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where: R' is a direct bond, oxygen, a group >CH, sulphur, 
a group >C=O, a group —(CH ; Or group-N-R, 
where R is hydrogen or alkyl; R. R. RandR are 
hydrogen or substituents C. R. R. R'' and R'' are hydro 
gen, hydroxy or alkyl; or R and R'' are joined to form a 
fused ring system with the benzene rings to which they are 
attached; R is a direct bond, oxygen or a —CH2-group; p is 
0 or 1; Substituents C. are: alkyl, alkoxy, alkenyl, halogen, 
nitrile, hydroxyl, aryl, aralkyl, aryloxy, aralkyloxy, arylalk 
enyl, cycloalkyl, carboxy, carboxyalkoxy, alkoxycarbonyl, 
aryloxycarbonyl, alkylcarbonyloxy, alkanesulphonyl, arene 
sulphonyl, alkanoyl or arylcarbonyl; n is 1 to 12: R' is 
hydrogen, methyl or ethyl; A is a group 
O(CHRCHR'), , O(CH2)CO) , O 

—O(CH.),CO) O(CHRCHR), , where: one 
of R' and R'' is hydrogen and the other is hydrogen, methyl 
or ethyl; a is 1 to 2: b is 4 to 5; Q is a residue of a 
polyhydroxy compound having from 2 to 6 hydroxy groups; 
X is a number greater than 1 but no greater than the number 
of available hydroxyl groups in Q; y is a number from 1 to 
10; and X is an anion; and esters thereof are useful as 
cationic photoinitiators, especially for use in Surface coating 
applications, such as printing inks and varnishes, and which 
are intended to be cured by polymerisation initiated by 
radiation. 
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MULTIFUNCTIONAL CATIONC 
PHOTOINITIATORS, THEIR PREPARATION AND 

USE 

0001. The present invention relates to a series of novel 
Sulphonium salts which we useful as multifunctional cat 
ionic photoinitiators, especially for use in Surface coating 
applications, such as printing inks and varnishes, and which 
are intended to be cured by polymerisation initiated by 
radiation. 

0002 Photocurable compositions are cured by exposure 
to radiation, usually ultraviolet radiation, and include for 
example, lacquers which may be applied to wood, metal or 
similar Substrates by Suitable techniques such as roll coating 
or curtain coating. They may also be formulated as inks, for 
example to be applied by techniques such as letterpress, 
offset lithography, rotogravure printing, silk screen printing, 
inkjet or flexographic printing. Printing, depending on the 
particular printing technique, is applicable to a wide range of 
Substrates which include paper, board, glass, plastics mate 
rials or metals. Other application areas will include adhe 
sives, powder coatings, circuit boards and microelectronic 
products, stereolithography, composites, optical fibres and 
liquid crystals. 
0003. Initiation of polymerisation in a monomer, oligo 
mer or prepolymer may be effected in a number of ways. 
One such way is by irradiation, for example with ultraviolet 
radiation, in which case it is normally necessary that the 
polymerisable composition should contain an initiator, com 
monly referred to as a “photoinitiator, or alternatively by an 
electronbeam. There are two main types of curing chemistry 
which can be used in this process; free radial and cationic. 
Although cationic curing has many advantages, its disad 
vantages, particularly with regard to the photoinitiators used, 
leads it to be used only in a minority of applications. Most 
frequently used cationic initiators are either organic iodo 
nium or Sulphonium salts. 
0004 Briefly, the mechanism by which a sulphonium 
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 break 
down products of Sulphonium saw aromatic Sulphides, such 
as diphenyl Sulphide, which are malodorous and can be a 
health hazard, and lower aromatic hydrocarbons, such as 
benzene, which are potentially carcinogenic. Many of the 
commonly used iodonium salts break down to give volatile 
species such as benzene, toluene or isobutylbenzene. 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 is likely to come into contact with food, and, in some 
cases, cannot be used at all where the packaging is to be 
handled by the consumer. Indeed, as the industry becomes 
ever more conscious of health matters, it is increasingly 
difficult to use such compounds at all and there is, therefore, 
an urgent need to find compounds Suitable for use as 
photoinitiators and whose breakdown products are generally 
regarded as safe. 
0005. However, this, although important, is not the only 
constraint upon the choice of compound to be used as a 
cationic photoinitiator. Even without consideration of the 
health issues, the cleavage products of the known cationic 
photoinitiators are malodorous, and it is highly desirable that 
unpleasant odours should be minimised. This leads to a 
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desire that the cleavage product should be relatively non 
Volatile and non-odorous. The cationic photoinitiators must, 
of course, also be sufficiently stable, both as isolated com 
pounds and when in the uncured coating formulation. They 
must also be soluble in or miscible with other components 
of the uncured coating formulation. Finally, they should be 
able to absorb radiation over a suitable and sufficiently wide 
range of wavelengths, ideally without the use of a sensitiser. 
0006 What is more, the nature of the cationic photoini 
tiator can have a major impact on the properties of the cured 
coating. The cationic photoinitiator should produce a coat 
ing which is fully cured, hard and resistant to common 
Solvents and abuse. 

0007 Finally, there are a number of practical problems 
associated with the manufacture of the compounds used as 
cationic photoinitiators, including the necessity that they 
should be relatively easy and inexpensive to manufacture. 
0008 Thus, it would be desirable to provide a cationic 
photoinitiator which does not generate malodorous or toxic 
by-products upon radiation cure, particularly diphenyl Sul 
phide and benzene, and So which may be used for printing 
packaging which may come into contact with food. More 
over, it is a common desideratum in this field that the 
photoinitiator should possess the following properties: good 
solubility, good cure performance, good adhesion to Sub 
strates and reasonable cost. 

0009. Not surprisingly, complying with all of these, often 
conflicting, requirements is not easy, and we are not aware 
of any completely satisfactory commercial Solution avail 
able until now. 

0010. However, we have now discovered a series of new 
derivatives of thioxanthone and similar fused ring com 
pounds, whose breakdown products include examples that 
are widely used as free radical photoinitiators and whose 
safety is not in question. Moreover, any of these compounds 
have the advantages of good solubility in the coating com 
position combined with excellent cure. 
0011 Thus, the present invention provides photoinitiator 
compounds of formula (I): 

(I) 

X R R3 
S -R 
2 21 9 
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0012 where: 
R" represents a direct bond, an oxygen atom, a group >CH2, 
a Sulphur atom, a group >C=O, a group —(CH2) - or a 
group of formula—N R", where R represents a hydrogen 
atom or a C-C alkyl group; 
R. R. RandR are independently selected from hydrogen 
atoms and substituents C, defined below: 
0013) R. R. R'' and R'' are independently selected 
from hydrogen atoms, hydroxy groups, C-C alkyl groups, 
and phenyl groups which are unsubstituted or Substituted by 
at least one substituent selected from the group consisting of 
C-C alkyl groups and C-C alkoxy groups; 
or RandR'' are joined to form a fused ring system with the 
benzene rings to which they are attached; 
R" represents a direct bond, an oxygen atom or a —CH2— 
group; 

p is 0 or 1; 
0014) said substituents C. are: a C-Co alkyl group, a 
C-Co alkoxy group, a Ca-Cao alkenyl group, a halogen 
atom, a nitrile group, a hydroxyl group, a Co-Co aryl group. 
a C7-Caralkyl group, a Co-Co aryloxy group, a C7-C1s 
aralkyloxy group, a Cs-C2 arylalkenyl group, a C-Cs 
cycloalkyl group, a carboxy group, a C-C, carboxyalkoxy 
group, a C-C, alkoxycarbonyl group, a C7-Caryloxycar 
bonyl group, a C-C, alkylcarbonyloxy group, a C-C, 
alkanesulphonyl group, a C-C arenesulphonyl group, a 
C-C alkanoyl group or a C7-C, arylcarbonyl group; 
n is a number from 1 to 12: 
R" represents a hydrogen atom, a methyl group or an ethyl 
group, and, when n is greater than 1, the groups or atoms 
represented by R' may be the same as or different from each 
other; 
A represents a group of formula O(CHR'CHR''), 

O(CH2)CO) , or —O(CH2)CO)(-) - 
O(CHRCHR), , where: 
one of RandR'' represents a hydrogenatom 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 is a residue of a polyhydroxy compound having from 2 to 
6 hydroxy groups; 

X is a number greater than 1 but no greater than the number 
of available hydroxyl groups in Q; 
y is a number from 1 to 10; and 
X represents an anion; 
and esters thereof. 

0.015 These compounds are useful as photoinitiators for 
use in energy, e.g. UV, curable coating compositions, includ 
ing varnishes, lacquers and printing inks, most especially 
printing inks. 
0016. The compounds of the present invention may, as 
described above, be used as cationic photoinitiators for 
radiation-curable coating compositions. Thus, the present 
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invention also provides an energy-curable composition com 
prising: (a) a polymerisable monomer, prepolymer or oligo 
mer, especially a material which undergoes acid-catalysed 
ring opening polymerisation, e.g. an epoxide (oxirane) or 
oxetane, or an ethylenically unsaturated material. Such as 
vinyl or propenyl ethers and (b) a cationic photoinitiator 
which is a compound of formula (I), as defined above, or an 
ester thereof. 

0017. The invention still further provides a process for 
preparing a cured polymeric composition by exposing a 
composition of the present invention to curing energy, 
preferably ultraviolet radiation. 
0018 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. 
0.019 Where R' represents a group of formula-N-R, 
R" represent 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 R etc., 
preferably a hydrogen atom or a methyl or ethyl group. 
0020. However, we most prefer those compounds in 
which R" represents a group >C=O, a sulphur atom or a 
direct bond, and especially those in which R" represents a 
group >C=O. 
0021 More preferred are those compounds of formula (I) 
in which the residue of formula (IV): 

(IV) 

X R! % N S/S R-f f is 

is a residue of substituted or unsubstituted thianthrene, 
dibenzothiophene, thioxanthone, thioxanthene, phenox 
athiin or phenothiazine, especially those in which said 
residue is asubstituted or unsubstituted thioxanthone. 

0022 We also particularly prefer compounds in which p 
is 0. 

0023) Where R, R, R or R represents an alkyl group 
having from 1 to 20, preferably from 1 to 10, more prefer 
ably from 1 to 6 and most preferably from 1 to 3, carbon 
atoms, this may be a straight or branched chain group, and 
examples of Such groups include the methyl, ethyl, propyl 
isopropyl, butyl, isobutyl, t-butyl, pentyl, isopentyl, neopen 
tyl, 2-methylbutyl, 1-ethylpropyl, 4-methylpentyl, 3-meth 
ylpentyl, 2-methylpentyl, 1-methylpentyl, 3.3-dimethylbu 
tyl, 2,2-dimethylbutyl, 1,1-dimethylbutyl, 1.2dimethylbutyl, 
1,3-dimethylbutyl, 2,3-dimethylbutyl, -2-ethylbutyl, hexyl, 
isohexyl, heptyl, octyl, nonyl, decyl, dodecyl, tridecyl, pen 
tadecyl, octadecyl, nonadecyl and icosyl groups, but pref 
erably the methyl, ethyl, propyl, isopropyl and t-butyl 
groups, and most preferably the ethyl or isopropyl group. 
0024. Where R, R, R or R represents an alkoxy group 
having from 1 to 20, preferably from 1 to 10, more prefer 
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ably from 1 to 6 and most preferably from 1 to 3, carbon 
atoms, this may be aht or branched chain group, and les of 
Such groups include the methoxy, ethoxy, propoxy, isopro 
poxy, butoxy, isobutoxy, t-butoxy, pentyloxy, isopentyloxy, 
neopentyloxy, 2-methylbutoxy, 1-ethylpropoxy. 4methyl 
pentyloxy, 3-methylpentyloxy, 2-methylpentyloxy, 1-meth 
ylpentyloxy, 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 
methoxy, ethoxy, t-butoxy and 2-ethylhexyloxy groups, and 
most preferably the 2-ethylhexyloxy group. 

0025. Where R,R,R or R represents an alkenyl group 
having from 2 to20, preferably from 2 to 10, more preferably 
from 2 to 6 and most preferably from 2 to 4, carbon atoms, 
this may be a straight or branched chain group, and 
examples of Such groups include the vinyl 1-propenyl, allyl, 
isopropenyl, methallyl, butenyl, pentenyl, hexenyl, hepte 
nyl, octenyl, nonenyl, decenyl, dodecenyl, tridecenyl, pen 
tadecenyl, octadecenyl, nonadecenyl and icosenyl groups, 
but preferably the allyl, methallyl and butenyl groups, and 
most preferably the allyl group. 

0026. Where R, R, R or R represent a halogen atom, 
this may be, for example, a fluorine, chlorine, bromine or 
iodine atom, preferably a chlorine atom. 
0027. Where R, R, R or R represents an aryl group, 

this has from 6 to 10 carbon atoms in one or more aromatic 
carbocyclic rings (which, if there are more than one, may be 
fused together). Such a group may be substituted or unsub 
stituted, and, if substituted, the substituent(s) is preferably 
an alkyl or alkoxy group (as defined above), or an alkoxy 
carbonyl group (as defined below). Preferred aryl groups are 
the phenyl and naphthyl (1- or 2-) groups, the phenyl group 
being most preferred. 

0028. Where R. R. R. or R represents an aryloxy 
group, this may be any of the aryl groups above bonded to 
an oxygen atom, and examples include the phenoxy and 
naphthyloxy groups. 

0029 Where R,R,R or R represents an aralkyl group, 
this is an alkyl group having from 1 to 4 carbonatoms which 
is Substituted by one or two aryl groups as defined and 
exemplified above. Examples of such aralkyl groups include 
the benzyl, C.-phenylethyl, B-phenylethyl 3-phenylpropyl. 
4-phenylbutyl, diphenylmethyl, 1-naphthylmethyl and 
2-naphthylmethyl groups, of which the benzyl group is 
preferred. 

0030. Where R, R, R or R represents an aralkyloxy 
group, this may be any of the aralkyl groups above bonded 
to an oxygen atom, and examples include the benzyloxy, 
C-phenylethoxy, B-phenylethoxy, 3-phenylpropoxy, 4-phe 
nylbutoxy, diphenylmethoxy, 1-naphthylmethoxy and 
2-naphthylmethoxy groups, of which the benzyloxy group is 
preferred. 

0031 Where R, R, R or R represents an arylalkenyl 
group having from 8 to 12 carbonatoms, the aryland 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 cinnamyl groups. 
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0032) Where R, R, R or R represents a cycloalkyl 
group having from 3 to 8 carbon atoms, this may be, for 
example, the cyclopropyl, cyclobutyl, cyclopentyl, cyclo 
hexyl, cycloheptyl or cyclooctyl group. 
0033) Where R,R,R or R represents a carboxyalkoxy 
group, this may be any of the alkoxy groups having from 1 
to 6 carbon atoms described above which is substituted by 
a carboxy group. Preferred examples include the car 
boxymethoxy, 2-carboxyethoxy and 4-carboxybutoxy 
groups, of which the carboxymethoxy group is preferred. 
0034) Where R, R, R or R represents an alkoxycar 
bonyl group, this has from 1 to 6 carbon atoms in the alkoxy 
part, and thus a total of from 2 to 7 carbon atoms. It may be 
a straight or branched chain group, and examples of Such 
groups include the methoxycarbonyl, ethoxycarbonyl, pro 
poxycarbonyl, isopropoxycarbonyl, butoxycarbonyl, isobu 
toxycarbonyl, t-butoxycarbonyl, pentyloxycarbonyl, isopen 
tyloxycarbonyl, neopentyloxycarbonyl, 
2-methylbutoxyocarbonyl, 1-ethylpropoxycarbonyl, 4-me 
thylpentyloxycarbonyl, 3-methylpentyloxycarbonyl, 2-me 
thylpentyloxycarbonyl, 1-methylpentyloxycarbonyl, 3.3- 
dimethylbutoxycarbonyl, 2,2-dimethylbutoxycarbonyl, 1,1- 
dimethylbutoxycarbonyl, 1,2-dimethylbutoxycarbonyl, 1,3- 
dimethylbutoxycarbonyl, 2,3-dimethylbutoxycarbonyl, 
2-ethylbutoxycarbonyl, hexyloxycarbonyl and isohexyloxy 
carbonyl groups, but preferably the methoxycarbonyl, 
ethoxycarbonyl and t-butoxycarbonyl groups, and most 
preferably the methoxycarbonyl or ethoxycarbonyl group. 
0035) Where R, R, R or R represents an aryloxycar 
bonyl group having from 7 to 13 carbon atoms, the aryl part 
of this may be any of the aryl groups defined and exempli 
fied above. Specific examples of Such groups include the 
phenoxycarbonyl and naphthyloxycarbonyl groups. 
0036). Where R, R, R or R represents an alkylcarbo 
nyloxy 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. 
0037. Where R. R. R. or R represents an alkanesulpho 
nyl group, this has from 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. 
0038. Where R, R, R or R represents an arenesulpho 
nyl group, the aryl part may be as defined and exemplified 
above, and examples include the benzenesulphonyl and 
p-toluenesulphonyl groups. 
0039. Where R, R, R or R represents an alkanoyl 
group having from 1 to 6 carbon atoms, and preferably from 
1 to 4 carbon atoms, this may be a straight or branched chain 
group, and examples include the formyl, acetyl, propionyl, 
butyryl, isobutyryl, pivaloyl, Valeryl, isovaleryl, and hex 
anoyl groups; of which the acetyl group is most preferred. 
0040. Where R, R, R or R represents an arylcarbonyl 
group, the aryl part has from 6 to 10, more preferably 6 or 
10, and most preferably 6, ring carbon atoms and is a 
carbocyclic group, which is unsubstituted or has from 1 to 
5, preferably from 1 to 3 substituents, as defined and 
exemplified above. The preferred groups are the benzoyland 
naphthoyl groups. 
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0041. We particularly prefer those compounds of formula 
(I) in which R, R, R and Rare individually the same or 
different and each represents a hydrogen atom, an alkyl 
group having from 1 to 10 carbon atoms, an alkoxy group 
having from 1 to 10 carbon atoms, a halogen atom, or a 
cycloalkyl group having from 3 to 8 carbon atoms More 
preferred compounds are those in which either two or three 
of R. R. R. and R represent hydrogen atoms, and still 
more preferably those in which one or two of R. R. Rand 
R represents an ethyl or isopropyl group, or those in which 
three or four of R. R. RandR represent hydrogenatoms. 
The most preferred compounds are those in which one or 
two of R. R. RandR represent ethyl groups or in which 
one of R. R. Rand R represents an isopropyl group and 
the others represent hydrogen atoms. 
0042. Where R. R. R' or R' represents an alkyl group, 
this may be a straight or branched chain alkyl group having 
from 1 to 4 carbon atoms, and examples include the methyl, 
ethyl, propyl, isopropylbutyl, isobutyl and t-butyl groups, of 
which the methyl group is preferred. 
0043. Where R. R. R' or R' represents a phenyl 
group, this may be unsubstituted or it may be substituted 
with one or more Substituents selected from the group 
consisting of C-C alkyl and C-C alkoxy groups. The 
alkyl and alkoxy Substituents may be any of the alkyl groups 
exemplified above in relation to R. R. R' or R'' above or 
any of the alkoxy groups having from 1 to 4 carbon atoms 
selected from the alkoxy groups exemplified in relation to 
R. R. R. or Rabove. Examples of such groups include the 
phenyl group, the o-, m- or p-tolyl group, the o-, m- or 
p-methoxyphenyl group, the o-, r or p-ethoxyphenyl group, 
the o-, m- or p-propoxyphenyl group, the o, m- or p-butox 
yphenyl group, the o-, m- or p-butoxyphenyl group, the 
2,4,6-trimethylphenyl group and the 2,4,6-trimethoxyphenyl 
group. Of these, the unsubstituted phenyl group is preferred. 
0044) In one preferred embodiment of the present inven 
tion, p is 0, R" is a phenyl group, and R' is a hydrogen 
atom. In this embodiment we particularly prefer that the 
group of formula -O-(CHR), should be attached to 
the benzene ring on which R" is a substituent in the para 
position to R', and the sulphur atom of the three membered 
fused ring system should be in para position to R'. 
0045 We prefer those compounds of formula (I) in which 
two, three or four of R. R. R'' and R' represent hydrogen 
atoms, and especially those in which all of R. R. R'' and 
R' represent hydrogen atoms. 
0046) When RandR'', together with the benzene rigs to 
which hey attached, form a fused ring system, this may be, 
for example, a biphenylene, fluorene or phenanthrene sys 
tem, preferably fluorene. 

0047 R’ may be a direct bond (so that the two groups 
joined by R together form a biphenylyl group), an oxygen 
atom (so that the two groups joined by R together form a 
phenoxyphenyl group), or a methylene group (so that the 
two groups joined by R together form a benzylphenyl 
group). 

0.048 n is a number from 1 to 12, more preferably from 
1 to 6,and most preferably 1. 
0049. We particularly prefer compounds in which R' 
represents a hydrogen atom, and especially compounds in 
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which R' represents a hydrogen atom and n is 1. Alterna 
tively, we prefer compounds in which n is a number from 2 
to 6 and one group R' represents a hydrogen atom, or a 
methyl or ethyl group and the other or others of R' 
represent hydrogen atoms. 
0050. In the compounds of the present invention, we 
prefer that A should represent a group of formula 
O(CHRCHR), where a is an integer from 1 to 2, 

and y is as defined above, preferably a number from 3 to 10, 
more preferably a group of formula —OCH2CH2—, 
—OCH2CH2CHCH.) or IOCH(CH.C.) , where 
y is as defined above, preferably a number from 3 to 10, or 
a group of formula —O(CH2)CO)- or —O(CH2)CO 
(y- O(CHR' CHR), , whereb is a number from 4 to 
5 and y is as defined above, preferably a number from 3 to 
10. Still more preferably, y is a number from 3 to 6. 
0051. In general, in the compounds of the present inven 
tion, y is preferably a number from 3 to 10, more preferably 
from 3 to 6. We also prefer compounds of formula (I) in 
which x is 2 and y is a number from 1 to 10. 
0052. It is a feature of the present invention that the 
compounds are of a generally polymeric nature. The poly 
meric nature may be provided by either the group repre 
sented by Q or the group represented by A or by both. 
0053. The polymeric polyhydroxy residue of formula 
Q-(A-) which forms the core of the compounds of the 
present invention has a major influence on the behaviour of 
the compounds. In accordance with the present invention, it 
is important that it should have a polymeric nature, since the 
resulting compounds tend to be liquid or of low melting 
point, thus aiding dispersion in the coating composition. 
Compounds having a similar structure but not polymeric 
tend to be solid and/or insoluble in these coating composi 
tions. However, we prefer that the core residue, of formula 
Q-(A-) should not have too high a molecular weight, and 
prefer that the residue of formula Q-(A-) should have a 
molecular weight no greater than 2000, preferably no greater 
than 1200, still more preferably no greater than 1000, and 
most preferably no greater than 800. 
0054 We particularly prefer that Q should be a residue of 
ethylene glycol, propylene glycol, butylene glycol, glycerol, 
trimethylolpropane, di-trimethylolpropane, pentaeryritol or 
di-pentaerythritol. 

0055. 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 preset invention, provided that the average value of each 
of these numbers is as defined above, this will be satisfac 
tory. Of course, for each individual molecule of the com 
pounds 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, m of these compounds are used. 
0056 X represents an anion, in general, there is no 
particular limitation on the nature of the anion to be used. 
However, where the compounds of the present invention are 
to be used as photoinitiators, the anion should be non 
nucleophilic, or essentially non-nucleophilic, as is well 
known in the art. It should also be relatively bulky. If the 



US 2008/008 1917 A1 

compounds are not to be used as photoinitiators, the anion 
need not meet these requirements. For example, in some 
cases, it may be desirable not to store the compound in the 
form of the salt which is ultimately to be used. In that case, 
it may be preferable to form another salt, and then convert 
the compound to the desired salt at or close to the point of 
use. In such a case, it is not necessary that the anion should 
be non-nucleophilic. 

0057 Examples of non-nucleophilic anions are well 
known to those skilled in the art and include anions of 
formula MZ, where M represents a phosphorus, boron, 
antimony, arsenic, chlorine or carbon atom, Z represents a 
halogen atom except where M represents a halogenatom, an 
oxygen atom or a Sulphite group, and S is an integer 
dependent upon the valence of M and Z. Preferred examples 
of such groups include the PF, SbF, AsF, BF, 
B(CFs), RB(Ph), (where R represents an alkyl group 
having from 1 to 6 carbon atoms and Ph resent a phenyl 
group), RSO (where R represents an alkyl or haloalkyl 
group having from 1 to 6 carbon atoms or an aryl group), 
CIO and ArSO (where Ar represents an aryl group) 
groups, of which the PF, SbF, AsF, CFSO and BF 
groups are preferred and the PF group is most preferred. 

0.058 Where the compounds of the present invention 
contain a carboxy group, i.e. where R. R. R. or R 
represents a carboxy or carboxyalkoxy group, the resulting 
compounds may form esters, and these esters also form a 
part of the present invention. There is no particular limita 
tion on the nature of the ester, other tan those constraints 
well known to those skilled in the art, and preferred 
examples of esters include the alkyl esters, particularly those 
having from 1 to 12 carbon atoms, such as those containing 
the C-C alkyl groups, and those derived from a polyalky 
lene glycol ether ester (especially the C-C alkyl ethers), 
Such as esters containing groups of formula: 

OR'S OR 
where R' represents an alkylene group having from 1 to 8 
carbon atoms, R' represents an alkyl group having from 1 
to 4 carbonatoms, and t is a number from 2 to 20, preferably 
from 5 to 10. More preferred are groups of formula. 

OCHCHR 7OR 

where R'' and t are as defined above and R' represents an 
alkyl group having from 1 to 4 carbon atoms. 

0059 Any combination of the preferred substituent 
groups and atoms listed above in respect of R. R. R. R. 
R. R. R. R', R', R', is also envisaged by the present 
invention. 

0060 Particularly preferred compounds of the present 
invention having an especially good combination of good 
cure and good solubility in coating compositions are those 
compounds of formula (I) in which: 

R. R. Rand Rare 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, 
R. R. R'' and R' represent hydrogen atoms, and espe 
cially Such compounds where p is 0; and 
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A represents a group of formula—OCH2CH2CH2CH.) : 
and 

Q represents a residue of butylene glycol, 

0061 A further preferred class of compounds of the 
present invention are those compounds of formula (I) in 
which: 

R. R. Rand Rare individually the same or different and 
each represents a hydrogen atom or an alkyl group having 
from 1 to 4 carbon atoms; 

R" represents a direct bond; 
R. R. and R' represent hydrogen atoms; 
R" represents a phenyl group; 
p is 0; 

A represents a group of formula—OCH2CH2CHCH.) : 
and 

Q represents a residue of butylene glycol. 

0062) The compounds of the present invention may be 
prepared by reactions well known for the preparation of 
compounds of this type, the exact reaction route chosen 
depending upon the nature of the compound which it is 
desired to prepare. 

0063. The compounds of the present invention may be 
prepared by reacting a Sulphoxide corresponding to ring 
system (IV), i.e. a compound of formula (II), with the 
compound corresponding to the remainder of the molecule 
of the desired compound, i.e. a compound of formula (III), 
in the presence of an acid, as shown in the following scheme: 

'a-S-y 
4N1,N-4 

O 

(II) 

N ?h 
s 

R7 
p 

N -- ...) 
s 

"ScHRP), 
es Q 
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-continued 
R5 

(Ia) 

0064. In the above formulae, R. R. R. R. R. R. R. 
R. R', R'R'', 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 R. R. R', 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. 
0065. The reaction is normally and preferably effected in 
a solvent, the nature of which is not critical, provided that it 
bras 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. 

0.066 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. 
0067. A suitable reaction temperature is preferably below 
15o C. 

0068 The sulphoxide of formula (II) and the polymeric 
compound of formula (III) may be prepared by well known 
methods. 

0069. Using the reaction scheme above, it is possible to 
obtain yields in excess of 90% in each reaction step, which 
assists the economics of the process. 
0070). In general, the anion Y will not be the anion X 
which it is desired to incorporate in the final product. If so, 
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then the desired anion may be introduced by an anion 
exchange action, as is well known in the field of synthetic 
chemistry. 
0071. Where a protected hydroxy group represented by 
R. R. R', or R' is present, the protecting group may, if 
desired, be removed by methods well known to those skilled 
in the art, as described in “Protective Groups in Organic 
Synthesis' above. 
0072 The compounds of the invention may then be 
separated from the reaction mixture by well known tech 
niques and, if desired, further purified. 
0073. 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 photo 
initiator 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 
0074. 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 con 
tain cationically polymerisable groups, and general 
examples of Such compounds include the epoxides, oxet 
anes, other cyclic ethers, vinyl compounds (such as vinyl 
and propenyl ethers, styrene and its derivatives and unsat 
urated polyesters), unsaturated hydrocarbons, lactones and, 
in the case of hybrid systems, acrylates and methacrylates. 

0075 Typical epoxides which may be used include the 
cycloaliphatic epoxides (such as those sold under the des 
ignations UVR6110 by Union Carbide or UVACURE 1500 
by UCB), which we well known to those skilled in the art. 
0076. Other epoxy-functional oligomer/monomers which 
may be used include the glycidyl ethers of polyols bisphe 
nol A, alkyl diols or poly(alkylene oxides), which be di, ti 
tetra- or hexa-functional). Also, epoxides derived by the 
epoxidation of unsaturated materials may also be used (e.g. 
epoxidised soybean oil, epoxidised polybutadiene or epoxi 
dised alkenes). Naturally occurring epoxides may also be 
used, including the crop oil collected from Vernonia gala 
mensis. 

0077. As well as epoxides, other reactive monomers/ 
oligomers which may be used include the vinyl ethers of 
polyols such as triethylene glycol divinyl ether, 1.4-cyclo 
hexane dimethanol divinyl ether and the vinyl ethers of 
poly(alkylene oxides). Examples of vinyl ether functional 
prepolymers include the urethane-based products Supplied 
by AlliedSignal. Similarly, monomers/oligomers containing 
propenyl ether groups may be used in place of the corre 
sponding compounds referred to above containing vinyl 
ether groups. 
0078 Similarly, compounds bearing oxetane groups may 
be used in place of the corresponding compounds referred to 
above containing epoxide groups. A typical oxetane is that 
derived from trimethylolpropane (3ethyl-3-hydroxymethy 
loxetane). 
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0079. Other reactive species can include styrene deriva 
tives and cyclic esters (such as lactones and their deriva 
tives). 
0080. It is also common to include polyols in ultraviolet 
cationic curable formulations, which promote the cross 
linking by a chain-transfer process. Examples of polyols 
include the ethoxylated/propoxylated derivatives of for 
example, trimethylolpropane, pentaerythritol, di-trimethy 
lolpropane, di-pentaerythritol and Sorbitan esters, as well as 
more conventional poly(ethylene oxide)s and poly(propy 
lene oxide)s. Other polyols well known to those skilled in 
the art are the polycaprolactone diols, triols and tetraols, 
such as those supplied by Union Carbide. 
0081 Additives which may 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 promotes, Surfac 
tants and fillers. Also, compounds which act as sensitisers 
for the photoinitiator, Such as thioxanthone (and deriva 
tives), benzophenone (and derivatives), hydroxyalkylphe 
nones, anthracene (and derivatives), perylene, Xanthone, 
pyrene and anthraquinone, may be included. 
0082 The compounds of the present invention may be 
included as photoinitiators in coating formulations such are 
well known in the art, and the precise composition of Such 
formulations will vary depending upon the other compo 
nents and the intended use, as is well known. However, a 
typical formulation for an ink coatable by flexography might 
be: 

Pigment 8-20% 
Photoinitiator 2-6% 
Monomer prepolymer? oligomer 30-90% 
Polyol O-30% 
Additives O-10% 

0083. In order to enhance the solubility of the compounds 
of the present invention in the curable composition, they 
may first be dissolved in a suitable solvent, for example 
propylene carbonate. 
0084. The invention is further illustrated by the following 
non-limiting Examples. 

EXAMPLE 1. 

0085 Preparation of 2-Isopropylthioxanthone Sulphox 
ide 

CH3. 

0086) 10.0 g (0.03937 moles ) of 2-isopropylthioxan 
thone were dissolved in 630 ml of a mixture of acetonitrile 
and water (75% acetonitrile, 25% water by volume). Gentle 
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heating was required to dissolve the 2-isopropylthioxan 
thone (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 ml of diethyl ether. The ether layers were com 
bined 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 
with water and dried with magnesium sulphate. The ether 
was then removed on a rotary evaporator to yield the 
product. 

0087 Product yield 5.54 g (52.3%) of a yellow solid. 
0088. The product was analysed by HPLC, LC-MS and 
IR. 

0089) 
phoxide. 

0090 MS: M/Z271 (Mw of cation). 

IR: 1074 cm and 1032 cm S=O due to sul 

0091 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 2 

0092 Preparation of Dibenzothiophene Sulphoxide 

C O 
S 

O 

0093. Dibenzothiophene (5.0 g. 0.027 mol) was added to 
acetic acid (20 ml), stirred and heated to 110-120° C. until 
completely dissolved. An excess peracetic acid (4.4 g. 
0.0058 mol) 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 reac 
tion 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. 

0094) Product yield 5.0 g (92%) of brown crystals. 

0.095 The product was analysed by IR, HPLC and LC 
MS. 

0096) IR: 1066 cm and 1024 cm S=O due to sul 
phoxide. 

0097 MS: M/Z 201 (Mw of cation). 
0098 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. 
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EXAMPLE 3 

0099) 

O--- 
0100 Phenoxyacetic acid (33.44 g., 0.22 mols), polytet 
rahydrofuran (250 molecular weight, 25 g, 0.1 mols), 0.5 g. 
p-toluenesulphonic acid, 0.1 g butylated hydroxytoluene and 
200 ml toluene were azeotropically refluxed for 2.25 hours. 
The solution was washed with 2x75 ml 10% aqueous 
potassium carbonate solution and 100 ml deionised water 
before azeotroping to dryness, filtering and removing all 
Solvent on a rotary evaporator. 
0101. Yield=52.2 g slightly yellow low viscosity liquid 
0102) The product was analysed by IR. 
0103) IR: 1757-1735 cm C=O (strong) due to ester. No 
OH peak present 

EXAMPLE 4 

0104) 
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0105 5g 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 (18.6 ml) and dichlo 
romethane (4.7 ml) were mixed in a round-bottomed flask. 
The temperature of the mixture was reduced to <15° C. 
using a waterfice 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 dichlo 
romethane. 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 KPF solution (5.6 g in 180 ml water). This appeared 
to yield a viscous liquid which was extracted with dichlo 
romethane and washed with 3x100 ml water before drying 
over magnesium Sulphate and removing all solvent on a 
rotary evaporator. 

0106 Product yield 11.86 g (91.7%) of a brown liquid. 

0107 Product analysed by IR. 

0108 IR: 845 cm (strong) due to P-F salt of product. 
0.109 The position of each thioxanthone system on the 
associated benzene ring could not be determined exactly by 
analysis. 

EXAMPLE 5 

0110 
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011 1 0.94 g of the product from Example 3 (0.00187 
mol), 0.75 g of the product from Example 2 (0.00375 moles 
), acetic acid (3.5 ml), acetic anhydride (3.5 ml) and dichlo 
romethane (0.9 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 (1.3 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 dichlo 
romethane. 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 KPF solution (2.0 g in 60 ml water). This appeared 
to yield a viscous liquid which was extracted with dichlo 

romethane and washed with 3x100 ml water before drying 
over magnesium Sulphate and removing all solvent on a 
rotary evaporator. 

0112 Product yield 2.15 g (99.1%) of a brown liquid. 

0113 Product analysed by IR. 

0114 IR: 843 cm (strong) due to P-F salt of product. 
0115 The position of each dibenzothiophene system on 
the associated benzene ring could not be determined exactly 
by analysis. 

EXAMPLE 6 

0116 

0117 2-Phenoxypropionic acid (11.74 g., 0.07075 moles 
), polytetrahydrofuran (250 molecular weight, 7.69 g, 
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0.03076 moles ), 0.16 g p-toluenesulphonic acid, 0.054 g 
butylated hydroxytoluene and 100 ml toluene were azeotro 
pically refluxed for 8.75 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. 

0118 Yield=17.52g slightly yellow low viscosity liquid. 

0119) The product was analysed by IR. 

0120 IR: 1755-1734 cm C=O (strong) due to ester. No 
OH peak present. 

EXAMPLE 7 

0121) 

0122 2.0 g of the product from Example 6 (0.003663 
moles), 1.98g of the product from Example 1 (0.0199 moles 
), acetic acid (6.8 ml), acetic anhydride (6.8 ml) and dichlo 
romethane (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. 50 ml of water was then 
added and the solution was extracted with 2x50 ml dichlo 
romethane. The dichloromethane was then removed on a 
rotary evaporator to yield 7.37 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 dichlo 
romethane and washed with 3x100 ml water before drying 
over magnesium Sulphate and removing all solvent on a 
rotary evaporator. 

0123 Product yield 429 g (87.3%) of a brown liquid. 

0.124 Product analysed by IR. 

0.125 IR: 845 cm (strong) due to P-F salt of product. 
0.126 The position of each thioxanthone system on the 
associated benzene ring could not be determined exactly by 
analysis. 
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EXAMPLE 8 

O127) 

10 
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O CH, -o O 

O-CH, O ... O 
O 

O 

0128 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 azeotro 
pically 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. 
0129. Yield=5.72 g slightly yellow solid. 
0130. The product was analysed by IR. 
0131) IR 1736 cm' C=O (strong) due to ester. No OH 
peak present. 

EXAMPLE 9 

0132) 

21 

s-APF 
S. 

O O CH 
CH3 

0133). 2.0 g of the product from Example 8 (0.002595 
moles ), 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 waterfice 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. 50 ml of water was then 
added and the solution was extracted with 2x50 ml dichlo 
romethane. The dichloromethane was then removed on a 

O 

O O (CH2) sac- r "No 
O 

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 dichlo 
romethane and washed with 3x100 ml water before drying 
over magnesium Sulphate and removing all solvent on a 
rotary evaporator. 

0134) Product yield 2.98 g (89.95%) of a brown liquid. 

0135) Product analysed by IR. 

0.136 IR: 845 cm (strong) due to P-F salt of product 
0.137 The position of each thioxanthone system on the 
associated benzene ring could not be determined exactly by 
analysis. 

EXAMPLE 10 

0.138) 

O Br 

0139 Polytetrahydrofuran (250 molecular weight, 18.75 
g, 0.075 mols), bromoacetic acid 22.9 g 0.165 mols), 0.375 
g p-toluenesulphonic acid, 0.075 g butylated hydroxytolu 
ene and 150 ml toluene were azeotropically refluxed for 5 
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hours. The solution was washed with 2x100 ml 10% aque 
ous potassium carbonate solution and 2x100 ml deionised 
water before azeotroping to dryness, filtering and removing 
all solvent on a rotary evaporator. 

0140. Yield=36.3 g colourless low viscosity liquid. 
0141. The product was analysed by IR. 

O 

PF N 
O St 

0142] IR: 1736 cm' C=O (strong due to ester. No OH 
peak present. 

EXAMPLE 11 

--> O 
CC O 
O 

0144 5.0 g 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 (0.0147 moles) were added. 
The mixture was then heated to reflux for a total of 14 hours. 
The mixture was then cooled to room temperature. 50 ml of 
toluene was added and the solution was washed with 2x100 
ml 10% aqueous potassium carbonate solution and 2x100 ml 
deionised water before drying over magnesium Sulphate. 
The solvent was then removed on a rotary evaporator. 

0143) 

H3C 

CH3 

O N o 

St O 

--~~}^^ 21 PF ( ) 
21 O 
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0145 Yield=9.01 g of a slightly yellow liquid. 
0146 The product was analysed by IR. 
0147 IR: 1736 cm' C=O due to ester, 1080 cm and 
1190 cm' due to alkyl-aryl-ether. 

EXAMPLE 12 

0148 

0149 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 (11.1 ml) and 
dichloromethane (2.8 ml) were mixed in a round-bottomed 
flask. The temperature of the mixture was reduced to <15° 
C. using a waterfice 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. 50 ml of water was then 
added and the solution was extracted with 2x50 ml dichlo 
romethane. 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 KPF6 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. 

0150 Product yield 624 g (71.3%) of a dark green 
slightly sticky Solid. 

0151. Product analysed by IR. 

0152 IR: 842 cm (strong) due to P-F salt of product. 
0153. 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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EXAMPLE 13 

0154) 

O 

C-HCHO(CH2CH2O)n CH3 

0155 2-Phenoxypropionic acid (13.28 g., 0.07999 moles 
), ethoxylated pentaerythritol (EO/OH 10/4) (10.0 g, 
0.01739 13 moles), 0.181 g p-toluenesulphonic acid, 0.061 
g butylated hydroxytoluene and 100 ml toluene were azeo 
tropically refluxed for 13 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. 

0156 Yield=19.56 g clear, slightly yellow low viscosity 
liquid. 

0157. The product was analysed by IR. 

0158 IR: 1751-1733 cm C=O (strong) due to ester. 
No OH peak present. 

EXAMPLE 1.4 

H3C 

CH3 

| S O 

"() 
4 

0159) 

IC 1s 

C--CHO(CH2CH2O)n -'s 
O 

0160 5.0 g of the product from Example 13 (0.0045289 
moles), 3.47 of the product from Example 1 (0.0128416 
moles), acetic acid (16 ml), acetic anhydride (16 ml) and 
dichloromethane (4 ml) were mixed in a round-bottomed 
flask. The temperature of the mixture was reduced to <5°C. 
using a water/ice bath. Concentrated sulphuric 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. 50 ml of water was then 
added and the solution was extracted with 2x75 ml dichlo 
romethane. The dichloromethane was then removed on a 
rotary evaporator to yield 20.78 g of intermediate product. 

12 
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This was dissolved in a minimum of acetic acid and poured 
into a KPF6 solution (6 g 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. 
0161 Product yield 7.93 g (76.1%) of a brown solid. 
0162 Product analysed by IR. 
0163 IR: 842 cm (strong) due to P-F salt of product. 
0164. The position of each thioxanthone system on the 
associated benzene ring could not be determined exactly by 
analysis. 

EXAMPLE 1.5 

0165) 

0166 2-Phenoxyacetic acid (12.16 g., 0.07999 moles), 
ethoxylated pentaerythritol (EO/OH 10/4) (10.0 g, 
0.01739 13 moles), 0.181 g p-toluenesulphonic acid, 0.061 
g butylated hydroxytoluene and 100 ml toluene were azeo 
tropically refluxed for 16/2 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. 

0.167 Yield=15.21 g clear, slightly yellow low viscosity 
liquid. 

0.168. The product was analysed by IR. 
0169 IR: 1759 cm C=O (strong) due to ester. No OH 
peak present. 

EXAMPLE 16 

0170) 

HC 

CH3 

21 
HS O 

O N "( ) 
C co 

O 
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0171 5.0 g of the product from Example 15 (0.0045004 
moles), 4.86 g of the product from Example 1 (0.018 moles 
), acetic anhydride (14.72 g) were mixed in a round 
bottomed flask. The temperature of the mixture was reduced 
to <10° C. using a waterfice bath. Concentrated sulphuric 
acid (5.64 g) was then added drop-wise, making Sure the 
temperature did not exceed 20°C. The contents of flask were 
then added to mixture of 28.71 g methanol, 24.33 g water 
and 3.89 g potassium hexafluorophosphate. 2.5 ml of metha 
nol 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 2x50 g methanol/water mixture 
(55.45 ratio). This removed any soluble impurities. Te 
insoluble residue was then dried in the vacuum oven at 40° 
C. for 4 hours. 

CH 

HC 

SR 
O St.-- 

S 
0172 Product yield 9.0 g (73.98%) of a pasty brown 
solid. 

0173 Product analysed by IR. 

0174] IR: 841 cm (strong) due to P-F salt of product 
0175. The position of each thioxanthone system on the 
associated benzene ring could not be determined exactly by 
analysis. 

EXAMPLE 17 

CH3 
O 

O CH 
OT o1 "nch, 

O 3 

0176) 
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0177 2-Phenoxyacetic acid (25.46g, 0.1675 moles ), 
butoxylated trimethylol propane (BuO/OH 7/4) (31.9 g, 0.05 
moles ), 0.5 g p-toluenesulphonic acid, 0.1 g butylated 
hydroxytoluene and 200 ml toluene were azeotropically 
refluxed for 15 hours. The solution was washed with 2x100 

ml 10% aqueous potassium carbonate solution and 100 ml 
deionised water before ding over magnesium Sulphate, fil 
tering and removing all solvent on a rotary evaporator. 

0.178 Yield=35.7 g clear, slightly straw coloured liquid. 

0179 The product was analysed by IR. 

0180 IR: 1760-1737 cm' C=O (strong) due to ester. No 
OH peak present. 

EXAMPLE 1.8 

0181 

CH3 
O 

O CH 
OT o1 "nch, 

O 
3 

0182 10.0 g of the product from Example 17 (0.0096153 
moles), 7.79g of the product from Example 1 (0.0289459 
moles), acetic anhydride (23.6 g) were mixed in a round 
bottomed flask. The temperature of the mixture was reduced 
to <10° C. using a waterfice bath. Concentrated sulphuric 
acid (9.04 g) 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 46 g methanol, 38.99 g, 
water and 6.24 g potassium hexafluorophosphate. 2.5 ml 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 3xmethanol/water (46 
g/39 g). This removed any soluble impurities. The insoluble 
residue was then dried in the vacuum oven at 40° C. for 4 
hours. 

0183 Product yield 6.53 g (30.40%) of a pasty brown 
solid. 

0184 Product analysed by IR, HPLC and GPC. 
0185. IR: 841 cm (strong) due to P-F salt of product. 
0186 The position of each thioxanthone system on the 
associated benzene ring could not be determined exactly by 
analysis. 
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EXAMPLE 19 

0187) 

CH O 

C -- O O 4 

0188 2-Phenoxyacetic acid (34.2 g; 0.225 moles), pro 
poxylated pentaerythritol (PO/OH 17/8) (31.45 g, 0.05 
moles ), 0.5 g p-toluene Sulphonic acid, 0.1 g butylated 
hydroxytoluene and 200 ml toluene were azeotropically 
refluxed for 15 hours. 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. 

0189 Yield=48.38 g (83.1%) clear, 
coloured. low viscosity liquid. 
0190. The product was analysed by IR 
0191 IR: 1758-1738 cm C=O due to ester. No OH 
peak present. 

slightly straw 

EXAMPLE 20 

0192) 

N 
--S O 

2 PF 

CH 

C N-N CH O O 
H3C 

4 

0193 5.0 g of the product from Example 19 (0.002918 
moles), 4.635 g of the product from Example 1 (0.0171672 
moles), acetic anhydride (14.05 g) were mixed in a round 
bottomed flask. The temperature of the mixture was reduced 
to <10° C. using a waterfice bath. Concentrated sulphuric 
acid (5.38 g) 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 27.38 g methanol, 23.2 g 
water and 3.71 g potassium hexafluorophosphate. 2.5 ml 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 
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residue was washed/decanted with 3xmethanol/water mix 
ture (27.38 g/23.2 g). This removed any soluble impurities. 
The insoluble residue was then dried in the vacuum oven at 
40° C. for 4 hours. 

0194 Product yield 5.47 g (46.23%) of a pasty yellow 
solid. 

0.195 The product was analysed by IR. 

0196) IR: 841 cm (strong) due to P-F salt of product. 
0197) The position of each thioxanthone system on the 
associated benzene ring could not be determined exactly by 
analysis. 

EXAMPLE 21 

O198) 

- O O ( ) 
S/S 
O 

0199 Tripropylene glycol 14.42 g (0.075 moles), bro 
moacetic acid 22.92 g (0.165 moles), p-toluenesulphonic 
acid 0.375 g, butylated hydroxytoluene 0.075 g and toluene 
50 ml 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 25.5 g. 
(0.15 moles), potassium carbonate 25.91 g (0.1875 moles) 
and methyl ethyl ketone 100 ml were mixed and heated to 
reflux for 3 hours and then cooled to room temperate and left 
overnight. 

0200. 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 60 ml of methyl ethyl ketone which 
was then combined with the organic solution. The filter 
paper was pressed to maximise solvent and therefore prod 
uct recovery. The organics were then washed with 2x50 ml 
10% potassium carbonate solution followed by 3x50 ml 
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 le solvent/water). 

0201 Product yield 41.67 g of a clear, slightly yellow 
liquid. 

0202 The product was analysed by IR. 

0203 IR: 1755-1737 cm' C=O due to ester, 1076 cm 
and 1194 due to alkyl ether. No OH peak present. 
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EXAMPLE 22 

0204) 
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0205) 10g of the sample from Example 21 (0.0163 moles 
), 2-ITX Sulphoxide, 8.8 g (0.0326 moles ) and acetic 
anhydride (20 g) were mixed in a 250 ml 3-necked round 
bottomed flask equipped with a stirrer, thermometer and 
dropping funnel. 

0206 Acetic anhydride (30 g) was added to a beaker and 
cooled to 10° C. Concentrated sulphuric aid (7.8 g) 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 approxi 
mately 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 hexafluoro 
phosphate (6.95 g), water (90 g) and acetonitrile (23 g). 
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 waterfacetonitrile. The 
product yield was not determined. 

0207 
the benzene rings of the associated biphenyl system each 

It could not be determined by analysis to which of 

thioxanthone system was attached nor could the position of 
attachment on that ring be determined. 

EXAMPLE 23 

0208 

( s 

0209 PEG200 15.00 g (0.075 moles), bromoacetic acid 
22.92 g (0.165 moles ), p-toluenesulphonic acid 0.375 g, 
butylated hydroxytoluene 0.075 g and toluene 50 ml 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 25.5 g (0.15 
moles), potassium carbonate 25.91 g (0.1875 moles) and 
methyl ethyl ketone 100 ml were mixed and heated to reflux 
for 3 hours and then cooled to room temperature and left 
overnight. 

0210. The contents of flask 1 were then added to flask 2. 
This mixture was then heated to reflux for a further 4 hours 
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(86-87° C.). The mixture was then cooled to <=50° C. and 
filtered to remove the inorganics. The inorganics were 
washed with a further 60 ml of methyl ethyl ketone which 
was then combined with the organic solution. The filter 
paper was pressed to maximise solvent and therefore prod 
uct recovery. The organics were then washed with 2x50 ml 
10% potassium carbonate solution followed by 3x50 ml 
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). 
0211 Product yield 19.54 g of a clear, slightly yellow 
liquid. 
0212. The product was analysed by IR. 
0213 IR: 1755-1737 cm' C=O due to ester, 1076 cm 
and 1194 due to alkyl-aryl ether. No OH peak present. 

EXAMPLE 24 

0214) 

0215 10 g of the sample from Example 23 (0.0161 moles 
), 2-ITX sulphoxide, 8.7 g (0.0322 moles ) and acetic 
anhydride (20 g) were mixed in a 250ml 3-necked round 
bottomed flask equipped with a stirrer thermometer and 
dropping funnel. 
0216 Acetic anhydride (30 g) was added to a beaker and 
cooled to 10° C. Concentrated sulphuric acid (7.8 g) 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 approxi 
mately 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 hexafluoro 
phosphate (6.95 g), water (90 g) and acetonitrile (23 g). 
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 waterfacetonitrile. The 
product yield was not determined. 

S. DC 
o 6 N- O th ( ) O 

H3C 

CH3 
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0217. 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 25 

0218) 

O O 

r 
O 

4 

CH3 

0219) Ethoxylated pentaerythritol (3EO/4OH) 10.125 g 
(0.0375 moles ), bromoacetic a 22.92 g (0.165 moles ). 
p-toluenesulphonic acid 0.375 g, butylated hydroxytoluene 
0.075 g and toluene 50 ml were mixed in a two necked 
round-bottomed flask (flask 1) equipped with a temperature 
probe, condenser and Dean and Stark apparatus. The mix 
ture 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 25.5 g (0.15 moles), potassium carbon 
ate 25.91 g (0.1875 moles) and methyl ethyl ketone 100 ml 
were mixed and heated to reflux for 3 hours and then cooled 
to room temperature and left overnight. 

0220. 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 

  



US 2008/008 1917 A1 

washed with a further 60 ml of methyl ethyl ketone which 
was then combined with the organic solution. The filter 
paper was pressed to maximise solvent and therefore prod 
uct recovery. The organics were then washed with 2x50 ml 
10% potassium carbonate solution, followed by 3x50 ml 
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). 
0221 Product yield 19.54 g of a clear, slightly yellow 
liquid. 

0222. The product was analysed by IR. 
0223) IR: 1757-1739 cm' C=O due to ester, 1076 cm 
and 1194 cm due to alkyl-aryl ether. No OH peak present. 

EXAMPLE 26 

0224 

C HC CH 
O 

O O 

r O 
O PF 

C- S 
4 

0225) 10 g of the sample from Example 25 (0.009 moles 
), 2-ITX Sulphoxide, 9.7 g (0.0359 moles) and acetic anhy 
dride (10 g) were mixed in a 250 ml 3-necked round 
bottomed flask equipped with a stirrer, thermometer and 
dropping funnel. 
0226 Acetic anhydride (19 g) was added to a beaker and 
cooled to 10° C. Concentrated sulphuric acid (8.6 g) 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 approxi 
mately 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 hexafluorphosphate (7.6 g), water (60 g) and 
methanol (60 g), controlling the quenching temperature to 
0-5°C. A solid Stated to form during the quenching process 
and remained as a solid throughout. The solid was filtered off 
and washed with deionised water (100 ml) and then dried to 
constant weight at 50° C. 
0227 Product yield of 22.3 g (91.8%) of a yellow solid. 
0228. The product was analysed by IR. 
0229) IR: 841 cm (strong) due to P-F salt of product. 
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0230. It could not be determined by analysis to which of 
the rings of the associated biphenyl system each thioxan 
thone system was attached nor could the position of attach 
ment on that ring be determined. 

EXAMPLE 27 

0231 

O 

O O 

r 
CR) 

4 

0232 Ethoxylated pentaerythritol (10EO/4OH) 21.60 g 
(0.0375 moles), bromoacetic acid 22.92 g (0.165 moles), 
p-toluenesulphonic acid 0.375 g, butylated hydroxytoluene 
0.075 g and toluene 50 ml were mixed in a two necked 
round-bottomed flask (flask 1) equipped with a temperature 
probe, condenser and Dean and Stark apparatus. The mix 
ture 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 25.5 g (0.15 moles), potassium carbon 
ate 25.91 g (0.1875 moles) and methyl ethyl ketone 100 ml 
were mixed and heated to reflux for 3 hours and then cooled 
to room temperature and left overnight. 

0233. 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 60 ml of methyl ethyl ketone which 
was then combined with the organic solution. The filter 
paper was pressed to maximise solvent and therefore prod 
uct recovery. The organics were then washed with 2x50 ml 
10% potassium carbonate solution, followed by 3x50 ml 
water (ensuring the washings were neutral pH). The organics 
were then heated on a rotary evaporator to remove the or 
organic solvent and any residual water (heating to 82° C. 
was required to drive off all of the solvent/water). 

0234 Product yield 36.32 g of a clear, slightly yellow 
liquid. 

0235. The product was analysed by IR. 

0236 IR: 11757-1739 cm' C=O due to ester, 1082 cm 
and 1194 cm due to alkyl-aryl ether. No OH peak present. 
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EXAMPLE 28 

0237) 

C HC CH 
O 
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c O 
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0238 10 g of the sample from Example 27 (0.007 moles 
), 2-ITX sulphoxide, 7.6 g (0.028 moles) and acetic anhy 
dride (24 g) were mixed in a 250 ml 3-necked round 
bottomed flask equipped with a stirrer, thermometer and 
dropping funnel. 
0239 Acetic anhydride (19 g) was added to a beaker and 
cooled to 10° C. Concentrated sulphuric acid 6.8 g) 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 approxi 
mately 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 hexafluo 
rphosphate (6 g), water (39 g) and acetonitrile (7 g), con 
trolling 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. 
0240. 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 29 

0241) 

0242 Ethoxylated trimethylolpropane (7EO/3OH)22.20 
g (0.05 moles), bromoacetic acid 22.92 g (0.165 moles ). 
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p-toluenesulphonic acid 0.375 g, butylated hydroxytoluene 
0.075 g and toluene 50 ml were mixed in a two necked 
round-bottomed flask (flask 1) equipped with a temperature 
probe, condenser and Dean and Stark apparatus. The mix 
ture 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 25.5 g (0.15 moles), potassium carbon 
ate 25.91 g (0.1875 moles) and methyl ethyl ketone 100 ml 
were mixed and heated to reflux for 3 hours and then cooled 
to room temperature and left overnight. 

0243 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 60 ml of methyl ethyl ketone which 
was then combined with the organic solution. The filter 
paper was pressed to maximise solvent and therefore prod 
uct recovery. The organics were then washed with 2x50 ml 
10% potassium carbonate solution, followed by 3x50 ml 
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). 
0244 Product yield 40.88 g of a clear, slightly yellow 
liquid. 
0245. The product was analysed by IR. 
0246 IR: 1757-1737 cm. CO due to ester, 1080 cm 
and 1194 cm due to alkyl-aryl ether. No OH peak present. 

EXAMPLE 30 

0247 

H3C O 

O H3C 

O CH 
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0248) 10 g of the sample from Example 29 (0.00928 
moles), 2-ITX Sulphoxide, 7.6 g (0.028 moles) and acetic 
anhydride (20 g) were mixed in a 250 ml 3-necked round 
bottomed flask equipped with a stirrer, thermometer and 
dropping funnel. 
0249 Acetic anhydride (23 g) was added to a beaker and 
cooled to 10° C. Concentrated sulphuric acid (6.8 g) was 
added slowly controlling the temperature below 20° C. The 
resulting mixture was charged to the dropping funnel and 
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added to the mixture in the flask. The addition took approxi 
mately 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 hexafluo 
rophosphate (6 g), water (39 g) and acetonitrile (7 g), 
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. 
0250). It could not be determined by as to which of the 
benzene rings of the associated biphenyl system each thioX 
anthone system was attached nor could the position of 
attachment on that ring be determined. 

EXAMPLE 31 

0251) 

0252) Ethylated trimethylolpropane (3EO/3OH) 11.30 g 
(0.05 moles ), bromoacetic acid 22.92 g (0.165 moles ). 
p-toluenesulphonic acid 0.375 g, butylated hydroxytoluene 
0.075 g and toluene 50 ml were mixed in a two necked 
round-bottomed flask (flask 1) equipped with a temperature 
probe, condenser and Dean and Stark apparatus. The mix 
ture was heated to reflux for 5 hours and then cooled to room 
temperature and left overnight. In a second (flask 2) 
equipped with a stirrer, condenser and mature probe 2-hy 
droxybiphenyl 25.5 g (0.15 moles), potassium carbonate 
25.91 g (0.1875 moles ) and methyl ethyl ketone 100 ml 
were mixed and heated to reflux for 3 hours and then cooled 
to room temperature and left overnight. 

0253) 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 move the inorganics. The inorganics were washed 
with a further 60 ml of methyl ethyl ketone which was then 
combined with the organic solution. The filter paper was 
pressed to maximize solvent and therefore product recovery. 
The organics were then washed with 2x50 ml 10% potas 
sium carbonate solution, followed by 3x50 ml water (ensur 
ing 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). 
0254 Product yield 32.11 g of a clear, slightly yellow 
liquid. 

0255. The product was analysed by IR. 
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0256 IR: 1757-1738 cm' C=O due to ester, 1076 cm 
and 1194 cm due to alkyl-aryl ether No OH peak present. 

EXAMPLE 32 

0257) 

HC O 

O HC 

O CH3 
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N o 

St O 
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3 

0258 10 g of the sample from Example 31 (0.01164 
moles), 2-ITX sulphoxide, 9.4 g (0.0349 moles) and acetic 
anhydride (20 g) were mixed in a 250 ml 3-necked round 
bottomed flask equipped with a stirrer, thermometer and 
dropping funnel. 
0259 Acetic anhydride (33 g) was added to a beaker and 
cooled to 10° C. Concentrated sulphuric acid (8.4 g) 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 approxi 
mately 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 hexafluo 
rophosphate (7.4 g), water (47 g) and acetonitrile (8.6 g), 
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. 
0260. 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 

0261 Preparation of Thianthrene Sulphoxide. 

0262 Thianthrene 5.0 g, 0.023 mol) was added to acetic 
acid (40 ml), stirred and heated to 110° C.-120° C. until 
completely dissolved. An excess of peracetic acid (4.4 g. 
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0.058 mol) was then added dropwise and the reaction 
mixture continuously stirred at this temperature for four 
hours. Te reaction was followed using thin layer chroma 
tography (TLC) using hexane:diethyl ether (80:20 by vol 
ume) as an indication of thianthrene consumption because 
thianthrene and the Sulphoxide have very distinct and sepa 
rate spots/rf values. After cooling, the reaction mixture was 
poured into water (80 ml), the resulting white precipitate 
filtered off, washed with water and dried in a vacuum oven 
at 50° C. for 4 hours. 

0263. Product yield 4.8 g (90%) of white crystals. 
0264. The product was analysed by IR, LCMS and 
HPLC. 

0265 
0266 
0267 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. 

IR: 1078 cm and 1029 cm due to sulphoxide. 
MS: M/Z 233 (Mw of cation). 

EXAMPLE 34 

0268) 

3CO 
0269 
equipped with a stirrer, condenser and temperature probe 
were added 5.36 g (0.0525382 moles) acetic anhydride. The 
temperature was reduced to ~10° C. and 4.675 g (0.046455 
moles ) concentrated Sulphuric acid was added dropwise, 

In a two-necked round bottomed flask (flask 1) 

ensuing the temperature did not exceed 20° C. 

0270) 
mixed: -3.463 g thianthrene sulphoxide (0.0149252 moles, 
from Example 33), di(biphenyl-2oxy)polytetrahydrofuran 

In a second flask (flask 2) the following were 
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(5.0 g, 0.0074626 moles, from Example 11), acetic anhy 
dride (6.85 g). The flask was equipped with a stirrer, 
thermometer and a condenser. The temperature of the mix 
ture was reduced to <10° C. using a waterfice bath. The 
contents from flask 1 were then added to the contents of flask 

2, ensuring the temperature was maintained <20° C. 
throughout. 2 g of acetic anhydride were used to wash out 
flask 1 to ensure all of the mixture was added to flask 2. The 

mixture was then stirred for 30 minutes. The contents of the 

flask were then added to 23.8 g. methanol/20.2 g water/3.23 
g potassium hexafluorophosphate. (2 ml of methanol were 
used to ensure all of the contents from the flask were washed 

into methanol/water/KPF6 salt mixture). The mixture was 
stirred for 30 minutes at approx. 40°C. The temperature was 
then reduced to approximately 10°C. and the mixture stirred 
for a further 30 minutes. The soluble materials were then 

decanted off and the pasty material was washed/decanted 
with a further 3xmethanol/water (25.8 g/20.2 g). The result 
ing pasty Solid was then dried in a vacuum oven at 40° C. 

N 

21 PF 
SR 
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for >4 hours. The solid product was then ground up using a 
mortar and pestle. 

0271 Product yield 7.14 g (68.84%) of a slightly yellow/ 
brown solid. 

0272. The product was analysed by IR. 

0273) 
0274. It could not be determined by analysis to which of 
the benzene rings of the associated biphenyl system each 
thianthrene system was attached nor could the position of 
attachment on that ring be determined. 

IR: 839 cm (strong) due to P-F salt of product. 
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EXAMPLE 35 

0275 

O O 21 
St 

PF. S. 

0276. In a two-necked round bottomed flask (flask 1) 
equipped with a stirrer, condenser and temperature probe 
add 5.36 g (0.0525382 moles) acetic anhydride. The tem 
perature was reduced to ~10° C. and 4.675 g (0.046455 
moles ) concentrated Sulphuric acid was added dropwise, 
ensuring the temperature did not exceed 20° C. 

0277. In a second flask (flask 2) the following were 
mixed: -2.985 g dibenzothiophene sulphoxide (0.0149252 
moles, from example 2), di(biphenyl-2-oxy)polytetrahydro 
furan 5.0 g, 0.0074626 moles, from Example 11), acetic 
anhydride (6.85 g). The flask was equipped with a stirrer, 
thermometer and a condenser. The temperature of the mix 
ture was reduced to <10° C. using a waterfice bath. The 
contents from flask 1 were then added to the contents of the 
second flask ensuring the temperature was maintained <20° 
C. throughout 2 g of acetic anhydride were used to wash out 
flask 1 to ensure all of the mixture was added to flask 2. The 
mixture was then stirred for 30 minutes. The contents of the 
flask were then added to 23.8 g. methanol/20.2 g water/3.23 
g potassium hexafluorophosphate. (2 ml of methanol were 
used to ensure all of the contents from the flask were washed 
into methanol/water/KPF6 salt mixture). The mixture was 
stirred for 30 minutes at approx. 40°C. The temperate was 
then reduced to approximately. 10° C. and the mixture 
stirred for a further 30 minutes. The soluble materials were 
then decanted off and the pasty material was washed/ 
decanted with a further 3xmethanol/water (25.8 g/20.2 g). 
The resulting pasty Solid was then dried in a vacuum oven 
at 40° C. for >4 hours. The solid product was then ground 
up using a mortar and pestle. 

0278 Product yield 4.57 g (46.2%) of a brown solid. 
0279. The product was analysed by IR. 

0280 IR: 841 cm (strong) due to P-F salt of product. 
0281. 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 posi 
tion of attachment on that ring be determined. 
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EXAMPLE 36 

Varnish Formulations. 

0282. The following varnish formulations were used in 
the evaluation experiments with all photoinitiators used at 
4% active photoinitiator in the formulation. 

Material Standard Standard Experimental 
Code/Description Varnish 1 Varnish 2 Varnish 

Uvacure 1500 91.8 94.5 95.8 
Tegorad 2100 O.2 O.2 O.2 
Uvacure 1592 8.0 
Irgacure 250 5.3 
Experimental 4.0 
Photoinitiator 

Total 1OOO 1OOO 1OOO 

0283 Uvacure 1500 is a cycloaliphatic epoxide monomer 
from UCB 

0284) Tegorad 2100 is a wetting aid from TEGO 
0285 Uvacure 1592 is a standard triarylsulphonium salt 
photoinitiator from UCB (supplies as a 50% solution in 
propylene carbonate.) 
0286 Irgacure 250 is a standard diaryliodonium salt 
photoinitiator from CIBA (supplied as a 75% solution in 
propylene carbonate.) 
0287. 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. 
0288 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 Primac “Maxicure” 
curing 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. 
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0289 All the experimental photoinitiators had acceptable 
cure performance against the 2-commercial standard photo 
initiators, 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 pho 
toinitiators can be addressed by formulation techniques 
known to those skilled in the art. The yellowing would not 
be an issue in pigmented inks containing the experimental 
photoinitiators. The results are shown in the following Table. 
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-continued 

Description 

Material Code Standard Ink Experimental Ink 

Propylene carbonate 4.0 4.0 
Standard Photoinitiator 4.0 
Experimental Photoinitiator 4.0 

Curing Results Summary 

Number of passes to 
initiator cure Experimental Colour of 
Code initiator Description Soluble warnish formulation Odour film 

Uvacure 1592 standard triarylsulphonium salt No 1 Strong Colourless 
photoinitiator 

rgacure 250 standard diaryliodonium salt Yes 3 Very Colourless 
photoinitiator strong 

Example 4 PolyTHF250 Di (phenoxy Yes 1 No Slightly 
acetic)ester/2x2-ITX Yellow 

Example 5 PolyTHF250 Di (phenoxy Yes 4 No Slightly 
acetic)ester/2xDBTP Yellow 

Example 7 PolyTHF250 Di (phenoxy Yes 2 No Slightly 
propionic)ester/2x2-ITX yellow 

Example 9 PolyTHF250 Di (phenoxy Yes 4 No Slightly 
undecanoic)ester/2x2-ITX yellow 

Example 12 PolyTHF250 Di (biphenyl-2-oxy Yes 1 No Slightly 
acetic)ester/2x2-ITX yellow 

Example 14 Ethoxylated Pentaerythritol Yes 2 No Slightly 
(1OEO/4OH) Tetra(phenoxy yellow 
propionic)esterf4x2-ITX 

Example 16 Ethoxylated Pentaerythritol Yes 2 No Slightly 
(1OEO/4OH) Tetra(phenoxy yellow 
acetic)ester 4x2-ITX 

Example 18 Butoxylated TMP Tri(phenoxy Yes 2 No Slightly 
acetic)ester/3x2-ITX yellow 

Example 20 Propoxylated Pentaerythritol Yes 2 No Slightly 
(17PO/8OH) Tetra(phenoxy yellow 
acetic)ester 4x2-ITX 

Example 26 Ethoxylated Pentaerythritol Yes 1 No Slightly 
(3EO/4OH) Tetra (biphenyl-2- yellow 
oxyacetic)ester/4x2-ITX 

Example 34 PolyTHF250 Di (biphenyl-2-oxy Yes 2 No Colourless 
acetic)ester/2xthianthrene 

Example 35 PolyTHF250 Di (biphenyl-2-oxy Yes 2 No Slightly 
acetic)ester yellow 
2xdibenzothiophene 

EXAMPLE 37 0291. The standard photoinitiators used were Uvacure 

Magenta Ink Formulations 

0290 The following magenta ink formulations were used 
in the evaluation experiments. 

Description 

Material Code Standard Ink Experimental Ink 

Pigment concentrate 56.8 56.8 
Uvacure 1500 34.7 34.7 
Tegorad 2100 O.S O.S 

1592 (triarylsulphonium salt photoinitiator from UCB, sup 
plied as a 50% solution in propylene carbonate) and Irgacure 
250 (diaryliodonium salt photoinitiator from CIBA Speci 
ality Chemicals, supplied as a 75% solution in propylene 
carbonate). 
0292 Uvacure 1500 is a cycloaliphatic epoxide monomer 
from UCB 

0293 Tegorad 2100 is a wetting aid from TEGO 
0294 Summary of Curing Experiments. 

0295) 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 
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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. 

Lamp at 100% 
Lamp at 50% power Power 

No. passes No. passes No. passes 
to cure at to cure at to cure at 

Photoinitiator 80 m/min 100 m/min 120 m/min 

Uvacure 1592 1 2 2 
Irgacure 250 4 2 
Example 12 2-3 3 2 

0296. These results demonstrate that the novel photoini 
tiators of this invention have similar cure performance in 
inks to standard commercial cationic photoinitiators. 

EXAMPLE 38 

GC-MS Headspace Analysis From Varnishes 
0297. The following varnish formulations were used in 
the evaluation experiments. 

Description 

Sulphonium salt Iodonium salt 
Material Code formulations formulation 

Uvacure 1500 75 77.5 
TMPO 20.9 18.9 
Tegorad 2100 O.1 O.1 
Propylene carbonate 2 
Photoinitiator 2 1.5 
Esaicure KIP 150 2 

0298 The standard photoinitiators used were Uvacure 
1592 (triarylsulphonium salt photoinitiator from UCB, sup 
plied as a 50% solution in propylene carbonate) and IGM 
440 (diaryliodonium salt photoinitiator from IGM. 
0299 Uvacure 1500 is a cycloaliphatic epoxide monomer 
from UCB 

0300 Tegorad 2100 is a wetting aid from TEGO 
0301 TMPO is a monofunctional oxetane alcohol diluent 
from Perstorp. 
0302 Esacure KIP 150 is a hydroxyalkylphenone photo 
initiator from Lamberti. 

0303. The varnishes were printed onto aluminium foil 
using a No.0 K-bar and draw down pad. The prints were 
passed twice through a Primarc Maxicure UV curing rig 
fitted with a 300 Watts/inch medium pressure mercury arc 
lamp at 80 m/min. Under these conditions the samples were 
over-cured, which was desirable in order to maximise the 
amount of by-product formation. 200 cm2 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 Spetrometer 
detector via a heated transfer line. 
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0304. 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. 

Materials detected in Head-space procedure 
Photoinitiator derived from photoinitiator 

Uvacure 1592 Diphenyl sulphide 
Several Small unidentified peaks * 

IGM 440 Toluene 
Iodobenzene 
Several unidentified peaks 

Example 4 2-isopropylthioxanthone 
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. 

0305 These results demonstrate that for Example 4, the 
photoinitiator by-products detected are the commonly used 
fee 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 

0306 The following ink formulations were used in the 
evaluation experiments. 
GC-MS Headspace Analysis from Inks 

0307 The following ink formulations were used in the 
evaluation experiments. 

Description 

Sulphonium salt Iodonium salt 
Material Code formulations formulation 

Pigment concentrate S4 S4 
Uvacure 1500 4.2 4.2 
TMPO 33.3 32.3 
Tegorad 2100 O.S O.S 
Propylene carbonate 4 4 
Photoinitiator 4 3 
Irgacure 184 2 

0308 The standard photoinitiators used were Uvacure 
1592 (triarylsulphonium salt photoinitiator from UCB, sup 
plied as a 50% solution in propylene carbonate) and IGM 
440 (diaryliodonium salt photoinitiator from IGM. 
0309 Irgacure 184 is a hydroxyalkylphenone photoini 
tiator from CIBA. All other raw materials are as disclosed 
above. 

0310 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 
Winch medium pressure mercury arc lamp operating at full 
power. 

0311 250 cm 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 
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headspace Volume transferred to a gas chromatograph fitted 
with a mass spectrometer detector via a heated transfer line. 
0312 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. 

Materials detected in Head-space procedure 
Photoinitiator derived from photoinitiator 

Uvacure 1592 Diphenyl sulphide 
Several Small unidentified peaks * 

IGM 440 Toluene 
Iodobenzene 
Several unidentified peaks 

Example 12 2-isopropylthioxanthone 

* Benzene would also be expected from this analysis but was not seen due 
to the solvent delay used in this standard GC method. 

0313 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. 

1. Compounds of formula (I): 

(I) 

x^ R as R3 

R-f ? - 
21 g 2 9 

N 1), 
2 

R7 

where: 

R" represents a a sulphur atom; 
R. R. Rand Rare independently selected from hydro 

gen atoms and Substituents C, defined below: 
R. R. R'' and R'' are independently selected from 

hydrogen atoms, hydroxy groups, C-C alkyl groups, 
and phenyl groups which are unsubstituted or Substi 
tuted by at least one substituent selected from the group 
consisting of C-C alkyl groups and C-C alkoxy 
groups: 
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or RandR'' are joined to form a fused ring system with 
the benzene rings to which they are attached; 

R" represents a direct bond, an oxygenatom or a —CH2— 
group; 

p is 0 or 1; 
said Substituents C. are: a C-Co alkyl group, a C-Co 

alkoxy group, a C-Coalkenyl group, a halogen atom, 
a nitrile group, a hydroxyl group, a Co-Co aryl group, 
a C7-C aralkyl group, a Co-Co aryloxy group, a 
C-Cls aralkyloxy group, a Cs-Carylalkenyl group, a 
C-C cycloalkyl group, a carboxy group, a C-C, 
carboxyalkoxy group, a C-C, alkoxycarbonyl group, a 
C7-Caryloxycarbonyl group, a C-C, alkylcarbony 
loxy group, a C-C alkanesulphonyl group, a Co-Co 
arenesulphonyl group, a C-C alkanoyl group or a 
C-C, arylcarbonyl group; 

n is a number from 1 to 12: 
R" represents a hydrogen atom, a methyl group or an 

ethyl group, and, when n is greater than 1, the groups 
or atoms represented by R' may be the same as or 
different from each other; 

A represents a group of formula O(CHR'CHR), 
—, —O(CH2)CO) , O —O(CH2)CO) - O(CHR CHR'), where: 

one of R' and R' 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 is a residue of a polyhydroxy compound having from 2 

to 6 hydroxy groups; 

X is a number greater than 1 but no greater than the 
number of available hydroxyl groups in Q; 

y is a number from 1 to 10; and 
X represents an anion; 
and esters thereof. 
2. Compounds according to claim 1, in which X is a 

number greater than 1 but no greater than 2, and y is a 
number from 1 to 10; or in which x is a number greater than 
2, and y is a number from 3 to 10. 

3. Compounds according to claim 1, in which n is a 
number from 1 to 6. 

4. Compounds according to claim 1, in which n is 1. 
5. Compounds according to claim 1, in which R' repre 

sents a hydrogen atom. 
6. Compounds according to claim 1, in which n is a 

number from 2 to 6 and one group R' represents a hydrogen 
atom, or a methyl or ethyl group and the other or others R' 
represent hydrogen atoms. 

7. Compounds according to claim 1, in which y is a 
number from 3 to 10. 

8. Compounds according to claim 1, in which A represents 
a group of formula—O(CHR' CHR), , where a is an 
integer from 1 to 2, and y is a number from 3 to 10. 

9. Compounds according to claim 1 in which A represents 
a group of formula —OCH2CH2—, 
IOCHCHCHCH, or IOCH(CH4)CH.) , 

where y is a number from 3 to 10. 
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10. Compounds according to claim 1, in which A repre 
sents a group of formula —O(CH2)CO) , where b is a 
number from 4 to 5 and y is a number from 3 to 10. 

11. Compounds according to claim 1, in which A repre 
sents a group of formula —O(CH2)CO) - 
O(CHRCHR), , 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. Compounds according to claim 1, in which X is 2 and 
y is a number from 1 to 10. 

13. Compounds according to claim 1, in which y is a 
number from 3 to 6. 

14. Compounds according to claim 1, in which the residue 
Q-(A-), has a molecular weight no greater than 2000. 

15. Compounds according to claim 14, in which the 
residue Q-(A-) has a molecular weight no greater than 
12OO. 

16. Compounds according to claim 15, in which the 
residue Q-(A-) has a molecular weight no greater than 
1OOO. 

17. Compounds according to claim 16, in which the 
residue Q-(A-) has a molecular weight no greater than 800. 

18. Compounds according to claim 1, in which Q is a 
residue of ethylene glycol, propylene glycol, butylene gly 
col, glycerol, trimethylolpropane, di-trimethylolpropane, 
pentaerythritol or di-pentaerythritol. 

19. Compounds according to claim 1, in which R. R. R 
and R are independently selected from hydrogen atoms, 
C-Clo alkyl groups, C-Clo alkoxy groups, halogen atoms, 
and C-C cycloalkyl groups. 

20. Compounds according to claim 1, in which three or 
four of R. R. Rand R represents hydrogen atoms. 

21. Compounds according to claim 19, in which one or 
more R. R. R and R represents an ethyl or isopropyl 
group. 

22. Compounds according to claim 1, in which two, three 
or four of R. R. R'' and R' represents hydrogen atoms. 

23. Compounds according to claim 1, in which all of R, 
R. R'' and R' represent hydrogen atoms. 

24. Compounds according to claim 1, in which R' repre 
sents a group >C=O, a Sulphur atom or a direct bond. 

25. Compounds according to claim 24, in which R' 
represents a group >C=O. 

26. Compounds according to claim 1, in which that part 
of the compound of formula (I) having the formula (IV): 

(IV) 
R! 

(in which R', R. R. Rand Rare as defined in claim 1) 
is a residue of substituted or unsubstituted thianthrene. 

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. 
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31. Compounds according to claim 26, in which said 
residue is substituted or unsubstituted phenothiazine or 
N-alkylphenothiazine. 

32. Compounds according to claim 1, in which: 
R. R. R. and R are individually the same or different 

and each represents a hydrogen atom or an alkyl group 
having 1 to 4 atoms.; 

R’ is a direct bond; 
R. R. R'' and R' represent hydrogen atoms, and 
A represents a group of formula —OCHCHCHCH 
y—; and 

Q represents a residue of butylene glycol. 
33. Compounds according to claim 1, in which 
R. R. R and R are individually the same or different 

and each represents a hydrogen atom or an alkyl group 
having from 1 to 4 carbon atoms; 

R" represents a direct bond; 
R. R. and R' represent hydrogen atoms; 
R" represents a phenyl group; 
p is 0; 
A repress a group of formula —OCH2CH2CHCH 

an 
Q represents a residue of butylene glycol. 
34. Compounds according to claim 1, in which X rep 

resents PF, SbF, AsF, BF, B(CF), RB(Ph), 
(where R' represents a C-C alkyl group and Ph represents 
a phenyl group), RSO, (where R represents a C-C alkyl 
or haloalkyl group or an aryl group), CIO, or ArSO 
(where Ar represents an aryl group) group. 

35. Compounds according to claim 33, in which X 
represents PF, SbF, AsF, CFSO, or BF group. 

36. Compounds according to claim 34, in which X 
represents a PF group. 

37. Compounds according to claim 1, having the formula 
(Ia): 

(Ia) 
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in which R', R. R. R. R. R. R. R. R', R', p. x, n, 39. A process for preparing a cured polymeric composi 
A, Y and X are as defined in claim 1. tion by exposing a composition according to claim 38 to 

curing energy. 
40. A process according to claim 39, in which the curing 

energy is ultraviolet radiation. 
38. An energy-curable composition comprising (a) a poly 

merizable monomer, prepolymer or oligomer, and (b) a 
photoinitiator which is a compound of formula (I), as 
claimed in claim 1. k . . . . 


