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Novel Polyhedral Oligomeric Silsesquioxane (POSS) based Fluorescent Colorants

This application claims benefit under 35 USC 119(e) of U.S. provisional application No.
60/836,025 filed August 7, 2006 which application is incorporated herein by reference.

The present invention provides novel fluorescent polyhedral oligomeric silsesquioxane
(POSS) colorants. The colorants are strongly fluorescing and long lasting and are useful in
a wide variety of applications including printing inks, coatings and the coloration of plastics.
Biomedical uses include medical imaging and fluorescent marking. The novel colorants can
be prepared from chromophores found in common pigments and provide a simple way to

convert an insoluble pigment into a soluble fluorescent colorant.

Pigments are differentiated from dyes by their physical characteristics rather than by chemi-
cal composition. Dyes, unlike pigments, dissolve during their application and in the process

lose their crystal or particulate structure.

Fluorescent colorants, which generally are based on organic dyes, represent an important
class of materials commonly used in coloring printing inks, paints and plastics. Colorants
often referred to as industrial fluorescent pigments are obtained by dissolving a fluorescent
dye in a suitable media, such as a resin matrix. The resin matrix is then broken to a specific

size, typically of several microns, so that it may be used as a pigment.

In general, organic pigments exhibit no fluorescence or fluorescence very low intensity. Only
a limited number of fluorescent organic pigments are described in the art, as, for example,
fluorescent C.I.Pigment Yellow 101 described in W. Herbst and K. Hunger, Industrial Organic
Pigments, 2.sup.nd Ed., VCH Verlagsgesellschaft, Weinheim, 1997, 571-572.

Compared to dyes, pigments have several advantages, such as good lightfastness proper-

ties or weather resistance and freedom from transfer problems.

It is desirable to impart fluorescence to organic pigments to obtain fluorescent organic colo-
rants with the advantageous properties of pigments and provide an alternative to the fluores-
cent dyes mentioned above. A particularly interesting commercial application for such colo-

rants is found in security marking of objects, including security printing applications.



WO 2008/017593 PCT/EP2007/057740

US Pat. 5,863,459 and 5,904,878, incorporated herein in their entirety by reference, disclose
a method of enhancing the fluorescence of yellow and orange diarylide pigments by adding
an isolated, dry pigment powder to an organic solvent or water and subjecting the resulting a

slurry to a heat treatment under elevated pressure for several hours.

US Pat. 5,874,580, incorporated herein in its entirety by reference, discloses carbamate
group-containing soluble chromophores of the quinacridone, anthraquinone, perylene, indigo,
quinophthalone, isoindolinone, isoindoline, dioxazine, phthalocyanine or azo series which ex-

hibit strong solid state fluorescence.

US Pat. 6,946,550, incorporated herein in its entirety by reference, discloses yellow and red
azo compounds, and their use as fluorescent compounds, in particular as solid fluorescent

compounds, such as for special effect printing, security printing or in the opto-electronic field.

US Pat. 6,923,856, incorporated herein in its entirety by reference, discloses a process for
the preparation of organic pigments with enhanced fluorescence by treating said pigments

with a surfactant.

Despite the above, a need still exists for durable fluorescent organic colorants which can be
readily obtained by a straightforward process and which colorants show fluorescence of high

intensity.

U S Published Pat. Appl. 20040204521, October, 2004, incorporated herein in its entirety by
reference, discloses the preparation of additive functionalized organophilic nano-scaled

fillers.

EP 0504541.7 discloses functionalized nanoparticles, for example silicon and aluminum oxi-
de nanoparticles, to which dyes are bound and to the use thereof as coloring materials for
organic materials. The nanoparticle dyes have many desirable characteristics including in-
creased fluorescence, however, the functionalized nanoparticles are not soluble in many

common materials.
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U S Published Pat. Appl. 20050123760, June 9, 2005, incorporated herein in its entirety by
reference, discloses a light-emitting nanoparticle prepared by covalently attaching a lumo-
phore, i.e a chromophore that emits light when exposed to electromagnetic radiation, to a
silsequioxane nanoparticle core. "Silsequioxane" is the general name for a family of polycyc-
lic compounds consisting of silicon and oxygen also known as silasesquioxanes and polyhe-
dral oligomeric silsesquioxanes. One particular embodiment of U S Pat. Appl. 20050123760
is a nanoparticle to which various colored lumophores are attached which is therefore capa-

ble of emitting white light.

The lumophores attached to the silsequioxanes of U S Pat. Appl. 20050123760 include cer-
tain known fluorescent dyes and the resulting light-emitting nanoparticles are susceptible to
the drawbacks of such dyes, e.g., they are not stable under many conditions of use and lose
their color and fluorescence due to chemical degradation initiated by environmental factors

such as exposure to heat and light.

The present invention discloses highly fluorescent colorants with improved properties such
as excellent light stability and solubility or excellent dispersibility in a number of polymer sys-

tems.

In the present disclosure:

A nanoparticle is a particle having a cross-sectional measurement (e.g., diameter if spheri-
cal) of about 100 nm or less. The silsequioxane group of the formula (1) is an example of a

nanoparticle.

A "chromophore" is a molecule or aggregate of molecules that can absorb electromagnetic

radiation.

"Silsequioxane” is the general name for a family of polycyclic compounds consisting of silicon
and oxygen. Silsequioxanes are also known as silasesquioxanes and polyhedral oligomeric
silsesquioxanes, for example from U S Published Pat. Appl. No. 20050123760 and are abb-
reviated “POSS”,
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Description of the Invention

The present invention provides novel fluorescent colorants of formula (1)

N
/Si/o\Si/(CHz)n—X Y

wherein,

mis 1 or 2;

nis 1-18, for example nis 1, 2, 3 or 4, for example n is 3;

Xis a direct bond, -O-, -S-, -NH-, -CO-, or —COO-; for example X is a direct bond, —-NH-, or
—CO-, for example a direct bond;

each R is independently selected from the group consisting of C4-Cysalkyl, C,-Cys alkyl inter-
rupted one or more times by one or more groups selected from —O- and-S-, C,-C,4 alkenyl,
Cs-Cy4 alkenyl interrupted one or more times by one or more groups selected from —O- and
—S-, C+-Co phenylalkyl, a group -(CH;)n-X-(Y)z wherein n is defined as above and zis 1 or 'z
and when more than one z is present each z is independently selected, phenyl and phenyl
substituted 1 to 5 times by one or more groups selected from C4-Cgalkyl, C4-Cgalkyloxy and
halogen; for example, R is C4-Cgalkyl, typically isobutyl or cyclohexyl or is a group
-(CH2)n-X-(Y)z; and

Y is a radical of a chromophore selected from the group consisting of azo dyes, benzo[a]xan-
thenes, benzo[b]xanthenes, benzo[c]xanthenes, napthalimides, diketopyrrolopyrroles, peryle-
nes, quinacridones, benzoxanthenes, diphenylmaleimides, acetoacetamides, perylenmono-
imides, perylenes and phthalimides, wherein when more than one Y is present, each Y is se-

lected independently of the others.

For example, Y is a radical of a chromophore selected from the group consisting of perylene,
benzoxanthene, naphthalimid, quinacridone, diketopyrrolopyrrole and phthalocyanine chro-
mophores; for example, Y is a perylene, benzoxanthene, naphthalimide or diketopyrrolopyr-
role chromophore.
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In one particular embodiment of the invention Y is derived from a chromophore which is part
of a pigment, or typically found as part of a pigment particle. Thus, an easily handled, fluo-
rescent colorant soluble in a variety of polymers, inks and other vehicles is readily derived
from an insoluble solid. In such an embodiment Y is derived, for example from a xanthene,
perylene, benzoxanthene, naphthalimid, diketopyrrolopyrrole, quinacridone or phthalocyani-
ne pigment, and in a particular embodiment, Y is derived from a perylene, benzoxanthene,

naphthalimid or diketopyrrolopyrrole pigment.

Particularly useful radicals for Y are those of formula

0]
|
C—R
—N
M
© )

wherein R and R’ together with the residue of formula —N(CO-), form the radical of a peryle-

ne, benzoxanthene or naphthalimide dye.

Examples of such radicals of formula (2) include the following:

- Radicals derived from naphthalimide and diphenylmaleimide dyes:

I
o=N

o o
& B

wherein

(4a),

the rings A and B can be unsubstituted or substituted by Cy.galkyl, Csalkoxy, amino, mono-

or di(Cq.galkyl)amino, halogen or sulfo.

- Radicals derived from benzoxanthene dyes:

X1

A,
AT
O (5),
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wherein
R"is Cysalkyl, Cygalkoxy, Cq.sthioalkyl, amino, mono- or di(C+.galkyl)amino, or halogen, and X

is —O-, -S-, -NH-, or -N(R?)-, wherein R? is Cy.galkyl, hydroxy-C.salkyl, or Cg.aryl.

- Radicals derived from perylene dyes

(6),

(7),

1-4 (8),
wherein
R®and R*, independently of each other, are hydrogen; C-Csalkyl; phenyl or naphthyl which
can be substituted by C-Csalkyl, C4-Csalkoxy or halogen; cyano; nitro; halogen; -OR®;
-COR?; -COOR® -OCOR?; -CONR®R’; -OCONR®R’; -NR°R’; -NR°COR’; -NR°COOR’;
-NR®SO;R?; -SO;R?; -SO3R’; -SO,NR®R’ or -N=N-R®; and R® and R’ are each independently
of the others hydrogen; C4-Cgalkyl; or phenyl which can in turn be further substituted by
C+-Csalkyl, C4-Cgalkoxy or halogen;
R® is hydrogen; C4-Casalkyl, which can be substituted by halogen, phenyl or naphthyl, where-
by the phenyl or naphthyl can in turn be further substituted by C4-Csalkyl or C4-Cgalkoxy; allyl
which can be substituted one to three times with C4-C,alkyl; a Cs-Crcycloalkyl group; a
Cs-Ccycloalkyl group, which can be condensed one or two times by phenyl which can be
substituted one to three times with C4-Cs-alkyl, halogen, nitro or cyano; a C,-Cysalkenyl group

which can be substituted by halogen; or a C,-Cysalkynyl group which can be substituted by
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halogen, for example, R’ is C4-Casalkyl, which can be substituted by halogen, phenyl or
naphthyl, whereby the phenyl or naphthyl can in turn be further substituted by C4-Csalkyl or
C4-Csalkoxy, for example R®is C4-Cysalkyl;

R® and R* are preferably, independently of each other, hydrogen; C-Csalkyl; phenyl or
naphthyl which can be substituted by C4-Cgalkyl, C+-Csalkoxy or halogen; cyano; nitro; halo-
gen; amino; hydroxyl; or —-COOR®, wherein R® is as defined above; for example R* and R*

are hydrogen or —-COOR®.

The perylene compounds and theirs preparation are known for example from US Pat.
6,326,494, as well as from “Synthesis of Diazodibenzoperylenes....”, F. Wirthner et al in
J. Org. Chem. 2002, 67, pages 3037-3044 and “Hierarchical Self-Organisation of Perylene

Bisimide...... ", F. Wirthner et at in Chem. Eur., 2000,6, No.21, pages 3871-3886.

Other examples of radicals useful as Y include the following:

(9),

(10),
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(11),

(12) or

(13).

wherein

R® R*and R® are as defined above, and

A" and A® are each independently of the other -S-, -S-S-, -CH=CH-,
R®.0O0OC-C(-)=C(-)-COOR?, -N=N- or -N(R%)-, or a linkage selected from the group consisting

of the organic radicals of formulae

RB\O
j;f j;f )j s
N O
Y
-~ \ﬂ/ R \’ R
wherein

R is hydrogen, C;-Co4alkyl or C4-Cascycloalkyl,
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R'% is unsubstituted or substituted C1-Caalkyl, Cs-Cascycloalkyl, phenyl, benzyl,
-CO-C1-C4aIkyI -CO-CgHs or C4-Cyalkylcarboxylic acid (C4-Csalkyl) ester, and

?is a linkage of formula
i : O
\RQ

- Radicals derived from diketopyrrolopyrroles of formula :

Arl O S I
~—
R10 N N_R‘l‘l
S
(0] Ar?

(17),
wherein R' and R"" are independently of each other an organic group, and
Ar' and Ar? are independently of each other an aryl group or a heteroaryl group, which can

optionally be substituted.

The term “aryl group” in the definition of Ar' and Ar? is typically Cs-Caparyl, such as phenyl, in-
denyl, azulenyl, naphthyl, biphenyl, terphenylyl or quadphenylyl, as-indacenyl, s-indacenvyl,
acenaphthylenyl, phenanthryl, fluoranthenyl, triphenlenyl, chrysenyl, naphthacen, picenyl, pe-
rylenyl, pentaphenyl, hexacenyl, pyrenyl, or anthracenyl, preferably phenyl, 1-naphthyl,
2-naphthyl, 9-phenanthryl, 2- or 9-fluorenyl, 3- or 4-biphenyl, which may be unsubstituted or

substituted.

The term “heteroaryl group”, especially C,.Csoheteroaryl, is a ring, wherein nitrogen, oxygen
or sulfur are the possible hetero atoms, and is typically an unsaturated heterocyclic radical
with five to 18 atoms having at least six conjugated n-electrons such as thienyl, benzo[b]thie-
nyl, dibenzo[b,d]thienyl, thianthrenyl, furyl, furfuryl, 2H-pyranyl, benzofuranyl, isobenzofura-
nyl, 2H-chromenyl, xanthenyl, dibenzofuranyl, phenoxythienyl, pyrrolyl, imidazolyl, pyrazolyl,
pyridyl, bipyridyl, triazinyl, pyrimidinyl, pyrazinyl, 1H-pyrrolizinyl, isoindolyl, pyridazinyl, indoli-
zinyl, isoindolyl, indolyl, 3H- indolyl, phthalazinyl, naphthyridinyl, quinoxalinyl, quinazolinyl,
cinnolinyl, indazolyl, purinyl, quinolizinyl, chinolyl, isochinolyl, phthalazinyl, naphthyridinyl,
chinoxalinyl, chinazolinyl, cinnolinyl, pteridinyl, carbazolyl, 4aH-carbazolyl, carbolinyl, benzo-

triazolyl, benzoxazolyl, phenanthridinyl, acridinyl, perimidinyl, phenanthrolinyl, phenazinyl,
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isothiazolyl, phenothiazinyl, isoxazolyl, furazanyl or phenoxazinyl, preferably the above-men-

tioned mono- or bicyclic heterocyclic radicals, which may be unsubstituted or substituted.

Typically Ar' and Ar? are phenyl; naphthyl, like 1- or 2-naphthyl; biphenyl, like 3- or 4-biphe-
nyl; phenanthryl, like 9-phenanthryl; or flurorenyl, like 2- or 9-fluorenyl, for example Ar' and

Ar? are phenyl or naphthyl, typically phenyl.

Ar' and Ar? can be unsubstituted or substituted by, for example, C1-Cizalkyl; Ci-Cyoalkoxy;
halogen, like fluorine, chlorine or bromine; cyano; amino; N-mono- or N,N-di-(C4-C,al-
kyh)amino; phenylamino, N,N-di-phenylamino, naphthylamino or N,N-di-naphthylamino,
wherein the phenyl or naphthyl radicals can be further substituted by, for example, C4-C4,al-
kyl, C4-Cqalkoxy or halogen. Typical substituents are C4-Cyalkyl, fro example, C4-Cjalkyl;

C+-Cqoalkoxy,for example, C4-Csalkyl; and halogen.

R and R" may be the same or different and are, for example, selected from a C-Casalkyl
group, which can be substituted by fluorine, chlorine, bromine or hydroxyl, an allyl group,
which can be substituted by C4-Cjalkyl, a cycloalkyl group, a cycloalkyl group, which can be
condensed one or two times by phenyl which can be substituted by C4-C4-alkyl, halogen,
nitro or cyano, an alkenyl group, a cycloalkenyl group, an alkynyl group, a haloalkyl group, a
haloalkenyl group, a haloalkynyl group, a ketone or aldehyde group, an ester group, a carba-

moy!l group, a ketone group, a silyl group, a siloxanyl group,

R and R" are typically C;-Casalkyl, which is unsubstituted or substituted by fluorine, chlori-

ne, bromine or hydroxyl;

Typically R"” and R"®are C;-Casalkyl; or benzyl, which is unsubstituted or substituted in the

phenyl ring by C,-Cgalkyl, C4-Csalkoxy or halogen.

When Y is derived from an azo dye, such dyes include the following:

n+
[81 N—N—B?

n+
[31 CH—=N—B?

(19) and

(20),
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wherein

B' and B2, independently of each other, are phenyl, naphthyl, or a heterocylic group, each of
which can be substituted by C-Cgalkyl, C-Csalkoxy, phenyl, halogen, or a radical of formula
-N(R™)R™, -N(R®*)(R')R™ or —-OR™, wherein R™, R' and R'® are hydrogen, C;-Csalkyl,
C+-Cshydroxyalkyl or phenyl, which phenyl radical can be further substituted by one of the

substituents given above for B' and B,
Typical heterocyclic groups are the imidazole and the pyridazine group.

When more than one Y group is present, each of the Y groups can be derived from a differ-
rent class of chromophore or be derived from the same general class of chromophore by
bear different substituent groups. Typically, when more than one Y is present, all Y groups

are the same or derived from the same chromophore class.

In the compounds according to formula (1), any number of R groups can be a group
-(CH2)n-X-(Y)z wherein n is defined as above and z is 1 or %2 and when more than one z is
present each z is independently selected. For Example, the number of R groups equal to
-(CH2)n-X-(Y)z can be any number from 0 through 7. That is, none of the R may be equal to
-(CH2)n-X-(Y)z, or any number of R groups from 1 through 7 may be equal to -(CH3)n-X-(Y)z.
In general, the number of R groups equal to -(CH,)n-X-(Y)z is either 0, 1, 2 or 3, typically 0 or
1.

When one or more R groups are -(CH;)n-X-(Y)z wherein z is 1/2, the possibility arises for
compounds of formula | wherein a series of POSS groups are linked through groups
-(CH2)n-X-(Y)-X-(CHy)n-, in particular, when m is 2. In this instance all groups X, as defined
above, need not be the same. Such a compound containing a series of POSS groups may

be linear or branched depending on the number of groups R equal to -(CH3)n-X-(Y)z.

In contrast to the dye bearing nanoparticles of EP 0504541.7 wherein colorants are cova-
lently bound to colloidal silica, the present invention binds the colorant to a silsesquioxane
core of defined structure. The silsesquioxane core also bears organic substituents, such as
alkyl chains etc., and the silsesquioxane colorant of the present invention is soluble in many

organic solvents and substrates.
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The present invention also encompasses compounds wherein a small amount of the silses-
quioxane, for example less than 10% of the silsesquioxane groups present, comprises addi-
tional silane or siloxy groups which are the result of the preparation of the silsesquioxane
core. For example, the R groups of formula (1) may comprise silane or siloxy groups or
chains of said groups resulting from side reactions in the preparation of silsesquioxane. It is
anticipated that an even smaller amount of the silsesquioxane groups will contain R groups
such that dimeric or oligomeric silsesquioxane groups will be formed. In general, the pro-
ducts derived from these minor components will not have a significant effect on the effecttive-

ness of the fluorescent colorants of this invention.

The fluorescent colorants of the present invention are prepared via known reactions involving
the appropriately functionalized silsesquioxane and chromophore derivative. For example,
known methods of preparing ether, ester, amide, imide, urea, thioether or thioester linkages
can be readily employed to couple the desired silsesquioxane and chromophore. For

example:

(0] O
R
2O~ g N W,
R=sigd™ ~si-0\ 0
0 \ R \RO
\ S S
IQ I\O¢ I\R
R/SI\O/S\FO
R

Other useful bond forming reactions are described, for example, in US Published Pat. Appl.
2005/0123760, the references therein and in EP0504541.7, however the exact nature of pre-

paration is not a critical feature of the invention and is therefore not limited to the Examples

herein.
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The fluorescent colorants of the present invention can be used in any application wherein
pigments and dyes are encountered and are of course valuable in applications where the
fluorescence of the colorant provides a useful function as in security marking or bio assays,

orimparts a particularly desired color or effect.

The colorants are employed in general by methods known per se, for example (a) for mass
coloring polymers; (b) for the preparation of paints, paint systems, coating compositions,
paper colours, printing colours, inks including ink-jet applications and writing purposes, as
well as in electrophotography, e.g. for dry copier systems and laser printers; (¢) for security
marking purposes, such as for cheques, cheque cards, currency notes, coupons, documents,
identity papers and the like, where a special unmistakable colour impression is to be achie-
ved; (d) as an additive to colourants, such as pigments and dyes, where a specific colour
shade is to be achieved, in particular where luminous shades are desired; (e) for marking
objects for machine recognition of these objects via the fluorescence, for example for machi-
ne recognition of objects for sorting, examples including the recycling of plastics, alphanu-
merical prints or barcodes; (f) for the production of passive display elements for a multitude
of display, notice and marking purposes, e.g. passive display elements, notices and traffic
signs, such as traffic lights, safety equipment; (g) for marking with fluorescence in the solid
state; (h) for decorative and artistic purposes; (i) for modifying inorganic substrates such as
aluminium oxide, silicon dioxide, titanium dioxide, tin oxide, magnesium oxide (including
"stone wood"), silicates, clay minerals, calcium-, gypsum- or cement-containing surfaces, for
example coatings or plaster surfaces; (j) in optical light collection systems, in fluorescence
solar collectors (see Nachr. Chem. Tech. Lab. 1980, 28, 716), in fluorescence-activated dis-
plays (see Elektronik 1977, 26, 6), in cold light sources used for light-induced polymerisation
for the preparation of plastics, for testing of materials, for example in the production of semi-
conductor circuits, for analysing microstructures of integrated semiconductor components, in
photoconductors, in photographic processes, in display, illumination or image converter sys-
tems, where excitation is effected by electrons, ions or UV radiation, e.g. in fluorescent dis-
plays, Braun tubes or in fluorescent lamps, as part of an integrated semiconductor circuit
containing dyes as such or in combination with other semiconductors, for example in the
form of an epitaxy, in chemiluminescence systems, e.g. in chemiluminescent flashlights, in
luminescence immunoassays or other luminescence detection processes, as signal paints,
for marking signs and other objects for which a particular visual colour impression is to be

achieved, in dye lasers, preferably as fluorescent dyes for generating laser beams, as optical
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recording medium and also as Q-switches; (k) for converting the frequency of light, e.g. for

turning short-wave light into long-wave visible light or for doubling or tripling the frequency of
laser light in non-linear optics; (l) for tracer purposes, e.g. in biochemistry, medicine, techno-
logy and natural science, where the novel colourants can be linked covalently to the substra-
tes or via secondary valences, such as hydrogen bonds or hydrophobic interactions (adsorp-
tion); and (m) in highly sensitive detection processes (see Z. Analyt. Chem. 1985, 320, 361),

in particular as fluorescent colourants in scintillators.

For example, the compounds of the present invention are used as high fluorescent colorants
for coatings, plastics and inks application, especially in plastics and security printing inks.

Other uses are in the biomedical area, particularly medical imaging.

The fluorescent colorants of the present invention are either soluble or readily and evenly
dispersed in a wide variety of solvents and polymers providing evenly colored systems which
retain their color under aging or weathering conditions longer than commonly encountered
dyes. The fluorescence of these colored systems is much higher than systems colored by
known pigments comprising similar chromophores and this fluorescence is likewise retained

under aging or weathering conditions longer than commonly encountered fluorescent dyes.

The use of the fluorescent colorants of the present invention is not limited by the manner in

which they are incorporated into the final application.

In any composition comprising the present fluorescent colorants, one would naturally expect
to find other commonly encountered components including stabilizers, for example antioxi-
dants, UV absorbers, hindered amine or other light stabilizers, phosphites or phosphonites,
benzofuran-2-ones, thiosynergists, polyamide stabilizers, metal stearates; also other fluores-
cent materials, processing aids, solvents etc., nucleating agents, fillers, reinforcing agents,
lubricants, emulsifiers, dyes, pigments, dispersents, optical brighteners, flame retardants, an-

tistatic agents, blowing agents and the like.

The amount of the fluorescent colorants of the present invention used in an application will
vary greatly depending on the end use and effect desired. Typical load levels are well know
to the practitioner or are readily found in the literature and would be adequate starting points

for those formulating with the present fluorescent colorants.
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The fluorescent colorants of the present invention can therefore be used in almost any con-

centration depending on the end use application.

While almost any amount of the novel compounds of formula | can be incorporated into a
high molecular weight organic material, typically the novel fluorescent colorants are used in
an amount of 0.01 to 30% by weight, for example 0.1 to 10% by weight, based on the high

molecular weight organic material to be pigmented.

For example, fluorescent colorants of the present invention are used to color high molecular
weight organic compounds which may be in the form plastic materials, melts or of spinning

solutions, paint systems, coating materials or printing inks. Depending on the end use requi-
rement, it may be expedient to use the novel compounds of formula | as toners or in the form

of preparations.

The novel compounds of formula | are particularly suitable for the mass coloration of thermo-
plastic, thermoset and elastomeric polymers which may also be crosslinked. These polymers
may be in the form of, for example, molded articles, extruded workpieces, films, sheets, etc,
as well as part of paint systems, powder coating compositions, printing inks and other coa-

ting materials.

The pigmenting of the high molecular weight organic materials with the novel compounds of
formula I is conveniently effected by directly incorporating a compound of formula | by itself
or in the form of a masterbatch. Standard incorporation techniques are employed, for
example, incorporating the novel colorants into the substrates using roll mills, mixing or
milling apparatus. The pigmented material is then brought into the desired final form by
methods which are known per se, e.g., by calendering, molding, extruding, coating, casting,

melt mixing, blending, dissolution, injection molding etc.

For pigmenting paint systems, coating materials and printing inks, the novel compounds of
formula I, together with optional additives such as fillers, other pigments, siccatives or plasti-
cizers, are finely dispersed or dissolved in suitable carrier such as an organic solvent, water

or powder. The procedure may be such that the individual components by themselves, or
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also several components together, are dispersed or dissolved in the carrier and thereafter all

the components are mixed.

Other applications for the compounds of the present invention will be apparent to those skil-

led in the art and the invention is not limited to the applications disclosed herein.

EXAMPLES

The following Examples serve to illustrate the invention without intending to be restrictive in

nature; parts and percentages are by weight, unless otherwise stated.

'H, (300.08 ) spectra are obtained on a VARIAN MODEL GEMINI-300,Chemical shifts are re-
ported in ppm (8). MS spectra are obtained on a PERSPECTIVE BIOSYSTEM VOYAGER
DE-STR matrix assisted laser desorption ionization mass spectrometer (MALDI-TOF) equip-
ped with a 337 nm N2 laser and a time of flight analyzer, operated in negative mode. The
samples are deposited directly on the plate without any matrix.

Fluorescence emission spectra are recorded with a FLUOROLOG-3 spectrofluorimeter, in a
right angle set up. CIE L*A*B* color measurements are taken using a BYK GARDNER TCS
Spectrophotometer, Model 8870. The difference in color is reported as AE, the larger the

value the larger the color change.

Pigment dispersions in acrylic resin are prepared by processing a mixture of 0.25g pigment,
25g acrylic resin (ROHM & HAAS PARALOID B-66), 6g xylene and 35g glass bead grinding

media in a 4 oz. glass jar using a SKANDEX Disperser for 120 minutes.

Quartz discs are spin coated with the 0.5 grams pigment dispersions using a HEADWAY
RESEARCH PHOTO-RESIST SPINNER, Model #EC1-1DT-R790, the discs are spun at

1800 rpm for 6 seconds and force-dried for 5 minutes at 60°C.

Example 1
R O O
Vim0 R O 0
O,Sl R Nt
R‘S'i"LO\S-_dS\I NH, p—SI O\Si/\/_N . N/\(\/\
e} I"R ° ° R‘Si”LO\Si.o'\ o O
Q \ R \ /O 7 Q \RO
\o-Si’\ 7‘E)sli\R + o N’\(\/\ - . O\ \.,R OS'/
R/SIi\O/OSi-O ° :O'SI\O7"OII\R

R= CH2-CH(CH3)2
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A mixture of amino propyl Isobutyl POSS (0.88g, 1 mmol), N-(2’-ethylhexyl)-3,4,9,10-pery-
lenetetracarboxylic monoimide monoanhydride (0.5g, 1 mmol) and imidazole (40g) is hea-
ted to 140°C and stirred under nitrogen for 4 hours. The reaction mixture is cooled to 75°C
and 150 ml of ethanol is added. The solution is poured onto 500 ml of ice/water, decanted,
then centrifuged at 4000 rpm for 5 minutes. The residue is washed with ethanol and the pro-
duct dried overnight at 75°C under reduced pressure to provide 0.88 grams of the product as
a red solid. "H NMR (CDCls) (300 MHz): § (ppm) = 8.65 (d, 2H); 8.64 (d, 2H); 8.56 (d, 2H);
8.55 (d, 2H); 4.21 (t, 2H); 4.15(t, 2H); 1.9-1.8 (m, 10H); 1.3-1.4 (m 8H); 09 (m, 48H); 0.7-0.6
(m, 16H);

The thus obtained product exhibits strong solid state fluorescence with maxima between 620
and 680 nm whereas the starting N-(2’-ethylhexyl)-3,4:9,10-perylenetetracarboxylic monoimi-

de monoanhydride exhibits very weak solid state fluorescence centered around ~ 670 nm.

Example 2
R
R\Si’o\ AN O:ﬁo/ \IS/R
07 Si NH R ~
R—SB/’ \S\i_-O\ 2 /SIO ,S\|O\
(s \RP dr\ o
/ R\ O
\o Si 7‘.Sll\R R, 0] O Q O \P_SI\ 7I’S|-R
R Si~o—8i —_— 0-5I"" O~ g N . N—"~SI i
R R—gi ~gi-0 0 O O 0o R

The procedure of example 1, is repeated except amino propyl Isobutyl POSS (9.61g,

11 mmol), 3,4,9,10-perylene tetracarboxylic dianhydride (1.96g, 5 mmol) and imidazole (90g)
are used to provide 7.6 grams of the product as a red solid. 'H NMR (CDCls) (300 MHz):

o (ppm) = 8.65 (d, 4H); 8.63 (d, 4H); 4.15(t, 4H); 1.8 (m, 18H); 0.95 (d, 84H); 0.7 (t, 32H);

The thus obtained product exhibits strong solid state fluorescence with maxima between 620
and 680 nm whereas the starting 3,4:9,10-perylene tetracarboxylic dianhydride exhibits ex-

tremely weak solid state fluorescence centered around ~ 670 nm.
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Example 3

The procedure of example 2, is repeated except that amino propyl Isobutyl POSS (9.61g,

11 mmol), 3,4:9,10-perylene tetracarboxylic dianhydride (1.96g, 5 mmol) and N-methyl pyrro-
lidone (05 mL) are used to provide 9 grams of product as a red solid.

'H NMR (CDCls) (300 MHz): § (ppm) = 8.65 (d, 4H); 8.63 (d, 4H); 4.15(t, 4H); 1.8 (m, 18H);
0.95 (d, 84H); 0.7 (t, 32H);

The thus obtained product exhibits strong solid state fluorescence with maxima between 580
and 660 nm whereas the starting 3,4:9,10-perylene tetracarboxylic dianhydride exhibits ex-

tremely weak solid state fluorescence centered around ~ 670 nm.

Example 4

R =-CH2CH2CH2NH2 o)

* 0]
N g0 abaVad
Ny e Sg Sy
" A ~—e: A
/SIO s.—o\ o o)
~N
o \™ o
\ oL/
\ -Si/ OSi
P o1
*/S'\O/Si’o
polymeric structure

4.7g (4 mmol) of Octa (aminopropyl) POSS, 12.6g (32 mmol) of perylene tetracarboxylic
dianhydride and 75ml of NMP are treated according to the procedure of Example 1 to yield

15.57 grams of the polymer as a red solid.

The thus obtained product exhibits strong solid state fluorescence with maxima between 630
and 680 nm.

Example 5
The procedure of example 4 is repeated using 4.7g (4 mmol) of Octa (aminopropyl) POSS
and 6.3g (16 mmol) of perylene tetracarboxylic dianhydride to yield 9.41 grams of the poly-

mer as a red solid.
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The thus obtained product exhibits strong solid state fluorescence with maxima between 630
and 680 nm.

Example 6
The procedure of example 4 is repeated using, 4.1g (3.5 mmol) of Octa (aminopropyl) POSS
and 2.7g (7 mmol) of perylene tetracarboxylic dianhydride to yield 5.9g of a product which

exhibits strong solid state fluorescence.

Example 7

AY
—0
VERy I T
R=sid™"~si-0\ H

Q \ R \'R/o

\O-Si'\o‘/(,)sli\R

7

R/Si\O/S\i'O B —
R

+

Y08 S~
g = M o el ©L 2
[e) O Q R (@) O O [o) \,O:Si\o7193/i-R
o] ) i
O:Si’O\Si/\/\N—/_N O'O NxNMSI\O/SI\

R‘,S'igLO\Si;o'\ H o

R SI~g—5"° R= CH,-CH(CH,),

A mixture of aminoethyl aminopropyl POSS (10.09g, 11.1 mmol), 3,4,9,10-perylene tetra-
carboxylic dianhydride (1.98g, 5.0 mmol), and N-methyl pyrrolididone (100 ml) is heated to
140°C and stirred under nitrogen for 5 hours. The reaction mixture is cooled, N-methyl pyrro-
lididone is removed via under reduced pressure, 250 ml of ethanol is added. The resulting
mixture is stirred for 30 minutes and subjected to centrifuge at 4000 rpm for 5 minutes and

the solid residue is dried at 75°C for 4 hours yielding the product as a red powder ( 8.90 g).

The product exhibited solid state fluorescence with maxima between 620 and 680 nm whe-
reas the starting 3,4:9,10-perylene tetracarboxylic dianhydride exhibits extremely weak solid

state fluorescence centered around 670 nm.
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Example 8
The procedure of example 7 is repeated except aminoethyl aminopropyl POSS (11.08g,

12.07 mmol), 3,4,9,10-perylene tetracarboxylic dianhydride (2.04g, 5.20 mmol) and imidazole
(909) are used, 150 ml ethanol added are added after cooling and the product is isolated via
filtration to yield, after drying at 75°C, a red powder (8.57 g).

The product exhibited extremely weak solid state fluorescence with maxima 650 and 680nm.

Example 9
R
— -R
o-8i s
R‘/sli(’)/’O\,erI\
O\R\ R \ /O
o] o) O-8i 7;,Si-R
! o
s
O_SIIO\SI/\/\N_/_N 0.0 NxNM N —Si
R‘SIB’LO si-0\ H o Q ' o H R
0 \ R \R o]
s o./
\IO-SI\ 7;,SI|\R
R/SI\ _—-5i"0
\

R
R l Ph-CO-Cl o-5i—O~gi-R
R\ ,FO '\

R\o

N
® O “’S'\*S'R
2gi—0 N N /\/SI\ /S'\
R‘S?’/—CI) ~si: os\l/\/\N_/_o SN © R

o Ci R \RO o”z © OJQ
\o SI\ 7l.Sl\
-0

R S'\O /SI
R
R= CH,-CH(CH,),

A mixture of the product from example 7 (3.71g, 1.68 mmol), dimethylaminopyridine (0.93g,
7.61 mmol), benzoyl chloride (0.53g, 3.77 mmol) and 20ml of methylene chloride is stirred
overnight at room temperature. The mixture is then washed twice with 30 ml of water, dried

over magnesium chloride, and evaporated to yield 2.41g of the product.

The thus obtained product exhibits strong solid state fluorescence with maxima at 674 nm
whereas the starting material exhibits weaker solid state fluorescence between 620 and
680 nm.
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Example 10

R= CH,-CH(CH,),

A mixture of naphthalic anhydride (2.03g, 10.24 mmol), amino propyl isobutyl POSS (8,759,
10.00 mmol) and 100 ml N-methyl pyrrolididone is stirred at 140°C for 4 hours then cooled

and the solvent is removed under reduced pressure. The residue is washed with 25 ml of a
0.5% NaOH solution in water, filtered, the collected solid is rinsed with ethanol and air dried

to yield 9.83g of the product which exhibits weak fluorescence in an acrylic resin dispersion.

Example 11
R
O :Si’O\ /\/\
o Si NH,
R‘S'+O\ !
+ i si-0\
O O’ O ‘R O O
Si Si ;
@) 9 I\o7"I\R 'O:’st \Si’\/_N
rR= S~ —81C R~si7""~~si-0\
\ e} o
R 0 R O
R /
\ sit Jsi
Y ogd
oIl ——Si”
R (e} \R

R= CH,-CH(CH,),

The procedure for example 10, is repeated except 4-chloro-naphthalic anhydride (2.33g,
10.01 mmol), amino propyl isobutyl POSS (8.77g, 10.02 mmol) and 100ml N-methyl pyrro-

lididone are used to yield 10.30g of the product as a solid which exhibits fluorescence in an
acrylic resin dispersion.
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H,N "
2
H,N W\,.,o ~ M,
o) 2 \/\— O—SI Si
v, ol
o S Ry
H2N .
o /O S'\O#—S'\/¥NH2
S,i\o/sr
H,N »
2

The procedure for example 10, is repeated except naphthalic anhydride (6.37g, 32.14 mmol),
octa-ammonium POSS (4.72g, 4.02 mmol) and 75ml N-methyl pyrrolididone, and 25g imida-
zole are used to yield 8.07g of a solid product which exhibits no appreciable fluorescence in

an acrylic resin dispersion.
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The procedure for Example 10 is repeated except 4-chloro-naphthalic anhydride (7.50g,
32.24 mmol), octa-ammonium POSS (4.70g, 4.00 mmol) 75ml N-methyl pyrrolididone and

25g imidazole are used to yield 4.10g of a solid product which exhibits fluorescence in an

acrylic resin dispersion.

Example 14

R
050~ R
[} (¢]
R\Sigb \/Si'o\
/ R
ol oR\\ E) L
e o U I
08— O~ g ~N () N—"~SI o —si-0
o VoW
R—si7™ " ~si-0\ o o R
Q \r \R/o cel
ST Pai
P~ TR
g~ S~ g—3I0
Y R= CH,-CH(CH,),
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A mixture of amino propyl Isobutyl POSS (8.75g,10 mmol), 1,6,7,12-tetrachloro-3,4,9,10-pe-
rylene tetracarboxylic dianhydride (2.2g, 4.15 mmol) and propionic acid (150g) is heated to
140°C and stirred under nitrogen for 16h. The reaction mixture is cooled to 30°C and the so-
lid product is collected by filtration, washed with methanol and dried overnight at 75°C under
reduced pressure to provide 7.3 grams of the product as a violet solid. '"H NMR (CDCls) (300
MHz): 6 (ppm) = 8.46 (s, 4H); 4.12(t, 4H); 1.8 (m, 18H); 0.95 (d, 84H); 0.67 (t, 32H).

UVNIS (CHCI3) : Aamax = 517 nm

Example 15
R
O—Si/ ~g ~R
Jb Cgt gL\
00 o/ \ R ke
5% oa! o P,
2si—O0~ /\/—N ) NS ]
N g Sv 00 :
—~Si ~s \

Step a

CCl col

OO P
LB~ — R

Cel ol

A mixture of n-butylamine (9.89,134 mmol), 1,6,7,12-tetrachloro-3,4,9,10-perylene tetracar-
boxylic dianhydride (17.7g, 33.4 mmol) and propionic acid (200g) is heated to 140°C and
stirred under nitrogen for 8 hours. The reaction mixture is cooled to 30°C and the solid pro-
duct is collected by filtration, washed with saturated sodium hydrogen carbonate solution
followed by water and dried overnight at 100°C under reduced pressure to provide 19.6
grams of the product as a violet solid. "H NMR (CDCls) (300 MHz): § (ppm) = 8.66 (s, 4H);
4.18(t, 4H); 1.8 (m, 4H); 1.48(m, 4H); 1.00 (t, 6H).

UVNIS (CHCI3) : Amax = 519 nm
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Step b

CcCl

. bg
TS — g
iy

A mixture of 1,6,7,12-tetrachloro-N,N’-di(n-butyl)-3,4,9,10-perylene tetracarboxylic diimide
(9.6g, 15.0 mmol) from step a (Wurthner, et.al., J. Org. Chem., 67, 9, 3037 (2002)), 4-tert-
butylphenol (9.9g, 66.0 mmol), potassium carbonate (6.3g, 45.0 mmol) and N-methyl-2-
pyrrolidine (150g) is heated to 140°C and stirred under nitrogen for 8 hours. The reaction
mixture is cooled to 30°C and the solid product is collected by filtration, washed with water
followed by methanol and dried overnight at 100°C under reduced pressure to provide 13.3
grams of the product as a violet solid. 'H NMR (CDCls) (300 MHz): § (ppm) 8.23 (s, 4H);
7.23 (d, 8H); 6.8 (d, 8H); 4.12(t, 4H); 1.68 (m, 4H); 1.40(m, 4H); 1.23 (s,36H); 0.90 (t, 6H).
UVNIS (CHCI3) : Amax = 584 nm

e 6
o OO0
o]
/\/\N 'O N~ + KOH o o O O o
Oo fo) O.Q
00 ;gﬁ) é
A mixture of 1,6,7,12- tetra(4’-t- butylphenoxy)-N,N’-di(n-butyl)-3,4,9,10-perylene tetracarbo-
xylic diimide (7.0g, 6.4 mmol) from step b, potassium hydroxide (85%) (12.0g, 182.0 mmol)

Step ¢

and isopropyl alcohol (200g) is heated to 80°C and stirred under nitrogen for 16 hours
(Wurthner, Chem. Eur. J., 6, 21, 3871 (2000)). The reaction mixture is cooled to 40°C and
glacial acetic acid (200 gm) then dilute hydrochloric acid (6%, 400 ml) are added. The solid
product is collected by filtration, washed with water and dried overnight at 100°C under redu-
ced pressure to provide 5.5 grams of the product as a violet solid.

'H NMR (CDCls) (300 MHz): § (ppm) 8.21 (s, 4H); 7.24 (d, 8H); 6.8 (d,8H); 1.28 (s,36H).
UV/VIS (CHCI3) : Amax = 580 nm.
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A mixture of amino propyl Isobutyl POSS (4.5g, 5 mmol) and 1,6,7,12-tetra(4’-t- butylphen-
oxy)-3.,4,9,10-perylene tetracarboxylic dianhydride (1.7g, 2 mmol) from step ¢ in N-methyl-2-
pyrrolidine (70g) is heated to 130°C and stirred under nitrogen for 6 hours. The reaction mix-
ture is cooled to 30°C and the solid product is collected by filtration, washed with methanol
and dried overnight at 75°C under reduced pressure to provide 3.9 grams of the product as a
red violet solid. "H NMR (CDCls) (300 MHz): § (ppm) = 8.21 (s, 4H); 7.21 (d, 8H); 6.82

(d, 8H); 4.1(t, 4H); 1.8 (m, 18H); 1.25 (s, 36H); 0.95 (d, 84H); 0.67 (t, 32H).

UV/VIS (CHCI3) : Amax = 578 nm.

Example 16
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. 4
168 O — 1684
3

A mixture of 1,7-dibromo-3.,4,9,10-Perylene tetracarboxylic dianhydride (5.0g, 9.1 mmol), 4-

Step a

tert-butylphenol (7.0g, 46.6 mmol), potassium carbonate (4.2g, 30.4 mmol) and N-methyl-2-
pyrrolidine (150g) is heated to 120°C and stirred under nitrogen for 6 hours (US Patent
6,326,494). The reaction mixture is cooled to 50°C. The solid product is collected by filtration
and washed with hot N-methyl-2-pyrrolidine (150g). The solid is then suspended in dilute
hydrochloric acid (6%, 400 gm) and heated to 75°C for 2 hours, collected by filtration,
washed with water and dried overnight at under reduced pressure to provide 4.8 grams of
the product as a red violet solid.

UV/VIS (CHCI3) : Amax = 544 nm

Step b R
X— \ISI,R
R o R\SI/'L \SIO\
Si NN (o] 4
0 Si NH / R \
R~siFO~gi.5\ 2 0 OR P
; : Q o) 0-8j i
il : Cope g
. N .
\P'Si\oq‘%"\R 0-SI O~ g N . N— S~ i
Cfl L oS
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R
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6 R/Si\o/s\i'o R= CH,-CH(CH,),
0 © %
=,
jasess

A mixture of amino propyl Isobutyl POSS (4.5g, 5 mmol), 1,7-di(4’-t-butylphenoxy)-3,4,9,10-
Perylene tetracarboxylic dianhydride (1.38g, 2 mmol) in N-methyl-2-pyrrolidine (50g) is hea-

ted to 120°C and stirred under nitrogen for 6 hours. The reaction mixture is cooled to 30°C
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and the solid product is collected by filtration, washed with methanol and dried overnight at
75°C under reduced pressure to provide 3.4 grams of the product as a red violet solid.

'H NMR (CDCls) (300 MHz): § (ppm) = 9.65 (d, 2H); 8.6 (d, 2H); 8.35 (s, 2H); 7.45 (d, 4H);
7.09 (d, 4H); 4.13(t, 4H); 1.78 (m, 18H); 1.35 (s, 18H); 0.92 (d, 84H); 0.65 (t, 32H).

UVNIS (CHCI3): Amax = 545 nm

Example 17
Quartz discs are individually coated with pigment dispersions in acrylic resin prepared as

above using as pigments the product from Example 11 (disc A), the product from Example
13 (disc B) , the commercial colorant AURORA PINK GT-11 (disc C1) and the commercial
colorant CORONA MAGENTA GT-21 (disc C2). All dried samples exhibit fluorescence.

Example 18
The coated quartz discs from Example 17 are exposed in an ATLAS WEATHEROMETER,

Model Ci4000 using a single xenon lamp with inner and outer borosilicate glass filters and
constant irradiance of 0.55 Watts/m?. The discs are rotated around the lamp for 200 hours
and then removed. Discs A and B exhibit fluorescence at about 520 nm, discs C1 and C2

exhibit a stronger fluorescence, relative to discs A and B, at about 540 nm.

Example 19
The product from Example 2, the commercial colorant AURORA PINK GT-11 and the

commercial colorant CORONA MAGENTA GT-21 are each incorporated into individual
polyvinyl chloride (PVC) films at 0.2 weight %. Each film exhibits fluorescence.

The films are then exposed in an ATLAS WEATHEROMETER as in Example 15 for 200
hours and then removed. The films containing the commercial colorants exhibit a diminished
fluorescence at about 550 nm, the film containing the product from Example 2 exhibits a
stronger fluorescence, relative to the films containing the commercial colorants, at about 530
and 570 nm.

Example 20
Quartz discs are individually coated with pigment dispersions in acrylic resin prepared as

above using as pigments the product from Example 2 (disc D), the product from, the

commercial colorant AURORA PINK GT-11 (disc C1) and the commercial colorant
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CORONA MAGENTA GT-21 (disc C2). Color measurements of the dried samples are
recorded. All dried samples exhibit fluorescence.

The discs are exposed in an ATLAS WEATHEROMETER as in Example 15 for 200 hours,

after which time they are removed and color and fluorescence are measured.

Disc D exhibits a smaller AE (less color change) than either disc C1 or C2.

Discs C1 and C2 exhibit a diminished fluorescence at about 540 nm, disc D exhibits a

stronger fluorescence, relative to discs C1 and C2, at about 530 nm.



WO 2008/017593 PCT/EP2007/057740

-30 -

What is claimed is:

1) A fluorescent colorant of formula (l)

AN
~si— O~ o~ (CHan-XpY

wherein,

mis 1 or 2;

nis 1-18;

Xis a direct bond, -O-, -S-, -NH-, -CO-, or —-COO-;

each R is independently selected from the group consisting of C4-Cys alkyl, C,-Cys alkyl inter-
rupted one or more times by one or more groups selected from —O- and-S-, C,-C,4 alkenyl,
Cs-Cy4 alkenyl interrupted one or more times by one or more groups selected from —O- and
—S-, C+-Co phenylalkyl, a group -(CH;)n-X-(Y)z wherein n is defined as above and z is 1 or 'z
and when more than one z is present each z is independently selected, phenyl and phenyl
substituted 1 to 5 times by one or more groups selected from C4-Cgalkyl, C4-Cgalkyloxy and
halogen;

Y is a radical of a chromophore selected from the group consisting of azo dyes, benzo[a]xan-
thenes, benzo[b]xanthenes, benzo[c]xanthenes, napthalimides, diketopyrrolopyrroles, peryle-
nes, quinacridones, benzoxanthenes, diphenylmaleimides, acetoacetamides, perylenmono-
imides, perylenes and phthalimides, wherein when more than one Y is present, each Y is se-

lected independently of the others.

2) A fluorescent colorant according to claim 1, wherein nis1, 2, 3, or 4 and each R is inde-
pendently selected from the group consisting of C4-Cys alkyl, C,-Cy4 alkenyl, C;-Cg phenylal-
kyl, phenyl and phenyl substituted 1 to 5 times by one or more groups selected from C4-Csal-

kyl, C4-Cgalkyloxy and halogen.

3. A fluorescent colorant according to claim 1, wherein
nis1,2,3 or4,
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X is a direct bond, —NH-, or —CO-,

each R is independently selected from the group consisting of C4-Cg alkyl, and a group
-(CH2)n-X-(Y)z and

Y is selected from the group consisting of xanthene, perylene, benzoxanthene, naphthalimid,

quinacridone and diketopyrrolopyrrole chromophores.

4. A fluorescent colorant according to claim 3, wherein n is 3 and each R is independently

selected from the group consisting of t-butyl, cyclohexyl, and a group -(CHz)n-X-(Y)z.

5. A fluorescent colorant according to claim 1, wherein Y is selected from the group consis-

ting of perylene, benzoxanthene, naphthalimid and diketopyrrolopyrrole chromophores.

6. A fluorescent colorant according to claim 2, wherein Y is selected from the group consis-

ting of perylene, benzoxanthene, naphthalimid and diketopyrrolopyrrole chromophores.

7. A fluorescent colorant according to claim 1, wherein any number of R groups from 1

through 7 are a group -(CH3)n-X-(Y)z.

8. A fluorescent colorant according to claim 7, wherein z is 1.

9. A fluorescent colorant according to claim 7, wherein at least one z is .

10. A fluorescent colorant according to claim 9, wherein m is 2.

11. A fluorescent colorant according to claim 1, wherein one of the R groups is a group
-(CH2)n-X-(Y)z.

12. A composition comprising
(a) an organic material, and

(b) a fluorescent colorant according to claim 1.

13. A composition according to claim 12, wherein the composition is a coating composition

and component (a) is an organic film-forming binder.
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14. A composition according to claim 12, wherein component (a) is a thermoplastic, thermo-

set, elastomeric or a crosslinked thermoplastic, thermoset, elastomeric polymer.

15. An ink composition comprising a fluorescent colorant according to claim 1.
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