Office de la Propriete Canadian CA 2835722 A1 2012/11/29

Intellectuelle Intellectual Property
du Canada Office (21) 2 835 722
Jn organisme An agency of (12 DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada
CANADIAN PATENT APPLICATION
(13) A1
(86) Date de depot PCT/PCT Filing Date: 2012/05/25 (51) ClLInt./Int.Cl. CO9D 11/00 (2006.01),
v v _ B41M 3/14 (2006.01), B42D 15/00 (2006.01),
(87) Date publication PCT/PCT Publication Date: 2012/11/29 CO7D 221/00 (2006.01) CO7D 311/00 (2006.01)
(85) Entree phase nationale/National Entry: 2013/11/12 CO7D 471/00 (2006.01), C09B 5/02 (2006.01),
(86) N° demande PCT/PCT Application No.: EP 2012/059795 C09B 69/10 (2006.01), C09D 11/02 (2006.01)
(87) N° publication PCT/PCT Publication No.: 2012/160182 (71) Demandeur/Applicant:
] SICPA HOLDING SA, CH
(30) Priorites/Priorities: 2011/05/25 (US61/489891);
2011/05/25 (EP11167522.9) (72) Inventeurs/Inventors:

TILLER, THOMAS, CH;
COMMEUREUC, AURELIEN, CH;
PASQUIER, CECILE, CH

(74) Agent: BERESKIN & PARR LLP/S.E.N.C.R.L.,S.R.L.

(54) Titre : COLORANTS QUATERRYLENE ET/OU TERRYLENE RELIES A UN POLYMERE ET COMPOSITIONS LES CONTENANT
(54) Title: POLYMER-BONDED QUATERRYLENE AND/OR TERRYLENE DYES AND COMPOSITIONS CONTAINING SAME

(57) Abrege/Abstract:

The Invention provides a method of increasing the solubility and/or dispersibility of a quaterrylene and/or terrylene dye in a liquid
medium such as, e.g., a liguid medium comprised In a printing Ink composition. The method comprises covalently binding the
guaterrylene and/or terrylene dye to a polymer which is soluble in the liquid medium. The Invention also provides a printing Ink
composition which comprises a polar liquid medium that has at least one polymer-covalently bonded quaterrylene and/or terrylene
dye of the present invention as set forth above (including the various aspects thereof) dissolved or dispersed therein. The invention

also provides a marking or security feature which is made with the printing ink composition of the present invention as set forth
above (Including the various aspects thereof).

B

.

'

e
ok [ [ f
RO . e s
. M "c'-'-.n:‘-:{\: .«me . m s
.
.

A7 /7]
o~

» . _
‘ l an a dH http:/opic.ge.ca + Ottawa/Gatineau K1A 0C9 - hmp./cipo.ge.ca o p1C
OPIC - CIPO 191




WO 20127160182 A1 |[HJ 1! 0RO 001 O AN AR A

CA 02835722 2013-11-12

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

[nternational Bureau e . o
?:_f/)) (10) International Publication Number
(43) International Publication Date ..na/ WO 2012/160182 A1l
29 November 2012 (29.11.2012) WIPO | PCT
(51) International Patent Classification: (74) Agent: DOSSMANN, Gérard; Burcau D.A. Casalonga &
C09D 11/00 (2006.01) C09B 69/10 (2006.01) Josse, 8 Avenue Percier, F-75008 Paris (FR).
ggﬁﬁg%gz(g%%?&l)) gz;g j%jgg 888283 (81) D.esignated. States (unle?ss othe.rwise indicated, for every
B42D 15/00 (2006.01) CO7D 221/00 (2006.01) kind of national protection available). AE, AG, AL, AM,
CO9B 5/02 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
' CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(21) International Application Number: DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
PCT/EP2012/059795 HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
. - KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(22) International Filing Date: MG, MK, MN. MW. MX, MY, MZ. NA. NG, NL. NO, NZ.
25 May 2012 (25.05.2012) OM. PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
(25) Filing Language: English SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(26) Publication Language: English
(84) Designated States (unless otherwise indicated, for every
(30) Priority Data: kind of regional protection available): ARTPO (BW, GH,
11167522.9 25 May 2011 (25.05.2011) EP GM. KE, LR, LS, MW. MZ. NA. RW. SD. SL. SZ. TZ,
61/489891 25 May 2011 (25.05.2011) Uus UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
(71) Applicant (for all designated States except US): SICPA M), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
HOLDING SA [CH/CH]; Av. de Florissant 41, CH-1008 EE, ES, Fl, FR, GB, GKR, HR, HU, 1IE, I5, 1T, LT, LU, LV,
Prilly (CH). MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
(72) Inventors; and ML, MR, NE, SN, TD, TQG).
(75) Imventors/Applicants (for US ornly). TILLER, Thomas
Published:

[DE/CH]; Chemin du Cedre 21, CH-1030 Bussigny (CH).
COMMEUREUC, Aurélien [FR/CH]; Chemin du Chéne
8, CH-1112 Echichens (CH). PASQUIER, Cécile
[CH/CH]; Impasse des Primeveres 1, CH-1723 Marly
(CH).

with international search report (Art. 21(3))

(54) Title: POLYMER-BONDED QUATERRYLENE AND/OR TERRYLENE DYES AND COMPOSITIONS CONTAINING
SAME

(57) Abstract: The mvention provides a method of increasing the solubility and/or dispersibility of a quaterrylene and/or terrylene
dye 1n a liquid medium such as, e.g., a liquid medium comprised in a printing ink composition. The method comprises covalently
binding the quaterrylene and/or terrylene dye to a polymer which i1s soluble m the liquid medium. The mvention also provides a
printing mmk composition which comprises a polar liquid medium that has at least one polymer-covalently bonded quaterrylene
and/or terrylene dye of the present invention as set forth above (including the various aspects thereot) dissolved or dispersed therein.
The mvention also provides a marking or security feature which 1s made with the printing ink composition of the present invention
as set forth above (including the various aspects thereof).



CA 02835722 2013-11-12
WO 2012/160182 PCT/EP2012/059795

POLYMER-BONDED QUATERRYLENE AND/OR TERRYLENE DYES AND
COMPOSITIONS CONTAINING SAME

BACKGROUND OF THE INVENTION

l. Field of the Invention

[0001] The present invention relates to polymer-bonded quaterrylene and/or terrylene dyes and
compositions such as, ¢.g., printing inks which comprise polymer-bonded quaterrylene and/or

terrylene dyes as colorants.
2. Discussion of Background Information

[0002] Counterfeiting and market diversion of mass produced goods are facilitated if the
products are handled on a lot base rather than on an individual item base. In such case counterfeit
or diverted products are casily introduced into the supply chain. Producers and retailers would
like to be 1n a position to distinguish their original products from such counterfeit or diverted

(parallel imported or smuggled) products at the level of the individual unit that 1s sold.

[0003] Further, secure documents such as currency, passports, or identity cards are increasingly
counterfeit around the world. This situation 1s a very critical 1ssue for governments and society 1n
general. For example criminal organizations may use fake passports or 1dentity cards for human
beings traffic. As reprographic technologies become more and more sophisticated, 1t becomes
even more difficult to make a clear distinction between a fake document and the original.
Document security has therefore a considerable impact on the economy of the countries and also

on the victims of illicit traffic involving counterfeit documents.

[0004] In an attempt to prevent counterfeiting marking 1s currently used extensively for the
recognition, 1dentification and authentication of individual items. The marking may be applied,
for example, 1n the form of indicia such as I-dimensional barcodes, stacked 1-dimensional
barcodes, 2-dimensional barcodes, 3-dimensional barcodes, a data matrix. and the like. The
application of markings 1s frequently carried out by a printing process which uses a printing ink
with specific optical properties that are imparted to the ink by one or more substances contained

therein such as, e¢.g., luminescent dyes and pigments and cholesteric liquid crystal compounds.
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[0005] A class of compounds which 1s suitable for use in, e.g., printing inks for marking
purposes are quaterrylene and terrylene dyes. The parent compounds quaterrylene and terrylene
display fluorescence and there are many derivatives of quaterrylene and terrylene which are
known and may theoretically be employed as colorants in compositions for marking such as
printing inks and the like. However, a drawback of quaterrylene and terrylene dyes 1s their often
unsatisfactorily low solubility or dispersibility 1n liquid media such as those which are useful 1n
printing inks. This low solubility/dispersibility limits the suitability of quaterrylene and terrylene
dyes as colorants for liquid compositions in general. It would thus, be advantageous to be able to
increase the solubility and/or dispersibility of quaterrylene and terrylene dyes in liquid media and

in particular, liquid media for use in printing inks.

SUMMARY OF THE INVENTION
[0006] The present invention provides a method of increasing the solubility and/or dispersibility
of a quaterrylene and/or terrylene dye in a liquid medium such as, e¢.g., a liquid medium
comprised 1n a printing ink composition. The method comprises binding the quaterrylene and/or

terrylene dye to a polymer which is soluble 1n the liquid medium.
[0007] In one aspect of the method, the liquid medium may be a polar liquid medium.

[0008] In another aspect, the quaterrylene and/or terrylene dye may be covalently bonded to the
polymer. For example, the polymer may comprise at least one (recurring) monomer unit that
comprises at least one polar group which may, for example, be selected from hydroxy, carboxy
and amino groups. Accordingly, the polymer may, for example, comprise a phenolic resin such

as, ¢.g., a phenolic resin of formula

OH OH OH
R, R, R,
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wherein the groups R4 may be the same or different and are selected from alkyl groups having
from 1 to about 10 carbon atoms and the average number of m 1s from about 1 to about 30, for
example, from about 1 to about 25, from about 1 to about 15, from about 1 to about 10, from
about 1 to about 5, from about 1 to about 3, from about 5 to about 15, from about 5 to about 10,
from about 10 to about 20, or from about 20 to about 30. The groups R4 may be the same or
different (preferably the same) and may, for example, be selected from tert-butyl, tert-octyl and
branched nonyl. Further, a group R4 may be in the meta- or para-position with respect to the OH
ogroup (in formula (D) only the para position 1s shown), and there may be more than one group R4
(e.g., 2 or 3 groups Ry4) present on a phenyl ring. For example, if two groups R4 are present on a
phenyl ring (the same or different, preferably the same groups R4) they may be present in any of

the available positions on the phenyl ring, such as, ¢.g., meta/para or meta/meta.

[0009] In another aspect of the method of the present invention, the quaterrylene and/or terrylene
dye may be bonded to the polymer by reacting a group comprised in the quaterrylene and/or
terrylene dye with the at least one (preferably) polar group of the polymer. The at least one polar

group may, for example, be a hydroxy group and/or the group comprised in the quaterrylene

and/or terrylene dye may be a halogen such as, e¢.g., Br or CI.

[0010] In a still further aspect of the method of the present invention, the quaterrylene and/or

terrylene dye may be a compound of formula (A), formula (B) or formula (C) below:
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wherein:

the groups Z, the same or different from each other, represent O, S or N-R, provided that in the
above formulae the unit -CO-Z-CO- (in the case of formula (A) or formula (B) one or both units
of formula -CO-Z-CO-) may be replaced by a unit -CS-Z-CO-, or a unit -CS-Z-CS-, or by [
COOH HOOC-] (1.e., the dicarboxylic acid instead of the cyclic anhydride) and further provided
that for Z = N-R a unit -CO-Z-CO- may be replaced by a unit of formula -C(=NR’)-NR-CO-;

R and R’ independently represent an optionally substituted aliphatic, cycloaliphatic, aromatic,
heteroaromatic, alkylaryl, alkylheteroaryl, arylalkyl or heteroarylalkyl group having from 1 to
about 20 carbon atoms; and R and R’ may also be combined to form, together with the N atoms

to which they are attached, an optionally substituted and/or fused 5- to 7-membered ring;
the groups X may be the same or different and represent halogen, COOH, and 1socyanate (NCO);

the groups Y may be the same or different and are selected from OH, NO,, CN, groups of
formula R”, OR”, COOR”, OCOR”, CONHR”, CO(NR”),, OCONHR”, OCO(NR”),, COR?”,
SOs;H, SO3;R”, SO,NHR”, SO,N(R”),, NHCOR”, NRCOR”, NHCOOR”, NRCOOR”,
NHSO;R”, NRSO,R”, NHR”, and N(R”), , wherein the groups R” may be the same or different
and represent an optionally substituted aliphatic, cycloaliphatic, aromatic, heteroaromatic,
alkylaryl, alkylheteroaryl, arylalkyl or heteroarylalkyl group having from 1 to about 20 carbon
atoms and, where two groups R” are present, may also be combined to form, together with the N

atom to which they are attached, an optionally substituted and/or fused 5- to 7-membered ring;

n and p each represent O or an integer of from 1 to 8 (1.e., 1, 2, 3,4, 5, 6, 7 or 8), provided that
(n+p) 1s not higher than 8 and further provided that for n = 0 at least one of R, R” and R”

comprises at least one group X as substituent.

[0011] In one aspect of the compounds of the above formulae, the (only) group Z or at least one
of the groups Z represents N-R wherein R may be selected, for example, from optionally
substituted alkyl having from 1 to about 6 carbon atoms, optionally substituted alkylaryl or
arylalkyl having from 7 to about 12 carbon atoms, optionally substituted aryl having from about
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6 to about 20 carbon atoms, and optionally substituted heteroaryl having from about 3 to about
20 carbon atoms such as, e.g., from optionally substituted alkyl having from 1 to about 4 carbon
atoms, optionally substituted phenyl, or optionally substituted benzyl. By way of non-limiting
example, R may represent phenyl substituted with from 1 to about 3 groups selected from
halogen and alkyl having from 1 to about 6 carbon atoms such as, e.g., a phenyl group
substituted by at least two alkyl groups which comprise a secondary or tertiary carbon atom,

examples of which include 1sopropyl and tert.-butyl groups.

[0012] In another aspect of the compounds of the above formulae, the quaterrylene and/or
terrylene dye may be a compound of formula (C). Alternatively, the quaterrylene and/or
terrylene dye may be a compound of formula (A) or formula (B) such as, ¢.g., a compound of
formula (A) or formula (B) wherein the groups Z may be the same or different and represent O
or N-R (including compounds wherein both groups Z are O, compounds wherein both groups Z

arc N-R (with the groups R being the same or different), and compounds wherein one group Z 1s

O and the other group Z 1s N-R).

[0013] The present invention also provides a quaterrylene and/or terrylene dye whose solubility
and/or dispersibility in a polar liquid medium has been increased by having been bonded to a

polymer, as well as a polymer-bonded quaterrylene and/or terrylene dye of formula (A) or
formula (B) or formula (C):
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(C)
wherein

the groups Z, the same or different from each other, represent O, S or N-R, provided that the unit
-CO-Z-CO- (in the case of formula (A) or formula (B) one unit or both units) may be replaced by
—CS-Z-CO- or a umit -CS-Z-CS-, or may be replaced by [-COOH HOOC-] (1.e., the
dicarboxylic acid instead of the anhydride) and further provided that for Z = N-R a unit
-CO-Z-CO- may be replaced by a unit of formula —C(=NR’)-NR-CO-;

R and R’ independently represent an optionally substituted aliphatic, cycloaliphatic, aromatic,
heteroaromatic, alkylaryl, alkylheteroaryl, arylalkyl or heteroarylalkyl group having from 1 to
about 20 carbon atoms; and R and R’ may be combined to form, together with the N atoms to

which they are attached, an optionally substituted and/or fused 5- to 7-membered ring;

the groups X may be the same or different and represent halogen, 1socyanate and COOH, with
the proviso that at least one group X (which may be the only group X) represents a group of
formula —L-P wherein L represents a covalent (direct) bond or a bridging group and P represents

a polymer molecule;
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the groups Y may be the same or different and are selected from OH, NO,, CN, groups of
formula R”, OR”, COOR”, OCOR”, CONHR”, CO(NR”),, OCONHR”, OCO(NR”),, COR?”,
SOz;H, SOs;R”, SO,NHR”, SO;N(R”),, NHCOR”, NRCOR”, NHCOOR”, NRCOOR”,
NHSO;R”, NRSO,R”, NHR”, and N(R”), , wherein the groups R” may be the same or different
and represent an optionally substituted aliphatic, cycloaliphatic, aromatic, heteroaromatic,
alkylaryl, alkylheteroaryl, arylalkyl or heteroarylalkyl group having from 1 to about 20 carbon
atoms and, where two groups R” are present, may also be combined to form, together with the N

atom to which they are attached, an optionally substituted and/or fused 5- to 7-membered ring;

n and p each represent O or an integer of from 1 to 8 (1.e., 1, 2, 3,4, 5, 6, 7 or §), provided that
(n+p) 1s not higher than 8 and further provided that for n = 0 at least one of R, R” and R”

comprises at least one group X as substituent.

[0014] In one aspect of the polymer-bonded quaterrylene and/or terrylene dye of the present
invention, the (only) group Z or at least one of the groups Z (in the case of formula (A) and
formula (B)) represents N-R wherein R may be selected, for example, from optionally
substituted alkyl having from 1 to about 6 carbon atoms, optionally substituted alkylaryl or
arylalkyl having from 7 to about 12 carbon atoms, optionally substituted aryl having from about
6 to about 20 carbon atoms, and optionally substituted heteroaryl having from about 3 to about
20 carbon atoms such as, ¢.g., from optionally substituted alkyl having from 1 to about 4 carbon
atoms, optionally substituted phenyl, or optionally substituted benzyl. By way of non-limiting
example, R may represent phenyl substituted with from 1 to about 3 groups selected from
halogen and alkyl having from 1 to about 6 carbon atoms such as, e.g., a phenyl group
substituted by at least two alkyl groups which comprise a secondary or tertiary carbon atom, non-

[imiting examples of which include 1sopropyl and tert.-butyl groups.

[0015] In another aspect of the polymer-bonded quaterrylene and/or terrylene dye of the present
invention, the quaterrylene and/or terrylene dye may be a compound of formula (A) or formula
(B) or formula (C). Alternatively, the polymer-bonded quaterrylene and/or terrylene dye may be
a compound of formula (A) or formula (B) such as, ¢.g., a compound of formula (A) or formula
(B) wherein the groups Z may be the same or different and represent O or N-R (including

compounds wherein both groups Z are O, compounds wherein both groups Z are N-R (the
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groups R being the same or different) and compounds wherein one group Z 1s O and the other

group Z 1S N-R).

[0016] In yet another aspect of the polymer-bonded quaterrylene and/or terrylene dye of the
present invention, L. may be selected from O, C(=0)0O, OC(=0), C(=O)NH, NHC(=0)O,
NHC(=O)NH and C(=)O-0O-C(=0). For example, L. may represent O.

[0017] In a still further aspect of the polymer-bonded quaterrylene and/or terrylene dye of the
present invention, P may represent a polymer molecule that comprises at least one (recurring)
monomer unit that comprises at least one polar group such as, e.g., at least one polar group
selected from hydroxy, carboxy and amino groups. By way of non-limiting example, the polymer

may comprise a phenolic resin such as, ¢.g., a phenolic resin of formula

OH OH OH

A A~ A

Y Y Y

R4 R, R,

(D)

wherem the groups R4 may be the same or different and are selected from alkyl groups having
from 1 to about 10 carbon atoms and the average number of m 1s from about 1 to about 30, for
example, from about 1 to about 25, from about 1 to about 15, from about 1 to about 10, from
about 1 to about 5, from about 1 to about 3, from about 5 to about 15, from about 5 to about 10,
from about 10 to about 20, or from about 20 to about 30. The groups R4 may be the same or
different (preferably the same) and may, for example, be selected from tert-butyl, tert-octyl and
branched nonyl. Further, a group R4 may be in the meta- or para-position with respect to the OH
ogroup (in formula (D) only the para position 1s shown), and there may be more than one group R4
(e.g., 2 or 3 groups Ry4) present on a phenyl ring. For example, if two groups R4 are present on a
phenyl ring (the same or different, preferably the same groups R4) they may be present in any of

the available positions on the phenyl ring, such as, ¢.g., meta/para or meta/meta.
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[0018] In another aspect of the polymer-bonded quaterrylene and/or terrylene dye of the present

invention, P may have one or more than one quaterrylene and/or terrylene dye molecule bonded

thereto.

[0019] The present invention also provides a process for making a polymer-bonded quaterrylene

and/or terrylene dye as set forth above (including the various aspects thercof). The process

comprises contacting at least one quaterrylene and/or terrylene dye of formulae (A) to (C):
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(A) (B) (C)

wherein the groups Z, the same or different from each other, represent O, S or N-R, provided that
the unit -CO-Z-CO- (in the case of formula (A) or formula (B) one or both units) may be
replaced by —CS-Z-CO- or a unit -CS-Z-CS-, or may be replaced by [-COOH HOOC-] (1.¢., the

dicarboxylic acid instead of the anhydride) and that for Z = N-R the unit -CO-Z-CO- may be
replaced by a unit of formula —C(=NR’)-NR-CO-;

R and R’ in the above formulac (A) and (B) and (C) independently represent an optionally
substituted aliphatic, cycloaliphatic, aromatic, heteroaromatic, alkylaryl, alkylheteroaryl,
arylalkyl or heteroarylalkyl group having from 1 to about 20 carbon atoms; and R and R’ may
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also be combined to form, together with the N atoms to which they are attached, an optionally

substituted and/or fused 5- to 7-membered ring;

the groups X may be the same or different and represent halogen, 1socyanate and COOH;

the groups Y may be the same or different and are selected from OH, NO,, CN, groups of
formula R”, OR”, COOR”, OCOR”, CONHR”, CO(NR”),, OCONHR”, OCO(NR”),, COR”,

SOs;H, SOs;R”, SO,NHR”, SO;N(R”),, NHCOR”, NRCOR”, NHCOOR”, NRCOOR?”,
NHSO;R”, NRSO,;R”, NHR”, and N(R”), , wherein the groups R” may be the same or different
and represent an optionally substituted aliphatic, cycloaliphatic, aromatic, heteroaromatic,
alkylaryl, alkylheteroaryl, arylalkyl or heteroarylalkyl group having from 1 to about 20 carbon
atoms and may also be combined to form, together with the N atom to which they are attached,

an optionally substituted and/or fused 5- to 7-membered ring;

n and p cach represent 0 or an integer of from 1 to 8 (1.e., 1,2, 3,4, 5,6, 7 or 8), provided that
(n+p) 1s not higher than &, and further provided that for n = 0 at least one of R, R’ and R”

comprises at least one group X as substituent;

with a polymer P under conditions which cause a reaction of a (at least one) group X of the
quaterrylene and/or terrylene dye with a functional group of the polymer to covalently bind the
polymer to the quaterrylene and/or terrylene dye.

[0020] In one aspect of the process, a group X of the quaterrylene and/or terrylene dye that
represents halogen may be caused to react with an OH group of the polymer P to replace X by a

ogroup —O-P. For example, the OH group of the polymer may be a phenolic OH group.

[0021] In another aspect of the process of the present invention, the process may be carried out 1n

the presence of a base.

[0022] The present invention also provides a polymer-bonded quaterrylene and/or terrylene dye
of one of formulae (I) to (IX):
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wherein

the groups Z, the same or different from each other, represent O, S or N-R, provided that in the
above formulae the unit -CO-Z-CO- (1in the case of formula (I) or (II) one or both units of
formula -CO-Z-CO-) may be replaced by a unit —CS-Z-CO-, or a unit -CS-Z-CS-, or by [-COOH
HOOC-] (1.¢., the dicarboxylic acid instead of the cyclic anhydride) and further provided that for
Z. = N-R a unit -CO-Z-CO- may be replaced by a unit of formula —-C(=NR’)-NR-CO-;
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R and R’ independently represent an optionally substituted aliphatic, cycloaliphatic, aromatic,
heteroaromatic, alkylaryl, alkylheteroaryl, arylalkyl or heteroarylalkyl group having from 1 to
about 20 carbon atoms; and R and R’ may be combined to form, together with the N atoms to

which they are attached, an optionally substituted and/or fused 5- to 7-membered ring;

R, Ry and Rs are independently selected from hydrogen, optionally substituted Ci-C4 alkyl,
optionally substituted C;-C4 alkyl-COOH, optionally substituted C;-C4 alkyl-SOs;H, optionally
substituted Ci-C4 alkoxy, optionally substituted mono(C;-C4)alkylamino, optionally substituted
di(C-Cy)alkylamino, optionally substituted C;-C4 aminoalkyl, halogen, cyano, nitro, and SOs;H;

the groups X may be the same or different and represent halogen, 1socyanate and COOH;

the groups Y may be the same or different and are selected from OH, NO,, CN, groups of
formula R”, OR”, COOR”, OCOR”, CONHR”, CO(NR”),, OCONHR”, OCO(NR”),, COR”,
SOs;H, SOs;R”, SO,NHR”, SO;N(R”),, NHCOR”, NRCOR”, NHCOOR”, NRCOOR”,
NHSO;R”, NRSO,;R”, NHR”, and N(R”), , wherein the groups R” may be the same or different
and represent an optionally substituted aliphatic, cycloaliphatic, aromatic, heteroaromatic,
alkylaryl, alkylheteroaryl, arylalkyl or heteroarylalkyl group having from 1 to about 20 carbon
atoms and, where two groups R” are present, may also be combined to form, together with the N

atom to which they are attached, an optionally substituted and/or fused 5- to 7-membered ring;

in the case of formulae (V), (VII) and (IX) n and p each represent 0 or an integer of from 1 to &
(i, 1,2, 3,4,5, 6,7 or 8), provided that (nt+p) is not higher than &; and in the case of the
remaining formulae n and p each represent 0 or an integer of from 1 to 7 (1.e., 1, 2, 3,4, 5, 6 or

7), provided that (n+p) is not higher than 7.
P represents a polymer molecule.

[0023] In one aspect of the above polymer-bonded quaterrylene and/or terrylene dye, P may
represent a polymer molecule that comprises at least one monomer unit that comprises at least
one polar group such as, e¢.g., a group selected from hydroxy, carboxy and amino groups. By way
of non-limiting example, the polymer may comprise a phenolic resin such as, €.g., a resin of

formula
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OH OH OH
R4 R4 R4
(D)

wherein the groups R4 may be the same or different and are selected from alkyl groups having
from 1 to about 10 carbon atoms and the average number of m 1s from about 1 to about 30, for
example, from about 1 to about 25, from about 1 to about 15, from about 1 to about 10, from
about 1 to about 5, from about 1 to about 3, from about 5 to about 15, from about 5 to about 10,
from about 10 to about 20, or from about 20 to about 30. The groups R4 may be the same or
different (preferably the same) and may, for example, be selected from tert-butyl, tert-octyl and
branched nonyl. Further, a group R4 may be in the meta- or para-position with respect to the OH
group (1n formula (D) only the para position 1s shown), and there may be more than one group R4
(e.g., 2 or 3 groups Ry4) present on a phenyl ring. For example, if two groups R4 are present on a
phenyl ring (the same or different, preferably the same groups R4) they may be present in any of

the available positions on the phenyl ring, such as, ¢.g., meta/para or meta/meta.

[0024] In another aspect of the above polymer-bonded quaterrylene and/or terrylene dye, P may
have one or more than one quaterrylene and/or terrylene dye molecule (e.g., 1, 2, 3, 4, 5, 6, or
more quaterrylene and/or terrylene dye molecules) bonded thereto. In this regard, it 1s to be noted
that if two or more quaterrylene and/or terrylene dye molecules are bonded to a polymer
molecule P, the two or more dye molecules may consist of at least two 1dentical or different
quaterrylene dye molecules, at least two 1dentical or different terrylene dye molecules, and at
least one quaterrylene dye molecule and at least one terrylene dye molecule. Conversely, a
quaterrylene or terrylene dye molecule may have one or more than one polymer molecule P (e.g.,
1,2, 3,4 or more polymer molecules P) bonded thereto. Even further, a polymer molecule P may
have at least two quaterrylene and/or terrylene dye molecules bonded thereto, at least one of

these quaterrylene and/or terrylene dye molecules being bonded to at least one additional
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polymer molecule P (which in turn may or may not be bonded to one or more additional

quaterrylene and/or terrylene dye molecules).

[0025] In yet another aspect, 1n the above polymer-bonded quaterrylene and/or terrylene dye
molecules of formulae (IV) to (IX) Ry, Ry, and R3 may independently be selected from hydrogen,
C1-Cy4 alkyl, Ci-C4 alkoxy, halogen, and SOsH and/or the quaterrylene and/or terrylene dye
molecules may be compounds of formulaec (IV) to (IX) wherein (n+p) 1s 1, 2 or 3 and X
represents Cl or Br, or wherein (n+p) 1s 0 and/or R; and R, are selected from C;-Cy4 alkyl groups.
Even further, the quaterrylene and/or terrylene dye molecules may be compounds of formulae
(IV) to (IX) where R; represents hydrogen, or compounds of formulae (IV) to (IX) wherein R;
represents SOsH and R, and Rj; represent hydrogen.

[0026] The present invention also provides a process for making a polymer-bonded quaterrylene
and/or terrylene dye of any one of formulae (I) to (IX) set forth above. The process comprises

contacting a compound of formula (I’) to (IX’):
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wherein Ry, Ry, R3, X and Y are as defined above for formulae (IV’) to (IX’) and n 1s at least 1

and (ntp)i1s1,2,3,4,5,6,7 or8,

with a polymer P, 1.¢., a polymer molecule which comprises a group that i1s capable of reacting

with X to replace X by a group of formula OP.
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[0027] In one aspect, the process may be carried out 1n a polar aprotic organic solvent in which

the polymer P 1s soluble. For example, the polar solvent may comprise at least one of N-

methylpyrrolidone, dimethyl formamide, dimethyl acetamide, and dimethylsulfoxide.

[0028] In another aspect, the process may be carried out 1n the presence of an 1norganic base

and/or a strong organic non-nucleophilic base and/or in the presence of at least one anti-foam

agent such as a polyethylene glycol and/or a derivative thereof.

[0029] In yet another aspect of the process, about 0.5 g to about 10 g of quaterrylene and/or
terrylene dye may be employed per 100 g of polymer P. In yet another aspect of the process,
from about 0.2 g to about 10 g of quaterrylene and/or terrylene dye may be employed per 100 g
of polymer P, for example at least about 0.4 g, at least about 0.5 g, at least about 0.6 g, at least
about 0.8 g, at least about 1 g, at least about 2 g, at least about 5 g, or at least about 8 g of
quaterrylene and/or terrylene dye per 100 g of polymer P.

[0030] The present invention also provides a printing ink composition which comprises a polar
liquid medium that has at least one polymer-bonded quaterrylene and/or terrylene dye of the
present invention as set forth above (including the various aspects thercof) dissolved or dispersed

therein.

[0031] In one aspect, the printing ink composition may comprise from about 0.01 % to about 40
% by weight of the at least one polymer-bonded quaterrylene and/or terrylene dye based on the
total weight of the composition. In another aspect, the printing ink composition may further

comprise at least one conductivity imparting substance (¢.g., a salt).

[0032] The present invention also provides a marking or security feature which 1s made with the
printing 1nk composition of the present invention as set forth above (including the various

aspects thereof).

[0033] In one aspect, the marking or security feature may comprise at least one polymer-bonded
quaterrylene and/or terrylene dye according to the present invention, €.g. a polymer-bonded
quaterrylene and/or terrylene dye of formula (A) or formula (B) or formula (C) and/or of any one

of formulae (I) to (IX) as set forth above (including the various aspects thercof). In another
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aspect, the marking or security feature may comprise at least one of a thread, a label, a barcode, a

2D code, a pattern, indicia, and a data matrix.

[0034] The present invention also provides an article which comprises the marking or security

feature of the present invention as set forth above (including the various aspects thereof).

[0035] In one aspect of the article, the marking or security feature may be present on the article
in the form a layer. In another aspect, the article may be at least one of a label such as, ¢.g., a tax
label, packaging, a can, a metal, an aluminum foil, a cartridge, a closed cartridge (¢.g., a capsule)
that contains, ¢.g., a pharmaceutical, a nutraceutical, a foodstuff or a beverage (such as, ¢.g.,
coffee, tea, milk, chocolate, etc.), an article made of glass, an article made of ceramic, a
banknote, a stamp, a security document, an 1dentity card, a passport, a driver’s license, a credit
card, an access card, a ticket such as, €.g., a transportation ticket or an event ticket, a voucher, a

value document, an ink-transfer film, a reflective film, a thread, and a commercial good.

[0036] The present invention further provides a method of authenticating an article. The method
comprises providing the article with the marking or security feature of the present invention as
set forth above and/or the application onto the article the printing ink composition of the present

invention as set forth above.

[0037] In one aspect of the method, the article may be at least one of a tax label, packaging, a
can, a metal, an aluminum foil, a cartridge, a closed cartridge (e.g., a capsule) that contains, ¢.g.,
a pharmaceutical, a nutraceutical, a foodstuff or a beverage (such as, e¢.g., coffce, tea, milk,
chocolate, ctc.), an article made of glass, an article made of ceramic, a banknote, a stamp, a
security document, an identity card, a passport, a driver’s license, a credit card, an access card, a
ticket such as, €.g., a transportation ticket or an event ticket, a voucher, a value document, an 1nk-

transfer film, a reflective film, a thread, and a commercial good.

[0038] The present invention also provides a dye-doped polymer which i1s obtainable by a
method according to the present invention as set forth above (including the various aspects
thereof). In this polymer at least about 0.1 % to 10% of all polymer molecules have bonded
thereto a quaterrylene and/or terrylene dye.
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[0039] In one aspect, the polymer may comprise a phenolic resin such as, ¢.g., a phenolic resin of

formula
OH OH OH
v Y
(D)

wherein the groups R4 may be the same or different and are selected from alkyl groups having
from 1 to about 10 carbon atoms and the average number of m 1s from about 1 to about 30, for
example, from about 1 to about 25, from about 1 to about 15, from about 1 to about 10, from
about 1 to about 5, from about 1 to about 3, from about 5 to about 15, from about 5 to about 10,
from about 10 to about 20, or from about 20 to about 30. The groups R4 m<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>