SELECTIVE RADIOLABELING OF BIOMOLECULES BACKGROUND Methods to introduce fluorine
atoms, particularly radioactive fluorine atoms onto biomolecules comprising amino acid residues are of
considerable interest. However, 5 since radioactive fluorine atoms, such as 18F, have a relatively short
lifetime of aB&liHCE IWiEUR2eD IDIeABIH dNEHEHH B1OAIeR (iIXAJRS introduce radiofluorine onto
biomolecules. There is a continuing need for efficient and site-specific methods for introducing fluorine
atom(s) inclBding<a®oacke fluorine atom(s) onto biomolecules. 10 SUMMARY In a first aspect, there
is provided a method for introducing a fluorine atom onto a biomolecule, comprising: (i) providing a

linker includingtieotholoreagtiNede Minis-aRd@aB, JZiAR-0TaAl alidibe-rRachvefaininess(bnteacting the
thiol-reactive_t(?ﬂi_\r;rg'folil of the 15 linker with a biomolecule including at least one thiol group or a

reactive derig FRSCANASIS SHBRRGGKhTRF LGS G e aPIR SRS e FLKEVE terminus of

the linker wistheeftdariaetsubstituted Azide ofd aErnauR 4 habiamolacye:mamy Hetapehtpeptide.
20In a second aspect, there is provided a method for introducing flugrine atom onto a biomolecule

comprising: (1 rSRETHIGS thB SIS HAS S SR RS Sof S Q) ABMgRYE B IHREPSVIR biomolecule

including atigasbraltkiol group; and (ii) subsequently reacting the alkyne group with a
fluorine-substituted azide group. 25In a third aspect, there is provided a method for introducing fluorine
atom onto althiomdteeutesommgsimgd(ijore atiiagrtherthisitregativicenttimids oba Mabdeidegbifunctional

inker with ayigmolegle JncluRlg LGS, A0S N0k IHR:, AN (1) sHhseRUsAy reacting the azide
R i

group with a fluorine-substitute ne group. 30In one em odllgment, methods are provided for
introdd@ing one or more fluorine atoms onto a biomolecule. The methods comprises (i) reacting the

thiol-reactivg ﬁg gllal-alkyne bifunctional linker, such as
N-(but-3-yny§- -(2,5-dioxo-2,5-dihydro-1Hpyrrol-1-yl)propanamide linker (1) with a biomolecule
comprising &t ledssbagptdoltyrous; andidggdsabsethvdntly retotingitieeaatkyringretgmodtie dinker with a
ﬂuonne'su%}g}ﬁ[gﬂﬂég%()mprising: (1) providing a linker including a thiol-reactive terminus and
an azido or an alkyne-reactive terminus; (ii) reacting the thiol-reactive terminus of the
15 linker with a biomolecule including at least one thiol group or a reactive derivative
thereof; and (iti) subsequently reacting the azido or the alkyne-reactive terminus of

the linker with a fluorine-substituted azide or alkyne group. The biomolecule may be

a polypeptide.

20 In a second aspect, there is provided 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 (ii)

subsequently reacting the alkyne group with a fluorine-substituted azide group.

25  In a third aspect, there is provided a method for introducing fluorine atom onto a
biomolecule comprising: (i) reacting the thiol-reactive terminus of a Mal-azide
bifunctional linker with a biomolecule including at least one thiol group; and (ii)

subsequently reacting the azide group with a fluorine-substituted alkyne group.

30 In one embodiment, 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-ynvl)-3-(2,5-dioxo-2,5-dihydro-1H-
pyrrol-1-yl)propanamide linker (1) with a biomolecule
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In a fourth aspect, there is provided a bioconjugate comprising structural units derived 5 from (i) a
biomolecule comprising at least one thiol group; and (ii) a linker; wherein the linker is prepared by a
method comprising reacting an amine compound, comprising an azido or alkyne-reactive functional
group with & EERBEKER & oG o e O FERHE A Kb TH ARG A S A IGRE S GFRA Rbup. I
another embedimentihg inkesrmaieprepatediby reacting an amine compound comprising a thiol-
10reactive 15 20 25 functional group with a carboxylic acid or an activated ester compound
comprising an azido or alkyne-reactive functional group. In yet another embodiment, bioconjugate
made usingiihe fethagdpedinkesss RngdiRmpblesldesmpieaps @videe swseitu&litanaifedembodiment, the
compogition§ of Iinkeré are rm&?ed. In. a fifth aspect, there is provided a linker composition
comprising $9BIrfdIa PLNROE R BB NS e & 45 ST ey SRt ThAPEFEUB  RicHhd J are
divalent linking Uinitsr Rk isptdparcaliphaticradied, asmarematic-eacienl, of asyaloaiphptiei@dical; and G
is an azido or alkyne-reactiv ional group. 1 ES These aspects, and advantages of the

func FIGU
present inv@ﬂﬂ?ﬁ?\?@ﬂﬁbaé’c%%@tf)ét s &ﬁ%ﬁﬁ‘i BNV R EATRAYEEARSH Eread with

reference ta.tieAcE QAPadYIGEIAWN g3 ih widel dikenchiarattersue pre sabtikkecpastd ihtayughout the
drawings, wherein 15FIG. 1 shows HPLC analysis of a reaction mixture of the non-optjmized system
showing 189%@@?&%&@8 AR SR A PR A ARG AT PN n%‘?frﬁfrlﬁ\?%kf’aﬁf?f@ at 280 nm).
FIG. 21showsddiRleC analysis of a reaction mixture containing 2-C8F1Fluoroethylazide (11) using
gradient I, UV at 216 nm(a, radioactivity channel,2- 20 [I8F]Fluoroethylazide (11) at 3:51 mm; b, UV
channel) The distilled product shows only the presence of 2418F1Fluoroethylazide (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) 25and 2-[18F]Fluoroethylazide (11).
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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 Cy5 labeled Azido PEG (25a).
Fluorescence emissjon of Cy5 dye is observed at expected molecular weight of conjugate product (26)

when in the $BETEERNEO W Fhb Y B A Gh g asSHENS B SSBWRON EaMRIG R cPBroduct is

observed inghaahisgreeLfanyvef theseialtheepntrol experiments. 3 DETAILED DESCRIPTION The
following detailed description is exemplary and not intended to limit the invention of the application and

uses of the 1pveBtiQRHNSHRQIR dRET S S DR;IHABtIRR L Q%ill?ikﬁg *?@(e%(ﬁﬁ&bqg{h(el%?%ﬂted in the
preceding background of the 5invention or the following detailed description. To more clearly and

concisely dE&BEGHEsFBHRETdRS MiBRCct matter of the claimed invention, the following definitions
are provided for specific terms that are used in the following description and the claims appended
hereto.SThelgiapeflerfepmgdian enrihegmmpomtions ol Ekieraprefspsidsdinless the context clearly
dictates otherwise. 10 As used herein, the term "activating group"” refers to any group that makes a
carbonyl gréup Mitke aawmstivétosviardwnidskbophiles; formmasitiple chhyyiogys GeoinitideM-
sufoN-nydrexysuseinilids. aldehloddesand en 0 RHDRGRICR IS, UPB T, fheen
azido-reactive terminus” and/or "azido-reactive functional group™reters to any functional group that

can react wiildngauhitsfhciolal groliphats swdicaampissrot aziddiodactive fnbtdiskgroups
Include, butaig.oLRNHECH 1, N6 RIFEFERAVPARABING Hroup.

10 FIGURES

These aspects, and advantages of the present invention will become better understood
when the following detailed description is read with reference to the accompanying
drawings in which like characters represent like parts throughout the drawings,

wherein

15 FIG. 1 shows HPLC analysis of a reaction mixture of the non-optimized system

showing "F click labeled Anti-Her2 affibody (27) (a, radioactivity channel; b, UV

channel at 280 nm).

FIG. 2 shows HPLC analysis of a reaction mixture containing 2~[]8F]F1u01‘oethylazide
(11) wusing gradient I, UV at 216 nm {a, radioactivity channel, 2~
20 [ZSF]FIuoroethyiazide (11) at 3:51 min; b, UV channel). The distilled product shows
only the presence of 2-[18F]Fluoroethyiazide (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)

25 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
afhibody (22) and Cy5 labeled Azido PEG (25a). Fluorescence emission of CyS5 dye
is observed at expected molecular weight of conjugate product (26) when in the
30 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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As used herein, the term "alkyne-reactive terminus” and/or "alkyne-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 20not limited to, azides, which can react in the presence of a source
of cu', includtiy? Bttt mited to, Cu, Cu', Cu", and a reducing reagent KICHESWS@ITM Ascorbate. As
used herein, the tem' "aliphatic radical” or "aliphatic group” generally refers to an array of carbon
atoms that islyoT aytlEDaDESER B’ ddNOT attachment that is an sp3 carbon atom. The array of carbon
atoms may further comprise any combination of 25 sp3, Sp2, or sp hybridized carbon atoms. Further,
the array of CBrbadblatemg niayilke Meneipatentsdiateptxor ivalast. hxamales ofatkydtgroups include

methyl, ethyl; npropyl, isopropyl,: n-butyl, tert-butyl, isooctyl, benzyl, cyclohexylmethyl, and phenethyl,
1',1'-dimethny%%zy XAof %g%éo Sraon, eHEQSa‘r%Ln%% i T o%‘érn "HMmatie groupCrefers to a

30cyclic arrayishgp2 teybeidiveiddarbory dtems andaomjligated macbdinechebarandbié ends, and has a

point o itachnent 2t A aroMAliE A2 ARTdize garbon aiom that WO
2009/080561PCT/EP2008/067413 4 forms part of the cyclic array of carbon atoms. The aromatic

group of radiealRAYNAYE IAM.ANS.(R R MAIMHELRENISRbIEAUNRE!of sybetiignts. Examples of
aryl groups include phenyl, substituted phenyl, tolyf, substituted t01y1, Xy ylr, mesityl, gﬁiorophenyl,
naphthyl, fur§tYeRféTythsialyriendcspdiepseamaraidcthbtenerifydtonmiitadicskomalicycloalkyl

group" refers‘@g@vﬁygﬁ@@Hﬁyogfa@,g&mgg%%&q{m%@;%s q@i@qiggﬁ,@ point egna}ttzgﬁhqment at an sp3
hybridized carbon atom that forms part of the cyclic array of carbon atoms. The array of carbon atoms
may further &SfhphSe BHYEOMHBIMAESFB 43&ss e eikhsist Sigteassshestoths. Further, the cyclic
array of carbon atoms may be substituted with one 10 to the maximum permissible number of
substitul nts.gﬁdﬁﬁinﬂ?ﬂ?}’é, He oy o GO Sedm S HEy KorRp s RdbaroRtbing, sl o, N, or S.

Examples of gysiomlkyl grotips includencytiopteiyl, faratyigyslohaxtoiimptnisysiobaxyl,
Phenyleyclofgx SAbYdeRa M HiAGY iRk And cyglooct!

As used herein, the term “azido-reactive terminus” and/or “azido-reactive functional
group” refers to any functional group that can react with an azide functional group.
15 Some examples of azido-reactive functional groups include, but are not limited to,

alkynes, allenes and phosphines.

As used herein, the term “alkyne-reactive terminus” and/or “alkyne-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
20 not limited to, azides, which can react in the presence of a source of Cu, including but

- 0 1 ol . :
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 éomprise any combination of

25 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
30 cychic 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



The term "a disulfide group capable of a thiol exchange reaction with a thiol group” 15 refers to groups
that may react with a thiol group of a biomolecule. Thus, a disulfide may be regarded as a
thiol-reactive group. Pyridyl disulfide is an example of such a disulfide. As used herein, the term
"fluorine-suby® t%ﬁ%%"%%ﬂe" denotes an azide-containing compound havirld: &HBXE#8Hé Huorine
substituent. Further, the fluorine substituent 20 may be of any isotopic variety, such as for example,
18F and 19Fpimeperenibdicgeiit, direyfludrindsuiistitsierittis ABmatheranidemajidae aasaliphatic azide,
a Cydoaliph%%eaéiéjn?’o% an, romatic azide. Fu%hermoge t lpaliphatic azigjes flnd aromatic

azides may have monocyclic, %@%ﬁé‘f%lp 8%?:%/0}?01]&%0%%@ Ssl%é?é& 'he)r%ﬂlzﬁl;) e earlpi%1

"fluorine-substituneduglivga ephgambtesbanteiky mdasohtaiming sesdowpoehd. hadig meigast one fluorine
substituent. Eyhghe ,ﬂ%ﬁﬁ@ﬁ?i?ﬂﬁ?ﬂ%ﬁ!ﬁ&@ﬂdw&%y isotopic variety, such as for example, 18F

and '9F. In one embodiment, the fluorine substituent is 18F. The alkyne may be an aliphatic alkyne, a

cycloalirshati%@ﬂ%a%e@im@@mtﬁeim?l EH{EQ?VB'P%@@EIQ‘(%& f%@éwp%@e?é% gpd aromatic
alkynes may have monocyclic, bicyclic, or polycyclic strucfures. 30As used herein, the terms "protein”,

"peptide” ana“'?%I9f)éﬁti&@‘béfiézﬁgeﬁfﬂ)@i‘éiﬁqglﬂe%%iﬂ@saﬁyléﬁﬁir%faéﬁ’ﬁh@%i@é,%gﬁfdless of length
or post-transigtifaatmedifisaliom skafamelysosylatiendic RRASRITRERICR.hRUTHEheag,ms may be
used WO 2009/080561PCT/EP2008/067413 5 interchangeably herein fo refer to a polymer of amino
acid residuef’ THEYR AL SIZE AP T SRR AEY pCSWﬁIE?Q(?ﬁ fhieh ohe gr%é‘?’é’%ﬁﬁﬁﬁ% acid residue
is an artificiatashemicahmimetic:oftaecorrbs pandindcadist allyrceairying amitaadidithhug, the term

.-polypel%tidej{'oi%ludes fuII-Ien%t?r} S%a}tugag}{)occysrrg] L Pro einE a&lwell as 5 recom inaﬂtly or

synthetically proceill}(lzaé(dnﬁuorﬂ/B% ides that coeflfé)sp%n & A il e]rngetlﬁn Hfaetutrléellii/r% cUr |¥1°g 'f)rotein orto

particular domvaing ey poripns: ditarnatmallyuokestiny.proteikxime terafsydaitall @odpigroup”, as

applied to thg, terms "alkuh .. aliPhatig .. cyglinaliphatic’ f&l | arg. L I %rch ngeably
herein. 10As used he%in tﬁ)é?t’err_n "th%ﬁgreactivl}g’term%eggﬁgﬁ%&r "t?]iol-%g%ﬁg)éqgn%@hal group"
refers to a fuliEABYEPEYEUY kihathsayclebtilvitihorivioghdup or a mercaptan group (i.e., -SH group).
Examples of thiol-reactive functional groups include, but are not limited to a maleimido group, a

haloaliphatic'gfolsna haisdisin sieugretsbl palbyeloxiphate rotipn avifatodiédtghairyl group, a
(haloacetyl)Gyelnalkyl:giakma ks (AA0ACRIYRAIY KAk BN Re(RidRsRIURRd sulfangigroup, a vinyl

sulfonc group, an a, 13-unsaturated carbonyl group, an ego_xy ?rou_p, an aziridine group, and a
disulfide grotBRpABIEdthhiol BREFARYE reRtfor With b diBgroasn example of such a
disulfide.

As used herein, the term “fluorine-substituted azide” denotes an azide-containing
compound having at least one fluorine substituent. Further, the fluorine substituent
20 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 polycyelic structures.

As used herein, the term “fluorine-substituted alkyne” denotes an alkyne-containing
25  compound having at least one fluorine substituent. Further, the fluorine substityent
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.

T 11

30 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

modtfication such as glycosylation or phosphorylation. Thus, the terms may be used



Suitable maleimido groups include the parent (unsubstituted) group as well as derivatives comprising
aliphatic, cycloaliphatic or aromatic groups as substituents. 20 Suitable a, [3-unsaturated carbonyl
groups include those comprising an actyloyl group. Suitable a, [3-unsaturated carbonyl groups include
a, [3-unsaturdfd E¥&ISANnd a, (3-unsaturated sulfones. Vinyl sulfone groRliEREE&siTIdXexample of
an a, f3-unsaturated sulfone group. Unless otherWise indicated, all numbers expressing quantities of

ingredients, REpicpedtisly duakhns moleculansieight oreastionepnditians;, syferhyseddn the
specification éan(fl (%I(%m%grecég) bwgserstogdﬁs being modified in aﬁ}l ins]égférlces py the term "about."
Accordingly, Unlgss indicated tbtHe contrary the i EnEarPAT Afatere Sar 1 AthE4bliowing
specification dwehatthemmdticlaiiascane sppoximatioss thatumay: arindeprindingypentthe desired

properties soyght to.he ebtained by Hﬂﬁ’-i% ntI%Qin\i?ntion. Atthe very least, and not as an attempt to
limit the appliz%%&éf tfl)we doctrir?e of equi a?{%nts tgrt sggﬁ%% Fhe’ Ié‘fgcl}lﬁ%, éi%cﬁ"ﬁ%m%srical parameter

should at WER0t9e8b561 PCiEPADOBITBTAd 3@)pesidse benstruegindight dilikemtimber of
reported significant,Cigis, A byaepIvng BrinaRRuBHRTLIEhNIBYES O hegts, gl fg, nvention
INC

relate to a method for introducing a fluorine atom onto a biomolecule. The metho udes the steps
of 5(i) provid G4 itkePEuding a thiol-reactive terminus and an azido or an alkyne-reactive
terminus; (ii) reacting the thiol-reactive terminus of the linker with the biomolecule including at
least one thidl§rdtFmer d38skkivaderigiire tsredpligAdto the termp) Salsauetipsdesting the azido
or the alkyne ciedetit@dermunds efdher LOlinkakithadluangisubstityuted azide or alkyne group
respectively. Another aspect of the invention is to provide a bioconjugate compaosition comprising

structured units; dgeyedrtemie iamotemile:camprisingatleasanediiel our andadinker. The linker
may be prep%red 1;)¥ a methoc cor.%%r'gsirn reacting an amine compound comprising an azido or
alkyne-reactive fin&tishal g oUp Wit PBO%“&HBJYSI%H%I&&?] o SR St e gRTBHEIng a
thiol-reactivegionptional Siiogrpuin. afothelaspetidhe duker imayide prepaked dDydreactiag an amine
compound cgmpgising a thiolreactive functional group with a carboxylic acid or an activated ester
compound comprﬂ@ng an azglﬁdgoeg}qﬁ% ré)u-"?égcpl%[g L%'Il% fglngf%ul%uib% aloaromatic: group, a
halocycloaliphatic group, a (haloacetylyalkyl group, a (haloacetyl)cycloalkyl group, a

15 (haloacetyljaryl group, an o, f-unsaturated sulfone group, a vinyl sulfone group, an o,

P-unsaturated carbonyl group, an epoxy group, an aziridine group, and a disulfide

group capable of a thiol exchange reaction with a thiol group.

Suitable maleimido groups include the parent (unsubstituted) group as well as
derivatives comprising aliphatic, cycloaliphatic or aromatic groups as substituents.
20 Suitable o, P-unsaturated carbonyl groups include those comprising an acryloyl
group. Suitable «, B-unsaturated carbonyl groups include o, B-unsaturated esters and
o, B-unsaturated sulfones. Vinyl sulfone group is a specific example of an o, -

unsaturated sulfone group.

Unless otherwise indicated, all numbers expressing quantities of ingredients,
25 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 propertics sought to be obtained by the present
30 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



Biomolecules 20As used herein, the teun "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 ¥PHEY H8%6hemically introduced or engineered using standa?& BtegRed Hidthods or
suitable art recognized 25methods. In some emb8diments, the biomoleculcs specifically exclude
having fewerlthstro&0oanning acidhhe sifiesuBieh diempeleauns may, eifaas hayeoas gidpore SH
groups in theig,dﬁlgettur%l)‘?rtﬁtg or, Q‘?Lﬁ may be engineered, for example using standard molecular biology
techniques. ngamaes 0 |gmo S having a SH group naturally include those linked to one or
30more cyst%i:?e mlréo acids. iéé theltetrrrg "reactive dre_rivativ thereof is meanta WO
2009/080561PETIEBLOUBIOETATS FHErvai A S SHYFoths RRiRHIROHE6A0M 2898 to generate
the free thiolgeoupetoraeZbtioreihith theudiekarccompofind. Examples of biomolecules that comprise
either one or more thiol groups naturally or chemically engineered thiol groups include peptides,
polypeptides, vector, pitEVEipsiydudenatidednglycooanvtyly samsnandmhedifisdoversions thereof,
glycolipids, glyepRrreigins: syhthetic polymers, cell response modifiers, (e.g., growth factors,
chcmotactic factors, or cytokines), enzymes, receptors, neurotransmitters, hormones, cytokine,
vaccines, haptens, toxins;cintarfetiong;iahdaibozymesnihefdisclosed methadsimaylalso:be applied to
molecules th : ' jle] Wol¢ t are 10 conjugated to a molecule that does contain a
thiol group. F%%?f%?%%g%n%ﬁ%g%%{}gr%?él%bé%ferLll?ﬁgm]ge%%%\ﬁgs%ﬁ%?gﬁﬁ"fgrl;gments, protein variants,

scaffold-based proteinsi)engiogesett neateins tngleafidemantyalaied malacylesunyelgic acids,
oIigoDN@ orl?lige?-\ﬁ Aﬁ Hegtid_e c%nll%gagfs,. ntibodies such as polyclonal and monoclonal antibodies,
and antibody-baged fragments: “FRUILTIRS HiSE S8 Me#BHR 1Ry BEUked 15 to fluorinate nucleic

acids including dggxyribgnucleic acids (e.g.. oligodeoxynucleotides, nucleic acid probes, plasmids),
ribonucleic acids (e.g.{gs%gNA alsgglég(%%dgvfl?tﬁ%‘fﬁ%ﬁé%ﬂ SIHIR oI R SRFPRY B BBly peptide that
has a thiol gfupiTHebiosteed Bermayibamelayulatarayoug atricgtomerthineerag hiaholecules
having 20 aliigast one thialaraup. in allempadients. hsoigmplestie maxpolyde aturally
occurring and/or non-natural amino acid residues. In another embodiment, t & biornolecule comprising

the at least SREMRIBIFOURTEGsedds ey sikime wearsie BinaticuphaeralvgibupaBypivtidcon "cysteinc
residuef’sis meanbihe sisiciwalirgmentaiher thanihe.thiol gterRihat Jesults Aftalpysteinc is

included as a‘EartFﬁglﬁl‘%'zs biomolecule chain, In still another embodiment, the biomoleculc for
reaction with TR THKSF IS RE Y AR W irsans LR LR SIBRIAS SoRIBH YWEarEitiat a suitable
precursor bismaieeulenntiaydbecehemidatly:neadifiegito generate thendesisedRiompigs; having the

thiot group %%H}ﬁ;%}éséﬁ @?dge&!% eyne—reactive functional group.
Biomolecules

20 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

25  methods. In some cmbodiments, 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 biclogy techniques.
Examples of biomolecules having a SH group naturally include those linked to one or

30 more cysteine amino acids. By the term “reactive derivative thereof” is meant a



In some cases, a biomolecule may be treated with a reducing agent to generate a 30 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 includ@ 25 Bloethanol, wo 2009/080561PCT/EP2008/0674 1 BiERHEEEH#ethancla ne,
dithiothreitol (DTT), and tris-(2-carboxycthyl)phosphine (TCEP). Linkers : As used herein, the term
"linker" refersitd-a th-fufichiofH gonmpehit mmnwmhag;@aﬁttmﬁhmsm{eﬁemﬂﬂﬂ%@ﬁlﬁhﬁﬁowfﬂeﬁ
derivative th f. and an azido or alkynereactive terminus or a protected derivative thereof. The
linkers may gégl%é%%%t%%a?éﬁ%ge{hﬁgﬁl olrll?éj?ning compound at one end via the thiol-reactive terminus,
ﬁéine-substitutetgigfide or allggr]?lat the other end
- i

Vi the arido sy Bl T D A S i R B Ry
bifunctional ImiC%@@mﬁﬂ&éhMWQSMamdmgﬁdﬂﬂ aolyfieptitesminatandipidalkyne grq;éa at
oo Sk s MDA SRS (DR ALardgeoesrem
terminal and S ARINE Goup ibets ceoiBtErminhl remangs Borfeisnde2). Swwe nbrtimiting
15examples gfdink@rsiame.shov U}@KH@W %iﬂa)ﬂ&@) r&Qlﬂérsﬁ %&(@’Qotgansmitters, hormones,
cytokine, vaccines, haptens, toxins, interferons, and rtibozymes. The disclosed
methods may also be applicd to molecules that do not contain a thiol group, but are
10 conjugated to a molecule that does contain a thiol group. Further examples of
biomolecules include proteins, protein fragments, protein variants, scaffold-based
proteins, engineered proteins, nucleotides and related molecules, nucleic acids, oligo-
DNA or oligo-RNA peptide conjugates, antibodies such as polyclonal and monoclonal
antibodies, and antibody-based fragments. Thus, the disclosed methods may be used
15 to fluorinate nucleic acids including  deoxyribonucleic  acids  (c.g.,
oligodeoxynucleotides, nucleic acid probes, plasmids), ribonucleic acids (e.g., sIRNA)
associated with a thiol-containing molecule such as a polypeptide that has a thiol

group.

The biomolecules may be any naturally occurring or engineered biomolecules having
20 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
25  Dbiomolecule 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 biomoiecule may be treated with a reducing agent to generate a
30 reactive thiol group. For example, 2 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 uscful reducing agents include 2-mercaptoethanol,



(4) '5))(5) (6) WO 2009/080561PCT/EP2008/067413 9 In some embodiments, the thiol-reactive
terminus, the azido or alkyne-reactive terminus, or both the thiol-reactive terminus and the azido or
alkyne-reactive terminus may be replaced with a precursor derivative. The linkers may be used to
attach a 5 th81-EBRENHy compound at one end via the thiol-reactive terRHR(L 2445410118 attach azide
or alkyne (e.qg., fluorine-substituted azidc or alkyne) at the other end via the azido or alkyne -reactive
terminus respectivelytokinker Ruepardiiboth:isie (iDKEy, may beipiepareskpytianpraephod that makes
both the thiol(»f%e}ﬁ;'ve functional group and the azido or alkyne-reactive functional group accessible for
reaction with (i) the' biomolecule having at least one thiol group, and (ii) the fluorine-substituted azide
or alkyne, reigﬁ&%@y. In one embodiment, the linker is prepared by reacting an amine compound
comprising an azido or alkyne-reactive functional 15 group with a carboxylic acid or an activated ester
comprising a0igkedelus 'icoRal ApuR. Ay AN COmROUNA Naving, anagida, or ajyne reactive
functional group may be used. In an emBodimen‘t, the amine compoun%ocomﬁ?fgggsénétrﬁcture (7),
G-J-NHR |(7)povibetéin Gigiansagido prosdkipdederietive filmotivhahgreupyzidis erligking-unit, and R’ is
H, an aliphatigjadical-ama mafitradical.-QUaicy draliphatic. radical nlraggf@%#ﬁet&%%%hd“’a'e”t linking

unit J may be designed to minimize steric hindrance, which could adversely affect the reactivity of the
thiol-reactive?a HHtheP BAEE 8 SIRpRBLE st iR feRdtisitalis chisd-romevet wiamimwarhderof the present

approach is thatcthgelinking.ids smitpay, bgptailareditp.akiestbafinal Rroperiesighthe: higconjugate.
Thus, the linkers may vary in size, polarity, charge, and chemical composition to modify properties of
the final conjtig&ted sﬂ&ﬁ)éﬁsag B AT A P ORI R BRI Rk o Ay BRI AT ABD) properties.
Furtherhore e fimkérdkmaybifichadenattifieriatdtandiesifakattachmenhat graups-shptwpould improve
targeting an%{ng{ t%%%%é!f% dWO iE009/080561PCT/ECFZOOB/ 67413

an aikyne group at a second terminal, such as N-(but-3-ynyl)-3-(2,5-
dioxo-2,5-dihydro-1H-pyrrol-1-yl)propanamide  linker (1) and “Mal-azide
bifunctional linker” refers to a linker having 2 maleimido group at a first terminal and

an azide group at a second terminal, such as compound (2). Some non-limiting

15 examples of linkers are shown in structures (1)-(6).
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10 In other embodiments, the linker may be prepared by reacting an amine compound comprising a
thief-reactive functional group with a carboxylic acid or an activated ester compound comprising an
azido or alkyne-reactive functional group. The carboxylic acid or activated ester comprises a structure
(8), 5 L-M-CBR "8 8&rein L comprises a thiol-geactive functional group SO PYHREEd derivative
thereof; M is a divalent linking unit, and R2 is OH or an activating group. The activating group R2
facilitates the reaction of the amine compound having the azido or alkyne-reactive functional group
with the carbonyl carbon atom of structure (8). 10 In another embodiment, the linker composition
comprisin.g dnfosondacioHvdO0erdH (R ) tidb ryubeve teisndnibioklieactive f@tﬂ@ligﬁﬂL@ﬁ@tépél\l/l and J arc
the bifunctio jts/linki nits; ._R'is H, an gliphatic radical, an aromatic radical, or a
cycloaliphatig%g{éica?.léggéﬁ &Elﬁgoa[fr{eaagfi g%ﬁﬁfﬁ%@?e@&i%%Hléﬁ%jfg'f:ﬁgﬁ%v SEMPEY synthetic
approaches fowsphspeatitig i evithke minenvingrstarttaies 1 JTrd (R earenshdwrusadReaatiah Schemes 1 and

2. WO %009&%@%@&3&%%8&&%%{%%’%&%&%&%ﬁ%ﬁ@@%&%?faﬁ%ﬁm to attach
azide or alkyne (e.g., fluorine-substituted azide or alkyne) at the other end via the

azido or alkyne -reactive terminus respectively.

Linker Preparation

10 The linker may be prepared by any method that makes both the thiol-reactive
functional group and the azido or alkyne-reactive functional group accessible for
reaction with (i} the biomolecule having at least one thiol group, and (ii) the fluorine-
substituted azide or alkyne, respectively. In one embodiment, the linker is prepared
by reacting an amine compound comprising an azido or alkyne-reactive functional

15 group with a carboxylic acid or an activated ester comprising a thiol-reactive
functional group. Any amine compound having an azido or alkyne reactive functional

group may be used. In an embodiment, the amine compound comprises a structure

(7),
G-I-NHR' ()

20 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

25 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.



DM F /DI EA Reaction Scheme 2 DMF/DIEA In Reaction Schemes 1 and 2, DIME 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). WO

2009/08056 TFC1)E 8/067413 12 Bioconjugates The products resultfrfgtFrf4fEréhttion of the
linker with the biomolccule having at least one thiol group is termed as a bioconjugate. Thus in an
embodimentitheHzioembpgetacohprisdsrstug thieghwpited ésiviedctiomar(i haibio neleoutel comprising at
5 least one thighgrone: ARK A INKeRNGIE (e Inkarisprepared by amethod somprising reacting
an amine compou omprising an azido or a l<§/ne reactive functional group with a carboxylic acid or
an activated @ite reonoprdipean thip ke aetiveofuictionalagtoggitatametispwmbodiment, the

bioconjugate comprises structural units derived from: (i) a biomolccule comprising at least one thiol
group; The carboxylic acid or activated ester comprises a structure (8),

L-M-COR? (8)

tn

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. The
activating group R” facilitates the reaction of the amine compound having the azido or

alkyne-reactive functional group with the carbonyl carbon atom of structure (8).
10 In another embodiment, the linker composition comprising a formuta;
L-M-CO- NH(R-I-G,
where L 18 a thiol-reactive functional group;

M and J are the bifunctional units/linking units;

R' is H, an aliphatic radical, an aromatic radical, or a cycloaliphatic
13 radical.; and
G 1s an azido or alkyne-reactive functional group
Exemplary synthetic approaches for preparing the linker having structure (1) and (2)

are shown in Reaction Schemes | and 2.



10 and (ii) a linker; where the linker is prepared by a method comprising reacting an amine compound
comprising a thiol-reactive functional group with a carboxylic acid or an activated ester comprising an
azido or alkyne-reactive functional group. In another aspect the linker may be prepared by reacting an
amine compBdhttEKFking a thiol-reactive functional group with a carbSGATERLENS 66741 activated
ester 15compound comprising an azido or alkynel-lreactive functional group. Methods for Fluorinating
Bioconjugatefiddeioncaddmdescribed herein enable the preparation of fluorine-labeled bioconjugates,
more particularly radiofluorine (e.g., J8F) labeled bioconjugates. One 20 of the advantages of these
methods is that the linker may be at d selectivelysto a biomolecule such as a biomolecule under
non-radioactiWions in which hiol group of the biomolecule may be reacted selectively with
the thiol-reactive Tufictionatggoup of the likker,and hejresulting bioconjugate may be purified prior to
reaction with an 18F or a normal fluorine-substitute#azide or alkyne. Another 25 advantage is that the
radiofluorine label may be ad%ed selectively in a final step, eliminating the need for time consuming

additional purification steps befordtHelpteparation of the final bioconjugate, especially at tracer levels.
The methods described hereiy for introducing fluorine onto a bioconjugate may be used to generate
fluorinated bioconjugate of any length. Thus, in some embodiments 30the biomolecule of the
bioconjugate comprises at least 58 amino gcid residues or at least 100 amino acid residues. WO
2009/080561PCT/EP2§Q§/%{41 13 1n ofe aspect, methods for introducing one or more fluorine
atom(s) onto a biomolecule areﬁ{jisc osed. The methods may comprise: (i) providing a linker
comprising a thiol-reactive terminus and@n azido or alkyne-reactive terminus; (ii) reacting the
thiol-reactive tei minus of the linkeér with a biomolccule comprising at 5 least one thiol group or a
reactive derivative thereof; and (iii) subsequently reacting the azido or alkyne-reactive terminus of the
linker with a fluorine-substituted azide or alkyne respectively. In some embodiments of the methods for
introducing the fluorine atom onto the biomolcculc, such as polypeptide, the thiol-reactive terminus of
the linker is selected 10 from a maleimido group, a haloaliphatic group, a haloaromatic group, a
halocycloaliphatic group, a (haloacetyl)alkyl group, a (haloacetyl)cycloalkyl group, a (haloacetyearyl
group, a vinyReualfape gedkman acryloyl group, an epoxy group, an aziridinc group, and a disulfide
group capable of a thiol exchange reaction with a thiol group.

O
N + q 7
PSNH,-TFA Mg~y
O /.
18]
l DMF/DIEA
o 0O
Nr\/\NJ-K/\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).



15More specifically, the methods described herein may be employed to introduce one or more fluorine
atoms onto a biomolccule using Mal-alkyne bifunctional linker such as

N-(but-3-yn3(% -3 %(2 5-dioxo-2,5-dihydro-1H-pyrrol-1-y1)propanamide (1) as the linker. Such methods
comprise: (i)r8at ﬁ{&q?ﬁ@ thiol-reactive group of N(but-3- yny1)-3-(2,5-dig¥d 2B 1H-pyrrol
-1-yl)propanamide (1) with a biomolecule 20 comprising at least one thiol group; and (ii) subsequently
reacting the Blkgnejggetgs 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 biomadléeuedsitig Maltiagidehifhactonahlinkeée Sidrasido thpbunto{2) ws thedinker. Such
methods comse OiEAClghiNg ttz;&kégaa%ﬂxebﬁu@gﬁ(a DRC9TOHR, 2, Of CURROHALE I
biomolecule comprising at least one thiol group; and (ii)'subsequently reacting the azide group of the
intaimediate BRSHUERAS G Fonitstelsrd) with defiverifemsubstitiiethelikgmie ciherisagtion of the azido
or alkyne-reagliyetRrmpivsRfihealiaken with.ihe. flugrinensubstitited,azide or,alkynedaay be carried

out in any medium that may range from 30 mildly acidic to mild basic conditions. In an embodiment,
the reaction FRAPHEBOALRIEEY Y £THEGIGATRAYINY DHRFHE rah g apbuk s Tereb6ut 9; and in

another embpalifhenti ireuphktangedreptahoutid to ahoukBabheERactionpiempesatupimay be WO
2009/080561PCT/EP20081067413 14 varied from ambjent temperature to about 70C. Reaction time
may vary, buE§enEr il B b P8R abBut i Bg%nggbu OTRFRIIESIh SORREbodiments,
the reaction timetvatiesifrodaralpdufrdf:niinuteste kbolst Rumikites: Hawever tHangesgpaction times
may alsq be layed. The reaction may be carried qut in_the presence 5 of Cu', or precursor thereof,
g b T B R S R B g BB ouch s o
not limited tisodicpmaseotbaepResgichiSetrentiss Buaticbdabgowipossibleapproaches to prepare the

fluorine labelgd, RigeQORIRE AN Y -REBRICBSEREME SRAACHARRHETES. T

another aspect the linker may be prepared by reacting an aminc compound comprising

a thiol-reactive functional group with a carboxylic acid or an activated ester

I3 compound comprising an azido or aikyne-reactive functional group.

Methods for Fluorinating Bioconjugates

The methods described herein enable the preparation of fluorine-labeied
bioconjugates, more particularly radiofluorine (e.g., '°F) labeled bioconjugates. One
20 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
25 advantage is that the radiofluorine iabel 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
30 the biomolecule of the bioconjugate comprises at least 50 amino acid residues or at

least 100 amino acid residues.



H | HS-Poiypeptidell( HS - Polypeptide 00 - Poly pe Ode -Polypeptide Fri N-Th HN S-Poiype ptide
In one approach, the precursor to an alkyne or azide containing linker may be first reapted with a
polypeptidc comprising a thiol group and the resulting intennediate is transformed to give the desired

bioconjugate” Rf&H{EK&ly, the precursor to an alkyne or azide containing? fiKEI2ABY GeLirst |
transformed to give the linker, which 15may then'be reacted with the polypeptide comprising the thiol
group to givelprodeicisp¥v) RRAVOBALE IREMERZ008/0674d3re fluorine atom(s) onto a

biomolecule are disclosed. The methods may comprise: (i) providing a linker
comprising a thiol-reactive terminus and an azido or alkyne-reactive terminus; (i1}
reacting the thiol-reactive terminus of the linker with a biomolecule comprising at
5 least one thiol group or a reactive derivative thereof; and (iii) subsequently reacting
the azido or alkyne-reactive terminus of the linker with a fluorine-substituted azide or

alkyne respectively.

In some embodiments of the methods for introducing the fluorine atom onto the
biomolecule, such as polypeptide, the thiol-reactive terminus of the linker is selected
10 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.

15 More specifically, the methods described herein may be employed to introduce one or
more fluorine atoms onto a biomolecule using Mal-alkyne bifunctional linker such as
N-(but-3-ynyl)-3-(2,5-diox0-2,5-dihydro-1H-pyrrol-1-yl)propanamide (1)} as the
linker. Such methods comprise: (i) reacting the thiol-reactive group of N-(but-3-
ynyl)-3-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)propanamide (1) with a biomolecule

20 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 & biomolecule using Mal-azide bifunctional linker such as compound (2)
as the linker. Such methods comprise: (7) reacting the thiol-reactive functional group

25 of compound (2) with a biomolecule comprising at least one thiol group; and (1)

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 allyne may be carried out in any medium that may range from
30 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 & The reaction temperature may be



15 Using the above-described techniques, one may introduce fluorine or radiofluorine atom(s), such as
HT, onto a biomolecule When a fluorine-substituted azide or alkyne is reacted with a bioconjugate, a
fluorine-substituted bioconjugate results. When a radiofluorinc-substituted azide or alkync is reacted
with bioconjUgat@? 4 P4tfibfluorine- Slabeled bioconjugate results. Non-limkfnl*dXa#Bee 4% suitable
fluorine-substituted azide/alkyne are shown in strlictures (11)-(14). N3(11) 18F (13) 18F (14)
Any of the bieaetedties asudbnas@obypaptides, descriied praviestaly having.a¥ least, ane thiol group
may be used,for preparing the bioconjugates. Biomalec such as_10 polype tifgie, vectors,
scaffold-basggnrc)rgtgi)r%a}_é%a e%%ﬁ%%%‘#!e%%b?ﬁgﬁ%ﬁ?o%é?ﬁg ar\)}lllr]ilg‘jltg?'le%s?t%%%ﬁ% ﬁ%ﬂg’are especially
valuable sindbesigebiimmatermistirsvaqporbaially valuabicodibgricstinandshdlapewtic value. Thus in an
embodiment,igeaniigates mawte Bgrised biaacting seofeld:ased proteingsugn as affibodies
with a Malalkync bifunctional linker such gg N- bﬁt-s-yny0-3-?2,5-daioxo- ,5-§ihyd$é-1ﬁlge

of Cu, or precursor thereof, including but not limited to Cu®, Cu', or Cu™ salts, in the

presence of a reducing reagent, such as but not limited to, sodium ascorbate. Reaction

Schemes 3 and 4 show possible approaches to prepare the fluorine labeled

bioconjugates (9) and (10).

Reaction Scheme 3 Reaction Scheme 4

O
O o) 0
2 q 9 @ N . q JL/\%
\ ~
\/\NH_TFA * T N\O)J\/\Nb/ MNH—TFA o 0 N
g o

l i DMF/OIEA
DMF/DIEA
“ o I Na\/\Ni/\N
\\/\NJK/\N H /
H / o
O
HS—Palypeptide
i Ho—Polypeptids
Y
@]
_ . . Na\\/\uj\/\N —Polypeptide
\\/\N)K/\meo!ypepﬁde g
H
o | T
;l: Td
i
'!: l F g Ns N

E N\\ = j\/\ -~—Polypeptide
N o o N—N.  HN
\%//l_ﬁ'\’k/\;b/s_%iypepﬁde o
10 {® o

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

15 may then be reacted with the polypeptide comprising the thiol group to give product.



15 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 it & fiffBfihe-substituted azide or alkyne. WO 2009/08056AFURIAE08ID67413 16
The fluorine-labeled biocortjugates are valuable rraterials in diagnostic applications. '8F labeled
bioconjugate¥simythe sisualizedibsing:imaging, teehmiguasdaman imihaat: siabasiekexample PET
(Positron Emijssion. Tomogranhy) technigues. While only ¢ertain features of the invention have been
illustrated and %ggéﬁ%“e%}} %ﬁé‘?’ﬁ?n%aﬁ% r%%’&v}./ atigie & %ﬂ%ﬁ&gy%ﬂ}%ﬁiﬁiﬁﬁé}@@%kiued in the
art. It is, theré&forectal beithndérstoopighat théhappendeditiaithdiatenntendeadstoicov@hall such
modifications angianasaAs alawiig dhetie spidl el neaton, EXAMEN G gEractice of the
invention will be still more fully understood from the fol owing examp]eé, which are presented herein for
illustratioh orliPelad Bissomdugabsednstitent diimtiogthe dnientionlin Bmyinayuihieabbreviations
used in the E@%@@hgmgggﬁgﬁm@gggéﬁ oligyymilligrams; "mL": milliliters; "mg/mL": milligrams
per milliliter; "minor: 15 oles; "nL": microliter; "KDa": kilodaltons; "MALDI-MS": Matrix Assisted Laser
Desorption lonization Mass.Spectrometry,, yHPLC": High Pressure Liquid Chromatography; "LC-MS"
Liquid Chromatography Mass Spectrometry, "ESI-MS" Electrospray lonization Mass Spectrometry,
"MALDI-TOF MS" Matrix Assisted Laser Desorption lonization Time Of Flight Mass Spectrometry,
"TFA": 20 Trifluoroacetic acid; "DMSQO": Dimethylsulfoxide; "DTT": dithiothrietol; "MeCN" acetonitrilc,
"PBS": phosphate buﬁqgeg\sglige, "Mal: Mjleimido; "ppm" parts per million, "MWCO: Molecular
Weight Cut Off; "cold cofdition": without radioactive isotope and "radiochemical yield": fraction of
activity originally present. Unless otherwise noted, all reagent-grade chemicals were used as received,
and Millipore 25water was used in the preparation of all agueous solutions. Example 1: Preparation of
2-118F1Fluoroethylazidg (1) K41189F" Ts,..-?,.."N3 18F7------- NI3 MeCN, 15 mm

/\/N3
N N
i # {13
18F
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Any of the biomolecuies, such as polypeptides, described previously having at lcast
one thiol group may be used for preparing the bioconjugates. Biomolecules such as
10 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 m an embodiment, bioconjugates
may be produced by reacting scaffold-based proteins such as affibodies with a Mal-
alkyne Dbifunctional linker such as N-{but-3-ynyl)-3-(2,5-dioxo-2,5-dihydro-1H-
15 pyrmol-1-yhpropanamide 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.



(15)(11) Reaction Seheme5 WO 2009/080561PCT/EP2008/067413 17 [189-Fluoride was produced by
a cyclotron using the 180(p,n)I8F nuclear reaction with 19 MeV proton irradiation of an enriched
[180]1-120 target. After the irradiation, a mixture of Kryptofix(r) (5 mg, 13.3 umol), potassium
carbonate (FHJ*?P2543AbI), and MeCN (1 mL) was added to 18F-water (RGHIBP2PAEEHHENt was
removed by heating at 5 80C under a stream of rilﬁrogen (100 mL/min). Afterwards, MeCN (0.5 mL)
was added afitkeflaporadetkisdden hediingeand:nitogeh steanalsThigiprasedumppiaskaneated twice.
After cooling g ro mperature, a solution of toluenesulfonic. acid2-azidoethylester (15) in
anhydrous M?é:ﬁg(eg%e%éjov%]augafd dren&.y#ﬁev}%%c fgﬁ‘e%}% Q }gl%génsgstﬁ%}’él&%rs éﬂ‘lﬂ 4t 86C. After
addition of MECKKD & nt yx2mpl PESF{Rostuetiytaside (Miowes distitelchzpna80C under a flow of
nitrogen (15 mL/min) into a trapping vial containing MeCN (0.1 mL). This compound (ll) was collected
with a decay¥bitecteld radiooh&atiosh yiéldhof Baost{ref ltovt SFedtudiidekandGa%distikation efficiency.

FIG. 2 slaovv%(t,r@nr,eawﬁ %Bﬁaﬁcmﬁhgd&@adxg 95; tefzﬂfgs&@ptsﬂiéagéesﬁ%a%%i%%ﬁl% is,

C8F1Fluoroethylazide using gradient |, nm (a, radioactivity channel,

2-rEIFluoroeth§is®itte (@ by ardestontithat by amsnded) dandistlédgpdsduet covjass|Prdroethylazide

(11) (c, radioggtivitynabanirl chabdéchamnalinin MXAMPIRE CORCENEALQR Studies Showing Triazole
Formation at Different 20Concentrations of Small Substrate. 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 pL) and mixed under
nitrogen with an aqueous solution of 25 copper(H) sulfate (25 pi, 2.8 mg, 11.25 pmol), and sodium
ascorbate (25xAbvi¥1mg, 37.5 pmol). After addition of [18F12-fluoroethylazide (11) in MeCN (100 pl)
and standing for 15 min. at room temperature, the mixture was analyzed by HPLC. The vials were

subsequentipleatedofLiminvSRie) andt agaimrnabyized: W 20091080361 R THER2RQ8/067413 18
The resulting Tg%ﬂole pl%%%uct (17) was obtained in quantitative yield at room temperature with a

minimum alkyHERHSH I8 LRSSt B O 4014 tididotng) A0drBAude e ResoRsRisture was
heated at 80& theitnininelinvalkynénmegdek(16) concentration was 1.57 mM (50 ug) for a quantitative
yield of resulting Triazole (17).

The abbreviations used in the Examples section are expanded as follows: “mg’™

milligrams; “mL” milliliters; “mg/mL™ milligrams per milliliter; “mmol”:
15 millimoles; “ul”: microliter; “KDa”: kilodaltons; “MALDI-MS’: Matrix Assisted
Laser Desorption lonization Mass Spectrometry, “HPLC™: High Pressure Liquid
Chromatography; “LC-MS” Liquid Chromatography Mass Spectrometry, “ESI-MS”
Electrospray lonization Mass Spectrometry, “MALDI-TOF MS” Matrix Assisted
Laser Desorption lonization Time Of Flight Mass Spectrometry, “TFA”:
20 Trifluoroacetic acid;, “DMSO”: Dimethylsulfoxide; “DTT”: dithiothrictol; “MeCN”
acetonutrile, “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 Miilipore

25 water was used in the preparation of al! aqueous solutions.

Example 1: Preparation of 2-I'*FlFluoroethviarzide (1 D

K'8FIF
TssO/\\/N3 B 18F/\/N3
MeCN, 15 min
(15) (11)

Reqction Scheme’



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 2418ff luoroethy lazide (11) 10
Example 3: Triazole Formation on Peptide Preparation of
r11(S)-6-Amind 3428} 2-[24(S)-6-amino-2-{[4-(2-fluoro-ethyl)- PCT/EP2008/067413
[1,2,3]triazole-1-carbonylkamino)-hexanoylamino%-acetylamino]-3-pheny|propionylaminol-acetylamino)-
hexanoic acit ‘FIHuods) Nad Pudedasdorbaty d@Fsn-usingl Bhm i) (pportenglesatire(dd) Reaction

scheme 7 WROUEIIRALE %’551%90%’@26‘5

1%&9 ko Aa.S Iytioq oﬂgo erig_l sulphate
pcntahydrate (4.3 mg, 17 umol) in water (50 p,L l,cwas[a et%iSSoEl i a"s{E‘:ori'gB:a1 eggé%ign%’ga, 17 umol) in

water (50 undextnitro§ Enypfex@iproginatelyene poinstieatoobmterpermatiizasolutidn of alkyne
peptide precyfsor(1)wag Added{(¢,m9. 3,4 Umalyin sadium phosphate buffer, it 8,0,0.5 M, 50 5
followed by a'soIUtién ofﬁllSF]FluQroethylgzigﬂe (l'T')_ (24%@M8q in M&:N%O'uﬁ@%‘he mixture was
kept at rdom¥&rhpEidtife forars shintitescadd0dilotedrith MBECYpdbild HAJE A tlatens0.1 % TFA)
(0.3 nal). Thakabeled Rerfisia:tho)was isqlatgd: 8'89@5‘%&&79#%@“"&@ PhGeédYatal6 nm, Rt =
6:24). 10Example 4: Synthesis of Mal-alkyne Bifljnetion.al Linker (1) o

repeated twice. After cooling to Toom temperature, a solution of toluenesulfonic acid-

2-azidoethylester (15) in anhydrous MeCN (0.2 mL.) was added. The reaction mixture

was stirred for 15 min at 80°C. After addition of MeCN (0.3 mL), 2-

10 ["F)Fluorocthylazide (11) was distilled at 130°C under a flow of nitrogen (15
ml/min} into a trapping vial containing MeCN (0.1 mL). This compound (11) was
collected with a decay-corrected radiochemical yield of 54% (ref. to "*F-fluoride) and

63% distiliation efficiency.

F1G. 2 shows the results of the HPLC anatysis of a reaction mixture containing 2-
15 ["®F]Fluoroethylazide (11) using gradient I, UV at 216 nm (a, radioactivity channel,

2-[*F]Fluoroethylazide (11) at 3:51 min; b, UV channel) and distilled product 2-

['*F]Fluoroethylazide (11) (¢, radioactivity channel; d, UV channel).

Example 2: Concentration Studies Showing Triazole Formation at Different

20  Concentrations of Small Substrate.

‘8F\/\N/N<\N
N = N ={ [
BpT~~Ns . 22 N —i N

(1) (16) a7n o

Reaction Scheme 6

In the concentration study, alkyne model (16) {1.2-0.01 mg, 7.5-0.25 umol) was
dissolved m DMF (50 uL) and mixed under nitrogen with an aqueous solution of
25 copper(Il) sulfate (25 ul, 2.8 mg, 11.25 umol), and sodium ascorbate (25 ul, 7.5 mg,
37.5 umol). After addition of ["°F]2-fluoroethylazide (11) in MeCN (100 wul) 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-[B-Maleimidopropyloxy]succinimide ester (50 mg, 1.25 equiv) was dissolved in 1.0 mL of dry DMF.
3-Butyn- 1 -amine hydrochloride (16 mg, 1.0 equiv) was dissolved in 15 0.5 mL of dry

dimethylformamideéDMF) and 26 tL of diisopropylethylamine (DIEA). This amine solution was added

drop-wise 1o YREY e Rfhide ester while keeping1 e ester solution in an I BAtH R Hhixture was

stirred at OC for 10 min. The solution was warmed up to room temperature and stirred for 18 h. The
solvents wer&hevagpotated Tmoetey acodurt ahd)thensesiduesdas dipsoliedvin Sicht @H2642. The 20
organic solutj was extract VY{H?Ib -Qﬁ' )-and dried over MgSO4. T vent was removed
under reduce%rll ressure andg %‘é cruué% mét%egr(iaOwégs(%él}rﬁ%ge%%l%oﬁfghg?ﬁ@aﬁ@*ﬁy (silica,
MeOH/CH2C¥2ynTihe peaciunt (hixivas pasifiedthdm die'isclvydissoivinglkiyecsampié (A minimum
amount of CHaC12 (58, M4 folloned by tree washes Wil hexanss: e piaguetAl) precipitated
as a fluffy white 25 solid. Char'acte%ior’?%ﬁhe product wa achievee%qﬂsé;g fl?léijlﬁfwgé. Yield: 8.2 mg
(25%). FH-NMR (500 MHz, CDC13) : 6 2.02 (s, 1), 2.41 (t, J = 5Hz, 2), 2.57 (t, J = 5 Hz, 2), 3.42 (td,

J=5Hz, 2), 3.88,(t, J= 5 Hz),.5.90 (bs .73 (s, 2). Example 5: Preparation o

2-Fluoroethyitfaz ole a‘ie“i’n%%%%ﬁé‘?&?éﬁ%%@ %?%6%%ﬁ&?@‘lﬁ“\?\?@zﬁ%&lﬁhg@é%%2008/067413
20 N3 ON--7 kN (@0 €u(1 P {19¢8d9nR edmtioans chepeBuiecsixtugenafdd diomppinas phiate buffer (20
ul, 250 mM, Q%@@BHM&Q%%Q an {:ﬂgper powder (100 mg, -40 mesh, Aldrich Cat. No. 26,608-6)

11 aziac
was purged wi

10 Example 3: Triazole Formation on Peptide

Preparation of [°F]($)-6-Amino-2-(2-{(8)-2-12-((S)-6-amino-2- {[4-(2-fluoro-cthyl)-
[1,2,3]triazole-1-carbony!]-amino }-hexanoylamino)-acetylamino]-3-phenyl-

propionylamino }-acetylamino)-hexanoic acid (19)

NH.

NH
s N N N
=
H O i G H 0
(18)

%a;:’\/Ns Cu2+/ascorbate
15 min, room temperature
(t1)

NH, NHp
N g I Lo I I o
2N N N ©

N H Hot ol

Reaction Scheme 7



5 nitrogen gas (10 mUmin) for 5 minutes. After addition of 2-fluoroethylazide (20) (10 umol) in DMF
(9.2 ul, prepared as described by Glaser and Arstad 2007). and 3-(Nmaleimidy1)-N-(3-propargyl)
propionamide (1) (2.1 mg, 9.5 umol) in DMF (20 rd), the vessel was stirred at room temperature for 1
hour. The sOKRAREREmoved under reduced pressure (1 mbar, 80°C). BUREEAHS I B} Breparative
HPLC gave the 10fluoroethyltriazole (21) compound (1.2 mg, 41%). HR EST-MS: for C42H16N503F

(Calculated. Ti/a E&)Bﬁﬂﬂaﬂébﬁa@t(ﬂd sulghed pDid B RUrfigatian bynereparative IR (gradient:

80 % sol B h 20/ FA d CN /[0.1.9% TFA W rate: 15
;L/mlmsgo\lljrztn é%/r?ierlq mlr(]?‘,é_ngé)( ﬁﬁfgﬁejj':%l P7él 1510 athﬁ?S%&t%)c?n Crlfull(?%}h . Example 6:
Affibodv Alkwnylationasid @emw\mmmtwmmaﬁmoﬁm hfratﬂdejmeﬁ;ﬁbps&é Antivrher? fﬁ)ﬁdedylg,M

= VAN t ibodly,
kDa) 0 N.---rWNgasadddd)Albl Q 2 BB, ih<85:00 é%%éé%%@g%? hateab% @P kﬁ'eﬁ aftibody

kDa (1 mg as a'lyophilized powder) ) was, dissolved i red ‘saline (PBS). The
pH of thé solfisivsiabyniasatatitadost 2¢(4 FIF luoroethylazide (11) (24 32 MBQ) in MeCN(50

ul). The mixture was kept at room temperature for 15 minutes and diluted with
HPLC mobile phase A (water, 0.1 % TFA) (0.3 mL). The labeled peptide (19) was
isolated using semi-preparative HPLC (UV at 216 nm, Rt = 6:24).

10 Example 4: Synthesis of Mal-alkvne Bifunctional Linker (1)

o o)
O o £
/\j\ /2? * HgI\E/\// LDEA, N/\)J\N/\//
(N 9) DMF \ H
© 5 M

HCI
Reaction Scheme 8

N-[B-Maleimidopropyloxylsuccinimide ester (50 mg, 1.25 equiv) was dissolved in 1.0
ml. of dry DMF. 3-Butyn-1-amine hydrochloride (16 mg, 1.0 equiv) was dissolved in

15 05 mL of dry dimethylformamide (DMF) and 26 uLl of diisopropylethylamine
(DIEA). This amine solution was added drop-wise to the succinimide cster 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

20 organic solution was extracted with brine (3 x 5 mL) and dried over MgSOQ4. 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 & minimum amount of CH,Cl, (ca. 2 mL),
followed by three washes with hexanes. The product (1) precipitated as a fluffy white

25 solid. Characterization of the product was achieved using "H-NMR. Yield: 8.2 mg
(25%). "H-NMR (500 MHz, CDCl5) : § 2.02 (s, 1),2.41(t, J=5H22),257(t,J=5
Hz, 2), 342 (td, J= 5 Hz, 2), 3.88 (t, J= 5 Hz), 5.90 (bs, 1), 6.73 (s, 2).

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

a1




To this solution was added 40 pt of a 0.5 M solution of dithiothreitol (DTT) WO
2009/080561PCPEP2008/067413 21 dissolved in PBS; the pH was maintained at 7.4. The resulting
mixture was stirred at room temperature for 2h. The reduced affibody was purified via gel filtration. To
this pure fralffBR"8¥P&HGLed affihody was added a 12 p,L aliquot of a solUHeHEBRMEIG4kdIkyne
Bifunctional Linker (1) (0.15 M in DMSO). This redttion mixture was incubated at room temperature for

2h with moderate stirring. The reaction rp»etq;ewvas purified using gel filtration followed by Centrifugal

Ultrafiltration (&micon), MWCO 5 kDa (Millipore) to obtd&in purified; Alkynyl = affibody (22).
Characterizatj gut [ﬁrifiedﬁkynylated affi ing

(MALDI-TOF- and HPLC followed by I0G(ESI)-MS. Xield (%): 78t MS: 10 (MH Iculated: 14260,
FI

found: 14260) 4 SRows the MALDI-TOF MS data of Alkynylated afffoBdy (22). Standard conditions
for HPLC analysis of Alkynylated affibody (22): Grace Vydac Protein C4 column was used for HPLC
analysis. Solvent A: 100% H20, 0.1% TFA, Solvent B: 100% MeCN, 0.1% TFA, detection: UV 216 and
280 nm; flowraterid PoHmkéain The solvent concentration was changed with time as shown in Table 1
below. I 1 Time %A %B 1000

A mxture of sodium phosphate buffer (20 ul, 250 mM, pH 6.0), DMF (50 pl) and
copper powder (100 mg, -40 mesh, Aldrich Cat. No. 26,608-6) was purged with

5 nitrogen gas (10 ml/min) for 5 minutes. After addition of 2-fluorocthylazide (20) (10
umol) in DMF (9.2 ul, prepared as described by Glaser and Arstad 2007), and 3-(N-
maleimidyl)-N-(3-propargyl} propionamide (1) (2.1 mg, 9.5 umol) in DMF (20 ul),
the vessel was stirred at room temperature for 1 howr. The solvent was removed
under reduced pressure (1 mbar, 80°C). Purification by preparative HPLC gave the

10 fluoroethyltriazole (21) compound (1.2 mg, 41%). HR ESI-MS: for C3HsNsOsF
(Calculated. m/z = 310.1310, Found m/z = 310.1314),

Purification by preparative HPLC (gradient: 5-80 % solvent B over 15 min where A=
HxO /0.1 % TFA and B= MeCN /0.1 % TFA, flow rate: 15 mL/min; column: Luna 5
pm CI8(2) (Phenomenex), 75x30 mm, detection: UV 216 nm.

15
Example 6: Affibody Alkvnylation and Reaction with Mal-alkvne Bifunctional
Linker
O 9]
/\)L /\/’//
i N o
Aff—SH ) At ,§( H
O . [} N N
Anti-Her2 Atfibody N & \/\ér RN
(14 kDa) o= (22}
Reaction Scheme 10
20

Anti-Her?2 affibody, 14 kDa (1 mg as a lyophilized powder) was dissolved in 460 uL
of phosphate buffered saiine (PBS). The pH of the solution was maintained at 7.4.
To this solution was added 40 pL of a 0.5 M solution of dithiothreitol (DTT)



80 20 16 40 60 20 0 100 Table 1 The typical elution time for the Alkynylated affibody (22) was
approximately 11 minutes. 20 WO 2009/080561PCT/EP2008/067413 22 Example 7:Triazole
Formation on Bioconjugate Under Cold Conditions. H H

WO 2009/080561 PCTE/EP2008/8667413
21
dissolved in PBS; the pH was maintained at 7.4. The resulting mixture was stirred at
room temperature for 2h. The reduced affibody was purified via gel filtration. To this
pure fraction of reduced affibody was added a 12 ulL aliquot of a solution of the Mal-
alkyne Bifunctional Linker (1) (0.15 M in DMSO). This reaction mixture was
5 incubated at room temperature for 2h with moderate stirring. The reaction mixture

was purified using gel filtration followed by Centrifugal Ultrafiliration (Amicon),
MWCO 5 kDa (Millipore) to obtain purified Alkynylated affibody (22).

Characterization of the resulting purified Alkynylated affibody (22) was achieved
using (MALDI-TOF-MS) and HPLC followed by LC(ESD-MS. Yield (%): 78, MS:

10 (MH calculated: 14260, found: 14260) FIG. 4 shows the MALDI-TOF MS data of
Alkynylated affibody (22).

Standard conditions for HPLC analysis of Alkynylated affibody (22); Grace Vydac
Protein C4 column was used for HPL.C analysis. Solvent A: 100% H;O, 0.1% TFA,
Solvent B: 100% MeCN, 0.1% TFA,; detection: UV 216 and 280 nm; flow raie: 1

15  mL/min. The solvent concentration was changed with time as shown in Table 1

below.
Time | % A | % B
0 100 |0
4 80 |20
16 406 | 60
20 0 100
Table 1

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

minutes.

20



N--H Aft--H(23)3H-N -:;-,CuS0O4, Na-ascorbate,& 3 (22) 065 C, 0.75 h (24) 0.1 M Na2HPO4, pH 8
Reaction Scheme 11 Labeling of Alkynylated-affibody (22) using Azido-PEG (23). To 36 AL ofan 5
aqueous solution of sodium phosphate (100 mM, pH 8) was added a 3 At aliquot of a stock of
Alkynylated SffiBEHE8¥) solution (0.6 mM, -8 m JpriL in phosphate bufferéelt 88/ 8 7AH 7.4). To this
solution 1 AL aliquot of a freshly prepared 18 mM solution of 11-Azido-3,6,9-trioxaundecan-l-amine
(Azido-PEG dilufed iIMT#66 v MVFeadidivnphasphi ‘ 81 was aduddl. Toriditsoselution was then
added a 5 AL 10 aliquot of a freshly prepared 1O mM (% mg/mL) solution of sodium ascorbate (in 100
mM sodium phosphate,copH 8). Finally, a B:AL “%Ot Q‘f a freshly prepared 10 m1Vk(1.6 ing/mL)
suspension of er w%gﬁate (in 10 phate. pH @ﬂwa t6'the reaction
mixture. These additions thifs ﬁmmect(ﬁmwm@cﬁmab,conc ntrationsforyeagehts and substrate-
Alkynylated affibody (22%(38 AM), the 15 AZEFPES" (23) ( iM), sodiurpascorbate (1 mM), and
CuS0O4 (1 mM). The resulting solution was mixéd at 85C 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
AL using an Apican Gentrifygal Ultrafiltration unit, MWCO 5SkDa (Millipore). This water
dilution-concentration sequence was repeated two 20 additional times in order to remove excess

reagents. Chajagterizati qﬁ% he resuitin Hied conjuga, e_é%é:) acpieyed ysing MALDI-TOF-MS
and High Performaéce"Liqu %%?fma%%gfﬁ%gl)fo %)I\}\{?eé{%iflﬁi_ S%%-i'/lsc.f]\?igl% o):offnl\/ls:
(MHcalculatedudots 28 foemdf doi4@R)pRBEkem{dl@08n Valpélify eisdidnylatedtaffigosho (22) Using
CysS-labeled fzigdo REG (a9l PBPORIRGT AR LHR A} in phosphate

buffered saline, at pH 7.4). To this solution 1 uL aliquot of a freshiy prepared 18 mM

solution of 11-Azido-3,6,9-trioxaundecan-1-amine (Azido-PEG) (23} (diluted in 100

mM sodium phosphate, at pH 8) was added. To this solution was then added a 5 uL
16 aliquot of a freshly prepared 10 mM (2 mg/mL) solution of sodium ascorbate (in 100

mM sodium phosphate, pH 8). Finally, 2 5 pL aliquot of a freshly prepared 10 mM

(1.6 mg/mL) suspension of copper (1I) sulfate (in 100 mM 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
15 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 (MiliiQ) and
concentrated to <100 ul. using an Amicon Centrifugal Ultrafiltration unit, MWCO
SkDa (Millipore). This water dilution-concentration sequence was repeated two

20 additional times in order to remove excess reagents, Characterization of the resulting
purified conjugate (24) was achieved using MALDI-TOF-MS and High Performance
Liquud Chromatography followed by LC(ESI)-MS. Yield (%) 42. MS:; (MH
calculated: 14478, found: 14492),

25  Example 8. Labeling of Alkvnviated-affibody (22) Using Cv5-labeled Azido PEG
(25a)




Aft- s 00 (22) (25a) 3H CuS0O4, Na-ascorbate, 65 C, 0.75 h 0.1 M Na2HPO4, pH 8"(1.H (26)
(25a)303"=0OnS | *-N 27-17, (Cy5)

WO 2009/380561 PCT/EP2008/067413
23
o st“x y O/ N R H
7 (252) ° N MR
7 77 S Cu80,, Na-ascorbate, ? e
0 O 65°C,0.75h N (28)
(22) 0.1 M NayHPC,, pHs % H
) {25a) SOy . (25b) SCs
R= 08 ‘ L G483, .
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Reaction Scheme 12

To 36 uL of an aqueous solution of sodium phosphate (100 mM, pH 8) was added a 3

uL aliquot of a stock of Alkynylated affibody (22) solution (0.6 mM, ~§ mg/mL in

3 phosphate buffered saline, pH 7.4). Next wag added a 1 uL aliquot of 2 freshly

prepared 18 mM solution of CyS-labeled azido-PEG (25a) (diluted in 100 mM sodium

phosphate, pH 8). To this solution, a 5 pL aliquot of a freshly prepared 10 mM (2

mg/mL) solution of sodium ascorbate (in 100 mM sodium phosphate, pH 8) was then

added. Finally, a 5 uL aliquot of a freshly prepared 10 mM (1.6 mg/mL) suspension

10 of copper (II) sulfate (in 100 mM sodium phosphate, pH §) was added to the reaction

mixture. These additions yielded the following final concentrations for reagents and

substrate: Alkynylated affibody (22) (36 uM), CyS-labeled azido-PEG (25a) (360
uM), sodium ascorbate (1 mM), and CuSO4 (1 mM).

The resulting solution was mixed at 65°C with moderate agitation for 0,75 hours. The
15 reaction mixture was then immediately diluted to 4 mL in pure water (MilliQ) and
concentrated to <100 pL using an Amicon Centrifugal Ultrafiltration unit, MWCO
5kDa (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

20 monitoring the dye’s fluorescence emission (FI1G. ).



Reaction Scheme 12 To 36 AL of an aqueous solution of sodium phosphate (100 mM, pH 8) was
added a 3 AL aliquot of a stock of Alkynylated affibody (22) solution (0.6 mM, -8 mg/mL in 5
phosphate buffered saline, pH 7.4). Next was added a | AL aliquot of a freshly prepared 18 mM
solution of CY8-FBEIEESido-PEG (25a) (diluted jn 100 mM sodium phosHhEEE 2841 this solution,
a 5 AL aliquot of a freshly prepared 10 mM (2 mg/4mL) solution of sodium ascorbate (in 200 mM
sodium phospbhate]oH8) Was e nfacddedodinally Adikbiillaadit uafftfod freshlly graparedidO mM (1.6
mg/mL) susp&gﬁégnon%o of copper (ll) sulfate (in 100 mM sodium phosphate, pH 8) was added to the

reaction mixture. e additions yielded the following final concentrations for reagents and substrate:
Alkynylated affibody (22) (36 uM), Cy5-laketed-tzido-PEG ( (360 AM), sodium ascorbatc (1 mM),
and CuSO4 ($fmg®§-g§ip§gﬁn olution ¥¥&s mixed’d ith modgrate agitation for 0.75 hours.
The 15 reaction mixture'w

X then ifmediatgly diluted to 4 niL in pute wateri(MilkQ) and concentrated
to <100 AL using an Ar(ggor?Centrifugal UItra%iItration unit, MWCO 5 a (Milfipdre). 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 paiaingetizdmaonitoring the dye's fluorescence emission (FIG. 5). WO
2009/080561PCT/EP2008/067413 24 Example 9: Triazole Foiination on Alkynylated affibody (22)
Under Hot Qoiteitionsf Readiidh Sthetye(23) Skabefing of Antichier2affilbadyr(22)pwithi18F. An

aqueous solutipn of copper(ll) sulfate (5 ttL, 0.0249 mq, 0.1 umol) was mixed wijth, sodiym ascorbate
(0.198 mg, |%“r§%‘i? |(n5C &c@d%‘r@]ﬁ}%%éns%rﬁaie“ﬂﬂ%% Sﬂf“i(‘]bw]%ﬁ\ﬁ?‘é} %S‘gﬁﬁea@y%e{f‘é’?d ffibody (22)
(50 jig, 3.57 pmol) in RBSEpHbpiitebatdiionDf HLERNyoroehylazide i) £26446bd9.8 MBa,
prepared as dgscuped by Glaser, M-pRad Astad B 2000, of 2 [ *Fiftuoroethylazide (1)

(264 uCi, 9.8 MBq, prepared as described by Glaser, M., and Arstad, E. (2007),

10 “Click labeling’ with 2-["*F}fluoroethylazide for Positron Emission Tomography.
Bioconj. Chem. 18, 989-993, which is incorporated hercin by reference]. in MeCN
(20 ul), the mixture was heated at 60°C for 30 min. Labeling with 2-
[18F Jfluoroethylazide (11) HPLC analysis of the reaction mixture showed a

radioactivity peak co-eluting with the affibody (27) UV signal,

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

Anti-HerZ affibody (27) (a, radioactivity channel; b, UV channel at 280 nm).
20

The mvention may be embodied in other specific forms without departing from the
spirit or essential characteristics thereof. The foregoing embodiments are therefore to
be considered m all respects as illustrative rather than limiting on the invention
described herein. The scope of the invention is thus indicated by the appended claims
25 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.



10 "Click labeling' with 2-[18F]fluoroethylazide for Positron Emission Tomography. Bioconj. Chem. IS,
989-993, which is incorporated herein by reference]. in MeCN (20 ttl). the mixture was heated at 60C
for 30 min. Labeling with 2- [18E]fluoroethylazide (11) HPLC analysis of the reaction mixture showed a
radioactivitnga%‘gﬁ)-@%ﬁ}ng with the affibody (27) UV signal. 15PurificatidiF BEPiSéraHve HPLC
(gradient: 5-80 % solvent B over 15 mm where A£H20 /0.1 % TFA and 13= MeCN /0.1 % TFA, flow
rate: 1 murnipg eghyn. Luna 3 um Cl 8(2) (Phcnomenex), 50x4.6 mm, detection: UV 280 nm. FIG. 1
shows HPLC analysis of a reaction mixture of the non-optimized system showing lit click labeled
Anti-Her2 affibody (27) (a, radioactivity channel; b, UV channel at 280 nm). 20 The invention may be
embodied in other specific foims without departing from the spirit or essential characteristics thereof
The foregoing embegisenisaredhaigiomdaheconsidsedinaliernesis A iiustrative rather than
limiting on the invention described herein. The scope of the invention is thus indicated by the
appended claims 25 fatieevidarzisy ihe fardyding déscliptionyantnalinchantes dhidb cerae within the
meaningsan%f%}ggrgjcgggi%%%g of the claims are therefore intended to be embraced therein. WO
2009/080561PCT/EP2008/067413 25 I. A method for introducing a fluorine atom onto a biomolecule,
comprising: (iYiproxddiing shbinken irekitingeathiel-trastivier teFminy SRS ARoRZidR or an
Salkyne-reactive terminus; i), reacting the thiol-reactive terminus of the linker with the
biomolecule }%ncc lﬁaeﬁ‘f’gag &e%g Sﬁ% h%?%l?ggﬁ or gl?iéaa%elﬁ{/"?%‘é?i%'ﬁ ﬁﬂgt eof; and (i)
subsequently reacting tiiesasidauenthaalkimemteastive terminisof he dnkeswith & flyprine-substituted
azide or alky.ekg][qugh%%ﬂZ.,The method of claim |, wherein the biomolecule has more than 50 amino

acid residues’™ SRGT R 1t iHeRsIS R biomolecule is an affibody. 15 4. The

method; gf any of claims Ito 3, wherein the thiol-reactive teiminus is selected from a maleimido group, a
haloaliphatic group, a haloaromatic group, a halocycloaliphatic group, a (haloacetypalkyl group, a

(haloacetypcycldatkyhghoup ofl (hatoacetybany| @eobipn iyt Sfane graup saNAckY QY] group, an
epoxy groupfs%pdggsaziridine group, and a disulfide group capable of a thiol exchange reaction with a

thiot

3. The method of claim 1 or 2, wherein the biomolecule is an affibody.

15

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)eycloalkyl group, &
(haloacetyl)aryl group, a vinyl sulfone group, an acryloyl group, an epoxy group, an
20 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

iinker is a maleimido group.

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

30 biomoiecule is produced by treating the biomolecule with a reducing agent.



group. 5. The method of any of claims Ito 4, wherein the at least one thiol group includes a cysteine
residue or a thiol-containing non-natural amino acid. 25 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 67 RRMUNENS reactive derivative of the 30biomolcculc is prodBEBEIAPBSATIHG the
biomolecule with a reducing agent. WO 2009/084561PCT/EP2008/067413 26 8. The method of any
of claims Ito 7, wherein the linker is selected from: 0 IN, 5 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 activatBs astircohpbaheizsmoiirtheihsker tvhdinier iheckenivtbisompound includes an
azido or an alkyne-reactive functional groug and the carboxylic acid or the activated ester compound
includes a thiol-reactive functional group. (J,?ONJ,QQVJThe,mVe/th’od of any of claims 1 to 9, wherein the
fluorine-substituted azide or alkyne comprises a 18F substituted azide or alkyne or a 19F substituted
azi de or alkyne, preferably a 18F substitutecPazide or alkyne. 1511. A method for introducing fluorine

atom onto a biomolccule comprising: (@) reacting the thiol-reactive terminus of a Mal-alkyne
bifunctional linker with a biomolecule inclu,d!i.r,},g@t,lblgst\ong thiol group; and
B :
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5 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

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 alkvyne,

preferably a *°F substituted azide or alkyne.

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

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

with a biomolecule including at least one thiol group; and



WO 20091080561PCT/EP20081067413 27 (ii) subsequently reacting the alkync group with a
fluorine-substituted azide group. 12. A method for introducing fluorine atom onto a biomoleculc
comprising: igureacting the thiol-reactive teuninus of a Mal-azide bifunctional tinker 5with a
biomoleculeW&Fﬂﬁq{‘?é ateast one thiol group; arﬂI (i) subsequently*feHERAYHE 4 de group with
a fluorine-substituted alkync group. 13. The méthod of claim 11, wherein the fluorine-substituted
azide group comprise@iastBitauhdtiteiadiaride dkai QFospbatitutdtiande graitpieprefieikably a 18F
substituted azide group. 14. The method of claim 12, wherein the fluorine-substituted alkyne group
comprises a18F substituted alkyne or a 19F substituted alkyne group, preferably a '8F substituted

15alkyne. 152A higeaniddaiecRnRising sHHe bl bRits:dgsivedfinaothpai higrnolecule comprising at
least one thiol group; and (ii) a linker; 20 wherein the linker is prepared by a method comprising

reacting an amine corfipouticothprisinkreasavideroriatkyrloarddctivadu hfionadnpblipkwith a carboxylic
acid or %‘Ta%ﬂﬂ@ﬁ‘i(ﬁﬁ&%e‘ﬁ%ﬁﬁH}Qg"?amé‘&hrgﬁé%\{gi %{Bﬁ jopaf group.  16. The bioconjugate of claim

15, wherein the activated ester comprises a structure? 25L-M-COR2; wherein L comprises a
thiol-reactive functional gnduspgemapreiediedhe azide group with a fluorine-substituted alkyne

group.

13. The method of claim 11, wherein the fluorine-substituted azide group comprises a

10 ""Fsubstituted azide or a "F substituted azide group, preferably a '*F substituted azide
group.

14. The method of claim 12, wherein the fluorine-substituted alkyne group comprises
a '°F substituted alkyne or a '°F substituted alkyne group, preferably a 'F substituted
15 alkyne.

15. A bioconjugate comprising structural units derived from:
(1) a biomolecule comprising af least one thiol group; and
(i1} a linker;
20 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:
25 L-M-COR’; whercin L comprises a thiol-reactive functional group, or a protected

derivative thereof; M is 2 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

30 oran alkyne-reactive functional group.



derivative thereof M is a divalent linking unit; and R2 is OH or an activating group. 17. The
bioconjugate of claim 15, wherein the amine compound comprises a structure: G-J-R1; wherein G is a
amine, J is svdiyalentdiaking unit, and R1 is an azido 30or an alkyne-reactvefametimaaiigroup. WO
2009/080561PCT/EP2008/067413 28  18. Théshioconjuga e of claim 15, wherein the biomolecule is
an affibody. 19. The bioconjugate of claim 17, wherein the linking unit is prepared by a method 5
comprising reacting an amine compound comprising an azido or alkyne-reactive functional group with

a carboxylic acid-ps s @shivated-esiehcompasnecRRPNsInG atbiglareaeivefunctional group.  20. A
linker composition comprising a formula L-M-00- NH(R1)-J-G, 10where L is a thiol-reactive functional

group, M and J are divalent linking units; Rl is H. an aliphatic radical, an aromatic radical, or a
cycloaliphatic radical ; and G is an azido or alkyne-reactive functional groupd %5 2t . A linker
cd by & me

composition bt cizith PeCARHEREMAhe 4Rk i DETEL B BHmS. Byt 1s prepar od

5  comprising teacting an amine compound comprising an azido or alkyne-reactive
functional group with a carboxylic acid or an activated ester compound comprising a

thiol-reactive functional group.

20. A linker composition comprising a formula L-M-CO- NH(RY-J-G,
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 aliyne-reactive functional group.

21. A linker composition of claim 20, wherein the linker is selected from:



