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OF THE INVENTION 5 The present invention relates to agueous di spersions of
pol ymer paotisos®s9 and in particular to a nmethod of prepa&cTmMgoaqguseus

di spersions of polyner particles using anphiphilic chain transfer agents.
The invention also relates to novel anphiphilic chain transfer agents,

nmet hods for their preparation and chain transfer agents useful in the
preparation of such 10 anphiphilic chain transfer agents. BACKGROUND OF
THE | NVENTI ON 15 Enul si on polynerisation provi des one of the nost effective
means of preparing iy es.

Accordingly, this pgﬂgnerlsagﬁzn echﬁrgﬂg as ee%Rggsgggévely adopt ed by
i ndustry to manufacture aqueous dispersions suited for use in products
such as paints, adhesives, fillers, prinmers and seal ants. 20 The
conventional enulsion polymerisation systeminitially conprises water,
nmononer, priyid 6F PAE fioNat or. The enul sion pol ymerisation process
general | y conmences by I spersi ng nononer (organic phase) in the water
(aquedus phase), with the aid of the surfactant, to provide an emul sion.
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PCT/ AU02/ 01735 -2 conmercial uses, current enulsion polynerisation

t echnol ogy presents sone i nherent problens. For exanple, when a

di spersion, or product prepared froma dispersion, is

BACKGROUND OF THE INVENTION

15 Emulsion polymerisation provides one of the most effective means of preparing an
aqueous dispersion of polymer particles. Accordingly, this polymerisation technique has
been extensively adopted by industry to manufacture aqueous dispersions suited for use in

products such as paints, adhesives, fillers, primers and sealants.

20 The conventional emulsion polymerisation system initially comprises water, monomer,
surfactant and initiator. The emulsion polymerisation process generally commences by
dispersing monomer (organic phase) in the water (aqueous phase), with the aid of the
surfactant, to provide an emulsion. The initiator, which is usually dissolved in the
continuous aqueous phase, provides a source of the free radica}ls that initiate

25 polymerisation. The dispersed organic phase provides monomer to the propagating
polymer chains which in turn form small polymer particles. During formation and in a
final form, the polymer particles are stabilised from coalescence by the surfactant. The
polymerisation process therefore provides as a product an aqueous dispersion of polymer
particles.

30

Although very useful in providing aqueous dispersions of polymer particles for



applied to a surface and dries to forma film as wth a paint, free
surfactant in the dispersion can tend to mgrate to the surface and

| ocal i se wooposdeet s, thereby adversely 5 affecting the surCacaopooperties
of the film particularly in the area of water sensitivity. Al so,

pol ynerisation is typically achieved by a classical free radical

pol yneri sation process which has a ILpi-ted capacity to effectively control
bot h nol ecul ar wei ght and architecture of the resulting polyner, and no
ability to produce bl ock copolynmers. 10 One approach to restricting
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15 surfmer to the particle. However, the use of such a technique provides little ability to
control the architecture of the resultant polymer particles.

Options for modifying the radical chemistry of the polymerisation reaction have been quite
limited. However, recent developments in free radical chemistry have to some extent
20 broadened the scope of chemistry available for potential adaptation to emulsion
polymerisation. In particular, so called controlled/living radical polymerisation techniques
such as nitroxide mediated radical polymerisation (NMRP), atom transfer living
polymerisation (ATRP), degenerative transfer techniques best exemplified by reversible
addition-fragmentation chain transfer (RAFT) have been investigated (Macromolecules

25 2001, 34, 5885-5896).

The RAFT process, as described in International Patent publication WO 98/01478, is a

radical polymerisation technique that enables polymers to be prepared having a well

defined molecular architecture and a low polydispersity. The technique employs a chain
30 transfer agent (CTA or RAFT agent) of the general formula (1):



(1) which has been proposed to react with a propagating radical (P,;) in

accordance with Schene 1. initiation nononmer (M 01 O Pin chain transfer
Pn + X X-WoloagssoPL X r X-R kB Pm X X+R '-~r k_add U Z Z ZPCUAWR/0(73¥
reinitiation nonomer (M R -~ -~ Pm chain equilibration Pm+X X-Pn Pm X

X-Pn PmX XtPn UMI| Z Z Z (3) termnation 5 P' + Pm 3 dead pol ymer Schene
1. Proposed nechani sm of RAFT pol yneri.gati on The effectiveness of the chain
transfer agent (1) is believed to depend on a conplex array 10 of rate
constants. In particular, the formation of polynmer according to schene 1 is
bel i eved WO 03/055919 PCT/ AU02/01735 -4,a0 bg reliant upon equilibria that
require high rate constants for the addjtion of propagating radicals to
agent (1) and the fragnmentation } rmediate radicals (2) and (3),
relative to the rate constant for pr propqgation. 5 The rate constants

associ ated wi th RAFT pol ynerisation are %ﬁluenced by a conplex interplay
between stability, steric and polarity effects in the substrate, the
radicals and the products formed. The pol ynmerisation of specific nononers
and conbi nati ons of O

which has been proposed to react with a propagating radical (P,’) in accordance with

Scheme 1.
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Scheme 1. Proposed mechanism of RAFT polymerisation

The effectiveness of the chain transfer agent (1) is believed to depend on a complex array

10 ofrate constants. In particular, the formation of polymer according to schene 1 is believed



nmononers will introduce different factors and structural preferences for
the reagent 1. The interplay of factors for a particular system have been
| ar gel y raniosnsddised on the basis 10 of the results obtai mea/Aud201Bar
definition of all factors that influence polynerisation for any particular
system has not yet been determ ned. While RAFT technol ogy provides for the
preparation of bl ock copol ynmers using-4ree radical polynerisation, and can
provi de nmeans for superior control over many 15 pol ynerisation processes,
difficulties have been encountered in using the technol ogy in emnul sion,
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pol ydi spliesptegonsiant fon MeRALaHOMei ght , the 20 RAFT agent nust be |ocated at
the reaction loci (nucleated particles) at the start of the polynerisation
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i ntroduced to the polynerisation loci prior to starting the reaction,
thereby satisfying the aforenentioned requirenents. Such techni ques have
been shoWhileo ReyRiv tatbnolegyp eravidesciontthe Iprenasationnel plork ropplyaeroHsipe Jés s
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Furthernore, both techniques require co-surfactant stabili sers and per
emulsion, miniemulsion, suspension polymerisation processes and the like. ~Success

adaptation of RAFT chemistry to an emulsion polymerisation requires the polymerisation
conditions to be such that the polymerisation process can proceed under RAFT control.
Furthermore, in order to maintain control over polydispersity and molecular weight, the
20 RAFT agent must be located at the reaction loci (nucleated particles) at the start of the
polymerisation and be homogeneously distributed amongst all particles. To achieve these
conditions, a RAFT agent should be sufficiently water-soluble so as to diffuse from a
monomer droplet to a nucleated polymer particle in a time frame that is much faster than
the duration of the polymerisation and which is also much faster than the nucleation
25 period. Alternatively, a water miscible co-solvent could be used to aid the migration of the
RAFT agent. Such requirements may be met by “fine tuning” the reaction system, but this

is difficult to achieve in practice.

Alternative modes of performing an emulsion polymerisation, such as miniemulsion or
30 seed emulsion techniques, have recently been shown to alleviate problems associated with

the diffusion of RAFT agents. In both cases, the RAFT agent can be directly and



addi tives which introduce unwanted conponents into the polynerising mxture
and conprom se the properties of the finished product to a point where the
pot ent i alwben®fiots of the RAFT process cannot be denonst rParadio22073SUMVARY
OF THE INVENTION It would therefore be desirable to provide a nethod for
produci ng an aqueous dispersion of 15 polyner particles which can exhibit
t he advant ages of RAFT pol ynerisation-sgising conventional enulsion

pol ynmeri sation techni ques without the need for conventional surfactants.
Accordingly, in a first aspect the present invention provides a nethod for
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SUMMARY OF THE INVENTION

Tt would therefore be desirable to provide a method for producing an aqueous dispersion of
15 polymer particles which can exhibit the advantages of RAFT polymerisation using
conventional emulsion polymerisation techniques without the need for conventional

surfactants.

Accordingly, in a first aspect the present invention provides a method for preparing an
20 aqueous dispersion of polymer particles comprising the following steps:

) preparing a dispersion having a continuous aqueous phase, a dispersed organic
phase comprising one or more ethylenically unsaturated monomers, and an
amphiphilic RAFT agent as a stabiliser for said organic phase, and

(i)  polymerising said one or more ethylenically unsaturated monomers under the

25 control of said amphiphilic RAFT agent to form said aqueous dispersion of
polymer particles.

In a second aspect the present invention provides an amphiphilic RAFT agent of general

formula (4a)



substituted with one or nore hydrophilic groups selected from-CO2H,
-C2R, - SO3H, -0Os@H, -SOR, -SXRZR, -OP(OH) 2, -P(OH) 2, -POQOH 2, -0OH,
-OR, 10WQO@GMESICHR) W OH, - CONH2, CONHR , CONR R', -NR R' PCTMtR2MRIBS' ,
where R is selected fromCl-C6 alkyl, wis 1 to 10, R, R' and R'' are

i ndependently selected from Cl-C6 al kyl and C6-Cl12 aryl which are
optionally substituted with one or nore6-hydrophilic substituents sel ected
from-CO2H, -SOG8H, -0OSMBH, -OH, - (000H2CHR) WOH, -CONH2, -SOR and SO2R,
and salts thereof; and 15 Z is selected fromoptionally substituted al kyl,
optionally substituted aryl, optionally sgbstityted aryl al kyl, optionally
substituted al kylthio, optionally S sti t'uf'ed ylthio, optionally
substituted arylal kylthio, and.qptionally substituted acylamno. 20 In a
third aspect the present inven on(g)\row des a RAFT agent of general fornmula
(5a) S R, S=Cz (5a) where Rl I SN; CH( CH3) COOH, - CH( CO2H) CH2CO2H, or

- CH( CH3) CONRaRb, WD 03/ 055919 PCT/ AU/ 01735 -7 where R and Rb are the
sanme or different and i ndependently selected fromH, C- C6 alkyl, Cl-C6
al koxy, ©C6-Cl2 aryl, C7-Cl18 al kyl aryL C6- C12 heteroaryl, each of which
is substituted with one or nore hydr ﬁlﬂc groups sel ected from-C>2H, -
C2R, -SBH, -0s@BH, -SOR, -SXZR, -OP(OH) 2, -P(OH)2, -PQOH 2, -OH, 5
OR , -(OCH2-CHR)W CH, CC]\IHZ CC]\IHR‘ CONR R, -NRR', -NWMR R'R'"", where R
is sel ected frwhelte,lea@BXas kwepemlen@y 4 resslue ©f aRolynRrisabld nRomar;e

i ndependent |y 1%?%@(1 from Cl-C6 al kyl and C6-Cl12 aryl which are
optionally subgﬁ with one or nore hydrophilic substituents sel ected
from-G2H, - SRBIY -CRBHCOCH, -CHOCTOHREEDWM bt -C CONBCR® aWHerSGER,
and salts thereof; and 10 Z is selected fromaptionally substituted al kyl ,

optional Iy subdd R gesiths rssl{ne or sfitferamiandindensadently %eépomcg/fr@n@ Cr-Gpellghal | y
substituted al 5‘,}'-66 Qﬂl&wxy? -'c?{‘élly'l,yc7-cls alkylaryl or C¢-Cj2 heteroaryl, each of which is

substituted with one or more hydrophilic groups selected from -CO,H, -CO,R’, -
SO3H, -OSO3H, -SOR’, -SO,R’, -OP(OH),, -P(OH),, -PO(OH),, -OH, -OR’, -

10 (OCH,-CHR),-OH, -CONH,, CONHR', CONR'R", -NR'R", -N'R'R"R", where R
is selected from C;-C¢ alkyl, wis 1 to 10, R', R" and R" are independently selected
from C;-C; alkyl and C¢-C; aryl which are optionally substituted with one or more
hydrophilic substituents selected from -CO,H, -SOsH, -OSOsH, -OH, -
(COCH,CHR)y-OH, -CONHa, -SOR and SO;R, and salts thereof, and

15 Z is selected from optionally substituted alkyl, optionally substituted aryl,
optionally substituted arylalkyl, optionally substituted alkylthio, optionally
substituted arylthio, optionally substituted arylalkylthio, and optionally substituted

acylamino.

20 In athird aspect the present invention provides a RAFT agent of general formula (5a)

s—R’
/
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N

z

(5a)
where R' is -CH(CH;)COOH, -CH(CO,H)CH,CO,H, or -CH(CH;)CONR'R?,



substituted arylthio, optionally substituted aryl al kylthio, and optionally
substituted acylamno. 15 It is to be understood that while the second and
t hird aspwotos/osf14 he i nvention are not intended to enconpaTsAtlonovmss RAFT
agents, the first aspect of the invention relates to the use of any

sui tabl e anphi philic RAFT agent, even those which may have been descri bed
in the prior art. 20 In a fourth aspe@t- the invention provides a nethod of
prepari ng RAFT agents by conjugate addition of a dithiocarbonyl conpound
to an a, p-unsaturated carbonyl or thiocarbonyl conpound. 25 DESCRI PTI ON OF

THE PREFERRED, ENBORI Mgi\ﬁ‘s 3 Usale BE Pypﬁfe‘i’ent YR m%a{déﬁﬂy\ﬂsélectéd &o/HH, Che term

"aqueous d|sperS|on a po asi c system having a di spersed
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pol ypha5| c sy;t:bezg gjcséﬁlaaéS@g'i\?\l) %%I/{GSE%Q PCTP?@ 2/ 01735 -8 wa % er-in-oil
enul sison. WerGR't h¢OCHgEHR)pDHS e CONHe, | CONFR 't ﬁfé) XBlerNRAY, R'BS. be

referred to as an enul sion . VW h r gani oI|d solid
then the di speKs ﬁrﬂs ‘??z‘if’?%ﬁ?@%géiﬁaﬁkﬁ 13 @Q’ 3?‘?&, %enﬁgﬁﬂry t he
surface coati @gle&h@mnﬁepm a&@lmd@blﬁaﬁpﬁnﬁhmﬁoﬁm@i g@sumfdewmedné 0 as
emul si ons, and the process for preparing them5 is called enulsion

pol yneri sat i orer rafbrﬁ Hlydgiphdlquoétl@!é@té rsglested dfam +604h eSPsHarO%gebotidH, -

di spersi on of cI t nl ess

ot herw se stat@giéﬁgﬁ%ng C&%I arrphl P?‘cﬁﬁéﬁ?ﬁﬁzafét?fﬂ‘ I?ﬁ%reéig t&Jo a RAFT agent
tﬂat te|s ahst rAIGE uge@ecﬁu:dg ffrd‘m)tdjpt?mdnppéﬁbbmmtedndlkhydbpmmwyc substjtubets asylch
that 10 the agent exhibits surfactant |ike pro erties. used herein,

unl ess ot her wicdtionally; eybstitnied; apyialkgh 4pplignally - s @éﬂﬁl%@ %@]élﬂﬁhi?fﬁﬁopgliy
conmpound capa E@@M 0 1y Yisstieuttde
stabiliser i sbSIuSSt lflte& %Pﬂ?né’}lgdééﬁ g‘?[g%g%gye%lkﬁﬁlgl %%?g%dgﬁglcyphase in a

cont i nuous aqtmp]amlmhase the 15 stabiliser may also be referred to as an
enul sifier.

15 It is to be understood that while the second and third aspects of the invention are not
intended to encompass known RAFT agents, the first aspect of the invention relates to the
use of any suitable amphiphilic RAFT agent, even those which may have been described in
the prior art.

20 In a fourth aspect the invention provides a method of preparing RAFT agents by conjugate
addition of a dithiocarbonyl compound to an «,p-unsaturated carbonyl or thiocarbonyl

compound.

25 DESCRIPTION OF THE PREFERRED EMBODIMENTS

As used herein, unless otherwise stated, the term "aqueous dispersion" denotes a
polyphasic system having a dispersed organic phase and a continuous aqueous phase. The
organic phase may be a monomer phase, a polymer phase or a mixture thereof and may
30 include other liquid, solid or semi-solid components known to the art, such as pigments,

stabilisers and plasticisers. The organic phase may also be a polyphasic system, such as a



Accordingly, a reference to an anphiphilic RAFT agent acting as a
stabiliser is a reference to an anphiphilic RAFT agent that stabilises a
di sper si owofososistoal esci ng, or forns a mcelle. The met hedTavoakish t he
anphi phili c RAFT agent achi eves stabilization of the 20 di spersed organic
phase in the aqueous nediumw || depend |argely on the polynerization

met hod utilized. For exanple, in a congentional emrul sion polynerization
process according to the invention it is believed that polynerization of
anphi philic RAFT agent w th added nonomer in the aqueous medi um produces a

di spersion of stabili zed Bgﬁ b Thay! B0 b

stabi | i 298 Br“bgﬂl P‘Bﬂ%e %%Pclhégr ghrrdgrg 1%% ﬂmg‘ﬁ% i|{c FT0 agent
whi ch, dugertdd tdes BAlenEsiba.atWhen thaso:rgemdqmde o R- sbh&ldrese(m—sehd tlgn ther eel y
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occur, east 1'ni I'n mic e sane way as conventi onal

sur f a6t aht called amﬂhoh |pz>iy1germgtmmt, sltheqelirh enore taeoaraisf termh dop hesBnal 4q9@Ust i on
advant ageouslé provj des the. abi|| |t ,to forman WO 03/055919 PCT/ AU02/ 01735
-9 aqueofspersiopaf prlymesp ’8}e§ atﬁ rticles wthout the need for
conventional surfactants. In addition, the nmethod provi des neans for

form ng the polymer particles under RAFT controll, ed polﬁl\gerl sation. 5 The
present IA(SVlBﬁd |Imrclmdnﬂ@ﬁ1ﬂﬂm1@§ee$tm ﬁb@l terey "gannbiphilin §AL TAgrat arelery 1o
aqueous erS| YR r deBensetdhodat S
particul thgs ag%épar |“r'11§? I'sp Slp(})lé’]lgb @ﬁ dg@hlﬂﬁrc ?%n seal ea}mt

pri e agk Hﬁ@dh%ts%ﬁﬁbd:tﬁﬂﬂik@lpﬁopem met hod of the present invention can
be used in conventl onal enul sion, mnienulsion 10 and suspension

pol ymeri sation processes. In all such processes it is preferred that the
anphi phi ¢, RAF.age oDt ATROL! b it  R1BllisS llrloteSeat @APhYMILC
nononer dr op%%tger?% ral%’%16g§)216%}he0ug %ase hgt ulti rrléq'te are not@ﬁ%estl ned to
devel op icompoand ohpaivter obatablihslhg a dﬁp@sulod frms:ogk;emg |Wh¢r9 the|stabiliser kat
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associsat IsPiBilREr Mk Bish bs 3feRe Rfasaaealilfiér. monomer droplets, the way in

whi ch the di spersion

Accordingly, a reference to an amphiphilic RAFT agent acting as a stabiliser is a reference
to an amphiphilic RAFT agent that stabilises a dispersion from coalescing, or forms a
micelle. The method by which the amphiphilic RAFT agent achieves stabilization of the

20 dispersed organic phase in the aqueous medium will depend largely on the polymerization
method utilized. For example, in a conventional emulsion polymerization process
according to the invention it is believed that polymerization of amphiphilic RAFT agent
with added monomer in the aqueous medium produces a dispersion of stabilized organic
phase in the aqueous medium. The stabilized organic phase comprises monomer and

25 amphiphilic RAFT agent which, due to the polymerization, is rendered non-labile (i.e. not
freely exchanging with other dispersed organic phases or dissolving in the surrounding
aqueous phase). In suspension polymerization or mini emulsion techniques the
stabilization by the amphiphilic RAFT agent is believed to occur, at least initially, in much
the same way as conventional surfactants or stabilizing agents.

30

The method of the present invention advantageously provides the ability to form an



in step (i) of the method of the present invention is prepared nmay vary
dependi ng upon the polynerisation nethod enpl oyed. For exanple, in
convent i owelo3emlisi on pol ynerisation it is preferred thatrcrhaodospersi on
of step (i) is prepared by form ng a solution of anphiphilic RAFT agent in
wat er and pol ynerising added ethylenically unsaturated 20 nonomer under
the control of the anphiphilic RAFT agent. Wen applied to emnul sion
polynmerisation, it is also preferred that the addition of nononer is
limted so as to avoid the formati on of nononer droplets in the water until
the water E atmpon
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t o repyl tasddRiakiBe or stabilisation of reservoir monomer droplets, the way in which the dispersion

in step (i) of the method of the present invention is prepared may vary depending upon the

polymerisation method employed. For example, in conventional emulsion polymerisation

it is preferred that the dispersion of step (i) is prepared by forming a solution of

amphiphilic RAFT agent in water and polymerising added ethylenically unsaturated
20 monomer under the control of the amphiphilic RAFT agent.

When applied to emulsion polymerisation, it is also preferred that the addition of monomer
is limited so as to avoid the formation of monomer droplets in the water until the water
soluble RAFT agents have undergone sufficient polymerisation with monomer to become
25 water insoluble. It is believed that this approach renders the amphiphilic RAFT agent non-
labile, producing a stabilized organic phase which for convenience will hereinafter be
referred to as a non-labile micelle. This is believed to effectively prevent the amphiphilic
RAFT agents from migrating individually through the aqueous phase, and therefore
reduces potential for the agents to associate with or stabilise reservoir monomer droplets in
30 the water phase. Accordingly, at this stage further monomer can be added at a greater rate

to swell the non-labile micelles without forming "stabilized" monomer droplets in the



15 situation where anphiphilic RAFT agent can associate with or stabilise
nmononmer droplets that ultinmately will not develop into a polyner particle.
I f a bat cWOpBOs®ss is to be used, it is preferable that @&CrAtoeoUd3si on
technique is used. In the case of mnienulsion and suspension

pol ynmerisation, it is preferred that the 20 dispersion of step (i) of the
met hod of the present invention is pred&ed by formng a conposition
conpri sing water insoluble anphiphilic RAFT agent and ethylenically

unsat urat ed nmononer and conbining this conposition with water. Preferably,
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alternati preferred way in which the di spersion of step (i)
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RAFT agenpdlymiet arﬁclegl i eved that the agents essentially becone
irreversi Iy assom ated with the nononer and are effectively prevented from
mgratfng individually through the water phase. As discussed above, this
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pronoting t formati oh of di spersion, such as applying shear to the
conbi Aéd mchpegucousphaser e vveII known in the art. In the case of fornming a
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it may be necessary to subject this conposition to nmeans for formng a
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unsaturated nmononer. Generally, a water insoluble anphiphilic RAFT agent
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nmonomag psi&menh where amphiphilic RAFT agent can associate w1th or stabilise monomer droplets

that ultimately will not develop into a polymer particle. If a batch process is to be used, it

is preferable that a miniemulsion technique is used.

In the case of miniemulsion and suspension polymerisation, it is preferred that the
20 dispersion of step (i) of the method of the present invention is prepared by forming a
composition comprising water insoluble amphiphilic RAFT agent and ethylenically
unsaturated monomer and combining this composition with water. Preferably, the
amphiphilic RAFT agents in this case are dissolved in the monomer. An alternative
preferred way in which the dispersion of step (i) may be prepared involves forming a
25 composition comprising water insoluble amphiphilic RAFT agent and water, and
combining this composition with ethylenically unsaturated monomer. By using water
insoluble amphiphilic RAFT agents, it is believed that the agents essentially become
irreversibly associated with the monomer and are effectively prevented from migrating
individually through the water phase. As discussed above, this effect reduces the potential

30 for the agents to associate with or stabilise reservoir monomer droplets in the water phase.



By this approach, all nononer droplets should become particles and
reservoir nmononmer droplets are substantially avoided. Accordingly, in

cont rast wo oaosmventi onal emul sion process, it is preferablsgoehaBst hese
processes are carried out as a batch process. However, 20 where the

pol ynerisation is carried out as a batch process, it is preferable that
substantially no water soluble anphi phl14c RAFT agent is present at any
time during the reaction. However a mnienulsion carried out initially as
a batch process can be subsequently adapted to proceed as a continuous
addi ti on Byotesmositiontigh neddi tai osllcefivé Wt fipdiemenat whesl mMEN ke JRAFT
agent. Under .these cjrcunstances, it is preferable to add water 25 sol uble
RAFT agent ?tl%glspﬁréfont%@lé%‘ﬂq-tion occurs at such a time where
substantially all of the nononer present is either dissolved in the water
phase or solvated in polyner that has been forned. Once this state has
been achi ¥hsd referancé ér madertorteombindngiisconsmisition®, it RARJans gein thec@mppRitRaded
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al so possibimes foo formipct dispersieniesore the Goipositisatis ehmbindd twieh RISENGHyOf
wat er ,sol ubl e 5 anphi philic RAFT agents. Amphiphilic RAFT agenfs sul ?Iabl e
for ull i VPspivEated MOBOMCE. hyention i ncl ude those of general formula (4): /S
(XYn-RL S Q Z 10 (4) where each X is independently a polynerised

resi due of an ethylenically unsaturated nononer, n is an integer ranging
from 0 t oGasgallypraeveten iispluble amPhiphilBOR AFTShgent efoatdhbyy forf’ 8ldr tseludien R1
is an or g@ﬂénca(ﬂgg%lcpwge}i onal ly substituted with one or nore hydrophilic

15 In the case of miniemulsion and suspension polymerisation, it is also preferable that
sufficient amphiphilic RAFT is used to stabilise substantially all of the monomer present.
By this approach, all monomer droplets should become particles and reservoir monomer
droplets are substantially avoided. Accordingly, in contrast to a conventional emulsion
process, it is preferable that these processes are carried out as a batch process. However,
20  where the polymerisation is carried out as a batch process, it is preferable that substantially
no water soluble amphiphilic RAFT agent is present at any time during the reaction.
However a miniemulsion carried out initially as a batch process can be subsequently
adapted to proceed as a continuous addition process through addition of further monomer
and amphiphilic RAFT agent. Under these circumstances, it is preferable to add water
25 soluble RAFT agents, and that the addition occurs at such a time where substantially all of
the monomer present is either dissolved in the water phase or solvated in polymer that has
been formed. Once this state has been achieved, further monomer and water soluble
RAFT agent can be added to the reaction system. However, in this case it is preferred that
monomer is added at such rate to avoid formation of free monomer droplets while there are

30 still water soluble RAFT agents present.



groups and Z is any group that can pronote sufficient reactivity of the

t hi ocarbonyl group 15 towards radical addition while not slowing the rate
of fragnmewDaBiosi®14 o the extent that there s unacceptabl @ecrattaedason of
pol ynmerisation. Preferred RL groups Cl1-C6 al kyl, Cl1-C6 al koxy aryl or

het eroaryl, each of which is substituted with one or nore hydrophilic
groups selected from-C32H, -CO2R, :-$8BH -0OSBH -SOR, -SAZR ,
-OP(OH) 2, -P(OH) 2, - POQOH)2, -OH -OR, -(OCH2-CHR), -OH, -CONH2, CONHR ,
CONR R', -NRR', 20 N+R R"R'" , Wwhere Ris selected from Cl C6 al kyl, wis

\%/mt ghlgr (3‘55?}’? %‘?}éﬁ‘%’f’%s' Hf)zth PIge ea]’et“ﬁggh%%@eem gﬁiﬁ{;r Eﬁ/& @s@gsstql 1%/uent s
sel ect ed JofymRrisdi®tlit is ossi%%"'hcm&i‘atepréfb@ﬁb@ )ﬂé&@rﬂ/or SEHRartiel&OR and

SCPR, and salts thereof. Particul arl y preferred roups include, hut are
not |i m tveithin the digpeeeaphoe POIXIH(TGI@E @Hﬂggbppnorg ugigiestpieferregy ¥fi%r r ed
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opt i onal laynph$hilsd RAFTegene! er ocycl yl, optionally substl tuted aryl al kyl,
optionally substl tuted al kylthio, V\D 03/ 055919 PCT/ AU02/ 01735 -13
optionally substituted aryl al kylthio, dialkoxy- or diaryloxy- phosphinyl
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substi t m no pti1ona substituted acylimno, optionally
substittnﬂmmndavﬁo R-(X)"-S and a polynmer chain formed by any mechani sm
wherein R; X and n are as defined above and R2 is selected 5 fromthe
group consisting of optionally substituted Cl1-Cl18 al kyl, optionally
substituted C2- C18 al kenyl, optlonalgy_qu§ pited aryl, optionally
substituted heterocyclyl, optlonally subst"tuted aralkyl optionally
substituted al karyl. Particul ask—=g{eferred Z groups |nclude,

4(CO (CH2) egH2 but are not limted t CH2( CoH5), C1-C20 al kyl, , where e
is 2to 4, and -SR3, where R3 is selgcted fromCl to C20 al kyl. 10
Preferred optional substituents for R2 and Z groups include epoxy, hydroxy,
al koxy, acyl, acyloxy, carboxy (and lts), sulfonic acid (and salts),

al kox¥0 or aryl oxy- carbonyl, isocyazg cyano, silyl, halo, and

di al kyl anjR@e each X is independently a polymensed residue of an ethylenically unsaturated

monomer, n is an integer ranging from 0 to 100, preferably from 0 to 60, most preferably
from 0 to 30, R! is an organic group optionally substituted with one or more hydrophilic
groups and Z is any group that can promote sufficient reactivity of the thiocarbonyl group
15 towards radical addition while not slowing the rate of fragmentation to the extent that there
is unacceptable retardation of polymerisation. Preferred R! groups C;-C¢ alkyl, C;-Ce
alkoxy aryl or heteroaryl, each of which is substituted with one or more hydrophilic groups
selected from -CO,H, -CO;R’, -SOsH, -OSO;H, -SOR’, -SO;R’, -OP(OH),, -P(OH),, -
PO(OH),, -OH, -OR’, -(OCH,-CHR),-OH, -CONH;, CONHR', CONRR", -NRR", -
20 N'R'R"R™, where R is selected from C;-Cg alkyl, w is 1 to 10, R', R" and R" are
independently selected from alkyl and aryl which are optionally substituted with one or
more hydrophilic substituents selected from -CO.H, -SOsH, -OSOsH, -OH, -
(COCH,CHR),-OH, -CONH,, -SOR and SO2R, and salts thereof. Particularly preferred
R! groups include, but are not limited to, -CH(CH3)CO,H, -CH(CO,H)CH,CO,H, -
25 C(CHs3);COH. Preferred Z groups include, optionally substituted alkoxy, optionally
substituted aryloxy, optionally substituted alkyl, optionally substituted aryl, optionally
substituted heterocyclyl, optionally substituted arylalkyl, optionally substituted alkylthio,



15 In selecting both RL and Z groups for anphiphilic RAFT agents of fornula
(4), those agents resulting fromany conbination of particularly preferred
Rl and Z womapss9ar e al so particularly preferred. Were treTeoptis!ic
group is -NRRR''" there will be an associated counter anion. 20 O her
sui t abl e anphi philic RAFT agents include those of formula (4) above in
which RL is an organic group, optionajjy substituted with one or nore

hydr ophobi c groups. In this case, Zis preferably an organic group
optionally substituted vvith one or nore hydrophilic groups. 25 The terms
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phenant hr ,gi n 51 di.ne hen phenazi ne, i sothiazol e,
|sooxazolg}q ﬂﬁ@ it Ctégﬁtﬁ’mtﬁb%qh‘lﬁ ahg'zach of which nmay be optionally
substjguted In this specification "optionally substituted” means that a
group may or may not be further _substituted with one rou

e

sel ect ed Preforred bmombﬁuhstlmemééblt B and gygroups| RelHde epoxy@ﬁgthw,, KOX3r g?yl hal o,
hal oal Kyl 0 Yhits)NUIHORYY or AriIBXY- carbby! oxy,
aryl oxy, B%?z I%!fg ?4&82 at oa{lge oxys, acé)tgl gﬁodﬂca?lbom mﬂ% ,
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nitroal kenyl, nitroal kynyl, nitroaryl, alkyl am no, dial kyl am no,

al kenyl am no, al kynyl am no, arylam no, diarylam no, benzylam no, inno,

al kyl{4 AR, seRLUGNBLIMRNGnd & Sdoup it BAphiphilic! RART. agents of formula (4), those

agents resulting from any combination of particularly preferred R! and Z groups are also

particularly preferred. Where the hydrophilic group is N'R'R"R’"" there will be an

associated counter anion.

20 Other suitable amphiphilic RAFT agents include those of formula (4) above in which Rlis
an organic group, optionally substituted with one or more hydrophobic groups. In this
case, Z is preferably an organic group optionally substituted with one or more hydrophilic

groups.

25 The terms "aryl" and "heteroaryl" as used herein refer to any substituent which includes or
consists of one or more aromatic or heteroaromatic ring respectively, and which is attached
via a ring atom. The rings may be mono or polycyclic ring systems, although mono or
bicyclic 5 or 6 membered rings are preferred. Examples of suitable rings include but are
not limited to benzene, biphenyl, terphenyl, quaterphenyl, naphthalene,

30 tetrahydronaphthalene, l-benzylnaphthalene, anthracene, dihydroanthracene,

benzanthracene, dibenzanthracene, phenanthracene, perylene, pyridine, 4-phenylpyridine,



15 benzylim no, dibenzylam no, acyl, al kenylacyl, al kynylacyl, arylacyl,
acyl am no, diacylam no, acyl oxy, alkyl sul phonyl oxy, aryl sul phenyl oxy,

het er ocycWwgloz/ossot®er ocycl oxy, heterocycl am no, hal ohet er o®gEIAU02/01735

al kyl sul phonyl , aryl sul phonyl, al kyl sol phinyl, aryl sul phinyl, carboal koxy,
al kyl t hi o, benzylthio, acylthio, sul phonam do, sulfanyl, sulfo and
phosphor us-contai ni ng groups, al koxysiigl, silyl, alkylsilyl,

al kyl al koxysilyl, 20 phenoxysilyl, alkyl phenoxysilyl, al koxyphenoxysilyl,
aryl phenoxysi lyl, all ophanyl, guanidino hydantoyl urei do, and ureylene
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cycllc aIk i'ncl’ude no or cyc ic al kyl groups such

dlacylammo acyloxy, alkylsulphonyloxy, arylsulphenyloxy, heterocyclyl, heterocycloxy,
heterocyclamino, haloheterocyclyl, alkylsulphonyl, arylsulphonyl, alkylsolphinyl,
arylsulphinyl, carboalkoxy, alkylthio, benzylthio, acylthio, sulphonamido, sulfanyl, sulfo
and phosphorus-containing groups, alkoxysilyl, silyl, alkylsilyl, alkylalkoxysilyl,
20 phenoxysilyl, alkylphenoxysilyl, alkoxyphenoxysilyl, arylphenoxysilyl, allophanyl,

guanidino, hydantoyl, ureido, and ureylene.

The terms "halogen" and "halo" as used herein, unless otherwise specified, refer to I, Br,
Cland F.
25

In the above definitions, the term "alkyl", used either alone or in compound words such as
"alkenyloxyalkyl", "alkylthio", "alkylamino" and "dialkylamino" denotes straight chain,
branched or cyclic alkyl, preferably C.q alkyl or cycloalkyl. Examples of straight chain
and branched alkyl include methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-
30 butyl, amyl, isoamyl, sec-amyl, 1,2-dimethylpropyl, 1,1-dimethyl-propyl, hexyl, 4-
methylpentyl, 1-methylpentyl, 2-methylpentyl, 3-methylpentyl, 1,1-dimethylbutyl, 2,2-



cycl opropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl,
cycl ononyl, cyclodecyl and the like. 15 The term"salt" denotes a species
i n ioni sewofeans9iand i ncl udes both acid addition and basePcaddiocbomnssalts.
In the context of the present invention, suitable salts are those that do
not interfere with the RAFT chem stry. 20 The term "counter anion" denotes
a speci es capable of providing a negatjsve charge to bal ance the charge of
t he correspondi ng cation. Exanples of counter anions include, C1LIT , Br-,
F, NO3-, CN' and PO3 The term "al koxy" denotes straight chain or branched

othoxy PuprBOBRy. SohtoRuiBlivy CloIRMRLRY DlehellB BRam
S iy iy i it
s including i y -
i ke 3.3aiprdyinsishy 4drdimetylnspbier dpt-gimeiiylpeny!
ettt e e
i so-bute et n[ﬂﬁ Ziugl ﬁlg ?%i pent ehnﬁlﬂ] @?openten % 053/’055919

PCT/ A@%@xﬁaﬁ'ﬂbufylﬁom Byhethylhémb ﬂtmﬂwlheﬁtyhelxleBLWtsatrantthxlémyl nonyl, 1-,
cyclohexenyl 1- hept en

he i cl | |

2~ noneny s B 41@,59 jor Ima@ézgﬁgg Va3 eﬁ‘y?’? e’ﬁgymgﬁ{ a?% ’}Yprbp%lhé‘&rfeny

1-4, pent %g&ﬁ“i/' 3!F050%Qpﬁ%é@l-rﬁ&}i&lnoﬁyﬁihgx@l43-n51 or Mﬂmm@a,dleay& 1,3-
a

cycl ohexadr’éhy!l, ’1,’4- cy¢l chexadi en cl oheptadleny ,

1,3, 5- cy@ké#mm}éheptjdngmdeayidl 3-,B- ,33/ 55-76m7cf ot Oamethyldeswl 1-, Fad-terin 6-

| kynyl t f d f ht
ot kyne | ORCRIBTAGEhdsets Crait oF arrgpapifh 37 26 0F lbup hepSLCtodiiban, ©
gr oupgy a%ioBéc%Y'IQU?}J 8-, 4iesJ eed7- 84, of 6F amhwﬂmurﬁmcﬂ ky 2y 3 Exénpﬁ-e@- of 8-

al kynyl include eth 2- pro ynyI and 2- 10_or but The t ‘acyl "
ei t her alegiyidesyl, |1n oépd’unﬂ' Nobworylnonylad - Zeyt 8% “b“tylé‘étﬁ tr B‘mtyl eptyl

"acyl am “Od R like]! BEALATL BF cy&ﬁr@ﬁc}ﬁqnﬁﬁ‘&é}%ﬂ%& ot BV ERE B GdupdsQuPadnd

acyl gro I'ng - an aromatic rin ich i1s teferre to as aromatic
acyl or %ygl%bl%liﬁﬁy&clo%uwl,ngyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclononyl,

cyclodecyl and the like.

15

The term "salt" denotes a species in ionised form, and includes both acid addition and base
addition salts. In the context of the present invention, suitable salts are those that do not

interfere with the RAFT chemistry.

20 The term "counter anion" denotes a species capable of providing a negative charge to
balance the charge of the corresponding cation. Examples of counter anions include, CI', I’

, Br, F, NOs", CN" and PO5".

The term "alkoxy" denotes straight chain or branched alkoxy, preferably C;_,, alkoxy.

25 Examples of alkoxy include methoxy, ethoxy, n-propoxy, isopropoxy and the different

butoxy isomers.

The term "alkenyl" denotes groups formed from straight chain, branched or cyclic alkenes
including ethylenically mono-, di- or poly-unsaturated alkyl or cycloalkyl groups as
30 previously defined, preferably C, ,, alkenyl. Examples of alkenyl include vinyl, allyl, 1-

methylvinyl, butenyl, iso-butenyl, 3-methyl-2-butenyl, 1-pentenyl, cyclopentenyl, 1-



15 which is referred to as heterocyclic acyl, preferably C1_20 acyl.
Exanpl es of acyl include carbanoyl; straight chain or branched al kanoyl
such as fwonglosssacet yl , propanoyl, butanoyl, 2-nethyl propamatio/opsat anoyl ,
2, 2-di et hyl propanoyl, hexanoyl, heptanoyl, octanoyl, nonanoyl, decanoyl,
undecanoyl, dodecanoyl, tridecanoyl, tetradecanoyl, pentadecanoyl,
hexadecanoyl, heptadecanoyl, octadecanpyl, nonadecanoyl and icosanoyl; 20
al koxycar bonyl such as net hoxycarbonyl, ethoxycarbonyl, t-butoxycarbonyl,
t- pentyl oxycarbonyl and heptyl oxycarbonyl; cycl oal kyl carbonyl such as

cycl opropyl.carbaonyl . cyclohut vl carbaonyl, tyq yh_ i}
cycl ohex%@é}'ﬁlﬁgﬁ@#ﬂmnﬁ%kgﬁlgﬁé%&néfhegﬁ%’ é’i&ﬁié‘%ﬁ%g Sl P%ﬁ%}ﬁn’agc}%g fensl, 1

et hy: sul t)ﬁﬂgﬂi,l; b@cm&?éﬁﬂL f }nghglgr@uc g,-rﬁﬁlerﬁylﬁtﬁlﬁmyl,f dmilpber@m,d 3edd¢elr1ysls ul,3-onyl ;
aroyl such as benzoyl, toluoyl_ and naphthoyl: 25 aral kanoy] syc S

phenyl al katadignyk el-@,Pelﬂih@mﬂaééﬁYQlomgﬂﬁ‘}qnﬁK obé‘ﬁ’@ﬁ‘{wrﬁh’e Hy‘?{{ﬁéﬁ‘?am}ﬁ, 1,3-
phenylis renPN QW aRnc_ : | 3,5 25610naRATRNYIakiENOY |
(e.qg. nagﬁ%)%%ﬁ%gfgrelﬁyﬁ?y%gﬂie%@%}rl}gbg%o%%g%haﬁégﬂ??ﬁ’bu? ar?of/lfi; 1ar%l kenoyl
such &s 1phgMdyelokenateithenyk. g. phenyl propeoyl, phenyl but enoyl ,
phenyl net hacryl oyl , phenyl pentenoyl and phenyl hexenoyl and
napht hyl al kenoyl (e.g. naphthyl propenoyl, 30 napht hyl but enoyl and

napht hy! %ettgrﬂpymyn ¥ Qo6 WS SIRBMhe S HEM AighP BRAlH) Brtkched Garchely ki g.
benzyl oxycarbonyl )’ “aryl oxycar bonyl such as 03/ 055919 PCT/ AU02/ 01735
-17 phendngtedingdhede strugturallyt sithidary toathsonlky! and yaysloptivk s1eyns aydrevaqusly

phenoxyacet.yl . an henoxypr opi | ; ;aryl carb I 3 anoyl ;
arylthioé@hﬁ%%ﬁ?ﬁbgﬁgﬁﬂaaXﬁﬁﬁ@h3§%ﬁwk?é¥€§9%¥fﬂ8%g§%gﬁ@%gélogﬁséugﬁaas
phenylgly and napht hyl gl yoxyl oyl ; aryl sul fonyl such as
pheny*gufgéﬁéﬁ%gﬁd napt hyl sul fonyl ; heterocycliccarbonyl; 5

het erocycl i cal kanoyl such as thienylacetyl, thienylpropanoyl,
t hi enyl but anoy|

D ery Dano, ool SAPAENoH LLSR REEOHl of Btal sgstder
het er ocy ok D RRe R diachRfAOC HEddi&E0eBARYL, aliflRtierR9Y etduppaid acydydroamd
het erocycl i'chexenoyl ; anhd heterocyclicgl yoxyl oyl such as L.
t hi azol ylcghtatning ey larcasadict g rwhigh yeosefiresd to asarqmatie agyksor s Betesogysliq iee |
“het e{SO Cyv%lginll 1s %?ecli're:iqg tag t}lg’f:e}{occ:lyglica gcﬂ,sﬁ'gferl]aeorlf id;'_zoo&ytl.h%kﬁmm’gg ofacfiSinclude
carbamoyl; straight chain or branched alkanoyl such as formyl, acetyl, propanoyl,
butanoyl, 2-methylpropanoyl, pentanoyl, 2,2-dimethylpropanoyl, hexanoyl, heptanoyl,
octanoyl, nonanoyl, decanoyl, undecanoyl, dodecanoyl, tridecanoyl, tetradecanoyl,
pentadecanoyl, hexadecanoyl, heptadecanoyl, octadecanoyl, nonadecanoyl and icosanoyl;
20 alkoxycarbonyl such as methoxycarbonyl, ethoxycarbonyl, t-butoxycarbonyl, t-
pentyloxycarbonyl ~ and  heptyloxycarbonyl;  cycloalkylcarbonyl such  as
cyclopropylcarbonyl, cyclobutylcarbonyl, cyclopentylcarbonyl and cyclohexylcarbonyl;
alkylsulfonyl such as methylsulfonyl and ethylsulfonyl; alkoxysulfonyl such as
methoxysulfonyl and ethoxysulfonyl; aroyl such as benzoyl, toluoyl and naphthoyl;
25 aralkanoyl such as phenylalkanoyl (e.g. phenylacetyl, phenylpropanoyl, phenylbutanoyl,
phenylisobutylyl, phenylpentanoyl and phenylhexanoyl) and naphthylalkanoyl (e.g.
naphthylacetyl, naphthylpropanoyl and naphthylbutanoyl; aralkenoyl such as
phenylalkenoyl ~ (e.g.  phenylpropenoyl,  phenylbutenoyl,  phenylmethacryloyl,
phenylpentenoyl and phenylhexenoyl and naphthylalkenoyl (e.g. naphthylpropenoyl,
30 naphthylbutenoyl and naphthylpentenoyl); aralkoxycarbonyl such as

phenylalkoxycarbonyl ~ (e.g.  benzyloxycarbonyl);  aryloxycarbonyl  such as



part of a termsuch as "heterocyclical kenoyl", heterocycl oxy" or _

"hal oheterocyclyl" refer to aromatic, pseudo-aronmatic and non-aromatic

ri ngs or wong/osipst ens whi ch contain one or nore heteroat @egg/Adskecised from
N, S, and 0 and which nay be optionally substituted. 15 Preferably the
rings or ring systems have 3 to 20 carbon atoms. The rings or ring systens
may be selected fromthose described abbhe in relation to the definition of
"heteroaryl". WD 03/055919 PCT/ AU02/ 01735 -18 Most preferred anphiphilic
RAFT agents include, but are not limted to, the followng conpounds: S S

NN Q0 2H 0 f oH N
S yCoeH (31'“’ (9? thoioRead Sbitglonsthbond) aiiBisallindyD sk e(r%y‘jm?g 1@/

X) n Co2Hplpexypropiayl/arylyarbamey] ochHs phenylegrtgmos]; Siryltitinyarb@nyylGRk asS 0 /

Nn R3S Spplwﬂgllﬂn{)ggr})amgyl\f\@glgly&}}lo% 31%9 a3 Ia{e%ylag?ydgcryFo\giil M3 eréplqt%Hg?y%g(yloyl;
arylsulfonyl such as phenylsulfonyl and napthylsulfonyl; heterocycliccarbonyl;
5 heterocyclicalkanoyl such as thienylacetyl, thienylpropanoyl, thienylbutanoyl,
thienylpentanoyl, thienylhexanoyl, thiazolylacetyl, thiadiazolylacetyl and tetrazolylacetyl;
heterocyclicalkenoyl such as heterocyclicpropenoyl, heterocyclicbutenoyl,
heterocyclicpentenoyl and heterocyclichexenoyl; and heterocyclicglyoxyloyl such as

thiazolylglyoxyloyl and thienylglyoxyloyl.

10

The terms "heterocyclic", "heterocyclyl" and "heterocycl" as used herein on their own or as
part of a term such as "heterocyclicalkenoyl", heterocycloxy" or "haloheterocyclyl" refer to
aromatic, pseudo-aromatic and non-aromatic rings or ring systems which contain one or
more heteroatoms selected from N, S, and O and which may be optionally substituted.
15  Preferably the rings or ring systems have 3 to 20 carbon atoms. The rings or ring systems

may be selected from those described above in relation to the definition of "heteroaryl".



WO 03/ 055919 PCT/ AU02/ 01735 -19 When sel ecting an anphiphilic RAFT for use
in accordance with the nethod of the present invention, it is preferable
that it dwooa®svad es hydrol ytic stability under the condi tPcangioon173s he
polymerisation. In this regard, trithiocarbonyl anphiphilic RAFT agents are
particularly preferred. 5 An inportant feature of anphiphilic RAFT agents
with formula (4) is the nature of theijfg. anphiphilic character. Anphiphilic
character nmay be provided through different conbinations of hydrophilic
and hydrophobi c regions. Preferably, the anphiphilic RAFT agents derive

their a i phil.ic character ei ther:. 10 [ aafi.ong af :
hydrophEBEEPBﬁﬁﬂﬁﬁbmapﬁvﬁﬁﬁd@éﬁ?&“@ﬂtfnﬁﬁé%é#%‘?%gggﬁhgggdg’%@3@?%22@

hydr ophobjgpiiperties to one end, and Rl and -(X)"- provide hydrophilic
properties ?o the other end. In this case -(X)n- may be derived from

hydr ophi Il i ¢ nononer or be a tapered copol yner which gets 15 progressively
hydrophi l'ic towagds Rl; or 2) a conbination ofgsa hydrophobic end and a
hydrophil i c end; ||wherein the Z group providesfihydrophilic properties to
one end, andrggzﬂgg’&égg"- pegyi de hydr ophobi &\ pr oper i C%b the ot her
end. In this Se >{X)"- ¥ be derived 20~ om Peydr ophgbi ¢ nononer or may
be a tapered copol yner whijch gets progressively hydr;;aézﬁc towards R1; or
3) a conbi nation ofsa hydrophobic end and a hydr@phi | i c géHmherein the zZ
group and -(X)"- provide hydrophobic properties to one end, and Rl 25
provi des hydrophilic properties to the other end; or 4) a conbination of a
hydr ophobi c_end and a hydrophilic end; whgrein.the Z group provides

hydrophobicoprzfﬁ;iies to one end, -(X)n- provsdes hydrophilic properties
to the othey endj and R1 is hydrophobic ChCLEQE t g, 30 nebpeffect of
-(X)n and &t gw?%ﬁ %%ophilic haract er ¢6h?ha end; or WO
03/ 055919\ PCT/ AU02/ 01735
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where R®; X and n are as previously defined.



-20 5) a conbination of hydrophilic ends and a hydrophobic m ddl e section,
wherein Z = -S-(X)"-R, wherein each Rl may be the sanme or different and
provi des Wodsopiie i c properties to each end, and wherei n PCKAUR2P1BYI des
hydr ophobi ¢ properties to the mddle section; or 5 6) a conbination of
hydr ophobi ¢ and hydrophilic properties within -(X),,; wherein the portion
of the -(X)"- group closest to R prowil®ss the hydrophilic properties and
the portion of the -(X)"- group closest to the thiocarbonylthio group
provi des the hydrophobic properties. In this case, 10 (X)" of formula (4)
may be f ornele r

t hat hasu??]lg eléﬁﬁ{\%eﬁ eﬂfﬁj era?%mfggeq??ﬁ:gor?{l&%@ﬂl?%)o Rll%%g@(,@l e%af?w)
15 wher e ihgentiona 1t(1& :p)refembla thatbs demadistiatas rhyldeolytic) stahlhtyeut(cbé)r 'thel @ond{ti®nmof B) o-

e hyl ent cOF | JOREHRURA dinior BRI G oK) TRt AR d PERHR DI

properti eﬁarﬁaﬂaﬂ}( @rredr OVi des hydrophilic properties, and mand o are
integers ranging from1l to 99, preferably from1 to 50, nore preferably 20
from15to 30, nost preferably from1 to 15, and Z is as described above. Z

gﬁ%aﬁl:zot @gﬁa Ifg#&%rop%&(}bhlﬁclﬁh‘gar act%enf &Fjﬁ?? endbgfltst %}Hﬁéagent

I n addit iumphﬂlbeclliwﬁmphl Amphiphilicachearacter ombyglelst hrovide) thmugﬁildif&yeml SY0)
be hydrophilic and nha lﬂi t he overall hydrophilic character to that end
1

of the 25°omnations of %rpp ¢ #RY hydrogh d?lemsmsc: Eseistable dhe paphiphidic RAFET f ect

of - (B) ARG E}Fe Hil dr.ophilic character to that end
th Rﬁg aggﬁ? \}%“503}055919 Pcﬁ‘g%cgz/ON%

1) a combination of a hydrophobic end and a hydrophilic end; wherein the Z
group provides hydrophobic properties to one end, and R' and -(X).-
provide hydrophilic properties to the other end. In this case -(X),- may be
derived from hydrophilic monomer or be a tapered copolymer which gets

15 progressively hydrophilic towards R'; or

2) a combination of a hydrophobic end and a hydrophilic end; wherein the Z
group provides hydrophilic properties to one end, and R! and -(X)p- provide
hydrophobic properties to the other end. In this case -(X),~- may be derived

20 from hydrophobic monomer or may be a tapered copolymer which gets

progressively hydrophobic towards R'; or

3) a combination of a hydrophobic end and a hydrophilic end; wherein the Z
group and -(X),- provide hydrophobic properties to one end, and R!
25 provides hydrophilic properties to the other end; or

4) a combination of a hydrophobic end and a hydrophilic end; wherein the Z
group provides hydrophobic properties to one end, -(X),- provides
hydrophilic properties to the other end, and R' is hydrophobic such that the

30 net effect of -(X)s- and R’ is to provide hydrophilic character to that end; or



-21 7) a conbination of hydrophilic ends and a hydrophobic m ddl e secti on,
wherein Z, of general formula (13), is -SS(AAm(B)o-Rl, where -(A)m and -
(B)o are woodefiomed above. Each R may be the sanme or dif PPeraxto2amist he 5
conbi nation of -(B),,-Rl provides an overall hydrophilic properties to one
end, and the conbination of -(B)o-R2 provides an overall hydrophilic
properties to the other end. The hydromphobi c portion of this type of

anphi phi ¢ RAFT agent is derived from-(A m. 10 Preferably, anphiphilic
RAFT agents used in accordance with the nethod of the present invention

are chosen sugh that their. iRALL b 6. chayact er, § ' R Sdékibnt he
particul ar rr§ge of (é%h‘l%g{i%(%méglk&rar}edlp?]ggt Pl?)‘ﬁ %fﬁehzdn%?%%/bg%%flﬁ t hi s1 rrl’egard,
integers in and o qgfetdied = i$ (QRARY alhefei eadhaR (1hay berthe daeneswr differedt andch
that: i) for conventiognal enulsion polymerisationp, in prefergbly raa%es

from 15 1 to 20, Psrvadgs lsrdeoniwiis propertics 40 &4 {20 eLFIR 1(5F)-s TGV
(being at |ower V%ggx%ﬁh hif- Bidbetdi0RPuREAI BAligndpges for more hydrophobic
er val ue

nononers, and at hi W thin these preferred ranges for |ess
hydr oghobi ¢ nononers); o preferably ranges from1l to 30, nore preferably 1

to 10 and nost_preferably 1 to 8 if (B). i i ved .20 f ONi B .
mononer - and. 6 pr cFeraRpyafemaedvioahitio a8 e WPRRTERH Pon0 and
most preferably 1 tygheROni fhe( Birtiofi SE%hy ©fXf,t QfouR dlosesi @i R' 1pRovidey ith i )

for m niemulsion and suspension polynerisation, inis 1 or greater, 25
preferably in is 5 hydrophdist propentios engites peripnyof the €Xko gsoupgeloesgskio the i s

as defined above foqr. conventio - 51 liS atdn@iies | T HSs E&E0NI sed
that the limts de]%lﬁ’g%f ?Waﬁ)tl%gl%gﬁ%w;ﬁﬁsﬁﬂ%B%&éﬁﬁ@ééﬁldggfglres't ?gﬁ? nventi on
are tipse necessar yxhploftfhedli ¢f)aesobefinther taprasented as HA9aH(B)oF 0o pravédeagjueous
di spersion of 30 the organic phase. G&gfral lé further 8&3 nerisation of
monomers or vari oudlegkrepolymer thayhay the {ollayane genegal formyl y the amount of
pol ymer polynerised per active RAFT agent. WD 03/055919 PCT/ AU02/01735 -22

S——(A)n—(B);—R'
S=C/
AN

z

(13)

15 where formula (13) is a subset of formula (4) where (X) is -(A)m-(B)o- and
where each A and B is independently a polymerised residue of an
ethylenically unsaturated monomer such that -(A)y- provides hydrophobic
properties and -(B),- provides hydrophilic properties, and m and o are
integers ranging from 1 to 99, preferably from 1 to 50, more preferably

20 from 1 to 30, most preferably from 1 to 15, and Z is as described above. Z
may also be chosen such that its polarity combines with that of -(A)u- to
enhance the overall hydrophobic character to that end of the RAFT agent.
In addition to the hydrophilic character provided by -(B)o-, R! may also be
hydrophilic and enhance the overall hydrophilic character to that end of the

25 RAFT agent, or R! may be hydrophobic provided that the net effect of -
(B)o- and R' results in an overall hydrophilic character to that end of the
RAFT agent; or



Such val ues of n can be substantially greater than 100. Accordingly, as a
stabiliser, the anphiphilic RAFT agents stabilise the dispersed organic
phase frowpsdat®scence through interfacial interactions, WwagErAdiovotiie
hydrophilic end 5 orientates itself into the aqueous phase and the

hydr ophobi c end orientates itself into the organic phase. The di spersed
organi ¢ phase may al so be stabilised Iy other stabilisers such as
conventional surfactants or any other surface active agent. Those skilled
in the art would 10 appreciate the range of surfactants suitable for this
purpose. Preferably, the dispersed organic phase is stabilised by only the
anphi philic RAFT agent. During polynmerization the dispersed organic phase
will typically)congigmbthatioal ysf‘rdeﬂdpﬁlhct aelsoasl af hyrho@cﬁﬂhymlddlecsﬂctlyn

unsat urated nononers. However, other nen 5 a ic
sol vent or seed paPhpwEins, ahgengral doma g(ﬁ&ﬂ'ﬁﬁ% éfgh Bﬁ‘g‘%gan
Dependi ng on the n j"'r&reois &e%‘ﬁec?gh rEa%ﬁtRlOtﬁa bBithd é’én‘ihr oPdiffe P ane tHes
thereof may also b resent e organi ¢ phase The use of seed

partidles in convenbmbmatlorenﬁk@)ﬁﬁ podwidesr dnsevdrath hvdmahlmmfoml%ﬁ @Ked 20
t echni que. Typi cal

and they are sel eég‘% art| eﬂﬁ@gr‘ﬁa\@)‘t E‘e ﬁ;{g}r] fg&%&ﬂf{l}yﬁﬁﬁﬁaﬁlﬁé =

mononers used. A PrsRRies ol deédo‘ﬂhar chfle @hd h\yﬂtdpﬁolﬁle r’u&n af pihic tygleeof
criteria for consideration in selecting suitable seed particles for a

gi ven reaction systmphiphl RAERagentdndetvedfomr(@ani- ¢ phase in the continuous
aqueous phase is usually achieved by agitating the m xture, for exanple by
sonme shearing neans. Processes for the formation of dispersion and the

role @f $hepfably) aﬁm%ﬂiﬁﬂﬂid RA&T @euﬂssisean in mcbrdaﬁml Wsthothe andhaliepthegiresent

pol ymeri sati on techni ques_are readi I ci at ed %gﬁsse %lﬁél | ed i.n the
art. In anmﬁléaﬁfﬁechﬂﬁ‘mﬁl{chéhﬁébﬁbamé eRes ¢ tpSHe 1WAl |y
unsaturat ' NHethistB8ar@ Oitdeets R fand BRlefined

anphi phi lﬁ%@@%@%&éﬁf&?@@%@{ﬂ%ﬁ?ﬁﬁ@Efngﬁwgoﬁs di }sspegasrlgon gfe} spolai}rrer .
particl e_sin_gm@rélffbﬁﬁﬂﬁfLB)Bﬁ&/b&d@lbb@ﬂ‘saalthaQB The pol yrrerl sation will usually

ni'ti ating radi cal 9 can BeoprOURIBLBYSRRPONTE Bl AP Tadies fiop ng
free s 1 to 20, more preferably 1 to 15 and most preferably 1 to 10 (being
at lower values within those preferred ranges for more hydrophobic
monomers, and at higher values within these preferred ranges for
less hydrophobic monomers); o preferably ranges from 1 to 30,
more preferably 1 to 10 and most preferably 1 to 5 if (B) is derived
20 from an ionic monomer; and o preferably ranges from 1 to 80, more
preferably 1 to 40 and most preferably 1 to 30 if (B) is derived from

a non ionic monomer;

ii) for miniemulsion and suspension polymerisation, m is 1 or greater,
25 preferably m is 5 or greater, more preferably m is 10 or greater; o is

as defined above for conventional emulsion polymerisation.

It is recognised that the limits defined for the amphiphilic RAFT agetns or this invention
are those necessary for them to become adequate stabilisers for the aqueous dispersion of
30 the organic phase. Generally further polymerisation of monomers or various types would

yield values of n limited by the amount of polymer polymerised per active RAFT agent.



radi cal s, such as the thermally induced honolytic scission of suitable
conpound(s) 5 (thermal initiators such as peroxi des, peroxyesters, or azo
conmpoundswp 0BlgsIspont aneous generation from nononers (e. @CTstUpeRNBY, redox
initiating systens, photochem cal initiating systens or high energy

radi ation such as electron beam X- or gamma-radiation. The initiating
systemis chosen such that under the rgaction conditions there is no
substantial adverse interaction of the initiator or the initiating radicals
wi th the anphiphilic 10 RAFT agent under the conditions of the reaction.

The initi@ator i deal | ho e equisite solubility in the
reaction %@Fﬂ%sﬁgﬁeﬁﬂhgﬁﬁ%ﬁgé&éﬁéﬁc 1oosol"an to have an appropriate half
life at the tenperature of polynerisation. These initiators can include
one or nmore of the foll ow ng_conmpqunds: 2,2 -azaohj.s(lsoputyronitrile),
2, 2" - azoresprlinglyrasti stabidyer, ﬁ‘ier?é‘m]iwquh‘,’ %%?F%%%Pﬁ%itg‘%ié%% rcgﬁpé S,e8 organic

4, 4" -azohps(4 e i q) 1 y i1fcr bheE) »
2" (1 - ut a0 8T SoHERCEhecs 1RGh) injirdid, EPRIREY RAPRY P TSLRPRIL bA

1- bi s (y arientatestitsylf)intd-thy dqueoye phase]qnddbé bpdnopbieic erd ptientaishiits¢lf im0 the

met hyl - N—é 2- hgar oxyet hyl ) propi onam de], 2,2'-azobis(N, N -

di net hyl $rami di ne) di hydrochl oride, 2,2'-azobis(2-am di nopropane)
di hydrochl ori de, 2,2'-azobis(N, N -di net hyl enei sobutyram di ne),

2,2' -azobis{2- methyl-N[1, . .

1- bi s( hydiexylispensgd Yorgartiy cphass emayy | Jlysr dysi slabiliserb by other- giabiliserp psuch as

met hyl - N-[ 1, 1-.bi s(hvdr | ) -2-ekhyl am.del . :

e bR HSETPLAY e SR e BAESThAE) e n o rt woutd

2,2 -H)Zogbbpﬁ(ebﬁlwﬂiﬁY{aﬁgé de)sut)ﬂtdiadds aﬁ'ﬁallbl& f& thispoiposy. 2P2efér§blyi, :tm disppsed ane) ,
2,2'-azobi s(2-net hyl propane), t-butyl . perox etate, t-buty

per oxybeP¥galephase W%lﬁﬁéﬁ’éf@e‘gﬁéwhwgilﬁkﬁiﬁgwtper oxy isobutyrate,
t-amyl peroxypival ate, t-butyl peroxypival ate, diisopropyl

per oxydi carbonat e, dicycl ohexyl peroxydicarbonate, dicunyl peroxide,

di benzoy|Dathgppolpmidestiodi the dispstsed erganicdehase wilh $yicatly promsixt o selyfst end
amoni um WO 03/ 055919 PCT/ AU02/ 01735, -24 per di sul fate, di-t-butyl
hyponi t r iﬂé“’é?n‘?j?]‘gﬂﬂﬁ?le ey eaLly ynsaticafgd mopomyrs; y“ﬁ”&"er’ QUKL GappQpgnts SucH as

15 an organic solvent or seed particles may also be present in the organic phase. Depending

on the nature of the polymerisation, initiator or components thereof may also be present in

the organic phase.

The use of seed particles in conventional emulsion polymerisation is a well established
20 technique. Typically such particles are in the form of polymer particles and they are
selected such that they have the ability to swell in the monomers used. A person skilled in
the art would readily appreciate criteria for consideration in selecting suitable seed

particles for a given reaction system.

25 Dispersion of the organic phase in the continuous aqueous phase is usually achieved by
agitating the mixture, for example by some shearing means. Processes for the formation of
dispersion and the role of shear in conventional emulsion, mini-emulsion and suspension
polymerisation techniques are readily appreciated by those skilled in the art.

In accordance with the method of the present invention, ethylenically unsaturated

30 monomers are polymerised under the control of the amphiphilic RAFT agent to form the

aqueous dispersion of polymer particles.



Phot ochem cal initiator systens are chosen to have the requisite solubility
in the reaction 5 nedium and have an appropriate quantumyield for radical
product i owowade91t he conditions of the polynerisation. Erparpug/oinsl ude
benzoi n derivatives, benzophenone, acyl phosphine oxides, and phot o-redox
systens. Redox initiator systens are chosen to have the requisite
solubility in the reaction nedium 10.znd have an appropriate rate of

radi cal production under the conditions of the polynerisation; these
initiating systens can include, but are not |limted to, conbinations of
the follow ng oxidants and reductants: oxidants: potassium
peroxydi sul fate, hydrogen peroxide, t-butyl hydroperoxide. 15 reductants:
I ron (11 )Thetdolyadrisatién Will, usaell P s&juire infiation | fonh &, squoteaofifieen thdisalsf i The
Qther suitable initiating systens are described in recent fexts.. See, for
exanpl e, seyeel of itiating menals' eancbepeyyidedr By any gpitablemsthod o 8‘?"&%‘?‘35&%‘? on",
Per gamon ., 00, 199%me MRrmfly SdadRd ROASIFHE Silissiht bAlshitghls ¥ohfHolnd(8)
convent i SHATHAnYHi B “emularen processes afe those Ich are appreciably
wat er 5ol(thbingal iftiatoad bechnad perosides)lperxiynsteisadnazo coropemtals), it spangangoes
limted to, 4,4-azobis(cyanovaleric acid e s .

2, 2' - azolgeaqratione drgm - mOE’li%itSbi(%%hﬂW né%drﬂ}l jibatiag  systems, photochemical

hydr oxyet; e iation such as electron beam, X- or gamma-radiation.

2 2" - azott’)l%%&z@n@?{ﬁw i N}fli%} e Ot & onam aal > o' & .

2, 2' - azoHihs (ijtitingi systeny lie rebbsanb suchr that inder) thep reaction epditigpsythere is no

i et | e SR N AT el b P SRERPEL 8 nifadng AERAISSHn A sliRfERPane)
2, 2" - pr ol S agert bider Mhd donlithing ohi@rencyior!t Mtk Jnifatet fdghllypstopldaismhabejthe

2,2' -azobi s[ 2-net hyl - N- (2- hydr oxyet hyl ) pr opi onam de],

2, 2' - azolipaisitesplnbility in theyreaptionimsdiitirt e, and derivatives thereof. WO

03/ 055919 PCT/ AU02/ 01735 -25 Preferred initiating systens for suspension
pol ynmeri zation are those which are appreciably soluble in the nononer to
be pol ynertierrsl. inRiktdrabire chosendo tmot wdol eppropridtathalfs liftayt vae yempregurediochg on
the polarity of the noner,,. but typigcally would.jnclude oil sol uble
initiat orpé’ﬁg%ﬁafé%n'a IEFS‘E%B%WW&EW%H“FP@W%@Ofﬁg%ﬁ}\]lngmﬁ ﬁ%mo%‘eri al
2,2' psazobisisobutyronitrile. The other class of readily available

conpounds are the acyl ] '
2,2'-azobis(isobutyronitrile), 2,2'-azobis(2-cyanobutane), dimethyl 2,2'-

azobis(isobutyrate), 4,4'-azobis(4-cyanovaleric acid), 1,1'-
azobis(cyclohexanecarbonitrile), 2-(t-butylazo)-2-cyanopropane, 2,2'-azobis{2-
methyl-N-[1,1-bis(hydroxymethyl)-2-hydroxyethyl]propionamide}, 2,2'-azobis[2-
20 methyl-N-(2-hydroxyethyl)propionamide], 2,2'-azobis(IN,N'-
dimethyleneisobutyramidine) dihydrochloride, 2,2'-azobis(2-amidinopropane)
dihydrochloride, 2,2'-azobis(N,N'-dimethyleneisobutyramidine), 2,2'-azobis{2-
methyl-N-[1,1-bis(hydroxymethyl)-2-hydroxyethyl]propionamide}, 2,2'-azobis{2-
methyl-N-[1,1-bis(hydroxymethyl)-2-ethyl]propionamide}, 2,2'-azobis[2-methyl-
25 N-(2-hydroxyethyl)propionamide], 2,2'-azobis(isobutyramide) dihydrate, 2,2'-
azobis(2,2,4-trimethylpentane), 2,2'-azobis(2-methylpropane), t-butyl
peroxyacetate, t-butyl peroxybenzoate, t-butyl peroxyneodecanoate, t-butylperoxy
isobutyrate, t-amyl peroxypivalate, t-butyl peroxypivalate, diisopropyl
peroxydicarbonate, dicyclohexyl peroxydicarbonate, dicumyl peroxide, dibenzoyl

30 peroxide, dilauroyl peroxide, potassium peroxydisulfate, ammonium



per oxi de class such as acetyl and benzoyl peroxide as well as al kyl

peroxi des such as cunyl and t-butyl peroxides. Hydroperoxides such as
t-butyl awo 0ssspho hydr operoxi des are also widely used. APcomumabens net hod
of initiation applicable to suspension processes is redox initiation where
radi cal production occurs at nore noderate tenperatures. This 10 can aid in
mai ntaining stability of the polynmer psticles fromheat induced
aggregation processes. The aqueous phase in a given polynerization process
may al so contain other additives, for exanple additives to regulate pH 15

emul st on pol §HoESaaren i+ BYSThisRR BB RGuRPRAGRAS PRTKBRI o7 i cati on.

m ni enul si on eRQdYRRY | Sation, seed emnul sion pol ynmerisation and suspensi on
pol ynmeri zati on. When the nethod is applied in such processes, presently
accepted pol ynerisation nmechani sns for 20 such processes are believed to
operate. i ' VRS Pttt BRibilRy §8 SR rebéticpnt i on
are di stPﬁgﬁéﬁgﬁﬁlga@%ﬁ%ﬁﬁ%ﬁ%ﬁ@gﬁfﬁﬁgh@ﬁ%gent act | r?gS aslgcglstabi liser, and
pol ymear i saidien ahdhdvg anrgproptiae quantunoyiekiffot fadicahpiodpétion undeib® capditions
Accordi ngly, when the neth of  the present invention is a Led . in
convent i 8hathe palymaiationn FowrRles; é"é"?‘fdgn, Rl éﬁf}ﬁ?tb‘f‘ﬁs’l i%(‘f‘“g&h?mélﬁtarﬁcgl are
present I[ﬁﬁq%giagﬁt' Bfh-tedox kttdrhat ed, and grow to becone micelles

whi ch argﬂﬁ%r}@ﬁa i1e and form garftgitcl es. By this process, the anmphiphilic
RAFT agent is located at the reaction loci during the initial stages of

pol ymeri sation...I.n particul a t he,act ;v 0, o : 1 4

ori ent at 3?‘10’5 b%?ta"s%fsf?énsraé&?{i?%ﬁq? baye Qﬁge@%{‘%{ees?)m@\}gﬁggaeg?tﬁﬁdcIgiﬁg[hr ol over
the free ahddhsRl aR' Qﬁﬁ&%iat@oraté dfs rafical nproducivh fuedérutiee afonditiensredthdle of
the present invention that the anphiphjl|c RAFT WO S,S/.03t5919 PCT/ AU02/ 01735
- 26 agentolyanevisalinm; thsise ByatingRystems g ckide; bt arg not figkted to LORPMANORT QL | on
of nono S e Rabls.nedi ated free radical process. In order
to ensu%ﬁ%&@@%ﬂ%o%ﬁgatlgﬁ proceeds under the control of the

anphi philic RAFT agent, it is preferred that the nunber of RAFT species is

greater than tor;(?da?rys%c%gss%u%,tﬁe%xlyggsuﬁgt%: }?y%lrggegx%ae?omi@e? t-%ﬁ%l hydroperoxide.

15
reductants: iron (II), titanium (III), potassium thiosulfite, potassium bisulfite.
Other suitable initiating systems are described in recent texts. See, for example, Moad and
Solomon "the Chemistry of Free Radical Polymerisation", Pergamon, London, 1995, pp
20 53-95.

Preferred initiating systems for conventional and mini-emulsion processes are those which
are appreciably water soluble. Suitable water soluble initiators include, but are not limited
to, 4,4-azobis(cyanovaleric acid), 2,2'-azobis{2-methyl-N-[1,1-bis(hydroxymethyl)-2-

25 hydroxyethyl]propionamide}, 2,2'-azobis[2-methyl-N-(2-hydroxyethyl)propionamide],
2,2'-azobis(N,N'-dimethyleneisobutyramidine), 2,2'-azobis(N,N'-
dimethyleneisobutyramidine) dihydrochloride, 2,2'-azobis(2-amidinopropane)
dihydrochloride, 2,2'-azobis{2-methyl-N-[1,1-bis(hydroxymethyl)-2-ethyl]propionamide},
2,2'-azobis[2-methyl-N-(2-hydroxyethyl)propionamide], 2,2'-azobis(isobutyramide)

30 dihydrate, and derivatives thereof.



5 locus of polynerisation produced through the course of the reaction so as
to achieve the desired nolecular weight characteristics of the final

pol ymer. wopogesial the total nunmber of initiating radi caCg/AteaniBat er the
particles should be | ess than the nunber of anphiphilic RAFT agents
present in the system Preferably the total nunmber of initiating radicals
is less than 50 percent, nore preferapty | ess than 20 percent, of the
nunber of anphiphilic 10 RAFT agents present. In accordance with the

met hod of the present invention after polynerisation has been initiated

and the reacti roceedi.ng_under th : f

agent , EB%CW’ECF n%nsyﬁtgws egl?lgnr?e%#%r}%ﬁ%aﬁ%r%%s?ﬁ 1g{r;iﬁ)ote %g%ebfdb cal ly
unsat ur a%@l@bféﬁﬁ%ﬁx‘én&a%eﬁﬁo Beli@lyrhatiARg. Suitablé rﬁdmmthle"Ehﬂamnmy ivaryon and
architecture of resulting pol partic]es my, be tﬁl I prie th Ouﬁig t he
sel ect i odepandingopnr &e| E‘da%dii’glﬂ@nmﬁmoﬁﬁhoh‘ﬂr typcally qeopld e 1§ cally

unsaturate Q b t h \{;;etliﬂgg g[f Ade
present llwgtﬁ?f I Snt%é &H&J@ﬁgﬁée%ggaﬁﬂﬁgﬁose %i?fﬁﬂcg‘%" be pol §/1ner| sed 20
by a fa eazdilﬁﬁibdlﬁityrﬁﬁm(ﬂess Tharimhem)ciasnebﬁ redttilyl dvaileble bempaymdb|aze ghe shhg

pol ynerised with ot her nono The factor whi Cﬁ]l

copol ymePFEXHIA ¢lags $ch g, i"@g’i and hsAEed pe&?’% E¥ VG o@uﬂgr mB?fgiili‘ie? SRS For

| esip,
5B RS aff PO B, SR e A gatio) g BT LR e
i ncl ude tarmleo wndeﬂly tfed. goecmwamemtamwhoeof( mzit)auowpphctable@o SUSPRBSieN ProCessRs

where U and W ar ndependent | cte
et - Ty ki e oe! PR R holf R SRR s
hy dr OgieN call 2 Ge aasingidt SRl of Sighsolyrhet patti€les Gbnahbat intdved eiggreghtion
substituents WO 03/055919 PCT/AU02/ 01735 -27 are independently sel ected
from t he pgees§esconsi sti ng of hydroxy, -CO2H, -CO2Rl1l, - COR2, -CSR2, -CSOR2,
-COSR2, -CN, -CONH2, -CONHR2, -CONR22, -OR2, -SR2, -02CR2, -SCOR2, and
- OCSR2; and

The aqueous phase in a given polymerization process may also contain other additives, for

example additives to regulate pH.
15
The method of the present invention may be applied in many forms of emulsion
polymerisation, for example conventional emulsion polymerisation, miniemulsion
polymerisation, seed emulsion polymerisation and suspension polymerization. When the
method is applied in such processes, presently accepted polymerisation mechanisms for
20 such processes are believed to operate. However, processes employing the method of the
present invention are distinguished by an amphiphilic RAFT agent acting as a stabiliser,

and polymerisation being under the control of the amphiphilic RAFT agent.

Accordingly, when the method of the present invention is applied in a conventional
25  emulsion polymerisation, the amphiphilic RAFT agents are present when polymerisation is
initiated, and grow to become micelles which are non-labile and form particles. By this
process, the amphiphilic RAFT agent is located at the reaction loci during the initial stages
of polymerisation. In particular, the active hydrophobic RAFT portion is orientated
towards the reaction loci and can effectively gain control over the free radical process.
30
It is an important feature of the method of the present invention that the amphiphilic RAFT



5 Vis selected fromthe group consisting of hydrogen, R2, -CO2H, -CO2R2,
-COR2, - CSR2, -CSOR2, -COsSR2, -CONH2, -CONHR2, -CONR22, -OR2, -SR2,
-02CR2, -wB@eRZ91and - OCSR2; where R2 is selected from t hecgraawpocsasi sting
of optionally substituted C1-C18 10 alkyl, optionally substituted C2-C18
al kenyl, optionally substituted aryl, optionally substituted heteroaryl,
optionally substituted carbocyclyl, oppsonally substituted heterocyclyl,
optionally substituted aral kyl, optionally substituted heteroaryl al kyl,
optionally substituted al karyl, optionally substituted al kyl heteroaryl and
pol ymer | S .ar e S om
the gr oup%i@ golﬁm 21&:8%3) V%??hﬁs %QM%%% 19(@%‘30)( Bgﬁﬂ%ﬁ%%‘m 8# E‘%@Mzﬁ%y
acyl oxy, predesyt|undeflak RATAT lnmlydted cfaebm&y:al procesmi dnaciddr tal dosony- that the

aryl oxy-car bonyl, isocyapataq, _cyano, ncl.udi | t
S dor oo PRGKOS Bgr e sanmltty e ainphipkilc RAER Hesnt i Pogtensy ' °
limted tf. ) O?h%ﬁt&ydfqa@?p%&?es 19%11631%15 Waf 6 sith BE Im@aﬁ&g%ﬁi)éﬁh KHC R tﬁ‘é her

20 Exanpl es nononers 1 Nc ut are not limted to, maleic anhydrid
N- al k¥l rtad:woﬁpzbéyméﬂsatlym eddaiced theoughi the eghirsé @ﬁdmxeectmmsq:gscﬂomeyﬁém sabl e

nononers, and thacr te [y and h | i cid,
styrene, C?é]rr‘if{ %‘Hfé& £harg (fté?ﬁ% OF%?%P%&"W E?I}eﬁq% ﬁ\g%%%ﬁllﬁn gog’?of
these nor &'1ﬁﬁ1§t1n%fa@1dﬁlsxthw &ﬁerQﬁe pA€sIes SouldBO 1835 thand thé nGinber ofraiphiftiBc As
one skilled in the art would recogni se, the choice of conmpnoners iIs

det er ni neRABY agenth presewtr incthe systemne drefgrably hedgtal mumber of, izt gedicalpiiz h

ot For Bt P PEARAC nidrt frferab bR BB IR, B o By At e " (e

( Br andoip, RAFT apéifds presantgut, E. H Eds.) WI ey New York. 1989 pl1/53. 30
Speci fic exanples of useful ethylenically unsaturated nononers include the
follow ng: WO 03/055919 PCT/ AU02/ 01735 -28 nethyl nethacrylate, ethyl

met hacryl gt &coﬁ%ﬁﬁy {Vltp%g étﬂ(l)c?BF theAblesdr® QH%rn%))n Qﬂérylhol?'ﬁ@ﬁﬁﬁGﬁ WagtRed al |

I sonmers), exy acrylate, isobornyl nethacrylate, nethacrylic
initiated, and the reaction is proceedlng under the control of the amph1ph111c RAFT agent,

polymerisation can be maintained through insertion of ethylenically unsaturated monomers
15 at the living end of the agent. The composition and architecture of resulting polymer

particles may be tailored through the selection and controlled addition of monomer.

A wide range of ethylenically unsaturated monomers may be used in accordance with the
method of the present invention. Suitable monomers are those which can be polymerised

20 by a free radical process. The monomers should also be capable of being polymerised with
other monomers. The factors which determine copolymerisability of various monomers
are well documented in the art. For example, see: Greenlee, R.Z., in Polymer Handbook
3" Edition (Brandup, J., and Immergut. E.H. Eds) Wiley: New York, 1989 p II/53. Such
monomers include those with the general formula (14):

AN

C=—=C
VRN
H V
(14)
where U and W are independently selected from the group consisting of -CO,H, -
CO.R?, -COR? -CSR% -CSOR? -COSR? -CONH,, -CONHR? -CONR?%,
hydrogen, halogen and optionally substituted C;-Cs alkyl wherein the substituents

25



acid, benzyl nethacryl ate, phenyl nethacrylate, nethacrylonitrile,

al pha-net hyl styrene, 5 nethyl acrylate, ethyl acrylate, propyl acrylate
(al'l isomwop/osPutyl acrylate (all isoners), 2- ethyl hexylPcacyupkatmss

i sobornyl acrylate, acrylic acid, benzyl acrylate, phenyl acrylate,
acrylonitrile, styrene, functional nethacryl ates, acrylates and styrenes
sel ected from glycidyl nethacryl ate,_2yhydroxyethyl nethacrylate,

hydr oxypropyl nethacrylate (all isonmers), hydroxybutyl methacrylate (all
i soners), N, N-dinet hyI am noet hyl nethacrylate, 10 N, N-di et hyl am noet hyl

th | ate, t | t | at h d t
ol d gl yei oy raisneu e Rk S %@?@SlSl%fSﬁ%& pﬁféﬁ E%c% foane
(al'l isoner S)coﬁa%'dcsmb@smz a-UO‘SR??t eCNAIGONEgREONHRA - NON t-OR%a+fRTpet hyl

acrylate, N, N di e h noet cr yI ate, triethyleneglycol acrylate,
met hacryl am deO26R’, rré@ﬁg} y{é;ﬁ eandy N- di net hyl acryl ani de,

N-tert-butyl nethacryl amde, N-n 15 butyl nmet hacryl am de,
N- net hyl ol met hacryl am de, N-ethyl ol net hacryl am de, N-tert- butyl acryl am de,
N- n- bugt yl acr yIvaps siectebiHiront thel grba cotlsisting of hiiregéry R3] -40H, aG0gR?, -COR7) -

al pha et hyl viIGHE> bESOBhe Cosia -Gt sORRi "Gy LRGSR -0n0R?, -

al pha- et hyl st @ﬁ(ﬂeaﬁ I¥,Ys SR@mers) p- vi nyl benzene sul f oni c aci d,
p- vi nyl benzenegc'g T’on(?c sodi'um salt, trinmethoxysilylpropyl nethacrylate, 20

triethoxysilylpropyl nethacrylate, tri but oxysi I yI propyl nethacryl ate,

e ot o i 455 YRS Bl oAl L MY Wiy,
di i sopy opoxynedify| §itlonhipf @tEBé{:mﬂ&i 020,y hliitbﬂyl oﬁiomenjn Sulbysgiitktyd alryd),p()ﬁtlonally
met hacryl ate, diet hoxysilyl pro pyl nethacryl ate, di butoxysi | ylb{c/)r op

met hacryl at e, substifuipd disexgasy), ansiospila sebstitated yeshoeyclyls | dniopd) §P1PS§{r'1“B?4)pyl
| at 25 tyr t
i ot hoxy et hy TSI Ren R st Rl Sl OYIRIWCORABARINE &
di bult oxym&*éI hy'@jrtllbﬁdﬂg’r lglmjghtumdr ?llkatyh optﬂhhl:’.sopm‘tmﬁbm;dmhky_ I Lh:ew'rcbqrjdpmmbpdﬂlymer
t t t t
i bt oxysi | y1 S VHEEI A S uds B xpSrrepiaisn e e T 3he Jfur
acetaje, vi ”ylcggkigtr%ﬂa%ato?al%ﬂéﬁéb ?«Mé}%ﬁ%eﬁyd}&y, Célk&f dﬁml vhdyiouy] | fenyide,

vinyl 30 brom el ¢ anhydri de nyl mal ei m | mal'ei m de,
N-vi nyl pyrrol |alkbdearbomn,vcarbd»qarsm&@niceaclﬁualkdxsén@r ave'dq’vgm @qa;bory disepyanet9pr ene.

This list is nc%r%ntixstll%flfsrhl e amvl\%l)o,oi%r{c Ui r?gl%af @‘L@e%{v%izg‘s thergo%. Preferred

polymer chains include, but are not limited to, polyalkylene oxide, polyarylene
ether and polyalkylene ether.
20

Examples of monomers include, but are not limited to, maleic anhydride, N-
alkylmaleimide, N-arylmaleimide, dialkyl fumarate and cyclopolymerisable monomers,
acrylate and methacrylate esters, acrylic and methacrylic acid, styrene, acrylamide,
methacrylamide, and methacrylom'frile, mixtures of these monomers, and mixtures of these

25  monomers with other monomers. As one skilled in the art would recognise, the choice of
comonomers is determined by their steric and electronic properties. The factors which
determine copolymerisability of various monomers are well documented in the art. For
example, see: Greenlee, RZ. in Polymer Handbook 3" Edition (Brandup, J., and Immergut,
E.H Eds.) Wiley: New York. 1989 pll/53.

30

Specific examples of useful ethylenically unsaturated monomers include the following:



As applied in a conventional enulsion polynerisation, mnienulsion

pol yneri sati on and suspension polynerisation, the nmethod of the present

i nvent i orworg/ob1Dperated in batch, sem -continuous or ceaTiAlwens3fDdes.
Preferably, conventional emnulsion polynerisation 5 is operated in

sem -conti nuous or continuous nodes, and m ni emul si on pol yneri sation and
suspensi on pol ynerisation are operatedpgn batch nodes. Sem -conti nuous and
conti nuous nodes of operation offer superior control of polyner
architecture together with control over the polyner polydispersity.
According to these 10 nodes of operation, nonomer nmay be added gradual |y
or in stages thereby enabling different nononers and other additives to be

i nt r oducafletBylr inighddi@aep UsthE (mietmd&eylateaqirbpyl meﬂﬁac&ylﬁlieg (alb Okdrders) nbem
| arge pol ynmer particles nay nqot be adequ |y stabilised. In thi
arrphl phi Ihethaearintedgl Asomes), aredylhseyhing crty 14 o bowid nedhrcylate, eBacrsfiomer

order, kfgcor l ﬁl’gcr{y efl Cheftactylfe pﬁl@ﬂlh&&r?osl%%lgéglaﬁ%ﬁ%bﬂlas epe,

I’T'DI eties. resu tin dueous

parti c§ esmsthyl actglmepahylwcnéataxprep)dtaabfﬂz&e (alkisomem) thuty] aenyfte (alﬂl 1kmmerE§Al2T

r eagent act| rowdea eat er stablllsm ef f ect

par'? icle.® ﬂ%‘ﬁ}:}lqc deten lsé’b9’6‘g{/ f%‘ﬁa"l‘cr%]ﬁ‘ijlagﬁ eB@fly?Fé?dg tP?‘BWX %Xlaf?et hod
of the pra%gq&htﬁlevwré&n fus@iohal Br[e@ﬁa%fﬂ&’tley ARoTafdseand StyFeis- SMBdd PRIAg OF

cont i nuous A’preferred nethod of carrying out such nodes corrprl ses
addi ng a g:ecnésdt wth@&t}éate,s @der@:yaﬂmyh.rpﬁhaqrzlamﬂwdr@gy@mpyﬂ onethperyletq dall

vessel, t.0 |
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benzoic acid (all isomers), diethylamino styrene (all isomers), alpha-methylvinyl benzoic
acid (all isomers), diethylamino alpha-methylstyrene (all isomers), p-vinylbenzene sulfonic
acid, p-vinylbenzene sulfonic sodium salt, trimethoxysilylpropyl methacrylate,
20 triethoxysilylpropyl methacrylate, tributoxysilylpropyl methacrylate,
dimethoxymethylsilylpropyl methacrylate, diethoxymethylsilylpropyl methacrylate,
dibutoxymethylsilylpropyl methacrylate, diisopropoxymethylsilylpropyl methacrylate,
dimethoxysilylpropyl methacrylate, diethoxysilylpropyl methacrylate, dibutoxysilylpropyl
methacrylate, diisopropoxysilylpropyl methacrylate, trimethoxysilylpropyl acrylate,
25 triethoxysilylpropyl acrylate, tributoxysilylpropylacrylate, dimethoxymethylsilylpropyl
acrylate, diethoxymethylsilylpropyl acrylate, dibutoxymethylsilylpropyl acrylate,
diisopropoxymethylsilylpropyl acrylate, dimethoxysilylpropyl acrylate,
diethoxysilylpropyl acrylate, dibutoxysilylpropyl acrylate, diisopropoxysilylpropyl
acrylate, vinyl acetate, vinyl butyrate, vinyl benzoate, vinyl chloride, vinyl fluoride, vinyl
30 bromide, maleic anhydride, N-phenylmaleimide, N-butylmaleimide, N-vinylpyrrolidone,

N-vinylcarbazole, butadiene, ethylene and chloroprene. This list is not exhaustive,
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As applied in a conventional emulsion polymerisation, the method of the present invention
20 is preferably operated in semi-continuous or continuous modes. A preferred method of
carrying out such modes comprises adding a selected water soluble amphiphilic RAFT
agent to a reaction vessel, together with a thermal initiator and water. Other reagents can
also be added if required, for example buffers to regulate pH. Typically, all reagents used
are essentially free from dissolved oxygen and the reaction solution is purged with an inert
25  gas, such as nitrogen, prior to initiating the polymerisation. The solution temperature is
then increased so that the initiator undergoes thermally induced homolytic scission.
Monomer is then added and polymerisation can proceed under the control of the
amphiphilic RAFT agent. The addition of monomer at this stage is maintained at a rate to
avoid reservoir monomer droplets from forming, and is continued at such a rate until such
30 time as sufficient monomer has been added to render the amphiphilic RAFT agent

essentially water insoluble. At this point in time it is believed that non-labile micelles
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added amphiphilic RAFT agents have become non labile and the rate of monomer addition

may be increased. The progress and the nature of the subsequent polymerisation will
depend on the amount of amphiphilic RAFT agent added and when it is added. In this
case, the resulting reaction system would contain both conventional surfactant and

20 amphiphilic RAFT agent as stabilisers, where the amphiphilic RAFT agent has become
firmly attached to the surface of growing particles.

As an alternatively to the above process, the polymerisation may initially be conducted
under the control of an amphiphilic RAFT agent then allowed to proceed by a classical free
25 radical process. In this case, polymerisation under RAFT control may be continued so as
to provide a particular composition and or architectural effect, ie polymerising selected
monomers to be located at the surface of the particle. Having achieved this effect,

subsequent polymerisation may then proceed under a classical free radical process.

30 Where the method of the present invention is applied during initial stages of a conventional

emulsion polymerisation, and no other surfactant species are present, as previously
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pol ymerisation. Such particles may al so be cross |inked
As previously mentioned the method of the present invention may be applied to many

forms of emulsion polymerisation techniques. From the preceding discussion of the
method, one skilled in the art should readily appreciate how the method can be applied to
such techniques.
20
Alternative modes of performing conventional emulsion polymerisation, such as
miniemulsion or seed emulsion techniques, have recently been shown to alleviate problems
associated with the diffusion of RAFT agents. However, both techniques employ
conventional surfactants, and dispersions prepared thereby are subject to the
25 aforementioned surfactant migration problems. Furthermore, both techniques require co-
surfactant stabilisers and other additives which introduce unwanted components into the
polymerising mixture and compromise the properties of the finished product to a point

where the potential benefits of the RAFT process cannot be demonstrated.

30 By applying the method of the present invention to a miniemulsion polymerisation, no

additional surfactant, other than the amphiphilic RAFT agent, is required to establish a
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free radical initiator(s) are then added to the system and polymerisation proceeds in a
manner similar to that of a conventional miniemulsion except that the polymerisation
proceeds under the control of the amphiphilic RAFT agent. To a large extent, provided
that the amphiphilic RAFT agent is insoluble in water and emulsification is sufficiently
20 energetic, the particle size of the final product is controlled by the amount of amphiphilic
RAFT agent initially present in the reaction. ~Advantageously, not only does the
amphiphilic RAFT agent act to stabilise the miniemulsion but the growing hydrophobic
tails can afford substantial protection against the well known process of emulsion
destabilisation by diffusion of monomers from small to large emulsion droplets, an effect

25 known as Ostwald ripening.

In many respects, the application of the method of the present invention in suspension
polymerisation is similar to the application in miniemulsion. Suspension polymerisation is
traditionally used to produce much larger polymer particles than either emulsion
30 polymerisation or miniemulsion polymerisation. Such particles may also be cross linked

and therefore not film forming. Suspension polymer particles are usually formed by first
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The method of the present invention, utilising water soluble amphiphilic RAFT agents, can

also be used to significantly simplify the current practice of using conventional RAFT

agents in a seeded emulsion polymerisation. In this regard, monomer and surface active

water soluble amphiphilic RAFT agents can be added to a latex seed such that subsequent
20 polymerisation proceeds under RAFT control.

In formulations such as paints, adhesives, primers, fillers, and sealants the latex is usually
the binding component. The formulation also typically comprises other formulation
components such as coloured pigments, extenders, film forming aids and other additives,
25 all present at different levels and in different combinations. In some formulations there
may be blends of latexes present to achieve specific material properties or for special
functions such as thickening. The material properties of formulation compound are

responsible for delivering the level of performance required for the intended application.

30 The composition of the latex is crucial to the performance of any product. Conventional

emulsion polymer processing allows for virtually unlimited variation of material properties
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homppol yHBrothgraseretspaeislitedapplieations.apalymerrpartigles may be required to retain their

particulate character. Such applications include crosslinked particles of controlled

structure used as ion exchange resins, column packing materials for gel permeation
chromatography and high value applications such as diagnostic kits in biomedical
20 applications. For such applications, an advantage of the present invention is the control
afforded to actual particle formation without the requirement for high levels of expensive

surfactants or other stabilisers.

A notable feature of RAFT controlled polymerisation in the context forming aqueous
25 dispersions of polymer particles for use in paint, primer, filler, sealant and adhesive
applications is the ability to control the architecture of the polymer particles.
Advantageously, the method of the present invention provides means to tailor the
distribution of polymerised monomer throughout the polymer particle. In particular, the
method provides means to polymerise specific or specialised monomers in strategic

30 locations of the polymer particles.



above and bel ow room tenperature, respectively. Hard nononers used in
typical formulations include nethyl nethacrylate and styrene, whereas soft
nononer s WEé3/03019 ypi cal ly the esters of acrylic acid, sueeTadocheset hyl,
butyl and 2-ethyl hexyl acrylates. WO 03/055919 PCT/ AU02/ 01735 -36 The
preparation of the aqueous dispersion of polynmer particles and the pol yner
particles prepared by the nmethods of-35e present invention utilises an
anphi philic RAFT agent as a stabiliser as well as a nmeans for formng
polymer. By virtue of the anphiphilic RAFT agent's participation in the
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by convenﬁtbOéilaﬂanﬁnfo%urausﬂr f meﬁmlsel?J il tReomkrsasidch amrmﬂséamdes
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and therg ghﬁy %?{ﬂ%% tg(;‘r@b'lln' pe¥ticuldy, ta@%aﬁhﬁﬁﬁ@ ﬁy@lfopfﬂl'i% endlUG ﬁétzﬁi{ﬁh.lphlhc

stablllty C obt al ned by using nuch” hi gher levels of ‘acidic
nononer s RAFT lagentntheddmmonmf thffse smmfoams ehthe gurfacroef thedparticden enbles heir

resi dues or other cha dlsadv t e
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ability to maintain the colloidal stabi] |t%i1
added at relatively low levels, preferably at less than 10% of the total monomer content,

more preferably less than 5% of the total monomer content.

As mentioned above, the nature of polymer particle formation can also allow the internal
20 composition of the particle to be controlled. In particular, the composition of the internal
portion of the particle can be varied from that of the surface composition to provide an
internal core and an outer shell. In the simplest case, particles can be formed whereby a
specific monomer is polymerised at one stage of the process and a different monomer is
polymerised at a later stage to form a block copolymer. In this way, hard polymer particles
25 with a soft film forming exterior and soft elastomeric particles with a hard non film
forming skin can be formed. By the terms "hard" and "soft" polymer, it is meant polymers
that are formed from monomers where the homopolymer glass transition temperature Tg is
above and below room temperature, respectively. Hard monomers used in typical
formulations include methyl methacrylate and styrene, whereas soft monomers are

30 typically the esters of acrylic acid, such as the ethyl, butyl and 2-ethyl hexyl acrylates.



anionically stabilised dispersion with | evels of acid nononer far |ower
than can be achieved wth conventional formulation practices. For exanple,
a pol ynmerwbagess9tan be produced to a solids content in ercesgiooN1B30% where
the |l evel of copolynerised acid 30 nononer is below 1% of the total

pol ymer content. WO 03/055919 PCT/ AU02/ 01735 -37 The particle size
characteristics of |atexes which can bggproduced according to the present

i nvention are also surprising in that a low | evel of acid nononer is
capabl e of stabilising snall polyner particles. Polymer particles with a
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the pres etetthelcﬁya%%ﬁtegbsl §f BRI preSeid dfYsurfBBRAE, SRt parfuldre RiieNAH Abe¥eon. t he
nature of their anphiphilic properties and fheir ability to stabilise the

organi ¢ pWhee usadeintopmbimgtiontvatit a a@tp@ntlgnal surfactant5thg eehe ayaly gefiice t he
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obt ai p@d thy negive kffogts anthesutfaitan. pol yneri sation reaction dur| ng pr OCESSI ng
and analysing the resulting polynmer by a suitable technique such as Cel
Per neat i on Chronat ography. Were there is control, the size of polyner

I I trol
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the appear ance |ona peaks in i ve of
pol yner fmommhérssudhyasoadrglic ami:maiﬂlasnsrhc a&ilds; Wimare ssasfoppulatipnshare stabilisedi | i c

RAFT agent ate i.nt,o reactiyve mce les a ul.tinmately pol r

particl egby 88‘%9 g’t‘ac}p?m?rl"}% a‘f‘téa%?’?%n &cHE a@én‘in%‘?m%‘% g ?%%{%lak dPar
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that a particular arphiphilic RAFT 25 agent will be able to control an

enul si on typicghy copalymerisadewith iother sudromsire sedhyas @etyl methacrylate, styrene and

acrylate esters to provide a final formulation with improved stability as measured by high
shear and freeze thaw tests. The stability afforded to such dispersions results from
ionisation of the acid units through the addition of base, this has the effect of increasing the

20 charge on the particles surface and thereby improves stability. In the absence of the
surfactant, stability could only be obtained by using much higher levels of acidic
monomers or the introduction of surface charges derived from initiator residues or other
mechanisms. The disadvantage of this approach is the reduced water sensitivity that
results from the introduction of high levels of charged groups.

25
A surprising feature of this invention is the ability to maintain the colloidal stability of an
anionically stabilised dispersion with levels of acid monomer far lower than can be
achieved with conventional formulation practices. For example, a polymer latex can be
produced to a solids content in excess of 50% where the level of copolymerised acid

30 monomer is below 1% of the total polymer content.



control is preferred in enulsion polynerisation reactions where the

anphi philic RAFT agent is chosen to be the sole neans of stabilising the
growi ng paotsosm®s? Wt hout control, particle formation caoThaodoiBscul t
dependi ng on the conbi nati on of nononers chosen. If control is lost in the
early stages of the reaction the result will be loss of particle 30
stabilisation and formati on of pol ynerjgoagul um as the reaction proceeds.
However, once particles have been fornmed, the maintenance of full control
is a less serious issue and sone WO 03/055919 PCT/ AU02/ 01735 -38 devi ation

fromide behayi our i s general I ' ' [
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pol ymerisation. 10 The selection of  Z is.typically. nmore inportant w
respect t"UﬂbF’@wfﬁiW&"ﬁ%. ?ﬁ‘ﬁﬁhepﬁ‘??ic@amﬁﬁﬁﬁa’cgg‘ﬁ?n%l? fRegding o) @'F)Pr?sgkgai n
contr ol ?ﬂf‘e’nﬁw SaP Bhiy B dchdve@Risink prive bR Grbtdsed with Sir€itgank WadBeeTIoNNds Of
formula (4) it is inportant that sSuch a group does not provide a _|eaving

group t hahoresngokmareolifivangragieryr Bergmpsi appligstipns whergithypelprmer [ajgxnis psedyy

-(AmMB)a-15 RI. (fornula 13 ) ' | G tati ' ti
ot of o1 endn R VPt e Sk s R IR sqlfant dhd althdBiled hex BREATRLRNSAL | OF
sul f urg atfamrs@yaifeaithé popitics opefim defivédfromlthe [o4dx. may be prepared by a

nunber of methods. Preferably they are prepared by pol ynerising
et hyl enically unsaturated nononers under 20 the control of a RAFT agent

having t hﬁwf s%ielcﬁif/ﬂ gg? ?ﬁ%gﬁ@&nﬁfﬁbﬁfﬂcw ag<§1t Bor use ifr'thd methdls oM}ﬁ:rﬁeén@nd R1

are as previous ' o
invention is particularly important. As mentioned above, the nature of their amphiphilic

properties and their ability to stabilise the organic phase are two important aspects. It is
15 also important that the amphiphilic RAFT agents be selected so that they have an ability to
gain control over the polymerisation. Evidence of such control may be readily obtained by
sampling an emulsion polymerisation reaction during processing and analysing the
resulting polymer by a suitable technique such as Gel Permeation Chromatography.
Where there is control, the size of polymer molecules will grow in a linear fashion with
20 conversion. Loss of control will be apparent with the appearance of additional peaks
indicative of polymer formation by other mechanisms. The processes by which
amphiphilic RAFT agents aggregate into reactive micelles and ultimately polymer particles
can disrupt the RAFT reaction scheme. Control of a particular combination of monomers
in solution or bulk polymerisation is no guarantee that a particular amphiphilic RAFT
25 agent will be able to control an emulsion polymerisation reaction sufficiently. Good
control is preferred in emulsion polymerisation reactions where the amphiphilic RAFT
agent is chosen to be the sole means of stabilising the growing particles. Without control,
particle formation can be difficult depending on the combination of monomers chosen. If
control is lost in the early stages of the reaction the result will be loss of particle
30 stabilisation and formation of polymer coagulum as the reaction proceeds. However, once

particles have been formed, the maintenance of full control is a less serious issue and some



25 An inportant point to appreciate when considering the preparation of
anphi philic RAFT agents of general fornmula (4) from RAFT agents of general
formul a (WP wBesPMAt the anphiphilic character associ at edPgirtAvoeom3sunds of
formula (4) is sufficient to stabilise WO 03/055919 PCT/ AU02/01735 -39 the
organi ¢ phase of the dispersion or to forma mcelle type structure.
Compounds of forrmula (5) may al so haveygsone anphi philic character, however
this will generally be insufficient to stabilise the organic phase of the
di spersion or to forma mcelle type structure. In order to achieve
adequat e I ext of compounds 5 of fornula
(4), corrpgiﬁﬁwni?&?g?%?%%?@? ghéfle}.tggo&%rgﬁl{e] y reacted with appropriate

et hyl enical ly unsaturated nononers. Having said this, when n=0 in
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anphi philicg character to stabilise the organi c phase or to forma mcelle

type strutbefe, (fospln lPorasrelies smdical Headng raspunshiiat ary grRAie of creipitiating
hydmphObg(gy&‘éﬁLd iohes. Exanples of suitable hydrophilic ethylenically

unsat ur at nononers include, but are not limted to, acrylic acid,

met hadfyl i c acid, hydr oxyet hyl met hacryl ate, hydr oxypr opyl 20

met hacryl acr de and, met hacr | am de dr ox acryl ate,
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Amphiphilic RAFT agents of formula (4) may be prepared by a number of methods.
Preferably they are prepared by polymerising ethylenically unsaturated monomers under
20 the control of a RAFT agent having the following general formula (5).
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where Z and R are as previously defined.

25 An important point to appreciate when considering the preparation of amphiphilic RAFT
agents of general formula (4) from RAFT agents of general formula (5) is that the

amphiphilic character associated with compounds of formula (4) is sufficient to stabilise



tert-butyrate, vinyl stearate, vinyl laurate or other nononers that give a
wat er insoluble 30 polyner. WO 03/055919 PCT/ AU02/ 01735 -40 The

pol yrer i swDioans3vey be conducted in either an agueous sol uPCEIMWR/OEAISOr gani
solvent, the choice of which is dictated primarily by the nature of the
nononers to be polynerised. Polynerisation nmay al so be conducted in the
nononer itself. 5 The polynerisation tgaction will usually require
initiation froma source of radicals. Initiating systens previously
described can also be applied in preparing the anphiphilic RAFT agents.
However, .in ] 4 TTAIgHE . ubl Bt or
nonomner r%‘lfl exf)&t#a%li %§§O%Iragﬁ‘glrg‘?ég%‘gﬁn§% ﬁo ?‘glﬁsfglrcg%%ﬁﬁ}gg anngﬁpga%i I i%sngRgFT
agent of fh@fulul(5) may aiso ha) someemphiphilit éhmraeiedy beever chis omilr ganerallyi best

el ecting a itabl e RAFT agent.. The se ted RAFT agent is co ed with
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vessel . TyRiea) 1M Rbdr b aaBieN Sdeqasd sﬁbﬁisﬁﬁgﬁgéérﬁéd, ¥h fhe@Bnkekt 6 cosiouads

oxygen and the reaction solution is purgé any remai ni ng oxygen by way

of an 3 nexftfoyasla @Hchompoursls mft foogala, (Prarersubsequentshwedctadt Weh. appEepIiddct i on

is subsequentl.y.initiated,by increasing the e rature.of -SOl utii on
such tha'?: le.%}%‘m X}nsia S%dx‘?ﬂ?ﬁ%%t ?}iavgxg g%got%nsg%eﬁeﬁ'—i(ﬁlnficg ortlglgcvév:im S.
The pol ymefmh@aldnnt ;seatd eitlekdiesll Paoarhds comp@indciahérenily pbsstdses Riffitieagent
t hereby providing further hydrophilic character, to the hydrophilic, end of

t he RAFT ampinhilic phaseajer torsiahilisedhe ofganieplnge ob i smelsion e formrgmicgitounds

of formul I | G i f-l. G i o} (o Lon of
o second ‘eimichie M B éase ol K EpE0Alb @XORARICS fmd ROaB RSl 00 0
i s not0 sufdbieite hidrpphijid rang Hoidiaphobic fppopertiesp dmtitsr ofm right e kfoxdl 8 spitahbon

exhaustion of the ophi l'i ¢ nononer, hydrophobi c nononmer may be added to
t he sol utqnﬁgnﬂh%ﬂﬁeg%&ré}gﬁmor at a later stage if the internedi ate product

is isolated, and the polynerisation continued under RAFT control to
provi de the bl ock copolymer of 25 formula (13). Wiere Rl is intended to
provi de tThe kihylenplallpi unsatuopted terpmass t¢aa PARIDY sudnhmonemers khat| 8¥yi ket he

art will appreciate that the. above t had. coul | ] i .
prepar e tHﬁ’E’P mggg@ﬁ)g & Iy E cal \ROgssSe ﬁpogﬁ?rd‘fg B ‘(}]flgglnlggg?(a ¥nt§§m|(1 f‘(;@icéeﬁlg
prepaled dniplagiilé RaaGemtd Kabilise tHRtdt@shic phase or to form a micelle type structure,

such monomers are chosen for their hydrophilic or hydrophobic qualities.

Examples of suitable hydrophilic ethylenically unsaturated monomers include, but are not
limited to, acrylic acid, methacrylic acid, hydroxyethyl methacrylate, hydroxypropyl
20 methacrylate, acrylamide and methacrylamide, hydroxyethyl acrylate, N-
methylacrylamide, dimethylaminoethyl methacrylate or other monomers that give a water

soluble polymer directly or by suitable post reaction.

Examples of suitable hydrophobic ethylenically unsaturated monomers include, but are not
25 limited to, vinyl acetate, methyl methacrylate, methyl acrylate, styrene, alpha-
methylstyrene, butyl acrylate, butyl methacrylate, amyl methacrylate, hexyl methacrylate,
lauryl methacrylate, stearyl methacrylate, ethylhexyl methacrylate, crotyl methacrylate,
cinnamyl methacrylate, oleyl methacrylate, ricinoleyl methacrylate, vinyl butyrate, vinyl
tert-butyrate, vinyl stearate, vinyl laurate or other monomers that give a water insoluble

30 polymer.



30 descri bed above and water is used as the solvent, upon reaching a point
in the reaction where sufficient hydrophobic nononer has been pol yneri sed
ont o t he WRORJ0s9ent , the WD 03/ 055919 PCT/ AU02/ 01735 - 41prproyiagatisng RAFT
agent is believed to self assenble to subsequently formnon-labile

m celles. Surprisingly, the propagati ng RAFT agents which self assenble to
formthe non-labile 5 mcellular strugpures can maintain their activity
al l owi ng polynerisation to continue under RAFT control within the

hydr ophobi ¢ core of the mcelle. By this process pol ynmeri sation nmay be

ot gl ok U8 RAOHR BN AfibhI Ko GAGERkANE SoRERDAT ©

an aqueo persion o nmer par ective preparing the
anphi phi Ithe clidielof vgelnis dlaa&dtpmmamybﬁt}&: rmnﬂ'é ef thectnmudneroto pepdlpmatiseg. t he
met hod of the present inpvention, hili.c FT agent is prepared in
situ as ddupenretonmay also é’op@%‘%ﬂffa‘f‘fﬂagy HE‘PW%‘HFSF RAFT agent is then used
I n accordance with the nethod of the present invention to prepare an
aqueous dispersion of polyner particles. 15 There are many techni cal

vari at3 oriEhet polyinerisaipni reacthinc will hisuallst esphiref 1mtiaélopr@@1@n@ sohweg ot tadiralfay be

bl yrer | Saitighe S LA S RN RO e s bh SR L BRpRRld LT arprhiphiye

anphi phi IR SFTRgeRaHRMePEr, if tHis Eas8NRY RritidorYhey blde b sBible mothe imdrdater ios
substantial ly ﬁydr ophilic in 20 character. This RAFT agent can then be

| sol at ed mmn@mgmy stored, before use as an internedi ate RAFT agent in
subsequent preparation of the anphiphilic RAFT agent. Accordingly, a
hydr ophobi c portion nay be subsequently added to the hydrophilic RAFT
agent 10 n A mefeasdansthoddet prpadg dnranmhighike RAFE agaft ehfemulas (Hror (13)

polynmerisation to, provide the a |c di bl, tr tur t he
conmpound wherpig, R s F}’f(illoﬁ)ﬂchcpqnéprhsgn??q%sg ectyng g § eg’ith églf‘éteilo add
a nunber i ph 35 érﬁ%"&;}h AANES thedfl $nititod s&%gﬁtﬁﬂé#ﬁfdphllchﬂgﬁ&ﬂéﬁ\hﬂﬁn RAFT

agent prior to Its Iso tlon as an I nternmédi ate RA gent pendi ng
the pol ara tepctidn wassdh. ypieBlly aj eergentsuisebaraententially &ee of dispolued extigeniand

pol ymeri St%t Ireactlon solution is purged of any remaining oxygen by way of an inert gas, such as
15 nitrogen, prior to polymerisation. The reaction is subsequently initiated by increasing the
temperature of the solution such that thermally induced homolytic scission of the initiator
occurs. The polymerisation reaction then proceeds under control of the RAFT agent,
thereby providing further hydrophilic character to the hydrophilic end of the RAFT agent
through insertion of the hydrophilic monomer. For compounds of formula (4) in which Z

20 is sufficiently hydrophobic, polymerisation of a second monomer may not be required. For
compounds of formula (4) where Z is not sufficiently hydrophobic or for compounds of
formula (13), upon exhaustion of the hydrophilic monomer, hydrophobic monomer may be
added to the solution immediately, or at a later stage if the intermediate product is isolated,

and the polymerisation continued under RAFT control to provide the block copolymer of

25 formula (13). Where R! is intended to provide the hydrophobic properties to the RAFT
agent, one skilled in the art will appreciate that the above method could be equally applied

to prepare the "reverse" agent.

When compounds of formula (4) or (13) are prepared in accordance with the method
30 described above and water is used as the solvent, upon reaching a point in the reaction

where sufficient hydrophobic monomer has been polymerised onto the RAFT agent, the



reaction or water based secondary reaction nmay require a water m scible
cosolvent to assist it in becomng properly dispersed. Thus, a further

pr ef er r edwowdesoi9 perform ng the 30 net hod of the present PCRAGNRAOTIIS

i nvol ves isolating an internedi ate RAFT agent for subsequent use in the
formati on of an anphi philic RAFT agent which may then be used in WO

03/ 055919 PCT/ AU02/ 01735 -42 accordandg -with the nethod of the present

i nvention. As nentioned above, suitable RAFT agents for the preparation of
t he amphi philic RAFT agents have the follow ng general fornula (5): 5 ~S
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depend ommiceHed r ansfer constant, Whl ch is determ ned by the nature of the
Rl and Z groups, the nononer and t he prevailing reaction conditions. These
consi derat ions are discussed above in relation to the anphiphilic RAFT

agents. 1§1ﬁ%1?e%e %BR%%&QPW’P%%@ wWich 8 Hddettlioto f84E e non-labile

consi derat e es he same. In particular, as groups Rl and Z
are cafr |m:teﬂhlranstgtctmres ca’nefnamtam thieinl dctivigArtowigg polynidrisations tol eomtinumuinder

The ¢ hi odbABeipRERh BR A ot Cogs B E e il FroPRkiacti it no

ef f ecti vengy %eQionﬁn&d@leBy blpgplEa ﬁﬁn@n&pﬁﬁ alitidnal rédgente|t6repige At h R
and Z groups for RAFT agents of formula (5), those agents resultin from

t he conbiasaepwrdisersion of pelymer pararel@ﬁ,eth\ae@ffmvalad)@agmeab% amphiphilis
parti cul a{ése}{tz o] gferred 20 WD 03/ 055919 PCT/ AU02/ 01735 -43 Most preferred
RAFT age ude but are not limted to, the following formulas (15-

As a preferred mode of performing the method of the present invention, an amphiphilic
RAFT agent is prepared in situ as described above. The resulting amphiphilic RAFT agent
is then used in accordance with the method of the present invention to prepare an aqueous
dispersion of polymer particles.
15
There are many technical variations to the way in which the method of the present
invention may be performed. For example, a RAFT agent may first undergo partial
polymerisation with particular monomers so as not to be substantially amphiphilic in
character, for example to provide a RAFT agent that is substantially hydrophilic in
20 character. This RAFT agent can then be isolated, and possibly stored, before use as an
intermediate RAFT agent in subsequent preparation of the amphiphilic RAFT agent.
Accordingly, a hydrophobic portion may be subsequently added to the hydrophilic RAFT
agent in a secondary reaction or during the course of an emulsion polymerisation to
provide the amphiphilic diblock structure of the compound of formula (13). Alternatively,
25 it may also be desirable to add a number of hydrophobic monomer units to a substantially
hydrophilic RAFT agent prior to its isolation as an intermediate RAFT agent. Depending
on the polarity of such a RAFT agent, subsequent use of it in an emulsion polymerisation
reaction or water based secondary reaction may require a water miscible cosolvent to assist
it in becoming properly dispersed. Thus, a further preferred mode of performing the
30 method of the present invention involves isolating an intermediate RAFT agent for

subsequent use in the formation of an amphiphilic RAFT agent which may then be used in



21): CO2H S SRSSCOHR(15) (16) CO2H OS OS )~ 6 ZKk NS CO2H N S
C2H (17) (18) S SR3I SCORH S zil." C®H (19) (200 CRHS S s f""
CO2H HO2GvB ox0882ith  (21) (24) S RB NH2 'S S O (25) WO 03CEH201735

PCT/ AU02/ 01735 -44- wherein R3 is as previously defined. When selecting a
RAFT agent, it is preferable that it denonstrates hydrolytic stability
under the conditions of enul sion polynepsation. In this regard,

trithi ocarbonyl RAFT 5 agents are particularly preferred. The
dithiocarbonyl conpound used in accordance with the fourth aspect of the

I nvention | thi ter, a dit.h arbonate a trithi ocarbonate, a
di t hi ocar%cgﬂ% ﬁ{‘ﬁ% Ft%é&o?ﬁ:ﬁgrqsg%tdp4{§? thing is that it has a Z-C(S) S8

conponent. The c&, (3-unsat urated conmpound

As mentioned above, suitable RAFT agents for the preparation of the amphiphilic RAFT

agents have the following general formula (5):

where R and Z are as previously defined.

The effectiveness of a specific compound embraced by formula (5), as a RAFT agent, will

10  depend on its transfer constant, which is determined by the nature of the R! and Z groups,
the monomer and the prevailing reaction conditions. These considerations are discussed
above in relation to the amphiphilic RAFT agents. With respect to the RAFT agents of
formula (5), such considerations are essentially the same. In particular, as groups Rland Z
are carried through to the amphiphilic RAFT agent, their selection is subject to similar

15 considerations. However, due to closer proximity to the thiocarbonylthio group, the R!
group plays a significant role in the effectiveness of a specific compound as a RAFT agent.
In selecting both R! and Z groups for RAFT agents of formula (5), those agents resulting
from the combination of particularly preferred R' and Z groups are also particularly
preferred.

20



10 may be any such conpound capabl e of providing a RAFT agent follow ng
conjugate addition. In a preferred enbodi nent the invention provides a

met hod f owotobesyneparati on of a RAFT agent conpri sing thecTonjougetse
addition of a conmpound of formula (1): 15 Z C SM(I) where Mis hydrogen,
an organic cation, or a netal and Z is any group that can pronote
sufficient reactivity of the thiocarbanygl group towards radical addition
while not slowing 20 the rate of fragnentation to the extent that there is
unacceptabl e retardation of polynerisation, to the double bond of conpound

O O By kAP astayircinde, bus B2 o TR i s liwaRE Al (5a

from - C0244). - CO2R2, -COR2, - CSR2, -CSOR2, - COSR2, CN-802R2 - SOR2,

- CONH2, - HR2, -CONR22; 5 R3 is sel ected fromH Cl1_6 al kyI or together
with either R4 or EV\Gforms a-C(O-0 group; R4 is selected fro Cell C1 6
al kyl, aryl, heteroaryB, H, -CO02R2, -COR2, -CSR2, -
-CN- SO2R2, -SOR2, -CONH2, - HR2, -CONR22; and 10 R5 i s||sel ec ed fromH,

Cl 6 alkyl, aryl, het aryLAwherein R2 is selected fr

consi sting of opti8sally ‘slbsti ted C1-Cl18 al kyl, 8ptionakty sbtibspi t ut ed
C2-C18 al kenyl, optionally substituted aryl, "optionally substituted

15) (16)

CO.H
O ] | S /[
N)J\SJ\COZH < ;N/U\S COzH
a7 @18)
| L
R3)ks><cozH s CO,H
(19) (20)
CO,H s
S XA X
S CO,H HO,C s S CO.H
@1) 24
S
R )k NH,
\s S
o]

25)



15 heteroaryl, optionally substituted carbocyclyl, optionally substituted
het erocycl yl, optionally substituted aral kyl, optionally substituted

het er oar yWelokpss91opt i onal | y substituted al karyl, optionalPCy/Adwbe173s ut ed
al kyl heteroaryl and pol yner chains wherein the substituents are

i ndependently selected fromthe group consisting of al kyl eneoxi dyl (epoxy),
hydroxy, al koxy, acyl, acyloxy, fornyhy_alkylcarbonyl, carboxy, sulfonic
acid, al koxy- or aryl oxy- 20 carbonyl, isocyanato, cyano, silyl, halo,

am no, incl udi ng salts and derivatives thereof. Preferably at |east one of
R3, R4 an ﬁ{gntrl but.es tg%ft hg reactivity of conjugate addition product
to radicdl eﬁ'“é fseas preyowslydefinedy 7 group of formula (1) above incl ude,
optionally substituted with one or nore hydrophilic substituents sel ected
from-C®2H, -SGBH, -0SMBH, -OH, -(COCH2CHR)W OH, -CONH2, -SOR and SO2R,
and sal t SVhéreseledtingra RARI hgentyit js aneferable that i demensiraies lyarolytisystabifity not

Iglr (Tutjgdi f\‘@?%@%ﬁ?@ﬁ%ﬁ“&‘cﬁg‘%} P%_%Pleed%?bxy, hg%;;?l o%s&ﬁ%ﬁ’ S?EF(}Z

aryl 0xy, agpiith erglariculbysstbietred.ut ed al kyl, optionally substituted aryl,
optionally substituted heterocyclyl, optionally substituted aryl al kyl,
optionally substituted al kylthio, opti onal ly substituted aryl al kylthio, WO

03/ 05591 7 I |
02 0520 BN oyl Pt S R BORSRY vepn
substitu tm@ BEY Ichﬂh&dwt;er cpmﬂlmatbqna’w,l Iasttltltlmnadv:bnatcy Ri dnlhrwarb@mateomathb ylike.

bstituted h d h
wher el - Hie imogtai (ingyis ek T Pt IS0 FE BRI The SR rlaeh FORPONE oy oup
consi al’i‘ﬂa‘f F%gpt :aﬁ'lé p%uﬁd”a%%dbtlé’b? r&&dlgéaa RADT ag@RtfolBRIdgY ¢ dtuted

C2-C1 ona y substituted aryl optlonally substi tuted
het erocycaldylitl,onoptl onal Iy substituted aral kyI optionally substituted
al karyl. Particularly preferred Z groups i ncl ude, but are not limted to,
-CH2(C6H5), C1-C20 1CO CH2)e qH al kyl,( ( 2, where e is 2 to 4, and -SR3,

wher e R3 1h$ pr6fefed ephbbiidiBntihetidveatibn ?dvlfdés a rﬂl@chBEfﬁ'th&Eﬁ}eBﬁm BTh @WIOF THE

| NVENTI ON The invention will now be descrl bed with reference to the
f ol | owi nggentnopipsisingtthe ponjugate addition of a compound of formula (I):
15
//S
Z— C
SM @

where M is hydrogen, an organic cation, or a metal and Z is any group that can promote
sufficient reactivity of the thiocarbonyl group towards radical addition while not slowing
20 the rate of fragmentation to the extent that there is unacceptable retardation of

polymerisation,

to the double bond of compound of formula (II):

5
25 R* R ()



15 illustrate sone preferred enbodi nents of the invention. However, it is
to be understood that the particularity of the follow ng description is
not to suworseskoi1e he generality of the preceding descri pPcamwbotiie

i nvention. Exanple 1: Synthesis of

2-[ (2- phenyl et hanet hi oyl ) sul fanyl ] propanoic acid (20). O ~ 1 S CH3 S~CO2H
20 20 A solution of benzyl magnesi um chheoride in ether (1.0 M 40 ni, 40
mmol ) was added slowly with stirring to an ice-cool ed solution of carbon
disulfide (4.0 nL, 66 mmol) in dry tetrahydrofuran (40 ni) under
nitrogen.. After 30 mn, 2-bronopropanoic acid (3.6 nL, 6.2 g, 40 mol)
was added and the reaction was stirred at anbient tenperature. After 48h,

25 the myidis &WESis RAUIESdnvRh@&blig @eap abRcled Tl O3HY -0osHFedCORPN- wat er
(3x100 nm.), , foll oyved@bg ,sat ur at ed sogkum chloride soJution,(100 nm). The
RAr-CEOSPR™( unbQ

organi ¢ |GSRY, -G8Q 1R9ER F-8BYHandOMNHp o r@@¥& 2 The remai ni ng
liquid was distilled (120/0.13 Pa, WO 03/055919 PCT/ AU02/ 01735 -47
Kugel rohr) to renove unreacted 2-bronopropanoi ¢ acid. The residue was then

di ssol yedR? isnseRblra frdm Q0 Ol alépl o xddedet edthnkitier 3 @OBWGNf@riGar bO(R)-6-
solution (4x50 M.). The conbi ned aqueous extracts were washed with ether
(100 m) ,&"o¥EN acidified to pH<l with 2 Mhydrochloric acid. The resulting
m xture was extracted with ethyl acetate (2x100 nL) 5 and the conbi ned
organi c extracts were washed with water (2x50 nlL), saturated szodi um,

chl ori de R5& sdldctathdronhdh @rd atkybi arpl, tetpesyl rCOuH aCOREVAIR at-COR of t he

sol vent 5 t Ll ou 62 Jd guid e3.73 g, 39% which
sl ow y sgﬁﬁﬁf’i'gg’s g '@&%@%ngg&a‘%@% g@bgg{g%a%ﬂgnz,gpga poly(acrylic
aci d) 1! ock-pol y(butyl acrylate) macro 10 RAFT agent with respective
degrees of polynerization n ~ 5 and n = 20 using 2-[(2-

phenyl et HRniestleayd from HaGyd dlkylopahdieteregeyld (20) from Exanple 1. A sol ution
of 2-[(2-phenyl et hanet hi oyl ) sul fanyl ] propanoic acid (20) (0.416 g, 1.73
mol ), 4,4'-azobis(4-cyanopentanoic acid), (95 ng, 0.30 nmmol) and acrylic
aci d (0. 6RKergin I& EBselctbednfrom) the nprdufEcdiisfing Jofioptiandly sdbstitteddCh g alixgl

flask V\/asopstitolrlerlliyegubné"ii r’}g& IC(;?(llllg yall?e?gll, optionally substituted aryl, optionally substituted
15 heteroaryl, optionally substituted carbocyclyl, optionally substituted heterocyclyl,
optionally substituted aralkyl, optionally substituted heteroarylalkyl, optionally substituted

alkaryl, optionally substituted alkylheteroaryl and polymer chains wherein the substituents

are independently selected from the group consisting of alkyleneoxidyl (epoxy), hydroxy,

alkoxy, acyl, acyloxy, formyl, alkylcarbonyl, carboxy, sulfonic acid, alkoxy- or aryloxy-

20 carbonyl, isocyanato, cyano, silyl, halo, amino, including salts and derivatives thereof.

Preferably at least one of R, R* and R’ contributes to the reactivity of conjugate addition

product to radical transfer.

25 Preferred Z group of formula (I) above include, optionally substituted with one or more
hydrophilic substituents selected from —CO,H, -SOzH, -OSOsH, -OH, -(COCH,CHR)y-
OH, -CONH}, -SOR and SOR, and salts thereof. Particularly preferred R' groups include,
but are not limited to, -CH(CH3)CO,H, -CH(CO,H)CH,CO,H, -C(CH3),CO,H. Preferred
Z groups include, optionally substituted alkoxy, optionally substituted aryloxy, optionally
30 substituted alkyl, optionally substituted aryl, optionally substituted heterocyclyl, optionally
substituted arylalkyl, optionally substituted alkylthio, optionally substituted arylalkylthio,



sparged with nitrogen for 15 mn. The flask was then heated at 85 for 2h.

At the end of this period, butyl acrylate (4.50 g, 35 mmpl) was added to

t he fl askwend/ok®wat i ng was continued at 85 for a further PCEN/AUDR@IBESUltiNg
di bl ock copol yner showed nol ecul ar wei ght characteristics consistent with
formati on under RAFT control. The copolynmer 20 solution had 54. 3% sol i ds.
Exanpl e ib: Preparation of a poly(butylggcryl ate-co-nethyl nethacryl ate)

| at ex using the macro-RAFT agent from Exanple la. 25

4,4' - Azobi s(4-cyanopentanoi c acid), (25 ng, 0.08 mmol ), diblock copol yner

solution from Exanple. |la . 96 .9 0of .so LON; .cant ai ni .2 .1.02 mol
of macr o-éﬁﬁ‘?x%'gé’ﬁt 1?ryl%gf e$1°€§l§g§l é}ﬁéhgélgéﬂi ﬁ‘ﬁﬁﬂ’y’d P&xﬁﬂg‘é'%'( @ﬁ‘i ,yl 3[.%0
nmol ) Y\Brpﬁ%)Réﬁ,doﬂti%n_éll}lgﬁosﬂhnéd) H&damiyel bpeaAll |sabdtited asilirindd oRtionally
magnetically while being sparged with nitrogen for 15mn, then eated at

85 with cowsiimirdaming, B rGge-SAraEa pakymer ghain jermed by agy mechayismiyehees Bliat e
19.5 30 4.0 t 1 d i
éorti ons gtan%Sr} %%na{gocieﬁp g#]\g/%&é f%/é\llldt %Esﬁeeﬁcg ﬁ(%%nﬁggﬁ%hﬁsggé%gf\éﬁﬁ%%@ .

step: & gsubStiyteddCHC;s7alkyl, SptipnaBy gubstituted CWO, H BkExa dtidially Akt Q4ad afyl, - 48
the last additjon, the action s held at, 85 for further 3 h and then
al'l oved t ePHASBILY Sul?%#@lt?é@e%rwglyn?@)et%ﬁ&sa§u%9&1t?f§&raibﬂu RBlonally cubgfauted
particle §iz810parftQusHy hichel 7 ofotBilcfide Cout BFERA IRtiteANo ClCHR (G, @ty | C
aci d) - bl ock%tgol butﬂl{pgcryl at e% cro b RAFT agent Wit h -glefggeéeﬁ%f@l %

pol yneri zat i omN(CRN(EBLGHabot h bl ocks usi ngs(lé-[{jz- .

phenyl et halke hi oyl ) sul T any! YVpeigsaadite 4aandi-YR 0yhetedh isselapied from @ &oCut i on
of 2- [(2-8 1nyI et hanet hi oyl ) sul fanyl ] propanoi ¢ acid (20) (0.563 g, 2.34
mol ), 4,74 -azobi s(4-cyanopentanoic acid) (0.102 g, 0.32 mml), and
acrylino acid (3.40 g, 47.2 10 mmol) in THE (10.0 g) was stirred and
deoxygenated by sparging with nitrogen for 20 mn. The solution was then
heated at 85 for 2 h, after which butyl acrylate (6.06 g, 47.0 mml) was
added. FTILE5 D @R'ﬂqg@b PHENVEN to conplete the

pol ymer nggtl on. Exgﬁpl e Id: P&r@gpargﬁon o#ghpol y(butyl acryl ate-co-nethyl
nmet hacryl ate) latex 15 using the macro-RAFT agent from Exanple 1c. The

405, DROERRGYT dtl by b emTRGCHIG roprera S ufle ol S hRRPAR ke )

(0.2518, fB@ate some preferred embodiments of the invention. However, it is to be understood

that the particularity of the following description is not to supersede the generality of the

preceding description of the invention.

Example 1: Synthesis of 2-[(2-phenylethanethioyl)sulfanyl]propanoic acid (20).

@\)i )cja
s~ CO.H

20
20

A solution of benzylmagnesium chloride in ether (1.0 M, 40 mL, 40 mmol) was added
slowly with stirring to an ice-cooled solution of carbon disulfide (4.0 mL, 66 mmol) in dry
tetrahydrofuran (40 mL) under nitrogen.. After 30 min, 2-bromopropanoic acid (3.6 mL,
6.2 g, 40 mmol) was added and the reaction was stirred at ambient temperature. After 48h,
25 the mixture was poured into ethyl acetate (200 mL) and washed with water (3x100 mL),
followed by saturated sodium chloride solution (100 mL). The organic layer was dried

(magnesium sulfate) and evaporated. The remaining liquid was distilled (120°/0.13 Pa,



mmol ), water (47.9 g) and sodi um hydroxide (1.27 g, 31.8 nmol) were stirred
whil e 20 nitrogen was bubbl ed through the solution for 15 mn. The m xture
was t hen weasessdtd 85, and after allowing 15 mn for equiPCTvathbons a

m xture of nethyl nethacrylate (13 g, 0.13 nol) and butyl acrylate (13 g,
0.10 nol) was added in successive portions of 4 g, 49, 449, 49, 59, and
S5 gat 1 hintervals. Sanples were takgn_prior to each addition and the

nol ecul ar wei ght of the polymer in the sanple was determnm ned by gel
perneation 25 chronmat ography (pol ystyrene standard). Peak nol ecul ar wei ght

ol ystyrgne, s ard) _is. _..sho ) f | o] i | | ow,
tha 1o REPEbaG IRt TareB Rt S 1R R b R0 Tbiriode b hh Bisfe8
control . ifhheri(Ded nlIdt & Hadcrd St 8% ssdig Hica@bordé?solRbn/\@x66/BH 9 The
PCT/ AU02/ 01735 _ -49 Reaction tine _(h) Peak npl ecul ar wei, gj Flask to
t enper at (fogbiRedaqueoysExirpots grespwashed ytipether @0@@}1?5@161140@ leg 49 pHslgwitiygo
Exanpl e |y | OF ' : | 3cTo)
sory) at o o SEEASHAI Rl InreRIRHE kiRl 5 SRR wiBRMIMNE (xlog ml)
Exanpl® |land the Thabihied loogdnic exiractsreere sedshéd eithfwaien @xatnpile), satualdd ©dginof

sol ution, confaini 1.2 | . of. macro- RAFT agent), .

24" ag olsiPledy A HIDEHITHG Sedotl) TEEBSh SEl1ORo LvAtionf e SOl 8RS and
sodi um hygt Ut 88mpdurdi20) ashired lifHRl (B.W‘g;,] 9% ki @rk1omgnBtiligRl by swhting. bei ng
sparged with nitrogen Tor 15 mn, then heatéd at 85 with continued
stirring. After 15min a mxture of nethyl nethacrylate (22.5 g, 0.225 nol)
and butyl acryl ate ¢22. 5 0.176 no|. dded .| ccessi tions
of 5 g, GEEmglegf,a%%,ep@m Pne{’rﬁd“ Ly ygacﬂ il%lg\é\ﬁ‘j'r? oc?c&o&@gﬁ@ac%ﬁlé’te}fielﬁgﬁrol at ex
had 420 19RAPIN skent Rath i'e%P@ctﬁ'ie?de@ﬂedd&if Iy éizdtionSh &5 ah@ &l 20 usiigt2-HRcopy
indicated a final particle dianeter of |ess than 60 nm Example 2:

Synt hesi PhenylethqmethioxhsuléanyHpeanangin acid, (30 fyom Example & aci d (21).

A solution of 2-[(2-phenylethanethioyl)sulfanyl]propanoic acid (20) (0.416 g, 1.73 mmol),

4,4'-azobis(4-cyanopentanoic acid), (95 mg, 0.30 mmol) and acrylic acid (0.624 g, 8.78
15 mmol) in THF (5.0 g) in a 50 mL round bottomed flask was stirred magnetically and

sparged with nitrogen for 15 min. The flask was then heated at 85° for 2h. At the end of

this period, butyl acrylate (4.50 g, 35 mmol) was added to the flask and heating was

continued at 85° for a further 3 h. The resulting diblock copolymer showed molecular

weight characteristics consistent with formation under RAFT control. The copolymer
20  solution had 54.3% solids.

Example 1b: Preparation of a poly(butyl acrylate-co-methyl methacrylate) latex

using the macro-RAFT agent from Example 1a.

25 4,4'-Azobis(4-cyanopentanoic acid), (25 mg, 0.08 mmol), diblock copolymer solution from
Example la (5.96 g of solution; containing 3.23 g, 1.02 mmol of macro-RAFT agent),
water (48.0 g) and sodium hydroxide (0.12 g, 3.0 mmol) were placed in a 100 mL round
bottomed flask and stirred magnetically while being sparged with nitrogen for 15min, then
heated at 85° with continued stirring. After 15 min a mixture of methyl methacrylate (19.5

30 g, 0.195 mol) and butyl acrylate (19.5 g, 0.152 mol), was added in portions at 45 min
intervals with the following weights added at each step: 4 g, 58,6 8,7 8,8 8,9 g. After



O Js CO2H COZH 21 15 A solution of benzyl magnesiumchloride in ether (1.0
M 200 m., 0.20 nol) was added to dry tetrahydrofuran (200 nli) under

ni t rogen.wQashsdi sul fide (20 nL, 25 g, 0.33 nol) was tiren/Adobdet’3s| ow y
with stirring. After 15 min, fumaric acid (23.2 g, 0.20 nol) was added and
the ether was nostly renoved by distillation. Mre tetrahydrofuran (100 niL)
20 was added, and the solution was heapgd under reflux for 14 h. The
reaction was cooled and poured into ether (1 L), then extracted with water
(3x100 nL) followed by saturated sodium bicarbonate (5x200 ni). The

bi carbonat e, extracts were conbin ang.extr

PCT/ AU 2B pseaddition, S Teaeforpas 5%966%%1_?‘3’[ ik 13 A ‘g%ﬁ%ﬁg‘\?\’f@ 9 &Bes
wi th concepisiat fds 1y7Arsotibd aid Kadachnber andagopariaclt eide of 40 net (GHDEcet at e
(3x200 nlL). The conbined organic | ayers were washed wth water (200 ni)

and saturated sodiumchloride (100 nL), and then evaporated. The crude

(100 ) I I6E) Phfatth bf o PoGHcERicthlilh Bck heBiBE) el Shdcep2m
wher equorRmb tthagi:h(tjtvth'ﬁhsd)dgiwbi o_ﬂimﬂphm'zht tiohha 7i2Q dorlelhnﬂs lalhéadqsihghl@-g%p?lhed
in an ice _bath and the resulfing crys re_col |l ected and washed wi
col d wat gthepglethangthioyk a%hpb"%{%g%/ct%g*&g? f‘%&? Fagmp m xture of water
(150 nL), ethyl acetate (600 nL) and tetrahydrofuran (50 nL). The water
was renoved and the organi c phase was washed with water (3x100 nlL)

sat ur at edh t€luSaub LR plenysthanethipyhsylfangHpreparnie Acidd M@ 216 & 31 Hanmoland
t t i the titl d . . 8 4
5558 oo Sapipalabof O RR b (G ptfol AR gl Blaebe e

degr egy ofmmBp|id MEHF 780.0 %) WasZstieedUgidndboxygenated by sparging with nitrogen for 20
2-[ (2- phenyl et hanet hi oyl ) sul fanyl ] sugci ni ¢ aci

sol uti onlmlﬁl- STie(splysionrwyascthpm heated 8635 don 3 hnﬂejrgﬂééﬁﬁpé’i g@?’ﬁ‘%ﬁ%@%ag%ygo rZTg A
2. 46 ' azobiis( 4 i oAk Yaticand
Zoryi i dtngh i guage g WRIBRENaAG! et nid Codffiencind folfiRbaddic

nitrogen then heated at 60 for 14 h.

Example 1d: Preparation of a poly(butyl acrylate-co-methyl methacrylate) latex
15 using the macro-RAFT agent from Example 1c.

The diblock copolymer solution from Example 1c (8.11 g of solution, containing 4.05 g,
0.95 mmol of macro-RAFT agent), 4,4'-azobis(4-cyanopentanoic acid) (0.25 g, 0.80
mmol), water (47.9 g) and sodium hydroxide (1.27 g, 31.8 mmol) were stirred while
20 nitrogen was bubbled through the solution for 15 min. The mixture was then heated to
85°, and after allowing 15 min for equilibration, a mixture of methyl methacrylate (13 g,
0.13 mol) and butyl acrylate (13 g, 0.10 mol) was added in successive portions of 4 g, 4 g,
4g,4g,5¢g and 5gat 1 h intervals. Samples were taken prior to each addition and the
molecular weight of the polymer in the sample was determined by gel permeation
25 chromatography (polystyrene standard). Peak molecular weight (polystyrene standard) is
shown as a function of time in the table below, and its progressive increase shows the

polymerisation is under RAFT control. The final latex had a solids content of 34%.

30



20 The solution was evaporated to dryness under reduced pressure to give
poly(acrylic acid) wth an average degree of polynerization n z 23 as
shown by welo3psvmeati on chromat ogr aphy (pol ystyrene stanaarduo2ixaspl e 2b
Preparation of a poly(butyl acrylate) |atex using the macro-RAFT 25 agent
from Exanpl e 2a. Poly(acrylic acid) macro-RAFT agent from Exanple 2a (1.2
g, 0.60 mmol ) and triethylamne (0.554g1, 4.0 nmol), were dissolved in
water (40 mL) and sparged with nitrogen, then heated to 68 while being
stirred magnetically.. After 10 mn, butyI acrylate 30 (2 0O n, 14 mmol),

and 4, 4' -azobi s('%eyaneﬁga.t ot 56 o ¥ire added and
stirring was continued f aqigr "%%?0(5‘)4 4'|- azobi 3% yanop%en angi c acid) (10
ng, WO 03/ 05591973U/F~1d§1étd)t%@5ratur5@—0) 35 mmol ) was087hen added, and the
addition of butyl acrylate (2 mol ) was cammenced a4t a rate of
0.25 nL/nin. At the end of th«a1 add|t| on the solidsl®82tent of [the | atex
was 34% and the—nﬁ—ee&—a%—vm—gh%—eh&ﬁae%—cg—&wﬁtpﬁct ed for a
controlled polyperization. 52Exanpl e 2c¢: Preparation of a polly(acrylic

aci d) macro- RAFT'agent wrth dggree of polymerizat 3459 15 usiin
2-[ (2- phenyl et hahet hi oyl )sul fanyl ]succinic acid (21) from Exanple 2. 10 A
solution of 2-[(R- phenyl et handt hi oyI ) sulif anyl ] succi45|ai639aC| d (41) (3.12 g,
11.0 mmol ), 4, 4t—eazobtst#4 cy%nopcmauuu, actd) \2‘3?6 —O0—71{mmol ), and
acrylic acid (11/3 nL, 0.164 “nmmol) in tletrahydrofuran (50 nl) was sparged
with nitrogen then heated at 68 for 9h. The resulting solution was

evaporated to dryness under reduced pressure to give poly(acrylic %Cld)
with an dixample leegPrepasntipn | of e highsr iselids content pelylusyh apyylafsico-mes

per meat i Bli% gtgm{ I r T%E@ oh Wi 2d: Preparation
of a pol %B@?y aé)@ ate-c %Hfsét%/@&eﬁré @F Hﬁfg{bngE%ﬁﬁﬁmacr o- RAFT agent from
Exanpl e 2c. 20 Pol y(acryl ic acid) macro- RAFT agent from Exanpl e 2c¢ (350 nm,
Ot |2?r renéro | ’iihfvﬁélgglgégﬁso %%dso ur’gl t er Eg{ lm"l (1(? luWog hcorr]1 atirglgg?%m}n%Fn

of macro-RAFT agent), 4,4'-azobis(4-cyanopentanoic acid) (25 mg, 0.089 mmol), water

(48 mL) and sodium hydroxide (1.25 g, 31.3 mmol) were stirred magnetically while being
sparged with nitrogen for 15 min, then heated at 85° with continued stirring. After 15min
a mixture of methyi methacrylate (22.5 g, 0.225 mol) and butyl acrylate (22.5 g, 0.176
10 mol) was added in successive portions of 5 g, 6 g, 7 g, 8 g, 9 g, and 10 g at 45 min
intervals. The final latex had 42.1% solids. Particle sizing using transmission electron

microscopy indicated a final particle diameter of less than 60 nm.

Example 2: Synthesis of 2-[(2-phenylethanethioyl)sulfanyl]succinic acid (21).
AL
7 COH
21
A solution of benzylmagnesium chloride in ether (1.0 M, 200 mL, 0.20 mol) was added to
dry tetrahydrofuran (200 mL) under nitrogen. Carbon disulfide (20 mL, 25 g, 0.33 mol)

was then added slowly with stirring. After 15 min, fumaric acid (23.2 g, 0.20 mol) was
added and the ether was mostly removed by distillation. More tetrahydrofuran (100 mL)

15

20 was added, and the solution was heated under reflux for 14 h. The reaction was cooled and
poured into ether (1 L), then extracted with water (3x100 mL) followed by saturated

sodium bicarbonate (5x200 mL). The bicarbonate extracts were combined and extracted



Triethylamne (0.31 nL, 2.2 mmwol ), and 4, 4'-azobi s(4-cyanopent anoi ¢ aci d)
(50 ng, 0.18 mmol) were added, then after Smns, a 1:1 mxture of styrene
and butylwessybate (2.0 nL) was added at a rate of 1.0 nPCEAUZNNIBA t his
addition was conplete, nore of the 25 poly(acrylic acid) from Exanple 2c
(300 ng, 0.22 mmol) and triethylamne (0.40 nm., 5.4 nmmol) dissolved in
water (2 nL) was added at a rate of 0.0/ mn at the sane tine as a 1:1
m xture of styrene and butyl acrylate (12 nL) at a rate of 0.1 nL/mn.
Stirring and heating was continued for 2 h after the addition had been
conpl et ed,,: Rahol.ate - 304 [ : | -

char act or Mg aer (BA00 e Bai Rl o8 BT it For B Rt i peid,
03/ 05591 9aklCatAdGA/ Witly 8thyl acefatdGuPP0 enl2e: Ty eqpabiaéd organic laydrs werd washed

et vl at e Babovt] QB T AL s amcatToaden Y Sl i hen symensatedy The

pol ymer i ZghdeMikture WadRfysthllized 4R, tritdaién with 50:50 ether/light petrol 00 mL).
2-[ (2- phenyl et hlane? hiaoyﬁl)ssullzfeaﬁ%l ]rsugcf&}liwé acid eggrlglgl? rp(?moEexugn He 2. )5

2- [ ( 2- Phelhl¢ selivhwes eollsgtell snd bhacod jrs weter (159 mb) at §3 Wyhar@u@a5napt of the sohid| )
diniti 4. A" - bi s( 4~ t ' 1 d), (196 .70
oo LB e R SO IRRSEET o APk TR

Acrylic agkft dolleé®d @nd Wasiedrwieh $oldWeeter! BRE3 aldedhelshid iad Menvlissobraligd Wi th
a rubber septum and nitrogen was bubbled 10 through the solution for 15

mn. The Mixyre ohwatemibismd)i ethghacstate (6dthndy aggd tewrhydrofugant G mivhi dikea
1 xt I ) t a | at
T, S Ohglt M USROS FEVIARIObRAE M8 Al A JHIE) O R, Y

smal | 1anosotiurafchieide 100 mil),i driedrovern magaekivin antatheaidi evgpovatedao piventhe ditleor a
further 4 h. Infrared angl ysi oyed hat all the nononers had been
consuned. cefﬂléo‘\"flr(g{) ?&yﬁﬁP%ﬁoaﬁzw’l%&%l ids. 15 Exanple 2f: Preparation
of a poly(butyl acrylate-co-nethyl nethacrylate) latex using the
fluorinated macro- RAFT agent from Exanple 2e. 4, 4'-Azobis(4-cyanopentanoic
aci d) (12Bxaypleo2at3 Prepsirptionaf arply@cryliy) acidnoacanRANE a0 veithiidegree of
2%’?; ‘r’éhdep«%'m‘&iz%ﬂoﬁ (1)129 53 gsiné 24[(m|t3)lyllt>&a%ef:}lqul sulfgl(ljyliﬁglcgi%}(} z?crf?i f(iﬁ%“lgoﬁllve re
15 Example 2.

A solution of 2-[(2-phenylethanethioyl)sulfanyl]succinic acid (21) (700 mg, 2.46 mmol),
4,4'-azobis(4-cyanopentanoic acid) (40 mg, 0.14 mmol), and acrylic acid (4.0 mL, 58
mmol) in tetrahydrofuran (10 mL) was sparged with nitrogen then heated at 60° for 14 h.
20 The solution was evaporated to dryness under reduced pressure to give poly(acrylic acid)
with an average degree of polymerization n =~ 23 as shown by gel permeation

chromatography (polystyrene standard).

Example 2b: Preparation of a poly(butyl acrylate) latex using the macro-RAFT

25 agent from Example 2a.

Poly(acrylic acid) macro-RAFT agent from Example 2a (1.2 g, 0.60 mmol) and
triethylamine (0.55 mL, 4.0 mmol), were dissolved in water (40 mL) and sparged with
nitrogen, then heated to 68° while being stirred magnetically. After 10 min, butyl acrylate
30 (2.0 mL, 14 mmol), and 4,4'-azobis(4-cyanopentanoic acid) (50 mg, 0.18 mmol) were

added and stirring was continued for 1h. More 4,4'-azobis(4-cyanopentanoic acid) (10 mg,



magnetically until the initiator had all dissolved. The diblock copol yner
solution from Exanple 2e (1.53 g of solution, containing 0.45 g, 0.12 mol
macr o- RARVOages9)9 was added with high speed stirring ovePCI/Atonoemss t he
resulting mxture was stirred for 10 min to achieve conplete dissolution.
The flask was then sealed with a rubber septum and the 25 sol ution was
stirred and sparged with nitrogen for.3p-mns. The reaction was then
imrersed in a heating bath at 80 and allowed to equilibrate for 15 mn. A
m xture of nethyl nmethacrylate (6.00 g, 60.0 nmmol) and butyl acrylate

6. 00 g, 9 t b {3 ' i : LAk tial
giddi ti gn 02(%52{11 wév\a}vas Poa:aﬁghmaggg%d%#d}g%?ﬁ hg&gf}&é’%? Féﬁﬁf’%g a |J}tvlg§6ns of
1.3 nL eaochntncedata faté of €LY ablsmid hAt fhenald dfahe xdditidn thessolidslsoiBentadrthent of
39. 2% and avera article size D', = §8.9 nmwi th polydis Sit D =
LT (Gl veadite ot dpgoketmmea babRets bR SrsctbElia onelie)

2-{[ (but )ﬂoyﬁ%ﬂ.car bonot hi oyl ] sul fanyl } propanoic acid (15, R3 = C4H9).
~ S

S CH3 H 15, R3 =C4H9 Acetone (700 niL) and tetrapropyl amoni um
brom de (5.58 g, 21.0 nmol) were added 5 with stirring to a solution of

sodi um hydroxide (10.5 ¢.. 0. 263 in water (36 follo b
2 but anediaReIe 26t Frapaigtion o pebtasrytl 2585 masroRibE peaR i desfe of 1y
21.7 9, GoldReriRlton'@s @dﬁﬂag -phédnyldthén sty DOEimRdcdigic adfdl (21 froad t er
whi ch 2-%bry§§rmpr opanoi ¢ aci ?ﬂg%dg 0. 263 }n’gl) was added. The reaction
was stirrixameple2ni ght, then acidified to pH<l with 2 M hydrochloric acid
(100 nm.). The acetone was renoved 10 under reduced pressure and the

remai ning mxture was extracted with ether (400 nL). The extract was
was hedio Wi A Boliibf rof( 22 PhendlpthasakioyDdudiinglddicciniccidid rR the (3 pf i bO QBdO), ) ,

dried di ul fate), d. ted. The oi i gl tallized
oo b A mhientais we B ALSE: 007 el e oS SR FUbh e,
and washegdmnht t!é‘@él@ﬂr&féﬁ&ﬁqlgo D) wad b fNwithiBlodedd el BEHETHOYSN RN, 00M

tenperature. "The resulting 1npure product was 15 Tedissolved in ether (400
m.) and eRter acsubihgwisolutiomt wastewaposated b diymsssh omdere r¢diced (pressure to give

poly(acrylic acid) with an average degree of polymerization n = 15 as shown by gel

15 permeation chromatography (polystyrene standard).

Example 2d: Preparation of a poly(butyl acrylate-co-styrene) latex using the macro-

RAFT agent from Example 2c.

20 Poly(acrylic acid) macro-RAFT agent from Example 2c¢ (350 mg, 0.26 mmol) was
dissolved in water (10 mlL), sparged with nitrogen, then stirred and heated to 68°.
Triethylamine (0.31 mL, 2.2 mmol), and 4,4'-azobis(4-cyanopentanoic acid) (50 mg, 0.18
mmol) were added, then after Smins, a 1:1 mixture of styrene and butyl acrylate (2.0 mL)
was added at a rate of 1.0 mL/min. When this addition was complete, more of the

25 poly(acrylic acid) from Example 2¢ (300 mg, 0.22 mmol) and triethylamine (0.40 mL, 5.4
mmol) dissolved in water (2 mL) was added at a rate of 0.02 mL/min at the same time as a
1:1 mixture of styrene and butyl acrylate (12 mL) at a rate of 0.1 mL/min. Stirring and
heating was continued for 2 h after the addition had been completed. The final latex had
48% solids and the molecular weight characteristics were as expected for a controlled

30 polymerization.



m.). The conbi ned aqueous extracts were acidified to pH<l with concentrated
hydrochloric acid and extracted wth ether (400 nL). The organi c extract
was washewowskso1sat ur at ed sodi um chl oride (200 ni), drie@Crsaseamss

sul fate), and evaporated under reduced pressure. The residue was
crystallized by the addition of ice (500 g) and the solid was 20 collected
and washed with water (5x150 niL), thengried in a vacuum oven to give the
title conmpound (15, R3 = C4H9) as a yellow solid (39.0 g, 62% . Exanple
3a: Preparation of a poly(acrylic aci d) macro- RAFT agent with degree of

| i t . .
D0 Y Tout JRktfPlenadt) réiaiBion, of p Mupringted macke-RAFT agent; pojyaprylic 5id)-
CAHO) f 1 OBloER-pOR 1t aé‘ry{laitéauttyimmlr&ahyn inwmeylatd)lmh]m;be‘cﬁwld}e@mpaﬂm c

acid (15, R = C4H9) (3.30 &31 13. 9 813(4srwéanopent an0|§
aci d) (3svolafglerlzat3@mrcﬁ 3n acr%ﬂ?u“él%& H (pbeexleglans igyDsutanyllsyrginde,agid m

hydr oxi de nmol ) were dissolved in water (6.75 g) in a WO
03/ 055914%?:@?‘&{%?%?]}%3 -54 round bottom flask and capped with a rubber
septund Nitrogen was bubbl ed through t he soI ution for five mnutes, after
whi ch it imrer sed in an il bath . at our s El ect r ospr. Mass
Spect r omet 1oLy itaehiby By i IBeRiF e (0 B95 B2 5 mEoB . b pEgr

Prepar ati gg'- &fobﬁ(m@ja%p&ﬁéﬂmac Wlhyt e()196 atrﬁ'g< Ug7og ntn’ﬁs %ma&é@ F&M@Elveagqat
from Exarrple 3a. The y(acrylic acid) from Exanp

Lol Ut o Risahcb fang30 230 g?maQOOmemdrhﬂﬁpnbﬂaSﬁme%@ym”débaﬁtg) 2195 o)
1,1 3700, {45 CyanoreRL 0L & ALl (T, Ty PR bt A SERIAMBNoc

(834ng,wﬁ Were 8o omfl ask

whi ch 10asthirbph thesdleibnol h 5anigU l:Ithe flasle pasimmdied &o&mbﬂl bﬁth\mSO‘s for2heskter
magnetical |y ~and deox genate for 15 mnutes with a _stream of hubbl ed

ni t r ogen. Wiried armixdyre glogethacrylate( 88,g,t39 mmogand putylaerdalgi(¢48n of
butyl acr f

010 o th THintE @%%ﬁ??rﬁﬁousq’?‘ée%é Rl U= R o, Ml Pblel oAy T
5.97 g/ h initiater Wasradded afid hedtmggivasccomtitwddafor aduiithdrainh. oInfﬁﬁ)ecDargaljsﬁls ditogvedol ) .
The reactio d t.o proceed f not h hour afft, e cessation
of nmonomef® g]e%aﬁ?noﬁ}e\rl%dtlﬁggﬁ%?‘ﬁﬁil gﬁf%&% Stogutlroé‘a‘ﬁq‘?z% %é?l onver si on.
Mol ecykar wei ght (polystyrene standard), solids, and particle size (CHDF)

data are ]%i ven in the Table foll ow ng
xample 2f: Preparation of a poly(butyl acrylate-co-methyl methacrylate) latex

)

using the fluorinated macro-RAFT agent from Example 2e.

4,4'-Azobis(4-cyanopentanoic acid) (120 mg, 0.43 mmol), water (17.4 g), and 10% (w/w)

20 sodium hydroxide solution (0.95 g, 2.4 mmol) in a 100 mL round bottom flask were stirred
magnetically until the initiator had all dissolved. The diblock copolymer solution from
Example 2e (1.53 g of solution, containing 0.45 g, 0.12 mmol macro-RAFT agent) was
added with high speed stirring over 1 min and the resulting mixture was stirred for 10 min
to achieve complete dissolution. The flask was then sealed with a rubber septum and the

25 solution was stirred and sparged with nitrogen for 15 mins. The reaction was then
immersed in a heating bath at 80° and allowed to equilibrate for 15 min. A mixture of
methyl methacrylate (6.00 g, 60.0 mmol) and butyl acrylate (6.00 g, 46.9 mmol) was then
added in portions from a syringe: an initial addition of 2.6 mL was followed after 30 min
by eight further additions of 1.3 mL each at 30 min intervals. The final latex had a solids

30 content of 39.2% and average particle size D, = 68.9 nm with polydispersity D,/D, = 1.11
(CHDF).



Reaction Tinme Solids Nunber Average (mn) Content Mh Mw Particle

D aneter/nm (GPC) GPC) (Pol ydispersity Index) 30 0.79%- - - 60 0.70% - -

- 90 1. 202688298834 - 120 2.05% 5382 6063 - 150 3. 03% 77P8TBI®E/0173180
3.80% 10251 12326 43.1 (1.14) 210 4.38% 14202 16673 45.3 (1.22) 240 6.54%
20223 24740 50.6 (1.10) 270 8.10% 24216 31289 54.2 (1.10) 300 10.04%
29079 39240 56.9 (1.10) 330 11.56% 38282 53340 59.8 (1.10) 360 13.33%
46770 69817 60.3 (1.11) WD 03/055919 PCT/ AU02/01735 -55 Exanple 3c:
Preparation of a poI y(butyl acrylate) latex using a poly(acrylic acid)

pot ass! urbBPE 5 SYRUEH B AR by SR FREb N BRIh Iy G AR Ria 0

macr o- RAIf(IsagéﬁtC4p1‘9§:par ed according to the procedure descri bed in Exanpl e
3a (0.601 g of solution, containing 0.316 g, 0.528 nmol of macro- RAFT

agent), potassium persulfate (73 ny, C'r*prml ), sodi um hydroxi de (83 ny,
2.1 mol), and water (80.8 g) were-< a round bottom flask which
was then sealed with a rubber septu he s&r'utlon was swirled to disperse

t he RAFT agent, stirred 10 magnetlﬁ’a'FI 4\'/'\'Pn | e being deoxygenated with a
stream of bubbled nitrogen. The flask was imersed in an oil bath at 60

and, but y1 ABa oo, 891ahd QBB bndiBl (4.5% 22900l Qeraddla0 vas

foll owed by a continuous fee for for
furthed Bith stiging teea solutibnlof addium bpdwkid20(10.59g,(0.263 nmﬂ) )n Mt(BﬁgnIAbs

cont i nued howegl rl])?'t lhgutane%llol (ﬁf.'} %,r Ot2%§ n?&sj. Cz)i{ftetr% rrrrl?nn% on c‘f:imﬂﬁae (WXI m se

conver si
21.7 g, 0.285 mol) was added and stirring was continued for 15 min, after which 2-

bromopropanoic acid (40.14 g, 0.263 mol) was added. The reaction was stirred overnight,
then acidified to pH<1 with 2 M hydrochloric acid (100 mL). The acetone was removed
10  under reduced pressure and the remaining mixture was extracted with ether (400 mL). The
extract was washed with water (2x100 mL), saturated sodium chloride solution (200 mL),
dried (sodium sulfate), and evaporated. The oily residue was crystallized by the addition
of ice (500 g), the crystals were collected by filtration and washed with water (5x100 mL)
and then dried in a vacuum oven at room temperature. The resulting impure product was
15 redissolved in ether (400 mL) and extracted with saturated sodium bicarbonate (5x150
mL). The combined aqueous extracts were acidified to pH<1 with concentrated
hydrochloric acid and extracted with ether (400 mL). The organic extract was washed with
saturated sodium chloride (200 mL), dried (sodium sulfate), and evaporated under reduced
pressure. The residue was crystallized by the addition of ice (500 g) and the solid was
20 collected and washed with water (5x150 mL), then dried in a vacuum oven to give the title

compound (15, R* = C4Hy) as a yellow solid (39.0 g, 62%).

Example 3a: Preparation of a poly(acrylic acid) macro-RAFT agent with degree of
polymerization n = 5 using 2-{[(butylsulfanyl)carbonothioyl]sulfanyl}propanoic acid
25 (15, R? = C4H,) from Example 3.

2-{[(Butylsulfanyl)carbonothioyl]sulfanyl}propanoic acid (15, R = C4Hg) (3.30 g, 13.9
mmol), 4,4'-azobis(4-cyanopentanoic acid) (387 mg, 1.38 mmol), acrylic acid (5.01 g, 69.6

mmol) and sodium hydroxide (554 mg, 13.9 mmol) were dissolved in water (6.75 g) in a



15 Exanpl e 3d: Preparation of a poly(acrylic acid)-block-poly(butyl
acrylate) nmacro- RAFT agent with respective degrees of polynerization n 5
and n ~_ WO o0ss3a 2- {[ (butyl sul fanyl ) carbonot hi oyl ] sul f amrgir}AIeperssi ¢ aci d
(15, R3 = C4H9) from Exanple 3. 20 A solution of

2-{[ (butyl sul fanyl ) car bonot hi oyl ] sul fanyl } propanoi ¢ acid (15, R = C4H9)
(1.13 g, 4.7 mmol ), 4,4 -azobi s(4-cyangpentanoic acid) (0.13 g, 0.47 mol)
and acrylic acid (1.72 g, 23.8 nmmol) in dioxane (15 g) was prepared in a
50 nmL round botton1f|ask This solution was stirred nagnetically and

spar ged W|t t.h e end
of ths samigtpriopl ARk 4B caBafd Ry 3o RpElh T itk Lo il sluch .

fl ask andoh€iah ifGOfivemin@esd, iaftee dlhﬁ‘ﬂl 18 (Wafs amneerdedrih haroiPBath.at 6O fasre% hbtisng
copol ynmer_ sol ution had 52. 5% sol | 38 VO Oé 55919 PCT/ 2/ 01735 -56
Exanpl e Jdectioppipy Mass §ﬁeQ5\‘°néFt1i¥cﬂ°§7L d3 degreg o Oixm?ré& 2HON B Y ni emul si on

pol yneri zati on using the macro- RAFT agent from Exanple 3d. The poly(acrylic
aci d) - bl ock- pol y(butyl acrylate) macro-RAFT agent solution from 5 Exanple
3d (7.%50 Exaniple dihut iRmepaxasionaoharppl@bagylgacrylaze)niatéx usingatheompeyoiRAFdNt )
was mxed w wglgx% r%ryl ate (24.5 g, 191 mml) and water (46 g) in a 100
m. beaker®S&Hr0 5@ dusly stirred magnetically. Sodium hydroxide (0.25
g, 6.2 mol) was then added to this mxture, formng a white enul sion.
After stirring for 1 h, the enulsion was subjected to ultrasonication for

7 mi nut eThesiolig(aerylic lagiad) Gesm E@ampbsﬁm(ocS&Sr&@é§§b¢lor(l,srcﬂw%§m&@ 3HaeNhPe | al s,
| t and b | t
The i ni SHAPLE b BRAERAF IS Bl 8 PSSt Bidreh ol ety 05 e 0k GAloBL O

4,4 -1@z Csbdﬁﬁﬂhﬁttaﬁa@ SR amg| 2.0aairtdl),(add wager (80.3Q)wané hddedhie afrbaskbotizsn
sealed with a with a rubber septumand the 'niﬁrrulsmn was, stirre

magnet i cdlasy which wanihge sealpd Withi g rSePRug)}- selRtion was, stfzed wasuically i n an
oi I bat hﬂa&ﬁrde%xg%eﬁedt 3¢ le.‘)nﬂﬂufﬁitest %hg?%ﬁéﬂﬂ (ﬂeISdb‘Bﬁad hid@®ger:5 TRt Axskhads 36%

solids and an average particle size 88 nm (
immersed in an oil bath at 60° and the addition of butyl acrylate was started. The addition

consisted of an initial shot of 0.10 g, followed by a continuous feed at 1.00 g/ for 2 h,
15 followed by 5.97 g/h for a further 3 h to give a total addition of 20.0 g (0.156 mol). The
reaction was allowed to proceed for another hour after the cessation of monomer feed to
allow the polymerisation to reach higher conversion. Molecular weight (polystyrene

standard), solids, and particle size (CHDF) data are given in the Table following

Reactiop Time Solids Mn Mw Paﬁ?cillq‘ebgi?n;’:‘::r%re]m
(min) Content | (Gpc) | GPC) | (Polydispersity Index)
30 0.79% - - -
60 0.70% - - -
90 1.27% 2632 3334 -
120 2.05% 5382 6063 -
150 3.03% 7713 8936 -
180 3.80% 10251 12326 43.1(1.14)
210 4.38% 14202 16673 45.3 (1.22)
240 6.54% 20223 24740 50.6 (1.10)
270 8.10% 24216 31289 542 (1.10)
300 10.04% 29079 39240 56.9 (1.10)
330 11.56% 38212 53340 59.8 (1.10)
360 13.33% 46770 69817 60.3 (1.11)




Exanpl e 3f: Preparation of a poly(acrylic acid)-block-polystyrene

macr o- RAFT agent with respective degrees of polynerization n =5 and n 20
usi ng 2- wp(bwessghsul f anyl ) car bonot hi oyl ] sul fanyl} propanoipcTagiodo(785, R3 =
C4H9) from 20 Exanple 3.

2-{[ (Butyl sul fanyl ) carbonot hi oyl ] sul f anyl } propanoi ¢ acid (15, R3 = C4H9)
(0.666 g, 2.8 mmol), 4,4'-azobis(4-cyazapentanoic acid) (80 ng, 0.28 mol)
and acrylic acid (1.02 g, 14.2 nmmol) were dissolved in dioxane (7.5 g) in
a 25 nL round bottomflask This solutin 25 was stirred magnetically and

spar ged th n g f e end
of this \p,)‘%’f’i“g y?gﬁéﬁ% g§5qfn¥§3%®§gvﬁ?ﬁj g’t% mghsg%f) &gac{%y écﬁgati ng
was conti muefb-RtAF&O aberit prépuredesccabding fohehe elesdriptivn dopBkample Sl whdon
had 45% sol ids. 30 WD 03/055919 PCT/ AU02/01735 -57 Exanple 3g:

Pr epar at i BAf28YUR Rebulte apthe IR by i ni enul si on pol yneri zation using

t he macr o- RAFT agent from Exanple 3f. The poly(acrylic

aci d) - bl ock- pol ystyrene macr o- RAFT agent solution fromExanple 3h 5 (4.7 ¢
of sol fiti Arsohtt'mmtczt‘ poly(gerglid agid) nagf-ReidbIT ag‘enhpncpmred%ﬁdbrd@grtb)thmmcndwed

ith st 4 nat 45.5 i k d
whs Vi gor denbedinbinie da TR0 b soltBeycitmiipe it Y it Of HSial
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Example 3d: Preparation of a poly(acrylic acid)-block-poly(butyl acrylate) macro-
RAFT agent with respective degrees of polymerization n = 5 and n = 20 using 2-
{[(butylsulfanyl)carbonothioyl]sulfanyl}propanoic acid (15, R = C4Hp) from Example
3.
20
A solution of 2-{[(butylsulfanyl)carbonothioyl]sulfanyl}propanoic acid (15, R = C4Hy)
(1.13 g, 4.7 mmol), 4,4’-azobis(4-cyanopentanoic acid) (0.13 g, 0.47 mmol) and acrylic
acid (1.72 g, 23.8 mmol) in dioxane (15 g) was prepared in a 50 mL round bottom flask.
This solution was stirred magnetically and sparged with nitrogen for 5 min, then heated at
25 60° for 3 h. At the end of this period, butyl acrylate (12.04 g, 93.91 mmol) was added to
the flask and heating was continued at 80° for a further 20 h. The resulting copolymer
solution had 52.5% solids.
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al ways below 1.2, indicating the styrene pol ynerisation was under the
control of the 20 macro- RAFT agent during the reaction. At the end of
reacti on wormBossdthe solids content was 12% and t he aver ageTpdeociie si ze
was 98 nm Exanple 3h: Preparation of a |atex from styrene copol yneri zed

Wi th an unsaturated polyester by m nienul sion polynerization using the
macr o- RAFT agent from 25 Exanple 3f. -Bge unsaturated pol yester used herein
is a proprietary material (Dulux Australia) nmade from naleic anhydri de,

pht hal i ¢ anhydri de, and propyl ene glycol, and suppl i ed as a 66% solution
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styrene (5.4 g, 52 mml), unsaturated polyester resin (4.6 g; 66%reactive
polyester in styrene) and water (40 g) in a 100 nL beaker and was
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furt her TR ARtBI O s PG TRg S 0, & 00 et B sk o tigied 620
for a fur%%fs(ﬁcfhno%_&ﬁaﬁdl@ﬁéld @tsefﬁgweqo %&&goleﬂﬁk%Maﬁa VANEhAGEh a
particle size of” 137 nm (HPP Preg4 ration of a poly(butyl

acryl at e)rubbercieppish pad ;heemem@nulewgn@aﬂ stlr@dunw@hcqi gndespargeid ity nitrogen
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15 latex had 36% solids and an average particle size of 88 nm (HPPS).

Example 3f: Preparation of a poly(acrylic acid)-block-polystyrene macro-RAFT

agent with respective degrees of polymerization n = 5 and n = 20 using 2-

{[(butylsulfanyl)carbonothioyl]sulfanyl} propanoic acid (15, R = CiHy) from
20 Example 3.

2-{[(Butylsulfanyl)carbonothioyl]sulfanyl }propanoic acid (15, R® = C4Hs) (0.666 g, 2.8
mmol), 4,4’-azobis(4-cyanopentanoic acid) (80 mg, 0.28 mmol) and acrylic acid (1.02 g,
14.2 mmol) were dissolved in dioxane (7.5 g) in a 25 mL round bottom flask. This solutin
25 was stirred magnetically and sparged with nitrogen for 5 minutes, then heated at 60° for 3
h. At the end of this period, styrene (5.9 g, 57 mmol) was added to the flask and heating
was continued at 80° for a further 20 h. The resulting copolymer solution had 45% solids.
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to the description in Exanple 3a. 20 A solution of poly(acrylic acid)
macr o- RAFT agent prepared according to the procedure described in Exanple
3a (0. 639wQ 0ef5®ed uti on; containing 0.350 g, 0.59 mml of PeaAN2/0RAFT
agent), 4,4'-azobis(4-cyanopentanoic acid) (0.081 g, 0.29 nmol) and sodi um
hydr oxi de (0.094 g, 2.4 mmol) was dissolved in water (80 g) in a 100 nL
round bottom flask. The flask was sealsgd with a rubber septum the
solution was stirred magnetically 25 and sparged with nitrogen for 10 mn,
and then heated to 60. Deoxygenated butyl acrylate (10 g, 78 mmol), was
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added to the reaction over using a syringe punp. At the end of t he
but yl 5% acetic acid in tetrahydrofuran eluent, polystyrene standards, refractive index detection

and Polymer Laboratories Cirrus™ software) as a function of conversion. The average
molecular weight increased almost linearly while the polydispersity of the polymer was
always below 1.2, indicating the styrene polymerisation was under the control of the
20 macro-RAFT agent during the reaction. At the end of reaction period the solids content

was 12% and the average particle size was 98 nm.

Example 3h: Preparation of a latex from styrene copolymerized with an unsaturated
polyester by miniemulsion polymerization using the macro-RAFT agent from

25 Example 3f.

The unsaturated polyester used herein is a proprietary material (Dulux Australia) made
from maleic anhydride, phthalic anhydride, and propylene glycol, and supplied as a 66%
solution in styrene.

30 The poly(acrylic acid)-block-polystyrene macro-RAFT agent solution from Example 3f
(4.77 g of solution; containing 2.15 g, 0.86 mmol of macro-RAFT agent) was mixed with



acrylate addition, heating was continued for a further 1 h. The final |atex
had a solids 20 content of 41% and an average particle size of 132 nm
(HPPS). Bwarplossde Synt hesi s of PCT/AU02/01735

2-{[ (dodecyl sul f anyl ) car bonot hi oyl ] sul f anyl } propanoic acid (15, R3 =
Cl2H25) S CH3 S~S111 CO2H 15, R3 = Cl12H25 25 Dodecanethiol (2.50 g, 12.5
mol ), acetone (40 nL), and tetrapropykgomnoni um brom de (0.27 g, 0.10
mol ) were added to a solution of sodium hydroxide (0.50 g, 12.5 mmol) in
water (5 nL). The resulting solution was cooled in an ice bath and treated
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heatlng was resumed for a further 3 h. The final latex was 23% solids and had an average

particle size of 137 nm (HPPS).
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15
Example 3i: Preparation of a poly(butyl acrylate)-block-polystyrene core-shell
emulsion polymer using a poly(acrylic acid) macro-RAFT agent prepared according

to the description in Example 3a.

20 A solution of poly(acrylic acid) macro-RAFT agent prepared according to the procedure
described in Example 3a (0.639 g of solution; containing 0.350 g, 0.59 mmol of macro-
RAFT agent), 4,4’ -azobis(4-cyanopentanoic acid) (0.081 g, 0.29 mmol) and sodium
hydroxide (0.094 g, 2.4 mmol) was dissolved in water (80 g) in a 100 mL round bottom
flask. The flask was sealed with a rubber septum, the solution was stirred magnetically

25 and sparged with nitrogen for 10 min, and then heated to 60°. Deoxygenated butyl acrylate
(10 g, 78 mmol), was then added by a syringe pump over 3.5 h in three stages as follows:
an initial dose of 0.1 g was followed by then 2.0 g over 2 h, and finally 7.9 g over 1.5 h.
Heating was continued for a further 1 h after the butyl acrylate addition was finished. At
the end of this period, deoxygenated styrene (10 g, 96 mmol) was added to the reaction, the

30 temperature was raised to 75°, and heating was continued for a further 20 h. The resulting



20 The poly(acrylic acid) from Exanple 4a (1.07 g of solution, containing
0.36 g, 0.51 mmol of nacro-RAFT agent), 4,4'-azobi s(4-cyanopentanoi ¢ aci d)
(73 ng, OwPd3MAM®IY, sodium hydroxide (104 ng, 2.6 nmol), pamchueanens (80. 0
g) were added to a round bottomflask which was then sealed with a rubber
septum The solution was stirred magnetically and deoxygenated with a
stream of bubbled nitrogen. The flask.gas imersed in an oil bath at 25 60
and the addition of butyl acrylate was started. The addition consisted of
an initial shot of 0.10 g, followed by a continuous feed at 1.00 g/h for 2
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conver si on. The resulting latex had 19.1% solids and the | atex polynmer had

30 MWnh 57800 with MW/ M = 1.79 (polystyrene standard). WD 03/055919
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Cl2H25) (maeropRA %Téa%gb K 3{:1131% ueous 25%t et r amet hyl ammoni um hydr oxi de
sol ution (223 ng, 0.614 mol) were added to water (80.0 g) in a round
bottom fl ask and the m xture was shaken to dissolve the RAFT reagent.
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cont eps Waﬁ%eg‘aﬁaﬁt &M)n(gg mg, 0.22 mmol). The flask was sealed with a with a rubber

septum and stirred magnetically and sparged with nitrogen for 10 min, then heated at 70°

in an oil bath. After 1 h, butyl acrylate (35.4 g, 276 mmol, deoxygenated by nitrogen

sparging) was added to the reaction over 2 h using a syringe pump. At the end of the butyl

acrylate addition, heating was continued for a further 1 h. The final latex had a solids
20 content of 41% and an average particle size of 132 nm (HPPS).

Example 4: Synthesis of 2-{[(dodecylsulfanyl)carbonothioyl]sulfanyl}propanoic acid
(15, R* = C1oHys).
S CHs
/\/\/\/\/\/\SJ\SJ\COZH
15, R® = C42Hys5

25 Dodecanethiol (2.50 g, 12.5 mmol), acetone (40 mL), and tetrapropylammonium bromide
(0.27 g, 0.10 mmol) were added to a solution of sodium hydroxide (0.50 g, 12.5 mmol) in
water (5 mL). The resulting solution was cooled in an ice bath and treated with carbon
disulfide (0.75 mL, 0.95 g, 12.5 mmol). After 20 min, 2-bromopropanoic acid (1.91 g,
12.5 mmol) was added and the mixture was stirred at ambient temperature for 12 h. The



(GPC) GPC) (Polydispersity Index) 30 0.51% 344 379 - 60 0.58% 864 906 - 90
0.82% 1126 1193 - 120 1.39% 1987 2200 - 150 2.06% 3363 3643 - 180 2.81%
4790 530IwbDh3/M57912 10) 210 3.95% 7181 8554 53.9 (1.11) 220TABIN7B5876
23416 60.6 (1.12) 270 12.93% 30679 59970 65.7 (1.21) 300 18.22% 44845
103824 77.2 (1.10) 330 20.74% 54378 121785 360 21.87% 57295 141828 81.6
(1.12) WO 03/055919 PCT/ AU02/ 01735 -630Exanple 5: Synthesis of

2-{[ (but yl sul fanyl ) carbonot hi oyl ] sul fanyl } succinic acid (16, R3 = C4H9).
C®2H '-~~S )~ Sf CO2H 16, R3 = C4H9 Triethylamne (13.9 n, 10.1 g, 100
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of nal ei cre%ﬁtalllﬁ%ﬁsmgethgéléght PeBplpum foiglys the E"o @3@3 (3?1

Er |l enney Jx,ac%% vmth nor e tetrahydrofuran (ca 10 L total)
whi ch wa el]{oso aé%@ﬁiﬁ Et he rral eic acid solution. The 10 reacti on was

stirrefl at anbient terrperature for 0.5 h, then poured into water (200 ni)

t ai ted wiith 3:1 .
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et her-dic Iororre hane (40 nlL). The two organic extracts
acld (15, R” = Cj2H3s) from Example 4.,

10 2-{[(Dodecylsulfanyl)carbonothioyl]sulfanyl} propanoic acid (15, R® = CppHys) (1.00 g,
2.86 mmol), 4,4'-azobis(4-cyanopentanoic acid) (82 mg, 0.29 mmol), and acrylic acid
(1.03 g, 14.3 mmol) were dissolved in dioxane (4.0 g) in a round bottom flask and capped
with a rubber septum. Nitrogen was bubbled through the solution for five minutes, after
which it was immersed in an oil bath at 60° for 2 hours. 'H nmr spectroscopy and

15 Electrospray Mass Spectrometry confirmed a degree of polymerization n= 5.

Example 4b: Preparation of a poly(butyl acrylate) latex using the macro-RAFT

agent from Example 4a.

20 The poly(acrylic acid) from Example 4a (1.07 g of solution, containing 0.36 g, 0.51 mmol
of macro-RAFT agent), 4,4'-azobis(4-cyanopentanoic acid) (73 mg, 0.26 mmol), sodium
hydroxide (104 mg, 2.6 mmol), and water (80.0 g) were added to a round bottom flask
which was then sealed with a rubber septum. The solution was stirred magnetically and
deoxygenated with a stream of bubbled nitrogen. The flask was immersed in an oil bath at

25  60° and the addition of butyl acrylate was started. The addition consisted of an initial shot
of 0.10 g, followed by a continuous feed at 1.00 g/h for 2 h, followed by 5.97 g/h for a
further 3 h to give a total addition of 20.0 g (0.156 mol). The reaction was allowed to
proceed for another hour after the cessation of monomer feed to allow the polymerisation

to reach high conversion. The resulting latex had 19.1% solids and the latex polymer had

30 M, =57800 with My, | My = 1.79 (polystyrene standard).
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2- { [ ( but yExamplady| ) car bonot hi oyl ] sul fanyl }succinic acid (16, R3 = C4H9)

(0.564 g, 2.00 mol ), 4, 4'-azobi s(4-cyanopentanoic acid) (32 ng, WO

03/ 055919 PCT/ AU02/01735 -63 0.10 mml), acrylic acid (2.16 g, 30.0 nmmol),
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Dei oni Zeqmtl | &lot ?O%) 8) ngs fotiowed by a continuous feed at 1.00 g/h for 2 h, then at 5.97 g/h
for a further 3 h to give a total addition of 20.0 g (0.156 mol). The reaction was allowed to

proceed for another hour after the cessation of monomer feed to allow the polymerisation
15 to reach high conversion. Solids, molecular weight (polystyrene standard), and particle

size (CHDF) data are given in the Table following.

Reaction Solids — — Number Average Particle
Time (min) Content My My Diameter/nm
(GPC) | GPC) (Polydispersity Index)

30 0.51% 344 379 -

60 0.58% 864 906 -

90 0.82% 1126 1193 -

120 1.39% 1987 2200 -

150 2.06% 3363 3643 -

180 2.81% 4790 5301 51.7(1.10)

210 3.95% 7181 8554 53.9(1.11)

240 7.69% 16876 23416 60.6 (1.12)

270 12.93% 30679 59970 65.7 (1.21)

300 18.22% 44845 103824 772 (1.10)

330 20.74% 54378 121785

360 21.87% 57295 141828 81.6 (1.12)




25% Ammonia (13.4 M 0.163 0.33 2.4 C Butyl acrylate 3.060 6.21 23.9
Acrylic acid 0.200 0.41 2.7 Styrene 2.820 5.72 27.1 D Sol ution of

macr o- RARVOages919 r om Exanpl e 5a 0. 160 0.32 0. 11 Water cecpNBRO13S

macr o- RAFT agent sol ution 0.320 0.65 Dei oni zed water 3.000 6.09 25% Amoni a
(13.4 M 0.109 0.22 1.6 E Butyl acrylate 7.650 15.52 59.8 Styrene 7.050
14.30 67.8 49.289 100.00 A 100 nL roumd -bottom fl ask contai ning a nmagnetic
stirrer bar and Stage A was sealed wth a rubber septum and deoxygenat ed
with nitrogen for 30 min, then imersed in a heating bath at 85 for

mct L%i?"r*i‘%?ﬁﬁ. 0SS 0y R i SRR U5 1,

reacti on Ri+&&Hs).Stirring was started and Stage C was added via syringe in
1 nL portions over 5 min. After a further 0.5 h, the sinultaneous
additions of Stage D (in 0.5 nmL portian C2B nmin intervals via syringe)
and Stage E (dropwi se from a droppln g;\); over 4 h) were started. WD
03/ 055919 PCT/ AU02/ 01735 -64-FdatTh ¢o,Ari ng were continued for an
extra 2 h after the end of the adqbtR3Qr¢4n; Stage E. The resulting | atex
was 39.0% solids and the |l atex polyner had Mh = 66400 with MV /M = 1.49
(pol ystyrene standard). 5 Exanple 5c: Preparation of a poly(acrylic acid)
macr o- RAFlTri@ig)dnminﬂ ¢18.%mb; ¢@1 @ 109 oimolp was atldeahby syrings tasi stigred solution of

1 om Banpraregionts o 207 sl R ey HSRHER T8 B7 L e rmodpy

(16, R3 :te@ﬁ-ﬂi} fu2an82320, mBPir0an memeyar flakk4d' T ehicBdift way aARBE At antigtaci d)
(0.28 g, 1.0 mmol ), acrylic acid (10.8 g, 150 mmol), and water (41.

wer e pl aceapigtuge Terol By thew perered sapidintoasstireed olirtion od meleipagid 8. &t339r|) ng
bar. The DLaSK iNaSwiGASHHW i FurUPPAe FERIMIL A Aasit 'WdsC Finsdd vwift2 e

tetrahydrofuran (ca 10 mL total) which was also added to the maleic acid solution. The

10 reaction was stirred at ambient temperature for 0.5 h, then poured into water (200 mL)
containing 3 M HCl (50 mL) and extracted with 3:1 (v/v) ether-dichloromethane (250 mL).
The aqueous layer was decanted from some insoluble yellow material which was then
extracted with more 3:1 (v/v) ether-dichloromethane (40 mL). The two organic extracts
were combined and washed with water (6x250 mL), then extracted with 0.5 M sodium

15 bicarbonate solution until the upper layer was no longer yellow (7x50 mL). The combined
bicarbonate extracts were washed with dichloromethane (2x70 mL), then diluted with
water to a total volume of 700 mL and acidified with 10 M HCI under vigorous (magnetic)
stirring. After a few minutes the initial oily precipitate solidified. Stirring was continued
overnight, and the product was collected by filtration, washed thoroughly with water, and

20 air dried to give the title compound (16, R = C4Hy) as bright yellow microcrystals, 24.0 g,
85%.

Example Sa: Preparation of a poly(acrylic acid) macro-RAFT agent with degree of
polymerization n = 15 using 2-{[(butylsulfanyl)carbonothioyl]sulfanyl}succinic acid
25 (16, R} = C4Hy) from Example 5.

A small glass vial was charged with 2-{[(butylsulfanyl)carbonothioyl]sulfanyl}succinic
acid (16, R® = C4Hy) (0.564 g, 2.00 mmol), 4,4'-azobis(4-cyanopentanoic acid) (32 mg,



with nitrogen for 30 mn, then heated and stirred at 85 for 5 h. The
resulting yellow solution had 24.6% solids. The nol ecul ar weight (MVh =
1360, corwegposding to a degree 15 of pol ynerization n 15PCofAU0R@1735
poly(acrylic acid) macro-RAFT agent, and unreacted nononer (<0.7% were
estimated by 1H nmr spectroscopy. Exanple 5d: Preparation of a pol y(nethyl
nmet hacryl at e- co-styrene-co-butyl acrylgde- co-acrylic acid) |atex using the
macr o- RAFT reagent of Exanple 5c. 20 Stage Material Mass (g) nmols A

Dei oni zed water 211.45 B poly(Acrylic acid) nmacro-RAFT agent from Exanple

5c 10. 85 ,1..96 .ot a Ld i T, .3 .

4, 4 -Azols)?jé)( Hl%@geﬁgﬁ’é’ﬁt%’ﬁ%i@ﬁg%’d@'%% .‘53%?85)8‘93’525 , FRall, magnetics 1 m
50, 30 T A ul o acl o5, 050 26, 43 beoe Amon & (13, 4 M
: tyrene 8. & . Acrylic aci . 05 . 9% A i .4

1. 62 23. spaged pithantjeesarfor 3 mig; Xr)he Feaction waEthendieate f@éﬁ?@%‘é%% fe Qéh_ 95
1.26 ( .10 i d i - T 2 ds.
PCT/ AUO2ID f?@sgﬂréggiﬂ%’gﬁlfggﬁ{' Jissitts %%@3’%@%%“%%@%’%5%%’1? 06°%6. 00
m. E Methyl nethacrylate 68.261 681.93 Buty|l acrylate 61.686 481.17
Styrerfe 280leadarawdgle (Myr=D808hetAbe pokifastylicaiesh anasro- B EApgsaf was gstimated
2.450 H Tertiary butyl perbenzoate 0.165 drops

from its 1H nmr spectrum.

Example 5b: Preparation of a poly(butyl acrylate-co-styrene-co-acrylic acid) latex
using the macro-RAFT agent of Example 3a.

10
Stage Material Mass (g) Weight% mmol
A Deionized water 19.000 38.55
B Solution of macro-RAFT agent from Example 5a 0.244 0.50 0.16
Water component of macro-RAFT agent solution 0.488 0.99
4,4'-azobis(4-cyanopentanoic acid) (V-501) 0.025 0.05 0.08
Deionized water 5.000 10.14
25% Ammonia (13.4 M) 0.163 0.33 24
C Butyl acrylate 3.060 6.21 23.9
Acrylic acid 0.200 0.41 27
Styrene 2.820 572 27.1
D Solution of macro-RAFT agent from Example 5a 0.160 0.32 0.11
Water component of macro-RAFT agent solution 0.320 0.65
Deionized water 3.000 6.09
25% Ammonia (13.4 M) 0.109 0.22 1.6
E Butyl acrylate 7.650 16.52 59.8
Styrene 7.050 14.30 67.8
49.289 100.00

A 100 mL round bottom flask containing a magnetic stirrer bar and Stage A was sealed
with a rubber septum and deoxygenated with nitrogen for 30 min, then immersed in a
heating bath at 85° for sufficient time to allow equilibration. Stage B, incorporating the
15 macro-RAFT solution of Example 3a, was then added to the pre-equilibrated reaction
flask. Stirring was started and Stage C was added via syringe in 1 mL portions over 5 min.
After a further 0.5 h, the simultaneous additions of Stage D (in 0.5 mL portions at 20 min
intervals via syringe) and Stage E (dropwise from a dropping funnel over 4 h) were started.



| Sodium erthyrobate 0.240 DI water 7.200 J Tertiary butyl perbenzoate
0.165 drops K Tertiary butyl perbenzoate 0.165 drops L Bevaloid 60 0.050
drops MwotmBoseee 1. 000 Dei oni sed water 2.900 TOTAL 500. @OT/AR029€738 was
added to a 500nL flask with a multi-neck top, fitted with a mechani cal
stirrer and reflux condenser. The flask was deoxygenated with nitrogen for
30 mMmn, then imersed in a water batheggt- 80 for sufficient tine to all ow
equilibration. An aliquot (ca 5 5 nL) was renoved by syringe before
comrencenent of heating to assist in the transfer of Stage B. Stage B was
made up 'I@ea@in%%hlsﬁl\ﬂn !w%rg%gnﬁqgﬁgoxt &h LG DHage: thel dRSE tHE b ib6E gagge A
aliquot to rifise the vial. Stage C was added via peristaltic punp over 15
m nutes. The contents of the flask went 10 cloudy within a few m nutes.
After 15 Fxi Fhe esspltingdatex mab 89080 selidsduid tthelatexafolBnerghad g v 66400 with)Mand
Stage E (over 3 h) were started. The nononer feed |ine was washed with
Stage F a then Stage G was dded. The reaction was heated and stirred
for a fur '“Flég(ﬁ‘?lﬁ%i/rég?s@ﬂ% ‘H was added and Stage | was fed over 45

m nutes. Stages J and K were added at 15 15 minute intervals. The reaction
was cooled to roomtenperature and Stages L and M were added. The

resul 13 nopkahgre 3L2dPEakratforbf 4Goly(Herylie 24d)(3089RALT 4genf Wit Adgide of- 66

Exanpl e 5e: Preparation of a pol éi met hyl methacryl ate-co-butyl acryl ate-co-
trifl uor cpalysperigation ary |15t using 2o H(Butylsulfanyd)carbenothiozllsufanydispecinis- spidT

reagent Ofs RXATEE) RGm Example 5.

2-{[(Butylsulfanyl)carbonothioyl]jsulfanyl }succinic acid (16, R? = C4Hy) (2.82 g, 10.0
10 mmol), 4,4'-azobis(4-cyanopentanoic acid) (0.28 g, 1.0 mmol), acrylic acid (10.8 g, 150
mmol), and water (41.8 g) were placed in a 100 mL round bottom flask containing a
magnetic stirring bar. The flask was sealed with a rubber septum and stirred and sparged

with nitrogen for 30 min, then heated and stirred at 85° for 5 h. The resulting yellow

solution had 24.6% solids. The molecular weight (M, = 1360, corresponding to a degree
15 of polymerization n = 15) of the poly(acrylic acid) macro-RAFT agent, and unreacted

monomer (<0.7%) were estimated by 1H nmr spectroscopy.

Example 5d: Preparation of a poly(methyl methacrylate-co-styrene-co-butyl acrylate-

co-acrylic acid) latex using the macro-RAFT reagent of Example Sc.

20

Stage  Material Mass (g) mmols

A Deionized water 211.45

B poly(Acrylic acid) macro-RAFT agent from Example 5c 10.85 1.96
(meq. total acid in macro-RAFT agent) 33.31
4,4'-Azobis(4-cyanopentanoic acid) (V-501) 0.254 0.81
25% Ammonia (13.4 M) 1.70 24.99 mL

C Methyl methacrylate 22.754 227.31
Butyl acrylate 20.562 160.39
Styrene 8.872 85.22
Acrylic acid 2.050 28.43
25% Ammonia (13.4 M) 1.62 23.88 mL

D poly(Acrylic acid) macro-RAFT agent from Example 5c 6.95 1.26
(meq. total acid in macro-RAFT agent) 21.34




Stage Material Mass (g) MV mmol A Deionised water] 211.49 B pol yAA

macro- RAFT agent from Exanple 5c 10.85 1362 1.96 (nmeq. total acid in
macr o- RARVOagest9)9 33. 31 4, 4' - Azobi s(4- cyanopent anoi ¢ aci @CT(AG0201850. 254
312.5 0.81 25% Ammonia (13.4 M 1.70 17 24.99 nL C Butyl acrylate
[calculated to be 7 x nols of 15-ner] 1.76 128.2 13.72 TFEM [calculated to
be 7 x nols of 15-mer] 2.30 168 13.72 Mt hyl met hacryl ate 31.004 100.1
309.74 g Butyl acrylate 20.158 128.2 157. 24 mL  Styrene 0.000 104.1 0.00
mn Acrylic acid 2.050 72.1 28.43 25% Amonia (13.4 M 1.62 17 23.88 E
pol yAA macr o- RAPFlogiggéwdter f r om Exanpl e 5¢ 6. 95 1362 1s3@60 (neq. totaljacid in
macr o- RAFT_agent?§% ammaie (13@d) oni zed wat er 30. 450 25% Awponi a (6b8mt M 1. 09
17 16. 00 HEMet hfethHeetaspley| at e 93. 013 100. 1 929. 21 6e261 But ylsiaer yT at e

60. 474 129.2 47P'Y2Hih G Dei oni sed water 10.500 Hé6R®86 Ammgstila (13|14 M
2.450 | TdrtiarvYEi vl perhenzoate 0.165 6.3 drops 2¢616odi uk¥séf yt hof bat e

0. 240 Dei dhised iRpRIWaEr 200 Kk Tertiary butyl perben2®¥e 0.165 6.3 Hrops L

Tertiary Hityl—papBRABRAPAMY 165 6 3 drops M Beval #890.050 1.9 drpps N
Actici de 1000 gegla}y}ﬁl?lcpﬂbqwﬁtﬁr 2900 5 Stage A was aHdedomso a 500ni] fl ask
) A 7T 7 “Sodium erthyropat . e i r0
with a rrul{l-ne%%waﬁ';pp, Fi% ted with a mechani cal sti r;'r_;%g
J Tertiary butyl perbenzoate 0.165 drops
K Tertiary butyl perbenzoate 0.165 drops
L Bevaloid 60 0.050 drops
M Acticide 1.000
Deionised water 2.900
TOTAL 500.00

Stage A was added to a 500mL flask with a multi-neck top, fitted with a mechanical stirrer

and reflux condenser. The flask was deoxygenated with nitrogen for 30 min, then

immersed in a water bath at 80° for sufficient time to allow equilibration. An aliquot (ca 5

5 mL) was removed by syringe before commencement of heating to assist in the transfer of

Stage B.

Stage B was made up in a small vial then added to the Stage A flask using the Stage A

aliquot to rinse the vial.

Stage C was added via peristaltic pump over 15 minutes. The contents of the flask went
10  cloudy within a few minutes.

After 15 minutes, the simultaneous additions of Stage D (over 1.5 h) and Stage E (over 3

h) were started. The monomer feed line was washed with Stage F and then Stage G was

added. The reaction was heated and stirred for a further 30 minutes,

Stage H was added and Stage I was fed over 45 minutes. Stages J and K were added at 15
15 minute intervals.

The reaction was cooled to room temperature and Stages L and M were added.

The resulting latex had solids of 40.1%.

20



and reflux condenser. The flask was deoxygenated with nitrogen for 30 mn,
then imersed in a water bath at 85 for sufficient tine to allow

equi | i br awp®n/0558m al i quot (ca 5 L) was renoved by syri n@eThdafoner3s
commencenent of heating to assist in the transfer of Stage B. 10 Stage B

was made

up in a small vial then added to the Stage A flask using the Stage

A aliquot to rinse the vial. W 03/05%619 PCT/ AU02/ 01735 -67 Stage C was
added dropwi se over 1 mnute and the reaction held for 20 mnutes. Stage D
was added via peristaltic punp over 1 hour. The contents of the flask went

¢! gug)y av'%&%hgngas ewwepugﬁ%n bCa S ARFP el 1400 iy Shdtafe-doover

washed wi
and stirr
over 45

reaction

(ove wer e e “nononer I ne was
ﬁiﬂlﬁteghy&ﬁ:ﬂchm'ylbm-&-agqhhl acih) latkdeuking ltlkke nraeac-RART wesgenéafed
fg{gsa further 30 mnutes. Stage | was added and Stage H was fed
St ages K and L were added at 15 ninute intervals. The
was cooled to roomtenperature and Stages M and N were added. 10

The fini sqigd | mhewar had solids of 41.5% ExanpMesk: Pregarat imnvi of paints

based on
wei ght A

the RAFT | atex prepared as Exanple 5e. Stage Material Parts by
BPei onbsasdwatfr 3. 65 Propyl ene glycobitie 60 Beval oid 60 0.15

Am nonet hyl  pr pBaRghcORAR agchdtioh @BamfiddkA 0. 14 Tewiss 460143270 B1bsonox CR-826
18.20 QOmycar bantd totdacfd3n mdcroRaFORIHed water 0.50 D Deioni sed 3sater 5.80

10

4,4'-Azobis(4-cyanopentanoic acid) (V-501) 0.254 312.5 0.81
25% Ammonia (13.4 M) 1.70 17 2499 mL
C Butyl acrylate [calculated to be 7 x mols of 15-mer] 1.76 128.2 13.72
TFEM [calculated to be 7 x mols of 15-mer] 2.30 168 13.72
D Methyl methacrylate 31.004 100.1 30974 g
Butyl acrylate 20.158 128.2 157.24 mL
Styrene 0.000 104.1 0.00 min
Acrylic acid 2.050 72.1 28.43
25% Ammonia (13.4 M) 1.62 17 23.88
E polyAA macro-RAFT agent from Example 5S¢ 6.95 1362 1.26
(meq. total acid in macro-RAFT agent) 21.34
Deionized water 30.450
25% Ammonia (13.4 M) 1.09 17 16.00
F Methyl methacrylate 93.013 100.1 92921 mL
Butyl acrylate 60.474 128.2 47172 min
G Deionised water 10.500
H 25% Ammonia (13.4 M) 2.450
I Tertiary butyl perbenzoate 0.165 6.3 drops
J Sodium erythorbate 0.240
Deionised water 7.200
K Tertiary butyl perbenzoate 0.165 6.3 drops
L Tertiary butyl perbenzoate 0.165 6.3 drops
M Bevaloid 0.050 1.9 drops
N Acticide 1.000
Deionised water 2.900

Stage A was added to a 500mL flask with a multi-neck top, fitted with a mechanical stirrer
and reflux condenser. The flask was deoxygenated with nitrogen for 30 min, then
immersed in a water bath at 85° for sufficient time to allow equilibration. An aliquot (ca 5
mL) was removed by syringe before commencement of heating to assist in the transfer of
Stage B.

Stage B was made up in a small vial then added to the Stage A flask using the Stage A

aliquot to rinse the vial.



E Dei oni sed water 4.18 Ropaque ultra 8.33 Latex from Exanple 5d 34. 14
Beval oid 60 0.02 Proxel GXL 0.08 Am no nethyl propanol 0.09 F Propyl ene
gl ycol 2.wWO0 o3metonosol Plus 330 0.30 G Texanol 2.38 CoasolpC@/Aa02/0BByal oi d
60 0.31 H Acrysol RM 2020NPR 0.28 WD 03/ 055919 PCT/ AU02/ 01735 -68 Stage A
ingredients were added in order with stirring order to a suitably sized
vessel. Stage B ingredients were addegy.and then di spersed at hi gh speed
for 20 mn. The conbined A and B stages were added to a separate vessel
using the Stage C and D to wash out the dispersion vessel. Stage E

i ngredients e-m xed and ddedto h stirring,
and t he g \eﬁ‘éﬁ‘q %@eég?ioﬂ’?”é%? GVSF gnflﬁtftaﬂg&heﬁ%%?%thg@dfoggg\agn %I\B.S pre- m xed
and_addedt 38 [PwRERRIel vl feiBlticAREng beerAdiont. Thscdnitemd offthediasistvent adudy St age
H. The expérinental paint had weight solids 51.5% volune solids 37.7% and

pi gment witblingrevemisdest r at i on of 50.5% 10 The pa| nt was appl i ed side by

vart or bor f8E aP PR fa RoRend ¥ Stadk 8 Lpftr STRPREL SlogPUCONErD 19T Slerpaz ot ©f

W re drawiewhodvitier foedating maaahash\a!@ vatnfagatd and ithen Btagbdi waﬂmldpécl ril’hs% wer e
dried for one hour at 50 ang eﬁftg r e of comon househol d stains were
appl i ed teactier was heated andstimed oy Fr r before removal with a

conventi %I@%l 1RAKSAEN ﬁd@%@%’l—é%ﬁ%@@&wri@%ﬁﬁte@eSﬁgesﬁﬁ'aﬁ@tl_ﬁ@elferaﬁﬂécﬁaﬂl@nge of

hydr ophi | types, egq, red wi ne, waterborne marker and nore
hydr ophohinutetieaalser ie crayon, oil pastel, lipstick and a grease. The

resi dues T?l]; reaction was cooled to room temperature and Stages M and N were added.
10 The finished latex had solids of 41.5%.

Example 5f: Preparation of paints based on the RAFT latex prepared as Example Se.

Stage Material Parts by weight
A Deionised water 3.65
Propylene glycol 1.60
Bevaloid 60 0.15
Aminomethyl propanol 0.14
Orotan 731A 0.14
Teric 460 0.70
B Tronox CR-826 18.20
Omycarb 10 15.03
C Deionised water 0.50
D Deionised water 5.80
E Deionised water 4.18
Ropaque ultra 8.33
Latex from Example 5d 34.14
Bevaloid 60 0.02
Proxel GXL 0.08
Amino methyl propanol 0.09
F Propylene glycol 2.00
Natrosol Plus 330 0.30
G Texanol 2.38
Coasol 0.80
Bevaloid 60 0.31
H Acrysol RM-2020NPR 0.28




stain left on the surface of the filmwere rated on the basis of the extent
of renoval: 5 = best (ie conplete renoval) 0 = worst (no renoval) 20 Stain
Conmrer ci aWwolsaspdlie 5e Control Coffee 3 3 Red wine 2 3 P@atagnborme narker
55 Crayon 1 3 GO pastel 55 Lipstick 1 4 Gease 55 W 03/055919

PCT/ AU02/ 01735 -69 The paint of Exanple 5f, based on a the |atex of

Exanpl e 5e containing a fluorinated uopgoner added as part of the

macr o- RAFT stabiliser, shows stain resistance superior to the comerci al
control paint. 5 Exarrpl e 50: Preparatlon of a poly(2-hydroxyethyl acrylate)
macr o- RAF agent W|th re i %At

{[ (butyl §uarg'ea QP%rgg]reBc?no |c§i§ ?slrlljl% any sﬁgg ogag%?odg(séflgbl%lzed wﬁ@l from
Exanpl e $tage/BSihgredionty! idrdaldidedmuid aisdn dﬁper@ehhaghtghvmﬁebd for 20 min. The

4,4' -azobi s(4-cyan (gent anoi c aC| d) (0.16

2-{[ (but gP mearml; BrsgabyRieAids tﬂ a?%vﬁééqlmswgmtaeag angD 1o wasly)
1.41
( ggugth%Qh %}y %rtv\%)éﬁffr% ‘ﬁﬁf %‘thé aﬁr ﬁrx@é@@aﬂi added %o MPLombiadf

water (1 er septumand the contents
were sti I‘A-EjW[’thgtlHingC ahdl mevdmmbaenatbxenrsgrredlé’qu/@aﬁm 0myniutds. rﬁtageo@ewsmm- 30

A Ler whiReRBiada af = Py, et B Ran annSCP e Sher 0h nad 15

24. 6% solids. 1H nnr indicated a degree of pol yrrerl zatlon n = 15 and showed
ca 1% unreacted 2-hydroxyethyl acrylate. Exanple Preparation of a
pol y( but yiTheaexpgtisteatat painst itadl waighh selidd al 6% ovcdemyl sO&lds 31y andt pigmest ng

the macrQ: FAFJcoa nrrauono't:‘)garsrs}I e 5g.
10

H

The paint was applied side by side over a single sealed panel with a commercial premium
quality interior waterborne white paint as a comparison. The paints were applied with a
wire drawdown bar so as to achieve comparable film builds. The paints were dried for one
hour at 50° and then a range of common household stains were applied to both films and
15 left for one hour before removal with a conventional household spray cleaner. Stains were
selected from a range of hydrophilic types, eg, coffee, red wine, waterborne marker and
more hydrophobic character ie crayon, oil pastel, lipstick and a grease. The residues of

stain left on the surface of the film were rated on the basis of the extent of removal:

5 =best (ie complete removal) 0 = worst (no removal)
20
Stain Commercial Example Se
Control
Coffee 3 3
Red wine 2 3
Waterborne marker 5 5
Crayon 1 3
Oil pastel 5 5
Lipstick 1 4
Grease 5 5




20 Stage Material Mass (g) Weight % nmwles A pol yHEA macr o- RAFT agent from
Exanpl e 5g 0.404 0.93 0.20 Water conponent of macro- RAFT agent sol ution
1.213 2. N0 04/083919Az0bi s(4- cyanopent anoi ¢ acid) (V-501) 0. ®82/A00911B510 t CB
Dei oni zed water 25.000 57.41 Butyl acrylate 1.920 4.41 15.00 . Met hyl

met hacrylate 1.920 4.41 19.20 D Butyl acrylate 6.400 14.70 50.00 Acrylic
acid 0.259 0.60 3.60 Methyl nethacrylgpe 6.400 14.70 64.00 Fornula total
43. 549 100. 00 A 3-necked round bottom flask containing a magnetic stirrer
bar was charged with Stages A and B, deoxygenated with nitrogen for 0.5 h,

e, oo R, AR £ 6 oPRARRY, BuaS, Gubiiad ousl Y

PCT/ AU02/rhidnbdfer addéd ﬁs)bimv&édldomaﬁ‘ba‘g@FDs(abﬂfsw, cheWwy stEDregiyaned eqperiovéds ca 4
h. After cooling,  renov of a small anmount of coagulum (60 "mfilter)
gave a stBhemmercial cogtr APa’Q’% sol i ds. Exarrpl e 5i: Preparation of a

macro- RAFT agent based on a copol ymer of 2- 5 hydroxyethyl acrylate and

met hoxyPEG- 7 net hacrylate with an overaII haaree of polynerization n 10

usi ng 3- {Examyply5gu IPframMa)loarofﬁaﬂml)r(Z-(hyﬂ]”wef yweidate) macro-RART agend witly =

CAH9) fr Exarrple Sart 550 is the ms;thacryl te e of )
net hoxyp St hyl eﬂg gl yc% qu-ﬂo%as af® 10 average degre?a'tsg]fg 2
pol yner i zgty h@ﬂsnﬂfan caftfondgiioyNuRdyhyuckitiontid (#6,3¢ #1C,Ho om0t Amople s, ask

was charged with 4 - azobi s(4- cyanopent anoi ¢ acid) (0.16 g,
2-{[ (butyl sul fanyl )car bonot hi oyl | sul fan yq}sucm nic acid (16, = HI)
(1.41 g,A500d rwk)bottomtiask svagshinged Ahta@owlg@gwamp@?nelcmew)(o léglst oner

f h
or onbe: Capriian, Ao Db P Bifanl ety oo hiEacid BRERMSSC) (ALY
deoxygena, d)owhinb)N2 hiyd@afethpr acBlatgi(8170 g, 75.0 mmol), and water (15.8 g). The flask

was fitted with a rubber septum and the contents were stirred magnetically while being

0 50 mml)

deoxygenated with nitrogen for 30 min. The flask was then immersed in a bath at 85° and
stirred for 4 h, after which more water (15.0 g) was added. The resulting solution had
15 24.6% solids. 'H nmr indicated a degree of polymerization n = 15 and showed ca 1%

unreacted 2-hydroxyethyl acrylate.

Example Sh: Preparation of a poly(butyl acrylate-co-methyl methacrylate-co-acrylic
acid) latex using the macro-RAFT agent of Example Sg.

20

Stage {Material Mass (g)| Weight % mMoles

A polyHEA macro-RAFT agent from Example 5g 0.404 0.93 0.20
Water component of macro-RAFT agent solution 1.213 2.79
4,4'-Azobis(4-cyanopentanoic acid) (V-501) 0.032 0.07 0.10

B Deionized water 25.000 5741

C Butyl acrylate 1.920 4.41 15.00
Methyl methacrylate 1.920 441 19.20

D Butyl acrylate 6.400 14,70 50.00
Acrylic acid 0.259 0.60 3.60
Methyl methacrylate 6.400 14.70 64.00
Formula total 43.549 100.00

A 3-necked round bottom flask containing a magnetic stirrer bar was charged with Stages
A and B, deoxygenated with nitrogen for 0.5 h, then immersed in a bath at 85° and stirred
while adding Stage C (previously deoxygenated) via Hirschberg funnel over ca 1.5 h,



The flask was then immersed in a bath at 60 and stirred for 4 h, after

whi ch nore water (22.0 g) was added. The resulting solution had 24. 4%

sol i ds. Iwomas®iowed 3% unreacted 2- hydroxyet hyl acryl aPeTaxi2ma0735

det ect abl e CD-550. 20 Exanple 5j: Preparation of a poly(butyl

acryl ate-co-net hyl nethacrylate-co-acrylic acid) |latex using the

macr o- RAFT agent of Exanple 5i. Stage-faterial Mass (g) Weight % mbles A
ol y( HEA- co- CD- 550) nmacr o- RAFT agent from 0.566 1.28 0.20 Exanple 5i Water
conponent of macro-RAFT agent solution 1.698 3.83

4, 4" - Azohi 5(4-cya ls ' p ) 0. banhzed
witer 26105026 SR8 B AP GuRr he e oy, gr { 1P BRel et e A e e

1. 920 4. 3hall@nint 6F BegyllmaG0 Ylmifited). 200 a trdbledatoR 0024.9%4 galids. aci d 0. 259
0.59 3.60 Methyl nethacrylate 6.400 14.45 64.00 Fornula total 44.290

100. 00 A 3-necked round bottom flask containing a magnetic stirrer bar was
charged w £S , RATT W Bhdedo8f N fcepolnierhef 2hen

[ mrsed\ﬁ%&aﬁhggh gtré%%aggg %tgls%égﬁi\:/]\o 03/ \gEéS‘ng PCT/ AU02/ 81 35 -71 while
addi ng Stiygeosyefipylcacrplatd wnd snxthgsyBEESH] méthaerylite yeith amoverall degree gfp

fol |l oned St.age D (pr.evi ously, deox nated ver. . C I ng,
r enoval d?"lgmeﬂ'@ﬁq*on ﬁrﬁ')&ﬁt“%?g @6%@“1%%@5 a%mo%ﬁ&ogﬁﬁuﬁga%%}@%&glgbzf&gdl at ex
of 26.1 %15,@89@.4 fesmMXAnple’s, Preparation of a macro- RAFT agent based on
a copol ynmer® of 2- RHydroxyethyl acrylate and nmet hoxyPEG 11 net hacrylate with
an overall degree of polynerization n ~ 10 usi né .
2- { [ ( but yBastohfea OD-5 Fhisithe otethasylate ehten afmpthaxinalyEthydang slycpd, whish hagan 1 9)
from Exanpl e 5., 10 Sart.oner. 552.i s e afy. e ester of
met ho p%’ﬁf"@? ﬂﬁgr%ge%qtl%ﬁlﬁa%inc"ﬁ%ags can"'mgélggaféle égree of pol ynerization
n = 11, a8 5084E fdtind®dttb fldsk RS charged with 4,4'-azobis(4-cyanopentanoic acid) (0.16 g,

0.50 mmol), 2-{[(butylsulfanyl)carbonothioyljsulfanyl}succinic acid (16, R = C4Hy) (1.41

g, 5.00 mmol), 2-hydroxyethyl acrylate (2.90 g, 25.0 mmol), Sartomer CD-550 (10.2 g,

25.0 mmol), and water (22.0 g). The flask was fitted with a rubber septum and the

o=

15 contents were stirred magnetically while being deoxygenated with nitrogen for 30 min.

The flask was then immersed in a bath at 60° and stirred for 4 h, after which more water
(22.0 g) was added. The resulting solution had 24.4% solids. 'H nmr showed 3%
unreacted 2-hydroxyethyl acrylate and no detectable CD-550.

20 Example 5j: Preparation of a poly(butyl acrylate-co-methyl methacrylate-co-acrylic
acid) latex using the macro-RAFT agent of Example 5i.

Stage [Material Mass (g)| Weight % mMoles
A oly(HEA-co-CD-550) macro-RAFT agent from 0.566 1.28 0.20
Example 5i

Water component of macro-RAFT agent solution 1.698 3.83
4,4'-Azobis(4-cyanopentanoic acid) (V-501) 0.127 0.29 0.40

B Deionized water 25.000 56.45

C Butyl acrylate 1.920 434 15.00
Methyl methacrylate 1.920 434 19.20

D Butyl acrylate 6.400 1445 50.00
Acrylic acid 0.259 0.59 3.60
Methyl methacrylate 6.400 14.45 64.00
Formula total 44,290 100.00

A 3-necked round bottom flask containing a magnetic stirrer bar was charged with Stages

A and B, deoxygenated with nitrogen for 0.5 h, then immersed in a bath at 60° and stirred



A 50 nL round bottom flask was charged with 4,4'-azobi s(4-cyanopent anoi c
acid) (0.16 g, 0.50 mml),

2-{[ (but yWeuwBfs39y¢ ) car bonot hi oyl ] sul f anyl } succi ni ¢ aci d ( PET/AR®2/617B4HO)
(1.41 g, 5.00 mol ), 2-hydroxyethyl acrylate (2.90 g, 25.0 nmol), Sartoner
CD-552 (14.6 g, 15 25.0 mmmol ), and water (29.0 g). The flask was fitted
with a rubber septumand the contentsymere stirred magnetically while
bei ng deoxygenated with nitrogen for 30 min. The flask was then inmersed
in a bath at 85 and stirred for 4 h, after which nore water (28.0 g) was

added. The.resulti uti.on h 0 .| ds. act ed
2 hydr oxPEiFyRIRE Seete IO AP Rriid Y SEinge ByRBiovEr B E9 g Tndwtes
Prepar at h9'Bt@fe B @atwaRY! dtoxggendtal) ooven cast hy | Afiat daling) senevebofierspiallc
acid) latex using the nmacro-RAFT agent of ExangiéQQZk..ééage Mat eri al Mass
(g) Vi gemounigftsoagulum (69 {imfiler) gaves siably latgx P2 folidint from 0. 742 1. 65
0.20 Exanple 5k Water conponent of macro- RAFT solution 2.226 4.95

4,4' - azobi s(4-cyanopentanoi c acid) (V-501) 0.127 0.28 0.40 B Dei oni zed

wat er 525 Fxampls k6 @repanatioacefy hamacio-BAF T aggntl bagd onit leppolsmenadfr 3 at e

. 920 4.27 19. 20 | | 22 50 00. | id 0. 259
é. 58 3%6@;‘1%@%?9}3'1 Dr?é?ﬁta{er %a‘ﬁ%t@’%é’gfé'i?z‘%é@&? ga“‘ ﬂ’@cmr a"‘lf"%f‘gfdegﬁ‘?egéﬁ
100. 00 W2, R3hdiadiba & /16\%?@0%J{R%utyl&ﬁfa%y@caﬂﬁx!ﬁeﬂﬁm}umahyt}smﬂ aeid

containing‘a magnetic stirrer bar was charged with Stages A and B,

deoxygengl®dR\s CoHy)i fromdixani@e 50. 5 h, then i mersed in a bath at 70 and
stirred while adding Stage C (previously deoxygenated) via syringe punp
over ca 1.5 h, followed by Stage D (previously deoxygenated) over ca 4 h.
Af t erq(c O®aitBfher CENBYRs thé matlacBldte eStevabmathoRfpoty(ahyleneng(ye0l) whith hesay gave

a stable latex of 23.4% solids. ) 1
average degree of polymerization n = 11, as determined by "H nmr.
A 50 mL round bottom flask was charged with 4,4'-azobis(4-cyanopentanoic acid) (0.16 g,
0.50 mmol), 2-{[(butylsulfanyl)carbonothioyl]sulfanyl}succinic acid (16, R® = C4Ho) (1.41
g, 5.00 mmol), 2-hydroxyethyl acrylate (2.90 g, 25.0 mmol), Sartomer CD-552 (14.6 ¢,
15 25.0 mmol), and water (29.0 g). The flask was fitted with a rubber septum and the
contents were stirred magnetically while being deoxygenated with nitrogen for 30 min.

The flask was then immersed in a bath at 85° and stitred for 4 h, after which more water
(28.0 g) was added. The resulting solution had 24.9% solids. "H nmr showed 2%
unreacted 2-hydroxyethyl acrylate and no detectable CD-552.

20
Example 51: Preparation of a poly(butyl acrylate-co-methyl methacrylate-co-acrylic
acid) latex using the macro-RAFT agent of Example Sk.

Stage [Material Mass (g)] Weight % mMoles
A oly(HEA-co-CD-552) macro-RAFT  agent from 0.742 1.65 0.20
Example 5k

Water component of macro-RAFT solution 2.226 4.95
4,4'-azobis(4-cyanopentanoic acid) (V-501) 0.127 0.28 0.40

B Deionized water 25.000 55.56

C Butyl acrylate 1.920 427 15.00
Methyl methacrylate 1.920 427 19.20

D Butyl acrylate 6.400 14,22 50.00
Acrylic acid 0.259 0.58 3.60
Methyl methacrylate 6.400 14.22 64.00
Formula total 44.994 100.00




Exanmpl e 6: Synthesis of

2-{[ (dodecyl sul fanyl ) car bonot hi oyl ) sul fanyl }succinic acid (16, R3 =
Cl2H25) GOPH3/H0SIC2H S 16, R3=C12H25 10 Triethyl am ne (P8TOAUR/01B54 g, 93
mmol ) was added by syringe to a stirred solution of dodecanethiol (20.2 g,
100 mol ) and carbon disulfide (12.6 g, 10.0 m, 166 mmol) in
tetrahydrofuran (25 nL) in an Erlennmeygr_flask. The reaction was stirred at
anbient tenperature for 1 h, then poured rapidly into a stirred sol ution
of maleic acid (38.3 g, 330 15 mmol) in tetrahydrofuran (90 nL). The

Erl enneyer _fl ask was, rinse ith nore tetrah [ a | )
whi ch vad %ﬁa‘egda%d %‘E}{]‘P’hgla%?"é’itadmgéia&n%%}edf ?ég‘(r%&f ﬁj‘dﬁg’[’]ﬁs&g‘g?&%&é‘ﬁh’m&g&%t irred
at anbi enf aﬁﬁgf&éo%y ROkl nfroBen OS5 ROMER ininetsed ek Bath(s200° ard stirred
containing 3 HC %gSO m.) and extracted with 3:1 (v/v)
et her - di whileraddiogifiage ¢ amevieusly deomygengiei Jidsyringe PUIRLOVERea kO dy Pl one
i nsol ubl ¢ yello terl | ex s WM X /v)
et nor i B S5l R0 R, AR BB, GisF s b ARGELERE, IChdiRl BLH, chly
washed WainduiedfoaguluRA60 M filter) gaew apablatiaeds oflbl4%rsotlds.pr oduct was
di ssol ved in ethanol (150 nL) and added slowy to water (1200 nL) with
vigorous (nmagnetic) stirring. Stirring was continued overni ght, and the
product lgct is b hlfi@iol W iy salfahyNsuteinge acil
dried, a?%aflgg%y(’gt a%tgéeéag ir‘g [ﬁ‘ggg&r}gs 25 ?ggatugjim%?ngggllitt??et hanol to
gi ve the(16,tR3e=€@;;H>@).md (16, R3 = C12H25) as a yellow powder, 30.2 g, 77%
WO 03/ 055919 PCT/ AU02/ 01735 -73 Exanple 6a: Preparation of a poly(butyl
acrylate) |atex using unnodified 2-
{[ (dodecyl sul fanyl ) car bonot hi oyl ] sul fanyl }succinic %Sind (16, R3 = Cl2H25)
from Exanple 6 as the sole stabiliser. 5 s 2
2-{[ (Dodecyl sul f anyl )car?WWi c acid (0.206 g, 0.522
mol ), 4,4'- azobis(4-cydnopentanorc aci ( ng, ©®°26 mol), sodium
hydroxi de (42 ng, 1.06 16, R® = C42Hag

10

Triethylamine (13.0 mL, 9.4 g, 93 mmol) was added by syringe to a stirred solution of
dodecanethiol (20.2 g, 100 mmol) and carbon disulfide (12.6 g, 10.0 mL, 166 mmol) in
tetrahydrofuran (25 mL) in an Erlenmeyer flask. The reaction was stirred at ambient
temperature for 1 h, then poured rapidly into a stirred solution of maleic acid (38.3 g, 330

15 mmol) in tetrahydrofuran (90 mL). The Erlenmeyer flask was rinsed with more
tetrahydrofuran (ca 10 mL total) which was also added to the maleic acid solution. The
reaction was stirred at ambient temperature for 0.5 h, then poured into water (200 mL)
containing 3 M HCI (50 mL) and extracted with 3:1 (v/v) ether-dichloromethane (250 mL).
The aqueous layer was decanted from some insoluble yellow material which was then

20 extracted with more 3:1 (v/v) ether-dichloromethane (40 mL). The two organic extracts
were combined, washed with water (4x250 mL), and evaporated. The crude product was
dissolved in ethanol (150 mL) and added slowly to water (1200 mL) with vigorous
(magnetic) stirring. Stirring was continued overnight, and the product was collected by
filtration, washed thoroughly with water, air dried, and recrystallized from hexane

25 containing a little ethanol to give the title compound (16, R? = CoHys) as a yellow powder,
30.2 g, 77%.



mmol ), and water (80.5 g) were added to a round bottom flask which was then
sealed with a rubber septum The solution was swirled to disperse the RAFT
reagent awo osheivstirred nagnetically while the flask comrCeEm®220em3e
deoxygenated with a stream of bubbled 10 nitrogen. The flask was i mersed
in an oil bath at 60 and butyl acrylate addition was started. The addition
consisted of an initial shot of 0.10 g73 followed by a continuous feed at
1.00 g/h for 2 h, followed by 5.97 g/h for a further 3 h to give a total
addition of 20.0 g (0.156 nol). The reaction was allowed to proceed for a

further ur after the cessati n_of d W

pol yrer i S':A‘f’ {63 re]g'al? ﬁ?b‘?%r"?c%rw’&@fo’g' ia%i) lgt?eaf;l?% l}'{lﬁedslﬁgdo

2- {[(dod &Bmhkggqx saCothic- ZcidTe@by | Rt opaleil;spcfrom( 19,
ggub&eegfsa@g&& Cl12H S}TA sti rreml ﬁti on of dod)zcanet hi ol

(12 m_ atxammwaﬂwmstabmw amoni um bromide 20 (0.54 g, 2.0 mol) in

acetone (30 n.) was treated with 50% sodi um hydr oxi de solution (4.2 g, 53

nmol ), followed by the slow addition of a solution of carbon disulfide (2.4

m, 30 W(Dodeﬁyl@ﬂﬁr@[)(%arb&ﬁbﬂﬂo)fl]sﬂfaﬁylr)fsudcun@ avs(0s206r ge0.522 rmaol)ridet' by

whi ch f the sol d dis d. . Chl ar of 2 |
WSt hen eIy REBERC AR S0hE> S L e PSPPSR (48 ey 1l
sol 1 d SOk v 180 %) Judie a@&’edEto fm&hr)d bokfafh ARkl WAk Wi shed s%sled vith a

wat er control  the’evolution of heat. After 2 h, the m xture was
di | ut ed irubbeacetome ”[lﬁa()samt)onawais $wirle@ tedispersethe RAEE reagenioinddhemstives hed

th t d filtrat d.
\émv apor 2’? Z‘EP%qu l‘i(‘"i‘ﬁéir Wﬁﬁ?/ %% sﬂasg n"cPé’? %;8‘%& (ﬁlleﬁ)f 2‘% Q%F‘Z nw%\/ﬁs g{rgagr? geglﬁ%bhe wat er
e g N R e e el P et o
PCT/ AU02/s61te&5 The additipn cansistert pEen imitial shetsaf| f‘hg follpyed Ry @ contawsdeed n
50: 50 et h { Li ght
et rol curt (98 S forlEh BUSUR bESS A A ErBUoPRIGLER d Bl BRGA YN0 ¢ 1 00

to crystgblisa moujwemr@dumn wa?nalcmmw @cbcbed fd!laolﬁ:ahbldnmlraftel(ﬂ:\@ cef@tion 6fl 2H25)

was obtai ned as yellow cr ls (5.31 Zh}ﬁ‘)
monomer feed to allow t e po ymerlsatlon to reach hrgher conversion.

15
Example 7: Synthesis of 2-{[(dodecylsulfanyl)carbonothioyl]sulfanyl}-2-
methylpropanoic acid (19, R® = CypHys).

/\/\/\/W\S/”\SXCO H
19, R%=C1oHos

A stirred solution of dodecanethiol (12 mL, 50 mmol) and tetrapropylammonium bromide
20 (0.54 g, 2.0 mmol) in acetone (30 mL) was treated with 50% sodium hydroxide solution
(4.2 g, 53 mmol), followed by the slow addition of a solution of carbon disulfide (2.4 mL,
50 mmol) in acetone (10 mL). The mixture was stirred for 20 min by which time most of
the solid had dissolved. Chloroform (6.0 mL, 25 mmol) was then added, followed by 50%
sodium hydroxide solution (20 mL) and solid sodium hydroxide (2.5 g, 62.5 mmol). The
25 flask was placed in a water bath to control the evolution of heat. After 2 h, the mixture
was diluted with acetone (50 mL) and filtered. The collected solid was washed with
acetone (2 x 25 mL). The combined filtrate and washings were evaporated to near dryness
under reduced pressure then diluted with water (200 mL) and acidified to pH<1 with

concentrated hydrochloric acid. The precipitate was collected, washed with water (2 x 30



5 Exanple 8: Synthesis of

, 2' -[ (thi oxonet hyl ene) di (sul fanyl )] bi s(2-nmethyl propanoic acid) (24). S
HO2 CSASCORH 032859Thi s conpound was prepared accordi ng to tReTweeMIse of
Lai, J. T.; Filla, D.; Shea, R 10 Macronol ecul es 2002, 35, 6754 and
obtained as a fine yell ow powder. Exanple 8a: Preparation of a poly(acrylic
aci d) macro- RAFT agent having two hydr/dphilic ends and with degree of
pol ymeri zation n = 10 using 2,2'-
[ (t hi oxomret hyl ene) di (sul fanyl )] bi s(2- et hyl propanoi c acid) (24) from

acrd) (237 andged TR SAgUE It DD (P PR R o

ng, 0.11 amdoévapormtadyto aeacdmynéds. 3d8gly, pﬁ:ro%ilm @ Iml) sedi addle&)aﬂldonesuiangﬂ 5

T g Dot PO S kek 4o PeEEl cBuRRe S rodiot o e dinel iR carbape 10 M

swirled tqodidsel M8 Ha &Qﬂ}l@d\&syeugaecrygﬁykggpg zg%ytl on was deoxygenat ed
by bubbling nitrogen through it mn. The flask was then imersed in

an oilSbath at 60 and the polynerlsatlon was allowed to proceed for 2 h.

macr 0. rarara g Ry affes of P2 R b e il Rl o Ry i Bpmncie o

Exanpl e &wid)l24fp g of solution, containing 0.262 g, 0 262 mol of
macr o- RAFT agent), 4,4'-azobi s(4-cyanopentanoic acid (71 ng, 0.25 WO

03/ 055919 PCT/ AU02/ 01735 -75 mol ), sodi um hydroxide (83 ng (2.1 mmol ) and
g water (80.3 g) were placed in a noun tom fl ask which was then seal ed
with a rubber septum The sol utign ! to disperse the RAFT agent
and then stirred magnetical ly and deoxx enated with a stream of bubbl ed
nitrogen. The flask was imersed in an"0oil bath at 60 and butyl acrylate
addition 5 was begun. An initial shot of 0.10 g, was followed by a

cont i nuouEhif eemhpaindlwapgpiredl accazding to the procedure of Lai, J. T.; Filla, D.; Shea, R.

10  Macromolecules 2002, 35, 6754 and obtained as a fine yellow powder.

Example 8a: Preparation of a poly(acrylic acid) macro-RAFT agent having two
hydrophilic ends and with degree of polymerization n = 10 wusing 2,2'-
[(thioxomethylene)di(sulfanyl)]bis(2-methylpropanoic acid) (24) from Example 8.
15
2,2'-[(Thioxomethylene)di(sulfanyl)]bis(2-methylpropanoic acid) (22) (0.150 g, 0.532
mmol), 4,4'-azobis(4-cyanopentanoic acid) (30 mg, 0.11 mmol), acrylic acid.(0.388 g, 5.38
mmol), sodium hydroxide (42.5 mg, 1.06 mmol), water (2.00 g) and dioxane (1.00 g) were
placed in a 10 mL round-bottom flask. The flask was sealed with a rubber septum and
20 swirled to dissolve the contents. The resulting solution was deoxygenated by bubbling
nitrogen through it for 5 min. The flask was then immersed in an oil bath at 60° and the

polymerisation was allowed to proceed for 2 h.

Example 8b: Preparation of a poly(butyl acrylate) latex using the macro-RAFT
25 agent of Example 8a.

The poly(acrylic acid) solution from Example 8a (1.76 g of solution, containing 0.262 g,
0.262 mmol of macro-RAFT agent), 4,4'-azobis(4-cyanopentanoic acid (71 mg, 0.25



h, followed by 5.97 g/h for a further 3 h, to give a total addition of 20.0
g (0.156 nol). Heating was continued for a further hour after the end of

t he of nowormssddi ti on. Exanple 9: Synthesis of PCT/AU02/01735

2-am no-| - et hyl - 2-oxoet hyl butyl trithiocarbonate (25, R3 10 = C4H9). S
CH3 S NH2 O 25, R3=C4Hg Acetone (230 nL), tetrapropylammoni um brom de
(1.86 g, 6.67 mml), and butanethiol _f$-3 nL, 7.8 g, 8.8 nmmol) were added
to a solution of sodiumhydroxide (3.5 g, 88 mmol) in water (12 nL), and
the m xture was stirred in a stoppered flask for 20 mn. Carbon 15

e .Sl FyoSue A8, RS ARENEE YRS AT gs MR R ot o

and the Boybmrfaskashitiefas figsn semdhmﬂha«ubmcgepmm V\Hhe aclutlbf .vea swiitléd RV

hydrochloric acid (50 mL) and the, vol une vya ced to a.]h%) mL bg

evapor at dippeisn i RAET aeed %Fléh%‘hsrtﬁfed'lfﬁ@qeg d\égxlﬁﬁqnﬁﬁeéd’m PR PE Y
400 nmL o i

( ) gﬁﬁ'ﬁteﬁ it %ﬁ e?&%&%\?&ﬂﬁgnégﬁ AR Jirkieh H60° afl %uﬂi'l gé\‘{’la@e h@N@én Was

20 washe saturated sodi um chl ori m.), dried
with SSOdlvwmbeguifAhenmlaHshet/af)Oﬂﬁtgedvascﬁolﬁwmbbgsa oordinuonsefhed atl {99@13@1‘62 The

i ¢br oligRoPvESh SOk 8 BaRes bt o wa t R Ce T R E AR e

filtrate H@§n§ Qs @&Stﬁﬁ%@ﬂyrfaquﬁﬁer Hodr ¥fdrih@eiPofhy 6f fbBoméd ddditicnonpou nd as a

crop of yellow crystals (15.7 g, 769 . The silica gel was washed with 25
et hyl acetate whi ch was then combined with the nother i quors fromthe
first cr Ly, |, t I 2gr ghess
under 1 eaaplp OeL St of 73R LBy 2 ¢t L) RS AARBEADE R 2 0) KT

et herfd i g:hgmgt roleum Recrystallisation from V\D 03/ 055919 PCT/ AU02/ 01735
-76 ether/light petrol eum gave a second crop of the trithiocarbonate
(3.76g, 18%. An analytically pure sanphg was obtained by

recrystallisation of the conbi ned crdps romI ether/ |ight petroleum
(17.5g, 84% . 5 Exanple 9a: Pfepdr=T oa ofifa poI yacryl am de macr o- RAFT
agent with degree of o}

25, R3=C,4Hg

Acetone (230 mL), tetrapropylémmonium bromide (1.86 g, 6.67 mmol), and butanethiol
(9.3 mL, 7.8 g, 8.8 mmol) were added to a solution of sodium hydroxide (3.5 g, 88 mmol)
in water (12 mL), and the mixture was stirred in a stoppered flask for 20 min. Carbon
15 disulfide (5.7 mL, 7.2 g, 95 mmol) was added and the solution was stirred for a further 20
min. 2-Bromopropionamide (13.3 g, 87.5 mmol) was added and the mixture was left for
14 h. The reaction was acidified with 2M hydrochloric acid (50 mL) and the volume was
reduced to ca 100 mL by evaporation under reduced pressure. The residue was diluted
with water (400 mL) and extracted with ethyl acetate (400 mL). The organic layer was
20 washed with water (100 mL) and saturated sodium chloride (100 mL), dried with sodium
sulfate and evaporated to dryness under reduced pressure. The residue was dissolved in
ether (200 mL) and light petroleum (150 mL) and run through a 10cm diameter Buchner
funnel % filled with silica gel. The filtrate was concentrated to ca ¥z volume to give the
title compound as a crop of yellow crystals (15.7 g, 76%). The silica gel was washed with
25 ethyl acetate which was then combined with the mother liquors from the first crop of
crystals. The resulting solution was evaporated to dryness under reduced pressure and

partially purified by chromatography using ether/light petroleum. Recrystallisation from



pol yneri zation n = 15 using 2-am no-I|-nethyl - 2-oxoet hyl butyl
trithiocarbonate (25, R3 = C4H9) from Exanpl e 9.

2- Am no- IwoeBl§d91®- oxoet hyl butyl trithiocarbonate (25, RBCEATHRB)73§0.556
g, 2.34 nmol), 10

2,2' -azobi s{2-met hyl -N-[ 1, 1- bi s(hydr oxynet hyl ) - 2- hydr oxyet hyl ] pr opi onam de}
, (97 ng, 0.024 mol), acrylam de (2-%6-g, 35.2 mml), dioxane (15.2 g),
and water (5.01 g) were added to a 10 niL round-bottom flask. This was
capped with a rubber septumand swirled to dissolve the RAFT agent, and

t he resul dgo, 'tpﬁ%) u it
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Preparation f a non-ion I tabilised poly(butyl acrylate) using the
pol yacr yleébﬁrd]égh@(??rgl R‘RFé’?S e%“t%cjf rom Exanpl e 9a. 20 The pol yacryl am de
macr o- RAFT agent sol ution from Exanpl e 9a (4.40 g of soluti on cont ai ni ng
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bi s( hy&ir dxarepley?a:- Eremadaf@o«y ef laypolyneryiamidei marro-B. agentowﬂmdqam wf
di hl d Y
PO U RSl 1218wy LA e PR lgE o 2

sol ution Rm(gﬂgﬁgﬂ,p@aldpﬁ@erse the 25 RAFT agent and then stirred
magnetically while the flask contents were deoxygenated wth a stream of
bubbl ed nitrogen. The flask was inrersed in an oil bath at 75 and butyl
acrylate 51 L N ABo dabi did hpt fobh oy by a
conti nuou‘z’;ﬁ?fll gqqpmil %‘%tﬁﬂﬁﬁﬁlgnﬂ?o%qtdg@ 3 R %4%8);(?35%0% a further 3
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respective degrees of polynerization n = 25°and n = 13 using_ 2-am no-| -

net hyl - 2-toxdissolyd thig Tt agenhiand athp gesulting sejutiges veas deprygenpts bxbuhliagg. 5
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2, 2" - agobihed at §Eetibyh fdHed 2 h-tbieffédrypdlymerivatibyy | ) - 2- hydr oxyet hyl ] pr opi onani de}
(0.042 g, 0.102 mmol) and acrylamde (1.78 g, 25.1 mmol) in di oxane (10 Q)
and water (3.1 g) in a

Example 9b: Preparation of a non-ionically stabilised poly(butyl acrylate) using the

polyacrylamide macro-RAFT agent from Example 9a.

20 The polyacrylamide macro-RAFT agent solution from Example 9a (4.40 g of solution,
containing 0.524 mmol of macro-RAFT agent), 2,2'-azobis{2-methyl-N-[1,1-
bis(hydroxymethyl)-2-hydroxyethyl]propionamide} (0.105 g, 0.257 mmol), sodium
chloride (0.153 g, 2.62 mmol,) and water (80.0 g) were added to a round bottom flask
which was then sealed with a rubber septum. The solution was swirled to disperse the

25 RAFT agent and then stirred magnetically while the flask contents were deoxygenated
with a stream of bubbled nitrogen. The flask was immersed in an oil bath at 75° and butyl
acrylate addition was started with an initial shot of 0.10 g, followed by a continuous feed at
1.00 g/h for 2 h, followed by 5.97 g/h for a further 3 h to give a total addition of 20.0 g
(0.156 mol). Heating was continued for 1 h after the end of the monomer feed to allow the

30 polymerisation to reach high conversion.



50 nL round bottoned flask was stirred magnetically and sparged with
nitrogen for 5 mn. The flask was then heated at 80 for 1.5 h. At the end
of this pwpioads59s¢ yrene (2.02 g, 19.4 10 mml) was added roTtAm@2MI7ASk and
heati ng was continued at 80 for a further 20 h. The resulting copolyner
solution had 19. 7% solids. Exanple 9d: Preparation of a

pol y(styrene-co-di vi nyl benzene) suspengyon polyner using the macro- RAFT
agent from Exanple 9c. 15 2,2'-Azobis(isobutyronitrile) (0.48 g, 2.9 mmol),
was dissolved in styrene (41.3 g, 0.40 nol) and divinyl benzene (0.58 g,
4.5 mol in 50 I I

sol ution glp(!%t%.cl' ntra%r e?’g %fhkogl %? %@gﬁwﬁﬁﬁgbﬁﬁ?ﬁ%@sﬁrwg gcrrlgl lgggcT (1.7
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wat er (15 gy)ezZO wer e added_and the métsu#9 V@iﬁh tergnttert y shaken

vi gor ous metBylcd-oxoqihy} yyybrithipcarhonate he Famp t hus obt ai ned
was recycled through an Avestin Enulsiflex C50 honpgeniser operating at
15,000 psi for a period of 5 mnutes. The resulting emulsion was

t r ansfir reesoltriornof 3@nmiho-1 emettly o xaethesd butyd stithicnarhogetd (Ri28h gn0O83gemoDor 5
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particles with particle sjzes substantlally in the range of 1 to 10, "m (as
est i mat e§OyL roupidtbattomed dlask yps siérsedopegnietically gul wwémﬁsmﬁgg@éw A/ 01735
-78 Exa arat ( I Cifloy4 at e)
oo o T B TR R DAoL sl 08 o pcrod
2-am @- ln@sL) hyds-aZide@X@ﬂiehﬂdtskbaﬂd)Meaﬁﬁg Was eontihedait 807 74, a Rither 24 HO) The om
Exanple 9. 5 2-Am no-1-nge [0)'¢ OEtPé butyl trithiocarbonate (25, R3 =
C4AHI) (OTE%@H@COPQWWPIPUOHP 19.2%cwh $-2- met hyl pr opi onani di ne)

di hydrochloride (34 ng, 0.13 mmol), N, N di net hyl am noet hyl nethacryl ate
(DVAEMA) (0.956 g, 6.09 mmol), dioxane (2.25 g), and water (2.24 g) were
pl aced i rExanigle 9id: r Buephration ool pelg(styrehe-coidivihylhenzens) saspension padymebber

septum anu%uisg relggcrgwisa%kngrgg%%&e%ent and the solution was

15
2,2'-Azobis(isobutyronitrile) (0.48 g, 2.9 mmol), was dissolved in styrene (41.3 g, 0.40
mol) and divinylbenzene (0.58 g, 4.5 mmol), in a 250mL bottle using an ultrasonic bath.
When a clear solution was obtained, the diblock copolymer solution from Example 9c (1.7
g of solution; containing 0.33 g, 0.098 mmol of macro-RAFT agent), and water (157 g)

20 were added and the mixture was intermittently shaken vigorously over a period of 10
minutes. The crude dispersion thus obtained was recycled through an Avestin Emulsiflex
C50 homogeniser operating at 15,000 psi for a period of 5 minutes. The resulting
emulsion was transferred to a 250 mL round bottomed flask, sparged with nitrogen for 5
min, stirred with an overhead stirrer at 138 rpm, and heated to 70° in a water bath. The

25 reaction was continued at that stirring rate and temperature and under a nitrogen blanket
for 21 h. A dispersion of particles with particle sizes substantially in the range of 1 to 10

Om (as estimated by light microscopy) was obtained.
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10 deoxygenated by bubbling nitrogen through it for 5 mn. The flask was
then imrersed in an oil bath at 60 for 2.5 h for the polynerisation to
proceed. \EWanpb®19f: Preparation of a cationically stabil PseEdipobyBbut yl
acrylate) latex using the pol yDVAEMA nacro- RAFT agent from Exanple 9e. 15
The pol yDVMAEMA macr o- RAFT agent solution from Exanple 9e (2.47 g of
solution, containing 0.52 mml of nmacy®p- RAFT agent),

2, 2' -azobi s(2- net hyl propi onam di ne) di hydrochloride (71 ng, 0.26 mol),
32% hydrochl oric acid (0.210 g, 1.84 nmml), and water (80.1 g) were placed

in a rou m Kk |ch r and
swirled agp g‘ﬁ)gfs ﬁ?ﬁi’gr% \Qﬁqﬂ’(&?ﬁ (ﬁr eslﬁq%%%&g IIUI?P@%&\'Rggefﬁgiﬁygl rred
magnet i CHABT WAt ltwlii@ digpeey @Erlﬁﬂﬁﬂemmttbnanstzr Sausmg Daminet-methyben.

The flask was 1 mmer in an oil_ bath % ﬁ‘c’i‘ p/%yacryl ate addition
was star togqeth)slrbutmmt&pm@ﬁ'&n%f@% lUQj BN a continuous feed
at 1.00 g/h for 2 h, then by a feed at 5.97 g/h for a further 3 h to give

a total addition of 20.0 g (0.156 nol). Heating yas continued for 25
anot hey nmnnaf-imetm;ﬂez emmyﬂ butybtrnblnoarbondt@é'&ﬁ RO =C4HbMQ-288 pdi2}rampbat i on

2"[22&%&,%%@1@ nbpisaRes SRSk B mEbe tBomare) N k
SAS N-~ MW%&E&%&L@M@EM&% (. §96 A, 509UInk), dioxandi(Ras g),

hydr oxi de ( 1) in water ( 5 nlL) was added to cetone (78%‘%

f ol | owed angmaeqrr(a@mrowemwd}madﬂma@n\d@b%mg askg ask 338 capRs zyl
mer capt an I 9 Wt BheS fIEr 420 a n
di sul fi dé }"%’bfﬁ Ze{flnagsmr?ﬁd éolrﬁ;% r’rf) ﬁlv?/ag{Aaﬁd[dre%e ffo\o%% se, S?gggﬁnggg
bri ghto yedeb@geﬁ@tle@ lbyaﬁlbbllihg Aitlogén theduighrit fog Stinin. r’E]saJﬂaskngass’ﬂhbtuimmnrsécb in an

addi ti onal 2- br onopr o anoic acid (3.83 g 25 mol; 2.26 nL) was
added dr EBWRatRAH0 Kere.5 o ﬂ’@y\‘%’éls%t%antf’é’do"leﬁi 17 h. Acetone and

Example 9f: Preparation of a cationically stabilised poly(butyl acrylate) latex using
the polyDMAEMA macro-RAFT agent from Example 9e.
15
The polyDMAEMA macro-RAFT agent solution from Example 9e (2.47 g of solution,
containing 0.52 mmol of macro-RAFT agent), 2,2'-azobis(2-methylpropionamidine)
dihydrochloride (71 mg, 0.26 mmol), 32% hydrochloric acid (0.210 g, 1.84 mmol), and
water (80.1 g) were placed in a round bottom flask which was then sealed with a rubber
20 septum and swirled to disperse the RAFT agent. The resulting solution was then stirred
magnetically while being deoxygenated with a stream of bubbled nitrogen. The flask was
immersed in an oil bath at 60° and butyl acrylate addition was started. An initial shot of
0.10 g was followed by a continuous feed at 1.00 g/h for 2 h, then by a feed at 5.97 g/h for
a further 3 h to give a total addition of 20.0 g (0.156 mol). Heating was continued for
25 another hour after the end of the monomer feed to allow the polymerisation to reach high

conversion.

Example 10: Synthesis of benzyl 2-[(2-hydroxyethyl)amino]-1-methyl-2-oxoethyl

trithiocarbonate.

g



excess carbon disulfide were renoved under high vacuumuntil a cloudy
yellow m xture was obtained. This was diluted with water (100 ni) and

aci di fi edwaioglos®21M HCI. The 10 resulting yellow oil was exCradied1idnt o

et her, the conbined extracts were dried (Na2S®4) and the sol vent was
renoved under high vacuum The remaining viscous liquid was distilled
(80/0.13 Pa, Kugelrohr) to renove unreggted 2-bronopropanoic acid, |eaving
a 2- {[benzyl sul fanyl)carbonot hi oyl ] sul fanyl } propanoic acid as a vi scous
oil that solidified on standing (3.71 g; 54% . This conpound (13.6 mmol),
was dissolved in tetrahydrofuran (40 15 nL) and treated with

1,1 -carbonyldiimdazole (2.64 g; 16.3 nmol) portionwi se as a solid, and
then the AbQhfo8Ssodhinh h§rorldel(P @RS sty it water { §mIJCvas addedito dcetonR (70

| i beration ceased. The resulting solution was_then cool(gd to -50 and1
treated vk fellowed banicrapropylgmmpniupg bromigden(0.5% gp@0mmym }aﬁﬁﬁjt%%l. beiizy

reaction m xture S44 . i b ' 0 ure.
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;'1[)' ca_( §hivyl; 2&%&?&&3 addEGrISN AL M8 tHRVIRIO s AErrddl S8l Y BWARktont And1
). Triturdtion with hexane/ether gave the title conpound as a fine

| i ght yeldxovss patderdi§lfid® weye removes m&remgu vagm Hokl a ggmdy yellow mixture

Hozc, - onkie- o ke SRR MO b O L, R SRR R A L The
hydrox dereélﬁt-iﬁe% Ge1lAP ofl'ds) exiticta@lifto ethed, ik )continaiideltictsovare elried ¢NafSy) )

foll owed by tetrapropyl amoni um brom de (0.53 g; 20 nmmpl ) .and tlhen

t ent - but yand tkerselysnkiwas xemgved under high vaguum. nThe ferpging; visqons hagihvig a
white pregi.nj r ' L&H I Sacid Neavigpaly. 1. 67
1) v OisRGI0.fS PR ARl oAb 2 bbb fplnd a‘a‘?’s*sﬁﬁgg? Znd an
orange sof[btrizgutfanylparhondfhiey]selfanyt jipaepanhie acébad & ivisgousail that selidified an
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15 mL) and treated with 1,1'-carbonyldiimidazole (2.64 g; 16.3 mmol) portionwise as a solid,

and then the whole was stirred at room temperature for 30 min until CO liberation ceased.
The resulting solution was then cooled to —50° and treated with ethanolamine (1.00 g; 16.3
mmol; 0.98 mL) dropwise. The reaction mixture was stirred overnight while warming to
room temperature. The tetrahydrofuran was removed under high vacuum and the
20 heterogeneous residue was dissolved in ethyl acetate (80 mL) and washed with water
(2x40 mL). The organic layer was dried (Na;SO4) and evaporated under high vacuum to
give an orange liquid which was submitted to flash chromatography on silica (ethyl
acetate). The product was obtained as a yellow oil (0.91 g; 21%). Trituration with
hexane/ether gave the title compound as a fine light yellow powder (0.69 g).
25
Example 11: Synthesis of 3-{[(fert-butylsulfanyl)carbonothioyl]sulfanyl}propanocic

acid.

S
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added dropwi se and then the whole was stirred for 18 h. Acetone and excess
carbon disulfide were renoved under high vacuumto give an orange oil.

Thi s was wploawssdiai th water (100 nl) giving an agueous S®@CEtAWOORBSPH 4.
This was extracted with ether, the 10 conbined extracts were dried (Na2SO4)
and the sol vent was renoved under hi gh vacuum  The remai ni ng vi scous
orange oil was frozen in liquid nitroggmn-and kept in the freezer for 20 h
during which tinme a solid mass devel oped. The solid was triturated with
hexane with stirring for 2 h and then filtered, washing with nore hexane.

The titl
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Example 11a: Preparation of a poly(butyl acrylate) latex directly from 3-{[(tert-
butylsulfanyl)carbonothioyl]sulfanyl}propanoic acid from Example 11.

3-{[(tert-Butylsulfanyl)carbonothioyl]sulfanyl} propanoic acid (0.123 g, 0.517 mmol), a
20 25% aqueous solution of trimethylammonium hydroxide (0.187 g, 0.512 mmol), and water
(80.5 g) were placed in a 100 mL round-bottom flask and sonicated in a sonic bath for 5
min to dissolve the RAFT reagent. 4,4'-Azobis(4-cyanopentanoic acid) (83 mg, 0.30
mmol) was next added to the flask which was then sealed with a rubber septum and
swirled to disperse the initiator. The resulting solution was then stirred magnetically while
25 being deoxygenated with a stream of bubbled nitrogen for 5 min. The flask was immersed
in an oil bath at 60° and butyl acrylate addition was started. An initial shot of 0.10 g was
followed by a continuous feed at 1.00 g/h for 2 h, then by a feed at 5.97 g/h for a further 3
h to give a total addition of 20.0 g (0.156 mol). Heating was continued for another hour

after the end of the monomer feed to allow the polymerisation to reach high conversion.
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be understood to inply the inclusion of a stated integer or step or group
of integers or steps but not the exclusion of any other integer or step or
group of wotegsws or steps. 10 Those skilled in the art wPCII/AAppoessat e
that the invention described herein is susceptible to variations and

nodi fications other than those specifically described. It is to be
understood that the invention includesgiall such variations and

nodi fications which fall within the spirit and scope. The invention also
includes all of the steps, features, conmpositions and conpounds referred
to or indi ' hj if beakd ol eV I i nd
15 any angﬁ(gh?grgg%bfon%@i %ﬂgcgr 0 ir{;ﬂéé %ﬁglﬂggﬁd#nirsg%g’f éﬁsaa?{(? ugdt){é%)tg&gﬂﬁk ?legqt’ l?? es.
WO 03/ 0558KkaowiEtemanr 60dm3orm @2sug@bstibivghat that/prive tantofbrine paptrefpphe comgman
aqueous di sper.si on. qf pol . particles conprising the follow ng steps: 5
(i) prepag?ﬁﬁﬂznﬁw 5?51% SrIﬁ‘iﬂ@ing a continuous aqueous phase, a dispersed
organi ¢ phase conprising one or nore ethylenically unsaturated nononers,
and an _anphi philic RAFT agent as a stabiliser for said organic phase, and

(ii) pél ykeroughoy thisi seoification aud ¢heeelnipsewhich| follown simless she gomiergrayitesunder

the contrgl of i hi phi | T ..agent . toufor i . o rsion
of 10 por i, I FoRERAMBG i ke Rcn 8 RS, AR a A, e
di sper si obe @hdessteqt 1ol inplysthe igpradiedoty stated intégey ofstep botigioap ofintegepddrnBiégsi C
RAFT agent in water and pol yneri sing added ethylenically unsaturated
mononer uRdeiot isexelysiopot apy othepiniGEshoT e Prerpuaf IEFERtS Or 88508 The met hod

according to claiml1l, wherein the dispersion of step (i) is prepared by
form ng a conposition conprising water insoluble anphiphilic RAFT agent and
et hyl dfi c@Thbse skilkedtintlat @t wilb appreciateaiad tlhoimvemtiongdesthileddengings fusceptibiet to

water. 20 4, The th accordjng,to,claim.3, rei. .RAET agent i.s

i ssol vedvRitORLAREPd s ey o geraredierly Sregifed it o g longc

met hod ac g feRfvenBiof itiulled all WHEH RirRtibRCardi AHE@FiStRAs WhidH BA Within tiR Piapar ed

by formng a conposition conprising water insoluble anphiphilic RAFT agent

and wat er and scope. The invention also includes all of the steps, features, compositions and
compounds referred to or indicated in this specification, individually or collectively, and

15 any and all combinations of any two or more of said steps or features.



25 and conbining this conposition with ethylenically unsaturated nonomner.

6. An anphi philic RAFT agent of general fornula (4a) WO 03/055919

PCT/ AU02/ W0 M3H559183- --(X)n R S C Z (4a) where each X iPSTiAtdependently a
resi due of a polynerisable nononer; nisltol00; 5 R is -CH(CH3) COOH,

- CH( CO2H) CH2C2H, or - CH(CH3) CONRaRb, where Ra and Rb are the sane or
different and independently selected faggm H, Cl1-C6 al kyl, Cl1-C6 al koxy,
C6-Cl2 aryl, C7-C18 al kylaryl or C6-Cl2 heteroaryl, each of which is
substitut ed with one or nore hydrophilic groups selected from -CO2H,

C%H@OSCBH - SOR, -S&2R, -OP(OH)2, -P(OH)2, -PQ(CH)2, -OH,
-CR ( R) WOH, -CONH2, 10 CO\IHR CONRR', -NRR', -NtR R'R"",
where Ris sel ected from Cl-C5 al kyl, wis 1 to 10, R, R' and R'' are

i ndependent | y ele from,Cl-C6 a and, Cl ch are.
e | e b S S D PR Al i e oc
from -COZfEL ,%q%é}gs -OSMBH, -0OH, -(COCH2CHR) WOH, - CONH2, -SOR and SCO2R,
and salts thereof and 15 Z is selected fromoptionally substituted al kyl,
opti onal | ) subpreparinges dispersion bpting madnjingenss aqueque dhasey Radikyarsedogrerginal 1 y

substituted al kyl t hi t | ] ubst t I

sﬂb:t: tﬂt gd :r a3t k%lﬂ%émisg“gl %ﬁg pﬁogﬁzqtb)z}gél(é%s’f |qjtn¥ &Eg‘lt acy ogl%h%g@ A}Qé AP RAFT
agent of gener ghpHiphiliv [RAK B adenBad i stalitiser Zor sl driganic phdisef andR1 i S

- CH( CH3) COOH, CH(CozH)CHZCozH or - RaRb, where Ra and Rb %re t he

same or dfiDf er BAlYMERAHNE rfgich @A it Myres é‘ﬁ%’@{l@all}’ rURtirates menomessy poder ¢

control of said amphiphilic RAFT agent to form said aqueous dispersion of

10 polymer particles.

2. The method according to claim 1, wherein the dispersion of step (i) is prepared by
forming a solution of amphiphilic RAFT agent in water and polymerising added
ethylenically unsaturated monomer under the control of the amphiphilic RAFT agent.

15
3. The method according to claim 1, wherein the dispersion of step (i) is prepared by
forming a composition comprising water insoluble amphiphilic RAFT agent and

ethylenically unsaturated monomer, and combining this composition with water.

20 4. The method according to claim 3, wherein the RAFT agent is dissolved in

monomer, optionally together with organic solvent.
5. The method according to claim 1, wherein the dispersion of step (i) is prepared by
forming a composition comprising water insoluble amphiphilic RAFT agent and water,

25 and combining this composition with ethylenically unsaturated monomer.

6. An amphiphilic RAFT agent of general formula (4a)



WO 03/ 055919 PCT/ AU02/ 01735 -84 Cl1-C6 al koxy, C6-Cl2 aryl, C7-Cl18

al kyl aryl or C6-Cl2 heteroaryl, each of which is substituted with one or
nor e hydrwphiloszoigr oups sel ected from -CO2H, -COR2R , - SBIRCTAUOSBLBS - SOR
-S2R, -OP(OH)2, -P(OH)2, -PQ(OH)2, -OH, -OR, -(OCH2-CHR),-0OH, -CONH2,
COHR, CONRR', -NRR', -NHR R'R'"", where Ris selected fromCl-C6 al kyl,
5wis 1to 10, R, R' and R'" are indefndently selected from Cl-C6 al kyl
and C6-Cl12 aryl which are optionally substituted with one or nore

hydrophi |l i c substituents selected from- CO2H, -SO3H, -0SG3H, - CH,

- (COCH2CHR) W OH, - CONH2, -SOR and 8025,_61_ s_al_t@ thereof; and Z is
selected fromoptionally substitut ed/ I kyl(, Poptibnal ly substituted aryl,

10 optionally substituted aryl go_lgx_l optionally substituted al kylthio,
optionally substituted arylth ,_"o(\p{i onal Iy substituted aryl al kylthio, and
optionally substituted acyl am no. 8.NA nethod of preparing RAFT agents by
conjugate addition of a dithiocar bony4Z conpound to an a, P-unsaturated
carbonyl or thiocarbonyl conpound. 15 9. The nethod according to claim$8
conprising the conjugate addition of conmpound of formula (1): S // Z C
SM (1) 20 where Mis hydrogen, an or(‘gaa?ni c cation, or a netal and Z is any
group that can pronote sufficient reactivity of the thiocarbonyl group
towards radical addition while not slowing the rate of fragnmentation to

t he extent thawheieesach Xsis indepemisntip b eesidieart dqpolyonerzhblepodnomeerj sat i on, to

t he doubl e bongiso{ tc)Cf)d’ggound of formula (I1): 25 WD 03/055919 PCT/ AU02/ 01735
-85 ?

5 R! is -CH(CH;)COOH, -CH(CO,H)CH,CO,H, or -CH(CH3)CONR®R®, where R®
and R® are the same or different and independently selected from H, C;-Cq alkyl, C;-Cs
alkoxy, C6-Ci2 aryl, C7-Cys alkylaryl or C¢-Cy, heteroaryl, each of which is substituted
with one or more hydrophilic groups selected from -CO,H, -CO,R’, -SO3H, -OSO;H, -
SOR’, -SO;R’, -OP(OH),, -P(OH),, -PO(OH),, -OH, -OR’, -(OCH,-CHR),,-OH, -CONH,,

10 CONHR', CONR'R", -NR'R", -N"R'R"R", where R is selected from C;-Cg alkyl, wis 1 to
10, R', R" and R" are independently selected from C;-Cs alkyl and Cs-Cy; aryl which are
optionally substituted with one or more hydrophilic substituents selected from —CO,H, -
SO3H, -OSO3H, -OH, -(COCH,CHR),-OH, -CONH,, -SOR and SO,R, and salts thereof;
and

15 Z is selected from optionally substituted alkyl, optionally substituted aryl,
optionally substituted arylalkyl, optionally substituted alkylthio, optionally substituted
arylthio, optionally substituted arylalkylthio, and optionally substituted acylamino.

7. A RAFT agent of general formula (5a)
s—R’

/
S—=

N

z

20 (5a)
where R! is -CH(CH3)COOH, -CH(CO,H)CH,CO,H, or -CH(CH;)CONR?R®,
where R? and R® are the same or different and independently selected from H, C;-C, alkyl,



RBEWG CC R4~ Rs (Il) where EWGis an el ectron withdraw ng group
selected from-C2H, -CQ2R2, - COR2, -CSR2, -CSOR2, -COSR2, -CN SO02R2,
- SOR2, - GUNH3/0559CONHR2, - CONR22; 5 R3 is sel ected from H, PCI/Al0abkih, or
together with either RA or EWc forns a -C(O) - 0O- group; R4 is selected from
H Cl1.6 alkyl, aryl, heteroaryl, -CO2H, -C02R2, -COR2, -CSR2, - 10 CSCOR2,
-COSR2, -CN-S02R2, -SOR2, -CONH2, -CONHRR; -CONR22; and R5 is selected from
H Cl1.6 alkyl, aryl, heteroaryl; wherein R2 is selected fromthe group
consisting of optionally substituted C1-C18 15 alkyl, optionally
substitut @3 - (§2alkd By, abF—@})"arylo@%-@ﬁahﬂ(%laﬁﬂb&‘: Ugialgqle@ém&rfﬂ OpdchOBRNhich is

e heteroary ed carbocyc
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8. A method of preparing RAFT agents by conjugate addition of a dithiocarbonyl

compound to an «,f-unsaturated carbonyl or thiocarbonyl compound.

15
9. The method according to claim 8 comprising the conjugate addition of a compound
of formula (I):
// S
Z— C
SM @
20

where M is hydrogen, an organic cation, or a metal and Z is any group that can promote
sufficient reactivity of the thiocarbonyl group towards radical addition while not slowing
the rate of fragmentation to the extent that there is unacceptable retardation of
polymerisation, to the double bond of compound of formula (II):

25



consisting of optionally substituted Cl1-Cl18 al kyl, optionally substituted
C2-C18 al kenyl, optionally substituted aryl, optionally substituted

het er ocycWwgloz/osque onal | y substituted 5 aral kyl, optional pgTsubgniBsit ed

al karyl. 11. The nmethod of any one of clains 1 to 5 wherein the anphiphilic
RAFT agent is of general formula (4): SC/ \ Z 10 (4) where each X is
i ndependently a pol yneri sed resi due of -8h-ethyl enically unsaturated
nononer, n is an integer ranging fromO to 100, Rl is an organi c group
optional Iy substituted with one or nore hydrophilic groups and Z is any
group that can pronote suffi mﬁmt reac i@y of the thiocarbonyl group
towards radical addition while not 15 sjowng the rate of fragnentation to
the extent that there is unaccepbabl e Fetardation of polynerisation. 12.
The net hod according to claim 11 Werdin Rl is sel ected from Cl-C6 al kyl,
Cl-C6 al koxy aryl or het eroaryl/ each f V\/mch i's substltut ed with one or

nore hydrophilic groups 20 sq#ect ed fr 1 SBH, - OSCBH,
_SOR , -SCRR ., -OP(CH)2, -P(O2, PO 2, OH CR' (ZOCH2 CHR) W OH,
_CONH2, CONHR , CONR R', -NRR', - MR R'R'", where Ris selected from

Cl- 6 al kyl, wis 1 to 10, R R and R’ are i ndependent |y sel ected from
al kyl and aryl whereFWG ds apt ¢legiean wth@bmnggltoan sglectedofiemotCOAL r-€02R%,

(oot e R B C BRSO SR iR B, 1O LR CBRR'S Y 2 1

selected fromoptionally substituted aryl, optionally substi tuted

het erocycl yl, opt.ionall substituyted arylalkyl optlgn | substltuted

al kyl thi o, opti qulgptg%@gmlﬂ Srisliarlyardogepher yith ef %éi@rms a—C

PCT/ AU02/ L 7g2§u - 87 di al koxy- or diaryl oxy- phosphi nyI [ P(=0 OR22],

di al kyl - or aPr’ - phosphinyl [- P(=0) R22], optionally substituted

acyl am no, opti onal |y substi tuted acylimno, optionally substituted am no,

R-(07-S and g2 pol S SRR b S CardY, el R TeoME 8ok csme, -

10 CSOR?, -COSR?, -CN-SO,R?, -SOR?, -CONH, -CONHR?, -CONR?; and
R’ is selected from H, Cy.¢ alkyl, aryl, heteroaryl;

wherein R? is selected from the group consisting of optionally substituted C;-C;g

15 alkyl, optionally substituted C,-C;s alkenyl, optionally substituted aryl, optionally
substituted heteroaryl, optionally substituted carbocyclyl, optionally substituted
heterocyclyl, optionally substituted aralkyl, optionally substituted heteroarylalkyl,
optionally substituted alkaryl, optionally substituted alkylheteroaryl and polymer chains
wherein the substituents are independently selected from the group consisting of

20 alkyleneoxidyl (epoxy), hydroxy, alkoxy, acyl, acyloxy, formyl, alkylcarbonyl, carboxy,
sulfonic acid, alkoxy- or aryloxy-carbonyl, isocyanato, cyano, silyl, halo, amino, including

salts and derivatives thereof,

10.  The method according to claim 9, wherein Z is selected from optionally substituted
25 alkoxy, optionally substituted aryloxy, optionally substituted alkyl, optionally substituted
aryl, optionally substituted heterocyclyl, optionally substituted arylalkyl, optionally
substituted alkylthio, optionally substituted arylalkylthio, dialkoxy- or diaryloxy-
phosphinyl [-P(=O)OR22], dialkyl- or diaryl- phosphinyl [-P(=O)R22], optionally



X and n are as defined herein or in claim1ll, and R2 is selected fromthe
group consisting 5 of optionally substituted Cl-C18 al kyl, optionally
substit utwo 0@8518 al kenyl, optionally substituted aryl, PoOptAtonal 13y
substituted heterocyclyl, optionally substituted aral kyl, optionally
substituted al karyl. 13. The method of any one of clains 1 to 5 wherein the
anphi philic RAFT agent is of 10 genera86fornula (4): SC/ \ Z (4)
wherein X, n and Z are as defined in claim 11l and wherein RL is an organic
group 15 substituted with one or nore hydrophobic groups. 14. A method of
prepar i ng sgbspidited acyldrhin] optRMARE siEstitRéd A linfho, SptioAdlly SiIRfuted 4fino, and
preparing a dispersion according to any one of claims 1 to 5 and conbining
t he di spe@spdrmenich#incloamed hyopry mechenismi swhereigdnisnselected fom the gaoum |
filler, a LNe, LhEr10r t~ CONMPi.Si . LS ' f ~polyner
particl esqglﬁszéﬁ%l e(gp{)é#sglglclg rsggﬁglé@%qlh@‘[sh%kﬂétg ﬁtcl)%agl? %ﬁ%’/&tj&%g g? & %1]% ol o
5. optionally substituted aryl, optionally substituted heterocyclyl, optionally substituted

5 aralkyl, optionally substituted alkaryl.

11.  The method of any one of claims 1 to 5 wherein the amphiphilic RAFT agent is of

general formula (4):

S—X)—R'

/

S——=C

AN

p4

10 )
where each X is independently a polymerised residue of an ethylenically
unsaturated monomer, n is an integer ranging from 0 to 100, R! is an organic group
optionally substituted with one or more hydrophilic groups and Z is any group that can
promote sufficient reactivity of the thiocarbonyl group towards radical addition while not
15 slowing the rate of fragmentation to the extent that there is unacceptable retardation of

polymerisation.

12. The method according to claim 11 wherein R! is selected from C;-Cg alkyl, C;-Cg
alkoxy aryl or heteroaryl, each of which is substituted with one or more hydrophilic groups
20 selected from -CO,H, -CO,R’, -SO3H, -OSO;H, -SOR’, -SO;R’, -OP(OH),, -P(OH),, -
PO(OH);, -OH, -OR’, -(OCH,-CHR),-OH, -CONH,;, CONHR', CONRR", -NR'R", -
N'R'R"™R", where R is selected from C;-Cg alkyl, w is 1 to 10, R', R" and R"™ are
independently selected from alkyl and aryl which are optionally substituted with one or
more hydrophilic substituents selected from -COH, -SOsH, -OSOsH, -OH, -
25 (COCH,CHR),-OH, -CONH,, -SOR and SO;R, and salts thereof, and wherein Z is
selected from optionally substituted aryl, optionally substituted heterocyclyl, optionally
substituted arylalkyl, optionally substituted alkylthio, optionally substituted arylalkylthio,
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dialkoxy- or diaryloxy- phosphinyl [-P(=0)OR?%], dialkyl- or diaryl- phosphinyl [-
P(=0)R?%], optionally substituted acylamino, optionally substituted acylimino, optionally
substituted amino, R'-(X)4-S- and a polymer chain formed by any mechanism; wherein R;
X and n are as defined herein or in claim 11, and R? is selected from the group consisting
of optionally substituted C;-Cyg alkyl, optionally substituted Cp-Cjq alkenyl, optionally
substituted aryl, optionally substituted heterocyclyl, optionally substituted aralkyl,
optionally substituted alkaryl.

13. The method of any one of claims 1 to 5 wherein the amphiphilic RAFT agent is of
general formula (4):

S—(X),—R'

/

§——=C

AN

z
4)

wherein X, n and Z are as defined in claim 11 and wherein R! is an organic group

substituted with one or more hydrophobic groups.

14. A method of preparing a paint, filler, adhesive, primer or sealant comprising
preparing a dispersion according to any one of claims 1 to 5, and combining the dispersion

with one or more formulation components.

15. A paint, filler, adhesive, primer or sealant comprising a dispersion of polymer

particles prepared in accordance with the method of any one of claims 1 to 5.



