WD 2004/ 055000 PCT/ US2003/039098 1 MULTI FUNCTI ONAL
CATI ONI C PHOTO NI TI ATORS, THEI R PREPARATI ON  AND USE
wab@4ps®eent i nvention relates to a series of POWER2003/039098
sul phonium salts which are useful as multifunctiona
cationic photoinitiators, especially for use in
surface coating applicationd, such as printing inks
and varni shes, and which are intended to be cured by
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coOnpoSitions are cured Dy exposure to radiation,
usual Iy ultraviol et radi ANIDHSE and incl ude for
exanple | acquers which may be applied to wood, netal
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roll coating or curtain coatin may al so
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printingl iSE YA YR ThSY &HH @Rich %blﬁ&%@ #obe @fdd pol}}ndeli]@zgfoﬂ%ﬁated by
rotogravure printing, sil screen printing, 1nkjet
radiatiop] exogr aphi ¢ printing. Prlntlng, dependi ng on the
particular printing technique, is applicable to a
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gl ass, plastics material's or netals.
and mcléié@fqr 50, lagauers which may e kprtisd iwead, wst] opymilarsubstrates by
sultable(%%ﬁﬂqﬂgsssucﬁ' hd i f)at ;% gtﬁtaﬁ?db%lﬁ%‘p gta[sg 'bb ‘fon11|ulated as inks, for
products, stereolitRography
examp1¢ todheaplinddy! tedmiqgesongisasdbiterpiessi oﬁfﬁt Ilfbagrqﬂxy, rotogravure printing, silk
screen ﬁ%lf}}{%gﬁlgé‘%té ('t:'ltg)[éb &Ireﬁl)hl% g%ﬁx?g:?ﬂnhﬁ# d!\i\gdb%{ng%n the Spa%ﬁcu)’a??nntlng
techniqiy is apphabletto @ |w1deflangeeof auhstraewvhlhh uictudapamk ébard, glass, plastics
0 necess
matriafs 382 Ot e RS Sl 8BRS B SRR i b
and mlclrclinldctramo produﬁm&rdoj&thogﬁﬁle}r c@tpdsiiesi8ptival fibres and liquid crystals.
"photoinitiator"”, or alternatively by an el ectron
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number ©é vaymi@ne satlt Wayuig by deddiadion,dor @oanﬂpfegmﬁaﬂtrmasiyt radlatlon in which case
d: t tl
it is nonnal\gf)élrlleff%.%gryttkattt%ewg :l}%%ﬁ\é? rll%l%jl epé‘su & oufdJ cgg&gy 41 1n1l118toEj éommonly
referredus eda Q)’Ho;omlﬁlatar"mrmdlénnhtyve@fbyalmelecﬁ‘ai bafis. ThMeSdre two main types of
. reguent | used c n|C|n| iatqQrs are .eith
curing QFAHY S BAEH PO CHIGHGR: B SarHnd GHicBic: yilthopgh cationic
curing HaB £RANhGEhIAYes I dithddanidges) Eﬁ&lﬁb&lﬂﬂlﬁﬁlth edphid th MetpghaioRHitiators used,
nirradiated is, t i forms_an excjted

t
tads it bSR3 MBRABr SRRSO Most Al taed e nitiators are

either ofp@hit MdoniflH & shipRéi@h s4@L i on reacts w th the sol vent,
or anot her hydrogen atom donor, generating a protonlc

§ne v, ch%ec zg:ntlslrr\ll gy Wﬁlcﬁ Ia%?lpbomum cationic initiator acts when irradiated is that it
forms an excited state which then breaks down to release a radical cation. This radical cation reacts
with the solvent, or another hydrogen atom donor, generating a protonic acid. The active species is
the protonic acid. However, amongst the breakdown products of sulphonium salts are aromatic
sulphides, such as diphenyl sulphide, which are malodorous and can be a health hazard, and lower
aromatlc hydrocarbons, such as benzene Wthh are potentlally carcinogenic. Many of the commonly
used iodonium salts break down to give volatile species such as benzene, toluene or isobutyl benzene.
This places severe restrictions upon the applications for which such cationic photoinitiators can be

used. For example, they cannot be used in printing inks on packaging intended for food or % likely to



the protonic acid. However, anongst the breakdown
products of sul phoniumsalts are aromatic sul phides,
wa ewh/0s®odi phenyl sul phi de, which are nmal odor oRPCT/ERZIN3/039098
can be a health hazard, and |lower aronmatic
hydrocarbons, such as benzenge, which are potentially
carcinogeni c. Many of the comonly used iodonium
come @tglcgﬁagrvﬁ@kfpg@ \Qﬂd tn?so%ev %se\é o(% dt lb@ usHAGE !11‘? §vh§1‘é lfk kaging is to be
nzene uéne’or 1 sobuty enzene. hi's p
handled by the@onsaster.i lnti¢ednas thmmdushh@e@qmms erertnase SOTfS@lquf h@fﬂth matters, it is
1ncreasg§ggy r‘r%l?%u t?nllls% sC ag:}glp%gtds%éﬁggnd‘%ﬁg}e Pseihm;égcﬁlg, rﬁt(l Su %Ht need to find
compoiiads lsaigabigfot m{eas ghratoihiviatolcmmd vdlosesbrbalddeWy ptodudt@are generally regarded
f2004/055000 PCT/ US2003/ 039098 2 cone into contact
a582%ji th food, and, in some cases, cannot be used at al
where the packaging is to be handled by the consuner.
|Hrobeemek, thiss althoegh hnhmttantyis blet:tbcresly eumstraimbrpendhmehoice 9 capipoundto
be use(gif.c ca?lglar%tgﬁcgtalging oL 1 OP eo?ﬁe Hglgl:font f él];ée eleHﬂ]i 1s£1ﬁs U[ﬁeecleavage
productkrcg' gitknoeadationid p}rocbmmamqs atemokd odouduts pdidet 1 thrghl}&k:smle that

|n| [ rs.and e, breakdown pr.oducts are
unplea by ot il RS 1ot B BY R PHcTi eovafl Mgy should be
relatlvél @1{ {dlhtile gh@ndiféédoid'ﬂle d’(DHé datiegit §h6t61hﬁiatdrp]l¢)mﬁst,t dfeowbyialse be
oundto, be used as a _cation ot 0i nj t or
suffic iy A1 PRSES EOREH HOFB G Heh & HE ARG codtes Snfifigon. They
must aﬁb BaVANe inBraEiabls wth oteecdhinents et th©ctired coatlng formulation.
hotoinitiators are nal gdorous, .and it i s hi

FlnaUY@I they phaidebe abls to absesh edistion o d sitableaag Plefﬁﬁém?bi Widpangg of
Wavele-ﬁﬁih§ 111&@9 ithOnt3h RS of £sdnbi@ibert he cl eavage products
oul rel atively non-volatile and non-odorous.
The catlonlc phot gi nitiators nust, of course, also be

SWhatiimeis by natpeant ghe gatienic BROIQIEIHRIGE ¢4 hayshd Bdion Ennagten the

properM@é‘z%ﬁr tﬂerbuffela%ob’tﬂfgu e caRalc PABtof it idH s861@ Prodddr@ycoafidbSkhich is fully
be soluble in or mscible with other conponents

Cmﬁdbmﬂ@ﬁéﬁﬁﬁ@@W@ﬁo@ﬁﬁﬂFﬂ@ﬂﬁ%WﬁHW%$ion. Finally, they
shoul d be able to absorb radi ati on over a suitable and

ShdiiyCinedtate/a MirklRr bEgERicAlf probieLdsedtgitdiSwith the dlanyfacture of the
w t hout the use of, a sensitiser.

compopipds e asratienic plieiBipterspRSkging the n&?%?ltyc@ﬁtnﬁwé‘)‘&g e jetively easy

and indX¥PRHNe t9hahi¥GctuRl Operties of the cured coating. The
catlonlc photoi nitiator should produce a coating which

is fully cured, hard and resistant.t{op co sol vent s

args.abwieud bepssipplg to prawfies sationis hefpiiatosigthdops nospencrate
malod&ﬁﬁgﬂr%ﬁc B pRALAS 8fbnWhdidtich REreBuMiduddslyiheal shlibﬁlde and benzene, and

onpounds ‘used as cationic photoinitjators, includin
so whiglhgiay e Bsed e prinie PACKS B Bab e OpBEy Wil gd. Moreover, itis

a common desideratum in this field that the photoinitiator should possess the following properties:

good solubility, good cure performance, good adhesion to substrates and reasonable cost.

Not surprisingly, complying with all of these, often conflicting, requirements is not easy, and

we are not aware of any completely satisfactory commercial solution available until now.

However; we have now discovered a series of new derivatives of thioxanthone and similar

fused ring compounds, whose breakdown products include examples that are widely used as free



and i nexpensive to manufacture. Thus, it would be
desirable to provide a cationic photoinitiator which
walo@g/0ssob0 gener at e  nmal odor ous or toxi c by- pr oBPOITUS2003/039098
upon radi ation cure, particularly diphenyl sul phide
and benzene, and so which nmpy be used for printing
packagi ng which may cone into contact wth food.
. | .
radical oA Eorsohd ioeeBaROTT R 15 B Shiep shalb el Ebmpouncs have
the adyangges efigeed solefulift i thie werting cympepdivd combime with ererllaweyre.
good adhesion to substrates and reasonabl e cost. Not
SHuR rth@?l_@%yinvglﬁfgﬁ Yovitds Whdibinbdor Q(fm;{/(}ﬁﬁés%g f%ﬁu@zﬂﬁ}):
conflicting, requifementS i s not easy, an we are not
aware of any conpletely satisfactory comerci a
solutiow/available until now. However, we e now
di scoverfed a serg es of new derivatives of thipxanthone
and simjlar fudsed ring conpounds, wﬁ%se br eakdown
product § i ncl ude\ exanpl esflhat ariégddely usefl as free
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where:

Rl represents a direct bond, an oxygen atom, a group >CHy, a sulphur atom, a group >C=0, a group

_ -(CHp),- or a group of formula —,N'Ra_z where Ra represents a hydrogen atom or a C;-C; alkyl
group;

R3, R4, RS and RO are independently selected from hydrogen atoms and substituents o, defined



( HR12)n 0 A Q where: Rl represents a direct bond, an
oxygen atom a group >CH2, a sul phur atom a group
WO re@05mogr oup - (CH2)2- or a group of fornul aPC¥/BR82003/039098
where Ra represents a hydrogen atomor a Cl1 -C 12
al kyl group; R3, R4, R5 andyR6 are independently
sel ected from hydrogen atons and substituents a,
w,defi ned WO 2004/ 055000 PCT/ US2003/ 039098 4 bel ow;
R8, R9, R10 and RI 1 are independently selected from
hydrogen atons, hydroxy groups, Cl-C4 al kyl groups,
RS, RARAO pRERY] a8 i psnd¥itiyGhleate @ oA %L Atbiad h?ﬂroxy groups, C-Cy alkyl
substituted by at | east one substituent selected ?rom
groupst el henyl graps shieh aregimeibstihited G4 sublstityted @y atipsst amdsubdtitudnd selected

fom o 0P SPGB ol Y0 P RLGHECh FRGS B89 ch t hey

are attached; R7 represents a direct bond, an oxygen

at or a,- - grqup; .pis O 1; said.substit ts
or R Gl e Risp i i i e B 0S5 G it oy e
attachdd?2- C20 al kenyl group, a halogen atom a nitrile
group, a hydroxyl group, a C6-C 10 aryl group, a Cr7-C
. 13 aral kyl group, a C6- Cl0 aryl oxy group, a C7-Cl3
R’ repzgsentk g Hinsoy bepdopoxygercgo@p a at-Yhagikemy| group, a C3-C8
cycl oal kyl group, a carboxy group, a C2-C7
.~ carboxyal koxy group, a C2-C7 al koxycarbonyl group, a
plso?ﬁﬂCﬁB aryl oxycar bonyl group, a C2-C7
al kyl car bonyl oxy group, a Cl-C6 al kanesul phonyl group,
said substiferfisld) areas €ﬁ1-€§g |aﬂdybgi36hp,g@ls@%o dkdyrétp, aCk-angyulkenyl group, a
group or a C7-C 11 aryl carbonyl group; n is a nunber
halogehratom, 3 njtolelg2oupid Rydrep emepitasCaClyy aitybgrewp, atloné | paralsyhgrbup, a Cg-
group or an ethyl group, and, when n is greater_ than
C10 aryloxy Broup gt enps3 Brlkloslerauast esbne adlafkenrizrowpag CaCa qeloalkyl
as or diff ren%ifr m each other;

sa , represents a
sroup, G BB Ry e 57 S BRSO F A SRR P,  C7C13
arylox?(.rarbonyl group, a C»-C5 alkylcarbonyloxy group, a C;-Cg alkanesulphonyl group, a Gg-C

belo

arenesulphonyl group, a C1-Cg alkanoyl group or a C4-Cy 1 arylcarbonyl group;
n is a number from 1 to 12;

R12 represents a hydrogen atom, a methyl group or an ethyl group, and, when n is greater than 1, the

groups or atoms represented by RI12 may be the same as or different from each other;

A represents a group of formula —[O(CHRI3CHR14)a]y-—-,-[O(CH2)bCO]y—, or

-[O(CHy),CO](y-1)-[OCHRI3CHR14), ], where:

one of R13 and R14 represents a hydrogen atom and the other represents a hydrogen atom, a methyl

group or an ethyl group;
a is a number from 1 to 2;

b is a number from 4 to 5;



-[Q(CH2) bCO (y-1) - [ O CHR13CHR14) a] -, where: one of R13
and R14 represents a hydrogen atom and the ot her

WO eres®n s a hydrogen atom a nethyl group OPCHENS2003/039098
ethyl group; a is a nunber froml to 2; b is a nunber
from4 to 5 WO 2004/055000 PCT/ US2003/039098 5 Qis
a residue of a pol yhydroxy conpound having from2 to 6

. v X e r but no
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in Q vy is anunber from1l to 10; and X- represents

X is a numbangreater thamidbus oo grogter then hefnunmbereaf @vaibhlsdydwsylareups in Q;
useful as photoinitiators for use in energy, e.g. WV,

v is a fubePhEM G984 6;R8g composi tions, including varnishes,

acquers and printing inks, nost especially printing
i nks. The conpounds of the present invention nmay, as

X" reptesiy dntmdibnabove, be used as cationic photoinitiators
for radiation-curable coating conpositions. Thus, the

andeggﬁqﬁgah.invention al so provides an energy-curable
conposition conprising: (a) a polynerisable nononer,
prepol yner or oligomer, especially a material which ,
Urhgear qpopoundsiatk- usaiubasyphetdinitiaters drausé imenprglyyeanm U5 gtiiable coating

L L L N T

propenyl ethers and (b) a cationic_photoinitiator
Vifiieshmpeungds elthppigsrit Biverftion maly aas(dejcribed alpyk. heaidedessotéonic
photoifitiatBf3 é@ﬁgﬁﬁtic;nbcﬁﬁﬁg coaﬁrs%cdngy\égiﬂgﬁsp pfhﬁg, gl rgsléfltt iH\?e'htion also provides
provi des a process for preparing a cureJ)po yneric
an enexgyrepdletdompodition eoxposingg(ad aqmippegistilomondmerhgrepnipserr oligomer,
- 1V, ' ' r >f er apl Ltravi.ql et .
o QERLEN HRATHDL RSO R SETIRRE AU B n oo
(oxirariehamrpxétabejtor moethyyle@tadly unbenra@d materigl, suchusbimgl drpespedyltethers and (b)
. 10; . qar. n_x.ips a nunbe eater. than. 2, is a
« catioffphHpimtaL i  pPRRE o YR D) a8 ARret gboyifpimspter thereof
formula N Ra, Ra represents a hydrogen atom or an
allbieynvenigonoatifl finherr pigpvidepaprbcdse fo 2reparipmcaedoprdymerzroemposition by
exposi% % %oglﬁ@gitién ]fpfr: t%:e:gg)%s%ng inﬁze%t%{ngog Eungt ge%r’gy,?pg%er%%traé’ioéeﬁ >r/adiation.

of the al kyl groups having this nunber of
Preferably, when x is a number greater than 1 but no greater than 2, y is a number from 1 to

10; or when x is a number greater than 2, y is a number from 3 to 10.

Where R! represents a group of formula —-N-R?, R? represents a hydrogen atom or an alkyl
group having from 1 to 12 carbon atoms, more preferably from 1 to 6 carbon atoms, and most

preferably from 1 to 4 carbon atoms, for example any of the alkyl groups having this number of

carbon atoms and described below in relation to R3 etc., preferably a hydrogenf atom or a methyl or

ethyl group.

However, we most prefer those compounds in which R! represents a group >C=0, a sulphur

atom or a direct bond, and especially those in which Rl represents a group >C=0.

More preferred are those compounds of formula (I) in which the residue of formula (IV):



carbon atons and described below in relation to R3

etc., preferably a hydrogen atomor a nethyl or ethyl
w@e@dpssoblowever, we nost prefer those conpoundBCT/NS2003/039098

which Rl represents a group >C=0, a sul phur atomor a

direct bond, and especially ghose in which Rl

represents a group >C=0O. Mre preferred are those

compounds of forgula (1) in which the residue of

formula (1V): W 2004/ 055000 PCT/ U$2003/039098 6 R5 3

R~/ RR6 ~ R4 (N _is aRFeS|d\§é§f substituted or

unsubstituted thj en hi ophene,

t hi oxant hone,6_t hiloxant hene phenoxat atqyin or
phenot hi azi ne, eBpeci gl ypt hase injwhich sdf¥ resi due
IS a substituted t t hi oxant hone. W
al so particularly prefer ¢onpounds in which pis O.
Wiere R3, R4, R5 or R6 reiresents an al kyl group
having from1l to 20, preférably from1l to 10, nore
preferably from1l to 6 and nost preferably from1 to

isa res%%ue%@gtﬁﬁﬁtu%{imn uBQitucte Yanﬁ‘n?en@ cﬁ&éxﬂbtﬂfb hen%rthf&(%r[e{ﬁ(?ﬁ,gthioxanthenq

ai n group, exanpl es such groups 1nc
phenoxaghilmndr phestothidzinepesppsally thesepr whigh said agidpeé is aisglsitittad or unsubstituted
. tyl, pentyl, isopentyl, neopentyl, 2-nethyl butyl,
mnmm%@g#hylpropyl, 4- met hyl pentyl, 3- nethyl pentyl,
2-met hyl pentyl, 1-nethyl pentyl, 3,3-dinethylbutyl,
2We al§p patipyladhuprgfer compoundl inethiopipdefy | |
1, 2-di et hyl but yl , 1 3-di net hyl but yl ,

- di u
R R AR 2SR i B3 ok RELSH Woraty o 11
10, mq@@ﬁl@ﬂﬁﬁ;@’fmmcﬁﬁé adecybst pre@dtalsle &vin 120d, baﬁ”&ﬁb’dtorﬁé’ @Aispﬁlay be a straight
or brangli %hglrn&fﬁ?@nab@d? : helegeﬁwyﬁrggsﬁsg%@%eﬁ %ﬁ%th}’lh%tigf ﬁfypyl fsopropyl,
butyl, issa@ylomdtylgfeabym s %ﬁ?lené%%entﬁ% nB%ywutﬁ@ Et8 fﬂbﬁ??ﬂﬂﬁne@l@lpentyl 3-
oxy group havin rom1 to. 20, eferab rom1l
methylrenty fleeﬂpyﬂ@rlé/# albtrlfgzthrlpamhﬁ %éﬂ@eﬂaﬂﬁl%%? dﬂﬁ@h@bw ¥l
dlmetﬁyrb%W1 31 1 @indthy FRIGAON3.- aﬁwﬂl‘gnlbdtﬁ' §3Hﬁa/et1%ﬁb@y15%ﬂly@>h@yl h8%yl, isohexyl,
branchéd chain and exa es of such groups
heptyl; qsilandayk ﬁ@yh@p(%@xlymdgqmdwytadqyyb perrdecyl, nonadecyl and icosyl groups, but

preferably the methyl, ethyl, propyl, isopropyl and tbutyl groups, and most preferably the ethyl or
isopropyl group.

Where R3, R4, R or RO represents an alkoxy group having from 1 to 20, preferably from 1 to
10, more preferably from 1 to 6 and most preferably from 1 to 3, carbon atoms, this may be a straight
or branched chain group, and exgmples of such groups include the methoxy, ethoxy, propoxy,
isopropoxy, butoxy, isobutoxy, t-butoxy, pentyloxy, isopentyloxy, neopentyloxy, 2-methylbutoxy, 1-
ethylpropoxy, 4-methylpentyloxy, 3-methylpentyloxy, 2-methylpentyloxy, 1-methylpentyloxy, 3,3~
dimethylbutoxy, 2,2-dimethylbutoxy, 1,1-dimethylbutoxy, 1,2-dimethylbutoxy, 1,3-dimethylbutoxy,
2,3-dimethylbutoxy, 2-ethylbutoxy, hexyloxy, isohexyloxy, heptyloxy, 2-ethylhexyloxy, octyloxy,
nonyloxy, decyloxy, dodecyloxy, tridecyloxy, pentadecyloxy, octadecyloxy, nonadecyloxy and
icosyloxy groups, but preferably the miethoxy, ethoxy, t-butoxy and 2-ethylhexyloxy groups, and riost
preferably the 2-ethylhexyloxy group.



i sopropoxy, butoxy, isobutoxy, t-butoxy, pentyl oxy,

i sopentyl oxy, neopentyl oxy, 2-nethyl butoxy, 1-
wetdwlopsoopoxy, 4-met hyl pentyl oxy, 3-net hyl pent peDX$2003/039098

2- net hyl pentyl oxy, 1-nethyl pentyl oxy, 3, 3-

di met hyl but oxy, 2, 2-di et hyljbut oxy,

1, 1-di net hyl but oxy, 1, 2-di net hyl but oxy,

1 3 %’TE é)lé )kg)alrJ ; )é%%;qssg(t? g’n gllgmei} g%lpg %ycl)ngv.lfé?}?%t%%(g,preferably from 2 to
10, mofe” &ﬁét@ﬁétl Q’I’SYA DXY6 arRiGhokt Pré¥erably @6 RAX Y, cafld itomiey this may be a straight
decyl oxy, tridecyl ox pent adecyl oxy,. qctadecyl o
or brannlmdaa@egrcryueyanéﬁaampl%@fﬁp@kgfow e thyyingy EP@P&@W%% e
1soproﬂéﬁ§c}h8§tﬁallﬁ TaeRy, g&ntgﬂli ‘%}Yen?f‘ Heﬁerﬁ't t&weﬂﬁxﬂﬁn@?&l d@catyhodecenyl,

refer t'he 2-eth exyl oxy group
tndeceﬂsﬂazmaa@@@ﬂ, @@ﬂ/ewzz @gma@wgg@nd oy} growes, blrtzprefﬁsblés the allyl,

P dﬁ from2 to 20,

’n“hﬂgﬁ 4era?$§£# ?ﬁ¥%ngﬁgmeagﬁ fe?ably from2 to 6
and nost referably from2 to 4, carbon atons, this
NRker®R3 ﬂllg RO air @fttrepréventd ﬁ&ll@@eﬁfht@h,&hiﬁ ngy e pfor Mple, a fluorine,

exanp| es of such % % g ude the vinyl, 1
Chlorm@ptrr%la@ﬁyrlo e afpm, Preter ‘8}’ U 2%t hal |yl , butenyl ,

pent enyl, hexenyl, heptenyl oct enyl , nonenyl

W&Q KB R4j %jeo‘f ?{m%%presehtrs o Q&?Qﬁéh tﬁ@ﬂis@%@ 6 '?6/10 carbon atoms in one or

adeceny nonadecen and |cosen grou
more apmm‘tle waibbgychchsngl (Which, lf theterrag myte thﬂi’d)nbml@)h&l ﬁl@qdda@hef) Such a

group 18Py %s ?)%tgﬁ)teg f & %ﬁ’és&ﬁﬁ%ﬁbalﬁl f3§{1 sﬂfu@é‘ﬂiﬁthe %ﬁﬁlbﬁ%s) 1%)4efel%§ly an alkyl

resen
or alko&¥ gronp €as daﬁﬂddwbnva) £/r an alkbwcmbenylkgcolm (aﬁedeﬁned bﬁi{qwm)e Preferred aryl

groups%%eotg]g Bﬁ zﬁ{dglglg]ﬁh\gr(; orgr)ldc__rlrﬁ]oeupgttﬁ %he\égl o i) I@Rﬁ%st %fe?xred.

carbon atons in one or nore aromatic carbocyclic

Mvhgs ROVWH, &5, or'If6 bh8deBtsah %nﬂ@tg%r(i@amlsm belﬁy ob e s gfbups above

toget her). Such a group e substi tuted
bonded foesy gontosy an@%ﬂmﬂl@rs lgqlﬂ&etthet iRy 40f éﬂ%@é‘?’i}’t&&@ﬁ’ﬁ( s)
is preferably an al kyl or al koxy group (as defined

SRR B LR LR AR o 1
carborf/itw)en;is-e Mlgglli Qgﬁ&,ﬂ%éiﬂ)yphe oy twcga‘ry)ngrl:od;me Iamgeﬁmé anc}:m@m@hﬁgtjabove
Examples; of syxﬁ%ﬂ'radlgl gwpﬁ)rfncpﬂ%thgs%zy rocd;ﬂ'lﬁgﬁ r}Bgv é—pﬁgéf}]eggg% heg)hlpropyl 4-

h 1‘% Qphaty AN Lng mwhaa iang b ueshthiRehEROXYS, hchich the benzyl
ey MQ ﬁ@|8§§bg?%u83 ereyRS R4, R5 or R6 represents

@ﬁupﬁmﬁﬁﬁﬁﬂkyl group, this is an aIkyI group having from1l
to 4 carbon atoms which is substituted by one or two

%Lﬁﬁ% l%ggﬂg,st% %c Pl@?ﬁ‘%ﬁ%ﬂq éﬁél—ipU% e be of he aralkyl groups
above Boiee Ry dredxy¥dn atérd; e[ilﬁeﬂg&hlﬂéhyblude&hpbmy]opy,aﬂ;}ienyldthoxy, p-
phenylethoxy, 3-phenylpropoxy, 4-phenylbutoxy, diphenylmethoxy, l-naphthylmethoxy and 2-
naphthylmethoxy groups, of which the benzyloxy group is preferred.

Where R3, R4, RS or RO represents an arylalkenyl group having from 8 to 12 carbon atoms,
the aryl and alkenyl parts of this group may be as defined and exemplified above for the respective

component parts. Specific examples of such groups are the styryl and cinnamy] groups.



phenyl butyl, diphenyl nethyl, 1-naphthyl methyl and

2- napht hyl net hyl groups, of which the benzyl group is
wee@iosioed. Where R3, R4, R5 or R6 represents BOT/US2003/039098

aral kyl oxy group, this may be any of the aral kyl

groups above bonded to an oxygen atom and exanpl es

i ncl ude the benzyl oxy, a-phenyl ethoxy, (3-

g‘pﬁ% }}g.;’t ﬁgﬁiog{j{@rgagéﬁﬁwglﬁémgk@gjﬁgnb%} oxgl fo 8 carbon atoms, this
may bé) 3k AMbIEERhE O)CY U RSalotty Wy oBerdtl ScyR RIMEWH ) ¥IoBERHRY cyclooctyl
Y is pr ef%r r ed@ev?ﬁ&{pg z 0&‘&1}: M&b be tgGC}?eprﬁe@lsceBr%t g gﬁﬂ reyeloocty
goub-aryl al kenyl group haV|ng from8 to 12 carbon atons,
the aryl and al kenyl .parts of this--group maybe as
. d )
R R R Xl SRRl Bler a5 i RRT L ot pratkony
groupsthaging fipmyl todrdrton atvamydesaibedig®ve WhicR 3stb@ER8DBy a carboxy group.
/US 003/0 8. W R4, RS t
Preferreg:;:rxanr ples, i e%?e ca b%g?}f’tﬁé’%% %ﬁ]{bﬁ)qfegméy glgqlggﬁﬂ(i&gﬁ@%ﬂ gr%ups, of
whmhﬂhkmﬂxmgmmdmayg&ﬁmlemﬁﬁmb@, t he cycl opropyl,
cycl obutyl, cyclopentyl, cyclohexyl, cycloheptyl or
%&gloogggi roup. Wher e R3, R4, R5 or R6 represents a
HORY é’xyor&f densesents pa alisprycarbonyh grogp, this dagfreylyo 6 carbon
atoms B! aﬁowhn&dftﬁm ts,tat &ffﬁmf;@fobp&r@&n%md §5fhY Per rt’?ag&\f 6r

ch i's substit by a carboxy group Pre
branchéd(@hﬁm grau, ged @r@@pteh @f gugh lgmupmplmds(t}ne n@ﬂmaycbtdxwh kibgyycarbonyl,

PR Py o T G Pl kg, vigooparog
pentylmcarbcpnyéswmlgylawcatb@owdympmﬁy}kycgnbomm 2-hihglbhtesydartmyl] 1-
emylp%g?)gf&géxgl?ﬁ-m E}Ql?%n |10 é:? 9 rPlll kfm\éthgfil)'mtltyloxglcaﬁbongls 2-

rom
methylptntglbxyiehrbonyl, bmathgipentyblipdarbogylpBip;dimetbylbutaxgrhdenylf 2,2-

LA RN T T ———e

dimethplbtioxyagohang,B dllhﬁﬂjdbﬁtﬁi(}y:@l&)bﬁ}ﬂmbthylbutbmc@ﬁb}bﬁﬂ[ siokycarbonyl and

. ent yl ox carbon e car bonyl

oo R0 GRBR PHbHe00. e PR PPBGe bR paf bgiibony] and &

butoxy€drbytyD 510 PEe yaEh 82 Pielferatdly tHe iyl oRPEEDEINGXH GEHoRGdAYBony] group.
3-nethy|pentyloxycarbonyl 2- nethylpentyloxycar onyl,

1- et hyl p ycarbonyl 3, 3-di net hyl but oxycar bonyl ,
Where E?,ﬁ[é‘f R;? oxyesantsem W}oxycarbonyl group having from 7 to 13 carbon

atoms, il?e;a_r)gip E%Fsbut oxycg E&l@%ﬁi*}? gr]c_);lgs_ defined and exemplified above. Specific
examplgs pbgubly gﬂoupsmglu@tb@plydnpx@a@oxmrlm haphthytoayxgactamgbgrgtps.
2- et hyl but oxycar bonyl , hexyl oxycar bonyl and

Where R3, R4, RS or RO represents an alkylcarbonyloxy group having from 2 to 7 carbon
atoms, this may be any of the alkoxycarbonyl groups defined and exemplified above bonded to an

oxygen atom.

Where R3, R4, R’ or RO represents an alkanesulphonyl group, this hasfrom 1 to 6 carbon
atoms and is a straight or branched chain group. Examples of such groups include the
methanesulphonyl, ethanesulphonyl, propanesulphonyl, isopropanesulphonyl, butanesulphonyl,
isobutanesulphonyl, t-butanesulphonyl, pentanesulphonyl and hexanesulphonyl groups, of which the
methanesulphonyl group is preferred.



i sohexyl oxycar bonyl groups, but preferably the

nmet hoxycar bonyl , et hoxycarbonyl and t- butoxycarbonyl
w@e@dpssooand nost preferably the net hoxycar bongdT/082003/039098

et hoxycar bonyl group. Wiere R3, R4, R5 or R6

represents an aryl oxycarbonyy group having from?7 to

13 carbon atons, the aryl part of this nmay be any of

@efined and e I|f|ed bove.
R el e Bl o 00N ety b o
and exPRERLAKGTH) By éxamPlés RRAMAE el R¥EE&uBAON a8d filSenediisHoRy] groups.
R3, R4, R5 or R6 represents an al kyl car bonyl oxy group

havi n tg 7 carbon atoms, this may be any of
t Wherg rdy diﬁfﬁpfgmtﬁ P8 atkefidyh erbup hav imgcEomp1itd b eatbon atoms, and

prefer: &nlfqggggb&i)atélﬂ tl%(}ﬁgg ? en%ht O e fichis hallqrfr as * 8%e)iamples

represents an a’kanes roup
includ¢ the Gorgt, boatyl, propiosylandyryk 1sabu=_tynyla pqlatoyb Walbnya msblveléryd; faad hexanoyl

g 6%8 es of. su h groups i ncl ude the
groupsf‘ré a%he%%ﬁ?r%'l cfupl & eiLﬁionyI ; propanesul phonyl,
|sopropanesulphonyl butanesulphonyl

I WRY RANRS Wk Qd@rlapregenﬁ dh @ﬁ%%ﬂoﬂﬂ%&lp’ the aryl part Pas VI\}ﬂom ?1 to 10, more

entanesulphonyl and hexanesulphonyl rouE
Pfeferﬂﬂ%b/é oty #nsliaest PisFEY 6,918 Garbpe atgme frad ise garbepelic group, which is

unsubsagl%il cﬁ) 22006 P6d 5 lﬁ?@f@ﬁﬁ]’ %ﬂ?i?b 3 &bmgn?s definad ?rﬁ%xglg‘lphﬁed

R6 represents an arenesul phonyl group e ar
above. yHhe msefersed greyrsqesthe bw@oﬁéﬂeﬁmphthwbgralmv e, an d ex anpl es
i ncl ude the benzenesul phonyl andp- toluenesulphonyl

. R4, R5 or.R6 repres kano
IS BB suter i Br Bt orome S R SR e RE S G e
individhall}mhé. sdnge o dﬁﬁrém AndéR A BeprdstritSa ARIfoRA afbng bh @lkﬁhﬁro@ﬁ having from 1
anched ch i ncl ude t

to 10 °?%PWPmS aBalkgry B ?Vd?f%/& EJW §Atbor} e iplgpen atom, or a

cycloalkyMabeyHaving dHoal ¥ 1o, 8 dastiinakdhisy MorapefeRex @eﬁﬁbdundéﬂr@ﬂhﬁ% in which
of which the acetyldg{oup is nost preferred. Wiere R3,

either tRb or Reearf RRG sprasensitydiapan biotig) and 56l ord freferably those in
aryI part preferably 6 or 10,

on16to 10, nore
which gner e of By é??‘eRg pid/R Breprasents aveathsd or iownpy] grupi ahose in which three
bstituted has from
. fourf?{wsage@a SR St bt S

fl @x 6 9 The preferred graups 6

which 51% olr tﬂﬁ&‘oﬁ %{o yﬁsrgnd reBﬁets%ntl? P/I %?18)&6 m WClbg}etqq“& g 1 % and R
represepts (afl ésoptopplszoupamy thendiseratpe@nthildeogeh itoind. Whi ch R3, R4,
R5 and R6 are individually the sanme or different and

each repr. ts h drogen atom an al kyl group having
W hers Iig g 9e %] represen?s an alkyl group, this magll be a straight or branched chain

alkyl group having from 1 to 4 carbon atoms, and examples include the methyl, ethyl, propyl,
isopropyl, butyl, isobutyl and t-butyl groups, of which the methyl group is preferred.

Where R8, RY,R10 oy R11 represents a phenyl group, this may be unsubstituted or it may be
substituted with one or more substituents selected from the group consisting of C1—C4 alkyl and

Cq — C4 alkoxy groups. The alkyl and alkoxy substituents may be any of the alkyl groups
exemplified above in relation to RS, R?, R10°6r R11 above or any of the alkoxy groups having from 1
to 4 carbon atoms selected from the alkoxy groups exemplified in relation to R3, R4, RS orRO above.
Examples of such groups include the phenyl group, the o-, m- or p- tolyl group, the o-, m- or p-



to 10 carbon atons, an al koxy group having from1l to

10 carbon atons, a hal ogen atom or a cycl oal kyl
w@e@dpsdvevi ng from3 to 8 carbon atons Mre pre¢BUSEA3/039098

conmpounds are those in which either two or three of

R3, R4, R5 and R6 represent Bydrogen atons, and stil

nor e preferably those in mhlch one or tmo of R3, R4,

metho%()ﬁ)ggneyq igﬁou%htﬁ fie. {% e%snﬁ Btt'e}z e‘a'nn eth%%'{Xl gr?up.’@lo Bl ?llp rﬁggxﬁgﬁ)enyl group, the
o-nybepﬂ@m@mmhawugageﬂwatomainhban@hmpmgﬁnpﬁhazcﬁnnmmm@$hmwl
e.in, which one o

sroup P SR BRI BBy Of 5 e D e e s pefomed.
and R6 represents an isopropyl group and the others

rERALE BR Ml )éﬁ%@(ﬂﬁl@nﬁ)tf HpresiiehRnfith, p %, RROGs Of he 1 ghoup, and R11

represents an al kyl group, this may be a stra

is 2 hyBFoaFLHER. SRy, e URcaT Big 4 it awps %@Hmbbn

o e RS L o TR ] 2
%E the nmet h %rou is preferred. Were R8 R9, R10
positiogrio RtY, and greeuip vrsa E‘@ﬁ {hreegreslpred fiped tingysygem should be in the para
. hgtituted or it may be substituted with one or
p‘)S‘“‘c’r'i‘ﬁ?g's‘ubstituents sel ected fromthe group consisting
of Cl- C4 alkyl and C1 - C4 al koxy groups. The al kyl
afd ?elfé‘rQPfc}ée %&9 u'naéjﬁfﬂ) 1Q%VIMMWQf thl:ela r ﬁiuk Xf R@ r&“‘ﬁw and R11

exenplified- ove In rela |on to RS, R9,
represéd BYEo£n alddds, @fﬁd dsp&iaAlly KoY irOw RISl Bﬂvg rd, Ri(bmlel ltreprésent
carbon atons selected fromthe al koxy groups
hydrogenatodisi fied in relation to R3, R4, R5 orR6 above.
Exanpl es of such groups include the phenyl group, t he

Wl D e PSR ey b ol e fomm  fsed

ring system, this may beg forpxamagleabjlerylyle, ffuaenp, ortphenaothrenmsystem, preferably
ﬂuoI,e][{:(;aropoxyphenyl group, the o-, m or p- butoxyphenyl
group, the o-, m or p- t-butoxyphenyl group, the
2,4, 6- trlnethylphenyl group and the
2R’Z|'m§y bé 4 BRSO BIRAREEMRY thOfRURoupsh 01114219(%@17 t‘b?@cher form a biphenylyl
unsubsti tuted phenyl group is preferred. I'n one
group)paredxggeresion rifaatatrtindvoqfouph ji)n]m‘d&ﬂéﬂt togeivee fidrimophefodyphéhyl group),
R10. is a phenyl group, and Rl11l _is a hydrogen atom
or a m¢thyley groumise thahibatyo gweupsdeingdion Bf togetberibam a bérgylphery! group).
group of formula- O (CHR12)n should be attached to the
BeRZeRRLE 1R 98 ¥ infolt lﬁé@ra'b@ Pors YR58, hﬁd‘ﬁ8§t ke‘i‘er&lh? jpara
position to 0, "and the sul phur at’om of p hr ee
menber ed fused ring systemshould be in the para
pWs paritioulaiflyoprRed coribupdssih evhidhiRISee resepis urhgdropén dtanyandaspecially
(1) in mhlﬁ_ two, three or four of R8, R9, R10 and Ri11l
compounds in which R*# represents a hydrogen atom and n is 1. Alternatively, we prefer compounds

in which n is a number from 2 to 6 and one group R12 represents a hydrogen atom, or a methyl or

ethyl group and the other or others of R12 represent hydrogen atoms.

In the compounds of the present invention, we prefer that A should represent a group of
formula -[O(CHRBCHRM)é]y-’ where a is an-integer from 1 to2,’and y is as defined above,
preferably a number from 3 to 10, more preferably a group of formula '[QCHZCHZ]y"
-[OCHZCH2CH2CH2]Y- or -[OCH(CH3)CH2]y-, where y is as defined above, preferably a number



represent hydrogen atons, and especially those in

which all of R8, RO, R10 and Rl11l represent hydrogen
wat@a®sso00hen RO and R11l, together with the beneenes2003/039098

rings to which they are attached, forma fused ring

system this may be, for exaqple, a biphenylene,

fluorene or phenanthrene system preferably fluorene.

R7 may be a direct bond (so that the two groups |oihed
from 3jg 1krrpagRBRBTORT Ol Byl -G a0 oty RAG B CHR 1) .

t.om (so that, t t.wa gr S. |, 0i ned _by. .R7 toget her .
whero i A BREA B Rt 81 Rty ralBog B [ sun
more préf@iablyhe istavun@epfips 3jtobned by R7 together form a

benzyl phenyl group). n is a nunber from1l to 12, nore

eferably, from1l to and nost..preferably. 1.
Blzr%%rgf?e& r ‘£r“f’?/°°6‘?’1’é’f‘%‘is o gﬁ-ﬁéﬁﬁ‘&s‘“‘i"'ﬁu\%ﬁ V&snprﬁe%i%}ye*’p‘?‘}éqé%eeﬁ figm3 010,
more mefbiatilydean3 &t @nMVeatsd pesf@eomadinds offormdal (& whichkiischand y is a
bﬁﬁ% re&rlﬁsents a hydrogen atomand n is 1.
numbepitom %010y ey we prefer conpounds in which nis a
nunber from2 to 6 and one group R12 represents a
hly dsradfgetnre alf G prasentanwertidnythatdale coripoyhdsgroafin genetalingolymeric nature.
t her or others of. r.epresent hydrogen atons. In
The plyRHieg RIS PoPorifE Bt S8R ES ERVRAETBRTCAR Braris eripdpprosenicd
by A oAbgbotil d represent a group of formula
-[A(CHR13Cl4)a]y_ where a is an integer from1l to 2,
d IS as fined ahov ef erabl v, . unber from.3
B R bR R BRI R i QA Vi PR st
s PR QERCHACHBA Maslmrb QOHKLEEMHE bihavio MG dpdBunds.
COmPas def i ned above, praesf enrlzgél y a number WO 2004/ 055000
accordPEF/ iAo BIcE B0 dYBntion it fsrimperdint hatlidshould havgs pelpmetic nature, since the

resultl{lﬁo% iy 51(%8%% ?o? ﬁ%l&%ﬁ\gg &_e‘ﬁh%)pg}n_t,’thus Va;]denﬁ%dlgpelrsslonam the coating
compostih.eCompamdgdhivings amidanstricuadbuthett pmlgdleﬂbtmé fo be solid and/or
nsotofl By ke T BB horh, Bl Snd ettt e g st
Q-(A-)X; hshogldmpohuve soodfight himolerwlsemndigtit/und prdferthat yhe ssidue of formula Q(A-)y
preferably a nunber from3 to 10, nore preferably

shouldfhagig Brolegular weaghtalopeeater dfan 200 mysdusiis no greptor thap 5200) 3till more
' ' ' ' to 10. It is
preferzg)'f% éé{g%rﬁir}%lxﬂé?lsl O%O,aa'ﬁq mbst ei@rabfi/#ﬁ%géaté‘r b !

the prese I nv n that the conpounds
are of a generally polyneric nature. The polyneric

nWe pridcHasly prefep thavberldle wicsides ofiethylgme alisok pysprsenglEl,
butyle@ey gl%o‘i’, rgl};claﬁ)l,gﬁﬁl%yfoﬁ)%ﬁﬁ& rEﬁ-ﬁﬁinethylolpropane, pentaerythritol or

di-pentaerythritol.

It will be appreciated that, when the compounds of the present invention are analysed, the
numbers a, b and y in the above formulae need not be integral, and, indeed, it is unlikely that they will
be integral, since the compounds of the present invention may be mixtures of several compounds in
which the numbers a, b and y differ. In accordance with the present invention, provided that the
average value of each of these numbers is as defined above, this will be satisfactory. Of course, for
each individual molecule of the compounds of the present invention, a, b and y will be integral, and it
might be possible to separate out such individual compounds, but, in practice, mixtures of these

compounds are used.



by A or by both. The pol yneric pol yhydroxy residue of
formula Q (A )x, which forns the core of the
wa@eovposseds of the present invention has a naj OPCT/US2003/039098

i nfl uence on the behavi our of the conmpounds. In

accordance with the present jhnvention, it is inportant

that it should have a polyneric nature, since the

resul ting conpounds tend to be liquid or of |ow

el epraggnis@n aniont ugenerpl thety islhe patiefladinitption en s apturref the anion
tobe SRR S P ARG P BrcRert L od LR EFas Hbroinicatrs,
the anibn elmhﬂmatonmgcle«zphdus it essnmgally—mmsmeleommc s isfveall knhwn in the art. It
should agsg bﬁ lﬁvggﬁ%uﬂgca ¢ cgnq ; gsa are (t('é\Pge FSed%F ﬁlvc%tgi{lﬁglorgq ¥ %nion need
not meeethesd utaludrémém Nitdr axa@.qﬂé}-n) SOmeSd'aSﬂs | il map be desimible @oiutb atore the

copl 5 9 9L R R 00 B 4 R et

form anéibé},salgnRdd thes corpeftfiigy @hipyunito GeakRtiard shhharor@0i3e toke point of use. In
artlcularl ef er that uld be a r.esidue of
such é?sﬁy’it Bt ’éfl%"c‘g‘iy thah F}@W}(’@ﬁﬁ%@?q] ol n“%?ﬂ?%)ﬁ‘é ne gl ycol,

gl ycerol, trinethyl ol propane, di-trinethyl ol propane,
eampks wi ivn-tueleopliilic shienpard well kiiowmitd dlose skilladi ih khetaet, and include
appreci ated that, when the conpounds of the present

anionsiofi k@inilaViZ A wherM rgpBesents & hBosphirad) 8o1on antimoaydrsgnicychidrine or
above formul ae need not be integral, and, indeed, it

carbonj agongr7 ﬁek@se;ntst dizelogen efpmyixi¢pt whereiM rapgaseilts a bilagan atdig an oxygen atom

ora sugnev eg}éflﬁ' San8 S is alﬁgntgée? ﬁ%&hﬁlégﬂ téchér)]{;}l ¢ opﬁl Jﬁg&t Lﬁé&@m&f‘ examples of

conpoun ers a,
t it b
such gg)lu%; fat ugé ﬁ]lﬁ g?gt? Eﬁa 26%%?34\/ I}?S&F_giﬁ elga%(ﬁﬂ)ée(%h@gie represents an

ers i.s as defined abov this w
alkyl gZopihayng figryl togrcaghgpptogs 2 Ph 1epiEspty %Hl?wbﬁfawn%‘is&su (here R®

of the conmpounds of the present invention, a, b and y
represesitd dn alfieyl pritadapllall groap taving from d Hie 6 babprogemb beant agyl group), ClO4 and
separate out such individual conpounds, but, in

ArSOP(REdré AL repflsliddLatyIWrodp) 8%8ps, 6OWRIGK tHPEFET SbIYS SALF ,WOF;S0;™ and
32504/05566805PCT/U82 SR §%s, 60HE Xrepﬂse%tss an oo

BF, %guptg ﬁre pre b9 a%d?he’ ]13,]13t h§%§%1s m%sgprg%grga cular limtation

uFeo € used. However, where
t he conpounds of the present invention are to be used
hatoi nitiato ani.on . 3 pd b5
e\ghgrﬁ ﬂ% | cgglgﬂul}%s f &18 Preé%ng (1;) metg)'n corrl]t%lélna cra}ﬁ)?r(% groHP,I 1.e. whereR ,R* R

or RO 1le ﬁegﬁlté e&%ﬁ%&ﬁ t&rﬁ&?alﬁﬁg J())\#pth%l? Wltd %Blﬁgod?ﬁs ay form esters and

ativ oun e used
these eg@rspiﬂmtfgmma paraofdh@presm@nmtlgm ’ﬁh@@ls no particular limitation on the nature of

the ester, other than those constraints well known to those skilled inthe art, and preferred examples of
esters include the alkyl esters, particularly those having from 1 to 12 carbon atoms, such as those

containing the C1-Cq alkyl groups, and those derived from a polyalkylene glycol ether ester

(especially the C1-C alkyl ethers), such as esters containing groups of formula:

-[0rR15,0R16



not neet these requirenents. For exanple, in sone
cases, it may be desirable not to store the conpound
wo pootlossobor m of the salt which is ultimtely tBCD®S2003/039098
used. In that case, it my be preferable to form
anot her salt, and then convgst the conpound to the
desired salt at or close to the point of use. In such
ase, it is not necessary that the anion should be
where mmﬁféﬁ%ﬁmlﬁler}e UV RS Tiom higs-cathon aopni 1 crepspegiien alkyl
group Bdveng/fBdrh 1 KD ¥libérPatbQ 984 SK b hih@iBerifdnt 1@ 2B prefeddMlly from 5 to 10. More
i nclude anions of fornmula MZs where Mrepresents a
prefertgh are grRyPs 8T ©oBBHEN, anti nony, arsenic, chlorine or
carbon atom Z represents a hal ogen atom except where
Mrepresents a hangeQOehpghRg Sxy@en atom or a
sul phite group, and s'I'S &n I ntéger dependent upon the
val ence of Mand Z Preferred exanples of such groups
whero R0E nbE it BRI i R TR0 % oy PO b b g 4 onvon
atoms.from 1l to 6 carbon atons and Ph represents a phenyl
group), RcS03 (where Rc represents an al kyl or
hal oal kyl grou havingsfron11 to 6 carbon_atons or an

A cogbgHen oichorrelomrdsubsitaer srapresns atems lisidaberr @ regpect of R,
| o] Of. ich.the PE6 , SbF6 , AsF6 ,
3, KRS R, HHEE BL2 e R0 Siyisaei e et RET9E8 gr oup

is nost preferred. Where the conpounds of the present
i Favtenlarly prefared abmpeunda ofibx pregrmo inpention daving) ex edpdcialRdgood

RS 0 represents. a.carboxy or carpoxyal koxy grou
combitgpign B aciR e B h B i o o m PP v theoe FRgints of
formule §l) &érwhiah:so form a part of the present invention.

There is no particular limtation on the nature of
3 4th§ estgr,,other than those constraints well known to
R, R% Roawd Bk prejindividpallydhessame o dtepampansreaelyrepseasniy akydgigen atom or an
alkyl gﬁﬁﬁ)@lﬁﬁng REMUAS 4lch®oRhithls; esters, particularly those
having from1l to 12 carbon atons, such as those
containing the Cl-Cl2 al kyl groups, and those derived
:4 repfesans adipot yaldky| ene gl ycol ether ester (especially
the Cl1-C4 al kyl ethers), such as esters containing
8 9%é%yps QQ formula: -[ORL.5]tOR16 WO 2004/ 055000 .
R°%R w0 Feprssn by droggn glemis canesperiaBy auch sempernda kge erig0; and
group having from1l to 8 carbon atons, R16 represents
A repreé¥Bntéth ofifoetila @ H 4,1.9; shacar bon atoms, andt
pis a ﬁﬂ%erfroﬁﬁ?ﬁ%ﬁé ,gne?g%mlyfron15to 10.
More preferred are groups of fornula: -[OCH2CHR
Q reprep@jts ORBidge of butylene glycol.

A further preferred class of compounds of the present invention are those compounds of

formula (I) in which:

R3, R4, R3 and RO are individually the same or different and each represents a hydrogen atom or an

alkyl group having from 1 to 4 carbon atoms;
- R7 represents a direct bond;

Rg, R9, and R!1 represent hydrogen atoms;
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t he compound which it is desired to prepare. The
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(1V), i.e. a compound of formula (Il), with the
conpound corresponding to tjhe renainder of the
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In the above formulae, Rl, R3, R4, R5, R6, R7, R8, R9, RlO, Rl 1, R12, A, Q,n, p and x are as

defined above, and Y~ represents an anion, for example a hydroxy group, which will normally be

derived from the reaction. Where any one or more of R8, R9, Rlo, or R!! represents a hydroxy
group, this is preferably protected, since it otherwise may react with the acid used in the reaction. The
nature of the protecting group used is not critical to the invention, and any protecting group known in
the art for use in compounds of this type may equally be used here, for example an ester group.
Examples of suitable protecting groups are described in “Protective Groups in Organic Synthesis” by
T. W. Greene and P. G. M. Wuts, Second Edition, 1991, published by John Wiley & Sons, Inc.

The reaction is normally and preferably effected in a solvent, the nature of which is not
critical, provided that it has no adverse effect on the reagents or on the reaction and provided that it

can dissolve the reagents, at least to some extent. A suitable solvent is acetic acid.

The reaction is also preferably effected in the presence of acetic anhydride and more
preferably in the presence-of a strong acid. Preferred is a combination of concentrated sulphuric acid

and acetic anhydride.

A suitable reaction temperature is preferably below 15°C.
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known techniques an er purl

The composition of the present invention may be formulated as a printing ink, varnish,
adhesive or any other coating composition which is intended to be cured by irradiation, whether by
ultraviolet or electron beam. Such compositions will normally contain at least a polymerisable
monomer, prepolymer or oligomer, and the cationic photoinitiator of the present invention, but may
also include other components well known to those skilled in the art, for example, reactive diluents

and, in the case of printing inks, a pigment.

A wide variety of monomers and prepolymers may be subjected to cationic photoinitiation
using the compounds of the present invention as photoinitiators, and the nature of the monomers and
prepolymers is not critical to the present invention. Such monomers and prepolymers typically
contain cationically polymerisable groups, and general examples of such compounds include the
epoxides, oxetanes, other cyclic ethers, vinyl compounds (such as vinyl and propenyl ethers, styrene
and its derivatives and unsaturated polyesters), unsaturated hydrocarboné, lactones and, in the case of

hybrid systems, acrylates and methacrylates.

Typical epoxides which may be used include the cycloaliphatic epoxides (such as those sold
under the designations UVR6110 by Union Carbide or UVACURE 1500 by UCB), which are well
known to those skilled in the art.

Other epoxy-functional oligomers/monomers which may be used include the glycidyl ethers of
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UVR61 10 by Union Carbide or UVACURE 1500 by UCB),
Woddifved ivdiichehdy be used in conjunction with the principal components of the coating

formulations of the present invention include stabilisers, plasticisers, pigments, waxes, slip aids,
levelling aids, adhesion promoters, surfactants and fillers. Also, compounds which act as sensitisers
for the photoinitiator, such as thioxanthone (and derivatives), benzophenone (and derivatives),
hydroxyalkylphenones, anthracene (and derivatives), perylene, xanthone, pyrene and anthraquinone,

may be included.

“The compounds of the present invention may be included as photoinitiators m coating

formulations such are well known in the art, and the precise composition of such formulations will
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10.0 g (0.03937 moles) of 2-isopropylthioxanthone were dissolved in 630 ml of a mixture of

acetonitrile and water (75% acetonitrile, 25% water by volume). Gentle heating was required to
dissolve the 2-isopropylthioxanthone (35°C ). The temperature was then allowed to return to room
temperature. 86.336 g of Ceric ammonium nitrate (0.15748 moles) were added in one batch. The
reaction was followed by TLC (thin layer chromatography). The reaction mixture was stirred for 2.5
hours at room temperature. 400 ml of water was then added and the mixture was extracted with
1000 m1 of diethyl ether. The ether layers were combined and dried with magnesium sulphate, and
the ether was removed on a rotary evaporator to yield the product. At this stage the product still

contained some inorganic residue. The product was therefore re-dissolved in diethyl ether, washed
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Dibenzothiophene (5.0 g, 0.027 mol) was added to acetic acid (20 ml), stirred and heated to
110°C-120°C until completely dissolved. An excess of peracetic acid (4.4 g, 0.0058mol) was then
added dropwise and the reaction mixture was continuously stirred at this temperature for four hours.
The reaction was followed using TLC as an indication of dibenzothiophene consumption. After
cooling, the reaction mixture was poured into water (40 ml), the resulting brown precipitate filtered
off, washed with water and a small quantity of toluene (2-3 ml) before being dried in a vacuum oven

at 50°C for 4 hours.
Product yield 5.0 g (92%) of brown crystals.
The product was analysed by IR, HPLC and LC-MS.
TR: 1066cm™ and 1024cm™ S=O due to sulphoxide.

MS: M/Z 201 (Mw of cation).
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5 g of the product from Example 3 (0.00996 moles), 5.38 g of the product from Example 1
(0.0199 moles), acetic acid (18.6 ml), acetic anhydride (18.6ml) and dichloromethane (4.7 ml) were
mixed in a round-bottomed flask. The temperature of the mixture was reduced to <15°C using a
water/ice bath. Concentrated sulphuric acid (6.9 ml) was then added drop-wise, making sure the
temperature did not exceed 15°C. After addition was complete, the mixture was stirred for two hours,
allowing the temperature to increase to room temperature. 100 ml of water was then added and the
solution was extracted with 2x100 ml dichloromethane. The dichloromethane was then removed on a
rotary evaporator to yield 23.75 g of intermediate product. This was dissolved in a minimum of acetic

acid and poured into a KPFg solution (5.6 g in 180 ml water). This appeéred to yield a viscous liquid

which was extracted with dichloromethane and washed with 3x100 ml water before drying over

magnesium sulphate and removing all solvent on a rotary evaporator.
Product yield 11.86 g (91.7%) of a brown liquid.
Product analysed by IR.
IR: 845cm™ (strong) due to P-F salt of product.

The position of each thioxanthone system on the associated benzene ring could not be

determined exactly by analysis.
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water/ie&-bath.OCdncenitrated sulphuri¢ acid (1.3 ml) was then added drop-wise, making sure the

temperature did not exceed 15°C. After addition was complete, the mixture was stirred for two hours,
allowing the temperature to increase to room temperature. 60 ml of water was then added and the
solution was extracted with 2x50 ml dichloromethane. The dichloromethane was then removed on a
rotary evaporator to yield 2.87 g of intermediate product. This was dissolved in a minimum of acetic

acid and poured into a KPFg solution (2.0 g in 60 ml water). This appeared to yield a viscous liquid

which was extracted with dichloromethane and washed with 3x100 ml water before drying over

magnesium sulphate and removing all solvent on a rotary evaporator.
Product yield 2.15 g (99.1%) of a brown liquid.
Product analysed by IR.
IR: 843cm™ (strong) due to P-F salt of product.

The position of each dibenzothiophene system on the associated benzene ring could not be

determined exactly by analysis.
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O ao CH n 2-Phenoxypropionic acid (11.74 g, 0.07075

MpieRS) 17.50f Wightly adiloer lofwisassity2Aidnol ecul ar  wei ght
7.69 g, 0.03076 nDIes) 0.16 g p-tol uenesul phonic

ed hydroxytol uene and 100 ni
?@Fﬂ%ﬂg‘&%@“gﬁg g%ically refluxed for 8.75 hours.

The sol ution was mashed w th 2x50 ni
IR: 1755-1734cm™ C=0 (strong) due to ester. No OH peak present.

EXAMPLE 7

2.0 g of the product from Example 6 (0.003663 moles), 1.98 g of the product from Example 1
(0.0199 moles), acetic acid (6.8 ml), acetic anhydride (6.8ml) and dichloromethane (1.7 ml) were
mixed in a round-bottomed flask. The temperature of the mixture was reduced to <15°C using a
- -water/ice bath. Concentrated sulphuric acid (2.54 ml).was-then added drop-wise, making sure the
temperature did not exceed 15°C. After addition was complete, the mixture was stirred for two hours,
allowing the temperature to increase to room temperature. 50ml of water was then added and the

solution was extracted with 2x50 ml dichloromethane. The dichloromethane was then removed on a



10% aqueous pot assi um car bonate sol ution and 100 m
dei oni sed water before drying over magnesi um sul phate
wo pdo@siong and renmoving all sol vent on a rotarBCT/US2003/039098
evaporator. Yield = 17.52 g slightly yellow | ow
viscosity liquid. The prodict was analysed by IR IR
1755-1734cm 1 C=0 (strong) due to ester. No CH peak
rotary eﬁgﬁﬁeﬁ&tto gle@@%ﬂ) é—gf iftefehddidde pl@il.g’[ I TiIRE @/aghgdﬁzedﬁi" a E@mﬁﬁmrbf acetic
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was reduced to <15C using a --water/ice bath.

ur.i L 2.54 m) -was-then added
§§§$§ ‘gizﬂ%§%ﬁ65§EF§“Wﬂgﬂﬁ? nperature did not exceed
15C. After addition was conplete, the m xture was

Brofwat eohiysed by W hours, allowi ng the tenperature to
increase to roomtenperature. 50 m of water was then

n tracted with 2x50 m
%@%2 g?oﬁe%ﬂédu§%+yﬁ§g ?r%ﬁethane was then renoved
on a WD 2004/ 055000 PCT/U82003/039098 24 rotary
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11-Phenoxyundecanoic acid (4.61 g, 0.01656 moles), polytetrahydrofuran (250 molecular
weight, 1.80 g, 0.0072 moles), 0.04 g p-toluenesulphonic acid, 0.013 g butylated hydroxytoluene and
25 ml toluene were azeotropically refluxed for 9 hours. The solution was washed with 2x50 ml 10%
aqueous potassium carbonate solution and 100 ml deionised water before drying over magnesium

sulphate, filtering and removing all solvent on a rotary evaporator.
Yield = 5.72 g slightly yellow solid.
The product was analysed by IR.

IR: 1736cm™ C=0 (strong) due to ester. No OH peak present.



Product yield 4.29 g (87.3% of a brown |iquid.
Product analysed by IR IR 845cm 1 (strong) due to
wW@2004853000 of product. The position of each thi BRENS10081E39098

system on the associ ated benzene ring could not be
determ ned exactly by analysiks. EXAMPLE 8 0 CHO 10

OtH2 O 10 n 11- Phenoxyundecanoic acid (4.61 g, 0.01656
nol es), pol ytetrahydrof O%ﬁml ecul ar wei ght,

1.80 g, 0.0072 noles), G =t ol uenesul phoni ¢ aci d,
0.013 g butyl ated hydroxytol uene and 25 ml tol uene

wer e azeotropiqalyrefluxdfor 9 h S.., The sol ution

2.0 g of the product from Example 8 (0.002595moles), 1.4 g of the product from Example 1
(0.005185 moles), acetic acid (4.8 ml), acetic anhydride (4.8 ml) and dichloromethane (1.2 ml) were
mixed in a round-bottomed flask. The temperature of the mixture was reduced to <15°C using a
water/ice bath. Concentrated sulphuric acid (1.85 ml) was then added drop-wise, making sure the
temperature did not exceed 15°C. After addition was complete, the mixture was stirred for two hours,
allowing the temperature to increase to room temperature. 50ml of water was then added and the
solution was extracted with 2x50 m1 dichloromethane. The dichloromethane was then removed on a
rotary evaporator to yield 5.37 g of intermediate product. This was dissolved in a minimum of acetic

acid and poured into a KPF solution (1.4 g in 50 ml water). This appeared to yield a viscous liquid

which was extracted with dichloromethane and washed with 3x100 ml water before drying over

magnesium sulphate and removing all solvent on a rotary evaporator.
Product yield 2.98 g (89.95%) of a brown liquid.
Product analysed by IR.
IR: 845¢cm™ (strong) due to P-F salt of product.

The position of each thioxanthone system on the associated benzene ring could not be

determined exactly by analysis.



CH3 84D Hs 2.0 g of the product from Exanple 8
(0.002595 noles), 1.4 g of the product from Exanple 1
W@ 200005085 nol es), acetic acid (4.8 m), acetiBCT/US2003/039098

anhydride (4.8m ) and dichloronethane (1.2 m) were

m xed in a round-bottoned flask. The tenperature of

the m xture was reduced to <15C using a water/ice

bat h. Concentrated sul phuric acid (1.85 m) was then

added drop-w se, maki ngEXAMPEEE0 tenperature did not
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t hen added andef he IW@ acted with 2x50

m di chl or onet han€. @ dichforo hang was then
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i nternmedi ate product. This was dissolved in a nmininmum

of acetic acid and poured into a KPF6 solution (1.4 g
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04 roBeuor IR 0B ERUBEE 26 EXMPLE 0 b B Br
O 11 Pol yt etrahydrofuran (250 nol ecul ar wei ght, 18.75

@ he Produs waslasjlysedbpidacetic acid (22.9 g, 0.165
nol s), 0.375 g p-toluenesul phonic acid, 0.075 g

kiﬂt w3@£rﬁd ot} t?%? %é)itg gﬁgﬁﬂg O’ll-ﬁgeamprés%tu ene were

azeotropi call or 5 hours. The solution was
washed with 2 x 100 m 10% agueous
EXAMPLE 11

HOLLA/\JL"T\Oz

5.0g of 2-hydroxybiphenyl (0.0294 moles), 5.08 g potassium carbonate powder
(0.03676 moles) and 70 ml of methyl ethyl ketone were heated to reflux for 3 hours. The mixture was
then cooled to room temperature and 7.23 g of the product from Example 10 (0.0147moles) were
added. The mixture was then heated to reflux for a total of 14hours. The mixture was then cooled to

room temperature. 50 ml of toluene was added and the solution was washed with 2x100 ml 10%



pot assi um car bonate solution and 2 x 100 m dei oni sed
wat er before azeotroping to dryness, filtering and
wo e0mseg0 al | sol vent on a rotary evaporat or. MEUS2063/039098
36.3 g colourless low viscosity liquid. The product
was anal ysed by IR IR 173gem 1 C=O (strong) due to
ester. No OH peak present. EXAMPLE 11 O 06 O OO n
_ - i ) ) . :
st g LU 0 P U oY et B vy magnesiom
sulphatsf Tiresdiydnt wehihkn kestoypdomeratarhewpedtaro refl ux for 3
hours. The m xture was then cooled to room
t er .4 he product from Exanple 10
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added and the solution was washed with 2x100 m 10% WO
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carbonate solution and 2x100 m dei oni sed water before
dryi ng over nagnesi um E&é@&@bﬁi The sol vent was then
renoved on a rotary eva e i eld = 9.01 g of a
slightly yellow liquid. The product was anal ysed by

IR IR 1736cm 1 C=0O due to ester, 1080cm 1 and "%90cm
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4.0 g of the product from Example 11 (0.00597 moles), 3.224 g of the product from Example 1
(0.01194 moles), acetic acid (11.1 ml), acetic anhydride (11.1ml) and dichloromethane (2.8 ml) were
mixed in a round-bottomed flask. The temperature of the mixture was reduced to <15°C using a
water/ice bath. Concentrated sulphuric acid (4.14 ml) was then added drop-wise, making sure the
temperature did not exceed 15°C. After addition was complete, the mixture was stirred for two hours,
allowing the temperature to increase to room temperature. 50ml of water was then added and the
solution was extracted with 2x50 ml dichloromethane. The dichloromethane was then removed on a
rotary evaporator to yield 17.63 g of intermediate product. This was dissolved in a minimum of acetic

acid and poured into a KPF¢ solution (5.0 g in 160 ml water). This appeared to yield a pasty dark

green solid which was filtered, washed with water and then dried in a vacuum oven at 40°C.
" Product yield 6.24 g (71.3%) of a dark green slightly sticky solid.

Product analysed by IR.



SO OrOPFB OPF6 H3C H3 4.0 g of the product from
Exanple 11 (0.00597 noles), 3.224 g of the product
wo caomioEs0empl e 1 (0.01194 nol es), acetic acid pAWUSH03/039098
m ), acetic anhydride (11.1 m) and di chl or onet hane
(2.8 M) were mxed in a rognd-bottoned flask. The
tenperature of the m xture was reduced to <15C using a
t [.& r ul phuric acid (4.14 nl)
agé§¥%gh%g%%%ﬁ&gﬁ@@%%%&g@%ﬁﬂ.?ng sure the tenperature
di d not exceed 15C. After addition was conplete, the
it squld @ot\h/aéetgmmnqdézy analysis (goviielupfihe berensingg of the associated biphenyl
system eea%)ﬁﬁ&taﬁ'tﬁ gstélgy g@ﬁ&g&? Jr8uiy H?e%@i‘h@ﬁ Bf &tactfedbn ?Hat ring be
wat er was ed an sol ution was extracted
determmedh 2x50 n1 dlchloronethane. The di chl or onet hane was
then renoved on a rotary evaporator to yield 17.63 ¢
of internediate product pxi{Niprpas di ssolved in a
m ni nrum of acetic acid and poured into a KPF6
solution (5.8 g in 160 mM water). This gppeared to
yield a pasty dark green solid whigh s filtered,
washed with water and then dried i# cuum oven at
40C. Product|yield 6.24 g (71.3% of ark green
slightly stigky solid. Product 2 by IR WO
2004/ 055000 PCT/ US2003/ 0390980728 2cm 1 (strong)
due to P-F splt of product. be det erm ned
by anaIyS|s o which of the zene rings of the
associ at ed Ch1pretiyti2CHgQls eachCtini oxaft hone system
was attachedbnor could the pbsition of Ajtachment on
that ring be determ ned. EXAMPLE 13 O C

2- l%ggzp%Hp%g‘Picnam 3.28 g, 0.07999 moles), ethoxylated pentaerythritol (EO/OH 10/4)
(10.0g, 0.0173913moles), 0.181g p-toluenesulphonic acid, 0.061g butylated hydroxytoluene and 100

ml toluene were azeotropically refluxed for 13hours. The solution was washed with 2x50 ml 10%
aqueous potassium carbonate solution and 100 ml deionised water before drying over magnesium

sulphate, filtering and removing all solvent on a rotary evaporator.
Yield = 19.56 g clear, slightly yellow low viscosity liquid.
The product was analysed by IR.

IR: 1751-1733cm™ C=0 (strong) due to ester. No OH peak present.



4 2-Phenoxypropionic acid (13.28 g, 0.07999 nol es),
et hoxyl ated pentaerythritol (EQ' OH 10/4) (10.0gq,

W@ 201//3908nol es), 0.181g p-tol uenesul phoni ¢ acPdr/US2003/039098
0. 061g butyl ated hydroxytol uene and 100 m tol uene
were azeotropically refluxedy or 13hours. The sol ution
was washed with 2x50 mMl 10% aqueous potassi um
carbonate solution and 100 m dei oni sed water before
dryi ng over magnesi um HXAMPAIE14Liltering and
removing all solvent on a rotary evaporator. Yield =
19.56 g clegr, slightly yellow | ow viscosity |iquid.
The product [was analysed by IR IR 1751-1733cm 1 C=0
(strong) dugq to ester. No OH peak present.

2004/ 055000 |PCT/ US2003/ 039098 29 EXANPLE 14 H3C CH3
SOOPFs (¢ CH2Q CH2CH20O N CH3 ' 4 5,08 t he
product from Exanple 13 (0.0045289 3.47g of the
product from Exanple 1 (0.0128416 acletic acid
(16ml), acetji c anhydride (1 L) and hl or gnet hane
(4ml) were |m xed in a roung It ope | agk.| The
tenperature |of the m xture educed/To <f5C using a

[ acid|(5.94 m)

was then added drop-w se, [ making s he tlenperature

di d not exE4EthOErC:20 r aedition conpllete, the

m xture was Istirred for “two hours, allow ngjthe

tenperature to increase to roomtenperature. 50 m of

wat er vvas t hen added and the solution was extracted
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1(0. 01(284ldfrtoéafsb‘;ﬁd¢tﬁtaeldml @ﬂll)g(bbetwﬂﬁhﬁdﬂlsﬁ% 16413 sl diﬁﬂox‘oﬁhe&ane (4ml) were
of a%ﬁfﬁiSli aci d and o(% red into a KP

mixed G PO osErc e GBI el e T B iateg b S using

water/{c6 Bdth WaSndeffmSE Ighyiric acid (5.94 ml) was then added drop-wise, making sure the

temperature did not exceed 15°C. After addition was complete, the mixture was stirred for two hours,

allowing the temperature to increase to room temperature. 50ml of water was then added and the
solution was extracted with 2x75 ml dichloromethane. The dichloromethane was then removed on a
rotary evaporator to yield 20.78 g of intermediate product. This was dissolved in a minimum of acetic

acid and poured into a KPFg solution (6g in 195 ml water). A precipitate formed that was removed by

filtration and washed with water and then dried in the vacuum oven to constant weight.
Product yield 7.93 g (76.1%) of a brown solid.
Product analysed by IR.
IR: 842cm™ (strong) due to P-F salt of product.

The position of each thioxanthone system on the associated benzene ring could not be

determined exactly by analysis.



filtration and washed with water and then dried in the
vacuum oven to constant weight. Product yield 7.93 g
w@ Z@40%5000f a brown solid. Product anal ysed bRCT/BS20032039098
842cm 1 (strong) due to P-F salt of product. The
position of each thioxanthogg system on the associ at ed
benzene ring could not be eterm ned exactly by
anal ysis. WD 2004/ 055000 PCT/ US2003/039098 30 EXAMPLE
15 O C CH2Q CH2CH20) nEXAMPPEEdfoxyacetic acid (12.16
g, 0.07999 nol es), ethoxylated pentaerythritol (EQ OH
10/4) (10.0g, 0.0173913nol es), 0.181g
p-t ol uenesul phoni ¢ acid, 0.061g butyl at ¢d
hydr oxyt ol uehe and 100 m tol uengsnere|azeotropically
refluxed for| 16 %2 hours. The solutiog s washed with
2x50 mM 10% | aqueous potassi um cg sol ution and
100 m deionj sed wat er beforegdry ové¢r nagnesi um
sul phate filfering and renovirg all solyent on a
rotary evapofator. Yield = 15J21 g clea, slightly
yel | ow | owCw}-CleaXCH yCHLOX)LH The produg¢t was anal ysed
by IR IR 1f59cm 1 C=0 (stkmong) due tolester. No CH
peak present EXAMPLE 16 H3C CH3 S OO4PFs C
CH2Q( CH2CH20O)n -4

2-Phenoxyacetic acid (12.16 g, 0.07999 moles), ethoxylated pentaerythritol (EO/OH 10/4)
(10.0g, 0.0173913moles), 0.181g p-toluenesulphonic acid, 0.061g butylated hydroxytoluene and 100

ml toluene were azeotropically refluxed for 16 % hours. The solution was washed with 2x50 ml 10%
aqueous potassium carbonate solution and 100 ml deionised water before drying over magnesium

sulphate filtering and removing all solvent on a rotary evaporator.
Yield = 15.21 g clear, slightly yellow low viscosity liquid.
The product was analysed by IR.
IR: 1759cm™ C=0 (strong) due to ester. No OH peak present.

EXAMPLE 16

CHy

¢l cH,O(CH ZCHZO)n,\g O
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WD 2004/ 055000 PCT/ US2003/039098 31 5.0 g of the
product from Exanple 15 (0.0045004nvl es), 4.86 g of

wo b@4psmouct from Exanple 1 (0.018nol es), acetPCT/US2003/039098
anhydride (14.72g) were mxed in a round-bottoned
flask. The tenperature of the mixture was reduced to
<1OC usi ng a water/ice bath. Concentrated sul phuric
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anal yséed R 841 cm1 (strong) due to P-F salt
40°C foyr4 l]mutﬁduct The p05| tion of each thioxanthone system
on the associ ated benzene ring could not be

%‘&ﬁe 089 05Xa5 k%) BYa BRGIYSISsoiEXAMPLE 17 CH3 O On
f‘}1 Oe%?enoxg/ac%%? aci dso(125 46g, 0.1675 nol es),

but 0X I ated trinmethyl ol propane (BuQ CH 7/4) (31.9g,
dr nalyped 4y 1By p-t ol uenesul phoni ¢ acid, 0.1g
but yl at ed hydr oxyt ol uene and 200 nml toluene were

aref1caPi(adingyduead Pkl of prodddbhour s. The sol uti on was
washed with 2x100 m 10% aqueous potassi um carbonate

ﬁ@‘lﬁ ﬁtgéﬁfpﬂﬁa%gf%ﬁg’f‘%mhgn% S}gsr‘gen? grq thvé@ttss%glaggfbgﬁz%ng 1[1Xé Ok be

determined exactly by analysis.

EXAMPLE 17
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2-Phenoxyacetic acid (25.46g, 0.1675 moles), butoxylated trimethylol propane (BuO/OH 7/4)
(31.9g, 0.05moles), 0.5g p-toluenesulphonic acid, 0.1g butylated hydroxytoluene and 200 ml toluene
were azeotropically refluxed for 15hours. The solution was washed with 2x100 ml 10% aqueous
potassium carbonate solution and 100 ml deionised water before drying over magnesium sulphate,

filtering and removing all solvent on a rotary evaporator.



filtering and renoving all solvent on a rotary
evaporat or. WO 2004/ 055000 PCT/ US2003/039098 32 Yield
we2@3/03oc] ear, slightly straw col oured |i qui dPCT/TRE03/039098
product was analysed by IR IR 1760-1737cm 1 C=0
(strong) due to ester. No Ogppeak present. EXAMPLE 18
CH3 rLI—|3CPFe OS+/ CH3 OO0 111~10 /CH2 ¢ CH3 10.0 ¢
t 0. 0096153nvl es 7.79
o{"e]%‘ pERALA c?%g,usg[;ﬁtgrggﬁié%X%L&F%Zul (0. 02884590l )es) ,
acetlc anhydrlde 23.69) were mxed in a
rihgmpeeduett wasiepelysedsRR. The tenperature of the mixture
was reduced to <10C using a water/ice bath.
GRIERILIBY SR @UbRMnng@% ester( Ro OA0Pcalt@tesédien added
drop wi se, making sure the tenperature di d not exceed
20C. The contents of QS fﬁ re then added to a
m xture of 46g net hanol =38~33g—water and 6. 249
pot assi um hexafluorophosphate. 2.5ml of methanol were
al so usedto wash out the reaction vesfel and added to
the m xtune. Thecyi xture was then stirfed at 35-40C
for 30 m nut es he m xture was then cpoled to <10C
and stirrgd for 3 \yrther 30 mnutes. PBtirring was
t hen st opged anm/ e m xture was allowed to settle.
The resul tli ng resU& was washed/ decanfed with 3 x
nmet hanol / yat er=+j 169/ 399) . ThIS renoved any

sol uble ifpuritigs nsol ub Ie i flue was then
oven at_4
?;ﬂ/@ ]/\ \C/ \

dried in tthe va
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10.0 g of the product from Example 17 (0.0096153moles), 7.79 g of the product from Example
1 (0.0288459moles), acetic anhydride (23.6g) were mixed in a round-bottomed flask. The
temperature of the mixture was reduced to <10°C using a water/ice bath.ﬁ Concentrated sulphuric acid
(9.04g) was then added drop-wise, making sure the temperature did not exceed 20°C. The contents of
the flask were then added to a mixture of 46g methanol, 38.99g water and 6.24g potassium
hexafluorophosphate. 2.5ml of methanol were also used to wash out the reaction vessel and added to
the mixture. The mixture was then stirred at 35-40°C for 30 minutes. The mixture was then cooled to
<10°C and stirred for a further 30 minutes. Stirring was then stopped and the mixture was allowed to
settle. The resulting residue was washed/decanted with 3 x methanol/water mixture (46g/39g). This
removed any soluble impurities. The insoluble residue was then dried in the vacuum oven at 40°C for

4 hours.
Product yield 6.53 g (30.40%) of a pasty brown solid.
Product analysed by IR, HPLC and GPC.
IR: 841cm™ (strong) due to P-F salt of product.

The position of each thioxanthone system on the associated benzene ring could not be

determined exactly by analysis.



4 hours. Product yield 6.53 g (30.40% of a pasty
brown solid. Product analysed by IR, HPLC and GPC

WO Ro0488bem 1 (strong) due to P-F salt of produrtT/U31063/039098
position of each thioxanthone system on the associ ated

benzene ring could not be term ned exactly by

anal ysis. WD 2004/ 055000 PCT7 US2003/ 039098 33 EXAMPLE
19 CH3 CMOO4 2-Phg thc acid (34.2g, 0.225
nol es), propoxyl at ed penggéiggﬁrrtol (PO OH 17/ 8)

(31.45g, 0.05nples), 0.5g p-toluene sul phonc acid,
0.1g butyl ated hydyoxyt ol uene 200 mM toluene were
s.|\ The sol ution was
washed with 2x100 jm 10% aqueou pof assi um car bonat e
solution and 100 it er pefore drying over
magnesi um sul pha® i ng{and rgnoving al

solvent on a rotar Nofield = 48.38g (83.1%
clear, slightly styaw col oured. |ow )iscosity |iquid.
The product was analysed by IR IR /4758-1738cm | C=0O
due to ester. No OH peak present. EXAMPLE 20 s o

%PlEhGen%ceﬁg aggl (3&.%.22%1‘8169, Bﬁ)poxylated pentaerythritol (PO/OH 17/8)

(31.45g, 0.05moles), 0.5g p-toluene sulphonic acid, 0.1g butylated hydroxytoluene and 200 ml toluene

were azeotropically refluxed for 15hours. The solution was washed with 2x100 ml 10% aqueous
potassium carbonate solution and 100 ml deionised water before drying over magnesium sulphate,

filtering and removing all solvent on a rotary evaporator.
Yield = 48.38g (83.1%) clear, slightly straw coloured. low viscosity liquid.
The product was analysed by IR.
IR: 1758-1738cm™ C=0 due to ester. No OH peak present.

EXAMPLE 20

5.0 g of the product from Example 19 (0.0042918moles), 4.635 g of the product from Example
1 (0.0171672moles), acetic anhydride (14.05g) were mixed in a round-bottomed flask. The
_temperature of the mixture was reduced to <10°C using a Water/:icé“h@th._ _Concentrated sulphuric acid
(5.38g) was then added drop-wise, making sure the temperature did not exceed 20°C. The contents of
the flask were then added to a mixture of 27.38g methanol, 23.2g water and 3.71g potassium

hexafluorophosphate. 2.5ml of methanol were also used to wash out the reaction vessel and added to
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Concentrated sul phuric acid (5.389) was then added
A1 0P . _ di
the mis3f 8P T BBy SR B SHE o B4 ERE ST A A E Y B Bn cooted o
<10°C midkdtimed farfa 2ifhed 8¢ mimittdsaStiiring2ews Zpnwtopped and dhegmirturgywas allowed to
t assi.um_ .hexaf | uoro .
sete. FfE ESTUMEFp§T0 SV SHRITRIRITE » S lhn Bl RG0S 023 20
This rediOvRM4 /561616 MRpUR(EEs. UBROONOBOR8i8ue B4 théredrrdyt theeyaculreoven at
400Cfm4>y}{ ure was then stirred at 35-40C for 30 m nutes. The
WU e was then cooled to <10C and stirred for a
further 30 mnutes. Stirring was then stopped and the
Producirydeldd g7 gl(4©2%346) dfa paggytllosy solide resul ting resi due
was washed/ decanted with 3 x rrethanol/water m xture
. . (¢ renoved any soluble inpurities.
ﬁépﬁﬁgéﬁgﬁﬁwgglg Blg was then dried in theneacuum
oven at =~ 40C for 4 hours. Product yield 5.47 ¢
Re34igmy (wfong) qyase §-Fyselt pbwvodust.i d.  The product was
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Tripropylene glycol 14.42g (0.075moles), bromoacetic acid 22.92g (0.165moles), p-
toluenesulphonic acid 0.375g, butylated hydroxytoluene 0.075g and toluene 50ml were mixed in a two
necked round-bottomed flask (flask 1) equipped with a temperature probe, condenser and Dean and
Stark apparatus. The mixture was heated to reflux for 5 hours and then cooled to room temperature
and left overnight. In a second flask (flask 2) equipped with a stirrer, condenser and temperature
probe 2-hydroxybiphenyl 25.5g (0.15moles), potassium carbonate 25.91g (0.1875moles) and methyl
ethyl ketone 100ml were mixed and heated to reflux for 3 hours and then cooled to room temperature

and left overnight.

The contents of flask 1 were then added to flask 2. This mixture was then heated to reflux for
a further 4 hours (86-87°C). The mixture was then cooled to <= 50°C and filtered to remove the
inorganics. The inorganics were washed with a further 60ml of methyl ethyl ketone which was then

combined with the organic solution. The filter paper was pressed to maximise solvent and therefore
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‘10g of the sample from Example 21 (0.0163moles), 2-ITX sulphoxide, 8.8g (0.0326moles) and
acetic anhydride (20g) were mixed in a 250ml 3-necked round bottomed flask equipped with a stirrer,

thermometer and dropping funnel.

Acetic anhydride (30g) was added to a beaker and cooled to 10°C. Concentrated sulphuric
acid (7.8g) was added slowly controlling the temperature below 20°C. The resulting mixture was
charged to the dropping funnel and added to the mixture in the flask. The addition took approximately
15 minutes and produced a black solution. This was stirred at room temperature for 20 minutes and
then quenched slowly into a mixture of potassium hexafluorophosphate (6.95g), water (90g) and
acetonitrile (23g), controlling the quenching temperature to 10-20°C. A solid started to form during
the quenching process but, as addition progressed, this turned into an oil. The product was isolated as

_. an oil by decanting off excess water/acetonitrile. The product yield was not determined.
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to,the mxture in the flask. The addition took

5BBrOX|nately 15 m nutes and produced a bl ack

solution. This was stirred at roomtenperature for 20

m nutes and then quencEEZAMPBEL23 into a m xture of

pot assi um hexaf | uorophosphate (6.95g), water (90g) and
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tenpe to 10-20C. A solid started to form during
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ar at us e mxture 0 ref
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bottomeg ]}lgskctﬁgsrknll) gmlpped with a temperature probe, condenser and Dean and Stark apparatus.
The mixture was heated to reflux for 5 hours and then cooled to room temperature and left overnight.
In a second flask (flask 2) equipped with a stirrer, condenser and temperature probe, 2-
hydroxybiphenyl 25.5g (0.15moles), potassium carbonate 25.91g (0.1875moles) and methy] ethyl
ketone 100ml were mixed and heated to reflux for 3 hours and then cooled to room temperature and

left overnight.

The contents of flask 1 were then added to flask 2. This mixture was then heated to reflux for
a further 4 hours (86-87°C). The mixture was then cooled to <= 50°C and filtered to remove the
inorganics. The inorganics were washed with a further 60ml of methyl ethyl ketone which was then
combined with the organic solution. The filter paper was pressed to maximise solvent and therefore
product recovery. The organics were then washed with 2 x 50ml 10% potassium carbonate solution
followed by 3 x 50ml water (ensuring the washings were neutral pH). The organics were then heated
on a rotary evaporator to remove the organic solvent and any residual water (heating to 82°C was

required to drive off all of the solvent / water).

Product yield 19.54g of a clear, slightly yellow liquid.
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roomtenperature and |eft overnight. The contents of

f ed to flask 2. This m xture was

'h%ﬁ% dég}tl\gg %nglp%gfb?gg for a further 4 hours (86-87C).

The mixture yas then cooled to <= 50C apd filtered to

RibTAS- TRécm| RoPgln taester, TE6qm oanglr Péen wirecto wikghasgll ether. No OH
peak plisédi. @ further 60m of nethyl ethyl ketone which was

then conbined with the organic solution. The filter

paper was pressed to maxim se solvent and therefore

product recovery. The oEgeMYIREERdre then washed with 2

x 50m 10% pot assi um car bonate solution followed by 3

X 50nl wat er

The organ|c~

ensuring the washi ngs were neutral pH).
@ then heated on a rotary evaporator
gani ¢ sol vent and any residual water
.Q,

to reno 4
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of the !ﬁple from Exanple 23 (0.0
sul phloxi de, 8.7g (0.0322nol es) and

10g of the sample from Example 23 (0.0161moles), 2-ITX sulphoxide, 8.7g (0.0322moles) and
acetic anhydride (20g) were mixed in a 250m]1 3-necked round bottomed flask equipped with a stirrer,

thermometer and dropping funnel.

Acetic anhydride (30g) was added to a beaker and cooled to 10°C. Concentrated sulphuric
acid (7.8g) was added slowly controlling the temperature below 20°C. The resulting mixture was
charged to the dropping funnel and added to the mixture in the flask. The addition took approximately
15 minutes and produced a black solution. This was stirred at room temperature for 20 minutes and
then quenched slowly into a mixture of potassium hexafluorophosphate (6.95g), water (90g) and
acetonitrile (23g), controlling the quenching temperature to 10-20°C. A solid started to form during
the quenching process but, as addition progressed, this turned into a gum. The product was isolated as

a gum by decanting off excess water/acetonitrile. The product yield was not determined.



acetic anhydride (20g) were mxed in a 250m.3- necked
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conder3GUing téiRsérdtht8 Probe 2-hydroxybiphenyl 25.5g (0.15moles), potassium carbonate 25.91g
(0.1875moles) and methyl ethyl ketone 100ml were mixed and heated to reflux for 3 hours and then

cooled to room temperature and left overnight.

The contents of flask 1 were then added to flask 2. This mixture was then heated to reflux for
a further 4 hours (86-87°C). The mixture was then cooled to <= 50°C and filtered to remove the
inorganics. The inorganics were washed with a further 60ml of methyl ethyl ketone which was then
combined with the organic solution. The filter paper was pressed to maximise solvent and therefore
product recovery. The organics were then washed with 2 x 50ml 10% potassium carbonate solution,
followed by 3 x 50ml water (ensuring the washings were neutral pH). The organics were then heated
on a rotary evaporator to remove the organic solvent and any residual water (heating to 82°C was

required to drive off all of the solvent/water).

Product yield 19.54g of a clear, slightly yellow liquid.
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10g of the sample from Example 25 (0.009moles), 2-ITX sulphoxide, 9.7g (0.0359moles) and
acetic anhydride (10g) were mixed in a 250ml 3-necked round bottomed flask equipped with a stirrer,

thermometer and dropping funnel.

Acetic anhydride (19g) was added to a beaker and cooled to 10°C. Concentrated sulphuric
acid (8.6g) was added slowly controlling the temperature below 20°C. The resulting mixture was
charged to the dropping funnel and added to the mixture in the flask. The addition took approximately
15 minutes and produced a black solution. The solution was stirred at room temperature for 20
minutes and then quenched very slowly (over 2 hours) into a mixture of potassium
hexafluorophosphate (7.6g), water (60g) and methanol (60g), controlling the quenching temperature to
0-5°C. A solid started to form during the quenching process and remained as a solid throughout. The
solid was filtered off and washed with deionised water (100ml) and then dried to constant weight at
50°C.

‘Product yield of 22.3g (91.8%) of a yellow solid.
The product was analysed by IR.

IR: 841cm™ (strong) due to P-F salt of product.
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heated to reflux for 3 hours and then
condenser and Dean and Stark apparatus. The mixture was heated to reflux for 5 hours and then

cooled to room temperature and left overnight. In a second flask (flask 2) equipped with a stirrer,
condenser and temperature probe 2-hydroxybiphenyl 25.5g (0.15moles), potassium carbonate 25.91g
(0.1875moles) and methyl ethyl ketone 100ml were mixed and heated to reflux for 3 hours and then

cooled to room temperature and left overnight.

The contents of flask 1 were then added to flask 2. This mixture was then heated to reflux for
a further 4 hours (86-87°C). The mixture was then cooled to <= 50°C and filtered to remove the
inorganics. The inorganics were washed with a further 60ml of methyl ethyl ketone which was then
combined with the organic solution. The filter paper was pressed to maximise solvent and therefore
product recovery. The organics were then washed with 2 x 50ml 10% potassium carbonate solution,
followed by 3 x 50ml water (ensuring the washings were neutral pH). The organics were then heated
on a rotary evaporator to remove the organic solvent and any residual water (heating to 82°C was

required to drive off all of the solvent/water).
Product yield 36.32g of a clear, slightly yellow liquid.

The product was analysed by IR.



cooled to roomtenperature and | eft overnight. The
contents of flask 1 were then added to flask 2. This
woroosuswomas then heated to reflux for a furtbher/ud2003/039098
hours (86-87C). The mi xture was then cooled to <= 50C
and filtered to renove the ,ynorganics. The inorganics
were washed with a further égn1 of methyl ethyl ketone
t he | t i
TR aeba0a0 GER BREAUACH (BEITDARE e3P bkl At epor No O
peak piebaitef ore product recovery. The organics were then
washed with 2 x 50ml 10% pot assi um carbonate sol uti on,
fol lowed by 3 x 50m waer\NgfPRYEI N the washings were
neutral pH). The organlcs—mere—rgen heated on a
rotary evaporator to renove the organic solvent and
any residyal water (heating to ﬁ%c masCHreqU|red to
[ Product yf el d
sllghtly yellow lliquid. Th

11%)

, 57-1739 C=0 dug¢ to
, 1 arll 119 1 due yl -aryl |et her.
No OH pepk present. EXAMPLE 28 ( ! 0OlO/ | o
O PFfi 4 |1 Qg of the sa
(0.007nol ¢s), 2-1TX sul phoxji
0

8nol ¢s) and
Qi 3- pecked

t her nonet ¢r and /oppl [ dr | de

Concentratied sul phuric acid (6.8g) was .oded 4 oW y
controlling the tenperature bel ow 20C. The resulting
m xture was

10g of the sample from Example 27 (0.007moles), 2-ITX sulphoxidé, 7.6g (0.028moles) and
acetic anhydride (24g) were mixed in a 250ml 3-necked round bottomed flask equipped with a stirrer,

thermometer and dropping funnel.

Acetic anhydride (19g) was added to a beaker and cooled to 10°C. Concentrated sulphuric
acid (6.8g) was added slowly controlling the temperature below 20°C. The resulting mixture was
charged to the dropping funnel and added to the mixture in the flask. The addition took approximately
15 minutes and produced a black solution. The solution was stirred at room temperature for 20
minutes and then quenched slowly into a mixture of potassium hexafluorophosphate (6g), water (39g)
and acetonitrile (7g), controlling the quenching temperature to 10-20°C. A solid started to form
during the quenching process but then started to form a paste. The paste was isolated by decanting off

the excess solvent. Product yield was not determined.

It could not be determined by analysis to which of the benzene rings of the associated biphenyl
system each thioxanthone system was attached nor could the position of attachment on that ring be

determined.
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were nfiR6dIQAM/E ndoke®foudd- b()tQ)rﬂe%ﬁBI@L RSN 12adipp&t With a %&rﬂ?ﬁhture probe,

ketone 100n were m xed and heated to reflux f
condenser and Deapjanchatark apprsptay Ths migirs W@rbﬁéfﬁéfwﬂwafﬁfﬁ P@ff% and then

cooled??( gdé)ﬁi tgﬂﬁaerat;ﬁtbeang%ﬁ SRksgf Irf d &%gndlﬂa\éﬁ (fask B uﬂ%@c}? gfrlﬂ;l Q gtlrrer,

his m xture was then eMedtore

conderfsgwatnﬁéﬁmpﬁraﬁ@m PEPbe Qély@p@yblplmhél i Set (0 emolgs), patessivaogriwgate 25.91g
(0.187580155'_) and fﬁeﬁlgmetfl}'rllk{aﬁﬁg fhohf W RM4Ed Lldfheated to reflux for 3 hours and then

cooled to room temperature and left overnight.

The contents of flask 1 were then added to flask 2. This mixture was then heated to reflux for
a further 4 hours (86-87°C). The mixture was then cooled to <= 50°C and filtered to remove the
inorganics. The inorganics were washed with a further 60ml of methyl ethyl ketone which was then
combined with the organic solution. The filter paper was pressed to maximise solvent and therefore
product recovery. The organics were then washed with 2 x 50ml 10% potassium carbonate solution,
followed by 3 x 50ml water (ensuring the washings were neutral pH). The organics were then heated
on a rotary evaporator to remove the organic solvent and any residual water (heating to 82°C was

required to drive off all of the solvent/water).
Product yield 40.88g of a clear, slightly yellow liquid.
The product was analysed by IR.

IR: 1757-1737cm™ C=0 due to ester, 1080cm™ and 1194cm™ due to alkyl-aryl ether. No OH

peak present.
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resulting mxtuje was charged to t\he dyoppi ng funne
and added to the m xture in the flask: 'The addfigti on

bok approximately 15 m nutes and produced a bl ack
solution. The solution was stirred at roomtenperature

fl?)fg 012916 sample from Example 29 (0.00928moles), 2-ITX sulphoxide, 7.6g (0.028moles) and
acetic anhydride (20g) were mixed in a 250ml 3-necked round bottomed flask equipped with a stirrer,

thermometer and dropping funnel.

Acetic anhydride (23g) was added to a beaker and cooled to 10°C. Concentrated sulphuric
acid (6.8g) was added slowly controlling the temperature below 20°C. The resulting mixture was
charged to the dropping funnel and added to the mixture in the flask. The addition bok approximately
15 minutes and produced a black solution. The solution was stirred at room temperature for 20
minutes and then quenched slowly into a mixture of potassium hexafluorophosphate (6g), water (39g)
and acetonitrile (7g), controlling the quenching temperature to 10-20°C. A solid started to form
during the quenching process but then started to form a paste. The paste was isolated by decanting off

the excess solvent. The product yield was not determined.

It could not be determined by analysis to which of the benzene rings of the associated biphenyl
system each thioxanthone system was attached nor could the position of attachment on that ring be

determined.
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cooledde,rqom igpperature and left overnight.

St ark appar at us.

The contents of flask 1 were then added to flask 2. This mixture was then heated to reflux for
a further 4 hours (86-87°C). The mixture was then cooled to <= 50°C and filtered to remove the
inorganics. The inorganics were washed with a further 60ml of methy1 ethyl ketone which was then
combined with the organic solution. The filter paper was pressed to maximise solvent and therefore
product recovery. The organics were then washed with 2 x 50ml 10% potassium carbonate solution,
followed by 3 x 50ml water (ensuring the washings were neutral pH). The organics were then heated
on a rotary evaporator to remove the organic solvent and any residual water (heating to 82°C was

required to drive off all of the solvent/water).
Product yield 32.11g of a clear, slightly yellow liquid.
The product was analysed by IR.

IR: 1757-1738cm™ C=0 due to ester, 1076cm™ and 1194cm™ due to alkyl-aryl ether.No OH

peak present.
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Acetic anhydride (33g) was added to a beaker and cooled to 10°C. Concentrated sulphuric
acid (8.4g) was added slowly controlling the temperature below 20°C. The resulting mixture was
charged to the dropping funnel and added to the mixture in the flask. The addition took approximately
15 minutes and produced a black solution. The solution was stirred at room temperature for 20
minutes and then quenched slowly into a mixture of potassium hexafluorophosphate (7.4g), water
(47g) and acetonitrile (8.6g), controlling the quenching temperature to 10-20°C. An oil formed which

was isolated by decanting off the excess solvent mixture. The product yield was not determined.

It could not be determined by analysis to which of the benzene rings of the associated biphenyl
system each thioxanthone system was attached nor could the position of attachment on that ring be

determined.

EXAMPLE 33

Preparation of thianthrene sulphoxide.

oo
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MS: M/Z 233 (Mw of cation).

HPLC: one very strong peak due to product, with a change in retention time and a shift in the

characteristic chromophore compared to the starting material.

EXAMPLE 34

AT a@

In a two-necked round bottomed flask (flask 1) equipped with a stirrer, condenser and
temperature probe were added 5.36g (0.0525382moles) acetic anhydride. The temperature was
reduced to ~10°C and 4.675g (0.046455moles) concentrated sulphuric acid was added dropwise,

ensuring the temperature did not exceed 20°C.
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EXAMPLE 35
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cml (stroﬁg) due to P-F salt of product It could not
Heodyet delditide (49y2%pflaybseven salidwhi ch of the benzene
rings of the associated bi phenyl

The product was analysed by IR.
IR: 841cm™ (strong) due to P-F salt of product.

It could not be determined by analysis to which of the benzene rings of the associated biphenyl
system each dibenzothiophene system was attached nor could the position of attachment on that ring

be determined.
EXAMPLE 36

Varnish Formulations.

The following varnish formulations were used in the evaluation experiments with all

photoinitiators used at 4% active photoinitiator in the formulation .
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printed onto Leneta opacity charts using a No.O K-bar
and draw down pad.

Uvacure 1500 is a cycloaliphatic epoxide monomer from UCB

Tegorad 2100 is a wetting aid from TEGO

Uvacure 1592 is a standard triarylsulphonium salt photoinitiator from UCB (supplied as a 50%

solution in propylene carbonate.)

Irgacure 250 is a standard diaryliodonium salt photoinitiator from CIBA (supplied as a 75%

solution in propylene carbonate.)

The experimental photoinitiators used were those produced in Examples 4, 5, 7, 9, 12, 14, 16,

18, 20, 26, 34

and 35.

Summary of Curing Experiments.

The varnishes were printed onto Leneta opacity charts using a No.0 K-bar and draw down pad.

The prints were passed at 80 m/min through a Primarc “Maxicure” UV cluring rig using a single

300 W/inch medium pressure mercury arc lamp operating on its half power setting. The number of

passes to achieve full cure was noted, along with the print colour and odour.

All the experimental photoinitiators had acceptable cure performance against the 2 commercial

standard photoinitiators; with those containing the initiators of Examples 4, 12 and 26 having cure at
least as fast as the best standard Uvacure 1592. All the experimental photoinitiators were soluble in
the test formulation and gave no odour on cure. The slight yellowing observed with the experimental

photoinitiators can be addressed by formulation techniques known to those skilled in the art. The
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Yes 2 No Slightly

1UE letra(phen [ ow propl.on % ster |/
gl(‘)gzt%xz Ipifigto Eﬁgﬁ%’ipg %t hoxyl at ?éh%gent aer yt hgglfl%gk §S gur%ary
Slijghtly 16 (10EQ 40H) Tetr a( phenewbyr yakseto Odour | Colour of
acgtic)ester / 4x2-1TX anpl e Buqw&pgkmtia@dnthMP il
Tri|( phenoxy Yes 2 No Slightly 1&aﬂmtﬂ)ﬁﬂ@§{0gr / m
X+ T A yettow —ExanpteRropoxyated I-'em aerytirtot
Uvacures s@n&@dgnarglmlp@ommsa(ltl‘ PAV8OH) Tet r allphenoxy | y¥iongy Colourless
1592 acetpheyoerstwé@r / 4x2-1TX B{anpl e [Et hoxyl at ed
Pentaerythritol—Yes— I NoStightty—26(3ES40H
Irgacurpet |stppitrg éanytiodoniugisplt ow | 0%SP acetic)ester / 4x2Veryx | Colouress
250 Exarqbp@lmyrrHF%o Di (bi ghenyl -2-oxy Yes 2 No strong
Cotjourtess 34 acetTT)estier,/ 2xthiantrene EXanpi.e .
Examlp)| VPR SODIGhenoshy | - 2-|oxYeSYels 2 No $lightly| ¥ | Slightly
4 acetdcetjeestay 22 11X ¢| I ow |2xdi benzot hi ophene WO Yellow
20041055000 PCT/US20037/ 03909852 .
Example PolyTHFZSO Di(phenoxy Yes No Slightly
5 acetic)ester / 2xDBTP Yellow
Example | PolyTHF250 Di(phenoxy Yes 2 No Slightly
7 propionic)ester / 2x2-1TX yellow
Example | PolyTHF250 Di(phenoxy Yes 4 No Slightly
9 undecanoic)ester / 2x2-1TX yellow
Example | PolyTHF250 Di(biphenyl-2-oxy | Yes 1 No Slightly
12 acetic)ester / 2x2-ITX yellow
Example | Ethoxylated Pentaerythritol Yes 2 No Slightly
14 (10EO/40H) Tetra(phenoxy yellow
propionic)ester / 4x2-ITX
Example | Ethoxylated Pentaerythritol Yes 2 No Slightly
16 (10EO/40H) Tetra(phenoxy yellow
acetic)ester / 4x2-ITX
Example | Butoxylated TMP Tri(phenoxy Yes 2 No Slightly
18 acetic)ester / 3x2-1TX yellow
Example | Propoxylated Pentaerythritol Yes 2 No Slightly
20 (17PO/80OH) Tetra(phenoxy yellow
acetic)ester / 4x2-ITX
Example | Ethoxylated Pentaerythritol Yes 1 No Slightly
26 (3EO/40H) Tetra(biphenyl-2- yellow
oxy acetic)ester / 4x2-ITX
Example | PolyTHF250 Di(biphenyl-2-oxy | Yes 2 No Colourless
34 acetic)ester / 2xthianthrene
Example | PolyTHF250 Di(biphenyl-2-oxy | Yes ) No | Slightly
35 acetic)ester / yellow
2xdibenzothiophene




EXAMPLE 37 WMagenta ink formnulations The foll ow ng
magenta i nk fornul ati ons were used in the eval uation
wexparissent s.  Material Code / Description Stardamg2doak39098

Experimental Ink Pignent concentrate 56.8 56.8

Uvacure 1500 34.7 34.7 Trgorad 2100 0.5 0.5

Propyl ene carbonate 4.0 4.0 Standard Photoinitiator

4.0 - Experinental Photoinitiator - 4.0 The standard

photoinitiators used were Uvacure 1592

(triaryl sul phonium sal t PXAMIIA 87 ator from UCB,

supplied as a 50% sol ution in propyl ene carbonate) and

bQ . (diaryliodoniumsalt photoinitiator from

&@%@%ﬁu&g—%ﬁty Chemicals, supplied as a 75% sol ution
i n propyl ene carbonate). Uvacure 1500 is a ,
c¥b¢ fdibvpiganasents prkdoereulztons rere usedbin gy 2ination a@enmes-
is a wetting aid from TEGO Summary of Quring
ExperjieiliTodd MBedchfGoner € pri ngpddgatk a vhi Eepdeintal Ink
substrate (Propafil mRB30 ex UCB) using an-
“Eastproof—trand tetd ftexo[proofer_ wth aniox t% |
41. ThePgrentw@ns@iaepassed through®®® Primarlc  Maxi g‘ére
v—curing g fitted wth a[300 YWatrrs/inch [medium
pressure HErQER108rc |amp af sever#t’ different |Pfid
speeds—and—tanp power settings:— The number of passes
to achi evée 180e cure was detePri ned usj ng theé->
. —twst™ ; 0550600 PCT/US20037/ 039098
53 LanpPepylsoosapwnete Lanp atf 100% 4Bower 4.0
Photetfattt+ator—No—passes to¢ cure at No. passes to
cur e NStangayd Ebejoingiatoire 80 nminin at*000 mnjin at 120
Ay s

Experimental Photoinitiator - 4.0

The standard photoinitiators used were Uvacure 1592 (triarylsulphonium salt photoinitiator
from UCB, supplied as a 50% solution in propylene carbonate) and Irgacure 250 (diaryliodonium salt
photoinitiator from CIBA Speciality Chemicals, supplied as a 75% solution in propylene carbonate).

Uvacure 1500 is a cycloaliphatic epoxide monomer from UCB
Tegorad 2100 is a wetting aid from TEGO

Summary of Curing Experiments.

The inks were printed onto a white OPP substrate (Propafilm RB30 ex UCB) using an
“Easiproof” hand held flexo proofer with anilox tool 41. The prints were passed through a Primarc
Maxicure UV curing rig fitted with a 300 Watts/inch medium pressure mercury arc lamp at several
different line speeds and lamp power settings. The number of passes to achieve complete cure was

determined using the “thumb-twist” test.



Wacure 1592 1 2 2 Irgacure 250 - 4 2 Exanple 12 2-3
3 2 These results denonstrate that the novel

wohotmssiovi at ors of this invention have sim | aPCTWIS2003/039098
performance in inks to standard commercial cationic
photoinitiators. EXAVPLE GC- M5 headspace anal ysi s

om varni shes The following varnish formilations were

sed in the eval uati on Expestisenisvwer Materi gl Caslp af 100%
ul phoni um sal t| 1 odonium salt Description
ormul ati ons fdrmul ati on Uvacure 1500 75 77.|5 TMERYer

g 16. Y leg orad Z100 0. 1 0. ropyl ene cdr nate Z
PHCBIHPR o No- (5% (et b Net PSHasgo curs. | TR passes o cure

t andard phot oi|ni ti &pk/minised werg 1byagdie 1592t 120 m/min
riarylsulphoniumsalt photoipitiator from UCB

upnh‘}aggrqugza 50% sol ugi on in propyl ene carhonat e) zand
GM 440 (diarylli odoni um salt hotoinitiator from| GV
vacH% £.4500 i 9 a cycloaliphat|c epoxj de norjoner from
egorad 2100 is a wettinglaid from  TEG) TMPO s a
pnofunaiik 9nal |oxet ang_4al cohol | di | ueng from(Per st orp.
2004/ 055000 [PCT/ US2003/ 039088 54 Esacure KIP 150
i s a hydroxyal kyl phenone photoinitiator from Lanberti.
The varni shes were printed onto alum niumfoil using a
NoTlesxregulis demensiraiaihetdhamnqyaiphotpiidtiatpysiof thes ipegnéiop havgesgnilar cure

perf&rﬂaﬁ& ih %8 Vrgéarﬂiaﬁrdo e?ci%éi!i&ﬁ'cr ﬁlolré\{niﬁ%{sng rig fitted

tts/ nc

s:cc—wﬁm'mﬁmc*

EXAMPLE 38

GC-MS headspace analysis from varnishes

The following varnish formulations were used in the evaluation experiments.

Material Code / Sulphonium salt Iodonium salt
Description formulations formulation
Uvacure 1500 75 77.5
TMPO 20.9 18.9
Tegorad 2100 0.1 0.1
Propylene carbonate 2 -
Photoinitiator 2 1.5
Esacure KIP 150 - 2

The standard photoinitiators used were Uvacure 1592 (triarylsulphonium salt photoinitiator
from UCB, supplied as a 50% solution in propylene carbonate) and IGM 440 (diaryliodonium salt
photoinitiator from IGM.

Uvacure 1500 is a cycloaliphatic epoxide monomer from UCB
Tegorad 2100 is a wetting aid from TEGO

TMPO is a monofunctional oxetane alcohol diluent from Perstorp.



medi um pressure nercury arc |lanp at 80m m n. Under

these conditions the sanples were over-cured, which
woaso4asion abl e in order to maxi m se the anobunt POT/US2003/039098

by- product formation. 200cn2 of each sanple was

placed in a seal ed tube &Ad subjected to a standard

headspace anal ysis procedure where they are heated to

Ztracure AP 1% ixia hyidioxyadindphenens phptoinitistel Syeac bambdriime

transferred to a gas chromatograph fitted with a nass

SPRGLHRIRE REredShRE bRt AinfinRn BALSH: b NSWSE8hr Addragavlv d86n pad. The

. conpounds detected in these anal yses are shown bel ow.
prints Neregpgsedrpricevdisough d Eripgrogiaxieure V'V quniag vie dittad withdPP ¥ agts/inch

mediu%l?rn%sflgg ﬂ{eﬁ%?}?%g rl | eeﬁ fS?%L?rnQin.s %Yﬁ{ljvqhesp @&ﬁ%g%g EHE%QmLQs @le}e over-cured,

t he acure
which Piae tiesirable irnerder tvitasiniisd the efpownt pEll-pradidt fdmgpars 800cm? of each

T Y
they arleGiAtddi® 2D6TCEn &0 Wamd dre lthe?ﬁg@p@detur?thﬁghec?t_ofai g:;

k | 4 2- i oxa e i denti
chromBEREy RO Srite Gt PRI Hetedu S PRl Ton el G5

expected fromthis analysis but was not seen due to
t Fe compuvenis detedtad/in thisse dndlyses & shastrelrettaw. AN G@tamgit lwas made to quantify

.o dIhese raesulls..d nstrate that.for Exanple 4, the .
individl dORBeET o8 o PR e el B LeRln HASH ol s g ocive rom
the Uvasaeel1300ee radi cal photoinitiator 1TX, and an

uni dentified phenoxy termnated material. In the case

gfPhbtlitigpbrenoxy by- pr odUMiteridld detertedun Hendgpacaprobelure
l[limted further through the e of higher
flunctional ity and/or hilgRare néBlﬁﬂt%fPﬁlW@Tght pol yol

Stakabi@ 1580 €71 al S, TheSipieay sufphtdent rast wi th the
Undesirabl e material s rje| eased romthe 2 standard

ghot oi ni tiators. GC VB |mexdesawrl vaisrtfisdpetksdm i nks
THeM g oW g TNk FoT Ui Ipas wWer e used 11 the
gval uati on experinments.| WO 2004/ 055000

RCT/ US2003/ 039098 Iodobenzene

Several unidentified peaks

Example 4 2-isopropy! thioxanthone

unidentified phenoxy terminated material

*Benzene would also be expected from this analysis but was not seen due to the solvent delay

used in this standard GC method.

These results demonstrate that for Example 4, the photoinitiator by-productsdetected are the
commonly used free radical photoinitiator ITX, and an unidentified phenoxy terminated material. In
the case of this phenoxy by-product, its occurrence can be limited further through the use of higher
functionality and/or higher molecular weight polyol stating materials. These results contrast with the

undesirable materials released from the 2 standard photoinitiators.

GC-MS headspace analysis from inks

The following ink formulations were used in the evaluation expetiments.



55 GC- M5 headspace analysis frominks The foll ow ng
ink fornmul ati ons were used in the evaluation
wexpensivent s. Material Code / Sul phoni um sal t P DUSINBIB9098
salt Description formulations fornulation Pignent
concentrate 54 54 UWvacure 1500 4.2 4.2 TMPO 33.3 32.3
Tegorad 2100 0.5 0.5 Propyl ene carbonate 4 4
Photoinitiator 4 3 |Irgacure 184 - 2 The standard
GC-Mp heidspaietanatysisSromg ks wer e Uvacure 1592
(triaryl sul phon| um salt photoinitiator from UCB,

%g%%gﬁr{ggﬁ% oS it 8R4 kPR AR ERERARRARA ©) and

onlumsa photolinitiator fromI| GM
FE%@EF(:’ ad ||yUI Wﬂl@ﬂlfn%'d Momne Ibﬁbﬁ‘lhﬁi'shl‘tdl or

from other rlaw materials are di scl osed
abovIéescmptios wer e prl nt |efdmasational umi ni unfOITmullatIQIS| ng an
n E Aand o A

P09 ||u T OX—F+1T€X0 oot (N1 curea—oh
a Ar 1%5?%0 c)??%ure W g at 100 minin Wth a si ngl e
300 Waoade 158®i um pressjur.z2 nercury arc|4.anp operating
at [full _power. 250cnP iof e j
sed B4PPube and subj ecdt¥c to a standargh adspace
anaifsbadRIGF €dUr e wherges they are heat pgisTo 200C Tor
10 m nutes and then the headspace vol u transferred
to d’rgméer@wa@ﬁw@gr aph‘h tted with a rraés spectronet e
det egtinkig @ heatedtzansfer—t+ine—Thg conmpournds
detject ednl n these anallyses are shown bplow. No attenpt
was| Inmdeetl®4 quantify |[i-ndividual nmater|als. Note that

th re woro alcn cavar Al noalke ot Al l oAl A
CT—C VWCT-C— A U™ o C VT T PLTUnNS \J\JIIIIUII o art Dallpl TS

that derive from the Uvacure 1500. WD 2004/ 055000
PCT/ US2003/ 039098

The standard photoinitiators used were Uvacure 1592 (triarylsulphonium salt photoinitiator

—

from UCB, supplied as a 50% solution in propylene carbonate) and IGM 440 (diaryliodonium salt
photoinitiator from IGM.

Irgacure 184 is a hydroxyalkylphenone photoinitiator from CIBA. All other raw materials are

as disclosed above.

Inks were printed onto aluminium foil using an “Easi-proof ” hand anilox flexo proofer and
cured on a Primarc Maxicure UV rig at 100 m/min with a single 300 W/inch medium pressure

mercury arc lamp operating at full power.

250cm? of each sample was placed in a sealed tube and subjected to a standard headspace
analysis procedure where they are heated to 200°C for 10 minutes and then the headspace volume

transferred to a gas chromatograph fitted with a mass spectrometer detector via a heated transfer line.

The compounds detected in these analyses are shown below. No attempt was made to quantify
individual materials. Note that there were also several peaks common to all samples that derive from

the Uvacure 1500.



56 Photoinitiator Materials detected i n Head-space
procedure derived fromphotoinitiator Uvacure 1592
woe@hesspbo sul phi de Several small unidentified Perks2003/039098
| GM 440 Tol uene | odobenzene Several unidentified
peaks Exanple 12 2-isopropyl thioxanthone *Benzene
woul d al so be expected fbfom this analysis but was not
seen due to the solvent delay wused in this standard
GChoteinititbr These r esul | Madertsristectt én Heaksphor prévedmel e
12, the only photoiniti det ect ed was
tthe commonly used free %enved%npﬁhogoénlﬁ?t Tator 1TX
Thivacure$8d2t contrasts \WDighehyleulphidesi r abl e rrat erials
nel eased fromthe 2 standar hot oi.ni tJj gt ors.
3@004/ 055000 PCT/ US2003 3%‘9"6@8’%&@’?“‘&%#‘19% eaki*
Cogpdnds of Tornula (ioluele R R /-~ R6 R4 T T 0O
XORO R7 (1) p

TIodobenzene

Several unidentified peaks

Example 12 2-isopropyl thioxanthone

*Benzene would also be expected from this analysis but was not seen due to the solvent delay

used in this standard GC method.

These results demonstrate that for Example 12, the only photoinitiator by-product detected was
the commonly used free radical photoinitiator ITX. This result contrasts with the undesirable

materials released from the 2 standard photoinitiators.



R1I0 R11 OHR 12)n OA Q X where: Rl represents a
di rect bond, an oxygen atom a group >CH2, a sul phur
wa@t@aisaogr oup >C=0, a group -(CH2)2- or a grpopUsSL003/039098

formula N-Ra, where Ra represents a hydrogen atomor a

Cl- C12 al kyl

group; R3, R4, R5 and R6 are

i ndependent |y sel ected f#bm hydrogen atons and

substituents a,

RGTA 3003/ 039098 58 bel ow,
fﬁgipeddently sel ected from hydrogen atons,

e
gr oups,

defi ned WD 2004/ 055000

R8, R9, R10 and
h
Cl-&A4 al kyl gr oup

groups, and phenyl

R11 are
ydr oxy
s whi ch

dr €ompsunsisiof farmeld (B substituted by at | east one

substi tuent sel ected

fromthe group consisti

ng of Cl

-4 al kyl oups and Cl- 4 al koxy groups;—Qr R9 and
R11 arefrggaed to forma fused ring syste&:%xth t he
benzene [ri ngs %@ which they are at hed; R7
represents a dinect bond, an oxygen;,atom or al - CH2-
group; |pisOor1,; fd supBitjtu u/g are: a g 1-C20
al kyl group, a gro ﬁﬂ a EQ-CQO al kenyl
group, @ ile greapR a hygroxyl
group, 4 -C1 13 ar ahky| group,
a C6- Cl10 aryl oxy ar al ky y group, a
C8-Cl12 gryl al kenyl a C3-C8 cycloal kyl | group, a
car boxy {group, a [€2-C7 carlboxyal koxy-group, al C2-C7
al koxycgr bonyl gr xycar bonyl group,
a C2-C7 |al kyl car C6
al kanesyl phonyl gr sul phony| group,
a C 1-C4 al kanoyl hr yl car bpnyl
group;
7 @
R
| 4P
( ~ 210
11 .
/
O
S gmr',
0 A Q
where:

Rl represents a direct bond, an oxygen atom, a group >CHj, a sulphur atom, a group >C=0, a group
~(CHy);- or a group of formula ~N-R?, where R? represents a hydrogen atom or a C1-C1 alkyl
group;

R3, R4, RS and RO are independently selected from hydrogen atoms and substituents o, defined



nis a nunber from1l to 12; R12 represents a hydrogen

atom a nethyl group or an ethyl group, and, when n is
w@e@ansiood han 1, the groups or atons represenPeriubz003/039098

R12 nmay be the sane as or different fromeach other; A

represents a group of fornmula

-[(CHR13CHR14)a]y, -[O(CER)bCOy , or

-[(CH2) bCO (y-1) - [C(CHRlSCHR14)a] where: one of R13
below;and R14 represents a hydrogen aton1and t he ot her
represents a hydrogen atom a methyl group or an

8 KB, S RBS o b s e B s
groupshwrpznggfylf E‘Foglfgs \glhp R hu¥19ub‘3 n%aﬁ %{]Bf%wteﬁﬁ plgasfi Bgé@u%sthﬁ’e& selected

I's a nu greater
from tig¥ g@@ipedonsibting of g —+Tyndiley] gofupsaarsli @1abC$ allkyxbr LRYYS; gr oups
in Q@ vy is anunber from1l to 10; and X- represents
an anion; and esters thereof. 2. Conpounds accordi ng
or RY 4rd X airdoined konfonh ia dlsed rihg syatenuwitie the pemberingstiawhichigety are
no greater than 2, and y is a nunber from1l to 10; or
attachgdy, \which x is a nunber greater than 2, and y is a
nunmber from3 to 10. 3. Conpounds according to C aim

_apu froml to 6. 4.
repé@ogl{toun L hénd, b@o%&&ﬁoﬂ or § @HQ ﬁg%ﬁ .

s according to Caim1l im2, in which n
i's 1 5. Conpounds according to any one of Clainms 1 to
pisOdt1;in which RL2 represents a hydrogen atom 6
Conmpounds according to daiml or Aaim2, in which n

said sub?f/t & numa%%tr %&]1 (Hn ag(y rt%PRa/ Fx gF 6@?2}% ;8/ g%,r%ga"a ﬁgf:;t%ﬁaggéﬁﬁl g’iloup, a

halogeegpo%lr 2l Otn?eﬁé&{& aﬁ cgg;tg}% gg ng pag(gé-v a%?/ gfogg,%rb—?t?gﬁalk?} group, a Cg-
Cqg aﬁMUx? Brobp) aSC%O;# Bﬁﬁ{ylgx‘&%mc? d @g-tgz arytalkénOIHRO) d$33-C8 cycloalkyl

according t y one o ai s to 6, I n which
group,la@RFREE Plotip,a Q-04 parbdxyhlkorygraup, a Cy-Cy alkoxycarbonyl group, aC7-Cy3

aryloxycarbonyl group, a C»-C alkylcarbonyloxy group, a C1-Cg alkanesulphonyl group, a C¢-Cq
arenesulphonyl group, a C1-Cg alkanoyl group or a C7-C1‘1 arylcarbony] group;

1 is a number from 1 to 12;

r12 represents a hydrogen atom, a methyl group or an ethyl group, and, when n is greater than 1, the

groups or atoms represented by r12 may be the same as or different from each other;

A represents a group of formula —[O(CHR1 3CHRM’)a]y—,——[O(CHZ)bCO]y~~, or

-[O(CHz)bCO](y_1)-[O(CHR13CHR14)a]-, where:

one of R13 and R14 represents a hydrogen atom and the other represents a hydrogen atom, a methyl

group or an ethyl group;
a is a number from 1 to 2;

b is a number from 4 to 5;



-[ ( CHR13CHR14) al]y where a is an integer from1l to 2,
and y is a nunber from3 to 10. 9. Conpounds accordi ng
woaoamgsone of Clains 1 to 6, in which A repreBemus2@3/039098
group of fornmula -[OCH2CkR]Yy , -[OCH2CH2CH2CH2]y or
-[OCH(CH3) CH2]y, where y is a nunber from3 to 10.
Q%Qaré;m@epma 18RI ComPoilrd Hatihg 808 b 6Hyatdxs gloub® ©.
mhlch A represents a group of formula
ag ere bis umber from4 to 5 ?
xrl%a ‘é}“’i‘hfﬁﬁ’@ eﬂheml by fegter fhen t&wp&rha%ava%% ]@fdﬁ‘@‘Y groups in Q;
any one of Clains 1 to 6, in which A represents a
y & Dbtk fib@ringli8; and[ A CH2) bCOl (y- 1) - [ O{ CHR2CHR1) a] -
where a is a nunber from1l to 2, b is a nunber from4
to 5 and y is a nunber from3 to 10. WO 2004/ 055000
XPEprasanoasiiau098 60 12. Conmpounds according to any
one of the preceding Cains, in which xis 2 and vy is
aftl i@ Lrebf om 1t 010. 13. Cbnpounds accordi ng to any
one of the preceding Clains, in whichyis a nunber
from3 to 6., 14. Conpounds according to any one

2. Copwowds eergrding o drims!. i Whighxdte pyaber gespigitBand byt nyﬁrqa%% than 2, and

v3s a ARARE HbA1 148090 in RRicH %894 Rimbdd 2RakPBian 21d v is a number from 3 to
Conpounds according to G aim 14, in which the residue

I¢&X A-)x has a nolecul ar weight no greater than 1200.
16. Compounds according to daim15, in which the

OoBipbiiR abdokding # (&t Por DR iR kyhiMEIndDh nit@berGoBAL &Y.
than 1000. 1 Conpounds accordlng to daim16, in

whi ch the residu ecul ar wei ght no
- Compqpnsls 240K n%@dﬁal%ﬁo')c@ﬁ’ﬁb%ﬁw % (Pdfﬁil ng to any one
of the preceding O ainms, in which Qis a residue of

. C% {nﬁﬂgccogclh (f&ydll@iﬂf‘s 19h gcﬁlwhl 5 hy]]%g]]%se% ot drogen atom.

cerol, ropane, propa
Cgentaerythrltol or d| pentaerythrltol 19. npounds
. Canwovndis secordingioyClainel of Clainy?. s whicha iy g number fieiehtopizand onegroup

5 and are i ndepe ntI select from
R tapmen A tRson Glorts o5 By Skt Bb nd (he GMHa feafyers of R1Z
répeddbit hiydrogen atoms.

. Compounds according to any one of Claims 1 to 6, in which y is a number from 3 to 10..

. Compounds according to any one of Claims 1 to 6, in which A represents a group of formula

—[O(CHR13CHR14)a]y- where a is an integer from 1 to 2, and y is a number from 3 to 10.

. Compounds according to any one of Claims 1 to 6, in which A represents a group of formula
-[OCHZCHz]y—, —[OCH2CH2CH2CH2]Y- or -[OCH(CH3)CH2]Y-, where y is a number from 3 to

10.

10. Compounds according to any one of Claims 1 to 6, in which A represents a group of formula

-[O(CHz)bCO]y-, where b is a number from 4 to 5 and y is a number from 3 to 10.

11. Compounds according to any one of Claims 1 to 6, in which A represents a group of formula
-[O(CHZ)bCO](y_1)—[O(CHR2CHR1)a]-, where a is a number from 1 to 2, b is a number from 4

to 5 and y is a number from 3 to 10.



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

hal ogen atons, and C3-C8 cycl oal kyl groups. 20.

Conpounds according to any one of Clains 1 to 19, in
wohomahssdeoee or four of R3, R4, R5 and R6 repPeTRISL003/039098

hydrogen atons. 21. Conpgunds according to Caim19,

in which one or nore of , R4, R5 and R6 represents
Cfmgpogﬁésh%!r:% {1)1 'ts"r{a’;{o‘r?%gXIith? rgpeg%ingzﬁa%%?gv? 1\?\%)’% i aic gld%?%umber from

lfoolx of R8, R9, R1O0 and R11 represent hydrogen atons.
23. Conpounds according to any one of Clainms 1 to 21,

Ry i i B S B8] 3 oms o

24. Conpounds according to any one of Clains 1 to 23,
Campophdsglicdding éqpamyvaa bSthe prreding Cl@inG, inawhisluthp mesiduat®(A-)x has a
or di rect bond. 25, Conpounds according to Caim 24,
m?lﬁc'aﬂivt‘ﬂﬁg}ﬁfogﬁﬁﬁ%@é‘i‘]@%ooa group >C=0. 26. Conpounds
according to any one of Clainms 1 to 23, in which
Cdnftipdiraecling ReClapinpQumorhich thefrodidtel @(A-),) hddavhdlgbuldd@eight no
formula (IV): R3 RS RL R6~ R4 (1V) (1n which R1,
grezer then 1206, and R6 are as defined in aim1l) is a
resi due of substituted or unsubstituted thianthrene,

CHAREAGANGRE & Claint 14, O AR MG esidfd (?@P%I%E Eglix(ﬁecula‘r weight no

phenoxat hiin; phenot'hiazine or N-a I azl ne.
greafer tiani®o0inds according to Claim 26, in which said
residue is substituted or unsubstituted thioxanthone.

Cofihor AR TRRABER TR P dPub Ry MRt M n Rl Egient o

greater than 800.

Compounds according to any one of the preceding Claims, in which Q is a residue of ethylene
glycol, propylene glycol, butylene glycol, glycerol, trimethylolpropane, di-trimethylolpropane,
pentaerythritol or di-pentaerythritol.

Compounds according to any one of Claims 1 to 18, in which R3, R4, R? and RO are
independently selected from hydrogen atoms, C1-C1 alkyl groups, C1-Cy alkoxy groups,

halogen atoms, and C3-Cg cycloalkyl groups.

Compounds according to any one of Claims 1 to 19, in which three or four of R3, R4, RS and R®

represent hydrogen atoms.

Compounds according to Claim 19, in which one or more of R3, R4, RS and RS represents an

ethyl or isopropyl group.

Compounds according to any one of Claims 1 to 21, in which two, three or four of R8, R9, R10

and R11 represent hydrogen atoms,

Cbmpounds according to any one of Claims 1 to 21, in which all of RS, R9, R10 and R11

represent hydrogen atoms.



29. Conpounds according to Claim 26, in which said
residue is substituted or unsubstituted

wdizbEwaswohi ophene. 30. Conpounds accordi ng to ECaiuseds/039098
in which said residue is gubstituted or unsubstituted
phenoxat hiin. 31. Conpounds according to Claim26, in

ich aid residue is Stltut d. or, .unsyubstituted
24. i2999THBS &} A ogp Riﬁg@ﬂ%%‘to 3o hich grepres%mgreﬁﬂsc 0,2
m@g@pﬁ&m@gauQagBympne of the preceding Clains, in
which: R3, R4, R5 and R6 are individually the sane or
di fferent and each represents a hydr ogen at onor WO
25. CromwioB5000dipCTy Clskos/08bib R | rgZesgnts algkaup ~§i=8Up
having from1l to 4 carbon atons; R7 represents a
26. Gﬂnﬁ%ﬁﬁdsba@&gdmg{ﬁ) an%ne BACLpd 313, &%ﬂﬁ&lstﬁﬁ aIWP'ﬁaQ Q@IHpound of
atoms, and especi ally such conpounds wh 0;
@nwla\(labmngtéﬁf@malagMUp of formula -[OCH2CH2CH2CH2]y
; and Q represents a residue of butylene glycol. 33.
Conmpounds accordigg to Claim1, in ﬁgiCh: R3, R4, RS
and R6 are indivRkdual ly the sanme or Rfifferent and each
represents a hydrage kyl group havi ng
N ents a direct bond;

R8, R9, and BP . at oif

represents aBphen\ A represéﬁbs a
group of fornmula - d and Q represents
a residue of butylene glycpl. 34 Conmpounds accor di ng
to any one of the precedinF Cainms, in which X
represents a PF6 , SbF6 , [ AsF6 , BF4 , B(C6F5)4 ,
RaB(Ph)3 (where Ra represents a Cl-C6 al kyl group and

(inpvbhicr:heﬁ[ﬁ{cg? ﬁh,SRS and RO are as defined in Claim 1) is a residue of substituted or
unsubstituted thianthrene, dibenzothiophene, thioxanthone, thioxanthene, phenoxathiin,

phenothiazine or N-alkylphenothiazine.

27. Compounds according to Claim 26, in which said residue is substituted or unsubstituted

thioxanthone.

28. Compounds according to Claim 26, in which said residue is substituted or unsubstituted

thianthrene.

29. Compounds according to Claim 26, in which said residue is substituted or unsubstituted

dibenzothiophene.

30. Compounds according to Claim 26, in which said residue is substituted or unsubstituted

phenoxathiin.

31. Compounds according to Claim 26, in which said residue is substituted or unsubstituted

phenothiazine or N-alkylphenothiazine

-32. Compounds.according to any one of the preceding Claims, in which:

R3, R4, RS and RO are individually the same or different and each represents a hydrogen atomor



a phenyl group), RbSO3 (where Rb represents a Cl-C6

al kyl or hal oal kyl group or an aryl group), Cl04 or
waneadsgoer e Ar represents an aryl group) groBET/US2003/039098

35. - Conmpounds according tg Caim33, in which X

represents a PF6 , SbF6 |, 6 , CF3SG3 or BF4 group

WO 2004/ 055000, PCT/ US2003/ 039098 63 36. Conpounds
%E%égéFWﬁ ?ﬂn%ﬁggﬁﬁ% Fa%ﬂn&meh X- represents a PF6
group. 37. Compounds according to any one of the

7 RoRALAG, Rt B, havi ngthe formula (la): RS R3 RL 6
WS RERXDRO RE7 (la) Rp RIO RI1 O( HRI2)n 0 A

in which RL, R3, R4, R5, R5, R7, R8, R9, R10, R11,

RO, RPO and RR represerit Bydiogén atons, asl edgdeiatig dudhrconpbaidawhere p is 0;
38. An energy-curable conposition conprising: (a) a

| ymeri sabl e nononer, prepolyner or oligoner; and
(b) a photoinitiator which is a conpound of fornula

Akdpresasis a gaiupbﬁfdrmMa@CﬁIQ@}QfCHz(]}Qﬂ}msarﬂi to 37 39. A

process for preparing a cured pol yneric conposition by
exposing a conposition according to Claim38 to
Q GEOreRENtE A éqsgly_e of butylene glycol.

33. Compounds according to Claim 1, in which:

R3, R4, R> and RO are individually the same or different and each represents a hydrogen atom or

an alkyl group having from 1 to 4 carbon atoms;
:Y represents a direct bond;
R8, R , and ril represent hydrogen atoms;

R10 represents a phenyl group;
pis0;
A represents a group of formula -[OCHZCH2CH2CH2]y-; and

Q represents a residue of butylene glycol.

34. Compounds according to any one of the preceding Claims, in which X represents a PF¢, SbF¢ ,
AsFg ', BF4 ", B(CgF5)4 , R2B(Ph)3 (where R® represents a C1-Cg alkyl group and Ph represents
a phenyl group), RbSO3' (where Rb represents a C;-Cg alkyl or haloalkyl group or an aryl

group), ClO,4 ™ or ArSO3™ (where Ar represents an aryl group) group.

35.. Compounds according to Claim 33, in which X~ represents a PF¢", SbFg", AsFg , CF3SO3 or

BF, group.



WO 2004/ 055000 - PCT/ US2003/ 039098 64 40. A process
according to Caim39, in which the curing energy is
walosassoobet radi ation. PCT/US2003/039098
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36. Compounds according to Claim 34, in which X represents a PFg~ group.

37. Compounds according to any one of the preceding Claims, havingthe formula (la):

R R
1
R
l N \\W 4
T T
P S G X@
B 1
TN s
R’ . R
/
(Ia)
Y
N dp
| N 10
R11 1 a
/
0
'),

in which R1, R3, R4, R3, RS, R7, R8, R, R10, R R12 p x n, A, Y and X are as defined in
Claim 1.

38. An energy-curable composition comprising: (a) a polymerisable monomer, prepolymer or

oligomer; and (b) a photoinitiator which is a compound of formula (I), as claimed in any one of

Claims 1 to 37..

39. A process for preparing a cured polymeric composition by exposing a composition according to

Claim 38 to curing energy.
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40. A process according to Claim 39, in which the curing energy is ultraviolet radiation.



