WO 2006/011809 PCT/N02005/000281 1 COMPOSITION COMPRISING
TRIARYLMETRYL RADICAL, USEFUL IN MRI DIAGNOSTIC 5 The
invention relates to a method of producing a composition comprising
WO 2pfieriddtarised 13C-pyruvate, the composition and its use XM PAOLiHGo281

agent for MR imaging. Magnetic resonance (MR) imaging (MRI) is a
imaging technique that has become 10 particularly attractive to
physicians as it allows for obtaining images of a patients body or parts
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medical personnel to potentially harmful radiation such as X-ray. Because
of its high quality images, MRI is the favourable imaging technique of soft
tissue and organs and it allows for the discrimination between normal and
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and Iarggr Will show up fairly clearly. However, contrast-enhanced MRI
enables 20 much smaller tissue changes, i.e. much smaller tumours to be
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early. stage tumour detection and degection of metastases. Several types
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15 qﬁ%\%@%ﬁ@%@%h@éfl&g@e” found to be 30 especially useful in
increasing the detection rate of metastases, small tumours, and

improving tumour classification, the latter by allowing the differentiation of
VIaR tumsuritisgiileg(well ipedaised antiathnpaitecubldBc:bnaimsbageet. On an
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20 fohinstanegsURRRacaBIR@REtE. much smaller tumours to be detected which

makes contrast-enhanced MR imaging a powerful tool for early stage tumour

detection and detection of metastases.

Several types of confrast agents have been used in MR tumour imaging. Water-

25  soluble paramagnetic metal chelates, for instance gadolinium chelates like
Omniscan™ (Amersham Health) are widely used MR contrast agents. Because of
their low molecular weight they rapidly distribute into the extracellular space {i.e. the
blood and the interstitium) if administered into the vasculature. They are also
cleared relatively rapidly from the body. Gadolinium chelates have been found to be

30  especially useful in increasing the detection rate of metastases, small tumours, and
improving tumour classification, the latter by allowing the differentiation of vital
tumour tissue {well perfused and/or impaired blood-brain-barrier) from central
necrosis and from surrounding oedema or macroscopically uninvoived fissue (see
for instance C. Claussen et al., Neuroradiology 1985; 27: 164-171).

35
Blood poo!l MR conirast agents on the other hand, for instance superparamagnetic
iron oxide particles, are retained within the vasculature for a prolonged time. They



iron oxide particles, are retained within the vasculature for a prolonged
time. They WO 2006/011809 PCT/N02005/000281 2 have proven to be
extremely useful to enhance contrast in the liver but also to detect

capillary permeability abnormalities, e.g. "leaky" capillary walls in tumours
OYOSMPRY%s a result of angiogenesis. 5 Despite the undplifERo0s/000281
excellent properties of the aforementioneg contrast agents their use is not -

without any risks. Although param etic metal chelate compl s  have
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agentesinpicpe e rae cifimtyodéhade)-A-99/35508 discloses a method of
MR investigation of a patient using a hyperpolarised solution of a high T1

agent as MR imagi nt. The term "hyperpolarisation’ means
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states of these nuclei are significantly increased and thereby the MR
signal‘?ﬁ?gwg'i% is amplified by a factor of hundred and more. When using
alByperpolarised 13C- and/or '6N- enriched high T, agent, there-will be
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cysteine or aspartate, nucleotides, vitamins like ascorbic acid, penicillin
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aﬁi\/it)étg%gis as the naturat abundance of **C and/or **N is negligible and thus the image
contrast will be advantageously high. A variety of possible high T, agents suitable
-for hyperpolarisation and subsequent use as MR imaging agenis are disclosed
including but not limited to non-endogenous and endogenocus compounds fike
acetate, pyruvate, oxalate or giuconate, sugars like glucose or fructose, urea,

25 - amides, amino acids like glutamate, glycine, cysteine or aspartate, nucleotides,
vitamins like ascaorbic acid, penicillin derivates and sulfonamides. If is further stated
that intermediates in normal metabolic cycles such as the citric acid cycle like
fumaric acid and pyru'vic acid are preferred imaging agents for the imaging of
metabolic activity. \ '

30
It has 1o be stressed that the signal of a hyperpolarised imaging agent decays due
io relaxation and — upon administration to the patient's body — dilution. Hence the T
value of the imaging agents in biofoglicaf fluids (e.g. blood) musi be sufficiently long
to enable the agent to be distributed to the target site in the patient's body in a’

35  highly hyperpolarised state. Apart from the imaging agent having a high T, value, it
is extremely favourab!e to achieve a high polarisation ievel.



It has to be stressed that the signal of a hyperpolarised imaging agent
decays due to relaxation and - upon administration to the patient's body -

wo 20081 Hence the T1 value of the imaging agents in biolegieatfiusdsé6e881
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blood) must be sufficiently long to enable the agent to be distributed to
the target site |n the patlent s body ina 35 highly hyperpolarlsed state.
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We have now surprisingly found an improved method for producing a liquid
composition comprising hyperpolarised **C- pyruvate which allows for obtaining
hyperpolarised "C- pyruvate with a remarkably high pofarisation level. it has further
been found that such a composition is especially suitable for in vivo MR tumour
imaging.

Thus, in a first aspect, there is provided a method for

producing a fiquid composition comprising hyperpolarised *C-pyruvate said method

comprising '

a) forming a figuid mixiure comprising a radical of formuia (1), *C-pyruvic acid
_.and/or ®C-pyruvate and freezing the mixture;



Thus, in a first aspect, there is provided a method for producing a liquid
composition comprising hype "C-pyruvate said method 30 comprising a)
forming a liquid mixture comprising a radical of formula (1),13C-pyruvic
add and/or 48C-pyruvate and freezing the mixture; 4 R R1 S R1R1S
MOOC SCOOM SR1--~-SCS R1R1 R1SS,R1IR1 RISSR1
COOM (t) where M represents hydroggn or one equivalent of a cation;

and RI 'which is tﬁi same or different represents a straight chain or

branched hydroxyl te%@%bxylated C7-C4-hydrocarbon group b)
enhancing the

the MRItke vi

clear pélar@ation of pyruvic acid and/or pyruvate in

N 58 ¢) adamg albuffer, base to the frozen mixture
) B ADS 3% C, acid into a '3C-pyruvate to .
fonly 13C-pynr ate is used in step a),

adding,apuffef to the
compositiofy;and d) optionally rthe radical and/or reaction
products thRdeof from thie liquid covhptRition. In-a second aspect, there is
provided a gggnpesitions mg'silﬁ?yperpolarised 13C-pyruvate anda
buffer selecteoi(om ;'u u:ﬂ:sting of phosphate buffer ‘and TRIS.
In a third aspedtthefeys previded=s composition as defined herein
produced byl%e methof as defined above.

COOM W

where :
M represents hydrogen or ons equivaient of a cation; and
R1  which is the same or different represents a straight chain or branched
hydroxyiated and/or alkoxylated C4~Cs-hydrocarbon group
b) enhancing the *C nuclear polarisation of pyruvic acid and/or pyruvate in the
mixture via DNP; | L
&) adding 2 buffer and a base o the frozen mixture o dissolve it and to convert the
#Cpyruvic acid into a “*C-pyruvate to obtain a liguid composition or, when only
"C-pyruvate is used in step a), adding a buffer o the frozen mixture to dissolve
i o obtain a liguid composition; and ' _ . |
d) optionally removing the radical and/or reaction products thereof from the liguid
composition.

in & second aspect, there Is provided a composition comprising hyperpolarised

SC-pyruvate and a buffer seiected from the group consisting of phosphate buffer
and TRIS.

In a third aspect, there is provided a composition as defined herein produced by
the method as defined above.

Ih a fourth aspect, there is provided a compositicn as defined herein for use as a
MR imaging agent.



In a fourth aspect, there is provided a composition as defined herein for
use as a MR imaging agent. 4a In a fifth aspect, there is provided the
use of a composition as defined herein for the manufacture of a MR
imaging agent for in vivo studying of metabolic processes in the human or
non human animal body. In a sixth aspgct, there is provided the use of a
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13C-pyruvic acid and/or 13C-pyruvate and a radical of formula (I). In an
eighth aspect, there is provided a composition as defined herein
chmpsisth g paEL; Myariciagicbeitdcathadieal off dasomipaé fiovhes @idfined herein for

r t 0 sodi a | is the same and represents
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136dRYturRiar iRefaiSNRoRRBARY. there is provided a radical of formula (1)
SRIRIR1R1 -7< MOOCSSCOOM SRI_SS R1RiIi RIXSISRR1

R1 S SxR1 COOM ft) where M represents hydrogen or sodium; and
in a seventh aspect, there is a composition comprising "*C-pyruvic acid and/or

*C.pyruvate and a radical of formula (1).
in an eighth aspect, there is provided a composition as defined herein comprising
"C-pyuric acid and a radical of formula (i) where M represents hydrogen or

sodium and R1 is the same and represents ~CH,-CHy-OCH;.

in a ninth aspect, there is provided the use of the composition as defined herein
for the production of hyperpolarised "*C-pyruvate.

in a tenth aspect, there is provided a radical of formula (I)

MOOC

‘where

M represents hydrogen or sodium: and
R1 . represents —CHs-CH,-OCH,.



R1 represents -CHZ-CHZ-OCRs. 4b In an eleventh aspect the use of the
radicals as defined herein as a paramagnetic agent for the

hyperpolarisation of compounds in a DNP process. The terms
"hyperpolarised” and "polarised" are used interchangeably hereinafter

and denote a polarisation to a level ovestthat found at room temperature

and 1 T. A radical of formula (I) is used in the method of the invention.

WO 2006/011809 PCT/N02005/000281 5 R1 R1 S+R1R1-7,S MOO: S

S BEDREST 23p<st Herpe-FthR 13dicelRes dginghpaircENgIpmagnetic
whgenMoreRsaspitis biigen ef eheRunyalent ofe ¢aissisand 5 RI

which is the same or different represents a straight chain or branched
hydroxylated and/or alkoxylated C,-C4-hydrocarbon group. Hereinafter,
th@hertertnadivaitisaiasebfrahd ipdivadert farmuled)inlddnaagrabbrreereinafter
emhadimen. M SENERRM S Y AR A RAS SHE\RIR R @mperature and 1 T.
physiologically tolerable cation. The term "physiologically tolerable cation”
denotes a cation that is tolerated by the human or non-human animal
liviaerbedy oFftefenbly), idMisepieseatsidiydibgemoirasralali cation, an
ammonium ion or an organic amine ion, for instance meglumine. Most
preferably, M represents hydrogen or sodium. 15 In a further preferred
embodiment, Rl is the same or different and represents hydroxymethyl or
hydroxyethyl. In another preferred embodiment, R1 is the same or



different and represents a straight chain or branched alkoxylated
C1-C4-hydrocarbon group, preferably -CH2-O-(C1-C37alkyl),
-(CH2)2-O-CH3 or -(C1-C3-alkyl)-O-CH3. In 20 another preferred

w0 Bwbsadisent, R1 is the same or different and represents a straigRD B@ING281
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or branched alkoxylated C1-C4-hydrocarbon group carrying a terminal
hydroxyl group, preferably -CH2-O-C2H#AOH or -C2H4-O-CH20H. In a
more preferred gmbodiment, R1 s the same and represents a straight

chain alkoxylated gg, Iroedrion group, preferably methoxy,
HZ‘S:RO

OOG/C&ﬁﬁ) PCT/N02005/000281 6 In
OMdrogen or sodium and R1
2-OCH3. The synthesis of the
osed in WO-A-91/12024, 5

98/39 : -A-98/39277. Briefly, the radicals
may be syithesized by reacting thr lar equivalents of a metallated
monomeric aryl compo nd with gare molar equivalent of a suitably
WatiyRto form a trimeric intermediate. This
jand glbsequently reacted with e.g. carbon
dioxide tor lic tRtyl 10 carbinol which, in a further step,
is treated with a. stronglacid to generate a triarylmethyl cation. This cation
is then reduced to form@R¥3thble trityl radical. fipe isotopic enrichment of
the 73C-pyruvic acid and/or 13C-pyruvate used in the method of the
invention is preferably at least 75%, more preferably at least 80% and 15
especiallyhsreferably at least 90%, an isotopic enrichment of over 90%
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and/or 13C-pyruvate m e isoto enriched at the C1- po tion
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C2-position (in HyerintidsteneddoteldS@Re g Ryie-agidoancbon group.
13C2-pyruvate), at the C3-position (in the following denoted 13C3 20
pyruvic acid and 13C3- p /ruvate), at the Cl- and the C2- posmon (in the

foll6iig ae Abt<arm Cred o) risvieatiardha estsel SHigfmAkiRY) at the CI-

and the C3-position (|n the following denoted 13C1,3-pyruvic acid and

7 [ ition (in the followin oted
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CahysisiasCaly ﬂﬁ’é‘a’f@h&/\ﬁﬁ@oﬂe?ﬁbﬁ@ m3PnysiRipgicallr temblsication” denotes a
cation that is tolerated by the human or non-human animal living body. Preferably,

M represents hydrogen or an alkali cation, an ammonium ion or an organic amine
fon, for instance meglumine. Most preferably, M represents hydregen or sodium.

in a further preferred embodiment, R1 is the same or different and represents
hydroxymethyl or hydroxyethyl. In another preferred embodiment, R1 is the same or
different and represents a straight chain or branched alkoxylated C4-C,-hydrocarbon
group, preferably ~-CH»-O-(C4-Cs-alkyl), -(CH,),-O-CH; or ~{C4-Cs-alkyl)-O-CHa. In
another preferred embodiment, R1 is the same or different and represents a straight
chain or branched alkoxylated C;-C,-hydrocarbon group carrying a terminal
hydroxyl group, preferably ~CH;-0-CzH,OH or —C,H,;-0-CH;OH. In a more
preferred embodiment, R1 is the same and represents a straight chain alkoxylated
C4-Cq-hydrocarbon group, preferably methoxy, ~CHz-OCHs, ~CH-OC,H5 or ~CH,-
CHz-OCHj;, most preferably —CH-CH,-OCHa.



25 13C1,2.3-pyruvate); the C1l-position being the preferred one. Several
methods for the synthesis of 13C1-pyruvic acid are known in the art.
Briefly, Seebach at al., Journal of Organic Chemistry 40(2), 1975,
231-237 describe a synthetic route that relies on the protection and
activalish 8P4 carbonyl-containing 30 starting material as aR G 803XEYA}0281
e.g. 1,3-dithian or 2-methyl-1,3-dithian. Tle dithian is metallated and
reacted MitRsR fRediih AN RACONRRLREA B MIHRE JSCOAZoBFHSIARINS the

approgglr;.%&ealnsﬂgé)lcalix e_l?%%ﬁ%c%%component as outlined in this

I
reference, itis p SSible to -pyruvate, t3C2-pyruvate or
t3C1,rpyruvate. The carbonyl function is subsequently liberated by use of
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and 13C'r5’ ruvic acid. If the radical Is not soluble in 18C-pyruvic acid,
then 1@@-8@ VETTYRRBY BatrelsRbliat faat AR PR BT EE L 2 FREIFRHand
are useEdeoFbrmeielieRlibhireal A prefdsaiolyicehigoitnsol wfiover Pladbioe most
found ghattae. suesessotiienpearisation ifctembenashthusdiedevehele
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radical being In intimate contact with ea ther. Hence the co-solvent s
preferBIRYY 20%HTertt GBS RN M TiciErE iRt abedriey B frrtied ~Cr
radicabndcIBE-pye e piidrainl /@8 C3 B gienviatter o0 Q-psmoied (ECs-
\rr]zather @mm‘a%wﬁe@;@ma@@ny1 Fyithes @mmf@nmmﬁmg |
igher, isagion | in. re ieve t Ixture ypon. .
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and theleersipoutintte dqyitarisecietS pyrunidiasiitisa Joad piawste) or at
formekranchis c2- and C3-position (in the following denoted "Cy,,2-pyruvic acid and
25  ™Cy,s-pyruvate); the C1-position being the preferred one.

Several methods for the synthe'sis of "*C,-pyruvic acid are known in the art. Briefly,
Seebach et al., Journal of Organic Chemistry 40(2), 1975, 231-237 describe a
synthetic route that refies on the protection and activation of a carbonyl-containing
30 starting material as an 8,S-acetal, e.g. 1,3-dithian or 2-methyl-1,3-dithian. The
dithian is metallated and reacted with a methyl-containing compound ahd/or BCO,.
By using the appropriate isotopically enriched *C-companent as outlined in this
reference, it is possible to obtain “C,-pyruvate, *Cy-pyruvate or **C,,,-pyruvate.
_ The carbonyl function is subsequently iiberated by use of conventional methods
35  described in the literature. A different synthetic route starts from acetic acid, which is
first converted into acetyl bromide and then reacted with Cu'*CN. The nitril abtained
is converted into pyruvic acid via the amide (see for instance S.H. Anker etal., J.



therefore preferably used in the method of the invention, whenever the
radical is soluble in 73C-pyruvic acid. 13C-pyruvate is a salt and a liquid
mixture of an aqueous solution of 13C-pyruvate and a radical will result in

WO 28 s18ilized sample upon freezing. To prevent this, it is preferracdionada2s1
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further co-solvents which-are good 25 glass formers like glycerol,
propanediol or glycol. Hence in one embodiment, 13C-pyruvate is
diBisbIEm. Wakel! 4 Bhthddhar al e dinrkediatiGiamd-a@madisal( HFéeroh25).
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accordlngzto step a) of the method of the |nvent| In a preferr 8%‘%% ﬁg
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form a liquid mixture according to step a) of the method of the invention.
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combined to form a liquid mixture according to step a) of the metho
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a) of the method according to the invention is frozgn 10 before the

R BB S TSR Bl e G BB e O RRCPRARTC-
mpyrbeatchfarddbyymetiedatarosvprifateblgrised aby reezigrtbe liquid
mixture in liquid nitrogen or by simply placing it in the polarizer, where
(1_1_|d helium will freeze the sample. 15 In step b) of the method accordlng
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the comp e polarise
paRfrifgsenapound to be polarised. “*C-pyruvic acid is a good glass former and is

therefore preferably used in the method of the invention, whenever the radical is
soluble in "*C-pyruvic acid. **C-pyruvate is a salt and a liquid mixture of an aqueous
solution of ¥C-pyruvate and a radical will result in a crystallized sample upon
freezing. To prevent this, it is preferred to add further co-solvents which are good

glass formers like glycerol, propanediol or glycol.

Hence in one embodiment, *C-pyruvate is dissolved in water to obtain an agueous
solution and a radical, glycerol and optionally a further co-solvent are added to form
a liquid mixture according o step a) of the method of the invention. In a preferred
embodiment, "*C-pyruvic acid, a radical and a co-solvent are combined to form a
liquid mixture according fo step a) of the method of the invention. In a most
preferred embodiment, **C-pyruvic acid and a radical are combined to form a liquid
mixture according to step a) of the method of the invention. intimate mixing of the
compounds can be achieved by several means known in the art, such as stirring,
vortexing of sonification.



compound. With respect to the method of the invention, polarisation is
effected by 20 the radical employed. During the DNP process, energy,
preferably in the form of microwave radiation, is provided, which will
|n|t|aIIX ex0|te the radical. Upon decay to the ground state, there is a
FEh A U8 arisation from the unpaired electron of the raBfddNRFY
13C nuclei of the 13C-pyruvic acid and/og 13C-pyruvate. 25 The DNP
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heliuraegh@thamagnetic field of about 1 T or above. Suitable polarisation
units for carrying out step b) of the method of the invention are for
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the Wg) %(%%2911809 PCT/N02005/000281 9 level of a region P near the
superconducting magnet where the magnetic field strength is sufficiently
high, e.g. between 1 and 25 T, for polarisation of the 13C nuclei to take
place I$iepdanishe boribdd arefaliaplp SeaimsiktiamdhealChadvaceitgdation of
low pressiyescady Qﬁéﬁa’iu’@%%t}%@e%%héﬁc%mbﬂp|¢§9%e‘ée$@@%%§ic@sly,
the > UanicLs clsienal ahBn melhed obio ovenian Iedudag o
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take place refer temperatures of 10 heo der of Q.1 to ?
preferaﬁy § o) Tagq l% "gt Xglt%%hrﬁﬁ e i uc:(?]ecay to

T, 1S Provi 9

St pre ra%f ‘
mean® fIFeneplg %Pa‘ﬁ R *ﬁﬁ?@ﬁﬁ%&'%ﬁa"ﬁ’f’é‘fﬁ?’éﬂﬁéﬁl@”\%%?’%t‘i%"t&fﬁhe
the pasdideyacthariomtiveinsice XSammphis retdimdgpcbataynertsuch as a

25  The DNP technique is for example described in WQO-A-98/58272 and in WO-A-
01/96895, both of which are included by reference herein. Generally, 2 moderate or
high magnetic field and a very low temperatuke are used in the DNP process, e.q.
by carrying oui the DNP process in liguid helium and a magnetic field of about 17
or above. Alternatively, a moderate magnetic fieid and any temperature at which

30 sufficient polarisation enhancement is achieved may be employed. In a preferred -
embodiment of the method of the inventicn, the DNP process is carried out in liquid

 heliumand a magnetic field of about 1 T or above. Suitable polarisation units for

carrying out step b) of the method of the invention are for instance described in WO-
A-02/37132. In a preferred embodiment, the polarisation unit comprises a cryostat

35  and polarising means, e.g. a microwave chamber conneéted by 2 wave guide fo a
microwave source in a central bore surrounded by magnetic field producing means
such as a superconducting magnet. The bore extends vertically down to at least the



sample-retaining cup, can be removably fitted inside the lower end of the
sample introducing means. The sample-retaining container is preferably
made of a light 15 weight material with a low specific heat capacity and

wo 80e@GRM@genic properties such, e.g. KelF (polychlorotrifluokqefRysnss iz
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PEEK (polyetheretherketone). The sample container may hold one or
more samples to be polarised. The samgle is inserted into the
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13C-NMR spectra in step %,IS preferred. Generally, a saturation curve is
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polarised, step c) also 5 encompasses the conversion of

uvic acid
toSVt-Biate 2@&&5&\%@?@%&6&@@%&8&?Ea%(@%%téﬁéa%\ﬁ(ﬁ%%&%e“fhe
Insangpnebotinent =3l wuwicranidd S areakie thvithpatbasedto convert it
to 13C-pyruvate and subsequently a buffer is added. In another preferred
embodiment the buffer and the base are combined in one solution and

thicTatte S derEtR IO BaIvRIeTepIRiRE SUTHENeArRbBISVEsMi tha fauid

inte:hat M ivadearidheisamedimaced) pateeipives amboémentbig Basez at

'S b mw. The level of polarisation may be monitored by acquiring; solid state *C-
NMR signals of the sample during microwave irradiation, thus the use of a polarising
unit containing means to acquire solid state *C-NMR spectra in step b) is preferred.
Generally, a saturation curve is obtained in a graph showing “C-NMR signal vs. _
time. Hence it is possible to determine when the optimal polarisation level is
reached. '

In step c) of the method of the inveniion, the frozen polarised mixiure is dissolved in
a buffer, preferably a physiologically tolerable buffer, ta obtain a liquid composition.
The term “buffer” in the context of this application denotes one or more buifers, i.e.
also mixtures of buffers.

- Preferred buffers are physiologically tolerable buffers, more preferably buffers which
buffer in the range of about pH 7 to 8 like for instance phosphate buffer
(KH.PO4/NaHPQ,), ACES, PIPES, imidazole/HC!, BES, MOPS, HEPES, TES,
TRIS, HEPPS or TRICIN. More preferred buffers are phosphate buffer and TRIS,



agueous solution of NaOH, Na2CO3 or NaHCO3, most preferred the base
is NaOH. In a particularly preferred embodiment, a solution of TRIS buffer
containing NaOH is used to dissolve 13C-pyruvic acid and convert it into

the sodium salt of 13C-pyruvate. 15 In another preferred embodiment, the
bUREPSP fere applicable - the combined buffer/base solBESA RAT0281
comprises one or more compounds whiclare able to bind or complex

free PYANAGRGRLE 19988 -t SRIRHRYAGRRL KRR TRA QifdPihe- It has

been tfound that free paramagnetic ions may cause_shortening of the T1 of
the hY[EepBTAicoed E@Fﬁﬁ%ﬁﬁ%‘f ¢ K 8%%7@?7816%&%% The
dissolution may be carried out by preferably using the methods and/or
devicagneliseipppdir YW@ wWnDR/3T HBe Bsinfyuridissohsianetisisusedo
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composiipR s used R 8 AU Ralent, ReAPIONRLOdYCIS OLie FRClcRl ore
might be esters which nﬁ)gy ‘%e formed upon reaction o pyruvic aci with
radicals of formula (1) comprising hydroxy 35 groups. In a preferred

erfbodimesthaf drefemeathodafitientinie btiter, steplaresapplmatiatotlye combined
Metﬂoaﬁfa%@%r;@é&l{@g%&ﬁ l@orr?%@é @tﬁé’g?rnﬁ%cwﬁﬁﬁ{d%y m&#srfhgére to
are Qwn In the ar enera e metnodas |IcCable aepen e
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reactidRsheeniadd fpeiTareaRmatneiciRH BRI SHRRERe Tenig Tdhe Thef the

radicahypighipesipitaiecand, ivhivysaasily 4wy sepaeated from the liquid
cgimposition by filtration. If no precipitation occurs, the radical may be

chrom AR TR ey rLia HEQbrey or Bt 6 B Ry aprs oo

or by sisslesga i WO-A-02/37132. Briefly, a dissolution unit is used which is either ‘
physically separated from the polariser or is a part of an apparatus that contain the
polariser and the dissoiution unit. In a preferred embodiment, step ¢} is carried out

25  at an elevated magnetic field to improve the relaxation and reiain a maximum of the
hyperpolarisation. Field nodes should be avoided and low field may lead to

enhanced relaxation despite the above measures.

in the optional step d) of the method of the invention, the radicai and/or reaction

30  products thereof are removed from the liquid composition obtained in step ¢). The
radical and/or reaction products may be removed partially, substantially or ideally
completely, the complete removal is preferred when the liquid composition is used
in a human patient. Reaction products of the radical might be esters which may be
formed upon reaction of pyruvic acid with radicals of formula (1) comprising hydroxy

35  groups. In a preferred embodiment of the method of the invention, étep d)is
mandatory. Methods usable to remove the radical and/or reaction products thereof
are known in the ért. Generally, the methods applicable depend on the nature of the



As radicals of formula (1) have a characteristic UV/visible absorption
spectrum, it is possible to use UV/visible absorption measurement as a
method to check for its existence in the liquid composition after its

woO pemoYaedn order to obtain quantitative 10 results, i.e. the copeeiptiatdbasi
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the radical present in the liquid composition, the optical spectrometer can
be calibrated such that absorption at a specific wavelength form a sample
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the sample, Removal of the radical and/or,reaction pr ts thereof .
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hyperpolarised 13C-pyruvate, preferably hyperpolarised sodium
73BNPRA BRRSHATAOD GHENKMIB U RBINARE P U L KRG of
phosphate buffer and TRIS. 20 In a preferred embodiment, the
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more pre east ' 15%, particularly preferably at least 20% and
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MR tumour imaging and a composition comprising hyperpolarise
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PrerRRaiaRpitesans RIS danpésrias AddR iRagine faratigrmanother

e By B e oo A o AR A BISRS moreot
13€asprniaite inedesisa)f dheHiguwiedoorpositins Lsadda aadivagiof faganilter in
(DywRaURMHSIMEERgeRAA BhksiRagicaly ipiesphie cation and Rl is the

same and represents a straight chain or branched alkoxylated C1-C4 35
hydrocarbon group, preferably methoxy, -CH2-OCH3, --CH2-OC2H5
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as cfaimed in claim 1 WO 2006/011809 PCTIN02005/000281 12 wherein
in QtEFTH3'8ei5s) M bt drraeneiitieraf muesriimvEavaRb IdShts

In a preferred embodiment, the hyperpolarised ¥*C-pyruvate has a polarisation level
of at least 10%, more preferably at least 15%, particularly preferably at least 20%
and most preferably more than 20%.

It has been found that such compositions are excellent imaging agents for in vivo
MR imaging, especially for in vivo MR studying of metabaolic processes and for in
vivoe MR tumour imaging and a composition comprising hyperpolarised 1‘"’(Lpyruva’te
and a buffer selected from the group consisting of phosphate buffer and TRIS for
use as a MR imaging agent forms another aspect of the invention.

The composition of the invention is preferably produced by the method as claimed
in claim 1, more preferably by using *C-pyruvate in step a) of the method of claim 1
and a radical of formula (I) where M is hydrogen or a physiologically tolerable cation
and R1 is the same and represents a straight chain or branched alkoxylated C4-Cy-
hydrocarbon group, preferably methoxy, ~CHp~OCHa, ~CHs-OC,H;5 or —~CH2—CH2-
OCHj; and step dj is mandatory. In a particularly preferred embodiment, the
composition of the invention is produced by the method as claimed in claim 1



hydrogen and Ri is the same and represents -CH2-CH2-OCH3 are used
and step d) is mandatory. 5 Another aspect of the invention is the use of

a composition comprising hyperpolarised 13C-pyruvate, preferably

h oIarlsed sodium 13C-pyruvate and a buffer selected from the
gro(l)JfJ EHeing of phosphate buffer and TRIS for the mantFAQIGRA0E0Y 281
MR imaging agent for in vivo studying of jpetabolic processes in the
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is the use 0 comprising hyperpola 13C-pyruvate;
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manufacture of a MR imaging agent for in vivo tumour imaging in the
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further a van‘?age € composatlon gccordlng to the invention is, that
pifuvate is an endogenous compound which is very well tolerated by the
humarvbodpteresdecthittheConatiotr &tibn sisd efa precurstor rdingreic acid
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hyperpolarlsed ‘3C- blcar onate (in the case of 73C1- pyruvate,
73C1, SRR RGP IS S W uﬁﬁ%&‘%ﬁﬁﬁ%{ﬁ&%ﬁ%i/ fafi isgiapy

. 13C-alapiteringan be used for in vivo MR studying of metabolic processes
in the human body. This is surprising as one has to bear in mind that the
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13C-pyruvate has a T1 re axatlon in human full blood at 37 C of about 42

s, hOV\/&?&nQHg%Hﬁ@%‘ﬁ 619 contrast enhancement for anatomical imaging. A

further advantage of the composition accordmg to the invention is, that pyruvate is
an endogenous compound which is very well tolerated by the human body, even in
high concentrations. As a precursar in the ¢itric acid cycle, pyruvate ﬁlays an

.25 important metabolic role in the human body, Pyruvate is converied into different
compounds: its fransamination resulis in alanine, via oxidalive décarboxyfation,‘
pyruvate is converted into acetyl-CoA and bicarbonate, the reduction of pyruvate
results in lactate and its carboxylation in oxaloacetate.

30 It has now been found that 'the conversion of hyperpolarised C-pyruvate to
hyperpolarised **C-lactate, hyperpolarised *C-bicarbonate (in the case of *Cy-
pyruvate, °C, »~pyruvate or °C; »s-pyruvate only) and hyperpolarised *C-alanine
can be used for in vivo MR studying of metabolic processes in the human body.
This is surprising as one has 1o bear-in mind that the T, of hyperpolarised

35  compounds decays due to relaxation and ditution. ®*C-pyruvate has a T, relaxation .
in human full blood at 37 °C of about 42 s, however, the conversion of
hyperpolarised "*C-pyruvate to hyperpolarised '®C-lactate, hyperpolarised '*C-



hyperpolarised 13C-pyruvate to hyperpolarised 13C-lactate,
hyperpolarised 13C WO 2006/011809 PCT/N02005/000281 13
bicarbonate and hyperpolarised 73C-alanine has been found to be fast
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and its metabolites. The amount of alanine, bicarbonate and lactate is
dependent on the metabolic status of tHé tissue under investigation. The
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composition according to the |nvent|on an excellent agent for in vivo MR
tumour imaging. 20 Generally, in order to carry out MR imaging with the
catripasiteem fooat diad the tiR shyes tionplihelss bjedtg rder twxatiifnatidpyruvate
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MR RF-colls are positioned to cover the area of interest. 2
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inyeataywill depend upon a 30 range of factors such as toxicity, the

organ targeting ability and the administration route. Generally the

composition is administered in a concentration of up to 1 mmol pyruvate

peEkyarattiyweigher brafarisiyiovi itnQiBoriib kg conopesiiefcrapiyding to the
invention, the subject under examination, e.g. patient or an animal, is positioned in
the MR magnet. Dedicated "*C-MR RF-coils are positioned fo cover the area of

interest.

The composition according to the invention, i.e. the composition comprising
hyperpolarised “C-pyruvate and a buffer selected from the group consisting of
phosphate buffer and TRIS is administered parenterally, preferably intravenously,
intraarterially or directly into the region or aorgan of inferest. Dosage and
concentration of the composition according to the invention will depend.upon a
range of factors such as toxicity, the organ targeting ability and the administration
route. Generally the composition is administered in a concentration of up to 1 mmol
pyruvate per kg bodyweight, preferably 0.01 to 0.5 mmol/kg, more preferably 0.1 o
0.3 mmol/kg. The administration rate is preferably less than 10 ml/s, more
preferably less than 6 ml/min and most preferable of from 5 ml/s to 0.1 ml/s. At less
than 400s after the administration, preferably less than 120 s, more preferably less
than 60 s after the administration, especially preferably 20 to 50 s after the
administration and most preferably 30 to 40 s after the administration, an MR .



0.3 mmol/kg. The administration rate is preferably less than 10 ml/s, more
preferably less than 6 ml/min and most preferable of from 5 ml/s to 0.1
ml/s. At less 35 than 400s after the administration, preferably less than
120 s, morﬁ}é)referably less than 60 s after the administration, especially

B’f@f@}‘é"’b to 50 s after the administration and most prefefiPIY1G°4E1
s after the administration, an MR WO 20Q6/011809 PCT/N02005/000281
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spectroscopic image makes this approach 25 less suitable for

“hyperpolarized 13C. Care has to be taken to ensure hyperpolarized 13C-
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ang|ergb§ﬁi@ns needed to fully encode the spectroscopic image makes this approach

. 25 less suitable for hyperpolarized **C. Care has to be taken to ensure hyperpolarized '
¥C- signal is available during the whole MR data acquisition. At the expenée of a
reduced signal to nolse, this can be achieved by reducing the RF-pulse angle that is
applied in every phase encoding step. Higher matrix sizes require more phase |
encoding steps and longer scan times.

30 ‘
Imaging methods based on the pioneering work by P. C. Lauterbur (Nature, 242,
190-191, (1973) and P. Mansfield (J. Phys. C. 8, L422-1426 (1973)), imply'ing
applying a readout gradient during the data acquisition, will allow for higher signai to
noise images or the equivalent, higher spatial resolution images. However, these

35-  imaging methods in their basic form will not be able to produce separate images for
3C-pyruvate and its "*C-metabolites but an image containing the signals of **C-



applied in every phase encoding step. Higher matrix sizes require more
phase encoding steps and longer scan times. 30 Imaging methods based
on the pioneering work by P. C. Lauterbur (Nature, 242, 190-191, (1973)
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readout gradient during the data acquisition, will allow for higher signal to

noise images or the equivalent, higher sffatial resolution images.
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ergylggémrate images for 13C-pyruvate and its 13C-metabolites but

an image containing the signals of t3C WO 2006/011809

PCT/N02005/000281 15 pyruvate and all of its 13C-metabolites, i.e. the
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metabolic activity. The process of increasing the vascular

angiogenesis, is induced by cells that due to their higher metabolic needs
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in producing enough energy, a marked change in metabolic pattern is expected.
Tissue with problems sustaining energy homeostasis will alter its energy
metabolism which in particular results in an increased lactate production.
Surprisingly, it is possibie to make this change in metabolism visible using
hyperpolarised *C-pyruvate within the short MR imaging time window available, i.e.
using the high *C-lactate signal in the tumour area to discriminate the tumour from _
healthy tissue. As the perfusion is heterogeneous in tumour tissue, it is preferred to
correct the "*C-lactate signail for the amount of pyruvate ("*C-pyruvate signal)
available in the same region. This will allow for emphasising regions in the tissue
with a relative high lactate signal with respect to the pyruvate signal and thus -
improve the discrimination between tumour tissue and healthy tissue.

To correct for the pyruvate signal, both lactate and pyruvate images are normalized
to the maximum value in each individual image. Second, the normalized lactate
image is multiplied by the inverted pyruvate image, e.g. the maximum iﬁyruvate'
signal in the image minus the pyruvate level for every pixel. As a last step, the
intermediate resuit gained in the operation above is multiplied by the original lactate
image.



hyperpolarised 13C-pyruvate within the short MR imaging time window
available, i.e. 25 using the high '3C-lactate signal in the tumour area to
discriminate the tumour from healthy tissue. As the perfusion is
heterogeneous in tumour tissue, it is preferred to correct the 13C-lactate
SHh AR amount of pyruvate (13C-pyruvate signal) avaffaBi@%pte02s1
same region. This will allow for empha5|?|ng regions in the tissue with a
relative high lactate signal with respect to ’the pyruvate signal and thus 30
improve the discrimination between tumour tissue and healthy tissue. To
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ministered repeatedly, thus allowing dynamic studies. This is a further

advantage of the composition in comparison to other MR imaging agents
WhiChT'@RJ@oprﬂfﬁiP“ according to the invention is further useful as an imaging agent for

in vive MR tumour staging. The same metabolic images and/or metabolic ratio
images as described in the preceding paragraphs may be used for this purpose with
appropriate cut off categories defined dependent on tumour size and metabolic

25  activity. '

Further, the composition according to the invention is useful as an imaging agent for
in vivo MR tumour therapy monitoring, e.g. by monitoring direct changes in
metabolism pattern of tumours upon treatrent with therapeutic antitumour agents

30  andfor radiation freatment or in connection with any type of interventional
techniques with or without any kind of ablation, i.e. chemical ablation combined with
radio frequencies, microwaves or ultrasound.

Tumour MR imaging can be influenced and improved by preparing the patient or the

35  animal in a way that will perturb the protein metabolism, [ipid metabolism or. energy
metabolism in general. Ways to achieve this are known in the art, e.g. by abrosia
{for instance over night), glucose infusion and the like.



relatively long circulation in the patient's body, do not allow such dynamic
studies. 20 The composition according to the invention is further useful as
an imaging agent for in vivo MR tumour staging. The same metabolic

wo ziowageseand/or metabolic ratio images as described in the preeadingos/ 000281
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paragraphs may be used for this purpose with appropriate cut off
categories defined dependent on tumol# size and metabolic 25 activity.
Further, the composition according to the invention is useful as an imaging
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iNSRIHERS R RGNS, FEELLE RATKRN R RIRE TR J51 1808 st
RAHANO2I205E0028d/ ot Privsaipreferedstaggpandior, thestdefpositiotherapy
atc;)%ggfgﬁlggt_o the invention is useful as an imaging agent for in vivo MR
tumour imaging, tumour therapy monitoring and tumour staging of brain
tumours, breast tumours, colon/colo-rectal tumours, lung 5 tumours,

kitthey tumoursebasad @ntaeckidnmity sympimeke dimparg, [gastsiadiscomfort,
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prostate tumours. It rther been found that the composition _
abBbeain (NS thtert e RABATEXS FEERIIE G3BRGY 4% HUSRRRIGHeHGeMARP Y an
VBB SRl iRddrENHORRDINIGitAERBERA EIRINHIB AL, (DFUNON S AITIHH test is
prostate tumour. stagin d/or prostate tumour th 0 _monitoring.
TR e A e S e et P s ey
discasofand goidetbiniopander kesuapenlia, aohsymsrriioes B9 yealrpesformed

HFP@@@SS&%@&@%@EF gen{ B ariast inpsrfounede Jﬁkﬂ?ﬁ@s@%@ﬁ%ijﬁ When
suspected on the B{a&s of a}]n %,5 elevated PSA and/or abnormal Digital

t%(ahrﬂﬂﬁﬂs Eﬁg%)? ¢ fivepeal §é|§ni\éal rate tor these patienis™is 100%. As

prostate cancer Is the most common cancer and the second leading cause of
cancer death in men, there is a strong medical demand for a method for the
diagnosis of prostate tumours which is capabile of detecting prostate tumours at an
early stage and which could help fo reduce the number of biopsy procedures.

The “C-imaging of the prostate requires a transmit-receive volume *C-RF-coil,
preferably, a transmit volume "*C-RF-coil in combination with a MR receive‘dniy
endorecial RF-coil is used and more preferably, a transmit-receive phased array
volume "*C-RF-coil in combination with a MR receive only endorectal **C-RF-coil is
used. Especially preferred are coils that make the acquisition of a 'H-prostate image
possible after the *C-imaging.

Another aspect of the invention is a composition comprising *C-pyruvic acid and/or
BC-pyruvate and the radical of formula (1). '

In a preferred embodiment, said compasition comprises a radical of formula (1)
where M represents hydrogen or one equivalent of a physiologically tolerable cation.
Preferably, M represents hydrogen or an alkali cation, an ammonium ion or an



positive, the patient is sent to a specialist (an urologist) for diagnosis using
ultrasound guided biopsy. Of the two million biopsy procedures per year
performed in the US and Europe, 5 out of 6 and 2 out of 3 are negative,

respectively. When detected at an early stage, the five-year survival rate
BPHALY Flhients is 100%. As 20 prostate cancer is the m& EIRAHE0281
cancer and the second leading cause of ccancer death in men, there is a

Strongrrggldlcagn%elg?]a d ansrt 6}1 m% @gntzﬂlr t%os?'&%%? ?yoﬁll%%%%%’ts h drogen
tumours'which'is cap T detec ng prostate tumours’at a
and WhigHéBuld help to reduce the number of biopsy procedures. 25 The

13 C-imaging of the prostate requires a transmit-receive volume
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alka“ﬁgotﬂ mm éﬁ@ 9@%&%%@&%9%@@8 Cy- &-hydrocarbon
PCT/N02005/000281 1 stan e. Most
prefePSBiY: W@ﬁp&gﬁgcm?d'ébéﬁ %'P écf[urt Bﬁ%f?%g most
embatiesity saitlcerhpdsttion comprises a radlcal of formula 5 (I) where
Rl is the same or different and represents hydroxymethyl or hydroxyethyl.

In a”%%ega%ﬁjﬁﬁg?Br%%%démﬁéﬁnﬁéhissﬁh?c%%ﬁ@sﬁffoﬁ' Cﬁﬂ&@srpradlcal of

represents a_straight chain or branched-alkoxylated C1- drocarhon
grouHOES?BH%PAH{E}E%MZ’E@G‘(‘@?ES&‘%QE% OF(%SFIETEE’@ Erhsope Saime a”
-(C1-GRresryiy-S-BHI 0 &Hether preferred embodiment, Rl is the same
or different and represents a straight chain or 10 branched alkoxylated

901' Cﬂﬁ Q¥ R&@Pé?%r%%%%ﬁ%ﬂ@s%nheé%ﬁéélﬁé!ﬁ(:%ﬁ%’dr%ré%”@c pyruwc acid

pre erab H or-C a more pre

embodl @ntcﬁwfry%‘ﬂg@rﬁa SR8 SrECERRN oL ALR Z%mﬂwgfa%fy at

C1-Chdsy@8RScarigmspecially preferably at least 80%, an isotopic enrichment of over
90% being most preferred. Ideally, the enrichment is, 100%. 130—pyfuvic acid and/or
BC-pyruvate may be isotopically enriched at the C1-position, at the CZ—pOSitioh, at

25 . the C3-position, at the C1- and C2-position, at the C1- and C3-position, at the C2-
and C3-position or at the C1-, the C2- and the C3-position, with the C1-position
being the preferred one.

In a particularly preferred embodiment, said composition comprises 13C~{:)yrt,1\fi"c: acid

30 and the radical of formula (I} where M represents hydrogen or sodium and R1 is the
same and represents ~CHy-CH-OCH3;, most preferably said composition contains
Y3C-pyruvic acid and the radical of formula (1) where M represents hydrogen or
sodium and R1 Is the same and represents —~CHy-CHy-OCHs,

35 The compositions according to the invention comprising "*C-pyruvic acid and/or "*C-
pyruvate and the radical of formuta (1) are particularly useful for the production of -
hyperpolarised *C-pyruvate, for instance for the production of hyperpolarised *°C-



group, preferably methoxy, -CH2-OCHS3, -CHZ-OC2H5
or-CH2-CH2-OCH3, most preferably -CH2-CH2-OCRs. 15 In a
particularly preferred embodiment, said composition comprises a radical

wo 2bsformuga (1) where M represents hydrogen or sodium and Rdrigt¥oes/000281

10

15

20

23

30

same and represents -CH2-CH2-OCH3. 20 In a further preferred
embodiment, said composition comprises 13C-pyruvic acid
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héﬁ&%&l&?&&%@\%@‘%ﬁ& B8P T/N02005/000281 19 pyruvate
according to the method of the invention. Hence another aspect of the
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t3C- pyruyate and the radical of formul for the production of

hiPEHBI AP IRE M FRRRRRAINES %V?F@?Qd%é%dﬁff‘?ﬁﬁ%%" (5 tRerRm and
reppesserisMEifogit,adGbdium and RI is the same and represents
-CH2-CHZ-OCH3 were found to be particularly favourable for use in the

method according to the invention due to the following properties: they
The radicals of the invention may be synthesized as described in Example 1.

Briefly, the radicals may be synthesized by reacting three molar equivalents of a
metallated monomeric aryl compound with one molar equivalent of a suitably
protected carboxylic acid derivative fo form a trimeric intermediate. This
intermediate is metallated and subsequently reacted with e.g. carbon dioxide to
result in a tri-carboxylic trityl carbinol which, in a further step, is treated with a strong
acid to generate a triaryimethyl cation. This cation is then reduced fo form the stable
trityl radical.

Yet a further aspect of the invention is the use of the radicals according to the

invention as a paramagnetic agent for the hyperpolarisation of compounds in a DNP
process.



are soluble in 13C-pyruvic acid and stable when dissolved therein. They
further show 10 high polarisation efficiency in step b) of the method
according to the invention and are stable during the dissolution step c),

also when a base is used in this step. They can easily be removed in step
AV O & &R od of the invention by for instance filtration uhRgHO2005/000281

hydrophobic filter material. 15 Those radigals are new, hence another
aspect of the invention are radicals of formula (I) where M represents
hydrogen or sodium and R1 is the same and represents -CHrCH2-OCH3.
Ther the invention may be synthesized as described in Example
1. 20 Briefly, the radicals may be synthesized by reacting three molar
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hours acetonitrile. The remaining water phase was extracted with ethyl acetate and the

organic phase was dried over Na,S0, and then evaporaied to dryness. Water (200
mi) was added to the residue and the pH was carefully adjusted with 0.1 M NaOH
(aqg) to 7, the residue slowly dissolving during this process. After neutralization, the

25  agueous solution was freeze dried.

Example 2: Production of hyperpolarised "*C-pyruvate using “C-pyruvic
acid and the radicai of Exampie 1 o
30 A 20 mM solution was prepared by dissolving 5.0 mg of the radical of Example 1 in
3¢ ,-pyruvic acid (164 pi). The san’iple was mixed to homogeneity and an aliquot of .
the solution (41 mg) was placed in a sample cup and inserted in the DNP polariser,

The sample was polarised under DNP conditions at 1.2 Kin a 3.35 T magnetic field
35  under irradiation with microwave {93.950 GHz). After 2 hours the polarisation was

stopped and the sample was dissolved using a dissolution device according to WO-

A-02/37132 in an aqueous solution of sodium hydroxide and tris(hydroxymethyl)-



and then poured into 500 ml water. The pH was adjusted to pH > 13 using
40 ml of 15 1 M NaOH (aq) and the mixture was stirred at ambient
temperature for 15 hours to hydrolyse the formed methyl esters. The

wo Imigiargwas then acidified using 50 ml 2 M HCI (aq) to a photalipaboe2s:
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and 3 times extracted the ethyl acetate (500 ml and 2 x 200 ml). The
combined organic phase was dried oveé¥iNa2S04 and then evaporated to
dé%ﬂ%&eﬂ!ﬁiﬁrmamﬂpmv@é gheiasapusifiedrbyf prgparativizedRicBiusitic:-
20 aceton |Ie/ s. The tions 1 apQrated.
Ve e B R e e R e e
epojariastioncand @ (O Sy aRiePrHsaligwaTieBtainedNa2S04 and then
evaporated to dryness. Water (200 ml) was added to the residue and the
pH was carefully adjusted with 0.1 M NaOH (aq) to 7, the residue slowly
dissolving during this process. After neutrallzatlon the 25 aqueous
sBikdiopieas frérodulrtbsh BkhymstepiRivemd l'éfPBWW@r‘ﬁ)%MBé&PWUV'C

13C-pyruvate Using 13y FMic A0 EE8RHR pﬁdlcal of Example 1,30 A

20 mM solution was prepared by dissolvin 5 Om \t%}%radic?l ?f 209.1 .

ERa A %ﬁiuﬁgﬁzi’%‘ifﬂﬁfﬁ%‘é’&&h‘éisﬁl)(‘ 5%%9 XRIRIG 16(209-1 mg) in

h@mmg:eneﬁﬁl‘ﬁmdg@maimmmQﬁSSthu;};ehﬁlomab&ile@))ymcpmmm@S ). The .
SApICHR-AR RSB NG PalndRetor ithsamblpmaeelgysd

con tlons at. "2 K'ih a 3.35 T magnetic field 35 under
wF&@‘Fﬁﬁ‘dﬂ ARPIRIEBYRRR (s Ets! i b BNBIPPIRBSRE the polarisation

was stopped and the sample was dissolved using a dissolution device

AR B S0 TR KT Aa2bbIasg Sarene el

amd@m@m@(n m@)rﬂacmwr@ (Bhadd-rsotiter Jf metpeIaAiAEgation was

PUBSnd SRR gsdinsined aamw ds@%mmd Weaitlyaedraiit to WO-
13C-NMR to assess the I5$OI rlsatl g :um 9. c?r % olarisation was
y

olﬁaﬂﬁ@g %@ﬁﬂ[ﬂ%"?p (ﬁ’u%tf perp RO -pyruvate using
1$a®(wummwmyamsttmm ORISR Rephecvide s e slcotivams

%%QH&&%%W the. Ipficabel RPRIR (20 MAckh 20K ere.5 M in
ruwc acid (553 mg ) and unlabelled(g_l?/ruvlc acid (10.505 The

1(51 L h’%‘?HfiFéd feRORTOYER Ny AReP AN AR GRICEAS 88?8{0

g)cotasnn was connected. The column consists of a cartridge (D = 38 mm; h = 10 mim) :
containing hydrophobic packi'ng material (Bondesil-C18, 40UM Part #:12213012)
supplied by Varian. The dissolved sample was forced through the column which
selectively adsorbed the radical. The filtered solution was rapidly analysed with **C-
NMR to assess the polarisation, 16.5 % "C polarisation was obtained. The residual
radical concentration was subsequently analysed with a UV spectrophotometer at )
469 nm and was determined fo be below the detection limit of 0.1 M.

Example 4 Production of hyperpolarised *C-pyruvate using *C-pyruvic
acid and Tris(8-carboxy-2,2,6,6-tetra(hydroxyethoxy)methyi-
benzo[1,2-d:4,5-d’bis(1,3)dithicle-d-yl)methyl sodium salt

Tris(8-carboxy-2,2,6,6-tetra(hydroxyethoxy)methyl-benzo[1,2-d:4,5-d"]-bis-(1,3})-
dithiole-4-yl)methyl sodium salt was synthesised as described in Example 29 in
WO-A-97/09633.



placed in a sample cup and inserted in the DNP polariser. The sample
was polarised under DNP conditions at 1.2 K in a 3.35 T magnetic field
under irradiation with microwave (93.950 GHz). After 4 hours the
polarisation was 15 stopped and the sample was dissolved using a
JEBILRiOE R vice according to WO- A-02137132 in an aqu%%ﬂggw?ﬂfﬁﬁzsl
of sodium hydroxide and tris(hydroxymegayl)aminomethane (TRIS) to

b 2D RANELROI A R P BUNTISEIRD PROV Ol PUBNATS L

. iyl | eries
with B TRRATY PRPARTag  E A e A B g
The cefliini’Comsivwcaica Gitioge The-saBARMah EXEd IpAPMedriailinpced
hydrophohitpeddngrmmisriati (B andenit Ga8ib\ Tk Bariph 122 10R#Yd under
a%pp'ﬁﬁpbxomwﬁ- é[s he dissolyed aﬁg@g&é{gﬁmﬁ%&& thraugh, the.colmiRve

ich selectively a ed the ra e filtered solution was rapidl|
256 o i i g\/a¥ian

 analySHSRFHECTIIMR A Rtddl IR SSR0iR e 65 e sENd
polarisatier200ashi tpiecd Bl rEwdRIP 26handgiabtoresetiativadiasn a2

subseguaRkvmReRE Witha sMisnREIoohalmRies ahdthS dfbansl WRR
deterrsr}lrrl%g lig Oesgelo\%\ﬁéggog%;§égg{%i“g&t of 0.1 NM. Example 4:

Production of hyperpolarised -pyruvate using 13C-pyruvic 30 acid

afld Tris(8-carboxy-2,2,6,6-tetra(hydroxyethoxy)methyl-
benzo[1,2-d:4,5-d']bis(1,3)dithiole-4-yl)methyl sodium salt
Tris(8esarhpieys2, 21000 B Ry EPHYRIR AxyamRIRYs B8 M flminditd, BsdihBing

(1,3) dithiole-4-yl)meth¥I sodium salt was synthesised as described in
Example 29 in 35 WO-A-97/09633. WO 2006/011809
PCT/N02005/000281 22, A 20 mM solution was prepared by dissolving
Tas(8scarboXyr@oBiGHimal model and tumour preparation _ ‘

- t?trag@@ﬁﬁy@@%%)msmkﬁ%ﬁg%%%ﬂiénﬁrﬂils%ﬁr(éé%é?i&'&iﬁé%ﬂj@%ﬁ@th
yl so salti -pyruvic aci 1 mQ). ample was, mi

' homofg:ué:101%?{3‘%'El [S{Wé%tgﬁn%ga;ég% pﬂ%5 gé'pr)n Snar}"%’éﬁ‘é’%“’?‘n %}1%251{1\58[ 3 ﬁg%%

olarises.
The seMpRONESTORTMIPINAGPETBRPrECIHOMS A e RO gUses 1 7
magneticTieldafiaelehdrcatl itidionwvits tracsdeuaddo (85360 Blimsifhelumes of
L3C-NI RSl e SARRIE HASR SO AitS IDE: d-MR1AR (BRVEs 2R
NMR spectrometer. The DNP en ancen I was cy&te‘&hfrorgigwere
meas ST O P AHCPIRATEHBRL A TocoNVAY Gl S
enhar@eaaetmResigier davsiie garaisatiphien mmarskd cols was carried out
either by mechanical force or by means of trypsin. Cells were washed using
phosphate buffer lacking calcium and magnesium. Trypsin (0.05% trypsin in 0.02% -
25 EDTA) was added for ‘2-5 min. Then, 5 mi FBS was added and the cells were
transferred into a béaker containing RPMI 1640 with FCS and antibiotics t100 L/
peniciliin, 100 1U/mi streptomycin and 2.5 ug/mi amphotéricin B). The cell solution
was centrifugated and the cell pellet was resuspended in 20 ml RPM! with FBS and
antibiotics, centrifugation and resuspension was repeated. The celis were then
-~ 30 aliquoted to vials containing 4 x 10° cells/ml RPM! 1640. To obtain donor tumours,
female Fischer 344 rats (Chartes River, 180—260 ) were anaesthetised and 0.3 ml,
of the cell suspension- was subcutaneously injected in the inguinal region on both
sides. 15 and 22 days later, pieces of tumour were prepared as described in F.A.
Burgener et al., Invest Radiol 22/6 (1987), 472-478; 8. Saini et al., J. Magn. Reson.
35 129/1(1997), 35-43). Two in'cisions were made on the ventral abdomen of recipient
female Fischer rats. A tumour piece was inserted into each pocket and the incisions
were closed. Rats were brought to imaging 12-14 days after tumour engrafting. ‘



10 Example 5: Tumour imaging using hyperpolarised 13C-pyruvate as
imaging agent 15 5.1 Tumour animal model and tumour preparation
R3230AC is a rat mammary adenocarcinoma that can be maintained in

w0 tensalergoischer 344 rats. To establish the animal tumour mogeg/sdreaennszs:
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vial of R32030 cells containing RPMI 1640, 10% FBS and 10%
DMSO'was rapidly thawed in 37 C. Thet@after, the cell solution was
transferred to FBS and increasing volumes of 20 RPMI 1640 were added.

Figgly, tﬁ?éﬁ%ﬂa%%%ﬂgvﬁ{@pﬁﬁrm%&@% cm2 growth flask and

put Into an'in , 5% COZ2. Growth'media were changed

eWgidhme rafayvote mraaaliefised meaisallieansdroreand (iRl eamdgated
oubHRithe Ry REs RaRiCRIFpEatardyf amaAnS PRIy pstatHeaiismeiatuasbed into

usin hosphate buffer lacking calcium and magnesium.. Trypsin (0.05%
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adddoeaiik thadhills wlelaradsie adpintotaibamiccingbweasipgtetRvenees. 37
évi;& Eg%@é}%ﬁ??ﬂlﬂi&ﬁr@g@iwﬂrmﬁiswiWﬁ@ﬁh%@lﬁﬁrt m@wgt&ﬁltand

. mlamp‘oerlc.ln1 . e ojution was centritygated and.tne
PR S e S oA 3o M RA A o S A pdued by
cemtzdog afi dr2ah So8suspatsivaredadaepeatpthbEre selipwebschibing8ystem at
aligugiedstn ¥iplsFORRIUAL AXLA0 LEITA0LREMLLEY: 26 AL dOREsure

tumours, female Fischer 344 rats (Charles River, 180-200 g) were

arfRESiAEfiaed amyORdRlivesinthebar é’t?é%@n@dﬁ(’%ﬁaét&%%?&ﬁ Eigigr clotting.
injeetedvisrénsoisignrindlinegianhiR baitiRsisie Bidmeadid=? day s talesnpilcasing

of r ' ' r :
AN AR PSS GRS M ifyion and o
(199ternaisethe nrafiperfiSistuiepeimade on the ventral abdomen of

recipient female Fischer rats. A tumour piece was inserted into each

poglﬁet angict'[#?éncisions were closed. Rats were brought to imaging

12214 days aner {umouPengrafting. WO 2006/0 1 1 809

PERe02008100028N fERB:RAR Aeyire bartitoMB sustedheNuRifregyiency for °Ci
Waidhed (s wariaraesibatnes snrorimelimgne (3tdwe) and kepton a

heated table to ensure a body temperature of about 37 C. A catheter was
introduced into 5 the tail vein and into the arteria carotis communis
sirffseg oy is-wlening asaoMet x [(system frequency proton x 1.00021) -

0.000397708]

The frequency calculated positioned the MR signal arising from *C,-alanine on
resonance with *C,-lactate on the left and "*C;~pyruvate resonating on the right of
¥C -alanine. An unfocalised MR spectroscopy sequence was run o ensure that the
13C-MR coil and the system MR frequency had been set up correctly. The 18C.
image location.was positioned to cover the tumour (slice thickness 10 mim, in plane
pixel size 5 x 5 mm?). In the reconstruction phase, the image data was zero-filled to
result in 2.5 x 2.5 x 10 mm? resolution. "*C,-pyruvate in TRIS buffer (90 mM) was
injected in a dose of 10 mi/kg during a period of 12 s with a minimum volume of 2 mi
into the tail vein and 30 s after the start of the injection (i.e. 18 s after finishing the
injection), the chemical shift *C-MR sequence was started.

5.4  Analysis of the MR imaging data

MR imaging resulied in a matrix containing 16 x 16 elements in which each element.
or voxel/pixel contains a "*C-MR spectrum. In the reconstruction phase, the matrix
was zero-filled 10 32 x 32, a mathematical operation that helps to improve the spatial



to the MR machine and placed on a home-built pad that was heated to
approx. 37 C by means of circulating FC-104 Fluorinert. This liquid will
not give rise to background signals in 1H- and "C-MR imaging.

Anaesthesia was continued by means of 1-2% isoflurane delivered via a
I ABE AN open-breathing system at 10 a rate of 0.4 LERHINGHES000281
arterial catheter was connected via a T-t#jpe to a pressure recorder and a

&Z?;W%%%ﬁﬁggﬁ%@a?g&gbg 3 %Mamfgﬁg%&%%&%fa@%@&p&@ﬁo
magﬁ&%gmaéf%%%‘ﬁ%%ﬁgﬁg Fn%%c{n %!e((fugﬁc %o %t%?%%?ﬁlcal
infornéaneveaitebte Adeveiativndottie %@W@M@Mtﬁien@ to3tiget-MR
imagibgrRasashaindhe peaian freahaney townthby dhayMiR Mysiemnitbends
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equation: 20 Frequency. 1-alanine = x[(s stem frequency

protoﬁ%&“labﬁd?ia)’“%‘&75@%5‘??6‘8]‘%%"%‘&%‘??&?83 E&Q&W%@ﬁéﬂ%&'?ﬁé‘d
MR sitgitbishptromd daine ignat{derd esoh aie alier 1GE€!t-$hovee on

the lefyane:d Aakiny Bhatetesonaling Lodhstsigt,of 25 13C1-alanine. An
unlocalised MR spectroscopy sequence was run to ensure that the

13C-MR coil and the system MR frequency had been set up correctly. The

18c- Hagenstiass fonRE s S RIAIRBE eIt R RIS IN ATt Hnt e domain
10 mirfitfing plecrelupzelisitarsixdsdiim2)lidwitige thecons ruktiphgshéseqrtstent
imageeatpd\Ri-2erordledigase HHNIL 903, ane HRNBR Eﬁ%@m&ﬁ@ in the
13C1tﬁ)1¥rlflivzr%’;[ae r%rllsTll:alw %1 ffer 90 mgﬂe%\g%sagg éql%%%e n \?edaose%m wf%th of
mi/kg durln erio o? a RINIMUM voluMa of 2 Ml te the.

vein a8 @@@ ﬁ@ﬁﬂ%@%@éﬁﬂwﬁ?@q’hﬁ%&ﬁ’&ﬁ%ﬂ@ﬁfg andries FipfeRiRy liowed to
ibjectiamy, wite 2heriicabshiftet SEdiRnse s netnmet@mcﬁmmw ver

of theyMRiagingdais B MIRIBaiRaMesHiied #5 Matiiead)Aing 16

x 16 elements in which each element, or voxel/pixel contains a 13C-MR

spectrum. In the reconstruction phase, the matrix was zero-filled to 32 x

32, a MSABRTAIRSS fEpEFAIBrARRIEh RIS RIS e 1R eprIHN WmAtrix and
2006 1841 B0IROT O 2ROSOD02SA! B pesoludiencibe HRasetéoTbe *C-MR

analysageoasrh0Rd SRR ASHEP IMERREEHIG an automated procedure to
obtain an operator—mdependent result. The results were displayed in 4mage sels
contalhing the anatomical proton image of the tumour in the rat, the metabolic °C-
image for pyruvate, lactate and alanine projected onto the anatomlcal image,
images showing fdr every pixel ' 7

25 a) (llactatelnom X (fpyruvatela.— [pyruvate]}nm) X [lactate] and

b)Y (Nactatelem X ([alanine]nx— [alanine])q.m) X Jactate]

in which the term “{.A.'.}norm represents the normalised amplitude, {.e. scaled o its
highest value in the metabolic Image and [lactate] the amplitude calculated.

30 A successful result for the discrimination of tumour tissue and healthy tissue in a
metabolic *C-MR image was defined as highest lactate signal in the tumour area or
a high weighted ratio lactate over pyruvate in the tumour area and a high weighted
lactate over alanine ratio in the same pixe! location.

35 5.5  Biological analysis
Tumeour sites were visually inspected {o detect signs of bleeding. Tumours were
fiberated from the rat bodies, weighed and cut in haif. Tumour interiors were



Dicom format (DICOM is the registered trademark of the National
Electrical Manufacturers Association for its standards publications relating
to digital communications of medical information) for further analysis.

WO 8peerihedf of these 5 spectra did not contain MR signals as ghe mesiigrneis:
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these voxels was outside the animal. A location within the animal
revealed voxels with high pyruvate sigéls and negligible lactate and
dfemedsigisigifcad ssoipvbisgtneityoyatssisownech ipgdingtéhalaninar

qgggd@g@q@g’k@p@gwg%a}gmgnﬁity. 10 The amplitudes for pyruvate,

alanine and lactate were estimated using time domain fitting procedures
which included the following: the zero order phase is constant over the
datasetuthefirsigatiterphasesiscladl hdhedinpivatioo evaipiog irtHbeoliowing
ti in is allpw e 0 ' e ine

W aES (L U N TIHERR, b PR ISR R e
fEER dYiesienl GviedXdeTmPeai TR RPoEEHD I LN airesio ASislich Hesgauessure

tasbecAse rAgR-EesuRRS L ferrthoyeigdienvhole dataset for the highest
peak, which has to be identified by the user. The amplitudes for lactate,

alanine and pyruvate were reordered in a matrix and resampled to match
tiebresoRefsntsf the proton anatomical MR image. The 13C-MR 20

IMAGes WEHRRFOIRHASLAR HERNMYBILH 1Bages Using LA AR urs failed
proc to obtain an operator-independent result. The results were

dure. perate . :
CHp B IRR SE EES EBRER s ATECEAIS RRCAT IAGH e Sring 26

téumanur ninhie rats thermbtahatienb8E€ amhhge fompysincatentastatgianderior. The

%@F&%@ﬁ%ﬁ%&m the 2NARICA iRk INARREAWINg, for.every (mean

pixel 25 a) ([lactatelnom, x ([pyruvate|max- yruvate?)nom,)%r?ilactate]

ahFH)AERsRL YRS 8- 48 mAMémeaNAISRhe%om,) x [lactate] in which

the term "[....Jnorm represents the normalised amplitude, i.e. scaled to its

| t in.t icimage and [lactate] the ampli
o e O e e
aiffeReIth i eesu & NP RiMBaBHIYe BOMR thtalenaud eraiisad. 43)Highest
lasliaieasignalgs, (he thendonaretamayBigl) Weitiembiate Iaetq HIRE -
ppé{u(\é é[(lanj]g tg% élrjrmc ur area nd a hi%h wglﬁ%grﬁd 1%0%%?& alanine rati .
inthe Sam pixel ocaﬁon. 35 HEHRD oafba %/Sl A Ul &% SpEREted tor
visGeaianingp dereeeto(dbte ¢ sayaduskbledtitig. Matnouefenenes libegated
from the rat bodies, weighed and cut in half. Tumour interiors were

Figure 2 displays the same set of images, however with images (2) to (6) which are

not fused with the anatomical proton image.

As a resuilf, tumour location is indicated by a high pyruvate signal (2), due fo high
metabolic activity. However the lactate signal (3) ultimately identifies the correct
location of the tumour. Alanine is visible in the skeletal muscle and is absent in the
tumour tissue (4). The pyruvate and alanine corrected lactate images (5) and (6)
result in an excellent contrast for the tumour as well.

lt was thus demonstrated that the tumour location in the metabolic images is
indicated by a high lactate signal, a high factate signal correcied for pyruvate and a
high lactate signal corrected for alanine.

The analysis of the metabolic °C-MR images revealed a metabolic contrast in the
tumour area in

e 24 out of 26 tumours for the lactate sighél



WO 2006/011809 PCT/N02005/000281 25 inspected visually assessing
homogeneity, necrosis and bleeding. The tumour tissues were stored in
4% formalin. A tumour-bearing rat was considered to be appropriate for
evaluation if the following 5 criteria were met: tumour weight > 100 mg, no
WEIAYHELASSis or cysts in the tumour interior, a body tempRFARIABARBRAS!
35 C and a mean arterial blood pressure_above 60 mm Hg at time of MR
investigation. 5.6 Results 10 In total 30 different tumours were imaged in
18 rats. £ rat 3418 2R T AR R SRR RIS SRR S Gl

in the precedimypeirayhapbus: forthe lreiaisigngi2gatima caredted 5rats))
were RamnegrNoLs snshhad Aenassiedp Ry eswiierntederodie average
polarisation of 13C,-pyruvate at the time of injection was 21.2 2.9%
(mean SD) and the pH was 8.08 0.14 (mean Sq[%?. 15 Fjgure 1 displays
atypidditstsottithadees femanpiratiddaiiininy pejRAersRsto i Ry Bt Eeach the
imagesgidrevtini¢restdnowsrjrinl cites thaicdmbish lneitio i gt & 18ae the

PYruvaimnage abiieedalalngiaig inerkdiiiedite rgnelmags ()
the '3%;9!5‘53&@% imr% ‘correg}gfqgE r{g& 13C-pyruvate and (6) the 73C-lactate
image correc egq‘tor Gafsp(ff-a anine. Images (2) to (6) are fused with the
proton reference image. Figure 2 displays the same set of images,
Hoéwever with images (2) to (6) which are not fused with the anatomical
proton image. 25 As a result, tumour location is indicated by a high
pyruvate signal (2), due to high metabolic activity. However the lactate
signal (3) ultimately identifies the correct location of the tumour. Alanine is
visible in the skeletal muscle and is absent in the tumour tissue (4). The
pyruvate and alanine corrected lactate images (5) and (6) result in an
excellent contrast for the tumour as well. 30 It was thus demonstrated that
the tumour location in the metabolic images is indicated by a high lactate
signal, a high lactate signal corrected for pyruvate and a high lactate
signal corrected for alanine. 35 The analysis of the metabolic 13C-MR

images revealed a metabolic contrast in the



tumour area in 24 out of 26 tumours for the lactate signal WO
2006/011809 PCT/N02005/000281 26 26 out of 26 tumours for the
lactate signal, pyruvate corrected (5.5, a)) 26 out of 26 tumours for the
wQ 20lsetatessignal, alanine corrected (5.5, b)) The overall rate efsueocesesfors281
this study was 26 out of 26, or 100%. 5 With this study, it was
demonstrated that the hyperpolarised#8C1-pyruvate reach the region of
$iwimst (tumour) in a time period which makes it possible to image the
compound, that the compound and its metabolites can be imaged and that
metabolic contrast can be obtained. 10 WQ 2006/01.180 . ia
bCP/NYsHSIGe0REIUSAaELRHS Pma?ﬁsﬁff&ﬁgesaﬂe%gaygﬁa%‘éﬂsed -

compogifianate syid sitthbypempptisised 73C- pyruvate said method
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S'u\R1 COOM (I) 10 where M represents hydrogen or one equivalent of a

cation; and R1 which is the same or different represents a straight chain

or branched hs xyilg%&q and/dr hlkoxylated C1-C4-hydrocarbon group
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ig where
M represents hydrogen or one equivalent of a cation; and
R1 which Is the same or different represenis a straight chain or branched
hydroxylated and/or alkoxylated C4-Cs-hydrocarbon group
b) enhancing the **C nuclear polarisation of pyruvic acid and/or pyruvate in the
15 mixture via DNP;

c) adding a buffer and a base to the frozen mixture to dissolve it and to convert
the *C-pyruvic acid into a *C-pyruvate to abtain a liquid composition or,
when only "*C-pyruvate is used in step a), adding a buffer to the frozen
mixture {o dissolve it to obtain a liquid composition; and _ ‘

20 d) optionally removing the radical and/or reaction products thereof from the
fiquid composition,

2. Method according to claim 1 wherein the radical is a radical of formula (1)
where M represenis hydrogen or one equivatent of a thsioiogicany
25 tolerable cation and R1 is the same or different and represents
hydroxymethyl, hydroxyethyl or R1 is the same or different and represents a



b) enhancing the 13C nuclear polarisation of pyruvic acid and/or pyruvate
in the 15 mixture via DNP; c) adding a buffer and a base to the frozen
mixture to dissolve it and to convert the 13C-pyruvic acid into a

13C- ggruvate to obtain a liquid composition or, when only 13C- %/ruvate
YR %%}tgep a), adding a buffer to the frozen mixture to Ml 2

obtain a liquid composition; and 20 d) opsionally removing the radical
and/otr]I reactiesiopreduats: thererédrarathereliqticcaraprsiton gloUy ethomg a
according t S ele

I AR A OSIRBRIATIRIIS Ogr;a%g#e#ﬁ%}mvﬁ il

M represents hydro ne equiva ent a physiologica tolerable
cation and F@?@W%’&ﬁf@@ﬁﬂ%?@fﬂ’%‘ﬁw OT@E?BWEthyI

hydroxyethyl or R1 is the same or different and represents a WO
2ﬁ061?@3%tﬁﬁyaé&%@@d amga&wz&gmmm@mg{ﬁmd ?ts a
alkoxylate rocarban rrying.a terminal hydroxy
orR1is thesgrgﬁget %@Xd‘ ﬁéCPra “ ga&cp gzte(r}]/tg ac'a st?’amﬁ?%ﬁn hor p%fomgly

branched a%%??%e@@l@ﬁ%y@?@c@%ﬁm%ﬁﬁr@}?%hod according to

claim 2 wherein R1 is the same and represents a straight chain or

branchegl ajfoxyiated fd¢B-OYO5at R IIP &) @Q&’d ERRHBoRY.
%HZ -OCH3, -C

H3 4. c;cord )

ims 1 10 SRR PRI A ARATB L T by VB oot o e
isotopically @friesibenagiithe €1-pedkitie s 2apapitogapibsifdnard threC3-position,
C3-positionaiaththeCina ke e featpasitionhatihe € ardib e Cepasition, -

at the C2- Qfé%!gﬁﬂ%%ﬁoﬁb%fﬂ the Cl-, C2- and the C3-position,
preferably at the C1-position. 15 5. Method according to claimsito 4

wherein the isotopic enrichment of t3C- pyuric acid and/or "C- pyruvate is
Hi least F5oMeredareioing lominivsdio 6 Wiekiothaduredingrectgniof 165

wherein thepbuitesda anauifeicsglaaied emdhe Tray preensistingeatt 90%.
phosphate buffer, ACES, PIPES, imidazole/HCI, 20 BES, MOPS,

HEPES, TES, IRIS, HEPPS and TRICIN, preferably selected from the
* group chhsMERG LA TREPRIRE BT BRITRRD e MTROR SELGRRS TS
claims 1-6 Whertin a3G-pyiiarid thembatérbatiep, 4°ES, PIPES, imidazole/HCl,

20 BES, MOPS, MEPES, TES, TRIS, HEPPS and TRICIN, preferabiy selected
from the group consisting of phosphate. buffer and TRIS.

7. Method according fo claims 1-6 wherein SC-pyuric acid is used in step a)
. and wherein in step ¢) the buffer and the base are combined in one soluiion.
25 _ ‘ |
8. Method according to claims 1-5 wherein 1':‘C»;::yuric acid is used in step a)
and the base is NaOH. ‘

8. Method according io claims 1-8 wherein step d) is mandatory.
30 '
10. Methiod according to claim 9 for the production of & composition for use as
an imaging agent for in vivo MR imaging of a human or non-human animal
body.

35 11. Composition comprising hyperpolarised **C-pyruvate and a buffer selected
from the group consisting of phosphate buffer and TRIS.



and wherein in step c) the buffer and the base are combined in one
solution. 25 8. Method according to claims 1-6 wherein 73C-pyuric acid is
used in step a) and the base is NaOH. 9. Method according to claims 1-8

wo 2008etede step d) is mandatory. 30 10. Method according torglairBdes/shes
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15

20

25

30

35

production of a composition for use as_an imaging agent for in vivo MR
imaging of a human or non-human anfal body. 35 11. Composition

corprisPigRabip Greensdina scoisimrlAtwhaseia thafvpsmelageed 5ia-theuvate

group ﬁ@@%ﬁimar@faﬂmépaar@abuﬁméafb@%&y\é&%a&%%éﬁ@%ora _
PCT/NO2 05/ i%@g%@]{% Composition according to claim 11 wherein

the hyﬁ’é vate has a polarisation of at least 10%,
preferably at Ieast 15% and more preferably at least 20%. 5 13.

Cowmﬁeﬁmgmx@@qm%w&%W@%ﬁ&?&mﬁy@&%ﬁmd BE.

13C- pyruvate is hyperpolarised sodium_13C-pyruvate. 14. Composition
accordHERAMRYPEIAA SRR ws bﬁﬁérH’Y@fﬁod according to claims

1to 10. 10 15. Composition according to claims 11 to 14 for use as a MR
Imaging 3050t 4 UpasY gotle didad 400

the manufa%turtia of a%gﬁﬁ%mg a%gg'? ?iﬁr% {/gi\%g:s ingo r%nté? 5rdmg
proces*éé%@ﬁ*’tﬁé Kui®an 15 or non human. animal body. 17. Use of a
composition according to claims 11 to 14 for the manufacture of a MR

im nt. or in vivo,tu mour, |mag éw human o n human
R A R R P e eI e
20 tumour therapy monitoring. 18. Use according to claim 17 wherein said

MG SAPEOSHRB LM cdSrdfrR P SEIHAD COMRUSIGS Y HANEACH o
and/or hJAiCn%/ruvate and a radjcal 25 of formula (1). -
ging agent for in vivo studying of metabdlic processes in the human

or non human_anlmai body.

17. Use of a composition according to claims 11 to 14 for the manufacture of a
MR imaging agent for in vivo tumour imaging in the human or non human

animal body, preferably for in vivo tumour diagnosis and/or staging andlor
tumour therapy monitoring.

18. Use according to claim 17 wherein said tumour is a prostate tumour.

19. Composition comprising "*C-pyruvic acid and/or *C-pyruvate and a radical
of formuia (1).

20. Composition according to claim 19 comprising **C-pyuric acid and a radical
of formula (1) where M represents hydrogen or sodium and R1 is the same

and reprasents —CHy-CHo-OCHa.

21. Use of the composition according to claims 19 and 20 for the production of
= hyperpolarised "*C-pyruvate.

22, Radical of formula ({)



20. Composition according to claim 19 comprising 43C-pyuric acid and a
radical of formula (I) where M represents hydrogen or sodium and R1 is
the same and represents -CH2-CH2-OCH3. 30 21. Use of the
com osition according to claims 19 and 20 for the production of
?d?ﬂérlsed 13C-pyruvate. 22. Radical of formula (1) 35 gy 020051000281
2006/011809 PCTIN02005/000281 30 431 R1 S R1R1 MOOC S COOM
SR1-CSCS R1 R} R1 SSRI NS SR1 COOM where M
represents hydrogenlor sgg 5 R1 represents -CHr-CH2-OCH3.
23. Use of the ra |caI accor g tgclaim 22 as a paramagnetic agent for

the H‘é&g in adRprocess. 10 15

of comp

R1 g Ce & 748 |
R1 R1 .
RIS s R
4 X
Ri S s R
COOM ‘ )
where
M représents hydrogen or sodium; and
5 R1 . represents —CHs;-CH-OCH;.

23. Use of the radicals according to claim 22 as a paramagnetic agent for the
hyperpoiatisation of compounds in 2 DNP procesé;.
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