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Formnulation of radiopharmaceuticals containing muitiple acidic groups

Field of Invention

This invention relates to msthods for allowing very polar radiopharmaceuticals to be rapidly
converted to solutions ready Tor iniection. This method is suitable for radiopharmaceauticals

containing multiple acidic and/or phosphonic acid functional groups.

Backaground
The invention relates o the subject maiter referred to In the claims, fe. rapid robust

farmulation of very polar radiopharmaceuticals containing multiple acidic functional groups.

Molecular imaging has the potential io detect disease progression or therapsutic
effectiveness earlier than most convertional methods in the fields of oncology, neurclogy and
cardiology. OF the several promising molecular imaging technologies having been developed
as optical imaging and MRI, PET is of particular interest for drug development because of ils

high sensitivity and ability to provide quantitative and Kinstic data.

Pasitron emitling isotopes include carbon, nitrogen, and oxygen. These isofopes can replace
their non-radioactive counterparts in farget compounds to produce tracers that function
biologically and are chemically identical to the original moleculss for PET imaging. On the
other hand, "°F is the most convenient labelling isotope due to its relatively long half-life
(108.6 min) which permits the preparation of diagnostic tracers and subsequent study of
bicchemical processes. In addition, its high &+ visld and low B+ energy (635 keV) are also

advantageous.

in the preparation of radiopharmaceuticals the final step of ths process is {o ensure that the
said radiopharmaceutical is suitable for injecting into mammals, e.g. have a suitable pH,
osmolality, eic. Typically in the radiosyntheses of radiopharmacsuticals a purification step
using high pressure liquid chromatography (HPLC) is used. This HPLC purification slep uses
toxic or potentially toxic substances, e.q. acetonilrife, methanol, trifluorcacetic acid, formic
acid aic., and steps have to be taken {o ensure these foxic or potentiaily toxic substances are
removed. The process of taking a HPLC purified solution of the said radiopharmaceutical
which contains toxic or pofentially toxic substance and converting it into a solution suitable for
injecting iInfo mammals is typically referred o as a “reformulation step”. This reformulation
stap is well known for lipophilic compounds as the HPLC purified solution of the said
radiopharmaceutical containing the toxic or potentiaily toxic substances can be diluted with
waler passed through a silca or polymer based resin functionalized with carbon chains, e.q.
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C-18 {(octadecyl) solid phase exiraction (SPE) cartridge where the said radiopharmaceutical
is retained due to the lipophilic character of the said radiopharmacesutical. The toxic oy
potsntially toxic substances are then washed from the SPE cariridge by various washing
steps and the desired radiopharmaceutical is sluted from the SPE using a solution which
upon dilution is suitable for injecting into mammals, typically ethanol is used and then diluted
with saline or phosphate buffered saline (PB&).

For polar compounds (log D <1} is reformulation step by taken the HPLC purified fraction of
the said radiopharmaceutical and concenirating it under reduced prassure or blowing dry
under a gas siream at elevated temperatures. This procedure has been successfully used for
amino acid imaging agent, D-flucromethyl tyrosing (DFMT, Tsukada et al, Eur. J. Nuc, Med.
Mol. Imag. 2006, 33, 1017-1024), where the final product is concentrated under reduced
pressure, which is a time-consuming step, and then redissolved in saline to give the
formulated product. Other examples for polar compounds containing multiple carboxylic acid
functional groups are glutamate-hstero ursa dimers which ars imaging agents that target
Prostate Spscific Membrane Antigen (PSMA). The glutamate-hstero urea N- [N-{(8)»1,3-
dicarboxypropylicarbamoyll-4-"*Fliluorchenzyl-i-cysteine  (DCFRC, Mease et al, Clin
Cancer Res. 2008, 14, 3036-3043) where the HPLC purified radiopharmaceutical was
concentrated under reduced pressure and then redissolved in saline to give the formulated
product. Ancther glutamate-hetero urea is 2-[3-[1-Carboxy-5-(4-[ *Fifluoro-benzoylamino)-
pentyll-ureidol-pentanedioic Acid (Chen et al., J Med. Chem., 2008, 51, 7833-7343) wheare
the HPLC purified radiopharmaceutical was also purified under reduced pressure. The major
drawback with this conceniration step is whether all traces of the {oxic or polentially toxic
additives, i.e. acetonitrile. Trifluoroacstic acid, are really Tully removed.

Problem to be solved by the invention and its solution

Despite the aforementioned advances in reformulation methods, there is relatively little
kniown for the reformulation of very polar compounds (log D <{}, especially those very polar
radiopharmacsuticals that contain multiple acidic functional groups, for example carboxylic
acid or phosphonic acid moisties. For the said radiopharmaceuticals containing multiple
acidic functional groups, the reformulation step is typically carried out by concentration either
under vacuum or under a stream of nitrogen or helium. This slep can he relatively time
consuming as one must ensure that all the traces of the toxic or potentially toxic substances
are removed. Time consuming steps are to be avoided in the syntheses of
radiopharmaceuticals especially those containing positron emitting (PET) radioisotopes as
they are not compatible with the half-life of short-lived radioisotopes, e.g. C-11 (20 mins), F-
18 (110 mins), Te-99m (6 h), 23 (13.2 h), ete.

The reformulations methods for obtaining reformulated radiopharmaceutical solution as
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disclosed in the present invention allow for a surprisingly rapid and simple reformulation of
vary polar radiopharmaceuticals containing multiple acidic funclional groups wherein the

oblained solution is suitable for injecting into mammals.

Summary
The invention relales to the subject matier referred o in the dlaims, L.e. surprisingly rapid and

simple reformulation of very polar radiopharmaceuticals containing multiple acidic functional
groups to solutions suitable for injecting into mammals.
in a first aspect, the Invention is directed t© a method for reformulation of a
radiopharmaceutical, wherein the radiopharmacsutical comprises fwo or more carboxylic acid
groups andior one or more phosphonic acid. In embodiments of the first aspect, the
radiopharmaceutical is a compound of formula (1}, (i1} or midure thereof.
in a second aspect, the invention is directed o a reformulated radiopharmaceautical solution.
it a third aspect, the invantion is diracted to a kit comprising

- an anionic exchange rasin cartridge, and

- avial containing an Elution solvent comprising sodium chiloride (NaCl)

characlterised in that the kit is useful for conducting the method of the first

aspect.

Description
in a first aspect, the invention is directed o a method for reformulation of a

radiopharmaceutical, wherein the radiopharmaceutical comprises two or more carboxylic acid
groups and/or one or mora phosphonic acid, comprising the step of:
- Eluting the radiopharmaceutical from an anionic exchange resin cartridge with an

elution solvent comprising sodium chioride (NaCl).

Preferved features:

Preferably, the radiopharmaceutical comprises one (1} o ten (10) carboxylic acid groups
andior one {1} to five (5) phosphonic acid. More preferably, the radiopharmaceutical
comprises two (2) to five (5) carboxylic acid groups and/or ons (1) or two {2) phosphonic acid
groups. Even more preferably, the radiopharmaceutical comprises three (3) or four (4)
carboxylic acid groups andior ons {1} or two (2) phosphonic acid groups. Even more
preferably, the radiopharmaceutical comprises four (4) carboxylic acid groups and one (1)

phosphonic acid.

Preferably, the radiopharmaceutical comprises one (1) to ten (10} carboxvlic acid groups.

More preferably, the radiopharmaceutical comprises one (1} to five (§) carboylic acid
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groups, Even more preferably, the rediopharmaceutical comprises three (3) or four (4)
carboxylic acid groups. Even mors preferably, the radiopharmacsutical comprises three (3)

carboxvlic acid graups.

Preferably the anionic exchangs resin is a silica based or polymer based weak anionic
exchange resin, a medium anionic exchange resin or a strong anionic exchange resin or the
anionic sxchange resin is a silica based or polymer based mixed mode weak anionic
exchange resin or strong anionic exchange resin. More preferably the anionic exchange resin
is a silica based or polymer based strong anionic exchange resin (SAX — e.g. Sep-Pak Accell
Plus GMA, Cleanert SAX, LC-SAX, AccuBOND SAX, Bond Eiut SAX elc.) or a mixed mode
silica based or polymer based strong anionic exchange resin (MAX — Bond Elut Certify H,
Chormabond Drug #i, Screen-A, Chromabond HR-XA, Cleanert PAX, Oasis MAX efc.). Even
more preferably, the anicnic exchange resin is a silica based or polymer based strong
anionic resin. Even more preferably the anionic exchange resin is a quaternary alkylated
ammonium resin. Even more preferably the anionic exchange resin is a gqualernary
irimethylated ammonium exchange resin. Even more preferably the anionic sxchange resin
is 8 quaternary trimethylammonium exchange rasin, wherein the trimethylammonium molety
is connected via a propyi linker to an acrylamide copolymer on diol silica that is commercially

available as Sep-Pak Accell Plus QMA Plus Short cartridges.

Preferably, the slution solvent comprises pharmacsutically acceptabls sodium salt at the
concantration of 2 M to 0.3 M of the said pharmaceutically acceptable sodium sall. More
preferably, the elulion solvent comprises pharmaceutically accepiable sodium salt at the
concentration of 1 M o 0.3 M of the said pharmaceutically acceptable sodium salt. Even
more preferably, the elufion solvent comprises pharmaceutically acceplable sodium salt at
the concentration of 8.8 M to 0.3 M of the said pharmaceutically acceptable sodium salt.
Even more preferably, the Elution solvent comprises pharmaceutically accepiable sodium

salt at the concentration of 0.5 M of the said pharmaceutically acceptable sodium sall.

As a preforred feature, the invention method for reformulation of a radiopharmaceutical
comprises additionally the following staps before eluting:
- Diluting the fraction obtained from the HRPLC that conlains the purifisd
radiopharmaceutical with an agueous solution comprising of a base, and

- Trapping the purified radiopharmacsutical on an anionic exchange resin cartridge.

in a first embeodiment, the invention is directed to a method for reformulation of a

radiopharmaceutical, comprising the step of:
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- Eluting the radiopharmaceutical from an anionic exchange resin cartridge with an
elution solvent comprising sadium chioride (NaCl,

whsrein the radiopharmacsautical is a compaund of formula {1},

COOR,
H i o)
RN N O
\ﬂ/ H F?MN COOR,
O CooR, OR,
;
o COOR,

wherein

R is a radiciabeled pendant group,

each Ry is independently from each other hydrogen or a pharmaceutically acceptable
salf, and

Xis CH, or CH-CH:.

in an embodiment of the method, the mathod for reformulation of a radiopharmacsutical
comprises additionally the following steps before eluting:
- Dilting the fraction oblained from the HPLC that containg the purified
radiopharmaceutical with an agueous solution comprising of a base, and
- Trapping the purified radiopharmaceutical on an anionic exchange resin cartridge,

wherein the radiopharmaceutical is g compaound of formula ().

i1 an embodiment of formula (3}, Xis CH,.

it an embodimsnt of formula (1), X is CH-CH,.

In an embodiment of formula (1), R is phenyt or pyridyl, each substituted with 1 one ["*Fifluoro

group and optionally substituted with a second group sslscted from the group consisting of

chioro and cyano.

it an embodimeant of formula (1), Ris

2 2 2 2
R@J\ R@Y/\ Rf\w\ R :\ﬁ/\

| DA
RN g N RS RN

wherein R? is -'°F; and R is chioro or cyano.
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6
in an embodiment of formula (1), R is
2 2
o T
i 5 £
R . or R3

wherein R” is -"°F; and R? is chioro or cyanc.
In an embodiment of formula (1), R is
LAI e
R3T N
wherein R” is -°F: and R? is chioro or cyano.
in an embodiment of formula (1), Ris
C U e o
g of
I P
RN :
wherein R%is -

in an smbodiment of formula (1), R is

/\\\\/\1 NG\ cl =\/\ =,\\‘k

Re R3 R3OTN RN

) 5 1 )

wherein R is -'%F .

. . &
in another embodiment of formula (1), Ris 187
NG | BN
L

In another embodiment of formula (1), Ris 'F
] X \

In ancther embodiment of formula (1), Ris "7 "N

In another embodiment of formula (0, Ris "7 N

in an embodiment of formula (1), R' is hydrogen.



i

10

WO 2013/173630

PCT/US2013/041427

in an embodiment of formula (1), R' is a pharmaceutically acceptable salt.

i another embodiment, the compound of formula (1) is

SFB-{PFICTTS4

N-(4-[ *Fiflucrobenzoy!i-L-
gamma-gittamvi-C-[{(18%1.3
dicarboxypropyllamino}{hydroxy)

phosphoryvil-L-serins

O‘j/OH

HO,, D
0 \_é"’(' S
)Y

J N N N
27 Nx‘\‘/’\\q/ i /’\Of‘\N/ . ~OH
i\ | H i oan
]
Sy ROTNG

haosphoryll-L-homoserine

TUFICTT1143 (N-(3-cyano-4-f “Fifluoroberizoyl)- .

O DOH
[*FIF CNBz- L-y-giutamyh-O-{{[(18}-1,3- NG VIQT’L NE NS | O
RCTTR4,; dicarboxypropyllaminoi{hydroxyip | s ) v ™

BFISFR-hCTTS4;

(N-{4-] *Ffluorabenzoy)-L-y-
glutamyl-C-[{{15)-1,3-
dicarboxypropyllaminoj{hydroxyip

hosphoryil-L-homoserine

hosphoryil-L-homaserine

COH
[FI-SEN-hCTTS4; | (N-(6- “Flfluoro-pyrid-3- - My o gow
viicarbonyi-L-y-glutamyy-O- \’/\g’\‘t;;’ N Cow
{1115+ | LT
dicarboxypropyilamino}{hydroxylp ot

COF-SCIFN-RCTT-
4,

pmmnny

3

{N-{5-chioro-6-[ °Fflucro-pyrid-3-
yhcarbonvi-L-y-glutamyly- G-
Hi(18)-1.3-
dicarboxypropyllaminoi(hydroxy)p

hospharyll-L-homoserine

N

y QGO
\T%/N\r/\\/).\'\:/;\\v

LI G S

U
;

.
o

O CouH .
£ O~ pNa, SCpH
OH
\I
COuH

or a pharmaceutically acceplable salls thereof.

in a second embaodiment the invention is direcled to a msthod for reformulation of a

radiopharmaceutical, comprising the step of:

- Eluting the radiopharmaceutical from an anionic exchange resin cartridge with an

elution solvent conywising sodium chioride (NaCl,

wherein the radiopharmaceutical is a compound of formula (i),
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8
COOR,
H i o)
: o
Re¢ N N X/ \gmﬁ
\H/ H | COOR,
O Ccoor, OR,
()

COOR,

wherein
Re is the cold counter-part of a radiclabeled pendant group,
each Ry is independently from each other hydrogen or a pharmaceutically accepiable
salt, and
Xis CH; or CHy-CH;.

in an embodiment of the method, the method for reformulation of a radiopharmacsutical

comprises additionally the following steps before eluting:

- Dilwting the fraction oblained from the HPLC that contains the purified

radiopharmaceutical with an aqueous solution comprising of a base, and

- Trapping the purified radiopharmaceutical on an anionic exchange resin cartridge,

wherein the radiopharmaceutical is a compound of formuia (i),
in an embodiment of formula (i), X is CH,.
in an embodiment of formula (1), X is CH-CH..
it an embodiment of formula {1}, R is phenyl or pyridyl, each substituted with one [Fl-fluoro
group and optionally substituted with a second group sslscted from the group consisting of
chioro and cyano.
in an embodiment of formula (1), Ris

2 2

f\‘x P‘\”\/\ RF\\)\ R ,\\r\
E or E

wherein R® is —F; and R¥ is chioro or cyano.

In an embodiment of formula (I}, Ris
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22 2
i T
RE . or Z g3

wherein R® is —F; and R? is chloro or cyano.

in an smbodiment of formula (i1}, Ris

0 1Y
g or
N R

NTOR?

wherein R® is —F : and R* is chiloro or cyano.

i

in an embodiment of formula (i), R is

N Ch PP\

whersin R® is —F.

in an embodiment of formula (1), R is

/E/\/‘\ NC . 'ﬁ/\\ C\/\\\j/\l I/TK
i ! ! oF
RS | # , R‘»"Lf “*'J\ & ﬁj\ .

10 wherein R is —F.

. . &
in another embodiment of formula (i), Ris  F

oA

in another embodiment of formula (M), Ris F N
P }\

J , I N
In another embodimeant of formula (1), R is F7ON

15 in an embodiment of formula (1), R is hydrogen.

in an embodiment of formula (1), R’ is pharmaceutically acceptable salt,

in another embodiment, the compound of formula (i) is
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SFR-F-CTTH4 N-(4-fluorsbenzoyl-L-gamma- oyt

g?utamyi»@{{{ﬁ&;}4,,3k éﬁ/ﬁw/\/\ﬁ o { o
dicarboxypropyllaminoj{hydroxy) | LT 8 I g

phosphoryl-L-serine

CTT1143 {N-{3-cyano-4-fluorobenzoyl)-L-y-
= F,CNBz- glutamy}-O-[{[{18)-1,3-
hCTT54; dicarboxypropyllaminc}{hydroxy)p

hosphoryll-L-homoserine

SFB-hCTT54, {N-{4-fluorcbenzoyh-L-y-giutamyb)-

O-[(18)1.3-
dicarboxypropyllaminol hydroxyip

hosphoryll-L-homoserine

SFN-hCTT54; {(N-{G-Tluoro-pyrid-3-vhcarbonyhi-

y-giutamyh-O-[{{{18}-1,3-

dicarboxypropyllaminol{ hydroxyip

hosphoryli-L-homoserine

AENRTTTES Qg

SCIFN-hCTT-54; {(N-{5-chloro-G-fiuaro-pyrid-3-

vhcarbonyl-L-y-glutamyl}-O-

LA
S oo aw
HI(15)-1,3- b GJ%;N GO
S

dicarboxypropyllaminol{ hydroxy i

SEOIN-ROTTRR
hosphoryll-L-homosering

or a pharmaceutically acceptable salts thersof.

in a third embodiment the invention is directed to a method for reformulation of a

radiopharmacesutical, wherein the radiopharmaceutical comprises two or more carboxylic acid

groups and/or one or mors phosphonic acid, comprising the steps of

Diluting the fraction oblained from the HPLC thal contains the purified
radiopharmaceutical with an aqueous solution comprising of a base,

Trapping the purified radiopharmaceutical on an anionic exchange resin cartridge,
and

Eluting the radiopharmaceutical from an anionic exchange resin cartridge with an

elstion solvent comprising sodium chioride (NaCl.
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Preferably, the elution solvent comprises pharmaceutically acceptable sodium salt at the
concentration of 2 M o 0.3 M of the said pharmaceutically accepiable sodium salt. More
praferably the elution solvent comprises pharmaceutically acceptable sodium salt at the
concentration of 1 M o 0.3 M of the said pharmaceutically accaplable sodium salt. Even
more preferably, the slution solvent comprises pharmacsutically acceptable sodium salt at
the conceniration of 0.8 M o 0.3 M of the said pharmacsutically acceptable sodium sall.
Even more preferably, the Elution solvent comprises pharmaceutically acceplable sodium

salt at the concentration of 0.5 M of the said pharmaceutically acceptable sodium sall.

Preferred fealures as disclosed in first aspect are included the first, second and third

embodiment thereof.

in a second aspect, the invention is directed to a reformulated radiopharmaceutical solution,
wherein the radiopharmaceutical comprises two or more carboxylic acid groups and/or one or
more phosphonic acid, comprising
- & radiopharmacsutical, whersin the radiopharmaceutical comprises two or
maore carboxylic acid groups and/or one or more phosphonic acid, and

- an elution solvent comprising sodium chioride (NaCl.

Preferably, the radiopharmaceutical comprising two or more carboxylic acid groups andjor

one or more phosphonic acid is a compound formula (1), (1) or mixture thereof.

Preferably, the reformulaled radiopharmaceutical solution is oblained by the method as

described in first aspsect.

in a first embodimeant the invention is directed to a reformulated radiopharmaceutical
soiution, wherein the radiopharmaceutical comprises two or more carboxylic acid groups
and/or one or more phosphonic acid, comprising

- a reformulated radiopharmacsutical, and

- an glution solvent comprising sodium chioride (NaCl).

Preferably, the radiopharmaceutical comprising two or more carboxylic acid groups and/or

one or more phosphonic acid is a compound formula (1), (1) or mixiurs thereof.,

Preferably, the reformulated radiopharmaceutical solution is oblained by the method as

described in first aspect.
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Preferred fealures and embodiments as disclosed in first aspect are included here thereof,

it a third aspect, the invention is directed o 8 kit comprising
- an anionic exchange rasin cartridge, and
- avial containing an Elution solvent comprising sodium chioride (NaCl
characlterised in that the kit is useful for conducting the method of the first

aspect.

The preferred features and sub-embodiments disclosed in the first aspect are herein

incorporated in the second and third aspecis.

Definitions
The terms used in the present invention are defined below but are not Himiting the invention

scope.

A anionic exchange resin is a resin containing a cation group, typically amino groups that
are protonated to give ammonium salt or quaternary alkylated amino groups, which attract

and retainy anions present in the solulion surrounding the said resin.

A resin is organic polymer or functionalized silica that is insoluble in most organic solvents,

aguscus solutions and mixtures thereof,

A quaternary alkylated aming resin is a resin that i funclionalized with one or more amino
groups and these amino groups are substituted independently with three alkyl or alkylaryl
groups or mixture thereof to give an ammonium salt (N'R'R*R’R*} where are R is the resin.

R?, R¥and R* is methyl, ethyl, propyl, butyl, benzyl, or ethyiphenyi.

If chiral centers or other forms of isomeric centers are present in a compound according o
the present invention, all forms of such sterecisomers, including enantiomers and
diastarecisomers, are intended to be covered herein. Compounds containing chiral centers
may be used as racemic mixture or as an enantiomerically enriched mixture or as a
diastereomeric mixiure or as a diastereomerically enriched mixture, or these isomeric
mixtures may be separated using well-known technigues, and an individual sterecisomer
maybe used alone. In cases wherein compounds may exist in fautomeric forms, such as
keto-enol tautomers, each fauiomeric form is contemplated as being included within this

invention whether existing in equilibrium or predominantly in one form.
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in the context of the present invention, preferred salts are pharmaceulically acceptable salts
of the campounds according o the invention. The invention also caomprises salis which for
their part are not suitable for pharmaceutical applications, but which can be used, for
example, for isclating or purifying the compounds according to the invention.
Pharmaceutically acceptable salts of the compounds according to the invention include acid
addition salis of mineral acids, carboxylic acids and sulphonic acids, for example salts of
hydrochioric acid, hvdrobromic acid, sulphuric acid, phosphoeric acid, methanasulphonic acid,
ethanesuiphonic  acid, toluenesulphonic  acid, bsnzenesulphonic  agid, naphthalsne
disuiphonic acid, formic acid, acsiic acid, irifluorcacstic acid, propionic acid, lactic acid,
tartaric acid, malic acid, citric acid, fumaric acid, maleic acid and benzoic acid.
Pharmaceutically acceptable salts of the compounds according o the invention also include
saits of customary bases, such as, by way of exampie and by way of preference, alkali metal
saits (for example sodium salls and potassium saits), alkaline sarth metal saits (for example
calcium salls and magnesium salls} and ammonium salts, derived from ammonia or organic
amines having 1 {o 16 carbon aloms, such as, by way of example and by way of preference,
ethylamine, disthylamine, triethylaming,  ethyidiisopropylamine, monoethanclamine,
disthanolamine, tricthanolamine, dicyclochexylamine, dimethylaminosthanol,  procaine,
dibenzylamine, Ne-methylmorpholine, arginine, lysine, ethvlenediamine and N-

methylpiperidine.

Those skilled in the art will further recognise thal acid addition salis of the claimed
compounds may be prepared by reaction of the compounds with the appropriate inorganic or
organic acid via any of a number of known methods. Alternatively, alkall and alkaline earth
metal salts of acidic compounds of the invention are prepared by reacting the compounds of

the invention with the appropriate base via a variety of known methods.

The present invention includes all possible salts of the compounds of the present invention

as single salts, or as any mixture of said salfs, in any ratioc.

The term “buffering agents” as employed herein include but are not limited to potassium
metaphosphate, dipotassium phosphate, sodium acelate, sodium citrate anhydrous and

sodium citrate dehydrate.

A compound is polar when an electric charge is not symmetrically distributed, so that there is
a separation of charge or partial charge and formation of definite positive and negative poles.
Polar compounds are defined as having a log D (partition coefficient determined with octanol
and water at pH 7.4) in the range of -2 to §, and very polar compounds are defined as having

alog D <-3.
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The term “halide” as employed herein by itself or as part of another group is known of

obvicus o someone skilled in the art, and means fluoro, chioro, bromo, and iodo.

The term “Radiopharmaceutical” as smploved hserein refers {0 a drug that contains
radipactive atom(s). Radiopharmacsuticals are administered to patient as diagnostic tracer

for the diagnosis and/or treatment of diseases. Radioactive atom{s) are "°F- fluoring, "I,

124y 125

-, ®hand . P Miodine, PGa-Gallium and " Te-Technetium (list not exhaustive).
Present invention is direcled to any radiopharmaceuticals falling within the scope of the

invention. Preferably the radiopharmaceutical contains fluorine or iodine radicisotope.
For the purpose of the invention, radiepharmaceutical includes also drug comprising the non-

radicactive counterpart {cold isotope).

Well known radiopharmaceuticals are

Q OH
,j/m

F

~ OH
s o

G

-

HO

O =gl

{28,48)-2-Fluorc-4-phosghonomethy-
pentanadicic acid and

O O

HO OH
o NH,

F-18}-ghutamic acid.

Where the plural form of the word compounds, salts, polymorphs, hydrates, solvales and the
like, is used herein, this is taken to mean alsc a single compound, salt, polvmorph, isomer,

hydrate, solvats or the like.

Unless otherwise specified, when referring o the compounds of formula the present
invention per se as well as {o any pharmacautical composition thereof the present invention
includes all of the hydrates, sails, and complexes.

General synthesis of F-18 compounds
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All solvents and chemicals were obtained from commercial sources and used without fusther
purification. Anhydrous solvents and inert atmosphsre (nitrogen or argon) wers used if not
stated otherwise. The preceding table lisis the abbreviations used in this paragraph and in
the Intermediates and Examples seclions as {ar as they are not sxplained within the text

body.

The radicflunrination reaction can be carried out, for example in a typical reaction vessel (s.q.
Wheaton vial) which is known o someone skilled in the art or in a microreactor. The reaction
cain be heated by typical methods, e.g. oif bath, healing block or microwave. The
radioflucrination reactions are carried out in dimethylformamide with potassium carbonate as
base and “kryptofd as crown-ether. But also other solvents can be used which are well
known 1o experts. These possible conditions inciude, but are not fimiled to: dimethyisuifoxide
and acelonitiile as solvent and tetraalkyl ammonium and tetraalkyl phosphonium carbonate
as base. Water and/or alcohol can be involved in such a reaction as co-solvent. The
radioflucrination reactions are conducted for one to 60 minutes. Preferred reaction times are
five to 50 minutes. Further preferrad reaclion times are 10 to 40 min. This and other
conditions for such radiofluorination ars known to experts (Coenen, Fluorine-18 Labsling
Methods: Features and Possibilities of Basic Reactions, {2008), in: Schubiger P.A,, Friebe
M., Lehmann L., {eds), PET-Chemistry - The Driving Fores in Molecular Imaging. Springer,
Berlin Heidelberg, pp.15-5{). The radiofluorination can be carried out in a “hot-cell” and/or by
use of a module (review: Krasikowa, Synthesis Modules and Automation in F-18 labeling
{2006), in: Schubigsr P.A., Friebe M., Lehmann L., (eds), PET-Chemistry - The Driving Force
in Molecular Imaging. Springer, Berlin Heidelberg, pp. 289-316) which allows an automated
or semi-automated synthesis.

The compounds produced may require purification. Purification of organic compounds is well
known to the person skilled in the art and there may be several ways of purifving the same
compound. In some cases, no purification may be necessary.in some cases, the compounds
may be purified by preparative HPLC according to the preparative HPLG methods listed

below.

Expsrimental Section

Abbreviations

AcCl Acetyl Chioride
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Cs:004 Cesium carbonate
DMF AN N-Dimethylformamide
DMFE-DMA Dimethylformamide dimethyl acetal
DMSO Dimethylsuifoxide
EtCAC Ethyl Acstals
EtOH Ethanol
G8q GigaBequeral
h Hour
HEBF, Tetrafluoroboric acid
HFLC High Pressure Liguid Chromatography
KoCOs4 Potassium carbonate
Kazo Kryptofix 2.2.2
M Molar concentration "1 molar” (1 M).
1 molil
Min{s} Minute(s}
MBqg MegaBequersl
MTB Methy! t-butyl ether
MeCN Acetoniirile
MeOH Methanol
MS Mass Spectrometry
Ny Nitrogen
nd Not determined
NMR Nuclear Magnetic Resonance
PET Positron Emission Technalogy
PMPA 2~{Phosphoromethyl) pentanedioic acid
RT Room Temperaturs
SPE Solid Phase Extraction
TEA Tristhylamine
TFA Trifluoroacetic acid
THF Tetrahydrofuran
TLC Thin Laysr Chromatography

1. Radiclabeling and HPLC purification
Example 1
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N-(4-["*Fiflucrobenzoyl)-L-gamma-glutamyl-O-[{{{ 1S}-1,3 dicarboxypropyilamino}{hydroxy)
phosphoryll-L-serine (SFB-CTT)

HO Q
\\4";' (;35

o)
: 8 4 ot
L i & i+
; NW o1 ™
H OHH
X A o &
F ; HO O

['°F1 Fluoride was produced by an "°0 (p, n) '°F nuclear reaction by bombardment of a 98%

*C-gnriched water target with an 11MeVproton beam at the RDS111 cyclotron. The aqueous
{SFifluoride soluticn was trapped in a small anion exchange Sep-Pak™ Plus OMA cariridge
{(Waters) (preconditioned with 5 mi 0.5 M K,CO; solution and 10 mbL water). The radicactivity
was eluted with a solution midure (1.0 mg KGO in 0.5 mi water and 5.27 mg Koz in 1.5 mi
MeCNj) from the QMA cartridge into a § mb conic Wheaton vial. The solvent was evaporated
under a stream of nitrogen at 110°C. Azeolropic drying was repeated three times with 1.0 mL
portions of acetonitrile. Ethyl 4-(rimethylammonium triflate}benzoate (5.0 mg, 20 mmal) in
anhydrous MeCN (1 mL) was added to the dried K222/K['°F|F and the mixture heated at
1080°C for 10 min to produce ethyl 4-[18Fluorobenzoate. The ethyl ester was subsequently
hydrolyzed with 20 pb of tetrapropylammonium hydroxide (40%) in acetonitril {1 mbL) at 120°C
for 3 min, and then the mixture azeotropically dried using MeCN {1 mL). Subsequently, a
solution of N NN N-{etramethyl-O-{(N-succinimidyl} uronium hexaflucrophosphale (HSTU
{12 mg, 33 mmol) in MeCN {1 mbL) was added and the solution heated at 100°C for 6§ min.
After cooling, the reaction mixdiure was diluted with water (2.5 ml} and acetonitrile {1 mb) and
purified by prep. HPLC (ACE Sp €18, 250 x 10mm, isocratic 658% MeCN in 35% water +
0. 1%TFA, flow: 4mi/min). The SFB product peak was collsctsd and diluted with 40ml water
and passed through a preconditioned Sep-Pak’™ Light C18 cartridge (Waters)
{preconditionsd with Smi acetonitrile and with 10ml water). The SPE was washed with water
{5 mL} and was sluted with acelonitrile (1.5 mi). The acelonitrile solution was dried undsr
gentle No-stream at 80°C. To the dried SFB was added a solution of CTT54 (2 mg) in 50 yi
watar and 100 gl 0.1M Na2CQO3. The reaction vessel was sealed and heated at 50°C for 10
mins. The reaction mixture was diluted with water (4 ml) and purified by prep. HPLC (Synergi
Hydro RP 4p, 250 x 9.4mm, isocratic 5% MeCN in 95% water + 3.1%TFA, flow: 3mimin).
The product peak was collected and diluted with 15mi 0.02M K,CO; aqueous solution and
passed through a preconditioned small anion exchange Sep-Pak'™ Plus QMA cartridge
{(Waters) (preconditioned by washing the cartridgs with Smi methanol and 10 mi 0.02M
K205 aqueous salution). The OMA was washed with water (2 mi) and eluted with {1.5M Na(Cl
{500 yl} into PBS buffer {1 mi, pH ~ 8) to give the desired product in a radiochemical yisld
3.88:2.70% iIn a synthesis tims of 215446 min. The radiochemical purity was 84£3.3%.

Radiochsemical purity was analyzed on a ZIC HILIC column (4.6mm x 100mm; Sy, SeQuant)
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and radivactivity detection was performed on a GABI Star from Raytest. The elution solution
was 0.1 M ammonium formiate (pH 3.2)actonitrile (3:7), and the flow rate was 0.5 mL/min. A
Corona chargsd aerosol detsctor (CAD) from ESA was used to check the separation of the
final hot tracer from excess of non-UV-active excess of biological vector CTTS4. The residual

amount of CTT54 was below detection limil of 0.5 yg/mi.

Example 2
N-[(6-]"*Fifluoropyridin-3-yhcarbonyil-L-gamma-giutamyk-O-[{(18)-1, 3-dicarboxypropyi]
aminoj{hydroxyiphosphoryi}l-L-homoserine (SFN-hCTT)

['°F] Fluoride was produced by an 0 (p, n} "°F nuclear reaction by bombardment of a 98%
B-enriched water target with an 11MeVproton beam at the RDS111 cyclotron. The aqueous
{"*Fifluoride solution was trapped in a small anion exchange Sep-Pak™ Plus QMA cartridge
{Waters) {(preconditioned with 5 mi 0.5 M K,CO4 solution and 10 mb water). The radioactivity
was eluted with a solution mixture (1.0 mg KoCO5 in 0.5 mil water and 5.27 mg Koy in 1.5 mi
MeCN) from the QMA cartridge into a 5 mb conic Wheaton vial. The solvent was evaporated
under a stream of nitrogen at 110°C. Azeotropic drying was repeated three times with 1.0 mL
portions of acetonitiile. Ethyl 6-chloronicotinate (15.0 mg, 8.1 mmol) in anhydrous MeCN (1
mb} was added to the dried K222/K["*FIF and the mixiure heated at 100°C for 15 min fo
produce ethyl 6-["*Flflucronicotinate. The ethyl ester was subsequently hydrolyzed with 85 pb
of tetrapropylammonium hydroxide (40%:) in acetonitril (1 mbL) at 35°C for 3 min, and then the
mixiure azeotropically dried using MeCN (1 ml). Subsequently, a solution of NNN N-
tetramethyl-O-(N-succinimidyl) uronium hexaflucrophosphate (HSTU) (40 mg, 110 mmol) in
MeCNMN {1 ml) was addsed and the solution heated at 90°C for 6 min. After codling, the
reaction mixiure was diluted with waler (3.0 ml) and acetonilrile (0.5 mb) and purified by
prep. HPLC (ACE 5u C18, 250 x 10mm, isocralic 75% acetonitrile in 25% water + 0.1%TFA,
flow: 4mi/min). The M-succinimidyl 4-'*Flfiuoronicotinate {['*FISFN) peak was collected and
diluted with 30mi water and passed through a preconditioned Sep-Pak™ Light C18 cartridge
(Watsrs) {preconditioned with 5mi acelonitrile and with 10mi waler). The SPE was washed
with water {5 mlL) and was cluted with acetonitrile (1.5 mi}. The acetonitrile solution was dried
under gentle Ne-stream at 80°C. To the dried SFB was added a solution of hCTT54 (2 mg) in

10 ul water and 50 pt 1 M Na,CG; buffer. The reaction vessel was sealed and heated at 50°C
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for 10 min. The reaction mixture was diluted with water {4 mi} and purified by prep. HPLC
(Zorbax Bonus RP 441, 250 x 9.4mm, flow: 3ml/min) using the following gradient: {the eluent
componsitis were A: waler + 0.1%TFA; B acetonilrile + 0.1%TFA) 0 min—385%A/5%B; 20
min—50%A/50%B. The product peak was collected and diluted with 20 mi 0.02M KyCO,
aguecus solution and passed through a preconditioned small anion exchange Sep-Pak™
Plus QMA cartridge (Walers) {preconditioned by washing the cartridge with Smi methanol
and 10 mi 0.02M K,;CO; aqueocus solution). The QMA was washed with water {2 mi) and
eluted with 0.5M NaCl (500 ui) into PBS buffsr (1 mi, pH ~ 8) to givs the desired product in a
radiochemical visld 2.3221.54 % in a synthesis time of 20174 min. The radiochamical purity
was 9820.5%. Radiochemical purity was analyzed on a ZIC HILIC column (4 8mm x 100mm;
Sy, SeQuant) and radioactivity detection was performed on a GAB! Star from Raytest. The
elution solution was 0.1 M ammonium formiate (pH 3.2Yactonilrils (3:7), and the flow rate
was 0.5 ml/min. A Corona charged asrosol detector {CAD) from ESA was used 0 check the
separation of the final hot tracer from excess of non-UV-active excess of biclogical veclor

RCTTE4. The residual amount of hCTT54 was below detection Himit of 0.5 pg/mlb.

Example 3
N-[{5-chioro-8-] *Ffluoropyridin-3-viicarbonyil-L-gamma-glutamyl-C-[{[{ 1S)-1,3-
dicarboxypropyljaminohydroxyphosphoryi-L-homosering (SCIFN-hCTT)

On OH
g N HO [}
7 E o o)
o F i
e M B OH
ol NN N
H OHH
O O
HOT YO

{"°F] Fluoride was produced by an 0 (p, n) "%F nuclear reaction by bombardment of a 98%
“O-enriched water target with an 11MeVproton beam at the RDS111 cyclotron. The agueous
['SFfluoride solution was trapped in a small anion exchange Sep-Pak™ Plus GMA cariridge
(Walers) (preconditioned with & mi 0.5 M KyCO; solution and 10 mb water). The radicactivity
was elufed with a solution mbdure (1.0 mg KoCOs in 0.5 mi water and 5.27 mg Koy in 1.5 ml
MeCN) from the QMA cartridge into a § mk conic Wheaton vial. The solvent was evaporated
under a stream of nitrogen at 110°C. Azeotropic drying was repeated three times with 1.0 mL
portions of acetonitrile. Ethyl 5,6-dichloronicotinate (15.0 mg, 6.8 mmol) in anhydrous MsCN
(1 mL) was added to the dried K222/K["*FIF and the mixture heated at 100°C for 15 min {o
produce ethyl 5-chiore-6-{ °Flflucronicotinate. The ethyl ester was subsequently hydrolyzed
with 65 b of tetrapropylammonium hydroxide {(40%) in acetonitril {1 mb} at 35°C for 3 min,
and then the mixture azeotropically dried using MeCN {1 mi). Subsequently, a solution of
NN, N N -tetramethyl-O-(N-succinimidyl) uronium hexafluorophosphate (HSTU) (40 mg, 110
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mmol) in MeCN (1 mbL) was added and the solution heated at 80°C for 6 min. After cooling,
the reaction mixture was diluted with water (3.0 mL) and acetonitrile {0.5 mL) and purified by
prep. HPLC (ACE 5u C18, 250 x 10mm, isocralic 70% acetonitrile in 30% water + 0.1%TFA,
flow: 4mimin). The N-succinimidy!l 5-chioro-6-fluoro-{ Fliluoronicotinate ([°FISCIFN) peak
was coliected and diluted with 30ml water and passed through a preconditioned Sep-Pak’™
Light C18 cartridge (Walsrs) {preconditioned with Smi acetonitriie and with 10mi watser). The
SPE was washed with water (5 mbL) and was eluted with acetonitrile {1.0 mi). To the
acetonitrile solution & was added a solution of hCTT54 (2 mg) in 10 yl water and 50 gl 1M
NaHCQO3 buffer. The reaction vessel was lefl open and heated at 80°C for 10 min. The
reaction mixture was diluted with water (4 mi) and purifisd by prep. HPLC (Zorbax Bonus RP
441, 250 x 9.4mm, How: 3mi/min) using the following gradient {the eluent components were A
waler + 0.1%TFA; B acefonitrile + 0.1%TFA) 0 min—95%A/B%E; 20 min—50%A/50%8.
The product peak was collected and diluted with 20 mi 0.02 M K,COs aqueous solution and
passed through a preconditioned small anion exchange Sep-Pak’™ Plus QMA cartridge
{(Watsrs) {prsconditioned by washing the cartridge with 5mi methanol and 10 mi 0.02 M
K-COs aqueous solution). The QMA was washed with water (2 mi) and eluted with 0.5 M
MaCl (500 pi) into PBS buffer (1 mi, pH ~ 8) to give the desired product in a radiochemical
vield 2.02+0.86 % in a synthesis time of 14746 min. The radiochemical purity was 9910.5%.
Radiochemical purity was analyzed on a ZIC HILIC column (4.6mm x 100mmy; Sy, SeQuant)
and radivactivity detection was performed on a GABI Star from Raytest. The elution solution
was 0.1 M ammonium formiate (pH 3.2Yactonitrile (3:7), and the flow rate was .5 mb/min. A
Corona chargsd aerosol detector (CAD) from ESA was used to check the separation of the
final hot tracer from excess of non-UV-aclive excess of biological vector hCTT54. The

residual amount of hCTT54 was below detsction limit of 0.5 pa/miL.

2. OMA Formulation

Exampis 1
Reformulation of N-{4-["*Fifiucrobenzoyl}-L-gamma-giutamyi-O-{{(18)-1,3

dicarboxypropyllaminol{hydroxyphosphoryil-L-serine(SFB-CTT) on C18 plus, ZIC-HILIC and
GMA plus cartridges

Table 1: Tested solid-phass exiraction cariridgss for reformulation after final preparative
HPLC in the synthesis of N-(4-]"*Ffluorobenzoyl-L-gamma-glutamyk-O-{{{(18)-1,3
dicarboxypropyllaminolhydroxyiphosphoryll-L-serine (SFB-CTT)

Cartridge Loading Solvent Washing Solvent Eluting Solvent
% acithvty sticking | [%]: acitiviy sticking on | [%%]: acitivly sticking on
on SPE SPE SPE
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C18 plus’ wgi:‘;zr&izi;?i} nidd nd
2 Acetonitrite (15 mi)
ZIC-HILIC eh () nd nd
QMA plus’ 0.62M i‘%’oa (15 Water (2 mi) 0.5 M NaCl (0.5 mi)

78£18% (n =4)

76215% (n =4)

3+2% (n=4)

1 SPE from Walers {preconditioned with § mil ethanol and 10 mi watsr); 2 SPE from Sequant

(Product P/N: 2842-051- 500 mg solid phase material in 3 mi polypropylsne cartridgs)

{preconditioned with 5 mi ethano!l and 10 mi water); 3 SPE from Waters (preconditionad with

Smil methanol and 10 mi 0.02M K,CO; agusous solution)

Example 2

Reformulation of N-[(6-[ °Flflucropyridin-3-yhearbonyi-.-gamma-glutamyl-O-{[{(18)-1,3-

dicarboxypropyl] aminol{hydroxyphosphoryll-L-homoserine (SFN-hCTT) on QMA plus

cartridge

Table 2: Tested solid-phase exraction cartridges for reformulation after final preparative

HPLC in the synthesis of N-[(8-[ *Fiflunropyridin-3-ylicarbonyll-L-gamma-glutamyl-O-{{{{ 1S)-

1,3-dicarboxypropyi] aminoi{hydroxyiphosphoryil-L-homuoserine (SFN-hCTT)

Cartridge Loading Solvent Washing Solvent Eluting Solvent
§o6]: acitiviy sticking | %] acilivly sticking on | [%]: acitivty sticking on
on SPE SPE SPE
, | 002 MECO3 (20 Water (2 mi) 0.18 M NaCl {1 mi)
QMA plus m) 94+2% (1 =6) 92% {n =1)
95£3% {n =6) <ot '
MK
.| 002 MK2C03 (20 Water (2 mi) 1 M HCH(F mi)
QMA plus mi) 94+2% (n =8) 1% (n =1)
95+£3% {n =6) “’ ! ] ’
v K2 {
QA pius” 0.02M %;nm’s (20 Water (2 mil) 0.5 M NaCl (0.5 mi)
95:3% (1 =6) 94+2% (n =6) 1£1% {n =6)

1 SPE from Waters {(preconditioned with 5mi methanol and 10 mi 0.02M K.CG; agueocus

solution)
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Claims:

1. A method for reformulation of a radiopharmacsutical, comprising the step of:
eluting the radiopharmaceutical from an anionic exchange resin cartridge with an elution
solvent comprising sodium chioride (NaCl),

wharein the radiopharmaceutical comprises a compound of formula (1),

COOR,
H i 0
R._ N N o O
\ﬂ/ H ?mN COOR,
O Coor, OR,
{
W COOR,

wherein
R is a radiolabeled pendant group,
each Ry s independently from each other hydrogen or a pharmaceutically accepiable
sall, and
X is CH, or CH-CH,.

2. The method according to claim 1, wherein the elution solvent comprises a
pharmaceutically acceptable sodium chioride (NaCl) is at the concentration of 2 M io 0.3
M.

The method according (o claim 1 or 2, comprising the steps of before the step of sluting:
diluting the fraction obtained from the HPLC that contains the purifisd radiopharmaceutical
with an aqueous solution comprising of a bass, and

frapping the purified radiopharmaceutical on an anionic exchange resin cartridge.

4. The method according o claim 1, wherein compounds of formula (1) are selected from

SFB-[ °FICTT54 N-(4-[ “FHluorcbenzoyl}-L- 7
gamma-giutamyl-O-[{{18)-1,3
dicarboxypropyflaminoj{hydroxy} | .. »' " E:, P N L

phosphoryil-L-serins




[

WO 2013/173630 PCT/US2013/041427
23
[PFICTT1143 {N-(3-cyano-4-{ °Fifluorabenzoyl)- o o
[FIF CNBz- E-y-glutamyD-O-{{(18)-1,3- pi \T%},.ﬁ\gﬁﬁ.\ﬁ.,\ﬂ,a (( ;
hCTT54; dicarboxypropyllaminoi{hydroxy)p | »s # \~, 28 oom
hosphorylj-L-homoserine M’” {\ i
{IBFIDTT1148 E‘:CE;H
YFISFB-hCTT54; {N-{4-] “Ffluorobenzoyi)-L-y- F\Efi ’ \ﬁ 50,4
glutamyl-C-{{{(18}-1,3- i S gy .
dicarboxypropyilaminoi{hydroxy)p o ‘/Iuiff oo
hosphaoryll-L-homoserine \éozH
[PFI-SFN-RCTTSS; | (N-(6- Fifluoro-pyrid-3- ”F\ENQ, ] g o
yhcarbonvi-L-y-glutamyly- G- “‘fﬂ\g N“go:”/ H»\L oy
{i(18)1.,3- A
dicarboxypropyllaminoi(hydroxy)p S0y
hospharyll-L-homoserine
[PFRSCIFN-hCTT- | (N-(B-chioro-6-[ “Ffluoro-pyrid-3- ‘*FTNE . L o
54; yhcarbonyl-L-y-glutamyt-O- a :!”'\T;\’Ab/\ o
{H19)1,5- | T
dicarboxypropyiaminoi{hydroxylp CoH

hosphoryll-L-homaserine

or a pharmaceutically acceptable salts thereof.

5. A method for reformulation of a radiopharmaceutical, comprising the step of:

eluting the radiopharmaceutical from an anionic exchange resin cariridge with an elution

solvent comprisi

ng sadium chioride (NaCly,

wherein the radiopharmaceutical is a compound of formula {11,

RCY

O

wherein

COCR,
0

H
N G

Xz

COOR,

{

%

0
o
TN COOR,
OR,

COOR,

Re is the cold counter-part of a radiolabeled pendant group,
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each Ry is independently from each other hydrogen or a pharmaceutically acceptable
salt, and
X is CHy or CH»-CHa.

5 &6 The method according io claim 5, wherein the elulion solvent comprising a

pharmaceutically acceptable sodium chioride (NaCl) is al the concentration of 2 Mo 0.3 M.

7. The msthod according to claim 5 or 6, comprising the steps of before the step of sluting:
diluting the fraction obtained from the HPLC that contains the purified radiopharmaceutical
10 with an aqueocus solution comprising of a base, and

trapping the purified radiopharmaceutical on an anionic exchange resin carlridge.

8. The method according to claim 5 wherein compounds of formula (i) are selected from

SFB-F-CTT54 N-{(4-fiuorobenzoyi-L-gamma- P
HOw_s0 }
glutamykO-[(18)-1,3 PY . ({
§ et . (%T N \/\fr /\OI&JE i "
dicarboxypropyllaminol(hydroxy) N, I N

phosphoryl-i-serine

CTT1143 {N-{3-cyano-4-fluorobenzoyl-L-y-
= F,CNBz- gltamy}-O-[{{(15)-1,3-
hCTT5H4; dicarboxypropyllaminoj{hvdroxy)p

haosphoryl}-L-homosering

SFB-hCTT54; {N-{d-fluorobenzoyh-L-y-giutamyh)- .
O-{I(15)1.3- " |
dicarboxypropyllaminol(hvdroxy g o coH \r:” o0
haosphoryl}-L-homosering R - Len

SEN-hCTTS4; {N-{B-fluoro-pyrid-J-yhcarbonybi- s .
e G QoM

yv-glutamyh-O-{{{{13)-1,3- Ll e Qy"\-\,fl‘\-mv»-‘\:

dicarboxypropyllaminojihydroxy)p

hosphaoryli-L-homoserine

SFR-pOTTER




WO 2013/173630 PCT/US2013/041427
25

SCIFN-hCTT-54; {N-{S-chloro-B-fluoro-pyrid-3-
vhcarbonyl-L-y-glutamyl}-O-

Hi(15)-1.3- ! oo
dicarboxypropyllaminoi(hydroxy)p - o “}__p )

hosphaoryli-L-homoserine

[

or a pharmaceutically acceptable salts thereof.

9. A reformulated radiopharmaceutical solution, comprising

a radicpharmaceutical, wherein the radiopharmaceutical comprises a compound of

formula {1},
COOR,
H i o)
R N PN
g N RPN coor,
O CooRr, OR,
o COOCR,

wherein
R is a radiolabeled pendant group,

each Ry is independently from each other hydrogen or a pharmaceutically acceptable salt,
Xis CHy or CH,-CHp, or

a compound of farmuia (i},

COOR,
H i O
Ro N N X/Q\EE H
\ﬂ/ b PN cOooR,
O Coor, OR,
(i
) COOR,

wherein
Rc is the cold counter-part of a radinlabeled pendant group,

each Ry is independently from each other hydrogen or a pharmaceutically acceptable
salt, and

Xis CHs or CH-CH,, and

an elution solvent comprising sodium chioride (NaCl}.
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10. A kit comprising
an anionic excchange resin cartridge, and
8 vial containing an elution solvent comprising sodium chioride (NaCl},

charactsrized in that the Kit is useful for conducting the msthod according o claims 1 1o 8.
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