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R
& OH
CO,C,H, -
W ], —— HN CN—-»CHSN Q
0 O
: @
G
1a 3b (G = CH,) 3¢ (G = CHy) 3d (G = CH,) (14 3)
1a 4b (G = Cl) 4c (G = Cl) 4d (G = Cl) (£ 4)
1a 5b(G=N(CHs)) 5c(G=N(CHy)))  5d (G = N(CHy).) (EH 5)
1a 6b (G = OCHj) 6c (G = OCHy) 6d (G = OCHy) ( il 6)
1a 7b(G=F) 7¢ (G =F) 7d (G = F) (161 7)

8d (&l 8)

9d (EHEH 9)
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E eI (=t Iz (%] Mp. [°C] | 'H-NMR

4 4c 54 290-292 | 7.51-7.58 (5H, m, Ar-H), 8.25-8.28
(2H, m, Ar-H), 8.33-8.36 (2H, m, Ar-
H), 11.04 (1H, s, NH)
5 5¢ 20 - 3.05 (6H, s, N(CHj3)2), 6.83-6.86 (2H,
m, Ar-H), 7.43-7.52 (3H, m, Ar-H),
8.24-8.33 (4H, m, Ar-H), 11.16 (1H, s,
NH)
6 6¢c 38 286-287 | 3.84 (3H, s, OCH,), 7.09 (2H,d, J
9.0, 0-Ar-H), 7.55-7.57 (3H, m, Ar-H),
8.27 -8.31 (4H, m, Ar-H), 11.13 (1H,
s, NH)
7 7c 66 274-276 | 7.43 (2H, 1, J 9.0, Ar-H-3an -5 in 4-
FCgHa), 7.5 (1H, Br s, OH), 7,55-7.70
(83H, m, m-/p-PhH), 8.51 (2H, d, J
10.0, 0-PhH), 8.51 [4H, coincident o-
Ph (m) and Ar-H-2 and —6 in 4-FCgH,
(dd, J9.0 and 5.6)], 10.73 (1H, s,
NH) 30
8 8c 296-298 | 6.21 (38H, s, CH202), 7.14 (1H, d, J
8.2, H-5"), 7.58-7.66 (4H, m, m- and
p-Ph-H and OH), 8,07 (1H, dd, j 8.2
and 1.8, H-6"), 8.14 (1H, d, J 1.8, H-
2'), 8.46 (2H, d, J 8.9, o-Ph-H), 10.80
(1H, s, NH)
9 9¢ 285-287 | 7.40 (1H, dd, J 5.0 and 3.8, Th-H-4),
7.45-7.80 (3H, m- and p-Ph-H), 7.97
(1H, d, J 4.6, Th-H-5), 8.2-8.6 (2H,
br, 0-Ph-H), 8.74 (1H, d, J 3.7, Th-H-
3), 11.13 (1H, s, NH)
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{54) Title: TLUORESCONT DIKETOPYRROLOPYRROIL ANAT.OGUTS

1
A O
4 Co-Cralkynsl, Cs-Cs
R S A independently of each other ;
— 30 ynd R3! independently ol each other
() R nd R independently of each oth
CN
2
o A

(57) Abstract: The present invention relates 10 [Tuorescent dikelopyrrolopyrrole ana-
logues of the general formula (I), wherein A’ and A? are C,-Cpyalkyl, C;-Chzalkenyl,

1 25-C; 1 1, ary] or heteroaryl, A and A* arc
SORL(CH, ) -AT, ot Y-R72, wherein
and for hydrogen or C,-Caalkyl, ot phenyl
which can be substiluted up to three imes with C,-Csalkyl, At stands for aryl, in partic-
ular phenyl or 1- or 2-naphthyl, Cs-Cgeycloalkyl, in particular cyclohexyl, or hereroaryl,
which can be sustituted one to three times with C,-Cyalkyl, Cy-Cealkoxy, halogen or
phenyl, which can be substituted with C-Czalkyl or C;-Cgalkoxy one to three times,

, C5-C,

and m stands for 0, 1,2, 3 or 4, Y is C(O)- or SO,- and R¥ is C,-Cugalkyl, ArS, or aralkyl and A* can additionally be hydrogen,
C,-Caalkyloxycarbunyl, such as tertbutoxyearbony], or aralkyloxycarbonyl, such as benzyloxycarbonyl, a process for their prepara-

tion and their use for the

ofinks,

plastics for coatings, non-impact printing material, colour filters,

cosmetics, polymeric ink particles, toners, dye lasers and electroluminescent devices, or as fluorescent markers for immunoassays
and fluorescent tracers for leak detection of fluids. I'he diketopyrrolopyrrole analogues of the general formula I show a high solid
state Muorescence.
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WO 03/014255 PCT/EP02/08590
Fluorescent Diketopyrrolopyrrole Analogues

The present invention relates to fluorescent diketopyrrolopyrrole analogues of the general

formula 1, a process for their preparation and their use for the preparation of inks, colourants,

pigmented plastics for coatings, non-impact-printing material, colour filters, cosmetics,
polymeric ink particles, toners, dye lasers and electroluminescent devices, or as fluorescent
markers for inmunoassays and fluorescent tracers for leak detection of fluids.

The diketopyrrolopyrrole analogues of the general formula | show a high solid state
fluorescence.

The object of this invention is to provide hew diketopyrrolopyrrole analogues which show

high solid state fluorescence.

This object has surprisingly been solved by fluorescent diketopyrrolopyrrole analogues of

the general formula

A o]
3 ~ A
A—N on 10}
o A

wherein A’ and A2 are C1-Cygalkyl, Co-Cysalkenyl, Co-Cigalkynyl, Cs-Cacycloalkyl,

Cs-Cgeycloalkenyl, aryl or heteroaryl, in particular radicals of the formula

R1

R1
H2
R’ R*
O
R

wherein

JP 2004-537638 A 2004.12.16
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WO 03/014255 PCT/EP02/08590

2
R'and R? are independently of each other hydrogen, halogen, G1-G1galkyl, C1-Cygalkoxy,
C+-C1salkylmercapto, amino, C+-C1salkylamino, di(C+-C1galkylyamino, C4-Cygalkoxycarbonyl,

C+-C1galkylaminocarbonyl, -CN, -NOs, trifluoromethyl, Cs-Cgeycloalkyl, -CH=N-(C1-Cyzalkyl),
R4

-CH=N R,

phenyl, imidazolyl, pyrrazolyl, triazolyl, piperazinyl, pyrroiyt, oxazolyl, benzoxazolyl,
benzothiazolyl, benzimidazoly!, morpholinyl, piperidinyl or pyrrolidinyl,

G is ~CHgz-, -CH(CHg)-, -C(CHg)z-, -CH=N-, -N=N-, -O-, -S-, -8O-, -SO5-, -CONH- or —NR7-,
R® and R* are independently of each other hydrogen, halogen, Gi-Csalkyl, C-Crgalkoxy or
-GN, R® and R® are independently of each other hydrogen, halogen or C1-Cgalkyl, and R” is
hydrogen or C+-Cealkyl,

A% and A* are independently of each other C-Csgalkyl, Ar®, -CR™R¥-(CH,)-Ar%, or Y-R*,
wherein R* and R®' independently of each other stand for hydrogen or G;-Gsalkyl, or phenyl
which can be substituted up to three times with C+-Cgalkyl,

Ar® stands for aryl, in particular phenyl or 1- or 2-naphthyl, Cs-Cgeycloalkyl, in particular
cyclohexyl, or heteroaryl, which can be substituted one to three times with Cy-Caalkyl,
C,-Csalkoxy, halogen or phenyl, which can be substituted with C4-Cgalkyl or C,-Cgalkoxy one
to three times, and m stands for 0,1, 2, 3or 4, Y is ~C(O)- or -SOz- and R® is C4-Cygalkyl,
A%, or aralky! and A® can additionally be hydrogen, C,-Csalkyloxycarbonyl, such as tert-
butoxycarbonyl, or aralkyloxycarbonyl, such as benzyloxycarbonyl.

The residues A" and A® are in general selected from Ci-Cygalkyl, Co-Cygalkenyl, Cp-
Cisalkynyl, Cs-Cgeycloalkyl, such as cyclopentyl, cyclohexyl, cycloheptyl and cyclooctyl, in
particular cyclohexyl, Cs-Cgcycloalkenyl, such as cyclopentenyl, cyclopentadienyi and
cyclohexenyl, in particular cyclohex-3-enyl, aryl and heteroaryl. Diketopyrrolopyrrole
analogues, wherein A' and A? are radicals of the formula

B0

JP 2004-537638 A 2004.12.16
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wherein R' and R? are independently of each other hydrogen, fluoro, chlofo, bromo,VCr
Caalkyl, C4-Gealkoxy, amino, C1-Cealkylamino, di(C+-Cgalkyyamino, phenyl or CN,

G s -O-, -NR'-, -N=N- or -S0g-,

R®and R* are hydrogen, and

R is hydrogen, methyl or ethyl are preferred and diketopyrrolopyrrole analogues, wherein A’

H1
32

R

and A are radicals of the formula

wherein R' and R? are independently of each other hydrogen, G,-C,alkyl, such as methyl, or
tert-butyl, halogen, such as fluoro, chloro, or bromo, di(C;-C,atkyl)amino, such as
dimethylamino, phenyl or CN, are particularly preferred.

In general A° and A* are independently of each other C,-Csalkyl, Ar®, -CRPR¥-(CHa)m-AF, -
C(O)-R*or Y-R®, wherein R and R* independently of each other stand for hydrogen or
Gy-Caalkyl, or phenyl which can be substituted up to three times with C-Caalkyl, wherein Ar®
stands for aryl, in particular phenyl or 1- or 2-naphthyl, Cs-Cecycloalkyl, such as cyclopentyl,
cyclohexyl, cycloheptyl and cyclooctyl, in particular cyclohexyl, or heteroaryl, which can be
substituted one to three times with Gy-Caalkyl, C1-Cgalkoxy, halogen or phenyl, which can be
substituted with C;-Calkyl or C-Cgalkoxy one to three times, and m stands for 0,1,2,30r
4,Y is ~C(O)- or -S0,- and A% is C1-Cyealkyl, A%, or aralkyl, wherein A® can additionally be
hydrogen, C.-Csalkyloxycarbonyl, such as tert-butoxycarbonyl, or aralkyloxycarbonyl, such
as benzyloxycarbonyl.

The residues A® and A* are preferably selected from Ci-Cyalkyl such as methyl, ethyl,
n-propyl, isopropyl, n-butyl, sec.-butyl, isobutyl, tert.-butyl, n-pentyl, 2-pentyl, 3-pentyl, 2,2-
dimethyl-propyl, n-hexyl, n-heptyl, n-octyl, 1,1,3,3-tetramethylbutyl and 2-ethylhexyl, in
particular C;-Csalkyl, such as methyl, ethyl, n-propyl, isopropyl, n-butyl, sec.-butyl, isobuty! or

tert.-butyl, Y-R* wherein Y is ~C(O)- and R is OR“’, wherein R is

JP 2004-537638 A 2004.12.16
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hydrogen, C,-Calkyl, -O-C-Caalkyl, or —5-C;-Cyalkyl and -(CHy)-Ar wherein m is 0 or 1 and
Ar is a group of the formula

oo ReSe)

which can be substituted one to three times with G+-Gsalkyl, C;-Cgalkoxy, halogen or phenyl.

Examples of preferred residues Ar are

% l R

< > R
50, 51 50
R R ,R s or ,

wherein R* and R®' are independently of each other methyl, sthyl, n-propyl, isopropyl,
n-butyl, sec.-butyl, isobutyl, tert.-butyl, methoxy, ethoxy, isopropoxy, tert.-butoxy or chiorine.

Ci-Crealkyi is typically linear or branched - where possible ~ and examples of Ci-Cigalkyl are
methyl, ethyl, n-propyl, isopropyl, n-butyl, sec.-butyl, isobutyl, tert.-butyl, n-pentyl, 2-pentyl, 3-
pentyl, 2,2-dimethylpropy!, n-hexyl, n-heplyl, n-octyl, 1,1,3,3-tetramethylbutyl and 2-
ethythexyl, n-nonyl, decyl, undecyl, dodecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl
and octadecyl. C4-Caalkyl such as methyl, ethyl, n-propyl, isopropyl, n-butyl, sec.-butyl,
isobutyl, tert.-butyl, n-pentyl, 2-pentyl, 3-pentyl, 2,2-dimethyl-propyl, n-hexyl, n-heptyl, n-
octyl, 1,1,3,3-tetramethylbutyl and 2-ethylhexyl is preferred. C-Caalkyl such as methyl, ethyl,
n-propyl, isopropyl, n-butyl, sec.-butyl, isobuty! or tert.-buty! is particularly preferred. The
term “C,-Cysalkenyl group” means an unsaturated linear or branched aliphatic hydrocarbon
group containing one or more double bonds, in particular C,.g-alkenyl, such as vinyl, allyl, 2-
propen-2-yl, 2-buten-1-yl, 3-buten-1-yl, 1,3-butadien-2-yl, 2-penten-1-yl, 3-penten-2-yl,
2-methyl-1-buten-3-yl, 2-methyl-3-buten-2-yl, 3-methyl-2-buten-1-y! and 1,4-pentadien-3-yl.
The term “C4-C1.alkynyl group” means an unsaturated aliphatic hydrocarbon group
containing a triple bond, in particular Cz.Cg-alkynyl such as ethynyl, 1-propyn-1-yl, 2-butyn-1-
yl, 3-butyn-1-yl, 2-pentyn-1-yl and 3-pentyn-2-yl.

Examples of C1-G1aalkoxy, which can be linear or branched, are methoxy, ethoxy, n-propoxy,
isopropoxy, n-butoxy, sec.-butoxy, isobutoxy, tert.-butoxy, n-pentoxy, 2-pentoxy, 3-pentoxy,
2,2-dimethylpropoxy, n-hexoxy, n-heptoxy, n-octoxy, 1,1,3,3-tetramethytbutoxy and 2-
ethylhexoxy, wherein Gi-Cqalkoxy such as methoxy, ethoxy, N-propexy, isopropoxy,
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n-butoxy, sec.-butoxy, isobutoxy and tert.-butoxy is preferred. Examples of
C4-C1galkylmercapto are the same groups as mentioned for the alkoxy groups, except that
the oxygen atom of the ether linkage is replaced by a sulfur atom. Examples and
preferences for G;-Cqsalkyl in Cy-Cigalkylamino and C,-Cygalkylaminocarbonyl are the same
as mentioned for C4~Cqsalkyl. Examples and preferences for Cf-CmaIkz')xy in

C4-C1galkoxycarbonyl are the same as mentioned for C;-Cygalkoxy.

The term “aryl group” is typically Ce-Casaryl, such as phenyl, 1-naphthyl, 2-naphthyl, 4-
biphenylyl, phenanthryl, terphenylyl, pyrenyl, 2- or 9-fluorenyl or anthracenyl, preferably Cg-
Cizaryl such as phenyl, 1-naphthyl, 2-naphthyl, 4-biphenylyl, which may be unsubstituted or
substituted.

In case of A’ and A? the term “aryl” also includes the following residues:

L (L7
- . - ()
) , o R ,

JP 2004-537638 A 2004.12.16
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wherein R?', R, R, R® and R® are independently of each other hydrogen, Ci-Csalkyl, a
hydroxyl group, a mercapto group, C4-Cgalkoxy, Ci-Cgalkylthio, halogen, halo-C4-Cgalkyl, a
cyano group, an aldehyde group, a ketone group, a carboxyl group, an ester group, a
carbamoyl group, an amino group, a nitro group, a silyl group or a siloxanyl group and
5 R%*is a Gy-Cealkyl group. Preferably R2', R%, R%, R% and R are independently of each

other hydrogen, C-Cgalkyl, Ci-Cgalkoxy or C4-Caalkylthio, wherein the following residues are
particularly preferred:

O ' ' l I

10

=N or

The term “aralkyl group” is typically C,-Casaralkyl, such as benzyl, 2-benzyl-2-propyl, 8-

15 phenylethyl, o,a-dimethylbenzyl, @-phenyl-butyl, o,o-dimethyl-e-phenyl-butyl, ©-phenyl-
dodecyl, w-phenyl-octadecyl, w-phenyl-eicosyl or w-phenyl-docosyl, preferably C,-Cgaralkyl
such as benzyl, 2-benzyl-2-propyl, B-phenyl-ethyl, o, a-dimethylbenzyl, w-phenyl-butyl,
o,a-dimethyl-e-phenylbutyl, w-phenyldodecyl or w-phenyloctadecyl, and particularly

JP 2004-537638

A 2004.12.16
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preferred C,-Cyzaralkyl such as benzyl, 2-benzyl-2-propyl, B-phenylethyl, o, c-dimethylbenzyl,
a-phenylbutyl, or w,w-dimethyl-a-phenylbutyl, in which both the aliphatic hydrocarbon group
and aromatic hydrocarbon group may be unsubstituted or substituted.

Exampies of Cs-Cgeycloalkyl are cyclopentyl, cyclohexyl, cycldheptyl and cyclooctyl, which
may be unsubstituted or substituted. The term “Cs-Cgcycloalkenyl group" means an
unsaturated alicyclic hydrocarbon group containing one or more double bonds, such as
cyclopentenyl, cyclopentadienyl and cyclohexenyl, which may be unsubstituted or
substituted.

The term “heteroaryl” is a ring with five to seven ring atoms, 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]thienyl,
dibenzo[b,d]thienyl, thianthrenyl, furyl, furfuryl, 2H-pyranyl, benzofuranyl, isobenzofuranyl,
dibenzofuranyl, phenoxythienyl, pyrrolyl, imidazolyl, pyrazolyl, pyridyl, bipyridyl, triazinyl,
pyrimidinyl, pyrazinyl, pyridazinyl, indolizinyl, isoindolyl, indolyl, indazolyl, purinyl, quinclizinyl,
quinolyl, isoquinolyl, phthalazinyl, naphthyridiny, quinoxalinyl, quinazolinyl, cinnolinyl,
pteridinyl, carbazolyl, carbolinyl, benzotriazolyl, benzoxazolyl, phenanthridinyl, acridinyl,
perimidinyl, phenanthrolinyl, phenazinyl, isothiazolyl, phenothiazinyl, isoxazolyl, furazanyl or

phenoxazinyl.

C1-C1galkyl in C4-C1galkylamino and di(C+-Cqsalkyl)amino are as defined above. Examples of
C1-Cgalkylamino and di(C+-Cygalkyl)amino are dimethylamino, diethylamino,
methylethylamino, methylpropylamino, dibutylamino and hydroxyethylmethylamino.

Examples of a halogen atom are fluorine, chlarine, bromine and iodine.

If the above-mentioned substituents can be substituted, possible substituents are Cy-Cgalkyl,
a hydroxyl group, a mercapto group, Cy-Cgalkoxy, Cy-Cgalkylthio, halogen, halo-C;-Cealkyl, a
¢yano group, an aldehyde group, a ketone group,.a carboxy! group, an ester group, a

carbamoyl group, an amino group, a nitro group, a silyl group or a siloxanyl group,

The present application is also directed to a process for the preparation of the fluorescent

diketopyrrolopyrrole analogues of the general formula
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Al o}
AN A i
N (D), comprising
o 'S

reacting a compound of the general formula

1

A
10
. ~~—COR".
A—N @
o]
with a compound of the general formula
CN

AZ/:J‘ ny

in the presence of a base and
reacting the obtained intermediate of the formula

A o
3 == .
A—N CN (IV9)
o A
with a compound of the general formula
AL=X (V).

wherein A', A%, A®and A* have the meanings as given above, R is Cy-Cygalkyl, in particular
C1-Caalkyl, aryl, in particular phenyl, or aralkyl, in particular benzyl, which can be substituted

one to three times with C4-Cgalkyl, Cs-Cgalkoxy, or halogen and X is a leaving group.

Hence, the present invention also relates to diketopyrrolopyrrole analogues of the general

formula
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Al OH Al o}
-~ =~
AN CN == A% CN  (v)
o S o A2

wherein A', A2 and A® have the meanings as given above, which could exist iri both
tautomeric forms and are intermediates in the process for the preparation of the

diketopyrrolopyrrole analogues of the general formula 1.

The compounds of the formula 1l are commercially available or can be prepared in analogy
to known methods (see, for example, US-A-4,749,795 and US-A-4,778,899), for example by
reacting a B-carbony! ester compound with an a-bromo carboxylic ester in a solvent, like
acetone, 1,2-dimethoxyethane or a mixture thereof, in the presence of a base, like
10 potassium carbonate, to obtain a diester which in turn is reacted with A’NHg:
A' Al
CO.R™ HaNAG* S COR
COR" + B cot —=0O 2 — AN

1
A 10

CO,Et o
wherein A', A® and R'® have the meanings as given above, wherein A® is preferably
hydrogen; or by a copper catalyzed decomposition of diazoacetates in the presence of
enaminoamides (G. Maas, A. Mller, J. prakt. Chem. 340 (1998) 315-322):

Al conma® " goR"
>:< NFﬁ”‘Cozﬂ Al silica gel
_

CONHA® —> IV

N H N
Cu(acac), HYH,0
ot ()

Q
wherein A’, A* and R'® have the meanings as given above, wherein A% is preferably aryl, in

particular phenyl or substituted phenyl.

The compounds of the formula [ll, which are employed as E isomer, Z isomer or a mixture of

20 E and Z isomers, are commercially available or can be prepared in analogy to known
methods, for example by adapting a conventional Horner-Wadsworth-Emmons-Reaction
(see W.S. Wadsworth, Org. React. 25 (1977) 75).

JP 2004-537638 A 2004.12.16
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The process of the present invention can be cartied out as two step synthesis or as one-pot
synthesis.
Al o}
A4
1
A AL—N
. CN
A—N .
g 0 e
+
! oa’
4 A
(1 =
A—N CN
o vy A

wherein A® in formula | or formula VI is the same as A* if A® in formula IV is hydrogen.

In case of the two step synthesis in a first step the lactam ester of the general formula il is
reacted with the cyano compound of formula (111} in the presence of a base, such as sodium
‘amylate, in an organic solvent, such as ‘amyl alcohol, at a temperature of 20 °C to the reflux
temperature of the solvent for a time of 0.5 o 48 hours, wherein the reaction conditions can
vary depending on the starting materials and the reagenfs employed.

In a second step the obtained intermediate of the general formula (IV) is reacted with an
electrophile of the general formula (V) in the presence of a base, such as sodium ‘amylate,
in an organic solvent, such as 'amyl alcohol, at a temperature of 20 °C to the reflux
temperature of the solvent for a time of 0.5 to 240 hours to obtain the desired compound of
the general formula (1), wherein the reaction cenditions can vary depending on the starting
materials and the reagents employed.

In case of the one pot synthesis the lactam ester of the general formula Il is reacted with the
cyano compound of formula (ll} in the presence of a base, such as sodium 'amylate, in an

_ organic solvent, such as ‘amyl alcohol, at a temperature of 20 °C to the reflux temperature of

the solvent for a time of 0.5 to 48 hours, and the intermediate of the general formula (IV)
prepared in situ is directly reacted with the electrophile of the general formula (V) at a
temperature of 20 °C to the reflux temperature of the solvent for a time of 0.5 to 240 hours to
obtain the desired compound of the general formula (1), wherein the reaction conditions can
vary depending on the starting materials and the reagents employed.
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Depending on the electrophile A*X, the starting materials, the reagents, the solvents and the
reaction conditions the compounds of the general formula (1), the compounds of the general
formula {VI} or a mixture of the compounds of the general formula (1) and (V1) are obtained
by the process of the present invention. If the electrophile is, for example, a soft electrophile,
like methyl or ethyl iodide, the compounds of the general formula (I) are the main product,
whereas, if the electrophile is a hard eletrophile, like methyl or ethyl tosylate, the compounds

of the general formula (VI) are the main product.

Consequently, the term “leaving group” means preferably a group which imparts a soft
nature o the electrophile, such as iodine, bromine or chlorine.

Compounds of the formula I, wherein A% is A*, can be prepared by reacting compounds of
the formula IV or IV, wherein A? is hydrogen, with two equivalents of the electrophile A*X.
Compounds of the formula |, wherein A? is different from A%, can be prepared by using
compounds of the formula Il as starting material, wherein A? is different from hydrogen, or by
using the fact that at first the carbon atom and then the nitrogen atom is attacked by the
electrophile A%X, or the nitrogen atom can be reacted with a protecting group, for example by
reacting a compound of the general formula (IV) or (IV*) with a base, like lithium
diisopropylamide, and a protecting group, like Boc, reacting the obtained product with a first
electropile A*X, optionally removing the protecting group and reacting the obtained
compound with a second electrophile A%X.

The present invention relates also to the use of the inventive DPP analogues of the general

formula | for the preparation of

inks for printing inks in printing processes, for flexographic printing, screen printing,
packaging printing, security ink printing, intaglio printing or offset printing, for pre-press
stages and for textile printing, for office, home applications or graphics applications, such
as for paper goods, for example, for ballpoint pens, felt tips, fibre tips, card, wood, (wood)
stains, metal, inking pads or inks for impact printing processes {(with impact-pressure ink
ribbons), for the preparation of

colourants for coating materials, for industrial or commercial use, for textile decoration and
industrial marking, for roller coatings or powder coatings or for automotive finishes, for
high-solids (low-solvent), water-containing or metallic coating materials or for pigmented
formulations for aqueous paints, for the preparation of

pigmented plastics for coatings, fibers, platters or mold carriers, for the preparation of
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non-impact-printing material for digital printing, for the thermal wax transfer printing process,
the ink jet printing process or for the thermal transfer printing process, and also for the
preparation of

colour filters, espegially for visible light in the range from 400 to 700 nm, for liquid-crystal
displays (LCDs) or charge combined devices (CCDs) or for the preparation of

cosmetics or for the preparation of

polymeric ink particles, toners, dye lasers, dry copy toners liquid copy toners, or
electrophotographic toners, and electroluminescent devices.

lllustrative examples of suitable organic materials of high molecular weight which can be
coloured with the inventive fluorescent DPP analogues of the general formula 1 are vinyl
polymers, for example polystyrene, poly-c-methylstyrene, poly-p-methylstyrene, poly-p-
hydroxystyrene, poly-p-hydroxyphenylstyrene, polymethyl methacrylate and polyacrylamide
as well as the corresponding methacrylic compounds, polymethyl maleate, polyacrylonitrile,
polymethacrylonitrile, polyvinyl chloride, polyvinyl fluoride, polyvinylidene chloride,
polyvinylidene fluoride, polyvinyl acetate, polymethyl vinyl ether and polybutyl vinyl ether;
polymers which are derived from maleimide and/or maleic anhydride, such as copolymers of
maleic anhydride with styrene; polyvinyl pyrrolidone; ABS; ASA; polyamides; polyimides;
polyamidimides; polysulfones; polysther sulfones; polyphenylene oxides; polyurethanes;
polyureas; polycarbonates; polyarylenes; polyarylene sulfides; polyepoxides; polyolefins
such as polyethylene and polypropylene; polyalkadienes; biopolymers and the derivatives
thereof e.g. cellulose, cellulose ethers and esters such as ethylcellulose, nitrocellulose,
cellulose acetate and cellulose butyrate, starch, chitin, chitosan, gelatin, zein; natural resins;
synthetic resins suchas alkyd resins, acrylic resins, phenolic resins, epoxide resins,
aminoformaldehyde resins such as urea/formaldehyde resins and melamine/formaldehyde
resin; vulcanized rubber; casein; silicone and silicone resins; rubber, chlorinated rubber; and
also polymers which are used, for example, as binders in paint systems, such as novolaks
which are derived from C,-Ce-aldehydes such as formaldehyde and acetaldehyde and a
binuclear or mononuclear, preferably mononuciear, phenol which, if desired, is substituted by
one or two C;-Cgalkyl groups, one of two halogen atoms ot one pheny! ring, such as o-, m-
or p-cresal, xylene, p-tert.-butylphenol, o-, m- or p-nonylphenal, p-chlorophenol or p-
phenylphenol, or a compound having more than one phenolic group such as resorcinol,
bis(4-hydroxyphenyl)methane or 2,2-bis(4-hydroxyphenyl)propane; as well as suitable
mixtures of said materials.

JP 2004-537638 A 2004.12.16
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Particularly preferred high molecular weight organic materials, in particular for the prepara-
tion of a paint system, a printing ink or ink, are, for example, cellulose ethers and esters, e.g.
ethylcellulose, nitrocellulose, cellulose acetate and cellulose butyrate, natural resins or
synthetic resins (polymerization or condensation resins) such as aminoplasts, in particular
urea/formaidehyde and melamine/formaldehyde resins, alkyd resins, phenolic plastics, poly-
carbonates, polyolefins, polystyrene, polyvinyl chloride, polyamides, polyurethanes, poly-
ester, ABS, ASA, polyphenylene oxides, vulcanized rubber, casein, silicone and silicone
resins as well as their possible mixtures with one another.

itis also possible to use high molecular weight organic materials in dissolved form as film
formers, for example boiled linseed cil, nitrocellulose, alkyd resins, phenolic resins,
melamine/formaldehyde and urea/formaldehyde resins as well as acrylic resins.

Said high molecular weight organic materials may be obtained singly or in admixture, for
example in the form of granules, plastic materials, melts or in the form of solutions, in parti-
cular for the preparation of spinning solutions, paint systems, coating materials, inks or
printing inks.

In a particularly preferred embodiment of this invention, the inventive fluorescent DPP
analogues of the general formula | are used for the mass colouration of polyvinyl chloride,
polyamides and, especially, polyolefins such as polyethylene and polypropylene as well as
for the preparation of paint systems, including powder coatings, inks, printing inks, colour
fitters and coating colours. lllustrative examples of preferred binders for paint systems are
alkyd/melamine resin paints, acryl/melamine resin paints, cellulose acetate/cellulose butyrate
paints and two-pack system lacquers based on acrylic resins which are crosslinkable with
polyisocyanate.

According to observations made to date, the inventive fluorescent DPP analogues of the
general formula | can be added in any desired amount to the material to be coloured,
depending on the end use requirements. In the case of high molecular weight organic
materials, for example, the fluorescent DPP analogues of the general formula | prepared
according to this invention can be used in an amount in the range from 0.01 to 50, preferably
from 0.01 to 5% by weight, based on the total weight of the coloured high molecular weight
orgaric material.

Hence, another embodiment of the present invention relates to a composition comprising

JP 2004-537638 A 2004.12.16
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(a) 0.01 to 50, preferably 0.01 to 5, particularly preferred 0.01 to 2% by weight, based on the
total weight of the coloured high molecular organic material, of a fluorescent DPP
analogue of the general formula | according to the present invention, and

(b) 99.99 to 50, preferably 29.99 to 95, particularly preferred 99.99 to 98% by weight, based
on the total weight of the coloured high molecular organic matetial, of a high molecular
organic material, and

(c) if desired, customary additives such as rheology improvers, dispersants, fillers, paint
auxiliaries, siccatives, plasticizers, UV-stabilizers, and/or additional pigments or
corresponding precursors in effective amounts, such as e.g. from 0 to 50% by weight,
based on the total weight of (a) and (b).

To obtain different shades, the inventive fluorescent DPP analogues of the general formula |
may advantageously be used in admixture with fillers, transparent and opaque white,
coloured and/or black pigments as well as customary lusire pigments in the desired amount.

For the preparation of paint systems, coating materials, colour filters, inks and printing inks,
the corresponding high molecular weight organic materials, such as binders, synthetic resin
dispersions etc. and the inventive fluorescent DPP analogues of the general formula [ are
usually dispersed or dissolved together, if desired together with customéry additives such as
dispersants, fillers, paint auxiliaries, siccatives, plasticizers and/or additional pigments or
pigment precursors, in a common solvent or mixture of solvents. This can be achieved by
dispersing or dissolving the individual components by themselves, or also several
components together, and only then bringing all components together, or by adding
everything together at once.

Hence, a further embodiment of the present invention relates to a method of using the
inventive fluorescent DPP analogues of the general formula | for the preparation of
dispersions and the corresponding dispersions, and paint systems, coating materials, colour
filters, inks and printing inks comprising the inventive fluorescent DPP analogues of the
general formula 1.

A particularly preferred embodiment relates to the use of the inventive DPPs | for the
preparation of fluorescent tracers for e.g. leak detection of fluids such as lubricants, cooling
systems etc., as well as to fluorescent tracers or lubricants comprising the inventive DPP
analogues of the general formula 1. Usually, such [ubricant compositions, e.g. for a

reftigerant, comprise an oil selected from the group consisting of naphthalenic oils, paraffinic

JP 2004-537638 A 2004.12.16
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oils, alkylated benzene oils, polyalkyl silicate oils, polyglycols, esters, polyether polyols,
palyvinyl ethers, polycarbonates, fluorinated silicones, perfluoroethers, aromatic compounds
with fluoroalkyloxy or fluoroalkyithio substituents. The amount of the inventive DPP analogue
of the general formula | in the lubricant is chosen generally in an amount of from 100 to 1000
ppm. If the inventive compound | is water-soluble, it could be used as tracer in water as well.

A particular embodiment of this invention concerns ink jet inks comprising the inventive
fluorescent DPP analogues of the general formula 1.

For the colouring of high molecular weight organic material, the inventive DPP analogues of
the general formula [, optionally in the form of masterbatches, usually are mixed with the
high molecular weight organic materials using roll mills, mixing apparatus or grinding
apparatus. Generally, the pigmented material is subsequently brought into the desired final
form by conventional processes, such as calandering, compression molding, extrusion,
spreading, casting of injection molding. In order to prepare non-rigid moldings or to reduce
their brittleness it is often desired to incorporate so-called plasticizers into the high molecular
weight organic materials prior to forming. Examples of compounds which can be used as
such plasticizers are esters of phosphoric acid, phthalic acid or sebacic acid. The plasticizers
can be added before or after the incorporation of the inventive DPP analogues of the general
formula I into the polymers. 1t is also possible, in order to achieve different hues, to add
fillers or other colouring constituents such as white, colour or black pigments in desired
amounts to the high molecular weight organic materials in addition to the inventive DPP
analogues of the general formula I.

For colouring lacquers, coating materials and printing inks the high molecular weight organic
materials and the inventive DPP analogues of the general formula |, alone or together with
additives, such as fillers, other pigments, siccatives or plasticizers, are generally dissolved or
dispersed in a common organic solvent or solvent mixture. In this case it is possible to adopt
a procedure whereby the individual components are dispersed or dissolved individually or
else two or more are dispersed or dissolved together and only then are all of the
components combined.

The present invention additionally relates to inks comprising a colouristically effective
amount of the inventive DPP analogue of the general formula |.
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Processes for producing inks especially for ink jet printing are generally known and are
described for example in US 5,106,412.

When mixing a DPP analogue of the general formula | with polymeric dispersants it is
preferred to use a water-dilutable organic solvent.

The weight ratio of the pigment dispersion to the ink in general is chosen in the range of
from 0.001 to 75% by weight, preferably from 0.01 to 50% by weight, based on the overall
weight of the ink.

The preparation and use of colour filters or colour-pigmented high molecular weight organic
materials are well-known in the art and described e.g. in Displays 14/2, 1151 (1993), EP-A-
784085, or GB-A-2,310,072.

The colour filters can be coated for example using inks, especially printing inks, which can
comprise the inventive DPPs of the general formula | or can be prepared for example by
mixing a DPP analogue of the general formula | with chemically, thermally or photolytically
structurable high molecular weight organic material (so-called resist). The subsequent
preparation can be carried out, for example, in analogy to EP-A-654 711 by application to a
substrate, such as a LCD, subsequent photostructuring and development.

The present invention relates, moreover, to toners comptising a DPP analogue of the
general formula | or a high molecular weight organic material coloured with a DPP analogue
of the general formula | in a colouristically effective amount.

In a particular embodiment of the process of the invention, toners, coating materials, inks or
coloured plastics are prepared by processing masterbatches of toners, coating materials,
inks or coloured plastics in roll mills, mixing apparatus or grinding apparatus.

The present invention additionally relates to colourants, coloured plastics, polymeric ink
particles, or non-impact-printing material comprising an inventive DPP analogue of the
general formula | or a high molecular weight organic material coloured with a DPP analogue
of the general formula | in a colouristically effective amount.

A colouristically effective amount of the pigment dispersion according to this invention
comprising an inventive DPP I denotes in general from 0.0001 to 99.99% by weight,

JP 2004-537638 A 2004.12.16
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preferably from 0.001 to 50% by weight and, with particular preference, from 0.01 to 5 % by

welight, based on the overall weight of the material pigmented therewih.

Further, the inventive compounds | can be used for textile application and for the dyeing of
paper.

The following examples illustrate various embodiments of the invention, but the scope of the
invention is not limited thereto.

Examples
*H NMR spectra were obtained at 300 MHz for solutions in dg-dimethyl sulfoxide. Chenmical

shifts (3) are expressed relative to Si(CHa)s and coupling constants (J) in Hz.

Example 1
5-Cyano-N,5-dimethyl-3,6-diphenyl-cyclopental clpyrrole-~1.4-dione 1d

CN
Z
CO,Et
=
HN +
e}
1a 1b

1d [A° = CHs (Example 1)]

10 [A® = H (Example 10)]
To 2-methyl-2-butanol (300 ml) is added sodium (10.10 g, 0.439 mol) with stirring under
nitrogen and the mixture Is heated to reflux (105-110 °C} until all the sodium is dissolved.
The mixture is cooled to 80 °C then compounds 1a (51.0 g, 0.221 mol) and 1b (31.4 g, 0.249
mol) are added. The mixture is heated to reflux for 16 h, then cooled slowly to room
temperature. Methyl iodide (626.60 g, 4.42 mol) is added and the mixture is heated to 40 °C
for 86 h. The mixture is cooled to room temperature and acidified slowly with dilute
hydrochioric acid. The organic extracts are washed with water, dried (MgSOQ,) and
concentrated. Flash chromatography on silica gel H (Fluka, 5-40 um particle size) eluted with
hexane/ethyl acetate yields the fluorescent orange solid 1d. Yield 3.11 g, 4 %, m.p. (as
determined by differential scanning calorimetry) 199-200 °C. & 1.87 (3H, s, CCHa), 3.32

JP
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(8H, s, NCHg), 7.61-7.64 (6H, m, m-/p- Ar-H), 7.83-7.87 (2H, m, o- Ar-H adjacent to N-CHg),

8.50-8.53 (2H, o- Ar-H adjacent to CCHg),_v/Gm'1 2195 (C=N), 1694 {(C=0), 1655 (C=0).

Elemental analysis: C H N
calculated 77.6 % 4.7 % 82%
observed 77.3% 46 % 7.9%
Example 2
3-(4-Chlorophenyl)-5-cyano-N,5-dk I-6-phenyl-cyclopentafclpyrrole-1,4-dione 2d

Cl

CN

CO,Et

2a 2b

To 2-methyl-2-butanol (300 ml) is added sodium (9.2 g, 0.400 mol) with stirring under
nitrogen and the mixiure is heated to reflux (105-110 °C) until all the sodium is dissolved.
The mixture is cooled to 80 °C then compounds 2a (35.44 g, 0.133 mol) and 2b (17.22 g.
0.133 mol) are added. The mixture is heated to reflux for 16 h, then cooled slowly to room
temperature. Methyl iodide (77.6 g, 0.547 mol) is added and the mixture is heated to 40 °C
for 86 h. The mixture is cooled to room temperature and acidified slowly with diluie
hydrochloric acid. The organic extracts are washed with water, dried (MgS0Q,) and
concentrated. Flash chromatography on silica gel H (Fluka, 5-40 pm particle size) eluted with
hexane / ethyl acetate yields the fluorescent orange solid 2d (yield 6.49 g, 17 %).

Elemental analysis: c H N Cl
calculated 705 % 4.0 % 75% 9.5 %
observed 67.8% 51% 6.4 % 84 %
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G
1a 3b (G = CHy) 3¢ (G = CHs) 3d (G = CH,) (Example 3)
1a 4b (G = Cl) 4c (G =Cl) 4d (G = CI) (Example 4)
5 1a 5b (G =N(CHs).)  5c(G = N(CHy),) 5d (G = N(CH.),) (Example 5)
1a 6b (G = OCHs) 6¢ (G = OCHy) 6d (G = OCH;) (Example 6)
la 7h (G=F) Tc(G=F) 7d (G = F) (Example 7)

cocH, N :
o], % R CN—»CHGN
Ar'
o
1a 8b 8¢ 8d (Example 8)
A = \©:o>
10 . ©
1a b 9c 9d (Example 9)

15 To pre-dried t-amy! alcohol (150 ml) was added sodium (1.72 g, 0.0748 mol) with stirring
under nitrogen and the mixture was heated to reflux (105-110 °C) until all the sodium
dissolved. The lactam ester 1a (4.85 g, 0.0210 mol) was added, then nitrile 3b (3.0 g, 0.0210

mol) was added portionwise over 30 min during which time a dark red solution formed.

Stirring was continued for 2 h at reflux, then for 15 h at 25 °C and the solution was added to,

20 an ice-cooled mixture of water (70 ml), methanol (10 ml) and concentrated hydrochloric acid
(7.5 ml). The dark red solid was filtered off, washed with water then methanol and dried in
vacuo. Yield 2.22 g (32 %). (Found: C, 77.5; H, 4.4; N, 8.6. CasH14N;0; requires C, 77.3; H,

JP 2004-537638 A 2004.12.16
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4.3; N, 8.6 %). viem” 3114 (weak, N-H or O-H), 2209 (C=N), 1668 (C=0). 5 (DMSO-ds)
2.37 (3H, s, CHs), 7.31 (2H, d, J = 8.2, H-3 and -5), 7.55-7.57 (3H, m, H-3", -4" and -5"),
8.15 (2H, dd, J 1.9 and 8.0, H-2’ and -6'), 8.29-8.32 (2H, m, H-2” and -6"), 11.04 (1H, s, NH).
in a manner simitar to Example 3 the compounds 4c, 5¢, 6¢, 7c, 8c and 9¢ listed in the
following table were obtained:

Example Gompound | Yield [%] Mp.[°C] | H-NMR

P! ac 54 200-292 | 7.51-7.58 (5H, m, Ar-H), 8.25-8.28
(2H, m, Ar-H), 8.33-8.36 (2H, m, Ar-
H), 11.04 (1H, s, NH)

5 5c 20 ~ | 3.05 (6H, 5, N(CHy),), 6.83-6.86 (2H,
m, At-H), 7.43-7.52 (3H, m, Ar-H),
8.24-8.33 (4H, m, Ar-H), 11.16 (1H, s,
NH)

6 8c 38 286-287 | 3.84 (3H, s, OCHg), 7.00 (2H, d, J
9.0, 0-Ar-H), 7.55-7.57 (3H, m, Ar-H),
8.27 -8.31 (4H, m, Ar-H), 11.13 (1H,
s, NH)

7 7c 66 274-276 | 7.43 (2H, 1, /9.0, Ar-H-3 an-51in 4-
FCgHa), 7.5 (1H, Br s, OH), 7,55-7,70
(3H, m, m-/p-PhH), 8.51 (2H, d, J
10.0, 0-PhH}), 8.51 [4H, coincident o-
Ph (m) and Ar-H-2 and -6 in 4-FCgH4
(dd, J9.0 and 5.6)], 10.73 (1H, s,
NH)

8 8c 296-298 | 6.21 (3H, s, CH202), 7.14 (1H, d, J
8.2, H-5'), 7.58-7.66 (4H, m, m- and
p-Ph-H and OH), 8,07 (1H, dd, j 8.2
and 1.8, H-6"), 8.14 (1H, d, J 1.8, H-
2%, 8.46 (2H, d, J 8.9, o-Ph-H), 10.80
(1H, s, NH)

9 9c 285-287 | 7.40 (1H, dd, J 5.0 and 3.8, Th-H-4),
7.45-7.80 (3H, m- and p-Ph-H), 7.97
(1H, d, J 4.6, Th-H-5), 8.2-8.6 (2H,
br, 0-Ph-H), 8.74 (1H, d, J3.7, Th-H-
3), 11.13 (1H, s, NH)
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Example 10

5-Cyano-5-methyl-3,6-diphenyi-cyclopentafclpyrrole-1.4-dione 10

Example 1 was repeated, except that after the addition of methyl iodide heating was
continued at 40 °C for 1 h. After recrystallisation from a propan-2-ol/ tetrahydrofuran mixture
0.76 g (27 %) of a fluorescent orange solid were obtained; m.p. 299-301 °C. (Found: C, 77.3;
H, 4.4; N, 8.4 %. CxHuNO requires C, 77.3, H, 4.3; N, 8.6 %). v/em™ 3167 (NH), 2365
(C=N), 1677 (C=0), 1607. 8y 1.90 (3H, s, CCHy), 7.57-7.65 (8H, m, m-/p- Ar-H), 8.41-8.51
(4H, m, o- Ar-H), 12.22 (1H, s, NH) with trace impurity at 3.32 (<<1H, s, NCH). m/z 326
(M*, 100 %) with trace amount of product at 340.

Exampie 11 .
2-f-Butoxycarbonyl-5-cyano-4-hydroxy-3-(4-methoxyphenyl)-6-phenyl-cyclopental clpyrrol-1-
one 11¢

o o 2 o

~ LDA ~ CH,I
HN Q OGN —_, BooN Q oN N \ CH,
o

OMe OMe SMe

6c e 11d

A solution of n-butyllithium in hexanes (1M, 1.0 ml, 0.0025 mol) was added with stiring,
under nitrogen, to a flask charged with tetrahydrofuran (25ml) and diisopropylamine (0.42 g,
0.0042 mol) and stirring continued for 1.5 h. The solution was cooled to -78 °C, then added
dropwise to a mixture of derivative 6¢ and tetrahydrofuran (20 ml) at -78 °C under nitrogen.
This purple coloured solution was stirred at -78 °C for 30 min., then Boc,O (0.41 g, 0.0018
mol) was added in tetrahydrofuran (1.5 ml). The mixture was left to warm to 25 °C during 1 h
then heated fo reflux (65 °C) for 45 min. Further Boc,O (0.71 g, 0.0033 mol) then DMAP
(0.09 g, 0.0007 mol) were added and stirfing continued for 20 h. Saturated aqueous
ammonium chloride solution (6ml) was then added, the mixture acidified to pH 6-7 with 10 %
hydrochloric acid, extracted with diethyl ether, dried over sodium sulfate then concentrated to
dryness. Flash chromatography on silica gel H eluted with petrol / ethyl acetate (1:1), then
methanol yielded a purple solid, which was dried in vacuo. Yield 0.16 g (28%). The product
decomposed without melting. &y (200MHz, DMSO-dg), 1.25 [gH, s, O(CHg)g], 3.83 (3H, s,
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OCHj), 7.01-7.06 (2H, m, Ar-H), 7.37-7.49 (3H, m, Ar-H), 7.62-7.68 (2H, m, Ar-H), 8,33-8.38

(2H, m, Ar-H). viem™ 2190 (C=N), 1716 (C=0), 1644, 1608.

The intermediates 3¢, 4¢, 8¢, 6¢, 7¢, 8¢ and 9¢ could be easily converted to the inventive
compounds 3d, 4d, 5d, 6d, 7d, 8d and 9d by reacting them with sodium ‘amyl
alcoholate/'amyl alcohol and methyl iodide.

" )
. Z DAk
CO,Et
— —~
HN + ————  Ak—N Q CN
o

S

Example 12 1a 1b 12 (Alk = CHa)
Example 13 1a 1b 13 (Alk = C-H;)
Example 12

5-Cyano-4-methoxy-N-methyl-3,6-diphenyleyclopental clpyrrol-1-one 12

To pre-dried #amyl alcohol (50 ml) was added sodium (1.22 g, 0.0531 mol) with stitring
under nitrogen and the mixture was heated to reflux (105-110 °C) until all the sodium
dissolved. The lactam ester 1a (4.0 g, 0.0173 mol) then cinnamonitrile 1b (4.46 g, 0.0345
mol) were added and heating to reflux continued for 4.5 h during which time a purple-red
coloured solution developed. The mixture was cooled to 25 °C, then methyl tosylate (25.22 g,
0.1354 mol) was added. Heating to reflux was continued for 1 h. The mixture was cooled,
added to water (100 ml), extracted with ethyl acetate, dried (Na,SO.) then concentrated. The
residue obtained was dissolved in sodium ethoxide/ethanol solution overnight and
reprecipitated by addition to water and acidification with concentrated hydrochloric acid
dropwise. Rectystallisation from propan-2-ol / tetrahydrofuran yielded a red-orange solid
(1.22 g, 21 %); m.p. 210-212 °C. (Found: C, 77.3; H, 4.7; N, 8.2. Cz2H1sN20, requires G,
77.8; H, 4.7, N, 8.2 %). &:3.18 (3H, s, NCHs), 4.21 (3H, s, OCHj), 7.43-7.66 (8H, m, Ar-H),
8.22 (2H, d, J 6.8, Ar-H). v/iem™ 2197 (C=N), 1703 (C=0), 1677.

Example 13
5-Cyano-4-sthoxy-N-ethyl-3,6-diphenylcyclopental clpyrrol-1-one 13

JP 2004-537638 A 2004.12.16
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Example 12 was repeated except that ethyl tosylate was used instead of methyl tosylate.
3.07 g (13 %) of a red-orange product were obtained; m.p. 200-202 °C. (Found: C, 78.0; H,
5.2; N, 7.8 %. CasHaoN:0, requires C, 78.2, H, 5.5; N, 7.6 %). vicm™ 2195 (C=N), 1694
(C=0), 1855. 8, (200 MHz) 1.19 (3H, 1, J 7.1, CHaCH,), 1.29 (3H, t, CH.CH;), 3.68 (2H, q,
NCH,CHg), 4.55 (2H, q, OCH,CHg), 7.42-7.67 (8H, m, Ar-H), 8.22 (2H, dd, J 2.2 and 8.2, ¢-
Ar-H).

Example 14
5-Cyano-4-methoxy-6-(p-methoxyphenyl)-N-methyi-3-phenylcyclopentaldloyrrol-1-one 13
Example 12 was repeated except that 6b was used instead of 1b. Yield 24 %; m.p. 253-255
°C. (Found: C, 74.7; H, 4.9; N, 7.7 %. CagH1sN,O5 requires C, 74.6, H, 4.9; N, 7.7 %). viem™
2200 (C=N), 1701 (C=0), 1655. 8 3.19 (3H, s, NCHy), 3.88 (8H, s, ArOCHz), 7,00 (2H, d, J
8.8, H-3 and -5 in 4-MeOGCgH,), 7.54-7.62 (5H, m, Ph-H), 8.33 (2H, d, J 8.8, H-2 and -6 in 4-
MeOCgH,).

Example 15 .

1.0 g of the DPP analogue 1d or 2d was mixed with 63.0 g of polyvinyl chloride, 3.0 g of
epoxidized soya oil, 2.0 g of barium/cadmium thermal stabilizer and 32.0 g of dioctyl
phthalate, and the mixture was processed on a roller mill at 160 °C for 8 minutes to give a
thin sheet. The PVC sheet thus produced is characterized by its very strong fluorescent
yellow-orange colour.

JP 2004-537638 A 2004.12.16
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Claims

1. Afluorescent diketopyrrolopyrrole analogue of the general formula

Al o]
3 == A4
A—N, 10)
CN
o] A?
5 wherein A’ and A? are Ci-Cisalkyl, C2-C1galkenyl, Co-C1galkynyl, Cs-Cacycloalkyl, Cs-

Cgeycloalkenyl, ary! or heteroaryl, in particular radicals of the formula

R' ‘
R |—_
T H o<

R° R
o]
/ )
R° '
wherein
10 &' and R? are independently of each other hydrogen, halogen, C1-Cqgalkyl, Cy-
Cigalkoxy, Ci-Cisalkylmercapto, amino, C;-Cisalkylamino, di(C1-C1galkyliamine, Cy-
Cigalkoxycarbonyl, C+-Cigalkylaminocarbonyl, -CN, -NOg, trifluoromethyl, Cs-
Cscycloalkyl, -CH=N-(C;-Cygalkyl),

4

R

phenyl, -CH=N R’

, imidazolyl, pyrrazolyl, triazolyl,

15 piperazinyl, pyrrolyl, oxazolyl, benzoxazolyl, benzothiazolyl, benzimidazolyl,
morpholinyl, piperidinyl or pyrrolidinyl,
G is -CHz~, -CH(CHa)-, -C(CHa)z~, -CH=N-, -N=N-, -O-, -8-, -80-, -§0y-, -CONH- or
-NR”-,
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R® and R* are independently of each other hydragen, halogen, G1-Csalkyl, Ci-
C1galkoxy or -CN, R® and R® are independently of each other hydrogen, halogen or
C-Cgalkyl, and R is hydrogen or C4-Cealkyl,
A° and A* are independently of each other Cy-Cralkyl, A, ~CRPR*'~(CHy)u-Ar, or
Y-R%, wherein R® and R® independently of each other stand for hydrogen or C;-
Caalkyl, or phenyl which can be substituted up to three times with C4-Caalkyl,
Ar® stands for aryl, in particular phenyl or 1- or 2-naphthyl, Cs-Cgoycloalkyl, in particular
cyclohexyl, or heteroaryl, which can be substituted one to three times with Cy-Cealkyl,
C4-Csalkoxy, halogen or phenyl, which can be substituted with Ci-Cgalkyl or C;-
Cqalkoxy one to three times, and m stands for 0, 1, 2, 3 or 4, Y is —C(O)- or -SO,- and
A% is C;-Cyqalkyl, Ar®, or aralkyl and A® can additionally be hydrogen, Cy-
Cgalkyloxycarbonyl, such as tert-butoxycarbonyl, or aralkyloxycarbonyl, such as
benzyloxycarbonyl.

The diketopyrrolopyrrole analogue according to claim 1, wherein A'and A% are radicals
of the formula

Aol (Y.

wherein R and R? are independently of each other hydrogen, fluoro, chloro, bromo,
C1-Caalkyl, C4-Cgalkoxy, amine, C4-Csalkylamino, di(C+-Cealkyl)amino, phenyl or CN,
G is -O-, -NR'-, -N=N- or -0z~ ,

R®and R are hydrogen, and

R is hydrogen, methyl or ethyl.

The diketopyrrolopyrrole analogue according to claim 1, wherein A’ and A? are radicals
of the formula

JP 2004-537638 A 2004.12.16
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wherein R' and R® are independently of each other hydrogen, methyl, tert-butyl, fluoro,
chloro, broma, dimethylamino, phenyl or CN.

The diketopyrrolopyrrole analogue according to any of claims 1 to 3, wherein A® is Cy-
Cgalkyl such as methyl, ethyl, n-propyi, isopropyl, n-butyl, sec.-butyl, isobutyl,
tert-butyl, n-pentyl, 2-pentyl, 3-pentyl, 2,2-dimethyl-propyl, n-hexyl, n-heptyl, n-octyl,
1,1,3,3-tetramethylbutyl and 2-ethylhexyl, Y-R* wherein Y is ~C(0)- and R* is

—@-R‘“’, wherein R* is hydrogen, C-Caalkyl, -O-C+-Caalkyl, or ~S-Cy-

Cialkyl,

~(CHz)m-Ar wherein m is 0 or 1 and Ar is a group of the formula

SiveRUSe)

which can be substituted one to three times with C;-Cyalkyl, Ci-Cgalkoxy, halogen or
phenyl, and hydrogen.

The diketopyrrolopyrrole analogue according to any of claims 1 to 6, wherein A is Cy-
Cealkyl such as methyl, ethyl, n-propyl, isopropyl, n-butyl, sec.-butyl, isobuiyt,
tert.-butyl, n-pentyl, 2-pentyl, 3-pentyl, 2,2-dimethyl-propyl, n-hexyl, n-heptyt, n-octyl,
1,1,3,3-tetramethylbutyl and 2-ethylhexyl, Y-R* wherein Y is ~C(O)- and R® is

AQRAO’ wherein R is hydrogen, Cr-Caalkyl, -O-C+-Caalkyl, or ~S-Cy-

Caalkyl and

~(CHz)m-Ar wherein m is 0 or 1 and Ar is a group of the formula

OO OO
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which can be substituted one to three times with C;-Cgalkyl, C;-Csalkoxy, halogen or
phenyl.

6. Aprocess for the preparation of the fluorescent diketopyrrolopyrrole analogue of the
5 general formula | according to claim 1, comprising

reacting a compound of the general formula

Al
10
. ~—CO,R
A—N (”)
o
with a compound of the general formula
CN
/:)N )

A2
10 . in the presence of a base and
reacting the obtained intermediate of the formula

A—N CN (IV9)

with a compound of the general formula
At—x W),
15 wherein A', A%, A°and A* have the meanings as given in claim 1, R' is Gy-Cigalkyl, aryl,
in particular phenyl, or aralkyl, in particular benzyl, which can be substituted one to
three times with C-Csalkyl, C1-Cgalkoxy or halogen, and X is a leaving group.

7. A composition comprising
20 (a) 0.01 to 50% by weight, based on the total weight of the coloured high molecular
weight organic material, of the diketopyrrolopyrrole analogue of formula | according to
any of claims 1 to 5, and
(b) 99.99 to 50% by weight, based on the total weight of the coloured high molecutar
weight organic material, of a high molecular organic material, and



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(56) JP 2004-537638 A 2004.12.16

WO 03/014255 PCT/EP02/08590

28
(c) optionally, customary additives in effective amounts,

8. Amethod of colouring a high molecular weight organic material by incorporating

therein a diketopyrrolopyrrole analogue of formula | according to any of claims 1 to 5.

9. Use of the diketopyrrolopyrrole analogues of formula | according to any of claims 1 to 5
for the preparation of inks, colourants, pigmented plastics for coatings, non-impact-
printing material, colour filters, cosmetics, polymeric ink particles, toners, dye lasers
and electroluminescent devices, or as fluorescent markers for immunoassays and
fluorescent tracers for leak detection of fluids.

10. A diketopyrrolopyrrole analogue of the general formula

1

A OH
3 ~=
A—N CN (v)
o] A

wherein A', A? and A® have the meanings as given in claim 1.
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