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the Invention The present invention relates to in vivo imging and in
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of the central nervous 5system (CNS). The invention provides a nethod
suitable for the automated synthesis of radiofl uorinated GABA receptor

ant agoni st AUYTOMATED RABIOSYNTHESIS Rel ated Art Ganma- am nobutyric acid
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anxi ety disorders, Parkinson's disease and chronic pain. The devel opment of
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subtypes. Normal activation of the GABAA receptor results in chloride ion

15 being selectively conducted through its pore. This chloride channel gating is
generally inhibitory on a neuron by virtue of stabilising the membrane potential

near to resting level.

Defective GABA, receptor neurotransmission may be caused by a reduction in

GABAA receptors, or by defective functioning of the GABA, receptor due to e.g.
20  a genetic mutation in a GABAa receptor gene, traumatic brain injury, or a

pharmacological insult, and is implicated in a number of neurological and

psychiatric disorders, including epilepsy, anxiety disorders, Parkinson’s

disease and chronic pain. The development of radioligands selective for the

GABA, receptor is therefore of value in terms of brain imaging studies in living
25 human patients, in particular those suffering from disorders associated with

defective GABA, receptor neurotransmission.

Flumazenil (also known as flumazepil, code name Ro 15-1788, trade names

Anexate, Lanexat, Mazicon, Romazicon) is an imidazo[1,5-

-



S5conpetitive inhibition at the benzodi azepi ne binding site of the GABAA
receptor. In addition, because flumazenil has little or no agoni st
activity,wopadilgl4ad2el | ed versi ons thereof have been develPropar2@s/ope37tron
em ssi on tonography (PET) radiotracers. [ 189FMZ has the sane chenica
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radi of | uor i Fﬁﬁn@@n for in vivo imgi ng GABAA receptors. The
nmet hod of tﬁﬁbﬁ ention’i édkb%fc%sll/ 042529PCT/ EP2010/ 065077 hi gh-vyi el di ng
in conparison to the prior art nethods. A further aspect of the invention
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5conpounds obtai ned by the nethod of the invention. Detail ed Description of
the Invention In one aspegt, the present inventi on praovi des a nethod to

obtain a conpound of/ IJI (1)

k22210 /(:g’:g%

[18F]Flumazenll

["®FIFMZ binds to the GABA, receptor with high affinity (K; around 0.5nM) and
selectivity. Ryzhikov et al (2005 Nuc Med Biol; 32: 109-116) describe the
preparation of [18F]FMZ from a nitro precursor compound. This synthesis,

15 however, has been found by the present inventors to have a less than optimal
end of synthesis (EOS) yield of 2.7-7.7% (described herein as a comparative
example). These EOS yields are comparable to those reported by Odano et al
(Neuroimage 2009; 45(3): 891-902).

The present invention seeks means to obtain radiofluorinated agents that bind
20 to the GABA, receptor with high affinity in improved yields compared to the

prior art methods.

Summary of the Invention

The present invention provides a method to obtain radiofluorinated compounds

useful for in vivo imaging GABAa receptors. The method of the invention is
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10wher ei n:
03-5 heterocycle; or,
st rai ght -wonotweehed- chain Cl1_4 al kyl ;
15(i) providing a precursor conmpound of Formula |a:
2011/ 042529P
other is hy

one of R1L and R2 is 18F and the other is hydrogen; and,

R3is a
R3is C(=0)-0-R4 wherein R4 is hydrogen, or a
wherei n sai d nePh®EPC@OPFIIES:
R13 (1 a)
2.5 avi r and the
ﬁ%%% |ﬁ‘3 aﬁﬁhﬁsé’%& g | ected

/EP 010/ 065077 o f R11 and
YNGR FeMRATsRR O e Piiar &5

fromtri- Cwen%hmé aERB LR bIe o oy MBIk BltdrfarBbaidhoaidst i Lut ed

with one or

nmore R* groups,

wherein R* i1s”selected from hydrogen, nitro,

cyano, hal @getines@ of tbehlymrﬁmal Rovel pc:eeumoswmpbom@uagﬂuj indihei roetioklydf,

C2_10 al ko
C6- 14 aryI

[ k @ 01-10
SVEatipaiaze Bl pToVesh SR gE Ll Hovd P bRuE and & 10

dr ox o hal oal kyl ,

al kynyl idal s selected fromnitro,
al yC>1/ g a kmd&?ﬁﬂs%]o@alhéd%tﬁe n’%’é’ﬂﬁ qu)f@rﬁ@mehhoh

anmoni um or erein Ar 1s as defined above for Rl11,

and, 10R13 is as defined for R3 of Fornula I; and, (ii) reacting said
precur sor Outpileddescriptiorsof theblnvesdionce of [ 18F] Fl uoride. A "precursor

conmpound” conprises a non-radioactive derivative of a radi ol abel | ed
conpound, designed so.that chem cal. reaction wt enl ent chem cal
Form of 't nd' GBECEPSRT 47 RtRseTG I EnSoR T 6vidBea et HORER SEouBRRIE: od
of Formula I:
D
N/
R’ N
R® A
© (1
10 wherein:
one of R' and R? is "°F and the other is hydrogen; and,
R®is a Cs heterocycle; or, R is C(=0)-O-R* wherein R is hydrogen, or a
straight- or branched-chain C1.4 alkyl;
wherein said method comprises:
15 (i) providing a precursor compound of Formula la:

ROO (1a)

wherein:

wherein: WD



15in the m ni num nunber of steps (ideally a single step); and w thout the
need for significant purification (ideally no further purification), to
gi ve t he we=nrigd232n vi vo i magi ng agent. Such precursor ECREFNIGHCTNE

synt hetic and can conveniently be obt ai ned in good chem cal purity. The
precur sor conpound AR ti ona mori se rqotectin oup for certaln
functional gr u%gggf %rl’é 'Sﬁ't?@& OHBM% Oc{ ek 'ISJB& %%erb

substituent of the precursor conpound as defined above which is replaced
with 18F when t Rghdi RUUS S8 16ATREURSLIP B i RAEERE fdnt 1H-€, Skl edth@ohR e Of

[18F] fluoride, thereby permtting incorporation of 18F site-specifically to
result in the delsrA«rewhes&indfrllsjplnemdtsebstttutﬁp;bwﬁfdooeoFmRagnOUpaﬁﬂyereme term

"protecting gro rroup whi.ch inhi S or resse

uhdes rabla chots isepEETosf oY GRnuAIEn o ENdiaicath G BErEN B Carm 1y
reactive that itcafgykyatkys nggdaﬁ(?pn‘cgl*be élk&&dll@ﬂngIBOH?dﬂo&yﬁl'R?ﬁt qub under
m | d enough conditions that do no the rest of the molecule. After
WO 2011/ 042529P@M|E@2my0m%l®§lbau@b rC(‘aat1earyI063 iHectdeosiryle €:pr aldyiaryli €210

obt ai ned. Protec@in%/ gr oups are V\ﬁ nown to those skilled in the art and
are suitably ch f a9 'oups: Boc (where Boc is

tert-butyl oxycarbonyl), Fnoc (where Fnoc is fluorenyl net hoxycarbonyl),
trifluoroacetyl widd H'Oxyc@idoxin % F) it 8s §e‘léé'te6 from nltro tr| C1 alkyl,
5di met hy1- 2, 6- di oxocycl ohexy |dene(); or Npys (i.e. -n| . pyr| di ne
sul fenyl); and fammmoalubmml g\nr,ouberelmré\rhwas defieed abevefdo’LRyl amad;ter or
benzyl ester. For hydroxyl groups, suitable protecting groups are: nethyl,
et hyl tert-hutyl | ko th Ikox et hyl; benzyl; acetyl; benzoyl;
trityl ?@Trt) r @ﬂ%ﬁﬁ?@@ffﬁﬂ? é’*kﬂ”agat'e?P butyl dimethyl silyl. The use of
further protecting groups are 10 described in 'Protective Goups in Oganic
Synthesis', Th q%@&ﬂf@s% @&RQGré’é‘rﬁpB’@rﬁ&Wltﬁa %lta\M'é§oun(c-5"tbfr[@FlﬁC1Ubh@@ John
Wley & Sons, 1999) he term"al kyl" used either alone or as part of

anot her group is defined herein as any straight, branched or cyclic,

sat urated d¥ mmunﬂ?mmmr@es)amonm@hqa@tw d@rlyatwejgfe& ei t her al one

or as part of ro S defl el n 15 ecu

P aamert oroioBEnas coffiigl BeSBheR S0 Ml fctaicahiedtton Mt 8 DB ST b s ¢
hydr ocar bo%heﬁﬂcaﬂ oA OF Wed déte@fab‘l’éﬂa\tfe‘t’@bb@rs@tbeéﬁ@fﬁﬁm 'éarhbérc%ﬁaﬁél‘éﬂ The

term "hal ogen" neans a group selected fromfluori ne, lorine, bromne, and

i odi nel520 iMtee mérimunminumer oéstaps (idealliea gng@mtepmndmmamrtm '‘hegeno”
refers to

up - The te "car al kyl" refers.to_an alk gr oup
e et i ned lbygaTERRLRaisALan (RleRy Sl BEEYT bitficaehy o Give e asied i
vivo imaging agent. Such precursor compounds are synthetic and can
conveniently be obtained in good chemical purity. The precursor compound
may optionally comprise a protecting group for certain functional groups of the

20  precursor compound.

A “leaving group” is a substituent of the precursor compound as defined above

which is replaced with "°F when the precursor compound is reacted with a
suitable source of ["°F]fluoride, thereby permitting incorporation of °F site-

specifically to result in the desired radiofluorinated compound of Formula I.

25 By the term “protecting group” is meant a group which inhibits or suppresses

undesirable chemical reactions, but which is designed to be sufficiently
reactive that it may be cleaved from the functional group in question under mild
enough conditions that do not modify the rest of the molecule. After

4-



The term "al koxyal kyl" refers to an al kyl ether radical wherein the term

al kyl is 25as defined above. The term "hydroxyal kyl" refers to an al kyl

radi cal awocdeftimest9above wherein at | east one hydrogen &ComPh@s/obien

repl aced by an -OH gr oup WO 2011/ 042529PCT/ EP2010/ 065077 The term

"am noal kyl fers |, _as defi above wherei n, at | east
one. hydr ogdiePhtierom L A biod BfiiiiafRehi ol SRS BeF el iBbuin ki
refers to %t@d@ékll‘lé&ﬂinctﬁb a’%ﬁaﬁ@%ké‘@@t@&?%ﬁo&‘@@fr@hﬂ f@ﬁar‘nﬁ@@roups BBE

hydr ogen at om has been replaced by a hal ogen wherein hal ogenh is as 5defined
her ei n. ThdwherexBbhds mauty/IOXycalfb@vnsl)t bmaxe (ahgre Esnateiti ned above wherein at

| east one rbon at IS rep W th roatoms ted fr 0, N and
S. ‘The tor oaqwsﬁmxvcwm@w B FRulodney St earbonddfe iy Gibbe i n

whi ch at | B as defi ned
Sbove. - ToTRa P2 QURHEEFIORE e eﬁ”ﬂ@?iﬁﬁ?gé@%n@@ lo-paAYERe & Cnatic
cycl i c radiscdenyifiearei fmrt:bdowbgmupsnmetbﬁaesdmetm-bm esteetoebeatgalmsterel ected
from nitrogen en or sulfu

, OX The term "al ken strai ht chal n
or br anched'g%rhfé lﬂcﬂf BERS: MtaL?dP%¢CtWrﬁap6%g@e%? B@uﬂ;ﬂ tgrt
15The termy | SPEARSK ?g&,n car bon
radi cal hawlﬁ%&one %r m)rey%twm e Hg%ﬁ | bgﬁz efe gﬂ &af(glgllj%sﬁlppof t he

met hod of 'rsheh Ialsvtetl’abollyldMTr@trwlﬂl}/l | $ha8ise d?IU.rtInsr prioteatingydroapsane um or
-1 +-Ar. In nost preferred enbodi nent_ of the nethod of the invention
R2 is i@F d@ﬁ@ﬂb@'@'m@r@ ectivg Groups in QF@@@?é:ryPéféP&'%thm@dpéa Wt@l’:ﬁene

trimethyl rﬁrdrqg +2 Ar grgéat preferred that
R12 is nitro I'étggpo%r uj[éA (Th%% J?)héor mJ é.n%? e same and are
preferably C( =0) - 0-

The term “alkyl” used either alone or as part of another group is defined herein

as any straight, branched or cyclic, saturated or unsaturated C,Hz.+1 group.

The term “aryl” used either alone or as part of another group is defined herein
15 as any Ce.14 molecular fragment or group which is derived from a monocyclic or
polycyclic aromatic hydrocarbon, or a monocyclic or polycyclic heteroaromatic

hydrocarbon.

The term “halogen” means a group selected from fluorine, chlorine, bromine,

and iodine.
20  The term “nitro” refers to the group —NO..
The term “cyano” refers to the group —CN.

The term “carboxyalkyl” refers to an alkyl group as defined above substituted
with at least one —COOH.

The term “alkoxyalkyl” refers to an alkyl ether radical wherein the term alkyl is

25 as defined above.

The term “hydroxyalkyl” refers to an alkyl radical as defined above wherein at

least one hydrogen atom has been replaced by an -OH group.

-5-



R4, wherein R4 is straight or branched-chain O _zi alkyl, preferably

met hyl, ethyl, isopropyl or tert-butyl. R4 is nost preferably ethyl,

I sopr opylwonrotigses2but yl , and 25especially preferably et irgir/EPTHO/068aTt | on
schene di scl osed by Yang et al (2009 Synthesis; 6: 1036-1040) WO

2011/ 042529PCT/ EP2010/ O J7..can be adapted to obtai recur.sor. conpounds

of For mul a 1NE 578 ampeaen & toxn AT EieGis e ctriRed AV ILTT RIS how ¢ ne
precursor GoMmYHRASydFederk Stdth hakREn repldted bySSMENR, §ro).n Schenme 1, where
R11 is trial kylammonium R21 is NO2, and where R11 1S an iodoniumsalt, R21

is bromne. R13 is as defined for Formula la. The appropriate am no benzoic
aci d conpodé termehalioatiet! nefergde fagratkylredicatias detinet abpse mwhereini attleastiuce

the desired | eavjn roup . at |later sta i eacted with triphosgene to
afford t he BETNEYadeh A0S hag b5k TepasrRa & Dalagenpiieréin Ralpel 19 3% t n

sar cosi ge idafifMSReydial ds the benzodi azepine c. At this stage, where R11 is
trial kyl ammoni um R21 of conpound c is converted to trial kyl ammoni umin

step (i) before carrying out step (ii)to obtain conpound d. Wiere RI1 is an
i odonoi m sdlhe, ternfheteroany aefard to @ntargl asdefnethabave winerein & lgdstiopeaf t er

carrying out ste i), 15 ere RL?2 is the |eavi 0 henme 2 may be
ecd’t o obtarior Remisisnlast K adiroston seléctéd fBnPE]RPand’s!
The term “alkylaryl” refers to an alkyl radical as defined above in which at least

one hydrogen atom is replaced by an aryl radical as defined above.

10  The term “heterocycle” refers herein to an aliphatic or aromatic cyclic radical
wherein the cycle comprises one or more heteroatoms selected from nitrogen,

oxygen or sulfur.

The term “alkenyl” means a straight-chain or branched-chain hydrocarbon

radical having one or more double bonds.

15  The term “alkynyl” means a straight-chain or branched chain hydrocarbon

radical having one or more triple bonds.

In a preferred embodiment of the method of the invention where R' is "®F, R is

trimethyl ammonium or -I"-Ar.

In a most preferred embodiment of the method of the invention R?is °F. When R

20 is "°F, it is preferred that R™ is nitro, trimethyl ammonium or -I*-Ar. When R? is

'®F, it is most preferred that R is nitro.

R® of Formula | and R" of Formula la are the same and are preferably C(=0)-O-

R*, wherein R* is straight or branched-chain C.. alkyl, preferably methyl, ethyl,

isopropyl or tert-butyl. R*is most preferably ethyl, isopropyl or tert-butyl, and
25  especially preferably ethyl.

The reaction scheme disclosed by Yang et al/ (2009 Synthesis; 6: 1036-1040)

-6-



WO 2011/ 042529PCT/ EP2010/ 065077 e fg h RR2 is as defined for R21 in
Schene 1 above. Conpound e is obtained from conmmercially-avail abl e

2, 6-di ni two 2bamBe§2¢ acid starting material by standard elEmpPe@/065077
transformations. Conpound e is treated as described for conmpound 5a of

Schene 1 to_give th nzodi.azepi ne i nt er medj at ich.intun.is

Cr anst or med P4 AARIES 0 BR praoERer SutP ATt REFdaians el B k2 (i)
and then ('Iéé\)ih%gFOLﬁf.t_Séhéﬁne?I- ill(5trat@8how it drekclisor Bbhibimid8 ¢ahfse desi red
| eavi ng group. eps (1)-(i1i) are as described above in relation to Scheme
1. [18F] Fl wbtaidedi s typically obtained as an aqueous sol ution which is a
product of the 10 irradiation of an [180]-water target. It has been

wi despread practice to carry out various,steps in order to convert

[ 18F] Fl uori de sV reag_thi ve nucl eophi 'quoeagenté/m;s%ch that it is

sui tabl e fopausginorucHBRTR ¢ ragdilol abgl | i Rg—Feactons. These steps
include the elimnation of water ffom{189-fluoride ion and the provision
of a suitable counterion (Handbook of Raffi ophar nmaceuti cal s 2003 Wl ch &
Redvanly 15 eds.?ch. 6 pp 195-227). Nuel eophilic radiofl uorination
reactions are then carried out using anhydrous solvents (Aigbirhio et al
1995 J Fluor Chem 70: 279-87). In order to increase the reactivity of
fluoride and to apoigl hydroxyl ated by-products resulting fmomthe presence

of water, water}3~ypically rRipwedntiam[ 18F] Fl uoride_ pgigrRto the
reaction anq1ma i of(h uor kinaBuCBITHF eact i ons ar@ carrifedyouy using 20
anhydrous rfeacti o N0l VERtS (Argbirhio et al 1995 X' em 70:

279-87). The renmfVal of water f reogr-the [18F] Fluoride is re
maki ng "naked" [18F] Fluoride. This is regarded in the prior art relating to
nucl eophilic fluoridation as a step necessary to increase tHe reacti vi ty of
fluoride as well as to c\é(r)nieq WO 2011/ 042529PCT/ EP2010/ 065077 hydr oxyl at ed
by- products resulting e presence of water (Mughamr et al 1998 Tett
Letts; 39: 7305-6).

5 In Scheme 1, where R"" is trialkylammonium, R*" is NO,, and where R" is an

iodonium salt, R*' is bromine. R" is as defined for Formula la. The
appropriate amino benzoic acid compound a, equipped to perform the required
chemistry to introduce the desired leaving group at later stage, is reacted with
triphosgene to afford the benzoxazine-2,4-dione intermediate b. Reaction of b
10 with sarcosine in DMSO yields the benzodiazepine ¢. At this stage, where R"
is trialkylammonium, R*" of compound ¢ is converted to trialkylammonium in
step (i) before carrying out step (ii)to obtain compound d. Where R"' is an
iodonoim salt, R*' is converted to the iodonium salt in step (iii) after carrying

out step (ii).

15 Where R is the leaving group, Scheme 2 may be used to obtain the precursor

compound:



A further step that is used to inprove the reactivity of [18F]Fluoride for
radi of |l uoridation reactions is to add a cationic counterion prior to the
renoval oVORowzes29 The counterion shoul d possess suffi eCEmP2&10l068077 i ty
wi thin the anhydrous reaction solvent to maintain the solubility of the
fluoride ion. Counterions that have been used include |arge but sgft netal

ions such as\Fulff di um or caesium potRssi;um cospsexed with _a chyptand such
as Kryptof i xTWN ~opt etm\.&d_gm@i@;]ﬁlts. A—prefested { abl & source of
[ 18F] Fl uorigle for use in the net f G he 10 invention i ekecfjed from

[ 189 pot assi v TR’tiori de and [ 189 clesllum f1 uorTwe c¢.A89 pot assf um fl uori de

is nost preferred, and especially I1)re(PerabI y when it is conpl eked with a

cryptand such as KryptofixTM becausef of its good solubility in arhydrous

sol vents and enhanced fluoride reactivity. %;'N Ewpr eferred enbodi nent,
/1

t he net hod of t he Oemyemndohoprnioraty f urt her conpri (tii)renoval of excess
[ 18F] Fl uori de;o and?6¢,™ i v) r epoval gipf any ect\ ng groups; and/or, (V)
renoval of orgartc sofvent; andror, (vi)f Ia}sl'on of the resultant
conpound together with _a bioconpatible carriler \obtain a

r adi ophar maceuti cal CEBrrp%%i tion suitable foﬁ%n@rmal ian 20 acﬁ%rl?ﬁn?s%rati on.
The "bioconpatible carrier” is a fluid, especially a liquid, in which the
radi of | uori nated conmpound i s suspended or dissolved, such that the

di oph tical . L4, ' hysj ol ogical |l y tol le, j.e. b
o oPher TGl SRR e R STt Al oo °
The 25 b1 oGBRRALIAAIS: ARibR! 2,65 Hid B30 ckakinglihacel by SfarddaAli d such
as sterile, pyrogen-f ree wat er or 1 njection; an agueous sof ution such as

sal i ne (whichientieyl tethgforhagienssiGorbgolral ans fdated adhdésdribed fonsbmpoaddct f or
injection is either isotonic or not hypotonic); an aqueous solution of one
or nor eSt ord € $heqag J<pigive thedbemzodiazersne ptamregiateod 088G 7N dubssances

(e.g. salts _of . plasma catjaons with _bioconmpatible counterions),,..sugars (e.dg.
G usose. or TSR MR HeSle dulhe8pBRESRB g siET bR o1 T4 ool <
(e.g. glyceneh Jiii)dr e ¢re NPrarCifed (RP!iNLbJIELEG e biSsitéd Baving group. |

pol yet hyl enegl ycol s, propylene glycols and the |ike). The bioconpati bl e
carri er maptaps §)-€Ciohprd sedpsodmdpabovs i@ relaliogani Ichemhednt s such as et hanol .
Such organi c solvents are useful to solubilise nmore | ipoph ilic conpounds

f | atispns. Preferably the.bi i bl qer s - f
for i nj ect LonFipeiidiskbealy haBumedss 4 dabaele SablioR Wit Bsoads & or «
the bi qgorrrmé:ighgn erbhi (€O \Witet fbirgé‘t\!elﬂﬁ% beBh&hitESSrebd p‘iﬁét‘licﬁabﬂOYCdrF}/ bie

range 4.0 to 10. 10Currently, e, synt hesis of 18F-I|abell ed conpounds,
parti cul ar Ivaribos steps iasrd@tocoaeent §, FjFuoniss intma veadtyetiugleophiliceeagant, by

f t prrat ed i par at e.q..T | abTm and Fast| abTM
(both Ge neHEiHBEr kyS siielserr spbRondponfc Sadilatind Gt @ie act i seor
aut omat i on.gid gt iFRTRRRE bMRifatRY | fvateN GOR P?Pdggo?ifgﬁaﬁaﬁa ol g@ytsmofa

radi of lurination of nitromazenil is not an i approach
aut omat ed syiablesiosintdridrl@PHdD oo oF &=l gdh adona ceaticdie 2003WYeéleh & Redvanbl so

DS o e oh b s Mol o Bivebesrordmmueshon o)
cycl o-ol efi - )y MY eF: 1o MRS Ay te 130C.
T%e prior é);& 'E[ Ergrgp%o%g%& to %ﬁ%égﬁbe&mgﬁﬂ/z fro%ﬁgbﬁghr%gﬁpm?zg?z) ' @0
requi res adreéamerintreass thd reacivitg ol B0 idedand e avoitidyaenat ated Hyt-predCGES

reaction V?’gglﬁ’ltinglq ?r%?nsth(éopr}ésaér?crgegftvvater, water is typically removed from [®F]Fluoride
prior to the reaction and the radiofluorination reactions are carried out using

20  anhydrous reaction solvents (Aigbirhio et al 1995 J Fluor Chem; 70: 279-87). The
removal of water from the ['°F]Fluoride is referred to as making “naked”
["®F]Fluoride. This is regarded in the prior art relating to nucleophilic fluoridation

as a step necessary to increase the reactivity of fluoride as well as to avoid
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As denponstrated in the experinental exanples bel ow, changing the |eaving
group on the nitromazenil precursor fromnitro to trinethyl ammonium all owed
t he reactwonotigapepat ure to be reduced to 130C whil st nRCHERR00MO650EN ECS
25yield of 7% Moving the nitro |leaving group fromthe position neta to the

am de carbgnyl to.t position ortho.to the am de carbon ave an

o overend VPRSI AORkER s SH B8 o b aRBehta AT I MAN Bt  he
reaction temoEradttL Sits;!30: #3pstd) cul arly preferred enbodi ment, the nethod of
the invention is 30 automated. 'The radi ochem stry is perforned on the
automat ed synthesis WO 2011/042529PCT/ EP2010/ 065077 apparatus by fitting a
"cassette" A dutther figarthiatisis Soeth to daptavet éhaeoieaeativily iaicl UdEkidride dor

et oy sl TadBAGaueR i 2R on BloPiid 5 sebhab Tt biddpabe KRl lSt) oan
up steps. Hidte? THECBERtAORHoUR pbESedd &FRNENI SVEBNIORIthiRGRE dnhyBFN ded a

cassette for carrying out the autonmated nethod of the invention Conprising:
(i) a vessatadam sdolmenigtcamairdainr ther salobityuoidthevfhsreenionai Gopntecions dihat
conmpound i s as ,suitably and preferaply. defined above; and,. (i) means for
G UE g« hbayedean veadingllce ok bOCad Btarions BREH AsaE P A MR oai ¢
suitable s i } i } Mp hi
above. The%@éﬁgb@égﬁﬁ%g%W?{g@égﬁ% %ﬁw e ctﬁgﬁrgébﬁﬂ;eﬁt%rgfkggéeﬂﬁ {))Ilrnnﬁ]cejnoval
of excess K3Fs. Phprefeagerustabosoene ofdiE|Ritbede domsserabthesmettond oftthef or

t he automated synthesis may al g0 be included fogethgr with a_data ngdi um
Such- 18 ANESTIDRCE SOIECISCEITY T BLPSGBRHET GO S0 LI I6AeS LA M4 i Bk

synt hesi ser, o} i ; : e ts for
concentr at ipg%%s\%puﬁgé@fﬂ%eﬁgst ?Zﬁet%rd geﬁd(;e@ﬁe&:%ﬂyg;%%{f %P rggweergt?{e he
present i neniplexedwiideyptartbsmpeuas Kejptbiix Mbecdusesofdsfdomtisolablitbeinnet hod

of the invention wherein RL is hydrog&n,. R2 is [189, and R4 20is ethyl,

i sopropyl @nhydiusy§olveis eadenRenced iwefidgreaefdiyt y ethyl . In a yet further
aspect, the present invention provides a precursor conpound of Formula |a
is as defi 'mlqéme BlHo PO By driich i 'EHH% +-Ar,
and the ot E@% @’g%&%@gﬁb ref teh%fartr)ll Y, onehgﬁgﬁﬁloﬁgn@%@%&or - Hégg

trimet hyl anmoni um and the other is hydrogen. Most preferably, Rl2 is nitro,
25 tri et hyl afiiiwemonaloof excesd ' FFdsdrices pedied, | y preferably R12 is nitro.
R13 is preferably C(=0)-0-R4 wherein R4 is ethyl, isopropyl or tert-butyl,

and wherein R(AI}V)lrgm%(,ng{ éian gro?écq%lg'groups; and/or,

(v) removal of organic solvent; and/or,

(vi)formulation of the resultant compound together with a biocompatible carrier
to obtain a radiopharmaceutical composition suitable for mammalian

20 administration.

The “biocompatible carrier” is a fluid, especially a liquid, in which the

radiofluorinated compound is suspended or dissolved, such that the
radiopharmaceutical composition is physiologically tolerable, i.e. can be
administered to the mammalian body without toxicity or undue discomfort. The
25  biocompatible carrier is suitably an injectable carrier liquid such as sterile,
pyrogen-free water for injection; an aqueous solution such as saline (which may
advantageously be balanced so that the final product for injection is either isotonic

or not hypotonic); an aqueous solution of one or more tonicity-adjusting

-9-



WO 2011/ 042529PCT/ EP2010/ 065077 Brief Description of the Exanples
Conparative Exanple 1 describes the preparation of [189f] unmazenil from a
nitro preworsaro4eszapound. Exanpl e 2 describes the prepaPativossoof

[ 189f | umazenil froma 5 trinethylamoni um pr ecur sor conpound. Exarrpl e 3

d ib h f d d
1To61 | urez SHPPENERS & b S b e WA b oAl i CafRPBHEE st Bz eni |
froma nitrgPyREGSEYr sEe ?%g#%@@ﬂ% &.§. Sbldli reRakm P gBRJIAd.§n of

ort ho-[ 189fl urrazenrl tert-bu ester froma nitro precursor conpound.

Exanpl e 6 gdgerolhey ather rmrermamtapolgql mfatelrrajsh(ng erﬂyethpﬂemeglylcolsspmlﬁﬁe est er
froma nitr recur escri bes % net ho

) d. . EX
eval uat or i B ssqmmrli SRaRr S 4R CPTRERe BiRbRBANDIE | o1
of Abbr {ié’rg_égki%ﬂté fhémﬁzggﬁﬂﬁ! €8y I‘?‘% @Y8lvents ?]re useful to solubilise

Cl P2- Ch oro , I met hyli um exa uor ophosp
DCMi chl or onerehpoehRie RioRtpANds i ifcropul ey t Preferably¢hdBdompatiyle choienesm de
DVSQdi et hyl sul f]QXI de EOSend of synthesis WO 2011/ 042529

pyrogen-iree water for injection,’isotonic saline or an aqueous ethanol solution.

The pH of the biocompatible carrier for intravenous injection is suitably in the

range 4.0 to 10.5.

10  Currently, the synthesis of "°F-labelled compounds, particularly for use as PET
tracers, is most conveniently carried out by means of an automated synthesis
apparatus, e.g. Tracerlab™ and Fastlab™ (both GE Healthcare). However, the
prior art method is not suitable for automation. In Comparative Example 1
herein it is demonstrated that radioflurination of nitromazenil is not an ideal

15  approach for the automated synthesis of ['°FJFMZ on Fastlab due to the low
yield, and also because of the temperature required to obtain effective
incorporation of ["®Flfluoride. The existing FASTIab reaction vessel is made of
a cyclo-olefin co-polymer (COC) which can be used at temperatures up to
130°C. The prior art method used to prepare [18F]FMZ from a nitro precursor

20  requires a temperatures of around 160°C. At these temperatures the COC

reaction vessel loses containment.

As demonstrated in the experimental examples below, changing the leaving
group on the nitromazenil precursor from nitro to trimethylammonium allowed
the reaction temperature to be reduced to 130°C whilst maintaining an EOS

25  yield of 7%. Moving the nitro leaving group from the position meta to the amide
carbonyl to the position ortho to the amide carbonyl gave an improvement in
EOS yield from 2.7-7.7% to 18-23% whilst also reducing the reaction

temperature.

In a particularly preferred embodiment, the method of the invention is

30 automated. The radiochemistry is performed on the automated synthesis

-10-



Et et hyl ggran(s) hhour(s) HPLChi gh performance |iquid chromatography 5
LCMSI i qui d chronmat ography mass spectronetry MeCNacetonitrile m nm nute(s)
mim |1l iwoe(syo4eddi | | i nol ar 10mmol mi | i nol e(s) nol nol ePEX/ERRAQO630ST nar y
met hyl ammoni um Rfretention factor rtroomtenperature 15SPEsolid phase

extraction TBAtetrabuytyl ammoni um T riethanol anine THFEt et rahydr of uran

TLGhin | apePataie P Ol G naasa. 2 R pop LS. Such & Cas8bé MbiShy
includes fluid pathways, a reaction vessel, and ports for receiving reagent vials
as well as any solid-phase extraction cartridges used in post-radiosynthetic

clean up steps.

5 In a further aspect of the present invention there is provided a cassette for

carrying out the automated method of the invention comprising:

(i) a vessel containing a precursor compound, wherein said precursor

compound is as suitably and preferably defined above; and

(i) means for eluting the vessel with a suitable source of ['°F]Fluoride,
10 wherein said suitable source of ['°F]Fluoride is as suitably and

preferably defined above.

The cassette may also comprise an ion-exchange cartridge for removal of
excess "°F. The reagents, solvents and other consumables required for the
automated synthesis may also be included together with a data medium, such
15 as a compact disc carrying software, which allows the automated synthesiser
to be operated in a way to meet the end user’s requirements for concentration,

volumes, time of delivery etc.

In another aspect, the present invention provides a compound of Formula | as
defined in the method of the invention wherein R' is hydrogen, R?is ['°F], and R*

20 s ethyl, isopropyl or t-butyl, wherein R* is most preferably ethy!.

In a yet further aspect, the present invention provides a precursor compound of
Formula la is as defined above wherein one of R" and R'? is trimethylammonium
or -I-Ar, and the other is hydrogen. Preferably, one of R" and R" is
trimethylammonium and the other is hydrogen. Most preferably, R is nitro,

25  trimethylammonium or -I*-Ar, most especially preferably R is nitro. R™ is
preferably C(=0)-O-R* wherein R* is ethyl, isopropyl or tert-butyl, and wherein R*
is preferably ethyl.

-11-



WD 2011/ 042529PCT/ EP2010/ 065077 Exanpl es Conparative Exanple 1:
Preparation of 148Fi1fl umazenil (148F1FMZ)from Nitronazenil Exanpl e
1(i): Synwbesiig4ef29 PCT/EP2010/065077

4- Met hy1-7-nitro- 3, 4-di hydr o- 1H5benzol el | -1, 41di azepi ne- 2, 5-di one (1) I
Commer ci al | ilable 5-Nitraqisatoic anhydr| de (40 g, O. 192 nol ) was

di ssol ved iH1BpweRSepH 1€ SXAMPELS and heat i ng the flask slowy to 140C.

\ o_ 0
Sarcosine (17.1 g, 0.192 nol) was slowy added in portions to the solution.

10Upon add'ddrﬁﬂara%e Hemplé hedéé?ﬂrl%b@ﬁ'e EFéHatrﬁﬁbrbBPP"F]ﬂQm(agélﬁ‘leréFﬁ gn of
CX2). The mxture was left stirring f . . The m'xture was left to cool
and sl ow y nitow pegtussorn aenpalnt.wat er i n a beaker. The solution was stirred
with a glass rod and a yell ow solid preci pitated out. The solid was

separ at ed filtration anﬁrewashed water, then dried in

el b BuTRashLd
vacuum over’@MAB & R RPY RS Prapatation gvﬁ BieGeNsBPIt 8d was identified as
the deskreq, ,ﬁ;,@g%m%nll C%rg&@w @&ﬁ Q{WNNR (D6-DVs0): 6 3.14 (3H, s,
NCH3), 3.97 (2H s, NCH2 30 1 d, = 9 Hz, HNCCHCH), 8.33 (1H, dd,
J =9 and 3 Hz, CHCHCNO2CH), 833(1H d, J—3Hz OC-CCH), 11.05 (1H, s,
NH) . 20 BEammmeB(dagcrlbeséfp@pmnaratlm of\ﬁamnczdmwmalt(m)ecunsoraemp@mnd
tert- butOX|fde ﬁ:q 6 g 5| nmol ) was added to a solution of internediate 1 (1
g, 4.3 mml? i Ty %?Lr(y'rﬂ_) and DMF (2 nL) at OC under 5nitrogen. After 30
mn the reaction was cooled to 0C, treated dropw se with diethyl
chl or ophos p@ingp|€ @ dedbkibes tﬁ@@képa%aﬂoﬁbfbftﬁe [feprﬂu%%az@nn frdYﬁ%WV%?b' etoa
stirred solution of ethyl isocCyanoacetate . nmml) in THF (10 nl)
under ni tr ggecusior c@npasnéddded pot assi umtert but OXi de (0.6 g, 5 mol) and
stirred for 15 min. This was then added slowy to the m xture of

![ gtrgggiﬁ L?g:ex'a%@p]lo gq%gcpbggltﬁe \ﬁ@espasrg ion og or%o ?@Ffffﬂmazen|IQertrbur’Eylaetstéroom

from a nitro precursor compound.

Example 6 describes the preparation of ortho-['°F]flumazenil isopropyl ester

from a nitro precursor compound.

Example 7 describes a method for evaluation of the in vivo biodistribution of

15 ortho-["°F]flumazenil.

List of Abbreviations used in the Examples

aq aqueous
CIP 2-Chloro-1,3-dimethylimidazolidium hexafluorophosphate
DCM dichloromethane
20 DIPEA N,N-Diisopropylethylamine
DMF dimethyl formamide
DMSO dimethyl sulfoxide
EOS end of synthesis
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h. TLC (ethyl acetate) showed starting material (Rf 0.4) and a new spot (Rf
0.2) by W and Kwnhat. The reaction was quenched wth acetic acid and | eft
stirring woerni/ghki2z9 The reaction m xture was poured i nt ®@CrEPLe@es077 Thi s
was extracted with ethyl 15acetate, and the organic | ayer was washed with
water, brine, dried a dlconcentrated to a thick dark dense oil. This was
chr onmat ogrgghed on s al tinmes using the follow ng conditions: 1)

Conpani on, using DCM/ethyl acetate (tw ce) 2) Conpanion using petrol/ethyl
acetate (ty ce) 2050@?&% pure material 2 was obtained as a col ourl ess
solid (yield 4% 1H NWR 13): 6 1.39 (3H, t, J =7 Hz, CH3), 3.28 (3H,
s, ArCONCH3), 4.37 (2H, q, J=7 Hz, OCH2), 4.40 (1H, br s, CH2), 5.26 (1H,
br s, CH2)h 7.60 (1Hhogr(s)y= 8.9 Hz, ArCHCHCNO2), 7.94 (1H, s, NCHN), 8.45
(1H, dd, J= 8.9 and 2.8 Hz, ArCHCHCNCO2), 8.95 (1H, d, J= 2.5 Hz, ArCHCNXR).

WO 2011/ 04 CT/ EP : i of l uorination of

Ni tronnzeni%ﬁgltgcg) to %ﬁ%ﬁg%%—rﬁmggﬁrﬁéﬁgﬁg&nz) 18F | abel i ng was
done on a TRACERI ab aut omated synthesis nodule (GE 5 Healthcare). [189
fluoride waNsapped liguidachromatogrdbhiy omess spdstroatdtry dge and t hen
transferred to the reaction vessel using a solution of

tetra-n-butyl anmoni um bi carpbonate in MeCN water (MeCN 1400 i.11 , water 100
i.11_, TBA 27 n@refeimi&ial 1. The solution was dried at 100C for 10
m nutes then 120C for 20 minutes using nitrogen plus vacuum flow and t hen
cooled to - 10To trﬂﬁu@'%)ed [ 18F] fl uori de was added nitromazenil (18.8
mg) in DMF (1 ) fromvng 3. The reaction m xture was heated at 160C for
30 min then it was cooled to 50C. The reaction mxture was diluted with 10
mM phosphomnlc aci d ( Zni8iliej)rom vial 5 and was transferred to the crude
product tube. The crude product was then transferred onto the preparative
HPLC | oop g@uual ly. 15 Pr qgar ative HPLC gave a peak with retention tinme
17.5 mi nut &Yahi ch wlER1hsi ng into the TRACERI ab round bottomed flask
containing water (12 nlL). The prepartative HPLC systemwas fitted with a

liquidipl owrsel ntill akiipRoleynter.

mol mole(s)

QMA quaternary methylammonium

Rf retention factor

rt room temperature
15 SPE solid phase extraction

TBA tetrabutylammonium

TEA triethanolamine

THF tetrahydrofuran

TLC thin layer chromatography
20 UV ultraviolet

13-



HPLC Col um Phenonenex Luna C18(2) 250x10mm 5 p Solvent A = 10 nmM
phosphoric acid, B = MeCN, 25% B isocratic Flowrate 4 nL/mn U 254 nm
Loop 5 niwGensi/mpeazoty 2000K WO 2011/ 042529PCT/ EP2010/ ®63EPZ010a5307T dge
(pre conditioned with 1 nL ethanol then 2 nL water). The SPE cartridge was
washed with. water (3 nL) and the crude product eluted into a P6 vial using
EtOH (0.5 %éa—"%ﬂ@éwater (4.5 nL). Initial activityl193.8 MBq@l: 14 Activity
of fornulated product14.8 MBq@2: 48 =7.7% end of synt hesis yield 5 Exanple
2: Preparatjion of 148F1fl umazeni | (148F1F|\/Z,)3f roma Tringthvl amoni um
Precursor d&emparative Example d1: \Preparation p€ nIFIqumazenlI (["FIFMZ)from

4- met hyl - 7I@Wo?ﬁafbn‘}ld' hydr o- 1Hbenzo| en4ldi azepi ne- 2, 5-di one (3)

Example 1(i): Synthesis of 4-Methyl-7-nitro-3,4-dihydro-1H-
5  benzole][1,4]diazepine-2,5-dione (1)

O]

H
N\g
OzN/C;]/N\

O
1

Commercially-available 5-Nitroisatoic anhydride (40 g, 0.192 mol) was
dissolved in DMSO (50 mL) by stirring and heating the flask slowly to 140°C.
Sarcosine (17.1 g, 0.192 mol) was slowly added in portions to the solution.

10 Upon addition, at 140°C, the solution started bubbling (generation of CO,).
The mixture was left stirring for 2.5 h. The mixture was left to cool and slowly
poured on ice cold water in a beaker. The solution was stirred with a glass rod
and a yellow solid precipitated out. The solid was separated by filtration and
washed several time with water, then dried in vacuum oven at 40°C overnight.

15 The yellow solid isolated was identified as the desired product 1 in a 78%

yield.

"H NMR (Ds-DMSO): & 3.14 (3H, s, NCHs), 3.97 (2H, s, NCH,CO), 7.30 (1H, d,
J = 9 Hz, HNCCHCH), 8.33 (1H, dd, J = 9 and 3 Hz, CHCHCNO,CH), 8.33 (1H,
d, J= 3 Hz, OC-CCH), 11.05 (1H, s, NH).

20
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3 1l0Internediate 1 (3.48 g, 15 nmol, preparation described in Exanple 1)
was suspended in a 120 nL of 1:1 solution of THF/ Ethanol. The suspension
was treatwo 2eittda2320t r ogen fol |l owed by vacuum before ad@#Cm@ErPRaoGs0% (0.7
g), suspended in ethanol. The reaction vessel was then fitted onto the Parr
hydr ogenat q e (20 psi) for about 3 hours
with 15 st i g F e #as renoved using vacuum and then
nitrogen was purged through the solution. The catalyst was filtered off
using celite and the Jiltopate was evaporated to the m ni mum anount of
ethanol . A white prgciypitate formed which was separated by filtration and
dri ed under vacuymHNm /affOEd 918 ng of desired material 3 in 30%yvyield.
201H NWR ( DVSO 3.07A (3H, s, NCH3), 3.74 (2H, s, NCH2CO0), 5.19 (2H, s,
NH2), 6. 696%l ’ N~ IN= 8.5) and 2.5 Hz, ArCHCNH2), 6.77 (1H, d, J = 8.6 Hz,
Ar CHCNHCO), %.90 (1H, d§, J = 2.5 Hz, COCCHCNH2), 9.97 (1H, s, NH). Exanple
2(111): Synthesis

4- et hyl - 7- Di met hyl am no- 3, 4- di hydr o- 1Hbenzoi en41di azepi ne- 2, 5-di one (4)

A e e

added por t iigtawnegiatd 1§11 ac3 himolMirK THIFY 10aAL pand DMF 82 nilG dt@°CArftieand t hen
at roomtenperature for 1 h. Acetic acid (1.4 nL) was then added and the

reacti oh nindregen.wAkes30 miadheé seaciivotwias coolad tqReCr raatedadropivigeuwih was

d intg.ethyl eth ith 2N KOH and t ic |
bt ract ed. SisthitgniioRBosalREBY BhndrBiebandSed s i, Hkbutfc .
col lected agnglireld %uﬁMoﬁ@ih%&béyéW&ei (o.el_ﬁﬁ%%hfbl)ghwm@m@mr)phous
yel Il owi sh solid. Notes: upon addition of acetic acid formation of ‘'gas was

observed am@dehe!tm@tatd)‘i@was sddedgﬂoyassﬂﬂn Helrtf’ciu_ﬂcoxide ((_T.Beg,ﬁoﬂnmbl))amdii ned
was trituraged Wt ethylacetates, Laded bhtitYo e Hidtiod: Al mediate 1

10 at 0°C. This was stirred at 0°C for 0.5 h then at room temperature for another 2

h. TLC (ethyl acetate) showed starting material (Rf 0.4) and a new spot (Rf
0.2) by UV and KMnOs..

The reaction was quenched with acetic acid and left stirring overnight. The
reaction mixture was poured into ice/water. This was extracted with ethyl

15 acetate, and the organic layer was washed with water, brine, dried and
concentrated to a thick dark dense oil. This was chromatographed on several

times using the following conditions:
1) Companion, using DCMI/ethyl acetate (twice)
2) Companion using petrol/ethyl acetate (twice)
20 50 mg of the pure material 2 was obtained as a colourless solid (yield 4%)

"H NMR (CDCls): & 1.39 (3H, t, J = 7 Hz, CHs), 3.28 (3H, s, ArCONCH;), 4.37
(2H, g, J = 7 Hz, OCH,), 4.40 (1H, brs, CH,), 5.26 (1H, br s, CH,), 7.60 (1H, d,
J= 8.9 Hz, A"CHCHCNO,), 7.94 (1H, s, NCHN), 8.45 (1H, dd, J= 8.9 and 2.8
Hz, ACCHCHCNO,), 8.95 (1H, d, J= 2.5 Hz, ArCHCNO,).
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15washed with diethyl ether to give a pale yellow fluffy solid. Proton NWR
confirnmed the material to be internediate 4 (2.97 g, 98%. 1H NVR (DVB0): 6
3.09 (3HWe20NEHBY29 3. 77 (2H, s, NCH200), 6.92-6.98 (3HPCEEP2ITHGNITHI) 2,
Ar CHCNHCO, 0000HCN(CH3) 2), 10.09 (1H s, NH). 20 Exanple 2(111): Synthesis
of Trlrrethy-4 hyl s 2.5 . VWO .
2011/ 04252 SPERRBI Yl eaie(iprf1a URQLETHAL) 1O &40 . 28R um (5)
| nt er medi atgégFez)97 g, 13 nmol ) was d| ssol ved in DCI\/I(75 m_) and rmnet hyl
triflate ( 15 mmol) was added at room tenperature dropw se under
5ni trogen flow. Wthin 1 mn a solid started to crash out of sol ution.
After 10 mn TLC ana |N si,8 (ethyl acetate) showed that SM had di sappear ed.
The reaction was t e stopped. Diethyl ether (20 nL) was added and the
solid was isol Ny fi Q% ation as white sticky material. The reaction
af f orded inter ate)5 in quantitative yield. 101H NVR (DWVS0): 63.15 (3H,
) : )3), 3.91 (2H, s, NCH200), 7.28 (1H, d, J=

: [Nh dd, J= 3.06 and 9.19 Hz, ArCHCN+(CH3)3),
8. 25 (1H d, J= 3.6 Hz, COCCHCI\I+(CHB)3) 10.73 (1H, s, NH). Example 2(iv):
Synt hesi s of the Trimet hyI ammoni um Precursor Conpound (6) 0 156

'®F labeling was done on a TRACERIab automated synthesis module (GE

5 Healthcare). ['®F] fluoride was trapped on a pre-conditioned QMA cartridge and
then transferred to the reaction vessel using a solution of tetra-n-butylammonium
bicarbonate in MeCN/water (MeCN 1400 uL, water 100 uL, TBA.HCO; 27 mg)
from vial 1. The solution was dried at 100°C for 10 minutes then 120°C for 20

minutes using nitrogen plus vacuum flow and then cooled to 50°C.

10 To the dried ["°F]fluoride was added nitromazenil (18.8 mg) in DMF (1 mL) from
vial 3. The reaction mixture was heated at 160°C for 30 min then it was cooled to
50°C. The reaction mixture was diluted with 10 mM phosphoric acid (2.5 mL)from

vial 5 and was transferred to the crude product tube.

The crude product was then transferred onto the preparative HPLC loop manually.
15 Preparative HPLC gave a peak with retention time 17.5 minutes which was cut
using into the TRACERIab round bottomed flask containing water (12 mL). The

prepartative HPLC system was fitted with a liquid flow scintillation counter.

HPLC Column | Phenomenex Luna C18(2) 250x10mm 5 p

Solvent A =10 mM phosphoric acid, B = MeCN, 25% B isocratic
Flow rate 4 mL/min

uv 254 nm

Loop 5mL

Sensitivity 2000K

The mixture in the round bottom flask was trapped on a tC18 plus lite SPE
-16-



Sodi um hydride (240 ng of a 60% dispersion in mneral oil, 6 muvol) was
added to a solution of internediate 5 (2 g, 5 nmol) in THF (15 nL) and DW
(10 nmL) awonroumd4t®eperature under nitrogen. After 40 nm RCTIEP2010A6307DN Was
cooled to OC and treated dropwi se with diethyl chlorophosphate (1.08 ni,

7.5 mmol) 20and stirred for 30 mn. Manwhile t 1NN tion of
byl sbe FanbdeR e netuh & mBRARR B 8 vie D bR SR SR o oc
was added spgf waSHYE Withev4tdBE3 ﬁ%%fndethé%&lé BRRJU gluted irth 2@l iaPuking’
mmol) and stirred for 15 -19- 2011/ 042529PCT/ EP2010/ 065077 m n. This
was then added €.o9wly) ard whter@btmokbe of internediate 5 at 0C. This was
stirred at OC for 0.5 h then roomtenperature for 30 mns. LCMVMS anal ysis of

the crude after this tinme showed presence of desir, mass. The,.reaction was
quenched wﬁ?'ha[a%g{"‘l'té( acid and worked up. 5The ‘?gg@tﬁﬂgﬂ mi xt ur 1\1/51@4cp0ur ed
into ice/water, This s extracted with ethyl ace follo by, DCM
LCVS anal \Q%CS'VBY OFt%”}\gﬁl%fﬁaipé%g%d t he water suéﬁ'eém desi reﬁﬂ&i i al
present in the water |layer. This was therefore taken to dryness (using
rotary evapdrali ) obsitiesia Viehé crude anal ysed by seniprep HPLC. The
desired product 6 was isolated in 25%yield. 10HPLC conditions: 5-95%

met hanol / wat er gradi ent over 30 mdns; 250 x 50 mm col um.
1H NVR fD2@Example 27Preparation pf: M) froma (3H, s, NCH3),
3.73 (9H, . 4, 4 H PCH3), 4. (1H, br d, J= 15.3 Hz,
NCH2), 5. 13- ¢8R g),°'i’ TRCYESOon !3.3(1H, d, J= 9.2 Hz, 15

Ar CHCNHCO), 8.25 (1H, dd, J =9.2 and 3.1 Hz, ArCHCN+(CH3)3), 8.27 (1H, s,

ArNCHN), 8..40 d, 3 ) 3)a aIe 2(v): Radio
fl uori nati &R@H¢ i £ PEEO-SFRYBUHR'dy to Obtain

148Hf | Umz%n%%iﬂ@{ﬁ%bgmea 20 ﬂ@g%gfl uoride was transferred to a Weaton
vial to whicC aade . pL). The solution was dried at 110C

under a fl ow of NZ{L_O-SL/ mn) for 30 mn, then cooled to room

tenperature. To theldrded [18F] fluoride was added the trinmethyl anmoni um

precursor (316@’:@\60 (1mL). The reaction mixture was heated at 130C
N
N\

for 25 mn wh
H2N

@) 3

10  Intermediate 1 (3.48 g, 15 mmol, preparation described in Example 1) was
suspended in a 120 mL of 1:1 solution of THF/Ethanol. The suspension was
treated with nitrogen followed by vacuum, before adding Pd/C 10% (0.7 g),
suspended in ethanol. The reaction vessel was then fitted onto the Parr
hydrogenator and left under hydrogen pressure (20 psi) for about 3 hours with

15  stirring. The excess hydrogen gas was removed using vacuum and then
nitrogen was purged through the solution. The catalyst was filtered off using
celite and the filtrate was evaporated to the minimum amount of ethanol. A
white precipitate formed which was separated by filtration and dried under

vacuum to afford 918 mg of desired material 3 in 30% vyield.

20 'HNMR (DMSO): 5 3.07 (3H, s, NCHs), 3.74 (2H, s, NCH.CO), 5.19 (2H, s,
NH.), 6.69 (1H, dd, J = 8.6 and 2.5 Hz, ArCHCNH,), 6.77 (1H, d, J = 8.6 Hz,
ArCHCNHCO), 6.90 (1H, d, J = 2.5 Hz, COCCHCNH,), 9.97 (1H, s, NH).

-17-



WO 2011/ 042529PCT/ EP2010/ 065077 was cool ed to room tenperature. The
reaction mxture was transferred fromthe Weaton vial into a P6 vial. The
Wheat on wveal2onas2i2onsed with water (1nl) and transferre@dCr®preée/o6®7vi al , an
addi tional 3nL off amoni um acetate (50mV) was added. The reaction mxture
was | oaded ! . I-;g 5 AC ol um; sol vent
[] ne 0 A - g 25 y. AL for
purificati %HZW1Y4IU%QBDIHBL§5(CPWWneX Luna Cl8( 2) 50x2nm col um;
sol vent A = 50mMM Anmoni um Acetate, solvent B = MeCN, 0.4nL/mn; W 254nrr)
confirnmed that [189 fI umazeni | was obtained at 95% radi ocheni cal purity.
The 10end of synt h ®vyield of [18fiflumazenil using this nethod was 6%
Exanpl e 3: Pre t| of an | odonium Salt Precursor Conpound for
C8F1f | umazen| 8F§ 15Commerci al |y avail abl e 5-bronoi sat oi ¢
anhydride (7) t\ed in DMSO w th sarcosine at 150C. This afforded
i nternedi ate 8 | n @5%vyield. The annulation afforded internediate 9 with a
yield of 30% usf* ng the conditions illustrated in the reaction schene.
Internedi ate 9 and hexamet hyl diti n/ Pd(PPh3)4 were heated in the m crowave
at 130C forrold sBlutish&s intermbdiats 318D ?tﬁ?‘ﬁ#ﬁ@)aﬁd@?% ﬁgd ﬁﬁ@ldéﬂ¥d@(§5%
yield. The iodoni um conversion was obtai ned usin ratio o
i nt er redi atel,1@26amaol} ti acatooityeaddf GeNaBireCNaf4. &lg Z4 nhmat) VRS atided WO

2011/ 042529PCT/ EP2010Q/ 065077 t h | et Th d d
* odoni um s &OTIOSEr 8ﬁr@aﬁf¢%ﬁuxf?mtﬁe°$@§a§a%§”eﬁ@ﬁgfﬁ T804 Bfkn Atpos o 4.

Preparat | O'ﬂer?uPePeft&@foHBrF Ipkefi@zeinih 4 #ip 2\@?{? ﬂ%o‘d"eﬁ%lﬁﬁb‘ regéﬁ’éfp' e 4(1)

Preparation of 2-Fluoro-6-nitro en20| C Ester
2- Fl uor o- 6-mikture waesnstored faciadofter? Iy, T&emtt)omaﬁxtstswescﬂmdlremlrmmr(wo m.)

under nitrogen flo | vl rlde 1.06 , 12 mmol ) was
sl owy add %fn&’alsﬁlﬁg tg\‘sz%‘gllﬂk'?é"dl tgp 'Iag/?‘h&a \?é‘rtrﬁp severad Bé%mt i on of

t he 10agyl G | vent
was rombved eV YERAE, TRE OIS .@ﬁﬁga%%wﬁt%fé@‘{f S

Et hanol ( 0.rédmgyved.ibvatuur togble) amvasarpideds x}ellcﬁr@smsbhnd.TEA (0.8 g, 2.1 m, 8
nmol ) and the reaction vvas left stirring at roomterrperature for 3 hours.

After this tine a small nt of ture ana 9F NMR to
show - 22- Notes: upon addltlon o%jacet?c aC|d>%ormat|on of gas V\)é %se?/vedHand the

reaction was strongly exothermic.

The solid obtained was triturated with ethyl acetate, isolated by filtration and
15  washed with diethyl ether to give a pale yellow fluffy solid. Proton NMR

confirmed the material to be intermediate 4 (2.97 g, 98%).

"H NMR (DMSO): 5 3.09 (3H, s, NCHs), 3.77 (2H, s, NCH.CO), 6.92-6.98 (3H,
m, ArCHCN(CHs),, ACHCNHCO, COCCHCN(CHs)), 10.09 (1H, s, NH).

20

Example 2(iii): Synthesis of Trimethyl-(4-methyl-2,5-dioxo-2,3,4,5-tetrahydro-

18-



WO 2011/ 042529PCT/ EP2010/ 065077 quantitative formati on of 12. The reaction
m xture was diluted wwth DCM (20 nL) and washed with water (2 x 50nL). The
organi ¢ agenivEss2gepar ated, dried over MgSO4 and fi |l t ePed/EPINIO/068TVENt was

removed to dryness to afford a brown oil, which gave white 5crystals of 12
(1.5 g, 88 %9 over tine. 14N 300 Mz 13): 6H 1.39 (3H, t, J =7.1
Hz, 0000H2 en IaZePIN- - OH2CH3), 7.47 (1H, td, J= 8.3

and 1.2 Hz, NC2OOHCHCHCF), 7.59 (1H, td, J= 8.3 and 5.2 Hz,
NO200HCHCHCF) , 7.98 (dH, dt, J= 8.3 and 0.9 Hz, NO200HCHCHCF); 19F NWR (282
MHz, CDCI3): O N1¢2. 4. Exanple 4(ii) Preparation of Internediate 13 12
(3 g, 0.014_np and /et hyl 4-nethyl-5-im dazol e-carboxylate (1.96 g, 0.013
mol ) were di¥solvepNan 30 nL of DMBO. Cesium carbonate (4.6 g, 0.014 nol)
was added and theQri xture was stirred at rt for 3 days. 15 Crude was

anal ysed by LCVMSSusing a 5-95% acetonitrile/water gradient over 3 mn. This
showed a new species with nmass 348.03 in the positive. TLC anal ysis (Ethyl

Mo i ce it gt A ar L huhon R ey SREERE AN R BB by Do
) e GEERENRGTANAANS FimbfiaCARRNS! BORMHIRIA Wb IsaadRbron Si1 1 ca

colum for flash chromatography (details on next page). roduct 13 was
i sol at ed i mitr@geryilewd VWBhis ginin dldoNVRt{reiaCiadgrasdout @f §6ldtion, After7.005 Hz,

CO00CH2CH3),. 1.42 (3H,.t, J = 7,05 Hz, . 2.37 (3H, NCCH3) ,
4.21 (2H, 2&*}'”%“ ﬁ?ﬁegsuaz(?tm@g%ﬁhowﬁ:%%%)ag dﬁséppﬁ(aé%dﬂj :neCOOCH)ZCHB),
7.49 (1H, » Dbt : ThiglH, t,
3 27 o7 T ves SxREe sl Dy Fuer (30 SRS iR Bl
WO 2011/ 04 2&20B0TBIEPB O Tilf O iob0as’ whkastitley Aatdrigl. Ahepaiaationaffofded

ortho-N tromazeni| (14) To a stirred solution of bromde (4.25g, 0.010 nol)

in 50 nL ofnteEPRdiRE 54" SyRNtiiabiMe ofeldy PEA (2.84g, 3.8 nL, 0.022 nol) and
met hyl amne (6.5 nL of 2M solution in methanol, 0.013 nol) in methanol (50

m) wagos! oy NiviRd@dsohNS 3.15 (3H, s, CONCHS), 3.61 (9H, s, N*(CHa)s), 3.91 (2H, s,
NCH.CO), 7.28 (1H, d, J = 9.19 Hz, ArCHCNHCO), 8.10 (1H, dd, J = 3.06 and
9.19 Hz, ArCHCN*(CHa)s), 8.25 (1H, d, J = 3.06 Hz, COCCHCN(CH)s), 10.73
(1H, s, NH).

Example 2(iv): Synthesis of the Trimethylammonium Precursor Compound (6)

—
\

15 6

Sodium hydride (240 mg of a 60% dispersion in mineral oil, 6 mmol) was added
to a solution of intermediate 5 (2 g, 5 mmol) in THF (15 mL) and DMF (10 mL)
at room temperature under nitrogen. After 40 min the reaction was cooled to
0°C and treated dropwise with diethyl chlorophosphate (1.08 mL, 7.5 mmol)

20  and stirred for 30 min. Meanwhile to a stirred solution of ethyl isocyanoacetate
(0.656 mL, 6 mmol) in DMF (6 mL) under nitrogen at 0°C was added sodium

hydride (280 mg of a 60% dispersion in mineral oil, 7 mmol) and stirred for 15

-19-



S5reaction was refluxed overnight. TLC anal ysis using ethyl acetate showed
quantitative conversion of the starting nmaterial 13 to two main new spots
rf 0.5 awo 201134252€r ude was anal ysed by LCMS using a 5- $§6%EP2010/065077

( y y g

acetonitrile/water gradient over 3 mn. This showed a new species with nass
331.03 in the Siti v and t r eak The nt rermved
Lo dryness Mid 1o tRS ETagoRE st iie 874 BiogbEF ShiniesMaietect ot o {enis

chr omat ogr gpRYsHRdgH ' tAe tr t&PRBRAIAS Rr-30-FR. Of ChParal

conbi ned fractl ons cfﬁt he esﬁre S@F t{a?éf]n a mxture V\nwi% g%bot her
products. [Edhthe tlrwietaﬂm tlmstlmellshowedqbreseracesefodnairenuniaf;sk caheoeacisimg
DCM et hyl acet at e. . The prodyct 14 was then re-crystallised from both
fractions u&q%@ueém&ﬁdwh %&%??'é@%‘ﬁ’%ﬁkﬁglu%s i sol ated pure in 15%i el d.
1H NVR (CDCI3) 6 1.43 (3H, s, 3.20 (3H, s, NCH3), 4.32-4.50 (2H, m
002), 4. S4HekRactlon hit waégggg@ﬂt whidh THis WasehBatieq IFHiy) 7. 66
(1H, dd. J =8 H on thiffule inigy 1B a8 afed i &icHeH)

7.94 (1H adetate foBowed by BEMCHOBE analySis df iie osgan‘iﬁ-hhd trm)wﬁtmnpl e 4(| v):
Radi o fluorination of .ortho-N Lromazenl | to 03 ain 3 thor8HfI unazeni |

Radi of | uor iSHEBFRIRARESITgETBAlSHIaL PIERST ﬁbthﬁd't’%tﬁﬁ BE s MHWEPdNerSiRIPe (GE

T vl A SRTREDS (Y950 B R Siprali ) SRTIERARe BAEE rafstd NS
1.06 M MeGHmigrepeldPh@. IMenigsicdd poaiat 6iwegs iSoRited irm25%rdeldr sor sol ution

(6.5 ng precursor 14 in 1. 3 m of dry DIVF) a 13 mmvial containing
phosphorl c acid nm vi al containing saline &0 9%

m.) and%a fﬂaﬁﬁﬁpaﬂ't'oﬁén@%r@ ﬁ@t@@m@mte(graﬁqnt@/ﬁwpﬁg@ﬁt edna 0ol t he
cassette. R{SE% f?tf,%qn%lﬁﬁ{”' dge was fitted, and a tCl8+ cartridge.

The required ng sequence 'file was upl oaded from the control PC into
the internal nenory of the FASTlIab. The cassette was nounted on to the

5FASTI ab sYRtMEIR (BO): FHe3T (8] £ UuoT idez MEBD G ) e8 @2d 3t isnbCHHeed! e
connected to the line to the fluoride inlet on the FASTIab. A clean, enpty

product col3-&&{9dns.NEHakas4 4drrEk 118 QR (Gl ‘br(é"\‘ iorided S ®-8 [M2.9% sal i ne
7 nL Th t STl ab hard
'Eest )st ep g\loéM $e§ ﬁﬂa%{?’;ﬂfuorl H£ f}g{jr%gpry%yg e Qg;fggﬁm Sge zi(r)a\r/]vgre

dried ip thectmm«m ge5s@H, che! Db whid @1 ¢z, Wreﬂ!!IWQCI-%ﬁ) Vg7 adided, and
ArNCHN), 8.40 (1H, d, J =3.1 Hz, COCCHCN"(CHa)s).

Example 2(v): Radiofluorination of Trimethylammonium Precursor Compound
(6) to Obtain ["°Flflumazenil(/"® FIFMZ)

20  ['°F] fluoride was transferred to a Wheaton vial to which was added TBA.HCOs
(400 pL). The solution was dried at 110°C under a flow of N, (~0.5L/ min) for

30 min, then cooled to room temperature.

To the dried ['°F] fluoride was added the trimethylammonium precursor (31 mg)
in DMSO (1mL). The reaction mixture was heated at 130°C for 25 min when it
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heated at 130C for 30 m nutes. The reaction m xture was diluted with
phosphoric acid (10 mMM 2.2 nlL). Once the crude product had transferred to
t he HPLC woap11/ike9HPLC run was started (see bel ow for aeraipeaoobsorhe
preparative HPLC condi t [ ons) HPLC Col um Phenorrenex Pr odi gy ODS-prep
250x10mm 10 10 M. pho hori aci d. 25@2 i socrat I C

E o Tt e v GRS B e oo BRSSP B bt eyt osBRRt B

product ha(ﬂhé’Wlﬁ'eétBhQﬁélQﬁtooé‘P@ vidle W Hdabn URE wadtridseatveiid W‘éfbrt(PIFFﬁ_)13 7
m nutes) was performed manually for approximtelyl mnute into a vial

cont ai ni ng anti3ransfewed to tHENRG didl uare ddditionakb3mil radiamberiuroracetate SGASBTY ab
f f | ati the t t h t t
in 20 f 8? iV et O fegqtiony P e lppdar a0 PrEtEtP N PSRRI ed 1 n
an ion ghamer 5“1@?1@%%(8‘0“%9%{9 YA =S3nig ARETSHR S, bt é’t@séﬁ%% of the

hot cell for anal ysis. WO 20117/ 042529PCT/ EP2010/ 065077 Initia
acti vi t y21E0elBy @2l /60nAdVi264nyn )dbr porificdtmned pr oduct 4880 MBq@.3: 28

Analytical HPLC (Phenomenex Luna C18(2) 50x2mm column; solvent A =
50mM Ammonium Acetate, solvent B = MeCN; 0.4mL/min; UV 254nm)
confirmed that [18F] flumazenil was obtained at 95% radiochemical purity. The

10  end of synthesis yield of ["*F]flumazenil using this method was 6%.

Example 3: Preparation of an lodonium Salt Precursor Compound for
["®Flflumazenil (["*FIFMZ2)

1) KOBu, o
H H O diethyl chlorophosphate
N (0] N 2)KOBuU,
\f sarcosine, DMSO ethyl |socyanoacetat
o -
Br 75% Br N\ 30%
7 © g O
(0]
Pd(PPh,) HMDT, mW N
( 3), _ (/ / OJ (/N (@] J
N TFA. o W
| -
—8n N\ 10 I(OAc), F.C™ O . \
| o} 21 [::]/I v
(0]

15  Commercially available 5-bromoisatoic anhydride (7) was heated in DMSO with
sarcosine at 150°C. This afforded intermediate 8 in 75% yield. The annulation
afforded intermediate 9 with a yield of 30% using the conditions illustrated in
the reaction scheme. Intermediate 9 and hexamethylditin/Pd(PPh;), were
heated in the microwave at 130°C for 15 minutes to afford the stannane

20 intermediate 10 in 35% yield. The iodonium conversion was obtained using a

1:5 ratio of intermediate 10 and (diacetoxyiodo)benzene, after 24 h at RT the
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=23% end of synthesis yield Rad
the end of synthesis. Total
vol une. TWoO=0ig4erbcul at ed
cold reference conpound as 5cal
met hod producetd I‘ﬁ.di ol abel ed

I mpurities reattan %99”%

range of stgpiddisd" Pivad Yotdihbd
synt heses are shown bel ow. Non
formul ated product (MBg) Radi oc

i ochenti al

usi ng anal yti cal

purity was >99% two hours after
cold ligand neasured by was 3 i.tg/10 niL

HPLC UVrpeaip2@nmesori t h t he

T SRl

i brating standard. This automated synthesis

. i T h , . ¢ | d
: %EP:‘ gtré%\ngte%{r%a(g%r g@éﬂ‘ﬁ%ﬁb@%%%sgg?el gg over

ih ©Y9] pieldThe results from four consecutive
decay corrected ECS yi el d Arount of
hem cal purity Amount of cold |ligand 1-1g

Amountof igaph bid £5peptationcf drthd-[*Rifluntadeni oM briRG-Nitromazenil

12

Example 4(i) Preparation of

NO

0

-\
o)
N
} )
N~ O
d‘\oa
NO,
13

DMSO, Cs,CO,, t, 12h

-

OEt

72%

NBS, benzene

benzoyl peroxide (cat) | quant.
hv (60W)
0]
EtO
N
Br / 3
MeOH, DIEPA, MeNH,, N~ O

reflux

61%

(not isolated)

2-Fluoro-6-nitro benzoic acid Ethyl Ester (12)

2-Fluoro-6-nitro benzoic acid (1.5 g, 8 mmol) was suspended in DCM (30 mL)

under nitrogen flow at 0°C. Oxalyl chloride (1.5 g, 1.06 mL, 12 mmol) was

slowly added and the reaction was left stirring overnight. The formation of the

10

acyl chloride could be followed by TLC (ethyl acetate). The solvent was

removed in vacuo and the residue was redissolved in DCM (20 mL). Ethanol
(0.4 g, 0.5 mL, 8 mmol) was added at 0°C with TEA (0.8 g, 1.1 mL, 8 mmol)

and the reaction was left stirring at room temperature for 3 hours. After this

time a small amount of mixture was analysed by 'H & "F NMR to show

-22-
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20.34 7220 >99

Exanpl e 5:

ort ho- Ni tworzamienp329t ert - butyl ester (17) KQ Bu di et hylpcehipesiopbimgphat e

tert-butyl

10

15

20

25

Preparation of ortho-148F1fl umazenil tert-butyl ester from

| socyanoacetate N. - 1%
guantitative formation of 12.

The reaction mixture was diluted with DCM (20 mL) and washed with water (2 x
50mL). The organic layer was separated, dried over MgSO, and filtered. The
solvent was removed to dryness to afford a brown oil, which gave white

crystals of 12 (1.5 g, 88 %) over time.

"H NMR (300 MHz, CDCls): 85 1.39 (3H, t, J = 7.1 Hz, COOCH,CH), 4.47 (2H,
q, J = 7.1 Hz, COOCH,CH), 7.47 (1H, td, J= 8.3 and 1.2 Hz,
NOCCHCHCHCF), 7.59 (1H, td, J= 8.3 and 5.2 Hz, NO,CCHCHCHCF), 7.98
(1H, dt, J= 8.3 and 0.9 Hz, NO,CCHCHCHCF); ™F NMR (282 MHz, CDCls): [
112.4.

Example 4(ii) Preparation of Intermediate 13

12 (3 g, 0.014 mol) and ethyl 4-methyl-5-imidazole-carboxylate (1.96 g, 0.013
mol) were dissolved in 30 mL of DMSO. Cesium carbonate (4.6 g, 0.014 mol)

was added and the mixture was stirred at rt for 3 days.

Crude was analysed by LCMS using a 5-95% acetonitrile/water gradient over 3

min. This showed a new species with mass 348.03 in the positive.
TLC analysis (Ethyl acetate) showed a new spot with rf 0.4.

The reaction mixture was poured into ice water and then extracted with ethyl
acetate (x1) followed by DCM (x3). The combined organics were concentrated
and liquid loaded on silica column for flash chromatography (details on next

page). The product 13 was isolated in 72% yield (3.5 g).

"H NMR (CDCls): 8 1.19 (6H, t, J = 7.05 Hz, COOOCH,CHs), 1.42 (3H, t, J =
7.05 Hz, COOCH,CHs), 2.37 (3H, s, NCCHs), 4.21 (2H, g, J = 7.05 Hz,
COOCH.CH), 4.41 (2H, g, J = 7.05 Hz, COOCH,CH), 7.49 (1H, s, NCHN),
7.62 (1H, dd, J = 7.97 Hz, CCHCHCHCNO,), 7.77 (1H, t, J = 7.97 & 8.27 Hz,
CCHCHCHCNO,), 8.37 (1H, dd, J = 8.27 Hz, CCHCHCHCNO,).

-23-
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Exanmple 5(i): Preparation of Nitro Isatoic Acid (15) 52, 6-Dinitrobenzoic
acid (0.5 g, 2.36 mol) in ethanol (5 nL) was heated to 80C. Ammoni um

sul fide (WO-248%e529ater) (0.36 nmL, 2.36 mmol) was then adua®2qmwhesoyel | ow
sol ution becane a bright orange suspension) the m xture was heated under
reflux for 5 C sho a faint spot below the
starting né)c. .Q?.J’“ .ﬁ*.ﬁatfﬁfgnu%gﬁ A&P@v@zen/)ffﬂt)r nmol ) was added and the
10 m xture becane a darker orange. Th| S m xture was then heated under

reflux for Th & safre@soWtioflbftiromidd-@. 256l ¢.et @ddlhmt 50 A 6eRetHamdl Bad gone to
conpl etion. The sol vents were renoved under reduced pressure and then the

resi due wasobdioni aftPIREENS4Y, 8 enlned.032 onol s andimethyhvasingdsmmbdofoiM and

ted to.d t f 2-Nnit d
o d. - Thi SopuentREreaRet Dl dmdloh meethpagieBpDRRES sioificBRME "9
90 )10/ B OKeAQT T i7ag 8 MBI b RAIGPORNC dfifhis BTy Lokl shahiiy desi r ed
rratenal g, 4699 . 1H NMR (D6-DVMS0) 6 3.16 (2ZH, 5, NH2), 6.80 (1H, dd,
J =8 and Iqulamtitaﬂﬂet@@H)/ersﬂiomef (hlal—stadhttg hatertal d3do twblmaiCHEMO2Pots {rfARS5 ( 1H,
dd J = 8 and 8 m no benzoi c aci 15. 4

mol) vas ANOR ClnGe HPS AR SPIPHLSME Va1 0 R85 CHIERRRD/ 065077
1 i phosgeney {diefotor Srrin AL kd2aaAfel < LRRST HaRsus adiprneat ed under

reflux for re was ena to co preC|p|tate was
t hen col | e(p‘oedlvbyarfd ﬂwd(atheomajor mat«s tTree soladoti wasndmdued o drynggaringt ati ve
yield 6733fﬁlH dd, J = 8 and 1 Hz, ArCH),

7.59 (1, dee coude wagaﬁwdlloaeed RF‘@‘-‘dumﬂf‘Brg gsh-ehrematggrapgy MEingar CHy . 12, 2
1H, b t hydr o- 1H
benzol e11. DTy EARIER,ME Pl RReL TSRt &2 der BoMndr fadidso?s' ¢

16. 8 nmol ) sapdesahe@@isited (Matelalbin dlfmidurewith twe dtisérssotved. i n DVBO (8 n).
The m xture was then placed in a preheated heating 10 mantle at 150C. The

m xture was then heated at this tenperature for ca. 30 _m nutes; after whi ch
time the r&Rehifmctionwas éU%gteﬁd@r%ﬁeWﬂdopU\HtC&t'O(‘w'%PCWﬁ@W asal aeng

ncotate to e @pfutPa AES HEN S stsralisdd ot Bofitadiion g Bl ™'
DMSO- d§: @ésﬁe@l&né@ﬂal Was"t%l@ted Burtbin (1&%yibld. s, CH2), 7.39 15 (1H dd, J =
80and20Hz HNCCH), 7.66 (1H, dd, J = 8.0 and 8.0 Hz, CHCHCH), 7.72

(1H, dd, J= and 2.0 Hz CHCNO2), and 10.80 (1H, brs, NH); 13C NMR (300
MHz, DMBO- &B)NNER: (GPG)(NAHE3 (361 58 QHIHRR0 (3ts. & KEHEHCNR-4.50 12, ('c- CO)

125. 1 (CHOENR) 4 55838+ of TG HE ) (530 N: 016318 HENB 1) 2P 86 F8: da( &) -
J=8Hz and 1 Hz, NCCH), 7.70 (1H, dd, J = 8 and 8 Hz, CHCHCH), 7.94 (1H,
dd, J = 8 and 1 Hz,CHCNO,), 7.97 (1H, s, NCHN).

20 Example 4(iv): Radiofluorination of ortho-Nitromazenil to Obtain ortho-

["8FIflumazenil

Radiofluorination was done on a FASTlab automated synthesis module (GE

Healthcare).

A cassette was assembled from component parts as follows. An 11mm vial

25  containing 20.5 mg K222, 140 pl K2CO3 (2.9 mg in water) & 1.06 ml MeCN, a
second 11mm vial containing 1.3 ml of precursor solution (6.5 mg precursor 14
in 1.3 ml of dry DMF), a 13 mm vial containing phosphoric acid (2.6 mL, 10

mM), a 13 mm vial containing saline (0.9%, 2.4 mL) and a 13mm vial
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20 Exanple 5(111): Preparation of ortho-Nitromazenil tert-butyl ester (17)
Potassiumtert-butoxide (0.37 g, 3.27 mmpl) was added to internedi ate 16
(0.7 g, 2v0&0nwmak329in THF (56 nlL) at OC. The m xture wa®Crhprosisiored at 0C
for 20 mn (during which time a bright yellow precipitate was observed) and

then cooled tp.-. 35C _Diethyl, chl orophosphat 0.67 8 56 i)

was added: SPofgndZhan e b Feie RBBNSE TP dfe SPstid s PgarrcabPhg wni oh
time mxturgrpagewasslitad) tdng mﬁgygbﬂtm\?én colour. The reaction flask was

cooled to -35C and solution of tert-but i socyanoacetate (O. 46 g, 3 26

mol, 0.48 nl) was added foll owed by pot assiumtert-but oxi de g, 3.27
m"rDI) TheTmsr;@gnsfedr@pwa@tlrtgm@equ%fceftlem.sasmplm@cﬂ)fmmmm mt;m/ 065077

h
1) and exINGATEHTA EBURNE £AF BE0n IS CHeteots Aith Brbane Mayer s ver o
dried oyer PS4y syRiMeRMdratRe [Trjfabfies @ld@'&/\%‘pl@fded Jilﬁ? erigygrterial was

purified by silica“gel chromatography eluting with eth acetate (A:
met hanol ( BpnBéoieti%oBhe 1i06 tg thetbuaridarintgt. omma/\%ASHilaba%dara,semptyal e yeI | ow

Dl R e Rt A
Hz, CONCH3GH, 73 (1H, dd
L 50 madoF h&,gy“ﬁfé%ﬁ%%eﬁg% 3" QhQngaﬁmiﬁe@cééZand glgsl ;o:éﬁlzaz’ 02N(CCHCHCH)
and 7.94 (Iiel,rdwareli@stxﬂdl[d)corﬁ»datqd a h@(ﬂuo)’udemzah trbpped ionahe &aMAfcartridge

ortho-Ni tromazeni|l tert-but ester to Chtain ortho-148F| fl umazeni |
tert-bdfyl aé‘gt(icﬂeq;‘adhﬁfrﬁﬁ%tﬂ%h&%?rs@h mS ghen oh PEecHReiEH wigs

synthesi s fadl eol o el Rl ploc THE: S8 HRRH OG-80 4dRAR0 o0 @

pre- condti one rans erre e reaction vessel

using a solphbspno@é a&w(pocrﬁmx 222 3. Ohde R crutle\RodiuCReADrahsferd 52003 (in

80 pL water, 1.7 ) fromvial he sol ution was dried at 100C for 10

m nut es t hdhe HRIC  fee HPM@@WQS stariad (segdrelpw ier deteilsiaf theow and t hen
cool ed to 5Q0C h i [.18F] fl uori de was added ortho-nitronazenil
tert-butyl pé%‘?%rﬁ?(éjfﬁslg‘{ﬁ%ﬁd'%ﬁ? DVF (1 nL) fromvial 3. The reaction

m xture was heated at 130C for 30 mn then it was cooled to 50C. The

reaction mxture was diffuted with 10 mVIE)(DSphO“C acid (2.5 nL) fromvial
5 and was |tHRHs QWA t|henoreenrreP g DDI-RHRD 2 30! ATt Br oduct wes t hen
transferred onto the pr e'&)ar arive HPCC Toop manual Iy.

Solvent =10 mM phosphoric acid, B = MeCN, 25% B isocratic
Flow rate 4 mL/min

uv 254 nm

Loop 5mL

Sensitivity 200K

15

Once the product had been injected onto the prep HPLC the cut (retention time
13.7 minutes) was performed manually for approximately1 minute into a vial
containing ~13 ml water. The diluted cut was drawn back onto the FASTIlab for
reformulation on the tC18 plus cartridge. The amount of radioactivity in

20  formulated product (in 1 mL ethanol and 9 mL saline) was measured in an ion
chamber. A sample of product was sub dispensed and posted out of the hot

cell for analysis.
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25 Preparative HPLC gave a peak with retention tine 13.5 m nutes whi ch was
cut into the TRACERI ab round bottoned flask containing water (12 nlL). The
pr epart atwoeoHR4gS29ystem was fitted with a liquid fl ow ®cirmprRétoasioon
counter. WD 2011/042529PCT/ EP2010/ 065077 HPLC Col umm Phenonenex Prodi gy
ODS- prep 250x10mm 10 p Sol vent A = 10 nM phosphoric acid, B = MeCN, 30% B
i socratic Mhitial acttvity4 ni/min UV 254 nm Loop 5 nL 3et30 MBg ty 20@K:00he

m xture in the round bottom flask was trapped on a Cl8 |lite SPE (pre

condi ti onedh\otwvity ol formutdtbdpebdiidien 2 nl water). TA8BENBovas was@@B:28t h
water (3 nmL) and the crude product eluted into a P6 vial using EtOH (0.5

m.) and 5phogphaha d’:plg?ﬁfp{eg% wield ne (4.5 nL). The product was further
di l uted using phosphate buffered saline to give a final volunme of 10 ni.

Radiochemcial purity was >99% two hours after the end of synthesis.

Total cold ligand measured by was 3 ug/10 mL volume. This is calculated
using analytical HPLC UV peak area with the cold reference compound as

5  calibrating standard.

This automated synthesis method produced radiolabeled material with
approximately 1 ug of cold impurities total. This automated process also gave
consistent yields over a range of starting radioactivity levels. The results from

four consecutive syntheses are shown below.

Non decay Amount of Amount of | Amount of
corrected formulated Radiochemical | cold ligand | impurities
EOS yield product (MBq) purity ug ug

18.22 72.7 >99

23.13 4880 >99

20.34 7220 >99

21.59 38 >99 0.6 ~1.0

10

-26-



Initial activity828 MBq@®: 59 Activity of formul ated product121 MBg@ll: 51
=14. 6% end of synthesis yield Radi ochential purity was >99% two hours after
the end ovoxymttaerps. 10Total cold |igand nmeasured by wWasTEPRIGOGD7TL

vol une (cal cul ated using anal ytical HPLC UV peak area with the cold
reference

: qlrenaration of ort /yaze Tt
ortho-Ni t r%W&-Wﬁroh%rﬁ%rt—ﬁﬁhgresftéﬁp7!0 Cbt ain ortho- 148F1f| umazeni |
i sopropyl éster anpl e reparation of ortho-Nitromzeni l
i sopropyl ester (18) 514 (preparation described in Exanple 4(iii); 20 ny,
0.06 mmol ) was d| ssolved in 2 nL of |sop;.|(1%w ge|n &Jigsronvave vessel and

50 ill of Titanifgm o'V rﬁlo’p*rézgzgm de et FloR) gil haqgndl tions:
L da¥&agonver si on of

Tenperat ure C ime: 668 mn

the startin )al~to the desirte ThIS vvasaso confirmed by
TLC usi ng eté\P/I cet ate. THé&%excess i gp opénol was 10 renoved to dryness
and the crud®GiQture was |iquid | oaded*on | um for % ash chromat ography
using petrol andsethyl acetate as eluent. The material was purified again
usi ng DCM Met hanol . 18 (15 ng) was obtained pure (73%. 1H NVR (CDCI 3) 6
1.43 (3H, d, J =6.1 Hz, CH3), 1.45 (3H, d, J = 6.1 Hz, CH3), 3.20 (3H, s,
NCH3), 4.53 (1H, d, J= 16Hz, CH), 5.28 (1H, d, J= 16 Hz, CH ), 5.33 15

(1H, m 0000H OH3 7066 (1H, dd, J= 0.92, 8.27 HzN CHCNOR) , 7. 75
, CHONCR), 7.94 (1H, dd, J =p.

CHCHCHCNCR) | @r H, SBUNCHN) . qr o
N\ 18 N\
O

Example 5(i): Preparation of Nitro Isatoic Acid (15)

5  2,6-Dinitrobenzoic acid (0.5 g, 2.36 mmol) in ethanol (5 mL) was heated to 80°C.
Ammonium sulfide (40-48%in water) (0.36 mL, 2.36 mmol) was then added (the
yellow solution became a bright orange suspension) the mixture was heated under
reflux for 0.5 h. TLC (DCM 80%, MeOH 20%) showed a faint spot below the
starting material. Ammonium sulfide (3.6 mL, 20.4 mmol) was added and the

10  mixture became a darker orange. This mixture was then heated under reflux for 1
h after which time TLC indicated that the reaction had gone to completion. The
solvents were removed under reduced pressure and then the residue washed with
methanol. The methanol solution was decanted off and evaporated to dryness to
afford 2-nitro-6-amino benzoic acid as a orange solid. This was then purified

15  using flash chromatography (DCM 90%/MeOH 10% -> 20% MeOH over 60CV, 12
g column) to afford the desired material (0.2 g, 46%).

"H NMR (Ds-DMSO) 8 3.16 (2H, s, NH,), 6.80 (1H, dd, J = 8 and 1 Hz, H,NCCH),
6.93 (1H, dd, J = 8 and 1 Hz, CHCNO,), 7.22 (1H, dd, J = 8 and 8 Hz, CHCHCH).

2-nitro-6-amino benzoic acid (2.8 g, 15.4 mmol) was dissolved in dioxane (20 mL).
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Example 6(ii): Radio fluoriantion of ortho-N tronmazenil isopropyl ester
(18)to Obtain ortho-f8Hf Il umazenil isopropyl ester 20 Radi of |l uorinati on was
done on awWORAGEHRR®ED aut omated synt hesis nodul e (CGE Heal Phtawre)10/0d3ee7 [ 189
fluoride was trapped on a pre condtioned QVA cartridge and then transferred

to the reaction vess utlo pt.o ,n MeCN
(2000 pL - HERSETE [1-7280 Bt Mol e Bl TREPURILE fasTnBnibauliosdh ves
dried at 1086 fjr 1A ”THBJH%&uFé‘%s]tKQtQaﬂIBWe@Qorﬂdwtﬂ% Bﬁéd‘ﬁtatmas then
2011/ 042529PCT/ EP2010/ 065077 nitrogen plus vacuum flow and then cool ed to
50C. To t heotected HylfFrptiomtr give thassatddeanhydride-iniquaotitatizaiielder t - but yl
ester (2.5 ng) in DM (1 nL) fromvial 3. The reaction m xture was heat ed

at 130C for 0C, ,The ti 1, Xt I e,

i1 uted vitH YR RREEmbe T3 LR ) S ey f i ARED. g et ¢
transf esr egiigor HBeARGHSlEr . agfew-lcadtyb% H'z"th@ILI)JdI? @(ﬂqlusrts ) t hen
transferred onto the pfeparative HPLC | oop manual ly. Preparative HPLC gave

a peak with retelntlon time 23 mnutes Wh'?h vve}ls cut |nto the_TRACERIab

ation counter HPLC Col um Phenorrenex
S ' SUXES : rerte A = 10 nmM phosphoric acid, B = MCN,
25% B |socrat|c Flow rate 4 m_/m n W 254 nm Loop 5 nL Sensitivity

Nitro isatoic acid (15) (3.5 g, 16.8 mmol) and sarcosine (1.50 g, 16.8 mmol) was

dissolved in DMSO (8 mL). The mixture was then placed in a preheated heating
10 mantle at 150°C. The mixture was then heated at this temperature for ca. 30
minutes; after which time the reaction mixture was poured into water (50 mL). The
resulting brown precipitate was collected by filtration and triturated with ethyl

acetate to afford a pale brown powder (0.9 g, 11%).

'H NMR (300 MHz, DMSO-ds): 81 3.08 (3H, s, NCHs), 4.16 (2H, br's, CH,), 7.39

15 (1H, dd, J = 8.0 and 2.0 Hz, HNCCH), 7.66 (1H, dd, J = 8.0 and 8.0 Hz,
CHCHCH), 7.72 (1H, dd, J= 8.0 and 2.0 Hz, CHCNO,), and 10.80 (1H, br s, NH);
C NMR (300 MHz, DMSO-ds): 8¢ 34.9 (NCHs), 51.8 (NCH,), 119.9 (CHCHCNH),
121.0 (C-CO), 125.1 (CHCHCNO), 138.3 (CNH), 151.0 (C-NO,), 163.2 (C=0),
and 169.7 (C=0).

20  Example 5(iii): Preparation of ortho-Nitromazenil tert-butyl ester (17)

Potassium tert-butoxide (0.37 g, 3.27 mmol) was added to intermediate 16 (0.7 g,
2.98 mmol) in THF (56 mL) at 0°C. The mixture was then stirred at 0°C for 20 min
(during which time a bright yellow precipitate was observed) and then cooled to -
35°C. Diethyl chlorophosphate (0.67 g, 3.88 mmol, 0.56 mL) was added slowly.
25  The reaction was stirred at 0°C for 30 min during which time mixture became
slightly more yellow in colour. The reaction flask was cooled to -35°C and solution
of tert-butyl isocyanoacetate (0.46 g, 3.26 mmol, 0.48 mL) was added followed by

potassium tert-butoxide (0.37 g, 3.27 mmol). The suspension was then left to stir
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2000K The m xture in the round bottomflask was trapped on a C18 lite SPE
(pre conditioned with 1 nL ethanol then 2 nL water). The SPE was washed
wi t h wat ewo(281wm4252and t he crude product eluted into a P®CTERRIWSING7 Et OH
(0.8 m.) and phosphate buffered saline (7.2 nL). Initial activity800
MBg@LO: 51 Activity of formul ate oduct 114 NB 2:56 ,=14. 2% e f
synthests P EPMEEREHEIRI Y RN THF RRCT MR ERET RO NTE &7 NBFe®hnd of
synthesi s. mWQROEKAABEIANCEIGREIAM 865ALY THe! dmsilod drbsiiedayasiered by
was 2.4 tg/8 'nL volune (cal cul ated using anal ytical HPLC UV peak area with
the col d rafiedenos Wg®Bthuconasntcatedbioaaiforg browrdaildTheTeude roetetial masriti es

imately 2.jigq. 7:. 1 / Bi odi stributi
ot o Ber i Bira el st o Biastiny Bt RSPV ademR AT malanel (Blo2a7
: SD) )\ i1ihect ' i it af i
0 Ao S AOTh B 1OOSE LRSI P WESbLlaifRd a3 o BBleYelBl il Biifla LR |

during injection and subsequently housed in short-term netabolism cages. At
t he appr opr HMNMR (3068 Midz EDCRY: HekbadSH, £,C(0H;)303.48¢3H0s,NGH)e4.52 (1H,
post-injection (pi n=3 r, Lie 10point), the anjnmals re sacrificed by
Pervi cal ©aicsoe dBiOHY. FRERAEH N | {ihet af =t 2 bEcs ONCHI GRS b8
sanpl ed po em dj h Vi YN kN es usi ng
a Wl l ac ggmagdm_ eS%?'.e %?’%&%yﬁg,@t@(ﬁ@) ’E*'Z?n(@-g% ’e‘Z ,_V\glsooﬁavs\%{ P ﬁq%’he
remai ni ng NQBACH), TigS (I sl =9 0vané 326 sy SN HGHT H Wandcr 94 (8H, s,
ganmma- count er ﬁft em (BASIL), with automatic 15correction for radioactive

decay. 1fhe NGl bel ow shows the data obtained in the brain regions. Data
is expressed as nean (SD), and all are n=3. Data indicated by an asterisk

(*) s %1 ¢ @mpD 5i)! BYdicHuPhafbh N83rAd - WIREH A bnil tert-butyl ester (17) to

Obtain ortho-["°FIflumazenil tert-butyl ester

Radiofluorination was done on a TRACERIab automated synthesis module (GE
Healthcare). The ['°F] fluoride was trapped on a pre-condtioned QMA cartridge
15 and then transferred to the reaction vessel using a solution of Kryptofix 2.2.2 (11
mg) in MeCN (2000 pL) and K,CO; (in 80 pyL water, 1.7 mg) from vial 1. The
solution was dried at 100°C for 10 minutes then 120°C for 20 minutes using

nitrogen plus vacuum flow and then cooled to 50°C.

To the dried ['°F]fluoride was added ortho-nitromazenil tert-butyl ester (17, 5 mg)

20  in DMF (1 mL) from vial 3. The reaction mixture was heated at 130°C for 30 min
then it was cooled to 50°C. The reaction mixture was diluted with 10 mM
phosphoric acid (2.5 mL) from vial 5 and was transferred to the crude product
tube.

The crude product was then transferred onto the preparative HPLC loop manually.
25  Preparative HPLC gave a peak with retention time 13.5 minutes which was cut
into the TRACERIab round bottomed flask containing water (12 mL). The

prepartative HPLC system was fitted with a liquid flow scintillation counter.
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Time Post-Injection mnutes standard devi ation)] 0.5 2 10 30 60
Brain Region (% id/g)

10

15

WO 2011/042529 PCT/EP2010/065077
HPLC Column | Phenomenex Prodigy ODS-prep 250x10mm 10 u
Solvent A =10 mM phosphoric acid, B = MeCN, 30% B isocratic
Flow rate 4 mL/min
uv 254 nm
Loop 5mL
Sensitivity 2000K

The mixture in the round bottom flask was trapped on a C18 lite SPE (pre

conditioned with 1 mL ethanol then 2 mL water). The SPE was washed with water
(3 mL) and the crude product eluted into a P6 vial using EtOH (0.5 mL) and
phosphate buffered saline (4.5 mL). The product was further diluted using

phosphate buffered saline to give a final volume of 10 mL.

Initial activity

828 MBgq @9:59

Activity of formulated product 121 MBq @11:51

=14.6% end of synthesis yield

Radiochemcial purity was >99% two hours after the end of synthesis.

Total cold ligand measured by was 6 ug/10 mL volume (calculated using analytical

HPLC UV peak area with the cold reference compound as calibrating standard).
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Striatum 0.90 (0.02) 0.83 (0.22) 0.68 (0.08) 0.15 (0.02) 0.06 (0.03)
Cerebel | um 0.99 (0.08) 1.01 (0.28) 0.96

10

15

20

WO 2011/042529 PCT/EP2010/065077

Example 6: Radiofluorination of ortho-Nitromazenil isopropyl ester (18) to

Obtain ortho-["’F]flumazenil isopropyl! ester

O O

r/N r/N

N / 0] Isopropanol N Y O’<
Q Ti(O-i-Pr),

—_—
N N
\ \
NO, O NO, 0
14 18

Example 6(i): Preparation of ortho-Nitromazenil isopropyl ester (18)

14 (preparation described in Example 4(iii); 20 mg, 0.06 mmol) was dissolved in 2
mL of isopropanol in a microwave vessel and 50 ul of Titanium (V) isopropoxide
were added. Microwave conditions: Temperature: 85°C; Time: 60 mins. LCMS
confirmed quantitative conversion of the starting material to the desired product.
This was also confirmed by TLC using ethyl acetate. The excess isopropanol was
removed to dryness and the crude mixture was liquid loaded on column for flash
chromatography using petrol and ethyl acetate as eluent. The material was

purified again using DCM/Methanol. 18 (15 mg) was obtained pure (73%).

'H NMR (CDCls) 3 1.43 (3H, d, J = 6.1 Hz, CHs), 1.45 (3H, d, J = 6.1 Hz, CHs),
3.20 (3H, s, NCHs), 4.53 (1H, d, J = 16Hz, CH), 5.28 (1H, d, J = 16 Hz, CH’), 5.33
(1H, m, COOCH(CHs)z), 7.66 (1H, dd, J = 0.92, 8.27 Hz, CHCHCHCNO,), 7.75
(1H, t, J = 8.3 Hz, CHCHCHCNO,), 7.94 (1H, dd, J = 0.92, 8.27 Hz,
CHCHCHCNO,), 7.97 (1H, s, NCHN).

Example 6(ii): Radiofluoriantion of ortho-Nitromazenil isopropyl ester (18)to Obtain

ortho-I" Flflumazenil isopropyl ester

Radiofluorination was done on a TRACERIab automated synthesis module (GE
Healthcare). The ['°F] fluoride was trapped on a pre-condtioned QMA cartridge
and then transferred to the reaction vessel using a solution of Kryptofix 2.2.2 (11
mg) in MeCN (2000 pL) and K,CO; (in 80 pyL water, 1.7 mg) from vial 1. The

solution was dried at 100°C for 10 minutes then 120°C for 20 minutes using
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(0.07) 0.38 (0.08) 0.11 (0.02) Hippocanpus 0.81 (0.04) 0.78 (0.25) 0.91
(0.06) 0.48 (0.10) 0.17 (0.01) Pre-frontal cortex 1.12 0.03) 1.14 (O0.28)
WO 2011/042529 PCT/EP2010/065077

nitrogen plus vacuum flow and then cooled to 50°C.

To the dried [°F]fluoride was added ortho-nitromazenil tert-butyl ester (2.5 mg)in
DMF (1 mL) from vial 3. The reaction mixture was heated at 130°C for 30 min then
it was cooled to 50°C. The reaction mixture was diluted with 10 mM phosphoric

5 acid (2.5 mL) from vial 5 and was transferred to the crude product tube.

The crude product was then transferred onto the preparative HPLC loop manually.
Preparative HPLC gave a peak with retention time 23 minutes which was cut into
the TRACERIab round bottomed flask containing water (15 mL). The prepartative

HPLC system was fitted with a liquid flow scintillation counter.

HPLC Column | Phenomenex Prodigy ODS-prep 250x10mm 10 u
Solvent A =10 mM phosphoric acid, B = MeCN, 25% B isocratic
Flow rate 4 mL/min
uv 254 nm
Loop 5mL
Sensitivity 2000K

10
The mixture in the round bottom flask was trapped on a C18 lite SPE (pre
conditioned with 1 mL ethanol then 2 mL water). The SPE was washed with water
(3 mL) and the crude product eluted into a P6 vial using EtOH (0.8 mL) and
phosphate buffered saline (7.2 mL).

15
Initial activity 800 MBq @10:51
Activity of formulated product 114 MBq @12:56

=14.2% end of synthesis yield

Radiochemcial purity was >99% three hours after the end of synthesis.
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1.39 (0.06) 0.76 (0.20) 0.29 (0.04) Thal anus 1.03 (0.18) 0.85 (0.29) 0.94
(0.15) 0.33 (0.07) 0.08 0.02) Pituitary gland 0.98 (0.14) 1.12
WO 2011/042529 PCT/EP2010/065077

Total cold ligand measured by was 2.4 ug/8 mL volume (calculated using
analytical HPLC UV peak area with the cold reference compound as calibrating

standard). Total cold impurities were approximately 2 ug.

Example 7: In Vivo Biodistribution of ortho-['*F]-flumazenil

5  Adult male Sprague-Dawley rats (body weight 202+37 g; mean +SD) were
injected with between 1 and 5 MBq of ortho-["°F]-flumazenil via a lateral tail
vein. All animals were conscious, but lightly restrained during injection and
subsequently housed in short-term metabolism cages. At the appropriate time
point; 30 seconds, 2, 10, 30 and 60 minutes post-injection (pi) (n=3 per time

10  point), the animals were sacrificed by cervical dislocation. The brain and
peripheral tissues or fluids were sampled post-mortem. Radioactivity in the
brain samples was measured using a Wallac gamma counter. Once assayed,
the brain samples, along with the remaining organ or tissue samples were
assayed using a twin-crystal gamma-counter system (BASIL), with automatic

15  correction for radioactive decay. The table below shows the data obtained in

the brain regions. Data is expressed as mean (+SD), and all are n=3. Data

indicated by an asterisk (*) is % id/g.

Striatum 0.90(0.02) | 0.83(0.22) | 0.68 (0.08) | 0.15(0.02) | 0.06 (0.03)
Cerebellum 0.99 (0.08) | 1.01 (0.28) | 0.96 (0.07) | 0.38 (0.08) | 0.11 (0.02)
Hippocampus 0.81 (0.04) | 0.78 (0.25) | 0.91 (0.06) | 0.48 (0.10) | 0.17 (0.01)
Pre-frontal cortex 1.120.03) | 1.14 (0.28) | 1.39(0.06) | 0.76 (0.20) | 0.29 (0.04)
Thalamus 1.03 (0.18) | 0.85(0.29) | 0.94 (0.15) | 0.33 (0.07) | 0.08 0.02)
Pituitary gland 0.98 (0.14) | 1.12(0.31) | 0.46 (0.08) | 0.15(0.09) | 0.02 0.01)
Pons/Medulla 0.79(0.03) | 0.79(0.22) | 0.59 (0.05) | 0.21 (0.15) | 0.24 (0.38)
Pre-frontal cortex:thalmus | 1.11 1.37 1.50 2.28 3.96
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(0.31) 0.46 (0.08) 0.15 (0.09) 0.02 0.01) Pons/Medulla 0.79 (0.03) 0.79
(0.22) 0.59 (0.05) 0.21 (0.15) 0.24 (0.38) Pre-frontal cortex:thalnus 1.11
WO 2011/042529 PCT/EP2010/065077

Initial uptake of radioactivity in the brain was 1.4+0.8% id after 30 seconds pi,
peaking at 1.8+0.5% id at 2 minutes pi. After 2 minutes pi there was a steady
decrease in radioactivity levels, with 0.9+0.2% id after 30 minutes pi falling to

5 0.3%0. 1% id by 60 minutes pi.

The region with the highest levels of radioactivity at the early time points was
the pre-frontal cortex (1.39+0.06% id at 10 minutes pi). There was good
differentiation between the GABA-rich and GABA-poor regions to 30 min pi.
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1.37 1.50 2.28 3.96 Initial uptake of radioactivity in the brain was
1.40.8%id after 30 seconds pi, peaking at 1.80.5%id at 2 mnutes pi.
After 2 mvouaba4pi2ot here was a st eady decrease in radi oRCTiRPRA1Y/0bVE] S,
with 0.90.2%id after 30 mnutes pi falling to 50.30. 1%id by 60 m nutes
pi. The region with the highest |evels of radioactivity at the early tine
poi nts was Glaimmgre-frontal cortex (1.390.06%id at 10 m nutes pi). There
was good differentiation between the GABA-rich and GABA-poor regions to 30
mn pi. W) 2011/ 042529PCT/ EP2010/ 065077 Clainms 1) A nethod to obtain a
conmpound of!) FOrpethadto Ob@'ﬁ‘ a gHepeynd of Formula I:

D
N/
R’ N
R® A
© (1
wherein:
5 one of R' and R? is "°F and the other is hydrogen; and,

R®is a Cs heterocycle; or, R is C(=0)-O-R* wherein R is hydrogen, or a

straight- or branched-chain C1.4 alkyl;
wherein said method comprises:

(i) providing a precursor compound of Formula la:

10 O (Ia)
wherein:
one of R" and R" is a leaving group and the other is hydrogen, wherein:

when R" is said leaving group it is selected from tri-C1.3 alkyl ammonium or
-I"-Ar, wherein Ar is phenyl substituted with one or more R groups, wherein
15 R’ is selected from hydrogen, nitro, cyano, halogen, C+.1ohydroxyalkyl, Cz.10

Carboxyalkyl, C1.10 aIkyI, Cz.1o alkoxyalkyl, C1.10 hydroxyalkyl, C1.10
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50one of Rl and R2 is 18F and the other is hydrogen; and, R3 is a 03-5
heterocycle; or, R3is C(=0)-0-R4 wherein R4 is hydrogen, or a straight- or
br anched-wbann/i@1524 al kyl ; wherein said nethod conpri se®CT(EPRO1IOHOGTTI Nng a
precursor conmpound of Fornmula la: 10 R13 (la) wherein: one of R11 and Rl12

Is a | eaving group an of her i ydr.ogen, rein: en l1is.said

| eavi ng group i @”ﬁ@oégwﬁéhﬁéah?'%%yﬁr '6—'@?9861@&&?%&%}"0%6?alﬁl/lﬂa-rﬂr pZWnerei n
Ar is phenyl subgtddwtft ob 1 bIRARIGAndTore R groups, wherein 15R* is

sel ected from hydrogen, nitro, cyano, hal ogen, G _io hydroxyal kyl, 02-10
carboxyal kyl, G _io alkyl, 02_10 al koxyalkyl, C _io hydroxyalkyl, C-io WO
2011/ 042529PCT/ BrEo & 065GAM agavioal kpuUp iCos redlectedyiromositrog teirGrs alkgl- 12

het eroaryl, C3-20 alkylaryl, ,C2 10 al kenyl , apd 10 al kynyl ; ,and, when
RIS oui 4 | omAEOBLBLRY li-Aramagid A 74 oRfited AoV R ana

ammoni um or -1+-Ar, wherein Ar is as defined above for Rl1, and, 5R13 is as
definedsfor RR'“gf dsdefied fbi RABH Fofrhuda IF @A8L i Ng sai d precursor conpound

with a suitable source of [18F]Fl uoride.
(i) reacting said precursor compound with a suitable source of ["®F]Fluoride.

2) The method as defined in Claim 1 wherein R is "F.
3) The method as defined in Claim 2 wherein R" is trimethyl ammonium.
4) The method as defined in Claim 2 wherein R" is -I"-Ar.

10 5) The method as defined in Claim 1 wherein R is "°F.
6) The method as defined in Claim 5 wherein R™ is trimethyl ammonium.
7) The method as defined in Claim 5 wherein R% is -I"-Ar.

8) The method as defined in Claim 5 wherein R is nitro.

9) The method as defined in any one of Claims 1-8 wherein R® and R™ are
15 independently C(=0)-O-R* wherein R* is a straight- or branched-chain Ci4
alkyl.

10)The method as defined in Claim 9 wherein R* is ethyl, isopropyl or tert-butyl.

11)The method as defined in any one of Claims 1-10 wherein said suitable source
of ["®F]Fluoride is selected from ['°F] potassium fluoride and ['°F] caesium
20 fluoride.

12)The method as defined in Claim 11 wherein said suitable source of
["®F]Fluoride is ["°F] potassium fluoride and Kryptofix™" is used to activate the

fluoride ion.
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2) The nmethod as defined in Claiml1 wherein RL is 18F. 3) The nethod as
defined in Cdaim2 wherein R11 is trinethyl amonium 4) The nethod as

defi ned iwoQbaime29wherein R11 is -1+-Ar. 105) The net hedTaP2defsived in
Claim1 wherein R2 is 18F. 6) The nethod as defined in Claimb5 wherein

s 1o A o) T ERERR G el hE 20N o GRS e B eoniRS " o)

The nethod as defined in any one of Clains 1-8 wherein R3 and R13 are

15i ndependent (i) r&fioQat &F d3te¥b ¢ EJFludRd; nd/6r r ai ght - or branched-chain Cl1_4
al kyl . 10) The method as defined i1n Claim9 wherein R4 is ethyl, isopropyl

or tert-butyl. 11 )The nethod as defined in any one of Clainms 1-10 wherein
sai d suit abl e(ig)amerabdf rmemotecing greups; ard/ect ed from [ 18F] pot assi um
fluoride and [ 18F] caesium 20fl uoride. 12)The nethod as defined in Caim1ll

wherein said i . 0 F ride is [18F] potassiumfluoride
and Kryptofi X%@@%&,&@P&ggﬁ& 0\'/%%&’ %'E%MRI uoride ion. WO
2011/ 042529PCT/ EP2010/ 065077 13) The net hod as defined in any one of C ains

1-12, which fiidetulatomof hegesliarit)coaipoual tofettse ais albldbontatiord cieiier
and/or, (iv)renoval of any protecting groups; and/or, (v) renoval of

organi ¢ sol vent; aledelain §(rafiopearipaeitnal spmMpesitiosseHitedie feronpaRe ian
together with a bi i,ble carrier to obtain a radi opharmceuti cal
conposi tion sui tab&gr%ﬁ%%@rﬁml ian adm nistration. 14)The nethod as defi ned
in any one of Clains 1-13 wherein said nethod is automated. 1015) A cassette

for carrying)ohé méwotrihadfimsd tebhpethe of Claing 143 wheiedi Bakiam@éthod is

automated.

10  15)A cassette for carrying out the method as defined in Claim 14, wherein said

cassette comprises:

(i) a vessel containing a precursor compound, wherein said precursor
compound is as defined in the method of any one of Claims 1, 3, 4, or
6-10; and

15 (i) means for eluting the vessel with a suitable source of ["°F]Fluoride,
wherein said suitable source of [°F]Fluoride is as defined in any one of
Claims 1, 11 or 12.

16)The cassette as defined in Claim 15 which additionally comprises an ion-

exchange cartridge for removal of excess ['°F]Fluoride.

20 17)A compound of Formula | as defined in the method of Claim 1 wherein R is

hydrogen, R? is "°F, and R* is ethyl, isopropyl or tert-butyl.

18)A precursor compound of Formula la as defined in the method of Claim 1
wherein one of R" and R is trimethylammonium or -I*-Ar, and the other is
hydrogen.

25  19)The precursor compound as defined in Claim 18 wherein one of R"" and R'% is
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cassette conprises: (i) a vessel containing a precursor conpound, wherein
sai d precursor conpound is as defined in the nethod of any one of Cains 1,
3, 4, or woro1/mesrol5(ii) nmeans for eluting the vessel wcrlEPaoiswsioabl e
source of [18F]Fluoride, wherein said suitable source of [18F]Fluoride is
as defined in_any one of Ca 1.11 o 16) The cassette as defined in
d aim 15 whi cHl '%%BY'@FHH%”W @'?)&rﬂ?q gé?r%hﬂm 9&Rchange cartridge for renoval
of excess [18F] Fluoride. 2017)A conpound of Fornula | as defined in the

met hod of QpaAMrécier fomddlindsohFdiR@ana ¥ definddin tRd ehdtod f €iIAh 1

i sopropyl or tert-butyl. 18)A precursor conpound of Fornula Ia as defined
in the methodwbereth &' m81nltﬁhehrmethmlamm@mmoraﬂdAmz is trimethyl anmoni um or
-1+ Ar, and the other is hydrogen. 2519) The precursor corrpound as defined
in d ai m 1M$r ein one of R11 d’;\nddR Y\Ogéé) 1/ 0425 J§P2010/ 065077
trimethyla TR SIS TBPARIC 73 SRV %éﬂeﬁ wheell oHSE pound of
Formula la as defined in the nethod of Claim1 wherein R12 is nitro,
trimethyl afm?ﬂhe'ﬁ‘rélfursdr*coﬁ\ﬁpo% éérdi'@flrrﬁcﬁﬁlﬁrﬁ/%nec@ﬂmﬁwﬁ@w&1dﬂﬂérémd?1?rs G aim
20 wherein R12 is nitro. 522)The precursor conpound as defined in any one
of dains 18-8(=QherBI wheianiR' igetoyl, sormmpher érhbeyli s et hyl , isopropyl or
tert-butyl.
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