- 1 - CONTRAST AGENTS FOR MYOCARDI AL PERFUSI ON | MAG NG The present

di scl osure relates to novel conpounds conprising inmaging noieties, and
their use for diagnosing certain disordets in a patient. M t ochondri a
are menbrane-encl osed organell es distributed through the cytosol of nost
eukaryotic cells. Mtochondria are especially concentrated in myocardi um

tissue. Complex 1 ("MZ1") is a nmenbrane-bound protein conplex of 46
dissimlar subuﬁﬁpﬁTMﬁWgAGWéF@M@Cﬁm Bpﬂﬁ@%M&Gansduci ng

conpl exes that - L i Y n@fgﬁﬁ ian.

m t ochondri a. Thiggﬁ%gﬁﬁﬁl})g%ﬁga%% %géog/ %%Ot%g\@élﬂldés&)t ep 1'%]1?4@10% entry for
t he maj orit ymofetied, aad fleisust Hat didgnaviap sertdihdisoske inat patigntchai n, eventual |y
resulting in the reduction of oxygen t ter . Rev. Bi.ophys. 1992, 25,
253- 324) | »é{% qrﬁlﬁ@@ffilarﬂgg%peﬁé)lfsq r%s%%&%@gw@meﬁ}ﬁaﬁé} i din A,
ubi ci di n-3, &ebdol BF Askidlukfytic E(?fs! 'hwg't(ﬁ?ﬁbﬁddarhrlg céﬂ?:h'fail?ﬁ:g&deﬁﬂrate@ﬂps aicin,

pyri daben, feé€npyroximate, anytal, P+, qui nolines, and qui nol ones (BBA
1998, 1364, mgocapdGin, tissue. The present disclosure is based, in part, on

the recognition that jnter, ixng the .normal function of mdtochondria could
advant ageously co 8@3‘6 a}t(«(eﬂ@ﬁt)d?ﬁH&S‘?@ﬂ@fﬁ%"sunflr?r?tﬁlg Cﬁn}pi%%ftn%r(ﬁsas}m%?{d hence
in the mtochdashd. aFtis hryMeomaipléifioht 85these dnbrdyNEaRdeP sxesalig -1 abel ed
with an i magi ng noiety, such a build up could be detecte er eby

. . DU . ed, t
provi di ng vasaabivee Be asrualonccha gpammghagpgedicadsp. PasNAPEn i nagi ng. For
pur poses of I J: f 1 Q0 J fer . | ed” when
an i magi ng rréﬁl 1?9 ’lpeg&é{hjfrgﬁ%%g? %ﬁ? ﬁgﬁggﬁpo{},n@‘ e ﬁéjsﬁﬁn&%}%&gﬁggﬁe ment the
-present di scirosmeahpreayirates chainetventhadlfy resuitgigng theedastoinalf opggdnts maiter

conprising adm nisiering.to pat i a contrast agent which conprises an
i magi ng noi e&?}gﬁd&ﬁp Hnﬁ%§5s?§t3é§t%d from deguel in, pyridaben,
pyridimfen, tebukgapy iAtbitdreARRLVITuR HEGIRI] bidridd RJubididRys,| daben
anal og, a pyridimfen anal og, a tebufenpyrad anal og, and an fenazaquin

anal og; and wtlEmaitaig-i,rellinsastaging? (bullatecinll, agpseisin, pyhdabghnignpyraxiaiés. her

enbodnent the i | moiet.y is r.adi oi st o] medi ci ne
i magi ng, a p%g%g%%’gu%éﬁ?segn$% m%ggesi @BoﬁpRﬁsvlghéSgé}gg#ﬁg#)echogeni c entity
for use in ultrasPupresdibgistidsurd if based,es paftonehé Fdcyghifon teeintdmiptigr escence

imaging, or a light-active entity for use in optical imging. In
anot her enbod@e iarralifectionof sxtochpndeiaceuldadyaogceasly sopemitplgsertaigent

conpri si ng ]'é% ' ' : : fr 10,

pyri daben, a&) - 9%%?1' tﬁ?h}ﬁﬁo\eﬂﬁ gbu# enpggiég?é@é%gf%%g&anr%grgg%ggﬂnﬂ anal og,
a pyri daben t@ssat.off thexe pympdimdsfveme hibelled gyvithaant iefagfngnpyieadsiwhal bagid upnd an

f enazaqui n ana ., I.n_apot her enbadi nent the inmaging noigty is a,

r adi oi sot opecquﬁa‘fg?l%fscé ﬂ?‘Fé‘at?yc]i’rﬁ}é*%i%‘ﬁ’E‘WtB?e ‘ﬁawgﬁﬁgﬂﬁﬁ @réﬁ'&i 3@1 for use

in MR i magi RgfuspR i8GBRGE Tof p&pbids Yof f§ spéefichflot laldofDeuitisirBReNth as?

b
fl uorescent entié‘f/ for use i _nﬂ?I uorescence imaging, or a light-active
centity for uSabdled ophdngal imagagingjety is attachehtoghe compowrdbodi ment t he

‘par amagneti c specjes for, use in MRl | i,ng _is Gd3+, Fe3+ [1.n3+, or M2+
o anorher enbod e Phod e duetescBhRRIGrs Broyit e miRed olBAE g ng i s
a fl uor ocar berpo&indiapsdtisiondosipiiking adinifeti @ERNEA RNt 4 Bordnel pent WhibRdi ment

t he radi oi sotope for nuclear nmedicine imaging is 11C, 13N, BF., 123/,
1251, 62co, &WBIPIEpEan inggeipg moiety and a compound sélected from deguelin, pyridaben,

pyridimifen, tebufenpyrad, fenazaquin, a deguelin analog, a pyridaben analog, a
pyridimifen analog, a tebufenpyrad analog, and an fenazaquin analog; and scanning
the patient using diagnostic imaging. In another embodment the imaging moiety is a
radioisotope for nuclear medicine imaging, a paramagnetic species for use in MRI
imaging, an echogenic entity for use in ultrasound imaging, a fluorescent entity for
use in fluorescence imaging, or a light-active entity for use in optical imaging.

In another embodiment the present disclosure provides a contrast agent

comprising an imaging moiety and a compound selected from deguelin, pyridaben,



99niTc, "Tc,8Ga. In another enbodi ment the imaging noiety is I8F. In another
enbodi nent the inmaging noiety is 99nilc. I n anot her enbodi nent the
present diclosure provides a contrast agent conprising an inmaging noiety
and a conpound sel ected from deguelin, pyridaben, pyridimfen,

t ebuf enpyrad, fenazaquin a deguelin anal og, a pyridaben anal og, a
pyridimfen anal og, a tebufenpyrad anal og, and an fenazaqui n anal og wherein
the contr astpﬁgiélmfeﬁl,éehﬂffeffpdfﬁﬁa aazaqpin  doguelim anabos a@yaraben; apalogependent | y

sel ected from 0, o - LS t

hydr ogen, Cll:-’y@’l%l&%%n%%’ iao%f%yg% E}snta|§)lgiﬁmedclﬂ nvae?%ag%n?ﬁrrggghgg?%qrﬂ%?y, and an
i magi Ng ni ednybodiment th&napineheiten of radirishyge dgemcletimeficalkyhgiogta onal | 'y
substituted with an_inagin% nnie%%hgjwlinagingﬁgnieté,.a?d a bond to B

D is sel ect RRAPREACHY APGHEACT € H B RpEIEPH TRABFYC SHBE{PTHESY with an

| Mgl ng nol eﬁl&as&ﬂ@ﬁfﬁé_bj%%%?ﬂ(l&ﬂes@%t%ﬁiy for use in AubofesS&lc8 Ghegnd 'R MfpUAr ogen,

Cl-C6 al kyl optiona Ituted wth an inmaging noiety, and an i nmagi ng
noi ety; or active eitityrfor Be in opiitahenagimg.h t he carbon atomto which they are
attached, form a doubl.e bogd: or E qu D .to etherﬂﬁﬁilthe car bon
atom to which t hel? a8PHhen emboadimgnt thg paramagn, 1%?8?‘3%%/%r PP,V TmagIng 18

Gd**, Fe®, n**, or Mn™".

In another embodiment the echogenic entity for use in ultrasound imaging is a
fluorocarbon encapsulated surfactant microsphere.

In another embodiment the radioisotope for nuclear medicine imaging is e,
BN, 18F, 1231, l251, 99mTc, 95Tc, mln, 6ZCu, 64Cu, 67Ga, or ®Ga. In another
embodiment the imaging moiety is '*F. In another embodiment the imaging moiety
is #™Te,

In another embodiment the present diclosure provides a contrast agent
comprising an imaging moiety and a compound selected from deguelin, pyridaben,
pyridimifen, tebufenpyrad, fenazaquin a deguelin analog, a pyridaben analog, a
pyridimifen analog, a tebufenpyrad analog, and an fenazaquin analog wherein the

contrast agent is of formula (I)

@,

wherein

each A is independently selected from O, CHRI, S, and NR':



ais a single or a double bond; R2, R3, R4, R9, R, K-13,

and R14, are each |ndependently sel ected from hydrogen G -C6 al kyl
optionally substituted with an imagi ng adi-ety, and an inagi ng noiety;

R5 and R6 are each independently selected from hydrogen, Cl-C6 al kyl
optionally substituted with an i nmagi ng noi ety, hal o, hydroxy, and an

| magi ng noi ety; when present, R7 and R8 are jndependently sel ected
from hydrogen, C1B@sseddckad ff@'pﬂlb’éwﬁmaﬁ Soidkylroptierplly supstipted pai g noi et y,

hal o, hydr ox: r R5 and R7 together form an oxo
group; or #@%&%’gg&g g?%%ﬁ? Xwggo group; or R7 is 0 and R8 is a bond
to R7; provided t@adsadeesi feorh ydrogen il eChakyl opianadlydubSiteted vathsant ; R11 is

hydrogen or hydroxy; . R12 is. sel eﬁt d fro hydrogen, C1-C6 al kyl
optional |y s\HENS AP #P IRIERS MOEY g OB@yO and an i magi ng noiety; or R'

and R12 together fqg 1A Sy BRI :@tﬁkafz dﬂnbﬂanmbahméuwﬁmt at | east

one imaging noiety is present or nul
imaging moiety, and an imaging moiety;

E is selected from hydrogen, C;-Cg alkyl optionally substituted with an
imaging moiety, and an imaging moiety; or

E and D, together with the carbon atom to which they are attached, form a
double bond; or

E and D, together with the carbon atom to which they are attached, form a

cyclopropyl ring;

is a single or a double bond;

R REL RS, R* R R R, and R!, are cach independently selected from
hydrogen, C;-Cs alkyl optionally substituted with an imaging moiety, and an imaging
moiety;

R’ and R® are each independently selected from hydrogen, C,-Cs alkyl
optionally substituted with an imaging moiety, halo, hydroxy, and an imaging
moiety;

when present, R” and R® are independently selected from hydrogen, C-Cs
alkyl optionally substituted with an imaging moiety, halo, hydroxy, and an imaging
mpiety; or

R’ and R” together form an oxo group; or

R® and R® together form an oxo group; or

R7is O and R¥is a bond to R7;

provided that when 2@  is a double bond, R7 and R® are absent;

"is hydrogen or hydroxy;
R is selected from hydrogen, C;-Cs alkyl optionally substituted with an
imaging moiety, and an imaging moiety; or
R and R'? together form an oxo group or =CHR';

with the proviso that at least one imaging moiety is present in formula (I).



I n anot her enbodinent Ais O; B and C are each independently CH3 or CH218F;
D and E are each independently CH3 or CH218F, R5, R6, R9, and R16 are each
i ndependently hydrogen or 18F;, and R' andl-R12 together form an oxo group.

I n anot her enbodi nent the contrast agent is selected from i 8F In
anot her enbodi nent the present dielosure provides a contrast agent

conpri sing an in%%:ng noi et y. .and a conpound sel ected from degueli n,

pyri daben, pyri difianather eabRF®SMyr ad, fenazaquin a deguelin anal og, a
pyridaben anal og, o3, gyridimfen anal og, a tebufenpyrad anal og, and an

f enazaqui n anal og efein the contrast agent is of formula (I1), - 5 -
wherein B and C are each independently CH; or CH,'°F;

D and E are each independently CH; or CH,'*F;
R®, RS, R®, and R'° are each independently hydrogen or '*F; and
R'' and R" together form an oxo group.

In another embodiment the contrast agent is selected from

o\/\ﬂsF

In another embodiment the present diclosure provides a contrast agent
comprising an imaging moiety and a compound selected from deguelin, pyridaben,
pyridimifen, tebufenpyrad, fenazaquin a deguelin analog, a pyridaben analog, a
pyridimifen analog, a tebufenpyrad analog, and an fenazaquin analog wherein the

contrast agent is of formula (II),



a' = andeach independently represent a single or a double bond,

R', R, R31, R', R, and R34 are independently selected fron1hydrogen

Cl- C6 al kyl optlonally substituted with-&r i magi ng noiety, and an i magi ng
noi ety; when present, R28 is selected from hydrogen and Cl-C6 al kyl b
optionally substituted with an i naging noi ety, provided that whenis a
doubl e bond, R28 is absent; when present, R29 is Cl-C6 al kyl optionally
substituted with an i nagi ng ”D'e,¥1R OV|q§d t hat whenis a doubl e bond, R29
I s absent; R36R37 Ras R38

wherein
R29
R23
Gis
wherein
misQorl;
& b
== and === quch independently represent a single or a double
bond;

RY, R R¥, R* R*, and R* are independently selected from
hydrogen, C;-Cg alkyl optionally substituted with an imaging moiety, and an imaging
moiety;

when present, R?® is selected from hydrogen and C-Cs alkyl

b
optionally substituted with an imaging moiety, provided that when == is a double
bond, R?® is absent;

when present, R* is C;-Cg alkyl optionally substituted with an

t

imaging moiety, provided that when === is a double bond, R** is absent;

R33 R37

R35
"}qq’ R3®
Pis ¥ , wherein R*®, R* R*" R*®, and R* are

independently selected from hydrogen, C;-Cg alkyl optionally substituted with an



P is39, wherein R', R36, R37, R', and R39 are independently selected from
hydrogen, G -C6 al kyl optionally substituted with an - 6 - inmging noiety,
and an i magi ng nnlety when present, P'-6s hydrogen; or P and P together
forman oxo group; a' provided that whenis a double bond, P is absent; Q
I's hal o or hal oal kyl ; J is selected fromN(R27), S, 0, C(=0), C(=0)0,
NHCH2CH20, a bond, and C(-0)N(R27), with each group being drawn with its

| eft end at txmmm@et@,mﬂwgmggmw@nd attached to the carbon substituted

with R21 and R22; whe q&; &%gﬁgﬁ%g%&§.§elected from hydr ogen,

al koxyal kyl , aIkonxy, ar optionally substituted with an
i magi ng noi ety, heter qaiy P’ tapetharfoimagiorg grombet y; when present, L is
sel ected from hydrogen, al koxyal kyl, alkyloxy, aryl, Cl-C6 alkyl optionally

substituted with an ';{ﬁ%ﬂgdfﬂét%h&/n -fetex aanid bora®* AnbieRgi ng noi ety; Mis
sel ected from hydrogen, al koxyal kyl, al kyl oxy, aryl, G-C6 al kyl optionally

substituted with an |ﬁﬂgﬂm@onnhéoﬂkﬂheteroaryl and an imagi ng noiety; or

T is selected from N(R™), S, O, C(=0), C(=0)0, NHCH,CH;0, a bond, and
C(=0)N(R*"), with each group being drawn with its left end attached to G and its
right end attached to the carbon substituted with R*' and R*;

when present, K is selected from hydrogen, alkoxyalkyl, alkyloxy, aryl, C-Cs
alkyl optionally substituted with an imaging moiety, heteroaryl, and an imaging
moiety;

when present, L is selected from hydrogen, alkoxyalkyl, alkyloxy, aryl, C;-Cs
alkyl optionally substituted with an imaging moiety, heteroaryl, and an imaging
moiety;

M is selected from hydrogen, alkoxyalkyl, alkyloxy, aryl, C;-Cs alkyl
optionally substituted with an imaging moiety, heteroaryl, and an imaging moiety, or

L and M, together with the atom to which they are attached, form a three- or
four-membered carbocyclic ring;

nis0,1, 2, or 3;

R, R??, RB, R® R%, and R? arc independently selected from hydrogen, C)-
Cs alkyl optionally substituted with an imaging moiety, and an imaging moiety; and

Y is selected from a bond, carbon, and oxygen; provided that when Y is a
bond, K and L are absent and M is selected from aryl and heteroaryl; and provided
that when Y is oxygen, K and L are absent and M is selected from hydrogen,
alkoxyalkyl, aryl, C;-Cs alkyl optionally substituted with an imaging moiety, and
heteroaryl;

provided that at least one imaging moiety is present in formula (IT).

In another embodiment R* is C;-Cs alkyl wherein the C;-Cg alkyl is fert-
butyl.

In another embodiment R* is C-Ce alkyl wherein the C-Cg¢ alkyl is methyl.

In another embodiment the present diclosure provides a contrast agent

comprising an imaging moiety and a compound selected from deguelin, pyridaben,



L and M together with the atomto which they are attached, forma three-
or four-nenbered carbocyclic ring; nis 0, 1, 2, or 3; R21, R22, R23, R24,
Kn25, and R26 are independently sel ected-from hydrogen, Cl- C6 al kyl
optionally substituted with an i maging noi ety, and an imagi ng noiety; and
Y is selected froma bond, carbon, and oxygen; provided that when Y is a
bond, K and L are absent and Mis selected fromaryl and heteroaryl; and
provi ded t hatyriginaifery tebsifenpytpsh fenpzagmin a deguelimprpdog, agyadapanandlogett ed from

hydr ogen, al I - I g : ' i.th an

i magi ng nnié5§§M§#§¥%E?§$éég?ﬁ%mgggékéﬁﬁ’ 5@H§@k%§£259§%5%?%§g?ﬁ% noi ety
is present idontrastaigém i &ff ormbla (HOot her enbodi nent R29 is Cl-C6 al ky
wherein the C1-C6 alkyl is tert- butyl. In another enbodi nent R28 is Cl-C6
al kyl wherein the Cl1-C6 al kyl Jis nethyl. I n anot her enbodi nent the
present diclosure providgs a contr agent conprising an i mgi ng noi ety
and a conpound sel ected frogrde Ty daken, - 7 - pyridimfen,

t ebuf enpyrad, fenazaquin a deg-ug|in| ang a pyridaben anal og, a
pyridimfen anal og, a tebuf@

am),

wherein:

J is selected from N(R*"), S, O, C(=0), C(=0)0, NHCH,CH,0, a bond, or
C(=O)N(R?"), with each group being drawn with its left end attached to G and its
right end attached to the carbon substituted with R* and R%;

when present, K is selected from hydrogen, alkoxyalkyl, alkyloxy, aryl, C;-Cs
alkyl optionally substituted with an imaging moiety, heteroaryl, and an imaging
moiety;

when present, L is selected from hydrogen, alkoxyalkyl, alkyloxy, aryl, C1-Cs
alkyl optionally substituted with an imaging moiety, heteroaryl, and an imaging
moiety;

M is selected from hydrogen, alkoxyalkyl, alkyloxy, aryl, C;-Cs alkyl
optionally substituted with an imaging moiety, heteroaryl, and an imaging moiety; or

L and M, together with the atom to which they are attached, form a three- or
four-membered carbocyclic ring;

Q is halo or haloalkyl;

nis0,1,2,or3;

R* R® R* R* R% R? and R* are independently selected from hydrogen,
C;-Cs alkyl optionally substituted with an imaging moiety, and an imaging moiety;

R¥ is C;-Cs alkyl optionally substituted with an imaging moiety; and

Y is selected from a bond, carbon, and oxygen; provided that when Y is a

bond, K and L are absent and M is selected from aryl and heteroaryl; and provided



Jis selected fromN(R27), S, 0, C(=0), C(=0)0, NHCH2CH20, a bond, or
C(=0) N(R27), with each group being drawn with its left end attached to G
and its right end attached to the carbongsubstituted with R21 and R22;
when present, K is selected from hydrogen, al koxyal kyl, al kyl oxy, aryl,
Cl-C6 al kyl optionally substituted with an inmaging noiety, heteroaryl, and
an i magi ng noiety; when present, L is selected from hydrogen,

al koxyal ky! ,thatl whenoX ys owgym K ad E@reaﬂtbsymt anptM éhwlacteddumm hydigged with an

nyarogen, e BATRGETeicys 5! Sipie e R b RREPE ! T o

with an i magiddgodmiety, heteroaryl, and an imaging noiety; or L and
M together with fhe atomto which they are attached, form& hree-
f our - menber ed carﬁ@W@‘W@t?ﬁlﬁfﬁto’@%f%a%@oﬁyﬁé’ﬁ?éﬂltwlOmH“? , or 3;

R21, R22, R23, R2 F@‘lo rgg(f}dl ¥ is CPdn PR 2 (s &l @6 ﬁg?@ﬁ&gﬁﬂhéb %%a%lled from

hydrogen, Cl-Co a ky |ona y substituted w n iImagi ng moiety, and an
i magi ng noi e(syert-Bﬁ@ll S Cl C6 al kyl optl onal |y substl tuted with an i nagi ng
i ; bond, . carbon, .and oxygen; provided

noi ety; and sel ed f
that when Y is a ¥R a‘eke@ﬁ%‘i”@eﬁtr rast egentisveieEed &8kt ed” from aryl and

het er oar vyl ; and ovided -
y & o ><N {Im .
/\O\/o\/13F ) and .

In another embodiment the present diclosure provides a contrast agent
comprising an imaging moiety and a compound selected from deguelin, pyridaben,
pyridimifen, tebufenpyrad, fenazaquin a deguelin analog, a pyridaben analog, a
pyridimifen analog, a tebufenpyrad analog, and an fenazaquin analog wherein the

contrast agent is of formula (IV):

vy,

wherein:

J is selected from N(R*", S, O, C(=0), C(=0)0, NHCH,CH,0, a bond, and
C(=0)N(R?", with each group being drawn with its left end attached to G and its
right end attached to the carbon substituted with R*' and R*;

when present, K is selected from hydrogen, alkoxyalkyl, alkyloxy, aryl, C;-Cs
alkyl optionally substituted with an imaging moiety, heteroaryl, and an imaging
moiety;

L is selected from hydrogen, alkoxyalkyl, alkyloxy, aryl, C,-Cs alkyl



that when Y is oxygen, K and L are absent and Mis sel ected from hydrogen,
al koxyal kyl, aryl, Cl1-C6 al kyl optionally substituted with an imaging
noi ety, and heteroaryl; provided that at9least one imaging nmoiety is

present in formula (111). In anot her enbodinent J is 0 and R29 is

Cl-C6 al kyl wherein the C1-C6 alkyl is tert-butyl. In another enbodi nent

the contrast agent is selected fromN)LCl XNgOlXNLci ollll 0 and I'n
anot her enbouitivaslly ubstifyiedseith arimdgigpeichh 8¢tcmasyl Andsrimngging R

CompL £100 o | TR PRI EL IR Ao Pl b emcaaal T

pyri daben angitiogallpsubgtituctidnvittem amgirgnoiety, dblefeaniyaridndmaging meiety; an

]E F{]/)a? aquin anal OgL Ya@(? lr\/E It(?ge%hr(]e? wcl;t%q é %(S);[n t%%v%q}:h 1Ithsey gl]:e Jﬁ%{;ﬂgé[ ﬁ)rrga :ee-Rg)r? R38 R38
four-membered carbocyclic ring;

Q is halo or haloalkyl;

nis0, 1,2, or3;

R?', RZ, R, R¥ R®, R¥. RY, R%, R¥®, R¥, RY, R*, and R® are
independently selected from hydrogen, C;-C¢ alkyl optionally substituted with an
imaging moiety, and an imaging moiety; and

Y is selected from a bond, carbon, and oxygen, provided that when Y is a
bond, K and L are absent and M is selected from aryl and heteroaryl; and provided
that when Y is oxygen, K and L are absent and M is selected from hydrogen,
alkoxyalkyl, aryl, C;-Cg alkyl optionally substituted with an imaging moiety, and
heteroaryl,

provided that at least one imaging moiety is present in formula (IV).

In another embodiment J is C(=0)N(H), and R?* is C;-Cy alkyl wherein the
C:-Cg alkyl is methyl.

In another embodiment the contrast agent is selected from
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In another embodiment the present diclosure provides a contrast agent
comprising an imaging moiety and a compound selected from deguelin, pyridaben,

pyridimifen, tebufenpyrad, fenazaquin a deguelin analog, a pyridaben analog, a

pyridimifen analog, a tebufenpyrad analog, and an fenazaquin analog wherein the



wher ei n: J is selected fromN(R22), S, 0, C(=0), C(=0)0, NHCH2CH20, a
bond, and C(=0) N(R22), with each group being drawn with its left end
attached to Gand its right end attached0to the carbon substituted with R21
and R22; when present, K is selected from hydrogen, al koxyal kyl,

al kyl oxy, aryl, Cl-C6 alkyl optionally substituted with an inaging noiety,
het er oaryl , and an i mag |n noi et L is selected from hydrogen,

al koxyal kyl ,conirRs B ; ls%tfr Fn“]@iy& alkyl -9- optionally substituted with
an i magi ng noi ety, heteroaryIRMand an imaging noiety; Mis selected from
hydr ogen, al koxyal kyl alkilzgé; aryl, Cl1-C6 alkyl optionally substituted

with an inmaging noiety, heterdaryl, and ap inmagi ng noiety; or L and
M together with the atom twwhigh t8y Far\e ak®ached, forma three- or
f our - menbered carbocyclic r ; i aloalkyl; nis 0, 1, 2, or 3;
R21, R22, R23, R24, R25, , R37, n38, tc and R39 are
i ndependent ly sel ect ed fTom h droge‘h 4 optionally substituted

d

V),

wherein

J is selected from N(R?", S, O, C(=0), C(=0)0, NHCH,CH,0, a bond, and
C(=O)NR™;

K is selected from hydrogen, alkoxyalkyl, alkyloxy, aryl, C;-Cs alkyl
optionally substituted with an imaging moiety, heteroaryl, and an imaging moiety;

when present, L is selected from hydrogen, alkoxyalkyl, alkyloxy, aryl, C1-Cs
alkyl optionally substituted with an imaging moiety, heteroaryl, and an imaging
moiety;

when present, M is selected from hydrogen, alkoxyalkyl, alkyloxy, aryl, C;-
Cs alkyl optionally substituted with an imaging moiety, heteroaryl, and an imaging
moiety; or

L and M, together with the atom to which they are attached, form a three- or
four-membered carbocyclic ring;

T and U are independently selected from hydrogen, alkoxy, alkoxyalkyl, C;-
Cs alkyl optionally substituted with an imaging moiety, halo, and an imaging moiety;
or

T and U, together with the carbon atoms to which they are attached, form a
five- to six-membered aromatic or non-aromatic ring containing zero to two
heterotoms selected from oxygen, nitrogen, and sulfur; wherein said ring is optionally
substituted with one, two, or three substituents independently selected from C;-Cg
alkyl optionally substituted with an imaging moiety and an imaging moiety;

nis 0, 1,2, or 3; and

R¥ RZ, R% R®™ R R* R?Y, and R* are independently selected from



Y is selected froma bond, carbon, and oxygen, provided that when Y is a
bond, K and L are absent and Mis selected fromaryl and heteroaryl; and
provi ded that when Y is oxygen, K and l-ldr-e absent and Mis selected from
hydr ogen, al koxyal kyl, aryl, Cl1-C6 al kyl optionally substituted with an

i magi ng noi ety, and heteroaryl; provided that at |east one imaging noiety

is present in formula (1V). I n anot her. enbodinment ' J is C(=0)N(H), and
R28 is Cl- Cehyalragen, Ghés elkyl enfionally edshivied with anitpaging mpiety 8¢ ARIMEFBH di ment
t he contrast it is selected from 0 I n anot her enbodi nent the

present dicl osure provi des a contrast agent conprising an inmaging noiety
and a conpound seYemeeatbte‘drﬁmsmde@uéJ darhonpynid clajgen, proyidediihai #hen Y is a

RTINS s TN T TR R
the - 10 - GAWRESY i89E/¥en) 18 afd LI2E MBibA &M R3&lected from hydrogen,
alkoxyalkyl, aryl, C;-Cs alkyl optionally substituted with an imaging moiety, and
heteroaryl;
provided at least one imaging moiety is present in formula (V).
In another embodiment [ is O.
In another embodiment the present diclosure provides a contrast agent
comprising an imaging moiety and a compound selected from deguelin, pyridaben,
pyridimifen, tebufenpyrad, fenazaquin a deguelin analog, a pyridaben analog, a
pyridimifen analog, a tebufenpyrad analog, and an fenazaquin analog wherein the
contrast agent is of formula (VI)

R34

o

(VD,
wherein
R® R* R*, R*, and R* are independently selected from hydrogen, C;-Cs
alkyl optionally substituted with an imaging moiety, and an imaging moiety;
provided that at least one imaging moiety is present in formula (VI).

In another embodiment the contrast agent is selected from



(V), wherein J is selected fromN(R27), S, 0, C(=0), C(=0)0,

NHCH2CH20, a bond, and C(=0) N(R27); Kis selected from hydrogen
al koxyal kyl , al kyl oxy, aryl, Cl-Co al kyd12optionally substituted with an
i magi ng noi ety, heteroaryl, and an inmagi ng noiety; when present, L is

sel ected from hydrogen, al koxyal kyl, al kyl oxy, aryl, Cl1-C6 al kyl optionally
substituted with an imagi ng noi ety, heteroaryl, and an inagi ng noiety;

when present, Mis sel ectedY/rom hydrogen, al kekyal kyl, al kyl oxy, \aryl, Cl-
C6 al kyl optionally sub uted with an ing g Toi ety, heter ,>~and an
i magi ng noi ety; or and M toggethe th the atom ' they are
attached, forma threg- or four-nenbered carbocyclic ring; »1 and U
are i ndepende Sefected from ogen, al koxy, al*k ®Kyl, Cl- C6 al kyl
optionally su uted with an i noi ety, hal o, n i magi ng noi ety;
or T and U, t'ogether with the carbon atons to ich they are
attached, forma five- to sjix-nenbered aromatic or non- aromatic ring
containing zero to two hetenotons sel ecte am oxygen, % and

sul fur; wherein said ri s optionally gubgtituted with , or three

substltuents i ndepg selectedo i C6 al kyl |y substituted
with an i nmagi ng no ety and an i i nnlety nis 0] 1,2 2, or 3; and R21,
R22, R23, Rz24 NR26, R27, Yare |ndep t1 sel ected from

hydr ogen, Cl1- &91 optlonall ituted mnt ging noiety, and an
i magi ng noi ety; Y is selgcted froma bond, carBon and oxygen,

provided that when Y is a bond, Kand L are absent and Mis selected from
.aryl and heteroaryl; and p ded that when Y is oxygen K and L are absent

and Mis selected from h al koxyal kyl ,o.ar Cl-C6 al kyl optionally
substituted wth an amag piety, and het roaryl rovi ded at | east one
i magi ng noiety i sent in %ornula (V" O 1o
P
Imaging moieties

Nuclear medicine contrast agents of the present disclosure include ''C, N,
18 1237 1257 9mp 95Tc, M 2Cu, “Cu, “’Ga, and ®*Ga. ''C -Palmitate has been
used to probe fatty acid oxidation and ''C-acetate has been used to assess oxidative
metabolism in the myocardium (Circulation 1987, 76, 687-696). *N-Ammonia has
been used widely to image myocardial perfusion (Circulation 1989, 80, 1328-37).
Agents based on "°F have been used as imaging agents for hypoxia and cancer
(Drugs of the Future 2002, 27, 655-667). 15-(p-('23I)—iodophenyl)-pentadecanoic
acid and 15-(p-("*’I)-iodophenyl)-3(R,S)-methylpentadecanoic acid are two iodinated
agents that have been used for imaging myocardial metabolism. In one embodiment,
the imaging moiety employed in the present contrast agents is '°F. Further imaging
moieties of the present disclosure may be comprised of one or more X-ray absorbing
or “heavy” atoms of atomic number 20 or greater, further comprising an optional
linking moiety, L, between the parent molecular moiety and the X-ray absorbing
atoms. A frequently used heavy atom in X-ray contrast agents is iodine. Recently,
X-ray contrast agents comprised of metal chelates (U.S. Pat. No. 5,417,959) and
polychelates comprised of a plurality of metal ions (U.S. Pat. No. 5,679,810) have
been disclosed. More recently, multinuclear cluster complexes have been disclosed

as X-ray contrast agents (U.S. Pat. No. 5,804,161, WO 91/14460, and WO



I n anot her enbodinent J is O. I n anot her enbodi nent the present

di cl osure provides a contrast agent conprising an imging noiety and a
conmpound sel ected from deguelin, pyridaldén, pyridimfen, tebufenpyrad,
fenazaqui n a deguelin anal og, a pyridaben anal og, a pyridimfen anal og, a

t ebuf enpyrad anal og, and an fenazaqui n anal og wherein the contrast agent is
of formula (VI) R34 wherein R23, R24, R25, R26, and tc are

i ndependent | 92/ 581165t @cpeﬁﬁmrﬂnﬂ%ﬂdﬂ@@féﬁOf@P@efﬁldk%?’losélﬁtth%ﬁ%ﬂcﬁﬁ rgetpisisedut ed
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i magi ng noi ety 1S presen n"anot i ment 't hé
contrast ageyb, D, (ﬁel}&m&gdaﬂdlem | magi ng m)l eties NucI ear medi ci ne
contrast agents of the present cl osur clude I IC, 13 ’{SF 123/,
125-, 111/ n, cura 1M&Jsfwirase qggn@p Uperpregend ﬁc g5 may e copprised gk PePLs been

used to pro {0 assess
oxi dative rreqftﬁg @ahtc%r%%élgh&?t%%égg? O?ﬂ% (gﬁ%ﬁ@gﬁéﬁlggmsgﬁﬁg‘é? 696) .
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15- (p- (123. -mdtal blﬁ%@ilﬁ%h%id%@@bﬁﬂ@ﬁﬁ@ﬂﬂ@pmlbﬂs ang. Pat. Nos. 5,412,148, and

15- (p- (123D-i odophenyl) -3 S) - net hyl pent adecanoi ¢ _acid_are £ WO |od|nated

agents t hat %a%l%éﬁsqm@é@xmﬂ% pagjiciera oy amagnciemgebions AT Ysg iihne
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one or nore Nor®y8RhEHdkchYe ex eawfol pholmtsafsefat ﬁmoomplmbgrmdr@ tln
greater, further conprisin ptiaon i nki ng noi e t
parent ol ecRileRATFRIBCLC BT E Oku?ea‘??\ﬁBL TS REERiS myS AE\L af. rl\g rb)QA'used
heavy atom 'dfbsééﬁé%%/paﬁ%}#@&{] R{bnS Fbﬁgh&‘a' df%araﬁ?a%ﬁ&id Meta?ﬁ'oh@%rciﬁ@ﬁtf ast

agents conpris tes % ”
pol ychel at esMrBdm:pnur@edgms Expimplenl dftspeadfic metadd mpl@dtsG@ Be’ Pt aNd)Mn
5,679, 810) have b ?ISC tinuclear cluster

conpl exes have be ré%tu ﬂnqéass %@Wﬁﬁ?ﬁ?ﬁﬁgﬁ g}%&lg At'E MY SMPH3Y 2
5, 804, 161, Vi@m%ll/tﬁ-%ﬁlo 2316l M2 attached to or incorporated into a microbubble of a

biocompatible gas, a liquid carrier, and a surfactant microsphere, further comprising

an optional linking moiety, L, between the analog moieties and the microbubble. In
this context, the term “liquid carrier” means aqueous solution and the term
“surfactant” means any amphiphilic material which may produce a reduction in
interfacial tension in a solution. A list of suitable surfactants for forming surfactant
microspheres is disclosed, for example, in EP0727225A2. The term “surfactant
microsphere” includes microspheres, nanospheres, liposomes, vesicles and the like.
The biocompatible gas can be any physiologically accepted gas, including, for
example, air, or a fluorocarbon, such as a C3-C5 perfluoroalkane, which provides the
difference in echogenicity and thus the contrast in ulirasound imaging. The gas may
be encapsulated, contained, or otherwise constrained in or by the microsphere to
which is attached the analog moiety, optionally via a linking group. The attachment
can be covalent, ionic or by van der Waals forces. Specific examples of such contrast
agents include, for example, lipid encapsulated perfluorocarbons with a plurality of
tumor neovasculature receptor binding peptides, polypeptides or peptidomimetics.
Examples of gas filled imaging moieties include those found in U.S. Patent

Application Serial No. 09/931,317, filed August 16, 2001, and U.S. Patent Nos.



- 13 - 92/17215). In certain enbodi ments of the present disclosure the
specific netals used in the X-ray contrast agents include Re, Sm Ho, Lu,
Pm Y, Bi, Pd, Gd, La, Au, Au, Yb, Dy, Q4-Rh, Ag, and Jr. VRI
contrast agents of the present disclosure may be conprised of one or nore
anal og noieties attached to one or nore paranmagnetic nmetal ions, further
conprising an optional |linking nmoiety, L, between the anal og noieties and
t he paranmagneff 4%t5aﬁ47iﬁ§ﬁs532%1é4§32§5 RetdS.#EL317-i ons nmay be present in
t he form of netalcgggb es or conplexes or netal oxide particles. U S. Pat.
Nos. 5,412, 148, an , 760,191, describe exanples of chelators for
par amagnet i ¢ net aMahpapgprbaches selabelingRonponbdsasith £§Enhe. know, inehklingNo.
5,801, 228, U.S. t. No, 5, 567,411, and U S, Pat.. No. .5 , 704, descri be
exanpl es of ?}Bq%gﬁshl%?ghagemw TR fh@}wﬁ&s&na r%%s%ﬁ%?ﬁel%r)aﬂagneu c
metal ion fofndighddimbi! thHe RREILRS Is BADT MAEGE MARMA,; PARIA B DAFTRO04,
describes particul ate compositions conprised of paramagnetic nmetal ions for
use as MRl cont r athe eqeprusds skthagiselsw negyeantionallyreantdis aichdhtod €° @34 Fe3+,
| n3+, and M2F, . .The ultrasound contyast .agent f . the present
i 5o oaur e negeispReEs S HERRR) i W B RORE e Peid e Ry,
i ncor por at edcdpable od férnfih Quabiogerﬁf: swbsbin0& BMp@lipl Hh@d3%r nicrbbiiblel Warri er,
and a surfactant mcrosphere, further conprising an optional |inkin

noi ety, L, besrtadeptheranbadimens.foe eclaser laﬁépomhegW&h@lﬂaglmf@mlﬁsql@ﬁt%dg
context, thegferm"liquid carrier” means aqueous solution and the term
"surfactant” neans any anphiphilic material which may produce a reduction
ininterfacial tension in a solution. Alist of guitable surfactants for

form ng surfactant 'croepheres i s disclosed, Dbr exanpl e, in EP0727225A2.
The tern1"surfactaszﬁrérosphere" i ncl udes m @f ospheres, nanospheres,

an

| i posones, vesic&g d the like. The bioconpei%ﬁé: gas can be any
physi ol ogi cal |y cepted gas, includin for ex le, aix, or Al

fl uorocarbon, such as a C3-05 perfluﬁ?%gﬁkaﬁgg whi gzﬁ%%V$g@s’$he

di fference in echogenicity and thus,the contrast in ultrasound inmaging. The
gas nmay be encapsul ated, cont inedhegr otheﬁyjse constrained in or by the

m crosphere to which is afitached the~aqal, iety,;"aptjonally via a

| i nking group. The attachnent cak’be covdl ent, nic of” by van der \Waals
forces. Specific exanples of such contrast agents #nclude, for exanpl e,

| i pi d encapsul at ed perfluorocarbons with a pluraligfy of tunor

neovascul ature receptor bindi ng peptides, polypepé§des or peptidom netics.
Exanpl es of gas filled inmaging noieties include t‘hgse found in U S. Patent
Application Serial No. 09/931, 317, filed August 16,2001, and U.S. Patent
Nos. - 14 - 5,088,499, 5,547,656, 5,228,446, 5,585,112, and 5, 846, 517.

Chel ators Many approaches to |abeling ciggounds wi th 99mlc are known,
i ncl udi ng direct |abeling of theFqmo or | sion of a chelating

moi ety ("chelator"). In one eﬂ%ﬁdineA??H?FE%éhelggaﬂ,is DADT, MAG3, MAMA,
PAMA, or DOTA The conpounds of the disclosure nay optionally contain
a chelator ("C"). In certaLpEeQEOQLﬁhQ%;L;ﬁE he ngp?ggds of the

di scl osure, the chel ator pl§ a sug¥act anp3capabisg” of Im ng an echogenic
substance-filled |ipid sphere or Wi crobubgl e. In~certain other enbodinments,
the chelator is a bonding unit havgng a fofnul a selected fromAl

1 A] AI

>
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wherein

each Al is independently selected from —NR46R47, _NHR> , -SH, -S(Pg), -OH,
-PR*RY -P(O)R*R*, and a bond to the compound that binds MC-1;

cach A? is independently selected from N(R™), N(R46), S, O, P(R46), and
-OP(O)R*)O-;

A’isN;

A*is selected from OH and OC(=0)C,~Cy alkyl;

A% is OC(=0) C,-Cyp alkyl;

each E is independently selected from C;-Cj¢ alkylene substituted with 0-3
R* C¢-Cio arylene substituted with 0-3 R, C3-Cyo cycloalkylene substituted with 0-
3 R™, heterocyclyl-C,-Cq alkylene substituted with 0-3 R, C4-Cyq aryl-C-Cyo
alkylene substituted with 0-3 R>’, and heterocyclylene substituted with 0-3 R

E! is selected from a bond and E;

each E2 is independently selected from C;-Cs alkyl substituted with 0-3 R50,
Cg-Co aryl substituted with 0-3 R, C5-Cjq cycloalkyl substituted with 0-3 R,
heterocyclyl-C;-Cg alkyl substituted with 0-3 R® 0, Cs-Cyp aryl-C;-Cyp alkyl
substituted with 0-3 RSO, C;-Cyg alkyl-Cs-Cyg aryl substituted with 0-3 R50, and
heterocyclyl substituted with 0-3 R™;

" B’ is C;-Cyg alkylene substituted with 1-3 R*;
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Pg is a thiol protecting group;

R* and R* are each independently selected from a bond to the compound
that binds MC-1, hydrogen, C;-C alkyl substituted with 0-3 RSO, aryl substituted
with 0-3 R*, Cs-C)q cycloalkyl substituted with 0-3 R, heterocyclyl-C-C o alkyl
substituted with 0-3 RSO, Cs-Cyp aryl-C1-Cyg alkyl substituted with 0-3 RSO, and
heterocyclyl substituted with 0-3 R,

R* and R* are each independently sclected from a bond to the compound
that binds MC-1, -OH, C;-Cyg alkyl substituted with 0-3 R5°, aryl substituted with 0-3
R C3-Cyp cycloalkyl substituted with 0-3 R*, heterocyclyl-C-C)q alkyl substituted
with 0-3 RSO, Cs-Cyp aryl-C;-Cyg alkyl substituted with 0-3 RSG, and heterocyclyl
substituted with 0-3 R*;

each R* is independently selected from a bond to the compound that binds
MC-1, =0, halo, trifluoromethyl, cyano, -CO.R’’, -C(=0)R”', -C(=0)N(R’"),, -CHO,
-CH,OR?,

-OC(=0)R’!, -OC(=0)OR™!, -OR®", -OC(=0)N(R*"),, -NR*!C(=0)R"', -
NR*'C(=0)OR?,

NR®*!'C(=0)N(R’"),, -NR*'SO,N(R’"),, -NR*'SO,R’!, -SO3H, -SO,R*,

-SR% -S(=0)R*!, -SO,N(R*"),, -N(R*!),, -NHC(=S)NHR®!, =NOR*!, NO,, -
C(=0)NHOR?®!, -C(=0)NHN(R>"),, -OCH,CO,H, 2-(1-morpholino)ethoxy, C;-Cs
alkyl, C2-C4 alkenyl, C;-Cs cycloalkyl, C5-Cg cycloalkylmethyl, C;-Cg alkoxyalkyl,
aryl substituted with 0-2 R’', and heterocyclyl;

each R*' is independently selected from a bond to the compound that binds
MC-1, hydrogen, C;-C¢ alkyl, phenyl, benzyl, and C, alkoxy;

R>? is a co-ordinate bond to a metal;

each R* selected from R, =0, -CO,R®, -C(=0)R®, -C(=O)N(R®),, -
CH,OR®,

-OR®®, -N(R®*),, and C,-C, alkenyl;

cach R® is independently selected from R®', hydrogen, C;-Cs alkyl, phenyl,
benzyl, and trifluoromethyl; and

R® is a bond to the compound that binds MC-1;

wherein at least one of A', R*, R*, R*, R¥, R* R’!, and R is a bond to the

compound that binds MC-1.



- 15 - Al A3-E E-Al E/ A3 E-Al Al, and A5 A4 wherein each Al is

I ndependently selected from-NR461t42, -NHR53, -SH, -S(Pg), -OH _pee,
_p(O0)R48.-. , 4 tc and a bond to the conound that binds MC1; each
A2 is independently selected fromN(R53), N(R46), S, 0, P(R46), and
-0P(0) (R45) 0-;

Methods of Making

Typically '*F labeled compounds are synthesized by $,2 displacement of an
appropriate leaving group. These leaving groups are preferrably sulfonic acid esters
such as toluenesulfonate (tosylate, TsO), methanesulfonate (mesylate, MsO), or
trifluoromethanesulfonate (triflate, TfO). The leaving group may also be a halide, a
phosphineoxide (via Mitsunobu reaction), or an internal leaving group (such as an
epoxide or cyclic sulfate). 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).

Representative methods of making the contrast agents are described in the
following examples. The foregoing chemical transformations may be conducted
using techniques which would be readily apparent to one of ordinary skill in the art,
once armed with the teachings in the present applications. Representative reaction
solvents include, for example, DMF, NMP, DMSO, THEF, ethyl acetate,
dichloromethane, and chloroform. The reaction solution may be kept neutral or basic
by the addition of an amine such as triethylamine or DIEA. Reactions may be carried
out at ambient temperatures and protected from oxygen and water with a nitrogen
atmosphere.

Temporary protecting groups may be used to prevent other reactive
functionality, such as amines, thiols, alcohols, phenols, and carboxylic acids, from
participating in the reaction. Representative amine protecting groups include, for
example, tert-butoxycarbonyl and trityl (removed under mild acidic conditions),
Fmoc (removed by the use of secondary amines such as piperidine), and
benzyloxycarbony! (removed by strong acid or by catalytic hydrogenolysis). The
trityl group may also used for the protection of thiols, phenols, and alcohols. In
certain embodiments the carboxylic acid protecting groups include, for example, tert-
butyl ester (removed by mild acid), benzyl ester (usually removed by catalytic
hydrogenolysis), and alkyl esters such as methyl or ethyl (usually removed by mild
base). All protecting groups may be removed at the conclusion of synthesis using the
conditions described above for the individual protecting groups, and the final product
may be purified by techniques which would be readily apparent to one of ordinary

skill in the art, once armed with the present disclosure.



A3 is N, AMdis selected fromOCH and OC(=0)C -C20 al kyl; A5 is OC(=0) G -C20
al kyl ; each E is independently selected fromCl -Cl6 al kyl ene - -
substituted with 0-3 R50, C6-Cl0 aryl enelg8substituted with 0-3 R50, C3-C10
cycl oal kyl ene substituted with 0- 3 R50, heterocyclyl-Cl-d o al kyl ene
substituted with 0-3 R50, C6-Cl0 aryl-Cl-GC o al kyl ene substituted with 0-3
R50, and heterocycl yl ene substituted with 0-3 R50; E1 is selected froma
bond and E; Usach E2 is independently selected fromC,-C, 6 al kyl

substituted with - Ci I | ] - ﬂ%ﬁ? -C10
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desirable diagnostic effect is achieved. In one embodiment, the above-described
contrast agents may be administered by intravenous injection, usually in saline
solution, at a dose of about 0.1 to about 100 mCi per 70 kg body weight (and all
combinations and subcombinations of dosage ranges and specific dosages therein), or
preferably at a dose of about 0.5 to about 50 mCi. Imaging is performed using
techniques well known to the ordinarily skilled artisan.

For use as nuclear medicine contrast agents, the compositions of the present
disclosure, dosages, administered by intravenous injection, will typically range from
about 0.5 pmol/kg to about 1.5 mmol/kg (and all combinations and subcombinations
of dosage ranges and specific dosages therein), preferably about 0.8 pmol/kg to about
1.2 mmol/kg.

For use as MRI contrast agents, the compositions of the present disclosure
may be used in a similar manner as other MRI agents as described in U.S. Patent No.
5,155,215; U.S. Patent No. 5,087,440; Magn. Reson. Med. 1986, 3, 808; Radiology
1988, 166, 835; and Radiclogy 1988, 166, 693, Generally, sterile aqueous solutions
of the contrast agents may be administered to a patient intravenously in dosages
ranging from about 0.01 to about 1.0 mmoles per kg body weight (and all
combinations and subcombinations of dosage ranges and specific dosages therein).

The ultrasound contrast agents of the present disclosure may be administered
by intravenous injection in an amount from about 10 to about 30 pL (and all

combinations and subcombinations of dosage ranges and specific dosages therein) of



-0C(=0) R51, -0C(=0)0R51, -O0R51, -0C(-0)N(R51)2, -NR51C(=0)R51, -

NR51C(=0) OR51, -NR51C(=0) N(R51)2, -NR51SO2N(R51)2, -NR51S02R51, - SO3H,

- S02R51, -SR51, -S(=0)R51, -SO2N(R552, --19N(R51)2, -NHC(=S)NHR51, =NORS51,
NO2, - C(=0) NHOR51, -C(=0)NHN(R51)2, -OCH2CO2H, 2-(1-norpholino)ethoxy,
C1-05 al kyl, C2-C4 al kenyl, C3-C6 cycloal kyl, C3-C6 cycl oal kyl net hyl, C2-G5

al koxyal kyl, aryl substituted with 0-2 R51, and heterocyclyl; each
R51 i s i ndepbaddrzeyicsas pertkecdoly sreight Bphy infesiemat B ERBroRHBttelyisnds MC- 1,
hydr ogen, Gl- Ihlglyl, phenyl, benzyl, and C1_6 al kOXY; R53 is a

co- or di nat e 'bon 0 a netal; each R59 selected from R61, =0, -0O2R60,

- C(=0) R60, - C(=0) NydRB&Zaspect CHHRBesentRGDosurdN§ REsRostaridis @2 thd padpluatiyh ;
each R6 is independently selected from R61, h dro.(t:jen, Cl- Cg,, al kd-\,. I[l)henyl :
benzyl , and irdisgngshiorashisfpr delertingemagigs KPR IGTHG TRAFAY d‘l’e%/ 4P bi nds

and R 5 5 boers AL CEME sl Eblpg?le ofte Ul O RCH P N g
sterile, non-pyrogenic, formulation comprising a predetermined amount of a reagent
of the present disclosure, and optionally other components such as one or two
ancillary ligands such as tricine and 3-[bis(3-sulfophenyl)phosphine]benzenesulfonic
acid (TPPTS), reducing agents, transfer ligands, buffers, lyophilization aids,
stabilization aids, solubilization aids and bacteriostats. The kits may also comprise a
reducing agent, such as, for example, tin(II).

Buffers useful in the preparation of contrast agents and kits include, for
example, phosphate, citrate, sulfosalicylate, and acetate buffers. A more complete
list can be found in the United States Pharmacopoeia.

Lyophilization aids useful in the preparation of contrast agents and kits
include, for example, mannitol, lactose, sorbitol, dextran, FICOLL® polymer, and
polyvinylpyrrolidine (PVP).

Stabilization aids useful in the preparation of contrast agents and kits include,
for example, ascorbic acid, cysteine, monothioglycerol, sodium bisulfite, sodium
metabisulfite, gentisic acid, and inositol.

Solubilization aids useful in the preparation of contrast agents and kits
include, for example, ethanol, glycerin, polyethylene glycol, propylene glycol,
polyoxyethylene sorbitan monooleate, sorbitan monoloeate, polysorbates,
poly(oxyethylene)-poly(oxypropylene)-poly(oxyethylene)} block copolymers

- (*Pluronics™) and lecithin. In certain embodiments the solubilizing aids are
polyethylene glycol and Pluronics.

Bacteriostats useful in the preparation of contrast agents and kits include, for
example, benzyl alcohol, benzalkonium chloride, chiorbutanol, and methyl, propyl,
or butyl paraben.

A component in a diagnostic kit can also serve more than one function. For
example, a reducing agent for a radionuclide can also serve as a stabilization aid, or a
buffer can also serve as a transfer ligand, or a lyophilization aid can also serve as a

transfer, ancillary, or co-ligand.



Typical ly 18F | abel ed conpounds are synthesized by Sn2 displ acenent of an
appropriate |l eaving group. These | eaving groups are preferrably sulfonic
acid esters such as tol uenesul fonate (t-@8yl ate, Ts0), methanesul fonate
(mesyl ate, Ms0), or trifluoronethanesul fonate (triflate, Tf0). The | eaving
group may al so be a halide, a phosphineoxide (via Mtsunobu reaction), or
an internal |eaving group (such as an epoxide or cyclic sulfate). These
conpounds are madehefqopmotndbeyeindescrhedmay daye reygetrin ggnters. Hﬁgﬂ‘és "hotter"
by the addition, ol ;G5 XALANASHAYE BiadRrdod@lahd Iﬁ:la%egli@}orm?%é ihé16add @nd S
generally via AT T eRoval by réversSe-phase chromat ography (Sep-Pak).

Repr esent at i pteseiedibeldsuref Munkigogmethie iwarers afstlefige OEN dubledends,isbéthd n t he
foll owi ng exanpl es, The foregoi ng chem.c f ar mat,i ans be conduct ed

|t
usi ng t echni i@k O8 DREENINRES FORaRAYR Sgﬁﬁ’élir"%:}tser?la’ P@llspe mg%li’lﬁary skil |
in the art, ig&ﬁ&s%fé%‘i’xté%'s;g%te& Reehk PRGBGSR dsird h?wﬂ[@@%ﬁgﬁﬁ@d’\l’%v}%ﬁti ons.

Representative reaction vents include, for exanple, . , DMBO, THF,
edhogubstifutsdlcatbrpn may

et hyl acet at @mmivodd off tberptelhemaljschusdreahvyorontadn pTynThelrt
be kept neutral or .basi,c .by the addit,ion.of an an pe such triethyl am ne

or DI EA ReattM&fad Mgy tlfés%lﬁ'iﬂfqi‘%ﬂlgl(b(i?hyﬁ&vfﬁgir%cﬁfm? Onnﬁlé‘r a 18?%151 kg }lf)lgr(ot ect ed
from oxygen @apdrwatkab piédate dptithlly 8ERR fainis) Sudhesk &y resolution ki IRIAE Jorms

protecting groups may be used to prevent other reactive functionality, such
as am nes, toritylsynthgfie oot epticohi petive stasvive watcHaley (Iveo dstings1somes{eis an
participating._i [ tHoRA ard GRS I ] L8ElIiNehedr Oups

i ncl ude, forg%nf (r)rlf)t?‘g?eﬁzdr%tﬂoglﬁtméxycz‘i‘ﬁﬁ@%?gﬂéﬁﬁht%r%?@?B%pe‘%ﬁ%é lfnder mld
aci di ¢ condi ¢gn@fathds Eevobdd lesreinechdayl sublestable iginseaerdaienpittdieshsuch as

pi peri dine), and bhenzyl oxycarbonyl . rem)vgd by. strong acid or bé}iﬁadt alytic
hydr ogenol ysPréyent disglopyres yhe b god Laggmers 62 8 U]iajb?m St e gt “of
thiols, phengls, u@ﬁﬁ% t?é %ﬂ% Sonal BL1GRE LBWByiSHROSH tHE Bintnd LR, G ifaeeavddivy, aci d
protecting groups I nclude, for exanple, tertbutyl ester (renmoved by mld
aci d), benzythedglieying asanapley -&naved.-bgu.cat al yti c hydrogenol ysis), and

al kyl esters such_as, nethyl. or et hyl (usually remved hy, m All
prot ecti ng grouprs]F?FEIge B%eroéﬁww%c@ﬁ%‘i?8ﬁ8ﬁﬁ%fgﬂ %?n(gfﬁgzr?{eegi ﬁ%‘?aﬁlg t he
condi ti ons dasgrdrkespshare deSdrivel @ ddfHic\d Whriablepit 6 wrletsR@dGh@UPSs intamitdt he
final product may be purified by techni ques which woul d be readily, apparent

to one of or@ireplase BRivriablein nmanper to sHiSE Be ¥algnGY eifhe Alomppevgound.

di scl osure. - - . 5 F St Bt S~af 80 | scl osure
may be used }I??lr %grr?g%elgﬁgl %afjaplﬁa%?ﬁaéfﬂ%%@ |S§"gﬁngtﬁ§%s}’ g&hﬁ{ﬁgg)ﬁr%mﬁgn a

pati ent conpwosldrgmad panios therdha it loedet onsatiabi theig esspedtvetvialenpat | ent by

i njection, infusign, or any ?t her known, net hod, and in&qi n%lthe area of the
patient wherein tﬁ@%\?@hf’mﬁfb‘??l‘_fcé‘FSe‘E‘?reitgaQWéP’éﬂ‘.n_a‘fysu *ﬁ‘l tﬁ’ég‘fel?ly dosage
to be adm ni ﬁ)ﬁﬁﬁ%@'t@? irifién RAdabh 6UAenBOH SnRb AT HF 18 denitfh deléryvary
dependi ng upon such actors as age, weight, and particular region to be
treated, as odhbiomsreie. Jans. foutxampde if 2 goup.ayehralived graups, idiskegmott i ¢ use

contenpl ated, and.t f.ar got.he formul ation, for npl e,...SUspensi.on,
emul si on, m &F YOSH P%,WH%T @&2‘%@?%?‘*‘1 ﬁ@up{skgzayé’gg%éﬁﬁqﬁesuﬁgé%f:ﬁ% Itglpu ar ent
to those skiidi@d R¥, dndR ™kt each occurrehyPinCakh ¥rougas adertédSinaehendéslysian at

| oner levels and increased until the desirable diagnostic effect,is

achi eved. | ntherefinerlistiohepsible RE. abeudydeasciosampico fr e groar et ey be

adm ni stered ' .0l ect oG, ' j [ at a
dose of - aboufith of HMEAET TRl drlis Rl oRBlddifory Bleieliif 1

conbi nat i onsofdsidldRVMondinaioss of sulaitages aaiigesriablts spaEithissibtboshyg €S
therein), or preferably at dose of about. O to_abqout 5Q nCi. Imaging is
per f or ned usf¥y CPE’@HWFIH%’?S&%}Q Stﬁﬂ%\?\‘iﬁnl?%mflﬁe Biaﬁ’é’Pﬁ (g2 §‘%Sflfuﬁat Hrtisan.

For use as np@m Rt B dCORRERRE +R8 &by in bt MRS JuBBEuSt nidYebe
present disclosure, dosages, admni Stered by intravenous injection, wll
typi cal |y r abgelefl tompdoutondthéringol / kg to about 1 5 mmol/ kg (and all

conbi nati ons and suhconbi nati ons of dosage ranges and specific dosages
therein), prefer a@ﬂ?’“gﬁ%t 0.8 gmol / kg to about 1.2 mmol /I cg. For use
as MRl contrast agrohsmbélts cE®ORAEIkd ARGy phrtichRr pFRpentcdtaidcBsyiie My be
used in a simlar manner as other MR agents as described in U S Patent
No. 5, 155, 21Bcityios ofphe sieppNEor exapmie, AbpternyaferCirEdo denqieen aysgoun,  808;
Radi ol ogy 1988, 166, 835; and Radi ol ogy 1988, 166, 693. Cenerally, sterile
aqueous solutions of the contrast agents may be adm nistered to a patient

i ntravenously in dosages ranging fromabout 0.01 to about 1.0 mml es per kg
body wei ght (and all conbinations and subconbi nati ons of dosage ranges and
speci fic dosages therein). The ul trasound contrast agents of the
present disclosure may be adm nistered by intravenous injection in an



Anot her aspect of the present disclosure is diagnostic kits for the
preparation of diagnostic agents for detecting, inmaging, and/or nonitoring
nyocardi al perfusion. D agnostic kits of2it-he present disclosure conprise
one or nore vials containing the sterile, non-pyrogenic, fornulation
conprising a predeterm ned anmount of a reagent of the present disclosure,
and optionally other conponents such as one or two ancillar Injégands such

as tricine asentaEningifepmssix ¢ fenPaeep afns sphihsdsBe fzchadiCorfiiesldi'd ( TPPTS),

reduci ng age gggg i § id4d i i

stabilizati o%tfirlsts, S {%rlrg}l]ll’ Fg%??%%en%?f &Jso‘ﬁgnén éb%%?ﬂeﬁ ﬂgg?éa%@ent%géﬁl?s may

al so conpri soikty theleiphng alge pioupsifoine astenfearboaxtmy. e, fin(l1).

Buffers useful in_the preparation g(L co,nt%?st Oggﬂen%égan Kits include, for
exanpl e, phosphat &he Erpralkenyls Asreehgreny tefes tohsiraight 05 Prnphadidhp® A nore
conplete lis in] 10 c486h-ShiBbR Ao dBIahaRE OPOeI a.

Lyophi |l i zat i %%&%Qﬁuiog?%ﬁnggt{eﬁf 0prepar ation o? contrast agents and kits
i nclude, for exanfheterménliospl’ as hecthesan, reforstotadli-Cadkylraoyp #tacmd tor ) _
R e R Pl o
acid, cysteine, MROtRhCaIkWERIRY],” HEQdbdRerbinstedrs toen CsOglalkyl pRuAbI sul fite,
gentisic acid, and inositol. Sol ubi l'i zation aids useful 1n the
prepar at i on $bsiwirdruish ongy bre.r dlrge pikexy EoePtide, for exanpl e, ethanol,

gl yeerin, pol yet b engy LGPt o RIAMUEN AN eroiAHR¥Y BLAYL GREHRQE DI tan
nonool eat e, sorbitan nono éa?e, pgﬁ%ysdr%at es, &

-pol y( oxyet hybenehedpbhiy(sataypedhydresehorpol y( oxyet hyl ene) bl ock copol yners
("Pluronics") and Lecitb‘i .l ”certgiﬁu enbodi nent s H{)e sol ubi Ei i ng aids
are pol yet hyl ene §n/tesn “aikalapylyrastsed herein, refergipqnalicd raynsattpshed o 16, ¢ he
preparation Of.GARSIEAR: AGERIArRBH alflafyi otdipl ude, for exanple, benzyl

al cohol, benzal konium chlori"de, chlorbButandl, and nethyl, propyl, or butyl
par aben. A Thosondakkylene ad vsggtestinaefers tocahvakigrewr dasved fwmt han one
function. For_e e, reduci agent for a radionuclide can al so serve
as a stabili %té@éﬁﬁﬁhfaﬁfﬁeéirc%lrbﬁﬁg%@gE?ﬁéfogarré%n‘serve as a transfer |igand, or
a | yophilization ?Fh@teﬁﬁﬁa&hrﬁﬁy?&fs\(ﬁecﬁﬁ@r@in}fe@d?§f<ﬁi C-@naikyl gioyip aféiche@td i gand.
- 20 - The conpounds herein described may have asynmmetric centers.

Unl ess ot her thiegaranhaiotespiagmozgty thepyghean oxyees etePeoneri ¢ and racenic forns
are included int S | s i €. 1 ol efins,
CLN doubl e bonds, TpaTna g LOELR" 4 Ea iR, JEREE ol ARRES ofthe

descri bed heperent daokbsak lex suding sticintagingsnaRtySoran@edant enpl ated in the

present discl osur It will be appreciated that conpounds of the present
di scl osure may poﬁb%feﬁnaéyﬁwé? pi;e@gl}qr?y,srg%gstqotalﬁ}@ay. P‘Hbﬁrégéfﬁ@ﬂc_ may be
i solated in gpt§Gah Whakhd ¥R @'md@oe MR B phdnlyl bdupeBlicytNOWRed Rnf he art
how to prepare optically active forns, such as bﬁ/ resol uti'on of racemc
fornms or by systeniseminsistaf@mbepyli grawp fused to amosecyeli¢ eyrlonanyl glowp, arwo

di stinct isoners is _and, trans) of the peptide bond ar.e kno t o occur;
both can ai sBopRevsfe St SRR of iyl ABERU ebfim bl R T cuch
st abl e i sonep&sait erveRfidrerml bt REchdd th iR Rir€ endledl & GhaistytBroudign- and
L-isonmers of a particular amno acid are designated herein using the
convent i onal Substitfablg cagpy domndn thsnerewp.t Repraseniae va sxamplesof 4yl gaersd by t he
foll ow ng ex . - . i icity,
connection p(ﬂgll ntdg’sb(ut -Qf'e)%g}lgﬁ {r'lsgtt © eg}r%%egﬁl.’ a%ﬁﬁéenﬁa ’gﬁl OZ mlgéaniddn%g%é&% is
descri bed t onapdttiviehenviaanddatrehydréndpithyhder stood that it is intended to

repl ace the vari ein.a gr to satisfy the valency of the atom or
conpound. For exanpf &M f‘rygﬁ]ggriaéﬂﬁsﬁ‘fg@re%a’?ﬁ?rﬂ%ﬂ gl}gg&rggp BORaYIedoRB0)
bot h carbon &{@%ij%ew\lﬁﬁpgart of the chain in order to satisfy their
respective val ences. en any variable occurs nore than one tine in
any substituent olh¢wrmiyrviadkylete’ as wsed defeimirefersio adivedarh andalkylrazoupe | s

i ndependent of its definjitiopn at every other, occurrence. Thus,, for exanple,
Fa orou.  Shesicdr Bt §Fle2BBtasS 15 drgiioibie RS ERISor FRAEH RoPler 0. 2
R80, then sairdl e othef &)onTBY alkPt prtiahl y be substituted with up to two R3O0,
and R8 at each occurrence in each group is selected i ndependently fromthe
defined |ist of pbdsicHpeambae, Msgwed bgreiateless tak divpleat arybgroppe group each
of the two R81 substituents on N is independently selected fromthe defined
i st of possible R81. Conbinations of substituents and/or variables are
perm ssible only if such conbinations result in stable conpounds. Wen a
bond to a substituent is shown to cross the bond connecting two atons in a

ring, then such substituent may be bonded to any atom on the ring.
Definitions - The nunber of carbon atons in any particular group is



-21 - containing fromsix to ten carbon atons, and the term
"Co-CiOaryl-CG -Cloalkyl," refers to an aryl group of six to ten carbon
atons attached to the parent nol ecul ar 4&%iety through an al kyl group of one
to ten carbon atons. The term "al kenyl ," as used herein, refers to a
straight or branched chain hydrocarbon containing at | east one

car bon-carbon doubl e bond. he term "al koxy," as used her refers
to a Cl-C6 al kyl @FB@P&}&ﬁlladh"e@npﬁ ‘ndlayr @ntco ’é‘é:%lr rSﬁBl‘@H‘fstﬂ? tough an
oxygen atom to a C-C6
al kyl group SSgg?f%ﬁﬁgﬁggﬁ%ﬁé%ﬁgmﬁﬁm§¥£eof@égé%&ﬂwﬂ%i?&%@gﬂ%&ﬁﬁ% The
term "al kyl, dhewonme&thhmohdabomchﬁgumt ththa repponip F@eraduaﬂhaﬂnmwiaca& rai ght or
branched chai n saturalgjll car bo lh((f g sﬁh " used
herein, refefUPRIGIER PR‘W 3o S i s oo pdpa Aebararo, ety
through an asyd orgh&Rhelators or Ba8din@rumits BokYdRNe mordfcad&fd alEs&i st.méref ers to
a divalent grou P derived froma straight or branched chain saturated

hydr ocar bon. ancillary Fheo- hmﬁlﬁ"mpklﬁﬁbﬂfy“ erpsare 8 datalditep ypes ef Bgandso a Cl1- C6

al kyl group .parent nmol.ecul en atom
The term™ an eﬁa%m%gbé du% E%I%Ugg’atexg llg ,raaloip g%s}]%{%m{chf&%sg@ﬁgég%f t he
present di SC&l@ﬁﬂ(ﬁIﬁ)r%ﬁﬂmgk;ﬁg fioheohd gy andivas of the saié @icilesy or co-ligdide term
"aryl," as used herein, refers to a_ phenyl group,, or_ a bicyclic fused ring
syst em wher e dirdiopharmseentisel %qaaarrwrfg@q g“ﬁﬁ@h nAeFps T 08% P f used

ring syst errsmt,‘oollg e?lrts 8 (ﬂleQ.E&P (ﬂrcgq%aﬁ&'ﬁf%%ohpccﬂas{?gf&CiM%Bm riSyGheg! kenyl

group, a nonocyc c cycl oal roup, anot her nyl grotp. The aryl
groups of thecamdessams.i Emenaduopmrnanelbmalatcbmphadga@emm lizand mystemltbe ul ar

rmietythrou%B an ubst tulablﬁ carbon atomin th %Eoup Re resetatlve
exampl es of é? QT inationFRherp GemBTEFs RBF OF MG S0 ey |

azul enyl, fl ﬁ‘@ﬂh%}é lor n‘lo'i*@ﬁa@%énts mﬂaﬁydr md}élamvt?ty H1ffe%@f$?les ofaeﬁfé'lllary or
tetrahydronapht yl e term"aryl al as uséd herein, refers to an

al kyl group enbganids.revided thiat e, are a@talocrf t f:és@ean@llg@ds)wbglators or The term
cary Ay e R FoP Sl 4R b R Re A B EOp Rl ogup,  wher e

one pOI nt of aren no ecu e ar
portion and bdislixd gy frém oneréanentaﬂnklym ﬂirlfetrexﬁmncmh@ drebmg'hﬁdislzlsea@sxc'lerecs used

herein, refers to a divalent aryl group.
to comprise a ternary ligand System.

Ancillary or co-ligands useful in the preparation of radiopharmaceuticals and
in diagnostic kits useful for the preparation of said radiopharmaceuticals comprise
one or more oxygen, nitrogen, carbon, sulfur, phosphorus, arsenic, selenium, and
tellurivm donor atoms. A ligand can be a transfer ligand in the synthesis of a
radiopharmaceutical and also serve as an ancillary or co-ligand in another
radiopharmaceutical. Whether a ligand is termed a transfer or ancillary or co-ligand
depends on whether the ligand remains in the radionuclide coordination sphere in the
radiopharmaceutical, which is determined by the coordination chemistry of the
radionuclide and the chelator or bonding unit of the reagent or reagents.

A “bacteriostat” is a component that inhibits the growth of bacteria in a
formulation either during its storage before use of after a diagnostic kit is used to
synthesize a radiopharmaceutical.

The term “bubbles” or “microbubbles,” as used herein, refers to vesicles
which are generally characterized by the presence of one or more membranes or
walls surrounding an internal void that is filled with a gas or precursor thereto.

Exemplary bubbles or microbubbles include, for example, liposomes, micelles, and



- 22 - As used herein, the terns "ancillary" or "co-ligands" refers
to ligands that serve to conplete the coordination sphere of the

radi onucl i de together with the chel at or- 8r- radi onucl i de bonding unit of the
reagent. For radi opharnmaceuticals conprising a binary ligand system the
radi onucl i de coordi nati on sphere conprises one or nore chelators or bondi ng
units fromone or nore reagents and one or nore ancillary or co-I|igands,
provi ded thatedikgre are a total of two types of |igands, chelators or

bondi ng uni ts. FOfnEafiPléholafor” 34 MARMIRERLL AL RAGRI Heado Bl MERyChel at or
or bonding unit fromone reagent and t of "'the same ancillary or

co- | i gands amcreuy anla oplgemtrihat duivids da b motalpen thireughtome oc hekrada@os awmsbondi ng
units fromone or,.two reagents and, one cillar r co-liga re..both
consi dered to conp?§ $BpP ’fﬁﬁtqgeﬁtan?f‘?ﬁ@g%rﬁ@.’ rq_%qs?q %P%eﬂi‘ﬁgsreﬁg%glﬁﬁlg% s
conpri sing agpegifidardhs kb Gnrpaks beIBd VebRly, ask/oniehidfe 6RAE ke, iy sphere
conprises one or nore chelators or bonding units fromone or nore reagents
and one or nivergashg theoiddbiliteefthe surfasesbeing audicr) the prasence@ndl eyfgnidy, provi ded
that there ar.e a tofal. of three f ligands, chelators or bonding
units. For eia%?%t}&/grlp%\%ygaﬁh%%%%ﬁ efdgal conprised of one chelator or
bondi ng unit fronTieemh eagamikennt)” hywnsedihbfot, @efersad aidohaikymatic, partibilgands i s

considered to conprise a ternary_ligand system . Anci | | a%y or
co-ligands udBpruratedhmepecysheRasstir.oh laeyoig dingShslFRdexieithiar L BHECT
di agnostic ki Ddro hBE AN GRAT BN Qlive Bl At RRBRENBEAW hEA! S
conpri se ongéa%lfonﬁag%y%?(@géﬂ, Qﬁf(ﬁ ogen@éar%oﬁ? sua??%r, f(p?))%osphorus&lﬁl,'r lg’?seni c,
-sel eni um anidclude, ot Argmod timoted &, eyslohekehylg actdhwliondpbthalenylamsd er 1§ gand in
the synthesis ﬁf a)gr afli opharmaceuti cal and al so serve as an ancillary or
co-ligand i ""@RYGTKERYY adi ophar maceutical . Wether a ligand is ternmed a
transfer or ancil{Rd ¥nfRFce@odik@2nd wdepienss, Rfcrvvhel flrafelendnb8adid, renains in
the radi onuclide coordination sphere in the radi opharnmaceutical, which is
det er mi ned bYicydlis, enisicHlisdtidereatioaringsystemfhaying theed ite fvetcrearbeitatpme
chel ator or ndi ng._ uni t of fhe r en r.r A" bacteriostat”
is a corrpone%t Zt% Oa]?et?rﬁ ﬁtlogfst sIg ¢ ﬂeéenggtgvv&%ag?legg)gtg gcﬂ%)egk}drgr %uﬂsér&rlr%&ag %togﬁéei t her
during its staliagedisfschpussl,elclapémyl, Bicgitlainsheptykiahd bdamigeg. t 0
synt hesi ze a radi gphar maceuti cal . , The term "bubbl es" or
" crobubbl es, " aShqSER “feCer Ayclqaligens. i a5 uped herpws e éha divalegener al |y
characterize 18y Fro@NBrelto MR SHMR MR ahes or wal I's surroundi ng
an internal g% t)hhglt- szﬁﬁéﬁ‘f}%% \(/)\n&tﬁrea %as orr precursor thereto. Exenplary
bubbl es or m cr oblilchices “dnghestie imbhging &xa mpdddierdin pofontes, protaletd wsd tand -
23 - the lik " tT%g terms "chelator” and "bonding unit," as used
herein, ref e*b2EREIHEPEEY or group on a reagent that binds to a metal ion
through one or nOAEJRHRAGHICAIPT® “kit” compri8s h @6IBCi6R BF EdfRporRERMermedcused
herein, refers to an agent used to highlight specific areas so that organs,
bl.ood vessel®rmalatipwin one gumercayials wave are gpdst by thepracheing gad neprime
visibility of;. t f | S i.ed,. .prese .ext ept .9
di sease and/%}nqgﬁfﬁﬁaﬁggfﬁ%?%ﬁgﬁﬂ%égﬁ dla&ﬂ) %ngﬁaeﬁ?ﬁe}l%rgnn%gg%?%sal eenkﬁ{ ," as
used her ei n, prefebabl g piovides AN Thereqiigitd Compaichisad byhthasatant abethe Mot i C,
bicyclic, or tricyclic ring systemhaving three to fourteen carbon atons
and zero hetRhegnacsical REeqme diise that gie commpaly avasiableyie theprpeioing @dotps
include, butgafes Qterbi M (oI Vo] ; ; p;”F\%I yl, and
nor bor nyl enyﬁ. ; {e'rl'heggtlitgr%%)ﬁlc egﬁ%lgla%gﬁlﬁ$ﬁ)ggfthtfgg%lgﬂ%?@ig’z%g e ert g&to a
sat ur at ed nomatygthedit dirmgdhe syntlesistafitleyetiophydcadarl direquirgl, sydapmanthavi ng
three to fourteen CtEr b(?n. atons and zerho heter.o?tom;. Repr esent at.i ve
exanples o ) , opropyl,
| f RYETERIRY FBIBigEEt ¢ fadirphappacentical fthe patient such a5 sypipegss |
cycl opent yl, snpiiging! iladink hlipRRinY land IR 18d a0 aW agents are PiBGid@fdMhe €34 C10
cycl oal kyl ene, " as used herein, refers to a divalent cycloal kyl group
cont ai ni ng fusehinttheiedingldormain & frrbuiationeastained typigily inenpvializagitherta c
;gg%![ ng, aslygﬁfﬁﬂzéhesroﬁld%r alrlgcfp?eroﬁs g(ﬁut?orp rﬂ%eet% ru%erutsyg%altly(/) re%glgs%%tesathgont rast
lyophilized material with water or saline and withdraws the patient dose or just

withdraws the dose from the aqueous solution formulation as provided.



A "diagnostic kit" or "kit" conprises a collection of conponents, terned
the formulation, in one or nore vials which are used by the practicing end
user in a clinical or pharmacy setting -t@-synthesi ze di agnostic

radi opharnmaceuticals. The kit preferably provides all the requisite
conponents to synthesize and use the diagnostic pharmaceutical except those
that are comonly available to the practicing end user, such as water or

sal i ne for injectThaterma “detoneiosn” e uﬁeﬁélew&ulf@fﬁﬁép|ﬂéf'eat°’§q1‘1’ieﬁtr1ﬂé?ﬁa°b%ﬂrtoheat| ng
the kit durin f the radi opharmaceutical, if required,
equi prent ne%%s%g$§§¥g%m§%fr§0r?lﬁst ering the radi ophar maceutical to the

patient such as sylid tegRs hakhi iddhalggerd, magused hegin, pefento, I, andBt, bel.l i ke.
Contrast agents are provided tg the |naI form

d user. in the A
formul ati on cont aTl?f‘etﬁmﬂyb‘i'lE@l‘Yly fiSrPSB‘ﬁg etgingfefers o 'ﬁ{éra Iy gﬁ?&ﬁﬁ}‘ﬁ’ﬁ“{"gﬁ?sol id
or an aqueo% FH{, Qhree, ReoEHIdLRR atdnyPi cal |y reconstitutes the
tefia

I'yophi |'i zed with water of saline and withdraws the patient dose or
j ust withdr avvs t h’EhedeEne “hetormatyhé aaqsmidwsels,dbﬂcra toranfammatltcaﬁvfbﬁr 81%- provi ded.
24 - onor, .at as .use IS .t the atom
d| rectly att3eH E‘c‘fegf)mﬁ [t IW?{.’B cHERiE 5 e%%ﬁ % w‘%’?% cﬁt and
“hal ogen, " agmisafifs ABHBIaR cABdeI THeGefm “Kdteroiyl” f$o includes blcyc-ﬂ&%yit&h@’l
"hal oal kyl ," as used herein, refers to a Cl- al kyl group substituted by

one, two, thwbee adetereagyl TH'@ indessd 40 o fayr- to six-memperadayromaticerdiogrgmatc 55
used herein, ref i l@%ﬁ Ovvgle at
| east one ato |0§1t%%1&‘§c? eo@hkﬁ %dle{&lal Béel%a e%ﬁegcr%{drl]%g at%r%s are

carbon. The T@gmterbatwg@aps/hre a&h&@dlt@dietpiﬁamt hiotacolar mdsts tlansghnvier e a
heteroaryl ring.is_fused to a four- to ered aromati c

non. ar ommat i CUPE i BSHRERG 951 559B, Ao a1 (e EXqURo RERBSERBRY CHEPES St onrs
sel ect ed fr%tyomghg%ﬂg%muﬁe% %%@M%Mied% WePso Mz, BehR™aldlyit he parent

nol ecul ar noi ety any substitutable carbon or nitrogen atomin the
group. Repr esemofutdnyk benantipieny, ﬁiraﬂyé,tlendiaow igtazahd, mdrd]yi,lwexadmlbtl are not

linited to, b d t hi enyl
Furanyl . i m ORBSTYI ARy S THB. Telass YT BT aG nyl
i sot hi azol y| yrnfa@lmthlﬂﬁdm&h pﬁé@iﬂ]l,flaéﬁla)iélyl ?yﬁa@l )dulnoﬂ)i)ﬁ?fl , iy,

pyridazinyl, pyrim di nyl , razin razo pyrroly qui nol i nyl,

t hi azol yI, t thicaapyydingi ﬂmny ttﬁa@hxl; thlatdraza%wylﬂ triggmddi azol yl, and
triazinyl. TR AULONELL vt iRy RHLEL Ui, ro%f gl to a
five-, six-, or seven-nmne al nrng Two

het er oat ons inﬂﬁheaeﬂdmgtcbytaﬁeﬂ@meedvd rod mhrbélbetgmemmsan@eﬁdienﬂg seffecnaa‘lt rogen,
oxygen, and ﬁ_u| fur. The five- rgreﬁnber ed rin ﬁﬁl}roé[tf@(ftm doubl e .bonds and
the six- and U\ SOBRISERSRHNG o GETIEEY e IbaP sy 5reembHeding he term

“heterocycl ygag z%}o%a t{va%ush%oﬁasca\ﬂal thé sidll Ms%vbﬂn%&?bdtﬂﬂ?gs@ﬁ{/@ﬁ&émﬂ yl ring
is fused to a phenyl group, a nonocyclic cycl oal kenyl group, a nonocyclic

cycl oal kyl gthoeplouble tands. hBhe twom Sbstetocycligtabroonsiudesbigrciagrouphén which
heterocyclyl rou t.he, 1Y esent |nv ntion can be .at hed t.0 the parent
mol ecul ar o gthﬁteF%P' ‘g]ﬁbﬂn%l HR adhshy cﬁrmﬁ’ ﬁlr?(fllgﬁeﬂlcacty(%@u ﬁ(ﬁn¥li%°"5)r’8up
Exanpl es of ﬂﬁ@h&!y@ﬁ&@ﬂrdléalﬁil%&ﬁ) bﬂ@ﬂdﬂﬁ@,m&mtcyafcqwf@bc;}dyngm@, e

benzot hienyl, furyl, 1mdazolyl, indolinyl, 1ndolyl, isothiazo

i soxazol yl , lmsfﬁrpmlylrmum@fmrwem pivpRiEGIgan P attaghed e dhamarent W)X%’?E?Fyl

pyri di nyl, ., A , thlenyl
and t hi onor p f@éﬁacﬂ%ﬁ&@g}%mﬁﬁ%%ﬁg Ieéjfcf(ufl }E}‘%@ used her ei n,
refers to anhaérbyjrclg@u@ssﬂddatﬂe but &d nwd lﬁrhltémﬁ) bénwothiatyl trgdntiédzelybcycl yl
groups. The t rm ‘het er ocycl yl al kyl ene as used herein, refers to a

i

divalent - BSolmlapdelyt yoirzn ﬁyﬁ%ﬁ%b‘ﬂy MR ?lénbé:r@aa%b/htplnﬁrazg%achnent to
t he parent r it n other is
on the al kyrﬁggl?%{#gnp@%(gw yﬁdlﬂ 1 3’2‘?%%3{6 %a&s?ﬂ}(}s%)g%ﬁgr Fehllénzjaﬁyrlef ers to

a dival ent héieybeyd ﬂy(lmgmlmbnyl
The term “heterocyclylalkyl,” as used herein, refers to an alkyl group
substituted with one, two, or three heterocyclyl groups.

The term “heterocyclylalkylene,” as used herein, refers to a divalent



The term "hydroxy," as used herein, refers to -CH The term "i magi ng
noi ety," as used herein, refer to a portion or portions of a nol ecul e that
allow for the detection, imging, and/ er2sronitoring of the presence and/ or
progression of a condition(s), pathological disorder(s), and/or disease(s).
The term "l inking group,” as used herein, refers to a portion of a nolecule
that serves as a sFacer bet ween two ot her portions of the no]ecul e. Linking

groups may aresaoasiylalkygrevp, fieee praroiniof gEadymanblp the paicAt MelegWal es of

| i nki ng groups: inGl ' r , S b Shdikvl Yl ., ether,

pol yhydr oxy%%lgt)}}gtc)ﬁglr% ﬂéﬁ%ﬁ%@%ﬁ“ﬁ’%@%@é@%@ ,0 ar orra%(]ipgﬂydr azi de,

pepti de, pept oi d, Tlertemh Hesterpbydyleha') hcadet hetnpetishb e dvolait beterdcyelkges or
conbi nat i ons t her eof As used herein, the term"lipid" refers to a
synthetic or8H%-ural | y-occurring anphi pat hi c conpound whi ch conprises a
hydrophi i ¢ conpopgifer Atk dofly dhORRA kL 20BRNEODH. Li pi ds include, for
exanpl e, fatty acids, neutral’faps, phosphatides, glycolipids, aliphatic
al cohol s and waxeBhe term Siampingmdiety, 2 pousgd hereis ngfknioys rashebel parders affsi ch
conprise a lipjd,c ound i ncl yde suspensi ons., enul si.ons vesi cul ar
Conposi t i onsI.ngiecule thik Eﬁ%‘ﬁ&ﬁ}ée H%S?téoﬁls TpAging, andfer %ﬂofn?o s%%ﬁﬁg Teg?:l}cgst er or
aggr egat e of arardpreatdion cﬁarmﬁaiﬁdﬁ(s?,ipaﬂiowgmg disbidiet{s); endotidisseypi cal |y in
the formof one or nore concentric |layers, for exanple, bilayers. They may
al so be referred Ths tsen Elinkiag sroup; psvieed karag, refers to a porvipy ghmmalertie on” ai g
is a conpon j : i 1 th%%g?- Lgation,
such as thquﬁﬁ%gﬂ%Fgﬁg?%ﬁgﬁﬁﬁgﬁggﬁg%géggkgnéqﬁg&éeﬁggg?1y a e%£t%gthe
~fornul ati on may hlspsaveothhefiphysiscaldepribpd htices Exfantphes cfdimbingegrowps of al |

t he conponents Qf ..the fornulation.f | yophi lization. The term "oxo," as
used herein,™f g ey Ppra gléd= or CY&A&ﬁkgleMﬁlﬁr’rﬁotwwgder B%léethe‘t’

" phar maceut i Al d¥in@RERbBRYE arb:BhiEE, BylR-{dBaRPHES HRepRSr ofRE er i al s,
conposi tions, and/or dosdage forns that are, within the scope of sound
medi cal | udgrissiologicallyabingafile cogaderntdinkages a¢ compinptionsshereglsues of human

P o e s UM SHEBRE B BB b A BRI hEhAl
reasonabl e ibdthicicsiapbaid @hich comphib& 4 iefdidphiiasommsdiehi 4dld hydasgtepicabl e

salt,” as used herein, represents salts or zwitterionic fornms of the
conpounds of camrengite ddpids inslusds: {06 gxaipplerfaly acidhmentral fats; phosphatidee or

di spersi bl e, Lhehsa Lt e i.C j ment ,

sui tabl e forgl\éj)@el{b?dr? ’ é:@jr%jtaﬁ%%ﬂ\?\nﬂ?lﬁgl?%g{%?%égegéeegég pe&%?fear?t ?x\?minp %g)ﬂt excessi ve
toxicity, ircecdnpisitons whldhesogipeise edipohaenponnd dtdhete spsinkiens, emutverplandat i on
commensurate with a reasonabl e benefit/risk ratio, and are effective for
their intendédd CHHBOYUYSs can be prepared during the final isolation and
purification of thg,cQIROVIES 18% RRRANALRVicAXINRRGr hfgregats YT hiPhiBatRict r ogen
atomw th a suitable acid. Representative acid addition salts include

acet at e, adi papounds, gnakedieg lipidtoompepndss paically én thedarne af ene granemgnesul f onat e,

bi sul fate, butyrat.e, canphorate, hor-sul f onat e;, di gl uconat e o

gl ycerophosp‘f“loé%é%l%mﬁE%eggfqgﬁgpﬁﬁe%?ag’ﬁf)sat@feyHiea%e?nsga ey g(r&?r% %r,d aﬁrlr%’%dat e,
hydr ochl ori dessidiagdr obr om de, hydr oi odi de, 2- hydroxyet hanesul f onat e,
lactate, maleate, nesitylenesulfonate, nethanesul fonate, )

napht hyl enesul f onat &/ophilzationgit els axomparenridheies veevia Bhysirbprapeties

pal moat e, pegliNahf P& SKH Alife gﬁém%{%ﬂoﬂrt&%érg&%ﬁndﬁ %elh@}aﬂg aRlidAbat e
propi onate, succinate, tartrate, “trichloroacetate, 'tri oroatet at e,
phosphat e, gthutfanafeiontio daptoen diccphyprabpropdrtieneshe tanbinetioranthiithdecanoat e.

Exanpl es of aci ds whi can he enpl oyed. to form pharmaceutically acceptable
addi ti on sal ?@R%?tﬁﬁgaerfg?@‘gﬁ'i‘%lng’é?%@gglféﬂ("bs hydr ochl ori ¢, hydrobronic,
sul furic, and phosph@p eex@Mds M8 Mtdn FefctiStosSksgh as oxalic, maleic,

succinic, and citric. By "reagent” is neant a conpound of this

di scl osur e capabl &s ufeddierantthe plmass ‘Ghaanacsnti¢ably aceeptabl gl tetphierthesseut i cal  of
this disclosure. Rga%ﬂertltslmaé be .Fti | i z(gd Cgi rectt Iﬁﬁh&{ the.tgr aration of
the netal | opHarf nacedtd €4S “BPPPHNE M 3P osure" ¢ e & %‘ﬁ-ﬁ%ﬁ%’ﬁf’ ina
kit of this ¢ ahdmiebral judgmen, suiRbleGbNgsed eitactivatiathediRpRsBdhihal reacts
with a radionuclide, which is typically obtained as a relatively

unr eacti ve, PRIH a9diagipalopithpyicxcessivssemiaty. iigitatperlloreis responss: poathet at e by
transferring electron(s) to the radionuclide, thereby naking it nore
reactive. Reducing agents useful in the preparation of radi opharnaceuticals
and in diagnostic kits useful for the preparation of said

radi ophar maceuti cal s i ncl ude, for exanple, stannous chloride, stannous
fluoride, formam di ne sulfinic acid, ascorbic acid, cysteine, phosphines,
and cuprous or ferrous salts. O her reducing agents are described, for



- 27 - metal |l opharmaceutical or to the diagnostic kit either to stabilize
the netal | opharmaceutical or to prolong the shelf-life of the kit before it
nmust be used. Stabilization aids can be 2 i oxi dants, reducing agents or
radi cal scavengers and can provide inproved stability by reacting
preferentially with species that degrade other conponents or the

net al | opharmaceuticals. . . By "stable conpound”, or " s‘i'tgfibl;e structure" is
meant her ei rPrabEBNYFOMPLCHIAN, FRMEGPUTRLE St 4rcasonalie PERFILESE TP i sol ation to
a useful degree ofypp t“é{lérg%g%@icﬁﬁ?%de ﬁ]ﬁps’éftu_raguséﬁ%réiﬂ,r&%&lp?édtsoﬁltb nto an

efficaci ous pharmaceutic solubilization aid" is a

conponent t hatzwittpiaiefdrinkef telcohipoinds affthopresant inventiorowhieh apowgenent s i n
the mediumrequired fqr the formyl ation.. The.term "thiol protecting
group, " as u%l_gﬂ(’lH@reéﬁr HESP?r_é L &/hi _aée’d’}’@ﬂﬁ ﬂi‘erﬁcgﬂ?i%ﬁfoflﬂgnﬁ’reg‘[%@ﬂld%n?% ol group
agai nst undegjiBiR!f6r 236 EhRAS vHH thB sk bhSitichtsRI BB RSsiveaYicith) ol

protecting group known in the art may be used. Exanples of thiol protecting
groups i ncl uidetatipetallgrae responisg,rarodtbr pmblerh er eanplisafiog compenamitg hyl ,

benzam donet hyl -eth et hyl . benzo .an i phen
"transfer | iﬁé?ﬂﬁ“’a%]ie eﬁ%gﬁ%@’ ﬁ%& a]feoeﬁerrgngen Of%}feérurlr%ﬁ%{%te%ﬂrlrepﬁagﬁ c"\}\lnlﬁ a
netal ion thgepired Slvady BegmaLigblation Midyeiticationefthe dompolads @asdpanitey byt

| abi | e enough to be converted to a contrast agent. The formatjop. of the

i nt er medi at ereaeifis Esuitpkleltieacn atan yithaatabie aRd) &cprrecrigiiracidbaicgion he

met al | ophar mpgeut i Gl achie Q(ﬁéﬁg,dﬁ@ﬁgﬂef:&{rgﬁé Jsﬂ%f?{t&q)enﬂga@@%éﬂenbéu%{iﬁé, usef ul
in the preparation of confrasSt agents and in diagnostic kits useful for the
- prepar at i on wifuldte dmosite ccangdioratd) sampbewtlifaates dighalonae, gl omroghoapipite,

gl uconate, gl uco tQnat e, nnitol, .gl ucar.ate, . .

NN NN - et RTGHEGR AP HBO U e eaie, Fmate, fyeaisninpcileyid, fydrobromide,

met hyl enedi pboaHlRaIR! £hyddx GERGHAl fonkied hefafd, rﬂdle&@d}ﬁi%sﬁﬂ@né%ﬁﬁ@ﬂdt@,ed_ of
oxygen or nitrogen donor atons. As used herein, the term"vesicle"
refers to a ®pthen¢ssHbnaemaphthiliehesnlfosatemeciinetss P-nephthylenssoliprade onaletcof an

internal void, In one.enbodi esicl.es ar Qr: af. r I.pi.ds,

i ncluding t h%al{?zg?‘ﬁeb}ﬂeémp%ﬁ pcfgsqlg’[géecg?}%lgaylﬁl&p ePﬁ?tg’lpﬁ@ﬁyﬁlggl\?%h&[\pglsqng‘eé, t he

li pi ds nmay bguctiateh@ritae, micilo@atamne) wiyleoroatetite) phoephatgptltihstenono- or

bil ayer |ipids may be used to formone of nore nmpno- or hilayers., In the
case of mor ebicwRpNAH@aFRoiebicngsulionptgyand undgeangaiso Examplss phgddswhich caener al | y
concentric. iDL vesi i s FIM I : : |kl es
commont y 1 e 5 SaplopkF o B ph S BRI R PR RS R ke

m cr ospher esadddkuchas hydeechlditie) dydtobeomic, @8furic] dndi pespheyichanduseahit acilor m a
uni l amel l ar vesicl e (con‘g?lrjfipsed.of oge.rmnol ayer or bilayer), an

ol i gol anel | a* &PETIBZ’P@ PRS-t W56t two or about three nonol ayers or
bi layers) or a muByidapalth arm¥esh cbRpbGRIPthSbcRisulRiEpati®andigheut three
monol ayers or bilayers). The i nternafJ void of the vesicles may be filled -
with a |iquidansforoiatian mdo afmstallophamtaseutingl abibisclisclosurfui Reagentg iy bg gaseous
precursor, and/or a solid.or sol ute erli i ncl udi.n L. ex le, a

b1 act 1 ve' agui2d giregLof o preertlch P ooplhatiidds of s HQPRF,
conposi ti on" of MEEHEa bOMPore@POSkit bPhisdibddsuré fornul ate fromlipids and
whi ch conprises vesicl es. ,,. The present disclosure will now be
described in conn®cEedysingagantd éy 2 sorAPERYdtFeastsswilin g sadienuslide, twhigh Bnded to

imt its sc%ﬁﬁgg@?g&[}@d%g&é@%\)’neéy bRE.BLRSEBh oGO SHRORBKERS (Fldwer

alternatives, I cations; equi val enf's as can be I n

scope of t heitcbaianon stheby thhseferfrinllcbastrog(sk ioathp kaksonniclide, ithdretst maltieg dne
practice of the present invention, it being understqod,.that the _.exanples
e for the PURISAEECORCPTTINE PR BRTBE LE AT ISR AR SR e
presented t oaRf @\digl@ovhatits ReRE tdraNEfrepfratibn sMQidRAlopHaeldeburat ihgadd, | v
under st ood description of its procedures and conceptual aspects. Synthesis

of Fenazaqui for Akathplg: stenarprlidotige, stannous fluoride, formamidine sulfinic acid,

ascorbic acid, cysteine, phosphines, and cuprous or ferrous salts. Other reducing

agents are described, for example, in Brodack et. al., PCT Application 94/22496.

A “stabilization aid” is a component that is typically added to the



Synt hesi s of 4-14-(2-Hydroxyethyl)phenyll-4-oxo-butyric acid nmethyl ester O
1 CC2Mme Al C13 OH DCM C2Me 2. Sodi unHO MeOH To a dry 250 nL flask
under a nitrogen atnosphere was added pi¥net hyl al cohol (2.50 g, 0.02 nol),
anhydr ous di chl oronmet hane (150 nmL), and met hyl-4-" chl or o- 4- oxobutyrate
(6.02 g, 0.04 nol). The contents of the flask were cooled to O Cwth an
ice bath. To the solution was added al um num chl ori de (%5 g, 0.2 nol) in

portions bei wgtalapharmpacauyical\nsiteithy diagnpein kibsithen & sib1 Pesul ting yel | owi sh

m Xt ure was | L L4 Of; fat ; ¥ senched
e e e PR B g B i sl o

transferred Swabdizstpaaidé caybef antingiklantd;redwingaapcots|cayelicahas vergeehddanh a
saturated sol utjon of sqdi bj carbonate,. brine .- 29 .- and then dried over
magnesi um sUPIHIdE Imprqvef sEPURY bR Epeg ok R rerstiell, v sPReicy it degrade pRlea
reduced presgyhconehQ\Vr d4R0naalépHdany@utioms. oi | . The oil was suspended in
anhydr ous net hanol (100 nL) and sodium netal was added to the m xture until

a pH of 9 was obt Biietdble Thmpaind o éstable stnetpredds mgent dereus somppiaditune was

reduced and i hep. di |.ut L th ethyl et | Wt erred
to a separat Eﬁi}{r}‘f"a%’ﬁlé’ Irgguﬁmom%gﬁg%l}/s%at%ﬁggog%gl%etfgl C%g%% "ﬁ’ﬁ% ocC Iagéalacgi 3étci d,
brine and dringguRy&id feagnRELY M6 bh Ediceciodshasmhedutioal agagt. concentrated under

reduced pressure to give a crude yellowoil w.th a m%;s %' 5. 8? g. Col umm
chr omat ogr aphy [ s ‘iselbiizptionspidieisia qeaponedl thatipproyss theselupdity pf ol Gy ded

the desired pr ( - 570 11- COEE D SERRMation- 65 (t, 2H); 2.81
(t, 2H): 3. 1810?%&3%\%0@%@&?%nﬁ%%ned%ﬂ'(}%eq?xt 2H§ﬂ;‘ 7.2?51%’8‘,% 2M(7,81H%d, 2H) .
'13C (CDC13) ~ kupn) TheRrm6ihiaRrociRer66p,” 54 152 hefdn,68fersld 2. 93yp hraded

444 ( 2 nydr ofBPYg § PR GBS B SBHyie Guriae Smthetic procedures.
Any thiol protecting group known in the art may be used. Examples of thiol
protecting groups include, but are not limited to, the following: acetamidomethyl,
benzamidomethyl, 1-ethoxyethyl, benzoyl, and triphenylmethyl.

A “transfer ligand” is a ligand that forms an intermediate complex with a
metal ion that is stable enough to prevent unwanted side-reactions but labile enough
to be converted to a contrast agent. The formation of the intermediate complex is
kinetically favored while the formation of the metallopharmaceutical is
thermodynamically favored. Transfer ligands useful in the preparation of contrast
agents and in diagnostic kits useful for the preparation of diagnostic
radiopharmaceuticals include, for example, gluconate, glucoheptonate, mannitol,
glucarate, N,N,N’,N’-ethylenediaminetetraacetic acid, pyrophosphate and
methylenediphosphonate. In general, transfer ligands are comprised of oxygen or
nitrogen donor atoms.

As used herein, the term “vesicle” refers to a spherical entity which is
characterized by the presence of an internal void. In one embodiment vesicles are
formulated from lipids, including the various lipids described herein. In any given
vesicle, the lipids may be in the form of a monolayer or bilayer, and the mono- or
bilayer lipids may be used to form one of more mono- or bilayers. In the case of
more than one mono- or bilayer, the mono- or bilayers are generally concentric. The
lipid vesicles described herein include such entities commonly referred to as

liposomes, micelles, bubbles, microbubbles, microspheres and the like. Thus, the



HO H2, Pd/C CO2Me MeOH A m xture of Exanple 1 A (2.50 g, 11 mmol),
10% Pd/ C (0.25 g, 0.23 mmol of Pd netal) in anhydrous nethanol (25 nl) was
first degassed to renopve air (two vacuwH2 cycles) after which it was
capped and a balloon filled with H2 was applied to it for 12 hours. After
this time the reaction mxture was filtered through di atomaceous earth
(CeliteS) and the filtrate was concentrated under, reduced pressure to give

2.32 g of crliniés may be pead to Comuainitamdlsny eisla wpnnrised pLencgaenolgieneht

Th (oDcLs) | SUSSE: & dlsbpelfer PRSI SthopiiGy SERLER PRSI pieemipotyedy
2H) ; 3. 66 ( sor b3layersBor8om(ltilar2élar Yesidle {eobiprisad ofidpre than 8fbuit theseanpl e 1C
e s S BB A L LR R ol
1o kel it s | iegisptens ot st ).

mol ). A sol artsobite mhtcEeh impleling f¢80emple, 2 Bidgchvmident, as destigdr ous

tetrahydrofuran (10 was .added . dr opwi se_usi.ng .t he addition funnel. The
Feaction ves ol AoEperSEaRRGHR SRRt B L A et
acetate and hieheentiMtd fie dgtistan® ihadh eeneBESvAiclesN hydrochl oric aci d.
The m xture was transferred to a separatory funnel and washed w.th brine.

The organi c | ayer Thiagregat disclovere Wi gawdaesdihed ap eonmectiqnewith certaigy
trated - : : i) ; sedy |
cootate (. BjORbHERs SRS A ARINCA SitmiERs Hpy EniEELodEK AR REY
- ?( ppg)Hi 1.49%%1%1?%11‘42 mvcﬁsl;@lt aéﬂ:r%’ﬁv(;ﬁ, mcﬂg_ﬂqat%iansgén% Equiﬁa;}&%ts? 3s d lile;Eélclﬁci;M'BBS.( t66
S, ; . L ; ) ; . ’ ) . , : . )
1H): 7.94 (dvithipthe Qom«sof é,e cﬁaqjl,s- 5%%%3911 Wins eg%melg,s “3%51%@3@?93, 35. 03,

practice of the present invention, it being understood that the examples are for the

purposes of illustration of certain embodiments and are presented to provide what is
believed to be the most useful and readily understood description of its procedures
and conceptual aspects.

Synthesis of Fenazaquin Analog:

Example 1A
Synthesis of 4-[4-(2-Hydroxyethyl)phenyl}-4-oxo-butyric acid methyl ester
O

1.
CI)J\/\COZMe
AlCl5 o
OH DCM
©/\/ > COzMe
2. Sodium HO
MeOH

A To a dry 250 mL flask under a nitrogen atmosphere was added phenecthyl
alcohol (2.50 g, 0.02 mol), anhydrous dichloromethane (150 mL), and methyl-4-
chloro-4-oxobutyrate (6.02 g, 0.04 mol). The contents of the flask were cooled to 0
°C with an ice bath. To the solution was added aluminum chloride (25 g, 0.2 mol) in
portions being careful to avoid a violent exotherm. The resulting yellowish mixture
was stirred for 3 hours. At this point the reaction was quenched with ice water. The
mixture was diluted with dichloromethane and transferred to a separatory funnel.

The organic layer was washed with a saturated solution of sodium bicarbonate, brine



51.67, 67.89, 116.48, 123.72, 127.23, 127.82, 128.87, 129.24, 133.74,
135.76, 139.90, 151.08, 154.56, 166.89, 174.10. Exanple 1D Synthesis of
4-1442- (Qui nazol i n- 4-yl oxy) et hyl | phenyl-29ut an- 1- ol To a dry 15 nL
flask was added lithium al um num hydride (233 ng, 6.0 nmol) and anhydrous
diethyl ether (3 nL). The m xture was cooled with an ice bath. A solution
of Exanple 1C (538 ng, 1.54 mmol) in anm{drous di et hyl ether

m.
sl owl y addedangthen @mngw&ugwgmsmm Ay fatrnisilteation apg soncshdeRn ofiibe gh@te)m \Skrafy
was stirred &r?drer %%u@édn;g& Sur Cp&%dé(ﬁggﬂg?( ?, dlw 8ﬂ gg@ B adishpet@dagn (0 233

m.), aqueous rum m.) and ‘water (0.699 nL)
The white soénl@dmsﬁdﬂahek(edom amkieodlmmtmetalewavaeslddal teetie ovirureragiepfum

sul fate, filt d trated d d t i I
o1 “he of 1066 oAnel LB Petioe b e Bi Ttn DroTEnaNeS [EBRL ana-
manganese( | Vand%érﬂ@m(tép@lmthy@a&tmvﬂe y@@n&ﬁkﬂ@%é@fe&m t& @képatAry The

m xture was stirred f hours. Filtration through di at omaceous earth
(CeliteS) fofumd/@ddbtgaswrwé]mﬁqwmﬂ 06fN hvsoghloniq apid bringend dagtlewd pressure

fforded 395 Col | t
o Tor S50 555 1y k. 2SR AT AT g, gl e
g—!{" (gEi)Cl?’é g&Afrﬁ?@}ellolv &5w3¢h@t]m£smof 3l88.g. ICAbmA cﬁﬁm('dﬁ@gr%y [sﬂwﬁ%el( tlueH) ; 3.17
1H); 7.82 (thexgpﬁs-eﬂrylgtsete@ (3: %Dl&progldﬂtf(\?dieﬂmpwéuﬁ 2. é% g, 5(116@ HY%&&CP@?;M
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"Exanpl e | E Syst i‘d:S?ll—S &fC I OishE(pAm3: 07 1) B3.0ACI 066451 52462, 63y ULART 01 180% -
yhoxyethyl T pheny) L 8Y%! 15338007 4.
Example 1B
Synthesis of 4-[4-(2-hydroxyethyl)phenyl]butyric acid methyl ester

o Hj, Pd/C

/\/©)K/\COZM9 Me- _O_H - COMe
HO HO

A mixture of Example 1A (2.50 g, 11 mmo}), 10 % Pd/C (0.25 g, 0.23 mmol
of Pd metal) in anhydrous methanol (25 mL) was first degassed to remove air (two
vacuum/H; cycles) after which it was capped and a balloon filled with H; was applied
to it for 12 hours. After this time the reaction mixture was filtered through
diatomaceous earth (Celite®) and the filtrate was concentrated under reduced
pressure to give 2.32 g of crude material. Column chromatography [silica gel; eluent
hexanes-ethyl acetate (2:1)] provided the desired product (0.92 g, 39 %). 'H (CDCl)
d(ppm): 1.91-1.96 (m, 2H); 2.32 (t, 2H); 2.62 (t, 2H); 2.83 (t, 2H); 3.66 (s, 3H); 3.85
(¢, 2H): 7.11-7.15 (m, 4H).



OH TsCl DVAP TEA 0DCM To a dry 10 nL flask was added

p-tol uenesul fonyl chloride (32.5 ny, 0.17 mmol), 4-(di nmethyl am no) pyr'i di ne
(20.7 ng, 0.17 mmol ), Exanple 1D (50.0 $- 0. 16 mmol ), anhydrous

di chl oronethane (1 nL) and triethylamne (17.2 ng, 0.17 mmol) The resulting
solution was stirred for 2 hours, concentrated under reduced pressure, and
purified by columm chromat ography [silica gel; eluent pentane-ethyl acetate
(1.86:1)] to provide the desired pro@ééP’P%ECng, 70 % . 1H(CDC13) 6(ppm.

1.64-1.68 ( 2H)
478 (i, r@yé‘ﬁ%s s %fdff‘é&g(q@h%%ﬂ% 59&0&{?)etl§h‘i&pheﬁ¥ﬂﬂu&&m a%'iﬁféle &Q‘ést@f

(t, 1H, 8 14 (d, 1H); 8.80 (s, 1H). - 32 - Exanple 1F SyntheS|s of
4-{244- (4- Fl uor obutyl ) phenyl | et hoxyl qui nazol i ne OI's KF Kryptc CO Me
Adry 5 nL flask was fitted vvltha geflux cgndenser. To t fl ask Was added
pot assi um f | uori de Ny Kr yp’ﬂefi x (40 ng,f 071 mol ) and
anhydr ous acet Oﬂl\m t e resuttingsol utoodn was added a

sol ution of EX8mpTe 1E (25 rrg, . rrm)l) in anhydrcetonltrlle(l m.) .

The flask was placed in a 90 C oil bath. The sol ut| wads stirred for 1
hour. After cooling the reaction mxture was diluted wth diethyl ether,
transferred to a Ae:pgsahmihs‘lmseﬁttedamdl smasdigtibnrfuhbelaqueabei Sadk. vierbl
hydrochl ori ¢ aci d, .saturate eous S Iutlon of sodi um bi car bonat and
then brine. €4 PEUInazP po gra&.%ﬁnwaqhaﬁ@%@éﬁtam%&m ag (1 (?mi)ered

and concent r gl £gh ﬁf‘?%d{u‘ﬁ@' ??R'%ﬁﬁ%rﬁ’/ yRbHMA SRR %G @lmﬂ &obi ca gel ;

el uent hexanes- et acet at fovi ded't he desired product (10.7 ng,
63 % . 1H(CD8g33. 6@11rpqﬂhr)n armvﬁﬁ}uﬁi tét@hgdgofuthl) (l(BnBBw(w addeHdror8viserusing thaH) ;
4.40 (t, 1H 7.55

(1) 7,2 (i EohmetoRbeaciify wo st for S 5lgoub s o s el o 3

6(ppm : 27. 1Qithdth a@e@ate m&q@lche%h ¢ 68diads bf aqubSus).1 NBRydkScHIfkic 29EF =
27.0), 67.94, 84.17 (d, 1,1a, = 163.3), 116. 93 123. 75, 127.26, 127. 84,

128. 82, 129. Phe mixtorespas tllaasfemvd to] BsEpemtory Sgmel and washsd withgrings Thes4. 59,

19F( CDCL3, §S| S'lzg}feF {g@ %éctgv%(;%]aﬁgsgé@%ﬁ?fate, 1%9&3&? %ncﬁ Eo&enttrated]. Col’uﬁ& 6,

-50.4). Synt
chromatography [silica gel; eluent hexanes-ethyl acetate (4:1)] provided the desired

product (538 mg, 43 %). 'H(CDCls) 8(ppm): 1.92-1.98 (m, 2H); 2.33 (t, 2H); 2.64 (t,
2H); 3.19 (t, 2H); 3.66 (s, 3H); 4.79 (t, 2H); 7.15 (d, 2H); 7.27 (d, 2H); 7.57 (t, 1H);
7.83 (t, 1H); 7.94 (d, 1H); 8.15 (d, 1H); 8.80 (s, 1H). 26.68, 33.59, 34.93, 35.03,
51.67,67.89,116.48, 123.72, 127.23, 127.82, 128.87, 129.24, 133.74, 135.76,
139.90, 151.08, 154.56, 166.89, 174.10.
Example 1D
Synthesis of 4-{4-[2-(Quinazolin-4-yloxy)ethyl]phenyl}butan-1-ol

COzMe 1. LAH oA
ether
2. MnO»,
O O

DCM

Y =N
= @

To adry 15 mL flask was added lithium aluminum hydride (233 mg, 6.0
mmol) and anhydrous diethyl ether (3 mL). The mixture was cooled with an ice bath.
A solution of Example 1C (538 mg, 1.54 mmol) in anhydrous diethyl ether (3 mL)
was slowly added with vigorous stirring. The bath was removed and the slurry was

stirred for 15 minutes. The reaction was quenched with water (0.233 mL), aqueous



Exanpl e 2A Synthesis of Butyric acid 4-phenyl butyl ester OH DCMD To
4- phenyl -1-butanol (7.0 g, 0.047 nol) was added anhydrous di chl oronet hane
(20 mL.) A solution of butyryl chloride {3.-79 g, 0.045 nol) in anhydrous

di chl oronet hane (20 nL) was added dropw se. The solution was stirred - 33
- for 36 hours. At this point the reaction was concentrated under reduced

pressure to i})/e a crude ojl. Columm chromat ograph %Ei lica gl% . el uent
hexanes- et hy [ #dcwdighydroxydp (233 mid gnd et £ ?%@I—é-r B#te 801E [aS 9499 as a

| i L8 ! - : - 6H) ;
2 27 (1. o Dugelifhdine Ry Bty in i bl el N (m

2H) . Exanpl eukir Sydotddmicssuad todsieda tlegrdnlo XHeutiy @bethen dsseleé¢dinmpbydrbuest er 0
1 dd dichloromethane (10 mL) and manganese(IV) oxide (500 mg, 5.8 mmol) was added
to the solution. The mixture was stirred for 12 hours. Filtration through
diatomaceous earth (Celite®) followed by concentration of the filtrate under reduced
pressure afforded 395 mg of crude product. Column chromatography [silica gel;
eluent pentane-ethyl acetate (2:3)] provided the desired product (225 mg, 49 %). 'H
(CDCl) 8(ppm): 1.55-1.61 (m, 2H); 1.65-1.68 (m, 2H); 2.61 (t, 2H); 3.17 (t, 2H);
3.64 (t, 2H); 4.79 (t, 2H); 7.12 (d, 2H); 7.23 (d, 2H); 7.56 (t, 1H); 7.82 (t, 1H); 7.93
(d, 1H); 8.14 (d, 1H); 8.77 (s, 1H). °C (CDCls) 8(ppm): 27.52,32.31, 34.89, 35.21,
62.81, 67.74, 116.67, 123.54, 127.08, 127.49, 128.63, 128.98, 133.61, 135.23,
140.64, 150.68, 154.29, 166.79.
Example 1E
Synthesis of Toluene-4-sulfonic acid 4-{4-[2-(quinazolin-4-

yloxyethyl]phenyl}butyl ester

OH OTs
TsCl
DMAP
TEA

0 DCM 0
=N ~N
N’J N/J

To a dry 10 mL flask was added p-toluenesulfonyl chloride (32.5 mg, 0.17

mmol), 4-(dimethylamino)pyridine (20.7 mg, 0.17 mmol), Example 1D (50.0 mg,
0.16 mmol), anhydrous dichloromethane (1 mL) and triethylamine (17.2 mg, 0.17
mmol). The resulting solution was stirred for 2 hours, concentrated under reduced
pressure, and purified by column chromatography [silica gel; eluent pentane-ethyl
acetate (1.86:1)] to provide the desired product (52 mg, 70 %). 'H(CDCl3) o(ppm):
1.64-1.68 (m, 4H); 2.44 (s, 3H); 2.56 (t, 2H); 3.19 (t, 2H); 4.04 (t, 2H); 4.78 (t, 2H);
7.08 (d, 2H); 7.26 (d, 2H); 7.57 (t, 1H); 7.78 (d , 2H); 7.84 (t, 1H), 8.14 (d, 1H); 8.80
(s, 1H).



0 To alum numchloride (6.7 g, 0.05 nol) in a dry 250 nL round bottom
fl ask was added anhydrous di chl oronmet hane (100 nL) The flask was cooled in
a 0Cice bath. Oxalyl chloride (6.4 g, -3205 nol) was added dropwi se to the
flask. The m xture was allowed to stir for 5 mnutes. A solution of Exanple
2A (9.8 g, 0.044 nol) in anhydrous dichl oronmethane (50 nL) was then added
dropwi se. The m xture was allowed to stir for 4 hours at 0 C The reaction
m xture was poured into a separatoryExamptd 1Eont ai ning i ce and brine. The

organi c | ayer was she i [ [ i .sul fate.
Filtration and con?gﬁ{l'rea‘ts}a%aqaﬁag?%@%@%@g’?‘éﬁi@%%g%%g@?dc?zgi]@%j1 g of
yellowoil. 9.0 g of I _-@¥as suspended in nethanol g H adj ust ed
to 2 and stirred fo 3 hours. The reaction m xture was centrated under
reduced pressure. m chromat ograghy [silica gel; efuent hexanes-ethyl
acetate (2.57:1) 4-provided the desir'@P9¥ oduct (2.80,g, 31% as a clear
viscous |liquid. 1H (CDC13) 8(ppm—21L . m 2H); 1.63-1.73 (m 2H);
2.67 (t, 2%{)8@@“, 2H): 3.88 (s, 3H); 7.23 ( HN 7.93 (d, 2H).
Exanpl e 2C s of 4-f 4-(tert-Butyl dinethy ﬁg/l oxy) butyl | benzoi c
acid nmethyl ester 00 To_Exanple 2B (1.0 g, 4.8 mmpl) was agded
anhydrous di met hyS &y e Beskores fited withe sdbus| condenser. glo the flagkwpy adds
tert-butyldi ! lar | R dnd'; tion
was stirred ﬁ&%ﬁﬁ&g g‘ﬁ%&?ﬁ%%%&%@?s ﬁﬁe)gﬁeozargg’fodln m x%%?dem 2 |yl ut ed
with ethyl ametoaitdle (PGunkll Totle resdiéposcditomywisiadded a solastred BxanplevdEer (20

m., 5x) then sh wi th a satuyated sodi. bi carhonate sol ution (20 ni,
"2x). The or d&%’?ﬂ&g,ﬁ%ﬁéﬁm&gn 6‘%‘35%"% atcﬁtoﬁ’é@t‘lrgg i“iljﬁr Qﬂﬁe}[}%ﬁg wag Praf;%‘f‘éld% goand
concent r at ecbcuRigsh ! eHLCATLHM RaSHITRABr DY, IARerdeslis Lt RERUYE nikthrel 7 9, 75
% which was used without further purification in the next step. Exanple 2D

Synt hesi s of wasdilnt¢d with dBthy) lethervdrahsfeed torgsapasaayt fyinep e paphadevidanol

aqueous 0.1 N hydrochloric acid, saturated aqueous solution of sodium bicarbonate,

and then brine. The organic layer was dried with magnesium sulfate, filtered, and
concentrated under reduced pressure. Column chromatography [silica gel; eluent
hexanes-ethyl acetate (3:1)] provided the desired product (10.7 mg, 63 %).
'H(CDCls) 8(ppm): 1.65-1.73 (m, 4H); 2.63 (t, 2H); 3.17 (t, 2H); 4.40 (t, 1H); 4.48 (¢,
1H); 4.77 (t, 2H); 7.13 (d, 2H); 7.24 (d, 2H); 7.55 (1H); 7.82 (t, 1H); 7.92 (d, 1H);
8.13 (d, 1H); 8.78 (s, 1H). C (CDCls) 8(ppm): 27.19 (d, *Jer = 4.5), 30.20 (d, *Jer
=19.5), 35.15 (d, *Jcr = 27.0), 67.94, 84.17 (d, 'Jep = 163.3), 116.93, 123.75, 127.26,
127.84, 128.82, 129.23, 129.42, 133.77, 135.62, 138.21, 140.54, 151.08, 154.59.
PE(CDCls, CECls internal standard) 8(ppm): -218.59 (t of t, J = -27.6, -50.4).
Synthesis of Pyridaben Analogs:

Example 2ZA

Synthesis of Butyric acid 4-phenylbutyl ester
O

OH cn)J\/\ 0

To 4-phenyl-1-butanol (7.0 g, 0.047 mol) was added anhydrous
dichloromethane (20 mL). A solution of butyryl chloride (4.79 g, 0.045 mol) in

anhydrous dichloromethane (20 mL) was added dropwise. The solution was stirred



0

(14 m.) The solution was cooled to O Cwith an ice bath.

To Exanple 2C (1.17 g, 3.6 mmol ) was added anhydrous diethyl ether

hydride (0.28 g, 7.2 mvol) was added to 33he solution in portions. The
m xture was stirred for 1 hour. To the reaction m xture was added distilled

water (0.28 nL) and the m xture was stirred for 5 m nutes.
an aqueous 15% sodi um hydr oxi de solution and the m xture

m nutes. Lastoryodpusi Atahs paingihereacan ay coReeniplge HNges de “I\Qfg‘fﬁ‘i‘eﬁst“ﬁ?@ was

stirred for

filtrate was

4- ehl oro- 2H pyri

gtia/g}aggfd%%ﬂ Tuil icﬁr%%ﬁgd Lﬁr%él‘l&g?ﬂl%i? E‘?}’Q%Imﬁeﬁéﬂeg-reﬁ{yil Q&ktard NE

Wit h magnesi u

Li t hi um al um num

Next was added
stirred for 5

ered, and concentrated to
give 1.23 g ©f1)¢predeledrioddestred Saiduct(O@hg, O/ ag p alzay vipeiusiligaidge H{CBClgnt

hexanes- et hy
a clear visc

T e e G

2-tert-Butyl - - (Atst | net hyl si | anyl oxy) but yl ] benzyl oxyl -
y7.59i1§,£1_4),(7.§ i.z@gg%%% DIVFyN Iy y) butyl] yl oxy

azi n- 3-one r -

bottomflask, fitted with a reflux cExdmpde?B was added the product of

(0°65 o 42 mol), SabiR ksl opldpduic bR, (00, 0 00

di met hyl formam de (11 nL). The reaction®flask was placed in a 68 C oi

and the reaction was stirred for 121h9

from

-35 -

o
AICI;

O OH
i/v\/\/ \“/\/ DCM _ N\/\/
= 0

> o M
A 2. MeOH - \W/k\’)
o

To aluminum chloride (6.7 g, 0.05 mol) in a dry 250 mL round bottom flask
was added anhydrous dichloromethane (100 mL). The flask was cooled in a 0 °C ice
bath. Oxalyl chloride (6.4 g, 0.05 mol) was added dropwise to the flask. The

mixture was allowed to stir for 5 minutes. A solution of Example 2A (9.8 g, 0.044
mol} in anhydrous dichloromethane (50 mL) was then added dropwise. The mixture
was allowed to stir for 4 hours at 0 °C. The reaction mixture was poured into a
separatory funnel containing ice and brine. The organic layer was washed with brine
and doed over magnesium sulfate. Filtration and concentration under reduced
pressure provided 9.1 g of yellow oil. 9.0 g of this oil was suspended in methanol
and the pH adjusted to 2 and stirred for 48 hours. The reaction mixture was
concentrated under reduced pressure. Column chromatography [silica gel; eluent
hexanes-ethyl acetate (2.57:1)] provided the desired product (2.80 g, 31%) as a clear
viscous liquid. 'H (CDCly) 8(ppm): 1.56-1.61 (m, 2H); 1.63-1.73 (m, 2H); 2.67 (t,
2H); 3.64 (t, 2H); 3.88 (s, 3H); 7.23 (d, 2H); 7.93 (d, 2H).

Example 2C
Synthesis of 4-[4-(tert-Butyldimethylsilanyloxy)butyl]benzoic acid methyl ester
OH TBSC OTBS
imidazole
/OW/©A/\_/ imic /ojf©Am
0 0

To Example 2B (1.0 g, 4.8 mmol) was added anhydrous dimethylformamide
(10 mL), imidazole (0.5 g, 7.2 mmol) and tert-butyldimethylsilyl chloride (1.08 g, 7.3

To a dry 25 i round

bat h

CThe reaction flask was renoved



the oil bath and allowed to cool. The m xture was diluted wth ethyl
acetate, transferred to a separatory funnel and washed with water (25 ni,
5x). The organic layer was dried with megnesi umsul fate, filtered, and
concentrated under reduced pressure to give 1.3 g of crude product. Colum
chromat ography [silica gel; eluent hexanes-ethyl acetate (9:1)] provided

t he desired product (594 ng, 89% . |IH(CDC13) 3(ppm: 0.05 (s, 6H); 0.90 (s,
9H); 1.64 (smuBh) ;T}@.sehmpp,wazlssnjre@umweﬁe{béﬂﬁf?f EEh%S-(El}e rppglionmpxgIrg 2H)

3258, 35, o1 H4 gt ¥ il achil bRl Rpiond Ry o bl PSR 5 5,
143. 72, 154. QB mIl3%)3ken viashapivith 2katynedigianbicarbonate solution (20 mL, ;x).
A T A T O DRI Aol e e o O
reduced pressure to give the desired product (1.17 g, 75 %) which was used without
further purification in the next step.

Example 2D
Synthesis of {4-[4-(tert-Butyldimethylsilanyloxy)butyl]phenyl}-methanol

OTBS LAH oTBS
cther \/@A/\/
0 » HO

O
To Example 2C (1.17 g, 3.6 mmol) was added anhydrous diethyl ether (14

mL). The solution was cooled to 0 °C with an ice bath. Lithium aluminum hydride
(0.28 g, 7.2 mmol) was added to the solution in portions. The mixture was stirred for
1 hour. To the reaction mixture was added distilled water (0.28 mL} and the mixture
was stirred for 5 minutes. Next was added an aqueous 15% sodium hydroxide
solution and the mixture was stirred for 5 minutes. Lastly distilled water {0.84 mL)
was added and the mixture was stirred for 5 minutes. The white solid was removed
by filtration. The filtrate was dried with magnesium sulfate, filtered, and
concentrated to give 1.23 g of crude product. Column chromatography [silica gel;
eluent hexanes-ethyl acetate (4:1)] provided the desired product (1.02 g, 96%) as a
clear viscous liquid.
Example 2E

Synthesis of 2-tert-Butyl-5-{4-{4-(tert-butyldimethylsilanyloxy)butyl|benzyloxy}-

4-chlore-2H-pyridazin-3-one

s} O
y\ cl oTBS CszC05 >< cl
N SO = 0]
N\
h “ ” O/\]Q\/\/\
oTBS

To a dry 25 mL round bottom flask, fitted with a reflux condenser, was added

the product of Example 2D (0.41 g, 1.4 mmol), 2-tert-butyl-4,5-dichloro-2H-

pyridazin-3-one (0.93 g, 4.2 mmol), cesium carbonate (1.37 g, 4.2 mmol), and
anhydrous dimethylformamide (11 mL). The reaction flask was placed in a 68 °C oil

bath and the reaction was stirred for 12 hours. The reaction flask was removed from



WOTBS To the product of Exanple 2E (594 ng, 1.45 nmol) was added
anhydrous tetrahydrofuran (3 nL) and a 1.0 M solution of tert-butylamoni um
fluoride in tetrahydrofuran (2.9 nm, 2.-35mmol). The solution was stirred
for 1 hour then concentrated under reduced pressure. Columm chromat ography
[silica gel; eluent pentane-ethyl acetate (1.8:1)] provi ded t he desired

pr oduct (410 ng, 77% . 11-1 (CDCl13) 8(ppm. 1.61-1.64 (m_ 11H); 1.67-1.74
(m 2H):; 2. 6beptl bathrand alowed fa coopHfhe Bixtpre(was Giujed thfzeth@cﬂce@m 7.33 (d,

2H) ;. 7.74 62. 74,
250167 14 Crantblreg 9% GERED  BURRIN g8 §45P0 7, 59 70 ud

159. 07. Exanigy? vll’s@éﬂéﬁ Tﬂhﬂﬁmggrﬁéluﬁpdtﬂ&twﬁ&emd,l dndrdoacemeiattd under reduced
444-(1-tert-bu -5-¢hl oro-6-o0xo0-1 -

di hyér o- S;r RrEP t2 gjVcobey BOF K§HdE DMt | Folppnyphromagtegraphy [ggica gel; eluent

(di met hyl am )aﬂéérétgyl%@etgﬁ %r{% Oprgwﬁ@d Meélreﬂrb&ﬁ?(ﬁlﬁhgt@%)am@éﬁ§ ng,

0. 66 mmol) an anhydr ous r omet hane . The resulti'ng solution was
stirred for &ppourds0s Ehed); é)élﬂt(s,(ﬁﬂ)m”l (s, e9H/)a% 66|(1, AHeiB.0d (th2ldy 23 (acet at e,

transferred e t unne sh solu f.qagqueous
0.1 N hydr oc#%o?zg(ﬁaé@) gr% h@%) \Xﬁﬁﬁé’dﬁ% eéiﬁ(\lfbﬁg) (ﬂl?gl) g ng 1Igayer was
dried with megns g9 §2Jb$ ases1, 63 . ggeesh, 7and, cwenbs.at e 7unadero. prduced
pressure to give 299 of crude product Col urm "chr omat ography [SI lica

gel ; eluent bEm&Adl. 82%%&5%%% (3:1)] provided the desired product (197
ng, 69% . | H(CDC13) o(ppm. 1.62-1.7 % lel%H) 2.43 (s, 3H); 2.58 (t, 2H);
4.03 (t, 2H); 7.15 (d, 2H); 7.29-7.3 nm]p ; 7.72 (s, 1H); 7.77 (d, 2H).
'DC (CDC13) 6( prsyhthddis. 6i2-tc26BAB1-420h1&G-5-PB (Bhydiddky Sty bedzylony]-Aa8, 71, 81,
118.95, 125.12, 197.32, 127.87, 198,93, 199 87, 132 48, 133,15, 147, 40,
144.72, 153.75, 159.05. Exanple 2H BYfidarinszons

2-tert-butyl - ><chboro 5-(4-(4-f1l uorobutg/l ) benzyl ) oxy 3(2H) pyridazi none

N) - C1 N c THF N NSO

N\‘ O/\I::1\¢/\¢/\ ) h O/\T::j\v/\v/\
OTBS OH

To the product of Example 2E (594 mg, 1.45 mmol) was added anhydrous

tetrahydrofuran (3 mL) and a 1.0 M solution of tert-butylammonium fluoride in
tetrahydrofuran (2.9 mL, 2.9 mmol). The solution was stirred for 1 hour then
concentrated under reduced pressure. Column chromatography [silica gel; eluent
pentane-ethyl acetate (1.8:1)] provided the desired product (410 mg, 77%). 'H
(CDCls) 8(ppm): 1.61-1.64 (m, 11H); 1.67-1.74 (m, 2H); 2.68 (1, 2H); 3.68 (t, 2H),
5.23 (s, 2H); 7.23 (d, 2H); 7.33 (d, 2H); 7.74 (s, 1H). *C (CDCl3) 8(ppm): 27.43,
27.86, 32.56, 35.35, 62.74, 66.36, 71.88, 118.27, 125.18, 127.27, 128.99, 132.28,
143.17,153.78, 159.07.
Example 2G
Synthesis of Toluene-4-sulfonic acid 4-[4-(1-tert-butyl-5-chloro-6-oxo-1,6-

dihydro-pyridazin-4-yloxymethyl)-phenyl}-butyl ester

TsCl
DMAP

0
7< cl DIEA . 2
N DCM N {C’
- |
OH OTs

To a 5 mL round bottom flask was added the product of Example 2F (200 mg,

0.55 mmol), p-toluenesulfonyl chloride (125 mg, 0.66 mmol), 4-



KF- K222 AcN, 90C The product of Exanple 2G (57 ng, 0.10 nmol) was
dissolved in 1 nL acetonitrile and to this was added a m xture of KF-K222
(1:1; 0.164 mml) dissolved in 1 nL acet3nitrile. The entire m xture was
then imrersed in an oil bath at 90 C and heated at reflux for 15 m nutes at
whi ch point the reaction was shown to be conplete by TLC. The vol atile
conponents were renoved in vacuo and the crude oil was purified by flash

Slh | | ga gel dc@#@ﬁ%ﬂé@ﬂ@dlﬂw@%@é)ﬁé& %Qﬁl(ﬂﬂmoé)eé’cl@ﬂ’éol{ylﬁhﬂ?mtf@ (B 8\ 8028 gg of
[ | 1
t8( rerm)e T 16 @gn%%%%%ﬁ%@ ?érr{l ﬂﬁ% q’beﬁﬁ ((?HIQ %gg&@iﬁ‘%g%%wzaé%&?é% 4) & 6

Hz), 5.2 (s,2B2blrs. ThQre(aChorQﬂrhxtdrewﬁ Mllutdd with/etByl(adetaHragkferfd4o Ialz) 7.71 (s,

%ED 1, Dece %ﬁarat%g?l?ﬂe o ‘gas%% Yith arﬁgha?l%nf gqlzeouagé ﬁgygégﬂlw 198 gl )

132.3, 142, 8theﬂ-§l§she@l5191th ﬁi%l:e( %gaﬁﬁ&&@%dﬁ%lﬂﬂna@ﬁéﬂ%éﬁﬁt@( ppm . -
218.6 ( t oft 37°- Exanpl e Synt hesi s of

()-1-tert- buﬁlyctrddl raad h@@nﬁyﬂednyd@—rmp@pmemglvew mglatictle preluct. HOOH DIVF
TBSOOH

Column chromatography [silica gel; eluent pentane-ethyl acetate (3:1)] provided the
desired product (197 mg, 69%). TH(CDCl3) 8(ppm): 1.62-1.70 (m, 13H); 2.43 (s,
3H); 2.58 (t, 2H); 4.03 (t, 2H); 7.15 (d, 2H); 7.29-7.33 (m, 4H); 7.72 (s, 1 H); 7.77 (d,
2H). C (CDCl3) 8(ppm): 21.63, 26.98, 27.86, 28.34, 34.80, 66.37, 70.23, 71,81,
118.25,125.12, 127.32, 127.87, 128.93, 129.82, 132.48, 133.15, 142.40, 144.72,
153.75, 159.05.
Example 2H
Synthesis of 2-tert-butyl-4-chloro-5-(4-(4-fluorobutyl)benzyl)oxy 3(ZH)

pyridazinone

o 0
>< Nic& KF-K222 %w)\i[m
" O/\©\/\/\ o b O/\Q\/V\
OTs F

The product of Example 2G (57 mg, 0.10 mmol} was dissolved in 1 mL
acetonitrile and to this was added a mixture of KF-K222 (1:1; 0.164 mmol) dissolved
in I mL acetonitrile. The entire mixture was then immersed in an oil bath at 90 °C
and heated at reflux for 15 minutes at which point the reaction was shown to be
complete by TI.C. The volatile components were removed in vacuo and the crude
oil was puritfied by flash silica gel chromatography (hexanes-ethyl acetate (4:1)) to
provide 28 mg of the desired product as a oil which solidified upon standing. 'H
(CDCls) 6(ppm): 1.6 (s, 9H), 1.7 (m, 4H), 2.6 (t, 2H), 4.44 (d of t, 2H, J=47.4 & 6
Hz), 5.2 (s, 2H), 7.2 (d, 2H, } = 8.4 Hz), 7.3 (d, 2H, J= 8.4 Hz), 7.71 (s, 1H). "*C
(CDCl3) 8(ppm): 26.8 (*Jcr = 4.65 Hz), 27.8, 29.8(3cr= 19.8 Hz), 35.1, 66.3,71.8,
83.8 (Jer=163.8 Hz), 118.2, 125.1, 127.2, 128.9, 132.3, 142.8, 153, 159.
F(CDCl3, CFCl3 as internal standard) 8(ppm): - 218.6 (toft,J =-27.6, -50.4)



A 50nL round bottom flask was charged with ()-1, 2-butanediol (1g, 11.09
mmol) and to it was added di nethyl formam de (8nL) followed by

tertbutyl dimethylsilyl chloride (2.5g, -3 -64 mmol) and i m dazole (1.88g,
27.7 mmol ) The reaction mxture was stirred for 10 hours after which it was
di luted with dichl oronethane and poured into a separatory funnel and washed
with water (80 nlL) and brine and dried over magnesium sulfate. After
filtration and concentration the cruli&ample¥hs purified by silica gel flash

chr omat ogr aphy (hexanes: et a i 1 i red product

R s 03?&)( %S%?-fb%@‘@’*‘e%“5‘?’&&‘?*%%’(%“%@3@‘%. 4 (m 1H),

2.4 (s, 1H, 1.44 (m 2H), O, (t,TE8H) Imidz0® (s, 9H), 0066 (s, 6H). Exanple

313 Synthesis of ()-4-(lad’erthytyl d['k_gget hyl si Tyl oxysdgut @7 0Xy)

nmet hyl benzoate MeO OMeO O / TBSOCH PPh3, DIAD THF, OC OHOr OTBS

4- Hydr oxymnet hyl beazoailerotidd botiond fl3dk wanthargddheitip()dy-butahedmlgitp) €.BA

(0.75g, 3.67 mml) and tri phenaﬁhos%ne_ 1.972 7.34 mol) were added
atletl formga

to a round b@mobnandtadiwasrdded (8o flipsved hydart- The 1 ask was
I . o _ f . ol .
cool ed in aggldgg@f@%ggﬁ,g gglé)gd@_(ﬁsg,yfgknge_ a%arfﬁqwbl%@.@sg aFDOXH AL €

(1.485g, 7. vi'a he reactron mxture was stirred
for 2 hours THli¢ eactivmi mixtirbevas etictd fon 10Asudadredhchnpivat dlbgd withn | ayer

chromat ogr a .. Al'l the solvent, .was renpved, under .r educed. pressur.e d the
e e e P o amele abe abiies i SRR PolRg ded AR pREE e
chr omat ogr apihd Ul el @sied oMrGhdphlesi@i\@lthtel A RRH@kRioh-dd 8FhdBRHMorDhe t hE
desired conpound as a thick oil. 11-1 (CDC13) S (ppm: 7.9 H, 6.9 (d,

(d, 2
-2H), 4.3 (p,crtég ol was pudfieddy siicge] dlasiBehromatographhexancsaetifyipcetaty)to1. 7 (m
1H), 0.9 (t, 3H J = 7.8 Hz), .O0. S, 0. : . . 13C
(13 s ( pilin RpEofora deisd Diogpetfragdidisld” R ety bpmdi PO gl wt) o

24.1, 18.2, 95%m,18),3.4 (m, 39, 2.4 (s, 1H), 1.44 (m, 2H), 0.99 (t, 3H), 0.9 (s, 9H), 0.06 (s,

6H).
Example 3B
Synthesis of (£)-4-(1-tertbutyldimethylsilyloxy but-2-oxy) methylbenzoate
MeO._.0 MeO. O
PPhs, DIAD
TBSO OH THF, 0C
OH

OJ/\OTBS

4-Hydroxymethylbenzoate (1.1g, 7.34 mmol), the product of Example 3A
(0.75g, 3.67 mmol) and triphenylphosphine (1.972 g, 7.34 mmol) were added to a
round bottom flask and 8 mL tetrahydrofuran was added. The flask was cooled in an
ice bath to 0 °C after which diisopropylazodicarboxylate (1.485g, 7.34mmol) was
added via syringe. The reaction mixture was stirred for 2 hours after which the
reaction was deemed complete by thin layer chromatography. All the solvent was
removed under reduced pressure and the crude oil directly subjected to purification
by silica gel flash chromatography (hexanes : diethyl ether) to obtain 1.0 gm (83%)
of the desired compound as a thick oil. 'H (CDCls) & (ppm): 7.9 (d, 2H), 6.9 (d, 2H),
4.3 (p, 1H,J = 5.4 Hz), 3.9 (s, 3H), 3.7 (2H), 1.78 (m, 1H), 1.7 (m, 1H), 0.9 {t, 3H, J
= 7.8 Hz), 0.89 (s, 9H), 0.05 (s, 3H), 0.01 (s, 3H). *C (CDCl) & (ppm): 166.8,
162.8,131.5, 122.3, 115.2, 80, 64.5, 51.7,25.8,24.1,18.2,9.5,-5.3.



Exanpl e 3C Synthesis of ()-4-(1-tertbutyl di methylsilyloxy but-2-oxy)
benzyl al cohol MeO OHO LAH, Et20 To a solution of the product  of
Exanple 3B (1g, 2.95 mmol) in ether (15M8- was added |ithium al um num
hydride (0.336g, 8.8 nmml) and the m xture was stirred under nitrogen for
1.5 hours. The reaction was conplete as showmn by TLC by this tinme and was
quenched by addition of 0.336 nL water, 0.336 nL of 15% NaOH sol uti on and
1.00 mL water in succession. The res@l"t‘mﬁbe-’rﬁfxture was stirred for an
addi tional 20 m.nutes. r j Whi t 8. iDi filtered
and washed wit WS&‘ éagl.s ﬁr@"‘f’%&?é@@%’ﬁ%kgﬁ%ﬁIgﬁk%s)té?){r)rglgi_:; e“'fsilcdgf'#sul fate.
Filtration and renoval of MsRe_€ol vent gave 0.850g (54% of the desired
product as a white solid. 111 (CDCL3),8 (ppm: 7 2 (d, 2H), 6.9 (d, 2H),
d,
), O

4.3 (p, 1H), 3.77 (d of d, 3. 1.77-1.72 (m 1H),
1.68-1.61 (m 1H), 1.5 (t, I = 5.4 H), , 3H, J = 7.8 Hz), 0.89

J .
(s, 9H), 0.04 (s, 3H), 0.01 ( s 13C (CDC13)oj/(\pm§. 158. 5, 133,
3,

128.4, 116.1, 80.1, 65, 64.5, 25.8, 24.1, 18.2, 9, -5.3 Exanple 3D
Synthesis of ()-2-tert-butyl 4-chloro 5-(4-(1-teftbutyldi methylsilyloxy
but - 2- oxy) benzyTy axylubébd theytddlirzsfEenptBB (1g, 2.95 mmol) in ether (15mL)
()-2-Tert-butyl -4-chl oro-5-hydroxy-3(2H)-pyridazi nhone (0.48g, 2.417 1)
was char ged Was aldedfithipmaupaupdidsas (¢ %ﬁ% SR AR YRF BIES VA 4078 was

added. Aft eruﬁcﬁ?nﬁl%'(ggﬁ '}éogggé Hc?zd?ﬁfliyﬁé ﬁft%on’%&@s%hﬁ:é@t@a& S vylTed byimRl ) and

tri phenyl phosphi ne were added to the flask”and the
fl ask was cotihednd evadGuenthedsiopadsiitydn aAb3i tcalbuatgr, 6.886 . dBBGr NAOHL7 mol |,

. 0. 468 m.) was then ded via a syringe and the reaction was stirred for two
hours after SR ] Pl Shireraoh o o e PO YR YRt Esent s of
the flask wesRiddRN26 ARGRE 4k Qhich the white precipitate formed was filtered and

washed with ether. The filtrate was then dried over magnesium sulfate. Filtration

and removal of the solvent gave 0.50g (54%) of the desired product as a white solid.
'H (CDCl5) § (ppm): 7.2 (d, 2H), 6.9 (d, 2H), 4.3 (p, 1H), 3.77 (d of 4, 1H), 3.66 (d
ofd, 1H), 1.77-1.72 (m, 1H), 1.68-1.61 (m, 1H), 1.5(t, 1H, /=54 Hz), 0.9 (t, 3H, J
= 7.8 Hz), 0.89 (s, 9H), 0.04 (s, 3H), 0.01 (s, 3H). C (CDCls) & (ppm): 158.5, 133,
128.4, 116.1, 80.1, 65, 64.5,25.8, 24.1, 18.2,9.5, -5.3
Example 3D
Synthesis of (+)-2-tert-butyl 4-chloro 5-(4-(1-tertbutyldimethylsilyloxy but-2-
oxy) benzyl)oxy 3(2H)-pyridazinone

HO
O 8]
/QN - PPhs, DIAD )(N -
g oH ¥ THF, 0C ' o oTBS
- 0L
0

(3)-2-Tert-butyl-4-chloro-5-hydroxy-3(2H)-pyridazinone (0.48g, 2.417
mmol) was charged to a 100 mL round bottom flask and tetrahydrofuran (40mL) was
added. After the solution turned clear, Example 3C (0.5g, 1.611 mmol) and
triphenylphosphine (0.633g, 2.417 mmol) were added to the flask and the flask was
cooled to 0°C. Diisopropyl azodicarboxylate (0.488g, 2.417 mmol, 0.468 mL) was
then added via a syringe and the reaction was stirred for two hours after which time it

was shown to be complete by TLC. The contents of the flask were then concentrated



- 39 - in vacuo and the crude oil obtained was purified by flash

chromat ography using silica gel (hexanes:ethyl acetate) to obtain 0.33 g of
t he desired conpound as an oil. 11-1 (GCX®3) 5 (ppmM. 7.72 (s, 1H), 7.2 (d,
2H), 6.9 (d, 2H), 5.2 (s, 2H), 4.2 (p, 1H, 3.75 (d ofd, 1H), 3.68 (d ofd,
1H, 1.75 (m 2H, 1.65 (m 1H, 1.6 (s, Qm 0.99 (t, 3H), 0.85 (s, 9H,
0.04 (s, 3H), 0.02 (s, 3H). 13C (CDC13) 8 (ppm: 159.6, 159.3, 154, 129,
126 9, 125, mwc&p and] e Srudg@ilpbtamediwasggirified by figsh glsromatozeaphﬂswg sligag,

-5.3 t X0
G %o tort- ST Graills SRR 1 lttain 0.33 ¢ pf the desired pmpound as an oil. ‘1
3(2H) - pyri dag@iMORES (ppm): 7.72ds,tIND, meri,lﬂH), 60 (Exzipbe (3[2}()043(9 11@),8.76n0l ) in
a 10 nL round bottom fl ask was added tetrahydrofuran g on solutlon
et 1 abut yi Aok 6% it & 1 Irenim 2D 166.0my WS o15 BF). O ST

added and th re n ts
wer e t hen coﬁgé gb E%éﬁ ré%?@égﬁkre@ggﬁgﬁﬁﬁgpﬁhg%§§§ﬂé£%$x fggﬂ
purified by fi@@hzshrmmthgﬁasm 051,165. 5 i64i8¢ 28.016, Chaxaheso.et-byl  acet at e)

to obtain 185 ng (80% of pure desi red product. 11-1 (CDC13) 6 (ppm: 7.74
(s, lH) 73(d 2H), 6.9 (d, 2H), s5Example3k) 4.3 (m 1H), 381377(two

?gcs( CDC13) G%éM n‘{s‘s “fé%‘*e'%gé’zﬂl“"?@?‘g'g“@%"hfh %&"Eﬁ ?’Egé)bﬁgz’?ﬁ"é&e 80 4,
71.9, 66.5, 64. 2 28, 23.5, 9.7. B(aHpberidhzibgné hesis of ()-2-tert-butyl
4-chloro 5-(4-(1- tosygoxy but - 2- oxy) benzypoxy 3(2FD pyri dazi none - 40 -

To the product of Example 3D (0.3 g, 0.6 mmol) in a 10 mL round bottom
flask was added tetrahydrofuran (2 mL). Upon solution, tetrabutylammonium
fluoride (1.8 mmol, 1.8 mL, 1M solution in THF) was added and the reaction mixture
was stirred for 90 minutes. The contents were then concentrated under reduced
pressure and the crude mixture purified by flash chromatography using silica gel
(hexanes:ethyl acetate) to obtain 185 mg (80%) of pure desired product. 'H (CDCl;)
3 (ppm): 7.74 (s, 1H), 7.3 (d, 2H), 6.9 (d, 2H), 5.2 (s, 2H), 4.3 (m, 1H), 3.81-3.77
(two br s, 2H), 1.84 (br t, 1H), 1.77-1.69 (m, 2H), 1.64 (s, 9H), 0.98 (t, 3H); 1*C
(CDCls) 6 (ppm): 159.2, 158.9, 153.9, 129.2, 127.5, 125.4, 116.6, 80.4, 71.9, 66.5,
64.2, 28, 23.5, 9.7,

Example 3F
Synthesis of (£)-2-tert-butyl 4-chloro 5-(4-(1-tosyloxy-but-2-oxy) benzyl)oxy
3(2H)-pyridazinone

Kl e ] ey
oL ¥y

Into a 10 mL round bottom flask was added the product of Example 3E
(0.05g, 0.13 mmol) followed by dichloromethane (2 mL). Toluenesulfonyl chloride




(0.075g, 0.39 mmol), 4-N, N-dinethyl am nopyridine (0.048g, 0.39 mmol) and
di i sopropyl et hylam ne (0.05g, 0.39 nmmol, 68.71.sl) were then added in
succession to the reaction m xture and t49is was stirred for 35 m nutes.
Water was then added to the m xture and the solution poured into a
separatory funnel and the |ayers separated. The organic | ayer was washed
with water and brine and dried over nagnesium sulfate. The crude oil

obt ai ned af t @&07g) Q- 3%mr@ﬁ1) A N-divaethylpminogpridias (W3S PS8 poliand ca gel
flash ch { f th
deai red comBuRg BLEARRER a0 Mo BBl sl Pl B flapt W Befebliff o1

two si ngl et sthe rdacBon fﬁlxtﬁi‘é) andGh®B wad stigd for352ninstes. 2 Waterdva3Ghdnmddidddo thd. 15

(m 2H), 2.44 (s, 3, 1.72 (m 2H), 153.9 145.1 133 24.2, 218, 9.4,
1.6 (s, 9H),mixtes apd theaﬂﬂ}utlog}g,t@u{eé[ygpgt)segarw fungpg nglthe layers separate

, 118.5, 116’r]§eE(§.(r§Zr}1f; ygégl d erl&g a%fg‘édlt% et ut y o%‘glsln?%r;esﬁ% 5

66. 6, 28., SIS o] oro
5-(4-(1-fl uosxﬂ)fatmt’?l& cmu@e)d:bmiﬂm@d)xﬁerﬂlﬁﬁ)on gdrdodeenitmtoe was purified by

silica gel flash chromatography (hexanes:ethyl acetate) to obtain 54 mg (77%) of the
desired compound as a thick colorless oil. H (CDCl3) 8 (ppm): 7.74 (3H, two
singlets), 7.3 (m, 4H), 6.8 (d, 2H), 5.2 (s, 2H), 4.38 (p, 1H), 4.15 (m, 2H), 2.44 (s,
3H), 1.72 (m, 2H), 1.6 (s, 9H), 0.95 (t, 3H); C (CDCls) & (ppm): 159.2, 158.5,
153.9, 145.1,

24.2,21.8,9.4.

317 172N 1N 10 1 1™ A 1AL 11090 &£ 11[: M1 0 TN L££ 2 D91
33,130, 129, 128.1, 127.2, 1254, 118.5, 116.5, 71.5, 7U.2, 606.6, 26.1,

[y
[

Example 3G
Synthesis of (+)-2-tert-butyl-4-chloro 5-(4-(1-fluoro-but-2-oxy)benzyl)oxy-3(2H)-

pyridazinone

U % AcN, 90C %

The product of Example 3F (28mg, 52.4 umol) was dissolved in 0.5 mL

acetonitrile in a 5 mL flask and to this was added a solution of potassium fluoride
(4.5 mg, 78.6 pmol) and Kryptofix 222 (29.6 mg, 78.6 umol) in 0.5 mL acetonitrile.
The above solution was then immersed in a oil bath preheated to 90 °C. The reaction
was allowed to stir for 90 minutes after which all the volatiles were removed under
reduced pressure and the crude mixture purified by preparative thin layer
chromatography to obtain 13 mg (65%) of pure desired compound. 'H (CDCl3) &
(ppm): 7.72 (s, 1H), 7.3 (d, 2H), 6.9 (d, 2H), 5.23 (s, 2H), 4.57-4.59 (m, 2H), 4.4 (m,
4H), 1.74 (m, 2H), 1.6 (s, 9H), 1.0 (t, 3H). *C (CDCls) & (ppm): 159, 158.7, 153.7,
129,127.5,125.2, 118.3, 116.4, 83.85 (d, "Jeor = 172.2), 78, 71.1, 66.3, 27.8, 23.2,

- 9.48. °F (CDCl;, CECl; as internal standard) & (ppm): -228 (d of t, J =-19, -60 Hz )



The product of Exanple 3F (28ng, 52.4 tsnol) was dissolved in 0.5 nL
acetonitrile in a 5 nL flask and to this was added a solution of potassium
fluoride (4.5 ng, 78.6 Rmol) and Kryptaofgix 222 (29.6 ng, 78.6 pnol) in 0.5
mL acetonitrile. The above solution was then imersed in a oil bath
preheated to 90 C. The reaction was allowed to stir for 90 mnutes after
which all the volatiles were renoved under reduced pressure and the crude
m xture purified by preparative t hi nExampte 4hr omat ogr aphy to obt ai n 13 ny

659, P LIPS ot gy 1.5, (¢

2H), 1.6 (s, 9H), 1.0 (t 3H). 13C (CDC13) 6 (ppm): 159, 158.7, 153.7, 129,

127.5, 125.2, 118.3, 116.4, 83.85 (d, /../cF =1 72.2), 78, 71.1, 66.3,
27.8, 23.2, -41 - Exgnple 4A Synthesis 0f-Cd5 ( 3- hydr oxy; Oxy ) ~behzoi c
acid nethyl ester o~ B " 0N DMF 0

HO o]
To a 250 mL flask was added 3-bromo-1-propanol (4.17 g, 0.03 mol),
anhydrous dimethylformamide (40 mL), methyl-4-hydroxybenzoate (3.0 g, 0.02 mol)
and potassium carbonate (4.15 g, 0.03 mol). The flask was placed in a 50 °C oil bath

and stirred for 12 hours. After cooling the reaction was diluted with ethyl acetate,
transferred to separatory funnel, washed with aqueous 0.1 N hydrochloric acid, water
then brine. The organic layer was dried with magnesium sulfate, filtered, and
concentrated under reduced pressure to give 5.14 g of crude oil. Column
chromatography [silica gel; eluent hexanes-cthyl acetate (1.68:1)] provided the
desired product (1.25 g, 30 %) as a white powder. 'H (CDCls) S(ppm): 2.04-2.08 (m,
2H); 3.86-3.88 (m, 5H); 4.17 (t, 2H); 6.91 (d, 2H); 7.98 (d, 2H); '*C (CDCl) 8(ppm):
31.89, 51.81, 59.88, 65.50, 114.06, 122.67, 131.57, 162.60, 166.84.

Example 4B
Synthesis of 4-[3-(tert-Butyldimethylsilanyloxy)propoxylbenzoic acid methyl
ester
TBSCI
O._~_-CH imidazole 0._~_-0TBS
DMF
/OTK@ - /OYO
] 0

To a 50 mL flask was added Example 4A (300 mg, 1.4 mmol), anhydrous
dimethylformamide (4 mL), tert-butyldimethylsilyl chloride (317 mg, 2.1 mmol), and
imidazole (146 mg, 2.1 mmol). The resulting solution was stirred for 2 hours, At
this point the reaction was diluted with ethyl acetate and transferred to a separatory
funnel. The organic phase was washed with aqueous 0.1 N hydrochloric acid(2x),
water(2x), then brine. The organic layer was then dried over magnesium sulfate,
filtered, and concentrated. Column chromatography [silica gel; eluent hexanes-ethyl
acetate (9.5:1)] provided the desired product (413 mg, 91 %). 'H (CDCls) d(ppmy):
0.03 (s, 6H); 0.87 (s, 9H); 1.97-2.01 (m, 2H); 3.79 (t, 2H); 3.87 (s, 3H); 4.11 (t, 2H);
6.90 (d, 2H); 7.97 (4, 2H); "*C (CDCls) 8(ppm): 18.30, 25.89, 32.3, 51.78, 59.27,



HQOO To a 250 nL flask was added 3-brono-1-propanol (4.17 g, 0.03
mol ), anhydrous di nethyl fornmanmi de (40 L), nethyl -4-hydroxybenzoate (3 0 g,
0.02 nol) and potassium carbonate (4.154%-0.03 nol). The flask was pl aced
in a 50C oil bath and stirred for 12 hours. After cooling the reaction was
diluted with et hyI acetate, transferred to separatory funnel, washed with
aqueous 0.1 drochloric acid, water then brine. The organic |ayer was

dried with n%ﬁ dildes A% Bt é31\5§4 ]t(@r9é)d16%ﬂ91 concentrat ed under reduced

pressure to give 5.14 g of crude oil Wcchromat ography [silica gel;
el uent hexanes-ethyl acetate (1.68: l)E]x prpow ded the desired product (1. 25

g (30,99 @ a Eimthesipoliels-( &1 BiGSINIPOR R0k Q | PEEI K abhnol

3.86-3.88 (m 5H); 4.17 (t, ; 6. 91&1 H; 7.98 (d 2H); 13 13)
8(ppm: 31.89, 51 ]QSQ’BB’G%H% 50, 15: 06, 122 67 1EI?QDSGG 84.
Exanpl e 4B Symih of 4-[ 3-(tet—Butyldi-methyl SIH(D )pr opoxy] benzoi c
aci d net hyl est 00 To a 50 nL flask was added Exanple 4A (300

ng, 1.4 mol), thydrous di mret hyl formam de (4 nl), tert-butyldi nmethylsilyl

chloride (317 ny, EQmﬂleHB'OS%ﬁigdlIZWnQ%Dmsﬁdéﬁtﬁﬁdrﬁsan{Hm&skalﬁgewnh
resulting solution was stirred for hours. At this point the reaction was

di | uted wi t hadwyaus distdedeald mL)anEheeﬂ%&stEtSéower%yﬁ?awre}b fhynadiumThe
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( CDC13) 8(ppm: 18.30,
magnesium sulfate ﬁltered and concentrated to gwe the desired product (291 mg, 80

%). 'H(CDCIs) 8(ppm): 0.04 (s, 6H); 0.88 (s, 9H); 1.95-1.99 (m, 2H); 3.79 (t, 2H);
4.05 (t, 2H); 4.60 (s, 2H); 6.88-6.89 (m, 2H); 7.25-7.27 (m, 2H); (CDCls) 8(ppm):
18.30,25.91, 32.41, 59.50, 64.57, 65.10, 114.59, 128.60, 132.97, 158.75.
Example 4D
Synthesis of 2-tert-butyl-4-chloro-5-{4-|3-(tert-
butyldimethylsilanyloxy)propoxy]benzyloxy}-2H-pyridazin-3-one

PPhy

0
DIAD 7( cl
\/©/0\/\/OTBS >< J;E L N
N
HO
o ~""0TBS

To a dry 25 mL flask was added Example 4C (211 mg, 0.71 mmol) and
anhydrous tetrahydrofuran ( 3 mL). The flask was cooled in an ice bath. To the flask
was added triphenylphosphine (187 mg, 0.71 mmol) and 2-tert-butyl-4-chloro-5-
hydroxy-2H-pyridazin-3-one (142 mg, 0.71 mmol). Lastly, diisopropyl
azodicarboxylate (144 mg, 0.71 mmol) was added. The reaction mixture was
allowed to stir in the ice bath for 1 hour. At this point the mixture was diluted with
diethyl ether and transferred to a separatory funnel. The organic solution was washed
with water and then brine, dried over magnesium sulfate, filtered, and concentrated
under reduced pressure. Column chromatography [silica gel; eluent hexanes-ethyl
acetate (9:1)] provided the desired product (106 mg, 31 %). 'H (CDCls) 8(ppm): 0.03
(s, 6H); 0.87 (s, 9H); 1.62 (s, 9H); 1.95-1.99 (m, 2H); 3.79 (t, 2H); 4.06 (t, 2H); 5.23



- 42 - 64.67, 114.08, 122.43, 131.56, 162.90, 166.90 Exanple 4C Synthesis
of {4-3- (tert But yl di net hyl si | anyl oxy) pr opoxyl phenyl } net hanol

Exanple 4B (396 ng, 1.22 mmol) was addedt3-0 a dry 50 nlL flask along with
anhydrous diethyl ether (10 nm.). The flask was |owered into an ice bath.

Li t hi um al um num hydri de (93 ng, 2 44 rrrml) was added in portions to the
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0.04 (s, 6H); 0.88 (s, 9H); 1.95-1.9 I—R,h 379(t 2H); 4.05 (t, 2H);
4.60 (s, 2H); 6.88-6.89 (m 2H); (CDC13) 6(ppm: 18. 30,
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To a dry 10 mL flask was added Example 4D (100 mg, 0.21 mmol) along
with anhydrous tetrahydrofuran (2 mL). To the flask was added a solution of 1.0 M
tetrabutylammonium fluoride in tetrahydrofuran (0.42 mL, 0.42 mmol). The solution
was stirred for 2 hours. At this point the reaction was concentrated under reduced
pressure. Preparatory thin layer chromatography [silica gel; eluent hexanes-ethyl
acetate (1:1)] provided the desired product (57.8 mg, 76 %). 'H(CDCls) 8(ppm): 1.62
(s, 9H); 2.02-2.06 (m, 2H); 3.86 (t, 2H); 4.13 (t, 2H); 5.30 (s, 2H); 6.92-6.93 (m, 2H);
7.31-7.32 (m, 2H); 7.71 (s, 1H); °C (CDCls) 8(ppm): 27.87, 31.97, 60.24, 65.67,
66.34,71.81,114.91, 118.37, 125,31, 127.06, 128.98, 153.76, 159.07, 159.27.
Example 4F
Synthesis of toluene-4-sulfonic acid 3-[4-(1-tert-butyl-5-chloro-6-o0xo-1,6-
dihydro-pyridazin-4-yloxymethyl)phenoxy]propyl ester

TsCl
DMAP
Y TEA o
Cl DCM
><N . ><N cl
N v
O/\/\OH 0/\/\0'[‘8

To adry 5 mL flask was added Example 4E ( 40 mg, 0.11 mmol), 4-methyl-
benzenesulfonyl chloride (31 mg, 0.16 mmel), 4-(dimethylamino)pyridine (20 mg,
0.16 mmol), diisopropylethylamine (16.6 mg, 0.16 mmol) and anhydrous
dichloromethane (0.6 mL). The resulting solution was stirred for 1 hour. The
reaction mixture was concentrated under reduced pressure. Preparatory thin layer
chromatography [silica gel; eluent pentane-ethyl acetate (3:2)] provided the desired
product (18.6 mg, 33%). 'H (CDCls) 8(ppm): 1.62 (s, 9H); 2.09-2.13 (m, 2H); 2.37



To a dry 25 nL flask was added Exanple 4C (211 ng, 0.71 mmol ) and anhydrous
tetrahydrofuran ( 3 nL). The flask was cooled in an ice bath. To the flask
was added tri phenyl phosphine (187 ng, 0.44L mmol) and
2-tert-butyl-4-chloro-5- hydroxy-2H pyridazin-3-one (142 ng, 0.71 mmol).
Lastly, diisopropyl azodicarboxylate (144 ng, 0.71 nnDI) was added. The
reaction mxture was allowed to stir in the ice bath for 1 hour. At this

poi nt the ni(tIMe3\Radt A A8 (wRkh Sh2elsnitl); 61 13e. 2k 71234ds218k /eéd (o a
separatory n I 3T i Q3 y@g@ r t hen
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reduced presgigz7106] m&hnsmtmrlapmmlslllzma tEd.94, 29801 132eManes- et hyl
acetate (9 1)‘Jﬁlégorow ded the desired product (106 ng, 31 % .(CDC13) 6(ppm:
0.03 (s, 0830342, 19890, 13%BY. (s, 9H); 195199(m 2H); 3.79 (t, 2H);
4.06 (t, 2H) 5.23 - 43 - (s, 2H); R MR LZ (M 2H); 7.30-7.31 (m 2H);
7.72 (s, 1H); 13C (CDC13) 6(ppn): 18.29, 25.90, 27.87, 32.34, 59.41, 64.63,
66.30, 71.89, 1SyhtB&is AfBtet-bulyla-GulorotS44-6Bfluoeemropyxy)benzptuxy3H-07,

159. 55 Exanpl e 4E Synt hesi s of .

2-tert-butyl - 4- chl or o- 544- ( 3- hydr o8BI S ™ 6enzyl oxyl - 2H pyri dazi n- 3- one

OTBAF NTHF N OOH To a dry 10wfL fl ask was added Exanpl e 4D (100 ng,
0.21 mmol) al ong/wit h gnhydrous tet*ﬁz%wdrofur To the flask was
added a sol ution"p it Mtetr % |n t et r ahydr of uran

(0.42 m_, 0.42 mmbk )" Out| on was sti rred fhr ] Qur.s. At this point
the reaction was concent r ed under reduced pressur e® at ory thin
l'ayer chromat ography [sill @/T/\é:ﬁaent hexanes et hyl 2 €~¢1T:F) |
ng?VI >0z geogefl mtolgﬂ%% VEBE Conjpthisl T4p QSIO“EI(Q?C Plfo‘ﬁ!’ E“p% k6859575, 03
ggW ZEH) 6576313037m§1%1)(1ﬁhn%®us7a03t13n{tﬁle (@U)S,mﬂ-)a@aiﬁa@ia)solﬁﬁ&ﬁ)m potdséivdy, 31. 97,
fluoride (1.6 mg, 4.07 x 10 mmol) and kryptofix (15.0 mg, 4.07 x 10 mmol) in
anhydrous acetonitrile (0.25 mL). The vial was capped and lowered into a 90 °C oil
bath. The reaction was allowed to stir for 40 minutes. The reaction was cooled and
concentrated under reduced pressure. Preparatory thin layer chromatography [silica
gel; eluent pentane-ethyl acetate (3:2)] provided the desired product (0.8 mg, 25 %).
'H(CDCl) 8(ppm): 1.62 (s, 9H); 2.14-2.20 (m, 2H); 4.09-4.11 (m, 2H); 4.60 (t, 1H);
4.68 (t, 1H); 5.24 (s, 2H); 6.92 (d, 2H); 7.32 (d, 2H); 7.72 (s, 1H); "*F(CDCls, CFCl;
as internal standard) &(ppm): -222.66 (t of t, J = 28.2, -50.4)

Example 5A
Synthesis of 4-(2-hydroxyethoxymethyl)benzoic acid methyl ester
COzMe COzMe
o
BF Et,0
OH
OH o >

To a two-neck round bottom flask, which was equipped with a Dewar
condenser, a solution of 4-hydroxymethylbenzoic acid methyl ester (2.50 g, 0.015
mol) in anhydrous dichloromethane (30 mL) was cooled to -10 °C in a salt/ice bath.
Ethylene oxide (1.10 mL) was added to the cooled stirring solution dropwise
followed by the addition of boron trifluoride etherate (0.51 ml). The reaction mixture



66.34, 71.81, 114.91, 118.37, 125.31, 127.06, 128.98, 153.76, 159.07,
159. 27. Exanpl e 4F Synthesis of toluene-4-sulfonic acid
344-(1-tert-butyl-5-chl oro-6-o0ox0-1,6- -45-
dihydro-pyridazin-4-y|oxynethy|)phenoxy|propyl ester TsCl DVAP TEA DCM
00-rS To a dry 5 nL flask was added Exanple 4E ( 40 ny, 0.11 mmol),
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pyri dazi n- 3- @pe dKF=8.5 Hz), 4.62 (3H, s), 3.92 (2H, s), 3.78 (m, 2H), 3.63 (2H, m); °C
(CDCl3167.1, 143.5, 130.0, 129.8, 127.5, 72.9, 72.0,, 150 MHz): § 62.1, 52.3.
Example 5B
Synthesis of 4-[2-(tert-butyldimethylsilanyloxy)ethoxymethyl]benzoic acid

methyl ester

COMe CO,Me
TBDMS-CI,
—_—
Imidazole, DMF
o /\/OH o /\/OTBDMS

To a solution of the product of Example 5A (544.5 mg, 2.59 mmol) in
anhydrous DMF (26 mL) was added imidazole (264 mg, 3.89 mmol) and TBDMS-CI
(586 mg, 3.89 mmol). The reaction mixture stirred at room temperature overnight
and was quenched with water. The aqueous layer was extracted with ethyl acetate
(3x). All combined organic layers were dried over Na;SOy, filtered, and
concentrated. The crude material was purified using silica gel chromatography (4:1
pentane:ethyl acetate) to provide the desired product (677.5 mg, 2.19 mmol) in 84%
yield. 'H (CDC1:8.01, 600 MHz): & (2H, d, /=8.3 Hz), 7.42 (2H, d, /=8.4 Hz), 4.63
(2H, s), 3.91 (2H, s), 3.82 (2H, t, /=5.0), 3.58 (2H, t, /=5.1 Hz), 0.91 (9H, s), 0.07
(6H, s); °C (CDC15166.5, 143.5, 129.2, 128.8, 126.5, 72.1, 71.6,, 150 MHz): § 62.3,
51.5,25.4,17.9, -5.8.



)11 yH ACN K2220 N To a scintillation vial containing a suspension
of Exanple 4F (4.5 ny, 8.64 x 10-3 nmol) in anhydrous acetonitrile (0 25
m.) was added a sol ution of potassium fd46oride (1.6 ng, 4.07 x 10-2 nmol)
and kryptoflx (15.0 ng, 4.07 x 10-2 nmmol) in anhydrous acetonitrile (0.25
mL). The vial was capped and |owered into a 90 C oil bath. The reaction was
allowed to stir for 40 m nutes. The reaction was cool ed and concentrated
under reduced pressure. Preparatory Expmplesfer chromat ography [silica gel;
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Hz), 3.56 (2H, t, J=5.3 Hz), 1.69 (1H, br s), 0.90 (9H, s), 0.07 (6H, s); *C (CDCls

140.4, 138.3, 128.0, 127.2, 73.2, 71.9, 65.4,, 150 MHz): § 63.0, 26.2, 18.6, -5.0.,

Example 5D
Synthesis of 2-tert-butyl-5-{4-[2-(tert-
butyldimethylsilanyloxy)ethoxymethyl]benzyloxy}-4-chloro-2H-pyridazin-3-one

Q 0
><N Cl' DIAD, THF, PPh, >< cl
R U
P f'? b A H
o~OTBDMS o)

To solution of the product of Example 5C (437 mg, 1.48 mmol) and 2-tert-

OTBDMS

butyl-4-chloro-5-hydroxy-2H-pyridazin-3-one (250 mg, 1.23 mmol} dissolved in
anhydrous THF (12 mL) was added solid PPh; (485 mg, 1.85 mmol) and diisopropyl
azodicarboxylate (DIAD, 0.358 mL, 1.85 mmol). After completion of addition the
reaction mixture continued to stir at room temperature. After 20 hours, the reaction
mixture was diluted with water. The aqueous layer was separated and extracted with
ethyl acetate (3x). All combined organic layers were dried over Na; SOy, filtered, and

concentrated to provide an oil. The crude material was purified using silica gel



Exanmpl e 5B cvntripQk of 4- itttprt-hurvidimeth visilan vlonlethoxvinethyll
benzoic acid nethyl ester CO2MeCO2Me TBDMS-Cl, | m dazol e, DWVF To
a solution of the product of Exanple 5A47544.5 ny, 2.59 mmol) in anhydrous
DMVF (26 nmL) was added i m dazole (264 ng, 3 89 nmol) and TBDWVS-Cl (586 ng,
3.89 mmol) The reaction mxture stirred at roomterrperature over ni ght and
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Synthesis of 2- tert-butyl-4-chloro-5-[4-(2-hydroxyethoxymethyl)benzyloxy]-2H-
pyridazin-3-one
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To a solution of the product of Example 5D (528 mg, 1.09 mmol) dissolved in
anhydrous THF (11 mL) was added a solution of TBAF (1.0 M sclution in THF, 1.65
mL, 1.65 mmol) dropwise. After completion of addition the reaction was stirred at
room temperature for 1 hour and then quenched with water. The aqueous layer was
separated and extracted with ethyl acetate (3x). All combined organic layers were
dried over Nay,SQq, filtered, and concentrated to provide an oil. The crude material
was purified using silica gel chromatography (4:1 hexanes: ethyl acetate) to provide
the desired product (311 mg, 0.850 mmol) in 78% yield. 'H (CDCl3, 600 MHz): 8
7.70 (1H, s), 7.38 (4H, m}, 5.30 (2H, s), 4.56 (2H, s), 3.76 (2H, t, /=4.9 Hz), 3.60
(2H, t, J=4.8 Hz), 2.00 (1H, brs), 1.61 (9H, br s); *C (CDCI3159.0, 153.6,, 150
MHz): § 138.8,134.4, 128.2,127.2,125.1,118.3,72.8,71.6, 71.6, 66.4, 61.9, 27 8,
HRMS caled for C13H3CIN.Oy: 367.141911, found 367.1419.

Example SF
Synthesis of toluene-4-sulfonic acid 2-[4-(1-fer-butyl-5-chloro-6-oxo-1,6-
dihydro-pyridazin-4-yloxymethyl)-benzyloxy]—ethyl ester

o
><N “ OH >< OTS
i} ] _TSCLTEA,
SN —DWAR, DCW
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To a solution of the product of Example SE (200 mg, 0.546 mmol) dissolved



To a solution of the product of Exanple 5B (670 ng, 2.18 mml) dissolved in
anhydrous THF (22 nlL) was added a solution of LAH (1.0 M solution in THF,
2.18 m., 2.18 nmol) dropw se. After conpigetion of addition the reaction

m xture was stirred at roomtenperature for 3 hours. The reaction m xture
was diluted wth water. The aqueous |ayer was extracted wth ethyl acetate
(3x). Al conbined organic |layers were dried over Na2SO4, filtered, and
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but yI di met hy, ég@ﬂ a%&me% eAlhegm@wx{gaﬂﬁngyé@we d%e@fa)kfemazéthpm&éré@zahm 3-one

To sol ution e product o
2-t ert but y1-ebnckdtcral 5 ﬂnq\ddc)myeml—ﬂ"hﬁ;'cnudamatﬁr@l Wﬁ%pl@‘lzfiﬂd Lmjlg Slh@igehm)l )

an a1 1 Sopr R PADBAPEML b R ER P Y V5 i o S5 e e T

conpl eti on of 480gintdIPm 4206 vieRRCH @DOLEYTY, r@:)oq\an) rauezcﬂ tdpjss B erg,w vpom
tenperature. After 20 hours, the reaction mxtur

The aqueous (1&ye), 7V§B$S(2Heéaf"a‘-‘t%hlzhﬂd3?e(ﬁﬂ ot ééWﬁhSkﬁﬁQI(zﬁc@t‘&%Q}@x) ,rAI I
conbined o gaice) avees bere gt e el RASOE chidl et and spacent oL et

to provide an”oi Using sil'ica gel - 47 -
chr omat ograpmgz{ 4150 pieir) e E34. 4118911, H2es atog)l, 12s. p;mﬂizjeoshmmﬂrzaj product

2 i T SE b o b Pk or e o fudl P

J=5. 4 Hz), 15ﬁ3150g|_4 br s), 0.90 (9H, s), 0.07 (6H, s); 13C (CDCL3159. 0,
153.7, 138.8,°134.4, 128.3, 127.3." 150 Mz): 5 125.1, 118.5, 72.8, 71.7,
71.6, 66.4, 61.9, 29.7, 27.9, 25.6, Esample ¥R\VS cal cd for C24H37CLN204Si :

481. 228389, f 481 282 f 2-
tert-butyl -4- SRR eS8k ‘?’?bﬁ%g‘%gf% sliﬁ'ﬁ\?%ﬁﬂ%wwmybngnzyhy] 2H-

pyridazin-3-one

0 O
Cl Cl
%Tj\j[ OTs 7<rr | F
KF, Kryptofix,
Naw o H ACN AN o
o) 0]

To a solution of the product of Example 5F (50 mg, 0.096 mmol) in
anhydrous acetonitrile (1.0 mL) was added KF (11.2 mg, 0.192 mmol} and Kryptofix
(72.4 mg, 0.192 mmol). After completion of addition the reaction mixture was
heated to 90 °C. After 10 minutes, the reaction mixture was cooled down to room
temperature and diluted with water. The aqueous layer was separated and extracted
with ethyl acetate (3x). All combined organic layers were dried over Na;SQy,
filtered, and concentrated to provide an oil. The crude material was purified using
silica gel chromatography (4:1 pentane: ethyl acetate) to provide the desired product
(28 mg, 0.076 mmol) in 79% yield. 'H (DMSO-dg, 600 MHz): & 8.22 (1H, s), 7.45
(2H, d, /=8.20 Hz), 7.39 (2H, d, J=8.24 Hz), 5.42 (2H, s), 4.60 (1H, m), 4.54 (2H,
s), 4.52 (1H, m), 3.71 (1H, m), 3.66 (1H, m), 1.57 (9H, s); * 157.8, 153.8, 138.6,C
(DMSO0-d6, 150 MHz): 6 134.6, 127.8, 127.7, 126.2, 115.6, 83.5 (82.4), 71.6, 71.2,
69.1 (69.0), 65.3, 27.4; "F (DMS0O-dg-221.74 (1F, m)., 564 MHz): 6 HRMS caled



pyri dazi n- 3- one To a solution of the product of Exanple 5D (528
ng, 1.09 nmol) dissolved in anhydrous THF (11 nl) was added a sol ution of
TBAF (1.0 Msolution in THF, 1.65 nL, 145 nmol) dropw se. After conpletion
of addition the reaction was stirred at roomtenperature for 1 hour and

t hen quenched with water. The aqueous | ayer was separated and extracted
with ethyl acetate mﬁg conbi ned organic | ayers were dried over
Na2SO4, fil tioF &dsHaalpd @mc?eéﬁtlﬁaﬁ'éﬁ fown i3dé- an” oi|. The crude materi al
was purified using silica gel chr orrahggﬁlg@%m. 1 hexanes: ethyl acetate)
to provide the desired product (311 ny, mmol) in 78%vyield. 11-1
(CDC13, 600 M—|z): 8 7Syittheskisof 1914-hydﬁ&ymmylp)ena&yﬁﬁopﬁk-lz-m)e, 4.56 (2H, s),
3.76 (2H, t, J=4.9 Hz), 3.60 (2H, t, J=4.8 Hz), 2.00441H br s), 1.61 (9H,
br s); 13C (CDCI 3159. 0, 15356" 150 MHz): 8 138.8, 4.4, 128.2, 127.2,

125.1, 118.3, 72.8, 71.6, 71. , 66. 4, Eﬁ\? 27.8; HRMS cal cd for
Ci 8H23C1N204: 367.141911, fou 367. 14 T’:‘xarrpl @ S Synt hesi s of
ert - buigibned- chl 0 64 0X0- 1, 6-

t ol uene-4-sul fonic acid 244-
-benzyl oxyl -ethyl ¢ster -48 - in

di hydr o- pyri dazi n- 4-yl oxynet
anhydr ous dichl oronet hane (5.50 nL) was added TsClg(125 ng, 0.656 mol),

DVAP (100 ng, 0.819 mmol) and /triethylamne (0.091 D;,XO 656 nmol ) The
re

reaction m xture continued stirring at roomtenperat After 22 hours the
reaction mxture was dil ut ed vvith water. The aqueofls |ayer was separated

and extracted w tf‘o?tsf)%kd (?4_13%% 5{%52391 r[ggihggg Iﬁlﬂogylﬁrs wer e

dried over Na2SO4 ter rat’e an ol’'l. The crude
mat eri al V\/asaqatunef(S@dlh)svasgddaedwcﬁasgm czrrhmrmmxtlo@rgﬁms I('IBIOE qndnt ane: et hyl

‘acetate) t de t dyct, (232 82% | d.
oL b 8 Ao sepai AT el e ot 4 Cppiesion s Sqfioh b robedg 91
J=8.2 Hz), Tm3dufeths Hohted %o ?ﬁluﬁczﬂﬂe‘f‘ho hﬂuﬁ@hé%ﬁbtmﬁﬁmlx‘ﬂu@%a@ 2bblediows- 69
(2H, ), 2.43 (3H, s), 1.63 (9H br s); 13C (CDCL3 159.0, 153.7, 144.8,

118.5?" 150 toHppm temp@atuge anBbe solvaitovas remowed  Wategawi ethylmcotatervge, 118. 4,

2.8, 71.7, ?c%ﬁﬁaa g%f%@ggatg@zié%ﬂ% aqéeéug 1ayH %s ge%lalcagedf &4 e%éctt@(? %NZO(S

521. 150762,
ethyl acetate (3x, 100 mL). All combined organic layers were dried over Na;SOy,

filtered, and concentrated to provide an oil. The crude material was purified using
silica gel chromatography (gradient from 4:1 to 1:1 pentane:ethyl acetate) to provide
the desired product (0.981 g, 5.45 mmol) in 98% yield. 'H (CDCls, 600 MHz): 8
7.30(2H, d, J=8.7 Hz), 6.87 (2H, d, /=8.7 Hz), 4.63 (2H, d, J=5.7 Hz), 4.54 (2H, s),
2.27 (3H, s), 1.66 (1H, t, J=5.8 Hz); >C (CDCls, 150 MHz): § 205.7, 157.3, 134.3,
128.8, 114.6, 73.1, 64.8, 26.6.

Example 6B
Synthesis of 1-(4-hydroxymethyl-phenoxy)-propan-2-ol:
OH OH
NaBH,, MeOH

OL 0
o Hoj\

To a solution of 1-(4-hydroxymethylphenoxy)-propan-2-one (1.26 g, 6.99
mmol) disselved in methanol (60 mL} was added solid NaBH, (0.32 g, 8.39 mmol).



Synt hesi s of

2-tert-butyl -4-ehl oro-544-(2-fl uoro-ethoxynet hyl)-benzyl oyl-2H

pyri dazi n- 3- one To a solution-df-the product of Exanple 5F (50 ng,
0.096 mmol ) in anhydrous acetonitrile (1.0 nL) was added KF (11.2 ng, O0.192
mol ) and Kryptofix (72.4 ng, 0.192 mml). After conpletion of addition the
reaction mxture was heated to 90 C. After 10 mnutes, the reaction m xture
was cool ed dbfier compleinm af adpision the wacting Tixiure 8@ MiTe HaPER tenPREAtFueous

Layer vas_ separalfd ARG £Lh AkAH WAL A ELIVIn 356E 38 &Kucotd fo PRI ned

organi c |ayers over ere concentra ed to
provi de an oeﬂuacféhwlﬂfdnldﬁ abetheer(Ba). Adhsombined o@nmﬂayegs wiilcidtiad gebr

chromat ography (4: 1 pentane: ethyl acetate) t I t he d product
(28 ny, 0.078% 15%1t?rﬁd?9 OW?@PHX‘@@ fQ RIoVIS6I88 216?23 g%}ﬂmﬁ h’ﬁg“’(ag s),

7.45 (2H, d, H 0 2 0
. 4( 54 ( ansédggn 1%% n5|él§2t)s(te Wﬁﬁo&%ggf gt%thaiﬁ@n%t HEXQS ﬁg@d)( TT)H (C@Cl37742§5 ( 1;"

13 157.8, 1561)08134}&;383 QIC 4, [ZPVS@H@, 69.5(025%&)%"8@ 113)44@2 (247s)84- 21217H,7m),126 2,

(1%;3/58 d23221§ %(f}@d?fq)ﬁz %éﬁ%@% %ﬁw@l@ﬁdg J:%ZL ﬁ?)'i}ng C18H22C1FN203:

369. 137575, found 369. 1377. Exanple Ma%mmm s of
1- (4- hydr oxymet hyl phenoxy) pr opan- 2- on ) CCl
Synthesis of 2-fert-butyl-4-chloro-5-[4-(2-hydroxypropoxy)benzyloxy|-2H-

pyridazin-3-one

8]
7< Cl DIAD, THF, PPh, ol
N
L
= o

e L

OH

To solution of the product of Example 6B (269 mg, 1.48 mmol) and 2-tert-
butyl-4-chloro-5-hydroxy-2H-pyridazin-3-one (250 mg, 1.23 mmol) dissolved in
anhydrous THF (18.5 mL) was added solid PPh; (485 mg, 1.85 mmol) and DIAD
{0.358 mL, 1.85 mmol). After completion of addition the reaction mixture continued
to stir at room temperature. After 20 hours, the reaction mixture was diluted with
water. The aqueous layer was separated and extracted with ethyl acetate (3x). All
combined organic layers were dried over Na,SOs, filtered, and concentrated to
provide an oil. The crude material was purified using silica gel chromatography (1:1
pentane:ethyl acetate) to provide the desired product (234 mg, 0.634 mmol) in 51%
yield. 'H (CDCl; 7.71 (1H, 5), 7.33 (2H, d,, 600 MHz): § /=8.7 Hz), 6.94 (2H, d,
J=8.7 Hz), 5.24 (2H, s), 4.19 (1H, m), 3.95 (1H, dd, /=9.2, 3.1 Hz), 3.81 (1H, dd,
J=9.2,7.7 Hz), 1.62 (9H, s) 1.29 (3H, d, J=6.4 Hz).



Acet one To a stirred solution of 4-hydroxybenzyl alcohol (1.0 g,
8.06 mmol ) in acetone (80 nlL) was added potassium carbonate (1.34 a, 9.68
mol ) and chl oroacetone (0.771 nlL, 9.6845hwl). After conpletion of addition
the reaction m xture was heated to reflux. After 20 hours the reaction

m xture was cooled dowmn to roomtenperature and the sol vent was renoved.
Water and ethyl acetate were added to the crude material. The aqueous | ayer
was separated and extracted with et hiramplt® e (3x, 100 nL). Al conbi ned
organi c | ayers I I _ to

provi de an oil .%gesﬁéﬁ ghfr%\étgérmﬁﬁ%amé%r[%&iz Bglﬁﬁ 50&131@;22 gg%

chr omat ogr aphy (grdaltbrchfntpyfridmirml—}/lmﬂﬂerliylpphemj-dtmyﬂhyheﬁwhbﬂyr to provide
t he desired produc& (0.981 g, 5.45 mol) in 98% yigld. 111 (CDC13, 600
MHz): 5 7.30 , J=8.7 Hz), 687(2H d : 4.63 (2H, d, J=5.7
Hz) . 4.54 (2H, 57 (3H, s), 1.68 i g °$; 13C (CDC13, 150
MHz): 5 205.7, 1 7. 134.3 128. 8, 7el B4m0, 73. 1,,‘\4\ 6. 6, Exanple 6B
Synt hesi s of 1-(4™ydooxyye yI-phenoxy)-propan 2-0l : HO - 50 -
After conpletion of addit he..reaction m xture was sti at

t enperat ure overni ght The react on]mi xture was diluted with water , and t he
aqueous | ayer was extracted with ebiyl acetate (3x). Al conbi ned 8Fganic
| ayers were drie r an oi l
(2247 g 6 a1 ol e P o R RS, her
puri fi cati onin(adB9drpnedidhlorabhétii@ECE BmPPwatBlled/lzl (185 M24:10.656 mimel)4 Hz) ,

_g. i’OHg)ZH dSQW&fPFflo,qf& 9482132\-(%91_{ 3) exﬁylﬁx%ﬁg('ﬁ'oﬂm 130%56 bikion IFne 779 2

reaction mixture continued s’umng at room temperature, After 22 hours the reaction

mixture was diluted with water. The aqueous layer was separated and extracted with
cthyl acetate (3x). All combined organic layers were dried over Na;SOy, filtered, and
concentrated to provide an oil. The crude material was purified using silica gel
chromatography (70:30 pentane: ethyl acetate) to provide the desired product (166
mg, 0.319 mmol) in 58% yield. 'H (CDC157.80 (2H, d,, 600 MHz): § J=8.3 Hz),
7.72 (1H, s), 7.32 (2H, d, J=7.9 Hz), 7.29 (2H, d, /=8.7 Hz), 6.74 (2H, d, J=8.7 Hz),
5.22 (2H, s), 4.19 (1H, m), 4.02 (1H, dd, /=10.4, 6.0 Hz}, 3.93 (1H, dd, /=104, 4.5
Hz), 2.44 (3H, s), 1.63 (9H, s) 1.42 (3H, d, /=6.5 Hz); '*C (CDCl; 158.9,, 150 MHz):
8 158.3, 153.6, 144.6, 133.8, 129.6, 128.8, 127.8,127.4, 125.1, 118.0, 114.7, 76.8,
71.5,69.7,66.2,27.7, 21.5, 17.6.; HRMS caled for CpsHpoCIN2OgS: 521.150762,
found 521.1505.
Example 6E
Synthesis of 2-tert-butyl-4-chloro-5-[4-(2-fluoropropoxy)benzyloy]-2H-

pyridazin-3-one

Al e Y
”i[o/\g\o 5: /Y

OTs F
To a solution of the product of Example 6E (50 mg, 0.096 mmol) in
anhydrous acetonitrile (1.0 mL) was added KF (11.2 mg, 0.192 mmol) and Kryptofix



Exanmpl e 6C Synt hesi s of

2-tert-butyl -4-ehl oro-5-14-(2- hydr oxypropoxy) benzyloxyl - 2H pyri dazi n- 3- one
H To solution of the product of Blaple 6B (269 ng, 1.48 mmol) and
2-tertbutyl-4-chl oro-5-hydroxy-2H pyridazin-3 -one (250 ng, 1 23 mmol)

di ssolved in anhydrous THF (18 5 m_) was added solid PPh3 (485 ng, 1.85

nmol ) and DI AD (0. 358 After, conpl etion of addition the
reaction mi xt/ 8@5&!?%@%@& o’\@?flcpr’@ﬂet‘toa&ﬁﬁ@@ﬁﬁ%@&r%mR?lf“élFe Y8 hours, the

reaction m Xt a9 ofi 'Atﬁe?do%hﬁt Vath fen, Aftmemﬁw@m cmx&aow@%o a@RAr at ed

and extracted wth ethyl "acetate (3x). nbi ned organic | ayers were
dri ed over Naﬁ@éra;uré iahd éilwad wanhdvatm‘nd“émtaqmceld lety@r pramwpdmta’mmildxtradth@ crude

et o) 1o wiBiL e 1Y, Aueorbutar et e WP e et PR BT 1 o o
1H (CDC13 7. ﬁll‘eréé—'dnd%bmceﬁtr&%d t2ptovite aﬁQﬁ’l M‘ﬁé)cru(ﬁ: at8ridl Wik nﬁe@ﬂmﬁ%ﬁ' d,
J=8.7 Hz), 5.2( s), 4.19 (1H, m, 3.95 (1H dd, J=9. , 3.81

(1H, dd, J= 9pr2paratm stqa gel thgm layerchrematpgpaphy plate ¢f: 1 pengang: pthyl acetate 1o -
%Zfr?ll_e i (GaPt i lgjl[ta%ec_ﬁ% _ﬁ%%rleg ajgo_(fél_%{; ngklr,fcig,l_(f@ﬂ l%m%'f')l 19 41% yield (based on recovererd
di hydr o- pyr i slazing mhteH ab) naidivyda- tp v reaxted sthriirgd hyteri git(8)8 m£,.90. @Y1 mmol).
'H (CDClLs, 600 MHz): 8 7.73 (1H, s) 7.34 (2H, d, J=8.6 Hz), 6.95 (2H, d, J=8.6 Hz),
5.25 (2H, s), 5.06-4.96 (1H, m), 4.06 (2H, m), 1.63 (OH, s) 1.47 (3H, dd, J=6.4, 23.6
Hz); °C (DMSO-d, 158.4, 157.8, 153.9, 129.8, 127.6, 126.2, 115.5, 114.6,
89.0150MHz): & (88.0), 71.2 , 70.4 (70.3), 65.3, 27.4, 16.9 (16.8); "°F (DMSO-ds, -

178.20 (1F, m);564 MHz): 8 HRMS calcd for C 3H2,CIFN,O3: 369.137575, found

369.1370.
Example 7A
Synthesis of 4-(3-oxobutyl)benzoic acid methyl ester
0 o}
/@AO/ . oH Pd(OAc),, o
Br )\/ PPH3, TEA
o}

To a solution of methyl-4-bromobenzoate (1.0 g, 4.65 mmol) in tricthylamine
(13 mL) was added 3-buten-2-ol (1 mL, 11.63 mmol), palladium (II} acetate (0.104 g,
0.465 mmol), and then triphenylphosphine (0.244 g, 0.93 mmol). The reaction was
stirred in a 75 °C oil bath overnight under nitrogen atmosphere. Monitoring by TLC
(3:1 hexane:ethyl acetate) showed the product and aryl bromide. The reaction was
cooled to room temperature and then concentrated. Water was then added followed
by extraction with ethyl acetate. The organic layer was washed with water and brine,
dried over Na,SOy, filtered and concentrated. The crude product was purified by
flash column chromatography (5:1 to 3:1 hexane:ethyl acetate) to obtain the product
(250 mg, 26 % yield). 'H NMR (600 MHz, CDCls):  7.95 (d, 2H, J = 8.4 Hz), 7.25
(d, 2H, J = 8.4 Hz), 3.90 (s, 3H), 2.95 (t, 2H, J= 7.45 Hz), 2.77 (t, 2H, J= 7.68 Hz),
2.14 (s, 3H).



OHOTs To a solution of the product of Exanple 6C (200 ng, 0.546 mmol)
di ssol ved i n anhydrous di chl oronethane (6.0 nL) was added TsCl (125 ny,
0.656 mml ), DVAP (100 ng, 0.819 mmol) and triethylam ne (0.0914 n_, 0.656
mol ). The reaction m xture continued stirring at roomtenperature. After
22 hours the reaction mxture was diluted with water. The aqueous | ayer was
separated and extracted with ethyl acgtate (3x). Al conbined organic

| ayers were dried over Na2SO4, filtered, and concentrated to provide an
oil. The crude material was purified using silica gel chromatography (70:30

pent ane: ethyl acetate) to provide the desired product (166 ng, 0.319 mol)
in 58%vyield. Ili (CDCl 37.80 (2H ExdmpR0O®B MHz): 8 J=8.3 Hz), 7.72 (1H, s),
7. 29 2H 6. 74 (2H, J=8.7 Hz),

7.32 (2H, d, d, J=8,7 Hz),
5.22 (2H, s)SY'lf?‘iséS Iﬁ%’”ﬁ?“‘ﬂr wAlqrops- f‘&% Zydﬁ%yhuw@benw?maﬂ% (1H, dd,
J=10.4, 4.5 Hz), 2.44 (3H, s), L BL@H 050 1.42 (3H d, J=6.5 Hz); 13C
(CDCL3 158.9" 150 Miz): ~ 158.3,7 1536, 144.6, 133.8, 129.6, 128.8, 127.8,
127.4, 125.§, 118.0, 114.7, 76.8, 71.5 69 7, $6.2, 27.7, 21.5 17.6.; HRVG

cal cd forvwo 1N206S: 152, i@ﬂ@@@torﬁound g 5. Exarrpl e 6E Synt hesi s
of 2-tert-but 4-chl aro -2H pyridazi n- 3-one

-‘Wopox bénzyl o
Cl KFKrvptofix AC e O TG a sol uti oo product of Exanple

6E (50 ng, 0.096 mMmoI° in aﬁj?&‘ s acetonitrile (1. added | CE
(11.2 ng, 0.192 nmol) and Krygtolix - 52 - o

To a solution of the product of Example 7A (505 mg, 2.447 mmol) in THIF
(19 mL) at 0 °C was added a 1M solution (in THF) of lithium aluminum hydride
(12.2 mL, 12.237 mmol) dropwise. After completion of addition the ice bath was
-removed and the reaction was stirred at room temperature for 1 hour under nitrogen
atmosphere. Then, in succession, was added water (183 uL), 15% NaQH solution
(183 puL), and water (548 pL). The reaction stirred for an additional 15 minutes
before it was filtered and washed with THF. The filtrate was then concentrated under
reduced pressure to obtain 4-(4-hydroxymethyl-phenyl)butan-2-ol as a brown oil
(314 mg, 71 % yield). Then to a solution of 2-tert-butyl-4-chloro-5-hydroxy-2H-
pyridazin-3-one (234 mg, 1.155 mmol) in THF (45 mL) was added 4-(4-
hydroxymethylphenyl)butan-2-ol (312 mg, 1.732 mmol), triphenylphosphine (454
mg, 1,732 mmol), and then diisopropyl azodicarboxylate (DIAD, 335 uL, 1.732
mmol). The reaction was stirred at room temperature overnight under nitrogen
atmosphere. Thin layer chromatography (100 % ethyl acetate) indicated
consumption of the pyridazinone starting material and the reaction was concentrated.
The crude material was purified by flash column chromatography (4:1 hexane:cthyl
acetate to 100% ethyl acetate) to obtain a clear oil (200 mg, 48 % yield). 'H NMR
(600 MHz, CDCl3):8 7.73 (s, 1H), 7.32 (d, 2H, J = 8.0), 7.24 (d, 2H, J = 8.0), 5.30
(s, TH), 5.27 (s, 2H), 3.83 (m, 1H), 2.80-2.76 (m, 11), 2.71-2.66 (m, 1H), 1.63 (s,
9H), 1.23 (d, 3H, J = 6.2); ’C (CDC1; 159.3, 153.9,143.2, 132.5, 1292, 127.6,
125.4, 118.5, 73.4, 67.6, 66.6, 40.9, 32.0, 28.1, 23 9 150 MHz): § HRMS calcd
for C 19HasCIN203: 365.162647, found 365.1624.



(72.4 nmg, 0.192 nmol ). After conpletion of addition the reaction m xture
was heated to 90 C. After 40 m nutes, the reaction m xture was cool ed down
to roomtenperature and diluted with watdr- The aqueous | ayer was separated
and extracted with ethyl acetate (3x). Al conbined organic |ayers were
dried over Na2SO4, filtered, and concentrated to provide an oil. The crude
material was purified using a preparative silica gel thin |ayer

chromat ography plate (4:1 pentane: eEfymPicHrate) to isolate the desired
product (12.5 g iflediSds BTRnb-4. (lj,@a/a@h%@@a%ugn S-aneKREekesar ting
material), in a d‘tlon to unreacted starting material (5.8 nyg, 1 mol).
11-1 (CDC13, 600 MihydraBpyridazig-#jlog)méthgh- p(hZhbfl}d métlﬂ'llﬂ'oplqusteﬁ' 95 (2H d,
J-8.6 Hz), 5.25 (2K, s), 5.06-4.96 (1H, m, 4.06 (gH m, 1.63 (9H s) 1.47
(3H, dd, J=6. 23]6 Hz);, 13C (DMSO-d6, 158.4~Y57/8, 153.9, 129.8, 127.6,
126.2, 115.5, , 9150M—|z) 8 (M,?l 2N 4 (70.3), 65.3, 27.4,

16.9 (16.8): 19F(DNBO d6, - 178.20 (ME9NR): 564 Nigz)! RMS cal cd for
C181- 122C1FN203: 369. P37 found 369. 1370. Exanpl e 7°A Sesi s of
4- ( 3- oxobut yl ) benzoi c aci ¢ rh._est er To a sol ), W)

met hyl - 4- br onobenzoate (1.0 g, 4 mmol) in triethylam ne (13 )l was

added 3-buten-2-ol (1 nm, 11.63 mml), palladium (11) acetate (0.104 g,
0.465 mml ), and Tmeaolmnolphéﬂlympid@smﬁﬁl@n(we 2R 42, me, ®34&mwio]). inPyddineact i on

was stirred 75 il th over ni un nitr na her e.

Vo Lort me. oy 0 Vs A p b ea i Gh L SRt B o B OB D AR
brom de. Thewﬁ@ﬁﬁiﬁdd% RS temfRlRete P emDMMNuh &R AicH a8ndipHerleh Mo RRigg BY T at ed.
.Wat er was then added %ol | owed by extraction w t(ﬁéeet hyia@gcet at e. Thg l('%),rganl c

‘layer was wakGddSwhewiedval drmixfge bf starsing apateripl end produgishe redctipeivag and
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Hz) 2 14 (Scongq)tra ed. g crudsy @W@q]‘l&eﬁgglﬂgslbeolumn chromatography 3:1

G o sl Gl on adideailog gt

and the product as a clear oil (74 mg, 47 % yield based on recovered starting
material). 'H NMR (600 MHz, CDCl;): 7.80 (d, 2H, J = 8.3 Hz), 7.72 (s, 1H), 7.33
(d, 2H,J = 8.0 Hz), 7.30 (d, 2H, / = 8.1 Hz), 7.13 (d, 2H, J = 8.1 Hz), 5.27 (s, 2H),
4.66 (m, 1H), 2.65 (m, 1H), 2.54 (m, 1H), 2.45 (s, 3H), 1.94 (m, 1H), 1.81 (m, 1H),
1.63 (s, 9H), 1.26 (s, 3H).

Example 7D
Synthesis of 2-zert-butyl-4-chlore-5-[4-(3-fluorobutyl)benzyloxyl-2 H-pyridazin-

3-one
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To a solution of the product of Example 7C (18.2 mg, 0.035 mmol) in
acetonitrile (400 pL) was added potassium fluoride (4.1 mg, 0.070 mmol) and K222
(26.4 mg, 0.070 mmol). The reaction was stirred at 90 °C for 20 minutes under

nitrogen atmosphere, monitoring by LC-MS. The reaction was then cooled to room



(19 nm.) at OC was added a 1M solution (in THE) of lithium alum num hydride

(12.2 mL, 12.237 mol) dropwi se. After conpletion of addition the ice bath
was renoved and the reaction was stirred5at roomtenperature for 1 hour
under nitrogen atnosphere. Then, in succession, was added water (183 A),
15% NaOH solution (183 1.11,), and water (548 M.). The reaction stirred for
an additional 15 m nutes before it was filtered and washed with THE. The

filtrate wasempemtisoprberncenteded st fqdﬁﬁﬂﬁléé@sﬁ’feeé@@ﬁ@qednﬁﬁ‘?%{lws

Then 1o a sotirioge BRaRd B ATas: SrolRidrh i Hiesm il ol bl i ne
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i ndi cat ed coHi).lﬂmﬁBl(ar?PBf 1 f35|édCb)3H daz$.Aone 2804 n@ (ﬁﬂ(‘éﬂﬁall &hd8t he

reacti on was I col um
chr omat ogr ap R/?Iie) h@aéﬂé:’%ghw(;gg? if%%allé\éf Hﬁé?gjacet a%gﬁ? ?ggg]obt ain a
clear oil (280.4y1.48% l:szﬁgi)m 1 2I1cJ)NPi: (610@13Mﬂz7 GBCMHzS&?lF&n,s, 1H),

7.32 (d, = 2@%@% d (g s)Z(H) g83(m|
H, 2.80-2. 716?1Mﬁ caady: rCZsaPJrleli'I\b z(}ﬁ’? 115§ 0 fqur@336(73158§H) 1.23 (d, 31-1, J
= 6.2); 13C (CDC 13 159.3, 153.9, 14§ 35' ile3§%5 129 2, 127.6, 125.4, 118.5,
73.4, 67.6, 66.6, 40.9, 32.0, 28.1 37gP 5 FIRVG cal cd for
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To a flame-dried 2-neck flask was added a solution of methyl-4-
(hydroxymethyl)benzoate (2.5g, 15 mmol) in dichloromethane (30 mlL). The
reaction was purged with nitrogen and brought to -5 °C. A dewar condenser (also
flame-dried) containing a dry ice/acetone bath (-78 °C) was affixed to the flask and
ethylene oxide-tetradeuterate was added (~55 drops). Then BF3Et;O (510 pL,
0.0041 mmol) was added dropwise and the reaction stirred at -5 °C for 35minutes
under nitrogen atmosphere. Monitoring by TLC (100% ethyl acetate) showed
complete consumption of the starting material. The reaction was warmed to room
temperature and vented to remove any excess ethylene oxide gas. The reaction was
then diluted with brine and extracted with dichloromethane (2 times). The combined
organics were dried over Na,SQy, filtered, and concentrated under reduced pressure
to obtain a crude oil. Purification by flash column chromatography (4:1
pentane:ethyl acetate) provided the product as a clear oil (520 mg, 16% yield). g5
NMR (600 MHz, CDCls) 6 8.02 (d, 2H, J = 8.2 Hz), 7.41 (d, 2H, J = 8.1 Hz), 4.62
(s, 2H), 3.92 (s, 3H); *C NMR (150 MHz, CDCl3167.1, 143.5, 130.8,) § 129.9,
127.5,72.8, 52.4.



di hydr o- pyri dazi n- 4-yl oxynet hyD- phenyl ] - 1- met hyl propyl ester To a
sol ution of the product of Exanple 7B (200 ng, 0.548 mmol) in pyridine (10
m.) was added p-tol uenesul fonyl chlorideé§-209 ng, 1.096 mol) The reaction
was stirred at roomtenperature overni ght under nitrogen atnosphere.
Monitoring by LC-MS showed a 1:1 mixture of starting material and product.
The reaction was diluted wth ethyl acetate and washed wth 5% CuSO4 unti |l
a |light blue aqueous sol ution was nmaExesP8B The organi c | ayer was then
dried over Na2 i | ear . T’Féﬂ% . Vs
purified by 7 SGhtnebls o @ﬂf"éﬁﬁ%@%%ﬁ&“ﬁ :%&’%ﬁ%’%"ﬂg’(‘ BB
ethyl acetate) to recover the sinatlyl agerttmdeaterg®0 ng) and t he product as
a clear oil (74 ng, 47 %yield based on recovered starting material). Ili
NVR (600 MHz, CDCI3): 7.80 (d, 2H, J = 8.3 Hz), 7.72 (s, 1H), 7.33 (d, 2H,

J=8.0 H), 7780 (& 8H, J 35 8,1 o d- 13 (tho? = 8.1 H), 5.27 (s,
2H), 4.66 (m 1H), (TN, 25 . 2.4 b
1.81 (m 1H), 1.63 (3 L 28M (198 PVExanpl e

3H) ,A\}’94 (m 1H),
2-ten-butyl - 4- chl or 0- 544- ( - f Puor obut yObenzyl oxy] - 2H pyri dazion- 3- one

S™~arboms
To a solution of the produ f . o )
acetonitrile (400*? Fe uf %Sg%ggﬁég@s%auﬁl 1‘1(‘ %Igésnglg‘gtg?géén%@%{n@gﬂmml )
and K222 (2624 i) wiks 41ded ravpbtylthaetheRiltl chilorivey 523 gl 2d0Rinmdd) &d or 20

m nut es under nitrogen atnosphere, nonitoring hy LC-MS. The reaction was
t hen cool ed Wdi’@é“rr&38%3*50t1én'ﬁ]éﬁ'r§9ﬂ}(@ WHSUESA ABICRLeReTRHE for iR d

pressure. T y(fe{' ggx%gﬁigﬁﬁ{cjsﬁlllerﬁ,?ﬁorﬁfbﬁn ibgr(#aLstU gﬂjgﬂ?é&:&ﬂﬁ dcbhfd).| A%Sther

chr omat ogr ap xane: et acet at 0 obtaln’the product

‘as an oil (50.6gq. BOti6n yi elehutylinmethVR] Yl 6D riNeir] 76GDE)18)d: imidazole (79 mg)

were added and the resultant mixture stirred at room temperature overnight. The

majority of the starting material was consumed in 16 hours, as indicated by thin layer
chromatography. The reaction was diluted with water and extracted with ethyl
acetate (2 times). The combined organic layers were dried over Na;SOq, filtered, and
concentrated under reduced pressure to obtain a crude oil which was purified by
passage through thick pad of silica gel (3:1 pentane:ethyl acetate) to obtain the
product as a clear oil (602 mg). "H NMR (600 MHz, CDCl3): 8.00 (d, 2H, J = 8.3
Hz), 7.40 (d, 2H, J = 8.5 Hz), 4.62 (s, 2H), 3.90 (s, 3H), 0.90 (s, 9H), 0.06 (s, 6H).
Example 8C
Synthesis of{4-|2-(ferr-butyldimethylsilanyloxy)ethoxymethyl|phenyl} methanol

hexadeuterate
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To a solution of the product of Example 8B (610 mg, 1.857 mmol) in THF
(19 mL) at 0 °C was added a 1M solution (in THF) of lithium aluminum deuteride
(1.9 mL, 1.857 mmol) dropwise. After completion of addition the ice bath was
removed and the reaction was stirred at room temperature for 3.5 hours under
nitrogen atmosphere, monitoring by TLC (3:1 pentanc:ethyl acetate). The reaction

was then diluted with water and extracted with ethyl acetate (2 times). The combined

organics were dried over Na,SO,, filtered, and concentrated under reduced pressure



7.70 (s, 1H), 7.34 (d, 2H, J = 7.9 Hz), 7.24 (d, 2H, J = 8.0 Hz), 5.28 (s,
2H), 4.71- 4.60 (m 2H), 2.84-2.80 (m 1H), 2.73-2.69 (m 1H), 2.02-1.93
(m 1H), 1.87-1.77 (m 1H), 1.63 (s, 9H)57-1.35 (dd, 3H, J = 6.2 and 23.9
Hz); 13C (CDC13159.1, 153.8" 150MHz): 6 142.4, 132.5, 129.0, 127.4, 125.2,
118.3, 90.4 (89.3), 71.9, 66.3, 38.5 (38.4), 31.1 (31.0), 27.9, 21.1
(21.0); 19F (CDC13-174.7, 564 MHz): 6 fgkl}F m, HRVS cal cd for
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(hydr oxymet hy.B9 (e BHAL.@6 (s268By, 15 mmol ) in dichl oronet hane (30 nL) The
reaction was purged with nitrogen anﬁ brog to -5 C. A dewar condenser
(al so flanme-dried) containing a dry & ne bath (-78 C) was affixed to
the flask and ethyl ene oxiffieligbl 898 Wb l€nBRH-8d4qsl (frd5 drops). Then
BF3' Et 20 (510 0. 0041 nmol) was added dropw se and the reaction stirred at
-5 C for 35m nuthasyldindethylsilanydgenethonpmp thyilbennden i cHi-pyridozintcone 00% et hyl
acetate) showed conpl ete consunpti or]wof ethﬁ% arting material. The reaction
was warnmed to roomtenperature and veﬁ?%d”fo f enove any excess ethyl ene

oxi de gas The}rfa tion was then diluted with b%kne0 and extracted with
di chl or omet hang>(24t% nes) . DTh,eefm%%gl PRI,GABI G5 , dfi ed over Na2SO4,

filtered, and c ‘ rat&@oh@g ucedHpriessur e Ln a E():I‘El),lde oi | .
Purification by flash col umschromat ography (4:1 pentan hyl >dcet at e)

provi ded the product as a clear oil (520 ng, 16%yvyield). 11-1 1500 Mz,
R Gt R ER Ve R U TN R

12" (ten buf) AP TET AL Sy P b e net poT T BSnEsT e T Wt Y ester
t et r adeut er at.&70 mmol), triphenylphosphine (412 mg, 1.570 mmol), and then diisopropyl

azodicarboxylate (DIAD, 304 uL, 1.570 mmo!). The reaction was stirred at room

temperature for 2 hours under nitrogen atmosphere. Thin layer chromatography (1:1

hexane:ethyl acetate) indicated consumption of the pyridazinone starting material and

the reaction was concentrated in vacuo. The crude material was purified by flash

column chromatography (90:10 pentane:cthyl acetate) to obtain a clear oil (336 mg,

66 % yield). "H NMR (600 MHz, CDCls): 7.70 (s, 1H), 7.39 (m, 4H), 4.58 (s, 2H),

1.63 (s, SH), 0.90 (s, 9H), 0.07 (s, 6H); HRMS caled for Cy4H31DsCIN,O4Si1:

509.24738, found 509.2480.

Example 8E
Synthesis of 2-fert-butyl-4-chloro-5-[{4-(2-hydroxyethoxymethyl)benzyloxy]-2H-

pyridazin-3-one hexadeuterate
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To a solution of the product of Example 8D (330 mg, 0.677 mmol) in THF (7
mL) was added a 1M solution (in THF) of tetrabutylammonium fluoride (1 mL,
1.016 mmol) dropwise. The reaction was stirred at room temperature for 2 hours
under nitrogen atmosphere, monitoring by TLC (1:1 hexane:ethyl acetate). The |

reaction was then concentrated under reduced pressure and passed through a thick



TBDM5-a OH | m dazol e, DWW To a solution of the product of Exanple 8A
(500 ny, 2.334 mmol) in DMF (23 nL) was added tert-butyl dinethylsilyl
chloride (528 ng, 3.501 mMmvl) and i m daz8-e (238 ng, 3.501). The reaction
was stirred at roomtenperature for 5 hours under nitrogen atnosphere,
nonitoring by TLC (3:1 pentane:ethyl acetate). Another 0 5 eq portion of
tert-butyl di neth lS”il chloride (176 _ng) _and j m dazol e ng) were added

and t he resubadagitsilipaxi % ety poctc)de OP@H}ﬁhP@FﬁﬁjélPhﬁslﬁné)ﬂo%FW@E? miffe
majority of C i cated by
thin layer c ér}gerrrlg% ogr aﬁﬁwm%lﬁgddﬁl éi\lf%?(gnq\?%%&f%?v gé@avl\(/l@{t?ﬁﬁ %/gtr%?t ééﬂg
extracted w Mth@iﬂfmithea@ehﬁtz&lom 'HiNNER) (600 MHZ, SRChE d . r (gai s 7 MayeridDner e

dried over u ure to
obtain a cr D%ggécﬂn I'ZH&Jh]i é‘ﬁ(sv\g@' LF? W@ﬁ%g g@ﬁﬂrlggghfﬁ?’plﬁ’g%;d of
silica gel (345, nqetsali@? §t1@>5|3 @@%a@o 66QS Qetlammgl@alamquct as a clear oil
(602 ng). 1HNVR(600° MHz 13) : 2H, .3 Hz), 7.40 (d, 2H, J
= 8.5 Hz), 406212@501121%8 §4®d)65(7§4 @des Q@JRS 0.06 (s, 6H). Exanple
8C Synt hesi s

of {4-12-(tert- butyI di met hyl si | anyl ox;]/?)xgméxyrret hyl ] phenyi | met hanol
hexadeuterate thes1§r 6f @hEedleuf-hfondd adidl 2-[A+(@4eebudyl- :El(lﬂﬁﬁd 6-03B6-1(610 ny,
1.857 mml ) in 19 nL) at OC was added a 1M solution (in THF) of

l'i thi um al uni nuﬁ]il panirifazinrd-gylogymethdibengidoxyl ethylesterdhexadewertenpl et i on
of addition t bath was renpved and the reaction was stirred at room
t enperat ure fo?éﬁ{pc)urs under nitrogen atno e e, jmonitoring by TLC (3:1
‘pent ane: et hyl 1] )D The reaction waS. P, di rWIEﬁh wat er and
extracted with et e (2 ilﬂ‘ESBEADICF% corrbwgéﬁ J Cs were dried
over Na2S0O4, filtered, ang -ated under reduced plesgure 2P 57 - to
obtain a clear oil (482 ng, 86 %uyi el d). The material wa ake tcPTﬂc he next
step without further purification. |IFINVR (600 MHz, CDC13): 7.33 (s, 4H),
4.56 (s, 2H), 0. 8%0 asolufibh of he@Poodust ofdERamtkx AFHL ) 1BE GYTI mesilsinof
2-tert-butyl - 4-chl oro-5-

ol i oty RETIPE ) LN AHSH PrieHeyeEMgy] sHopds (3. 08 8he

mmotl), N,N-dimethylaminopyridine (DMAP, 98 mg, 0.805 mmol), and triethylamine

(140 uL, 1.005 mmol). The reaction was stirred at room temperature overnight under
nitrogen atmosphere. Thin layer chromatography (1:1 hexane:ethyl acetate) indicated
almost complete consumption of the alcohol. The reaction was concentrated under
reduced pressure and the crude material was purified by flash chromatography (2:1
hexane:ethyl acetate to 1:1 hexane:ethyl acetate to 100% ethyl acetate) to recover the
starting material (9 mg) and the product (261 mg, 77 % yield based on recovered
starting material) as a clear oil. "H NMR (600 MHz, CDCly): 7.76 (d, 2H, J = 8.3
Hz), 7.73 (s, 1H), 7.36 (d, 2H, J = 8.1 Hz), 7.29 (m, 4H), 4.47 (s, 2H), 2.40 (s, 3H),
1.61 (s, 9H); °C NMR (150 MHz, rt, CDCls): 159.0, 153.8, 145.0, 138.5, 134.4,
133.1, 1299, 128.1, 128.0, 127.3, 125.2, 118.1, 72.7, 71.0, 37.0, 63.4, 28.0, 21.7.
Example 8G
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To a solution of the product of Example 8F (14 mg, 0.027 mmol) in



hexadeuterate 0 D D DXXOTBDMS D D To a sol ution of

2-tert-butyl -4-chl oro-5-hydroxy-2H pyri dazin-3-one (212 ng, 1.047 - mol) in
THF (15 nlL) was added the product of Ex&$ple 8C (475 ng, 1.570 mmol),

tri phenyl phosphine (412 ng, 1.570 mmol ), and then dii sopropyl

azodi carboxylate (D AD, 304 pL, 1.570 mmol ). The reaction was stirred at
roomtenperature for 2 hours under nitrogen atnosphere. Thin | ayer

chr omat ogr ap#pptopitrile (68 ahé Vs hg}dedax@éqsau@) flyarigied 3 ane. diSurpel sad 8222 he

pyri dazi none tart an the re i n vacuo.
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pent ane: et hyjitrag@t @idkp He@e @mraﬂoﬂngbynw(io] lhex(aﬁé@thﬁr’gaceﬁ{ﬁe)fy”[heeéadmon THNVR
(600 Mz, CD013§ 7.70 (s, 1H). 7 39 58 (s, . 1.63 (s, 9H),

0.90 (s, 9H)wapthgy cqq:led BHPOMHRNBCIRITe enlrgf WG@%W@WH% pressys: JA3g,

found 509. 24 Q}f}ﬁ fve TLC (2: b thyl acctate) to obt
2-tert- butyl oro g %ﬁlrﬁg&! §etvﬁoxy ex gr?z gg:(eya E>)Zflo- ain
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reaction was;$iirnkegd i3, 80@’?‘1 @Q@%r@my mfﬂsr 72416316, 970 &R NRIR {58gen
at mosphere, noni'torihg by TLC’(1:1 hexane: ef hyl acet at e) The reaction was

t hen concentwﬁizeﬂfﬂﬁiﬂef-?%é’d(méi)pr essure and passed through a thick - 58 -

cer : o
(F'.:gﬁt gr nISInlgI ;anfgﬁ(éiol A)Egelgtlghlislf %g!g! éun caqumﬁrog (iures for ?l?e#%ra?%ﬂ%% FEI%&Z%P&I?%% rial

was taken to the m@iﬂ@hai eamwptybmimlubéib@fmtﬁwm Flucﬁﬁe @&Raﬂﬂonu&lma (600 MHz,
CDC13): 7.72 (s, 1IH), g . 4.59 (s, 2H), 64 (s, 9H); 13C NM\R
(150 MHz, rt, 139F11199n<21 (¢ @l@edlraﬁlesese&@h ISPrOﬂE@dsﬂa theprofon 1 o5 3,

T ‘E’xb%?a%@%%]f’ PR e e b g ppprditivt, Tound

244-(1-tert- MtNylbreﬁ)ne by ®BETn6: (Wabulyp,BMA). The expression for this nuclear reaction is:
0"(p,n)"°F.

For all of the radiosynthetic reactions a similar procedure was used. All

glassware was silanized to preclude adhesion of the material to the vessel walls and
optimize transfers. A dedicated, specific HPLC unit was used for purification for all
compounds. A dedicated specific HPLC unit was used for radioanalytical analyses of
final product.

The "*F typically was received from the supplier deposited on a processed
column (*°F column) encased in lead shielding. The "*F column contained the
sodium salt coordinated to either alumina or a quaternary ammonium salt housed in a
glass column. The column ends are connected to Tygon™ tubing with male and
female Luer™ lock fittings. The '°F is removed from the column using the following
method.

1. A solution of 15 mg of potassium carbonate (K>CO3) in 1 mL of
distilled/deionized water (H,O) and a solution of 90 mg of 4,7,13,16,21,24-hexaoxa-
1,10-diazabicyclo[8.8.8]hexacosane (Kryptofix™ ; K222) dissolved in 4 mL of
anhydrous acetonitrile (CH;CN) were combined and gently stirred, ensuring the

layers did not separate, forming the column eluting solution (CES).



di hydr o- pyri dazi n- 4-yl oxynet hyl ) - benzyl oxyl ethyl ester hexadeuterate D D

To a solution of the product of Exanple 8E (250 ng, 0.670 mmol) in --

di chl oronet hane (7 nL) was added p-tol uéfesul fonyl chloride (153 ng, 0.805

mol ), N, N-di net hyl am nopyri di ne (DVAP, 98 ng, 0.805 mml), and

triethylamne (140 pi, 1.005 mmol). The reaction was stirred at room

t enperature overni ght under nitrogen atnosphere. Thin, | agyer. chromatography

(1: 1 hexane: %t hyIA_é?B%frét%l)q“iOh@ﬁ[@é W REEc Qﬁfﬁ%‘ﬁl‘évﬂﬂgﬁfﬁﬁ? B the

al cohol . Thethfe%%geg%gs fb{’&%?rli:iﬁgﬁﬁﬂfﬂh@%ﬁ%gé%rattra@:@d%%&hﬁéi%FMQBQ( $fhe crude
ied by a

material was purl chromalt ography (2:1 hexane:ethyl acetate to
1: 1 hexane: ehb{llycard¥tabieg conko@dtethey/[F aobtat.e) to recover the starting

material (9 ) apd the product, (261 77 Y yie base n.pecovered
starting rratggi al ) "84 %F%ea?eegh"_vasﬁqa t%%?émqﬁzef{%m%cgo@_[h%) D, 2H J
= 8.3 Hz), TTynie tublr? confiedbd fotthe 23, codurim, &ind thdzneedie. vl ihderted tirough hd ('S,
2H), 2.40 (s, 3H), 1.61 (s, 9H); 13C NWR (150 M4z, rt, CDC13): 159.0,

153. 8, 145. oubhggepumiieddo atldank 2449 wex Y pgarrshapedglgss gk, 3, 125, 2,
118.1, 72.7,,71. 3. . - - tonitrile
(300 1it) wak 2 bso‘?‘%é’su EsﬁnmP%‘ﬁ%%kd’ggs(‘%?Tﬁ@,{ﬂ%oﬁ%egg %ﬁ?ﬂgsr@g B22 (20
mg, 0.053 mmibhshed Wit digarfogem Was lsdhing setdriwBACnhatedlto awaowim $ine anker
nitrogen atnpsphere, nonitorjn TLC (1:1 hexane: et hyk acgetate). The
reaction wasthEHew adiustedisy tb@%ﬁg@ﬁ%g@g&#@wé OH%th&’@ntFr %‘ﬁ'é‘&n&ﬁ’féél?e reduced
pressure. Thes G ufle, oBLES gl Was purified by preparative TLC (2:1

hexane: et hyl acet'ate) to obtain the product as an oil (6.2 ng, 62 %yield).

1H NMVR (600 Mz, TIRCESWumZNdNo(ms ow)wer? adidsted suchHhat the eanteéngs oPHy flagk 63 (s,
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Radi onucl i debalanced to remeae thaasetontirites Thismpcefeywpnreppaed Beisaadgr wBichr oduced
via the prot i ched Oxygen-18 (180) as H2180 with using
MRV

appr oxi mat el ns by Tnet (Wburn, MA). The expression for this
nucl ear reacs.i on Tise cdldhfs ¢f, thy flidkFwere removddoria syringefant e mdidactbytytvhst | C

reactions a sim./lar progedure was used, All. gl as e was, silanized to
precl ude ad risntfioy Tt selutien wps bddiseyisatiojahelige SAESEY i mi ze

transfers. A dedi @l gd¢ sepSadshiie dHELdisabdlindRT ttSRHaaqhinRib phtigaiehon for

all conpounds. A dedi}cat ed specific HPLC uni't was used for radi oanal ytical"
anal yses of driahas withodEics previouslyTitated 8fes¢ sterscedre yhamaserfor eqched the om t he

supplier deposited.on.a processed col um 8F .colum) enpcased in.lead
Sl ding. © TrensRd o i B GRS EhuGR s o S P RenBPSF RERal s 81 e
al um na or aoﬂﬁatggrf@ﬁdzﬁqﬁmabyﬁa@@htanmﬁﬁed in a glass colum. The col um
ends are connected to TygonTmtubing with male and fenmal e Luer TM | ock

fittings. The 18F is renoved fromthe colum using the follow ng method.

o)
O K1BF 7( o
%Nﬁ:@ K,CO, K222 N
| — N
NG CH4CN, 90°C o) 18
30 min
OT:

-]

7. The toluenesulfonate ester precursor to the desired fenazaquin or pyridaben
analog (2.5 mg) was dissolved in CH3CN (0.5 mL) in a conical silanized 5 mL
Wheaton™ glass vial with a magnetic stirring bar. The vial was immersed in a oil
bath heated at 90°C. The solution of the "*F described above was added to the
reaction vial the resultant mixture was heated at 90° C for 30 minutes.

8. The contents were transferred to a 50 mL silanized round bottom flask

containing distilled/deionized water (25 mL), and the contents of the flask are



1. A solution of 15 ng of potassium carbonate (K2CO3) in 1 nL of
distilled/deionized water (H20) and a solution of 90 ngy of

4,7,13, 16, 21, 24- hexaoxal, 10- di azabi cycl-af18- 8. 8] hexacosane (Kryptofi xTM ;
K222) dissolved in 4 nL of anhydrous acetonitrile (CH3CN) were conbi ned and
gently stirred, ensuring the layers did not separate, formng the colum
eluting solution (CBS). - 60 - 2. A one nL aliquot of the CES was,
extracted friSHOVEEvigisaringe sed fensgitedonsg SpterpPeansHiG Ghydrephiliglipgphde and

t he syringe . g g%[ hUst bi ng
connected to égﬁﬁﬁ&ggﬂﬂ%ﬁ?ﬁg : tﬁ%rroﬁggghgég%%%%%%gwgéggﬂgg%%%d to the
f emal e Luer Twith dedeladte.t he ot her TygonTm t ubi ng connected to the 18F col um,

and the need|l e wag, i nserted through the rupber. septum.fitted to a 15 niL
24/ 40 Pyr ot b peal b FHEHHA CRmRRICTIT sk clutsd BoRahs WO e 2 CRGA™ ask was

vented wi th @.nesdl &cRBnidigank! @%Ly@ﬁzémwﬂjﬁ%a&n& Q{taﬂg}i'fiﬂliﬁdtxﬁé’ﬁf‘cﬁ}araﬁ@@

fl ushi ng needl e was connected to a vacuum |ine an flow adj usted such
t hat CES wasHBLOWPendmznax LENAGH! & ¢rdu825€ ol 10rmimi Hu partiple, 1) Aporpear - shaped

flask. 5. The.,vacyum fl.ow justed such that the contents
of the f1askSaNFE FuiRe 1%@@?@‘27 Cﬁﬁ&&mﬁ awtfl?ffaﬁt")“sx‘ﬁae%e added vi a
syringe to t&mckdtasdd andsinByz¥@ o YAt dchedidal §ictd1gnd radidshedhical Pugitvacuum and N2
gas flow were bal anced to renove the acetonitrile. This procedure was

repeat ed twi @aalytieal &PLh; dive solviien Mae conceniiiptediesdryaess b yacuogandiigsobist ent s
of the flask ] 4 L Lyt gyantified.
The 18 sof uPitoh LS foikhd oY Pl RrBIE MRS (PRIBAGS aid o plSciant 1)
next steps desdies.be the radiol abeling of the fenazaquin and pyridaben

anal ogs with 18F. ...pr evi Qqus stated these steps wer e .sane for each
of the conpounds.® ovﬁmﬁwfjﬁﬁo‘ff@ﬁépwau ﬁ%%beﬁ%rsw? fo}f%ﬁ entative
scenari o forg@bdipfprbhudldF- f enazaquin and pyridaben anal ogs:

Example 1 - Deguelin Analogs

Synthesis of 4’-bromo-rot-2’-enonic acid:

Rotenone (5.0 g, 12.7 mmol) dissolved in dichloromethane (30 mL) is added
rapidly to a cooled (-10 °C) solution of boron tribromide (3.15 g, 12.7 mmol) in
dichloromethane (32.7 mL). The reaction mixture is stirred for exactly two minutes
and then evaporated to dryness. The resulting brown crude material is dissolved in
the minimum amount of methanol and cooled to 0 °C to initiate crystallization.

Brown crystals are collected and dried to afford 4’-bromo-rot-2’-enonic acid (3.24 g).



7. The toluenesul fonate ester precursor to the desired fenazaquin or
pyri daben analog (2.5 ng) was dissolved in CH3CN (0.5 nL) in a conical
silanized 5 nL WheatonTM gl ass vi al wi t-l62a magnetic stirring bar. The vial
was imrersed in a oil bath heated at 90C. The solution of the 18F descri bed
above was added to the reaction vial the resultant m xture was heated at 90
Cfor 30 mnutes. 8. The contents were transferred to a 50 nL silanized
round bottom flask containing distilled/deionized water (25 nlL), and the
contents of the flask are -61 - renpved via syringe, and deposited on a
Wat er sTM Qasi s HLB {Maydr ophi l i c-1i pophilc balancvgﬁcolunn, al I owi ng
unreacted fl ubiPe dtHugdeS| red salts to pds?® oM th the eluate.

|

OHE

9. The organic co it o a conical 5 nL
vi al using dichl oroget¥ S Tt Wes purified via
preparative HPLC (Rpengmengx LIUNA C-18 col um 2500x particle,
100A pore. gradient £P6N60/Na® H20/ CH3CN - CH3CN dpprspri at e
fractions were concentMated and anal yzed for radi ochehi cal Lyiel d and

radi ochem cal purity (analyticgl HPLC) The sol ution was concentB ted to
dryness in vacuo, and dissol ved the appropriate volume o % et hanol i ¢
saline for |$u’1§hesmof‘ﬁrm/droxy-botez ’egpmialacigh udi es. Addi tional |y, the

Lol o g corPouN, bt BB SRl QUG | o g0l oo
2’enonic acid (2.0 g, 4.24 mmol) dissolved in acetone (80 mL). After completion of
addition the reaction mixture continues to stir in the dark. After 24h the reaction
mixture is filtered through celite and the filtrate is concentrated to yield a yellow oil.
The crude material is dissolved in the minimum amount of dichloromethane and
cooled to 0 °C to initiate crystallization. 4’-hydroxy-rot-2’enonic acid (1.0 g) can be

collected as yellow crystals.

Synthesis of (6aS, 12aS)-7’-hydroxydeguelin:

Solid PhSe-Cl (370.87 mg, 1.94 mmol) is added to a cooled (-30 °C) solution
of 4—hydroxy-rot-2’enonic acid (725.5 mg, 1.71 mmol) in dichloromethane (20
mL). After completion of addition, the reaction mixture is allowed to warm to room
temperature over 2h and continues to stir at room temperature for an additional hour.
After three hours of total reaction time the reaction mixture is concentrated to yield a
yellow oil. The crude material is dissolved in THF (20 mL) and cooled to 0 °C.
Hydrogen peroxide (30% in water, 0.354 mL) is added. After completion of addition
the reaction mixture stirs at 0 °C for one hour and then stirs at room temperature
overnight. The next day, the reaction mixture is diluted with diethyl ether. The
organic layer is separated and washed with 5% NaHCO; (2x), dried over Na;SO, and
concentrated to yield (6aS, 12aS)-7’-hydroxydeguelin as a yellow amorphous solid.



Synt hesis of 4'-bronp-rot-2'-enonic acid: Rot enone (5.0 g, 12.7 mmol)
di ssol ved in dichloronethane (30 nL) is added rapidly to a cooled (-10 C
solution of boron tribromde (3.15 g, &3 nmol) in dichloronethane (32.7
m.) The reaction mxture is stirred for exactly two m nutes and then
evaporated to dryness. The resulting brown crude material is dissolved in
t he m ni num anount of nethanol and cooled to O Cto initiate
crystalllzatlon Brown crystals are collected and dried to afford

- brono-rot - 2'-enon|c adF®% (3.24 g). - 62 - OCH3EXPB H3COH3CO Br
2o enonic acid: Si %8 ide (1.0 g, 424 mol)

is added to a solution Of X -rot- 2' enonic g, 4.24 mol)
di ssol ved in acetone (80 InL) A conplretion of aod||': e reaction

m xture continues to sti ar k., After 24h the fwac - 'ﬁture is

filtered through celite and"the & e is concentrated ta yie a yel |l ow
oil. The crude material is dissolved in the m ni num anount of
di chl oronet hane and cooled to OCto initiate crystallization.
4" - hydr oxy- rQﬁntﬁeﬁ@@ﬂGﬁSaﬂa@% 1t<ﬁu9§esﬁﬁ@n§lﬁe§ﬁhhem ed as yellow crystals.

Synthesi s of (6aS, 12aS)-7'-hydroxydeguel’ n Sol id PhSe-Cl (370.87 nm,
1.94 mml) is addé@latsbnmgcsobmed of (@6 0aS3 G pdroty dsfgualithid@rmogy-4768t - 2' enoni ¢

acid (725.5 1. ) ters | etion of
addi tion, h§3¥éﬁ%fP%%PﬂF%FﬁP%EH§ &%ﬁﬁﬁnéhéﬁ %% 2-9390mo eggture over
2h and cont i pueBnd @ .41 AL, (BE80 AR A%ﬁé@ﬁ;&lét@orf&ﬂadﬂﬂloﬁdﬂ%tré&ﬂaﬁ mi@ufe After
three hours of total reaction time the reaction m xture is concentrated to

yield a yel | ewtipigs to FhratgpomdempareiuralAfios 48h hegbacsign i3k cgmpletr) and

oo ot | on cieeaitiit A NREhAN! b Atid, TndBhp majerty i oy B RaStits 1 Lo

then stirs agel mﬁ@mﬁa&@aﬂfya(rgtardeenoﬁefrnl(mbh’& dchﬂ@eomaxaneota)zs% fetoheact i on
m xture is diluted with diethyl eth he organic | ayer is separated and

washed wit h SshlReqqstanedte) yield(pay 18@%)r7 Nab%@ﬁubfﬁayléwbmaﬁ avedow silyi el d

(6ab, 12a5)-7'-hydroxydeguelin as a yell ow anorphous solid.

Synthesis of (6aS, 12aS)-7’-methanesulfonyldeguelin:

To a stirring solution of (6aS, 12aS)-7’-hydroxydeguelin (50 mg, 0.122
mmol} in dichloromethane (0.5 mL) is added MsCl (9.48 pL, 0.122 mmol) and
triethylamine (17.0 pL, 0.122 mmol). After completion of addition the reaction
mixture continues to stir at room temperature. After 3h, additional equivalents of
MsCl and triethylamine are added because the reaction is only ~80% complete. After
24h the reaction is complete and diluted with water. The aqueous layer is extracted
with dichloromethane. All combined organic layers are dried over Na,SQy, filtered,
and concentrated to yield a yellow oil. Silica gel chromatography (gradient from
100% dichloromethane to 5% acetone in dichloromethane) affords (6aS, 12a8)-7’-

methanesulfonyldeguelin (48 mg) as a yellow oil.



- 63 - Synthesis of (6aS, 12aS)-7'-tol uenesul fonyl deguelin: To a
stirring solution of (6aS, 12aS)-7' hydroxy deguelin (30 ng, 0.073 mol) in
di chl oronet hane (1.5 nlL) is added TsCl {(645. 3 ng, 0.080 mmol ) and pyridi ne
(6.47 pt, 0.080 nmol). After conpletion of addition, the reaction m xture
continues to stir at roomtenperature. After 48h the reaction is -50%
conpl ete according to LCM5S and is concentrated. The crude material is
purified using silica gel chrorrat ography (gradient,from 100%

di chl oronet hane to 2§%Jac tone i n dichl oronethgne) to yield (6aS,

12aS) - 7' -t ol uenesul fony g Syrgt hesi s of (6aS,

12aS) - 7' - net hanesul f onyld To a sti - sotdt i on of (6aS,
12aS) - 7' - hydr oxydeguel i n § .122 mmol ) in déchlornngthane (0.5 L) is
added MsCl (9.480,, 0.122 andft riwvet hyl ami ne (1¥.°0 JALY] @122 mmol ).

After conpletion of addi tion"t he we@iction mixture continudsTto stir at room

t enperat ure. B ' .5, of MBCl and triethylamne are
sﬁ{t Blis ’6a§df§a'sge)oﬂ"§ﬁﬁ%§fécg§%f. ne al

added because € reactlon ete. After 24h the reaction is
conpl ete and d| I uAehﬁnvwalhl(s)\aﬂesilanthed vaquieineiswithy eilanizedestoppac tsetianged h

di chl or onet hanege. | conbi ned ani.c e ar.e ed. o

filtered, aanﬁ&ﬁ@bwfwnw Y Pﬁldg(igﬁl%@%g’/ S(ﬂglcl’ri%‘ %ﬁrl) at}“ﬁraomat ogr aphy
(gradi ent fr o090 - chleiraTetheneobuly Y Tae fRiQMit nix @Sk leOignmboane)
affords (6a5, 12aS)-7'- nethanesul fonyl deguelin (48 ng) as a yellowoil. -

64 - Synt ¢rysess uofler(a6d@y of auspe atAlIBFLE |'Tsrotidenie firther dried bArgpeated wal | 10

et rabutyl - AR v o @it Ch el PORF budasel S of CHhNe

sol ution of Afkd ahdcoReStatbd ORder vadRith Whhoutﬁ@@txﬂgesﬂﬂdr@@% bR chs
evaporated to dryness under a flow of nitrogen at 100 C e residue is

further dri egmsyak &Pl 80 ubditiadierh tbmﬂalexvap@vrapfidowddﬁa&;ﬂ@@ﬁ) '3 x 200 ulL).

i thout  heat nsdeh it et 1) RESAS A GRNGAT il B S BEREA 6L T e
the vial is mcerdlatrﬁedc&nm((ﬁ@ﬁ.tesl%@mzoh dgrmeh\aﬂeisuﬂﬁt@@wl@hemtai @mi()2 ng) is

added in one portion. The vial is recap nd heated at 65 C for 30

m nut es. Af t @1d reswsudithigugh peiligp gel qagtnéw (Hréépé\ﬂie@ WV ajers dight £- b PemRek)passed
th h | t
oad- the- s arishE BeBinefE el AR apEH S QR AR WA B ook B BRI, 0

(2 nl). The Heeicetunitriid ie eV@o@M&Dmd’:\ﬂqedes&hd it perifieivia WP LiGtopudford ped Vi a HPLC

to afford puga?ngra I‘I(% Sflrzgg) (,QE\BSF]ﬂlZa - [18F] fl uor odeguel i n.

uoro%eguehn

Synthesis of (6aS, 12aS)—7’-[18F]ﬂuorodeguelin:

A thin-wall 10 mL, silanized vacutainer with a silanized stopper is charged
with tetrabutyl ammonium hydroxide (5 uL, 40% w/v solution in water), and a
solution of '*F" in water (10mCi, 200 ul). The resultant mixture is evaporated to
dryness under a flow of nitrogen at 100 °C. The residue is further dried by repeated
addition and evaporation of CH3CN (3 x 200 uL). An additional aliquot of CH3CN is
added and concentrated under vacuum without heating. Prior to complete solvent
removal, THF (150 ul) is added, the vial is uncrimped and (6aS, 12aS)-7’-

toluenesulfonyldeguelin (2 mg) is added in one portion. The vial is recapped and



Synt hesis of (6aS, 12aS)-7'418F]fl uorodegueli n: A thin-wall 10 ni,
silani zed vacutainer with a silanized stopper is charged wth tetrabutyl
anmoni um hydroxi de (5 uL, 40% w v sol ut-iggn in water), and a sol ution of
18F" in water (10nCi, 200 ulL). The resultant mixture is evaporated to
dryness under a flow of nitrogen at 100 C. The residue is further dried by
repeated addition and evaporation of CH3CN é‘3 x 200 uL?._ An addi ti onal

al i quot of CHAEN at §54efhed0amiducendént canliog, thadist i ith wasu{4 méat i ng.

Prior to conplete | vent renoval , THF (15 L) s _add vial .i s
uncri nped a%d(@a@%m ?‘?‘?l-ca E‘gﬁ %@Hggﬁépf%g%#ﬁ%&ﬁﬁ ﬂI%g Cﬁg%]g?péb%aé%d in
one portion.joddghe\shbld STHeRGARRES s }hded with Water Rf@EREEAVIIOEE,CRI(230L)M nut es.
Af ter coolln’gﬁ the vial is diluted with water (4 nL) and passed through a

silica gel Cchraadetdgitriiegs evaposatediandsthe residuegnpurdicigrisEib sy atiosd Pysd t he
sanpl e. The cartr,i [ i ' er and eluted with CH3CN (2 nl).
The acet oni t?ai%?éer(bggg\%g 6?& gﬁﬂgnga%\éﬁ%ési due is purified via HPLC to
afford pure Swaithésiy of| Cpfnt-2éedmic 4¢cid: [ 18F] f | uor odeguel i n. Synt hesi s of
(-)-rot-2"enonic acid: Solid sodi um cyntyt hnrnhydri de (964 ny,
4.90 nrnol) is added tP“n solution of 4 -bfBho-rot-2'enonic acid (500 ny,
1.05 mol ) di ssol véd | MYPA. After compl :@o ¢of addition the reaction
m xture is heated to 79 AT
roomtenperature and df .
with a diethyl ether/hexane mxture (3/1). ani c |ayer is dried over
Na2SO4, filtered, and concenttate k_oil. Silica gel
. chromat ogr aphy ( gs&lii dtunh ERFCBOUNIEXRNE64 Mgl Chinhol)ed dikleé td #sdifiacet one
in dichloronmethane) affords (-)-rot-2'enonic acid (1162,. 2 rrg) as, a clear
oil. Synt hesfd &roq'leggt,-Z £DRUBY a@géw mg; 1.05 mmol) dissolved in HMPA. After

completion of addition the reaction mixture is heated to 70 °C. After 2.5 h the

15 | ayer is extracted

‘teaction is cooled down to room temperature and diluted with water. The aqueous
layer is extracted with a diethyl ether/hexane mixture (3/1). The organic layer is dried
over NapSOs, filtered, and concentrated to yield a clear oil. Silica gel chromatography
(gradient from 20% hexane in dichloromethane to 5% acetone in dichloromethane)
affords (-)-rot-2’enonic acid (162.2 mg) as a clear oil.

Synthesis of (6aS, 12a8)-deguelin:

Solid PhSe-Cl1 (185 mg, 0.972 mmol) is added to a cooled (-30 °C) solution of
(-}-rot-2’enonic acid (350 mg, 0.884 mmol) in dichloromethane (10.5 mL). After
completion of addition the reaction mixture is allowed to warm to room temperature
over 2h and continues to stir at room temperature for an additional hour. After three
hours of total reaction time the reaction mixture is concentrated to yield a yellow oil.
The crude material is dissolved in THF (10.5 mL) and cooled to 0 °C. Hydrogen
peroxide (30% in water, 0.177 mL) is added. After completion of addition the

reaction mixture continues to stir at 0 °C for one hour and then stirs at room



Solid PhSe-C1 (185 ng, 0.972 mml) is added to a cooled (-30 C) solution of
(-)-rot-2"enonic acid (350 ng, 0.884 nmol) in dichloronmethane (10.5 n)
After conpletion of addition the reacti-ggg4m xture is allowed to warmto
roomtenperature over 2h and continues to stir at roomtenperature for an
additional hour. After three hours of total reaction tine the reaction

m xture is concentrated to yield a yellow oil. The crude nmaterial is

di ssol ved i rteMigRra(urd oSermight.dig newodaydhe wagtian mixpere dydifntebakidisghyl stwe.i n
vater, 0177l S AP R il SOIRLSIHAnP L AUEO OB N1l R LR O Xt ur e

continues to our an rs

tenperature Qﬂ&foﬂbgﬁiatedﬁbgldn@(@asdmstﬂdegmee@cas|aqmnnw>emmﬁmus solid.uted wi t h

di ethyl ether. The organic |a is separated and washed with 5% NaHCO3
(2x), dried Mbemgfﬁashﬁewi\n@@ﬁhtwed to yield (6aS, 12aS)-deguelin as a
yel | ow anorphous solid. Sypthesis of (6aS)-deguelingggol ether: oca, oca,

To a solution of deguyghin (245 ng, 0.622 mol) & _ne hanol (20 M) is added
p- TsOH nonohydrate (118.13 H°0 622 mmol) and trimg o't hof ormate (68. 14

m xture is dlluteo' Bt er. The
aqueous layer is extracted with et acet ate. Conbi ned orgah | ayers are

washed with sat. N@'a@@%uoﬁibfa@ueuﬁl(zmﬁ@%@mgnﬁemmbpgotml)ys &lddd

(6aS)-deguelin enol ether as el I ow anor phous solid H3COH3CO0

Synt hesi s ofP{T@@g) mqnohydrem (*ﬂyl(ﬂﬂdna, 0. @%@m@}ﬁ@d@meﬂi%ﬁﬁh(’f@%? (68.14 7190 a
led (0 C | | .eth 1) i
i bt or onret e £ Sl AR RnBRANTLL AR e KOSt s ReateTr ) 11

conpl etion Oifeﬂ%sé dbt Hohdtthen écﬁ@qﬁhésote sl #ire6@ t6RPérafiiesvdrMight The atxtidapm
tenperature. After 6.5h the reaction is diluted with water. The aﬂjlrjeous

| ayer is extm@@@aommtucﬁ is ilgted retthamter. TAR B iavetissryarird Withplps ar e

01T ed over R0 CAAREIYARHE AL DU Sk Iy Bl

and concentrated to yield (6aS)-deguelin enol ether as a yellow amorphous solid.

Synthesis of (6aS)-4’,5’-dihydro-4’,5’epoxydeguelin enol ether:

To a cooled (0 °C) solution of (6aS)-deguelin enol ether (50 mg, 0.123 mmol)
in dichloromethane (0.5 ml) is added m-CPBA (45 mg, 0.184 mmol). After
completion of addition the reaction mixture continues to stir at room temperature.
After 6.5h the reaction is diluted with water. The aqueous layer is exiracted with
dichloromethane. All combined organic layers are dried over Na,SO4, concentrated

and purified using silica gel chromatography (gradient 100 dichloromethane to 30%



H3CO OCH3 0 CH in dichloronmethane) to yield (6aS)-4',5'-di hydro-

4' | 5" epoxydeguel in enol ether. Synthesis of (6aS,

12aS)-4',5"', -di hydro- 4t 8F] fl ouro, 5' hydrtdxydeguelin: A thin-wall 10
mL, silanized vacutainer with a silanized stopper is charged with
tetrabutyl ammoni um hydroxide (5 uL, 40% w v solution in water), and a
solution of 18R in water (10nCi, 200The resultant m xture i s evaporated to
dryness under a flow of nitrogen at 100 C. The residue is further dried by
repeated addition and esaporation of CH3CN (3 x 200 9%t). An additional

al i quot of CH3CN 1*§%added and concentrated undgfovaguum wi t hout heati ng.
Prior to conplete so 9t dce;mval THF (150 uL) is ouu the vial is
uncri nped and (6aS)-* the

added in one portion.
m nutes. After cooling oomterrperature as
trifluoroacteic acid (5°rrL) and water (300 nmL) is slomy
reacti on vessel is closed and~gltowed to stand at 60 C fofF2
cooling to roomtenperature, ¥he vial is diluted with water (4unlL) and

passed thr Oumhhéhl&iohieﬂﬁmg)aﬂo ¥l (645098,5(-fgihgdico dd e tpbydepsclin @it etfierl 8
Sep-Pak) to |oad the Sa@gg The cartrldg is rinsed with water and el uted

with CH3CN (Synthssis o, goase d2ahirt’ ¥ réhydred {nEiflewe, Shydrorydeguslizee | s

purified via HPLG ttﬂm%z{lpg@ %ugl?aanbrdrdagﬁtalﬁnEleﬁltﬁ §§§amzed sto pep is charged
12aS)-4',5", -d|hy ro-4' ouro hydr oxydeguel I n. yp hesi s "of

(6a5, 12a5) - Q}tmalmbn’e'i hyphgegue hydroxide ($8L-40% w/v s¢léad) inh2a8)-dddguel i n (251

, 0.638 I di t 125 1 78
P, ooy T TSRS b T o R e B S, e
reaction m X&r'j'fﬁ&s'u%déi"a! R Af hitrogbh B 1001 MRLESIAN fﬁ%ﬁe&ﬁﬁb&gﬁ‘f‘é{j’eﬁted
di chl oronet hane. The aqueous | ayer is then acidified with 5%

extracted agaidition and evapdrhgerooECHgie (3 AZDOaL).t Ae addlgaml(aht;agt@tfﬁfhﬂél dried

over Na2SM4, centrated nd urlfled Sili aph
0160 0 v on HEBREED LR FEahiad Shuinat Vit G A e iR Ry SRR LR *P™
(6aS, 12aS) - @nidvieTeEt hyb depiealdisd, tl@ﬂhlh@%h&lﬁged HAF6aS)-4°5’-dihydro-

12aS) - 2[ 18F] f 1uor onet hoxydeguel i n: is made by irradiating

[ 180] wat er (49Yepapyd %@hn@ylomﬁhefu(iml&aaidg@nn @m@% e Yialiiy repaRpesk ot ons
fromn 103 cm,.,A VE irradi ations are.of 45 mn. duration
W th & beam SiiCaNE ¥ 16 it mlihisna i St EME BB OuR CrrisrRhd At or

i rradiation, sdiit@n cFrt@RtioroadtEE atid (SO@MIPand edter (oS} GANEyyWBIaD The t he

synt hesi s apparatus. This apparatus consists of a borosilicate vessel (5
n ), which reaction vessel is closed and allowed to stand at 60 °C for 2 min. After cooling to

room temperature, the vial is diluted with water (4 mL) and passed through a silica
gel cartridge (pre-loaded Waters Light C-18 Sep-Pak) to load the sample. The
cartridge is rinsed with water and eluted with CH3CN (2 mL). The acetonitrile is
evaporated and the residue is purified via HPLC to afford pure carrier-free (6aS,
12a8)-4’,5° -dihydro-4’['*F]flouro, 5 hydroxydeguelin.

Synthesis of (6aS,12a8)- 2-0-desmethyldeguelin:




contai ns potassium carbonate (5 ng, 36 kinol) and K2.2.2 (18 ng, 48 nnol)
in acetonitirile (1 nm.). The target water is evaporated under reduced
pressure and He-flow. Three portions of-&cetonitrile are added at 110C. The
reaction chanber is allowed to cool down to roomtenperature and

di bronmonet hane (50 4) in acetonitrile (1 m) is added to the dry

| 8F1K2. 2. 2- m xture. The reaction m xture is heated again atﬂi}l(g C and the
vol atil e product s(6asrl2ab)rResveinn@al me 465% apapliand sodam mehen &€ canier.

ot her r oagertds Tk g Ambate AL AN SRR BT ERMAREHED &

vi al cont ai "8 {osa&h. IIZES)aact@n@mxdme;mehIIu;dddegoedlhwnt}(@amvgand oxtraCid (S0 ul) .

The vial is a heated t 65 for. ft.er, cqoling, the
vial Qs diligHofgme a}éﬁﬁds @ﬁ%é‘é‘&ﬁo‘aﬂr‘”&ﬁgv ?gf‘ﬁdéﬂétr@‘g&? cartri dge
(pre-1oaded Matfkfin chﬂmrorﬁetjﬂlgnesﬂ?l'ﬁafﬁé oﬂg@m'c%’ﬁrslﬁf@dﬁ@(ﬂfﬁ{/& NalBe,cartridge is
rinsed with water and el uted The acetonitrile is

evapor at ed mccﬂt@tmem(ﬂm;‘lﬁfsi l.gmg Sflhlc@cgewleromat_qgrqpbyéi YYedlighipemetrane er
6aS, 12aS f| I
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0.201 nol) and pyridi ne (15.9 g, 0.201 nol) are added to a sol ution of

et hane-1,2-diol (5 ¢ 081 nol )% in dichloronmethane (100 nL) at 0 C After
conpl eti on ﬁWB%'%?%@ﬂShézﬂ%é’dt Hiuoyomethoxydegisling enper at ure overnight. In

t he rmrnlngther r is | ayer
is extracted vm'th oron@ﬁ%nglnﬁgf woveggﬁé{,\%?@ ]J.L%?%l(l)\%ggbg rat ed. The
~crude nateri ainmjh%rspwm 17 edvusongs Siohd £ 203ah ACVF oyastogr dppicalidadiatiensanes
ethyl acetate tqQ 100 % ethyl acetate) to obtain ditosyl ethane iR good

yi el d. Ath.%ﬁ@éﬂﬁm@%{atw@.m&hw%a@wgé%afh%m&wfw@%%h%h%,@&ﬂ[st pper is
charged wit 2 i 0 I nin

wat er) , andh%ﬁcg{q utﬁﬁg%lrrg fllg’t}’hlfclnta\?\%éil ?(%ﬁ%ﬁpé%%wﬁé ébx% gﬁft}%egn

m xture i s eypapesiatpphritos. dFIymmraﬁmmi@tnsmtsfdfa\bonfsxlmater\@wh(iaml);L@AhlchC The
residue is further dried by repeated addition and evapgration of CH3CN (3 X
200 uL). An additional afY quot of CH3CN is added and ofEent rat ed under
vacuum wi t hout heat "8~ P Qrot o corrpl ete sol vent“ﬂcr" wal, o THF (150 uL) is
added, the vial is uncr{ 5 i
added in one portion. :
m nutes. After cooling d@wn Oyt enperature, the Selyqept~i~< ~penoved
under reduced pressure to yluel d thell18F] fluoroethyl tos g

(2.0 ng, 0.010 mmol ). (6aS, 12aS) - 2-0- desnet hyl deguelin (3.8 ng, 0.010 mmol)
and tetr abutqdnmiﬁwdtmwﬁycﬁrbmiaw&ﬁ(rﬂg,&mmol@ afid B2 (1R g eiéaddely in n DVF
(0.25 nmL) and the reaction_ - - mxture is _heated again to 60 C. After
15 min, the #&aitiEa (hinkdulbhe tﬁ@eb%qew cyapiaies vpdaiedusap eresswie nd Hee vi al

is diluted r i dge
(pre-l oadedvﬂvg‘?eylggf? r&tén%?-jf)l% gléﬂ?‘ﬁ?gd&eh a?y?tcﬁﬁ gélr?r%%gg% ng@%talét rlgdge IS

rinsed with a/m:tmﬂtanﬁbleilowﬁﬁd rodrh RerfpdB4ibl o s drdihrombhetiane (300Lyinl e is
evaporated and the residue js purlfleq via HPLC to afford pure carrier

(6aS, 12aS) -acstorgnier(lapl seaddsdivibgdey i H/Ksg.Ar mexdpee. dhe reaction mixture is
(6aS)-4", 5" -l deQmt 11 6t Oty FRVSEhI A8 BRts G ansterred to a preparative GC

with He as a carrier. The column is heated to 100°C and ['*F]JCH,BIF is separated

from solvents and other reagents.



OH (6aS)-4',5" -di hydro-4',5' -epoxydeguel in enol ether (1.0 g, 2.35
nmml) is dissolved in THF (20 nL) and cooled to O C. Lithium alum num
hydride (2.35 nL of 1 M THF sol ution) i-¥9added dropwi se to the stirring
solution. After conpletion of addition the reaction mxture stirs at room
tenperature overnight. In the norning the reaction is quenched with water.
The aqueous layer is extracted wwth ethyl acetate. Al organic |ayers are
dried over Na2SO4, concentrated and purified using silica gel

chr omat ogr aphy ( 1,9Q%,di [ . ) -n: di ej_hane) to
Vel d (695 4 . 5 Ay appuh TR P PRl B PRETP D2 co
OHOTs Synt hegdstettyldeg88im @' mg) indidiy dt 30 &)t Alhees suictappet ded bedtedatédol

et her: To a stirring solution of, = .

(6aS)- 4, 5' -& fydPanisutehy Aftexsanbigadhe iabisslilugdnuith pater (hmle 2B BaSsshI ) i n
di chl or onet han Y | i § ): ! ridine
(6.47 IL, ot;%b@@ﬁ%@rs%k#%g@%%sﬁé%ﬁ %F%H%?%‘?é?gtg%?@?’e%é??ﬂ‘ﬁ% xt ur e
continues t osagiplé. e cap@idpt mdecdithevatéfandrel2@hwith € H62¢€2 mh).i Sheonpl et e

-71 - according to LCMS and | s ncentrated. . The ial is. ified
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acetone in dﬂglﬁﬁ,'y a@ﬂ‘-@f'flg?%roh%ﬂi’dx% elin.

(6aS)-4',5" - ro-5 uenesul f onyT deguel i n enol ether. Synthesis of
(6aS, 12aS) - SyniBesisloh Sy 1519)13 FFifleenoetheyydéguelin OCH3 OCH3

OCH,CH,'°F

Toluenesulfonylchloride (38.3 g, 0.201 mol) and pyridine (15.9 g, 0.201 mol)
are added to a solution of ethane-1,2-diol (5 g, 0.081 mol)) in dichloromethane (100
mL) at 0 °C. After completion of addition the reaction stirs at room temperature
overnight. In the morning the reaction mixture is diluted with water. The aqueous
layer is extracted with dichloromethane, dried over Na;SQO4, and concentrated. The
crude material is purified using silica gel chromatography (4:1 hexanes ethyl acetate
to 100 % ethyl acetate) to obtain ditosyl ethane in good yield.
A thin-wall 10 mL, silanized vacutainer with a silanized stopper is charged with
tetrabutyl ammonium hydroxide (8.5 uL, 40% w/v solution in water), and a solution
of '8F in water (10mCi, 340 uL). The resultant mixture is evaporated to dryness
under a flow of nitrogen at 100 ° C. The residue is further dried by repeated addition
and evaporation of CH;CN (3 x 200 uL)). An additional aliquot of CH3CN is added
and concentrated under vacuum without heating. Prior to complete solvent removal,
THF (150 uL) is added, the vial is uncrimped and 1,2-ditoluenesulfonato ethane (3.4
mg) is added in one portion. The vial is recapped and heated at 85 °C for 30 minutes.
After cooling down to room temperature, the solvent is removed under reduced
pressure to yield the ['*F]fluoroethyl tosylate precursor (2.0 mg, 0.010 mmol).
(6a8S,12a8)-2-0-desmethyldeguelin (3.8 mg, 0.010 mmol) and tetrabutylammonium
hydroxide (2.6 mg, 0.010 mmol) are added in DMF (0.25 mL) and the reaction



-"co ieF Ors A thin-wall 10 nlL, silanized vacutainer wwth a sil anized
stopper is charged with tetrabutyl amoni um hydroxide (5 uL, 40% w v
solution in water), and a solution of 18®-4n water (10nCi, 200 uL). The
resultant mxture is evaporated to dryness under a flow of nitrogen at 100
degrees C. The residue is further dried by repeated addition and
evaporation of CH3CN (3 x 200 ulL). An additional aliquot Cg%gﬁ i s added
and concentr@ﬁﬂﬂ#euﬁ od ettt ofi phé@Ffh%@%@wﬁ?Te@ﬁﬁ%ﬁ”ﬁﬁ9“€6ﬂﬁ1 oFH Yent
removal , THF %%?% 5'-

di hydro-5' to?henes b%gkéﬁ %Qﬁg f%m%ﬁolaiw érHﬂ%th gﬁgggéd |n5§ﬁg
portion. Thegalicadtridge (pm:bp@aﬁWamls hight €d 86&ep&‘fakde:glloeéﬂle@ampte 3eni nut es.
After cooling down to roomte ture, a [ i oL 0 cteic acid
(500) 1L) and"%]tdéFls(%‘Efﬁgﬁ‘)‘ﬂ’i%atl #“t 8&8%&2@@?%@ E"é‘éf“ilé cl osed
and all owed &0 05{:ARthn@ihSRsiut %rpu%ﬂ&m’la APLEro 6HBd ftfc bAribO@as ! ARET at ur e,
the vial is dlpute d wth water (4 nL) and passed through a silica gel
cartridge (p2l &' aateethgydegeelini ght C- 18 Sep- Pak) to | oad the sanple. The
cartridge is rinsed with water and eluted with CH3CN (2 nL) The
acetonitrile is evaporated and the residue is purified via HPLC to afford
pure carrier Syitfesi aS1488) dikydro-5Uh{dipdépuelifichbl @beadeguel in. - 72 -
Synthe5|s of %%aS) gﬁ@ ﬁdlhydrg 5' -earbongl eguel in enol ether: OHO
(6as) -4 - di hydro- 5" - hydr oxydeguel i n enol ether,(1.0 g, 2.3 mml)
dissolved in dichloe%gg§hane (20 nL) is added o0 § sol ution of PCC (0.51 g,

2.3 mmol ) in di chi&® hang, (20 nmL). After 5Pt
f.or 2h, the reaction hs fllkered th ough a pad a ellae and concentr at ed.
' The crude material is i A

(6asS)-4',5" -di hydro- 5--cé bdny denuelln enol ether. & i g-of
(6aS)-5'-tr|nethylstannyldegu- Phi enol ether: 3coH3co

(6aS)-4’,5’-dihydro-4’,5’-cpoxydeguelin enol ether (1.0 g, 2.3§Hmm01) is
dissolved in THF (20 mL) and cooled to 0 °C. Lithium aluminum hydride (2.35 mL
of 1 M THF solution) is added dropwise to the stirring solution. After completion of
addition the reaction mixture stirs at room temperature overnight. In the morning the
reaction is quenched with water. The aqueous layer is extracted with ethyl acetate.
All organic layers are dried over Na;SO;, concentrated and purified using silica gel
chromatography (100% dichloromethane to 30% acetone in dichloromethane) to
yield (6aS)-4’,5’-dihydro-5’-hydroxydeguelin enol ether.

Synthesis of (6aS)-4°,5’-dihydro-5’toluenesulfonyldeguelin enol ether:
To a stirring solution of (6aS)-4",5°-dihydro-5’-hydroxydeguelin enol ether
(31 mg, 0.073 mmol) in dichloromethane (1.5 mL) is added TsC] (15.3 mg, 0.080
mmol) and pyridine (6.47 pL, 0.080 mmol). After completion of addition the reaction

mixture continues to stir at room temperature, After 28h the reaction is complete



osn(cHa), To a solution of 2,4,6-triisopropyl benzenesul fonyl hydrazi de
(33.0 g, 0.10 nol) in ACN (100 nlL) is added

(6aS)-4',5" -di hydro-5'-carbonyl deguel i n 7¢rol ether (42.4 g, 0.10 nol) of

5' -carbonyl deguelin enol ether and 10 nL of concentrated hydrochloric
acid. The solution is stirred at roomtenperature and then cooled to 0 C
for 4 h. The trisyl hydrazone derivative is collected as a_ salid, A

sol ution of acherding teyICM§ andiseacensiafedal hy erudggaterighis purifisd gyingsilics 200 ni

of TMEDA- hex 1 i b AN s gﬁltnll i of
secbuyt!llit l‘ﬁ%tﬁj?nﬁrgél@f()#@@r@% E’%%&M‘)é’ %1- uLi ,éﬁ-la%ggo %?%él\régéogﬁ%v\ed to warm
to - 10hCI untdiblﬂP&negQina) ﬂoqﬁ;eld?@@d}’,(ﬁﬂ-ﬁihydm—j’td&uemlsulfdmrtdegﬁelfrrﬁ@lhb&elsubI imed
trimethyltin chloride (50 nmole, 9.97¢g, 1 3 equjys)_in 30 hexane is
added al|l at once. %%OWP§>WS?'§%56&HI’(¥%QTgby %‘H"%f’%{%‘b‘n t hrough a
short path apparatus at reduced pressure to give

(6aS)-5'-trinmethyl star mfFdeguel i n enol ether.
12aS)-5' [ 18F] f | our mdegueli n: o&CH3 H3CO Sn( CH3}S
si |l ani zed vacut ai ner $i | ani zed stopper is
anmoni um hydr oxi de (5 [ solution in wat

5CH,
:

Synt hesi s of (6aS,
A thin-wall 10 ni,
| with tetrabutyl

18F- in water (10nC, e _resultant m xtuve kS e (r)ated to
dryness under a flow of nit at] 100 degrees C. Thd ¢ is further
dried by repeated addition and ewgporation of CH3CN (3 x 206 An

additional aliquot of CH3CN is added and concentrated underslvacuum w t hout

heating. Prior to | vent -Henmy : LboroS; 2dflEdeq t he vi al
is uncrinped and %g%g&egfﬁ)?‘??%e Zflastan%kﬁrd‘gfgﬁ%#%gzeégoloﬁg? er errg) is
“added i n onewjdtiabutyl dihmouival hydoxide &ppledidh e/ hsdutésh iatw#&),dadrees C f or

30 mnutes. Aft d to. t . | ut i
Cri 11 vor onctSIeoRalq T S08 1) s RPL TOay LR U BB e

reacti on vesggheds in@dros@sly aﬁﬂit@g&p&q@omgﬁbsﬁesﬂ ThE 1§ i Qfrther Blidl byAf ter

cooling to rodbmtenperature, the vial is diluted with water (4 nm.) and

passed t hr oughesedsidditican apd eveparatiomiefeClI (3 v 20 yliade edditipaH aligraf
Sep-Pak) to t.he le. The cartridge is rinsed w i I el ut ed
wth apon (SHRY R TR SondtPRrEe P DS ar SO R e, ot bR
purified vi asdiR¥aCrdnoval, fFITFI(1B0ME) Gaddded rthd viakis(daSnped and (628)-4°,5’-

12aS)-5' [ 18F] f | our odeguel in. Synthesis of (6aS)-4',65" -dihydrqg-4

hydr oxydegu ihydrerdtolyenpay fonyldegpaliy enol ether (2 mg) is added in oné portion. The

vial is recapped and heated at 65 degrees C for 30 minutes. After cooling down to
room temperature, a solution of trifluoroacteic acid (500 pL) and water (300 pL) is
slowly added. The reaction vessel is closed and allowed to stand at 60 °C for 2 min.
After cooling to room temperature, the vial is diluted with water (4 mL) and passed
through a silica gel cartridge (pre-loaded Waters Light C-18 Sep-Pak) to load the
sample. The cartridge is rinsed with water and eluted with CH;CN (2 mL). The
acetonitrile is evaporated and the residue is purified via HPLC to afford pure carrier-

free (6aS, 12aS)-4,5°-dihydro-5°['*F]flourodeguelin.



(6aS) - Deguel in enol ether (155.0 ng, 0.38 nmol) and cat echol borane (0.40 nL
of 1.0M THF solution, 0.40 nmmol) are added to a solution of catalyst A
(0.003 g, - 74 - 1nml% in THF (0.5 m7p-Catalyst A is prepared according
to the procedures found in WO 95/13284. The m xture is stirred under
nitrogen for 2h, then quenched with EtOH (0.5 nL), NaOH (2.0 Min water,
0.5 nL) and hydrogen peroxide (30%in water, 0.5nm), with stirring for an
additional two hours. The reaction mxture is extracted with diethyl ether.

h I
pur 1 71 80 usi ng_ o1 1SR SRR, -t %@Wé&&@ﬁf@%@“m A

acetone in dichl oronet hang,to vyi el d (6aS)-4',5" -di hyghp-4'" hydroxydeguel in
enol ether. Synthesis of 6aS) 4' |5 -di hydro 4' cg,arbnyl deguel in enol

et her: OCH3OCH3 H3COTB (6aS) - 4' dr 0-%8%- hydr oxydeguel i n
enol ether (1.0 g, 23 oj, sol ved _I_El....d.l_C.h.l_QI’O 3 :JL) is added
to a solution of PCC (0.5] Dl ) in dichloro thne m). After
stirring at roomtenperattwe ¢ tdr ough a pad
of celite and concentrat ed. o+material is purlfHed bt ca gel
chr omat ogr aphy (100% di chl or onet hafe\t o 30% acetone in dichl ofjonet hane) to
yield (6aS)-4',5"-di hydro-4'-carbonyl deguelin enol ether. Synthesis of
(6aS)-4'-tri met hy(6e8 pihy Fdibglrets hydralydegiakn encddeHBO0HB g, 2.3 mmol)

dissolved in dichloromethane (20 mL) is added to a solution of PCC (0.51 g, 2.3

mmol) in dichloromethane (20 mL). After stirring at room temperature for 2h, the

reaction is filtered through a pad of celite and concentrated. The crude material is

purified by silica gel chromatography (100% dichloromethane to 30% acetone in

dichloromethane) to yield of (6aS8)-4’,5’-dihydro-5’-carbonyldeguelin enol ether.
Synthesis of (6aS)-5’-trimethylstannyldeguelin enol ether:

Sn(CHz);z

To a solution of 2, 4 6-triisopropylbenzenesulfonylhydrazide (33.0 g, 0.10
mol) in ACN (100 mL) is added (6aS)-4’,5’-dihydro-5’-carbonyldeguelin enol ether
(42.4 g, 0.10 mol) of 5°-carbonyl deguelin enol ether and 10 mL of concentrated
hydrochloric acid. The solution is stirred at room temperature and then cooled to 0 °C
for 4 h. The trisyl hydrazone derivative is collected as a solid.

A solution of the trisyl hydrazone derivative (38.3 mmol, 22.67 g) in 200 mL
of TMEDA-hexanes (1:1) is metalated with exactly 2.0 equivalents of sec-
buytllithium/cyclohexane (76.6 mmole s-BuLi, - 80 °C) and allowed to warm to —10
°C until N, evolution ceased (40 min.) A solution of freshly sublimed trimethyltin
chloride (50 mmole, 9.97g, 1.3 equiv.) in 30 mL hexane is added all at once.
Aqueous work-up is followed by distillation through a short path apparatus at
reduced pressure to give (6aS)-5’-trimethylstannyldeguelin enol ether.



0(H3C) 31-15n To a sol ution of

2,4,6-triisopropyl benzenesul fonyl hydrazide (33.0 g, 0.10 nol) ‘in ACN (100
m.) is added (6aS)-4',5' -di hydro-4'-cardBnyl deguelin enol ether (42.4 g,
0.10 nol) and 10 nL of concentrated hydrochloric acid. The solution is
stirred at roomtenperature and then cooled to O C for 4 h. The trisyl

hydrazone derivative is collected as a solid, A solution of the
tri syl hydrazone deri vat ByrthesgoB(6agnbiaS) 2 diflgyradggpeim: i of
TMEDA- hexanes (1:1) is nejalated with exactly 2.0 equiyval ents of sec- - 75

- buytllithiun cycl ohexang
to -10 C until N2 eVSfutis:
trimethyltin chloride (8§
added all at once. Agqueoup
short path apparatus at rec Y
4' -trimet hyl stannyl deguel i n gnol Synt hesi s of -
(6as, 12aS)-4' [ 18F] f | uor odeguel i n: A thin-wall shl ani zed
vacutai ner with a silanized stoppegknsg, charged with tetrabutyF amoni um
hydroxi de (5 ulL, AQRMmWeMI S, kikdhized veRbteips wRhd sHafgddbpper Bfchdged in
water (10nCi, 200 uLzy. The resultant n‘ixtur% is evaporated to dryness under
a flow of niWibérirebatyl apmoasiss Bydroxide thuL, 4056 die solution i waler) diddg by

repeat ed addj ki . hQPR: Of . . Lk i-onal
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uncrinped and (6aS)-5' - trinethylstanqyl el_i ol ether (2. i.s added
‘in one porti @ﬁéatqfﬁ%wl% AR Sl OREA R0t -eén&e_@?l@@é 3o 30
mnutes. AfteH,0RQ% hdkdAAWRoARN AT UhEIRGE RN Githodt }ﬁa‘aﬂitg.'lﬁﬁbr% complete
trifluoroacteic acid (500 kip and water (300 4) is slo added. The

reacti on vessdvent scnedval ddHEOS0aIL) isvstied che viahis vacrigpedandcald)-fi-n. After

cooling to rgom erat ur th ial,is, diluted wth wat 4 .nl) and
oaseat hr outtiet SRS R Fi 4 elfisfle 1) Bt MppE i@ o

Sep- Pak) to tcoashetiAnd Badied & 651deereea Cl ol 8Qilges. | ABGtoBlifddoved &y roaid el ut ed
with CH3CN (2 nL) The acetonitrile is evaporated and the residue is

purified vialcPPEBrS, asoleia qfiriBuerandivic acifl(50 pErmdas) (380 L) is slowly

[V 8F1 {1 our odegugl hy oL NESLFisoa 4 bNALOR 4T Rl bt o RSPl nege:

(76.6 mole s-Buli, 2,800 and allowed to warm

is folloned by diBtifla
essure to give (6aS

cooling to room temperature, the vial is diluted with water (4 mL) and passed through
a silica gel cartridge (pre-loaded Waters Light C-18 Sep-Pak) to load the sample.
The cartridge is rinsed with water and eluted with CH;CN (2 mL). The acetonitrile is
evaporated and the residue is purified via HPLC to afford pure carrier-free (6aS,
12a8)-5’[ *F]flourodeguelin.

Synthesis of (6aS)-4°,5’-dihydro-4’ hydroxydeguelin enol ether:

ge o o
O 2

Catalyst A

(6aS)-Deguelin enol ether (155.0 mg, 0.38 mmol) and catecholborane (0.40
ml. of 1.0M THF solution, 0.40 mmol} are added to a solution of catalyst A (0.003 g,



H3 COOCH3HOCH 2, 4- di met hoxy- 6- ni t ro- benzal dehyde (135 ng, 0.638 mol)
and sodi um net hanethiolate (125 ng, 1.78 mmol) are dissolved in 4 m of
N,N - 76 - dinethylacetam de and heat€tt-at 80 C for 26h. The reaction

m xture is diluted to 50 mM with water and extracted w th dichl oronet hane.
The aqueous | ayer is then acidified with 5% HC1 and extracted again with
di chl or onet hane. of the organic |ayers are dried over

concent r at ed! mé’hé’) BUFHF K%é mle) frgtadist AR PR BEHENS &R BIS IWOC(G%'G‘@S gjgund
di chl or onet a

e o o NG P084208L B A BLBTORD b o, o
2, 4- di hydr oxit(BH (0.5 mL)bHa@Hi (déthewater msm,)caml@&m@eh peroxide (30% in

2,4-dinethox enz de 0,638 and s d|u

et hanet hi of EEn Okttt ion diBon buohods T sdgRRaRare &

N, Ndi met hy| agetereidaianehheah&dThd 01%&11@1%@5 is208khed D@thre@rt NQOHNHMEMr € 1S
diluted to 50 M with water and extracted w th dichl oronet hane The aqueous

|l ayer ist he@WeaNaeﬁ@4 ead pid fiedsusingCilieaee! elmomatagsaphad 490Vodichleromethane to
di chl t f
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d|chIoronethﬁnﬁeﬂmr30@6acetone i n dichloronethane) to yield

2, 4-di hydroxg/ 5-nitro-benzal dehyde. OH
ynthesis of (6aS)-4’,5°-dihydro-4’-carbonyldeguelin enol ether:

(6aS)-4°,5’-dihydro-5’-hydroxydeguelin enol ether (1.0 g, 2.3 mmol)
dissolved in dichloromethane (20 mL) is added to a solution of PCC (0.51 g, 2.3
mmol} in dichloromethane (20 mL). After stirring at room temperature for 2h, the
reaction is filtered through a pad of celite and concentrated. The crude material is
purified by silica gel chromatography (100% dichloromethane to 30% acetone in
dichloromethane) to yield (6aS)-4’,5°-dihydro-4’-carbonyldeguelin enol ether,
Synthesis of (6aS)-4’-trimethylstannyldeguelin enol ether:

To a solution of 2,4,6-triisopropylbenzenesulfonylhydrazide (33.0 g, 0.10
mol} in ACN (100 mL) is added (6aS)-4°,5’-dihydro-4’-carbonyldeguelin enol ether
(42.4 g, 0.10 mol) and 10 mL of concentrated hydrochloric acid. The solution is
stirred at room temperature and then cooled to 0 °C for 4 h. The trisyl hydrazone
derivative is collected as a solid.

A solution of the trisyl hydrazone derivative (38.3 mmol, 22.67 g) in 200 mL
of TMEDA-hexanes (1:1) is metalated with exactly 2.0 equivalents of sec-



No, Synthesis of 5-hydroxy-2,2-dinethyl-8-nitro-2H ehronene-6-earbal dehyde:
A sol ution of 2,4-di hydroxy-5-nitro-benzal dehyde (10.61 g, 58 nmmol) in
Me2CO (6 nL) is added during a 5.5h perimd to a stirring solution of
3-nmet hyl -but-2- enal (4.00 g, 29 mmol) in pyridine (2.29 g, 2.34 nm., 29
mmol) at 120 C. After conpletion of addition heating is continued for an
additional 18h. The Me2CO0 is evagorat ed and theCByrl dine is renoved by

azeot rope dilpitllitdemycleherane 6T runale sdiuler-dB0a (o radallpretiacrarmRe 18 ude
product is m&l&l{t??\g CYR% ut1gn %easeg’ @(ﬁgln )C}E SQUBLRYF ﬁ‘Qs@'y ?Mbth%e%l%lﬁtemf/lh acetate

i n hexanes a
5- hydroxy- 2, aﬂmmby&n&em DVQ-IZ?W@M@LG&RM@&&M@H atonc?e? - Synthesis

of 5hydroxy22d|neth1 -nitro- 2H- o ne- 6- ear bal e; OH A

sol ution of éqmo&ﬁwdfm&@llﬁweqlbm@ﬁ @reos paly %ramsr@r) in Me2C0
6 nM) is a rho of

g met %yl buf‘;%gﬁ’%eggﬁés?greogﬁéf(ggs% : %ﬁ&hﬁf)%}r“:"g?%gﬁ%wd@z 34 nL, 29

mmol) at 120 C. After conhﬂtesmrof(ﬁaSalﬁéSb#dﬁFﬂuﬂaehnodgguedmcont|nued for an
addi tional 18h. The Me2C0, éhs evaporated and the pyridine is renoved by

azeotrope distillation wi *toluene to afford a cr ucﬂ?“apr oduct. The crude
product is purified HefSi i licce gel chromat oghdphy it hol% et hyl acetate
in hexanes to afford P . ¥
5- hydr oxy- 2, 2-di met hyl- 7-fi t¥o- 3 hr omene- 6- car bal .
5-met hoxy- 2, 2- di met hy1- 7- z r omene- 6- ear baldehlde OHC 02NO2N
itro-2H chromenet 6’ c qdehyde

(2.34 g, 10 rrm)l) KZCCB (41H1C%H=g, 29\8 mml ) and Met (2 189,094 nlL, 15

| in Me200 (4 fl 4h_and d e ar ot
gn\‘/rgr n: ght The ﬁnx Eﬁ% ‘i"él E(gﬁ%:)ﬁ(l %e@fjf&wt@ﬁ%{gﬁﬂﬁs{lﬁmg\%s&pﬁg ieg 2L ur e

gnd
extracted W i @tablh %ﬁiohﬁﬂﬁh &Bﬁldfe‘@mmﬁmwggauﬁoﬂ AVR4ter) R avashed wi th

wat er, dried over Na} S, and %e solvent is renoved in vacuo to afford an

oi |, which isohetioncrfa R)gﬂmdl@mﬂh 2996ul.2 Bbe rayuliant amstureis gy rarated to
5- met hoxy- 2 grygésg%thﬁé{ ow 0 B{t%ggrﬁt%ood%%s % Cﬁcqgélg&ng%ﬂher dried by

repeated addition and evaporation of CH3CN (3 x 200 uL). An additional aliquot of

t hesi s of

CH;CN is added and concentrated under vacuum without heating. Prior to complete
solvent removal, THF (150 uL) is added, the vial is uncrimped and (6aS)-5’-
trimethylstannyldeguelin enol ether (2 mg) is added in one portion. The vial is
recapped and heated at 65 degrees C for 30 minutes. After cooling down to room
temperature, a solution of trifluoroacteic acid (500 pL) and water (300 pL) is slowly
added. The reaction vessel is closed and allowed to stand at 60 °C for 2 min. After
cooling to room temperature, the vial is diluted with water (4 mL) and passed through
a silica gel cartridge (pre-loaded Waters Light C-18 Sep-Pak) to load the sample.
The cartridge 1is rinsed with water and eluted with CH3sCN (2 mL). The acetonitrile is
evaporated and the residue is purified via HPLC to afford pure carrier-free
(6aS,12a8)-4’[ *Fflourodeguelin.
Synthesis of 2.4-dihydroxy-6-nitro-benzaldehyde:
NO, NO,
OHC QHC
chcb\OCHg HOJ\ﬁ)\OH

2,4-dimethoxy-6-nitro-benzaldehyde (135 mg, 0.638 mmol} and sodium

methanethiolate (125 mg, 1.78 mmol) are dissolved in 4 ml of N,N-



Synt hesi s of 5-methoxy-2, 2-di net hyl-8-nitro-2H ehronene- 6- car bal dehyde: -
78 - A m xture of

5- hydr oxy- 2, 2-di met hy1- 8- ni tr o- 2H chr onerge- 6- car bal dehyde (2.34 g, 10
mmol ), K2CO3(4.12 g, 29.8 nmol) and Mel (2.13 g, 0.94 ni, 15 nunol in Me2C0
(40 mL) is refluxed for 4h and stirred at roomterrperature overni ght. The
m xture is concentrated, treated with water and extracted with

di chl or omet hdimethylasstaguabinsdderatedga 8P ¢C rf%rﬁéhs'i'bﬁ @avmw@acw ihdifiedsio S0y i ed
Na2SO4, i whi ch
g\r/\re{)rrat ogr apﬁeg’ﬂh%erfg‘dl\/gg%ﬁsww{t gﬁ‘%ﬁ’g"f% a 'orgltdgq%é% ggryﬁgheg} di met Ih;cll ;38

ni t r o- 2H chr gridified 64AhaE%h WGl ehy detrackdnighimswish d]fchloromethane All of the organic

4- but - 2-ynyl oxy- 1, 2- di met hoxyhenzene: 3, 4-di net hoxy phenol (15.4
g, 0.1 mol) IHepRAe m@‘fﬁv)\lazs&aaa@ambaﬁ%a%yvﬁ%?do‘ﬂﬁl%ﬁes #2159, 0.12 nol)
and pot assi Uéﬂrsaﬁéagfmg(iobb?gl?c@mﬁw&%n@m 30% Esaoﬂaaqﬁmaom%uahe)rtbed at

room tenperature f and diethyl ether are added. The
or gani ¢ | ayeyislda), 4 dikgstoeg-orhitto-eazadehydei ne and dried over Na2SO4. The

crude material is filtered thro d of_sjli exanes:
di chl or onet hane) to af f%‘F‘HhﬁS‘%?ﬁg’g ‘ﬁhgﬁ?w Slnﬁr‘ﬁﬁﬁ’ézgamagnzene as a yel |l ow

oil. Synthesis of

4- (3, 4- di met hoxy- phenyoxygred - Phoxy- 2, 2- di e °ni tro- 2Hchr onen- 6-y
1)-but-2-yn-1-one: OHC H3CO To a solution of

4- but - 2- ynyl oxy- 1, 2- di netsroxy e (1.66 g, 8o H in THF (75 nL) is

added n-butyl Ii thﬂtdimﬁeﬂmﬁyﬂérﬂﬁr@ibeﬂzaﬁieh‘yd;@ﬂﬁﬁim 0i638ThikApl) @n@6odmm| ) at - 78

C. Aft 30 mnpn., b-mnet - d 8-nitro- - 6-
car bal Srehydeg@t%?liefglo aée@%y | nehlf?‘/ g’ésoﬁ’lﬁ‘ﬁc{’i%s“z‘gh‘gi@gmgg reaction is
stirred for &inferdigketffe ﬂﬂﬁ%ﬂ'ﬁ%’c%b@ f&aZGh i fehc@afmOthreas diftedMd 40 et hyl

acetate. The conbi ned organic |ayers are washed with brine and dried over
Na2SO4. The mé%ﬂltwaﬁq and ex@actedwith didmaremetheng. J hélagmﬂuv dyer v then

di chl or onet han dd

reaction is St |1 3’1@1%%’ gﬂfqiﬁ{ld %trzf(cgedrsﬁgt%é]n%ljfh tur eomgtp%ér %‘fﬁs a d and t he

Z u? gezsi on i Byérs hiadrtd dver Re@U,acdrentedted; @hd berifediusngd silen g8l to afford

di met hoxy- ph@ngaipgraphy §LGGSeKkishjeromethangta 334 agetpng inglihipreprcdhaaplte- y1) - but -
2- yn- | - ONGield 2,4-dihydroxy-5-nitro-benzaldehyde.

OH

oHe NO, DHC AN
HODjOH o
NO,
Synthesis of 5-hydroxy-2,2-dimethyl-8-nitro-2H-chromene-6-carbaldehyde:

A solution of 2,4-dihydroxy-5-nitro-benzaldehyde (10.61 g, 58 mmol) in
Me,CO (6 mL) is added during a 5.5h period to a stirring solution of 3-methyl-but-2-
enal (4.00 g, 29 mmol) in pyridine (2.29 g, 2.34 mL, 29 mmol) at 120 °C. After
completion of addition heating is continued for an additional 18h. The Me;CO is
evaporated and the pyridine is removed by azeotrope distillation with toluene to
afford a crude product. The crude product is purified using silica gel chromatography
with 1% ethyl acetate in hexanes to afford 5-hydroxy-2,2-dimethyl-8-nitro-2H-
chromene-6-carbaldehyde.



Synt hesi s of

4- (3, 4- di nmet hoxy- phenyoxy) - 1- ( 5- net hoxy- 2, 2- di met hy1- 7-ni tr o- 2Hchr onen- 6-y1
)-but-2-yn-1-one: OCH3 OHC 02N H3C0 Il -, GO To a sol ution of

4- but - 2- ynyl oxy- 1, 2-di net hoxy- benzene (1.66 g, 8.66 nmmol) in THF (75 nmL) is
added n-butyl lithium (5.54 mM of 1.6 Msolution in THF, 8.86 nmmol) at -78
C. After 30 mn., 5-nethoxy-2,2-dinethyl-7-nitro-2H chronene- 6-

car bal dehyde (2.17g, 8.25 mmol) in THF (50 nlL) is added. The reaction is

stirredforgjn ] 1 nch ot _W_ nﬂﬂﬂ-tﬁﬁfbﬁﬁf wi th ethyl
acetate. The coh |1%%¥g?%%%§ﬁg%¥%&g?§%§ ed wt brléne anegggri ed over
Na2SO4. The resulting crude material is dissolved in dichloronethane (20

m.) and Mh02 (5.3 g, 61 mml,)ozis added. After tff8 reaction is stirred
overnight at roomtenperaturg, ether is adskeg

filtered through a pad 8 ite and silica gé ) af flord 443, 4-
di met hoxy- phenyoxy) - 1- ( 5- Xy-2, 2-di nmet hy chronen-6-y1l) - but -
2- yn-1 -one. Synthesis H 0:N

(6, 7-di met hoxy-211-chroman- 3-y1) - (5- met hoxy- 2, 2-di net hy1- 7-ni tr o2H chr onen-
6-yl) - met hanone; NO2NO2 - 80 - | ,

phenyoxy) - 1-250kion gk3.4adibydip et mitie-benzaldehyda {1 061 @red meng i Mg1CO §n- | - one
(61.6 ng, O. . ‘gﬂ-% - e - 9 1 | L at ed
and fl ushed I\;/l\nﬁ?ﬁrgg%%% t Agsegltjfﬁﬁl(é&sd ‘%f%%“ém%%mﬁ?"{? %fegglgeélitntd?’z%zo%atﬁegﬁﬁjejne
(1.8 nL, O I1g,2P.mmbb in paddine(2.2%g,8.3bDmeg 29 crsel) nt B0 °65 AGef compdletioraefid t hen

e . SR 1 DU ot RS L B an e
(6, 7-di met hoyyddd i§ RERERAH3 arddtrdpe-dIRIRAXY with 2o 1dbieeio tbrd a Bhuide Qrodidefar onen- 6

-y1) - met hanorie. _ '
The crude product is purified using silica gel chromatography with 1% ethyl acetate

in hexanes to afford 5-hydroxy-2,2-dimethyl-7-nitro-2H-chromene-6-carbaldehyde.
Synthesis of 5-methoxy-2,2-dimethyl-7-nitro-2H-chromene-6-carbaldehyde:

OH OCH,

QHC OHC

S S

0N 0N o

A mixture of 5-hydroxy-2,2-dimethyl-7-nitro-2H-chromene-6-carbaldehyde
(2.34 g, 10 mmol), K5CO4(4.12 g, 29.8 mmol) and Mel (2.13 g, 0.94 mL, 15 mmol
in Me;CO (40 mL) is refluxed for 4h and stirred at room temperature overnight. The
mixture is concentrated, treated with water (15 mL) and extracted with
dichloromethane. The combined organic layers are washed with water, dried over
NapSQy4, and the solvent is removed in vacuo to afford an oil, which is
chromatographed with 3% Me,CO in hexane to afford 5-methoxy-2,2-dimethyl-7-
nitro-2H-chromene-6-carbaldehyde.

Synthesis of 5-methoxy-2,2-dimethyl-8-nitro-2H-chromene-6-carbaldehyde:

COH OCH,3

QHC OHC
=y

NO, NO;



Synt hesi s of

6, 7- di r net hoxy- 2H chr oman- 3-y1) - ( 5- net hoxy- 2, 2- di net hyl - 8- ni t r o2H chr onen-
y1) - net hanone: In a flanme dried 786G m round bottom flask is added
(3, 4- di met hoxyphenyoxy) - 1- (5- net hoxy- 2, 2-di net hy1- 8-ni tro-2H chronen-6-yl
but - 2-yn-1-one (61.6 ng, 0.135 mmwl) and PtCl2 (1.8 ng, 5 nol 0/() The
ask is evacuated and flushed with argon_three tinmes, followed by the

|
ddi ti on of t ol uefaigtrgohd-hydrony@y2-dmeghylSautrpoihl- F@O%GPWW@W? at 55

C for 10h a r ng
silica gel %f%%?og@ggﬁ’y 7((?'5339# E&%g%dﬁqs ggéé?%tlge% (Fgﬁ ng]T ik nﬂﬁbl

(6, 7- di met hoxmyM i@ oanhahisIeffidded (for mwmnyrea ,an@mnetdwﬁzmﬂe nmmrghQH&IIar onmen- 6
-y1l) - net hanone. Synthesis o 0-ni t(rlgcljneL uel,i To a flane dried

10 m. round IE‘B‘F'EISH chngglpgrqtgcf gégggj)wlt water and exfracted with

(6, 7-di et h%&m@#ﬂ%ﬂ%enﬂ?e y&ﬁmﬁ&r@@hﬂ@mi% afe VaSRURYidr Rate} fdrhed dbchr onen- 6
-yl) - net hanone (50. 2 and “di chl or onet hane (2. m.) The

solution is NmSlChdartddhe ?@V@tmnm%m wacke ki dfgrdened, wB®hms., 1 M sol uti on

i n di chl oronget hane 1 added. Aft tirgin 0 e
reaction isrT%ﬂ%rH REGP Wcﬁ?{ltgg% Mﬁ?ﬁ%iﬂg NP Kbt ?:fd% ﬁthoxg'%’z-'&lg}eﬂ’ tlrgacet at e,
dried over NagSOH- c}@@ﬁleﬁ@ﬁqﬁfﬁan@hg@b_ The crude material is di ssol ved in

Et OH, saturated with potassium acetate and refluxed for I h. After cooling
down to roon$3t'€hﬁ%sr‘aﬁ‘ﬁbét-zéfﬁﬁlﬂXYée%ﬂHP@haﬁtP%@% are added to the reaction
m xture. The aqueous |layer is extracted with ethyl acetate. Conbi ned
organic layers are washed Fl 980 H3CO with brine,ftri ed over Na2SO4, and
concentrated. The crudewswatenjal is filteredothrQugh a pad of silica (3:1
hexanes, ethyl acetate) to d (+7-)-1Q-nitr elin. Synthesis of
(+/-)11-nitrodeguelin: ¥ a flane dried 18. g& round bottomflask is
added
(6, 7-di net hoxy- 2Hchr oman- 3-y 2 - -2,
-y1) - met hanone (500 24rtimethok$ pherd()s.4pd. dhﬁilljmrmm‘t(mamml()ifs&adﬂﬂ) The

solution is cooled to -78C and boron_trichloride ( 1 Msolution in
di chl or onet hABarzyl bramidefd iyl Sg.L. bemel. anAﬂJ@@ﬁSl&Wﬂ?hOﬁ@tef(b} 8$ B Q-héModact i on

i s quenched o BRTY) r
Na2SO>4, and %etrlc%ﬁ?’%ﬁg? terS’&é{rqE e}ge?rat ertl%g Elhg% '&I}i‘ifsiﬁ.*[l g,dllégﬁ}lét% g‘ﬁ??ﬁ%

sat ur at ed vmaddeqhdlflmsm“gm mgfeﬂsarewasiﬂdweﬂll witer bfioe ahdhdriedf dver NaghfD4. ifge down t o

roomterrperatu et.h cet 2 ar ded t e reacti

xtur e T et i e dhdudl Aengar e (ol hgros il edhn R
organic |ayle§)r@ﬂ%1M@S§}@%ﬁ§vi-iﬁthﬁbtﬁ6xyHéﬁt&1@ aw?eu@%ﬁm and concentrat ed.
The crude material is filtéred through a pad of silica (3:1 hexanes, ethyl

acetate) to @ynéh@m( af14-§3,1ﬂlm¢thpasﬁ@@@equ) 15(§ﬂn¢tégxs-2cﬁ-dlmethyl -8-nitro-2H-
(+/-)- 11418Féhfl |tI2 n-l-o A thin-wall 10 nlL, silanized vacutai ner
with a silanize stog% lnged wi th tetrabutyl anmoni um hydroxi de (5
uL, 40% w v solution in water) and a solution of 18F- in water (10nGC, 200
uL). The resultant m xtureeci,S evaporated to - 82 - ryne s under a flow of
nitrogen at 100 C. Thg regidue is further dried by 28ted addition and
evaporation of CH3CN (3 K pf CH3CN i s added
and concentrated under v out heati ng. /orrpl ete sol vent
renmoval , THF (150 uL) is , \the vial is uncr} npegd,and
(+/-)-11-nitrodeguelin (2%g) is addeddn_one pol tion. The vial is recapped
and heated at 65 C for 30 m nutes. Aftng to roomtenperature, the
vial is diluted wwth water (4 nL) andsgasSed ough a silica gel cartridge

(pre-loaded Waterso b,vs@htlmcoﬂﬁbaep H;alk@):yil@ dhﬁﬁ@ldxﬁﬁerﬁz@ﬂ@{l%é deseadoly dge is
rinsed with water and el u é e acetonitrile is

evapor at ed afd HIhe/ ek} ’d@éd¢%n‘|bu’§¥|1 hﬂ%m\ﬁ a4 HF”IQ@HW‘BM ipdie. 8brier-free
(+/-)-11 [141&%1) a4t L Uropdaguetd fhin., 5-methoxy-2,2-dimethyl-8-nitro-2H-chromene-6-

carbaldehyde (2.17g, 8.25 mmol) in THF (50 mL) is added. The reaction is stirred for
1 h and then quenched with sat. NH4Cl and extracted with ethyl acetate. The

(
6
4-
) -
f
a

combined organic layers are washed with brine and dried over Na,SO4. The resulting



Synt hesis of (+/-)-10-118F1fl uor odeguel i n: A thin-wall 10 ni,

silani zed vacutainer with a silanized stopper is charged with tetrabutyl
amoni um hydroxi de (5 uL, 40% w v soluti® in water), and a solution of "V
in water (10nCi, 200 uL). The resultant m xture is evaporated to dryness
under a flow of nitrogen at 100 C. The residue is further dried by repeated
addi tion and evaporatijon of CH3CN (3 x 200 uL

An addi ti onal ul t of
CH3CN i s add@ad%mfeé@h@éimwlaﬁféal @ﬁléew%léa&lﬁ&? Lﬂaag Mt P g 6 i ‘g?
conpl ete sol xenh, '}R:Y eé‘e;- nQ%&QTdégkﬁfehﬁg}ﬁqgﬁQm felﬁ%efﬂuﬁ'le étﬁer‘f@&&deﬁped and

(+/-)-10-nitro egueln I'n-one port The vial 1s recapped
and heat ed aindghe éhs&)emsuﬁimsrﬁlnmde:hrou.gha@adoﬁodhtqngnd olicaogahtd eiipdrdaif-e, t he

vial is diluted wth_ water n_) . and r oug a.silic | rtridge
(pre- | oaded %meél?%‘ymh@mox@ é%‘%fh 3%?5 Ptg’éftig an%'lr%menl'ﬁé%g%‘f‘tf%?i dge is
rinsed with yatemeand el uted W|th CH3CN (2 nl). The acetonitrile is

evaporated and the residue is purified via HPLC to afford pure carrier-free
(+1-)-10-[18F] fI uorodeg uelin. - 83 - Exanple 2- Tebufenpyrad Anal ogs

ﬁye tnthgﬁsa;fago%{tﬁ ifhhd %’%\lﬂ&n% 130 PSS Tﬁ@-xpg’th%”g%tﬁé%ﬁ&h?ﬁi‘-‘ﬁi&a&ﬂ-

3- (met hoxy c aghr@meh)6-3h+mittRyyn-3-girt boxyl i ¢ acid (20 nmole) and thionyl
chloride (30 mvle) Is heated at reflux for 30 m nutes. The excess thionyl
chloride is renmoved undeff*vacuum and the resi*ue driee yia azeotrope with
dry benzene. The restd.{ am de acyl chloride is $solyed in THF (10 ni)
and stirred while cooli degrees C whi la
“4-tert-butyl benzyl arg, 2~prgl e) and d||sopropyl- ylam ne (25 mole) in
THF (5 nL) is added dropmnse he reagtion nlxqrre°F§ stirred at room
temperature for 1 hour, and heated to ref efly to conplete the
reaction. The m xture is cool ed and pou ice-cold water (100 niL) and
is extracted with _ether (3 %%io L) %°The o -|ne rganjics are drie

(sat'd agq. Nad, Regsehionp BF%‘d’“&lﬁéiyﬂeﬁT ERthosy g&fgzm(.lfﬁﬁcgaﬁﬁéﬁmafﬂthe

residue via { | , : Ui on Wit h
0 20% ot hyl ac@ﬁ@g%ﬂ@nehé@mﬁg 1AM (634 ki 195hs soiRAY iR THEE bs

5-N-(4-tert- xnan}] HerBA0, c%aﬁ’tebéﬁ anin gl 6-n3etioret hdxdymathpbPrpityo-2H-chneténgt pyr azol e.
Sytn Lgisgs g;?aé a%j" g%%ﬁ) 4|8;St bﬂl{'ﬁlh)ﬁtl:e&é)ﬁll A5 g.gc)l(e%ml’ﬂe reactloll grsafr%d for

1 h and then quenched with sat. NH4Cl and extracted with ethyl acetate. The

combined organic layers are washed with brine and dried over Na,;SQ,. The resulting
crude material is dissolved in dichloromethane (20 mL) and MnQ, (5.3 g, 61 mmol)
is added. After the reaction is stirred overnight at room temperature, ether is added
and the suspension is filtered through a pad of celite and silica gel to afford 4-(3,4-
dimethoxy-phenyoxy)-1-(5-methoxy-2,2-dimethyl-7-nitro-2H-chromen-6-yl)-but-2-
yn-1-one.

Synthesis of (6,7-dimethoxy-2H-chroman-3-yl)-(5-methoxy-2,2-dimethyl-7-nitro-

2H-chromen-6-yl)-methanone:

: I
H GO

In a flame dried 10 ml round bottom flask is added 4-(3,4-dimethoxy-



MeOMeO A sol ution of N
5-N-(4-tert-butyl benzyl ) carboxam do- 3- (et hoxycar bonyl)-1- nethyl pyrazol e
(0.1 nole) and thionyl chloride (0.13 m#H0e) in 1, 2-dichloroethane (15 nlL)
is heated at reflux for two hours. The reaction m xture is cool ed and
concentrated in vacuo. The residue is partitioned between dichl oronet hane
(100 m.) - 84 - and sat'd ag. NaHCO3 (710_0 n), ensurin}a)q the pH of the
aqueous phasehengoxy)-1-tFractigred dsdimeih-7rtreebhartypman-Snd)- B 432t e t h

di chl or onet han t i I j (sat'd
a0, nacL NaBoBE 1 Bl A e N B e (e

resi due (Et Ofthshved eith sagdnothrke timksefoltetvay by BheNrdditianeofiteluene (1.8 mL, 0.1 m).
butyl ) benzyl car boxam .do- 4- chl or.o- 1 - 3-pyrazol yl carbgxyl at e., Synt hesi s
of 5-N-(4-tethe lﬁaftgﬂn)laé%%‘w@gr%ﬁfa#%%ﬁ| i - ?fﬁ@ﬁa?% ﬁ}? §38F y1

car boxylic bidtial i i sinDsilVBOHP chromat 10K x@hestBhldcetate) to
5-N-(4-t ert%%h??glblgy%%%? bo%an‘i d%g-P4- chl o(re%?l?ir?e{?hyl - 3- pyr agol yl ez;r boxyl at e
(50 mol e) in dioxane (33 nL) amd water (75 nL) is tre
of H2SO4 (conc., 1 L) in water ). The resulta
at reflux to exhaustion of the artig materi al .
concentrated in vacuo to thg }
cooled at 0 C overnight. The
filtration and drjgd. The fij|tré&fe is extragred h di°€hl or onet hane (3 x
100 nmL) and the conbi#ied; ordani cs are dried g. NaCl, Na2SO4),
filtered and concentrated. Recrystallizat#®dn o6t tfe residue (ethyl

-acetate-nmeth 1) "8t f . .
TR (a5 ort bERBe e sl B et S STy Ay LI Pl boxy!
chromen-6-yl)-methanone.

¥:ed with a sol ution

m.xt ure i s heated

: m xture is
i e di oxane), and

gol | ected by

regultant pregcipitate |s

aci d.

Synthesis of (6,7-dimethoxy-2H-chroman-3-yl)-(5-methoxy-2,2-dimethyl-8-nitro-
2H-chromen-6-yl}-methanone:

In a flame dried 10 ml round bottom flask is added 4-(3,4-dimethoxy-
phenyoxy)-1-(5-methoxy-2,2-dimethyl-8-nitro-2H-chromen-6-yl)-but-2-yn-1-one
(61.6 mg, 0.135 mmol) and PtCl; (1.8 mg, 5 mol %). The flask is evacuated and
flushed with argon three times, followed by the addition of toluene (1.8 mL, 0.1 m).
The reaction is allowed to stir at 55 °C for 10h and then concentrated. The crude
material is purified using silica gel chromatography (7:3 hexanes: ethyl acetate) to
afford (6,7-dimethoxy-2H-chroman-3-y1)-(5-methoxy-2,2-dimethyl-8-nitro-2H-
chromen-6-yl)-methanone.

Synthesis of (+/-)-10-nitrodeguelin:

To a flame dried 10 mL round bottom flask is added (6,7-dimethoxy-2H-
chroman-3-yl)-(5-methoxy-2,2-dimethyl-8-nitro-2H-chromen-6-yl)-methanone (50.2
mg, 0.111 mmol) and dichloromethane (2.0 mL). The solution is cooled to —78 °C
and boron trichloride (0.133 mL, 1 M solution in dichloromethane, 0.133 mmol) is

added. After stirring for 1h the reaction is quenched with sat. NH4Cl, extracted with




Synthesis of 1-(5-N-(4-tert-butypbenzyl carboxam do-4-chl oro-|-nethyl - 3-
pyrazol yl) -1-ethanone: 0 HO A sol ution of

5-N-(4-tert-butypbenzyl car boxam do- 4- chl&r-o-1 - met hyl - 3- pyrazol y1l
carboxylic acid (20 mmole) in thionyl chloride (30 mmmole) is heated at
reflux fo 15 mnutes. The m xture is cool ed and concentrated in vacuo.

Benzene (10 nlL) is added, and renoved first nospheri ¢ t hen
under vacuu nﬁthﬁﬁéetﬁ'@s@iﬁdaqwf e H#“B?qfﬁémfaée‘{: érg‘ﬂ CHde é‘&"’ftﬂﬁl Esn‘f g"eﬁé’?(

step. - 85 n brom de
25 ol e) - B Rl A R e “The
resul t ant suspmrtsmperanse cdoll acbt:ae anﬂﬁfa@rmddéechtostbb sﬁtanbw mixtm@t ﬁgﬁ magnesi um
brom de (17.8 ni, OM i n d| thef?t?a {s: (g gcw gl&(turels
stirred whi If’élué%‘%ﬂl?)ﬁ‘@l%?ma‘f Husberic ol o g %ﬁ&é’?aé aci d
chloride is dissolved in THF (10 m_) and cooled to -78 C. The acid chloride
is slowy added to the cuprate via cannula, aléew ng the addition solution
to run down the side of theﬁreactlo(pflas,k:o re- coollng The acid
chloride flask is rinsed wifRyTHF ' iy: cool ed and added
via cannula. The bath is rg red at room
tenperature for 30 m nutes. uench the

reaction, and the* Y 5 zTeger: oNHACL (200 rnL)
The m xture is stirre ane hour to dissolve th \ lts and the
organi c |l ayer is g®p The aqueous phase i s washed “w

di chl or onet ha 0] d t (sat'd ag.
a1, “nazsony i plife S oS R ahbRefaRRe, AL QR fRiRN ‘?ﬂ*%fe?d via

chr onat ogr apﬂhyodgﬁla|paﬁ®fgﬂ|ca (D1 acktaps, eyl hbcvate)li0-13AY( Bt - nméégiehh.ex anes)
to afford pure 1-(5- N-54 tert- butypbenzyl car boxam do- 4- chl or o-

- et hyl 3- pyr&aghesis of (I3 haieetegueinit hesi s of

5-N-(4-tert-butyl r .

1- met hyl pyrazol i niég%%%ﬁ%m ﬂ%nél-bgﬁlb o@gﬁlﬁﬁdggwggﬁﬁ%% 21|{s added as
a solid in otheopen-Biydr(S-methogy-212 élaheﬁqﬂﬂt-mmn 2H-chromen—6 yl)- methanone (50.2

1-(5-N-(4-tert benz rboxa o4c|o ]|

- 1- et hanone ?’EO&MP@?]#@%Q meghpge (4.0 muy). frg%ﬁqhtlté‘?ﬁ)%rcﬁéﬁgg aﬁgggym xture
is stirred tgdedddgichRRide|0 i emIt AV isPRItike PMBhloM¥Eh£R00.U53 BRiAKdr i de s
added i f necessarxﬁ Wat er é)e nm) is added, the m xture concentrated and the

mxture is paideitABeretinieg isedh thﬁamtrtw@l@@umble(hwﬁh ditcNHaeb getrarsasewitle x 100
m.). Th ed t d and
co)ncent reatC gd”;‘:}hﬂ C'gtr(‘%‘{eegl81 ?fgmfeé ﬁ\%ar P ?né%g?/rl%aenc fg(gnr%]tN%%e lﬁl\gé?% dlsgdll’édlelﬁe o

gr adi ent el UEIGH), sifra6dwith Ipﬁ‘casﬂﬁlﬁtaaétﬁte%&aéﬁﬁc)edtf@r m‘ fafred cpaling down to

5-N-(4-tert-butyl)benzyl carboxam do-4-chl oro- g, JFl . ,
roomni temperature, ethyl acetate and water are added to the reaction mixture. The

aqueous layer is extracted with ethyl acetate. Combined organic layers are washed
with brine, dried over Na,SOy, and concentrated. The crude material is filtered
through a pad of silica (3:1 hexanes, ethyl acetate) to yield (+/-)-11-nitrodeguelin.
Synthesis of (+/-)-11-[18F]ﬂu0rodegue]in:

A thin-wall 10 mL, silanized vacutainer with a silanized stopper is charged
with tetrabutyl ammonium hydroxide (5 uL, 40% w/v solution in water), and a

solution of '*F" in water (10mCi, 200 uL). The resultant mixture is evaporated to




- 86 - hydroxyethyl)-1-nethyl pyrazoline. Synthesis of
5-N-(4-tert-butyl)benzyl carboxam do- 4- ehl or 04- net hyl - 3- (1- pt ol uenesul f onat o
et hyl ) pyrazol i ne: A solution of 5-8{4-tert-butyl)benzyl

car boxam do- 4-chl oro-3-( 1- hydroxyethyl)-1-nethyl pyrazoline (5 muol e) and
p-tol uenesul fonyl chloride (5.5 mmole) in pyridine (12 nL) is stirred at
roomtenperature for four hours. The solution is concentrated and is
partitioned denessandoea Bow ofowrogen atalld °6i cHicapsdu is dvéher drigd hpeepsetpd The
conbi ned orgapj.cs are. drie sat. 1 2 o fi ks .
concent r at ectblifer Pldvabdior GonitRE sk AT A nt b EiRe BEN i

gradi ent el uidded ard 28¥ehfrityd uadie vadiemhekBadheatig. dfhricnd c@uplete solvent
5-N-(4-terthbutyl)benz Icarboxanido-4-QhLoro-1-nethyI-S-SI - p- .

t ol uenesul f ofsatayak ﬁﬁ%@?? #Eblsadded, Syavinkis pacrypped and (+/-)-11-nitrodeguelin (2
5-N-(4-tert- I [ am.daq=4-chl |- - :

[ 18F] 1 uor oe?#ﬁ’s)&)&?‘?d;é%}“?ﬁ’gg?‘é% o hr%g’é@l‘% é’?ép%a wﬁ&ﬁgﬁtﬁi °\A%/af°|r 39 gripgtes-
silani zed vag@epidatihg'té fdondteiipeinirgatle slabfpitutddswithaage d mil) bnd passabut y|
ammoni um hydroxi de (5 uL, 40% w v solution in wa and. a solwgion of

ter),
TR 1w elRQuEB s om b AT (e Ioeded VRS RS Sep Fabbisgrdd B8 t o
dryness unde I ok E OGR4 A i i h dried by
r epeat ed add%?ﬁg% g%%&%gg%éﬁatlo%%%*;%aggﬁd}§ﬁ%i%ggqﬁfck§gﬁﬂg%d?%?ona
al i quot of ChizGNitrife iaddgehraind awbihe ecs dugtis guniieievia VEY.GUm afford pute chestd ng.

Prior to conple Y - .87 - renmoval, THF (150 uL) is added, the vial
is uncri npegggméﬁ-a-ﬁﬁé[ %huorodeguehn

,5;N—(4-tertbg*MmLQ§3gMy 1) fThskQadaddin9r 0- 1- met hy1- 3- (1- p-t ol uenesul f onat
oet hyl )pyrazoline (2 ng) is added in one portion as a solid. The vial is
recapped and heated atoQS Cfor 30 mnutes. After cooling, the vial is
diluted with water (4 y and passed through a silica gel cartridge
(pre-1oaded Wat er$*hi C 18 Sep-Pak) to 'T¥a e sanple. The cartridge is
rinsed with water ang ted with CH3CN (2 nL) e decetonigrile is

{ue 1 ified via HPL af grad~plre carrier-free

[' 8F] fl uoroet hyl) pyrazoli est s of
5-N-(4-tert-butyl)benzyl car boxang
met hanesul f onat oet hyppyr azol i ne:

A thin-wall 10 mL, silanized vacutainer with a silanized stopper is charged

with tetrabutyl ammonium hydroxide (5 uL, 40% w/v solution in water), and a
solution of "*F™ in water (10mCi, 200 uL). The resultant mixture is evaporated to
dryness under a flow of nitrogen at 100 °C. The residue is further dried by repeated
addition and evaporation of CH3;CN (3 x 200 uL)). An additional aliquot of CH;CN is
added and concentrated under vacuum without heating. Prior to complete solvent
removal, THF (150 uL)) is added, the vial is uncrimped and (+/-)-10-nitrodeguelin (2
mg) is added in one portion. The vial is recapped and heated at 65 °C for 30 minutes.
After cooling to room temperature, the vial is diluted with water (4 mL) and passed
through a silica gel cartridge (pre-loaded Waters Light C-18 Sep-Pak) to load the
sample. The cartridge is rinsed with water and eluted with CH3CN (2 mL). The
acetonitrile is evaporated and the residue is purified via HPLC to afford pure carrier-

free (+/-)-10-['*F]fluorodeguelin.



A solution of 5-N-(4-tert-butyl)benzyl carboxam do-4-chl oro-3-(1-

hydr oxyet hyl ) - 1- met hyl pyrazoline (5 nmol e) and net hanesul fonyl chl oride
(5.5 nmmole) in pyridine (12 nmL) is stirs8d at roomtenperature for four
hours. The solution is concentrated and is partitioned between water (100
nmL) and dichl oronmethane (2 x 100 nL) The conbined organics are dried (sat'd
ag. NaCl, Na2SOM4), filtered and concentrated. The residue is purified via
chr omat ogr apByamBle2 cheydenpyyaddinahegsel ut i on 2- 20% et hyl acet at e- hexanes)

to afford p 5 _

5-N-(4-tert géufh Pﬁ)se?\;y 402135‘ butglbeggyl)lcarﬁ%arnél ’ 3m(;\mf1thox%ca( bo%% %anesul f onat oe
t hyl ) pyrazol mlaﬂlyl@mtdﬂeﬂ s of

5-N-(4-tert-butyl)benzyl carboxam do-4-chl oro-I-nethyl -3-(1-

[ 18F1f | uor oet hyppyi azgline (via nesylate): - 88 -9 A thin-wall 10
m, silanized vacutiner with a silanized stopper is fnir ged with
tetrabutyl ammqlu hydr oxi uL, 40% w v solution iph water), and a

sol ution of 18F- 1 nywat ‘& (11 200 ul). The result T Xeure is
evaporated to dry S under ¥ nitrogen at ~QQ esi due is
further dried by repeated addition[and evaporation o 200 ulL)

An additional ali
wi t hout heating."™

the vial is uncri f %gﬁgthg;tﬁfcarsb%ln\{fﬁqt meﬁl%)g% tbolwz 1C &cjié ?zdjlln}noﬁeﬁ added,

5-N-(4- tertbaiﬁMhMﬂ?Ik&ﬂétﬁiH(BOXxﬁﬁbl@Prs%@tﬁﬂ@f&ﬂhxIﬁ@‘tjn]yrﬂ;rrﬁfe(s.l”ﬂh'ebkt&b@ﬁsul f onat oe
thyl)pyrazollne f nyg) is added in one portjon as a solid. The vial is

~recapped andt ghiomge GEGIB@W@CUWWS@WﬁEﬁS@e drie &fa 2260 IRFVith he vi al
i's diluted Relad, e i i dge
(pre-1oaded ters o Tﬁé %‘ﬁt@rﬁ%ﬁ"d—%%%@)&wﬁe % ‘ééisll%{1 ﬁ?%a@rﬁg?%?rt ridge is
rinsed with smtedwv}ahd:oehnlg aid) degdrées CHEENE @ Rolutiyn Erﬁé-raﬂéiuqdbenzylammes(zz

SN (4t or t “Bryen SyraarmosRrmne B mnel et by RIS du afopsid | o1 ree
[18F] f | uor Oefltfé’ﬂéﬁ&fcﬁ‘lzlﬁix'tlﬂe is stirr2dt Reder fenﬁiera&ur%%rt Iy Eéﬁrg’énd%dateﬁrt(??&‘[ﬁ&am de: A

m xture of 4-tert-butyl-3-nitrobenzoic acid (0

hydr oxybenz deidilyAolcemplatnthe repction.nbhemizine ig p@@d mmr@hmbbt@ﬁcnidde (DCC,
0.11 | t.h 0 whi |
2 sol uti on or BN MOTROS By By S IR0 S CRfbs REMES "' ©

rapi dly. Thedmad katrdad. Naglli N4,80. ¥, Giltctcdant @bicenahted OBﬁﬂlﬁ@ﬂiﬁﬁbﬂMI’@SIde

poured into agueous NaHCO3 (5% 200 ni). The Ia%/ers_ are_se aorat ed, and the
aqueous phas‘éa@S@&qlv@epbwnwtqaamyCﬂsw@ﬁ6%%&%?@ ¢gltign warh Ond 0% $Hy corrbi ned

organi cs ar ¥ Cl,
Na2SOH4), fil tc\eé?'lzéc?iﬁ&aégsgéﬁfélg%tsp?gt(géé)@gglpr 0 ?ngﬂ#(g(g? I}t%go rom
Et OH wat er tbnetlfydpydazzle.e 4-tert-butyl-3-nit robenzam de. - 89 - Synt hesi s

of 4-tert-butyl-3-[18F]fl uorobenzyl am ne:

Synthesis of Methyl 5-N-(4-fert-butyl)benzylcarboxamido-4-chlore-1 methyl-3-
pyrazolylcarboxylate:

SRt

A solution of 5-N-(4-tert-butylbenzyl)carboxamido-3-(methoxycarbonyl)-1-

Z-‘—-Z

methylpyrazole (0.1 mole) and thionyl chloride (0.13 mole) in 1,2-dichloroethane (15
mL) is heated at reflux for two hours. The reaction mixture is cooled and

concentrated in vacuo. The residue is partitioned between dichloromethane (100 mL)



O Athin-wall 10 nmL, silanized vacutainer with a silani zed stopper is
charged with tetrabutyl ammoni um hydroxide (5 uL, 40% w v solution in
water), and a solution of 18F- in water-§4-0nC, 200 ulL). The resultant

m xture is evaporated to dryness under a flow of nitrogen at 100 C. The
residue is further dried by repeated addition and evaporation of CH3CN (3 X

200 uL). An additional aliquot of CH3CN is addgﬂt and concentr a&eﬂ, under
vacuum wi t hothd B8 efndaHePs pH00 LY saprmedhe Bl 0& Hie 3RIFANases 5¥and€ (150 ul)

I s added, thqu\é!)@é 1a'ye3 MAehiAREhdRtaded St dHidtbmithallé 1Y OPENZAY) A@ thd NU,
ca. 4.5 urmleu) I's a o]Ied I'n one portion as a solid. The vial i$ recapped
and heat ed atondlfifieddrganic@&eniied (s d aAf NeCl, dagd @ gfiltacdaidaneentsted,. i t hi um

al um num hydri de hi.s(tetrahydr.gfu in toluene (1.0 .50 unol es)
R, e alipd Bl D0k At it S T eo. The
vial is coolgdygng.{ebeahRBlA6R- Hidedtyed -Wridslpedbsxidenl) and passed
through a silica gel cartridge (pre-loaded Waters Light C 18 Sep-Pak) to

| oad t he sanpymghesthel TX-HUriegautyBbenzyleagbeyanidast-ertorm i nagthykedtpyrazlybHz CN
(2 nmL). The itrile is evaporated and the residue is purified via HPLC
to afford pur&%%égﬂﬁ%rlé'free 4-tert-butyl-3- rt fluorobenzyl am ne. The
solvent is evaporated and the material is used directly_in the follow ng
procedure. Synthesi soof @
5-N-(4-tert-butyl-3-]
yrazol i ne:

3-ethyl -1-net hyl pyrlaz ,
di cycl ohexyl car bodi 1 i de (DCC, 50 unole, deliveried as an aliquot froma
stock solution in di @romet hane), hydroxybenzotsi azole (HOBt, 60 unvol e)

in methyl ene chl or e (20 [ dded a.solfitiqn of .4-tert-butyl-3- -
60 "1 1BEL T vor oomsoroRme snd B e RuSub e in R B el 100 L)
The m xture jngth§t-siphRgoRcabRNALHGhALI) & didkareqD3 I HhE Waldr (TORIN) is

tenperature, concenfrated and di ssolved in acetonitrile-water (1:4, 3 nl).
The ni xt ur e reatgshwiled selntionghHaSQ4 (cora, huil) dmweter (lgé mlpr dhe sesydiantwat er s

e i
rSeili_ ?ze is plgiﬁtxﬁﬂfegcoﬂcanﬂ'ﬂ?&ﬁnt@cﬁd foothd stufaios oint AEmb 8T the dioxane), and

- -tert-putyl-3- ) . . ) _

[ 18F] f | uor o) ¥eHAat dahasentitlto - Theapulipelryewpitaie isicoftaeted by fitteationiand drigdeanpl e
3 - Pyridab j - - byt |~ .

5- di chl or o- W‘%&?F é%&énhg‘ﬁietﬁ dl%l"%m%g'ﬁf%“eﬁﬁc%ic mh and e gopkingdy o3 6
mol ) i n wat@gafidSargldyied(sa0 d @GqesChiaesD gnfiyaedus] dmeexthitddl. 21 g, 11.5
nmml ). This s stirred till a clear solution was ohtained and to this was
added t ert - BRESYHIEF A thlf‘yf&?lé%fegbxl&@etetfr@%ban@h@f%rﬁwrf .5'1)&'%%?@61 pitate
started to f 140 1. eactl i for a further
515 hrs aft o L R A8 < "aehed wi th
col d wat er atyhthesied 1-F-Yr-UereA-BkyQbafzyldaebaramidotdychilamehanethyl-3-

pyrazolyl) —1-ethanone:
NH NH
~ ~
N, Neey
HO ° °

A solution of 5-N-(4-tert-butyl)benzylcarboxamido-4-chloro-1-methyl-3-

nzyl car boxam d A e -3-ethyll-nethylp

pyrazolyl carboxylic acid (20 mmole) in thionyl chloride (30 mmole) is heated at
reflux fo 15 minutes. The mixture is cooled and concentrated in vacuo. Benzene (10
ml)} is added, and removed first at atmospheric pressure, then under vacuum. The

resultant acid chloride is used directly in the next step.



To 4.32 g of the crude hydrazone was added 40 ml of acetic acid and the
solution was refluxed for 25 m nutes. The solution was then cool ed and
concentrated. This was then taken up in 8&i<chloronethane and washed with 1M
sodi um car bonate and water. The organic |ayer was then dried and
concentrated to give a yellow solid which was purified by col um

chromat ogr aphy using hexanes : chloroform (1:1 to 0:100)as the eluting
solvent. This affbrfhﬁelelisz:.harggd@ﬂthswédaammowuar%ibr@n@&@%m@ﬂtﬁéisi s of

2-tert-Butylz4-ehl org-5-1hio- - [ ' ' 5 gogedi um
sul fide (0. 5355 é“@frg%h;e?raaﬁé‘ﬁ?ﬁ‘é%?? HALNGR8Ied, THE reoilBiElRAGORAT N
sol i d di ssol yfkd athes sglwiileainsoamntdiafetgmbgitsiven boaiié €7emat 2581 and
concentrated HClL was carefully added to give a yellow precipitate, which

was filtereddiethyl ether) isGiddrd digpsde. ahg mpasHe i shireH widle ookt —78 °C for

Crystal lizatjion.fromMhexanes afforde e PEOo i Ld (270
o) CLnt hest ChuS IRAORTR gnagd AR shiseBiomEhveln F abRSRAT 5
3(211) - pyridagdd@nes oCo 1hEQem @foride is slowly added to the cuprate via cannula,
2-tert-butyl -4-chloro-5-thio-3(2H)-pyridazinone in 4 ni DWW was added

4-tert - but yl devipg theraddite spReemty runrdasin) the side K theasactiphdlaple &Ea¢-on ni xt ure
was stirred for, 16.hi s _.at,ryoamgt erat ur { ot - : racted in
ethyl acet at &°! Sﬂﬁ‘aa tcﬂfo\ﬁ}gf gftsq%\nrg nﬁ%érj?vﬁ ng‘hﬁgj ﬁﬁ@?’ﬁ”@ﬁ%ﬁ%%%@? gphy

(silica gel;aftdkd apahnhdldhEKEbRE s @Hdvbe akd themtixtufbisstiatd ardedh t he above
menti oned conpound. Synthesis o

2- tert- but yl temperage dorSqminuggst E\@}bwoﬂ)%w js added tozguengly thegcactignAndone:
o tert bury SR B EATR @RI T aeons N Qo9 by Themiyue e stied o
ng, 0.27 mofor castodrdoidisselse dtcdegpaonis sndiie ok ganid ldger (2&pdratgl, The40 nmol )
ond 2 dimeL ) S o TS ekt IS (6. T
organics are dried (sat’d aq. NaCl, Na,SOy), filtered and concentrated. The residue is
purified via chromatography (silica gel, gradient elution 10-30% ethyl acetate-
hexanes) to afford pure 1-(5-N-(4-tert-butyl)benzylcarboxamido-4-chloro-1-methyl-
3-pyrazolyl) —1-ethanone.
Synthesis of 5-N-(4-tert-butyl)benzylcarboxamido-4-chlore-3-(1-hydroxyethyl)-
1-methylpyrazoline:

= . \§
(8] OH

Sodium borohydride (20 mmole) is added as a solid in one portion to a stirred
solution of 1-(5-N-(4-tert-butyl)benzylcarboxamido-4-chloro-1-methyl-3-pyrazolyl)
—]-ethanone (10 mmole) in ethanol (15 mL) at room temperature. The mixture is
stirred to exhaustion of the starting ketone. More sodium borohydride is added if
necessary. Water (2 mL}) is added, the mixture concentrated and the mixture is
partitioned between water (100 mL) and dichloromethane (2 x 100 mL). The
combined organics are dried (sat’d ag. NaCl, Na;SOy), filtered and concentrated. The

residue is purified via chromatography (silica gel, gradient elution 10-30% ethyl
acetate-hexanes) to afford pure 5-N-(4-tert-butyl)benzyl carboxamido-4-chloro-3-(1-



with ethyl acetate. This is washed with water and dri ed. Purlflcatlon by
flash - 92 - Synthesis of

2-tert-butyl-4418F1-fl uoro-5-(4-tert-butdsl-benzyl) thio 3(211)-

pyri dazi none: To a 5 m reaction vial containing 500 nCi of 18F in
350nmg of 180 water is added a 1 ml solution consisting of 10 ng of
Kryptofix, 1 ng potassium carbonate, 0.005 ml water and 0.95 ni
acet oni t ri | erydrwycthybt]-methydareling renove all the solvents and dry

acetonitril 4S 0

evapor at i onesé]qlégl%gfsiwg%ﬂ iﬁ%@ggﬁﬁk}w%’{}?‘h Eu4 eﬁ’z%ﬁ? %eﬁjﬂb}‘

3(2H) - pyri daw[ﬂBnlﬁllf(ﬁal’fgs)hyl)‘pﬁﬁﬂﬂﬁmttrl le is then added to it. The vial is

seal ed and heated for 30 mnutes at 100C. The mixture is diluted with

di chl or onet hane and, pas ough a Sep-Pak andxgl ure

tetrahydrofuran . i s evaporated to gey Tthe &

conpound. Synt hegs f 4(4 henyl ) but ang :\ Li Al
|

Cl

ent i oned

Naoo,

\\/

0/5
i @\

A solution of 5-N-(4-tert-butyl)benzyl carboxamido-4-chioro-3-(1-
hydroxyethyl)-1-methylpyrazoline (5 mmole) and p-toluenesulfonyl chloride (5.5
mmole) in pyridine (12 mL) is stirred at room temperature for four hours. The
solution is concentrated and is partitioned between water (100 mL) and
dichloromethane (2 x 100 mL). The combined organics are dried (sat’d aq. NaCl,
Na,S0,), filtered and conéentrated. The residue is purified via chromatography
(silica gel, gradient elution 2-20% ethyl acetate-hexanes) to afford pure 5-N-(4-tert-
butyl)benzylcarboxamido-4-chloro-1-methyl-3-(1-p-
toluenesulfonatoethyl)pyrazoline.

Synthesis of 5-N-(4-tert-butyl)benzylcarboxamido-4-chloro-1-methyl-3-(1-

[lsF]ﬂuoroethyl)pyrazoline (via tosylate):

// ~

A thin-wall 10 mL, silanized vacutainer with a silanized stopper is charged
with tetrabutyl ammonium hydroxide (5 uL, 40% w/v solution in water), and a
solution of "*F in water (10mCi, 200 uL). The resultant mixture is evaporated to
dryness under a flow of nitrogen at 100 °C. The residue is further dried by repeated
addition and evaporation of CH;CN (3 x 200 ul.). An additional aliquot of CH3CN is

added and concentrated under vacuum without heating. Prior to complete solvent



NO To lithium al um num hydride (427ng, 11.2 mmol) suspended in dry
ether (5 mM) at 0Cis added 1 g of 4-(4-nethyl phenyl) butanoic acid (5.614
nmol ) dissolved in dry ether (10ml) over87a period of 30 m nutes. The
reaction mxture is then warnmed to roomtenperature and stirred for 4
hours. Water (0.43 m), NaOH (15% solution, 0.43 g) and water (1.29 ml) are
t hen added succeSS|veg%éand the resulting solutionis stlrred for 30

t

m nu':]es. Thereproael, BHEAH &0 pk) miadded: s ialds wagHaerdandpues Hdr (a8 -dried. This
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it is added fom3 azla piigs. (éﬂqneyolmgs%e wbw)dﬂam Wigh vatsy PRSP |y
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it is extrac acetate an water to renove
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et her:
['®F]fluoroethyl)pyrazoline

Synthesis of 5-N-(4-tert-butyl)benzylcarboxamido-4-chloro-1-methyl-3-(1-

methanesulfonatoethyl)pyrazoline:

\5/

A solution of 5-N-(4-tert-butyl}benzyl carboxamldo 4-chloro-3-(1-
hydroxyethyl)-1-methylpyrazoline (5 mmole) and methanesulfonyl chloride (5.5
mmole) in pyridine (12 mL) is stirred at room temperature for four hours. The
solution is concentrated and is partitioned between water (100 mL) and
dichloromethane (2 x 100 mL). The combined organics are dried (sat’d aq. NaCl,
Na,S0y), filtered and concentrated. The residue is purified via chromatography
(silica gel, gradient elution 2-20% ethyl acetate-hexanes) to afford pure 5-N-(4-tert-
butyl)benzylcarboxamido-4-chloro-1-methyl-3-(1-methanesulfonatoethyl)pyrazoline.
Synthesis of 5-N-(4-fert-butyl)benzylcarboxamido-4-chloro-1-methyl-3-(1-

[**F|fluoroethyl)pyrazoline (via mesylate):

~A /\©j< §/O\K

=
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OTrBSOTBS TO n 50 Trd rnmul knunivi flask iQ nriderl

4-(4-rriethyl phPnyl)hutyl tertbutyldinmetylsilyl ether (0.25g, 0.89 mol),
N- br omosucci ni m de (0.158g, 0.89 nmol),-8enzoyl peroxide (2.17 ng,
0.0089mml ) and 10 m carbon tetrachloride. This m xture is refluxed
overnight after which it is cooled and filtered. The filtrate is
concentrated and the resulting crude residue |s rifi

. . p ed by flash
chr omat ogr aphy i nAdhigyyal &%F%té&ﬂﬁ¥§ﬁ@9ﬂﬁ§mﬁﬁﬂbP&HFH@“E?@@%EFFﬁgﬁﬁ@hesis of
2-tert-butylady _fféﬁa%gn 2mbfbnfith hfdrbx B Y Lei 4% bl sbilididPiVvater), and.a
but yl ) benzyl )t hi o- 3(2H) - pyri1 dazi none: To a flask containing
2-tert - but yl solutidi o' 8 Sintwrter-(302E),-209nldaThameeltdnd ndxtyre § c9dporatedio) i s

dded 5 ni foll d.b [ 0..358¢q,. 1.1 d
2 (& br onomeTRYFBHEASTE N 0} FitoaPt SoliRy a TRy R ytisf AP bl pgdlgd 1 1
o). The Mt adcSligahith bECAG (9% 22085 ARbaAShAIGIIgLs: drernes! &

extracted in ethyl acetate, washed, dried and concentrate The crude
m xture is tébledpod cicentrigyd uhden vatwigr whyutibsatmg. Rridrdacemaplewrsdiventi xt ur e

g]; ngjg%/l a? e%%{o%a_ 9{%&;@56 ing?s a;[dggd, leu‘%glt is u-rqgﬂir%pg g.n%rpql%e E%(ﬁ%‘%}fe ment i oned

2- tert - but yl btyghdr2yRadokAnidd-41ui b X y-Risdyl-308 D MhidddiFordadhy Riyfd-0Red none:
(2 mg) is added in one portion as a solid. The vial is recapped and heated at 65
degrees C for 30 minutes. After cooling, the vial is diluted with water (4 mL) and
passed through a silica gel cartridge (pre-loaded Waters Light C-18 Sep-Pak) to load
the sample. The cartridge is rinsed with water and eluted with CH3CN (2 mL). The
acctonitrile is evaporated and the residue is purified via HPLC to afford pure carrier-
free 5-N-(4-tert-butyl)benzylcarboxamido-4-chloro-1-methyl-3-(1-
['*Ffluoroethyl)pyrazoline

NO
2 NO,

PCC, HOBt, NH;
J——

H
° HaN

o)

Synthesis of 4-tert-butyl-3-nitrobenzamide:

A mixture of 4-tert-butyl-3-nitrobenzoic acid (0.1 mole),
hydroxybenzotriazole (HOBt, 0.12 mole) and dicyclohexylcarbodiimide (DCC, 0.11
mole) in dichloromethane (100 mL) is stirred at room temperature while a solution of
ammonia in 2-propanol (2.0M, 75 mL, 0.12 mole) is added rapidly. The mixture is
stirred for two hours at room temperature, and poured into aqueous NaHCO; (5%,
200 mL). The layers are separated, and the aqueous phase is extracted with
dichloromethane (2 x 200 mL). The combined organics are washed (2 x 200 mL 5 %
aq. NaHCOs), dried (sat’d aq. NaCl, Na,SOy), filtered and concentrated. The product
is recrystallized from EtOH-water to afford pure 4-tert-butyl-3-nitrobenzamide.



To 0.2g 2-tert-butyl-4-chloro-5-(4-(4-tert-butyldi nethylsilyloxy
butyl ) benzyl )t hi o-3(2H) - pyri dazi none (0.404 mml) is added 5 M of 1%
coned. HC1 O ButCl | Ns in ethar8§l-. The reaction mxture is stirred
for 30 mnutes after which it is extracted in ethyl acetate, washed with
water and dried. Purification (silica gel; EtOAC hexanes) of the crude
m xture obtained after concentration yiel ds t he desired product Synthesis
of Synthesis of 4-fert-butyl-3-| F]ﬂuorobenzylamlne
2-tert-butyl-4-ehl oro-5-(4-A-tol uenesul fonyl oxybutyl ) benzyl ) thi o3(2H) - pyri
dazi none: To a 15m "rioun ottom flask chargefd w

H) - pyri dazi none

2-tert-butyl -4-chl oro-5-( Z R dJ—exEy-'Buﬁr-pbenzypt e
pyri di'AE " rol'llengsul @ chloride (88.9 ny,

(0.15 g, 0.39 nmmol) iw.a
0.42 mmol ) is then added to it and the m xture stirred for 2 hours. The

i i of o
o o ool oo ATyl Rt PN RERLAL G « {EAAA sokle RUnipoeer
on the rot aryitkvapdu@dt anmohiing hydtexids (Pul.j 40%dz/wbyolﬁﬂmsﬂn veheyratlagr aphy
n t hyl t at h th | utj th f
gSIt e?t ebu%/y 1303‘39% ‘%r at 5‘%@#&% &3@?3@@9%&&9 nghg’(f%%l? ev%is?lﬁ's E‘g? none: -
95 - a 4-(4-
és@ g?lhﬁ%c%)enzy Itl)%gﬁ'l 5tsl§)? > S Orpe rE ﬂﬁe, R 'i’ﬁrYﬂe( ﬂrl&bt‘f’ Feared 4- (

t ol uenesul fon floxy u - pyri a2| none 0.093 mml)
and to it i sadiiittethidetvapdrttion TGN K3 fcI200mL}deA(1hdditleaiahqmot@rﬁ(}hCN-iE 0. 93

ill, 0.93 mol) followed by 0.2 m of T he.reaction is heated to 60 C
and stirred #idedpad C‘?Qﬁ?ﬁ’ﬁfé‘?ftﬁq wRder paguugyWHPoRfheatingr ﬁ)é‘%t‘?(f%?%leﬁessoﬁ’ﬁ% cool ed

,and Conce“tréhﬁ)@aﬁaﬁx%ﬁee(@bL&i%ssaw'ab@%@diar@ukbﬁ%}aem{duwtﬁmy to obtain

"the above nmention conpound
2-tert-but ylmltob¢ﬂzammdd5(-1 (ndg (c4- 4= 5 mmﬂasbrsaddcq/in)mwytiqntasuacsom2|’Hjle vial is
pyri dazi none:

ecappeg ang l‘teated at 100 °C for 25 minutes. After cooling, a solution of lithium
aluminum hydride bis(tetrahydrofuran} in toluene (1.0M, 50 ul., 50 umoles) is
added, and the mixture is heated at 50 degrees C for five minutes. The vial is cooled
and the contents are diluted with water (4 mL) and passed through a silica gel
cartridge (pre-loaded Waters Light C-18 Sep-Pak) to load the sample. The cartridge
is rinsed with water and eluted with CH;CN (2 mL). The acetonitrile is evaporated
and the residue is purified via HPLC to afford pure carrier-free 4-tert-butyl-3-
["*Fifluorobenzylamine. The solvent is evaporated and the material is used directly

in the following procedure.

Synthesis of 5-N-(4-fert-butyl-3-['*F]fluoro)benzylcarboxamido-4-chlore-3-ethyl-
1-methylpyrazoline;

N§ }:54 1. DCC, HOB, DCMi ?ﬁﬁ

To a stirred mixture of 3-ethyl-1-methylpyrazole-5-carboxylic acid (50

umole), dicyclohexyicarbodiimide (DCC, 50 umole, delivered as an aliquot from a
stock solution in dichloromethane), hydroxybenzotriazole (HOBt, 60 umole) in
methylene chloride (200 ul), is added a solution of 4-fert-butyl-3- '



1 N Aqueous F (16 nCi, 0.1 m) is added to a vacutai ner containing
5111 of tetrabutyl ammoni um hydroxi de (40% wt sol. in water). The mixture is
concentrated under nitrogen in an oil bdth and 250 )1.1 of acetonitrile is
added and this too is concentrated under nitrogen. 100 ul of THF is then
added to it followed by 5 ng of

2-tert-butyl -4-chl oro-5-(4-(4-tol uenesul fon oxyb glﬁ’%fﬁ EhIO

pyri dazi nonel' *Fifaoebsizylaaning (areiered Abgy Skinidic ‘?foﬁ’ie 7

m nutes. Thi nd
eluted with 1§1(:S{e1 Séugtﬁjra?& el ggqg%% %OEé%ﬁg%é%%g%%%éﬁ&ﬁgﬁﬁgéﬁﬁg&pggﬁmgs| s of
(4-tert-but ydipdvdved in ae&thmtrﬂe—lyaierdi:éwnmal The mle[meapas)@dmhrongiumdhbmgftlom

The sol ut | oniaraicge RireddedVegagn (51 BeerralFoatade stysnati Bl

mol) is addfs%nfs@d Mtﬁ v»VBtéffaHH %1@31%&@@}1 emiztmn)g gste) débﬂoﬁﬂnleSs é\l?dpbfa%dl
overni ght at CC. sodiumsulfite 1‘gﬁ:l is added and the m xture stirred

for an addi tanshthe r@giwmmpmefsed vinHPE 6] tatafford perechaigr-éiee S i &derf-hulgt-fy |
acetate, was and rified by flash
chr omat ogr apﬁ?ﬂPE?“’S"e&Z&%?f""’é@Hg 4a%1(13 8t é?tﬁgtg%le?@ ht"}t}g%)él% to afford the
product. SynER&spk I Pyridaben Analogs

1-tert-butyl di nmet hyl sﬂyl oxy-2- hydro 4- tertbutyl phenyl) ethane
(4-tert-but yPyHbesit of %‘F‘P’F&t‘i’é‘tyll"‘zsdilﬂlll"{?}?’@ -PYidazIpgRst ) i s dissolved in DVF
ina 25 m round bottomflask and to this were added i m dazol e(0. 210 g,
3.09 mmol) and tert-bupyldinethylsilyl chloride (0.46.g, 3.09 mml). The
‘mxture is stirred for||6 i
“di chl or omet hane angg
Purification by flash chr
affords the above nentio

To mucochloric acid (4.0 g, 23.6 mmol) in water (35 ml) at 0 °C was added
anhydrous Na;CO; (1.21 g, 11.5 mmol). This was stirred till a clear solution was
obtained and to this was added tert-butylhydrazine hydrochloride (2.94g, 23.6 mmol).
A precipitate started to form after a few minutes. The reaction was stirred for a
further 2.5 hrs after which it was filtered. The yellow precipitate was washed with
cold water and dried to give 4.81 g of the crude hydrazone.

To 4.32 g of the crude hydrazone was added 40 ml of acetic acid and the
solution was refluxed for 25 minutes. The solution was then cooled and concentrated.
This was then taken up in dichloromethane and washed with 1M sodium carbonate
and water. The organic layer was then dried and concentrated to give a yellow solid
which was purified by column chromatography using hexanes : chloroform (1:1 to
0:100)as the eluting solvent. This afforded 2.4 g of the above as a white solid.
Synthesis of 2-tert-Butyl-4-chloro-5-thio-3(2H)-pyridazinone:

0
0
Cl -
N NazS
| | - N
N [ I|\I N |
SH

To 0.5 g of 2-tert-Butyl-4,5-dichloro-3(2H)-pyridazinone was added 7 ml



Synt hesi s of
2-tert-butyl-4-ehloro-5-(2-tert-butyldi nmethylsilyloxy-1-(4-tertbutyl phenyl)
- 1- et hyboxy- 3(2H) - pyri dazi none Cl HO N¥TBSO But NCI N ‘

water and sodium sulfide (0.53 g, 6.81 mmol) and the mixture was heated to 80°C
until all the solid dissolved. The solution was then cooled to room temperature and

concentrated HCl was carefully added to give a yellow precipitate, which was filtered

O
cl Q
N 4-terd-butylbenzyl bromide Cl
| | i N
N
X SH

o

N
2
S
and washed with cold water. Crystallization from hexanes afforded the product as a
white solid (270 mg).

pyridazinone:

To 220mg of 2-tert-butyl-4-chloro-5-thio-3(2H)-pyridazinone in 4 ml DMF
was added 4-tert-butylbenzyl bromide (226mg, 1mmol) and Na;CO;  The reaction
mixture was stirred for 16 hrs at room temperature after which it was extracted in
cthyl acetate, washed with water and purified by column chromatography (silica gel;
ethyl acetate/hexanes) as the eluent. This afforded the above mentioned compound.
Synthesis of 2-tert-butyl-4-fluoro-5-(4-tert-butylbenzyl) thio 3(2H)-
pyridazinone:

A round bottom flask is charged with 2-tert-butyl-4-chloro-5-(4-tert-
butylbenzyl) thio 3(2H)-pyridazinone (100 mg, 0.27 mmol) and to it is added
potassium fluoride (23.4 mg, 0.40 mmol) and 2 ml dimethyl sulfoxide. This is heated
to 120°C for 6 hours. The reaction mixture is then poured into water and extracted

with ethyl acetate. This is washed with water and dried. Purification by flash

O
o]
Cl
>kN KF >L F
] .
~ SH N\
S

chromatography (silica gel; ethyl acetate/hexanes) gave the above mentioned

compound.



TBSO To a solution of 2-tert-butyl-4,5-dichloro-3(2H)-pyridazi none
(0.5 g, 2.27 mol) in DMV (10 m) were added anhydrous cesi um carbonate
(0.74 g, 2.27 mol) and 1-tert-butyldi neghyl silyl oxy 2-hydroxy
2-(4-tertbutyl phenyl) ethane (0.7 g, 2.27 mmol). The m xture is stirred for
2 hours at 70C and then cooled to roomtenperature and ethyl acetate is
added to it. The solution is then washed with water, dried and concentrated

and the resi Syrthssippbteardbusylf| Fi-Buenogh (hiert-basabennydthicgd2Hyhy (silica

gel ; ethyl ? aazq ﬂfganes) to give the above conmpound. - 97 - Synthesis
of 2. tert-bu g‘tf or 0- 5- (2- hydroxy-1-(4-tert-butyl phenyl)-1-

et hypoxy- 3( 2H) - pyTo ddzanheadion vialkBS@kihg 500 mCAo2BFrih 350mupdf 6t waten 1 ask i s

h d
> ? re?te but y129dedid lopbsadution qomsisting of ) Mg b Frsrte{dhips PORASIE 081 pheny1)
- 1- et hyDoxy- 6@65")111%&&%3 'O%r}ﬁ‘l :(c@to'isntﬁie %Q%lam&te@'ﬁgretrﬂb\ﬂetall'tﬁe aaegg 5

of 1% coned. HCl1 in ethanol. The solution is stirred one hour after
which it is pratnlrwcﬁnnmltcél mihig adsled tachediahilhis isalsy |rera@eetdd:ryeevamret1@t hyl

acetate is r no rot r.at nd s ect flash
chr omat ogr ap teryEPﬁXSﬁ :ﬁglr%'g'(é }Hﬁdﬁ o EE@ 81%6 %dmgﬁ e as the
el uting nmedi gonitrile is then added to it. The vial is sealed and heated for 30 minutes at 100°C.

The mixture is diluted with dichloromethane and passed through a Sep-Pak and

eluted with tetrahydrofuran . The solvent is evaporated to get the above mentioned

compound.

Synthesis of 4-(4-Methylphenyl) butanol;

LiAlH,
—_— -

HO HO
0
To lithium aluminum hydride (427mg, 11.2 mmol) suspended in dry ether (5

ml) at 0°C is added 1 g of 4-(4-methylphenyl) butanoic acid (5.614 mmol) dissolved
in dry ether (10ml) over a period of 30 minutes. The reaction mixture is then warmed
to room temperature and stirred for 4 hours. Water (0.43 ml), NaOH (15% solution,
0.43 g) and water (1.29 ml) are then added successively and the resulting solution is
stirred for 30 minutes. The precipitate is filtered and washed with ether and dried.
This is then concentrated and purified by flash chromatography (silica gel; ethyl
acetate/hexanes) as the eluting medium.

Synthesis of 4-(4-methylphenyl)-butyl tert-butyldimetylsilyl ether:

TBSCI

HO

OTBS
4-(4-Methylphenyl) butanol (0.5g, 3.04 mmol) is dissolved in 5ml DMF and

to it is added imidazole (310mg, 4.56 mmol) and tert-butyldimethylsilyl chloride

(685 mg, 4.56 mmol). The reaction is stirred for 4 hrs after which it is extracted in



Synt hesi s of

2-tert-butyl-4-ehl oro-5-(2-p-tol uenesul fonyl oxy-1-(4-tertbutyl phenyl)-1-eth
ypoxy-3(211) - pyri dazi none: HOTsO -9%Bo- a 15ml round bottom fl ask
charged with 2-tert-butyl-4-ehl oro-5-(2-

hydr oxy- 1-(4-tert-butyl phenyl) - 1- et hyDoxy- 3(2H) - pyridazinone (0.25 g, 0. 66
nmmol ) is added pyridi ne. Tol uenesul f onyl chl?rlde &g 0.79 IS
then added t@hykaca@ie adavashsd with weter o E‘?ﬂnqvﬁ IPMSu e e 5 tFn m xture

'tf\eg' LMUE ﬁd \Agethiééra ﬁfd% ﬁg&:ﬁ e&@&@ﬁ%gtme @ﬁ@ﬁﬂﬁ%@ sl @hrms@bibhen and

renoving the solvent on the rotary
evapor at or tisénga unbe?ur@ofm}r}ll hcmie-lhyxetdeasmtkmreimmlgtm@hlap thy afferidribe ehavgl

acetate - hexanes g e eluting mxture. - 98 - Synthesis of
2-tert-but yIPE M PRB 2- | uor o- 1- (4-tert - but yl phenyl) - 1- et hypoxy3( 2H) - py
ri dazi none: To a 15 m round bottom flask charged with

2-tert-butyl-4-chl oro-5-(2-ptol uenesul f onyl oxy-1-(4-tert-butyl phenyl)-1-eth
yDoxy- 3( 2H) - hymthesiy pivb e by @nomgthytpiensDhnbil fert-pusyldimethylsdylythesr
tetrabutyl amoni um fluoride solution (1IMin THF, 3.75 nmol) The mixture is
first stirred at DE 15 minutes after which it is heated
for 15 mnutes at 1p0C \\. i i ( to roomtenperature and
e layers were separated
’ « 1€ g. The organic

| ayer is then con¢entrated and subjected{to purification using silica gel
flash chromat ographey (et hyl acetate/ hexapgs) to obtain the above conpound.

- Synt hesi s of To a 50 ml mma bottom flask is added 4- (A-mpfhylphpnvhhn‘rvl tert-
2-tert-butyl-4 chloro -118F1-fluoro-1-(4-tert-butylp §§1) 1-
et hy Doxy- 3( zlpq)ty f,tdlégy {0.25g, 0.89 mmol), bromosuccmlmlde (O 153g, 0.89

mmol), benzoyl peroxide (2.17 mg, 0.0089mmol) and 10 ml carbon tetrachloride.
This mixture is refluxed overnight after which it is cooled and filtered. The filtrate is
concentrated and the resulting crude residue is purified by flash chromatography in
ethyl acetate-hexanes to afford the product.

Synthesis of 2-tert-butyl-4-chloro-5-(4-(4-tert-butyldimethylsilyloxy
butylbenzyl)thio-3(2H)-pyridazinone:

Br
0 TBSO
BUt Cl
T | OTBS \N
N > ‘
\ SH N
s

To a flask containing 2-tert-butyl-4-chloro-5-thio-3(2H)-pyridazinone (0.2 g,
0.917 mmol) is added 5 ml DMF followed by cesium carbonate (0.358g, 1.1 mmol)
and 4-(4-bromomethylphenyl)-butyl tert-butyldimethylsilyl ether (0.391g, 1.1 mmol).

The mixture is heated to 60°C for 2 hrs after which it is cooled, extracted in ethyl
acetate , washed, dried and concentrated. The crude mixture is then purified by
chromatography using silica gel and a mixture of ethyl acetate — hexanes as the

eluent. This affords the above mentioned product.



Ts() 18F Aqueous 18F (16 nCi, 0.1 m) is added to a vacutai ner contai ning
5ul of tetrabutyl ammoni um hydroxide (40% wt sol. in water). The mxture is
concentrated under nitrogen in an oil bawh and 250 ul of acetonitrile is
added and this too is concentrated under nitrogen. 100 pl of THF is then
added to it followed by 5 ng of 2-tert-butyl-4-chloro-5-(2

- p-tol uenesul fonyl oxy-1 -(4-tert-butyl phenyl)-1-ethyl)oxy- - 99 -
3(2H) - pyri dazi none. The m xture is then heated in an oil bath at 70C for 30

m nutes. Thi WI t h ak and
eluted with ivcrgﬁ%ﬁﬁ? Fer ﬁg?ﬂ c}{l E‘?\ﬂ hﬁep(ﬁygﬂggﬁ)eﬁz iﬁagﬁnt hesi s of
2-tert-butyl yhmmﬂeaS chloro 3(2H) pyri dazi none: CH3I\/gBr
2-tert-butyl-4,5-dichloro-3(2H)-pyridazi none (5g, 22.72 mmol) d| ssolved in
12 m of ether was added dropwge to 15 ml of a ether/so| ution of

. Aiter conpletion of
10 of 6N HC1
solution is théw added sl o Q it anded he isol ugio stirred for 10

m nutes. The m xt t he rarct—erd’w\ et hyl @ The et her | ayer
is then washed with ter and=dfied. The rude| pr odugt—@bt ai ned after
concentrating theM %s subj ected to fIN rong ography (silica gel;

SRR TS ORI L e i

butyl)benzyl)thio-3(2H)-pyridazinone (0.404 mmol) is added 5 ml of 1% concd. HC!

HO TsQO
0 t 9
Bu‘\ al Bu \N ci
N
] I
N < = s

in ethanol. The reaction mixture is stirred for 30 minutes after which it is extracted in

ethyl acetate, washed with water and dried. Purification (silica gel; EtOAC/hexanes)
of the crude mixture obtained after concentration yields the desired product
Synthesis of 2-tert-butyl-4-chloro-5-(4-(4-toluenesulfonyloxybutyl)benzyl)thio-
3(2ZH)-pyridazinone:

To a 15ml round bottom flask charged with 2-tert-butyl-4-chloro-5-(4-(4-
hydroxybutyl)benzyl)thio-3(2H)-pyridazinone (0.15 g, 0.39 mmol) is added pyridine.
Toluenesulfonyl chloride (88.9 mg, 0.42 mmol) is then added to it and the mixture
stirred for 2 hours. The reaction mixture is diluted with ethyl acetate, washed with
5% copper sulfate solution and then with water and dried. After removing the solvent
on the rotary evaporator the crude is purified by flash chromatography using ethyl
acetate — hexanes as the eluting mixture.

Synthesis of 2-tert-butyl-4-chloro-5-(4-(4-fluorobutyl)benzyl)thio-3(2H)-

pyridazinone:

TsO
it TRAF
Bul\ e B Bu
L
N
= ]



NI NBS NN 2-tert-butyl-4-methyl-5-chloro 3(2H)-pyridazi none (3g, 15
nmml ) is dissolved in 25nl of carbon tetrachloride and to it is added

N- br omosucci ni mde (2.6g, 15mvl) and bédzoyl peroxide (14ng). The m xture
is then refluxed for 6 hours after which it is cooled and filtered. The
filtrate is washed with water and dried. After renoving the organic sol vent

the crude residue obtained is purified by flash chro graphy (silica gel;
et hyl acet at e/ hexbh@gundgottpm Sﬁbi%iidﬁdtzﬁ@'t‘ﬁfla’érﬂécth.lorg%t'%o@'- Synt hesi s of

2-tert-butyl g f OV O IR RN RO BERHh r Al AR 1.0980.00 AR -£ld
to it is added tetrabutylammonium fluoride (1.0 M solution in THF, 0.93 pl, 0.93
mmol) followed by 0.2 mi of THF. The reaction is heated to 60 C and stirred at that
temperature for 30 minutes. The mixture is then cooled and concentrated and the
crude subjected to flash chromatography to obtain the above mention compound.
Synthesis of 2-tert—butyl-4-chlor0-5—(4—(4-[lsF]-ﬂuorobutyl)benzyl)thio-3(ZH)-

pyridazinone:

TsO 8
But 3 TBA[™FIF 0
\ Cl —_ = Bu'\ cl
] |
| |
= S Na 5

Aqueous *F (16 mCi, 0.1 ml) is added to a vacutainer containing Spl of
tetrabutylammonium hydroxide (40% wt sol. in water). The mixture is concentrated
under nitrogen in an oil bath and 250 p! of acetonitrile is added and this too is
concentrated under nitrogen. 100 pl of THF is then added to it followed by 5 mg of
2-tert-butyl-4-chloro-5-(4-(4-toluenesul fonylox ybutyl)benzyl )thio-3(2H)-
pyridazinone. The mixture is then heated in an oil bath at 70 °C for 30 minutes. This
is then diluted with water, applied to a C18 Sep-Pak and eluted with acetonitrile to
get the above mentioned compound.

Synthesis of (4-tert-butylphenyl) ethane 1,2 diol:

OH
ES OH

To a 100 ml round bottom flask is added 20 ml tert butanol, 20 ml of water
and 5.6 g of AD-mix-f3. The solution is stirred and cooled to 0C. tert-butyl styrene
(0.64g, 4 mmol) is added to the mixture and the resulting solution is stirred overnight
at 0C. Solid sodium sulfite (6g} is added and the mixture stirred for an additional 30
minutes. The solution is then extracted in ethyl acetate, washed with water and dried.

The crude is then purified by flash chromatography (silica gel; ethyl acetate/hexanes)



2-tert-butyl -4-brononet hyl-5-chl oro 3(2H)-pyridazinone (29, 7.19 mmol) and
cal cium carbonate (3.5 gm are added to a 1:1 m xture of dioxane -water (40
ml). The m xture is refluxed for 6 hourgsafter which 30 m of 3N HCl
solution is added to it. The solution is stirred for 10 m nutes after which
di oxane i s renoved under reduced pressure. The resulting solution is then
extracted with dichl oronet hane and the dichl oronet hane | ayer is washed and
dried. The druaderdthearotudt. after concentration is purified by flash

chromat ogr a eth cet at efhe oL ?) 4 hesi

2-tert-but yPé-%‘-t(’%sﬂst a/ijblﬁf?ﬁhF#@é'ﬁ%@ﬁ%‘%%ﬁb%ﬁf@@ gﬁ ?éor?%'ﬁ%{pﬂﬁf' ¥

pyri dazi nonegthiMgdd TBSCI N N 2-tert-butyl-4-hydroxynet hyl-5-chloro
3(2H)-pyridazinone (1 g, 4.62 mml) is dissolved in DMV in a 25 m round
bottomflask and to this were added i m dazole (0.377g, 5.0 mmol) and
tert-butyldinmethylsilyl chloride (0.762 g, 3@9 mmol). The m xture is
stirred for 10 hours after which it°s extrattedoin dichloronmethane and the
organi c | ayer washed with water afd dried. P ification by flash

chromat ography (silica gel; ethyl lacetate/hexanes) affords the above

menti oned product. - 101 - —_— [:jij
=

™
(4-tert-butylphenyl) ethane 1,2 diol (0.5 g, 2.57 mmol) is dissolved in DMF in

a 25 ml round bottom flask and to this were added imidazole(0.210 g, 3.09 mmol)
and tert-butyldimethylsilyl chloride (0.46 g, 3.09 mmol). The mixture is stirred for 6
hours after which it is extracted in dichloromethane and the organic layer washed
with water and dried. Purification by flash chromatography (silica gel; ethyl

acetate/hexanes) affords the above mentioned product.

Synthesis of 2-tert-butyl-4-chloro-5-(2-tert-butyldimethylsilyloxy-1-(4-tert-
butylphenyl)-1-ethyDoxy-3(2H)-pyridazinone

o (@]
T l TESO | |
N N
A Cl = )

TBSO
To a solution of 2-tert-butyl-4,5-dichloro-3(2H)-pyridazinone (0.5 g, 2.27

mmol) in DMF (10 ml) were added anhydrous cesium carbonate (0.74 g, 2.27 mmol)
and 1-tert-butyldimethylsilyloxy 2-hydroxy 2-(4-tertbutylphenyl} ethane (0.7 g, 2.27

mmol). The mixture is stirred for 2 hours at 70°C and then cooled to room
temperature and ethyl acetate is added to it. The solution is then washed with water,
dried and concentrated and the residue subjected to purification by flash

chromatography (silica gel; ethyl acetate/hexanes) to give the above compound.



Synt hesi s of
2-tert-butyl-4-tert-butyl di nmethylsilyl oxynmethyl-5-(4-tertbutyl benzyl)thio-3
(2H) - pyri dazi none: HS To a sol ut-i99n of
2-tert-butyl-4-tert-butyldinmethylsilyloxynmethyl-5-chloro 3(2H)-pyridazinone
(1.5 49, 4.54 mol) in DVF (10 m) is added anhydrous cesium carbonate (2.9
g, 9.09 mmol ) and 4-tert-butybenzyl nercaptan (1.02g, 4.54 mmol). The
mxture is stirred for 2 hours at 70C and then cooI ed to roomtenperature
and et hyl ac th water,
dried and cor?ct’:'ghg e%g‘%ﬁg bﬁe‘f ‘tf"e‘%‘.T"gﬁéﬁ‘nL{EH %‘%pggrl IC tlicl)mn by f1 ash
chr onat ograpéthy()&t)i IQageiridaaidoyik: acet at e/ hexanes) to give the above
conmpound. Synt hesi s of

pyri dazi none: - To @ 15 m rount bottomflask charged ith

2-tert-butyl-4- tertlgytyl |me1;:,hy | oxynmethy1- iyt yl benzyl)thio-3
(2H) - pyri dazi none (2g, I added t et ' fluoride
solution (1IMin THF, 21 | 21 Th_e“nTxtlJre||s f|r gtirred at room
tenperature for 5 hour & [

i s added di ¢ t hane fol |l owed by
wat er. The | ayers are separated and the organic |ayer is washed with water
and dried. The organlc | ayer is then concentrated and bjected to

purification usin frﬁ%ﬁ‘ﬂ lltajri ch orr%(ﬁ ggg@gu%, .ﬁ]&{o 535844t e/ hexanes)

to obtain the abo

2-tert-but y1bti’cy]lan¥1&1_|1_}nl§i|1‘ﬁ§i?l'-flQﬂ%&%ﬁfﬁﬂ&ﬁﬁjﬁ e.(tl‘lyl}cﬁ?lrtﬁmlﬂyb?@my%hbm 8g3(2H) -p

yridazi none: round bottom fl ask charged

2-tert-buty1l.4l nymikymd@tlhy@déedinﬂpéﬂ%/ame}/lfﬂ)@ﬂwﬁ)apm dhgpalptionisr i dazi none
1.0 g, 2 77 I 794,
(159 97 TR AR o5 BP0y SO 560 20
reaction m xThd ehylsaceiatelit esnoved isizighlyd rotare teasmratosahienibiscted tofadopper

sul fate solution and then with vv%éer 611}& drie Af ter. rem)\r%‘ﬁ% t he sol vent
on the rot ar§hrexpaioararhy psing silich geland sty prgtatedexanes A ARHERERE aphy
using (silicac.geh, ethyl acetate/ hexanes) as the eluting mxture to give

the product. Synthesis of
2-t er t - but y 1-S4mthesisrod 2etehyliutyl-¢-4hlaots-Guptolvencsyplfohyloxg(AHytertpyr i dazi none:

butylphenyl)-1-ethyl)oxy-3(2H)-pyridazinone:

o o}
1
Bu‘\N J\‘:\(Cl Bu \T\/ji(cl
IL S | 5 N o
TsO

To a 15ml round bottom flask charged with 2-tert-butyl-4-chloro-5-(2-
hydroxy-1-(4-tert-butylphenyl)-1-ethyl)oxy-3(2H)-pyridazinone (0.25 g, 0.66 mmol)
is added pyridine. Toluenesulfony! chloride (0.15 g, 0.79 mmol) is then added to it
and the mixture stirred for 4 hours. The reaction mixture is diluted with ethyl acetate,
washed with 5% copper sulfate solution and then with water and dried. After
removing the solvent on the rotary evaporator the crude is purified by flash

chromatography using cthyl acetate — hexanes as the eluting mixture.



To a 15 ni

round bottom flask charged with

2-tert-butyl-4-ptol uenesul f onyl oxynet hyl-5-(4-tert-butyl benzypt hi o- 3(2H) - py

ri dazinone (0.5 g, 0.972 mmol) is added 9.-86 ml of tetrabutylamoni um

fluoride solution (IMin THF, 4.86 mvol) The m xture is first stirred at
roomtenperature for 15 mnutes after which it is heated for 15 m nutes at

100C. The solution is then cooled to roomtenperature and to it

di chl oronet hane foll owed by water. The | ayers were separated and the

Chen concont Tt ReMEREE Sk R REr s KRR L e T e b Pl

purification using silica gel

is added

chr omat ogr aph@H)giyridazimaeat e/ hexanes) to obtain the above conpound. - 103
- Synt hesi s of
2-tert-butyl-4-[18F] fluoromet hyl -5-(4-tert-butyl benzyl )t hio-3(2H)-

pyri dazi none: 018 OIs But 1s1 N Ns Aqueous 18F (50 nGi/ 0.1 m) is
added to a vacutai ner containing Sub~of tetrabutyl amoni umhydroxi de (40%
wt sol. in water). i xture is_goncentrated i gen in an oi

bath and 250 ul of B l e added afd t dncent rat ed under
nitrogen. 100 tl of i § t hen ed to—+t=f g of
2-tert-buty1-4-p-to|uénes | f onyl/oXynmet hy1- 5-( penzyl )t hi o- 3(2H) -

pyri dazi none. The m xtu i sSotHen heated in an H at 70C for 30

mnutes. This is then diluted w\th water,
eluted with acetonitrile to get”the above nentioned cq

Fenazaqui n Anal ogs Synthesis of 4-Chl oro quinazoline: OHC

To a 15 ml round bottom flask charged with 2-tert-butyl-4-chloro-5-(2-p-
toluenesulfonyloxy-1-(4-teri-butylphenyl)-1-ethylyoxy-3(2H)-pyridazinone (0.2 g,
0.375 mmol) is added 3.75 ml of tetrabutylammonium fluoride solution (1M in THF,
3.75 mmol). The mixture is first stirred at room temperature for 15 minutes after
which it is heated for 15 minutes at 100°C. The solution is then cooled to room
temperature and to it is added dichloromethane followed by water. The layers were
separated and the organic layer is washed with water and then dried. The organic
layer is then concentrated and subjected to purification using silica gel flash
chromatography (ethyl acetate/hexanes) to obtain the above compound.

Synthesis of 2-tert-butyl-4-chlor0—5-(2-{1SF]-fluoro-l-(4-tert-butylphenyl)—l—
ethyl)oxy-3(2H)-pyridazinone:

0 0
Bu‘\N Cl Bu‘\ Cl
L "1
N N
= O S 0
1EF

TsO
Aqueous ®F (16 mCi, 0.1 ml) is added to a vacutainer containing Sul of

tetrabutylammonium hydroxide (40% wt sol. in water). The mixture is concentrated
under nitrogen in an oil bath and 250 pl of acetonitrile is added and this too is

concentrated under nitrogen. 100 pl of THF is then added to it followed by 5 mg of
2-tert-butyl-4-chloro-5-(2-p-toluenesulfonyloxy-1-(4-tert-butylphenyl)- 1-ethyloxy-

applied to a €18 Sep-Pak and
pound. Exanple 4 -



4- Qui nazol one (5g, 34.2 mmol), phosphorus pentachl oride (10.26g, 47.9 mol)
and phosphorus oxychloride (40 m) were refluxed for two hours at 115-118C.
The phosphorus oxychl ori de was renoved -i9 -vacuo and t he resi due was
extracted in ether. The entire m xture was then poured into a vessel
containing crushed ice and again extracted with ether. The ether |ayer was

t hen washed with sodi um bi carbonate and_dried. The et her ﬁ@g
1Py

under reduced2br-eyadazanonsdlbeaidygdethenheatedin aneil bath pt, &

hen renoved

PSS m

hexanes to ﬁl&? mhémﬁﬁ%é@%ﬁtwater; appBidd to D18 REFPak Ahd Arufcd-Mal pstahary!)

but anol :
to get the above mentioned compound.

Synthesis of 2-tert-butyl-4-methyl-5-chloro 3(2H)-pyridazinone:

)( O i
Cl
T | CHaMgPBr )<N CHj
Naw cl | !

N ¢l

2-tert-butyl-4,5-dichlore-3(2H)-pyridazinone (5g, 22.72 mmol) dissolved in

12 ml of ether was added dropwise to 15 ml of a ether solution of methylmagnesium

bromide (3M in ether) at 5°C was added. After completion of addition the solution
was stirred at 5°C for 2 hours. 10 ml of 6N HCI solution is then added slowly to it

and the solution is stirred for 10 minutes. The mixture is then extracted with diethyl

ether. The ether layer is then washed with water and dried. The crude product

obtained after concentrating the ether is subjected to flash chromatography (silica gel;

ethyl acetate/hexanes : 9:1) to give the product.

Synthesis of 2-tert-butyl-4-bromomethyl-5-chloro 3(2H)-pyridazinone:

O
Q
CHj
N NBS
N

L] ’
Na cl 'L\ |

Cl

2-tert-butyl-4-methyl-5-chloro 3(2H)-pyridazinone (3g, 15 mmol) is dissolved

in 25ml of carbon tetrachloride and to it is added N-bromosuccinimide (2.6g,

15mmol) and benzoyl peroxide (14mg). The mixture is then refluxed for 6 hours after

which it is cooled and filtered. The filtrate is washed with water and dried. After

removing the organic solvent the crude residue obtained is purified by flash

chromatography (silica gel; ethyl acetate/hexanes : 9:1) to obtain the product.



HO To |ithium al um num hydride (427ng, 11.2 nmol) suspended in dry
ether (5 mM) at 0Cis added 1 g of 4-(4-nethyl phenyl) butanoic acid (5.614
nmol ) dissolved in dry ether (10ml) ovedO@-period of 30 m nutes. The
reaction mxture is then allowed to warmto roomtenperature and stirred
for 4 hours. Water (0.43 m ), NaOH (15% solution, 0.43 g) and water (1.29
m) were then added successively and the resulting solution is stirred for
30 mnutes. The resulting precipitate is filtered and washed with ether and
dried. The f 04 i b ASLoVidhbi .

chr omat ogr apﬁb‘tag%lﬁaf fétt %{3 ;B'ﬁg}gl Celitqg@%? ?%lggla{% g SCIIZ%%P;\%ﬁg Ipt?%llldf‘r}%ﬁrgrg?jl um

Synt hesi s of 4-(4-nethyl phenyl)butyl tert-butyldinetylsilyl ether: OorBs
4- (4- Met hyl phenyl ) RHutangl (0.5g, 3.04 mvol) is disgolved in 5nlDVF and to
it is added i m dazolle”(310my, 4.56 nmmol) and tert-bjtyl dimethylsilyl
chloride (685 ng, 4. 56y ~ Th& reaebjon isStir f Jrs after which
it is extracted in ethlyl adptate and washed mﬁth’Mate[ to renove all DW.
The organic layer is t i and concentrated,, Thelicrude m xture is then
purified by flash chromatography using a m xture oR-€t hyF! acet at e- hexanes
as the eluting nediumto afford the above nmentioned product. Synthesis of

butyl i ot y1 ST P torpgbyt-Sshised WA b din S £ PN, 158,
0.89 mml), beAdRariakeXS &k Yard 4dddd to @ 19088 of daikdnd Owhfer CRIMAIQN

tetrachloride. This mxture 1s refluxed overnight after which it is cool ed

and filter edThermixtetelis refluged Srddwwesntienmdirhalitmt pie3¥ Bl isolufign ivadded feesi due
purified by fil-ARNARHRTRERHARMY0 Minfbd Mler SRS HRAEAER R w0 d the

" product.

reduced pressure. The resulting solution is then extracted with dichloromethane and
the dichloromethane layer is washed and dried. The crude obtained after

concentration is purified by flash chromatography (ethyl acetate/hexanes : 1:2).

Synthesis of 2-tert-butyl-4-tert-butyldimethylsilyloxymethyl-5-chloro 3(2H)-

_pyridazinone:

OTBS

™ Cl l
N cl

2-tert-butyl-4-hydroxymethyl-5-chloro 3(2H)-pyridazinone (1 g, 4.62 mmol)
is dissolved in DMF in a 25 ml round bottom flask and to this were added imidazole
(0.377g, 5.0 mmol) and tert-butyldimethylsilyl chloride (0.762 g, 3.09 mmol). The
mixture is stirred for 10 hours after which it is extracted in dichloromethane and the
organic layer washed with water and dried. Purification by flash chromatography

(silica gel; ethyl acetate/hexanes) affords the above mentioned product.



Synthesis of 4-(4-tert-butyl dinmethylsilyloxybutyl) phenyl acetic acid: Ng
CO BrOrBsOCH O1BS 4- (4- br ononet hyl phenyHbut yl

tert-butyldinethylsilyl ether (0.2 g, 0.1861 mMmmol) in dry ether is added
dropwise to My turnings (13.77ng, 0.561 mmol). A few crystals of iodine are
then added to initiate the reaction and the m xture is refluxed overnight
under nitrogen atnosphere. The solution is then cooled and CO2 gas is

bubbl ed i nt oSynthesis Oill}tmt-rmnds“-tgt-bnt}ildiglﬁthyleibﬁﬂm@hﬁ@{*&elff'urt her 2 hours
after which Fﬂﬁiﬁ IS ! ?é?g reaction m xture. The m xture is then
extracted wi tH ‘WVV) 'pV%.W@%Pahd dried. After rempoving the organic
sol vent under reduced pressure thewgrude is purified by flash

chromat ography (silica gel; ethyl acetate/ hexanes) to yield the desired

product. Synthesis ;f 2-dydr oxyet hy (4-tert-@utybﬁ;nethy sy |yl oxybutyl)

benzene: OTIBSOCHOT
9% hen cethg id (B ~,
dded dropwi se“to suspensi on i

4-(4-tert-butyldi I

dissolved in dry ether| is

al um num hydri de in ether 4.2 ng, L. I8 mol)). The reackan m xture is
stirred for 5 hours aftef whi®h water (45 IIlf\ 5% sol ution, 45 gl)
and water (135 gIToameh&unoé%ﬁmeNWlédd&@uamﬂnmﬁedﬁkﬂuﬂﬂn@ﬁwhﬁxmhne is

stirred for rther The.r.esul f.i r.eci,pit a is filtered and
nashod i th SRk " B me B0rE T Bl S S el e Sl et el
After concen&drséﬂarf@(ztdﬁg, %M&noljm @fe@m.ﬁfrbéhﬁjrﬁhé}@ébtarﬁ(lmﬂ hisadndy)f | ash -
106 - chromat ography (silica 8 ethé&%acetate/hexanes) yntheS|s of

4- ( 2- (4- ( 4- t Ehe mibgfuig ig ptivsechipr |hpy18@>w @ﬂd)thﬁh@frmétoép@m%?}lp%f@wﬁﬁ@l i ne:
- 2- hydroxyeth I 0, , 0.97

mol )i s di ss%ﬁwﬁ%gétel a&d{a%r ahy g‘g&pﬁéélﬁ t%{.él’lndeé &%@W{ﬂ%%ge sorg?um hydri de
(24 my, 1 mMmedncedifeed mﬂhé reagilﬁ@hbgbctem td purifidatioeBy ﬂhs}r apsmbtepehatsilie f or
30 mnutes after whlch ﬁg%hloroquln zoline (0.164 g, 1 mmol) is added to
the above soBHifBH. acidts/hespras) bheivet w@aves@qmwa for 6 hours after which
water is add J Q) -
di chl or onet ha t?lgmﬁgﬁ%r@agrgtr?:ﬁgﬁl 4a§g§0ﬁ2ﬁév{\gjgg84 &(ﬁ nglﬁ%?}ﬂgﬁgc%ncent rated
to yield thepprdagngreoduct which is purified by flash chronmat ography
(silica gel; ethyl acetate/hexanes) to give the product Synt hesi s of

4-(2-(4-(4- hydroxybutyl)phenyl) ethoxy) qU|nazoI|n
OTBS
\\

Toal5ml round bottom flask charged with 2-tert-buty1—4-tert-

butyldimethylsilyloxymethyl-5-(4-tert-butylbenzyl)thio-3(2H)-pyridazinone (2g, 4.2
mmol) is added tetrabutylammonium fluoride selution (1M in THF, 21 ml, 21mmol).
The mixture is first stirred at room temperature for 5 hours and to it is added
dichloromethane followed by water. The layers are separated and the organic layer is
washed with water and dried. The organic layer is then concentrated and subjected to
purification using silica gel flash chromatography (ethyl acetate/hexanes) to obtain

the above compound.



To 4-(2-(4-(4-tert-butyldinethylsilyloxybutyl) phenyl) ethoxy) quinazoline
(0.4g, 0.916 mmol ) is added tetrabutyl ammoni um fl uori de sol ution (1M TBAF
in THF, 4.58 m, 4.58 mol). The sol uti-df2is stirred for 2 hours after

whi ch water is added to the reaction and this is extracted in ethyl
acetate. The organic |layer is then washed with water, dried and
concentrated. The residue obtained is purified by flash chromatography
(silica gel; ethyl acetate/hexanes) - 107 - Synthesis of

4-(2-(4-(4-p ILfor Xy hutwl _Au.nrazol i ne: A
15m round b%%xpjg%ﬁgﬁg%’l&ér@%&%ﬁ%ﬂ#?ﬁﬁﬁ%ﬁ?@}ig%x @EQ ﬁ?é%o‘g;{hﬁ?yl ) phenyl)

et hoxy) qui naagylibeneyljthi@3(AH)-pyridazimmie) i s di ssolved in pyridine (5 nl).
pTol uenesul fonyl chloride (0.15 g, 0.79 nmol) is then added to it and the
m xture stirred for 4 hours. The reaction mxture is dilutedw th ethyl
acetate, washed with 5% copper sulfateg solutiongand §.hen with\water and
dried. After renoving t sofvent on Phe-rotary |levapgoratof_the crude is
purified by flash ghro ogr aphy i at e/ hexanes)to

gi ve the product. Syn of 4 y et hoxy)
qui nazol i ne: 4- (| - (4f (4-p- el u# fenyl ) et hoxy)
qui nazoline (0.3g, O. sLs Aadded to a sol ut’m on of pot assi um

fluoride/kryptofix 222 in 5 mM THF (1:1 ratio, 3.15 nmol each). After
stirring at roomtenperature for 15 mnputes the solution is then refl uxed

for 20 minutes. |7TopdSmhgrinddeten task chereed with 2dadadutld-hxdoxymsthybbution i s

then extract i i ] . i : I The
. crude pr oduc@dﬁefst%ﬁﬁlﬁﬁzgg%gw&@a gélmﬁ@g%yc%ﬁ@o»nﬁo%lrs g‘g%ﬂ@%ﬁiﬁ
acet at e/ hexamdsjuchesuiibhdratildrivie (70gutt s mmol 18 8hen £dad tveis hisd thke mixture
4-(2-(4-(4[ 18F] -,f]l uor obut yl ) phenyf | et hoxy).. quj nazol i he: To a 5 m
r egict |( on.( vi[ a‘ftlr}?g.r#f"é? h?‘ﬁ@' %%%%0%6‘?”‘%?1@/ 411“%%%@' Btklylrl]%?ﬁt%f“‘@?hquw%ded al
m sol ution S%rb%bgér'gﬁgat@fﬁl%ﬁoﬂﬁn@fhe%&ﬁdﬁtﬁitbﬁandﬂdﬂw, RALAZIOYRGRE qanate.

0.005 M water an .95 acetonitrile. The vial is heated f'o renmove al |
t he sol vent sorathg rofieyy evepomior thd ¢radg & putified by ddshechromatolgephy abing Wiliea i s al so

renoved by evap tion. . @A-(2-(4-(4-p-toluenesul fonyl oxybutyl)phenyl)
cthoxy) aui raguth e, st Red 45 MEMiE HEMRE Y EERMARRANY P oThe Vit i s
seal ed and hewithekié oF 2-83t-BubtieguatonddRE-5-{ eeridbuiyibndyHtisiol3¢e Ayl Wi th

di chl oronet hane and passed through a Sep-Pak and eluted with

t et r ahydr of uP¥#dazingie: sol vent is evaporated to get the above mentioned
conpound. Synthesis of 4-Chl oro-2-quinazolone: C HCl

F

S
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N T T
S

To a 15 ml round bottom flask charged with 2-tert-butyl-4-p-
toluenesuifonyloxymethyl-5-(4-tert-butylbenzyl)thio-3(2H)-pyridazinone (0.5 g,
0.972 mmol) is added 4.86 ml of tetrabutylammonium fluoride solution (1M in THF,
4.86 mmol). The mixture is first stirred at room temperature for 15 minutes after
which it is heated for 15 minutes at 100°C. The solution is then cooled to room
temperature and to it is added dichloromethane followed by water. The layers were
separated and the organic layer is washed with water and then dried. The organic
layer is then concentrated and subjected to purification using silica gel flash

chromatography (ethyl acetate/hexanes) to obtain the above compound.



NCO NO 2- Cyanophenyl isocyanate (5g, 34.7 mmol) is suspended in
di-n-butyl ether. HCl gas is then passed into the suspension at 80C for 7
hours. The resulting precipitate is filtt@3ed, dried and recrystallized from
chl orobenzene to afford the above product. - 109 - Synthesis of
4-(2-(4-tert-butyl phenyl)-ethoxy)-2-qui nazol one: C VAN

2-(4-tert-butyl phenyl) ethanol (0.3g, 1.68mvl) is dissolved in dry
tetrahydrofuran (7 m) and to it is added sodi um hydride (48.5 ng, 2.02

mol ). The r is 50| Wkl on 4 88k _Eoom 1. ¢ ; m nut es
arter which ShPUT IRt Bl PO bERH Al LR HIRAR LA b D, 1
above sol utipyridaisoreel ution is then stirred for 6 hours after which water
is added to the m xture. The solution is then extracted in dichl oronethane.
The organic |ayer is washed, dried and then concentrated to yield the crude
product which is purified by flash ch onatograpgy (gllica gel:ethyl

acet at e/ hexanes) to gi th Tproduc —Syat hesi s
4-(2-(4-tert- butyépheny rifledeo
qui nazol i ne: '
(0.25g, 0.775 nmmol) qs di i chl oro
trifluoronethanesul f C i A . ahd dii sopropyl et hyl
am ne (0.3g, 2.32,nml) 14 d.to it. The reaction is ver ni ght
2 ne (0. 30., 232, el SR o b bR O BB S 8 ST
water. The Ofeg@hitglam@y@iurh hydfdeileda0%dviant i azrafeeﬁtrhahﬂﬂureﬁb @ofidetige®r oduct

obtained is isolated by flash chronmatography (silica gel; ethyl
~ acet at e/ hexayslgy nitrogen in an oil bath and 250 pl'of acetonltnle is added and this tco is

concentrated under nitrogen. 100 pl of THF is then added to it followed by 5 mg of
2-tert-butyl-4-p-toluenesulfonyloxymethyl-5-(4-tert-butylbenzyl)thio-3(2H})-
pyridazinone. The mixture is then heated in an oil bath at 70°C for 30 minutes. This
is then diluted with water, applied to a C18 Sep-Pak and eluted with acetonitrile to
get the above mentioned compound.

Example 4 - Fenazaquin Analogs

Synthesis of 4-Chloro quinazoline:

OH Cl

POC!3 N

J = )

4-Quinazolone (5g, 34 2 mmol), phosphorus pentachloride (10.26g, 47.9

mmeol) and phosphorus oxychloride (40 ml) were refluxed for two hours at 115-118C.
The phosphorus oxychloride was removed in vacuo and the residue was extracted in
ether. The entire mixture was then poured into a vessel containing crushed ice and
again extracted with ether. The ether layer was then washed with sodium bicarbonate
and dried. The ether was then removed under reduced pressure and the crude material

was recrystallized from hexanes to afford the product.



- 110 - Synthesis of

4-(2-(4-tert-butyl phenyfl -ethoxy)-2-fluoro-quinazoline: N NOTfNF A 15
m round bottomflask is charged with 4102-(4-tert-butyl phenyl) -

et hoxy)-2-(trifluoromethanesul f onyl oxy)-qui nazoline (0.3 g, 0.66 mmol).
Tetrabut yl ammoni um fluoride solution (1IMin THF, 3.3 m, 3.3 nmol) is then
added to it and the solution refluxed for 60 m nutes. The m xture is then
cool ed and water is added to it. It is then extracted w th dichl oronethane,
washed with . ' tained after concentration is
purified by %ﬁ‘ﬁé%@gﬂ‘faP@%ﬁ“@ﬁ?“o’q&?g@?gghy (et hyl acetate/hexanes) to
obtain the desired conpound. Synthesis of

4-(2-(4-tert-butyl phenyl) - et hox 118F,,) - f 1 uor o- guinazdd | ne: OTf NF
Aqueous 18F (16 nCi, 0.1 ) i d te—a»vacut g1 ner ai ni ng 5R1 of

t et rabut yl amoni um hydr oxi fhxture i s
concentrated under niJj4.0Q go0C and 250 RI of
acetonitrile is added andXhis too is concentrated under nitrogen. The
procedure is repes} fphitaGEnialE Hyda0e | 10b 66N @igkhdddanidsy adele® to it
and the contents subjected to vaggum %QF%OM Iettglil)_n pteo dry %syl-_lF iéiggt hen
added to it mHldteUes agiyle@rggaféf(wnethyl@hemé}butmwpﬁgﬁgm matohodigeplved

(trifluoromet hanesul f.onyl oxy) - qui LR T 1 X1 1.8, L in an
61 bath ar POLYEOF OOR A EIULRBES b en e RAEh il S SIENEF, LG 10
a Cl8 Sep- Palg, wirhiweedomitéipsvatues arringinet dbrethoirs. Wwaee(o4d inf), NeOto(16%¢ t he

above nentioned conpound. Synthesis of 6-N tro-4(3H)-quinazol one;.
 02Na. 02N solution, 0.43 g) and water (1.29 ml) were then added successively and the resulting

solution is stirred for 30 minutes. The resulting precipitate is filtered and washed with
ether and dried. The filtrate is then concentrated and purified by flash
chromatography using ethyl acetate — hexanes as the eluting medium.

Synthesis of 4-(4-methylphenyl)butyl tert-butyldimetylsilyl ether:

TBSCI

HO
OTBS
4-(4-Methylphenyl) butanol (0.5g, 3.04 mmol) is dissolved in Sml DMF and

to it is added imidazole (310mg, 4.56 mmol) and tert-butyldimethylsilyl chloride
(685 mg, 4.56 mmol). The reaction is stirred for 4 hrs after which it is extracted in
ethyl acetate and washed with water to remove all DMF, The organic layer is then
dried and concentrated. The crude mixture is then purified by flash chromatography
using a mixture of ethyl acetate-hexanes as the eluting medium to afford the above

mentioned product.

Synthesis of 4-(4-bromomethylphenyl) butyl tert-butyldimethylsilyl ether:

Br

OTBS 0TBS
To a 50 ml round bottom flask is charged 4-(4-methylphenyl)butyl tert-



OHHCONHZ2NH N) NH2 A m xture of 5-nitroanthranilic acid (2g,.14.6
mml) and formam de (2.9ml, 72 mmol) is irradiated at 150C in a T crowave
(power: 60W until TLC shows conpletionio$-reaction (20 m nutes). After
cooling, the reaction mxture is rinsed with ethyl acetate and evaporated
under reduced pressure. The crude is purified by flash chronatography
(silica gel ; ethyl acetate/hexanes) to give the above product. Synthesis of
6- Ni t r 0- 4- chhwyldguétpisilylasher (P.25g, ynol), N-brogrogjpacpmired(0) 1 5§ & (h%%ol one (1g,

5.23 mmol ) and m X i 100C
Cpover 70wy gD by Gude T8 B ot RRELASAe 10y \chltBl AhEIoRle L

(r]I esi gue 11 S drsisaliveek 1glﬂefﬁiﬂéﬁ|ov&¢1%h$hﬁ%r&gldcl¥\ft3hmblw 4rid filedred. amecﬁltmml e
ried and concentrate It is purifie rap silica gel;
et hyl acet at emeexErtekandithe gsylding ﬁ@déﬁﬁiy@leﬁ“@%ﬁgtby %%nslﬁegﬁa Ba%hg

6-Ni tro-4- (244 - qui nazol i ne:
2-(4-tert- bu?t{)}fh %?gt%el %E*tél%{%?gﬁg &fhggmé&)% nmml) is dissolved in dry
t et r ahydr of uSwithésis of 4-(htatt-batyldimethpldidddx gody pheyyacadie gciB. 5 ng, 2. 02

mmol ). The resulting solution is stirred at roomtenperature for 30 m nutes
after which 6-Ntro-4-

Mg, COz

Br OTBS o} OH

OTBS
4-(4-bromomethylphenylbutyl tert-butyldimethylsilyl ether (0.2 g, 0.561

mmol) in dry ether is added dropwise to Mg turnings (13.77mg, 0.561 mmol). A few
crystals of iodine are then added to initiate the reaction and the mixture is refluxed
overnight under nitrogen atmosphere. The solution is then cooled and CO, gas is
bubbled into it for 10 minutes. Stirring is continued for a further 2 hours after which
water is added to the reaction mixture. The mixture is then extracted with ethyl
acetate, washed and dried. After removing the organic solvent under reduced pressure
the crude is purified by flash chromatography (silica gel; ethyl acetate/hexanes) to
yield the desired product.

Synthesis of 2-hydroxyethyl-4-(4-tert-butyldimethylsilyloxybutyl) benzene:

OTBS 0 OH OTBS o

4-(4-tert-butyldimethylsilyloxybutyl}phenylacetic acid (0.25g, 0.772 mmol)
dissolved in dry ether is added dropwise to a suspension of lithinm aluminum hydride
in ether (44.2 mg,1.16 mmol). The reaction mixture is stirred for 5 hours after which
water (45 pl), NaOH(15% solution, 45 pl) and water (135 pl) are successively added
and the reaction mixture is stirred for a further 30 minutes. The resulting precipitate
is filtered and washed with ether. The ether filtrate is then washed with water and

dried. After concentrating the ether, the product obtained is purified by flash



chl oroqui nazoline (1.17 g, 5.6mml) is added to the above solution. The
solution is then stirred for 6 hours after which water is added to the

m xture. The solution is then - 112 -.@g6éracted in dichloronethane. The
organic layer is washed, dried and then concentrated to yield the crude
product which is purified by flash chronatography (silica gel; ethyl

acet at e/ hexanes) to give the product. nt hesi s of

6- Fl uor o- 4- (tﬂlr(matoeraﬁ?hb(ﬁlmarﬂﬁgrﬁyh})l ﬁéﬂﬁ@ ¥angsl nazol i ne: To a 25 ni
round bottom flask is added potassiumfluoride (82.6 ng, 1.42 mol) and
kryptofix 222 (0.53g, 1.42 mmol). The above m xture is stirred in THF for
20 mi nutes a§yiethesibbCh (BN4-te@t-Buyddipfethdsilyloxsthutylh phniyl) ethooyy )

qui nazol ine (0.1g, 0.284mvl) is added to it. The solution is refluxed for
30 nminutes afd¥BAZlHIEh it is cooled and water is added to it. It is then
extracted in dichloronmethane, washed with water and dried. Purification by
fl ash chromat ography (S|I|ca gel; gthyl acetat sxanes) gives the above
conmpound. Synthesis of 6[' 8F] Fl ugro-4-(2-(4-t i
qui nazol i ne: To ning 50 nCi of 18F in
300mg of 180 water is ad sol uti on con5|stbn. of 10 ng of
Kryptofix, 1 ng potassiuym 1 i and 0.95 m
acetonitrile. The ¥ I gl yents and dry
acetonitrile (1 m ‘ to the vial. Thig al so renmoved by
evaporation. 6-Nitro-4-(2X(4-tert-butyl phenyl QX qU|nazoI|ne (5 ng)
in acetonitrile ig then a The vial isS.s ed an for
_minutes at 100C. d’iﬁ’ixif?tg?lef’i(‘gt% 11%‘&@’ YiRdPEhY fléisﬂassed
‘through a SepmRals aRhiGlduh ey veetﬁaﬂy&reful’rﬁhmrt@ﬁué aflded siEbi%nﬁl@}da‘El'@t(zat fg, 1

evaporated to get the above nentioned conpound
mmol). The resulting solution is stirred at room temperature for 30 minutes after

which 4-chloroquinazoline (0.164 g, 1 mmol) is added to the above solution. The
solution is then stirred for 6 hours after which water is added to the mixture. The
solution is then extracted in dichloromethane. The organic layer is washed, dried and
then concentrated to yield the crude product which is purified by flash
chromatography (silica gel; ethyl acetate/hexanes) to give the product.

Synthesis of 4-(2-(4-(4-hydroxybutyl)phenyl) ethoxy) quinazoline:

0
0TBS TBAF OH

N AN

N) N)
To 4-(2-(4-(4-tert-butyldimethylsilyloxybutyl) phenyl) ethoxy) quinazoline (0.4g,
0.916 mmol) is added tetrabutylammonium fluoride solution (1M TBAF in THF,
4,58 ml, 4.58 mmol). The solution is stirred for 2 hours after which water is added to
the reaction and this is extracted in ethyl acetate. The organic layer is then washed

with water, dried and concentrated. The residue obtained is purified by flash

chromatography (silica gel; ethyl acetate/hexanes)



- 113 - Synthesis of (4-tert-butyl phenyl) ethane 1,2 diol: OH To a
100 M round bottomflask is added 20 ml tert butanol, 20 m of water and
5.6 g of AD-m x-13. The solution is sti-ripgd and cooled to OC. tert-butyl
styrene (0.64g, 4 mmol) is added to the m xture and the resulting solution
is stirred overnight at OC. Solid sodiumsulfite (6g) is added and the

m xture stirred for an additional 30 m nutes. The solution is then
extracted in ethyl acetate, washed with water and dried. The crude is then
purified by . Rt oar Y . ) to
puritied &%‘3‘3’??‘? Hg&;m@ggq BRBlhch&ifobiodFhuryBb¥yIPERbRN ShlifANGE)
1-tert-butyl dinmethylsilyl oxy-2-hydroxy-2-(4-tertbutyl phenyl) ethane:
(4-tert-butyl phenyl) ethan A\diol (0.5 g, 2.57,7 -\ is dissolved in DW
ina 25 m round botto u nd—to this were add ndazol e(0. 210 g,
>/3.09 mrol ). The

. hog&s FHter which it (s eé%racxed in

di chl oronet hane and the organi c || ayer washed wi tTwat er| and dri ed.

: xcet at e/ hexanes)
af fords the above nentiong oducf. - 114 - Sy i méﬁ
1-tert-butyl di nmethylsilyl oX tN&T r ahydr opyr anyl oXxy - tertbutyl phenyl)
et hane: A 15ml round bottom flask charged with 4-(2-(4-(4-hydroxybutyl)phenyl)

ethoxy) quinazoline (0.25 g, 0.77 mmol) is dissolved in pyridine (5 ml). p-
Toluenesulfonyl chloride (0.15 g, 0.79 mmol) is then added to it and the mixture
stirred for 4 hours. The reaction mixture is diloted with ethyl acetate, washed with
5% copper sulfate solution and then with water and dried. After removing the solvent
on the rotary evaporator the crude is purified by flash chromatography using silica

gel (ethyl acetate/hexanes)to give the product.

Synthesis of 4-(2-(4-(4-fluorobutyl)phenyl) ethoxy) quinazoline:

0O O
OTs - F

Y Sy

b J

4-(2-(4-(4-p-toluenesulfonyloxybutyl)phenyl) ethoxy) quinazoline (0.3g,
0.63mmol) is added to a solution of potassium fluoride/kryptofix 222 in 5 ml THF
(1:1 ratio, 3.15 mmol each). After stirring at room temperature for 15 minutes the
solution is then refluxed for 20 minutes. It is then cooled and water is added to it. The
solution is then extracted in dichloromethane and washed with water and dried. The
crude product is purified by silica gel flash chromatography (ethyl acetate/hexanes)
to afford the product.



1- Tert-butyl di met hyl sil yl oxy-2-hydroxy-2-(4-tert-butyl phenyl) ethane (0. 5g,
1.622 nmmmol ) is dissolved in dichloronethane and to it is added di hydropyran
(0.163g,1.94mml ) and tol uenesul fonic agpgl-(33ng, 0.194mmol). The reaction
is stirred for 2 hours after which the mxture is washed wth water and
dried. The crude residue obtained after concentration is purified by flash
chromat ography (silica gel; ethyl acetate/hexanes) to obtain the product.
Synt hesi s of 1-hydroxy-2-tetrahydropyranyl oxy-2-(4-tert-butyl phenyl) et hane:
To

1-tert-butyl di nethyl silyl oxy-2-tetrahydropyranyl oxy-2-(4-tertbutyl phenyl)
et hane (0. 495y11th@s'|1§rﬁﬂh Xz-’(tﬁ-(zﬁ-fmﬁ]dﬂﬁﬁtolbab_;ujpﬂﬂeﬂ?D&hbmddmmrollde: sol ution (1M
TBAF in THF, 5mL, 5.0 mml). The solution is stirred for 2 hours after
which water is added to the tion and this is ey xted in ethyl

acetate. The organic | aye ermwashed with

concentrated. The resi¢gue oD edjis purified by fF=a chbr omat ogr aphy
(silica gel; ethyl acet\ate/ hexane - 115 - Syng@e5|° of
4- (2-tetrahyropyranyl oxy>=2-(4stejt - butylphenyl)

=thoxy) qU|nazoI|ne

1- Hydr oxy- 2-t et r ahydr opyr anyi 2o 4-tert-butyl pheny .
1.07mmol) is dissolved in hydr of uran (7 snd tjo it is added
sodi um hydri de (30.96 ng, The resul ti on is stirred at

oo ool e 4 S P AR,

1.07 mol ) is add 8a ion en Stirred for

6 hours aft esddsfliadhmVWailgtion Sonsid@eeott M mgefmrg(;stuﬁe 1 thB@oteditthicabonstet hen
-extracted in _dichloronethane. The organic | ayer is washed, drjed_ and then

*.concent r at ed0-085 il svaderiand 0c9r5ddbacﬁmdﬂlﬁ Timiishisihsatsd io ranatyesil the spdyents
Synt hosi o of L¢3 oRpBRLIN ol A FEEHRL el RS Ao by N BRIET
4-(2-(4-(4-p-toluenesulfonyloxybutyl)phenyl) ethoxy) quinazoline (5 mg} in
acetonitrile is then added to it. The vial is sealed and heated for 30 minutes at 100°C.
The mixture is diluted with dichloromethane and passed through a Sep-Pak and
eluted with tetrahydrofuran . The solvent is evaporated to get the above mentioned

compound.

Synthesis of 4-Chloro-2-quinazolone:

Cl
CN
HCl XN
/I\
NCO
N 0
H

2-Cyanophenyl isocyanate (5g, 34.7 mmol) is suspended in di-n-butyl ether.
HCI gas is then passed into the suspension at 80°C for 7 hours. The resulting
precipitate is filtered, dried and recrystallized from chlorobenzene to afford the above

product.



4- (2-tetrahyropyranyl oxy-2-(4-tert-butyl phenyl) ethoxy) quinazoline (0.25g,
0.615 mml) is dissolved in 5 m ethanol and pyridini um p-tol uenesul fonate
(15.4mg, 0.061 mol) is added to it. Thé0%elution is heated to 55 C and
stirred at that tenperature for 4 hours. The ethanol is renoved and the
crude is purified by flash chromat ography (silica gel; ethyl

acet at e/ hexanes). - 116 - Synthesis of

4-(2-p-to|uenesulfonyloxy 2-(4-tert-butyl phenyl) ethoxy) quinazoline:

2 (o hydr oxySIbAFbFE A EURIERE L tdoxya-quinapotonc: o o o 77 ol

is dissolved in pyridine (5 mLl). p-Tol uenesul fonyl chloride (0.15 g, 0.79
mmol) is then added to it and the mixture stirned for 4 hours. The reaction
mxture is diluted with ethyl acetate, washed-w \copper sul fate
solution and then with water and dried. After reng he sol vent on the
rotary evaporator the crude is purified by flash ct bgr aphy using

O
silica gel (ethyl acetate/dexanesy tye jt he product. Synthesis of
4-(2-fluoro-2-(4-tert-buty phenyl)fgfgg>yﬁ_quinazoline: Ols TBAF
e
— \ N
n)\
2-(4-tert-butylphenyl) ethanol (0.3g, 1.68mmol) is dissolved in dry

tetrahydrofuran (7 ml) and to it is added sodium hydride (48.5 mg, 2.02 mmol). The

resulting solution is stirred at room temperature for 30 minutes after which 4-chloro-
2-quinazolone (0.302 g, 1.68 mmol) is added to the above solution. The solution is
then stirred for 6 hours after which water is added to the mixture. The solution is then
extracted in dichloromethane. The organic layer is washed, dried and then
concentrated to yield the crude product which is purified by flash chromatography
(silica gel; ethyl acetate/hexanes) to give the product.

Synthesis of 4-(2-(4-tert-butylphenyl)-ethoxy)-2-(trifluoromethanesulfonyloxy)-

quinazoline:

4-(2-(4-tert-butylphenyl)-ethoxy)-2-quinazolone (0.25g, 0.775 mmol) is
dissolved in dichloromethane (5 ml) and trifluoromethanesulfonic anhydride (0.328g,
1.16 mmol) and diisopropylethyl amine (0.3g, 2.32 mmol) is added to it. The reaction
is stirred overnight after which it is further diluted with dichloromethane and washed
with water. The organic layer is then dried and concentrated. The crude product

obtained is isolated by flash chromatography (silica gel; ethyl acetate/hexanes).



A 15 m round bottomflask is charged with 4-(2-p-tol uenesul fonyl oxy-2-(4-

tert-butyl phenyl) ethoxy) quinazoline (0.3 g, 0.84 mol).

Tetrabut yl ammoni um fl uoride solution (1M0R THF, 4.2 M, 4 2 mMmol) is then

added to it and the solution is heated at reflux for 60 m nutes.

The

m xture is then cool ed and water is added to it. It is then extracted with
di chl oronet hane, washed with water and dried. The crude obtained after

concent r at i oBynthesisipf 4-4(2-(-tart-bufylphenydl-cthpxen2-Bnprhandgreliey (et hyl
acet at e/ hexanes) to obtain the desired conpound. - 117 - Synthesis of
4-(2418*fl uoro-2-(4-tert-butyl phenyl) ethoxy) guinazoline: OIs Jr

TBAF
—_—
O

&}

ey

=y
)\ /l\
N/ OTf N F

A 15 ml round bottom flask is charged with 4-(2-(4-tert-butylphenyl)-
ethoxy)-2-(trifluoromethanesulfonyloxy)-quinazoline (0.3 g, 0.66 mmol).
Tetrabutylammonium fluoride solution (1M in THF, 3.3 ml, 3.3 mmol) is then added
to it and the solution refluxed for 60 minutes. The mixture is then cooled and water 1s
added to it. It is then extracted with dichloromethane, washed with water and dried.
The crude obtained after concentration is purified by silica gel flash chromatography

(ethyl acetate/hexanes) to obtain the desired compound.

Synthesis of 4—(2-(4-tert-butylphenyl)-ethoxy)-z-[lsF }-fluoro-quinazoline:

- .
o o)

N Y
A PN

Aqueous '*F (16 mCi, O.hi ml} ?sTfadded to a vacutainer :ontaizzng 5pl of
tetrabutylammonium hydroxide (40% wt sol. in water). The mixture is concentrated
under nitrogen in an oil bath at 100C and 250 pl of acetonitrile is added and this too
1s concentrated under nitrogen. The procedure is repeated twice and then 100 pl of
acetonitrile is added to it and the contents subjected to vacuum. Without letting go
dry THF is then added to it followed by 5 mg of 4-(2-(4-tert-butylphenyl)-ethoxy)-2-
(trifluoromethanesulfonyloxy)-quinazoline. The mixture is then heated in an oil bath

at 70°C for 30 minutes. This is then diluted with water, applied to a C18 Sep-Pak,

rinsed with water and eluted with acetonitrile to get the above mentioned compound.



Aqueous 18F (16 nCi, 0.1 m) is added to a vacutai ner containing 5111 of

t et rabut yl anmoni um hydr oxi de (40% w sol. in water). The mxture is
concentrated under nitrogen in an oil bdflh-at 100C and 2501. 11 of
acetonitrile is added and this too is concentrated under nitrogen. The
procedure is repeated twi ce and then 100 pA of acetonitrile is added to it
and the contents subjected to vacuum Wthout letting go dry THF is then
added to it followed by 5 ng of

4-(2-p-tolue | QXY 2 1 phenyl ) ethoxy) quinazoline. The
m xture is tﬁ@%ﬂﬁég?gggﬁﬁngﬁég?hﬁB%?Hﬁé%'70C for 30 mnutes. This is then
diluted with water, applied to a Cl8 Sep-Pak, rinsed with water and el uted
with acetonitrile to get the ab§ve nentioned conpound. 1t will be
evident to one skilled in the aft that the present disclogure is not
limted to the foredoNng A TTustT atdve exanpl eN fat~”i TSean be enbodi ed
in other specific forns i nti;iéj attributes
thereof It is therefore de ed_that the exanpl es be_e#f red in all

respects as illustrative and.not ¥estrictiye, referenc @in o the
appended cl ai ns, Adpw@ffepﬁawﬂmnfh%@m%P@ﬂ&?&d%&&?ﬁﬁﬁ@?,ﬁ f%‘bﬂlﬁf‘?&gﬁ&ﬁges
whi ch come W3 fi iy ﬂqnﬁaﬁ@haglﬁwinr%gﬁowéveq?%&gﬁgu%naf TLOGKGk@I B _are

therefore intended to be enbraced therein. CLAI M5 DEFI NI NG THE
| NVENTI ON AR mSlet@L 0e8:tion 20 minges)r Afier capbing, thereapiéerf méitens is ragiing

conprising an..|l L n e and_a ¢ ound sel ected, fro equel i.n

pyri daben, thF { ?gﬂgg%‘%g‘f@ﬂﬁﬁd&ﬂ%@?@eﬁgﬁ%ﬁ Fﬁ‘?}lreaﬁta%ar&g]?isrﬁ%ﬁ%aefig . a
pyri daben anghghrémygiaphe{silen Nak0g acAatebrresiny ad hoabog, préddt.an
fenazaquin analog. 2. The contrast agent for perfusion imaging of claim]l
wherei n t he Symiderig ofhBiNitrp-4-ehlgrequinelinest ope for nucl ear medi ci ne i magi ng,
a paramagnetic species for use in MR imaging, an echogenic entity for use
in ultrasound imagi ng, a fluorescent entity for use in flQorescence
imging, or a light-active entity|{for use in optical imging. 3. The
contrast agent of claim j g pasagnet'i Fesxfior use in MR

p

6-Nitro-4(3H)-quinazolone (1g, 5.23 mmol) and POCl; (7.1ml) are mixed
together and irradiated at 100C (power: 70W) for 10 minutes. The POCl; is

evaporated in vacuo and the residue is dissolved in ethyl acetate and washed with
saturated NaHCO;, dried and concentrated. 1t is purified by flash chromatography
(silica gel; ethyl acetate/hexanes) to give the above product.

Synthesis of 6-Nitro-4-(2-(4-tert-butylphenyl) ethoxy) quinazoline:

Cl

O,N N HoO— S : OgN Sy
N) N)

2-(4-tert-butylphenyl) ethanol (1.0g, 5.59 mmol) is dissolved in dry
tetrahydrofuran (7 ml) and to it is added sodium hydride (48.5 mg, 2.02 mmol). The

resulting solution is stirred at room temperature for 30 minutes after which 6-Nitro-4-
chloroquinazoline (1.17 g, 5.6mmol) is added to the above solution. The solution is

then stirred for 6 hours after which water is added to the mixture. The solution is then



I maging is Cd34, Fe3l- or Mi2+. 4. The contrast agent of claim2 wherein
the echogenic entity for use in ultrasound inmaging is a fluorocarbon
encapsul ated surfactant m crosphere. 5-1The contrast agent of claim2
wherein the radioi sotope for nuclear nedicine imaging is 1C, 13N, 18p,
123-, | 125i, 99nvic, 95Tc, "62cu, Cu, 69Ga, or 68Ga. 6. The contrast
agent of claim.1l wherein the inmaging noiety is '"8F. 7. The contrast agent
of claim1 wherasted ip ﬁ@hl%ﬁgﬁthgnmﬁﬂ%epggam lagire washpd glrigdeand ghany ast  agent  of

i1 S, and R Y iglOR Gk FRAN G L IBRERHT Mo fkRinl Tom ©
(silica gel; ethyl acetate/hexanes) to give the product.

Synthesis of 6-Fluoro-4-(2-(4-tert-butylphenyl) ethoxy) quinazoline:

KF/K222
o) [ Q

ON ey F N
D b

To a 25 ml round bottom flask is added potassium fluoride (82.6 mg, 1.42
mmol) and kryptofix 222 (0.53g, 1.42 mmol). The above mixture is stirred in THF
for 20 minutes after which 6-Nitro-4-(2-(4-tert-butylphenyl) ethoxy) quinazoline
(0.1g, 0.284mmol) is added to it. The solution is refluxed for 30 minutes after which
it is cooled and water is added to it. It is then extracted in dichloromethane, washed
with water and dried. Purification by flash chromatography (silica gel; ethyl
acetate/hexanes) gives the above compound.

Synthesis of 6-[ISF]-Fluoro-4-(2—(4—tert—butylphenyl) ethoxy) quinazoline:

%Qj o )<©j
0 _fames o
18

OaN = N F = N
J b

To a 5 ml reaction vial containing 50 mCi of '°F in 300mg of "*O water is
added a 1 ml solution consisting of 10 mg of Kryptofix, I mg potassium carbonate,
0.005 ml water and 0.95 ml acetonitrile. The vial is heated to remove all the solvents
and dry acetonitrile (1 ml} is added to the vial. This is also removed by evaporation.
6-Nitro-4-(2-(4-tert-butylphenyl) ethoxy) quinazoline (5 mg) in acetonitrile is then
added to it. The vial is sealed and heated for 30 minutes at 100°C. The mixture is
diluted with dichloromethane and passed through a Sep-Pak and eluted with

tetrahydrofuran . The solvent is evaporated to get the above mentioned compound



Cis selected fromhydrogen, Cl-Cs alkyl, and a bond to B; Dis selected
from hydrogen and Cl-C6 alkyl; E is selected fromhydrogen and Cl-Cs al kyl;

or E and D, together with the carddh-atomto which they are attached,
form a doubl e bond; or E and D, together with the carbon atomto
which they are attached, forma cyclopropyl ring; ais a single or a double
bond; R, R2, R3, 124, RO, R 9, Rfl, and Rl14, are each independently

sel ected from hydrogen and Cl1-C6 al kyl; R5 and R6 are each independently

selected fro : hydroxy; when present, R7 and
RS are indep%e f)gp@eﬁe '9%"’?1 rﬂ) 3y Sgé%m 1-06 al kyl, halo and hydroxy;

or RS and R7 together forntan 0X0 group or R6 and R8 together forman oxo

group; or 120

To a 100 ml round bottom flask 1s added 20 mi tert butanol, 20 ml of water
and 5.6 g of AD-mix-p. The solution is stirred and cooled to 0°C. tert-butyl styrene
(0.64g, 4 mmol) is added to the mixture and the resulting solution is stirred overnight
at OC. Solid sodium sulfite (6g) is added and the mixture stirred for an additional 30
minutes. The solution is then extracted in ethyl acetate, washed with water and dried.
The crude is then purified by flash chromatography (silica gel; ethyl acetate/hexanes)
to afford the product.

Synthesis of 1-tert-butyldimethylsilyloxy-2-hydroxy-2-(4-tertbutylphenyl)

ethane:

OH OTBS
OH

/

e

ST~
(4-tert-butylphenyl) ethane 1,2 diol (0.5 g, 2.57 mmol) is dissolved in DMF in
a 25 ml round bottom flask and to this were added imidazole(0.210 g, 3.09 mmol)

OH

and tert-butyldimethylsily! chloride (0.46 g, 3.09 mmol). The mixture is stirred for 6
hours after which it is extracted in dichloromethane and the organic layer washed
with water and dried. Purification by flash chromatography (silica gel; ethyl

acetate/hexanes) affords the above mentioned product.



are absent; R' is hydrogen or hydroxy; R12 is selected from hydrogen and
Cl-Cs alkyl; or R" and R12 together forman oxo group or =CHR1; provided
that at |east one inaging noiety is predéht in fornula (1). 9.The contrast
agent of claim8 , wherein Ais 0; B and C are each independently CH3 or
CH218F; D and E are each independently CH3 or CH218F, R5, R6, R9, and R
are each i ndependently hydrogen or 18F;, and RH and Rutogether form an oxo
group. 10.The contrast agent of claim 1l wherein the contrast agent is

sel ected fr Oggmthesis of 1-tert-butyldimethylsilyloxy-2-tetrahydropyranyloxy-2-(4-
tertbutylphenyl) ethane:

OTBS OTBS
OH OTHP

1-Tert-butyldimethylsilyloxy-2-hydroxy-2-(4-tert-butylphenyl) ethane (0.5g,
1.622 mmol) is dissolved in dichloromethane and to it is added dihydropyran
(0.163g,1.94mmol) and toluenesulfonic acid (33mg, 0.194mmol). The reaction is
stirred for 2 hours after which the mixture is washed with water and dried. The crude
residue obtained after concentration is purified by flash chromatography (silica gel;
ethyl acetate/hexanes) to obtain the product.
Synthesis of 1-hydroxy-2-tetrahydropyranyloxy-2-(4-tert-butylphenyl)ethane:

OTBS OH
OTHP OTHP

To 1-tert-butyldimethylsilyloxy-2-tetrahydropyranyloxy-2-(4-tertbutylphenyl)
ethane (0.4g, 1.01mmol) is added tetrabutylammonium fluoride solution (1M TBAF
m THF, 5ml, 5.0 mmol). The solution is stirred for 2 hours after which water is added
to the reaction and this is extracted in ethyl acetate. The organic layer is then washed
with water, dried and concentrated. The residue obtained is purified by flash

chromatography (silica gel; ethyl acetate/hexanes).



121 11. The contrast agent of forrmula (I11), wher ein G isor wherein mis
O or 1; a =:-- - and = each independently represent a single or a double
bond; R27, R311, R31, R32, R33, and R341afe i ndependently selected from
hydrogen and C i-C6 al kyl ;

Synthesis of 4-(2-tetrahyropyranyloxy-2-(4-tert-butylphenyl) ethoxy)

quinazoline:

OTHP

cl 0
HO SN
P P
N

1-Hydroxy-2-tetrahydropyranylox y-2-(4-tert-butylphenyl) ethane (0.3 g,

1.07mmol) is dissolved in dry tetrahydrofuran (7 ml) and to it is added sodium
hydride (30.96 mg, 1.29 mmol). The resulting solution is stirred at room temperature
for 30 minutes after which 4-chloroquinazoline (0.175 g, 1.07 mmol) is added to the
above solution. The solution is then stirred for 6 hours after which water is added to
the mixture. The solution is then extracted in dichloromethane. The organic layer is
washed, dried and then concentrated to yield the crude product which is purified by
flash chromatography (silica gel; ethyl acetate/hexanes) to give the product.
Synthesis of 4-(2-hydroxy-2-(4-tert-butylphenyl) ethoxy) quinazoline:

o) —_— 0]

N Y

W;J N¢J
4-(2-tetrahyropyranyloxy-2-(4-tert-butylphenyl) ethoxy) quinazoline (0.25g,

0.615 mmol) is dissolved in 5 ml ethanol and pyridinium-p-toluenesulfonate

(15.4mg, 0.061 mmol) is added to it. The solution is heated to 55 °C and stirred at

that temperature for 4 hours. The ethanol is removed and the crude is purified by

flash chromatography (silica gel; ethyl acetate/hexanes).



when present, R28 is selected from hydrogen and Cl-05 al kyl, provided that
b when = is a double bond, R28 is absent; when present, R29 is Cl-C6 al kyl,
provi ded that when .41 is a double bond,11R29 is absent; R36R31 R36 R38 P

i s39, wherein R35, R36, R37, R38, and R39 are independently selected from
hydrogen and Cl-C6 al kyl; when present, P is hydrogen; or 122 P and P
together forman oxo group; provided that when 711: is a double bond, P is
absent ;

Synthesis of 4-(2-p-toluenesulfonyloxy-2-(4-tert-butylphenyl) ethoxy)

quinazoline:

Sy ey
N/l N)

A 15ml round bottom flask is charged with 4-(2-hydroxy-2-(4-tert-
butylphenyl) ethoxy) quinazoline (0.25 g, 0.77 mmol) is dissolved in pyridine (5 ml).
p-Toluenesulfonyl chloride (0.15 g, 0.79 mmol) is then added to it and the mixture
stirred for 4 hours. The reaction mixture is diluted with ethyl acetate, washed with
5% copper sulfate solution and then with water and dried. After removing the solvent
on the rotary evaporator the crude is purified by flash chromatography using silica
gel (ethyl acetate/hexanes)to give the product.

Synthesis of 4-(2-fluoro-2-(4-tert-butylphenyl) ethoxy) quinazoline:

A 15 ml round bottom flask is charged with 4-(2-p-toluenesulfonyloxy-2-(4-
tert-butylphenyl) ethoxy) quinazoline (0.3 g, 0.84 mmol). Tetrabutylammonium
fluoride solution (1M in THF, 4.2 ml, 4.2 mmol) is then added to it and the solution
is heated at reflux for 60 minutes. The mixture is then cooled and water is added to it.
It is then extracted with dichloromethane, washed with water and dried. The crude
obtained after concentration is purified by silica gel flash chromatography (ethyl

acetate/hexanes) to obtain the desired compound.



Qis halo or haloal kyl; J is selected fromN(R27), S, 0, C(=0),
C(=0)0, NHC212CH20, a bond, and C(=0)N(R27), with each group bei ng drawn
with its left end attached to G and itsli¥ght end attached to the carbon
substituted wth R2' and R22; when present, Kis selected from

hydr ogen, al koxyal kyl, al kyl oxy, aryl, C-C6 al kyl, and heteroaryl;

when present, L is selected from hydrogen, al koxyal kyl, al kyl oxy, aryl,
Cl-Co al kyl, and heteroaryl; Mis selected from hydrogen, al koxyal kyl,

al kyl oxy, ar - (6, o kgl et ero ' e .toget her
with the at o%tgg}m%%%a fg*;/] gra@q’a?ﬁig‘{{gghwfl Blrlérﬁyg %th?;gglq or 19 %er'- menber ed
carbocyclic ring; nis 0, 1, 2, or 3; R21, R22, R23, R24, R25, and n26 x.
are i ndependently sel ected Cs_al kyl ; and Yis
sel ected froma bond, carbogrf : y;l/gen Y is a bond, K
and L are absent and Mis sele 2r-ear’yl ; and provi ded
that when Y is oxygen, K and L are absentwafd Mis Sel ected from hydrogen,
al koxyal kyl, aryl, G -Cs al kyl, and-heteroaryt; provigéd that at |east one
imaging noiety is present in formulfa (H). 12. The contfast agent of claiml
1, wherein R29 is C1-05 alk reyn the Cl- S

= P
N N

Aqueous "*F (16 mCi, 0.1 ml) is added to a vacutainer containing Sul of
tetrabutylammoniuwm hydroxide (40% wt sol. in water). The mixture is concenirated
under nitrogen in an oil bath at 100 °C and 250 pl of acetonitrile is added and this too
is concentrated under nitrogen. The procedure is repeated twice and then 100 pl of
acetonitrile is added to it and the contents subjected to vacuum. Without letting go
dry THF is then added to it followed by 5 mg of 4-(2-p-toluenesulfonyloxy-2-(4-tert-
butylphenyl) ethoxy) quinazoline. The mixture is then heated in an oil bath at 70°C
for 30 minutes. This is then diluted with water, applied to a C18 Sep-Pak, rinsed with
water and eluted with acetonitrile to get the above mentioned compound.

It will be evident to one skilled in the art that the present disclosure is not
limited to the foregoing illustrative examples, and that it can be embodied in other
specific forms without departing from the essential attributes thereof. It is therefore
desired that the examples be considered in all respects as illustrative and not
restrictive, reference being made to the appended claims, rather than to the foregoing
cxamples, and all changes which come within the meaning and range of equivalency

of the claims are therefore intended to be embraced therein.



tert-butyl. 13-The contrast agent of claim1l1l or claim12, wherein R28 is
Cl-C6 al kyl wherein the Cl1- C6 alkyl is nethyl. 123 (Ill), wherein: is
selected fromN(R22), S, 0, C(=0), C(=0)0, NHCH2CH20, a bond, and

when present, K is selected from hydrogen, al koxyal kyl, al kyl oxy, aryl,
Cl-C6 al kyl, and heteroaryl; when present, L is selected from

hydr ogen, al koxyal kyl, al kyl oxy, aryl, O8-C6 al kyl, and heteroaryl; Mis
sel ected from hydrogen, al koxyal kyl, al kyl oxy, aryl, CI-C6 al kyl, and

het er oar y| THEOXCLAIMS DEFBMNGVTHE BY¥ENEFOMARE AREFORMOWSE:0 which they are
attached, forma three- or four-nenbered carbocyclic ring; Qis halo or
hal oal kyl ;

1. A contrast agent for perfusion imaging comprising an imaging moiety and a compound
selected from deguelin, pyridaben, pyrimidifen, tebufenpyrad, fenazaquin, a deguelin analog, a

pyridaben analog, a pyrimidifen analog, a tebufenpyrad analog, and an fenazaquin analog,

2 The contrast agent for perfusion imaging of claim 1 wherein the imaging moiety is a
radioisotope for nuclear medicine imaging, a paramagnetic species for use in MRI imaging, an
echogenic entity for use in ultrasound imaging, a fluorescent entity for use in fluorescence

imaging, or a light-active entity for use in optical imaging.

3. The contrast agent of claim 2 wherein the paramagnetic species for use in MRI

imaging is Gd*', Fe** or Mn”".

4. The contrast agent of claim 2 wherein the echogenic entity for use in ultrasound

imaging is a fluorocarbon encapsulated surfactant microsphere.

5. The contrast agent of claim 2 wherein the radioisotope for nuclear medicine imaging is

67 68
HC, ]3N, ISF’ |23I, iZSI’ 99mTC’ 95TC, ll'ln, 62CU, 64Cu’ Ga’ or Ga‘

6. The contrast agent of claim | wherein the imaging moiety is '°F.

7. The contrast agént of claim 1 wherein the imaging moiety is e



nis 0, 1, 2, or 3; R,21 R2, R 23, R24 R25, R26, and R27 are

I ndependently selected from hydrogen and Cl-C6 al kyl; R29 is Cl-C6 al kyl;
and Y is selected froma bond, carbon, and oxygen, provided that when
Y is a bond, Kand L are absent and Mis selected fromaryl and heteroaryl;
and provided that when Y is oxygen, K and L are absent and Mis sel ected
from hydrogen, al koxyal kyl, aryl, C -C6l# kyl, and heteroaryl; provided
that at | east one inaging noiety is present in formula (I111). 15. The
contrast agent of claim 14, wherein.' 1SO and R29 is Cl1-C6 al kyl wherein
the Cl.C6 alkyl Is,chloro. 16. The contrast agent of

claim1, wherei Wh?‘ﬁ?é' (ra:%ﬁ%n;&di%{ﬁl ?fgf”%"‘&%m;ct ed from 124 and 17. The

contrast agent of fornula (1V):

)

wherein

each A is independently selected from O, CHR', 8, and NR‘;’

B is selected from hydrogen and Cy-Cs alkyl;

C is selected from hydrogen, C,-Cs alkyl, and a bond to B;

D is selected from hydrogcn and C,-Cg alkyl;

E is selected from hydrogen and C;-C altkyl; or

E and D, together with the carbon atom to which they are attached, form a douhle
bond; or

E and D, together with the carbon atom to which they are attached, forma

cyclopropy! ring;

......

8 s a single or a double bond,;

R', R R} RY R’ R'™ RY, and RY, are each independently selected from hydrogen
and C-Cg atkyl;

R’ and R® are each independentiy selected from hydrogen, C,-Cs alkyi, halo
and hydroxy;

when present, R” and R® are independently selected from hydrogen, C;-Cg alkyl,
halo and hydroxy; or

R* and R together form an oxo group; or

R® and R® together form an oxo group; or

R”is O and R® is a bond to R’; provided that when ~ @  is a double bond, R’ and R®



Ftn R35 R35

1/ 35

120

are absent;

~ 10.

R''is hydrogen or hydroxy;
R'%is selected from hydrogen and C;-Cs alkyl; or
R!' and R" together form an oxo group or =CHR';

provided that at least one imaging moicty is present in formula (1).

The contrast agent of claim 8 | wherein

Ais O

B and C are each independently CH3 or CH,'%F;

D and E are each independently CH; or CH,"%F;

RS, R®, R®, and R ' are each independently hydrogen or '°F; and

R''and R"? together form an oxo group.

The contrast agent of claim 1 wherein the contrast agent is selected from




R35 tr \

(1v), wherein:

121
11.  The contrast agent of formula (1),
wherein
R29
RZB
Gis
wherein
misOorl;
_a. _b.
=== and === gach independently represent a single or a double bond;
R¥ R® R¥ R* R*, and R* are independently selected from hydrogen and
C-Cg alkyl;
when present, R*® is selected from hydrogen and C;-Cg alkyl, provided that
when === is a double bond, R#®is absent;
al
when present, R* is C-Cs alkyl, provided that when === is a double bond, R*
is absent;

R33 RST

R35
U'ld'l_,'_ﬂ’—,‘§R38
Pis 5 , Wherein R35, R36, R37, R38, and R* are independently

selected from hydrogen and C,-Cs alkyl;

when present, P’ is hydrogen; or



J is selected fromN(R77), S, 0, C(=0), C(=0)0, NHCH2CH20, a bond, and when
present, Kis selected from hydrogen, al koxyal kyl, al kyl oxy, aryl, C-Co

al kyl and heteroaryl; L is selected from hydrogen, al koxyal kyl, al kyl oxy,
aryl, Cl1-C6 alkyl and heteroaryl; Mis selected from hydrogen, al koxyal kyl,
al kyl oxy, aryl, Cl1-C6 al kyl and heteroaryl; O L and M together with
the atomto which they are attached, fb#m a three- or four-nenbered
carbocyclic ring; Qis halo or haloalkyl; nis 0, 1, 2, or 3; R21, R22,

R23, R24, R25, R26,P REZE’ te2U@r foRBGR oORBSOUR', R 38, and R39 are

I ndependent|ly sel ected from hydrqggen and Cl1-C6 al kyl; and Yis

sel ected from a bongtpvidarthatrwheand-dxy daibje tond\R’ deeabserttat when Y- is a bond, K

and L are absent and.M is selected fromaryl and heteroaryl; and provided
that when Y is oxyg@hs!\ﬂaie‘gi‘ﬁiofﬁﬁﬁe absent and Mis selected from hydrogen,

al koxyal kyl, apw sele€bd Fomal(RY),.S, Ond(=mt erOyNHCH:CH,0, a bond, and
C(=O)N(R*"), with each group being drawn with its left end atached to G and its right end

b)
attached to the carbon substituted with R* and R,

when present, K is selected from hydrogen, alkoxyalkyl, alkyloxy, aryl, C,-C alkyl,

and heteroaryl;
when present, L is selected from hydrogen, alkoxyalkyl, alkyloxy, aryl, C,-Cq alkyl,

and heteroaryl;
M is selected from hydrogen, alkoxyalkyl, alkyloxy, aryl, C-Cs alkyl, and heteroaryl,

or
L and M, together with the atom to which they are attached, form a three- or four-

membered carbocyclic ring;
nis0, 1,2, 0r3;
R? RZ R R* R*, and R* are independently selected from hydrogen and C,-Cs

alkyl; and
Y is selected from a bond, carbon, and oxygen; provided that when Yisa bond, K and
L are absent and M is selected from aryl and heteroaryl; and provided that when Y isoxygen,

K and L are absent and M is selected from hydrogen, alkoxyalkyl, aryl, C;-Cs alkyl, and

heteroaryl;
provided that at least one imaging moiety is present in formula (II).

" 12.  The contrast agent of claim 11, wherein R? is C;-Cg alkyl wherein the C;-Cq alkyl is

tert-butyl.

i3. The contrast agent of claim 11 or claim 12, wherein R%is C,-Cs alkyl wherein the C,-~

Cs alkyl is methyl.

14,  The contrast agent of formula (11I)



provi ded that at |east one inmaging noiety is present in formula (1V). 18.
The contrast agent of claim 17, wherein J is C(O)N(H), and R28 is Cl-C6
al kyl wherein the C1-C6 alkyl is methyl. 19. The contrast agent of claim1l
wherein the contrast agent is selected from 20. The contrast agent of
formula (V) RM (V), wherein J is selected fromN(R21), S, 0, C(=0),
C(=0) 0, NHCH2CH20, a bond, and Kis slgl[-,ect ed from hydrogen, al koxyal kyl,
al kyl oxy, aryl, Cl-C6 al kyl and heteroaryl; when present, L is selected
from hydrogen, al koxyal kyl, al kyd oxy, aryl, Cl1-C6 al kyl and heteroaryl;
when present, Mis sel ect edRJro hyer ogen, al koxyal kyl, al kyl oxy, aryl,
Cl-C6 al kyl 126 ~n ' R R
|
N

L4

(1),

wherein:

I is selected from N(R?), 8, O, C(=0), C(=0)0, NHCH,CH,0, a bond, and
C(=O)NR™), |

when present, K is selected from hydrogen, alkoxyalkyl, alkyloxy, aryl, C-Cg alkyl,
and heteroaryl;

when present, L is selected from hydrogen, alkoxyalkyl, alkyloxy, aryl, C,-Cs alkyl,
and heteroaryl;

M is selected from hydrogen, alkoxyalkyl, alkyloxy, aryl, C,-Ce alkyl, and heteroaryi;
or

L and M, together with the atom to which they are attached, form a three- or four-
membered carbocyclic ring;

Q is halo or haloalkyl;

nis0, 1, 2, or 3;

R R% RB R* R, R¥, and R? are independently selected from hydrogen and
C;-Cs alkyl;

R*is C,-Cg alkyl; and

Y is selected from a bond, carbon, and oxygen, provided that when Y is a bond, K
and L are absent and M is selected from aryl and heteroaryl; and provided that when Y is
oxygen, K and L are absent and M is selected from hydrogen, alkoxyalkyl, aryl, C;-C¢
atkyl, and heteroaryl;

provided that at least one imaging moiety is present in formula (1II).

15. The contrast agent of claim 14, wherein J is O and R? is C,-Cg alkyl wherein the

C1.Ce alkyl is tert-butyl, and Q is chloro.

- The contrast agent of claim 1, wherein the contrast agent is selected from



and heteroaryl; or L and M together with the atomto which they are
attached, forma three- or four- nenbered carbocyclic ring; T and U are

i ndependently sel ected from hydrogen, al koxy, al koxyal kyl, Cl-C6 al kyl and
hal o; or T and U, together with the carbon atons to which they are
attached, forma five- to six-nenbereq gronatic or non-aromatic ring
containing zero to two heteroatons selléét ed from oxygen, nitrogen, and

sul fur; wherein said ring is optionally substituted with one, two, or three
substituents ipgdependently selected fro -C6 alkyl; nis 0, 1, 2, or 3
and R21, g 3, R4, R25, R26, R22 fare i ndgpendent |y sel ected
from hydr ogelf a Cl-C6 al kyl; Y ig sefjected from a bond, carbon, and

oxygen, provi nYis a bond, R 4" ax€ wpsent and Mis
teroaryl; and provided th en Y is oxygen, K
i s™~Sel*ectfed n{on1hydrogen, arkoxyal kyl, aryl, C-C6

selected fromaryl an
and L are absent and
al kyl , and heteroaryl; provided at *¥east one imaging noiety is present in
formula (V). 21. The contrast agent of claim20 wherein J is 0. 22. The

f f I VI
cont r ast ﬁgent o] or mu a.(fmszE%$vy

The contrast agent o

(Iv),

wherein:

J is selected from N(R?), S, O, C(=0), C(=0)0, NHCH,CH;0, a bond, and
C(=O)N(R™),

when present, K is selected from hydrogen, alkoxyalkyl, alkyloxy, aryl, C,|-Cg¢ alkyl
and heteroaryl;

L is selected from hydrogen, alkoxyalkyl, alkyloxy, aryl, Ci-Cs alkyl and heteroaryl;

M is selected from hydrogen, alkoxyalkyl, alkyloxy, aryl, Ci-Ce alkyl and heteroaryl;
or

L and M, together with the atom to which they are attached, form a three- or four-
membered carbocyclic ring;

Q is hale or haloalkyl;

nis0, i, 2, or 3;

R? RZ R¥, R¥ R¥, R?, RY,R%®, R* R RY R* and R” are independently
selected from hydrogen and C,-C alkyl; and

Y is selected from a bond, carbon, and oxygen, provided that when Y is a bond, K
and L are absent and M is selected from aryl and heteroaryl; and provided that when Y is
oxygen, K and L are absent and M is selected from hydrogen, alkoxyalkyl, aryl, C;-Cs

alkyl, and heteroaryl;



wherein R23, R24, R25, R26, and R34 are independently

sel ected from hydrogen and Cl-C6 al kyl; provided that at |east one inaging
noiety is present in fornmula (VI). 127 23. The contrast agent of claiml
wherein the contrast agent is selected from24. A conposition, conprising:
a conmpound having the followng structure, 0 rys O 25. A method for
synt hesi zi ng a conpound, conprising: reggting a precursor species having
the foll owi ng structure,

provided that at least one imaging moiety is present in formula (IV}.

18. The contrast agent of claim 17, wherein J is C(=0)N{H), and R*is C,-Cs alkyl
wherein the C;-Cg¢ alkyl is methyl.

19, The contrast agent of claim 1 wherein the contrast agent is selected from

1ep

20. The contrast agent of formula (V)

V),

wherein

1 is selected from N(R?), S, O, C(=0), C(=0)0, NHCH,CH>0, a bond, and
C(=ON(R™);

K is selected from hydrogen, alkoxyalkyl, alkyloxy, aryl, C;-Cs alkyl and heteroaryl;

when present, L is selected from hydrogen, alkoxyalkyl, alkyloxy, aryl, C-Cs alkyl
and heteroaryl;

when present, M is selected from hydrogen, alkoxyalkyl, alkyloxy, aryl, C;-Cs alkyl



R3, wherein R3 is al kyl substituted with a hydroxyl group, alkoxy
substituted with a hydroxyl group, or al koxyal kyl substituted with a

hydr oxyl group, in the presence of ptoluenesul fonyl chloride, to produce a
conpound having the following structure, LN N O R4 wherein R4 is alkyl
substituted with a tosyl group, al koxy substituted with a tosyl group, or
al koxyal kyl substituted with a tosyl g?%ﬁp. 27. The nethod of claim 26,
further conprising: reacting the conpound in the presence of a

18F- cont aiemd hejerspEbipes to produce a contrast agent conprising 18F. 28. The

t hod of cl ai i D ' 1 '
met hod of clal ﬂ‘a%%ré&,ﬁ%?ﬁgﬂ d\plﬂi (e AREEOUIRA thePEE hieRn bl SoriEthfee! bioinng

structure, 29. of claim 27, wherein the conmpound has the
f ol | owi ng nehtbact eabocyclic ring;

T and U are independently selected from hydrogen, alkoxy, alkoxyalkyl, C;-Ce atkyl
and halo; or

T and U, together with the carbon atoms to which they are attached, form a five- to six-
membered aromatic or non-aromatic ring containing zero to two heteroatoms selected from
oxygen, nitrogen, and sulfuf; wherein said ring is optionally substituted with one, two, or three
substituents independently selected from C,-Cs alkyl;

nis0,1,2,0or3;and

R¥, RZ, R¥, R¥ R®, R®, R”, and R* are independently selected from hydrogen and
C,-Cs alkyl;

Y is selected from a bond, carbon, and oxygen, provided that when Y is a bond, K and
L are absent and M is selected from ary! and heteroaryl; and provided that when Y is oxygen,
K and L are absent and M is selected from hydrogen, alkoxyalkyl, aryl, Ci-Ce alkyl, and

heteroaryl;
provided at least one imaging moiety is present in formula V).

21.  The contrast agent of claim 20 wherein J 15 O.

22.  The contrast agent of formula (VI)

R34
N/l\w R?
|
\O \ o R24
oL e g
R25 M L

(vi),

wherein
R?, R¥ R?, R, and R* are independently selected from hydrogen and C,-Cs alkyl;

provided that at least one imaging moiety is present in formula (VI).



R2, wherein R2 is al kyl substituted with a protected hydroxyl group,
alkoxy substituted with a protected hydroxyl group, or al koxyal kyl
substituted with protected hydroxyl group, the protected hydroxyl group
conprising a silicon atom in the presence of a fluoride-containing
conpound, to produce the precursor species. 31. The nethod of claim 30,
wherein the species has the follow ng shphucture, YN 32. The nethod of
cl ai m 30, further conpri si ng: reacting, via an etherification

reaction, | s c FQ&W&& %erﬁ%?%aﬁr?l UR%end &?xtrtc\ﬂ b AWM Skd S{?W e,
ure,

wherein RI oro or I ox group, wt substitute phenyl spe0|es
with a protected hyde8 group, al koxy

havi ng the followi ng str r/ei) R2 is alkyl subgstituted
) thtlUted with a ed
hydr oxyl group, yal kyl substit with a protected\gx\roxyl group,
16
=z

the protected h @xyl™ group conprfsi g'a silicon ato

ey e Ty S "
CCL RN b
N\ 0
, and E

24. A contrast agent of ¢laim 1, 11, or 14, wherein the contrast agent is
o
M e
: 0

25. A composition, comprising:

o\/"wR

a compound having the following structure,
0
KA e ]
L (js
N
o
O

26. A method for synthesizing a compound, comprising;

reacting a precursor species having the following structure,



33. The method of claim 32, wherein the heterocyclic species has the
follow ng structure, 130 34. The nethod of claim 32, wherein the :
substituted phenyl species has the follow ng structure, 35. A nethod for
synt hesi zing a contrast agent, conprising: reacting a conpound having the
follow ng structure, R4, mhereinlg? is alkyl substituted with a tosyl
group, al koxy substituted with a tosyl é oup, or al koxyal kyl substituted
with a tosyl group, in the presencenof a 18F-containing species to produce
a contrast agent conprising 18 34. é‘solution of a conmpound t hat

i ncludes a | eaving group that mNJe~yepl aced in an SN2 di spl acenent

reaction to produce an 18F | abel ed, cght rast -agent having the foll ow ng
structure, 37. The solution of clalm%jj@éein the leaving group is a
-

sul fonic acid ester. R3

wherein R’ is alkyl substituted with a hydroxyl group, alkoxy substituted with a
hydroxy! group, or alkoxyalkyl substituted with a hydroxyl group, in the presence of p-

toluenesulfonyl chioride, to produce a compound having the following structure,
N8
f:l i Ct
Na O/\@\
Rd

wherein R* is alkyl substituted with a tosyl group, alkoxy substituted with a tosyl
group, or alkoxyalkyl substituted with a tosyl group.

27.  Themethod of claim 26, further comprising:
reacting the compound in the presence of a BE_containing species to produce a contrast

agent comprising '°F.

28.  The method of claim 27, wherein the precursor species has the following structure,

o
|
P .
i
29. The method of claim 27, wherein the compound has the following structure,

742\ ] © - grs
7

¥ (o]

30. The method of claim 27, further comprising:

reacting a species having the following structure,



38. The solution of claim37, wherein the sulfonic acid ester is selected
from t ol uenesul fonate, nethanesul fonate, and trifl uoronethanesul fonate.

30. The solution of claim37, wherein the leaving group is a halide or a
phosphi neoxi de. 40. A solid preparation of a conpound that includes a

| eavi ng group that can be replaced in an SN2 di spl acenent reaction to
produce an 18F | abel ed contrast agent haging the follow ng structure, 131
41. The preparation of claim40, which is a Iyophilized solid. 42. The
preparation of claim4l, wherein;th® |l eaving group is a sulfonic acid
ester. 43. The preparation of i M4 wherein the sul fonic aC|d ester is
sel ected from tol uenesul fonate,” met hajfiesul fonate, and
trifluoronethanesul fonate. 44. T parat®™gn of claim40, wherein the

| eaving group is a halide or a phosphi neoxi 45. A sterile fornmul ation
conprising a conpound having the following s riRbure, "F.

wherein R? is alkyl substituted with a protected hydroxy! group, alkoxy substituted

with a protected hydroxyl group, or alkoxyalkyl substituted with protected hydroxyl group, the
protected hydroxyl group eomprising a silicon atom, in the presence of a fluoride-containing

compound, to produce the precursor species.

31.  The method of claim 30, wherein the species has the following structure,
o}
>< ﬁcs :
IT TADMS
Ny, o ‘j
Lo}

32.  The method of claim 30, further comprising:

reacting, via an etherification reaction, a heterocyclic species having the following

S
|
5[
N\. R‘I,

wherein R' is chloro or a hydroxyl group, with a substituted pheny! species having the

Rz
o Y

wherein R* is alkyl substituted with a protected hydroxyl group, alkoxy substituted

structure,

following structure,

k

with a protected hydroxyl group, or alkoxyalky! substituted with a protected hydroxyl group,

the protected hydroxyl group comprising a silicon atom.

98]
L2

The method of claim 32, wherein the heterocyclic species has the following structure,

>L O O
cl >|\ ci
X“OH or i o'l



46. Use of a contrast agent having the followi ng structure, in the
manuf acture of a nedi canent for detecting, imaging or nonitoring myocardi al
perfusion. 47. A conposition, conprising: a conpound having the follow ng
structure, 132 0 Ar..11,y,Cl OH 11 48. The contrast agent of formula (I1),
wherein 130

34, The method of claim 32, wherein the substituted phenyl species has the following

o ~-OTBDMS
HO _

35. A method for synthesizing a contrast agent, comprising:

structure,

reacting a compound having the following structure,

L1 s
N
8]

wherein R* is alky! substituted with a tosy! group, alkoxy substituted with a tosyl
group, or alkoxyalkyl substituted with a tosyl group, in the presence of a F_containing

species to produce a contrast agent comprising 18E,

36. A solution of a compound that includes a leaving group that can be replaced in an SN2

displacement reaction to produce an 18F jabeled contrast agent having the following structure,

Q
M
]
O,

37.  The solution of claim 36, wherein the leaving group is a sulfonic acid ester.

38, The solution of claim 37, wherein the sulfonic acid ester is selected from

toluenesulfonate, methanesulfonate, and trifluoromethanesulfonate.
39.  The solution of claim 37, wherein the leaving group is a halide or a phosphineoxide.
40. A solid preparation of a compound that includes a leaving group that can be replaced in

an SN2 displacement reaction to produce an '8¢ labeled contrast agent having the following

structure,



Gis \ wherein mis O or 1; R31 or a n= and - each independently
represent a single or a double bond: R22, R39, R31, R32, R33, and Rl14 are
i ndependent |y sel ected from hydrogen and Cl-C6 al kyl;

131

o]

X

N
R Q/O\/
0\/\181:'

41.  The preparation of claim 40, which is a lyophilized solid.
42.  The preparation of claim 41, wherein the leaving group is a sulfonic acid ester.

43.  The preparation of claim 42, wherein the sulfonic acid ester is selected from

toluenesulfonate, methanesulfonate, and trifluoromethanesulfonate.

44.  The preparation of claim 40, wherein the leaving group is a halide or a

phosphineoxide.

45, A sterile formulation comprising a compound having the following structure,

0 .
PO
N
L
0\//\“5;'

46.  Use of a contrast agent having the following structure,

Q
XA e
L]
0\/\li;:‘

in the manufacture of a medicament for detecting, imaging or monitoring myocardial

perfusion.

47. A composition, comprising:

a compound having the following structure,



when present, R28 is selected from hydrogen and Cl-C6 al kyl, provided that
when L---=1is a double bond, e is absent; a when present, R29 is Cl-C6

al kyl, provided that when 1is a double bond, R29 133 R36R37 sel ected
from hydrogen and Cl-C6 al kyl; when present, P is hydrogen; or P and P

t oget her form an oxo group; provided tgat when - is a double bond, P is
absent; Qis halo or hal oal kyl ; is selected from N(R27), S, 0,
C(=0), C(=0)0, NHCH2CH20, a bond, and C(=0)N(1127), with each group being
drawn with its left end att ed |t o 8 and its right end attached to the
carbon substituted wth 1221 , OH

e e oV

RN

48.  The contrast agent of formula (II),

wherein
RZQ
R28
Gis
wherein
misOorl;
== and =22 oach independently represent a single or a double bond:
R, R™ R, R¥, R*, and R™ are independently selected from hydrogen and
C]‘Cﬁ alkyl;

when present, R is selected from hydrogen and C;-Cs alkyl, provided that

b
when === is a double bond, R is absent;

a
when present, R is C,-Cs alkyl, provided that when -~ is a double bond, R

1s absent;



when present, K is selected from hydrogen, al koxyal kyl, al kyl oxy, aryl,
Cl-C6 al kyl, and heteroaryl; when present, L is selected from hydrogen,

al koxyal kyl , al kyl oxy, aryl, Cl-C6 al kyl, and heteroaryl; Mis sel ected
from hydrogen, al koxyal kyl, al kyl oxy, aryl, CI-C6 alkyl, and heteroaryl; O
L and M together with the atomto which they are attached, forma three-
or four-nenbered carbocyclic ring; n isld, 1, 2, or 3; R2I, R22, R23, R24,,
n25 tc and R26 are independently selected from hydrogen and C, -C6 al kyl ;
and Y is selected fR®m aRond, carbon, and oxygen; provided that when

Yis a bond, Kand L a &dbsedt and Mis selected from aryl and heteroaryl;
and provided that when ™5 s o , Kand L are absent and Mi§s sel ected
from hydrogen, al kopyial kyl, aifl, CwherireRKyR*S, RA®R*haheRGakyindependently

provi ded t hat | east one | i moiety is present in formula (I1),

wher ei n trﬁéﬁeﬁ‘ﬁéﬁ%&yg&&% a'i’igggf:‘ggyﬂg. A diagnostic kit for the preparation
of diagnostic agent syhef prebdR O Rohydsfe®ri Ng, and/or monitoring myocardi al

perfusion, said kit COTTBI;I sing one or nore vials containing the contrast
agent of any one of PandiPnipgatherforman @ graw optional |y ot her. conponents.

provided that when -2 1s a double bond, P’ is absent;
Q is halo or haloalkyl;

1 is selected from N(R™), S, O, C(=0), C(=0)0, NHCH,CH,0, a bond, and
C(=0)N(R?"), with each group being drawn with ifs left end attached to G and its right end
attached to the carbon substituted with R?' and R%;

when present, K is selected from hydrogen, alkoxyalkyl, alkyloxy, aryl, C,-Cs alkyl,
and heteroaryl;

when present, L is selected from hydrogen, alkoxyalkyl, alkyloxy, aryl, C,-Cs alkyl,
and_heteroaryl;

M is selected from hydrogen, alkoxyalkyl, alkyloxy, aryl, C,-Cq alkyl, and heteroaryl;
or _

L and M, together with the atom to which they are attached, form a three- or four-
membered carbocyclic ring;

nis0,1,2,0r3;

R¥, R%, R%, R*, R?, and R? are independently selected from hydrogen and C,-Cs
alkyl; and ‘

Y is selected from a bond, carbon, and oxygen; provided that when Y is a bond, K and
L are absent and M is selected from aryl and heteroaryl, and provided that when Y is oxygen,
K and L are absent and M is selected from hydrogen, alkoxyalkyl, aryl, C;-Cs alkyl, and
heteroaryl;

provided that at least one imaging moiety is present in formula (I}, wherein the

imaging agent is '5F.

49. A diagnostic kit for the preparation of diagnostic agents for imaging, detecting, and/or
monitoring myocardial perfusion, said kit comprising one or more vials containing the contrast

agent of any one of claims 1-24 and 48; and optionally other components.



134 50. The diagnostic kit of claim49, wherein said other conponents are
sel ected fromthe group consisting of ancillary |igands, reducing agents,
transfer ligands, buffers, |yophilization aids, stabilization aids,
solubilization aids, and bacteriostats. 51. A diagnostic kit for the
preparation of a diagnostic agent for l3dagi ng, detecting, and/or nonitoring
myocar di al perfusion, said kit conprising one or nore vials conprising the
conposi ti 60 ofTheldaignosBib kitancaiap49, ahateinysail diear cooppensatesselected from the

group consisting of ancillary ligands, reducing agents, transfer ligands, buffers, lyoghilization

aids, stabilization aids, solubilization aids, and bacterniostats.

S1. A diagnostic kit for the preparation of a diagnostic agent for imaging, detecting, and/for
monitoring myocardial perfusion, said kit comprising one or more vials comprising the

composition of claim 25; and optionally other components.



