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Optical Imaging Agents. Field of the Invention. The

present invention relates to i magi ng agents suitable
wo 0008i189206 vo optical inaging, which conprise cpOj/GBat08501693

of pentanet hi ne cyani ne dyes having reduced

non-specific blndln%hﬁ to plasma proteins. This is

achi eved by control icahlmagifigdgenisnd | ocati on of the

sul fonic acid substituents, in particular the

sul foal kyl groups. Al so disclosed are pharnaceutica

conpositions and kits, as well as in vivo inmaging
]amwdﬂm§hwaaﬁmground to the Invention. US 6083485 and

t &t Pifehfod k@18t KL fndding/ hydtNQatablenfot aF ©8o (Pt imaging,

op i cal imagi ng net hods using cyani ne dyes having an
wb@h anmpnwactoeuugp@s of pespmetaterayania dyesthaying rgduqed ggn-specific
bm%llng,l eogg? ll(e)igrgag Pfaorten% glrﬂlljérjngtaatscﬁl%vfg %@ﬂﬁ)ﬁjé?ﬁlﬁaﬁﬁe and locatlon
of3fe kiDnihadidisubstithehts, mpactidulat tiedull foplyLig@upo m’dso dlsclosed are

bi nd sel ectively to receptors or accunul ate jn
phargageuyca :coma%é%s angikits Rearelbgs iygnigomesss %bodér so be

conj ugated to nmacronol ecul es, such as pol yl ysine,

dextran or pol yethyl ene egcoI. No specific
B&bkerduaa jtd! gR I8%endibe. disclosed WO 00/ 16810 di scl oses

Ugﬁﬁg&#&o argls Cengerrg st (rh% Hoses 295 q}i 7 V\Q:]r ﬁr%ﬁ% ?Nﬁ%)oéthf ﬁnagmg
methpds hsingd cygnie Wb’l@rm\mﬁg 23l oatadolREatar partitien saafficiant of 2.0 or
legﬁ fAlFJ ﬁﬁﬁlo%darg%gﬂjugieé‘ of ‘éQﬁtdyEé‘W?@l %olH?é&'lbéétéJtM%qguts” of

each non- lic atons necessar)i),
ind

mp@pul%weighg up Smégtlﬂ??w@aclbbnﬂn@um}%?% PEBHARI S e @T

se&%ﬂ%ély ftdb f&elﬁbrsC ONaR R tht M Sees dr B@hotirs | Bheldyes o0US26083485
ar e.

sane or ferent and eac
m%YJ b%‘ﬁ‘? h’x’ﬁ é;(?nbllgatﬁﬂs s‘PP‘ErB’E“SLe ﬁﬁf hi® ‘2‘ as poglysme dextran or
polyethylene glycol. No specific dye-conjugates are disclosed.

WO 00/16810 discloses NIR fluorescent contrast agents which have 3 or more

sulfonic acid groups in the molecule, and are of formula A:

X 1 2 3 4 5 6 7 Y
NN’ . N
L,

"

R

(A)
wherein:
R! and R? are the same or different and each is a substituted or unsubstituted alkyl;
7! and Z? are each non-metallic atoms necessary for forming a substituted or
unsubstituted condensed benzo ring or condensed naptho ring;
ris0,1or2; '
L' to L’ are the same or different and each is a substituted or unsubstituted methine,
provided that when r is 2, L% and L’ that occur in duplicate are the same or different;
X and Y are the same or different and each is a group of the formula -O- , -S-,
-CH=CH- or -C(R’R%)- wherein R* and R* are the same or different and each is

substituted or unsubstituted alkyl.

CONFIRMATION COPY



provi ded that when r is 2, L6 and L7 that occur in
duplicate are the sane or different; X and Y are the

w@ a008/18m206li f f erent and each is a group of the POT/GBR@S/001693
-0, -S , -CHCH or -C(RBR4)- wherein R3 and R4 are
the same or different and each is substituted or

WOn PS80 uteechea | thgt rved GombB 1D seprefaablynht 1.g. ffe dyes are

heb@hPife érﬁn@ﬂ?ﬁfse‘éﬁ@ltﬁﬁt %)reﬂ:rr&i d &eheﬁlfy 3&r&nore sulfonic acid
ept.amet h |ne cyani ne eferred dyes

yes,
grﬁwllﬁ&iegnamﬁls@@ %Flﬁléﬂ]ieéiyﬁ%? OEPB{?ﬁg in the nolecule
are benzindol e dyes of fornmula B: (B) wherein Rl, R2,
L1- L7 qeX and Y are as defined for formula A, andrR5 to
R16 are the sane or different and each is H a
p{ulfo i c acksl group, a carboxyl group, (]—IRéf
4l foal kyl ) am no group, "(sul foal kyl)

orm a 5- or 6-msnbered ringgz Ais Hor a
monoval g grRup WD 00/ 16810 teaches that, foR'"
superior water solubility the nunber of suI fonic acid

S groups is preferably 4 or #BYe, but that for ease of

wisY&thRE SRS U‘hé Kaindly mmbat%ﬁﬁémworbﬁnmtanmre t han 10,

pr ef b r et WO 00/ 1681 I
pr eflgsv?’ gyl yed 8?1‘36 fo?;lrr21 f?‘?{g S %%cgcls g%’adgl?lfon?@%g% group, a
f or mattxgl gropmpsOH, @an salk@i(sumlkyzlanand/mwzz le‘(@rlfmﬂl@l)BmmO

- f I
po%bé}% ?P%n%kif\(/)ﬁgog dlgfg{?ent ggsu%gfkr asyg g%ﬁe%r :

10 (sulfoalkyl)aminosulfonyl! group, exclusive o several specific compounds

The L' to L’ polymethine chain of WO 00/16810 is preferably of formula C:

A

NN _
—CH—CH CH—=CH—
73
©)

where Z? is the non-metallic atoms necessary to form a 5- or 6-membered ring;
15 A is H or a monovalent group.

WO 00/16810 teaches that, for superior water solubility the number of sulfonic acid
groups is preferably 4 or more, but that for ease of synthesis the total number should
be not more than 10, preferably no more than 8. WO 00/16810 also teaches preferred
20 locations for the sulfonic acid groups:
formula A — positions R', R?, Z! and/or Z*.
formula B — positions R R2, R°, R, R!! and/or R,

formula C — position A via a divalent group such as alkylene.

25 WO 01/43781 discloses cyanine dyes with 7 methine carbons (i.e. heptamethine or
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WO 01/ 43781 di scl oses cyani ne dyes with 7 nethine

carbons (i.e. heptanethine orCy7 dyes), corresponding
WO 0008/1392806 i n formul a A above. The dyes of WO OR¢H8B3WS/001693

have 4 to 6 sulfonic acid substituents. Licha et a

[ Phot ochem Phot obi ol ., 72 3 392-398 000) ] ort
C%éyesbw@ﬂeﬁ@ndy@storfavulngl pladtabetie "Ehﬁdﬁiitﬁﬁrﬂfl Wg) 01/43781
ha¥t UG BisEBoRE a8l YesidEnegle substituent exhi bit reduced

pl asma protein binding (PPB) conpared to the parent

dye. Two such substituents instead of one is said to
Litiganer aft [Phofobieny Shotobidl. hGQ(B)TBﬁQ 598 (20900) ]| ieport that cyanine dyes

b
haﬁﬁl&s fﬁﬂjt uti?r%esl'ry%ﬁc%pg% glugaml g of Igiu samlge glgi)%tl %ent e)flhblt reduced
plpihnar petokibmeting $PBBE hombared dorthe avstenb dyecBwo tunl subsiitgents
m% or{eI ﬁ%g t'osio@'gip{}iefIl’lﬁﬁj etUI%rtﬁgg ﬁ"%?ﬁlyﬁmhﬁ&uéﬁgntuerg% are

S, provi des conpounds or mul wher e:
alsgn g o arr@r@\fﬁ:défpfernhlerﬁpﬂlysvaalkwopéweé upk 8 1de; ard plier the
phaahReKkMelikdduch bt Binrasisktdch @hRut AdEReRREN Y iPddiylified.
R6 to RO and R16 to R19 are independently H or sulfo;
and nis 1, 2 or 3. Also disclosed are activated
US69ES5 (Moldealad Pasbes,Rat.apedidea tempouds 69 Yot 8iika:
di scl oses net hods of staining biological sanples using
the dyes, as well as nethods of formng d¥ﬁgconjugates
with proteiR, pdftides or a nucl ei 1C|d pol yner

usi ng H@ydr

2005/ 044923 oses_dy s SUI a?
and detec Qﬂf_ S - yes are
trimet b, Mer aget hi ne and hept%ne anRme dyes

(i.e. nis prR3) of formul a Dy(D)rwherein: Rl and
R2 are Cl-6Ral Ky : benzyl either unsubstlﬂﬂ?ed or
substituted with

where:

R? and R'? are independently alkyl or sulfoalkyl;

R’ is carboxyalkyl;

R*R" and R" are independently alkyt;

R® to R’ and R'® to R" are independently H or sulfo; and

nis 1,2 or 3.
Also disclosed are activated esters of the dyes. Related patent US 6974873 discloses
methods of staining biological samples using the dyes, as well as methods of forming
dye-conjugates with proteins, peptides or a nucleic acid polymer using N-

hydroxysuccinimide esters of the dyes.

WO 2005/044923 discloses dyes suitable for the labelling and detection of biological
materials. The dyes are trimethine, pentamethine and heptamethine cyanine dyes (i.e.

nis 1, 2 or 3) of formula D:
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sul fonic aid or -(CH 2)k-W where Wis a sulfonic acid

or a phosphonic acid, and k is an integer of value 1
W0 20080392R3 to R6 are H, SC8H or -E-F; where E PGI/&B2008/001693

singl e bond or a spacer group having a chain of 1-20

| i nked atons sel eehed fromC, Nand O and F is target

bondi ng grpup; R1 . and FR']M Rite Cl-6 alkyl or

-(CH 2)k-W A

at onms necesss

aromati c sysfem

nore of RI1\ 2

- R
2)k-W (iR} at Iea:% one 8R is -E-lpe The
05

ring
(iZ% one or

target bonding gro 1(F)F§f WO 944923 i s designed
to react wth a functional group of a target conponent
(eg. a protein, peptide, ngojeic acid or
car.bohydrate). WO 2005/044923 teaches that the

ence of one or preferably nmultiple
wat - snd (/i hiesCng atiybiupenzat teitbére dnaubstituted3op euhstitused with

of tgﬁohlngém'(épﬂ'wg (ie. RL 1 or R12) reduces

e I'nteract1ons, particularly when the dyes are
at tac hed where YriscrraipsicagidoraphogRhasicacidiand K'is an integer of
prot ei ns,yvaaRti @o@: es etc, and thus helps to mninmse

| os 3of fol UO ' .ensity due to dye-dye

sta 63\@23@?’? 21%%% t eaches t hat V\yi S )p/)referabl y
ahsu: 1;' og mzhae: ildis ammhgtehbéndavr b espster ZrefpChiavdihg -a\Wiguroopg-20
shou r r )
that_one 8RS Ef%“i:ﬁ% of 3B € RS 8 IS PRBHRORER grop:
gr olps, RS, R @pl B V\ﬁlaﬁﬂi}’lhl”e-(@hbd‘w’s preferably -CH

3. 02308/ aQé"ﬂr%gﬁentd%’tW@é chitdh aWﬂ@n&:'é?Ja? ﬁManplete a one- or

sul fonic acid, and I's preferably 3 or 4.
furttwerﬂa%@maﬁ*éﬁvstefm 2005/ 044923 t eaches that t he

witly@s pasasdartedfter ably substituted with 3
1) one or more of R, R'?, R"? and R'* is independently «(CH,)-W,
(i)  atleast one of R' to R’ is -E-F.

The target bonding group (F) of WO 2005/044923 is designed to react with a
functional group of a target component (eg. a protein, peptide, nucleic acid or
carbohydrate). WO 2005/044923 teaches that the presence of one or preferably
multiple water-solubilising groups attached at the 3-position of the indolinium ring (ie.
R'' or R'®) reduces dye-dye interactions, particularly when the dyes are attached to
components such as nucleic acids, proteins, antibodies etc, and thus helps to minimise
loss of fluorescence intensity due to dye-dye stacking. WO 2005/044923 teaches that
W is preferably a sulfonic acid, and that at least 2 ((CH)-W groups should be
present, which are preferably chosen such that one of the R''/R" groups and one of
the R"*/R' groups is -(CHz)«-W, and the other is preferably -CH;. WO 2005/044923

~ teaches that W is preferably sulfonic acid, and k is preferably 3 or 4. In a further

embodiment, WO 2005/044923 teaches that the dyes are preferably substituted with 3
to 5 sulfonic acid groups, and that the use of such dyes for labelling biological target
molecules reduces loss of fluorescence due to dye-dye aggregation. WO 2005/044923
also discloses methods of labelling biological molecules with the dyes of formula D.
WO 2005/044923 is directed towards in vitro dye applications, and is silent on in vivo
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to 5 sulfonic acid groups, and that the use of such

dyes for labelling biological target nolecul es reduces
wo o®s/18#206 | uor escence due to dye-dye aggregat i POT/GBEN08/001693

2005/ 044923 al so di scl oses sret hods of |abelling

bi ol ogi cal nolecules with the dyes of formula D. WO
apphoBIama4923 is directed towards in vitro dye

applications, and is silent on in vivoapplications. WO

2005/ 12376 i scl . ' f [ d .
WERADRH T 28 e ey dmnaaies S aopainerbe! A dcy A g yBynes
0 XAUZ Pl trh%}/amhésfbrl%@&):}_taylbﬁs)pemh RAH3 tyfperpeptidesi fpin vivo optical
1%1{5,83 P %g%rggls THRNALARNGRS of We B_SUa. ZB%QVSQ Rt ferably

ar e pr era enta
pelmsqmnfalmat lor hepdyetinadgesprad ereforaplyhbave aee«p,ooneowet\m sulfonic

ac'id\??b%ﬂ e Re@fisth ﬁfét}ﬁﬁﬁﬁe&" %Wsﬁlforﬁ?éj Bfup® cbiiBarty 'mﬁ{ pl%r art

onat e grougg conpare th rlor art cyanlne g
cyaging :4¥gs 11y Saign For}f@rdzﬁsi@aedpp%m MPtie DM §iTrgy, and hence

refitRBnona é;hﬁ@ﬁ aké HOHOE ExARpISHEE WD 200M1 238 Siplomdssadata on

005/ d d th PP
5P o VMRS At %ﬁ%ﬁé@%? AT A eh g 1 2 and 4
sulighonivgacld gidupndhé FRB p/IaS) fioundato ilgcrgase wpgh thEhmnfbléBoﬁvadphomc

f j fo er of sul phonic acid
zmaféﬁggg@?#gfé??%gd%géﬁégE%xg g@spectivels). EuIIoL et

al [Biochem, 46(13), 4055-4065 (2007)] disclose an
BRRAPLOSY S[BRfcﬁE’r% T@@@@%S‘ﬁm%b ﬁgmléﬁﬁo@na@faﬁ%ﬁlﬁ probe

TSR a e 0 TRt eu L P AL B S5 S Pl
DEV[&) icdugatéd to: (B of @embenie qaasmoiner p¢paY (241 pepride), i) 9 far-red
q‘}eﬁ‘(ﬁ}? (agbfggg é‘l%ﬁlgbj?heog a?une1 @)I(e,( ﬁﬁoxF Hc?rre(z&fg(a %]o Tm%ﬁ7 The

{s v uorescence U
intaeeppbe rEhibitg vofy 108y ﬂzmresmrtce rdug |te dheaguenplying 4 @%%éll aAfter

clédv%?% b?rf ?s?ﬁ&@sﬁ sl ¥F tc)éspzfspeacﬁ'vﬁ?v% Qﬁemfédd%eptlde exhibits

uor escence due to the f that

flueseicerpst due 19 Bieafact tat (thejcopimpated sAlﬁzsaN .lwra wf I B in a

differeRe Hio@echré fohtie QUENYHBE The ThPePaitas t6 Sfudies Hoth Withdiepsrated,
both with separat ed, |nt§ft cells and an in vivo

intagt GRS apd A viYg PUAR Bl [ Eur . oyt okine Netw., J/7,
49-59 (2006)] disclose chenoki ne proteins

Strong et al [Eur.Cytokine Netw., 17, 49-59 (2006)] disclose chemokine proteins
modified with Alexa Fluor™ 647 at specific positions of their sequence. The
specificity of cell staining in vitro was evaluated, leading the authors to suggest that

the compounds could be useful in chemokine receptor assays based on intact cells.

The Present Invention.
The present invention provides imaging agents suitable for in vivo optical imaging,

which comprise a specific class of pentamethine cyanine dye having a particular
pattern of sulfonation, and conjugated to a biological targeting moiety (BTM). The
present inventors have found that, for pentamethine dyes, sulfoalkyl groups have an
important role in reducing plasma protein binding (PPB). This is important for both
in vivo and in vitro applications, since it helps to suppress non-specific binding. It is
hypothesised that this is due to the more 3-dimensional or ‘bulky’ nature of such

modified dyes, as opposed to the essentially 2-dimensional (or ‘flat’) aryl sulfonated



nodified with Alexa Fluor(tm 647 at specific
positions of their sequence. The specificity of cel
wer@Bnange i n vitro was eval uat ed, |eadi ng the BCI/BBR®S/001693
to suggest that the conpounds could be useful in
h tor assays based on intact cells. The
d)f% zggwf‘%?ann\r?e n. The present invention provides
i magi ng agents suitable for in vivo optical inaging,

whi ch conprise a specific class of pent anet hi n
Tl@i‘y@'ﬁﬁqﬁlé 1wgtorlsab,quq:g(p gn tglla{ iexen with Pt cehereny series of pentamethine
J a
55 W SIRGSIVIRISI] Sy B ARSOLERL ok
5 th’émrar@agmﬁmattmanetldgsea bidegitad ahkrylbtegstmspsmhxavte:umn non-specific

t d | bi
bip@Pe) T panbates e aizd FsReGUR UPHRgi G 3t Hihge Fedgeed
mﬁa%@ldoﬁﬁ‘ﬁét Cb@x?s sl%bv@f: SadlerdlRldPQedrtn RURRLRSS DRNMERIE8dIhY Gefore

bi'rndi ng. I't hypot hesi sed that this is due to_the
imagimg. 3n d:ddmms; @nd[nop recoigniskd; 'in b lprler @ft $QBispedid¢ insddng to

R A

10 it inveM@st Providesd pédafie) QiJHsbtaéf pdﬁVaﬁﬁthﬁlé Bi/ahie dyes which
co erent series of pentanethine cyani ne dyes, when

haye prafefaedecharastasiseolgr #aYive BRgAS-ng nol ecul es (eg. RGD
peptides), there are significant variations in
bi ol ogi cal characteristics - in particular

Dé&aitedsDeseription 6f thd lm@ntidmi S contributes t o unwant ed
baﬁ ?round upt ake i.n vi.vo, hence reduced i o

CoT AT HELPSF T B BB UIFa 20 PR LT GIRTIE gy 7 vive
15 optitiainiag g%kﬁ"é’mQﬁJﬁMﬁn boBOWRGh cbRpASE 4 ddugart Fagthula I:

recogni'sed in the prior art, non-specific b|nd|ng to
col I agen (which is MAdHYVWM{EhKBbuted in the manmmal i an
body), varies significantly., The present invention
provi des a specific subset Q& pent anet hi ne cyani ne
dyeswidbch have preferred characteristics for in vivo

i magi ng. Detailed Description of the Invention. In a
f|rS$TMB®@éWﬂOEh@tﬂE@@éwmokﬁW@nt|on provi des an

n ) n vivo optical imaging of
20 the nggm%%g'&H%Hgégghgnﬁﬂgonprlses a conj ugate of

Fornul a |

1 Y2

VaV/aVY
N\,
N N
S | e
R* R5
(I
where:
Y! and Y? are independently —O-, -S-, -NRS- or -CR'R®- and are
25 chosen such that at least one of Y! and Y? is —CR7R8-;

R' and R? are independently H, -SO;M! or R?, where M' is H or B,
and B® is a biocompatible cation;

R’ is H, C,.s alkyl, C,.¢ carboxyalkyl or an R? group;

R* to R® are independently C,_s alkyl, C;_¢ carboxyalkyl or R?;
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[BTM-(L)n-Cy0O (I) where: BTMis a biol ogical

targeting nolecule; Cy is a cyanine dye of Fornmula |1:
WR0gH20her e: Y1 and Y2 are independently - O PCF/EB2008/001693

-NR6- or -CR 7R8- and are chosen such that at [ east

one of Y an& lkg -CR 7R8-; Rl and R2 are

i ndependent ¥y '#2KY8eML or Ra, where ML is H or Bc,

and Bc |sR8alsma@9@’rpa§rb@J(}@ngatl on; R3is H G -5 alkyl,
C 6 carboxyal kyl or an 'Ra group; R4 to R6 are

|ndgpendemllbﬁl@su]$09ék)ﬂyl C 6 carboxyal kyl or Ra R7
S 3 | r - C rb
syq_Synﬁaletlc?l Reigks ?upq)fl' flglr’]lﬁ% gr 8uwﬁ¥¢en} 2 mJ

sul f oal k

(A) m mﬁlé%!fﬁdﬁﬁ@hckzl sdredgpendeqt | ;CRz@‘@z— , vC@z@BECR-
-, - NRCO- , -CONR-
- NR( C—O) NFRRCO- NF(@@HB) L\IFNR(C%'@ZNR NR(GFHNR-, -SO:NR-,

cycl ohete}\%@zﬁgﬁql&hp%% cydmﬁll énégr oup,

a C5-12 ajy¥lonberdiligidhe @oup aClcdclogikgleaapidupneCgr cuplene
an anm no aCId a sugar or a nnnodlsperse

pol yet hy| EaeRyioy 8&is-1{ Feparylfne Eronp, BR SE0 asith |3 SREAIOT 2

| DdependefboiRRR Byl Bnkybbr PR bilidinEBistial keny!

each R is independently chosen from H, C;4 alkyl, C;4 alkenyl, C4
alkynyl, C,4 alkoxyalkyl or C,_4 hydroxyalkyl;
m is an integer of value 1 to 20;
n is an integer of value 0 or 1;
with the provisos that:
(i) the cyanine dye comprises at least one R* group and a total of 3 to 6
sulfonic acid substituents from the R, R* and R? groups;

(ii) the imaging agent does not comprise a fluorescence quencher.

By the term “imaging agent” is meant a compound suitable for optical imaging of a
region of interest of the whole (ie. intact) mammalian body in vivo. Preferably, the
mammal is a human subject. The imaging may be invasive (eg. intra-operative or
endoscopic) or non-invasive. The imaging may optionally be used to facilitate biopsy
(eg. via a biopsy channel in an endoscope instrument), or tumour resection (eg. during

intra-operative procedures via tumour margin identification).

Whilst the conjugate of Formula I is suitable for in vivo imaging, it may also have in
vitro applications (eg. assays quantifying the BTM in biological samples or
visualisation of BTM in tissue samples). Preferably, the imaging agent is used for in

vivo imaging.

By the term ‘“sulfonic acid substituent” is meant a substituent of formula —SO;M',
where M' is H or B, and B® is a biocompatible cation. The ~SO;M, substituent is

covalently bonded to a carbon atom, and the carbon atom may be aryl (such as the R
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al kynyl, Ci -4 al koxyal kyl or G -4 hydroxyal kyl; mis
an integer of value 1 to 20; n is an integer of value
wO2@8/139200vi t h the provisos that: (i) the cyani Per/dBe008/001693
conprises at | east one Ra g¢toup and a total of 3 to 6

yl foni ¢ aci.d,subst Ltuent he . » TCy
Oréﬁ cﬁﬂ%l?isg’(olria;kytl Elg ‘ fu}rgg igﬁogunggﬁtq I.{‘]tezloeerg] r%é Coggbﬁgp%s(gﬂgn (BY) is
mdaht @ HBSEREIG @hsrdedch@iteridlywhith foism salmaghng iageed, hegdively

meant a conpound suitable for optical imagjng of a
chaggd agrown (rhttkiseetse of suHanathosreuR) evherat it PORBNARY Phareed
cogr?tgl}{oﬂ?s MﬁROn-%’xﬁf SlPRiNee shilfoI TR Rimih R it Pthe mammalian

supj ect. € 1 magi ng may be 1 nvasive (eg.
bol Nt dspediflBr tht higam bodn dBsaqge<)f snitalio bidcomastive catidrs include:

I maging may optionally be used to facilitate bio
thq Gl PR OB EhBHABHTn () “DrIDE OB MELET Ry, and
mPnelitOWid iR SRfhAAEmI68- PAYEFQD bR BRE AbhY Sre sodium and

ocedures via tunmour margin identification). Wil st
potdsgiumonjosgatierablly sehivrnl a | is suitable for in vivo
imaging, it nmay also have in vitro applications (eg.
assays quantifying the BTMin biol ogi cal sanples or
Byv itlsel adrins affluoresadncBTdenchet’’ 95 upeaanpnesty Phehesylpresses the

Nuogrsarne i Al o desttet 9% BT Sohtving bthafRcher dna 24 dfiched
w dsljidvta_uﬁﬁ‘ﬁinﬁf A 8iebite: SGhciMier \Mtﬁédﬁl&% El)ffes kib®h BC.the art

and Bc is a bioconpatible cation. The - 3ML,
[Jahabssons Math.Mdd.Bioh,aBEht 17290264, tand aBeligko sh @t @h9vedhdlhe

SRR RAR PRy Bl o 5 Ry s
due b @ROpRRSINCH b e tHeAC Y ind (dBCiot ingedTBRMboHC petdtation @b geparate the
¢charged counterion which forms a salt with an ionised,
Crnelgem iavateychshattye bagihe agvantagerthitdhe BIM dogsaqt byt gonjugated
theq[r:t%ugﬂ} ’admgfuﬁ ﬁl@iegulﬁo@hfchvrﬁi t FOR € Bflﬁﬂ; lo?the SBTM to
al'so non-toxic an ence suitable for admnni'stration
infefact Rethnmgsrbidldgical hedgnitioasitei ial hiyo t+hinehtoneen steoidyhindrance or
Exanpl es _of suitabl e bioco ti b ' [ ;
changenirr)l conformatslon due to the intergérgi%nlbelt\seegathelz %ggnclhgrc ln%lc{j t%e Cy® or
the quencher and the BTM or the quencher and the linker group. In addition, the need
for a quencher limits the BTM to one that is a substrate for the biological target (ie. is
cleaved enzymatically), or that undergoes a significant conformational change upon
binding. Not having a quencher allows a greater range number of BTM to used, which
in turn permits a greater range of disease states to be diagnosed. Any potential toxicity

issues due to the quencher are also removed from consideration.

By the term “biological targeting moiety” (BTM) is meant a compound which, after
administration, is taken up selectively or localises at a particular site of the
mammalian body. Such sites may for example be implicated in a particular disease
state be indicative of how an organ or metabolic process is functioning. The biological
targeting moiety preferably comprises: 3-100 mer peptides, peptide analogue,
peptoids or peptide mimetics which may be linear peptides or cyclic peptides or
combinations thereof; or enzyme substrates, enzyme antagonists or enzyme inhibitors;

synthetic receptor-binding compounds; oligonucleotides, or oligo-DNA or oligo-RNA
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the alkali netals sodium or potassium the alkaline
earth netal s cal cium and nagnesi um and the ammoni um
WO o0vs/182ed er r ed bi oconpati bl e cations are sodi POT/&B2A008/001693
pot assi um nost preferably ®odium By the term
ﬁ"fléﬁgescence quencher” is neant a noiety which
%ﬂbﬁ’esses the fluorescence of the CyD such that the
BTM havi ng bot h quencher and CyD attached woul d have
m ni mal fluorescence. Quencher nol ecules are known in
By the term “pephidenisspant graomppend spraprising ixo on mopnammgsyds, as
i Bt o linie 8 bR ek (0 IR QbR (e i of one
anﬁhdé agidytof theeageeendf aighdrp The tae Speptide ahintdtie” Oy Dmimetic”
an 0 not need. netabolic¢ activation to separate the .
refepioriolagisali afivs cPmPonRds alamivnig t%@aﬁs&gga%tw&f/ of geptide
T ' : I 1o I
or PR ol 8 A5n P WpABL 3 ORI Bafie, WAl 0T ngrjgneer
cohtair atygreptitie twitds (ihagisharnldediondd bateeaymiinocwids). t Berienthe term

Vi.yo - due.to eg. steric hindrance .or change
peBtilf BRI Snotrans b ORREST FESr o P BHeBRURGAR b are no longer
cofliptelySlepaidie ih Ry, Rueh ab heeidanphiass, abdi-paRided ¥h@mpeptoids.
the quencher and the |inker group. In addition, the )
Theetenn f ‘peptulecanelaghie’ rdfergite peplides BPWPriGingnanet ¢ramofesargino acid
substrate for th il ogi G . ' [ .
Gl Eeblsd P, Rk RaplBLEBE PGlftes i By feffmerics”

MCcQbbdmirpéri ) @bubehangd BxRo Thiemei ng. Not having a
guencher allows a greater range nunber of BTMto used,
which in turn permts a greater range of disease

Bysinttesn tanke 2iddsasRd: arADY opDtaiihb akid] @iy 40id afslogse (eg.
due to the quencher are also renoved from

naphihylatpaing) iqsramipp agid npigleHe "Whish JBRE Re RafyrgBy jqegurring or of
H n . H c d K . g
B St T SRR AT DU M e loprand e

chiztl, aopar trhixtirar ofi dnantidmérbe nEonvehiiaml bddstter Suc hsisgle eketter

may. for exanple be . inplicated in_a particular. di sease
abbrexjation formaming: pqds afe K Bsieidr 55?@6% afjBinocacids of the

pré¥eRC fRentich fnlérwbﬁd.cgm igfe_. ThS Bk ALgiaind 84i8§hintic” is meant
nol ety preferably conprises: 3-100 ner peptides,

sypibptic d@legual of maturally occurring amino acids which are isosteres, 1.€. have

been designed to mimic the steric and electronic structure of the natural compound.

Such isosteres are well known to those skilled in the art and include but are not

limited to depsipeptides, retro-inverso peptides, thioamides, cycloalkanes or 1,5-

disubstituted tetrazoles [see M. Goodman, Biopolymers, 24, 137, (1985)].

Suitable enzyme substrates, antagonists or inhibitors include glucose and glucose
analogues such as fluorodeoxyglucose; fatty acids, or elastase, Angiotensin II or
metalloproteinase inhibitors. A preferred non-peptide Angiotensin II antagonist is
Losartan. Suitable synthetic receptor-binding compounds include estradiol, estrogen,
progestin, progesterone and other steroid hormones; ligands for the dopamine D-1 or
D-2 receptor, or dopamine transporter such as tropanes; and ligands for the serotonin

receptor.
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peptoi ds or peptide mnetics which may be |inear

peptides or cyclic peptides or conbinations thereof;
w@r008n13920e substrates, enzyme antagoni sts or ePzyGB2008/001693

i nhi bitors; synthetic recepoor-binding conmpounds;

0| 1 nucée}’r ?&Eydg& Farmu Lirp9 PN QL O iy gg OBWOF@E{&@ Which is

I'S nmeant a conp und conprisin

cathSle or déf@ét&)nadiﬂheﬂdlaé‘dtlg}fb,r idreday imﬁdoﬁt&iaDMnaglmglﬂﬁede&We asing
pepti de bond (ie. an am de bond |inkin am ne

lightf meﬁoto a@ardlrtf@r%watedertfé&&ifooo%Z%Whewferabﬁh éOPéPHP nm).
" ref to bi ol Il
ProRERY e CLTRh: fugleen By, " Bl ol ogi cal activity of

a peptlde or a protein but are no longer peptidic in

hem cal nature, at is hey. no | on er cont
It p@ﬁwlé@eedh@soqet Wi\{fwu réﬂesaﬁ*ﬁ € TGRSRt viddn Al ABTUL 1 is to
di@GhdShe ¢ fonf BR E&fv@ sl%p&f e ﬁTEVPt 'T‘Iué & patReulhly dmportant

roader sense to include nolecules that are no | onger
be«:mmplthd: €lyy 1peqjat|\d:|13cbulkynm adversessierte mgeractions are possible. This

o R S S 5ER S5 FPRL BEPASHET T e e

C#Thdfahe ﬁ@éﬁoﬁ@t@ﬁdsﬁ1@1ﬁ@s’eﬁ%§ frod® tHEaR Gk E &@@arﬁﬁé&vﬁldlﬁeﬁlch as
al so "Synt hesi s of Pﬁgtldes and Peptidom netics"”

a Cydesty] wtarsl sPacpLWE} \/@wnt@zﬂ@ Cyhiasigy. frazy thméctt\@r site- The

S

infHigitipt ag?enwh Thbs, gy tH&elnt'radmunahl of edlect Wroupsginahe dmhkcruwﬂl lelp to

synthetlc origin, and be optically pure
mERE PSR PG ndRE e (Ahr camprigds Spafyithyfiasetyeol (PEC)

b&@g@[ BIOIESS %?l'aéé ehiih97a! 1o ?18 Slih&hei rres?éhfég | Be higkdrSroup may

evi ationd for amno acids are used herein.
fuRetafnetoatnodify ke phamacekindiscsodnd hiwog radeeanice iratee if i tbey imaging

are opticall ure. term"amn ci.d mmetic"
asul raltie Sy HOPROUIRE] DO SO ALl AD LM of the
inPEnE gBkt Q&n%&l@g?oﬁfdetldsﬁ@ $hél &Smudcl€or IVEY CandRR From the blood,
designed to mmic the steric and el ectronic structure

thef gitiag retbetter dm@np&mn tmaggu dhe itgolsse backgipundnenterigaeson A
S illed in art i n

blPIinﬂ‘alJl%g]a F%er &a%lg IB%%IS 3 used t? ?%\iouﬁ \(é; : S%ug&g&u‘% St &%I‘etlon eg.

vik Hedadiede &s opostdal Ha mlm. 1, 5-

By the term “sugar” is meant a mono-, di- or tri- saccharide. Suitable sugars include:
glucose, galactose, maltose, mannose, and lactose. Optionally, the sugar may be
functionalised to permit facile coupling to amino acids. Thus, eg. a glucosamine
derivative of an amino acid can be conjugated to other amino acids via peptide bonds.
The glucosamine derivative of asparagine (commercially available from

NovaBiochem) is one example of this:
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di substituted tetrazoles [see M Goodman, Biopol yners,

24, 137, (1985)]. Suitable enzyne substrates,
w@nioagamniet s or inhibitors include glucose andP@l/GBO®S/001693

anal ogues such as fluorodeaxygl ucose; fatty acids, or

el astase, Angiotensin Il or netall oproteinase
inhibitors. A preferred non- pepblde Angi otensin |
antagoni st is Losartan. Suitabl ynt hetic

recept or - bi ndi ng conpou

S |q9qude estradi ol ,
estrogen, progestin, pr
hor nones; |igands for

est éHot her ster0|d
he Mopayni Obr D2
receptor, or dopam ne transporter such as tropanes;

and |igands for*ttreNerg *n regeptor. The cyani ne dye
(CyD) of Formula Il 'fs gfluorescent dye or
chronophore which is capabl e of detection either
directly or indirectly in an optical inaging procedure
For@ulRd ddnblet tedt (i geN[C PP NBaiEtyl dahhareedchiavlagh ghifable position
(500-1200 nm preferably 600-1000 nm). Preferably, the
of hoBAM. JuiteblesuelnpogHopefor ithe (L) Cy ) wAles atgethosemto be at
one of r ol o
polgmons aw ? q‘ron? tt]?ast %gtt (t)aﬂglg ]%’Elble&f/lglil gr}estq&)@glg%t fo\gceglrédm% to the
actife &ite er'ﬁMo The S[Bfl“M]p(&f),t i iodetyr by Fonpdn tlamby bhecatasbed hteany

sugRede BOSPB PG heTt 2 oF ANBRS AL i By CONBIERES (gH the
pl%lée .«ﬂ'l Ie%fst}fné %stlﬁieﬁpgéagt ¥k ¥df tﬁ@q{'nt%) R® %R)u‘i)gbator 15'%0@/191t1y

reedomto position |tse fromt
attaceidvte tlsd emstargmbstltucrguod' ithe/Cg ucThea[ﬁTM}:gldmablcw isqureferably

D fromth
oG B8 S o S B0 b 5P ker a7 oup can al so

be used to nodify the biodistribution of the imaging
agent. Thus, eg. the introduction of ether groups in
Prefemred faakees.wWi || help to m nimse plasma protein
THei ndigeglar Weeight (Of) the -intagimgr kges ia potayiyt byl ©n80J098 oDaltons.

(PEG) buil ding bl ock or. a pt I de in o
Prégeracly. e P gy FAEIEN Ha ) Reﬁan%f‘r ﬁlbﬁon@ﬁ?bﬂ{%?l?éwnfomoﬁ
pré@f?a’bhyzé(ﬂ?tcph@'bff@%ioﬂ?tw&ﬁ 28500 R 90006 THAbAN BeinkalsBecially
of tHe imagi ng agent In vivo. Such "bionodifier"
préfermk@r groups may accel erate the cl earance of the
i magi ng agent from background tissue, such as nuscle
or liver, and/or fromthe bl ood,

The BTM may be of synthetic or natural origin, but is preferably synthetic. The term

“synthetic” has its conventional meaning, ie. man-made as opposed to being isolated
from natural sources eg. from the mammalian body. Such compounds have the
advantage that their manufacture and impurity profile can be fully controlled.
Monoclonal antibodies and fragments thereof of natural origin are therefore outside

the scope of the term ‘synthetic’ as used herein.

The BTM is preferably chosen from: a 3-100 mer peptide, enzyme substrate, enzyme
antagonist or enzyme inhibitor. BTM is most preferably a 3-100 mer peptide or
peptide analogue. When the BTM is a peptide, it is preferably a 4-30 mer peptide, and
most preferably a 5 to 28-mer peptide.



thus giving a better diagnostic inmge due to |ess
background interference. A bionodifier |inker group
woregnsadeos be used to favour a particul ar rout ePOf/GB2008/001693
excreti on eg. via the kidneys as opposed to via the
4 ver A i r Nepndi
b YIRS ARy T, RO pamy e el Fomuta 1
RY8 lp&ifél@Sl@' H 6Bhi RS grouppandds mosiapreferady Bis R’ lscmefecamy Cyi;.
the sugar may be functionalised to permt facile
coupling to am no acids. Thus, eg a gl ucosam ne
derivative of an am no aC|dcn gated. to gther s
ThendEH bt krsmpichy BEBO LS i B gl a@trl%saamgons R R

5 RYE yaRPver e agdaTa@irnla clorm@recpxafdrablgxmm ‘eof R3Mmost

pr?l\%;f??)f ﬁtglg.e%?d{n[%ﬁ‘]“eﬁﬁrmk? Bg'f% Egls aI[ED %0%1{10&1 aatsqﬁg] %va%tages

thgtui t abl e position of the BTM Suitable such posi t| ons
for h t R? d
posi (1 BIdAdpLpIRY oA RIS ¥ R O R i (R0 are made

avedahdensi bl e for binding to the active site in vi vo

10 The ((iPBEMbulitindds ofBe@ly¥ iPincleasdilhéhck h@H)Yn% réddcepiped at

any suitable position of the QI of Forrmula Il. The
[BTM-(L)n- noiety either takes the place of an

T@xctyaninngi}@l(lﬁ.‘s/f)) preferablydygs aottal off 4 fdfoRic acd s@bsgtmpssqhosen

fr(HTJ t]?fh% %/ n%ql%;’legr a }\/?ﬁ? E\y?]tRQ Ig%c?ug)ts%)r(f} §}CE(?I%?1¥? Fedt at %rc])gitions
YaRParhgdRrY irdost peaé@@g?wh&éybg&m%m sl Yof= IMR@& R* =
referred features. The nolecul ar wei 8ht of the

15 InjFeaghladLabeR{ gfosps aﬂetm%ﬁeyabﬂbpoft‘ formolagdbHonpPgMs, where M' is H
oSS G g TRLE S, A% ik B 0 W

abbad)! Riksprerdbly 206800 t o 16 OOO Dal t ons bei ng especially
preferred. The BTM may be of synthetic or natural
origin but is preferably synthetic. The term
In FOYALASE I antﬁﬁ ard refé?ﬁ‘?’i?%t)ih IMTBRRLAR} ardER? SR Bo B, M,
as opposed to bein solated from natural sources eg.
20 thé BOEML kebstiarenss araprefevahly irBle 5 -positpmurfdle indvle/indmenine rings.

Especially preferred dyes are of Formula III:

25 (II0)
where:
R® is independently an R? group or C, 4 carboxyalkyl;
R’ to R'? are independently Cy_s alkyl or an R® group, and are chosen such that
either R° =R'=R° or R'' = R'? = R®, where R® is C., alkyl;

30 R? and M' are as defined above for Formula II.
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advantage that their manufacture and inpurity profile
can be fully controlled. Mnoclonal antibodies and
wo ca@girende t hereof of natural origin are ther ePGr/6B2008/001693
outside t he scope of the tasm'synthetic' as used
£|n T I : r
oK O AL 0 PLOCARL s RsEa L P MO B i
an 1Iﬁhﬂgbt bDValutBTM) U Sarils s prre&frﬂﬂﬁblqt 4aP8eféIQBl)4"th dp&ipt)f Eﬁmula
or peptide anal o Wien the BTM s a
Thhasfees &b%fa‘é?oliy@gyln%}bs%‘é‘ﬁ‘ﬁﬁ @epermHdtapis Po‘fﬂ’f éﬁ%ﬁme% tg the
28-nmer peptide.ln Fornmula I, Y1 and Y2 are
preferably both independently _CR 7R8- . In Formula
I, R3is preferably Hor an Ra group, and is nost

E{ﬁ?’%s;ﬁ?’% gf,—_ﬁg)‘rwﬂﬁ ![If’ar? " e(];ﬁ%égg BFSP“S[‘)} gc ﬁégﬁ% ag Ilg’ group, and
th9 Qﬁief's' RO8adBR Fup s%msﬁﬁefe&%l;%acﬁ%q@il tb @{%ﬁ%e@fally preferred

Forrmula Il, nore preferab y at RS, ?
dyps ef Epminlly TR tarcRaf Esyrmmin 1T, Mér@tcmenne offR toeR BTvem R’ 1gmaup, and

ositio as _the advant

s PUREs et Fodrqas, PR RTy T cast o, PG b RLE gy of
FoMnR1dBehady 8hd &the R® hdups chesehtd ké ags SarB&BX}Iah@l dye is

i ncreased, hence hel ping to reduce PPB. -The cyani ne

dye (CyD) preferably has a total of 4 sulfonlc acid

f u ™

MY FHeh 88 B8RS b H Bl dntha 1 180 FRLOE R FTer
64R31,ndI@ysor With Cost bgingfheridddly at R5 t oget her with

either Y2 = -CR7/Ra- or R4 = Ra. In Fornmula Il, the Ra

groups are preferably of forrmula -(CH 2) SG3ML, where

ML is Hor Bc, k is an ingpeger of value 1 to 4, and Bc

is a bloconpatlble cation||(as defined above) k is

preferably 3 or 4. Ip Borm®PM'II, RL and R2 are

preferably both SOBML. X are both SOG3ML,

5- p03|t|on N\ ngg Y AOX {1 i . Ipecial ly
preferred ¢

Cy5**
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(1'11) where: Rb is independently an Ra group or G 6
carboxyal kyl; RO to R12 are independently G -5 al kyl
wo@ro0an3®e gr oup, and are chosen such that eithreT/R82608/001693
R1I0 = Rc or RL 1 = R12 = Rag where Rc is C -2 al kyl;
Ra and ML are as defined above for Formula Il.The Ra
groups of Formula IIl are preferably independently
WhdrGHe BIRGGBMeptidhcprefekreil sucrpaphidesgocludé: value 1 to 4,
and k is ﬁrefferabtlé/ ]gifor 4. lPr ef erably the dyes of
For rrul 3P99sHR, QCeotide BBY §X198S s ubst i t uent to per it

faci.l epgdad RRlchMAPGRABHT réRploRewiRIYS TRERELHItREhely-Sable
of Formula Il are chosen sucﬁ that one of RO to R12

i s an Ryingredyceddd:. edieansk ¢ibergnigreorgaBISMRC  gr oups,

nost py.ef.er abl C i
prefer 816“‘83% 85%|f%r ng }I;I?S%igﬂ% iﬁ@?‘%%’i}q l'ia,
wher ei RCQISGOFABRGDPQPL2 is an Ra group, and the

ot hers are each _Rcsotgroups_, nost fpreferably each equal
to cH3N-praylgieptidesdprargsting siten afdeyqorte pegHNYae ™t t he

RO gr opips. 1 HRS6 Y Qﬁségsn&?g@n&ﬁ; Qxyal kyl . Most

preferred specifi es of"Formulae 111 and Ilia

1 especRGe(Argdbly- Adpy>cantaimey gdphileH hichmaOys*targetn t h
Cy5** being the_jdeal: . Al exa Fluyor(t 6 S5**\When, ..
Che BTRISEHEPEIR f Bualitef €t TRk Va U AV S :
somat ogf RubMah@ A8} infler 9NN (Spues.-7pept i des whi ch

bind to the ST receptor, where ST refers to the
heat-- spepbide fitagmients jpf achavplasmyinElierohectany betarensein, fibrinogen

m cro-organi sns; - lamni.n fragments eq. YIGSR PDSGR,
DCVAV, @@%%smﬂa@@&m@ g‘?q“ﬂl?% 2-3RHBRFEs f or
tar get {10n8dtine Bet@lcad it GRTMb SerPRAUAMINYdsPShdin can be found in
the following references: a,-antiplasmin precursor [M.Tone et al.,
J.Biochem, 102, 1033, (1987)]; beta-casein [L.Hansson et al, Gene, 139,
193, (1994)]; fibronectin [A.Gutman et al, FEBS Lett., 207, 145, (1996)};
thrombospondin-1 precursor [V.Dixit et al, Proc. Natl. Acad. Sci., USA,
83, 5449, (1986)]; R.F.Doolittle, Ann. Rev. Biochem., 53, 195, (1984);
- peptides which are substrates or ihhibitors of angiotensin, such as:
angiotensin II Asp-Arg-Val-Tyr-Ile-His-Pro-Phe (E. C. Jorgensen ef al, J.
Med. Chem., 1979, Vol 22, 9, 1038-1044)
[Sar, Ile] Angiotensin II: Sar-Arg-Val-Tyr-Ile-His-Pro-Ile (R.K. Turker et
al., Science, 1972, 177, 1203).
- Angiotensin I: Asp-Arg-Val-Tyr-lle-His-Pro-Phe-His-Leu;

When the BTM is a peptide, one or both termini of the peptide, preferably both, have
conjugated thereto a metabolism inhibiting group (M'©). Having both peptide termini
protected in this way is important for in vivo imaging applications, since otherwise
rapid metabolism would be expected with consequent loss of selective binding affinity
for the BTM peptide. By the term “metabolism inhibiting group” (M'Y) is meant a

biocompatible group which inhibits or suppresses enzyme, especially peptidase such



10

15

20

25

30

Platel et factor 4 (PF4) and fragments thereof, - RGD
(Arg-dy-Asp)-containing peptides, which may eg.

W an0gas92emgi ogenesi s [R Pasqual ini et al., NatPCT/GB2008/001693
Bi ot echnol . 1997 Jun; 15(6) :1542- 6] [E. Ruosl ahti,

f rrent S.
gt R0 P R A
cfmbbxy mlrgmtusoSuctngomfime padic blarly hgpafhml Fodki v SEHUE GRS, and

fibronectin, beta-casein,
49 ‘B%f e Poaﬁés"% %%ﬂlé?ﬁltia;l%o% AR argsutebly ehesen ifiont, Her the peptide

references: a2-antiplasmn precursor [M Tone
aé?héa@%ﬁgs Bi ochem JO2, 1033, (1987)]; beta-casein

N-acybers gorupe Nl (C~GRE, whae, thd 9y @103@4;(1; d)ﬂﬁrmep@ icosen
I FEBS Lett 207, 1
O} S5 GR Gt ot B RS ST G50 RP ety B el HYBEG) building

o G S AR 3P 1ty P

SLH@[:RE@ EE0URN| 2 ther omoadidiersao feBororulaenBiddi draBis2 Qf)elow) Preferred

as: angi ot
SRS Sl M7, GBS o, eBile by aycarbomdrpreifspronceo,
mast, prdferddbdaceGhiem , 1979, Vol 22, 9, 1038-1044) [ Sar,
He] Angiotensin Il: Sar-Arg-Val -Tyr-l | e-H s-Pro-Ile
(R K. Turker et al, Science, 1972, 177, 1203).

Slﬂmblwhﬂkﬁ)loﬁsdl inhibiting groups for the eptlde carbo 1 temhinusB_i.rmlude'
Val - Tyr-11e-H's-Pro-Phe-H's
C%”%P ‘gﬁatfﬁﬁé)uqdn@“%r by qst.ftfmmlol@fxyt iwstepeqmmdgallcohol or a
0 ate ret a netabolism
pd@#ﬁﬁ}al t 08;&8%6) W@) ng mﬂgl\%l %‘g E?t[t])ﬁe géptgr%p i@ e, carboxy

tepnmalemnmd acni tdsidae Wéyhd BTMYPOsticRnis wittie tHe téintifal ﬂﬁﬂ:‘er&f the
of herwi se rapi d netaboli sm woul

at |
a“b‘gg a5 é&i‘g ﬁﬂﬁygafﬁ%dewub #Cil- @@%ylcﬁromlp@efcnabb/ abmepthym group.
[ I tab
Pf.é‘%&%%f??“*nfgf’zr LGP SRR FadsE BiBerFE PR g o
caghgixetidenhi bits or suppresses enzyme, especi aI ly
peptidase suchas carboxypeptidase, netabolismof the
BTM peptide at either the am no term nus or

When either or both peptide termini are protected with an M'© group, the -(L),[Cy"]
moiety may optionally be attached to the M'® group. Preferably, at least one peptide
terminus has no M group, so that attachment of the -(L),[Cy” ] moiety at that

position gives compounds of Formulae IVa or IVb respectively:

[CY’HL)-[BTM]-Z? (IVa);

Z'BTMI-(L).-[Cy"] (IVb);
where:

Z' is attached to the N-terminus of the BTM peptide, and is H or M'C;

Z’ is attached to the C-terminus of the BTM peptide and is OH, OB°, or M'S,

where B is a biocompatible cation (as defined above).

In Formula IVa and IVb, Z' and Z? are preferably both independently M'°. Preferred
such M'© groups for Z' and Z? are as described above for the peptide termini. Whilst
inhibition of metabolism of the BTM peptide at either peptide terminus may also be
achieved by attachment of the -(L),[Cy”] moiety in this way, «(L),[Cy"] itself is



carboxy term nus. Such groups are particularly
inportant for in vivo applications, and are well known

wao eooshaes skilled in the art and are suitably BPEDEBR08/001693
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o&%ﬁé’ﬁé r Hﬁ%&?ﬁ@fﬁ%“”&ﬂﬁ% ;}r&%n@l%iééntﬁﬁlo“p (GO R has RG

osen from aryl groups or
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Preferred such am no termnus M groups are acety
5  ofbibazy keosidpearbdrylinksr graupf (L).oSwtabist guch anee apudeﬁsrlml lyclude

t . Suijt t hi b f
ABS Bt G isS JoT TR at Rt afthrat e lisfiah Pe des. &% Lys
rebi@hd f&%ﬁjugﬁﬁ&@Wlthbﬁéﬁbﬂ)xye%QEtlvé?é’sQéroﬂiﬁ?éﬁbnzﬁi%E@C dye The

am no al cohol or a et hyl enegl ycol [(PEG buil di ng
adsllltmlal awrmmétrp%dm(e émamugémort RE Coarase syitably r’rP‘F?é‘Fd away

tﬂé) b1 %ﬁreg%l %ﬁﬁ@é&% r‘rltﬁ)T Eﬂegﬁ dfe?ab\ﬁh flcSitelt Il? either the

10 Cl\braﬁktkéhﬂi&l&d Paéfetubdy, Ghe #niab layid rgsﬁdlltpfpr porghgatiahliya &ys residue.
nmet hyl group. Preferred such MG groups are
carboxam de or PEG nost preferred such groups are
car boxam de. When either or both peptide termni are
protected with an MGgroup, the -(L)n[QI ] noiety may

tiona .be. attached 0 ref er abl
b S agithdic TsBht R, Gorindteshs PPl SEbARs termina
fuhftadnaRletcpb neith Theitifag c&dy)gﬂtl@d Qo] [BTVIPlNd E(IyDt h&hitable such
position gives conmpounds of Formulae |Va or 1Vb

grpensp@Y jateeescripey, iy they fifih pepre (befow )k Wihen & conprigps @|peptide

I 1
15 r{ébr/ fr)nt(;n lljé gﬁﬂ? ﬁémg%‘ﬁf%%b he}n,ﬂh gllaﬁgs@?oré}%lp&ferably chosen
from glycine, lysine, arginine, aspartic acid, glutamic acid or serine. When L

comprises a PEG moiety, it preferably comprises units derived from oligomerisation

of the monodisperse PEG-like structures of Formulae Biol or Bio2:

H
APHN\/\O/\/O\/\O/\/N\HAO/\H%/
O

0]
20 (Biol)

17-amino-5-0x0-6-aza-3, 9, 12, 15-tetraoxaheptadecanoic acid of Formula Biol

wherein p is an integer from 1 to 10. Alternatively, a PEG-like structure based on a

propionic acid derivative of Formula Bio2 can be used:
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Z2 is attached to the C-term nus of the BTM pepti de
and is OH, OBC, or MG where Bc is a bioconpatible
w@ at0808920@s defi ned above). In Formul a | Va andp¢VioB2#0%/001693
and Z2 are preferably bothirndependently M G
Preferred such MG groups for Z1 and Z2 are as
descri bed above[for the peptidg term nij. Wil st
i nhi bi tion of Mgt dBUN; f B fide at either
peptide term nus may al|so be acgieved ¥ attachnment of
the -(L)n[Cy0 ] noiety in thisway, -@L)n[Cy ] itself
i soutside the definition of MG of the present
i nvention. The BTNIEeptide may optionally conprise at
| east one additi ondBi®&ki no acid residue which
possesses a side chain suita r. f.aci ' ' .
of the CyD, and forns part o?&%ﬁé%AnggkﬁﬁggqgéF?ﬁ%ﬂ?@hol
l'i nker group (L). Suitable sumb qasanintegr drofe3 idlikes
i nclude Asp or Ju residues for c?njugation Wi th
In FarmelaBind i s REaferadly 13- aydd Is Befesably s 1 &2 due for
conjugation with a carboxy- or active ester-
functionalised CyD dye. The additional am no acid
Wheasindumks) gfoap doesnpaigatipoise BEGCyD: pepeids whaiapprefdreddt gabups

away from the binding region. of the BITM tide, a
halit 8 YoF BB GBI 11JELPRANIE BRI B Gomgmoien ¥l o 10
atdrftd, e ?_refgrﬁﬁfy@r R Yordsh®itBM 6103 Aehd vehH chpecidlBf preferred. A
conjugation iS a Lys residue. Wien a synthetic |1 nker

migimoum linkpr group beekbane chain of dfaseras Pynfersihe pdwstage that tag Cy~
. functional Qups ich.facil| ' tion to
15 Féﬁ'ﬁfpaéﬁadé%ay%m lfvlvglg l{eabieu%er%cﬁt%égss&?% &g'r e descri bed

in the fifth aspect (below). Wen L conprises a

ptide chain of 1 to 10 am.no acid residues.. th -

piPhertider iy Pis dy' SpdmpRp e adiyle/ G ol Fhupdia by sotid
phadeyisptige syndsiteus desd@ibei ReP. BISPAWilkards IFd AllgridiearidcE. Girald,

acid or serine. Wien L conprises a PEG noi et

, It
Chemésad viapraactemipthesBsithesisiof Paptidey egd fr gfgins, CRU Press, 1997.
ol i gonerisation of the nonodi sperse PEG Ii ke
structures of Fornulae Biol or Bio2: (Biol)
17- am no- 5- oxo- 6-aza-3, 9, 12,

Tht3mb ik agxab et ogepdred & Rbesof Formul a Biol wherein
pis an integer froml to 10. Alternatively, a

PEG | i ke structure based on a )
In order to facilitate conjugation of the Cy~ to the BTM, the Cy” suitably has attached

thereto a reactive functional group (Q®). The Q® group is designed to react with a
complementary functional group of the BTM, thus forming a covalent linkage
between the Cy° and the BTM. The complementary functional group of the BTM
may be an intrinsic part of the BTM, or may be introduced by use of derivatisation
with a bifunctional group as is known in the art. Table 1 shows examples of reactive

groups and their complementary counterparts:
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propi onic acid derivative of Fornmula Bi o2 can be
used: (Bio2) where p is as defined for Fornmula Bi ol and

W@ 2008/139206 nt eger from 3 to 15. In Formnul a Bi 02PCPGB2008/001693

preferably 1 or 2, and q id98preferably 5 to 12. Wen

T%)Ee:} ::,] I n Eeﬁﬁgg{l\%@lu q%aﬁl%n{loahd %I ggflérﬁétfgg%rg[lp %%Qa%ﬁtvé fi fierewith.

| i [nkedtiad ormpwin’ch make Cgmplbgentar) Groupsoi ety of 2 to

10_atons. _npst nrpfpra I\/ 2 to 5 atons. with 2 or 3

at oﬁ@lwdr?@teés peC| al | y mfé??éb’la@dﬂo Aeq@mﬁ@wmm@ nker

grio I f V)
R L R B R S e R T S
| Ntigsthilclaatd s m ni m sechmIBJMdmgptl des Whl ch are not

commercially availablelcan be synthesised by solid
pha\seylp\dplnme synthesi @Sln@lé%lpﬁ bed in P.

Ll e WHans—F—Atberic and-—E—G ratd—Chencal
Appcpg}é{ RULATS | he Synthe§1|11§°§¥°u5ept| des and Proteins,

G ReEmidedhaleihitR | MBBIONY ageidbsolean hedrpx@par Qﬂllﬁés
follows: In order to fdcilitate conjugation of the CyD
tg the BTM the Cy swta‘bloyh@ﬁﬁ’éatﬁttached thereto a

r g‘%‘élél!ﬁ)éﬁn}ll IIL.lI onal—gt udﬁrﬁo%tglcamd e a group 'S

de react with enentary functi onal

or[uRr2ine hedrBAile t hus [foardsnppinaludgalldshldé aritkie@éne
between the Cy and the |BTM The conplenentary

furi&loﬁmillmlgiitéup of the lmimwbgr%@s an intrinsic part
of —the—BTM—or—may e+ ntroduced by use of
derivatisation with a bifunctional group as is known

BY fhd fegmaractivatédlested’ sthtasivexsrep! gsmeintr@aestérvderiyatupsf the
and their conplementary counter&grts Tabl e 1 Reacti.ve

cashopytic el pthichen deasmpd @rhi belgr WinB &rquRadnd Rence permit more
fadi ﬁe{eﬁmc{nhwnﬁﬁut:llg@%ﬁlﬁr Qe éﬁfﬁ%@dEﬁ%J?fes of %ultzﬁ)‘fé h(‘,ﬁeve esters

I's meant ester derivative of the carboxylic
aracCNchydhixgbudcmimieki Gyiés), tp@nﬂaﬁuerobhetrtohrpdnm}ubmghlgphmpl para-

h faci| i
nifoRieBopn g UERRRERE RS EREPIEL GPUG i e N

hyARdxy¥gec BRlcor pefiafllb ?ﬂé&ﬂﬁé&%@! ni mi de (NHS),
pent afI uor ophenol , pentaf!l uor ot hi ophenol ,

par ani t r ophenol

Examples of functional groups present in BTM such as proteins, peptides, nucleic
acids carbohydrates and the like, include: hydroxy, amino, sulphydryl, carbonyl
(including aldehyde and ketone) and thiophosphate. Suitable Q" groups may be
selected from: carboxyl; activated esters; isothiocyanate; maleimide; haloacetamide;
hydrazide; vinylsulphone, dichlorotriazine and phosphoramidite. Preferably, Q* is:
an activated ester of a carboxylic acid, an isothiocyanate, a maleimide or a

haloacetamide.

When the complementary group is an amine or hydroxyl, Q* is preferably an activated
ester, with preferred such esters as described above. A preferred such substituent on
the Cy® is the activated ester of a 5-carboxypentyl group. When the complementary

group is a thiol, Q° is preferably a maleimide or iodoacetamide group.
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and hydroxybenzotriazole. Preferred active esters are
Nhydr oxysucci ni m de or pentafl uorophenol esters.
waEx@nsnbess of functional groups present in BTM BUDKBa®Ss/001693
proteins, peptides, nucleia9acids carbohydrates and
the like, include: hydroxy, am no, sul phydryl,
carbonyl (i ncluding al dehyde and ketone) and

Géderaphespiat ®r omijlabbe dacgminepdysao bﬁomkﬁttrﬁdlecules are
from carboxyl; activated esters; isothiocyanat

depentsid biydeehanet|ad farient W C hﬁ%é&% tre? ARG Ady- Pﬁ%ﬁw@ehv Rev.,
57d 16&‘%‘?56% zo% nﬁeﬁggépme;mgé@ Feonﬁé @&@E@{a&gm@@ in the

an aC IVa ed ‘e aca I C acl
mvambhlmw doatbelled arad e¢rmintd plfsna)nh@k Qﬂteﬂiaﬁmlgeit dhkesr more

the conpl enmentary group, i s an ne or rox
infsFaay @ngf”}/s aRORERIQ U @gamles i PIQIEHR éaﬂ)@ﬂ ﬁaorescent
d}@s%ﬁélﬁn Sreéjg%ﬁfér' E@dlggg%ﬁloa@tlw ehediliRg 8 Yehtical Introductlon

stit ent on I's the activated ester of
Gonmay Adx ﬁaedxtnyﬂc Ryessul997 Wiincdrinegationp| Rynteit @pyplglgol"@hnslues

a_thj r | inmd i d
b o B RSP, LBl 3. o AT RERS L
(1998)bi ptAGidARlard el SRblce R als@mdeﬁé:@%&eﬂc abellifeha 8tsyathesised

[ Topics Curr.Chem, 222, 1- ); Adv. Drug

pemdfr,\fORevamplsyseeletmapsqmg} T20038pgon) resin Te@hmqwﬂét, efgpdemic
Pm&ﬂiﬁ%)gonucleotlde substrates for use in the
on may be labelled at a term nal position, or
alternatlvely at one or nore internal positions. For
revi ews and exanpl es of proteln | abel I i ng usin

Preferablye dheomethagd ofp Prepaefipm gl 1he APasing agg gomprises cither:
" No I C '
coe TR R 45 e g I A Al of
Pr otfemul@ddg(b)ﬁb?y?é;mm gues for the BI onedi cal
Sci ences”

Ref
r o Of F9etion obs orbiby e ST Ae eM8F Bnghidy Sripr g A BT

spe%fm& bap&kdd g2 Y3X DS, ed peptide, for
exanﬁle cseg Fbrna%son XT’qgslgfoconjugate

TecKanqegonOAeﬁmghvomeé%BTbiwngimPn@me¢aﬁﬁmnuhhe

met hod of f th
ei t her: ° YQ{ISP‘%?]I, on of the imaging agent conprises

wherein BTM, MIG, L,nand CyD are as defined above, and
Y! is a carboxylic acid, activated ester, isothiocyanate or thiocyanate group;
Y? is an amine group;

Y? is a maleimide group.

Y? is preferably a primary or secondary amine group, most preferably a primary
amine group. In step (iii), the thiol group of the BTM is preferably from a cysteine

residue.

In steps (i) to (iii), the BTM may optionally have other functional groups which could
potentially react with the CyP derivative, protected with suitable protecting groups so
that chemical reaction occurs selectively at the desired site only. By the term
“protecting group” is meant a group which inhibits or suppresses undesirable

chemical reactions, but which is designed to be sufficiently reactive that it may be
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(i) reaction of an am ne functional group of a BTM
with a conpound of formula Y1-(L)n-[Cy0 ]; or (ii)

w0 e@siidane of a carboxylic acid or activated esPEr/GB2008/001693
functional group of a BTMwbth a conpound of fornula

cleaveé Lf%aon& (%1’%/%1[’51% déﬂail )g¥oru$a%tcg1%$§%_1)nﬁief @/81' ?I’%{l% Qoﬁ’émw do
ndvl rﬁodllf.y th?e atéliﬂ dlyther moksuldef iAfed @bmtﬁ;tloanﬂheYdeslrsd groduct is

carboxylic acid, activated ester, isqthiocya

ob(tznn%dcy iRePigiestipg exeps areawelh kpown o Bigpe sy CF

su'i@ll)lgl b&s By @OCY%hEI% BYSE %r@g#\% rbngl)/ FMoc (where Fmoc
sec ary am ne group, nost y aprimary am ne

is gﬂmrpnylmtlﬁ)kqurléonyﬂ)) tnﬂherdahety:]l ng/qunycmbonyie IBEM[i.s 1-(4,4-

ly f d L)
L TR LA S\ SIS L
Sﬂfag%pﬁlwr&gctﬁ%ubguﬁ’soﬁl% Mtk @iy @@ﬁI (A0kathidSethNS, +-Bu (tert-

derivative, protected with suitab protecting groups
busyl).t het-Bohdthics ainetheaytienayl, oncthybewl eett iINpas y(3atutrtol=?epyr1dlne

term " pr.ot e j
suffEnt-hegies g e nr3tasting -y L URis ke B b EHEY Gfeps in
OfARI SathekiBaAtheSdtia W Ubrewhd &t P&erd8sMgmads t(sb}haew iley & Sons,

sufficiently reactive that it may becl eaved fromthe

190 hc Praferasd ammePIPieCHg: STuph atmBee and [FaasnBgghpreferably Boc.
rest of the
‘h%% ecuhﬁa§%%P%§n%g%$g{%gﬁﬁgéytégﬁde5|red product is
obtalned Ami ne protectlng groups are well known to
those k|| int e 0se
C)@.nc ( S5 e (%ﬁ)é ?unc Sne?fs hty tgﬁ{/ec af§ o%ﬂg%ﬁ@? iy r}) {18%1 are

comiBeércialy faNMWﬁbﬂiﬁGEd—X@&tﬁéh@ Myinjted, tAﬁt(ﬁ TFHQr]Dﬁﬁﬂmby,l Molecular
aIIonxycarbonyI

Prgbeseand ot 2f561\’¥ﬂ>isb§lt?@ﬂ~>1€6 ﬁé%(mﬂaéweaselﬂﬁﬁ estest Ngya Fluore. 647
functinbliQd? v | H% Qg4 fn?aﬂéﬁ%rhde SHli tﬁ*elnﬁuﬁlla&pl ester groups are

protecting groups aré Tr
copanatalty deaibly/frdm MeBoulat Erdbbsth)ID) functlonahsed at the R? position

with carboxyl or maleimide groups can be prepared in an analogous manner to that of

EP 1816475 Al.

or
e art and are

Methods of conjugating optical reporter dyes, to amino acids and peptides are
described by Licha (vide supra), as well as Flanagan et al [Bioconj.Chem., 8, 751-756
(1997)]; Lin et al, [ibid, 13, 605-610 (2002)] and Zaheer [Mol.Imaging, 1(4), 354-364
(2002)]. Methods of conjugating the linker group (L) to the BTM employ analogous

chemistry to that of the dyes alone (see above), and are known in the art.
Dyes of Formula III are described in the fifth aspect, below.

In a second aspect, the present invention provides a pharmaceutical composition
which comprises the imaging agent of the first aspect together with a biocompatible

carrier, in a form suitable for mammalian administration.

The “biocompatible carrier” is a fluid, especially a liquid, in which the imaging agent
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r -Butylthio, nethoxybenzyl, nethyl benzyl or Npys
(3-nitro-2-pyridine sulfenyl). The use of further

wW@e@sas2neg groups are described in ' Prot ectiVECm}ij)S/001693
in Oganic Synthesis', Theadora W G eene and Peter

caglrbgtéﬂ Cp%ndédJMSSY)\Neﬁys& %Rzﬂ%he (’!‘(gﬁégsltlcfﬁ 1§ i) 518%&9:%??01&%16

rou ar e oc and
ie. Ekm beFérdﬁﬁmlsu'efed tarrhenelamnmlﬁn bodyg wguhommxmtg o'n"uhdlasndiscomfort

Cyanine dyes (Cy.) functionalised sujtahle for
Tf@ohioa@rapﬁﬁ%e tcarrﬁédﬁlsﬂlétgblar@ S g carmisy defl| yep s sterile,

pyﬁ'N(t;) ecfﬁ%awgé“ Mj€ct m E Q}Sue&ist S1IEsn sEMP TR Gfline (which may

es an Most such dyes are
adamangcabtly tzesbd‘ll&i&edsstoeﬂlat thel Bra rbdut (fon)njeztibn 1s 1sotonic); an

functi nallsdvvlth grazd
SGUERET RO B M R LS TROLBPENSS G ot plasma
cafib MWl Sfb'éblﬁbatfﬂ'l@kb%ﬁnte%nsf)u@ﬁgd@gé' ol SRtk drhgicRRe), sugar

position wth carboxyl | el m groups can be
alqvbeba(ueedsqrhltcdrpranm&g@uglwahr(eg glacqrhlé,t OroﬁthEanlstWBOl}’OI

t hod 0 tin [ epor
miliiald G S SRR R S R i RO 1N B By e
biSdéRipalibleaarrite id pya6gdnl Reagatr fir igect{oBi R GswipniChaine, 8,
751-756 (1997)]; Lin et al, [ibid, 13, 605-610 (2002)]
and Zaheer [Mol.Imaging, 1(4), 354-364 (2002)].

TH\&‘QH&@H@ lenGaidUugaddnghtibecdriakae egérobipplied ih Quitdie BEM or

anal ogous chem stry to that of the dyes al one
veeggse wimv e9MPTigeda fealek rowrings whigh aparmitpyraaintspancsy o sterile
e RN 08 DR R TR S0 bV mivogen

or pdrgonp eetilst (pﬂhm@tﬂtg)@ddhtlbﬁ) nandhivithdraeap off setutiohe tiymagingg. or
agent of 1(ehe first aspect together

th . )
capiye oftpRieicHeEd sch PRI 4s & SERA-853 qdabl?@ Whiein the gas-tight
cIdSRATR i:x‘?rﬂg&fjghmﬁﬁ raﬁt 6V%Pseal-rh§plc§l'l)p%?'mﬁﬁlhm&) Cahti @sure is

IS a especitally a liqdid, Tn which the imaging
suagﬂafmamgtmorsuslppmmcmmg vathod l\mxsbdemuc heetdia(e g.lecrimped-on

0 siolo caII tole ie. can be
sl Re ELSRE) DT oh SRS SISO SRR HOISD BT Jogs e
adHitRHS 4ivanasd Ght the dlGsuld @eﬁpmagtm PacGahl if @Esifed (eg. to change
suitably an injectable carrier Iiquid such as steri
the headspace gas or degas solutions), and withstand pressure changes such as
reductions in pressure without permitting ingress of external atmospheric gases, such

as oxygen or water vapour.

Preferred multiple dose containers comprise a single bulk vial (e.g. of 10 to 30 cm’
volume) which contains multiple patient doses, whereby single patient doses can thus
be withdrawn into clinical grade syringes at various time intervals during the viable
lifetime of the preparation to suit the clinical situation. Pre-filled syringes are
designed to contain a single human dose, or “unit dose” and are therefore preferably a
disposable or other syringe suitable for clinical use. The pharmaceutical compositions
of the present invention preferably have a dosage suitable for a single patient and are

provided in a suitable syringe or container, as described above.

The pharmaceutical composition may optionally contain additional excipients such as
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pyrogen-free water for injection; an agueous sol ution
such as saline (which may advant ageously be bal anced
w@omshat206 he final product for injection is isPCDGBE)0S/001693
an aqueous sol ution of one2or nore tonicity-adjusting
anggrgtf%ﬁgo érg:gécrg%tﬁ\{ !S I—g ﬁg})@s Sm% gn:{t l(fgpe‘f’ \é\faf)piser 8r oorsmolality
adﬁidﬁﬁg)%gént SBly]ft?He %hﬁOfaﬁhﬁm(r@lgal §1@§é1wﬁtn}e”0§ nimnn mﬁ agém which
ycol s . ycerol ), or other non-ionic¢
mmhtt%rheargnge@tg PoieItipdly fpraki gligrewIrganigRg mﬂhe%ﬁé’a@‘ieyweésts or
m&ﬁ&'s LRG 4ﬂtllﬁ%):robr 0 ﬁIe?&@Qﬂvye Ilhglf afdb gifl(ﬁgﬁe%fn@lb%ct%ﬁ&ﬁblﬁ{roﬁe?tles,
ree wate or ec .

yrogen- I'on or 1sotonic sal

deﬁhﬁmgmgthregioa@,emlayed themmmaﬂe bfmecaanmlcaoblalrmemmtive(s)
plied in suitable vjals or vesaels whj ch conpri.se .

0f§b%PEf’éeIt‘dﬁt’§}tW§rlsm|1%‘Hb‘(5é}i“?1§¥°§"ﬂﬂré1 ¥ YRR S1IETO- ﬁé‘?l?ff’em the

phiahRYhdidaY oS 10fladﬁﬂ@%lﬁﬁcr%ﬁi‘a?tﬁesema‘ﬁ%e ORby OWé%r also
an inert headspace gas (eg. nitrogen or argon

oppenzrliyc ba wsgd amldﬂmbmtme m)vw af ipdteatially birmgol mtqr@n@abgsms m one
rin can referred, such contai.ne

or gt GineB R oL i tseHBieEimI e SAEPY Aot Prpglted figraton.

S%bl@%gnﬁé}owﬂat Pre3givayeHaatiudd: )ﬂi’é padabdnsOle. ahdihyiNety) propyl
The closure is suitable for S|ngﬂe or multi

pl e
ordmmdmnfab@g wi mixterchyioendi ewzyhakebel; pherel; areé@lb ypiEinide, and
ur I ile
SRR B R attibut ety ARt Bthlfhpb

advantage that the closure can wthstand vacuumi f

desired (eg. to change the headspace gas or degas
THRAEY oS usBRE afint hSEARG RInGRRHA @r GHRASEST SMefduads useful to

reductlons In pressure without permtting ingress of
enewt ¢hatghe aHnefsthh e:pmpogagless withishacgsptalily démt%gapwzénately pH

4. (i aﬁ aldei') btgf El%&rargfoq( Iglualléltl:]‘l fﬁ%?ﬁst%ﬂ)‘é%gl\ll& HlE %’1@1 V\hﬁ djaustmg

 ageRB iR adeliBc AVt dcOdptabkOberfers, W el @:bmc‘inelﬂ ph&sphate or TRIS

patient doses can thus be withdrawn into clinica
[leg weislbydrpkymetbyDaminpaethsns], ppdwhpmpaseytigadly seenigple fpases such

as Sf)gllghle a]rf)énea% ug?dlgﬁl. ﬁlgprqle)?rga‘&f)?{e %ﬁﬂt&%s Elﬁerédf! Wwh&the composition

nica syringes are designe

is tethpt@yetainnkia feinngihe ﬂHmiﬂjilsﬁlﬁg agemrmiy ptiowdlyebe anyidedein a
therefore preferably a

separate vial or container, so that the user of the kit can adjust the pH as part of a

multi-step procedure.

By the term “filler” is meant a pharmaceutically acceptable bulking agent which may
facilitate material handling during production and lyophilisation. Suitable fillers
include inorganic salts such as sodium chloride, and water soluble sugars or sugar

alcohols such as sucrose, maltose, mannitol or trehalose.

The pharmaceutical compositions of the second aspect may be prepared under aseptic
manufacture (ie. clean room) conditions to give the desired sterile, non-pyrogenic
product. It is preferred that the key components, especially the associated reagents
plus those parts of the apparatus which come into contact with the imaging agent (eg.

vials) are sterile. The components and reagents can be sterilised by methods known in
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di sposabl e or other syringe suitable for clinical use.
The pharnmaceutical conpositions of the present
w0 noodnsg2om preferably have a dosage suitabl e fPCT/&B2008/001693
single patient and are proesded in a suitable syringe
or .CO e
th% SIIIr’pOSﬁJ? g gtErl%Sﬁlg'?t?& %}ﬁqn%g% gls%uoa C?B{gaé ggta?ﬂﬁtlé ﬁ?&ldla’uon

auBoctd v g kB hsaﬂcoln chsaitabttdtiest @h. alithpeteglens/atide)e It is preferred
pH adj usting agent, filler, stabiliser or OSHD|a|IIX
_thaﬁeuafq fgMeg @ﬁmpowt% He edyaRce.ane| Mak,§p; gimmum number of

mgl{lglﬁg{]&gt Ille\éﬁs td Pe gﬁﬁ’wdh(gp n?g ei']{gﬁemtﬁ)ﬂ h%é\@rt it Ifo?eferred to

pot ent | Cro-ofrgani sms such as
mbladdé at ileast yema‘ﬂs fdrrammu k@p.asTthe fara ishdpcmothieapreparation of the
reserV%élve na al so exhibit some bactericida
PhIFTBRER G §mnB@% i ng on the dosage enpl oyed. The nain
role of the antim crobial preservative(s) of the

present invention js tao jnhibi the 0
The phagmaseytr Gompesitine qirhs seroad @srest Btﬁ%‘é%h% iPY areﬁ‘h b a

may, however, al so
K PR e g S T e orowt b of

potentially harnful mcro-organisns in one or nore
components of kits used to prepare said conposition
prior to adm nistration. Suitable antim crobi

Inpz dkied papech dhe )preseat iyention Projadespaddt forethe rmﬁwﬁtlon of the

I‘IHX(JC]JU rlgg%lh?ﬁﬁoﬁgf tiﬁk sQ&)&lﬁQ@ c@ mﬁ(g&ggﬁsets ﬁggmg agent

enz enol’; cresol; cetri
oftthe dﬂmrzspéct nEJrsehdaer rsetld don mmhr tHat alpoprresestitation exigh) a sterile

are t he paraben The t rn1 ust ent " ans
supply. HeCegRPaPlG e p%'ﬂﬁ e uPRIARS Sl re B the
deEfPéH ﬁaﬁ%a&‘ﬂh@ﬁl C()[q?og;ggp.om tionis w t hi n accept abl e
? (approxi mately pH 4.0 to 10.5) for human or

nannallan adm ni stration. Suitable such pH adjusting

3 S e B EBT AL St oGP PLARE R B BlRHiBed above,

mi By FFoRrdears W&b}ﬂﬂhﬁﬁw&ﬂ & a satdbldhRl sBeidih&alThy agent is
accept abl e bases such as sodi um carbonate, sodi um

theyt designed do degieconsiiiuiedwithHbe defired\rigseraprsibleorasten tof give the
f. t t
psfp RIRLAY sl I udrle BELBELHEU IR SORH aay for

rn@ﬁﬂhﬁmﬂﬁﬁmmsmnﬁ&ﬁt the user of the kit can adjust the
pH as part of a nulti-step procedure.

A preferred sterile, solid form of the imaging agent is a lyophilised solid. The sterile,
solid form is preferably supplied in a pharmaceutical grade container, as described for
the pharmaceutical composition (above). When the kit is lyophilised, the formulation
may optionally comprise a cryoprotectant chosen from a saccharide, preferably

mannitol, maltose or tricine.

In a fourth aspect, the present invention provides a conjugate of Formula Ia:
[BTMJ-(L)»-Cy"
(Ia)
where: BTM, L and n are as defined for the first aspect, and CyP® is of Formula
[Ia:
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By the term"filler"” is neant a pharmaceutically
accept abl e bul ki ng agent which nay facilitate nmateri al
whasvdl139206 dur i ng production and | yophilisati onPCT/GB2008/001693
Suitable fillers include inerganic salts such as
sodi um chl ori de,,qand wat er sol ubl e sugars or sugar
al cohol s such afl sugyiese, mal toseR'an®*®ol or
t r nah Gse. grimaceut i cal conposiNg ons_of t@%|w1
second asy : e 3
manuf act u )
desired st NAon- pyrogeni ¢ produc
preferred that tme key conponents, especially the
associ ated reagemts plus those parts of the apparatus
whi ch conme into ntact with the i magiRig agent (eg.
vials) are sterile. The conponents and reagents can be
sterilised by nethods knowftild)nt he art, including:
sterile filtration, termnal sterilisation using e.g.
gamYef%r adi ati on, autocl aving, dry heat or chenica
tr e@%r{g 2 1€ ifhe @ﬁ&eﬂtr}‘gkhﬂ RAEroRs, 46l ard dhoberSsueh @il T ed
to sterilise Some conponentsoin: a vance, so that the
M ni num rastER 0=fR fesiap R agroopsamiethdsothers are eadr Rf gbups,

out. A's recaution, ,however, it is preferred to
i ncl ude é%“f% SF%;4§g%44le.filtration step as the
fingls RPGRdIM' &rbes eRRaATS FRfut 1.t he phar maceuti cal

conposi tion. The pharmaceutical conposition o f the
second aspect i s preferably prepared froma kit, as

i bed,.f i S . '
rSEBELPRESL b A 0RTPE bl e B @iy,

preparation o f the pharmaceutical conposition o f the
second aspect, which conprises the_ imagin .agggg % .
Therronfygates ofsthe dourthh agiest preeusedid) ingthe Jripasiiian ehaeth magmng
ag 9 nar{degﬁﬁ’grfa'c&m&apQoﬂ‘ﬂp%@i};i@nith%wnget ug@fé/rr&l fcy!uhﬁe dyes of
loconpati bl'e carrier "o t the seCond aspect,
Fogthsklllat | Prefatduaspedto ofjithec BTV Des iand dlyphefr rraoaist ¢ bre as

conposition, In that instance, the imaging.agent, pl
deE5TINES ABBYS. Obhel COBERISS b SeaP EPATER &5 [IGRAPRR dy Ihe ity 2pe dih
aqgkgyided as a lyophilised powder in a suitable vial or

contai ner. The agent i s then designed to b e

reconstituted with the desired bioconpatible carrier

to give the

In a fifth aspect, the present invention provides a cyanine dye of Formula Illa as
defined in the fourth aspect. The dyes of the fifth aspect are useful in the preparation
of BTM-conjugates, imaging agents and pharmaceutical compositions having the

preferred cyanine dyes of Formula IIIa.

Preferred aspects of the cyanine dye of Formula IIla are as described above. The dyes
preferably further comprise a group Q°, where Q" is a reactive functional group
suitable for conjugation to BTM. Suitable and preferred Q groups are as described
above. Dyes of Formula IIla can be prepared as described for Cy5** in Example 3.
Such dyes incorporating Q* groups, where Q” is an active ester, can be prepared

according to Example 4.
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phar maceuti cal conposition in a sterile, apyrogenic
formwhich i s ready for mamml i an adm ni stration. A
w@e@Basnesd sterile, solid formo f the inagi ngPEEBR00B/001693
s a lyophilised solid. The2sterile, solid formi s
preferably supplied in a pharmaceutical grade
contai ner, as described for the pharmaceutical =
In @b aHneco the(rapsukiny eiparprovidesa tnethod off yropike PPiead imagieg of
th% omr%nugrgml aﬁ o?ﬂ(%a %{/gl% tcgl(gwpgisley u§d g}; relé eir $ fe %X@Bgoatg%t (]‘?IFIhe first

aspdct lok itkd Bﬁanﬂaﬁetﬁlcﬁpwrhlbbs&&ﬂﬁﬁ thet d&eorm gpedtt toi sbtgintib@Bes of
provi des a conjugate o f Forrmula la: [BTM

sitey pEBTW Ioyalisatagn 42va%o- where: BTM L and n are a s

defined for the first aspect, and Cy.Di s o f

Formula Ilia:(llia) where: R9 to R12 are independently
Byrthe dernRoopgedupegingnds meant ehp stathosl that forag abeéag@ffOIF{@Pt@Ctlon

R10 |s an r
st o o ot e, SIS oPHIELS Bl oFREN FiofcMRRup of
dide@se fredtiphtebaséd on Mitefaetisre oitbrixmdineiet gredaf toﬁﬂfamﬂfﬁard:d region
in the conj ugate are _as descri bed above.

(weuripraghod-1860 pra- Ppiical pmagipe dirthsy endiudes @ll mﬁh?%ﬁom direct
wg%faﬁ%oﬁtwmu?gsm dhy %@W& g daag%ml alid of 'a@%e@scs&hlae hrious

conposi t1ons havi ng -t erred yanlne dyes of
schmes ndtletérs iaad opriedl emagdgzmqptpntest alz. tdrepBdiMssistedrhaadwiare for

oo 3B B oS8 RS ARG S e, o
ar@ Rt Tlichitdy ﬁ?peMrﬁnesl:éhcé fn'lzfg’irtg aéiﬂ@&io yi I1‘1@1013:%@&1@&endoscopy,
i nventi on pr ovi des a cyani ne ye 0 EOTI’TU la llia as
optical coherence tomography; transmittance imaging; time resolved transmittance
imaging; confocal imaging; nonlinear microscopy; photoacoustic imaging; acousto-
optical imaging; spectroscopy; reflectance spectroscopy; interferometry; coherence
interferometry; diffuse optical tomography and fluorescence mediated diffuse optical
tomography (continuous wave, time domain and frequency domain systems), and
measurement of light scattering, absorption, polarization, luminescence, fluorescence
lifetime, quantum yield, and quenching. Further details of these techniques are
provided by: (Tuan Vo-Dinh (editor): “Biomedical Photonics Handbook” (2003),
CRC Press LCC; Mycek & Pogue (editors): “Handbook of Biomedical Fluorescence”
(2003), Marcel Dekker, Inc.; Splinter & Hopper: “An Introduction to Biomedical

Optics” (2007), CRC Press LCC.

The green to near-infrared region light is suitably of wavelength 500-1200 nm,
preferably of wavelength 600-1000 nm. The optical imaging method 1s preferably
fluorescence endoscopy. The mammalian body of the sixth aspect 1s preferably the
human body. Preferred embodiments of the imaging agent are as described for the
first aspect (above). In particular, 1t is preferred that the CyP dye employed is

fluorescent.

In the method of the sixth aspect, the imaging agent or pharmaceutical composition
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defined in the fourth aspect. The dyes of the fifth

aspect are useful in the preparation of
w@IBaamnpagat es, i nmagi ng agents and phar naceut PCHIGB2008/001693

conpositions having the preberred cyani ne dyes of

Formula llia.Preferred f 1h - e of
e rr D e Pl HELBPRBEE Rt R BUEERER B rlousty

adpfifkeraib| iy rhednt Bt GONEMP SR OB/ I EhePclEicianhehere(a theSindaging
reactive functional group suitable for conjugation to .
agBTiVis Zo(Antta hepatirat §Eedseiy BHAHOBY BUGS§IoR aszdregdy besnpegried

oL 1 U A PR SRSt s of e

firsh&nsqatmarit figthan arudacpee ofih @iaznbici ageamnfoadid diggrestieimaging
~can be. prepared according. t anpl e 4 a sixth
in 389t disepseetassscafdhe mamF&%@Pgﬂgsz 9&%’@%@%%&%}% n

vivo optical imaging of the nmanmal i an body which
conprises _use of either the inmaging agent of the fiyst
Aﬁ%péet:d eptiqah dnpging matherd p e %H?rﬁégw b filugreseence fdlshignee

0 e : _ e
RSP PR, LIRARG, 51 el SRR, b o
subethodetdianofcd; amd subseqregty h ossudetueetd aithe sitgent ngillominated
di agnosi s of. di seasg, foll ow up of disease. deyel nt .
widh S BRCiBpR gl e coduut P He BaLGisnoffe TR Sctes
L ptyerfetd ' @Bk, | PlubRScAEE Hont theM@diinghgeRt, 8fhich i
the ?f&ﬁﬂ‘“@?é?‘é‘%‘? bRk B et BT il e & pamt Aehich 1o
gehematedeby ithe leydigatioal lightetsh ddiscted arsingi peldroroscsned geta@tpbnThe
W t.hout ,use of.a vi ce. and involyi se of deyi
e e 5 Sl S ALt 98 APl
(s6l6lyi q¥PRRTallyROAn TRAgeUt EsmadSteh et Masrekvanteligher Usually minimal
t onographi ¢ presentations. The nodalities and o
ProeeayDg setormed [ Rfgeesserie computeptical RaraBetersisieh aylifetime,
) i : . o5 ]
oL 1P PR PR A SOUORSRACC U1 R0 g g
is degagiedqo condertrite $othealisdascarsayiprdducog higheyiflugrescont agerlsity.
I magi ng; nonlinear mcroscopy; photoacoustic i.nagi.ng,
Thye dHe S56pic: ¥5 PRafFHBSS SrotangicBpy 1 UPEFFasEe JRERRITY image.
- B Q r > - R -
PRSI SE AL HET STRLICCPOMNANER i, s o rabime
imfagingnepaossipdee nedi at ed di ffuse opti cal

The wavelength for excitation varies depending on the particular Cy® dye used, but is
typically in the range 500 — 1200nm for dyes of the present invention. The apparatus
for generating the excitation light may be a conventional excitation light source such

as: a laser (e.g., ion laser, dye laser or semiconductor laser); halogen light source or

xenon light source. Various optical filters may optionally be used to obtain the

optimal excitation wavelength.

A preferred FRI method comprises the steps as follows:
(1) a tissue surface of interest within the mammalian body is illuminated with
an excitation light;
(ii) fluorescence from the imaging agent, which is generated by excitation of

the Cy", is detected using a fluorescence detector;
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t onogr aphy (continuous wave, time domain and frequency

domai n systens), and neasurenent of |ight scattering,
wab®sngrion, pol arization, |umnescence, fluorECT/EBe®S/001693

lifetime, quantumyield, anrd quenching. Further

det g 1|r)lsthe(‘ h&l {1 Sgt)%cte& ‘é'} hg gt?lrc’or %ﬁ%tr %éé{:cg(grd %}&}étl%@%ltered to

(ZOQ aratEBGt fRe €srekédnce byrapdnokt;Pogue (edi tor s):
"Handbook of Bi onedi cal Fl uorescence'

I
Dek k&) an ipage Oéﬁﬁlql HEBIE SRI pﬁpp%mtere%s fqﬁn,eg fl\%aﬁtfe(gescent

Bi o (2007), CRC Press LCC. The green to
nea?ltél n(??slérpegg %’@3(1 c?n light is suitably of wavel ength
In 5@{3(1’1),2% exwitatjomelight adab:;efanﬁblmveﬂimmgs Iwa@@(QCY\OO'ﬁ natre. Thestep

opti cal i1 magi ng neth o f er abl | uor
(1 6 20 oo ee TARIR P TEBE] G ebioLly T FoRep Ry pethod is
ﬂuB Lieablyosthisy, human body. Preferred embodi rrent s of
e 1 magli ng agent are as described for the first
aspect (above). In particular, it is preferred that
A:{ Eﬁerﬁthled §ﬁ‘g)h%q 6§tht3|§1|)9(rled% Eftused RDPVE (184 l2A6y-@bmain
e sIxth pect, the inagling agent or phar rraceutl cal
phoonmoigidtionhHEtss paeddnatkys bewroptiemdustevy (¥ mcdiods adiere

to sai mral i an .hody. By ."previousl
xR O R P! S VAP DR EHEPETRASr i urica ef o,
CuMIOP B thenk1Bid1 TBYEAL6 SVED2 )] SFEH 48R flequérd/tdad dshidin @@aging,
as an intravenous injection, has already been carried

it susdyantageousoifi thading! asTHieressenb dronsHitcs Whichas he@ogylated

of the i i n 0 t, e t Ik h
efiacrane SRRt (i bR o R REEE ahfntre of
indtfi@@nt@ioh Bmplosedof di sease states of the mammal i an

body where the BTMis inplicated. A preferred optical

irmgi ng net hod of the sixth aspect is Fluorescence
Th@ tants LTRe st FRI) . I'n FRI, the inaging agent

the present |nvent| on is adm nistered to a subject
t o li® ejapagngslgﬂt scatterigyibis bginahtibspe af shid suemsalkidnelowydfaving

th t 1 ted 1 |
St PR R ORI, g o Fom ROl REHps R & pre-
eXCideRPmidd8 fie N4ByiRk 1hféﬁsﬁ)m?(9 'eﬁglt@gl‘i‘er”imaé:thg‘ QigeBtC QRE Rissue

fromthe 1 magi ng agent, which is
multiply-scattering the excitation light;

(b) detecting a multiply-scattered light emission from the tissue in response to
said exposing; |

(c) quantifying a fluorescence characteristic throughout the tissue from the
emission by establishing a number of values with a processor, the values each
corresponding to a level of the fluorescence characteristic at a different
position within the tissue, the level of the fluorescence characteristic varying
with heterogeneous composition of the tissue; and

(d) generating an image of the tissue by mapping the heterogeneous

composition of the tissue in accordance with the values of step (c).

The fluorescence characteristic of step (c) preferably corresponds to uptake of the
imaging agent and preferably further comprises mapping a number of quantities

corresponding to adsorption and scattering coefficients of the tissue before
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generated by the excitation light, is detected using a
fluorescence detector. The returning light is
woe@Basehy filtered to separate out the fl uorPCL/eBC®S/001693
conmponent (solely or partiaBly). An image is forned
ad];r{igig?rgtp)% folr gﬁ){ Gﬁ%%glﬂg %%&Pt The%%késgen% néHﬁlecte?irsﬂg eo?fsétgyg (c)
I's pertorne Nno processor to conpute optica
proRfadiet@fespanids ho as ldastf @ici ofducegsacrica Mifytired, dletrescyncanphantum
the i mage maps the fluorescence intensity. The i in%
effigjenty. | Suerssiegfedyiel! cilc iR aeRnt HPIHes e 5% P‘gfﬁf'c nee
chBfaBRHCHENYs hﬂn%be’?ﬁbdgl HRESSRENCOr! MECHfbdshy IhUsie t8Rission and
I Sease area produces positive contrast’in a
infdpendens oEmegingdgenscdngentraige. The i nage is preferably
obt ai ned using a CCD canera or chip, such that
real -tinme inagizg i S_possible. The wav r ngth for
Thexquaphbingol siFR &9 MeSERLY FyBIEseth él)ﬁ@ ighingan eghirgifg of the
vagfe‘é‘,d(ii b&&%ﬁlﬁnﬁé% clchhiddNehGiohan9s mAQion J2ARNRRdte, (iii)
yes of the pr&sent 1 nvention. The apparatus for
cogparng thengpldubated xmissami torth¢ iegpitsiomayf dael detedimgetntdetamaine an
excitation. light spurce such ., a4 aser (e.qg., jan.
eriose it} riRnEcemSRHEE F R B USRS ent sfgelitic as o
firthd AL o SR ERr OTheX §0&NI fl/ing NrefRAMBIE BomMades AéferRMih€ @he values
filters may optionally be used to obtain the optinal
frem @imathé¢matiopbieddtionship moteBingfrovlfiple |rake-seasicag behaviour of the

. CO i ses..the ep s f.al | - b [ . surface .
tISS‘fe%eeFlgg{ogwo tfh‘lenﬁfsgeol)&%grﬁpgglﬁéar? q%)gud@i eﬁs%%lf?ny rrlxg(ﬁngtgnng a
m¥vabdlicaptoperti bAtHeotsshie @tvivo(by Yetbetitpr esteioa effsa@nflhdrescence
i magi ng agent, which is generated by excitation of the
chegagseriptiC. det ect ed using a fl uorescence detector; (iii)
the light detected by the fluorescence detector is
optionally filtered to separate out the fluorescence
conmponent; (iv) an imge of said tissue surface of
Theh_b?ticﬁlstim:hging o $ikemadphet fdl prfasisienised i tghhelpffasitieyps the
(ii) or (iri). In step (i), the excitation light is

myragemersiiy dissasq viets of themammeign bedy, &yithe termy, Tagnggement” is

meant use in the: detection, staging, diagnosis, monitoring of disease progression or
the monitoring of treatment. The disease state is suitably one in which the BTM of the
imaging agent is implicated. Imaging applications preferably include camera-based
surface imaging, endoscopy and surgical guidance. Further details of suitable optical
imaging methods have been reviewed by Sevick-Muraca et al [Curr.Opin.Chem.Biol.,

6, 642-650 (2002)].

In a further aspect, the present invention provides a method of detection, staging,
diagnosis, monitoring of disease progression or monitoring of treatment of a disease
state of the mammalian body which comprises the in vivo optical imaging method of

the sixth aspect.

The invention is illustrated by the non-limiting Examples detailed below. Examples
la and 2 provide the syntheses of Compounds 1 and 3 respectively, which are

comparative Examples of related dyes outside the scope of the present claims.
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(iii), the light detected is preferably filtered. An

especially preferred FRI nethod is fluorescence
wen@sasupy. An alternative imgi ng nethod of tPET/&B408/001693

aspect uses FDPM (frequencysdomai n photon mgration).

h s _adyan ages, aver i nu - Wave -
o, 1 a0 R R TR BN G5 T i & e TRABER or o
cohtr§13p%31ki§ (sdmﬁbkaTHGI[)ﬁﬂydaﬁipld\/Blr vddet thalsynthe51s of cyanine dye
Curr in. ChempBiol., 6, 642-650 (2002)]. For such .

W Eoaeeiprres ey dRintiE inyemsignn Example 4 %Fﬁvléiﬁ% Myeshgsys of an
ac{lbe eicl’ypo 35’“ li%Jagl ?eeﬁtp{(ﬁrlgég%g' g&fié SFC,% olaﬁﬁi élsa eptide

at ed depen tissu epth of th
cohﬁgbte (bﬂTGgi‘ﬁ‘ Fathpldé grypidenthe mﬂthdsmeasﬁ @vinpound 6, a peptide

d h hod : i
COMGHE G AP0 1IABHRY & T OAf oo St e B ot o5 TarRAo4ES 1 to
8. gifgmﬂegatéweﬁmefd aggeae%m%g@%nhy QRcdd? ddnsi¥unlié 9Bnd 7

tsource wt redeterm ned tinme varying

(46 amda'm@%tqf magn peaki le@ afthe4h imegjiatign atgehsma,trh@ecﬁmeéw)e

nul i pl y-scat [ t he exci t
it Lt G 3 o oudraintgol i itV @bt P highest PRRvas
obéérsédiﬁ)rlcbrﬁmeﬁg Qnd 9, 1 Ghe XPES fGHICorhFIundy @nintifey ER@mple 9
f1 uorescence characteristic throu%Bout the tissue from

providesanllagénohingdipng detadpr Cempergnds 1iaspMosbef the cerapowyds gheved
[.0OGES . i .
« SRR b Re AP R B (ARPARTA R Rl Y Bt

th R st edllagei bindirighExampluld, protides Binding@fssdyh@ta on Compounds
fl uorescence characterjstjc var%a£% with het eneous

1 toghpltl PYBHELHMYHE Kt ValEin the dubV GE196r SHEFhigoR k SPIRRERd 7

i it MO0 O AR, SO i
coficyl). This sﬁhomr that damdeglczﬂalmadmgrprs’per@e@farcstrepméd)for an RGD
pegtlc? [ %Eag})kl)tleythg (c)crnEJSgSzP 1%gdo§ at c%laglﬁ)le %§;§ z?nd tLat this holds true for a range
of cyanine dyes. Example 11 provides in vivo imaging data for Compounds 1 to 8.
The analysis software assumes a simple exponential washout of the dye. The
estimated washout times were found to be inaccurate, particularly for the skin and
muscle signal where they probably are underestimated. This is believed to be due to

the RGD binding to integrins and possibly collagen in the background tissue, giving

an apparent double exponential washout characteristics. Slower wash-in and washout

" in the tumour compared to the muscle was considered favourable. The negative

control (Compound 2) showed similar kinetics in the tumour and reference tissues,
indicating that the observed differences with the positive compounds are due to
targeting and not perfusion effects. Compound 6 was considered to have the most

favourable imaging kinetics.



i magi ng agent and preferably further conprises mapping

a nunber of quantities corresponding to adsorption and
wa@ecastizning coefficients of the tissue PCT/GB2008/001693

bef oreadm ni strati on of theoi magi ng agent. The

Tl PIGRS gkﬁgigﬂﬂ%ﬂf}eﬁﬁéx%“ c of step (c) preferably

corresp east ‘one of fluorescence lifetine,

fllgl‘?r esce(pqe qb§nt um ef{,e&hgncy, fl uorescence yield

Fregtig—agert —uptake—ine—f | uor escence
charadteri gti €yp@) pr pf el®BDy i hdependent of the

glgten%ty qf EQgﬁm sih%wRélﬁj ndependent of i nmagi ng

ept—eoncgntrattomn: |Hc goaant] fyi ng of step (c)
r ef er3abl y {cofipbiiges| (iRGRBstaplishing an estimte of
he vl ues, (kg,*ﬂeternqagﬁg a| cal cul ated emi ssion as
furettonrof—the—estimate,—(ij i) conparing the
al culsat ed |enCs8tBn | o tReDeni ksion of said det ecti ng
0 deQ@rnlreAﬁgaggyo B prpviding a nodified
trate—off the tHuorescence ctharacteristic as a
unct i’on of| tk&SEFror. BeDquahtifying preferably
orrprlgses q t?grp'}m 0 th@wﬂyal ups froma mat hemati cal
tat+onshi p fodetr i ng nuttipte |ight-scattering
behamewurthqﬂGlea)ttdpgsqsies givenen FEarpdel Lof the first

option pref @GRNL Y sérithbIBE RGOYIPHdeRseribRITh ERAHHE 18
net abol i c property of the tlssug in vivo by detectlng
h

vari ati on “o‘%yeé‘ﬁﬁ‘caﬂ?sl%‘?)g‘é?’c‘@ﬁ&@e aracteristic. The
optical imaging of the sixth aspect is preferably used
to help facilitate the nmanagenent of a di sease state
of the manmmalian body. By the term "managenent” is
TapteahitStmustrgspfidyanind diyes-of the Examplgs.ng, di agnosi s,
moni tori ng of Eiﬂéeﬁge progressi on oR' HR%noni t ori ng of
treat nent. i sease state is suitabyy one in which
the BTM g agi is,j i £
applicati y ;
I magi ng, strgi el gui Ge Nt her
details 6f suitéble optical inmaging nBthoo
revi ew®d’ by Sevijck-Miraca et al [Curr.|Qpin. CheRWBlo
6, 642-650 (2002)}. In a further aspegt, the present
invention provides a nethod of detectibvn, staging,

S OO O T

Table 3 Dye name
Cy5(1) | Cy5(2) | Cy5*B | Cy5*F | Cy5PEG | Cy5** | Alexa647

R H SO;H | SO:H | 4xF SO;H | SO:H | SO:H
R"? SO;H | SO;H | SO:H | 4xF SO;H | SOsH | SO;H
R"” CH; CH; CH; CH; CH; CH; Rf
R" CH; CH; R° R® CH; CH; CH;
R" CH; CH; CH; CH; CH; CH; CH;
R'S CH; CH; R® R® CH; R® CH;
R" Rf Rf Rf R® Et Rf R¢
R'® CH; Et benzyl Rf RP R® R

where: Cy5(1), Cy5(2), Cy5*B, Cy5*F and Cy5PEG are comparative examples
RYis -(CH,);SO;H, R€ is -(CH,),SO;H and R’ is -(CH,)sCO,H.
RP is -(CH,)sCONH(CH,CH,0);CH,CH,NHCOCH,0OCH,CO,H.
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monitoring of treatnent of a di sease state of the
woreossabd2ecr body whi ch conprises the in vivo opPCT/&B2008/001693

i magi ng nmet hod of the sixtBtaspect. The invention is

illustrated by the non-limting Exanpl es detailed
Ablspygiionsxanpl es |a and 2 provi de the syntheses of
C@onptounati3-1dttesadd Singled pitar tamyiad gcid ablireviabens asougsdr at i ve
AEx_aan escfgf treldate ?yes out si de the scope of the

Blesent IS HEERSHS e 1b provides the synthesis of

ACRpound Asetdhiirih i s a dye conjugate of a control
peptide (scranmbled RG). Exanple 3 provides the

5 Bagynt hesi JesfButylanyspebadyt Cy5**, a preferred CyD of the

Lmvention, ! i des the synthesis of an
Dlglc%t'i ve ey’mé@gﬁ)@%daenpl e 5 provides the
DB hesi DmfetiGaspfoxidt 4, a peptide conjugate of Cy5**.
Exanpl e 6 grovi des the synthesis of Conpound 6, a
Fresst i de Sbhjugayinghoxycades7. Exanpl e 7 provi des
.asma st@ahi |i data for Conpounds 1 to 8. All
H(?:ic')nj ugat e@é&ﬁ%ﬁ]?gﬁésat isfactory plasma stability
10 HBRKCept Cdifgbpedermsarsndiqiid(chfonaatdgrdapliy of mai n peak | eft

r 4h ingcubat. on. i ,.respectively). Exanple
H@’g‘?ovi deé'@%cﬁﬁﬂdygﬁmu 8@“% yﬁfﬁlguf tion.
hekBBudtbgiiRshat®PB Was observed for Conpounds 3 and 7,

and the | owest for Conpounds 4 and 6. Exanple 9
lepr ovi des ledkvaagen bi ndi ng data for Conpounds 1 to 8.

. of the .conpou ' gree of binding
Léfﬁﬁ'ow (:oIﬁ1 lélntcranllgo}%ér,a &%‘)@?%ﬁge%’?}g%“ nds 4 and 6
15 NHShi bi t edvhiérok9wasdinifiidd. agen bi ndi ng. Exanpl e 10
Nlg{rovi des binding assay data on Conpounds 1 to 8. All
i bi t edV-Methylgorpholipg) ues in the sub-nM range, :
N@cept for ound fidindabch shows a slightly higher
I “val ue, an or npound 2 (a scranbl ed negative
Pbfont r ol ) .2,Z4j6s7-Beraamethildihydiablenzyfomh- sulfhingh
operti are retained. for an RGD peptide, despite
P iie con; S@FPl@ﬁe'ng%fe‘E%Wne dye, and that this hol ds
20 PpHE:UE fOr MaddDgieedh bimdABi ne dyes. Exanple 11 provides
in vivo imging data for Conpounds 1 to 8. The
TRAval ysi s Toluoreacetiasadimes a si npl e exponenti al washout

Tr?:f t he dylerityl'!'he
TSTU: O-(N-Succinimidyl)-N,N,N’,N"-tetramethyluronium tetrafluoroborate.
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esti mated washout tinmes were found to be inaccurate,
particularly for the skin and nuscle signal where they
wQ@e@babi2gs are underesti mated. This is bel i evedP€DGB2008/001693
due to the RGD binding to i3ategrins and possibly
coI I agian in the backgroudctlssue g| VI ng atn aparent

colipabative %%Mshout in the tunour corrpared to the
muScl e | e. The negative control
(Con'po nd )_shomed_sl_rglar klnetlcs in the tunour and
refer ﬁm mﬁl at at_the pbserved N
cESywit SR

dlffere t ep{:‘}sltlveﬂc rrpoti’rﬁ/ “ard du
targetlzg and ot pepfasi on fects. Conpound 6 vvas
consi defed to {have the nost vour abl e i magi ng
Ki net i oTabtg,2 : Compounds of the invention. where:
t he RGD\peptide’ used is given m Exanple 1, neg-RGD is
a scranmfhl ed RA) peptide described in Exanple Ib, the
dye str ctures ar e given in Table 3. Table 3:
St f’u res” of ﬁne dyes of the Exanpl es. where:
QﬁSig 5( 5%B, Cy5*F and Cy5PEG are
conparative exaines Rd is -(CH2)3SBH, Re is :
The(I@E)péﬁWd‘(ré\th W (RfZODS/ 123’@8; 23 EORH2 mRmol)swas added as a solid to

+ SR B AT B AP P BRI g gty 15100

7.9 wigt @01 amiold naDMF MR)eamchNWdOé)rlenh §89 mmehwas then added
Tlﬁ%@&cﬁ% %E@H{%W t%g}loce%@ %tv%'l %{t 'leﬁl éjt@ﬁlsmh of hght Thecl))MF was

[ ox ycar poon f or mam
cvaROsEit Ydef feése?f'diep@ﬁ%e agd Fthfa Gﬂ&?ywrﬁéw OXAPCRITH by reverse

phhfe prepiieii e Bhidhiatogagghy (Vydac C18 column, 218TP1022; solvents: A=
water/0.1% TFA and B= CH3;CN/0.1% TFA,; gradient 10-30% B over 60 min; flow
10ml/min; detection at 254 nm), affording 6.6 mg (37 %) of pure product (analytical
HPLC: Phenomenex Luna C18 column, 00G-4252-E0; solvents: A= water/0.1% TFA
and B= CH;CN/0.1% TFA; gradient 15-35% B over 20 min; flow 1.0 ml/min;
retention time 19.5 min; detection at 214 and 254 nm). Further characterisation was

carried out using mass spectrometry, giving m/z value 949.1 [MH™].

Example 1b: Synthesis of neg-RGD-[Cy5(2)] Dye Conjugate (Compound 2,

comparative example)

HN\)L L‘/ /C B\( \)L L( \/\O/\/O\/\o/\/N\n/\o/\n/NH

HN=<

>=o NH,

o

N AN F /N
o L P
D) i

P S
=2\ 70
O on o

The neg-RGD peptide, containing the peptide sequence Lys-Cys-Gly-Asp-Phe-Cys-
Arg-Cys, was prepared as described for the RDG peptide (ref. WO 2005/123768).
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HPLC. Hi gh performance |iquid chromatography HSPyU
O (N-succinimdyl)-N, N N, N -tetranet hyl eneuroni um
wheooafiBzos ophosphat e He: |sol euci ne LG MS: Li gee€TIGB2008/001693
chromat ography mass spectrascopy NHS:
dr oxy-succi ni mde. NVW 7V-Met hyl nor phol i ne. NWVP:
%@ﬂh ¥5$2)bydye slonitigatsnwas pigpared as”described in Example 1. Crude

rgdu%t 4y et Bg%h&héi ghm:r pRpaanl e icBRmPatsithhiNYPhenomenex
PBS. Ph te buff | PPB; Pl
Lysan g nE%T&i S i I oé‘i‘gt : nFVﬁE A‘I‘r‘f"gtse%ilt/g/loﬁe‘lfsal*ﬁ B=
CIDANNO3Y6 TFA; @eradydnt 2N3N°/J\B d\l'ef 4@tmm;nthivh)l0mﬂ/ﬂrih udatection at 214

n&%&fa@uor bor atfet nJccgfg und( %‘géarl] SC f’henome{xex Luna 30
Cléxahpll@)x 2T1hm, RGDepEptAﬁd avafaréf 1%\@120@1@/ B?S@HSCN@/JJ gl FA;

%ﬁ @3 %qhﬁil ?l?wal §%l{rﬁmt 9et@ntﬁ)91| fithé 8M3%hin; detectlon
atp

nnno - est thcare Catal ogue nu
2% nm).sFygher eh@&ctﬁwpyn wias ppted ouigsing mag Smwometr%

gitiflg Bz Whiue 98996 M].) Wwas then added. The reaction was

aI?omed to proceed overnight with exclusion of |ight.

The DMF was evaporated under reduced pressure and the

crude product was purified by reverse phase
Exiingplar 2t i Seneiesis Meifo REPFyI(YNd Byl 8 onigane, (Compound 3,

18TP1022; solvents: A= water/0.1% TFA and B=

comparafive examme). gr adi ent 10- 30% B over 60 nmin; flow

| O/ mn; detection at 254 nm, affording 6.6 ng (37

% +€al HPLC. Phenonenex Luna
CI 8 co;m_QOQ;_ALZS% EO; soy(ents: A= water/0.1% TFA
J\( y

HN\)J\ N\/U\N/YN\)L )\(N\)L N\/\o’\/o\/\o/\/"‘\n/\o’\r'“”

o} } e} \=O 0o @ o

U
St agsierig
§

The NHS-ester of Cy5(1) (4.5 mg, 0.008 mmol) was formed by treatment of Cy5(1)
with TSTU (2.1 mg, 0.0076 mmol) and NMM (0.009 ml, 0.08 mmol) in DMF (2 ml)
for 1 h. The solution was then added to the RGD peptide (Example 1; 20 mg, 0.016
mmol) and the reaction was allowed to proceed overnight with exclusion of light. The
DMF was evaporated under reduced pressure and the crude product was purified by
reverse phase preparative chromatography (Vydac C18 column, 218TP1022; solvents:
A= water / 0.1% TFA and B= CH;CN / 0.1% TFA; gradient 20-40% B over 60 min;
flow 10 ml / min; detection at 254 nm), affording 4.9 mg (34 %) of pure product
(analytical HPLC: Phenomenex Luna C18 column, 00G-4252-EQ; solvents: A= water
/ 0.1% TFA and B= CH3CN / 0.1% TFA; gradient 25-45% B over 20 min; flow 1.0
ml /min; retention time 15.2 min; detection at 214 and 254 nm). Further
characterisation was carried out using mass spectrometry, giving m/z value 902.1
[MH*].
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and B= CH3CN 0. 1% TFA; gradient 15-35% B over 20 m n;
flow 1.0 mM/mn; retention tine 19.5 mn; detection at
wQ2ebsasto54 nn). Further characterisati on wasPCHGBR2@d/001693
out using mass spectronmetry4 giving mlz value 949.1
. Exanple Ib Synt heS|s of ge

2005/ 123768) Neg RGDL@/S(Z)] dye con
prepared as descri b ST Exanpl e 1. Crude product was

( Phenonenex Lain8 '. (2) 25Q x 21 26, s sol vents:
A= water/ 0. 1%TFA “ : ;\bgradl ent
20-30% B over 40 : A A\ det ecti on at 214
nm, affording 4.1 @f t|tIe cofrpound (anal yti cal
HPLC. Phenonenex Lﬁ/ 20 2 mm sol vents:
A= water/0. 1% TFA ~3% 1 gradi ent
10-40% B over 20 m n; PIowlOrﬂ/rrin retention tine
3.23 min; detection at 21¢y3rd 254 nn) Furt her
characteri sation : out using mass
(ypuMethyrtroxohepiang-Lsullonicgad o 1895.6 [M+] . Exanpl e
2: Synt heS|s of 'ein C,\/S(I)) Dye nj ugat e (Conpound 3,
conparative exanpl g) T ><eSt sp—of—kaS(l ) (4.5 ny,
0.008 mml) was fornmyd by reatmént of Cy5(1) with
TSTU(Zlmg, 0. 0076 |nmmol ) and NQI\/I(O 009 m, 0.08
) in DV (2 m) for 1 h. The sol ution was then .
Etbxldédnettbylméoaﬁz@@tepéwgb de PHFafina) pvasppddeg topacspgpension of

sofTR hydRed (ﬁb@ﬁ IoF fl‘?@)t’/& Nﬁﬂ\’\ﬁsmﬁlefdl’\bﬂ? it DMIF QLERsl), dropwise with
over n| g}pt W t

excl usi on of i
icegbatp SPalingOH detoUredRiERd! 15%@35“8 055 P sfgiee was allowed
to Waﬁdus ambisit fpuipefited fbiy4Imine Méth soasehqiorparcadlivg A solution

a . col u T 2 .
of o GAr TG Uapi 1775 oSS i Al R gyl ppiguies
Thgrfandi e tu@Ow asdaRday 60°@G oriti8hours. The solvent was removed by rotary
evaporation and the residue partitioned between water and diethyl ether. The aqueous

layer was collected, washed with fresh diethyl ether and rotary evaporated to yield a
sticky foam. This intermediate was dissolved in water (100ml) and sodium hydroxide
(17.8g) added over 15 minutes with stirring. The mixture was heated at 90°C for 18
hours. The cooled reaction mixture was adjusted to ~pH2 by the addition of
concentrated hydrochloric acid (~40ml). The solution was rotary evaporated and dried
under vacuum. The yellow solid was washed with ethanol containing 2% hydrochloric
acid (3x150ml). The ethanolic solution was filtered, rotary evaporated and dried under

vacuum to yield a yellow solid. Yield 70g.

(3b)_2,3-Dimethyl-3-( 4—sulfobutyl)-3H—indole-5—su1fonic acid, dipotassium salt.

0 ||
K-OL_ % S—0-K

~
//S (l)l
(0]
=
N

4-Hydrazinobenzenesulfonic acid (40g), 5-methyl-6-oxoheptane-1-sulfonic acid (from

3a; 60g) and acetic acid (500ml) were mixed and heated under reflux for 6hrs. The
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flow 10 M / mn; detection at 254 nm, affording 4.9

nmg (34 % of pure product (analytical HPLC. Phenonenex
WO 0v8/184208 col umm, 00G 4252- EO; sol vents: A= WeCEGB2008/001693

0.1% TFA and B= CH3CN / 0. 3% TFA; gradi ent 25-45% B

over 20 mn; flow 1.0 mM /mn; retention tine 15.2
sohyemt vehst Bietedn refary2 ¢vapgraied 8ud rdrjed mager heacuum. The solid was

diSRNACH ShéRAl PILVAS G WhEsHdRH D M Th&iHard¥he otassium hydrox1de

(3@851%;, %gge g)tsl{(tgreowa%/ %{gre@\,ngﬁﬁﬁgha@ldzther( FheM_I%Jrlle ofEX oewgnt reduced
b)QS@%Elrng-rbﬁrrﬁ avixtORN THE resulting precipitate was ﬁltered washed with

5-sul fo-| enel

et AR B i S R1S UL S AR s
Fouindgl862 QIROSMEHT + Gnedt,eNQESs5¢dyires n(Z)yBﬁZ 07320 8ppm)

5- Met hyl - 6- oxohept ane-| -sul fonic acid. Ethyl

2- et hyl acet oacet ate in DVF (25n ) was added to
Ga) 2 3dmetivid ostilioh grdodinm-suldenats) chpgiagsivg salt.

mneral oil) in o100m) dropli se with ice-bath

cooling over 1 h% g er ng i’fpoel‘(ature 0- 40C) .

S

Thi s m xture was alc{o arm o anbi ent
tenperature for 45mn s irring before

re-cooling. A solution of 4o but anesul tone (45g) in

DMF (25m ) was then adde dr wikse over 15 m nutes.

The final mxture was heated lat 60C for 1 hours. The
| vent was renpved %é%rot ary svapor tjon and

2.3 dxmatie éa(ﬂtsp{fplaﬁéla 3bkindeler atasic afid (dioat R hgrups heated

ngﬁ ﬂtﬁﬁﬁhivtﬁﬂélﬁul{o&& g1l 80@fandeﬂr8ﬁétﬁﬁle?d\@ﬁlhﬁﬁ W}legl)f dftelsm"Ck for 16
| e etner [.0l ar vVapar.ate 0|e d, SLI C

g PP B U e AR L eyl P i Gryvcer

ardnitied addermmabywin.oXiette6(gl7. 8g) added over 15 mi nutes

Wth stirring. The m xture was heated at 900C for 18
hours. The cool ed reaction m xture was adjusted to

(3dpEwS iy as BEAs@Hi ti on of concentrated hydrochloric acid
1-{5" 4% ox: ahﬂ)QOJ Mﬁxﬁ@th%ﬁldbléhﬁﬁﬂ RYRRE- @Isel%rﬂ@da&dl @:d salt

e o b SRR | BgBR e
arﬂaty&@dﬁ)(%ml; ahdihdéedic avid (F8ntl) ereedhedtat atr 208Cafoor aticaa t@rgdve a
darlE b(;“cgwrlfI re%esolutlon The reaction mixture was cooled to ambient temperature.
2,3-Dimethyl-1,3-bis(4-sulfobutyl)-3H-indolium-5-sulfonate (from 3c; 8.1g) and
potassium acetate (4.5g) were added to the mixture, which was stirred for 18 hours at
ambient temperature. The resulting blue solution was precipitated using ethyl acetate
and dried under vacuum. The crude dye was purified by liquid chromatography
(RPC;5. Water + 0.1% TFA/ MeCN + 0.1%TFA gradient). Fractions containing the
principal dye peak were collected, pooled and evaporated under vacuum to give the
title dye, 2g. UV/Vis (Water+0.1%TFA): 650nm. MS (MALDI-TOF): MH+ 887.1.

MHJr = C33H50N2014S4 requires m/z 887.1
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vacuumto yield a yellow solid. Yield 7Qy. (3b)

2,3-Dinethyl -3-(4-sul fobutyl)-3 Hindol e-5-sulfonic
wa@eood/13ngot assi um sal t. 4- Hydr azi nobenzenesul PONGB2008/001693

acid (4Qg), 5-nethyl-6-oxoleptane-l -sulfonic acid
(fron13a 6Cg) and ace&;c aC|d 500n1' wer e n1xed and

oxBH&@'i}BB gyﬁﬂﬁiﬂl-@sﬂflﬂl gfdlﬁ%MDﬁ?flnHﬁCﬂVHﬂen-EmnﬁﬂjlUj

(hmas GIS%OIVGG |nggeu£€£&)A&¥L To thlifma ﬁ?gsgréM
dlié@ﬁro‘i)!yldﬂiﬂﬁnﬁﬁsﬂt@{IWSES&NHUVSH*I he vol ume of sol vent
reduced by 50% using petary evaporation. The resulting
preci pitate was filteesed, washed with methanol and
dri ed under vacuum Y|-Id 60g. M5 (LCMB): M+ 362.
Ace. Mass: Found 362. . = Cl&H&@NCBSZ requires

2, 3-Di nethyl 3-(~ Q : soole 5-sul fonic
aC|d (from 3b; GCQHEii heated th 1,4 butane sultone

(18Qg) and tetranet ne sul fpne_( 46 at 1400C for
16 hours. The resul red soli shed with
dri ed under

di et hyl ether, ground |nto a powder an
vacuum Yield 6Qg (3d) Cv5**, as TFA salt.

Js*é QExQﬁgi@@(mﬁﬁ\g)yMs dissolved o satydydusi DGR (G to this were

R N SRR I - —

was 3o led for adﬁilrs;‘ varehgngon dE.J 651?@)8 AWdteadt( ) meealed complete

rez%gigrrln %he\l\g e?hﬁgedzﬁﬁlhéég g Jn 1}1 acgtgte%lé[tﬁ%laeg ée}gh%t%red,

vvnre Ion mXture was

washtsl wnth qtbyip@qemqj ped dried under vacuum. UV/Vis (Water) 650nm. MS
(MARDPT Y WL+ bsﬁsﬁrbﬁ{“’c S uHf 2 W reititek RO bB4TE 5- sul f o
nate (from 3c; 8. and potassium acetate (4.59) were
added to the n1xture whi ch was stirred for 18 hours
at ambi ent tenperature. The resulting bl ue sol ution

chronat graphy (RPO 8. water 0. 1@6TFA/ NECN +
0. 19064 gr eng) hragtT ons €0 ta|n|ng t he y
HN\é)L” \/“\N/\"/N\)L \/U\ N\/\O/\/O\/\O/\/N\g/\o/\g,NHz

N 0

HO

A solution of Cy5** NHS ester (2 mg, from Example 4) and sym-collidine (2 pL)
dissolved in NMP (1 mL) was added dropwise to a solution of RGD peptide (from
Example 1, 6.4 mg) and sym-collidine (2 pL) dissolved in DMF (1 mL) and the
reaction mixture stirred overnight. The mixture was then diluted with 10 %
ACN/water/0.1 % TFA (6 mL) and the product purified using preparative HPLC
(Phenomenex Luna 5u C18 (2) 250 x 21.20 mm column; solvents: A = water/0.1 %



10

15

20

25

princi pal dye peak were collected, pooled and

evapor at ed under vacuumto give the title dye, 2g.
WQJWowi13920dM\at er +0. 197FA) : 650nm  MS ( MALDI - TOF) PCVIEB2008/001693

887.1. MH = C38H50N20' 454 3requires mz 887. 1Exanpl e 4

. Synthesis
TEA ra(lqi B3= QPE%UQQI {6 TF¢g gradiens XORAR Yoo odetrAQ mim dleyy 1@ ml/min;
de@égbﬁwlz)lﬁu? dFBRERY b35mgu{720%) .03 -plird pEdac2(analytical HPLC:

Ph&lpgr%%lle]x %‘XI}?E m@ﬁ%ﬁ(iﬂ&@lxs% g ol Sofyests: A = water/0.1 % TFA
andi BdoIGHYONGO 4 u%f DRAt gracﬁlentskﬁmmyﬂ'yll?etohw amme froat 10.q hisin;

retéanao 1me(]2%/8'5 hde tectd b%léggllé@%f ?imt) %ﬁher"%@‘;’l?aectea %tlo&l was
caHiBEydut @@@gmasamcmmtmlglwog mz{pyalelt: hO6BHiMél"(JsoM ) .
The resulting solution was m xed for 3 hours,
wher eupon TLC (RPCI 8. Water/MeCN) reveal ed corrpl ete
reaction. The dye was isolated by precipitation in

ESinle 6208n#h&isdireh ERIGIRiIA1exa 647 DY € Cofljugdbs{Cinyéiind 6).

et hyl vacuum WV/ Vis (Water)

650 Mg_(MALDI - TOF) M 983) 5 M = C42H53N3016S4
| es( M,z 984.16. o npl synthesis of the

Rc;moét@ EQ\,& awno/\/wsm\uﬂ»ow

Oy5* % NHSoest ef 202 fa o afpl e 4) and

sym%yllldlné n1,§g%l|ssom NVP (1 rnL) was

added) dr opwi to a solutiomof RGD peptide (from

s 1,"Bu¢ ng) and symcollidine (2 nm) dissolved

(1 nm) and the reaction nmixture stirred

ght. The m xture was then diluted with 10 %

ater/0. 1"9%JFA (6 nL) and the product purified

yve HPLC ( Phenonenex Luna 5u_ O 8 (2)

n-cOl um; solvents: A = water/0.1 %FA

and(B = 0.1 % TFA; gradient 10-20 % B over 40

m niﬂfgl ow 10 N, detection at 214 nm, affording
(72 % spure product (anal ytical HPLC:

Pherfbr?enex Luna Sma 8 (2) 20 x 2 mm col um;
A S@Ihuem b Aleha Flwwatcd? NHS ester(BAng MMoBeulaid6ed 201 0%) dird\sym-

cogr Ff'i ﬁdi? d4 s%o % WP?I TtﬂL vaaQVng cg_dl_l%ipwgnt&)aélsolu on of

det ec ion a

R@Dmdpede élﬁ:eanade ér !léamg)cﬁndv\mn -eellidingd3 @urLLdissrdvadainsDME (1
mBPELd HRRLEYon Bidtird%tied KRbtentl 88é mixtdVeiik then diluted with

water/0.1 % TFA (6 mL) and the product purified using preparative HPLC
(Phenomenex Luna Sp C18 (2) 250 x 21.20 mm column; solvents: A = water/0.1 %
TFA and B = CH3CN/0.1 % TFA; gradient 10-25 % B over 40 min; flow 10 ml/min;
detection at 214 nm), affording 2.7 mg (53 %) of pure product (analytical HPLC:
Phenomenex Luna 3p C18 (2) 20 x 2 mm column; solvents: A = water/0.1 % TFA
and B = CH3CN/0.1 % TFA,; gradient 10-40 % B over 5 min; flow 0.6 ml/min;
retention time 1.99 min; detection at 214 and 254 nm). Further characterisation was

carried out using mass spectrometry, giving m/z value 1050.4 [MH*"].

Example 7: Plasma Stability of Compounds 1 to 8.
Mouse plasma (non-sterile) was purchased from Rockland, PA, USA. This plasma is

stabilized with heparin, sodium. The substance was dissolved in PBS and plasma,
respectively, at concentrations 0.1 / 0.2 mg/mL. Both blank samples (solvent without
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Exanpl e 6: Synthesis of the RGD Al exa 647 Dye

Conj ugat e (Conpound 6). A solution of Alexa Fluor 647
wOkRiBsases (2 ng, Ml ecul ar Probes A20106) andPCT/GB2008/001693

syncollidine (3.2 nL) disseBved in NW (1.4 nL) was

added dropw se to a sol ution of RGD peptide ( | e
peptide) andpepldridissoivedbin plashz / PBSWaKe) ingiihates) %gfsegpb&hout 4

hoﬁrsl Atiedr 1ﬂ<ﬁ£ﬂ>ah&€t}feq&6ﬁeirﬂﬂvdﬂ Xérhldv%dfbtyl Lﬂfrﬁﬁﬂltr@ti&ﬂi 0sigfhon-sterile
Ut e e S Ran e i 1 B et i B AERaE G (i he
cuf-bffesfahe lﬁdﬁxrsL\uaHﬁ('ﬁOOO NMWI_( Pio2&0centi2flg@&omiheqdhsmmsamples
we%g Id dl%{elatgtsl iA\VE]%W?}tg s sa%-ll_ F%jfiﬁa\,{ysfwﬁé u{(i’nEF&t&ble

det@etlelctlon at 214 nm), affordi ng 2.7 my (53 % of pure
pr oduct (anal ytical HPLC. Phenonenex Luna 3mC 8 (2)

20 2 X | vent s: A B
The ‘chengeow s sherixed g SR ongiabon Bl Gugmls THenogTetsce
intendityraf/tha m,trae@tueﬁltge@ @arhpl@@wis AQaguirad usibed Embr@nmgs&h@ FL

I I‘I S S Lrle Q
cafiOprl Akdng et ey LB R 2 0 E EE R b RMengtn
wisVe2 6116 i aarpl enissid amvale@gtabaﬂ 67§ wh Guhpoeasdementsowere

| h
pefforl BB Rl ARe LRl B 1eRSb RS S 23 ngml

plaseari n, sodi um The substance was dissolved in PBS
and plasma, respectively, at concentrations 0.1 / 0.2

bl. an sol ent. W t hout nd
TrsdsRrise o) AR TR Gor B SLaREroPEa FL IS ay et as
apﬁﬁéa frothisadrodyt. Phehsolution Mk{st;mrmtdmsm szhocmlwreamﬂr diserbgswell at
65H8LE renoved by ultrafiltration using non-sterile

rafree(r)-MC centrifuge tubes with filter insert
frolillpore Co. (Amcon). The cut-off of the

Thfe' élﬁ@rﬁﬁ’to@ﬁ hy'f;szQO;Qa Mgéﬁfed Fﬁlijﬁ{ xt@e&:s Wllsfélﬂﬁhh %l €50 mm,
as l'es were dilute - e
3. ﬁamﬂgsc I froms YR tGis ciping, 2 gip et Fh‘&‘”{h 01l TN (ACOR, and
hEMa&Lmeea(%I?nquV 33@50afh detedtBN; ﬂswrraerﬂ I &tli/min;Qnjiction
uor esgc Q o
vofited e FRGRRF B Rh ey 48l s iyt 0%
A@S osat [2 niklrapid linear increase of gradient to 90% ACN for 2 min followed;
then equilibration to the starting mixture. Total analysis time was 20 min, with a
retention time for the main peak of ~ 9 min. Degradation/impurities were reported as

changes in purity of the main peak. The results are shown in Table 4:

Table 4: Plasma stability of Compounds 1 to 8.

% main peak area

Compound (after 4h incubation in mouse plasma)

1 Not measured.

Not measured.

Not measured.
100
46
100
70
93

0 N N [ R WN




10

15

20

25

equi pped with plate reader (Therno Labsystens Oy,
Finl and). Excitation wavel ength was at 646 nm and
we@eiosaszuns wavel ength at 678 nm and neasur enent BCTHSB2008/001693
perfornmed at two di fferent 3gzoncentrati ons of the
Esubst ance, 6 5 rTg/m_and 23 rTg/{n_ pI asrra The UIt| rrate of
i U0 RS AaY. ] 3 SB l

C&ﬂb&ﬁid%fl Mﬂﬁ appll ed |nt h|s st udy The soI ut| on has

t d
CRRAIBHS At DAL Shel DORIGHRBE RN TaPiER: Pty assay
usony hummmnZhldsma zirﬁl()asmm b\ Bfes B RArAS%6 Tesef ) 4omMipads (igiMywas

indyAld ea% ﬁg,g)l cé iy éﬁggggﬂm&egeﬁcéﬁ%gfaagggvavbg%egem&ﬁm a
t

Tegan Smftemphtte ireR NBngie: aml gdpta '@(mpgeﬁ as % increase in
p&ﬂsgﬂla{egugahgl;a@dﬂg\bhﬁnpuffer increasing linearly to
0% ACN over 12 mn; rapid linear increase of gradient
to 90% ACN for 2 mn foll owed; then equilibration to
THeltesudts ard sho@nrth Stabless: Tot al anal ysis time was 20 min,
wWth aretention tinme for the main peak of ~ 9 mn.
Degr adation/inpurities were reported as changes in
Tabler §:t Boladsatibe valmen speamkry (Bxé3fwsuEmé78nme, showM substance) for
nple 8 : Fluorescence Pol arisation Plasma
C%?PAU%dslig[?(gm ngTASSay of TConpour Conpounds 1
to 8 were tested iAS®YfI yor escencé“‘ﬁfGF‘%Pr'iﬂs at i on

protein bindi ng|aSuaferus| NM0adid npalaaﬁgﬁo,ﬁwd assay
buffer| (PBS/ 0. Q5% en ept was
i ncubatefMPRUNG 1 %@ez h%“’% p g’ ‘g)"mscence

pol arijsati an was mnegeured i pl& ecan 18afi re plate

reader| ( EXQ357 EnN67 78and daha7 I S| reported as %
I ncr ease—+H—polarisati-ontvatbe—y i pl asma. The
results aré shown i219Tabl e Z8 Tabl e 36 Pol ari sati on

val ues sunmary Ex nm En§(798nn{1 ~2.,3"MM subst ance)
for Coppeund——s t-6—0-

5 187 227 22
6 178 199 12
7 179 232 29
8 184 215 17

Example 9: Collagen Binding Assay of Compounds 1 to 8.

Commercially available collagen-covered 96-well plates were used (BD Biocoat, Art.
code BDAA 356649, Becton, Dickinson Biosciences, Two Oak Park, Bedford, MA
01730). Triplicate wells were made of each test Compound at 30nM, 100nM or
300nM (1000nM included in some cases), and the plate was incubated in the plate
reader for one hour at 37°C with shaking every other minute*. The volume in each
well was 200pl. At the end of the incubation, 150ul supernatant was transferred to an
untreated 96-well plate, and the fluorescence was read with excitation at 646 nm and

emission at 678 nm wavelengths.

*Compound 3 was incubated at 37°C in a heating cabinet with shaking every 5

minutes (microplate with a lid).



Exanpl e 9: Col | agen Bi ndi ng Assay of Conpounds 1 to 8.

Commerci ally avail abl e col | agen-covered 96-wel |l pl ates
wowoos/1seedl (BD Bi ocoat, Art. code BDAA 356649, PGECBRIVS/001693

Di cki nson Bi osci ences, Two4@®ak Park, Bedford, MA

01730 Triplicate vvel | s. were made of each test
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5 Tde 8NCHIMgER BIrkith OB sel%h behral) Ex6A6UEMBRsihuor escence
\ri/ast read wth excitatiron_at 646, o0m and em ssion at 6/8

d Number. :
agths—* ConpountiOBPORRd Numbet, oy ot 370 in g

hn&)atrng cBbi net2 wilt h 3haki ng eyery 5 ninétes 7 8
(joeyoplate With g lid). For calcul ati pn of tlhe degree
o—btrthng—tHhe—fthueresecenee—Homthersupernatants—was—

cadbar ed¥4.d | h87f ludilescengd7f 1 o®3 160/ 1ali uddsg Wi PR.1
thgesae,i fiLigl, dongentrajigns. okn a) | £ASESg7MRdi @89

vattgestfFrom3—wetHs—weretrused—The results—are—shagwn

i 30Qabl e7®5 : | n8*nat Tek f or P, | EXAFDl b 124 CorBelt ilt D6d
APSRY T O pCoPRYNAS 4b 3 0] 8.npA ¢l a3ggi cpl gpMebply 9n3s 7
assdy Usi llg IZ5t=echrstatim wa perro mea 1 order 10O
ﬂll?hret:n@rf?@@daffl nity (Kj) of the RGD-Cy0 conjugates
(Conpounds 1 to 8) towards nenbranes expressing the
agb3 receptor. K, was determ ned in receptor
conpetition studies with nenbranes prepared from human
Eeariplel16t iGdmpeition AbdayifonGemponads 1 fte 8hunman

10 e@?sglcgleéd tl{f‘lgﬁ Qgga?g l{hg "Poy_ &:ﬁlr ' VQ&S Eégg%%aQntd?&ér to check

ress Severa S I nc

thp ra&parye(&)arrfdh@ B&Dﬁg LORBEUPS Eﬁorgmrméé 1 to8hisetards spgmbranes
expkading gthetxtv ;E&h'Iétv@is'cféterﬁﬂéﬁ%c%ﬂt@?E&rﬁf)égltfoﬁtrstudles with
severa i nteqrins ncl udi wa rrie ou
MGRPIANRY, P nflPHt hiwan cﬂ“ﬂg‘S‘F%@ c%ﬁ%oﬁrﬂ@mfme PR thet Euman
endlbthefifloWderiodartitiong €ell line EA-Hy926 that express several integrins

15  including ayP; were prepared and used as a receptor source. Competitive binding of

125]_Echistatin, a known substrate for several integrins including ovps, was carried out
with varying concentrations of cold compounds.

The results are shown in Table 7:

20 Table 7: Ki measurements (competition assay using '251_Echistatin).

Compound Ki (nM)

1 1.9
2 -

3 2.6
4 1.8
5 1.7
6 1.6
7 7.4
8 2.9
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Table 7: Ki measurenents (conpetition assay using 125
t1-Echistatin)Exanple 11: In Vivo testing of Conpounds

wa2008/18204 a) Ani mal Mdel . Femal e BALB c/ A nudeCT/B8r§08/001693

mce were used in the studyl The use of the animals
was approved by t he Iocal eth| cs committee. As the
i R0 peundsil te Boy were housed in

(ai)iirpiblqiqély vent | ‘. at ed cages (| V Scanbur BK)
Fefdl‘é—&ﬁ]BAi@ Al Hudéﬁ%n;f&aﬂqfcg hesle Bkdd: in th@ s@ﬂ%rf?ﬂléuﬁaﬁ thé anlmals

t um access to and Mbuse nr. reedi ng"

wasScappoonedBKby artble t é@paW\/atedncsac pdmfm@@b byAsaddhet i @mm}tﬂs were

. HJ to a nol ar oncentratlo

lmw@w%wa%ﬁ%ec X 1T HsPL laum hvgylﬁi&dw?fﬁﬁgts%cagﬁ (Ive,

ScRARe &Hp hed Qi@ HPRA ifReddNgr PTRE aflkia®s hddRY 1ML access to
handl e under condi ti ons of lam nar HEPA filtered air.

“Rehand iVirases nwe-’f Bra¢dinglediear(Seanbur ) gad jtem vpder) eddiged by
. le s . hefore n | -
B LR LR AR R R8T Sl P ke e

anlregdlé duh@g\ﬁﬁn(ﬂingniﬁ)i al ﬁrbce@ummeﬁ&b thkoBeagiig probediry, thOpwere
cells(ﬁ) injection in a volume of 100M. The s.c.

hap@lpd undes sendigipes ¢fdrmBrRABEEPdnBEFed Adht gas anaest hesi a.
The tunmours were allowed to grow for 2-4 weeks. For
i mobi | i sation during the optical i1imaging procedure,

Thehmiranis vedrs aWewed an aedirhaisatied pemodiof etabenst| 5 dpsrbaterskbeing

. to |ight | eve], anaesthesia with u

inetgpp canit) HiCed Bouhcel sERTBRRTA (¥ RE EL PR regRa 1hgver

ﬂaﬁm Whh 8 n8RTifal LORPS ?ﬂ-ﬁ%t(?%@ﬁi pé}qajebml ﬁlraommns 88100)0. The
bl'anket to sustain nornal erature for the

s.od injedtions wefe pdrforingd gheey l(ghp g{lSoaI@efH 1 The pungens Mesre allowed
cat het placed in the tail vein for contrast

to gt Orzd‘}nwﬁ?l%stratl on. Each animal was gi ven one
contrast agent injection. To avoid artefacts from

I magi ng probe in the skin, a ~3 nmmdianeter piece of
Fos kimmebilisatiaslyring nthem9piial iSRS nPPEewef Ghte animals were

anﬁ&ﬁ%ﬁg& 19 ug d’(\ﬁk af dplgﬁ Aakdmal H@ﬁ surgical level anaesthesia with

Isoflurane (typically 1.5-2%) with oxygen as the carrier gas. The animals were

supplied external heating from a heating blanket to sustain normal body temperature
for the duration of the imaging (up to 3 hours). A Venflon catheter was placed in the
tail vein for contrast agent administration. Each animal was given one contrast agent

injection.

To avoid artefacts from imaging probe in the skin, a ~3 mm diameter piece of skin
over tumour and muscle was removed before imaging, but while the animal was
anaesthetized. The animals were sacrificed by cervical dislocation at the end of the

experiment.

(b) Imaging protocol.

The laser was turned on at least 15 minutes before the start of the experiment for the
output to stabilise. A small stack of white printer paper was imaged to obtain a
flatfield image which was used to correct for illumination inhomogeneities. For the
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anaest heti zed. The animals were sacrificed by cervical
di sl ocation at the end of the experinent. (b) Imaging
w@e@Bosnbe The | aser was turned on at | east 15P@T/GBR@S/001693
before the start of the experinent for the output to
stabilise. A small stack of whjte printer paper
kineticgdmagingdhe apimats Mees plresdiinsids dbe WRRERS Hak *wean tacheatmg

bl&itKek ﬁ?ﬁ)\/fef)rwﬂtﬁ h Wi prAtuR of m@”Rgéiﬂﬁhbh @ﬁd tdr@erature were used
theklnelcs ggga%gean malsvwﬁ rp redlnsndeth
oI e 1§ e RE ESIBEahket TBISVEE) MiETh Oy at @
t1menmer1ﬁjeum<m ofiag® Gth Meslpser atglhonommjam(bmpmrzawme light source
Welrﬁ %j{en of nﬁ %e aﬁ)'lrlmgllg eTl%”%ﬁl%glgg ? t%sq’?&g ﬂl &g&é 39 bb{m?éth Qurces,

re 1 njec
effmg@s maktlrlrg tlh:eWhla% élghﬂ inggge asomage it ﬂwmmataémm the receive
frédmgmlessour ce were taken of all the animals. The
ssion filters were in place for both Iight sources,
effectively making the white |light image an image W|th
Thd ﬂebﬂ'@uBﬁhﬂ&r\N@I in eh%dfzg@ﬁbug;] fﬂemml 4. waEE:wteubesd by a o 2ml
n i.njected iv thr enflon
sabBY Dk By eabeml TSR R R fos ek fie Retion
witlnage sewemeage ekarn 3DrsecortdseThe ghages mgro btotduelocal]yebefornbeing

trﬂtsf’epreg@(fagéwlj mage every 30 seconds. The inmages were
store ocal T y before being transferred to a server.

| mage anal ysis was performed with customwitten
Ind¥BE Oy $i0 i adafeBroried n@ihSciRfonk WrﬁfeﬁSMAWA@ G&WﬁkeaR@giﬁﬁls of

art of the tu ur_a nmuscl e not covered
inToh Pt TRy PG P B M ON PP USHE TR OLRen BY in. A
thishh e€gon has @was ong d pm’ouf the rskia whey thdrs swss nortdmoneat kidney
0. GonD

tlss%e[ god meat 3% gﬁéﬂng%e si gl i Cm%él? 'g%ln ]?_&f 'iltleeg&'ef(@!:llues

ingilg nadh lag@npvaseialoytm dihg maiean segriabandypixekb sthrdardidevation was
Ca(&)atggssul ts. Based on the in-vitro data from exanpl e
O, in-vivo results fromconpounds 1, 2, 4

(c) Results.

Based on the in-vitro data from example 7-10, in-vivo results from compounds 1, 2, 4
and 6 are presented. Tumour enhancement is quantified by a target to background
ratio (TBR) defined as the ratio of the mean tumour region intensity divided by the

mean muscle region intensity.

Compound 2 (neg-RGD scrambled peptide) gave a TBR of 1.14. Compound 1
[Cy5(2)-RGD] gave a ratio of 1.43. Compounds 4 and 6 show the expected
improvement with ratios of 1.72 and 1.98 respectively. The results are shown in

Figure 1.
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the nean nuscle region intaeasity. Conmpound 2 (neg-RGD
scranbl ed peptide) gave a TBR of 1.14. Conpound 1
[Cy5(2)-RGED] gave a ratio of 1.43. Conpounds 4 and 6
show t he expected inprovel@dMSaith ratios of 1.72 and
1.98 respectively. The results are shown in Figure

1. CLAIMS. 1. An immging agent suitable for in vivo

opti cal imaging of the mammali an body whi ch corrpri ses

t f BTM
o dh el ' Pl el el o B Rt
wlﬁfzh E&ﬁﬁ%e@a'cbmu&ie()fﬁ:o%ﬂﬁﬁ Y and Y are i ndependent |y
- or -CR 7r R>8- ang are chosen such that

at Ieast one of Y1 andB¥M]-€L)-€% 7R8-; Rl and R2 are

i ndependently H, -SG3ML or Ra, where ML is H or Bc,
and Bc is a bioconpatible cdation; R3is H Cl1-5 al kyl,
Cl- Gvitea¢:boxyal kyI or an Ra group; R4 to R6 are

i nde endentlyf -5 al kyl, Cl-6 carboxyal kyl or Ra; R7
i s BBy 153 bip %glka}}ﬁargetmg moiety;
Cy® is a cyanine dye of Formula II:
R3
1 Y2
N N’
R | | R?
R4 R5

1)
where:
Y! and Y? are independently —O-, -S-, -NR®- or -CR'R®- and are
chosen such that at least one of Y! and Y? is —CR7R8-;
R! and R? are independently H, -SO;M' or R?, where M' is H or B,
and B° is a biocompatible cation;
R’ is H, C\.s alkyl, C;.¢ carboxyalkyl or an R* group;
R* to R® are independently C,_s alkyl, C;.¢ carboxyalkyl or R?;
R’isHor Cy3 alkyl;
R® is R? or C,.¢ carboxyalkyl;
R?is C,4 sulfoalkyl;
L is a synthetic linker group of formula -(A),- wherein each A is
independently -CR;- , -CR=CR- , -C=C- , -CR,CO,- , -CO,CR;-, -
NRCO-, -CONR- , -NR(C=0)NR-, -NR(C=S)NR-, -SO,;NR-,
-NRSO;- , -CR,0CR;-, -CR,SCR;- , -CR;NRCR;-, a Cy8
cycloheteroalkylene group, a Cy4.5 cycloalkylene group, a Cs.;; arylene

group, or a Cs.;; heteroarylene group, an amino acid, a sugar or a
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R8 is Ra or G -6 carboxyalkyl; Ra is G -4 sulfoalkyl;
L is a synthetic linker group of fornmula -(Am
wob@sasnoeach A is independently -CR2- , - CR=EQRET/GB2@08§4001693

- CRCRe-
_ (N:SESE%NR ody %C'S}ye%yiee@%&@ggm) bR plock;

cycl ohet esp@lRK il lga@egﬂaury clivsén &ofivH| Ol k&€, gilkerpyl, Coy
a Cs-12 ar Iene group, a C3-12 heteroaryl ene group,

an am no 1, G- WMJSVI %Fr%lmd&idécﬁ‘é’ alkyl;
poI yet hyllﬁn?e %%%J e pw idﬂl ng bl ock; each Ris
sen

[ ndependent rom -4 al kyl, C2-4 al kenyl,
C2-4 al ky;mslan ilegeralf kabay &l deyll; or C] 4 hydr oxyal kyl; m
Is an_integer of value 1 to 20; n is an integer of

val u‘@ltlé)thﬁrpr‘i‘“s%t{lﬁ the provisos that: (i) the cyanine

dye ©ORRrd a t f
6(?)831@]‘ ﬁﬁﬁlea& e rie0 &t s LAY R hgﬁ‘ éﬁlﬂ %Otgn%lsélato 6

to nic a bstltuentsfrom
gr owguéfpniiacid sluhmtum@fmgl tthntR ‘drdRrmmoumsonpri se a
flu\?\difg cence. quencher . The ent of Claim
1, RaEing et e pl oGS G AGBRGIET QSRS 1 or
Claim?2, where Y1 and Y2 are each mdependently -CR
7R8-. 4. The imaging agent of Claim3, where R7 is
2.CH3. Tig: inTREmgj ageefi oA @lgéhtwhﬁregnjﬁ Bne of dains 1 to 4,
where CyD has a total of 4 sulfonic acid substituents
chosen fromthe Rl, R2 and Ra groups. 6. The I magi ng

3.agerrheoima&ding Qltgentof)f QClaime dr tClafn Whewkert e' Rad gY oups each
are independegtly of formula -(CH 2)1 SGBML, where M
inflepegdentlyt(Re8 in" A aim1, and k is

4. The imaging agent of Claim 3, where R’ is CHs.

5. The imaging agent of any one of Claims 1 to 4, where Cy® has a total of 4

sulfonic acid substituents chosen from the R', R? and R? groups.

6. The imaging agent of any one of Claims 1 to 5 where the R* groups are
independently of formula —(CH,),SO3;M', where M' is as defined in Claim 1, and k is
an integer of value 1 to 4.

7. The imaging agent of Claim 6, where k is 3 or 4.

8. The imaging agent of any one of Claims 1 to 7, where R'=R*=S0O;M".

9. The imaging agent of Claim 8, where the SO;M' substituents are at the 5-

position of the indole/indolenine rings.

10.  The imaging agent of any one of Claims 1 to 9, where CyP” is of Formula III:



an integer of value 1 to 4. 7. The inmagi ng agent of

Caim6, where k is 3 or 4. 8. The inmagi nhg agent of
warysaseoof Clains 1 to 7, where R1 = R2 = SO3RIT/GB2008/001693

The i magi ng agent of C ai m48, where the SOG3ML

substituents ar gat the 5- positian of the

i ndol e/ i ndol eni ng, ripngs. 10. The iMagi M3'?agent of any

oneMtd. S ai pE O, where CyD is of\F | a 1
D) L PEND , ot o
Cl1-6 carba R < G 5

al kyl or an~Rb gnoup, and are chosen fat either
RO = R1I0 = Rc or [R1' = R12 = Rc, where|Rc is Cl1-2

al kyl; Ra and ML lare as defined in Claim1. 11. The

i magi ng agent of gany one of Clains 1 tRP 10, where BTM
is chosen from (1) a 3-100 ner peptide; (ii) an:
enzyne substrate, enzyne afiildgoni st or enzyne
inhibitor; (iii) a receptor-binding compound; (iv) an
ol i g¥¥iE!l eoti de; (v) an ol i go-DNA or ol i go- RNA

fr aggeRindepéndedtifan ,rtagilong oa@%tm%xﬁnaﬁm 11, where BTM
is a 3- 101(2) mer peptide. 13. e i magi ng agent of Caim
12, Rittodt’ s indepPudantlly 425 lalkyl or an Rb groupyandiarecliasmn/puchzhat

(I'va),; Z"e{i Tl\%gf_:glo n-k 11]_¥{|12V_b p %er c.Z~iSy o
attached tgelt e téﬁn%gs of the” rf)gpfslz%‘ez,angrlfd is
H orR*Mn@MZark $s atfi@hf ¢ idim t.he C-term nus of the BTM
peptide and is OH, OBC, or MG
11. The imaging agent of any one of Claims 1 to 10, where BTM is chosen from:
(i) a 3-100 mer peptide;
(ii) an enzyme substrate, enzyme antagonist or enzyme inhibitor;
(ii1) a receptor-binding compound;
(iv) an oligonucleotide;

(v) an oligo-DNA or oligo-RNA fragment.
12.  The imaging agent of Claim 11, where BTM is a 3-100 mer peptide.

13. The imaging agent of Claim 12, which is of Formulae IVa or IVb:

[Cy"-(L)n-[BTM]-Z (IVa);
Z'-[BIMIH(L)x-{Cy"] (IVb);

where:

7! is attached to the N-terminus of the BTM peptide, and is H or M'S;

Z? is attached to the C-terminus of the BTM peptide and is OH, OB, or M'C,

where B is as defined in Claim 1, and
M'C is a metabolism inhibiting group which is a biocompatible group which

inhibits or suppresses enzyme metabolism of the BTM peptide.

14. The imaging agent of Claim 13, where Z'=72=M"
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where Bc is as defined in Cdaiml1l, and MIGis a
nmet abol i sminhibiting group which is a bioconpatible
wW@e@af3%ehé ch i nhibits or suppresses enzyne met BUDIGB2U8/001693
of the BTM peptide. 14. Theeinmagi ng agent of O aim 13,
15\2,8 ﬁ%g é)%%ﬁl%aﬁel\%?]cal-ﬁomggglt%gﬁglsl %%%rp%gsetﬂé lnﬁ ing agff*nt aorf] )2/1ny one
ofoCidf ICk@ilAstogethor Mtht @@ﬁbd’b@xﬁpa‘ﬂbtehcﬁnbﬁ (mozlrrfatril Bu@able for
carrier, in a formsuitable for mammalian
magrieHas ¢BRiRtions. The phar maceut i cal conposi tion of
Claim 15, which has a dosage suitable for a single
patient and is provided in a suitable syringe or
1c ont’Hien;ﬁrarmdckutiéal Icotmpbsition o€ Chmmpldy;, athidnbasfa ddsege suitable for

har maceut i sition of Claim15 or 16, which
« Bl PROGH b NRUORAE SRb OISR ETS 24 |1
sterile, solid formsuch that upon reconstitution with
a sterile supply of the bioconpatible carrier,
17d| ss@lkmﬁmmemmraslon@f ghwﬁlanheceuésal rcemlppﬂapwaEQl&lmcla’il or 16,

|
wEERRSRBTsE e risipmerdt bt Ryl L i sopd Togn such that
u;ﬁ)ﬁnﬂeU&ﬁtlﬁltl@fl With Ist@nleasupﬁ)gl-rwf tiid-bivcbnphtitily dabedre dissolution
BTM L and n are as defined in Jaim1l, and QIDls of

ocrus i@ By elthg desired pharmaggigical coppositivn1 2 ar e
i ndependently R or R groups, and are chosen such that
one of RO = R10 is an Ra group, and the others are
18eacTikigsftipsn 1Whehae Be stexil€isoRd &drkyis ;a 1iRephilided sahidl ML
are as defined in Caim10. 20. A cyanine dye of
Formula Ilia as defined in claim19, useful in the

19PT €PRLEHLERe of Formula Ia:
[BTMI-(L)x-Cy"
(Ta)
where: BTM, L and n are as defined in Claim 1, and Cy"® is of Formula IIla:

(Illa)

where:

R’ to R'? are independently R® or R¢ groups, and are chosen such that
one of R’ = R'® is an R® group, and the others are each R® groups,
where R is Cy; alkyl;

R?, R® and M are as defined in Claim 10.

20. A cyanine dye of Formula IIla as defined in claim 19, useful in the preparation

of the conjugate of claim 19.
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of the conjugate of claim19.21. The cyani ne dye of
Claim 20, which further conprises a group Qa, where Qa
wo gooa/18®e€t i ve functional group suitable for PCT/GB2008/001693
conjugation to a BTM 22. The cyani ne dye of C aim 20
or 21, where Rb is independently -(CH 2)I SO3ML, where
k is an integer of value 1 to 4. 23. A nethod of in
21Vi Vorlapdyagiak dy@BegCr@ma0, tichrfanha! doaprivesty grohp €, where Q7 is
conpri ses use of either the inmaging agent of Cains 1
a regetivg fanctional gawp sritablafoE e egntpB 49 tiﬂ?’%rMof C ains 15
or 16 to obtain imges of sites of l|ocalisation of the
BTMin vivo. 24. The nethod of C aim 23, where the
22. magi g yagieadyedf Claim® o 20 pwhée ® it indepdnaemtiiceut i cal

conpaosition of d ai 15 or 16_.has pbeen previously
adm'—r@ 2)e§Q@M,W%%? gﬁ%ﬂﬁ%ﬁ%eéﬁf Y?i‘b‘-’yptoz% The method of
Cl aim 24, which conprises the steps of: (i) a tissue
surface of interest within the mammalian body is

23. | | uAvinresitceldo fi tvivoanptierlcintaginigoaf the glammalian pody which comprises

fluorescence f.romthe.i i ng nt ichis. .
usg ohai G dhe byeeine peat o6 S Tas, e B e glpdRicsiogl epgpgsition
off 1M ESCRN&0 BBiaBEin®iges b diteh of R alidatibh ofl@le TN AN bivot he

fluorescence detector is optionally filtered to

separate out the fluorescence conponent; (iv) an inmage

f [ d 14 e [ [ L fr
24 PSRN 35y Ble B F5ghe P TRnId P8 105
phaphivedtiefl cGnbsitidm oMkdimstiseorebiChdsaicen prdvigisly admisisegped to

(i) is continuous wave (CW in nature. 27. The net hod
sagkmemPialRpRodihi ch conpri ses: (a) exposing

light-scattering biologic tissue of said mamal i an

body havi ng a het erogeneous conposition to |light from
25 | i Hretmetbod of£Clairh R4awhich cdepasesithesieps of:

(i) a tissue surface of interest within the mammalian body is illuminated with
an excitation light;

(ii) fluorescence from the imaging agent, which is generated by excitation of
the Cy® is detected using a fluorescence detector;

(iii) the light detected by the fluorescence detector is optionally filtered to
separate out the fluorescence component;

(iv) an image of said tissue surface of interest is formed from the fluorescent

light of steps (i1) or (iit).

26.  The method of Claim 25 where the excitation light of step (1) is continuous

wave (CW) in nature.

27.  The method of Claim 24 which comprises: -
(a) exposing light-scattering biologic tissue of said mammalian body having a
heterogeneous composition to light from a light source with a pre-determined
time varying intensity to excite the imaging agent, the tissue multiply-
scattering the excitation light;

(b) detecting a multiply-scattered light emission from the tissue in response to
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time varying intensity to excite the imging agent,
the tissue nultiplyscattering the excitation |ight;
wQ@ bjosdat2ecti ng a multiply-scattered |ight em sBCDOBRI0SHV1693
the tissue in response tosasd exposing; (c) ,
quantifying a fluorescence characteristic throughout
thes?rg%ﬁggP%on1the em ssion by establishing a nunber
of V3) yemtMiinp 2Aflpseeansoharhdteristitl thesughaahthe tissue from the
corresponding to a |level of the fluorescence
chareadssaen By petablishinga pyrabes of valyss Withrit RIPESHSIT theevalues each
ti Ssc%ﬁ‘esp}oﬂﬁ'nlgef/oela Rt BE thd YRIFRE&EC: fc'i&ﬁs‘i@rétsﬁ'cﬁfferent
varying Wit h het er ogeneous conposition of the tissue;
and poditiogendiiathatgssan, thodeel of tHehfudressnee dtharavegpisiingarying
t he het erogeneous conposition of the tissue in
acc oPHILHREORFIRYS MR o e 4ssEp 4°¢) . 28. The met hod
of qRy fRerafhg ChiftiifBigd3of e hissi184ye hdMpiPith€ Aeterogeneous
i magi hg netho% conprises fluorescence endoscopy. 29.
The awetpositiondbf theytiseurainatcaiaicasviddhe valpes often @)-t he in
vivo optical imaging is used to assist in the
detection, staging, diagnosis, nonitoring of disease
280" OOIRSHEAHd 8 akiPétid SIC1aBNnLI3 fof ERiwRAL thefopticAliiSRaing method
state of the manmalian body. 30. A nethod of
cogwriges flupcsceneggindgscopy-agnosi s, nonitoring of di sease
progression or nonitoring of treatnment of a di sease
state of the mammalian body which conprises the in
vivo optical imging nethod of any one of Clainms 23 to

9. ) P
29.  The method of any one of Claims 23 to 28, where the in vivo optical imaging
is used to assist in the detection, staging, diagnosis, monitoring of disease progression

or monitoring of treatment of a disease state of the mammalian body.

30. A method of detection, staging, diagnosis, monitoring of disease progression
or monitoring of treatment of a disease state of the mammalian body which comprises

the in vivo optical imaging method of any one of Claims 23 to 29.



