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(57) Abstract: Compounds of the formula (I), wherein X is a single bond, CR,R,, O, S, NR¢, NCOR(, CO, SO or SO,; L, Ly, L, L,
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Sulphonium Salt Initiators

The invention pertains to novel sulphonium salt photoinitiators and their use in photocurable

compositions.

Sulphonium salts are known in the art as photoinitiators. In GB 2061280 triarylsulphonium
salts, comprising a phenlythio moiety, are disclosed. Other compounds of this type, inter alia
with phenoxy groups, are known from US 4451409 and US 4694029, for example tris(4-
phenoxyphenyl)sulphonium hexafluorophosphate. WO 03/072567 and WO 03/008404 dis-
close sulphonium salts, wherein the sulphonium ion is located in a condensed ring system,
for example in the thioxanthyl moiety.

WO 07/003507 discloses sulphomium salts with a phenyl-COOR-moiety and WO07/118794
and WO08/040648 describe sulphonium salts with specific substituents.

One major problem of commercially available sulphonium salt photoinitiators is the formation
of toxic and/or odorous break down products like diphenyl sulfide or benzene. In technique
there is a need for effective cationic photoinitiators, which are reactive, in particular in both
clear and pigmented coatings, thin and thick layers, for example in coatings and electronic
applications, with and without the addition of sensitizers as co-initiators, non toxic and which

generate non toxic and odorless break down products and which further are low-yellowing.

It now has been found, that compounds of the formula I,

Y (), wherein

X is a single bond, CR,R, O, S, NR; or NCOR,,;

L, Ly, Lo, L3, Ly, Ls, Le, L7 and Ls, independently of one another are hydrogen, Ry, OR4, SRy,
NR1R;, halogen, NO,, CN, NR/COR;, COOR4, OCOR;, CONRR;, OCOOR;, OCONR/R;,
NR{COOR;, SO3H, SOsM, SOR4, SO,R4 or COT; and/or

Ls and Ls, together denote a single bond, CR,R,, CO, O, S, NR. or NCOR; provided that L3
and Ls together are no single bond, when X denotes a single bond; and/or

one or more of the pairs Ly and Lg, Ly and L, Ls and L; together are C;-Cyalkylene, CR1=CR-
CR3=CR4, CR{=CR,-O, CR4=CR;-S, CRy=CR;NR;, CO-O-CO, CONR;CO, CO-(o-
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phenylene)-S, CO-(o-phenylene)-S substituted by one or more D, or are C4-Csalkylene inter-
rupted by O, S, NR; or NCORy;

T denotes Ty or O-Ty;

T, and T, independently of one another are hydrogen, C4-Cyalkyl, Cs-Cq.cycloalkyl, C,-
Caalkenyl, Cs-Cqocycloalkenyl, C,-Cyalkinyl, Cs-Cqgaryl, Cs-Cyoheteroaryl, C4-Cyoalkyl substi-
tuted by one or more D, C,-Cyalkyl interrupted by one or more E, C,-Cyalkyl substituted by
one or more D and interrupted by one or more E,

Cs-Cqocycloalkyl substituted by one or more D, C,-Cq,cycloalkyl interrupted by one or more
0O, CO, COO, CONRs5,S or NRs, C,-Cqocycloalkyl substituted by one or more D and inter-
rupted by one or more O, CO, COO, CONRs, S or NRs, C,-Cyalkenyl substituted by one or
more D, Cs3-Cyalkenyl interrupted by one or more E, C3-Cyalkenyl substituted by one or
more D and interrupted by one or more E, C,-Cyalkinyl substituted by one or more D, Cy-
Cyoalkinyl interrupted by one or more E, C4-Cyalkinyl substituted by one or more D and inter-
rupted by one or more E, CsCicycloalkenyl substituted by one or more D, Cs
Ciocycloalkenyl interrupted by one or more O, CO, COO, CONRs, S or NRs, Cs-
Ciocycloalkenyl substituted by one or more D and interrupted by one or more O, CO, COOQO,
CONRs, S or NRs; Ce-Cyaaryl substituted by one or more D; or

T4 and T, independently of one another are a group Q;

R1, Rz, Rs, Ry, Ra, Ry and R, independently of one another have the meaning of Ty;

D is hydrogen, Rs, ORs, SRs, NRsRs, halogen, NO,, CN, O-glycidyl, O-vinyl, O-allyl,
CORs, NRsCORg, COORs5, OCORs, CONRsRg, OCOORs, OCONRsRs, NRsCOORs, SO3H or
SOsM, or

D is a group Q;

E is O, S, COO, OCO, CO, NRs, NCORs5, NRsCO, CONRs5, OCOO, OCONRs, NRsCOO,

_ ~c—c— .
S0,, SO, CRs=CRg or R/ < .or

E is a group Qg;

Rs and Rg independently of one another are hydrogen, a covalent bond to another substitu-
ent to form a ring, C¢-Cs alkylene to form a ring with another substituent, C4-C4,alkyl, phenyl
or phenyl substituted by C,-Cjalkyl and/or C4-Cjalkoxy;

Q is C;-Cygbicycloalkyl, C,-Cqbicycloalkyl substituted by one or more D, Cs-
Ciobicycloalkyl interrupted by one or more O, CO, COO, CONRs, S or NRs; Cs
Cizbicycloalkyl substituted by one or more D and interrupted by one or more O, CO, COOQO,
CONRs, S or NRs; or
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Q is C;-Cyzbicycloalkenyl, C;-Cyzbicycloalkenyl substituted by one or more D, Cs
Ciobicycloalkenyl interrupted by one or more O, CO, COO, CONRs, S or NRs, Cs-
Cizbicycloalkenyl substituted by one or more D and interrupted by one or more O, CO, COQO,
CONRs, S or NRs; or

Q is C1o-Cyotricycloalkyl, C4o-Cyotricycloalkyl substituted by one or more D, C;-Cystricycloalkyl
interrupted by one or more O, CO, COO, CONRs, S or NRs, C7-Cystricycloalkyl substituted by
one or more D and interrupted by one or more O, CO, COO, CONRs;, S or NRs; or

Q is Cs-Cygcycloalkylenaryl, Cs-Cqscycloalkylenaryl substituted by one or more D, Cs-
Ciscycloalkylenaryl interrupted by one or more O, CO, COO, CONRs, S or NR;, Cs-
Ciscycloalkylenaryl substituted by one or more D and interrupted by one or more O, CO,
COO, CONRs, S or NRs; or

Q is Cs-Cygcycloalkylenheteroaryl, C;-Cqscycloalkylenheteroaryl substituted by one or more
D, Cs-Cyscycloalkylenheteroaryl interrupted by one or more O, CO, COO, CONRs, S or NRs,
Cs-C1scycloalkylenheteroaryl substituted by one or more D and interrupted by one or more O,
CO, COO, CONRs, S or NRs; or

Q is Cs-Czheteroaryl or C5-Cqheteroaryl substituted by one or more D;

Q; is =0, Cs-Cysaryl, Cs-Cysaryl substituted by one or more Ry,, OR;,, halogen, SRy,, NO,,
CN, CORj;, NR{;COR;;, COOR;;, OCORj;, CONRy;Ri;, OCOORj;, OCONRi;R1s,
NR1,COOR3, or by SOzH, C3-Cyzheteroaryl, Cs-Cqzheteroaryl substituted by one or more Ry,
OR42, halogen, SRy, NO,; CN, CORj;, NR;{;COR;;, COOR;;, OCORj;, CONR;Rs,
OCOOR2, OCONR;R13, NR12,COOR;3, or by SOzH; or

Q, is Cs-Cyocycloalkyl, Cs-Cqocycloalkyl substituted by one or more Rq4, C,-Cqzcycloalkyl in-
terrupted by one or more O, CO, COO, CONR;,S or NRs, C,-Cqocycloalkyl substituted by one
or more Ry4 and interrupted by one or more O, CO, COO, CONR;,S or NRs; or

Qq is Cs-Cqcycloalkenyl, Cs-Ciycycloalkenyl substituted by one or more Ry, Cs-
Ciocycloalkenyl interrupted by one or more O, CO, COO, CONRs, S or NRs, Cs-
Ciocycloalkenyl substituted by one or more Ry4 and interrupted by one or more O, CO, COQO,
CONRs, S or NRs; or

Q, is C;-Cqobicycloalkyl, C,-Cqzbicycloalkyl substituted by one or more Ry4, Cs-Cyzbicycloalkyl
interrupted by one or more O, CO, COO, CONRs, S or NRs, Cs-Cyzbicycloalkyl substituted by
one or more Ry4 and interrupted by one or more O, CO, COO, CONRs, S or NRs; or

Q, is Cs-Cybicycloalkenyl, C.,-Cqzbicycloalkenyl substituted by one or more Ry, Cs-
Ciobicycloalkenyl interrupted by one or more O, CO, COO, CONRs, S or NRs, Cs-
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Cizbicycloalkenyl substituted by one or more Ry, and interrupted by one or more O, CO,
COO, CONRs, S or NRs; or

Qq is Cqo-Cyotricycloalkyl, Cqo-Cyotricycloalkyl substituted by one or more Ry, Ci-
Cqstricycloalkyl interrupted by one or more O, CO, COO, CONRs S or NRs;, Co-
Cqstricycloalkyl substituted by one or more Rq4 and interrupted by one or more O, CO, COQO,
CONRs, S or NRs; or

Q, is Cs-Cyscycloalkylenaryl, Cg-Cqscycloalkylenaryl substituted by one or more Ry, Cr-
Ciscycloalkylenaryl interrupted by one or more O, CO, COO, CONRs, S or NR;, Cs-
Ciscycloalkylenaryl substituted by one or more Ry, and interrupted by one or more O, CO,
COO, CONRs, S or NRs; or

Q, is C;-Cyscycloalkylenheteroaryl, C7-Cqscycloalkylenheteroaryl substituted by one or more
R4, C4-Cyscycloalkylenheteroaryl interrupted by one or more O, CO, COO, CONRs, S or
NRs, C4-Cqscycloalkylenheteroaryl substituted by one or more R4 and interrupted by one or
more O, CO, COO, CONRs, S or NRs;

Q. is CeCyarylene, Cs-Cyirheteroarylene, Ci-Coalkylene, C4-Cyalkylene substituted by
one or more Ry, Cs-Cqycycloalkylene, Cs-Cqocycloalkylene substituted by one or more Ry,
C,-Ciocycloalkylene interrupted by one or more O, CO, COO, CONRsS or NR;, C,-
Ciocycloalkylene substituted by one or more Ry and interrupted by one or more O, CO,
COO, CONRs5,S or NRs; or

Q; is Cs-Cqycycloalkenylene, Cs-Cqocycloalkenylene substituted by one or more Ry, Cs-
Ciocycloalkenylene interrupted by one or more O, CO, COO, CONRs, S or NRs, Cs-
Cocycloalkenylene substituted by one or more Ry4 and interrupted by one or more O, CO,
COO, CONRs, S or NRs; or

Q is C;-Cyzbicycloalkylene, C;-Cqzbicycloalkylene substituted by one or more Ri4, Cs-
Ciobicycloalkylene interrupted by one or more O, CO, COO, CONRs, S or NRs, Cs-
Cizbicycloalkylene substituted by one or more R4 and interrupted by one or more O, CO,
COO, CONRs, S or NRs; or

Q; is C;-Cypbicycloalkenylene, C;-Cqsbicycloalkenylene substituted by one or more Ry4, Cs-
Ciobicycloalkenylene interrupted by one or more O, CO, COO, CONRs, S or NRs, Cs-
Cizbicycloalkenylene substituted by one or more Rq4 and interrupted by one or more O, CO,
COO, CONRs, S or NRs; or

Q; is Cyo-Cytricycloalkylene, Cqo-Cyotricycloalkylene substituted by one or more Ry, Co-
Cqstricycloalkylene interrupted by one or more O, CO, COO, CONRs, S or NRs, Cr-
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Cqstricycloalkylene substituted by one or more Rq4 and interrupted by one or more O, CO,
COO, CONRs, S or NRs; or

Q; is Cg-Cyscycloalkylenarylene, Cg-Cyscycloalkylenarylene substituted by one or more Ry,
C7-Cqscycloalkylenarylene interrupted by one or more O, CO, COO, CONRs, S or NRs, Co-
Ciscycloalkylenarylene substituted by one or more R4 and interrupted by one or more O,
CO, COO, CONRs, S or NRs; or

Q; is C-Cyscycloalkylenheteroarylene, C;-Cqscycloalkylenheteroarylene substituted by one or
more Ry4, Ce-Cyscycloalkylenheteroarylene interrupted by one or more O, CO, COO, CONRs,
S or NRs, Ce-Cygcycloalkylenheteroarylene substituted by one or more Rq4 and interrupted by
one or more O, CO, COO, CONRs, S or NRs;

R;, Rs, Ry, Rip and Ry independently of one another are hydrogen, C4-Cqalkyl, Cs-
Cq.alkoxy, phenyl, phenoxy, substituted phenyl or substituted phenoxy;

Ri2 and Ry, independently of one another are hydrogen, C4-Cqsalkyl, Cs-Cqocycloalkyl or
phenyl;

R44 is hydrogen, C4-Cqralkyl, Cs-Cqocycloalkyl, C4-Cqralkoxy, Cs-Ciocycloalkoxy, phenyl or
halogen;

n is an integer from 1 to 100;

Y is an inorganic or organic anion; and

M  is aninorganic or organic cation; and

provided that at least one of L, L4, Ly, L3, Ly, Ls, Ls, L7 and Lg is other than hydrogen;

and provided that

(i) atleastone of Tqor Ty is a group Q; or

(iiy atleastone D is a group Q4; or

(iii) atleast one E is a group Qy; are effective photoinitiators.

The compounds according to the invention are characterized in that at least one of the
phenyl rings bears a substituent other than hydrogen and that at least one of the provisos (i),

(ii) or (iii) as given above applies.

Said compounds excel at a good reactivity in combination with low yellowing, low odor and
good solubility in the photocurable formulation. The photolatent acid sulphonium salt com-
pounds of formula | exhibit a very satisfactory reactivity combined with good solubility and
low yellowing properties. A very important advantage in view of environmental aspects is the

fact that the compounds according to the present invention do not release benzene.
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C+Cyalkyl is linear or branched and is, for example,C4-Cqs-, C4-Cy4-, C1-Cy2-, C1-Csg-, C1-Cs-
or Cq-Cyalkyl. Examples are methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, isobutyl, tert-
butyl, pentyl, hexyl, heptyl, 2,4,4-trimethylpentyl, 2-ethylhexyl, octyl, nonyl, decyl, dodecyl,
tetradecyl, pentadecyl, hexadecyl, octadecyl and icosyl.

C+-Cysalkyl, C4-Cyalkyl, C4-Cqralkyl, C4-Cgalkyl, C4-Cealkyl and C4-Cyalkyl have the same
meanings as given above for C4-Cyalkyl up to the corresponding number of C-atoms.
Co-Cxalkyl interrupted by one or more E, with E defined as O, S, COO, OCO, CO, NRs,
NCORs, NRsCO, CONRs, OCOO, OCONRs5, NRsCOO, SO,, SO, CRs=CRg, R\/C/S\C\/R or Qa,
is for example interrupted 1-9, 1-7 or once or twice by E. In case the groups are interrupted
by more than one E, said E preferably are seperated from one another by at least one car-
bon atom, i.e. the E preferably are non-consecutive, in particular if E denotes O. Examples
are the following structural units -CH,-O-CHjs, -CH,CH,-O-CH,CH3, -[CH,CH,0],-CHs, with y
= 19, -(CH,CH,O);CH,CH3, -CH2-CH(CH3)-O-CH,-CH,CH3;, -CH,-CH(CH3)-O-CH,CHs,
-CH,-S-CH;, -CH,CH,-S-CH,CH3, -CH,-(CO)O-CH;, -CHx-(CO)-CHa, -CH,-NR5-CHjs,

-CHoCHyNRs-CH;CHs,  -CH-COO-CHpyGH,-0-CHs, ¢ 6~ 383 ,

2

H,
4 j/C*
H N Q o
H, ’ H, H, te.

C,-Cyealkenyl is mono or polyunsaturated, linear or branched and is for example C,-Cg-, Co-
Ce- or Cx-Cialkenyl. Examples are allyl, methallyl, vinyl, 1,1-dimethylallyl, 1-butenyl, 3-
butenyl, 2-butenyl, 1,3-pentadienyl, 5-hexenyl or 7-octenyl, especially allyl or vinyl.

Cs-Ciocycloalkyl is for example cyclopentyl, cyclohexyl, cyclooctyl, cyclo-dodecyl, especially
cyclopentyl and cyclohexyl, preferably cyclohexyl. C;-Cq2Cycloalkyl in the context of the pre-
sent application is to be understood as alkyl which at least comprises one ring. For example
methyl-cyclopentyl, cyclopentyl, cyclohexyl, methyl- or dimethylcyclohexyl, cyclooctyl, espe-

cially cyclopentyl and cyclohexyl, preferably cyclohexyl are also meant. Further examples
are structures like o ) , o 5 s-alkyl/o e.g. \C/O or \C/Oaum .
H, H,

C-Cacycloalkyl interupted by one or more E with E defined as O, S, COO, OCO, CO,
NRs, NCORs5, NRsCO, CONRs, OCOO, OCONRs, NRsCOO, SO, SO, CR5=CRs,
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(0]
(0] —0- _’:l i 7N
~ — O-C 0]
c—C . o 0 N-R
or Qy, is for example O@ ; Hy 6o {j ; s
/ N 2 p ~6"0 ZCH:ZCH3 /EO] -/

S

o}
—o—c—c/ \CH t
X 7 , c-q , etc..

2

C+-Cqobicycloalkyl in the context of the present application is to be understood as alkyl which

CH, -CH, o,
at least comprises two annelated rings. For example {Sj , {b ; % ;
FoOAY: A A
-alkyl H, , alkyl- Or alkyl , etc..
~N
C
H2

Cs-Cobicycloalkyl interupted by one or more E with E defined as O, S, COO, OCO, CO,
NRs, NCORs5, NRsCO, CONRs, OCOO, OCONRs, NRsCOO, SO, SO, CR5=CRs,

o]
A P
Sc—c orQy, is for example ; ./ etc.

R{ ]

C1o-Cytricycloalkyl in the context of the present application is to be understood as alkyl which

at least comprises three annelated rings. For example @ . ‘EII) etc..

C;-Cystricycloalkyl interupted by one or more E with E defined as O, S, COO, OCO, CO,
NRs, NCORs5, NRsCO, CONRs, OCOO, OCONRs, NRsCOO, SO, SO, CR5=CRs,

: 0
/ \ .
—c—c  orQq, is for example o@ , S ) AE:QQ etc..
O

Rs/ Rg

Cs-Cqocycloalkenyl, has one or more double bonds and is for example C4-Cs-cycloalkenyl or
Cs-Cs-cycloalkenyl. Examples are cyclopentenyl, cyclohexenyl or cyclooctenyl, especially
cyclopentenyl and cyclohexenyl, preferably cyclohexenyl. Cs-Cqocycloalkenyl in the context
of the present application is to be understood as alkenyl which at least comprises one ring.

For example methyl-cyclopentenyl, dimethylcyclohexenyl etc. are also meant.
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C7-Cqabicycloalkenyl in the context of the present application is to be understood as alkenyl

-CH,
which at least comprises two annelated rings. For example g;j : {b :
CH;, /@ %\ %
-CH,
% s -alkenyl s or alkenyl- etc..

Ce-Crqaryl is for example phenyl, 1-naphthyl, 2-naphthyl, anthryl or phenanthryl, in particular
phenyl.

Substituted Ce-Cyaaryl is for example substituted one to four times, e.g. once, twice or three
times, especially once or twice. Substituents on the phenyl ring are in position 2-, 3- or 4-, or
in position 2,4-, 2,6-, 2,3-, 3,4-, 3,5, 2,4,6- especially in position 2- or 4- of the phenyl ring.
Substituted naphthyl, anthryl or phenanthryl is for example substituted one to four times, e.g.
once, twice or three times, preferably once.

Cs-Cyscycloalkylenearyl denotes an aryl as defined above with an annelated cycloalkyl, for

example C@ , C@ , etc., Interrupted C7-Cygcycloalkylenearyl is for example

D Oy et

Cs-Cyheteroaryl, especially Cs-Cqzheteroaryl, in the context of the present invention is meant
to comprise either one ring or a multiple ring system, e.g. a fused ring-system. Cs-
Cyheteroaryl as heteroatom comprises one or more, e.g. 1-3 or 1 or, especially 1 heteroa-
tom(s), in particular selected from the group consisiting of O, S and N. Examples are thienyl,
benzo[b]thienyl, naphtho[2,3-b]thienyl, thianthrenyl, dibenzofuryl, chromenyl, xanthenyl, thi-
oxanthyl, phenoxathiinyl, pyrrolyl, imidazolyl, pyrazolyl, pyrazinyl, pyrimidinyl, pyridazinyl, in-
dolizinyl, isoindolyl, indolyl, indazolyl, purinyl, quinolizinyl, isogquinolyl, quinolyl, phthalazinyl,
naphthyridinyl, quinoxalinyl, quinazolinyl, cinnolinyl, pteridinyl, carbazolyl, B-carbolinyl, phe-
nanthridinyl, acridinyl, perimidinyl, phenanthrolinyl, phenazinyl, isothiazolyl, phenothiazinyl,
isoxazolyl, furazanyl, phenoxazinyl, 7-phenanthryl, anthraquinone-2-yl (= 9,10-diox0-9,10-
dihydroanthracen-2-yl),  3-benzol[b]thienyl,  5-benzo[b]thienyl,  2-benzo[blthienyl, 4-
dibenzofuryl, 4,7-dibenzofuryl, 4-methyl-7-dibenzofuryl, 2-xanthenyl, 8-methyl-2-xanthenyl, 3-
xanthenyl, 2-phenoxyathiinyl, 2,7-phenoxathiinyl, 2-pyrrolyl, 3-pyrrolyl, 5-methyl-3-pyrrolyl, 2-
imidazolyl, 4-imidazolyl, 5-imidazolyl, 2-methyl-4-imidazolyl, 2-ethyl-4-imidazolyl, 2-ethyl-5-
imidazolyl, 3-pyrazolyl, 1-methyl-3-pyrazolyl, 1-propyl-4-pyrazolyl, 2-pyrazinyl, 5,6-dimethyl-
2-pyrazinyl, 2-indolizinyl, 2-methyl-3-isoindolyl, 2-methyl-1-isoindolyl, 1-methyl-2-indolyl, 1-
methyl-3-indolyl, 1,5-dimethyl-2-indolyl, 1-methyl-3-indazolyl, 2,7-dimethyl-8-purinyl, 2-
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methoxy-7-methyl-8-purinyl, 2-quinolizinyl, 3-isoquinolyl, 6-isoquinolyl, 7-isoquinolyl, 3-
methoxy-6-isoquinolyl, 2-quinolyl, 6-quinolyl, 7-quinolyl, 2-methoxy-3-quinolyl, 2-methoxy-6-
quinolyl,  6-phthalazinyl,  7-phthalazinyl, 1-methoxy-6-phthalazinyl,  1,4-dimethoxy-
6-phthalazinyl, 1,8-naphthyridin-2-yl, 2-quinoxalinyl, 6-quinoxalinyl, 2,3-dimethyl-
6-quinoxalinyl, 2,3-dimethoxy-6-quinoxalinyl, 2-quinazolinyl, 7-quinazolinyl, 2-dimethylamino-
6-quinazolinyl, 3-cinnolinyl, 6-cinnolinyl, 7-cinnolinyl, 3-methoxy-7-cinnolinyl, 2-pteridinyl, 6-
pteridinyl, 7-pteridinyl, 6,7-dimethoxy-2-pteridinyl, 2-carbazolyl, 3-carbazolyl, 9-methyl-
2-carbazolyl, 9-methyl-3-carbazolyl, B-carbolin-3-yl, 1-methyl-B-carbolin-3-yl, 1-methyl-p-
carbolin-6-yl, 3-phenanthridinyl, 2-acridinyl, 3-acridinyl, 2-perimidinyl, 1-methyl-5-perimidinyl,
5-phenanthrolinyl, 6-phenanthrolinyl, 1-phenazinyl, 2-phenazinyl, 3-isothiazolyl,
4-isothiazolyl, 5-isothiazolyl, 2-phenothiazinyl, 3-phenothiazinyl, 10-methyl-3-phenothiazinyl,
3-isoxazolyl, 4-isoxazolyl, 5-isoxazolyl, 4-methyl-3-furazanyl, 2-phenoxazinyl or 10-methyl-
2-phenoxazinyl.

Preferred are heterocycles not comprising a N-atom, that is in particular heterocycles com-
prising O and/or S as heteroatoms, especially S; For example, thienyl, furyl, benzo[b]thienyl,
naphtho[2,3-b]thienyl, thianthrenyl, benzofuryl, dibenzofuryl, chromenyl, xanthenyl, thioxan-
thyl, phenoxathiinyl, 7-phenanthryl, anthraquinone-2-yl (= 9,10-dioxo-9,10-dihydroanthracen-
2-yl),  3-benzo[b]thienyl, 5-benzo[b]thienyl, 2-benzo[b]thienyl, 4-dibenzofuryl, 4,7-
dibenzofuryl, 4-methyl-7-dibenzofuryl, 2-xanthenyl, 8-methyl-2-xanthenyl, 3-xanthenyl, 2-
phenoxyathiinyl, 2,7-phenoxathiinyl.

C+-Cyscycloalkylenheteroaryl denotes a heteroaryl as described above with an annelated

2 N\
cycloalkyl (up to the corresponding number of C-atoms), for example O‘\NA/T , C[N} ;

o S
etc., interrupted Cs-Cigcycloalkyleneheteroaryl is for example | \ etc..

o o
Glycidyl is _ﬁ_ﬁ/_\CHz , O-glycidyl denotes —O-ﬁ-ﬁ/—\CH2 , O-vinyl'is —O-G=CH, , O-allyl
2 2

—0-C-C=CH
means SR

Halogen is fluorine, chlorine, bromine or iodine, especially chlorine or fluorine, preferably fluo-

rine.

Phenylene is O , 0-phenylene means, ortho-phenylene ©( .

Cs-Cycycloalkylene is for example cyclopentylene, cyclohexylene, cyclooctylene, cyclo-

dodecylene, especially cyclopentylene and cyclohexylene, preferably cyclohexylene. Cs-
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C1,Cycloalkylene in the context of the present application is to be understood as alkylene
which at least comprises one ring. For example methyl-cyclopentylene, cyclopentylene,

cyclohexylene, methyl- or dimethylcyclohexylene, cyclooctylene, especially cyclopentylene

and cyclohexylene, preferably cyclohexylene. Further examples are structures like -CH2@

CH, /Q_ alkylene-
) 'CHQO ) -alkyl €e.9. ¢ or ~¢ .
H, H,

C+-Cqobicycloalkylene in the context of the present application is to be understood as al-

-CH,
kylene which at least comprises two annelated rings. For example gg} , % ,
s -alkyl H, ) alkyl- OF alkylene- » €1C..
~N
H

C;-Cobicycloalkylene interupted by one or more E with E defined as O, S, COO, OCO,
CO, NRs, NCORs5, NRsCO, CONRs, OCOO, OCONRs, NRsCOO, SO, SO,

(o}

O ©  cH
N , ,
CRs=CRs, —c—c orQq, is for example {ﬁb : j<O ) etc.

Rs/ Rg

Cqo-Cxtricycloalkylene in the context of the present application is to be understood as al-

kylene which at least comprises three annelated rings. For example @ ,

{:C(} efc..

C;-Cystricycloalkylene interupted by one or more E with E defined as O, S, COO, OCO,
CO, NRs, NCORs5, NRsCO, CONRs, OCOO, OCONRs, NRsCOO, SO, SO,

0
CRs5=CRe, \/c/—\c\/ or Q, is for example O@ , w , AE:[\Q etc..
@]

R{ Rg

Cs-Ciocycloalkenylene, has one or more double bonds and is for example C4-Ce-
cycloalkenylene or Cg-Cgs-cycloalkenylene. Examples are cyclopentenylene, cyclohex-
enylene or cyclooctenylene, especially cyclopentenylene and cyclohexenylene, preferably
cyclohexenylene. Cs-Cqocycloalkenylene in the context of the present application is to be
understood as alkenylene which at least comprises one ring. For example methyl-

cyclopentenylene, dimethylcyclohexenylene etc. are also meant.
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C--Cqobicycloalkenylene in the context of the present application is to be understood as al-

-CH,
kenylene which at least comprises two annelated rings. For example QSEL , {23
SO O Ao
’ » -alkenyl ) or alkenyl- efc..

Ce-Crearylene is for example phenylene, 1-naphthylene, 2-naphthylene, anthreneylene or
phenanthrylene, in particular phenylene.
Cs-Cyscycloalkylenearylene denotes an arylene as defined above with an annelated cycloal-

kyl, for example C@ , Q@“ , etc., interrupted C;-Cygcycloalkylenearylene is for ex-

O
ample C@“ etc..

Cs-Cyheteroarylene, especially C3;-Cqsheteroarylene, in the context of the present invention
is meant to comprise either one ring or a multiple ring system, e.g. a fused ring-system, as
described above for the corresponding Cs-Cyheteroaryl, wherein the Cs-Cyoheteroaryl com-
prises an additional bond. Examples are thienylene, benzo[b]thienylene etc..

C-Cyscycloalkylenheteroarylene denontes a heteroarylene as described above with an anne-

lated cycloalkyl (up to the corresponding number of C-atoms), for example O\\T\/}” ,

N O
@[N} , etc., interrupted Cs-Cqscycloalkyleneheteroarylene is for example q;;} etc..

If Ls and Ls together denote a single bond or an organic linking group, the organic linking
group for example is CR4R,, CO, O, S, NR. or NCOR,, and for example the following struc-

tural units are formed, provided that L; and Ls together denote no single bond if the respec-

Lo L Lo L / L, L Ly Ly /
tive X is a single bond, L xﬁ—sf\v , L—Qxﬁ—s* Yo s
|_1 C |_7 L C L \
: it ,
R/ 'R,

o}



10

15

20

WO 2009/047151 PCT/EP2008/062988

O T / L, L L o N /
LS* v Lgxﬁ*&" v LQX Q \'
\ \ Ny \.
L/ L, L/ S L, 1 X L
c
Lo L Lo L e
L N L, \
o"C‘RC

If Ly and L3, Ly and L, Ls and L7 together denote an organic linking group; said organic linking
group is for example represented by Cs;-Cjalkylene, CR;=CR,CR3;=CR,;, CR;=CR;-O,
CR4=CR;-S, CR=CR;-NR;, CO-O-CO, CONR;CO, CO-(o-phenylene)-S, CO-(o-phenylene)-
S substituted by one or more D, or are C4-Csalkylene interrupted by O, S, NR; or NCORy;

and for example the following structural units are formed

(@]
0 Re R, R, o a
0 = N RN
0 L, L, O L, L,
L3 L, L3 L, L L,
X X X
L5 Le L5 Le LB L5 LG
L; Ly L; Ly Ly L; Ly
+ 3 + ’ + ’ + ’ + ’ " etC'
S S S S S
e Y7 e T Y7 T e Y7 T e Y7 . e Y7 e s Y7

Examples for Y as an organic or inorganic anion are halogenide, CIO4, CN, hydrogenosul-
fate, trifluoroacetate; or for example non-nucleophilic anions, selected from the group (BZ,),
(SbZs), (AsZs), (PZs), (B(CeZpHq)4)', with Z denoting a halogen, in particular F or ClI, prefera-
bly F and p and g independently of each other being an integer from 0 to 5, provided that the
sum of p+q is 5, e.g. (B(CsZs)s); C4-Cooalkylsulphonate, C-Cyhaloalkylsulphonate, C4-
Cyoperfluoroalkylsulphonate, unsubstituted Cs-Cqoarylsulphonate, camphorsulphonate, Ci-
Cao-perfluoroalkylsulphonylmethide, C4-Cyo-perfluoroalkylsulphonylimide, and Ce-
Cioarylsulphonate which is unsubstituted or substituted by halogen, NO,, SO;M, C,-Cy,alkyl,
C+-Cqzhaloalkyl, C4-Cqoalkoxy, phenylsulphonyloxy, Ci-Cjalkylphenylsulphonyloxy or by
COOR1g0; Wherein Rqgo is C4-Cyoalkyl, phenyl, benzyl or phenyl mono- or poly-substituted by
C+-Cqoalkyl, C+-Cqralkoxy or by halogen; and M is as defined above; or Y is a carborane as
for example disclosed by C.A. Reed in Accounts of Chemical Research (1998), 31(3), 133-
139 or US 5278119.
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C+-CrAlkylsulphonate is RSO3 wherein Ry is linear or branched C-Cxalkyl as described
above. Examples thereof include methylsulphonate, ethylsulphonate, propylsulphonate, pen-
tylsulphonate and hexylsulphonate.

C.,-CxHaloalkylsulphonate is RSO3 wherein R, is halo-substituted C,-Cyalkyl, C,-C1o-, Co-
Cs- or C4-Cg-alkyl. Examples thereof include C,FsSO3°, C4F9SO3 and CsF17S0s3.
Ce-CioArylsulphonate is RSO3 wherein Ry is Cs-Cyoaryl, e.g. phenyl or naphthyl.
Alkyl-substituted arylsulphonates are, for example, toluenesulphonate, 2,4,6-trimethyl-
benzene-sulphonate, 2,4,6-tris(isopropyl)benzenesulphonate, 4-tert-butylbenzenesulphonate
and 4-dodecylbenzenesulphonate.

Halo-substituted arylsulphonates are, for example, 4-chlorobenzenesulphonate, 4-fluoro-

benzenesulphonate, 2,4,6-trifluorobenzenesulphonate and pentafluorobenzenesulphonate.

H,C _ CH,

Camphorsulphonate is %

H2C\s'o3 °
C-Cyo-Perfluoroalkylsulphonylmethide is Rd—soz-clg—soz-Re , C1-Cyo-perfluoroalkylsulphonyl-
SO;Ry

imide is R;—SOyN—SO;R, , Wherein Ry, Re and Rr independently of one another are C;-

Caoperfluoroalkyl which is unsubstituted or is substituted by N(Rg)(Rn), or R4, Re and Ry are
phenyl unsubstituted or preferably substituted by CFj;; or Ry and R. together are C4-Cq-
perfluoroalkylene, which optionally is interrupted by -O-; Ry and R, independently of one an-
other are C4+-Cyoalkyl or Ry and Ry, together are C4-Cgperfluoroalkylene, which optionally is in-
terrupted by O or N(C4-C4-Alkyl).

Perfluoroalkyl is alkyl which is fully substituted by fluoro, i.e. the hydrogen atoms of the alkyl
radical are replaced by fluoro. The same applies for the perfluoroalkylene.

Examples of such anions are (C;FsSO,),N’, (C4FeSO,),N", (CsF1780,)5C7, (CF3S0,)5C,
(CF3S0,)N", (C4FeSO2)5C7, (CF3S02)(CsFeSOL)CT, (CF3SO2)(CsFeSOL)N, [(3,5-bis(CF3)-

F,C—SO0, £ c—S0, F;C'FZC B
2

(CeH3)SO,LN", cm’\ N [ c—so;cr, 6, N—CFrSOrN—SOCF,
F,C—S0, FZC\SO2 F,CF,C
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(F)ic FZC/N—CZF;SOZ—C_—(SOZCF3)2 . CeF5S02C(SO2CF3)2, CeFsSONSO,CFs.  Such anions are
F,CF,C
known the person skilled in the art. The anions as well as their preparation are described
e.g. in US 5554664.
Other anions, that are suitable as Y in the context of the present invention are for example
those as described in US 2005/0100819, page 12, [0122] to page 20, [0146], which disclo-

sure hereby is incorporated by reference.

Y as organic or inorganic anion, for example is halogen or a non-nucleophilic anion, selected

from the group Cs-Cjalkylsulphate, or perfluoroalkyl sulfonyl methides of the formula

Rd—soz-clg—soz-Re (wherein Ry, Re and R; independently of one another are Cs-

SO;Ry
B CF5SO, _
Cgperfluoroalkyl, which optionally may form rings), e.g. C+SOECF3]S , /‘C—SOECFs ,
CF;—S0,
/C|:2—SO2 _
cr, /‘C—SOZ-CF3 , CiF 214803, (BZs), (SbZs), (AsZs), (PZs) and (B(CeZs)s)'; wherein
CF;—S0,

Z is a halogen; and f is an integer from 1 to 8.
Examples of suitable methide anions are given in US5554664 , JP2005-309408-A and
JP2004-085657-A. The disclosures with respect to the definitions of the anions in said

documents hereby are incorpoared by reference.

Y in particular is halogen or a non-nucleophilic anion, selected from the group Cs-

C.alkylsulphate, Rd—soz-(lg—soz-Re . CiF24S03, (BZs), (SbZs), (AsZs), (PZs) and
SO;Ry

(B(CeZs)4); wherein Z is a halogen, in particular fluoro; and f is an integer from 1 to 8.

For example Y is a halogen or a non-nucleophilic anion, selected from the group C4-Cyo-

perfluoroalkylsulphonylmethide, CiF2:1SOs, (BZ4), (SbZs), (AsZs), (PZs) and (B(CeZs)s);

wherein f is an integer from 1 to 8.
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Y in particular is halogen or a non-nucleophilic anion, selected from the group CiF.1SO3,
(BF4), (SbFs), (AsFe), (PFs) and (B(CeF5)4); wherein f is an integer from 1 to 8.

M as an organic or inorganic cation, for example is Li, Na, K, Cs, N(Rm)s, N(Rn)sRn,
N(Rm)2RnRo, P(Rm)a, P(Rm)3Rn, P(Rm)2RaRo, S(Rm)s, S(Rm)2Rn or SRnR:R..

M preferably is Li, Na, K, N(Rm)4, N(Rm)sRn, N(Rm)2RnRo, S(Rm)s: S(Rm)2Rn, SRmRnRo; in par-
ticular Na, K, N(Rm)4, N(Rm)sRn, S(Rm)s or S(Rm)2Rn.

Rm, Rn and R, independently of one another are C4-Cyalkyl, phenyl or phenyl which is substi-

tuted by one or more C4-Cjalkyl.

The terms “and/or” or “or/and” in the present context are meant to express that not only one of
the defined alternatives (substituents) may be present, but also several of the defined alterna-
tives (substituents) together, namely mixtures of different alternatives (substituents).

The term “at least” is meant to define one or more than one, for example one or two or three,
preferably one or two.

The term “optionally substituted” means that the radical to which it refers is either unsubsti-
tuted or substituted.

Throughout this specification and the claims which follow, unless the context requires other-
wise, the word “comprise”, or variations such as “comprises” or “comprising”, will be under-
stood to imply the inclusion of a stated integer or step or group of integers or steps but not the
exclusion of any other integer or step or group of integers or steps.

The preferences referring to the compounds of the formula | as given hereinbefore and in the
context of the whole text, are intended not to refer to the compounds as such only, but to all
categories of the claims. That is to the compositions, comprising the compounds of the for-

mula |, as well as the use or process claims in which said compounds are employed.

Preferred are compounds of the formula I, wherein

X is asingle bond, CR,R, O or S;

L, Ly, Ly, L3, Ly, Ls, L, L7 and L independently of one another are hydrogen, Ry, OR4, SRy,
halogen, NO,, CN, COOR;, OCOR;, OCOOR; or COT; and/or

Ls and Ls together denote a single bond, CR,R,, CO, O or S; provided that L; and Ls together

are no single bond, when X denotes a single bond; and/or
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one or more of the pairs Ly and Ls, L1 and L, Ls and L7, together are C;-C,alkylene, CR1=CR-
CR;3=CR;, CR1=CR-O, CR=CR;-S, CO-0-CO, CO-(o-phenylene)-S, CO-(o-phenylene)-S
substituted by one or more D, or are C4-Csalkylene interrupted by O or S;

T denotes Ty or O-Ty;

T, and T, independently of one another are hydrogen, C4-Cyalkyl, Cs-Cq.cycloalkyl, C,-
Caalkenyl, Cs-Cqocycloalkenyl, C,-Cyalkinyl, Cs-Cqsaryl, Cs-Cyoheteroaryl, C4-Cyoalkyl substi-
tuted by one or more D, C,-Cyalkyl interrupted by one or more E, C,-Cyalkyl substituted by
one or more D and interrupted by one or more E,

Cs-Cqocycloalkyl substituted by one or more D, C,-Cq,cycloalkyl interrupted by one or more
0O, CO or COO, C,-Cyycycloalkyl substituted by one or more D and interrupted by one or
more O, CO or COO, C,-Cyalkenyl substituted by one or more D, C3-Cyalkenyl interrupted
by one or more E, C;-Cyalkenyl substituted by one or more D and interrupted by one or
more E, C,-Cyalkinyl substituted by one or more D, C4-Cyalkinyl interrupted by one or more
E, C4;-Cyalkinyl substituted by one or more D and interrupted by one or more E, Cs-
Cq.cycloalkenyl substituted by one or more D, C3-Cq,cycloalkenyl interrupted by one or more
0O, CO or COO, Cs-Cqycycloalkenyl substituted by one or more D and interrupted by one or
more O, CO or COO; Ce-Cqsaryl substituted by one or more D; or

T4 and T, independently of one another are a group Q;

R1, Rz, Rs, Ry, Ra, Ry and R, independently of one another have the meaning of Ty;

D is hydrogen, Rs, ORs, halogen, NO,, CN, O-glycidyl, O-vinyl, O-allyl, CORs, , COORs,
OCORs5, OCOORs, SO3H or SOsM, or

D is a group Q;

E isO,S,C00,0CO,CO, 0COO0, SO,, SO, CRs=CRs or R\/C—C\/ ;or

E is a group Qg;

Rs and Rg independently of one another are hydrogen, a covalent bond to another substitu-
ent to form a ring, C¢-Cs alkylene to form a ring with another substituent, C4-C4,alkyl, phenyl
or phenyl substituted by C,-Cjalkyl and/or C4-Cjalkoxy;

Q is C;-Cygbicycloalkyl, Cs-Cqbicycloalkyl substituted by one or more D, Cs-
Cizbicycloalkyl interrupted by one or more O, CO, COO or S, Cs-Cyzbicycloalkyl substituted
by one or more D and interrupted by one or more O, CO, COO or S; or

Q is C;-Cyzbicycloalkenyl, C;-Cyzbicycloalkenyl substituted by one or more D, Cs
Cizbicycloalkenyl interrupted by one or more O, CO, COO or S, Cs-Cybicycloalkenyl substi-
tuted by one or more D and interrupted by one or more O O, CO, COO or S; or
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Q is C1o-Cyotricycloalkyl, C4o-Cyotricycloalkyl substituted by one or more D, C;-Cystricycloalkyl
interrupted by one or more O, CO, COO or S, C;-Cystricycloalkyl substituted by one or more
D and interrupted by one or more O, CO, COO or S; or

Q is Cs-Cygcycloalkylenaryl, Cs-Cqscycloalkylenaryl substituted by one or more D, Cs-
Ciscycloalkylenaryl interrupted by one or more O, CO, COO or S, C;-Cscycloalkylenaryl
substituted by one or more D and interrupted by one or more O, CO, COO or S; or

Q is Cs-Cygcycloalkylenheteroaryl, C;,-Cqscycloalkylenheteroaryl substituted by one or more
D, Cs-Ciscycloalkylenheteroaryl interrupted by one or more O, CO, COO or S, Cs
Ciscycloalkylenheteroaryl substituted by one or more D and interrupted by one or more O,
CO,COOQ or S; or

Q is Cs-Cyzheteroaryl or C5-Cqheteroaryl substituted by one or more D;

Q; is =0, Cs-Cysaryl, Cs-Cysaryl substituted by one or more Ry,, OR;,, halogen, SRy,, NO,,
CN, CORy,, COOR;; or by OCOR;,, C3-Cyzheteroaryl, Cs-Cqzheteroaryl substituted by one or
more Rqz, ORy, halogen, SRq,, NO,, CN, COR;,, COOR; or by OCORy;; or

Q, is Cs-Cyocycloalkyl, Cs-Cqocycloalkyl substituted by one or more Rq4, C,-Cqzcycloalkyl in-
terrupted by one or more O, CO, COO or S, C,-Cy,cycloalkyl substituted by one or more Ry
and interrupted by one or more O, CO, COO or S; or

Qq is Cs-Cqcycloalkenyl, Cs-Ciycycloalkenyl substituted by one or more Ry, Cs-
Cizcycloalkenyl interrupted by one or more O, CO, COO or S, C3-Cy,cycloalkenyl substituted
by one or more Rysand interrupted by one or more O, CO, COO or S; or

Q, is C;-Cqobicycloalkyl, C,-Cqzbicycloalkyl substituted by one or more Ry4, Cs-Cyzbicycloalkyl
interrupted by one or more O, CO, COO or S, Cs-Cyzbicycloalkyl substituted by one or more
Risand interrupted by one or more O, CO, COO or S; or

Q, is Cs-Cybicycloalkenyl, C.,-Cqzbicycloalkenyl substituted by one or more Ry, Cs-
Cizbicycloalkenyl interrupted by one or more O, CO, COO or S, Cs-Cybicycloalkenyl substi-
tuted by one or more Rq4and interrupted by one or more O, CO, COO or S; or

Qq is Cqo-Cyotricycloalkyl, Cqo-Cyotricycloalkyl substituted by one or more Ry, Ci-
Cistricycloalkyl interrupted by one or more O, CO, COO or S, C;-Cystricycloalkyl substituted
by one or more Rysand interrupted by one or more O, CO, COO or S; or

Q, is Cs-Cyscycloalkylenaryl, Cg-Cqscycloalkylenaryl substituted by one or more Ry, Cr-
Ciscycloalkylenaryl interrupted by one or more O, CO, COO or S, C;-Cscycloalkylenaryl
substituted by one or more Ry4and interrupted by one or more O, CO, COO or S; or

Q, is C;-Cyscycloalkylenheteroaryl, C7-Cqscycloalkylenheteroaryl substituted by one or more

R4, C4-Cyscycloalkylenheteroaryl interrupted by one or more O, CO, COO or S, C4
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Ciscycloalkylenheteroaryl substituted by one or more Rqsand interrupted by one or more O,
CO, COO or S;

Q. is Cs-Cyqarylene, Cs-Cooheteroarylene, Cs-Cqocycloalkylene, Cs-Cqocycloalkylene substi-
tuted by one or more R4, C,-Cocycloalkylene interrupted by one or more O, CO, COO or S,
C,-Cqcycloalkylene substituted by one or Rysand interrupted by one or more O, CO, COO or
S; or

Q; is Cs-Cqocycloalkenylene, Cs-Cqocycloalkenylene substituted by one or more Ry, Cs-
Ciocycloalkenylene interrupted by one or more O, CO, COO or S, Cs-Cycycloalkenylene
substituted by one or more Ry4and interrupted by one or more O, CO, COO or S; or

Q is C;-Cyzbicycloalkylene, C;-Cqzbicycloalkylene substituted by one or more Ri4, Cs-
Cizbicycloalkylene interrupted by one or more O O, CO, COO or S, Cs-Cqybicycloalkylene
substituted by one or more Ry4and interrupted by one or more O, CO, COO or S; or

Q; is C;-Cypbicycloalkenylene, C;-Cqsbicycloalkenylene substituted by one or more Ry4, Cs-
Cizbicycloalkenylene interrupted by one or more O, CO, COO or S, Cs-Cq;bicycloalkenylene
substituted by one or more Ry4and interrupted by one or more O, CO, COO or S; or

Q; is Cyo-Cytricycloalkylene, Cqo-Cyotricycloalkylene substituted by one or more Ry, Co-
Cqstricycloalkylene interrupted by one or more O, CO, COO or S, C;-Cystricycloalkylene sub-
stituted by one or more Rqsand interrupted by one or more O, CO, COO or S; or

Q; is Cg-Cyscycloalkylenarylene, Cg-Cyscycloalkylenarylene substituted by one or more Ry,
C7-Ciscycloalkylenarylene interrupted by one or more O, CO, COO or S, Cs
Ciscycloalkylenarylene substituted by one or more Ry;and interrupted by one or more O, CO,
COO or S;or

Q; is C-Cyscycloalkylenheteroarylene, C;-Cqscycloalkylenheteroarylene substituted by one or
more Ry4, Ce-Cyscycloalkylenheteroarylene interrupted by one or more O, CO, COO or S, Cs-
Ciscycloalkylenheteroarylene substituted by one or more Ry, and interrupted by one or more
0, CO, COO0 or S;

R;, Rs, Ry, Rip and Ry independently of one another are hydrogen, C4-Cqalkyl, Cs-
Cq.alkoxy, phenyl, phenoxy, substituted phenyl or substituted phenoxy;

Ri2 and Ry, independently of one another are hydrogen, C4-Cqsalkyl, Cs-Cqocycloalkyl or
phenyl;

R44 is hydrogen, C4-Cqralkyl, Cs-Cqacycloalkyl, C4-Cqralkoxy, Cs-Ciocycloalkoxy, phenyl or
halogen;

n is an integer from 1 to 100;

Y is an inorganic or organic anion; and
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M is aninorganic or organic cation; and

provided that at least one of L, L, L, L4, Ls, Ls, L7 and Lg is other than hydrogen;
and provided that

(i) atleastone of Ty or Ty is a group Q; or

(iiy atleastone D is a group Q4; or

(ii) atleastone E is a group Qo.

In particular interesting are compounds of the formula | as defined above, wherein

at least one of L, L4, L2, L3 and L4 is other than hydrogen.

Emphasis is laid on compounds of the formula | as defined above, wherein Lg, L7 and Lg are

hydrogen.

Preferred are compounds of the formula |, as defined above, wherein L and Ls together do
not denote a single bond, CR.iR,, CO, O, S, NR. or NCOR.; and such compounds wherein
none of the pairs Ly and Ls, Ly and L, Ls and L; together are Cs-Cjalkylene, CR=CR; -
CR3=CR4, CR{=CR,-O, CR4=CR;-S, CRy=CR;-NR;, CO-O-CO, CONR;CO, CO-(o-
phenylene)-S, CO-(o-phenylene)-S substituted by one or more D, or are C4-Csalkylene inter-
rupted by O, S, NR; or NCOR;.

A further embodiment of the invention are compounds of the formula |, wherein

X is S;

L4, Ly, Ls, Ly, Ls. Lg, L7 and Lg denote hydrogen;

L is COT;

T is Ty;

T4 is Cs-Cyocycloalkyl, in particular adamantly, heteroaryl, in particular furyl, or C4-Cyalkyl
substituted by D;

D isQy

Q, denotes Cg-Cyqaryl substituted by halogen or Ryy;

Rz is Cy-Cyoalkyl;

Y is an anion selected from the group consisting of halogen, (B(CsZ,Hq)4)

or Rd—SOZ—(|3—SOZ—Re

SO;Ry
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pis5andqis 0;
V4 is F; and
Re, Rg¢ and Rrare Cq-Cyperfluoroalkyl.

Interesting are compounds of the formula | as defined above, wherein L, LiL,, L3 and Ly, in-
dependently of one another are hydrogen, R;, OR4, SRy, halogen, NO,, CN, COOR;,
OCOR;, OCOOR; or COT;

Ls, Le, L7 and Lg independently of one another are hydrogen, Ry, OR4, SRy, halogen; and/or

Ls; and Ls together are a single bond, CRaRy, CO, O, S, NR, or NCOR,; provided that L3 and
Lstogether are no single bond, when X denotes a single bond; and/or

one or more of the pairs Ly and Ls, Ly and L or Ls and L; , together are Cs-Cjalkylene,
CR.=CR,CR3=CR4, CR1=CR,-O, CR1=CR,-S, CR1=CR-NR;, CO-O-CO, CONR;,CO, CO-(o-
phenylene)-S, CO-(o-phenylene)-S substituted by one or more D, or are C4-Csalkylene inter-
rupted by O, S, NR; or NCORy;

T4 and T, independently of one another are hydrogen, C4-Cyalkyl, Cs-Cqcycloalkyl, C,-
Caalkenyl, Ce-Cyiaryl, C1-Cyoalkyl substituted by one or more D, C,-Cyalkyl interrupted by
one or more E, C,-Cyalkyl substituted by one or more D and interrupted by one or more E,
Cs-Cqocycloalkyl substituted by one or more D, C,-Cq,cycloalkyl interrupted by one or more E,
C,-Cqcycloalkyl substituted by one or more D and interrupted by one or more E, C,-
Cyalkenyl substituted by one or more D, Cs-Cyalkenyl interrupted by one or more E, Cs-
Cyalkenyl substituted by one or more D and interrupted by one or more E, or Cs-Cyaryl sub-
stituted by one or more D; or

T4 and T, independently of one another are a group Q;

X is O or S;

R4, Rz, Rs, R4, Ra, Ry and R. independently of one another have the meaning of Ty;

T is Ty or O-Ty;

D is hydrogen, Rs, ORs, SRs, halogen, NO,, CN, O-glycidyl, O-vinyl, O-allyl, CORs,
NRsCORgs, COORs, OCORs5, CONRsRs, OCOORs, OCONRsRs, NRsCOORg, SO3H or SO3M;
or D is a group Qy;

E is O, S, COO, OCO, CO, NCORs, NRsCO, CONRs, OCOO, OCONRs, NRsCOO, SO,
or SO, CRs=CRg; or E is a group Qy;

Rs and Rg independently of one another are hydrogen, C-Cqzalkyl, phenyl;

Q, Q1 and Q; are as defined above;

Y is an inorganic or organic anion; and
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M is an inorganic or organic cation;

provided that at least one of L, L4, Ly, L3, L4, Ls, Ls, L7 and Lg is other than hydrogen;
(i) atleastone of Ty or Ty is a group Q; or

(iiy atleastone D is a group Q4; or

(ii) atleastone E is a group Qo.

Interesting are compounds of the formula | as defined above, wherein L, LiL,, Ls and Ly, in-
dependently of one another are hydrogen, Ry, OR;, SRy, halogen, NO,, CN, COOR;, SO;H,
SOsM, SOR4, SO2R; or COT;

Ls, Ls, L7 and Lg independently of one another are hydrogen, Ry, OR4, halogen; and/or

Ls and Ls together are a single bond, CR.R,, CO, O or S; provided that L; and Ls, together
are no single bond, when X denotes a single bond; and/or

one or more of the pairs Ly and L;, Ly and L or Ls and L; together are Cs-Cjalkylene,
CR.=CR,CR3=CR4, CR1=CR,-O, CR1=CR,-S, CR1=CR-NR;, CO-O-CO, CONR;,CO, CO-(o-
phenylene)-S or CO-(o-phenylene)-S substituted by one or more D;

T4 and T, are independently of one another hydrogen, C4-Cyalkyl, Cs-Cq.cycloalkyl, C,-
Caalkenyl, Ce-Cyiaryl, C1-Cyoalkyl substituted by one or more D, C,-Cyalkyl interrupted by
one or more E, C,-Cyalkyl substituted by one or more D and interrupted by one or more E,
Cs-Cqocycloalkyl substituted by one or more D, C,-Cq,cycloalkyl interrupted by one or more E,
C,-Cqcycloalkyl substituted by one or more D and interrupted by one or more E, C,-
Cyalkenyl substituted by one or more D, Cs-Cyalkenyl interrupted by one or more E, Cs-
Cyalkenyl substituted by one or more D and interrupted by one or more E, Cs-Cqsaryl substi-
tuted by one or more D; or Ty and T, are a group Q;

R4, Rz, Rs, R4, Ra, Ry and R. independently of one another have the meaning of Ty;

T is Ty or O-Ty;

X is O or S;

D is hydrogen, Rs, ORs, SRs, halogen, NO,, CN, O-glycidyl, O-vinyl, O-allyl, CORs,
COORs5, OCORs, SO3H or SO3M; or D is a group Qg;

E is O, S, COO, OCO, CO, SO,, SO or CRs=CRg; or E is a group Qy;

Rs and Rg independently of one another are hydrogen, C4-Cqalkyl or phenyl;

Q, Q1 and Q; are as defined above;

Y is an inorganic or organic anion; and

M is an inorganic or organic cation;

provided that at least one of L, L4, Ly, L, Ly, Ls, Ls, L7 and Lg is other than hydrogen;
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and provided that
(i) atleastone of Ty or Ty is a group Q; or
(iiy atleastone D is a group Q4; or

(ii) atleastone E is a group Qo.

Interesting are compounds of the formula | as defined above, wherein L, L4, Ly, Ls and Ly,
independently of one another are hydrogen, R4, OR4, halogen, NO,, CN, COOR4, or COT,;
Ls, Ls, L7 and Lg independently of one another are hydrogen, Ry or OR4; and/or

Ls and Ls together are a single bond, CRaRy, CO, O or S; provided that L; and Ls together are
no single bond, when X denotes a single bond; and/or

one or more of the pairs Ly and L;, Ly and L or Ls and L; together are Cs-Cjalkylene,
CR.=CR,CR3=CR4, CR1=CR,-O, CR1=CR,-S, CR1=CR-NR;, CO-O-CO, CONR;,CO, CO-(o-
phenylene)-S or CO-(o-phenylene)-S substituted by one or more D;

T4 and T, are independently of one another hydrogen, C4-Cyalkyl, Cs-Cq.cycloalkyl, C,-
Caalkenyl, Ce-Cyiaryl, C1-Cyoalkyl substituted by one or more D, C,-Cyalkyl interrupted by
one or more E, C,-Cyalkyl substituted by one or more D and interrupted by one or more E,
Cs-Cqocycloalkyl substituted by one or more D, C,-Cq,cycloalkyl interrupted by one or more E,
C,-Cqcycloalkyl substituted by one or more D and interrupted by one or more E, C,-
Cyalkenyl substituted by one or more D, Cs-Cyalkenyl interrupted by one or more E, Cs-
Cyalkenyl substituted by one or more D and interrupted by one or more E, or Cs-Cyaryl sub-
stituted by one or more D; or T4 and T, are a group Q;

R4, Rz, Rs, R4, Ra, Ry and R. independently of one another have the meaning of Ty;

T is Ty or O-Ty;

X is O or S;

D is hydrogen, Rs, ORs, SRs, halogen, NO,, CN, O-glycidyl, O-vinyl, O-allyl, CORs,
COORs or OCORs; or D is a group Q;

E is O, S, COO, OCO, CO or CRs=CReg; or E is a group Qy;

Rs and Rg independently of one another are hydrogen, C4-Cqalkyl or phenyl;

Q, Q1 and Q; are as defined above;

Y is an inorganic or organic anion; and

M is an inorganic or organic cation;

provided that at least one of L, L4, Ly, L3, L4, Ls, Ls, L7 and Lg is other than hydrogen;

and provided that

(i) atleastone of Ty or Ty is a group Q; or
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(iiy atleastone D is a group Q4; or

(ii) atleastone E is a group Qo.

Further interesting are compounds of the formula |, wherein

L, L4, Ly, Lsand Ly independently of one another are hydrogen, Ry, ORy, NO, or COT;

Ls, Le, L7 and Ls independently of one another are hydrogen, Ry or ORy;

T4 and T, are independently of one another hydrogen, C4-Cyalkyl, Cs-Cq.cycloalkyl, C,-
Caalkenyl, Ce-Cyiaryl, C1-Cyoalkyl substituted by one or more D, C,-Cyalkyl interrupted by
one or more E, C,-Cyalkyl substituted by one or more D and interrupted by one or more E,
Cs-Cqocycloalkyl substituted by one or more D, C,-Cq,cycloalkyl interrupted by one or more E,
C,-Cqcycloalkyl substituted by one or more D and interrupted by one or more E, C,-
Cyalkenyl substituted by one or more D, Cs-Cyalkenyl interrupted by one or more E, Cs-
Caalkenyl substituted by one or more D and interrupted by one or more E, or Cs-Cyaryl sub-
stituted by one or more D; or T4 and T, are a group Q;

R4, Ra, Ry, Rc independently of one another have the meaning of Ty;

T is Ty or O-Ty;

X is O or S;

D is hydrogen, Rs, ORs, SRs, halogen, NO,, CN, O-glycidyl, O-vinyl, O-allyl, CORs,
COORs, or OCORs; or D is a group Q;

E is O, S, COO, OCO, CO, or CRs=CRg; or E is a group Qy;

Rs and Rg independently of one another are hydrogen, C-Cqzalkyl, phenyl;

Q, Q1 and Q; are as defined above; and

Y is an inorganic or organic anion;

provided that at least one of L, L4, Ly, L3, L4, is NO,, SRy or COT;

and provided that

(i) atleastone of Ty or Ty is a group Q; or

(iiy atleastone D is a group Q4; or

(ii) atleastone E is a group Qo.

Another embodiment of the invention is a compound of the formula |, wherein

L, L4, L, Ls and L4 independently of one another are hydrogen, NO,, Ry, OR, or COT;
Ls, Ls, L7 and Lg independently of one another are hydrogen, R or ORj;

provided that at least one of L, L4, Ly, L3, Ly is NO, or COT;
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T4 is hydrogen, C4-Cyalkyl, C5-C4,cycloalkyl, Cs-Cqqaryl, Cs-Cyqaryl substituted by one or
more C4-Cyalkyl, halogen or C4-Csalkoxy; or T4 is a group Q;

T is Ty or O-Ty;

T, is hydrogen, C4-Cyalkyl, Cs-Cqcycloalkyl, Ce-Cqaaryl, C1-Cyoalkyl substituted by one or
more D, C,-Cyalkyl interrupted by one or more E, C,-Cyalkyl substituted by one or more D
and interrupted by one or more E, Cs-Cq,cycloalkyl substituted by one or more D, C,-
Cqocycloalkyl interrupted by one or more E, C,-Cq,cycloalkyl substituted by one or more D
and interrupted by one or more E, or C¢-Cyqaryl substituted by one or more D; or T, is a
group Q;

XisOorsS;

D is hydrogen, Rs, ORs, halogen, O-glycidyl, O-vinyl, O-allyl, CORs, COOR5; or OCORs; or
D is a group Q;

E is O, COO, OCO or CO; or E is a group Qy;

Q, Q1 and Q; are as defined above;

R4, Rz, Rs and Rg independently of one another are hydrogen, C4-Cqalkyl or phenyl; and

Y is an inorganic or organic anion;

and provided that

(i) atleastone of Ty or Ty is a group Q; or

(iiy atleastone D is a group Q4; or

(ii) atleastone E is a group Qo.

Preferred are compounds of the formula |, wherein

L, L4, Ly, Lsand Ly, independently of one another are hydrogen, Ry, OR; or COT;

Ls, Le, L7 and Lg are hydrogen; provided that at least one of L, L+, Ly, L3, Ly is COT;

T4 is hydrogen, C4-Cyalkyl, Cs-Cqocycloalkyl, Cs-Cysaryl, or is Ce-Cyiaryl substituted by
one or more C4-C, alkyl, halogen or C4-C,4 alkoxy; or T4 is a group Q;

T is Tyor O-Ty;

T, is hydrogen, C4-Cyalkyl, Cs-Cqcycloalkyl, Cg-Cqqaryl, C1-Cyoalkyl substituted by one or
more O-glycidyl, O-vinyl, O-allyl, Rs, ORs, COORs and/or optionally interrupted by one or
more O, C,-Cy,cycloalkyl interrupted by one or more O, or is Cs-Cyaryl substituted by one or
more C4-Cyalkyl, halogen or C4-Csalkoxy; or T, is a group Q;

XisOorsS;

Q is as defined above;

R1 and Rs independently of one another are hydrogen, C4-C4,alkyl or phenyl; and
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Y is an inorganic or organic anion;

and provided that

(i) atleastone of Ty or Tpis a group Q; or
(iiy atleastone D is a group Q4; or

(ii) atleastone E is a group Qo.

Further preferred are compounds of the formula I, wherein

L, L4, Ly, Lsand Ly, independently of one another are hydrogen or COT;

Ls, Ls, L7 and Lg are hydrogen; provided that at least one of L, L4, Ly, L3, Ly is COT;

T4 is hydrogen, C4-Cyalkyl, Cs-Cqocycloalkyl, Cs-Cysaryl, or is Ce-Cyiaryl substituted by
one or more C4-C, alkyl, halogen or C4-C,4 alkoxy; or T4 is a group Q;

T is Tyor O-Ty;

T, is hydrogen, C4-Cyalkyl, Cs-Cqcycloalkyl, Cg-Cyqaryl, C1-Cyoalkyl substituted by one or
more O-glycidyl, O-vinyl, O-allyl, Rs, ORs, COORs and/or optionally interrupted by one or
more O, C,-Cy,cycloalkyl interrupted by one or more O, or is Cs-Cyaryl substituted by one or
more C4-C4 alkyl, halogen or C4-C,4 alkoxy; or T, is a group Q;

XisOorsS;

Rs is hydrogen, C4-Cqzalkyl or phenyl;

Q is as defined above; and

Y is an inorganic or organic anion;

and provided that

(i) atleastone of Ty or Ty is a group Q; or

(iiy atleastone D is a group Q4; or

(ii) atleastone E is a group Qo.

Other interesting compounds according to the invention are compounds of the formula |
wherein

L, L4, Ly, Lsand Ly, independently of one another are hydrogen or COT;

Ls, Le, L7 and Lg are hydrogen;

T4 is hydrogen, C4-Cyalkyl, Cs-Cqocycloalkyl, Cs-Cysaryl, or is Ce-Cyiaryl substituted by
one or more C4-C,alkyl, halogen or C4-C,alkoxy; or T4 is a group Q;

T is Tyor O-Ty;

T, is hydrogen, Cs-Cyalkyl, or is C4-Cyalkyl substituted by one or more Rs, ORs orCOOR;

and/or optionally interrupted by one or more O; or T, is a group Q;
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XisOorsS;

Rs is hydrogen, C4-Cqzalkyl or phenyl;

Q is as defined above; and

Y is a halogen or a non-nucleophilic anion, selected from the group C4-Cyo-
perfluoroalkylsulphonylmethide, CiFx.1SO3’, (BZ4), (SbZs), (AsZs), (PZs) and (B(CeZs)4);
V4 is a halogen; and

f is an integer from 1 to 8;

provided that at least one of L, L4, Ly, L3, Ly is COT;

and provided that

(i) atleastone of Ty or Ty is a group Q; or

(iiy atleastone D is a group Q4; or

(ii) atleastone E is a group Qo.

Interesting further are compounds of the formula |, wherein

L4, Ls Ls and Lg are hydrogen;

as well as compounds of the formula |, wherein

L, Ly, Ly, Ls and Ly independently of one another are hydrogen, Ry, OR4, halogen, CN, NO,
or COT;

Ls, Le, L7 and Ls independently of one another are hydrogen, Ry or ORy;

provided that at least one of L, L4, Ly, L3, Ly is CN, NO, or COT;

T4 and T, independently of one another are hydrogen, C4-Cyalkyl, Cs-C.cycloalkyl, C,-
Cyalkenyl, Cs-Cygaryl, Cs-Cqzheteroaryl, Ci-Cyalkyl substituted by one or more D, C,-
Caoalkyl interrupted by one or more E, C,-Cyalkyl substituted by one or more D and inter-
rupted by one or more E, C5-C4,cycloalkyl substituted by one or more D, C,-Cq,cycloalkyl in-
terrupted by one or more O, CO, COO or S, C,-Cq,cycloalkyl substituted by one or more D
and interrupted by one or more O, CO, COO or S, C,-Cyalkenyl substituted by one or more
D, Cs-Cyalkenyl interrupted by one or more E, Cs-Cyalkenyl substituted by one or more D
and interrupted by one or more E, Cs-Cq4aryl substituted by one or more D, Cs-Cqsheteroaryl
substituted by one or more D; Or T4 and T, are a group Q;

R4, Ra and R, independently of one another have the meaning of Ty;

T is Ty or O-Ty;

X isOorS;

D is hydrogen, Rs, ORs, SRs, halogen, NO,, CN, O-glycidyl, O-vinyl, O-allyl, CORs,
COORs, OCORs, or is a group Qq;
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E is O, S, COO, OCO, CO, CRs=CRs, oris a group Qy;

Rs and Rg independently of one another are hydrogen, a covalent bond to another substitu-
ent to form a ring, C+-C¢ alkylene to form a ring with another substituent, C4-Cq,alkyl, phenyl
or phenyl substituted by C,-Cjalkyl and/or C4-Cjalkoxy;

R7, Rs, Rg, Rig and Ry independently of one another are hydrogen, C;-Cisalkyl, Cs-
Cq.alkoxy, phenyl, phenoxy, substituted phenyl or substituted phenoxy;

Q, Q1 and Q; are as defined above;

n is an integer from 1 to 100 and

Y is an inorganic or organic anion; and

M is an inorganic or organic cation, and

provided that at least one of L, Ly, Ly, L3, L4, Ls, Ls, L7 @and Lg is other than hydrogen;

and provided that

(i) atleastone of Ty or Ty is a group Q; or

(iiy atleastone D is a group Q4; or

(ii) atleastone E is a group Qo.

Other interesting compounds of the formula | are such, wherein

L, Ly, Ly, Ls and Ly independently of one another are hydrogen, Ry, OR4, halogen, CN, NO,
or COT;

Ls, Le, L7 and Ls independently of one another are hydrogen, Ry or ORy;

provided that at least one of L, L4, Ly, L3, Ly is CN, NO, or COT;

T4 and T, independently of one another are hydrogen, C4-Cyalkyl, Cs-C.cycloalkyl, C,-
Caalkenyl, Ce-Cyiaryl, C1-Cyoalkyl substituted by one or more D, C,-Cyalkyl interrupted by
one or more E, C,-Cyalkyl substituted by one or more D and interrupted by one or more E,
Cs-Cqocycloalkyl substituted by one or more D, C,-Cq,cycloalkyl interrupted by one or more
0O, CO, COO or S, C,-Cqycycloalkyl substituted by one or more D and interrupted by one or
more O, CO, COO or S, C,-Cyalkenyl substituted by one or more D, Cs-Cyalkenyl inter-
rupted by one or more E, C3-Cyalkenyl substituted by one or more D and interrupted by one
or more E, Cs-Cyqaryl substituted by one or more D; or are Q;

R4, Ra and R, independently of one another have the meaning of Ty;

T is Ty or O-Ty;

X isOorS;

D is hydrogen, Rs, ORs, SRs, halogen, NO,, CN, O-glycidyl, O-vinyl, O-allyl, CORs,
COORs, OCORs, or is a group Qq;
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E is O, S, COO, OCO, CO, CRs=CRs, oris a group Qy;

Rs and Rg independently of one another are hydrogen, a covalent bond to another substitu-
ent to form a ring, C+-C¢ alkylene to form a ring with another substituent, C4-Cq,alkyl, phenyl
or phenyl substituted by C,-Cjalkyl and/or C4-Cjalkoxy;

R7, Rs, Ro, Rig and Ry independently of one another are hydrogen, C;-Cisalkyl, Cs-
Cq.alkoxy, phenyl, phenoxy, substituted phenyl or substituted phenoxy;

Q, Q1 and Q; are as defined above;

n is an integer from 1 to 100 and

Y is an inorganic or organic anion; and

M  is an inorganic or organic cation, and

provided that at least one of L, Ly, Ly, L3, L4, Ls, Ls, L7 @and Lg is other than hydrogen;

and provided that

(i) atleastone of Ty or Ty is a group Q; or

(iiy atleastone D is a group Q4; or

(ii) atleastone E is a group Qo.

Emphasis is laid on compounds of the formula | as defined above, wherein

L4, Ly, L3, L4, Ls, Le, Ly and L are hydrogen

L is COT, COOR; or CN;

T is Ty;

X is O or S or CO;

Y is halogen or a non-nucleophilic anion, selected from the group CiF.1SO3, C4-Cyo-
perfluoroalkylsulphonylmethide, (BF,), (SbFs), (AsFs), (PFe¢) and (B(CsFs)4); and
f is an integer from 1 to 8.

and provided that

(i) atleastone of Tqis a group Q; or

(iiy atleastone D is a group Q4; or

(i) atleast one E is a group Qo.

Preferred compounds of the formula | as defined above, with the provisos that
(i) atleastone of Ty or Ty is a group Q; or

(iiy atleastone D is a group Q4; or

(ili) atleastone E is a group Qq,

in particular such compounds of the formula | as defined above with the provisos that
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(i) atleastone of Ty or Ty is a group Q; or

(i) atleastone D is a group Q.

Q preferably is C;-Cyzbicycloalkyl, C;-Cq,bicycloalkyl substituted by one or more D, Cs-
Cizbicycloalkyl interrupted by one or more O, CO, COO or S, Cs-Cyzbicycloalkyl substituted
by one or more D and interrupted by one or more O, CO, COO or S; or

Q is C;-Cyzbicycloalkenyl, C;-Cyzbicycloalkenyl substituted by one or more D, Cs
Cizbicycloalkenyl interrupted by one or more O, CO, COOQ, or S, Cs-Cqzbicycloalkenyl substi-
tuted by one or more D and interrupted by one or more O, CO, COO or S; or

Q is Cs-Cygcycloalkylenaryl, Cs-Cqscycloalkylenaryl substituted by one or more D, Cs-
Ciscycloalkylenaryl interrupted by one or more O, CO, COO or S, C;-Cscycloalkylenaryl
substituted by one or more D and interrupted by one or more O, CO, COO or S; or

Q is Cs-Cygcycloalkylenheteroaryl, C;-Cqscycloalkylenheteroaryl substituted by one or more
D, Cs-Ciscycloalkylenheteroaryl interrupted by one or more O, CO, COO or S, Ce
Ciscycloalkylenheteroaryl substituted by one or more D and interrupted by one or more O,
CO, COO orS.

Q is for example C7-Cqsbicycloalkyl, C;-Cqzbicycloalkyl substituted by one or more D, Cs-
Cizbicycloalkyl interrupted by one or more O, CO, COO or S, Cs-Cyzbicycloalkyl substituted
by one or more D and interrupted by one or more O, CO, COO or S; or

Q is C;-Cyzbicycloalkenyl, C;-Cyzbicycloalkenyl substituted by one or more D, Cs
Cizbicycloalkenyl interrupted by one or more O, CO, COOQO, or S, Cs-Cq bicycloalkenyl substi-
tuted by one or more D and interrupted by one or more O, CO, COO or S.

Q. preferably is =0, Cs-Cyaaryl, Ce-Cqqaryl substituted by one or more Ry, C3-Cqzheteroaryl,
Cs-Cqzheteroaryl substituted by one or more Ryy4; or

Q, is Cs-Cyocycloalkyl, Cs-Cqocycloalkyl substituted by one or more Rq4, C,-Cqzcycloalkyl in-
terrupted by one or more O or S, C,-Cq,cycloalkyl substituted by one or more Ry, and inter-
rupted by one or more O or S; or

Q, is Cs-Cqcycloalkenyl, Cs-Cyycycloalkenyl substituted by one or more Ry, Cs-
Ciocycloalkenyl interrupted by one or more O or S, C;-Cq,cycloalkenyl substituted by one or

more Rqsand interrupted by one or more O or S; or
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Q, is C;-Cqobicycloalkyl, C,-Cq,bicycloalkyl substituted by one or more Ry4, Cs-Cyzbicycloalkyl
interrupted by one or more O or S, Cs-Cyzbicycloalkyl substituted by one or more Rq4 and in-
terrupted by one or more O or S; or

Q, is Cs-Cybicycloalkenyl, C.,-Cqzbicycloalkenyl substituted by one or more Ry, Cs-
Cizbicycloalkenyl interrupted by one or more O or S, Cs-Cy,bicycloalkenyl substituted by one
or more Rysand interrupted by one or more O or S; or

Q, is Cs-Cyscycloalkylenaryl, Cg-Cqscycloalkylenaryl substituted by one or more Ry, Cr-
Ciscycloalkylenaryl interrupted by one or more O or S, C;-Cyscycloalkylenaryl substituted by
one or more Ry4 and interrupted by one or more O or S; or

Q, is C;-Cyscycloalkylenheteroaryl, C7-Cqscycloalkylenheteroaryl substituted by one or more
Ri, C4-Cyscycloalkylenheteroaryl interrupted by one or more O or S, C4
Ciscycloalkylenheteroaryl substituted by one or more Ry4and interrupted by one or more O or
S.

Q, is for example =0, phenyl, phenyl substituted by one or more C4-Cjalkyl or C-Csalkoxy;
or

Q, is Cs-Cqocycloalkyl, Cs-Cqocycloalkyl substituted by one or more C4-Cqalkyl or Cq-
Cizalkoxy, C,-Cqocycloalkyl interrupted by one or more O or S, Cs-Cq,cycloalkyl substituted
by one or more C4-Cqalkyl or C4-C4zalkoxy and interrupted by one or more O or S; or

Q, is Cs-Cyocycloalkenyl, Cs-Cq,cycloalkenyl substituted by one or more C4-Cyialkyl or Cy-
Cizalkoxy, Cs-Cqocycloalkenyl interrupted by one or more O or S, C;-Cqocycloalkenyl substi-
tuted by one or more C4-Cyalkyl or C4-C4zalkoxy and interrupted by one or more O or S; or
Q, is C;-Cqzbicycloalkyl, C;-Cqzbicycloalkyl substituted by one or more C4-Cyalkyl or Cy-
Cizalkoxy, Cs-Cqzbicycloalkyl interrupted by one or more O or S, Cs-Cyzbicycloalkyl substi-
tuted by one or more C4-Cyalkyl or C4-C4zalkoxy and interrupted by one or more O or S; or
Q, is C7-Cyzbicycloalkenyl, C;-Cqobicycloalkenyl substituted by one or more C4-Cqzalkyl or C4-
Cizalkoxy, Cs-Cqzbicycloalkenyl interrupted by one or more O or S, Cs-Cyzbicycloalkenyl sub-

stituted by one or more C4-Cqzalkyl or C4-C4,alkoxy and interrupted by one or more O or S.

Q; preferably is Cs-Cysarylene, Cs-Cqoheteroarylene, Ci-Cyalkylene, C4-Cyoalkylene substi-
tuted by one or more Ry, Cs-Ciocycloalkylene, Cs-Cqocycloalkylene substituted by one or
more Rq4, C,-Cqocycloalkylene interrupted by one or more O or S, C,-C,cycloalkylene substi-

tuted by one or more Rqsand interrupted by one or more O or S; or
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Q; is Cs-Cqocycloalkenylene, Cs-Cqocycloalkenylene substituted by one or more Ry, Cs-
Ciocycloalkenylene interrupted by one or more O or S Cs-Cqycycloalkenylene substituted by
one or more Rysand interrupted by one or more O or S; or

Q is C;-Cyzbicycloalkylene, C;-Cqzbicycloalkylene substituted by one or more Ri4, Cs-
Cizbicycloalkylene interrupted by one or more O or S, Cs-Cqsbicycloalkylene substituted by
one or more Ry4and interrupted by one or more O or S; or

Q; is C;-Cypbicycloalkenylene, C;-Cqsbicycloalkenylene substituted by one or more Ry4, Cs-
Cizbicycloalkenylene interrupted by one or more O or S, Cs-Cyzbicycloalkenylene substituted
by one or more R4 and interrupted by one or more O or S; or

Q; is Cg-Cyscycloalkylenarylene, Cg-Cyscycloalkylenarylene substituted by one or more Ry,
C7-Cqscycloalkylenarylene interrupted by one or more O or S, C7-Cqscycloalkylenarylene sub-
stituted by one or more R44 and interrupted by one or more O or S; or

Q; is C-Cyscycloalkylenheteroarylene, C;-Cqscycloalkylenheteroarylene substituted by one or
more Ry, Ce-Ciscycloalkylenheteroarylene interrupted by one or more O or S, Cs-
Ciscycloalkylenheteroarylene substituted by one or more Rq4 and interrupted by one or more
OorsS.

Q, for example is Cs-Cyqarylene, C3-Cyzheteroarylene, Cq-Cyalkylene, C4-Cyoalkylene substi-
tuted by one or more Ry, Cs-Ciocycloalkylene, Cs-Cqocycloalkylene substituted by one or
more Rq4, C,-Cqocycloalkylene interrupted by one or more O or S, C,-Cq,cycloalkylene substi-
tuted by one or more Rq4 and interrupted by one or more O or S; or

Q; is Cs-Cqocycloalkenylene, Cs-Cqocycloalkenylene substituted by one or more Ry, Cs-
Cocycloalkenylene interrupted by one or more O or S Cs-Cqycycloalkenylene substituted by
one or more Ry4 and interrupted by one or more O or S; or

Q is C;-Cyzbicycloalkylene, C;-Cqzbicycloalkylene substituted by one or more Ri4, Cs-
Ciobicycloalkylene interrupted by one or more O or S, Cs-Cqsbicycloalkylene substituted by
one or more Ry4 and interrupted by one or more O or S; or

Q; is C;-Cypbicycloalkenylene, C;-Cqsbicycloalkenylene substituted by one or more Ry4, Cs-
Cizbicycloalkenylene interrupted by one or more O or S, Cs-Cy,bicycloalkenylene substituted

by one or more Rq4 and interrupted by one or more O or S.

L, L4, Ly, Lsand Ly independently of one another are hydrogen, Ry, OR4, SRy, halogen, NO,,
CN, COR4, COOR4, OCOR;, OCOOR; or COT; or for example independently of one another
are hydrogen, R4, OR4, SRy, halogen, NO,, CN, COR,, COOR, or COT,; or e.g. independ-
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ently of one another are hydrogen, R4, OR4, halogen, NO,, CN, COR,, COOR; or COT,; in
particular L, L4, Ly, L3 and L, independently of one another are hydrogen, Ry, OR;, halogen,
CN, NO; or COT,; or for example L, L4, Ly, L3z and L4 independently of one another are hydro-
gen, Ry, OR4, NO, or COT; preferably L, L4, Ly, Ls and L, independently of one another are
hydrogen, Ry, OR; or COT,; especially L, L4, L, Ls and L, independently of one another are
hydrogen or COT.

Ls, Ls, L7 and Ls independently of one another are hydrogen, R, OR,, SRy, halogen, NO,,
CN, COR4, COORy, OCOR4, OCOOR;, or COT; or for example independently of one another
are hydrogen, Ry, OR4, SRy, halogen, O-glycidyl, O-vinyl or O-allyl,; and/or L3 and L5 together
are a single bond, CR.R,, CO, O, S, NR. or NCOR,; provided that L; and Ls together are no
single bond, when X denotes a single bond; and/or one or more of the pairs Ly and Ls, Ly and
L or Ls and L; together are C;-Cjalkylene, CR1=CR,-CR;3=CR;, CR1=CR,-O, CR1=CR;-S,
CR4=CRxNR4, CO-O-CO, CONR,CO, CO-(o-phenylene)-S, CO-(o-phenylene)-S substituted
by one or more D, or are C4-Csalkylene interrupted by O, S, NRs or NCORj;

or for example L; and L5 together are a single bond, CR.R;,, CO, O or S.

In particular Ls, Ls, L7 and Lg independently of one another are hydrogen, R, or OR;; and/or

Ls and Ls together are a single bond, CRaRy, CO, O or S; provided that L; and Ls together are
no single bond, when X denotes a single bond; and/or one or more of the pairs L, and Ls, L4
and L or Ls and L7 together are Cs-Cjalkylene, CR1=CR,-CR3=CR4, CR1=CR,-O, CR1=CR,-S,
CR4=CRxNRy, CO-O-CO, CONR,CO, CO-(o-phenylene)-S or CO-(o-phenylene)-S substi-
tuted by one or more D;

provided that at least one of L, L4, Ly, L3, L4, Ls, Ls, L7 and Lg is other than hydrogen;

or for example provided that at least one of L, L4, L,, L3, Ly is CN, NO, or COT, in particular
NO, or COT.

Preferably Ls, Ls, L7 and Lg independently of one another are hydrogen, Ry or OR4, in particu-

lar hydrogen, provided that at least one of L, L4, Ly, L3, Ls is NO, or COT, in particular COT.
In particular preferred L is COT; and Ly, Ly, Ls, L4, Ls, Ls, L7 and Lg are hydrogen.
D is for example hydrogen, Rs, ORs, SRs, halogen, NO,, CN, O-glycidyl, O-vinyl, O-allyl,

CORs, NRsCORs, COOR5, OCORs, CONR3sRs, OCOORs, OCONR3sRs, NRsCOORg, SO3H,
SOsM or Qq; especially D is hydrogen, Rs, ORs, SRs, halogen, NO,, CN, O-glycidyl, O-vinyl,
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O-allyl, CORs, COORs5, OCORs; or Qq; and preferably D is hydrogen, Rs, ORs, halogen,
O-glycidyl, O-vinyl, O-allyl, CORs, COORs, OCORs or Qy.

E is for example O, S, COO, OCO, CO, NCORs, NRsCO, CONRs;, OCOO, OCONRs;,
NRsCOO, SO,, SO, CRs=CRg or Qu; or E is O, S, COO, OCO, CO, SO,, SO or CRs=CRg or
Qy; especially E is O, S, COO, OCO, CO or CRs=CRs or Qy; in particular E is O, COO, OCO,
CO or Qu.

T, and T, for example independently of one another are hydrogen, C¢-Cyalkyl, Cs-
Cqocycloalkyl, C,-Cyalkenyl, Cs-Cyqaryl, C1-Cyoalkyl substituted by one or more D, C,-Cyoalkyl
interrupted by one or more E, C,-Cyalkyl substituted by one or more D and interrupted by
one or more E, Cs-Cq,cycloalkyl substituted by one or more D, C,-Cy,cycloalkyl interrupted by
one or more E, C,-Cq,cycloalkyl substituted by one or more D and interrupted by one or more
E, C,-Cyalkenyl substituted by one or more D, C3-Cyalkenyl interrupted by one or more E,
Cs-Cyalkenyl substituted by one or more D and interrupted by one or more E, or Cs-Cysaryl
substituted by one or more D or are Q.

T4 especially is hydrogen, C4-Cyalkyl, Cs-Cqocycloalkyl, Cs-Cqgaryl or Ce-Cyiaryl substituted

by one or more C4-Cyalkyl, halogen or C4-Csalkoxy or T4 is Q.

T, is for example hydrogen, C4-Cyalkyl, Cs-Cycycloalkyl, Cs-Cqqaryl, C1-Cyoalkyl substituted
by one or more D, C,-Cyalkyl interrupted by one or more E, C,-Cyalkyl substituted by one or
more D and interrupted by one or more E, C5-C4,cycloalkyl substituted by one or more D, C,-
Cqocycloalkyl interrupted by one or more E, C,-Cq,cycloalkyl substituted by one or more D
and interrupted by one or more E, or Cs-Cyaaryl substituted by one or more D; preferably T is
hydrogen, C4-Cyalkyl, Cs-Cqocycloalkyl, Cs-Cyaaryl, C4-Cyalkyl substituted by one or more
O-glycidyl, O-vinyl, O-allyl, Rs, ORs, COORs and/or optionally interrupted by one or more O,
C,-Cycycloalkyl interrupted by one or more O, or is Cs-Cysaryl substituted by one or more C4-
Caalkyl, halogen or C4-Cjalkoxy; or T, is Q. In particular T, is hydrogen, C4-Cyalkyl, or is C4-
Caoalkyl substituted by one or more Rs, ORs orCOOR5 and/or optionally interrupted by one or
more O or is Q; especially preferred is T, as hydrogen, C4-Cyalkyl, or is C4-Cyalkyl substi-

tuted by one or more ORs, COOR;5 and/or optionally interrupted by one or more O; or T, is Q.

X for example is a single bond, CR.R,, O, S, NR; or NCOR,; especially O, S, NR; or NCOR,;
preferably for example O, S or NCOR. or O or S, in particular S.
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R4, Rz, Rs, R4, Ra, Rp and R for example independently of one another have one of the
meanings given for T4 above, including the corresponding preferences or for example inde-

pendently of one another are hydrogen, C4-Cyzalkyl or phenyl.
R4 is for example C4-Cqalkyl or C4-Cqalkoxy.
The compounds of the formula | according to the present invention can for example be pre-

pared by reacting a compound of the formula Il with a thionylhalogenide, especially thionyl-

chloride in the presence of a Friedel-Crafts catalyst:

L2 L4 L6 LS ) .
A|C|3
L X H + SOC|2 _ L X
L'] L3 L5 L7

(n

c” , wherein L, Ly, Ly, Ls, L4,

Ls, Ls, L7, Ls and X are as defined above.

The reaction suitably is carried out in the presence of a Friedel-Crafts catalyst. Friedel-Crafts
catalysts can be Lewis acids and/or strong Bronsted acids. Such catalysts are known to the
person skilled in the art and published in textbooks of chemistry. The catalysts used for
Friedel-Crafts reactions for example are described in George A. Olah, Friedel-Crafts and Re-
lated Reactions, Vol. I, 201 and 284-90 (1963). Aluminium trihalides such as AIBr; and AICl;
are particularly suitable, especially AlCls.

Other examples are SnCly, ZnCl,, FeCls, HPFg; rare earth metal trifluormethanesulfonates
(published in Bulletin of the Chemical Society of Japan, 2000, 73(10), 2325); copper trifluor-
methanesulfonates (known from Tetrahedron, 2001, 57, 241); uranyl salts (disclosed in Jour-
nal of Molecular Catalysis A: Chemical, 2000, 164(1-2), 195). The use of HF is described in
Journal of Organic Chemistry, 1991, 56(20), 5955, while in Journal of Organic Chemistry,
1996, 67(26), 9546 alumina/trifluoroacetic anhydride is employed under microwave condi-
tions. ZnCl, as catalyst is known from Indian Journal of Heterocyclic Chemistry, 2002, 11,
229.

Zeolite catalysts in Friedel Crafts reactions are for example disclosed J. Molecular Catalysis:
Chemical 1998, 134, 121, Applied Catalysis A: General, 2000, 201, 159, while the use of
clays or exchanged clays is known from US 4304941.
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The application of heteropoly acids or heteropoly acid-containing solid supports is for exam-
ple described in Journal of Molecular Catalysis A: Chemical 2004, 209(1-2), 189.

Mixtures of Friedel-Crafts catalysts can be used and mixtures of Friedel-Crafts catalysts with
salts like MY or more specifically MPFs or more interestingly with NaPFs or KPFg can be
used.

Suitably the mol ratio of the compound of formula Il to the Friedel-Crafts catalyst in the above
raction is for example from 100:1 to 1:5; 100:1 to 1:1; 10:1 to 1:1; oris 10:1, 5:1, 3:1, 2:1, 1:1,
1:2,1:3, 1:5, preferably from 10:1 to 1:1.

Sulphination reactions are for example disclosed by S. Smiles and R. Le Rossignol in JCS
89 (1906), 696-708 and JCS 93 (1908), 745-762.

The preparation process conveniently is carried out in a solvent. However it is also possible,
for example, to use the aromatic hydrocarbon of formula Il itself, when liquid, as solvent, in
which case it is used in excess. It will be readily understood that the process can also be car-
ried out in inert solvents. Suitable solvents are, for example, the solvents described in
George A. Olah, Friedel-Crafts and Related Reactions, Vol. |, 298-302 (1963). The choice of
the respective solvent depends on the solubility of the educts and catalysts. Typical exam-
ples of solvents which may be used in the process are halogenated hydrocarbons such as
chlorobenzene, dichlorobenzene, carbon tetrachloride, dichloromethane, tetrachloro-
ethylene, bromobenzene, aromatic hydrocarbon derivatives such as nitrobenzene, dinitro-
benzene, benzene and toluene, saturated aliphatic hydrocarbons such as pentane, hexane,
heptane and the mixtures of isomers thereof, petroleum ether or cyclohexane, or further sol-
vents, typically carbon disulfide, nitroalkanes such as nitromethane, diethyl ether, dimethyl
sulfoxide or tetramethylene sulfone.

Dichloromethane, chlorobenzene and dichlorobenzene are preferred solvents.

The process is generally carried out by mixing the educt compound of formula Il with the
thionylchloride and reacting said educts in a suitable vessel, which is optionally provided with
a heating means. The reaction optionally is carried out under inert conditions, i.e. the vessel
should be equipped with appropriate means to create said atmosphere by for example
working in an atmosphere of nitrogen. Other inert gases, as for example Ar or He, could also

be employed. The person skilled in the art is familiar with these facts.
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The reaction of the compound of the formula Il with the thionylchloride can be carried out in
different manner. Representative, but not exclusive examples are given below.

a) the compound of formula Il is placed, together with the catalyst and the thionylchloride, in
the reaction vessel and is immediately heated to the final reaction temperature, or

b) the compound of formula Il, together with the catalyst and the thionylchloride, is placed in
the reaction vessel and heated slowly during the reaction to the final temperature, or

c) the thionylchloride is added during the reaction, to the compound of formula Il and the
catalyst which have been previously heated to the reaction temperature,

d) the catalyst is suspended in a minimum amount of either one or both of the starting mate-
rials and then the reactants are added subsequently in any order or are added together.

The reaction vessel also may for example consist of a column that is filled with the catalyst
and the thionylchloride and the compound of formula Il are pumped (e.g. continuouesly) over
the catalyst through the column.

A further possibility is to bring the reactants together via a reactive distillation, which is a
process in which a catalytic chemical reaction and distillation occur simultaneously in a single

apparatus.

The mol ratio of the compound of formula Il to the thionylhalogenide in the above reaction is
for example from 10:1 to 1:1; 10:1 to 1:2; oris 10:1, 5:1, 4:1, 3.5 :1, 3:2, 3:1, 1:1 or 1:2, pref-
erably 3:1.

The reaction temperatures in principle depent on the boiliong point of the educts and solvents
that are employed in the reaction. Said temperature is conveniently in the range from -20°C
to about 200°C, for example from 0°C to 140°C or from 0°C to 100°C, in particular from 0°C
to 80°C, preferably from 20°C to 80°C, most preferably from 20 to 60°C.

To prepare compounds of the formula |, wherein Y is other than e.g. Cl, the chloride com-
pound is reacted to the compound with the wanted anion by a conventional ion exchange re-
action, known to the person skilled in the art. The anion Y may be already present during the

Friedel-Crafts reaction.

Subject of the invention also is a process for the preparation of compounds of the formula I,
by reacting

a compound of the formula Il
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L, L, L Lg

LQX—Q—H , wherein
L] Ly L L,

(m
L, L4, Ly, Ls, Ly, Ls, Lg, L7, Lg and X are as defined above,
with thionylchloride in the presence of a Friedel-Crafts catalyst, optionally followed by an ex-

change of the anion Y.

It is of course also possible to synthesize the compounds of formula | via a stepwise synthe-
sis through a diaryl-sulfoxide intermediate (synthesis of diarylsulphoxides from arenes and
thionylchloride: Oae and Zalut, J. Am. Chem. Soc. 82, 5359 (1960), synthesis of diaryl-
sulphoxides from diarylsulfides via oxidation: Drabowicz and Mikolajczyk, Org. Prep. Proced.
Int. 14, 45-89 (1982)), which is then further reacted under the following conditions with a third

compound of formula (II') to get a compound of formula (I). Again, the anion can then be ex-
changed optionally to an anion Y:

L, L, L L, L, L, L L, L, L L, L,
catalyst 0]
L X H+SOCl, —— L X S X L
L! L, L L, L! L, L L, L L, L L,

(I (I

RS R

(|||) s

The introduction of the third compound of formula (Il) in the reaction scheme depicted above
can be done in a strongly acidic medium, followed my metathesis with a salt of the desired
anion. Several strong acids are available as solvents, for example, sulfuric acid, polyphos-
phoric acid, methanesulfonic acid, or gaseous hydrogen chloride (US 3488378). Mixtures of
methanesulfonic acid and phosphorus pentoxide (J.Org. Chem 1990, 55, 4222), or acetic
anhydride and sulphuric acid, or methanesulfonic anhydride are also known. Typical condi-
tions for these methods are temperatures between -50 and +100°C. Higher temperatures are
usually not useful, because of secondary reactions, such as, for example, sulfonation of one

aromatic ring. Lewis acids, such as aluminum chloride in terachloroethylene (WO 03/008404)
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can also be used. Usually, the sulfonium salt obtained by these methods has as counter-
anion the anion derived from one of the acids, for instance, a hydrogenosulfate, methanesul-
fonate, or trifluoromethanesulfonate.
Conditions without metathesis, such as arylation in acetic acid /acetic anhydride / sulfuric
acid in the presence of potassium hexafluorophosphate or aqueous 75% HPF; are described
for example in US 2004/0030158-A.

The starting compounds of formula (Il) are for example synthesized e.g. by Friedel-Crafts

(FC) reactions:

O N I
Q o)
H o 8 FC catalyst 2\
H+ peag —  C © H
H,C
Lo W, Lo WL

(n
or for example by substitution reactions, where Hal is a leaving group, e.g. F, Cl, Br, | or tri-

flate, preferably Cl or Br:

base
—_—

L, L, Lo, Lg Lo L L. L
0, + optionally Q
C Hal + HS H  catalyst c S H

(m
Other synthesis routes may be used in analogy to the manufacturing processes of [6317-73-
3], [6317-78-8], [10169-55-8], [5031-78-7] described in the literature.

The compounds of the formula | are used as photolatent acids, i.e compounds that upon ir-
radiation release an acid.

Accordingly, an object of the invention is a radiation-sensitive composition comprising

(a1) a cationically or acid-catalytically polymerisable or crosslinkable compound or

(a2) a compound that increases its solubility in a developer under the action of acid; and/or
(ax) aradically polymerisable or crosslinkable compound; and

(b) atleast one compound of the formula | as described above.

The compositions according to the invention comprise as component (a1), for example, res-
ins and compounds that can be cationically polymerised by alkyl- or aryl-containing cations
or by protons. Examples thereof include cyclic ethers, especially epoxides and oxetanes,

and also vinyl ethers and hydroxy-containing compounds. Lactone compounds and cyclic
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thioethers as well as vinyl thioethers can also be used. Further examples include aminoplas-
tics or phenolic resole resins. These are especially melamine, urea, epoxy, phenolic, acrylic,
polyester and alkyd resins, but especially mixtures of acrylic, polyester or alkyd resins with a
melamine resin. These include also modified surface-coating resins, such as, for example,
acrylic-modified polyester and alkyd resins. Examples of individual types of resins that are
included under the terms acrylic, polyester and alkyd resins are described, for example, in
Wagner, Sarx/Lackkunstharze (Munich, 1971), pages 86 to 123 and 229 to 238, or in Ull-
mann/Encyclopadie der techn. Chemie, 4™ edition, volume 15 (1978), pages 613 to 628, or
Ullmann's Encyclopedia of Industrial Chemistry, Verlag Chemie, 1991, Vol. 18, 360 ff., Vol.
A19, 371 ff.. The surface-coating preferably comprises an amino resin. Examples thereof
include etherified and non-etherified melamine, urea, guanidine and biuret resins. Of special
importance is acid catalysis for the curing of surface-coatings comprising etherified amino
resins, such as, for example, methylated or butylated melamine resins (N-methoxymethyl- or

N-butoxymethyl-melamine) or methylated/butylated glycolurils.

It is possible, for example, to use all customary epoxides, such as aromatic, aliphatic or
cycloaliphatic epoxy resins. These are compounds having at least one, preferably at least
two, epoxy group(s) in the molecule. Examples thereof are the glycidyl ethers and p-methyl
glycidyl ethers of aliphatic or cycloaliphatic diols or polyols, e.g. those of ethylene glycol, pro-
pane-1,2-diol, propane-1,3-diol, butane-1,4-diol, diethylene glycol, polyethylene glycol, poly-
propylene glycol, glycerol, trimethylolpropane or 1,4-dimethylolcyclohexane or of 2,2-bis(4-
hydroxycyclohexyl)propane and N,N-bis(2-hydroxyethyl)aniline; the glycidyl ethers of di- and
poly-phenols, for example of resorcinol, of 4,4'-dihydroxyphenyl-2,2-propane, of novolaks or
of 1,1,2,2-tetrakis(4-hydroxyphenyl)ethane. Examples thereof include phenyl glycidyl ether,
p-tert-butyl glycidyl ether, o-icresyl glycidyl ether, polytetrahydrofuran glycidyl ether, n-butyl
glycidyl ether, 2-ethylhexylglycidylether, Ci1salkyl glycidyl ether and cyclohexanedimethanol
diglycidyl ether. Further examples include N-glycidyl compounds, for example the glycidyl
compounds of ethyleneurea, 1,3-propyleneurea or 5-dimethyl-hydantoin or of 4,4'-methylene-

5,5'-tetramethyldihydantoin, or compounds such as triglycidyl isocyanurate.

Further examples of glycidyl ether components (a1) that are used in the formulations accord-
ing to the invention are, for example, glycidyl ethers of polyhydric phenols obtained by the
reaction of polyhydric phenols with an excess of chlorohydrin, such as, for example, epichlor-

ohydrin (e.g. glycidyl ethers of 2,2-bis(2,3-epoxypropoxyphenol)propane. Further examples
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of glycidyl ether epoxides that can be used in connection with the present invention are de-
scribed, for example, in US 3 018 262 and in “Handbook of Epoxy Resins” by Lee and
Neville, McGraw-Hill Book Co., New York (1967).

There is also a large number of commercially available glycidyl ether epoxides that are suit-
able as component (a1), such as, for example, glycidyl methacrylate, diglycidyl ethers of
bisphenol A, for example those obtainable under the trade names EPON 828, EPON 825,
EPON 1004 and EPON 1010 (Shell); DER-331, DER-332 and DER-334 (Dow Chemical);
1,4-butanediol diglycidyl ethers of phenolformaldehyde novolak, e.g. DEN-431, DEN-438
(Dow Chemical); and resorcinol diglycidyl ethers; alkyl glycidyl ethers, such as, for example,
Cs-Cqoglycidyl ethers, e.g. HELOXY Modifier 7, C,-Ciaglycidyl ethers, e.g. HELOXY Modifier
8, butyl glycidyl ethers, e.g. HELOXY Modifier 61, cresyl glycidyl ethers, e.g. HELOXY Modi-
fier 62, p-tert-butylphenyl glycidyl ethers, e.g. HELOXY Modifier 65, polyfunctional glycidyl
ethers, such as diglycidyl ethers of 1,4-butanediol, e.g. HELOXY Modifier 67, diglycidyl
ethers of neopentyl glycol, e.g. HELOXY Modifier 68, diglycidyl ethers of cyclohexanedi-
methanol, e.g. HELOXY Modifier 107, trimethylolethane triglycidyl ethers, e.g. HELOXY
Modifier 44, trimethylolpropane triglycidyl ethers, e.g. HELOXY Modifier 48, polyglycidyl
ethers of aliphatic polyols, e.g. HELOXY Modifier 84 (all HELOXY glycidyl ethers are obtain-
able from Shell).

Also suitable are glycidyl ethers that comprise copolymers of acrylic esters, such as, for ex-
ample, styrene-glycidyl methacrylate or methyl methacrylate-glycidyl acrylate. Examples
thereof include 1:1 styrene/glycidyl methacrylate, 1:1 methyl methacrylate/glycidyl acrylate,
62.5:24:13.5 methyl methacrylate/ethyl acrylate/glycidyl methacrylate.

The polymers of the glycidyl ether compounds can, for example, also comprise other func-
tionalities provided that these do not impair the cationic curing.

Other glycidyl ether compounds suitable as component (a1) that are commercially available
are polyfunctional liquid and solid novolak glycidyl ether resins, e.g. PY 307, EPN 1179, EPN
1180, EPN 1182 and ECN 9699.

It will be understood that mixtures of different glycidyl ether compounds may also be used as
component (a1).

The glycidyl ethers (a1) are, for example, compounds of formula XX

0
7/ N\
Hzc_ﬁ_CHz_O%Rso (XX), wherein

X is a number from 1 to 6; and

Rso is @ mono- to hexavalent alkyl or aryl radical.
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Preference is given, for example, to glycidyl ether compounds of formula XX, wherein

X is the number 1, 2 or 3; and

Rso when x = 1, is unsubstituted or C4-Cqsalkyl-substituted phenyl, naphthyl, anthracyl, bi-
phenylyl, C4-Cyalkyl, or Co-Cyoalkyl interrupted by one or more oxygen atoms, or

Rso when x = 2, is 1,3-phenylene, 1,4-phenylene, Cs-Cqocycloalkylene, unsubstituted or halo-

substituted C4-Cyoalkylene, C,-Cyoalkylene interrupted by one or more oxygen atoms, or a

H2(|3—[—O—CH2-CH(CH3)42—

C|:2H5 cl:HS
Rso when x =3, is aradical —¢—C—Cc— , —C—C—C—  or HC*[—O—CHz-CH(CHs)—L—
N e C| e (|:+o CH,-CH(CH )4—
i H H, =

z is a number from 1 to 10; and

Reo is C4-Cyoalkylene, oxygen or

The glycidyl ethers (a1) are, for example, compounds of formula XXa

/O\ H
R,—0—C—C“—CH, (XXa), wherein

2
R7o is unsubstituted or C4-Czalkyl-substituted phenyl; naphthyl; anthracyl; biphenylyl;
C1-Cyoalkyl, C,-Cyoalkyl interrupted by one or more oxygen atoms; or a group of formula

/O\
H,C——C-CH;—0—Rg~

Rso is phenylene, C4-Cyalkylene, C,-Cyalkylene interrupted by one or more oxygen atoms,

or a group @7&7@ ; and

Reo is Cq-Cyoalkylene or oxygen.

Preference is given to the glycidyl ether compounds of formula XXb
/O\ /O\ .
H,C——C—CH;—0—Rz5 0—C——C~——CH, (XXb), wherein
H H, H
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Rso is phenylene, C4-Cyalkylene, Co-Cyoalkylene interrupted by one or more oxygen atoms,

ora group @*&r@ ; and

Reo is Cq-Cyoalkylene or oxygen.

Further examples for component (a1) are polyglycidyl ethers and poly(B-methylglycidyl)
ethers obtainable by the reaction of a compound containing at least two free alcoholic and/or
phenolic hydroxy groups per molecule with the appropriate epichlorohydrin under alkaline
conditions, or alternatively in the presence of an acid catalyst with subsequent alkali treat-
ment. Mixtures of different polyols may also be used.

Such ethers can be prepared with poly(epichlorohydrin) from acyclic alcohols, such as ethyl-
ene glycol, diethylene glycol and higher poly(oxyethylene) glycols, propane-1,2-diol and
poly(oxypropylene) glycols, propane-1,3-diol, butane-1,4-diol, poly(oxytetramethylene) gly-
cols, pentane-1,5-diol, hexane-1,6-diol, hexane-2,4,6-triol, glycerol, 1,1,1-trimethylol-prop-
ane, pentaerythritol and sorbitol, from cycloaliphatic alcohols, such as resorcitol, quinitol,
bis(4-hydroxycyclohexyl)methane, 2,2-bis(4-hydroxycyclohexyl)propane and 1,1-bis-(hydrox-
ymethyl)cyclohex-3-ene, and from alcohols having aromatic nuclei, such as N,N-bis(2-
hydroxyethyl)aniline and p,p'-bis(2-hydroxyethylamino)diphenylmethane. They can also be
prepared from mononuclear phenols, such as resorcinol and hydroquinone, and polynuclear
phenols, such as bis(4-hydroxyphenyl)methane, 4,4-dihydroxydiphenyl, bis(4-hydroxyphen-
yDsulphone, 1,1,2,2-tetrakis(4-hydroxyphenyl)ethane, 2,2-bis(4-hydroxyphenyl)-propane (bis-
phenol A) and 2,2-bis(3,5-dibromo-4-hydroxyphenyl)propane.

Further hydroxy compounds suitable for the preparation of polyglycidyl ethers and poly(B-me-
thylglycidyl) ethers are the novolaks obtainable by the condensation of aldehydes, such as
formaldehyde, acetaldehyde, chloral and furfural, with phenols, such as, for example, phenol,

o-cresol, m-cresol, p-cresol, 3,5-dimethylphenol, 4-chlorophenol and 4-tert-butylphenol.

Poly(N-glycidyl) compounds can be obtained, for example, by dehydrochlorination of the re-
action products of epichlorohydrin with amines containing at least two aminohydrogen atoms,
such as aniline, n-butylamine, bis(4-aminophenyl)methane, bis(4-aminophenyl)-propane, bis-
(4-methylaminophenyl)methane and bis(4-aminophenyl) ether, sulphone and sulphoxide.
Further suitable poly(N-glycidyl) compounds include triglycidyl isocyanurate, and N,N'-
diglycidyl derivatives of cyclic alkyleneureas, such as ethyleneurea and 1,3-propyleneurea,

and hydantoins, such as, for example, 5,5-dimethylhydantoin.
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Poly(S-glycidyl) compounds are also suitable. Examples thereof include the di-S-glycidyl de-

rivatives of dithiols, such as ethane-1,2-dithiol and bis(4-mercaptomethylphenyl) ether.

There also come into consideration as component (a1) epoxy resins in which the glycidyl
groups or B-methyl glycidyl groups are bonded to hetero atoms of different types, for exam-
ple the N,N,O-triglycidyl derivative of 4-aminophenol, the glycidyl ether/glycidyl ester of sali-
cylic acid or p-hydroxybenzoic acid, N-glycidyl-N'-(2-glycidyloxypropyl)-5,5-dimethyl-
hydantoin and 2-glycidyloxy-1,3-bis(5,5-dimethyl-1-glycidylhydantoin-3-yl)propane.

Preference is given to diglycidyl ethers of bisphenols. Examples thereof include diglycidyl
ethers of bisphenol A, e.g. ARALDIT GY 250, diglycidyl ethers of bisphenol F and diglycidyl

ethers of bisphenol S. Special preference is given to diglycidyl ethers of bisphenol A.

Further glycidyl compounds of technical importance are the glycidyl esters of carboxylic ac-
ids, especially di- and poly-carboxylic acids. Examples thereof are the glycidyl esters of suc-
cinic acid, adipic acid, azelaic acid, sebacic acid, phthalic acid, terephthalic acid, tetra- and

hexa-hydrophthalic acid, isophthalic acid or trimellitic acid, or of dimerised fatty acids.

Examples of polyepoxides that are not glycidyl compounds are the epoxides of vinyl-
cyclohexane and dicyclopentadiene, 3-(3'.4'-epoxycyclohexyl)-8,9-epoxy-2,4-dioxaspiro-
[5.5]undecane, the 3'.4'-epoxycyclohexylmethyl esters of 3,4-epoxycyclohexanecarboxylic
acid, (3,4-epoxycyclohexyl-methyl 3,4-epoxycyclohexanecarboxylate), butadiene diepoxide

or isoprene diepoxide, epoxidised linoleic acid derivatives or epoxidised polybutadiene.

Further suitable epoxy compounds are, for example, limonene monoxide, epoxidised soy-
bean oil, bisphenol-A and bisphenol-F epoxy resins, such as, for example, Araldit® GY 250
(A), ARALDIT®GY 282 (F), ARALDIT®GY 285 (F)), and photocurable siloxanes that contain

epoXy groups.

Further suitable cationically polymerisable or crosslinkable components (a1) can be found,
for example, also in US 3117099, US 4299938 and US 4339567.

From the group of aliphatic epoxides there are suitable especially the monofunctional symbol

o-olefin epoxides having an unbranched chain consisting of 10, 12, 14 or 16 carbon atoms.
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Because nowadays a large number of different epoxy compounds are commercially avail-
able, the properties of the binder can vary widely. One possible variation, for example de-
pending upon the intended use of the composition, is the use of mixtures of different epoxy

compounds and the addition of flexibilisers and reactive diluents.

The epoxy resins can be diluted with a solvent to facilitate application, for example when ap-
plication is effected by spraying, but the epoxy compound is preferably used in the solvent-

less state. Resins that are viscous to solid at room temperature can be applied hot.

Also suitable as component (a1) are all customary vinyl ethers, such as aromatic, aliphatic or
cycloaliphatic vinyl ethers and also silicon-containing vinyl ethers. These are compounds
having at least one, preferably at least two, vinyl ether groups in the molecule. Examples of
vinyl ethers suitable for use in the compositions according to the invention include triethylene
glycol divinyl ether, 1,4-cyclohexanedimethanol divinyl ether, 4-hydroxybutyl vinyl ether, the
propenyl ether of propylene carbonate, dodecyl vinyl ether, tert-butyl vinyl ether, tert-amyl vi-
nyl ether, cyclohexyl vinyl ether, 2-ethylhexyl vinyl ether, ethylene glycol monovinyl ether, bu-
tanediol monovinyl ether, hexanediol monovinyl ether, 1,4-cyclohexanedimethanol monovinyl
ether, diethylene glycol monovinyl ether, ethylene glycol divinyl ether, ethylene glycol butylvi-
nyl ether, butane-1,4-diol divinyl ether, hexanediol divinyl ether, diethylene glycol divinyl
ether, triethylene glycol divinyl ether, triethylene glycol methylvinyl ether, tetra-ethylene glycol
divinyl ether, pluriol-E-200 divinyl ether, polytetrahydrofuran divinyl ether-290, trimethylolpro-
pane trivinyl ether, dipropylene glycol divinyl ether, octadecyl vinyl ether, (4-cyclohexyl-

methyleneoxyethene)-glutaric acid methyl ester and (4-butoxyethene)-iso-phthalic acid ester.

Examples of hydroxy-containing compounds include polyester polyols, such as, for example,
polycaprolactones or polyester adipate polyols, glycols and polyether polyols, castor oil, hy-
droxy-functional vinyl and acrylic resins, cellulose esters, such as cellulose acetate butyrate,
and phenoxy resins.

Further cationically curable formulations can be found, for example, in EP 119425.

As component (a1), preference is given to cycloaliphatic epoxides, or epoxides based on

bisphenol A.
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Accordingly, the invention relates also to a radiation-sensitive composition wherein com-
ponent (a1) is at least one compound selected from the group of cycloaliphatic epoxy com-
pounds, glycidyl ethers, oxetane compounds, vinyl ethers, acid-crosslinkable melamine res-
ins, acid-crosslinkable hydroxymethylene compounds and acid-crosslinkable alkoxy-

methylene compounds.

If desired, the composition according to the invention can also contain free-radically poly-
merisable components, such as ethylenically unsaturated monomers, oligomers or polymers.
These radically polymerizable components may be added to either component (a1) or com-
ponent (a2). Said radically curable components may, however, also be part of (a1) or (a2),
see description of (A1), (A2) and (A3), components comprising both, radically crosslinking
and cationically crosslinking groups, further below. Suitable materials contain at least one
ethylenically unsaturated double bond and are capable of undergoing addition polymerisa-
tion. Such compounds are also the subject of component (ax), accordingly, the description
below also refers to component (ax).

Examples of suitable monomers that contain an ethylenic double bond include alkyl and hy-
droxyalkyl acrylates and methacrylates, such as methyl, ethyl, propyl, isopropyl, butyl, hexyl,
2-ethylhexyl and 2-hydroxyethyl (meth)acrylate, stearyl acrylate and isobornyl acrylates. Fur-
ther suitable examples include acrylonitrile, acrylamide, methacrylamide, N-substituted
(meth)acrylamides, vinyl esters, such as vinyl acetate, vinyl ethers, such as isobutylvinyl
ether, styrene, alkyl- and halo-substituted styrene, N-vinylpyrrolidone, vinyl chloride and vi-
nylidene chloride.

Examples of suitable monomers that contain at least two double bonds include glycerol dia-
crylates, glycerol triacrylates, ethylene glycol diacrylates, diethylene glycol diacrylates, di-
ethylene glycol dimethacrylate, triethylene glycol dimethacrylates, 1,3-propanediol di-
acrylate, 1,3-propanediol dimethacrylate, neopentyl glycol diacrylates, hexamethylene glycol
diacrylate, bisphenol-A diacrylates, 4,4'-bis(2-acryloyloxyethoxy)diphenylpropane, penta-
erythritol triacrylate or tetraacrylate, pentaerythritol tetramethacrylate, trimethylolpropane tri-
acrylate, 1,2,4-butanetriol trimethacrylate, 1,4-cyclohexanediol diacrylate, sorbitol hexa-
acrylate, bis[1-(2-acryloxy)]-p-ethoxyphenyldimethylmethane, bis[1-(3-acryloxy-2-hydroxy)]-p-
propoxyphenyldimethylmethane and trishydroxyethyl isocyanurate trimethacrylate; the bis-
acrylates and bis-methacrylates of poly(ethylene glycol) having a molecular weight of from

200 to 500, diallyl phthalate, divinyl succinate, divinyl adipate and divinyl phthalate, vinyl
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acrylate, divinyl benzene, ftriallyl phosphate, triallyl isocyanurates and tris(2-acryloyl-ethyl)
isocyanurate.

Examples of higher-molecular-weight (oligomeric) poly-unsaturated compounds include acry-
lated epoxy resins, acrylated or vinyl ether- or epoxy-group-containing polyesters, polyure-
thanes and polyethers. Further examples of unsaturated oligomers are unsaturated polyes-
ter resins, which are usually prepared from maleic acid, phthalic acid and one or more diols
and have molecular weights of approximately from 500 to 3000. Vinyl ether monomers and
oligomers, and maleate-terminated oligomers having polyester, poly-urethane, polyether,
polyvinyl ether and epoxy main chains can also be used. Also copolymers of vinyl ethers and
monomers which are functionalised with maleic acid, as described in WO 90/01512, are also
very suitable. Also suitable, however, are copolymers of monomers functionalised with vinyl
ether and maleic acid. Such unsaturated oligomers can also be referred to as pre-polymers.
Functionalised acrylates are also suitable. Examples of suitable monomers that are normally
used to form the base polymer (the backbone) of the functionalised acrylate or methacrylate
polymer are acrylate, methacrylate, methyl methacrylate, ethyl acrylate, ethyl methacrylate,
n-butyl acrylate, n-butyl methacrylate, isobutyl acrylate, isobutyl methacrylate, 2-ethylhexyl
acrylate, 2-ethylhexyl methacrylate, etc.. In addition, suitable amounts of functional monom-
ers are copolymerised during the polymerisation in order to obtain the functional polymers.
Acid-functionalised acrylate or methacrylate polymers are obtained using acid-functional mo-
nomers, such as acrylic acid and methacrylic acid. Hydroxy-functional acrylate or methacry-
late polymers are obtained from hydroxy-functional monomers, such as 2-hydroxyethyl
methacrylate, 2-hydroxypropyl methacrylate and 3,4-dihydroxybutyl methacrylate. Epoxy-
functionalised acrylate or methacrylate polymers are obtained using epoxy-functional mono-
mers, such as glycidyl methacrylate, 2,3-epoxybutyl methacrylate, 3,4-epoxybutyl methacry-
late, 2,3-epoxycyclohexyl methacrylate, 10,11-epoxyundecyl meth-acrylate, etc.. It is also
possible to obtain isocyanate-functional polymers from isocyanate-functionalised monomers,
such as meta-isopropenyl-o,o-dimethylbenzyl isocyanate.

Especially suitable are, for example, esters of ethylenically unsaturated mono- or poly-
functional carboxylic acids and polyols or polyepoxides, and polymers having ethylenically
unsaturated groups in the chain or in side groups, such as unsaturated polyesters, poly-
amides and polyurethanes and copolymers thereof, alkyd resins, polybutadiene and buta-
diene copolymers, polyisoprene and isoprene copolymers, polymers and copolymers having

(meth)acrylic groups in side chains, and mixtures of one or more such polymers.
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Examples of suitable mono- or poly-functional unsaturated carboxylic acids are acrylic acid,
methacrylic acid, crotonic acid, itaconic acid, cinnamic acid, maleic acid and fumaric acid and
unsaturated fatty acids, such as linolenic acid or oleic acid. Preference is given to acrylic
acid and methacrylic acid.

Mixtures of saturated di- or poly-carboxylic acids with unsaturated carboxylic acids may,
however, also be used. Examples of suitable saturated di- or poly-carboxylic acids include,
for example, tetrachlorophthalic acid, tetrabromophthalic acid, phthalic acid anhydride, adipic
acid, tetrahydrophthalic acid, isophthalic acid, terephthalic acid, trimellitic acid, heptanedicar-
boxylic acid, sebacic acid, dodecanedicarboxylic acid, hexahydrophthalic acid, etc..

Suitable polyols are aromatic and especially aliphatic and cycloaliphatic polyols. Examples
of aromatic polyols are hydroquinone, 4,4'-dihydroxydiphenyl, 2,2-di(4-hydroxyphenyl)-prop-
ane, and novolaks and resoles. Examples of polyepoxides are those based on the polyols
mentioned, especially the aromatic polyols and epichlorohydrin. Also suitable as polyols are
polymers and copolymers containing hydroxyl groups in the polymer chain or in side groups,
such as polyvinyl alcohol and copolymers thereof or polymethacrylic acid hydroxyalkyl esters
or copolymers thereof. Further suitable polyols are oligoesters having hydroxyl terminal
groups.

Examples of aliphatic and cycloaliphatic polyols are alkylenediols having preferably from 2 to
12 carbon atoms, such as ethylene glycol, 1,2- or 1,3-propanediol, 1,2-, 1,3- or 1,4-butanedi-
ol, pentanediol, hexanediol, octanediol, dodecanediol, diethylene glycol, triethylene glycol,
polyethylene glycols having molecular weights of preferably from 200 to 1500, 1,3-cyclopent-
anediol, 1,2-, 1,3- or 1,4-cyclohexanediol, 1,4-dihydroxymethylcyclohexane, glycerol, tris(j3-
hydroxyethyl)amine, trimethylolethane, trimethylolpropane, pentaerythritol, dipentaerythritol
and sorbitol.

The polyols may be partially or fully esterified by one or by different unsaturated carboxylic
acid(s), it being possible for the free hydroxyl groups in partial esters to have been modified,
for example etherified, or esterified by other carboxylic acids.

Examples of esters are:

trimethylolpropane triacrylate, trimethylolethane triacrylate, trimethylolpropane trimeth-
acrylate, trimethylolethane trimethacrylate, tetramethylene glycol dimethacrylate, triethylene
glycol dimethacrylate, tetraethylene glycol diacrylate, pentaerythritol diacrylate, penta-erythri-
tol triacrylate, pentaerythritol tetraacrylate, dipentaerythritol diacrylate, dipenta-erythritol triac-
rylate, dipentaerythritol tetraacrylate, dipentaerythritol pentaacrylate, dipenta-erythritol hexa-

acrylate, tripentaerythritol octaacrylate, pentaerythritol dimethacrylate, penta-erythritol tri-
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methacrylate, dipentaerythritol dimethacrylate, dipentaerythritol tetrameth-acrylate, tripenta-
erythritol octamethacrylate, pentaerythritol diitaconate, dipentaerythritol trisitaconate, dipen-
taerythritol pentaitaconate, dipentaerythritol hexaitaconate, ethylene glycol diacrylate, 1,3-bu-
tanediol diacrylate, 1,3-butanediol dimethacrylate, 1,4-butanediol diitaconate, sorbitol triacryl-
ate, sorbitol tetraacrylate, pentaerythritol-modified triacrylate, sorbitol tetramethacrylate, sor-
bitol pentaacrylate, sorbitol hexaacrylate, oligoester acrylates and methacrylates, glycerol di-
and tri-acrylate, 1,4-cyclohexane diacrylate, bisacrylates and bismethacrylates of polyethyl-
ene glycol having a molecular weight of from 200 to 1500, and mixtures thereof.

Suitable unsaturated, free-radically polymerisable compounds are also the amides of the
same or different unsaturated carboxylic acids and aromatic, cycloaliphatic and aliphatic
polyamines having preferably from 2 to 6, especially from 2 to 4, amino groups. Examples of
such polyamines are ethylenediamine, 1,2- or 1,3-propylenediamine, 1,2-, 1,3- or 1,4-butyle-
nediamine, 1,5-pentylenediamine, 1,6-hexylenediamine, octylenediamine, dodecylenediam-
ine, 1,4-diaminocyclohexane, isophoronediamine, phenylenediamine, bisphenylenediamine,
di-B-aminoethyl ether, diethylenetriamine, triethylenetetraamine and di(B-aminoethoxy)- or di-
(B-aminopropoxy)-ethane. Further suitable polyamines are polymers and copolymers which
may have additional amino groups in the side chain and oligoamides having amino terminal
groups. Examples of such unsaturated amides are: methylene bisacrylamide, 1,6-hexameth-
ylene bisacrylamide, bis(methacrylamidopropoxy)ethane, B-methacrylamidoethyl methacryla-
te and N-[(B-hydroxyethoxy)ethyl]-acrylamide.

Suitable unsaturated polyesters and polyamides are derived, for example, from maleic acid
and diols or diamines. The maleic acid may have been partially replaced by other dicarbox-
ylic acids. They can be used together with ethylenically unsaturated comonomers, for exam-
ple styrene. The polyesters and polyamides can also be derived from dicarboxylic acids and
ethylenically unsaturated diols or diamines, especially from those having longer chains of, for
example, from 6 to 20 carbon atoms. Examples of polyurethanes are those composed of
saturated or unsaturated diisocyanates and saturated or unsaturated diols.

Polybutadiene and polyisoprene and copolymers thereof are known. Suitable comonomers
include, for example, olefins, such as ethylene, propene, butene, hexene, (meth)acrylates,
acrylonitrile, styrene and vinyl chloride. Polymers having (meth)acrylate groups in the side
chain are also known. They may be, for example, reaction products of novolak-based epoxy
resins with (meth)acrylic acid; homo- or co-polymers of vinyl alcohol or hydroxyalkyl deriva-
tives thereof that have been esterified with (meth)acrylic acid; or homo- and co-polymers of

(meth)acrylates that have been esterified with hydroxyalkyl (meth)acrylates.
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It is also possible to use compounds that can be crosslinked equally both free-radically and
cationically. Such compounds contain, for example, both a vinyl group and a cycloaliphatic
epoxy group. Examples thereof are described in JP 2-289611-A and US 6048953.

Mixtures of two or more such free-radically polymerisable materials can also be used.

Binders may also be added to the compositions according to the invention, this being espe-
cially advantageous when the photopolymerisable compounds are liquid or viscous sub-
stances. The amount of binder may be, for example, from 5 to 95 % by weight, preferably
from 10 to 90 % by weight and especially from 40 to 90 % by weight, based on total solids.
The binder will be selected according to the field of use and the properties required therefor,
such as developability in agueous and organic solvent systems, adhesion to substrates and

sensitivity to oxygen.

Suitable binders are, for example, polymers having a molecular weight of approximately from
2000 to 2 000 000, preferably from 5000 to 1 000 000. Examples thereof are: homo- and co-
polymers of acrylates and methacrylates, for example copolymers of methyl meth-
acrylate/ethyl acrylate/methacrylic acid, poly(methacrylic acid alkyl esters), poly(acrylic acid
alkyl esters); phenolic resins, cellulose derivatives, such as cellulose esters and ethers, for
example cellulose acetate, cellulose acetate butyrate, methyl cellulose, ethyl cellulose; poly-
vinyl butyral, polyvinylformal, polyolefins, cyclised rubber, polyethers, such as poly-ethylene
oxide, polypropylene oxide, polytetrahydrofuran; polystyrene, polycarbonate, poly-urethane,
chlorinated polyolefins, polyvinyl chloride, copolymers of vinyl chloride/vinylidene chloride,
copolymers of vinylidene chloride with acrylonitrile, methyl methacrylate and vinyl acetate,
polyvinyl acetate, copoly(ethylene/vinyl acetate), polymers such as polycaprolactam and
poly(hexamethyleneadipamide), polyesters such as poly(ethylene glycol terephthalate) and

poly(hexamethylene glycol succinate); and polyamides.

The resins mentioned below under (C1) may also be used as free-radically curable compo-
nent. Of particular interest are, for example, unsaturated acrylates having reactive functional
groups. The reactive functional group may be selected, for example, from a hydroxyl, thiol,

isocyanate, epoxy, anhydride, carboxyl, amino or blocked amino group. Examples of OH-



10

15

20

25

30

WO 2009/047151 PCT/EP2008/062988

-50 -

group-containing unsaturated acrylates are hydroxyethyl and hydroxybutyl acrylates and also

glycidyl acrylates.

The unsaturated compounds may also be used in admixture with non-photopolymerisable
film-forming components. These may be, for example, polymers that can be dried physically
or solutions thereof in organic solvents, such as nitrocellulose or cellulose acetobutyrate.
They may alternatively be chemically or thermally curable resins, such as polyisocyanates,
polyepoxides or melamine resins. Drying oils, such as linseed oil, linseed-oil-modified alkyd
resins, tung oil and soybean oil, can also be present. The concomitant use of thermally cur-
able resins is important for use in so-called hybrid systems which are photopolymerised in a

first step and crosslinked by thermal aftertreatment in a second step.

Thus, the radiation-curable compositions of the present invention may also comprise:

(A1) compounds having one or more free-radically polymerisable double bonds that addi-
tionally contain at least one further functional group that is reactive in addition and/or con-
densation reactions (examples are given above),

(A2) compounds having one or more free-radically polymerisable double bonds that addi-
tionally contain at least one further functional group that is reactive in addition and/or con-
densation reactions, the additional functional group being complementary to or reactive to-
wards the additional functional group of component (A1),

(A3) at least one monomeric, oligomeric and/or polymeric compound having at least one
functional group that is reactive in addition and/or condensation reactions towards the func-
tional groups of component (A1) or (A2) that are present in addition to the free-radically poly-

merisable double bonds.

Component (A2) in each case carries the groups complementary to or reactive towards com-
ponent (A1). Different types of functional groups may also be present in a component.
Component (A3) provides a component that contains further functional groups that are reac-
tive in addition and/or condensation reactions and that are able to react with the functional
groups of (A1) or (A2) that are present in addition to the free-radically polymerisable double
bonds. Component (A3) contains no free-radically polymerisable double bonds.

Examples of such combinations (A1), (A2), (A3) can be found in WO 99/55785.

Examples of suitable functional groups are hydroxyl, isocyanate, epoxy, anhydride, carboxyl

and blocked amino groups. Examples have been described above.
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Constituents of the thermally curable component (C) are, for example, thermally curable lac-
quer or coating system constituents customary in the art. Component (C) accordingly may
consist of a large number of constituents.

Examples of component (C) include oligomers and/or polymers derived from o,B-unsaturated
acids and derivatives thereof, for example polyacrylates and polymethacrylates, polymethyl
methacrylates impact-resistant-modified with butyl acrylate, polyacrylamides and polyacry-
lonitriles. Further examples of component (C) are urethanes, polyurethanes derived on the
one hand from polyethers, polyesters and polyacrylates having free hydroxyl groups and on
the other hand from aliphatic or aromatic polyisocyanates, and educts thereof. Component
(C) accordingly also includes, for example, crosslinkable acrylic resins derived from substi-
tuted acrylic acid esters, for example epoxy acrylates, urethane acrylates and polyester acry-
lates. Alkyd resins, polyester resins and acrylate resins and modifications thereof that are
crosslinked with melamine resins, urea resins, isocyanates, isocyanurates, polyisocyanates,
polyisocyanurates and epoxy resins, may also be a constituent of component (C).
Component (C) is, for example, generally a film-forming binder based on a thermoplastic or
thermocurable resin, especially on a thermocurable resin. Examples thereof are alkyd, acryl-
ic, polyester, phenolic, melamine, epoxy and polyurethane resins and mixtures thereof. Ex-
amples thereof can be found, for example, in Ullmann's Encyclopedia of Industrial Chemistry,
5th Ed., Vol. A18, pp. 368-426, VCH, Weinheim 1991.

Component (C) may also be a cold-curable or hot-curable binder, in which case the addition
of a curing catalyst may be advantageous. Suitable catalysts that accelerate the full cure of
the binder can be found, for example, in Ullmann's Encyclopedia of Industrial Chemistry, Vol.
A18, page 469, VCH Verlagsgesellschaft, Weinheim 1991.

Specific examples of binders suitable as component (C) are:

1. surface-coatings based on cold- or hot-crosslinkable alkyd, acrylate, polyester, epoxy or
melamine resins or mixtures of such resins, optionally with the addition of a curing catalyst;

2. two-component polyurethane surface-coatings based on hydroxyl-group-containing acry-
late, polyester or polyether resins and aliphatic or aromatic isocyanates, isocyanurates or
polyisocyanates;

3. one-component polyurethane surface-coatings based on blocked isocyanates, iso-
cyanurates or polyisocyanates, which are de-blocked during heating; it is also possible to

add melamine resins as appropriate;



10

15

20

25

30

WO 2009/047151 PCT/EP2008/062988

-52-

4. one-component polyurethane surface-coatings based on aliphatic or aromatic urethanes
or polyurethanes and hydroxyl-group-containing acrylate, polyester or polyether resins;

5. one-component polyurethane surface-coatings based on aliphatic or aromatic urethane
acrylates or polyurethane acrylates having free amine groups in the urethane structure and
melamine resins or polyether resins, optionally with the addition of a curing catalyst;

6. two-component surface-coatings based on (poly)ketimines and aliphatic or aromatic iso-
cyanates, isocyanurates or polyisocyanates;

7. two-component surface-coatings based on (poly)ketimines and an unsaturated acrylate
resin or a polyacetoacetate resin or a methacrylamidoglycolate methyl ester;

8. two-component surface-coatings based on carboxyl- or amino-group-containing poly-
acrylates and polyepoxides;

9. two-component surface-coatings based on anhydride-group-containing acrylate resins
and a polyhydroxy or polyamino component;

10. two-component surface-coatings based on acrylate-containing anhydrides and poly-
epoxides;

11. two-component surface-coatings based on (poly)oxazolines and anhydride-group-
containing acrylate resins or unsaturated acrylate resins or aliphatic or aromatic isocyanates,
isocyanurates or polyisocyanates;

12. two-component surface-coatings based on unsaturated polyacrylates and polymalo-
nates;

13. thermoplastic polyacrylate surface-coatings based on thermoplastic acrylate resins or
extrinsically crosslinking acrylate resins in combination with etherified melamine resins;

14. surface-coating systems based on urethane (meth)acrylate having (meth)acryloyl groups
and free isocyanate groups and on one or more compounds that react with iso-cyanates, for
example free or esterified polyols. Such systems have been published, for example, in EP
928800.

Blocked isocyanates that can also be used as component (C) are described, for example, in
Organischer Metallschutz: Entwicklung und Anwendung von Beschichtungsstoffen, pages
159-160, Vincentz Verlag, Hanover (1993). These are compounds in which the highly reac-
tive NCO group is "blocked" by reaction with specific radicals, for example a primary alcohol,
phenol, acetic acid ethyl ester, e-caprolactam, phthalimide, imidazole, oxime or amine. The
blocked isocyanate is stable in liquid systems and also in the presence of hydroxy groups.
Upon heating, the blocking group (protecting group) is removed again and the NCO group is

freed.
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1-Component (1C) and 2-component (2C) systems may be used as component (C). Exam-
ples of such systems are described in Ullmann's Encyclopedia of Industrial Chemistry, Vol.
A18, Paints and Coatings, pages 404-407, VCH Verlagsgesellschaft mbH, Weinheim (1991).
It is possible to optimise the composition by specific adaptation, for example by varying the
binder/crosslinking agent ratios. Such measures will be known to the person skilled in the art
and are customary in coating technology.

In the curing process according to the invention, component (C) is preferably a mixture
based on acrylate/melamine (and melamine derivatives), 2-component polyurethane,
1-component polyurethane, 2-component epoxy/carboxy or 1-component epoxy/carboxy.
Mixtures of such systems are also possible, for example the addition of melamine (or deriva-
tives thereof) to 1-component polyurethanes.

Component (C) is preferably a binder based on a polyacrylate with melamine or on a mela-
mine derivative or a system based on a polyacrylate and/or polyester polyol with an un-
blocked polyisocyanate or polyisocyanurate.

Component (C) may also comprise monomeric and/or oligomeric compounds having
ethylenically unsaturated bonds (prepolymers) that additionally contain at least one or more
OH, NH,, COOH, epoxy or NCO group(s) (= C1) that are capable of reaction with the binder
and/or the crosslinking agent constituent of component (C). After application and thermal
curing, the ethylenically unsaturated bonds are converted to a crosslinked, high molecular
weight form by irradiation with UV light. Examples of such components (C) are described, for
example, in the above-mentioned publication, Ullmann's Encyclopedia of Industrial Chemis-
try, 5th Ed., Vol. A18, pages 451-453, or by S. Urano, K. Aoki, N. Tsuboniva and R. Mizugu-
chi in Progress in Organic Coatings, 20 (1992), 471-486, or by H. Terashima and O. Isozaki
in JOCCA 1992 (6), 222.

(C1) may, for example, also be an OH-group-containing unsaturated acrylate, for example
hydroxyethyl or hydroxybutyl acrylate or a glycidyl acrylate. Component (C1) may be of any
desired structure (for example it may contain units of polyester, polyacrylate, polyether, etc.),
provided that it contains an ethylenically unsaturated double bond and additionally free OH,
COOH, NH,, epoxy or NCO groups.

(C1) may, for example, also be obtained by reacting an epoxy-functional oligomer with acrylic
acid or methacrylic acid. A typical example of an OH-functional oligomer having

vinylic double bonds is
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|| I
CH,=CH-C-OCH;—CH-CH,-0 O-CHjy CH CH,0- C—chH= cH, oObtained by reaction of
0 CH, 0
) N | /N
CH»,=CHCOOH with HZC—CH_CHz'OO?@O-CH;CH—CHZ
CH,§

Another possible method of obtaining component (C1) is, for example, the reaction of an oli-
gomer that contains only one epoxy group and has a free OH group at another position in the

molecule.

The quantity ratio of the free-radically radiation-curable-polymerisable components to the
thermally polymerisable component (C) in the UV- and thermally-crosslinkable formulations
is not critical. "Dual-cure" systems are known to the person skilled in the art, who will there-
fore be familiar with the optimum mixing ratios of the free-radically- and thermally-
crosslinkable components according to the intended use. For example, the ratio can be in
the range from 5:95 to 95:5, from 20:80 to 80:20 or from 30:70 to 70:30, for example from
40:60 to 60:40.

Examples of "dual-cure" systems, that is to say systems comprising both radiation-curable

and thermally curable components, can be found inter alia in US 5922473, columns 6 to 10.

The formulations according to the invention can further comprise as component (a1) non-
aqueous coating compositions based on an oxidatively drying alkyd resin which contains at
least one, preferably two or more, functional group(s) capable of undergoing polymerisation
or polycondensation reactions in the presence of an acid. Examples of such resins are
vinyl-ether-functionalised alkyd resins, acetal-functionalised alkyd resins, and/or
alkoxysilane-functionalised alkyd resins, as proposed, e.g., in WO 99/47617. Those modified
alkyd resins may be used alone or in combination with other alkyd resins. At least some of
the alkyd resin composition in the non-aqueous coating is oxidatively drying as a result of the
incorporation of a large number of unsaturated, aliphatic compounds, at least some of which
are polyunsaturated.

Formulations containing those modified alkyd resins as component (a1) may optionally con-
tain, in addition to the photoinitiator (b), an oxidative dryer. Suitable oxidative dryers are, for
example, metal siccatives. There may be mentioned as suitable siccatives, for example, the
metal salts of (cyclo)aliphatic acids, such as octanoic acid and naphthenic acid, the metals to

be used being, for example, cobalt, manganese, lead, zirconium, calcium, zinc and rare earth
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metals. Mixtures of siccatives may be used. Preference is given to metal salts of cobalt, zir-
conium and calcium, or mixtures thereof. The siccatives (calculated as metal) are usually
used in an amount of from 0.001 to 3 % by weight.

Under certain conditions it may also be advantageous, when using the modified alkyd resins
as component (a1), to use one or more mono- or bis-acylphosphine oxide photoinitiators in
addition to the sulphonium salt of formula (1). Suitable monoacyl- or bisacyl-phosphine oxide
photoinitiators include, for example, monoacylphosphine oxides such as (2,4,6-
trimethylbenzoyl)-diphenylphosphine oxide (DAROCUR®TPQO) or (2,4,6-trimethylbenzoyl-
phenyl-ethoxy-phosphine oxide, or bisacylphosphine oxide photoinitiators such as bis(2,6-di-
methoxybenzoyl)-2,4,4-trimethylpentyl-phosphine  oxide, bis(2,4,6-trimethylbenzoyl)-(2,4-
dipentyloxyphenyl)-phosphine oxide and bis(2,4,6-trimethylbenzoyl)phenyl-phosphine oxide
(IRGACURE®819). Those monoacyl- or bisacylphosphine oxides are advantageously used
in an amount of from 0.5 to 5 %.

When component (a1) contains modified alkyd resins, in addition to the photoinitiator (b) it is
also possible to use an oxidative dryer and suitable monoacyl- or bisacyl-phosphine oxide

photoinitiators.

The alkyd resins used as component (a1) contain a large number of unsaturated, aliphatic
compounds, at least some of which are polyunsaturated. The unsaturated aliphatic com-
pounds preferably used for the preparation of those alkyd resins are unsaturated aliphatic
monocarboxylic acids, especially polyunsaturated aliphatic monocarboxylic acids.

Examples of mono-unsaturated fatty acids are myristoleic acid, palmitic acid, oleic acid,
gadoleic acid, erucic acid and ricinoleic acid. Preferably fatty acids containing conjugated
double bonds, such as dehydrogenated castor oil fatty acid and/or tung oil fatty acid, are
used. Other suitable monocarboxylic acids include tetrahydrobenzoic acid and hydrogenated
or non-hydrogenated abietic acid or the isomers thereof. If desired, the monocarboxylic acid
in question may be used wholly or in part in the form of a triglyceride, e.g. as vegetable oil, in
the preparation of the alkyd resin. If desired, mixtures of two or more such mono-carboxylic
acids or triglycerides may be used, optionally in the presence of one or more saturated,
(cyclo)aliphatic or aromatic monocarboxylic acids, e.g. pivalic acid, 2-ethyl-hexanoic acid,
lauric acid, palmitic acid, stearic acid, 4-tert-butyl-benzoic acid, cyclo-pentanecarboxylic acid,
naphthenic acid, cyclohexanecarboxylic acid, 2,4-dimethylbenzoic acid, 2-methylbenzoic acid

and benzoic acid.
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If desired, polycarboxylic acids may also be incorporated into the alkyd resin, such as
phthalic acid, isophthalic acid, terephthalic acid, 5-tert-butylisophthalic acid, trimellitic acid,
pyromellitic acid, succinic acid, adipic acid, 2,2,4-trimethyladipic acid, azelaic acid, sebacic
acid, dimerised fatty acids, cyclopentane-1,2-dicarboxylic acid, cyclohexane-1,2-dicarboxylic
acid, 4-methylcyclohexane-1,2-dicarboxylic acid, tetrahydrophthalic acid, endomethylene-
cyclohexane-1,2-dicarboxylic acid, butane-1,2,3,4-tetracarboxylic acid, endoisopropylidene-
cyclohexane-1,2-dicarboxylic acid, cyclohexane-1,2,4,5-tetracarboxylic acid and butane-
1,2,3,4-tetracarboxylic acid. If desired, the carboxylic acid in question may be used as an an-
hydride or in the form of an ester, for example an ester of an alcohol having from 1 to 4 car-
bon atoms.

In addition, the alkyd resin can be composed of di- or poly-valent hydroxyl compounds.
Examples of suitable divalent hydroxyl compounds are ethylene glycol, 1,3-propanediol, 1,6-
hexanediol, 1,12-dodecanediol, 3-methyl-1,5-pentanediol, 2,2,4-trimethyl-1,6-hexane-diol,
2,2-dimethyl-1,3-propanediol and 2-methyl-2-cyclohexyl-1,3-propanediol. Examples of suit-
able triols are glycerol, trimethylolethane and trimethylolpropane. Suitable polyols having
more than 3 hydroxyl groups are pentaerythritol, sorbitol and etherified products of the com-
pounds in question, such as ditrimethylolpropane and di-, tri- and tetra-pentaerythritol. Pref-
erably, compounds having from 3 to 12 carbon atoms, e.g. glycerol, pentaerythritol and/or
dipentaerythritol, are used.

The alkyd resins can be obtained by direct esterification of the constituents, with the option
that some of those components may already have been converted into ester diols or polyes-
ter diols. The unsaturated fatty acids can also be used in the form of a drying oil, such as lin-
seed oil, tuna fish oil, dehydrogenated castor oil, coconut oil and dehydrogenated coconut
oil. The final alkyd resin is then obtained by transesterification with the other acids and diols
added. The transesterification is advantageously carried out at a temperature in the range of
from 115 to 250°C, optionally in the presence of solvents such as toluene and/or xylene. The
reaction is advantageously carried out in the presence of a catalytic amount of a transesteri-
fication catalyst. Examples of suitable transesterification catalysts include acids, such as p-
toluenesulphonic acid, basic compounds, such as an amine, or compounds such as calcium
oxide, zinc oxide, tetraisopropyl orthotitanate, dibutyltin oxide and tri-phenylbenzylphosphoni-

um chloride.

The vinyl ether, acetal and/or alkoxysilane compounds used as part of component (a1) pref-

erably contain at least two vinyl ether, acetal and/or alkoxysilane groups and have a molecu-
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lar weight of 150 or more. Those vinyl ether, acetal and/or alkoxysilane compounds can be
obtained, for example, by the reaction of a commercially available vinyl ether, acetal and/or
alkoxysilane compound containing a vinyl ether, acetal and/or alkoxysilane group and in ad-
dition a maximum of one functional amino, epoxy, thiol, isocyanate, acrylic, hydride or hy-
droxyl group, with a compound having at least two groups capable of reacting with an amino,
epoxy, thiol, isocyanate, acrylic, hydride or hydroxyl group. As examples thereof there may
be mentioned compounds having at least two epoxy, isocyanate, hydroxyl and/or ester
groups or compounds having at least two ethylenically or ethynylenically unsaturated groups.
As component (a1), preference is given to a composition in which the vinyl ether, acetal
and/or alkoxysilane compounds are covalently bonded to the alkyd resin by addition via a re-
active group such as an amino, hydroxyl, thiol, hydride, epoxy and/or isocyanate group. For
that purpose, the compounds must have at least one group capable of forming an adduct
with the reactive groups present in the alkyd resin.

To incorporate vinyl ether groups into the alkyd resin, use is made of a vinyloxyalkyl com-
pound, the alkyl group of which is substituted by a reactive group, such as a hydroxyl, amino,
epoxy or isocyanate group, that is capable of forming an adduct with one or more of the reac-
tive groups present in the alkyd resin.

As component (a1), preference is given to compositions in which the ratio of the number of
oxidatively drying groups present in the alkyd resin to the number of groups that are reactive
in the presence of an acid is in the range of from 1/10 to 15/1, especially from 1/3 to 5/1. In-
stead of a single modified alkyd resin, it is also possible to use a plurality of alkyd resins, with
one alkyd resin being highly modified and the others being less modified or not modified at

all.

Examples of vinyl ether compounds capable of being covalently bonded to the alkyd resin
are ethylene glycol monovinyl ether, butanediol monovinyl ether, hexanediol monovinyl ether,
triethylene glycol monovinyl ether, cyclohexanedimethanol monovinyl ether, 2-ethylhexa-
nediol monovinyl ether, polytetrahydrofuran monovinyl ether, tetraethylene glycol monovinyl

ether, trimethylolpropane divinyl ether and aminopropyl vinyl ether.

Adducts can be formed, for example, by reacting the vinyl ether compounds containing a hy-
droxyl group or amino group with an excess of a diisocyanate, followed by the reaction of
that free-isocyanate-group-containing adduct with the free hydroxyl groups of the alkyd resin.

Preferably, a process is used in which first the free hydroxyl groups of the alkyd resin react
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with an excess of a polyisocyanate, and then the free isocyanate groups react with an amino-
group- or hydroxyl-group-containing vinyl ether compound. Instead of a diisocyanate, it is
also possible to use a diester. Transesterification of the hydroxyl groups present in the alkyd
resin with an excess of the diester, followed by transesterification or transamidation of the
remaining ester groups with hydroxy-functional vinyl ether compounds or amino-functional
vinyl ether compounds, respectively, yields vinyl-ether-functional alkyd resins. It is also pos-
sible to incorporate (meth)acrylate groups into the alkyd resin during preparation of the alkyd
resin, by carrying out the preparation in the presence of a hydroxy-functional (meth)acrylate
ester, such as hydroxyethyl methacrylate (HEMA), and then reacting the thus functionalised
alkyd resin by means of a Michael reaction with a vinyl-ether-group-containing compound
and a primary-amino-group-containing compound, followed by reaction with e.g. an isocy-
anate compound, in order to obtain a non-basic nitrogen atom.

An example of such a reaction is described, for example, in WO 99/47617. Esterification of
ricinine fatty acid with dipentaerythritol, followed by transesterification of the free hydroxyl
groups with diethyl malonate and 4-hydroxybutyl vinyl ether in a suitable ratio, yields a vinyl-

ether-functional alkyd resin suitable for use as component (a1).

For the preparation of acetal-functional alkyd resins, use is generally made of dialkyl acetal
functionalised with an amino group. Examples of suitable acetal compounds include 4-amin-
obutyraldehyde dimethyl acetal and 4-aminobutyraldehyde diethyl acetal. The alkyd resin is
modified by the addition of the aminoacetal monomer to an alkyd resin functionalised with
isocyanate groups, with ester groups of a low-boiling alcohol or with (meth)acrylate groups.
The resulting dialkyl-acetal-modified alkyd resin can be incorporated into the coating compo-
sition having a high solids content and low viscosity. The preparation of acetal-functional al-
kyd resins can also be carried out by reacting hydroxyacetal with the carboxyl groups of the
alkyd resin or by reacting a diisocyanate or diester compound with the hydroxyl groups of the
alkyd resin.

An example of this preparative method is described in WO 99/47617, for example the esteri-
fication of a hydroxy-functional alkyd resin with diethyl malonate, followed by transamidation
of the free ester group with 4-aminobutyraldehyde dimethyl acetal in a suitable ratio. The re-

sulting acetal-modified alkyd resin is suitable as component (a1).

For the incorporation of alkoxysilane groups into the alkyd resin, use is made of a siloxane

compound having one or more reactive group(s) which are subsequently reacted with one or
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more of the constituents making up the alkyd resin. These are, for example, alkoxy-silanes of
the formula: (E)a-Si(R10)s(R20)c, wherein

Rio is alkoxy or oxyalkylenealkoxy or, when E is hydrogen, Ry, is halogen,

R, is an aliphatic, cycloaliphatic or aromatic group, and E is hydrogen or an alkyl group sub-
stituted by an amino, isocyanate, mercapto or epoxy group; a is from 1 to 3, b is from 1 to 3,
cisfromQ0to2,anda+b+c=4.

Rio is preferably an alkoxy group having from 1 to 4 carbon atoms in the alkoxy group, and
Ry is preferably a group having not more than 18 carbon atoms.

Examples of suitable siloxane compounds are 3-aminopropyl-triethoxysilane, polyglycol-
ether-modified aminosilane, 3-aminopropyl-trimethoxysilane, 3-aminopropyltris-methoxy-
ethoxyethoxysilane, 3-aminopropyl-methyl-diethoxysilane, N-2-aminoethyl-3-aminopropyl-tri-
methoxy-silane, N-2-aminoethyl-3-aminopropyl-methyldimethoxy-silane, N-methyl-3-amino-
propyl-trimethoxysilane, 3-ureidopropyl-triethoxysilane, 3,4,5-dihydroimidazol-1-yl-propyltri-
ethoxysilane, 3-methacryloxypropyl-trimethoxysilane, 3-glycidyloxypropyl-trimethoxysilane, 3-
mercaptopropyl-trimethoxysilane and 3-mercaptopropyl-methyl-dimethoxysilane, triethoxysil-
ane, diethoxymethylsilane, dimethoxymethylsilane, tri-methoxysilane, trichlorosilane, triiodo-
silane, tribromosilane, dichloromethylsilane and dibromomethylsilane.

The alkyd resin can be modified, for example, by the insertion of an amino-group-modified
alkoxysilane into an alkyd resin modified with a polyisocyanate or a polyester of a low-boiling
alcohol. Hydride-functional alkoxysilanes can be bonded directly to the alkyd, i.e. without
modification with a binding molecule such as a diisocyanate or diester, by adding a com-
pound containing a silylhydride group to an ethylenically unsaturated group in the alkyd resin.
That addition is catalysed by a transition metal. In that process, use is preferably made of a
halogenated silylhydride and, in order to terminate the addition reaction, conversion into an
alkoxysilane compound with a low-boiling alcohol. The addition reaction is advantageously
carried out in the absence of sterically hindering groups and proceeds in optimum manner
when the ethylenically unsaturated groups are terminal groups, as is the case, for example,
with esters of 10-undecenecarboxylic acid.

Examples of the preparation of alkoxysiloxane-modified alkyd resins are described in
WO 99/47617. Esterification of a hydroxy-functional alkyd resin with diethyl malonate, fol-
lowed by transamidation of the free ester group with 3-aminopropyltriethoxysilane in a suit-
able ratio yields an alkoxysilane-modified alkyd resin. Hydroxy-modified alkyd resin can also

be reacted with an excess of isophorone diisocyanate, followed by reaction of the free isocy-
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anate groups with 3-aminopropyltriethoxysilane. Both alkoxysiloxane-modified alkyd resins

obtained by the processes described are suitable for use in component (a1).

When free-radically polymerisable components, for example a component (ax), are added to
the formulation according to the invention, it may be advantageous to add also a suitable
free-radical photoinitiator or a mixture of such photoinitiators, e.g. benzophenone and deriva-
tives thereof, ESACURE TZT® available from Lamberti, a mixture of 2,4,6-
trimethylbenzophenone and 4-methylbenzophenone, Darocur®BP, benzophenone, 4-methyl
benzophenone, 2.,4,6-trimethylbenzophenone, 3-methyl-4’-phenyl-benzophenone, 2,4,6-
trimethyl-4’-phenyl-benzophenone, etc., acetophenone and derivatives thereof, e.g. 1-
hydroxy-cyclohexyl-phenyl-ketone (IRGACURE®184) or IRGACURE®500 (a mixture of
IRGACURE®184  with  benzophenone); or 2-hydroxy-2-methyl-1-phenyl-propanone
(DAROCUR® 1173), 2-hydroxy-1-[3-[4-(2-hydroxy-2-methyl-propionyl)-phenyl]-1,1,3-
trimethyl-indan-5-yl]-2-methyl-propan-1-one, 4-aroyl-1,3-dioxolane, o-hydroxy- or o-amino-
acetophenone, such as, for example, 2-methyl-1[4-(methylthio)phenyl]-2-morpholinopropan-
1-one (IRGACURE®907), 2-benzyl-2-dimethylamino-1-(4-morpholinophenyl)-butanone-1 (Ir-
GACURE®369), 2-dimethylamino-2-(4-methyl-benzyl)-1-(4-morpholin-4-yl-phenyl)-butan-1-
one(IRGACURE®379),  1-[4-(2-hydroxyethoxy)-phenyl]-2-hydroxy-2-methyl-1-propan-1-one
(IRGACURE®2959), 2,2-dimethoxy-1,2-diphenylethan-1-one (IRGACURE®651), 2-hydroxy-
1-{4-[4-(2-hydroxy-2-methyl-propionyl)-benzyl]-phenyl}-2-methyl-propan-1-one
(IRGACURE®127),  2-benzyl-1-(3,4-dimethoxy-phenyl)-2-dimethylamino-butan-1-one,  2-
hydroxy-1-{4-[4-(2-hydroxy-2-methyl-propionyl)-phenoxyl-phenyl}-2-methyl-propan-1-one,
ESACURE®KIP provided by F. Lamberti, 2-hydroxy-1-{1-[4-(2-hydroxy-2-methyl-propionyl)-
phenyl]-1,3,3-trimethyl-indan-5-yI}-2-methyl-propan-1-one; benzoin alkyl ethers and benzil
ketal, such as, for example, benzil dimethyl ketal, phenyl glyoxalate and derivatives thereof,
e.g. oxo-phenyl-acetic acid 2-[2-(2-ox0-2-phenyl-acetoxy)-ethoxy]-ethyl ester
(IRGACURE®754), mono- or bis-acylphosphine oxide, such as, for example, (2,4,6-
trimethyl-benzoyl)-phenyl-phosphine oxide (DAROCUR®TPOQ), bis(2,6-dimethoxybenzoyl)-
(2,4,4-trimethyl-pent-1-yl)phosphine oxide, bis(2,4,6-trimethylbenzoyl)-phenyl-phosphine ox-
ide (IRGACURE®819) or bis(2,4,6-trimethylbenzoyl)-(2,4-dipentyloxyphenyl)phosphine ox-
ide.

The DAROCUR and IRGACURE compounds are available from Ciba Specialty Chemicals.
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Other additional components can be, for example, hydroxy-functional components, such as
alcohols, polyester polyols, polyether polyols, hydroxy-group-containing polyurethanes, cas-
tor oil, etc.. Examples thereof include aliphatic and cycloaliphatic polyols, such as alkylene
diols having preferably from 2 to 12 carbon atoms, e.g. ethylene glycol, 1,2- or 1,3-propane-
diol, 1,2-, 1,3- or 1,4-butanediol, pentanediol, hexanediol, octanediol, dodecanediol, diethyl-
ene glycol, triethylene glycol, polyethylene glycols having molecular weights of preferably
from 200 to 1500, 1,3-cyclopentanediol, 1,2-, 1,3- or 1,4-cyclohexanediol, 1,4-di-hydroxy-
methylcyclohexane, glycerol, tris(B-hydroxy-ethyl)amine, trimethylolethane, tri-methylolpropa-
ne, pentaerythritol, dipentaerythritol and sorbitol. The polyols can be partially or fully esteri-
fied by one or by different unsaturated carboxylic acids, it being possible for the free hydroxyl
groups in partial esters to have been modified, e.g. etherified, or esterified by other carbox-
ylic acids. Examples of esters include: trimethylolpropane triacrylate, trimethylolethane tria-
crylate, trimethylolpropane trimethacrylate, trimethylolethane trimeth-acrylate, tetramethylene
glycol dimethacrylate, triethylene glycol dimethacrylate, tetraethylene glycol diacrylate, pen-
taerythritol diacrylate, pentaerythritol triacrylate, pentaerythritol tetraacrylate, dipentaerythritol
diacrylate, dipentaerythritol triacrylate, dipentaerythritol tetraacrylate, dipentaerythritol pen-
taacrylate, dipentaerythritol hexaacrylate, tripentaerythritol octaacrylate, pentaerythritol di-
methacrylate, pentaerythritol trimethacrylate, dipenta-erythritol dimethacrylate, dipentaerythri-
tol tetramethacrylate, tripentaerythritol octamethacrylate, pentaerythritol diitaconate, dipenta-
erythritol trisitaconate, dipentaerythritol pentaitaconate, dipentaerythritol hexaitaconate, eth-
ylene glycol diacrylate, 1,3-butanediol diacrylate, 1,3-butanediol dimethacrylate, 1,4-
butanediol diitaconate, sorbitol triacrylate, sorbitol tetraacrylate, pentaerythritol-modified tria-
crylate, sorbitol tetramethacrylate, sorbitol pentaacrylate, sorbitol hexaacrylate, oligoester
acrylates and methacrylates, glycerol di- and tri-acrylate, 1,4-cyclohexane diacrylate, bis-
acrylates and bismethacrylates of polyethylene glycol having a molecular weight of from 200

to 1500, or mixtures thereof.

The sulphonium salt compounds of formula | can also be used, for example, as photo-
activatable hardeners for siloxane-group-containing resins. Those resins can, for example,
either undergo self-condensation by way of acid-catalysed hydrolysis or can be crosslinked
with a second resin component, such as, for example, a polyfunctional alcohol, a hydroxy-
group-containing acrylic or polyester resin, a partially hydrolysed polyvinylacetal or a poly-

vinyl alcohol. That type of polycondensation of polysiloxanes is described, for example, in
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J.J. Lebrun, H. Pode, Comprehensive Polymer Science Vol. 5, page 593, Pergamon Press,
Oxford, 1989.

Examples of compounds whose solubility increases in a developer under the action of acid,
i.e., component (a2) include oligomers, polymers and copolymers that can be obtained by
co-polymerisation of, for example, the following monomers: non-cyclic or cyclic secondary
and tertiary alkyl (meth)acrylates, such as tert-butyl acrylate, tert-butyl methacrylate, 3-oxo-
cyclohexyl (meth)acrylate, tetrahydropyranyl (meth)acrylate, 2-methyl-2-adamantyl
(meth)acrylate, cyclohexyl (meth)acrylate, norbornyl (meth)acrylate, isobornyl methacrylate,
5-norbornene-2-tert-butyl ester, 8-ethyl-8-tricyclodecanyl (meth)acrylate, (2-tetrahydro-
pyranyloxynorbornylalcohol  acrylates, (2-tetrahydropyranyl)oxymethyltricyclododecane-
methanol methacrylates, trimethylsilylmethyl (meth)acrylates, (2-tetrahydropyranyl)oxy-
norbornylalcohol acrylates, (2-tetrahydropyranyl)oxymethyltricyclododecanemethanol
methacrylates, trimethylsilyimethyl (meth)acrylate, o-/m-/p-(3-oxocyclohexyloxy)styrene, o-
/m-/p-(1-methyl-1-phenylethoxy)styrene, o-/m-/p-tetrahydropyranyloxystyrene, o-/m-/p-
adamantyloxystyrene, o-/m-/p-cyclohexyloxystyrene, o-/m-/p-norbornyloxystyrene, non-cyclic
or cyclic alkoxycarbonylstyrenes, such as o-/m-/p-tert-butoxycarbonylstyrene, o-/m-/p-(3-
oxocyclohexyloxycarbonyl)styrene, o-/m-/p-(1-methyl-1-phenylethoxycarbonyl)styrene, o-/m-
/p-tetrahydropyranyloxycarbonylstyrene,  o-/m-/p-adamantyloxycarbonylstyrene,  o-/m-/p-
cyclohexyloxycarbonylstyrene, o-/m-/p-norbornyloxycarbonylstyrene, non-cyclic or cyclic
alkoxycarbonyloxystyrenes, such as o-/m-/p-tert-butoxycarbonyloxystyrene, o-/m-/p-(3-
oxocyclohexyloxycarbonyloxy)styrene, o-/m-/p-(1-methyl-1-phenylethoxycarbonyloxy)-
styrene, o-/m-/p-tetrahydropyranyloxycarbonyloxystyrene, o-/m-/p-adamantyloxycarbonyl-
oxystyrene, o-/m-/p-cyclohexyloxycarbonyloxystyrene, o-/m-/p-norbornyloxycarbonyloxy-
styrene, non-cyclic or cyclic alkoxycarbonylalkoxystyrenes, such as o-/m-/p-butoxycarbonyl-
methoxystyrene, p-tert-butoxycarbonylmethoxystyrene, o-/m-/p-(3-oxocyclohexyloxycarbon-
ylmethoxy)styrene,  o-/m-/p-(1-methyl-1-phenylethoxycarbonylmethoxy)styrene,  o-/m-/p-
tetrahydropyranyloxycarbonylmethoxystyrene, o-/m-/p-adamantyloxycarbonylmethoxy-
styrene, o-/m-/p-cyclohexyloxycarbonylmethoxystyrene, o-/m-/p- norbornyloxycarbonyl-
methoxystyrene, trimethylsiloxystyrene, dimethyl(butyl)siloxystyrene, unsaturated alkyl ace-
tates, such as isopropenyl acetate and derivatives thereof, 5-norbornenyl-2-tert-butyl ester;
also monomers that carry acid-labile groups having low activation energy, such as, for ex-
ample, p- or m-(1-methoxy-1-methylethoxy)styrene, p- or m-(1-methoxy-1-methylethoxy)-

methylstyrene, p- or m-(1-methoxy-1-methylpropoxy)styrene, p- or m-(1-methoxy-1-methyl-
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propoxy)methylstyrene, p- or m-(1-methoxyethoxy)styrene, p- or m-(1-methoxyethoxy)-
methylstyrene, p- or m-(1-ethoxy-1-methylethoxy)styrenes , p- or m-(1-ethoxy-1-methyl-
ethoxy)methylstyrene, p- or m-(1-ethoxy-1-methylpropoxy)styrene, p- or m-(1-ethoxy-1-meth-
ylpropoxy)methylstyrene , p- or m-(1-ethoxyethoxy)styrene, p- or m-(1-ethoxyethoxy)-
methylstyrene, p-(1-ethoxyphenylethoxy)styrene, p- or m-(1-n-propoxy-1-methylethoxy)-styr-
ene, p- or m-(1-n-propoxy-1-methylethoxy)methylstyrene, p- or m-(1-n-propoxyethoxy)-
styrene, p- or m-(1-n-propoxyethoxy)methylstyrene, p- or m-(1-isopropoxy-1-methylethoxy)-
styrene, p- or m-(1-isopropoxy-1-methylethoxy)methylstyrene, p- or m-(1-isopropoxyethoxy)-
styrene, p- or m-(1-isopropoxyethoxy)methylstyrene, p- or m-(1-isopropoxy-1-methyl-propox-
y)styrene, p- or m-(1-isopropoxy-1-methylpropoxy)-methylstyrene, p- or m-(1-iso-propoxypro-
poxy)styrene, p- or m-(1-isopropoxypropoxy)-methylstyrene, p- or m-(1-n-butoxy-1-methyl-
ethoxy)styrene, p- or m-(1-n-butoxyethoxy)styrene, p- or m-(1-isobutoxy-1-methyl-ethoxy)-
styrene, p- or m-(1-tert-butoxy-1-methylethoxy)styrene, p- or m-(1-n-pentyloxy-1-methyleth-
oxy)styrene, p- or m-(1-isoamyloxy-1-methylethoxy)styrene , p- or m-(1-n-hexyloxy-1-methyl-
ethoxy)styrene, p- or m-(1-cyclohexyloxy-1-methylethoxy)styrene, p- or m-(1-trimethylsilylox-
y-1-methylethoxy)styrene, p- or m-(1-trimethylsilyloxy-1-methylethoxy)-methylstyrene, p- or
m-(1-benzyloxy-1-methylethoxy)styrene, p- or m-(1-benzyloxy-1-methylethoxy)methylstyrene,
p- or m-(1-methoxy-1-methylethoxy)styrene, p- or m-(1-methoxy-1-methylethoxy)-methylstyr-
ene, p- or m-(1-trimethylsilyloxy-1-methylethoxy)-styrene, p- or m-(1-trimethylsilyloxy-1-meth-
ylethoxy)methylstyrene. Further examples of polymers having alkoxyalkyl ester acid-labile
groups can be found in US 5225316 and EP 829766. Examples of polymers having acetal
protecting groups are described, for example, in US 5 670 299, EP 780 732, US 5 627 006,
US 5558976, US 5558971, US 5468589, EP 704762, EP 762206, EP 342498, EP 553737
and in ACS Symp. Ser. 614, Microelectronics Technology, pp. 35-55 (1995), J. Photopolymer
Sci. Technol. Vol. 10, No. 4 (1997), pp. 571-578, J. Photopolymer Sci. Technol. Vol. 12, no. 4
(1999) pp. 591-599 and in “Proceedings of SPIE”, Advances in Resist Technology and Proc-
essing XVII, Vol. 3999, Part One, pp. 579-590, 28. Feb.-1. March 2000. The polymers suit-
able in the composition according to the invention are not, however, limited thereto.

The monomers having an acid-labile group can, where appropriate, also be co-polymerised
with other free-radically polymerisable monomers that do not carry acid-labile groups, such
as, for example, styrene, acrylonitrile, methyl (meth)acrylate, (meth)acrylic acid, 4-hydroxy-
styrene, 4-acetoxystyrene, 4-methoxystyrene, 4-vinylcyclohexanol, norbornene, ethyl-
norbornene and maleic acid anhydride, in order to establish specific solubility properties and

adhesive properties. Alternatively, the acid-labile groups can be introduced only subse-
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guently in a polymer-analogous reaction. It is also known to the person skilled in the art that
the prepolymer can be modified in targeted manner before such a polymer-analogous
reaction, for example by partial hydrogenation, partial alkylation, partial acetylation. That is
to say, that the polymer having acid-labile groups does not, in every case, have to be

synthesised from monomers by copolymerisation.

It is also possible to introduce acid-labile crosslinking, as described, for example, in H.-T.
Schacht, P. Falcigno, N. Muenzel, R. Schulz and A. Medina, ACS Symp. Ser. 706 (Micro-
and Nanopatterning Polymers), pp. 78-94, 1997; H.-T. Schacht, N. Muenzel, P. Falcigno, H.
Holzwarth and J. Schneider, J. Photopolymer Science and Technology, Vol.9, (1996), 573-
586. Such acid-crosslinked systems are preferred in resist applications from the standpoint
of heat stability. Such acid-labile crosslinking can also be obtained by the reaction of phenol-
group-containing polymers, such as, for example, 4-hydroxystyrene co-polymers, with di- and

poly-functional vinyl ethers.

Other examples of component (a2) that increase their solubility in an alkaline developer upon
reaction with acid are monomeric compounds, such as, for example, carboxylic acids and
phenol-group-containing compounds, in which the carboxylic acid group or phenolic OH
group, respectively, has been blocked by acid-labile protecting groups. Such acid-labile
blocking can be effected, for example, by conversion of the carboxyl group into a tert-butyl
ester group, a 2-methyl-2-adamantyl ester group, an 8-ethyl-8-tricyclodecanyl ester group, a
tetrahydropyranyl ester group or some other acid-cleavable ester group. Phenolic OH
groups can be blocked according to known processes by conversion, e.g. into acid-cleavable

tert-butylcarbonate groups, silyl ethers, acetal groups and ketal groups.

The invention relates also to a radiation-sensitive composition wherein component (a2) is at
least one compound selected from the group of cycloaliphatic copolymers, 4-hydroxy-phenyl-
group-containing copolymers, maleic acid anhydride-containing copolymers and acrylic acid-,
acrylic acid ester- and methacrylic acid ester-containing copolymers, with the proviso that
those copolymers carry functional groups that increase the solubility of the polymer in an al-

kaline developer after reaction with an acid.
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In the compositions according to the invention, the photoinitiator (b) is advantageously used
in an amount of from 0.05 % to 15 %, e.g. from 0.5 % to 10 %, preferably from 1 % to 5 %,

based on the composition.

The compositions according to the invention can be used in numerous applications, for ex-
ample in cationically radiation-curable printing inks, in cationically radiation-curable coating
compounds which may or may not be pigmented, in cationically radiation-curable adhesives,
coatings and mouldings, including glass fibre-reinforced and carbon fibre-reinforced compos-

ites and inner and outer layers of printed circuit boards.

The compositions according to the invention include also adhesives, as used, for example,
for adhesive bonding (DVD bonding) in the manufacture of digital versatile disks (DVD) and
as described, for example, in: WO 99/66506, WO 99/63017, JP 11241055 A2 Heisei, JP
11181391 A2 Heisei, WO 98/31765, and also as radiation-curable laminating adhesives for
flexible packaging (see, e.g., US 5328940), optical adhesives (e.g. German Patent Applica-
tion DD 225985) and pressure-sensitive adhesives (e.g. US 4988741 and EP 115870).

The compositions according to the invention are also suitable for use in uv-curing adhesives,
e.g. in the preparation of pressure-sensitive adhesives, laminating adhesives, hot-melt adhe-
sives, moisture-cure adhesives, silane reactive adhesives or silane reactive sealants and the
like, and related applications.

Said adhesives can be hot melt adhesives as well waterborne or solvent borne adhesives,
liquid solventless adhesives or 2-part reactive adhesives. In particular suitable are pressure-
sensitive adhesives (PSA), for example uv-curable hot melt pressure sensitive adhesives.
Said adhesives for example comprise at least one rubber component, at least one resin
component as tackyfier and at least one oil component, for example in the weight ratio
30:50:20. Suitable tackyfiers are natural or synthetic resins. The person skilled in the art is
aware of suitable corresponding compounds as well as of suitable oil components or rub-
bers.

The pre-polymerized adhesives containing the isocyanates, for example in blocked form, can
for example be processed at high temperature and coated onto the substrate following the
hotmelt process, afterwards full cure is achieved by an additional curing step involving the

blocked isocyanates, which is realized by photoactivation of the photolatent catalyst.
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Hotmelt adhesives are interesting as pressure sensitive adhesives and suitable to replace
the use of solvent base compositions, which from an environmental point of view are un-
wanted. The hotmelt extrusion process in order to achieve the high flow viscosity necessitates
high application temperatures. The compositions of the present invention comprising isocy-
anates are suitable as crosslinkers in the preparation of a hotmelt coating, where the crosslink-
ers enter into a chemical reaction with the functional comonomers of the (meth)acrylate PSA.
After the coating operation, the PSAs are first crosslinked thermally, or implementing the dual
crosslinking mechanism, the PSA is subsequently crosslinked with UV light. UV crosslinking
irradiation takes place by means of shortwave ultraviolet radiation in a wavelength range
from 200 to 400 nm, even expanding in the visible range, e.g. up to 650 nm, depending on
the source of the UV radiation equipment, as well as on the photolatent metal catalyst. Such
systems and processes are for example described in US 2006/0052472, the disclosure of

which hereby is incorporated by reference.

The compositions according to the invention are advantageously used where there is a need
for hard coatings, adhesive bonds or photopolymerised dimensionally stable three-dimensi-
onal mouldings (e.g. for rapid prototyping) having good adhesion to paper, glass, metal, sili-
con, polycarbonate, acrylate polymers and other polymer substrates, and that exhibit only
slight shrinkage during curing.

Depending on the kind of application of the compounds of formula | according to the present
invention it may be advantageous to add appropriate further additives, sensitzers and/or
photoinitiators. Such additives , sensitizers and photoinitiators are customary in the art and
known to the person skilled in the art.

Preference therefore is also given to a composition as described above that comprises in
addition to components (a1) or (a2) and/or (ax) and (b), additional additives (c) and/or sensi-

tiser compounds (d) and optionally further photoinitiators (e).

The photopolymerisable mixtures can comprise various additives (c¢) in addition to the
photoinitiator. Examples thereof include thermal inhibitors, light stabilisers, optical bright-
eners, fillers and pigments, as well as white and coloured pigments, dyes, antistatics, adhe-
sion promoters, wetting agents, flow auxiliaries, lubricants, waxes, anti-adhesive agents, dis-
persants, emulsifiers, anti-oxidants; fillers, e.g. talcum, gypsum, silicic acid, rutile, carbon
black, zinc oxide, iron oxides; reaction accelerators, thickeners, matting agents, antifoams,

and other adjuvants customary, for example, in lacquer and coating technology.
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The formulations can also comprise dyes and/or white or coloured pigments as additional
additives (c). Depending upon the intended use, it is possible to use both inorganic and or-
ganic pigments. Such additives are known to the person skilled in the art; some examples
thereof are titanium dioxide pigments, for example of the rutile or anatase type, carbon black,
zinc oxide, such as zinc white, iron oxides, such as iron oxide yellow, iron oxide red, chro-
mium yellow, chromium green, nickel titanium yellow, ultramarine blue, cobalt blue, bismuth
vanadate, cadmium yellow and cadmium red. Examples of organic pigments are mono- or
bis-azo pigments, and metal complexes thereof, phthalocyanine pigments, polycyclic pig-
ments, such as, for example, perylene, anthraquinone, thioindigo, quinacridone and tri-
phenylmethane pigments, and diketo-pyrrolo-pyrrole, isoindolinone, e.g. tetrachloro-isoindol-
inone, isoindoline, dioxazine, benzimidazolone and quinophthalone pigments.

The pigments can be used individually or in admixture in the formulations. Depending upon
the intended use, the pigments are added to the formulations in amounts customary in the
art, for example in an amount of from 1 to 60 % by weight, or from 10 to 30 % by weight,

based on the total weight.

The formulations may, for example, also comprise organic dyes of a wide variety of classes.
Examples thereof include azo dyes, methine dyes, anthraquinone dyes and metal complex
dyes. Customary concentrations are, for example, from 0.1 to 20 %, especially from 1 to
5 %, based on the total weight.

The pigments, latent pigments or dyes or differently coloured precursors of such pigments
and dyes that are added may be so selected that they undergo a colour change in the pres-
ence of the acid formed from the iodonium salt as a result of irradiation. Such compositions
then show, by the colour change, that they have been irradiated and can be used, for exam-

ple, as irradiation dose indicators, e.g. for UV radiation, electron beams, X-rays, etc..

The choice of additives will depend upon the field of use in question and upon the properties
desired for that field. The additives (¢) described above are customary in the art and are ac-

cordingly used in amounts customary in the art.

The compositions according to the present invention as component (c¢) also may comprise a
stabilizer for the compounds of the formula |, e.g. from the hindered nitroxyl or phosphite type

as are for example described as stabilizers for iodonium salts in WO 05/070989.
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Examples for said stabilizer compounds are organic phosphorus stabilizers as disclosed for
example in US 6444733, the disclosure of which is hereby incorporated by reference.
Organic phosphorus stabilizers are known and many are commercially available. Other
examples for said stabilizer compounds are hindered nitroxyl stabilizers, or hindered
nitroxides, as are well known in the art and are disclosed for example in US 6337426 and,
US 5254760, the relevant disclosures of which are hereby incorporated by reference.

Other suitable stabilizers (c) for the sulphonium salts of the formula | are for example dis-
closed in WO 99/35188. Examples are tertiary and sterically hindered amines, such as the
TINUVIN® products, provided by Ciba Specialty Chemicals, in particular TINUVIN® 144 and
TINUVIN® 292. Other possibities for stabilization of the cationic formulations are e.g. dis-

closed in WO08/049743 the disclosure is incorporated herein by reference..

Acceleration of the photopolymerisation can also be effected by adding as further additives
(d) photosensitisers that shift or broaden the spectral sensitivity. These are especially aro-
matic carbonyl compounds, such as, for example, benzophenone, thioxanthone, and espe-
cially also isopropylthioxanthone, phenothiazine derivatives, anthraquinone and 3-acyl-
coumarin derivatives, terphenyls, styryl ketones, and 3-(aroylmethylene)-thiazolines, cam-
phorquinone, and also eosin, rhodamine and erythrosin dyes, and anthracene derivatives,
such as, for example, 9-methylanthracene, 9,10-dimethylanthracene, 9,10-diethoxyanthrace-
ne, 9,10-dibutyloxyanthracene, 9-methoxyanthracene, 9-anthracenemethanol, especially
9,10-dimethoxy-2-ethyl-anthracene,  9,10-dibutyloxyanthracene and  9,10-diethoxyan-
thracene. Further suitable photosensitisers are mentioned, for example, in WO 98/47046.
Subject of the invention also are radiation-sensitive compositions as described above, addi-
tionally to components (a1) or (a2) and (b) comprising at least one sensitizer compound (d),
in particular benzophenone, thioxanthone, anthracene or derivatives thereof.

Further examples of suitable photosensitisers (d) are disclosed in WO 06/008251, page 36,

line 30 to page 38, line 8, the disclosure of which is hereby incorporated by reference.

It is also possible to use electron donor compounds, such as, for example, alkyl- and aryl-
amine donor compounds, in the composition. Such compounds are, for example, 4-di-meth-
ylaminobenzoic acid, ethyl 4-dimethylaminobenzoate, 3-dimethylaminobenzoic acid, 4-dime-
thylaminobenzoin, 4-dimethylaminobenzaldehyde, 4-dimethylaminobenzonitrile and 1,2,4-tri-
methoxybenzene. Such donor compounds are preferably used in a concentration of from

0.01 to 5 %, especially in a concentration of from 0.05 to 0.50 %, based on the formulation.
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The sensitisers (d) described above are customary in the art and are accordingly used in
amounts customary in the art, preferably in a concentration of from 0.05 to 5 %, especially in

a concentration of from 0.1 to 2 %, based on the composition.

The compositions according to the invention may additionally comprise further photo-initiat-
ors (e), such as, for example, cationic photoinitiators, photo acid-formers and free-radical

photoinitiators as co-initiators in amounts of from 0.01 to 15 %, preferably from 0.1 to 5 %.

Examples of cationic photoinitiators and acid-formers are phosphonium salts, diazonium
salts, pyridinium salts, iodonium salts, such as for example tolylcumyliodonium
tetrakis(pentafluorophenyl)borate, 4-[(2-hydroxy-tetradecyloxy)phenyl]phenyliodonium hexa-
fluoroantimonate or hexafluorophosphate (SarCat® CD 1012; Sartomer), tolylcumyliodonium
hexafluorophosphate, 4-isobutylphenyl-4'-methylphenyliodonium hexafluorophosphate
(IRGACURE®250, Ciba Specialty Chemicals), 4-octyloxyphenyl-phenyliodonium hexafluoro-
phosphate or hexafluoroantimonate, bis(dodecylphenyl)iodonium hexafluoroantimonate or
hexafluorophosphate, bis(4-methylphenyliodonium hexafluorophosphate, bis(4-methoxy-
phenyhiodonium hexafluorophosphate, 4-methylphenyl-4'-ethoxyphenyliodonium hexafluoro-
phosphate, 4-methylphenyl-4'-dodecylphenyliodonium hexafluorophosphate, 4-methylphenyl-
4'-phenoxyphenyliodonium hexafluorophosphate. Of all the iodonium salts mentioned, com-
pounds with other anions are, of course, also suitable; further sulphonium salts, obtainable,
for example, under the trade names CYRACURE® UVI-6990, CYRACURE® UVI-6974 (Un-
ion Carbide), DEGACURE® KI 85 (Degussa), SP-55, SP-150, SP-170 (Asahi Denka),
GE UVE 1014 (General Electric), SarCat®KI-85 (= triarylsulphonium hexafluorophosphate;
Sartomer), SarCat® CD 1010 (= mixed triarylsulphonium hexafluoroantimonate; Sartomer);
SarCat® CD 1011(= mixed triarylsulphonium hexafluorophosphate; Sartomer); ferrocenium
salts, e.g. (n°®-isopropylbenzene)n’-cyclopentadienyl)-iron-Il hexafluorophosphate, nitroben-
zylsulphonates, alkyl- and aryl-N-sulphonyloxyimides and further known alkylsulphonic acid
esters, haloalkylsulphonic acid esters, 1,2-disulphones, oxime sulphonates, benzoin tosylate,
tolylsulphonyloxy-2-hydroxy-2-methyl-1-phenyl-1-propanone and further known beta-
ketosulphones, beta-sulphonylsulphones, bis(alkylsulphonyl)diazomethane, bis(4-tert-butyl-
phenyl-sulphonyl)-diazomethane, benzoyl-tosyl-diazomethane, iminosulphonates and imido-
sulphonates and trichloromethyl-s-triazines and other haloalkyl-group-containing compounds.

Examples of further suitable additional photolatent acids (b1) include the examples of cati-
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onic photoinitiators and acid-formers as given in WO 04/074242, page 38, line 10 to page 41,
line 14, as well as the compounds disclosed in the examples of WO 04/074242, the relevant

disclosure of which is incorporated herein by reference.

Examples of free-radical photoinitiators as co-initiators are compounds as described above.

The compositions according to the invention may be used for a variety of purposes, for ex-
ample as printing inks, such as screen-printing inks, flexo printing inks or offset printing inks,
as clear lacquer, as coloured surface-coating compositions, as white surface-coating compo-
sitions, e.g. for wood or metal, as powder coating compositions, as paint, inter alia for paper,
wood, metal or plastics, as daylight-curable paint for marking structures and roads, for pho-
tographic reproduction processes, for holographic recording materials, for image-recording
processes or for the production of printing plates that are to be developed with organic sol-
vents or using aqueous-alkaline media, in the production of masks for screen-printing, as
dental filling compounds, as radiation-curable adhesives, as pressure-sensitive adhesives,
as anti-adhesive coatings, as laminating resins, as photoresists, e.g. galvano-resists, etch
resists or permanent resists, liquid films and dry films, as photostructurable dielectrics, and
as solder masks for electronic circuits, as resists in the manufacture of colour filters for any
type of screen or for producing structures in the manufacture of plasma displays and elec-
troluminescent displays, in the manufacture of optical switches, optical gratings (interference
gratings), in the coating or sealing of electronic components, e.g. as electroinsulating com-
pounds, or as coatings for optical fibres, for coil coating, as indicator systems for UV radia-
tion, X-rays and electron beams, and in the manufacture of three-dimensional articles, e.g.
for stereolithography and for composites, e.g. for composites reinforced with glass or carbon
or graphite fibres. The compositions are also suitable for the manufacture of optical lenses,
e.g. contact lenses or Fresnel lenses, and also in the manufacture of medical apparatus, aids

or implants.

The photocurable compositions according to the invention are suitable, for example, as coat-
ing materials for all kinds of substrates, for example wood, textiles, paper, ceramics, glass,
marble, plastics, such as polyester, polyethylene terephthalate, polyolefins or cellulose ace-
tate, especially in the form of films, and metals, such as Al, Cu, Ni, Fe, Zn, Mg or Co and
GaAs, Si or SiO,, to which a coating is to be applied or an image is to be applied by image-

wise exposure, or to which a structured resist layer is to be applied.
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The coating of the substrates can be effected by applying a liquid composition, a solution or
suspension to the substrate. The choice of solvent in a solution and the concentration are
governed chiefly by the nature of the composition and by the coating method. The solvent
should be inert, that is to say it should not enter into any chemical reaction with the compo-
nents and it should be capable of being removed again upon drying after the coating opera-
tion.

Examples of suitable solvents are ketones, ethers and esters, such as methyl ethyl ketone,
isobutyl methyl ketone, cyclopentanone, cyclohexanone, 2-heptanone, methyl amyl ketone,
N-methylpyrrolidone, gamma-butyrolactone, dioxane, tetrahydrofuran, 2-methoxyethanol, 2-
ethoxyethanol, 1-methoxy-2-propanol, 1,2-dimethoxyethane, acetic acid ethyl ester, acetic
acid n-butyl ester, propylene glycol monomethyl ether acetate, lactic acid ethyl ester, propyl-
ene carbonate and 3-ethoxy-propionic acid ethyl ester.

After coating of the substrates, the solvent is generally removed by drying.

The formulation is applied uniformly to a substrate by known coating methods, for example
by spin-coating, immersion, knife coating, curtain pouring, brush application or spraying, es-
pecially by electrostatic spraying and reverse-roll coating, and by electrophoretic deposition.
It is also possible to apply the photosensitive layer to a temporary flexible support and then
coat the final substrate, e.g. a copper-laminated printed circuit board, by transferring the
layer by lamination.

The amount applied (layer thickness) and the type of substrate (layer support) are dependent
upon the desired field of use. The layer thickness range generally includes values from
about 0.1 um to more than 100 pm, preferably from 0.5 micrometre to 50 micrometres. In the
manufacture of three-dimensional articles, e.g. by stereolithography, the dimensions of the

articles that can be obtained are limited only by the size of the exposure apparatus.

The compounds of the formula | can be used as photosensitive acid donors in a photoresist.
Resist systems can be prepared by image-wise irradiation of systems comprising com-

pounds of formula | followed by a developing step.

The invention accordingly relates to a radiation-sensitive composition as described above,
which is a chemically amplified photoresist composition.
In particular a chemically amplified photoresist composition comprising

(a1) a compound which cures upon the action of an acid or
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(a2) a compound whose solubility is increased upon the action of an acid; and

(b) as photosensitive acid donor, at least one compound of the formula I.

A chemically amplified photoresist is understood to be a resist composition wherein the radi-
ation sensitive component provides a catalytic amount of acid which subsequently catalyses
a chemical reaction of at least one acid-sensitive component of the resist. Resulting is the
induction of a solubility difference between the irradiated and non-irradiated areas of the res-
ist. Because of the catalytic nature of this process one acid molecule can trigger reactions at
multiple sites as it diffuses through the reactive polymer matrix, from one reaction site to the
next, as long as it is not trapped or destroyed by any secondary reaction. Therefore, a small
acid concentration is sufficient to induce a high difference in the solubility between exposed
and unexposed areas in the resist. Thus, only a small concentration of the latent acid com-
pound is necessary. As a result, resists with high contrast and high transparency at the ex-
posure wavelength in optical imaging can be formulated, which in turn produce steep, vertical
image profiles at high photosensitivity. However, as a result of this catalytic process, it is re-
quired that the latent acid catalysts are chemically and thermally very stable (as long as not
irradiated) in order not to generate acid during resist storage or during processing, which - in
most cases - requires a post exposure bake step to start or to complete the catalytic reaction
which leads to the solubility differential. It is also required to have good solubility of the latent
catalysts in the liquid resist formulation and the solid resist film to avoid any particle ge-
neration which would interfere with the application of these resists in microelectronic manu-

facturing processes.

In contrast, positive resist materials which are not based on the chemical amplification
mechanism must contain a high concentration of the latent acid, because it is only the acid
concentration which is generated from the latent acid under exposure which contributes to
the increased solubility of the exposed areas in alkaline developer. Because small acid con-
centration has only a little effect on the change of the dissolution rate of such resist and the
reaction proceeds typically without a post exposure bake here, the requirements regarding
chemical and thermal stability of the latent acid are less demanding than for chemically am-
plified positive resists. These resists require also a much higher exposure dose to generate
enough acid for achieving sufficient solubility in the alkaline developer in the exposed areas
and also suffer from the relatively low optical transparency (due to the high concentration of

latent acid necessary) and thus also lower resolution and sloped images. Resist com-
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positions based on non-chemically amplified technology are therefore inferior in photosensiti-

vity, resolution and image quality compared to chemically amplified resists.

From the above it becomes clear that chemical and thermal stability of a latent catalyst is vi-
tal for a chemically amplified resist and that latent acids which can work in a non-chemically
amplified resist are not necessarily applicable to chemically amplified resists because of the
different acid diffusion requirements, acid strength requirements and thermal and chemical

stability requirements.

The difference in resist solubility between irradiated and non-irradiated sections that occurs
as a result of the acid-catalysed reaction of the resist material during or after irradiation of the
resist may be of two types depending upon which further constituents are present in the re-
sist. If the compositions according to the invention comprise components that increase the
solubility of the composition in the developer after irradiation, the resist is positive.

The invention accordingly relates to a chemically amplified positive photoresist.

If, on the other hand, the components of the formulation reduce the solubility of the composi-
tion after irradiation, the resist is negative.

The invention accordingly relates also to a chemically amplified negative photoresist.

A monomeric or polymeric compound which - in the unexposed areas - reduces the disso-
lution rate of an additionally present alkaline soluble binder resin in the resist formulation and
which is essentially alkali-insoluble in the unexposed areas so that the resist film remains in
the unexposed area after development in alkaline solution, but which is cleaved in the pres-
ence of acid, or is capable of being rearranged, in such a manner that its reaction product

becomes soluble in the alkaline developer is referred to hereinafter as dissolution inhibitor.

The invention includes, as a special embodiment a chemically amplified positive alkaline-
developable photoresist composition, comprising

(a11) at least one polymer having acid-labile groups which decompose in the presence of an
acid and increase the solubility of the resist film in an agueous alkaline developer solution in
the exposed area and

(b) atleast one compound of formula I.
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A further embodiment of the invention is a chemically amplified positive alkaline-developable
photoresist composition, comprising

(a21) at least one monomeric or oligomeric dissolution inhibitor having at least one acid-
labile group which decomposes in the presence of acid and increases the solubility in an
agueous alkaline developer solution and at least one alkali-soluble polymer and,

(b) atleast one compound of formula I.

Another specific embodiment of the invention resides in a chemically amplified positive alka-
line-developable photoresist composition, comprising

(a11) at least one polymer having acid labile groups which decompose in the presence of an
acid and increase the solubility in an alkaline developer in the exposed area;

(a21) a monomeric or oligomeric dissolution inhibitor, having at least one acid labile group,
which decomposes in the presence of an acid and increase the alkaline solubility in the ex-
posed area;

(@31) an alkali-soluble monomeric, oligomeric or polymeric compound at a concentration
which still keeps the resist film in the unexposed area essentially insoluble in the alkaline de-
veloper, and

(b) atleast one compound of formula I.

The invention therefore pertains to a chemically amplified photoresist composition, compris-
ing

(a11) at least one polymer having an acid-labile group which decomposes in the presence of
an acid to increase the solubility in agueous alkaline developer solution and/or

(a21) at least one monomeric or oligomeric dissolution inhibtor having an acid-labile group
which decomposes in the presence of an acid to increase the solubility in agueous alkaline
developer solution and/or

(a31) at least one alkali-soluble monomeric, oligomeric or polymeric compound; and

(b) as photosensitive acid donor, at least one compound of formula 1.

The compositions may comprise additionally to the component (b) other photosensitive acid

donors (b1) and/or other additives(c).

Such chemically amplified positive resist systems are described, for example, in E. Reich-
manis, F. M. Houlihan, O. Nalamasu, T. X. Neenan, Chem. Mater. 1991, 3, 394; or in C. G.
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Willson, “Introduction to Microlithography, 2nd. Ed.; L. S. Thompson, C. G. Willson, M. J.
Bowden, Eds., Amer. Chem. Soc., Washington DC, 1994, p. 139.

Suitable examples of acid-labile groups (in the polymers (a11)) which decompose in the
presence of an acid to produce aromatic hydroxy groups, carboxylic groups, keto groups and
aldehyde groups and increase the solubility in aqueous alkaline developer solution are, for
example, alkoxyalkyl ether groups, tetrahydrofuranyl ether groups, tetrahydropyranyl ether
groups, tert.-alkyl ester groups, trityl ether groups, silyl ether groups, alkyl carbonate groups
as for example tert.-butyloxycarbonyloxy-, trityl ester groups, silyl ester groups, alkoxymethyl
ester groups, cumyl ester groups, acetal groups, ketal groups, tetrahydropyranyl ester
groups, tetrafuranyl ester groups, tertiary alkyl ether groups, tertiary alkyl ester groups, and
the like. Examples of such group include alkyl esters such as methyl ester and tert-butyl es-
ter, acetal type esters such as methoxymethyl ester, ethoxymethyl enter, 1-ethoxyethyl ester,
1-isobutoxyethyl ester, 1-ispropoxyethyl ester, 1-ethoxypropyl ester, 1-(2-methoxyethoxy)
ethyl ester, 1-(2-acetoxyethoxy)ethyl ester, 1-[2-(1-adamantyloxy) ethoxylethyl ester, 1-[2-(1-
adamantylcarbonyloxy)ethoxyJethyl ester, tetrahydro-2-furyl ester and tetrahydro-2-pyranyl

ester, and alicyclic ester such as isobornyl ester.

The polymer having functional groups capable of decomposing by the action of an acid to
enhance solubility of the resist film comprising this polymer in an alkaline developing soluti-
on, which can be incorporated in the positive resist according to the present invention, may
have the acid-labile groups in the backbone and/or side chains thereof, preferably in side
chains thereof.

The polymer having acid-labile groups suitable for the use in the present invention can be
obtained with a polymer analogous reaction where the alkaline soluble groups are partially or
completely converted into the respective acid labile groups or directly by (co)-polymerization
of monomers which have the acid labile groups already attached, as is for instance disclosed
in EP 254853, EP 878738, EP 877293, JP-A-2-25850, JP-A-3-223860, and JP-A-4-251259.
The polymers which have acid labile groups pendant to the polymer backbone, in the present
invention preferably are polymers which have, for example silylether, acetal, ketal and alk-
oxyalkylester groups (called “low-activation energy blocking groups”) which cleave com-
pletely at relatively low post exposure bake temperatures (typically between room tempe-
rature and 110°C) and polymers which have, for example, tert-butylester groups or tert.-

butyloxycarbonyl (TBOC) groups or other ester groups which contain a secondary or tertiary
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carbon atom next to the oxygen atom of the ester bond (called “high-activation energy block-
ing groups”) which need higher bake temperatures (typically > 110°C) in order to complete
the deblocking reaction in the presence of acid. Hybrid systems can also be applied,
wherein, both, high activation energy blocking groups as well as low activation energy block-
ing groups are present within one polymer. Alternatively, polymer blends of polymers, each
utilizing a different blocking group chemistry, can be used in the photosensitive positive resist

compositions according to the invention.

Preferred polymers which have acid labile groups are polymers and co-polymers comprising
the following distinct monomer types:

1) monomers that contain acid-labile groups which decompose in the presence of an acid to
increase the solubility in aqueous alkaline developer solution and

2) monomers that are free of acid labile groups and free of groups that contribute to the alk-
aline solubility and/or

3) monomers that contribute to aqueous alkaline solubility of the polymer.

Examples of monomers of type 1) are:

non-cyclic or cyclic secondary and tertiary-alkyl (meth)acrylates such as butyl acrylate, inclu-
ding t-butyl acrylate, butyl methacrylate, including t-butyl methacrylate, 3-oxocyclohexyl (me-
th)acrylate, tetrahydropyranyl (meth)acrylate, 2-methyl-adamantyl (meth)acrylate, cyclohexyl
(meth)acrylate, norbornyl (meth)acrylate, (2-tetrahydropyranyl)oxynorbonylalcohol acrylates,
(2-tetrahydropyranyl)oxymethyltricyclododecanemethanol methacrylates, trimethylsilylmethyl
(meth)acrylate, (2-tetrahydropyranyl)oxynorbonylalcohol acrylates, (2-tetrahydropyranyl)oxy-
methyltricyclododecanemethanol methacrylates, trimethylsilylmethyl (meth)acrylate o-/m-/p-
(3-oxocyclohexyloxy)styrene, o-/m-/p- (1-methyl-1-phenylethoxy)styrene, o-/m-/p- tetrahydro-
pyranyloxystyrene, o-/m-/p- adamantyloxystyrene, o-/m-/p- cyclohexyloxystyrene, o-/m-/p-
norbornyloxystyrene, non-cyclic or cyclic alkoxycarbonylstyrenes such as o-/m-/p- butoxycar-
bonylstyrene, including p- t-butoxycarbonylstyrene, o-/m-/p- (3-oxocyclohexyloxycarbonyl)-
styrene, o-/m-/p- (1-methyl-1-phenylethoxycarbonyl)styrene, o-/m-/p- tetrahydropyranyloxy-
carbonylstyrene, o-/m-/p- adamantyloxycarbonylstyrene, o-/m-/p- cyclohexyloxycarbonylsty-
rene, o-/m-/p- norbornyloxycarbonylstyrene, non-cyclic or cyclic alkoxycarbonyloxystyrenes
such as o-/m-/p- butoxycarbonyloxystyrene, including p- t-butoxycarbonyloxystyrene, , o-/m-
Ip- (3-oxocyclohexyloxycarbonyloxy)styrene, o-/m-/p- (1-methyl-1-phenylethoxycarbonyloxy)-

styrene, o-/m-/p- tetrahydropyranyloxycarbonyloxystyrene, o-/m-/p- adamantyloxycarbonylox-
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ystyrene, o-/m-/p- cyclohexyloxycarbonyloxystyrene, o-/m-/p- norbornyloxycarbonyloxystyre-
ne, non-cyclic or cyclic alkoxycarbonylalkoxystyrenes such aso/m/p-butoxycarbonylmethoxy-
styrene, p- t-butoxycarbonylmethoxystyrene, o-/m-/p- (3-oxocyclohexyloxycarbonylmethoxy)-
styrene, o-/m-/p- (1-methyl-1-phenylethoxycarbonylmethoxy)styrene, o-/m-/p- tetrahydropy-
ranyloxycarbonylmethoxystyrene, o-/m-/p- adamantyloxycarbonylmethoxystyrene, o-/m-/p-
cyclohexyloxycarbonylmethoxystyrene, o-/m-/p- norbornyloxycarbonylmethoxystyrene, trime-
thylsiloxystyrene, dimethyl(butyl)siloxystyrene, unsaturated alkyl acetates such as isopropen-

yl acetate and the derivatives of thereof.

Monomers of type 1) bearing low activation energy acid labile groups include, for example,
p- or m-(1-methoxy-1-methylethoxy)-styrene, p- or m-(1-methoxy-1-methylethoxy)- methylsty-
rene , p-or m-(1-methoxy-1-methylpropoxy)styrene, p-or m-(1-methoxy-1-methylpropoxy) me-
thylstyrene , p- or m-(1-methoxyethoxy)-styrene , p- or m-(1-methoxyethoxy)- methylstyrene,
p- or m-(1-ethoxy-1-methylethoxy)styrene , p- or m-(1-ethoxy-1-methylethoxy)- methylstyr-
ene, p- or m-(1-ethoxy-1-methylpropoxy)styrene, p- or m-(1-ethoxy-1-methylpropoxy) - me-
thylstyrene , p- or m-(1-ethoxyethoxy)styrene, p- or m-(1-ethoxyethoxy)- methylstyrene, p-(1-
ethoxyphenyl-ethoxy)styrene, p- or m-(1-n-propoxy-1-metylethoxy)styrene, p- or m-(1-n-pro-
poxy-1-metylethoxy) - methylstyrene, p- or m-(1-n-propoxyethoxy)styrene, p- or m-(1-n-pro-
poxyethoxy)-methylstyrene, p- or m-(1-isopropoxy-1-methylethoxy)styrene, p- or m-(1-iso-
propoxy-1-methylethoxy)-methylstyrene, p- or m-(1-isopropoxyethoxy)styrene , p- or m-(1-
isopropoxyethoxy)-methylstyrene, p- or m-(1-isopropoxy-1-methylpropoxy)styrene, p- or m-
(1-isopropoxy-1-methylporpoxy)-methylstyrene, p- or m-(1-isopropoxypropoxy)styrene, p- or
m-(1-isopropoxyporpoxy)-methylstyrene, p- or m-(1-n-butoxy-1-methylethoxy)styrene, p- or
m-(1-n-butoxyethoxy)styrene , p- or m-(1-isobutoxy-1-methylethoxy)styrene, p- or m-(1-tert-
butoxy-1-methylethoxy)styrene, p- or m-(1-n-pentoxy-1-methylethoxy)styrene, p- or m-(1-iso-
amyloxy-1-methylethoxy)styrene , p- or m-(1-n-hexyloxy-1-methylethoxy)styrene, p- or m-(1-
cyclohexyloxy-1-methylethoxy)styrene, p- or m-(1-trimethylsilyloxy-1-methylethoxy)styrene,
p- or m-(1-trimethylsilyloxy-1-methylethoxy)-methylstyrene, p- or m-(1-benzyloxy-1-methyl-
ethoxy)styrene, p- or m-(1-benzyloxy-1-methylethoxy)-methylstyrene, p- or m-(1-methoxy-1-
methylethoxy)styrene, p- or m-(1-methoxy-1-methylethoxy)-methylstyrene, p- or m-(1-trimeth-
ylsilyloxy-1-methylethoxy)styrene p- or m-(1-trimethylsilyloxy-1-methylethoxy)-methylstyrene.
Other examples of polymers having alkoxyalkylester acid labile groups are given in US
5225316 and EP 829766. Examples of polymers with acetal blocking groups are given in US
5670299, EP 780732, US 5627006, US 5558976, US 5558971, US 5468589, EP 704762,
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EP 762206, EP 342498, EP 553737 and described in ACS Symp. Ser. 614, Microelectronics
Technology, pp. 35-55 (1995) and J. Photopolymer Sci. Technol. Vol. 10, No. 4 (1997), pp.

571-578. The polymer used in the present invention is not limited thereto.

With respect to polymers having acetal groups as acid-labile groups, it is possible to incorpo-
rate acid labile crosslinks as for example described in H.-T. Schacht, P. Falcigno, N. Muen-
zel, R. Schulz, and A. Medina, ACS Symp. Ser. 706 (Micro- and Nanopatterning Polymers),
p. 78-94, 1997; H.-T. Schacht, N. Muenzel, P. Falcigno, H. Holzwarth, and J. Schneider, J.
Photopolymer Science and Technology, Vol.9, (1996), 573-586. This crosslinked system is

preferred from the standpoint of heat resistance of the resist patterns.

Monomers with high activation energy acid labile groups are, for example, p-tert.-butoxycar-
bonyloxystyrene, tert.-butyl-acrylate, tert.-butyl-methacrylate, 2-methyl-2-adamantyl-methac-

rylate, isobornyl-methacrylate.

Monomers of type 1) suitable for ArF resist technology in particular include, for example, 2-
methyl-2-adamantyl acrylate, 2-ethyl-2-adamantyl acrylate, 2-n-butyl-2-adamanty! acrylate,
2-n-butyl-2-adamantyl methacrylate, 2-methyl-2-adamantyl methacrylate and 2-ethyl-2-
adamantyl methacrylate. Other monomers comprising acid-labile adamantyl moieties are
disclosed in JP-A-2002-1265530, JP-A-2002-338627, JP-A-2002-169290, JP-A-2002-
241442, JP-A-2002-145954, JP-A-2002-275215, JP-A-2002-156750, JP-A-2002-268222, JP-
A-2002-169292, JP-A-2002-162745, JP-A-2002-301161, WO02/06901A2, JP-A-2002-
311590, JP-A-2002-182393, JP-A-2002-371114, JP-A-2002-162745.

Particular olefins with acid labile-group are also suitable for ArF resist technology as shown
in , for example, JP-A-2002-308938, JP-A-2002-308869, JP-A-2002-206009, JP-A-2002-
179624, JP-A-2002-161116.

Examples of comonomers according to type 2) are:

aromatic vinyl monomers, such as styrene, a-methylstyrene, acetoxystyrene, a-methylnaph-
thylene, acenaphthylene, vinyl alicyclic compounds such as vinyl norbornane, vinyl adaman-
tane. vinyl cyclohexane, alkyl (meth)acrylates such as methyl methacrylate,
(meth)acrylonitrile, vinylcyclohexane, vinylcyclohexanol, itaconic anhydride, as well as maleic

anhydride.
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Comonomers according to type 2) suitable for ArF resist technology in particular include, for
example, alpha-acryloyloxy-gamma-butyrolactone, alpha-methacryloyloxy-gamma-butyro-
lactone, alpha-acryloyloxy-beta,beta-dimethyl-gamma-butyro-lactone, alpha-methacryloyl-
oxy-beta,beta-dimethyl-gamma-butyrolactone, alpha-acryloyloxy-alpha-methyl-gamma-buty-
rolactone, alpha-methacryloyloxy-alpha-methyl-gamma-butyrolactone, beta-acryloyloxy-gam-
ma,beta-methacryloyloxy-alpha-methyl-gamma-butyrolactone, 5-acryloyloxy—2,6-norborn-
anecarbolactone, 5-methacryloyloxy —2,6-norbolnanecarbolactone, 2-norbornene, methyl 5-
norbornene-2-carboxylate, tert-butyl 5-norbornene-2-carboxylate, 1-cycrohexyl-1-methylethyl
5-norbornene-2-carboxylate, 1-(4-methylcyclohexyl)-1-methylethyl 5-norbornene-2-carboxy-
late, 1-methyl-1-(4-oxocyclohexyl)ethyl 5-norbornene-2-carboxylate, 1-(1-adamatyl)-1-meth-
ylethyl 5-norbornene-2-carboxylate,1-methylcyclohexyl 5-norbornene-2-carboxylate, 2-meth-
yl-2-adamantyl 5-norbornene-2-carboxylate, 2-ethy-2-adamantyl 5-norbornene-2-carboxyl-
ate, 5-norbornene-2,3-dicarboxylic acid anhydrate, 2(5H)-furanone. 3-vinyl-gamma-butyro-

lactone.

Examples of comonomers according to type 3) are:

vinyl aromatic compounds such as hydroxystyrene, acrylic acid compounds such as methac-
rylic acid, ethylcarbonyloxystyrene and derivatives of thereof. These polymers are described,
for example, in US 5827634, US 5625020, US 5492793, US 5372912, EP 660187, US
5679495, EP 813113 and EP 831369. Further examples are crotonic acid, isocrotonic acid,
3-butenoic acid, acrylic acid, 4-pentenoic acid, propiolic acid, 2-butynoic acid, maleic acid,
fumaric acid, and acetylenecarboxylic acid. The polymer used in the present invention is not

limited thereto.

Comonomers according to type 3) suitable for ArF resist technology in particular include, for
example, 3-hydroxy-1-adamantyl acrylate, 3-hydroxy-1-adamantyl methacrylate, 3,5-di-
hydroxy-1-adamantyl acrylate, 3,5-dihydroxy -1-adamantyl methacrylate, 2-hydroxy-5-nor-
bornene, 5-norbornene-2-carboxylic acid, 1-(4-hydroxycyclohexyl)-1-methylethyl 5-nor-
bornene-2-carboxylate, 2-hydroxy-1-ethyl 5-norbornene-2-carboxylate, 5-norbornene-2-

methanol.

Other monomers comprising lactone moieties suitable for ArF technology are disclosed in,
for example, JP-A-2002-6502, JP-A-2002-145955, EP1127870A1, JP-A-2002-357905, JP-A-
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2002-296783. Other olefins suitable for ArF technology are published in, for example, JP-A-
2002-351078, JP-A-2002-234918, JP-A-2002-251009, EP1127870A1, JP-A-2002-328475,
JP-A-2002-278069, JP-A-2003-43689, JP-A-2002-202604, WO01/86353, JP-A-2002-23371,
JP-A-2002-72484, JP-A-2002-202604, JP-A-2001-330959, JP-A-2002-3537, JP-A-2002-
30114, JP-A-2002-278071, JP-A-2002-251011, JP-A-2003-122010, JP-A-2002-139837, JP-
A-2003-195504, JP-A-2001-264984, JP-A-2002-278069, JP-A-2002-328475, US6379861,
US6599677, US2002/119391, US6277538, US2003/78354.

The content of acid labile monomers in the polymer may vary over a wide range and de-
pends on the amount of the other comonomers and the alkaline solubility of the deprotected
polymer. Typically, the content of monomers with acid labile groups in the polymer is bet-
ween 5 and 60 mol%. If the content is too small, too low development rates and residues of
the resist in the exposed areas result. If the content of acid labile monomers is too high, re-
sist patterns are poorly defined (eroded) after development and narrow features cannot be
resolved anymore and/or the resist looses its adhesion to the substrate during development.
Preferably the copolymers which have acid labile groups have a My of from about 3’000 to
about 200’000, more preferably from about 5000 to about 50’000 with a molecular weight
distribution of about 3 or less, more preferably a molecular weight distribution of about 2 or
less. Non-phenolic polymers, e.g. a copolymer of an alkyl acrylate such as t-butyl acrylate or
t-butyl-methacrylate and a vinyl alicyclic compound, such as a vinyl norbonanyl or vinyl cyclo-
hexanol compound, also may be prepared by such free radical polymerization or other
known procedures and suitably will have a My of from about 8’000 to about 50°000, and a
molecular weight distribution of about 3 or less.

Other comonomers may suitably be added in an appropriate amount for the purpose of con-

trolling the glass transition point of the polymer and the like.

In the present invention a mixture of two or more polymers having acid-labile groups may be
used. For example, use may be made of a mixture of a polymer having acid-labile groups,
which are cleaved very easily, such as acetal groups or tetrahydropyranyloxy- groups and a
polymer having acid-cleavable groups, that are less easily cleaved, such as for example terti-
ary alkyl ester groups. Also, acid cleavable groups of different size can be combined by
blending two or more polymers having different acid cleavable groups, such as a tert-butyles-
ter group and 2-methyl-adamantyl group or an 1-ethoxy-ethoxy group and a tetrahydropyran-

yloxy group. A mixture of a non-crosslinked resin and a crosslinked resin may also be used.
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The amount of these polymers in the present invention is preferably from 30 to 99% by
weight, more preferably from 50 to 98% by weight, based on the total amount of all solid
components. An alkali-soluble resin or monomeric or oligomeric compound having no acid-
labile groups may be further incorporated into the composition in order to control the alkali
solubility.

Examples of polymer blends with polymers having different acid-labile groups are given in
EP 780732, EP 679951 and US 5817444.

Preferably monomeric and oligomeric dissolution inhibitors (a21) are used in the present in-
vention.

The monomeric or oligomeric dissolution inhibitor having the acid-labile group for use in the
present invention is a compound which has at least one acid-labile group in the molecular
structure, which decomposes in the presence of acid to increase the solubility in agqueous al-
kaline developer solution. Examples are alkoxymethyl ether groups, tetrahydrofuranyl ether
groups, tetrahydropyranyl ether groups, alkoxyethyl ether groups, trityl ether groups, silyl eth-
er groups, alkyl carbonate groups, trityl ester groups, silyl ester groups, alkoxymethyl ester
groups, vinyl carbamate groups, tertiary alkyl carbamate groups, trityl amino groups, cumyl
ester groups, acetal groups, ketal groups, tetrahydropyranyl ester groups, tetrafuranyl ester
groups, tertiary alkyl ether groups, tertiary alkyl ester groups, and the like. The molecular
weight of the acid-decomposable dissolution inhibitive compound for use in the present in-

vention is 3'000 or lower, preferably from 100 to 3’000, more preferably from 200 to 2°500.

Examples of monomeric and oligomeric dissolution inhibitors having acid-labile groups are
described as formulae (1) to (XVI) in EP 0831369. Other suitable dissolution inhibitors having
acid-labile groups are shown in US 5356752, US 5037721, US 5015554, JP-A-1-289946, JP-
A-1-289947, JP-A-2-2560, JP-A-3-128959, JP-A-3-158855, JP-A-3-179353, JP-A-3-191351,
JP-A-3-200251, JP-A-3-200252, JP-A-3-200253, JP-A-3-200254, JP-A-3-200255, JP-A-3-
259149, JA-3-279958, JP-A-3-279959, JP-A-4-1650, JP-A-4-1651, JP-A-11260, JP-A-4-
12356, JP-A-4-123567, JP-A-1-289946, JP-A-3-128959, JP-A-3-158855, JP-A-3-179353,
JP-A-3-191351, JP-A-3-200251, JP-A-3-200252, JP-A-3-200253, JP-A-3-200254, JP-A-3-
200255, JP-A-3-259149, JP-A-3-279958, JP-A-3-279959, JP-A-4-1650, JP-A-4-1651, JP-A-
11260, JP-A-4-12356, JP-A-4-12357 and Japanese Patent Applications Nos. 3-33229, 3-
230790,3-320438, 4-254157, 4-52732, 4-103215, 4-104542, 4-107885, 4-107889, 4-152195,
4-254157, 4-103215, 4-104542, 4-107885, 4-107889, and 4-152195.
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The composition can also contain polymeric dissolution inhibitors, for example, polyacetals
as described for example in US 5354643 or poly-N,O-acetals for example those described in
US 5498506, either in combination with an alkaline soluble polymer, or in combination with a
polymer containing acid labile groups which increase the solubility of the resist film in the de-

veloper after exposure, or with a combination of both types of polymers.

In the case where the dissolution inhibitor having acid-labile groups is used in the present in-
vention in combination with the sulfonium salts of formula I, the alkali-soluble polymer and/or
the polymer having acid-labile groups, the amount of the dissolution inhibitor is from 3 to 55%
by weight, preferably from 5 to 45% by weight, most preferably from 10 to 35% by weight,

based on the total amount of all solid components of the photosensitive composition.

A polymer soluble in an aqueous alkali solution (a31) is preferably used in the present inven-
tion. Examples of these polymers include novolak resins, hydrogenated novolak resins, ace-
tone-pyrogallol resins, poly(o-hydroxystyrene), poly(m-hydroxystyrene), poly(p-hydroxystyre-
ne), hydrogenated poly(hydroxystyrene)s, halogen-or alkyl-substituted poly(hydroxystyre-
ne)s, hydroxystyrene/N-substituted maleimide copolymers, o/p- and m/p-hydroxystyrene co-
polymers, partially o-alkylated poly(hydroxystyrene)s, [e.g., o-methylated, o-(1-methoxy)eth-
ylated, o-(1-ethoxy)ethylated, o-2-tetrahydropyranylated, and o-(t-butoxycarbonyl)methylated
poly(hydroxystyrene)s having a degree of substitution of from 5 to 30 mol% of the hydroxyl
groups], o-acylated poly(hydroxystyrene)s [e.g., o-acetylated and o-(t-butoxy)carbonylated
poly(hydroxystyrene)s having a degree of substitution of from 5 to 30mol% of the hydroxyl
groups], styrene/maleic anhydride copolymers, styrene/hydroxystyrene copolymers, o-meth-
ylstyrene/hydroxystyrene copolymers, carboxylated methacrylic resins, and derivatives there-
of. Further suitable are poly (meth)acrylic acid [e.g. poly(acrylic acid)], (meth)acrylic
acid/(meth)acrylate copolymers [e.g. acrylic acid/methyl acrylate copolymers, methacrylic
acid/methyl methacrylate copolymers or methacrylic acid/methyl methacrylate/t-butyl
methacrylate copolymers], (meth)acrylic acid/alkene copolymers [e.g. acrylic acid/ethylene
copolymers], (meth)acrylic acid/(meth)acrylamide copolymers [e.g. acrylic acid/acrylamide
copolymers], (meth)acrylic acid/vinyl chloride copolymers [e.g. acrylic acid/ vinyl chloride co-
polymers], (meth)acrylic acid/vinyl acetate copolymer [e.g. acrylic acid/ vinyl acetate copoly-
mers], maleic acid/vinyl ether copolymers [e.g. maleic acid/methyl vinyl ether copolymers],

maleic acid mono ester/methyl vinyl ester copolymers [e.g. maleic acid mono methyl es-
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ter/methyl vinyl ether copolymers], maleic acid/(meth)acrylic acid copolymers [e.g. maleic
acid/acrylic acid copolymers or maleic acid/methacrylic acid copolymers], maleic
acid/(meth)acrylate copolymers [e.g. maleic acid/methyl acrylate copolymers], maleic acid/-
vinyl chloride copolymers, maleic acid/vinyl acetate copolymers and maleic acid/alkene copo-
lymers [e.g. maleic acid/ethylene copolymers and maleic acid/1-chloropropene copolymers].
However, the alkali-soluble polymer for use in the present invention should not be construed
as being limited to these examples.

Especially preferred alkali-soluble polymers (a31) are novolak resins, poly(o-hy-
droxystyrene), poly(m-hydroxystyrene), poly(p-hydroxystyrene), copolymers of the respective
hydroxystyrene monomers, for example with p-vinylcyclohexanol, alkyl-substituted
poly(hydroxystyrene)s, partially o- or m-alkylated and o- or m-acylated poly(hydroxyl-
styrene)s, styrene/hydroxystyrene copolymer, and o-methylstyrene/hydroxystyrene copoly-
mers. The novolak resins are obtained by addition-condensing one or more given monomers

as the main ingredient with one or more aldehydes in the presence of an acid catalyst.

Examples of monomers useful in preparing alkaline soluble resins include hydroxylated aro-
matic compounds such as phenol, cresols, i.e., m-cresol, p-cresol, and o-cresol, xylenols,
e.g., 2,5-xylenol, 3,5-xylenol, 3,4-xylenol, and 2,3-xylenol, alkoxyphenols, e.g., p-methoxy-
phenol, m-methoxyphenol, 3,5-dimethoxyphenol, 2-methoxy-4-methylphenol, m-ethoxyphen-
ol, p-ethoxyphenol, m-propoxyphenol, p-propoxyphenol, m-butoxyphenol, and p-butoxyphen-
ol, dialkylphenols, e.g., 2-methyl-4-isopropylphenol, and other hydroxylated aromatics includ-
ing m-chlorophenol, p-chlorophenol, o-chlorophenol, dihydroxybiphenyl, bisphenol A, phenyl-
phenol, resorcinol, and naphthol. These compounds may be used alone or as a mixture of
two or more thereof. The main monomers for novolak resins should not be construed as be-
ing limited to the above examples.

Examples of the aldehydes for polycondensation with phenolic compounds to obtain novola-
ks include formaldehyde, p-formaldehyde, acetaldehyde, propionaldehyde, benzaldehyde,
phenylacetaldehyde, a-phenylpropionaldehyde, B-phenylpropionaldehyde, o-hydroxybenzal-
dehyde, m-hydroxybenzaldehyde, p-hydroxybenzaldehyde, o-chlorobenzaldehyde, m-chloro-
benzaldehyde, p-chlorobenzaldehyde, o-nitrobenzaldehyde, m-nitrobenzaldehyde, o-methyl-
benzaldehyde, m-methylbenzaldehyde, p-methylbenzaldehyde, p-ethylbenzaldehyde, p-n-
butylbenzaldehyde, furfural, chloroacetaldehyde, and acetals derived from these, such as

chloroacetaldehyde diethyl acetal. Preferred of these is formaldehyde.
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These aldehydes may be used alone or in combination of two or more thereof. Examples of
the acid catalyst include hydrochloric acid, sulfuric acid, formic acid, acetic acid, and oxalic

acid.

The weight-average molecular weight of the thus-obtained novolak resin suitably is from
1’000 to 30°000. If the weight-average molecular weight thereof is lower than 1°000, the film
reduction at unexposed parts during development is liable to be large. If the weight-average
molecular weight there of exceeds 50’000, the developing rate may be too low. The especial-
ly preferred range of the molecular weight of the novolak resin is from 2’000 to 20°000.

The poly(hydroxystyrene)s and derivatives and copolymers thereof shown above as alkali-
soluble polymers other than novolak resins each have a weight-average molecular weight of
2’000 or higher, preferably from 4’000 to 200’000, more preferably from 5000 to 50°000.
From the standpoint of obtaining a polymer film having improved heat resistance, the weight-
average molecular weight thereof is desirably at least 5000 or higher.

Weight-average molecular weight in the context of the present invention is meant to be the
one determined by gel permeation chromatography and calibrated for with polystyrene stand-

ard.

In the present invention the alkali-soluble polymers may be used as a mixture of two or more
thereof. In the case where a mixture of an alkali-soluble polymer and the polymer having
groups which decompose by the action of an acid to enhance solubility in an alkaline devel-
oping solution is used, the addition amount of the alkali-soluble polymer is preferably up to
80% by weight, more preferably up to 60% by weight, most preferably up to 40% by weight,
based on the total amount of the photosensitive composition (excluding the solvent). The am-
ount exceeding 80% by weight is undesirable because the resist pattern suffers a consider-
able decrease in thickness, resulting in poor images and low resolution.

In the case where an alkali-soluble polymer is used together with a dissolution inhibitor, with-
out the polymer having groups which decompose by the action of an acid, to enhance solubi-
lity in an alkaline developing solution, the amount of the alkali-soluble polymer is preferably
from 40% to 90% by weight, more preferably from 50 to 85%by weight, most preferably 60 to
80% by weight. If the amount thereof is smaller than 40% by weight, undesirable results
such as reduced sensitivity are caused. On the other hand, if it exceeds 90% by weight, the
resist pattern suffers a considerable decrease in film thickness, resulting in poor resolution

and image reproduction.
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The content of the sulfonium salts of formula | (component (b)) in the positive resist accord-
ing to the present invention is preferably between 0.01% to 20% by weight, based on the to-

tal amount of all solid components in the photoresist.

The use of the sulfonium salts according to the invention in chemically amplified systems,
which operates on the principle of the removal of a protecting group from a polymer, general-
ly produces a positive resist. Positive resists are preferred over negative resists in many ap-
plications, especially because of their higher resolution. There is, however, also interest in
producing a negative image using the positive resist mechanism, in order to combine the ad-
vantages of the high degree of resolution of the positive resist with the properties of the ne-
gative resist. This can be achieved by introducing a so-called image-reversal step as descri-
bed, for example, in EP 361906. For this purpose, the image-wise irradiated resist material
is before the developing step treated with, for example, a gaseous base, thereby image-wise
neutralizing the acid which has been produced. Then, a second irradiation, over the whole
area, and thermal aftertreatment are carried out and the negative image is then developed in

the customary manner.

The compounds of the formula | according to the present invention are in particular suitable
as photolatent acids in the ArF resist technology, i.e. a technology using ArF excimer lasers
(193 nm) for the imaging step. This technology requests the use of specific poly-
mers/copolymers. Suitable formulations and the preparation of suitable polymer/copolymers
are for example published in

Proceeding of SPIE 2438, 474 (1995); Proceeding of SPIE 3049, 44 (1997); Proceeding of
SPIE 3333, 144 (1998); J. Photopolym. Sci. Technol. 14, 631 (2001); Proceeding of SPIE
3333, 546 (1998); J. Photopolym. Sci. Technol. 13, 601 (2000); JP2001-242627A; JP2001-
290274A; JP2001-235863A; JP2001-228612A; Proceeding of SPIE 3333, 144 (1998);
JP2001-5184A, commercially available as Lithomax alpha-7K from Mitsubishi Rayon;
JP2001-272783A; US Patent Application No. 09/413763 (filed 1999.10.7); EP 1091249;
JP2000-292917A; JP2003-241385A; J. Photopolym. Sci. Technol. 14, 631 (2001); Proceed-
ing of SPIE 3333, 11 (1998); ACS 1998 (University of Texas); JP2001-290274A; JP2001-
235863A; JP2001-228612A; Proceeding of SPIE 3999, 13 (2000); JP2001-296663A; US
Patent Application No. 09/567814 ( filed 2000.5.9); EP 1128213; Proceeding of SPIE 3049,
104 (1997); J. Photopolym. Sci. Technol. 10, 521 (1997); JP2001-290274A; JP2001-
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235863A; JP2001-228612A; Proceeding of SPIE 4345, 680 (2001); J. Vac. Sci. Technol. B
16(6), p. 3716, 1998; Proceeding of SPIE 2724, 356 (1996); Proceeding of SPIE 4345, 67
(2001); Proceeding of SPIE 3333, 546 (1998); Proceeding of SPIE 4345, 87 (2001); Pro-
ceeding of SPIE 4345, 159 (2001); Proceeding of SPIE 3049, 92 (1997); Proceeding of SPIE
3049, 92 (1997); Proceeding of SPIE 3049, 92 (1997); Proceeding of SPIE 3999, 2 (2000);
Proceeding of SPIE 3999, 23 (2000); Proceeding of SPIE 3999, 54 (2000); roceeding of
SPIE 4345, 119 (2001).

The formulations disclosed in the aforementioned publications are incorporated herein by
reference. It is understood, that the compounds of the present invention are in particular
suitable for use as photolatent acid in all the polymers/copolymers and compositions de-

scribed in these cited publications.

The compounds of the formula | according to the present invention are suitable as photo-
latent acids in the bi-layer resist. This technology requests the use of specific poly-
mers/copolymers. Suitable formulations and the preparation of suitable polymer/copolymers
are for example published in Proc. SPIE 4345, 361-370 (2001), Proc. SPIE 4345, 406-416
(2001), JP-A-2002-278073, JP-A-2002-30116, JP-A-2002-30118, JP-A-2002-72477, JP-A-
2002-348332, JP-A-2003-207896, JP-A-2002-82437, US2003/65101, US2003/64321.

The compounds of the formula | according to the present invention are suitable as photo-
latent acids in the multi-layer resist. This technology requests the use of specific poly-
mers/copolymers. Suitable formulations and the preparation of suitable polymer/copolymers
are for example published in JP-A-2003-177540, JP-A-2003-280207, JP-A-2003-149822, JP-
A-2003-177544.

In order to make fine hole pattern, thermal flow process or chemical shrink technology, so-
called RELACS (resolution enhacement lithography assisted by chemical shrink) process,
are applied for chemically amplified resist. The compounds of the formula | according to the
present invention are suitable as photolatent acids in the resists for thermal flow process or
RELACS process. These technologies request the use of specific polymers/copolymers.
Suitable formulations and the preparation of suitable polymer/copolymers are for example
published in JP-A-2003-167357, JP-A-2001-337457, JP-A-2003-66626, US2001/53496, JP-
A-2003-202679, Proceeding of SPIE 5039, 789 (2003), IEDM98, Dig., 333 (1998), Proceed-
ing Silicon Technology 11, 12 (1999).
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The compounds of the formula | according to the present invention are suitable as photo-
latent acids in the F; resist technology, i.e. a technology using F, excimer lasers (157 nm) for
the imaging step. This technology requests the use of specific polymers/copolymers which
have high transparency at 157 nm. Examples of polymer suitable for this application are
fluoropolymers described in, for example, Proc. SPIE 3999, 330-334 (2000), Proc. SPIE
3999, 357-364 (2000), Proc. SPIE 4345, 273-284 (2001), Proc. SPIE 4345, 285-295 (2001),
Proc. SPIE 4345, 296-307 (2001), Proc. SPIE 4345, 327-334 (2001), Proc. SPIE 4345, 350-
360 (2001), Proc. SPIE 4345, 379-384 (2001), Proc. SPIE 4345, 385-395 (2001), Proc. SPIE
4345, 417-427 (2001), Proc. SPIE 4345, 428-438 (2001), Proc. SPIE 4345, 439-447 (2001),
Proc. SPIE 4345, 1048-1055 (2001), Proc. SPIE 4345, 1066-1072 (2001), Proc. SPIE 4690,
191-199 (2002), Proc. SPIE 4690, 200-211 (2002), Proc. SPIE 4690, 486-496 (2002), Proc.
SPIE 4690, 497-503 (2002), Proc. SPIE 4690, 504-511 (2002), Proc. SPIE 4690, 522-532
(2002), US 20020031718, US 20020051938, US 20020055060, US 20020058199, US
20020102490, US 20020146639, US 20030003379, US 20030017404, WO 2002021212,
WO 2002073316, WO 2003006413, JP-A-2001-296662, JP-A-2001-350263, JP-A-2001-
350264, JP-A-2001-350265, JP-A-2001-356480, JP-A-2002-60475, JP-A-2002-90996, JP-A-
2002-90997, JP-A-2002-155112, JP-A-2002-155118, JP-A-2002-155119, JP-A-2002-
303982, JP-A-2002-327013, JP-A-2002-363222, JP-A-2003-2925, JP-A-2003-15301, JP-A-
2003-2925, JP-A-2003-177539, JP-A-2003-192735, JP-A-2002-155115, JP-A-2003-241386,
JP-A-2003-255544, US2003/36016, US2002/81499. Other suitable polymer for F; resist is
silicon-containing polymers described in, for example, Proc. SPIE 3999, 365-374 (2000),
Proc. SPIE 3999, 423-430 (2000), Proc. SPIE 4345, 319-326 (2001), US 20020025495, JP-
A-2001-296664, JP-A-2002-179795, JP-A-2003-20335, JP-A-2002-278073, JP-A-2002-
55456, JP-A-2002-348332. Polymers containing (meth)acrylonitrile monomer unit described
in, for example, JP-A-2002-196495 is also suitable for F; resist.

The compounds of the formula | according to the present invention are suitable as photo-
latent acids in the EUV resist, i.e. a technology using light source of extreme ultra violet
(13 nm) for the imaging step. This technology requests the use of specific poly-
mers/copolymers. Suitable formulations and the preparation of suitable polymer/copolymers
are for example published in JP-A-2002-55452, JP-A-2003-177537, JP-A-2003-280199, JP-
A-2002-323758, US2002/51932.
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The compounds of the formula | according to the present invention are suitable as photo-
latent acids in the EB (electron beam) or X-ray resist, i.e. a technology using EB or X-ray for
the imaging step. These technologies request the use of specific polymers/copolymers. Suit-
able formulations and the preparation of suitable polymer/copolymers are for example pub-
lished in JP-A-2002-99088, JP-A-2002-99089, JP-A-2002-99090, JP-A-2002-244297, JP-A-
2003-5355, JP-A-2003-5356, JP-A-2003-162051, JP-A-2002-278068, JP-A-2002-333713,
JP-A-2002-31892.

The compounds of the formula | according to the present invention are suitable as photo-
latent acids in the chemically amplified resist for immersion lithography. This technology re-
duces minimum feature size of resist pattern using liquid medium between the light source
and the resist as described in Proceeding of SPIE 5040, 667 (2003), Proceeding of SPIE
5040, 679 (2003), Proceeding of SPIE 5040, 690 (2003), Proceeding of SPIE 5040, 724
(2003).

The compounds of the formula | according to the present invention are suitable as photo-
latent acids in the positive and negative photosensitive polyimide. This technology requests
the use of specific polymers/copolymers. Suitable formulations and the preparation of suit-
able polymer/copolymers are for example published in JP-A-9-127697, JP- A-10-307393, JP-
A-10-228110, JP-A-10-186664, JP-A-11-338154, JP-A-11-315141, JP-A-11-202489, JP-A-
11-153866, JP-A-11-84653, JP-A-2000-241974, JP-A-2000-221681, JP-A-2000-34348, JP-
A-2000-34347, JP-A-2000-34346, JP-A-2000-26603, JP-A-2001-290270, JP-A-2001-
281440, JP-A-2001-264980, JP-A-2001-255657, JP-A-2001-214056, JP-A-2001-214055, JP-
A-2001-166484, JP-A-2001-147533, JP-A-2001-125267, JP-A-2001-83704, JP-A-2001-
66781, JP-A-2001-56559, JP-A-2001-33963, JP-A-2002-356555, JP-A-2002-356554, JP-A-
2002-303977, JP-A-2002-284875, JP-A-2002-268221, JP-A-2002-162743, JP-A-2002-
122993, JP-A-2002-99084, JP-A-2002-40658, JP-A-2002-37885, JP-A-2003-26919.

The formulations disclosed in the aforementioned publications are incorporated herein by
reference. It is understood, that the compounds of the present invention are in particular
suitable for use as photolatent acid in all the polymers/copolymers and compositions de-

scribed in these cited publications.

Acid-sensitive components that produce a negative resist characteristically are especially

compounds which, when catalysed by an acid (e.g. the acid formed during irradiation of the
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compounds of formulae 1) are capable of undergoing a crosslinking reaction or a polymeriza-
tion with themselves and/or with one or more further components of the composition. Com-
pounds of this type are, for example, the known acid-curable resins, such as, for example,
acrylic, polyester, alkyd, melamine, urea, epoxy, vinyl ether and phenolic resins or mixtures
thereof. Amino resins, phenolic resins and epoxy resins are very suitable. Acid-curable res-
ins of this type are generally known and are described, for example, in “Ullmann's Ency-
clopadie der technischen Chemie” [Ullmanns Enceclopedia of Technical Chemistry], 4th Edi-
tion, Vol. 15 (1978), p. 613 - 628. The crosslinker components should generally be present
in a concentration of from 2 to 40, preferably from 5 to 30, percent by weight, based on the

total solids content of the negative resist composition.

The invention thus includes, as a special embodiment, chemically amplified negative, alkali-
developable photoresists, comprising

(a41) an alkali-soluble resin as binder

(a51) a component that when catalysed by an acid undergoes a crosslinking reaction with it-
self and/or with the binder, and

(b) as photosensitive acid donor an sulfonate derivative of formula I.

The composition may comprise additionally to the component (b) other photosensitive acid

donors (b1), other photoinitiators (d) and/or (c) other additives.

Especially preferred as acid-curable resins (a5) are amino resins, such as non-etherified or
etherified melamine, urea, guanidine or biuret resins, especially methylated melamine resins
or butylated melamine resins, corresponding glycolurils and urones. By “resins” in this con-
text, there are to be understood both customary technical mixtures, which generally also
comprise oligomers, and pure and high purity compounds. N-hexa(methoxymethyl) mela-
mine and tetramethoxymethyl glucoril and N,N'-dimethoxymethylurone are the acid-curable

resins given the greatest preference.

The concentration of the compound of formula | in negative resists in general is from 0.1 to
30, preferably up to 20, percent by weight, based on the total solids content of the com-

positions. From 1 to 15 percent by weight is especially preferred.

Where appropriate, the negative compositions may comprise a film-forming polymeric binder

(a4). This binder is preferably an alkali-soluble phenolic resin. Well suited for this purpose
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are, for example, novolaks, derived from an aldehyde, for example acetaldehyde or furfural-
dehyde, but especially from formaldehyde, and a phenol, for example unsubstituted phenol,
mono- or di-chlorosubstituted phenol, such as p-chlorophenol, phenol mono- or di-substituted
by Cs-Cealkyl, such as o-, m- or p-cresol, the various xylenols, p-tert-butylphenol, p-
nonylphenol, p-phenylphenol, resorcinol, bis(4-hydroxyphenyl)methane or 2,2-bis(4-hy-
droxyphenyl)propane. Also suitable are homo- and co-polymers based on ethylenically un-
saturated phenols, for example homopolymers of vinyl- and 1-propenyl-substituted phenols,
such as p-vinylphenol or p-(1-propenyl)phenol or copolymers of these phenols with one or
more ethylenically unsaturated materials, for example styrenes. The amount of binder should

generally be from 30 to 95 percent by weight or, preferably, from 40 to 80 percent by weight.

An especially preferred negative resist composition comprises from 0.5 to 15 percent by
weight of an sulfonate derivative of formula | (component (b)), from 40 to 99 percent by
weight of a phenolic resin as binder (component (a41)), for example one of those mentioned
above, and from 0.5 to 30 percent by weight of a melamine resin (component (a51)) as
crosslinking agent, the percentages relating to the solids content of the composition. With
novolak or especially with polyvinyl phenol as binder, a negative resist having especially

good properties is obtained.

Sulfonium salts can also be used as acid generators, which can be activated photochemical-
ly, for the acid-catalysed crosslinking of, for example, poly(glycidyl)methacrylates in negative
resist systems. Such crosslinking reactions are described, for example, by Chae et al. in
Pollimo 1993, 17(3), 292.

Suitable formulations and the preparation of suitable polymer/copolymers for the negative re-
sist using the compounds of the formula | according to the present invention are for example
published in JP-A-2003-43688, JP-A-2003-114531, JP-A-2002-287359, JP-A-2001-255656,
JP-A-2001-305727, JP-A-2003-233185, JP-A-2003-186195, US6576394.

The compounds of the formula | according to the present invention are suitable as photo-
latent acids in a chemically amplified solvent-developable negative photoresists. This tech-
nology requests the use of a specific component that when catalysed by an acid undergoes a

crosslinking reaction or a polymerization with itself and/or with other components in the for-
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mulation. Suitable formulations are for example published in US4882245, US5026624,
US6391523.

The positive and the negative resist compositions may comprise in addition to the photosen-
sitive acid donor compound of formula | further photosensitive acid donor compounds (b1),
further additives (c), other photoinitiators (d), and/or sensitizers (e).

Therefore, subject of the invention also are chemically amplified resist compositions as de-
scribed above, in addition to components (a) and (b), or components (a11), (a21), (a31) and
(b), or components (a41), (a51) and (b) comprising further additives (c), further photosensi-

tive acid donor compounds (b1), other photoinitiators (d), and/or sensitizers (e).

Sulfonium salts of the present invention in the positive and negative resist can also be used
together with other, known photolatent acids (b1), for example, onium salts, 6-nitrobenzylsul-
fonates, bis-sulfonyl diazomethane compounds, cyano group-containing oximesulfonate
compounds., etc.. Examples of known photolatent acids for chemically amplified resists are
described in US 5731364, US 5800964, EP 704762, US 5468589, US 5558971, US
5558976, US 6004724, GB 2348644 and particularly in EP 794457 and EP 795786.

If a mixture of photolatent acids is used in the resist compositions according to the invention,
the weight ratio of sulfonium salts of formula | to the other photolatent acid (b1) in the mixture

is preferably from 1:99 to 99:1.

Examples of photolatent acids which are suitable to be used in admixture with the compou-
nds of formula |, e.g. as component (b1), are

(1) onium salt compounds, for example,

iodonium salts, sulfonium salts, phosphonium salts, diazonium salts, pyridinium salts. Pre-
ferred are diphenyliodonium triflate, diphenyliodonium pyrenesulfonate, diphenyliodonium do-
decylbenzenesulfonate, triphenylsulfonium triflate, triphenylsulfonium hexafluoroantimonate,
diphenyliodonium hexafluoroantimonate, triphenylsulfonium naphthalenesulfonate, (hydroxy-
phenyl)benzylmethylsulfonium toluenesulfonate and the like; the iodonium cation may also
be 4-Methylphenyl-4’-isobutylphenyliodonium or 4-Methylphenyl-4’-isopropylphenyliodonium.
Particularly preferred are triphenylsulfonium triflate, diphenyliodonium hexafluoroantimonate.
Other examples are described in JP-A-2002-229192, JP-A-2003-140332, JP-A-2002-
128755, JP-A-2003-35948, JP-A-2003-149800, JP-A-2002-6480, JP-A-2002-116546, JP-A-
2002-156750, US6458506, US2003/27061, US5554664.
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(2) halogen-containing compounds
haloalkyl group-containing heterocyclic compounds, haloalkyl group-containing hydrocarbon
compounds and the like. Preferred are (trichloromethyl)-s-triazine derivatives such as phen-
yl-bis(trichloromethyl)-s-triazine, methozyphenyl-bis(trichloromethyl)-s-triazine, naphthyl-bis-
(trichloromethyl)-s-triazine and the like; 1.1-bis(4-chlorophnyl)-2,2,2-trichloroethane; and the
like.

O N,O

(3) sulfone compounds, for example of the formula Ra—ﬁ—C—§-Rb , wherein R, and Ry, in-

O O

dependently of one another are alkyl, cycloalkyl or aryl, each of which may have at least one

substituent, e.g. <:>—” i “O @_g i g‘@ @II Nz u@

e} e}

H,C

3 3
o)
Gg 2 “O Such  compounds are disclosed for example in US

o
2002/0172886-A, JP-A-2003-192665, US2002/9663. More examples are B-ketosulfones, [-
sulfonylsulfones and their o-diazo derivatives and the like. Preferred are phe-
nacylphenylsulfone, mesitylphenacylsulfone, bis(phenylsulfonyl)methane, bis(phenylsulfo-
nyl)diazomethane.

(4) sulfonate compounds, for example

alkylsulfonic acid esters, haloalkylsulfonic acid esters, arylsulfonic acid esters, iminosulfonat-
es, imidosulfonates and the like. Preferred imidosulfonate compounds are, for example, N-
(trifluoromethlsulfonyloxy)succinimide, N-(trifluoromethylsulfonyloxy)phthalimide, N-(trifluoro-
methylsulfonyloxy)naphthylimide, N-(trifluoromethylsulfonyloxy)diphenylmaleimide, N-(triflu-
oromethylsulfonyloxy)-bicyclo-[2,2,1]-hept-5-ene-2,3-dicarboximide, N-(trifluoromethylsulfon-
yloxy)-7-oxabicyclo-[2,2,1]-hept-5-ene-2,3-dicarboximide, N-(trifluoromethylsulfonyloxy)7-ox-
abicyclo-[2,2,1]-hept-5-ene-2,3-dicarboximide, N-(trifluoromethylsulfonyloxy)-bicyclo-[2,2,1]-
heptan-5,6-oxy-2,3-dicarboximide, N-(camphanylsulfonyloxy) succinimide, N-(camphanylsul-
fonyloxy)phthalimide, N-(camphanylsulfonyloxy)naphthylimide, N-(camphanylsulfonyloxy)di-
phenylmaleimide, N-(camphanylsulfonyloxy)bicyclo-[2,2,1]-hept-5-ene-2,3-dicarboximide, N-
(camphanylsulfonyloxy)-7-oxabicyclo-[2,2,1]-hept-5-ene-2,3-dicarboximide,  N-(camphanyl-
sulfonyloxy)-7-oxabicyclo-[2,2,1]hept-5-ene-2,3-dicarboximide, N-(camphanylsulfonyloxy)-bi-
cyclo-[2,2,1]-heptan-5,6-oxy-2,3-dicarboximide,  N-(4-methylphenylsulfonyloxy)succinimide,
N-(4-methylphenylsulfonyloxy)phthalimide, N-(4-methylphenylsulfonyloxy)naphthylimide, N-
(4-methylphenylsulfonyloxy)naphthylimide, N-(4-methylphenylsulfonyloxy)diphenylmaleimide,
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N-(4-methylphenylsulfonyloxy)-bicyclo-[2,2,1]-hept-5-ene-2,3-dicarboximide, N-(4-methylphe-
nylsulfonyloxy)-7-oxabicyclo-[2,2,1]-hept-5-ene-2,3-dicarboximide, N-(4-methylphenylsulfon-
yloxy)-bicyclo-[2,2,1]-heptan-5,6-oxy-2,3-dicarboximide, N-(2-trifluoromethylphenylsulfonylox-
y)succinimide, N-(2-trifluoromethylphenylsulfonyloxy)naphthylimide, N-(2-trifluoromethylphe-
nylsulfonyloxy)diphenylmaleimide, N-(2-trifluoromethylphenylsulfonyloxy)-bicyclo-[2,2,1]-
hept-5-ene-2,3-dicarboximide, N-(2-trifluoromethylphenylsulfonyloxy)-7-oxabicyclo-[2,2,1]-
hept-5-ene-2,3-dicarboximide, N-(2-trifluoromethylphenylsulfonyloxy)-bicyclo-[2,2,1]-heptan-
5,6-oxy-2,3-dicarboximide and the like.

Other suitable sulfonate compounds preferably are, for example, benzoin tosylate, pyrogallol
tristriflate, pyrogallolomethanesulfonic acid triester, nitorobenzyl-9,10-diethyoxyanthracene-2-
sulfonate, o-(4-toluene-sulfonyloxyimino)-benzyl cyanide, a-(4-toluene-sulfonyloxyimino)-4-
methoxybenzyl cyanide, o-(4-toluene-sulfonyloxyimino)-2-thienylmethyl cyanide, o-(meth-
anesulfonyloxyimino)-1-cyclohexenylacetonitrile, a-(butylsulfonyloxyimino)-1-cyclopentenyla-
cetonitrile, (4-methylsulfonyloxyimino-cyclohexa-2,5-dienylidene)-phenyl-acetonitrile, (5-me-
thylsulfonyloxyimino-5H-thiophen-2-ylidene)-phenyl-acetonitrile, (5-methylsulfonyloxyimino-
5H-thiophen-2-ylidene)-(2-methylphenyl)-acetonitrile, (5-propylsulfonyloxyimino-5H-thiophen-
2-ylidene)-(2-methylphenyl)-acetonitrile, (5-(p-toluenesulfonyloxyimino)-5H-thiophen-2-ylid-
ene)-(2-methylphenyl)-acetonitrile, (5-(10-camphorsulfonyloxyimino)-5H-thiophen-2-ylidene)-
(2-methylphenyl)-acetonitrile, (5-methylsulfonyloxyimino-5H-thiophen-2-ylidene)-(2-chloro-
phenyl)-acetonitrile, 2,2,2-trifluoro-1-{4-(3-[4-{2,2,2-trifluoro-1-(1-propanesulfonyloxyimino)-
ethyl}-phenoxy]-propoxy)-phenyl}-ethanone oxime 1-propanesulfonate, 2,2,2-trifluoro-1-{4-(3-
[4-{2,2,2-trifluoro-1-(1-p-toluenesulfonyloxyimino)-ethyl}-phenoxy]-propoxy)-phenyl}-ethanone
oxime 1-p-toluenesulfonate and the like.

In the radiation sensitive resin composition of this invention, particularly preferred sulfonate
compounds include pyrogallolmethanesulfonic acid triester, N-(trifluoromethylsulfonyloxy)bi-
cyclo-[2,2,1]-hept-5-ene-2,3-dicarboximide, N-(camphanylsulfonyloxy)naphthylimide, N-(2-tri-
fluoromethylphenylsulfonyloxy)phthalimide, N-(trifluoromethylsulfonyloxy)-bicyclo-[2,2,1]-
hept-5-ene-2,3-dicarboximide, N-(camphanylsulfonyloxy)naphthylimide, N-(2-trifluoromethyl-
phenylsulfonyloxy)phthalimide and the like.

(5) Quinonediazide compounds, for example

1,2-quinonediazidesulfonic acid ester compounds of polyhydroxy compounds. Preferred are
compounds having a 1,2-quinonediazidesulfonyl group, e.g. a 1,2-benzoquinonediazide-4-
sulfonyl group, a 1,2-naphthoquinonediazide-4-sulfonyl group, a 1,2-naphthoquinonediazide-

5-sulfonyl group, a 1,2-naphthoquinonediazide-6-sulfonyl group or the like. Particularly pre-
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ferred are compounds having a 1,2-naphthoquinonediazide-4-sulfonyl group or a 1,2-naphth-
oquinonediazide-5-sulfonyl group. In particular suitable are 1,2-quinonediazidesulfonic acid
esters of (poly)hydroxyphenyl aryl ketones such as 2,3,4-trihydroxybenzophenone, 2.4,6-
trihydroxybenzophenone, 2,3,4,4’-tetrahydroxybenzophenone, 2,2°,3,4-tetrahydroxybenzo-
phenone, 2,3,4,4’-tetrahydroxybenzophenone, 2,2',4,4’-tetrahydroxybenzophenone 2,2°,3,4 -
4’-pentahydroxybenzophenone, 2,2’3,2,6'-pentahydroxybenzophenone, 2,3,3',4,4'5-hexahy-
droxybenzophenone, 2,3,4,4’ ,5'6-hexahydroxybenzophenone and the like; 1,2-quinonediaz-
idesulfonic acid esters of bis-[(poly)hydroxyphenyllalkanes such as bis(4-hydroxyphe-
nyl)ethane, bis(2,4-dihydroxyphenyl)ethane, 2,2-bis(4-hydroxyphenyl)propane, 2,2-bis(2,4-di-
hydroxyphenyl)propane, 2,2-bis-(2,3,4-tridroxyphenyl)propane and the like; 1,2-quinonediaz-
idesulfonic acid esters of (poly)hydroxyphenylalkanes such as 4,4’-dihydroxytriphenylmeth-
ane, 4,4'4’-trihydroxytriphenylmethane, 4,4'5,5'-tetramethyl-2,2’2”-trihydroxytriphenylmetha-
ne, 2,2,5,5-tetramethyl-4,4’,4 -trihydroxytriphenylmethane, 1,1,1-tris(4-hydroxyphenyl)etha-
ne, 1,1-bis(4-hydroxyphenyl)-1-phenylethane, 1,1-bis(4-hydroxyphenyl)-1-(4-[1-(hydroxyphe-
nyl)-1-methylethyl]phenyl)ethane and the like; 1,2-quinonediazidesulfonic acid esters of (po-
ly)hydroxyphenylflavans such as 2,4,4-trimethyl-2’,4’,7-trihydroxy-2-phenylflavan, 2,4,4-trime-
thyl-2’.4',5’,6,7-pentahydroxy-2-phenylflavan and the like.

Other examples of photolatent acids which are suitable to be used in admixture with the
compounds according to the present invention are described in JP-A-2003-43678, JP-A-
2003-5372, JP-A-2003-43677, JP-A-2002-357904, JP-A-2002-229192.

The positive and negative photoresist composition of the present invention may optionally
contain one or more additives (c) customarily used in photoresists in the customary amounts
known to a person skilled in the art, for example, dyes, pigments, plasticizers, surfactants,
flow improvers, wetting agents, adhesion promoters, thixotropic agents, colourants, fillers,
solubility accelerators, acid-amplifier, photosensitizers and organic basic compounds.

Further examples for organic basic compounds which can be used in the resist composition
of the present invention are compounds which are stronger bases than phenol, in particular,
nitrogen-containing basic compounds. These compounds may be ionic, like, for example, te-
traalkylammonium salts or non-ionic. Preferred organic basic compounds are nitrogen-con-
taining basic compounds having, per molecule, two or more nitrogen atoms having different
chemical environments. Especially preferred are compounds containing both at least one
substituted or unsubstituted amino group and at least one nitrogen-containing ring structure,

and compounds having at least one alkylamino group. Examples of such preferred com-
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pounds include guanidine, aminopyridine, amino alkylpyridines, aminopyrrolidine, indazole,
imidazole, pyrazole, pyrazine, pyrimidine, purine, imidazoline, pyrazoline, piperazine, amino-
morpholine, and aminoalkylmorpholines. Suitable are both, the unsubstituted compounds or
substituted derivatives thereof. Preferred substituents include amino, aminoalkyl groups, al-
kylamino groups, aminoaryl groups, arylamino groups, alkyl groups alkoxy groups, acyl
groups acyloxy groups aryl groups, aryloxy groups, nitro, hydroxy, and cyano. Specific ex-
amples of especially preferred organic basic compounds include guanidine, 1,1-dimethylgu-
anidine, 1,1,3,3-tetramethylguanidine, 2-aminopyridine, 3-aminopyridine, 4-aminopyridine, 2-
dimethylaminopyridine, 4-dimethylaminopyridine, 2-diethylaminopyridine, 2-(aminomethyl)py-
ridine, 2-amino-3-methylpyridine, 2-amino-4-methylpyridine, 2-amino-5-methylpyridine, 2-am-
ino-6-methylpyridine, 3-aminoehtylpyridine, 4-aminoethylpyridine, 3-aminopyrrolidine, pipe-
razine, N-(2-aminoethyl)piperazine, N-(2-aminoethyl)piperidine, 4-amino-2,2,6,6-tetrameth-
ylpiperidine, 4-piperidinopiperidine, 2-imimopiperidine, 1-(2-aminoethyl)pyrrolidine, pyrazole,
3-amino-5-methylpyrazole, 5-amino-3-methyl-1-p-tolylpyrazole, pyrazine, 2-(aminomethyl)-5-
methylpyrazine, pyrimidine, 2,4-diaminopyrimidine, 4,6-dihydroxypyrimidine, 2-pyrazoline, 3-
pyrazoline, N-aminomorpholine, and N-(2-aminoethyl)morpholine.

Other examples of suitable organic basic compounds are described in DE 4408318,
US 5609989, US 5556734, EP 762207, DE 4306069, EP 611998, EP 813113, EP 611998,
and US 5498506, JP-A-2003-43677, JP-A-2003-43678, JP-A-2002-226470, JP-A-2002-
363146, JP-A-2002-363148, JP-A-2002-363152, JP-A-2003-98672, JP-A-2003-122013, JP-
A-2002-341522. However, the organic basic compounds suitable in the present invention are
not limited to these examples.

The nitrogen-containing basic compounds may be used alone or in combination of two or
more thereof. The added amount of the nitrogen-containing basic compounds is usually from
0.001 to 10 parts by weight, preferably from 0.01 to 5 parts by weight, per 100 parts by
weight of the photosensitive resin composition (excluding the solvent). If the amount thereof
is smaller than 0.001 part by weight, the effects of the present invention cannot be obtained.
On the other hand, if it exceeds 10 parts by weight, reduced sensitivity and impaired develo-
pability at unexposed parts are liable to be caused.

The composition can further contain a basic organic compound which decomposes under ac-
tinic radiation (“suicide base”) such as for example described in EP 710885, US 5663035,
US 5595855, US 5525453, and EP 611998.
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Examples of dyes (c) suitable for the compositions of the present invention are oil-soluble
dyes and basic dyes, e.g. Qil Yellow #101, Qil Yellow #103, Oil Pink #312, Oil Green BG, QOil
Blue BOS, Oil Blue #603, Oil Black BY, Oil Black BS, Qil Black T-505 (all manufactured by
Orient Chemical Industries Ltd., Japan), crystal violet (Cl42555), methyl violet (Cl 42535),
rhodamine B (Cl 45170B), malachite green (Cl 42000), and methylene blue (C152015).

Spectral sensitizers (e) may be further added to sensitize the photo latent acid to exhibit ab-
sorption in a region of longer wavelengths than far ultaviolet, whereby the photosensitive
composition of the present invention can, for example, be rendered sensitive to an i-line or g-
line radiation. Examples of suitable spectral sensitizers include 9,10-dialkoxyanthracene,
benzophenones, p,p’-tetramethyldiaminobenzophenone, p.p-
tetraethylethylaminobenzophenone, thioxanthone, 2-chlorothioxanthone, anthrone, pyrene,
perylene, phenothiazine, benzil, acridine orange, benzoflavin, cetoflavin T, 9,10-
diphenylanthracene, 9-fluorenone, acetophenone, phenanthrene, 2-nitrofluorene, 5-
nitroacenaphthene, benzoquinone, 2-chloro-4-nitroaniline, N-acetyl-p-nitroaniline, p-ni-
troaniline, N-acetyl-4-nitro-1-naphthylamine, picramide, anthraquinone, 2-ethylanthraquin-
one, 2-tert-butylanthraquinone, 1,2-benzanthraquinone, 3-methyl-1,3-diaza-1,9-benzanthro-
ne, dibenzalacetone, 1,2-naphthoquinone, 3-acylcoumarin derivatives, 3,3’-carbonyl-bis(5,7-
dimethoxycarbonylcoumarin), 3-(aroylmethylene) thiazolines, eosin, rhodamine, erythrosine,
and coronene. However, the suitable spectral sensitizers are not limited to these examples.
These spectral sensitizers can be used also as light absorbers for absorbing the far ultraviol-
et emitted by a light source. In this case, the light absorber reduces light reflection from the
substrate and lessens the influence of multiple reflection within the resist film, thereby dimini-
shing the effect of standing waves.

Specific examples of such compounds are disclosed in WO 06/008251, page 36, line 30 to

page 38, line 8, the disclosure of which is hereby incorporated by reference.

Further suitable additives (c) are “acid-amplifiers”, compounds that accelerate the acid for-
mation or enhance the acid concentration. Such compounds may also be used in combinat-
ion with the sulfonium salts of the formula | according to the invention in positive or negative
resists, or in imaging systems as well as in all coating applications. Such acid amplifiers are
described e.g. in Arimitsu, K. et al. J. Photopolym. Sci. Technol. 1995, 8, pp 43; Kudo, K. et
al. J. Photopolym. Sci. Technol. 1995, 8, pp 45; Ichimura, K. et al. Chem: Letters 1995, pp
551.
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Other additives (c) to improve the resist performance such as resolution, pattern profile,
process latitude, line edge roughness, stability are described in JP-A-2002-122992, JP-A-
2002-303986, JP-A-2002-278071, JP-A-2003-57827, JP-A-2003-140348, JP-A-2002-6495,
JP-A-2002-23374, JP-A-2002-90987, JP-A-2002-91004, JP-A-2002-131913, JP-A-2002-
131916, JP-A-2002-214768, JP-A-2001-318464, JP-A-2001-330947, JP-A-2003-57815, JP-
A-2003-280200, JP-A-2002-287362, JP-A-2001-343750. Such compounds may also be used
in combination with the sulfonium salts of the formula | according to the invention in positive

or negative resists.

Usually, for the application to a substrate of the photosensitive composition of the present in-
vention, the composition is dissolved in an appropriate solvent. Preferred examples of these
solvents include ethylene dichloride, cyclohexanone, cyclopentanone, 2-heptanone, y-butyro-
lactone, methyl ethyl ketone, ethylene glycol monomethyl ether, ethylene glycol monoethyl
ether, 2-methoxyethyl acetate, 2-ethoxyethyl acetate, 2-ethoxyethanol, diethyl glycol dimethyl
ether, ethylene glycol monoethyl ether acetate, propylene glycol monomethyl ether, propyle-
ne glycol monomethyl ether acetate, toluene, ethyl acetate, butyl acetate, methyl lactate,
ethyl lactate, methyl methoxypropionate, ethyl ethoxypropionate, methyl pyruvate, ethyl py-
ruvate, propyl pyruvate, N, N-dimethylformamide, dimethyl sulfoxide, N-methylpyrrolidone,
and tetrahydrofuran. These solvents may be used alone or as mixtures. Preferred examples
of the solvents are esters, such as 2-methoxyethyl acetate, ethylene glycolmonoethyl ether
acetate, propylene glycol monomethyl ether acetate, methyl methoxypropionate, ethyl eth-
oxypropionate, and ethyl lactate. Use of such solvents is advantageous because the sulfo-
nium salts represented by formulae | according to the present invention have good compati-

bility therewith and better solubility therein.

A surfactant can be added to the solvent. Examples of suitable surfactants include nonionic
surfactants, such as polyoxyethylene alkyl ethers, e.g. polyoxyethylene lauryl ether, polyoxy-
ethylene stearyl ether, polyoxyethylene acetyl ether, and polyoxyethylene oleyl ether; polyox-
yethylene alkylaryl ethers, e.g. polyoxyethylene, octylphenol ether and polyoxyethylene non-
ylphenol ether; polyoxyethylene/polyoxypropylene block copolymers, sorbitan/fatty acid es-
ters, e.g. sorbitan monolaurate, sorbitan monopalmitate, sorbitan monostearate, sorbitan mo-
nooleate, sorbitan trioleate; fluorochemical surfactants such as F-top EF301, EF303, and
EF352 (manufactured by New Akita Chemical Company, Japan). Megafac F171 and F17.3
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(manufactured by Dainippon Ink & Chemicals, Inc,. Japan), Fluorad FC 430 and FC431 (ma-
nufactured by Sumitomo 3M Ltd., Japan), Asahi Guard AG710 and Surflon S-382, SC101,
SC102, SC103, SC104, SC105 , and SC106 (manufactured by Asahi Grass Col, Ltd., Jap-
an); organosiloxane polymer KP341 (manufactured by Shin-Etsu Chemical Co., Ltd., Japan);
and acrylic or methacrylic (co)polymers Poly-flow Now.75 and NO.95 (manufactured by
Kyoeisha Chemical Co., Ltd., Japan). Other examples are described in JP-A-2001-318459,
JP-A-2002-6483. The added amount of the surfactant usually is 2 parts by weight or lower,
desirably 0.5 part by weight or lower, per 100 parts by weight of the solid components of the
composition of the present invention. The surfactants may be added alone or in combination

of two or more thereof.

The solution is uniformly applied to a substrate by means of known coating methods, for ex-
ample by spin-coating, immersion, knife coating, curtain pouring techniques, brush applica-
tion, spraying and roller coating. Itis also possible to apply the photosensitive layer to a tem-
porary, flexible support and then to coat the final substrate by coating transfer (laminating).

The amount applied (coating thickness) and the nature of the substrate (coating substrate)
are dependent on the desired field of application. The range of coating thicknesses can in

principle include values from approximately 0.01 um to more than 100 pm.

After the coating operation generally the solvent is removed by heating, resulting in a layer of
the photoresist on the substrate. The drying temperature must of course be lower than the
temperature at which certain components of the resist might react or decompose. In general,

drying temperatures are in the range from 60 to 160°C.

The resist coating is then irradiated image-wise. The expression "image-wise irradiation” in-
cludes irradiation in a predetermined pattern using actinic radiation, i.e. both irradiation
through a mask containing a predetermined pattern, for example a transparency, a chrome
mask or a reticle, and irradiation using a laser beam or electron beam that writes directly on-
to the resist surface, for example under the control of a computer, and thus produces an ima-
ge. Another way to produce a pattern is by interference of two beams or images as used for
example in holographic applications. It is also possible to use masks made of liquid crystals
that can be addressed pixel by pixel to generate digital images, as is, for example described
by A. Bertsch; J.Y. Jezequel; J.C. Andre in Journal of Photochemistry and Photobiology A:
Chemistry 1997, 107 pp. 275-281 and by K. P. Nicolay in Offset Printing 1997, 6, pp. 34-37.
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After the irradiation and, if necessary, thermal treatment, the irradiated sites (in the case of
positive resists) or the non-irradiated sites (in the case of negative resists) of the composition
are removed in a manner known per se using a developer.

In order to accelerate the catalytic reaction and hence the development of a sufficient differ-
ence in solubility between the irradiated and unirradiated sections of the resist coating in the
developer, the coating is preferably heated before being developed. The heating can also be
carried out or begun during the irradiation. Temperatures of from 60 to 160°C are preferably
used. The period of time depends on the heating method and, if necessary, the optimum pe-
riod can be determined easily by a person skilled in the art by means of a few routine ex-
periments. It is generally from a few seconds to several minutes. For example, a period of
from 10 to 300 seconds is very suitable when a hotplate is used and from 1 to 30 minutes
when a convection oven is used. Itis important for the latent acid donors according to the in-

vention in the unirradiated sites on the resist to be stable under those processing conditions.

The coating is then developed, the portions of the coating that, after irradiation, are more sol-
uble in the developer being removed. If necessary, slight agitation of the workpiece, gentle
brushing of the coating in the developer bath or spray developing can accelerate that pro-
cess step. The aqueous-alkaline developers customary in resist technology may, for exam-
ple, be used for the development. Such developers comprise, for example, sodium or potas-
sium hydroxide, the corresponding carbonates, hydrogen carbonates, silicates or metasilicat-
es, but preferably metal-free bases, such as ammonia or amines, for example ethylamine, n-
propylamine, diethylamine, di-n-propylamine, triethylamine, methyl diethylamine, alkanolami-
nes, for example dimethyl ethanolamine, triethanolamine, quaternary ammonium hydroxides,
for example tetramethylammonium hydroxide or tetraethylammonium hydroxide. The deve-
loper solutions are generally up to 0.5 N, but are usually diluted in suitable manner before
use. For example solutions having a normality of approximately 0.1 - 0.3 are well suited.
The choice of developer depends on the nature of the photocurable surface coating, espe-
cially on the nature of the binder used or of the resulting photolysis products. The agueous
developer solutions may, if necessary, also comprise relatively small amounts of wetting
agents and/or organic solvents. Typical organic solvents that can be added to the developer
fluids are, for example, cyclohexanone, 2-ethoxyethanol, toluene, acetone, isopropanol and
also mixtures of two or more of these solvents. A typical aqueous/organic developer system

is based on Butylcellosolve™/water.
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Subject of the invention also is a process for the preparation of a photoresist by

(1) applying to a substrate a composition as described above;

(2) post apply baking the composition at temperatures between 60°C and 160°C;

(3) image-wise irradiating with light of wavelengths between 10 nm and 1500 nm;

(4) optionally post exposure baking the composition at temperatures between 60°C and
160°C; and

(5) developing with a solvent or with an agqueous alkaline developer.

Preferred is a process, wherein the image-wise irradiation is carried out with monochromatic
or polychromatic radiation in the wavelength range from 150 to 450 nm, in particular in the

range from 190 to 260 nm.

The photoresist compositions can be used on all substrates and with all exposure techniques
known to the person skilled in the art. For example, semiconductor substrates can be used,
such as silicon, gallium arsenide, germanium, indium antimonide; furthermore substrate cov-
ered by oxide or nitride layers, such as silicon dioxide, silicon nitride, titanium nitride, silox-
anes, as well as metal substrates and metal coated substrates with metals such as alumin-
ium, copper, tungsten, etc. The substrate can also be coated with polymeric materials, for ex-
ample with organic antireflective coatings, insulation layers and dielectric coatings from poly-

meric materials prior to coating with the photoresist.

The photoresist layer can be exposed by all common techniques, such as direct writing, i.e.
with a laser beam or projection lithography in step- and repeat mode or scanning mode, or by

contact printing through a mask.

In case of projection lithography a wide range of optical conditions can be used such as co-
herent, partial coherent or incoherent irradiation. This includes off-axis illumination tech-
niques, for example annular illumination and quadrupol illumination where the radiation is al-

lowed to pass only certain regions of the lens, excluding the lens center.

The mask used to replicate the pattern can be a hard mask or a flexible mask. The mask can
include transparent, semitransparent and opaque patterns. The pattern size can include also

patterns which are at or below the resolution limit of the projection optics and placed on the
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mask in a certain way in order to modify the aerial image, intensity and phase modulation of
the irradiation after having passed the mask. This includes phase shift masks and half-tone

phase shift masks.

The patterning process of the photoresist composition can be used to generate patterns of
any desired geometry and shape, for example dense and isolated lines, contact holes,

trenches, dots, etc.

The photoresists according to the invention have excellent lithographic properties, in particu-

lar a high sensitivity, and high resist transparency for the imaging radiation.

Possible areas of use of the composition according to the invention are as follows: use as
photoresists for electronics, such as etching resists, ion-implantation resist, electroplating
resists or solder resists, the manufacture of integrated circuits or thin film transistor-resist
(TFT); the manufacture of printing plates, such as offset printing plates or screen printing
stencils, use in the etching of mouldings or in stereolithography or holography techniques,
which are employed for various applications, for example, 3D optical information storage
described in J. Photochem. Photobio.A, 158, 163 (2003), Chem. Mater. 14, 3656 (2002).

The composition according to the invention is also suitable for making inter-metal dielectrics
layer, buffer layer, passivation coat of semiconductor devices and suitable for making
waveguide for optoelectronics. For MEMS (micro electro mechanical systems) application,
the composition according to the invention can be used as etching resist, mold for material
deposition, and three dimensional objects of device itself. The coating substrates and pro-

cessing conditions vary accordingly. Such example is described in US 6391523.

The compounds of formula | according to the present invention, in combination with a sensi-
tizer compound as described above, can also be used in holographic data storage (HDS)

systems as for example described in WO 03/021358.

The compositions according to the invention are also outstandingly suitable as coating com-
positions for substrates of all types, including wood, textiles, paper, ceramics, glass, plastics,
such as polyesters, polyethylene terephthalate, polyolefins or cellulose acetate, especially in

the form of films, but especially for coating metals, such as Ni, Fe, Zn, Mg, Co or especially
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Cu and Al, and also Si, silicon oxides or nitrides, to which an image is to be applied by

means of image-wise irradiation.

The invention relates also to the use of compounds of formula | as photolatent acid donors in
compositions that can be crosslinked under the action of an acid and/or as dissolution en-
hancers in compositions wherein the solubility is increased under the action of an acid.
Subject of the invention further is a process of crosslinking compounds that can be crosslink-
ed under the action of an acid, which method comprises adding a compound of formula | to
the above-mentioned compounds and irradiating imagewise or over the whole area with light
having a wavelength of 10-1500 nm.

Subject of the invention also is a method for the photopolymerisation or crosslinking of
cationically or acid-catalytically polymerisable or crosslinkable compounds under the action
of electromagnetic radiation or an electron beam, in which method a compound of formula |
as defined above is used as photolatent acid donor, as well as the use of a compound of
formula | as defined above as photolatent acid donor in the polymerisation or crosslinking of
cationically or acid-catalytically polymerisable or crosslinkable compounds or to increase the

solubility of compounds that increase their solubility in a developer under the action of acid.

Another embodiment of the invention is a method for the photopolymerisation or crosslinking
of radically polymerisable or crosslinkable compounds under the action of electromagnetic
radiation or an electron beam, in which method a compound of formula | as defined above is

used as photolatent catalyst.

The invention relates also to the use of compounds of formula | as photosensitive acid do-
nors in the preparation of pigmented and non-pigmented surface coatings, adhesives, lami-
nating adhesives, structural adhesives, pressure-sensitive adhesives, printing inks, printing
plates, relief printing plates, planographic printing plates, intaglio printing plates, processless
printing plates, screen printing stencils, dental compositions, colour filters, spacers, elec-
troluminescence displays and liquid crystal displays (LCD), waveguides, optical switches,
color proofing systems, resists, photoresists for electronics, electroplating resists, etch resists
both for liquid and dry films, solder resist, photoresist materials for a UV and visible laser di-
rect imaging system, photoresist materials for forming dielectric layers in a sequential build-
up layer of a printed circuit board, colour filters, chemically amplified resist materials, image-

recording materials, image-recording materials for recording holographic images, optical in-
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formation storage or holographic data storage, decolorizing materials, decolorizing materials
for image recording materials, image recording materials using microcapsules, magnetic re-
cording materials, micromechanical parts, plating masks, etch masks, glass fibre cable coat-
ings, microelectronic circuits; as well as to method for the preparation for the preparation of
pigmented and non-pigmented surface coatings, adhesives, laminating adhesives, structural
adhesives, pressure-sensitive adhesives, printing inks, printing plates, relief printing plates,
planographic printing plates, intaglio printing plates, processless printing plates, screen print-
ing stencils, dental compositions, colour filters, spacers, electroluminescence displays and
liquid crystal displays (LCD), waveguides, optical switches, color proofing systems, resists,
photoresists for electronics, electroplating resists, etch resists both for liquid and dry films,
solder resist, photoresist materials for a UV and visible laser direct imaging system, photore-
sist materials for forming dielectric layers in a sequential build-up layer of a printed circuit
board, colour filters, chemically amplified resist materials, image-recording materials, image-
recording materials for recording holographic images, optical information storage or holo-
graphic data storage, decolorizing materials, decolorizing materials for image recording ma-
terials, image recording materials using microcapsules, magnetic recording materials, mi-
cromechanical parts, plating masks, etch masks, glass fibre cable coatings, microelectronic

circuits.

The invention also pertains to a coated substrate that is coated on at least one surface with a
composition as defined above. Said composition is polymerized or crosslinked via the
method as described above, i.e. by irradiating imagewise or over the whole area with light

having a wavelength of 10-1500 nm

Subject of the invention is also the use of compounds of formula | as photosensitive acid do-
nors in the preparation of colour filters or chemically amplified resist materials; as well as to a
process for the preparation of colour filters or chemically amplified resist materials.

The invention further pertains to a color filter prepared by providing red, green and blue pic-
ture elements and a black matrix, all comprising a photosensitive resin and a pigment and/or
dye on a transparent substrate and providing a transparent electrode either on the surface of
the substrate or on the surface of the color filter layer, wherein said photosensitive resin
comprises compounds of formula | as photosensitive acid donors.

The person skilled in the art is aware of suitable pigments or dyes to provide the color ele-

ments, as well as the black matrix and corresponding suitable resins as shown in, for exam-
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ples, JP-A-9-203806, JP-A-10-282650, JP-A-10-333334, JP-A-11-194494, JP-A-10-203037,
JP-A-2003-5371.

As already mentioned above, in photocrosslinkable compositions, sulfonium salts act as la-
tent curing catalysts: when irradiated with light they release acid which catalyses the
crosslinking reaction. In addition, the acid released by the radiation can, for example, cata-
lyse the removal of suitable acid-sensitive protecting groups from a polymer structure, or the
cleavage of polymers containing acid-sensitive groups in the polymer backbone. Other ap-
plications are, for example, colour-change systems based on a change in the pH or in the

solubility of, for example, a pigment protected by acid-sensitive protecting groups.

Sulfonium salts according to the present invention can also be used to produce so-called
“print-out” images when the compound is used together with a colourant that changes colour
when the pH changes, as described e.g. in JP Hei 4 328552-A or in US 5237059. Such col-
or-change systems can be used according to EP 199672 also to monitor goods that are sen-
sitive to heat or radiation.

In addition to a colour change, it is possible during the acid-catalysed deprotection of soluble
pigment molecules (as described e.g. in EP 648770, EP 648817 and EP 742255) for the pig-
ment crystals to be precipitated; this can be used in the production of colour filters as descri-
bed e.g. in EP 654711 or print out images and indicator applications, when the colour of the

latent pigment precursor differs from that of the precipitated pigment crystal.

Compositions using pH sensitive dyes or latent pigments in combination with sulfonium salts
can be used as indicators for electromagnetic radiation, such as gamma radiation, electron
beams, UV- or visible light, or simple throw away dosimeters. Especially for light, that is in-

visible to the human eye, like UV- or IR-light, such dosimeters are of interest.

Finally, sulfonium salts that are sparingly soluble in an aqueous-alkaline developer can be
rendered soluble in the developer by means of light-induced conversion into the free acid,
with the result that they can be used as solubility enhancers in combination with suitable film-

forming resins.

The sulfonium salts of the present invention can also be used to shape polymers that under-

go an acid induced transition into a state where they have the required properties using pho-



10

15

20

25

30

WO 2009/047151 PCT/EP2008/062988

- 105 -

tolithography. For instance the sulfonium salts can be used to pattern conjugated emissive
polymers as described, for example, in M.L. Renak; C. Bazan; D. Roitman; Advanced ma-
terials 1997, 9, 392. Such patterned emissive polymers can be used to manufacture micro-
scalar patterned Light Emitting Diodes (LED) which can be used to manufacture displays and
data storage media. In a similar way precursors for polyimides (e.g. polyimid precursors with
acid labile protecting groups that change solubility in the developer) can be irradiated to form
patterned polyimide layers which can serve as protective coatings, insulating layers and buf-

fer layers in the production of microchips and printed circuit boards.

The formulations of the invention may also be used as conformal coatings, photoimagable
insulating layers and dielectrics as they are used in sequential build up systems for printed

circuit boards, stress buffer layers in the manufacturing of integrated circuits.

It is known that conjugated polymers like, e.g. polyanilines can be converted from semicon-
ductive to conductive state by means of proton doping. The sulfonium salts of the present in-
vention can also be used to imagewise irradiate compositions comprising such conjugated
polymers in order to form conducting structures (exposed areas) embedded in insulating ma-
terial (non exposed areas). These materials can be used as wiring and connecting parts for

the production of electric and electronic devices.

The composition according to the present invention, comprising a cationic photoinitiator of
the formula | may also be employed in a vacuum deposition process as described in
WO 02/064268. That is, the photoinitiators are suitable to be flash-evaporated vacuum-
deposited. Accordingly, in a process for forming a solid poylmeric structure from flash-
evaporated vacuum-deposited cationically curable monomeric material, comprising the steps
(i) preparing a mixture of a cationically-curable monomer with a thermally stable, chemically
inactive at room temperature, cationic photoinitiator;

(i) flash-evaporating said mixture in a vacuum to produce a vapor;

(iii) condensing the vapor to produce a film; and

(iv) exposing said film to a radiation source to produce a polymeric solid film,

said photoinitiator is of the formula | as decribed above.

Suitable apparatus for said procedure, as wel as details concerning the monomers are de-

scribed in WO 02/064268, the teachings of which are incorporated by reference.
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Suitable radiation sources for the compositions comprising compounds of formula | are radia-
tion sources that emit radiation of a wavelength of approximately from 150 to 1500, for ex-
ample from 180 to 1000, or preferably from 190 to 700 nanometers as well as e-beam radia-
tion and high-energy electromagnetic radiation such as X-rays. Both, point sources and
planiform projectors (lamp carpets) are suitable. Examples are: carbon arc lamps, xenon arc
lamps, medium pressure, high pressure and low pressure mercury lamps, optionally doped
with metal halides (metal halide lamps), microwave-excited metal vapour lamps, excimer
lamps, superactinic fluorescent tubes, fluorescent lamps, argon filament lamps, electronic
flash lamps, photographic flood lights, electron beams and X-ray beams generated by means
of synchrotrons or laser plasma. The distance between the radiation source and the sub-
strate according to the invention to be irradiated can vary, for example, from 2 cm to 150 ¢cm,
according to the intended use and the type and/or strength of the radiation source. Suitable
radiaiton sources are especially mercury vapour lamps, especially medium and high pres-
sure mercury lamps, from the radiation of which emission lines at other wavelengths can, if
desired, be filtered out. That is especially the case for relatively short wavelength radiation.
It is, however, also possible to use low energy lamps (for example fluorescent tubes) that are
capable of emitting in the appropriate wavelength range. An example thereof is the Philips
TLO3 lamp. Another type of radiation source that can be used are the light emitting diodes
(LED) that emitt at different wavelengths throughout the whole spectrum either as small band
emitting source or as broad band (white light) source. Also suitable are laser radiation
sources, for example excimer lasers, such as Kr-F lasers for irradiation at 248 nm, Ar-F la-
sers at 193 nm, or F; laser at 157 nm. Lasers in the visible range and in the infrared range
can also be used. Especially suitable is radiation of the mercury i, h and g lines at wa-
velengths of 365, 405 and 436 nanometers. As a light source further EUV (Extreme Ultra
Violet) at 13 nm is also suitable. A suitable laser-beam source is, for example, the argon-ion
laser, which emits radiation at wavelengths of 454, 458, 466, 472, 478, 488 and 514 nano-
meters. Nd-YAG-lasers emitting light at 1064 nm and its second and third harmonic (632 nm
and 355 nm respectively) can also be used. Also suitable is, for example, a helium/cadmium
laser having an emission at 442 nm or lasers that emit in the UV range. With that type of ir-
radiation, it is not absolutely essential to use a photomask in contact with the photopolymeric
coating to produce a positive or negative resist; the controlled laser beam is capable of writ-
ing directly onto the coating. For that purpose the high sensitivity of the materials according

to the invention is very advantageous, allowing high writing speeds at relatively low intensi-
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ties. On irradiation, the sulfonium salts in the composition in the irradiated sections of the
surface coating decompose to form the acids.

In contrast to customary UV curing with high-intensity radiation, with the compounds accor-
ding to the invention activation is achieved under the action of radiation of relatively low in-
tensity. Such radiation includes, for example, daylight (sunlight), and radiation sources equi-
valent to daylight. Sunlight differs in spectral composition and intensity from the light of the
artificial radiation sources customarily used in UV curing. The absorption characteristics of
the compounds according to the invention are as well suitable for exploiting sunlight as a na-
tural source of radiation for curing. Daylight-equivalent artificial light sources that can be used
to activate the compounds according to the invention are to be understood as being pro-
jectors of low intensity, such as certain fluorescent lamps, for example the Philips TL0O5 spe-
cial fluorescent lamp or the Philips TLO9 special fluorescent lamp. Lamps having a high day-
light content and daylight itself are especially capable of curing the surface of a surface-coa-
ting layer satisfactorily in a tack-free manner. In that case expensive curing apparatus is su-
perfluous and the compositions can be used especially for exterior finishes. Curing with day-
light or daylight-equivalent light sources is an energy-saving method and prevents emissions
of volatile organic components in exterior applications. In contrast to the conveyor belt
method, which is suitable for flat components, daylight curing can also be used for exterior
finishes on static or fixed articles and structures.

The surface coating to be cured can be exposed directly to sunlight or daylight-equivalent
light sources. The curing can, however, also take place behind a transparent layer (e.g. a

pane of glass or a sheet of plastics).
The examples which follow illustrate the invention in more detail. Parts and percentages are,
as in the remainder of the description and in the claims, by weight, unless stated

otherwise. Where alkyl radicals having more than three carbon atoms are referred to without

any mention of specific isomers, the n-isomers are meant in each case

(@]
s- cr-
Example 1 Preparation of s \
(@]
1.1 Preparation of QSO)I\@
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4.69g of diphenylsulfide is dissolved in 50ml of dichloromethane, and 3.69g of aluminumchlo-
ride are added. 5.0g of 1-adamantanecarbonyl chloride are added at 0°C. The mixture is
stirred at room temperature for 5h, then at 50°C overnight. The reaction mixture is poured on
ice and the organic phase is washed with water, dried and evaporated. The compound of ex-
ample 1 is obtained after chromatography on silica gel using dichloromethane /hexane (1:1)
as eluent.

'H-NMR data (ppm, CDCls): 7.53 2H d, 7.45-7.13 7H m, 2.13-1.65 15H m.

(@]
s- c”
1.2 Preparation of s ,

1.0g of the compound obtained according to example 1.1 is dissolved in 25ml of dichloro-
methane, and 0.67g of aluminumchloride is added, then 0.06ml of thionyl chloride are added
at 0°C. The mixture is stirred at room temperature overnight. The reaction mixture is poured
on ice and the organic phase is washed with water, dried and evaporated. The compound of
example 2 is obtained after chromatography on silica gel using dichloromethane/methanol
(9:1) as eluent and washing with tert-butylmethylether.

'H-NMR data (ppm, CDCls): 8.00-7.20 24H m, 2.40-1.60 45H m.

© F F
Example 2  Preparation of s /@)K@} B«EQF}
S
3 F F s

95 mg of the compound obtained according to example 1.2 is dissolved in 15ml of dichloro-
methane and 60mg of sodium-tetrakis(pentafluorophenyl)borate is dissolved in 15ml of wa-
ter. The two solutions are mixed together and stirred at room temperature overnight. The or-
ganic phase is washed with water, dried and evaporated. The product is purified with a
chromatography on silica using dichloromethane, followed by dichloromethane/methanol
(98:2) as eluent.

o
Example 3  Preparation of S‘%@\ /Q)\Q } o
S 3
onof 7 TCLLY
3.1: Preparation of W
[¢]
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21.47g of aluminum chloride are loaded to a 3-necked reactor, then 100ml of dichloro-
methane are added. 30.00g of diphenyl-sulfide are dissolved in 40ml of dichloromethane,
and this solution is dropped slowly at 0°C to the aluminum chloride slurry under stirring and
under nitrogen. Then 19.97g of furoylchloride are dissolved in 40ml of dichloromethane, and
this solution is slowly dropped into the reaction mixture at 0°C. The temperature is kept for 10
minutes at 0°C, and is then raised during 50 minutes to 15°C. After the reaction is complete,
the reaction mixture is poured on ice and the phases are separated. The organic phase is
washed twice with water, then dried over MgSO, and the solvent is removed under vacuum.
The raw product is purified by column chromatography over silica gel and finally recrystal-
lized from ethanol. 26.5g (62% yield) of the desired compound 1 are obtained. 'H-NMR data
(ppm, CDCl3): 7.88 2H d, 7.67 1H d, 7.53-7.49 2H m, 7.43-7.36 3H m, 7.27-7.22 3H m, 6.57
1H d.

0
3.2: Preparation of Preparation of S‘%@\ /Q)A\Q } cl
S 3

11.76g of aluminum chloride are added into a 150 ml 3-necked reactor, followed by 20ml of
ortho-dichloro-benzene. 13.60g of compound obtained in example 3.1 are dissolved in 50ml
of ortho-dichloro-benzene. This solution is then added dropwise to the aluminum slurry into
the reactor at 0°C under nitrogen and under stirring. The color changes to dark orange-
brownish. 1.75g of thienyl chloride are dissolved in 5ml of ortho-dichloro-benzene and this
solution is added slowly to the reaction mixture. The color changes to dark brown. The reac-
tion temperature is raised to 15°C and the mixture is stirred for another 75 minutes. Then the
temperature is raised to 20°C and the mixture is stirred for another 2 hours. The reaction
mixture is poured on ice, and then 100ml of dichloromethane are added and the phases
separated. The organic phase is washed with water, dried over MgSO, and the dichloro-
methane is evaporated. Then 100ml of cyclohexane are added where the product precipi-
tates. The product is filtered and the filter cake is washed with cyclohexane and dried to give
8.5g (64% vyield) of the desired compound 2. The product is enough pure to be used in the
following reaction. '"H-NMR data (ppm, CDCls): 8.01 6H d, 7.77 6H d, 7.74 3H d, 7.57 6H d,
7.44 6H d, 7.33 3H d, 6.63 3H dxd.

o

. FF.

Example 4  Preparation of S‘%@\ /Q)A\Q } FoRoF
S 3 F
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In a 100ml flask, 4.20g of compound obtained in example 3.2 are dissolved in 20ml of di-
chloromethane. 1.28g of potassiumhexafluorophosphate are dissolved in 20ml of water and
the two solutions are mixed together and stirred for 40 minutes at room temperature. The
phases are separated and the organic phase is washed with water, dried over MgSO, and
the solvent is removed. The product is purified by a column chromatography over silica gel to
give 4.4g (93% yield) of the desired compound 3. '"H-NMR data (ppm, CDCls): 7.88 6H d, 7.7

e
Example 5  Preparation of s- ‘ c
S 3
S
5.1: Preparation of ©/
© F

The compound is synthesized according to the method as described in example 3.1 starting
from 4-fluoro-phenylacetylchloride and diphenylsulfide.

'H-NMR data (ppm, CDCls): 7.86 2H d, 7.53-7.48 2H m, 7.42-7.38 3H m, 7.22-7.17 4H m,
7.02 2H dxd, 4.18 2H s.

ey
5.2: Preparation of s- ‘ c
S 3

The title compound is synthesized according to the method described in example 3.2 starting
from the compound obtained in example 5.1 and thionylchloride.

'H-NMR data (ppm, CDCls): 8.00 6H d, 7.85-7.73 6H m, 7.55 6H d, 7.39 6H d, 7.18 6H d,
7.02 6H dxd, 4.25 6H s.

Q s
Example 6: Preparation of s: O C+SOZCF3]S
S 3

Te title compound is synthesized according to the method described in example 4 starting
from the compound obtained in example 5.2 and lithium[tris(trifluoromethylsulfonyl)methide].
'H-NMR data (ppm, CDCls): 8.01 6H d, 7.55 6H d, 7.42 6H d, 7.36 6H d, 7.23-7.17 6H m,
6.97 6H dxd, 4.25 6H s.
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3
Example 7: Preparation of S+‘£©\ ‘ CH3i| cl
S 3
. H,C Cl
7.1: Preparation of m

25.33g m-tolylacetic acid are dissolved in 50ml of toluene and heated to 50°C under stirring.
Then 30g of thionyl chloride are added dropwise where HCI(g) has evolved. The product is
isolated by distillation at reduced pressure (70°C at 1 mbar). 26.37g (94% yield) of the desi-
red compound 7 are obtained.

'H-NMR data (ppm, CDCls): 7.21 1H dxd, 7.12 1H d, 7.04 1H d, 4.04 2H s, 2.33 3H s.

S
7.2: Preparation of ©/ O s
g

The compound of example 7.2 is synthesized according to the method as described in ex-
ample 3.1 starting from the compound obtained in 7.1 and diphenylsulfide.

'H-NMR data (ppm, CDCls): 7.85 2H d, 7.50-7.45 2H m, 7.40-7.36 3H m, 7.23-7.16 3H m,
7.05-7.023Hm, 4.16 2H s, 2.29 3H s;

i)
7.3 Preparation of S+‘£©\ CH3i| cl
s 3

The title compound is synthesized according to the method described in example 3.2 starting
from the obtained in 7.2 and thionylchloride. After the isolation it is directly used for the syn-

thesis of compound of the following example 8 without column chromatography.

L)
_ s- ‘ CH,| B
Example 8: Preparation of s .

The title compound is synthesized according to the method as described in example 4 start-

ing from the compound obtained according to 7.3 and lithium-
tetrakis(pentafluorophenyl)borate.

'H-NMR data (ppm, CDCls): 8.05 6H d, 7.55 6H d, 7.31-7.19 15H m, 7.10-7.01 9H m, 4.23
6H s, 2.32 9H s.



10

15

20

25

WO 2009/047151 PCT/EP2008/062988

-112 -

/\
Example 9 QQ@S ST PFg
O
3

The compound is prepared according to the method as described in example 1.2 using the
appropriate intermediates and the anion exchange is performed according to the method as

described in example 2 employing the corresponding intermediates.

|
O

Example 10 {%0@8@9 cl
3

The compound is prepared according to the method as described in example 1.2 using the

appropriate intermediates.

Example 11 &0@8@9 PF,~
3

o)

The compound is prepared from the compound of example 10 by an anion exchange reac-
tion which is performed according to the method as described in example 2 employing the

corresponding intermediates.

Application examples

Example A1:
A chemically amplified negative resist formulation is prepared by mixing the following compo-

nents:
100.00 parts of an epoxy resin (SU-8 R 2002 provided by MicroChem., USA)
245.00 parts of cyclopentanone (ibidem)

5.00 parts of the photoacid generator (PAG) of example 2
The resist formulation is spin-coated onto a silicone wafer, on which chemical treatment with
hexamethyldisilazane is applied beforehand, and soft-baked for 60 seconds at 95°C on a
hotplate to obtain a film thickness of 2 um. The resist film is then exposed to UV radiation
through V-42 and UV-D35 filters (provided by Asahi Technoglass, Japan) and a multidensity

quartz mask using an Ushio’s high-pressure mercury lamp, HB-25106AP, and a mask aligner
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Canon PLA-501F. The samples then are post-exposure-baked for 120 seconds at 95°C on a
hotplate and developed. The dose (Eq.1), which is the dose just sufficient to give the same
resist thickness after 60 seconds immersion development in ethyl lactate as the one before
exposure, is determined from the measured contrast curve. The smaller the required dose

the higher sensitive is the resist formulation. The results are summarized in Table 1.

Table 1

E1:1

PAG (mJlom?)

Example 2 213
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Claims

1. A compound of the formula |

Y (), wherein

X is a single bond, CR,R, O, S, NR; or NCOR,,;

L, Ly, Ly, L3, Ly, Ls, Le, L7 and Ls, independently of one another are hydrogen, Ry, OR4, SRy,
NR1R;, halogen, NO,, CN, NR/COR;, COOR4, OCOR;, CONRR;, OCOOR;, OCONR/R;,
NR;COOR;, SOzH, SO;3M, SOR;, SO;R¢ or COT; and/or

Ls and Ls, together denote a single bond, CR,R,, CO, O, S, NR. or NCOR; provided that L3
and Ls together are no single bond, when X denotes a single bond; and/or

one or more of the pairs Ly and Lg, Ly and L, Ls and L; together are C;-Cyalkylene, CR1=CR;-
CR3=CR4, CR{=CR,-O, CR4=CR;-S, CRy=CR;-NR;, CO-O-CO, CONR;CO, CO-(o-
phenylene)-S, CO-(o-phenylene)-S substituted by one or more D, or are C4-Csalkylene inter-
rupted by O, S, NR; or NCORy;

T denotes Ty or O-Ty;

T, and T, independently of one another are hydrogen, C4-Cyalkyl, Cs-Cq.cycloalkyl, C,-
Caalkenyl, Cs-Cqocycloalkenyl, C,-Cyoalkinyl, Cs-Cqsaryl, Cs-Cyoheteroaryl, C4-Cyoalkyl substi-
tuted by one or more D, C,-Cyalkyl interrupted by one or more E, C,-Cyalkyl substituted by
one or more D and interrupted by one or more E,

Cs-Cqcycloalkyl substituted by one or more D, C,-Cq,cycloalkyl interrupted by one or more
0O, CO, COO, CONRs5,S or NRs, C,-Cqocycloalkyl substituted by one or more D and inter-
rupted by one or more O, CO, COO, CONRs, S or NRs, C,-Cyalkenyl substituted by one or
more D, Cs-Cyalkenyl interrupted by one or more E, C3-Cyalkenyl substituted by one or
more D and interrupted by one or more E, C,-Cyalkinyl substituted by one or more D, Cy-
Cyoalkinyl interrupted by one or more E, C4-Cyalkinyl substituted by one or more D and inter-
rupted by one or more E, Cs-Cicycloalkenyl substituted by one or more D, Cs
Ciocycloalkenyl interrupted by one or more O, CO, COO, CONRs, S or NRs, Cs-
Ciocycloalkenyl substituted by one or more D and interrupted by one or more O, CO, COOQO,
CONRs, S or NRs; Ce-Cyaaryl substituted by one or more D; or

T4 and T, independently of one another are a group Q;
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R1, Rz, Rs, Ry, Ra, Ry and R, independently of one another have the meaning of Ty;
D is hydrogen, Rs, ORs, SRs, NRsRs, halogen, NO,, CN, O-glycidyl, O-vinyl, O-allyl,
CORs, NRsCORg, COORs5, OCORs, CONRsRg, OCOORs, OCONRsRs, NRsCOORs, SO3H or
SOsM, or
D is a group Q;
E is O, S, COO, OCO, CO, NRs, NCORs5, NRsCO, CONRs5, OCOO, OCONRs, NRsCOO,
@)
/N

SO,, SO, CRs=CRsor _ €~ C_ :or
R R

E is a group Qg;

Rs and Rg independently of one another are hydrogen, a covalent bond to another substitu-
ent to form a ring, C¢-Cs alkylene to form a ring with another substituent, C4-C4,alkyl, phenyl
or phenyl substituted by C,-Cjalkyl and/or C4-Cjalkoxy;

Q is C;-Cygbicycloalkyl, Cs-Cqbicycloalkyl substituted by one or more D, Cs-
Ciobicycloalkyl interrupted by one or more O, CO, COO, CONRs, S or NRs; Cs
Cizbicycloalkyl substituted by one or more D and interrupted by one or more O, CO, COOQO,
CONRs, S or NRs; or

Q is C;-Cysbicycloalkenyl, C;-Cyzbicycloalkenyl substituted by one or more D, Cs
Ciobicycloalkenyl interrupted by one or more O, CO, COO, CONRs, S or NRs, Cs-
Cizbicycloalkenyl substituted by one or more D and interrupted by one or more O, CO, COQO,
CONRs, S or NRs; or

Q is C1o-Cyotricycloalkyl, C4o-Cyotricycloalkyl substituted by one or more D, C;-Cystricycloalkyl
interrupted by one or more O, CO, COO, CONRs, S or NRs, C7-Cystricycloalkyl substituted by
one or more D and interrupted by one or more O, CO, COO, CONRs;, S or NRs; or

Q is Cs-Cygcycloalkylenaryl, Cs-Cqscycloalkylenaryl substituted by one or more D, Cs-
Ciscycloalkylenaryl interrupted by one or more O, CO, COO, CONRs, S or NR;, Cs-
Ciscycloalkylenaryl substituted by one or more D and interrupted by one or more O, CO,
COO, CONRs, S or NRs; or

Q is Cs-Cygcycloalkylenheteroaryl, C;-Cqscycloalkylenheteroaryl substituted by one or more
D, Cs-Cyscycloalkylenheteroaryl interrupted by one or more O, CO, COO, CONRs, S or NRs,
Cs-C1scycloalkylenheteroaryl substituted by one or more D and interrupted by one or more O,
CO, COO, CONRs, S or NRs; or

Q is Cs-Czheteroaryl or C5-Cqheteroaryl substituted by one or more D;

Q; is =0, Cs-Cysaryl, Cs-Cysaryl substituted by one or more Ry,, OR;,, halogen, SRy,, NO,,
CN, CORj;, NR{;CORy;, COORj;, OCORj;, CONR42Ri3, OCOORj;, OCONR42R43,
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NR1,COOR;3, or by SOzH, C3-Cyzheteroaryl, Cs-Cqzheteroaryl substituted by one or more Ry,
OR42, halogen, SRy;, NO,; CN, CORj; NR{2;CORy;, COOR;;, OCOR;;, CONRiRis,
OCOOR 2, OCONR2R13, NR1,COOR3, or by SOzH; or

Q, is Cs-Cyocycloalkyl, Cs-Cqocycloalkyl substituted by one or more Rq4, C,-Cqzcycloalkyl in-
terrupted by one or more O, CO, COO, CONR;,S or NRs, C,-Cqocycloalkyl substituted by one
or more Ry4 and interrupted by one or more O, CO, COO, CONR;,S or NRs; or

Qq is Cs-Cqcycloalkenyl, Cs-Cyycycloalkenyl substituted by one or more Ry, Cs-
Ciocycloalkenyl interrupted by one or more O, CO, COO, CONRs, S or NRs, Cs-
Cocycloalkenyl substituted by one or more Ry4 and interrupted by one or more O, CO, COQO,
CONRs, S or NRs; or

Q, is C;-Cqobicycloalkyl, C,-Cq,bicycloalkyl substituted by one or more Ry4, Cs-Cyzbicycloalkyl
interrupted by one or more O, CO, COO, CONRs, S or NRs, Cs-Cyzbicycloalkyl substituted by
one or more Ry4 and interrupted by one or more O, CO, COO, CONRs, S or NRs; or

Q, is Cs-Cybicycloalkenyl, C.,-Cqzbicycloalkenyl substituted by one or more Ry, Cs-
Ciobicycloalkenyl interrupted by one or more O, CO, COO, CONRs, S or NRs, Cs-
Cizbicycloalkenyl substituted by one or more Ry, and interrupted by one or more O, CO,
COO, CONRs, S or NRs; or

Qq is Cqo-Cyotricycloalkyl, Cqo-Cyotricycloalkyl substituted by one or more Ry, Ci-
Cqstricycloalkyl interrupted by one or more O, CO, COO, CONRs S or NRs;, Cs-
Cqstricycloalkyl substituted by one or more Rq4 and interrupted by one or more O, CO, COO,
CONRs, S or NRs; or

Q, is Cs-Cyscycloalkylenaryl, Cg-Cqscycloalkylenaryl substituted by one or more Ry, Cr-
Ciscycloalkylenaryl interrupted by one or more O, CO, COO, CONRs, S or NR;, Cs-
Ciscycloalkylenaryl substituted by one or more Ry, and interrupted by one or more O, CO,
COO, CONRs, S or NRs; or

Q, is C;-Cyscycloalkylenheteroaryl, C7-Cqscycloalkylenheteroaryl substituted by one or more
R4, C4-Cyscycloalkylenheteroaryl interrupted by one or more O, CO, COO, CONRs, S or
NRs, C4-Cqscycloalkylenheteroaryl substituted by one or more R4 and interrupted by one or
more O, CO, COO, CONRs, S or NRs;

Q. is CeCyarylene, Cs-Cyirheteroarylene, Ci-Coalkylene, C4-Cyalkylene substituted by
one or more Ry, Cs3-Cqycycloalkylene, Cs-Cqocycloalkylene substituted by one or more Ry,
C,-Cqcycloalkylene interrupted by one or more O, CO, COO, CONRsS or NR;, C,-
Ciocycloalkylene substituted by one or more Ry and interrupted by one or more O, CO,
COO, CONRs5,S or NRs; or
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Q; is Cs-Cqocycloalkenylene, Cs-Cqocycloalkenylene substituted by one or more Ry, Cs-
Ciocycloalkenylene interrupted by one or more O, CO, COO, CONRs, S or NRs, Cs-
Cocycloalkenylene substituted by one or more Ry4 and interrupted by one or more O, CO,
COO, CONRs, S or NRs; or

Q is C;-Cyzbicycloalkylene, C;-Cqzbicycloalkylene substituted by one or more Ri4, Cs-
Ciobicycloalkylene interrupted by one or more O, CO, COO, CONRs, S or NRs, Cs-
Cizbicycloalkylene substituted by one or more R4 and interrupted by one or more O, CO,
COO, CONRs, S or NRs; or

Q; is C;-Cypbicycloalkenylene, C;-Cqsbicycloalkenylene substituted by one or more Ry4, Cs-
Ciobicycloalkenylene interrupted by one or more O, CO, COO, CONRs, S or NRs, Cs-
Cizbicycloalkenylene substituted by one or more Rq4 and interrupted by one or more O, CO,
COO, CONRs, S or NRs; or

Q; is Cyo-Cytricycloalkylene, Cqo-Cyotricycloalkylene substituted by one or more Ry, Co-
Cqstricycloalkylene interrupted by one or more O, CO, COO, CONRs, S or NRs, Cr-
Cqstricycloalkylene substituted by one or more Rq4 and interrupted by one or more O, CO,
COO, CONRs, S or NRs; or

Q; is Cg-Cyscycloalkylenarylene, Cg-Cyscycloalkylenarylene substituted by one or more Ry,
C7-Cqscycloalkylenarylene interrupted by one or more O, CO, COO, CONRs, S or NRs, Co-
Ciscycloalkylenarylene substituted by one or more R4 and interrupted by one or more O,
CO, COO, CONRs, S or NRs; or

Q; is C-Cyscycloalkylenheteroarylene, C;-Cqscycloalkylenheteroarylene substituted by one or
more Ry4, Ce-Cyscycloalkylenheteroarylene interrupted by one or more O, CO, COO, CONRs,
S or NRs, Ce-Cygcycloalkylenheteroarylene substituted by one or more Rq4 and interrupted by
one or more O, CO, COO, CONRs, S or NRs;

R;, Rs, Ry, Rip and Ry independently of one another are hydrogen, C4-Cqalkyl, Cs-
Cq.alkoxy, phenyl, phenoxy, substituted phenyl or substituted phenoxy;

Ri2 and Ry, independently of one another are hydrogen, C4-Cqsalkyl, Cs-Cqocycloalkyl or
phenyl;

R44 is hydrogen, C4-Cqralkyl, Cs-Cqacycloalkyl, C4-Cqralkoxy, Cs-Ciocycloalkoxy, phenyl or
halogen;

n is an integer from 1 to 100;

Y is an inorganic or organic anion; and

M  is aninorganic or organic cation; and

provided that at least one of L, L4, Ly, L3, Ly, Ls, Ls, L7 and Lg is other than hydrogen;
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and provided that
(i) atleastone of Ty or Ty is a group Q; or
(iiy atleastone D is a group Q4; or

(ii) atleastone E is a group Qo.

2. A compound of the formula | according to claim 1, wherein

at least one of L, L4, L2, L3 and L4 is other than hydrogen.

3. A compound of the formula | according to anyone of claims 1-2, wherein Lg, L7, and Lg are

hydrogen.

4. Process for the preparation of a compound of the formula | according to claim 1, by react-

ing
L, L Lo L
'—‘Q‘X‘Q*H , wherein
L L, L L

a compound of the formula Il
1 3 5 7

(m
L, L4, Ly, Ls, Ly, Ls, Le, L7, Lg and X are as defined above,
with thionylchloride in the presence of a Friedel-Crafts catalyst, optionally followed by an ex-

change of the anion Y.

5. A radiation-sensitive composition comprising

(a1) a cationically or acid-catalytically polymerisable or crosslinkable compound or

(a2) a compound that increases its solubility in a developer under the action of acid; and/or
(ax) a radically polymerisable or crosslinkable compound; and

(b) atleast one compound of the formula | according to claim 1.

6. A radiation-sensitive composition according to claim 5, additionally to components (a1) or
(a2) and/or (ax) and (b), comprising additional additives (c) and/or sensitiser compounds (d)

and optionally further photoinitiators (e).

7. A radiation-sensitive composition according to claim 5 or 6, which is a chemically amplified

photoresist composition.
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8. Use of a compound of formula | according to claim 1 as photolatent acid donor in the po-
lymerisation or crosslinking of cationically or acid-catalytically polymerisable or crosslinkable
compounds or to increase the solubility of compounds that increase their solubility in a de-

veloper under the action of acid.

9. Use of a compound of formula | according to claim 1 as radiation-sensitive acid donor in
the preparation of pigmented and non-pigmented surface coatings, adhesives, laminating
adhesives, structural adhesives, pressure-sensitive adhesives, printing inks, printing plates,
relief printing plates, planographic printing plates, intaglio printing plates, processless printing
plates, screen printing stencils, dental compositions, colour filters, spacers, electrolumines-
cence displays and liquid crystal displays (LCD), waveguides, optical switches, color proofing
systems, resists, photoresists for electronics, electroplating resists, etch resists both for liquid
and dry films, solder resist, photoresist materials for a UV and visible laser direct imaging
system, photoresist materials for forming dielectric layers in a sequential build-up layer of a
printed circuit board, colour filters, chemically amplified resist materials, image-recording ma-
terials, image-recording materials for recording holographic images, optical information stor-
age or holographic data storage, decolorizing materials, decolorizing materials for image re-
cording materials, image recording materials using microcapsules, magnetic recording mate-
rials, micromechanical parts, plating masks, etch masks, glass fibre cable coatings, micro-

electronic circuits.

10. A coated substrate that is coated on at least one surface with a composition according to

claim 5.

11. A method for the photopolymerisation or crosslinking of cationically or acid-catalytically
polymerisable or crosslinkable compounds under the action of electromagnetic radiation or
an electron beam, in which method a compound of formula | according to claim 1 is used as

photolatent acid donor.

12. A method for the photopolymerisation or crosslinking of radically polymerisable or
crosslinkable compounds under the action of electromagnetic radiation or an electron beam,
in which method a compound of formula | according to claim 1 is used as photolatent cata-

lyst.
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13. A method according to claim 11 or 12 in the manufacture of pigmented and non-
pigmented surface coatings, adhesives, laminating adhesives, structural adhesives, pres-
sure-sensitive adhesives, printing inks, printing plates, relief printing plates, planographic
printing plates, intaglio printing plates, processless printing plates, screen printing stencils,
dental compositions, colour filters, spacers, electroluminescence displays and liquid crystal
displays (LCD), waveguides, optical switches, color proofing systems, resists, photoresists
for electronics, electroplating resists, etch resists both for liquid and dry films, solder resist,
photoresist materials for a UV and visible laser direct imaging system, photoresist materials
for forming dielectric layers in a sequential build-up layer of a printed circuit board, colour fil-
ters, chemically amplified resist materials, image-recording materials, image-recording mater-
ials for recording holographic images, optical information storage or holographic data stor-
age, decolorizing materials, decolorizing materials for image recording materials, image re-
cording materials using microcapsules, magnetic recording materials, micromechanical parts,

plating masks, etch masks, glass fibre cable coatings, microelectronic circuits.

14. Use of compounds of formula | as photosensitive acid donors in the preparation of colour

filters or chemically amplified resist materials.

15. A color filter prepared by providing red, green and blue picture elements and a black ma-
trix, all comprising a photosensitive resin and a pigment and/or dye on a transparent sub-
strate and providing a transparent electrode either on the surface of the substrate or on the
surface of the color filter layer, wherein said photosensitive resin comprises compounds of

formula | as photosensitive acid donors.
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