WO 2010/052143PCT/EP2009/064033 RADIOLABELLED INHIBITORS OF THE GLYCINE 1
TRANSPORTER The present invention relates to novel radiolabelled inhibitors of general formula | for
the Glycine 1 transporter (GlyT1), usefid for the labelling and diagnostic imaging of the glycinc 1
transporter fu%ig&g}j}%lgﬁl 5 wherein is isopropoxy or 2,2,2-trifluoro-1-methyirethoxyicand R2is a
radiolabelled group CH3, wherein the radionuclide is 3Hor "C. It has been found that the radiolabelled
compounds of formula | may be used as PET (Positrdbn 10 Emission Tomography) radiotracer for the
labelling and diagnostic molecular imaging of the glycine 1 transporter functionality. Molecular imaging
is based on the selective and specific interaction of a molecular probe (e.g. a radiotracer) with a
biological target (for instance a receptor, an enzyme, an ion channel or any other cellular component
that is able to bind or retain the molecular probe) which is visualized through PET, nuclear magnetic
resonance, near infrared 15 or other methods. PET, a nuclear medical imaging modality, is ideally

suited to produce R8BS Q& A AR ISR TR S QUi dH I Stk iHfor b NS bR tribution of a

biological target in a given organ, or on the metabolic activity of such organ or cell or on the ability of a

drug to enter such organ, bind to a biological target es9&/.0 odify piological pro es. Since PET is a
non-invasive fiEmY ETHRLE RIERR B@Vﬁggdl‘fg"ei‘h%] iﬁ’i‘l@?ﬂg Bg%ﬁ%%ﬁi/?sqg%%%egfoﬁ Isease 20 and
the action ofileig OnrangiverreleCUlaistaigéiahctlrinproctdaesdsiimans aridingdyimals. The
availability of a PET radiotracer specific for a given molecular target can facilitate drug development
and the undf@PSPRRERY B8 fhechanism of action of a drug. In addition, a PET radiotracer may

facilitate diagnosis of a disease by demonstrating patho@hysidlogical changes taking place as a
consequence of the disease. WO 2010/052143PC
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5  wheremn
R is isopropoxy or 2,2,2-trifluoro-1-methyl-cthoxy, and

R? is a radiolabelled group CH3, wherein the radionuclide 1s *Hor ',

Tt has been found that the radiolabelled compounds of formula I may be used as PET (Positron

10 Emission Tomography) radiotracer for the labelling and diagnostic molecular imaging of the
glycine 1 transporter functionality. Molecular imaging is based on the selective and specific
interaction of a molecular probe (e.g. a radiotracer) with a biological target (for mstance a
receptor, an enzyme, an ion channel or any other celiular component that is able to bind or retain
the molecular probe) which is visualized through PET, nuclear magnetic resonance, near infrared

.1.5 or other methods. PET, a nuclear medical imaging modality, is ideally suited to produce three-
dimensional images that provide important information, on the distribution of a biological target
in a given orgen, or on the metabolic activity of such organ or cell or on the ability of a drug to
enter such organ, bind to a biological target and/or modify biological processes. Since PET is a
non-invasive imaging technique it can be used to investigate the pathophysiology of a discase

20 and the action of drug on a given molecular target or cellular processes in humans and in animals.
The availability of a PET radiotracer specific for a given molecular target can facilitate drug
development and the understanding of the mechanism of action of a drug. In addition, a PET
radiotracer may facilitate diagnosis of a discase by demonstrating pathophysiological changes

taking place as a consequence of the discase.



-2- Glycine transporter inhibitors are suitable for the treatment of neurological and neuropsychiatric
disorders. The majority of diseases states implicated are psychoses, schizophrenia (Arnzer RE and
Miller DJ, Exp. Opin. Ther. Patents, 11(4): 563-572, 2001), psychotic mood disorders such as severe
major depressjiug Migargek; mood disorders associated with psychotic disordergstehiasissacute mania
or depression, associated with bipolar disorders and mood disorders, associated with schizophrenia,
(Pralong ET et al., Prog. Neurobiol., 67: 173-202, 2082), autistic disorders (Carlsson ML, J. Neural
Trans,. 105: 525-535, 1998), cognitive disorders such as dementias, including age related dementia

and senile Gémisntimuhthtcnirtibiivsrippaitrhienforihe sovasm i Bomalorical THeE R s Husin,
attention deficit glisorders, apkpainifemer RE-anshMilen b FE¥enclS QpitzophesiP atenis: A4.(4):

563-572, 2001). The human brain is a complex organ, consisting of millions of intercommunicating
neurons. THedUHHE SRR &Yy BPHbABIMARIES diAfiflg %636557@615@%’?5%@%?&@?33 RIS opment

of effectivediggrasis.adinavelitherapauties dhestddy atbioehewidapabnoifaliiesdn hunan is
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efficient and timely discove y and development of novel therapeutics. Over recent years, there has
been a growirig. JéerofHiarian nddicaPmvagifid{o assess pathologies, disease processes and drug

action. Thesgimagingmadalitiesineiusie REboMRhGT rilliaacmekcREGmSRELT andotheTs British
Medical Bulletin, 2003, 65, 169-177). 25 Therefore, the use of non-i{;v&séive\;ig]a in m%)dfalities, e.g.
PET is an iHOARRBIE TS FaPIARTHEVETSp IS SrERTTESIK (B HEYIPL "RIBIUISVESRIGRILIESE imaging
techniques ganbhe Usgddoiphiainbasicapdudiagnasiadyofbaiionmietthephysiologyand is

biochemistry of a variety of living subjects. These techniques rely on the use of sophisticated imaging
instrumentéﬁgﬂlﬁhgﬁ%@%ﬂgsg?%é Hﬁt?atff?a%%n 8?7%%?&? %m%%%g%%%ggggég\écr%ﬂ?%%?ed to such
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living subjeptscdberadiitiforiigtibn ditainadodnibe rpoums wiivteddtogsrovide gl anderamd tsithagraphic

mages thal jeveaL disiioulion of e (adiliacetas.alunalon eLimeHiRuseief Rgiotracers can

result in image?v?/ﬁ% contain information on the structure, function and most importantly, the

physiology ariddaicthbridstry of i sabjaets MirstcouRpderHatioi taRPEUBRIBBIAM ST bther

means. The.p.ct only part of the complexity of living systems and in vivo animal models of human disease
are often only an approximation of human pathology, there is growing realization that a robust

20 understanding of drug-receptor interaction in living man at an early stage in this process will be a
major driving force in further enhancing the efficient and timely discovery and development of
novel therapeutics. Over recent years, there has been a growing use of human medical imaging to
assess pathologies, disease processes and drug action. These imaging modalities mclude PET,
MRI, CT, ultrasound, EEG, SPECT and others (British Medical Bulletin, 2003, 65, 169-177).

25  Therefore, the use of non-invasive imaging modalitics, c.g. PET is an invaluable tool for the
development of drugs in the future. Non-invasive nuclear imaging techniques can be used to
obtain basic and diagnostic information about the physiology and biochemistry of a variety of
living subjects. These techniques rely on the use of sophisticated imaging instrumentation that is
capabie of detecting radiation emitted from radiotracers administered to such living subjects. The

30  information obtained can be reconstructed to provide planar and tomographic images that reveal
distribution of the radiotracer as a function of time. The use of radiotracers can result in images
which contain information on the structure, function and most importantly, the physiology and

biochemistry of the subject. Much of this information cannot be obtained by other means. The



3 radiotracers used in these studies are designed to have defined behaviors in vivo which permit the
determination of specific information concerning the physiology or biochemistry of the subject.
Currently, radiotracers are available for obtaining useful information concerning cardiac finiction,
myocardial blood flow, lung perfusion, liver function, brain blood flow, regional brain glucose and
oxygen metabolism (W02007/041025). Furthermofe, PET imaging provides a non-invasive and
quantitative-assaysel ieakandialknes e fetd achevsigufidodbenandat aneayisiagseahineherug
devel . icient. ffecti Iscavery of ICS, = T r of labeled
comp B L ey SRR oy
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with f%‘&%}@f?’éﬂ%’%’&ﬁsﬁﬂ I diagnesinand management of diseases and of novel therapeutics.
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The radio Ides commonly used in PET include "C, I3N, ISO or I8F. In principle, it is possible to label
all drula P @h%logous with the parent compound, but only a few are found applicable as imaging
agents FEVivo dgihgpransi<Ehenradioastive draliqtirndi oft€ ak8hl aboand! I8 atm@mdl0, 2 and 110 mm,
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and bi@MSIpe% ﬁf"fgsﬁato%%s 5 %ea%@&of occupancy of the target site produced by a given dose of
drug, - the time-course of occupancy, and the relative plasma and tissue kinetics of the drug in

questioH MREEFBA S UtERIB SISO HEMBHHRPIAR BENE RONCIRRBYS (FRRGAS BSUEMARY identical to

the drugneacditiatichufndee stercbiofBritista v doichhBalbedim @003 H6Em 2601 didkaidseand ethofdhe

embo@il@}gggg (lisclosed herein was to find novel radiotracers for the in vivo PET imaging of the Glycine
e
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there io proslidBdimgaditiabeiegoomptuiid piforeatapound, but only a few are found applicable
as imaging agents in vivo in humans. The radioactive half-time of ''C, N, 0 and B are 20,
10, 2 and 110 min, respectively. These short half-lives endow a number of advantages to their
use as tracers to probe biological processes in vivo using PET. Repeat studies in the same subject
within the same day are made possible. PET is being increasingly used as a tool to determine
drug-dose-enzyme/receptor occupancy relationships in well-defined compounds. The use of PET
radiotracers that specifically bind to the target receptor or enzyme can provide information about
- the ability of a drug to enter the brain and bind to the target site,
- the degree of occupancy of the target site produced by a given dose of drug,
- the time-course of occupancy, and
- the relative plasma and tissue kinetics of the drug in question.
Occupancy studies are performed with PET radiotracers which are usually not identical to the
drug candidate under study (British Medical Bulletin, 2003, 65, 169-177).
The object of the embodiments disclosed herein was to find novel radiotracers for the in vivo
PET imaging of the Glycine 1 transporter. It has been found that the obtained radiolabelled
compounds of formula I have potential to be used as an imaging agent for visualizing the
Glycine 1 transporter in humans.

In a first aspect, there is provided a radiolabelled compound of formula



3a 0 R1 wherein Rlis isopropoxy or 2,2,2-trifluoro-lI-methyl-ethoxy; and 127is a radiolabelled group
CHS3, wherein the radionuclide is 3H or 11C. The following radiolabelled compounds are encompassed
by the present disclosure: A radiolabolled compound of formula I-A, A radiolabelled compound of
formula 1-B,
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wherein
R' is isopropoxy or 2,2 2-trifluoro-1-methyl-ethoxy; and

R? is a radiolabelled group CHs, wherein the radionuclide is *H or ''C.

The following radiolabelled compounds are encompassed by the present disclosure:



5A radiolabelled compound of formula I-C and A radiolabelled compound of formula I-D. 5 Further
embodiments of the disclosure are the compounds of formula | for use as G1yT1 ligand, for use in a
GlyT1 binding studies and for use as a PET radiotracers. In a second aspect, there is provided a
compound of fgpmuladsasiglefined above for use as GlyT1 tracer. In a thirdaspeetpdtvesenis provided a
compound of foilnib | as defined above for use in a GlyT1 binding study.  In a fourth aspect, there is
provided a compound of fotutula | as defined above fbr use as a PET tracer.

A radiolabelled compound of formula
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A radiolabelled compound of formula



Furthermore the present compounds may be used for diagnostic imaging of GlyT1 in the brain of a

mammal. In a fifth aspect, there is provided a compound of founula 1 as defined above for use for
diagnostic imaging of GlyT1 in the brain of a mammal. The disclosure comprises a method for the
diagnostic imaging of the GlyT1 transporter which comprises administering to a mammal an effective
amount of a compound of formula | and comprise§ a method for the detection of GlyT1 functionality in

mammaliarf HEge siteAinsip as i sivplnrsnsing fr somaeinds of WL setsedoly Id desired, an

eff‘?“ﬁ‘é@aﬁﬂ]%ﬁﬁ@ i QWP%&B@ﬁEﬁHﬁ@s'wd it ﬁséiéma _@%?F%dfbﬁé%&%.pmwded a compound as
defined above for use for the detection of GlyT1 functionality in mammalian tissue.  An object of the

present disElodirecrdiarede B SoPEpUGRE EsIRuR Irbfomeuad mardetingd sPavm & Basms fEhoF |

diagngsfigimaging of GlyT I in the brain of a mammal and a pharmaceutical composition comprising
such compound and a pharmaceutically acceptable excipient. _In a seventh aspect, there is
provided thB:3sist asesrhpbeisds efised staveved tHdarmplshatdetvrd ebwipdeinss drdfghbstic
imaging,affz yidyin the brain of a mammal.  In an eighth aspect, there is provided a pharmaceutical
composition comprising a compound as defined above and a pharmaceutically acceptable excipient.
5a  Glytiradepsharnaehiohiers regdss wewéﬁe‘amﬁaﬂ&@%é%%%mg ain,
dysfupgtigp in memory and learning, schizophrenia, dementia and other diseases in which cognitive
processes are impaired, such as attention deficit disorders or Alzheimer's disease. The preferred
indication i< SEHEZSHFSARPeses CRIRBEHRS iy Aprogdashiasanatitarmagingel (duidideidal disease
charagigrizedl oy srigadic positive symptoms such as delusions, hallucinations, thought disorders and
psychosis and persistent negative sym{gﬂt}é})ms such as flattened affect, impaired attention and social

withdrawal, FBAciEBHERE:- IRP&iIRTEAE G HERPABIKI b Ea e Aol S AR K¥foloR fhetHE prsartc
and desaubednANA4006/R3%40 -ae Ghild iransporter inhibitors. Scheme 1 represents a synthetic

route towards compounds of formula () wherein R2 is a radiolabelled group: Scheme 1
The disclosure comprises a method for the diagnostic imaging of the GlyT1 transporter

which comprises administering to a mammal an effective amount of a compound of formula [
and comprises a method for the detection of GlyT1 functionality in mammalian tissue which
comprises administering to a mammal, in which such detection is desired, an effective amount of
a compound of formula L.

In a sixth aspect, there is provided a compound as defined above for use for the detection of GlyT!1
functionality in mammalian tissue.

An object of the present disclosure is the use of a compound of formula I for the
manufacture of a medicament for diagnostic imaging of GlyT1 in the brain of a mammal and a
pharmaceutical composition comprising such compound and a pharmaceutically acceptable
excipient.

In a seventh aspect, there is provided the use of a compound as defined above for the
manufacture of a composition for diagnostic imaging of GlyT1 in the brain of a mammal.

In an eighth aspect, there is provided a pharmaceutical composition comprising a

compound as defined above and a pharmaceutically acceptable excipient.



It The compound of formula Il is reacted with a base such as cesium carbonate and with a reagent of
formula Ill, wherein R2 is a group containing a radionuclide selected from 3H or "C, and Xis WO
2010/052143PCT/EP20091064033 -6- a leaving group such as iodine. Reagent of formula Ill like:
Ltlimethyl iodide is known and IC]methyl iodide is_known and prepared according to Larsen, P., Ulin,
J., Dahistrom, K. Label Compd.s. Radiophann. 3? 473 75, 1995. Scheme 2 represents a synthetlc
route for the Spthesisspdecanmpabnorobforumeiia (Hy thbereitnighbabi{Bp¢2, A+nith ere-pyetetvgl-ethoxy.

Scheme. 2 ermediate acid IV can be repare ed by reactipn of commerciall vallable rtho-fluoro
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cognitive processes are impaired, such as attentmn deficit disorders or Alzheimer’s disease. The

preferred indication is schizophrenia.

Schizophrenia is a progressive and devastating neurological disease characterized by
episodic positive symptoms such as delusions, hallucinations, thought disorders and psychosis
and persistent negative symptoms such as flattened affect, impaired attention and social
withdrawal, and cognitive impairments
The non-radiolabelled compounds are known in the prior art and described in W02006/082001
as GlyT1 transporter inhibitors.

Scheme 1 represents a synthetic route towards compounds of formula (I} wherein R” is a
radiolabelled group:

Scheme 1
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The compound of formula I is reacted with a base such as cesium carbonate and with a reagent

of formula III, wherein R? is a group containing a radionuclide selected from *H or ''C, and X is



10 sodium hydride in a solvent such as dioxanc. Coupling of acid IV with known isoindolinc V (WO
2006082001) to yield the amide VI can be achieved in the presence of a coupling reagent such as
TBTU and base such as diisopropylethylamine in a solvent such as DIVIF. Chlorosulfonylation of VI to
provide sulfonybchioridesiatermediate VII can be carried out in he presencefeprorysedddhic acid in a
solvent such as dichloroethane. Reduction of VII into 15 sulfinic acid Il can be achieved by using
sodium sulfite as a reducing agent in a solvent like MF and water. Scheme 3 represents a synthetic

route for the synthesis of compound of ormula (ll) wherein R1 is, (0)'¢
2010/05214 5B EREEIO00E RS REARALS) ’[l%rﬁ“i&l H%’%Qpﬂe'é?ﬂ@ ﬁ/‘?g%?&i‘&% i (wo
20050145@8%@1@@@@%%%@@&%@& alotdiingoagentn (ibdomethy hivathyldflane in the
presence p#ﬁ‘? aﬁ,e sue s llth um dé:}o:pjr ide and an additive like TMEDA in a solvent such as
THF. Couptffif of-4¢id ﬁofﬁn%Wn iSoindo rn (WO 2006082001) to yield the amide X can be
achieved |r$¢hermé$epucaem‘sa spuplingrresgentisucmiassTRT oandenbasésueh 45) wherein R
dusoprgpylet @QIQ% ina ojventsyeh, MF. Transformation of X into sulfinic acid Il can. be 10

achievéd in the presence of TBAF in a solvent like THE. Abbreviations
TBTUO-Benzotriazolyltetramethyl souronium tetrafligsBorate DMFDlmethyIformamlde

TBAFTetrabutylammonium fluoride -
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Intermediate acid TV can be prepared by reaction of commercially available ortho-fluoro benzoic
acid with (8)-1,1,1-trifluoro-propan-2-ol (CAS: 3539-97-7) in the presence of base such as

10 sodium hydride in a solvent such as dioxane. Coupling of acid IV with known isoindoline V
(WO 2006082001) to yield the amide V1 can be achicved in the presence of a coupling reagent
such as TBTU and base such as diisopropylethytamine in a solvent such as DMF.
Chlorosulfonylation of VI to provide sulfonyl chloride intermediate VT can be carried out in the
presence of chlorosulfonic acid in a solvent such as dichloroethane. Reduction of VII into

15 sulfinic acid 11 can be achieved by using sodium sulfite as a reducing agent in a solvent like
DMF and water.
Scheme 3 represents a synthetic route for the synthesis of compound of formula (1) wherein R!

is ISOpropoxy.

20



15 THFTetrahydrofuran TMEDA Tetramethylethylencdiamine MTBEMethyl-tert-butyl ether LDALithium
diisopropylamide As described above it has been found that the radiolabel led compounds of formula
| may be used 20 as PET ligands for the labelling and diagnostic molecular imaging of the glycine 1
transporter funeiianaligeidhe corresponding unlabelled compounds PCT/EP2009/864033
[5-methanesulfony1-24(S)-2,2,2-trifluoro-1-methylethoxy)-phenyll-[5-(tetrahydro-pyran-4-y0-1.3-dihydr
o-isoindol-2-y1]-methanone and (2- -7- :
isopropoxy-5-methanesulfonyl-pheny1)15-(tetrahydro-pyran-4-34)-1,3-dihydro-isoindo1-2-ylk WO

2010/052143PCT/EP2009/0644133 methanone]; ctive on the GlyT1 transporter in vitro with a
1050 value (iitlVI) of 0.028 and 0.014, respectively. The test method is described in W02006/082001.
Autoradiographie studies in rat brain The digtripUtion of the Qi dites 0 OJ\

of[31-i][5-Methanesilfony1-24S)-2,2,2-trifitong-3-methyl- ®
ethoxy)-phenyl{5-ftetrahydr8apyran-4-y1)-1,3-dih %dro-isoindol\‘521l]-metha
Isopropoxy35-me nesulfonpr‘rTenyl)-{S-(t)é_ﬁéﬁydro-pyran-—-4=y’1ﬁ-1,3-di (dro-isemgod-2-y1]-
methanonel waszgwestigated In the rat brair.gMale WistarGatgiwere usedfor thg§ * experiments. Rats
were sacrificed; thbirv llalrain‘sx%re rapidly refhovedyfrozen in gaseice powder. Ten Bifi-thick sagittat
sections were cut in a bryostat and 10 thaw-mounted on adhesion glass slides. Brain sections were
first incubated for 10 min. in Ringer buffer (NaC1120 mM, KC15 triM, CaCl2 2 mM, MgC12 1 mM,
Tris-HC150 niiM pH 7.4) at 37
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Intermediate 1X can be prepared by reaction of acid VIII (WO 2005014563) with the

commercially available alkylating agent: (iodomethyl)trimethylsilane in the presence of a base

L

such as lithium diisopropylamide and an additive like TMEDA in a solvent such as THF.
Coupling of acid IX with known isoindoline V (WO 2006082001} to yield the amide X can be
achieved in the presence of a coupling reagent such as TBTU and a base such as
diisopropylethylamine in a solvent such as DMF. Transformation of X into sulfinic acid 1l can be
10 achieved in the presence of TBAF i a solvent like THF.
Abbreviations
TBTU  O-Benzotriazolyl tetramethylisouronium tetrafluoroborate
DMF Dimethylformamide
TBAF Tetrabutylammonium fluoride
15 THF | Tetrahydrofuran
TMEDA Tetramethylethylenediamine
MTBE Methyl-tert-butyl ether
LDA Lithium diisopropylamide
As described above it has been found that the radiolabelled compounds of formula I may be used
20 as PET ligands for the labelling and diagnostic molecular imaging of the glycine 1 transporter
functionality.
The corresponding unlabelled compounds [5-methanesulfonyl-2-((S)-2,2,2-trifluoro- 1-methyl-
cthoxy)-phenyl}-{ 5-(tetrahydro-pyran-4-yl)-1,3-dihydro-isoindol-2-yl]-methanone and (2-
isopropoxy-3-methanesulfonyl-phenyl)-[3-(tetrahydro-pyran-4-yl)-1,3-dihydro-isoindol-2-yl]-



C and then for 60 mm. in Ringer buffer at 37 C containing either [3H] 5-Methanesulfony1-2-
((9)-2,2,2-trifluoro-lI-methyl-ethoxy)-phenylk[5-(tetrahydro-pyran-4-y1)-1,3-dihydro-isoindo1-2-
A-methanone or LH] [2-Isopropoxy-5-methanesulfonyl-pheny1)45-(tetrahydro-pyran-4-y1)-1,3- 15
dihydro-isoingiali+yikepathanone] at concentration | nlVI. For the evaluatied of:thesmossecific-binding
(NSB) of the radiotracer an additional group of sections was incubated with Ringer buffer containing
the radiotracer and the reference GlyT1 inhibitor Oré’24598 at the concentration 10 uM (60 in at 37 C).
At the end of the incubation, sections were rinsed 2 x 5 min. and 1 x 15 min. in ice-cold (4. C) Ringer
buffer andrisehnensiyediphetom e ERbsTAMTP ditifediataingt % Ve Mbeite bith sections
were driedoHﬂQ,efc@p@%&%.O?iQ Al andisynosed tegetner withoi3ddlemieroscale to a Fuji Imaging plate
for 5 days. The imaging plate was then scanned in a FujiFilm high resolution plate scanner. The total
amount of radiotr(?cer bgundttc(ll.thenprg{ areas of interest (TB) were measured using the MOD image
analysis pfb'étfgr% N 1r‘ﬁ;(-:'ssge1 22 ffol Sf bound radiotracer/mg of protein. The amount of [3H]
5-MethanepuigRydndiod® f the binding sites of ["H][5-Methanesulfonyl-2-(($)-2,2,2-trifluoro-1-methyl-

((S)-2,2,2-trifluoro-I-methyl-ethoxy)-pheny1H5-(tetrahydro-pyran:4-y1)-1 3-dihydro-isoingdals2-
yII-metﬁanﬁﬁ%%&'@@ﬁf@é]Tﬁb%ffﬁ%‘%‘%ﬁ@yé@"%yéiﬁé?%gﬁ O\P/éé)smggllc%&ltﬁcﬁé%%? ?ndé}%h t%ﬂ?formula: SB
= TB - NShophedesultsehiainetostybpie thatthetdisydmtiorofithd-biddiryditesofdgi-2yl]-
S-Methanesug’g‘pfél‘!{e -((9):2,2 2-trifluor-1:methyl-ethoxy)-phenylli5-(tetrahydro-pyran-4-y1)-1,3-dihydro
-ylkmethanone Ahd

[3H][2-1sopropoxy-5-methanesulfopyl-pheny1)45-(tetr 0-pyIr V1) e ins - ranidl
1,3-dihydrﬁ‘§8§@fgﬁ E? f(ﬂfwgﬁfés%or% %S?Fe% c%iﬁlgqéé?%o%%}ég&%%w{w&g}ﬁcr%uggg gﬁﬁé V(‘g{lii‘/gl'rlai%lra%fspor'ter
[Cubelos Bon@imiriez-Q. iZéfydck patebiCotexthsk 44814895 200S vZatre-n afgyostat and
2010/9521%%@91?&?&9{9%8&5&9&?@gésps‘fﬁgé? Bain QUYRERSlerc RRARAN Db od @MBNEZICin Ringer

Storm-Mathisen J., J Neuroscience. 15, 3952- 69, 1995]. High densities of binding sites were observed

in the thaldmiie; (NaEriaAse Kdrsmae tredula0bihgak antline sdtehell gt Pbwet déndities were

observed incthe striaium «69raxARs: hippogampys ~Cedncuhatientet (E Y adiniiacess With High
concentraions o e shecr G SAnIbIRL 18 24598 0ot spese SRS geppieel
5-Methaneslfanyinani{ $){2:2, R2triflpaseskpiihylheteoxti):phehyd s ftétraklydio-pyrandypl ,3-
1,3-dihydro-isojndol-2-y1]-methanone and [3H][2-1sopropoxy-s-methanesulf el 4op..
(tetra droqﬁwfls{ﬂﬁ- 3]1%5 S}H?to{‘?g%?ﬁrli%{Cf-[g/%f%r%%gﬁgn% cl?%rﬁaef ?é%?%%%%&l@ﬁ%i neiinécthat
both radiottaetng BBl fhke@ybiriranspedttional group of sections was incubated with Ringer

buffer containing the radiotracer and the reference GlyT1 inhibitor Org 24598 at the

. . (o SNV
-isoindol- 30

concentration 10 uM (60 in at 37 °C). At the end of the incubation, sections were rinsed 2 x 5
min. and 1 x 15 min. in ice-cold (4 °C) Ringer buffer and then rapidly dipped three times in

20 distilled water at 4 °C. Slide-mounted brain sections were dried under a flow of cold air and
exposed together with “Hl-microscale to a Fuji Imaging plate for 5 days. The imaging plate was
then scanned in a FujiFilm high resolution plate scanner. The total amount of radiotracer bound
to the brain areas of interest (TB) were measured using the MCID image analysis program and
expressed as fimol of bound radiotracer/mg of protein. The amount of ['H] 5-Methanesulfonyi-2-

25 ((S)-2,2,2-trifluorc-1-methyi- etﬁoxy)—ph.eny 1]-[5-(tetrahydro-pyran-4-yl)-1,3-dihydro-isoindol-2-
yl]-methanone spcciﬁcaiiy.bound to the GlyT1 carrier {SB) was calculated according to the
formula: SB = TB — NSB.
The results obtained showed that the distribution of the binding sites of ['H] 5-Methancsulfonyl-
2-((8)-2,2,2-trifluoro-1 -methyl-ethoxy)-phenyl]-[5-(tetrahydro-pyran-4-yl)-1 .3-dihydro-isoindol-

30 2-yl}-methanone and ["H[2-Isopropoxy-5-methanesulfonyl-phenyl)-[5-(tetrahydro-pyran-4-yl)-
1,3-dihydro-isoindol-2-yl]-methanone] corresponded to the known distribution of the GlyT1
transporter [Cubelos B., Gimenez C., Zafra F., Cereb Cortex 15, 448-459, 2005; Zafra F.,



10 In vivo PET studies in the baboon 1) PETimauing with F' C-]
2-Isopropoxy-5-methanesulfonyl-phemy1145tn-4- y1)-1,3-dihydro-isoindol-2-A-methanonel and
LQ-5-Methancsulfony1-24(S)-2,2,2-trifluorolmeth-eilio) ylinl - 5- 1 3-dih dro-isoindo1-2-v1 methanone
The experiments:0gaeripad below were carried out in male baboons (papRCaAUBIEY/ M#iRals 15 were
fasted for 12 hours prior to the PET study. Baboons were initially sedated intramuscularly with
Ketamine hydrochloride with restraint dosages of 5-‘9“mg/kg to achieve a light plane of anesthesia and

then maintained on continuous Propofol intravenous infusion @, 0.3-0. /kg/h (DIPRIVAN(r)
Injectable £F#RAGI6M CETREIdor) VORI WL PRATAL ir:%t818VﬁH§TSH g’fiﬁ%ﬁ%ﬁ |F1'€£A¥Seérﬁoral
arterial cathetesowpsinseradfor boodisariplingrPhysiologioahvitad isigms 20 nclusting hesrtirdte,
ECG, blood pressure (Spacelabs Monitar, Issaguah, WA, USA) an . ion (Nel

Oxiviaxt NBOBLE LIS BT FIESOARon L AT A o o e ared hrotmout the
study. Thehgniceahyas PositinhedbimclinhE GAPHHITIRT(N ighkr RET Eannef EKigh®esbilidn

Reseach Fomogapl-Go% I nAvaLRas sy gl Tk The hepd alihe Animal wets figd with a

_ thermopla$tic mask that was attached to a head 25 holder for reproducible fixation. A 6 mm
transmissiGrvshmaithin s ASEE-A7 pa sdaredinad IRA eR i ot AttahiERGHT EBF et tion.
[11C'1[2'Iﬁgﬁ@ﬁ%&gﬂﬂ@m@?g%@ﬂwh&@m@%ﬁ{}Esopropoxy«5—methanesulfonyi»«phenyl)—[.’i—

(tetrahydro-pyran-4-y1)-1,3-dihydro-isoindo1-2-ylkmethanone] a d["C]Bgf,Methaan,ulf nyl-2-
((S)-z,2,2-ﬁmmhb@mrﬁ&W&He@)%%%kﬁ%@%ﬁ%%@% ASA 103 IR 8T IR or S

yll-methangpenyers ddminisienad inrRvenRaushiasa:drminute bolus injection. PET scanning and 30
arterial blood sampling was initiated upon start of the radiotracer administration and PET images were
acquired from O t S&min ,sf9§ \g' {ﬁplministration of the radiotracer. WO

2010/ Zlﬁb\fg&# 2%8@%6‘20 g %%% The results of these imaging studies showed that both
radiotracers [l N

tC][2-1soprbpBiaia AT PR MG

none] and &5.913551\4{? RESHER-2_y1}-methanone] and [ ]—5-Me{hanesulfonvl—}((S)_—Z.Z,?_ntgiﬂz;ore—
ny1-24(S)-2Z;Z;2-trifluoro-I-méthyl-ethoxy)-phenylli5-(tetra ydrq-pyran4-y1)—153-d|h dro-isoindo1-2-ylkm
ethanone)m o2 | LV plire ] A = Lk gl @I T Al LI I MA L OG0 b Loy L CITNGLI NO O

LRV I SRR ERnL LRSSk aFetvity-ctirves-that-demonstrated
peak uptakg, 2030 (i AL ATYSIERNoN. 20d A.S1GW HSRIRA NS GFRANERS ol Rludy. The
regional distibuton of both radiotracers reflecte

15 were fasted for 12 hours prior to the PET study. Baboons were initially sedated intramuscularly

with Ketamine hydrochloride with restraint dosages of 5-7 mg/kg to achicve a light plane of
anesthesia and then maintained on continuous Propofol intravenous infusion @ 0.3-{).4 mg/kg/h
(DIPRIVAN® Injectable Emulsion). Circulatory volume was maintained by infusion of isotonic
saline. A femoral arterial catheter was inserted for blood sampling. Physiological vital signs

20 including heart rate, ECG, blood pressure (Spacelabs Monitor, Issaquah, WA, USA} and oxygen
saturation (Nellcor OxiMax® N-600" Pulse Oximeter, Pleasanton, CA, USA) were
continuously monitored throughout the study. The animal was positioned in an ECAT HRRT®
brain PET scanner (High Resolution Research Tomograph, CPS Innovations, Inc., Knoxville,
TN). The head of the animal was fiited with a thermoplastic mask that was attached to a head

25  holder for reproducible fixation. A 6 min transmission scan with a 1 mCi Cs-137 point source
was initially done for attenuation correction. [11C—][stopropoxy-5~methanes&lfonyl—phenyi)—[5—
(tetrahydro-pyran-4-y})-1,3-dihydro-isoindol-2-yl}-methanone] and [''C]-5-Methanesulfonyi-2-
((S.)~2,2‘,2—triﬂu0ro~1 -methyl-ethoxy)-phenyl]-[5-(tetrahydro-pyran-4-yl)- 1,3-dihydro-isoindo}-2-
yl]-methanone were administered intravenously as a 1 minute bolus injection. PET scanning and

30 arterial blood sampling was initiated upon start of the radiotracer administration and PET images

were acquired from 0 fo 90 minutes following administration of the radiotracer.



the known distribution of the glycine transporter 1 (GlyT1) with higher accumulation in the pons, -
brainstem, cerebellum, and thalamus compared to cortical regions (Cubelos B., Gimcnez C., Zafra F.,
Cereb Cortex 15, 448-459, 2005). 10 2) PET imaging with pharmacological challenges These
experiments tggiechéheakslity of unlabeled GlyT1 inhibitors to block the uptalersfo9 /064033
[11C][2-Isopropoxy-5-methanesulfonyl-phenyl )45-(tetrahydro-pyran-4-y1)-1,3-dihydro-isoindo
I2-ylkmethanone] and [112-5-MethanesuIfony1-24(§9-‘2,2,2-trif|uoro-l-methyl-ethoxy)-phenyfl- 15
[5-(tetrahydro-pyran-4-y1)-1,3-dihydro-isoindol1-2-ylkmethanone in brain_regions known to contain the
GlyTI. Sindbetrbs Pﬁiﬂﬁ’-’éﬁfﬁf@éwfﬁﬁ%ﬁzﬂ}(@j@é,‘%%-?HTHJ%%%{WI-QH&‘ PTOPOXy-3-

phe”y'k[5‘Q@%ﬁ%ﬁy&ﬁﬁfmeﬂéﬁ-Y)Qféw(%éﬁmwé{@:iﬁ%d&@:Y!bmmeqmm@iﬁﬂﬁm&ﬁmﬁm

methanesulfonyl-pheny1)45-(fetrahydro-pyran-4-y1)-1,3-dihydro-isoindol-2-ylkmethanone are selective

G1yT1 inh[bifo}$-bisthaithate doiriidLRds) 15 netdnastifbsisihony Dififlssrbydrooyran-
methy'-eth%xr%:ﬁe.eﬁgga%;gsm%ewryrgwanaﬁax, )iteascibygtosisainged- gavlmethanang, was selected
for the experiments described below. | d

. ts ach animal received two sequential administrations of the
radiotracerioi et g HeN Thdc et RSHatBi o edib iraR e T AE MBS R 18 &I NE Yadiotracer
baseline uptakg. Fallawingthe &5 beselineiscan: ibehabanntrerived wan RimveRRUS-aliministration of
unlabeled [5-

methanesulfok§a 2. ey ibusion efitlie rey SIS ) SHENIERBIBAF A BYIARA D159 3-
dihydro-isqipglg brandkmetaanenenibiaakan)ahbedlagket infusitn.s tagied A0 habb&oKaifthe:second)
radiotracer injection. The blocker was, Firstof at dose = 0.2 mg/kg. After 10 min, the flow rate was
changed tocdgﬁ}édr%fé]ﬁ%sléof&? \gg ﬁé‘r%’gi%n%g- 0 mm of the study. 30 Preliminary pharmacokinctic
experiments and modeling of the data indicated that these rates of infusion produce constant plasma
levels of : haT : noeg

[5-methan ‘ 22,22 ﬁ%lf) _-EC?}#%ﬁ%a)-ph.enyl_M5-_(tetrahydro-pyran-4-y1)-1,3-dihyd
ro-isoindol BhsAkmrethanotie tduemhgerdibrpSealabeiad (Hidrbahiiior sotdrs 21 spetaiP2009/064033
Pretreatmquuyiy e pabaaEslan- ey 4 2dunierd e oo,

(tetrahydro-pyran-4 1,3-dihydro-isoindol-2-yll-methanone’(a selective GlyT1 inhibitor) comjpletely
blocked thé-spleciftbarptakerst botHl adisthasers fant AES3dptpeineo- 1-methyl-ethoxy)-phenyl}-
methanesylfonyl-phenyQ45-(tetrabydr N-Ay )11, 36li slspindalz2s thapenel.and 5 ||
IC]-5- etringgdﬁ%gﬁ é%$§§gy?r|ﬁ%%ﬁﬁé¥%%}%t 12%%%%@%%%@Ua yc}ro- yran4-y1)-1,3-dih
ydro-isoind@%ﬁ%ﬁﬁbn@@@r@tb@ﬁ&%ﬁ%@éH@ﬁ%ld{é@rb% A BRI cBG IRy S8 ERout the
brain. Thesg (esylis geplirned e specificity. ahpath LadieHace s f¥khanone and (2-isopropoxy-5-

methanesulfonyl-phenyl)-[5-(tetrahydro-pyran-4-yi)-1,3-dihydro-isoindol-2-yl}-methanone are

sclective GlyT1 inhibitors, one of these compounds, [5-methanesulfonyl-2-((S)-2,2,2-trifluoro-1-
20 methyl-ethoxy)-phenyl]-[5-(tetrahydro-pyran-4-yl)-1,3-dihydro-isoindot-2-yl}-methanone, was

selected for the experiments described below.

Each animal received two sequential administrations of the radiotracer on the same day. The first
administration of radiotracer was used to determine radiotracer baseline uptake. Following the

75 baseline scan, the baboon received an intravenous administration of unlabeled [5-
methanesulfonyl-2-((S)-2,2,2-trifluoro-1-methyl-ethoxy)-phenyl]-[ 5-(tetrahydro-pyran-4-yl)-1,3-
dihydro-isoindol-2-yl}-methanone (blocker). The blocker infusion started 20 min before (the
second) radiotracer injection. The blocker was first infused at dose = 0.2 mg/kg. After 10 min,
the flow rate was changed to deliver 0.5 mg/kg for the remainder 100 min of the study.

30  Preliminary pharmacokinctic experiments and modeling of the data indicated that these rates of
infusion produce constant plasma levels of [5-methanesulfonyl-2-((S)-2,2,2-trifluoro- 1-methyl-
ethoxy)-phenyl]-[5-(tetrahydro-pyran-d-y)-1,3-dihydro-isoindol-2-yl]-methanone during the

PET scan time interval,



the GlyT1 transporter and clearly showed that their binding to the GlyT-1 transporter can be reduced
by unlabeled drugs that bind to the GlyT1 transporter. 10The compounds of the present invention are
diagnostic tools which may be helpful in the diagnosis of disorders of the central nervous system, for
example for sghizophrenia, cognitive impairment and Alzheimer's disease?CT/EPH@CoHiddunds of
formula | can be processed with pharmaceutically inert inorganic or organic carriers for the production
of pharmaceutical preparations. 15 The dosage can \I/ary within wide Ilmlts and will, of course, have to

be adjusted to the individual re%uwements in each particula e. Ther beII dllnhlﬁ)tgrs are
preferably RdtHiRSwret ih A natEkAus gt %r‘g@ﬂtﬁcm F@V‘r?a%/é% yo(f ingicomposition:

20The f0||QWt%ﬁ?f@fﬁﬂﬁs4”ﬂ$lraleiﬂmeitﬁuemhﬁmmuﬁawﬁcmtnwmmadbtmzhﬂﬁlfs“ lsmhpmowo
2010/052143PCT/EP2009/og4033

(3r-methy SR RRCHTAN A3 (S5 BRIGR R G S RPSTS:
(tetrahydVQTQME%%%Q‘}%&Q&W@'@t&@%@%%%bm?maﬁoﬁlﬁy&ﬂ}lﬁemd[ -2-yl]-methanone] and

248y 2 % IE“HUSO{\SIJe%hEeeg][\fZ(ln? tthOX%/ benzoicé - - - i]-[5-(tetrahydro-pyran-
yl-2-((8)-2,2,2 tuﬂuoro I-methyl-ethoxy)-phenyli]-[ S-(tetrahydro-pyr
4-yl)-1,3-dihydro-isoindol-2-yl]-methanone } and led to a homogenous distribution of
radivactivity throughout the brain. These results confirmed the specificity of both radiotracers for
the GlyT1 transporter and clearly showed that their binding to the GlyT-1 transporter can be
reduced by unizbeled drugs that bind to the GlyT1 transporter.

10 The compounds of the present invention are diagnostic tools which may be helpful in the
diagnosis of disorders of the central nervous system, for example for schizophrenia, cognitive
impairment and Alzheimer’s disease.

‘The compounds of formula T can be processed with pharmaceutically inert inorganic or
organic carriers for the production of pharmaceutical preparations.

15 The dosage can vary within wide limits and will, of course, have to be adjusted to the individual
requirements in each particular case.

The radiolabelled inhibitors are preferably administered intravenously.

An injection solution may have the following compositior:

Compound of formula (I) I mg

1 nHCL 20 ul
acetic acid 0.5 mg
NaCl 8 mg
phenol 10 mg
I n NaOH | q.s.ad pH 5
H;O g.s. ad 1 ml

20 The following examples illustrate the invention but are not intended to limit its scope.

25



36.0 g ( 316 mmol) of (S)-1,1,1-trifluoro-propan-2-ol (CAS: 3539-97-7) was added to a cold (0 to 5 C)
suspension of 17.0 g (425 mmol) of NaH (pract., 60 %) in 200 ml of dioxane. The 10 suspension was
stirred at room temperature during 0.5 h then cooled (0 to 5 C) and a solution of 20.0 g (143 mmol) of
2-fluoro-benzgig agiglirr @0 ml of dioxane was added. The mixture was stircerdrateringdde33h at room
temperature and during 140 h under reflux. The mixture was poured into 800 ml of water, washed with
300 ml of MTBE, then acidified to pH 2 with hydrochidric acid and the product was extracted with
MTBE. The solvent was concentrated in vacuo and the 15 residue was crystallized from ethanol/water
to provide 27.3 g (82 %) of the title compound aEXWRielsolid. MS (m/e): 234.1 [MI . b) step 2
[5-(Tetrahygrphanviry )M etndifpidioniseinded-2,2 22 i voroniemethyhethpsyeaithaione WO
2010/052143PCT/EP2009/064033 -.13- isoindqle é%ASﬁ _905&74-50-2). The mixture was stirred at
room tem&?Hﬁﬁé‘ﬁ\‘)@ﬁfﬁHf.‘"ﬁ’l’i’éls%ﬂegﬁ%és?é'm & VSR8 he residue was dissolved in ethy
acetate. The solution was wasghed twice with water and twice with sat. NaHCO3 solution, dried over
Na2S04, filtered and conc in vacuo. The crude oil was purified with flash column
chromatography on,sili fing with a gradient formed from heptane and ethylacctate to provide
1.59 (93 %) of t nd as a yellow oil. MS (m/e): 420.2 [MtHI. c) step 3

345-(Tetrahydro =4,3-chhydro-isoindole-2-carbony1]-44(S)-2,2,2-trifluoro-I-methylethoxy)-b
=0 ci 10 A solution of 0.2g (0.47 mmol)
ran-4-y1)-1;3-dihydro-isoindol1-2-y1M2-((S)-
2,2,2-trifluoro-I-methyl-ethoxy)-phenylkmethanone in 2 ml of 1,2-dichloroethane was added dropwise
to 0.32°ml {2 5hmol) chlorosulfonic acid under ice bath cooling. The mixture was stirred at room
temperature den 3@ mindtes and-thehyae b G for36 minides. The mixture was

/H/F

o] Q 1

J\ﬁ\j ;

HO

36.0 g { 316 o)) of (S)-1,1,1-trifluoro-propan-2-ol (CAS: 3539-97-7) was added to a cold (0
to 5 °C) suspension of 17.0 g (425 mmol) of NaH (pract., 60 %} in 200 ml of dioxane. The

10 suspension was stirred at room temperature during 0.5 h then cooled (0 to 5 °C) and a solution of
20.0 g (143 mmol) of 2-fluoro-benzoic acid in 100 ml of dioxane was added. The mixture was
stirred during 0.5 h at room temperature and during 140 h under reflux. The mixture was poured
into 800 ml of water, washed with 300 ml of MTBE, then acidified to pH 2 with hydrochloric
acid and the product was cxtracted with MTBE. The solvent was concentrated in vacuo and the

15 residue was crystallized from ethanol/water to provide 27.3 g (82 %) of the title compound as a
white solid. MS (m/e): 234.1 [M]".

b) step 2
[5-(Tetrahydro-pyran-4-yh)-1,3-dihydro-isoindol-2-yi]-[2-((8)-2.2 2-trifluoro- 1 -methyl-ethoxy)-

phenvll-methanone

F
[O F

" F

26 ©
To a solution of 0.9 g (3.8 mmol) 2-((8)-2,2,2-trifluoro-1-methyl-ethoxy)-benzoic acid in 9 ml

DMF under argon at room temperature, was added 1.4g (4.2 mmol) TBTU, 3.3 ml (19.2 mmol)
N-cthyldiisopropylamine and finally 0.8 g (3.8 mmol) 5-(tetrahydro-pyran-4-yl)-2,3-dihydro-1H-



15.cooled in an ice bath and quenched by dropwise addition of 2 ml water. The mixture was diluted
with dichloromethane. The organic layer was separated and the aqueous layer was extracted twice
- with diehloromethane. The combined dichloromethane extracts were dried over Na2S04, filtered and
concentratedsyovaeueszTie obtained foam was stirred with ethylacctate. THer§itdag/astfitfrated. The
filtrate was washed twice with a saturated solution of NaHCO3, dried over 20 Na2S0O4, filtered and
concentrated in vacuo to provide 0.12g (51 %) of thEtitle compound as light yellow foam. MS (m/e):
5171 [M]. d) step 43&5-(Tetrahvdroep ran-4-v1)-1,3-dihydro-so . I
indole-2-caibiBAYE LA 274 titlor o THEHHSA SRR B Fanad SR S5 G i ok 28° wo
2010/052 143RGTEPRAR/I6A03R0l 4 hb begdB: I minal) efiNa28 @3 andd . TReg( RGO masol) of
Na2HPO4 hydrate were dissolved in 3. ml water. Ar nolic solution of 2. . ' of
3[5_ (tetrah%?B‘f )}};gﬁg ﬂg%)wf’tg{ %ﬁégg }89%%% C;[ %I‘? Az :,olhgcion, {)Irlcla OV(% ﬂ)giggéﬂ{, %%(gg@ QDd
le-2-carbonydded (G 292, 2tiflibtaxldmethykethoiydbetiy 8ndseifonyl dhivtide suadaddedicThe
reactiop mixture was stirred at 35 t¢ in 1d the Al : r iture. L3 g
Spoca W T e A Wl Soratnd Theude
product wasirpated awithyalpreotis\ftrigacidAadMsdllition then extracted with MTBE/THF 1:1. The
organic so) esrggpvgas evaporated and the residue was dissolved in MeOH/water (2:1), and treated with
800 mg (9.52 mmol) of NaHCO3. 1 g Speedex was added and the reactig ixtre was ﬁ,'%[{'i ed and
concentratédid VEENgdPnRy Pk ida was A Joried ChrorrCU R pRicaty By ts uEPevéTﬁg‘e*r)inase
column (RE1i8,Weigrtmeathanodboride

16

0 ©
A solution of 0.2g (0.47 mmol) [5-(tetrahydro-pyran-4-yl)-1,3-dihydro-isoindol-2-yl}-{2-((3)-
2.2 2rifluoro- 1-methyl-ethoxy)-phenyl]-methanone in 2 ml of 1,2-dichloroethane was added
dropwise to 0.32 ml (4.7 mmol) chlorosulfonic acid under ice bath cooling. The mixture was
stirred at roorn temperature for 30 minutes and then at 55 °C for 30 minutes. The mixture was

15 cooled in an ice bath and quenched by dropwise addition of 2 ml water. The mixture was diluted
with dichloromethane. The organic layer was separated and the aqueous layer was extracted
twice with dichloromethane. The combined dichloromethane extracts were dried over NapSQOa,
filtered and concentrated in vacuo. The obtained foam was stirred with cthylacetate. The solid
was filtrated. The filtrate was washed twice with a saturated solution of NaHCOs, dried over

20 Na,SO., filtered and concentrated in vacuo to provide 0.12g (51 %) of the title compound as
light yellow foam. MS (m/e): 517.1 [M] .
d) step 4
3.[5-(Tetrahvdro-pyran-4-y1)-1.3-dihydro-isoindole-2-carbonyl]-4-((S)-2.2.2-trifluoro-1-methyl-

ethoxy)-benzenesulfinate sodnmm sait

25



provide 1.12g (48 %) of the title compound as a white foam. MS (m/e): 484.3 [M+Hil. e) step 5
11-1-1/1ethanesulfony1-24(S)-2,2,2-trifluoro-lI-methyl-ethoxy)-phenv1145-(tetrahydropyran-4-y1)-1,3-di
hydro -iso indo1-2-vli -metha no no 00 0=5=0 3H 153H 0.16 mg (1.2 mnol) of Lil were added to a

solution of 504aGH{0E2183g9, 0.6 gmol) of [3H]methyl nosylate in 0.2 ml of BIMEPAftefstining of the
reaction mixture for 3 h at 20 C in a closed vial, 0.6 mg (1.4 nmol) of

3[5-(tetrahydro-pyran-4-y1)-1,3-dihydro-isoindole-Z—E‘érrbonyl]-44(S)-

2,2,2-trifluoro-I-methyl-ethoxy)-benzencsulfinate sodium_salt and 1.0 mg (3.1 nmol) of cesium 20
carbonate Were gdeaaRd 8 Wﬁé%&é@:&ﬁ@r&@dﬁﬂ)lx@?lﬂa?%aé?pl%ewgﬂﬁowmi%?év\fgglt%ated

with waterangheina aegwasdhienexscied withethhesetie sAfter.eyaparatianiafiiielerganic
o oo Shie Bt o pted i homaan Glipe b,
Ci/mmol (ageoidiig. tohvIG analysisuRadie HRtCanhalystd ndicatgd aradiodhbmicad2B ity of >
1 ety LTV AU GAREE NPy (185 B ST 1k el ot cro-py
ran-4-y1)-ly8saitnrdrotisoifidodr Rkaptadmetiraritnted with aqueous citric acid/NaCl solution then

extracted with MTBE/THE 1:1. The organic solvent was evaporated and the residue was

dissolved in MeOH/water (2:1), and treated with 800 mg (9.52 mmol) of NaHCOs. 1 g Speedeﬁx

was added and the reaction mixture was filtrated and concentrated in vacuo. The residue was

10 pufiﬁed chromatographically by using a reverse phase column (RP-18, water/methanol) to

provide 1.12g (48 %) of the title compound as a white foam. MS (m/e): 484.3 IM+H]".

e) step 5

I*H-methyl]-[5-Methanesulfonyl-2-({S)-2,2.2-trifluoro-1-methyl-ethoxy)-phenyl|-{5-(tctrahvdro-

pyran-4-y1)-1.3-dihvdro-isoindol-2-yl]-methanone

5 BH:IJH
15 H
0.16 mg (1.2 pmol) of Lil were added to a solution of 50 mCi (0.15 mg, 0.6 umol) of [*H]methyl
nosylate in 0.2 ml of DMF. After stirring of the reaction mixture for 3 hat 20 °C ina closed vial,
0.6 mg (1.4 umol) of 3-[5-(tetrahydro-pyran-4-yl)-1,3-dihydro-isoindole-2-carbonyl]-4-((S)-
2,2 2-trifluoro-1-methyl-ethoxy)-benzenesulfinate sodium_salt and 1.0 mg (3.1 pmol) of cesium
20  carbonate were added and stirring was continued for 2 h at 20 °C. The rcaction mixturc was
treated with water and brine and was then cxtracted with ethyl acctate. After evaporation of the
organic solvent the resulting crude product was purified by cotumn chromatography (sifica, ethyl
acetate/heptane 4:1) to yield 23.9 mCi (48 %) of the tritiated title compound in a specific activity
of 74 Ci/mmol {according to MS analysis). Radio-HPLC analysis indicated a radiochemical
25  purity of > 99%.



5 3[5-(Tetrahydro-pyran-4-y1)-1,3-d ihydro-iso indo le-2-carbony1]-4-((S)-2,2,2-tri fluor
1-methylethoxy)-benzenesulfinate sodium salt (1 mg, 2 Rmole) was dissolved in 100 gL of
dimethylforrnamide. The vial was sealed; the solution was shaken for one minute and was injected into
the Bioscan Autolee@psgystem and flushed with argon (30 mL/min) for 5 seEaA@SHHEINIBEhy| iodide
(prepared according to Larsen, P., Ulin, J., Dahistrom, K. Label. Compels. | 0 Radiopharm. 37, 73-75,
1995) was transferred into the Bioscan Autoloop (B?éécan Inc, Washington, DC) in a stream of helium
(30 mL/min) The [11C]nethyl iodide was trapped. in the AutoLoop for 3.5 minutes before the flow was
stopped. After 4.5 minutes, the reaction mixture%%@ﬁlﬁt%matically transferred to a semipreparative
HPLC and|Workedin -as-falawis e svp oy vias Sotidioiadh-agiledsuhe xespheaiyivifere it was
diluted with 50 ml of water, then 15 lgaded ontq a Wategs C-18 SepPak Plus (see analytical and
preparativét?-tiTfi'LhéidEB'rHaYifi%f?i"é'@f@I'(]:)l\’/{’;)'T@W‘Eﬁ]cllj ep %ﬁ%ﬁ?ﬁ% i_rﬁlﬁg}l t%%og%rified title compound was washed
with 10 ml of normal saline bgfoge the product was eluted with Iml of absolute ethanol followed by 10
ml of normal saline throggh 2 micron filter for sterilization into a sterile, pyrogen-free vial
containing 4 mL of po ife. 20 HPLC Conditions:Analytical: Onyx CI8 4.6x100 mm 35:65
MeCN:H20 TEA 2 a il/min Prep: XTerra C18 51-1 19x100 mm 40:60 MeCN:H20 0.1 M NH4
formate at 18 miZ/min W0=2610/052143PCT/EP2009/064033 -16- Example 3

[111-methyli-(2- opropoxyrgqmethanesuIfonyl-phenytH5-(tetrahydro-pyran-4-y1)-1,3-

dihydro-isoind -2-y11-methaﬁone 5a) step 1 2-1sopropoxy-5-(2-ethylsi anyl-ethanesulfonyl)-benzoic
acid s 3-[5-(Tetrahydro-pyran-4-yl)-1,3-dihydro -isoindole-2-carbonyl]-4-(($)-2,2,2-trifluoro- 1-methyl-

cthoxy)-benzenesulfinate sodium salt (1 mg, 2 pmole) was dissolved in 100 puL. of
dimethylformamide. The vial was sealed; the solution was shaken for one minute and was
injected into the Bioscan AutoLoop System and flushed with argon (30 mL/min) for 5 seconds.
['CMethyt iodide (prepared according to Larsen, P, Ulin, J., Dahlstrom, K. .J. Label. Compds.

10 Radiopharm. 37, 73-75, 1995) was transferred into the Bioscan Autoloop (Bioscan Inc,
Washington, DC) in a stream of helium (30 mL/min). The ["'C)methyl iodide was trapped in the
AutoLoop for 3.5 minutes before the flow was stopped. After 4.5 minutes, the reaction mixture -
was automatically transferred to a semipreparative HPLC and worked up as foliows. The
product was collected in a pressure reservoir where it was diluted with 50 ml of water, then

15 loaded onto a Waters C-18 SepPak Plus {sce analytical and preparative HPLC conditions below).
The SepPak containing the purified title compound was washed with 10 ml of normal saline
before the product was eluted with 1ml of absolute ethanol followed by 10 ml of normal saline
thréagh 4 0.22 micron filter for sterilization into a sterile, pyrogen-free vial containing 4 mL of
normal saline.

20 HPLC Conditions: Analytical: Onyx C[g 4.6x100 mm 35:65 MeCN:H,O TEApH 7.2 at 3
mL/min Prep: XTerra C1g 5S¢ 19x100 mm 46:60 MeCN:H20 0.1 M NH, formate at 18 mL/min



0 Or"- H-0 0=S=0 To a stirred -70 C suspension of 0.26g (1 n-imol)
2-isopropoxy-5-methanesulfonyl-benzoic acid (CAS: 845616-02-6) and 0.75 ml (5 mmol) TMEDA in
2.6 ml THF was added dropwise a LDA 10 solution (prepared from a 1.3 ml (2.1 mmol) I.6M
n-butyllithiumygelegi@m i hexane and 0.3 ml (2.1 name diisopropyplamine i-2:bpbd/bd463at 0C). The
light yellow suspension was stirred at -70C for 30 minutes. A solution of 0.19 ml (1 .3 rrumol)
(iodomethyl)trimethylsilane in 0.5 ml THF was addedropwise over a period of 5 minutes. The yellow
suspension was stirred at -70 C for 15 minutes and then allowed to warm to room temperature. The
light yellow solution was 15 stirred at room temp@?&’ﬁ[ﬁ?@f@r 1 hour and then quenched with 5 ml brine.
The mixturepvasAilHigd W :%gﬂky\lélﬁfeﬂ;Bﬁe@%ﬁfﬂ#ﬁ-\%@é@l}%&@iﬁ@dﬂo@%-ﬂ'@gaweOUS layer
was carefidly acidiflied with HC1 IN and extracted 3 times with dichloromethane. The combined
extracts wéi@sads st Z2H M HRERY and concentrated in vacuo. The crude was purified with
flash column chromatography on silica eluting with a gradient formed from heptane and 20
ethylacetate to provide; 0.210~63%) of the title compound as a yellow oil. MS (m/e): 343.0 [M- b) step

2 2-1so m Shylsilapyly sulfonyl)-hen1-5-tett)- an-4- | -1 3- dihydro-isoindo1-2-yll-methanone
WO 2010/052 T/ER2809/064033
o=5=0
et H
O 3
5 a)stepl

2-Isopronoxy-3-(2-trimethylsilanyl-cthanesulfonvl)-benzoic acid

o o

H-o
0=5=0

Si

S
To a stirred -70 °C suspension of 0.26g (1 mmol} 2-isopropoxy-5-methanesulfonyl-benzoic acid
(CAS: 845616-02-6) and 0.75 ml (5 mmol) TMEDA in 2.6 ml THF was added dropwise a LDA

10 solution (prepared from a 1.3 ml (2.1 mmol) 1.6M n-butyllithivm solution in hexane and 0.3 ml
(2.1 mmol) diisopropyplamine in 2.5 ml THF at 0°C). The light yellow suspension was stirred at
-70°C for 30 minutes. A solution of 0.19 mi (1.3 mmol) (tiodomethylytrimethylsitane m 0.5 ml
THF was added dropwise over a period of 3 minutes. The yellow suspension was stirred at -70
°C for 15 minutes and then allowed to warm to room temperature. The light yellow solution was

15 stirred at room temperature for 1 hour and then quenched with 5 ml brine. The mixture was
dituted with 5 ml water. The mixture was concentrated in vacuo. The aqueous layer was
carefully acidified with HC] IN and extracted 3 times with dichloromethane. The combined
extracts were dried over Na,SOs, filtered and concentrated in vacuo. The crude was purified with
flash colunm chromatography on silica eluting with a gradient formed from heptane and

20 ethylacetate to provide 0.21g (63%) of the title compound as a yellow oil. MS (m/e): 343.0 [M-
H
b) step 2

[2-Isopropoxy-5-(2-trimethylsilanyl-ethanesulfonyl)-phenyl]-[ 5-(tetrahydro-pyran-4-yh-1.3-

dibvdro-1soindol-2-vl]-methanone




-17- In analogy to the procedure described for the synthesis of example 1, step 2, the title compound
was prepared from 5-itetrahydro-pan-4-y1)-2,3-dihydro-1H-isoindole (CAS: 905274-50-2) and
2-isopropoxy-5-(2-trimethylsilanyl-ethanesulfonyll-benzoic acid. MS (m/c): 529.3 [M]. 5 ¢) step 3 3 5rah
dro 2yran-4-y§eb@whkydeo isoindole-2-carbonylEbenzene sulfinate sodiurtsairmad:a8og3(2.64 mmol)
of [2-isopropoxy-5-(2-trimethylsilanyl-ethanesulfonyl)-pheny1]45- 10
(tetrahydro-pyran-4-y1)-1,3-dihydro-isoindo1-2-y11-hiethanone was dissolved in 14 ml of THE and
treated with 4.0 ml (4.0 mmol) of a 1 M solution of TBAF in TIIF at 60C during 3.5 hours. The reaction
mixture was poured on éﬂa\aqueous solution of citric acid/NacCl, then extracted with MTBE/THF 1:1.
The organic solv tvaporated, the residue was dissolved in MeOH/water (3:1) and treated with

600 mg of Na A@ evaporation, the residue was purified 15 chromatographically on a reverse
P-18,Mater/methanol) to provide 0.66 g (55 %) of the title compound as a white
foam. MS (/e): 430.%/H\/I+Hji d) step 4 afsnethyll-(2-Iso i_p_xn)x -1-methancsulfonvl-pheny 5 te h d o
ran-43-dihy@ro- isoindpl-Z-yIi-methanone 20

In analogy to the procedure described for the synthesis of example 1, step 2, the title compound

was prepared from 5—(‘[etrahydro~py1'an-4—y1)—2,3~dihydr0-IH-isoindo le (CAS: 905274-50-2) and

2-isopropoxy-5-(2-trimethylsilanyl-ethanesutfonyl)-benzoic acid. MS (m/e): 529.3 [M] "
5 c)stepd |

4-Isopropoxy-3-[5-(tetrahydro-pyran-4-yh)-1,3-dibydro-isoindole-2-carbonyl}-benzene sulfinate

sodium salt

1.40 g (2.64 mmol) of [2-isopropoxy-5-(2-trimethylsilanyl-cthancsulfonyl)-phenylj-{5-

10 (tetrahydro-pyran-4-yl)-1,3-dihydro-isoindol-2-yi}-methanone was dissolved in 14 ml of THF
and treated with 4.0 ml (4.0 mmol) of a I M solution of TBAF in THF at 60°C during 3.5 hours.
The reaction mixture was poured on an aqueous solution of citric acid/NaCl, then extracted with
MTBE/THF 1:1. The organic solvent was evaporated, the residue was dissolved in MeOH/water
(3:1) and treated with 600 mg of NaHCOz. After evaporation, the residue was purified

15 chromatographically on a reverse phase column (RP-18, water/methanol) to provide 0.66 g
(55 %) of the title compound as a white foam. MS (m/e): 430.2 [M+H]".
d) step 4

FH-methyl]-(2-Isopropoxy-5-methanesulfonyl-phenyl)-[ 5-(tetrahydro-pyran-4-yl)-1,3-dihydro-

isoindol-2-vi)-methanone

20



WO 2010/052143PCT/EP2009/064033 -18- 0.16 mg (1.2 nmol) of Lil were added to a solution of 50
inCi (0.15 mg, 0.6 umol) of CHImethyl nosylate in 0.2 ml of DMF. After stirring of the reaction mixture
for 3 h at 20C in a closed vial 0.6 mg (1.3 ttmol) of
4-isopropoxy-¥d m{tefsahydro-pyran-4-y1)-1,3-dihydro-isoindole-2- carborpditlsanzeris suit-Mate
sodium salt and 1.0 mg (3.1 !Imo!) of cesium carbonate were added 5 and stirring was continued for 2
h at 20 C. The reaction mixture was treated with watér and brine and was then extracted with ethyl
acetate. After evaporation of the organic solvent the resulting crude groduct was Egﬁgﬁﬁgﬁumn

[ |

u
chromatogfastygélieairetyd debiearidaedra a5Hdryigtd 285 HE! (58 08) o )
compound,igsaspecifio activitynef 741Gl mmpl(acoerdingita MStanalysis). Raelie: HRLG aralidis
indicated a radiochemical pu Lty of > 99 0/5?0 E)@pﬁlﬁeﬁ aned D)1 3-dihvdro-isoindale-2-
rC-methylP(@ T8oidropass s éﬁ?ﬁﬁ‘@’souyﬁféo?f SHEAY %-]%Yé%rahyé)ro-’pyraﬁ-i-ylg-'ﬁ,§- -
dihydro-isaingeh2iyli-metsantieato saditm anatogly!to the(progedlire fdesoribet forakevsyntdésis of
exampl 21te_titlec7:om ound w repared § ot - as treated with water
4-isopr§po°>t<r§/g-éfgfﬁ]étFé%?/%’%%i/?%ﬁﬁfﬁ)%{lf -g?hn;r/fg%%cot}%(])Tluex-tffggﬁg%g;ﬁcgé&ﬁtzheﬁgtglu?ﬁrd\ate sodium
salt and [l Clmethlyodite. W@ R0 10105214 3RETYEHR009DEHEaRo! the organic solvent the

resulting crude product was purified by column chromatography (silica, ethyl acetate/heptane 4: 1)
to yield 29.2 mCi (59 %) of the tritiated title compound in a specific activity of 74 Ci/mmol
(according to MS analysis). Radio-HPLC analysis indicated a radiochemical purity of > 99 %.
10
Example 4
{11Cnmethyl]—(2~Isopropoxy-s-methanesulfonyi-phenyl)-[S-(tetrahydro-pyran-4-yi)~1,3-

dihydro-isoindol-2-ylj-methanone

15 Inanalogy to the procedure described for the synthesis of example 2, the title compound was
prepared from 4-isopropoxy-3-[3-(tetrahydro-pyran-4-yl)-1 ,3-dihydro-isoindole-2-carbonylj-

benzene sulfinate sodium salt and [*'Clmethyl jodide.



- 19- Claims I. A radiolabelled compound of formula 0 R1 wherein 5 Rlis isopropoxy or
2,2,2-trifluoro-1-methyl-ethoxy; and R2is a radiolabelled group CFI3, wherein the radionuclide is 2H or
HC. 2. A radiolabelled compound of formula I-A according w claim 1, which compound is 103. A rad
olabelled compeundehiasmula 1-B according to claim 1, which compound§s/fg009/06:4433

-19-
Claims
1. A radiolabelied compound of formula

0o R

N
O=5=
e

© I

wherein
5 R is isopropoxy or 2,2,2-trifluoro-1 -methyl-ethoxy; and

R? is a radiolabelled group CHs, wherein the radionuclide s *H or 'C.

2. A radiolabelled compound of formula I-A according to claim 1, which compound is

F
N
0=8=0
ol
? HoLA
10 3.Ataﬁombdkdcmnpmmdofﬁﬁmuh]&%mmmdkgtochﬁnl,whmhconmowuﬁs
F
o 0 F
F
N
o=?=o
ﬁCHa
Q I-B

4. A radiolabelled compound of formula I-C according to claim 1, which compound is



0 I-C 5. Aradiolabelled compound of formula 1-D according to claim 1, which compound is o 6.

A compound of formula | according to any one of claims | -s for use as GlyT1 tracer. 7. A
compound of formula | according to any one of claims 1 -5 for use in a GlyT1 binding study. 8. A
compound of formula | according to any one of claims5 for use as a PET tracer. 9. A compound of
formula | according to any one of claims 1 -5 for ud for diagnostic imaging of GlyT1 in the brain of a
mammal. 10. A compound as defined in any one of claims 1-5 for use for the detection of GlyT1
functionality in mammalian tissue-
N
0=§=0
5 SH—-*H
OO

5. A radiolabelled compound of formula I-D according to claim 1, which compound

is

0 * LD
6. A compound of formula I according to any one of claims 1 — 5 for use as GlyT1

{racer.

7. A compound of formufa I according to any one of claims 1~ 5 foruse n a

GlyT1 binding study.

8. A compound of formula I according to any one of claims 1 — 5 for use as a PET

tracer.

9. A compound of formula 1 according to any one of claims 1 — 5 for use for

diagnostic imaging of GlyT1 in the brain of a mammal.

10. A compound as defined in any one of claims 1-5 for use for the detection of

GlyT1 functionality in mammalian tissue.



-21 - 11. The use of a compound as defined in any one of claims 1 -- 5 for the manufacture of a
composition for diagnostic imaging of GlyT1 in the brain of a mammal. 12. A pharmaceutical
composition comprising a compound as claimed in any one of claims 1 - 5 and a pharmaceutically

acceptable excipient.
221 -

11. The use of a compound as defined in any one of claims 1 - 5 for the manufacture of a

composition for diagnostic imaging of GlyT! in the brain of a mammal.

12. A pharmaceutical compositjon comprising a compound as claimed in any one of claims

| - 5 and a pharmaceutically acceptable excipient.

oo



