METHODS AND COWVPOSI TI ONS FOR PROTEI N LABELLI NG [ 0001] CROSS REFERENCE TO
RELATED APPLI CATI ONS [ 0002] This non-provisional application filed under 37
CFR 1. 53(Wb,20n@bavs t he benefit under 35 USC 119(e) of pOr&s2honoys3ss onal
Application Serial No. 61/156,165 filed on 27 February 2009, which is
incorporated by reference in entirety. [0003] FIELD OF THE | NVENTI ON [ 0004]
The invention relates generally to nethods to conjugate or | abel groups to
proteins. The invention also relates to | abelled proteins, and

i nternedi ates and reagents useful to prepare | abelled proteins for research
and clinical devel opment of novel therapeutics and diagnostic tests. [0005]
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correlated.with, di sease outcone and may inprove clinical trial design and
treat né\li‘g diagngstif4es{Si nt er pretati on confidence |evels. [0007] The

devel opment of Positron Em ssion Tonographic (PET) imaging agents from

[0005] BACKGROUND OF THE INVENTION

[0006] Proteins and peptides make up a large part of the armamentarium available for the
molecular imaging of cell-surface biomarkers. Targeted proteins produced by genetic
engineering are very attractive as PET imaging agents, but labeling with conventional '*F-
based prosthetic groups is problematic due to long synthesis times, poor radiochemical yields,
and low specific activity. Although the development of “ideal” imaging agents is an
important goal, in practice many imaging agents are developed from existing proteins, such
as monoclonal antibodies (Mabs) and their engineered fragments, which are initially
developed as potential therapeutic agents or to explore a target’s biology. PET imaging
agents may function in diagnostic assays or biomarker tests, to enable patient selection,
inform decisions around indication choice for therapeutic candidates, and maximize clinical
benefit of a therapeutic agent that targets the same receptor or disease pathway. Predictive
biomarker tests are conducted before treatment to predict whether a particular treatment is
likely to be beneficial. Prognostic biomarkers are correlated with disease outcome and may
improve clinical trial design and treatment, and data interpretation confidence levels.

[0007] The development of Positron Emission Tomographic (PET) imaging agents from
a Mab template (Immuno-PET) holds promise as a tool for localizing and quantifying
molecular targets and may enhance the non-invasive clinical diagnosis of pathological

conditions (van Dongen et al (2007) Oncologist 12;1379-89; Williams et a (2001) Cancer
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efficiently introduce 18F into proteins. Conbining the sensitivity and
hi gh-resm).uti on of fered by 18F-based PET inmaging with the high specificity

f th ti body f 1S | ticularly attracti r at for th
Pescar diodly orike i PR S hopfhshe Bt eRbintaintf Fioledy kS o tNe
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i nadequat e because relatively m|d aqueous reaction conditions are
necessalg t¢ pngseaideyetings pogheadioshemicakpsids pnd ey neeciimx pevitiigp mofalge| ed

prost h%tlét?orglr {3 Pa%i&'ﬁﬁgarfaﬁgn bf \patrl%hg' w%%?jsbll%gfei p?gﬁheq{cegr&ﬁpts%gpable to
efficiently introduce '°F into proteins. Combining the sensitivity and high-resolution offered
by '®F-based PET imaging with the high specificity of these antibody fragments is a
particularly attractive strategy for the research and clinical development of novel diagnositic
assays and therapeutics. Production of ®F-labeled proteins by current methods is inadequate
because relatively mild aqueous reaction conditions are necessary to preserve the function of
most proteins. Existing ®F-labeled prosthetic groups used for protein conjugations are often
limited by some combination of poor radiochemical yield, long synthesis time, and low
specific activity. Improved methods for generating '*F-labeled proteins are valuable in
facilitating molecular imaging in humans to address clinical development processes such as
level of target expression, heterogeneity and course of expression.
[0009] Site-specific conjugation is preferred over random amino modification as it
enables chemical modification of a site away from the binding site, promoting complete
retention of biological activity and allowing control over the possible number of prosthetic
groups added. Genetically engineered proteins containing cysteine at select positions have
been investigated for developing site-specific conjugations (Junutula, J.R. et al (2008) J

Immunol Methods 332:41-52; US 2007/0092940). The radionuclide labelling of thiol groups
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protein eng[| neering.met hod, PHESELECTOR, enpl oys phage display library to
sel ect feHadtptafpafcsiged ﬁtﬁubf’&e&%%wtmlaﬁmg@# POy I&Wélr%%tlwgwugquon (Junutul a

et al. nol
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di sul fide boe:ads is mnimzed providing optinmal conjugation efficiencies.

Thi s mAAYE’s used to produce nodified Mab containing an avail abl e
cystei ngofofhi Ol\fi'i‘@s)theti‘crgi’&ﬁé'f&'oﬁﬂnﬁné:ﬁ@ rﬁaﬂ@lﬁﬂ@é’%ro{l})a fhh@f@é)@lgpq@t;ﬁw@a%pw ve
thiol group is conveniently g ner at ed ost heti c "groups cont ai ni ng

the mal(@00f)daNupl dld, 475 UGA-H8, fﬂFﬁzﬁBE(\qumal ot ek (2807)(12008JcIBiNLEH SN, 47: 1
172-80) s M t 07) 3 18F] FBABM
(Li et laf %%%Qgéé Elo(zp% %ﬂ ‘iég 419?%%4@'3\/%%%“%? ai@)(oégg?ﬁ Eﬁl "§conj ug
Chem 14:HeaH34:9253-D)L SFFFEBOWI((WARSE ct @l (2809 2R ALk 36:2881205), PEFAGR5295) ,
[ 18F] FDGVHO (Wiest et al (2008) Bi oconjug Chem 19:1202- 108 and [ 18F] FPyMe
(de Br UVIHQe(Waygst ct al (2008) 1oconJug Chem 19:1202-10), and [ "F]FPyMe (de Bruin et al
(2005) Bioconjug Chem 16:406-20), have been used to site-specifically introduce 'F into a
thiol-bearing protein. These labelling reagents ["*F]FBEM, ["*F]FBAM, [*FJFBABM, and
['"®*F]FBOM were developed from a common platform where the aromatic precursor, *F-
fluorobenzaldehyde (['*FIFBALD), is coupled with an aminooxy-bearing maleimide
precursor. However, the presence of aromatic and (with the exception of [lgF]FBOM)
aliphatic moieties enhances the lipophilicity of these prosthetic groups, potentially limiting
the conjugation efficiency with protein thiol groups present within a hydrophilic

environment. Furthermore, these prosthetic groups require long synthesis times and typically

provide relatively poor radiochemical yields of F_labeled protein.

[0011] SUMMARY

[0012] A modular platform is provided for rapid preparation of various water-soluble
prosthetic groups capable to efficiently introduce '*F into proteins.

[0013] An aspect of the invention includes methods of labelling a protein comprising
reacting a labelling reagent and a protein to form a labelled protein. Labelling reagents

include:
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usi ng [ 18F] FPEGVA. [0022] Figure 3 shows synthesis of intermediates 2 and
4. Reagents: i . NaH, propargyl bromde; ii. maleimde, PPh3, DAD, iii.
Tsd, pyrwoizomyo9pr3 TBAHCO3, [ 18F]fiuoride [0023] Fi gur eCd/ushawsd239hnt hesi s
of [18F] FPEGVA 5 and radi ol abeling of a ThioFab to give

[ 18F] FPEGVA- Thi 04D5Fab_6. Reagents: v. CuSO4 H2O, BPDS, sodi um ascor bat e;

vi . phosphate buffer p : [ 0024] Figure 5.showsy{a) Representative m croPET

i mges (coronal slic k uglNt égﬁgpi%a efore (day -1) and after

(day 1) 17- AAG ther apy ((tlop) ccnpared to control, animal (bottom) (b) Uptake
in

of the F-4D5THieyFap he tumoP tisSG& before and after the therapy.
[ 0025] DETAI LED DESCRI PTI ON OF THE EXEMPLARY EMBCODI MENTS [ 0026] Reference
will now be nade in detail to certain enbodi nents of the invention,

exanpl es of which are Kl lustrataed in the agcconpdansd ng structures and

f or mul as. WhﬁP?“Fﬁ€$nyﬁn j qP/BeNdéﬁefibﬁﬂ\ﬁkﬁtonjunction with the
enuner at ed enbodi nent s, Et wi |l “he ungegstood that they are not intended to
limt the invention to those enbodi nents. On the contrary, the invention is

intended to cover all alternatives, nodifications, and equival ents, which

may be inclugﬁgiMLL i nlthe @%?pe\of t hel presgpf i nvention as defined by the
clains. One skilled Mt art w'N Yec gni Z§ many net hods and materials
simlar or equival entOto those deswFibed herei™n, which could be used in the

practice of the present invention. Theégfesent_invention isS in no way

i m t ed0OW1t he Aretsreetof Hirdinwentioniiagledag dbaimasedtical opRmYsitigis se8IPHENE Aed

ot her wi i entific i i ve t. meani ng
s conmon st BT ERS sBP By AERGMhiRET LR BRER 1HF. GHRRBED Thie

i nvent igoipie@i.ongs, and are consistent with: Singleton et al, (1994)

" Di ctiona%é of M crobi ol ogy and Ml ecul ar, Bi ol ogy”, 2nd Ed., J.. Wley &
Sons, N&WMS8Yor k ANspegl o theainusidipn tegludgs nuosesh9f iImaging foBIPEI HgyRdmingptRripg)

Gar| and, BHA] G $RbtBs 1o MR WnikRli ks ihg B hé MSRC|DENE] SroredPhy | cant s
i ntend tEH?ﬁgzﬁgﬁge%%Fy ﬁnc1ﬁg§ﬂﬁﬁé %ra g8na ﬁ%r%ﬁ%?tgk%gnu @Pr%n, t he
generi anelgng, and the active pharmaceutical ingredient(s) of the trade

[0019] BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Figure 1 shows an exemplary synthetic route for radiolabeling Fab fragments
using ["*FIFPEGMA. PEG = 2-12 ethyloxy units

[0021] Figure 2 shows an exemplary synthetic route for radiolabeling Fab fragments
using ["*FJFPEGMA.

[0022] Figure 3 shows synthesis of intermediates 2 and 4. Reagents: i. NaH, propargyl
bromide; ii. maleimide, PPhs, DIAD; iii. TsCl, pyridine; iv. TBAHCO3, ['*F]fluoride

[0023] Figure 4 shows synthesis of ['*FJFPEGMA 5 and radiolabeling of a ThioFab to
give ['*FJFPEGMA-Thio4D5Fab 6. Reagents: v. CuSO4.H,0, BPDS, sodium ascorbate; vi.
phosphate buffer pH 8

[0024] Figure 5 shows (a) Representative microPET images (coronal slices through
tumor) of animal before (day -1) and after (day 1) 17-AAG therapy (top) compared to control
animal (bottom). (b) Uptake of the "*F-4D5ThioFab in the tumor tissue before and after the

therapy.

[0025] DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS
[0026] Reference will now be made in detail to certain embodiments of the invention,

examples of which are illustrated in the accompanying structures and formulas. While the



nanme product. [0028] DEFI NI TI ONS [ 0029] Unl ess stated otherw se, the
follow ng terns and phrases as used herein are intended to have the

fol | ow ngwoearvmgxys [ 0030] A "protein” is an organi c comrpoasdomessof am no
acids arranged in a linear chain and joined together by peptide bonds

bet ween t he car. %g am no rou ' [ [
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cell adhesion, cell "cycle effects, or have structural or nechani cal
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A. (20QFne RilrddeiRtthQat Will fRoBiigd ey mbiod? anBRdderiaBRirhikrer fe?ﬁloﬁlentao _
| ynphoki ne, ‘a cytokine, a hornone, or a growth factor [0031] "Antibody" is

used i rihessalcprrihed dsreins avhich eowl b?)’éi?ﬂfllil th@mr@ct@@véﬂ@ m@ﬂq@@nwmona At bodi es,
pol ycl gﬂgge?fa 1 éIR 0%' ? fh no \a_z a)bhﬁﬁ)t% 'Elo tl]te(fne?i?gds%ﬁg rnc? e%a% &sérﬂf d_speCI fc

anti bo dual’a her anti ragien Ant i bodi es may

be nur |[0&27]hunamle§sweﬁﬂ¢dz@dem§v teehnical add selleﬁmﬁ«eténhs amdoieheﬂi hspeaté es. An
antibody is a protein generated by the inmine s¥sten1that i s. capabl e of

r ecogniSEMAGRAERM S AP puRdestiRad iy nciiargarry skibindbmgr! towhigh tlpgoo 1)
. 0 nefdre: 1 a YQhilion t t
germ SRRt 2 LA D ), e B b 00, ot 00

as nu ous epi topes, recogni zed by
CDRs orMimwbliolpkeamnd Modetiubs Bidagyi’, and ElodyWilka& SeecNEwcadrkyNFt gtk t 0 a

different e ito 3 |fferent tr t re. Thys, K one_antjgen have
more t WARC @??@3 HEPRPPRYo 5?@%&,%7%1118 oot Wit engt h
i munog}Qe ‘ﬂhﬂn@s Rl 8&Hh &l aﬁlchﬁ?ﬁﬂ&ldq%ﬁ&lpleﬂdeﬁ% hﬁ’c@ud%%é ot Rima
full-1ength i munogl obulin nolecule, i.e., a nolecule that contains an

ant i gerprodust forgrugitioe, thh gendriordmg sipe (chef detiat plarbianddicaningretiogé ) dithatrader get
of interest é Eart t hereof, such targets including but not limted to,
cancer "CBI9P™®{"%Lel I s that produce autoi nmune antibodi es associated with an

aut oi nmyoxrg|di sEASENITUONS - associ ated cel | surface antigen pol ypepti des,
[0029] Unless stated otherwise, the following terms and phrases as used herein are
intended to have the following meanings:
[0030] A "protein" is an organic compound made of amino acids arranged in a linear
chain and joined together by peptide bonds between the carboxyl and amino groups of
adjacent amino acid residues. Proteins are biological macromolecules and include enzymes
and antibodies. Many proteins are vital to metabolism, cell signaling, immune responses, cell
adhesion, cell cycle effects, or have structural or mechanical functions, such as in muscle and
the cytoskeleton. Functional classes of exemplary proteins include an antibody, a non-
antibody alternative binding protein (Binz et al (2005) Nature Biotechnology 23(10):1257-
1268; Skerra, A. (2007) Current Opin. in Biotech. 18:295-304), an interferon, a lymphokine,
a cytokine, a hormone, or a growth factor
[0031] “Antibody” is used in the broadest sense and specifically covers monoclonal
antibodies, polyclonal antibodies, multispecific antibodies (e.g., bispecific antibodies), dual-
acting Fabs, and other antibody fragments. Antibodies may be murine, human, humanized,
chimeric, or derived from other species. An antibody is a protein generated by the immune
system that is capable of recognizing and binding to a specific antigen. (Janeway, et al
(2001) “Immunobiology”, 5th Ed., Garland Publishing, New York). A target antigen

generally has numerous binding sites, also called epitopes, recognized by CDRs on multiple
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i.e. tunor associated antigens (TAA), allows specific targeting of cancer
cells for destruction via anti body-based therapies. The i mrunogl obulin

di scl osedwbensim9man be of any type (e.g., 1gG |IgE, |gkcTiusioaesssd gA),
class (e.g., 1gd, 1g&, 1g&3, 1gHA, 1gAl and 1gA2) or subclass of

Spoct ednipoion o et B o HRSPETT A PR HaHaBTGR0 THOPS P SERERL mut i ne, or
rabbit @@k THROGR] anfiBef a«ﬂay Hhy CnBRNASA &E@éorﬁ%&i&ﬂ%ﬁ%ﬁ?ﬁfﬂhﬁﬁd&? ddpe

met hods of the invention include trastuzumab ( ' ), Genentech,
I nc., Qaferseto adulldéngth 88@)yinéilolulinNacleculdonan inBvimoleSegll 881142 ortiba®da US

5, 725, . _anti - CD2 ti bodi es such hi.meri ¢ .anti-CD20," C2B8". (US
oy 5os s B R RRER 5. b e Rl cortaiR ki ToReD P v o0
var i antthg@fimioligogddCifatly BRAY af b RADE a 1880t Mh@ALOSG3H2herbf, 5@ thipeBMBD
(BEXXAR(r)); anti-IL-8 (St John et al (I993) Chest, 103:932, and WO

95/ 23868¢ludiagppt Medmitpdtp bearascll ee Pelbithy Phednga ptetmmyag oitibatfcsni ty mat ur ed

anti-V nt j badi 1 h ni . i - i-body huAd4..6. 1
bovact i AEH Ry P hBb i PSen TR AR0 Ak Y 5T SgB LR Rt ¢ o,
7: 53- 64,c. WohakROAG], anBeBRITAYS3 Al o wadpletifi Hehetait dflafi e scl| ¥or AddtAe860) ;
anti-CD40 antibodies, including S2C6 and humani zed variants thereof (WO

00/ 753|458§ antihedy-Desyd therapigs E@mw&ogbvbl@a/di@mgé h@ﬁ@;flﬁa bgtof any (ypoda g
T A AT ] i 8:377-380);
nenSP IOt b, 9 and o ERULOS0L Shol R0 g gl n 0 377, 960

ant i - CB1BcladdS HRARTHOHObVMD B6lc26/8 1P inantnogldbgkns tancheudtirivgd BB anls26 and E27

(US 5714338; US 5091313; WD 93/04173; US 5714,338); anti-Apo-2. receptor
ant i body°{'AD 198P8 #5555 ,%O‘é(ﬁi’firu %m@augﬂ%logm lﬁeéﬁg@aﬁ%ﬁewﬁ A raéﬁlé origin.

(REM Cﬁf@%zg)), THRR &dti AREndSTal BitlodRs RRAZBIGF thREBDEs Slth@lnvEd@R6) J -
| mmunol . 156(4): 1646-1653; Dhainaut et al (1995) Crit. Care Med. 23(9):
1461- 146@)de tiantuzuTabg HERCIRTINE], Teperftesh, ncg 0arg8 7t BI() 992aRroc. NatteAcad. pha 4

et 7 TGS A BROOBRY s L B SRS 2 R EeE "
ant i - CDZ5B3r (88%736 B7)anthkiRQdI (RSTENANGS obdliz@Rdb, 3lcMdbdeTdrmMunn ke ENAPAX( T )
(US 5693762); anti-CD4 anti bodies such as the cM 7412 anti body (Choy et al
variant of the 2H7 antibody (US 5721108; WO 04/056312) or tositumomab (BEXXAR®);
anti-IL-8 (St John et al (1993) Chest, 103:932, and WO 95/23865); anti-VEGF antibodies
including humanized and/or affinity matured anti-VEGF antibodies such as the humanized
anti-VEGF antibody huA4.6.1 bevacizumab (AVASTIN®, Genentech, Inc., Kim et al (1992)
Growth Factors 7:53-64, WO 96/30046, WO 98/45331); anti-PSCA antibodies (WO
01/40309); anti-CD40 antibodies, including S2C6 and humanized variants thereof (WO
00/75348); anti-CD11a (US 5622700; WO 98/23761; Steppe et al (1991) Transplant Intl. 4:3-
7; Hourmant et al (1994) Transplantation 58:377-380); anti-IgE (Presta et al (1993) J.
Immunol. 151:2623-2632; WO 95/19181); anti-CD18 (US 5622700; WO 97/26912); anti-
IgE, including E25, E26 and E27 (US 5714338; US 5091313; WO 93/04173; US 5714,338);
anti-Apo-2 receptor antibody (WO 98/51793); anti-TNF-alpha antibodies including cA2
(REMICADE®), CDP571 and MAK-195 (US 5672347; Lorenz et al (1996) J. Immunol.
156(4):1646-1653; Dhainaut et al (1995) Crit. Care Med. 23(9):1461-1469); anti-Tissue
Factor (TF) (EP 0 420 937 B1); anti-human alpha 4 beta 7 integrin (WO 98/06248); anti-
EGFR, chimerized or humanized 225 antibody (WO 96/40210); anti-CD3 antibodies such as
OKT3 (US 4515893); anti-CD25 or anti-tac antibodies such as CHI-621 SIMULECT® and
ZENAPAX® (US 5693762); anti-CD4 antibodies such as the cM-7412 antibody (Choy et al

(1996) Arthritis Rheum 39(1):52-56); anti-CD52 antibodies such as CAMPATH-1H
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(1996) Arthritis Rheum 39(1):52-56); anti-CD52 anti bodi es such as

CAMPATH- | H{ R echmann et al (1988) Nature 332:323-337); anti-Fc receptor

ant i bodi eso2o0om9gy3t he M22 anti body directed agai nst FcPrgarusaoiRio2ss4 i n
Graziano et al (1995) J . Inmunol. 155(10):4996-5002; anti-carcinoenbryonic

SR R I AT e M R G DN

cell's ipg b@agecwa%rgﬁmapdﬂghn%amaml &b GRS (@995)8 Inghufch995) Cancer Res.
55(23):5852s-5856s; and Richman et al (1995) Cancer Res. 55(23 Supp):

5916s- 5920): 49%6}150@)23dnaszatoma:tenﬁxryrdu¢ anttgah ()(GEAaamhmdm sudl dsshMlelt as C242

Litt t . al CD38 . ant.i hodi
Loyt adsiskEY pia 5L Faloet Re P B S isodiS hpustlisraigsiy A0 Y s
ant i bodjrest spiaRliaiscety inVih@nd IBreLE hgtMab a0d 9986 C@m&aﬁfet&a@ 995 @ancer
Suppl) 5908s-5910s and CVMA-676 or CDP771; anti-CD22 anti bodi es such as LL2

or Lynpesc He3 ) RireiddSes; aad Richous)et o2 %@615%6(5235@& ;§ppp) 585953%907s) ;

ant i n P I'1a

ant i boaa%@g&gu% Qﬁ@hg C?o)‘iﬁ%ﬁg?‘&g%&gy@% @N%ﬁgég&w? 151 Eb ‘ant i bodi es
such adnvablol 2981 )(ISYINALH-BDIY) antidodils, Gy Aant 3/B gelilie t ﬂL(ﬂ}@QSaS R R(r) ;
anti-H V anti bodies such as PRCb42; anti-hepatitis antibodies such as the

anti - Hlp> 8) é’ﬁér%ah)ﬁn@éﬁw p{t}b})dlegﬁlgqh.a@&lqyg9§ﬁ{qrﬁ5§pal@%$@>§angq{t3%| di ot ypi ¢
GD3 epig eﬁg}lj SR 55?6%2andaéN/IA &1 P gacd?P’Pﬁt i @B%g%%%&&"k{ ﬁéh'}lé 2 or

ant i huma carcl nonma anti suéh as ¢ ant1 - hunan
17- 1A drynfhodidd (SBQQMMM (1893)i Cdnigorelicscl(23 Saripd): 58A9BO0 AN artmeEpCANB3)

ti-h | i nst GD3 i osi d
onti ooy anBae ! 20 AR QRES a8 (b3l S AR e B BuBE D o
ant i gen,7kiph) {REUPR@@S)‘?%@ ey aﬁlbgaﬁg gudhfas%ﬁmlm BSPRAGISRA fR- @t body

Oncol ym (Lym 1) Anti body fragnents" conprise a portion of a full
| engt h a@nbbﬁoﬁwchgeBBﬁHIOVIR@emath\g@mH@dwa|sn@1 aﬁrPR@MZabntehm@gm@n t her eof .
Exanpl es

frag rn::natng18f (H?SQ%% a%ﬁl ﬁ]?%g%’rnlg E‘H{I‘?#&Z@ &Keﬁ@g%ﬁh Fé‘%%%ba&%@ gﬁfﬁ eXFab

expres Sdnﬁf[didtﬁﬁ@GD3 s'plitb ¢ hiliely BT @ﬂﬁJal(‘ith)v b@&@lalaa%@swmm@mi ementary
determ ni ng region) (extracel | ul ar domai n and epito A})e bi ndi ng

f r agmertugnagfre yel@;parpmgma@g@body such as ch-G250; ING-1; anti-human 17-1A antibody
(3622W94); anti-human colorectal tumor antibody (A33); anti-human melanoma antibody

R24 directed against GD3 ganglioside; anti-human squamous-cell carcinoma (SF-25); and
anti-human leukocyte antigen (HLA) antibodies such as Smart ID10 and the anti-HLA DR
antibody Oncolym (Lym-1).

[0033] "Antibody fragments" comprise a portion of a full length antibody, generally the
antigen binding or variable region thereof. Examples of antibody fragments include Fab,
Fab', F(ab'),, and Fv fragments; diabodies; linear antibodies; fragments produced by a Fab
expression library, anti-idiotypic (anti-Id) antibodies, CDR (complementary determining
region), ECD (extracellular domain), and epitope-binding fragments of any of the above
which immunospecifically bind to cancer cell antigens, viral antigens or microbial antigens,
single-chain antibody molecules; and multispecific antibodies formed from antibody
fragments.

[0034] The Fab fragment also contains the constant domain of the light chain and the
first constant domain (CH1) of the heavy chain. Fab’ fragments differ from Fab fragments by
the addition of a few residues at the carboxy terminus of the heavy chain CH1 domain
including one or more cysteines from the antibody hinge region. Fab’-SH is the designation

herein for Fab’ in which the cysteine residue(s) of the constant domains bear at least one free
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whi ch i mmunospecifically bind to cancer cell antigens, viral antigens or
m crobi al antigens, single-chain antibody nol ecul es; and nultispecif ¢
ant i bodi esof2orwmee78r om ant i body fragnents. [0034] The FabTfusagumei3dal so
contains the constant domain of the |ight chain and the first constant

domai n hea ain. Fab' fragments differ fr ap fra nents
by thet élgﬂg%quan F@?ﬂﬁe)& DRI s areipHly %8%’6%{}10? PHPHEL @E ﬁ

chain %wmml Hindd\SlseeRBeQRen %en{moﬁlewmw%u%ﬁ@mowﬁum fﬁh%ﬁiénﬂ' nge
region. Fab '-SH Ts the designation herein for n whi ch“the cysteine

re5|due¢s§b@kn¢mm constant domai ns bear at |east one freethlol group

F(ab') i boq: nt i aIIy ver rqduce alr .of
fragneﬁp@ﬁﬂhlch ggn%ﬁﬁibgé%qgf q&ﬁﬁ&kﬁ?? YhY %P EWPBQE coupl i ngs
of ant i aB¢hintlallFHIRIdENRUE athtsoidsNWthe [HIP3&hal ah@é&ﬁés%ﬁipr@ﬁ%ltﬁ@dy" refers
to an anti body obtained froma po ul ati on of substantially honbgeneous

ant i bodtopglatipn ate ideriisal exgrnti feuipdssivh naseaile soausiing Myiahigny et Hay b BB are
d | |
| dent i cal .6XCERE O ™MB 6%% Snt‘ﬁ i ald %gﬁ%gécnh@%emg @}eﬁfﬁ%gélﬂﬁtafﬂggf bei ng

present I'n mnor anoun noc onal res’are ecl

di r ect egitiggdt Bisd. laarﬂieﬂgd)le anoh @ ltcs:p@ly&lenalEuﬁbdt@rpfepaeatldn@ v ihalsite t O
poly cIonaI anti body preparations _which include different antibodies

dir ect shiffergat andipodics disecdsrt aggmskdificrrah defemaiprts FPEppese £arh MoRsePtal

anti bo r n. In

addi ti g»r{%tl%)gd)?%glﬁ% Etgge%g @tgl%%nﬁ% &%gﬂ%@%gfg@ﬂﬁg% @naéihggong[?téﬁ%ﬁvant ageous
i n t hatsptdifyityrahe men@qkmmemtmelcksummvmnagm @dthaythoy ey barsynthodrels . The
nmodi fi er "nonocl onal " i ndi he character of ;he ant i as bei

bt i nateeR GRSl Rt ?mnalg?ﬂi) habe s oapeiPatli SR GHehe %%ﬁt% and is
not to (e aﬁ%ﬁg %k’ﬁéing%bfaﬁﬁﬂ'ffdnpg sws%ﬂﬁltlj# I%hl@%en%&?s phiaROA B BidAks,
parti cul ar exanpl e, the nonocl onal antibodies to be used in

accor damdes nhttth bf: hensmle@ enteqimngmrodnstiomyf the antleslythy anlyeatidokar dwtteodret hod
be nade by

Feconbi A REVERA TerigR o P BBy fRussd e R Rl FalRe oy
155 ot i nem st ot o o
J . 256:495, or may be made by recornblnant DNA methods (see, US 4816567). The

“monoclonal antibodies” may also be isolated from phage antibody libraries using the

techniques described in Clackson et al (1991) Nature, 352:624-628; Marks et al (1991) J.

Mol. Biol., 222:581-597; for example.

[0036] "Cysteine-engineered antibodies" are antibodies engineered from wild-type or

parent antibodies by the introduction of one or more free cysteine amino acids. A “free

cysteine amino acid” is a cysteine amino acid residue which has been engineered into a

parent antibody, has a thiol functional group (-SH), and is not paired as, or otherwise part of,

an intramolecular or intermolecular disulfide bridge. The free cysteine amino acid may be in

the heavy chain, light chain or Fc region of an antibody. An engineered cysteine residue

("free cysteine thiol") is reactive with thiol-reactive labelling reagents. Cysteine-engineered

antibodies include FAB antibody fragments (thioFab) and expressed, full-length, IgG

monoclonal (thioMab) antibodies (US 2007/0092940; WO 2008/141044, the contents of

which are incorporated by reference). ThioFab and ThioMab antibodies have been

conjugated through linkers at the newly introduced cysteine thiols with thiol-reactive linker

reagents and drug-linker reagents to prepare antibody-drug conjugates.

[0037] "PEG" refers to a fragment of poly(ethylene glycol), a polymer of ethylene oxide,
and includes 2 or more ethyleneoxy units (-CH,CH,O-).
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Mol . Biol., 222:581-597; for exanple. [0036] "Cysteine-engineered

anti bodi es" are anti bodi es engineered fromw | d-type or parent antibodies
by the i 'Wwoadwowpa of one or nore free cystei ne am no &CTAS201/02$38€£€
cysteine amno acid" is a cysteine amno acid residue which has been

o not itea svNBAESR QPTARPLUNCBE RN,  amol ecul ar or i nt ér ol bcul ar

di sul fijgg3dyri dogre ifG1ibA %fél&bé%%dh%lﬁ"fﬂa@f&nﬁ%ldra r@ﬁarét{bntcﬁﬁra%@swat%ha' n,
l'i ght cha| n or Fc region of an antibody. An engl neered cysteine residue

("free solublepmethetin grotis aagableattﬂ"menvlmmrddlucd Frgagrotoims @bedtlal @90Pragent s.

oxpr o590 M R BT Remba AL O At T AT Ee g e ° o) AN
2007/ OQR%%QW r@ﬁlﬁ&icéé’r@)@ﬁénd 1aB&l1ie L Rdat ga&sﬂ%ﬁ] PHEGVMAS, evHidleRaP@priled by

refer encg(% ab and Thi oMab anti bodi es have been conjugated through
| i nker 9r uo@@hen ﬁéw-?tep,rﬂﬁedtﬂt@éﬂh@}ﬁs(ﬂﬁuﬁ%ll kﬁdélt@n@jly,ﬁo PHinte theagative | i nker

{ggg%“ts%@gﬂy 9esuft %anygﬁ%%“e céx?c hh '@?Lt i ene 9?(99&%1? n?QJﬂJeH at es.

ers agnen yrrer of
et hyl en@ndixiods; o@i&dlylldm@g%dﬁs(mi@)rba@w‘&nﬁﬁ Il BEOKEX Wetinises. [Gg{mmms [ 0038]
SYNTHESI S OF LABELLI NG REAGEI\FI’SW{tOO39 The invention includes a nmodul ar
pl at f or'fasreypluptediag 2 presphetisrm with $Rp 1 Bk aknedeths stsybing Cﬁ%lgﬁq%ét Ft groups

capabl %ﬁﬁh‘?&%ﬁ%@%%@%@%?%T at §fial 1H%y e 8F fic] p}lige%ﬂres%iqn% A 5009) Jour.

Med. Chem b2 e utl ormis nonstr at ed
by t he Humanltempexddografonostdmabde rgcrdmﬂq:nechhydaﬂ Hiedd inhipitoeespeirit-Joned 8l FPEGVA

i 11 Gy NN BTk it p SN BN B Eaof LU EBht con ugati on
ef fici qpgao)of [Tlf]u't:?%%x‘é'lnﬁathr?Eﬁ%@dlﬁlehﬂ[lﬁqpﬁgé}ﬁ/l&g &%ﬁét%dt&rbsvarlel‘g}l of

pol yet qXI ene glycol (PEG based "building bl ocks" were used
18 was e&@l@bﬂ@dosalsetla gmmmhéﬂabcll@g@cqgemswhldwwb@?@belapldtqdr(ﬁlguﬁsw t| ng

2 ke R R AR
S th Jgnsa et 8l 2004 Nat 810t einol 22101 1L SMC%@W
propargyl, and the alkyne specific compound [ *FIFPEGN3;. Other thiol-specific

functionality may be utilized in '*F-labeled prosthetic groups and labelling reagents such as
vinylsulfones as Michael acceptors, chloro- and iodoacetamides as additional sulfur
alkylating reagents. Amino specific functional groups for labelling the lysine and other
amino groups of proteins include various activated carboxylic acid esters such as
tetrafluorophenyl ester, pentafluorophenyl ester, N-hydroxysuccinimide, and
sulfohydroxysuccinimide
[0041] A useful synthetic procedure is the Copper(I)-catalyzed Azide-Alkyne
Cycloaddition (CuAAC) to prepare labelling reagents from azide and alkyne intermediates by
1,3-dipolar cycloaddition, sometimes referred to as "Click chemistry”. The rapid reaction
rates and orthogonality of the CuAAC reaction to most functional groups, including those
found on biomolecules such as proteins, promotes the stability and high yield forming the
1,2,3-triazolyl group of the product. Thus, the CuAAC provides a robust method of coupling
heterobifunctional precursors containing azide and alkyne functional groups.
[0042] Click chemistry provides an opportunity to design labelling reagents to conjugate
to proteins as PET imaging tracers, which display extremely high affinities for their
biological targets. Click chemistry is a modular approach to chemical synthesis, exemplified

in Figures 1, 2, and 4. Click chemistry techniques are described, for example, in the
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[0040] The utility of exenplary enbodi nent [18F] FPFEGVA 5 denonstrates a
variety of 18F-|abel ed prosthetic groups and | abelling reagents which may
be cont enwbat)ﬂnméﬁbgure 3), 1 including the thiol-speci Pre/useanonasset am de
conmpound [ F] FPEGBA, the am no-specific N 18 hydroxysuccini m de (NHS)

conpou F] FPEGNHS, azi de-s nd 18 .18 FPEG pr qpar gyl ,
and thgd %wﬁée &@&?W Hﬁﬁaw? ﬁé%@@iry HEF 1 mﬁmelﬁw& 'ﬁé &
functi qngéi) %g@@ych@mumt IE@ a0 2004J§okﬁh€dls@t R8¢ g DalRvaY mgyl abel i ng
reagents such as vinyisulfones as M chael acceptors, chloro- and

i odoac et hiAdEIS 7TaBostduis¢y @@(20%) Augeval(]klgehaﬂntnﬁdr@a@f&ﬁt%599mvmoe spdcific

pr ot oi REOIAP TaRT O 1tsE" Reepd abar okt FROaEIhF arFs A% ERRMESoC”

tetraflpgrnphsnyd; Betenl &29@ Rt weHRPARNT herB SRS ,12$\|95'8/839589j$;‘é€/€s|éﬂ|am de, and
sul f ohydr oxysucci ni m de [0041] A useful synthetic procedure is the

Copper ((290?66651@6?’2 edemz ilete EAl Ky HB 3657 o¥aaptsslost at GOBACIour ofphepar Ehrabel | i ng
reagent f te l,ar dj.t
cegente ! M S0 sed YIS, LGOI ety BB ShgRELL o0
or t hogana0by Aafew hehd@IAAS: IM6RAUEDWhDInGRS bl (rzu@@tAﬁgw CBEOURPS, Ed. Bagldi ng

t hose found on bi onol ecul es such as proteins, pronotes the stability and
hi gh yi@l'](fz*ﬁolt“ﬁlgng the 1,2,3-triazolyl group of the product. Thus, the

CuAAC de . i f i
CUAAC, DRSS 0 LT TR ALl SR4FHL PR RER SO sk agal Br e o
provi de&asafapldpzmmdiumdhg/ah@odep; Qre- pcabgithesm(ﬂi@agéhmhtﬂm @pﬁn@&ﬂﬁtt 0

t h d t h af t
For t hds O BCODAid LRl gde & Vit GhPERs 716 o b A6 P G FORER €
chemi cahe ﬁ‘iﬁ@&l@eﬁbﬁldnfg)@m t'uf-ftulm FLovr ass 1375%34ﬁnﬂ1e4cop5%ﬂ c%kalﬁ'i‘%%ter y

techni ques are describ %o ‘exanpl e, in thefol |l ow ng r ef erences,
are i ncﬂitypim’taped stleated fprby T@fceppfmreagent wdedinrayehetd Cetspecikpsushas ceppe(2001)

Angew. Chem Ed. . 40; 2021; K ug Di scoy oday
B et Bt Rl g R e DY SBtes ta g Ble e eh e S S SSEEE o

Tor noe gfundfiora QOrk-td Skite ﬁfteﬂealatmgm@éﬁ%ﬂeré@@é; is H\?B@eﬁylﬁboiﬁﬁﬁﬁ) J our
of the Am Chem Soc. 125:3192- 3193; Lee et al (2003) Jour of the Am Chem

Soc. 12429548 -etydamcoregioypet-Chl.CH,O- %), such as 23- a21do 3,6,9, 12 15,18,21-

heptaoxatricos-1-yl p-toluenesulfonate 3 (Example 3) is fluorinated with '*F anion to
generate the radiochemical intermediate N3-PEG-""F, exemplifed by 23-azido-1-fluoro-
3,6,9,12,15,18,21-heptaoxatricosanc 4 (Example 4). Additionally, to promote the water
solubility and resultant conjugation efficiency of ["*F]JFPEGMA 5 with protein in aqueous
conditions, polyethylene glycol (PEG) based “building blocks” were used. [*F]JFPEGMA 5
was evaluated as a prosthetic group with 4D5ThioFab and the resulting conjugate (‘°F-
4D5ThioFab 6) was validated in vivo as an imaging agent of the HER2 expression level in a
human tumor xenograft murine model modulated by an Hsp90 inhibitor (Smith-Jones et al
(2006) J Nucl Med 47:793-6; Smith-Jones et al (2004) Nat Biotechnol 22:701-6).

[0044] Considerations for the synthesis of ["®FJFPEGMA include the use of water-
soluble building blocks with PEG chains, the implementation of microwave-accelerated
heating, the coupling of reactants via the CuAAC system, and the optimization of the site-
specific reaction of ["*FJFPEGMA 5 to proteins such as 4D5ThioFab with subsequent
biological validation. Hydrophilic prosthetic groups may provide superior conjugation
kinetics and efficiency with 4D5ThioFab and other hydrophilic proteins. Therefore, building
blocks with PEG chains were investigated since they improve water-solubility without

compromising solubility in organic solvents required for the nucleophilic incorporation of

11



(2002) Angew. Chem, Int. Ed. 41:1053-1057; Manetsch et al (2004) Jour of
the Am Chem Soc. 126:12809-12818; Mycharla et al (2005) Angew. Chem Int.
Ed. 44:1 we-20009938i ti ng et al (2006) Angew. Chem 118: P¢®ArS26u16/0253%hi ti ng
et al (2006) Angew. Chem Int. Ed. Engl. 45:1435-1439. [0043] An exanple is

t he mal,gi ni de- bearin r.ost hetjc group, F] FP 5, whic S pidly

pr oduced IO REraBe! eV aBnYn TR Wétevkql@ﬁ%)wmppﬂ@%séﬁem

cat al yshe ek MBAND Flatfbft AR lcRample, e Wb GEY 1 C%ZHP{)%@-QQH% 009} Rt s can
| l'ud SO4, Cul',. CuBr, CuOIf (US

be errployedtoformthetrlaz%e, i ncl udi ng s ,
7375234knits Tiven thopplec raairtat Yot [ ralBeMaateireatfiec onitafrenl [vE]ERA MofWuesTHe

or "o o SRR AniiRS AR o aros o hatier HiMaGEstioth o Esattistt ' 1
ascor bajogjughtitti oumsITHesHb, arPp g %@Mﬂo?hgicip@@t@;nmg@k&%a ﬁ%@dgﬁg ?;ﬁ wher e

PEG i s a pol yet hyl enel&l‘(ﬁ unit of 2 to 12 ethyl eneoxy groups (- 20 ),
such agh@gbsgpvyagien thag [ SFIPprpsgided @ spneridieprigsstmratieisncy. pmpgraddpuenesul f onat e

3 (Exa i S ori i.1.h F anion to generate the radi ochem cal

i nter nmﬁﬁe)‘]l\\/! gﬁgﬂ@wg@ggﬁ%&lﬁ?%d by 23-azido-I|-fl uoro-

3, 6, 9, 18044, 18 Mikrdeptaexitd ingesesdahd yickXsiTHIFg 44hd réllidéd ihenethl synttesispr onot e
the water solubility and resultant conjugatjon efficiency of [18F] FPEGVA 5
wi t h prigeephl iH S£9ntgied te sprnanfignd heyiigondiioan eAgigpeitant meeleration of

"bui | di SO / R 2 et I . thetic

gr oup V&B% ﬁméll%c%iliﬁ% g?ég G%aeﬁ%%%lgﬂl%@uﬁi ng c%}\j uga3t? g%(&%t?ﬂjﬁg%ﬁ?og% 6) was
val i datveder finora it TBA HEHO i ovdi22 K A endluait, andehdHERBo@kipn e sictomitridveteri n a

h t f i del b Hsp9Q i nhi bjt
(St e (RN phUTH 5F RHohcma 1 70a s N s o) Heie et e AFt02004)
Bi ot echgpberdesl ?@G&mic[a@gégﬂ%f@@ sdeNl atoMsed 9f lith_ Y PLRESI $hapf

[ 18F] FPE i nclude the use wat er sol ubl e building blocks wth PEG
chai ns,K232&Ki(fp] dageaddation vras obsenvedrdunag theaareetreniatastbviabal waigy whérehigbupl i ng

of 1 eShAN L LB AR SYELE 400 05 OB LR o Pl sigpebect T
bi ol ogikRlowslkhdaingddnditods aRNtdlifedRb @sdoh@picall Pranpe Wi s e superi or
con ugaléé2o2r/]K2C03 eluent which provides a comparable evaporation time and comparable to

superior '*F-fluorination yields compared to conventional heating conditions.

[0046] The CuAAC method used to couple azide and alkyne-bearing precursor reagents

and produce labelling reagent ['*F] 5 was selected based on the observed reaction rate,

conversion efficiency, and purity (Example 5). The low purity of ['*F] 5 observed with

method A may be attributed to the instability of maleimide-based compounds in aqueous

conditions over the 20 minute reaction time. Two bidentate ligands, BPDS and TBTA, which

have been established as catalysts for improving the CuAAC reaction rate and the

orthogonality with protein conjugations were used (Lewis et al (2004) J Am Chem Soc

126:9152-3; Rodionov et al (2007) J Am Chem Soc 129:12705-12; Rodionov et al (2007) J

Am Chem Soc 129:12696-704). The dramatic improvement in purity observed for [*F] 5

when BPDS was added to the reaction system of method A may result from the short reaction

time of method B limiting the degradation of ['®F] 5 in aqueous conditions. This is reinforced

by the observation that the degradation of ['®F] 5 over time was generally comparable

between methods A and B. For methods A and B, TBAHCO; provided significantly less '*F-

labeled degradation products than K222/K,CO3; which is attributed to the sensitivity of

maleimide to basic reagents in aqueous conditions. The improved purity of ['*F] 5 observed

when alumina treatment was included prior to CuAAC further indicates the product’s
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ki netics and efficiency with 4D5Thi oFab and ot her hydrophilic proteins.
Therefore, building blocks with PEG chains were investigated since they

i mprove waiDentwobarBi [ ity wi t hout conprom sing sol ubilityCrserganiics
solvents required for the nucleophilic incorporation of 18F. Prosthetic
groups of .the invention are nore water-sol uble than conpounds derived from
t he [1§PTqiﬁﬂ£3ﬁ°31aé?form For exanple, the neasured | ogP of [18F] 5 (-2.41

0.09) igodf)ree DB@%Tt&hErlﬁﬁ}d:vgﬁleﬂﬁhl%@acﬁ@ﬁ"ﬁfﬂeea‘ﬁdfpgﬁty[ IRENEBMnRdd®y e five
units from [ 18F] FBAM (Wiest et al (2009) Am no Acids 36: 283- 295) The

advant dgeAAE rowtien psﬁdmbﬂldan prosidreivent gooldgsomategbn gstaulghty ofd “Fd54M5Thi oFab,

obser it BR e o ayeraHrbohiTs: Sdfnthtsiot Hgahihitietan @l
conpar echitR['48] § whi SBAVabD RN t§]!éfﬁ@@d @d@icefesgemy §hc@ns 2,6 Rt RAEbwWM &1 Rvave

heating i nproved the yield of f and reduced the total synthesis 1 tine

of | F]prqu%thsérlbmu@t d@gr@éémqnmfé Fhadhe ﬁgAé&q@ia@tmri@as qwegq:l@dwwfc‘amer
acce' er%%’[a%{} {)o?f@ 50 Xl%%etf& a%}d g 32 égﬁl}% %@ id %aé%@f% '”a“ on

e az ropi c renova wat er

eI uent hlgml plHE @vaiacsdab ingothaf Aaﬁ&b@ﬂﬁpﬁlﬁbﬂe@)uﬁf}t &mp@ir¢diondeth6EBY rrent of
[18F] 4 for nmethods A and B. Such advantages of m ¢rowave heating

gener al FurhgipiBeior gre adisowplpbile rogidpig @IoupréWé\/@r[ PRGBS lalﬁthOéé}/eat is
t hat r he azeotropic renoval of
wat er \?fﬁ gﬁl?g?%c%iﬁgnﬁg%ﬁgﬂt é%g%gg\é%fffgdér[%tg%dn%er ature (above 100 00
was use[ﬂ0481 her efaneyatdeniclds wirc vbmane ubieg] I'Rp4 ooith|FPBEGsNaweh nethuids & t o
azeotropi.c rem) e wat t he K222/ uent ich provides a
conpar BLe o Bt heioiihets %fogﬁ Eﬁ'ﬁ%@géﬁ%@gv@h%ﬁh&@ﬂ nat i on

yi el ds £QiTR&8Y, ﬁl@thﬁ@ RVES h@ﬂl%hul?@eﬁhhﬁ‘& SQRELRRFeen RO4PlubRRafANG Met hod
used to couple’azide and al kyne -bearing precursor reagents and produce

| abel | iGupA€agetion peas] Therofase, seitect @ haydsedloniteh éorgsserlrdiockesicilon rat e,

ff Th f 18F] 5
SO e R e R R S e R et S e S S

el ei ﬁ&%@ﬁ@f@o@myaﬂ%u% SthettORdUupd. OTts MU hatd\@rod@ 1ﬁpﬁé&tﬁ>n§eac'fl on
time. Two bidentate |1gands, BPDS and TA, which have been established as

cat al ygpsatemajioninshnyclimmatihataddar decdienting e yahesis medule to a specific
prosthetic group, as is the case with ['"*F]SFB.
[0049] Method B was primarily employed for the production of ['®F] 5, since the
refinement of method C occurred after the optimization of ['®F] 5 and validation on
4D5ThioFab. However, method C has been confirmed to provide ['*F] 5 and '*F-4D5ThioFab
with yields comparable to method B. Thus, methods B and C are both useful for the
preparation of '*F-labeled proteins using ['°F] 5 and may be suitable for broader
radiochemical application, using other radionuclides.
[0050] The orthogonality of the CuAAC reaction facilitates the development of a variety
of *F-labeled prosthetic groups from a common reaction platform. By modifying specific
properties, such as chemoselectivity and intermediate chain structure, several prosthetic
groups are capable of introducing '°F into proteins and potentially peptides (Figure 5). In
addition to ['*F] 5, the amino-specific prosthetic group, ['‘*FJFPEGNHS 13, from a
commercially available precursor, N3-PEG4-NHS, using method C, was conjugated to
4D5ThioFab. In addition to ensuring the stability and promoting the yield of
['"®*FJFPEGNHS, the labels of the invention may limit the reduction of immunoreactivity

characteristic of random amino-specific modifications. For example, the steric hindrance of

["*F]JFPEGNHS within the protein binding site may be reduced by using building blocks with

13



orthogonality with protein conjugations were used (Lewis et al (2004) J Am
Chem Soc 126:9152-3; Rodionov et al (2007) J Am Chem Soc 129:12705-12;

Rodi onov w0 2a10/002767) J Am Chem Soc 129: 12696- 704) . The PdTaIsat1i0m25334

i nprovenent in purity observed for [18F] 5 when BPDS was added to the

f ho X he sh f
ot hod AT a0, DR Bn oF P ESRIS S 7 e IS Bt Thi s i s
rei nf oreednihotdhfn QRS YA dnPlkatiBAL ftmeﬁﬁ&%atﬂem@nsp%ﬁkJo%llo&e%ﬁae time was

generally corrparabl e 18 between nethods A and B. For nethods A and B,
TBAHCO3nplog\fi HﬁPFﬁl@zﬁuﬁ u&s&dtfblylab@hsg Pilotdred lwhgjlegtrhadal on products than

K222/ K ch.is afstri,b the sensitiv de to
bas o 0K o & fivicsy aBuE it o fte SR A labien il e fhigh 5

obser vegdesite Broddittbmidd @atpHand [V\E}FPEGBAJQRQMBMO cdific SUAAC furt her

i ndi cates the product' ssensitivit ase. [0047] Despite the inprovenent

in readbdemxysiaemimids CbiHS)toynmbglei fé@i@ﬁ%ﬁﬂa@@ giderspecifig snmpeerdt i on

per f or i 0l ty of [18F] 5. This
pr onpt gm}g%ﬂh@ 903;1{ F‘éﬁy%ﬁ&% 8@%&0@%&% Eﬁgg}r ornmed in anhydrous
acet oni[poslje, IDthA’HdCSbnt[héﬁd:ﬂ)rochwﬁsanafaﬁﬂbfﬁcaalddta%V@pteE@h@hﬁ&EﬁEhﬁﬁpl@s
reagents, such as 2,6-lutidi.ne. However, to prevent the subseque 3
W%E@T N3

degr addtig@s 3gnd [theaE}arspleﬁt ondlits iha@renapéion ob lahsUing daiseneshiatgs 110
Conj[ ai nff‘s@ﬂPﬁG /°7t b Jk&@%%g‘ § ot b alllﬂlllﬁ%f& t?ﬁ%cﬁmnrgfﬂw % el ovi di ng
I A an

a sign cant | y hlg purity conp corrpara purity
conpar gaodtiectivairgd, Bld ﬁrSpd%gylt—lPilé@mrak:;lmfdem apreeussquaeddic fabtheaymhess et i ¢

hod C d signifi. | v. hj gh [
Qonpar 4T 8 (nAIFBEE M hep oSt GBllsarablamyroaiec Ly &vdb ned usi ng.
[ 18F] %e%’roﬁlﬁﬁﬁlgfaﬁmEWéIm AR LEQAhIBiRNE ﬁﬁ‘ldﬂi@%lﬂh‘ a@%@%’né{@t @6m§6’&d€1’§' | ity

observed for [18F] FPEG N di stingui'shed net Addi tionally, nethod
does ndt andeﬁqwme@yaﬂhammnt%éfamrb}ﬂ% et dsrespettiecld BFhédtingreiqnianal aranagontsCu AAC

o peHE N RERR s pEoisR PEG PRl e B R h s SERRERL  one

radi oChRRhGRYIeRY GG€S Fedudied tR stBs; IROWUR{ahROn @ﬂlelaS}MﬁfebﬁtV%SQf’anO}}eﬂngﬂn d
prosthetic (ﬂroups This may have strong inplications for automati on and may

el i m nageinediar ety off Netd dnd propaigy hbroymd hansd rowdedip 84 Yeayield 9 peapprgyl-
PEG¢-OH 1, followed by the PPhs/DIAD mediated Mitsunobu reaction with excess

maleimide which provided a 25% yield of 2.

[0053] Azide reagents, N-(20-azido-3,6,9,12,15,18-hexaoxaicosyl)-2-bromoacetamide 9
and N-(20-azido-3,6,9,12,15,18-hexaoxaicosyl)-2-iodoacetamide 9a, were prepared from 20-
azido-3,6,9,12,15,18-hexaoxaicosan-1-amine (NH,-PEG7-N3). The bromoacetyl and
iodoacetyl groups of 9 and 9a respectively are reactive with certain nucleophilic functional
groups of proteins such as cysteine thiol groups to form azido-protein intermediates. The
azido-protein intermediate can react with an '*F-PEG-alkyne reagent having the formula:

18F
/%O/\J/

n

[0054] in the presence of a copper catalyst, where n is an integer from 2 to 12, to form a
labelled protein.
[0055] Microwave-Accelerated Nucleophilic '*F-fluorination. Tetrabutylammonium

hydrogen carbonate (TBAHCOs3) was selected over Kryptofix 222 and K,CO3 (K222/K,CO3)
as a phase transfer catalyst for the nucleophilic fluorination of [18F]FPEG2N3, [18F]FPEG4N3,
and ["*F]FPEGsN; ([18F] 4). Since TBAHCO; exhibited higher thermal stability relative to
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18 prosthetic group, as is the case with [ F] SFB. [0049] Method B was
primarily enployed for the production of [18F] 5, since the refinenent of
nmet hod C wocorwmek7after the optim zation of [18F] 5 andpPeahisdaniozss3on
4D5Thi oFab. However, nethod C has been confirned to provide [18F] 5 and

18F-4 | W t.h yields conparable to nmethod B. Thus, nethods B apnd C
are bM’# » ffropiEe E?aélﬁggﬁ%@ﬁ@@@fﬁ%@é@@?fiﬁﬂﬁﬂ SR RRIRRF REQeHT 5 and
may be SHbLaRhif st DXRadsTi adlAaDa ealnARBYIdcak harh 1 HHBAnRIdRCT

radi onucl i des. [0050] The or ’hog_onal ity o e CuUAAC reaction facilitates
t he dewdfiopmenB90ft h4¥aniel)yin 8 rofn fbr | dijel indicgtooittilaewite cgmpupklefyraddn a conmon

chonos el R &) b GTRe T SR SRR T eI s obsree
gr oups ko 6aRpIRs 9blatinty RduciemPerhired W@ dRF AL BlcTRiofAstiROiRINVEFIrhiYon

peptides (Figure 5). In addition to [18F]}) 5, the am no-specific prosthetic
group, lecagr] #RBECPbian rectifad By sonaeeseilableyeastian vasstlecapy.ecur sor

Ns- PEG4+ , Uy 18, =Was j ted D5Thi ok ddition to
ensur ieﬁgwgﬁe s? 5%%?03%1 r1)gid ?‘o nntji%%g %}g&gytscl Sé'%%mf)&fw%g eT“‘%ﬁﬁ’E&Q&S, t he

| abel s chjuightor MMEF] Uaind 2RMINg the Cul feactitst (Tabledf). MBIMLUIOA EBCirME Y,
characteristic of random am no-specific nodifications. For exanple, the
steri c WipkFRAloys 6uSPaSHRrrbeedipns ajFarhits a5 hsoWroeit W (Blatar gl 6008 may be
reduceds; i k| gt . i I J i I NS.

Ther ef ?1@?0:?‘&%?%@%&%@9%), n ah;é%wﬁglte ?if/% ﬂtrg&tclt Eﬁ %L%ﬁf{g?{hge@p% m ng

am no- specérbion ctftngnegand ards.7% putitye Tholoag rédegon imelang piedict pucty observed

et hod TEO DSOS MACY ST 9P ke domeBser acealugienbs oA o atia Sidiod Baie,
i ncl udigags iRec! Iﬁgﬁﬂd’: BEGbphhat PHIR@‘H%NJE%BQ@ (BPORP YN helnb@ A FREGBA, the

am no-speci fic Nhydroxysucci ni m de (NHS) conpound [ 18F] Fleq\IHS, t he
azi de- sjsewitidally caimsodithd rfacHpFREG tprlapay gylcasanttic voevesdigyeldicepeciof i ¢

conpou o, FJ EREGN3. .[0052 L) ed synt hetic ot.ocol s and tical
ot b -l e et BT e PeanaToA Gal i HE Bl Sl RE ™ ne
prepar &Iegfh'da@cfn hrabedts vag dédéLedRdbRtRSylHhedi PHIB IS Was CE&@zB&GFA- N3 7, and
TsO- PEG 2-N3 8, of general utility for the production of 18F-Iabel ed
TBAHCO; compared to K222/K,CO3 and when [ “F] 4 was purified with an Alumina N

Light cartridge prior to the CuAAC reaction.

[0057] Method C employs acetonitrile compatible reagents such as Cu(MeCN)4PFs as a
source of Cu', tris[(1-benzyl-1H-1,2,3-triazol-4-yl)methylJamine (TBTA) as a Cu' ligand, and
2,6-lutidine as a base catalyst (Lewis et al (2004) J. Am. Chem. Soc. 126:9152-9153; Chan et
al (2004) Org. Lett. 6:2853-2855). Using method C, the reaction time (less than 5 min),
formation of '®F-labeled degradation products (10%), and conversion efficiency (100%) were
comparable to method B. Furthermore, alumina purification of ['*F] 4 prior to the CuAAC
reaction did not impact the purity of ["*F] 5 and, resultantly, was not included in method C.
[0058] After SPE treatment, method B provided ['®F] 5 with a yield of 59 £ 4%, a
radiochemical purity of 94%, and a specific activity of 5.1 = 1.5 Ci/umol (determined against
an HPLC standard curve of ’F-labeled 5) in 47 = 1 min (n = 5). The identity of ['*F] 5 was
confirmed by HPLC co-clution with ’F-labeled standard and by LC/MS analysis of the
decayed product. The lipophilicity (logP) of ['*F]5 (-2.41 + 0.09) was measured at pH 7.4
consistent with published methods (Rodionov et al (2007) J Am Chem Soc 129:12705-12).
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prosthetic groups, and propargyl-PEG 6-nmal eimde 2, a precursor specific
for the synthesis of [18F] 5 ([18F] FPEGW) . Conpound 3 was synt hesized from
comer ci avbyosvmpizabl e het er obi functi onal HO PEGs-N 3 amdTtussyio/oessBori de in
pyridine with a 25%yi el d Conpounds 7 and 8 were synthesized in 30% and

agg(; glpretﬂ" gj rcgs %Ctnlt()\f[rgz UIr Gr Eﬁ@gﬁﬁggu CI‘P?% HJ?L? lunt F%‘Salll@ laciﬂ: Ererlgac?n

a Y
hexaet q)y couter 0f/lco Wél ﬂ“}re%s WI arfcg%en et her synt eosvlms was

enpl oyed u5| ng equi nol ar armunts of NaH and propargyl brom de and provided

a 54% yi[@lidhoal | RREpal gyl FEG - UH 1, TalihOowey Dby %O&vé’t’&é/ Ub/ﬁdni}fed at ed

M t sunobureactlion w ss nal el shich [ ded 2 ] of 2.
[0053] AZ}de regé%%aécorbﬁl-e(ZO azi do- 3, @09 12,1 579i8 hexaoxé? Z‘,osyl -2

- br onpacet am de CﬁS@h@borbate/BPDs 95.6 88.7

N (20- azi do- 3, 6, |cosyl) 2-1odo tam de 9a, were|prepared
from 20- ngi dol% ‘\}%}%BI}?E_L%[%IA?%% 1ExaoXai cosan- | %(gm ne (NHgU PEG - N3) . The

br onbacetyl and |odoacetyl groups of 9 and 9a respectively are reactive
with certain nucleophilic functional groups of proteins such as cysteine

t hi ol S to pr.o e|n nt er jates. The 18. azido-protein
i nter n&@& g%?ﬁ* @RQT%%J reagent having the formul a:
[ 0054] [nm]he %ﬁfﬁ@é‘féﬁelﬁﬁg ﬁwﬁ%@@fe &éll Eﬂo)(x%{ SMBLB1Md! S0BNMM RS from 2

to 12, to forma |abelled”protein. [0055] M crowave -Accel erat ed
Nucl eopﬂ’mbescHﬁedbloubof Kaviaseent Pedlrealoud yﬂemmdnChnmzhyldngénubaPmbnaﬂm { TBAHCO

D) o BEEELTID Hileo Bl gt o7 e O D Bt arere krBebite SR

F] FPEG %zca@ﬂg Ma@EjfE&%@@n&i\ﬁreé L8fdort Measb [ onﬁmd&ngat@mbM IIQd hi gher
thermal stabili éyrel ative toK222/K2CO3, m crowave heafing at high

terrpera@l@iﬂfwt aldd @r@heé@cvtlﬁ@@ﬁ@@mn@ﬁP&otﬂéﬁd\f@pr@@ryl@Cth@s Kithin 5 nmin.

Addi ti d a i nat i ef ficiency
(89.0 B a"a‘éwa)r%c'éﬂ l?%/r(lglr $8wjel§l dnﬁa‘glgo{ dnldtsbl(%lmerlcangaseglgﬁpar abl e
yi el ds mm@mmg@of ONew YO, ERED1N, FHQW@M@Noyéd oM. I(y984$d1h@md:a¥/Re&g:iﬁts%i

18F] FPEG N were observed due to conpounds volatility at the t eratures

used durrpregr Medificriien.i Yt iloRd An §RE BiseY: a{%}ﬁow@ﬁﬂr:ﬁ@r%t%é 9853 "
rectif 'l\quilﬁxatﬁ“bﬁf J@r&@&%%lﬁp&ﬁn W@EJJS?@PV%Z%%M%B@, H. Tschesche, Ed., Walter

DeGryter, Berlin and New York; and Wong (1991) Chemistry of Protein Conjugation and
Cross-linking, CRC Press, Boca Raton, Fla.); De Leon-Rodriguez et al (2004) Chem.Eur. J.
10:1149-1155; Lewis et al (2001) Bioconjugate Chem. 12:320-324; Li et al (2002)
Bioconjugate Chem. 13:110-115; Mier et al (2005) Bioconjugate Chem. 16:240-237.

[0061] The methods described are rapid and efficient, providing '*F-radiolabeled protein
("*F-4D5ThioFab) in 82 min with a total yield of 11 + 3% and a specific activity of 2.0 £ 0.2
Ci/umol (Gill et al (2009) Jour. Med. Chem. 52(19):5816-5825). *F-4D5ThioFab retained
the biological activity of native protein and was successfully validated in vivo with microPET
imaging of HER2 expression in a xenograft tumor-bearing murine model modulated by the
Hsp90 inhibitor, 17-AAG. The conjugation efficiency of ['*F] 5 and 4D5ThioFab was tested
as a function of protein concentration, pH, and time (Table 2). As the protein concentration
and pH were increased, reduced conjugation time and increased efficiency was observed. No
significant increase in the degradation of ['*F]5 or aggregation of 4D5ThioFab was observed
at pH 8 relative to pH 6.5.

[0062] The proteins of the invention include cysteine engineered antibodies where one or

more amino acids of any form of wild-type or parent antibody is replaced with a cysteine
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18 [0056] Preparation of [ F] 5. Three catalytic systens were eval uated for
the 18 conjugation of [ F] 4 and 2 using the CuAAC reaction (Table 1).

Met hod A waxarplee273) , whi ch enpl oys CuSO4. 5H20 and sodi eoTAsecaoo2aizes as a
source of Cul (daser et al (2007) Bioconjug Chem 18:989-93), provided the

desired roduct in 20 mn with a 79. 3% conversi on eff.ici and. a 65. 7%
puri t y.2MRR agl a'hF SREPSSeA EYSTRNSHRINP AR e fiSE CYLing el ) a%%%@ftaad the

i nvest i;g@4dnam &fmﬂefcaemﬁs&ﬁmmlfe Ly REGIranabddiniP e é.on. Method
B adds the Culligand, bathophenant hroI i ne di sulfonate (B S) fo met hod A,

whi ch dnatpeti Eat ¢>gam1é@l ugednt Feb adoty drgticnemepbd crgimeridiorens edysthiec

converS| on effi c 95. 6% d the ur|t For

o oo erRinsd BEb T REEd fo feis i R BRIeES. Hgr el SHLAE e

decr easg C%W@%lﬂéa@d&w&lﬂw%@fwa&) JFht sﬁoﬂl@%e%@ie@'tﬂeﬁ%@n@l’e SiBAHHB o€ ORRBI ed to
K222/ K2 when [18F] 4 was purified with an Alumna N Li ?ht cartrl dge

pri or taosutigi@ cigipgeed eataiicoigsidpousyThinBelh adile sl osite mutetionyictds|teo

t
CrT ot (s SERLFE Re SR CYAREADN Hiiills MORPET R Je0 4t gang,
and 2, @Ha&wt@im%ngmeae@aﬁt%ddaésaifyﬁd1n(zé1@t¢n3ncﬂﬁd@hoﬁo'&ﬂlﬁﬂ1) atibodd) Chem Soc.

126: 9152 9153; Chan et al (2004) Or((I:l Lett. 6:2853- 2855% Usi_ng.nmet hod C,
t he rea{ma@#efil%éhlmeé@énqq@awnsl %’ﬂh? ley, gntigrnnbindigs fggments gbantdpdissgr adat i on

roduct able to
e Sl ORIy IV
react i diysthink enpinderglamtibodies ptain the anfigdn bihdingamehbilite sbitcantild/ typegmremt

i ncluded jn, method C. [0058] After SPE treatnent, method B provided [18F] 5
Wi th aag?f P SRNEEDARe, o radi ocheni cal purity of 94% and a specific

activi tjgoey c] S. ]The%uﬁﬁ%t{dmﬁ“gf( @*ﬁfo@ﬁ%@?ﬂe@&ﬁ{eﬁ% @QAP‘@-&s&IhﬁQ@@lﬂlﬁmCéﬁﬂVe of
19F- | abel e in 5) he identity of F] was confirnmed

by HPLCBleSegISﬁ@Q@rﬂW-ﬁPL@F@mlabéSwémﬂlinﬂlmNAQﬁﬁmbﬂloﬂ@W@imlyﬁc@tof t he

reacur &g b iy s EukgREl d G ADBLRR Lo’ bl ™ ooy
J A I CHMAIPILEORp h
QUARC Cotar ﬁ%ﬁ%@%ﬁﬁﬁ?ﬁ?g@ E@pf%‘)?‘) 4.and 2 .ﬁ‘féfeﬁd.fgg??ﬁ‘é%‘f fon T e,

conver dilshed sggRedates h FI5 fand F[F-Bbelag degradatiop pegductshdehe] prgiied $ingf t h
res pectpr&&cESFFAB?%hl%ga&rv?a%‘%ﬂﬁ’l%ed by HPLC system A, system C, and TOF LC/MS.

The optimized conjugation procedure provided F_4D5ThioFab in 26 + 7% yield, with
greater than 90% radiochemical purity, and a specific activity of 2.0 + 0.2 Ci/umol (n = 5).
The total synthesis time was 82 + 4 min from the start of synthesis and the total decay
corrected yield was 11 = 3%.

Table 2 Conjugation efficiency of ['*F]5 (5 mCi, 1 nmol) to 4D5ThioFab (100 pg, 2 nmol) against protein
concentration, pH, and time. The procedure for preparation of ['*F]5 was consistent with routine production;

however, equal fractions of [**F]5 (in acetonitrile after SPE treatment) were dispensed into ten reaction vials,
evaporated, and 4D5ThioFab was added.

Protein conc. Yield (%)
pH (mg/mL) 10 min 30 min 60 min
6.5 0.5 26 39 44
6.5 1.0 26 42 53
6.5 2.0 47 66 74
7.2 1.0 64 74 77
8.0 1.0 79 85 85

[0064] In addition to being precursors for the synthesis of ["*F]JFPEGMA, (Figure 1),
['"*F]FPEG-propargyl and ["*FJFPEGN; can be directly conjugated to proteins via the
CuAAC reaction (Figure 2). This approach reduces the synthesis of '*F-labeled protein to two
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products. Method Catal ysts Tine (mn) % Conversion % Purity A
CuSOvascorbate 20 79.3 65.7 B CuSOvascorbate/BPDS 1 95.6 88.7 C Cu( MeCN)
4PF6/ TBTAVD.201i0809b2181 di ne 5 100 90. 1 [ 0059] SYNTHESI S OF PCABRRAIBD2BROTElI NS
[ 0060] Peptide | abelling nmethods are well known. See Haugl and, 2003,

Mol ecul ar. Probes Handbook of Fluorescent Prohe d Research. Chem cal s,
Mol eculAdioBaye Stelpﬁén‘? P@Wi‘{?ﬁﬁ%ﬁ lterpgfgys m@F%@&ajpaé‘Q NEREFEPOSIfE  Gar man,

(1997) aaawglgmsow L8y bARRlF pR%ard) PERRHh AhidORBy G rATBHTLELLT oS,

London; ans (1990) Bi Qconj ugate . G azer et al (1975) "Chem cal
Modi fi ahlteptﬁuzé\ACFlremf@nr{s F] dabd patpergyl-PEChiThighiels using BBEFEHEGISIcGN AT f

Mol | Bi gl El
bl + srovgedt 1o 9l Re: Wit ferBtgon siiSicicsaRid 437 e ER e A Fh e ca

Reagentrﬁétﬁéd %@éﬁgm Mgy d‘dugﬁt[i%qﬁpﬁ@; Srophrg@N@ ahlazideREEHRYF I cdNRYYsYOr K;
Pfl ei derer, g "Cheni cal Mbdification of Proteins", Mdern Mt hods

in Protlaked @w@mnstquom@q: (Clsl@h@y@qﬁ)@mcgdwﬂhmht@muge@ry@f@pwnséai rqsnltlagd New
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efficiency of | d 4D5Thi oFab was tes as a function of protein
concentrﬁdummmageptﬂ, OIdhd usd ofr T abbdlizg ligendtsheh gy BPRS o Govtqeeteinatl¢ange.

Finally, ['"*F]FPEG-propargyl and ["*F]JFPEGN3; are "*F-labelled prosthetic groups for the
development of "®F-labeled peptides. In fact, the propargyl-bearing prosthetic group,
['*F]FPy5yne (Inkster et al (2008) Journal of Labelled Compounds and Radiopharmaceuticals
51:444-452), was recently evaluated with an azide-modified peptide similar to method C.
[0065] The site-specific conjugation of ['*F] 5 to 4D5ThioFab was optimized with
respect to the reaction rate and reactant stability. Regarding the stability of thiol-bearing
proteins, which generally decreases as pH and protein concentration increases, an increase in
4D5ThioFab dimerization and aggregation across the range of pH (6.5-8) and protein
concentration (1-2 mg/mL) used to generate Table 2 was not observed. However, the
formation of undesired disulfide bonds for thiol-bearing proteins likely depends on the
accessibility of the thiol group. For 4D5ThioFab, the PHESELECTOR method of selecting
the optimal cysteine substitution position may promote thiol stability enabling the use of
higher pH and protein concentration for an extended duration. No dependence stability of
['®F] 5 during the conjugation reaction on pH was observed across the range tested in Table
2, implying the introduction of an external reactant, such as silica deposited from the HPLC
column or SPE cartridge, into the conjugation reaction system capable of degrading ['*F] 5 in
a concentration-dependent manner. Therefore, care should be exercised when cleaning
glassware and selecting appropriate solvents, HPLC columns, and SPE cartridges.

Considering the observed pH-independence of 4D5ThioFab and ['*F]5 stability, basic

reaction conditions (pH 8) were selected to promote higher conjugation efficiency before the
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and pH were increased, reduced conjugation tine and increased efficiency
was observed. No significant increase in the degradation of [18F]S or

aggr egat iwo 20f0/8253hi oFab was observed at pH 8 rel ati vePCo/yskhi6/025334 0062]
The proteins of the invention include cysteine engineered anti bodi es where

one or nore am no, aci ds @ ny formof wld-type or parent antibody is
repl acé&nm??tﬁw%grﬁ%lpgioiéaﬁ ﬁBgCé‘Eﬁ'd. The engi neered cysteine amino acid is a

free Cﬁﬁﬁ@d]ne At dtANfly B0 PROPEGMA &hak BiTASHBLNin}act 8 &r§hBtiBn di sul fide
unit. Any form of antl%ody may be so engi neered, L. e. nutat ed. For exanpl e,
a par erfficaicyamdispedfic hetagtyetihe cjudor nfficmey o[ T10] F or4R T higsbes ne

[ d f dt [ "ThioFah. 7 Simlarl t
monoct SRt ey R BT ehg S ok 08 " Form e Rrondd ok P ERLE o be
not ed t4I38THeoEbTShEe Sdch EhBHaBtHa® Bnd ARESSHIaHRoINGbEh)E MUE ARSI Bebudy 6f Bidee
residue in a ThioFab, while a single site nutation yields two qul%neered

cyst ei reisicalshlgteddram the totl enviry. sheeificactiniey, andrfinetionabd agradagipn phk H1§G
anti boqy, eH}SPl%yass Sthil fﬁpt%'e NS ?ﬂi%%{)] Hgdr'a&ascio%fofihﬁ)§ irs‘)é?e% tot{.;ke:géb%'n‘éﬂe
nonocl onal™ ant I'bodi es,” hunani zed or chineri ¢ nonocl onal anti bodi“es,

ant i gennics df R ifunad ABRMDE0 BICi d6H [ 198l hRSidd 405A A6 dTb YIS Athic bESre 2ATNAPIRAOYS
that preferentially bind cell-associated pol ypeptides. Cysteine engi neered
ant i bodhie groapa(abortbmgef A hisibabll i geasiaed e Phteip radximpel gomyygation ype, par ent

anti bod nterparts. 0 urification.of 18F- Thi,oF s perforned
on o NATIECHIL BPPRY Singe FREor ABETRISELS WAL B Rt EOUETRN 1B, Er i )
The NARxpedred tagugakion eftiknsy ditiout 80%. Tige 6dsuivicd Bogjhigativaafficigadyest 2. 7 5

wi th 4D5Thi oFab, particularly for reactions with a | ow conjugation
ef fi ci dpdigatestthat @jly akguy oge-haldof ot 4B Ihiaksp e b cpameaddwhiskdy from

18Fl ab Saat . = E‘f?sﬂ“% cts). The
purifi g?ﬁgriaﬂgl% pr odi gi"r‘/q n%é%flﬁ%gﬁ%%gll@gﬁ%:a%%g%gﬁg 3% y %’—]lﬁ{ticlp}églg%em A
syst emsBectamebtifor HEalGl *IFhd o Fabz Btk dovbitionan iobserprdaeed exgeoprdovi ded
18F- 4D5Thi oFab in 26 7% yi el wi.th great han 90% r adi ochemi cal purity,
and a SPBRERID %f@ﬂem { agoudt §inpie! a/“ﬁﬂﬁﬂlf HE U B iMHGEAPAEG bt hesi s
tC1)ﬁeg@g%gicgﬁjggﬁgf@mr%@@aﬁt Blirkhe? imPRLRESE $n @Mudalin EAAncYaRAY
0
specifxlc activity may result from the use of higher protein concentrations or a more stable

maleimide building block.

[0067]  IMAGING OF "*F LABELLED PROTEINS

[0068] Labelled cysteine engineered antibodies of the invention are useful as imaging
biomarkers and probes by the various methods and techniques of biomedical and molecular
imaging such as: (i) MRI (magnetic resonance imaging); (i1) MicroCT (computerized
tomography); (ii1) SPECT (single photon emission computed tomography); (iv) PET
(positron emission tomography) Chen et al (2004) Bioconjugate Chem. 15:41-49; (v)
bioluminescence; (vi) fluorescence; and (vii) ultrasound. Immunoscintigraphy is an imaging
procedure in which antibodies labeled with radioactive substances are administered to an
animal or human patient and a picture is taken of sites in the body where the antibody
localizes (US 6528624). Imaging biomarkers may be objectively measured and evaluated as
an indicator of normal biological processes, pathogenic processes, or pharmacological
responses to a therapeutic intervention. Biomarkers may be of several types: Type 0 are
natural history markers of a disease and correlate longitudinally with known clinical indices,
¢.g. MRI assessment of synovial inflammation in rheumatoid arthritis; Type I markers

capture the effect of an intervention in accordance with a mechanism-of-action, even though
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Tabl e 2 Conjugation efficiency of [18F]5 (5 nCi, 1 nnol) to 4D5Thi oFab (100
nmg, 2 nnol) against protein concentration, pH, and tinme. The procedure for
pr epar at iwo 20f0/9488] 5 was consi stent with routine produeCirars2oiosser ,

equal fractions of [18F]5 (in acetonitrile after SPE treatnent) were

di spens o.ten reactl on vi al s, eyaporated, Thi oFab Jas added.

Pr ot ei ﬁﬁ%B}‘? 1A T (9 epw%%ﬁ@rmthfé Ieahowesths: ﬁ[nygslf%ﬁrkers BOONKE 39 44

6. 5 L QuBeA2 b S Bl AL BRI br ZahaJrdift HEDTRR plechl B ool [ 0064]

In additi on to being precursors for the synthesis of FPEGVA, (Figure
1), [18RhefEG palojata’gh¢ taagaﬂec{m&re]nﬁﬂimasaacam@ddxonecmswncmri}eulgatcadl to
prot ei ns VI a,t r.eact i on ure 2 Thi s roac@ duces . .t he
Eynt hedFhEE by Hiama P b et A et SR SRABD SRTE des an
al t er nghfov@afid st f(DrexpRESiST 6T éf‘ﬁrgdt bRItSREE) Birﬁlrfgctfﬂ al’cﬁ@tﬁ%&ﬂi% to the target
Pre-conj ugation of prop arf yl -PEG mal eimde (2) to Thi oFab foll owed ¥

1

di rect NRIAACLBeclgeNty, 2BE 11)1claar@n<m@ﬁéxa§fyhfe pgmmpbpatb: dpga-ngdgantages o
BPDS/ Cugz vzvco:l}lgn%q R%ﬁ?arﬁ%p ge?iat% ehtgémwb% qdﬂrﬁ% ncﬂldlég %Qaseleg {r&m%nﬁ" es up

to 15% 0bserve was e

[ 18F] Fl%ﬁﬁnﬁmwaﬂ@yé bddy aasbsanexd;ereﬁaﬁmmlfnlgadd @S@Mdmﬂﬁ%dmdﬁiﬁle’ fdci r on
oxide (CLIO nanoparticle with hlcgh conj u ation effl ciencies resul ting
from t RO @é@@@nb?”m@%feé%@e sHe@efremaec (ﬂﬂfeﬂ\l/é%n?sﬁ aimal) tq dpey ( uanQabeI ed

Nanopar, 53%1&1!5 Og %Hé};é éb})}{'cég%tngﬁgoﬂléeﬂéﬁ%yﬂﬁms%& &gﬁ%&g% gt% fifhber of animal

10. 1021 provi specific activity of
F- Iabeleaﬂemnmtteumpr,eclmmdetu[dleﬁ] 4 is stable and nmultiple azide or al kyne

e TR R A R
T e
requi r ekyphier to GoAMSS trestmicuisiCGoh coil (K8 dayr. Mrd. GBemof2(19):5816-5825). 17-
AAG was administered to the treated group at day 0, while the control group animals were
left untreated. PET imaging with F_4D5ThioFab was performed at day 1 (fourteen hours
after the administration of the last 17-AAG dose), day 5, and day 7. Coronal slices through
the tumor of control animals and animals treated with 17-AAG one day before and one day
after therapy are shown in Figure 5a. The average tumor uptake in control and treated groups
over a one week period are shown in Figure 5b, and the uptake in select tissues and secretory
organs are listed in Table 3. PET imaging at day 1 revealed a 50% reduction (P = 0.00046) in
tumor uptake compared to the control group and the uptake measured at day -1 (P = 0.00025)
(Table 3). The renal clearance of '*F-4D5ThioFab was predominant with significant
accumulation of radioactivity in the bladder and high uptake in the renal cortex (Table 3).
The hepatobiliary route also contributed to tracer excretion leading to accumulation of
radioactive metabolites in the large intestine and gall bladder while the retention of
radioactivity in the liver was relatively low. Body weight and tumor size did not change

during the seven days of imaging.
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reduci ng agents,
limt protein cleavage.
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Oéﬁé%ﬂ—éf’zo ilgerl]m?é) tT@edwnmidomﬂeméumebendent

t he t ot al t t t al
anount GRS RO R g Leady PR R e R Sio BB B ot

The t oteall lmgpwhich Giniisnh@pdteitial soroate@wratteﬁhtfohemhe hepliat cajsa@ect ivity,
speci 1 C aCt i tf%/er o%tr}guznttg Elfelcggj?t[gatlo% of [%%t] IS%I 485TLloFab %he biological activity
of the resultlng ®F-4D5ThioFab was validated by Scatchard analysis, where no significant
change in affinity of the conjugate compared to native 4D5ThioFab was observed.
Furthermore, the 4D5ThioFab designed by the PHESELECTOR method and employed as a
model thiol-protein retained the affinity of the parent 4D5Fab (K4 = 0.1 nM). Additional
biological validation included a treatment response study of HER2-overexpressing tumor
xenografts in a murine model modulated by the HSP90 inhibitor, 17-AAG.

[0072]

transmembrane receptors and is an important target for the development of breast cancer

HER?2 is a receptor tyrosine kinase of the epidermal growth factor family of

therapeutics. 17-AAG targets the molecular chaperone Hsp90 responsible for the correct
folding, stability and function of wide range of oncoproteins including HER2. The effect of
17-AAG on HER2-positive tumors has been described (Solit et al (2002) Clin Cancer Res
8:986-93). The effect of 17-AAG on the HER2 expression level in a breast cancer xenograft
(BT474) murine model with ®Ga-DOTA conjugated trastuzumab-F(ab'), (**Ga-DCHF) was
investigated (Smith-Jones et al (2006) J Nucl Med 47:793-6; Smith-Jones et al (2004) Nat
Biotechnol 22:701-6). A 70% reduction in HER2 levels lasting five days was observed
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For exanple, assumng for the nonment that no degradation of [ F]5 is
present, the reported values of 5 C/mmol and 200 nC for [18F] S provide 40
nnol of twoabio®esiBer ef ore, 40 nnol of thiol groups (abeatr/R20mg/0ef334

4D5Thi oFab) is required to obtain naxi num conjugation efficiency; however,

si nce of  4D5Thi oFab i s used. duri outine producti expect ed
conj ugﬂ% ok PY f ESTRRAY PredreatiRsnt | @esfw?tgh[ez @%yéewgeﬁeg % léﬁ Trp! o ency of
26. 7% 'dﬁﬁé‘tﬁ@BP&oﬁMngotﬂhﬂér ?&P&ﬁse@@ﬁm&(ﬁ @t Rt @Arllél%a-rhigPﬁ@Pﬁ'ﬁs been

conj ugated, which is genera confirmed by integration of the native and
conj ugdﬂ@deweak@slwbﬂmlﬁalef& afy’ Cl‘rm(§§ 1gip pdeasoweideylly watc sbanebdiveBHodD5 Thi oFab.
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and specific activity may result fromthe use of higher protein
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| mmunoskecrbsaptapived bg Santhl-hmgs ctql psiog éeﬁaFIéCHﬁ (@00 magritciatoidied to sdyetaéd Wit h
radi oacti ve stances a dm ni st er n ni mal. .or human pati ent and a
pi ct ur etla? tQrs; éﬁg‘ﬁu@ftﬁg FapabTn qmeteaﬁgﬁn%f?@ah DAY IHERN m&eanpdztee% us
6528624), baé@&lﬂ@l&a@d) %%Wa&nﬂﬁ% ﬂ?@gn%ﬂt B6d & Wty HARARY f&%%@ak%‘é@h&i%@d as

an indicator of normal biological processes, pathogenic processes, or
phar mado bogilanaF(abds p‘bmemg psigilahposhpeatniant fumasTuptae iforF abBind etk r s may be

cor ol arg b BT e KTt dbd ar s TRuBaD U G aSa i S e

of synmigatk skifobaighat tRhekdent MERFERALOFH tAtEMIptddehayTydaded MBAKS the
compound with a lower magnitude signal prior to treatment. This is reinforced by
observation that the average tumor uptake 0.65 £ 0.09 %ID/g after 17-AAG treatment (day 1)
was roughly comparable to the skin uptake 0.50 = 0.05 %ID/g as shown in Table 3.
Additionally, since 17-AAG has limited solubility in water, the formulation (consisting of an
emulsion of egg phospholipid based liposomes prepared by sonication) may not have
reproduced the reported potency. This may account for the faster rebound of HER2
expression in the experiment (100% at day 5). Although the magnitude of the signal decline
after the 17-AAG treatment was slightly lower than previously observed (Smith-Jones et al
(2006) J Nucl Med 47:793-6; Smith-Jones et al (2004) Nat Biotechnol 22:701-6), the image
quality obtained with '®F-4D5ThioFab (Figure 5) was superior compared to *Ga-DCHF.
The rapid renal clearance of the Fab fragment and the resultant enhancement to the tumor to
background ratio overcame the reduced absolute magnitude of tumor uptake compared to the
F(ab’), fragment. This facilitated the acquisition of data only two hours, or about one half-
life, after tracer administration which provided more signal than the nearly three half-life

period prior to imaging with ®*Ga-DCHEF.

[0074] PHARMACEUTICAL COMPOSITIONS

[0075] Pharmaceutical compositions or formulations of the present invention include a
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capture the effect of an intervention in accordance with a

mechani sm of -acti on, even thought he nechani sm may not be associated with
clinical wotemwm9273ype Il markers function as surrogat e pemasedmissvher e t he
change in, or signal from the biomarker predicts a clinical benefit to
"valid te" éhe t.argeted res onse, such as, nmeasured bone egosmn in

- heurmdBheed Praisin Eheppvetio ﬁﬁigqnﬁg)r BrosrRbRBREC IRy RaeRPigblgrRiieT

phar nacgyggﬂaml&n(%@)ex&ppeﬁ@peutl c information about: (i) expression of a
target protéin, (ii) binding of a therapeutic to the target protein, i.e.
sel ect i[0916], ad’dha(maqeyltwall eamportigoraredcdrapdss botﬁlehcphwlkmacmmmem pd dat a.
Advant ages. of. in vivo, i m omarkers rel ative .to |ab- ed .bi omarkers
et uadneyifiet dtadd Yo PRrRaHe RRAN Tielbee e S S Ab S et
repeti tig¥@rs diﬁl% A66kbIRY PRKEMRMNng Witleany PHakiRd@titd| EInRAIvRteSicipRAE,

potent i aI |y transterable effects frompreclinical (small animal) to

cli ni caliluehitirarycrs.es glidants. Fbhe @dhﬁomp@ﬂlil@a@ndcﬁ@@h Htsiil‘ariwdgipwewm@mant s or
M ni m Z%ﬁtaﬁ‘{]ﬁﬁ&f{{? ns ofr RO ht%?ésag%@my%ﬂtﬁéauy e'n{l' e bR %onfpoalt{ogoegl

Hsp90targe erapy and mcr magi n |str| nto two
gr oups if matert) thaCh‘&rIﬂ)It N¢ Heon farmd 1Mpﬁ1&ii€1daﬁldio‘g£§euﬁiﬁs azsn dﬁis&ﬁtﬁﬂertﬁ)@a@y
18F-4D5Thi oFab one day prior to 17-AAG treatnent (@ (2009) Jour.

Med. CHEW IS 512(’?@49)10%189611158%35 tabpets A ARS U nd K t&@ Ek%cﬁ“ﬁ)‘a&lhéh% PERceY group
at day @, r t gi ng
o th B e B R QLicA SRR PREER 1L REP R FomPRT b

adm ni sidnamsmaitlomfoﬂtl&ebdlhsbmﬂﬁm@d&ﬁmdnsél)v;dudh&osﬁge amc. day 7. Coronal slices

t hr oug of control animals and ani.nmals treated with 17- AAG one
day bt 80 ETand HEESICH FRPPOSATR o A Eftdomior st e 61 Syhpocpids Ohdr age
tunor Lﬁ?&s%ﬁﬁnbéhtﬁﬁ%ﬁl% ar@NGerdtgab ehs8 rQURE hONE!, bt PP hBEKhARIE 8FnREE Shown
in Figure 5b, and the uptake in select tissues and secretory organs are

| i st ed sdtemailrepl@ccdPFRni atermgihagingan deyni¢ nraeyermnes rangooiftdut fioonth¢ P

=0. 0004 In tunor co r thec t.r u t.he upt ake
oo diate Ty OF Pt S ARES S By s i toulial Uy B EEa R

F- 4D5 Thil@hat aM@%cﬁIe@d@éde}@é}h%Meﬁhvlﬂhﬁﬂiefsb@@Hf tREEdhpduatls enthefinveadbact i vity
in the bl adder and high uptake in the renal cortex (Table 3). The

hepat obindithgiyuseuExcraplawy iseapesi thiftcan be incornpseted e pemp@mds ehtiergyangon

or ;332:}3%8{'158{ é@&e@%?c%%e%{ tnaﬁl%log%ﬁ oxbfert, BRodpREAE, Juituf HuloRfe ARHhrHR! !

and iodine, such as H, H, 11C, 13C, 14C, 13N, ISN, 15O, 17O, 18O, 32P, 33P, 35S, 18F, 36Cl, 1237

and 125

I. Certain isotopically-labeled compounds of the present invention (e.g., those labeled
with *H and *C) are useful in compound and/or substrate tissue distribution assays. Tritiated
(*H) and carbon-14 (**C) isotopes are useful for their ease of preparation and detectability.
Further, substitution with heavier isotopes such as deuterium (*H) may afford certain
diagnostic advantages resulting from greater metabolic stability (e.g., increased in vivo half-
life or reduced dosage requirements) and hence may be preferred in some circumstances.
Positron emitting isotopes such as 0, "N, 'C and '°F are useful for positron emission
tomography (PET) studies to examine substrate receptor occupancy. Isotopically labeled
compounds of the present invention can generally be prepared by following procedures
analogous to those disclosed in the Examples herein, by substituting an isotopically labeled
reagent for a non-isotopically labeled reagent.

[0078] Suitable carriers, diluents, additives, and excipients are well known to those
skilled in the art and include materials such as carbohydrates, waxes, water soluble and/or
swellable polymers, hydrophilic or hydrophobic materials, gelatin, oils, solvents, water and

the like. The particular carrier, diluent or excipient used will depend upon the means and
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radi oactivity in the liver was relatively | ow Body weight and tunor size
did not change during the seven days of imaging. Table 3 Average uptake of
18F- 4D5ThwoRaty/i9m73el ect ed ti ssues of ani mal s bef ore thecrrisatmwedd3{ day - 1)
and after the treatnent (day 1, 5, and 7). Kidney uptake was neasured in

t he cortex a d bl.ood upt ake measured in the left ventricle. Data are
presentpé‘ﬂpoég Orepch g*ecfowu%g@ the EseRf lmﬁn&% i gy P Vsl pleRfagre. 1 day 1
day 5 dayePladder bRQd 18 soREndthBE08 brd A5hSKiIR in fhobde ALaAYCHIRYIO

Bl ood 07 Brain 0.08 0.01

0.02 0.t08¢ a@mmsteredﬁo amamnzﬂsallﬂl gtricad defe RIEts @rcnenﬂﬂoﬂéaqme.oaﬁsm@& 0. 32

1.97 0.71 Kid 5 3.02 2 48 6.47 23. Lar ge
st e 8 WA d g hgaTogie salvisit shat prelspRiptcler meelile Eae $RusRle 080, o7
0.08 0. 0 21
0. 04 Ska%ﬁeoolﬁ Eiﬁleﬁts%lu&ggﬂeﬂg@%lgh@l. Qrogﬂené)%@l@ol %éi?ethgleﬁé%%gé’l@ (eg 9§G013 0. 65
0.09 1.496, PEG:%@OL d@BethElSQlfOP{I%WS@déTWQW%ﬁ%El@REWHQRtE;L@&féW/)ed for
18F- 4D5 t d f
AR T R T S s  p N

upt ake dgallittslsm’ﬂa&ﬁhty, \fzaﬁng egéxﬁs \WbriRatignageats| elﬁulrsfﬁ@esa sm@eﬁcnhg) Rg@XPr essi on
| evel s. However, for the 17-AAG nodul ation study, di scussed bel ow, tunor
upt ake RMESTYEYCH @RS, SRaGURE 18501} Slilantsh PORRBingsads. calotantroSwestensrsal ) .

The do:p%on %@%&ﬂﬁnhax‘}&ﬁg %%VEO%? AIEn %Q?th&t&%ﬁ??%ﬁﬁ\(mfe%ﬁ t%ctfn?eom hi gh HER2

expr essi for t The mts e potential for
receptqnmsahﬂombfﬁmcﬁﬂg@heaapp@omﬂidb&agasmﬁmﬁ%mhowbtphmanmmszng t he

conj ugati on o 5 tq,4D5Thi oFab, the hi ol ogical tiv] of the
resul t .%&W@ﬁoa&f%%@a%d%%emwgﬂ& fuspegy t kSRl St ich aF *\é(l “where no

si gni f i, g&nta nge in affinity of the conjugate conpared to native
4D5Thi oFab was obser ved.
[0079] The formulations may be prepared using conventional dissolution and mixing

procedures. For example, the bulk drug substance (i.e., compound of the present invention or
stabilized form of the compound (e.g., complex with a cyclodextrin derivative or other known
complexation agent) is dissolved in a suitable solvent in the presence of one or more of the
excipients described above. The compound of the present invention is typically formulated
into pharmaceutical dosage forms to provide an easily controllable dosage of the drug and to
enable patient compliance with the prescribed regimen.

[0080] The pharmaceutical composition (or formulation) for application may be
packaged in a variety of ways depending upon the method used for administering the drug.
Generally, an article for distribution includes a container having deposited therein the
pharmaceutical formulation in an appropriate form. Suitable containers are well known to
those skilled in the art and include materials such as bottles (plastic and glass), sachets,
ampoules, plastic bags, metal cylinders, and the like. The container may also include a
tamper-proof assemblage to prevent indiscreet access to the contents of the package. In
addition, the container has deposited thereon a label that describes the contents of the
container. The label may also include appropriate warnings.

[0081] Pharmaceutical formulations of the compounds of the present invention may be
prepared for various routes and types of administration. For example, a labelled protein
having the desired degree of purity may optionally be mixed with pharmaceutically
acceptable diluents, carriers, excipients or stabilizers (Remington's Pharmaceutical Sciences

(1995) 18th edition, Mack Publ. Co., Easton, PA), in the form of a lyophilized formulation,
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Furthernore, the 4D5Thi oFab desi gned by the PHESELECTOR net hod and enpl oyed
as a nodel thiol-protein retained the affinity of the parent 4D5Fab (Kd =
0.1 nM . wddntovoezB bi ol ogi cal validation included a treaTrseaionesponse
study of HER2-overexpressing tunor xenografts in a murine nodel nodul ated

by the P90 inhibitor, 17-AAG [0Q072], HER2 is a receptor tyrosine kinase
of the r@i‘ieg@f) Pr g mqﬁw%%ogfﬂ%?ﬁowlﬂam Pk DAL bryelee%ttaﬁt_saﬂimﬁi s an
| mpor t aghpl adek: thOlpd:biACKAl ARMRM. ’hirdl 8aste GAARRY. FPFRRRIBICHy 17 ARG

targets the nol ecul ar chaperone Hsp90 responsible for the correct folding,
st abi | iacyepaatde Earrietsi ion, @iria that prmge-tofic snoopioteitrike dorepesdindg HER2. The
effect of 17-AAG on HER2-Rnositi unors. has been descriped (Saglit et al
(2002) Brisiaft . B5arbe) Fe MiEiosaErgre PAIRKENGRe DUy

expr essin@ihd &hebnthation OIP6&§§6u1ﬁ§6@t&ﬁay<ﬁﬁgﬁfralfntab6BtT34%4z)bo{IU$.! TRe hodel Wi th
68Ga- DOTA conj ugat ed trastuzumab-F(ab')2 (68Ga- DCHF) was investi gated

( Smi t h-Rherpaccaticad forpmdren 19 pfrepblysigrilsy : ln partwulagrfprrpulgiensdo be uadd oPB0D4) Nat
Bi ot echnaol - 701-6 70% redyction.dn,. | evel i ,\ve. days was
obser vauroI RSS! e tREaE GRS AL Conp RN i
suggestthiagh b@tileGitrBniFmembempabTiee gifarmedutiolli fognd]aiei ordBSABNSA teo 17- AAG
treatnent earlier than FDG PET. However, the short half-life O 68Ga (68
min) doddchata plicgomposiiopy tyrahitigediorprlaion ghgp Py areUsHINon; fe of F(ab)' 2
and a sphagyific [ i S g A LR I j ee
nour pa?S beriar & pERRb G RARR SRy pIRETRIDMA N B WEa LREMMARRGPA P,
of nonaualfeshionf-ab., Amagnterdoacdntrationd) sehatiulos) contst, vE8ields abdGoute n) nmay provi de

i mproved i.magi n roperties (Wllians et .al (2001) Cancer Biather

Radi opﬁgm%“i ?‘t?g“: g@)S.Stﬁ[néW%]g(o‘?ﬂ glegbcggl’%%ced Flogslor gens | 108 B U8 s on

(Fi gur &omdexVRR1uRE ARD a¥i GRIRBIAR: Beln@ did}Bobdir 12880, MY pofichfir AARRSIWM t h
F(ab')2 based i nagi ng agent. The | ower decrease (50% in F-4D5Thi oFab tunor
upt ake teme tkajedafhealinicl gonditionent dlpyindiFidpat patEnt, clonpaised the dishededdhe sitese

observed by Sm th-Jones et sl .68Ga- F (7099. may be. attr.i buted to
Sever aottySy o MagRgg mtod St Paiions N efeblingpY R deds

provi deshéTadtoRka¥Rf té tFBical a0 Und "pladrin@ecudic AMNEVEKiQ8 kmbam " bF agment
has a | ower baseline tunor uptake compared to bivalent F(ab') 2. Assuming a

si mi | arcopwetind focke afsrinisteiiefow 1L govered byPHeh eaigideagiony, apd is the minimum

amount necessary to diagnose, prevent, ameliorate, or treat the disorder.

[0083] The initial pharmaceutically effective amount of the labelled protein administered
orally or parenterally per dose will be in the range of about 0.01-1000 mg/kg, namely about
0.1 to 20 mg/kg of patient body weight per day, with the typical initial range of compound
used being 0.3 to 15 mg/kg/day. The dose of the labelled protein and the dose of the
chemotherapeutic agent to be administered may range for each from about 1 mg to about
1000 mg per unit dosage form, or from about 10 mg to about 100 mg per unit dosage form.
The doses of labelled protein and the chemotherapeutic agent may administered in a ratio of
about 1:50 to about 50:1 by weight, or in a ratio of about 1:10 to about 10:1 by weight.
[0084] Acceptable diluents, carriers, excipients and stabilizers are nontoxic to recipients
at the dosages and concentrations employed, and include buffers such as phosphate, citrate
and other organic acids; antioxidants including ascorbic acid and methionine; preservatives
(such as octadecyldimethylbenzyl ammonium chloride; hexamethonium chloride;
benzalkonium chloride, benzethonium chloride; phenol, butyl or benzyl alcohol; alkyl
parabens such as methyl or propyl paraben; catechol; resorcinol; cyclohexanol; 3-pentanol;
and m-cresol); low molecular weight (less than about 10 residues) polypeptides; proteins,

such as serum albumin, gelatin, or immunoglobulins; hydrophilic polymers such as
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resulting fromthe non-specific uptake and vascul ature distribution of the
tracer as shown in Figure 5a (top-right), the percent difference for tracer
upt ake nawyohkweloivezed agai nst the conmpound with a | ower mragniscude2ssgnal
prior to treatnent. This is reinforced by observati on t hat the aver age

tunor uptake O. ogqau treat ment (.day .was raughly
conpar apﬁﬁéw%pmﬁld&w AIRipe affe C%ol gév U NG ASRHAGAC hﬁst  aregn ¢,
Addi ti Qpaldive; nwne%cﬁa%ld%%@%@halﬂdeg £rﬁfjotﬁ81 dépddh&&%étésnnd’l\@dlﬁé khg, for mul ati on

(consisting of an enul sion of egg phospholi pi d” based |posones prepared by
sonlcaUnmnymmmWdﬂonnh&héanmpmmenmdhaﬁEDﬁépemyeﬂmpbmemayOﬁﬂhmsmnﬂy account

f th t 0% at d
5 W AR bR o B B R S sop NGy TR o PR el Ty eat vent

was sl 'Iﬂgt%hﬁ/c es} RAD PRGN RHSIUYaPRER sMafa BWHENI0OREMIOPROR(EZ086) J
Nucl Med 47:793-6; Smth-Jones et al (2004) Nat Biotechnol 22:701-6), the

i mage dtIaJIRG)NI@STMamrqmdjye\th}ﬂéneI-‘glyﬂdbEBME(&Fa[ﬂle(dEngupbarﬁmcmalﬂugedlems mnpar ed
to Ga- F. The rapid renal géearance of the Fab fragnent and the resultant
enhanc © quapRRE 1 FHEIOCRRS LSS PRPREIn BPT X1 Ble ol FRasFY A pLtCFIHANGS @ BB s ol ut e

magni t yde @fiaf sheRkiBk Srof CXRHNE qlgﬁ \%&lﬂuﬁosg of ﬂ?ﬂﬁcrog Kfles

facilitated the acquisition of dat hour s about one halflife,
aft er tandpety- Gnhﬂlyinsthaaylawmmﬁ:moetpspheawsjaedlmby en smlgndxd,l drigpdeliviey systamisy

three | f-1if eriod prior.to. | n F. [0074] PHARMACEUTI CAL
o G o PR oA T P s R BL PO PG oGs: FBPRIIREARY of € he

presentnahaéé%g'ﬁlbé)fbrhrﬂﬁﬂa%@mﬁls gl Baell REMGHAR apf dlgél@se'dnm@hm@gi@n@nd one or

nmore pharmaceutically acceptable carrier, glidant, diluent, exci pi ent.

[0076] R—Hﬂﬁﬁm‘eml|S@@DCQ§dr$ﬁD@11tl¢lbrﬁ§9%hMﬁﬁbé’$lbl ot Hastea, BAI k corrp05| tion and
I ndi vi gkﬁ# dosaﬁl% % ace&t?c”PE u at ns 1nc{udeahan Ong)lé I%rgne.’ adm\'\ﬁ stratlon

phar maceu caIIy Cti Ve agents i ncluding protein W th any

phar mageuich aethilad horeis! Mhe faxtilRioan iy cdh‘ifdm@dih&@ bepagsehted $n uilif d@dag@lﬁﬂms The
bul k conposition and each i ndividual dosage unit can contain fixed amounts

of the % enayshe RIched brarnief téemeght)ééwel)émagenlﬂ ghe artef PhaTRAYo rks6R1ERSN i s
material, g tf&%uaﬁgozlsggﬁerm R85 d RREAnLEBhO PhAH L AHA] s05RIGs YR G 994)n

illustrative
Mack Publishing Co., Easton, PA. Such methods include the step of bringing into association

the active ingredient with the carrier which constitutes one or more accessory ingredients. In
general the formulations are prepared by uniformly and intimately bringing into association
the active ingredient with liquid carriers or finely divided solid carriers or both, and then, if
necessary, shaping the product.

[0086] Pharmaceutical compositions may be in the form of a sterile injectable
preparation, such as a sterile injectable aqueous or oleaginous suspension. This suspension
may be formulated according to the known art using those suitable dispersing or wetting
agents and suspending agents which have been mentioned above. The sterile injectable
preparation may be a solution or a suspension in a non-toxic parenterally acceptable diluent
or solvent, such as a solution in 1,3-butanediol or prepared from a lyophilized powder.
Among the acceptable vehicles and solvents that may be employed are water, Ringer's
solution and isotonic sodium chloride solution. In addition, sterile fixed oils may
conventionally be employed as a solvent or suspending medium. For this purpose any bland
fixed oil may be employed including synthetic mono- or diglycerides. In addition, fatty acids
such as oleic acid may likewise be used in the preparation of injectables.

[0087] The amount of active ingredient that may be combined with the carrier material to
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unit is an oral dosage unit such as tablets, pills, capsules, and the Ilike.
Simlarly, the methods of adm nistering a pharnmaceutical conposition to a
pati ent iwoabpmIpatBended to enconpass the adm ni strati orCofustéie/okasBk
conposition and individual dosage units. [0077] Pharmaceutical conpositions

al so enbrace isotopical |ly-1abel ed compounds qf .the present. i nventi on which
are idéﬁ?fi?%a@ Strtgtki %ekoé@i‘?@‘dvawéﬁi@eﬁ,gmswm? @ﬁbanﬂéﬁ? p%rﬂalel%lﬁeé%?p nor e

at oms  aieihiSRARME Fob ¥x Afplal AMNANIsNB1ABN # O HPRFa®nolBaTudisiREe
different fromthe atomc mass or nmass nunber usually found in nature. All

i sot opemntain fom abant 3 ©UIArLgfdhe activeliegredientgsT spkititdrioé solatien monterthitat ed

w thin.the scqope of .t he conmpounds.gf i.nvention, and their uses.

Exerp! dPySIo0aN BRBT AT ERAT BT REGWbIGEUAM S Bmpounds of the. i nventi on
i ncl udgooss)t operiafilafysly RBEble feRFReIcraNd dniiRBE R orPMYBIER aquaas pPRdss, sul fur,
fluorine, chlorine andA i-odA i-ne, sucUn as 2xHt , 3xHt , 11C, C, U nC,

13- N ,aqueas sigrile inj@ggon sqlgionsgghicly ppy cgapin auiasidagy: buffgrshycteriostats apd and
125 | . tal-n i i - | abel o t e . i nvention
(oo, Pt KA fRil %Gl SAMIREREP ARk RS R Bbish a0

subst r alg@cdusaiad Bofliaglidoub wictinsugsesivas whidhtrhaft @dlud3 F)spainding agdneandl4 ( 14C)
i sotopes, are useful for their ease of preparation and detectability.

Fur t herthickg/Hag p#98S on wi t h heavi er isotopes such as deuterium (2H) may

afford ain 'qg]%%ﬁ I t £ r . . lic

st abi | i[tﬁggg(]e. g.T,Hei ncr eéﬂé(gléq?aﬁ\}i @gg%aepﬁfﬁ%dg% ére u(:leg%%%@g%lg&rrsg%& rements)
fandt herwernmswsh chled ?E%M? %mii 1'ri?‘lcs:samiemal:j;'3 Ilaze:sxmtia]maf&;ezdi’dﬁéd (rlmpthﬂhzied) i ng

i sot opes such as. ) \ Ca .are usefu or positron em ssion

t omogr &R ltlepmul%rtw@*eta&ﬁgwarﬂ@ Lerls tigiderapie Al Wﬁzﬁﬁc@r

I sot Opiigﬁkﬂi% ﬂnﬂia@diaélngfmwa&s E%fterﬁﬁlﬁaﬂéro% ﬁitj'éctiioﬁ‘é@l‘ﬂﬁb&“arﬁ%ﬂs&%_ﬁ‘i%ﬁ@éﬂey be
prepared by foll ow ng procedures anal ogous to those disclosed in the
Exanpl asciireeckirom steyile piysddrs, @ranvwdesand itabdete pf thalkind prapietidy described.

Preferred unit dosage formulations are those containing a daily dose or unit daily sub-dose, as

herein above recited, or an appropriate fraction thereof, of the active ingredient.

[0090] METABOLITES OF LABELLED PROTEINS

[0091] Also falling within the scope of this invention are the in vivo metabolic products
of Labelled proteins described herein. Such products may result for example from the
oxidation, reduction, hydrolysis, amidation, deamidation, esterification, deesterification,
enzymatic cleavage, and the like, of the administered compound. Accordingly, the invention
includes metabolites of labelled proteins, including compounds produced by a process
comprising contacting a compound of this invention with a mammal for a period of time
sufficient to yield a metabolic product thereof. The metabolite structures may be determined
in conventional fashion, e¢.g., by MS, LC/MS or NMR analysis. In general, analysis of
metabolites is done in the same way as conventional drug metabolism studies well known to
those skilled in the art. The metabolite products, so long as they are not otherwise found in

vivo, are useful in diagnostic assays for therapeutic dosing of the compounds of the invention.

[0092] ARTICLES OF MANUFACTURE

[0093] In another embodiment of the invention, an article of manufacture, or "kit",
containing labelled proteins useful for diagnosis of diseases and disorders is provided. In one
embodiment, the kit comprises a container comprising a labelled protein. The kit may further

comprise a label or package insert, on or associated with the container. The term "package
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reagent for a non-isotopically |abeled reagent. [0078] Suitable carriers,
diluents, additives, and excipients are well known to those skilled in the
art and iwolwoepmEBeri al s such as carbohydrates, waxes, PaGRIUSR0190RI3BS e
and/ or swel |l abl e pol yners, hydrophilic or hydrophobic materials, gelatin,
oil s, solvents, r and the |ike. ul ar carr di l yent or
eXC|p|éﬂ¥”hé%H; t?ﬁ3ﬁéB@Wﬁ“@ﬁHﬁ(PWBHW€§H§a&H8%H¥%%@%m?@'p%ﬁ?&ﬁ({he conmpound
of the cﬁég%%@t'ftt ﬂoau&@tthaq@ohﬁlnhﬁfd?&aa&pwo%@the%geeass?a ar RndeREes R y sel ected
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m xt ur daballed peayein orﬁéomwlmndhﬁr@ﬂ%amésahay@ 4 stgile a@:emrbﬁom@qﬂ@p@ﬁheer s,
stabi |z {&%he%‘%le”tb% 2 1Ht¥§v%ﬁ&?s“stofuuo¥{%t éopgvi’%‘i’ﬁgwﬁ f%gfzérc L Qa%leai%rth S
enul si f1ers, ¥ S, preservatives aft dant aqui ng

agents hygbdedﬁm Blgecnb@(ﬁeaﬁet)n g\t&ea&lﬁon&a&h@é agdng in hueenposition ispeabdlking agent s,
flavoring agents and ot her known additives to provide an effective
pr esentpicth Igene gabadigmgnt. ithelabel or packsse Hsess mfiH?ét% fheag gt comppsiienon or

phar ma e
Phar mace Tt S0 ORTHSS phy OR SHRBE Bk Riariblt 4 Badfr TRIMERRT LBl T e
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the bul k drug substa i o d. of 't rese ention or

st abi | iGEROROP SRS %ﬁs’a@ﬁa& Srgddiiogiy. e fiie 2 EI6ESRY

deri Vatﬁﬁﬁer%nﬁ’)h@@ﬁ sEdOAWR o SR} @difﬁﬂﬂs‘i’r{g céﬁcﬂ!ﬁé‘c‘%kﬁ‘t@ﬂe ibQffer, SWintAP! e
solvent in the presence of one or nore of the excipients described above.

The corhpotgridstatic whter fme@]ecmom (MFIII)J whesplaite-hpfiferad balineoR mgke stitiontand

phar mac uflcallgosa e fo Frovg@e eﬁﬁkl.]g @Irollable dosage of the
drug arf e eRAIoR: a‘??% TR %?' S P M EEiIHeA ™ [ 0080]
The phajsRgaidpbialingledn %tHet Bﬂffér@rdlfu@ﬁﬂﬁ’uﬂil@érs QR}dIEQ an@PRingeat TROKBaybe

packaged in a variety of ways dependlng upon the met hod used for
adni ni steh¢regmprise dirggions for the administration of the pharmaceutical formulation of the

labelled protein.

[0094) EXAMPLES

[0095] The methods and reagents of Gill et al (2009) Jour. Med. Chem. 52(19):5816-
5825 are expressly incorporated herein by reference.

[0096] Solvents and chemicals were purchased from Aldrich (Milwaukee, WI) unless
stated otherwise. Heterobifunctional polyethylene glycols were purchased from Iris Biotech
(Marktredwitz, Germany) and N3-PEGg-NHS was purchased from Quanta Biodesign (Powell,
OH). Egg-phospholipid was purchased from Avanti Polar lipids (Alabaster, AL) and 17-
(allylamino)-17-demethoxygeldanamycin (17-AAG) was obtained from InvivoGen (San
Diego, CA). The following reversed-phase HPLC systems were used to analyze and purify
the products. System A: Phenomenex Jupiter C18 300 A (150 x 4.6 mm, 5 um), 0.05%TFA +
10-90% acetonitrile, 0-7 min, 20-90% acetonitrile, 7 min, 2mL/min; System B: Phenomenex
Luna C18 (250 x 10 mm, 5 um) 0.05% TFA + acetonitrile, 5 mL/min; System C:
Phenomenex BioSep-SEC-S 2000 (300 x 4.60 mm, 5 um) 50mM PBS 0.5 ml/min; System D:
Phenomenex BioSep-SEC-S 2000 (300 x 7.80 mm, 5 um) 20mM PBS pH7.2 1.0 ml/min;
System E: Altima C-18 (100 x 22.0 mm, 5 um) 0.05%TFA + 10-60% acetonitrile, 0-30 min,
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Generally, an article for distribution includes a container having

deposited therein the pharmaceutical formulation in an appropriate form

Sui t abl e wonvavameea7s are well known to those skilled in the/useaioansdss ncl ude

materials such as bottles (plastic and glass), sachets, anpoules, plastic
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of t he Resgeange Instrupentsi(Bkokae, Ihd(vwasansgd o radiechgguenl reachensngBRSA( Tars-[(1-
adm ni §LLAGH9R A NG SN ARy PmAEIY Globaldsqfs- and

(benzyltriazolylmethyl)amine), a stabilizing ligand for Cu(I), was synthesized according the

previously published procedure in 40% yield (Lewis, et al (2004) J Am Chem Soc 126:9152-

3). Strata SDB-L cartridges were purchased from Phenomenex (Torrance, CA).

[0097] Example 1 3,6,9,12,15,18-hexaoxahenicos-20-yn-1-ol 1

HO O~ O\/\o/\/OV\O/\% 1
[0098] Sodium hydride, 60% dispersion in mineral oil, (0.86 g, 21.4 mmol) was added in
portions to the solution of hexaethylene glycol (5.5 g, 19.4 mmol) in anhydrous THF (40 mL)
at 0 °C (Figure 3). The reaction mixture was stirred at 0 °C for 15 minutes then propargyl
bromide, 80% in toulene, (2.4 mL, 21.4 mmol) was added dropwise. The mixture was
allowed to warm to room temperature and stirred for 3 hours. The formed sodium bromide
was removed by filtration and the solvent was evaporated. The crude product was purified on
Si0; column using methanol/dichloromethane gradient 0 - 100% to yield 3.4 g (54%) of 1 as
a colorless oil. "H NMR (500 MHz, CDCls): 8 2.45 (t, J=2.4 Hz, 1H), 2.74 (bs, 1H), 3.61-
3.71 (m, 24H), 4.21 (d, J = 2.4 Hz, 2H); “C NMR (100.6 MHz, CDCls): & 58.4, 61.7, 69.1,
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ot her factors known to nedical practitioners. The "pharmaceutically
effective anount” of the conpound to be adm nistered will be governed by
such conswdepawdgz1s, and i s the m ni num anobunt necessar PCrasdéiageizse,
prevent, anelior ate or treat the di sor der [ 0083] The initial

phar maceut i cal ?Iglé i_ve anpun abel | ed prot ei n adm ni st er ed

oral Iy 13- %ﬁ r74Iﬁ )79p7eM§jE§b(I%Z) I[W@]l ﬁalﬁ‘lllécorr(éh Qif 3Zptitomdpdlhoo
ny/ kg, 1to2 / th

t he ter cal |n|“t‘|—a' 1602n e o %%Tgn’ﬁgg%gfguse%&%e%ﬁp&dyo g,tll%zgéﬁyrﬂ)%jloﬂ& The
dose of2 the | abelled pr ot ein and the dose of the chermt her apeutic agent to
be adm ni stered nmay range for each fromabout 1ng to about 1000 ng per unit
dosage foom or from about 10 ng to about 100 ng per unit dosage form The
doses of %e\l/cg tein and the chenot herapeutic agent nmay adm ni stered
inaratin 1: 50 to about 50:1 by weight, or in a ratio of about
1:10 to out 10: 61 by weight. [0084] Acceptable diluents, carriers,

exci pi ent@ and stabilixers are nontoxic to recipients at the dosages and
concentrations enpl oyed, and include buffers such as phosphate, citrate and

ot her iC 1 As. Lpani ne;
or oser JUloe (EtRrop L RARY Bie A8 P 5% FRAGA el s B e B R
hexametiboedoled oltdtni 'S, 6 @QB,Z&Jlgmkaﬂﬁaﬁfﬂlwsl-ﬂﬁyn-b&ﬂlqu OaNngn3 . chhandlse;
phenol , butyl or ben@é8 al cohol ; al kyl parabens such as nethyl or propyl

par aberfﬂp]éf‘dltyli@ﬁéﬂ ing @88 18, At 3: mey@waﬁée@é%lde @Spamp 4fimmghdn aplsideass ) : | ow

nol ecul S{yd t ei ns, such

as ser uﬁia um zuﬁde??g[ﬁgﬁﬁgm%?}#%ﬁ ﬁ%&fl ob I?ﬁe?esﬁﬂhg B%EH %gﬁboo%%er s such

aspol ywulloyepys wat lodoam terapemmreamictissimdcfhr hhoglaymdmetenwraman‘ifhesolaapar agi ne,

hi stidi ne, arginine i ne; ac r|d dlsac ar her

car bo hy’&‘}saFtVéEOTP‘i’?é |ahﬁ’|€ﬁad“§ ‘EB’E%%H@ ﬁ%fﬁ‘ilé @FO VR prcn %‘rﬂéﬂ §1ﬁ%

such a%sﬁa@%xa@%ﬁ{ﬁac%’cé@é‘ 1ddieft1 0% to ?R[H‘Gi(ﬁh? of &W B8 Shdh Wi b' toI _
salt-formng counter-ions such as sodium neta | exes (e.qg., anrot ein

conpl ewebsequanb'/mmfwdr@msomupremattﬁ@dﬂ%lpﬁ £S wstanin Em;o MEN@tfme of CREMOPHOR

Ehgamcglﬁf%hof*%% 8?15 0@ S%Pﬁg?Bg“%@Sl‘Va)ég‘g@Mﬁ@ﬁ%ﬁ@iﬁ@?@s pr epar ed,

for exayphe(t, by xRager Mat 5 @0-3 ECHNIXAWES4 06 (DY = mmza@m% Talsyregy; igat i on,
for exanpl e hydroxymet hyl cel T ul ose or gel at'i n-m crocapsul es
NMR(100.6 MHz, CDCls): 8 37.2, 58.4, 67.8, 69.1, 70.1, 70.4-70.6, 74.5, 79.7, 134.1, 170.6;
MS ESI (m/z): [M+H]", caled. for C190H30NOg, 400.19; found 400.0

[0101] Example 3 23-azido-3,6,9,12,15,18,21-heptaoxatricos-1-yl p-

toluenesulfonate 3
O\/ﬁ\
N3/\% OTs
7

[0102] A solution of 23-azido-3,6,9,12,15,18,21-heptaoxatricosan-1-ol (800 mg, 2.02

3

mmol) in pyridine (4 mL) was added dropwise to the solution of toluenesulfonyl chloride
(771 mg, 4.04 mmol) and 4-dimethylaminopyridine (100 mg) in pyridine (10 mL) at room
temperature. The mixture was stirred for 24 hours at room temperature. The solvent was
evaporated and the crude product was purified on SiO, column using hexanes/ethylacetate
gradient 0 - 100% followed by ethylacetate/methanol gradient 0 - 100%, then purified on
semipreparative HPLC (System E) to yield 280 mg (25%) of 3 as a colorless oil. '"H NMR
(400 MHz, CDCls): & 2.45 (s, 3H), 3.38 (t,/=5.02 Hz, 2H), 3.58-3.70 (m, 28H), 4.16 (t,J =
5.00 Hz, 2H), 7.34 (d, J = 8.4 Hz, 2H), 7.80 (d, J = 8.4 Hz, 2H); *C NMR (100.6 MHz,
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and pol y- (net hyl net hacyl ate) m crocapsul es, respectively, in colloidal drug
delivery systens (for exanple, |iposones, album n m crospheres,

m cr oenul wWoanry/099EB0- parti cl es and nanocapsul es) or in macrusemeloziens. Such
techni ques are disclosed in Remi ngton's Pharmaceutical Sciences 18th

edi tion é1995 Mack Publ. Co., Easton, PA. 500851 The pharnmaceuti cal

f or mul 4tP6hs § Hed-wle PRdsE9- 3t @il TOF. 18: 44%7nl B b det dh MO ESLEMEEt ai | ed
her ei n. +f or i i e presented in unit dosage form
and naJh%Q%bFg%gﬂ%gtﬁgﬂgﬁgﬂéﬁg?ﬂgﬁﬁgﬁﬂ%%gxgﬁlI known in the art of

phar mad9103fechiixgugée 4nd f A3radidd-i -dlusrg@Hey, B, 15182 bhégasrdhtiicosierd ngt on' s
Phar maceutical Sciences 18th Ed. (1995) Mack Publishing Co., Easton, PA
Such net hodsyincl ude the step of bringing into association the active
ingredinﬁf\m*¢h/f¥em§arrier whi ch constitutes one or nore accessory
ingredients. In general the fornmulations are prepared by uniformy and
intimately bringing into association the active ingredient with liquid
carrier fingly. .diwi l i ie or hot i cessary,
chapi nd Bl pr odusr o PubEst Tanar b MR s BBl pAS e For m

of a st®sbledimDen ephi.) Rh&BadIad 00,0 “TUTA SIS (4R2511E B3I 18emmb] )afdsalaied maueous
or ol eagi nous suspension. This suspension may be fornul ated according to

t he kndwitienstto thsi qeglediebitios and tisiresudfingrardinegvasstivied 8 nld) “AglonBe minefes
Sus penqbgtgal%gveerattg wva\lhrrln g oh% Y enl?pee?ar%ur%%?l Isgrrllrgcg fo?‘%gé{i%'ona-llir}% DL lﬂlg e%c%ks[e St abl e
preparation may be a solutioh 'of a suspensSion Th a non-toxic parenterally

accept abASTads yasiched wethli&hinol $3161D) ARl the Selketts GBrd suibdeqdeltlit dnpskiatdd 201
prepared froma |yophilized powder. Among the acceptabl e vehicles and

sol venttBe fadaecdrigssHEe. Ehp PRy eagidue avaggiseplveRimibe waser £3 mly)iasd theneH wast oni ¢

di . . : i e fi e
Sodh um QB9 SRR, At Bl SHEPLEL i Y pLe L
pur pos&Sastymi)angictd K2mgi(24%pyf bes ©plomyisidoil. el NBIRNG 08 WMilheE DELrono-  or
diglycerides. In addition, fatty acids such as oleic_acid na¥ | i kewi se be
used i P $-Aé(toy Epat BEi ). 81051 A8 EMabpldl 3. P87 FhEZaADaMZ SFD b1 (e /
. di e h ‘ . thot I terial
Si gl e db0abs 7 aiarh “UanyRada bty BC I T H B T2 e Rl ar
node of70a BB @ty atlic Mz);FOF NSRIPI(B6 Mz, TAMCIQH S 205 9t MIESINLERE e+t

i ntravenous i nfusion may
calcd. for C1cH33FO7N3, 398.2; found 398.0.
[0105] Alternatively, and to prepare [*F] 4, ["*F]fluoride was eluted from T&R cartridge
into a 4 mL v-vial using 10 uL. 1.3M TBAHCOs in 0.6 mL of acetonitrile/water 1:1 (v/v).
Water was azeotropically removed by microwave heating at 60 W, 120 °C under a stream of
argon (600 ccm) followed by the addition of anhydrous acetonitrile (4 x 0.7 mL). 23-Azido-
3,6,9,12,15,18,21-heptaoxatricos-1-yl p-toluenesulfonate 3 (2 mg, 3.6 umol) dissolved in
acetonitrile (0.6 mL) was added and the mixture was microwave heated in a septum-sealed
vessel at 40 W, 120 °C for 3 min to give ['*F] 23-azido-1-fluoro-3,6,9,12,15,18,21-
heptaoxatricosanc 4.
[0106] Example 5 1-(1-fluoro-3,6,9,12,15,18,21-heptaoxatricos-23-yl)-4-(1-(2,5-
pyrrolidone-1-yl1)-3,6,9,12,15,18-hexaoxanonadeca-19-yl)-1,2,3-triazole (5, FPEGMA)

O
/
E;N({\/\Oml\l /\/{O\/ﬁ\ 8
= 7

[0107] Cu(MeCN)4PF; (7.5 mg, 0.02 mmol) dissolved in acetonitrile (0.1 mL) was

5
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contain fromabout 3 to 500 ng of the active ingredient per mlliliter of
solution in order that infusion of a suitable volune at a rate of about 30
nmL/ hr carwoeoiwe99376088] Formul ati ons suitabl e for parenteralS2adoessBst rati on
i ncl ude aqueous and non aqueous sterile injection solutions which may

contain i -oxi dants buffer bact er.i d sol utes ich render the
f or mul zﬂdﬁ%aﬁr%%ﬁ?leerm%t%w Hiogsy lo@ ﬁﬁﬁfég PRS- ARd-aqueous
and no@ﬁﬂ?ﬁ@l‘éémﬁ&@(g b@n?@s(ﬁerﬂﬁio@bn%‘éﬁ'dﬁh WoB%W@Qs%@Hendl ng agents and
t hi ckeni’'ng” agents. [0089] The forrmul ati ons may bé packaged in unit-dose or

mul ti - dm:pmoxmm@aane# $8.0 fhog, OeclRammbb), 3.6dhednabdules. Oamlmvl) aﬂl(hTBﬁAc(zrﬁay be

stored in a freeze-dried ilized) condition requir.i e
addi t i JR&-dF 0GR éP@F%OIPlEr&E (59@%&» i re%rngé%&gwam%?g foF@?X]PH‘jSé’éti on

i mredi g6 h\elpd@urd fﬁeHﬁﬁuter@lrWQératBQlorHE éﬂ?ﬂ tﬁ@?drﬁﬁd%?éc‘tﬁﬂa%aﬁ%ﬁloved
suspensions are prepared fromsterile powders, granules and tablets of the

ki nd prbeviloasdery Tde didtratb eontairimeftbe peductrivas mm@ag enftioy senliptcpaatvalH@LChose

comt o 1508, 1% b RSP B L of By B U035 L1 CHN ARG 0 ©
NETABO'@IT@@ &3 5RBR-&EP Wﬁ&?\'@ IIQQQ_’;LHZ%I%P 4tk ings W'Hﬂ“zpl)tzh?s gope of

this |nvent|on are the in vivo netabolic rodqgts of Labéli | ed proteins
descri BB, He?rHZ,nZH)SﬂiéB (p2bUue T (srahl) redu(st 1Hpr @ReviipI(E25.7F MHZ KD @lx): dat i on,

reductio r dat tj.o S i fi erif
ot on.S Tyt 0t 7eh 2B 4 38@h28%%’? 00 U P ST e o btnd
Accordl Loy 5 e19 t ol S

i ncl udi 12% 0\({576 Zungmgogﬂg% ocessggb}\n/%fllgglr(r?b?)bm act Pﬂg& g Ir(-:Iorrpound
of t hi SCHBEOL NLTRAL Eo@dmemmaHM(S@smrAmmﬁoﬁ tire X9 mirci ent to yield a
met abol i ¢ product thereof. The met ?bol ite stpruct ques may. be determ ned in

conventlPE¥] 1 ddethehA e g. Y &9 NiSPyE [NV -dndl y2i2gidotInflyifer al |
anal ysigg 9fj 18t %%' 13%@1% Encg&ﬁ@4'v?%3}sagse§%?ﬁwse@§a nﬁéﬁ‘fﬁta'l\?ﬁ%{t drug

rretabollsmsiuws own to |nt art net abolite
pr oductcrtridge, Irmsef \aﬁh nbmgniarle (hdbmlof dvaporase th aomdirymesy,iand coalee tas3@f@I i n

A1 agnost ) e ama P E me 10 o WkoSed Bacadndiie @5 MR AR (hhes, NVenton.
followed by a solution of freshly prepared sodium ascorbate (7.5 mg, 40 umol) in 0.1 mL
Tris buffer pH 8 and CuS0O4.5H,0 (2.2 mg, 8 umol) in Tris buffer pH 8 (0.2 mL) as in
Figure 4. The resulting brown-orange solution was stirred at room temperature for 20 min
followed by the addition of H,O with 0.1% TFA (1 mL) and delivered to the HPLC loop for
purification.

[0109] Method B. Alternatively, to prepare ['*F] 5, ['*F] 23-azido-1-fluoro-
3,6,9,12,15,18,21-heptaoxatricosanc 4 was passed across a Sep-Pak Alumina N light
cartridge, rinsed with acetonitrile (0.5 mL), evaporated to near dryness, and cooled to 30 °C.
Compound 2 (4 mg 10.0 umol) dissolved in acetonitrile (0.2 mL) was added to ['°F] 4,
followed by freshly prepared sodium ascorbate (7.5 mg, 40 pumol) in 0.1 mL Tris buffer pH 8
and a mixture of CuSO4.5H,0 (2.2 mg, 8 umol) and bathophenanthroline disulfonate
(BPDS) (4.4 mg, 8 umol) in Tris buffer pH 8 (0.2 mL). The resulting brown-orange solution
was stirred at room temperature for 1 min followed by the addition of H,O with 0.1% TFA (1
mL) and delivery to the HPLC loop for purification.

[0110] Method C. Alternatively, to prepare [18F] 5, [18F] 23-azido-1-fluoro-
3,6,9,12,15,18,21-heptaoxatricosanc 4 was evaporated to near dryness (no alumina treatment

required), after which compound 2 (4 mg, 10.0 umol) dissolved in acetonitrile (0.1 mL) was
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[ 0092] ARTI CLES OF MANUFACTURE [ 0093] In another enbodi nent of the

i nvention, an article of manufacture, or "kit", containing |abelled

pr ot ei ns weeabwops di agnosi s of di seases and di sor der s PCI/yse@wvioesd4 | n one

enbodi nent, the kit conprises a container conprising a |abelled protein.

The kit may further conprise a |abel or ackane insert, on_or associated
d‘%‘g EP@“‘P 16

with t fddebMeatdFeshivuchasshimyuiciod GMSEND P &3 ngedl wrgoheFRFA(GS me,
| St UGHL QRS GHPSOMRI ¢ YuddMEd i ARdohiling OIS Bls AACK 298 T Qeifll RAROSL! ©

products,” U contairn infornmatton _ usage, sage, mnistration,
cont r aiyRAb&ALILAIBE WARA(IRE] R0 InMA St FRNE RIPeRGurt N@&ndsRraedd ueb di agnest i ¢
product's. Suitable containers include, for exanple, bottles, vials,

syri ngesith Bb@ stith 0. PackEA €t mL), Tind debmerad fethe L (bloop denpdificadon.a vari ety of

orot ei AVBHTa"f o sPUHin®lenEr £53 iy WAVE A ule AT Bun®t U o

exanpl eyitt Hect&AIvhAInREsT IFRYS ign. AtheicBll EAMERSURN SAs PromptlPaiduted to2vin@l havi ng
a stopper pierceable b%hﬁa hypoderm ¢ i njection needle). At |east one active
agent iwith HeOcloagrgsint 4 Bienpsicacy dsap*e60 preottd] ¢nrtridge.dhe pedseidrapesd on thee

| abel q ! - i di e e (NS a
BT B N R L B
cel I griattadl mIheviabhat cospopack agd® ithwatchr dyicalvath 600dicanirgoh. NS HEStie
conposi tion can be used to diagnose other disorders. Alternpatively, or

add! 1 GEPK Wﬂecaé%f e G B har 22 Winggly 7 ﬁuFItPﬂr&(Swﬁﬂr&@teaﬂ%ém

cont ai negg g@yrpri sing a pharmaceutically acceptable buffer, such as
bacteriostatic water for injecti on (BWFI ), phosphate-buffered saline,

Ri nger '[818| ut iTenliran dthadegradeten O] il:t]iSdn.aqud:ousrayncﬁtiortsheptimizaﬂimdmfdteher

materials. desi.ragble froma commerci al an ser, standpoi nt, jnecl uydi ot her
not f oy atdigflrenifddrceely ¥ B dieS Ao daRimi S hinsd AR e L uRAC B!
conpr i seadlioh @R kQBSeryFFonk N KA FHasd Eatdcabn @%@h&%@ﬁggg %&d &A1"*F]5

formul ation of the |abelled protein. [0094] MPLES [ 5] The nethods and
r eagentvsassbsaived waen thie (uOB0 yeagtion sysidra wachempth2queoyhegstich 058P EFAr e

vr ¢ pot i DR RSP bR Oy AR REL AR mi i dland T TS Vs BRSSP o1 <

loaded on and eluted from the SPE cartridge. Formation of '*F-labeled degradation products

from [18F]5 increased with SPE resin bed volume and when the product remained on the resin
bed for an extended period. Thus, ['*F]5 was rapidly eluted from a small volume
Phenomenex Strata-X 60 mg cartridge, which provided good recovery and acceptable
impurity levels.

[0113]  Example 6 ["*F]JFPEGMA-Thio4D5Fab 6

[0114] 4D5-ThioFab was prepared similar to a previously described procedure (Junutula,
J.R. et al (2008) J Immunol Methods 332:41-52; US 2007/0092940). A cysteine substitution
was introduced into a Trastuzumab (4D5, Herceptin) antibody construct at position Val'' in
the light chain by site-directed mutagenesis. The expressed and purified 4D5-ThioMab was
diluted to 1 mg/mL in 25 mM Tris, pH 8.0, and enzymatically digested at 37 °C for 1 hr using
Lys-C (Wako) at a 1:1000 (wt:wt) ratio of enzyme to antibody. The digestion was stopped
with 5 uM of the protease inhibitor tosyl-L-lysine chloromethyl ketone (TLCK) and purified
by cation ion exchange chromatography on a 5 mL Hi-Trap SP FF column (GE Healthcare)
using a 50 mM sodium acetate buffer and a 0-300 mM NaCl 10 CV gradient. The isolated
ThioFab was then prepared for conjugation by a reduction and oxidation procedure to remove

110

disulfide adducts bound to Cys . First, the protein was reduced for 24 hrs by the addition of
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stated ot herwi se. Heterobifunctional polyethylene glycols were purchased
fromlris Biotech (Marktredwi tz, Germany) and N3- PEGB- NHS was purchased
from Quarwe 2Bicodexdgn (Powel |, OH). Egg- phospho |ipid wasTpseahassds from
Avanti Polar lipids (A abaster AL) and 17-

RN IR o I R e BT T

anal yzepm@ WﬁlMatdleaIR{9%@@T§M&%cﬁ&cngﬂ%9%ﬁwllk'kafd?zred@%t@e 300 A
(150x46mn 059 FA + 10-90% acetonitril

acet oniadditiog,of 3 mMrdehzdrHthomlc Syid { Bigni8) aRrhpuroneliexgd filtsation u8ing 25 ($2R0 10 mm

Bi 05 ReRBTR b5 5T an bl sorieiTag 2 XY BES 175 S PR b
PhenomaRRKEBTASERe 186fatcd p26Rth &vmaxyzzd 890 SmY-P AGHEhd 26X RBGoRkiy 20 1. O

mM/mn;, SystemE Atim CG18 (100 x 22.0 nm 5 nm 0. 05%FA + 10 60%
acetonleﬂlﬁlﬂfleéhat@leaﬁo?ﬁlhwzﬂprﬁmf&ﬁWdug@tqiildm&iﬁﬁdi cal and senmi-preparative HPLC

oot OO OO L S A e

Sol ut i s AiRad Ml%ms G shakasérsa tkBubd t&kexaﬂot iy dgﬁsrh@eﬁ@deqhbmdﬂadsf rom
Wat er s (leord MA). 18F Trap & Rel ease Col ums nyg) were purchased from

CRTGh Ivgificd Exisenai-Brepamiive RES FRIHe coluameSysicndal l;psl%méﬁ Tt HHOAHMERANEr |
wt b i RERAaE HRSnBERY FREh i S ARl 0 KB b, BT Sl P

on a TSQ @mﬁbmtrm?r& 33hm (ﬁﬂdHBh@l (SystarnL)speatisronatvae 3vl i tegtx&rﬁded mass
range ( ectron). S were chro hed_on a PRLP-S, 1000 A,
m cr obo[ggleéol u%‘—@% Zl 7 '%TWH@EPE&H@F%‘E@F aé%? heated to 75 0C. A
| i near gradient from 30- 40% B (solvent A 0.05%TFA in water; solvent B,
0.04% TFALin acetonitrile) was used and the eluant was di rect ly ionized
using t dl ectrospray source. Data were collected by the Xcalibur data
syst em agdzdeconvol uti on was perfornmed using ProMass (Novatia). NVR spectra
were recolfded on Bruker Avance Il 500 or Bruker Avance Il 400 spectroneter
at 298 ®-$T¥e 1H and 13C chemical shifts are reported relative to TMs and

the 19F C(Pien'f\s@‘l’wH}'f,\ps are reported using TFA as an external reference
standardi zed to -78.5 Ppm Model 521 microwave heater,

[0117] Sodium azide (0.47 g, 7.24 mmol) added to a solution of diethyleneglycol
ditosylate (3 g, 7.24 mmol) in DMF (30 mL) and the resulting mixture was heated to 110 °C
for 5 hours. The reaction mixture was poured into chilled water (125 mL) and the product
was extracted with ethyl acetate (3 x 100 mL), the collected organic extracts were washed
with water (3 X 100 mL), brine and dried over MgSQO4. The crude product was purified on
Si0, and DCM/MeOH 0-100% gradient as eluant to yield 0.34 g (16%) of 7 as a colorless
oil. '"H NMR (400 MHz, CDCls): 8 2.45 (s, 3H), 3.16 (t, J = 4.8 Hz, 2H), 3.60 (t, J = 4.8 Hz,
2H), 3.70 (t, /=4.8 Hz, 2H), 4.17 (t, J= 4.8 Hz, 2H), 7.35 (d, /= 8 Hz, 2H), 7.81 (d, /=8
Hz, 2H); *C NMR (100.6 MHz, CDCls): 8 21.6, 50.6, 68.7, 69.1, 70.2, 128.0, 129.9, 133.0,
144.9; MS ESI (m/z): [M+H]" calcd. for C;;H;sN304S, 286.08; found 286.1

[0118] Example 8 11-azido-3,6,9-trioxa-undecanyl p-toluenesulfonate 8

0=5=0
O\/\O/\/O\/\O/\/ N’N’:
N 8
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Resonance I nstrunments (Skokie, IL), was used for radi ochem cal reactions.
TBTA (Tris-[(1- benzyl-IHI,2,3-triazol-4-yl) nmethyljamne, also known as
tris- (bewoybtowdisezel yl met hyl )ami ne), a stabilizing |igamrdTfuseoi@etisp4 was

synt hesi zed according the previously published procedure in 40%yield

L 004 Am Ch 1 52- 3). Strata. SDB- t
\(Nerevev' ;Jpﬁw()alsed (SsziB’Hﬁ)l %éﬁ@%ﬁ%&éﬂetﬁ%q éﬁe@]a %M@%C@ awr@nﬁ&aﬁl'p c
3,6,09, %
di sper sf%ﬂ?sﬁ” %ﬁmg?%ﬁﬁw gsoécog%ﬂé/sg Og %Wk%?@%}?? deéqu%(r?upﬁ ,[31%38 to
t he soluis @n/eb. Mx,eﬂé{)hgflséwmdnyddH),(éﬁles(tgj 5D Hz,rﬁﬁ))l )7 3|4r(d,afﬁq3%dlrlems THF (40

nm) at 0 0C F| gur e,reaction mx at 0 0C for 15
m nut eszf{)héﬁ ;5?1 ofpagéﬁ){ t;Hdm @é\IMgd%)QﬁMH@I @HQIS) (522]46n§|97 3. 746%1%0@%2’%5
dded .

atirred Tyt o o e A S R AR IO, Mo
and t has7d ), Yamd 3Wd® evapor at ed. The crude product was purified on SiO

col um i ng met hanol / di chl_or ane t 0 - 100% yield 3.4 g
(54% dPTH0l3s ess QN0 @5%3@%&335 Cexepeiceyyl) -E%T%@a@emlé% =2. 4
Hz, 1 H)g ﬁsfsﬁGg CBO 3.61- 3.71 (m 24H), 4.21 (d, J =2.4 Hz, 2H); 13C
NMVR (100’ 6 ) : d 58.4, 61.7, 69.1,70.3-70.6, 72.5, 74.5, 79.7; M5
ESI (mMz): [MH—I]+ caI cd. for 015H2907 321.38; found 321.4. [0099] Exanple

2 1-(3, . K12, 15,18 h 20 yR LNy 5-pyrrol edione 2 [0100]
Di i sopropyl azodi c8r boxyl ate 730 m., 3243 o ) was added dropwi se into

the ice cool ed solution of 3,6,9,12, 15 18- hexavxaheni cos-20-yn-1-0ol 1 (1000

mg, 3.12 mmol), triph Qﬁ>'/I phosphi ne (900 ng, 3.43 mmol) and mal ei m de (456
rrg, 4, 7[012ﬂﬂml) Asplam WhazidHE,6( 21, 1@)8 -bererainpiandgemningt(Mbls gHEseN( Fi gur e

2 e R BT AU B LT 5

r educedyigé ﬁﬁtﬁ@b@ol@@@b *dﬁoﬁftﬂéﬂ%ﬂbf&ﬂé&&ty%ﬁmﬂiér@fw@%mTI 1@ 2o i8 @AV Usi ng
hexanes/ et hyl acet at e %r adient 0-100%to yield 650 el low oil which
B

was Sut@@&ﬂén?hﬁyc%ﬁl P’@d‘f%ﬁﬁeg}@ﬁ@dp@@ﬁgg atliit\l’lé? ‘P‘PLSCC} )fglt utffSoTb¢ ovide 2
s ‘;jgghﬁfggg%g)vpoa&amau&% 04803 S LS8 Qi 504 AU (RS YrhelH NWR

collected organic extracts were washed with brine (2 x 10 mL) and dried over MgSQO4. The
solvent was evaporated and the crude product was purified using flash chromatography on
Si0, and DCM/MeOH 0-100% gradient as eluant to yield 0.66 g (98%) of 9 as a yellow oil.
'H NMR (400 MHz, CDCls): 8 3.39 (t,J = 4.8 Hz, 2H), 3.47-3.51 (m, 2H), 3.60 (t, J=5.2
Hz, 2H), 3.63-3.69 (m, 22H), 3.88 (s, 1H), 7.07 (bs, 1H), *C NMR (100.6 MHz, CDCl3): &
29.1, 40.0, 50.6, 69.4, 70.0, 70.4, 70.6-70.7, 165.8; MS ESI (m/z): [M+H]" calcd. for
Ci6H3,BrO;Ny, 471.1, 473.1; found 471.0, 473.0

[0122] Example 9a N-(20-azido-3,6,9,12,15,18-hexaoxaicosyl)-2-iodoacetamide
(9a, N3-PEGe-1A)

H
N3/\/O\/\O/\/O\/\O/\/O\/\O/\/ N \n/\|

9a
[0123] A solution of 20-azido-3,6,9,12,15,18-hexaoxaicosan-1-amine (NH,-PEG7-Nj3,
0.5 g, 1.43 mmol) and N-succinimidyl iodoacetate (0.4 g, 1.43 mmol) in DCM (5 mL) was
stirred at room temperature for 2 h. The solvent was evaporated and the crude product was
purified using flash chromatography on SiO; with a 0-100% DCM/MeOH gradient to yield
0.44 g (60%) of 9a as a yellow oil.; MS ESI (m/z): [M+H]+ calcd. for Ci1gH3I07Ny, 519.34;
found 519.4. '"H NMR (400 MHz, CDCls): & 3.39 (t, J = 5.2 Hz, 2H), 3.44-3.48 (m, 2H),
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d2.43 (t, J =2.36 Hz, IH), 3.60-3.72 (m 24H), 4.20 (d, J = 2.37 Hz, 2H),
6.70 (s, 2H): 13C NMR (100.6 MHz, CDA3) : d 37.2, 58.4, 67.8, 69.1, 70.1,
70. 4- 70. BNODA10B99TS. 7, 134.1, 170.6; MS ESI (mz): [ M-HPET/Usad10025360r
CL9H30NCB, 400.19; found 400.0 [0101] Exanple 3

2‘8’@2%358[ Gobab Gl poR-Ded i 2 553%.id 7 PO TS \RAR  Fools ™ © )
25221 g1, 6132 160 1y F1henb a0KR o 033 slhelef 800 1y, 2.02 mmol) in

pyridine ropwi e to the solution of toluenesulfonyl

chl ori de1z4i71 r@gaﬁld)m mol 3,6,8514, 14; 18+ et dwahamicosa Py h-d iyl @-tfoh@Aesuifpnata

yrIdIR§ (10 n), at % n;tenperature. The m xture was stirred for 24 hours
roo 9 gY ks PR sol vent was evapor at ed and the crude product was

purified on S|C2 col um usi ng hexanes/ethyl acetate gradient 0 - 100%

foll owed py ethyl acetate/ methanol gradient 0 - 100% then purified on

sem pre tive HPLC (System E) to yield 280 ng (25% of 3 as a colorless

oil. 1H (400 MHz, CDd 3) d 2.45 (s, SFD 3.38 (t, J 5.02 Hz, 2H)

3.58-3.70[(m 28H), 4.16 (t, J = 5.00 Hz, 7.34 (d, J 8.4 Hz, 2H)

7.80 (dO=¢=Q 8.4 Hz, 2H); 13C NNR (100. g\zgzﬁcDCIS) : d 21.6, 50.7, 68.7,

69.2, 70.0,79 5\1908¢/$§8\Q/ 290713 144.7; ESI (mz): [MH +

calcd. for C23F39N3OLOS 549. 24; found 549.9. [0103] anple 4

23-azid | - fluar 6,9,12, 15,18, 21-h ptaoxatrlco ane 4 [01

>3- Azi dB1 %16, 93169 1 léégﬁeXﬁgﬁj’*&Bsea% A peani ] a0 f@@%ﬁuhfanyl %mdm‘fﬂrs was

di ssol W@Qctédqac%%ﬂgtzt )ﬁ QlldGUjS %?47"/%90 s%Tor(e%§8ﬂ”HN§IR7§10mml ) was

added in portions e coo solufion an t%e resulting mxtu

stirredMHz, €EDCIYG 2.d2 (30=1. mﬁltze}sH) Retd (aJ 3H))4\é($8t3o70/\an M2th, 4.06100, ¥ enp@r at ur e

d df dd 20 f DAST hed h
o handis S e il e 05 oBhy it SeeniBnt 80 (ot 2 O RAR | bueed

priessurgog Thpip! diiCLeS Aue e cdonel valh ot fesiat £1 263, o sand ithe pH was

adj ust e usin he trude produtt ‘wWas pur
sem pr elplat”TQMS/ESI'Eh@) [M+H]' caled. for CHzs00S, 475.19; found 475.2.

[0126] Example 11 3,6,-dioxanon-8-yn-1-ol (11, propargyl-PEG;,-OH)
/
HO o *Z

[0127] Diethylene glycol (3.0 g, 28.1 mmol) and propargyl bromide were reacted
according to Example 1 to yield 1.2 g (30%) of 11 as a colorless oil. 'H NMR (400 MHz,
CDCl3): 8 2.38 (bs, 1H), 2.46 (t,J=2.4 Hz, 1H), 3.62 (t, J = 4Hz, 2H), 3.71-3.75 (m, 6H),
4.22 (d, J= 2.4 Hz, 2H); MS ESI (m/z): [M+H]  calcd. for C;H;303, 145.08; found 145.3.

11

[0128] Example 12 3,6,-dioxanon-8-yn-1-yl p-toluenesulfonate (12, propargyl-
PEGQ-OTS)

O=S=O

[0129] 3,6,-Dioxanon-8-yn-1-ol 11 (1.2 g, 8.3 mmol) and toluenesulfonyl chloride were
reacted according to Example 3 to yield 1.7 g (68%) of 12 as a colorless oil. '"H NMR (400
MHz, CDCly): 6 2.44 (t, J=2.4 Hz, 1H), 2.45 (s, 3H), 3.60-3.65 (m. 4H), 3.70 (t, /= 4.8 Hz,
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(SystemE) to yield 122 ng (24% of 4 as a yellowish oil. 1H NWR (500 MHz,
coa3) @ d3.39 (t, J =50 H, 2H), 3.65-3.68 (m 26H), 3.75 (dt, J = 4.2
Hz, 29.6 wWD,200k4p9274. 56 (dt, J = 4.0 Hz, 47.5 Hz, 2H); 1BCTNSR10N283¥ Mz,
cCbcd 3) : d 50.8, 70.1, 70.4, 70.5, 707708 709 83.2 (d, J = 169 Hz);

éggrgs )r\é%s‘b% %ﬁ%ééejj 0 820[2[8{(?%1)%52‘5 r/gfn% ﬁﬂ §hy:%1‘@gﬁ6f®p%£ o [ 18F]

4, [ 185\14%”%%‘3 8‘@?69{48‘% &3 7, 6910 J fﬂa(f bl 4196 sl T'ié)o ?1\/2? 85”1}3%V14%|8 Ygsng 10

m. 1. 3M TBA nm’ of "acetonitril’e/ wat er

azeotrdiﬁlc(ml/i)y[MeH@V&dbdb%w@mHg@a&eZ%é)@t fomgdaf)960 W 120 OC under a stream
of argon. (600 ccm followed headltlon of , rou cetonitrile (4 X
0.7 nb)l 01&3 MiMQ 12113&0% W@‘é‘%@ﬁ@)@ﬂ ?ﬁ:@é% §1§ t ol uenesul fonat e

3 (2 ng, 3 6 mmol) dissolved in acetonltrlle (0.6 m) was added and the

m xture m cr wave ted in a sep u m seall egF vessel at 40 W 120 OC for
3mnt , 15, 18, 21- heptaoxatri cosane
4. [010

| - (I-fluor -3 @9 12 15, f8 21- h%-p‘ﬂ\boxatrlcos . yl)-4-(1-(2,5-
pyrrolidone-I-yl)- 3 6 9, 12, 15, 18- hexaoxanonadeca- 19-yl )-172,3-tri azol e (5,
FPEGVR) [0107] gu PF6 (7.5 m;;T 0.02 nmmol ) dissolved in acetonitrile
(0. 1l %dsadcie& Epor Wsteé%@ffﬁﬁh @Rtwﬂ&dg%mtﬂ p Ganlpd-vial using 10 uL

l-(3,6,9 0 ,

0. 53 ooty TR (KA AN R ERG] vidropie) in G0 WY RGN LE- 0 1D

Ny, | ;) QR/vIMWlajer was GTdolttprdalrhﬁreﬁﬁbVBd rmymlenofxtavmtmgamdo VBMO(Otm Lﬁldﬁgaf 0 0(23421

In acetonitril e e resu N re stirre or

hm(;gr s é@reala@rfr@fgé)ﬁﬁéﬁ)(b@m)etz lﬂ%fﬁd By H\w@alwm &@frgé u&aaet@ﬁfle Axd-{ 85 or med
duct

G R U o e eI S Sl T e

of 5 (Eﬁg@\mnms) chssobzlednﬂ mmﬂrﬂe (Olﬂ-knlLIl)/R/aé 5@@:dl\z§lﬂﬁ thﬂﬁﬁltﬂﬁe wastniBrdd8w8. 80 (m

50H) 4.55 (dt, J =

47 3 &egtemznamtumzﬁeelsd %sselzata)‘m“é 17?«9 (Csforém)lm tragme kfFF]Dlrﬂyoromé NVR (125. 7

c?cgg)lz 159 83 exBox A i30s- Sfylo: 67.9, 69.5, 6.7, 0.2, 70.6-70.7, 70.9,
83.2( ;7S 189 ). 123.8, 134.2, 145.0, 170.7, 19F NMR (470.6 Mz,

cod 3) 3/3(2)5\8,0'\/5 eS| (M) [N&k{]b%d. for

[0132] [18F] 1-fluoro-3,6,9,12,15,18-hexaoxahenicos-20-yne was evaporated to near
dryness (no alumina treatment required), after which 4 mg (10.0 [mol) of N3-PEG4-NHS
(Quanta Biodesign Ltd.) dissolved in acetonitrile (0.1 mL) was added. Next, a freshly
prepared mixture of Cu(MeCN)4PF; (3 mg, 8 umol), TBTA (4.3 mg, 8§ umol), and 25 uL 2,6-
lutidine in acetonitrile (0.2 mL) was added. The resulting light yellow solution was stirred
for 10 min at room temperature, concentrated to 100 pL, diluted with H,O with 0.1% TFA (1
mL), and delivered to the HPLC loop for purification. The crude product was purified by
semi-preparative HPLC (system B) with a retention time of 15 min. The collected fraction
was promptly diluted to 20 mL with H,O, loaded on a Phenomenex Strata-X 60 mg SPE
cartridge, the product trapped on the cartridge was rinsed with H,O (10 mL), flushed with air,
eluted with acetonitrile (0.5 mL) into a 1 mL v-vial, and evaporated at 30 °C to near dryness
with 600 ccm argon to give ['*FJFPEGNHS 13.

[0133] Example 14 Direct "*F-labeling of propargyl-modified 4D5ThioFab by
CuAAC

[0134] A five-fold excess of 1-(3,6,9,12,15,18-hexaoxahenicos-20-yn-1-yl)-2,5-
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C35H62FO15N7, 797. 4; found 797.4; HPLC (System A) retention tinme 2.91 mn.
[0108] Method A Alternatively, to prepare [18F] 5, [18F]

23- azi do-wefbiame2733, 6, 9, 12, 15, 18, 21- hept aoxat ri cosane 2CTAS2@pa®3Bd4 acr 0SS
a Sep-Pak Alumina N Ilight cartridge, rinsed vvith acetoni tri le (0.5 nm),
evaporated to near dryness, and cqoled to 30

0.0
O EobAs 3 (h Akt CAmOD 1 (b oAl HRSFRIARE B ol 4 mg'Bis Shed by

0 o YRR SR A O 7S R SR ot

{n_) as pt}h45|\gmhi e%(zg acél’dm&amcfeimd purrf@dlhyo;\amg(rjcmtm;ehmg:cemtgtogmtm&pl@tolrg /ar _(Ia_lo:IAaE r1 oom
enperature fo m ollo addi tion_o 0

m) andlidén é%FE&OW&@E ﬂpﬂ\é\%ﬁﬁg B’“ﬁ‘é(r% Bk s bt bl ?ﬂd@P SR E,

Al ter nadh!dfﬁerAntquLEHt%@ﬁ{eere&o]v%Fdd pﬁopdr%ﬁFrhod’%ﬁe@ADg@hloF% gl@’()ch ) was added to
3,6,9,12, 15 , 21-hept aoxat ri cosane assed acros éep Pak Alum na N
| i ght crh[retir{l H];é3 -azidod effuond 136, %,(l;étlé,riBﬁﬂrheeta(o@atﬁcmﬂa)le 4 doliprorddtyettic addinemr

scot omtr ] e i gt B 00 Taie th) 4810 Sri0a TP Mec SRS 8 PE b o

sodi um RseaithRt ﬁtrﬁc?spﬁeﬂ’@oxﬁ@n W8 X clufledOfrdm ke rBhétfonybbrwiiaBzsnd a mi xture
of CuSH.5H20 (2.2 ngy, 8 | ) and bat hophenant hrol i ne di sul fonate (BPDS)

(4. 4 mfloweviendhy renapnon&hsft%h&r@re dagk-brgwpco 20191’_1?55 ovhel ¢ @yumﬂiqagng)ﬂ@t/\ﬁh%r ange
3?' l|f|t2 qu‘\%]\?%{\aﬁavaf%u i ?BXI‘O%({)%QHJ[&%QR@%%O\;%I%&O ous é?égs%_}"&% IOIlS a?élrequl?ed"dd' t I on

purifi qa13zn. |E3&@| Met hodAlﬁmaAhfoeéIBatlvely to prepare [18F] 5, [18F]
23-azi do-|-fluoro- 6, 9,12, 15,18, 21- hept aoxat ri cosane 4 was_ evaporated to

near drl{h¥fs (rﬁ?l%ﬂ%ﬁghméfa 8¢ O-8aterks B@ye obipined frows M lwoYRsENSd 2 (4 my,

A e e e

25 nL Z, Qeft @Wahichi wigh 0.36 agec®day mstame(d&elzam_mBm&a@dupaletsT(ﬂlﬁlowetsw ti ng | i ght
yel | ow solution was stirred for 10 min at room tenperature, concentrated to
100 ni,Respargh afARcEis)He cpapftatn sgrunopstrogen leyely Micegygge m@lcukaaendé@i theo t he HPLC
| oop f%arﬁfﬁ%M faPﬁeHP\i?@ g3x81d6%héhMTlh@eu&raU&%cl%QQPB‘M{M otatn oYM 1 T1€d Dy
sem - prepar at’i ve syst em B)

California Pacific Medical Center), in 50% phenol red-free matrigel. Animal care and

treatment followed protocols approved by Genentech's Institutioned Animal Care and Use
Committee which is accredited by the Association for Assessment and Accreditation of
Laboratory Animal Care (AAALAC)

[0137] Example 16 17-AAG formulation and administration

[0138] Egg-phospholipid (0.5 g) in DCM (5 mL) was transferred into 500 mL round
bottom flask, the solvent evaporated and the residue was stored at the reduced pressure for 16
hours. The 5% (m/v) solution of dextrose (25 mL) was added to the dried phospholipids and
the mixture was sonicated for 60 minutes at room temperature to obtain milky emulsion. 17-
AAG (25 mg) was dissolved in DMSO (1 mL) of which an aliquot (0.25 mL) was mixed with
the egg-phospholipid emulsion (4.8 mL) and sonicated at room temperature for 15 minutes.
The resulting emulsion was administered with 30 minutes of preparation by intraperitoneal
injection in three 1 mL doses (50 mg/kg each) over a 24 hour period as described previously
(Smith-Jones et al (2006) J Nucl Med 47:793-6; Smith-Jones et al (2004) Nat Biotechnol
22:701-6). 17-AAG is 17-N-allylamino-17-demethoxygeldanamycin, a substance being
studied in the treatment of cancer, specific young patients with certain types of leukemia or

solid tumors. 17-AAG is also named as: [(35,55,6R,7S,8E,10R,118,12E,14E)-21-
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with a retention time of 15-18 mn. The collected fraction was pronptly
diluted to 20 nL with H2O, | oaded on a Phenonenex Strata-X 60 ng SPE
cartridgevothm/qeoduct trapped on the cartridge was ri neeu/usealo/okEes (10
m.), flushed with air, eluted vvith acetonitrile (0.5 nL) into a 1nL v-vial,

o BB S B o BB Y Pl SSAE ST ARD, 1 5 (o)
r et ent i 9Bt {1 18398 d8oRa-8 18, 1[401181211pe'5@ae1ntm 4] thBaseg r(@@@taégnmf 757471148 i n

aqueous conditions, optim zations of the radi ochem cal process were
designéd. to nminimze the synthesis tine between the CuAAC 18 reaction and

recover omthe S I Ph ction (SPE). An inproved yield of [ F]5
was obslé}:\%l VMM%—%J @%}Cégﬁc%(fﬁﬂ Y&t em was promptly quenched with 0.1%
TFA wat[g140]t he Nk Ger@anS@RaxRith 3% Rveildhnd drdMnsall&ed Bv.Niid-(hRta) veiand

[18F] 5 was pronptly |oaded on and eluted fromthe SPE cartridge. Formation

of 18F-dathistar edthdbg0adati ofi prlhded ¥ abrio irofongFoBitiond 5468 alLwi e BREals esi n

bed I th t ended
por i o0 VeFRgoed e BEoR A BEHE] LRI B RF pBf A05 i e tiedhe e
St rat a- &0 KEirEer dohbdees upiMicahe Elﬁﬁl‘élsd@éie dRQthdiSPWRR BoART o AGRAPhAD! €
inmpurity levels. [0113] Exanple 6 [ 18F] FPEGVA- Thi o4D5Fab 6 [0114

4D5- Thind#sd hmckﬁrﬁ dpsenaRpsgion qnathe s@naermeévB@dbsﬂempd@éw W@emq@we@lm fe
(Junut yl d 2:41-52 7/,0092940) .
i oyst dei dober B S v SR Ra i AT s S s YA Cept 1 )

anti bOdmag@f’@bﬁsﬂﬁﬂctl@ﬁs Was lobtaﬁn:d\ﬁaing]rﬁ)ammumnepdst@imh dtfaitAma M sP Y #xddi r ect ed
nmut agenesi.s. The expressed and purified 4D5- Thi oMab was diluted to 1 ng/ni
in 25 rAVXIUE infesigy me&ﬁaHSeﬁMI}’ﬁiaw@éarffayeddwjléétsé%maspftwrec(éﬁlé\flolimﬂw usi ng

Lys-C (M@ #]}M estion
was st ()Ippgg))g&)m%ﬁﬁgécrﬂi}?&l%té &% o%vggelsl%e?&] | to a%tggﬁ%dl_éaggglieﬁgﬁg Ig%cfglorret hyl
ket one c(r?g'al.tﬁd{)mamsit wing ASERto byfteartei (G’ mecﬂ]mrlmlagmg}chr omat ography on a 5 niL
Hi -Tra ol unm ( Heal t hgare) usi a 50 mM sodi um acet ate. buffer
and a GYBHY NS YUY adi erihc L ear GuBRuEicd with R Soffare Jetion

2.4.1 (R Foundation for Statistical Computing, Vienna, Austria). Statistical significance was

determined using a two-tailed Student's #-test and P values of less than 0.05 were considered

significant; data are presented as mean + s.e.m. if not stated otherwise.
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Thi oFab was then prepared for conjugation by a reduction and oxi dation
procedure to renove disulfide adducts bound to Cys11l0 . First, the protein
was reducwo 2hmw0922¥3hrs by the addition of2 ni M PCT/US2010/025334
tris(2-carboxyethyl)phosphine (TECP) (Pierce) in a buffer containing 25 rnM
VES, p%%b&“ ﬁ\gp mL NaCl, and 5 rnM EDTA. After reduction, the protein was
oxi di ze A" addition of 5 rnM dehydr oascobric acid (Sigma) and purified
by gel filtration using an S200 colum (GE Heal thcare) and a buffer
containing 25 MM MES, pH 5.8, 300 nM NaCl, and 5 mM EDTA. The i sol at ed
protein was analyzed by SDS-PAGE and mass spectronetry to ensure that the
protei n was Ipr opek methasiidadu!laech pefen Q@ﬂpﬂé[llﬁgllﬁ@?tl%éhﬂb@tﬁagelm 0 ng, 12.6
nnol ) |n1 ,98 mVl sodi um phosphate pH 8 (2 ng/nlL) was added to [ F] 5, and
shaken 6I7°% teélf tube rocker for 10 min. The crude product was purified by
sem - prepar goi ve SEG-HPLC col um (System D, 10-12 min retention tine), and,
if necesg concentrat ed for |nj ectl onOwnth an Am con 10 kDa rrenbr ane

: HPLE (S ste C) reten
vol une 3 [\I [0116] ﬁb’(arrpl 7N - a >
011

p-t ol uenesul fonat 7] Sodl'um azi de .47 g, m? 24Nm|ml added‘to a
sol ution of diethyleneglycol ditosylate ( g, 7.24 mol) in DM (30 nL) and
the resfin ng mxture was heated to 110 OC for 5 hours. The reaction

m xture poured into chilled water (MSW pr oduct
extracted pm He X 1@Q , WF ye\%x racts
wer e washed Wi t ¥ ihvé(e\ %’at \1/((5%1@_4_) bri neN dried o‘b{er e cr ude

product was purifiebtf® '&n Si 2 and DCM MeOH - 100% gr adi eﬁirrNas el uan

yield 0.3409 (1699 of 7 as a colorless oil. 1H NWVR (400 MHz, CDd 3) : d
2.45 (s/$H), 3.16 (t, J = 4.8 H, 2H), 3.60 (t, J = 4.8 Hz, 2H), 3.70 (t,
J=4.8 ,\2H), 4.17 (t, J = 4.8 Hz, 2H) 7.35 (d, J = 8 Hz, 2H), 7.81 (d,

J =8 Hzy 2K); 13C NWR (10 6 MHz, CDCI 21. 6 6 68.7, 9. 8F 70. 2,
128.0, 1297 A3 S| )NC{ cd ok oS,
286.08; foun 286n1,\[~Q,118] Exa e 8 -3, 6 Omt ri opanundecanyIn

p-tol uenesul fonate 8[0119] Sodi um azi de nd tetraethyl ene glycol ditosylate
were reacted according Exanple 7 p to yield 0.7 g (199 of 8 as a colorl ess
oil. 1H NWMR WM@@inM—@drﬁD@iﬁ)iependerﬁly%le@&dfﬂjﬂ)an ht3r fom Jto=15. 2 Hz, 2H),

3.55-3.70 ( nda pkgteln seil'ecte% from al; ar?tlbzody, an i%!‘,ic')rfem?d, glfyégﬁok‘gnefa%yt%kml_ize; a

hormone, or a growth factor,

HPLC ( Sys

whereby a labelled protein is formed.

2. The method of labelling a protein of claim 1 wherein the labelling reagent is:

)
4
ot
- 7

3. The method of labelling a protein of claim 1 wherein the labelling reagent is:
Br

\\'//0
HN '9)
M ofpP Ot
N=N 7
4. The method of labelling a protein of claim 1 wherein the labelling reagent is:

18F
Proteln—N\(%\/ %\/\N/\/‘l; /\4/
N=N
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2H), 7.78 (d, J = 8.4 Hz, 2H); 13C NMR (100.6 MHz, CDCI 3) : d 21.6, 50.7,
68.7, 68.8, 69.2, 70.0, 70.6-70.7, 127.9, 129.8, 133.1, 144.7 M5 ESI (nm z):
[ MEH] + cavodn10fe927€15H2406N3S, 374.2; found 374. 2 [ 0120PpCEABqpom2334

N (20-azido-3,6,9, 12, 15, 18- hexaoxai cosyl ) - 2- bronpacet am de (9, N3- PEG5- BA)

[0121] A solution_ of 2 8- hex xai cosan-1 .-am ne

( NH2- PEGS- NS (0. o ks, mﬁite%g #ﬁ%ﬁ?lan%ﬁarqt?lfl@tf ﬁé}%ﬁq%@% REPICIM COMPTNHR) i n
DCM (5 fide)cyWRieagiged drop wise to the cooled (0 0C) solution of

br onoacet yl brom de (0.190 nmL, 2.15 mol) in DCM (10 nL). The cooling bath
was renoved @and tHe métkedioBlabelsns b prateid of okird0 wianein dls: friheysepiathiobnf was

poured jnto. i.ced wat and extracted with DCM (2 x 10 nL). The

col | ectth%lp@Fed%ﬁantS‘yﬁ}t é&ag) %%gée%%g ed with brine (2 x 10 nL) and dried
over MySO4. 7The SAQkﬂéqmwme@ﬁaQ@n@deﬁgdg ih REcGedfHBmPr oduct was purified
using flash chromat ography on SiQ2 and MeOH 0- 100% gr adi ent as el uant
to yield 0.66 g (98% of 9 as a yellowoil. 1 NI\/R(400 MHz, CDO 3) : d 3.39

(t, J = 4.8 Hz, 2H), 3.%7-3.51 (m 2H), 3.60 (t, J = 5.2 Hz, 2H), 3.63-3.69
(m 22H), 3.88 (s, | 707(bs IH), 13CNI\/R(1006M—IZ cDd 3) ¢ d 29. 1,

40.0, 50.6, 69.4, 70. . MS ESI (mz): [MH + cal cd.
for G 6H32Br PRI —471. 47 7%': 0 [0122] Exanple 9a
N-(20-azido-3,6,9,12, 15018 hexao syI) 2 i odoacet ami de (9a, N3-PEGG-1A)

[0123] A solution of 20-azido-3, 6,9 12, 15,1 8-hexaoxai cosan-| -am ne
(NH2- PEG7-N3, 0.5 g, 1.43 mmol) and N-succi ni m dyl iodoacetate (0.4 g, 1.43
mrol ) i n DCVPESINTL)S Was stirred at roomtenperature for 2 h. The sol vent

was evaporated and Ocrude product was purified using flash
chr omat ogr aphy on S| wlth a 0-100%DCM NeCH gradient to yield 0.44 g

(60% of 9a as a yeI M+H] + cal cd. for C 6H321 O7TN4,
519. 34; found 519. 4. 1HN ®: d 3.39 (t, J = 5.2 Hz, 2H),
3.44-3.48 (m 2H),3.58 (t, 2Hz 2H) 3.63-3.69 (m 22H), 3.74 (s,

2H), 7.10 (bssotbd—ni3C NI\/R (100 6 MHz, CDA3) : d 26.0, 40.9, 51.3, 70.0,

70.6-71.3, 168.5 not ;cl ea
0] OM,N/\’{VO\/i\mF
m N=N n

comprising reacting an alkyne reagent selected from:

T L, SO

with a protein selected from an antibody, an interferon, a lymphokine, a cytokine, a

hormone, or a growth factor, to form an alkyne-protein selected from:
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[0124] Exanple 10 3,6,9, 12, 15, 18- hexaoxaheni cos- 20-yn- 1| -yl

p-tol uenesul fonate (10, propargyl-PEGe-OTls) [0125]

3, 6,9, 12,Wb6,208ra9e20a0xaheni cos- 20-yn-1 -0l 1 and tol uenesecrarsgdionkssss i de
were reacted according to Exanple 3 to yield 0.5 g (47% of 10 as a
colorless oil. 1H NWR (400 Mz, CDA3) : d 2.42 (t, J = 2.4 Hz, |IH), 2.45

(s, 3H), 3.58-3.70 ( , 4.16 (t, J =5.0 Hz, 2H), 4.20 (d, J = 2.4 H,
2H), 7. 34 (d, pdter-8s , 7.80 (d, J = 8 Hz, 2H); 13C NWR (100.6 M,
CDA 3) : d 21.6, 58.4) BT 080 X 70.4-70.7, 74.5, 79.5, 128.0, 129.8,

133.1, 144.7; M5 ESI Qmz): [ + cal cd. for C22H35(9S, 475.19; found
475.2. [0126] Exanple 11 3,6, -di oxanon-8-yn-|-ol (11, propargyl-PEG 2-CH)
[0127] Diethylene glycol (3.0 g, 28. 1 mmmol) and propargyl brom de were
react ed accop@dieig—60 Exanple 1 to yield 1.2 g (30% of 11 as a colorless
oil. 1H NWMR (400 ,, D 3) : d 2.38 (bs, IH), 2.46 (t, J = 2.4 Hz, IH),
3.62 (t, J = 4Hz, 2HY, 3.71-3.75 (m 6H), 4.22 (d, J = 2.4 Hz, 2H); M5 ESI
(mz): [ MH + cal cdHM: ,iﬂsggé 145.08; found 145.3. [0128] Exanple 12

3, 6, -di oxanon-8-yn-1 - p-temuenesul fonate (12, propargyl- PE&-OTs) [0129]
3, 6,-Di oxanon-8-yn-1-ol 11 (1.2 g, 8.3 nmol) and tol uenesul fonyl chloride
were reacted according to Exanple 3 to yield 1.7 g (68% of 12 as a
colorless oil. 1H NNR 400 3) : d2.44 (t, J =2.4 Hz, IH, 2.45
(s, 3H, 3. 6©ro%|r65-|\(m H) O; 7ﬂ%t, J = 4.8 Hz,2H), 4.15-4.18 (m 4H),
7.35 (d, J 8.0 Hz, ,77.80 (d, J =8 Hz, 2H); 113/ NWR (10O O MHz, CDC
3) : d 21. 6, 58. 4, 6837, 69.0,m69.2, 70.6, 74.6, 79.5, 128.0, 129.8, 133.1,
144.8; Ms ESI (mz): [M:H + cal cd.’for Cl4H 906S, 299.09; found 299. 1.
[0130] Exanminé rdstiRadicatbgimalcirsyhh Be SIFsPId-af kil ¢ VG o 1Be Fidild:

[ 18F] Fl uori de was eluted from  T&R cartridge into a 4 nL v-vial using 10 nL
1. 3M TBAHCO 3 etlim- n-Put yl ammoni um bi car bonate) in 0.6 nL of

acetonitril elnat efl 1: o) . Water was azeotropically renoved by microwave
heating at 60 W 120 C uhder a stream of argon (600 ccm followed by the
addi tion oflagh q%gggea GHQHI%FIA t(4 x 0.7 m).

3,6,9, 12, 15,1 xa0%xaheht €ost 56 %% | -yl p-tol uenesul fonate (propargyl - PEG
6- OTs) 10 ( Avhereinn andrnare independently selected from an integer from 2 to 12;

whereby the labelled protein is formed.
8. A method of preparing a labelled protein selected from:

e

Proteln—S\/U\ +\/ %\/\N/ﬁ/‘l; /\}/
N=N
H 18
Protein—N\(%\/o%\/\NMO/\i/F
) m N=N n

comprising reacting an azide reagent selected from:
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ng, 4.2 mmol) dissolved in acetonitrile (0.6 n.) was added and the m xture
was m crowave heated in a septumseal ed vessel at 40 W 120 0OC for 3 mn.
to give [wB]2ot/dob2arero- 3,6,9, 12,1 5, 18- hexaoxaheni cos- POTyuse010h8334 f - Q
- O[0132] [18F] I-fluoro-3,6,9,12,15, 18-hexaoxaheni cos-20-yne was
evaporated to near dryness (no alunina treatnment required), after which 4

mg(lO.Ofm)I)o N - PEG 4- NHS (Quanta Bi odesi Ltd.) dissolved in
acetonitril added. -0 jy/ﬁ‘tmared m xture
Of Cu( MeCN) 4 3ng, /'8 mi ), T (4.3 my, 8 mol), and 25 L 2, 6-

lutidine in acgjonitril® (0.2 nL) wae added. The resulting Iight yellow
solution was stirred for 10 mn at roomtenperature, concentrated to 100
m., diluted with HOwth 0.1% TFA ( 1 nL), and delivered to the HPLC | oop
for purification. The crude product was purified by sem -preparative HPLC
(systemB) with aQretentio ime of 15 m | ected fraction was
pronpt |y di|LErG\d/g\Q ;E\uioq:u/h\ 20, lo X Strata-X 60 ny
SPE cartridge, the {ﬁr duct ‘trappéd on the cartridge was rinsed with HO (10
m.), flushed with air, elut®d with acetonitrile (0.5 nm) into a 1 nL
vovial, and eappralideialicd RofiGrl MiBsay, HiBtan kipABRine CLAGERN of 0 i ve
[ 18F] FPEGNHS 13. [0133] Exanple 14 Diréct F-1abeling of propargyl-nodified
4D5Thi deabotxy; oCaAAevthGa@dl, tofofiinvea-azaloehretcoessected from:
1-(3,6,9, 12, 15, 18- hexapxaheni cos-20-yn-1-yl)-2,5-pyrroledione 2 (0.4 ng, 1
mmol ) was added to 4D5fhipFab (10 ng, 0.2 mmol, 5 ng/niL, 50 ni M sodi um
phospate pH 7.2) andd u%s{,e@ hour at 37 OC. The sol ution was
adjusted to EH 4-5 wi 10% acetic acid and purified by cation ion exchange
chr onat ogr aphiP'¥H 2 Hi p SP FE col umm (GE Healthcare) with 50 nM Tris
buffer pH 8 with 100 nmM sodi um chl oride. An aliquot of the recovered
propar gyl - nodi fi ed 4D5Thi oFab (100 ug) was added to dried [18F]

23-azi do-| -f l]:i%ger o-_3i 6, ﬁ 127 15, é , 21- hept aoxatri cosane 4 foll owed by the
addition of I™F'hy 'Nn%tieg gsf@\mﬂffer (250 uL Tris pH 8) and 0.26 ny
Cu(MeCN) 4PF6 in 20 uL H m

H
in— ©)
Protein N%/ %\/\N3
o) m

and reacting the azido-protein with an '*F-PEG-alkyne reagent having the formula:

18F
/%O/\%/
n

in the presence of a copper catalyst,

wherein n and m are independently selected from an integer from 2 to 12;

whereby the labelled protein is formed.

9. The method of claim 1 wherein the protein is an antibody selected from a
monoclonal antibody, a bispecific antibody, a murine antibody, a chimeric antibody, a human
antibody, and a humanized antibody.

10.  The method of claim 9 wherein the antibody is a Fab fragment.

11.  The method of claim 10 wherein the Fab fragment is 4D5ThioFab.

12. The method of claim 1 the copper catalyst is Cu(MeCN)4PFs or CuSO,.

13. A labelling reagent selected from:
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acetonitrile. Atnospheric oxygen was excluded fromthe reaction systemwth
Argon. However, the reaction shifted fromdark brown to col orl ess over 10
m n i ndi cwoi2n/wbEB t he reacti on was quenched by oxygenramdStéiatn23ses e

ri gorous degassing conditions are required. [0135] Exanple 15 Ani mal nodel s
[0136] Beige_nude XID m ce of age 6-8 weeks were obtained from Harl an

Spr ague y (Livernore, CA). Three daé{s prior to cell inoculation, the

) t
m ce wer nted (S. C | efit flank) h 0.36 ng 60-day; sust ajsped
M!‘p@ﬁjfgt\(ﬂ‘hqﬂovat' ijes@a@%h/bl 68 Eai ntain
diin the manmmuary flat

rel ease N
serum esttogen | eWENNM ce wereninocul padnwi th 5 x
106 BT474ML cells, a subclone of BT474 (abt ai ned Wrom}g ifornia Pacific

Medi cal ggenter), in 50% phenol red-free matrigel. Aninal care and treatnent

foll owed prgPocol s approved by CGenentech!s Institutioned Animal Care and

Use Conm'th’ e whi.ch is accredited by thg As$oci gtjion for Assessmefgr and
Accr edi t at MM@&E mal 1 N/Eé%m e 17- AAG
formul ati on and adM#jstration ri85138] EggHphospholi pi dyER 5°g) i n™DCM (5

m.) was tr@nsferred into 500 nL round bottom fl ask, the sol vent evaporated

and theqsi due was stored at the reduced pressure for 16 hours. The 5%

(mv) sQluwion of dextrose (25 nL) was added to the dried phospholipids and

t he mx'ﬁ%ré‘ovvas sonicated for 60 mnut@s at foom tenperature jto obtatn
mlky e Wl- G 2% was diSseP '%Ezsox\ fch an
aliquot (0 25 m9 éh‘rﬂ%%sﬁhe @?pmi i d e dion (4. 8nl) and
soni cated at room™ énPerature fr 15 m gutes. The resul tl ng emul si on was
adm ni stere ith 3 i i i j | injection in
fhree int douiubupthathatd ElemnaBl LRy okt WILLTROELS RTEE Lok
previously (18m t HFhbdaleslies reagent 8006)m J3 Navdhg Medodduld93- 6; Sm t h- Jones et al

(2004) Nat Biotechnol 22:701-6). 17-AAG i s
17-N-al lyl a 7- demet hoxygel dananycin, a substance being studied in the

miRgAL
t r eat ment oﬁcer, specific Joun patients with certain types of |eukem a
or solid tu rs?“f?o iﬂ/arko a as:
[ (3S, 5S, 6RJ SOSE, 10R, US,N2E, 14E) - 217(al | yl am no) - 6- hydr oxy-5 , 11- di met hoxy- 3
, 7,9, 15-tetramethyl- 16, 20, 22-trioxo- 17-

15.  The labelling reagent of claim 13 having the formula:

Br

\\'//o
HN{\/\OM'N/\,{O\/%B
N=N 7T or

[
\\(O
HN{\/\OmN/\/{'O\/ﬂ\;BF

16.  The labelling reagent of claim 13 having the formula:

O o 18F
C:N,OY%V }ANMOAJ(
o) 4 ) 6
O .

N=N

17. A labelled protein selected from:
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azabi cycl o[ 16. 3. 1] docosa- 8, 12, 14, 18, 21- pent aen-10-yl ] carbamate (CAS Reg.
No. 75747-14- V). [0139] Exanple 17 McroPET Imaging [0140] Mce were

anest het iwedowimmm73% sevof | urane and i nocul ated i.v. vi &@Ctrhis2aiaioks3sei n
catheter with 0.3-0.4 nC of 18F-Thi o4D5Fab in isotonic solution (50-100
m.). The aninmals were aJlowed to recover on a heated bl anket until

anbul atory and then retjurned to the cage. After 2 hours of conscious uptake
the ani mal s were anes ized with 3% seyvofl urane and pl aced head-first,
prone position on th 0 Z ture was neasured by a
rectal probe”8fd &l nt &l ned by wajaeyair. Dynanj,& 60 min scans were
acquired. Full body inmage reconstructions were obtai ned using nmaxi num a
posteriori algorithm (MAP) and maxi mumintensity projections (MPs) were
created with _ASIPro software (CTI Ml ecul ar I maging). MAP reconstructed

i mges were B9 T3 obtain gquantitative activity levels in each organ of

i nterest using ASI oftware (CTI Mol ecul ar Imaging). [0141] Statistical
anal ysi s: The graph% re constructed with R software version 2.4.1 (R
Foundation for Statisqfcéhygbgﬁﬁw4ﬁ£i Austria). Statistica

signi ficance was deternined Ug#¢ a two-taif €d Student's -test and P val ues
of less than 0.05 were considered significant; data are presented as nean
s.e.m if noprosdirateg ot herwi se. WE CLAIM 1. A nmethod of |abelling a protein
conpri sing reactuggﬁgﬁLa elling reagent selected from wherein n and mare
i ndependent |y sel@cCt o am/?n$§96?$ﬂgon12 to 12; and a protein selected
froman anti body, an intemfiron, a Iynphﬁkine, a cytokine, a hornone, or a

grow h factor, whereby a | abelled protein is formed. 2. The nethod of
| abel ling a protein ofcplain11 wherein the | abelling reagent is: 3. The

met hod of | abelling a protein claim1 wherei msthe | abelling reagent is:
4. The nmethod of |ab i 'N f wherein the | abelling
reagent is5. The mnet of |ab nLing}%: rotein of claiml1 wherein the

O

protein compridge—as

O 18
. F
Protein—38 O
rotein \/lkN/ir/\/ %\/\N/Y‘[\O/\J/
H m ‘ n

N=N

H °F
in— 0
Protein N\(%\/ %\/\N/yl;o/\i/
\
@) m N=N n

wherein n and m are independently selected from an integer from 2 to 12; and the

Protein is selected from an antibody, an interferon, a lymphokine, a cytokine, a hormone, and
a growth factor.

18. A pharmaceutical composition comprising a labelled protein and one or more
pharmaceutically acceptable carrier, glidant, diluent, or excipient,

wherein the labelled protein is selected from
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free cysteine thiol. 6. The nethod of labelling a protein of claiml
wherein the free cysteine thiol of the protein reacts with the | abelling
reagent . wo 2lomeb11ed of preparing a | abell ed protein selPeTiusdoinesss4 Pr ot ei n
conprising reacting an al kyne reagent selected from with a protein
selected froman anti body, an interferon, a |ynphokine, a cytokine, a
hornone, or a growmh faggtor, to forman al kyne-protein sel ected
fromProtein- and re } the.al kyne-protein_ with an F-PEG azi de reagent
eE

having the formul a: 8 @ catal yst, wherein n and m
are i ndepend®REy Sel e f romnay=i.nt eger frefif2 to 12; whereby the

| abel l ed protein is formed. 8. A nethod of preparing a | abelled protein
selected from conprising reacting an azide reagent selected fromwith a
protein selected froman antibody, an interferon, a |ynphokine, a cytokine,
a hornone, of™¥Myram h.factor, to forman azido-protein selected from and
reacting the azido- Qein with an | 1d8Ft -PEG al kyne reagent having the
formula: in the pre ce of,a copper catalyst, wherein n and mare

i ndependent |y sel ect e 2 to 12; whereby the | abelled
protein is forned. 9. The met" ‘of claim, Wherein the protein is an

anti body sel ected from a nonocl onal antibody, a bispecific antibody, a

muri ne anti bp@win-a-N+hi neric anti body, a human anti body, and a hunani zed
anti body. 10. The pet hod ;of clain18 wherein the antibody is a Fab fragnent.
11. The met hod ofO<Tl nfﬁﬁ\ﬁﬂbr€$$ Ph@ﬁﬁgb fragment is 4D5Thi oFab. 12. The
met hod of claim 1 the coppeN=icat al yst hsFtu(NbCN) PF or CuS&4. 13. A

| abel I'i ng reagent selected fromwherein n and m are independently sel ected
fron1anirﬂegerfron1Zdo 12.

O 18F
O SeSTo

N=N n
O m

Protein—S

O 18
. F
Protein—38 O
rotein \/lkN/ir/\/ %\/\N/Y‘[\O/\J/
H m ‘ n

N=N

H °F
in— 0
Protein N\(%\/ %\/\N/yl;o/\i/
\
@) m N=N n

wherein n and m are independently selected from an integer from 2 to 12; and the
protein is selected from an antibody, an interferon, a lymphokine, a cytokine, a hormone, and
a growth factor.

19. A method of imaging comprising:

administering a labelled protein to an animal; and

detecting in vivo the presence of the labelled protein by imaging,

wherein the labelled protein is selected from:
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14. The | abelling reagent of claim 13 having the formula: 15. The | abelling
reagent of claim 13 having the fornula: 16. The | abelling reagent of claim
13 havi ngwoheioioeeamal a: 17. A | abell ed protein sel ected fPcorasBrioneidss wher ei n
n and m are independently selected froman integer from2 to 12; and the
Protein is selected froman anti body, an interferon, a |ynphokine, a

cyt oki ne, a hornone, a growth factor. 18. A pharmaceutical conposition

a

conprising a |abelledp ein and one or_ nore_pharmaceutically acceptabl e
carrier, glidant, dille ‘E/ﬁro _ .ﬁwn\+ﬁwmwjﬁp the | abelled proteinis
sel ect ed froR®E8tein rein n gn = are i nde ﬁﬁﬂently sel ected from an

integer from2 to 12; and the protein is selected froman anti body, an
interferon, a | ynphokine, a cytokine, a hornone, and a growth factor. 19. A
met hod of imaging conprising: admnistering a | abelled protein to an

ani mal ; and a%ﬁ%ﬂﬁ7§u;' n vivo the presence of the | abelled protein by

i magi ng, wherein tﬂej& belled protein is selected from Protein wherein n

and mare independemﬁ}y selected froman integer from2 to 12; and the
protein is selected vaftégrferon, a | ynphoki ne, a
cyt oki ne, a hornone, and a gM N factor. F The nethod of claim 19

wherein the | abell ed protein binds an antigen. 2 1. The nethod of claim 19
wherein the ppidm—NH a tunor xenograft nouse nodel. 22. A process for

maki ng a | abel | i ng frieagent havi ng éhe ormul a: wherein: n and mare
i ndependently sel@TCt 19.4f9) am/?n& rygom2 to 12. conprising reacting a

mal ei m de- PEG al kyne r eag®eni=Nnavi ng the formula:1 with an F- PEG azi de
reagent having the fornul a:

0O
18F
Pttt
s N=N n
o m
O 18
. F
— O
Protein S\/U\N/P\/ %\/\N/Y[\O/\J/
H m ‘ n

N=N

H °F
in— 0
Protein N\(%\/ %\/\N/yl;o/\i/
\
@) m N=N n

wherein n and m are independently selected from an integer from 2 to 12; and the

Protein—

protein is selected from an antibody, an interferon, a lymphokine, a cytokine, a hormone, and
a growth factor.

20.  The method of claim 19 wherein the labelled protein binds an antigen.

21.  The method of claim 19 wherein the animal is a tumor xenograft mouse model.

22. A process for making a labelling reagent having the formula:
O
&
N
{\/\O Z ,N/\’%O\/ﬂ\m,:
O m N=N n

wherein:
n and m are independently selected from an integer from 2 to 12.

comprising reacting a maleimide-PEG-alkyne reagent having the formula:
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in the presence of a copper catalyst, wherein n and m are independently
selected froman integer from2 to 12. whereby the | abelling reagent is
formed. WO 2010/099273 PCT/US2010/025334

O
| NJ(\/OV
m
O

with an '®F-PEG-azide reagent having the formula:
N3 18
n

in the presence of a copper catalyst,
wherein n and m are independently selected from an integer from 2 to 12.

whereby the labelling reagent is formed.
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