LI GANDS FOR | MAG NG CARDI AC | NNERVATI ON FI ELD OF THE | NVENTI ON [ 001] Novel
conpounds that find use as inmaging agents within nuclear nedicine 5
applications (e.g., PET inmaging and SPECT i nagi ng) are disclosed. Methods
of using the conpounds to inmage cardiac innervation are al so provided.
BACKGROUND OF THE | NVENTI ON [ 0021Heart failure (HF) is a condition that
afflicts increasingly nore people each 10 year. This condition is defined
as the common end-stage of many frequent cardi ac di seases (e.g. myocardi al
infarction, pressure overload, volunme overload, viral myocarditis, toxic
cardionyopathy), and hicaRYARSRIMARINBICLRDEIE 8SErPRRRESSS] on. The
resul tant nyocardi al damage from such events 1 n conjunction with
neur ohononal and cytoki ne activation, is suspect for the causes of chanber
15r enodel i ng ofELbed™E@E ivveRmion tial phase of HP. Early diagnosis of HP is
difficult beca@ﬁ th resrmdel [ ng process precedes-the devel opnent of
synpt oms by nottHs oNO%) &pmpruadsdhat fipduse as jneging ggeatinodinnecleassredicine. g, t wo
di mensi onal 5 ecépptieiioisqgp APET uiging endSHECTRORPhS ard diWs&l WebiRa) oonl y reveal

i sease. To date, no cure

changes in the k t.in the late stages of .the
for HF exi sts.uSE% §OTPRGNo8 lglagescaﬁi?agévefvﬁ%otncﬁea?sr? PRy hi evi ng a good
prognosi s and managenent of this disease. 10031An inmagi hg agent that

identifies patagoksroOUNROF Y HEINVRNEHENabl e i medi ate treatnent and
life-style inprovenents for those living with this disease. In the past,

f t
resear chers half82 ny st GHlwe IR iyasondition tet afliets ingieadnehmerk peoplefeacnd i n HF
to devel opiovet yad STHisWondiEE HMBd &fthERRonThAAES 0@ e freqllif c£@EII aC
synpat hetic 25 iperev?usﬂﬁécst‘gw.rggSst, svsvhrl CD |os g@;}t O\f/ t he autononi c
nervous syst enf Sius G MNECa Geldnferstnm. gpsspis oveiopd: soims rverasdcsid of i nt er est .
[ 0041The aut onwmecerditisrtoxc sardibmpapathi), el iptlayestetized by edlakless logrebsionl €gul at i ng

car di ac f unct | i w &R Sbciedil sefze SSNSANS el SALALASRRT 2SYPAL het i ¢
nervous system (CPNS). h?n t(ﬁe TWO rangﬁgseo ' tcﬁrgﬁ%g&d‘f@%: aut onom ¢
i nnervati ons, peyrohormonal and cytokine activation, is suspect for the causes of chamber

15 remodeling of the heart, an initial phase of HF. Early diagnosis of HF is difficult

_ because the remodeling process precedes the development of symptoms by months or
even years. The current diagnostic tests (e.g. two dimensional echocardiogram
coupled with Doppler flow studies) only reveal changes in the heart in the late stages
of the disease. To date, no cure for HF exists. Early diagnosis is a key factor in

20  achieving a good prognosis and management of this disease.
[003] An imaging agent that identifies patients in early HF would enable
immediate treatment and life-style improvements for those living with this disease.
In the past, researchers have investigated a variety of biological markers found in HF
to develop methods for detection of carly stages of HF. The cardiac sympathetic

25  mervous system (CSNS), which is part of the autonomic nervous system, was found

' ‘o be one of the biological markers of interest.
[004] The autonomic nerve system, which plays a crucial role in regulating
cardiac function, consists of the CSNS and the cardiac parasympathetic nervous
system (CPNS). In the two branches of the cardiac autonomic innervations, the

30  CSNS and CPNS, postganglionic sympathetic neurons communicate with each other
via the neurotransmitter norepinephrine (NE). These branches work in finely tuned
opposition to each other in the heart, Thus stimulus to the sympathetic nerve system

causes increased contractility, acceleration of hieart rate and conduction, which is
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30 CSNS and CPNS, postganglionic synpathetic neurons communicate with each
other via the neurotransmtter norepinephrine (NE). These branches work in
finely tuned opposition to each other in the heart. Thus stimulus to the
synpat heti ¢ nerve system causes increased contractility, acceleration of
heart rate and conduction, which is nediated by the action of NE on post
synapti c Bl adrenoceptors. Stinulation of the parasynpathetic nerves on the
ot her hand, |leads to a decrease in heart rate and conduction. This is

nmedi ated by action of acetyl choline on postsynaptic M2 nuscarinic

acetyl choline rece tors 5£ 00 E is the.neurotransmtter of postganglionic
synpat heti c nefl ke aeLonQr BYRQp noff synaRtcdh adreggopniprsy Stimutaf gﬁs and is

rel eased by Cé\iira@ﬁﬁba&feﬁdndﬁ@@ﬁﬂﬁ%thﬁrhaﬂd Qealis6 = Sy0aeupd inead @ bndIpon ner ve

depol ari zati on repin hrln re eased .is r.e rnedtothe
neur on byt he. STBTERTHA RedRrER SRR IR Fs Rt Mis ™ Lpt ke 1

nmechani sm) andmwseparkeagpitholint cceti@s.age vesi cl es by the vesicular 10
nonoarnine ¢r ort Y/ tath Nk e synaptic
cleft bi ndsgtgﬁgﬁsts%és(t%gmfmﬁ?%ﬁg@g t rs n| ro nléﬁo Seark.g
contractility,steetia wesrwéqsuvaﬁutﬁle prEONS anddg ksleansdibnear tneélapmwmﬁ intqj ssue

concentrati Onsﬂzé)iyn&}!ﬁc'cl%ﬁhb@n Mer@bolei)%foh M%o%@ﬁ‘&@du&eﬁh&@?@éﬁ%ﬁs@d to be
reliabl e markers of r egi onal ég/etnoathetl C nerve denngtﬁ}és/o which are uniformy

di stributed thFEBIGH PPLH“" RepEenPe repueRiBa PRI HEINED: g% kWRaY i ac
i nnervati on hawiptdreeNmeshahisopirddepackegdddntp sibhagpleysieoboiyy vaiculamny hear t

i seases. HOCl Holondis WA G Mithds 116 R ARER NG WIRELhaliE LY ©

di abetic autonom C neuro ema an rac "arrhythm as.
Heart fail ure bindsdhpastsgnapti¢ &b@mtowmmém@hmwtwmn%webﬁ/ i ncr eased

system c | evel gaQfardNnd@Bs doawcﬁaﬁqqssh@&ﬂéenﬁwohd mln% [ﬁaﬁa@ﬁaglaﬁ-m nes 20
occurs. It has been docunente in cardi ac

1 z% here_ i s a r ed @
upt ake- 1 densi 88y qogsidarsdia PH"?‘?%@EFSC’% of Fegienel gmpg ?‘ﬁ’“ﬁU §iat i ent s and
ani mal nodel s, whith gbuntRymiyalidtitaited @asu@hodt @ie hedte | ncr eased anount of system c

NE obser Veqsl n@ﬁéocarﬁg mR"Ezlle%%rijc%f(dlaciVn%rv&?q%n\tre Ocamg)thce?gism ng 8SSess

physi ol ogi cal nges umare therefore highly
desirabl e. 251p@ivpiysiottiss of msredlcwmdlweseﬂbh&mﬁse@depauém deafiptongaativeon

Publ i cation Noheaﬁ%ﬁﬁélaz&%a&t&m eutoPSRY, a%a&&&l léauenﬁ@mrc@aafa@ inits

entirety), medical radionuclide | mag;l n Nucl ear Medicine) is a key
conponent of nHHERisTedratdriv i chgrackriz § ISR WFBPY es” t he
adm ni strati onmcrbasecl syatlehﬁc 16ye1si o NEGHn Mbreased lobd] agitovenofzanéimlanineg r adi oacti ve

subst ance rac a radi o peut . 3g3n 0_and
r adi ophar rré@eu?l “'3 aﬁé d)%cumvﬁ%%g%atsﬂt}%gésau%pn O?Iﬁcg)acr%l i 26| trll%f;rﬁgy?{ody in a
manner dependefinction it thrsugsamplendihgihdumampatienshandfaningpb modelfaphigh mey sue syst em

bei ng studi ed. thg_%soﬁ%@tﬁé&a%&%tﬁ% lmﬁrob&mmh%c&aemsmotons ar e
imaged with a detector outside t creating a map_ of the radiotracer

di stribution wWPEloRmeRtRE mpheds to W@ﬁplfyﬁlo@lg’ﬁﬂéf‘%e%ﬂf 1‘%“‘%?551‘ Pt ately trained
physi ci an, theﬁ.@odafaageﬁ—eﬂfefbvdrdﬁgkly\ﬁ@[mél on of great value in the clinical

di agnosi s at nent.. of di.sea i.C ons f t hi s technol ogy
i ncl ude de?ge]ct Mgﬁ m;‘ g‘ﬁsaeg)f‘ g?'?é?ﬂ%?%%@?é’a@% l%n lﬁagf’? %m scanni ng) and
the detection zﬁos@@mmmbusn pmmbmedémef@tfncbpnﬁsméretyg medigel pdivguddidanni ng) .

The overwhel m pa Bblds Glucklt Mb@idthe)iEftled AeihipdndR of MBI BediSl practice.

This methodology involves the administration, typically by injection, of tracer

amounts of a radioactive substance (e.g., radiotracer agents, radiotherapeutic agents,
30 and radiopharmaceutical agents), which subsequently localize in the body in a
manner dependent on the physiologic function of the organ or tissue system being
studied. The radiotracer emissions, most commonly gamma photons, are imaged
with a detector outside the body, creating a map of the radiotracer distribution within
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performed using ganma emtting radiotracers and detectors known as "gamm
caneras." [008] Recent advances in diagnostic inmaging, such as nmagnetic
resonance inmaging (Mtt), conputerized tonography (CT), single photon

em ssion 10 conputerized tonography (SPECT), and positron em ssion

t onography (PET) have made a significant inpact in cardiol ogy, neurology,
oncol ogy, and radi ol ogy. Al though these di agnostic nethods enpl oy dlfferent
techni ques and yield different types of anatom c and functi onal
information, this information is often conplenentary in the diagnostic

process. Gener S L es | i Sagents.labeled with the
posi tron- emttglrelgg%’u@ﬁﬁg ﬂ%ﬁ?@%%@a@g@@nﬁay%@n#@% lcdanoth sél} %961 3r and 1241.
SPECT uses i nagiomge mépemation|of pehiodlupintthe Qlih'ealsiiaa@“apd\mewdisbaes such as
MTI, 93Tc, 12 M icakibns df el

corrpounds have al(';sogt%ewean1 ‘:Jss({eglggt%%ngrr%%; CQ&W&MQ%@#@Q@% based conpounds
are nore usef uleg§ ﬁh@&wmwﬂnﬁ@)%d%@@qf@ncﬂg}ém@lvpﬁg]tpflfoagst(gg upt ake and

i ncorporatign bme@caaﬁlﬂg)errne W&@Mﬁh§bnﬂf&ﬂ@d@ﬁidﬂ%lﬁ@irﬁ’a{gb@@s@d conmpounds,
been used with success.

11CG and 18F-co n ound

11C- cont ai ni ngP ?’ZE;P ?5#"5%’5%‘8 ﬁﬁ?‘ﬁ'ﬂf‘gafﬁq‘ﬂ’?cﬁﬁ*}“f‘&ﬁ%mfmo“ﬁégﬂaﬂ‘&al ncl ude, for
exanpl e, 1,[1- &drfddseuci ne, L41-11CJtyrosine, LAnmethyl-11C] nethionine and
L[ 1- 11C] met hi onjoae. PET wolve det ction of gama rays
in the form of Wogﬁl h%ﬁg%e{"?%uﬁlnﬁ? %"%tr'éo% giﬂ% 't‘cthl P ved %léels "FOR emitti ng
radi oactive i sm%%wmqmuwwdmomhy ((FTmS!raltnhgtorlaﬁswrt h ahalf-life of

appr oxi mat qpy %u‘f@n%&tt@rﬁmgﬁﬁg (W]it(ﬁ“) %n@@dsftroh bx‘hﬁsx&f toMBERINY( a‘ﬁla% 20

mnutes, 13N with a_half-I[1f é)gorommae m nutes ‘and 130 with a
hal f-1ife of aﬁ]ﬁ?%ﬁ‘%"é‘l‘t)}mm“ﬁﬁ{d W&WHBQ'HWW%N%‘W@@Y et hod. For PET
30 i maging st udllt&@gﬁ)&xeseaniaéha@msgeﬂibﬁdﬂ@tdyehffewﬂ%mtquwhnd gRllaRrckd (110)

| abel ed co.rrpougégS SUS Qon%gar{ﬁ%{dtﬁré%énfqr}ﬁgronx%g mt}e ?nrl?)é I ED) are frequently

used at. maj or Cent ers ous “Mand radi ocheni st ry
facilities. Reeennl¢nentahyein thecdizgaostinprdrass: n@enn!aﬂ)kmaldms%%m imagimpst ant i al

i ncrease insst a@elm@db%@wﬁﬂel mmlw %xeasSSFt h@twﬁqndm’é HVepGyg! ot rons.

These satel |liteg; efaC|I|t|es

[ 113F] f | uor o- 2- 3e§ S@fﬁﬁa@g’@aémbe%?”“bﬂ’?sinﬁ’ﬁg’?‘?@“ BRIt B Pdus t unor s.
[ 0111SPECT, on"’ETl,e”m ﬁﬁ,ranbé’hﬁ uses | onger-l i ved i sot opes i ncl udi ng but not

Ihialmf t F?f 2001?95 aptglr E))rg}lhﬁ%g eatfy f%%‘ﬁ‘f & %} ?Oms?g m% o) a%ﬁ %F‘Z‘g ﬁfZI -SFI%’EVC\JATt " e
systens, howev épaging ggdnisyéymindanid-bdset coppemdnart pomua¢filabhmlyzing REDr syst ens.

[ 0121Radi obpacess, duafoqgéls 8eSRkRe Q{d%%ﬂ)oF&BorPlﬂ{o%ﬁ&n %uﬁ HGQBhd NNer vation
have been devel o The tragers devel oped for the synpathetic

nunber
neur ons howevef ng W‘%P”%?@‘Hoﬁ%ﬂ? t‘l:ld‘% H'éﬁ?’é?‘b‘ﬁ%ﬁf’“fﬁ%“qs favebasndsshpat het i c

neurons. Ther ewdth gccess. ''C-containing radiolabeled amino acids suitable for i imaging include,
for example, L-[1-"'C]leucine, L-[1-''C]tyrosine, L-[methyl-"'C]methionine and L-
[1-"'C)methionine.
25 [010] PET scans involve the detection of gamma rays in the form of annihilation

photons from short-lived positron emitting radioactive isotopes including, but not
limited to '°F with a half-life of approximately 110 minutes, ''C with a half-life of
approximately 20 minutes, °N with a half-life of approximately 10 minutes and '*0
with a half-life of approximately 2 minutes, using the coincidence method. For PET
30  imaging studies of cardiac sympathetic innervation, carbon-11 (*'C) labeled
" compounds such as [''Clmeta-hydroxyephedrine (HED) are frequently used at major
PET centers that have in-house cyclotrons and radiochemistry facilities. Recently the

nuclear medicine market has seen a substantial increase in stand-alone PET imaging
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10two reasons for this. First, the NET is nonselective and will readily
transport structural analogs of NE into the synpathetic varicosity. The
choline uptake carrier on the other hand is highly selective. Second, there
is a dense popul ation of the synpathetic nerves in the left ventricular
wal | as conpared to the parasynpathetic neurons found in the thin walls of
the atria and conduction nodes. This has therefore, 15 made imaging the
synpat hetic neurons easier. The structures bel ow are exanpl es of radiol abel
| ed cat echol am nes and cat echol am ne anal ogues, and guanaclines used for

studyi ng cardi | S Lol abel |.ed eat echol am nes and
cat e%:lholgandne 2%?16 ogugtgs{;&g%\‘% ‘8@%?‘% 'F]heegﬁﬁ{saelge&%rtlacs@ﬁea [ H’&ﬁyc‘ﬁF I ac
synpat heti ¢ nelirfdforcfwand-gindose@DG) fREF NN of Fanderows Mgnors.

6- 089FLuor omet g NEBEET, YRkhePeherfand, vkes 16n gl Ad isBELR HUALPRYGREAr | ne (HED)
SCyani cEttes limited to *™Tc with a half-life of approximately 6 hours and 2Tl with a halfJife of
5  approximately 74 hours. The resolution in present SPECT systems, however, is
lower than that presently available in PET systems.
[012] Radiotracers targeting each branch of cardiac autonomic innervation have
been developed. The number of tracers developed for the sympathetic neurons
however is far more than those developed for the parasympathetic neurons. There are
10 two reasons for this. First, the NET is nonselective and will readily transport
structural analogs of NE into the sympathetic varicosity. The choline uptake carrier
on the other hand is highly selective. Second, there is & dense population of the
sympathetic nerves in the left ventricular wall as compared to the parasympathetic
neurons found in the thin walls of the atria and conduction nodes. This has therefore,
15 made imaging the sympathetic neurons easier. The structures below are examples of
radiolabel led catecholamines and catecholamine analogues, and guanadines used for

studying cardiac sympathetic neurons.



OH HoNH2 [ 11C] Met ar am nad (MR

[ 11C] Phenyl ephrine (PHEN)

[013] [ 11glDopam ne ([11C]DA) and 6418F] fl uor odoparai ne (6-[ 18F] FDA) have

been used to i nage dogs and baboons respectively. 6-r
and good i mages of the heart.

upt ake 10 and cl ear ance,

BUDA showed rapi d
[ 11 C] Nor epi nephri ne

([ 11C] NB) has been used to obtain planar inmages of canine heart and clearly

visualized the left ventricul ar
6- 1189F| uor onor epi nephri ne (6-

baboon heart and showed hi gh uptake and retention.

[ 61C] epi nephr i m@dfolabdfch EREInoR@TinRGRE catPE G 46! ué,taﬁﬁigﬁ&hia@

in a simlar magdagsr dektiyifs @Rfa
cardiac transplant patients. |

1R, 28-6-r 8f | - f |ckthdpRisar am nol

([11C HED) and [11C] phenybepqringg([ 11C]
effectively to study the syhpathetic nerV

met a- | odobenzyl guani di ne HOMBGQ

catechol am ne 5 anal og t hettpsaewsaneur ongliept,
cardi ac nyocytes, when sfudying synpat

Studies with M BG ad| Qw Il ivgi Ci
nerve fibers in thusi ng ir
medi cine clinics. MIBS is al so us€d

myocardi umin a cynonol ogous nonkey.
[ 18F] FNE) has al so been used to i nage the
Myocar di al kinetics of
i s handl ed
ApPEEEL tEPshst O @sSess néeuronal” changes in
14] The cat echol am ne anal ogues |i ke
(641sF) FMR), [11C] hydroxyephedrine
BﬁEN) have al so been used very
* [1231] -
&hsively studied
éyg%n@l@ell as uptake by the
gtic nerve |%§rs of the heart.
& he nggi on&l i stribution of

g devi ces d™i mMeal | nucl ear
orer di agnosio I magi ng and radi ot her apy

i S anot hgg

ams_t

of adrenergic tufNgrnesiitsiNEns sfEiEraipopstemNa N d'QFRege EBnDeyt or na.

Catecholamine analogues

187

4- and 6-{18F]Flucrometaramino! (FMR)

OH
HO.

[YClmeta-hydroxyephedrine (HED)

5  Guanidines

123,

['21}-m-odobenzylguanidine (MIBG)

[013]

OH

HO._\ NH,
|

OH

HOO)\'r NHz

[MCiMetammine! (MR)

R

n OH
HO. Mo

‘l\ze
[11C} Phenylephrine (PHEN)

X
Oy
N
125,/©/ )

['%°]-1-carboxamidino-4-phenylpiperazine (CAAP)

N

['CIDopamine ([''C]DA) and 6-[**F]fluorodopamine (6-['*F]FDA) have

10

15

been used to image dogs and baboons respectively. 6-["*FIFDA showed rapid uptake

and clearance, and good images of the heart. [''C]Norepinephrine ([''CJNE) has

been used to obtain planar images of canine heart and clearly visualized the left
ventricular myocardium in a cynomologous monkey. 6-['sF]Fluoronorepinephrine
{6- [lsF]FNE) has also been used to image the baboon heart and showed high uptake
and retention. Myocardial kinetics of [”C}epinephrine (["'CIEPI) has been
extensively studied and is handled in a similar manner to NE and has been used to

assess neuronal changes in cardiac transplant patients,



10 [1231] M BG has been used to delineate nerve damage while [C| HED has been
used to denonstrate neuronal abnormalities in a nunber of heart conditions
i ncludi ng transpl anted hearts, cardi omyopathy, acute nyocardial infarction
and cardi ac di abetic neuropathy. MBGis a SPECT tracer, however, and

t herefore does not provide quantitative information. 1510151Lastly,

[ 1251] - CAAP was the first 1251- radiol abel ed 1-carboxani di no-4- phenyl -

pi perazi ne. Conparison studies of [1251J-CAAP with [m]-MB in tissue

di stribution studies in rats denonstrated equival ent uptake of the

radi otracer i nofgar t Thd AR lanmttOnibhRK RS LI BN b @ Bndirardii& (@-E"E’qunds in

the nmyocardiumtissye are specul ated to be due to the same nechani sm of
action, whi ch PRy iribeieonyepbedng (afitEmend Lrfdpiesrsntiing L GPEENh substrat es.
NEg_ upt ake- 1 ilmvealsddssd L}?b&vdﬁg%c@fely&gﬁth@ﬂh% é;er\pe:mallc BeshisteRN['EMLt ti ng

radi otracers were_therefore de ed as shown bel aw. .

reBrj - m Brocr O'Beé‘ﬁm]&beﬂﬁlc]ﬂﬁaﬂlgmf é@é@) ' af’?)t;igfﬁmst“ﬁg' Sf‘ﬁ}eggatﬁaﬂ?w‘&uani di ne PET
tracers devel opeldg tal shovorreyrodal uptdirel fvelll er uptdke by the berdizyrhypagtes, dhere

([18F] FI180) d J i Sl m i N Vivo.

[O17] AT the trRRapSryEReERaTLaRtr RERAK. bl ol Aing W iichl It "have
their 5 |im tafimspde regipagldistyiputioniel negpe Sbess indhe heart wg imeging(dRECesFNE, DA, FDA,
PHEN, EN and Godd)in 0f mRRRay MBiMeQuhieR NI GHS hisy @il B BRENSRNAIN: gl ease
(FMR). M BG al sdciggas i ts,. drawbacks has consi de agg%oextraneur onal

wbacks. It I
upt ake nedi at SBUBVCTARYE pdranegs RO a5 Fepgblpyma A pReachsomarKoRE-ane
t ransport) 10veclfANNEBG haAbekn Usal th delimesNEGk damewd whik [ 'RGJHERAAR; bbb Bed does not
gi ve quantitatj i i - { i . Jimtations. There
s har of or e bttt SRkl ARRE bR o ARRASAA Bl bihg
transplanted hearts, cardiomyopathy, acute myocardial infarction and cardiac diabetic

neuropathy. MIBG is a SPECT tracer, however, and therefore does not provide
quantitative information.

15 [015]  Lastly, ['I]-CAAP was the first '*’I- radiolabeled 1-carboxamidino-4-
phenyl- piperazine. Comparison studies of ['2°’I]-CAAP with ['*’[]-MIBG in tissue
distribution studies in rats demonstrated equivalent uptake of the radiotracer in heart
tissue, The uptake and retention of the compounds in the myocardium tissue are
speculated to be due to the same mechanism of action, which recognizes the

20  guanidine functionality in both substrates. NET uptake-! is a possible mode of action,
Several positron emitting radiotracers were therefore developed as shown below.,

MIBG and Positron Emitting Analogues
N
NH
= M
OO jonas
Lo
['2]-m-odoberzyiguanidine (MIBG) ["®F}-p-Fluorobenzylguaridine (PFBG)

Jorew o g

4{18F]-Fiuoro-3Hodobenzylguanidine (FIBG) [ Brl-m-Bromobenzyguaridine (MBBG)



foll ow ng characteristics: a) stability, b) not cause NE rel ease (thereby
reduci ng side effects), c) give quantitative information, and/or 15d) high
affinity for VMAT. SUVMARY OF THE | NVENTI ON 10181The present invention
provi des novel conpounds that find use as imaging agents w thin nuclear
medi ci ne applications (e.g., PET inmaging and SPECT imagi ng). 20 Methods of
usi ng the conpounds to inmage cardi ac i nnervation are also provided. In sone
enbodi ments of the present invention, the PET based radi otracers exhibit
increased stability, decreased NE rel ease (thereby reducing side effects),
i mproved ﬂgag_t joueyt i V@fﬁ@ﬁﬁéi%iy%&ani@ﬁwﬂtrdﬁgﬁbe‘.%fof)é-cmnty)’ogt‘,,qg thlVl AT. In
certain enbodi ) e tracers af ed on coppounds at are
derivatized wi %‘@E“*'Wﬁgbe’&gﬁg‘@?‘?%& égﬁidﬂ‘%’ﬁﬁt@g@%@%@lwﬁvp% ket o,
benzylic, bet asimlldr¢yMBEBGardyo.ganma- propyl al kyl et hers and
bet a- propl yl al eth i hei r ructures. below. JIn alternative
enbodi nent s, a@rrJQt hy?‘hgl?eotﬁ%ergn@gag%%vet%v etvﬁéamb %nﬁoérf’alzgﬂg?@?w‘t & cat echol
functional iy limitasiash @heselinclride sietebblio instabililye@®EASNE, Dia FDA{ PHIEIK,HERY t hese
nol ecul es nore SHarchddd g g.leé‘{g - j.avention
anﬁt(ﬁbilﬁ or &é@%‘gﬁ a@tﬁp q é}hl&&g rel'éeﬂﬁ g}ﬁ&gﬁ)s ﬁ%ﬁ} b

provi des PET based radiotrac as 1llustrated in the general structure |I:
wherei n m = 0, 1% its dawhacks, dt hag considerghipiexgrapeyrqualgiptalipmedizted e paive 122, and R3
are ilndelpﬁnfiegdﬁffb%icﬁ%haeﬁﬁrﬂméuf)ﬁm Gnhﬂxb@ﬁ@f&zsﬁ&@%kﬁkﬁi&ﬁ.&ﬁd,kﬁn%mﬁ a, CF3,
Br, I, alky : -1y roaryl . - e , . Nat 42, CN,

C( =NH) NHR5, C(%)(E%—Ti%?‘)‘ﬂﬁéé PNE&@%’EMN Eg‘%ﬂkﬁ‘it“’%‘ﬁ‘ e i ety Im Q
consi sts ofl0 br éthg reserigedlimiativiza (Therais teecfpre e seddtfolatoehin Wil sl te  and to R2.

The Q bri dgi ngggsRHPShafRiidadependent |y be sel ected fromthe group
consi sting of (0:1- 12? (% ~ ?5@9 N, NHL NR5, 0 and S in such a conbination as

to create a cheni c& Fbiftabl e structure. The
b) not cause NE release (thereby reducing side effects),

¢) give quantitative information, and/or
15 d) high affinity for VMAT.

SUMMARY OF THE INVENTION
[018] The present invention provides novel compounds that find use as imaging
agents within nuclear medicine applications (e.g., PET imaging and SPECT imaging).

20 Methods of using the compounds to image cardiac innervation are also proﬁded. In
some embodiments of the present invention, the PET based radiotracers exhibit
increased stability, decreased NE release (thereby reducing side effects), improved
quantitative information, and/or high affinity for VMAT. In certain embodiments,
these tracers are based on compounds that are derivatized with '°F in a variety of

25  positions: aryl, alkyl, o keto, benzylic, beta-alkylethers, gamma-propylalkylethers
and beta-proplylalkylethers, as shown in their structures below. In alternative
embodiments, a methyl group « is added to the amine, and/or the catechol
functionality is either eliminated or masked as a way of making these molecules more
stable,

30 [019] One embodiment of the present invention provides PET based radiotracers

as illustrated in the general structure I ¢



10 substituents W X, Y and Z may i ndependently be selected fromthe group
consisting of HH ORA, N 114, F, d, Br, I, Im aryl, and heteroaryl. R4 and
R5 may be H, alkyl, aryl or heteroaryl substituents. In an alternative
enbodi ment, the alkyl, aryl or heteroaryl substituents may be substituted
wi th various functional groups as hereinafter described, 15[0201lIn certain
enbodi nents, the present invention provides a PET based radi otracer having
structure DI as follows: Rg RT....,R12 12 HDN.." NH2 11 EGI1 NHR 'R1L O 11
wherein linking groups B, D, E, F, and G are i ndependently selected from
the group 20consisting of a bond, alkyl (CL - ¢s; preferably 02), aryl,
arEdicyl, allcylaryl, heteroaryl, al koXy, alkyljam no, am noal kyl, aryl oxy,
al koxyal kyl, thioallcyl, and hetef Seyely ~* ropugh R12 are independently
selected fromthe group consi s(i@ i F, d, CF3, Br, |, alkyl
(C1-A4), aryl, heteroaryl, C(=0)Rd~ORRE s )2, CN, C(=NH) NHR5,

C(0) NHR5, NHC( 4; 1) NR5, NHNR5, 80201(5, a imaging noiety |in. R4 and Rs
may be Il, alkyl, aryl or heteroaryl suhstituents. And, Imis selected from
the group consisting of 18F, 26Br, 1241, 1311, 991 nTc, 1530d, 1111n, and
guY. [021] I n c&herein i edoel 3narmls], 2t 49d Apis Oxe pltseritnReRi RoripRows des a PET

based rarli ot r agfendeafPRERd BNt S RodsRliAOWH) DRYIF, BE ICHI Br, AlBYR:
S (Ci-Cy), aryl, heteroaryl, C(=O)R4, COzR4, N(R4)2, CN, C(=NH)NHR;, C(=O)NHRs.
NHC(=0)NRs, NHNRs, SO,0Rs, and imaging moiety Im. Q consists of bridging
groups that can be present between Y and Z, and to Ry.  The Q bridging groups can
independently be selected from the group consisting of CH, CH, CRs, N, NH, NRs,
O and S in such a combination as to create a chemically stable structure, The

10 substituents W, X, Y and Z may independently be selected from the group consisting
of H, OR4, NRy, F, Cl, Br, I, Im, aryl, and heteroaryl. R;and Rs may be H, alkyl,
aryl or heteroaryl substituents. In an alternative embodiment, the alkyl, aryl or
heteroaryl substituents may be substituted with various functional groups as
hereinafter described.

15 [020] In certain embodiments, the present invention provides a PET based
radiotracer having structure IT as follows:

'Te
R7\D B Re2 n NH,
Em’ \I"‘:H
Rg” F Ro
Re
I

wherein linking groups B, D, E, F, and G are independently selected from the group

20  consisting of a bond, alkyl (C; — Cs; preferably Cy), aryl, aralkyl, alkylaryl, heteroaryl,
alkoxy, alkylamino, aminoalkyl, aryloxy, alkoxyalkyl, thioalkyl, and heterocyclyl. '
R through R are independently selected from the group consisting of H, ORy, F, Cl,
CF;,Br, 1, alkyl (Ci-Cy), aryl, heteroaryl, C(=0)R4, COzR4, N(Rs)z, CN,
C(=NH)NHR;, C(=O)NHR;s NHC(=0)NRs, NHNRs, SO,0ORs, and imaging moiety



X 5 whereinn =0, 1, 2, 3 and Ais O or absent. R itl, 11.2 and R3 are
i ndependently selected fromthe group consisting of H OM4, F. d, Br, I,
CF3, alkyl (Ci1-C4), aryl, heteroaryl, C(=D)R4, CO2114, N(R02,CN, C&NR4OR5,
NR4A( C(=44R. 3) NHR6, C(=NR4) NHR5, C(0) NHRALNR4AC(=0) NR5, NRANR5, S020R4, and
Im The 10 substituents W X, Y and Z can independently be selected from
the group consisting of H OR4, N(1202, F, d, Br, I, CF3, Im aryl, and
heteroaryl. Ra, R5, and R6 are H, alkyl, aryl or heteroaryl substituents.
And, the imaging noiety, Im can be selected fromthe group consisting of

18F, 76Br, 124%y R3dnkRsPRY 6E H, dik | a further
enbodi rrent the i ﬁgent |50n9al so;“(}qdary] %et%r}b B ranl f%ﬂcgrgdeg!)eﬁpo
havi ng St ruct ur@"ﬁéﬁ%"“@@%ﬁ“ép 41 I, 3T Unand {%. absent . R,

R, RzandR3 are [onqiepqad&atnl %&&hﬁ%%ﬂrés@@lﬂv@ﬁmgbw&ﬁe§%f &%édﬂg of H ORr4,

F, d, Br, aIk Cl- C4) , het er oar yl R4, CO2124,
N( 124, CN, C( NF%?‘B’ %‘%ﬂ havieg g Piewing LreigRdriars

C(r-0O NHRI, N114C())NR5 NRANR3, 8020184 and fin. The substituents Wand X
can independently be sel ected fromrihe §0n5| sting of H OR4, N(114)2,
F, d, Br, I., CF3, Im aryl, and hear 'Y and Z can be selected from
the group consisting of CH CH2, 0Z NY NR?, and CHElI. Bridging group Qis
25 absent o8 selected fromthe group Wonsisting of CH CRa, CH2, N, NR4,

NH, S, and 0. Réereid=@nck, BandAgs dlor dséiy! R, I ¥ an@R; ﬂ@ﬁt@éﬁé@&éﬂ{l subst i t uent s.
R b T T
heteroaryl, C(=O)R4, CO2R4, N(Ry),, CN, C(=NR,)ORs, NR4(C(—NR5)NHR5,
C(=NR4)NHR;, C(=O)NHR,, NR,C(=0)NR;, NR4NRs, SO;0R4, and Im. The
10 substituents W, X, Y and Z can independently be selected from the group consisting
of H, OR4, N(Ry4),, F, Cl, Br, I, CF3, Im, aryl, and heteroaryl. Ry, Rs, and Rg are H,
alkyl, aryl or heteroary! substituents. And, the imaging moiety, Im, can be selected
from the group consisting of '°F, "Br, 4L, 'L, ™T¢, *Gd, or '''In,
[022] In addition, in a further embodiment, the invention also provides & PET
15 radiotracer compound having Structure Beta:

X R
Y. A
Q’ \‘ﬂf\ Rs
“z Ry 2
W

whereinn=0, 1,2, 3 and A =0 oris absent, R, R;, R; and R; are independently
selected from the group consisting of H, ORg, F, Cl, Br, 1, CF;, alkyl (C;-Cy), aryl,

20 heteroaryl, C(=O)R4, COzR4, N(Re)s, CN, C(=NR4)ORs, NR4(C(=NRs)NHRs,
C(=NR4)NHRs5, C(=0)NHR,4 NR4C(=O)NRs, NR4NRs, SO;0R4, and Im. The
substituents W and X can independently be selected from the group consisting of H,
OR4, N(R4)y, F, Cl, Br, I, CF3, Im, aryl, and heteroaryl. Y and Z can be selected from
the group consisting of CH, CHz, O, N, NRy, and CH=CH. Bridging group Q is

25  absent or selected from the group consisting of CH, CR4, CHz, N, NR4, NH, S, and O,
R4, Rs, and Re are H, alkyl, aryl or heteroaryl substituents.

[023] In certain embodiments, the present invention provides a PET based
radiotracer having Structure Chi as follows:

-9-



wherein R through Ry are independently selected fromthe group consisting
of H OR3, F, G, Br, |, CH2F, OCH2CH2F, alkyl (G -C4), aryl, heteroaryl,
C(=0)R3, COR123, and Im Imis a imging noiety and is selected fromthe
group consisting of 5nric, 1241, an y or 1311. R3 can be an H, alkyl, aryl
or heteroaryl substituent. [0241lIn certain enbodi nents, the present

i nvention provides a PET based radi otracer having Structure Delta as
follows: 122 R 138 6 :1:114Ft213NY.Rn Rs wherein linking groups B, D, E, F
and (3 are independently selected fromthe 10group consisting of a bond,

al kyl (Cl- CS; preferably C2), aryl, ~akal ley , @l cylaryl, heteroatyl,
al koxy, alLkyl am no, aryioxy, and aﬂﬂkyl —F§8 t hrough R14 are

i ndependent|ly sel ected fromthe groupTtonststinyRf H OR3, F, C, Br, I,
CH2F, OCH2CH2F, al kyl (Cl-C4), aryl Rtheteroaryl, C(=D)R3, CORR3, and Im
123, R4, R5, and Rth@ﬁmliﬂhﬁﬁ@]@ﬂﬁ&ﬂInbépeb&nﬁﬁ‘écﬁﬁk@ﬂo&&]Q@&uEQorﬁfsﬁh’g%fCOnsi sting

of H, alkyl, ary 5ar al eter yl,. al Kyl ami no, al oxy, and :
aryl oxy. The i ﬁﬁé?hé ﬁbgreﬁﬁﬂzf’ﬁéﬁgﬁ%éh?@é'gﬁ)eﬁm?%‘?’P?Wee’%f) p consi sting
of 18F, 76Br, CQ4R%,andBh1lm 8riheginglibdeg andisseldtedifiom thd@bjpopsigihgof ed

enbodi nent gdesagidese RET D diQf:r [ d..

N- P- br onp- 4$i( 3418F] t I%grg%.pEb%%é?’ggg%ﬁﬂl’-%ﬁgﬁ?%} ér%qﬁlgbétrug%'ﬁl oride, as

i llustrated i nl%#k ucingedaiFgspedipentsethe mresnonf@wie] rovidestalPET besedodi nent

describes a nekbRgaef haviB8iriGure DL AGolioder vati on conprising the steps of:
adm ni stering an effective anmount of ane or nore of the conpounds discl osed
f

above, to a patient; detecting gamm jadiation emtted by said conpound;
and formng an inmage therefromere, = B RuRs y
N

D NN,
b
_E 6. R N

Rm ;': 12
R1

_ wherein linking groups B, D, E, F and G are independently selected from the

10 group consisting of a bond, alky! (C; — Cs; preferably C,), aryl, aralkyl, alkylaryl,
heteroaxyl; alkoxy, alkylamino, aryloxy, and alkoxyalkyl. Rg throughRy4 are
independently selected from the group consisting of H, OR3, F, C), Br, I, CH,F,
OCH,CH;F, alkyl (C,-Cy), aryl, heteroaryl, C(=0)R;, COzR3, and Im. Rj;, Rs, Rs,
and Re can independently be selected from the group consisting of H, alkyl, aryl,

15  aralkyl, heteroaryl, alkylamino, alkyloxy, and aryloxy. The imaging moiety, Im, can
be selected from the group consisting of '*F, "Br, 241, 1, #"T¢, 3Gd, and ''In.

- [025] A preferred embodiment describes the PET based radiotracer compound
N-[3-bromo-4-(3-[**F}fluoropropoxy)-benzyl}-guanidine hydrochloride, as illustrated
in Structure Epsilon below:

X

B
20 1QF/\/\°

[026] A further embodiment describes a method of imaging cardiac innervation
comprising the steps of: administering an effective amount of one or more of the
compounds disclosed above, to a patient; detecting gamma radiation emitted by said

compound; and forming an image therefrom.

-10-



[027] The present invention is directed to these, as well as other inportant
ends, hereinafter described. BRI EF DESCRI PTI ON OF THE DRAW NGS 5(028JFi gure
1l is afirst series of representative cardiac short- and | ong-axi s i nages
in a non-hunman prinmate according to an enbodi ment of the invention. [29]
Figure? is a second series of cardiac short- and long-axis inmages in a
nonhuman prinmate according to a further enbodi ment of the invention. 10
DETAI LED DESCRI PTI ON OF THE EMBODI MENTS Definitions [30] Unless otherw se
indicated, the term"lower alkyl" as nay be enployed herein al one or as

part of anot he{ grouﬁhég}&l W@%@%ﬁi‘a@ﬁ‘k&lﬂ&e ﬂ'el %L]&%gﬁﬁ?n%s sand "al k"

15hydr ocar bons' cont ai ning carbons,” and 1
as may be enpl epRinpftadesdrinedal one or as part of another group includes both
strai ght and branched chai n hydrocarbons containing 1 to 20 carbons,

preferably 1 to 10 carbons, nore preferably 1 to 8 carbons, in the normnal
chai n, such asBWWSCR&mQNO%?%%PRAWWOpyI butyl, t-butyl, isobutyl,

gegtilt hex.%llh ;ous;o[memhnelhﬁpméi seriéd, oﬁrdﬂfcﬁ&‘t&ﬁ%&ﬂf&c)éhort—%@% ﬁsgwxg o hed
ri met hyl pen undec e e, various branche
chain isoners Wﬁ@?é%?hmgﬁﬂ%?ﬁﬂmﬁ?%?mg F¥“ﬂ@ E%XSPﬁﬂﬁngncludlng lto 4
substituents si#% asFipale@, 1simorﬂ>saiepbecaFd1aoBhort-@hd Iong-dxiOimagdsdn o winky| ,

al koxy, aryl, e({n?/ahgém tegﬁgdg,@rt b bé& Fnto?{h mv}rL%f(a”ary' al eyl oxy,

al kenyl, al kyn yclo cycl oal
cycl oal kyl al | gl oxy, hydroxy, hydroxyalkyl acyl, 25a||canoy| het exoaryl ,

het er oar y| ey, DEYAILSbASICEPTION oF GRYERASGHRANNTS, ar vl al koxycar bonyl |
het eroaryl al | cyl, heteroaryl al koxy, aryl oxyallcyl, aryloxyaryl,

al I cyl arni do, allcylam no, alicanoylam no, arylcarbonylam no, nitro, cyano,
t hi ol , hal oal | Dsfinjtiohs | hal oal kyl and/or al kylthio. [31] Unless otherwse

i ndicated, t helokﬂr m Iﬁ%&lo%mw, i:ldi&%edl:r&g té%r% “?0(5@4 a%?‘das may be employed
herein alone or as part of another group includes both straight and branched chain

15 hydrocarbons containing 1 to 8 carbons, and the terms “alkyl” and “alk™ as may be
employed herein alone or as part of another group includes both straight and
branched chain hydrocarbons containing I to 20 carbons, preferably 1 to 10 carbons,
more preferably 1 to 8 carbons, in the normal chain, such as methyl, ethyl, propyl,
isopropyl, butyl, t-butyl, isobutyl, pentyl, hexyl, ischexyl, heptyl, 4,4-dimethylpentyl,

20 octyl, 2,2,4-trimethylpentyl, nonyl, decyl, undecyl, dodecyl, the various branched

| chain isomers thereof, and the like as well as such groups including 1 to 4
substituents such as halo, for example F, Br, Cl or I or CFj, alkyl, alkoxy, aryl,
aryloxy, aryl(aryl) or diaryl, arylalkyl, arylalkyloxy, alkenyl, alkynyl, cycloalkyl,
cycloalkenyl, cycloalkylalkyl, cycloalkylalkyloxy, hydroxy, hydroxyalkyl, acyl,

25  alkanoyl, heteroaryl, heteroaryloxy, cycloheteroalkyl, arylheteroaryl,
arylalkoxycarbonyl, heteroarylalkyl, heteroarylalkoxy, aryloxyalkyl, aryloxyaryl,
alkylamido, alkylamino, alkanoylamino, arylcarbonylamino, nitro, cyano, thiol,
haloalkyl, trihaloalky! and/or alkylthio.

[031] Unless otherwise indicated, the term “cycloalky!l” as may be employed

30  herein alone or as part of another group includes saturated or partially unsaturated
(containing 1 or 2 double bonds) cyclic hydrocarbon groups containing 1 to 3 rings,
any one of which may optionally be a spiro substituted cycloalkyl, including
monocyclicalkyl, bicyclicalkyl and tricyclicalkyl, containing a total of 3 to 20

-11-



30herein alone or as part of another group includes saturated or partially
unsaturated (containing 1 or 2 double bonds) cyclic hydrocarbon groups
containing 1 to 3 rings, any one of which may optionally be a Spiro
substituted cycloallcyl, including nonocyclicallcyl, bicyclicalkyl and
tricyclical kyl, containing a total of 3 to 20 carbons formng the rings,
preferably 3 to 10 carbons, formng the ring and which nmay be fused to 1 or
2 aromatic rings as described for aryl, which include cycl opropyl,

cycl obutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cycl odecyl

d | odod . i - ti I
SUbst ] tuted w PRoTTEFRE TR preteu® 3o 8 clbUhe b RE TR HREEL | One Y
hydroxy, aryl ,matbelfesedto loryl eadniedit ringsype Heserfited §dr arvaiwejchdneivde, al kanoy! ar ni no,
oxo, acyl, ar Y&ﬁgﬁgﬁ)@y@l d?%ls ¢ 1%@% 4 qu&{él{é?yl,e é@o@ptﬁ@%l&fcﬂ%&&éﬁ%' o and/or

any of the alkyl strtuents. The term "heterocyclo”,

"het er ocycl e", 2 gERldodeeyk pyplohexspyly het er ocyclic ring”, as may be wed herein,
represents an unsubsimuted or sybstituted stable 4 to 7- nenbered
nonocyclic ring syst i

ich may saturgyed o nsaqt urat ed, and which
consi sts of carbon arQfme\ Ww.,th to f het e @@ sefgcted from
nitrogen, oxygen or §{dr-f, and reint ni t rogeén~and 3Ul f Ur het er oat ons

may optionally be 15 oxidized, and the nitrogen heteroa.tom may optionally
he quat em zed. anyloEwhich groumsymdyibe optiangilyrsaystibredarithdah 4 dutatituentysutietser oat orn or

carbon at om why J i yre. Exanpl es

of such het e\rl\gftl:ﬁ%fuligﬁgir’ %13%%}’1 F}Eﬁ%ﬁ a%ﬁ%tg& g‘fylﬁo ﬁFWﬂaﬁggL@%lg’peri di nyl,

pi perazinyl, odkAsPYRRiAg, w19 acylouypirbray emineyhito, sxagythiobindier #liltthiocox oazepi nyl |

azepi n?/l d pylr r@ld&_k?jnypylmelgmyggup%ﬁmmfsyr alnyl , thi en?/! , 20 pyrazol )él I

pyrazol i di : a , o M dazaql j.n i.ng dazolidirryl, ridyl,

pyrazi nyl , l?%yrw#?di n@ﬁ"; %B?/rtle&é‘f?"ﬁ?/l’ ,h%’f((&%?yl ,etefﬁ?é‘ggl f%%hﬁ\?'fg,gycl‘%ooxazol yl,

i soxazol i di nyl sings plapbe nseld hertinj rapredewts an tisiatioted di supdtitutedsoibleidag d yl |

t hi adi azol ylI , W : i I L i i

Ul foxi de, "t hi EERSRAROBEE R xR AR B e b ARRERL BRI ) o

described in kepngists oficprbomatoms, withpniiodeur heterogtoms elested Gompitedsemnsi ve 25

ﬁ: er ocyc: ic %@g&:ﬁ& gmm{,ggﬁ wsgew %M&gg&ﬁ%ﬁlﬁ@'ﬁ@tﬂ\cﬁ&‘ﬁ@ ﬁ@ﬁ&ﬁim@dgﬁl &éJts e_'st 0}‘
erocycli oyn : rganon Press, w York, . and Katritzlcy,

nR . Reels codd e e ipeephoqiaton mey SO R AMRIVE G Te s ocycl | ¢

Chem stry I1: ubtdm:vblkwirgfmayhea@ch@m&tw@teﬂo@&&&@@b‘mﬂﬁ@ﬁwhﬁ&smisér Sci ence,

Inc., Tarrytowg, clje\:%orx%f'&lst&tﬁé SHEQRE Exddl &t Bych hetLt%%lucBJ g'g Js%{cmdg,%l;t]kanoyl ' as

may be used herein alone or as part of another g}r ) Fefers to al kyl |inked
to a carbonyl ¥reljited to, pipajdinghpinearinyl; eropipgernylgropripgidsylas may be used
herei n al one Ogxopgrdliainyl, 6Xoaddpeiy) @iepBY ORI IS Folidif ], Gl B | thinyl,br om ne,
fluorine, qu i odi B,g W thﬂ cworl ne or. SfEH rl gde ogr. b{om ne_SONetl i Mes being
pr ef er r ed. 4 03TV SEazqtiiny hirudezolly rpidpzolinyly (pudagolidipyh Byl Ppzinyhy v | v a5
may be enpl oyepyrinddieylpyaidereyl, oxazalyl, paazblidisyl dsvokdrelyl, iporazplidied,ers to
nonocycl i c and_hi g . kS5 1008 Al o ons in the
et on BHRRIEU. B0 5L 40k ity

thiamorpholinyl, thiamorpholinyl sulfoxide, thiamorpholinyl sulfone, oxadiazolyl and

other heterocycles described in Katritzky, A. R. and Rees, C. W., eds. Comprehensive

25  Heterocyclic Chemistry: The Structure, Reactions, Synthesis and Uses of

Heterocyclic Compounds 1984, Pergamon Press, New York, NY; and Katritzky, A.

R., Rees, C. W., Scriven, E. F., eds. Comprehensive Heteraocyclic Chemistry II: A

Review of the Literature 1982-1995 1996, Elsevier Science, Inc., Tarrytown, NY; and

references therein.
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i ncludi ng 1-napht hyl and 2-naphthyl) and may optionally include one to
three 10 additional rings fused to a carbocyclic ring or a heterocyclic
ring (such as aryl, cycloal kyl, heteroaryl or cycloheteroallcyl rings). For
exanpl e 15and may be optionally substituted through avail abl e carbon
atonms with 1, 2, or 3 groups selected from hydrogen, hal o, haloallcyl,

al kyl, hal oal I cyl, al koxy, hal oal koxy, al kenyl, trifluoronethyl,
trifluoronethoxy, allcynyl, cycloal kyl-al kyl, cycl oheteroallcyl,

cycl oheteroal lcylallcyl, aryl, hetemaryl, arylal kyl, aryl oxy,

aryl oxyal I cyl , yl « i I . , | I canyl ,
20aninocarbonJP%gyl?h§ﬁ§¥{ﬁ?%&ggﬁﬁ?%8P?%ﬁ@Fﬁ&%?§§%§%g%hé¥§%§% yl al kyl ,

het er oar yl al kesigup, refers tasalkyd tigked é¢ ecagwenyligroupet er oar yl oxy, hydroxy, nitro,
cyano, thiol, @iyl t'hﬂeQem@thioFJﬁ" Br “hBRt & 8RB b HBreindighb Bltus?@tgfy L

al koxyaryithio, allcylcarbonyl’, arylcarbonyl, alkylam nocarbonyl,

aryl ani nocar bagther gEuR 55s s ¢ brogiincs Heoxinpsad joding wikwehleERany | oxy,

aryl car bonyd oxfiuoridd dr &GyonGd faaRNh&Peip preddié.car bonyl am no, 25aryl sul finyl,

i n-yl sul finyl I, arylsul fanyl am no.and aryl sul fopam ngcar bonyl and/or
any of the al T%isub@?l%lstsl?g‘r?‘f“gs%%‘ﬁ"ab%tmﬁ?%iBﬁ% 07§81 BHPRLe eB‘Pﬁ?é i se

i ndi cat ed, t hehetaralontvesspaaaf ptlotheagrowpayfelsdo memdydiie nad bicyeliomremaic as part of
anot her group 3 - - - ar i i jch includes 1
23 or 4 hot o Sugbdudfd 108kl TRERAL GBI AREL feby Bl 10 SO0
be fused to aringrdng -nephihyd and 2-9aphthinl ped maropfionsly nelude eveyatisee and i ncl ude
possi bl e Nio Sopiiierl Ases ¢RSEHd mﬁwyala&a&ﬁdr%wmcﬁm fag a£Rps, C. W, eds.

Conpr ehensi ve Het clic Che try: e Structure, Reactions, Synthesis
and Uses of He‘P’&‘P%%?a ef"’l':“@’éﬁb%’%é@"’%@@’ ringsy EPL RGP ess, New York, NY: and

Katritzlcy, A , Ree C W Sgriven, E. E., eds. npr ehensi ve
Het er ocycl i ¢ hst PN, A Révijems of QﬁiﬁEE%er € 2-1993 1996
El sevi er Scienc c.,lJaTyto , a efer therein. Further,

"heteroaryl ", as define erein, may optionally be substituted with one or
nore substituents such-.as the substityents inclugded \pove in the definition
of "substituteg g Kul" : _guitu(gu'ﬁg "L Kappl of “het eroaryl
groups incl ude ollo N 0 ‘ NTNF

OG- G OG- OO

' , N ¢ o s .

. 15 and may be optionally substituted through available carbon atoms with 1, 2, or 3
groups selected from hydrogen, halo, haloalkyl, alkyl, haloalkyl, alkoxy, haloalkoxy,
alkenyl, triffnoromethyl, trifluoromethoxy, alkynyl, cycloalkyl-alkyl,
cycloheteroalkyl, cycloheteroalkylalkyl, aryl, heteroaryl, arylalkyl, aryloxy,
aryloxyalkyl, arylalkoxy, alkoxycarbonyl, arylcarbonyl, arylalkenyl,

20  aminocarbonylaryl, arylthio, arylsulfinyl, arylazo, heteroarylalkyl, heteroarylalkenyl,
heteroarylheteroaryl, heteroaryloxy, hydroxy, nitro, cyano, thiol, alkylthio, arylthio,
heteroarylthio, arylthioalkyl, alkoxyarylthio, alkylcarbonyl, arylcarbonyl,
alkylaminocarbonyl, éirylaminocarbonyl, alkoxycarbonyl, aminoccarbonyl,
alkylcarbonyloxy, arylcarbonyloxy, alkylcarbonylamino, arylcarbonylamino,

25  arylsulfinyl, arylsulfinylalkyl, arylsulfonylamino and arylsulfonaminocarbony! and/or
any of the alkyl substituents set out herein.

13-



'?-1:IN-NN -aN =N | r VJ 20and the like. 10371Unl ess ot herw se indicat ed,
the term "l ower al koxy", "al koxy", "aryloxy" or "anillcoxy" as may be
enpl oyed herein alone or as part of another group includes any of the above
al kyl, arallcyl or aryl groups linked to an oxygen atom [0381Unl ess
otherwi se indicated, the term"lower allcylthio", alkylthio", "arylthio" or
"aral kylthi o" as may be enpl oyed herein alone or as part of another group
i ncl udes any of the above al kyl, aralkyl or aryl groups linked to a sul fur
atom [0391The term' polyhal oal | cyI as may be used herein refers to an
"al kyl " group def. | boye inclydes from2 to 9, preferably from
2 to 5, halo SE@?}I etsss off AR ngigat PJ]H}“@{“ gﬁ?’@?“%‘r AHPY e usedibelings cr3CHY,
CF3 or CF3CF2 Chlbae Qr(M@a]rtTdfendthm g‘roupalt‘ejdmladabﬂﬁj hﬁmyered%&orﬁﬁiijt rihgwhisied herein
refers to an " r ) as_defi ye. whi ch i ncl udes
from2 to 9, pre g%%/tlb%%of“ﬁete%%&l )éucth%sg%gﬁegi%{ etﬂ‘l:% {“ugﬁ PINEETRY as F or
d, preferabl bef“S@l}@Pﬂ agl, @M@hd@ﬁ@ﬂ Oohetﬂﬁry@ﬂ&@FBM@posﬁlﬂdﬁHThe terns
"R " as used hegigishs éés@nﬂe@x krﬁeﬂdﬂg&hcrﬁfﬁf%ﬁyﬂéh%s fge specific

[

structure in which amutilized and descr e used nore than
once. 10421PET R4 Shergsrradts Sruriste. ﬁﬁﬁfﬁ?’?ﬁgsﬁ’tztﬁ@isrﬂé#\(«’éﬁfﬁ?f system have been

15devel oped i nmm@dm%ﬂm%u %@a&&ep&ssnméva%&r’m%d Redigky,sadi ot racers.

I n some enbodi I&ts {3 tg \P };E vent % ased radiotracers
are devel oped EXhT oY t SPREP e&dss %{’Hfrf ef‘ﬂ}"e ‘Fcé ? eRiET¥ &1 4ase (thereby
reduci ng si de &bfiect/Ie LiferaproVesd-I§ARINIG  ElfeviecSdiant Img Thonow MY add hi gh

affinity fqp VM%';enc%ﬂlrx&QﬁtP% e‘%‘gtgﬁldqg Fats%bﬁlge@%gmtt{\g ehs ”faﬁ’bge based on

conpounds that are Ivatize ositions: aryl,
al kyl, a ket o, SYp8Hfytpd with ongcr sope sulbsjifusnthguch es thasuietituents mcluded above in

the definition of “substituted alkyl” and “substituted aryl”. Examples of heteroaryl
groups include the following:

+ NN ¢ j-N

\
N
X
a1/

]

//\

Y

\I_//z
e\
z-l-// b

15

O &% O 0
[ N ,\ N . X N/ ’

i\ i\ i »
\l ZN l/“s) [o) ‘ l/'o'}N ' \N / .

20  and the like,

[037] Unless otherwise indicated, the term “lower alkoxy™, “alkoxy”, “aryloxy™
or “aralkoxy™ as may be employed herein alone or as part of another group includes

. any of the above alkyl, aralky! or aryl groups linked to an oxygen atom,
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propyl al | cyl et hers and bet a-propl yl al kyl ethers, as shown in their
structures below. In alternative enbodi nents, a nethyl group a is added to
the ami ne, and/or the catechol functionality is either elimnated or masked
as a way of nmaking these nolecules nore stable. 251043j PET based

radi otracers for mapping the cardiac synpathetic nerve systemincl ude

CGeneral Structures | and Il: 1044] Exanpl es of conpounds represented by
General Structures | &I include 5the follow ng: [045] One enbodi nent of the
present invention provides PET based radi otracers as illustrated in the

CGener al Struct v wher.e vl 2, and Ais O
or absent. @éﬁ Raaﬁgsﬁ(?ﬂ’@mar d"fah"g]e‘ﬁ%ﬁﬁ’éllf’w a&iﬂg glqu;h} %m t he group
10consi sti ng ofaryﬂihiomzr‘mﬂwlt " as@Feg be Bmployed hadeinytloné Gtes @) of aastidr, het er oaryl ,

(ORI, CO2R4, g, @%o%e%ngﬁl G %“r*%"@“ d SRS, S0205,

and i magi ng noi et rises i pr esent
bet ween Y and B3 9]andT\?ﬁe'RQ‘P°th§0M qsmhgusgﬁb@mm&iﬁtolana@bém ly be

sel ected from asfa@ma%u%wéﬁhr&tuuaqr&{zme%ly%ﬁazdals Mwsubﬁmn@ and S in
such a conbi nation asg&' lW}gteacemcaly stabl e structure. The
ETFTERY

substituents \frchas Fpr Fispchep Shittdtn tRF BEFLErHa ed from t he gr oup
consi sting of [840]ORt Thad\ewh ‘pElyhiId)alknyxy"dsmdyrﬁeu&ﬁyibrmnams RenesRayyl . R4 and

RS may be H alk r t en : ternative
enbodi ment , the a 10’%‘ @“&? E%eggvr%”glr&mcu i‘h% gregﬁé%?lybe“%ubstl t ut ed
wi th various ffaﬁchaimbﬁtmgnpr@ asEIOthe@ferabbfrﬁ swe ayCROPQAR0st i ng of , but
not |imteg togr,ba) C@%gn(F a, Br, 1), OH NH2, COOH Im COORt S,
CON(R13) 2, SR13, 01213, NH H)1 H2 NHC( O)N112

NFI O( =- 0) N( RL3f41 =NEy Nim‘f @Wﬁié&fsm(mgﬁcoaﬁawwm?f%mw%|ch R13 may
be hydr ogen, adpkojﬂiqsuﬂétyx‘e irDwhidh #y hiftfzyd and[detBbAN@dheK be agRadioRRMn Provi des PET
based radi otracers as illustrated in the 10 General Structure Il above,
wherein linking groups 13, D, E, F and G are i ndependently selected from
t he group consi0&li ngPBF basedyadidiracers Ky lmapgiig the @gyvoupswefeertaid eelC2) , aryl ,

aral kyl, al.‘i(yld%%{&ped h%% Qﬁ%ﬁf& addﬁ:gslﬁﬂé(ﬁmltﬁilokydfg%ﬂgdlet%ég O ¥ome! kOXyakal

and heterocycll ou be | ndependent Sel ected from The
group consi sti ﬁ’fg’%‘fmﬁs °’E)‘§?LW"S°F* ‘"‘@P“O"@S PE"BP”"‘?L”"’QTWF apeeyaoppd togr y| |
heteroaryl, 1%xhibkthoRdsed CRRRY, debici3dd RE r&lbise @erdWd¥Gdimbside effects),
o0 NI | 5, N Al B8 by SN e B2, ol 111
sel ected from Wedlgwmpheée)mlsmerbgseéﬁn ¢@RouTd 1Bt gre m@dzhmzed@im‘aF%alllTC

(kid, and 307 JaRdy oPietbiey] E&ﬁiﬂ_ & Reth Q@I\}ﬁﬁé%ﬂm&@ﬁ ghg. of Rs-RH,equals

I m thellnklng rouP helmaglng
propylalkylethers and beta—proplylalkylethers, as shown in their structures below. In

alternative embodiments, a methyl group o is added to the amine, and/or the catechol

functionality is either eliminated or masked as a way of making these molecules more
stable,

25  [043] PET based radiotracers for mapping the cardiac sympathetic nerve system
inclade General Structures I and 1I:
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20moi ety to the phenyl ring, contains at |east one atom Structure Al pha
and Exanples; A = absent n = 0 Im= 18F [0471A further enbodi nent provides
PET based radiotracers as illustrated in Structure Al pha and non-limting
Exanpl es above, which in its sinplest formmay be considered a hybrid of
structures | and Il. In Structure Alpha n 0, 1, 2, 3 and Ais 0O or absent.
R, R, R2 and R3 are independently selected fromthe group consisting of
511, 4. F, d, Br, I, CE, alkyl (Ci1-C4), aryl, heteroaryl, C(1)R4,
CO2R4, N(RO3, CN, C(=NR4)0Rs, NR4(C(=N11l.3)NHR6, C(=NR4ANHR. 3,

C(3) NH124. 194 RAC( =0) NR3, NRANR5, S020R4, and Int&The substituents W X Y
and Z can independently be selected fromthe gro@p cqensisting of H OR4,
N(R4)2, F, d, Br, I, C&, Im aryl, and hgteroa yI Ret ,w R5, and R6 are H,
al kyl, aryl or heteroaryl substifuents. In amle ¥hbodi nent ,
any two of R4, R A A a cyclic str e sel ectled fromthe
group consi Stlfl )of ‘ CH2{T }- CFfz- a12- CH2, < CHie- | erein Xis 0,
NH, N=, or NR , RS an al kyke"aryl |or hé‘tfevroatyl substi t uent
In a further alternétiv entfbdi fent, the al kyl, &ryl or heteroatyl
substituents of R4 - R7wmay be substituted with warious functional groups
15sel ected fromthe group consisting of but not |imted to halogen (F, d,
Br, 1), OH COOH In, COOR8, CONat3)2, SR& OR8, NEICfr-NVNF12, NHC(=0)NH2,
NI | Ce=0/ | NKRO2 [084)}=NHEKiizs]es@SNROM{UREY rpraseotedbyRS¢r2ral Siucwinds @ & I insludeay be
hydrogen, alkyl. s@fo¥ne?r allcylaryl. The imaging moiety, Im is selected
fromthe group consi SEi ng of 18F, 76Br, "41, 131l, 99mlc, "30d, or "In, and
can be present in 20eittxer WZ or ItOHt7 StructureOBeta and Exanpl es:

O/KFNHQ HO He
18 ! 165 1 18f‘-\/\Q .

OH OH

Q OH OH i

’

H3CO LT © ! R=MeH *
OH BE OH NH

—

[045] One embodiment of the present invention provides PET based radiotracers
as illustrated in the General Structure I above, whereinm =0, 1, 0r2;n=0, 1, 2, and
Ais O orabsent. R, Ry, Ry, and R; are independently selected from the group

10  comsisting of H, OR4, F, Cl, CF; Br, |, alkyl (C(-Cy), aryl, heteroaryl, C(=O)R4,
CO4R4, N(R4), CN, C(=NH)NHRs, C(=0)NHRs NHC(=0)NR;, NHNR;, SO,0Rs,
and imaging moiety Im. Q comprises bridging groups that can be present between Y
and Z, and to R;.  The Q bridging groups can independently be selected from the
group consisting of CH;,, CH, CRs, N, NH, NRs, O and S in such a combination as to

-16~



Structure Beta A = absent n=0 Y = -CH=CHZ= NR7 Q = absent In¥"F [0481ln
yet a further enbodi nent, PET based radiotrac,ers are described as

25il lustrated in Structure Beta and non-limting Exanples above. In
Structure Beta n 1, 2, 3 and A=0 or is absent. R, R, R and R 3 are

i ndependent |y sel ected from the group consisting of H OR4, F, A, Br, |,
CF3, alkyl (G -C4), aryl, heteroaryl, C(=O R4, CO2124, N(R4)2, CM

C(r-NR4) OR6, NR4A(C(=NR3) NHR6, C&NR4) NHR3, C(0)NHR4, NR4AC(=C) NR6, NRANRS,
SO020R4, and Im The substituents Wand X can independently be selected from

the group consgghd @&eﬂfcalg‘v sta%%&u&'&%‘lﬁe sugs tfehts B, Y2hd Zg:? Int, aryl, and

heteroaryl. Y and can sel ecte omt e group consi sting of CH, CHZ

0, N, Nit,, antdeepdemly tmseleripdprythe efourrangistiigeEit ORs NBolFeCk Bt Limom t he
group consi st i gg1, &fd helehoa %aﬁiﬂs by bé\ﬁ?”ancyb"ﬁbyu%heﬁméry@sub%en&m and R6 are

H, al kyl, aryl or het erog In an alternative enbodi nent,

tu
any two of R4, MHEermgive ey ""ft “IS’ @%Pf@teé‘i%&‘tbﬁ?tée"ésﬁaé’@?ed fromthe
group consi st mgstmited\@HQvanaﬁ fuidBonal groinid-seldtedCddr thapdup onddREDE, butwherein Xi s

subst | tvents. P RS RBESR R ol O SHBSRC AR Rals S RRFA ) or
het eroaryl s ubgkln,t%nNﬁ%*Nmmiermﬁ%m ,W@Mﬁ)ﬁl CENH)NWar i ous
f ;lmogte ino?gl Or B elRGSL el "T(W ih %,cgﬂxg,% @één%gﬁ%%%&yll RULLC L
ORs, N1- 1C( =NF) NF@I Nm%rmodlmmp(qwlf@) apedapdiogapow-gs, ilestrassd Yy R8) 2 and
N(R42, in whi ccedam SRS DG 00RMin lierovpd 3D, 9 FabdGxkaryl . The | naging
oreb” 155 “BPRRERR okt B B %t bl Sl /OB T
20St r uct ur e Chpreferably ), aryl, aralkyl, alkylaryl, heteroaryl, alkoxy, alkylamino, aryloxy,
alkoxyalkyl, and heterocyclic. R through Ry; may be independently selected from
the group chsisting of H, ORy, F, Cl, CF; Br, I, alkyl (C,-Cy), aryl, heteroaryl,
15 C(=0)R4, COzR4, N(Ra)z, CN, C(=NH)NHRs, C(=0)NHRs, NHC(=O)NRs, NHNRs,
SO;0Rs, and Im, R4 and Rs may be H, alkyl, aryl or heteroaryl substituents, and Im
is an imaging moiety that may be selected from the group consisting of '°F, "*Br, ',
BBy, 9mre, 199G, "V, and *°Y.  And, provided thet in the case where any one of |
Rs-Rio equals Im, the linking group B, D, E, F or G, which attaches the imaging
20  moiety to the phenyl ring, contains at least one atom,

Structure Alpha and Examples:
NH

X R o P
v A ' 16}:’\/ ;—4‘ NH,
n Ry
z TRL

w o A = absent
n=0
Structure Alpha tm = 18
OH OH
N

Hom”\/‘”&' ‘/O/‘\,nTNHZ FsC N A?
HO' BE~O NH "!F:O/\H

A= 1absent ‘:‘: ?bsent A = absent

n= =

im = 68 Im= B n=0

m = °Br R4Rg = -CH=CH-

im = ®F
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NNHH R2 2 NN-( [049]In an even further preferred enbodi nent, PET based
radi otracers are described as illustrated in Structure Chi above. R through
R2 of Structure Chi are 25independently selected fromthe group consisting
of H OR3, F, d, Br, 1, CH2F, OCH2CH2F, alkyl (Cl-C4), aryl, heteroaryl,
C(0)R3, C2R3, and Im Imis a imging noiety and is selected fromthe
group consisting of 18F, 76Br, 1241, and 1311, R3 can be an H, al kyl, aryl
or heteromyl substituent. In an alternative enbodi mrent the al kyl, aryl,
arallcyl, alkylaryl or heteroaryl substituents of R- R3 may be 30

substituted w ydasf un@@euaﬁebm%@ampﬁehe%%a;ea%o%m% %M&@é' sting of
COOH, COOR4,

but not limted to hal ogen
g(C]\l(N Sjg ﬁ : Ri 2R4 B&Wﬁ‘g;gbmdmxﬁwg EXWSRW lem ﬂmlelln’(ksﬂiiqrz\ '@(YENE) NH2,

a hybkidh EtbreRﬂmﬂWISvﬁWQéﬂﬂih@ ¥,)!3 andAYis OOr
al lcylaryl. Stru tur gxeé{o glo 5Stru re Deéj;r %gSOllA fsuarnt heroenbodl ment
descri bes PET B éed"%ﬁ LdteAaE "H"'P‘fel'] selertadyirom the erouR U EUN8A t 4 above,
wher ei n | i nki ngl, QRQEPS!, By, L TF;, afkyl (€1-@y)ari3, mtaoarylctmeemdemimwah)ect ed from
L0ar ol k. Car hhé blRore, iGNk CrinB pfk, B RERENG ol v
al koxyal I cyl . Miﬁ@% MMaﬂbew‘m@ﬁeﬁd‘éﬁtWyanéélceltmé@eﬁdemimhehe gr oup
consi sting of k&lec%m"?he éil)up Jéﬁsxstm %%&Cﬂg@?&? 2By Ietllflﬁ)’ﬂn Q% aryl,

het eroaryl, CK can_in pendent |y be
sel ected from ﬁ%“’?ﬁ’lo&p %&?Ql“éf"i"ﬁba‘&ﬂ ! %Pﬂ?ﬁPafyla?P‘SﬁPm‘é? alud | heteroaryl,
al kyl am‘ no lOaI Kiydrentiye erﬂﬂdim%ﬂtyh@Wo of Ky, R§) 0Pk ey Tardni N@cﬂ&sﬁ@&m@délmt any two

8]; OlF}FS)’ C0n5| stl ng g? ggéugcoralstm 28&%%%&9&%_@%% Cﬁ—ﬁ&g{t ed f rom t he

-X=CH-, and - Xa@HXEPH=CHvheherein X)X ©, I9H, N or NR;, et whidrdin R, lamdalkm,eurfh n R? is an
kYL 2T or ohRRAALIicRoh bl atchii? drbidhen, gl ganghioye embodi ment

the al kyl, aryl het eroaryl substituents o substituted

with various fBﬁ%’??‘%‘ﬁ%‘?s“?e‘“bi’%p’e?‘7é’@¢’@8F‘@éf“F‘PQ)Yﬂﬂi Y?é‘obsr‘BEFﬁO%H@P@tl ng of but
not |imtedstosdiatea@oim thdprovp condBiting bbut Adtlimbido h&I6EI.(F,IOT) Br

OON(R15) 2, SR Y0 RIS GOBRNEONR a1, SR, ORe, NHC(-NE)NE, NEC(=O)NT,
NHC(=O)N(Rs)2, C(=NH)NH;, C(=NRg)N(Rs); and N(Rs)y, in which Rg may be
hydrogen, alkyl, aryl or alkylaryl. The imaging moiety, Im, is selected from the
group consisting of '°F, "Br, I, 1, **®Tc, '3Gd, or ''In, and can be present in

20  either W-Z or R-Ry.

Structure Beta and Examples:
X R NH
Y. A
o ‘Q'):L& / N’lL NH;
z Re 2 H
3 N
w ' A
Structure Beta
A = absent
n=0
Y = -CH=CH-
Z=NRy
Q = absent
im= 18

[048] In yet & further embodiment, PET based radiotracers are described as
25  illustrated in Structure Beta and non-limiting Examples above. In Structure Beta n =
0,1,2,3 and A =0 orisabsent. R, Ry, R; and R; are independently selected from
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NHCKONH2, NEI CK6N( Rt s) 2, C(=NH) NF12, C(=NR15) N(R15)2 and N(R15) 2, wherein
R15 may be hydrogen, alkyl, aryl or allcylazyl. The imaging noiety, Im can
be selected fromthe group consisting oft8F, 76Br, 1241, 1311, 9914Tc,
1530d, and 25 and rmay be present in either WZ or R4-R2 And, provided that
in the case where any one of It5-R12 equals Im the linking group B, D, E,
F or G which attaches the imging noiety to the phenyl ring, contains at

| east one atom  Structure Epsilon: [ 051] A preferred enbodi nment

descri bes the PET based radiotracer NO bronmo- 5

443- C8F1f | 1 d | trated i
Structure ESE?&E%Q’QE%‘)V‘%‘Q‘“%?? BoR B BE O ORCL e il S ictur e
Al pha, wher ei nCRORREOB¢, Hﬁ@)zWPbICé—W%QW(CEF%)W&(—NM)NﬁRguanl di ne

( NHC( =NH) NH2) , CEéO)ﬁHﬂ ﬂmc‘teom@ KR INR; FOR, 2648 BThe S[l&%l%é‘l‘%?ﬂ hi gnal

preferred conpoun E as art of the invention_include ovm ng

10531A furt her “& b prlclsd demahe ey sansiting %%%ﬁf&@ B‘hnervatl on
15 conpri si fig I,Iwg,smmﬁ @ahetafamymshﬂrzagbam@e&aﬁsﬁmnégmaﬁemism%fofone or

nore of the nowgl t forth ahove det ecti ng
gamma radi ati o%ﬁ ﬁpﬁuﬁg %%qe(g-?z(%h;%ﬂﬂ%“g 2 15?‘1‘#%&’8 I%“F‘ﬁ’tﬁ 9‘f"her ef rom
The met hod uti gnomnﬁﬁiﬁgpéEHLGR@ﬁHsMNm N1, St anSRE®E, RsnmgiRagreﬂiechni ques

auai | able Lo thRyiSt)lch Bl R0uofl DBl TR OBSNDCLY ERVothe, orPl oved

20 10541There i s also provi osition us 1 magi ng
whi ch conpri se¥s8hRs msy fﬁwr Bexlic %twetu@@nlp@eﬁfm the pekmespsittiag §6CHeor t h,

t oget her wioh QH?. @Hzmrz@rﬁxccmm xﬂm%hTh@r&@ﬁp%@Qﬁl mrcﬁwﬁabove
descri bed may be e skilled

ble to t
artisan, which a’roé i?‘vﬁer%%ﬁéif‘ “Q‘)‘élg?fb’] ‘?ri*'leté l/s F figepynins ‘T‘ie’Fn ting
Exanpl es bel valtenﬁm\ﬁibﬁdiment the alkyl, aryl or heteroaryl substituents of R4 — R7 may

substituted with various functional groups selected from the group consisting of but
not limited to halogen (F, Cl, Br, I), OH, NH,, COOH, Im, COORs, CON(Rs),, SR,

15 ORg, NHC(=NH)NH_, NHC(=0)NH;, NHC(=0)N(Rs);; C(=NH)NH;,
C(=NRg)N(Rg), and N(Rs),, in which Rg may be hydrogen, alkyl, aryl or alkylaryl.
The imaging moiety, Im, is selected from the group consisting of *°F, "®Br, '%1, 1*'],
#mTe, 18Gd, or 1n, and can be present in either W-Z or R-R.

™\ NH;
R N N
N’ NHR,
Ry

[049] In an even further preferred embodiment, PET based radiotracers are
described as illustrated in Structure Chi above. R through R; of Structure Chi are
25  independently selected from the group consisting of H, OR3, F, Cl, Br, I, CH,F,
OCH;CH:F, alkyl (C-Cy), aryl, heteroaryl, C(=0)R3, CO;R3, and Im, Imisa
imaging moiety and is selected from the group consisting of '°F, Br, '21, and "I,

20 Structure Chi:

Ry can be an H, alkyl, ary! or heteroaryl substituent. In an alternative embodiment
the alkyl, aryl, aralkyl, alkylaryl or heteroaryl substituents of R — R3 may be

30  substituted with functional groups selected from the group consisting of but not
limited to halogen (F, Cl, Br, I), OH, NH,, COOH, Im, COOR4, CON(R4):, SR4, ORy,
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[ 056] The fol |l owi ng exanples are provided to denonstrate and further
illustrate certain preferred enbodi nents of the present invention and are
not to be construed as limting the scope thereof. 5 [057] General
Experinmental . 1H NVR spectra were recorded on a Broker Avance DRX 600 MHz
spectronmeter or on a Braker Avance 300 MHz spectroneter. Chem cal shifts
are reported in ppmfromtetranethylsilane with the residual sol vent
resonance resulting frominconplete deutention as the internal standard
(CDCI3: 8 7.25 ppm CD3CN. 8 1.94 ppm DMS0-45: 82. 50 ppn) . Data are

reported as fohh@(@m h _W 8(=F j d
doublet, t ---- tri pl)iq?ﬁm@éhm Nf{b( %F%(tﬁké %N ) E 'l)z %road m
nul tiple, coupMN&ep @m&w@ybamrqm@ h@ﬁYb?Ya“Q}BUII\VVI R spectra were
recorded on a Bruker Avance DRX 150 MHz or on a Braker Avance 75 Mz
spectrometer wiith conpl ete proton decoupling. Chem cal shifts are reported
in ppmfromtets?‘é?%?ﬁg Bsilane with the solvent as the internal reference 15
(CDCI3: 577.0 ppm CD3CN:. 8 118.1 IOIOrmta DMSO-ds: S 39.5 ppm. 19F NWR
spectra were recorded on a Bruke F(Q a,bce DR%( 565 MHz spectroneter. Chem cal
shifts are reported in ppmrel ative an exté}nal standard (CC13F; 8 -
0.00 ppm. Lowresolution mass spectlouetr Sperformed on an Agil ent
Technol ogi es 1100 Series LC M5 lﬁSl/—EI\/BF(;S;osﬁl we node). High-resol ution nass
spectronmetry was 20 performed on an | nspec Utim FTMS; ESI-Ms (positive
node), or on an Agilent NMSD TOF; ESI- {,w é e node). Melting points

wer e detern{’ned usi ng a Thomas- Hoover nelting p0| nt apparatus and are

uncorrect ed. [ib‘éaw A BRR LEEMh AT oM AEPEr Bleba RABELLERAINRE GO0 11 o

under an inert at era ures refer to
those of the r §'ﬁ'€,°E‘F cliggbeve. ‘Z‘Ef%lml@mpéﬁt DJ%EGP&@GFWHQCEWWM ure is

not ?d ats 2|2 C. Is\;cgaau%au& deﬁ&:b&‘@txﬁ@?fﬁﬁf&@%ﬂ&%)—(}s, Jmmybgt&r,flox' de (DMSO ,
acetonitri e

di i sopr opyllgt Ialm ﬂj@ﬂ%ﬂ;%& P‘& aa?%@%y?l}v‘sﬁf eSeal (r)
bottl es. Absol ﬂmngRhamdhdcmﬂermlbtsam@lcfrdm tha‘g@nmﬁnsisﬁn@hem onj FCEI[BA, Mer ck

(S:ihlrio(r:rgt gglaphy?%ﬁ%c@ RE?@%I’%YYIGE%?% Génﬁgtné%ﬁ El ¥ 3a‘tnol ( MeOH) ,

HPLC gr ade acei‘el%s’taflii Rec*’{lmﬂél’@}’ e"élyémeéﬁct?ﬁ@lowahﬂegf?w&sﬂeg Wﬁ a&wher
acet one, sodi ueayhyldwwha@o&#a&mam@@dm?w QB Poky 1764 dhefndtife) were obtained

from Baker 1Tr H-i m dazo| e- e was prepared according to a
publ i shed 15 g)od}lment any two ofa]i 1&5, Rs, R13, or R4 may fi rma%ychc structure selecteg

from the group consisting of a bond, -CHj-, -CH;-CH;-, -CH,-CHy-CH;-, -CH=CH-,
-X=CH-, and -X-CH=CH-, wherein X is O, NH, N=, or NR3, and wherein R is an
alkyl, aryl or heteroaryl substituent. In a further alternative embodiment, the alkyl,
ary] or heteroaryl substituents of R3 — Ry may be substituted with various functional
20  groups selected from the group consisting of but not limited to halogen (F, Cl, Br, I),
OH, NHz, COOH, Im, COOR;5, CON(R15)2, SRis, OR;s, NHC(=NH)NH,,
NHC(=0)NH;, NHC(=0)N(Ris),, C(=NEH)NH;, C(=NRis)N(Ris) and N(R1s)z,
whierein Rys may be hydrogen, alkyl, aryl or alkylaryl. The imaging moiety, Im, can
be selected from the group consisting of '°F, "Br, 241, BT, #™T¢, 13Gd, and 'V'In,
25  and may be present in either W-Z or R4+-R7, And, provided that in the case where
any one of Rg-Ry; equals Im, the linking group B, D, E, F or G, which attaches the

imaging moiety to the phenyl ring, contains at least one atom,

20-



procedure (U.S. Patent 6,130,231, incorporated by reference in its
entirety). 1- Brono-2-fluoroethane was purchased from Al fa Aesar,

3- Met hoxy-4- fluorobenzonitrile was purchased from TCl. MDCK cel |l menbranes
expressi ng human norepi nephrine transporter, and effidesi pram ne were
purchased from Perkin- 5 Elner. [18F] NaP was obtai ned from PETNET

Phar maceutical Services (Cunm ngs Park, Wburn, MA) on a MP1l ani on exchange
resin (BioRad) cartridge. Other reagents were obtained from Lancaster
Synthesis, Inc., Sigma-Adrich Chem cal Co, or Fhdat Chem cal Corp.
10Exanple 1 Sygm f3d 1Bsdn:

N- (4-Fl uoro-3-(trlfluorenethyl)benzyl)-1Him dazol 2-amne N1,?) A, N
H Part A - Preparation of
N44- Fl uoro-3-(trifluoronethyl)benzyF N = s 101 M dazol - 2--am ne F3C
Nk A N111'd 10591A sol ution of 4- [@ 3- i f"uor omet hyl ) benzal dehyde
(227 ng, 1,18 nmmol) and 1-t&d Fgzol e-2-am ne (462.3 ny, 1.42
mml) in toluene (40 InL) was heated at reflux for 6 h while using a

Dean- Stark apparatus to renove water.
[051] A preferred embodiment describes the PET based radiotracer N-{3-bromo-

S 4-(3-["*Flflucropropoxy)-benzyl]-guanidine hydrochloride, as illustrated in Structure
Epsilon above. Structure Epsilon may be derived from Structure Alpha, wherein R,
R3, X and W are hydrogen, n is zero, R is guanidine (NHC(=NH)NH,), Y is bromine
and Z is OCH,CH,CH,'®F.
[052) Additional preferred compounds as part of the invention include the

I
N NR,

H
cl /L 8- /m
"F .
s and \/\0

[053] A further embodiment includes a method of imaging cardiac innervation

10  following:

15 comprising the steps of: administering an effective amount of one or more of the
novel compounds herein set forth above, to a patient; detecting gamma radiation
emitted by said compound; and forming an image therefrom. The method' utilizes
PET perfusion scanning or SPECT imaging techniques available to the skilled artisan,
or other methods which may be employed.

20 [054] There is also provided a composition useful in medical imaging which
comprises one or more of the compounds hereinabove set forth, together with one or
more excipients.

[055] The compounds hereinabove described may be synthesized by methods
available to the skilled artisan, which are in part further exemplified by the non-

25  limiting Examples below.
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20 The m xture was cooled to roomtenperature, treated with sodi um

triacet oxyborohydride (1.00g. 4,70 nmmol), and stirred overnight. The
reacti on was quenched by the addition of water (150 nL), and the |ayers
wer e separated_ The aqueous | ayer was extracted with ethyl acetate (2 x 50
tnL). The conbined organic | ayers were dried (MJSO) and concentrated, and
the resulting residue was purified 25 by flash chromat ography (40: 60

Et 0OAdhexanes) to yield the title conpound as a pale yellow solid (266 ng,
4599 . 111 NWMR (CDCI 3, 300 MHz): 8 7.38-7.30 (m 91-1), 7.24-7.14 (m 61-1),
7.14-6.93 (m 8kinmprgregl (d, J=3.0 Hz, 1H), 6.45 (d, J= 3.0 Hz, 1H), 4,28

(d, J= 6.0 Hz, %Eg’é‘ﬁ J= 6 m,lg%;ls NVR (CDGI 3, 75 MHz): 8
158.69 (d, J=283%5) The®l ‘“gi’ﬁ‘i‘l’i?%?fei@&d €°d21§?‘5§§e€’aif“!3hﬂ¥§luszfaﬁz) 129. 93,
128. 16, 128 OGQnaﬂIZ&fé}ﬁadeﬂ:B&ixﬂéh,tso‘filﬁ.pﬂe@cnlih%rﬁﬁnéﬂﬁ)areﬂql?ob%Qonsﬁfd&a§8 (d, J=

20. 25 Hz), ﬁ%‘“‘ﬁ??‘ﬁ%?’ewfe )i 243.2 (Trt earbocation, 100). Part B

- Preparati on 0 uoro-3-(tri fI uor onet hyphenzyl) - 1H i m dazol - 2-
5ani ne (060FA HiTlut i Genenl ExperiprenidliCH NMIR Reecta wigre B0ordel on®.BGkenunol ) in 5: 95

triisopropyl si hadeé DkR 66@5@«12'%30&3\@&&%?9{ @gru@&r 3&? ctr@lﬂ er,

concentr at ed. T e residue was dissolved I n ed with 5%
Na2CO8 (10 i) Cheppgal shiftsargreperied Fw&ﬁ%@wwwﬂewgo 9rea¢m1 %’bﬁ@tent rated.
The resul ting mmewsmdh@ﬁommOmétbﬁéu@éﬂad@hsfdh@ﬁ:&n&hﬁ%&*d en hsy ( MeOH DCM

10/ 90 -) 15/85 t li ght (49.7 ny,
649 . 1?4 NVR (%&&@%@NA{E?‘EI g’f’fwogg%g@“ﬁ?a&g%“’g © esfl?“% (m F?u)
Livéo( (CtDC 1; 10 S195€hemz>al shiff) ;jr-mmpﬁcity((s— sigg®t, d 5 dSiblef,bs iriBdelg = qubrtdtlq 21.(118— 13;0 821%:
J= 8.2 Hz), 12 ‘%@Z%%fbg 3 Brogd q’ﬁ“‘“*’]f? &éﬁmﬁ”"‘kﬁngfg ‘é%é% 9. 02-118. 36
(m, 117.55, 1%t ?Befffawenﬂecozbd?n?«lﬁyukerma% mﬁWe@@mes% VHz) :
8-61.39 (d, J—AﬁaZacéWS"M){zs pebidined? whth c&nplitﬁ:go%n%ou%h@ ERnlical 4GRs £e (M + H

100); HRMS sled f Cll ound: 260.0807. 20Exanpl e
2 Synthesis of reRor?eg %’"{l_%m? eﬂ@%’%/)@fl‘ﬂ iBHBs3PLyenees RFANERY SEFFIF guani di ni um
Chl ori de ORSH (CDHN¥H6 FTD ppm, CD;CN: § 118.1 ppm, DMSO-de: § 39.5 ppm). "F NMR
spectra were recorded on a Bruker Avance DRX 565 MHz spectrometer. Chemical
shifis are reported in ppm relative to an external standard (CCL:F; & = 0.00 ppm).
Low-resolutiqn mass spectrometry was performed on an Agilent Technologies 1100
Series LC/MS ESI-MS (positive mode). High-resolution mass spectrometry was
20 performed on an Ionspec Ultima FTMS; ESI-MS (positive mode), or on an Agilent
MSD-TOF; ESI-MS (positive mode). Melting points were determined using a
Thomas-Hoover melting point apparatus and are uncorrected.
[058] Unless otherwise stated, all reactions were conducted under an inert
atmosphere of dry nitrogen. Indicated temperatures refer to those of the reaction bath,
25  while ambient laboratory temperature is noted as 22 °C. Anhydrous
dimethylformamide (DMF), dimethylsulfoxide (DMSO), acetonitrile (MeCN),
pyridine, triethylamine (TEA), and diisopropylethylamine (DIEA) were obtained
from Aldrich in SureSeal® bottles. Absolute ethanol was obtained from Quantum
Chemical Corp. Merck silica gel, grade 9385, 230400 mesh, 60 A was used for
30  flash chromatography. Ethyl acetate (EtOAc), chloroform {CHCY,), methanol
(MeOH), HPLC grade acetonitrile (MeCN), dichloromethane (DCM), ethy! ether,
acetone, sodium hydroxide (NaOH), and hydrochloric acid (HCI) were obtained from
Baker. 1-Trityl-1H-imidazole-2-amine was prepared according to a published
22



NH2 25Part A - Preparation of

1- (2- Hydr oxy- 2- (4- hydr oxyphenyBet hyl ) -2, 3-bi s(tert-

but oxyear bonyl ) guani dine OH H BOO Nt N HN. Boc (061)A sol ution of
(+/-)-octopandne hydrochloride (500 ng, 2.89 mml) and

N, AP- bi s(Boc) - | H- pyrazol e-| -carboxam dine (1.13 g, 3.60 nol) in DM (10nl)
30 was stirred for 1 h at anbient tenperatures, The reaction m xture was
concentrated, and the residue was dissolved in Et0Ac (60 nL). The sol ution
was washed with 1 N ICHSO4 (2 x 30 rn.1) and 5% Na2CO3 (30 rnL). The

chf onat ogr apny RIS, 2k LB ARCRRbERLERLY BBl BBl 11 .20 ound as
a col orl ess sdipuo-ZEBerosthane FRgpurchrsediior 4180828, 300dhavy#) : 8 11.45 (bs, 1H),

8, 76 1F - o 6.52 (b
oK 1)(34 81>4t§:§$§%£&tmﬂe épﬂ k%cdgé?ﬁTCf’ ﬁﬁc{c@eur}k tﬁmf&sé!ﬂ%esl% % 91(1)S

| 3C NVR (CDClshumi'S'EP’W)’hmﬁ tmo'% aﬂég}ﬂ@z‘mmwﬁ woE, PHTB@Fglﬁom Rgkingp 127, 34,
115. 65, 83.5883,EIRék @?E]Niﬁw%btﬁ&d%mP@N@i‘iﬁhaﬁwé’eﬁuca&&rﬁ&‘s‘f(@umr&&és 4 (M + H

10(0)2 (24(0 23F| m?ﬁ(og RHQ%%%’%%/W}OPMJ{ %g&eepr e%a rl%d%carmdge Other

hi s(t ert - but oxeagess Woryi@guahiran hactkdr BydBiowisNnd, Sifnd38kdrich Chemical Co,
or Fluka Chemical Corp.

10 Example 1
Synthesis of N-(4-Fluoro-3-(trifluoromethyDbenzyl)-1 H-imidazol-2-amine

N
{
FSCD/\N/L}
H H
F

Part A - Preparation of N-(4-Fluoro-3-(triflueromethylbenzyl)-1-trityl-1H-

15 imidazol-2-amine
J:>
Trt
F

[059] A solution of 4-fluoro-3-(trifluoromethyl)benzaldehyde (227 mg, 1.18
mmol) and 1-trityl-1H-imidazole-2-amine (462.3 mg, 1.42 mmol) in toluene (40 mL)
was heated at reflux for 6 h while using a Dean-Stark apparatus to remove water,

20  The mixture was cooled to room temperature, treated with sodium

| triacetoxyborohydride (1.00 g, 4.70 mmol), and stirred overnight. The reaction was
quenched by the addition of water (150 mL), and the layers were separated. The
aqueous layer was extracted with ethyl acetate (2 x S0 mL). The combined organic
layers were dried (MgSQ,) and concentrated, and the resulting residue was purified

25 by flash chromatography (40:60 EtOAc/hexanes) to yield the title compound as a
pale yellow solid (266 mg, 45%). "H NMR (CDCls, 300 MHz): 5 7.38-7.30 (m, 9H),
7.24-7.14 (m, 6H), 7.14-6.93 (m, 3H), 6.71 (d, /= 3.0 Hz, 1H), 6.45 (d, J= 3.0 Hz,
1H), 4.28 (d, J= 6.0 Hz, 2H), 3.26 (t, /= 6.0 Hz, 1H); *C NMR (CDCl, 75 MHz): §
158.69 (d, J=253.5), 149.54, 141.52, 135.56, 132.82 (d, /= 8.2 Hz), 129.93, 128.16,
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[0621A m xture of the product of Part A (311 ng, 0.79 ntnol), 1C2COA3 (163
ng, 1.18 nmol ), 1(1 (1.2 ng, 0.0070 ntnol), and 2-bronofl uoroethane (59 AL,
0.79 mml) 15 in DMSO (2.0 nL) was stirred at 50 C for 3 h, followed by
room tenperature overnight Water (15 nL) was added and the m xture was
extracted with EtOAc (2 x 15 inL). The conbined organic |ayers were washed
wth saturated NaCl (10 nlL), dried (Na2SO4) and concentrated. The crude
residue was purified with flash chromatography (Et0Act hexane) to yield the
title conpound as a colorless solid (177 20 nmg, 51% . NVR (DVBO46, 300 MHz):
5 11.47 (s, 1Hyg@. 143 deSioo: _ ' 130241, 5 912H)
1,550 52 (m S OMPERED e Gh SERRATIARY e (1
IH), 3.68-3. 6145 M3ESD 2432 &yt cprbocetign)l00)1 3C NLYER (DM6046, 75 MHz): 8
162.91, 158.21, 157.73, 153.21, 135.18, 127.42, 114.85, 83.81, 82.13 (d, J=
169.5 Hz), 79.96, 74.26, 67.42 ( J=20.2 Hz), 49.82, 28.44, 28.25. M
(ESL): 25 464. 1169('%7"erl&*’;Pa'é%t‘,"“&ﬁé’t(%“‘{‘ier@:gﬁ“%‘f%’ﬂeg‘a’g?’?“(‘knl -imidazehdy,  8) | Part
C - Preparation of 142-(4-(2-Flitoroet#B3%Y)phenyl)- 2-
hydr oxyet hyl ) guani di ni um Chl ori de 3010631The product of Part B (15.0 ng,
0.034 mmol ) wa$06d] ssa spbdion pf the podust sfdlart &f (180 og QIO nfrdolDin M99 and 37% aqueous
HCL (4.0 L), @ioRbl@NRITER (26 RS wAInAEPLRD C e TRCLAGH Gl 4§ T 1M The
trated and 't he

m xture was concen S 1 esulting residue was puri |ecF by HPLC
usi ng a Phenonidge Viprssatialin PCH(20 ) epdpaskedith 5% Ng.CP9H.0 mIg0THY) usi ng a
0]; 7%«5 m /n _gl)adilg%ﬂﬁic xaizeera&&O{edAﬁ%s@Q{mbmcagra{aa,1%efr@qamhgcxaﬁé Stodkt vbs f | O}N r atte
0 mn, Put racti ons wer ed..to.qi a oscopi c formate
salt. This mat QPT%F%@?BF&OWE?EW&M é@@%@ﬁl 8)/5{9 _quliég)[%y@%%p Y¥e title 5
conpound as a edomponad wrallighbsgrayodil @9.7 he564%), 'UBYR (COCINEER NMHz) § ZBB@N D20, 600
MHz): 5 7.31-7.,2 65,95- 6, 1 ) ),
4.69-4.66 (m {1%5()?@4.1%}%?917?46%(%’ %f?(‘%éiééﬂfg‘%‘;%%@éﬁﬁé (1:1
CD3CN D20, 150 3WbigyH (82Hs5COMR {6BCUILS0 MiZe)dol 592D 61, 86 25440514986, 83. 62 (d, J=
ﬁgg. 415%3, 1&2- 2§5.27|§38324eéf(6,dn= %%; |H|z),182@)4ga).ﬁ=2349H725,112|:20l\@( ’5’?”’8‘33%3 (gfl + H -

, ; c' of - + : . ; _Found:
242.1297. Exgnwﬁi%&slléﬁﬁﬂ%éﬁsssoﬂafsg‘iﬂ?%f%%%&%&Wjﬁ 1999 guani di ni um
Chl ori de MHZ): § -61.39 (d, J = 12.4 Hz), -116.39 (t, /= 6.2 Hz). MS (ESD): 260.2 (M + H,

100); HRMS calc’d for Ci1HioF4N3 (M + H): 260.0805; Found: 260.0807.

20 » Example 2
Synthesis of 1-(2-(4-(2-fluoroethoxy)phenyl)-2-hydroxyethylguanidinium
Chleride
OH H
N‘f*NH HCI
F\/\O NH;

25 Part A - Preparation of 1(2-Hydroxy-2-(4-hydroxyphenyl)ethyl)-2,3-bis(tert-
butexycarbonyl)guanidine
OH y Boc
NN

b

HO HN. Boc

[061) A solution of (+/-)-octopamine hydrochloride (500 mg, 2.89 mmol) and

N,N*-bis(Boc)-1H-pyrazole-1-carboxamidine (1.13 g, 3.60 mmol) in DMF (10mL)
30  was stirred for | h at ambient temperatures, The reaction mixture was concentrated,

and the residue was dissolved in EtOAc (60 -mL). The solution was washed with 1 N
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NNH y. HC N -12 15 [064] The product of Exanple 2, Part B (88.4 ng, 0.20
nmol ) was dissolved in a solution of TFA (1.9 rnL), triisopropylsilane
(0.05 nmL), and water (0.05 nlL) . The reaction solution was heated at 55 C
for 10 min and concentrated. The crude m xture was purified by HPLC using
the procedure of Exanple 2, Part B. The 20 product fraction was |yophilized
yi el di ng a hygroscopic solid. 10651Rel yophilization fromO0.5 N HClI gave the
title conpound as a dry colorless solid (12.4 ng, 24%. 1H NWR (1:1
CDBCN/DQO 600 MHz): 87.18-7.14 (m 211), 6.90-6.87 (in, 211), 4.75-4.65

(2|12) 13C ﬁlNZRZ#IS%S Al sTahep) 30413) oo %’,‘“ ik 9%"% df%@.oég, 7'1:2),1%19,
115. 82, 83. 65 (ehcenirated,@nd ﬁlﬂ@)i by 88h4hlr041dt09raplw&E®Aleﬂx)=xane4®/E)79 84086. HRVS
cal cul ated for to%é}!i h\@?ﬁé\?b%éfoﬁﬂd"’asli')colo%? j@ﬁ;ﬁgazofﬁa@l ' l Exanpl e 4

Synt hesi s of 4-(4-(2-Fl uor ox_}éﬂeg‘é ~Im ni um Chl ori de NH
HN4 NHHCI 5106 hedl.e M odHet7-151(d 6(3&113%251)&17%@%—&%% t he

title conpoyndHASH, 6.52 (bs, 1H), 4.81-4.78 (m, 1H), 3.66-3.50 (m, 2H), 1.51 (s, 9H), 1.49 (s,
9H); ®C NMR (CDCls, 150 MHz): § 162.86, 157.52, 156,04, 153.19, 133.52, 127.34,
115.65, 83.83, 80.07, 73.95, 49.49, 28.41, 28.26. MS (ESI): 396.4 (M + H, 100),
340.3 (M +H - (By, 15).

10 Part B - Preparation 1-(2-(4-(2-Fluoreethoxy)phenyl)-2-hydroxyethyl)-2,3-
bis(tert-butoxycarbonyl)guanidine
OH H Boc
NN

Fe .
(@) Boc
{062) A mixture of the product of Part A (311 mg, 0.79 mmol), K2COs (163 mg,
1.18 mmol), KI (1.2 mg, 0.0070 mmol), and 2-bromofluoroethane (59 pL, 0.79 mmol)
15  in DMSO (2.0 mL) was stirred at 50 °C for 3 h, followed by room temperature
overnight. Water (15 mL) was added and the mixture was extracted with EtOAc (2 x
15 mL). The combined organic layers were washed with saturated NaCl (10 mL),
dried (Na;S04) and concentrated. The crude residue was purified with flash
‘ chromatography (EtOAc/hexane) to yield the title compound as a colorless solid (177
20 mg, 51%). 'H NMR (DMSO-ds, 300 MHz): 5 11.47 (s, 1H), 8.70 (s, llI-{), 7.35-7.31
(m, 2H), 6.95-6.89 (m, 2H), 4.85-4.82 (m, 2H), 4.69-4.66 (m, 1H), 4.28-4.25 (m,
1H), 4.19-4.16 (m, 1H), 3.68-3.61 (m, 2H), 1.51 (s, 18H); *C NMR (DMSO-ds, 75
MHz): § 162.91, 158.21, 157.73, 153.21, 135.18, 12742, 114.85, 83.81,82.13 (d, /=
169.5 Hz), 79.96, 74.26, 67.42 (d, J = 20.2 Hz), 49.82, 28.44, 28.25. MS (ESI):
25  464.1 (M +Na, 6),442.1 (M + H, 100), 386.1 M + H - /Bu, 8).

Part C - Preparation of 1-(2-(4-(2-Fluoroethoxy)phenyl)-2-
hydroxyethyljguanidinium Chloride

30 [063] The product of Part B (15.0 mg, 0.034 mmol) was dissolved in a solution
of dioxane (1.0 mL) and 37% aqueous HCI (4.0 mL), and allowed to stand at ambient

temperature for 40 min. The mixture was concentrated and the resulting residue was
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colorless solid (14.2 ng, 27% . 111 NIviR (1:1 CD3CM320, 600 MHz):
87.29-7.26 (m 2H), 6.98-6.94 (m 211), 5.03 (dd, J" 7.8, 9.6 Hz, 1H),
4.78-4.66 (m 211), 4.26- 4.18 (m 2H), 4.00 (t, J = 9.6 Hz, IH), 3.41 (dd,
J =7.2, 9.6 Hz, 1H); 13C NWR (1:1 CI D3CN D20, 150 MHz): 8 160.52, 159. 38,
133. 73, 128.78, 116.04, 83.59 (d, J- 10164.7 Hz), 68.47 (d, J 18.8 Hz),
58.84, 52.07. HRMS calc'd for Cilii5FN30 (MH): 224.1194; Found: 224, 1197.
Exanpl e 5 Synthesis of (E)-1-(4-(2-Fluoroethoxy)styryl)guanidinium Chloride
N NH HCl |5NH2 10671Synt hesis of the product of Exanple 3 also yielded the

500 M) oy auigedpr AECE bitnes Bhditaberstre Eagrohith QI e by TRCL B2V
4.76-4.65 (m 2004) using 20.72%/pan gedierhof O-+1R% AG cqudRIife. 1% ODBCREORG, 150 |sz)

8 158.70, 155. ﬁ&wralé&zé%u&r%%&@m&l%ﬁ’s»?@m1y$%t&h£§tol\%1\3e@h%u scBpe ©8 (d, . 1=
164.4 Hz), 68.46 (di . N( Exanpl e 6
25Synt hesi s of formate salt. This matenalwasre—lyophxhzed from 0.5 N HCI to give the title

5- (2- Ani no- §- hyshigdwidds @Ryyloototteds Folfd (4.9 e adva)< Vi v @mecd,CBYIDHOp k00
e or oo Bl o o gy B FDERCEH B0 o, MM o
1H), 4.25-4.17 (m, 2H), 3.34-3.28 (m, 2H); *C NMR (1:1 CD;CN/D;0, 150 MHz):
5 159.01, 158.42, 134.89, 128.56, 115.70, 83.62 (d, J= 164.4 Hz), 72.24, 68.44 (d, J
=18.9 Hz), 49.31. MS (ESI): 224.3 (M + H - Hz0, 100); HRMS calc’d for
10 CuHyFN;O, (M + H): 242.1299; Found: 242.1297.

Example 3
Synthesis of 1-(4-(2-Fluoroethoxy)phenethyguanidinium Chloride

NN
Q/\’ b HCl
Faoro NH,

[064] The product of Example 2, Part B (88.4 mg, 0.20 mmol) was dissolved in a
solution of TFA (1.9 mL), triisopropylsilane (0.05 mL), and water (0.05 mL) . The

reaction solution was heated at 55 °C for 10 min and concentrated. The crude

15

. mixture was purified by HPLC using the procedure of Example 2, Part B. The

20 | product fraction was lyophilized yielding & hygroscopic solid.
{065} Relyophilization from 0.5 N HCI gave the title compound as & dry
colorless solid (12.4 mg, 24%). 'H NMR (1:1 CD;CN/D;0, 600 MHz): § 7.18-7.14
(m, 2H), 6.90-6.87 (m, 2H), 4.75-4.65 (m, 2H), 4.22-4.15 (m, 2H), 3.31 (t, J=7.2
Hz, 2H), 2.76 (t, J= 7.2 Hz, 2H); *C NMR (1:1 CD;CN/D;0, 150 MHz): & 158.08,

25  157.75,132.00, 131.09, 115.82, 83.65 (d, /= 164.6 Hz), 68.44 (d, /= 18.8 Hz),
43,57, 34.36. HRMS calculated for Cyy H7FN3O (M + H): 226.1350; Found:
226.1352.
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OH [0681To a 100 m, round bottom flask was added nethyl 3,4,5- 5

tri hydroxybenzoate (7.00 g, 88.0 mmol) followed by 25 nlL of di nethyl
sul f oxi de. Pot assi um Carbonate (7.88g. 57.0 mvol ), potassiumiodide (31.6
ng, 0.19 nunol) and 1-brono-2-fluoroethane (5.79 g, 45.6 mmol) were
successi vely added foll owed by 25 na nore of dinethyl sulfoxide. The
reaction mxture was stirred for 18 h after which it was diluted by addi ng
water (100 inL). The m xture was poured into a 10 separatory funnel and
extracted with DCM (3 x 40The organic | ayer was then washed with water (4 X
120 nmL) and brine, and dried over nglsulfate The organic | ayer was
then concentrated to obtain an oilL The C e oil was purified using silica
gel flash chrona®yyhesisied4{(EFaemethoxyipheyyliigidgpliging-imigivg Cidgrdde of ¢ he
title conpound (R1- 0.17 in 19:1 DCM etherjs tH NVR (600 MHz, CDCI3): 8
7.25 (s, 15 2H), 5.96 (s, 2H), 4,7 (t ofiy 2H, J 48, 1.2 Ft), 4.37 (t of
d, 2H, J =24, 1.2 Hz), 3.87 (s, 3H). NR/R(*%O MHz, CDCl13): 8 166. 8,
149, 136.8, 126.4, 109.8, 82.16F&rq 334 Hz), 72.6 (d, J = 37.5), 52.3.
M5 (EST): 231.4 (M+ H, 100); HRMS: Calc'd for Cr anuFO3 (M ED: 231.06633;
Found: 231.0664. 20Part B - Preparation of Methyl 4-(2-Fluoroethoxy) 3, 5-

]?: s( Et ?t P?Xgm? %1 OXBSErBﬁf I ETQAR pibduct of BRLA I diR Rl iR did Sihpdidd a(Engnd( go'(t)'(t)om
as itted wi ar ux co S m.iodi de
6, 20 nunol) aRYoHS 1 S 20 Foa o uf AP MR o PA
Met hoxynet hyl  Gh) 25D @%—624(}9 281, S1039dd, 0=, 7.828.6 Biz/I)| 4.78/8.86 (dnel{) aldzded
drop-w se to thi I r pi m xture was
stirred for 5 E] ﬁ(ﬁ%ﬁ ‘{%#ch tiﬁg’ lﬁzglﬁt&?%{ tza% @qu%ﬁﬁdc}:ﬂg@i nmol )
di ssolved in dﬁMN@x?eﬁﬁéﬁéz)(ﬁztﬁOlS?)U%& 138dbd2g. '(ii,ilt604 3_%59@ J=

10 164.7 Hz), 68.47 (d, J= 18.8 Hz), 58.84, 52.07. HRMS calc'd for C;;H;sFN;O (M +

H): 224.1194; Found: 224.1197.

Example §
Synthesis of (E)-1-(4~(2-Flueroethoxy)styryl)guanidinium Chloride
H

. N__NH
J::I/\“ Y HCl

[067] Synthesis of the product of Example 3 also yielded the title compound as a
colorless solid (1.2 mg, 2.5%). 'H NMR (1:1 CD:CN/D-0, 600 MHz): § 7.34-7.28
(m, 2H), 6.93-6.87 (m, 3H), 6.23 (d, J= 14.4 Hz, 1H), 4.76-4.65 (m, 2H), 4.24-4.15

20  (m,2H); PCNMR (1:1 CD;CN/D;0, 150 MHz): § 158.70, 155.21, 129.52, 128.20,
120.92, 117.08, 116.04, 83.58 (d, J= 164.4 Hz), 68.46 (d, /= 18.9 Hz), MS (ESI):
224.3 (M +H, 100).

15

Example 6

25 Synthesis of 5-(2-Amino-1-hydroxypropyl)-2-(2-fluoroethoxy)benzene-1,3-diol
Hydrochloride
OH

HO NHa2
E HCI
\/'\o

OH
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Di i sopropyl ethylamne (3.36 g, 4.53 nL, 26.04 mvl) was added to the above
m xture and the flask was immersed in an oil bath at 80C. The resulting

m xture was stirred at this tenperature for 15 h after which it was cool ed
to roomtenperature. Water (20 nL) was added and the m xture was extracted
wi th dichloronethane (2 x 5 40 nL). The conbi ned organic | ayers were then
washed with brine and dried over nagnesi um sul fate. Concentration of the
organi c layer in vacuo gave a pale red oil which was subjected to silica
gel flash chromat ography (hexanes/ether 4:1 to 7:3) to obtain 0.9 g (44%
of the product as a viscous oil. 1H NNR (600 MHz, CDCl13): 6 7.5 (s, 2H)
5.25 (s, 4H), 4.7 (t of d, 2H, = 2 Hz 4.3 (d oft, 2H J =24, 1.2
10 Hz), 3.88 (s, @It&)PreaaEﬁ\t{ogofMthy“‘r@d*lWﬂ ?"_’&'%5‘ drogthenzgpie g 166. 3,
150.6, 142.9, 125,8, 112.1, 95.4, 82.61 (d, 9J 339 Hz), 72.3 (d, J 40.5
Hz), 56.4, 52.2. HRNLS: Calc'd for ClHbh-ii9 gMe(M + H): 319.1187; Found:
319. 1185. Part C - Prepagg&kpn
4- (2- Fl uor oet hoxy) - 3, 5- bi s(met hoxyrti &t hyfl oxy) - 15benzal dehyde [070] To a
flame dried 50 M round bottom flask was ®ddded a sol ution of Red-Al (3,29

m.; 65 wt % sol ybdspn ingmbuﬂnﬁ,)md%&bxuﬂa&v(aladdeainewﬁs gslded to the flask and
the solutio ooled to i n haql.i n 1.01.9, 1.01 m.,
11.6 20 mmlrg) V\ﬁﬂ@%%?éﬂ’éﬂma'reéggwgég f8 W%é’Yggé’R@ ?‘P’é of¢fer control .
After conpl et i dtagiunadadbdnater(7881g, ST0molE petasiustiodidegdl.6mig 0.19amolevol uti on

ceased 15-20 ma%& ég%mo%@ﬁ) ﬁ{ﬁ“f@% & d l?%ex%s&g%sk‘x%lggddéﬁfoﬁlbﬁedprOdug\t of

Part B (0.6 Ia a eannul a
precipitate forbb(éél mLmarpef qllnaﬂ}kl sutfppidefheaeseléonpistuge was siepdiey Igdefiet o - 30 C

gnd sti rrefl at Hﬁ}h%hlﬁt &&ﬁ@?&é@&ﬁi@lﬂ%@fa&aﬂb@ mE{ mtnﬁiétuéehlﬁs aéul)red;ms aadded

rop- W se tQ e as 0 enc n e SOl utl on was
extracted wh S@Q%Wf”?”%!“@‘g "e‘}VT’ﬁ’eDﬁ}’[é% 8"&2{5‘?’6 URPLCIERE Rt h bri ne
and dried over m@aeﬁmumes(dimL)Gemmrdnawlmvbmaga\emgﬁﬁe @hecr ude oi |
whi ch was purlfled el sh chroma ether 3:2 to

| h
171) 't o oot ai n AT EsRsnend oS b IR B sl SRS (00
Mfz SgDCli) ] 8 sila el @sshgmd]znato@asﬂy (OEM/&STIE B9: 15R4b, 1. AERRY) o 7e titke ofC a I\/R2 H,
(150 NHz, Hi’%"“"‘é’ ig%wf’ol Eigz{”ciﬂﬁfhéﬁ ?ﬁ?&%%}?ﬂ%%ﬁ’ﬁ%& 5, 82.61
(d, J = 16915I-|z)2H)752963‘S O, 4741 D1, 2y 45,56, 10), 4Rt Al kst 24, & Hebr

C131117F06 (M - 3?1}3301#1311{ 15PuRe cx8g: & 1%, 1@aﬁ§6@1264°r1@sp§r8§‘i6 on of

1-(4-(2-Fl uoroethox bIS tnethox met hox 2-ni t'ropropan- 1- ol
Q-|( ( 394 Hz), 726(d J =31 5),5 3. MS(EgI)) 23?4 l)I 100); HRMS: p P

Calc _d for CyoH1FOs (M + H): 231.06633; Found: 231.0664.

20 Part B - Preparation of Methyl 4-(2-Fluoroethoxy) 3,5-
bis(methoxymethyloxy)benzoate
Q

O o)

~ OMe
NG
AN

[069] A flame dried 100 ml round bottom flask fitted with a reflux condenser
was charged with sodium iodide (3.00 g, 20 mmol) and to this was added

25  1,2-dimethoxyethane (20 mL). Methoxymethyl chloride (2.09 g, 1.97 mL, 26.0
mmol) was then added drop-wise to this mixture. A colorless precipitate formed.
This mixture was stirred for 5 min after which the product of Part A (1.5 g, 6.51
mmol) dissolved in dimethoxyethane (20 mL) was added to it.
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0. [071]A flane dried 15 nL round bottom fl ask was charged with product
from1l0 Part C (270 ng, 0.93 nml) and to this was added nitroethane (5 n)
and the solution was cooled to O C. Tetranethyl g-uani dine (4 drops as
measured by a Pasteur pipette) was added to the above m xture and the
contents were stirred for 90 mm The m xture was poured into a separator)/
funnel containing water (5 nmL) and extracted with ethyl acetate (2 x 15
m.). The organic | ayer was washed with brine 15 and dri ed over nmagnhesi um
sul fate. Concentration in vacua gave a crude oil which was purified by

of the Ll c QNBUBRGPRAIF b & foae 2 o A o 14ish B BPRISsi or conors.

The OH prot on mitupddnt tHa flagktwdaQintedsbidin QHINEE? 9 RO MEheirgsultiag mixfurever e heavi |l y

overlaid with oth n Is c u5| n and hence_ not reported
Pair A |HN Vf\f?sig‘(%'sd‘ﬁ qsggggg,a‘( y“’fﬁ?" 0 JOPLIEmDETAYTe. "4 92 (d
of d, 111, J =Wéte2(20 SLlk&3s adéed?an(i dlcoﬁlkmrc&}aiextﬁ,éted!l@;th dicitorbinythand (26 (d oft,

% by, 2 MR R fef ey s Py s (8 30 Y

82.64 (d, J = heedim) sulfil, CIehlratip@ of3hq afganic layepik vy ga 3@ p3le i3, Pair B:

| HNVR (600 Mz GRGE ;ag)w, Yor -1 (617 2H, 25 J
=49, 1.2 Hz), Aoe ?gb’“%t@tgéllé&flg%&hfmgm ygé ciflr 611% 9’(% (d 1H, J

3.6 Hz), 1.5 (ehaimps g§44%)pf the ppostuct aica vpgrus ofis OFL MR ( 63)1 §1.2, 138. 09,

134. 6, 108, 8, 1 i :32@.7:23 d, J =21
oy Cheia 1h. 95(s62H>8§2520(§,|4ﬁ% Ma(o@'d 2§1|=_|J G@H.Zl)tz ®¢d of J 1431(21 D

22FNO 21

386. 1220. lﬁbarHZ)E3 88 (pr%%a}%ﬁs,@ﬁ @NMR(ISON[HZ C Cl3) 816g3 150.6,142.
i- g 4&( 2- Fl uor oezshsom)n- 655s_t%|6$]gmeummgv?méylahew&)30 56. 405212 (H(%SlTh et
- hydr oxypr opap- m rj fiuo ate ( 0 e produc
of Part D (53 d%) f{%ﬂﬁ% Eﬁﬁj%gauqdoﬁill??gm dried 510 nL fl ask
fol |l oned by met hanol (1 n). The fl ask was evacuated tw ce fol |l owed by
purging with nitr R and the
flask fittgg wit hngggygp% r(%g)fﬂg%%iu? rd%"é%ﬁﬁ?‘?@%gg? %‘?etgﬂgxykour
anunonium formate (91 ng, 1.45 nmmol) was
met hanol (1 nmL). The m xture was hea
roomtenperature. The reaction 10 m xtu as filtered through a pad of
Conte(r) and concentrated in vacuo Yo @bifin a colorless solid. This crude
solid was dissolved in water and subj ect to preparative 11PLC
purification (Phenonenex Luna (18(2) columg 10 p., 21.2 x 250 nm gradient:
0-90% 13 over 30 min at 20 nL/mn; Mbile phase A = 0.1% TFA in water and B
== 0.1% TFA i n[0gei% wap e flpme drigskiOznlsound bafpry Q@W%?dd?wm“w efRedrlound as a
thick oil 15 aggzg%& 85 W%&lﬁﬁ&ﬂmaeﬁe)w&hweqw myﬁslaa&wt&mamse aRy NVR 1H
NVR (600 MHz, 211), ﬁ\@ (d oft, 21i, 1= 49,
1.2 Hz), 4.25 %S@?&OHWOMJ&OQZICMMZCWW o t'%e(léh;‘é LY mg 11§ 114), 1,0
(d, 3H 1=26, 6miel)wad &fdedifop-iselo Mﬁg%&)}hm&nﬂ&%ﬁml JAfler6, 1382, 110. 8

e

96.9, 84.1 (d, = 8. HAME:
Ve d for G 51 ?m%ﬂsﬁ%wmwmg e 350 evoliionseastd Crs >

min). This solution was added to a solution of the product of Part B (0.6 g, 1.88

added to the reaction foIIovved by
@ ef,l ux for 1 h and cooled to

mmol) in toluene (20 mL) at -S0 °C via a cannula. A precipitate formed in the flask.
The mixture was allowed to warm to -30 °C and stirred at this temperature for 3 h,

25  Water (15 mL) was added drop-wise to the flask to quench the reaction and the
solution was extracted with ether (2 x 30 mL). The organic layer was washed with
brine and dried over magnesium sulfate. Concentration ir vacuo gave a crude oil
which was purified by silica gel flash chromatography (hexanes/ether 3:2 to 1:1) to
obtain 420 mg (77%) of the title compound as an oil. "H NMR (600 MHz, CDCls): &
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20336. 1662. Part 1? - Preparation of

5- (2- Am no- 1- hydr oxypr opy0O- 2- ( 2-f | uor oet hoxy) - benzene-1, 3-di ol
Hydrochl ori de 25 10731To a flame dried 5 nL flask was added product of Part
E (6 ng, 0.018 mml) followed by nethanol (I inL). To this solution was
added 2-3 drops of concentrated HO and the solution was heated to refl ux
for 30 mn. Al solvent was renoved in vacua to obtain 3 trig (68% of the
title conpound as a thick oil and as a m xture of diastereoners

i ndi stingui shable by NVR. NWR (600 MHz, CD30D): 8 306.49 (s, 2H), 4.7 (d

20102 vy, 204l Ao sbd, bl Al LBl a8 (i S0l (i

11): 246. 1136; JEq4antlz H2¥ 6.5 1 &36H). B@ amm a 57 MiGyoDag)s b $9001, 151.4, 144.2,

3- Met hoxy-4-f 1l uar.o L 4l ni Chl arj : - ration of
3-h|ethoxy-4-fEﬁ%%gﬁgﬁ¥%%§2$§§b%E§HY6'%%?ﬁg§%$ﬂ5&§?%i}§§’§§L§ﬁa%'und bott om
fl ask was char Gelculat¢d fbr C:sH AFQeVat H)ri2hd: FA8hybundl 883 883 g, 16.6 nmol) and to
this was added tetrahydrofuran (25 nmL). The solution was cooled to 0C and
3- met hoxy-4-fl uorobenzonitrile (1.0 g, 6.62 nnnlé.mas added in one portion.
The ice bath was RastBvBeparatien obh(4H@diluoxepihaxpld.s-ais(methorymathersdy e was
stirred for 16 h after which itPMﬂﬁnﬁﬂwW@%grﬂdﬂﬁ and 15 quenched by addi ng
0.63 nmL water, 0.63 nL 15% NaOH and 1.89 a £r drop-wi se and in
succession. The mixture was stirred-to n‘and filtered. The filtrate
was concentrated in vacua to obt & A ~g (86% of the title conpound as
an oil. NMR indicated no further purifi Q{ion was required. 1H NWVR (300
MHz, 1)MSO-d6): 87.1 (m 211), 6.85 (in, l H, 3.84 (s, 3H), 3.7 (s, 214).
13C NWR (75 MHz, DMBO-d6): 208150,0 (d, J=240 Hz), 146.6 (d, J' 10.5 Hz),
141.1 (d, J 3. {i1Hz) A fladf.dABd (Tl Foulid Batohiz)ask dkThadredddyithbredudifoniz) , 112. 5,
55. 75, 45, F : | e, fo Hi . 0 FNO : - aound: 156. 0818.
Part B - Pﬁgpa#)%/légzﬂgﬁ ’%?ffgfnﬁg%-tﬁ-ﬂf' ‘ﬁ%srag e@ﬁ‘%ﬁt}‘%‘?gf ?‘gﬁr{dﬁﬁl}t oxyear bonyl ) -
solution was cooled ta 0 °C. Tetramethylguanidine (4 drops as measured by a

Pasteur pipette) was added to the above mixture and the contents were stirred for 90
min. The mixture was poured into a separatory funnel containing water (5 ml) and
extracted with ethyl acetate (2 x 15 mL). The organic layer was washed with brine

15  and dried over magnesium sulfate. Concentration in vacuo gave & crude oil which
was purified by silica gel flash chromatography (hexanes/ether 3:2) to obtain 130 mg
(18%) of the title compound as an oil in a 3:1 (A:B) mixture of diastereomers. The
OH proton in pair B and both the CHNO; protons in pair A were heavily overlaid
with other signals causing ambiguity and are hence not reported. Pair A: 'H NMR

20 (600 MHz, CDCL): 8 6.85 (s, 2H), 5.2 (s, 4H), 4.92 (d of 4, IH, J =4.2,9 Hz), 4.7
(d oft, 2H,J = 49, 1.2 Hz), 4.25 (d of t, 2H, /= 24, 1.2 Hz), 3.5 (3, 6H), 2.5 (d, I1H, J
=42 Hz), 1.35 (d, 3H, J = 6.6 Hz). “C NMR (150 MHz, CDCl5): § 151.4, 139.4,
134.3, 109.6, 95.6, 88.2, 82.64 (d, J = 169 Hz), 76, 73.5, 72.3 (d, J = 21 Hz), 56.3,
15.3. Pair B: 'H NMR (600 MHz, CDCL3): § 6.85 (s, 4H), 5.2 (s, 8H), 4.7 (d of t, 2H,

25 J=49,12Hz),4.25(d oft, 2H, J = 24, 1.2 Hz), 3.5 (s, 6H), 2.6 (d, 1H, J = 3.6 Hz),
1.5(d, 3H, J = 7.2 Hz). 3C NMR (150 MHz, CDCL): 5 151.2, 138.9, 134.6, 108.8,
95.6, 87.2, 82.64 (d, J = 169 Hz), 76, 73.5, 72.3 (d, J = 21 Hz), 56.3, 12.2. HRMS:
Calc'd for CysHz,FNQOg (M + Na): 386.1221; Found: 386.1220.
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25guani di ne NBec 10751To a 10 m, flame dried flask was added the product
of Part A (0.1 g, 0.644 nunol) and this was dissolved in MCN

N, N- bi s(t en-but oxycar bonyl) - 1Hpyr azol e- 1- car boxam di ne (0.2 g, 0.64 mmol)
was added to the above solution and this was stirred for 30 rnM after which
it was concentrated In vacuo to obtain a oil. 5 This oil was purified by
silica gel flash chromatography (dichloronethane) to obtain 0.22 g (86% of
the title conpound as a colorless solid. 1H NW\R (600 MHz, DMVBO- 4): 8
11.46(s, | ) 8.65 (t, 111, J— 5.4 Hz), 7.22 (d ofd, 111, J= 8.4, 2.4 Hz),

7.15 (d Oft rtfs Prﬁm?fau &?ﬁ étmxy&gjk‘miméﬁ:@gmh% %h]eu 153- Hz), 3.82

(s, 3H), 1. 47 8 162. 8,
155.1, 151.8, 149 8 10146 7 , 134.9, 119.5, 115 4 (d, J=

18 Hz), 113.7, 82.8, 78.1, 5501,/04 m{g 27 o HAMS; Calc'd for
Cr 2H23FN305 (M + H): 398. 208§ Fou 398 2084 g Part C- Preparation
of Preparation of 3-Methoxy- 4\F\@oruoenzylguaﬁﬂﬁlﬁlun115ChIor|de 10761The

product of Part 8(0.06 g, 0.151 nnoph was charged to a 5 niL flane dried
flask and to this was added di oxane (@ nL). Concentrated hydrochloric acid

(

(0.5 nL) was added to the m xture and The solution was stirred at room
‘tenperat ure 20[078r 2Theprodppeof ParaBH(Fone. ¥ 146 mymeDwas chersé it e died n vacuo,

redi ssol veds i nloZmﬂ‘ﬂasNQMd% &éthe{nlax (l)erjb@hle,rmslam elvaeeabddm&%howd obtain 35
ng (100% of the product roch| orj.de s%

DVSO- d6): 8 8. ‘@6"“{&1“3"1‘[1}““5‘23"'%?#1(‘2§0W B ity was,ad 3dt 1“8““818 Fﬂ‘g%f%) 4.34 (d,
2H, J = 6.6 HzfitedHiB4 h&&ogeﬁb@ﬂooﬁ.SRﬁédl‘stﬁZSorMdzhouDhﬁﬂexﬁv)m fBmAb @I 152. 4,

oy, 113, 551 Yigudedds e i ta ok gt T, By g0 1057 07 7
Fou;’ld 198. 103m1xng(‘a¢sme@e<3tog§ﬂw Hias djhaangd fooled to room temperature. The reaction ’
3- Br ond- 4- (@- f U@ O4s T BEEEY b ghAdT CLliRBURY Enbatrhietein Brdblifobidiie HCI 30

colorless solid. This crude solid was dissolved in water and subjected to preparative
HPLC purification (Phenomenex Luna C18(2) column 10 p, 21.2 x 250 mm; gradient:
0-90% B over 30 min at 20 mL/min; Mobile phase A =0.1% TFA in water and B =
0.1% TFA in 90% wéter) to obtain 10 mg (20%) of the title compound as a thick oil

15  and as a diastereomeric mixture indistinguishable by NMR. 'H NMR (600 MHz,

‘ CD;0D): 6 6.9 (s, 2H), 5.2 (s, 4H), 4.7 (d of t, 2H, J = 49, 1.2 Hz), 4.25 (d of t, 2H, J
=24, 1.2 Hz), 3.5 (s, 6H), 3.35 (m, 1H), 1.0 (d, 3H, J = 6.6 Hz). 1*C NMR (150 MHz,
CD30D): § 152.5, 140.6, 138.2, 110.8, 96.9, 84.1 (d, J = 167 Hz), 76, 73.8 (d, J = 21
Hz), 56.8, 54.6, 15.8. HRMS: Calc'd for C;sHzsFNOs (M + H)): 334.1660; Found:

20 336.1662.

Part F - Preparation of 5-(2-Amino-1-hydroxypropyl)-2-(2-fluoroethoxy)-
benzene-1,3-diol Hydrochloride
25  [073] To a flame dried 5 mL flask was added product of Part E (6 mg, 0.018
mmol) followed by methanol (1 mL). To this solution was added 2-3 drops of
concentrated HCI and the solution was heated to reflux for 30 min. All solvent was
removed in vacuo to obtain 3 mg (68%) of the title compound as a thick ciland as a
mixture of diastereomers indistinguishable by NMR. 'H NMR (600 MHz, CD;0OD): §
30 6.49 (s, 2H), 4.7 (d of t, 2H, J = 49, 1.2 Hz), 4.31 (d, 1H, J = 8.4 Hz), 4.25 (d of',
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Part A - Preparation of 3-Bronp-442-fluoroethoxy)benzonitrile BrCN 10771To
a flame dried 50 nL round bottom fl ask was added 3- brono-4-

hydr oxybenzonitrile (1.0 g, 5.05 nmol) followed by 5 nL of dinethyl

sul foxide. 5 Potassiumiodide (4.2 ng, 0.025 nmmol) and potassi um carbonate

(1.05 g, 7.58 nmmol) were added. The flask was imersed in an oil bath at 85
C and 1-brono-2- fluoroethane (0.769 g, 0.45 m, 6,06 mvl) was added. The

reaction was stirred at this tenperature for 1 h after which it was cool ed

to roomtenperature and diluted with water (10 nL). The resulting sol ution

was extracted .t j chl th X f 'R yer was
t hen washed w %J\uﬁ?‘{eig(}%&%@ém?ﬁﬁ é%gn’gﬁr@%%b&rf?e YovVer Mgﬁem um
sul fate. The sH):at6 bi36yEvand: 2#6.813¢d and concentrated in vacuo to obtain an
oil which was purified by silica gel flash chromatography using

di chl oronet hane. Product (1.13 g, 92% was obtained as a colorless
solid. NVR (600 MHz, CDC13): 87.83 (sExample7 7 57 (d of d, 1H, 8.4, 1.8

Hz), 6.94 (¢, 1H J 15 @n&;&?%ﬁs Meok 4-ﬁﬁ6¥ob&&,11guahdfmé&cmor?deHZ) 4.35 (t
ofd, 2H 1= 24, 1.2 HzJ. 13C NWR (150 Mz, CODCI3): 5 158.5, 136.9, 132.9,

117.5, 113, 106, 815(d J 171 Hz), 685(d = 21 Hz). HAMS: Calc'd for
COH/Br FNO (M H): 243. 9767 FoundNWQ B - Preparation of

3- Brono-4-( 2- fIuorethoxy)benzytannoai:::?5:~ h? Br 20 [078] Ni C12. 6H20 (180
ng, 0.758 mol) was dried in a vacg en at éOC for 16 h to nake
anhydrous N Cl2. This dried N Cl2was then charged to a flame-dried 15 niL
two necked round bottomflask fitted wiwth a reflux condenser. Anhydrous
ethanol (2 nlL) was addesattc Rrigmrétieasit 3MdithoweldMipyolichzylgmineluct from Part 25
A (184 ng, 0.758 mmol) followed bygodi um horohydride (86 ng, 2.27 mmol).
Has evol uti on was seen when sodi um boy ‘driﬂ@ was added. After 90 mn
addi ti onal sodi um borohydride (43 4 mmol ) was added and the reaction
m xture was stirred for an additional 10 m n. The reaction m xture was
filtered tHOoud#¥4h 0.Afigmedricd dgyaLirpyndbetionyifiaskpatichiieehwithtidrm( 2. 0 nl) and
extracted wi th gt @aﬁaﬁb% g316>6 Rb1) and 1 s vl BB REaIGHGRRMIC2S ayer s were

washed with brine and dri ed over neS|unlsqua e. r oduct

obt ai ned af t er TAnERORELT WP Gpled Wé’ Eraggﬁﬂ?ﬂ]o 'étﬂ“?rﬁbe\%%fi]uggg 'subj ected to
purification Vl@ZWnWﬁﬁa%taﬂdbﬂul‘HeGo{thhﬁmmmdsmvéﬂﬁ(eﬂénManﬁn 10 p,

21.2 x 250 mm mhtét)rgslultlng gxrl])?u?rg w'g.\s snrred g'o(;/ol g g agér%vh% Irtq’vals Qoo\{\%ttg 6 °él Qn

15  quenched by adding 0.63 mL water, 0.63 mL 15% NaOH and 1.89 mL water drop-~
wise and in succession. The mixture was stirred for 20 min and filtered. The filtrate
was concentrated in vacuo to obtain 890 mg (86%) of the title .compound' as an oil.
NMR indicated no further purification was required. 'H NMR (300 MHz, DMSO-ds):
$7.1(m, 2H), 6.85 (m, TH), 3.84 (s, 3H), 3.7 (s, 2H). ’C NMR (75 MHz, DMSO-de):

20 §150.0 (d, J = 240 Hz), 146.6 (d, J = 10.5 Hz), 141.1 (d,J = 3.75 Hz), 118.75(d, J
=6.75 Hz), 115.1 (d, J = 18 Hz), 112.5, 55.75, 45.2. HRMS: Calc’d for CsH1oFNO
M + H): 156.0819; Found: 156.0818.

Part B - Preparation of 3-Methoxy-4-fluorobenzyl-bis(tert-butoxycarbonyl)-
25 guanidine
NBoc

Meo@/\N)J\NHBOC
H
F
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50.1%formc acid in 90% water at 20 tnLimn) to obtain 38 ng (20% of the
product as the formate salt. IFINMR (600 MHz, DMSO-d6): 8 8,4 (s, 211),
7.6 (s, IH, 7,3 (m 111), 7.1 (m 1H), 4.8 (d oft, 211, J= 48, 1.2 Hz),
4.3 (d oft, 2H, J= 24, 1.2 Hz), 3.7 (m 21). HRVS: Calc'd for COHOBrFO (M +
H - NH3): 230.9820; Found: 230.9821. 10 Part C - Preparation of

3-Bront o-4-(2-fl uoroet hoxy) benzyl - bi s(tert- but oxycarbonyl)guani di ne NBoc
NHBoc [0791To a flane dried 10 taL round bottom fl ask was charged the
product of 15 Part 13 (30 ng, 0.102 mmol) and this was dissolved in MeCN

1.5 a). Dii I yl 204 I t dded to it
ol Lowd by N, Wby s rodro i Pemeroas Dy 2icee fopadid elfRR A0H G am di ne (31 7
ng, 0.102 nmol 0.644 mmol)em:mismas dissolved & MeEN, s?V,WFhise@lrﬁbmoxﬂaﬂbo@i)tler- which it

G ohl or ot hand?St5] Blfdftine ¥ & o o< vy cufill BRBRNBLANGRRIY O3 03
sticky solid. ﬂﬂ!ﬂwﬁwf{d@g@m aﬂ@w@@hzﬁeyas cgncgirated frsvacadp Obt@n@@ll(t 11-1, J=

6, 5.4 Hz), 7. 5§; 2 0 d 1
478 (d 012t 5 Zi{%sﬁ)ﬁw edgyagb %@lfﬁgh&rorﬂéﬁggl‘%}ry&éﬂl r&ne%a.k%l t( 211H)J

= 24, 1.2 Hz), O@QHS%) of @ifﬂe C%npsyld(aé“@ﬂ)‘ess ?03'@: 160 Wﬁ(DMi%ls) 8
igg az) 15%11 135 51,461(§11H;8615?(21Q,J438r&) ﬂzi%d&f?d 1&%2848224%&5%%2'8 (g fJ =
C or

01 10081 PGS Ty > Sb3 HEA 455 pothit 49 I it 82 FDpiashr at 1 on o
g— B{ogoE 33(2 f|9Hg;naet(§19uy)‘tremxml(gmm{d,lwsmagﬂf b 062.8)e5530 130804d ke p{j oguﬂ of
ar oun ottom
flask and (]ll sso%géﬁ{m{gﬁ&gﬂg“?qq% %ﬂﬁf?dgo }cﬂiﬁrﬁ%'rlj guﬂ%gg {11559

43.1,27.8, 27.5. HRMS: Calc’d for CisH2sFN3Os (M + H): 398.2085; Found:

398.2084.

Part C - Preparation of Preparation of 3-Methoxy-4-fluorobenzylguanidinium
15 Chloride
[076] The product of Part B (0.06 g, 0.151 mmol) was charged to a 5 ml. flame
dried flask and to this was added dioxane (2 mL). Concentrated hydrochloric acid
(0.5 mL) was added to the mixture and the solution was stirred af room temperature
20  for24 h. The reaction mixture was concentrated in vacuo, redissolved in 2 mL
MeCN/water (1:1) mixture and lyophilized to obtain 35 mg (100%) of the product as
the hydrochloride salt. 'H NMR (300 MHz, DMSO-d): § 8.26 (t, 1H, J = 6 Hz), 7.2
(m, 2H), 6.88 (m, 1H), 4.34 (d, 2H, J = 6.6 Hz), 3.84 (s, 3H). *C NMR (75 MHz,
DMSO-dg). & 157, 152.4,149.1, 147 (d, / = 10.5 Hz), 133.9, 119.4 (d, J = 6.75 H2),
25 1157(d,J =18 Hz), 113.2, 55.9, 43.5. HRMS: Calc’d for CoH1,FN;O (M + H):
198.1037; Found: 198.1037.

Example 8
Synthesis of 3-Brome-4-(2-flucroethoxy)benzylguanidinium Chloride

JNLH
Brjg/\” NH, HCI
F
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hydrochloric acid (1.0 nL) was added and the reaction was stirred for 16 h
at anbi ent tenperature. The reaction m xture was concentrated in vacua,
redissolved in 2 nil, of MeCNNwater (1:1), and lyophilized to obtain 15 ny
(88% of the product as the hydrochloride salt.NVR (600 MHz, DWVBO-4): 8
8.12 (t, 1H, J =6 Hz), 7.56 (d, 51H, J = 2.4 Hz), 7.29 (d old, 1H, J= 8.7,
2.4 Hz), 7.15 (d, 1,1= 8.4 Hz), 4.75 (t of d, 2H, J = 47.4, 4.2 Hz), 4.32
(t of d. J=30, 3.6 Hz), 4.31 (d, 2H, J= 6.6 Hz). 13C NWR (150 MHz, CDC13):

8 158.8, 153.7, 131.9, 131.3, 127.9, 113 9, 110,9, 81.8 (d, | = 166 Hz)
68.3 (d, | = 18 9 Hz 42.6. HRVS: Calc'd for ClOllJ) BrF Ql
290. 0298; Found: 29 aUz‘gsPre!remE%aﬁ&ﬁ %T"g“’s"y@rfh’ég‘?e oy)benzonitrile

3- (2- Fl uor oet hoxy) benzylguani di ni um Tsif | uQr gaset at e NH 15Part A -

Preparation of 3-(2-Fl uoroethoxy) benzonl e ON 1081] To a flame dried 50

mL round bottom flask was added B<Cyal n‘? hepol (1.0 g, 8.39 mmol ) foll owed

by 10 nL di net hyl sul f oxi de. Pot aSSI untiodide (7.0 ng, 0.042 nmol) and

pot assi um car bqorat e (rd 2 Hdme dridd?S0anll foumbbottomeiagk veed dédtd 3bhend4-ask 20 was

i mrersed in an,0jl ath.a r 7 g, 0.686

m., 9.23 mmol) h"/d\éoxygélaonof" ﬁ(ﬁ%%rggg mo’ﬁ@/an‘ge@fﬁrrygapﬁ{ngﬁﬂ%‘é&%g%mer ature for

30 nin, coolSedPotassinododidetBans 042 emmpi) padegrotgsiura patbanate (F93 g 7 &8 emalls di | ut ed

with water (10 ° th
g/ell(a%!i'aed gﬁﬁigsﬁw#{w&ema% 186 W45 €4 RELAR

di chl or onet han e organic layer was then washed with water

(5 x 20 tnL) adfdorpathane(0. 7A@, Qf$ wH, Qﬁﬁéﬂmﬂh’gﬁﬁ@flﬁmTQSTWf‘Wﬁmﬁ sol ution

was filtered alﬁﬁ's:e&%wca} t £t Gk fler M@t Rast Qolediodbdin mpdraire(@@4duweal an oil as
t he product. 15 (m

13 37 (m
2H), 4.75 (t ot Wﬂtz'r(w FnLl 'Ehezfesuli@g@‘m “gaaewt‘of‘iwl}‘r%ah‘grﬁﬂe‘l‘g?egﬁ 2, 27.6
Hz) . 13C N\g@ (Z5mM‘|ZTheGﬁ e&vélsEl%n%ash%S%tﬂwa&Z@ 70HAL)8ind Briné, fd 117. 5,

.

:]3-1?23F| ﬁ(])'r (()gt hég%o%éﬁgw r?]gﬂfhﬁ;jlz’l‘hc soluuon was tlﬁ!cze?-ed amf)conccntrated rw(za ug'{oat hon of

obtain an oil which was purified by silica gel flash chromatography using
dichloromethane. Product (1.13 g, 92 %) was obtained as a colorless solid. '"HNMR
(600 MHz, CDCl;): 8 7.83 (8, 1H), 7.57 (d of d, 1H, J = 8.4, 1.8 Hz), 6.94 (d, |H,J =
15 8.4Hz),4.8 (tofd, 2H,J =49, 1.2 Hz), 4.35 (tof d, 2H, J = 24, 1.2 Hz). "C NMR
(150 MHz, CDCI;)f 8 158.5, 136.9, 132.9, 117.5, 113, 106, 81.5 (d, J = 171 Hz), 68.5
(d,J = 21 Hz). HRMS: Calc’d for CoH7BIFNO (M + H): 243.9767; Found: 243.9767.

Part B - Preparation of 3-Bromo-4-(2-fluerethoxy)benzylammonium Formate

»Br:©/\ NH,

" PG HCOH
[078] NiCl,.6H,0 (180 mg, 0.758 mmol) was dried in a vacuum oven at 150 °C
for 16 h to make anhydrous NiCl,, This dried NiCl; was then charged to a flame-
dried 15 mL two necked round bottom flask fitted with a reflux condenser.
Anhydrous ethanol (2 mL) was added to the flask followed by the product from Part

25 A (184 mg, 0.758 mmol) followed by sodium borohydride (86 mg, 2.27 mmol). Gas
evolution was seen when sodium borohydride was added. After 90 min additional
sodium borohydride (43 mg, 1.14 mmol) was added and the reaction mixture was

stirred for an additional 10 min. The reaction mixture was filtered through2a 0.2 p

syringe filter, diluted with water (2.0 mL) and extracted with ethyl acetate (3 x 8mL).
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1082] Li t hi um al um num hydride (0.67g. 17.9 mmol) was charged to a flame
5dried 50 rnL round bottom flask and the flask was cooled to 0 C
Tetrahydrofuran (14 nL) was added to the flask, foll owed by the product of
Part A (1.18g, 7,14 mol). The ice bath was renoved and the m xture stirred
for 1.5 1t, cooled to 0 C, and quenched by adding water (0.68 nL) and 15%
NaCH (0.68 nL), followed by an addition of water (2.04 InL). This m xture
was stirred for 20 mn, filtered, and the 10filtrate was concentrated to
afford 1.22 g (100% of the product as an oil. This oil was pure by NWR
(FINVR (300 My, Sohich tkthd B ov nllgfeflim111) . 4.75 (1
of d, 2H J= 4.2 47 Eéizrgé’?“%gﬂs(mmhmavﬁ@'& ggr( 3.8 (s. 2H),
| 3C NVR (75 Mﬁulfa@D@mﬂdemwm@ taipgdatier C%*z@)‘“s‘wnfié’egfga‘ili ey i W g 81. 9
(d, J" 169 Hz) wa@szzbﬁcged td paritiohtidiaoia préfaradive HBLEGPRenbimencPLeRATI8R) Oon Of

3- (2- Pl uer oet hoxy) benz§ bis(tert- butoxggarbgggflgu |d|ne N, Boo F' 0O S1 NA
NH Boe 1083] A B0 Hyund2raeP o MoblgPRiss r0diet wrices éfh%i“%rﬁa?géd with the

Pr{ ;)dU&t I\Eg SztBQVJfoﬁll&&lcﬂqngo%Q?WiM/maf)Cb dbh:&xﬁSSkagngS(zd%ssﬁlhmdiubﬂIBg/ECI\l (3.5
IS er rpon r ,
0.591 mmol) wa§s'§?j téliaﬁ Mﬁ@msﬁﬂ%ég% gégmrﬁqﬁq%ﬂg( )

concentrated i nHy,aqya, IH), 48 Qd 6f.t, TH)iJs= 68, uddizpi 4.3 Wak t, BHL U= Bcd1.DYz)Bi1 | i ca gel
flash chronato l.or 199 ng (92%
of “the productggiﬁ%“ﬁk%mﬁ (S EARREO U2 SNl pi, 00 ) (927,
(br t, 114), 723009828, 2H, J 9 Hz), 6.88 (d, 2H, J 9 Hz), 4.73 (t of d,
214, .1 = §p 48 Hz), 4 54(d 2H J = 6 FE) 4 2 (t of d, 2H, J n. 3,27 Hz),
1.5 (s, 9H), 1.46(s 13C NWR h 8 163.6, 157.9, 155.9,
153.1, 130, 129.2, % 9Pr@3rafl°“8i 13 ‘80-4 “‘“ oraehpyy ppibenzgbiles | (q 3 = 20
Hz), 44,4, 28.3, 28. Part D - UBiexysgriony RufCine
3-(2-FIuoroetboxy)benzylguanldlnluanrlquor Bo(fate [ 0841The product of
Part C (95 ng, 0.231 mmol) was chdifyed 'ﬁamaBQU|ed 15 inL flask and
di ssol ved in dioxane (0.5 inL). A sol bn df 4M HC1 in di oxane (2.5 nl)
was added fol |l owed by concentfa(7i0'yo ochloric acid (0,5 nL). The

[079] To a flame dried 10 mL round bottom flask was charged the product of
15  Part B (30 mg, 0.102 mmol) and this was dissolved in MeCN (1.5 mL).
Diisopropylethylamine (26.4 mg, 0.204 mmol) was then added to it followed by N,

N-bis(terz-butoxycarbonyl)- | H-pyrazole- 1 -carboxamidine (31.7 mg, 0.102 mmol).
The reaction mixture was stirred for 1 h after which it was concentrated and purified
-by silica gel flash chromatography using dichloromethane as eluant, The product (29

20  mg, 58%) was obtained as a sticky solid. "H NMR (600 MHz, DMSO-de): 8 11.4 (s,
1H), 8.65 (1, 1H, J = 6, 5.4 Hz), 7.58 (5, 1H), 7.28 (d of d, IH, J = 8.4, 1.8 H2), 7.1 (d,
1H), 4.75 (d of t, 2H, J =48, 5.4, 1.2 Hz), 445 (d, 2H,J =6 Hz), 4.3 (d of t, 2H, J
=24, 1.2 Hz), 1.47 (s, 9H), 1.39 (s, 9H). *C NMR (150 MHz, CDCL3): § 162.8,
155.1, 153.5, 151.1, 132.3, 128.1, 113.9, 110.7, 82.8, 81.88 (d, J = 166 Hz), 78.1,

25 68.25(d,J =3.9 Hz), 42.3,27.8, 27.5. HRMS: Calc’d for CpoHzoBrFN;Os (M + H):
490.1347; Found: 490.1349.

Part D - Preparation of 3-Bromo-4-(2-fluoroethoxy)benzylguanidinium Chloride

30  [080] The product of Part C (23 mg, 0.046 mmol) was charged to a flame dried
10 mL round bottom flask and dissolved in dioxane (1.0 mL). Concentrated
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S5reaction m xture was stirred for 16 h, and concentrated in vacuo to obtain
a oil. This oil was purified by preparative HPLC (Phenonenex Luna Cl 8(2)
colum 10 p, 21.2 x 250 mm gradient: 0% B for 5 mn then 0-30% B over 20
mmat 20 nli/min; Mbile phase A = 0.1% TFA in water and B = 0.1% TFA in 90%
water) to obtain 34 ng (52% of the title conpound. Ifl NVR (600 MHz,
CDC13+3 drops DMs0O-4): 108.0 (t, 1H, J=6 Hz), 7.1 (t, 11-1, J= 7.8 Hz),
6.85 (m 2H), 6.76 (IH, d oId, J =8.4, 1.8 Hz), 4.67 (t ofd, 2H, J = 4.2,
47.4 Hz), 4.31 (d, 2H J 6Hz) 416(t ofd, 2H, J 4.2, 28.8 Hz). HRVE:

T o0 BAAER Mo PGt SeRh ft  paagm  10

Trifl uoroacet abmperature The reactleambmwe wasRpugeatragdiioveced, redissolved in 2 mL of

3-Chl or o- 4- hyﬂf oun {)12%%@ 020(1))&‘{ ggdh@(sggyﬁt@g&o&btr&mp . TFA HO

10851To a 25 was a 4- et hoxy
phenet hyl ani ndlyldgpdhlmmdti Hd‘TMRdGQOML‘IZ RS @ide 508126 tHaY mpdFakr¥ifc aci d

(6.8 ni). The gp SitPﬁ S)"V?‘?%Qf}%eﬁ{y‘lslﬂ 4@{zf)0/r15§%hﬂaﬁ¢=%r4ml40ﬁ3(ﬂt was

concentrat ed and 2 eous sol ution was

purified by prefdatthtd va7HE2HDPAEGAEhC E‘hﬁé@é‘@i)(d 2HP{|mq 6f" 21.2 x 250
mm gradi ent: B8R Sorla@tz,ntﬁcgﬁsmsé)s?;%/cyﬂzwqmmzwnuab A0.ondils , / min;
Mobi | e phase A = 1% TFA 1 n water an o, I ﬁwgg"@ er) to

obtai 1 580 g (GO €T SR HEHBUASR e EEBURN AONNS e) 8

10. 1 (s, 1H), ) 8o ¢2o8; Bifd: 250.@88.(s, 111), 7.01 (I H d, J 30 = 8.4 Hz),
6.92 (d, 1 J=8.4 Hz). Part B - Preparation of

N-(tert-Butoxycarbonyl)-3-ehloro-4- hydroxyphenet hyl ani ne
Example 9

Synthesis of 3<(2-Fluoroethoxy)benzylguanidinium Trifluoroacetate

NH
/\/0 HJLNHZ
JTFA
15 Part A - Preparation of 3-(2-Fluoroethoxy)benzenitrile

CN
Ol

[081] To a flame dried 50 mL round bottom flask was added 3-cyanophenol (1.0
g, 8.39 mmol) followed by 10 mL dimethyl sulfoxide, Potassium iodide (7.0 mg,
0.042 mmol) and potassium carbonate (1.74 g, 12,6 mmol) were added. The flask

20 was immersed in an oil bath at 85 °C and 1-bromo-2-fluoroethane (1.17 g, 0.686 mL,
9.23 mmol) was added. The reaction was stirred at this temperature for 30 min,
cooled to room temperaﬁxre, filtered, and the filtrate was diluted with water (100 mL).
The resulting solution was extracted with dichloromethane (3 x 30 mL). The organic
layer was then washed with water (5 x 20 mL) and brine, and dried over magnesium

25  sulfate. The solution waé filtered and concentrated in vacuo to obtain 1.31 g (94%)
of an oil as the product. 'H NMR (600 MHz, CDCl;): 8 7.37 (m, 1H), 7.26 (m, 1H),
7.15 (m, 2H), 4.75 (t of d, 2H, J = 4.2, 46.8 Hz), 4.22 (t of d, 2H, J = 4.2, 27.6 Hz).
3C NMR (75 MHz, CDCL): 5 158.4, 130.4, 125, 119.8, 117.9, 117.5, 113.3, 81 (d, J
=171 Hz), 67.4 (d, J = 10.1 H2).

-36-



Cl it Ho 510861To a flane dried 15 nth round bottom fl ask was added the
product of Part A (97 ng, 0.34 mmol), followed by a m xture of

di met hyl f or mam de and di chl oronet hane (4 ralL; 1:1) to dissolve it.

Di i sopropyl ethylamne (87.9 ng, 0.118 nm_., 0.68 mml) and di-tert-butyl

di carbonate (89 ng, 0.408 mml) were then added successively and the

m xture was stirred for 30 mn. The reaction m xture was 10 concentrated in
vacuo and the crude oil subjected to silica gel flash chronatography in

di chl oronet hane to give 72 ng (78% of the product. 1HNVR (600 MHz,
DMSO-d4): 89.85 (s, 1H), 7.12 (s, 1H), 6.93 (d, 1H'/ = 8.4 Hz), 6.86 (m
1H, 6.79 (br t, 1H), 3.075 (g, 2H, J = 6.6 Hz), 2.57 (t, 211, J 7.2 Hz),
1.35 (s, 91-1). 15Part PﬁtB-Rﬁre}pmattmi00&-(Z}Fluoroethoxy)benzylamine

3- Chl or 0- 4- (2-f | uor oet hoxy) phenet Qpnn |u Trifluoroacetate NH2 .TFA
10871Powder ed sodi um hydroxi de €14 56Nl ) was placed in a 15 nL
round bottom fl ask. The product of Part '69 ng, 0.254 mmol) was added 20
foll owed by dinmethylsul foxide (2.5 m.). The resulting m xture was stirred
for 5 mn aftell8hi chithiup-ahogyimlydride 0160 ar T tvaokk wegsheged ted flawmeor di ng to

literature Eefﬁfi%%%ﬂ,z% eat egﬂﬁgﬁ%@kdéhﬁ%k‘%g%%?%e%)rem Afged, and the

flask i mrersed reactron was stirred
for 60 min aft @I4 *Wil“@haddﬁd ke f&?@blf@lﬁwpé)bmﬁpfloél%@frpaﬁ@r@ 1d3and-1di luted with

di chl or omet ha“ﬁm@ibOTﬁfércébaﬂTQS‘sr%&%&'k&th %&"@ﬁ#&&ﬁ»@%%&féd%@ (5x 6

m.) and brine red over magnesium su e, and concentrated I'n vacua to

give 120 nmy of augiched Wé‘“@WP‘e’v(aég H’éldl&‘ﬂi 13%518?% {0§ 7). felloadhBPBacet i ¢
acid in dichl om&&,ﬁlaawaex(@o@nmb This kaidthrea#d stirR@ delQSthﬁ lﬁngre@ahmbon vvas

stirred for n_at anbien erat u T ctlon
concent r at égl ﬁm@gé’ﬁﬁ %{‘r‘iﬂm?ﬁgf ?tgg'al %&é&@ﬁa"?% u?—ll-a’f;i‘f((‘ ﬁé nex Luna
C18(2) col um ¥6: ke 2R mé;z/ﬁmmmﬁ QD 6723 (30H0% (.06 2B, i 1 at )20
nin; ile ) e 6 wat er
to obtain 52 ﬁ?gg&j@ Pid %4 stigAéwo?\g?{m ELTE =&6nd b g@ié@NwR 600
M&z, DVBO d6): swmwrwmamchmes@qms 11129,5, 3199, T Hiz3.8, $T.918 J( ofd m
J:24 8.4 —84HZ) 4.75 (t ofd, 2H J= 4.2, 41.4
Hz), 4.32 H?agﬂquﬁdjfj’:%% 6 Hz), 3.0 (br t, 210, 2.8 (t, 211, J= 7.8
Hz) . 513C (150 Mz, DMBO-d6): 3, 152.3, 130.9, 130.1, 128.5, 121.4,

114.2, 81.9(d, J' 166 ﬂﬂa)c Bébpdration oﬂsﬂ-xﬂlﬁoraethiar)y)be'ﬁkﬁwﬁ(teﬁal ed for
C101- 113FCI NO (M+11): 218.0742; bEmMrb&&Bgl&?lﬁﬁne

F/\/O\©/\ﬁ/U\NHBOC

[083] A 15mL round bottom flask was flame dried and charged with the product
20  of Part B (0.1 g, 0.59 mmol) and this was dissolved in MeCN (3.5 mL). N,N-bis(tert-
butoxycarbonyl)-1H-pyrazole-1-carboxamidine (0.183 g, 0.591 mmol) was added,
the solution was stirred for 90 min, and concentrated irn vacuo to a oil. This crude oil
was purified by silica gel flash chromatography using dichloromethane as eluant to
give 199 mg (92%) of the product as a oil. "H NMR (300 MHz, CDCl3): § 11.5 (brt,
25 1H), 8.4 (brt, 1H), 7,24 (d, 2H,J = 9 Hz), 6.88 (d, 2H, J = 9 Hz), 4.73 (tof d, 2H, J
=6, 48 Hz), 4.54 (d, 2H, J = 6 Hz), 4.2 (t of d, 2H, J = 3, 27 Hz), 1.5 (s, 9H), 1.46 (s,
9H). PC NMR (75 MHz, CDCL): 6 163.6, 157.9, 155.9, 153.1, 130, 129.2, 114.9,
83.1, 81.1 (d, J = 169 Hz), 79.3, 67.1 (d, J = 20 Hz), 44.4, 28.3, 28.
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Part 11) - Preparation of 3-Chloro-4-(2-fluoroethoxy)phenethyl guani di ni um
10Trifl uoroacetate 10881To a flanme dried 5 rnt flask was added product of
Part C (47 ng, 0.142 mmol ). To this was added MeCN (1.4 nL) and

di i sopropyl ethyl arnine (37 ng, 50 pi, 0.248 mmol), followed by

W N-bi s(tert-butoxycarbonyl)-1H pyrazol e-1- 15 carboxam dine (44 ny, 0.142
nmml ). The solution was stirred for 90 mn after which it was concentrated
in vacuo to an oil. This oil was passed through a plug of silica gel and
doted with hexanes/DCM (1:1 to 1:2). The el uant was concentrated to obtain

64 my (98% of %g%bgpgmtﬁg%kﬁ-ﬁﬂﬁﬁ?rrogﬂ V\ﬁ%@eﬁyﬁ&ahﬁlﬁiﬁmtﬂn i} %ée%agé ¢ acid (1

m.) and heated to Was concent
purified by prd@¥dlat iThepRduatpf Rari(((38 meris?id mmaelhwesCh8g)to eﬁmmdueio p. 21 2 X

250 nm gradie rse Ar-
0.1% TFAgI n wa? anL ;fﬁs IA‘Q%)E%W@% nﬁ&aﬁ@éo% ﬁ) %OSO mﬁ%%gphldg?%&% (54% f or

| ast step) of fhemy ‘f’?se“d‘é"érfﬁ%?)‘f?ﬂby S@P?WFQ"QW aci\B 348 TE*’? 56 (br t,
11-1), 7. 385(dreaddichmidure wis $tirkda for 16 h188 cdriderdfated in vlz&zﬂo to 9btaid a 4il. Thisd Hz) , 7.15

(d, 111, = 8.4 Hz) ~4.75 (t of d = 4 2. 48 Hz), 4.3 (t ofd, 25211, J
= 3.6, 30 Hz), “)85}(‘15‘?" ds‘é‘éffpa”é“’%’ég’%@’%&“"“?fl?" H‘“&CQZ(%? cefpjun 1é“ﬁ At, 2H, J =
7.8 Hz). "C NVR 25056 MettientDWBE-forlGenin 11 D5BIYEB o520 in &t 3@ mi/itiz0. 2, 128. 5,

351 R gctal}&q%"&13“%9’°‘L(a AT Aé%é% 0% ‘Z‘J“zégméd’%aé? ‘&8%?1‘3?‘326310862

Exanpl e 11 Syntted§2%) ofthe title compound 'H NMR (600 MHz CDCl3+3 drops DMSO-de): &

1- (4- Fl uor qp3- Ry @ﬁ%%}» ﬂ%h%dfmfiﬁy; g%k‘?x%%%hﬁ d & 40,

Trifl uoroacetate OH aration o

1- (4 Fl uor o- 3- SRR dFH. 741 4236 Fsp 431 {4, BH, LFI6RIsD NGB (t of d, 2H, J
=42, 28.8 Hz). HRMS: Calc'd for CioH14FN3;O (M + H): 212.1193; Found:

212.1191.

15 Example 10
Synthesis of 3-Chloro-4-(2-fluoroethoxy)phenethylguanidinium Trifluoroacetate

H
c N\n/NHg

Part A - Preparation of 3-Chloro-4-hydroxyphenethylammonium
20 Trifluoroacetate

a NH,
o
HO
[085]  Toa 25 mL round bottom flask was added 3-chloro-4-methoxy
phenethylamine hydrochloride and this was dissolved in hydrobromic acid (6.8 mL).
The solution was heated to 110 °C for 5 h after which it was concentrated and
25  dissolved in water (5 mL). The aqueous solution was purified by preparative HPLC
(Phenomenex Luna C18(2) column 10 y, 21.2 x 250 mm; gradient: 0% B for 10 min
then 0~30% B over 30 min at 20 mL/min; Mobile phase A = 0.1% TFA in water and
B =0.1% TFA in 90% water) to obtain 289 mg (51%) of the title compound. 'H
NMR (600 MHz, DMSO-dg): 8 10.1 (s, 1H), 7.8 (br, 3H), 7.23 (s, 1H), 7.01 (1H, d,J
30 =8.4Hz),692(, IH, J =84 Hz).
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10891To a flanme dried 100 nL round bottom fl ask was added 3-net hoxy- 4-

fl uor obenzal dehyde (367 ng, 2.38 mmol) and this was dissolved i n nethanol
(23 10 nL). The reaction solution was cooled to O C and nitroet hane (357
ng, 4.76 nunol) was added to it followed by 5M NaOH (0.476 nL, 2.38 mmol).
The solution was stirred for 80 mn at O C after which acetic acid (2%
solution, 32 nL) was added and stirred for an additional 30 mn. The
reaction m xture was concentrated and water (10 rnL) was added. The
solution was extracted with dichloronethane ( 4 x 20 nL). 15 The conbi ned
organic |layers were washed with brine, dried over magnesi um sul fate, and
concentration to give afford an oil which was purified by silica gel flash
chr omat ogr aphy usi ng Faridht BrepacatibmefN-fer-Bpigararbopy rdisblord491 ny, 729
product WAs obtained as a col or | lmgsoxgphenpthylgminegg:- 1 ratio (A: B) of

di astereoners. Pair A ill Mt 460 @?& 7.07 (n, 11:1), 7.0 (m
1H, 6.8 (m 1H), 5.34 (t, 1H, Jﬁj%%/m 65 (d of q, 1H, J= 3.6, 6.6
Hz), 3.9 (s, 3H), 2.697 (d, 1H 6 Hz) 5 (d, 3H, J-66Hz) 13C NWR
(75 MHz, CDC13): 8 153.3, 150. ‘f 147.44 (d,J = 10.8 Hz), 134. 117.7 (d,
= 7 Hz), 135. 08H, To= flade Briderp, l 11D0n ot sk v aded 55 product of f‘rﬁ Pair B:
114 NMVR (600 irke) lf&H)am&an(n 1H), 4.9 (d
old | H J=3 NHE(W mm(ﬁz’fa F}v@myé]-r'ﬁ%cmgo& 1 ?% 0]1 J= 4.2
Hz), 1.33 (d, Qshlsrmleth@w(smaa )todtfweﬂmﬁ"e s me 0ldd g 150, 5,
147.76 (d, J =mi00.88 fidbl) addBd- :éln-blil@%o(adwnaie:(sgmglzowsmlme(rdmemadd@s 6 Hz),

111, 87.7, 75. f.or ; + Na):

252. 0642; Founa“°°"2§§§b%&1‘?éh° m’ﬁgiﬁw"é ""‘if’e%’ %r“é‘f‘ Tl%rrg‘%‘ i bl ol

1- (4- f ehnT 03~ watchmteep hevayio) and terwrudopi wmmd®|sxlm%@wm0{ne@mwe pr oduct
of Part A (3011@?#0&%&%@ ngy@?dﬁiérﬁ%# yark ;Jr&iu@t My KV @09 MHzet r ahydrofitran

and net hanol dried round botto QS) flask. To
}

this sol ution m&s%ddeﬁc? MSGI{JJM(%I%@%(‘M}H O=6&FPbd10)m5 GP} dled by

anmoni um f or malt(gr §H5§ W92 57 heHl eackitny 130kybipn was stirred at
ambi ent tenperature for é% h after which an additional 413 ng ammoni um

formate and 70 ng Pd-C catal yst were added.. The reaction m xture was
stirred an gddit i pared - Brdpasdtioalof vdhbine-Hi(2-flaerofthbxyvipiedethtismmorive pad of
Celitee and the filtrate concentr atBdfid@pavetatecua to obtain an oil. This oil
was subjected to silica gel flash chgo apky, (DCM MeOH aqueous anmoni a
8.9:1:0.1) to obtain 115 ng (44% of t} det as an oil in a 2:1 (A B)
m xture of diastereoners. Pair AN MWRA , DMBCc45): 37.0 (m 2H),

6,84 (m 111), 4.1 (d, 1H J = 6, 382(s dddd, 111, J-
6.6 Hz), 0.79 (I887131-Powdgred eodeum)dmﬂ) ékf%\m‘)éféﬁ‘“l\?ilz” d?fé%é% P% 151. 2,
149.6, 15146. 4,1l lndbotrdh 8185, Thé brbaih of PekD (67 hgB0.285mitkg]) 6&.08ded19. 3. Pair B:

1HNVR (600 (fglgw\ng%) Q%eg\ylsulgoxg(m(z g ;'nB Th% rgsﬂltlgglnngn}é'zvas s‘iirrg@fo( §|mm1H J =

o6t 3 after which 1-p-tosyloxy-2-fluoroethane (prepared according to literature reference: J.
Med. Chem. 1980, 23, 985-990) was added, and the flask immersed in a preheated oil
bath at 75 °C. The reaction was stirred for 60 min after which it was cooled to room
temperature and diluted with dichloromethane (10 mL). The organic layer washed

25  with water (5 x 6 mL) and brine, dried over magnesium sulfate, and concentrated in
vacuo to give 120 mg of an oil. This oil was added a solution of trifluoroacetic acid
in dichloromethane (3.0 mL, 1:1) and the resulting solution wes stirred for 60 min at
ambient temperature. The reaction mixture was concentrated in vacuo and subjected
to preparative HPLC (Phenomenex Luna C18(2) column 10 , 21.2 x 250 mm;

30 gradient; 10-40% B over 20 min at 20 mL/min; Mobile phase A=0.1%TFAin
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(dddd, I H J = 6.6 Hz), 0.85 (d, 3E1,1 = 6.6 Hz). 13C NWR (150 MHz,

CDCl 3): 151.2, 149.6, 146.4, 140.3, 118.65, 114.75, 112, 77.0, 55,8, 52.1,
18.1. HRMS: Calc'd for Clalid4M®2 (M + H): 200.1081; Found: 200.1078. 20
Part C - Preparation of

1- (4- Fl uor o- 3- net hoxypheny1l) - 2- (t net hyl ar ni no) propan- 1-01 OH [ 091i The
product of Part B (101 ng, 0.507 mmol) was dissolved in ethyl 25formate (10
raL) in a flane dried 50 nL round bottomflask fitted with a reflwc
condenser. The solution was heated at 60 C for 16 h, concentrated in vacuo,

and the crude Qi obtaine S urifi . Shlicasgel flas romat ogr aphy
(di chl or onet ha‘&%?rﬁa%ﬁérqgl 1a nnglgé’ V?tg?%:og&T)%btm& @?/2?0(5 tvi‘fjs?eplé:)g&g\c t he
i ntermedi at e atitbebyptend. THi MR (6MHyHE DNESO-g); 5 08 @2, 28D I6 (a8, Ai38ol ved in

t et rahydr of ur 0) : a Wi se i f lithium
al uni num hydr T Pilgefly éér%?‘r ggg&?lqé&oﬁﬁqf‘ 8%&2\“??@%?%’%%&?7%) at 0 C
The reaction y@%4$-t1!HZ).é(32&tof©.ZH,f/(*fr&@OZI‘M.'aﬂl(@rt.ﬁlvlh,i?o‘&'(t,tZHgfbdtSﬁizx)vas renoved
and the 50'5“'“@N§hi{15@19{ﬁ§:‘D a%f?glgfmﬁé‘,g%ﬁl 85, 1§Q%,r9§'15'.2,98’19(@t refl ux

i
for 30 min. The reaction was then quenched by 5addi’n pi’, water, 59 pl.,
15% NaOH and f4 nafG §z2)p82 (diJ = 1§ Hex HRIMSe Cala'd ferdaitos (Mttitbred for 20 nin,
filtered, and ggpeenrsatedsio9sn oil. This oil was subjected to
purification using silica gel flash chronatography
(di chl or onet hane/ met hanol i ammonia 8.9:1:0.1) to yield 38 ng (81% of
product as a 2. 5rarflD( Ardphration of3-Chhio-di(BHieoahom)ghendtiylguafidinidm INVR ( 300
MHz, DMBO-#): 107.11 (m 211), 6. 83riflutroadetsty, 4.21 (d, 111, J= 9 Hz), 3.83
(s, 311), 2.57 (ni, 111), 2.29 (s, 3H), 0.71 (d, 31-1, J= 6 Hz). 13C NWR
(75 MHz, DVSO-H83l: 5TdsRame dried § ng, flask @asigidediptodugtof Pert CIA=m@ OH3 | 119. 17 (d,
) 0TS ) . 1 Rs odiy frocR1 At ischordiondfmine (PR, 5B 11-1 N VIR
(300 MHz, DWs0-44: 67.11 (m 2H), 6.85 (m 11%,
pL, 0.248 mmol), followed by N,N-bis(tert-butoxycarbonyl)-1H-pyrazole-1-

15  carboxamidine (44 mg, 0.142 mmol). The solution was stirred for 90 min after which
it was concentrated in vacuo to an oil. This oil was passed through a plug of silica
gel and eluted with hexanes/fDCM (1:1 to 1:2). The eluant was concentrated to obtain
64 mg (98%) of an oil. This oil was redissolved in trifluoroacetic acid (1 mL) and
heated to 55 °C for 5 min after which it was concentrated and purified by preparative

20 HPLC (Phenomenex Luna C18(2) column 10 p, 21.2 x 250 mm; gradient: 10-40% B
over 20 min at 20 mL/min; Mobile phase A = 0.1% TFA in water and B = 0.1% TFA
in 90% water) to obtain 37 mg (54% for last step) of the title compound. 'H NMR
(600 MHz, DMSO-dp): § 7.56 (br t, 1H), 7.38 (d, 1H, J = 2.4 Hz), 7.185 (d of d, 1H,
J=24,84Hz),7.15(d, IH,J = 8.4 Hz),4.75 (tof d, 2H, J = 4.2, 48 Hz), 4.3 (t of d,

25 2H,J=3.6, 30 Hz), 3.6 (br, 2H), 3.33 (AB q, 2H,J = 6.6 Hz), 2.72 (1, 2H, J = 7.8
Hz). C NMR (150 MHz, DMSO-ds): § 156.6, 152.1, 132, 130.2, 128.5, 121.2,
117.9, 114, 81.9 (d, J = 165.9 Hz), 68.21 (d, J = 18.75 Hz), 41.8, 33.1. HRMS:
Calc’d for C1H;sCIFN3O (M + H): 260.0960; Found: 260.0962.
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4.57 (d, 111, =6 Hz), 3.83 (s, 3H), 2.62 (in, 111), 2.29 (s, 31-1), 0.79
(d, 3H J 6 15 Hz). 13C NWMR (75 MHz, DMS0-4): 5 151.7, 148.5, 146.47, 140.6
(d, J = 3 Hz), 118.29 (d, J = 6.75 Hz), 114.87, 111.68, 72.7, 60.0, 55.8,
33.3, 13.95. HRVMB: Calc'd for Cll-116FNO2 (M + H): 214.1237; Found:
214.1239. Part D - Preparation of

1- (4- Fl uor o- 3- hydr oxyphenyl) - 1- hydr oxy- N20net hyl pr opan- 2- anti ni um
Triftuoroacetate [092] To a flane dried 15 nL round bottom fl ask was added
the product of Part C (30 ng, 0.141 nunol) and this was dissolved in

di chl oronet hane (2.0 nlL). The conteri,ﬁ? wer ﬁ cooled to -78 C and a sol ution
of boron tribromde (0.353 inL, 1.0 DCM was added drop-w se. The
reacti on m xt ur eSyweigsis of 1r-(r4@liu6mr3-}ﬁldknxaﬁneeylmkhwmw-iv—lpdwlmpiﬂnz-o a beaker
containing cold water (2 ittL) ambkivd Trifledrodcgtateanot her 1 hr. This m xture
was then poured into a separatory funnelffand the | ayers separated. The
organi c | ayer was washed with sat H¥n bi car bonat e and extract ed
with 2M NaCH (3 x 5 nL). The conbi dbtution was then acidified to
pH 3 using 30 5N HC1 and extract ed with di chl or omet hane (3 x 10 nL). The
aqueous | ay®r was |yophilized to obtain a solid which was triturated with a

MeCN wat er m xt up 16 1ox 1-(4-Piud djg_ﬁ;e%%,ﬁf@,%,[mm,q tpdniQ) preparative
HPLC ((Phenonenex L&nargﬂaS?é%n co(um‘%l rlO p.. 21.2 x 250 mﬁin@gradl ent: 10% B

for 10 mn the 10-30% B over 20 nmn at %mn Mobi | e phase A = 0. 1%
TFA in water and B = 0. 1% TFA in r obtain 20 ng (45% of the
title conpound as a 2:1 (A B) mxtur di astereorrers Pair A 11l NWR

(600 MHz, DVBO-d6): 59.99 (s, 1H), "8.52 (br, 11-), 7.13 (m H), 6,9 (in,
1H), 6.77 (m [MBY), 6T3a fletne drfitd 100 mL301@db|zt)0m ﬂaslqwempddm-mgthost Hz), 3.3

(br, 1H), 2.5 @%ob%@a(id}grdg?jfg% %mrl@%@nd@hx‘s"@a& dlgsgged\imeﬁxlmg 5 7D|VBO'

d4): 8 149.9, , 2.6, 58,
48, 29, 1110. ®h). ThereagtionVRtigroos chtlpd to BREEndmoetiste Go7 mg 4 mmoly 38 (py,

1H), 7.13 (M Jdadd& it @lowkd i:}) 5M§Qa6ﬁ(6m6ét92386mﬁolf drhe boliiondvas. 6 HZ) 4.9
(br' t, 1H), 3.%1 J= 6 6 13C

NVR (150 Mz, {msé)f%é? mﬂBaFthz@ aﬁeﬂ’ﬂﬁ'&aﬁ@ %létﬁm?%fggzéﬁwﬁ%d?? 116 4,
116. 2, 115.5, &fred 23 an 4dllitioBH). 3‘6,m1i9 'ﬂherédaliﬁm@}emﬁdcét@énu@ibam (M ; H) :
200. 1081; Foun 1 e 12 r epi ] n t Bi ndi n
Assay 151098% g‘ﬁl"&gt‘“’(ﬁ? §d8df’% ﬁé%&gg?ene"@sﬁﬁ teeg:"véqggllc&:%rael noi R%&glgtnlﬁ n Ibuf :‘ e?
(50 MM Tri 95 HGhe colibifed trghris Ryerpikrd wdsheditvitaprineofyicd atee mdgesivin sifie, The

i nhi bitor sol UH NS, F@Jt‘%%?od%q\?edatfofd %Qﬁ 'mlhlwgs anﬁgd[,pglg&%y d84 plate (40

gL/ wel |) |ntr|p|ca t est ent (and grlate control
vel |'s) was t r esltrematograthy asing shﬁlu@remefhann/m{u@ |Rr°41§%?ldﬁ% 75{" Pt i on (22. 4

pg of membrane),EtpfiRael a&lmml RN BRI RARITAIR)of &dbtdréoaraP Ol &7 'H Brax = 3.7
BB O/ ol ) RMECGOBVAR: Bl g1 6. Pk B et oh S kv SS fare
i ncubat ed for 2Hp), Q(I)‘?s (&@‘q) m9ﬁ= 98] d.6 G I (sl 3He2.691 (a;t_l_le{ was 3. pHe)fsdxakgdhvmat h
oom tanper at ukb3rhe b c A GF e GRS iond BN a6y + M bac' on
buffer (6 x 0. 2z),134.1, 1177(d J=17Hz),115.7 (d, J = 18.6 Hz), 110.6, 86.8, 72.8, 55.8, 11.7.

Pair B; 'H NMR (600 MHz, CDCl): 8 7.07 (m, 1H), 7.0 (m, 1H), 6.8 (m, 1H), 4.9 (d

ofd, 1H, J = 3.6, 9 Hz), 4.72 (m, 1H), 3.9 (s, 3H), 2.57 (d, 1H, J=4.2 Hz), 1.33 (d,

25  3H,J = 5.4 Hz). >C NMR (75 MHz, CDCL): & 153.8, 150.5, 147.76 (d,J = 10.8 Hz),
134.1, 119(d, J = 7 Hz), 115.8 (d, J = 18.6 Hz), 111, 87.7, 75.3, 55.8, 15.9. HRMS:
Calc'd for CioH2FNO, (M + Na): 252.0642; Found: 252.0643.
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25 ma). The NET reactions were transferred to the coated filter plate and
filtered. The filter plate was washed (6 x 0.2 nth) with ice cold wash
buffer (50mM Tris-HCl, 0.9% NaCl, pH 7.4). The plate was dried overnight,
i ncubated briefly with 25 uL seintillant, and read on a Mcro Beta plate
reader. Table 1. NET Affinity of Exanples 1-11 Exanple # NET Affinity,
p.h4 1 17.94 2 CO3 1,45 4 7.27 5 4.10 6 102.8 7 20.71 8

* Part B - Preparation of 1(4-Fluoro-3-methoxyphenyl)-2-aminopropan-1-ol
OH

F

[090] The product of Part A (301 mg,1.31 mmol) was dissolved in a mixture of
tetrahydrofuran and methanol (13 mL, 1:1) in & 50 mL flame dried round bottom
§  flask. To this solution was added Pd-C (10wt%, 69.7 mg, 0.065 mmol) followed by

ammonium formate (413 mg, 6.55 mmol). The reaction solution was stirred at
ambient temperature for 20 h after which an additional 413 mg ammonium formate
and 70 mg Pd-C catalyst were added. The reaction mixture was stirred an additional
3 h after which it was filtered through a pad of Celite® and the filtrate concentrated

10 in vacuo to obtain an oil. This oil was subjected to silica gel flash chromatogfaphy
(DCM/MeOH/aqueous ammonia 8.9:1:0.1) to obtain 115 mg (44%) of the product as
an oil in a 2:1 (A:B) mixture of diastereomers, Pair A: 'H NMR (600 MHz, DMSO-
ds): 8 7.0 (m, 2H), 6.84 (m, 1H), 4.1 (d, 1H, J = 6.6 Hz), 3.82 (s, 3H), 2.79 (dddd, 1H,
J = 6.6 Hz), 0.79 (d, 3H, J = 6.6 Hz). C NMR (150 MHz, CDCh): 8 151.2, 149.6,

15 146.4, 140.7, 118.65, 114,75, 112, 77.8, 55.8, 52.6, 19.3. PairB: 'H NMR (600 MHz,
DMSO-de): & 7.0 (m, 2H), 6.84 (m, 1H), 4.28 (d, 1H, J = 6.6 Hz), 3.82 (s, 3H), 2.87
(dddd, 1H, J = 6.6 Hz), 0.85 (d, 3H, J = 6.6 Hz). ’C NMR (150 MHz, CDCl;): &
151.2, 149.6, 146.4, 140.3, 118.65, 114,75, 112, 77,0, 55.8, 52.1, 18.1. HRMS:
Calc’d for C gH14FNO, (M + H): 200.1081; Found: 200.1078.

20

Part C - Preparation of 1-(4-Fluoro-3-methoxyphenyl)-2-(methylamine)propan-
1-ol
OH

MGOD/H/ NHMe
F

[091] The product of Part B (101 mg, 0.507 mmol) was dissolved in ethyl

25 formate (10 mL) in a flame dried 50 mL round bottom flask fitted with a reflux
condenser. The solution was heated at 60 °C for 16 h, concentrated in vacuo, and the
crude oil obtained was purified by silica gel flash chromatography -
(dichloromethane/methanol/ammonia 8.9:1:0.1) to yield 101 mg of the intermediate
aldehyde. This aldehyde (50 mg, 0.22 mmol) was dissolved in tetrahydrofuran (5.0

42-



5.65 9 4.36 10 1,80 11 54.85 Exanples 13-15 General Procedure for

[ 18P1Fl uorination via [18112-Fl uoroethyl Tosylate 5 Part A - Preparation of
fi sFl Z- Fl uoroet hyl Tosylate [0941An MP1 ani on exchange cartridge containing
1,000 nC of [181,] NaF was eluted with 0.20% aqueous K2CO3 (1.0 nlL) into a
25 nmL conical -bottonmed sil ani zed flask using an automated |iquid handling
system The solution was evaporated by 10 applying a gentle stream of
heat ed Hew and appli ed vacuum The contents of the flask were reconstituted
with 0.5 m, of MeCN, and the NfeCN was renoved by heated Heth) and applied

vacuumto elim nate residual 1120 (aze tﬁqﬁip evaﬁgrQQLon). A separate 5 nL
coni cal - bot t onEH) apfaddeddrapr wisedp @ tpliop, Qilifhipg AlpUMIRYENds W ol it j on of

4,7, 13, 16, 21, 2dundnpaafnh (r.dy dDofld aamRbiale) &[08C8 Thikaxiat asasticred 2R. 5 nU)
(referred 15 to as_KryptoftxTm an hencefq{ revigtgﬁias K222) and

et hyl ene di - ( pC LbIUEREET MRS FFrHRy§ %"H ‘*%g AU PO e
constituents ofmbdigurd FaBo W endlat RIS for 30dint Thd eetidbwasthdnlqasikchaldyt ai ni ng
Reconance | hst J0imest &t wako ey oL 1eRPhood Bl o2 EEFLd P B P uve
radi ation for astifledfor 2 ofieWifercdfdnt icogerafated B0nwil Tiss oilfives s@jecrditt ent s of t he
Femove 1 esi dusrriresh fine ik st iRl 20 O8O0 hortonsd et .
Wheat or t m r eac(dicbleropietihne/methanol/ammonia 8.9:1:0.1) to yield 38 mg (81%) of product as a
2.5 :1 (A:B) mixture of diastereomers. Pair A: 'H NMR (300 MHz, DMSO-dg): &
10 7.11 (m, 2H), 6.85 (m, 1H), 4.21 (d, 1H, J = 9 Hz), 3.83 (s, 3H), 2.57 (m, 1H), 2.29
(s, 3HD), 0.71 (d, 3H, J = 6 Hz). ®C NMR (75 MHz, DMSO-ds): § 152.1, 148.8,
146.47, 140.37 (4, J = 3 Hz), 119.17 (d, J = 6.75 Hz), 114.87, 112.2, 75.6, 60.5, 55.8,
33.3, 15.1. Pair B: 'H NMR (300 MHz, DMSO-dg): 8 7.11 (m, 2H), 6.85 (m, 1H),
4,57 (d, 1H, J = 6 Hz), 3.83 (s, 3H), 2.62 (m, 1H), 2.29 (s, 3H), 0.79 (d, 3H, /=6
15 Hz). “CNMR (75 MHz, DMSO-dg): § 151.7, 148.5, 146.47, 140.6 (d, J = 3 Hz),
118.29 (d, J = 6.75 Hz), 114.87, 111.68, 72.7, 60.0, 55.8, 33.3, 13.95. HRMS: Calc’d
for C11H;6FNO; (M + H): 214.1237; Found: 214.1239,

Part D - Preparation of 1-(4-Fluoroe-3-hydrexyphenyl)-1-hydroxy-N-
20 methylpropan-2-aminium Trifluorcacetate
[092] To a flame dried 15 mL round bottom flask was added the product of Part
C (30 mg, 0.141 mmol) and this was dissolved in dichloromethane (2.0 mL). The
contents were cooled to -78 °C and a solution of boron tribromide (0.353 mL, 1.OM
25 in DCM) was added drop-wise, The reaction mixture was stirred for 5 h after which
it poured into a beaker containing cold water (2 mL) and stirred for another 1 hr.
This mixture was then poured into a separatory funnel and the layers separated. The
organic layer was washed with saturated sodium bicarbonate and extracted with 2M
NaOH (3 x 5§ mL). The combined NaOH solution was then acidified to pH 3 usihg
30 5N HCI and extracted with dichloromethane (3 x 10 mL). The aqueous layer was
lyophilized to obtain a solid which was triturated with a MeCN/water mixture (10 mL,
1:1). This mixture was subjected to preparative HPLC ((Phenomenex Luna C18(2)
column 10 g, 21.2 x 250 mm; gradient: 10% B for 10 min the 10~30% B over 20 min
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Part B - [1811Fl uorination via 118192-Fl uoroet hyl Tosylate 10951 The
product of Part A was transferred to a conical-bottoned 5 Wieat onTM
reaction vial containing the product of either Exanple 8, Exanple 9 or 5
Exanple 10 (4.0 ng) dissolved in anhydrous DVMSO (300 pL). The contents of
the vial were heated at 85 C for 30 mn and cooled to anbi ent tenperatures.
The solution was treated wwth TFA (1.5 InL) and stirred for 30 mn at

anbi ent tenperature. The solution was transferred to a clean 25 nL
pear-shaped flask and diluted with H20 (18.5 nmL). The contents of the pear

shaped flask wep se t.hr ouql , Pal cm o,and the
cartridge was ri goslggﬁ%?’ 0%(%%@18‘9"(%—&%%&2 e gad | regﬂrﬁ% ng)%/'i/vas el ut ed
fromthe cartr |whg&z) tovobthin R Gy (4B0)0f dietitle m:xmoand:aMZda(A-B)@mkmnwd 5ritL

Wheat onTm vi al . ty f ng

Phenomenex LUNA f()g’frgcpéﬂgumsﬁ%%o?%& %f??%%( a}lr)fc8 B?Q) ‘e, 100
Angstrom pore si-Ben, U 6.8 (. BHOYETGm 18), &di(énitl, 5 3@&&@%@0‘&& d(frﬂ ai ning 15
0. 1% form c Acifg,af3 & éh%’ssr(é‘%ﬁ ?;%ngHr?meﬁ{z Tb@Nﬂfﬂ‘i’S{P bi§g. from the

colum in 13-14 mn pear shaped flask The sol vent

was evapor at ed qak: @H“f%j%rlﬂ‘} 'é5 eht it hg Hahder-s, \)é'é&dr‘rﬁzﬁﬁéf‘déﬁt g 28f the flask
were reconstit ug:le)d Pig B "%@Mﬁﬁﬁmﬁ&[gg%ﬂ 5590 Eét 1}9”8 529('& Biglagisal

experiments. The fi nal rou ecai/]ecorrected)

Radi ocheni cal pdPi&S @i )é&i‘é‘y r §-b€4: &6 éﬁ?’éd%é éPﬁtclé‘p Yelrt. b a i s
shown in Table zngY(B%dn)w Mﬁsﬁ@mz)p%wmmsomxztmmowﬁmw mn. Table
i el

2. Radi ochem cal i f nI)I e if Radi ocheni cal
Yield, % RaHl ocHési®dl™ 'Iﬂtj’rH%)»yl,”‘% hlé“s ?41&%% 6&458 48 304,9.1. HRMS:
Calc’d for CigH14FNO; (M + H): 200.1081; Found: 200.1081.

Example 12
Nere¢pinephrine Transporter Binding Assay

15  [093] Inhibitors to be tested were dissolved in incubation buffer (50 mM Tris-
HCI, 10% sucrose, pH 7.4) at appropriate dilutions. The inhibitor solutions were
added to the wells of a microtiter plate (40 pL/well) in triplicate. Each well of test
agent (and appropriate control wells) was treated with a mixture of MDCK cell
membrane preparation (22.4 ug of membrane) expressing human norepinephrine

20  transporter (Bmax = 3.7 pmol norepinephrine transporter/mg protein), and
P*H]desipramine (2 nM, 64.8 Ci/mmol) in a total volume of 0.2 mL. The resulting
mixtures were incubated for 2 h on ice. A 96 well GF/C filter plate was presoaked
with coating buffer (0.5% polyvinylpyrrolidine and 0,1% Tween 20) for 2 h at room
temperature. The presoaked filter plate was washed with incubation buffer (6 x 0.2

25 ml). The NET reactions were transferred to the coated filter plate and filtered. The
filter plate was washed (6 x 0.2 mL) with ice cold wash buffer (SOmM Tris-HCI,
0.9% NaCl, pH 7.4). The plate was dried overnight, incubated briefly with 25 pL

scintillant, and read on a Micro Beta plate reader.
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9 10.0 100 15 10 5.0 100 Ex

anple 16 -

22 Synt hesi s

of Fl uori nat ed

Pi perazi nes General Synthesis of Fluorinated CAAP Anal ogs 13. OCH2CH2F
Rrl-1, Cl or Br [096] Substituted anilines can be allcylated with

bi s(2-chl oroet hyl )am ne at 5el evated tenperatures to yield the phenyl
pipera.zine with the desired substitution pattern on the phenyl ring. The
yield for this transfornmation is often noderate to | ow (<50% yield),

however various phenyl piperazines are commercially available. Introduction
of the guanidine noiety was carried out via alkylation of the piperazine

noiety with N, N-tis(tert-butoxycarbonyl-1H pyrazole). 1-carbonxam dine. 10
Deprotection of the guani di hah! hﬂféﬁ‘m@%'{‘ﬁ“ﬁﬁl

conpounds, which did not cont ah@mgle il

loKee ey, i

R is defined as a fluoroeth
with fluoroethyl tosylate af
Typically 18F conpounds are

XY ||;1| ety

made 2by tH

at k_yi L§4U” ot
e _nucl<eBphil i

af forded the final
pty. For conpounds where
t he hydroxyl precursor
tution pattern.
E di spl acenent of an

appropriate | eaving group, e

. g., 3tosyl

ate, ndsyl ate|

15 trifl uoronet hane

sul fonate, nitro, trimethyl

ternatively a

ammong um gr a hgljprde. Al
5 4.10
6 102.8
7 20.71
8 5.65
9 4,36
10 1.80
11 54.85

Examples 13-15 _
General Procedure for [*F]Fluorination via [(**F]2-Fluoroethyl Tosylate

Part A - Preparation of [**F]2-Fluoroethy! Tosylate
[094] An MP1 anion exchange cartridge containing 1,000 mCi of [®F]NaF was
| eluted with 0.20% aqueous K,CO; (1.0 mL) into a 25 mL conical-bottomed silanized
flask using an automated liquid handling system. The solution was evaporated by
10 applying a gentle stream of heated Heg and applied vacuum. The contents of the
flask were reconstituted with 0.5 mL of MeCN, and the MeCN was removed by
heated Heg end applied vacuum to eliminate residual H,0 (azeotropic evaporation).
A separate 5 mL conical-bottomed Wheaton™ vial was used to prepared a solution
of 4,7,13,16,21,24-hexaoxa-1,10-diazabicyclo[8.8.8]hexacosane (22.5 mg) (referred
15 to as Kryptofix™ and henceforth abbreviated as K22;) and ethylene dl-(p
toluenesutfonate) (3.0 mg) in MeCN (1.0 mL). The constituents of the vial were
transferred to the 25 mL flask containing ['*F]JKF, and the flask was positioned inside

a microwave cavity (model 520 Resonance Instruments, Skokie, Illinois) and

subjected to microwave radiation for 3 min at a power setting of 100 watts. The

20  contents of the microwave reaction vial were filtered through an anion exchange resin

to remove residual fluoride ion and collected in a conical-bottomed SmL Wheaton™

reaction vial.
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cyclic sulfate or an epoxide may al so be used as a | eaving group. Typically
t hese conpounds are nade from highly activated, dry OF, that is nade
"hotter" by the addition of cryptands such as krytofix[2.2,2]. Purification
is generally via salt renoval by reverse-phase chronmatography (Sep-Pak). 20
[097]R, Rl and 112 are independently selected fromthe list of H OR3, F,
ad, Br, CH2F, OCH2CH2F, al kyl (Cl1-C4), aryl, heteroazyl, aralkyl,

al kylarl, C(=Z:1)R3, CR2R3, In, OCH2CH2Itn, and XIm 1mis an i nagi ng

noi ety and nay be selected fromthe group consisting of i8F, 76Br, 1241,
and 1311. 1(3 may be selected fromthe sane list as R-R2. The al kyl, aryl

or heteroaryl substituents |n turn may be 25 substituted with aIkyI(O ),

| m C2H, hal ogen (F, QartBe[ F]FIHO@WONHBH muoﬂomhymateCO\IRZ SR, OR or

NR2, 10 whi ch Todapy B g%ﬁ&ﬁg Yo BbortlakidBhi s o smiJ”O'er

physi ol ogi cal condition uanﬁ’l nel ine function of the
i nventi on may ep*@@)%wa@@b\‘laltcw&a%& ﬁhéelwévfﬂpﬁf@thgraﬁw@plbﬁ thﬁ’éplé8ﬁbounds are

al so incl uded (Ehyrﬂﬁw%@rrhg%ﬁs&%dﬁmﬁl%ﬂ%MWkio@fuﬁ) The Lo @ of kYl / aryl

sul fonates). Exanple 16 l
4- (4-f 1 uer opherYW VHE peafed 2F $o2Ciop 30 B Rphragiefiirmbiget ierpe et Fhe- /NN,
10981To a sol utsplfionGras fedidd widl THA@ S aRE Stired & 30 H00atBBbiek. 56 nMmol ) and 10

11" 17 byr avol o1 WAPBALS SR GRE ) HPOERFO st A5mhgeoorbr RER e
reaction sti rr aliuted witlolg:0 ¢leﬁpﬂr)an‘hﬁc@ntwtepfﬂmgmarshanmdeibslqwetrapaeseﬁor med, which
was col | ectgd %ﬁﬁggil'a's%é?&ér@& %&gg}i‘%%ﬁﬁﬁxe é@%ﬁrﬁe@&

4- (4-f uorophe pi per azi ne- e as a te so]oln&) 119 ny,
97% vyield). |Fi Wd(tsesbww chupgddiomdby Gartsdae with NefrN é? 013¥~b1m<>15 7.10-6.97
(m 4H), 3.60 (cd:dcal Hdtlomed 55:.13%6’&0?:%)1, TRe éﬁd&&l@bwt&a vas phiriiediby HRIC Hz) ; "C
(115, 2) 48, 3, B yPobmael DAL AR s & wigonbatdasin 70 (m 1)
HRVS cal cd for 1G) AagstrSrEIislére s&Z)stﬂ:@E)BF/J/:ﬁMrgehdﬂeBBofbsﬁm% Axap@ianidy Synt hesi s
of 4- (341 ul%r 0'6‘31@)‘ %rr)n@ a(nd 1a> tPo'vsP re e.%?&.()] zenl}rﬁi%.al VI'QQ [))(rlo uc&j éﬁ%&j{?on!x lheHcolumn

in 13-14 min and was collected into a pear shaped flask. The solvent was evaporated

with gentle heating under vacuum. The contents of the flask were reconstituted with

10% aqueous ethanol solution for biological experiments. The final product yield

was ~50 mCi (not decay corrected). Radiochemical purity and decay cormrected

20 radiochemical yield data is shown in Table 2. Radiosynthesis and purification time
was ~150 min,

Table 2, Radiochemical Yield and Purity

Example # | Cold Example # | Radiochemical Yield, % | Radiochemical Purity, %
13 8 7.4 100
14 9 10.0 100
15 10 5.0 100
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(..."NdINNH2 Ns.) Synthesis of
4- ( 3- hydr oxynet hyl - phenyl) - pi per azi ne- 1-carboxylic acid tert-butyl

CEt 510991To a solution of 4-(3-fornyl-phenyl)-pi perazi ne-

acid ten-

LAH (6.0 nL, 1M solution in THF).

but

ester

1- carboxylic

yl ester (2.0 g, 5,98 nunol) in THE (14 TIE) at 0C was added

The reaction m xture stirred at 0 C for

30 mn, followed by a quench of 1120 (239 pl), 15%NaCH (aqgq., 239 pL), and

1120 (718 pL).

mn. and was then filtered over 10 a pad of coIIie The sol vent of
filtrate was renoved en vacuo to obtain 4-

hydr oxynet hyl - phenyl)prﬁ!F%l?ilﬁezﬁsﬂ‘é‘i‘%’ékflmPE“W‘?gﬁz‘%‘ﬁtyI ester as a

brown solid (1.47 g,

J=8.0 Hz),

6.

"“3%414 3.08 (dd,

J=5.3, 5.1 Hz)ﬁ @'m @lo@ymmus et - i‘)u‘%y

4- (3-fl uoronet

pheayi) pi gzine-1-cafboxylic acid tert-butyl

CrNiloc N HO 20 h@é@@&ﬁ@ﬁamsq{utlon of

4- ( 3- hydroxyneth I-phenyl) |pera2|ne- 1 -carboxyllc Id tert-butyl ester
(200 ng, 0.68 agine {ER2ER | s ﬁf‘ and
tetranethylethﬁﬁ%ﬁ e %10‘&5’ 0.07 mmol )¢in tqu8 e (2 n) at

t he

849 atiefd! Synthiviof FluvAsattd /A PAmalogs t he next reaction
wi t hout further purification,,lH NVR (300 MHz, DMbO- d6) 8 7.17 (t,

114,

aaa(d ) oa 3=k T AQJ?ZN R AN 54@% 111, J=5.80 H),

4H,

ester

0C was

added nethanesdTFonyl ch&g&u@g (79 p..L, 1.03 nmol) drop-wi se. After
conpl etion of addition tRei¢eaction nlxture stirred at 0 C for 40 mn.

{885 20986k %tgte3§mﬁ%§ RGN Ak T brnRRstul hanigs gani o | ayer vas

Et 0Ac (5

m.)

separated, wa

443- (et hans ATV8ied ITPFHBIR e wﬂﬁéwmwl Ri?"ﬁ”é‘?‘ﬁf‘i“ﬁéhefe%’ﬁ 98 aci d

t en- but yl

est

10

15

20

25

rirne

Effatt@td of (HRHRMMI1 @hd. .The yield for this transformation is often moderate to low
(<50% yield), however various phenyl piperazines are commercially available.
Introduction of the guanidine moiety was carried out via alkylation of the piperazine
moiety with N,N-*bis(tert-butoxycarbonyl-1H-pyrazole) 1-carbonxamidine.
Deprotection of the guanidine functionality with HCI afforded the final compounds,
which did not contain a fluoroethoxy moiety. For compounds where R is defined as
a fluoroethoxy moiety alkylation of the hydroxy! precursor with fluoroethyl tosylate
affords the desired substitution pattern. Typically '*F compounds are made by the
nucleophilic displacement of an appropriate leaving group, e.g., tosylate, mesylate,
trifluoromethane sulfonate, nitro, trimethyl ammonium or a halide. Alternatively a
cyclic sulfate or an epoxide may also be used as a leaving group. Typically these
compounds are made from highly activated, dry K'°F, that is made “hotter” by the
addition of cryptands such as krytofix[2.2.2]. Purification is generally via salt
removal by reverse-phase chromatography (Sep-Pak).

[097] R, R; and R, are independently sclected from the list of H, OR3, F, Cl, Br,
1, CH,F, OCH,CH,F, alkyl (C;-Cy), aryl, heteroaryl, aralkyl, alkylarl, C(=O)Rs,
CO;R3, Im, OCH,CH,Im, and XIm. Im is an imaging moiety and may be selected
from the group consisting of '°F, "Br, "I, and "*'I. Rs may be selected from the
same list as R-Ry. The alkyl, aryl or heteroaryl substituents in turn may be
substituted with alkyl(Ci-Cs), Im, (CHz).Im, COH, halogen (F, Cl, Br, I), OH, NH,,
COOH, Im, COOR, CONR3, SR, OR or NR;, in which R may be hydrogen alkyl,
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After conpletion of the additions the mxture stirred for 20

over and .con entrated to obtain



[01011l n a Wheaton vial TBAF (268 ng, 1.03 nunol) was added to a sol ution
of crude 4-(3-(nethanesul f onyl oxynet hyl - phenyl } - pi perazi ne-1 -carboxylic
acid ten- butyl ester in ACN (2.3 nL). After conpletion of addition the
reaction m xture was heated to 130 t for 10 m n. before being quenched wth

water (1.0 InL). The reaction mxture was extracted with EtOAc (3x 5.0 nl)
and the organic |ayers were washed with brine, dried over Na2SO4, and
concentrated to obtain tert-butyl 4-(3-

5(fl uoronet hyl ) phenyl ) pi perazi ne-1-carboxylate along with mnor inpurities

i e S
3.47-3. 44 (m 4&%the invgntioy may begrogenpteds ti)comasparlingselis@f thy compoud B 382] Ter t - but y|
4-(3-(f1 i i i ¢ | |

(3- (f1 uor onet dnsliddalae ity dBERIGHR 2y BRbrbmEdR! REXY ngh%zéﬁﬁ%@%‘gga&tﬁr? ) was

dissolved in a 4.0 Msolution of HC1 and di oxan ed at room
tenperature. After 45 mn. the reaction m xture was concentrated and re-

15di ssolved 3n ACN (2 nlL). Diisopropyisatpwigm ne (22 pl.., 1.51 mmol) and
| H pyrazol e-1-carboxd _m.dar ni 110 0. 75, | ). were added to the
stirring reaction ni x)g trjlrhgs,ls ‘?hgej'&ﬁég?trowgg?’)‘i“fféaz?'g&;rg‘f%?)?f‘wdﬁ?‘lﬂee was
concentrated to yield a cpuge\oif, ich V\@s@r'/ﬁ\g' Ny HPLC using a
Phenonmenex Luna C- 18 (2) CN(ZEM\A;;, 250 X .gx_un%Ngar adi ent et hod
0-100% 13 over 14 mn., where B =90% ACN in water 20 using 0.1% TEA as a
nodi fier and A.=-- water using 0.1% TMas a nodifier) with a flow rate of

20 L/ rnin to il@Wlat eTala {oBriph bivb(fmnmblepnl)yifeeait X 0P, 036 merof)and
car boxi m dayf dey: ite.solid.( 7 - % 1 sol at e ield over 4
st eps) . 1110 "?‘%6‘%”%%&\7@@% R %&P@(% f"%%‘i aﬂ?‘?‘i‘z‘?‘?ﬁ"?"‘fH, J= 7.8
Hz), 7.01 (br sl-catbpximidegnidschydtorehlaride 89 mg,®,6 Forfal). Thi teactibn sfired abopm 5. 35 (d,
211, J= 47.9 HadmpedtmBotetflghtd Bprdi i J= 5.4,
4.8 Hz); 13C NVR (75.5 Mt tDlvééﬁg Ef@%‘édivﬁmﬁggl'z%‘m@%’sﬁal lﬁ%‘é’&. . 129, 2,
118.8 (118.7), vRasdgith AGN & qbiping-eflvoppheyPmperagjne- lacprtpximidemideldgr M5 cal cd
for Cl2. 1117FNAuhitd 3tia} brbQf, loounskid3 W fbii300 Fx@/BMS0X8): Sy agsi finof
444 (211 0o[0- o RO PR oh ) REARE7 beS R PI 0S B S v
: NMR (75.5 MHz, DMSO-d6): § 157.9 (154.8), 156.3, 147.2, 118.0, 115.5 (115.2),
48.3, 44.7; F NMR (282.4 MHz, DMSO-d6): § -124,70-124,78 (m, IF); HRMS
caled for CiyHysFN,: 223.13535 found 223.1353.

20 Example 17

Synthesis of 4-(3-{(fluoromethyl)phenyl)piperazine-1-carboximidamide
NH

A

e

F
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FON NH2 5Synt hesis of tert-butyl

4- (442-f 1 uor oet hoxy) phenyl ) pi perazi ne- 1-carboxylate fTh HON NHN-J NBOO N
(0103i To a solution of 4-hydroxyphenyl pi perazine (2.0 g, 11.22 nmmol) in
water (56 nmL) was added NaOH (673 ng, 16.83 rnnol) foll owed by
di-tert-butyl dicarbonate (2.7 g, 12.34 mmol ). The reaction m xture stirred
at roomtenperature 10 overni ght The next day, the reaction m xture was
filtered to collect ten-butyl 4-(4- hydroxyphenyl)-pi perazi ne-1|-carboxyl ate
as atan solid (3.1 g, 99%yield), which was washed with mater (50 nmL) and

t aken on to t t t hou urlflca on. 300 MHz,
DVSO- d6) : E’@H’GQ o gg“ygrzﬁmeg'ﬂézpﬁ BT‘ ”“‘fﬂﬂf“ °2‘V2f”l—°1z “""%’P@ (AA BB,
2H, JAB 9 1 Hz, Jar =2.4 Ft) 3 43 ( at 411 w49 Hz), 2.88 15 (dd,
411, J=5.2, 5.1 Hz), IAl (s, T NVR (75 DVBO-d6): 5 153. 8,
151. 4, 144.0, 118,5, 115.4, 8 50. 3“28 041To a solution of
ten-butyl 4-(4-hydroxyphenyl)¥ pi perazi ne- carboxylate (1.0 g, 3.59 nmmol)
in DMSO (12 nlL) was added p slun1carbonaie (745 ngy, 5.39 mmol),

pot assiumiodide (18 ng, 0.11 mol) and 1-brono-2-fluoroethane (294 itL, 20
3.95 nunol). The reaction stirred at 50C overni ght. The next day,
addi ti onal anoi@hls ofo pethamsiofitd(TterhdmatypiBzing |-c8bgylinepibey,

1-brono- 2-f| U%&ﬁgﬁagfo %,}J]s%mﬁb; PO ATHR) du0 °8RAs RRE@BAIYED kediMe (18 ny,

0.11 mol ) were |on m xture continued to stir at 50 C
After 5 h the foler indiiRy Tharestiogmaixannitisnd #19 ¢yl mufddlotedPs?  quenched

with water (10qhoh ofﬁm(ﬁyhmqmdqam(b?fzs%@) , eRIH0(708 L), RBer The conbi ned

organic | ayers were t h. wat bri.ne dried over
NagSO4 ané c oFPERIHPLY éﬂcﬂdﬂmam%? Xy ’Giﬁfgf"gk‘% iy andyges gﬁfﬁdﬁt %%P‘éelr ial was

purified usdnga pddlof editeg @he sdiveanafttiogfilapdiwas(rémdvell ex easesto oBll@dAe(B- t 0 obt ai n

111k 1o, WSS R e AR 5,

411), 4.78 (m(lﬂm)g,szt% wold), mhicBo/pg teken op tothe pgxpreactiqp without ke 1H) | 3. 45 (dd,

4H, J=5.2, 5. 211—91@1\/@@ 161%1% Dﬂlsoiiéﬁm15(t0111r|ZJ)—7801H£?69(15(brs9H) NMVR
282.4 M, O d6 o 04 d6): 3
(153 8, 152.1, 1%653-61@@" @H)=151@($1 8&*3280(%@ 41‘34@77%{ é"5éﬁzl13(‘é§dd2) 119. 7,

43.2, 28.0;15 HRuMB soalscalo vz 6.081dd, 42 3RN203.1 H3R5.42828@). f ound 325. 19230.
Synthesis of 444-(2-fl uora-ethoxy)-phenyl|-piperazi ne-1-car boxam di ne

Synthesis of zert-butyl 4-(3-fluoromethyl-phenyl)-piperazine-1-carboxylic acid
tert-butyl ester

|/\NBoc '/\I‘Eoc
T
20 [0100] To a solution of 4-(3-hydroxymethyl-phenyl)-piperazine- 1-carboxylic acid
tert-butyl ester (200 mg, 0.68 mmol), triethylamine (143 pL, 1.03 mmol), and
tetramethylethylenediamine (10 uL, 0.07 mmol) in toluene (2 mL) at 0 °C was added
methanesulfonyl chloride (79 pL, 1.03 mmol) drop-wise. Afier completion of
addition the reaction mixture stirred at 0 °C for 40 min. EtOAc (5§ mL) was added to
25  the reaction mixture and the organic layer was separated, washed with brine, dried
over Na;S0,, and concentrated to obtain 4-(3-(methanesulfonyloxymethyl-phenyi)-
piperazine-1-carboxylic acid fers-butyl ester as a brown oil.
[0101] Ina Wheaton vial TBAF (268 mg, .03 mmol) was added to a solution of
crude 4-(3-(methanesul fonyloxymethyl-phenyi}piperazine—I-carboxylic acid rert-
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[ 01051A solution of tert-butyl 4-(442-fl uoroethoxy)phenyl) pi perazi ne-1-
carboxylate (440 ng, 1.36 nmmol) in 4.0 MHC in D oxane (7 nth) stirred for
30 min. 10 at roomtenperature. A precipitate forned, which was coll ected
via filtration and washed with Di oxane to obtain the desired product as a
white powder. The crude material was purified on the Prep HPLC using a
0-10098 over 14 mn. nethod (%43 = 0. 1%FA in 90% ACN). The pure fractions
were col |l ected and | yophilized overnight to afford

1- (4-(2-fluoroethyl)phenyl)-piperazine as a white cake TFA salt 15 (362 ny,
79%vyield). IHNVR (300 MHz, DMSO- d6): 69. ngid% 1110{?1 7 (m
411), 4.78 (mbum?stewl AN (3 mijy) Aftey completion of adfiition eief“ m"iti’f)wass 22 (s,
St b 303 BMLpRONE i e RS 5, |,
HANG cal cd. f ofeaqEpmixiufe pystrackd s “1‘%@9& Péa &?d‘_']]‘)fé%thi%@%‘ﬁ gfé %ﬁr%] To a

sol ution of 1-{dshédwiftl beint,aitdovey NpSOR phd @inpueiread tolwdtbta(rﬁa"thgyl 43(315 mmol ) and
di i sopropyl th anm n 90

1H pyr azol egl - é‘?'ﬁ’o Eﬁp?fenrﬁnglé’e% 0419‘6&%404‘ F'%tﬂ m);iﬁﬁmg’gactl o stirred at
room t enper at umg, 00 ¢ clude,ym@rﬁHtWBcﬂBWHCMO-dﬂieﬁ PEe2pim.dH 6R8s t hen
filtered and S;3a white solid
(335 g, 58% opopay SN E R GRIDSND! (MR ARAT T PUsREIART 3l
6.95-6.86 (m lﬂ@(m,AHTQ‘*@m 98M), 4.62 (in, 1H), 4.21 (m 1H), 4.11 (m 1H),
3.57 (dd, 4H, J= 5.2, 4.9 Hz), 3.09 (dd, 4E1, J= 5.1, 5.0 Hz); "F NW\R

(DVBO- d6) : - 222, 037 ( 156.0...152. 2, 144.9,
119, 2, 11518, go. B ‘g&s‘sﬂf“'(%'?“%" ef“’% P%)Pg’“%ﬂ“"d‘“ gapidg "t o
Cl2FI 17FN20: 267. 16157 f ound 267 16146 30

N —_—
o7 — "
[0102]  Terr-butyl 4-(3-(fluoromethyl)phenyl)piperazine-1-carboxylate (201.3 mg,
mmol) was dissolved in a 4.0 M solution of HCI and dioxane (2 mL) and stirred at
room temperature, After 45 min, the reaction mixture was concentrated and re-

15  dissolved in ACN (2 mL). Diisopropylethylamine (22 pL, 1.51 mmol) and 14-
pyrazole-1-carboximidamide (110 mg, 0.75 mmol) were added to the stirring reaction
mixture, The next day, the reaction mixture was concentrated to yield a crude oil,
which was purified by HPLC using a Phenomenex Luna C-18 (2) column (10 y, 250
x 21.2 mm, gradient method 0-100% B over 14 min., where B = 90% ACN in water

20  wusing 0.1% TFA as a modifier and A= water using 0.1% TFA as a modifier) with a
flow rate of 20 mL/min to isolate 4-(3-(fluoromethyl)phenyl)piperazine-1-
carboximidamide as a white solid (42.7 mg, 23% isolated yield over 4 steps). 'H
NMR (300 MHz, DMSO-d6): § 7.58 (br s, 3H), 7.28 (t, 1H, /= 7.8 Hz), 7.01 (brs,
1H), 6.98 (br s, 1H), 6.87 (d, 1H, J= 7.3 Hz), 5.35 (d, 2H, /= 47.9 Hz), 3.58 (dd, 4H,

25  J=5.4,4.9 Hz), 3.26 (dd, 4H, J = 5.4, 4.8 Hz); >C NMR (75.5 MHz, DMS0-d6): &
156.1, 150.3, 137.1 (136.8), 129.2, 118.8 (118.7), 115.9, 114.9 (114.8), 84.6 (83.4),
47.2,44.7; HRMS calcd for CyoH7FNy: 237.15100 found 237.1514.
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Exanpl e 19 Synthesis of 4-(3-ehloro-4-(2-fluoroethoxy)phenyl)pi perazi ne-1-
earboxi mdam de /Th NH ON N-< NH2 FC Synthesis of

4- ( 3- ehl oro-4- (2-fl uoroet hoxy) phenyl ) pi perazi ne-i - earboxi m dam de

101071 To a sol ution of 4-am no-2-chlorophenol (1.0 g, 6.97 mmol) in
n-butane! 10 (2 nL) was added bi s(2-chl oroethyfiam ne hydrochloride (1.2 g,
6.97 =nal). After conpletion of addition the reaction m xture was heated at
reflux for 60h. Solid Na2CO3 (740 ng, 6.97 ttunol) was added to the hot
reaction m xture in one portion and the reaction m xture continued stirring
at reflux. After 7h the reaction mgxlérele S cooled to RT and

2-chl or o- 44i perazin-1-yl)phenol was CoI"Pected via filtration. 15 The purpl e
sol i d was washed Synthesifiefgtidr{@Sudnofethroay)oplvogd-aiparpzing 1ichboramidingt ep wi t hout
further purification (554 ng, 37%yi ). AL-1ANVR (300 MHz, DMBSO-d6): 8
6.95 (dd, 1H, J- 2.8, 1,9 Hz), ®.9 *{;—m&ﬁ{ 81 (m H), 3.21 (m 4H),
3.16 (in, 4H). Synthesis of tert-buty N2
(4- (3-chl oro-4- hydr oxyphenyl ) pi perazi n-1- 20yl ) net hanedi yl i denedi car bamat e
r Ther n% NBcyv HONMN#hKS:s of tert-butyl 4-(4-(2-fluoroethoxy)phenyl)piperazine-1-carboxylate

HO—@—N NH o——@—n NBoc
—/ /_/ /
F

{0103] To a solution of 4-hydroxyphenylpiperazine (2.0 g, 11.22 mmol) in water
(56 mL) was added NaOH (673 mg, 16.83 mmol) followed by di-tert-butyl
dicarbonate (2.7 g, 12.34 mmol). The reaction mixture stirred at room temperature

10  ovemnight. The next day, the reaction mixture was filtered to collect terr-butyl 4-(4-
hydroxypheny!)-piperazine-1-carboxylate as & tan solid (3.1g, 99% yield), which was
washed with water (50 mL) and taken on to the next step without further purification.
'H NMR (300 MHz, DMSO-d6): § 6.79 (AA’BB’, 2H, Jag = 9.1 Hz, Jaa = 2.4 Hz),
6.66 (AA’BB’, 2H, Jap =9.1 Hz, Jag' =2.4 Hz), 3.43 (dd, 4H, J=5.3, 4.9 Hz), 2.88

15  (dd, 4H,J=5.2,5.1 Hz), 141 (s, 9H); ’C NMR (75.5 MHz, DMSO-d6): § 153.8,
151.4, 144.0, 118.5, 115.4, 78.8, 50.3, 28.0.
[0104] To a solution of terr-butyl 4—(4~hydroxyphenyl)—piperazine-l-carboxylate
(1.0 g 3.59 mmol) in DMSO (12 mL) was added potassium carbonate (745 mg, 5.39
mmol), potassium iodide (18 mg, 0.11 mmol) and 1.bromo-2-fluoroethane (294 pL,

20  3.95 mmol). The reaction stirred at S0 °C overnight. The next day, additional
amounts of potassium carbonate (745 mg, 5.39 mmol), 1-bromo-2-fluoroethane (134
ML, 1.79 mmol), and potassium iodide (18 mg, 0.11 mmol) were added. The reaction
mixture continued to stir at 50 °C. After 5 h the reaction mixture was cooled to room
temperature, quenched with water (10 mL), and extracted with EtOAc (3x 50 mL).

25  The combined organic layers were washed with water (100 mL), brine (50 mL), dried
over Na,SOy4, and concentrated to obtain a brown solid, The crude material was
purified using silica gel chromatography (1:4 hexanes: EtOAc) to obtain ferr-butyl 4-
(4-(2-fluoroethoxy)phenyl)piperazine-1-carboxylate as a white solid (440 mg, 38%
yield). 'H NMR (300 MHz, DMSO-d6): 8 6.92-6.84 (m, 4H), 4.78 (m, 1H), 4.62 (m,

30 1H), 4.20 (m, 1H), 4.10 (m, 1H), 3.45 (dd, 4H, J= 5.2, 5.0 Hz), 2.96 (dd, 4H, /= 5.3,
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Cl 101081 To a solution of 2-chloro-4-(piperazin-1-yOphenol (200 ng, 0.94
nmol ) and dii sopropyl ethylamne (180 p,L, 1.03 mmol) in DVF (3 nL) was
added :err-butyl (1H pyrazol-1-yfinethanediylidenedi carbamate (321 ngy, 1.03
mmol ). After stirring 25 at roomtenperature for 1.5 h the reaction m xture
was diluted with water (10 nL) and extracted with Et0OAc (3x 20 nL). The
organic | ayers were separated and washed with brine, dried over Na2SO41 and
concentrated to yield a crude oil. Purification of the crude material using
silica gel chromatogr aphy (gr adi ent of 20 to 100% Et OAc i n hexanes)

fforded b | -4-
f}lyd?(r)xgjphfa(r?)r/]E |§3¢J]t5ér h&?@i ?Hweﬁﬁm%?wz%&@é@bwg“a@'aﬁ oi |, which

crystallized l&mﬁ 24, 90 nﬁM@b&ﬁ 3053 43%.Y) 1@k d) 1 (YR 163088348 1), ﬂ\@O d6) :
9.61 (s, 111), m 1H), 6.79

(dd, in 18, .67 @7%?97§3§02%<a§mv§a@c§~f%cwzsw% 5] 192303@1{“ AR

J=5.0, 4.8 Hz)325192d. (s, 9H), 1.37 (s, 911); 13C NWR (75.5 Mz, DIVISOd6): 8
159.7, 151.2, 150.8, 146.6, 144,5, 119.8, 117.9, 116.9, 116.7, 80.1, 77.1,
49.2, 45.3,727.9 (20C); HRMS calcd. for 5C211-131CI N405: 455. 20557 found
455. 20573. Synt heynthesi$ of 43{4{-(-2&jmbgn|—ethoxy)-phenyl]-pip erazine-I-carboxamidine

(4-(3-chloro-442-fl uor oet hoxy i€ plpera2|n 1-
yQOret hanedi yl i denedi car ba ?e& %%U /NE N@ >— NN@IBoch lecc CC
10101091 To a sol ution ert-

(4-(3-chl oro-4-hydro e denedi car bamate (182
ng, 0.40 nTnoI 0"%/52 D??é@q ﬁ‘}/?ﬁ%ﬁ‘@g%‘éﬁ&%{]“%ﬁégp fgé?eganaﬁe (83 ngy, 0.60
m nol ), pot asseatwxylee (486 n(g’il!ﬁgmnﬁl)ﬁkm OriyDHG1 in Brikede- (B nddretireed fidr O miret hane (33
4, 0.44 ) - N PemB AR Rl ifileo TR Wlch WADSIlEs Vi A indTl X1 LT e

stirred at e reaction mxture was cooled to room 15

t enper at ur e anvesheordnRigxanetnobiin &e desires prpduct apgavhife PYGlss Thagafe was
extracted w t Nmb@AGad ,ﬂ)ﬁﬁ%@om} PRPAPAChsie@I0I1 004B 6V anink. maier SeBver e washed

W! th water ( SOEb.{?%Zy)I'FA in 56% EAC‘N% 0 ;)uve t'x('jamlxoengi v»/(?a}/eec{)llel\c:l'gjl % an%yOp%QEeé: oncentrated to

yield a crude
overnight to afford 1-(4-(2-fluoroethyl)phenyl)-piperazine as a white cake TFA salt

15 (362 mg, 79% yield). 'H NMR (300 MHz, DMSO-d6): §9.00 (brs, 1H), 6.97-6.87
 (m, 4K, 4.78 (m, 1H), 4.62 (m, 1H), 4.21 (m, 1H), 4,11 (m, 1H); 3.22 (s, 8H) “F

NMR (282.4 MHz, DMSO-d6): § -222.07 (m, 1F); ’C NMR (75.5 MHz, DMSO-d6):
152.5, 144.5, 118.0, 115.2, 83.3 (81.1), 67.4 (67.2), 46.7, 42.8; HRMS calcd. for
CioH17FNRO: 225.13977 found: 225.13961.

20 [0106] To a solution of 1-(4-(2-flucroethoxy)phenyl)piperazine (50 mg, 0.15
mmol) and diisopropylethylamine (59 uL, 0.34 mmol) in ACN (I mL) was added
1H-pyrazole-1-carboximidamide (25 mg, 0.17 mmol). The reaction stirred at room

temperature for 1 h, monitored by LC-MS. The precipitate was then filtered and
washed with ACN to obtain the desired product as a white solid (33.8 mg, 58% yield).

25 'HNMR (300 MHz, DMSO-d6): 3 7.55 (br s, 3H), 6.95-6.86 (m, 4H), 4.78 (m, 1H),
4.62 (m, 1H), 4.21 (m, 1H), 4.11 (m, 1H), 3.57 (dd, 4H, J= 5.2, 4.9 Hz), 3.09 (dd, 4H,
J=5.1, 5.0 Hz); '°F NMR (DMSO-d6): & -222.037 (m, IF); PC NMR (75.5 MHz,
DMSO-d6): & 156.0, 152.2, 144,9, 119.2, 115.1, 82.2 (81.1), 67.4 (67.2), 48.9, 44.9;
HRMS caled. for C1oH17FNZO; 267.16157 found 267.16146.

30
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101101 Purification of the crude material via HPLC using a Phenonenex Luna
C18(2) colum (10 LI, 250 x 21.2 mm gradient nethod 40-80% B over 20 nm,
where 20 B 90% ACN in water using 0.1% formc acid as a nodifier and A-
water using 0.1%formc acid as a nodifier) with a flowrate of 20 nLimn
to obtain tert-butyl (4-

(3-chl oro-4-(2-fl uoroet hoxy) phenyl ) pi perazi n- 1- yOnet hanedi yl i denedi car bamat
e as a white solid (28.8 ng, 12%yield based on recovered starting
material). IFINVR (300 MHz, DVMSO-d6): 89.62 (s, 1H), 7.06 (d, 1H, J 9.1
Hz), 7.04 (d, 111,J= 2.9 25 Hz), 6. 89% 11!3 J— 9.0, 2.9 Hz), 4.75 (m
111), 4.67 (m 111), 4.25 (m | H), mple 3.51 (dd, 411, J= 6.1,
4.1 Hz), 3.08 (dd, Sihthess dI4;(3-clﬂoﬁ#@ﬂuotoeﬁ@xf)sher@!)ﬁipﬁrame-} (s, 9E1); 19F
NVR (282.4 MHz, DMSO-d6): 6-222. 03ca('bnxmllﬂ)mldI63C NVR (75.5 Mz, DVSO-d6): 8

159.7, 151.2, 150.7, 147.1, 145.9, _< 115.7, 115.6, 82.1 (81.6),
80.1, 77.1, 68.8 (68.7), 48. 6, N%S,/I 9\-(-QC)NHM nor rot oneric 30
popul ation is al so visible;, HRMb Galfe& for C23H34CLFN405: 501. 22745 found

501. 2272. §&ynthesis of 4-43- chl or 0- 442-1 | uor oet hoxy) phenyppi per azi ne- 1-

car boxi ni dam de 10 Tert 45(;; ﬁﬁ eél} xy)phenybpiperazine-1-
AN

(4- (3-chl oro-4(2-fl &ﬁ‘%ﬂfx 8

yOret hanedi yl i denedi cat hana 26 was, di ssolved in a 4,0 M

solution of HCl1 in di oxane'O 2) amd—st ¥ @ L r#m tenperature

overni ght. The next day thegfeaction m xtureghas concentrated to yield a

crude oil. Purj ation of 't cruyde terial in Phenonmenex

Luna G 18 (2) .@émmTeié&b,"“ng‘ %?‘%”%?ﬁ‘??ma?‘é}ébé’n{fﬁ?ﬁgﬁ“%1“%68% B over 14

nm, wherei1s -(zgﬁh%vmudeabmez-atordsﬂlyl)smnghﬂr&%ﬁmlasg, 6. 9Tmaiohd Ater and A=

wat er using O. %%ﬂpH:ﬁ’ gf'sad ﬂ%%aﬁfo}x :Mt&@w%sfxéa%’a{x@hﬁ( ff 6o 0sdilsf m n af f or ded
oxy oxl|

4-(3-chl oro-4- uoroe gipyferam ne- | car m dam de as a white
solid (22 ng). NefOs mpemg(@)%@ﬂné)m ded t93he gt regotion ppixturg ingege peftiom 1 1= g

Hz), 7.07 (d, dthelresbtidn Mtdure Bonlsuel O6tringddrefihx. Rftdr, 7h2he9reddi‘ibn méau&D (m 111),
4.64 (m H) ﬁ 4.9 H),

15 3.14 (dd, 4151”?0?‘%&105}‘%2“%%}%&“& %édd Wé‘%%’i’ 8-222, 03

(m 1F); |36 NVR fufife Slilas wBOvit) eptaﬁesbsﬁrega;ocmhgztpﬂmwtsgep 122.3, 117.9,

115.8, 115.5, 8 7 1 for
G131 21801 P as0 Mo b GlnnaRalesbae. %él}ﬁ%@&%wi@fg%nt sk
4- ( 3- Brono- 4- (QF%(ddokfbdﬁﬁ;&y)%mrﬁﬁl)(ﬁllﬁétﬁﬁ|(lnelH) 3%h€ﬂbd G 4B pri 44N

Fir? BrN. _J. talz 25Synthesis of tert-butyl

(4- 0- br onp- 4- hydr oxgphenyp i perazi a-1- Amet hanedlkl enedi car bamate r Th Moe
thesis of tert-butyl (4-(3-chloro-4-hydroxyphenyl)piperazin-

20 yl)methanedlyhdenedlcarbamate

N ——
HO N N

Cl
[0108] To a solution of 2—chloro~4-(p1perazm- ~yl)pheno] (200 mg, 0.94 mmol)

and diisopropylethylamine (180 pL, 1.03 mmol) in DMF (3 mL) was added zert-butyl
(1H-pyrazol-1-yl)methanediylidenedicarbamate (321 mg, 1.03 mmol). After stirring

25  at room temperature for 1.5 h the reaction mixture was diluted with water (10 mL)
and extracted with EtOAc (3x 20 mL). The organic layers were separated and
washed with brine, dried over Na;SO;, and concentrated to yield a crude oil.
Purification of the crude material using silica gel chromatography (gradient of 20 to
100% EtOAc in hexanes) afforded tert-butyl (4-(3-chloro-4-

30 hydroxyphenyl)pipérazin—l-yl)me&lanediylidenedicarbamate as an oil, which
crystallized upon standing (186 mg, 43% yield). "H NMR (300 MHz, DMSO-d6): &
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HOHHO \ -1 NHBoc Br Br 101121 To a solution of the 4-am no-2-bronophenol
(1.0 g, 5.32 nmmol ) in nbutanol (5 nL) was added bi s(2-chloroet hypam ne
hydrochl ori de (949 ng, 5.32 30 nmol). After conpletion of addition, the
reaction m xture was heated at reflux for 60h. Solid Na2CO33 (564 ng, 5.32
mmol ) was added to the hot reaction mxture in one portion and the reaction
m xture continued stirring at reflux. After 7h the reaction m xture was
cooled to RT and 2-brono-4-(piperazin-l-yl)phenol was collected via
filtration. The purple solid was washed wi th heptanes before 5Sproceeding to

the next step wth cat 3] |yt .on of

2- br ono- 44pi pe?‘m%}z(? ﬁ% y%ﬁ%gﬁél&?ﬁ%dhng 5%%}5%%@’1‘ 1H1%d7@ (E‘P 1, ‘}

di i sopr opyl et hg%,ai8iHz, 3(B (&, AH, J 25.24.18)02.99 (ﬂd]4HM:=f(‘E 4Blz)Wee (added t he

ten-butyl (1H M d r ( « 2.14 nunol).

Ater stirting LR ers RN re Mg DTEERG Y RE st B0k s U o ae

diluted with \/\Bﬂﬂérlmm (12(9 m.6)9 &7, 88,1730t 450, 08.3,3 7 E{DACHR B cglofhifdr. The

organic | ayer soue ﬁ%%% with brine, dried over Na2SO4, and
ru e ol ur

concent r at €d to“yﬁI ication of the crude material using
silica gel chromat ography (gradient of 0%to 100% Et OAc i n hexanes)

af f orded tert - bugydmelid of 't?brp-f) 3-chloro—4-(2 fluoroethoxy)phenyl)piperazin-1-
hydr oxyphenyppi per azi n- | - yOve{ihéRsheiiyiidaeaeirbanstanat e was obtai ned as a

white 15foam (171 (V e 111, NVR (F308,, LIBER,. g8 89. 64, (br s.
111), 9.60 (s, II-@, O/W e 111) 6. 84 (br 2M)¢ Qw9 (dd, 4H, J
5.0, 4.4 Hz), 2.99 (ad 411 > =4.5, 43Hz) led4- 1.37 (m 1811);

'3C(75.5 Mg, %Eéascﬁutﬂoﬁ%f@m—ﬂ\ﬁﬂl(l - 5&&@pﬂenyl}ﬁﬂer&m-ﬂ.20 8, 117.5,

|1;6al65018|95|5bl P ‘Yé‘éF‘@g 1"%‘?“‘9@(}.?2 T%(%a m?y[sgg@ tom;l‘idgﬁnpopul atton

499. 15446. Sy npdmsurs cﬂfnoﬂa’&l’(&’r 1apt0y40 mmol), potassium iodide (3 mg, 0.02 mmol), and
J1) ot hanad yi RS BASHRT G e gehel oy el e a0 1
--b-N N-f reaction mixture stirred at 50 °C. After 4.5h the reaction mixture was cooled to room
15 temperature and quenched with water (10 mL). The aqueous layer was extracted
with EtOAc (4x 20 mL) and all combined organic layers were washed with water (50
mL) , brine (50 mL), dried over Na;SO4, and concentrated to yield a crude oil.
[0110]  Purification of the crude material via HPLC using a Phenomenex Luna C-
18 (2) column (10 p, 250 x 21.2 mm, gradient method 40-80% B over 20 rhin., where
20 B =90% ACN in water using 0.1% formic acid as a modifier and A= water using
0.1% formic acid as a modifier) with a flow rate of 20 mL/min to obtain ferz-butyl (4-
(3-chloro-4-(2-fluoroethoxy)phenyl)piperazin-1-yl)methanediylidenedicarbamate as a
white solid (28.8 mg, 12% yield based on recovered starting material). 'H NMR
(300 MHz, DMSO-d6): 5 9.62 (s, 1H), 7.06 (d, 1H, J=9.1 Hz), 7.04 (d, IH,J=2.9
25 Hz), 6.89 (dd, 1H, J=9.0, 2.9 Hz), 4.75 (m, 1H), 4.67 (m, 1H), 4.25 (m, 1H), 4.20
(m, 1H), 3.51 (dd, 4H, J=6.1, 4.1 Hz), 3.08 (dd, 4H, J=5.1, 4.8 Hz), 1.42 (s, 9H),
1.37 (s, 9H); *F NMR (282.4 MHz, DMSO-d6): 8 -222.03 (m, 1F); "CNMR (75.5
MHz, DMSO-d6): § 159.7, 151.2, 150.7, 147.1, 145.9, 122.3, 117.9, 115.7, 115.6,
82.1 (81.6), 80.1, 77.1, 68.8 (68.7), 48.6, 45.1,27.9 (2C) Minor rotomeric
30 population is also visible; HRMS calcd. for CzaH3CIFN4Os: 501.22745 found
501.2272.
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NHBacNHBoc BrBr 25 [0114] To a solution of ten-butyl

(4- (3-brono-4- hydroxyphenyl ) pi perazin-1 - yl)nmethanediylidenedi carbamate
(110 ng, 0.22 mmol) in DVMSO (2.2 nL) was added potassi um carbonate (46 ny,
0.33 Mol ), potassiumiodide (2 ng, 0.01 nmml), and 1-brono-2-fl uoroethane
(18 pl." 0.24 mol ). After conpletion of the additions the 30 reaction

m xture stirred at 50 C. After 6h the reaction mxture was cooled to room
tenperature and quenched with water (5 nlL). The aqueous | ayer was extracted
with EtOAc (4x 20nL) and all conbined organic | ayers were washed with

orude ofl. [01151Pur IR C SR ER R B RAGRR " I 0 ¢

Phenomenex Luna C- 18(2) col umm ( learpexipBpmide?]. 2 nmm gradi ent met hod

40-80% B over 20 mign. e =n0% ACN |.n us v-ﬁg Onl% formc acid
as a nodifier and A~ W& usin ﬁliyformc aC| fler) with a

flowrate of 20 mi/min afforded tert- butyl (4-
(3-brono-4-(2 ro yl i denedi car bamat
Cas o it oo M O LA GLEN: Fa?%?ﬁwﬁé’f’?%é’éﬁ k’%&”ﬁ BV do) - 8956 (.
In), 7.05 (4, xbmethafeféylsiem@ycafbﬁnm% mgp0.05mmpiyes dissghyed ima 40 4.67 (m |
|(_?:Id 44a6 S m 1§émtlon PudLid Zloﬁzﬂ% (Cg-ﬂnL? §1d7sarréd1ﬁ| rooﬂm"ﬂemﬁeranﬂ'e dvertfigi® THZ)O dg) 08
= S
8-222.03 (in, ﬂ!?—‘)‘ éayf%‘de%ﬁk‘/ﬁ? iR YpsFon ‘° yig fs?%’%%‘“‘ %Sg/#‘iz‘é*“’“l 145. 6,
122.9, 117.6, fhkorude m%t&x@al Sia HPD.CQisingd BPEetb&&neQLunab‘@m(zo edurfy (1050256 49 3,
27.8; HRMS cal ¢ 1.2 745 f 5 Synt hesi s
of 4-(3-brono- ﬁq g ‘8'@?’?1%‘5?’9\? Eﬁgﬁ%o PYST Dl ﬁ%’eg 592%?%@& IIW%%{m de /Th NI
Moe BrBr 203901 kﬁm t% ESEIA?* a modifier and A= water using 0.1% TFA as a modifier) with a
(4- (3- bromo- 4- g, TG GH BN MIRRAEIYA - B 864 3% nlsrdsthoxy)phenyTpiperazine-1-
carboximidamide as a white solid (22 mg). 'H NMR (DMSO-d6): 8 7.53 (br s, 3H),
7.09 (d, 1H, J=2.8 Hz), 7.07 (d, 1H, J= 8.1 Hz), 6.93 (dd, 1H, J=9.1, 2.9 Hz), 4.80
(m, 1H), 4.64 (m, 1H), 4.28 (m, 1H), 4.18 (m, 1H), 3.55 (dd, 4H, J= 5.1, 4.9 Hz),
15 3.14 (dd, 4H, J = 5.6, 4.4 Hz); F NMR (282.4 MHz, DMS0-d6): § -222.03 (m, 1F);
13CNI\/IR(75.5 MHz, DMSO-d6): § 155.9, 147.2, 145.5,122.3,117.9, 115.8, 115.5,
82.7 (81.6), 68.8 (68.7), 48.1, 44.7; HRMS calcd. for C;3H;sCIFN,O: 301.12259
found 301.1225.

20 Example 20
Synthesis of 4-(3-Bromo-4-(2-fluoroethoxy)phenyl)piperazine-1-
carbeximidamide
s
o—Q—u N—(
/
F/—/ By
25 Synthesis of tert-butyl (4-(3-brome-4-hydrexyphenyl)piperazin-1-

yl)methanediylidenedicarbamate
I\ NBoc
Ho Hy Ho N onA
N “NHBoc
Br

Br
[0112]  To a solution of the 4-amino-2-bromophenol (1.0 g, 5.32 mmol) in n-
butanol (5 mL) was added bis(2-chloroethyl)amine hydrochloride (949 mg, 5.32
30 mmol). After completion of addition, the reaction mixture was heated at reflux for
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yl ) met hanedi yl i denedi carbamate (26 ng, 0.044 mmol) was dissolved in a 4.0 M
solution of HCl in dioxane (0.6 rnL) and stirred at roomtenperature

overni ght. The next day the reaction m xture was concentrated and purified
via HPLC using a Phenonenex Luna C-18 (2) colum (10 p, 250 x 21.2 mm

gradi ent nmet hod 40-80% 25 B over 20 min., where B = 90% ACN i n water using
0.1%formc acid as a nodifier and A= water using 0.1%formc acid as a
nodifier) with a flowrate of 20 niL/m n afforded

4- ( 3- brono4- (2-f 1 uor oet hoxy) phenyf | pi perazi ne-1-car boxi m dam de as a white

222" (a1 0 SO o g P e e s N SR pn el 00, S 7
(n IH) A a(z))4 Iddie portior dd)i theSeddRon(misturedbhtintied Sirdng mreﬂuﬂzeﬁerzhme)(d2304kbh J=
(75 5 Mz, mé%dw%&%g&féd%k}%%é@%4§’bm =%§)pgéﬁblldi§ 2, 111.9, 82.7
(81.6), 68.9 (Bt visfdirgion T purgevilid wpcwpsheswithhep®EPENG0: 301, 12259

found 301. 1225, 5ﬁle%@xt%te@('md%?ﬁxhﬁer%tmﬁcatwn
4- (44(2-f1 uoroet hoxy i perazi ne- earlb(gqO i_?r ni d Nn NH sl
)

Synt hesis of t@Hdl bu ?S°A“"€ﬂ°f%§f6’ln8)?§ﬂﬂ‘8‘€‘ﬁ??‘h¥ll?8}f?§}? - car boxyl at e
.rTh. N NH  d4d i@eropiiktey1d:0hOE17 Ll @. & hmael mdar(iﬁ)(m)swsuadwme@a‘n.t ert-butyl

?1(74; nD) ana T R | e SRRk % Bis ek o 1. 72
mml) in one mrﬂngmmooih&ngeaamé fon4t minxthe regctivh imixtard wodilukdd vath wiite€ bef ore

bei N9 quenitedobio Pk Muddeh i sSREH-BIAET ToT ol B 00 iRR1 © | aver was

filtered t Ife and concentrate tarn ten-butyl 15
4( 4- (hydr oxyrre%nﬁwaﬁpﬂwﬂ?blp‘iep@?eémﬁé\[atscba@ﬁmp‘&ta@dé@@ﬁaé‘i“éfh@b solid (1 )

111 NWR (300 Mzificddoldtthe cr§de7m§Q1a(ﬁ§mf%mca é&%hr@mﬁéémp}@ Kidlof ®ddb J8.6 Hz),
4.61 (d, 214, 3.14 (dd, 4H, J

5.2, 5.0 Hz), ‘P@‘?ﬁfméﬂ‘)m)f%@gﬂw%%ﬂﬁ@ "Elﬂcls) 8 154.94, 151.11,
132.92, 128. 59hydﬂoi:§ph&4&l)p&@naﬂﬁ—l ~OEneBdyed§lidG6dicatBmd®, wad 8biided avleraite r ot omer i ¢

P ggﬁgatzigg”i% o el k9 ot 0oL ray. 28 NRVRs 00 Dno-1,PE 6 8NEA3: 1199636 85969
(s 1H), 7.05 (brs, 1H), 6.84 (br s, 2H), 3.49 (dd, 4H, J=5.0, 4.4 Hz), 2.99 (dd, 4H, J
=4.5,4.3 Hz), 1.44 — 1.37 (m, 18H); *C (75.5 MHz, DMSO0-d6): § 159.5, 151.2,
150.8, 147.7, 144.7, 120.8, 117.5, 116.6, 109.5, 80.1, 77.1, 49.3, 45.3, 27.9 (2C);
Minor rotomeric population is also visible; HRMS calcd for CyHa BrN4Os:
20 499.15506 found 499.15446.,

Synthesis of tert-butyl (4-(3-bromo-4-(2-fluoreethoxy)phenyl)piperazin-1-
yhmethanediylidenedicarbamate

I\ NB
HO /_\ NBW o N N °
NHBoc N WHBoc

Br

[0114]  To a solution of tert-butyl (4-(3-bromo-4-hydroxyphenyl)piperazin-1-
yl)methanediylidenedicarbamate (110 mg, 0.22 mmol) in DMSO (2.2 mL) was added
potassium carbonate (46 mg, 0.33 mmol), potassium iodide (2 mg, 0.01 mmol), and
1-bromo-2-fluoroethane (18 ul., 0.24 mmol). A‘fter completion of the additions the

25

30 reaction mixture stirred at 50 °C, After 6h the reaction mixture was cooled to room
temperature and quenched with water (5 mL). The aqueous layer was extracted with
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Synthesis of tert-butyl4-(4{(2-fluoroethoxy)nethyl)phenyppi perazi ne-

| ear boxyl ate /Th Nt _ JNBocN Neoc Ho W25 [01181 To a solution of tert-butyl
4- (4- (hydr oxynet hyl ) phenyppi perazi ne-1- carboxylate (100 ng, 0.34 mmol) in
THE (1 inL) was added triphenyl phosphirte (135 ng, 0.51 mmmol),
2-fluoroethanol (24 pL, 0.41 nmmol) and di i sopropyl azodi car boxyl ate (99
pL, 0.51 mmol). The reaction m xture stirred at room tenperature overni ght
The next day the reaction m xture was diluted with 30 water (5 m.) and
extracted with EtOAc (2x 10 nmL). The conbined organic | ayers were washed

ith wat 20 br 20 nl),, drjed 1422804, trated
U obtal n a or JAeASRR 0BE} sl STk oreet S Yt VR ARG || ca g
chro mgt oglr ag hy (b(rige esginenﬁri@f or:e%mzso@ﬁmi@&eamed to ylkbeanes ):il.iaf fo lr3 dedI :
t t- t - T If iy e n L. peragzl ne-1 car no ale as a
col or | est of | (@é%hg,p‘%ﬁgag%‘&f‘%%ﬁ}"?e%ﬂg%ﬁaﬁ%}g“m?‘;‘&&ﬂ?ﬁ%@%7 (d, 2H,
J = 9.0 Hz), 6.18%)cdum@{p,25@x D1 Han, gAdieR nfathod 46480% B. &8 203nin.2kdere 4. 49 (m
1H), 3.74 (id, 413 4 i THD o . A8 o Brer Hz), 3,13
i 3000 PR P
-223.01 (n, 1F)0.1% formiqerd pssmedifighywi Byate /rpin affgydedyer-bpgl (4; 129, 2,
116.5, 84.3 (823Bomo/L2%NuorodthBx %;gi%nﬁ)p{p@&zizn)lwylﬂz%ﬁﬁne idbhediédibaateld HRVG
cal cd for C18li 27FN205: 339.20%& fqund 339. 20790. nt hesi s of
1- (4( ( 2- f | uor ot RS hpe) L3hER) ) B‘i%?é&@%ﬂﬁW%{'ﬁ%@?%@fNPDNBoo N NH
[1g1 (l%gen- but y|27.0$-(6,414i25f=lztmgﬂdlloesw GiA VAN f(hﬁ,n&b%@igmﬂ aa), m.esG @m,qag,hoxyl at ?I

, . | V, | ‘ n | | OXane
L) Cand 9t 195 I 1R 7 (AR SATE olohied St 38 L8 b TR 6, |
1-( 44\(M%_- I | uor thsﬁq;giamltzmgaz)+Maﬂw$o¢6pepmio_sner,hgwgtr‘hrmm(imﬂawo| | ecte
as a ite soli i %, Vi § ,
DVBO- d6) : 8 10.@%&???‘532;61’ iﬁ&”@’ﬁéﬁg%%ﬁ%‘%g 'z‘é'%w &gg)’s. 7 H),
7.05 (d, 211, J69.(89.43239.3,49.8.127(8; HRMBHplcd dor4B:HauRrFIAGY, S04.22R 5 faund

501.2272.
15

Synthesis of 4-(3-bromo-4-(2-flueroethoxy)phenyl)piperazine-1-
carboximidamide

/—\ NBoc N\ NH
™o N N«( — N N N—‘(
" NHBoc . N A,
Br Br

20 [0116]  Tert-butyl (4-(3-bromo-4-(2-fluoroethoxy)phenyl)piperazin-1-
yl)methanediylidenedicarbamate (26 mg, 0.044 mmol) was dissolved ina 4.0 M
solution of HCI in-dioxane (0.6 mL}) and stirred at room temperature overnight, The
next day the reaction mixture was concentrated and purified via HPLC using a
Phenomenex Luna C-18 (2) column (10 p, 250 x 21.2 mm, gradient method 40-80%

25 B over 20 min., where B =90% ACN in water using 0.1% formic acid as a modifier
and A= water using 0.1% formic acid as a modifier) with a flow rate of 20 mL/min
afforded 4-(3-bromo-4-(2-fluoroethoxy)phenyl)piperazine-1-carboximidamide as a
white solid (7.4 mg, 44% yield). 'H NMR (300 MHz, DMSO-d6): & 8.45 (br s, 3H),
7.22 (d, 1H, /= 2.8 Hz), 7.00 (m, 2H), 4.80 (m, 1H), 4.64 (m, 1H), 4.28 (i, 1H),

30 4.18 (m, 1H), 3.52 (dd, 4H, J= 5.4, 4.6 Hz), 3.12 (dd, 4H, J= 5.3, 4.9 Hz); *F NMR
(282.4 MHz, DMSO-d6): § -222.03 (m, 1F); C NMR (75.5 MHz, DMSO-d6): §
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202H), 3.67 (m 1lii), 3.57 (m IH), 3.45 (dd, 411, J= 5.5, 4.9 Hz), 3.22
(n, 4H); 19F NWR (282,4 MHz, CDCb): 5-221.40 (in, 1F); 13C NWR (75.5 MHz,
HVSO) : 8 148.5, 130.7, 128.9, 116.4, 84.0 (82.0), 71.7, 68.7 (68.6),
46.0,42.2; HRMS calcd for Cufl 19FN20: 239. 15542 found 239. 15540. 25

Synt hesi s of 4-(44(2-fluoroethoxy)nethyl)ph enyl)pip

erazi ne-1| -carboxi m dam de [0120] To a sol ution of

1- (44(2-fiuoroet hoxy) nmet hyl)-phenyl) pi perazi ne hydrochl oride (50 ng, 0 12
mmol ) and diisopropylethylamne (67 ul" 0.38 mmol) in DMF (1 nl) was added
1H pyrazol e- 1- boxj m dam de _hydrochl oride (2 vo O, 30, muol ). The
reaction sti rrgg&7a§4$%dﬁ’7?e‘?r?r§’r ﬁgérlésfzoulgzlﬁj (%hggﬁ%gﬁf%gaﬂg%%é reaction
m Xxture was COBRRME daild st G, 01 yBENGD: a0 Lrasefoord 301Mb25ch was purified via HPLC
usi ng a Phenonenex Luna G 1S (2) colum (10 1.1, 250 x 21,2 nm gradient
met hod 15-55% B over 20 mn., where B = 90% ACN in water using 0.1% formc
acid as a nodifier and A= water usingz@mgleg2fornmc acid as a nodifier) with
a flow ratesof g

4- (442-11 uor oet %)lgi:/ rref%‘hy euﬁi;{ %I glre%%’l)%henll)[gg?r o&ﬂﬁpdﬁbmm gméds a white
solid (20 ny, 41%yield based on re o@ d/Shard ng material). 1H NMR (300
MHz, DMSO-d6): 8 7.58 (br s, (d2ZH,Nd=8.5 Hz), 6.96 (d, 211,
J=8.6 Hz), 4.61 (m 1H), 4.45 (Frn/- 4.41 (s, 211), 3.67 (in, 11), 3.58
(dd, 4H, J=4.2, 3.9 Hz), 3.22 (in, 511) 19F NWR (282.4 MHz, DWMSO- d6):

8-221.39 (i E): "C 156. 1, 149.8. 128.9,
115. 4, 84( I1n( 81%’3“‘“&9 éert%’é‘%égﬂég‘yﬁf‘“yﬂ‘? %gﬁéylﬁ‘?%fc%ﬂ rhexviats

CnH21EN4O: 281. 177216 foun 0 . Synt h/F—S-@'NﬂN but yl
4- (4-i odophenyl ) pi per agjsfie- ate 0 To_a/ S0l ution of

4-i odophenympl ?(ﬁ ?]Z -nl% ah 00 et? foh’lcg)go utlon gfltert b\gtyl 4§(4-t8 nnnY?xelzyl)plperazme-l—
carboxylate (1.0 g, 3.44 mmol) in ether (17 mL) and THF (3 mL) was added solid
lithium borohydride (38 mg, 1.72 mmol) in one portion. The reaction mixture stirred
for 1h at 0 °C before being quenched with 1 N HCI to reach pH=7. The resulting
organic layer was filtered through a pad of celite and concentrated to obtain fert-butyl

15  4-(4-(hydroxymethyDphenyl)piperazine-1-carboxylate as an orange solid (1 g) 'H
NMR (300 MHz, CDCl3): 8 7.30 (d, 2H, J=8.6 Hz), 6.93 (d, 2H, J=8.6 Hz), 4.61 (d,
2H, J=5.0 Hz), 3.59 (dd, 4H, J= 5.3, 5.1 Hz), 3.14 (dd, 4H, J= 5.2, 5.0 Hz), 1.49
(m, 9H); *C NMR (150 MHz, CDCls): 8 154.94, 151.11, 132.92, 128.59, 116.84,
80.14, 65.24, 49.66, 43.48, 28.64; Minor retomeric populations are also visible;

20  HRMS caled for CygH24N205: 293.185969 found 293.18590.

Synthesis of rert-butyl 4-(4-((2-fluoroethoxy)methyl)phenyl)piperazine-
1earboxylate

Nf—\NBoc " F Nm Boc

3 ) ~ O

25 [0118] To a solution of tert-butyl 4-(4-(hydroxymethyl)phenyl)piperazine-1-
carboxylate (100 mg, 0.34 mmol) in THF (1 mL) was added triphenylphosphine (135
mg, 0.51 mmol), 2-fluoroethanol (24 uL, 0.41 mmol) and
diisopropylazodicarboxylate (99 pL, 0.51 mmol). The reaction mixture stirred at

room temperature overnight. The next day the reaction mixture was diluted with
30 water (5 mL) and extracted with EtOAc (2x 10 mL). The combined organic layers
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20 in water (15 nL) was added sodi um hydroxi de (246 ng, 6.16 tnnol),

foll owed by ditert-butyl dicarbonate (740 ng, 3.39 mmol). The reaction

m xture stirred at roomtenperature overni ght The next day, the reaction

m xture was filtered to collect terthbutyl

4- (4-i odophenyppi perazi ne-|-carboxylate as a tan solid (1.1 g, 92%yi el d),
whi ch was washed with water (50 tn.L) and taken on to the next step w thout
further 25 purification. 11-1INWR (600 MHz, CDCI3): 5 7.53 (d, 2H, J=9.0
Hz), 6.68 (d, 2H J 9.0 Hz), 3,57 (dd, 411, Jr 5.2, 5.0 Ft) 3.11 (dd,

4H, J = 4.9, Hz). . 1.49 9 150 .NHz 13).: 8 154.9,
151.1, 138.1, T’i@ “@l“"g?’ ity Wa%é(zﬂ “Eé?“%bnniw%ﬂ)zg'?“?;w‘iﬂ af8y for

C: 51- 1211N205: c@8tB72 GEobfaumchu@a. BiifeBtion dByiriches mstedd! utiny dlichgely |

4- (4-(3-hyd -1- I N
Rog \ (¢ hys roxgiis%%%@w%%@gg ,m' IB%%&@P%M%@ E@%Xﬁd@ér?butylh
4-(4-i odopheny éi(®Ererestinsy)methy myime@zwmcﬁrwm@s Sqdfﬂrmwil)(% mg,

tri phenyl ph e ’ , 0.5 ny,
0003 ol ) ot ner Ry, AR (o TRt 2 3‘*%-""‘@"’ o e (3 o,
0.005 mol ). THREHR4SS BN 4622445 @0 ! 13r76 %#p@r@t Je3$or 24 h. The

next day, the (daa,ijene.ofi3otHeE) e, 1988d, aRNLCL B80! 86 Be), faglspar)i i RERUSI ng silica
gel chromat ogrgz%léu b{ﬂg{ﬁ%ﬁ’g net hod 094QQ0% Et OAc in hexanes) to afford
tert-butyl 10 # @5?’30(}} (. VY 1Y PSR (5P oY (835 1P4-&ar boxyl at e as
a[\iwéel(gg\év sol i d1§®% 1294, 1263 1y6.6) 84. 398K 6)I7909) 78.0 L6 GEH), ?%gmgoHrngj;gr?t grbalzg ill
4. 48 (d, gll:la J%’%&iﬁ%@“@‘g#ﬁ%%w}”?g %?92611 5 hz), 3.18 (dd, 4H, J=

5.4, 5.0 Hz), 1.87 (t, 1E, J= 5.7 Hz). 1.49 (s. 9H): "C NMVR (75 Mz,

CDC13): 8 154. ng-'hﬁfés@of ﬂ-éiz((ﬁﬂu&%éhé« g&étﬁ%)L]}h&ggéger?gnph 1&?1”0:1-@% 148 4,

44.8, 28.4; H calcd for_Cl sH?AN oun 31
Synt hesis of tert- yl N/_\ NmNH
4- (4- (3- hydr oxypropyOphenyl pe‘r—aéi ne- 1-ea ear b_\xyd;at p—

\--r=r-0 -, NCN | solutian, of tert-butyl
4- (4-( 3- hydrox;ll/%p y%“%ﬁ}ﬁ%%&mx a%lfqup‘%eéarzn yrate é/la%% g,
10. 11 rmol 5§ n( @mphmasmlvadjm@dt@@M@tto(nz»@fmlmmxmeLzam% mol on

carbon, 3.2 g) sur?aa@t Jo@@@érﬁﬁéfhtd?é x&ﬁ&%wa-@tmisedamaiy)é&hﬁ i of H2 atm
over ni ght The nex S reno fromthe reaction m xture

t da ved
via a filtrati8¥ "8%%‘5‘“638“8‘%“8@% ‘\’,‘\’gﬁﬁedtaﬁé“g‘it? f9ligvig o dhdBnt rat ed to
yield a crude 0i% yieRyr IH Ne @oowvEE, DVBOGEH a0 ARk, 1ad), URi(RGg, 5Dl | ca gel

Cort-butyl 4. {2206 Hohee B Ol o mhd i onagy i Pl BT eats "o an

of f-white @@llaHzMz(xg, 1134 %/ (e L), 3%@%4@9@%@ ma:msaﬂ),ﬁv 11 (d, 2H,

i g= 85 s Mlestdigplondt § ko g B (oM 3Shalinlsh E), 550 {99
7.4 H). 187 485, zw lzszglgg 84(820), 71T, mm@sl@mmm@;dfms 154. 9,
149.7, 133.9, #283N,3:089 15548 Quhd 26215440.49. 9, 44.1, 34.5, 31.3,

25  Synthesis of 4-(4-((2-fluoroethoxy)methylphenyl)piperazine-1carboximidamide '
N\ NH
~O-Ow —— OO
—/—O —/ d /
—

[0120]  To a solution of 1-(4-((2-fluoroethoxy)methyl)-phenyl)piperazine
hydrochloride (50 mg, 0.12 mmol) and diisopropylethylamine (67 uL, 0.38 mmol) in
DMF (1 mL) was added 1H-pyrazole-1-carboximidamide hydrochloride (29 mg, 0.20

30  mmol). The reaction stirred at room temperature for 24h. The next day, the reaction
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28.6; FIRMS calcd for G sH2sN203: 321.21727 found 321.2174. Synthesis of
tert-butyl 4-(4-(3-flu oropropyl)phenybpi perazi ne- 1-car boxyl ate HO

s--0- 1IM\BocFN NBoc [0124] To a sol ution of deoxofluor (152 j.tL, 0.69 mmol)
in DCM (1.0 nm.) at -78 5 C was added ten-butyl

4- (4- (3- hydr oxypropyl ) phenybpi per azi ne- 1- car boxyl ate (200 ng, 0.625 m ne!)
dissolved in DCM (1.0 nL). After stirring at O Cfor |Ib the reaction

m xture was quenched with saturated NaHCO3, and extracted with DCM (2x 5
m.). Al conbined organic |ayers were washed with water (10 InL) and brine

(10 nL), dried.over Na2SO4, filtered —and concentrated btain a crude
oi | . The crud@ViEFe Tt eqaceiratid o yidld f prodepihy ¥ ‘ﬁlbwgsiq“?"g&de‘@%#ﬁc(ﬁ}‘s&% ogr aphy

2 0‘(%322%; glJr adi @m&noel%n&%%ﬁcue (ﬁ%ﬁﬁﬂ%l)o;l Q5mbriad fmf @ﬂdlbﬁh&gwd 5- SSZ/% o vi ol d

- -f luor opr e r - car % vyie was
on recover ed &%‘f)ﬁo)rfg‘ wﬁ%‘@%%aﬁp cyaiﬁqwtfr W%&B&FS&@ ag;gé (dy 2H,
J=8.7 Hz), 6. &ﬁdAdwaewsmg:cBL%fdzﬁac acﬂa58m()dlﬁer]l.ﬂth 4 BGy Butedf PO mL/mBB (t, 11-1,
2,68 (dd. P11 et a*é%*ﬂaérfz&%waneﬁtrﬁaﬂé@vﬁw%i“%af”z‘ewﬂe% 19F R
(282 Mz, CDCm)te s@id(20g, #2%(yigld basyd onlr8@vetRAR I Wal) 154. 9,

149. 8, 133.2, 9 32.2

30.6 (30.5) . BB Al 1P ln 4%l 0 9. e ot %%%‘ézlzg%éﬁf@%and 3
323.21320. 203 tmeEDs4.65 (m, JERAIKE, 359,357 6y I phai i) #.detdz3 982 Th . NBoc -

z1/ (N4N|(-|3\| I {Jorlg%%g]g;-lﬁw ﬁgw 28%;41\%{?zﬁeDMSOCc(}16r)b80-)%21 gy (m lI:‘/) ‘3CNMR(752 nmol ) was
di ssol ved i0h 2MHz, @M%‘g gg% gﬁ“%”ﬁ) 149 6)3&1165%(@ % 6%6%@ i“ffed at room

tenperature. AllerrRMS chicd for G IFQOORN Pl 6 &N 1)1pTRer azi ne hydrochl ori de
25 was collected as a white solid via filtration (63 ng). 1H NVR (300 MHz,

CDC13): 8 9.58 (br s, 2H), 9.38 (bra, 1H), 7.15 (d, 2H 1=8.7 Hz), 7.00
(ii, 2H J=8.61-1z), 4.49 (1, 111, JExaGwp@2%), 4.34 (t, IH f= 6.0 Hz),

oy 1 o8- 1 B0 ( SPRh °fféﬁ'-?m9feﬁéf9ﬁr‘m‘m%a%ﬁ%‘9%9“%%’*’5 1B 150
NI VER (75.5 Mz, CDCI3): 6 147.3, 1 0116 71, 83.6 (82.5),
46.2, 42.2, 315(314) 297(/2_3/@' || for

1§

Synthesis of tert-butyl 4-(4-iodophenyl)piperazine-1-carboxylate

N\
;—O—N/\:\/NH — l——@—NuNBoc
[0121]  To a solution of 4-iodophenylpiperazine hydrochloride (1.0 g, 3.08 mmol)
20  in water (15 mL) was added sodium hydroxide (246 mg, 6.16 mmol), followed by di-
tert-butyl dicarbonate (740 mg, 3.39 mmol). The reaction mixture stirred at room
temperature overnight. The next day, the reaction mixture was filtered to collect zert-
butyl 4-(4-iodophenyl)piperazine-1-carboxylate as a tan solid (1.1 g, 92% yield),
which was washed with water (50 mL) and taken on to the next step without further
25  purification. 'H NMR (600 MHz, CDCL): & 7.53 (d, 2H, J=9.0 Hz), 6.68 (d, 2H, J
=9.0 Hz), 3.57 (dd, 4H, J= 5.2, 5.0 Hz), 3.11 (dd, 4H, J = 4.9, 4.9 Hz), 1.49 (s, 9H);
BC NMR (150 MHz, CDCl3): § 154.9, 151.1, 138.1, 118.8, 82.3, 80.2, 67.3, 49.2,
28.7; HRMS caled for CysHz1IN2Os: 389.07205 found 389.07165.

-60-



G 3H19FN2 :223. 160503 found 223.16060. Synthesis of

444- ( 3-f | uor opr opyl ) phenyl ) pi perazi ne- 1-carboxi m dam de Nil NNHr- \-7 NH2
[01261 To a solution of 1-(4-(3-fluoropropyl)phenyppi perazi ne hydrochl ori de
(50 5 ng, 0.22 mon and diisopropyl ethylamne (82 pL, 0.47 nunol) in DVF (I
m.) was added 1H pyra. zol e-1-earboxi m dam de hydrochloride (36 ng, 0.25
nmol ). After stirring at roomtenperature for 9h, the reaction m xture was
purified via HPLC using a Phenonenex Luna C-18 (2) colum (10 p" 250 x 21.2
mm gradi ent nethod 15-55% B over 40 mn., where B = 90% AC)! in water
using 0.1% TFA a I b AoV h&p-14 ' 9 as a nodifier)
with a flowrat e%g?w%gsomr% Eﬁhﬁ'[ %@rt@gr £ I%W&e%ﬂp{f) Jﬁﬁheaf

4- (4- (3-fl uoropropyl )phenyl ) pi per azicaehoxylater boxi m dani de as a white solid
(36 ng, 42%yield). 00 : DNBOHdG) 5 R3S (PR s, 311), 7.09 (d,
211, J=8.6 Hz), 692( i @ J¥B6& 0 Hz), 4.34 (1,
1H, J = 6.0 Hz), 3.57 ( 4H .3, 4.8 Hz )5~ 3. i?*fdd 411, J = 5.2,

4.9 Hz), 2.58 (0&2,] ZlFbaslurrBoﬂtert—ltﬁylei @-ibdophentDiBrakivd O (oaxbo B9 (200NVR (282. 4

Tag 5. 1325 T6374S mibeut sBhentblos st MR, b apmB.an EMBEY Bk OB T T,
(29.6); HRVE c@eee 008} mmol PN mbEes padd PMI(AY HDEB ta@patodidExanpl es 23

and 24 Synthesjs o@s Nmﬂo% %pfsecﬁ%n(r@xt&réwea PSR Bk RRAEY34 1 ag@ni di ne
hydr ochl ori de and. N-13- br.ono- 4- (3118Fi f | uor opr opoxy) - benzyll guani di ne

hydr ochl ori de s} qay,Ahe regyﬁxg ngqrgw&q:concemrated and purified using silica’gel
3- br ono- 4- (t er ¢hrdmbkoghaphly (Feddiyit mShb@ons!1009% Etdvedia ab-aaly Baffof) er-butyl

10 4-(4-(3-hydroxyprop-1-ynyl)phenyl)piperazine-1-carboxylate as a yellow solid (92
mg, 75% yield based on recovered starting material). 'H NMR (300 MHz, CDCLs): &
7.34 (d, 2H, J=8.8 Hz), 6.82 (d, 2H, J= 8.9Hz), 4.48 (d, 2H, J = 5.6 Hz), 3.57 (dd,
4H, J=5.5.,4.9 Hz), 3.18 (dd, 4H,J=5.4, 5.0 Hz), 1.87 (t, 1H, J= 5.7 Hz), 1.49 (s,
9H); "C NMR (75 MHz, CDCl): § 154.7, 150.9, 132.8, 115.5, 113.1, 85.9, 80.0,

15 51.7,48.4, 44.8, 28.4; HRMS calcd for CigH24N203: 317.18597 found 317,1861.

Synthesis of tert-butyl 4-(4-(3-hydroxypropyl)phenyl)piperazine-1-carboxylate

HO o =\
— NB —_— HO N NBoc
| O |\_/ o° \_/

[0123]  To a solution of tert-butyl 4-(4-(3-hydroxyprop-1-ynyl)phenyl)piperazine-

20  I-carboxylate (3.2 g, 10.11 mmol) in EtOH (253 mL) was added EtOAc (200) and
Pd/C (10% mol on carbon, 3.2 g). The reaction mixture was shaken at 50 psi of H,
atm, overnight, The next day, the catalyst was removed from the reaction mixture via
a filtration over a pad of celite and the filtrate was concentrated to yield a crude oil,
Purification of the crude material using silica gel chromatography (gradient method

25  of 0%-100% EtOAc in hexanes) yielded fert-butyl 4-(4-(3-
hydroxypropyl)phenyl)piperazine-1-carboxylate as an off-white solid (2.3 g, 71%
yield). 'H NMR (300 MHz, CDCL): § 7.11 (d, 2H, J= 8.7 Hz), 6.89 (d, 2H, J = 8.7
Hz), 3.67 (brt, 2H, J= 6.4 Hz), 3.58 (dd, 4H, J= 5.2, 5.1 Hz), 3.09 (dd, 4H, J= 5.2,
5.0 Hz), 2.65 (dd, 2H, J = 8.0, 7.4 Hz), 1.87 (m, 2H), 1.49 (s, 9H); ®C NMR (150

30 MHz CDCls): § 154.9, 149.7, 133.9, 129.3, 117.1, 80.1, 62.4, 49.9, 44.1, 34.5, 31.3,
28.6; HRMS calcd for CysHasN;03: 321.21727 found 321.2174.
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f0127] To a sol ution of 3-brono-4-hydroxy-benzal dehyde (7.14 g, 35.52 mmol)
di ssolved in DVF (35.5 nL) was added i m dazole (5.80 g, 85.24 mmol) and
TBDMS-Cl (6.42 g, 42.62 mml). The reaction mxture stirred for 4h and was
then diluted with water (50 nlL), The aqueous | ayer was extracted with Et OAc
(3x 50 nL). The organic |ayer was dried over Na2SO4 and concentrated to
yield a crude oil. Purification using silica gel chronmatography afforded
3-brono-4-(tert-butyl- dinethyl-silanyl oxy)-benzal dehyde as a yell ow oi l
(5. 13 g, 46 %yield). 11-1 NWR (CDC13, 300 MHz): 89.83 (s, 1H), 8.06

(d,. 3.0 Hz, 1H), 7.71 (dd, ./.=3.0, 9.0 Hz, 51H), 6.97 (d, J 9.0 Hz,
1H), 117(s 9H) 0,28 (s, 6H); "C NVR ( CDC13, 75M—|z 5 189.8, 158. 3,
135.5, 131.5, 18@ntesisiafCerpbutyhd(4e3- srqprow@p'@enyl)mmazmawarbowlﬁz nt hesi s of

13-brono-4-(tert-butyl - d| / yI 7~s-|\l anyloxy) - pheny rret—i\anol OCH
101281To a cool ed (#0.C) ofB®-—rompRa- y| N&ferret hyl -
si | anyl oxy) - benzal dehyde ( g, 16. 33 nuno di ssol ved in IVEOH (16.5 )

was added Na2B0124} (O‘os(s@utgqnf@d@?om{l)ﬂgbr(t@dwnw@@Ch&kfb“ﬂalqt “Bhe reduci ng
agent was agde falalcsl for 30
mg nut es bef gr e%%%%&ﬁe?ggﬁ b&lﬁ 4hna43§ V\{’ (ﬂﬁ%}(’%ﬁ%ﬂe@p}b éﬁéﬁﬁ%@i@ Ezgormved en

vacua and DCM (nzd)6’«45@111%889%@5Wﬁ%@érﬁﬁeﬁf%ﬁﬂg&fﬁo‘éﬁf duiei on ni xture.
The aqueous | aVe“aétw%ﬁxt&%%@&ﬁeﬂ&e&‘Mtﬁ'sM{ﬁmm dfﬂd)extrs@&ﬂb/ﬁtned:qugam cs were
drived over My2olt, AN COnCent Lol Sk Qi ehtbadifl LBy bbb iRt On usT ng
[ 3- br omo- 4- ('t endly, tﬂdb@/bvedNifGOmﬁltelsd laadhgancsnyrteploebipiflapatdhath oTheamida 20

col orl ess I I—Jﬁ{;\é@ 306, (m 113),
7.17 (dd, Qb %te%év%sﬂ%%ieﬁg%%g Jéﬁ%glel( a(o%é'?(()"/ 306 I\él"zl%l)ent o@%%(gé 2H) . 1.05
(s, 9H), o 26 [stex@idp) to 'omarmmt-lemeﬂgs-e-ﬁgormr)yl)p@nximpe!ﬂzmié's 3, 132.5,

127.3, 120.5, l&@o:@late@% t@g, 4%6% ﬁeld Jv& &»rcc&er@d st&&r@aﬂ&er@l) 'rOyNRR@e) s of
1,3-bis(tert-b utoré earhb tert

t
di met hyl - si | anMf P%bﬁiyl ( gﬁaﬁr%ﬂﬁlé) ¢s (d, 2H,J= Py yﬁz).453(t 1H,J=6.0

Hz), 4.38 (t, 1H, J = 6.0 Hz), 3.59 (dd, 4H, J=5.3, 5.1 Hz), 3.10 (dd, 4H, /= 5.2, 5.0

15 Hz),2.68 (dd, 2H, J= 8.1, 7.2 Hz), 2.07-1.90 (m, 2H), 1.49 (s, SH); '°F NMR (282
MHz, CDCls): § -220.02 (m, LF); *C NMR (75 MHz, CDCl): 8 154.9, 149.8, 133.2,
129.4, 117.1, 84.5 (82.3), 80.1, 49.9, 43.9, 32.5 (32.2), 30.6 (30.5), 28.65; HRMS
caled for CigHa7FN202: 323.212933 found 323.21320.

20 - Synthesis of 1-(4-(3-fluoropropyl)phenyl)piperazine

OO — « OO

[0125]  Tert-butyl 4-(4-(3-fluoropropyl)phenyl)piperazine-1-carboxylate (78 mg,
0.24 mmol) was dissolved in a 4.0M solution of HCl in dioxane (3 mL) and stirred at
room temperature. After 1h 1-(4-(3-fluoropropyl)phenyl)piperazine hydrochloride

25  was collected as 2 white solid via filtration (63 mg). 'H NMR (300 MHz, CDCL): &
9.58 (br s, 2H), 9.38 (brs, 1H), 7.15 (d, 2H, J=8.7 Hz), 7.00 (d, 2H, J =8.6Hz), 4.49
(t, 1H, J= 6.0 Hz), 4.34 (t, 1H, J= 6.0 Hz), 3.40 (dd, 4H, J= 5.5, 4.7 Hz), 3.22 (br s,
4H), 2.59 (dd, 2H, /= 8.1, 6.3 Hz), 1.98-1.80 (m, 2H), ¥R NMR (282.4 MHz,
CDCls): §-217.98 (m, 1F); *C NMR (75.5 MHz, CDCls): & 147.3, 133.6, 128.9,

30  116.71, 83.6 (82.5), 46.2, 42,2, 31.5 (31.4), 29.7 (29.6); HRMS calcd for

' Ci3HisFN; 1223160503 found 223.16060.
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OHVac NANH2 Boo [0129] To a solution of
(3-brono-4-(tert-butyl -di net hyl -sil anyl oxy) - phenyl k net hanol (3.11 g, 9.84
mol ) dissolved in THF (98.4 rol) was added PPh3 (3.87 g, 14.76 mmol), 1,3
bi s(tert-but oxy-carbonyl)guanidine (3.83 g, 11.81), and DIAD (2.86 m,,
14.76 mmol ). The reaction m xture stirred at roomtenperature for 30 5

m nut es before being concentrated en vacuo. The resulting y ellow oil was
purified using silica gel chromatography (4:1 hexanes: Et0Ac) to afford

1, 3-bi s(tert-butoxycarbony/)43-brono-4-(tert-butyl-di nethyl-silanyl oxy)-ben
zyl |l -guanidine (5.14 g, 94%yield). IHNW (CDC13, 300 Miz): 8 9.48 (br s,
211), 7.48 (m /H), 7.12 (dd, J= 3.0, 9.0 Hz, /H), 6.80 (d, .1= 9.0 Hz,
1H), 5.07 (s, 21®ynthbsib&r 44(3-,(34%’0:'1)8&11&131)heﬂjﬂlp)perﬁ.ﬂie-ﬂ&r()&imﬁiﬂ:)d,e 0.24 (s,
6H); 13C NWR (CDCl13, 75 M4z 8155 0. 151.8, 133.3, 3. 0gyl27.7, 120.2,
115.0, 84.6, 46.8, 28. % ,426NQ -18.-6, [ .=(SWnthesis of

1, 3-bi s(tert-but oxy-eaf bokyd) - (\3-br ono- 4- ro eny i - Ngpani di ne

)t rBoooc NNI - 12NNH2F BooBoo TBSOHO 15Br Br § 01301 To a sol ution of AA (5.14

g, 9.22 nunol ) o6} SOiry g ehnitld (R padARch: 10 [ of TBAF
(18.56 tilL of 1(§THF soIJthﬁLng m%mﬂﬁ' ewﬁﬁlmnse ya??eéﬂ%éﬁgletlon of

addi tion the rB&&%%2semeh WGP@P@BY]‘?‘PYIHEW {83 F@i?ﬁya‘fﬂo})éib%’fféhﬁ&}‘a@ur e for 20
m nutes. The r&aed mpyrmaetlumomwm&@mo&a&megmemm xhgl d 20 a crude

o1, bl ch e i 0 el g, 9o (T o i (A henes: £ 0%
9.48 (br s, 2Lijng aZ’h&EDtr(eﬂax Lhinf) C- 1?(2])501(161(’1,(10’;;, 2&) 021. Qmﬁx g&zdlenlﬂr&ﬂ'nod 6 92 (d, J=
Syt hesi s of | 15 BEIEAY Bl Wl S PRS A 3ok s R 02T AR Ror o
propoxy) - b&hzympdifierand 4+ water using 0.1% TFA as a modifier) with a flow rate of 20 mL/min

afforded 4-(4-(3-fluoropropyl)phenyl)piperazine-1-carboximidamide as a white solid

(36 mg, 42% yield). 'H NMR (300 MHz, DMSO-d6): & 7.53 (br s, 3H), 7.09 (d, 2H,

J=8.6 Hz), 6.92 (d, 2H, J=8.6 Hz), 4.50 (t, 1H, /= 6.0 Hz), 434 (t, 1H, /=6.0 H2),

3.57 (dd, 4H, J=5.3,4.8 Hz), 3.17 (dd, 4H, J=5.2,4.9 Hz), 2.58 (dd, 2H, /= 8.1,

15 6.4 Hz), 1.98-1.80 (m, 2H); '°F NMR (282.4 MHz, DMSO-d6): 8-217.97 (m, 1F);

BC NMR (150 MHz, DMSO-d6): 8 156.1, 148.5, 132.1, 128.8, 116.2, 83.6 (82.5),

47.8,44.8, 31.7 (31.6), 29.7 (29.6); HRMS calcd. for Ci4H;1FN4: 265.18230 found

265.18240.

20 Examples 23 and 24

Synthesis of N-[3-bromo-4-(3-fluoro-propexy)-benzyl]-guanidine hydrochloride
and N-[3-bromo-4-(3-[18F]flucrepropoxy)-benzyl]-guanidine hydrechleride

Part A - Synthesis of 3-bromo-4-(fert-butyl-dimethyl-silanylexy)-benzaldehyde
O )

H H
e
HO TBSO

25 Br Br
[0127]  To a solution of 3-bromo-4-hydroxy-benzaldehyde (7.14 g, 35.52 mmol)
dissolved in DMF (35.5 mL) was added imidazole (5.80 g, 85.24 mmol) and
TBDMS-CI (6.42 g, 42.62 mmol). The reaction mixture stirred for 4h and was then
diluted with water (50 mL). The aqueous layer was extracted with EtOAc (3x 50
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I Nl Boe NBoc NANH2N NH2 BocBoc HOF---N%r%) Br [0131] To a solution of
phenol (300 ng, 0.677 mmol) dissolved in DM (7 nL) was added

1- brono- 3-fl uoro propane (123.16 ngy, 0.880 mmol) and K2CO3 (140.3 -65- ny,
1.02 nmmol ). The reaction mxture was heated to 50 C for 2.5h before being
guenched with water (10 nL). The aqueous | ayer was extracted with Et0Ac (20
m.). Organic |ayer was dried over Na2804, filtered, and concentrated to
yield a yellow oil. Purification of the crude material using silica gel
chromat ogr aphy afforded 1, 3-

5bi s(tert-butoxyscarbonyl [ 3-bronp- 4- ( 3-f LHOr - pr opoxy).- henzyl |. - guani di ne
(208.5 nm, 61%’%’?‘2%)@%&%?&%?@5@%? @e‘g?a%)“(%g‘gé,xméﬁ? 7.54 (in,
1H), 7.54 (d, . PurifRa@®onhizing 4ilidd gel Grr@dat¢giphy affi@ded 3Hromd-4-(&x-butyl-09 (s, 211),
4.74 (m 1H), 4 s 2 o ; 51 (s, 9H)
1.42 (s, 911): é‘i’%yf{fhﬁ?y]‘%’@ﬁ’%‘&%% M)E{:l“é‘:?ﬂ's@sa%’l‘%s&mﬂd%%§@ 128. 1,
113.2, 111.9, &IDQs 80MalE): SER3Ms, (184 .89p (4,46 3@ H3 0 7.70(4d30: 9, 9.028., 5, 28. 0;
19F NWR ( | 3, X ) ) i3 5. Synt hesi s
of N.15- br ofo. AH%%%'?% 09-'%5{%’51%1%?)8‘7(6@35{@@ @ﬁ%%i i%%%@%ﬁ&?ﬁ[%@{rzp'de Boc111H
N NH2 NA.' NHB 8% 158.3,135.5, 131.5, 130.5, 120.2, 116.6, 25.8, 18.6, -4.0.

Part B - Synthesis of [3-bromo-4-(tert-butyl-dimethyl-silanyloxy)-phenyl}-

methanol

0 OH
H
———
T8SO TBSO
Br Br

[0128] To a cooled (0 °C) solution of 3-bromo-4-(zert-butyl-dimethyl-
silanyloxy)-benzaldehyde (5.13 g, 16.33 mmol) dissolved in MeOH (16.5 mL) was
added NazBH4 (0.309 g, 8.17 mmol) portion-wise. Once all the reducing agent was

10

added the reaction mixture stirred at room temperature for 30 minutes before being

15 quenched with water (15 mL). MeOH was removed er vacuo and DCM (20 mL)
was added to the remaining crude reaction mixture. The aqueous layer was extracted
with DCM (3x 20 mL). Combined organics were dried over Mg,SO4 and
concentrated to yield a crude oil. Purification using silica gel chromatogrephy
afforded [3-bromo-4-(tert-butyl-dimethyl-silanyloxy)-phenyl}-methanol as a

20  colorless oil (4.22 g, 82 % yield). "H NMR (CDCls, 300 MHz): § 7.55 (m, 1H), 7.17
(dd, /= 3.0, 9.0 Hz, 1H), 6.86 (d, J= 9.0 Hz, 1H), 4.61 (s, 2H), 1.05 (s, 9H), 0.26 (s,
6H); PC NMR (CDCl;, 75 MHz): § 152.4, 135.3, 132.5, 127.3, 120.5, 115.6, 64.6,
26.0, 18.6, -4.0.

25 Part C - Synthesis of 1,3-bis(fert-butoxy-carbonyl)-[3-bromo-4-(tert-butyl-
dimethyl-silanyloxy)-benzyl]-guanidine

7" J
N™ “NH,
—_— Boc
TBS TBSO
Br Br
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BrBr 15101321A sol ution of

1, 3-bis(tert-but oxy-carbonyl -[ 3-brono-4-(3-fl uoro-propoxy) -

benzyl] - guani dine (250.6 ng, 50 mml) in 4N HCl in dioxane (6 nL) was
heated to 50 C for 2h. The reaction mxture was diluted with water (4 nL)
and ACN (1 nL) and |yophilized to afford

N- p- br ono- 4- ( 3-f |l uor o- pr opoxy) - benzyl i - guani di ne hydrochl oride as a white
solid (169.1 ng, 99%yield). 'H NVR (DVSO d6, 600 20M—Iz): 8 8.03 (br t,

111), 7.55 (m 1H) 731-7.27(m 2H) 7.15 (d, . 9 Hz, 1H), 472 (i, 9=
6 Hz. IH), 4.56 6H 1 . 10-
2.06 (m 2H) . [0t bctTW"Fﬁ“}?’c‘ aflé- Qéﬁ’ w*d&%wﬁﬁ%@ﬁ&xﬁ?ﬂﬂ}yﬁﬁt es and

cooled to roorm&z@dmﬁsatglr9€s4rmha)mbwemme@xamppmtaadbmmhmsmgeam of warm
ni trogen under rti added and
the resul tant }é)@ ‘g)\‘/ég ﬁ%’ﬂ’ 3(3‘3# ’%ég d}III)*ufcg({i)j?eactl on

m xture was di{286ed, M‘!&mmlDeThe(r&eﬁtmrm)mxbesposd atwnvnmmmmeOerse phase
(& 18) cartil dgGuehs rgéé,@oco\q&mﬁéaemgg ABERL Rflodt BPwaGHETy W LD

distilled water, pur e acetonltrlle(20
n). An ali quousmxaéwipgnl ﬂfr«inedomralyu(%vm% %ﬂé@éo P—ﬁﬁl_fd:l POIHPFEIEYa ca. 10nCi

sanpl e of pur eca%ogylp{ %&Méﬁ%ﬁ&] ﬁlhiefapma@mmenaepgmﬁ il igli ne

hydr ochl ori de - Ani na par ati on prague

1341
Dawl ey rats (3%659@ S‘NMMGH%)WW% NP @é%xﬂgh& 4?&‘1513{‘1)5 23@3
Covgnee) ﬁnd n?igO'WHilUH?rB%U(UFIBimHENHE’S@(@QHWMWES ﬂﬂﬂmX§9ﬁ) ?:akg) wgre
used in this stu concor u re an
Use CommittRe. l%étq}gs‘h?é‘(ﬁﬂ%& SQ]N%@ é%@héé%@qgfgdﬁéw’&s wer e
anest heti zed widy, sxci, urp.qenb o, £8.5,28.1(Z%6®, iyd,k40. i . p.) and the |eft
femoral 15 vein was enulated with PESO tubing for drug injection. Rabbits
were pit-sedated with aeepromazine (0.75 ng/kg i.m) and then anesthetized
wi th ketam ne P46 Dfiykthesis ofi,3-biaatr-KytbayzéankonyB-[Irijrdoep-4-hydrpxy-tiingylkar
mar gi nal vein was canul ated for drug guagidieei on. NHJPs were anesthetized
w th acepromazi ne (0.3 ng/ 5‘” i.m) and ketam' ne {10 ng/kg, im), orally
i ntubated and mai nt NH, | sof | ur ane MNH The 20 saphenous vein
in the |l egs was_¢ tedofor drug inj A(?G‘ftl onal doses of
anest hetics wer8° %lv N as needed. Tiss Bi d| stribution in Rats and

Rabbi ts 10£§5] Aft er "anest hesi a and vein entl at | on, each animal received a
bol us inj ecti o139 18P alselisédnedd Ade@ritt 2422 mme)) diasebgd IEHI @R ML) 488 s and

rabbits vere ZMQMt%EB%T@AF@% %Q&émmwmtﬁﬂdssﬁrﬂmﬁaﬁdrmwﬁhe bl ood,
heart, lung, liver, | een, dne femur and |l e were collected. Al I

sanpl es were wéfigHE H‘P H?i“lf&ﬂfm‘?ébfh EW"P%\H?’&S‘&E?‘FW‘E QEFIRE W zard 1480,
Per ki nEl mer  Li fegpadatireAiedOpthinGiad. TEEieamion mixnBhehd @ncen@i)d erfhaoneyieldnount  of

activity a?ﬁl nlasC;u %mgwlh?cneachmatﬁdr@ gﬁ‘\/a e%lﬁb\lnﬁ{)%%hg)@ %#ﬁ&ﬁé%ﬂ)&'@ t he

r esi dual vitTl ringe a €enous ca e tissue 30
upt ake of each teaflrta wids solei(éﬁmgnw ¥isldDoH NMRACE 51 3e0MBay & raibnsi ssue

(1/010 9). 2H), 7.45 (m, 1H), 7.15 (dd, J= 3.0, 9.0 Hz, 1H), 6.92 (d, J= 9.0 Hz, 1H), 5.08 (s,
2H), 1.52 (5, 9H) 1.42 (s, 9ED).

25 Part E - Synthesis of 1,3-bis(tert-butoxy-carbonyl-[3-bromo-4-(3-fluoro-

propoxy)-benzyl]-guanidine
NBoc NBoc

N’U\NH2 N)LNHz
Boc —— Boc
HO F/\/\O
r

8r
[0131] To a solution of phenol (300 mg, 0.677 mmol) dissolved in DMF (7 mL)
was added 1-bromo-3-fluoro propane (123.16 mg, 0.880 mmol) and K,CO; (140.3
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Cardiac PET Imaging in Animals 101361 Cardiac PET inmaging was performed in
anesthetized rats rabbits and NI-IP. Each ani mal was anesthetized and a
venous cat heter was established for inmaging agent injection. Then the

ani mal was positioned in a mcroPET canera 5 (Focus220, CTI Ml ecul ar

| magi ng, Inc. Knoxville, TN) for cardiac inmaging. Label ed agent was
injected intravenously and animals imaged up to 120 m nutes. | mge
Reconstruction and Anal ysis (01371After the acquisition, inmges were
reconstructed in a matrix of 256 x 256 pixels with 95 transverse slices

(i CPOPET Nanadlsr - ShAL St MR Er er RO e A L FRECBRBR Y | | o, Ty

The pi xel si ze queshed vA warer @0dnlf) hThsdquenms taperclenesactwdeitiEtOAc@amiihe | mages

were reoriente i j i n i al raphi ¢ cardi ac i nage
frames were t hg)rrléa %gﬁigrg g»?%gﬁ?%&eglsaéz%@ %8%## ufgémpgtrr%t %3(9 ?’ r @%ygﬁ “691&25
m nut es. 1® tign of the edg matedal 2singgiliessgslvhranfategiephygiordgé t.Bved from

cardi ac scagni Iaa(zééa&&@raé}begﬂlmbmmf@Mﬁeﬁotﬁ?&m()%%?z%x_@un;d%&tzbéscﬁti ons and

patents nentioned in the, above specification are heréin 1ncorporated by

reference. Al t Mgugi¥e viRld) IERYMR ((DC1n 6 MEDN S $ 6hrisdD. 7.3 @ohikddfon wi t h
speci fic prefeid,od 79Oty R4y, Stz SHRUHS S8 (1BAEE IS ARAHY g7 (kb ey, nvent i on

as clainmed shoyld not be unduly limted {o such spgcific enbodi ments. 20
| ndeed, vari ou$1H&%; %%@%ﬂ%e%?ﬂl’ﬁélzseg%}}'%?e(&@ﬁid&%(cgghr%ong out the
invention that MH#: DISGI0PL5R 41 D33t2hoxeel, $13.2, l1e09, 8N4 (d03) re6l0gsu9)] 448, 80.1s are
i ntended to_be w fhi e pe of the followng clajns. Wat is clained
is: I.A co%ouﬁ%’é%gng%gﬁﬁﬁﬂ&(@)%’ %%%Mﬂz)f SPALRA, RO, 0R 4 R4 H RN
R10FR12R6

Part F - Example 23 - Synthesis of N-{3-broemo-4-(3-fluore-prepoxy)-benzyl}-

guanidine hydrochloride
NTSNH, n NH,
Boc
ENN0 F "0
Br Br

15 [0132] A solution of 1,3-bis(tert-butoxy-carbonyl-[3-bromo-4-(3-fluoro-propoxy)-
benzyl]-guanidine (250.6 mg, 50 mmol) in 4N HCl in dioxane (6 mL) was heated to
50 °C for 2h. The reaction mixture was diluted with water (4 mL) and ACN (1 mL)
and lyophilized to afford N-[3-bromo-4-(3-fluoro-propoxy)-benzyl]-guanidine
hydrochloride as a white solid (169.1 mg, 99% yield). 'H NMR (DMSO-d6, 600

20 MHz): 8 8.03 (brt, 1H), 7.55 (m, 1H), 7.31-7.27 (m, 2H), 7.15 (d, J= 9 Hz, 1H),
4.72 (t, J= 6 Hz, 1H), 4.56 (t, J= 6Hz, 1H), 4.30 (m, 2H), 4.15 (t, J= 6Hz, 2H), 2.19-
2.06 (m, 2H).

Part G — Example 24 - Synthesis of N-[3-bromo-4-(3-[18F]fluoropropoxy)-

25 benzyl]-guanidine hydrochloride
N~ “NH, N7 “NH,
Boc H
HO 18F /\/\O
Br Br

{0133]  To asolution of phenol (3 mg, 6.77 umol) dissolved in acetonitrile (0.7 mL)
was added 3-[18F]fluoropropy! toluenesulfonate (350uCi) and K2CO; (1.40mg). The
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wherein linking groups B, D, E, F, and G are independently selected from
the group consisting of a bond, alkyl, aryl, arallcyl, alkylaryl,

het eroaryl, alicoxy, alkylam no, am noal kyl, aryl oxy, al koxyallcyl,

thioall cyl, and heterocyclyl; Rs through R14 are independently
selected fromthe group consisting of H OR3, F, d, Br, |, CH2F, OCH2CH2F,
al kyl (C1-C4), aryl, heteroaryl, C(=O R3. CO2R3, and imge noiety Im and
R3, RA, R5, and R6 are independently selected fromthe group consisting of
1, alkyl, aryl, arallcyl, heteroaryl, allcylamno, alkyloxy, and aryl oxy.

L L e
IR P e R AP
L L o 9o it B A 0 SO 21
and wher ei ng gfégﬁ‘ggpﬁ{ggﬁgj &%if#hfrﬁé)éﬂtst\b&e VR 1ARRhiRd MESoRn i 0gen

al kyl , aryl al v e conpound as 1n claiml1, wherein any two
of 124, R-5, Réstilidwater;pndrhorcompound sapelyted yith pere sgefquittilg (%0 @k)- ¢t ed from t he
gg(OUQFjlza?FSi 3\;} i ﬂﬁu&fw;({s’ipMQ NiaT@'élfst dedf ph@é%ﬂl@d&ot : @il a ca. Qb tgamp%%ffisdge ﬁad g

- X- : e S ed fro e.group consisti 0 : , an

NR7, and R7? is&‘gi‘B@EP'e“d@ﬁ?@ﬁﬁ%@“@?’&ﬁjﬁe%ﬂ%”ﬂ‘ﬁﬁ%y °°‘§?’l‘é{7]? . aryl and

het eroatyl substituents. 5. _The compound as in claiml, wherein one or
nore of Rsan is an inagi ng noveymple Zrpninal lepargiier | j nking groups B, 13, E
For G which attaches said inmaging noiety to the phenyl ring, contains at

| east one & onf0134. ¥ele Sprmepobsidenrts 09 E:,T"\RPF@?)e’F‘ﬂeg’a‘f’ée*}l%gi ng noiety I'm
is selected frrpbishes g, VRO bRl Mhlk Ah-BimahGIrimaed BIHP, E9fckaolghs 99nTC, 51 30d,

aryl o het er oRPYFUREED TS sty I RschrBy S B R EREPRY it n var! ous
functional grospimab@dreatidibe Committehdn gssoeipiodiarigitot pmbimegingstudils, ra®r, 1, OH,
NFO{ =0y N Ris) 28 SR Riee S5 Gtk pen kit G Gl Mot Ly 50
sel ect ed f1Hm veiewercsenietedowidi BRSO tpingifonlyeg inigetipn. BabRyy wergprgfsedaisd al | cyl ar vyl .
8. A conpound RAY hddsromhAMCOYS Sl 1.8 ah@inb@u¥esthdtBed with ketamine (40 mg/kg,

‘i.m.) and xylazine (8 mg/kg, i.m). The ear marginal vein was canulated for drug

injection, NHPs were anesthetized with acepromazine (0.3 mg/kg, i.m.) and ketamine

(10 mg/kg, i.m.), orally intubated and maintained with isoflurane (0.4-1.5%). The

20  saphenous vein in the legs was canulated for drug injection. Additional doses of

anesthetics were given as needed.

Tissue Biodistribution in Rats and Rabbits
[0135]  After anesthesia and vein canulation, each animal received a bolus
injection of '°F labeled agent via the venous catheter. Rats and rabbits were
25  euthanized after the injection and samples of the blood, heart, lung, liver, spleen,
kidney, femur and muscle were collected. All samples were weighed and counted for
radioactivity (Wallac Wizard 1480, PerkinElmer Life and Analytical Sciences,
Shelton, CT). The net amount of activity administered in each animal was caiculated
by subtracting the residual activities in the syringe and venous catheter. The tissue
30  uptake of each agent was determined as % injected dose per gram tissue (%ID/g).
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Rl12 HNNH2 GRHNH 'R o wherein linking groups 13, 0, E, F and G
are independently selected fromthe group consisting oft bond, alkyl, aryl,
amicyl, alkylaryl, heteroaryl, al koxy, alkylam no, aryl oxy, alkoxyal kyl,

and heterocyclic; and R4 through RI 2 are independently sel ected
fromthe group consisting of H OM, F, d, CF3. Br, |, allcyl (C1-C4),
aryl, heteroaryl, C(-0)114, CO2R4, N(R4)2.CN, C(--NH)NHI ts,

C(=0) NHR5, NHC( =0) NR5, NHNR5, S020R5, and Im wherein R4 and R5 are

selected fromthe group consisting of H, alkyl, aryl and heteroaryl
substituents. 9. The conpound fdcl %F[F 8, .V\/nenr urllm ne or nmore R6-R10 is an
I mgi ng noi ety, and one of sa o ir{ﬁ’a@f’%ﬁe 3, Db E, For G which
attaches said uomgi nGardie¢ BEY iagingivas pirforydd inbrregthetmum.r@blat addeast one

atom 10. The GQ ty is selected
fromt he group consi st i ngv&% a&%&lz%agti%%g &a{fgi{f@%ﬁ%$gmg§6d 1111n, and
Q0Y. | 1. contg@angjaaqatvm@xosﬂhﬁemp@m@rwasasmmw W’CWBEWWWZ wher ei n

R R1 d t f H,
A, Fand @Bracﬁscwmde_l@ﬁmesd%y‘gg@cm@m;@m f(ﬂE&H’iﬁc m@psRESting o

) het eroaryl
aral kyl , aIIcy]i‘aQF age “‘W‘“‘W‘y?’ﬂﬁnmﬁﬁ wﬁl?%ﬁzll

wherein R3 is sel ected fromthe gRoup consi sting of H, aI kyI aryl and
het er oar yl Subst | tuents. Image econstruction and AnalYSlS

[0137]  After the acquisition, images were reconstructed in a matrix of 256 x 256
pixels with 95 transverse slices using the filtered back projection algorithm and decay

10 éorrected (microPET Manager and ASIPro, CTI Molecular Imaging, Inc. Knoxville,

TN). The pixel size was 0.47 mm and the slice thickness was 0.80 mm, The images

“were reoriented regarding cardiac axis and serial tomographic cardiac image frames

were then generated for every 10-minute period from 5 to 125 minutes.

- [0138]  Figures 1 and 2 represent the images derived from cardiac scanning

15  according to the invention.

[0139]  All publications and patents mentioned in the above speciﬁcaﬁon are
herein incorporated by reference. Although the invention has been described in
connection with specific preferred embodiments, it should be understood that the
invention as claimed should not be unduly limited to such specific embodiments.
20  Indeed, various modifications of the described modes for carrying out the invention
that are obvious to those skilled in the relevant fields are intended to be within the

scopé of the following claims,
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12. The conpound of claim 11, wherein Imis selected fromthe group
consisting of 18F, 76Br, 1241, and 131 13. The conpound of claim 11,
wherein one of the alkyl, aryl, heteroaryl, arallcyl, alkylaryl groups are
substituted with a functional group selected fromthe group consisting of
F, d, Br, I, OH NH2, COOH, Im $400124, CON(R4)2, SRA., OR4, NHC(=NH) NH2,
NHC( =0) NH2, NHC(0) N(R4) 2, C(=NH) NH2, C(=NR4AN(R4)2 and N(R42, wher ei n
R4 is selected fromthe group consisting of hydrogen, alkyl, aryl and

al l cylaryl substituents. 14. A conpound having Structure Al pha as foll ows:

X Whettselaimed i@, 1, 2 or 3; and R, Ri R2 and R3 are independently
sel ected fronlthe group consisting of H ORLI, F, C, Br, I, CF3, alkyl
(a-x4, yl, heteroaryl C( =0) R4, CC2R4, N(R4)2 CN C( =NR4) ORS5,

NR4( C( NR&NHRGAC@EWR% trugtreopata = TRHENSE =0) NRa.  NRANRS, 5020R4. and i n,
wherein R4, R5, and RS are sel ect edwsfrom t he group consisting of H alkyl,

aryl and het er ot uyl substituents; & ryW Y and Z can independently be
sel ected fromthe group consi stim® ql( )2 F, d, Br, I, CF3, Tin,
aryl, and heteroaryk. and Ais O, Qs at. 15. The corrpound of claim 14
wher ei n any two of R4, R5, or R form &2cyCFfic structure selected fromthe

group consisting of -Cl12-CH2-, - CHg CH2-CH2, -CH CH, and X- CHH-,

wherein X is s I d NR7, and
uhereln XS SShBETAAL SUUL B pOE ORI Ml o Mo il |

het er oar ylcostdsiog pfakend, alkyl, agl, afFH@‘ el!mlpwhhaemryw&wn wﬂarvmr ein one or nore
R4 - R7 rmsymp&népp,?fogé lﬂk@g/amyt laumgl_lqh@ha‘tmg]ypnal groups selected fromthe

group consistin F , fin, Rb) 2,
S118, ORS, NHC( ! Ihmﬁlzkwﬂﬁﬂmdeasm‘y Sfdm’ﬂ Wﬁé’?"wm“ﬁ gﬁ %{‘ %CRNO\I( R8) 2 and
N( R8) 2, Cl, Br, MLEOCHBSHbE; aBel (€5-Oa)laryt;, bewrbdrgd, OF=00R, OO, Ryyahddgae, al kyl,

aryl and aI | c%l ar%l substituents. 17. The conpound of claim 14, wherein
Int is sel®¢ é Trom the group consisting of thF, 76Br, 1241, 1311, 99nrC,
mod, and m n. RiRs, B, @die ewritdchendently selegteddiam the giopepnsistingof Hoslsyl, X  where

X, W R angy|Raai1eneYdFy2 388 iamino, alkyloxy, and aryloxy.

2. The compound of ¢claim 1, wherein said compound includes at Ieast one Im attached

to at least one of said linking groups B, D, E,F or G.

3, The compound of claim 1, wherein one or more of the alkyl, aryl or heteroaryl
substituents are substituted with a functional group selected from the group consisting of F,
Cl, Br, I, OH, NH;, COOH, Im, COOR, CONR;, SR, OR, NHC(=NH)NH_,, NHC(=0)NH,,
NHC(=O)NR;, C(=NH)NH;, C(-NR)NR; and NR»;

and wherein R and R; are selected from the group consisting of hydrogen alkyl, ary!
or alkylaryl.

4, The compound as in claim 1, wherein any two of R4, Rs, Rg, Ry, or Rys may form a
cyclic structure selected from the group consisting of a bond, -CHj-, -CH;-CHaz-,
-CH,-CH;z-CHj,~, -CH=CH-, -X=CH-, and -X-CH=CH-,

wherein X is selected from the group consisting of O, NH, N=, and NR+, and

Ry is selected from the group consisting of alkyl, aryl and heteroary! substituents.
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R3 is NHC(=NI)NH2; linking group A and RI are directly connected by an
ethylene bridge; Yis Br; Zis OCH2CH2Im and Imis 18F. 19. The conpound
of claim 14, further conprising |inking group Q between Y and Z; wherein Q
is selected fromthe group consisting CH CH2, N, NH, and 0. 20. A

conpound having the followi ng structure: H 21. A conpound having the
follow ng structure: isFrort.PN El Nilo 22. A conpound having the follow ng
structure: 23. A conpound having the foll ow ng structure:

S. The compound as in claim 1, wherein one or more of Rg-R1z is an imaging moiety,

and one of said linking groups B, D, E, F or G, which attaches said imaging moiety to the

phenyl ring, contains at least one atom.

6. The coinpound of claim 1, wherein said imaging moiety Im is selected from the

group consisting of 18 Topy, 124 13l 9wy 18G4, and W,

7. The compound of claim 1, wherein one or more of the alkyl, aryl or heteroaryl
substituents of Rs — Rg may be substituted with various functional groups selected from the
group consisting of F, Cl, Br, I, OH, NH,, COOH, Im, COOR;s, CON(R1s)2, SR15, ORys,
NHC(=NH)NH,, NHC(=0)NH;, NHC(=0)N(Rus)2, C(=NH)NH;, C(=NRs)N(R;s), and

N(R15)2:
‘ wherein Rys is selected from the group consisting of hydrogen, alkyl, aryl
and alkylaryl.
8. A compound having Structure II as follows:
?5
R 8 Raz
7\DmnEHNHz
1"
RB/E F G-R"’
Rg

wherein linking groups B, D, E, F and G are independently selected from the group
consisting of a bond, alkyl, aryl, aralkyl, alkylaryl, heteroaryl, alkoxy, alkylamino, aryloxy,
alkoxyalkyl, and heterocyclic; and

Rs through R, are independently selected from the group consisting of H, ORg, F,
Cl, CF3,Br, L, alky! (C1-Ca), aryl, heteroaryl, C(=O)Ra, COzRs, N(R)z, CN, C(=NH)NHRG,
C(=0)NHRs, NHC(=O)NRs, NHNRs, SO;0Rs, and Im,

wherein R4 and Rs are selected from the group consisting of H, alkyl, aryl
and heteroaryl substituents.

9. The compound of claim 8, wherein one or more Rs-Ryo is an imaging moiety, and

one of said linking elements B, D, E, F or G, which attaches said imaging moiety to the

phenyl ring, contains at least one atom,
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Xpti 24. A conpound having the followng structure: jcill, to5111 25. A
nmet hod of 1 magi ng cardiac i nnervation conprising the steps of:

adm ni stering an effective anmount of the conpound of claim?20 to a patient;
detecting ganma radi ation emtted by said conmpound; and farm ng an i nmage

t herefrom

10.  The compound of claim 8 , wherein said imaging moiety is selected from the group

consisting of '°F, "°Br, %1, ¥'1, 9T, 1G4, "n, and *°Y.

11, A compound having Structure Chi as follows:

/N Nz
R N N
: f— J<NHR2
R4

wherein R, R, and R, are independently selected from the group consisting of H, OR3, F,
Cl, Br, 1, CH,F, OCH,CHgF, alkyl (Cy-Cy), aryl, heteroaryl, aralkyl, alkylaryl, C(=O)R;,
CO;R3, Im, and OCH,CH,Im; and
wherein Rj is selected from the group consisting of H, alkyl, aryl and heteroaryl
substituents.

12.  The compound of claim 11, wherein Im is selected from the group consisting of '*F,

7By, 1241 gnd P,

13. The compound of claim 11, wherein one of the alkyl, aryl, heteroaryl, aralkyl,
alkylaryl groups are substituted with a functional group selected from the group consisting
of F, Cl, Br, I, OH, NH;, COOH, Im, COOR4, CON(R4),, SR4, OR4, NHC(=NH)NH,,
NHC(=O)NH2, NHC(=O)N(R4);, C(=NH)NH,, C(=NR4)N(R4) and N(Rq)>,
wherein Ry is selected from the group consisting of hydrogen, alkyl, aryl and
alkylaryl substituents,

14. A compound having Structure Alpha as follows:
X R

NG
A i R3R2

W

whereinn =0, 1, 2 or 3; and R, Ry, R; and R; are independently selected from the
group consisting of H, ORy, F, Cl, Br, I, CF;, alkyl (C-Cy), aryl, heteroaryl, C(=0)Ry,
COzR4, N(R4)z, CN, C(=NR4)ORs, NR(C(=NRs5)NHRs, C(=NR4)NHRs, C(=O)NHRy,
NR4C(=O)NRs, NR4NRs, SO,0Ry, and Im,
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wherein Ry, Rs, and Rg are selected from the group consisting of H, alkyl,
aryl and heteroaryl substituents;
W, X, Y and Z can independently be selected from the group consisting of H, ORq,
N(R4)2, F, Cl, Br, I, CFs, Im, aryl, and heteroaryl; and
A is O orabsent.

15.  The compound of claim 14 wherein any two of R4, Rs, or Rg form a cyclic structure
selected from the group consisting of -CH,-CH;-, -CH»-CH;-CH,, -CH=CH-, -X=CH-,
and -X-CH=CH-,
wherein X is selected from the group consisting of O, NH, N=, and NRy, and
wherein Ry is selected from the group consisting of alkyl, aryl and heteroaryl
substituents.

16.  The compound of claim 15, wherein one or more R4 — Ry may be substituted with
various functional groups selected from the group consisting of F, Cl, Br, I, OH, NH,,
COOH, Im, COORg, CON(Rs),, SRs, ORs, NHC(=NH)NH;, NHC(=0O)NHo,
NHC(=0)N(Rs),, C(=NH)NH, C(=NRg)N(Rs)z and N(Rs)z,
wherein Rg is selected from the group of hydrogen, alkyl, aryl and alkylaryl
substituents,

17.  The compound of claim 14, wherein Im is selected from the group consisting of 18R,
76Br 1241 l3II 99mTc ISSGd and IHIn

18. A compound having Structure Alpha as follows:

X R
Y A *q'):th
z Ry 2
w
where X, W, R and R; are hydrogen;
R; is NHC(=NH)NH;
linking group A and R are directly connected by an ethylenc bridge;
Y is Br;
Z is OCH;CHglm; and
Imis "°F.
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19.  The compound of claim 14, further comprising linking group Q between Y and Z;
wherein Q is selected from the group consisting CH, CH,, N, NH, and O.

20, A compound having the following structure:

H
. X
N NH;
10p /\/\':IjA |

21. A compound having the following structure:
NH

\/\/O/\ “/lkm
“F H
22. A compound having the following structure:

N ¢
"&\¢/~\;:[::ZT/N\"

23. A compound having the following structure:

“F\/\D/\ '
1Mm
24, A compound having the following structure:
]
. X
N NH;
" \/\j@/\ "
F.

25. A method of imaging cardiac innervation comprising the steps of:

NHy

administering an effective amount of the compound of claim 20 to a patient;
detecting gamma radiation emitted by said compound; and

forming an image therefrom.
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