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OF THE I NVENTION 5 The present invention relates to aqueous 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
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nmononer, priyid 6F PAE fioNat or. The enul sion pol ymerisation process
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PCT/ AU02/ 01735 commerci al uses, current emul sion polynerisation technol ogy
presents sone inherent

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



probl ens. For exanple, when a dispersion, or product prepared froma

di spersion, is applied to a surface and dries to forma film as with a
pai nt, frweosusactant in the dispersion can tend to m grarTauwoe/otiie
surface and | ocalise in pockets, thereby adversely 5 affecting the surface
properties of the film particularly in the area of water sensitivity.

Al so, polynerisation is typically achLgved by a classical free radical

pol ynmeri sation process which has a limted capacity to effectively control
bot h nol ecul ar wei ght and architecture of the resulting polyner, and no
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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 I0OP 5 chain transfer n

P,; + X XWOR3ksddo UM z k add reinitiation nononmer (M R PETAVRMIBRAI N
equilibration PM+X > /X-P, UMterm nation P n+Pm dead polymer z (3) z UM
Schene 1. Proposed nmechani sm of RAFT polynerisation z P,-XX-R kB _ Pm X\
XtRz z PmX\ X-P, PmX X+Pn -3-

)]
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



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

pol ymer awoOmsmsixgw to schene 1 is believed WO 03/ 055919 - 4PPTRAUAROLIBOL735 to
be reliant upon equilibria that require high rate constants for the
addition of propagating radicals to agent (1) and the fragnentati on of
Internmedi ate radicals (2) and (3), relative to the rate constant for
propagation. 5 The rate constants associated with RAFT pol ynerisation are

i nfluenced by a conplex interplay between stability, steric and polarity
effects jn th rAal: Ry ' i Aokl
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and be honogeneoqusly distribut g)d agog&at |l particles. To achi eve these
condi t i oABY PHURNATSYSGENRASIRBYF PR ILEHMPEY - ent | y wat er - sol ubl e so as to
diffuse froma nonomer droplet to a nucleated polyner particle in a tine
frame that is nuch faster than the duration of the polynerisation and
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but tii s poiyEnciishtidit pobedses, AetficaNies havPbadt exdundfed in using the technology in

emulsion, miniemulsion, suspension polymerisation processes and the like. Successful

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



Al ternative nodes of perform ng an emul sion pol ynerisation, such as

m ni emul si on or seed emnul sion techni ques, have recently been shown to

al | evi at ewproolosams associ ated with the diffusion of RAFTPagattog/0173s bot h
cases, the RAFT agent can be directly and WO 03/055919 5 PCT/ AU02/ 01735
uniformy introduced to the polynerisation loci prior to starting the
reaction, thereby satisfying the aforgnrentioned requirenents. Such

t echni ques have been shown to provide superior control over the

polymeri sation process conpared with classical free radical
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preparin LSpersio [ { nuous aqueous phase, a di spersed
organic ﬁ}?ﬁ%fg%f(%?ﬁ?ﬁ %nﬁgt\%(?%@rng@n%%% et hyl eni cal |y unsaturated nononers,
and ag anphiphilic RAFT agent as a stabiliser for said organic phase, and

(i1) polynerising said one or nore ethylenically unsaturated nononers under
the 25 control of said anphiphilic RAFT agent to form said agueous

di sper si NVENEON! N @ second aspect the present invention
SERIALARY OF HHE ARV R

provi des an anp nt of general formula (4a)

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)



WO 03/ 055919 PCT/ AU02/01735 6 S (X)n R, S=C z (4a) where each X is

i ndependently a residue of a polynerisable nononer; nis 1to 100; 5 R is
- CH( CH3) GROH3/058IH{ CO2H) CH2CO2H, or - CH( CH3) CONRaRb, wher e PRA/AtaRM1BH ar e
the sane or different and independently selected fromH, Cl-C6 al kyl,

Cl- C6 al koxy, ©C6-Cl2 aryl, C7-Cl18 al kylaryl or C6-Cl2 heteroaryl, each of
which is substituted with one or nore-fAydrophilic groups selected from
-C2H, -C®2R, - SO03H, -0OS8H, -SOR, -SXZR, -0OP(OH) 2, -P(CH)2, -PQOH) 2,
-OH -OR, 10 (OCH2-CHR)WOH, -CONH2, CONHR', CONR R', -NR R', -NM+R R'R"",
where R is selected fromCl-C6 al kyl,_W_} 110, R‘ R' and R'' are

i ndependently sel ected from Cl-C6 %yl Q@B ?%:12 aryl whi ch are
optionally substituted with ong Qr Jror e hydrophilic substituents sel ected
from-CO2H, -SGBH, -0SMH, -0OH” ™~ (POOH2CHR) W OH, - CONH2, - SOR and SC2R,
and salts thereof; and 15 Z is selec afd fromoptionally substituted al kyl,
optionally substituted aryl, optionarly substituted arylal kyl, optionally
substituted alkylthio, optionally substituted arylthio, optionally
substituted arylal kylthio, and opti OF%)I y substituted acylamno. 20 In a
third aspect the present invention p i des a RAFT agent of general formula
(5a) /S -R~ S=C (5a) where Rl is -CH(CH3)COOH, -CH(CO2H) CH2CO2H, or

- CH( CH3) CONRaRb, WD 03/ 055919 7 PCT/ AU02/ 01735 where R and Rb are the sane
or different awheneredelenelmdepgmbeﬂlmr@diuﬁoé epblyn@irisable monomer;

nis 1 to 100;
5 R! is -CH(CH3)COOH, -CH(CO,;H)CH,COH, or -CH(CH;)CONR’R®, where R®
and R® are the same or different and independently selected from H, C;-Cg alkyl,
C;-C¢ alkoxy, C6-Cy2 aryl, C7-Cyg 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?,



C6 al kyl, Cl1-C6 al koxy, C6-Cl2 aryl, C7-C18 al kylaryl or C6-Cl2 heteroaryl,
each of which is substituted with one or nore hydrophilic groups sel ected
from - COAWP 03/0802R , - SCBH, -0OSABH, -SOR , -S2R , - OP( OHpZTI/AUBLHBZ,
-POCOH) 2, -OH 5 O0OR, -(OCH2-CHR)WOH, -CONH2, CONHR, CONR R', -NR R,
-NHR R'R'", where Ris selected fromCl-C6 alkyl, wis 1 to 10, R, R' and
R'" are independently selected from Cy-C6 al kyl and C6-Cl2 aryl which are
optionally substituted with one or nore hydrophilic substituents sel ected
from-CO2H, -SOG8H, -0OSMBH, -OH, - (000H2CHR) W OH, -CONH2, -SOR and SO2R,

and sal ts thetgafs pajh %?ga/ﬂ%,thésétﬁé%%ﬁf&érﬁ ) ffeh@RRhY SRS ot BACR! ky!

optionally sub optronally su fed arylalkyl, opfionally

substituted aldgylityj ©;-CoplkoRnali-C1, ayh<iC gtabiylaylydn Gi-C 2 kyieroanylldagh of

substituted aryl al kylthjo, .and optional | uhstituted .acylamnm no It is
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or seqy - sol i d Zagpserdds floaeVptiopalli esubstitutedualkyhs opligrilint sybstisttabiarylser s
and plasticisers. The organi ¢ phase may al sqg be a pol yphasjc system.. such
as a WD 03/ 053ptignalypsebsiinted o ariakiat 8Pt-1(?‘}3rﬁ25i F“léﬁﬁkﬁ’rtg‘i/o%iyw&r PRA0BIY g ani ¢
phase is a |iqyd; IHBRE TopifHalFRb YRR ey 1k b, 85 bRickalIF Bussiitsd on.
When the or ga%ﬁia&%%tgggﬂél@ﬂg@gﬁ% or sem%-ts%g>{|ag|&t hen theﬁldi s%elrlsi on may be
referred to ascglamihd.oi dal suspension. In the surface coating field such

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



col |l oi dal suspensions are often referred to as enul sions, and the process
for preparing them5 is called enul sion polynerisation, although a nore
accur at e wergios19 t he final aqueous dispersion of pol ynePCpaxtioeoiss is

"l atex". As used herein, unless otherw se stated, the term "anphiphilic
RAFT agent"” refers to a RAFT agent that has a structure with both

hydr ophi I i ¢ and hydrophobi c regions sugh that 10 the agent exhibits
surfactant |ike properties. As used herein, unless otherwi se stated, the
term"stabiliser” denotes an anphiphilic conpound capable of stabilising a
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phase)). ki fpeanemsigughttnrdike pdpeatiesor mi ni enul sion techni ques the

stabilization by the anphiphilic RAFT agent is believed to occur, at |east
initially, in much the same way as conventional surfactants or stabili zing

agents. 0 t i h ORtBiaNt AGRRYSAY aRiphiphdas t he
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15 stabiliser may also be referred to as an emulsifier.

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



5 The present invention contenplates a nethod for preparing a wide array of
aqueous dispersions of polyner particles. In particular, the nethod is
parti cul awby3ssioied to preparing dispersions for use in parmyo2eeasant,
primer and adhesive applications. The nmethod of the present invention can
be used in conventional enulsion, mnienulsion 10 and suspension

pol ynmeri sation processes. In all such-processes it is preferred that the
anphi philic RAFT agent does not associate with or stabilise reservoir
nononer droplets in the aqueous phase that ultinmately are not destined to
devel op int J Aag=l i cle.. i bitid | _tiRat
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association or stabiljsation of reservoir nononer droplets, the way in

whi ch t heomrolled palygierisatiptist ep (i) of the nethod of the present invention is
prepared may vary dependi ng upon the polynerisation nethod enpl oyed. For
exanpl e, in conventional enulsion polynerisation it is preferred that the
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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



5 If additional anphiphilic RAFT agent is added during the conventional
emul sion polynerisation of new or growing particles, it is also preferred
t hat t he wopbiopid i c RAFT agent is water sol uble and tharcCrhaor/atss of
addition of nonomer during the addition of anphiphilic RAFT agent is
limted so as to avoid formation of reservoir nononer droplets 10 in the
aqueous phase. The nethod of the preseritd- nvention, when applied to
conventional enulsion polynerisation, preferably carried out as a
continuous or sem -continuous addition process rather than as a batch
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nmet hod _of the present invention is prepared by formng a conposition
conpri 8i ng water insoluble anphiphilic RAFT agent and ethylenically

unsat ur at r RAFY [,S:C It ks it P bly,
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RAFT agents, It

I's beli'eved that the agents essentially becone

i rrevéPsiinlthe agwous piasel wi t h t he nononmer and are effectively prevented from
mgrating individually through the water phase. As discussed above, this

ef fect reduces the potential 30 for the agents to associate with or
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pr onotl 6 ngsituagion where amphiphilic RAFT agent can associate with 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.



formati on of a dispersion, such as applying shear to the conbined
conposition, are well known in the art. In the case of formng a

conposi t iwp 0PI Si ng wat er i nsol ubl e anphi philic RAFT agenmtvoandr3sat er,
it may be necessary to subject this conposition to neans for formng a
di spersi on before the conposition is conbined with ethylenically 10
unsat ur ated nonomer. Generally, a waterllinsol ubl e anphiphilic RAFT agent
woul d not forma clear solution when added to water. 15 In the case of

m ni emul si on and suspension polynerisation, it is also preferable that
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Accordingly, in contrast to a conventional emulsion process, it is
preferable that these processes are carried out as a batch process.
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a continuous addition process through addition o urther NonMer
anphi phi | kroveniy theyerit . Inhee pase hefs orniing: anemaprsition camprising efaterainkeluble add

wat er 25 fic RO t t.hat the addition qccurs, at such. a tine
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n achj eve further nononer and water soluble RAFT agent can be

has b :

added?ﬁo WA eE IOBAMe, st em  However, in this case it is preferred that
nmononer i s added at such rate to avoid formation of free nononer droplets
while there are 30 still water soluble RAFT agents present. WD 03/055919
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m ni emul sj Hé]naa}@g ?usgtensi on polynerisation, it is also possible to

i ncor porate pr % efiol ymer and/or solid particles wthin the dispersed
phase of polyner particles. Furthernore, although |less preferred, it is

al so Possi bl e to conduct minienulsion polynerisations in the presence of
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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.



formula (4): /S (X),,-RL SQ z 10 (4) where each X is independently a

pol yneri sed residue of an ethylenically unsaturated nononmer, n is an

i nt eger raogBngsdirom 0 to 100, preferably from O to 60, mpeo/AeHeEnBabl y
fromO to 30, RL is an organic group optionally substituted with one or
nore hydrophilic groups and Z is any group that can pronote sufficient
reactivity of the thiocarbonyl group lptowards radical addition while not
slowing the rate of fragnentation to the extent that there is unacceptable
retardation of pol ymerisation. Preferred RL groups C1-C6 al kyl, C1-C6

ol S P e S S P PRI R
- S2R', ngﬁloﬁ R Qﬂl% IyssBQtQ"%c?orpoﬁé , prefained pémaﬂﬂa} solfdparti€leNH2,

CONHR' , ' , where Ris selected from Cl- C6
al kyl , wmﬁuuthecdlmrsedzphaw ofzpelyrier pagiicde m@s@m&énalwugléleéw@fm%%% kyl

and aryl |ch 0 C
Subst 1 { udhPreEP Ll ﬁnl%eéﬁﬁ?o%séﬁiﬁgﬂ%%ﬁiﬁpﬁaﬁeﬂ?%és Rl

- CONH25  -apRiphilic RAER, ageftd. sal ts thereof. Particularly preferred RL groups
i nclude, but are not limted to, -CH(CH3)CO2H, -CH(CO2H) CH2CO2H, 25

C(CH3) 2CO2H. Preferred Z groups include, optionally substituted al koxy,

opti onal | i fﬁ?ﬁ:'ﬁﬁ'ﬁg Vélf?@ébﬂe f&pﬁsb%ﬁielﬁfes%ﬁpﬁ%ﬁtiﬂneﬁclﬁhéﬁﬁbse @ﬂ{édn@fé@' ly
substituted a , optl y substituted "heterocyclyl, optionally
substituﬂbﬂmﬂa%balkyl optlonally substituted al kylthio, WO 03/055919 -13
PCT/ AU02/ 01735 opti onal |y substituted aryl al kyl thio, dialkoxy- or

di aryl oxy- phosphinyl [-P(=0 OR22], dialkyl- or diaryl- phosphinyl

[-P(=O R22], optionally substituted ag yLagrpQ*_thlonally substituted

acyl i m no, optlonally substituted agrno (X)"-S- and a pol ymer chain
formed by any mechani sm wheress=RIC, X and n are as defined above and R2 is
selected 5 fromthe group consisti ng\of optionally substituted Cl-C18

al kyl, optionally substituted C2- Cl18%al kenyl, optionally substituted aryl,
optionally substituted heterocyclyl, optlonally

10 )

where each X is independently a polymerised 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,



substituted aral kyl, optionally substituted al karyl. Particularly preferred
Z groups include, 4(CO (CH2)egH2 but are not limted to, -CH2(C6HS),

Cl- C20 alwwglo3/ossomhere e is 2 to 4, and -SR3, where R3 ispPsglAwmeed3fr om Cl
to C20 al kyl. 10 Preferred optional substituents for R2 and Z groups

i ncl ude epoxy, hydroxy, al koxy, acyl, acyloxy, carboxy (and salts),
sulfonic acid (and salts), alkoxy- or_gyyloxy- carbonyl, isocyanato,

cyano, silyl, halo, and dial kylamno. 15 In selecting both RL and Z groups
for amphi philic RAFT agents of fornmula (4), those agents resulting from

oyt oul aPigpaly crbrRgd C“Eﬁ{y'l%wﬁrﬁé%ﬁﬂpﬁ Pt SRRy BB EDIORL,
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agents incl dde those of ove in ch R1L is, an organic, group,
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rings inc not "imted to benzene, |§€ e t er phenyl ,
quat er phenyl , napht hal ene, 30 t et rahydr ona3tEOUCERRG HEOHCERR 1 benzyl. napht haI ene,
ant hr aceat ardlnhyhlmdedltOhr@HE(ﬁ?eHs), Cekzankik acene, di benzaWheie£deRdo 4, an

phenant hr gcen ne enyl pyri di ne, WD 03/055919 -14

PCT/ AUOZf@%?é@efé)%ﬁéﬁ%g\%% g} Pot(Fﬁ lﬁ@ne benzot hi ophene,

napht{got hi ophene, thianthrene, furan, benzofuran, pyrene, isobenzofuran,

chronmene, xanthene, phenoxathijin pyrrol e, Iim d zoI e, g razol e ﬁ Zi ne,
maﬁ ALkeRY: ABY

pyri i di Reefepgd p aubstitugatsdor Rnapd ZArAwps inglgs S 8RNy, hydrore i ne,
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car bol i ne i ne,”acridi ne, phenan rollne phenazi ne,
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15 In selecting both R! and Z groups for amphiphilic RAFT 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,



and the |like, each of which may be optionally substituted In this
specification "optionally substituted" neans that a group nay or may not be
further wowssuwe ed with one or nore groups sel ected fromCTAX200B35]1 i m ted
to, alkyl, alkenyl, 10 al kynyl, aryl, halo, hal oal kyl, hal oal kenyl,

hal oal kynyl, hal oaryl, hydroxy, alkoxy, al kenyloxy, aryl oxy, benzyl oxy,

hal oal koxy, hal oal kenyl oxy, acetyl enq,jqcarboxi mdyl, hal oaryl oxy,

i socyano, cyano, fornyl, carboxyl, nitro, nitroal kyl, nitroal kenyl,

ni troal kynyl , nitroaryl alkylanino dialkylanino al kenyl am no,

al kynyl am no, di ar 0, benz m
al kgngl i ?r'iﬂ%@nylﬁff ﬂ?fl i Hlbene’ar%éﬂ“r?gh %o&@qtﬁ‘é?hén@ enzé?/ém no. acyl ,
al kenyl aﬁ%:rlzoﬁﬁhlkwyélﬁ%bbeﬁbﬂmp»hmml adiithee, phénacaylhﬁmpmoleanyﬂdazqtc,

al kyl sul phonyl oxy, arylsul henyloxy, het er oc cIyI heterocyclox
het er ocypylamln,cpyrmn@ marmgay,myylﬂazla%@ql@wp&dﬂwe isgingp ﬁﬁmohne
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acyl t hi o® sul norus- cont ai ni ng groups,
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al kyl phenoxysi y a oxyphenoxysi y aryl.phenoxysilyl, allophany
guani di nand thedike: eagh of M@éﬁﬁ@ﬂ 8*%5 ternms "hal ogen" and "hal 0"
as used herein, unl ess othermnse speC|f|ed refer tol, Br, C and F. 25
30 In the above definitions, the term"alkyl", used either alone or in
conpound Imﬂﬁ@lspesﬁmhtlm "optmhklbngdbstxt}amldk yieans that & graupineay, or'maskyothe fygherand

"di al kyl t ht ha | |
pr Ie]? er ébg&) a0, Q(g gﬁe Z’F rngclg; |%%1?H§y§erféc§gb ﬁ%{r}xggb%g n%{ 1%%8;# %Llééry alkenr?fé
br angfaed ;alkvi, M;}P H&i@ rrﬁldandyl ﬂhllaulkenﬁr Q&Ydalk}Jn?Qphﬂpwyl hydrgky, iatkolys |

sec-butyl, "‘teft- "butyl, amyl, isoa , Sec-any 2- di et hyl py opyl.
1, 1-di netaﬂspnylpxyxpynyloxye@nzylaxy,nlﬁql kcpgmkylioa]l@n mpfﬁéy]{: EE‘{DO)P Kudyl

2- et hyl 3-neth Je [ 2 3/ 15
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e ca e, AT ST T -G IR A

15 benzylimino, dibenzylamino, acyl, alkenylacyl, alkynylacyl, arylacyl, acylamino,

diacylamino, 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-



di met hyl pentyl, 1,4-dinethyl-pentyl, 1,2,3,-trinethylbutyl,

1,1, 2-trinmethyl butyl, 1,1,3 5 trinethyl butyl, octyl, 6-nethyl heptyl,

1- net hyl hwptoploss919 1, 3, 3-t et ramet hyl butyl, nonyl, 1-, 2-, P8BT/AW2/01B5, 6- oOr
7-nmet hyl -octyl, 1-, 2-, 3-, 4- or 5-ethylheptyl, 1-, 2- or 3-propyl hexyl,
decyl, 1-, 2-, 3-, 4-, 5-, 6-, 7- and8rrethy|nony| 1-, 2-, 3-, 4-, 5- or
6-et hyloctyl, 1-, 2-,3- or 4-propyl hepty), undecyl, 1-, 2-, 3-, 4-, 5-, 6-,
7-, 8- or 9-nethyldecyl, 1-, 2- 3-, 4- 5-, 6- or 7-ethyl nonyl 1-, 2-
3-, 4- or 5-propyloctyl, 1-, 2- or 3- butylheptyl 1- pentylhexyl 10

dodecyl §1met%Y%b‘“?'F 0 %dl%%tli’x}?‘&z{:w aﬂneg"ylﬂ@yllo %t@%elﬂl}%é pt opy ,r%oﬁyl
1- 2-, %1m9thylf>rdii§'1l yl1ocs yﬂnnethyﬁ;rwt Wepeht ySLmemdynehgl | ﬂkﬁethﬂka«yﬂ),l éZs2-of
cycllc al kyl i ncl'ude nono- or cycllc aIk rou uc ? ropyl,
cyc: ol(:j)ut yltmetb);/lpmtyﬂelnt%ﬁ dll@?@l&’lﬂ‘f@%’ | é;ﬁk‘m@ 56% i‘&%ﬂ pe ny::I
cycl odec e r s | n _se
form ané rf]%jgﬁa%fﬂgl’b(i)’tﬁ duélm E‘%j(ﬁl?l de,‘z 3&% tgggw dgllf? gdr%ﬁsa?l%utym 101 3

C(r)] tnte r61)‘§fa r ng?ﬁleﬁg %%Izl-rﬁgghymwyl slunethjalﬂeaelztyhllt,IsS,értetrarhcihElbthhtnoéml rio,t

[ Wi 0 s a
speci es @apabfe Sof6- mrdvmaihﬁg]o Lég’af Dlc Hasgegfnflgep%ﬂm z 35@0@@?33 of
the corr %@%&”ﬁ' 59 3| 516 @S%ﬂ&'sﬁﬁetﬁﬁlns n{Len-,ai ANS- blnsieﬂgmctﬂll | 2-3~ Br-

F, NO3-, P03 Thé t'erm "al oxg/ enof es strallght chai n_or branched
al koxy, jor dépromitheptyliuRBepl koRy,.3-, £55Ekarfplfeor Simethrlersyli frePude Mmet-hbxy,

“al Koy o QLABTBRY) d0pks Por bed prERorel dhy 2o Ra Eo i heh R TEb Sy APy T

al kengp  dolsdyydi-ng., st hyl eniecal-| §-,908010- nwthylmdepydl Y-, BASH b+, St o6k, At b1y8- or
cycl oal kyI rou 5 as 30 4I;rew ously defi ned pre er abl

Exanpl es e8fy xle Ayl 2+ Aoldnde o Wrowawrayl -12% AePhit 9?C21 ﬁu% gﬁﬁlﬂgptyl
| so-but e%él}eolilgegt ﬁ)@rpﬁle? Yk etle al 'lﬁﬁﬂfl@é"l\ﬁloﬁexééﬁé(fl? &6 iyl gﬂou‘ﬁ@sgéﬂ 895919

-16 PCT/ ope ten 3- hexeny

cycl ohex %gl&gprokxg ﬁ(&{c,ﬁf%lfyé,e ge L gfér@}g}/ lcy013hex9/1: t @W&heg%ﬂ c Ic%l@é&ﬂ)/ | oyclbnbgyleny! ,

2- nonenyl deceny dat adi eny
1- 4, pent agtledsdyl add thedike! opent adi enyl , 1, 3 hexadi enyl , 1, 4 hexadi enyl, 1, 3-

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-



cycl ohexadi enyl, 1, 4-cycl ohexadi enyl, 1, 3-cycl oheptadi enyl,

1, 3,5-cycl oheptatrienyl and 5 1,3,5,7-cyclooctatetraenyl. The term

"al kynyl "woenos®3$9 gr oups formed from strai ght chain, braneboeEdwe/ocps!ic

al kyne including those structurally simlar to the alkyl and cycl oal kyl
groups as previously defined, preferably C2.20 al kynyl. Exanpl es of

al kynyl include ethynyl, 2-propynyl angg2- 10 or 3-butynyl. The term "acyl"
ei ther alone or in conpound words such as "acyl oxy", "acylthio",

"acyl am no" or "diacyl am no" denotes carbanoyl, aliphatic acyl group and

acyl grou ont.ai ni.ng, an .ar onat i L0g, ' LS e C ofmtic
acyl or Q‘Pett@ﬁé:%l@?ﬂt?r% L ?ﬂ’&xilgﬁ\/\/h%he%e%g’ rc ggr;(ggﬁf olefé‘?tﬁg?’e?g&@%f {3 g?yl ,
preferab b}iteﬂﬁlrz@fcﬁﬁ))ﬂenylﬁxB—ﬁﬁhﬁ@ll,oﬁ-rﬁﬁl)éhyll rE&-howbayl, c drdeaenyy, 3-dacemylght,3-chai n
or branched al kanoyl such as fonnyl, acety]|, groggfqyl, ‘gﬂta Oﬁl’ i

2 et hy: briegiensl | 1-4pewadisnxly  1.>cyclopentadigpvh - bpds l‘l? ﬂ%e}aé fpdie fpt]a?ﬁoyl ,
oct anoyl , ec canQ d

tet radecg?ﬁé(}%Q %8%&% gd‘fe: aﬁ%%eﬁ?mﬁéggg r%%llﬁﬁg ﬁfeég é(yjlle’%:’glr?gsll ,ﬁglggl?gd},elcgllrloyl :
nonadecangy$,7agdoocasammyl.; 20 al koxycar bonyl such as net hoxycar bonyl ,

et hoxycar bonyl , t-butoxycarbonyl, t- pentyl oxycarbonyl and

hept yl oxycar bonyl ; cycl oal kyl carbonyl such as cycl opropyl car bonyl ,

cycl obut - Y, AORAGY Frof rafoht CRAIR XdrafcHed @R Whclic alkyne

al kyl sul ?ﬂggéfﬁg%%yngg %‘?ﬁ?%ﬁ%onw AR s A SR s kox;b/,sul fonyl such
as met hangtsdihg chegde strugtwraliy spmilarf tnjhe alkybyhd sayeloabiey] Hapursy ps pﬁ*ﬂlw& and

pheny! ot dpaRe) PRy e tmiyh D opiRl SRR e e Sl PP R 51 20
pheny. dﬂe@.gg%dg%wnd napht hyl al kanoyl (e.g. naphthyl acetyl,

napht'hyl pro “and napht hyl but anoyl ; aral kenoyl such as phenyl al kenoyl
(e.g. phenyl propeoyl, phenyl butenoyl, phenyl nethacryloyl, phenyl pentenoyl

and phenyl hexenoyl and napht hyl al kenoyl . 0. _hapht hyl propenqyl, . n
napht hyl %‘lhee'%%‘l y""&ﬁﬂ Fithsht W%é’ﬁt%nﬁ‘i}%?‘?ugigr %Pﬁ%x%hr %Soﬂﬁ‘fﬁoxy Y racylthior,
phenyl al k@@l&ﬁ{d&@w' "d(a%gﬂmiﬂ&“ayd&éﬁywbﬁﬂwj Miphatie| @yY gesupomd agiodro@s such

as WD 03/ 055919 PCT/ AU02/ 01735 - 17 phenoxycar bonyl and napt hyl oxycarbonyl ;
ar y| oxyalceatainjhg suerpneaticpiiveg: oxiielt és yeffereadgto as aromatic acyl or a heterocyc¢lic ring

15 which is referred to as heterocyclic acyl, preferably C,,, acyl. Examples of acyl include

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



phenoxypr opi onyl ; aryl carbanmoyl such as phenyl carbanoyl; arylthiocarbanoyl
such as phenyl thi ocarbanoyl; aryl gl yoxyl oyl such as phenyl gl yoxyl oyl and
napht hyl gWwpesgsoye ; aryl sul fonyl such as phenyl sul fonyl &00/AU02/01735

napt hyl sul fonyl ; heterocycliccarbonyl; 5 heterocyclical kanoyl such as

t hi enyl acetyl, thienyl propanoyl, thienylbutanoyl, thienylpentanoyl,

t hi enyl hexanoyl, thiazolylacetyl, thiadiZzol yl acetyl and tetrazolyl acetyl;
het er ocycl i cal kenoyl such as heterocyclicpropenoyl, heterocyclicbutenoyl,
het erocycl i cpent enoyl and heterocyclichexenoyl; and heterocyclicgl yoxyl oyl

such as  pldndzpdarbalyy el {hlyydxgc%lhb@nylaglw)@élla&aawl- sukl é@"ghérf‘o&%etyl and

“heterocyclic", "heterocyc " and "heteroc " as used herein on’their own
or as paPkengRypropienyk; anrlharhemoy]esush msyphany I;" sryWeivearbuyaylosuch asr

"hal ohet e vl fer [ tic seudor ar onat | ¢_and n-aronptic
rings or é]?e%ﬁgl)g?rggréo%iabﬁglggﬁﬁgﬁnsugﬁeﬁ %en?ﬁl&?%Oxgg%ylPB‘itn&R@ﬁ?@?Yé’ééf"@a Lf rom
N, S, andaf}lsatfdnyihi qithmegs bgheaplsildangll| Yandubsdpthyéfbnyll 5 HERbS R YbIHYE
rings Qr ying syst ms}aave 3 to 20 carbon atons. The rings or ring systens
may be’se ger%%émﬁﬁw os&Yesdd | plienyesali nthienyipropgnoyh t fhienydbytanayi.on of

e o e MRS58t WAL SR BN WA
CO2H x / heterocpdticgkemiylS WBich6) @ S OhGenobyichropehofin YERte2btySli¢Eiteds3l, - - -,
s' (10) 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".



n C2H/ (X)yn CO2HS Y S (12) Nn (X)n, ~CO2H 5 R3S S 0 CO2H A Nn \ S TT NH2
(23) PCT/ AU02/ 01735 CO2H (X)nCOaH S \j - (9) \S/ S (22) where R3; X and n
are as prwoiossioys def i ned. WO 03/ 055919 PCT/ AU02/ 01735 - 1¢CWaan2/ei3ect i ng
an anphi philic RAFT for use in accordance with the nethod of the present
invention, it is preferable that it denonstrates hydrolytic stability under
the conditions of the polynerisationjigh this regard, trithiocarbonyl

anphi philic RAFT agents are particularly preferred. 5 An inportant feature
of anphiphilic RAFT agents with fornmula (4) is the nature of their

Most preferred amphiphilic RAFT agents include, but are not limited to, the following

compounds:
S S
COH
) COzH )]\ n
Ras/lks/ nY * R%s s
™

® COLH

0 S o S
J—L X CO.H % /“\ Xn COH
N /U\S /( )n\|/ 2 N s ~ \(
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s /(X)n\[C02H HOp_C><(x)n\S )ks /(X),><COZH
“ COzH @2)
S 0
Ras)ks/ o NH,
(23)

where R®; X and n are as previously defined.



anphi philic character. Anphiphilic character nmay be provided through
different conbinations of hydrophilic and hydrophobic regions. Preferably,
t he anphiwbiBiosSIRAFT agents derive their anphiphilic chapragtsdn2f13m
either: 10 1) a conbi nation of a hydrophobic end and a hydrophilic end;
wherein the Z group provides hydrophobic properties to one end, and Rl and
-(X)"- provide hydrophilic properties-tl®-the other end. In this case -(X).-
may be derived from hydrophilic nononer or be a tapered copol ynmer which
gets 15 progressively hydrophilic towards Rl; or 20 25 2) a conbination of
a hydrop ' r@”‘ﬂ: d AR ¥ | SR |

hydr ophi W@Egﬁggg‘h | esﬁ@%\g@mﬁggg&ﬁwgﬁﬁgﬁ%wﬁl %? ovi deg)fﬁf)i/%) Ilggﬁgbi C
properti emvendionhé istpheferabledhatlih dehosstmtes ehyd(oytic statilitybendte thevexhditfons rof

hydr ophobj ¢ noner ,or e a_ tapered.copol r i.ch get progressively
nyer ophontt PoasEastRn. "o s Sebiib AireRbu Fntrbhn SRR T RatHh a2
hydr ophi Il'beﬁ,ti@nmym%r@an the Z group and -(X)"- provide hydrophobic

properties to one end, and Rl provides hydrophilic properties to the other
end; o? 4) a conbination of a hydrophobic end and a hydrophilic end:;

bt ovi dos. Ry s Fatisral sRhihic RAHIhERLIRE il 108 e Bl ALl
such t hatarhpidpRfic nefiargdfidre ct Apiphiphfjon chm@cdl indy tie provitete thiapb pblifferent

character to that eng; or. WO 03/ 055919 PCT/ AU02/ 01735 -20 5). 5 6) .10 _a
conbi nat | ¢ERIRatioRg b Srdrophilie 38d hydiorhotiy acgionse ireterabliy the amphiphilic RAFT

agents derive their amphiphilic character from either:

10
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



wherein Z = -S-(X)"-R, wherein each RL may be the sane or different and
provi des hydrophilic properties to each end, and wherein -(X)-" provides
hydr opholbwo opiosyeesti es to the m ddl e section; or a conbi n®CTrovuooN1735

hydr ophobi ¢ and hydrophilic properties within -(X),,; wherein the portion
of the -(X)"- group closest to R provides the hydrophilic properties and
the portion of the -(X)"- group closesppto the thiocarbonylthio group
provi des the hydrophobic properties. In this case, - (X" of formula (4)
may be further represented as -(A)m (B)o- to provide a block copol yner

that has the f.ol | ow | of . ; Scdoks 13
1520 25 whor 1 or Al Rao of 194tk S ahd 3 BABAGHE fadlcediok (13
-(Am (B)o- and WheerigZCh - ERR 'BwherdimdmheRidany by tie paieyoratifferdt awki due
of an ethylenically unsaturated nononer such that -(@)lm. rg%bdes .

hydr ophobi ¢ pr opedf\édesahro hEi}“oPﬁS’PSWieﬁlé%eﬁir]UF‘Efgrﬁnfii eﬁ?lgp‘ P LOVIEY m

and o are i nteger 3 rARALRY pidRMlel 1d hedtaaRsBLREABE Y from 1 Lo 50, more

preferably from1 preferably from1l'to 15, and Z is as
descrived above. Z may al so be chosen such that its polarity conbines with

that of -(Am_t h .th | hydr.ophobi c..ch .er to.that end of
Lha RAFT agent®) 1 & SUBPERUGR 05 IO OB BroRplFdpriey sufibacky™™ °
-(B),,-, RL may al Sghehgn dporbh! o€ tﬁ@d(xnha%?@ptdl@se@t\/% arl payddephhd i c

character to that end of the RAFT agent, or may be hydrophobi ¢ provi ded
that the net eff ecthydfophilicBpropertipsl amd thegortion ofnthgrr(Kiegaoup #hossshihiths ¢

character to that %ﬂl’%cgrgo}lyq&ﬁo Q%ﬁg p?&%‘és;thg By&}@pﬂ(%ig ﬁfb%éﬁleﬁ’cﬂ ﬁﬁpgésg,lj 35
10 (X)a- of formula (4) may be further represented as -(A)m-(B)o- to provide a
block copolymer that has the following general formula (13):

S——(Am—(B)e—R'
_/
S——C\
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



-21 7) a conbination of hydrophilic ends and a hydrophobic m ddl e secti on,
wherein Z, of general formula (13), is -SS(Am(B)o-R, where -(AAm 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 hydrophobic 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 such that their anphiphilic character is tailored to suit the
particul ar node of emul sion polynerisation to be enployed. In this regard,
integers in any o dedoniishtionn of yefophilicoends! and 23hydraphdbéc geiddiet sagtismch

that: 15 20 25 for conventional,k emyl sjon, I ri ion, i r ef er abl
ranges from 1 ItZ) Zﬁ?reﬁbz;"%g%\e&l i‘i?)‘ln?)ﬂal?]l@g’ lﬁgg'éégs'@g?él:or‘@?é '265‘97 afl%t'o 1)6
(being at I|owver v?égjﬁearevastdemea DO, AERHGL Rl bARIS Sk Obr dPlefentyle gRN0DI C

nononers, and at hi'gher values wthin se preferred ranges for |ess

hydr ophobi ¢ mononecshbinatign ef eBRY pravidessarf evarall hydrophilic propesties ©f eteabl y 1
to 10 and nost preferably 1 to 5.if. (B).i5s,.dgsived . fr (WeTql] oner ;
and o preferably rﬁﬁ‘gegn rﬂa)‘?nc?“?’B‘ag@f(‘ %%F@)fgr H2YVIE fg g%‘?%alzlg{ygrﬁo(?%st
preferably 1 to 30pidpeftRl foStidebinde@ndr OThe dyBRIPhoBIOI ortiom@ethis tyipe dHr

m ni emul si on and suspension polynerisation, Iin is 1 or greater, preferably
inis 5 or greater mb@bim&égﬁﬂamtysﬂwlveéfmdﬁ)meat er; ois as defined
above for conventional enulsion polynerisation. It is recognised that the

limts defined for the anphiphilic RAFT agetns or this invention are those
necesgar Yréfefabl hiphllRCRAB Tagbeftdatsed it adviotdanes sithothe tninthabjolthe present

onbees s aveien s ahoeypaahiul sirohahyi abeby i AP TS Rb&lath: of
pol ymer %&%@ehﬁfﬂo@f&lyﬁ%ﬁéa\fﬁn BB eABRYEd. In this regard, integers m and o defined
in general formula (13) may be selected such that:
i) for conventional emulsion polymerisation, m preferably ranges from
15 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.



WO 03/ 055919 PCT/ AU02/ 01735 -22 Such values of n can be substantially
greater than 100. Accordingly, as a stabiliser, the anphiphilic RAFT agents
st abi | i sewDhg/osi9sper sed organi ¢  phase from coal escence t rcoaugh2omser f aci al
interactions, wherein the hydrophilic end 5 orientates itself into the
aqueous phase and the hydrophobic end orientates itself into the organic
phase. The di spersed organi c phase mayyalso be stabilised by other
stabilisers such as conventional surfactants or any other surface active
agent. Those skilled in the art would 10 appreci ate the range of
surfactants, suitable fqr i e ably, the dispersed organic
phase is@?f%ﬁaw?%%dlﬁﬁl5ﬁ%§hﬁﬁgﬂg%%%ﬁ%ﬁ§%ﬁ{gqéAFT agent. During °

pol ynmeri zation the dispersed organic phase will typically consist of

pol ymer and the one of nore_ethyl enicall nsat ur at.ed pongners. However,

ot her corsepEkngy.caschstabilises, the sy lic M)%\Jgﬁ%en& Stg?éﬁﬁ’ @Srcﬁqpﬂség AP so
be DI eSeihald tble BHIORRAE: BNGSA iBREAS! [eralnb,GHBRII R, Bydiddilic end

pol ymer i a?lon, Inrtirator or conponents t ereot may al so be present in the
or ganix phiastates Tiselfiste thé agqueeds phasei anlddbe hpdrophotéa end nribntetes lits¢l into the
polynmerisation  is a well established 20 technique. Typically such

particl eQ™8H% Pi¢he form of pol ymer particles and they are sel ected such
that they have the ability to swell in the nononers used. A person skilled

in the art would readily appreciate criteria for consideration in
sel ect i nghouidisagised swaeic phast ohes dler be giabidised ductothsn sipbilisers sush as

D spersion_of .the organ i I S I ally
achy oved By e G oF AR BtieEstufSe SRt g TRASIRHRAIIIRE h Sudtd

Pr ocesp _esapf;flébiatd'llﬂlef ehpabf @ﬁrf@&tanltsi isBitebls ifanthé guipbse. r (Pk&fr,mblys hiea dispersed
conventional _emul sion, mni-e i on apd, sus sion polynerisation

t echni quesSanePhasg i ﬂt@llér‘f?BM@ig&%ﬁ W&Pg&‘ekgﬁ 288% in the art. In
accordance with the nmethod of the present invention, ethylenically
unsaturated 30 nononers are polynerised under the control of the

anphi phi IDwidgApolymgerdtiondhé dispersérb orgagicephase willd pynieallyrconsispof pelgmer and

particl esthe Xf\l.% (()) 14181%56%% eﬁiga:.)fly uFl)lga-{-t/urAé"(Jgdz I/ngr%c?rgeSrs. However, other components 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.



The polynerisation will usually require initiation froma source of free
radi cals. The source of initiating radicals can be provided by any

sui t abl e wetohosssed generating free radicals, such as thePchaxtvabi?si nduced
honol yti c scission of suitable conpound(s) 5 (thermal initiators such as
per oxi des, peroxyesters, or azo conpounds), the spontaneous generation
from nononers (e.g. styrene), redox iip3iating systens, photochem ca
initiating systens or high energy radiation such as el ectron beam X- or
gama-radi ation. The initiating systemis chosen such that under the
reaction conditions there is no substantial adverse interaction of the
initiator or the initiating radicals with the anphiphilic 10 RAFT agent

under t hehe Gadjdragon fwill gualpeéduie. inftiagion Midm ai sourédefilfiey radioals.d Hieso
have the requisite solubility in the reaction r‘%iel um. T g{rral ini tﬁat ors
are choséeiree of anitiating sinalipfdtabe PrRyided) by any, suif EIM greraging Iree

pol yneri sat.1.on. ese ol Nigt | : i Is8i tderb@hd@E@WM N9
conpoundg:l&l%r’] ZSU;H %Sz (t)l%élqg‘%lrf’sﬁtgg{’]fl §/1§Igér%|dt %@%ﬁc %&%S@gzggisgl(@lzycgngbut a(g)g) ,

di met Iyl (Rehal initiatirs fhctoiupstoridey, pedxgestasobi 840l cappownds), dhd spantangpus 1, 1' -

S S ngmondtarg danpmers (4g. Siyvine) red¥ ity YIRERP Phtochemical

1-bi s( hy%?iﬁétﬁ:%éj@&kﬁg&}ﬁ%ﬂ? ERXYSP tavdtbRS06H S @BktER] beat, X GrZglinsd-Zad2ion.
met hyl - N-( 2- oxyet hyl)propronam de], 2,2'-azobis(N,N - . )

di met hy| dihei mithtingr systeth rie \chasany suche thiabunder, the peaction siondipionsithere dpr¥hane)
O OO ity aciefie iR raRiSh B e iRl BY A HkiBRRY FaHIAIY Whil b amphiphilic

1- bi s{(hy ROKD sRinPithder Zhdaaahdaione b ibe]rpuctiph.o Tagiritijtor dedly dwaki afdhave the

met hyl - N-[ 1, 1-bi s( hydroxynet hyl ) - 2- et hyl ] pr opi onam de},

2, 2' - azoleafisiterselubjiity i theregctiop apediifet hyl ) pr opi onani de] ,

2,2' -azobi s(i sobutyram de) di hydrate, 2,2'- azobis(2,2,4-trinethylpentane),
2,2' -azobi s(2-net hyl propane), t-butyl peroxyacetate, t-butyl

per oxybermteahs, iditidiodsyhre pettosery rie dree anoapreopriaty Utalfl [r ek yhe itenpryatyreapé,

t-amyl peroxypjval ate, t-hutyl pero ival ate, dpis opyl )
per oxydi PRhBRISRRoN. df g FIB'H%%VI ‘PaB ét}ci‘@dﬁngﬁ Hl?ﬁ%f’gg,he g&iﬁg C%P%%da‘e,
di benzoyl 30 peroxide, dilauroyl peroxide, potassium peroxydisulfate,

amoni um WO 03/ 055919 -24 PCT/ AU02/ 01735 .
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



peroxydi sul fate, di-t-butyl hyponitrite, dicunyl hyponitrite. This list is
not exhaustive. Photochem cal initiator systens are chosen to have the
requi si t eweeBuobiohdty in the reaction 5 nedium and have amCapInep1i3at e
gquantumyield for radical production under the conditions of the

pol ymeri sati on. Exanples include benzoin derivatives, benzophenone, acyl
phosphi ne oxi des, and photo-redox sysiens. Redox initiator systens are
chosen to have the requisite solubility in the reaction nedium 10 and have
an appropriate rate of radical production under the conditions of the

pol ynmerisation, these.initiati Syst.ens. | 3 (A t limted
to, combi nati Bf:rgx%cﬁsﬁfaﬁee d %ﬁ‘@@ﬁ%&@lﬁgﬁ’t@ %h@?ﬁﬁe&tgﬁ% lslgt lgg&gxi dant s:
pot assi um peedasiveul fate, hydrogen peroxide, t-butyl hydroperoxide.
reductants: iron (I1), titanium (I111), potassiumthiosulfite, potassium
bisulfite. Oher suitable initiating systens are described in recent texts.
See, for pex ReTyr sty e L Sih¥eiRTsoftbafty RRUERhction

Pol yneri Eg?‘f%gﬁé“%“ﬂg@%gtﬁg%?“ﬁ‘gﬁégn, f%‘gg?h%qg% 5 -SEIJS.SoPr e]ﬁgrlred i nfi:_ti ating
syst es hwdige avdhive@nappapeate quantamuyisiddor pdivebprodyctinandaotbe capditions ar e
appreci ably water sol uble. Suitable er soluble initiators.includ but
are not Pfrihe ebplymgrisaion. aﬂ%ﬁf‘g’?@yg}? Ié?rfzt?“h cyatives, Benzophenone,  2ey1
nyr oy e PR Ml phott-fRusk Bty et V1) -2 29

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

i ey RPN A LR Sonf U ARt g R Nellon st

di hydroochh@r hal®: an appropriate rate of radical production under the conditions of the
2,2' -azobi s{2-nethyl -N-T1, 1- bi s( hydr oxynet hyl ) - 2- et hyl,l %r opi onam .de; of
2, 2' - azolpobmerisation; these itiating systoms Ko inghids: B arq rEPé]h,ml ed to, combinations o

2,2 -azohy sfi . am. de) i hydrate, and derivatives thereof. WO
03/ 055918&:%%%@% 021 @ucgéﬂg ‘erred initiating systens for suspension
pol ynmeri zation are those which are appreciably soluble in the nononer to

b I ized.  Suitable, ble jniti . d di
Che pol ar 1ty OVidEHS: BRIGHER PRD R e GO SRt Pt ! BroegPtiiPe " "

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.



initiators such as azo conpounds exenplified by the well known materi al
2,2'" 5 azobisisobutyronitrile. The other class of readily avail able
conpoundswarod/oseee acyl peroxi de class such as acetyl andPognawmghbi173er oxi de
as well as al kyl peroxides such as cunyl and t-butyl peroxides.
Hydr oper oxi des such as t-butyl and cunyl hydroperoxides are also wdely
used. A convenient nmethod of initiatiopapplicable to suspension processes
is redox initiation where radical production occurs at nore noderate
tenperatures. This 10 can aid in maintaining stability of the polyner

particles from heat. i nduced.aggregation . in a
gi ven po%ﬁ?&%@%wgﬁ?%{g@g §°r%§§}’ eg?l 3%8%1?%%%&%?%grm%ggfltﬁ%gg%}%gﬁﬁgx anpl e
addi ti vegofuBlelif9hé Alofomkt tolfe polEnemicio Suithblt Meorphes eslubleriuitiatoromayragrybe
applied in many forns of enulsion polynerisation, for exanmle 'fonl\;ﬁiﬂi onal
emul si on depending o8 athie opelatity nefe the SasAMER oPYinBically; wauldsimctyde o Sehble

pol yneri saf.l sus S| i L n e L i ed
in such brlui}%tggssgsg&l péréers&gﬁt °%§bé’§§lé%{g‘r£h{?§ﬁ§iﬁgl?¥ \s@g? i %ﬁn%% aninggn%ahﬁlo%% such
pr ocess eszahisisdigityrenitdle! o Thpesthdreclasdowd readilyp rvailableesorepquindy i arg théieaciet hod

f th t o i di,sti i shed,b i philic. [ RAET t
26t ng aPCERatlErS SBh & SR Bl BRI RIS B AILATAIVE PEOBGR PO BT 't he
anphi phi lchﬁgﬁéﬁ&_ t-@ﬂ%’f‘%ewﬁfcﬁ@.r Hiyaedpéroii@iuth 8s B0 dn® cupEhjdrep&dkides

invention IS applied in a conventional 25 enulsion polynerisation, the
anphi phi larcalRAFIdedgeseds Aacanvpniestanethoh ehingistipmapplicebledn spspensipr PECEHSES and

grow to hecone .m.celles which are.ngn-|abile f ] BymE:hi s
process, ¥ ﬁeéggdﬁwia A M f‘ﬁiﬁ aﬁ@rgﬂg&pg ?%glé}astaégg&a{? xﬁ%c{e&#gg%{lﬁ 5%ﬁfegbiynggri ng
the i1y ticgh 23 #0emint@ninROstBIBly SPiheqiblyrher patitles Woal hedthadwetiaggregation

hydr ophobi ¢ RAFT portion is orientated towards the reaction |oci and can
ef fecti vargeegsesn control over the free radical process. 30 It is an

i nportant feature of the nethod of the present invention that the

anphi philic RAFT WO 03/ 055919 PCT/ AU02/ 01735 -26 agent gain control over

t he pol yrite ®@éddphaseint hgivert pelymetiyationisatesomapfalsosnotany ethenpddiiies, fander a
RAFT nmedi ated free.radi cal, process. In order to ensure that the

pol yrer | $Xempls addiives tregaeP-he control of the anphiphilic RAFT agent, it
is pregferred

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



that the nunber of RAFT species is greater than the sumof initiating

radi cal s reaching the 5 | ocus of polynerisation produced through the course
of the rexotBosmIs® as to achieve the desired nol ecul ar wWeCghU02/01735
characteristics of the final polymer. In general the total nunber of
initiating radicals that enter the particles should be | ess than the nunber
of anphiphilic RAFT agents present in2ghe system Preferably the total
nunber of initiating radicals is |less than 50 percent, nore preferably

| ess than 20 percent, of the nunber of anphiphilic 10 RAFT agents present.
I n accordance w t e | pyentd . e

pol yneri S5 l?to X}haésbn%%gr?%% El??dipg[yggcg?l ‘Eagg({él > ? gg&l ?ﬂegi/cet ?g ﬁl{éélsg‘ﬁ‘}élcé% |Or{lé) Hherr1s(tler

t he cont rebceadl vnder amRAFIhiché dat&AFEe agdithl provebs/ neEni erler o ammebthat the

mai nt ai ned_t hrough inserfion of ethylenjcall atyrated nonaners. 15, at
the Iivi rfﬁ’lmlség‘)ft Reocggtisinderrihe coBoIcRi e BIPLIRBIE i ety & 8 proteded ¢ ng
pol yner tﬂ?(rtﬁé fhiBer BIR QLT SRS Qre:at}éié ’EHH lihd §ifin 381864t 804l s eQRhing!thed

addi ti on of nononer. A w de range- of hyl'eni cal | y unsaturated nononers nmay
be usefl ilocwoafqrodigmensatipy Ipradueed theouphdthecoutse of thesmactiamseeas fooaehiesgithebl e

e th whi ch b I ised, 20 b f | cal :
o e S N By G, PRl Sl ) s
nonomer s. of ihgiafide fadicalsWhhiCdhtétah€ patioes sifud Yertyss Salithé himbér ofamphishilic
mononers are well docunented in the art. For exanple, see. Geenlee, R Z

in Pol yneRAFEmpts ipresanidinethe sywem( Birefrsbly, the. totah sympesef gitiating rpdicalg dy

gener al 1PN 50 PitRn ik et AC 2B Bl o 4, BARGE, ot byt
sel ected RAPTagdifts presemp. consi sting of -CO2H, - C02R2, -COR2, -CSR2, -CSOR2,

- COSR2, -CONH2, -CONHR2, -CONR22, hydrogen, hal ogen and optionally
substituted C-C4 al kyl wherein the substituents WO 03/ 055919 - 27

PCT/ AU02/ ' . h ; i
hydr oxy, ﬂ%ﬁdﬁﬁ@&)%&l%@ %d lﬁf %Cgé&gﬂéigi%%h’%wﬁ&%ﬁﬁﬁ%ﬁg ?be@ﬁ
- CONHR2, inffianand thereactioBiproceeding under the control of the amphiphilic 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



-02CR2, -SCOR2, and -OCSR2; and 5 Vis selected fromthe group consisting
of hydrogen, R2, -CO2H, -C02R2, -COR2, - CSR2, -CSOR2, -COSR2, -CONH2,

- CONHR2, wOo@sie219 - OR2, -SR2, -02CR2, - SCOR2, and - OCSR2PCEhare/oR3si s
selected fromthe group consisting of optionally substituted Cl1-C18 10

al kyl, optionally substituted C2-Cl18 al kenyl, optionally substituted aryl,
optional | y substituted heteroaryl, opippnally substituted carbocyclyl,
optionally substituted heterocyclyl, optionally substituted aral kyl,
optionally substituted heteroarylalkyl optionally substituted al karyl,

optionally substitute and S r the
substituents ﬂ@@?ﬁ?&g@%@ﬁ @d?& &50‘#1% %‘%%Sﬁg Iclfd}g)i}g gghlgi g@% of

al kyl eneoxi dylc@rhorIR?, -03OREXCOSRAK BN, -GONH,, -am ~CODIRTy,|-OR?, -SR,

al kyl car bonyl , car oxg ul fonic azm d, al koxy- or aryl oxy-car bonyl

i socyanato,  cQaER’ -8 Dﬁ? anflzQCSRaRd, i ncl uding salts and derivatives
thereof. Preferred polyner chains include, but are not limted to,

pol yal kyl ene oxi de, polyarylene ether and pol yal kyl ene et her._20 Exanples
of norpners iﬂclmﬁcteblﬁonaﬂ& grotip tonsistiag of hydropdre -ﬂ@nﬁﬂr—Cﬂ)eR NCOR?, -

alklmalelmd mal e m kI o] abl e
m)ngmers éﬁ n‘é;(%l’yp ?eg bw’a%ﬁi ? :@ﬁkﬁ aci d,
styrene, acrylmﬁeand n@@QR@,ryl am de, and met hacryl onitrile, mxtures of

t hese nononers, and m xtures of these 25 nonomers with other nonomers. As
one skilled in the art would recognlse, the choice of conobnoners is

det i ned by th t t h
ot o nel o s Sh e S BF 0 SRR BRond P UBGRAECIBNET
art roe argan C I atitiakted dryEdoptionall
(Br ani(-j_otjp, J?(, i ?%?H}t%%ﬂm EB?% lalV\;ﬂI%gJ wﬁg\?vn?(c@)r K. lg8gry§I IIZ;;:H ¢ 0
t he

Specific ex arrpslubstlt@iﬁd J@@Qﬁl’}’]etw}lloéﬁik éP]P%]ﬂt‘{lIPé sethosydl, rantigRallys s
Lo O GRS RGP BRI MG |
i somers), 2- etdpyiohsilsy subsBtubeicalichml, eoptionalbyo substitutest alirgthgteatazyl amlt pdynyzt ic
chains wherein the substituents are independently selected from the group
15 consisting of 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. 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:



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
selected from glycidyl nethacryl ate, .2g8hydroxyet hyl nethacryl ate,

hydr oxypropyl nethacrylate (all isonmers), hydroxybutyl methacrylate (all
i somers), N, N-dinethyl am noet hyl nethacrylate, 10 N, N-di et hyl am noet hyl
met hacryl ate, triethyl eneglycol nethacrylate, itaconic anhydride, itaconic

acid, glycidyl acrylate, 2-hydroxyethyl acrylate, hydroxypropyl acrylate

(all isqp&hy) mdthisbrpuebudty] asstlydcatiate( airbpyls onshistyylaty, Khilli isshérg), abutydet hyl
acrylate, N, N diethylam noethyl acrylate, triethyl ﬁne | ycal acrt\{ll ate,
met hacr yitaethersylaiq (alasomare)s 2ttivihersl methreryiate dsapori prefiacpdate, methacrylic

N-tert-b cC ) 1 t I _

N- net hyl t)ﬁtc }r?ét g%ﬁy#é%ﬁ%g%ﬁlﬁeﬂ% oeﬁn%% aﬁy&gﬁﬁwgé é r%lghabra?tgll?]gtcyrr ?Teém de,
N- n- buf yImethyl anylate, ethiylraetyiateqirepyl peodtel égll isbmeisy; Ibukyd ecrylaemiatidsonén)y 2-
benzoi c acj all isomers), djethylam no.styrene 'l isomers

al pha- rretelmq@?(’wyacﬁaﬁ?o F%??’°%| Lo ‘i‘g}ﬁ]ﬁ% id, (TF‘%fth?ﬁr%{]ﬁfené’li’el)‘}.}l acrylate,

al pha- metaw1shiniIeNStykete! FUBAIBBEIS Inetltcki1anes, DeisRAR & fsBRbkes flécted from

p- vi nyl benZene sul foni ¢ sodi um salt, trinethoxysilylpropyl nethacrylate, 20

t ri et hoxyadydigylpmeghacrydaten Achydrasyethyl methecsylpts; | ydsexoipyapytremethaerylatg dall

di met hoxvy.net h Lyl | 5]

et hacr y Arbors Byt SRR e BRGORET MliGhdipert), B AT Bhifbedty Rh R yace,
dii ?] opd OlFIQ,%\ydiédeWd_ trﬁhihbéthﬂ:’ ﬂ){éﬂh(bﬂ?‘&}té}ﬁﬁ?ﬁl&%@gly?di mg@hcry}asd, |i_§a:c<|§l’|[i0p15t‘lhy(|1ride,
met hacryl ate,. di et hoxys) ro net hacryl at e, di but oxysi ro

net hacr §|isacer}wd@q@,osl«%wiqy@%lgﬁ% Qdﬁ'ﬁoﬁﬁfh%’flacﬂcwlg?e, Y%’i"?‘%@?ﬂ%‘x%@ﬁ’%ﬁ g py |

i et ho B BB e N B T b Y G .
di but oxy ndiethylasiitqeltipi opyderydate.y | ariethyletieglyoqlr opwxyletes hy heitiapiytamidg] — N-
G bt oy SPRO BBk , RN Emes abiioe, o1 1o Bayimeidierhenics VoGt
acet at®, MitNnletellamide;, W-R¥thyREsBaéSlaniidy| Nhyabinftehackildidef | Motektde,
vinyl 30 br'om de, 'mal ei ¢ anhydri de, N-phenylrmalei mde, N-butylmmaleimde,
N-vi nyl pyhutdh¢mitmide, Nenvhutylpessiapade Nemetutl ela¢alamide tfrgthytadacanamids, 3iwpr ene.
This 11 Stbeingoi@%%ideénaiggr}lér\éf 'dié(gl%{n%%%%%& _(zﬁ?isglggés’ﬁ%gﬂaqﬂ’@%%vinyl 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,



As applied in a conventional enulsion polynerisation, mnienulsion

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

i nvent i orworag/ob®i1operated i n batch, sem -continuous or cecTiAtweNE3fDdES.
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 operateghgn batch nodes. Sem -continuous 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, nononmer nmay be added gradually or
in stages thereby enabling different nononers and ot her additives to be
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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



rate either continually or in stages until the desired degree of

pol yneri sation has occurred, preferably to give a |latex having a solids
content rwero3B8H9 Addi ti onal anphi philic RAFT agent can PpeTadwedirdsiri ng
the course of the polymerisation, however it is preferable to 5 adjust the
rate of nononer addition as previously described. Technical variations of
t he above preferred sem -conti nuous or-3genti nuous nodes are al so

contenpl ated. For exanple, the polynerisation mght initially be conducted
wi thout the wuse of an anphiphilic RAFT agent, for exanple using
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t her eby amljushtheaatetodmidnomer addition ad previougly descnibed.added anphi philic RAFT
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i ncreased. The progress and the nature of the subsequent polynerisation
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effect, ie polynerising selected nononers to be located at the surface of
t he partipeerrefidbatribe tathpLimedombr addifidreistadjustadnsauerdoesly deseribed. s dhrawghmay
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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



time to formand react wth added nononer at a rate sufficient to avoid
formation of non- stabilised nononer droplets. The formation of

non- st abiwopamsvononer droplets at this 5 early stage in PoE/Aa01736N can

| ead to coagulum formation and a hi gher pol ydispersity of the polyner
particles formed through entry of a propagating radical into the nononer
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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



stable latex. Preferably, the hydrophobic portion of the anphiphilic RAFT
agent used in such a polynerisation is sufficiently hydrophobic to render
t he anphiwbiBiosSIRAFT agent essentially insoluble in the eemtAwIOUSSphase.
Under these conditions there is substantially no |abile anphiphilic RAFT
agent in the continuous phase to stabilise nucleation of new 5 particles.
A preferred nethod of perform ng a m memul sion in accordance with the

nmet hod of the present invention conprises first preparing a water

i nsol ubl e anphi philic RAFT agent, and dissolving it in the hydrophobic
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pol yneri sati uch particles may al so be cross |inked and therefore not
fil m f or nreegradidab petiatos) mel thew adgded to teesysterme and palyingerisatiorearasgedsi insa WO

03/ 055919m§nc1:11t;{' AS\%I z{rot%7 gt _o§ ?é 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



preparing a dispersion conprising a continuous agueous phase and a

di spersed organi ¢ phase conprising nononer. Polynerisation of the nononer
t hen resuwO3loss91he formati on of an aqueous di spersion ofPCRANUIRB1I735
particles of the desired size. If desired, the polyner particles can be
separated fromthe agqueous nmedi um usi ng known techni ques, and 5 collected
As mentioned for m nienul sion polynmerigation, suspension pol ynerisations
performed in accordance with the present invention are preferably
conducted with water insoluble anphiphilic RAFT agents. Preferably, the
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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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In other more specialised applications, polymer particles 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.
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As mentioned above, the nature of polymer particle formation can also allow the internal

b o

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.



-36 The preparation of the aqueous dispersion of polymer particles and the
pol ymer particles prepared by the nethods of the present invention
utilises wpoanpidiiphi | ic RAFT agent as a stabiliser as welPCTagoaomans for
form ng polyner. By virtue of the anphiphilic RAFT agent's participation
in the polynmerisation process, the stabilising noiety becones 5 effectively
anchored to the polyner particle. Accangi.ngly, the nmethod provides neans to
prepar e aqueous di spersions of polymer particles and pol ymer particles that
are not subject to the disadvantages of the presence of surfactant, in
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resi dues or other nechanisns. The di sadvantage of this approach is the
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di spersion with |.evels of, acid nononer far |ower t.han can be achieyed with
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copol yneri sed aci nmonoirer i s below 1% of the total polyner content. WO
03/ 05591 Gypically copolymerised with other monomers such as methyl 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.



-37 PCT/ AU02/ 01735 The particle size characteristics of | atexes which can
be produced according to the present invention are also surprising in that
a | ow | evwD 00f53ac® d nononer i s capable of stabilising sneCI/AIORYISS
particles. Polymer particles with a nunber average particle size of 40nm
are not easy to prepare by normal processing techniques and in general
require the use of 5 larger quantities3ypf surfactant in order to stabilise
the additional surface area associated wth smaller particles. Particle
size characteristics obtainable according to the present invention can
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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



particles have been forned, the maintenance of full control is a |less
serious issue and some WO 03/055919 PCT/ AU02/ 01735 -38 deviation from

i deal behwviodss%ils generally tolerable. In considering a ®artadbke173s

anphi philic RAFT agent for use in accordance with the present invention,
the group represented by RL in fornmula (4) nmay be selected such that it is
either 5 hydrophilic or hydrophobic in3gharacter. Due to RL bei ng sonewhat
renoved fromthe thiocarbonylthio group, its role in nodifying the
reactivity of the anphiphilic RAFT agent becones |im ted as n increases.
However, d r and -(A),- (B)o-R1L (fornula
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et hyl eni cal Iéunsatur ated mononmers under the control of a RAFT agent

havi ng t armpiga ol e freeo raficad leaing grevips Batoare cagable whaeiitiptagd Rl
are as prﬁM&&lﬁﬁg% ofefined. 25 An inportant point to appreciate when
consi deri € preparation of anphiphilic RAFT agents of general fornula
(4) fi6m RAFT agents of general fornula (5) is that the anphiphilic

char act er,.ass at e i.th c ounds of for a is sufficient to
stabi | i _seTsﬁ)s‘g 1% 1P 2‘7“6?1’@80“‘3}5 nﬁbfﬁ'ﬁé@‘@é Brodll’éi%%ﬂﬁ arppiphilic
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group for compounds of formula (4) it is important that such a group does not provide a

leaving group that is a better leaving group in comparison with the -(X),-R! or “(A)m-(B)o-
15 R' (formula 13) groups. By this limitation, monomer insertion preferentially occurs

between -(X)s-R" or -(A)m-(B)o-R' and its nearest sulfur atom.

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



formula (5) may al so have sone anphiphilic character, however this wll
generally be insufficient to stabilise the organic phase of the dispersion
or to forwpasns®ed |l e type structure. In order to achi evePadaquwaner3s
stabilising properties, in the context of conpounds 5 of formula (4),
conpounds of formula (5) are subsequently reacted with appropriate

ethyl enically unsaturated nononers. Hag9png said this, when n=0 in
connection with formula (4), it is to be understood that such a conpound

i nherently possesses sufficient anphiphilic character to stabilise the
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nononers to be polynerised. Polynerisation may al so be conducted in the
mononer isusk pfonomers are chosen for theif 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.



5 The pol ynerisation reaction will usually require initiation froma source
of radicals. Initiating systens previously described can al so be applied

i n preparwog3pb®ianphi philic RAFT agents. However, in thPE€ToE®R/01138
initiator may al so be soluble in the nononmer or nononer mxture. 10 A
preferred nmethod for preparing an anphiphilic RAFT agent of fornula (4) or
(13) wherein RL is hydrophilic conprigges first selecting a suitable RAFT
agent. The selected RAFT agent is conbined with a thermal initiator,

sol vent and hydrophilic nmonomer within a reaction vessel. Typically all
reagent s ysed.are. t,al.l f @i ?t?dh I i on
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pol yneri sation reaction then proceeds under control of the RAFT agent,
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t he RAFT Hugepolymetisatioghreactier wilbrusuéllyt mesulrg dmijsitioni zomoa sevrce ¢foradicslspounds
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exhaustion of the hydrophilic nonomer, hydrophobic nononmer nmay be added to
t he sol utthoromermigiusg.ely, or 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 ge tAeprbietedphabhod forr prpafing an tamphiphiRARAF B ggert, ofofremsila (4)eat (13)t he
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used as t ofvent, upon reaching a point in the réaction where sufficient
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m cel lular structures can maintain their activity allow ng polynerjsation
to cont i rigmperatise of the solution such that thermally induced homolytic scission of the initiator

it

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



RAFT control within the hydrophobic core of the mcelle. By this process,
pol ynerisation nmay be continued by supplying further nononer and

addi ti onaworigagm s to prepare an aqueous di spersion of poemme/opasticles,
thus effectively preparing the anphiphilic RAFT agent in situ. 10 As a
preferred node of performng the nethod of the present invention, an

anphi philic RAFT agent is prepared in4gi-tu as descri bed above. The

resul ting anphiphilic RAFT agent is then used in accordance with the

met hod of the present invention to prepare an aqueous dispersion of
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PCT/ AU02/ 18 1he@Bused 42 acoordamdawith thé misthodefithe prssens invieh@omptoeprepare ianvagnedusn.  As
nment i oned,.abov.e Euitabl e RAFT agents for the preparation of the

anphi phi | $EPHEAEH T BIXMFEPAUCISS ¢ he fol | owi ng general formula (5):
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



5z (5) where R1L and Z are as previously defined. The effectiveness of a
speci fic conpound enbraced by fornmula (5), as a RAFT agent, will 10 depend
on its trapyBessItonst ant, which is determ ned by the natuPeTURAhe3Rl and Z
groups, the nononmer and the prevailing reaction conditions. These
considerations are discussed above in relation to the anphiphilic RAFT
agents. Wth respect to the RAFT agentgpaf fornula (5), such
considerations are essentially the sanme. In particular, as groups Rl and Z
are carried through to the anphiphilic RAFT agent, their selection is

subject to simlar. considerations.. . ver, due to closer proximty to
the thi oc%‘f'c%ci%‘f%f%%Erlgﬁ%?gf)m“eﬂesgﬁtrlg%\éﬁlgﬁays a significant role in the
ef fectiveness of a specific conpound as a RAFT agent. 1In selecting both R

and Z groups for RAFT agents of formula (5), those agents resultin from
t he conbi Aadreskonsd ahove; suitable RAET agents dor the pienaratiogy ofube amphiphil T

parti cul a{lée;(lltsn%rvg e,foggwléggg\é%}g?ﬁjﬂgﬁﬁ% PCT/ AU02/ 01735 -43 Most preferred

RAFT agen mted to, the followi ng fornulas (15-
21): S5R3S 11 S'- -1 CO2H (15) 0 ON S S CO2H (17) S S /C2H

s—~R!

/

S——C

N

z
®)

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



R3S S CO2H (16) (18) CO2H S (19) (21) RSAS /1"y 0 (25) CO2H CO2H NH2 (20)
S (24) WD 03/055919 PCT/ AU02/ 01735 -44 wherein R3 is as previously defined.
When sel ewDIR®5RRAFT agent, it is preferable that it denpeTtAtates’3s

hydrol ytic stability wunder the conditions of emrul sion polynerisation. In
this regard, trithiocarbonyl RAFT 5 agents are particularly preferred. The
di t hi ocarbonyl conmpound used in accordgace with the fourth aspect of the
invention nmay be a dithioester, a dithiocarbonate, a trithiocarbonate, a
di t hi ocarbamate or the like. The inportant thing is that it has a Z-C(S) S8

. The ¢&, (3- d 10 b h
Capabl o oHop e feiie AR AF RAEFHE GERAS! B SRERG TR (e GRS (R g

preferredgnbodi nent the invention provides a nmethod for the preparation of
a RAFT agént conprising the conjugate addition of a compound of formula

(1): 15 COH
j]\ /'\ | /[
RyS S CO.H Rss)J\s CO,H

15) (16)

CO.H
u ] % 0L
N)J\SJ\COZH N S CO,H
a7 @18)
| L
R3)ks><cozH s CO,H
(19) (20)
@Qki S
S CO,H HOgC><S)kS><COZH
@1) 24
S
R )k NH,
\s S
o]

25)



SMZ C (l) where Mis hydrogen, an organic cation, or a netal and Z is any
group that can pronote sufficient reactivity of the thiocarbonyl group
t owar ds rwoiosabsoaddi ti on while not slowi ng 20 the rate of PCragment7asi on to
the extent that there is unacceptable retardation of polynerisation, to
t he doubl e bond of conpound of formula (11): 25 RBREWGC C R R4/ \R5 (11)

WO 03/ 055919 PCT/ AU02/ 01735 -45 where_EWG is an el ectron wi thdraw ng group
selected from-CQ02H, -CQ02R2, -COR2, - R2, -CSOR2, -COSR2, -CN- SO02R2,

- SOR2, -CO\IH2 -CONHR2, -CONR22; 5 R3 is selected fromH, Cl1_6 alkyl, or
toget her w ﬁat her R4 or forms a -C(O-0Ogroup; R4 is selected from
H Cl1 6 af 1545 PIREPEIY, -C02R2, -COR2, -CSR2, - CSOR2,

- COSR2, CN-802R2 - SOR2, CC]\IHZ CC]\IHRZ -CONR22; and 10 R5 is sel ected
fromH Cl1_6 al kyI aryl , heteroaryl wherel n RR is selected fromthe group

consi st i Nhef se;lmungnamFTs agent,i itus mef@@bt@maam%monstspﬂei; @ﬁéﬂdvl%ﬁb@!lm ut ed

C2-C18 alk iona bstifute I
heteroar?‘ln e"y%‘te cc?ﬁgt]loﬁsg %g]turstl%l}g ca?11 %gzoécl yq %ﬁ} ﬁ'ﬂi’; su&lyf u ed
het er @:y%Fyﬁts areQRkticulalyl prefoitb@t i t ut ed aral kyl, opt| onal |y substituted

het eroaryl al kyl , opti onal |y substituted al kar yl, optionally substituted
al kyl het eroaryl and pol ymer chains wherein the substi tuents are

| naependefilc it gfc&g@dﬁ;na%@e@;@a&oﬁaﬂ% HithNfe géuﬁ dpbangad thtkenfiGpoxy) .

hydr oxy, oxy, oxy, forny kyl car car boxy, sulfonic
acid, al kmgybe ardnampkttaxw dlﬂﬁoaadwdmateyla trittsomaytzomatep a ditlsnmal;bamatwdw tha diks,
ami no, i ncﬂeuuq{pg agt@c In?g 1? atgt rals\all §)% tcrcll%rponent The «,B-unsaturated compound

10 may be any such compound capable of providing a RAFT agent following conjugate

addition.
In a preferred embodiment the invention provides a method for the preparation of a RAFT

agent comprising the conjugate addition of a compound of formula (I):

15

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 ()



Preferably at | east one of R3, R4 and R5 contributes to the reactivity of
conjugate addition product to radical transfer. 25 Preferred Z group of
formul a (WP oalosseeo i ncl ude, optionally substituted with on@CerAuwOE 35
hydrophilic substituents selected from-C>2H, -SO8H, -0OSO3H, -COH
-(COCH2CHR) W OH, -CONH2, -SOR and SO2R, and salts thereof. Particularly
preferred RL groups include, but are_pet limted to, -CH(CH3)CO2H,

- CH( CO2H) CH2C2H, - C(CH3) 2C2H. Preferred Z groups include, optionally
substituted al koxy, optionally substituted aryloxy, optionally 30
substituted al kyl, optionally substituted aryl, optionally substituted
heterocyclyl, optionally substituted arylalkyl, optionally substituted
al kyl t hi g, QpEWAaL I Sedihi M&dwﬁfgy r3Up ¥blebic@ frdfp @6)'2355@@12 -COR?, -

PCT/ AUO2/ 01735 46 di |k - d h P(= 0?22
di al kyl - @SRWIGSQR?, I@%@?pmqﬂkl%rqu é&?ﬁ@ﬂl\%{g;g ‘Nrﬁﬁ @I()TBszl t ut ]ed

acylam no, optionally substituted acylimno, optionally substituted am no,
R -(X)"-S- and a polynmer chain formed by any mechanism wherein R; X and
n are §s RfefsisaRdtedFeote N, RS of edgetiee dviflt either IR @r BWG dansi 5+C(Q@)-Of
optionally 5 substituted Cl1-Cl18 al kyl, optionally substituted C2-C18

al kenyl , &pR:onal |y substituted aryl, optionally substituted heterocyclyl,
optionally substituted aral kyl, optionally substitut ed al karyl .
Particularly preferred Z groups include, but are not n}ted to,

- CH2( CeHER, lscaelmm FHEROICHD). e atkisll, adridy | hefer¢arg], -@aHe 'QQZB- -GQR%,-CSR4, - SR3,

e o SRS BOSRs OO SR be ot r GO ICORR B (o the

fol l oppng exanples which 15 illustrate some preferred enbodi ments of the

invention. However, it is to be understood that the particularity of the

f ol | owi ngR'dleselestpd from HsCnoalkyloawlihetesestds t he generality of the preceding

description of the invention. Exanple 1: Synthesis of

2-[ (2- phenyl et hanet hi oyl ) sul f anyl ] propanoic acid (20). 20 CH3 SCO2H
wherein R? is selected from the group consisting of optionally substituted C;-Cys alkyl,

optionally substituted C»-Cs alkenyl, 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,



20 A solution of benzyl magnesiumchloride in ether (1.0 M 40 nL, 40 mol)
was added slowy with stirring to an ice-cool ed sol ution of carbon

di sul fi dewQ43053%19 66 mmol) in dry tetrahydrofuran (40 nPCTW 01735
nitrogen.. After 30 mn, 2-bronopropanocic acid (3.6 nL, 6.2 g, 40 mol)
was added and the reaction was stirred at anmbient tenperature. After 48h,
25 the m xture was poured into ethyl acgtate (200 nmL) and washed w th water
(3x100 nmL), followed by saturated sodiumchloride solution (100 nm.). The
organic |layer was dried (magnesium sulfate) and evaporated. The renaining

lthg: (rjohr‘? ﬁ((?S?t{ialr?le‘ga& gglflé’gplga%lr mgaﬁ)@gﬁﬁlaalj?qlﬂ 1‘?21‘/31’%&?8?}’3“%3[ t hen
di ssol VedP(dogRézﬂ/Léﬁtloﬁgl@ﬁ siBstinAad a@hmhe! 6ptioMalll shstRMEd WaylRhi! Bpicially

sol ution (4x conbi ned aqueous extracts were washed wth efher

(100 ni), sqbﬁ@wteé@mw,ul%maspmaﬁmmerz ain fgraned &yl agy ineechanigm; whereiieB | t i ng
or gant o exriia BT dodlchia RUE A1CEAR budTbtou BRSISHF of SHRLREY

chlori Sle {ubStituted @0 stdlieyl, oistiomdllyistittioeed €50 malkehyl adstionall g pabsstititedagl, t he
sol vent gave he title nmpound_ (20 ared ljquid. (3.73 ich
sl owly sofRtf %auwﬁﬂg?%ﬁateﬂf&yclzka%@ sésulpﬁnaﬁgé aralyd eptl%pagw %}@?@flwﬁ

aci d) - bl oaisargpl Yy ﬁ%fe)ﬂeﬂtﬁéroﬁﬁ&ﬁﬁlud%oo% n(ﬁgﬁmed%t@}ff@ﬂfﬁtdl €y

degrees of p nmer | zatl on n usi ng 2-1(2
phenyl et hanet h (Ctl Y gHy! | gr opan0| c aC| dr&(ﬁ% from Exanple 1. A sol ution
of 2- [(2-@ By et hanet hi oy} Waerefedn i tp s aprh s:Wé@nedl(lg@yleqt@dﬁpm g1 to1C3

nmol ), gyl_ azobi s(4-cyanopentanoi c acid), (95 ng, 0.30 mmol) and acrylic
acid (0. 6%1 8.78 15 mml) in THE (5.0 g) in a 50 nL round bottomed fl ask
was stdrred magnetl cally and 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 mmol) was added to the flask and heating was continued at 85
for a fUrbﬁMiﬁDDﬁ@%ﬁlﬁiUN(ﬁ"ﬁH@mﬂﬁgwmr showed nol ecul ar wei ght
characteristics consistent wth formation un RAFT control. The copol yner
20 sol ution had 54 3% sol i ds Exanpl e i b: Preparatl on of a poly(butyl

acryl ate- math hacr | a the 0- RAFT a nt H m

Bl e 1 500 Beveation N0 gB% Pa de5driedeNita 5 REctae 18 he (OUSWGE reBp bl

di bl ogk Ci]?ﬁ@ﬂrékﬁ'@ém§ ?)l‘éféﬂréme&b@dﬁnents 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,



Exanple la (5.96 g of solution; containing 3.23 g, 1.02 mml of macro- RAFT
agent), water (48.0 g) and sodi um hydroxide (0.12 g, 3.0 mvol) were pl aced
in a 100 whososasdd bottomed flask and stirred magneti cal | yCrRNUO0R/0DBS Ng
sparged with nitrogen for 15mn, then heated at 85 with continued
stirring. After 15 mn a mxture of nethyl nethacrylate (19.5 30 g, 0.195
nol ) and butyl acrylate (19.5 g, 0.1524m0l), was added in portions at 45
mn intervals with the follow ng weights added at each step: 4 g, 59, 6
g, 79, 89, 9 g After WO 03/055919 - 48 PCI/AU2/01735 the |ast

addition,,th tion was hel f ther 3. . dto
cool . T%ugeirp@%%gmﬁggﬁg?cﬁe 52%%1(3%%588 %noﬁcu%é.r ﬁzl\%‘?%&g}lga‘ggsr {hlg@ Iratlaﬁéllklgae\eof
40 nm ( CHipRether E200MRITS) drel exfactearvati 6% sfdiem idarb@mteysdlation (4x50 mL). The

aci d) - bl ock-pol y(butyl acrylate) macro- 5 RAFT agent w t,h,fdeg[r ee of |,

pol yrer | ZembiredRoneas exgact siere Wrghel svithsether (109 i), then acidifiedto pH<1 with

henyl et i - AN B i I : tion
of 2 2o SR IE Yhg REARAE Rl ATHE Sl S g bogLy,
mol ) ,5 Z4nd'thazahbiiEd-ocgmiogarzcanoire veashel) with. vidier ¢x50 n82), satotajed sodihm
acrylic acid, (3,40 g, 47.2 10 nmmpl) in THE (10.0 was stirred and
deoiylge nd‘g‘i‘l]‘d%qﬂs g Bgr%gq“ﬁéhw ‘%YILFdn‘iV{ﬂF é‘@'gﬂeslugp sé%atewﬁﬁ;poméo%%t: 4}? ?%P{e&ég'“’? hen
heat ed aty,881f @smPothd ?b} &'a (e ilighidRe 78!, 3990y WHiéh (16wRGoRdifkd ofl stabRlg) Was
added. Heating was continued for a furtgher 4 h to conplete the

pol ymeri zation. Exanple Id: Preparation of a poly(butyl acryl ate-co-nethyl

th late) | 15 usi th - RAET, t f | h
0 bl ook Cppptsata®s Befpardfion by 4 BoRdrai 2 HERpof BTLE R oBaerk™s,
4.05 g0 RAPT dgeat wath rapedivieAlesr&s T tpolyderizainbn S(3tand ae RO nisaipoR-f(2aci d)

(0.25 g, 0.80. mmol), water (47.9 g) and sodium hydroxide (1.27 g, 31.8
mol ) werkthesylethanethieyDalfanyHpronsmoe apid ) dpm Examdehh t he sol ution for

15 min. The mixture was then heated to 85, and after allowing 15 mn for
equilibration, a mxture of nmethyl nmethacrylate (13 g, 0.13 nol) and butyl

acryl at e A3Glugon 0f 2q(2yphenyletimneitictbyd)sulfarylipoopasoicacidR0) Exléod, 1473gmmbly, 4
g, 449, 5 ¢, d b5 at h.intervals. | es re taken prior.to h
it on 2RO BRI B Db % M BIgHA™ ADHiS A48t e
det er g3 nedny) BetTHP sma?s 98 KbnthiRmatRAoRRAYI4RONYS SN Raghatitdly dhd Peak
mol ecul ar wei'ght (polys %/r ene standar d?ﬁ is shown as a functron of tinme in
t he t abl espprgiedwyithamitrogesigyrldgnias sihedldskovasdben keatagsati8aefor 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



pol ynerisation is under RAFT control. The final |atex had a solids content
of 34% 30 WO 03/055919 PCT/ AU02/ 01735 -49 Reaction tinme (h)Peak nol ecul ar
wei ght Flwaelosossogenperature (t=0)1, 087 119,324 225, 860 332CTBHA04453629
561, 682 Exanple le: Preparation of a higher solids content poly(butyl
acrylate-co-nethyl nmethacrylate) |atex using the macro-RAFT agent from
Example Ic. 5 The di bl ock copol ynmer sohgition from Exanple |Ic (10.0 g of
solution, containing 1.2 nmol of nacro- RAFT agent),

4, 4" -azobi s(4-cyanopentanoic acid) (25 ng, 0.089 mol), water (48 niL) and

di um h ide.(1.25 g 31 3 mml
Spar gou 94 R % Bredty KR ol e iS5 Tyt AR EF 3 TP ARE RN o1 %! 19
stirring.ThAldiet waSa5% solidsthnd Kider Rimbee bethgirticle sivk of 40 (AACHIE). 0. 225 1ol )

and butyl acrylate (22.5 g, 0.176 10 nol) was added in successive portions
of 59, 6 g, 7 g, 809 99 and 10 g at 45 nmn intervals The final | atex

had 42. 19 5(134 nalc par‘{pf& Bor lof " ol?é{g?ﬁfct ﬁﬂﬁf Qi&(ﬁﬁﬁr‘itarcﬁ%?%ﬁngl?i&ﬁpoli)y

i ndi cat e e di ane ess
synt hesi RAFT 2aden? -witk ndgeed of qidlymaptizaionf any| 205 decibotle Mlo¢ks asing .2-f(8- / CO2H

S '"CO2H 21 A solutio nesi | oride i ther (1.0 M 200 ni,
0.20 ol yphgaxlethans ‘?g “ﬁlﬁ“yyﬁﬁ%/"rl?ﬂ?)lfr%f‘ﬂ&gﬁ;] g‘ T"uﬁder nitrogen. Carbon
disulfide (20 n, 25 g, 0.33 m)l) was t hen added sIovay wWith stirring.

After 15 mn, fumaric acid (23.2 g, 0.20 nol) was added and the ether was
most |y r ersaletiothgf ZH[(s’-fphelnaleﬂmnethmyﬁ)eulfa@wﬂamamm aeid(2Q1 (6319 2.34 mmol),

4,4'-azobis(4-cyanopentanoic acid) (0.102 g, 0.32 mmol), and acrylic acid (3.40 g, 47.2
10 mmol) in THF (10.0 g) was stirred and deoxygenated by sparging with nitrogen for 20
min. The solution was then heated at 85° for 2 h, after which butyl acrylate (6.06 g, 47.0

mmol) was added. Heating was continued for a further 4 h to complete the polymerization.

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 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 niwofoaloszoned by saturated sodi um bicarbonate (5x20QTmuo2/0Tiie
bi carbonate extracts were conbi ned and extracted WO 03/ 055919
PCT/ AU02/ 01735 -50 with ether (2x100 nmL), then acidified slowy to pH<1
with concentrated hydrochloric acid, -apd extracted with ethyl acetate
(3x200 ). The conbined organic |ayers were washed with water (200 ni)
and saturated sodi um.chl or| de (100 rrL) and then evaporat ed The crude
m xture was crystaH+zed g Hofw-tr i petrol eum
(100 m.). 5 The golid ma%e%c6lppél @ and |pl aced %}‘E’Y‘&g‘?‘%@‘*{éi n.) at 65
wher eupon nost of TheFRek tdkemPe@@t ®ed) [The m Xt ur €,089s then qui ckly cool ed
in an ice bath apd the resulting crystalls were colLected and|washed with
cold water (3x33|nL). The solild was then di ssol vedl?»ﬁzé m xtyre of water
(150 ni), ethyl peetate—<606—mb—and—tetrahytrofu 3 The water
was renoved and the organi c phase was washed with water (3x10( m),
saturated 10 sodfum chloride BIO0 nl), dried over p®gsesium sylfate, and
evaporated to giye the title conpound (I21) as a yellow solid{(18.4 g,
339 . Exanple 2a| Preparation4f a pol y(acryl iC acﬂ&ﬁz?racro RAFT agent with
degree of pol ymert+zat+on—n LS/_o tHS+g
2-[ (2- phenyl et hanet hi oyl ) sul f anyl ] succi nji ¢ aci d (2?)1 rom 15 |Exanple 2. A
sol ution of 2-[(Z-phenylethanethioyl)sulfanyl ]sucm ni c aC| d (21) (700 ny,
2.46 mol 4' - azobi s(4-cyanopent anoj ¢ acid 14 nmol ), Ed
with

, 4,
acrylic a%m!nl(h Ig: nPremwatipnaf)a rgh@étsp%wwpm aﬂlym'UYhEynm-cgﬁa?%
ni trogen r evaporated to
dr ynegs ul;r}géflIa B'?%u)gfel pr eos E@em%éomgquagt(g‘gwﬁ C gl(,:é?%) V\Ilpth an aver age
degree of pol yrrerl zation n z 23 as shown by gel perneation chronat ography
ol yst rene ndar 2b r ut. cr te
Bt e el T diblachegobrerar ity g FrampB e Eiig 4 soRBa R te Ayrel act a)
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(0.55 m, 4.0 nmol), Wwere dissolved’in water spar edvmth
ni t r ogen, (48 ey dméa’oémm bYCBGlelh(l 85 Bed hy manol) M@Cﬂ ﬁﬁ{ﬂﬁ‘éﬁ%&i@tlpgﬂy Whli@?elll&) mn,
butyl acr

| at 3w1th mtrogen for 15 min, then heated at 85° with continued stirring. After 15min
a mixture of methyl 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).
A
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)

20 was added, and the solution was heated under reflux for 14 h. The reaction was cooled and

15

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



(2.0 nL, 14 mml), and 4, 4'-azobi s(4-cyanopentanoic acid) (50 ng, 0.18
nmol ) were added and stirring was continued for |h. Mre

4, 4" - azobwe(0dnspanopent anoi ¢ acid) (10 ng, WO 03/ 055919 PETrAu02003735 -51
0.035 nmml ) was then added, and the addition of butyl acrylate (2.1 mi,
0.16 nol) was comenced at a rate of 0.25 nL/mn. At the end of the
addition the solids content of the |atsx was 34% and the nol ecul ar wei ght
characteristics were as expected for a controlled polynerization. 5

Exanpl e 2c: Preparation of a poI y(acrylic acid) macro-RAFT agent with

d f .
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m) at a rate of 0.1 m/mn. Stirring and heating was continued for 2 h
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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,



WO 03/ 055919 PCT/ AU02/ 01735 -52 Exanple 2e: Preparation of a fluorinated
macr o- RAFT agent, poly(acrylic acid)- bl ock-poly(butyl

acryl at e-wo-0BsPluor oet hyl nethacrylate) with respective aegraamg/ooBs

pol ymerization n =5 and n -_ 20, using

2-[ (2- phenyl et hanet hi oyl ) sul fanyl ] succinic acid (21) from Exanple 2. 5
2-[ (2- Phenyl et hanet hi oyl ) sul fanyl ] succkpic acid (21) (0.995 g, 3.5 mmol)
and initiator, 4,4'-azobis(4-cyanopentanoic acid), (196 ng, 0.70 mmol)
were dissolved in tetrahydrofuran (30 g) in a 100 nL round bottomflask
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consungd. The fi naI sol ution was 29 1% solids. 15 Exanple 2f: Preparation
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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.



(CHDF) . WO 03/055919 PCT/ AU02/ 01735 -53 Exanple 3: Synthesis of

2-{[ (butyl sul fanyl ) car bonot hi oyl ] sul fanyl } propanoic acid (15, R3 = C4H9).
S CH3 1 weesps598 11 CO2H 15, R3 =C4AH9 Acetone (700 nL) amdT/AU02/01735

t et rapr opyl anmoni um brom de (5.58 g, 21.0 mmvl) were added 5 with stirring
to a solution of sodium hydroxide (10.5 g, 0.263 nol) in water (36 nL),

foll owed by 1-butanethiol (23.7 g, 0.263.nol). After 20 mn, carbon
disulfide (17 nmL, 21.7 g, 0.285 nol) was added and stirring was conti nued
for 15 mn, after which 2- bronopropanoic acid (40.14 g, 0.263 nol) was

2o, TORCGARE 427 PP, s 1A e BROVPE g SOl 2 ¥

pressur e bipek-pbly (MayBhtryliteoxiifldrvehykifletitri-gidte) with alelysuctivd Wegrdey .of The
extract was washed w t h wat e(er_f(2x100 nL% saturat ed .sodi um chl orj de id
sol uti on Ppelymeriggtion A anq 8GR0 WG F-Hephenykthangthigyhsulignylisnectpie yeid

resi due \é\@gg/ﬁronfkﬂﬁlpfe@ by the addltlon of ice (500 g), the crystals were

col l ecte tratton and washed with water (5x100 mL) and then dried in
a vacufim oven at roomtenperature. The resulting inpure product was 15
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Example 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).



mol ) and sodi um hydroxi de (554 ng, 13.9 mmol) were dissolved in water
(6.75 g) in a WO 03/055919 -54 PCT/ AU02/ 01735 round bottom fl ask and capped
with a ruwbes/os®pt um Nitrogen was bubbl ed through the secmAwaoiBs five
m nutes, after which it was imersed in an oil bath at 60 for 2 hours.

El ectrospray Mass Spectronetry confirmed a degree of polynerization n z 5.
5 Exanpl e 3b: Preparation of a poly(butsgl. acrylate) |atex using the

macr o- RAFT agent from Exanpl e 3a. The poly(acrylic acid) from Exanple 3a
(0.585 g of solution, containing 0.304 g, 0.508 nmol of macro-RAFT agent),

4,4' - azobj - cyanopent anoi | { 042 | odi um hydr.oxi de
(53, 4" o ESARRIE0TBTRBRRS o, 2l PlysditBneipoRe iRty iRt e 468
flask whi@s, Rds By seal ed with a rubber septum The solution was stirred
magnetically and deoxygenated for 15 mnutes with a stream of bubbl ed
nitrogen. The flask was immersed in of¥s bath at 60 and the addition of
butyl acrylate was started. The~adeifi /Lcic))(%ﬁisted of an initial shot of
0.10 g, followed by a continuous feed, at’ 1. g/h for 2 h, 15 foll owed by
5.97 g/h for a further 3 h to gi vd®aRtotHP addition of 20.0 g (0.156 nol).
The reaction was allowed to proceed for another hour after the cessation

of nonone | i ; . hARi oL el an.
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data afe withetining tche sohitibe of cotlim hydieetiet (105 & B6Baidlyin Matev(38mbyr
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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



1503. 03%7138936- 1803. 809402511232643.1 (1.14) 2104.38%142021667345. 3
(1.22) 2406.549%202232474050. 6 (1.10) 2708.109%242163128954.2 (1.10)

30010. 04%2003039291056. 9 (1.10) 33011.56%382125334059. 8 ( 1PLE)AU02/01735
36013. 33%167706981760. 3 (1.11) WD 03/055919 PCT/ AU02/ 01735 -55 Exanpl e 3c:
Preparation of a poly(butyl acrylate) latex using a poly(acrylic acid)
macr o- RAFT agent prepared accordi ng tos4he description in Exanple 3a, and
pot assi um persul fate as the initiator. 5 A solution of poly(acrylic acid)
macr o- RAFT agent prepared according to the procedure described in Exanple

3a (0.601 f .sol uti,on.:¢C L Ju O ONE = T
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was then sealed with a rubber segtuqi Jhe Sé¥ﬁﬂgﬂan.mas sw%%led to di sperse
t he RAFT Edepdnospray Masp SgectromaiiyfOniEmed 3/ J5ghes e I8 PGehat ed with a
stream of bubbled nitrogen. The flask was imersed in an oil bath at 60
and butyl acrylate addition was started. An initial addition of 0.10 g was
f ol | ovied Exansple Gt i rRrepsrativadofin folp®ugylhadrylatd) latex msing5the 7mgere-RAF Tn
further 3 h %oﬁg@ve total addition of 20.0 g (156 nmmol). Heating was
cont i nuedEPRtiramExAmPkddr  after the end of the nonomer feed to maxim se
conversion. 15 Exanple 3d: Preparation of a poly(acrylic

aci d) - bl ock-pol y(butyl acrylate) macro- RAFT agent with respective degrees
of pol ynditiezmly(aeryhic Beidhdrom Examplentp 4.585 g of solution, containing 0.304 g, 0.50
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and deoxygenated for 15 minutes with a stream of bubbled nitrogen. The flask was

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)




acid (1.72 g, 23.8 mmol ) in dioxane (15 g) was prepared in a 50 nL round
bottomflask. This solution was stirred magnetically and sparged with

ni trogen wWoro3®savin, then heated at 25 60 for 3 h. At the @enu/azfo2nin3s
period, butyl acrylate (12.04 g, 93.91 muvl) was added to the flask and
heati ng was continued at 80 for a further 20 h. The resulting copol yner
solution had 52. 5% solids. 30 WO 03/ 055319 PCT/ AU02/01735 -56 Exanple 3e:
Preparation of a poly(butyl acrylate) latex by mniemulsion polynerization
usi ng the macro- RAFT agent from Exanple 3d. The poly(acrylic

aci d) - bl hu . i npl e
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nm. beaker and, was wgor ously stirred magnetically. Sodi um hydroxi de (0. 25
g, 6.2 rmbdipssigy peputiateaythe IKIateE-s ni xture, forming a white emul sion.
After stirring for 1 h, the enulsion was subjected to ultrasonication for
7 mnutes using a Vi bra-Cel | U trasonic Processor (Sonics 10 and Materi al s,
Inc.) §taAdmhuioprafpelHbcr3li¢mcidp Irriat:maIRAFﬂ'e@ght pregared agcostiingeo rtheipseadwi on.
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acid) (80 acrylic acid wer e
di ssol ved3 hrto giveaatotl @dfdlﬁog)af 200z (256 mimolpuHdatingt wamedntiagéd fof lanethewhanri n 25

was stirre netically and ed . w.th nitrogen for 5 mnutes, then
heat ed ataﬁﬁqﬁ%@%@ﬁ% mﬁ?"’flﬁretseg‘ﬁ{ﬂ’g‘mmf‘}lﬁe COBETP8®, styrene (5.9 g, 57 nmol)
was agged to the flask and heating

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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was continued at 80 for a further 20 h. The resulting copol ymer solution
had 45% solids. 30 WD 03/055919 PCT/ AU02/ 01735 -57 Exanple 3g: Preparation
of a pol ywOyses®19 at ex by m ni emul si on pol ynerizati on usiPeg/Atee/omasr o- RAFT
agent from Exanple 3f. The poly(acrylic acid)-block-pol ystyrene macro- RAFT
agent solution from Exanple 3h 5 (4.7 g of solution, containing 2.1 g,

0. 86 mmol of macro- RAFT agent) was m xe&g-with styrene (5.04 g, 48 mmol) and
water (45.5 g) in a 100 nL beaker and was vigorously stirred magnetically.
Sodi um hydroxide (0.17 g, 4.3 mvl) was added to this mxture to forma
white e ter ks ra1 W, n b
uItraso%%ﬂﬁgle e (.I))'i %%\l{ﬂlgg E{:l ng @P’Bra Ce % r%{?)%l EyPngfgsﬁgggrlgn

( Soni cs apniyﬁﬁrihhnm using thd macho-BAXTHagent firomb ExampbO3d.anpl i t ude, resulting
in a white mnienulsion. The mnienulsion was transferred to a 50 niL round
bottom fl ask containing 4,4'-azobis(4- cyanopentanoic acid) (15 ng, 0.052
ol ), thend | Riad@hc S&‘cﬁdl)eb?owé-ﬁchy fyl'bé)&ylafe?pha!deﬂo RAHT hfkht SO HNBS
sparged with nltro m nutes, stirred magneticalTy, then heated in
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CirrusTM software) as a function of conversign. The average rml ecul ar

we. ght i nedded de thig miwtyre, forpung p yhisiomalsipe aé?qepamlﬁsrf@liw e anHisign Wager
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is a proprletary ma erlal X Australia) made from maleic anhydri de,

phthal i c lalhhﬂ;tdsepﬁién aa@@lepmupgmlélﬁl@ngmscﬁlﬁedan@gmu%m ad spargedoEih n¥wigeni on
in styren rﬂéhﬁaeﬁ‘ﬁ' ﬁeé‘%{ ¥0°'if 2BV HatR FRSR PRl Y5t AR HeRba gt

sol ution f¥ om
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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(4.77 g of solution; containing 2.15 g, 0.86 mmol of macro- RAFT agent) was
m xed with WO 03/055919 PCT/ AU02/ 01735 -58 styrene (5.4 g, 52 mmol ),

unsat ur atwo oposipester resin (4.6 g; 66% reactive pol yest ePCrmvoghymBene) and
water (40 g) in a 100 nL beaker and was vigorously stirred nmagnetically.
Sodi um hydroxide (0.18 g, 4.5 mvl) was added to this mxture to forma
white emul sion. After 1 h of stirring,s7the enul sion was subjected to
ultrasonication for 10 mnutes using 5 Vibra-Cell U trasonic Processor

(Soni cs and I\/aterials Inc.) standard probe at 30% arrplitude resul ti ng in
a white 1.0 ni f

ARGy w1 I A R Ay R R R s S

nmol ) . Th@mﬁgﬁﬁalqnm RAFTethent fdonfExaapRr3fsept um and sti rred magnet i cal I y
while nitrogen was bubbled through the emulsion for 10 m n. The flask was
then imersed in an oil bath 10 at 60 for 3 h. At the end of this period,
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agent prepar rgh.n e e I 639 ¢
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Initla ose. owe e n | .
o over 179 il Btngt So ot orBe alptular Wieht fisHinRtShs, Rtk asfHine i el
acryl ase ﬁaﬂkﬁﬁdﬁncm«&ﬁa{ogfupﬁp fAPCAShintddgu @Ath Watdrd HRD SR Pand HROXUEHA, ed

styrene (10 g, 96 mmmol) was added to the reaction, the
5% acetic ac1d in tetrahydrofuran eluent, polystyrene standards, refractive index detection

O

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



30 tenperature was raised to 75, and heating was continued for a further 20
h. The resulting WO 03/055919 PCT/ AU02/ 01735 -59 |latex had solids of 21%
and the awerragssdparticle size, determ ned by TEM and HPPSPCRag0280738m The
core-shell nature of the latex particles was shown by el ectron m croscopy.
Exanple 3j: Preparation of a poly(butyl acrylate) latex by a 2-stage
process involving 5 mniemnulsion polyggtization followed by a slow butyl
acrylate addition, using the nmacro-RAFT agent from Exanple 3d. The
poly(acryli c aci d) - bl ock- pol y(butyl acrylate) macro- RAFT agent solution

mmr o- RASPRReft) & 30 ol vy opkSEh P Ro T Shapredidd RNl g
sodi um h)é%fr@ﬁ@) a@d (Wafer"@o gT) h 4o )nL ‘bezﬂ&r rhd &chsi vigerohsl sﬁil:reﬂ)@ﬂégﬁheuedﬂ@
Vi gorousé}y stirred %net cally fo .. The resulting. emul sjon

subj ect edodgmyhydraxida (48 Boﬁ“r5fné)‘?ﬂ°12 V¥AS ﬁd@‘é‘%tOJE%SH@‘XW%FOaf‘)%‘I 3 whit¢ prgy ’rﬂnc
Processor ﬁéolnh(b% SBH‘H’I&I\/ﬁ{ gﬁ)n £ECS ﬁ%%@ﬂg%&mﬁo@%(zfﬂ%t m éd 'fl%alfg% '

resultlng m ni enu rans erre roun
cont aisi ﬁgbﬁb,—@éll dihﬂascsﬁcﬂ Pi&cesgomn@@mrwamni Maeaiay, 63 stgndadd FRobamat )30% he

flask was h awth a rubbe& se,g]%umand tirred ma?netlcal %(X and
spar ged \Rhn% et F?ﬂ} g2 whits,miniemplsiony (Lhe pigemuylsion; was, transfarred {019 SG¢ ¢ o

1 h, but yhr a@id aotof3Hask gent&ﬁﬁl D -azGH Sy BRGHeRMNGY Adill) @Elﬁﬁ‘ng s@aT@i ng)

was added to the reaction over using a syri nge punp. At the end of the
but yl aamylbb)t Thexflapki wasrsealné atmhrﬁgmbhgr ssotm pagbstirfedrmagretieallyewhile pitrogpe

5 (Tpied BRlbihe ARISANIEN0 i, ‘The R AR RHSHAG R b Hifoah 2 O
132 urn (‘ﬁ'—g%‘? 5.© Sl? hesi's 6 S

2-{[ (rpdegybs ﬂirBamyAi ﬂﬁrdihdrm‘ttm @Ehﬂ)@,llieﬁﬁllig/bvhpmﬁppd’dcmﬂ Aotidr portion R34
Cl2H25) S CH3 S k S111 C®H 15, R3 = CI12H2 canet hi ol ilz 50 .9, 12.5
ol agarbiR-patoRpEiRo kRS A2 e SE ARG Ak 9SS ko Thg SOt
mol ) verg aﬁﬂ%}dt&tﬁ lﬁ@d#ﬁlﬂp a%tﬁ&dsqﬁinhm:{ | R8athed B9 Brisch20570MTBhd |

wat er (5 e res g solution was co |n an | ce ath andtreated
with car ﬂmatlngjwwtdsulded {d a7forthtr, 3 B. I%e dinalldte® wasid3Po s@lidseand b@d mhrmyerage

2- brom)pro anoi.c 12.5 mmol ) was added and the m xture was
stirred ?IE‘M)P %r%%rﬁg’ﬁg’e for 12 h. The

15

The

hy>)

=Y

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



WO 03/ 055919 PCT/ AU02/ 01735 -60 solution was evaporated to '/4 volunme and
slowy acidified with 2 Mhydrochloric acid (50 nL), then further diluted
wi th wat ew0o(026859m.) . The resulting solid was col |l ected anaCTraameysi3al | i sed
fromether/light petroleumto give the title conmpound (15, R3 = Cl2H25) as
yell ow crystals (3.33 g, 769 . 5 Exanple 4a: Preparation of a poly(acrylic
aci d) macro-RAFT agent with degree of _s5pol ynerization n = 5 using

2-{[ (dodecyl sul fanyl ) car bonot hi oyl ] sul f anyl } propanoic acid (15, R3 =
Cl2H25) from Exanple 4. 10

- deg f h =
Ciotps) . (b B eI o 2T e s ol S AR A SRR P T SAPHEPS B
0. 29 molsp,nnarfheaofesliet] r6ire of the 148 Partities Hassidvn beelecttbrsmizkosedpy.n di oxane

(4.0 g in around bottomflask and capped wth a rubber septum N trogen
was bubbl ed through the solution for five mnutes, after which it was

i ner sed )
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Exanpl%® 4hinidin@lsivnapolgmepization doHuvind by saslow buty] aceglate adlition,t ising the
macr o- RAFT age from Exanpl e 4a.. 20 The pol y(acrylic acid) from Exanple
4a (1.07 lgaqu%éi‘itageﬂt%ﬂylﬁpﬁg’(ﬁ. 36 g, 0.51 nmol of nmacro- RAFT agent),
4,4' - azobi s(4- cyanopent anoi ¢ aci d) (73 ng, 0.26 nmol), sodium hydroxide

(104 mg, 2.6 mmol), and water (80.0 g were added to a round bottom fl ask
whi ch wasThehenly§acaylad amd)%l@ckfnﬂbﬂbuty easrylate) TinacroRAK T orgent ssobutiony dpm

d h b flask
nae mod e 3d (158 BE ARfufn:ionlifnd L FAR B2 i S5k BART o0 1 20K
start gyl b'ﬁlfbﬂ a@ﬁjﬂhté l(5>67 gomnsﬁrﬁa) Qf/atairsorg)Tahdtlsocﬁhmthydﬁfx1db(thg, . Dkdmsipd by
a continuous feed at 00 g/h for 2 h, followed by furt her

3 h to giweseamixest ima bﬂibir@bﬂak%fanédlgpr@l%stm Wl)etlcqiﬁ'eforégb fhﬁf%lﬁng
al | oved te?n bRGERI l%lﬁéct@cf'% hﬁ{rasgﬁfé& ég{]tf & 2t BEmf&S 88h T%o%bﬁ{ -CER r@ﬁi‘%ﬁor{l@ed to

all ow the po merisa to reac conver si on. e resulting latex had
19. 1% soIereessmoKSbhﬁss laatl Matprisly,nic. ) ewhd3fl pobe a538%) amplitedda\/TheMesulting 79
(polyst yrrgpn?en%lglgg%a%)trans gltc()) %519 % Cr-lc-)/uha\ 3 017 ask co%talmng 4,4’-azobis(4-
15 cyanopentanoic acid) (63 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



Exanpl e 4c: Preparation of a poly(butyl acrylate) latex directly from 2-

{[ (dodecyl sul fanyl ) carbonot hi oyl ] sul fanyl } propanoi c acid (15, R3 = Cl12H25)
from Exawplog/d91d 2-{[ (Dodecyl sul f anyl ) car bonot hi oyl ] sul fPempgopoopanoi c
acid (15, R3 = C12H25) (182 ng, 0.520 mml) and aqueous 25%

t et ramet hyl anmoni um hydr oxi de solution (223 ng, 0.614 mol) were added to
water (80.0 g) in a round bottomflaskeggnd the m xture was shaken to

di ssol ve the RAFT reagent. 4,4'-Azobis(4-cyanopentanoic acid) .(76 ng, 0.27
mmol ) was then added and the flask was capped with a rubber septum and

shaken. The sol uti St L Gad -od . 15
m nut es vﬁoﬁﬁmg afsregg%)\%%?d %?.I 64b§de1gﬁ1§i ‘?g%g’??.; act 1ng ggi%v\gg&?an’?rg}r{gcda?%o an
oi | bat h L), GReraRdtHer dylutedcwith averadd0thb) Ihe méultine dolidvwas icolledted asdot
(0.10 g) was foll owe a.continuous feed a

d b .1.00 g/h f h,
5.97 g/ h reppalised, Fromepties light d’eHPk‘?Bmatot%YeaThetatHéﬁ coue 3, 1%3 3 Ql%ﬁ%gégﬁrm ).

The reacty vg??s proceed for another hour after the cessation
of nono re?l?‘éve %%Lg?ﬁ%’{(ﬁ@'pol ynmerisation 15 to reach high conversion.

Sol i ds$ nol ecul ar wei ght (pol ystyrene standard), and particle size (CHDF)
data are given in the Tabl.e fpollow ng. .Reaction Sali vh My, A
Particle **Y%qu’lrﬁr;h) E“i’ﬁ“(‘tﬁ%‘@g}(ﬂgghﬁta& Irﬂ?‘(@%ﬁ?s?ﬁ%e% W@{uﬁq&ﬁ?&%&ter "9¢
300. 51%;;@% ﬁeﬁ@zﬁﬂm‘s%‘Vﬁﬁégﬂﬁngg%ga(ﬁ%@cﬂ(égﬂfﬁo yealBOdotBRYASSIfER@Propanoic

1502. 069 3643- 1802.81%179 51.7 (1.10) 2103.95%181855453.9 (1.11)
2407. 699488F 653 RI 66012829 fram)Exapeple 4030806795997065. 7 (1. 21)

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).



30018. 229%4484510382477. 2 (1.10) 33020. 749%4378121785

36021. 87%729514182881. 6 (1.12) WD 03/055919 PCT/ AU02/ 01735 -62 Exanple 5:
Synt hesi swofo3@s39i{ but yl sul f anyl ) car bonot hi oyl ] sul f anyl } su®cirmuw2/acizsl ( 16,
R3 =C4H9). S C2H '-~~SAS'ill CO2H 16, R3 = CAH9 Triethylamne (13.9 m,
10.1 g, 100 mmol) was added by syringe to a stirred solution of 5

but anethiol (9.00 g, 100 nmol) and cargeo disulfide (12.6 g, 10.0 nL, 166
mol ) in tetrahydrofuran (20 nmL.) in an Erl enneyer flask. The reaction was
stirred at anbient tenperature for 1 h, then poured rapidly into a stirred

sol uti on _of | ei,c agjd (38.3 g, .330 1), 1n tefra r of.ur . The
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et her-di chl oronet hane (250 nL). The aqueous | ayer was decanted from sone

i nsol ubl e yell ow material which was then extracted with nore 3:1 (v/v)
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washed wi t h wat 6x250 m), th ted wth Q.5 di 15
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m.), then uted wth water to a total volume of 700 nL and acidified
with 10 Missclvethd BARI magentis 4 Aragokisidedyanenentanpiegicid)f.(76rmg, G.2vmmalwes t he

e o i) bbb . bt and
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mcrocrystals, 24.0 g, 85% Exanple Sa Preparation of a poly(acrylic
aci d) nacFhs sk asgmmerseidiin ageil kath gt 60 paidy byl acatlats pddition mes - An
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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 (16, R3 = C4H9) from Exanple 5. A small glass vial was charged with

2-{[ (butyl sul fanyl) car bonot hi oyl ] sul fanyl }succinic acid (16, R3 = C4H9)
(0.564 g,wD.6053ymwl| ), 4, 4" -azobi s(4-cyanopent anoi ¢ aci d) @E8Z/AT®?2/0V435

03/ 055919 -63 PCT/ AU02/ 01735 0.10 nmol ), acrylic acid (2.16 g, 30.0 mmol),
and water (5.40 g). A small magnetic stirring bar was included and the
vial was stoppered with a rubber septumt-hen stirred and sparged with
nitrogen for 15 mn. The reaction was then heated and stirred at 85 for 4 h
to give, after cooling, a slightly viscous clear yellow solution containing

o0 I, SO 2O o OBl 0.

Pr epar at i Rh=&HB).pol y(butyl acryl ate-co-styrene-co-acrylic acid) |atex

usi ng the macro- RAFT agent of Exanple 5a, 10 StageMaterial Mass (g) Wi ght
%mol ADei oni zed wat er 19. 00038. 55 BSol ut K::;'ﬂ macr o- RAFT agent from
Exanpl e 5a0. 2440. 500. 16 Water corrpon macr o- RAFT agent

sol uti on0. 4880. 99 4, 4' - azobi s¢4-syan .8 acid) (V-501)0.0250.050.08
Dei oni zed wat er 5. 00010. 14 25% Am*rqallﬂ_( Ry 4 MO0.1630.332. 4 CButyl

acryl ate3. 0606. 2123.9 Acrylic aci d0. 200 412, 7 Styrene2. 8205. 7227. 1

DSol uti on of macro- RAFT agent from Exarrpl e 5a0. 1600. 320. 11 Water conponent
of macro- mﬂlfyla@émt(lécﬂ ol b@s@.gszwnﬁﬁolmasmdd@ﬂbwm.tGMI@é sehftoAmfoni a

(13-4 1 O 4 0R%:57 .60 EP10¥ ' mSh YA Gl A2 128 &1 16,68 PP Liknd )l ©
tetrahydrofuran (20 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
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

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,



49.289100. 00 A 100 nL round bottom flask containing a magnetic stirrer bar
and Stage A was sealed wth a rubber septum and deoxygenated with nitrogen
for 30 mwoOoBls119 mersed in a heating bath at 85 for sufPCiri®an1Bsme to
al l ow equilibration. Stage B, incorporating the 15 macro- RAFT sol ution of
Exanpl e 3a, was then added to the pre-equilibrated reaction flask.
Stirring was started and Stage C was aghfled via syringe in 1 nL portions
over 5 mn. After a further 0.5 h, the simultaneous additions of Stage D
(in 0.5 nL portions at 20 min intervals via syringe) and Stage E (dropw se

froma dr i ng.funn ried 5949 B 1735
-64 Heati 2]3)0 Bl)fstaicfymcn%m 2162%nﬁu l? &%awaté\é\g[(?gb h a %er nﬁgg %lé](g of

t he addi tstipthgar Nadtcluded ahdehe elivhs sigppeaédwithasuBBerGepinal ihes stimetl arkde

| at ex polymer had Mh = 66400 with MV %Wé@a aﬁére‘g géa}\?“cj?

Exanpl e 3parged wihmilressn for 12 misy J@sé‘?aﬂl%wéé%}tff‘ Fedge

degree of; I r 0 he

2-{[ (but y?g%f éfrq% Oéglrrl %rr% |oy?]csul %rr]ylel%vl\jcsgllu;c]llog chétlalmn ?GA) S%ds— ¢ CAHO
from Exanpl e 5. 2-{[(Butyl sul fanyl)car bonot hi oyl]sulfa | }succinic acjd
(16, FB macudyr weiglg My, =11600) ofitbe poly(acrylie, agid) 2Backe %Wb})’éﬁ?ﬁ%"%‘l aci d)
(0.28 g, 1.0 mml) acrylic acid (10.8 g, 150 mmol), and water (41.8 Q)
wer e pl adadn ite |H nb@Gspettrunound bottom fl ask containing a magnetic stirring
bar. The flask was sealed with a rubber septumand stirred and sparged
with nitrogen for 30 min, then heated and stirred at 85 for 5 h. The

resul ti n%}bﬁ%ﬁl@‘ﬁbsol‘i‘éﬂ&ﬁtlbﬁ‘d)f %p@ﬁg{lﬁﬁ&l férylatbo KBy refielcasacriicoidid) Miex
1360, corresponding to a degree pol ynmeri zation n 15) of the

pol y(acrylsnng&mmﬁ)cmdb&ETRgFﬂfd&!mmwaﬁa« unreacted nmononmer (<0.7% were
esti ed by 1H nnr spectroscopy. Exanple 5d: Preparation of a pol y(nethyl
nmet hacrt yl at e- co-styrene-co-butyl acrylate- co-acrylic acid) |atex using the

macr o- RARStag&a@aefialol  EXxanpl € 5c. 20 St ageMVat er Massgys Weipht®h| s rlBel|oni zed
wat er 211.(45 Bpgly{AGulk ¢ aci d) macro- RAFT agent ¢blopsn Exargglse 5c10. §51. 96
e Chx
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 5.72 271
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.



4,4' - Azobi s(4-cyanopent anoi ¢ acid) (V-501)0.2540.81 25% Amoni a (13.4

M 1.7024.99 nL CMet hyl nethacryl ate22. 754227. 31 Butyl acryl ate20.562160. 39
St yr ene8.802865229 Acrylic aci d2.05028.43 25% Amoni a (13. 2CMALI088P3588 ni
Dpol y(Acrylic acid) macro-RAFT agent from Exanple 5c6.951.26 (neq. total
acid in macro- RAFT agent)21. 34 WO 03/ 055919 -65 PCT/ AU02/ 01735 Dei oni zed
wat er 30. 450 25% Anmoni a (13.4 M 1.0916.64A0Q ni EMet hyl

nmet hacryl at e68. 261681. 93 Butyl acryl ate6l. 686481. 17 Styrene26. 616255. 67
FDei oni zed wat er 10. 500 G25% Ammoni a (13.4 M 2.450 HTertiary butyl

per benzo tgr '

bty o nenmhand gt WG SOHRER GO CRLE DRl e SRVTRe Seigh BF BladbY
LBeval 0| d 600. 050 drops MActicidel. 000 Dei oni sed water 2900 TOTAL_ 500. 00
Stage A vas Theltksulting lates 0@ 39100 asilidsiand the htaxtpolyraenhadolfn + 064@Uwith tMw a
mechani cal stirrer and reflux condenser. The flask was deoxygenated wth

ni trogen /szlr._. 9 Q}é]yst;rﬂﬁé‘ standard).

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




imersed in a water bath at 80 for sufficient tine to allow equilibration.
An aliquot (ca 5 5 nL) was renmpved by syringe before commencement of
heating twoasss®19in the transfer of Stage B. Stage B wagCrad®20p3sn a
smal | vial then added to the Stage A flask using the Stage A aliquot to
rinse the vial. Stage C was added via peristaltic punp over 15 minutes. The
contents of the flask went 10 cloudy ¥XHhin a few minutes. After 15

m nutes, the simultaneous additions of Stage D (over 1.5 h) and Stage E
(over 3 h) were started. The nononer feed |line was washed with Stage F and
t hen Stageg G wadeiomgddieder The reacti on was heated andosbirred for a ﬂurther
30 mi nut es,__St adg®s Awepée (HddBd and Stage | was fed ovarnvs45 m ubes. Btages J
and K wer dfaddededy! melecryh® ninute | nterval s. The reatioion Wasi.osool e to
room tenperat ur u3eYIdt ages L and M were added. Thélgsesul t #s1g7l at ek had
sol i ds of 1 %0 WD 03/ 055919 PCT/ AUQ2/ 01735 - 666-Hxanpl @555 :
Pr epar at i CF of eol eLVAEEt Kyl net hacryl at e- co- but yl A& at e- co-
tr| fl uor Ohfjh\ﬂ fs D_@‘i @'KIE#M)(‘O acrl VI i C aC| d‘ | at ex L@S%G the macr o- RAFT
reagent OfH I:var%glag Wyper@% Mat eri al Mass (G‘ M/VT]M65 ﬁ%l OI’II Sed

rthyrobaie
wa B 1“&& r’(‘aEF RAFT agent from Exanpl e 5&#0. 8513621. 96 meq.
ter]2Ll. 49 caent) qum 44" - Azohi s(4- cihopent anoi c_ari d)

N

total acigyt+r—regta-RARagent) 3331 I
(V-501) 0. 54312TM£§%%m a (13. 4 Ml 701724, gt _;;ﬁ%utyl acryl ate
[ cal cul at eg—tO BRaigig) MOt S Of _Io5—fre 7612821372 oosramp's‘rai‘u”‘al‘Ed to be
7 x mol s G 15mEEe 301681372 1560

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



Dvet hyl et hacryl at e31. 004100. 1309. 74g Butyl acryl ate20.158128. 2157. 24nL
Styrene0. 000104. 10. 00m n Acrylic acid2.05072.128.43 25% Amoni a (13.4

M 1. 621728088/0890% yAA nacr o- RAFT agent from Exanpl e 5¢6. 9pC36AD28673§ neq.
total acid in macro-RAFT agent)21. 34 Dei oni zed wat er 30. 450 25% Amoni a
(13.4 M1.091716. 00 FMet hyl nethacryl ate93.013100. 1929. 21nlL Butyl

acryl at e60. 474128. 2471. 72m n GDei oni sed6wat er 10. 500 H25% Ammoni a (13. 4

M 2.450 I Tertiary butyl perbenzoate0.1656. 3drops JSodi um eryt hor bat e0. 240
Dei oni sed water7.200 KTertiary butyl perbenzoateO. 1656. 3dr ops LTertiary
butyl per teD. 1 S V. -

Dei oni se gmgﬁzsg'ooﬁggtﬁg‘gg’%ﬂygg @c}gglcqi&hgﬁg&%%g% ask é’lgrr%%ol - neck
top, fi tttﬂﬂunrbéthgl methverylatd-ca-acrylie racidridtexedsing th@ndtene-&AFTl'hwgehasﬂf was
deoxygen nitrogen for 30 mn, then imersed in a water bath at 85
for suffi F%‘HP" e to all ow eqwllbratlon An aliquot (ca 5 nL) was
renoved by syringe before comencenent of heating to assist in the transfer
of StagestBe 1Matdiahge B was nade up in a smal Mawigpl thetwaddeshd 0 t he Stage
A flask using the Stage A aliquot to rinse the vial. W 03/055919 -67

PCT/ AUO2/ Q17 35Deionised water] 211.49

B polyAA macro-RAFT agent from Example 5¢ 10.85 1362 1.96
(meq. total acid in macro-RAFT agent) 33.31
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 93.013 100.1 929.21 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

5 Stage A was added to a S00mL 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.

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.



Stage C was added dropwi se over 1 minute and the reaction held for 20

m nutes. Stage D was added via peristaltic punp over 1 hour. The contents
of the flwelo3mesno cloudy within a few m nutes. The sinul Pamaawg/oemdsi ti ons
of Stage E (over 1.5 h) and Stage F (over 3 h) were started. 5 The nononer
feed line was washed with Stage G and then Stage H was added. The reaction
was heated and stirred for a further 3y mnutes. Stage | was added and
Stage H was fed over 45 minutes. Stages K and L were added at 15 ninute
intervals. The reaction was cooled to roomtenperature and Stages M and N

wer e added. 0 Th i,hi shed | atex had e 5f:

Pr epar at S@ﬁeé}l ‘idr&?gvé%? %’ﬁrﬁﬁgnﬁﬂﬁﬁaﬂgtrggctﬁﬁgggdrfggﬁgsﬁﬁ @}ggr'rpl e 5e.
St ageMat S{dgé |1j°ﬁ/5§ §ddlaa viRiegistaltARingNbweed hvat.eTRe &miditoplthe flasigivytall dudg0
Beval oi d 600. 15 Am nonet'hyl propanol 0.14 Orotan 731A0. 14 Teric 4600. 70

BTr onox GiRh#rsfsy minu@sycarb 1015. 03 CDei oni sed wat er 0. 50 DDei oni sed
Boval of d 1860 BS LB ORAOLEES 5B BE oRrrs PF i BB eys B sharBlpeadd. 14
gl ycols2. Qe Nadrions®! fedd lisie I3Q0vaDeGharnBtig? Band then Stage H was added. The

reaction was heated and stirred for a further 30 minutes.

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

minute intervals.

The 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




Coasol 0. 80 Beval oid 600.31 HAcrysol RM 2020NPRO. 28 WD 03/ 055919

PCT/ AU02/ 01735 -68 Stage A ingredients were added in order with stirring
order to wognisamy sized vessel. Stage B ingredients werPeTaddediand t hen
di spersed at high speed for 20 min. 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 ingredients were pre-ngged and added to the conbined 5 A-D
with stirring, and the conbination stirred for a further 20m nutes. Stage G
was pre- mxed and added as a pencil stream and the paint was finally

adjustedw th, St age. H_ The e (] t al .apal: i . i ()

vol une sé}{\grgﬁsAf?.ggaéegﬁdwgri%gaﬁd)eag 1f13;§ lfrar‘elylﬂgg%%énrgp ?lgte é|,\@dngo 1@8&5@’% d?%es?%e

pai nt WafSta%éPBi xdredlicats b&réhdlﬁdgmﬂ ﬂ&\;\l;ﬂisgéreecsa’ah'fg(& geé| foni20hmin.c ofiteer ci al
prem um quality interior waterhorne ite paint as 0 ri . Th

pai nts wepEbisgiA arfl Ristageuwers; adéecb%@mmt%‘éﬁssg&% tﬁ%gféggﬁﬁ’gﬂ&ﬂﬁ?’ bl e

filmbuil i I e LI : e of
comon h&i}ge el%?%e%?%l?ﬁe}s%\ig rszagg%n%é%ﬂ%néé)g/g{ehﬁ? :qhﬁgd g‘ﬁga%gltéefﬂfékf%?glgﬁg hour
bef or & r exbvwaithwtitringa and theaotrbdmeion rstivrs ¢ Hiod al fisthen 20mimtase rStagst Giwas poer e

selected froma range of hydrophiligc, type e offe red.wn

wat er bor ﬁé‘xﬁ‘g]f“??e?d%ﬁgﬁs 2 PR S o?ﬂ?g%‘F ﬁg@ﬁg’%ﬁ{l@fy qdéusgefda‘ﬁf@?},sgg? ?{'past el,
lipstick and a grease. The residues of stain left on the surface of the
filmwere rated on the basis of the extent of renoval: 5 = best (ie
conpl et e Thenospatimedtat paintshad( weighe solidd H1:500, Srdumeswohias Gi7al7 Bednplgaesk

Contr ol C‘:,%Hrggg,o?ﬁc&etgatygn%%%éj%terborne mar ker 55 Crayonl3

10
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




O | pastel 55 Lipstickld G ease55 WO 03/055919 PCT/ AU02/ 01735 -69 The pai nt
of Exanple 5f, based on a the |atex of Exanple 5e containing a fluorinated
nononer awoedos®ipart of the macro- RAFT stabiliser, showsPsTaun2o0essst ance
superior to the comrercial control paint. 5 Exanple 5g: Preparation of a

pol y(2- hydroxyet hyl acryl ate) macro- RAFT agent with degree of

pol yneri zation n 15 using 2 -69 -

{[ (butyl sul fanyl ) car bonot hi oyl ] sul fanyl }succinic acid (16, R3 = C4H9) from
Exanmple 5. A 50 nL round bottom flask was charged with

4, 4" - azobks(4-cy i [ [ ). :
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(1.41 g, rhorthemadlid a2phry df theymubrg!iRAET wiabilmes, 8haWs gtaiy fesBtanmekyperianto wat er
(15.8 g)., The flask wasl fitted with a rubber septum and the contents were
stirred ragsrmensial gopolipaintei ng  deoxygenated with nitrogen for 30 min.
The flask was then imersed in a bath at 85 and stirred for 4 h, after
which nore water (15.0 g) was added. The resulting solution had 15 24.6%
sol i ds? Fixample SgdiPrepmution of gpely (2thydoixyethyil agrylatie) macro-RA\Ehagatovidy ca
1% unreagted 2-hydroxyethyl acrylate. Exanple 5h: Prgparati of a o
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g, 5.00 mmol), 2-hydroxyethyl acrylate (8.70 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

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,
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by Stage D (previously deoxygenated) oygr ca 4 h. After cooling,

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

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
. . . 1
(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 14.45 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
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with a r(hbR’ sCplpfremdxampleSontents were stirred nagnetical ly while

bei ng deoxygenated with nitrogen for 30 min. The flask was then i mersed
in a bath at 85 and stirred for 4 h, after which nore water (28.0 g) was

addediy ThRrthRSHOD-HER KGhéitetactyde 2ste986 mothorgpolyi(kthylene ghyeobdvideh hamareact ed

2-hydroxyethyl acrylate and no detectahl e CD-552; 20 Exanple 51:
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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
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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%.
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Example 7: Synthesis of 2-{[(dodecylsulfanyl)carbonothioyl]sulfanyl}-2-
methylpropanoic acid (19, R® = CypHys).

/\/\/\/\/\/\S/”\SXCO H
19, R®=Cq2H2s

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
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trithi ocagdi@@r (19, R3 = Cl2H25) was obtained as yellow crystals (5.31
g, 29%. 5 Exanmple 8: Synthesis of

2,2 -[(thioxomet hyl ene)di (sul fanyl)] bi s(2-nmet hyl propanoic acid) (24). S
HO2CSASCO2H 24 Thi s conmpound was pnepa dézfcordi ng to the procedure of
Lai, J. T.; Filla, D ; Shea, R Ho;l: @O%JI es 2002, 35, 6754 and
obtained as a fine yell ow powder.” Exanp| e 8a: “Preparation of a poly(acrylic
aci d) macro- RAFT agent having two hydiophilic ends and with degree of

pol yneri zation n = 10 using 2,2'-
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Ex I
anp 18 8Macromolecules 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



15 2, 2" -[ (Thi oxonet hyl ene) di (sul fanyl )] bi s(2- et hyl propanoi ¢ acid) (22)
(0.150 g, 0.532 mmol), 4,4 -azobis(4-cyanopentanoic acid) (30 ng, 0.11
nmol ), acwolososzet d. (0.388 g, 5.38 mmol), sodi um hydroxi #€T(MD2817135, 1. 06
mmol ), water (2.00 g) and dioxane (1.00 g) were placed in a 10 nL
round-bottom fl ask. The flask was sealed with a rubber septum and 20
swrled to dissolve the contents. The.ysgsulting solution was deoxygenat ed
by bubbling nitrogen through it for 5 mn. The flask was then inmersed in
an oil bath at 60 and the polynerisation was allowed to proceed for 2 h.
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for a further hour after the end of the of nonomer addition. Exanple 9:

Synt h of R3 10
> Cary . gm0, Sfche I FardaGIaht 2 ttoktngl bbTAAROORRGRACAS, RS,
6. 67 olgc@y)d butanethiol (9.3 nL, 7.8 g, 8. 8 mmol) were added to a

sol ution of sodium hydroxide (3.5 g, 88 mml) in water (12 nL), and the
mxture was stirred in a stoppered flgaskgfor 20 mn. Carbon 15 disul fide

(5.7 nm, 7.2 g, 95 mol) was added angd the §,gl ution was stirred for a
$

further 20 mn. 2-Bronopropt0 . 3g, 87.5 mmol ) was added and the
m xture was left for 14 h. The reaction was acidified with 2M hydrochloric
acid (50 nL) and the vol une was

25, R3=C4Hg
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



reduced to ca 100 nL by evaporation under reduced pressure. The residue was
diluted with water (400 nL) and extracted with ethyl acetate (400 nL). The
or gani ¢ 'w@es/0s@s9 20 washed with water (100 nmL) and sat ur CEA®M13M
chloride (100 nm.), dried with sodium sulfate and evaporated to dryness
under reduced pressure. The residue was dissolved in ether (200 nL) and

| i ght petroleum (150 nL) and run througb-a 10cm di aneter Buchner funnel
3/4 filled with silica gel. The filtrate was concentrated to ca '/2 vol une
to give the title conpound as a crop of yellow crystals (15.7 g, 76% . The

silica g s ' t VBbhateD omed A th

t he not h%@%&ﬁ?ﬁwgﬁ %%éezgl %Es:{;ﬁdcrg%ebr tﬁ%\rﬁi}g{}a S. ‘all' e%igarﬁ% SA(gfIlutl on
was evapaialyeidaliyo poreysuasgsie wad abtaiedl by deqygalisationaoki thepemibindd yropsirfidm ed by
chr omat ogr ap u5| n eth /I i } petrol eum Recrystallisation from WD

03/ 05591¢% ?&%t er /1 ght petrol eum gave a second crop of
the trithiocar bonate (3 76g, 18% . An analyticall y pure sanpl e was
obtained by recrystallisation of the conbined cro from ether/ |ight

pet r ol 2urixXampkgda: w@awm afq?l polsaeryhleqd@r warnRAF T agentywithydegreel of

RAFT t
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Exanpl e R’ 2 QM) ol ERikple R - 0xoet hyI butyl trithiocarbonate (25, R3 =
C4H9) (0.556 g, 2 34 nmol), 10

2,2 -azobi s{2-nmet hyl -N-[ 1, 1- bi s(hydr oxynet hyl ) - 2- hydr oxyet hyl ] pr opi onam de}
, (97 .~ Q..024 I :
TR Bl SSE ABR 3ena08 (RIS OYE A3 0
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the resulting solutio X te u roge it
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Preparation of a non-ionically stabilised p y(butyl acrylate) usin the
pol yacr ylmdlwlmwﬁa@bmdfm@wm@s u@@l V29 deREygsaitpd dyyb

T G TV 5T S oot 3 9
bi s(hysir Othyxﬁrattmf’lfwﬁhuﬂfQmebﬂydt]pptmraaam de} (0.105 g, 0.257 mol),

sodium chloride (0.153 g, 2.62 mmol) and water (80.0 g) were added to a
round bottom fl ask

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.



whi ch was then sealed with a rubber septum The solution was swirled to

di sperse the 25 RAFT agent and then stirred nmagnetically while the fl ask
cont ent s werg/ostdexygenated with a stream of bubbl ed nitr®gemuoTherss| ask
was imMmersed 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 fuyther 3 h to give a total addition of
20.0 g (0.156 nol). Heating was continued for 1 h after the end of the
nononer feed to allow the 30 polynerisation to reach high conversion. WO

03/ 055919, - 77 . PGl AW2/ 017, : 1l Bt ( i

pol y(acr %xgmp&%g-rcbl (l£ &P g%?tgoglt 5;? woﬁg%}&@?bg}éyé%lﬁhlﬁn? enslg%rgt%grr

degr ees Q@pemoWithiebpettive degrees 35 palytherizatids nus 25zt arF hd-ubing 2-amino-1-

met hyl - 2- oxoet hyl bu%e/l trithiocarbona ﬁgé";ﬁﬁa = C4E9% fif’gﬁﬂ] Example 9. 5
A sol ut i aRethyl-2>0xe8th bu%irqucer& t R GGt} fronp £xampleghat e (0. 233 g,
0.983 mml ),

2,2 -azobi s{2-net hyl -N-[ 1, 1- bi s( hydr oxymnet hyl ) - 2- hydr oxyet hyl ] pr opi onam de}
(0. 042 g.A sdluti@? ofrBmi)inaemethyly2-axdettey! (butyl drithiocagonaterBi233 ign 0983 xamel)( 10 g)

and water, (3.1, in.a . roynd bot.t | as S stirr. i call

and spar & a@\?%g{)zﬁ‘?’?%bggﬁf]gbsé"yﬁ{%yme%@%ﬂ% QWSE‘%VV}TH{%W%%%‘?%% @E%g’ f or g
1.5 h. Al hemRidS R dehjlemiderii 99 g, 251 rimel) (R dkatie (IPg)lantiGratei(3)]1 weim @added
to the flask and "heating was cont1nued at 80 for a further. 20 h, The

r esul t i ng0aolpodunderotiontediflagk was atirtel megnebirallisandmsparasH avithpitrpgeyfer 818N of a
ly(st - co-di vi nwl b ' | ' FT
Doent o1 ¢ o dleik i WeMEAZE P 03 (PR A B 0 TR polt Bl WipblhReg A 0 )

vwas diEsehmel wds &ldyd e ehe Adsk3and, hedtidd wasmbtimred atli8of figr Héumthen20 (0. BBe g,

4.5 mmol ), in a 250nL bottle using an uyltrasonic bath. Wen a clear

sol ut i on TomMingRopOlEer S?W(éoﬂhﬁffb%g%cs@lig?-yner solution from Exanple 9¢c (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 m xture was intermttently shaken

vi gor ous|Exanvsle 9a: p@repration bF a pely(styrene-Toalivinplbenzine) suspiension medywpr ai ned

15,000 pariiheaPIBAF SRR ABEINR St esul ting. emul i on s |
transferred to a 250 nL round bottoned flask, sparged with nitrogen for 5
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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mn, stirred with an overhead stirrer at 138 rpm and heated to 70 in a
wat er bath. The 25 reaction was continued at that stirring rate and

t enper at Wwe oanssounder a nitrogen bl anket for 21 h. A di spersiwooois
particles with particle sizes substantially in the range of 1 to 10 ”~m (as
estimated by |ight m croscopy) was obtained. 30 WO 03/055919 -78

PCT/ AU02/ 01735 Exanpl e 9e: Preparatiom®f a pol y(N, N-di nmet hyl am noet hyl

nmet hacryl ate) macro- RAFT agent havi ng degree of polynerization n ~ 5

usi ng 2-am no-I|-nethyl-2- oxoethyl butyl trithiocarbonate (25, R3 = C4H9)

from Exagpl e 9. o5, 25A1. N0 | - - xpet ri.L 4l {25,
ra T Cardpaplege: oPAeaRition BF ety Gr. R ety itk BaiHi B Rl o

di hydr oc IRART dben8having UekBeeTsd| polyherikatibnmat ky 5 ansing e2-hminovbihetbyli2-at e
(DVAEMA) (0.956 g, 6.09 mpl ), gli oxane ?55@@ arl1d water (2.24 g) were
pl aced i exgethpl buty} trithincarhente (45, Rk = ) from Exgmplednned with a rubber
septumand swirled to dissolve the RAFT agent, and the solution was 10
deoxygenat ed by bubbling nitrogen through it for35 mn. The flask was then
i mrer sed 2-Amirmn] -mdthylet-bxaethyd bufybtritRiosarhotiate (25h & roTaHm €.28% 2,03 1temphoceed.

Ex I f: P ti f tioni.cal l t.abi |4 b I t
Fatex sty pe RS, MRS UREET , G Eghy P odbp? Rt ©
pol yD!\/AEMﬁn&ﬁgraﬁﬁl%ﬁ@lafg@cﬁac@m{w WABMA(G:956p] 6.09embridly} Aigkané (2.5 ug)i on,
contai ning 0.52 mmol “of macro- RAFT agent

2, 2" - azobind Fataré2 B¢ Igh et placad iniad@)mL geuwiddbasiom Baske TheAaskgyvas gapnsd with ) |

32% hydr ochl.qeric _acid . v el l%ﬂﬂ[ r .18 VY =1g | aced
in a rour?dnbb t wﬁ%s%%m#gh&mé% ﬁ%gir?gg{e})gl ed wit at?r%r{glbg}elggmgggtﬁ%]@and
swirlegl tdRogliceRses Oy baBbIRAFTiteganthroubhdt for Suiri. MBhes fiaskt wamthom inmkeed §t i r r ed
magnetically while goei ng_deox genialt ed wth a stream of bubbl ed nitrogen.
The fl aslemgalsath Ak §@’d§-5ﬁf8h%6ipp YBRrRRan B@TAREYbut yI acryl ate addition
was started. An initial shot of 0.10 g was foll owed 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 dticiniple9fofPr2patatipn(6f 4 Eftianitally stlilisedypolathuspha¢nylate) Intex ying
anot her htﬁ?rgﬂgrf])m gggro%%ag@ﬁ?ﬁ%ﬂE&%ﬁglet%. allow the pol ymerisation

to reach
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.
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conversion. Exanple 10: Synthesis of benzyl

2-[ (2- hydroxyet hyl ) am no] - 1- net hyl - 2- oxoet hyl trithi ocarbonate. WO

03/ 055919wWO19/0FX8T9 AU02/ 01735 A sol ution of sodi um hydr oxi @#€T(AU0g01735 nmol )
in water ( 5 nmL) was added to acetone (70 nl), followed by

t et rapr opyl anmoni um brom de (0.53 g; 20 mmol) and then benzyl nercaptan
(3.11 g; 25 mol; 2.94 n) wth stirring. After 20 m n carbon disulfide
(2.12 5 g; 27.5 mol; 1.76 nL) was added dropw se, causing a bright yellow
colouration. After stirring the resulting solution for an additional 15

m n, 2-bronopropanoic acid (3.83 g; 25 mml; 2.26 nL) was added dropw se
and then the whole was stirred for 17 h. Acetone and excess carbon

di sul fi dey Wahor 6M3VAAEN UpERKidRI(0/3; 2R EIMGT) Linwiter @5 llouds added mmasiont (T&  was
obtained. This was diluted with water (100 nl)_ and acidifjed wth 2 HCl .

The 10 r esl), tioHgwed byotrirapropammorivn dremident®bo b eh @0 mel) apdiiisieden®t r act s
were dried S ; . (S s repoy, £ & e
remai ni ndn?/rlg N?%u ) %51%“‘\&/\%2’ 2glils [ Ivrl\élgatljélggg .@gerlgg,qﬁ%uégyé rodégt?fi?gt%'ie-%ove
unr eacs eds; 2715 @by hpéendi)cwacadded ldespwisey caustng a bright yellow colouration. After

hat sol remaEbeora st b ey oI5 o erefinbii et G 7 vas
di ssol Veqnjne};g% )(%?é&t{egrﬂéﬁﬁ@sé%dﬂgén aRdviidIe Mas stivéd for 17 h. Acetone and
. g;

1, 1" -carbonyl'dii mdazo 6.3 mmol) portionwise as a solid, and
t hen t he exhesseatma disilfidewer ranvyed vedgrdrigh ypeuunp unidloa glaydy yellew aupxture

| i beration ceased Jhe resulting,sol utj I - a
treated WEHCHHREH TR Wes é’%?tﬁ% : ‘?f%t%h%%rr\é?? arg&]g@dfﬁe)(a ‘gfré%t%\a\}/[ slg.el'TEiele
reactij@n @Mﬁl&g SelV® ol lwis @@radied rifiio Wilier)\hie| dmbitied e)grabs were aiiet dNpsS @Y ur e.
The tetrahydrofuran was renoved under hi gh vacuum and t he 20 h«it er pgeneous
resi due viend @b ssobientavas Temongd uadathigh vegem ) The, engiaing dvisous Hgevas (2x 40

). Th i end | . . ’
16" give SHARRGOICTS e iudiohfido RACHMeRAq 2N RRRpRIRHOLACR] (el aoC T
si | i ca (ef[byizylsatfaiydjoajbondihéoyilsolfanyl} prapmnoiot aichasia atscauy el thadvsolidifigd 091 g;
i ght yel SEHEIdEr (780 T3 CorpomRa for e mptoD. s bl G By eiehyRfoflran (16

3- {1 (45T tmPyhyd sedbaRyh) CRIRMRANIIRNALSK! (D B2, NBIORARMY Sortionwise 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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acid. S HOZC,,~~S)t' S WO 03/055919 -80 PCT/ AU02/ 01735 A sol ution of

sodi um hydroxide (1.0 g; 25 mmol) in water ( 5 nL) was added to acetone
(70 nmL) fwbloamexd1by tetrapropyl amoni um brom de (0.53 g; POTmMmRHN17@Ad t hen
tent-butyl nercaptan (2.26 g; 25 mol; 2.82 nL) with stirring formng a
white precipitate. After 20 mn. carbon disulfide (2.12 g; 27.5 mol; 1.67
m.) was added dropw se causing the 5 pggcipitate to slowy di sappear and an
orange solution to form After stirring the resulting solution for an

addi tional 40 mn, 2-bronopropanoic acid (3.83 g; 25 muol; 2.26 nL) was

added dropwi,se and t.hen.the (o) |k ' cess
car bon %P%T‘tfqnd 3aduin PX@W‘@& d}g)dgraz% h%r?ﬁ)vfgl%%%{ %@v@%ﬁ&‘%ﬁﬁg@%ﬁ.
Thi's was ¢ it esl1otdd by eRhROpY1AREhoNYm Bronide (253 grRemmsolsaidthenferabutgH 4.
This was extracted with ether, the 1Q_comhi ned extracts were, dri 36{2&2804)
and the swieapian RS 5S3o0eel Zadlemi)vgth SHEARE, FRTMIRG,2 WhER Dot "mg

orange oil. was fro i I1§U}.Chl ) hdid@obwRe Zatsih®the 20 h
during whii'€h ‘iafgrf.él éﬁglgld?éb&gs%’d%ggg{@ggg@qﬁghggﬁ d was tO.Ir)i.turatSeldg\{viet h
hexanes wigideipititd forslavglyf disappedr aaddntonmngefsolution éel formashfterystiving thegewiltiescane.

The titl d was. i I || al i d. (2406 g 35
Exampl & SPBoRERMEisRat0 Hipo- G oBRPHPead gRR G e a e 228wL) Fas,
3-{[(tert adé&lhwg %ef A0V nenahb anIb v | kisreli fraP Y BHRI oRResieCammicéxtesy carbdaxanpl e

N
11. 3-{[(tent-Butylsulfanyl)carbonot hi oyl ] sul fanyl } propanoic acid (0.123 g,
0.517 muligulfide wa® 26eyvedjuaday highvasunwrfonive pp REAnES 08nmbls W@H%m

(0.187 g, 0.5 1)...and water . e '

round- botWag‘?ﬁ éﬁgg%a%ﬁ%ﬂ} TNt F(ﬁgté&sg%nﬁgﬁ{)ag Elsf‘g%d?h&r%&g 1‘9%1 gilh sers’g}l?/e t he
RAFT {@ag@bined ekiradis Wir$ (ided PRSP iralnthe solxentdyay Boved ufd@highvasipmmas
next added to the flask which was then s_ez,l ecawlth a rcﬁgﬁ‘rbﬁ[ ﬁ_le um 2f?>d
swirled tthedempimingviserasiosmngeflbwas frazen ia igrtd HgogH} WaR ISR 1 1 ed
magneti c o $hitR & L dsqafratd hitershenivith ogen
for 5 m ﬁid%%@@&b@?&n%@ﬁgﬁ%?ﬁggﬁ gﬁ&gggﬁﬁat 60 and butyl acrylate
addi ti on st@sngstarl adandAthen filtered, velsling ofittonode yevans. The title compound was

obtained as a yellow solid (2.06 g; 35%).

15
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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foll owed 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 nol).
Heati ng wae ogosdihued for another hour after the end of wPrhg/Atwroms feed
to allow the polynerisation to reach high conversion. 30 WD 03/ 055919

PCT/ AU02/ 01735 -81 The reference to any prior art in this specification is
not, and should not be taken as, an adqnow edgnent or any form of
suggestion that that prior art forns part of the common general know edge
in Australia. 5 Throughout this specification and the claims which follow,
unless th , VAl i,at i ons
Such as. " SiEtthte B RS bl B Giiohh B aROIRRLE ot bl 8Y o8

i ncl usi onaakhowl@lgateaﬂon ariyefpem off suggestion rthay rthwtrprmfr arinfoege partaf the eqzmmohut

not the exclusio ny,other integer or step or group of integers or

st eps. 1ogqﬁﬁ§kn ﬁﬁg%ﬂyéﬂﬂFﬁ@'art will appreciate that the invention
descri bed herein is susceptible to variations and nodifications other than

those specifically described. It is to be understood that the invention
i ncl udés Fhtoughwt tharsmcliﬁ@aisoramd thedelinssawhishsfollave intess thepreriest requrespi ri t

and scope_,lhe | X | f "

conposi ti BWSWQPF c é’ﬁ@ﬁﬁ%’%’ﬁgef 31?4 gaé%?%gsoéru(:ﬁa i cg?érgs% 41%%1 :)lgzlgf’l‘%lgtl on,

i ndi vi duabé yndeistés fodeiply theincladich oflbstaay irfeger at btep OfT@iolil tof fiitegedd orasiapst WO
or nore of said steps, or features. WO 03/ 055919 PCT/AU02/01735 -82 CLAI MVE:
1. A net hbet nobhesxelvsion g aaw@aw&wen%w@rew nfsgessipE SRR t i cl es
conprising the followng steps: 5 (i) preparing a dispersion having a
conti nuous aqueous phase, a dispersed organic phase conprising one or nore
et hyl d0i c@hose skilkedtin tlat @t wilb appreciste thheaimventiqml*dqshiilbeiddwﬁiﬁTs agesyptiblestoa

stabiliser f a or,ganij.c i i sajd one O re
et hyl eni CWH%OH%Q%FP aﬂ?&?ﬁgﬁg Bgﬁsﬁg‘@pg‘g&e ﬁ c{;gﬁ g’ ?Pﬁﬁ‘isb%?gﬂ c
RAFT agentpat &eﬁ@&éﬁh%ﬁhﬂ:hﬁlw%ﬁléﬁc}ma%ﬁﬁéﬂ eﬁfd rﬁ&dlﬁé&d&a@wﬁwfan&.ﬁﬂhﬁ tRSspirk- The

met hod according to claim1l, wherein the d ﬁer5|on of step (i) is prepared
by and scope. The invention also includes all of e 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.



formng a solution of anphiphilic RAFT agent in water and pol yneri sing
added ethylenically unsaturated nononer under the control of the

anphi phi Iwo oRAFSP1agent. 15 3. The net hod accordi ng to cl aiPerTAUKEBEI N t he
di spersion of step (i) is prepared by formng a conposition conprising
wat er insol ubl e anphi philic RAFT agent and ethylenically unsaturated
nononmer, and conbining this conpositioeg2with water. 20 4. The net hod
according to claim 3, wherein the RAFT agent is dissolved in nononer,
optionally together with organic solvent. 5. The nethod according to claim
1, wherei gy hipggdi spersion of step (i) is prepared by formng a conposition
conprising water insoluble anphiphilic RAFT agent and water, 25 and
conbining this conposition with ethylenically unsaturated nononer. 6. An

anmphi philjc RAFT agent of general fornula (4a) MWD 03/ 055919 PCT/ AU02/ 01735
"8 P bR angtih e JresBERE 2 aguetia BB BRI L PO R AR foprsIY the
pol yrer i sgfb&i er; nisltol00; 5 R is -CH(CH3)COOH, -CH(CO2H)CH2CO2H,
or -CH(CH3) CONRaRb, where Ra and Rb are the sane or different and
i ndepefhdei) | y srepatigea dispsreioy hoting@ edntiphouscaquesus phissx p, disigred2orgagic
C7-C18 al kylaryl or C6-Cl2 heteroaryl, h i.ch i jtut ith
one or nore hy%]}a(?f) h(iqn?p(glsa}gogag Yo Iné%? e%ﬁ)ﬂgxgﬁﬁiycg%ﬁ?&u{a@z%o?ﬁ%% I—iﬁﬁll %ICB H,
- SOR , - S2R ampKiPRiGHRAFT Bicatha stabhili¥eidrXaid éddanic Phase, arfdOCH2- CHR) W OH,
-CONH2, 10 CONHR, CONRR', -NRR', -NtR R'R!', where Ris selected from
Cl- 06 al k(ii), wpqlgmerising saisl ope orrmorengthidenically W@Eﬁé@?d@?ﬂnp?‘egse%‘g’{e@ef rom
Cl-C6 al kyl an 2 Y. alMe J I I WM or
nor e hydr ophi Iﬁgoél@ab%ift?ﬁen I%ﬁl}gslg 1%3%T%%%0E@C&%P%R§%gﬁﬁu§% etrHA,?m?g,
- ( COCHRCHR) W Ghblyme€ihdiricles. SOR and SO2R, and salts thereof; and 15 Z is
selected fromoptionally substituted al kyl, optionally substituted aryl,
optionally substituted aryl al kyl, optionally substituted al kylthi o,
optional I'y subsgfd fidiRd ac8éiidetb QaiPL, vHeadih YhesHBsdibh bESteR () idpepirblibg. and
optionally substituted acyl am no.

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)



7. A RAFT agent of general formula (5a) /S _R1L S=C Z 20 (5a) where Rl is
- CH(CH3) COOH, - CH(CO2H) CH2C2H, or -CH(CH3) CONRaRb, where Ra and Rb are the
sanme or dwDfoaws3m9 and i ndependently selected fromH, C -Cecalaupk/p13©

03/ 055919 PCT/ AU02/ 01735 -84 Cl1-C6 al koxy, C6-Cl2 aryl, C7-Cl18 al kylaryl or
C6- Cl12 heteroaryl, each of which is substituted with one or nore
hydrophilic groups selected from-CQ2H 83 CO2R , -SO8H, - OSG3H, -SOR ,
-S2R, -OP(OH)2, -P(OH)2, -PQ(OH)2, -OH, -OR, -(OCH2-CHR), -COH, -CONH2,
CONHR, CONRR', -NRR', -N+R R'R'"", where Ris selected fromCl-C6 al kyl,
5wis 1to 10, R, R and R'" are ingepe e&l_i,dﬁel ected from Cl-C6 al kyl
and C6-Cl1l2 aryl which are optional |y substnt ut with one or nore

hydrophi |l i c substituents selected ffom- CO2H, -SO3H, -0SG3H, - CH,

- (COCH2CHR) W OH, - CONH2, -SOR R, and salts thereof; and Zis
selected fromoptionally substituted~al kyl, optionally substituted aryl,

10 optionally substituted aryl al kyl, %pti onal ly substituted al kyl thi o,
optionally substituted arylthio, optionally substituted aryl al kylthi o, and
optionally substituted acylam no. 8. A .nethod of preparing RAFT agents by
conjugate addition of a dithiocar bom("f’a) conmpound to an a, P-unsat ur at ed
carbonyl or thiocarbonyl conpound. 15 9. The nethod according to claim38
conprising the conjugate addition of a conpound of forrmula (I): S // 20
(1) where M i swhyxtreageX is dmdepengtently acesiduerof agrolyamerisable naordn®rj s any group
that can pronote b\;u{@',ci ent reactivity of the thiocarbonyl group towards
radi cal additi 84 Wil '€ not sl owi ng

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,



the rate of fragnentation to the extent that there is unacceptable
retardation of polynerisation, to the double bond of conpound of fornula
(11): 25 W0 WBBsDFHS919 PCT/ AU02/ 01735 -85 R3 EWG C C R4/ PRI/AURY1MBREr e EWG
is an electron withdrawi ng group selected from-CQ2H, -CQ2R2, - COR2,

-CSR2, -CSOR2, -COSR2, -CN SO02R2, -SOR2, -CONH2, -CONHR2, -CONR22; 5 R3 is
sel ected from H, Cl1.6 al kyl, or togethe84w'th either R4 or EWG forms a
-C(O- 0- group; R4 is selected fromH, Cl.6 alkyl, aryl, heteroaryl,

-CO2H, -Q02R2, -COR2, -CSR2, - 10 CSOR2, -COSR2, -CN- SO02R2, -SOR2, - CONH2,

- CONHR2, cq:@gRal%oxyand&R? , 1aBylS eimigeﬂkwagm & CELH Ihde¥aryl, aéaeh ohGiHBa0as Y1 |

wherein R2 is selecte romthe group” consisting of opti onal | y substitut ed

Cl- C18 15u1%$t1k5t¢d wdbtqng mlmqreshydmpmlmgdur@zse@&daﬂrmnﬂoz%p@Odhal $O3H, -

carbocycl YO QRE- PO s e d it P BLGR T, ORrOR e eBleRo o™
aral kyl, O(DDN@BaCbN}ﬂUbGONRIRedNER'e LRER'RIRY kwhere K)i%tdeléaﬁkl'ﬁon@ wameldlkstled
al karyl, opti onal | y substituted al kyI heteroa ol yner chai ns viher ei n

e suiSst P iSehiosl (R, Rhgad @ eningependsaty saertod o oAl cemtatiz bl 20
al kyl eneo I I _

al kyl car bg\;n ,aré QE@MI}’ sﬂﬁﬂ{t@g% ;Vvéﬁaéél%g% mﬁgﬁkmoggglc%pgﬁt@(%%}%md ﬁrom

i socyanat Olozélyasi()gH SO&OsH hel, (&DCHWHRD}@OHM G@NH{;II—S@R&MI SR, \aaﬂlskil%

t her eof . he rret hod according to claim9, wherein Z is selected from
optional | e§ duted 25 al koxy, optionally substituted aryl oxy,
optionally SUbZt lid UWeRdiedl Kbn di‘)@irohélﬁalshﬁstﬁﬁkgét hricyt eg}ftﬁfnéjl}' Qf%ﬁﬁﬂ;‘al :a?ﬁg,

substituted heterocyclyl, optional substituted ar pti ona
subst il0ut eptierakly| substitutedpanyéadletl) ybp’smlbfl udos@mt@r yllkaltln}bl toptlonalb'l subistituged or

diaryl Oxy%ﬁ@l Bgféﬂé:llygugs(tlmté%ﬂlkylﬂn optlonally sa@{ltuteg acyﬁg‘pll nyl

[-P(=O R2

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



WO 03/ 055919 PCT/ AU02/ 01735 -86 substituted acylam no, optionally
substituted acylimno, optionally substituted am no, and a polyner chain
formed bywerng/oseehani sm wherein R2 is selected fromthe @Cowuo200msi sting
of optionally substituted Cl-Cl18 al kyl, optionally substituted C2-Cl18

al kenyl, optionally substituted aryl, optionally substituted heterocyclyl,
optionally substituted 5 aralkyl, opti8hally substituted alkaryl. 11. The
met hod of any one of claims 1 to 5 wherein the anphiphilic RAFT agent is of
general formula (4): 10 (4) where each X is independently a polynerised
residue of an ethylenically uns&Burated goner, n is an integer ranging
from0O to 100, Rl is an organlc\group /pptlonally substituted with one or
nore hydrophilic groups and Z isMany group that can pronote sufficient
reactivity of the thiocarbonyl grGap—towards radical addition while not 15
slowing the rate of fragnentation to tﬁg extent that there is unacceptable
retardation of polynerisatio?¥412 The w®t hod accord|Q§ to claim1l
wherein RL is selected from CIL-C6 al kyl, Cl C6 al koxy ? or heteroaryl,
each of which is substituted with one or nore hydrophlllc groups 20
selected from-CO2H, -C2R, -SOBH, -0OSMBH, -SOR, -SZR , H(Og@i??
“P(OH) 2, - PO ®ltere EW is agrelectrqnogithdrapime/ gomMp seszromQ}@a , R

HER U T MR s B SRS R B, St padete 10,

optional |y substituted with one or nore hydr oph| lic substl tuents sel ected
from-CO2H, -SBH, -OSOB8H, - ( COCH2CHR) - SOR and SC2R,
and salts ther &)fls Seéﬁ?é?%@?’@ ﬁjl'é 411§Y1 @é?&eélieéd“ﬂ’r%%ebgt pbﬁ&f‘i $orasstGOXt ed

aryl, optimg %% P/ substituted heterocyclyl, optionally substituted
aryl aI kyl, tidnal ly substituted al kylt hi 0, optionally substituted
aryl al kyl thi o, WO 03/055919 -87 PCT/ AU02/01735 di al koxy- or diaryl oxy-

opt1 onal 1y sub 1 YR at o 00 o b Bl TR Bt P oK. -

opti on@ | YYSOR?, -COSR?, -CN-SO,R2, -SOR?, -CONHS,, -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)OR%], dialkyl- or diaryl- phosphinyl [-P(=O)R%], optionally



substituted amno, R -(X)"-S- and a polynmer chain formed by any mechani sm
wherein R; X and n are as defined herein or in claim1l, and R2 is

sel ect ed Wo®ai0539¢9 gr oup consi sting 5 of optionally substi rtaradoge13i8

al kyl, optionally substituted C2-Cl8 al kenyl, optionally substituted aryl,
optionally substituted heterocyclyl, optionally substituted aral kyl,
optionally substituted al karyl. 13. The8&ethod of any one of claims 1 to 5
wherein the anphiphilic RAFT agent is of 10 general formula (4): (4)
wherein X, n and Z are as defined in claim 1l and wherein RL is an organic

group 15 sghiasited Bdy@eninb] Sptinallp subEbibRed ¥ GNRRAS WptioBAIBH Rfbstitufed AniB! & Of
preparing a paint, filler, adhesive, prinmer or sealant co@rﬂorl Si %
pr epar i ng 2apelywpe chiianfoaped by Ay mecchanistonavhetein R s seleqted dromarible @eny ni ng

t he di | ON:. W | atyd . 5~ A_paint,
e, O <P Bfingbe oM E s B Reh 2 A A EATRID NS €, LuBh)
Eart i cl es optiedlye subistitutal arydapeomdllyh stitstitui®l hetkradychily optienallly eltatifiedl t 0

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,



10

15

20

WO 03/055919 PCT/AU02/01735
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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.



