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Large increases in PBR are also observed in cancer (Cornu, P. et at (1992)
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Coll. Surg. 203: 353-364), rheumatism (fibromyalgia) (Faggioli, P. ef al. (2004) Rheumatology
(Oxford) 43: 1224-1225), sciatic nerve regeneration (Mills, C.D. et al. (2005) Mol. Cell.
Neurosci. 30: 228-237), psoriasic arthritis (Guisti, L. et al. (2004) Clin. Biochem. 37: 61-66) and
atherosclerosis (Fujimura, Y. et al. (2008) Atherosclerosis, 201: 108-111; Laitinen, |. et al.
(2008) Eur. J. Nuc. Med. Mol. Imaging 36: 73-80).
By contrast, a decrease in PBR levels is observed in the brain of schizophrenia patients
(Kurumaiji, A. et al. (1997) J. Neural. Transm. 104: 1361-1370; Wodarz, N. et al. (1998)
Psychiatry Res. 14: 363-369) and in rheumatoid arthritis (Bribes, E. et al. (2002) Eur. J.
Pharmacol. 452: 111-122) and osteoarthritis (Bazzichi, L. ef al. (2003) Clin. Biochem. 36: 57-
60).
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, [11C]PK11195, 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, [11C]PK11195 shows relatively low brain uptake, high non-specific

binding and a poor signal to noise ratio. These properties limit the sensitivity of [11C]PK11195
for PET imaging of PBR levels and occupancy studies in the CNS. The development of
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Summary of Invention

The present invention concerns the use of a radiolabelled form of 7-chloro-N,N,5-trimethyl-4-
oxo-3-phenyl-3,5-dihydro-4H-pyridazino[4,5-blindole-1-acetamide as a biomarker for the
detection of PBR levels associated with normal conditions and PBR levels associated with
pathological conditions.

The present invention also concerns a method for the detection of PBR levels associated with
normal conditions and PBR levels associated with pathological conditions using 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 present invention also concerns a diagnostic kit for the detection of PBR levels.

Definitions

For convenient reasons and to facilitate reading, the compound 7-chloro-N, N,5-trimethyl-4-oxo-
3-pheny!-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
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selected frombrain injuries, such as stroke, ischem areperfusion injury
and traumatic brain injury; brain infections, such as encephalitis;
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position, at the 7-position of the pyridazino[4,5-blindole 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-blindole-1-acetamide is used as a biomarker for the
detection of PBR level changes and inflammation associated with pathological conditions,
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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-blindole-1-acetamide is used for evaluating the efficacy

of a therapeutic treatment.

The present invention also concerns a method for the detection of the PBR and inflammation
associated with pathological conditions using 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.

In some embodiments, the radiolabelled form of 7-chloro-N,N,5-trimethyl-4-oxo-3-phenyl-3,5-
dihydro-4H-pyridazino[4,5-b]indole-1-acetamide contains a radiolabel chosen among carbon-
11, radiohalogens and radiometals. In some embodiments, the radiolabelled form of 7-chloro-
N, N,5-trimethyl-4-oxo-3-phenyl-3,5-dihydro-4 H-pyridazino[4,5-blindole-1-acetamide is labelled
with carbon-11.

In some embodiments, the 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 radiolabelled on the carbon of the methyl
group situated on position 5 of the indole nucleus.

In some embodiments, 7-chloro-N,N,5-trimethyl-4-oxo-3-phenyl-3,5-dihydro-4H-pyridazino[4,5-
blindole-1-acetamide is radiolabelled with radiometals, preferentially on the 3-phenyl ring at the
para position, at the 7-position of the pyridazino[4,5-blindole 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, 7-chloro-N,N,5-trimethyl-4-oxo-3-phenyl-3,5-dihydro-4H-pyridazino[4,5-
blindole-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-blindole in replacement of the chlorine atom (with or without a
spacer, vide infra), or at any N-methy! position (N,N-dimethylacetamide function or the methyl



c) Quantification of the levels of the PBRin a region of interest by
quantifying the PET signal associated with a radiol abell ed form of
7-chl oro- N, N, 5-
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e in this negramooBld nterest ; d) Conparing the PET ( SREG)yBgiogmasé20bt ai ned
in step c) with the signal obtained i® a control region of interest ; e)
Determ ning the presence of Inf|lanmmati on associ ated with pat hol ogi cal
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rat strratum y-curves of riga in lesioned (ipsi) and
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per cent%@'@fammﬁt@et ed dose per cubic centineter as a function of
post - i nhethdrogmisddirer(t NcBdrding to the invention is a method of detection of the PBR and

inflammation associated with pathological conditions, which is performed for occupancy

rat

studies.
Another embodiment is a method of detection of the PBR and inflammation associated with
pathological conditions, said method comprising the following steps:

a) Administrating a radiolabelled form of 7-chloro-N,N,5-trimethyl-4-oxo-3-
phenyl-3,5-dihydro-4 H-pyridazino[4,5-blindole-1-acetamide ;

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

c) 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-blindole-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-b]indole-1-acetamide.

The following examples further illustrate the present invention and are  not intended to limit the



Figure 4: Tinme-activity-curves of [11C]-A in lesioned (ipsi A and intact
rat striatum (contro A). Arrow indicates addition of an excess of 1 ng/kg
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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 puM) or A (22 pM). Specificity for PBR vs central
benzodiazepine binding sites was evaluated using an excess of unlabelled Flumazenil (27 pM).

Data are expressed as dpm per arbitrary area unit.
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Int. J. Rad. Appl. Instrum B. 19: 15966; Boutin, H et al. (2007) dia
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includes the following steps : (1) trapping at -10C of [fignmethyl iodide in
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mobi | e phase and (4) purification using senm -preparative HPLC. Quality
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fluorine-18

Methods
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]PK11195 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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| abelling (2.0-8.0 ng) ; (2) heating at 165C for 3-10 mn ; (3)
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and chem cal purity determ nations, were perforned on an aliquot of the
final produgdh@oodaisch. Labelling with other hal ogens (daomomkoveodBs2

| odi ne- 123, iodine-124) Preparation ofi3all other radi ohal ogenated
derivatives (brom ne-76, iodine-123, iodine-124) foll owed standard

t echni qugs! 3a6R pHicwxdoraet 1kdiamabidyclofs,8 j8Hekaxpsanen (KB RIA@22): t ThivkhicPaplex B. at
al . (20RMmAUELe mEDRE BrolliSy by and Sohvelistal meRRE todielr Hr 41 (1850 Z0RA) 1| 0

Radi oi c on react’ons. armaceuti cal s - "Conpendj um for effective
synt hes et 42128%i-3259 whvith th?EI.(TQQ%'?'?@ﬂsMQ‘?-,Chﬁﬁﬂ{e%g'ﬁg (Eds), Springer
|\_/eLI ??; Tﬁi.efll!xdtrﬂaﬁﬁi;j@%tfétﬁrclﬂn bé'péllgc?r_}ned i%ﬁ%@&%l%ﬂ@é{%’éﬁ% &E&Baeele_ﬁbﬁaradem

abel ling wi radi omet al s Jum opper - and technetium
Pr epar aﬁ%gﬁ o feneReratyrep; \V‘e%enlg%gétl I SaNVENER! foa%?'grﬁif ﬁlesref?}glnl ﬁq e@@?“”‘g”g‘%%er - 64
and t echoat anoot 3010 t@laboutf 200P@wad the andarditeh ashdisqivests :’ialiel dimetbg@sliosde known
from skijdl 0 | t [ i [ i > :
or oduct 1B Ffrbfetfue (b 408 Septhite, 318 tmgf (L3HRSq 7 LR T ey
Medeci nelso ViaryvedelyRifton &bt 5 SiutedSrrsin feraxpagie). siependinepan mamy fagigisnaptalbe.  of

a/. (2043) | okl L Religis! A SUNRRES BAC @M bSabis dffth
I 05;9%@3‘.1% pérafilre IME! fiddifs aftdnd Religerts! A1 SENER N

i ophar maceuti cats Radi ochetnistry a [Licajions (VWelch
V1 REBOHRA y REESUESS ) UseRe (BT Ch MEheSUBID e s bEHGIRB B LabaIg | o
Wley-i Rb%bﬁ@rﬂ?@@gPaﬁ-Nuo%B%@B%e BBk Kilouth iMR &u.),awatio(namaj)deaye?rés; r%/ of
copper onucl ei.des, and ra r i cal . nghogik,. o
adl, oph AFREBaAD 6o 1R S Lt (GRS B et AR R van y
CS Eds. PolléNEweivalr K200h) ChesPiearmBDiesitarid: 322103236; Ci L.egt-4/nt2808)cFendeORrRub. |
401-422; hr,no A, -t 03) ' 'qp%@ | ' ;
Handbooﬁ:h%{?' &gd?g% a?%hc@lﬂ? iF((':gl;]Qs%'- (zéggil“gﬁﬁgglﬁ?;e{ ?gé' an ﬁ,%&gg@fﬁ@:ﬁ&l ch
M ||, RBipredlcg! ltgerals apd PRevfiaventicalonTresfadtl &y Blapielfa fledskdrlepyies;, Amsterdam-
W ey- | Bb&bSFeRBBErgHWdon-Rigw- Htik-Oxford-PhMisab 4P N DR@bIBahat Frafcisdo-$iddspdil 1195,
rici-A or anyl_ ot her radj ol abel | ed deri va(isl es as an 1. V. S | utjf.o for
i nj ect i SWMSYTIGRYS mcPRUdtle ot eineteg InBIean a‘Y‘P? ip{f&éfega%%dﬁ#‘aﬁo%ﬁ 'e‘glbyt he
HPLC soHpEOt=s duafbad) fonthei sapdonedi Hattelled devivbtiveagbutOnBlaINale r¢qoligred oF o cal

saline) p&rﬂiegr}ro%t E%”%%a%%’]%a%?é 8); Eh%nuéée&foé%ér%wﬁ‘%mat%%ystechniques or

simply by filtration on a pre-packed separation column.

[*®F]Fluoroethoxy-A (7-chIoro-N,N,5-trimethyI-4-oxo-3-(4-[1“F]fluoroethoxy)-phenyl-3,5-
dihydro-4H-pyridazino[4,5-b]indole-1-acetamide)

Preparation of ["®FIfluoroethoxy-A includes the following steps : (1) taking up the K["°FIF-
Kryptofix®222 complex with a DMSO solution (600 pL) 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 cartridge 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 (Maziere 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).
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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).



Rats and transgenic mce M croPET imaging was performed 7 days post-AMPA
injection in rats and in 11-12 nonth old transgenic mce. In both mce and
rats, anaesthesia was induced by isaflurane 5% and WO

2010/ 049819PCT/ 1112009/ 007562 16 thereafter maintai ned by 2-2,5% of

i sof | urane wa 2@omaggiur e of 70% 30% NO2102. For PET scaneCT/iBh@dkeaed of t he
rat was placed in a hone-nade stereotdXic frane conpatible with PET
acquisition and the rats were mai ntai ned nornothermc (rectal tenperature:
36. 70. 5Primateampgp))of nepicginfigm@atiomced on a bed equi pped with an anaesthetic
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PET f or aBd two m0 pL sites in the putamen using a 10 pL-Hamilton syringe attached to a 26-gauge
needle. The stereotactic coordinates, determined according to the stereotactic atlas of Swabo
and Cowan (1984), were as follows: caudate site [AP +19 mm, ML 6 mm, DV -14 mm from
sinus] ; putaminal site1 [AP: +19 mm, ML: +12 mm, DV: -17 mm from stereotaxic zero] ;
putaminal site 2 [AP: +17 mm, ML: 13 mm, DV: -16 mm from sinus]. The excitotoxin was
injected at a rate of 0.1 pL/min and the injection syringe left in place for an additional 5 min to
avoid backflow of the toxin. Throughout the surgery, the primate temperature was maintained
normothermic (rectal temperature, 36 °C + 0.6°C, mean + SD). After removing the needle, the
skin was sutured and the animals were allowed to recover from anesthesia and returned to

their cages when fully awake.

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 APPxPS81 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



One hour before PET inmaging, aninmals were anaesthetized by intranuscul ar
Injection of a ketam ne xylazine mxture (15 ng/kg / 1.5 ng/kg) and

i ntubated. Catheters were then placed in a saphenous vein for radiotracer
injection and in a fenoral artery for blood sanpling. Animals were

mai nt ai ned ywhagsbdheis zed by an intravenous injection ofpquspod/al7s¢Di privanO
1% 0,05 ng,kg--1.rnin-1), To ensure aeérrect positioning of the anima; in
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followed by PET for 90 min.
One hour before PET imaging, animals were anaesthetized by intramuscular injection of a
ketamine / xylazine mixture (15 mg/kg / 1.5 mg/kg) and intubated. Catheters were then placed
in a saphenous vein for radiotracer injection and in a femoral artery for blood sampling. Animals
were maintained anaesthetized by an intravenous injection of propofol (Diprivan® 1%; 0.05
mg.kg=1.min-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™ (CT| Concorde Microsystems’ Analysis
Tools and System Setup/Diagnostics Tool) and Brainvisa/Anatomist (http:/brainvisa.info/).



[ 11CFA aut or adi ogr aphy was perforned using 20 pmbrain ctions fromrats
(7-8 days post-lesion) or mce (20-23 nonths). Non-specific binding was
assessed using an excess of either unlabelled PK11195 or A Specificity for
PBR vs central benzodi azepi ne binding sites was eval uated by using an
excess of uwnbahebdoedd Fl umazenii. Sections were incubat etmiBeo02@®78662n in Tris
Buf fer (TRI ZMA pre-set Crystals, Sigma7 , adjusted at pH 7,4 at 4cC, 50 nmM
with NaC.I 120 mM, then rinsed 2 tinmes for 2 min with cold buffer,
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radi ochem cally pure ["C]-A (Rt 8.0-8.5 Mn) was collected. Typically,
starti nBXAMEREd 55.5 GBq [11C1CA2 cycl otron production batch, about 3.5-5.0
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the r adl K111%g (ﬁ : 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/umol (at the end of the radiosynthesis).

EXAMPLE 2

["'C]-A radiosynthesis (Labelling at the N-methylindole function): Final HPLC purification of
['C]-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 [vv:v] ; flow-rate : 6 mL/min) and
the peak corresponding to radiochemically pure ["'CJ-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



EXAMPLE 4 i) 4-hydroxy-A synthesis. 4-Hydroxy-A may be resynthesized
according to W00144384. Rf 015 (Si02-TLC (CH2C12/ MeCH: 95/5 v:v)). 1F1 NWR
(DVMBO-d6) 5 9.71 (s, 1H), 7,94 (s, 1H), 7.86 (d, 1H, J: 8.4 Hz), 7.39 (d,
1H, J: 8.4 Hz), 7.32 (d, 2H, J: 8.8 Hz), 6.84 (d, 2H, J: 8.8 Hz), 4.27 (s,
311), 4, 20 WG201&bdos193. 16 (s, 3H), 2.84 (s, 3H). 13C NVROIDMB®/@B)628 168. 6
[C, 157.1 [C], 154.8 [C], 141.2 [(C],18140.9 fq, 133.6 [, 132.1 [C, 130.9
[d, 1278[ZCH] 1240[CH] 1226[CH] 1189[C] 1173[f 1153
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j ust  abpy the(cpy aMpk @adidgynthEXéVPLE 5 General procedure for the synthesis of
(fluoro)al koxy-A and tosyl oxyal koxy-A. To a suspension of K2C33 (101 nyg,
0.73 rrinol) in dry DivlF (8-12 nl) is added the 4-hydroxyderivative of A
(150 ngEXAVBEERBRd, see W00/44384), in solution in dry DMF (2 The reaction
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e residue was puri.fi R
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powder s Rediogteirical bhmiflﬂojet@rmlﬂedsby MME‘PGCI\M Wasars RY@siryds| & 18 FRMMGéner al

procedu 8®t6 150 eslo sl e Byl {0 dndef t ar get
compound ﬁ'té%f/th% ég?%rﬁ sékc.ﬁ@%gidﬁgﬂbngé e (Cecls/ Satp el L v)). 1H

NVR (CDtbe?d'Q‘Py'?thgﬂs)(d 1H, J: 8.4 Hz), 7.53 (m 3H), 7,33 (dd, 1H J: 8.4,
1.6 Hz), 7.00 (d 2H, J: 8.8 Hz), 4.32 (s, 3H), 4.18 (s, 2H), 3.86 (s, 3H),
3.22 (a H} 00 (s, 3H). 13C NMR (CDC13) 168.4 [(], 1589[q 1553[C],
141,6[8& k64 (o, 134.6 [C], 133.2 [q], 1313[d1 1273} , 123.3
[CH, 13-ydfdip syhli@sB. BEydroke-A may B resynBesizqdraccadingltp0NEOpiifed. 65 ; 5

[CH8]. 3958l (B his #9))."H RMR fmsSdS bPTRE, 1h), 7.94 (s, 1H),
7.86 (d, 1H, J: 8.4 Hz), 7.39 (d, 1H, J: 8.4 Hz), 7.32 (d, 2H, J: 8.8 Hz), 6.84 (d, 2H, J: 8.8 Hz),
4.27 (s, 3H), 4.20 (s, 2H), 3.16 (s, 3H), 2.84 (s, 3H). 3C NMR (DMSO-dg) 5 168.6 [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 [CH,
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 §

General procedure for the synthesis of (fluoro)alkoxy-A and tosyloxyalkoxy-A. To a suspension
of KzCOs (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 aq NH,Cl solution and extracted with CH,Cl,. The organic layers were
combined, washed with brine, dried over sodium sulfate, filtered and concentrated to dryness.



EXAMPLE 7 Fl uoroet hoxy-A synthesis. The general procedure above (exanple 6)
was used with 2- fluoroethyl-4-nethyl benzenesul fonate (synthesi zed
according to Damont A et al. (2008) J. |abel. Conpds Radi opharm 51:
286-292) to afford the target conpound in 63%yield. R 0.38 (Si02-TLC
(0112012/ Vafdbt2019049819v: V) ). 1FINMR (CD2C 2) 5 7.89 (d, ItdTad20080B5ddz), 7,58
(d, 1H, J: 1.6 Hz), 7.54 (d, 2H, J: 9152Hz) 734(dd 1H, J 88 1,6 Hz),
7.03 (d,]_ 2H, J: 9.2 Hzg 4.78 gt 2H, J2H. F: 47. J3K-R 4. 32
(s, 3H). hg resid esidup yras pyyy dyay pilica gas calump chrgjaiqgraphy (@H@#Me@Hl%E‘(’@Q Vv 3. 19
(s, 3H) as2lef) (offortthe elFHCtINFRIdERXEGY2A a8whESpavdetd or wiHé f1GfF £dlids. 155, 1 (],
141.3 [C, 140.7 [C], 140.3 [C], 135.4 Eq, 132.8 [(C], 127.4 [2.CH, 123.2
[CH, 122.6 [CH, 113.9 [0], 117.2 [C], 114,3 [2,CH, 110.7 [CH, 82.0 [d,
Jle F: EZOMRLE&CH2, 67.5 [d, J20ep: 20 Hz, CH]. 39.5 [CH2], 37,4 [CH3],
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(0D2C12]CHe], B8S, [2HC35.7 3R], B1[6QCHA155. 1 [C], 141.3 [C], 140.3 [C] 135. 0
[0], 132.8 [C], 131.3 [C], 127.3 [2.CH, 123.2 [CH, 122,5 [CH, 119.0 [d],
117.2 [, 114.2 [2.CH, 110.7 [CH, 80.8 [d, Jic.F: 163 Hz, C -12], 63.9
[d, JacEKAMBLE7Hz, CH2], 39.5 [CH2], 37.4 [Cl-13], 35.2 [0b13], 31,5
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NI\/R(CD2a2) 87.91 (d, 1H J: 8.4 H), 7.60 (d, 1H J: 1,6 Hz), 7.54 (d, 2H,
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(do®, 2H, J3H_F. 26.0 Hz, J%.4: 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°c+: 6.0 Hz, CHy),
39.5 [CHy], 37.4 [CHg), 35.2 [CH3], 31.5 [CH], 30.3 [CHy, J%.r: 20.0 Hz].



EXAMPLE 11 2-(2-(Fl uoroethoxy) et hoxy)et hoxy-A synthesis. The general
procedure above (exanple 5) was used with
2-(2-(2-fluoroet hoxy) el hoxy) et hyl-4-net hyl benzenesul fonate to afford the
target conpound in 63%yield, Rl: 0.32 (Si02-TLC (CH2d 2/ acetone: 80/ 20
viv)). 1H NMRZ((I@/@@%Z) 8 7,91 (d, 1H, J. 8.8 Hz), 7.60 Hai/isideb/oe¥s621. 6 Hz),
7 54 (d 2H, J: 8.8 Hz), 7.36 (dd, 1Ho J: 8.8, 1.6 Hz), 7.04 (d, 2H, J: 8.
57 dl 2H J2H. F: 47.6 Hz, J3H H 4.4 Hz), 4.33 (s, 3H), 4.21 (t,
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Hz), 4.32 (s, 3|—|) 422(1 2H, J: 4.4 Hz), 4.17 (s, 2H), 3.21 (s, 3H),
298(SX§ 248 (s, 3H. C NWR (CD2C12) 8 168.1 [d, 157.2 [C], 155.0
[C] E W’l‘f 141.2 [C], 140.3 [C, 135,5 [(C], 132.8 [C], 132.7 [,
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EXAVPLE2HS 3.91 (t, 2H, J: 4.8 Hz), 3.83 (dt, 2H, S 30.0, JSHH 4.0 Hz), 3.21 (s, 3H), 2.98 (s, 3H).
3C NMR (CD,Cly) 8 168.2 [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'cs: 167 Hz, CH,], 70.4 [d, J%.r: 19 Hz, CHa], 69.7 [CH.], 67.8 [CH.], 39.5 [CH,], 37.4
[CHa], 35.2 [CHa], 31.6 [CHa].

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 (SiO.-TLC (CH.Cly/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%r: 47.6 Hz, %4 : 4.4 Hz), 4.33 (s, 3H), 4.21 (t, 2H,
J: 4.4 Hz), 4.17 (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 (CDCl,) 3 168.2 [C], 1568.0 [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 [CHy], 70.3 [d, J%.: 19 Hz, CH;], 69.6 [CH,], 67.8
[CHJ], 39.5 [CHy], 37.4 [CHg], 35.2 [CH3], 31.6 [CHg].
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EXAMPLE 13

[*®F]Fluoroethoxy-A radiosynthesis: Final HPLC purification of [“Flfluoroethoxy-A was
performed on a semi-preparative Symmetry® C-18 HPLC colum (eluent : water / acetonitrile /
TFA : 60/ 40/ 0.1 [viv:V] ; flow-rate : 5 mL/min) and the peak corresponding to radiochemically
pure [*®Flfluoroethoxy-A (Rt : 11.0-13.0 min) was collected. Starting from a 37 GBq ["®FIfluoride
cyclotron production batch, about 3.7 GBq of ["®Ffluoroethoxy-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 GBg/umol (at the end of the radiosynthesis).

['®F]Fluoropropoxy-A,  ["Flfluorobutoxy-A,  2-(["°Flfluoroethoxy)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 ["cl-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 ["'C]-A than for [''C]PK11195 (Figure 2). The
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(Fi gur uptake Tn the contral ateral nhon-injected striatum
remai ned stable and at the sane |evel as [110EA uptake in the brain regions
of a nogxAmpeet8d primate (Figure 8). The increase in [1101 A upt ake coul d

o sprbrih AP Edsde vl Ak, Pl doatoepinBins A uPeiech b il plfect  on
(ki net i @sreb@lluithexdlidehy iss highert tam kies Uptaled of ['MEIAKIE1 96a(Figuer B). timivevert, direned t o
baseline LeV&! s i &nd F' @bkShos Wons S MMERR! RS 1h 1R QR %y &
PS1. By contrast, specific of [*H]-A binding is about 2-fold greater in whole brain sections from
APPxPS1 mice compared to wild type PS1 mice (Figure 7).
These data demonstrate that [''C]-A can specifically detect increased PBR binding and
inflammation in an acute model 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]JPK11195.

EXAMPLE 16

The uptake of [''C]-A is significantly higher in the lesioned right striatum of a quinolinic acid-
injected primate compared to [''CJ-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 [''CJ-A uptake in the brain regions of a non-injected primate (Figure
8). The increase in [''CJ]-A uptake could still be visualized at 48 hrs after excitotoxin injection (in
the left hemisphere), whereas [''CJ-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



characterisaton of the early phase of neuroinflammati on denonstrates that
the increased A uptake can be visualised from24 hrs up to 16 days (Figure
9). Systemic administration of a |arge excess of unlabelled PK11195 30 min
after radiotracer injection resulted in a specific displacenent of the
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of therapeutic pat hol ogi ca s'and as a transiati onal
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of radi @b&dtedd iRthe non-lesioned control brain regions &Fl%ure Q)r.] _ _ _
7-chloro-N, N, 5-trinmet hyl - 4- oxo- 3- phenyl - di hydr o- 4Hpyri dazi no[ 4, 5- Ni ndol
e-1l-acetam de as a biornarker for the detection, in an individual, of

per i pheppplibatiunsdi azepi ne receptor (PBR) |evels associated wth normal and
pat hol o I i n-11,
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claims 1 and 2 wherein 7-chloro-N N'5-trinmethyl-4-oxo-3

di hydr ol %ﬁvawﬁdkbf. Rtipacy5ob therraukic fregteantt i d@thoéow%.cen%im| e@d vﬂst A

car bon- ¥rangstiohBiebidhadriesriorabsdakeh fropt Ayinalgheddfs tbeoakasl on position 5 of the

i ndol e nucleus. 4. Use according to claim1 wherein

7-chl oro-N, N, 5-tri net hyl- 4- oxo- 3- phenyl- 3, 5- di hydr o4H- pyri dazi no[ 4, 5- M ndol
e-1l-acetamde is radiolabelled with radi ohal ogens,



5. Use according to clains 1 or 4 wherein

7-chloro-N, N, 5-trinmethyl-4-oxo- 3-phenyl - 3, 5-

di hydr o- 4H pyri dazi nol4, 5-bl i ndol e-1-agetarride is radiolabelled with the
radi ohal ogen fluorine-18. 6. Use according to clains 1 or 5 wherein
7-chl oro- N, N, 5- 1ri net hyl - 4- oxo- 3- phenyl - 3, 5-

di hydr o- 4H pyri dazi no[ 4, 5- b] i ndol e- ELAMEani de i s radi ol abelied with
fluorine-18 on the pare position of the 3-phenyle ring. 7. Use according

to clains 1-6 wherein the detection of PBR | evels |S£erforrred by PET
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injuries, brain infections and neurol ogi cal diseases, 10. Use according to
clainms 1-8 wherein pathol ogical conditions related to changes in PER | evel s
are selzct edJderapovndgddiclainT 1 wheliebeasbioro-N265-tritrbthybd @xadateay¥g-dibydse-ai s

L8 whoeb DBaNasOgnaaL 1SRl AB A RURIEH fiPeshANDES [N PBR |evels are

sel ected rolitferative di seases. e according to clains 1-8
wher ei n pat hol ogical conditions related to changes in PBR |l evels are

sel ectegd fr queeoa%Ebﬂam@rt@lsuain&fi ATBHREHINIL MRS AL ,5- trlﬂr'%thym-%xélg%élﬁvl-ﬁgi to
clainms 1-8 wherein detection of PBR |evels is perf mE ? occupanc
st udi egihydro-4H-pyridazino[4,5-b]indole-1-acetamide is radiolabelled W|th carbon-11 on the carbon

the methyl group located on position 5 of the indole nucleus.

4. Use according to claim 1 wherein 7-chloro-N, N,5-trimethyl-4-oxo-3-phenyl-3,5-dihydro-
4H-pyridazino[4,5-blindole-1-acetamide is radiolabelled with radiohalogens.

5. Use according to claims 1, or 4 wherein 7-chloro-N,N,5-trimethyl-4-oxo-3-phenyl-3,5-
dihydro-4H-pyridazino[4,5-blindole-1-acetamide is radiolabelled with the radiohalogen fluorine-
18.

6. Use according to claims 1 or 5 wherein 7-chloro-N,N,5-trimethyl-4-oxo-3-phenyl-3,5-
dihydro-4H-pyridazino[4,5-blindole-1-acetamide is 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 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 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.



14. Use according to clains 1-8 wherein detection of PBR levels is
performed for evaluating the efficacy of a therapeutic treatnment. 15.

Met hod for the detection of PBR | evel 25associ ated with normal conditions
and changes in PBR | evel s associ ated with pathol ogical conditions wherein
the detection is performed using a radiol abelled form of

7- chl or b1.N, NJSe agcordingty tlaims k-8 -véhepiie pstholggical gpnjiipng relpied yo ¢haagesio PBRs-

Ni ndol ep|gi@gRtRMEcAa ronSbRbRtld @sdads ol abel is chosen anmpng carbon-11,
radi ohal ogens arid radiornetals. 16. Method according to claim15 wherein

t he radi ol abelied formof 7-chloro-NN, 5-trimethyl-
4- 0x0- 31phenyke Fecarditigty @raimHHs MiHet sk gathelbdicdd chditivae retatdd acaiaagss id@BRoNt ai ns

car bon-lll.I 17. I\/Fe':qgod ac.cRr d'b.n% to clainms 15-16 wherein
7- chl or 6YRE RIeeleCieddioy SRR NIRRT Prafesses.
di hydr o- 4/ 1- pyri dazi no[ 4, 5- b] i ndol e- 1-acetam de is radiol abelleci with

car bon- 1131' OnUEQ Scc%@ﬁr%%g tcﬁa&n&é P—% V\W\%h%?%getg&% %f I’gﬁﬁfag\,{ﬁ E?rgol(?r?]ib& i‘o? Bcéjpgﬁcyt he

i ndol e nucl eUS" accor o claim

7-chl orgudesN, 5-tri et hyl- 4- oxo- 3- phenyl - 3, 5-

di hydr o- 4H pyri dazi nol4, 5-bl i ndol e-1-acetarnide is radi ol abelled with
fluorine-18. 19. Method according to claim 15 wherein .
7-chl or &&-N, NUse g(pqorﬁgqgiy !clannq);(g_\ngmerﬂ'ﬁréﬁgﬁpct@p uf PBR levels is performed for evaluating

di hydr omd Leita@ydriadnerbpalid ireattlennidol e- | - acet ami de is radiol abel led with
I luorine-18 on the para position of the 3-phenyle ring. 20. Method
according to clains 15-19 wherein pathol ogical conditions related to

c hgngesm. n Pﬂahregaltrse dotectis e bERBR tbvE s @Bs dataaédwithhdammabesonditioss andi chbegtsiions,
and neu ica I seases, 1. t hod accordi | aj - . rein
pat hol o%g% gﬁq'eﬁ?&?a??ﬁsf%‘ﬁ‘gﬁ} %’1“5‘%%%%@%@5’333@856% tﬁgﬁétgg\ﬁogﬁés g%@ﬁ%%ﬁ%%%d from
psychi atadiokbdiesifasesf. 7-ct2do- Nl SHOm e tigleboxti-Brghenyl-3 Baiihydrot4+-pgridakiasléisn

pat hol 09]|n(a§||e-1(-:9&?érﬁibé), r§5\§i1e|:e("-r'r# f'%(?gdi&gbel ?sGChosen among carbon-11, radiohalogens and

radiometals.

16. Method according to claim 15 wherein the radiolabelled form of 7-chloro-N,N,5-trimethyl-
4-oxo-3-phenyl-3,5-dihydro-4H-pyridazino[4,5-blindole-1-acetamide contains carbon-11.

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-blindole-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-blindole-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-blindole-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



changes in PBR |l evels are selected fromproliferative diseases 23. Method
according to clains 15-19 wherein pathol ogical conditions related to
changes in PBR | evels are sel ected frae peripheral inflammtory processes.
24. Method according to clains 15-19 wherein detection of PBR levels is
performed for occupancy studies. 25. Method according to clains 15-19
wherein detection of PBR levels is perfornmed for evaluating the efficacy of

a ther afpghidsGn bERRVEBEE-selected from proliferative diseases.

23. Method according to claims 15-19 wherein pathological conditions related to changes in
PBR levels are selected from peripheral inflammatory processes.

24, Method according to claims 15-19 wherein detection of PBR levels is performed for

occupancy studies.

25. Method according to claims 15-19 wherein detection of PBR levels is performed for

evaluating the efficacy of a therapeutic treatment.



