heated
to 60°C, and when a clear solution had been obtained,

15 adipoyl chloride (C) (417 mg, 2.277 mmol) was added via
a syringe. The pressure was reduced to 250 mbar and the
solution was stirred at 60°C over a period of 92 hours.
Remaining hydrogen chloride, evolved in the reaction,
and the solvent were removed on a rotatory evaporator at

20 reduced pressure and 60°C for 3 hours, and subsequently
under vacuum (<0.1mm Hg) at 60°C for 24 hours. Finally,
the polymer was precipitated from an acetone solution by
adding petroleum ether, and cooling in an ice bath for 2
hours. Filtration yielded 3.5g of the polymer as a

25 white waxy solid.

In total four different block copolymers differing in
the molecular weight of the starting PEGs were prepared
by this method; the conditions specific for each

30 polymerisation are given in Table 3 below. 13¢ NMR- and
1H NMR-spectra of the polymers was in agreement with the
expected products.



continued for a further 17 hours before the m xture was cooled to room

tenperature, the solvent evaporated and the solid residue stirred in
pefrol eum et her (bp 40- 60[err]C3 15 for 15 mnutes and filtered to give
the title conpound (1.30g) as a white solid. aa) Extended

pol ymer from PEG 1500 and ethylidene - 37 -

bi s[ 16- (5- chl orocar bonyl pent anoyl oxy) - 20 hexadecanoat el ( A- B- A

Et hyl i dene bi s[ 16- (5-chl orocar bonyl pent anoyl oxy) - hexadecanoat e]
prepared as in Exanple 1(e) (0.88 g, 1.Eabie_1 mmol ) was di ssolved in

toluene (15 mM) in a 100 mM 3- 25 necked round bottoned flask equi pped

with a glass ggs et—tobe—anp—areftux—copdenser—PEG1566 : ;

2.04 nmol ) was|agdad, dnd the ABXt Ur b MiAakreadadlti B[ er r |doIwsnt PREQUEt $on

cooled to roon{tenper t%{e and H%%%30|V§D%-C1 enoved under red ce%:

pressure to giye the hound* £4~12g) |as a white wax. 1M%b)

Ext ended pol yngr fron1PEG 1500 and =thy|idene : (hours)

bi S[ 16- ( 5- chl ofocarbo |pc|Tra|Tuyru1\ 7] rexadecanoa (Tui T IUILv(,i\)

35 The regactyen yas pesporned ps i1 :Exanpl e bﬁga»mebgylwhbh 21

et hyl i dene bi sp+6—5 Jm.sreeaﬁbuny.;catancyrcxy,

- 36 - 5 haxaggcaToate £80029, [L.1§gmHOKY i N ngm@ (20 n) ﬂgd 24

PEG 1500 (177JL1 L’IRﬂmmJJ[ J‘_ni\}i;j_g o title cofpoLt Y-S~

white wax. 5 - aff) t ed ppl ynqgy. 1Qf 1PEG Dﬁ%lplc aC|d and

et hyl i dene bis 16-§ydrnxyﬁéka Pranoateg%fra% m. mul ti bl 3;521
af 2000 10:1:11 Trichloro- 92

ethylene

1) The letters refers to the reactants as épecifed in
10 the text above.

ag) m - -

Qggangang

15 PEG 2300 methyl ether (10.000g, 4.35 mmol) was dissolved
in tetrahydrofuran (90 ml) and pyridine (0.413g, 5.22
mmol) was added. 1l1l6-hexadecanoyloxyhexadecanoyl
chloride (2.301g, 4.35 mmol) was dissolved in
tetrahydrofuran (10 ml) and added dropwise. After

20 stirring for 3 days at room temperature, the mixture was
filtered and the solvent was evaporated under reduced
pressure. The residue (12.08g) was purified on a silica
column, eluted with chloroform with increasing methanol
concentration (from 1% to 3% methanol in chloroform) to

25 give 5.20g (43%) of the title compound. H NMR (300 MHz,
CDCl;): & 0.80-~0.87 (m, CH;), 1.21 (s, (br), CH;), 1.53-
1.62 (m, CH,), 2.20-2.35 (m, CH,CO), 3.34 (s, CH;0), 3.61
(s, OCH,CH,0), 4.02 (t, COOCH,CH,0), 4.19 (t, COOCH,CH,O) .
13¢ NMR (75 MHz, CDCl,;): & 13.95, 22.49, 24.71, 24.83,

30 25.74, 28.45, 28.95, 29.07, 29.16, 29.28, 29.34, 29.40,
29.46, 31.72, 34.05, 34.21, 58.85, 63.15, 64.19, 69.01,



A solution of PEG 2000 (A) (4.14g9, 2.07 mmol) in 1,1,2- 10
trrchloroethylene (26 M) was added via a syringe to a round bottoned
flask containing ethylidene bis(16- hydr oxyhexadecanoate) (B) (118 ny,
0.207 mmol ), under nitrogen atnosphere. The resulting m xture was

heat ed to 60[err]C, and when a clear gplution had been obtained, 15
adi poyl chloride (C (417 ngy, 2.277 mmol) was added vi a a syringe. The
pressure was reduced to 250 nmbar and the solution was stirred at

60[ err] C over d0péii,0od1ef73921A8uks., 173.8Remai ni ng hydrogen chlori de,

evol ved in the reaction, and the solvent were renoved on a rotatory
evaporator at 20 reduced pressure and 60[err]C for 3 hours and
subsequent |y ah) | REE& 5098 G Sig 2o tiCE8LELAN0 hour s.
Finally, . hB&apelkyRBE +\Was precrpltated from an acetone sol ution by
addi ng petrol eum ether, and cooling in an ice bath for 2 hour s.
FiItrationsyieIded 3.5g of the polyner as a 25 whi te waxy sol.i d.

In total four ®EGFe0e0t methyR eahelyr(dr.500Gff ar.60gmmpl) wast Héseolleed ar
wei ght of the sta E p hqd

condi tions spegkf%%ip%ne ngmgge Bhﬁlﬁkﬁgd b? 52¥lh§&ﬁ ngh ?nn?gg

bel ow. [err] CSHRRk an@aratus[erPVHlﬂWResdQGﬂ&égof1tﬁ@ p@p}hewgswadded
aggsenent Wi t h A8 owed b?XQQHEEQOBrQQHBb§1§e) gf 16~ hexagecanoleﬁ&N

Mol ar rat8  hexadsgppenil chloridesdii-dflg, 2.25 mmol) éf-aspﬂrrgdpr_te

AEB:C[err] toluene (10 ml) TheMixture was heated to refﬁux and
g ours)ad aftgaostlrrlng uféef ffflufoSFy#EdayQ gh&”ﬁ1§¥u%%iwas 21

cooled to room temperature and precipitated into hexane.
After filtering, the precipitate was washed with hexane
15 and dried (MgSO,). After evaporation under reduced
pressure, the residue was purified on a silica column,
eluted with chloroform with increasing methanol
concentration (from 1% to 3% methanol in chloroform) to
give 5.93g (72%) of the title compound. H NMR (300 MHz,
20 CDC1l,): 3 0.82-0.86 (m, CH;), 1.22 (s, (br), CH;), 1.53-
1.62 (m, CH,), 2.20-2.35 (m, CH,CO), 3.34 (s, CH;0), 3.61
(s, OCH,CH,0), 4.01 (t, COOCH,CH,0), 4.18 (t, COOCH,O) .
13C¢ NMR (75 MHz, CDCl;): & 13.66, 22.21, 24.43, 24.54,
25.46, 28.17, 28.67, 28.79, 28.87, 28.99, 29.06, 29.11,
25 29.17, 31.44, 33.73, 33.93, 58.57, 62.87, 63.90, 68.72,
.69.62, 69.86, 70.09, 71.45, 76.85, 173.35, 173.53.

30
PEG 10000 methyl ether (7.500g, 0.75 mmol) was dissolved
in toluene (140 ml) and pyridine (0.107g, 1.35 mmol) was
added. The solution was-heated to 60°C and 16-
hexadecanoyloxyhexadecanoyl chloride (0.595g, 1.12 mmol)

35 dissolved in toluene (10 ml) was added dropwise. The
mixture was heated to reflux and after stirring under
reflux for 3 days the mixture was cooled to room



ae . 1500 10: 1: 11 DMVE 21 af
2000 10: 1: 11 Trichl oro- 92

et’hyl ene 1) The letters refers to the reactants as specifed in 10

t he text above. ag) PEG 2300 net hyl ether 16-hexadecanoyl oxyhexa-
decanoat e 15 PEG 2300 net hyl ether Q;% 000g, 4.35 mml) was dissol ved
in tetrahydrofuran (90 m ) and pyridine ( 413g 5.22 nmol ) was added.
16- hexadecanoyl oxyhexadecanoyl| chloride (2.301g, 4.35 nmol) was

di ssolved in temptaehltmlmdamﬁupaac(ip&tat)adadntadheeta@eopmmﬁéerAfter 20

stirring for 230 09! BTREGBIUER, LS bW nexank] Lier od and

t he sol vent ma uce pressure. The residu
(12.08g) was pdmuhded @ﬂa&hsﬁmKQQatograﬁqu@ﬁ aeﬁ&ﬂé§awppﬂu@ﬁioF%f%ﬁ%ﬁvmth

I ncreasi ng net I Nt KA 1 0/ |
cnlorof o) LoUgsl 5% meckRAEAN A }f* E:h;%fr"?ﬁ%“‘l . ?P‘g@égﬁs@@ *‘f:;’ “F] SR
, tépde gompounda ? 1 b
a%g:”)o) 1-352_?{ , 11262 (M (Qﬂig:ck ), 3251521:;60(@, @i[!ﬁrr]m)o 2§3:’~r5)4 (s,
rr O
4.19 (t, COOCH@rr f@h%Q?r]é»gz (b %ﬁ#ﬁ% %mé?g%5(§$555§§§§F;;bg}&%rEer]
%g 2451 gg 218 260 gggoBS 4308 (25.CGOCREIYE) . 28145 NMRD. (75 MHE,16, 29. 28,

3 3405, 34021, ,58,85,:635155564419, 69. 01,
_ 38 - 769?%3?71 733" $84° 23: 572243907 124282, ?sz% 2888945 ) ether
16- hexadea@noylwx.yzls 29.14, 29. 26 29.33, 29.39, 29 45, 31.71, 34.

58.84, 63.14, 68.99, 69.36, 69.86, 69.97, 70.01, 70.36,

70.74, 70.82, 70.86, 71.72, 77..10, 173.62, 173.80.

aj) - [w- - = o noi
15 cid 1- - - 1 a 1 -

h e r

Methoxy PEG 2000 chloroformate (1.90g, 0.95 mmol) was
digsolved in toluene (90 ml), and pyridine (0.09g, 1.13

20 . mmol) was added. 1[[16-(16-hexadecanoyloxy-
hexadecanoyloxy) hexadecanoyloxyl ethyl 16-hydroxyhexa-
decanoate (1.00g, 0.95 mmol) was dissolved in toluene
(10 ml) and added dropwise. The mixture was heated to
reflux and after stirring under reflux for 10 houfs, the

25 mixture was cooled to room temperature and filtered.

The solvent was evaporated under reduced pressure. The
residue was purified on a silica column using chloroform
containing 2% methanol, to give 1.00g (35%) of the title
compound . 1g-NMR (300 MHz, CDCl;): & 0.85 (t, CH3),

30 1.20-1.33 (m, CH;), 1.45 (d, -O-CH(CH;)-0), 1.5-1.7 (m,
CH,), 2.0 (H;0), 2.2-2.3 (m, -CH,-C(0)-0), 3.35 (s, CH3-
0-), 3.5-3.7 (s, -OCH,CH,0-), 4.03 (t, -C(0)-0-CH,-) ,
4.10 (t,

-CH,-0-C(0)-0-), 4.26 (m, -O-C(O)-0-CH,-CH,-0-), 6.8-6.9

35 (q, -O-CH(CH;)-0). 23C-NMR (75 MHz, CDCl;): & 13.7,
19.2, 22.1, 24.2, 24.6, 25.2, 25.5, 28.2-29.2, 31.5,
33.9, 34.0, 58.7, 64.0, 66.3, 67.9, 68.5, 70.0, 71.5,



hexadecanoate) 5 PEG 5000 net hyl ether (7.500g, 1.50 mml) was

di ssol ved in toluene (90 M) and dried by refluxing in a Dean

Stark d4pparatus. Pyridine (0.143g, 1.80 nmol) was added fol |l oned by
addi tion (dropw se) of 16-hexadecanoyl oxy- 10 hexadecanoyl chloride
(1.191g, 2.25 mmol) dissolved in toluggpe_(10 m ). The m xture was
heated to reflux and after stirring under reflux for 3 days the

m xture was cooled to roomtenperature and precipitated i nto hexane.
After filtering@7+he Prled pitB €/ was washed with hexane 15 and dried
(MS™M). After evaporatlon under reduced pressure, the residue was
purified on a sil.ica i rmvm hlncreasmg

met hanol ce
give 5.93g (72% of dduai

ferr] O 82250 86 (m JCHWHE ]FZZ ](§:1 Eﬁ!! gj [err]) 153- e 62 (m
CHerr]) 20-2. 35 [err]O, 3.61 - (s,
OCH err]CHerr]O, 4.01 (t, COOCH err]CH err]O, 4.18 (t COOCH err] O).

C NMR (75 4
[zgrzl%s 28. 1(7 3@4%’?’8 g%rgdao 8&}?152% %%"{Eggcg o@e Bt "1 Ry, bl 17531, 44
33.73, 33.93, sHssolwd gn wslwme s ML) and gywding @b 1469.09 -84 4
76.85, 173.35, n?ﬂ?égl)53ﬂas added 2 )1-Pﬁ%—1@_£33ﬁ{éﬁciéﬁarﬁ$ :?/hexa-

16- hexadecanoyl Xa- capoat 0QQ, met hyl et her
(75000, G HARIAPRSRTKle 16 Ty SR YR AREIREAER 51 G R pyT 1 88 e
(0.107g, 1. 35 ) WS dlssom_c&dm Tl waalt {100 niAs diehtaifidd 60[err] C and
16- hexade an | oxyhﬁi_?dec.a ch%lé)(r}.lbdq_‘e(é) t%?ﬁ%fﬁlxlz rgmalﬁte?’fr’

di ssol ved in t Xt e has
heated to refl Lsd:JamlLrag‘ tugrdest iredi gk uiier3 days rdfe mdxtorres wisgy scadieed

m xture was Coﬁgc?dré ature and filtere The solvent was - 39 -
terrperature and precl pltate I nt o hexane. %
evaporated under reduced pressure and the residue was
purified on a silica column, eluted with chloroform with
increasing methanol concentration (from 3% to 5%
methanol in chloroform) to give 3.90g (38%) of the title
compound. *H-NMR (300 MHz, CDCl;): & 0.85 (t, CH;),
20 1.20-1.33 (m, CH,), 1.45 (4, -O-CH(CH,)-0), 1.5-1.7 (m,
CH,), 1.8 (H;0), 2.2-2.3 (m, -CH,-C(0)-0), 3.35 (s, CH;-
0-), 3.5-3.7 (s, -OCH,CH,0-), 4.03 (t, -C(0)-0O-CH,-),
4.10 (t,
-CH,-0-C(0)-0-), 4.26 (m, -0-C(0) -0-CH,-CH,-0-), 6.8-6.9
25 (g, -O- CH(CH;)-0).

30
Methoxy PEG 10000 chloroformate (7.50g, 0.75 mmol) was
dissolved in toluene (90 ml), and pyridine (0.063g, 0.80
‘mmol) was added. 1-[16-(l6-Hexadecanoyloxyhexa-
decanoyloxyl ethyl 16-hydroxyhexadecancate (0.79g, 0.75

35 mmol) was dissolved in toluene (10 ml) and added
dropwise. The mixture was heated to reflux and after
stirring under reflux for 3 days the mixture was cooled



filtering, the precipitate was washed w th hexane and dried. Flash
chromat ography on a silica colum, eluted with 5% nmet hanol in
chl oroform gave 5.39g (68% of the 5 title conpound. [err]H NWMR (300
MHz, CDCl[err]): 6 0.84 (t, CHerr]), 21.21 (s, (br), CHerr]),
1.55-1.60 (m CHerr]), 2.20-2.35 (mgiCH err]CO, 3.34 (s, CHerr]O),
3.61(s, OCCHerr]CHerr]O, 4.01 (t, COOCH[err]CH[err]O) 4.18 (t,
COOCH err]CH err]O. [err]C NWMR (75 VHz E %i Eerr 13. 94,
22.48, 24.70, pa.geomptepperafuye and fijtepsd.pgThe S94VERT Y8533 29. 39,
%(9) gg 31. 7170§g299§8.ted 088 8Ade®3rdducé. ﬁQesﬁﬂgB(S @?e8ﬁesﬁi&u&7wa§0 0)1
aJ
16-[[err] - Met hBEYlﬁEGdZQBOacﬁFEEJﬁﬁl SS?;PWBXaﬁgBEﬁé %g ﬁ§°r°f°rm j gith

1-[16- (16- hexaﬁlﬁaaaaﬁhngyhexhdﬁoanophoe;atratlon(from 3ﬁekadé&ameyhany’ﬂet hyl

t Met h 2 0 f 0 5
g;ssg:)l ved Pn tﬂiPugﬁéo g ﬁf“’? (’38” ?{jlggée((g%g O Qlf% f‘gm%’m\??)s was
added. 1[[16- gmpmmdec owbxysoo MHz, CDCl,): & 0.85 (t, CHy),
h d | d | t 1psh
(ixgogfagogsoﬁ%?gﬁxa ST ) 7 I oo °§é}9§n?§33’23‘£
dropwi se. The FHxtur2.3a3-Bellfed- ?Téz C(O) 1A B 3l 1@k -8 rr Png dnder

reflux for 10 hgursocﬁ.ﬂ;@H ), AXdIrg V\Ia.&j(mo-l(ﬁ-(tﬁz() rqomot E{m:per-ﬂ-_lgr-e and
filtered.

resi due wa$ pUFI( S}eQ &n é 3:%?;5(5‘:\/? Orﬁﬁh?ugl ﬁgz ﬁ[[br ot ol rsese’SLgom ‘ai ﬁ?ng 2%

met hanol, to gcHECh,POQ) (35% of the title corrpound. [err] HHNMR (300
VHz CDCI[err]): [err] 0.85 (t, CHerr]), 30 1.20-1.33 (m CHerr]), 1.45
(d, -OCHCHerr])-O, 1.5-1.7 (m CHerr]), 20(H[err]O), 2.2-2.3

(m -CHerr]-C(O-0, 3.35 (s, CH[err] O) 353 7 (s,
-OCH err] CH[ er l/eh) 03 < ! 156
-CHerr]-0C(O-0 : m o ' | :
(g, -O-CcHi8éH err])- O) [err]C—NI\/R(75 MHz, CDCl[err]): [err] 13. 7,

19.2, 22.1, 24g2¢ )2@E§Eu§gh§uxg§5§@£gs 2-29.2, 31.5, 33.9, 34.0,
58.7. 64.0, 66.3, 67.0, &8 5. 70.0, 71.5,

- 40 -

A solution of copolymer in toluene was prepared. This

solution was added to water (25-30% toluene v/v) and
20 mixed with a high speed mixer (20500 rpm for 40 to 60

seconds). The resultant emulsion was freeze dried '

resulting in a fine white powder.

Example Polymer from Concentration of
Example 2 copolymer in
Toluene {(wt/wt)

25 10

10

10

10

10

30
f)  Particles from polymer of Example 2(f)



87.9, A71.5, 173.7. ak) 16-[[err]-Methoxy PEG 5000

car bonyl oxy] hexadecanoi c aci d

1-[ 16- ("16- hexadecanoyl oxyhexadecanoyl oxy)- 5 hexadecanoyl oxy] et hyl
ester Met hoxy PEG 5000 chl orof ormate (8.50g, 1.70 nmol) was

di ssolved in toluene (90 m) and pyridine {f.146g, 1.85 mol ) was
added. 1-[16-(16-Hexadecanoyl oxyhexa- 10 decanoyl oxy) et hyl

16- hydr oxyhexadecanoate (1.79g, 1.70 mr ) was di ssolved in toluene (10

mM) and added Polymgxoginiove Expple 2 (fle (s Medamad ddsselivied dad after

stirring under gaflewe f@r ml)dany Haaed )Efd”w%t‘éﬁs @0@H19d  The WA ¥RQE
tenperature and filtered, The sol vent was evapor at.ed unde&gq[hwed

pressure and t sy dang, shpken forlﬁﬁquQQﬁdﬁn drozen: yitdh Gy ed with
chl or of or m wi t ethandlnemndaFire@zeeididre. concentration (from3%to 5%
met hanol | g chloroform to give 3.90g (38% of the title conpound.

[err] HH NMR™(300 MHz, CDO [err]): [err] 0.85 (t, CH[err]) 20 1.20-1.33
(m CHerr]), & hrti01SiE Ehiop Ly@e: ka 2 CHerr]), 1.8
(Herr]O, 2223(m CWHH qq q 335(s(mww] o),

3.5-3.7 (s, -CCH err]CHerr]0O), 4.03 -g(O-0CHerr]-), 4.10 (t,

_CH err] - O C( Opodypers fxron Example( @) cﬂéu[oé) M) CHaer diseolvesl drs. 9 25
(9, -0 CH(CH @iher® (1 ml) and )addE@ [l Walee¥et oy ) PEGTHAOGA xture

carbonyloxylhexadecan0|c

1-[ 16- ( 16- nexaafé@aﬁaﬂdoﬁm&@dé@gn&ﬁ @)@Wﬂdg, Erozeny, withe Ao WS ] et hyl

ester 30 Meithexyn 1PEQdl FRee zehldaiedar mate (7. 50g, 0.75 nmol) was
di ssolved in toluene (90 n), and pyridine (0.063g, 0.80 mrol ) was

added. 1-[16-(16- Fbxadecanoyloxyhexa- decanoyloxy]ethyl
16- hydr oxyhexatedan@articlezodrom AR R oc] oo lyme i

(10 M) and added
stirring ggder refl OX

A solution of the block copolymer was prepared in
toluene. Ca. 2 ml of solution was added to 10 ml of

20 water with, in some cases, an extraneous emulsifier
dissolved in the water. The mixture was mixed with a
high speed mixer. The sample was immediately frozen and
freeze dried to give a fine white powder.



- 41 - to roomtenperature and filtered. The sol vent was

evaporated off under reduced pressure. The residue was purified on a
silica“colum, eluted with chloroforn1mﬁth i ncreasi ng net hanol
concentration(from3%to 5% net hanol in chloroform to give 1.60g (19%
of the title corrpound [err]H—NNR(_S%gM-lz CDCl [err]): [err] 0.85 (t,
CHerr]), 1 20-1. 33 (n1 CH[err]) C>CH(CH[err]) O, 1.5-1.7
(m c:l—i[er Jl! 22’) ("I—lfnrr'l ("/m Q’ 335 \S, ("Llrnrr'l ('\.\
3.5-3.7 ( [
3537 o P! aa;mg%sﬂyseé Ffdoh, Dz Gl Thhged AR,
(q, -O ( CH[ er r | fExrey Example Pl fEes - Pleprir atlon dﬁemﬂdﬁre
particles 15 a- e) | @enfdAkbedt-acequr e Alsol ution off copolynef in
tol uene was prepared. |This sol yti on was add pd to wat er [(25-30%
tol uene v/v) aphd 20 i with a hijgh speed m xer (20500 rgm for 40 o 60
seconds). The fesultantf enul sion was ffreeze dried resultfing 1n a fine
white powder. |3h 2p/Bwgkpl e | 2.5 vt Po| YAeP0% rom | W8oncentrqtion
of ExqdBhfordc Fes | COpOl yner ifn
Tol uene (wt/wt 25 3o =) 10
3b : b 3
c 3i 10 2p/13wt¥ 1.5%%:% 8,000 d 15
10 3e plgronic F68 1¢ 30 1)
Particles fronypolyner [OT EXanpl € Z(1|)

3j 2p/13wt% 0.63 wt% 8,000 15

pluronic Fé68

5 3k 2p/10owt% none 8,000 15
31 2n/l1owt% none 8,000 15
m-p) xr r Meth 1 - -
10 PEGs
General Procedure

A solution of the graft copolymer was prepared in

15 toluene. '. Ca. 2 ml of solution was added to 10 ml of
water with, in some cases, an extraneous emulgifier
dissolved in the water. The mixture was mixed with a
high speed mixer. The sample was immediately frozen and
freeze dried to give a fine white powder.

20



- 42 - Pol ymer from Exanple 2(f) (70 ng) was dissolved in

toluene (1 m) and added to water (3 m). The mixture was hand shaken
for 30-seconds, frozen with dry ice/ nmet hanol and freeze dried. 5
g) Particles from polymer of Exanple 2(9) Pol ymer from Exanpl e 2(9)
(100 ng) was dissolved in tol uene (1 ) _and added to water (3 m). The
m xture 10 was hand shaken for 30 seconds, frozen with dry ice/
met hanol and freeze dried R —Rat-ti-ces—fem-AR—btoer—eopetyrefs of
PEG pol ycapr 0 9&;1 PAlllARLE adivd)ed Fpeea |GRIAREAL 3
procedur e: E“%nglﬁ%%g%‘%ﬁot erblé%% %%%o%ynfr Was 5?2paredin1lme
toluene. Ca. 2|l of ddizemiBrempbe addemuisifigrni |FPRD  wat o (SHPAZS) n [sone
cases, an extrpneous drgy/ebidedkra- (i ssolved injthe water. [The m xturg was
mxed with a hi gh jspeed mi xer. Tie sanple wagd i medi atelly frozen and
freeze dried tp give o ¥4°Re white povder.
- 43 - .
3m 2t/4wt% and none 20500 30
2y/6wt%
3n 2w/5wt% and none 8000 30 -
2y/5wt%
30 2w/6wt% and none 20500 30
2y/ 4wt$
5 3p 2w/5wt% and 1.0wt% 8000 30
2y/5wt% pluronic F68 -

q) Particles from block copolymer of methylene

10
The polymer of Example 2(i) (0.1g) was dissolved in 1.9g
toluene and mixed for one minute with 3 ml water using
an Ystral mixer at 10,000 rpm to form a water-in-oil
emulgion. The water-in-oil emulsion was then emulsified
15 in water (3 ml) to form a water-in-oil-in-water
emulsion, which was freeze dried to give air-filled

particles.

20

The procedure of Example 3(g) was repeated except that
the second water phase of the water-in-oil-in-water
25 emulsion contained 2% gelatin.



Exanpl.e Bl ock copol yner Extraneous M xer speed M xer tine

from Exanpl e emul sifier (rpm (seconds) No.

/ conceritr a- tion 3h 2p/ 13wt % 2.5 Wt %

8, 000 15 pl uronic F68 3i

2p/ 13wt % 1.25 wt % 8, 000 15 _ 45 -

pl uroni c F68 3] 2p/ 13wt % 0.63 wt % 8, 000 15

pluronic F68 5 3k L 2p/10m¢@6 none 8, 000 15
31 2nflowt Rrepazgidon JQRLES QL1 EXLCI RO LTS

Particles from Pol yEVlh ¥ i1 aoykhah ek : i &y f Y 5
CGeneral Procedure A solxtlon of the graft copol ymer was prepared in
15 t ol uene. Ca. ion was added to 10 m of water wth,
in sonme cases, an extraneous enulsifier di ssolved in the water. The

m xture wag n1¥%ﬁ?*Lze r|e QE §RS%$ be§% T@%.wg' S%}g%a Egﬁediately

frozen and *28 glve
- 44 - distilled water (1 ml). The solutlon was degassed, and

the headspace of the vessel was filled with perfluoro-n-
butane. The solution was shaken for 18 seconds on a
Capmix®. Perfluoro-n-butane-filled microbubbles of a

10 size suitable for intravenous administration were
observed by microscopy. The microbubbles were stable
for several days.

t) reparati i leg of extende r
15 e i i luoro-n-buta
nicating)

Polymer from Example 2(ab) (0.25g) was dissolved in
distilled water (5 ml). The solution was degassed and
20 then treated with a sonicatdr for 1 minute under a
stream of perfluoro-n-butane. Perfluoro-n-butane-filled
microbubbles of a size suitable for intravenous
administration were observed in a microscope. The

microbubbles were stable for several days.

25

30 Polymer from Example 2(ab) (0.01g) was dissolved in
distilled water (0.5 ml) and added to 0.5 ml of an
"aqueous solution (1%) of the polymer from Example 2 (ai).
The solution was degassed, and the headspace of the
vessel was filled with perfluoro-n-butane and shaken for

35 99 seconds on a Capmix®. Perfluoro-n-butane-filled
microbubbles of a size sultable for intravenous

administration were observed in a microscope. The



Exanple G aft copol yner Extraneous M xer. speed M xer tine

fron1Exaane emul sifier (rpm (seconds)

No/ concent r a- tion 3m 2t / 4wt % and none

20500 30 2yl 6w % 3n 2w/ 5wt % and none
8000 30 2y/ 5wt % 46 30 2w 6wt % and none
20500 30 2yl 4w % 5 3p 2w 5wt % and 1. 0wmt %
8000 30 2y/ 5wt % pl uroni ¢ F68 q)
Particl es frombteokubbpebywereobtablbayfeneseveral days.

bi s( 16- hydr oxyhexadecanoat e), adi poyl chloride and
[err]-hydroxy-[err]- nethoxy PEG 2000 10 The polyner of_Exaane 2 |)

(0.1g) was di s¥bl veBreéparabgon iF:
m water using " S \ ]  § ¢
enul sion. The mater-ln 0|'"enu st on mas en enuIS|f|ed 15 I n mater (3
m) to fortha water-in-oil-in-water emul si on, which was freeze dried

to give air-fig @lrmer BPaL®i ¢bevlg) (ICI)rywas Rbssotied finom hlook a
copol ymer of net

d |
chior de © "SoIMEERE B 411k, AKBIIPEL: FiYRERHoxgiach S00sreioA PR
procedure of EpaopyieBéqylwaelr épewttdrexc®pe saaple wast Hegsesedd waader

phase of the vaerpi0a@hhobNoPPLRE 2ssefPi$1088 9PhapaRE14EERAL I N.

10 butane and shaken for 99 seconds on a Capmix®. Stable
perfluoro-n-butane-filled microbubbles of a size
gsuitable for intravenous administration were observed in

a microcope.

15
PLE - _Aco i igati in-vitro

20 The samples were re-dispersed in MilliQ™ water by
shaking on a laboratory shaker for an appropriate time.
The dispersions were then observed by light microscopy

to determine the particle size.

25 Example Particles from Particle size
Example 3 (pm)
a
b_
‘4c c
4e e
30 4f f
4g g




- 45: S)
from Exanple 2(ab) filled with perfluoro-n-butane

5

water (1 m).
was filled wth perfluoro-n-
Capnix[err].

The sol ution was degassed, and th

vessel. %
for 18 seconds on a Perf

m cr obubbl es or_f

ane
uor o- n-bu

PofFymer from Exanple 2(ab) (0.02g) was dissolved in

Preparation of m crobubbl es of extended pol yner

(by shaki ng)
distilled
e headspace of the

The sol uti on was shaken

tane fllled .

19evera

observed by mi froscopy.,The n1cro-ubb|es re stabl g far days.
t) Preparat|nn of n1rrnhuhh|pq f extended polynert 15 from Exanple #(ab)
filled with pe‘fluoro n- but ane (bk sonlcatlng) Pol%ner fro
Exanpl e 2(ab) §0.25q) W% dissolved in distilled water (% Th
sol uti on was djpgassed angd 20 then treated with a sloni cator, fqr 1 m nijt e
under a s r eam of rf1 uor o-h- but ane. 3 Per f I uor & n- but adéfi | | ed
m crobubbl es of a size suitable fpr 1 ntravenous ~adm ni stration weje
observed in a [fi croscop&X The m cr obubbl es werd st abl e4d# severa
days. 25 ) Prepar ati1on oir| m crobubbles of exftended pol yners
from Exanpbes P(ab) and42(a|) filjed with perfluoro-|n- ydLane (by
shaki ng) 30 anpte—2Cab)—<0-01Ig) Was o or Ve
distilled wate SIﬂémand added to 0.5 wl of an aqueels solutiun
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The particles were characterised by measuring the
ultrasonic tramsmission through aqueous dispersions of
the particles using a 3.5 MHz broad band transducer in a
15 pulse-reflection technique. The aqueocus solvent was
used as a reference.
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4p _ Claims 2-44 10 The particles were
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or graft copolymer surfactant.

2. A contrast agent as claimed in claim 1 wherein the
copolymer surfactant contains one or more hydrophilic
regions or domains and one or more hydrophobic regions
or domains.

3. A contrast agent as claimed in claim 2 wherein the
copolymer surfactant contains one or more hydrophilic
regions or domains selected from polysaccharides,
polyalcohols, polyvinylpyrrolidones, polyethylene
glycols and polyaminoacids.

4. A contrast agent as claimed in claim 3 wherein the
copolymer surfactant contains one or more hydrophilic
regions or domains consisting essentially.of
polyethylene glycol units.

5. A contrast agent as claimed in any of claims 2 to 4
wherein the copolymer surfactant contains one or more
hydrophobic regions or domains selected from

poly (meth) acrylate esters, polyorthoesters, vinylic and
styrenic polymers, polyacetals, polyanhydrides,
polylactic acids, polyglycolic acids and ethers and
esters thereof, and polylactic acid/polyglycolic acid
copolymers.

6. A contrast agent as claimed in any of claims 2 to 4
wherein the copolymer surfactant contains one or more
hydrophobic regions or domains selected from polyester
groups containing one or more long chain aliphatic
groups. L
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4a | : a Contrast 20 4b
0ot | MEERIR BRI, 4 c
Contrast {1NRIEEHIIED REEHHES T d Cont r ast
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8. A contrast agent as claimed in any of the preceding

claims wherein the copolymer surfactant is a block
copolymer.

9. A contrast agent as claimed in claim 8 wherein the
copolymer surfactant is an extended polymer.

10. A contrast agent as claimed in claim 9 wherein said
extended polymer comprises hydrophilic polymer blocks
linked by oligomeric or quasi-polymeric hydrophobic

regions or domains.

11. A contrast agent as claimed in any of the preceding
claims wherein the copolymer surfactant is
biodegradable.

12. A contrast agent as claimed in claim 11 wherein the
copolymer surfactant contains acid-labile bonds.

13. A contrast agent as claimed in claim 11 wherein the
copolymer surfactant contains biodegradable linkages of
formula

- (0) ,-CO-0-C (R*R?) -0-CO- (0) - (1)

(where R* and R? each represent a hydrogen atom or a
carbon-attached monovalent organic group or R! and R?
together form a carbon-attached divalent organic group,
and m and n are each zero or 1).

14. A contrast agent as claimed in claim 13 wherein R?!
and R? (when other than hydrogen) are selected from
aliphatic groups having up to 10 carbon atoms,
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- 49 ; 60192.579 Claims 1. A contrast agent conprising gas m crobubbles
encapsul H"m’mm,'mmm mymerl sable wal | -form ng bl ock or graft copol yner
sur f act a B rast agent as clained in claim1l wherein the
copol yner ~ sut f dct &nt Scoht ai ns one or nore hydrophilic regions or domains
and one or nore hydrophobic regions or dorins. 3. A contrast agent as
ﬁlgineﬂ :n claim2 wherein the copol yner surfactant contains one or nore
ydrophilic regions omai ns selected fr ar ol yal cohol s,
ponvinyIpyrrogyﬁgﬁgg%ygog§899§I ﬁ3189y88lgoaﬁ§ é%%%%giﬁggggdsp Y A
contrast agent azaldpaated gmoupaihaﬁiugeuplnotﬁe capbbynatomsnfaxwant
o ol vot byt engORb8 oPUJEABNY B0’ 86, 08508h dRBRENS HERBSLEYIGCR LA | ¥
g in a

of pol yet hyl en A contrast agent as cl
claims 2 to 4 hﬁ@ﬁ@ghuph§0céﬁopﬁﬁbpnséﬁpaétaﬁﬂ @6@t9¥n§°€ﬁeh§Feﬁ€?§°mS

hydrophobi c regi9agtel ¢2oR BS Nehaet & Ehﬁ”\aﬁ?‘ yEMeh.) peerkaiagest ers,
pol yorthoesters, vinylic and st renic

|
polyanhydrldesngHP§I§éFF¥1§€|8§e BSIV&F?C%%PEt& pﬂéacﬁhggﬁﬁgpgtgnd esters

t hereof, and pol yl actic aci d/ pol yglycolic acid copol yners. 6. A contrast

agent as Cla'gﬁglnsAg%é gfa%%?ég%n LQ &1WIGEY Tn! RSa9RPYY WRerein R

surfactant. co

and R? are selected from hydrogen atoms and methyl

groups.

16. A contrast agent as claimed in any of claims 13 to
14 wherein the copolymer surfactant comprises one or
more hydrophobic regions or domains containing units of
formula (I).

17. A contrast agent as claimed in any of claims 13 to
14 wherein the copolymer surfactant comprises one or
more hydrophilic regions or domains containing units of
formula (I).

18. A contrast agent as claimed in any of the preceding
claims further comprising at least one additional
emulsifier.

19. A contrast agent as claimed in claim 18 containing
at least one emulsifier selected from fatty acids and
carbohydrate and triglyceride esters thereof,
phospholipids, proteins, polyethylene glycols and block
copolymers.

20. A contrast agent as claimed in any of the preceding
claims which is coated with one or more coating
materials selected from polyethylene glycols, proteins
and polysaccharides.

21. A contrast agent as claimed in any of the preceding



hydr ophobi ¢ rwjﬁiﬂﬁrﬂt domai ns sel ected from pol yester groups contai ni ng

one o I"’III&HII" al i phatic groups.

agent as clainmed in claim®6 wherein said | ong chain
allphatlc group or groups are sel ected from pol ymet hyl ene groups cont ai ni ng
10- 20 car bon at ons. : A contrast agent, as clained in any of the
precedi ng cl ai ns mhereln t he copolyner surtactant is a bl ock copol yner.

9. A contrast agent as clained in c E Ly 8 wherein the co gl N
surfactant is BitexPehigdcPesl PE¥EeT, B rﬂg88htPégF°38eﬁ §s E§|n88 in

cl ai m 9 wher ei disaidegxheidew, pelrgoe;, sudphuseberafivphibecapd! yowr bl ocks
linked by olig p y e I ns.

11 A cont rast N3secp AT #HE5htNBpIBaT 1Y EIABIIIAE S Ay MY he
copol ymer surfactant is biodegradabl e. 12. A contrast agent as clainmed in

claim 11 wherebp thg eea%h:&ger agkshi;aabaeuaiﬁ\eaanmcaauﬁl babwherbmdthe 13.
A contrast agent as c I n Ialm}_iH e|n t he cog yne sur f act ant
contai ns bi ode§PS8REMX aF? kgeéslﬁpro pFo biitane 'or pereitoropentane”

23. Use of a contrast agent as defined in any of claims

1 to 22 in diagnostic imaging.

24. Use of a contrast agent as defined in any of claims
1 to 22 in diagnostic ultrasonic imaging.

25. Use of a contrast agent as defined in any of claims
1 to 22 in magnetic resonance imaging.

26. A method of generating enhanced images of a human
or non-human animal body which comprises administering
to said body a contrast agent as defined in any of
claims 1 to 22 and generating an ultrasound or MR image
of at least a part of said body.

27. A process for the preparation of a contrast agent
as claimed in claim 1 which comprises interacting a gas
with a non-polymerisable wall-forming block or graft
copolymer surfactant so as to produce said contrast
agent. ' |

28. A process as claimed in claim 27 which comprises
(i) generating an emulsion comprising hydrophilic and
hydrophobic phases wherein the copolymer surfactant is
preferentially solubilised in the dispersed phase
thereof or is distributed about the interfaces between
said phases and (ii) obtaining said contrast agent from
gsaid emulsion.
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- ( COOCRerr]Rerr]) -0CO (On- () (where R err]
and R err] eac t a hydrogen atom or a carbon-attached nonoval ent
or‘gam"m; err] and Rlerr] together forma carbon-attached dival ent
orga mﬂmHH lﬁmnd n are each zero or 1). 14. A contrast agent as
clainmet in el am erein Rlerr] and R[%rr] (when ot her than hydrogen)
are selected fromaliphatic groups having ap—to 10 carbon atons,

- 51 - cycloal kyl groups having .to 10 carbon atong, araliphatic r oups
having up to 2@9cargoﬁr8F6ﬁ§,aﬁr?ingSGp§nhS 24y 4P ggeﬁﬁlﬁa?gﬁHiﬁPBgE, P

heterocyclic gepupsibaviBopugpheed) thebebpelgmerasdrfiaetantnbeéng

het eroat ons sel ected fro N angd. and. any_of;. . di r S
carrying one onﬁ%ﬁgeP%ﬁgﬁﬁﬁnsPiggbi?F?ﬁeﬁPs¥r diéegﬁﬁggﬁﬁréggugggﬁg as
clained in claintét¢fekesepfi Bher Eineat &ispelsedepbakected from hydrogen
atons and net hyl groups. 16. A contrast agent as clainmed in any of clains

13 to 14 wherein the copolynmer surfactant conprises one or nore hydrophobic
regi ons or dondPns BoRrarRERgaEnFiaiveds dnpngilaim $8 or129 aarsherasttagent

as clained in apytBEk phakBhcé3okOat418h8t ebiiet BadEORENNMIEENELUEL 8RNt
conprises one or nore hydrophilic regions or domains containing units of
formula (1).

31. A process as claimed in claim 30 carried out in the
presence of at least one emulsifier selected from fatty

acids and carbohydrate and triglycgeride esters thereof,

phospholipids, proteins, polyethylene glycols and block

copolymers.

32. A process as claimed in claim 31 carried out in the
presence of a poly(oxyethylene) -poly (oxypropylene) -
poly (oxyethylene) block copolymer.

33. A process as claimed in any of claims 28 to 32
wherein the emulsion is lyophilised in the presence of
the gas to be encapsulated.

34. A process as claimed in any of claims 27 to 33
wherein the contrast agent is coated with one or more
coating materials selected from polyethylene glyéols,
proteins and polysaccharides.

35. A process as claimed in claim 28 wherein the
dispersed phase is gaseous and the copolymer surfactant
is preferentially soluble in the dispersion phase, |
thereby generating a contrast agent comprising a
dispersion of gas microbubbles stabilised by
encapsulating copolymer surfactant.

36. A process as claimed in claim 35 wherein the
dispersed phase is a perfluoroalkane and the dispersion
phase is an aqueous solution of a water-soluble



18.

clainmed in any of the preceding clains further

conpr at | east one additional enmulsifier. 19. A contrast agent as
cl ai WU'HM aining at |east one enulsifier selected fromfatty
aC|ds and triglyceride esters thereof, phospholi pids,
protelns po

yethylene gl ycol s and bl ock %ﬁﬁquners 20. A contrast agent
as clained in any of the preceding clains ich is coated with one or nore

coating materials sel ected | yet hyl ene gl ycols, proteins and
polysaccharideQOPOEXTerAsgﬁ ?Fgéggagent as clained in any of the preceding
- 52 - claims wherein the encapsul ated gas is selected from air,

nitrogen, oxygeg, hxdggggﬂ OQIPEQEF|gé?ﬁggmgfrgﬁgfﬁcghﬂﬁlggntaghhﬂgl ar gon,

sul phur hexaf | Uori de an I nate ydrocarbons which are
gaseous at  3pfedepeadable. lnké§ﬁ§r9§tf9§@Hiaas claimed in claim21
wherein the encapsul ated gas is perfluorobutane or perfluoropentane
23. Use of a contrast gent as_defined i of cl ains lto

di agnosti ¢ i nagi ng. 0) @7C01#deC Ih)cgnpgaga¥agent as defined |ﬁ ény of
cl ai nms 1to22in dlagnostlc ul trasoni c i magi ng.

(where R! and R2? each represent a hydrogen atom or a
carbon-attached monovalent organic group or R! and R?
together form a carbon-attached divalent organic group,

and m and n are each zero or 1).

38. A copolymer surfactant as claimed in claim 37
wherein R! and R? (when other than hydrogen) are selected
from aliphatic groups having up to 10 carbon atoms,
cycloalkyl groups having up to 10 carbon atoms,
araliphatic groups having up to 20 carbon atoms, aryl
groups having up to 20 carbon atoms, heterocyclic groups
having up to 20 carbon atoms and one or more heteroatoms
selected from O, N and S, and any of the preceding
groups carrying one or more functional substituents.

39. A copolymer surfactant as claimed in claim 38
wherein R' and R2 are selected from hydrogen atoms and
methyl groups.

40. A copolymer surfactant as claimed in claim 39
wherein R! represents a hydrogen atom and R? represents a
methyl group.

41. A copolymer surfactant as claimed in any of claims
37 to 40 containing one or more hydrophilic regions or
domains and one or more hydrophobic regions or domains.

42. A copolymer surfactant as claimed in claim 41
containing one or more hydrophilic regions or domains
selected from polysaccharides, polyalcohols, polyvinyl-



1to 22 in

nagnetl ce |nag|ng 26. A nmethod of generating enhanced i nages
of” a h l@ n ani mal body which conprises adm ni stering to
said bo ent as defined in any of claims 1 to 22 and

generati ng an uItrasound or MR i mage of least a part of said body.
27. A process for the preparation-of a contrast agent as clainmed in claim

ol ock o g1 af { BYEEERGRIREP ‘o P SERRErE, oAy Rel AR HETY s ReBe ey O

agent . 28. A process as clained in claim?27 mhlch conpri ses (1)
generating an qgulshp% gggﬁthg %eEQRR LisC c3Bd meghy el @RAQLI GoPhases
wherein the copol'ynmer s S ct ant i refe%entlaPF s%l E ??Se in the

di spersed phas€&oNtEISiaet oBe PF ﬂ‘P§?r hwétr@@haééﬁt r@ﬁéorlﬁt ext deraipst ween

sai d phases angohisliktakigieRisettsandyC ot b@ige%%%bnfar 9lycolagiesul sion.
- 53 - 29. Aprocess as clained in claim28 wherein a nultiple emulsion is

prepared, the copol yner surfactant being preferentially solubilised in or
di stributed abadt. t Re copodyhmeresuafachanti aestcldimpdr dadapfasé. claifths A
process as cl ai I i <xCl carr oyl r of. . at

| east one addl#gﬁgg|23nﬁﬁhE?§%19§ %gf ﬁk hsggesgd&gphpglg g§§ 8ﬁFaFﬁ?30
carried out indoneipsesedester iﬁomeﬁ9ﬂYdW@tbﬁﬁF§Wﬂﬁéﬁ eske¥sed fromfatty

aci ds and Carb@@ﬂ@b&%ﬁo@@@e&%‘gbiﬁﬁﬁh@eaﬁﬁl%E%r%hﬁbeghly&€9§ph0|'pldS
proteins, polyéethyl ene gl % ck
polyacetals, polya Y rldes, polylactic acids,
polyglycolic acids and ethers and esters thereof, and

polylactic acid/polyglycolic acid copolymers.

45. A copolymer surfactant as claimed in any of claims
41 to 43 containing one or more hydrophobic regions or
domains selected from polyester groups containing one or
more long chain aliphatic groups.

46. A copolymer surfactant as claimed in claim 45
wherein said long chain aliphatic group or groups are
selected from polymethylene groups containing 10-20
carbon atoms.

47. A copolymer surfacatant as claimed in any of claims
37 to 46 which is a block copolymer.

48. A copolymer surfactant as claimed in claim 47 which
is an extended polymer.

49. A copolymer surfactant as claimed in claim 48
comprising hydrophilic polymer blocks linked by
oligomeric or quasi-polymeric hydrophobic domains or
regions.

50. A copolymer surfactant as claimed in any of claims
41 to 49 wherein one or more hydrophobic regions or



copolyﬁees————se——#ep%eeess as claimed in claim31 carried out in the

presence al ox ethylene) pol y(oxypropyl ene) - pol y(oxyet hyl ene) bl ock
copol y mm”lﬂ lﬂ s as claimed in any of clains 28 to 32 wherein the

enuIS| n the presence of the gas to be encapsul at ed.
34. A process as clalned in any of clainsgg/ to 33 wherein the contrast
agent is coated with one or nore coating materials selected from

pol yet vl ene Sh¥fighie BOALELAS.AIISPEEYSBERNGLT 197 ag dBrifel 96C8TaTR
clainmed in cla rSpersed pha I'S gaseous and

copol ynmer surfdétant is preferentlally soluble I n the dispersion phase,
t hereby generating a contrast agent conprising a dispersion of gas

m cr obubbl es stabiljsed by encapsul ating copol yner surfactant. 36. A
process as cl aPted 9n°898¥¥W§§ ﬁHEﬁéFﬁagﬁeaﬁlg aived pRa8BY| ofaclaims
perfl uoroal kangiand thewHezpehsbnse abaﬁereshydraghegga &egublnenoef a
wat er - sol ubl e . . -94- _cpopo r
surfactant.  9mRRB BER BRLGFaiRoRbEBIGraPsEPPERLEEILER: GF nERGTLE
bi odegr adabl e KLhkagedefinédr iml glaim 37.

52. A copolymer surfactant as claimed in any of claims
37 to 51 containing units of formula

- (CH,) 5~ (O) p-CO-0-C (R'R2) -0-CO- (0) 5- (CH,) - (I1)

(where R!, R?, m and n are as defined in claim 37 and a
and b are each integers in the range 1-30).

53. A copolymer surfactant as claimed in claim 52
wherein a and b in formula (II) are each integers in the
range 10-18.

54. An emulsion comprising a copolymer surfactant as
claimed in any of claims 37 to 53 comprising hydrophilic
and hydrophobic phases wherein the copolymer surfactant
is preferentially solubilised in the dispersed phase
thereof or is distributed about the interfaces between
said phases.

55. Use of a copolymer surfactant as claimed in any of
claims 37 to 53 or an emulsion thereof as claimed in
claim 54 in drug formulations, drug delivery systems,
contrast agents, surgical materials, biocompatible
implant surfaces, particle coatings, foods, paints,
coatings, impregnations, cosmetics, detergents,
textiles, coating of medical devices, biodegradable
clear packaging film, polymer property modifiers, self-
lubricating materials, compatibilisers for polymer

blends, separation membranes, anti-fouling coatings,



(0, mCoo-c{RferriRerr])-0 CO (O n- (1) (where R err]
and R[err] e hydrogen atom or a carbon-attached nonoval ent
organl c grj&ﬁmﬂ“ﬂﬁmmg Rl err] together form a carbon-attached dival ent
organi c gr n*are each zero or 1). 38. A copol yner
surfactant as clained in claim37 wherein g[err] and Rlerr] (when ot her
t han hydrogen) are sel ected fron1allphat|c groups having up to 10 carbon
at ons, cycl oal groups havi o] carbon at rall hatlc gr oups
navi g b to 28o2us FoRPAPE e arURLE L BRE T RRaRR, BERES B5%RHPRR o om
het erocycl i ¢ gcatipdyktsi nghapmbplastiar bdastonersaod bhe wanubacture
het er oat ons seggch§g %é O Nand S, and any of the precedi ng groups
carrying one or |onaI substituents. 39. A copol yner surfactant
as claimed in claim38 wherein R err] and R err] are selected from hydrogen
atons and net hyl groups. 40. A copolymer surfactant as clainmed in claim
39 wherein R err] represents a hydrogen atomand R err] represents a nethyl
group. 41. A copolyner surfactant as clained in any of clains 37 to 40
contai ning one or nore hydrophilic regions or domains and one or nore
hydr ophobi ¢ regi ons or domains. 42. A copolynmer surfactant as clainmed in
claim4l containing one or nore hydrophilic regions or domai ns sel ected
from pol ysacchari des, polyal cohols, polyvinyl-

\
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-55-  pyrrolidones, polethylene glycols and pol yam noaci ds. 43. A
copolynmer surfactant as clainmed in.claim42 containing one or nore

hydr ophi |l i c regions or domains consisting essentially of polyethylene

gl ycol units. 44. A copolynmer surfactant as clained in any of clains 41
to 43 containing one or nore hydrophobic_ rgglons or domai ns selected from
poly(nmeth)acryl ate esters, polyorthoesters; vinylic and styrenic pol yners,
pol yacet al s, polyanhydrldes ponIactlc%§§$g$%$polyglycol|c aci ds and
ethers and esters thereof, and polyl act pol ygl ycolic acid

copol yners. 45. A copolyner surfactant as clained in any of clains 41 to

43 containing one orp q%HE £5§ om
pol yester groups cont arni n one orbs%rag Jhaq ]'I% %seé r%pj;ﬂ '
A copol yner sumlueqlaml%omkabm ot ﬂ%laﬁ%?m%h@%&i Yy dmfl'chal n

al i phatic gr Ouib&lfyﬁﬂ%ﬁ %&ﬂ%ﬁﬂlﬁg‘ PN %téwalﬁﬁec@%ﬁeﬁom ai ni ng
10- 20 carbon atons Ol%gﬁ surfac tant as cl ai ned

claims 37 to 4@%#%?’?% bI iUt aqf:gm &fﬁ%lmeﬁﬁfﬁct ant as
clainmed in cl aibhciegvaddble aad e Hookremd grdft AcamgDiyaes

surfactant as Céoﬂﬂ?%n{l_hciﬂlﬁg 48 cmé%LgLrgaohydr ophi l'i ¢ pol yner bl ocks

| i nked by ol i goneric or guasi ynerlc phobi ¢ domai ns or regions.
50. A copol yner surfactant as clained in any of clains

- - {0) u-CO-0-C(R'R?) -0-CO- (O) - (1)

(where R! and R? each represent a hydrogen atom or a
carbon-attached monovalent organic group or R! and R?
together form a carbon-attached divalent organic group
and m and n are each zero or 1) which are themselves
novel.
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41 to 49 wherein one or nore hydrophobic regions or W34 005
-.56 - domains contain units of formula (1) .as defined in-claim37. 51.
A copol ymer surfactant as claimed in any of clainms 41 to 44 wherein one or
more hydrophilic regions or domamins are water-insoluble and contain units
of fornmula (1) as defined in claim37. 52. A copol yner surfactant as
clainmed in any of clains 37 to 51 contai f -
(CHerr]) a- (O mCOOC (Rerr]Rerr]¥ Sﬂﬂiﬁtwétﬁ{eﬁ {Qﬂalﬁtﬂ\g%‘p (rn)
(where Rerr], Rerr], mand n are aé@%&igd in cIa|m37 and a and b are
each integers in the range 1-30). pol ymer surfactant as clainmed
in claim52 wherein a and b in formula (11) are each integers in the range
10-18. 54. An enul sion conprising a copolynmer surfactant as clainmed in
any of clains 37 to :NPRWR!% AY R BELATING| TO GONIRAST rAGENTS| ¢ phases
wherein the copolyner surfactant is preferentially solubilised in the

di spersed phase thereof or is distributed about the interfaces between said
phases. ~ 55. Use Ofpﬂﬁmwe&l’ﬁ@%&maﬁﬁﬂd HdMGddt Hyerdts Gl M 37

to 53 or an erruIS| nthereb al clalmed in
which microbubbles of gas are encapsulated by non-

polymerisable wall-forming block or graft copolymer
surfactants. The polymer surfactants are preferably
biodegradable and include block and graft copolymers
containing linkages of formula

- (0) y-CO-0-C (R!R?) -0-CO- (0) - | (I)

(where R! and R? each represent a hydrogen atom or a
carbon-attached monovalent organic group or R! and R2
together form a carbon-attached divalent organic group

and m and n are each zero or 1) which are themselves
novel.
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claim54 in drug sy MRk OR % ,?}rfgg G%I ve y systens, contrast agepiSp aes
surglcal~nat rmab&uwgygqogg d%)g% sur f aces, particle coatings,
f oods, 6a|nts%§f@all floﬁs osnetics, detergents, textiles,

coating of nadhcal d@igﬁe%Fé%f (? e | ear packaglng film polyner
ri

property modif iers. . StIOHG é’ggdan'u :c i BLI35 EEBrid 1998

pol yner bIends “seﬁé? oul i ng coatings,

- 57 - foan1forn1ng materi al s, 3ﬁa bhase transfer catalysts,

t hernopl ast i cl_e‘#’e\s*e d\ﬁ?er‘%?’@ﬁmhe’ffq&. 'actgrgzof_ hydrogel s.  56. PEG 2300
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rogen, oxygen, hydrogen, nitrous oxide, carbon

dioxide, helium, argon, sulphur hexafluoride and
optionally fluorina:ed hydrocarbons which are gaseous at
37°C.

22. A contrast agent as claimed in claim 21 wherein the
encapsulated gas is perfluorcbutane or perflucropentane.

23. Use of a contrast agent as defined in any of claims
1 to 22 in diagmostic imaging.

24. Use of a contrast agent as defined in any of claims
1 to 22 in diagnostic ultrasonic imaging.

25. Use of a contrast agent as defined in any of clainms
1 to 22 in wagnetic resonance imaging.

26. A method of generating enhanced images of a human
or nen-human animal body which comprises administering
to sald body a contrast agent as defined in any of
‘claims 1 to 22 and generating an ultrascund ox MR image
of at least a part of said body.

37. A process for the preparation of a centrast agent
as claimed in claim 1 which comprises interacting a gas
with a non-polymerigsable wall-forming black or graft
copclymer surfactant so as to produce said contrast
agent. '

28. A process as claimed in claim 27 which comprises
(i) generating an emulsion comprising hydrophilic and
hydrophobic phases wherein the copolymer surxfactaat is
preferentially solubilised in the dispersed phase.
thereof or is distributed about the interfaces between
said phases and (ii) obtaining said contrast agent from
said emnlsion
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foam forming materials, antifoams, phase transfer

catalysts, thermoplastic elastomers or the manufacture
of hydrogels.

56. PEG 2300 méthyl ether 16-hexadecanoyloxyhexadecanoate.
57. PEG 5000 methy! ether 16-hexadecanoyloxyhexadecanoate.

58. PEG 10000 methyl ether 16-hexadecanoyloxyhexadecanoate.
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