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invention relates to new fluorescence dyes fromthe

cl ass of cyani ne dyes, especially

i ndot ri carbocyani nes with an absorption and

fluorescence maxinumin the spectral range of 700 to

900 nm a thiol-specific reactive group and three,

preferably four, sulfonate groups, to an increase in

wat er solublllty as well as the production of dyes.
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these dyes with bionpl ecul es and uses thereof.
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the conjug#tesroffthese dyphwith biqmpaleewleatskuses thereof( 2001)
Mol ecul ar 1 magi ng, Radiology 219, 316-333). Dyes that
are fed to the tissue as exogenic contrast media for
Backgfdusdl 6Tt Tagerticignosi s and i m aging, and here in
particul ar fluorescence dyes with an absorption and
fluorescence maxi num in the spectral range of 700-900
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ansport | dce, eover,
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Radiolddyuproese638s).radi a- tion can be detected spectrally
separated and nmakes possible the |ocalization of dyes

and the correlation with nol ecul ar structures to

Dyes ¥ 'afd'feiNG (Y BsddB%s WAL ESiifast Mielifd Br AABREGH 8 AidHndSs 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 .the
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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| uorescence and trans- illumnation diagnosis. The
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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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O her exanples are tfound in particular in the

publications WO 00/61194 ("Short-Chain Peptide Dye
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ever, thihaik Meir Jificieknn@san i ndot ri car bocyani nes previously

used in the prior art still have drawbacks, how ever,
that inpair their efficient use. Low fluorescence
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Phot obi 12, 4, 2000) describe conjugates of an
indotridartsboyariinamithciiSAi and twinsferiisavidnBuareseandeeqpantimyigids of 2.9% or

fl uarescence quantum yi el ds ,of. 2. 9%.0 2. 8% and
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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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Y prepar £&Cdn botNdarbesyamir®e dye of

A first o@ec&é@ﬁ%%ﬁ\%{l&ﬁ%&o Chft%ﬁ/g('rl ﬁ%gﬁactlvgﬂd and the o d
general eamhledpcti vated Cy7 ol ecul e). WO 2004/ 065491

PCT/ EP2003/ 012735 4 There is thus a conti nuous need
for cyani ne dyes thaﬁs are efficient and easy to

produce for t he | uprescenge di agnosi s that reduce or
R dnot Wave the abeVe- menti ohgd
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h ese dyes ihoul d be % %ld for the
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Qlj A f the itventTon is acN eved by the preparation
of an ilndotri carbocyani ne dye of general formula (1),
RS\ ~YZ\/ RRXX F,~7NR3R4 (1) in wiich X
is 0, ,Or Cthat is substitured in two pl aces,
wher eby°t he substituents can be sel ected flyom nethyl,
ethyl, propyl, isopropyl and/or butyl; Y is CH2-CH2 or
CH2- CH2

“CH2; Zis Cl to G5 al kyl, vvhereby the C atons
in which' € optionally substituted by O or S, or O

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 CHp-CH; or CH,-CH,-CHy; Z is Cy 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 SO3H, Rs is -CO-NH-Rg-R, -NH-CS-NH-Rg-Rg or -NH-CO-Rs-Ry, in which Rg
is selected from the group that consists of unbranched C»-Cy3 alkyl, in which C atoms are op-

tionally replaced by O or S, and Ry is selected from

—NH
> -

0 or
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compound. Mre preferred is an indotricarbocyani ne dye
of this invention, in which Zis C1-C5 alkyl. Even
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fluorescence maxinumin the spectral range of 700 to
900 nm of a thiol- specific reactive group and three,

pieferably four, sulfonate groups, are thus subjects
of this

and R¢ 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 radicals) 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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Another aspect of this invention relates to an indotricarbocyanine dye, in which Rs is COOH
or NHo.

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 Cy5 derivatives.
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nine dye of this invention. In this case, a sinple
access via 4-substituted pyridines was found.
w@aropesPngl y enough, various 4-substituted pyPCHEP®S3/012735

in

hi gh yields could be converted by neans of the

Zi ncke reaction (Zincke-Kong reaction, see Ronpps

Formul@h

bm e Lexi kon [ Ronmpps Chem cal Dictionary], 10th

dition, page 5067) in meso-substituted

(XIX) 9 dy(

Examplgt ,
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gtytacomatdehyde=—diranifTde (precursors to cyani ne
). In addition to the sinpleQand efficient
ynt hesi s of 4-substituted pyrir(ﬁges t hesy t r Neal

ucture of the dyes of this(invedti onopenfs up the Br

possibility of a defined deriwgatization with a 0
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PCl/ BRad

-group-sel ective reactive group in symmetrica
osbtion aof the nol ecule. 004/065491

{ 8%tbn to
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& A I

. e.g.,
chloroacetﬁl,\?ronoacetyl

einimd (naWeinide)l

i odoacetyl, chl csroacetam do, bronopacet am do,

i 0od
pyH
asf
pr d

ioacetanido, chlloroal kyl, bronogl kyl, io- doal kyl,

i dyl disulfidesamd vinyl sulfo @ﬁ]de Still another
bect of this invention relates to a process for the
pduction of a conjugate that conprises coupling an

(XX)

Exampl& )
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exg
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cha

nol ecule. Wthin the sco
onol ecul e” is to be defined ag any nol ecul e

| ogical origin that has-a biéiogical activi Py,
ticular enzymatic acti
syn- thetic or biolog
inple/gpharnaceutica

fotr1 carbocyani ne dye of this in ﬁE;L?Qv;gyﬁoﬂ//\\

), i o//’ ns, nucl g ids, suc as for
npl e, oligonuc eotides o*_{0l ynu- cl otides from
A\ or RNA, aptaner PNA, and sugars,/”such as, for
npl e, nono-, , oligo- an

ysacchari des. Th% g@nthe5|s and bi 8PdYi ca
racterization of cyanine dye conjugates with

hi @

mol ecul es, such _as nepti des—anti bodies—and

fragnments t her eof and proteins for i n-vivo
fluorescence diag- nosis of tunors, is described in
Another lagpeet bbthisinbentionveliesus aglndniess:ﬁ:ir|tbmpl:odu€:t1(1n|"ﬁvf9.ndaé@rlcarbocya-

rimarily the
nine dy% ofrtrﬁs 1myent10n In this case, a simple access via 4-substituted pyridines was found.

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

means of the Zincke reaction (Zincke-Konig reaction, see R6mpps Chemie Lexikon [R6mpps

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.



above-mentioned Cy3, Cy5, Cy5.5 and Cy7 were used (see
inthis respect, i.a., Nature Bio- technol. 15, 1271,
wad®iedancer Detect. Prev. 22, 251, 1998; J. POTEPN3/012735
Met h. 231, 239, 1999; Natufe Biotechnol. 17, 375,
1999; Nature Medicine 7, 743, 2001). Another aspect of
The furthbi Serdivitieatio0 o It}ﬁblagﬁﬁlptreaoave @:n;npgands vhs dlms carried out. Thiol

i ndotri carbocyani ne dye acco t
group-rearieYe Hinstionpbitiss axee etgwépalﬁ}é‘ém JH}?@%@%&«:@%‘%"%% Ib‘é%)moacetyl
1od0acet§/ 058G Ba&tarhi 38 %Qt%l‘n% iddYaSetaRi ) GAlRo4IRA, Beomoalkyl, io-

aracteri ze at It conprises a bi omol ecul e as

doalkyl,getidpledisul e wed vmybmmbyaras’lea bi onol ecul e, at | east one
bi onol ecul e, sel ected from peptides, proteins,
[ poprot eins, antibodies or antibody fragnents,
Still and %Bé(‘?t @thqjssmvérﬁﬁﬁ 1@fitesft® b pPORBPIoR thedpro@@ition of a conjugate that
eotl des or polynucl eoti deS of DNA or RNA, apta
comprlsE’sﬁ\WQuphng as inybotigcarkapyhniae dyé @ﬁthesﬂamntl;@néo amolemé? W1t111n the

o oHj S5 DERURSERC B of BTGB e

that has atblbl%Fﬁﬁi &Qﬁvﬁ , inrpamtidug eBr@Hfticdctivits loebalding of s&lbsllanm of syn-
sol ubl'e pro- eins of the body Qui te, especi all
thetic opbeflegieaddbrigin seh i ﬁ}rcqxgnﬁb @ a@nace f ageIHP:i %ades proteins,

receptorggogp%?hefggazg&/s Ifx?&ﬁ?ﬁ:{)e?erregs%é}éﬁﬁcggs Srepr rPt | 1ns such as fOIé géample

enzyme@'(#égﬂﬂék iitiddReaad afdiselydergments (slhtérasf egmsm% cham Fab, F(ab),,
04/ 065491 PCT/ EP2003/ 012735 6 Thu nown fraomthe
diabodigs;, ietsy), Hpeprateins, Bugieic agids, Wekpedox ?f%?éné? & ’&OP%@?‘gﬂies or polynu-
cleotlde?%nQﬁ NAD WAeéﬁt%ﬁ@ﬁ PR, 2RX LSS SlcH B, %15 Ex@hple, Hono-, di-,
he "angi'ogenetit attivé tissue and only to a very
tri-, oligooahdl pyl§baccharides. adj oi ning tissue (see V\D 96/ 01653) .
O special interest are antibodies that are agai nst
t he é;&c]:leptors for vascular gromh factors, receptors
The sydthd Blolid |ch§1%l:ﬂeﬁz§tﬁ)nv\ﬁ‘ inBfdyarosRfugaRs with biomolecules,
Y d&at ors E@ cfﬁl mat ri x prég?lél ns ytahat} égrae expressed
such asgppiidds] arstiboyies land tﬁagﬁmnmhqrmf aofl pretgins\fersieyivo fluorescence diag-

nosis o{) . g{o(resralq% ?rlrﬂgqglﬁtghﬁ 3&@%%%%@&%\* ?nétlobr%an h{l?gz{gg nﬂrﬁnarlly the
b -ﬁﬁﬁloﬁwr eesnc @a@lem:yﬂmé@Su b escefiinamsasgeeyiag Nawure Bio-
above |nvg§’?|o:}1’ %B ronectlnS Slso1 kng Qﬁ’dl ¢ °
technoloﬂlﬁ,of2a7t1a|1997 kﬁmwetﬂetﬁct iRen 2pl25tel W |Jaﬂﬂm><blr101t Adeth. 231, 239,
i ect.in I i I round
1999; 1015 bRk %EZ 1351911 ?t% n%?%’lgglgs? Z?’aglngl)ggenem s.
EspeC| ally preferred are antibodies L19, ES8, AP38 and
AP39 agai nst the EDB-fibronectin (Canc

Anothes @spegit this infeniiesl reletastio agggjueptgof %ggotﬁ%f gmn}g@girye accord-

ing to tlﬁe 1nven%18r(1) ]Wlth a blan?(ﬁ):Cule 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.



Preferred is a conjugate according to the invention
that is characterized in that the indotricar-
whowyasidne dye is coupled to the bionol ecul e VPEI/EP2083012735
group, especially via an SHégroup to a cysteine.
Optionally even nore preferably produced therefromare
those anti bodies and their fragnents that are
produced by reconbi nant techni that, on,th
Thus knovneli o AesPrégT atasene- 2+ BRHHOALSS ﬂ?a‘half%ﬁhﬁcfﬁ%eag&msg%nale“‘iﬁi Hat are
DsREHIS) GRALAl Y hRivE HishRi e fozﬂ@ 18@tlevel in th
express?cmnﬁ] gﬁ}%}ﬂ]?lrﬁl?an@?% P y&sy rll dges an there ore ggenln °

adjoinirpetigsae gseb W Cc Wpll 6559. t@f sfieeiatl yésrestoe rautlhtgilq:sothah are against the
i nventio

T TR T O T,
mediatd?s BfhdI¥%kd B{atltnb gfot&ﬁy Qi 'a%“ex?}ﬁéys@d sﬁec@ﬁlﬂtﬂlygﬁttﬁe @brniafiod of new

i nvent 1 on. ddition, the kit can contain
vessels.a@iefeirothale aﬁhpuaaﬁ@efsw mmbbéﬁéwenwgtsdhaﬁ preqiygsted against the

n ticul r S
matrix grtozeQn %ﬁBC’ ‘gg% tgi th{lmné%ga €S tB?ngr:e'}S?l 5’0\98 i egs ® thgq#%\ﬁtﬁgh EDB-
fibrone&tRAYRE kioWh afl bh@FéthOfiSroh&dtinyies splidd @arkint oﬁﬂﬁfffhralhflcym which is

contains all materials for an intravenous

formed agm1ﬁ¢aé]5/reapmnqwlytfn@nqg,‘é@s@g in g@rmpq;fés ©f apgiggenesis. Especially
preferretdga\llrg %tg 11%))%4}%38}?% 5. Aelfgéoﬁ{drﬁ%@ n%{ms? Bisny Ep]'ii ﬁbﬁ)‘ﬁ%@ﬁﬁj {dhcer Res

1 6n are,” for

1999, 55 347 T M@EHAL] Megt 1999N23, 1289ﬂhete&nExllnddmf(2100b,rﬁil é6a). e)
wth a free SH group and standard buffers/additives
either as a sol ut| on or freeze-dried material. Another

Preferrede %Saeéoni)v%%e a%g&Id LG ve N GStH Fﬁ%gfa@&ntz@d i@at the indotricar-

soI conmon a ditives) or
bocyanfrfe&@@ és cbrupted tﬁmheeblbaiolecnleana amSHrgroag, |esp€wfalb. via a SH group to a

cystem@hl/ Béggglllycelﬁftleﬁ Iér?q;g gg%grlébgpl ar%ggzl?t | %&gfrer lEheose antibodies and their
fragme%c%lé%%?%&%gé&ka %'yﬁec iRk 't&ﬁﬁﬂq'ﬁé(s ghetetatdd fe W{elBInu or the N-

wat er added
terminui (mmhhetﬂm Ioatsnierﬂt—h@ mnnn@ acgls), thagl qonltam abastemefthﬂt doespaot form any

intram -S- ere Ct l & sa gld%§ a%@c)rdln{k to the
ey S gath bepgd f

mventlgﬁ\{q\o chanber s_ystem (e g., a syri nge), vvh| ch in one
anber contains the anti body sol ution, and physically
separated by a breachabl e wal | in a second chanber

cont aj t he dye as, sol.uti I
Anothe{r ﬁépe\x}a?iis th}ssmgerﬁwgr{ela es t?na )gf a st1 'E)h%g g&{a?xﬁ%e% agflﬁ{iitﬁfzarbocya-
nine dy'eer 6k BB Ald/6h chjeate d)ﬁﬁlsﬁhl\tfentlém ashaddiisqe ehhe kif can contain

his invention then relates to the use .of a, conjugate
addltloa@lcagiytman‘@ fopimpplementing an grvivo diagnosis of, in particular’, timors. 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



as a fluorescence contrast nediumfor in-vivo
di agnosi s of tumors. The absorption maxi num of Cy7 in
W0 bdog/oeapnection is in the range of 745 nm andP¢HEPIW3012735
especially suitable for thd7in- vivo detection of
fluorescence from deeper tissue layers (see above).
optional@/&li%fwmbhﬁ?%Miitgledthtégi earglrarz]ﬂdpd sethedtiomelecelasoniaining ves-
_ roups are not yet described, hqwever. .addi tion,
sel, incubpigd fierel -6 minytes Bwldiped dRpHlASSE 1@8?“%%"@‘31‘1% of the
edge areas of tunors is already described in WO
01/ 23005 (Anti body Dye Conjugates for Binding to
In anothRE@BbdiStent) chalkie ss @EseAn i @ tremelsarsbar sy Qem (4, a Hyringe), which in

one cha%%%gqﬁégg;ﬂeégbé?&%i%{gggﬁrghsgsgc{ahg g%}a{rﬁ%& b% %ﬁ{g&%&ble wall in
a second Eﬂﬁﬂﬁﬁgdg)n‘ltag&te%% ) 8?)% kOtibss o OWid Rakeial. UAFBETthe wall is broken, a

descri the foll owi ng exanpl es and
mixturefand premction dfibe injedionesobrtion be¢amded oW t ed t her et o.

Figure 1 shows the standardi zed absorption and

fluorescence spectrum of conjugate K11 (A) and K15

A last abfikt 6588 ihakH RN Fhen R1kETo tRNEheff@WoRjugakwvadingeo the invention
results of the inmmaging properties of the conjugates )
as a fluerestench eptiast mebunforim-vive GiagaesiENHRIOES- 2hhe;ghsprption maximum

of Cy7 s AgecioPoRt FRafmeort THERangds i SHAER L forthe in-
vivo deREtOPEY f0BicSthcd BahRdékatisste lagert liedipeye). e€yT tarivatives with

_ tion: 740 nm (diode |aser); detegtion: CCD-canel.a

thiol growaplentiveupackive IBrerPs @ sot) ¥t dasBiRRd- hqyeRyer ¢ T pitiopy ghe use of
. Jthe tines: b e injectiqn, rs .

v Sy B8 ARy L BELIG0 BRSO el in WO

01/23005&&11%&& Dye dCdayugartds dos Bindd 20 0P 8 Saaittures of Angiogenesis in Or-

/[ EP2003/ 012735 18 | -16:
der to TEyMERESIVS YOPHFIGBATR ORI EYEon G By BELLINE R RATAT RS dves o

di LP; nmpl e 1: Trisodium
cot mg%gl- dﬁ%‘é‘?@ -2-{7-[3, 3-di met hyl - 5-sul fonat o- - (2-sul fo
nat oet hyl )- 3Hindolium2-yll

The 1nV@gp1é1§hsg1[9q2v}{ goz be5 _ﬁ?rith%}( cc)i_eszc’rﬂ'ao_ecgj iilP Yegrrn(s) _olf "Eﬁep %‘ilrc)gxfliﬁé é)}/allnlp%g%lcﬂ figures

without hOWLy el s Bmfte®itictdign- 1-y! i dene} - 1- (2- sul f onat oet hyl

1;9%%%%% o-l H1ndol e-5- sulfonate, internal salt
(Formula I'l) O

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.



NONHONa ONaO O OSI1 \/ ~ON N OS=00CS-0
Na 11 11 0 0 a)
wa2q02/08ubf onat oet hyl ) - 2, 3, 3-tri net hyl - 3H i ndol PEI/RR2083/612735
ulfonic acid, internal salti810 g (0.04 nol) of
2,3,3-trimethyl -3Hindol eni ne-5-sul fonic acid
(Bi oconjugate Chem 1993, F4amplés), 6.8 g (0.04 nol) of
2-chl or oet hanesul fonic acid chloride and 4.2 g (0.04
mol) of tri- ethylamne are refluxed in 200 nl of
| WS
Exampf§y £ -16; bt Of 1oPfelBpe kDS E M MR (o
Blochen11994 217, 197 b) 3-Pyridin-4-yl-propionic
aci d-tent - butg est er

Example- lauTwodmm%b @mﬂhy&%&ﬁéﬁﬁﬁ%&@%ﬁﬁ ongforlr (Zzpulfppatoethyl)-
H—mdcﬁl?mﬁl%jﬁg @i R25; dlg;{o-i’g? &(Ig%(ﬁ'osiﬁﬁﬁ@%lm gét ?1]&1%21&&31}-

m hy % i n"mnera
ethyl)hépta-204,6-FHen-1Aflidenelt 112 snlfohatocthyli- 3 dihy dyo; llg-ng@lg,-ﬁr on
pyri di ne-4- carbal dehyde in 50 ni
S“““”Eﬁ&“ﬂé’f‘?“&ﬁ?'&%@ﬁﬁ added in drops, and %/he reaction
m xture is stirred for 1 hogr at OC and for 18 hours
at roomtenperature. The pregtipitated solid is renoved
by filtration, and lon is concentrated by
evaporation. The res|due ssolved in isopro- panol
whi | e bei ng he d, NHEN- l e portions are filtered
off and the solu 'on ) cooletho OC for
stalllzatlon he solid that 4 produced is
i hexane,-@iltered WO
¥dvand dried. The

O ) : ) hydr ogenated in 150
: reth gN 0% pal | adi unf acti vat ed
carboni_for 6 hours The talyst is filtered off, the
sol utionjis .

O—|S|=O O=§—O Na
O O

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 chloride 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). 4nal 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



concentrated by evaporation, and the residue is
filtered on silica gel (nobile solvent diethyl

weheys4913. 0 g of a |ight yeI low oil (71% of PEEEP30P3/012735
i s obtained. c)

3-[2-(tert-Butyl oxycarbonyl )et hyl ] gl ut aconal dehyde-di a
and driedi [Thd éntymkedidte praduiet (35Sod)us hyrogdnated ig léa&lmfﬁth)andfwﬂh 015¢

of 10% el iR BB of & Wit T ER= b LG i Ry Gflution s
concent?eﬂéd %V%@aﬁdﬂe Andrineedsiahe CHMeED o sFIRlaUdd] Goblé sSlvéniGliethyl

br onocyanogen in 2 m of diethyl ether.
ether). Mﬂgoffhltghmbfsllmoslt(ﬂ%mgleat}’) ipehtainhé red solid that
is produced is filtered off, washed with ether and
vacuumdried. Yield: 20.3 g (92% of theory) d)

c) gL} 2-%1@%]9‘155?;10xycarbonyl)eth§rl] glutaconaldehyde dlamhde—hydrobromlde
3, 3-di net i met hyl - 5-sul f onat o-1 - ( 2- sul 8
A solutmt @fetthgmal BHNO] m@&-pmdnﬂwljprmwc @sidysxiatphgsfer n 150 ml of

ot 30815 1 A T o ks s slin

of 5.4 @(@ﬁﬁﬁil){)@f BombcPar® gl i 2 mhind1) diethyl ether After 3 hours of stirring at

o ot e b by S

) toethyl)-2, 3, 3-

gfgli!}regﬁglg](grﬁ-% &gh%oq@ang% )s/ul)fonl c acid (Exanple la))

in 30 n1 of 3cet|c aC|7d anhydride and 5 m of acetic

acid. s m e Wi t
O Bietwnramahie i St e et | Qom AT o

l.
e OO BT e 2GR, LSliathey ol X onatocthyl)
QBF&E;]:&@SHH -inclaleg@isylfomos, igersel sant  wat er / met hanol ) and

 susmon I E 0 g5 o 2 B Bl By U bR Bhcchyae
dlanﬂlderﬂy%d’ﬂ%&hﬁiee(%ﬁ%cqc» Rnd 171 fo{1 4. AinGhbip rdfnle(jiﬁﬂﬁﬁlhtoeihyl) 2,3,3-

trifluoroacetic acid for our. After
trlmethybﬁdend(ﬂatln@ﬁ smt;foewapmlr @amnlea}ﬂ) B Omh 6 g@fémﬁced anhydride and

S5ml of\%;%tléc:é {slﬁgﬁcs )Wltho zégzbl &8 fof F%eor ya)%!ei!a% a§18 1%& for 1 hour at

120°C.| X@ehtddIma! R i fihd Rith e@bthﬁ)etﬂarl 150 Qiratipitated sohd is ﬁltered off and
3, 3-di net yI-2-{(y7‘§133d|rrethyl 5-sul fonato-1-(2
purifiedy épyo@hrhlyala’gogga@hm ofCil Brsilizaygdl zpp@ge solvent water/methanol) and the

S- d|
producg ) etem/ fhjl I%y”ll’?é Ql%%\yal%f ég ﬁ‘i ?fé{egi!l%é %rou c_;Larrlfcli (c)ilétn g stirring
the 1nterﬂreﬂﬁte$pﬂoﬂ@¢tahOlehlm)bf)dxclhlo'iomdﬁhhyd t @nlloﬂ-iﬂlﬂludmaeetﬁ: acid for 1 hour.
-sul fonate, internal salt 0.4

After cpnqqnga@@}@bgyﬁpo&tlog)@gﬁﬁh@mat(&ramg pggﬁ??élode§5C% 19a gel, mo-

eGSR SISO b et
(0]

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-
yl)ethyl]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



TBTU and stirred for 10 m nutes. Then, a solution of
0.17 g (0.68 nmol ) of N-(2-
wa@nionoeidbyl ) mal ei m de-trifluoroacetate (Int JPe@I/EP2003/012735
Protein Res 1992, 40, 445) 26nd 68 ng (0.68 WO
2004/ 065491 PCT/ EP2003/ 012735 20 nmol ) of

mmol) 6frtﬂé&h§1mlnﬁm i1®.5 1l 6f Sinidthydforslbimite iy b dedyamd dés stireddded hour at

and it is stirred for 1 hour I 00
room temperetura. 0Afier Y myipedigthy! etheids aﬂé"da nllé qu%“éﬁ“g%“e?fg dried and
Lify d 195( HERBaRSl/water). Yield:
P““ﬁedctié(r“o’ﬁ%%so%f"gﬁ%‘?%{gf’w si | llggégﬁdgaeée@ gr alg I ent waer).
0.30 g ol bhRNpbhtkies (65%Yofthdory).0. 30 g of a bl ue Iyophilizate
(65% of theory). Elenentary anal ysi s: Cdd.: C47.24 H
426N55181261Na678 Fnd.: C 47.74 H 4.47 N

éﬁ%&%&x@félsﬁ'ﬁi@ 0% 4E%8pUe 62N 51 SOM.6MNa 6.78

3-di met hyl - 5-sul fonat o-1-(2-
sul f onat oet hyl )Fn[aH- |(B16|7;I74LHn421~7yN]5-4f0 P1%9BN27.82 di oxo-
2,5-di hydro-1 Hpyrrol -1- yl)hexyl]
carbarmyl }ethyl)hepta-2,4,6-trien-1-ylidene}-1-(2-sulf

Exampﬁ:r? 'ﬂ‘fstotmlr)l 323 auﬂéthyﬂﬁ -C{7 - [i BEdlﬂﬂﬁiﬁ '55§1ﬂfﬂnfawllﬂ(2-y

nt er nal O 'O
sulfonaﬁ)etﬁ)yl) 3H- mdohnmaz-yl]@-@s{16 é@owa,S-dlilys!![O 18- BywalFl'rhe

yl)hexyi]?égéhggfl ?}éetlpd)%f %qﬂz,gpg)-yrg?na-yweﬁ??é’}ﬁé&-glﬁffﬁi@g@hﬁ)h,eidlhydro-

1H-indole-5-sulfonate, internal salt (Formula III)

The synthesis is carried out analogously to Example le) from 0.4 g (0.45 mmol) of the title
compound of Example 1d) and 021 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.: C48.96 H4.92 N 532 S11.88 Na6.56



conpound of Exanple | d) and 0.21 g (0.68 mmwol) of
N- (6- am nohexyl ) mal ei m de- trifluoroacetate (Int JPept
wee@es3I9Res 1992, 40, 445). Yield: 0.38 g of BCDOER®03/012735

I yophi lizate (81% of theory). Elenentary anal ysi s

Cd.: C49.25 H4.79 N5.22 S 11.95 Na 6.43 Fnd.: C
Exampk33: OBrikbdtu 3 D dimethy$2147- [883-&hn&hﬁBSJdﬂfmm‘lB@Sﬂﬂﬂmatoethyl)-

PCT/ EP2003/ 012735 21 Exa 0l e, 3: gIrI SO
3H-indgign - YR 5075 iine-tiowik FRAT AT sul 1o

- natoethyl)-2,3-

trloxaﬂ@@é &ﬂgpll}ﬂl umyi} etlpjl)hlf pEaZZ 4[61%?“3(n 2, g ht(ji Fl(])?(}ol 3 sulgltl, r?;%lr l(;yll) I—l-3
dihy dr@YHemldole-3-bylfehate, ifiternali salvta(FDrldutay]I\D

car banoyl } et hyl ) hepta-2, 4, 6-trien-1-yljdene}-1-(2-sulf

onat oet hyl ) -2, 3- di hydro-| Hindol e-5-5s nat e,

i nt ernal saltp(FormJI IVv) O OONNO S 0:~ 000

NN Na ‘ O oS Nar synthesis is

carried out anal ogously to Exanple 1 e) fyom 0.4 ¢
_(0.45 mml ) “of the title conpound of Exanple |d) and

of cN-(>13 am no-4, 7, 10-

e 445). Yield: 0.27 g of a blue
yo h|||zate(51r°/£'of heory). Elenentary anaIyS|s
Cld C 48.97 H[5.05 N4.76 S 10.89 Na 5.86 Fnd.: C
49.737A 5. 16 -ﬁ%zsNatomNasﬁﬁ

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 S10.89 Na5.86
Fnd.: C49.22 H5.16 N4.62 S 10.67 Na5.66



WD 2004/ 065491 PCT/ EP2003/ 012735 22 Exanple 4:
Tri sodi um
W 2@+deaet hyl - 2-{7-[ 3, 3-di nret hyl - 5- sul f onat o- | PCREB2U0S/012735
nat oet hyl ) -
3Hindolium2-yl]-4-(4-{]2- (2 5-di oxo- 2, 5-di hydro-1 Hp
Examplé'4: Ol ri$odilunes, Bdim ettai-2afTo3l3-dimethyl-5- -sulfonato-1-(2-sulfonatoethyl)-

SELindgbun vy LS iedior DapEr o B ha e B oy
butyl)h%ﬁ%{ij]l‘,@r%@lgggug:@-gf%gé}rﬂﬂ?ﬂ&?fil@ @,3?‘h§§ﬂg)—iH1mJlol@5-

sulfonate3 iritertial Salt (Ryramuladiy | - propyl ) -t ri phenyl - phosphoni um
brom de 50 g (0.30 nol) of 4-bromobutyric acid is
m xed drop by drop in 400 ml of THE at -40C with 187
g (0.89 nol) of trifluoroacetic acid anhydride. After
30 minutes of stirring at -40C, W00 m of
tert-butanol /30 ml of HTHE i s addgd in drops within 1
hour. After 16 hd? NAQ room t enper at ur e,
the reaction m xturg¢ i s poured onfo an ice-cool ed
sodi um car bonate sglu- tion, e aqueous phase is
extracted three tfnes with dPethyl ether, and the

oorganic phases arg dried on sgdl um sul fate and
O\S/ concentrated by-evapors : Thbg sidue is distilled
3 i &9 nbar; yield: 41
yhoni umsalt is carried

b refl ux? heatlng 41NQ

ou 0.18 nol) of internediate
pr odu 44.6 g (0. 17 [cm{) of Nal phenyl -
0=§=0 0=8-0 Na'
8 o Na

a) (3-tert-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 stirring 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-fert-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



phosphi ne and 32.5 g (0.36 nol) of sodi um bi carbonate
in 250 m of acetonitrile for 20 hours. The reaction
worRoot06a9i s filtered, concentrated by evapor at PONEPENS1012735
the residue is brought to 28rystallization by stirring
with diethyl ether. Yield: 58.5 g (40% of theory,
for 1 hdue bat407€. t A sétution @IS g(z&mmmg,f %yadnﬁcarbalédmdd in g ml of

Pyr.i di n-4-yl - pent ang
THF is @cﬁdegl@fn grqes gn%ﬁgqpr %ﬂrq6l h%u%cét?oém era’cemsret %enpf)o%cr)elcy (gnt(()) fice wa-
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dried omsodéxin atifatd @ concantrated by B@@oeatmnr ohiterrphnemsgipgtiaphic pgrification
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(4:1 aftg@fl' ﬁRﬁ@OS'E() %%%%d?&geﬁ&é tHe diRBle Bnd; RGnteAmsdibétpraduct is dis-
- pyri di necar bal dehyde in 20 m

solved mfZOOTmEOf meﬁlad@ohndrstlmed py@tbamﬁ mgu ofr BHDf entalys ahsenm tfa{lperamre

roomte e t hen [
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Yield: ¢t9 4YA8héd9).0r gani ¢ phases are dried on SOdI um

ate and concentrated by evaporation. After
chronatographlc purification (silica gel, nobile

c) ill Xl%pttEBL%§f%§Q?Argswibklagfgﬁ@%&%al SATEY igglﬂﬁé-}éférogﬁ)tnﬁid@ed

ure

A solutfblﬁdif ages flt7eminod) d@pﬁmlb@m-pehiaﬂonc rabreir-mdylaster mrﬁd:nbof diethyl
di s- solved in st.i.rred

ether 1slm@<qqlgwgh k= @2(36a¥’§?°3)59f ani 1]?1%&}%1 ?E‘?Pp@r QQQJ Pt 8,50} ut1onhof 1.9 ¢
(17 d5ags Dcﬁé[ntogén §1+ Ftrﬁla(gf' cﬁé‘thgf‘&g&o NgRet § %bhﬁrbfbs‘ﬁrruég at 0°C, the

apor a OW Oi tained. Yiel g
red sohﬁﬁﬁ%lefprddmeed %) ﬁlte:rh:d off, washed with ether and vacuum-dried. Yield: 7.8 g

tent - But yl oxycar bonyl ) butyl ] gl ut aconal dehyde- di a
(95%01&}?1169@ hydr obromi de A solution of 4.0 g (17 mol) of

5-pyridin-4-yl-pentanoic acid-t-butylester in 35 m of
diethyl ether is mxed with 3.2 (34Inrm|f)
d) Anisddinm ghdimétbyl- ht{7{ﬁ£3\7dimhthal é@ul%pmemrlc(f?. splfgnajoethyly-3H-

Rt PR b enta; 890 6iaf1 ST et L2t Riny)-
ProgiHe&E- 1'}§-1rfd0|1&9-rsﬁﬂo&fté inté@shest W th et her and

vacuumdried. Yi el ]g (95% of theor¥ d)
The symthésoigicarried out analogously to Example 1d) from the title compound of Example

4c) (23 Sl ﬂEt hy%ésﬁl%o&a?deﬁly?)l f?tSht}ﬁmeﬁlﬁ %l}i ARt Rider §-Garfdtlid Acid 5

mmol): :Ygéel% Ie ?%%?ngﬁt?ﬁg%%uf%phﬂﬁw a-2,4,6-trien-1-y

yl)

e) Trisodium 3,3-dimethyl-2-{7-[3,3-dimethyl-5-sulfonato-1-(2-sulfonatoethyl)-3H-
indolium-2-y1]-4-(4-{[2-(2,5-diox0-2,5-dihydro-1H-pyrrol-1-yl)ethylJcarbamoyl} -
butyDhepta-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 0.4 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 N5.36 S12.27 Na6.60
Fnd.: C48.01 H4.44 N 556 S12.10 Na 6.81



2, 3-di hydro-1Hindol e-5-sul fonate, internal salt The
synthesis is carried out anal ogously to Exanple | d)
wo e@niosdae1 titl e conpound of Exanple 4c) (2.5 pomEP20a31012735
1- (2-sul fonatoethyl)-2,3,32¢ri met hyl - 3Hi ndol eni ne-5-s
ulfonic acid (5 mol). Yield: 0.85 g (37% of theory)
Exampﬁf S:aTblbbkﬁuhyQ,Bl'-ulhiethylez {BI3, I—ﬂumedlylj-msulfonato -1-(2-sulfonatoethyl)-

|rreth sul fopato-1-(2-sulfo
3H-mdnhme’-i-muf4; 43%6( 15 PK%&@V}Q ﬁ(wﬂ'{’l' 2-(2, 5
yl)hexyilﬁ%lﬂ%agltl@l ]ﬁle%l?g&%g }O &-tﬂéﬁmrﬁﬁien&-ﬂ(ﬁ-sﬁIfBﬂiﬂoeﬁﬁ'l)bﬁMEydro-

trien-"1-ylidene}
1H-indole-%-Rulfai stginteoralsplt)(FarBuladVhydr o- | H-i ndol e- 5-
sul fonate, internal salt The synthesis |(§ carried out
anal ogously to Exan'pl Ie) fromO 4 g (0§43 I nnol) of

the title corrpmmdo I e ie 0.31 g (69%
il ate “El

of theory) of a bl

ry
analysis: dd.: C 48. 27 H 4.53 N 5. 36 .27 Na 6.60
Fnd.: C 48.01 H4.44 N 5.56 S 12.10 6.81 WO
2004/ 065491 PCT/ P2003/ 012735 24 Exaftrple 5: Trisodium
Os O33drrethy| [33d'rrethyp\5osulfonatoI-(2 sul fo
Ss o -
/7
o

py|0r ol -1 yl)hexyl]

y ) Wept , M7 E ien-1-ylidene}-1-(2-sulf
onato yI) 2 3-di hyd;y 1H i ndol e- 5- sul f onat e,
internal] salt (Formuld VI) Or%+ONN O ON N H HNa4
O S=00=F® Na + O=ﬁ- +

1]
) 0 Na

The synthesis is carried out analogously to Example 1e) 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 Na6.26
Fnd.: C49.83 H4.89 N 5.34 S 12.05 Na 6.42



O O 11 Na The synthesis is carried out anal ogously to
Exanple Ie) from0.4 g (0.43 mmol) of the title
wae eovposiadi of Exanpl e 4d) and 0.20 g (0.66 nmol pCDEP2003/012735
N- (6- am nohexyl ) mal ei m de- 26ri fl uoroacetate. Yield:
0.35 g of a blue lyophilizate (74% of theory).
Examp15|6e "lﬁﬁﬁoﬂiﬂ/m %@Hﬁﬁé&yl—ﬂ {@-[3, 3Gilﬁfhtﬂ.)71—5-blﬂf(ﬁ@tw1§2€sglfgnatoethyl)-

Na 4 05 Na
3HLindafisp 3wl 441 GG odiones ERDTGEP S TP oLIF ]
- - -1- 2- sulfonatoeth D)-2,3-
trloxatr}a;{eﬁ@gd%%y P’l}BuV‘})h[egta Zé ! rrt\er leﬁly ylSIdglllﬁ}flo%at o-1-(2- S)l,,IRf 0
dihydroHiIGad blg!S)sulfhiate) titeinahs 2t yFgrmula VII)
-4-(4-{[13-(2,5-di oxo-2,5-di hydro-|1 Hpyrrol -1-yl)-4,7,
10- trioxatridecyl]
car banoyl } butyl )hepta-2,4,6-trien-1-yli deneé 1-(2-sul f
onat oet hyl ) -2, 3- di hydro-| H i ndol e- 5- sul f onay,e,
internal salt (Fq_rmJI aVvil) 00 "SOO0O0O0 /SI\ N
O S=0 0=S-O Nag_ wOo\y{B e~synbhests r rried
out anal ogousl yl| to Exanple le) from0.4 g (0. nmol )
of the title eonpound of Exanple Id) and 0.30Pg (0.72
nmol ) of N (1B-am no-4,7,10-
0. Q2 trieoxatridecyl) | ej deo\t,ro fluoracetate. Yield: 0.27
izt e-%252% of theory). Elenentary
H%.27 N 4.65 S 10.64 Na 5. 72
N . 4.66 S 10.85 Na 5.80 WO
2001}7‘6)65491 PCT/ EF%OOS/ (?:22735 26

- a
0=8-0
o~ ﬁ =0 8 Na"

The synthesis is carried out analogously to Example le) 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 S 10.64 Na5.72
Fnd.: C49.45 H5.19 N4.66 S 10.85 Na5.80



Exanpl e 7: Trisodi um
3,3-dinethyl-2-{7-[3, 3-di net hyl -5-sul fonato-1-(2-sulfo
woaie®biayl ) - 3H i ndolium 2-yl] -4-(6-{ PCT/EP2003/012735
[ 2- (2, 5-di oxo- 2, 5-di hydro- 26+ pyrrol -1 yl)ethyl]
car banoyl } hexyl ) hepta- 2, 4, 6-trien-1-ylidene}-1-(2-sulf
ExampRiT2t Uelkbdinr 3,33digh dilyydl+20{7-[3;8-dixdl efbg1-5-salfbharat-€-sulfonatoethyl)-
. internal salt (Formula VI11) O H O N-\ O 0,00 %
3H-lnd91119@2-m-4\(6-£ﬁ2=(2,ﬁailox9-%éodlb¥éﬂblﬂapyrf@"g'l a)

- - o)g— | — -
ety ek S B IR R A R el CR S0 R APAPp 2. Mhydro
1H-ind 6¥¢aSvpllforhds, intvhedlshlt (Foemulat CHEedi at e product

6- br onohexanoi ¢ acid-tent-butyl gster is reacted as a
crude product. 79 g of product (B9% of theory) is

obt ai ned as a vi scqus, rcol arl es il from 50 of
6- br onohexanoi ¢ ac:|@ b\7-/rF;y]\r i Ny 4-yl - hept agoi C
acid-t-butyl ester The producti is carried out as
described in Exanmple 4b). 7.54
7-pyridin-4-yl-heptanoic acid-t-butyl ester (65% of
theory) is obtained as a yellow oil from25 g (48.7
ol ) of (3-tert
0. 0 but oxycar bonyl - p

ri phéQylg phosphoni um brom de
S
@ e?@l ] gl ut aconal dehyde-di a
% ) \ ptetion of 5.0 g (19 nmol) of
7-pyridin-4-yl - hept anoi/c aci ¢-¢-butyl ester in 30 ni
of di- ¢thyl ether id m_xed mﬁh 3.6 g (38 nmol ) of
ani | itheslaﬁd then aP=§CO t h %afsol ution of 2.1 g (19
nmol ) of) br omocyanogen in 5 of diethyl ether. After
2.5 hours of stirring at 0OC, the red solid that is

produced is filtered off, washed with ether and
vacuumdried. Yield: 8.9 ¢

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]glutaconaldehyde-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-



(91% of theory). d) Trisodium

3,3-dinethyl-2-{7-[3, 3-di net hyl -5-sul fonato-1-(2-sulfo
wad0am6dayl ) - 3H WO 2004/ 065491 PCT/ EP2003/ 0127 3BCT/RF2003/012735

i ndol i um 2-yl ] -4-(6-carboxghexyl)hepta-2,4,6-trien-1-y

| i dene} -1-(2-sulfonatoethyl)-

121d&nd11-|2yﬂ]-@1 (6HatbostghecyBhenth Rohéimgn-1ylidened 1 -Easulfonatethyl)-
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o bt Rdgbe SR R Gk LBl pol L The

E&H@lﬁba@o@n&@b}fk&rmﬁﬁté -2 af6-trlea- 1t-ylidee}-d a@pifodatoéthyl)-2,3-
e d: 0.31 g. (69% of theory) of a bl ue
dwmmfz ode-5pulfppaie.drigrghealy si s CI d C 49.25 H

The syréhﬁsks i& Cf.]fl o%a]a}lgl%gc}&\%( % ﬁ%am@@q? | un d ??((Hlf’ nﬁﬁolﬁ\lof the title

compouhdbf ExERi F)l‘éy'}’d)Z Yidld[ 8.33- gﬂ(G@% bfythedry s of 4 binafyophil{zdtesul f o
nat oet hyl)

3Hindolium 2-yl]-4-(6-{[6-(2,5-di oxo-2,5-di hydro-1Hp
X 4925 H4.79 N 522 S 11.95 Na6.43

gge?‘gé“ Wﬁ(ﬁﬁ& S{’Le 1582 B40 S 12yT dene) - 20 2- sul 1

onat oet hyl ) - 2, 3Fnd.hy@r8:- 981 H-4.3610Y 512-Sdl 76nke 6,77

internal salt (FormulalX) O HONN OO SOOSO
Example 8: Trisodium 3,3-dimethyl-2-{7-[3,3-dimethyl-5-sulfonato-1-(2-sulfonatoethyl)-
3H-indolium-2-yl]-4-(6-{[6-(2,5-diox0-2,5-dihydro-1H-pyrrol-1-
yl)hexyl]carbamoyl}hexyl)hepta—2,4,6-trien-1-ylidene}-1-(2-sulfonatoethyl)-2,3-dihydro-

1H-indole-5-sulfonate, internal salt (Formula IX)




Ol'\ -/ O N+ HHNa OS=O0OS-O+ 11 11 Na 0 O WO
2004/ 065491 PCT/ EP2003/ 012735 28 The synthesis is
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(0.53 mmol) of the title @®npound of Exanple 7d) and
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compougg;/o of theors%/ 1a1§%eq\rr§3ngr§ %naﬁa%{gl Cpfsgj_g%a]ﬁng)%%}q%nﬂelmlde_
wiftuordjedfite> 14 1]%13§ 42%{‘3 3[3"3 EHRpRLE %5 (TR OPREHT, | (2-sul fo

nat oet hyl)

ﬁgé%ieﬁfa?iég“a s Gl C1 ST BgbE 1738 UBAT 0T
car banoyl } hexyl plept @58,74, G-455 8n4.36 )4 11188a¥a 8:362- sul f
onat oet hyl ) -2, 3- di hydro- 1H i ndol e- 5-sul f onat e,

internal salt (Formula X) O ONNO ON- NNa O S=0

examnf s Sl s RSB A LSl g ppguaci

H-mdbhﬁmtz Al (g, Bohlaio-@sadmwmmm AiT€ol01 4H-437,10- 06
SRR

am no-4,

10-
trwxatrldmﬁl]ararbzdew}l)qwahepﬁar%iéﬁttnemluﬂﬂéﬁa)@hla@éulfwlétoﬁthyl) -2,3-
dihydro- I%I-uglo? -5- suﬁ'I llilz?te,l thtd Iai ézﬁfa&%r&%fa/ X?f the-

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-trifluoroacetate. Yield: 0.24 g of a blue lyophilizate (37% of the-

ory).

Elementary analysis: Cld.: C 50.64 H5.48 N4.54 S$10.40 Na5.59
Fnd.: C50.30 H5.56 N4.34 S10.15 Na5.73



ory). Elenmentary analysis: Cd.: C50.64 H5.48 N 4.54
S 10.40 Na 5.59 Fnd.: C50.30 H5.56 N 4.34 S 10.15
WN2003/0639W0 2004/ 065491 PCT/ EP2003/ 012735 29 BXERP1083/012735
10: Trisodi um 29
3,3-dinmethyl-2-{7-[3, 3-di net hyl -5-sul fonato-1-(2-
Exampfeu| f guﬁt get hjiyll'l}imﬁ]klnl Fdf)B;mmﬂethyl}z -§7-(B3{dide Ry ]-5-ohlfonato-1-(2-
i ﬁ ro- -

sulfonagethid -ipdgliy erﬂ—gﬁ ilﬁe(atsadlzxer]zé -QiydrotHppyryakly - 1

ety bV b E DIy En 2, Grtpen Lylidene)-L sulfonstacthyl 2.3
dihydro¢t H-thdofe-Nsulfoate) infornalSald (FoSmilaXf) . OO0 N~ N r _
Na O S=0 O=S-O Na+ O O Na+ é)
3- Oxa- 6- (4- Pyri di nyl ) hexanoi c 'dtent-butyl ester A
solution of 75 g (0.4 ) of
3-(4-pyridinyl)-I-pr now of tol uene/50 ni
of THE is mxed wi{h 1 tet ut yl anmoni um
sul fate and 350 m @gf 3 A)sodl um hydr oxi de so- |ution.
Then, 123 g (0.68¢nml) of bronvacetic acid-tert-butyl
Oester i s added in| drops and Frred for 18 hours at
O+ Foom fepperat ure< The Qrfanic Ep) 3 i s separated, and
S : ‘ gdSwhree times with
gaﬂ c phases are washed

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-fers-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-fert-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-



with NaCl solution, dried on sodium sulfate and

concentrated by evaporation. After chroma- tographic
w@ookfssat i on (silica gel: nobile sol vent hexareT/grivgs/012735

acetate), 56 g of product (@41% of theory) is obtained

as a brownish oil. Db)
1ﬁ%dlﬁ5@&@1f4((6emmwmmﬂlbmw 3, ﬁ&nely[li}@lldam%}ebﬁ%l deh
e- di ani

i de- hydrohro g‘? sol ut.i on I g (20
Sn’rf@n&)toeihylzﬂ%élh@df@nf ﬁ;ﬁAl)f ﬁ%ﬁe’&m ?ﬁ tcl tert but yI
A susp%ni%)%r of '3 %f m.rﬁf)l?} dies] EZ |(te?ﬂ-‘thﬁ¥lok§ca%o‘iﬁ@eﬂy]§]rgl@tagorﬁldehyde-

e an hen a a solution of
dlmlllde?h?drgbl(o&ﬁdm(rﬁi@mpié 16bY) remdyaA g€l mmog) of 1d2- sglf@mqﬁ(yqthyl) -2,3,3-

trlmethyé-ﬁa Wpﬁ: {qengﬁ-sqlg) i % ( t y I I ﬁg)) 38 g% ?fgacteﬁl ?91d anhydride and
10 ml OPB%H%%gl i $nikéd {VﬁthS gf(ﬁ() RSN 8fsolitid acehieedmndatieted for 50 min-
r

vacuumdri ed. Yi el 88 % of theory) of a viale
utes at B19°Cd. Aﬂ@r cholisgdi usnnmxed w1th iethyl ether, the precipitated solid is ﬁltered

o T s LT M PR A o

purificali® J@I\s%ﬂ}(da] geft ﬁ(ﬁﬁl%%bhfém/wéteﬁmﬂﬁnylb)rbﬁmtfal F, the faetmiol in a
en-l-ylidene} -1-(2- sulfonatoethyl 3- dlhée%g % % of
vacuummdrfmmdanw itheoiitde eompoynd inigpmedipte YA@@%}%bn ! pg(#l%o

theory) gffﬁg’ftl%??m a%yl oxycar bonyl ) et hyl ] - gl ut aconal dehyde-

di ani | i de- hydrobrom de (Exanple 10b)) and 4.2 g (12
mol ) (2-sul fonat oet hy

o T izl,i@mmqtma R PSSl St b eimpestipg) -
nﬁog&) @Cﬁ?' %5%{%)90 Q?g%ﬂﬁdrg q)}ﬁggrollﬂymﬂ@ﬂcé%hé}% -3-

sodi um acCet at e
@Etdp&ﬁylbhe@dai af6-thien+1ylident o $-(2tsulf@@@etiayl)-8,3- @b@(ﬂrpd@-l—mdole-S-
I's m xed vvlth diethyl ether, the precipitated solid
$1§f0mmet Bignal st | absor ptively precipitated in acetone
r l}t&‘amﬁ H6h OB ragmdl) of the title
Theswﬂﬁgﬂ F%%g?%ﬁgﬁéggEgggggﬁglca gk;gannblle %q?vent )
compomﬂtcfﬂﬂmtptmmu)) Yialdn®:84lg (38 % dfgheray hefredtlug lyoghilizaieuum
and freeze-drying, the title conpound is immediately
obtalned Yield: 2.3 g (41%of theory) of a blue

&Arrrgéﬁélfms déldTr i QQ¢I54nH446 N 528 S12.09 Na6.50
3-di 3-di net hyl - 5- sul f onat o- |

(2 sulfonatoetﬁyd) GHJQWﬂkﬂ @ﬁ4249|$123@éﬂa§68
[ 2- (2, 5-di oxo-2, 5-di hydro-1
F#pyrrol-1-y|)ethyl]carbanoyl}-s-
oxa- pentyl)hepta-2,4,6-trien-1-ylidene}

-1-(2-sul fonat oet hyl ) -2, 3-di hydro-1 Hi ndol e-5-
sul fonate, internal salt




The synthesis is carried out anal ogously to Exanple

1c) from1l.0 g (1.1 mmol) of the title conpound of
waEx@apbal Cc). Yield: 0.85 g (73% of theory) OPCHEPRPIN®012735

| yophi li zate. El ementary anal ysi s ad.: C47.54 H

4.46 N 5.28 S 12.09 Na 6.50 Fnd.: C 47.97 H 4.65 N
Examplg 1CE>X Bil: 1|2 O’irlxmgﬁnﬁS szaﬁﬁieﬁ@ﬂm{ﬂ -BraaR2byBS s ulfoaso-1-(2-

anmpl e ri sod
sulfona@ethydk-3Mtingpligms 2yl 4- (’5 Hﬁ%ﬁ?@?x%zéﬂ‘%ﬂ'a’t LHrpyrsol-1-

yl)hexyljé‘qgfogﬂxl%gf% Gﬁﬁygijﬁwh@{?@' ,I'E*tﬁ foliL1- fﬂd&fé}-ﬁ[—@' - {AfoRm e e@s)-2,3-

dihydro-BHLiadole+3-swdfonnate, ﬁmrydl)shhmﬁ‘arrﬁuld XHrien-l-ylidene}-I
-(2-sul fonat oet hyl ) -2, 3-
di hydr o- 1H-i ndol e-5 sulfonate, internal salt (Fornmula
XIl) 0 ONN HOO 'O (r) oNSNNaH_ + 0OS=0
O=S-O Na+ 11 11 O O The synthesks is carried out
anal ogously to Ex&mle le) fromO (0.55 mmol ) of
the title conmpound nd 0.23 g (0.75
mol ) of N (6-anin trifluoroacetate.
Yield: 0.42 g ofga blue Iyophl lizat@ (68% of theory).
Elemsntary ana Gd.: C49.46 H4.96 N5.01 S
C4809%H5 21 N 5.22 S 11.23 Na

med hyl - 5- sul f onat o-1 - ( 2-

The synthesis is carried out analogously to Example le) 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 N 5.01 S11.48 Na6.17
Fnd.: C48.95 H5.21 N 522 S11.23 Na6.60

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-trioxatridecyl] carbamoyl}-4-oxapentyl)hepta-2,4,6-trien-1-ylidene}-1-(2-
sulfonatoethyl)-2,3-dihydro-1H-indole-5-sulfonate, internal salt (Formula XI1II)




sul f onat oet hyl ) -3Hi ndol i um 2-yl]-4-(5-{[13-(2, 5-di oxo
-2,5-di hydro-1Hpyrrol -1-yl)- 4,7,10-trioxatridecyl]

wa@ a00bassayl } - 4- oxapentyl ) hepta- 2, 4, 6-tri en-1| -yl PAERR3004/012735
(2- sulfonatoethyl)-2, 3-di Bydro- 1H i ndol e- 5-sul f onat e,
internal salt (Formula XIIl1) O ?2IH OO0 O 80 O¥%-0
N NNa+ O S=0 0=S-O Na+ OO0 11 WO 2004/ 065491

PCT/ EP2003/ 012735 32 The synthesis is carried ou .

The syn#hieaisggearsied oub amalogaysly todixampn e, %01& Q-%.gs@-ﬁﬁnmobo?f the title
the tit 0 n f I C Oof6 - -

compouprgrplo? gfx%ﬂpfelg?g ﬁagﬁﬂ‘?f@i‘gg e(IJﬂ% ) medd) Ooft6NY(16Jentlfo-4,7,10

trioxatritledyOpad diridsi usedebtaied eYield: fQ. b gozfce baedyoptiibrate (7841 the-
g of a blue Iyophilizate (56%of the- ory). Elenentary

ory). analysis: COd.: C49.17 H5.20 N 4.59 S 10.50 Na 5. 65

Fnd.: C 49.34 H5.32 N 4.45 S 10.28 Na 5.56 Exanple
13: Trisodi um

Blefhetiangaraiysi? -Cld-: ( 1C §9.37 3HGi20eNA:69 5 KU50 Mimd-651 - ( 2-

w0 onstoet 1) 4 el Sy d o TS s (2

yl')ethyl ] carbanoyl } et hyl ) - phenoxy] cycl ohex-1-en-3-ylid
en) et hyl i dene] - 1- ( 2-
Exampkul f d3at oeThigbdiumy 3- d3,Bydimethyl2: [Rc(dt {§3,8-dimetlyilRrilfonato-1-(2-

sulfonatoethyl 3H-Sdoliuf =2 Wid1dsel2- (1 2N2- 12,5 Uibxo-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 X1V)

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

yl)methylene]aniline 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.



O O O0OS ~SI ~~1 OONNNa O-SSO0S Na+ 11
11 O O a) Trisodium

W@ 2@4063¥t hyl - 2-[ 2- (1-{[ 3, 3-di et hyl - 5- sul f onaP©¥/EPL0B3/612735
ul f onat oet hyl ) -3H i ndol i uss2-yl]vinyl ene}
-2-chl oro-cycl ohex- | -en-3-ylidene)ethylidene]-1-(2-
sul f onat oet hyl ) - 2, 3-di hydr o- 1H i ndol e- 5- sul f onat e,
internal salt 5.

b Iabennronmesinyi (23 et onter s Gordrrsdy )

f
b e P ityichet:a S CarbtyclibhénSioyolotex oy 3- ©
ylidenejetiylidend]- la@-$l fopatogtiyh el -ditiydeo- { tindoles-wbfopatay ) internal

are refluxed together with 2.5 g (30 nmol) of
sath ydrous sodi um acetate in 100 m of nethanol for 1

037 g ?‘w&nm&? ef efd(4- Hﬂ(]dfgﬁl%dﬂeﬁﬁ)ﬂréﬁonm ac@f ind3@HN Y d@fhb&ylf@iﬂﬁhmlde is

rred overni recipitate is suctioned off

mixed with d 8@ o )@fcsodm w&ﬁé@@rramﬁga ol idispersiogey Affer 30 min-

utes of gt‘irrmlg%ggg%%lj Itegrli;pega{tﬁﬁrégtgqg g&él? E(Vﬁzg 6105’2 Lgié)g fgf @ g§2 ) Iﬁﬁg%’of the
title coﬁ%ﬁﬁ? 30K bRr 32a) 33100 mirdfSdidiettiylformamide is added in drops and

di met hyl -2-[ 2-(1- 3-di net hyl - 5-sul f onat.o- 1| -
stirred qurfzdwatswétfggm ;en[aﬁratw %ﬁ BewRixg 19 gwnﬂxﬂd dry_ige, and fic*solvent

I R S
and the%rbéiﬁﬁkit&i &giﬂhls ffﬂlgeddecl)t;fl nt c&[rﬁmhtogmhgc lﬁlrﬂika’god B @rmmbdn)t (sﬂlca
r ox en ni c idin,
gel, graéiem»t ﬁb}/k%ﬁ%ﬁ%@@a@) Viokbal disgaf a&l&%s%ld((%g ‘%ﬁ%?‘ﬁ“/)of
sodi um hydride (60% mineral oil dispersion). After 30

mn- utes of stirri ng at roomtenperature it is
c) d“mbdidrrﬁ’:m-ﬂ(methylsb[mtll 13, bﬂumath)ylgs sutfoRatonbi3-sufonatnsthyl)-3H-

denCPRou L QAL 3280 L0 108 Sl el 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 le) 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 Na6.15



stirred for 2 hours at roomtenperature. The m xture
is quenched with dry ice, and the solvent is renoved
w0 nooa/ogguum  The residue is dissolved i n net he@DEP2003/012735
stirred with 200 ml of ethé#, and the precipitated
solid is filtered off. A chromatographic purification
ExampleS cayti edTeiwédias | | CﬁS-d@ﬁbthyg-Qa[m(M{ﬁ 3-ellinythyl- S-sulfonato-1-(2-

sulfonaggeiiﬁi-gﬁiyn;tdgg;m -yggﬁgiﬁ%e}-% [4- (g {% (2a 5 k()ilmxo ZQ' g dlﬂyé 83%—’[

pra S AR R g S i 10

sulfonaidbﬂi)a)-ZB {ibyPo-1H-indblex@sHforGite,dinteyuialealt (FlomlﬂlaoXV) 1-
yl')ethyl ] carbamoyl} ethyl)-phenoxy] cyclohex-I
-en- 3-ylidene) et h)ﬁ i dene] - 1- ( 2-
sul f onat oet h > | e-5-sul fonat e,
i nternal salt| O. rrg (0.10 m’mlkl off the title conpound
of Exanple S reacted as d Cribed in Exam ple

nd
) mel ei m de-t4-i fl uoroacetate in the

O—N—(Z- am noe
Os¢ : trieth- anj ne,s»&nd the product that is
& _ ’] oRmt ography. Yield: 93 ng
7 at (81 % of theory). Elementary
: C51.21 H 4..47 N 4.88 S 11.16 Na 6.00
Fnd. : 51. 5¢ 4.56 N 4.98%S 10.93 Na 6.15 WO
20046085491 PCT/ E:P;Zﬁaes/ 012%5 34 Exanpl e 14:
Tri sodloum

3, 3-di net hyl - 2-[ 2- (1 {[3, 3-di net hyl - 5-sul fonato-1 - (2-
sul f onat oet hyl ) - 3Hi ndol i um 2-yl ] vi nyI ene}-2-[4-(2-{[6
-(2,5-di oxo-2,5-di hydro-1H pyrrol -

The symhéshﬁiisﬁdal}ﬁ%& &ﬁrmyloheﬁsmy k9 Epinaplexie) cﬁ;om 67ex (0.6 maBoly [of dhe title
ene) et Idenejf - 1-
compousd f%aﬁ&féﬁﬂw Jidg) S h§dPo-8 H(t-RioPuneD s @t Jihl isamino-4,7,10-

tr1oxatﬁcfétc?15193!6181%1&&&&&55@&‘[@. ¥¥1d: ."b.Sé\lg Nt a B ly@hﬂm%f&@%% 6 ®eory).

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



N+ N OS=0 OC=S-O Na+ O O The synthesis is carried out
anal ogously to Exanple le) fromO0.7 g (0.68 mmol) of
WO b@4s34be  conpound of Exanpl e 14a) and 0. 53 pCT/EPRE3/012735

nmmol ) of N (13-am no-4,7, 165

trioxatridecyl)maleimde-trifluoracetate. Yield: 0.56
Examplg Olf 18 bl Uléri%t)(ﬂ@ﬂi | i 38-2ing &@RYH-D42-(h¢[33limethykfentfonato-1-(2-

anal ysi s: .. C48.27 H 4. . ., 12. 6.
sulfonaipgthy})- Bipdoum 2y vinyleneis (U ol yndiexa 2 @i o 10
pyrrol—]%—?iogg 8i6ﬁfngﬁ)-ﬁﬂf(ﬁpg&g%iﬁé&f]%érba%?oy@@ﬂﬁhﬁleiaﬁxy]cyclohex—l-en-3-
ylidene)3ti3Aidienelt hy2-s@hi2rt¢éthy])-2, Bdibiydee-A-islodes5-sulonase) intornal salt

sul fonat oet hyl )-3H i ndolium 2-yl]vinylene}-2-1[4-(2-{[1
(FOl’m“@{(XI)S- di oxo- 2, 5-di hydro-1 H pyrrol -1-

yl)-4,7,10-trioxatridecyl] carbanoyl }ethyl)phenoxy]

cycl ohex- 1- en- 3-

yl i dene) et hyl i dene] - 1- ( 2- sul f onat oet hyl ) - 2,63- di hydr o-

H i ndol e-5-sul fonate, internal salt (Formu 1) O
NOo 0" OOAS .9O0 Na O/ NNaqyr-j Na S 11
11 =0 0=S- O KaNO" 8-The synthest s~¥6 dr rivéd gt
anal ogousl 0 anple le) fromO0.7 g (0.68 ) of
the title

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



conpound of Exanple 14a) and 0.59 g (1.36 mmol) of
N-(13-am no-4, 7, 10-
WO pooaned4pi decyl ) mal ei mi de-trifl uoroacetate. TwWBCT/EP2003/012735
chromat ographic purificatiéns are carried out. Yield:
0.67 g of a blue lyophilizate (75% of theory) .
Exampf enetfi:ar y Taisalditens:  Gj3adimefhyd2-PO(1-{[3,31dim¢tHyl2Bs@fonato-1-(2-

st Dbt e A A S o

Jiti sodi um - -5-tert-butyl-cyclohex-1-en-3-
pyrrol-sl,i, 3- di et hyl y 9? t[hgl](c %{'lia[né?ysl,}_eélily%%) ]ﬁflllqug’-] sutleftobna lo?)lic-(th- !
yliden)sthylidan¢]ele (2ryulforgitb ¢thykpi2, 11dibg dye-IL ii-imdolasdsulfongte, (mternal salt
- 5- di oxo- 2, 5-di hydro- 1H rrol-1- yl)ethyl
(Form'é{gésg’ﬁ%w} py yl)ethyl]
et hyl ) - phenoxy] -5-tert-butyl -cycl ohex-1-en- 3-
yl i den) et hyl i dene] - 1- (2- sul f onat oet hyl ) - 2, 3-di hydr o- 1H
-indol e-5-sul fonate, intergal salt (Fornula XvVil) O
HNN OO0 O/0©0.0 OQ N NNa O S=0 0=S-O Nat
O O Na+ a) N N
N-[ (3- (Ani | i porelt hyl ene) - - dhl oro-5-tert-butyl- 1
- cycl ohexen -91) met hyl&ne] aniline hydrochloride
bl )" of pHbsphorus oxychl oride is added
to 8 m of ginmethyl- formam de. Then, a

o\\szo | ut : 4 med-P of

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-tert-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-tert-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-ter-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,



di chl oronet hane i s added in drops, and the reaction
m xture is stirred under reflux for 3 hours. After
wa@owHioeyot o 0C, 6 g (64.8 mmol ) of aniline i n BCBEPL008612735
ethanol is slowy added in3d@rops, the mxture is
poured onto 200 g of ice, and 5 m of concentrated
mixed Witk200 hnhloasﬂ dicthgl elthelsam:ﬂshmded wierhight e The) psacipitatalis spigdoned off,

t ed lid filt ff
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c) T’&‘?ng'ﬁﬁ é?}_ &W&y@@ﬁé]-élﬁg %l (?1 ﬁlyl 5- suﬁgngfo 1-(2-sulfonatoethyl)-3H-
{ndoBith{ ?&&%Hé/}' i{lf@c&i‘bbﬂﬁbﬂ%rl}kiﬁeh@@@%%ﬂ-lﬁmﬂﬁwlaﬁe&r1 ~en-3-

|nternal Salt

Slhcteze)?ﬂiyﬂldﬁm]de&%w?ﬁonatosthsl)t%?r d’éryﬁsq 1BtipdelerSramiopges.- énternal
fonlc acid (Ex- anmple la)) and 3.0 g (7.2 innol) of
T(S (ani | i nonet hyl ene) - 2- chloro 5 tert-butyl-I-

The rea@MGﬂx phexest ok froth 2N Y1 enebl)astithé titte bysipowtd of Exkenple 16b) as
npl e 16a)) are refluxed together with 2.5 g (30

(Ex
descrlbmﬁxampl%\mh)dr\@@ié doug (ﬁﬁ‘VaeéthﬁPléf)u n 100 M of
met hanol for 1.5 hours, cooled, W 2004/ 065491
PCT/ EP2003/ 012735 37 nixed mﬁth 200 m of diethyl
d) ﬂi&ﬁﬁu@@?-&%ﬁd’tﬁﬁéﬂ [Wﬁr— (1[3@C|Hmle'fl’(}é—5|amﬂaﬁohpﬁot lat2esulfonatoethyl)-3H-
suctioned_o

ol e Ty ispe 2 R Shosbet At A e 22
¥ &hfHicatvatn 1| GRYH-Bheddi§R5Wr By cplibfess Plehch- ©)

$liGerdhenistitdghe] 2H-(2sl fonafodth3)el, Brelityylre- 5Hsmd®19f§astdfdna(ez gnternal
ulfonatoethyl) 3H indolium2-yl]vinyl ene}
[4 (2- car boxyet hyl ) phenoxy] - 5-t ent - but yl cycl ohex- |
t from 1.0 g (0.92 1) of the title compound of Example 16¢) as
Thereacﬁ&éene e 0?|&g%e -ﬁ( 2- gﬁ??%ﬁatoeth I)IE 3-dih drg 1 )
descrlbbﬂ lmEmdmpIS 1§QI)| f”Ei‘reawl,ﬁqahombﬁ ahrong@qgrap’mes earzigd joghtwige with RP
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13b). Yield: 1 5 9 (66%of theory). d) Trisodi um
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Bldroersary @nalysiy- §2uiH.23 W ]4\735n§|1@&é} Nap.724- ( 2-

{ [2-(2, 5-di oxoz LrQln 4l I hyl ]
car banoyl } ethyF dphgg%£¥f %??ag&t§ﬂogyc éégi
-en-3- ylidene)ethylidene]-

1- (2-sul fonat oet hyl ) -2, 3-di hydr o- 1H i ndol e- 5-sul f onat e
, 1 nternal




salt The reaction is carried out from1.0 g (0.92
mol ) of the title conpound of Exanple 16c¢) as
walemansdaed i n Exanpl e 13c). The purificati on bRCT/EP2003/012735

chromatography is carried 68t twwce with RP C-18

silica gel (nobile solvent: acetonitrile/water).
Exampl@s elr:- 99:248ygtHedidYoDIntlbiivayhocyrhitee Dyas ywidln aBmme;acetylamlde

Cd.: C52.82 H4.93 N4.65 S 10.64 Na 5.72 Fnd.: C

Groupss2. 23 H 5.20 N 4.31 S 10.30 Na 6. 15 WO 2004/ 065491

PCT/ EP2003/ 012735 38 Exanples 17 - 19: Synthesis of

I ndotri carbocyani ne Dyes with Bronvpacetyl am de G oups
ExampEXarrplle 17: Tris@bainum 3,3-dimethyl-2-{7-[3,3-dimethyl-5-sulfonato-1-(2-

hyl {7- | f,
sulfonag«mthﬂwéﬁoaﬁw Lol B SR
xapengﬁ {l]ieﬂ:?é'lﬂ BRoiL1- (ﬁsulfonatoethyl)-Z 3-dihydro-1H-indole-5-
nty1 epta-2,4,6-trien-| -ylldene}-l-( - sul f onat oe

sulfonattt;yht)erﬂaBau i(Rgximuwlal XEX)ndol e- 5- sul fonate, internal
salt (Formula XIX) OH H-~Br 00"/ s.o OO NN/ |
\ HNa4 O S=0 QOQNa_ 11 11HO QO Na a) Trisodium
3, 3-di et hyl - ?SNT?VS/\(}Y@\WW -3el fonato-1-(2-sulfo
nat oet hyl ) - 3H ndol i um 2 yl]-40(5-
{(6-am nohex gcar banoyl }

o~ - 4- oxapentyl hept-2 406 rien-l -

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 1e) 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-y1]-4-(5-{[6-(bromoacetylamino)hexyl]carbamoyl}-4-oxapentyDhepta-
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-



The synthesis is carried out anal ogously to Exanple
le) from0.5 g (0.55 mol) of the title conpound of
waEx@npba9loc) and 0.15 g (0.70 mmol ) of PCT/EP2003/012735
N- boc- hexanedi am ne (Fl ukap9 The reaction product is
purified by chromatography (RP C18-chromat ogr aphy
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nat oet hyl ) - 34 Fnadolct 45[112-1’1|4]664N(456‘{ S 10.83 Na not determined
[6 (bronmoacet yl am no) hexyl ] car banoyl } - 4- oxapent yl ) hept

Exampé 1H- i {rjlo|e2 '%I‘lg Lﬂ ?1%2 :% e% 3(-%?1? thflgﬂ??-i%?m%x)egéﬂl-%l%&mgfo-l-(2-

sulfonatovth l)-Qi-I hfd@hhhi—iiyl]&D(ﬂ@{J[Br(draﬁoﬁeayl}ahﬁnd)ism)pyl]racbmhm}-

i met hyl - formam de

ethyl)hMaw,Qarm-ylléﬁne}ﬂr@tsreliﬂoawﬁ@ly»n%ﬁzﬂléwr&rﬁg ﬁ%?l
sulfona ngtg zﬁfsmgagrlgﬁlatﬁg?fﬁfcgt %lout);og]f dgt : p 8@2 m  of

2004/ 065491 PCT/ EP2003/ 012735 39 ring at a maxi num of
0C, the product is precipitated by addi ng diethyl
et her and obtained by Hrepeated re-precipitation from
di met hyl f or mam d i gier and subsequent drying.
Yield: 0.23 g (86% of theory) of a blue solid.

7 s: Cdi: C45.63 H4.87 N4.84 S

El ementary ane
_1107Na596 C45.13 H4.66 N 4.67 S 10.83 Na
P hl e 18+ ..dri sodi um
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7 2N
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(Formba xvill) HON  Ne

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 523 S11.96 Na 6.43
Fnd.: C43.21 H4.14 N 5.53 S10.89 Na not determined



(Br ONHO % N NNa OS=00=S-ONa 11 11 O Na+ The
synthesis is carried out starting fromthe title
wa@eovpossadi of Exanple 1d) (0.5 g; 0.56 mmol) apdI/EP2003/012735
N- boc- propyl enedi am ne analégously to Exanple 17.
Yield over all the stages: 0.22 g (37% of theory).
Examplé Neryk: ar y Tafioliiin s ﬂSdhmeﬁly‘l&-[DD(II—'{[S,S%HNtEleSIBfonato-I 2-
11.96 Na 6.43 Fnd.: C 43.21 14 N 5.53 S 10.89 Na
sulfonmmthﬂ%ﬁmmwmb@wlm#gm (ﬂdﬁEpzoos/ 012735 40

(b"’m%%)égggg “t%ﬁ%"@h %q’f‘% igthyDsphenoxyleyglohex-deen - 1 - (2-
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H i ndol e-5-sul fonate, internal salt (Formula XX) HH
~Br 0o ,~-0 4I'S @ O

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 N4.65 S10.65 Na3.73
Fnd.: C48.04 H4.43 N4.69 S10.72 Na 5.84

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 pmol 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).



N+ NNa OS=00=S-O Na 11 Na 0O O The synthesis is
carried out starting fromthe title conpound of
waEz@apba9l3b) (0.5 g; 0.49 mol) and PCT/EP2003/012735

N- boc- propyl enedi am ne analbgously to Exanple 17.

Yield over all stages: 0.31 g (53% of theory).

Examplt 2hrdxtteling af BSAswith the title conpsusds of Bxaaphks 4749 S
10.65 Na 5.73 Fnd.: C 48.04 H4.43 N 4.69 S 10.72 Na
5. 84 Exanpl es 20-23: Synthesis of conjugates with
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hours ali) Qﬁ‘fC?r Tﬁ@pllrlﬁéali’i@il HPQY dfidiatdis coiried.dd) by $netin €l gélrchromatogra-
case with 0.74 nmol of _the title conpounds of
phy (oA IapBAdeX 65, Sissestorlop g Bhsmor ooeiSarioh B0 | - PBS)
and incubated for 30 mnutes at 25C. The purification
of the conjugate is carried out by neans of gel
Examplé BEﬂEhb@fl@O&WadtﬁﬂmBnﬁb@apétad o vChitibatlya APBR r(sihgke chain frag-
Pharmaci a, eluant: PBS). WO 2004/ 065491
ment) w@h/ﬂzp?@esmmveés Oﬁﬁxwal%llemm Label i ng of BSA with
the title conpounds of Exanples 17-19 General
instructions: A solution of 5 ng (0.074 nol) of BSA
AP39 i Sil geiv Withpaivyerminmal Eysﬂainehnd tsi‘msspth‘aafea beraflent S¢®-diméw of the mo-

i S A G ot e LRI oD, g

reduct1§19 |o¥?'ttl'1é38§,ul?ifdeoor§1g€§/ tWo ianc?rﬁ@s Wit abddeyibRt S gr@l!ips5are produced
ours at 25C. The purification of the conjugate is

(molararamsasR&ﬂO(bg/tndiy means of gel chromatogra- phy (col um:
Sephadex G50, dianeter 1.5 cm Pharnmacia, eluant:
PBS) .

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
(ODa2gonm = 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



Exanpl e 22: Labeling of anti-ED-B-fibronectin scFv
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resin) (Jlmmunol Meth 1999, 231, 239). The immne
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Table ZTri?ro%ertles ofo EOnJuga%s Eccov%hng to fhe §nvenk1019 f the title com

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




pounds of Exanples 17-19 (stock solutions of 0.5 ng/m

in PBS) and incubated for 4 hours at
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K8 I[udgieyaetom K32em the) F0.9. 13 i[m6®VSO, J Bvem Eng Daoas
1977, 22, 3712E Bi oconjugate Chem 2001, [2, 44). Table
2titlppspravpd e5EMRIS h] ligat es According tp the | nvention

Exa@w@s&ance (Bionol ecul €/ Degree of Absorption

uorescence Fluorescence Sanple Conpound) Concend

K9 Nerhiveate fasi ARAR a0dihe Cldnt um|768ation (nt Yield |0.14
Ex g‘é?gl ate from|BSA and the 0.5 766 790
(g&ﬁg@é@,@%%@%m d%g pf Exanple 2 K2 Copjugate from

K10 BBAnjapdte fiom AP an@The/PR00. 16 767t e conpBind of 0.12
Eb(ﬁngl e 4 K3 ]aCon' %gt ¢ from BSA and the| 0.7 765 79(
g g corppqungd of Wﬁﬂb‘ﬂ of Exanple 5 K4 Cohjugate from

K11 BSbnfabste Hom AP a0dbhe/ BOgNOL  deroer - 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
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PCT/ EP2003/ 012735 43 Subst ance (Bi onol ecul e/ Degree
wobkoodMossappt i on Fl uorescence Fl uorescence SanpP€T/EP2003/012735

Compound) Concen- Maxi mum M&xi mum (nnm) Quant um

tration (nm Yield K56 Conjugate from BSA and the 0

Conj ugate from BSA and. the 0./14 772 793 ( title
&ﬁ’éllPBF‘n Bxanpl e 1 OP%‘?eltorM?d‘é‘PEmfroml\é’é‘ ‘é‘ﬁ‘c{n?’%eQuamum

O_ 4 772 793 not deter|yqtibhl € ound ofl Exanpl e 16/|Yyield

m ned Exanple 21 K8 |Conjugatie from BSA|and the Q.3

22

tif&onoudd dbEExampled4conpound (of Exanpl e |17 Exanpl e

K9 (‘nmnnafn from ARP39 and the 1 1 768 794014 [P
J CCATTOA LB A3 - L

4
1—f
LAY = A\ e LI L

Exampé‘b%ound of Exanple 1 K10 Corjugate from AP39 and the

tlisCo —EX 7 RIT
K20 ch?c%l“%a?el’fré‘?’f‘?‘%égfgs%é r??thgpcgg%g? 792Wg.b§2 title|o®

tttlvnmmmdnd)bexanplledM K12 Conjugate from AP39 and the

0 9 768 704 0O 14 tit Aimd - -of _Evannl A~ £ /19

K21 mw&frem%%ﬁm SR the 175760 793 |00 title|013

60 K14 Conjugate from AP39 and the
RSB B

)

U

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.

Sibstaf &0(Florhdlectiliet | € c@agauerd | fbsévptiop| e | Flnok&cence | Fluorescence




title conpound of Exanple 7 mned K15 Conjugate from
AP39 and the 1.1 767 790 0.13 title conmpound of
wE2ampba91Ll0 K16 Conjugate from AP39 and the 1.RCTEF2008812735
0.15 title conpound of Exafple 11 K17 Conjugate from
AP39 and the 0.9 766 790 0.11 title conpound of
The préeedimg|ezathplestan Go nppegiedewith smﬂamgccamlby lyebstitting zhe goerically

o erol g SRS L SCRTEL 02, 0 GRAARAL S e e

lnﬂwrﬂggﬁgg%gg§bgg2735 44 Substance (Bi onol ecul e/ Degree
of Absorption Fluorescence Fluorescence Sanple

Compound) Concen- NHX|nun1NHX|nun1(nn) Quant um

tion Yi.eld t .C oun . 4 -
From 144 Bt 3%eslige s Lo A e ShuiS, By Whpopoonip! char-
acteristibs b8 thi$ idvieBtiGOAMN Withoaf ddp¥aing! fiond thepiritCad]sugss tBefebf@an make

AP39 and the 0.8 773 794 0.13 t|tIe conpound of

varlousesamg‘weanﬁgmesiﬁwpm@lszaf the v entiery fhgdamt éfp@r Yarioys gsagepgnd condi-
conj ugates according to the invention were exam ned in
vivo after injection in tunor-carrying hairless mce.
For this purpose, the conjugates were adm n- istered
i ntravenously, and the concentration in the tunor
regi on was observed in a period of O to 24 hours. The
fluorescence of the substances was excited by area
irradiation of the aninals wth near-infrared |ight
with a 740 ri m wavel ength, which was produced with a
| aser di ode

tions.



(0.5 Woutput). The fluorescence radi ati on was
detected by an intensified CCD canera, and the
wo baanesigence i nages were stored digitally. TheCT/RP203/012735
ef fectiveness of the dye caemjugates is depicted in
Figure 2 based on an exac&le. Wt hout further
el aboration, it is believelimpat one skilled in the
art can, using the preceding description, utilize the
d L j [ ul{ est extent. The follow ng
LIn&%ﬁ%?@?&g%ﬁégg%éf<%k8%#%§5ﬁ%ghts are, therefore, to be
construed as nerely iglustrative, and not linmtative
of the renminder of fhe disclosure in any way
In the foregoing\and in the follow ng
> 2uncorrected
1l percentages are
' The entire
applicatil pat ents and
publ i cavions, cited herein areyincorpo- rated by
referente herein. WD 2004/ 065491 PCT/ EP2003/ 012735 45
The preRedi ng exanpl es can be fkepeat ed mﬁtb simlar
success by substituting the generically §
. .gpecifically described reactants and/ or operating
anhl@’onditions of this invention for those used in the
precedi ng exanpl es. Fromthe foregoing description,
e skihl | . asi asgertain the.
K oentt & ST EtndclS pilinf @ T35 ke & SRR P pitGHents can be
Wi t hostlectepfivin methll, ethyl, beosiisdgro@N Andee eyt her eof
%ﬁn nahgﬁ various chaqgﬁf and nodifications of the
inventy eH2-{Slga4ft-¢ Hakd v ar i ous usages and condi -

4 00 OSSR T B Ry v, o

is~2Z R X X2

Ri to Ry, independently of one another, are SO;H or H, with the proviso that at least
three of R; to R4 are SO3H,

Rs is -CO-NH-Rg-Ro, -NH-CS-NH-R3-Ry or -NH-CO-R3-R,
in which Ry is selected from the group that consists of unbranched Cy-Cy3 al-
kyl, in which C atoms are optionally replaced by O or S, and

Ry is selected from



NRo RRNYY RZR4 (lI) inwhich Xis O, Sor C
that is substituted in tw places, whereby the
wanlgsient s can be selected from nmethyl, etpbgt/EP2003/012735
propyl, isopropyl and/or b4fyl, Y is CH2-CH2 or
CH2-CH2-CH2, Z is C1 to C5 al kyl, whereby the C atons
or chloma&etyhtbrmmahdeyyl,smkisadetydt eldotvac@amidoSjodmacetargido, Rilotamlkyl, bro-

R4, .i pende f ope. an other, .are SOBH or H, wth
moalkylyjad 1dtyﬂé1tsg CPg §’cny F‘)@é‘“ﬂ) to R4 are SO3H,
in WhldﬁSRé §nd ﬁpaw'bﬁ%r B?e corMéét@@‘t(')\Hﬂgﬁyﬁgné’ by aNH-40 1R optionally

R8 I's selected fromthe group that consists
can be slﬁbsuntbe@mthaip@tlmmthla-ck‘yol Cs-dlhylibdichl, endsadissmndselvates of this
w&t’lonally replaced by O or S, and RO is selected from
compo 0 O or WD 2004/ 065491 PCT/ EP2003/ 012735 47 or
chl oroacetyl, brompacetyl, iodoacetyl,
chl or oacet am do, i odoacetani do, chl or oal kyl, bro-
2. Mdomrboyvmlln@wcngndlngiyml@m1 dn whichi de and’ vi nyl
Ifona@a[d%Hand in which R6 and R7 are CH or are
conneét t02a hexyl ring by a C3-al kyl, which

opt i onal| 46 CLakylpeh&ubs tHet@ih@ehsiane @;ﬁtoalanpsmﬁstmned/\by O @S, and
Cl to C4-alkyl radical, and salts and, solvates of this
in which Rg and R; are CH, and salts and solvates of this compound.

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

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

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

5. Indotricarbocyanine dye according to one of claims 1 to 4, in which
R;5is COOH or NH,.



conmpound. 2. Indotricarbocyani ne dye according to

claiml1, in which Yis CH2-CH2, Zis Cl to C5 al kyl,
wokenekisot he C atons are optionally substitut eBChyPB 08012735

S, and in which R6 and R74&re CH, and salts and

sol vates of this conpound. 3. Indotricarbocyani ne dye

according to claiml or 2, in which Zis Cl-C5 al kyl.

: . cyani rdi oclaiml or 2,
6 Indoﬁca\l‘;\%%g %1§1h§8§€§’c6¥9c%@ % C%/Hd1 %8%) %g(ﬂér e connected to
a hexyl ring via C3-allcyl. 5. Ingotricarbocyanine dye
according to one of clalrrslto in which R5 is
COOH or NH2. WD 2004/ 06549 CT/KpP2003/ 012735 48 6.

I ndotri car bocyani ne dye afcor o claim3 of
formula (1) O INQNHQ,S N N SG3H SG3H

and salts and sol vate t hi conpound. 7.
Igdot ri carbocyani ne dyg according to claim3 of
Oneformul a
S SO3H
O/

SOH SOaH

and salts and solvates of this compound.

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

and salts and solvates of this compound.



N ONHYV SGBH N SOGBH SG3H and salts and sol vates of
this conmpound. WD 2004/ 065491 PCT/ EP2003/ 012735 49 8.

wo p@atsi4enr bocyani ne dye according to clai m 3 BET/EP2003/012735
formula (I1V) O OAS SGBBH @ ON N SGBH SGH and
salts and sol vates of this conpound. 9.
I ndotri car bocyani ne dye according to claim3 of

8 Indof(FPROED v Ao acsPlbE® SRR hECTEHORY. W

2004/ 065491 PCT/ EP2003/ 012735 50 o

@)
\m//

SO3zH SOsH

and salts and solvates of this compound.

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

0

O UNH A~
N

o)

SO;H SOH

and salts and solvates of this compound.



10. Indotricarbocyani ne dye according to claim 3 of
formula (M) O ONHN O OO0 js SGBH ONN SOH
weaBkosand salts and sol vates of this conpoundPC/EP2003/012735

I ndot ri car bocyani ne dye acsording to claim3 of
1OInformth)a (M) 0O NO b:NOSO3HN SOH SCG3H and

defriqag %ﬁ%ru%fisoeaw@rd@?g torslamcbeioumula (KO 2004/ 065491

PCT/ EP2003/ 012735 51 12. Indotri carbocyani ne dye

according to claim3 of fornmula (MII) O O o o0

j$ SOBH NN

SOzH SO;H

and salts and solvates of this compound.

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

O
\f

SO;H SOH

and salts and solvates of this compound.



SBH SABH and salts and sol vates of this conpound.
13. Indotricarbocyani ne dye according to claim3 of
wo oroba9(I X) O ONHN O 0"',$/ SGBH N N SEBHES08012735
and salts and sol vates of this conpound. WO
2004/ 065491 PCT/ EP2003/ 012735 52 14.
12. Indpriperhocrambodyearicomling/te ciatmar eff foymule (Wi} m 3 of
formula (X) 0 O NH~~/O~0-/O~-~-NO 0O - OS S@GBH NN
SO3H SO3H and salts and sol vates of thi§ conpound. 15.
I ndot ri car bocyani ne dye accor d| ng to claym 2 of

formula (XI) 0O ON 0 \/\

SOzH SOgH

and salts and solvates of this compound.

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

SOsH SOH

and salts and solvates of this compound.



NHOO OO0 S&BH N N SO3H SG3H and salts and
sol vates of this conpound. WO 2004/ 065491
wEOUAA003/ 012735 53 16. | ndotri car bocyani nePdy/@P2003/012735
according to claim2 of fosaula (XI1) 0O ONH 00 O
0S O SOBH ONN SOBH SGBH and salts and sol vates of
14. Indotjcgrhoshpbmmdye aceordingliotaldimat otfoymnian&) dye accor di ng

toclaim2 of fornula (XIIl) Oo OO O 0 SO3H NN
SC8H SG3H Q

SOH SOH

and salts and solvates of this compound.

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

SOH SO;H

and salts and solvates of this compound.



and salts and solvates of this conmpound. WO
2004/ 065491 PCT/ EP2003/ 012735 54 18.
wo p@asi4err bocyani ne dye according to clai m4 pET/EP2003/012735
formula (XIV) O rNH O o030 SGBH N N SO3H SOG3H
and salts and solvates of this conmpound. 19.

16. Indbtidatbocymineodyearcordingyte chdm@r afifogmule (XIlxi m 4 of
formula (XV) O NHN OO O0jS 0O SBH ONN SOG3H
SBH and salts and sol vates of this conpound.oW0D
2004/ 065491 PCT/ EP2003/ 012335 55 20.

I ndotri car bocyani ne dye acfgording to claim4
formula (XVI) O N NH

0

803H SO3H

and salts and solvates of this compound.

17. Indotricarbocyanine dye according to claim 2 of formula (XIII)

SOz;H SO:H

and salts and solvates of this compound.



OO or ASOSOBH ONN SOBH S®BH and salts and
sol vates of this conmpound. 21. Indotricarbocyani ne dye
wa@aewanai4ng to claim4 of formula (XVI1) O r NeCT/EP2008/012735

O SOBH N N SO3H SO3H ands¢alts and solvates of this

ound. WD 2004/ 065491 PCT/ EP2003/012735 56 22.
18. In@#mchwr%d);ﬁaaﬂ%@l f® cdaipot of fegmile (XI¥) m 3 of
formula (XVII1) NH '"Y'~-Br ONHO OO0 jS SO3H NN
SO3H SABH and salts and sol vates of i s conpound.

rNH\/\N

SOzH SOH

and salts and solvates of this compound.

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

SOzH SO

and salts and solvates of this compound.



23. Indotricarbocyani ne dye according to claim?2 of

formula (XIX) O NH NHBr 0 O OAS b::N SO3H N SG3H

weaBkosand salts and sol vates of this conpoundPCiEP2003/012735

2004/ 065491 PCT/ EP2003/ 012335 57 24.
I ndot ri carbocyani ne dye according to claim4 of

20. InddteicarbbeyatikX)lye WSt to-HainD4 Of famul G08H O N N SO3H

SBH and salts and solvates of this conmpound. 25.
Process for the production of an indotricarbocyani neQ
dye according to one of clainms 1 to 24, conprising

Preparati on of one.or WWM pya.i dies,Nb)
: more” 4-3Ubs |tut%/gw\of|)ﬁg§/i/n

neso-substituted\\gl,taconaldehyde-dianiIides as 4
precursors int ani ne dyes, by neans of the
Zi ncke- Kong rea& pn, and

o) SO.H

SO;H SO4H

and salts and solvates of this compound.

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

and salts and solvates of this compound.



c) Obtaining the neso-substituted
gl ut aconal dehyde-di anilide as precursors to cyanine
waly@s/ 06261 Process for the production of a conpOmarPmp3/012735

conpri sing coupling of an iSmdotri carbocyani ne dye
according to one of clains 1 to 24 with a bionol ecul e.

22. Indotricaghaicy ayage dyeaceaidingiosiamchetfosyulsi X&' IH)e with a
bi onol ecul e, produced according to claim 26. 28.
Conj ugat e according to clai 7, Ndhar erized in that
as a bionolecule, it conprﬁi:iséﬁ eastBlone
bi onol ecul e that is gl ecingd from pgpti des, proteins,

| i poproteins, antibodi & or anti- body fragnents,

ngel ei ¢ acid, such as, for exanple

o , oligo- or

Ngfol y des from 04/ 06549150.H

o PSF 012735 5 &~ and sugars,
INEXZN loligo- and

. R . . N eing to claim
28, whereiln the protein is selectfed fromthe group of
skel e- tal~Nproteins or soluble otei ns of the body.
30. Conjugatje according to clafm 28 or 29, wherein the
sol ubl e protg,n is a serum pro gin, such as, for
exanpl e, HSA, BSA, egg al bum n; %h enzyme, such as,
for exanple, a peroxidase or an antibody, an scFv
r reFeé Conj ugat e according to one of
andSd%f%?E§R%§Qggﬁ§%gﬁﬁ%§%gin the sol uble protein has an
affinity with respect to ED-B-fibronectin. 32.
Conj ygat e .according,to one of clains 27 to 31, wherein
23. Indp S RARA RSN e oty % of foarlpEX) o 1 he
bi onol ecul e via an SH group, in particular via an SH
group to a cysteine. 33. Biagnostic kit, conprising an
i ndotri car bocyani ne dye agcording to one of glainms 1
to 24 and/or a conjuga a NﬁfaTﬂg/?bvﬁﬁé\aﬁ bkﬁﬁhsr
27 to 31, together withladditional adjuvants fo
i mpl enmenting an in-viyo diagnosis of, in particBIar,

nor s. te according to one of
Q\€4: gnce_cont £gst medi um for
O/ / 3

D

and salts and solvates of this compound.



WO 2004/065491 PCT/EP2003/012735
57

24. Indotricarbocyanine dye according to claim 4 of formula (XX)

SO;H SO;H

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
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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. Use of a conjugate according to one of claims 27 to 31 as a fluorescence contrast medium

for in-vivo diagnosis of tumors.



