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SELECTI VE RADI OLABELI NG OF Bl OMOLECULES BACKGROUND
Met hods to introduce fluorine atons, particularly
w0 20008561 ve fl uorine atons onto bi onol ecul es PCT/EP2008/067413
conprising amno acid residues are of considerable
i nterest. However, since radioactive fluorine atons,
SELEQTAVEIRADIOMDABBLING QF BROMOMHGULESet i ne of about
110 minutes, tinme-efficient methods are required to
BACGKE@RMEeNpadi of | uori ne onto bi onol ecul es. There is a
continuing need for efficient and site- specific

s .for,int odu0|n fluorine,ato
MPBRESE Gl AHRAHE el SIS i JFlsk e ghrpy one
biBSERhIBT té&Mbtigin® aﬁn@sm@ tesidiet BRAS JoﬁﬁldbrﬁblreQdﬂéﬁdsﬂ gHowever,
fluorine atomonto a bionolecule, such as % eptide

singedagioaet Ve SEOring |§ome SHARS n&h% RYE a@‘éely(s i rapout
119 Héﬂ}?gﬁr k)&}ﬁ@@fﬂc?én@ gm@th{)&y Q}e Feﬁﬁﬁ%& ?f? 15&55{}cgu§adﬁfﬂoﬂﬂe onto

azi e-reactive termnus reac
bibhblzkuleeacti ve term nus of the linker with a
bi onol ecul e including at |east one thiol group or a

THS&GE 'aV&nQEﬁl'ngaﬁe'eH ol ré?ﬁc%ﬁct an@NGreldpblikic %H&ﬁ@&ku ?cﬁ‘t 1|nMroduc1ng
reacting the azido/al kyne-reactive term nus of

fludrmicetomist incldirguedibadghvsdbwring atoadsmttdblomolmulqsn e
respectively. In another aspect, nethods are provided
for introducing one or nore fluorine atons onto a
bi onol ecul e. The met hods conprises (i) reacting the

B#{]@Ebﬂse@ﬁfp%ﬁroup of Mal -al kyne bi functi onal

such ‘as
N- (but-3-ynyl) - 5- di oxo- 2, 5- di hydr o- Ikgyrro
Inj origy §S¢’Pﬁpé‘?f?ébﬁddef0¥ m{k@m@g)ﬂwtnﬁ aéme. Iro1ekigmelecule, such as

PRRERL 00 B EaSt 00Cp R PR | oy i
compirising fl ﬂml+maswbstGMmMechmiz ani ea21do/alkyne reactive terminus; (ii)
reacting the thiol-reactive terminus of the linker with a biomolecule including at least
one thiol group or a reactive derivative thereof; and (iii) subsequently reacting the
azido/alkyne-reactive terminus of the linker with a fluorine-substituted azide or

alkyne respectively.

In another aspect, methods are provided for introducing one or more fluorine atoms
onto a biomolecule. The methods comprises (i) reacting the thiol-reactive group of
Mal-alkyne bifunctional linker, such as N-(but-3-ynyl)-3-(2,5-diox0-2,5-dihydro-1H-
pyrrol-1-yl)propanamide linker (1) with a biomolecule comprising at least one thiol
group; and (ii) subsequently reacting the alkyne group of the linker with a fluorine-

substituted azide.

In still another aspect, bioconjugates comprising structural units derived from (i) a
biomolecule comprising at least one thiol group; and (ii) a linker; are provided. The
linker may be prepared by a method comprising reacting an amine compound
comprising an azido or alkyne-reactive functional group with a carboxylic acid or an
activated ester comprising a thiol-reactive functional group. In another aspect the

linker may be prepared by reacting an amine compound comprising a thiol-reactive
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In still another aspect, bioconjugates conprising
structural units derived from (i) a bionol ecule

wa@oemmpns®ssng at | east one thiol group; and (ii)P@I/EP2008/067413
i nker; are provided. The I3 nker nay be prepared by a

met hod conpr.i sing reacting an am ne, conpound ..
fueetfpaaafg@ﬁ@ v %%%B%Y& a ﬁ@ﬁ@%‘y&q SNCTICORPP HRheqmprising an
aﬁH&%ﬂMM%kHeﬁﬂ%@ﬁBﬁ%ﬁhM&y&ﬁid or an activated ester

conprising a thiol-reactive functional group. In
Ingnﬁgglgﬁ{?g?%gﬁ%%aﬁggggh%ﬁg%? nrrg%gg) euﬁlrlge pﬁlree%lek%P{OJs? al%klelpsg and
bibRbReolksactpryalisedrbianal group with a carboxylic acid

or an activated ester conmpound conprising an azido or

| Kk - chive f e} l et anot her
I o s S B e ot st oo 1 ke s,
and bi onol ecul es are provided herein. In another
aspect, the conpositions of linkers are provided.
FI GURES These aspects, and advantages of the present
FIGVRESI on wi Il becone better understood when the
follow ng detailed description is read with reference

TRQe LR ACHRIRAAN PG SR RIS iy b€ Wil bKQnt B RE LifdSstood
represent |ike parts throughout the draw ngs, wherein

wignGhe ifolowing deRiiicdalva¢ripgion iofread wahaelcrsmeeritother ascopanying

the non-optin.zed, system showi ng, F click |abele .
e SR IO G THSH R T NS ey o BRGnfe, aggines.
whdfeghannel at 280 nm. FIG 2 shows HPLC analysis of a

reaction m xture containing 2-[ FJFl uoroethyl azi de (

PG RO SRt o B iR By B HREGHIYgysem
shoWighdrnglck . ladhel dinsitiidedfipsBduTh (shawmadi&ignénanhdleb, UV

presence of 2-[ FJFluoroethylazide ( 11) (c,
chapeg! 6280 ¥id-y channel ; d, UV channel).

FIG. 2 shows HPLC analysis of a reaction mixture containing 2-[18F]Fluoroethylazide
(11) wusing gradient I, UV at 216 nm (a, radioactivity channel, 2-
[ISF]Fluoroethylazide (11) at 3:51 min; b, UV channel). The distilled product shows
only the presence of 2-[18F]Fluoroethylazide (11) (c, radioactivity channel; d, UV

channel).

FIG. 3 shows the HPLC plot of radiochemical yield of triazole product (17) formed at
different alkyne (16) concentrations and temperatures using model compound (16)

and 2-[18F]Fluoroethylazide (11).
FIG. 4 shows the MALDI-TOF MS data of an alkynylated affibody (22).

FIG. 5 shows the SDS-PAGE protein gel of a click conjugate between alkynylated
affibody (22) and CyS5 labeled Azido PEG (25a). Fluorescence emission of Cy5 dye
is observed at expected molecular weight of conjugate product (26) when in the
presence of Cu' source and reducing reagent. No presence of conjugated product is

observed in the absence of any of these in the control experiments.
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FIG 3 shows the HPLC pl ot of radiochem cal yield of
triazole product (17) fornmed at different al kyne (16)

W@ eoesssat i ons and tenperatures using nodel cPOPERVIS/067413
(16) and 2-[18F] Fl uoroethylazide ( 11). FIG 4 shows

D.- a of an al kynyl ated affibody (22).
D#&al%lbshg%&lgﬁlé - PAGE protein gel of a click
conj ugate between al kynyl ated affibody (22) and Cy5
Tlheakf@lﬂmrdngzdaﬂmlddE®s(cﬁ§ac)n ifl axompbeenod eofi sstmlvdofo Gybt the

. dye.is serv expect ed Iecular t o

ingifionguir B pinbiiedon S5 SSient MR PN Bine s EHERpRIeq here is no

inRAHHE € BBUinkiRAUGY algy FIRBEE Plescri BT BREREQ g BRRLHGAY O the
product is observed in the absence of any of these in

iny ¢reiog o thrcofollew perdetasied SeOEPAPLLED DESCRI PTI ON The
follow ng detail ed description is exenplary and not

To ploeneleatlyt and domtisclly Riesdriveant ipoint 6fit thd suldep mat@t bOthe @Rtmed
uses of the invention. Furthernpre, there is no

inyeftion: therfoleyvine definitipatiars prosidect fne snagifis teganthatere ysqdiie the

0 r f ”n 3

o G e e R N it O ™

ardlé $lor”’iibadudnplupd rafereotstuntcdheths wbptert cleatyt dctawh otH&ewme
claimed invention, the follow ng definitions are

APLQMI N fRE te?ﬁe%btfl‘ifaﬁlng%rr&ﬁ)”tr@ﬁ}s By Y& thik hi¥&s a carbonyl
fol l ow ng description and the clainms” appended hereto

groe merengattare thoamds nueltophiles for exaanple, ﬁ\éhyaimsysuud@nmudﬁ,aslulf&

f t h
<Ngfﬂ§%&ﬁgén%%§eugﬁé ﬁ8P§$%% Pﬁ@‘e@Pﬂ%h%%§}3;S?ng gr oup”

refers to any group that makes a carbon roup nore
Ay saask hayeint BeteEs “méq -EQ¥PHYY eEMInug o-reactive functional
[ S [
PRI TOLILAR, o3 I grcaﬁegﬁya@{ -

Sdrhe ckanpies a2 Iadﬂo#‘rmtle fendtien gma &f(’tﬁid@[ but are not limited to,
"azi do-reactive functional group” refers to any
alkynseralises angibapPidest can react with an azi de
functional group. Sone exanpl es of azido-reactive
A$ unetli ba@in, gtheupem nGllkgohe;redmtitve ateemmots™ | ami/¢re d‘atkgne-reactive

functional group” refers to any functional group that can react with an alkyne
functional group. Examples of an alkyne-reactive functional group includes, but it is
not limited to, azides, which can react in the presence of a source of Cu', including but

not limited to, Cu’, Cu', Cu", and a reducing reagent such as sodium ascorbate.

As used herein, the term “aliphatic radical” or “aliphatic group” generally refers to an
array of carbon atoms that is not cyclic and has a point of attachment that is an sp’
carbon atom. The array of carbon atoms may further comprise any combination of
sp’, sp’, or sp hybridized carbon atoms. Further, the array of carbon atoms may be
monovalent, divalent, or trivalent. Examples of alkyl groups include methyl, ethyl, n-
propyl, isopropyl, n-butyl, tert-butyl, isooctyl, benzyl, cyclohexylmethyl, and
phenethyl, 1°,1°-dimethylbenzyl.

As used herein, the terms “aromatic radical” or/and “aromatic group” refers to a
cyclic array of sp® hybridized carbon atoms and conjugated carbon-carbon double

bonds, and has a point of attachment at an aromatic sp” hybridized carbon atom that
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al kynes, allenes and phosphines. As used herein, the
term "al kyne-reactive term nus" and/ or

WO adry8s6r eact i ve functional group” refers to BOWEP2008/067413
functional group that can react with an al kyne

functio Ies of an _al kyne-reactive
formh ettt &25{1 8\“3&&1’7% n e (Thegropgetlq gioup &f rpgjcal may

heE RS ondMRI R0 nfaaﬁnﬁrﬁ?ehnﬂsabmﬁn@;eﬁéﬁaﬁau%nt@\ E%Hlﬁl%s ef faryl
Cul, including but n [Tmted Cu0

graupﬁdwmchgpheaag evbststuted Hsnsbdplym adxsomltmit mlylAgyuéemesuyl
her r tig rad or "aliphatic
chlotg Gnyb %PhﬁighYQhagggf%ﬁéwﬂﬁl ay of carboﬁ at oms

that is not cyclic and has a point of attachment that
A gseddlesq@n dhe tsom “aydealkyiadigaly aya ocqullt»d reupomefersed) a cyclic

rﬁa)}lb gi&z%"&%z ihon é%S'f% ”%H] 8'18?’ fSeR%c Ml an sp’

car e array 0

hydtridived Raghoh atdmﬂ@v ﬁirﬁlltpartd)lfvlﬁi c@f@hc a@ﬁy of ¢a‘{lairea‘tt)ms The array
Exanpl es of al kyl groups include nethyl, ethyl,
of fi3FRABYHOMS SR T CHOM iR Y Cfbmbenaﬁeflﬂf sp p%@@wp hybridized

caf?qcﬂl_z%}lb ma't ﬁﬁtg&efﬁél &Eﬁmﬁlﬁ%}é gﬁﬁarpct}{s&gﬁﬁ%ay e substltuted with one

ehzyl erein
to"the owRiniiom paldmlssalblé nambandlf Substdtoerits. chnthmmbrer dfeea“rsaﬁccf caclic

clic array sp2 bri di r at ons
at%%‘ﬁ%aff’%@“é%ﬁ%’??a@&} A e o‘ﬁ%‘aﬁaﬁ%ﬁ Hae cloalky] goups
in@fuddt tcz‘émﬁ'&@/i %etﬁ?lc%l@ﬁ'@cty'l C SRR ez ad f)ﬁ&ﬁ@é}rclohexyl
atom thatfornms par ‘cyclic  array of carb
tetalprdtsopyTdny La-tirey tlohepybupdeycloadilcal may have from one
to the maxi mum perm ssi bl e nunmber of substituents.

Thx@rR ‘e iifid gﬂou% QDS NS tHislecxRh@IPE reactid SitH b”tlﬁsl group”
Eeﬁljenyl tolyl, stituted tolyl, xylyl, nesit
reEt$ B SORRTIIR MAw pHEhyIth afttno;/ groupief @rjemolseie p;i%wawlsulﬁde

rnéi b%?e%r(%ara@anﬁnotl I?gactn?é g]é u@y cﬂggﬁgi(%flsulrfﬁg L& ﬁll e)]ga%splg of such a

rou C array
dikyifidé.di zed carbon atons, and has a point of attachrrent
at an sp3 hybridi zed carbon atomthat fornms part of

AL RSP HELLE AL 1l ONuGAEDABARLRIP azid01€ BIARY P ar RRLBRining
atonms nay f er conprise any conbi nation of sp3,
copgdund dlaslpgl'ayﬂxtasdolzeeﬂuorme substituent. Further, the fluorine substituent
may be of any isotopic variety, such as for example, '°F and "°F. In one embodiment,
the fluorine substituent is '°F. The azide may be an aliphatic azide, a cycloaliphatic
azide, or an aromatic azide. Furthermore, the cycloaliphatic azides and aromatic

azides may have monocyclic, bicyclic, or polycyclic structures.

As used herein, the term “fluorine-substituted alkyne” denotes an alkyne-containing
compound having at least one fluorine substituent. Further, the fluorine substituent
may be of any isotopic variety, such as for example, '°F and "°F. In one embodiment,
the fluorine substituent is '°F. The alkyne may be an aliphatic alkyne, a cycloaliphatic
alkyne, or an aromatic alkyne. Furthermore, the cycloaliphatic alkynes and aromatic

alkynes may have monocyclic, bicyclic, or polycyclic structures.

EE Y

As used herein, the terms “protein”, “peptide” and “polypeptide” are used herein to
describe any chain of amino acids, regardless of length or post-translational

modification such as glycosylation or phosphorylation. Thus, the terms may be used
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carbon atons. Further, the cyclic array of carbon
atons may be substituted with one to the maxi num
w@eoniosssbl e nunber of substituents. Further nOPET/EP1068/067413
array of cyclic atonms may cbnprise het er oat ons, such

o E5eona i L o S o 5 o
@n f&ya{n‘f‘lﬁs |a91|a§381’§lmer§ & WM%@W R hmirh ddH ASHEE ?sh‘ﬁf(éijtlﬁmal

cyclooctyl.” The term™"a disulfide group capabl
clarmcml olimekc ban gerrr:smudlmg matuirally eccutringl angino uptd rTifusr @16 terrn

t hi ol
e T T M A O
reéé}h&haﬁtw gy&ﬁ&legéprpro&’ucreuq%hyp@pﬁ&asfth@leeonés@adee; armil gength

such "a disul fide. As used herein, the term
natyilp reoqurringbprdteint erd ta patticulagedeimaiss  portions of a naturally

ai ni ng conpound having at |east one fluorine
m%u%g§1§§§% Further, the fluorine substituent nay be

of any isotopic varlety such as for exanpl e
Theg fermsn“gdicale i gEWp, > eherpliedrip ndesiest i tal}@/ht, |aé1phatlc

c%@l% ligH G220 © a3t p’ea M@ iR e% A&

em
I pHati ¢ azi or an aronati c -azi de.

Furt rnDr the ¢ oaI| hatic azid d aronnti
eIy t at&‘gn an%BLEP@F‘F  LOFEWS| |a83/506r Hb%‘rr%‘iﬁéfﬁ nctional
gr%ﬁ]f UErYE €5 a feﬁctféﬁﬁdgtjaﬁﬁ &laf 'rnatyr}%actt &1 a thiol group or a mercaptan
“f1uorine-substituted al kyne”™ denotes an

grauMAree -Sbingraiimi rﬁ}(aumlnﬁm,fnhhohmpwg: ﬁmeﬂmrag groupginclude, but are

fluori subst ent. F the fl
g JHRH T R PRI S Hpor ), b SBIRERE il et Pilowgmpeig grou. o
hdl S0y cRs BpRitie, gréhﬁf aa(ﬁsiloac%yl)alnfyl %’I’@J{ﬁ alyRabaRAI cytlBElkyl group, a
fluorine substituent is 18F he al kyne na ge an
(halorgstieldirgl gbwyre o, B-epetueied phfne @r@pky wiayl grlfomq group, an a,

aronatl al k Furthernmore, the c atic
Bt PRy L e PP Sty SR A g BIADE] fred o disulfide

of AthiBP YUY & sed hereln
B Rt

sHEEE HrShR e it a@%tnwr&ﬂeﬁfﬂ@s I ol as wll
derivatives comprising aliphatic, cycloaliphatic or aromatic groups as substituents.
Suitable o, B-unsaturated carbonyl groups include those comprising an acryloyl
group. Suitable a, B-unsaturated carbonyl groups include o, -unsaturated esters and
o, B-unsaturated sulfones. Vinyl sulfone group is a specific example of an a, -

unsaturated sulfone group.

Unless otherwise indicated, all numbers expressing quantities of ingredients,
properties such as molecular weight, reaction conditions, so forth used in the
specification and claims are to be understood as being modified in all instances by the
term “about.” Accordingly, unless indicated to the contrary, the numerical parameters
set forth in the following specification and attached claims are approximations that
may vary depending upon the desired properties sought to be obtained by the present
invention. At the very least, and not as an attempt to limit the application of the

doctrine of equivalents to the scope of the claims, each numerical parameter should at
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nodi fication such as glycosylation or phosphoryl ati on.
Thus, the terns nmay be usedi nterchangeably herein to

WO ed00/08561 a pol ymer of am no acid residues. TheCT/8P2088/067413
al so apply to am no acid pot ymers in which one or nore

am no acid residu artifici enm c
legt bg cepyiugd Bbﬁ%ﬂtr? ﬂﬁ‘a‘ﬂﬁ o re@eea? ?lgwglcs% Gﬁ%ltsa?&ﬁﬁoy applying

Oﬂﬂ&ﬁyﬂﬁﬁgn &lfhiqRed ypeptide” includes full-length
naturally ccurrlng proteins as well as reconbinantly

or sy et.i cal. r oduced ypeptides. t ha cor resnc
Ao R AE ngyen R o e Br RiREing enoaRe FRRT oo a
bib@blecgld! ahe @Kk@lﬁldﬁﬁclﬁﬂesﬁﬁé Slepisr of a naturally
occurring protein. The terms "radical” and "group", as
appl i &g) [ISIGVMB% 4 ﬁﬁk’éﬁ in n@hdid a thioBldaBiRL ﬂeﬁ’nmus and an azido or an
"cycl oal 1 phatitc", aromati c" are used
dkmkﬁm@ﬁamg@abm%,hereln. As used herein the term
"thiol-reactive term nus" and/or "thiol-reactive
f unct i @natacgng tip:' thidfreactive dernifiumet theakegmathghe fhamolecule
MRy, react with .a thiol group o roup
ing gl 5 e Y i 00 B LRy ﬁ‘f*s%ef‘ g
];rglnglt :1(? A ué)?eo gl?t%y reﬁg %b aﬁllt'i%) ot ﬁer aglg ne -rg%cttlvg getr%lrlrlg S. of the
lire® With a&lda)aﬂn@@ybdtmbd @ﬁaé blcalgyrmgiou@re(smlnoalget yl)al kyl
group, a (hal oacetyl)cycloal kyl group, a
ARBBEOCRGEH WO K ﬁﬁlvelg'[di’M@ to Provide @b%@%hg‘ét@tcgﬁp§§iﬁ&95&npr151ng
group, a vinyl sulfone groug an a, "b-unsaturat ed
st@amdnymts glr:mﬁpi fram acposglagn Lq@mpaﬁmgzqt ¢adi eree igrad i gooup and a
di fide garou apl e of th|oI excha
G T T oG 85 SFergRnEY Sl Sk B0 an ggine
confi@lutid @oinpasipga e akido Wi st irédstied fung tiond ga@p/with a@&arboxylic
derivatives conprising aliphatic, cycloaliphatic or
aciyt GFrat i astiyHed ﬁ&teragorgn%gng pfBipl-scactiyf fugstieng group. In another

RO 10 SR SR LTELACS, RO0R OB o

regetogpRinttiaiali eowp, withua S:athdxx&h(e dcelsbens andatad ester compound

b-unsat urat ed sul f ones. | fone group is a
COJEEITE A % |3E<YGF- r%%?“é{e C“B‘i*?iﬂ?}’rpat ed sul fone
group.
Biomolecules

As used herein, the term “biomolecules” refers to naturally occurring or engineered
molecules that comprise at least one thiol group (also sometimes referred to as
“mercapto” group) or a reactive derivative thereof for reaction with the linker. The
thiol group may either occur naturally in the biomolecule or may be chemically
introduced or engineered using standard biological methods or suitable art recognized
methods. In some embodiments, the biomolecules specifically exclude having fewer

than 50 amino acid residues.

Such biomolecules may either have one or more SH groups in their natural state, or
they may be engineered, for example using standard molecular biology techniques.
Examples of biomolecules having a SH group naturally include those linked to one or

more cysteine amino acids. By the term “reactive derivative thereof” is meant a
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Unl ess ot herw se indicated, all nunbers expressing
guantities of ingredients, properties such as
wonleostsar wei ght, reaction conditions, so forptT/EB®AS/067413
in the specification and clains are to be understood
I nstances by the

der]é(BBYﬁ ofgthgggloérla&g &]Ih%r}:hallﬁl :aﬁ:tévggedl 9 dXLEY#tE tl}entréerg thiol group for

re&&ﬂﬁlr\ﬁ"tﬁ/thetlf%ﬁerr%ﬁﬁ{ohﬁ@' paranmeters set forth in the
I'l'owi ng specification and attached cl ains are

SRR Bt ERyln ey FRHAIS eioE BEE O et 5 difiibs naturaily or

cl@ﬁﬁ@a@l@t clgVRRdd il Sfoubdendedy pleﬁﬂcﬁ% R@l@ﬁeﬂuatas agectdt, lipids,
attenpt to limt the application of e doctrine of

padyfiareharides, sglvepsmelogb@pes @hdt medidicdi wswe%\dhermfsraly@élmlds
glﬁ% ?&Elngr ssrnﬁé{ tgg lrn%?sSt ere%]?&%l rr%gglﬁejrl l(g% r%()vtﬁ I}gctors

epor S|g i'can and

ch@ﬂﬂ)mae )fadt@tts,l’ldﬂ moltlﬁe‘d),l’ldnﬁlyﬁﬁs pesmts Sn@lfrottdﬁemufwe rlionﬁanes
relate to a nmethod for introducing a f]luorine atom
CYSRHIRS aVasCigh| BeRIERS, tORBS.EteIiRIONS candd 8doryacsst epfie dfsclosed

mthddPHA 'afg' Q%aeﬂoplhw] ﬁloll&glllqeg q*eEQioanch o] SAGLI %ﬁﬁ%s‘t;)ut are

ferm nu azi do or yne-reactive ter
co@yughtelde‘aﬁhlmglemﬁe thiti dbesr eatdin vee thiek graups &firthdreexamples of
i nker, wi.t %e?e bi onol ecul e. i ncl udi ng at | east on

bipmptoculgy dRgudT PEIFIBSC PIOlED JLASmALLS \Pégtewe VLS, A3, Ffold based
prbieis) cRHRSEALGBEINS, hﬁ@l%tid@g aﬁéﬂ?elﬁédl ﬂﬁ)l&rulers hﬁlc"l’él&‘ﬁaﬁs oligo-

-reactive term nus of l'i nker wit
DNAuardlige-RNBgeptidit @mjmtﬁeawméﬂekm@ ag rpolyplonal and rnonoclonal

I ectl oth ect f the i
o PR e S e R RS0 Ibr oS ebRRRE Aot be used
toSt Iflietidael  Waklkk daicidéed ihéledha Didesmhidekhdeic ONMREIdsi Nek.g.,
at least one thiol group and a linker. The |inker may

olisedpmapueleetidsy. mickie #0d Pedap miasmids) rabanurlsis agidsdprign élRNA)
N | kyn
OB SR TRl 0 . BB PR ot o o i
gragp.i vat ed est er conprising a th| ol -reactive functi onal
group. In another aspect the |inker may be prepared by

TREGGHouRD nA J2EanG HTRRLNA GAIMY &' BirRet A ROMEREIILY Raving

at least one thiol group. In all embodiments, the biomolecule may include naturally
occurring and/or non-natural amino acid residues. In another embodiment, the
biomolecule comprising the at least one thiol group comprises a cysteine residue or an
unnatural group. By the term “cysteine residue” is meant the structural fragment
other than the thiol group that results after cysteine is included as a part of the
biomolecule chain. In still another embodiment, the biomolecule for reaction with the
linker is one that has an engineered cysteine residue, which means that a suitable
precursor biomolecule may be chemically modified to generate the desired

biomolecule having the thiol group and the cysteine residue.

In some cases, a biomolecule may be treated with a reducing agent to generate a
reactive thiol group. For example, a biomolecule having a disulfide linkage may be
reduced with a suitable reducing agent to produce two equivalents of a biomolecule

having a thiol group. Examples of useful reducing agents include 2-mercaptoethanol,



10

15

functional group with a carboxylic acid or an

activated ester conpound conprising an azi do or
wa@bkdéognsoseeact i ve functi onal group. Bi onol ecul eBCHEPLS® 067413

her ei n, the term "bionol ecl es” refers to naturally

occurr| or engi neer | es at conpri se at .
2 FeEpsHEne R gff gﬁ‘ﬁﬁ{eétgg c(%? dretn @SK@?QE%&@W@H&@Sthe
(ﬁgﬁpapto group) or a reactive derivative thereof for
reaction with the linker. The thiol group may either
L%%eur naturally in the bionolecule or may be
caIIy i ntroduced or engi neered using standard
bi ol ogi cal nmethods or suitable art recogni zed net hods.

As pseoherciantthsdicrntligker’hefdss el idunasionalpearniiquad| dognprising a
ST YIRS, bPUChllR] SO B AEhT shES LIS oPUfne-
I ohol ecu R Ve one ﬁ/groups in
rehdftﬁierteﬂﬂﬁhw@ a podcted defivitheythemyf. b'Ehe'SlﬁhgieF@mEjE d¢ ubdrto attach

exanpl e using standard nol ecul ar_ bi ol ogy techni ques.

a tighptdange eAreprid cifl ee ﬁ&d/wﬁfg the Srolyfa ety on ST THIS) gnd for
t d |

S DRl LB L RS Al RLEAE B0 37 e w e

othwamid ad drei azata arealkbnctieectiSil tgnnnnus whpechvely. aotusedthertin, the

SO rate t e free.thiol .gro for reactjon
i Rty Rt Borouse ko deBhPing st deidietoup at o
filshREmMA MRId asnealﬁ;bdefg%ulpﬁed REoMPEEnihb, %chg{s%t 3-ynyl)-3-(2,5-
natural |y or chemically engineered thiol groups

dlDXIDIZJjekhh]&bpﬂlfb‘pﬁmlpbb@p@pmmdﬁt véokar , (1) pi allgii “Mal-azide

blﬁ‘éﬂpﬁ?%ﬁi h ?%%%s tg V]E%Ta ‘;nar}frl]r&é }48 bc%?%{mg?? %t a hrsgterrnmal and

arSYAUO etdup ﬁozlt %%ﬁl& t@rﬁhhalr SSdPOAS Eoripslinkli @S, Sdn% gon-limiting
growt h factors, chenDtactlc factors, or cytoklnes)

cxampiayed linkers em&bpyn inateceieaniartdr-t er s, hor nones,
cyt oki ne, vacci nes, haptens, toxins, |nterferons, and
ri bozymes. The disclosed nmet hods may al so be applied
to nol ecul es that do not contain a thiol group, but
are conjugated to a nolecule that does contain a thio
group Furt her exanpl es of

dw N

o} o}
e}

o}
IQLN/\/// (3)
H
o}
I\)kN/VNa (4
H
| SN 5
S U )

NSM\S/S\QNJ (6)
=
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bi onol ecul es i nclude proteins, protein fragnents,

protein variants, scaffol d-based proteins, engineered
w@e@besess1 nucl eotides and rel ated nol ecul es, POT/ER2008/067413

acids, oligo- DNA or oligo-RNA peptide conjugates,

anti bodi es such as pol ycl onal and nonocl ona

anti bodi es, and anti body-based fragnents. Thus, the

di scl osed net hods nay be used to fluorinate nucleic
Inasords dnrimidirdénty theostyolisarivel erminasi e @eidg. or alkyne-reactive

| i god l.eaot i des | d b

g G PRNE RS R g G gi e G0 B RvpPteRtEe dminus

m&3h ib@ lresiadddaivth RYpreBUrSSUIRIvaEH ahe AinkelsYRBPLE dBed RAkttach a
has a thiol group. The bionol ecul es may be any

thh?éicgnfalnlll}g mwd@gom crchyji rilkethead- rbﬁC@mz tesmifiuss anvkier tagittach
zg e ere oge , gélneg-glg)%ﬁtute{dnam%k} 9&)”% %2 ot de;loernd via the

1 ono e u € na urrlng an
ammeafeawmm@@uﬁres@@hdu@s. I n anot her

enbodi nent, the bionol ecul e conprising the at | east

one thiol group conprises a cysteine resi due or an

unnatural group. By the term"cysteine residue" is

t he structural fragnent other than the thio

%&Sﬁ r¢RUAtPRS | ts after cysteine is included as a

part of the bionolecule chain. In still another
Tlentiolémenay, be pecsiainby eyl ectlod thedondken bath Hhe Hbiol reactive

Ilnke I s _one, that .has an en ere steine resij
f”%tﬂoéﬁ FEARS a’%‘hiﬁ 0y aaélfeeg%ﬁw sfg‘P ‘?nélﬁﬁfoélé’u f‘ce“% & for
reR@ioBNeifh Ei?ﬁie Yoismelctile hatiag derastaing thibPgd@p) i) the fluorine-

bi onol ecu having the thiol group and the cysteine

SUbetstm@deamderprsaékwecé@wthQIYb|I@mﬂee@mhoehrnﬁv the ltnkeratsedepared
9 |

i B HERE MRS (RS )Rl Foh NG L] ) peion

grbiqm kvaigie a"myrbbeylﬁcedumedr vint Bctdvasadi tabit eom@dsmg ng ta@e-mstactwe
produce tmo equi val ents of a bionol ecul e havi ng

fupgiggel %ﬁoagp Angagrng empsrund dayine ap egideionglkaperrastive huctional

grg{l&? kﬁﬁg s%ﬁr GARLO %ﬁlﬁ%%u@ﬂfé%ﬁﬁ@%%b%ﬂ?&ﬁﬁ%&%s a structure

reltol
(7hri s-(2- carboxyethyl)phosphlne (TCEP) .

G-J'NHR'  (7)

wherein G is an azido or alkyne-reactive functional group, J is a linking unit, and R is
H, an aliphatic radical, an aromatic radical, or a cycloaliphatic radical. The nature of
the divalent linking unit J may be designed to minimize steric hindrance, which could
adversely affect the reactivity of the thiol-reactive and the azido or alkyne-reactive
functional groups. One of the advantages of the present approach is that the linking
unit may be tailored to alter the final properties of the bioconjugate. Thus, the linkers
may vary in size, polarity, charge, and chemical composition to modify properties of
the final conjugates, such as solubility and pharmacokinetics/pharmakodynamics
(PK/PD) properties. Furthermore, the linkers may include additional handles for

attachment of groups that would improve targeting and /or solubility.
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Li nkers : As used herein, the term"linker" refers to
a bi-functional conpound conprising a thiol-reactive
WO e009i0g0ss1 or a protected derivative thereof, apdI/apr2008/067413
azido or al kynereactive ternfri nus or a protected
deri vatjve thereof, The linkers be used to attach
Ingpthef; GbeBREB R dinkshBBhs REPUH DEEEACURg Aprighine compound

L A A
esedrlcgmeoartd ¢omeproirtgem et oriadkynkhecazivd fungtional group.

al kyne-reactive term nus respectively. As used herein,
TRO@rb&IT adBlor abtkyanel Rick YaabHaRalstruttake), refers to a

| i nker "having a mal ei mdo group at a first term nal

3N al kyne group at a second termnal, such as
L%-W%b(%‘?z 3-@4y| )<3-(2, 5-

di oxo- 2, 5-di hydro-I H pyrrol -1-yl)propanam de |inker . .
wherginghgcompiiset A duolyiepciiet fupgapnal  girer." o afaptecied derivative
tthllegEeM nay 'éﬁk%le%t flﬁkﬁflg”hlﬁp BHORP D of 'ahsécti"vﬁcﬁ@ Bflup. The

and 'an azide group at a second termnal, such as
activapeugrduf RY facBiates temeddtiohtof g axiacpémpowid Havingehs azido or

re shown in structures, (1)-(6). O1 (3) N/(5 6
algyirareattbsdiminng ey Vith M Cof it ot b 95&92,10@%389
azido or al kyne-reactive term nus, or both the
Intanpthicr embediineat, therlmknueorapngittonecoapiridmgarformula:
al kyne-reactive term nus nay be replaced with a
LM ERUSH(R 9grGyvati ve. The linkers may be used to
attach a thiol-containing conpound at one end via the
t hi ol - i er m nk attach azide or
al kyne&]%%.g%.1?‘{gﬁ‘ﬁlggﬁa%ﬁesfbl@@ﬁnt%%%gp’azi de or al kyne) at
the other end via the azjdog ﬁr al kyne -reactive

t er mi Mg teibifangtional wisflingsmg titss i on
R' is H, an aliphatic radical, an aromatic radical, or a cycloaliphatic

radical.; and

G is an azido or alkyne-reactive functional group

Exemplary synthetic approaches for preparing the linker having structure (1) and (2)

are shown in Reaction Schemes 1 and 2.



The |inker may be prepared by any nethod that makes
both the thiol-reactive functional group and the azido
worooalogosae- r eact i ve functi onal group accessi bl BCT/@P2008/067413
reaction with (i) the bionglecul e having at | east one
t hi ol group, and (ii) the fluorinesubstituted azide or
RepriQieSCh8Bect i vel y. In one enbodi nent, the linker is
prepared by reacting(fn am ne conpound conpri sing an
n
o

azi do or al kyne-r, ve functgponal group with a
.§%$2$iylic acj d éi%Ly@t ester conprising a
rrot™>geaeEive fulicti©nal™grjupy Any am ne conpound

havi ng an azi do of al kyne re I ve functional group
may be used. In an enbodi meflt, the ami ne conpound
conprises a ‘EtQMp;DITEAe (V), GJ-NHRL (7) wherein Gis
an azido or @l kyne-reactive functional group, J is a
linking unitY and R1 is H, an aliphatic radical, an
aromatic radical, or a cycloaliphatic radical. The
nature of the dhval entglinking unit J may be desi gned
to ninﬁ&ké§/§tgﬂL§ﬁhi rance, which could adversely
affect the“redctirvityN of the thiol-reactive and the
azi do or al kyfle-reacpisfe functional groups. One of the
advant ages of ;he pPesent approach is that the |inking
unit may be tdlored to alter the final properties of
t he bi oconjugate. Thus, the linkers may vary in size,
polarity, charge, and chem cal conposition to nodify
properties of the final conjugates, such as solubility
and phar macoki neti cs/ phar mnakodynam cs ( PK/ PD)
properties. Furthernore, the |inkers may include

Y dl es for attachment of groups that woul d
R?%gﬁ@tsgﬁ%mgg?ing and /or solubility.ln other
enbodi nents, the |linkef may be prepared by reacting an

anj_ne conpound, co Si a thtol -reactive functiona
ar MMA}-@Acar b d ci an activated ester
conmpound conpri Si an azi do pr //al kyne-reactive

functional group. The carbo I'c acid or activated
ester conprises a structure (8),
1 DMF/DIEA

0O 0
N&\/’\N’l\/’\N
H /
@ O

In Reaction Schemes 1 and 2, DMF stands for Dimethyl Formamide and DIEA stands

for Di-isopropyl ethyl amine. Some examples of linkers that may be prepared using

these methods are shown above in structures (1) to (6).



10

15

20

25

30

L-MCOR2 (8) wherein L conprises a thiol-reactive
functional group, or a protected derivative thereof; M
WO 2000/08056m1 ent |inking unit, and R2 is OH or aPCT/EP2008/067413

activating group. The activating group R2 facilitates
the reaction of the am ne conmpound having the azido or
Biocpningatedact i ve functional group with the carbonyl
carbon atom of structure (8). In another enbodi nent,
Theherotluatk easultioggios theoagmmmfiteé hgke Widr tingltaomaolednlCaving at
wher e Is.a thiol-reactive.function

NH( R1 '
B 6U15: D T R el R G O o pgliment, the

bib®UrjSgatd o friskh st@itt@hl MIRtdcEive@baRNG) adloRbREME icémprising at
radical, or a cycloaliphatic radical; and Gis an

legstioe thiol aireymernd e@ig tai Wekeruwbeteothal linken ipprepeaieg] tyr ¢ method

PR, PR 5T PR AR Bl TR v

fuacbndl Reapt with aScdiborylit dMFoblalifucReaed icoter SoMm@king an thiol-
DMF/ DLEA I n Reaction Schenes 1 and 2, DMF stands for

repgtivst Apctiony ngfile Hh@neihem catbadient.o thepbiocerypgapygomprises

st Lﬂfé@s NRrivalP E%me)fﬁ@lblﬁﬁl culd r?Siﬁg‘gtt 188 %nB&hiol group;
prepared using these nmethods are shown -above in

arglt (igct limlees; whret the ((BkeBisopopgred) iy ess mtthed proagusing reacting an

resultin romthe reaction.of the |jnker with the . .
aging ﬁemee@rrcfe_c%mw %?hlplé_@wvgrf&nwmna| SHHBOPH & cHgp Ry acid
ordan @ctli)x!a%oégtéigéﬂnﬁ)r_isﬂéu% 'aﬁd@%reﬂp%-féﬁﬁhe fuABtional group. In

bi oconj ugate conprises structural” units derived from
antber aspsicotho lisker reayclmprep@icd jy atacting an amine compound comprising
a thiol-reactive functional group with a carboxylic acid or an activated ester

compound comprising an azido or alkyne-reactive functional group.

Methods for Fluorinating Bioconjugates

The methods described herein enable the preparation of fluorine-labeled
bioconjugates, more particularly radiofluorine (e.g., '°F) labeled bioconjugates. One
of the advantages of these methods is that the linker may be attached selectively to a
biomolecule such as a biomolecule under non-radioactive conditions in which the
thiol group of the biomolecule may be reacted selectively with the thiol-reactive
functional group of the linker, and the resulting bioconjugate may be purified prior to
reaction with an '°F or a normal fluorine-substituted azide or alkyne. Another
advantage is that the radiofluorine label may be added selectively in a final step,
eliminating the need for time consuming additional purification steps before the

preparation of the final bioconjugate, especially at tracer levels.

The methods described herein for introducing fluorine onto a bioconjugate may be
used to generate fluorinated bioconjugate of any length. Thus, in some embodiments
the biomolecule of the bioconjugate comprises at least 50 amino acid residues or at

least 100 amino acid residues.
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| east one thiol group; and (ii) a linker; where the
linker is prepared by a nethod conprising reacting an

wanpimesesenpound conpri sing an azi do or al kyne- PEREP20®067413
functional group with a canboxylic acid or an

activated ester nprising an thiolreactjve functiona
Ing PR RSPE G SRRSR0qsr TBAIRERE . Oten T 1B Auggag gtom(s) onto a
blsﬁ%rchl%e%esalrsé{%édr alTh‘é”hfeﬁm@? rth¥e d:orn:pﬁ_ (i ?pr@wdlng a_linker
bi onol ecul e conprising at | east "one thi oup; and
cofipirsireg & ithikEreactinivetoemiriue dndrmleamdcs op raépace@homye derminus; (ii)

th Ll
R g S R AT ol e fihEt et PEPBLa eomprising at
le&RIASAYib] ErodpidH OfcadlVeadchivi@EtheRDY; earndq@ﬁmmb%qmgn@n reacting
azi do or al kyne-reactive functional group. In another

the gpide tor plkan¢reakbye ieapinge op hedaket Wi arfbumeinenybwiutadrazide or
nprising a thiol-reactive functional group
d&rﬂﬁgg%g%r? xyllc acid or an activated ester conmpound
conprising an azjido or al kyne-reactive fupctjiona
Ingsome cpeeinsHE obfhermgtodn o5 Hyrodueias e Jhiosige wiem onto the
A TS f.
oIS IR RISt SRRL R DRARERA R, ARk sclected
froradiaofrhaleinide g®ug, ,a 1BHpaliphbet egrobppcaanhalgabmatlc Qg®up, a
dvant ages t hese thods is that .the | er
hq?w e S ath éﬁ%leﬁq%ﬂwk"ﬁ@r%}lpo rhbactitlss e hgoup. »
hBloQERY 1§64 ALLinP PRI foRE] Y @i 2 '
! o PR e X RSS2 Pt Llp. an
azgediee giovwp] andvi dllsulﬁﬁ@ gitonp ohpabéaefid theol feneleinigoreattigy with a thiol
of the linker, and the resulting bioconjugate may be

ified prior to reaction with an 18F or a nornmm
fluorine-substituted azide or al kyne. Another

Mgm/m@@g@lly, hq mathodhdeserbrdotareis mayebd amlpy ety infeodugaede or
rn?% ik n\éedlto\{ﬂ Ontd &P {)\%Lleglﬁlg I?1Sm ll\l/lﬁ| Q}Hentg Q&orga??gkgr QUich as

nme consum ng i ona pur I-on s
Ni(bet- pyﬁyaaisé(msomoﬁcﬁ 215h(ﬁh§rdrﬁallH pymlonygg@pmanaa@equpl ly the
at tracer |evels. hods descri bed herei

linkst.r oigRi Aethedsy BQmPFéS% rﬂt)oreactmgoféls rffl{?é'é?aé“ﬁ%)%r%’é’ of N-(but-3-
ynyl)-3-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)propanamide (1) with a biomolecule

comprising at least one thiol group; and (ii) subsequently reacting the alkyne group of
the intermediate product resulting from step (i) with a fluorine-substituted azide. In
another embodiment, the methods may be employed to introduce one or more fluorine
atoms onto a biomolecule using Mal-azide bifunctional linker such as compound (2)
as the linker. Such methods comprise: (i) reacting the thiol-reactive functional group
of compound (2) with a biomolecule comprising at least one thiol group; and (ii)
subsequently reacting the azide group of the intermediate product resulting from step

(1) with a fluorine-substituted alkyne.

The reaction of the azido or alkyne-reactive terminus of the linker with the fluorine-
substituted azide or alkyne may be carried out in any medium that may range from
mildly acidic to mild basic conditions. In an embodiment, the reaction may be
conducted in a medium having a pH in a range from about 6 to about 9; and in another

embodiment, in a pH range from about 7 to about 8. The reaction temperature may be
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WO b@9ls@6DNj ugat e conpri ses at

used to generate fluorinated bioconjugate of any

| ength. Thus, in sone enbodi nents the bionol ecul e of
| east 50 am no BCT/@P2008/067413
residues or at |east 100 ar#tno aci d residues.ln one

aspect, methods for |ntrod cin e or nore fluorine
‘W%anﬁgw'ﬁﬂéﬁn%i?WRﬁﬁmm§bﬂ1é/%Feg%ggclﬁﬁ%ﬁpn'ﬂ¥§ Y h By, but
géﬁ@l}éﬂ? %qeif' beSBom abduPrOMifikdi%o %bl)ﬁtré@erﬁmﬁfé@p i Sdrh¥ eRbodiments,

t hi ctive term nus and an azido or
thalrdaghen timackiivelro@rabonul) m(nute)s tp ehotti 3rﬁ)gnmh®s However, longer

reactive ter i nker. W .

reB&’c?ﬁﬁ}%%SJP%‘/ %18‘?1%? F@PPP& e%?f 116&8%?108 S Bf “c?lmiff%lﬁ pn e pesence
off @ECS pBF§IritNGbb Y ﬁlcht%ﬁ{{@&’noa NehiteH itd CuS Ubig estu@itt datts, in the

reacting the azido or al £ne reactive termnus of the
presonkepf padnciag treagent, pruchgg byt natbinatbdde. sedivsr agpibpre Reaction

ctively,. S t hed or

SRSt g™ w0y BERITE SPIRANS o8 wePFe ol BRGS tabelea
lﬁsuﬁﬁhgm&smgbym@pmnde the thiol-reactive term nus of

the linker is selected froma nmal eimdo group, a

hal oal i phatic group, a hal oaromatic group, a

halocycloaliphatic group, a (hal oacetyl)al kyl group, a

al oacetyl ) cycl oal kyl group, cetyl)aryl

%F ﬁ;ﬁ %%nyl sul f one group, qﬁ£38P P8P *gr oup, an

epoxy group, a i ridine group, and a di sul f+ge groupy

sggggLe of a thloIOexch nge reactiop wth a QLU _~

gr oup nivbre sp C|® t he nethods“%@@crlbed(%erel /

may be enpl oyed to int4 uce one or nore fluorine o

at ons onti a blonnlecule usi ng Mal - al kyne RjcfiRcti ona

| i nker sughonrpiEA
N- (but - 3-ynyl) - 3- (2, 5- di oxo-2, 5-di hydro-IH pyrrol -1 -yl

) propanam de (1) as the linker. Such netho s corfpri se:
(i) Leactimg thepthiol-reactive gr oupet~

ynyl\\ng@)%vdw -2, 5-di hydro-| Hpyrrol - -yl panam
ide (1) w'th a ibmol ecul e conprising at |east” one
thiol group; and (ii) subsequently reactijn t%% atkyne
group of g?eé qg&;ggdlate pr oduct result; 9 mfep

fluorine-substituted azide. |

(i) wi

o o Ns\/\N b/S—Polypeptlde
\/\NJ\/\;b/S— Polypeptide
H
O i

o &
D \

N /ﬁ\/\ S—~Polypeptide
N—N_ N
’\\\/zj )J\/\ﬁ/S—Polypepnde

In one approach, the precursor to an alkyne or azide containing linker may be first
reacted with a polypeptide comprising a thiol group and the resulting intermediate is
transformed to give the desired bioconjugate. Alternatively, the precursor to an
alkyne or azide containing linker may be first transformed to give the linker, which

may then be reacted with the polypeptide comprising the thiol group to give product.
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anot her enbodi nent, the nmethods may be enployed to
i ntroduce one or nore fluorine atons onto a

whr@aoseseul e usi ng Mal -azi de bi functional |i nkpeT/ERz08/067413
as conpound (2) as the |linKk&r. Such nethods conpri se:

N eacting the thiol-reactive functional group of :
U%B%ns ﬁlaov(ez?eswrﬁq# R e%rr@yclaﬁﬁasticgi fﬁg@fﬁf raagrofluorine
atOfks thicRhs Y10 Pﬁ’t'o AR ImbldcdleS WARE AURn¥-sLB @Rkt _gziHQfSr alkyne

_a2|%e group of the internediate product resulting from
is geaped Withva biecenjigatord Aeesnbstbstiuteddbiatdojugate Tselts. When a

reacti.on qof .the azjdo gr al.kyne-reacti.ve term nus,.o .
rafpBepiizasiie s Feflrd ittt P abE. ByRtituorine-
1aB1KY BRCORMghE eailts! edoRUmifinly aXimpTe df WilththatiudBve sabidituted

frommldly acidic to mld basic conditions. In an
azgdpidldy neente Shoveinsseraeturesdl el 4be conducted in a medi um

having a pHin a range fromabout 6 to about 9; and in
anotherw@nbpdjnent, icmya pH range from about 7 to
about 8. The reaction tenperature may bevaried from
anbi ent tenperature to about 700C. Reaction tine nay
vary, but generally may be from about 10 minutes to
about 60 m nutes. In sone enbodi nents, the reaction
time vaﬁﬁes/F?bn1abOUﬁ)10 m nutes to about 30 m nutes.

However, |onger reaction tines may al so be enpl oyed.

The reaction may be carried out in the presence of

Cul, or precursor thereof, including but not limted

to CuO, Cu}, or Cull salts, in the presence of a

reduci mrg~reageént™s such as but not limted to, sodium

as te. acti on Sthenes 3 and 4 show possi bl e

a aches to prepare the fluorine | abel ed
b1 0€onj ugates (9) and (10). Reaction Schene 3 Reaction

Schene 4 DVF/ DI EA HS- Pol ypepti de HS- Pol ypeptide In

one approagh, the precursor to an alkyne or azide

cont ai ni.ng]l i nkeezmay be first
INJO\%H/\// y

/@) (14)
18F

Any of the biomolecules, such as polypeptides, described previously having at least
one thiol group may be used for preparing the bioconjugates. Biomolecules such as
polypeptide, vectors, scaffold-based proteins and engineered binding proteins having
at least one thiol group are especially valuable since such materials have potentially
valuable diagnostic and therapeutic value. Thus in an embodiment, bioconjugates
may be produced by reacting scaffold-based proteins such as affibodies with a Mal-
alkyne bifunctional linker such as N-(but-3-ynyl)-3-(2,5-dioxo-2,5-dihydro-1H-
pyrrol-1-yl)propanamide linker (1). In another embodiment, bioconjugates may be
produced by reacting scaffold-based proteins such as affibodies with a Mal-azide
bifunctional linker such as compound (2). Further, valuable fluorine-labeled
bioconjugates may be produced by reacting the bioconjugate with a fluorine-

substituted azide or alkyne.
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reacted wth a pol ypeptide conprising a thiol group
and the resulting internediate is transfornmed to give

wo b@oaewsst ed bi oconjugate. Alternatively, the PCEERISR067413

to an al kyne or azide contdbning |inker may be first

t ransf or .give the linker, which may, then. be .
Thee mr&f—lgfgﬁé Pistopbey e i Wablspicsialign idiegnopicoppplications.
BENAR ﬁo&ln}f@gaﬁsq{%ﬂ)c %hglgzehhﬁ}@kﬁ%gi&%&{di&%@ known in the

techni ques, "one nay introduce fluUorine or '
art, au¢hodsl fooexaneplaPBil(BYsitreuEmisamnIBEnogarthy) &echhigned. ecul e
When a fluorine-substituted azide or al kyne is reacted

WlilE Nordy RieAgiANfeHBRsCof thd IHRAINE heWPBbéd Wl@ekated and described
bi oconj ugate results. Wen a radiofluorine-substituted

hegein dmany medidjostionsandeglanges wilt heair de disaghitlled im the art. It is,
radi of | uori nel abe | oconj uagat.e resul.
RERRT G bR Pl B RERTB AR Bt s g soen
madifidecls ey ehaiges shfavithin tHerttietspir@ ®f (helidyentidnd) . | Sp
" ( 11) Any of the bionol ecules, such as pol ypepti des,
descri bed previously having at | east one thiol group
may be used for preparing the bioconjugates.

[ | ecul es such as pol ypeptide, vectors,
Eg%gﬂﬁJﬁg-based proteins and engi neered bi ndi ng

proteins having at |east one thiol group are '
Prestprscofathiey invahtierb vall shenstéll suerh fully eyridgtséoddafrem the following

otentially val uable di.agnogti.c .and therapeutic, val ue
RS e Ssum BT B G2 Cahul ety Su St Siruea
as¥itigaetd ingertoalih @h@wbpsed proteins such as affibodies
with a Malal kyne bifunctional |inker such as

nilil® Jupd y = 3" ( y i = -~ | d - y . s 29,
T SRR g i e B Soctol B REPMMYAT Rlpgps: “me
mbligaon] ugalLes millites; proguske’d byilligaoti pgr milliliter; “mmol”:
scaffol d-based proteins such as affibodies with a )
mpEmoles; delbi migielittondfDa'}: ditlodaliensh “MeAlBhybundMitpix, Assisted
LEY TSEnf ! HR0LGT LT il ARelod -BbPEONL GRS IRY Liquid
€ produced Dy reactl ng € bi oconj ugate w a
Clidotatoghaty b SLCINMBR di@ud i dthrerhat@biayphe Mdde Spectrometry, “ESI-MS”
fl uorine-1abel ed bi oconjugates are val uable materia

Bl G n BUVRGOR JHPHC SO SOICIY S M AL BT NS bRy Higa: &gisted
Le%&%bé PRsoth MR 1AERYRT AGmb MRS M8lidHe C N FURDKRMEry, N “TFA™:
Trifluoroacetic acid; “DMSO”: Dimethylsulfoxide; “DTT”: dithiothrietol; “MeCN”
acetonitrile, “PBS”: phosphate buffered saline, “Mal”: Maleimido; “ppm” parts per
million, “MWCO: Molecular Weight Cut Off; “cold condition”: without radioactive
isotope and “radiochemical yield”: fraction of activity originally present. Unless
otherwise noted, all reagent-grade chemicals were used as received, and Millipore

water was used in the preparation of all aqueous solutions.

Example 1: Preparation of 2-['*F]Fluorocthylazide (11)

N K*['8F]F
Ts0” "8 > 1
MeCN, 15 min
(15) (11)

A~Ns

Reaction Scheme5
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art, such as for exanple PET (Positron Em ssion
Tonogr aphy) techni ques. While only certain features of

wo b@9viognsent i on have been il lustrated and descrPOEEP2008/067413
herein, many nodi ficati ons 1&and changes will occur to

& e skilled int art is, therefore o be .
[ lfﬁ g:iul%rt%owa% ﬁgadueff@%wp@fféwnc Pl gndhcay Q(Pﬁ% 'S uglogp reaction

WRE"‘I? Ry hro%&?fﬂraﬁfé@ibﬁ bE& bﬁ%e@[‘l@O AQEet. %ftéerlé 1rrad1at10n a
hin the true Splrlt of I nventi on.

mﬁtmaetof &eypﬁﬁk@efs inmpy &AL mnolw pdtasbmnsctarlbdnatm(rlang un ymol), and
understood fromthe foll ow ng exanples, which are .

Mgt-85id frkhvassddicr 9 of - Vil RRY. (1R SHFRE waRdeWRURH b Brgting at

3P8 GRIRP bl RImaSr Ilutragéﬂ p@otrhﬁ/mlﬂyeoiﬂ&&}aﬂdg RRENMVRY S ndiewas

abbrevi ations used he Exanpl'es section are
ader¢ cand e cvaperatasl Iuodw heatngg andi hitiogemnsrearhnd ' 'Thls procedure was

re{anépliﬁld 1;|v&|11£eﬁ1 /ﬁﬁ?rﬁggg to, Wm teﬁﬁ(re}%gﬁ?f agsrrolu uq;%df toluSnesulfonic acid-

2-k1iHedRy1EQ Sq15 § Pl dives M (O Znﬂ%sﬂza%ta%ged—mrreactlon mixture
Desorption lonization Mass Eectronetry HPLC': Hi gh

W@y es:r,lgr@de forj gldi daniGhradpnBEgr - addipvedf MG (0.3 mL), 2-

EIESFRLEIATE (e AR ARR R LYee, Blid ot (1

nMnlnP/mtb iaxtrdypiigStiedcdiasifing D&iS@Nm)I IomLh.o mhm&dr@;sbulidrml) was
ht Mass Spectrometry . Trifiuoroacet
odlertgd wu@@cay-lgpﬁ@qw@,raéimoh@g@}cabyleldmﬁﬁ4% (ref. to "F- ﬂuorlde) and

2 NECN acetonltrlle "PBS": phosphate
6%*?Pg?gﬂﬁiafgﬁng Mal ei m do; "ppnt parts per
I snhe Ty %ﬁﬁ? ﬁa’?&ae%%lw P airsioffélfoaﬁa&?drg containing 2-

["*H] ﬁﬁb%hﬁ/’fgzﬁﬁl (1Y} gliflg ‘erddiagtl gﬁlf £f 2 RChh V(! %dﬁ)rabtgxl’lﬂﬁ‘éﬂaﬁnel

qresent Unl ess otherMAse noted, all reagent-grade
2-E el wesoghyleride (5Bdatad St evie; wed]V ahanndl) anqo distlledperduct 2-

RS OISR RRIES D, PlaL e SO SRR L7

11)

Example 2: Concentration Studies Showing Triazole Formation at Different

Concentrations of Small Substrate.

N
//ji RN H
o~ 2NN — =

(11) (16) (17 0

Reaction Scheme 6

In the concentration study, alkyne model (16) (1.2-0.01 mg, 7.5-0.25 pmol) was
dissolved in DMF (50 puL) and mixed under nitrogen with an aqueous solution of
copper(Il) sulfate (25 ul, 2.8 mg, 11.25 pumol), and sodium ascorbate (25 pL, 7.5 mg,
37.5 umol). After addition of ['°F]2-fluorocthylazide (11) in MeCN (100 pl) and
standing for 15 min. at room temperature, the mixture was analyzed by HPLC. The

vials were subsequently heated (15 min, 80°C) and again analyzed.



N K+[ 18F] P MeCN, 15 mn ( 1 5) ( 1 1) Reaction
Schene[ 18F] - Fl uori de was produced by a cycl otron using
wo b@9oh836p, n) 18F nucl ear reaction with 19 MeVPET/@PZINSG/067413

irradiation of an enriched1180H O target After the
rrad ati xture of Kryptofix(r)
k?ﬁrﬁ?s}l tm;go& Rzl redhich dh Ak &vap” qbtgged n zq%ﬁﬂin?we a}ﬂ%ﬁ MECigom
te%géram-r% WiES: AGARR Nt DlRE m%@l%d concBittatioh M 3504 fﬁM‘YIOO ng).
s renoved by heating at 80 under a streamo
Whhict rthe) eeacfid Gnixtured wis. hetdde awa0 WS thdVie@Nn{udn alkyhn): madel (16)

added and evapor at under heating an itrogen. .
CORCTHEAPN T35 - 5% %Meﬁﬁ ) ?@@ qﬂéﬁ%@tﬂéﬁwﬁa Qlaesuifhgopriazole (17).
5 cooling to roomtenperature, a solution of
t ol uenesul foni ¢ aci d- 2-azi doethylester (15) in
FigNi el vage VEENE bt 8f Mdlocnasicadgrit ofhezdle ?Fotd'tl@tn(ﬂ) formed at
m xture was stirred for 15 mn at 800C. Arter addition
different @iy 0 (BO)ntonceigrationg Bhd|teropaetutes| wriglgmogell dgmpmmd (16)

ISt d at 00C under a flow of nitrogen (15
mﬁ%?hﬁhbﬁPﬂPSmaFFﬁﬁtﬂng vi al contai ni ng %bCN((O.l m) .

This conmpound ( 11) was collected with a
decay-corrected radi ochem cal yield of 54% (ref. to
18F-fluoride) and 63%distillation efficiency. FIG 2

10 Exdhens 3t Meiapdls Bbiatdh dnleptift C anal ysis of a reaction
m xture containing 2- [18F] Fl uoroethyl azide ( 11)

r adit | tjryi
Pﬂéﬁ%ﬁ%oer? o?gf ?ﬂ{fgﬁ'é or—o—é%-#&)”ﬂig(s "635%1188‘-%-gﬁégmuom-ethyl)-
[ltiZ, S]Eﬁézol'eahnﬁbb)nﬁ]}ﬁimdlof}theb(htejillaﬁlmﬁd)alﬂ:detﬂamlno] 3-phenyl-
18F]Fluoroeth | azi de ( 11) radi oactivity channe
PrPIOpK}aRpeH ¥ar@%ahb¢>@n9w amédﬁ%bnt ration Studies
Show ng Trlazole Formation at Different Concentrations
of Small Substrate. Reaction Schene 6

NH,

NH,
H H H
O O O
(18)

18F/\/N3 Cu2+/ascorbate
15 min, room temperature
(11)

o L:Jn gr%nu .

15 18F\)

Reaction Scheme 7
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In the concentration study, alkyne nodel (16)

(1.2-0.01 ng, 7.5-0.25 mml) was dissolved in DVMF (50
wokgooaswem xed under nitrogen with an aqueous BOI/EP2008Y067413

of copper(ll) sulfate (25 np, 2.8 ny, 11.25 mol), and

di b , . , : ). Af
TS RemiNBhoGronpe ) SinkPeiigal (B e TTyima) ey 660
will dd @it dodibgidfack 03 4 b T et} in ORER (sOMRGAlLH itrodACAfrer

m xture was analyzed by HPLC. The vials wer '
appubs\gighnotcymes & dogr SempanatuB0 8 Gplutio ofglityme peptide precursor

| T | t] Tri.azol d
(1B Pad AlEa A e el o 2O R RSP B ere ot L M. 0 .
. I . polle
I Sy Sy o el elacany e gt ok Qe
nigooEhe meixmraiwas eat kY Frotirieiapergtes) farolic evwnutes prrh dillated with

7 ( ) | ' ' yi L

b o o . B 4S8 M2 5 RO 19 o
isoladd acihgRtmapreph@tide BPLO (iUAz of B opmaduct 6:04)) fornmed at

di fferent alkyne (16) concentrations and tenperatures

usi ng nodel conpound (16) and 2-[ 18F] Fl uor oet hyl azi de

( 11) Exanple 3: Triazole Formation on Peptide

Preparation of [r |l 8tF].(S)-6-Agino-2-(2-
Exangylc 3. pynthesgyofdvialzall -ethyl)-

[1,2,3]triazol e-1-carbonyl]-ani no}-hexanoyl anm no) - acet

| am noj - henyl pr opi onyl ani no} - 0 0

cetyl & exanoi ¢ aci d#19) pa Cu2+/ a coLQ;%d\15 A
' n h

erat uHgN (171) t Rgggr?b 0

opper (HC) sul phate nt ahyd (4.& ﬁg,
17gmol) in water (50 m), was added sodi um@sco bat e
Ré&31ibn Rhenkls ol ) in water (50 nl) under nitrogen

After approximately one mnute at roomtenperature, a

R AT N B T T N L RN
mMofd®y DMF. 3-Butyn-1-amine hydrochloride (16 mg, 1.0 equiv) was dissolved in
0.5 mL of dry dimethylformamide (DMF) and 26 pL of diisopropylethylamine
(DIEA). This amine solution was added drop-wise to the succinimide ester while
keeping the ester solution in an ice bath. The mixture was stirred at 0°C for 10 min.
The solution was warmed up to room temperature and stirred for 18 h. The solvents
were evaporated under vacuum and the residue was dissolved in 5 mL CH,Cl,. The
organic solution was extracted with brine (3 x 5 mL) and dried over MgSO4. The
solvent was removed under reduced pressure and the crude material was purified
using flash chromatography (silica, MeOH/CH,Cl,). The product (1) was purified
from grease by dissolving the sample in a minimum amount of CH,Cl; (ca. 2 mL),
followed by three washes with hexanes. The product (1) precipitated as a fluffy white
solid. Characterization of the product was achieved using 'H-NMR. Yield: 8.2 mg
(25%). '"H-NMR (500 MHz, CDCl3) : 8 2.02 (s, 1), 2.41 (t, J = 5Hz, 2),2.57 (t, J=5
Hz, 2), 3.42 (td, J= 5 Hz, 2), 3.88 (t, J= 5 Hz), 5.90 (bs, 1), 6.73 (s, 2).

Example 5: Preparation of 2-Fluoroethyltriazole-Maleimide (Reference Compound)

2N
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foll owed by a solution of 2-[ 18F] Fl uoroethyl azi de (
11) (24-32 MBq) in MeCN(50 nL). The m xture was kept

watomwosesst enperature for 15 minutes and dil ut eBCWEPID08/067413

HPLC nobi |l e phase A (water 200.1 % TFA) (0.3 nL). The
| abel ed peptide (19) was isol ated using
sem pr8parat|ve HPLE Y WWsat 216 nm Riy= 6:24)=N

heS| s@of Ml - al ne Bi f ncti on \
t| o Schene ™8 /\)ﬂ /\/&/N
1.

l\/al eitim dopr opyl oxghgucci ni \d ester F(50 ny, 2

eq ov)(lM/as di ssolved in 1.0 nL of doy DWF. 3C¢Butyn-|

-am ne hydrochloride (16 ng, 1.0 equiv) was dissol ved

in 0.5 n of dry dinmethylformam de (DVF) and 26 ni of

di i sogr opyl et hyl ami ne (DI EA). This anmine solution was
RegqdeySelt 81\/?%\4 se to the succininmde ester while keeping

the ester solution in an ice bath. The m xture was
Agtixture df abdi@Cplicephdt® boffor (2Dhel, 260 wh Mo pHNAS), ik e Oud) and

to roomte ratur red for. 18 h. The sol vents
C%?fep%%eao éagun emegac%lﬂr% cftt 5@560&35 Wiss purged with
m%%énoéa‘é qdo 'rrﬁ/n@in)?‘olr%gutes m?er%agﬁeh %f%qim&b&ﬂymﬁ&e (20) (10

cted wth ne (3 x 5 n) and dried over
umbk is BIME 169.2 we spreparod esj desvdbed b dilcedapdt Assart éOQé?r)dattdhb(N-

crude material was purjfied using flash chromatograp
gl IR N ORI DB Ionp e (34 GEIACTE (1 WS FuBHY G 1D,

thE VRGP ?Ss%é g oc‘rﬁl t%fEB%_aglﬂg ff§1|a o'lzt‘urI nl"h% {?rlwnms rernoved

anount ee washe
unaiet reduexd pessurd lie npirao dREC). (El)rlfmaeom mytpielmlata& HPLC ugafvy the

ﬂlg]g{aqt:t y,lzlgalzlage @aracterd @a i on f theé)ggduc 1&@@16N503F

(C(aﬁQl@atM"ﬁ/ Q@%%)zlo f%u%d%z&%m]i)m? 41 (t, J = 5Hz,
d, J= 5 Hz, 2) 3 88

P"%FEB&?%EY 8531’8’?3‘%56 %Pﬁrgf %’éi‘%?ﬂtt 7] @z/gbls%wﬁ}ﬁl %Pﬁ?rg@ Sirwhere A=

H{ARES.enenea HRNBOWON {@1PRe®al, iR 26858 Y/min; column: Luna 5
um C18(2) (Phenomenex), 75x30 mm, detection: UV 216 nm.

Example 6: Affibody Alkynylation and Reaction with Mal-alkyne Bifunctional
Linker

e} O
SN o
\ H
Aff—SH ) At R
0 S N N
o - A S N
Anti-Her2 Affibody PBS. rt. 2h © ©
(14 kDa) S (22)

Reaction Scheme 10

Anti-Her?2 affibody, 14 kDa (1 mg as a lyophilized powder) was dissolved in 460 uL
of phosphate buffered saline (PBS). The pH of the solution was maintained at 7.4.
To this solution was added 40 puL of a 0.5 M solution of dithiothreitol (DTT)
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A m xture of sodi um phosphate buffer (20 m, 250 niM

pH 6.0), DVF (50 m) and copper powder (100 ng, -40
wore®l/0808kdri ch Cat. No. 26, 608-6) was purged W¢CTYEP2008/067413

nitrogen gas (10 m/min) fat 5 nmnutes. After addition

f 2-fl h d 20
dlgspé‘ﬁérvé E’%;?g e‘%feéé %fz% é@ﬂl( ) %gg“mﬁﬂa r%uéte%myéw)wasaﬁﬁafed at
rogm(tQHiBEﬁhﬂé @dfb)ﬂ e (rgtfd%@ﬁ)ﬁfbgﬁir JvaP bR QNN Eef lerkdiod. 2Tclthls

he vessel s stirred
puae ﬁtaotnm <bfemmemdtatﬁfﬁlmdfyo;vasladkiedm 12 THealgpbvehd staison of the Mal-

e unde r.educ ressure ar,. 8Q0¢) . .
altL-’Y}ﬁ Prigggt ioélﬁ égbr(gtlﬁ v PPWéQEb {lHg reaction mixture was
mEl',lBé%dOe_?ct Ijabﬂnt treh?éﬁlt&e (&l @{ﬁgﬁ%@%g& ]s;ghgr%ﬂgi Tﬁé- @actlgﬁmlxture
wF&)pmtuiﬁéd z.smg 30 filBdtn, foFPl@weﬂl lya Cienimi figal dﬁlapﬁltaltlpn e(Armcon)

Mt e R re s S BRISOA TS A R el e ©167

niL/mn; colum: Luna 5 mm C18(2) (Phenorrenex% 75x30
Chavpcterisagien iafrthe Lmsuitn& pnﬁlﬁ@(a\dlpsmla@ed afiffoidpddy) was achieved

[ S PN
S o PR RO LE Tl R MR e sy et E ) A qus:
(M@écélcdlaﬁg 268, fcmahn4261)¢dFmpwotefo)Nsw@@mEEpmdMSruata of
nL of _phos hate buffered saline (PBS). The pH of
AlkﬁéY@@ﬁ@fﬁbﬂﬁiy %)-maintained at 7.4. To this sol ution
was added 40 nL of a 0.5 Msolution of dithiothreitol
Stahlard doﬁcﬁﬁd)nseﬁbr IHPIRB&nalydie op Wiay lated affibbde 23t Grade Vydac

Ther tlng m Xt ur e s, stirred gt room te
Prpggin 51 ERT Oaﬁﬁ%wlm V??tlAédl(\Ql)TEI@é 0 b,
Sdtiddt @t 10@)‘% M&N hy %‘VP‘FFR det%@ﬁéxPszl%eQMC%b ﬁﬂ‘nf iRQdYate: 1
was added m_ al 1 quof of a solution of
mMahial kyhe SBivfenmmncemtaatlom wikerhangpd (Wothl Bl asnSHDN&J)n Table 1
b his reaction m xture was incubated at room

Wiperature for 2h with noderate stirring. The
reaction m xture

Time | % A | % B

0 100 | O
4 80 |20
16 40 |60

20 0 100

Table 1

The typical elution time for the Alkynylated affibody (22) was approximately 11

minutes.
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was purified using gel filtration followed by
Centrifugal Utrafiltration (Amcon), MACO 5 kDa
W@ Rdvlosgser e) to obtain purified Al kynylated afPCh@E3008/067413
(22). Characterization of the resulting purified
Al k ny| at eﬁi affibod (t22) wa achl eved
apley 7: iaxol 3 . RCONHL 3 L Q
% 78; Ms. (Mt cal cge] t d; 14,260 found 14260)
FI G hows the NMALDA Mata of Al kynyl ated H
Afaig»éﬂ;ﬁg ( 2}1 St andar d“ondi tiogs for HPLEMana
of = AlJKy bq@yogmworﬁeace dac A
col ufm soused for HPLE& canedsyisi s. A iIZQO%
H2O, O. 1% TFA, Sol verﬂHBNaszt’m&)/@IWECN&" OHl% TFA;
detection: UV 216 and 280 nm flowrate: 1 nL/mn. The
sol vent concentration was changed with tine as shown
RédetidalBtienk kel ow. Table 1 The typical elution tinme for
the Al kynyl ated affi body (22) was approxi mately 11

le.F t
Lol RSBl B i AR Ro 03 P i P g9t am
aqﬁ%&%%h@fo%%f@&cﬂlh&%ﬁbué% (1l@@lrm pEl I Qr REGEERS) - LTalq%t of a

an aqueous sol ution of sodi um phosphate
stodkivipf Pﬂk&»’ gad adtibedy 422 sdlutadn U6t mMf, a8 shgok oﬁ phosphate

ot 8PPy el tirarina T P Bty O eknly prgfered 18 mu
sobRtloAt don Azfab 33(15 9@H6’§auﬁfiec%n—f lteﬁﬁﬂ%XAEfd%W@}j(2]3§ (JﬁMted in 100

sol ution of I"-’Azi do- 3, 6, 9-tri oxaundecan-1
andﬂml@E@ph@f&s)lt IQIdHSI) untaedddafd 1D@thr$\/kdotﬂmmwapﬂmapﬂé¢cba 5 ul

al%tuﬁf ’_ga?%ra Sp%%glggflp {}I ut @?@@%élg%%g{ te (a in 100
rm@ﬁosp Ig{bélggp}éi ﬁf@a taes &L%@Q& guot 9%%13‘#@%113 ?reeg hllo mM

(1 m@&nb):lsmsﬁeﬁﬁdn of copper (IT) sulfate (in 100 rnM sodium phosphate, pH 8)

was added to the reaction mixture. These additions thus yielded the following final

concentrations for reagents and substrate- Alkynylated affibody (22) (36 uM), the
Azido PEG (23) (360 uM), sodium ascorbate (1 mM), and CuSO4 (1 mM).

The resulting solution was mixed at 65°C with moderate agitation for 0.75 h. The
reaction mixture was then immediately diluted to 4 mL in pure water (MilliQ) and
concentrated to <100 puL using an Amicon Centrifugal Ultrafiltration unit, MWCO
S5kDa (Millipore). This water dilution-concentration sequence was repeated two
additional times in order to remove excess reagents. Characterization of the resulting
purified conjugate (24) was achieved using MALDI-TOF-MS and High Performance
Liquid Chromatography followed by LC(ESD-MS. Yield (%): 42. MS: (MH"
calculated: 14478, found: 14492).

Example 8: Labeling of Alkynylated-affibody (22) Using Cy3-labeled Azido PEG
25a
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(1.6 ng/ L) suspension of copper (I1) sulfate (in 100
nmM sodi um phosphate, pH 8) was added to the reaction
Woow08@61 These additions thus yielded the fol POWERZP0S/067413

final concentrations for readgents and substrate-
Al kynyl ated af fbody (22) (36 mM), the Azido PEG (23)
(360 . sodi um ascqgbat® (M, and cusos

uIthg solutlonm?mﬁed at 650C wi kh m)d &

Af ure g/tﬁ
i rme i at el i di | ut d tCSS(gég 'ﬁ[:i%atﬁuwer/%I liQ and

concentpgted to <100 gy ah Centridugal
Utrafiltration unit, 5k[5a(MII|pore) Thi s

water dilutio concentr%Lon sequence was regeated tyg,

addit®8na ti 2din o erK to rerm\i%sexcess reagent K+
Char act ¢ A f @ resul ting pu

(24) wa c ( L : C I
Per f or mance) Li UI2d %mat ography follo d byz
LC(ESI ) - MB. |eId( 42. NB. (MH+ cal cul at ed: f&ﬁs,
found: 14492). ®B®anple-8 : Labeling of (Cy3) COH
Al kvnyl at ed- af fi body (22) Using Cv5-1abel ed Azido PEG
(25a) Reacti on Schene 12 To 36 nlL of an aqueous
Regstion St/ 2sodi um phosphate (100 mM pH 8) was added
a 3 nL aliquot of a stock of Al kynylated affibody (22)
T 86 uwliofan (@quéulivbluti8n B 4cdiurh phpdpdarei@0@ mdif fre8edas added a 3
saline, pH 7.4). Next was added a 1 nL aliquot of a
ul rabglmtyof s fép‘d‘r %Aﬂ@nﬁiﬁ@&fﬁb@@h(@ﬁ sgypgon 46| raifl, ~8 mg/mL in

P@ﬁﬁ%? E‘fgf% “&%dfi}% +a\]n’§t100 "%gﬁ%‘t “ELLDQ%MBEgﬁlayfresmy

prEpRERI S EhM Qolﬁ%ﬂ 8f Gﬁé —'Iﬁ@ele%lcblziditoLMG 04525 Qdliuved iRS100 rnlﬂﬁts%dlum
(in 100 mM sodi um phosphate, pH 8) was then added

pHeisplatd, \pH 8&). 5Tm_th1aIS|olmxon, of &l faliewdilof apfreshiyr p@p&l@drﬂo’l mM (2

ST S B BeoBmec (sl 3o A gt then

addbXt ¥iRily Tzh? : gﬂﬂoﬁ bODSrVHIE ?ﬁeﬁﬂrédhﬁ) A { CRGmE ) B&pension

concent rat | O reagents
of copper (I) sulfate (in 100 mM sodium phosphate, pH 8) was added to the reaction

mixture. These additions yielded the following final concentrations for reagents and
substrate: Alkynylated affibody (22) (36 uM), Cy5-labeled azido-PEG (25a) (360
uM), sodium ascorbate (I mM), and CuSO4 (1 mM).

The resulting solution was mixed at 65°C with moderate agitation for 0.75 hours. The
reaction mixture was then immediately diluted to 4 mL in pure water (MilliQ) and
concentrated to <100 puL using an Amicon Centrifugal Ultrafiltration unit, MWCO
S5kDa (Millipore). This water dilution-concentration sequence was repeated two
additional times in order to remove excess reagents. Characterization of the resulting
purified conjugate (26) was achieved by HPLC and SDS-PAGE protein gel

monitoring the dye’s fluorescence emission (FIG. 5).
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substrate: Al kynylated affibody (22) (36 mV),
Cy5- 1| abel ed azi do- PEG (25a) (360 mM), sodium ascorbate

W@ 2d09/080561 and CuSO4 ( 1 mM. The resul ting sol PCT/AP2008867413
m xed at 650C with noderate@4agitation for 0.75 hours.

The re was the
Example, ¢ ipp opn Ak atc atlibady ¢ £ dey Hot

Cémlﬁ@lsan Amcon Centr|fugal Utrafiltration unit, MACO
5kDa (M Ilipore). This water dilution- concentratlon

sequen was repeat ed-tweNaddi ti onal_gfnmes in order to
Affengve exces@ r eagent s Charac@fér aty on offi the
ulyt

r i conj ugat e (26) hfﬁin/e

and SDS- PAGE m n gé&"Unonitori ngot he dge' mﬁ

fl uoresé®nce enission (FIG 5).Exanple 9 :@7Triazole

Formati on on Al kynyl ated affbody (22) Under Hot

Condi tions Reaction Schenme 13 Labeling of Anti-Her2
Rafctibodyhe@@2)3 Wi t h 18F. An aqueous sol ution of

copper(ll) sulfate (5 nm, 0.0249 ng, 0.1 mml) was
LdBcked of AR-sRel umieeanbatath( OF19G ﬁ%ieoﬂls r§BFQL|t1))n|d'f copper(1l)

sodi um phosphate buftfer (5 ni, 100 and
subffatey(ayilat (LA hipodly Wnasl) wasmingl wih Wdlm?masponbﬁteF(lS 9g5mg, 1

o in hed g g ity g 38 10 el e drboay
MG AR PRSI AR Mt ok ee (11

(2B# QEUiN/9.8 ©ABYN préfarc®BO-ROFibedyyC ildssr, i MG aindoAat&d E. (2007),
herein by referenlge]] in MeCN (20 m ), the m xture was
Hickt gelae’ 600 3-brF @@OlfﬁeﬂlylaLZ&’@efqrn%OWQIh Epnission Tomography.

Biogsgrg] thrﬁr gt M 9@ %& }sl)ncgi%Bgt E‘&%ﬁl‘ %égifelteﬁge]. in MeCN

reaction mxture's ara oac IVIty

(200, Uthe Nehixvutd Weh,e hain%@oay 602F) fdV39i giial . Labeling with 2-
Purification by E arative HPLC g}r adient: 5-80 %
[18B]flperctiylanida (15 h-Gharadysis oip b geaction TRAtHiRd spewed a

ra%g’é\!n!l@'p]eal{ %J—%ﬁl‘tmg '\M{ t'ﬁgtalﬁibogiy '@iﬂ')/ UFQ/ gl’gnglpl um: Luna 3

Purification by preparative HPLC (gradient: 5-80 % solvent B over 15 min where A=
H,0O /0.1 % TFA and B= MeCN /0.1 % TFA, flow rate: 1 mL/min; column: Luna 3
um C18(2) (Phenomenex), 50x4.6 mm, detection: UV 280 nm. FIG. 1 shows HPLC
analysis of a reaction mixture of the non-optimized system showing "*F click labeled

Anti-Her?2 affibody (27) (a, radioactivity channel; b, UV channel at 280 nm).

The invention may be embodied in other specific forms without departing from the
spirit or essential characteristics thereof. The foregoing embodiments are therefore to
be considered in all respects as illustrative rather than limiting on the invention
described herein. The scope of the invention is thus indicated by the appended claims
rather than by the foregoing description, and all changes that come within the
meaning and range of equivalency of the claims are therefore intended to be embraced

therein.
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mm C18(2) (Phenonenex), 50x4.6 mm detection: UV 280
nm FIG 1 shows HPLC anal ysis of a reaction m xture

w@bkoovlogosaon- opti m zed system showi ng F click | BOPERZNS/067413

Anti-Her2 affibody (27) (az2sradioactivity channel; b,
W channel at 280 nn). The invention may be enbodi ed
CLAIMSher specific fornms without departing fromthe
spirit or essential characteristics thereof. The
foregoi ng enbodi nents are therefore to be consi dered
in all respects as illustrative rather than limting

R G i s
rat her(i)t él%@idmg 4 hedr Qﬁc@@cﬁhgg 6B Fdab iR @Fnindd gn@!n# azido or an

changes that come wthin the neaning and range o
aleyperreadteedyrmofus; he cl ains are therefore i ntended to be

enbraced therein. CLAIMS: 1. A nethod for introducing a

f 1 uor i (g reacong dimt thiel-roaadiveteronihes, oicirgimkst wigh the piomolecule
. prqvidi a linker including a,thiol-reactive term nus
inffydingret iochpe ghobiroll Ry i PRudiarvatye iRREeE § 7)

reacti f thiol-reactj termnus, of the .|i r

wen 0 B ARL A IR GG T Bigle SREARSffinus of the
like® Wixharflidrineagbdtiv@cdleridy ait dignd direngof ; and (iii)

subsequently reacting the azido or the al kyne

-reactive termnus of the linker with a

fluorine-substituted azide or al kyne group. 2. The
2.m&hbaakthdd odfadlamml ], whermi the thhendlecuiolhec moee Haa Foamino acid

than 50 am no acid residues. 3. The nethod of claim1l
ICYFUS.  wherein the bionolecule is an affibody. 4. The

met hod of any of clains 1 to 3, wherein the

thiol-reactive termnus is selected froma nmal ei m do

s PRoRsuPaar v R 2h B piedhol B Th AT or i, “a
(hal oacetyl)cycl oal kyl group, a

4. The method of any of claims 1 to 3, wherein the thiol-reactive terminus is selected

from a maleimido group, a haloaliphatic group, a haloaromatic group, a

halocycloaliphatic group, a (haloacetyl)alkyl group, a (haloacetyl)cycloalkyl group, a

(haloacetyl)aryl group, a vinyl sulfone group, an acryloyl group, an epoxy group, an

aziridine group, and a disulfide group capable of a thiol exchange reaction with a thiol

group.

5. The method of any of claims 1 to 4, wherein the at least one thiol group includes a

cysteine residue or a thiol-containing non-natural amino acid.

6. The method of any of claims 1 to 5, wherein the thiol-reactive terminus of the

linker is a maleimido group.

7. The method of any of claims 1 to 6, wherein the reactive derivative of the

biomolecule is produced by treating the biomolecule with a reducing agent.
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15

(hal oacetyl)aryl group, a vinyl sulfone group, an

acryl oyl group, an epoxy group, an aziridine group,
waneas@ssul fi de group capable of a thiol exchpom@P2008/067413

reaction with a thiol groupsé 5. The nethod of any of

claims 1 to 4, wherein the at |east one thiol group

i ncl udes a cysteine residue or a thiol-containing

ngn- nat ural . am no, acid, 6. The thaod of an f clains
TR AR AR e R
linker is a maleimdo group, 7. The method of any of
clainse 1 to 6, whereinlthe reactiwve derivative of the
bi onol ecul e is producgézby t Heati ng the bionol ecul e
with a reducing agent. 8, The nmethod of any of clains 1
to 7, wherein the linker is selected from o ONHOO
"HS SI\ N3 SNDO. e nmePhod of any of clains 1 to
8, wherein the linker g ucedk by a met hod
conprising reacting a m ne fconpound with a
carboxylic acid or an a&tivated ester conpound to form
the linker; wherein the amne conpound includes an

azi do or an aIkyne-reaptiveﬁiyg@tional group and the
carboxylic acid or the actfjvated ester conpound
includes a thiol-reactive functional group. 10. The
nmet hod of any of clains to 9, wherein the
fluorine-substituted azide or \al kyne conprises a 18F
substituted azide or alkynke or a 19F substituted azide
or al kyne,

X S_N
\vs/ U
s

No_g-S

N\
J

9. The method of any of claims 1 to 8, wherein the linker is produced by a method
comprising reacting an amine compound with a carboxylic acid or an activated ester
compound to form the linker; wherein the amine compound includes an azido or an
alkyne-reactive functional group and the carboxylic acid or the activated ester

compound includes a thiol-reactive functional group.

10. The method of any of claims 1 to 9, wherein the fluorine-substituted azide or
alkyne comprises a '°F substituted azide or alkyne or a '°F substituted azide or alkyne,

preferably a '*F substituted azide or alkyne.

11. A method for introducing fluorine atom onto a biomolecule comprising:

(1) reacting the thiol-reactive terminus of a Mal-alkyne bifunctional linker

with a biomolecule including at least one thiol group; and
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preferably a 18F substituted azide or al kyne. 11. A
met hod for introducing fluorine atomonto a

whr@aoseseul e conprising: (i) reacting the PCT/EP2008/067413
thiol-reactive term nus of 22 Mal -al kyne bi functi ona

i nker th a bionol ecul e i ncl udi ng ast one thiol .
gr oup; (”gnﬁ‘tbt(siaﬂl}engﬁ peashne Mo a;lkxn@a%wnﬂjltﬁ ﬁefﬁlgrlaa9 ﬁ%bsg%?fgmde
gﬁh h a fluorine-substituted azide group. 12. A nethod

for i ntroducing fluorine atomonto a bionol ecul e

120 OMéﬂ%Jdntgr irtlolu&i8@ehibiek 4B/ Juitd & bidhRACII V& nbRIsHgIUS
a Mal -azide bifunctional |inker with a bi onpl ecul e

i nC| udiingtagiind BRSthiceactiNe ®rnGR@USE a AE-dzide) bifunctional linker
subsequent |y reactln? the azide group with a

with abramaealbiicludinged [eaaskgnsahigh sigup: a8. The net hod of
claim1ll, wherein the fluorine-substituted azide grou
conpr | GRsubscagmtly uepefing theedideAreed witha fuppngyhattityted @Ewne
g?ﬁﬁde group, preferably a 18F substituted azide group.
" The nmethod of claim 12, wherein the
fluorine-substituted al kyne group conprises a 1188F
ssiu!bstituted al kyne or a 19F substituted al kyne

19" B RbE HEEER Y1 AvHeBEin $HPREd I S%GS‘[?EH%M ﬁ%de %%ug%omgrises a

blocon ugate conprising structural units derive

JE sl)bsatubadmmdeecmal subspiuitesi azglegirols a)setfelahky a KF chbsgitgepazide

and (ii) a linker; wherein the linker is prepared by a
&'fef-hod conprising reacting an anine conpound

conprising an azido or al kyne -reactive functiona

group with a carboxylic acid or an activated ester

oppr i si t hi actl ye functi I 16. The
15 RO RS hBReZolifh dpod TGk LB Bl PR el s
a COnpbdtis@sd alkyhé e lﬁ%‘fesubstltuted alkyne group, preferably a '°F substituted
alkyne.

15. A bioconjugate comprising structural units derived from:
(1) a biomolecule comprising at least one thiol group; and
(i1) a linker;
wherein the linker is prepared by a method comprising reacting an amine compound

comprising an azido or alkyne-reactive functional group with a carboxylic acid or an

activated ester comprising a thiol-reactive functional group.

16. The bioconjugate of claim 15, wherein the activated ester comprises a structure:
L-M-COR?; wherein L comprises a thiol-reactive functional group, or a protected

derivative thereof; M is a divalent linking unit; and R? is OH or an activating group.

17. The bioconjugate of claim 15, wherein the amine compound comprises a
structure: G-J-R'; wherein G is a amine, J is a divalent linking unit, and R' is an azido

or an alkyne-reactive functional group.



L-MCOR 2; wherein L conprises a thiol-reactive
functional group, or a protected derivative thereof; M
WO 2000/08056m1 ent |inking unit; and R2 is OH or aPCT/EP2008/067413

activating group. 17. The BBoconjugate of claim 15,
wherein the am ne conpound conprises a structure:
GJ-R 1; wherein Gis a amne, J is a divalent |inking

18 s gt T oo e A b PRy,

wherein the bionolecule is an affbody. 19. The
bi oconjugate of claim 17, wherein the linking unit is

r ed b t onpri si reacting. an_a
120 FRSE RSB Ysdle PEERES 47 BhH BF 1R uPis e By  method
5 anwfstﬂgombmgg QﬁpaﬂanEhc d{fo@h@%yﬂprﬁ;m@C bl 8@1do@8r alkyne-reactive
activated ester conpound conprising a thiol-reactive

fupeinoe] gieap vgougarbomylicmaid aker arisesISter 6AMpRHIS josmmiing 2
th 1fr9 Wéﬁl'cuéﬁ‘?f? ?H(R 1)-J-G where L is a

-reac Ive tional group; Mand J are dival ent
Iinklng units; RL is H an aliphatic radical, an
aromatic radical, or a cycloaliphatic radical; and G

2q Sa {34 0%1O Ogltlpg ﬁsmg g%mﬁ im%bpﬂa}l[(%g 04P- 21. A

i'nKerT co erein |hker IS
selected from O' HS N~ s S I\
10 where L is a thiol-reactive functional group;

M and J are divalent linking units;

R' is H, an aliphatic radical, an aromatic radical, or a cycloaliphatic

radical.; and
G is an azido or alkyne-reactive functional group.

15

21. A linker composition of claim 21, wherein the linker is selected from:

O O
g%zf\/MN/\/éa
H
O O
&Q&NNNS
N H
(@]
9 =
I\)LNM
H
(@]
I\AN/\/NS
H
\\V/S N\
S T‘\)

=



