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Woods, M.J. et al. (1996) Biochem. Pharmacol. 51: 1283-1292). A nuclear or peri-nuclear
localization of the PBR has also been observed in breast cancer (Hardwick, M. et al. (1999)
Cancer Res. 59: 831-842), human glioma cells (Brown, R.C. et al. (2000) Cancer Lett. 156:
125-132), hepatic tumor cells (Corsi, L. et al. (2005) Life Sci. 76: 2523-2533) and glial cells

(Kuhlmann, A.C. and Guilarte, T.R. (2000) J. Neurochem. 74: 1694- 1704).

A marked increase in PBR levels is observed after cell injury, inflammation or proliferation and
is associated with a number of acute and chronic pathological conditions (Chen, M-K. and
Guilarte, T. (2008) Pharmacology and Therapeutics 118: 1-17; Venneti, S. et al. (2006)
Progress in Neurobiology 80: 308-322). These include: brain injuries, such as stroke and
ischemia-reperfusion injury (Gerhard, A. et al. (2000) Neuroreport 11: 2957-2960; Gerhard, A.
et al. (2005) Neuroimage 24: 404-412), traumatic brain injury (Raghavendra, R. et al. (2000)
Exp. Neurol. 161: 102-114); brain infections, such as encephalitis (Banati, R.B. et al. (1999)
Neurology 53: 2199-2203; Cagin, A. et al. (2001) Brain 124: 2014-2027); neurological



Neur ol ogy 53: 2199-2203; Cagin, A et al. (2001) Brain 124: 2014-2027);
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et al. (2001) Lancet 358: 461-467; Veesijpt, JJ. et al. (2003) Eur. Neurol.
50: 39-47), Parkinson's disease (Quchi, Y. et al. (2005) Ann. Neurol. 57:
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The ability to image PBR levels in vivo in brain and other tissues could therefore serve as an
important biomarker of disease progression, to determine and evaluate the efficacy of a

therapeutic treatment and to evaluate PBR receptor occupancy in vivo.

The reference PET PBR ligand, [11CIPK11195, has been used extensively for in vivo imaging
of PBR levels in a number of neuropathological conditions (Chen, M-K and Guilarte, T. (2008)
Pharmacology and Therapeutics 118: 1-17; Venneti, S. et al. (2006) Progress in Neurobiology
80: 308-322). However, [11CIPK11195 shows relatively low brain uptake, high non-specific
binding and a poor signal to noise ratio. These properties limit the sensitivity of [11C]PK1 1195
for PET imaging of PBR levels and occupancy studies in the CNS. The development of
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Definitions

For convenient reasons and to facilitate reading, the compound 7-chloro-N, N,5-trimethyl-4-oxo-
3-phenyl-3,5-dihydro-4H-pyridazino[4,5-b]indole-1-acetamide has been renamed as “A” in
some chapters of the current application.

For the present invention the following words are to be understood accordingly.

-Biomarker: a characteristic that can be objectively measured (ie with acceptable precision and
reproducibility) and used as an indicator of a normal physiological or pathological process and
to evaluate the action of medical therapies. A biomarker can be a biological, anatomic,
physiological, biochemical or molecular parameter that can be detected in tissue or biological
fluid.

-Inflammation: response to injury or destruction of tissues. In the periphery, acute inflammation



In the brain, inflammtion incorporates a w de spectrum of cellular
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receptor decreases in the presence of increasing concentrations of the unlabelled drug. The
magnitude of this decrease is defined as the receptor occupancy of the unlabelled drug.

-PET imaging: positron emission tomography is an imaging technique which produces a three-
dimensional image or map of functional processes in the body. The system detects pairs of
gamma rays emitted indirectly by a positron-emitting radionuclide (tracer), which is introduced
into the body on a biologically active molecule. Images of tracer concentration in 3-dimensional
space within the body are then reconstructed by computer analysis. The materials used for
PET are scintillators like bismuth germanate, lutetium oxy-orthosilicate, or gadolinium-
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or i o(VMAG2124MAGSDY, bebis-(S-benzoyl-thioglycoloyl)diaminopropanoate ((SBT)ZDAP) and
hydrazinonicotinic acid (HYNIC), facilitating the complexation of the radiometal cation at one

function and the covalent attachment to the core molecule at another (Brunner U.K. ef al.
(1995) Radiotracer production — Radiometals and their chelates In Principle of Nuclear
Medecine, Wagner H.N. (Ed). Saunders: Philadelphia, 220-228; Weiner R.E. et al. (2003)
Chemistry of gallium and indium radiopharmaceuticals In Handbook of Radiopharmaceuticals -
Radiochemistry and Applications (Welch MJ, Redvanly CS Eds.), New York-Chichester-
Brisbane-Toronto, Wiley-Interscience Pub., 363-400; Anderson C.J. et al. (2003) Chemistry of
copper radionucleides and radiopharmaceutical products In  Handbook  of
Radiopharmaceuticals - Radiochemistry and Applications (Welch MJ, Redvanly CS Eds.), New
York-Chichester-Brisbane-Toronto, Wiley-Interscience Pub., 401-422; Mahmood A. ef al
(2003) Technetium radiopharmaceuticals In Handbook of Radiopharmaceuticals -
Radiochemistry and Applications (Welch MJ, Redvanly CS Eds.), New York-Chichester-
Brisbane-Toronto, Wiley-Interscience Pub., 323-362).
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In another embodiment, 7-chloro-N, N,5-trimethyl-4-oxo-3-phenyl-3,5-dihydro-4 H-
pyridazino[4,5-b]indole-1-acetamide is radiolabelled with radiohalogens, preferentially
radiolabelled with the radiohalogen fluorine-18, preferentially on the 3-phenyl ring at the para
position, at the 7-position of the pyridazino[4,5-b]indole in replacement of the chlorine atom
(with or without a spacer, vide infra), or at any N-methyl position (N,N-dimethylacetamide
function or the methyl group situated on position 5 of the indole nucleus).

In some embodiments, the detection of PBR levels and inflammation is performed by PET
imaging (positron emission tomography) or by SPECT imaging (single photon emission
computed tomography).

In some embodiments of the invention, a radiolabelled form of 7-chloro-N,N,5-trimethyl-4-oxo-
3-phenyl-3,5-dihydro-4H-pyridazino[4,5-b]indole-1-acetamide is used as a biomarker for the

detection of PBR level changes and inflammation associated with pathological conditions,
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detection of PBR Iaugi3 R839&0¥ 1 8yridazino4,5-blindole-1-acetamide ;

b) Acquiring images in a region of interest in the brain or other peripheral
tissues using the PET (or SPECT) technique ;

¢) Quantification of the levels of the PBR in a region of interest by quantifying
the PET signal associated with a radiolabelled form of 7-chloro-N,N,5-
trimethyl-4-oxo-3-phenyl-3,5-dihydro-4 H-pyridazino[4,5-b]indole-1-acetamide
in this region of interest ;

d) Comparing the PET (SPECT) signal obtained in step c) with the signal
obtained in a control region of interest ;

e) Determining the presence of inflammation associated with pathological
conditions.

The present invention also relates to a diagnostic kit for the detection of PBR levels associated
with normal conditions and changes in PBR levels associated with pathological conditions
comprising a radiolabelled form of 7-chloro-N,N,5-trimethyl-4-oxo-3-phenyl-3,5-dihydro-4H-
pyridazino[4,5-blindole-1-acetamide.

The following examples further illustrate the present invention and are not intended to limit the
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excess of unlabelled Flumazenil (27 uM). Data are expressed as dpm per arbitrary area unit. *
indicates a significant difference relative to the ['CJ-A (18 nM) binding in the lesioned striatum.

Figure 6: Time-activity-curves of ["'C]-A and ["'C]PK11195 in the whole brain (cerebellum
excluded) of 11-12 month APP/S1 and wild type PS1 transgenic mice. Data are expressed as

percentage of injected dose per cubic centimeter as a function of post-injection time (min).

Figure 7: ["'C]-A (18 nM) autoradiography in whole brain sections from 20-23 month old
APP/PS1 and wild type PS1 transgenic mice. Non-specific binding was assessed using an
excess of either unlabelled PK11195 (23 uM) or A (22 pM). Specificity for PBR vs central
benzodiazepine binding sites was evaluated using an excess of unlabelled Flumazenil (27 uM).

Data are expressed as dpm per arbitrary area unit.
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cont apni g .2 to 0.3 ng of the precursor for labelling and 4 ng of
po

powdere assi um car bonate (excess) ; (2) heating at 120 C for 3 mn ;
(3) taking-up the mxture with 0.5 nL of

Radiosynthesis of ligands

Labelling with carbon-11

['C]PK11195  ((R)-N-[''C]Methyl-N-(1-methylpropyl)-1-(2-chlorophenyl)isoquinoline-3-
carboxamide, R-enantiomer). Preparation of [''C]JPK11195 is based on minor modifications of
published processes (Camsonne C. et al. (1984) J. Label. Comp. Radiopharm 21: 985-991,
Cremer J.E. et al. (1992) Int. J. Rad. Appl. Instrum. B. 19: 159-66; Boutin, H. et al. (2007) Glia
55: 1459-68; Boutin, H. et al. (2007) J. Nucl. Med. 48: 573-581) and includes the following
steps : (1) trapping at -10°C of [''C]methyl iodide in DMF/DMSO (2/1 (v:v), 300 pL) containing
1.5 to 2.0 mg of the precursor for labelling and 15-20 mg of powdered hydroxide (excess) ; (2)
heating at 110°C for 3 min ; (3) taking-up the mixture with 0.5 mL of the HPLC mobile phase
and (4) purification using semi-preparative HPLC. Quality controls, in particular radiochemical
and chemical purity determinations, were performed on an aliquot of the final production batch.
['C]-A labelling at the N-methylindole function: 7-Chloro-N,N-dimethyl-5-[''C]methyl-4-
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(K[ 1slp]th|§zgac)tlonTa@d anhpdurses of ["®FIfluoride anions conventionally used in reactions of this
type may equally be used here, provided that it has no adverse effect on other parts of the
molecule. Examples of suitable sources of ['®Flfluoride anions include: alkali metal
["®FIfluorides, such as sodium ["®Flfluoride, potassium ['Fifluoride, cesium ['®Ffluoride;
ammonium ["®FJfluoride, tetraalkylammonium [*®F]fluorides, such as tetrabutylammonium
["®Flfluoride. Of these, the alkali metal ["®F]fluorides, and notably a potassium fluoride, are
preferred. The source of ['*FIfluoride anions may be activated by the presence of a ligand able
to complex the counter cationic species of the source of ['®F]fluoride anions. The ligand may be
notably a cyclic or polycyclic multidentate ligand. Examples of suitable ligands include notably
crown ethers such as 1,4,7,10,13-pentaoxacyclooctadecane (18-C-6) or cryptands such as
4,7,13,16, 21,24-hexaoxa-1,10-diazabicyclo-[8,8,8]hexacosane sold under the name K222°
Preferably, the source of [**FIfluoride anions is an alkaline metal ["®Flfluoride-cryptate complex,
notably a potassium ["®*Flfluoride-cryptate complex, preferably the potassium [**F]fluoride -



K[ 18F] / K222(r) may be prepared by any conventional nethods (Dolle F. et al.
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dihydro-4H-pyridazino[4,5-b]indole-1-acetamide)
Preparation of ["®F]fluoroethoxy-A includes the following steps : (1) taking up the K['®F]F-
Kryptofix®222 complex with a DMSO solution (600 uL) containing the tosyloxy precursor for
labelling (2.0-8.0 mg) ; (2) heating at 165°C for 3-10 min ; (3) pre-purification using a C-8 or C-
18 PrepSep cariridge and (4) purification using semi-preparative HPLC. Quality controls, in
particular radiochemical and chemical purity determinations, were performed on an aliquot of

the final production batch.

Labelling with other halogens (bromine-76, iodine-123, iodine-124)

Preparation of all other radiohalogenated derivatives (bromine-76, iodine-123, iodine-124)
followed standard techniques and procedures known from skilled man in the art (Maziére B. et
al. (2001) Curr. Pharm. Des. 7: 1931-1943; Coenen H.H. et al. (2006) In Radioiodination
reactions for pharmaceuticals — Compendium for effective synthesis strategies, Coenen H.H.,
Mertens J., Maziére B. (Eds), Springer Verlag, Berlin-Heidelberg, 1-101).



Mertens J., Maziere B. (Eds), Springer Verlag, Berlin-Heidelberg,

1-101). Labelling with radionetals (gallium 68, copper-64 and

t echnet i LW020myo04b¥1@par ati on of derivatives | abel |l ed wi t rCraB2owed7ass

(gal lium 68, copper-64 and technetium4 99m al so foll owed standard

techni ques and procedures known fromskilled man in the art (Brunner U K
et al Laballing withasadinmetals (gaflisunré8; mpmmmbhnehmm%m)r chel ates In

TS o VeSS O
r adi 09%) gisociotiowed §talndandat®@bmoﬂkesoan@@ma@ph@sdawmt ircml skilledRadn di Hiseriagt r y
and A@hhl@é}w RNgt a(l%%@@ F&%dlo’[,%%gy &%W?t dlgme{g?s"\énd their chelg@i qugnmple

Yor k I chester-Bris ronto ey | n ersci ence
Ander 8oNuetgar Medegine, \Yamsy HoNe (Rt Sgrurtderszdﬁmadelplaw 22(u22&iWeineaRdE. et al.

di
Lot OB RHIAR Sob! BANGRS it SRR Kodlo BARLASNRLARCR " L 6Rlok of
Yor k- @ﬁd’@h’é@fﬂ”@peﬂrqaéﬂodﬁ@iIWﬂO/ antl Appy/ichtinnsr (Yéslemivld, Redvanlyd03-E422); Neshrood
A L varkechidR- BRERSITORIAG, a\ﬁ/‘ﬂé’?[}ﬁ’ér%&ﬁ t'P% Bl, S3adudBnabatorlc )
( i ﬁegvanl y

Radi 08? armaceut1 ca ‘hem’™s | cat1 ons
CS Ed&0P3) Reemigly lof @h@Rﬂﬁé@dl@rrlucl%iamrr@dmohma&euwalsmr-oﬂnctems Haedbeokraib .

323- 3§3&/opi'fé}m§'dbﬁﬁda%n- ﬁ%/%ﬁe%/étﬁ/‘aﬂ A;Lﬂllc%ﬁrp W\leﬁ&'\gﬁl R a/AC§ ]EtdgﬂyNQJvher

radi ol abel ed A derivatives as I'hjectl i'Acl udes
a Wt éerk-CligirskarrBrisbane-Tprpgéo, bAdeytintersoienate dluky, héOH422: ddahreonids Aandf @ a

si mpl @odsy UtrbQghetliin mpﬁaﬁr(g%!%& Aée pws'/féng?g@?e or &l i) h'é@n%{bgﬁ&%)%no-l

concentration below 10 ni na s Al S were
accor dafieehamisty tang RppkeationediVeicht Mon Rettvaliyr 65e&dsdi Newt iYoss ChRRhestamdel

of ne Ipamb i r body wei ght 300 g, centre

d’ EJe\H;g%ea%Rene thn\@p%})rlv é?\ri&)m\/\béra%%% in thernoregulated, humdity
controlled facilities under a 12h/12h |ight/dark cycle (light on between 7h
AM angorpfulRidn and were al l owed free access to food and water.
Neuroinflammation was induced by stereotaxic injection of AVPA

(al phlRrelation f hy@}Pdﬁa;}JQS [rr@il-mqramy io¥ex sadivlaeliegifoderivelivgs gs ami.v.rsoREEN

buf f & 8 at e:
b nLﬂann%&%ﬁﬁ%}] S éwatgﬂs SR >eshn%'e @%g ﬁ{oggvsmhwrﬁggb%@g

as pr@\ﬂ@@ﬁ%%géwtlﬂﬁe\wﬂ( BaLl-Pth, NaCH ( @hy&cbloglealma‘me)doman sthandl4®nc@gration
Bout i gbiovqoet al . (2007) J. NucI Med. 48: 573-581). AWMPA (0.5 niL) was
injected into the right striatum (Bregna +0.7 mm fromsagittal suture: 2.7
mm depth frombrain surface: 5.5 mMm). Aninmals were naintai ned nornothermc
(bodyahintEaIflicHaE €: 36. 70. 5C, neanSD) during the surgery

All studies were conducted in accordance with the French legislation and European directives.

Rat model of neuroinflammation

Wistar rats (average body weight 300 g, centre d’Elevage René Janvier, France) were kept in
thermoregulated, humidity controlled facilities under a 12h/12h light/dark cycle (light on
between 7h AM and 7h PM) and were allowed free access to food and water.
Neuroinflammation was induced by stereotaxic injection of AMPA (alpha-amino-3-hydroxy-5-
methyl-4-isoxazolepropionate) (15 mM in PBS buffer, Sigma®) using a 1 uL microsyringe and
micropump (injection rate: 0.5uL/min, UltraMicroPump lI® and Micro4® Controller, WPI Inc.,
USA), as previously described (Boutin, H. et al. (2007) Glia 55: 1459-68.; Boutin, H. et al.
(2007) J. Nucl. Med. 48: 573-581). AMPA (0.5 pL) was injected into the right striatum (Bregma
+0.7 mm, from sagittal suture: 2.7 mm, depth from brain surface: 5.5 mm). Animals were
maintained normothermic (body temperature: 36.7+£0.5°C, mean+SD) during the surgery
through the use of a heating blanket (Homeothermic Blanket Control Unit, Harvard Apparatus
Limited®, Edenbridge, Kent, UK).
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Transgenic mice

Generation and characterization of single PS1M146L (PS1) and double APP751SLxPS1M146L
(APPxPS1) transgenic mice were achieved, as described previously (Blanchard, V. et al.
(2003) Exp. Neurol. 184: 247-263). In these animals APP is expressed at a high level in all
cortical neurons under the control of the Thy-1 promoter. Human PS1 with the M146L mutation
is expressed under the control of the HMG-CoA reductase promoter. The level of amyloid load
was found to be quite reproducible at a given age. Both single PS1 and double APPxPS1 mice,
provided by Sanofi-Aventis, were used for PET imaging at the age of 11-12 months and

autoradiography at 20-23 months.
MicroPET scans and data acquisition
Rats and transgenic mice

MicroPET imaging was performed 7 days post-AMPA injection in rats and in 11-12 month old
transgenic mice. In both mice and rats, anaesthesia was induced by isoflurane 5%, and
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were mamtamed anaesthetized by an intravenous injection of propofol (Diprivan® 1%; 0.05

mg.kg‘1.m|n'1).

To ensure correct positioning of the animal in the apparatus, the animal’s head was secured in
a home-made stereotactic frame. PET scans were performed using the high-resolution Focus
micro-PET (CTI-Siemens, Knoxville, TN), which acquires 95 contiguous planes simultaneously.
For attenuation correction, a transmission scan was first performed using a ®®Ge rotating rod
source. Macaques were intravenously injected with 192.29 + 33.67 MBq of [''C]-A and the
acquisition performed for 90 min. All PET acquisitions were performed in list mode (3D mode)
and images were reconstructed using the following time frame: (4 images of 25 s) + (4 images
of 30 s) + (2 images of 1 min) + (5 images of 2 min) + (3 images of 5 min) + (3 images of 10
min) and (1 image of 15 min), for a total time of 90 min for [''CJ-A.

Image analysis
PET image analysis was performed using ASIPro VM™ (CTI Concorde Microsystems’ Analysis
Tools and System Setup/Diagnostics Tool) and Brainvisa/Anatomist (http://brainvisa.info/).
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radi osynthesis (Labelling at the L/-nethylindole function): Final HPLC

purification of
EXAMPLE 1

[""C]PK11195 radiosynthesis: Final HPLC purification of ["'C]PK11195 was performed on a
semi-preparative Waters ‘Symmetry® C-18 HPLC colum (eluent : water / acetonitrile / TFA : 40/
60 / 0.1 [viv:V] ; flow-rate : 7 ml/min) and the peak corresponding to radiochemically pure
["CIPK11195 (Rt : 6.5-7.0 min) was collected. Typically, starting from a 55.5 GBq [''C]CO,
cyclotron production batch, about 4.5-5.0 GBq of [''C]PK11195 were obtained within 30 min of
radiosynthesis (including HPLC purification and formulation). Radiochemical purity (determined
by analytical HPLC on Waters Symmetry-M® C-18 column) was greater than 95% and specific
radioactivities ranged from 50 to 90 GBg/umoil (at the end of the radiosynthesis).

EXAMPLE 2

[''C]-A radiosynthesis (Labelling at the N-methylindole function): Final HPLC purification of
["'CJ-A was performed on a semi-preparative Zorbax® SB-C-18 HPLC colum (eluent : 0.9% aq.
NaCl / EtOH / 1M ag. phosphate buffer (pH 2,3) : 50 / 50/ 0.1 [v:v:v] ; flow-rate : 6 mL/min) and
the peak corresponding to radiochemically pure [''C]-A (Rt : 8.0-8.5 min) was collected.
Typically, starting from a 55.5 GBq ['"C]CO. cyclotron production batch, about 4.5-6.0 GBq of
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111.6 [CH], 40.0 [CH2] , 37.4 [CH3] , 35.4 [CH3] , 32.0 [CH3] . ii)

[ 11C] Met hoxy- A radi osynthesis. Labelling wth carbone-1 1 and final HPLC
puri f EXAMRUE #ay be perfornmed as described for the preparation of [11C]-A
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m Xt uBe7i(s, 3H), 4.20 (s, 2H), 3.16 (s, 3H), 2.84 (s, 3H). "*C NMR (DMSO-d;) & 168.6 [C], 157.1
[C], 154.8 [C], 141.2 [C], 140.9 [C], 133.6 [C], 132.1 [C], 130.9 [C], 127.8 [2.CH], 124.0 [CH],
122.6 [CH], 118.9 [C], 117.3 [C], 115.3 [2.CH], 111.6 [CH], 40.0 [CH,], 37.4 [CH3], 35.4 [CHy],
32.0 [CH3].
ii) ["'C]Methoxy-A radiosynthesis. Labelling with carbone-11 and final HPLC purification may be
performed as described for the preparation of [''C]-A (example 2 / example 3) using the 4-

hydroxyderivative of A synthesized just above (example 4i).

EXAMPLE 5

General procedure for the synthesis of (fluoro)alkoxy-A and tosyloxyalkoxy-A. To a suspension
of KzCO3 (101 mg, 0.73 mmol) in dry DMF (8-12 mL) is added the 4-hydroxyderivative of A
(150 mg, 0.36 mmol, see WO00/44384), in solution in dry DMF (2 mL). The reaction mixture is
stirred for 30 min at room temperature, followed by the gradual addition of the appropriate
alkylating reagent (2 eq.) in solution in DMF (2 mL). The whole mixture was stirred for 2 hrs at
70°C and stirred an additional hour at room temperature. The mixture was then quenched by
addition of a saturated agq NH,CI solution and extracted with CH,Cl,. The organic layers were
combined, washed with brine, dried over sodium sulfate, filtered and concentrated to dryness.
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s SR Py ST IS AL ENERD 43 0%, Pt
2H, S 47.6, S 1 4.0 Hz), 4.32 (s, 3H), 4.27 (dt, 2H, Jps: 28.4 Hz, S 4.0 Hz), 4.16 (s,
2H), 3.19 (s, 3H), 2.96 (s, 3H). "°C NMR (CD,Cly) & 168.2 [C], 157.6 [C], 155.1 [C], 141.3 [C],
140.7 [C], 140.3 [C], 135.4 [C], 132.8 [C], 127.4 [2.CH], 123.2 [CH], 122.6 [CH], 118.9 [C],
117.2 [C], 114.3 [2.CH], 110.7 [CH], 82.0 [d, J'c.r: 169 Hz, CH,], 67.5 [d, J%c.s: 20 Hz, CH,],
39.5 [CHy], 37.4 [CH3], 35.2 [CH4], 31.6 [CH3]. Anal. Calcd for CasHaCIFN,03.0.15 H,O: C,
60.11, H, 4.89, N, 12.19, found : C, 60.00, H, 4.96, N, 12.18.

EXAMPLE 8

Fluoropropoxy-A synthesis. The general procedure above (example 5) was used with 3-
fluoropropyl-4-methylbenzenesulfonate to afford the target compound in 58% yield. R : 0.39
(Si02-TLC (CH.Cl/MeOH: 95/5 v:v)). "H NMR (CD,Cl,) § 7.89 (d, 1H, J: 8.4 Hz), 7.58 (d, 1H, J:
1.6 Hz), 7.52 (d, 2H, J: 9.2 Hz), 7.34 (dd, 1H, J: 8.4, 1.6 Hz), 7.01 (d, 2H, J: 9.2 Hz), 4.67 (dt,
2H, J%r: 46.8 Hz, J%p 1 6.0 Hz), 4.31 (s, 3H), 4.16 (m, 4H), 3.19 (s, 3H), 2.96 (s, 3H), 2.20
(dq®, 2H, S 26.0 Hz, Sy 6.0). °C NMR (CD,Cly) § 168.2 [C], 158.0 [C], 155.1 [C], 141.3
[C], 140.3 [C], 135.0 [C], 132.8 [C], 131.3 [C], 127.3 [2.CH], 123.2 [CH], 122.5 [CH], 119.0 [C],
117.2 [C], 114.2 [2.CH], 110.7 [CH], 80.8 [d, J'c.r: 163 Hz, CH,], 63.9 [d, J%..& 6.0 Hz, CH,),
39.5 [CHg], 37.4 [CHg], 35.2 [CH3], 31.5 [CHg], 30.3 [CH,, J%c.r: 20.0 HZ].
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5 8 2H1
o, B g Tengich 351, far S L6 (%2 iy b ko 3.0 1 7y
4 16 (1$4.22R)CHIAT 087 (GH], BBI8 [d; JBr6163hz, (3!—121967(6[01351) 39.8.[68,)( 87.438Hz), 35.2

h??gﬂ%%? MR g e T L AR g0 iRl [Ty 375 G 10

122.5 [CH, 119.0 [C], 117.2 [C], 114.2 [2 CH] 110.7 [CH, 83.8 [d,
Jl C-E éﬁ@i'ﬂ CH2] , 67.6 [CH2] , 39.5 [CH2] , 37.4 [CH3] , 35.2 [CH3]
3 1.5 %71 CH2, J2 CGF. 20.0 Hz], 25.1 [CH2, J3 CGF. 5.0 Hz].
EXANPZEFlyorogﬂ(dRV)@@Tw&{Ahwml)@us:Jm genslgahpme:sdlste abowe dexmmnple S)masasad evithbove

(exanE—'(?—ﬂﬁé)ro%x%ﬁﬁ@d-mrﬁahylbenzenesulfonate to afford the target compound in 69% yield.
R: : 0.45 (SiO,-TLC (CH,Cly/acetone: 80/20 v:v)). '"H NMR (CD,Cl,) & 7.91 (d, 1H, J: 8.4 Hz),
7.60 (d, 1H, J: 1.6 Hz), 7.54 (d, 2H, J: 8.8 Hz), 7.36 (dd, 1H, J: 8.4, 1.6 Hz), 7.04 (d, 2H, J: 8.8
Hz), 4.61 (dt, 2H, J%¢: 48.0 Hz, JPhn : 4.0 Hz), 4.34 (s, 3H), 4.22 (t, 2H, J: 4.8 Hz), 4.17 (s,
2H), 3.91 (t, 2H, J: 4.8 Hz), 3.83 (dt, 2H, J*\.r: 30.0, J%.4: 4.0 Hz), 3.21 (s, 3H), 2.98 (s, 3H).
*C NMR (CD,Cl,) & 168.2 [C], 157.9 [C], 155.1 [C], 141.3 [C], 140.3 [C], 135.1 [C], 132.8 [C],
131.4 [C], 127.3 [2.CH], 123.2 [CH], 122.5 [CH], 119.0 [C], 117.2 [C], 114.3 [2.CH], 110.7 [CH],
83.2 [d, J'c¢: 167 Hz, CHy], 70.4 [d, J%c.r: 19 Hz, CH,)], 69.7 [CH,], 67.8 [CHJ], 39.5 [CH,], 37.4
[CH3], 35.2 [CHa], 31.6 [CH3].

EXAMPLE 11

2-(2-(Fluoroethoxy)ethoxy)ethoxy-A synthesis. The general procedure above (example 5) was
used with 2-(2-(2-fluoroethoxy)ethoxy)ethyl-4-methylbenzenesulfonate to afford the target
compound in 63% vield. R; : 0.32 (SiOx-TLC (CH.Clu/acetone: 80/20 v:v)). '"H NMR (CD,Cl,) &
7.91 (d, 1H, J: 8.8 Hz), 7.60 (d, 1H, J: 1.6 Hz), 7.54 (d, 2H, J: 8.8 Hz), 7.36 (dd, 1H, J: 8.8, 1.6
Hz), 7.04 (d, 2H, J: 8.8 Hz), 4.57 (dt, 2H, J%4¢: 47.6 Hz, J%h4 @ 4.4 Hz), 4.33 (s, 3H), 4.21 (t, 2H,
J: 4.4 Hz), 417 (s, 2H), 3.88 (t, 2H, J: 4.8 Hz), 3.80-3.65 (m, 6H), 3.21 (s, 3H), 2.98 (s, 3H). "°C
NMR (CD.Cl,) 5 168.2 [C], 158.0 [C], 155.1 [C], 141.3 [C], 140.3 [C], 135.1 [C], 132.8 [C], 131.4
[C], 127.3 [2.CH], 123.2 [CH], 122.5 [CH], 119.0 [C], 117.2 [C], 114.3 [2.CH], 110.7 [CH], 83.2
[d, J'cs: 167 Hz, CH,], 70.7 [CH,], 70.6 [CHyl, 70.3 [d, J%.r: 19 Hz, CHy], 69.6 [CH,], 67.8
[CH], 39.5 [CH.], 37.4 [CH3], 35.2 [CH3], 31.6 [CH3].
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NVR ( CD2Gv@)e0mh/0d9€1d (d, 1H, J: 8.4 Hz), 7.60 (d, 1H, J: pCTABMNI/N07R6H4 (d,
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EXAMPLE 13

["®F]Fluoroethoxy-A radiosynthesis: Final HPLC purification of ["®Fflucroethoxy-A was
performed on a semi-preparative Symmetry® C-18 HPLC colum (eluent : water / acetonitrile /
TFA : 60/ 40/ 0.1 [v:viv] ; flow-rate : 5 mL/min) and the peak corresponding to radiochemically
pure ["®Ffluoroethoxy-A (Rt : 11.0-13.0 min) was collected. Starting from a 37 GBq [*F]fluoride
cyclotron production batch, about 3.7 GBq of ['°Flfluoroethoxy-A were obtained within 90 min of
radiosynthesis (including HPLC purification and formulation). Radiochemical purity (determined
by analytical HPLC on Waters Symmetry-M® C-18 column) was greater than 95% and specific
radioactivities greater than 50 GBqg/umol (at the end of the radiosynthesis).

['®F]Fluoropropoxy-A,  [®Flfluorobutoxy-A,  2-(["*FIfluoroethoxy)ethoxy-A  and  2-(2-
(["®FIfluoroethoxy)ethoxy)ethoxy-A may be prepared as described just above from the
corresponding tosyloxyalkoxy-A derivatives (example 12) as precursors for fluorine-18-

labelling.

EXAMPLE 14

The uptake of [''C]-A is significantly higher in the lesioned striatum of AMPA-injected rats (the
region in which PBR expression is induced) compared to the intact controlateral striatum which
is expected to express no or non-significant amounts of PBR (Figure 1). The uptake of [''C]-A
is also significantly higher than the uptake observed with reference PBR PET ligand,
[""CIPK11195, in the lesioned striatum (Figure 1). The ratio of the uptake in the lesioned over
the intact striatum is also significantly higher for [''CJ-A than for ['"C]PK11195 (Figure 2). The

[d, Jgo? eﬂaax @i@ihox;ﬁﬂ & bl@daﬂsors ﬁ)? ti%e [4BeRihg., WIﬁﬂﬂﬁor[n@HZi] of tha7abbve CH3]

2



| abel . Conpds Radi opharm 51: 286-292) to afford the target conpound in 45%
yield. f : 0.72 (Si2-TLC (CH2Cl 2/ MeOH: 95/5 v:v)). 1H NWR (CD2CI2) d 7.89
(d, 1H, Jwo2oB/tgg19 7.84 (d, 2H, J: 8.4 Hz), 7.60 (d, 1ERCTAB2029/6075%2), 7.53
(d, 2H, J: 8.8 Hz), 7.41 (d, 2H, J: &24 Hz)1 7.36 (dd, 1HJ88 1.6 Hz),
6.91 (d, 2H, J : 8.8 Hz), 4.40 (t, 2H, J: 4.4 Hz), 4.32 (s, g) 22(t
2H, Jbinding phientialant7R{ are SighificaBilp highst foB £ Cl-2 tem fos [ 'GIRK1 1295 6BR 5 1.854 . 13C

NMR 7 0[C, 145.2 [, 141 .2 [(Q,
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L2 Shup) Igh Ly ol SR o ey Ao kb
tosyl ustimlied>opnigoundg nmﬂwé@wemhld)mmdeomw A:]aenblrrglu(gzm the controlateral side
( t Osy\lvﬁ’élé( %t QBégBlfthQ’f%éﬁﬁ&?escr | Ehse dﬁ?ﬁgé flﬁat di o t[h@ Rl tb'tﬁlgréMatsE of

ove oXy- de Ivatives may be
prep é‘d—ﬁafsordwtrmcbabrqﬂ@mdlme with the appropriate al kyl ati ng reagent.

EXANPAIEad%s?? fﬁ':] rﬁet%\%lﬁgé E%%nt’% lil@e%l%é( 3L & Elasrlﬁ'a '?ﬁlratg%%%ﬁ'éd r?lﬁﬁ; éffé'?lgf

[18F]f| on a sem -preparative (\)/

HPLC | @]wmn(e@nqmnd -of eet metabobteemment inl tée/bram/sef ratseat/104@ fangd. 39 Mip: 3ftey]
flowm E!ﬁ% ochem cally pure
[18F]¢1%{]123F'8J§%F1((§)p§é§g i t‘%é%&%)ﬁ%?éﬁ @ﬁ&gﬁ;&jdérg %3@) Starting froma 37
GBq [ IheR|ditione eiipeadigarapiyt ohl' |6 blodmgmm@ﬁﬁhse@b%mlﬂomdc% irppging results

[ 18F] \Tvﬂg‘:’ rh(?qe_fﬁé%ﬂgfelél 6o%tr8f%1rté}équ'§ﬁl? g&!r %wn #ls %8@% CHnOébé@%Q Sisbr‘ﬁat;/elled

(1 ncl udi uri catlon a hem ca urit
( det ePIki m&:ﬁ dnA @guryﬁi) o°asmalbLb@t sjgmﬂmrér@@ymf[ If ﬂw( trimdiag M@S@@Smtﬁ
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2- ([ 18F] f I uor oet hoxy) et hoxy-A and 2-(2- (] 18F] f | uor oet hoxy) et hoxy) et hoxy- A
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[ 11C] Ri&nA28ork BParaduténodel of rat neuroinflammation and in a mouse model of Alzheimer’s
disease. In vivo PET imaging confirms that ['"'C]-A can be used to image PBR receptor
overexpression and neuroinflammation in rodents. Moreover, the PBR receptor binding
observed by PET imaging with [''C]-A is greater than that observed with the reference PBR
receptor PET ligand, ["'C]PK11195.

EXAMPLE 16

The uptake of ['"CJ-A is significantly higher in the lesioned right striatum of a quinolinic acid-
injected primate compared to [''C]-A uptake in the contralateral non-injected striatum and two
non-injected control brain regions (cerebellum, prefrontal cortex) 24 hrs after excitotoxin
injection (Figure 8). [''C]-A uptake in the contralateral non-injected striatum remained stable
and at the same level as [''C]-A uptake in the brain regions of a non-injected primate (Figure
8). The increase in [''C]-A uptake could still be visualized at 48 hrs after excitotoxin injection (in
the left hemisphere), whereas [''C]-A uptake at 7 months after excitotoxin injection (kinetics in
the right striatum lesioned 7 months earlier) had returned to baseline levels. A more detailed



0.36 vs 0.66 0.15; RL = 1.26 0.08 vs 1.10 0.05). Both unl abel ed PK1 1195
(Figure 3) and A (Figure 4) ( 1 ng/kg Lv.; 20 mn post [11C]-A injection)
si gni fi camOl2g1voagsieed t he brain uptake of [11C]-A in thecCraBroomeds&xt ri at um
Bot h unl abel | ed conpounds induced a s2%all increase in [1 1C]-A binding in

the coptral ateral side which is probably due to an increase in the hl ood
concefb@raetedsation qf hejegrlyphase of aeltrﬁl@ﬂar@ma@fed@rm{lsﬁ@@s that therinassased-[c El-ebr al

bi ndi pQusthkeESaN E?é‘@u%bféllséd %rﬁ be hrgea@tbom 853% &rﬂ dh, dyadhe alahmﬁgre%ﬁl drhe

pl asma of rats at 10 mn after Injection an
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I n addj ti on, autoradiograph ing on brain sections rored
the i H’é@?rﬁﬁﬁ 'f‘é%PP@'%Qnﬁd&OHﬁf@W@'bﬁ@g'%él:&lurq @-contralateral ratio (3.8),

whi ch is abolished by an excess of unlabelled PKL 1195 or A (Figure 5). A
smal |, but significant reduction of [11C]-A binding was observed with

unl ab@PPEBatfcf'lﬁmzeml a benzodi azepi ne antagoni st (Figure 5) EXAVPLE 15 In
bot h ﬂiﬁ’@pPe%bnﬁiﬁderYﬂo'ndcathéeaméd ta"s%ﬂ&ﬁ@rﬂisﬁc Bt @nd [a5 oo BlG hd S dilinwhol e
brain éger ebel | um excl uded) i s higher than the uptake of [11C]PKl1 1195
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[B3H -A binding is about 2-fold greater in brain sections from APPxPSI

nice Efbrﬁyakuat? the fiicacy yole tmpemtleetreemwemr)pathnlml deprdlitigasoriyt @at @ t hat
[1 1Clraﬁsl&tﬂiﬁaﬁm%bﬁdeﬁﬁir|ré/séé?él~ﬁﬁ=‘6m bArfADREISKBRuRAGI ng and inflammation i n
an acute nodel of rat neuroinflanmation and in a nmouse nodel of Al zheinmer's
di sease. In vivo PET imaging confirns that [1 1C]-A can be used to inmage
PBR receptor overexpression and neuroinflammtion in rodents. Moreover, the
PBR receptor binding observed by PET imaging with [11C]-A is greater than
that observed with the reference PBR receptor PET |ligand, [11C] PK1 1195.
EXAMPLE 16 The uptake of [11C]-A is significantly higher in the |esioned
right striatumof a quinolinic acidinjected primte conpared to [11C]-A
uptake in the contralateral non-injected striatumand two non-injected
control brain regions (cerebellum prefrontal cortex) 24 hrs after
excitotoxin injection (Figure 8). [11C]-A uptake in the contral ateral
non-injected striatumremained stable and at the sane level as [1 1C]-A
uptake in the brain regions of a non-injected prinmate (Figure 8). The
increase in [11C]-A uptake could still be visualized at 48 hrs after
excitotoxin injection (in



the left hem sphere), whereas [11C]-A uptake at 7 nonths after excitotoxin
injection (kinetics in the right striatumlesioned 7 nonths earlier) had
ret urned wo 2bagbsine | evel s. A nore detail edcharact eri saCiran209/0478€ ear |y
phase of neuroinflammati on denonstrat®s that the increased [11C]- A uptake
can be visualised from24 hrs up to 16 days (Figure 9). Systemc

adm nistration of a |arge excess of unlabelled PKL 1195 30 min after

radi otracer injection resulted in gApg fic displacenent of the [11C]-A
binding in the | esioned striatumwTh no noticeabl e changes observed in the
non-| esi oned control brain regions (Figure 9). Applications: The present

i nvention can be applied as a diagnhostic tool and as a tool to followthe
evol ution fnd pUQ@@I’S_Srhﬂlala@élld@am@il@ﬁiﬂ,w,é-fiin"{&[})ﬂh-ém%ﬁg\!@k@,&ﬁih_xPchf@-mEBR are
altered and jn wh cgﬂ Lnflfgmmtlon is present. The invention can al so be
appl i ed t OPYEREBPUIEBlcklsalragetarii ad BiRmarks dorda deieciio, Te aninshedbor

t her apeut | BBRrieadisTagdosiatet wah hothali Hal paadledital Gond@nes, sheieih R Baddibigdal

bi omar ker .fokoresearch f£0m1?nriag%l]alno(j)el s to humans. CLAIMS 1. Use of

r adi ol abel 8&hosen among carbon ogens and radiometals.

7-chloro-L/, L/, 5-trinmethyl -4-o0xo- 3-phenyl - 3, 5-di hydr o- 4Hpyri dazi no[

4, g- 6] id ndloz.e- 1-las7eeb|a¢ﬂrdilﬁg as daimi omm(rjel@n 7{-}@?ﬂor’bh€,lI\EB%tr;hﬁ‘éthyﬂﬁq—(l))idﬂ?;—ﬁﬁtlanyl-3,5-
i ndi vi dual ,., of P evel s ocj at i th nor a pat hol ogi ca
condi t i onsc,"h%dﬁg'r‘lz{? Wridﬁé'”?[éﬁ@frﬁ’lﬂ%'ﬁ?%&%%éﬁ r%ﬁ%eq@gr"ﬂt@rﬁaibo%,‘”-

radi ohal ogens and radionetals. 2. Use according to claim1 wherein
7~chl or o- L3., L/ , Bsd reicomtiimg| tofclairns 3t pineng| wlerbin didhjotto-ov Alf8-iictjeaioneld, 5-

]i ndol e-1- gcet am-de 1.s 1 adial abel ith carbon-1 1. 3. ccording to
L a1 ARG RSB B-Alhocler G 6 rafiuetifiod Wiy carioh-
phenyl - 3, 5tdomihdraarbngiyine chethyhgiodp fochldd drmisdsttioh-Sefeha mdee nulguadi ol abel ed
with carbon- 11 on the carbon of the nmethyl group | ocated on position 5 of

t he i ndol g nucl,eus - r di to-claim rein

7-chloro-L/, L/, 5- ??Cfrbé 'h@ﬁg %-?agxo?g\?r%ﬁeérhﬁ g@lc,;r :’\%6’}’%&?%*3VL{"‘:WF?'B'&%VHS{%, 5-
fc"]i ndol edilydne-dtpyridazina4 Sablindblzbkhestamidelis raaiblatbeled ggthsadibhalblehsaccor di ng
to clains 1, or 4 wherein 7-chloro- L/,A/,5-trinethyl-4-oxo-3-

h | -3,5:dih - Al i ,5- 11} = 1= ] i i, ol | ed
R the, i or oo aseoriith BoGaRE . & orl b RSy LRAB G ARl igt§PAg3! ©
wher ei n 7-pienplrd54dinydyo-4H-pyiidazinoi4, 5-bliodae-d-guetamyibie 3jsS-radiolabelled with the

di hydr o- 4H: gyF, i 5« ]indol e-1-acetam de is radiol abeled with
fluorine- 1§ léﬁéltgﬁée'{ @%@eg&i tion of the 3-phenyle ring. 7. Use according to

clains 1-6 wherein the detection of PBR levels and inflanmation is
per f or med ShyJSeERTCPiding oci@ipest or & wherdins Jiabtoro-didVgrteipte)yl-6rox8rRERRNYRBGH ng

(single PhfptyRifo-8RLRRH G2 BRnEH el RIRIAARBYS radiolabelled with fluorine-18 on the

para position of the 3-phenyle ring.

7. Use according to claims 1-6 wherein the detection of PBR levels and
inflammation is performed by PET imaging (positron emission tomography) or SPECT
imaging (single photon emission computed tomography).

8. Use according to claims 1-7 wherein the detection of PBR levels and inflammation is

performed by PET imaging (positron emission tomography).

9. Use according to claims 1-8 wherein pathological conditions related to changes
in PBR levels are selected from brain injuries, brain infections and neurological
diseases.

10.  Use according to claims 1-8 wherein pathological conditions related to changes
in PBR levels are selected from psychiatric diseases.



8. Use according to clains 1-7 wherein the detection of PBR | evel s and
inflammation is perfornmed by PET inmagi ng (positron em ssion tonography). 9.
Use accorworgio@ogsibai ns 1- 8 wherei n pat hol ogi cal condi t iPOmaBI0e)/ai786 t O
changes in PBR |l evels are selected fr2dmbrain injuries, brain infections
and neurol ogi cal diseases. 10, Use according to clains 1-8 wherein

pat hol ogi cil- coder ereniding & gleisgs 18 Wiripparpthglogiesk copditiprs klaied & elkang8sf r om
psychi at Il  PHiS RASR%rd LololiSe BRAFLALARM BisebtTs 18 wherein pathol ogi cal
conditions related to changes in PBR I evels are selected fromproliferative
di seases. 12. Use according to clains 1-8 wherein pathol ogi cal conditions
rel ated tol%hanygeR acepreipgte é'@@'l‘ss1&r@h%rélne(é?ct@iog'ﬁ%rPPB@'F'?’Eﬂ'u%r'%IPd thENAGREL or v

processes. inFBR |dvBIs2f& 9616EBE b sdriphEfl thflSmMaesr@bihcdederct i on of PBR level's
is perfornmed for occupancy studies. 14. Use according to clains 1-8 wherein

detection of PBR levels is perforned for eval yati he efficacy of

Cher apeut i Bt 1 edtaraheording 1o RETHS -4 Aheral daciion b RES EuaR b gpdbared for
associ at edogdublin t@ks.conditions and changes in PBR | evel s associated with
pat hol ogi cal conditions wherein the detection is perfornmed using a

r adi ol abel formof 7-chloro-/V,L/[,5-trinethyl-4- - 3- phenyl - 3, 5-

G hyar oo a1 T4 py VPR E50ok0iG. 6 ST ot Mbetdin Belestion &7 PR LB T Reishch ke
i s chosen apaging atidefficdcylof artlestapddticagansednd radi ometal s. 16. Met hod
according to claim 15 wherein the radi ol abeled formof 7-chloro-L/,L/, 5-
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]i ndol e- 1-%@8‘?%%%8”1 'ﬁaéiﬁ’P%'P%%ﬁ @bﬂoﬁgp\ﬁ’q@ﬁori ne-18. 19. Method according
to claim15 wherein 7-chloro-L/,/V,5~trinethyl -4-oxo-3-phenyl - 3, 5-

di hydr o- 4/ 16.- pykleihed i avoprding-tb >xaimdd ehdremctbbaedidiabeked fadnalf Fball@d-NuVt
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changes i nc#Bdhtlével s are selected frombrain injuries, brain infections,
and

17.  Method according to claims 15-16 wherein 7-chloro-N,N,5-trimethyl-4-oxo-3-
phenyl-3,5-dihydro-4H-pyridazino[4,5-b]indole-1-acetamide is radiolabelled with carbon-
11 on the carbon of the methyl group located on position 5 of the indole nucleus.

18. Method according to claim 15, wherein 7-chloro-N,N,5-trimethyl-4-oxo-3-phenyl-3,5-
dihydro-4H-pyridazino[4,5-b]indole-1-acetamide is radiolabelled with fluorine-18.

19. Method according to claim 15 wherein 7-chloro-N,N,5-trimethyl-4-oxo-3-phenyl-3,5-
dihydro-4H-pyridazino[4,5-b]indole-1-acetamide is radiolabelled with fluorine-18 on the

para position of the 3-phenyle ring.

20. Method according to claims 15-19 wherein pathological conditions related to
changes in PBR levels are selected from brain injuries, brain infections, and

neurological diseases.

21.  Method according to claims 15-19 wherein pathological conditions related to

changes in PBR levels are selected from psychiatric diseases.

22. Method according to claims 15-19 wherein pathological conditions related to



neur ol ogi cal di seases. 21. Method according to clains 15-19 wherein

pat hol ogi cal conditions related to changes in PBR |l evels are selected from
psychi at rwo 2dimmeases. 22. Met hod according to cl ai ns 15PC9/1B2089/@07662

pat hol ogi cal conditions related tochaxges in PBR | evels are selected from
proliferative diseases. 23. Method according to clains 15-19 wherein

pat hol ogi cellangenih RBR fevelsedraseldcted frolaprgliferative BBRasesvel s are sel ected from
peri pheral inflanmmatory processes. 24. Method according to clainms 15-19

wherein dejgcti L ev ' rf : i6dALd} 9.
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condi ti ons,and MQ@BQ%%cérBing%clagﬁ 23-1 S\ﬁl%éifﬂo%%c%ﬁ bf PRRNEVAgiCHrformed

condi tions conprising a radiola orm o
7- chl or o- Libr bécupaney stedigs| - 4- oxo- 3- phenyl - 3, 5-di hydro-4/-/ -
pyri dazi no[ 4, 5-b] i ndol e- 1- acet anm de.
25. Method according to claims 15-19 wherein detection of PBR levels is performed

for evaluating the efficacy of a therapeutic treatment.

26. Diagnostic kit for the detection of PBR levels associated with normal conditions
and changes in PBR levels associated with pathological conditions comprising a
radiolabelled form  of  7-chloro-N,N,5-trimethyl-4-oxo-3-phenyl-3,5-dihydro-4H-

pyridazino[4,5-b]indole-1-acetamide.



