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The use of light in medical diagnosis has recently gained importance (see, e.g., Biomedical
Photonics Handbook (Editor: T. Vo-Dinh), CRC Press). A wide variety of diagnostic proc-
esses are found in the experimental test for application in various medical disciplines, e.g.,
endoscopy, mammography, surgery or gynecology. Light-based processes have a high in-
strumental sensitivity and make possible molecular detection and imaging of the smallest
quantities of chromophores and/or fluorophores (Weissleder et al. (2001) Molecular Imaging,
Radiology 219, 316-333).

Dyes that are fed to the tissue as exogenic contrast media for fluorescence diagnosis and im-
aging, and here in particular fluorescence dyes with an absorption and fluorescence maximum
in the spectral range of 700-900 nm (diagnostic window of tissue), are of special interest for
in-vivo use. Photons of this wavelength are comparatively little absorbed by tissue and can
therefore penetrate several centimeters into the tissue before the absorption process (primarily
by oxyhemoglobin and deoxyhemoglobin) ends the light transport. Absorption can take
place, moreover, by the fluorescence dyes that are introduced into the tissue, but that emit the
absorbed energy in the form of longer-wave fluorescence radiation. This fluorescence radia-
tion can be detected spectrally separated and makes possible the localization of dyes and ﬁe
correlation with molecular structures to which the dye has bonded (see in this connection also

Licha, K. (2002) Contrast Agents for Optical Imaging (Review). In: Topics in Current Chem-
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trans- sentatives and were synthesized in many different structural widths. In particular, carbocya-
nines with indocarbocyanine, indodicarbocyanine and indotricarbocyanine skeletons have
high extinction coefficients and good fluorescence quantum yields [Licha, K. (2002) Contrast
Agents for Optical Imaging (Review). In: Topics in Current Chemistry — Contrast Agents II
(Editor: W. Krause), Volume 222, Springer Heidelberg, pp. 1-31, and the references cited

therein].

WO 96/17628 thus describes an in—vivo diagnostic process by means of near-infrared radia-
tion. In this case, water-soluble dyes and biomolecule adducts thereof with specific photo-
physical, and pharmacochemical properties are as contrast media for fluorescence and trans-

illumination diagnosis.

The synthesis of cyanine dyes with indocarbocyanine, indodicarbocyanine and indotricarbo-
cyanine skeletons is well described in the prior art. Relevant literature in this respect is, for
example: Bioconjugate Chem. 4, 105-111, 1993; Bioconjugate Chem. 7, 356-62, 1996; Bio-
conjugate Chem. 8, 751-56, 1997; Cytometry 10, 11-19, 1989 and 11, 418-30, 1990; J. Het-
erocycl. Chem. 33, 1871-6, 1996; J. Org. Chem. 60, 2391-5, 1995; Dyes and Pigments 17, 19-
27,1991, Dyes and Pigments 21, 227-34, 1993; J. Fluoresc. 3, 153-155, 1993; and Anal. Bio-
chem. 217, 197-204, 1994. Additional processes are described in patent publications US
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how evid&s,) W{ipon}rlpﬁ;r Q@ AEPR7 quyﬁW‘@saéd 9\9”@%6@ .escence quantum yi el ds
of the indotricarbocyani nes always exist after a coupling to bionolecules.

For the comercially avail able dye Cy7, Guber et al. (Bioconjugate Chem.
11, 696TROMmowatedytricarbecyerises prewionshntsed in dhesprdr art stil baveahrewbasks, ihewency
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Phot obi 0l &Scri be conjugates of an indotricarbocyanine
wth HSA and transferrin with fl uorescence quantumyields of 2.9%or 2.8%
and deffoﬁ%or%?c%géepédagtr&ms 121%% the indo csa}b% agfﬁeglalwnegg Iex1s’c after a coupling to
biomolecules. For the commercially available dye Cy7, Gruber et al. (Bioconjugate Chemn.
11, 696-704, 2000) thus describe that a loss of fluorescence efficiency occurs after coupling to
a biomolecule. Becker et al. (Photochem. Photobiol. 72, 234, 2000) describe conjugates of an
indotricarbocyanine with HSA and transferrin with fluorescence quantum yields of 2.9% or

2.8% and deformed absorption spectra in physiological medium.

In addition, the dye conjugates tend toward aggregation. Becker et al. (Photochem. Photobiol.
72, 234, 2000) for conjugates of an indotricarbocyanine with HSA and transferrin and Licha
et al. (Bioconjugate Chem. 12, 44-50, 2001) for receptor-binding peptides describe them as
having deformed absorption spectra in physiological medium. These deformations indicate
aggregate formation and the fluorescence extinction that occurs as a result. A similar problem

exists in the case of an inadequate water solubility of the dyes.

With a reactive group, there is also always inefficient access to derivatives. Gruber et al.
(Bioconjugate Chem. 11, 696-704, 2000) thus describe the use of Cy7-bifunctional NHS-
esters with two reactive groups, which could potentially produce cross-linking of two bio-
molecules. By two carboxy groups in the molecule, however, the synthetic access to deriva-
tives is hampered with only one reactive group and leads to by-products (e.g., contains mon-
oreactive NHS esters of Cy7 portions of the non-activated and the double-activated Cy7

molecule).
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in which

X is O, S or C that is substituted in two places, whereby the substituents can be selected from
methyl, ethyl, propyl, isopropyl and/or butyl; Y is CH,-CH; or CH,-CH,-CHj; Z is C; to Cs
alkyl, whereby the C atoms are optionally substituted by O or S, or

R| to Ry, independently of one another, are SOsH or H, with the proviso that at least three of
R; to R4 are SO;H, Rs is -CO-NH-R3-Rg, -NH-CS-NH-R3-Rg or -NH-CO-Rg-Ry, in which Rg
is selected from the group that consists of unbranched C,-C;3 alkyl, in which C atoms are op-
tionally replaced by O or S, and Ry is selected from

—NH
= -

0 or



met hyl, ethyl, propyl, isopropyl and/or butyl; Y is CH2-CH2 or CH2- CH2- CHZ;
Zis Cl to C alkyl, whereby the C atons are optionally substituted by 0 or
S, or O R to R4, independently of one another, are SOG3H or H, with the
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are CH, and salts and solvates of this compound.

More preferred is an indotricarbocyanine dye of this invention, in which Z is C,;-Cs alkyl.
Even more preferred is an indotricarbocyanine dye of this invention, in which

Zis

and Rg and R are connected to a hexyl ring via Cs-alkyl.

Fluorescence dyes from the class of cyanine dyes, in particular indotricarbocyanines with an
absorption and fluorescence maximum in the spectral range of 700 to 900 nm, of a thiol-
specific reactive group and three, preferably four, sulfonate groups, are thus subjects of this

invention. The latter are used to increase water solubility.

It could now be found, surprisingly enough, that the indotricarbocyanines according to the
invention with the above-mentioned structure (compact position of 3-4 sulfonate groups with
sulfonatoethyl radicais) have a high fluorescence quantum yield of > 15% and that the fluo-
rescence quantum yield after coupling to biomolecules remains approximately unchanged
(maximum loss of about 10%). The absorption spectra of the conjugates show, moreover, no
deformation of the dye absorption in the NIR range at about 750 nm. Good hydrophilia, re-

duced aggregation and increased fluorescence quantum yield relative to conventional indotri-
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ents in meso-position of the methine chain and at least one reactive group that makes possible

the binding to biomolecules. The embodiments relate to indodicarbocyanines (polymethine
chain that consists of 5 C atoms), however, and the compounds have no reactive group in

meso-position.

WO 00/16810 (“Near-Infrared Fluorescent Contrast Agent and Fluorescence Imaging”) de-
scribes indotricarbocyanines, i.a., with substituents in the meso-position of the C7-
polymethine chain. It is not indicated, however, how reactive groups can be introduced or

produced.

Another aspect of this invention relates to an indotricarbocyanine dye, in which Rs is COOH
or NH,.

The published derivatives are based primarily on the Cy3-, Cy5-, Cy5.5- and Cy7-basic
structure (commercially available from Amersham Pharmacia Biotech; US 5,268,486; Cy3 =
indocarbocyanine, Cy5=indodicarbocyanine, Cy7=indotricarbocyanine). Thiol group-reactive
derivatives are of special interest, since the latter allow a directed conjugation with biotech-
nological cysteines that are positioned specifically in biomolecules. The prior art is concen-

trated here primarily on Cy3 and CyS5 derivatives.
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Another aspect of this invention relates to a process for the production of an indotricarbocya-

nine dye of this invention. In this case, a simple access via 4-substituted pyridines was found.

Surprisingl

y enough, various 4-substituted pyridines in high yields could be converted by

means of the Zincke reaction (Zincke-K&nig reaction, see R6mpps Chemie Lexikon [R8mpps

Chemical

Dictionary], 10th Edition, page 5067) in meso-substituted glutaconaldehyde-

dianilide (precursors to cyanine dye).

In addition

to the simple and efficient synthesis of 4-substituted pyridines, the symmetrical

structure of the dyes of this invention opens up the possibility of a defined derivatization with

a thiol-group-selective reactive group in symmetrical meso-position of the molecule.



tri-, oligo- and pol ysaccharides. The synthesis and bi ol ogi cal
characterization of cyanine dye conjugates with bionol ecules, such as

pepti des, antibodies and fragnents thereof and proteins for in-vivo

fl uor escenogodéra@sssposi s of tunors, is described in the i [N vari ous
publications. In this case, primarily fghe above-nentioﬁgﬁnﬁgﬁﬁk%ggp Cy5.5
and Cy7 were used (see in this respect, i.a., Nature Bio- technol. 15, 1271,
1997; CgRe irthee dedtatizationVto thibl gt&ub-reddiNe; coﬁlpoﬁxmlk@@ thubRbfied oud, 1A%, 1999;
Nature Biotechnol . 17, 375, 1999; Nature N@dlClne 743, 2001). Anot her
aspect @oupFRastiven{paptiqnghitiosearat @8, meleminide) (melsimids), chloroacayl Aremeasedlani ne
dye accyydacetyl gclﬁcﬁ‘o&c@%ﬂl?w, e(ﬁ&frﬁﬁl:e%rﬁ&b 3odYa oUkRof 1, "¥SmBAIRylURd
according to"a process of ‘the in- vention. This con ugaté can

char act deallgyhpyridylidisalfidet and il iselémamidei onol ecul e as defi ned above, wher eby
as a bionolecule, at |east one bionolecule, selected from peptides,
proteins, |ipoproteins, antibodies or antibody fragnents, nucleic acids,
such asstill aotlest aspebeof thisiigi@tion fallataito d pSocoss fbﬁ{hy rjmzluemﬂ ofsconjugbidAhaar  RNA,
aptaners, PNA, ang sug ars @%ch as, for_exam nono- Epﬂ tri- ollgo-

and pol §EERISABFIUA aw degicarbpeyane dugiof thisdnveg %‘Ffé’oa bipBolecre Withia s b
char act gighe efﬂwmwaﬁron% “blbﬁoﬁ@ﬁl@cfsqg bE rd@ﬁhédh@s é?lryQ'H@leélfle Sk BloRighlal Bighe] s or

soluble pro- teins of the body. Quite especially preferred are serum
pr ot ei ntha kasg. biolpgegl actiyityi, ppparti¢war/ eantmasisdgtivitaeiinding of sublstanees of sg-, an

por oxi daeie o bRtogtpef Bpar Bucls, K5 B0 Bifmedit SRR RRE wiley,

known f reoeptérher pudlaic aads Burtern, preferredéidrdieniieasird prateins; euolli asgiot exhngdgi nst

{1 scuo. SRR PGPS AF0BIG i hBus Hegmed (RahS ety Gt Fpadlolp

96/ 0165@ihbodids, &tb! 9,qip%brdté1h§ hﬁ@ltuc%ﬂs HAEH B0 EdraatpPR] oli’%cﬁlué!gﬁid% br pd1gnu-
receptors for vascu ar growth factors, receptors with endothelial cells to

whi ch i pleetideso A@agtampdeNén@pmmxsqsh@seﬁorl§xm@, aen9-edipr essed
spemhgpl&l '&éﬂb&')g&r?ﬁ dson of new vessels. Preferred are other

ant i bodi es ant ragnents that are directed against the

The synthesis and biological characterization of cyanine dye conjugates with biomolecules,
such as peptides, antibodies and fragments thereof and proteins for in-vivo fluorescence diag-
nosis of tumors, is described in the prior art in various publications. In this case, primarily the
above-mentioned Cy3, CyS5, Cy5.5 and Cy7 were used (see in this respect, i.a., Nature Bio-
technol. 15, 1271, 1997; Cancer Detect. Prev. 22, 251, 1998; J. Immunol. Meth. 231, 239,
1999; Nature Biotechnol. 17, 375, 1999; Nature Medicine 7, 743, 2001).

Another aspect of this invention relates to a conjugate of an indotricarbocyanine dye accord-
ing to the invention with a biomolecule that was produced according to a process of the in-
vention. This conjugate can be characterized in that it comprises a biomolecule as defined
above, whereby as a biomolecule, at least one biomolecule, selected from peptides, proteins,
lipoproteins, antibodies or antibody fragments, nucleic acids, such as, for example, oligonu-
cleotides or polynucleotides of DNA or RNA, aptamers, PNA, and sugars, such as, for exam-
ple, mono-, di-, tri-, oligo- and polysaccharides, is more preferred. The coupled protein can
thus be characterized in that it is selected from the group of skeletal proteins or soluble pro-
teins of the body. Quite especially preferred are serum proteins (e.g., HSA), antibod-
ies/antibody fragments, such as, e.g., an scFv-fragment or F(ab), as well as peptides, BSA,

egg albumin or a peroxidase derived therefrom.



matri x protein EDB-fibronectin and conjugates therefromaccording to the

I nvention. EDB- fibronectin, also known as oncofetal fibronectin, is a
splice variant of the fibronectin, which is fornmed specifically around
new y fornegb»esegks i n the process of angi ogenesis. Es | eferred
are antibodies L19, E8, AP38 and AP39;iagai nst the EDB-f?gﬁﬁﬁg@¥Wﬁ%%Cancer
Res 1999, 59, 347; J Immunol Meth 1999, 231, 239; Protein Expr Purif 2001,
21, 156). Preferred is a conjugate according to the invention that is
characterized in that the indotricar- bocyanine dye is cou?led to the

bi onol eEHsknowa figm e pgpvgpareed geantiiofips tabarg direped)against melegules that apne.
Opt i Onax%ﬂ esSeSHteAT %éiﬂ{&fe%gl%gé’neﬁ Ueeek fidd é&ﬁd @6 vI: 6\% 1808 irﬁﬁl@' es and

their agnent s t are uced by reco I nant such that on
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t hey con o t does not form an o bri dges
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conprises an ni ne e of Lhis inyention and/or, onj ugat e

otricar ocya-, a
of thi qusmn%’regwe d) a5e other apibpdigsHx q{lﬁlboclya agraenis, hat ateqdirected étdﬁiavant s
for i npheRBirbies mmrweml %@%}@@a&s @ereftdin Q@Jo&dlﬁ? k@ﬂle inbehfiBs. SEDBDese

adj uvants are, for exanple, suitable buffers, vesse detection reagents or
di r ect i Bbrendcsin, alspeknownise ok¢afetak Blirenestinyis 8 émhca ivarang jof theefibserieatin whigh ian

S I
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t he inventlon as sol utlon (conmmon additives) or freeze-dried material in a
molar ratio of 0.1 to 1 (1 Ox deficit in an equinolar quantity). The

dye- conkuaferied ds & eaniugate apcoudingro ApigBersion gt | Brigadingbat thy indptricamal | y
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cysteine. Optionally even more preferably produced therefrom are those antibodies and their

fragments that are produced by recombinant techniques, such that on the C-terminus or the N—
terminus (within the outside 1-10 amino acids), they contain a cysteine that does not form any
intramolecular S-S-bridges and therefore can be used for coupling to the dyes according to the

invention.

Another aspect of this invention relates to a diagnostic kit that comprises an indotricarbocya-
nine dye of this invention and/or a conjugaté of this invention. In addition, the kit can contain
additional adjuvants for implementing an in-vivo diagnosis of, in particular , tumors. These
adjuvants are, for example, suitable buffers, vessels, detection reagents or directions for use.
The kit preferably contains all materials for an intravenous administration of the dyes ac-
cording to the invention. Special embodiments of such kits according to the invention are, for

example, as follows.

A first vessel that contains the antibody (biomolecule) with a free SH group and standard
buffers/additives either as a solution or freeze-dried material. Another vessel that contains the
dyes according to the invention as solution (common additives) or freeze-dried material in a

molar ratio of 0.1 to 1 (10x deficit in an equimolar quantity). The dye-containing vessel is



sel, incubated for 1-10 mnutes and used directly as an injection solution.
I n anot her enbodinent, the kit is present in a two-chanber system(e.g., a
syringe), which in one chanber contains the antibody sol ution, and

physi cal | y wepéauetsash by a breachable wall in a second %;E}%MB&%@ ns the
dye as solution or solid material. Aftgr the wall is broken, "a” niXture and
production of the injection solution is carried out. A last aspect of this
I nvent i gichABNmiLRH RSl fr Bp&sﬁﬁ&i WhteParAILD RS Be BfmAIbuMIcdntaikiRe vepvent i on
as a fluorescence contrast nediumfor in-vivo diagnosis of tunors. The
absor pt $ebringvhatedion 1- Y mppiesiand needsliteghirseniigection spiytiome range of 745 nm and
is thus especially suitable for the in- vivo detection of fluorescence from
deeper tissue |ayers (see above). Cy7 derivatives with thiol

gr oup- skl anothew embatimenty the dritds present én @ owo- yl&tnhéesxsteixﬂ)éadg & syminge), whioh iaddi tion,

t he use of ti bo n es for d of t he .ed ar.eas funors is
al r eady® I}?Wgﬁre m%\c}%‘k‘g#’f’é %gh?nAﬁ? a‘%ﬁ/ %L}B'?gﬁrf 61 °Bifdfing to
Target Shdcofid Uhiddbed bordigs GBIV %k Soluflofor sdlﬂrmit@ndl NtAfe pies whil Webrgkdagpi ct

Tunor Peri pherl es), but not wWith use of advantageous dyes ac- cor di ng to the

i nvent i BRctur¢gad PW@B‘%?{OPd’ﬁﬂ}%nJﬁﬁWntSBh@@nﬁﬁafrﬁéﬂuﬁescr| bed in terns of the
foll ow ng exanples and figures wthout, however, being |imted thereto.
Figure 1 shows the standardized absorptl on and fl uorescence spect r um of
conj ugafdaskaspect(ofjthis invantiorsth¢rBielatesde theaist ef @yorijugaBR conling thithpinwertioshows t he

results_ofsthe ima erties aof t.he con S ord|n he i1 nven-
tion of”l%(%'f?p?scelfﬁ%ﬁfq?aﬁ{) @Bgltflgﬁ@ wvo%)lﬁ lgtdgﬂ%i ? gﬁ%rso gt"ia?m{l ar ci noma
i nI t he dSﬂ@;l‘ﬁlnhthﬁgbnﬁdcﬁdﬁkls(iﬁ tﬁeflengmamozdneam g&&ampécﬁdﬂg: smitglhiecﬂm theight (data
relative tqQ the excit tion: 740 nm (djo ser etection;

CCD- can’er%?if @mesmmﬁ%@nsézepsr fssop Tetslaer 5&9&& b7 dbvaives viB ¢ res:
before ingy) %ﬁdﬁgéeleCWrelct{W?@uﬁ aPé)MtSyeﬂHQcﬁﬂedhﬁbW&eﬁf e ﬁddlﬁbﬁi‘il‘ié &B-of The

position o tumor is identif arrows. WO 2004/ 0654
PCT/ EP2@tidody ergugategdor detection of the edge areas of tumors is already described in WO

01/23005 (Antibody Dye Conjugates for Binding to Target Structures of Angiogenesis in Or-

der to Intraoperatively Depict Tumor Peripheries), but not with use of advantageous dyes ac-

cording to the invention.

The invention is now to be further described in terms of the following examples and figures

without, however, being limited thereto.

Figure 1 shows the standardized absorption and fluorescence spectrum of conjugate K11 (A)
and K15 (B) (see Table 2) in PBS, and

Figure 2 shows the results of the imaging properties of the conjugates according to the inven-
tion of Example 24 with: substance: conjugate K15; tumor: F9 teratocarcinoma in the right
rear flank of the mouse; dose: 50 nmol/kg of body weight (data relative to the dye); excita-
tion: 740 nm (diode laser); detection: CCD-camera (Hamamatsu) with a 802.5 + 5 nm band-
pass filter and the times: before injection, and 1 hour, 6 hours and 24 hours after injection.

The position of the tumor is identified by arrows.



Exanpl es Exanples 1 -16: Synthesis of Indotricarbocyanine Dyes with

Mal ei m de Groups Exanple 1: Trisodium

3, 3-di net hyl - 2-{7-[ 3, 3-di net hyl - 5-sul fonat o-1 - (2- sul f onat oet hyl ) -

3H- i ndol i unw@200lsbesder( 2- ([ 2- (2, 5- di oxo- 2 5-di hydro- | H pyr %q}EP}Oox)O}Z%shyl]car ba
nmoyl ) -

et hyl ) hepta-2,4,6-trien-1-ylidene}-1- (2 sul f onat oet hyl ) - 2, 3-di hydr o-| H i ndol
e- 5- sulfonate internal salt (FornmuiggajplesO N ONH+ ONa 0- .0 Na %0
;SO0 N+ N OS=00=S-0 Na+ O O a)

1- (2- Sul f onat oet hyI) 2,3,3-trinethyl -3Hindol eni ne-5-sul fonic acid, internal

T8 b coop AP I8 Bl o P ey i ¢ oc1 o

2- chl oroethanesulfonlc acid chloride and 4.2 g (0.04 nol) of tri- ethyl am ne

St i onkieae 1 Aripodhim - Seebils- b5 Sman i nat FRatoaRReYD: 1504

217, 19§Hhhdoimliml - 2L{[2L 2 B BBk D) srdnﬁfdrd-lmﬁ)ynhuwhg eiyi]@srbathogi}t 89 mmol ) of
t- but P- di met hyl phosphonoacetate in 50 i s added in drops at
0Cto aetbwwg—ﬁé»@/ -tiensl-ylidenehd-@Grsplfgnatpethpln2 3rdihydre-Hd-ipdededs i n i ner al

oil) in q t irJﬂ'ft hour of stirring at 0OC, a solution of 10 g
(93 nno?lﬁiﬁ ?mblfr |ane 4 ocaﬁ{) II%)dehyde in 50 mM of tetrahydrofuran is added

in drops, and the reaction mxture is irred

a) 1-(2-Sulfonatoethyl)-2,3,3-trimethyl-3H-indolenine-5-sulfonic acid, internal salt

10 g (0.04 mol) of 2,3,3-trimethyl-3H-indolenine-5-sulfonic acid (Bioconjugate Chem 1993,
4, 105), 6.8 g (0.04 mol) of 2-chloroethanesulfonic acid chioride and 4.2 g (0.04 mol) of tri-
ethylamine are refluxed in 200 ml of acetonitrile for 6 hours. The precipitate is suctioned off
and dried. Yield 5.0 g (35% of theory). Anal Biochem 1994, 217, 197

b) 3-Pyridin-4-yl-propionic acid-tert-butyl ester

20 g (89 mmol) of t-butyl-P,P-dimethylphosphonoacetate in 50 ml of THF is added in drops
at 0°C to a suspension of 3.9 g (98 mmol) of sodium hydride (60 % in mineral oil) in 250 ml
of THF. After 1 hour of stirring at 0°C, a solution of 10 g (93 mmol) of pyridine-4-
carbaldehyde in 50 ml of tetrahydrofuran is added in drops, and the reaction mixture is stirred
for 1 hour at 0°C and for 18 hours at room temperature. The precipitated solid is removed by
filtration, and the solution is concentrated by evaporation. The residue is dissolved in isopro-
panol while being heated, non-soluble portions are filtered off, and the solution is cooled to

0°C for crystallization. The solid that is produced is filtered off, stirred with hexane, filtered



for 1 hour at OC and for 18 hours at roomtenperature. The precipitated
solid is renoved by filtration, and the solution is concentrated by
evaporation. The residue is dissolved in isopro- panol while being heated,

non- sol ubl gysib@dnsg are filtered of f, and the sol ution o OCfor
crystallization. The solid that is prQ@Iuced is fil teredPg?@B%B{V&S?}gd W th

hexane, filtered WD 2004/ 065491 PCT/ EP2003/012735 19 and dri ed. The.
I nt er meglidadrRd PR tdrmediateDraduct 8 sByglh ffted th 150GnMdf eqfaneit\hiﬁn@hs gith 0.15

g of 10% pal | adiunfactivated carbon for hours., The cat al is filtered

of f, thef K& pelladinmiactivatndcenhonatos @ hoyrsey Bhrosaialy s fifarediafb eegq lgtipm iss
filter e@oxﬁg&tu%téd'@ % é}a&&?%& %é%&gﬁﬂies dﬁl{egd‘é(ﬂ sili€d P& (hobild sOvéht Aietiyl! 1 gt

yel | ow ol eor

3-[ 2- ( t ethen). BL&9/g@f(yhglntb@HW)odt(ﬁW]o@ﬂmaaisrtﬂ)mmdyde- di ani | i de- hydr obromi de A
solution of 10 g (48 mol) of 3-pyridin-4-yl-propionic acid-tert-butyl ester
in 150 M of diethyl ether is mxed with 8.9 g (96 mvl) of aniline and
then m¥ed - ZD@erthtyl@cy&ﬁbdxﬁﬂﬁ&yl]@futa‘&oﬁal@h&d@dmmki}-hsidrobfoﬁﬁmyanogen in 2

m of diet After 3 f st th t hat
or oduceth TobNep RF AP oD R eB i s BpIRBIon R iy et 190 G 203 g

( 92% of diHh?Pé’tMér 151)111%'\51@98 9B (96 mmol) of aniline and then mixed at 0°C with a solution
3,3-dinmethyl -2-(7-[3, 3-di nethyl -5-sul fonat o-1 - ( 2- sul fonat oet hyl ) - 3H

i ndol i uk 24y (48 mmol) @ﬁbmwpr) in 2 ml of diethyl ether. After 3 hours of stirring at

hept a- 2 l,
25 ai e St Mgkl 1 8Bk ke Sd oot MR b and yaowmdried. | (5
ol ) of 3-[Yeld @0t3-h (9294 abthemyPonyl ) et hyl ] - gl ut aconal dehyde-

di ani | i de- hydrobrom de (Exanple Ic)) and 1.5 g (4.4 mol) of
1- (2-sul fonat oet hyl ) -2, 3,3- trinethyl-3Hindol eni ne-5-sul fonic acid (Exanple

la)) i nd 0 nTns@fhuﬁP?BJdﬁnétﬁyldz @ﬁ[&/ﬂﬁhﬁ&hﬁsdsulf‘énﬁb 190- s%ﬁ’@ﬁdt@etﬁﬁ) SHi s m xed

with 0.75 g (9 sodium acetate and stirred for 1 hour at 120C.

After cooli ringIWEn'?é’l]rﬁ'Q?e@PIhﬁ’)t}’ﬁﬂ’éll)et}h"ﬂa ?e‘i,ﬁémen-iﬂbd?neéclr@r%fp@w%) dis
filtered off, ?Hﬂl?’ﬂl%uﬁ-;[flﬂ(ﬁ% %H%Ha% cfggeﬁggpy (RP-C18-silica gel, nobile
ano uct

sol vent wat er ) and Is freeze-dried (0.5 g). The
cl eavagd sspenkien mfolt.@ @t (22 monal)pf Bs[2<(&rtﬁblmyjommbb;lyl$¢ﬂlyl] glutpconaldehyde-

dianilide-hydrobromide (Example 1c)) and 1.5 g (4.4 mmol) of 1-(2-sulfonatoethyl)-2,3,3-
trimethyl-3H-indolenine-5-sulfonic acid (Example 1a)) in 20 ml of acetic acid anhydride and
5 ml of acetic acid is mixed with 0.75 g (9.1 mmol) of sodium acetate and stirred for 1 hour at
120°C. After cooling, it is mixed with diethyl ether, the precipitated solid is filtered off and
purified by chromatography (RP-C18-silica gel, mobile solvent water/methanol) and the
product is freeze-dried (0.5 g). The cleavage of the protective group is carried out by stirring
the intermediate product in 4 ml of dichloromethane/1 ml of trifluoroacetic acid for 1 hour.
After concentration by evaporation and chromatographic purification (RP-C18-silica gel, mo-

bile solvent water/methanol), 0.45 g (23% of theory) of a blue lyophilizate is obtained.

e) Trisodium 3,3-dimethyl-2-{7-[3,3-dimethyl-5-sulfonato-1-(2-sulfonatoethyl)-3H-
indolium-2-yl]-4-(2-{[2-(2,5-diox0-2,5-dihydro-1H-pyrrol-1-
yDethyl]carbamoyl} ethyl)hepta-2,4,6-trien-1-ylidene}-1-(2-sulfonatoethyl)-2,3-
dihydro-1H-indole-5-sulfonate, internal salt
0.4 g (0.45 mmol) of the title compound of Example 1d) and 45 mg (0.45 mmol) of triethyla-
mine are dissolved in 10 ml of dimethylformamide, mixed at 0°C with 0.15 g (0.45 mmol) of
TBTU and stirred for 10 minutes. Then, a solution of 0.17 g (0.68 mmol) of N-(2-
aminoethyl)maleimide-trifluoroacetate (Int J Pept Protein Res 1992, 40, 445) and 68 mg (0.68



the internmediate product in 4 ml of dichloronmethane/l m of trifluoroacetic
acid for 1 hour. After concentration by evaporation and chronmat ographic
purification (RP-Cl8-silica gel, npo- bile solvent water/nmethanol), 0.45 g
(23% of t hewoydos@Esssy bl ue | yophilizate is obtained. e) Tﬁ?’gb"p

3, 3-di met hyl - 2-{7-[ 3, 3- di met hyl - 5- sul fggnat o- | - ( 2- sul f onato {‘n"}ﬁ
indolium2-yl]-4-(2-{[2-(2, 5-di oxo-2,5-di hydro-I H pyrrol -1I-

yl') et hylnhfoRy 838N limine in 0.5 ml of dlmethylformamlde is added, and it is stured for 1 hour at
ethyl)hepta-2,4,6-trien-1-yli dene}-l-(2-su|fonatoeth 3-

di hydr oo femerraire -Aferfl@maltof dieth etheris addad; the sth@S(ceanlgqﬁﬁff) diggd ande title

conpoun 5 i I n

di ssol vg‘gﬁi o So %&)m%%afb?' Bnﬁ%‘(medl% Sﬂm% %d%%n\g/)\n%% g\_’v_aLtg}).g? 8‘."45 mol )
of TBTOJBQngfaﬂ)luerlymjahﬂrzatemS%olﬁtheegr) Then, a solution of 0.17 g (0.68 mmuol)

of N-(2- am noethyl)mal eimde-trifluoroacetate (Int JPept Protein Res 1992,

40, 445) and 68 ng (0.68 WO 2004/065491 PCT/ EP2003/ 012735 20 nmol ) of

triethylam nElemsnthyEanarﬂys@fcwne@hylzﬁmmmm g1ssad@edNaging it is stirred for
1 hour at roomtenperature. After 10 i et h?l#é?aet her is added, the

solid is centrifuged off, Hed-edC4nd4 Iéﬂl“ﬂfNéef‘oﬁl n¥a d02chr onat ogr aphy (RP
C-18 silica gel, gradi ent nmet hanol /water). Yield: 0.30 g of a blue

| yophilizate (65% of theory). Elenentary analysis: dd.: C47.24 H 4.26 N
5.51 S EXalﬁihlelﬂaTﬁlsﬁﬁmﬂ'{hﬂ-dlmelhyll}?{%[H3~dlﬂ8thbdl—5—sdﬂoﬁtﬁ-]l-(99 Na 7.02 Exanple

g ul ;r(rjlré?'ﬂ}é('f'n%?) h?@gélgelb‘g%“ﬁh%%ﬁy ‘?2 25%2 %E‘* %’Y(' %‘ggsigﬂ%?gl ?’i‘)’l-'r;?ﬁ'ﬁ';/dr o-1 Hpyrrol -
|- yl) hWb’dxM]@dlbaﬂB}’l}éthyl)hepta-Z 4,6-trien-1-ylidene}-1-(2-sulfonatoethyl)-2,3-dihydro-

ethyl)hepta-2,4,6-trien-1-ylidene}-1-(2-sul fonatoethyl)-2, 3-di hydro-
1H i ndol "Bd%lﬁ'ﬁrsaﬂfa%te’ ipteraalsalt @rmulpg) myia 111) H ONN 0

The synthesis is carried out analogously to Example 1e) from 0.4 g (0.45 mmol) of the title
compound of Example 1d) and 0.21 g (0.68 mmol) of N-(6-aminohexyl)maleimide-
trifluoroacetate (Int J Pept Protein Res 1992, 40, 445). Yield: 0.38 g of a blue lyophilizate
(81% of theory).

Elementary analysis: Cld.: C49.25 H4.79 N5.22 S11.95 Na 6.43
Fnd.: C4896 H4.92 N5.32 S11.88 Na6.56



SS 0O/ N '"Cr/ ONa: OS=0 0=5-ONay 11 11 Na© OO The synthesis is
carried out analogously to Exanple le) fromO0.4 g (0.45 mmol) of the title
conmpound of Exanple Id) and 0.21 g (0.68 mml) of N-(6-am nohexyl)nmal ei m de-
trifluoroageh adofodsksit JPept Protein Res 1992, 40, 445). P}%ﬁg%osl%zz g of a
bl ue lyophilizate (81 % of theory). Ehenentary anal ysis: o .25 H
4.79 N5.22 S 11.95 Na 6.43 Fnd.: C 48.96 H4.92 N5.32 S 11.88 Na 6.56 WO
2004/ 0 I ; ' ' ' -(2- .

5, 3. di nes Ty (oAt AR A2 PPty HAARERITL G- sulouatgethy)

3H i ndo3Hdndoliup-R-yl]-4-12-{[1332,5diexae2,5-dbbydre-1H-pyrteblyh-4 %100l - 1-yl ) -4, 7, 10-

tri oxat ri . .

ot pant G ddeycarbamoylethyDhepta:2,4.6 trie-l-ylidene}-1-Q splfomatpetiy 23 , o

di hydr odihydraitiBiind de-Sesulfonste SnternalesaltgdForamdla IVy}ormula 1V) HO 0 N O O N\
O 0 O0O0O3S 0/ N NO Na'" 0-5=0 0=S-0O Na' OOONa

The synthesis is carried out analogously to Example le) from 0.4 g (0.45 mmol) of the title
compound of Example 1d) and 028 g (0.68 mmol) of N-(13-amino-4,7,10-
trioxatridecyl)maleimide-trifluoroacetate (Int J Pept Protein Res 1992, 40, 445). Yield: 0.27 g
of a blue lyophilizate (51% of theory).

Elementary analysis: Cld.: C48.97 H5.05 N4.76 S 10.89 Na 5.86
Fnd.: C49.22 H5.16 N4.62 S 10.67 Na5.66



The synthesis is carried out anal ogously to Exanple le) from0.4 g (0.45
nmmol) of the title conpound of Exanple Id) and 0.28 g (0.68 mmol) of
N-(13-am no-4,7,10- trioxatridecyl)naleimde-trifluoroacetate (Int JPept
Protei n RewglH9#ess402, 445). Yield: 0.27 g of a blue ly Jp | 51% of
theory). El ementary analysis: Cd.: Cy48.97 H5.05 N 4. ?g /EH.LOE?}@SB&G 5. 86
Fnd.: C 49.22 H5.16 N 4.62 S 10.67 Na 5.66 WD 20041065491 PCTI EP20031012735

22 Exarmhﬁqﬁe 4Tmri%ediuu{73 3- d1methyl-2-{7 [3,3-dimethyl-5-sulfonato-1-(2-sulfonatoethyl)-
3, 3-di net hyl - 2- dlrret sulfonat01(2 sul f onat oet hyl

3Hi ndcﬁﬂﬂnﬁ@nm ?-yh ‘((tt-{[?-ﬁ,é @Ocﬂ Srdéhysre-1§1- nxxaﬁbl-vlktby}kwa@ﬁy)}) et hyl | car ba

moyl ) - -2.4.6-trien-1- - -

but yl ) hasybepta;24,6-trien-1-ylidpnel 1 :sulfonatoethyl)-2,3 dibydro |X-igdole- & dr o- 1 H- i ndol
e- 5- swldbnatbelptemalaalta(Fosnhla\()For mulaV) oN 0S ON////b0O 0 Na O S=0
0=S-O Nay 11 11 O O Nay a)

(3-tert-Butoxycarbonyl - propyl)-triphenyl - phosphoni um brom de 50 g (0.30 nol)
of 4-bronobutyric acid is mxed drop by drgp in 400 M of THE at -40C with
187 g (0.89 nol) of trifluoroacetic acid aphydride. After 30 m nutes of
stirring at -40C, 400 nil of tekk 30 M of THE is added in drops
within 1 hour. After 16 hours\g roomtenperature, the reaction
m xture is poured onto an ice- | carbonate solu- tion, the
aqueous phase is extracted three tines th diethyl ether, and the organic

a) (3-terr-Butoxycarbonyl-propyl)-triphenyl-phosphonium bromide

50 g (0.30 mol) of 4-bromobutyric acid is mixed drop by drop in 400 ml of THF at -40°C with
187 g (0.89 mol) of trifluoroacetic acid anhydride. After 30 minutes of stirring at —40°C, 400
ml of tert-butanol/30 ml of THF is added in drops within 1 hour. After 16 hours of stitring at
room temperature, the reaction mixture is poured onto an ice-cooled sodium carbonate solu-
tion, the aqueous phase is extracted three times with diethyl ether, and the organic phases are
dried on sodium sulfate and concentrated by evaporation. The residue is distilled in a vacuum
(boiling point 72°C/0.9 mbar; yield: 41 g). The reaction to form phosphonium salt is carried
out by reflux-heating 41 g (0.18 mol) of intermediate product, 44.6 g (0.17 mol) of triphenyl-
phosphine and 32.5 g (0.36 mol) of sodium bicarbonate in 250 ml of acetonitrile for 20 hours.
The reaction mixture is filtered, concentrated by evaporation, and the residue is brought to
crystallization by stirring with diethyl ether. Yield: 58.5 g (40% of theory, relative to 4-
bromobutyric acid) of a white solid.

b) 5-Pyridin-4-yl-pentanoic acid-t-butyl ester

A solution of 14 g (28 mmol) of (3-tert-butoxycarbonyl-propyl)-triphenyl-phosphonium bro-
mide (Example 4a)) in 100 ml of anhydrous THF is mixed at —40°C in an air-free environ-
ment within 20 minutes with 17.5 ml (28 mmol) of butyllithium (1.6 M in hexane) and stirred



dried on sodium sulfate and concentrated by evaporation. The residue is
distilled in a vacuum (boiling point 72C/ 0.9 nbar; yield: 41 g). The
reaction to form phosphoniumsalt is carried out by reflux-heating 41 g
(0.18 nol) wd 2d08b&usedi ate product, 44.6 g (0.17 nol) o ' -
phosphi ne and 32.5 g (0.36 nol) of sodgum bi carbonate |fr]1> 5&}69@?@%%35
acetonitrile for 20 hours. The reaction mxture is filtered, concentrated
by evapesrathicanat -240dC! e sé1e8osE2. 78 Xl@ﬁﬂhﬂ) $£04- ﬁidiﬁécﬁiﬂaldéﬂ}de% 20¥misdfi rring
with diethyl ether. Yield: 58. 5 0% of theory, relative to 4-

br omobuf i igadded i drgps andsirted fo ﬁ ur&b'c)t TOANPISOIRETHUIE. then pifedipRIp dce Wa-

aci d-t 4 I

(3- tertggut%)x gﬁ)o}ﬁs‘?%pﬁ@%ﬂ%ﬁ% &ﬁﬁd[ﬁ@l)ﬁgﬁ l%dtgtrleo(-)rgm%gh?sExanpl e 4a))
in 100 dfieddn @dh»;mmé@ ﬁﬂ&:ongenmtcédtyavapom4 Af@nclapmtqgwh@munﬁganonrre nt

W t hin t of b | | 1 hexane)
and st i Fish 8k S sheonsSat et % utiby s el o B 2Bty

sol uti o:bhftéz. IAaNNIR: 38 golo) hyafrogénaty ﬂidﬂoﬂBl@&bh@JtH@hﬂdﬁledﬂate%ﬁodﬂct lEfdJS-THE i's
added in dro n tirred for 16 haqyr r t enperature, then poured
onto i c&lyed ’B%anﬂt‘% 5?1%‘{ le% ﬁﬁgt 2 ciplyst 3tiTAE teRRtECet hy |
ether, a4 HyBR & JARier fMﬁsanarc%nceﬁfrhtﬁﬁ W‘e@a%ﬂaﬂ% S&J&él%@oﬁ‘@o&@{ﬂ@& ntrated
by evaporat ifon.” After chronmatographic purification (Silica gel, nobile

sol vent Ylfﬁéd(aﬁ&géi"l%IOfﬁ@wét e), the product is obtained as an E, Z-mi xture
(4:1 after "HNWR, 5.0 g). To hydrogenate the double bond, the internedi ate

product is dis- solved in 200 mM of nmethanol and stirred with 100 ng of PtQ2
cat al yst) at 3—{)43(rmﬂmémgtcunbeny19hmd]gllutabongddshydé\ﬂiamhdbiﬂydroardmde and

819 ntc ﬁgg?\?p}iu% }{ 4, 8 ?P’?;n%ch)ogf 5—pyr¥de | -|4-O entanollcS acu? E %utyFester in §5 mfjof dleﬂ?ylg (74%

3-[4- (temérﬁqhmle@w&as bcgnm Qbﬁdslj &gwﬁ@c&m{mﬁwwwwwmﬁwm om de A
solutlonof40 |n4y

% %\’“ | - pent anoi c_aci d-t - butfvmester in
35 o dm@t)l)yﬂf r@%mq%nf’ﬁﬁéﬂl digthyd epheg; @&fﬁﬁmu; offstizming atr8Calg t hen at
0C Wi thya 360b Yhef Bbrbluc %d % Elteré&@ TR g{ltﬁgﬁﬁmdl J8QQ6NakY. Byitia: of 8 @1 et hy!

et her. rs of stirri
(95% of theory).

'_'2

d) Trisodium 3,3-dimethyl-2-{7-[3,3-dimethyl-5-sulfonato-1-(2-sulfonatoethyl)-3H-
indolium-2-yl}-4-(4-carboxybutyl)hepta-2,4,6-trien-1 -ylidéne} -1-(2-sulfonatoethyl)-
2,3-dihydro-1H-indole-5-sulfonate, internal salt

The synthesis is carried out analogously to Example 1d) from the title compound of Example

4c) (2.5 mmol) and 1-(2-sulfonatoethyl)-2,3,3-trimethyl-3H-indolenine-5-sulfonic acid (5

mmol). Yield: 0.85 g (37% of theory) of a blue lyophilizate.

e) Trisodium 3,3-dimethyl-2-{7-[3,3-dimethyl-5-sulfonato-1-(2-sulfonatoethyl)-3H-
indolium-2-yl}-4-(4-{[2-(2,5-diox0-2,5-dihydro-1H-pyrrol-1-yl)ethyl]carbamoyl} -
butyl)hepta-2,4,6-trien-1-ylidene}-1-(2-sulfonatoethyl)-2,3-dihydro-1 H-indole-5-
sulfonate, internal salt

The synthesis is carried out analogously to Example 1e) from 0.4 g (0.43 mmol) of the title

compound of Example 4d). Yield: 0.31 g (69% of theory) of a blue lyophilizate.

Elementary analysis: Cld.: C 4827 H4.53 N 5.36 S 12.27 Na 6.60
Fnd.: C48.01 H4.44 N5.56 S12.10 Na6.81



red solid that is produced is filtered off, washed with ether and
vacuumdried. Yield: 7.8 g (95% of theory). d) Trisodium
3,3-dinmethyl-2-{7-[3, 3-di net hyl - 5-sul fonato-I - (2-sul fonat oet hyl ) -3H

i ndol i um 2-wo peodroésdercar boxybutyl ) hepta-2,4,6-trien-1-yli

_1-(2-sul fonat oet hyl ) - 2, 3-di hydr o- | Hasndol e- 5- sul f onat é’fé%{i?tz‘}é’?’ﬁ’]{azl’“sal t The
synthesis is carried out anal ogously to Exanple Id) fromthe title conpound
of ExanBxampfes: THsqlifm03,3-danethyl-2-{7-[3,3-dimethyl-5-sulfonato-1-(2-sulfonatoethyl)-
1-(2-sul fonatgethyl)-2,63 3-tripethyl -3Hindal eni ne-5-sulfonic acid (5

mol ) . ?F‘Iél-“@?h'@‘!‘%ylifﬁ@?{%'@’s‘@%@T ~diydeo-BHpyrreldoni | i zate. e) Trisodi um
3, 3-di W%i)hxiy11]%m{b%n{o§l}%u®dﬁ%g&¥i,4,%:éuhfloﬁﬁeﬁgh-(zzsmﬂnfa@dm;qji’z,Ewdiﬂy-dﬁJaE

i ndol ium2-yl7]-4-(4-(C] 2-°(2, 5-di oxo- 2, 5-'di hydro-1

H- pyr r ol1Htindoleefi-sulfopate; intermal 3alt @ormula€ht a- 2, 4, 6-tri en- 1-yl i dene}

-1-(2-sul fonatoet hyl) -2, 3-di hydro-|1 Hindol e-5- sulfonate, internal salt The
synthesis is carried out anal ogoysly to Exanple lef] fromO0.4 g (0.43 nmmol)

of the title conpound of Exal NAdAY ehd: 3 (69% of theory) of a
blue | yophilizate. Elementary gnalySis: "Cd.: C 48. H4.53 N5.36 S 12.27
Na 6.60 Fnd.: C 48.01 H4.44 D 5.56 S 12.10 Na WD 2004/ 065491

PCT/ EP2003/ 012735 24 Exanpl ¢ 5: Trisodi um

3, 3-di net hyd=2-{7-[ 3, 3-di met hyl - 5-sul f onago- |- (2-sul fonat oet hyl) -

3Hi ndol@t%n 2-yl1 114~ (4-{[ 6712, 5- digko- 2, 5-'gPydro-1 H-pyrrol -1- yl)hexyl]

car barmylé.}/ v AT dghel- 1- ( 2- sul f onat oet hyl ) - 2, 3-di hydr
o- | Hindol

{Formula VI) H ONN O

408/ \ENY
5 A
- Na

I I Na

The synthesis is carried out analogously to Example le) from 0.4 g (0.43 mmol) of the title
compound of Example 4d) and 0.20 g (0.66 mmol) of N-(6-aminohexyl)maleimide-
trifluoroacetate. Yield: 0.35 g of a blue lyophilizate (74% of theory).

Elementary analysis: Cld.: C50.17 H5.03 N 5.09 S11.65 Na 6.26
Fnd.: C49.83 H4.89 N 5.34 S12.05 Na6.42



01,10 O~O S S OoNc/// Na OS=OOC=S-ON+ OONa The synthesis is
carried out analogously to Exanple le) fromO0.4 g (0.43 mmol) of the title
conmpound of Exanple 4d) and 0.20 g (0.66 mml) of N-(6-am nohexyl)nmal ei m de-
trifl uor oaced adogossysrel d: 0.35 g of a blue lyophilizate 0 ry).

El ementary analysis: Od.: C50.17 H %03 N5.09 S 11.6%E&§¥§E3%B%§nd.:
49.83 H4.89 N5.34 S 12.05 Na 6.42 WD 2004/ 065491 PCTI EP2003/ 012735 25

Exanpl egxtimplé | lss qrilisuarhm 3 3 d1methyl-2 {7- [3 3- dlmethyl-S-sulfonato—l-(2-sulfonatoethyl)—
3,3-dine ]_ihyl t hyl-5-sul f to-1-(2-sul fonat oet hyl) -

3H i ndd -enﬁ@“m ?-Yb {“ﬁt {l}-’i-ézs%-zh%ocﬂs%ﬁﬂl.‘/émslﬂrwmlol Y40l -1-y1) -4, 7, 10-
tri oxat - . -1= - -
car bameC h e ljearbamoylbutyhepta-2 4 frien L. ylidenel L @-splfonatoetiy )23,
di hydr dlihydro ‘leiose-suulfmm,eptermlealnaformlaVwor muaVvil) ON OO S" 0N
N Na} o0z-s=0 O= SSONei 0 O Na

The synthesis is carried out analogously to Example 1le) from 0.4 g (0.43 mmol) of the title
compound of Example 1d) and 030 g (0.72 mmol) of N-(13-amino-4,7,10-
trioxatridecyl)maleimide-trifluoracetate. Yield: 0.27 g of a blue lyophilizate (52% of theory).

Elementary analysis: Cld.: C49.83 H5.27 N4.65 S10.64 Na5.72
Fnd.: C49.45 HS5.19 N4.66 S 10.85 Na5.80



The synthesis is carried out anal ogously to Exanple le) from0.4 g (0.43
nmmol) of the title conpound of Exanple Id) and 0.30 g (0.72 mmol) of
N-(13-am no-4,7,10- trioxatridecyl)naleimde-trifluoracetate. Yield: 0.27 g
of a blue hyophibésiate (52% of theory). Elenentary ana gg@go %@7 C 49. 83
H5 27 N4.65 S 10.64 Na 5.72 Fad.: C,49.45 H 5.19 N 4. 185" Ra 5. 80 Wo
2004/ 065491 PCT/ EP2003/ 012735 26 Exanple 7: Trisodi um

3, 3- di mpkible?r: {inio%aﬁnct! Sraid?é&h 122-$1( 3, ﬁﬂﬁﬁ&h ré 's’ul?dﬂaidlmi-eﬁrfmaahyl)
3Hindolium 2-yl]-4 {; -(2 5 di OXO-2 dro-1 Hpyrrol -1 -

yl) et hyBFclaMam}H}l}r 2 (28 %@pﬁ-éwzo-z,Ssdlhyd@nlﬂwrt@éne} 1- (2- sul f onat oet hyl ) - 2

o1 0 oD Grgteb RSy Bl @ 6 el R ) SRl ARG 2 BB ©
( 3- t er t 1Buindely-Sasulfonyte; inderngl s)altt(anhnlaWHDhosphonl um brom de The pr oduct i on

I's carried out as described in Exanple 4a),,whereby the internedi ate product
6- br onohexanoi ¢ acid-tert-butyl eﬂ er is rdgpcted as a crude product. 79 g of

product (69% of o) N~

a) (3-tert-Butoxycarbonyl-pentyl)-triphenyl-phosphonium bromide
The production is carried out as described in Example 4a), whereby the intermediate product
6-bromohexanoic acid-tert-butyl ester is reacted as a crude product. 79 g of product (69% of

theory) is obtained as a viscous, colorless oil from 50 g of 6-bromohexanoic acid.

b) 7-Pyridin-4-yl-heptanoic acid-t-butyl ester

The production is carried out as described in Example 4b). 7.5 g of 7-pyridin-4-yl-heptanoic
acid-t-butyl ester (65% of theory) is obtained as a yellow oil from 25 g (48.7 mmol) of (3-tert-
butoxycarbonyl-pentyl)-triphenyl-phosphonium bromide (Example 7a).

) 3-[6-(tert-Butyloxycarbonyl)hexyl]jglutaconaldehyde-dianilide-hydrobromide

A solution of 5.0 g (19 mmol) of 7-pyridin-4-yl-heptanoic acid-t-butyl ester in 30 ml of di-
ethyl ether is mixed with 3.6 g (38 mmol) of aniline and then at 0°C with a solution of 2.1 g
(19 mmol) of bromocyanogen in 5 ml of diethyl ether. After 2.5 hours of stirring at 0°C, the
red solid that is produced is filtered off, washed with ether and vacuum-dried. Yield: 8.9 g
(91% of theory).

d) Trisodium 3,3-dimethyl-2-{7-[3,3-dimethyl-5-sulfonato-1-(2-sulfonatoethyl)-3H-



theory) is obtained as a viscous, colorless oil from50 g of 6-bronohexanoic
acid. b) 7-Pyridin-4-yl-heptanoic acid-t-butyl ester The production is
carried out as described in Exanple 4b). 7.5 g of 7-pyridin-4-yl-heptanoic
aci d-t - but Wo esi@Es4465% of theory) is obtained as a yel |y ﬁ‘% 03958 25 9
(48.7 mmol ) of (3-tert- butoxycarbonylypentyl)-triphenyl - on| um brom de
(Exanple 7a). c¢)

3-[6-(tert- auami@ncyw-hwy&b&@»ﬁ&kﬂlmbp&@m&idﬁelhqu&ne}@r(nlsum@lamedfygbr oni de A
sol ution of 5, di n- 4-y| -hept anoi ¢ acid-t-butyl ester
in 30 n of %?WMIH%%?'ST%H%%F@WW@H 8.6 g (38 mml) of aniline and
then at 1§ m of
i ot hyl "o Plagied Pl baoRbactsly fEt’E.X%%?lem"P?‘et'ﬁﬂgwﬁéﬂﬁggﬁ.@a‘t el s
producede)i €3 finmpBr autl of-€2- smgﬁedhyw-ﬁﬁ,ktimmﬂly&-ﬁlﬂ-mdclammérsu&dmcYa@d 0(6 8.9 ¢

91% of TS0
g} 3-di mﬁﬁf ]{d79% éh‘g"%ﬁtﬁﬁ?ﬁ)%a qefl%orPg{hg? ’-(2-su| f onat oet hyl ) - 3H WD
20041065491 PCT/ EP2003/ 012735 27

Igldloljleﬁm 21y ‘]?:Oér 63&%@8{}(‘%(};&; [i’gfe%‘%‘?q’édsr W?ﬁo%étbﬁg%%ﬂfgn%tﬁ?@ﬁhaﬁe i nt er nal

salt The syn{nbgﬁjngzl}q]?%J 528@ 5)555,(@.%&9@,%@&}{ Pyerobxanpl e Id) fromthe title
conmpound of Exanpl e { 1)

1- (2- sul f ona¥ MW@@OBI}BC&YWIM-Q%GA ®ienildideratt h&2-sulfnnptoethyd-2aci d (6

mml ). Yield bl ue Iyophilizate. e) Trisodium
3, 3-di net hyl dJ‘B}Tg lﬁgﬁg&é l}lﬁgﬁ %I oa%at 0o-1-(2-sul fonat oet hyl ) - 3H
i ndol i ufhe syrithesié-i§ Garfied Dut éhabgduﬂy(m Exdmple ﬂ]y)dﬁrmnl(H p\(0.48mrhel) of the title

73 %o hytrerenet Rennae 2ok FRUE LY s Ratentiiior ol e SRV UARIST'S T carried

out anal ogously to Exanple le) fromO0.4 g (0.43 mml) of the title conpound
of Exanple 7d Yield: 0.31 (69% of __theory %2 of a blue Izégphi lizate.
El enent ary moatpey-angdygis: Cid49C#8.28 B 479 N228 14.951Ne 6.4 6. 43

Fnd.: C48.98 H4.86 N5.12 S11.76 Na 6.77

Example 8: Trisodium 3,3-dimethyl-2-{7-[3,3-dimethyl-5S-sulfonato-1-(2-sulfonatoethyl)-
3H-indolium-2-yl]-4-(6-{[6-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-
yDhexyl]carbamoyl}hexyl)hepta-2,4,6-trien-1-ylidene}-1-(2-sulfonatoethyl)-2,3-dihydro-
1H-indole-S-sulfonate, internal salt (Formula IX)




Fnd.: C 48.98 H4.86 N 5.12 S 11.76 Na 6.77 Exanple 8: Trisodium
3,3-dinethyl-2-{7-[3, 3-di net hyl - 5-sul fonat o-1 - (2-sul f onat oet hyl ) -
3Hindol i um 2-yl]-4-(6-{[6-(2, 5-di oxo-2, 5-di hydro-|Hpyrrol-I-

yl) hexyl | caydasvamésusyexy! ) hepta- 2, 4, 6-trien-1-yli deue}- 1&%@;14&@){1%&& hyl ) -2
, 3-di hydro- 1H i ndol e-5- sulfonate I ntagrnal salt (Formula SO/ N
] 117 fNI O Na OS=0 C= SSONay un Na 0 0 WO 2004/065491

PCTI EP2Gfi8 6aiiebi s cafied Bt &4 Efarnsié Neefora WL s anels9gausl ¥r iR theanmpl e
| e) fromogﬂée(OSEB ?rrrgl) O%Hgtbﬁsgyt%?tle ﬂ)e%?md o?q Ieb%sdm(;nd 0.23 ¢

(ob|75 1 neempousd of Exampiendhk apd) 038 eg fOJE- nlmql} |Qf|oNc{éca@pm1@xyl\}m inidy. 42 g of
VD 0% C 51.05 H

5. 27 N b pdéﬁ@'sg éﬂé%a%&%ﬁgéy’%ﬁmggﬁwﬁ éﬁ’t&é&lﬁ ZS;Z S 11 38 Na 6. 35

ST R methyl oot L3 3 ethyl)-

3H i ndol i u%}%lzﬁ’ﬁlm% 1m§ﬁ(? g%dsogx% ﬁd‘ ?‘ég lﬁ%&rﬁ]@rﬁ y 1-vyl )-'4, 7,10-

trioxatridecyl]car bam)yl } hexyl )uespwa H,545,56Nt4r76es 11-38! Nd@&s) - 1 (2- sul f onat oet
hyl ) -2, 3- di hydro-1Hi ndol e-5-sul fonate, internal salt (Formula X) O

Example 9: Trisodium 3,3-dimethyl-2-{7-[3,3-dimethyl-S-sulfonato-1-(2-sulfonatoethyl)-
3H-indolium-2-yl]-4-(6-{[13-(2,5-dioxe-2,5-dihydro-1H-pyrrol-1-yl)-4,7,10-
trioxatridecyl]carbamoyl}hexyl)hepta-2,4,6-trien-1-ylidene}-1-(2-sulfonatoethyl)-2,3-
dihydro-1H-indole-5-sulfonate, internal salt (Formula X)

The synthesis is carried out analogously to Example le) from 0.5 g (0.53 mmol) of the title
compound of Example 7d) and 044 g (1.06 mmol) of N-(13-amino-4,7,10-
trioxatridecyl)maleimide-triftuoroacetate. Yield: 0.24 g of a blue lyophilizate (37% of the-

ory).

Elementary analysis: Cld.: C50.64 H5.48 N4.54 S 10.40 Na5.59
Fnd.: C50.30 H5.56 N4.34 S10.15 Na5.73



0"10 0.0 4\ / S INO Na Na' OS=OO=WO Na{ O O The synthesis is
carried out analogously to Exanple le) fromO0.5 g (0.53 mmol) of the title
conmpound of Exanple 7d) and 0.44 g (1.06 mml) of N-(13-am no-4,7,10-
trioxatri deeybgowesseeim de-trifluoroacetate. Yield: O. 24 Qc‘ipr

| yophilizate (37% of the- ory). El emenpary anal ysi s: %’g’h%zssH 5.48 N
4.54 S 10.40 Na 5.59 Fnd. C5030H556N43481015Na573V\D

2004/ OGEA%FBCT | ERRO03/ G+24&8m 29 @@ﬂﬂ&hﬂ@{ﬂmﬁaﬂaﬁ% -sulfonato-1-(2-
3, 3-di net hy | - 5-sul fona

7-
sul fonaE‘HQ’t‘ﬁWe}hXD-éHﬂE%‘P]}WZXM'](5'4[2(@»5{‘1121‘0( %’5511HY‘1T£01~I§'P5r'dﬂlﬂydr o-1 Hpyrrol -
1- yl)e _ . - _ - -
car banogilwth%uc&{ g?mg}r,ll 5 xfilep et11 gy l)zh tha 246 tnenf ’Q'Td"ﬂ%}nle (2 sulfonat%elt?’(r)l)nét oet hyl ) -2,
3- di hydﬂwdrHlHﬂddbleﬁssldioha@nmtte'pal saﬂtanahubaKIb (Formula XI) O OH NN OO0
OO0OOO ON N

a) 3-Oxa-6-(4-Pyridinyl)hexanoic acid-tert-butyl ester

A solution of 75 g (0.4 mol) of 3-(4-pyridinyl)-1-propanol in 400 ml of toluene/50 ml of THF
is mixed with 10 g of tetrabutylammonium sulfate and 350 ml of 32% sodium hydroxide so-
lution. Then, 123 g (0.68 mol) of bromoacetic acid-tert-butyl ester is added in drops and
stirred for 18 hours at room temperature. The organic phase is separated, and the aqueous
phase is extracted three times with diethyl ether. The combined organic phases are washed
with NaCl solution, dried on sodium sulfate and concentrated by evaporation. After chroma-
tographic purification (silica gel: mobile solvent hexane:ethyl acetate), 56 g of product (41%

of theory) is obtained as a brownish oil.

b) 3-[4-Oxa-5-(tert-butyloxycarbonyl)pentyl]glutaconaldehyde-dianilide-hydrobromide
A solution of 5.0 g (20 mmol) of 3-oxa-6-(4-pyridinyl)hexanoic acid-tert-butyl ester in 60 ml
of diethyl ether is mixed with 3.7 g (40 mmol) of aniline and then at 0°C with a solution of
2.2 g (20 mmol) of bromocyanogen in 8 ml of diethyl ether. After 1 hour of stirring at 0°C,
50 ml of diethyl ether is mixed, and the red solid that is produced is filtered off, washed with
ether and vacuum-dried. Yield: 8.5 g (85% of theory) of a violet solid.

c) Trisodium 3,3-dimethyl-2-{7-[3,3-dimethyl-5-sulfonato- 1-(2-sulfonatoethyl)-3H-



Na; OS=0 OSSO Na nii Na@ 0OOa) 3-Oxa-6-(4-Pyrid nyl)hexanoic
acid-tert-butyl ester A solution of 75 g (0.4 nol) of
3-(4-pyridinyl)-1-propanol in 400 mM of toluene/50 nil of THE is mxed with
10 g of tew@bwigdsasmoni um sul fate and 350 ml of 32% SO?E’I‘)&P%% Xjsde so-

| ution. Then, 123 g (0.68 nol) of brospacetic acid-tert-buty er is added
in drops and stirred for 18 hours at roomtenperature. The organic phase is
separat ed, aidbliuhe2-gllue@-GirboRhasskahexyBképtaci4csiirichiiedidena®es-( t h di et hyl
ether. The C\ﬂgbl neﬂaﬁngam c .phases g‘ve washed., with NaC solution, dried on

sodi um sul f & enibydtasH sgdotsy s forateointernglsglt chroma- tographic
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product (41% of theory) is obtained as a 'brownish

3-[ 4- o)«hatah@tlwdtohmmgﬂle @aplbdﬁy)))qnérﬂt@g]@z mra@lbmélle(awtfenmqﬂml)-z,aé- hydr obr o
d

et - ¢ QRS ladieitnds Sulil BB Rl LY B St P A aRHBOINE

mol ) of0 mhof dcatic @oidi ist ixed asuth(KS gvi(301mam$)aiﬂsba’1mm abtateZand stire@ Gorri®ohin- of

b f d ter 1 h 1 t 0C,

o R R0 &8 eStlingels Tt ciehvl Sherq bttt sl cLHRE {1 ¢ er oo
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V|oIet solid. ri sodi um

3, 3-di rmmﬁwm -G B-silien gabupshilesolyemtrwterfrecthanod. rmovalefitbempathanel e WO

2004/ 0 . . 0

i ndol i %‘%}m Fﬁzfg{%%ggé%oxy oxgﬁaé);(n)} ssr%rém&egl_a?,l}h?lgaxtn ?cll eX{eE- y% 3§e(‘rt11e§’-o £ (2-

sul fonethmy)rgﬂa)bhi};l?eptthO 1H i ndol e-5-sul fonate, internal salt A

suspension of 3.0 g (6 nmol) of

3-[2-(tert-butyl oxycarbonyl)ethyl]-glutaconal dehyde- di anili de-hydrobrom de

(Exanpl@ 10Mrsoding ¥3-dingethyl2- {(MB|3-digfethibl-6 Subonai 1AL Selfdnatdethy ) B HB-
indolium-2-y1]-4-(5-{[2-(2,5-diox0-2,5-dihydro-1H-pyrrol-1-yl)ethyl]jcarbamoyl }-3-

oxa-pentyl)hepta-2,4,6-trien-1-ylidene}-1-(2-sulfonatoethyl)-2,3-dihydro-1H-indole-5-

sulfonate, internal salt
The synthesis is carried out analogously to Example 1c¢) from 1.0 g (1.1 mmol) of the title
compound of Example 10c). Yield: 0.85 g (73% of theory) of a blue lyophilizate.

Elementary analysis: Cld.: C47.54 H4.46 N 5.28 S12.09 Na 6.50
Fnd.: C47.97 H4.65 N5.10 S12.02 Na 6.68



trimethyl - 3H 1 ndol eni ne-5-sul fonic acid (Exanple 1a)) in 50 m of acetic
acid anhydride and 10 ml of acetic acid is mxed with 2.5 g (30 mmol) of
sodi um acetate and stirred for 50 min- utes at 120C. After cooling, it is
m xed W t h wipoebddaywbssei her, the precipitated solid is fil tl‘?ﬁ‘?ﬂzoﬁfoin
absorptively precipitat ed in acetone aijd dri ed under high vacuum ter
chromat ographic purification (RP-Cl18-silica gel, nobile sol vent

wat er / ngkiapR! ) , Iﬁnovarrrmadmhﬁ netstsamietnyl-za{7-psa5:Mtaﬂcs Sdifomak-m(i ng, the
title conE]ound|S|m*re tely obt | d: g (41%of theory) of a
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H- pyr r odihydyd- )Htlh§¢l]315wﬂﬂ!no§pL int@mal salt (Formula XII)

oxa-pentyl)hepta-2,4,6-trien-I-ylidene}-1-(2-sul fonatoethyl)-2,3-di hydro-| H

i ndol e-5- sulfonate, internal salt The synthesis is carried out anal ogously

to Exanple Ic) from1.0 g (1.1 mmol) of the title conpound of Exanple 10c).

Yield: 0.85 g (73% of theory) of a blue IyoRhilizate. Elenentary analysis:

Cd.: C47.54 H4.46 N 5.28 12.09 Na 6.50 : C47.97 H4.65 N5.10 S

12.02 Na 6.68 WD 2004/ 065491 ﬁ;ﬁ\wm 31 Exanple 11: Trisodi um

3, 3-dinmethyl -2-{7-[ 3, 3-di nef hyH-5-sul f onat o- | {|( 2-

sul f onat oet hyl ) - 3Hi ndol i ys®@2-yl]-4-(5-{[6-(29-di oxo- 2, 5-di hydro- 1H pyrrol -

| -

yI)hexonLo%rba n } - 3- oxa- penty )hep?\ a02,4,6-trien-1-ylidene}-1-(2-sul fonato
3 é\te internal salt (Fornula XIl) O O

The synthesis is carried out analogously to Example 1e) from 0.5 g (0.55 mmol) of the title
compound of Example 10c) and 0.23 g (0.75 mmol) of N-(6-aminohexyl)maleimide-
trifluoroacetate. Yield: 0.42 g of a blue lyophilizate (68% of theory).

Elementary analysis: Cld.: C49.46 H4.96 N5.01 S11.48 Na6.17
Fnd.: C48.95 HS5.21 N5.22 S11.23 Na 6.60

Example 12: Trisodium 3,3-dimethyl-2-{7-[3,3-dimethyl-5-sulfonato-1-(2-
sulfonatoethyl)-3H-indolium-2-yl]-4-(5-{[13-(2,5-diox0-2,5-dihydro-1H-pyrrol-1-yl)-
4,7,10-trioxatridecyljcarbamoyl}-4-oxapentyl)hepta-2,4,6-trien-1-ylidene}-1-(2-
sulfonatoethyl)-2,3-dihydro-1H-indole-5-sulfonate, internal salt (Formula XIIT)




O 0O/ N N1/ Naf OS=0 O=S-O Na O O Na The synthesis is carried out
anal ogously to Exanple le) fromO0.5 g (0.55 mmol) of the title conmpound of
Exanpl e 10c) and 0.23 g (0.75 mmol ) of N-(6-am nohexyl) nal ei m de-

trifl uoroamad Aoeess¥drel d: 0.42 g of a blue Iyophilizate 0 ry).

El ementary analysis: Cd.: C49.46 H 496 N5.01 S 11.4%5@@5315}9%8nd.:
48.95 H5.21 N5.22 S 11.23 Na 6.60 Exanple 12: Trisodi um
3,3-dinmethyl-2-{7-[3, 3-di rrethyl 5-sul f onat o- I-(2-

sul fonat oet hyl ).- 3Hi ndol i um 2-y 5 di oxo- tydro | H pyrr ol
-1-yl)-T Efxemi fsi Wbﬁdrq%éeglpw@ rtsﬁafagﬂpge ie) Eb étg,/((b-’réewlm Ahglitle |
en-1- y'doﬂag%}}ﬁ& df (Bx éf(i’P?t %thdzie 2;g_|3(ﬁbé‘yﬁ{xﬁolil'+fn§h0 18- émﬁdlhﬁ%ate

i nt er nal For nu
0=R-0 Maoxat@deml)m@emdmrﬁhmwe@@ /‘EPEDOBA(ELQ?@EB’IUC lyophlllzate (56% of the-

ory).

Elementary analysis: Cld.: C49.17 H5.20 N4.59 S 10.50 Na 5.65
Fnd.: C49.34 H5.32 N4.45 S10.28 Na5.56

Example 13: Trisodium 3,3-dimethyl-2-[2-(1-{[3,3-dimethyl-5-sulfonato-1-(2-
sulfonatoethyl)-3H-indolium-2-yljvinylene}-2-[4-(2-{[2-(2,5~diox0-2,5-dihydro-1H-
pyrrol-1-  yl)ethyllcarbamoyl}ethyl)-phenoxy]cyclohex-1-en-3-yliden)ethylidene]-1-(2-
sulfonatoethyl)-2,3-dihydro-1H-indole-5-sulfonate, internal salt (Formula XIV)

a) Trisodium 3,3-dimethyl-2-[2-(1-{[3,3-dimethyl-5-sulfonato-1-(2-sulfonatoethyl)-3H-
indolium-2-yl]vinylene}-2-chloro-cyclohex-1-en-3-ylidene)ethylidene]-1-(2-
sulfonatoethyl)-2,3-dihydro-1H-indole-5-sulfonate, internal salt

5.0 g (14.4 mmol) of 1-(2-sulfonatoethyl)-2,3,3-trimethyl-3H-indolenine-5-sulfonic acid (Ex-

ample la)) and 2.6 g (7.2 mmol) of N-[(3-(anilinomethylene)-2-chloro-1-cyclohexen-1-

yl)methylenelaniline hydrochloride (4ldrich Company) are refluxed together with 2.5 g (30

mmol) of anhydrous sodium acetate in 100 ml of methanol for 1 hour, cooled, mixed with 150

ml of diethyl ether and stirred overnight. The precipitate is suctioned off, dried and purified

by chromatography (silica gel, gradient: dichloromethane/methanol). Yield: 3.8 g (58% of

theory) of a blue solid.



32 The synthesis is carried out anal ogously to Exanple le) from0.5 g (0.55
nmmol) of the title conpound of Exanple 10c) and 0.46 g (1.06 mmol) of
N-(13-am no-4,7,10- trioxatridecyl)naleimde-trifluoroacetate. Yield: 0.34 g

of a blue lwophihésaste (56% of the- ory). Elenentary angl¥sips, . C 49.17
H5.20 N4.59 S 10.50 Na 5.65 Fnd.: G349.34 H 5.32 N 4. %%gioffﬁig”m 5.56

Exanpl'e 13: Trisodi um 3, 3-di met hyl -2-[2-(1-{[ 3, 3-di net hyl - 5- sul fonat o-1-(2-
sul f onat oet hyl ) - 3Hi ndol i um 2-yl ] vi nyl ene}-2-[4-(2-{[2-(2, 5-di oxo- 2, 5-di hydr
o-lH pyrrol-1- . .

y1) et hyP) car BEMSH SEHmptBh Ly [ Byt b-suiformte i eWfennstydeRt - 1- (2-
sul f onat oet h - ‘,I;% ARy bitalBe 5 ' .salt (Formul a
XIV) O 6 \ %ﬁldéﬁgmds% @ TGy 2 F%é@@ﬁ@ﬁ&%%&%&%y%b%ﬁg?ﬁ%i sodi um

3, 3- di met hy| ylxdenglethylidqne]-B-(2sutéaniatoethyl) A 3-flibyidiool H-indplesirisléomateo e tiigrngl- 3H-

i ndol i um 2-yL}vinyl ene}-2-chloro-cycl ohex-I-en-3-ylidene)ethylidene]-1-(2-
sul f onat oet hyl") - 2, 3-di hydro-| H i ndol e-5-sul fonate, internal salt 5.0 g (14.4
mol ) 00.37-g @-Zninfobneft &ty tjoxPphznBpropioit yid-i8 130i mdef dimethyifdbrmsamidoni c aci d

(Ex- anple ] a d 2.6 7,2 mol ). of . I . .
N (o (et vk e dRis £ iayal 6hfoshen b StaminerrLoil dimecton) dvier Mt me
hydr ochlygk iof gtirtifh @f Jobf t@ﬁ?&@ﬁ}@, i35 Sod1&d 10L00€da kOGRS 2. 0igt 1. 220l of &2 MOl )
of anhydrous sodifum acetate in 100 m of mefhanol for 1 hour, cool ed, nixed
wi t h 15¢title compound of Example 12a) in 100 ml of dimethylformamide is added in drops and

stirred for 2 hours at room temperature. The mixture is quenched with dry ice, and the solvent

is removed in a vacuum. The residue is dissolved in methanol, stirred with 200 ml of ether,

and the precipitated solid is filtered off. A chromatographic purification is carried out (silica

gel, gradient: ethyl acetate/methanol). Yield: 1.9 g of a blue solid (83% of theory).

c) Trisodium 3,3-dimethyl-2-[2-(1-{[3,3-dimethyl-5-sulfonato-1-(2-sulfonatoethyl)-3H-
indolium-2-yl]vinylene}-2-[4-(2-{[2-(2,5-diox0-2,5-dihydro-1H-pyrrol-1-
yl)ethyl]carbamoyl}ethyl)-phenoxy]cyclohex-1-en-3-ylidene)ethylidene]-1-(2-
sulfonatoethyl)-2,3-dihydro-1H-indole-5-sulfonate, internal salt

0.1 mg (0.10 mmol) of the title compound of Example 12b) is reacted as described in Exam-

ple 1le) with TBTU and N-(2-aminoethyl)maleimide-trifluoroacetate in the presence of trieth-

ylamine, and the product that is obtained is purified by chromatography. Yield: 93 mg of a

blue lyophilizate (81% of theory).

Elementary analysis: Cld.: C51.21 H4.47 N4.88 S11.16 Na6.00
Fnd.: C51.50 H4.55 N4.95 S10.93 Naé6.15



m of diethyl ether and stirred overnight. The precipitate is suctioned off,
dried and purified by chromatography (silica gel, gradient:

di chl oronet hane/ net hanol ). Yield: 3.8 g (58% of theory) of a blue solid. WO
2004/ 06549 3’400 4/6d824103/ 012735 33 b) Tri sodi um

3, 3-di met hyl - 2- [ 2- (1-{[ 3, 3- di met hyl - 5sgul f onat o- | - ( 2- sul f Ona OULRVY) - 3H

i ndol i um 2-yl]vinyl ene}-2-[4-(2-carboxyet hyl ) phenoxy] cycl ohex-1 -en- 3-

yl i deneggiiplei deng)] - 1 rodind 0N a3, didivhy-2{B(di[BBMigrekiylisdfogate-5(-f onat e,

i nt er nal salt 0,37 2.2 mol of 3-(4-hydroxyphenyl ropionic acid in 30
m of pﬁ‘#@f‘h&?ﬁbdﬂ)nﬁﬁgl'b‘g’lﬁ“?'zﬂlx)@dlwm-([&& 6g(2§yafﬁsxq#§_¥ffih_ rosi um hydri de
(60% mi {ﬂﬁﬁ-@ﬂ-l-?' Jrl)ﬂi!x?ﬂé‘a{r‘ﬁh%}l-}e@B-gpheﬁ&ygﬂy@rohvi-?fen@-yﬁéén%éétﬁ}%d%he}Eﬂ&m

g sol uti 0 2.2 nmol

tenperature, it"is cooled to 0O on of 2.0 g ( ) "of "the
title cuodlooatedthyl)-ZX-dilpideo-1Paindple-Stodfomatepintefinabsalt(FoommtaX¥e i s added in
drops and stirred for 2 hours at roomtenpgyature. The m xture is quenched
with dry ice, and the solyenty is renoved i} a vacuum The residue is

di ssol ved in net hanol , i N ether, and the precipitated
solidis filtered off. p riffication is carried out (silica
gel, gradient: ethyl ld: 1.9 g of a blue solid (83% of
theory). c¢) Trisodium
3, 3-di gt heT - 2- [,2- (1-{]

¥ 3- di net hyl -50\§u5f onat o-1 - ( 2- sul f onat oet hyl ) - 3H

i ndol i urrﬁ,é- gl ene} -2- [ 4- (2 s5- di oxo- 2, 5-di hydro-| Hpyrrol -1 -
yl)ethyldc DYA] o ) | obex-1-en-3-ylidene)ethylidene]-1-(2-
sul f onat oet't N, 32 di -5-sulfonate, internal salt 0.1 ny

, 00
(0.10 Mol ) of t tit gompouHAd of pNgkanple 12b) is .reacted as described in
Exam ple le) WCE-_hé= TUand N 2.-am neét hyl ) mal ei m de-trifluoroacetate in
the presence of irieth- ylam e, and Nehe product that is obtained is
purified by chr onst ography. Yield: 93 ng of a blue Iyophilizate (81 % of
theory). Elenentary analysis: Cd.: C51.21 H4.47 N 4.88 S 11.16 Na 6.00

The synthesis is carried out analogously to Example le) from 0.7 g (0.68 mmol) of the title
compound of Example 14a) and 0.53 g (1.22 mmol) of N-(13-amino-4,7,10-
trioxatridecyl)maleimide-trifluoracetate. Yield: 0.56 g of a blue lyophilizate (68% of theory).

Elementary analysis: Cld.: C48.27 H4.53 N 5.36 S 12.27 Na 6.60
Fnd.: C48.01 H4.44 N5.56 S12.10 Na6.81



Fnd.: C 51.50 H4.55 N 4.95 S 10.93 Na 6.15 WD 2004/ 065491 PCT/ EP20031012735
34 Exanple 14: Trisodi um

3,3-dinmethyl-2-12-(1-{[3, 3-di met hyl - 5-sul fonato-1-(2-
sulfonatoeuhgh&m@@hmndol|un}2 yI]V|nerne} 2-[4-(2- ([ 6- GérrpoSniBas 2- di hydr
o-1H pyrrol -

yI)hexyl]carbannyl}ethyl) phenoxy]cyclohex | -en-3-ylidene)ethylidene]-1-(2-
sul fonammﬁ;hyl ) i:‘s 3- drrmsdamni H- |3}316hﬂet§y1321£2c-g0g3 g,dmﬁtmisaduusaétb-l(-&or ml a
XV) b~ The synt hesi s
S car ranee AT g IR ioprl 2 T 31.6-0iotg DA B of @ he

title und of Ex -

N- (13- Sprarns Jo. t?pgdxgtl #‘S ﬁf‘ﬁirﬁflgf*%gﬁ‘é’} t}kgﬁlly ng%ﬁ(fc I glohexcl-epd 0. 56

of a blyliseng)ethiylidénelile2(saifonatoethlih) ;3 dihydFd-tdand ele-3- sadfahyts; mteltﬂabl salt C 48. 27
H 4.536@1 %ngﬁyéz.ﬂ Na 6.60 Fnd.: C 48.01 H4.44 N 5.56 S 12.10 Na 6.81 WO
2004/ 06523 P2003/ 012735 35 Exanple 15: Trisodi um
3,3-dinmethyl-2-12-(1-{[3, 3-di met hyl - 5-sul fonato-1-(2-

sul f onat oet hyl )- 3H i ndolium 2-yl]vinylene}-2-[4-(2-([13-(2, 5-di oxo-2, 5-di hyd
ro-1H pyrrol - o)

yl)-4,7,10-tri oxat ri decyl ] car banoyl ) et hyl ) phenoxy] cycl x- | -en- 3-

yli dene) et hyl i dene] - 1-( I ﬂWbel/)\ Z/UDW” i>ndol e- 5-sul fonat e,

internal salt
0 o}

The synthesis is carried out analogously to Example 1e) from 0.7 g (0.68 mmol) of the title
compound of Example 14a) and 0.59 g (1.36 mmol) of N-(13-amino-4,7,10-
trioxatridecyl)maleimide-trifluoroacetate. Two chromatographic purifications are carried out.
Yield: 0.67 g of a blue lyophilizate (75% of theory) .

Elementary analysis: Cld.: C52.29 H5.16 N4.28 S 9.79 Na5.27
Fnd.: C51.88 H5.40 N4.34 S 9.53 Na5.68



(Formula XVI) 0O NN 00 0,1 00% O O1 / N NNa: 0-S=0 0=SSO Na 0O
Na The synthesis is carried out anal ogously to Exanple le) fromO0.7 g (0.68
mmol) of the title conpound of Exanple 14a) and 0.59 g (1.36 nmol) of

N- (13- am nevat2004/363401t r i oxat ri decyl ) mal ei m de-trifl uor oageyapfos/disess

chromat ographic purifications are carssed out. Yield: 0.67 g of a blue

| yophilizate (75% of theory) . Elenentary analysis: dd.: C52.29 13 5.16 N
4.28 S ExathpNa 5.187 PhrlsodiGin51. 83-dinfetky1-2N2413{B,% dtimethyMNs-sblf Gt 6MD-(2-
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a) N-[(3-(Anilinomethylene)-2-chloro-5-tert-butyl-1-cyclohexen-1-yl)methylene]aniline
hydrochloride

6.7 ml (73.4 mmol) of phosphorus oxychloride is added in drops at 0°C to 8 ml of dimethyl-
formamide. Then, a solution of 5.0 g (32.4 mmol) of 4-fert-butylcyclohexanone in 30 ml of
dichloromethane is added in drops, and the reaction mixture is stirred under reflux for 3 hours.
After cooling to 0°C, 6 g (64.8 mmol) of aniline in 5.5 ml of ethanol is slowly added in drops,
the mixture is poured onto 200 g of ice, and 5 ml of concentrated hydrochloric acid is added
while being stirred. The precipitated solid is filtered off, washed with ether and dried. Yield:
6.8 g (50% of theory) of a red solid.

b) Trisodium 3,3-dimethyl-2-[2-(1-{[3,3-dimethyl-5-sulfonato-1-(2-sulfonatoethyl)-3H-
indolium-2-yl]vinylene}-2-chloro-5-fert-butylcyclohex-1-en-3-ylidene)ethylidene]-1-
(2-sulfonatoethyl)-2,3-dihydro-1H-indole-5-sulfonate, internal salt

5.0 g (14.4 mmol) of 1-(2-sulfonatoethyl)-2,3,3-trimethyl-3H-indolenine-5-sulfonic acid (Ex-

ample 1a)) and 3.0 g (7.2 mmol) of N-[(3-(anilinomethylene)-2-chloro-5-ters-butyl-1-

cyclohexen-1-yl)methylene}aniline hydrochloride (Example 16a)) are refluxed together with

2.5 g (30 mmol) of anhydrous sodium acetate in 100 ml of methanol for 1.5 hours, cooled,
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g (50% of theory) of a réd solid. b) Trisodium

3,3-dinmethyl-2-12-(1-{[3, 3-di rrethyl 5-sul fonat o- | - ( 2- sulfonatoethyl) 3H
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d) Trisodium 3,3-dimethyl-2-[2-(1-{[3,3-dimethyl-5-sulfonato-1-(2-sulfonatoethyl)-3H-
indolium-2-yl]vinylene}-2-[4-(2-{[2-(2,5-diox0-2,5-dihydro-1H-pyrrol-1-
yl)ethyl]carbamoyl } ethyl)-phenoxy]-5-tert-butyl-cyclohex-1-en-3-
ylidene)ethylidene]-l-(2—sulfonatoethy1)-2,3-dihydro-lH-indole-S-sulfonate, internal
salt

The reaction is carried out from 1.0 g (0.92 mmol) of the title compound of Example 16c) as

described in Example 13c). The purification by chromatography is carried out twice with RP

C-18 silica gel (mobile solvent: acetonitrile/water). Yield: 0.24 g (22% of theory).

Elementary analysis: Cld.: C52.82 H4.93 N 4.65 S 10.64 Na5.72
Fnd.: C52.23 H5.20 N4.31 S10.30 Na6.15



m xed with 200 ml of diethyl ether and stirred overnight. The precipitate is
suctioned off, dried and purified by chromatography (silica gel, gradient:
di chl oronet hane/ nethanol ). Yield: 4.7 g (68% of theory) of a blue solid. c¢)
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a) Trisodium 3,3-dimethyl-2-{7-[3,3-dimethyl-5-sulfonato-1-(2-sulfonatoethyl)-3H-
indolium-2-y1]-4-(5-{(6-aminohexyl)carbamoyl}-4-oxapentyl)hepta-2,4,6-trien-1-
ylidene}-1-(2-sulfonatoethyl)-2,3-dihydro-1H-indole-5-sulfonate, internal salt

The synthesis is carried out analogously to Example 1€) from 0.5 g (0.55 mmol) of the title

compound of Example 10c) and 0.15 g (0.70 mmol) of N-boc-hexanediamine (Fluka). The

reaction product is purified by chromatography (RP C18-chromatography, gradient: metha-
nol/water) and after freeze-drying, it is stirred in 2 ml of trifluoroacetic acid/8 ml of dichlo-
romethane for 15 minutes while being cooled with ice. After spinning-in in a vacuum, the
residue is dissolved in methanol, precipitated with diethyl ether and isolated. Yield: 0.26 g of
a blue solid (41% of theory) .

b) Trisodium 3,3-dimethyl-2-{7-[3,3-dimethyl-5-sulfonato- 1-(2-sulfonatoethyl)-3H-
indolium-2-yl]-4-(5-{[6-(bromoacetylamino)hexyl]carbamoyl }-4-oxapentyl)hepta-
2,4,6-trien-1-ylidene}-1-(2-sulfonatoethyl)-2,3-dihydro-1H-indole-5-sulfonate, inter-
nal salt

0.26 g (0.23 mmol) of the title compound of Example 18a) is cooled in 5 ml of dimethyl-

formamide to -20°C, mixed with 28 mg (0.28 mmol) of triethylamine and a solution of 0.10 g

(0.46 mmol) of bromoacetyl bromide in 0.2 ml of dimethylformamide. After 5 hours of stir-
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sulfonate, mtemal salt (Formula XVIII)

The synthesis is carried out starting from the title compound of Example 1d) (0.5 g; 0.56
mmol) and N-boc-propylenediamine analogously to Example 17. Yield over all the stages:
0.22 g (37% of theory).

Elementary analysis: Cld.: C43.70 H4.33 N 5.23 S11.96 Na 6.43
Fnd.: C43.21 H4.14 N5.53 S 10.89 Na not determined
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The synthesis is carried out starting from the title compound of Example 13b) (0.5 g; 0.49
mmol) and N-boc-propylenediamine analogously to Example 17. Yield over all stages: 0.31
g (53% of theory).

Elementary analysis: Cld.: C47.88 H4.52 N 4.65 S 10.65 Na5.73
Fnd.: C48.04 H4.43 N4.69 S10.72 Na5.84

Examples 20-23: Synthesis of conjugates with biomolecules and photophysical charac-

terization of the conjugates

Example 20: Labeling of BSA (bovine serum albumin) with the title compounds of Ex-
amples 1-16

General instructions: A solution of 5 mg (0.074 umol) of BSA (Sigma Company) in 5 ml of
phosphate buffer (0.1 M Na,HPO4/NaH,PO4, pH 6.8) is mixed in each case with 0.74 umol of
the title compounds of Examples 1-16 (stock solutions of 0.5 mg/ml in PBS) and incubated
for 30 minutes at 25°C. The purification of the conjugate is carried out by means of gel

chromatography (column: Sephadex G50, diameter 1.5 cm, Pharmacia, eluant: PBS).
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Example 22: Labeling of anti-ED-B-fibronectin scFv antibody AP39 (single chain frag-
ment) with the title compounds of Examples 1-16

AP39 is an scFv with a C-terminal cysteine and is present as a covalent S-S-dimer of the mo-
lar-mass of about 56,000 g/mol (Curr Opin Drug Discov Devel. 2002 Mar; 5(2): 204-13). By
reduction of the disulfide bridges, two monomers with accessible SH groups are produced
(molar mass 28,000 g/mol).

General instructions: 0.3 ml of a solution of AP39 in PBS (conc. 0.93 mg of dimer/ml)

is mixed with 60 pl of a solution of tris(carboxyethyl)phosphine (TCEP) in PBS (2.8 mg/ml)
and incubated under nitrogen for 1 hour at 25°C. Excess TCEP is separated by means of gel
filtration on an NAP-5 column (eluant: PBS). The quantity of AP39-monomer obtained
(OD2sopm = 1.4), determined by means of photometry, is 230-250 pg (volumes 0.5 — 0.6 ml).
The solution is mixed with 0.03 pmol of the title compounds of Examples 1-16 (stock solu-
tions of 0.5 mg/ml in PBS) and incubated for 30 minutes at 25°C. The conjugate is purified
by gel chromatography on an NAP-5 column (eluant: PBS/10% glycerol). The immune re-
activity of the conjugate solution is determined by means of affinity chromatography (ED-B-
fibronectin resin) (J Immunol Meth 1999, 231, 239). The immune reactivity of the conjugates
obtained was >80% (AP39 before the conjugation >95%).

Example 23: Labeling of anti-ED-B-fibronectin scFv antibodies AP39 (single chain
fragment) with the title compounds of Examples 17-19

General instructions: 0.3 ml of a solution of AP39 in PBS (conc. 0.93 mg of dimer/ml) is
mixed with 60 pl of a solution of tris(carboxyethyl)phosphine (TCEP) in PBS (2.8 mg/ml)
and incubated under nitrogen for 1 hour at 25°C. Excess TCEP is separated by means of gel



the title conpounds of Exanples 1-16 (stock solutions of 0.5 ng/m in PBS)
and i ncubated for 30 mnutes at 25C. The purification of the conjugate is
carried out by nmeans of gel chromatography (columm: Sephadex G50, diameter
1.5 cm Phavoemumsssgl uant : PBS). WO 2004/ 065491 PCT/ EP2Q@34lndaR73s4 1
Exanpl e 21: Labeling of BSA with the twtle conpounds of Exanples 17-19
CGeneral instructions: A solution of 5 ng (0.074 nol) of BSA (Signa Conpany)
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dimer/m) is mxed with 60 of a solution of tri s(car boxyet hyl )phosphl ne
(TCEP) B#iomE85¥9. 8 ng/m) and incubated under nitrogen for 1 hour at 25C.
Excess TCEP is separated by nmeans of gel filtration on an NAP-5 col um
(eluant: PBS). The quantity of AP39-nononer obtained (OD2som = 1.4),

det erm Bbdtophyned@amictpfmﬂtmneﬂ' ithe D'ye-BSEQCQﬂﬂggteé vDEummpple§ 25 and@26wmdi ). The

sol utiop i 03 the, ti npounds of Exanples 1-16
(st ock @bﬁ@! ?ﬁrﬁ"\%&"%%&’ h’ﬁﬁ q?ﬁ': &h flﬁgUbat ed for 30 mnutes at 25C.
The conjugate is purified by gel chromat ography on an NAP-5 colum (el uant:

PBS/ 10% gl ycerol ).. The i pmune - tivity of .t econj ate solution is
det er mi HB8 IBgeRoh penesFiraian W@{?nfe@ejn@?% raalﬁhys ? y photometry an

based on an extinction coefficient of 75000 L mol™ cm™ in the short-wave absorption shoul-
der (about 690 — 710 nm); the antibody absorption (AP39) is determined with an ODagony of
1.4; and/or the protein absorption (BSA) is determined with an OD277,m of 0.58. The fluores-
cence quantum yield is determined with a SPEX fluorolog (wavelength-dependent sensitivity
calibrated by lamp and detector) relative to Indocyanine Green (Q = 0.13 in DMSO, J Chem
Eng Data 1977, 22, 379, Bioconjugate Chem 2001, 12, 44).

Table 2: Properties of Conjugates According to the Invention

Substance (Biomolecule/ Degree of | Absorption Fluorescence | Fluorescence
Sample Compound) Concen- |Maximum Maximum (nm) | Quantum
tration (nm) Yield
Example 20
K1 |Conjugate from BSA and the (0.5 766 790 0.13
title compound of Example 2
K2 |Conjugate from BSA and the 0.6 767 792 0.16
title compound of Example 4
K3 |Conjugate from BSA and the |0.7 765 790 0.15
title compound of Example 5
K4 {Conjugate from BSA and the |0.5 766 789 not deter-
title compound of Example 10 mined
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i s deter ;K?]ed Hivgriefrortppaend 432; an &% the F?%):el n abscpﬁl on (BSA) is
determ ned Wi fitle dhpohXd/of BRarpple §7 8. The |fl uores- g¢ence quant um y| eld is
determ ned—wiltha SPEX fl uorolog - ident—sensi-fH-vity
cal i brat eﬁxwlfé?rp and detector) |relatiye to I ndogyani ne G egn (Q =0{13 in
DVBO, J M Conjugate from AP39 and the |1.1 768 794 0.14
title compound of Example 1
K10 |Conjugate from AP39 and the | 1.0 767 793 0.12
title compound of Example 2
K11 | Conjugate from AP39 and the |0.8 767 792 0.12
title compound of Example 4
K12 |Conjugate from AP39 and the |0.9 768 794 0.14
title compound of Example 5
K13 | Conjugate from AP39 and the |1.1 769 792 0.10
title compound of Example 6
K14 [Conjugate from AP39 and the |1.0 769 792 not deter-
title compound of Example 7 mined
K15 |Conjugate from AP39 and the |1.1 767 790 0.13
title compound of Example 10
K16 |Conjugate from AP39 and the |1.1 767 789 0.15
title compound of Example 11
K17 [Conjugate from AP39 and the [0.9 766 790 0.11
title compound of Example 12
K18 {Conjugate from AP39 and the {1.2 771 795 0.10
title compound of Example 13
K19 [Conjugate from AP39 and the (1.1 772 796 0.09




Eng Dat

a 1977, 22, 379, Bioconjugate Chem 2001, 12, 44).

Tabl e 2: Properties

of Conjugates According to the Invention Substance (Bionolecul e/ Degree of

Absorption Fluorescence Fluorescence Sanple Conpound) Concen- Maxi mum
Maxi mum (r uno 2604888408m tration (nn) Yield Exanple 20 KI i rom BSA
and the 0.5 766 790 0.13 title conpougd of Exanple 2 njugate from BSA
and the 0.6 767 792 0.16 title conpound of Exanple 4 K3 Conj ugate from BSA
and the 0. 7| Sibbtad@(Bibrddleculd/t T € ADborpHedTP| PFlRorééeeh&d)) YFRiogestdned] BSA
and the 0.5] 766 789 not deter- t|tle conpound of Ekanple 10 nifned WO
2004/ 065491/ Soeepl 12735 4FCongeRst o AR oo | Magimam (ay | Quagfm
Absor ptfi on Fl uorescence Fl uorescgpgg Scmyz Conmpopnd) Concen- yWaxi mum
Maxi rrurﬁﬁcnrr Quantum tration (net Yzllel d £ Conj ugate from B$A“ and thel 0.5
768 790 O. 141tletq0nipeumd)mf@mqbleol‘4 Exanpl e {11 K6 Conj igate from BSA and the 0.4
772 79394 4 t+e—econpourd——of affpte13—Ki—Conjpgate—tromfSA—and—the 0.4
772 793 FBEPlEAR - i1l e compounf of Exanple 16 m hed Exanple 21
K20 | Conjugate from AP39 and the |0.7 767 790 0.18
title compound of Example 17
K21 |Conjugate from AP39 and the |0.8 773 794 0.13
title compound of Example 19
Example 24:

The imaging properties of the conjugates according to the invention were examined in vivo
after injection in tumor-carrying hairless mice. For this purpose, the conjugates were admin-
istered intravenously, and the concentration in the tumor region was observed in a period of 0
to 24 hours. The fluorescence of the substances was excited by area irradiation of the animals
with near-infrared light with a 740 nm wavelength, which was produced with a laser diode
(0.5 W output). The fluorescence radiation was detected by an intensified CCD camera, and
the fluorescence images were stored digitally. The in-vivo effectiveness of the dye conjugates

is depicted in Figure 2 based on an example.

Without further elaboration, it is believed that one skilled in the art can, using the preceding
description, utilize the present invention to its fullest extent. The following preferred specific
embodiments are, therefore, to be construed as merely illustrative, and not limitative of the

remainder of the disclosure in any way whatsoever.

In the foregoing and in the following examples, all temperatures are set forth uncorrected in

degrees Celsius, and all parts and percentages are by weight, unless otherwise indicated.

The entire disclosure[s] of all applications, patents and publications, cited herein are incorpo-

rated by reference herein.



K8 Conjugate from BSA and the 0.3 768 790 0.15 title conpound of Exanple 17
Exanpl e 22 K9 Conjugate from AP39 and the 1.1 768 794 0.14 title conpound
of Exanple 1 K10 Conjugate from AP39 and the 1.0 767 793 0.12 title
conmpound ofwdX@idsee12 KI | Conjugate from AP39 and the Qcﬁm}%}, g@gs 0.12
title conpound of Exanple 4 K12 Conjugate from AP39 and the .3 5 794 0. 14
title conpound of Exanple 5 K13 Conjugate from AP39 and the 1.1 769 792 0. 10

title compurediaf ekamstpd eanfod<hpedtianyity sitlaf snesdRYSudstitutinpethd glnefiGaly792 not

deter- title,co und of Exanple 7 mned K15 ConiLygate fro 39 and the
L 767 o REcieay esprbe ol B contions Bt Bhryepiion iy Bwe ABED. ang
the 1.1 ifthé pfetSdife émmmpléd | € compound of Exanple 11 K17 Conjugate from AP39
and the 0.9°766 790 0.11 title conpound of Exanple 12 K18 Conjugate from

AP39 and the 1.2 771 795 0.10 title conpound of Exanple 13 K19 Conjugate

from AP34, A%kt fo?c?goilngldezgr?pﬁ%gfsor% QMG 2O O8raRity BELHERANO 3By - 44

acteristics of this invention and, without departing from the spirit and scope thereof, can make
various changes and modifications of the invention to adapt it to various usages and condi-

tions.



Subst ance (Bi onol ecul e/ Degree of Absorption Fluorescence Fl uorescence

Sanmpl e Conpound) Concen- Maxi mum Maxi mum (mu) Quantum tration (run) Yield
title conpound of Exanple 14 Exanple 23 K20 Conjugate from AP39 and the 0.7
767 790 0.8 20840ty CONMpound of Exanple 17 K21 Conj ugatgriE@psprads and the
0.8 773 794 0.13 title conpound of Eganple 19 Exanple 24: The inmaging
properties of the conjugates according to the invention were exam ned in
vivo after injection in tunor-carrlaimshairl ess nmice. For this purpose, the
conjugates were admn- istered intravenously, and the concentration in the

tunor regiqn . bserved in a riod Qf O to 24 hours. The fluorescence of
the sub ?%ﬁ%%l\é\a@\a%cg'a%l?%¥l¥ee%tl%§}er ’g’gn\%lar( di ation of the animals wth
near-infrared light with a 740 rp{;nvvavel engt h, which was produced with a

| aser diode (0.5 Woutput). Thg fl uorescence radi ati on was detected by an

i nt ensi f%ed CCD canpra, and tbg fl uor e\zc;a’nc i mages were stor ed digitally.

The i n-vite _efgctKveness of the dye co gef €513 depicted in Figure 2
based on anl

GWQUMM’ it is believed that one
skilled in tqe = any usifgg t precedypgdescription, utilize the
present invention o its fullest extent.|The follow ng preferred specific
enbodi ments are, tMerefore, to be constrE:d as nerely illustrative, and not

limtative of the Lremminder of the dischosure in any way whatsoever. In the
foregoing and in tﬁ\‘e foll owi ng exanpl es, "all tenpergtures are set forth
uncorrected in degrees Celsius, and all parts and percentages are by
wei ght, ;1iRES otherwi se indicated. The entire disclosure[s] of all
applications, patents and publications, cited herein are incorpo- rated by
ref erence herein.

X is O, S or C that is substituted in two places, whereby the substituents can be

selected from methyl, ethyl, propyl, isopropyl and/or butyl,
Y is CHz-CHz or CHz-CHz-CHz,
Z is C; to Cs alkyl, whereby the C atoms are optionally substituted by O or S, or

is

R| to Ry, independently of one another, are SOsH or H, with the proviso that at least
three of R to R4 are SOsH,

Rs  is-CO-NH-Rg-Ryg, -NH-CS-NH-Rg-Rg or -NH-CO-Rs-Ry,
in which Rg is selected from the group that consists of unbranched C,-C;; al-
kyl, in which C atoms are optionally replaced by O or S, and

Rg is selected from

wa,

O or



WO 2004/ 065491 PCT/ EP2003/ 012735 45 The precedi ng exanpl es can be repeated
wWth simlar success by substituting the generically or specifically
descri bed reactants and/or operating conditions of this invention for those

used in tReopoe6eddng exanples. Fromthe foregoi ng desecirRiph@n9se skilled
in the art can easily ascertain the essential char- acteristics of this

i nvention and, w thout departing fromthe spirit and scope thereof, can nake
vari ous oehmmmetgn&rdmdﬁcéﬂyl; abdoateylp thibhvacdtanidn] iodoacetamidig whlordalltyd, bras i ous
usages and ons, 654 1 CT/ 20 3/012735 46 Cainms 1.

I ndot r i Al Ea‘iﬂaﬂﬁ’mdﬂf%}ﬁfgﬁr andg '\ X NRST R3 R4 in

whi ch X jh swhibh K &d 1 &BUH bSare lébﬁﬁdctegtt@q Heﬁyltrmg B 2csalkyWhatebyptidagily

substituents can be selected fromnethyl, ‘et , p I, |sopropyl and/ or
butyl , ‘ane ypstitoied ip pagrppsitiop vithpa Cito @kyltr@ﬁ@,aalﬁ ts anghiotvateg of Hés C at ons
are optig gg.@h{ny substituted by O or S, or is O O R to R4, independently
of one ano are SBH or H with the proviso that at |east three of Rl to
R4 are SC3H,

2. Indotricarbocyanine dye according to claim 1, in which
Y is CH,-CHa,
Z is C; to Cs alkyl, whereby the C atoms are optionally substituted by O or S, and
in which Rg and R7 are CH, and salts and solvates of this compound.

3. Indotricarbocyanine dye according to claim 1 or 2, in which
Z is C1-Cs alkyl.

4. Indotricarbocyanine dye according to claim 1 or 2, in which
Zis

and Rg and Ry are connected to a hexyl ring via Cs-alkyl.

5. Indotricarbocyanine dye according to one of claims 1 to 4, in which
R5 is COOH or NHs.



R5 is -CONHRs-R9, -NHCS-NHR8-R9 or -NH-CO-R3-R9, in which Rs is selected
fromthe group that consists of unbranched C2-CI3 al- kyl, in which C atons
are optionally replaced by 0 or S, and RO is selected from p O or WO

2004/ 065494y 5edd be8aQ03/ 012735 47 or chl oroacetyl, bronpeggbihsohdoacet yl,
chl or oacet am do, i odoacetam do, chloreal kyl, bro- noal kyl, iodoal eyl,

pyridyl disulfide and vinyl sulfonam de, and in which R6 and R7 are CH or
are connected to a hexyl ring by a C3-al kyI whi ch optionally can be

substityt i N aRALS: tion t | radical, and salts and
sol vat e;é %ﬂ(‘aoh‘fl %8 6"&%&°°° 1 %’acge{”ﬂ 0053816%‘%1 ne dye according to claiml,
in which Y is CH2- CHZ Zis Cl to G5 alkyl 5 whereby the C atons are
optionally substituted by O or S, and in ich R6 and R7 are CH, and salts
and sol vates of this conmpound. 3. In [ bocyani ne dye according to claim
1 or 2, inwhich Zis Cl-C5 al kyI ﬁ{M\IK ot i car bocyani ne dye according to
claiml1 or 2, in which zis O Han and R7 are connected to a hexyl
ring via C3-al kyl .

o o
s
o

SOH

SOzH SOH

and salts and solvates of this compound.

7. Indotricarbocyanine dye according to claim 3 of formula (III)

SOgH SO;H

and salts and solvates of this compound.



5. Indotricarbocyani ne dye according to one of clains 1 to 4, in which R5
is COON or NH2. WD 2004/ 065491 PCT/ EP20031012735 48 6. Indotri carbocyani ne
dye according to claim3 of formula (ii) O NNHO 0%SCG3H N N SGBH SO3H

and sal ts sgladobsadies of this compound. 7. Indotricarbegyaphdasodys
according to claim3 of fornmula (111) 4 ~O ONH fffffVWVWWV SGBH O KD N N
SBH SCBH and salts and solvates of this conmpound. WO 20041065491

PCT/ EP2003/ 012735 49 8. Indotricarbocyani ne dye according to claim3 of

formila é Ih%oﬁc@r'%%vcymgn%ge according to claim 3 of formula (TV)

Q

NH A~ o\/\o/\/ O\/\N

o
Ny’ SOH d
o
N
SOH SOH

and salts and solvates of this compound.

9. Indotricarbocyanine dye according to claim 3 of formula (V)

SOH O

and salts and solvates of this compound.



OJN S 0O3H S and salts and solvates of this conmpound. 9.

I ndotri carbocyani ne dye according to claim3 of fornmula (V) NH ~~ O or
503H O N O3H 03H and salts and sol vates of this conmpound. WD 2004/ 065491
PCTI EP2003{yl@ds554020 10. I ndotricarbocyani ne dye accorgg¢rgpioss/mbasm 3 of
formula (VM) ONHO O SO3H 0 SO3Hs$S03H and salts and solvates of this

conpound. 11. Indotricarbocyani ne dYe according to claim3 of formula (VII)
b 0 10. Indotricarbocyanine dye according to claim 3 of formula (VI)

0

o) NH\/\/\/\
N

0]

0
SO;H

~
4

SOsH SO H

and salts and solvates of this compound.

11. Indotricarbocyanine dye according to claim 3 of formula (VII)

Lo

and salts and solvates of this compound.



O3HO N 03~-H and salts and solvates of this conpound. WO 2004/ 065491
PCT/ EP2003/ 012735 51 12. Indotricarbocyani ne dye according to claim 3 of
formula (MIl) O NHS N O3H Ni:: OSOS®BH BH and salts and sol vates
of this coRPislessds- | ndotricarbocyani ne dye accor di ngpe&eEsioes/iiassof
formula (1 X) O NH SG3H 0111, aLN 03kh GBH and salts and solvates of this
conpound.

12. Indotricarbocyanine dye according to claim 3 of formula (VIII)

0

SOzH O;H
and salts and solvates of this compound.

13. Indotricarbocyanine dye according to claim 3 of formula (IX)

OsH SO.H

and salts and solvates of this compound.



WO 2004/ 065491 PCT/ EP2003/012735 52 14. Indotricarbocyani ne dye according
to claim3 of fornmula (X) o NHS", o~~a~~0~~/ O S o,HO I(J 60 SC8H 303H and
salts and sol vates of this conmpound. 15. Indotricarbocyani ne dye according

to claim2uefobfssttha (XI) O NH'-N O ' SO03H O O 03HpEBkP2000si2B8! ts and
sol vates of this conpound. WO 2004/ 0652491 PCT/ EP2003/ 012735 53 16.

I ndotri carbocyani ne dye according to claim2 of formula (XIl) O ON 1100 O
' 14. Indotricarbocyanine dye according to claim 3 of formula (X)

0 NH\/\/O\/\O/\/O\/\/'&
0

H
P 04

HO;;H SdH

and salts and solvates of this compound.

15. Indotricarbocyanine dye according to claim 2 of formula (XI)

0O
0

N
NN
o)

(0] /-
Ng

S
7 O

SOH OH

and salts and solvates of this compound.



~g 0 SOBH O N O3Fi SO3H and salts and sol vates of this conpound. 17.
I ndotri carbocyani ne dye according to claim2 of formula (XIlIl) 0O 0 0~~O ~
0O O~S SOBHON S 03H SOH and salts and sol vates of this conpound. WO

2004/ 065493y Peb4/5344103/ 012735 54 18. Indotri carbocyani @@Tﬁyg,og,ﬁﬁgsdl ng to
claim4 of fornmula (XIV) O OO O~@S SO3H NN SOH S

16. Indotricarbocyanine dye according to claim 2 of formula (XII)

o]
0
/\/\/\/N
NH _
0
O
Ny SO
7
o
N )
SOqH SOH
and salts and solvates of this compound.
17. Indotricarbocyanine dye according to claim 2 of formula (XIIT)
0o Q
(L NH/\/\O /\/0\/\0 /\/\N
0
. 0
ONg” ' SOH

N

L&

and salts and solvates of this compound.



and salts and solvates of this conpound. 19. Indotricarbocyani ne dye
according to claim4 of formula (XV) O j HOO Ob:NY~"SO SO3BHON SO3H
SBH and salts and solvates of this conmpound. WD 2004/ 065491

PCT/ EP2003{/@lxddsidss499> 20. I ndotri carbocyani ne dye accor g¢rfipdossdibasm 4 of
formula (XVI) O o a aSO3H 11 SO3H & 3H and salts and solvates of this

conpound. 21. Indotricarbocyani ne dye according to claim4 of formula (XVI1l)
O NH\ ~-18Nndgirigarbocyanine dye according to claim 4 of formula (XIV)

(0]
NH
\/\N
0]
0]
o
>S/ SOzH
0]
N N
SOH SOH

and salts and solvates of this compound.

19. Indotricarbocyanine dye according to claim 4 of formula (XV)

SOzH SO,H

and salts and solvates of this compound.



O OS SBH NN SOH SBH and salts and solvates of this conpound. WO
2004/ 065491 PCT/ EP2003/ 012735 56 22. Indotricarbocyani ne dye according to
claim3 of formula (XVIIl) NH r"~-Br NHO Oo SGBH N S03H SO3H and salts
and sol vat ago edoskébagr conpound. 23. I ndotricarbocyani ne @¢g/@spPhid to
claim2 of formula (XIX) O NHNBr @ 0S/ O SO03H be iOsH S&®OH and
salts and sol vates of this conpound. WO 2004/ 065491 PCT/ EP2003/ 012735

20. Indotricarbocyanine dye according to claim 4 of formula (XVI)

0
NH\/\/O\/\O/\/ o\/\/’ﬁ
o o
o N~
o> SOH
N N
SO4H O.H

and salts and solvates of this compound.

21. Indotricarbocyanine dye according to claim 4 of formula (XVII)

o)

and salts and solvates of this compound.



57 24. Indotricarbocyani ne dye according to claim4 of fornmula (XX) Y 'Br O
OO0 o0g SOBH NN O0O3H BH and salts and solvates of this conpound. 25.
Process for the production of an indotricarbocyani ne dye according to one of
claims 1 t@o #eoes0TPrising a) Preparation of one or noper/dpmosratiss ut ed
pyridi nes, b) Conversion of one or noge 4-substituted pyridines in

neso- substltuted gl ut aconal dehyde-di ani | i des as precursors into cyanine
dyes, by2nledetticarbocyanine Aysradcerditgytg claim dtof formuban@ YD) Obt ai ni ng t he

nmeso- substituted gl utaconal dehyde-di anilide as precursors to cyanine dyes.

26. Process for the production of a com ri sing coupling of an
i ndot ri carbocyani ne dye according t$ one of dlainE 1 to 24 with a
bi onol ecul e. 27. Conjugate of amg ndmnkri carbogyani ne dye with a bi onol ecul e,

produced according to claim 26. 2. Conjugate according to claim 27,
characterd zedoin thay as a bi orml erul e, onprises at |east one
bi onol ecu %s ha r of
ant i bodi eg?or Such as, for exanple,

ol i go- or pol eot | A2 j91 PCT/ EP2003/ 012735 58

SOH SOH

and salts and solvates of this compound.

23. Indotricarbocyanine dye according to claim 2 of formula (XIX)

OsH SOH

and salts and solvates of this compound.



RNA, aptaners, PNA, and sugars, such as, for exanmple, nono-, di-, tri-,

ol i go- and polysac- charides. 29. Conjugate according to claim 28, wherein
the protein is selected fromthe group of skele- tal proteins or soluble
proteins ofwohedsbesdyr 30. Conjugate according to clai m 3@aipaSn12erein the
soluble protein is a serumprotein, such as, for exanple, HSA BSA egg

al bum n, an enzyne, such as, for exanple, a peroxidase or an antibody, an
scFv fr @dnedetricarbégyatine dd accGulitjgtg ataim dof foroiukeXP%) one of clains 27 to 30,
wherein the soluble protein has an affinity wth respect to

ED-B-fi bronectin. 32. Conjugate gevqr dithg to~qnsN i 27 to 31, wherein
the i ndotricarbocyani ne dye is [couplled to the bio lecie via an SH group,
in particular via an SH group taa cygsteine. 33. Di@gnostic kit, conprising
an indotricarbocyani ne dye acgordimg to one of clainms 1 to 24 and/or a
conjugate according to one of 5 27 to 31, together with additional
adjuvants for_ inplenenting an~NgZvivo diagnosis of, in particular, tunors.
34. A coﬁj\ug«%e accoydjng to ong of clai 7 to 31 for the manufacture of a
f1 uor esce i n-vivo ph i.s-8P unor s.

SO4H SO4H

and salts and solvates of this compound.

25. Process for the production of an indotricarbocyanine dye according to one of claims 1 to

24, comprising

a) Preparation of one or more 4-substituted pyridines,

b) Conversion of one or more 4-substituted pyridines in meso-substituted
glutaconaldehyde-dianilides as precursors into cyanine dyes, by means of the
Zincke-Konig reaction, and

c) Obtaining the meso-substituted glutaconaldehyde-dianilide as precursors to

cyanine dyes.

26. Process for the production of a conjugate, comprising coupling of an indotricarbocyanine

dye according to one of claims 1 to 24 with a biomolecule.

27. Conjugate of an indotricarbocyanine dye with a biomolecule, produced according to claim
26.

28. Conjugate according to claim 27, characterized in that as a biomolecule, it comprises at
least one biomolecule that is selected from peptides, proteins, lipoproteins, antibodies or anti-

body fragments, nucleic acid, such as, for example, oligo- or polynucleotides from DNA or



WO 2004/065491 PCT/EP2003/012735
58

RNA, aptamers, PNA, and sugars, such as, for example, mono-, di-, tri-, oligo- and polysac-

charides.

29. Conjugate according to claim 28, wherein the protein is selected from the group of skele-

tal proteins or soluble proteins of the body.

30. Conjugate according to claim 28 or 29, wherein the soluble protein is a serum protein,
such as, for example, HSA, BSA, egg albumin, an enzyme, such as, for example, a peroxidase

or an antibody, an scFv fragment or F(ab).

31. Conjugate according to one of claims 27 to 30, wherein the soluble protein has an affinity
with respect to ED-B-fibronectin.

32. Conjugate according to one of claims 27 to 31, wherein the indotricarbocyanine dye is

coupled to the biomolecule via an SH group, in particular via an SH group to a cysteine.

33. Diagnostic kit, comprising an indotricarbocyanine dye according to one of claims 1 to 24
and/or a conjugate according to one of claims 27 to 31, together with additional adjuvants for

implementing an in-vivo diagnosis of, in particular, tumors.

34. A conjugate according to one of claims 27 to 31 for the manufacture of a fluorescence

contrast medium for in-vivo diagnosis of tumors.



