-1- CONTRAST AGENTS FOR MYOCARDI AL PERFUSI ON | MAG NG
The present disclosure relates to novel conpounds
conprising imaging noieties, apd their use for

di agnosing certain disorders in a patient.
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I n anot her embaodi nent the present disclosure provides
a ciymidingifen, dgfadenpyrad, 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,
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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

contrast agent is of formula (I)

1,

wherein
each A is independently selected from O, CHR', S, and NR'



(1), wherein each Ais independently selected from O,

CHR, S, and NR; -3- Bis selected from hydrogen,

Cl-C6 al kyl optionally substityted with an inmaging

noi ety, and an imaging noiety; Cis selected from

hydrogen, C1-C6 al kyl optionally substituted with an

i magi ng noiety, an inmaging noiety, and a bond to B, D
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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;-Ce
alkyl optionally substituted with an imaging moiety, halo, hydroxy, and an imaging
moiety; 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 abond to R’;

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

R'! 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).



R' and R12 together forman oxo group or =CHR1; with
the proviso that at |east one imaging noiety is
present in formula (I). -4- In_gnother enbodinment Ais
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and E are each independently CH3 or CH218F;, R5, R,
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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

contrast agent is of formula (II),



/" \and | o\/",. H 'OF In another enbodi nent the
present diclosure provides a contrast agent
conprising an inmaging noiety ang_a conpound sel ect ed
from deguelin, pyridaben, pyridimfen, tebufenpyrad,
fenazaquin a deguelin anal og, a pyridaben anal og, a
pyridimfen anal og, a tebufenpyrad anal og, and an

f enazaqui n anal og wher k contrast agent is of
formula (11), -5 R21 R{R; R¥nl RB/ KR5/ L
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misCorl;
== and == each independently represent a single or a double
bond;

RY R R R* R* and R* are independently selected from
hydrogen, C,-Cs alky! optionally substituted with an imaging moiety, and an imaging
moiety;

when present, R} is selected from hydrogen and C;-Cs alkyl

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

when present, R¥ is C;-Cq alkyl optionally substituted with an

a
imaging moiety, provided that when === is a double bond, R*® is absent;
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P is ¥ wherein R, R*®, R’/ R*®, and R*” are

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



R27, R30, R3i R32, R33, and R34 are independently
sel ected from hydrogen, Cl-C6 al kyl optionally
substituted with an i magi ng muigety, and an imagi ng
noi ety; when present, R28 is sel ected from hydrogen
and Cl-C6 alkyl optionally substituted with an

i magi ng noi ety, provided that when is a double bond,
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L and M, together with the atom to which they are attached, form a three- or
four-membered carbocyclic ring;
nis0, 1,2, 0or3;
RY R R® R* R, and R* are 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, C1-Cs alkyl optionally substituted with an imaging moiety, and
heteroaryl,;
provided that at least one imaging moiety is present in formula (II).
In another embodiment R is C;-Cs alkyl wherein the C;-C; alkyl is tert-
butyl.
In another embodiment R?? is C;-Cg alkyl wherein the C;-Cs alkyl is methyl.
In another embodiment the present diclosure provides a contrast agent

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



nis 0, 1, 2, or 3; R21, R22, R23, R24, R25, and R26
are independently selected from hydrogen, Cl- C6 al kyl
optionally substituted with an4i_maging noiety, and an
i maging 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
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(I'l). I'n another enb&inent R29 is Cl-C6 al kyl wherein

the C1-C6 al kyl ,js t . I'n anot her enbodi nent

R28 is C-C6 alfwl 3| - Caal kyl is methyl.

I n anot her enbodi di'cl osure provides a

contrast agent c

conmpound sel ected f

pyridi mfen, tebufengyrad, g4 deguelin

anal og, a pyridaben &%al og,

t ebuf enpyrad anal og, and an f & zaquj n an Qg wherein

the contrast agent is of formula (54

R21 R22 R23 Rea n R27 K R28 / LM

wherein: J is selected fromN I{IR27) S, 0, C(:O),

C(=0 O NHCH2CH2O, a bond, or ( —O) N(R27), with each

Or QMBrelei Ng drawn with its left end attached to G and

its rlght end attached to the carbon substituted with
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hygr 0(9‘51‘\?I L w1t aI k lou em drauyn w1a’f:1 Yts left endo%ached to G and its
p
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;

Q is halo or haloalkyl,

nis0, 1,2, or 3;

R* R% R? R¥ R¥ R¥ and R? are independently selected from hydrogen,
C,-Cq 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



al kyl optionally substituted with an inmagi ng noiety,
heteroaryl, and an imaging noiety; when present, L is

sel ected from hydrogen, al koxygblgyl , al kyl oxy, aryl,
Cl-C6 alkyl optionally substituted with an i mgi ng

noi ety, heteroaryl, and an inmaging noiety; Mis

sel ected from hydrogen, al koxyal kyl, al kyl oxy, aryl,
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formta thyee- or four-nmenbered carbocyclic ring; Qis
hall})e%?arﬁ loalkyl; nis 0, 1, 2, or 3; R21, R22, R23,
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al kyl,.optdonal ly substituted with an i nagi ng noi ety;
angl)é{(er?gh?gl ected froma bond, carbon, and oxygen;

pr ovi dedintanathenkmehodimient the chutrast agenhisgelectgddroabs ent
and Mis,selected fromaryl and heteroaryl; ang

providedl - & that when ifs Qxygen, K and L>Q’r &
and Mi%s delected fro hy?drfgen, al koxyal ky:'r’él
Y]

F
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noi ety, and we , Provid h L. | @a@st one
i maging noiety is present in forrmula (I11). In another
enbodi meltandthies ebadicheRP e ipsesit-dif omirk ptovides meontrash agent

Cl-C6 alkyl is tert-butyl. In another epbodi pent..the.
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ageppridimifapriaogq tebufemmuadhanaing, aed amfrnazaquigyelogdvherein the
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teb?ﬂ“irﬁ%ﬁgﬁ’&t,lsf’g&’ﬁgmga deguel i n anal og, a
pyridaben anal og,g® pyjidimfen anal og, a

d an fenazaqui n anal og wherein

t he R¥®

(Iv),

wherein:

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 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



contrast agent
R39 / R21 R2

(=0, (=00
wi th each grou
to Gand its

R23 N\ R2A
(1V), wherein:

is of formula (1V): R37 Ras Rae R35

ni R2 RR6 R25 / \L M

J is selectedgfrom N(R27), S, O,
NHCH2CH2O, a bond, and C(=0 N(R27),

p being drawn with its left end attached
right end attached to the carbon

Séﬁhﬁ)tnhﬂjd E]ﬂﬁ.tlﬂﬁéd‘wﬁi@ an ﬁﬁﬁgn%ﬁmé@l&ﬁtd%a&?le mid afinhaging moiety;

sel ected from rogen, oxyal | k Io
Cl- C6 Mais rsyllecte‘f!)frpehbwr%e@uﬁlkwxaé}ﬂi& PHG i G'agﬁ ﬁ}y‘
aﬂ-lrhe?gm% moiety; or

noi.et t
%Wt}s()fl%/ire%ls %rsc}%?%{/%rt%algnma% oxya ky m&g}'},ﬁﬁ%{oxy, ary
Cl- C6 Blalsy M, t9gctigtwithniak lajons tdoshich theychrewattdehed fomglﬂnge or

npi ety, -heteroaryl, and an imaging noiety; Mis
sErEaeEberdyar Flé)‘g’é’i"& al koxyal kyl , al kyl oxy, aryl,
Cl-C6 gl; Emﬂo ogmll §l;l y substituted with an imaging
noi ety, eteroary and an i maging noiety; or L and

M togeth@rl, w;md*ﬁthe atomto which they are attached,

f gih 1 :
o g e O g
R e%&@ntlﬁe@ectéﬂzﬂom R @r0gB8 C1 - @ﬁkyl%bﬁonﬂ%ub@tﬁtdteﬂi&ﬁth an

are 1 ndependently sel ected from hydr ogen,
opedgireambiety abd e imegiag wioiaty:and

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

Cl-C6 al kyl

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 (IV).

In another embodiment J is C(=0)N(H), and R?® is C;-C; alkyl wherein the
C;-C 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




i magi ng noiety, and an inmaging noiety; and Y is

sel ected froma bond, carbon, and oxygen, provided
that when Y is a bond, K and Ljjre absent and Mis
sel ected 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, Cl-C6 al kyl

opt ikt Agentibsf fdriubd(Wyi t h an i magi ng noi ety, and

het eroaryl; provided that at |east one inmagi ng noiety
is present in formul&(1V). In another enmbodiment J is
C(=O N(H), and R28 is| Cl-C6 al kyl, wherein the Cl1-C6
al kyl is methyl. | Y\ mengks t he contrast
agent is selected gFICl 1€ / N [/ ; H'e
NN N NN\ NN/ F\' NRON N &LQF
NN/ \F OO eRC SN N“SF and 16F O

I n anot her enbodi nent|the present qure provides a
contrast agent conpr¥sing an i PO alkd a
compound sel ected from deguel i R /

pyridimfen, tebufenpyrad, fenazaquin.sa degu)evﬁ\lﬂ

anal og, a pyridaben analog, a pyridimfen ®Mnal og, a
t ebuf enpyrad anal og, and an feggiaqui n anal og wherein
the -10- contrast agent is of mul a (V)

wherein

J is selected from N(R?"), S, O, C(=0), C(=0)0, NHCH,CH,O, a bond, and
C(=0)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, C,-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 Cy-Cs
alkyl optionally substituted with an imaging moiety and an imaging moiety;

nis0, 1,2, or 3; and

R*, R*™ R R*™ R™,R* RY, and R* are independently sclected from



/R34 Ni NR21 RR2 RR23 Res TJ ~I Res RR5 M (/,
wherein J is selected from N(R27), S, 0, C(=0),

C(=0 O NHCH2CH2O, a bond, and . C(=O N(R'); Kis

sel ected from hydrogen, al koxyal kyl, al kyl oxy, aryl,

Cl-C6 al kyl optionally substituted with an inmagi ng

noi ety, heteroaryl, and an inmging noiety; when _ .
PEyRE6#dn, Cl-Js 2l bsidatly kulssinhydivithan imagikgmométkydnd an imaging
al kyl oxy, aryl, Cl1-C6 al kyl optionally substituted

wWheltEn i magi ng noiety, heteroaryl, and an imaging

noi et ys, ; | ' I [ GOV KR8 Shen Y is a
al koxygllég{i?ctg{ E‘?/IF!%XVHM&#&;?&%%?B%%@ optionally
shiasl, Kt anidddansiabbenhand Nigiselgeted oty aryhanddrateregryl; agd grayided
[ [ noiety; or and ogether wi to
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f ANb YRR S $ CG Y, RASY 6biisnallyREbstifutad ¢ith! adfi@aging moiety, and
i ndependently sel ect'ed from hydrogen, al koxy,

ahdterogmilkyl , Cl- C6 al kyl optionally substituted with
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DRy n RoGos el DuRBR TS 1l ¢ And B feiagdfui fnalog Fhétein the
| pelpReiiRnt is\or 8thRe4 @ from - 11- hydrogen, d -C6 al kyl
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i magi ng R34
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wherein :

R* , R24, RZS, RZS, 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




noiety; Y is selected froma bond, carbon, and oxygen,
provided that when Y is a bond, K and L are absent
and Mis selected fromaryl apd heteroaryl; and
provided that when Y is oxygen, K and L are absent
and Mis selected from hydrogen, al koxyal kyl, aryl,
Cl-C6 al kyl optionally substituted with an imaging

noi ety, and heterpoaryl; provided at Ieast one i magi ng
noi ety is prege tn formula ( anot her
enbodi ment _J

¢ tggufenpyrad; f

e .’énalog,:a pyridabén analog, a p
anal og, a tebufenpyrad anal og, and an fenazaquin
anal og wherein t contrast agent\As of formula
R34 NN Rss 6 R25 ML , erein
R25, R26 4 are |nd ly sel ected f

hydroge al kyl o yt i onal | y substitutediwith an
[ i [ and i ng noi ety wded t hat
at _Jone i magi ng IS presen rmul a

(VI “Fn "anot her enpodi Ment t-he contra i's
selected from-12 Frc~ ~ a ~ uF 1.F \ \IN | \ ~N\
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Imaging moieties

Nuclear medicine contrast agents of the present disclosure include e, PN,
18p 1231 125 99mp 957¢ 1, 82Cu, #Cu, Ga, and 8Ga. ''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). 3N-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-('*I)-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. Purther 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




O ,eFN\/ ~VIi8F and / Imging noieties Nuclear
nmedi ci ne contrast agents of the present disclosure
include 11C, 13N, 18F 1231, &25j, 99mlc, 95Tc, 1111n
62Cu, 64Cu, 67Ga, and 68CGa. 1IC -Palmtate has been
used to probe fatty acid oxidation and 11C acetate has
been used to assess oxidative netabolismin the
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USFE i)}sgpmpmb € gas g b&l imﬁolgggallbgfcep{\la gas, 1m9udmg,8for
example, air, or a fluorocarbon, such as a C3-Cj5 perfluoroalkane, which provides the
difference in echogenicity and thus the contrast in ultrasound 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.




No. 5, 281, 704, descri be exanples of polychel ants

useful for conplexing nore than one paramagnetic

metal ion for use in MR contjast agents. U .S Pat.

No. 5,520,904, describes particul ate conpositions
conpri sed of paramagnetic netal ions for use as MR
contrast agents. Exanples of specific netals include
Ge388,45@ 555547, 6%+ 529,446 25,5851 D2, uhd 5846507 cont r ast

agents of the present disclosure may conprise a

pl ur al {Grglagars anal og noieties attached to or

i ncorp ] Gl HQH% I QCRERASWR i i
gas, a%@gﬁdggwggl?ersﬁg !Q,b%gﬁ% a s(ﬁ]rn? g‘é‘?tgnt m cr os p@rlgc,ludmg
f dirediéabetiogpf theicompoand apinclosiah of 2 chélagngmiisty (“chelator”). In

¢ AnecaBient Haretbinis DAL A MHAMEA. RAHE. Sy
sol uti qge eaﬁpbmsbe:m@ disciosutS@hPBption¥HRR6niaia chelator (“C”). In

anphi philic material which na¥ produce a _reduction in
i nertain ambedinentssifdie ¢ompounds of the disclaswresthe ghelgior isspyusfactant

surfact s for formng sur tant; .. '

P BaoRpinR an oBhghen® e R SHRREN o Rt B n
" settdiR 6thaPbmbodigleatspihe chelaton & diskasling wriisyvirey £frmula selected
nanospheres, |iposones, vesicles and the like. The
bﬁ@&bnpatible gas can be any physiol ogically accepted
gas, including, for exanple, air, or,a fluorocarbon,
such as a C3-C5 perfl uoroal kane, mmﬂfﬂ provi des the
di fferen -mlechogenicity and thus A he contrast in
uItrasou%d i magi ng. The gas may beb ncapsul at ed,
cont ai yed, or ot herw se constéﬁinedi;]or by ,bhe Al
m crosphere to which is afit+dac al L eLy,;
optionally via a linking group. THE attadhnent Ean be,
coval ent, ionic or by van der Waals forces. Specific
exanpl es of su Brt rast E.agent £ ncl for

exanpl e, Iipid&gﬁﬁaSEUAﬁ%edegfffio arbsﬁﬁﬁmﬁth a
plurality of tunor neovascul ature receptor binding
pepti des, polypeptides or peptidom neti €. Exanpl es

of gas filled imagi ng noieties include those found in
U.S. Patent Application Serial No. 09A931,317, filed
August 16, 2001, and U.S. Patent Nos. -1IM-,5, 088,499,
5,547, 656, 5,228,446, 5,585,112, and 5, 848, 517.
Chel at ors Many approaches to | abeling conpound$ with
99i' Tc are known, inclgding _girect bel i ng of the
conmpound or incIushpﬁ’oF‘ﬁgmﬂeraﬁgﬂﬁmﬁﬁﬁgty
("chelator"). In one enbodi nent, the chelator is

DADT, MAG3, MAMA, [PAVA, of DOTA. gThe compounds of the
di scl osure may p-p’tlbﬂ%h,l/y con 3a‘l’n‘a\£h‘€l a‘t*e.hl("C'). In
certai n enbodiments of\the cd%pg;nds ok t he

di sclosure, the chelatok. is a sigfactantt capabl e of
form ng an echogenic su tance-yilled Iﬂpid sphere or
m crobubble. In certagyn otherAgnbodinem$s, t he
chelator is a bonding“unit having a fornula sebected



fromA JEL- At E/ t AA 2z A AEE

A\ A2E\ A2EXAE2 E A2 2 At/ E~A2/ E~A2ESA,

At/ E~A3/E\A3/E3/E-At E \E A_qAt -15- Al E 3-E\ E-Al
EA3 E3 A /E EA3\ E A and 114- A5 A4 wherein
each Al is independently selected from NRAGRA7,
-NHR53, -SH, -S(Pg), -OH -PR46R4A7, -P(O R48R49, and
a bond to the conmpound thaf! binds MC-1; each A2 is

i ndependently selected frgm N(R53), N(R46), S, O,
P(R46), and -OP(O (Rda)g); A3 is N, A4 is selected
from OH and OC(=0) C, - C20 \QI kyl ;

1

e \‘TS
PR
1

A E—A’
E
/
Al , and
F—As
A4

wherein

each Al is independently selected from -NR**R*’, -NHR™, -SH, -S(Pg), -OH,
-PR*R*’ -P(O)R*¥R*, and a bond to the compound that binds MC-1;

each A% is independently selected from N(R53), N(R46), S, O, P(R‘“’), and
-OP(O)R*)0-;

A’isN;

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

A’ is OC(=0) C;-Cyy alkyl;

each E is independently selected from C;-C alkylene substituted with 0-3
R, C¢-C)g arylene substituted with 0-3 R¥, C3-Cyo cycloalkylene substituted with 0-
3 R¥, heterocyclyl-C;-Cyp alkylene substituted with 0-3 R*’, C¢-Cyo aryl-C,-Cio
alkylene substituted with 0-3 R*, and heterocyclylene substituted with 0-3 R,

E! is selected from a bond and E;

each E? is independently selected from C-Cy¢ alkyl substituted with 0-3 R,
Ce-Co aryl substituted with 0-3 R*®, C3-Cyq cycloalkyl substituted with 0-3 R,
heterocyclyl-C,-Cyp alkyl substituted with 0-3 RSO, Cs-Cyp aryl-C;-Cyq alkyl
substituted with 0-3 R*®, C;-C g alkyl-C4-Co aryl substituted with 0-3 R*, and
heterocyclyl substituted with 0-3 R,

" E?is Cy-Cyg alkylene substituted with 1-3 R,



A5 is OC(=0O C1-C20 alkyl; each E is independently
selected fromd-C, 6 al kyl ene substituted with 0-3
R50, C6-Cl o arylene substitutedewith 0-3 R50, C3-Cl0
cycl oal kyl ene substituted with 8 3 R50,

heterocyclyl -C -C o al kyl ene substituted wth 0-3 RS0,
C6-Cl0 aryl-d-d o alkylene substituted with 0-3 R50,

and het era6 ¥ ghivl ﬁbcﬁfﬂ@giduput ed with 0-3 R50; El is

sel ect ed %rom% ond E; each E2 is mdepreﬁp etR% 3/

sel ect e jareg@han en@qaﬁytspkat@éémm 2ho gompound
50

Cyc (}gyll sXV[Ci’lg Iﬁ?ﬁﬂt g?% hg?g&&ﬁ%@ed Wit 6:3R , aryl substituted

hetvaﬂoquI Cs@m@wloalk&yéubsmhmil vhtlt @43 Ril tHetdo®/cREA-Cyo alkyl
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stituted with 123 R59; 16- Pg is a thiol
pr ot ect ﬂh& anyd Biiare Bkt 1admpemzlﬂ1tlafrseleefad irormal bprchigethe pgmpound

by it gans VG e 7ol Pl b e BRBR Wi 03t 5 Ml Rodle wi 03
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subst’itute W|th 0-3 R50, heterocyclyl - ;Oo
subsith 03t 0 Gi-Eh anylsCRCpmIkybsulstipited wth@-?z a%ﬂ kgﬁ?rocyclyl

sub 8.3 R50, and heterocyclyl
subs%gt{&%g%lwqg]ﬁ’s R50; R48 and R49 are each

i ndependagh RY is éldepeaiinfly eeleaedfront 4 onidhe theoronmondd that binds
t hat _bj nds

0. M6 LA, il ot R a6 O i COINR™,, -CHO,

cyc Hgyi substituted with 0-3 R50,

het er 6cycl’ |-CI Clo gl kyl substitute Wi tg 20,

C6--Ot=@)B" s QCEOIOR! K yOREHICHDNER d, tIRR CB=@B§ -and

het q s;iSubstituted with 0-3 R50; each R50 is
J\Z% ﬁgéﬁ% sel ected froma bond to the conpound

thaNRﬁFc(é@ NME?’ 'SOEN 51)& f-NMSlBIDzMEtwiH -S!D@R

_ GoERY) Fefe quél R, 1 Eﬁlﬁ@ﬁ@lﬁm PNORT O, -
51385%?}3%, SRR ot G Jbbisigetf: c..c,
- S(aﬂ@lfﬁzlczt alﬁgﬂoﬁl(N%)s EyclﬂﬂkﬁW)N-Eﬁ Cg{%ﬂs‘?d&ﬂ%ﬂé&ﬁmyﬂk%
2- (315%‘]95%‘% %&'@Q A& a“@‘,he‘GB’CYQNﬁ C2-C4 al kenyl |

;3 k ocsy ;| e%t:l[‘:’ RPkK |1nde@n<ﬁﬁtl§ ¥ataad hwnr%d?ﬁdl to the?confhound that binds

MC-1 hydrogen C,-Cg alkyl, phenyl, benzyl, and C,. alkoxy;

R™ is a co-ordinate bond to a metal;

each R* selected from R®, =0, -CO,R¥, -C(=O)R%’, -C(=O)N(R*"),, -
CH,OR®,
-OR®, -N(R®"),, and C»-C; alkenyl;

each 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*, RY", R*®, R*, R%, R¥!, and R®' is a bond to the
compound that binds MC-1.



aryl substituted with 0-2 R51, and heterocyclyl; each
R51 is independently selected froma bond to the
conpound that binds MC1, hygrogen, Cl1-C6 al kyl,
phenyl, benzyl, and Cl.6 al koxy; R53 is a co-ordinate
bond to a netal; each R59 selected fromR61, =0,
-C2R60, -C(=0)R60, -C(=0O) N(R60)2, - CH2OR60 - OR60,

- MR &r MaRslg C2- C4 al kenyl ; each R60 is independently

sel ected from,R61, hydrogen, C1l-C6 al kyl, n
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(such as an epoxide or cyclic sulfate). These
cB#pounds are made from highly activated, dry K18F,
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usi ng techni ques whi ch woul d be readi {é%’ apparent to
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osa@verfts txctidaafoy exdonple, DMF, NMRIPMSCy aeeldte.h t he

teachings,in th r esent i [ . ' -
L
DB?Qe abiditionaifiay lamAsetuth s itk hmineroe D1BAe, Reaotons may be carried
chl oroform The reaction solutjon nay be kept neutral

oPula ambiend {emncaatuies g BotestedfFom erREensand ater with a nitrogen
t%{r&;s Mérgm' ne or DI EA. Reactions nmay be carried out
at ‘anmbient tenperatures and protected from oxygen and

wat er W:embomylptot@gag graafpsosyiversed Harpoang pther reactive
Prgg{g{eig%alélr‘g)% s%{:ﬁ)gsp a?mlrrqgg/, t "315?213311&3 p?urar?o se,r;ltnd (c)gr 8>r<ylic 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
benzyloxycarbonyl (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 methy! 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.
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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 uL (and all

combinations and subcombinations of dosage ranges and specific dosages therein) of
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contrast agents and kits include,
polyethylene glycol and Pluronics.

Bacteriostats useful in the preparation of contrast agents and kits include, for
example, benzyl alcohol, benzalkonium chloride, chlorbutanol, 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.




for exanple, ascorbic acid, cysteine,

nmonot hi ogl ycerol, sodium bisulfite, sodium

met abi sul fite, gentisic acid, _apd inositol.

Sol ubi l'i zati on aids useful in the preparation of

contrast agents and kits include, for exanple,

et hanol, glycerin, polyethylene glycol, propylene
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of possible R®!. Combinations of substituents and/or variables are permissible only if
such combinations result in stable compounds. When a bond to a substituent is
shown to cross the bond connecting two atoms in a ring, then such substituent may be
bonded to any atom on the ring.
Definitions
The number of carbon atoms in any particular group is denoted before the

recitation of the group. For example, the term “Cs-C)paryl” denotes an aryl group
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substitutable carbon atom in the group. Representative examples of aryl groups

include, but are not limited to, anthracenyl, azulenyl, flucrenyl, indanyl, indenyl,
naphthyl, phenyl, and tetrahydronaphthyl.

The term “arylalkyl,” as used herein, refers to an alkyl group substituted with
one, two, or three aryl groups.

The term “arylalkylene,” as used herein, refers to a divalent arylalkyl group,
where one point of attachment to the parent molecular moiety is on the aryl portion
and the other is on the alkyl portion.

The term “arylene,” as used herein, refers to a divalent aryl group.
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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




bondi ng unit from one reagent and two different
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such as water or saline for injection, a solution of the radionuclide, equipment for
heating the kit during the synthesis of the radiopharmaceutical, if required, equipment
necessary for administering the radiopharmaceutical to the patient such as syringes,
shielding, imaging equipment, and the like. Contrast agents are provided to the end
user in their final form in a formulation contained typically in one vial, as either a
lyophilized solid or an aqueous solution. The end user typically reconstitutes the
lyophilized material with water or saline and withdraws the patient dose or just

withdraws the dose from the aqueous solution formulation as provided.
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but are no imted to, benzoxadi azolyl, benzoxazolyl,
moiety through a carbon atom or a nitrogen atom in the group. Examples of
heterocyclyl groups include, but are not limited to, benzothienyl, furyl, imidazolyl,
indolinyl, indolyl, isothiazolyl, isoxazolyl, morpholinyl, oxazolyl, piperazinyl,
piperidinyl, pyrazolyl, pyridinyl, pyrrolidinyl, pyrrolopyridinyl, pyrrolyl, thiazolyl,
thienyl, and thiomorpholinyl.

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
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the formulation to improve the physical properties of the combination of all the
components of the formulation for lyophilization.
The term “o0xo0,” as used herein, refers to =0O.
As used herein, the phrase “pharmaceutically acceptable” refers to those
compounds, materials, compositions, and/or dosage forms that are, within the scope
of sound medical judgment, suitable for use in contact with the tissues of human

beings and animals without excessive toxicity, irritation, allergic response, or other
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gma &ghme{l@@ relatwely unreactwe gﬁ OX1 ahon st te compound, to lower

its oxidation state by transferring electron(s) to the radionuclide, thereby making it

more reactive. Reducing agents useful in the preparation of radiopharmaceuticals
and in diagnostic kits useful for the preparation of said radiopharmaceuticals include,
for example, stannous chloride, 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
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formulated from lipids, including the various lipids described herein. In any given

t, .
ch is

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



The term "thiol protecting group,” as used herein,
refers to a group intended to protect a thiol group
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_procedures. Any thiol protecting group known in the
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certain
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



enbodi nents which are not intended to limt its scope.
On the contrary, the present disclosure covers all
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reduceg ndiluted with ethyl ace he

sol utlon was transferred to a separatory flrmel and
washed meamelebﬂsalﬂaleﬁf\l‘qﬂﬁjbcg & ¢ mmol),cl 0cf6i Rdl/C 168.2H g, 0.23 mmol

and fq"r(f metaB\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;)
8(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
(t, 2H); 7.11-7.15 (m, 4H).



magnesi um sul fate. The sol ution was concentrated under
reduced pressure to give a crude yellowoil wth a

mass of 5.88 g. Col um chromatqg;aphy [silica gel;

el uent hexanes-ethyl acetate (3:2)] provided the

desired product (2.69 g, 57 %9. 'H (CDC13) 8(ppm:

2.65 (t, 2H); 2.81 (t, 2H); 3.19 (t, 2H); 3.6 (s, 3H);
3.75 (t, 2H); 7.22 (d, 2H ; Exdmple (d, 2H). 13C (CDC13)
6(ppm: 27.76, 33.03, 38.66, 51.52, 62.68, 127.

128 yauhesis of -7 [2- mlamlmf!rslomeﬂyﬂ]rdwny&!zgﬁwceaqchmethyl ester

Synthesis of 4-[4-(2-hydroxyethyl)phenyl]butyric acid
net hyl ester 0 H2, Pd/C CO2Me MeOH CO2Me HO HO A

m xture of Exanple A (2.50 g, 11 mml), 10 % Pd COMe
(0.25 g, O. 23 nmol of Pd tal) in@anhydrous ol
(25 m_) Stcogkega “No remove air, (two,

vacu cI es) afte %h it was capped_a Rd a
bal l oon filled with H2 was applied to it gz
hours. After thlstlrrethereactlon m Xt ure

filtered,thr ato ear e

the fil t‘?‘é‘f’éggjvgﬂ‘ 1% c%ar? unde&rcpné %hhé(} &B.zté%ﬁg& Were

t 0 gidee 4<hBotoghifdzoline (i'B)foﬂg @f 6 Aimol¥ ahhydious tetrahydrofuran (10 mL),
chr omat ography [silica uent __hexanes- et

o 0 Ty bviried T iseathd migel) psiaion e Lysmgle 1B (800

20,5 P ARy P o s i v

(t,addMjan fandd- Thé beactivn ¥f stirrkl0for BXbdmpi= TI}@ rngiohe@Sssdiluted

22. ‘éltﬂ@wﬁfﬁqwe%i Seciiad Byha HAhoN o enus 6. {f ¥ydrdestoric acid

N ATl Mixd@e %sftfaﬁ%w& { §dphRebriifitheP @R adtel 9Ath brine. The

funnel. To the flask were “added 4-chl oroqui nazoline
( 59@ganjs layeswandiigd oven magnesivm selfate.flthred, and poffceotrated., Column

ggfjﬂ‘?ﬁ(’)rgﬁ 05%’1)%}2 gslrl,lgqryegh gﬁlt%lgaéx@aﬁés -€ y%ac%qw}a]prowded the desired
an %ﬂwﬁsiﬁhg&t&/% OfHJ(f@C](;)l&ﬁﬁﬂn) m1 ae qﬂlgizlam czm ae:zH) 2.64 (t,

usi ng the Ition funnel e reac

For19); 8 IR ILD: 156 (5 BBt 4 69 (va)sch 3o g 727 (G 2 F's7 @, 180
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

OH
COZMB 1. LAH
ether
2. MnO,
O (&)

DCM

Y

SN =N
7 =
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



with ethyl acetate and quenched by the addition of
aqueous 0.1 N hydrochloric acid. The m xture was
transferred to a separatory fug and washed with
brine. The organic l|ayer was dried over nagnesium

sul fate, filtered, and concentrated. Col umm

chromat ography [silica gel; eluent hexanes-ethyl

ac g5a% godidmihykraxidy/ 0cd rhhparme.smﬁ(@ 699rmb)) CI'he(\ﬁBl& salid was

2 Fbﬁ?eged@@d(the ﬁlt)@pﬂ v(vggdnrii@i cmer mggﬁlesugn gvglf%g) ﬁl@pﬁd ag;s ggncentrated

élga%l)red%ﬁé iréfglbrﬁ %{%we %ggar gﬁ Tﬁ%%ﬂ vyasﬁlzeﬂ(dlssoi\@i 1in anhydrous

1 I—DdlchI(ﬁoﬁﬁthaBB(ISHnLBél&)ﬁanﬁe@BW) cﬁddeE{’EOO ﬁ%, SQ mmol) was added
116. 23.72, 127.23, 127.
1330 éw soligighy & he mixgraypyas stisiedfyr i%@%?‘%afﬁ%%%".“ébf"ugh

17‘&1&90‘13&%@% ﬁt@h@@)tfﬁﬁ%& concentration of the filtrate under reduced
4-12-(Qui nazol 1 n-4-yl oxy) ethyl IE enyl }but an-1 -0l CO

I\/E p@ﬂsum: afforded 396 meg of Gude\produdg. chrymapegrapghynsiliggy gel;

( 25teptperdms <R3 oo 3R 22D ar b IR D R g0 00 '
Thqcmai)lﬁ(ﬁarﬂﬁﬂ SSODBE@lnvmjw 1783-1, 68 GhATH); 2.6 (SOHD] 307 (¢, 2HD);
in anhy

8' é"tqﬁ’qt ?éﬂw ér79((8 2@) J"T??v&!) QfH)oWz?/ (%é’é@dﬂﬁpl(‘h uibtg 0¥ bits1H); 7.93
t |
ot (B LEE NG AL B A8, AEIONCHCHO) bliond! 2712, 831 34,89, 35:21

vvat6ér81( 67.2831 1647, 1231&@,(1@5 083127.4% 128 630128:9%133.6%, 185.23,

Al bl Tt ea B o vat i i o over  pacaes: um

sulfate, filtered, and concgg;,;,ﬁ;eeg; under reduced
pressure to give a clear oil oil was then
di ssol ved iSynshsischf Hduenti-4-mlforderacidaibl-[2:Gruimgzolineg-

I d 00 dded t
Uhe sotuti on The. m xbaresehullety PRy ffF  3°0L <! ©

Filtration Pt omaceous earth (Celite( OTs
followed b ncentrati on offsgthe filtrate under

reduced ressure afforded ®BPng of crude prgdutt.

Col um omat ogr aphy [sili %%A gel; eluent g4

pent ane-let hyl acetate (2 t he_ddsi red
pro@? 25 ng, 49 %. IH (CDCL3) 6(pf IN55-1. 61
(m "2MryL 65-1.68 (m 2H): 2.61 (1, 2 S (L

b 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(CDCls) 8(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).



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). 13C (CPC13) 8(ppm: 27.52,
32.31, 34.89, 35.21, 62.81, .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. Exanple 1E Synthesis
of Tol uene 4-sul foni c aci (Exq.n{p'le LB- (qui nazol i n-4-

yl oxyet hyl ] phenyl } butyl ester

O DCM OSenthesig|of 4}r\{?- -M3@- Elao’épfdwl)nkﬁ'\i‘ﬂem%gam %“T“‘e
addedp-tol uenesulfopy chloride (32.5 ny, 0.17 ;
4- (di met m no) pyridine (20.7 ng, 0.17 mol |
Exanpl e 50.0 mg, O.1gemol), anhydrous
di chl oronet hane (1 nL) andryptéiixet hyl am ne (17

0.17 %mol). The resultindMol utiop was stfrred for

h ~xgoncentrated under reduced pr EN and
p |eJJI by col um chromat ography [sil el uent
pent are- et hyl acetate (1.86:1)] to provi the

desired cLTSzGdﬁE&]aélSﬁzaﬁTﬁttecVﬁlt%h reflik &iDCéser. STQﬁrc)ﬂask was added
1.64-1.68 (m 4|-? 44 (s

( potagsiym flgoride (6.1 mg;.@ 1 mmel, toﬁpq)(g(? rnggt B4 r}r(;%iol)?pé anhydrous

&%@m@ﬁirle mq g Z thd resﬂ-ll'q'n% leuE@h (vgs ad’ﬂé)i éx sghnigllﬂ)g@{gxample 1E

Sgdithe H.85 mfmol) in anhydrous acetomtnle (1 mL) The flask was placed in a 90

£ 3 T SRR RO WALl e

\é\’g%se gihﬁtb& dnﬁm dléthﬁ diigdr] msmewa@épar&w foandl] arowvavasd with
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(CDCl3) 8(ppm): 1.65-1.73 (m, 4H); 2.63 (t, 2H); 3.17 (1, 2H); 4.40 (t, 1H); 4.48 (t,
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, LH). *C (CDCl3) 8(ppm): 27.19 (d, *Jer = 4.5), 30.20 (d, *Icr
=19.5), 35.15 (d, ZIcr = 27.0), 67.94, 84,17 (d, 'Jcr = 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.
®F(CDCl;, CFCl; internal standard) 8(ppm); -218.59 (t of t, J = -27.6, -50.4).
Synthesis of Pyridaben Analogs:

Example 2A

Synthesis of Butyric acid 4-phenylbutyl ester
o

OH cVK/\ o

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




potassium fluoride (6.1 ng, 0.1 mml), kryptofix (40

nmg, 0.1 mmol) and anhydrous acetonitrile (0.5 nL). To

the resulting solution was addggl;a sol uti on of Exanple

1 E (25 ng, 0.05 mml) in anhydrous acetonitrile (1

m.). The flask was placed in a 90 C oil bath. The
solution was stirred for 1 hour. After cooling the

I eagdrizghoisX LAV tRIs poRf tith debidtivel wdstdonckntratedlundedveduced pressure to

transferred to a separatory funnel| S

aqueves aude - r@@m@mhm%ggepw S&E@@gﬁﬁ@ngb%@’aﬁs&'ﬂ acetate
sol t 1 1
or g?ﬁ] )j‘i&@ﬁ%@"t&%éi@@ﬁh?%&h@?@‘ ﬁg 9r?21g)ldaus rﬁ‘:gﬂhr?'iaécgﬁs ligh€. 'H(CDCls)

fil Sepad; oa«m 3Hprc@R ﬂéit(deHDIth {2l 84, U638 (t, 2H); 7.16-

m chr, lica gel; eluent
hexﬁﬁéé%éﬁ&a‘}ggiﬁg% %ga 1] provi ded t he desired
product (10.7 ngy, 63 9. Hmzﬁ(ppn) 1.65-1.73
(m 4H); 2.63 (t, 2H); 3.17 H; 4.40 (t, H}
4.48 (t, 1 smthms-m *ﬂ-ﬂgdgoxybug@)b@gzmgmpd metm( esger
2H); 7.55 (1 H); 7.82 (t, 1 H 7.92 (d, 1 H; 8.13
(d, 1H): 8.78 (s, 1H). 13C«( f13  8(ppm): 27.19 (d' 4
JCF = 4.5), 30.20 (d, 3JCF €11 5) 35.15 (d, 2JCF =
27.0), 67.94, 84.17 (d, 'JCF = 163.3), 116.93, 123.75,
127.26, 127.84, 128.82, 129783, 129. 42, 133. 77,

135. 62, 3 4~-151. 08M 154.59. ' 9K

CFC13 i dar d) of 18. 59 J =
-27.6, -50.4). Synthesis Vldaben Anal lbgs:

Exanpl e 2A Synthesis of Butyric acid 4-phenyl butyl
ester OTGHh&hinuw dhldpidePEN g; 0. 05Trﬁol41rpin dny250 mbubamidhottom flask

7.0 g, .0.047 nol dd d )
gzo“ﬁkﬁ?dd%d by roH BT (O ) e (1A §ag Coqiciies 0 °C ice
10! bathl OANIXARMS (811 & b@S?ﬂHﬂ@ésn&id@aQufﬁv)lsé’\@&h@ﬁQﬁd The

drop he so ut |o was stirred -33- ‘for hour s.
At hhxmrepwaml]dww to sacfor Sminatss.c Arsobriona Edamptee}A (9.8 g,0.044

R oB TR e RoeBhEr® G S s e Bl Bpvise. The mivuure

acelak allowed th sir B Wh6iRlatl 07 AR fegeliop ke wa pSured into a
94% as a clear viscous |iquid. H(CDC13) S(ppm :

0. 9&egaratoyHjmne] centainimgyice and brige. Theoorggnic laygy waszwe&hed with brine

g a%tgln cé?(&e? nﬁagnfz‘%l%u %ﬁt%GFﬂ%arin% a(nr@coﬁtgﬂtraaog dnder 2&duced
4- ( preshigte provididyd.) pefizaisy aiti 8.0neéidils cdbway susflended in methanol

and the pH adjusted to 2 and stirred for 48 hours. The reaction mixture was

CH

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 (CDCl3) 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(@/\/\/ imids § /Oj‘(@/\/\J
o O

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



1. ad o0 AcC3O0 fjl~\~/ DCMOH /
To alum num chloride (6.7 g, 0.05 nol) i
round bottom flask was added _a?‘pydrous
di chl oronmet hane (100 nmL). The fTask was cooled in a 0O
Cice bath. Oxalyl chloride (6.4 g, 0.05 nol) was

added dropwi se to the flask. The m xture was all owed

t 0 finhdl).fDhe RIMHRULRSstirrdd S04 Wated BathffoFX 40Wis £ TRArda8tién mixture
g, 0.044 nol) in anhydrous dichl oromneth neq{SO gL(i .

was Wendilutad s aind pertaie, Popred wio@ W@Iat‘%ﬁ?“%ﬂ OtRsHe¢ gith water
Sti fzof AL c}*lﬁéi{ wadibd Yifft a sli?ﬁa{eﬁ S68LALIEHS A Esi@fon (20 mL, 2x),
pouted Tht'd a  separatory tunnel containing Ice an

br i Mhe ofgagicdsgRias driay evithwasgnesiaiveai]faief filtéred,ad canckntrated under
dried over magnesiumsulfate. Filtrati d.. .
conESHESERTESHIG fRddYe ‘ihégﬁﬁgéi Pr%‘f‘&é é]uﬁeg’g&o[g? Fhiphgvas yyed without
of Biu@fidatiof i Rkl s oil was suspended in

nmet arﬂgr ané Fﬁé‘pg‘% ad}%ﬁg ed to 2 and stirred for 48
hours. The reaction mi xture ExmnpledBcentrat ed under

cl uont SvRBEHR BE Cerfer Rub G AR sy T methanal

0 2. MOHO
ad

n ry 250 niL

desired produc QagBs31l %aras a clear v QTBS
liquid. 1H 13) S(ppm): 1.8@&r1.61 (m 02\@2@0&&/\/
1.63- 19 oH): 2.67 (T, 2H); 3.84 (T ~ 3.88

(s, 3H); .23 (d, 2H); 7.93 (d, 2H). Exanple 2C

2Tt C oo HsampleR Syl k7 B3 6 e s pidss phuion; ety giher (14

et ful). %k %Iuti%l?%@!; c&¥led 19 6197 048 (PTEDat® LithiMn MuhiRinPhydride
To Exanple 2B (1.0 g, 4.8 mml) was added anhydrous

di me.BY f D2 memolievas @ddedrtd Yhe softibazn pertiops.5The mixtpre was stirred for
mol, ) and.tert-butyl di nethyl si] yl,.chl ori -
73 e i Feyreaepl it gh el e gRF 048 o the mivcue
bat kyak efirred 10 8inutthe NeRBwAd Aidedhix huiedus 16% sdiiuut Bytliroxide
wth ethyl acetate, poured jinto a separatory funnel,
was Belution and themixture 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-chloro-2H-pyridazin-3-one

9 Cs,CO i
23
>L Nim \/@/\/\/OTBS OMF >< Ni(ﬁl
- HO ’ N
" “ O/\©\/\/\
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



(20 nmL, 5x) then washed with a saturated sodi um

bi carbonate solution (20 nL., 2x). The organic |ayer
was dried with magnesiumsulfaie, filtered, and
concentrated under reduced pressure to give the
desired product (1.17 g, 75 %9 which was used w t hout
further purification in the next step. Exanple 2D

Sittonass ad allowed to cool. The mixture was diluted with ethyl acetate,

LTRSS xsapArEPBCRonE )k YOS W HSE kL P THE arpenic
?T}_a)ygr \?, asdly &)w‘%ﬁ‘ﬁlaﬁgg% §E]FM9 rfﬂ{&%fj%\? cefitdled m(ci]fﬁl # reduced

ion-was cooled to an | ce

L ptebiunentoagiven Bunofhorode predudt0 CaBingn clitoﬁlamgmﬂiy\mt;caagnj e¢juent

JRIDEIIEAESAT IS (T DT e
d |
o s o o o s

thD oK, 250 133 h 2H)7. Thés, dHt UEd CREE)S(ppmksd 8150 2@19

ant o At Wl 4 PadTy B4 i Bdg b e 28

s0k2 dg \wwais memsed 1sbyof il tration. The fi I_trate vvas
dried with magnesnumsulfate filtered, and

concentrated to give 1.23 ExampleRide product Col umm

22 g? eﬁg{leﬁﬁ-t{{? I(#vdl g oro—gedtsl- n:g' Egtﬂfl)(eﬁ%log?r]-ZH-

96% as a clear vi scousWrnﬂazm.-s-Euan'pl e 2E Synthesis

JBu byl -5-{4-[4-(tert-bwesyl di met anyl oxy)but
yI] zy?;| oxy} - 4 chl or o- 2H pV¥i dazj p- o‘he| N

N~"YO/NO~\II Toa
dry 25rrLro mBE;Iask fitted with a ref OH

condenser, was added the product of Exanple 2D (0.41
g, 1. 4Torhe prod@ettofiFixainpteE (4393mg dHSonmoPtwas added anhydrous

?{e@y@mﬁg&&%ﬁ jm(? gﬁg) M soﬁltlon of ldrt—gl?tsiaynrxrﬁ&n%rg%ohﬁe 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
(CDCl3) 8(ppm): 1.61-1.64 (m, 11H); 1.67-1.74 (m, 2H); 2.68 (t, 2H); 3.68 (t, 2H);
5.23 (s, 2H); 7.23 (d, 2H); 7.33 (d, 2H); 7.74 (s, 1H). B¢ (CDCly) 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-o0xo-1,6-

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

TsCl
DMAP

0
>< cl DIEA . i o
ll\l | DCM N |
- |
h O/\©\N\ h O/\©\/\/\

OH

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

OTs

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



anhydr ous di met hyl formami de (11 nlL). The reaction
flask was placed in a 68 C oil bath and the reaction
was stirred for 12 hours. The rgaction flask was
removed from-35- the oil bath and all owed to cool
The m xture was diluted with ethyl acetate,
transferred to a separatory funnel and washed wth

wat @iiméti@laﬁﬂmo)’éyl)xdm&'hﬁ) |EOR66 mmdnlayl@lsowaﬁyldﬂwhdum (85 mg, 0.66
magnesi um sul fate, filter

t% d congentr ated d
r edieRa)) ﬁg}@@g@ﬂgs dishlgroracthang é k). CT}EFO‘@S@ 1tlt10n was stirred for
Col %uﬁh?ﬁﬂ?éa%ﬂfﬁﬂm/n&esv%% fﬁltegﬁlvztlé @%H?%Uetate transferred to a

hexanes- e acetate provi desired

pr oshpatat@r§ Fdnmel and3@aghed vaIlCDOI@jon d{agpedus 001 Bhydeochloric acid and

( t fhfpbwa(s)lgétg\gltﬁ E?me %"ﬂj‘e or%a@g ?%?)&f wgf;ﬁnecgwgg n{z?@esiﬁjl sulfate,

7ﬁ1té1§d a}lﬁ)conééﬁa{e@%@@reﬁﬂ&ﬂlﬁessﬂ{% 1 give 209 1;9g of crude product.
32.58, 35.61, 63.14, 66.57, 72

118Cablmmczlaomtomhy ﬂmhcam@, ehaent me@lesghylla&stawz(3 1)] provided the

2 AR en R B B ERRR T 31 rogmn iy 20
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( 59;Hp,g cic;g:lmgmwg o3 2008, 2713,1{)%;8%3?340&{0 S ATPY 2551 81,
tet r a n S

tort Pty o e T S A 12 R BT P h a0y 4472
mL, 123.95,m$6l105. The sol ution was stirred for 1 hour

then concentrated under re%&ced %)5 sure. Col um

chromat ography [silica gel ﬁ;ent ane- et hyl

acet at -

S9N isl_yl&ﬁ}zé(&ﬁcs]dlfgz ﬁi—@ggﬁ)m ém%rlodml 654’-%9{651&;@1:&&}90@3(2}1)
1.67-1.74 (m 2H); 2.68 (t,pgrilazigo®s (t, 2H); 5.23

(s, 2H); 723 (d 2H); 7.33 (d, 2H); 77(51(5 1H). 13C

(CDC13) 27.43, 27.86, 32. 567( 3 62. 74,
66. 36, hs 27, 125. 18K 187 27, f28|99 132. 28,

143. 17, 153Nz 7 Exarrph@qaﬁ synt N 0
Tol uene- 4- sul fon| u -

4-14-(1-tert-butyl= IroOB&oxol6-
$'S '&Vdr O- pH& b%%ﬁétrbf‘kxﬂn%i‘é’f@ii‘i’in)g, ®16 Brhd1y B4E Wssfedin 1 mL

acetonitrile and to this was added a mixture of KF-K222 (1:1; 0.164 mmol) dissolved

in 1 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 TLC. The volatile components were removed in vacuo and the crude
oil was purified 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
(CDCl3) é(ppm): 1.6 (s, 9H), 1.7 (m, 4H), 2.6 (t, 2H), 4.44 (d of t, 2H, /=474 & 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) (ppm): 26.8 Clcr = 4.65 Hz), 27.8, 29.8(*Jcr= 19.8 Hz), 35.1, 66.3,71.8,
83.8 ( Jer=163.8Hz), 118.2,125.1, 127.2, 128.9, 132.3, 142.8, 153, 159.
"®F(CDCl;, CFCl; as internal standard) 8(ppm): - 218.6 (toft,J = -27.6, -50.4)
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di i sopropyl ethylamne (85 ng, 0.66 mmol) and
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solution was stirred for 2 hours. The reaction
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agmyxture of KF-K222 (1:1; 0.164 nmml) dissolved in 1
mL acetonitrile. The entlre m xture was then |nnersed
in an oil bath at 90 C arfikamepledB at reflux for
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in vacua am @e crude MeO. _O
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TBSO OH THF, CC
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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 (hexaneé : diethyl ether) to obtain 1.0 gm (83%)
of the desired compound as a thick oil. 'H (CDCl3) & (ppm): 7.9 (d, 2H), 6.9 (d, 2H),
43 (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 (CDCl3) 3 (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.



oil was purified by flash silica gel chromatography
(hexanes-ethyl acetate (4:1)) to provide 28 ng of the
desired product as a oil which golidified upon
standing. 1H (CDC13) S(ppm: 1.6 (s, 9H), 1.7 (m
4H), 2.6 (t, 2H), 4.44 (d oft, 2H J=47.4 & 6 Hz),
5.2 (s, 2H), 7.2 (d, 2H, J = 8.4 Hz), 7.3 (d, 2H, J=
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= 4.65 Hz), 27.8, 29.8(2JcF= 19.8 Hz
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Synthesis of ()-2-tert-butyl 4-chloro 5-(4-(1-tertbutyldimethylsilyloxy but-2-
oxy) benzyl)oxy 3(2ZH)-pyridazinone
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O )(
)(N o PPy, DIAD_
b 1 + THF, 0C OTBS
OH 0 OTBS %

(x)-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



added via syringe. The reaction mxture was stirred
for 2 hours after which the reaction was deened
conplete by thin layer chromatggraphy. Al the sol vent
was renoved under reduced pressure and the crude oil
directly subjected to purification by silica gel
flash chromat ography (hexanes : diethyl ether) to
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S
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(19, 2295 mmol) in ether @ksﬁip)esmas added I|th| um
al um num hydri de (0.336g 8 mml% and the m xture

was Synfhesisof (@hwrtmwodgewomﬁ-u (3-hydipsy-byrg-oxy)benzyloxy-
reacti on was conpl ete asy fﬁgwgﬁ% %’Eﬁ by this tine

and was quenched by addi'tTo m. water, 0.336
mL of 15% NACH solution and 1.00 niL r

successi ~resulting mxture wa @d for an
addi ti onaly 2 es afdres MR he '%
precipitate f sflltered and washe %
ether. The filtrat€ Wwas~t hen dried over nagnes
sulfate. Filtration and renoval of the solvent gave

0. 50%D£%§@ é%dg%gf gwlﬁgw@%ﬂg% g,ﬁ}og) W }_&(?miqghl?d bottom

1Hlask3vadAddell rfraklydrdfiyan (2.165). (Idpomsfodhtmhb@etrahut?ﬁnﬁn@iﬂum

gn%u%}@e’(é +]s n?gqoil JGémgnMs'_qlﬁloggn T&‘{F) éedoqpsd'(tge lh%?géion mixture
(1) 1\8&3 itﬁwéiggf? 90 mtésc%?tbm%n{sw}: the%i%néantr%%a undé@r%dﬁoed

Exerepiue: 81 tBy m:dde smstuoff pt(r)ﬁe@ ltydietsh lgbxoyﬂuatagr@mhymsmg sﬂlca gel

beéﬂ RS EAgo PRt b B85 o bire apsiRilpsodusy. Bt (CDCL)

OF; tpp%). 7.74 (s, 1H), 7.3 (4, 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); "°C
(CDCl) & (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) benzyloxy
3(2H)-pyridazinone

e e A 0y
gove gevy

Into a 10 mL round bottom flask was added the product of Example 3E
(0.05g, 0.13 mmol) followed by dichloromethane (2 mL). Toluenesulfony)] chloride
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()-2-Tert-butyl -4-chl oro-5-hydroxy-3(2H) - pyri dazi none
(0.48g, 2.417 mol) was chargggl.to a 100 nL round
bottom fl ask and tetrahydrofuran (40n) was added.
After the solution turned clear, Exanple 3C (0. 5q,
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723111) 6R (in ), 8 6 (2,&1}1), 026 (t, 3H)4°C 18DCL,) S, (ﬁpm) 5L59 2,158.5,

()Jré? Pel4>. b%% 139 429, é?é J51302,(1251 41 Byl Wb 73-% X )P0l 28.1,
%QXQ'T X 2H) -pyridazinone kL o NOI N i N. OIBS
%"’HE\ Oj Opj OOH To the product of
Exarrpl e 3D (0.3 g, 0.6 molBxample3€GO nl round b lottom
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solution in THF) was added,anda}iigng €action m xture
was stirred for 90 minutes.”The contents were then

concentr under r educed ?ressure a he crude
m xt ur ®d by flash ch %ﬁﬁ?ogra S|I|ca

gel (hexdne acetatse) to obtain 1;85 809

pure desired p‘? od H (CDG‘@BQOC 6 (ppm: 7. 74

H, 7.3 (d, 2H), 5.2 (s, 2H), 4.3

H, 3.81-3.77

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 umol) 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 (CDCls) &
(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, ‘Jer = 172.2), 78, 71.1, 66.3, 27.8, 23.2,
9.48. '°F (CDCl;, CFCl, as internal standard) § (ppm): -228 (d of t, J =-19, -60 Hz )



(two br s, 2H), 1.84 (br t, 1H, 1.77-1.69 (m 2H),
1.64 (s, 9H), 0.98 (t, 3H); 13C (CDC1l3) 6 (ppm:
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Example 4B
Synthesis of 4-[3-(tert-Butyldimethylsilanyloxy)propoxy]benzoic acid methyl
ester
TBSC
Oo._~_-OH imidazole 0. ~_-0OTBS
DMF
Nos N
9] o

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-cthyl
acetate (9.5:1)] provided the desired product (413 mg, 91 %). 'H (CDCLs) 3(ppm):
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 (d, 2H); *C (CDCl5) 3(ppm): 18.30, 25.89, 32.3, 51.78, 59.27,



The product of Exanple 3F (28ng, 52.4 nol) was
dissolved in 0.5 mIL acetonitrile in a 5 nL flask
and to this was added a sol utiog of potassiumfluoride
(4.5 ng, 78.6 .tnol) and Kryptofix 222 (29.6 ng, 78.6
nmol) in 0.5 nL acetonitrile. The above sol ution was
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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 (CDCl3) 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 (1, 2H); 5.23



DV /0 /0, 11 O0 0 To a 50 nL flask was added
Exanple 4A (300 ng, 1.4 mmol), anhydrous

di met hyl formam de (4 nl), terigputyldi methylsilyl
chloride (317 ng, 2.1 mol ), and im dazole (146 ny,
2.1 mmol). The resulting solution was stirred for 2
hours. At this point the reaction was diluted wth

et RyPHp G 166,82 aRC2HY FEERO I ¢, 21); 5. Re(patia) 616/ (CBOhhé&(ppm):

i Sh RS PR R b R D, AT R 2.
?ir%%Ab@b@h%,ﬁ?@.ﬁﬂd{@% over magnesi um sul f at e,

and concentrated. Columm chronat ogr aphy
[silica gel; eluent hexaneExgmpl¢ 4dEacetate (9.5:1)]

provjided the sired p uct .( 91 % . 'H A
P o Byhegif ai Toreagbd o s 41 Rratvrgppoxy) Hgnzgoyy-2H
(m 2H); 3.79 (t, 2H); 3;_§§riﬁ§zin—'3l$lie4-11 (t, 2H);

6.90 (d, 2H); 7.97 (d, 2H): 13C (CDCl3) S(ppn): 18. 30,
25.89, /383, 51.78, 59.2%-42- 64.67, 914.08, 122.43,
131. 56"n162-90, 166.90 Exanple ,4C Sy i-§! of

{4-[3- (herts di met hyl si | anyl oxy) pri |—é phenyl } net
hanol /0O / O/}, JOTBS LAH 0 OTBS et her /
Exanpl e 4B (396 “fg,0122°a@®l ) was added to a wyo50~"oH
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al Livh RHAYdRYEY fefehydPtufB (2 2 TOMBE HaViewaatiiRg aisBlution of 1.0 M

portions to the reaction flask. The m xture was )
al tetrabutytavimserivmifiwotitle ibigtrahydoe fuganH@ #2gmLThd2 meead).i Bhe solution

d i th wat. 093 il 9
SoRFTAS LR P oGS Py ik v S RBH S pffer recuced
Thgre¥duird, SPr2pAratdrivitsn fdybi @ir@@latoffapBi (hilidiepel;i dlient hexan@sethyl
dried over nmagnesiumsulfate, filtere

d
cofreEate flat ) aravadedi the desined praductld 7 maud %3-2 g’l@%@h}g@{ppm) : 1.62

1 gt R Tbs SOy b P S prf IRy Gl p g0 2

($7.3240)32 @, 3B1)67 .89 (§, MH) 2P, (CDAB-S{pid): @8 72H). 97,(600181 83.67,

11608h 71451601 7351586 Yaa tocidh of ds3 e dhuse2”

of 2-tert-butyl-4-chloro-5gdnlpie 4fFert -
Synthesis of toluene-4-sulfonic acid 3-[4-(1-tert-butyl-5-chloro-6-o0xo-1,6-

dihydro-pyridazin-4-yloxymethyl)phenoxy|propyl ester

TsC
DMAP
O TEA 0
f)(N cl DCM j7< ol
N g N
‘ 0" ™" 0H o 0Ts

To a dry 5 mL flask was added Example 4E ( 40 mg, 0.11 mmol), 4-methyl-
benzenesulfonyl chloride (31 mg, 0.16 mmol), 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



but yl di nmet hyl si | anyl oxy) propoxy] benzyl oxy}-2

H pyri dazi n- 3- one PPh3 O O DADI Y O-~0OIBS N C THE .
~, G HOi NOANOoO 'OIBS jg.a dry 25 nL flask was
added Exanmple 4C (211 ng, 0.71 nnDI) and anhydrous
tetrahydrofuran ( 3 nmL). The flask was cooled in an
|ce bath. To the flask was added tri phenyl phosphi ne

33 3HD; 3 95 6 2FyDd. 23 @PRETR 512 (s 110, 61 784d c2H )0 7 @354, 2H); 7.29 (d,

DT 71 Eon. a0 PGk o . £14D BSLAS. 6635,
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i'ce ba hour. At this pornt he
m A48, 1EBs72]i158.084d1 SA. Q31 d| et hyl ether and
transferred to a separatory funn | ... The organic
sol ution was washed wth V\El 4d';then brine, dried
over @&mimﬁ&k{-ﬁa@rdml&%@m (RNHoFdprepsty)BérFloxy]-2H-
under reduced pressureée. Columm chronat ography [srlrca
gel ; eluent hexanes-ethyl pyaitazin-3-089: 1)] provi ded the
desi red product (106 ng, & %9. 1H (CDC13) S(ppm:
0.03 , 96 0.87 (s, 9Hpz2 1.62 (s, 9Hp;, 1.95-1.99

(m 2 '(t 2H) 4.@GN(t, 2H) ; -48- (s,
7.30-7.31 (m’ 28) ;[ 7.72 (s,
13(: CD€13 pprr) 18.29, 25.90, ﬁ@er
59 41, 64.63, 6 10 T38%rs 114. 90, 118.34, 12 0"~

126. 68, 128.92, 153, 79, 159.07, 159.55 Exanpl e 4E
Sy nt hesi%o fcintillation vial contalmng a suspension of Example 4F (4.5 mg, 8.64 x

b SR o N AR SE b
c}frarsase a6 9, o7 trymiiydndiirpsibfivess aaed. 0Bt mmol) in
4D (100 ng, 0.21 mmol) along wth anhydrous o
t etaplyfravastanitriie(0ms mLy o The eak wastapped angylgagred into a 90 °C oil

* oty Theractol s AYSHRER BT R ki Roh fras cooled and

concentrated under reduced pressure. Preparatory thin layer chromatography [silica

gel; eluent pentane-cthyl acetate (3:2)] provided the desired product (0.8 mg, 25 %).
1H(CDClg,) 3(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(CDCl;, CFCly
as internal standard) 8(ppm): -222.66 (tof t,.J = 28.2, -50.4)

Example SA
Synthesis of 4-(2-hydroxyethoxymethyl)benzoic acid methyl ester
CO,Me CO;Me
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



was stirred for 2 hours. At this point the reaction

was concentrated under reduced pressure. Preparatory
thin layer chromatography [siliga gel; eluent

hexanes-et hyl acetate (1: 1)] provided the desired

product (57.8 ng, 76 %9. 'H(CDCl3) 6(ppm: 1.62 (s,

9H); 2.02-2.06 (m 2H); 3.86 (t, 2H); 4.13 (t, 2H);
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was concentrated under redu ure. Preparatory
thin layer chromatography %:é‘PFFpieagé el uent

t | i aci
B?g dﬁ??n?{tgﬁ of Q(:Igl(getrﬁ%){la*l@l}ﬂ C%%%xﬂ?kﬁ&ﬁoﬁﬁﬁétb@??nzom acid
OH): 2.09-2.13 (m 2H): 2.3methylestes, 3H): 3.95 (t.
oH): 4.23 (t. u?h& 5.22 (s, 2H); 6.78 (ghygH; 7.23

(d, 2H); 7.29/(d, 2H); 7.73-7.75 (m 3H> 13C (CDCL3)
8(ppm : 21. 7.85, 28.8lms BB 15, 6673 66. 87,

71. 75, 114. 118. 27, 175420 g7 11 .83, 128.94,
129. 80, 132 144.80, 163.72, 158. 59. 03.

2-tert-butyl -2

-2H pyridazi n- 3-one KF
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;SOs,, 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, J=8.4 Hz), 4.63
(2H, s), 3.91 (2H, s), 3.82 (2H, t, J=5.0), 3.58 (2H, t, J=5.1 Hz), 0.91 (SH, s}, 0.07
(6H, s); °C (CDC1L:166.5, 143.5, 129.2, 128.8, 126.5, 72.1, 71.6,, 150 MHz): § 62.3,
51.5,254,17.9,-5.8.



0 K222 O NCI ACN/ NC NONO-OIs To a
scintillation vial containing a suspension of Exanple
4F (4.5 nmg, 8.64 x 10-3 mmol hgi.n anhydrous
acetonitrile (0.25 nL) was added a sol ution of
potassium fluoride (1.6 ng, 4.07 x 10-2 mmol ) and
kryptofix (15.0 ng, 4.07 x 10"2 mml) in anhydrous
acetonitrile (O 25 nL) ThExample S€4s capped and

| owered into a C oil bath. The reaction

o PGBy of G 2 e buidimet by Blanyig ) FOaERER fpkenylmethanol
cool ed and gqpcentrated under reduced_poessure.
Preparatory thln | ayer chromatography |[silica gel;

el uent pentasng-et hyl acetat 43 2)] i ded the

desired p t (0.8 no; . 1H( 3) 6(ppm:
1.62 (s, 2.14-2.20 (m 2H); 4.09: 411 (n1 2H) ;
4.60 (t, 4. 68 t, 1H); 5.24 (s, ; d,
2H); 7.32 (0 BOM$ 5| ' OF( CRG MS a5

i nternal standard) 6(ppn) -222 66 (t of t, J = 28. 2,
- 50. 4) Texasuhiteonsof tsypodestios Eahmple 5B (670 mg, 2.18 mmol) dissolved in
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To solution of the product of Example 5C (437 mg, 1.48 mmol) and 2-ter?-

D

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;SQq, filtered, and

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



(2H, d, J=8.5 Hz), 4.62 (3H, s), 3.92 (2H, s), 3.78

(m 2H), 3.63 (2H, nm; 13C (CDC13167.1, 143.5, 130.0,
129.8, 127.5, 72.9, 72.Q, 1%Q7MHz): S 62.1, 52.3.

Exanpl e 5B Synt hesi s of

4-12-(tert-butyl di met hyl sil anyl oxy) et hoxynet hyl ] benzoi

c acid nethyl ester CO2Me COpMe TBDWMVS-Cl,

| rehetazabgrapiivE: DpérfheOethgiTRiDME:) td pravideothe tiesired produge 528 mg,

o M it Dt (i d 0 Fra o8B mh 32, o) 438,
Qﬁds)Tﬁ@M%zﬁlt JESR6HRY. 3.87 84, mmié 4 HERA .63 ﬁH, brs),

reactlon m ture Stl red at roomterrperature over ni

t
arHOMWEST, g) OHTNGH, w); t 1€ (@PEh 1 59l SAuddhi8, 134y 28ds 127.3,, 150

oHRE & T2y D5 s PF S G S RS RIS 5 A s

C QARRATHF @f&ﬂ,cﬁﬁ@@ﬁir Agie2ImaRe foahd #81s2282 i fi ed using
silica gel chromatography 41 pent ane: et hyl acetate)

to provi de the desired prol&empleed® 5 ng, 2.19 mml)

3 o R g B b o
(2H s), 3.82 (2H t, J=Spydjdazin-39me2H, t, J=5.1 Hz),
0.91 (9H, s), 0.07 (6H s) 13C ( CDClSl6605 143 5,

129.2, 128.8, 126.5, 72.1, 71.6, 150 8
51. AM7.9,-5.8, -o4lﬁJMsExarrpI e 5c |s of OH
{ 4- [Zig\t nt - but y! di met Byl si | ATExy) ethoi

ny
| ) met harfol™o” Copey CH %AH THE_ O - OTBDMB O O%H
To a solution & e @roduct of Exanple 5B (670

2.18 mmol ) dissolved in anhydrous THF (22 ) was
added a solution of LAH (1.0 Msolution in THF, 2.18
m., 2. B andidiomoithepeeluciAiftExampbepD £52%mgot. 0%einal) dissolved in

| D SAGL 8 N R AU CLRAGRT R M Bir, 1.5

WahE! 1.65 TiSolRakpMk. | LS coMipletion F agdifen WetrBactioh Was stirred at
acetate (3x). | conbined organic [ayers were dri

ovepmNgmpenaturg fartlchond anchihgn auenchpad witharptero B&e@apﬁféwiwef was
g8 Rt R B Do R Bt wor
dried over Na,SO,, 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 (CDCl, 600 MHz): &
7.70 (1H, s), 7.38 (4H, m), 5.30 (2H, s), 4.56 (2H, s), 3.76 (2H, t, J=4.9 Hz), 3.60
(2H, t, J=4.8 Hz), 2.00 (1H, brs), 1.61 (9H, br s); °C (CDCL;159.0, 153.6,, 150
MHz): 5 138.8,134.4,128.2,127.2,125.1,118.3, 72.8,71.6, 71.6, 66.4, 61.9, 27.8;
HRMS caled for Ci3Hz3CIN2O4: 367.141911, found 367.1419.
Example SF
Synthesis of toluene-4-sulfonic acid 2-[4-(1-terz-butyl-5-chloro-6-o0xo-1,6-
dihydro-pyridazin-4-yloxymethyl)-benzyloxy]-ethyl ester

o 0
cl
7<N “ ons ><N | oTs
'L | TsCl, TEA, ,lq
X o T DMAF, DCM = 0
O O

To a solution of the product of Example 5E (200 mg, 0.546 mmol) dissolved



"H (CDC13 7.34 (4H, s), 4.68 (2H, s), 4.57 (2H, s),

3.80, 600 MHz): S (2H, t, J=5.2 Hz), 3.56 (2H, t,

J=5.3 Hz), 1.69 (1H br s), 0.9 (9H s), 0.07 (6H,

s); 13C (CDC13 140.4, 138.3, 128.0, 127.2, 73.2,

71.9, 65.4,, 150 MHz): S 63.0, 26.2, 18.6, -5.0.

Exanpl e 5D Synthesis of 2-tert-butyl -5-{4-[2-(tert-

but 1 ihgredoy Hivhloasiyibibxe (stﬁmnypwhmdded TsCl (125 mg, 0. 656 mmol),
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| ere and concentr at ed |

oo L6 (e S (a1b shore 6k Btk bl 95 o7 s raa s,

chr ?Q%EOQS@MH%S %4 e@%af‘ﬁm ?t h%é 1, Gl%toaﬁ@ 2th5|01" Q\IB de72.8,

the déstred pr in 89%y

H (CDOIR2 76778) 6634H279)21 %, BBMSCLM,}chbr cssm@ckmes %’41 150762 found
g %)oo S (2H, s), 3.80 (2H, t, J= 5.4 Hz),
215393 ,J54Hz) 1.63 (9H, br s), 0.90 (9H,

s) 0.07 (6H s); 13C (CDCl3datngfle 5603. 7. 138.8,

134.4, 128.3, 1273,, 150 MHz): 'S 125.1, 118.5, 72

71. 7 Syithesis e-tart-taxxybd-clzbra-S-[z?(%ﬂuozg e@hoxyyleihyl)-fhmﬁ'loyl-w-
cal cd for C24H37CIN2OASI : 48],(1%12.12]31 found 481. 2282.

Exanpl e 5E Synthesis of 2-

tert-bugylo4-chl oro-5-[4-(2- hydroxyet haxymethyl ) benzyl

oxy] - ridazin-3-one 0 0 QYO OH | TBAF, .
THE " qre

Kiyp ]
KF, tofix, N
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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 NazSQOq,
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): 5 8.22 (1H, 5), 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, 128.6,C
(DMSO-d6, 150 MHz): 8 134.6, 127.8, 127.7, 126.2, 115.6, 83.5 (82.4), 71.6, 71.2,
69.1 (69.0), 65.3, 27.4; 1°F (DMS0-dg-221.74 (1F, m),, 564 MHz): 8 HRMS calcd



\\~~\\ NO/ J NN OOO To a solution of the product
of Exanple 5D (528 ng, 1.09 nmmol) dissolved in
anhydrous THE (11 nl) was addgg_a sol ution of TBAF
(1.0 Msolution in THF, 1.65 nL, 1.65 mol) dropw se.
After conpletion of addition the reaction was stirred
at roomtenperature for 1 hour and then quenched with
WERS1aT s HATBF MADLe 069 1 3 7876 fowad 368ep#r.at ed and extract ed
with ethyl acetate (3x). Al conmbined organic |ayers
were dried over Na2SO4, fE’F“!"éP'ééA and concentrated to
provi de an Qi . CyL ' g si ng
silica gel sgrhk%ersr;é:b gérgmrﬁﬁéﬁgi a{lﬁgg@)gw}ﬂ{d %ggthl at e)
to provide the desired product (311 ny, I%50 nmol )
in 78%yield 'HPEPCL3, 600 dHz): S 7.[70 (1H, s),
7.38 (4H, m), 5.30 (2H, s), 4A5EI(2H,

J=4.9 Hz), 3.60 t, J= , 2.
1.61 (9H, br s); coc13§£‘?“g, 153. B
138.8, 134.4, 128. 127.2, 125.1, 118. .
71.6, 66.4, 61.9, 2Y.8; HRMS calcd for SH23C1N204.:
367.141911, found 389.1419. Exanpl e 5F Synt hesis of

tol uene-4-sul fonic acid o)
2-[4-(1-tert-butyl -5-¢chl oro-6-0x0:-1, 6- .
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Tsd%)&%goﬁ%ﬂf‘g 0 To gosa(S)Tlut icon gf etThe _%r oduct _o? )
Exchlopbazedie (20D mj., 9G854a60hmalfler dompletior df adf@tion the reaction

( PA g e bl BrrelT. "R RGe hoit Hrestha B P Sogled down
t Itd B3R teiPeifueQind e dBlvend waSEenioRl) Watteandrediayd abdiite were

m xture continued stirring at roomtenperature. After .
2 2dfAefioghe prade swatariabn Thewdueavslayersyas separatgd wnd Fxifpetest with
Th uequs, [ S ; - W
NazSOq,
PR ol A TR S OB Sl s
drfileeedy et codr2ftMed foi prowidedn oinThe cnxie emdterid eds porified using
provide an oil. The cruyde terjal \{vas urified usi nég .
sisflica gelyhromatography (gradient from 4:1 to 1:1 pentane:e yl acetate) o provide
the desired product (0.981 g, 5.45 mmol) in 98% yield. 'H (CDClL3, 600 MHz): &
7.30 (2H, d, J=8.7 Hz), 6.87 (2H, d, J=8.7 Hz), 4.63 (2H, d, /=5.7 Hz), 4.54 (2H, s),
2.27 (3H, s), 1.66 (1H, t, J=5.8 Hz); 1>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:

EOH OH
OJ\ Ie)

O HO:L

To a solution of 1-(4-hydroxymethylphenoxy)-propan-2-one (1.26 g, 6.99

mmol) dissolved in methanol (60 mL) was added solid NaBH4 (0.32 g, 8.39 mmol).

NaBH,, MeCH

——————



chromat ogr aphy (3:2 pentane:ethyl acetate) to provide

t he desi red product (232 ng, 0.447 mol) in 82%

yield. '"H (CDC137.79, 600 MHiz):48 (2H, d, J=8.3 Hz),

7.71 (1H, s), 7.38 (2H, d, §2Hz) 7.32 (4H, m,

5.30 (2H, s), 4.50 (2H, s), 4.21(2H m, 3.69 (2H,

m, 2.43 (3H, s), 1.63 (9H, br s); 13C (CDC13 159.0,

154 fiér c@rﬂglcﬁen oflafitfon the eaMin inixdture3sastktintkd 3t fooml2thp8rature
128.1, 128.0, 127.2, 125.1, 118.4, 72.8, .7, 69. %

67 owernight. ATherpagionzmixgure pp/dileted é‘athr‘lﬁi‘te @ﬂw ayer was

>~ Puhy LV iennetl AR poERER Eadlt BIUIER B over

zyNaydoL tﬂiteﬁ:}dr ardioctinberitratedeto pﬁmﬁde:arﬂibil €i.24 £/6:8Y m_ﬁmi) mhich was
'h @Segla rrob m@epwguﬂ C@O%Q@S%OW B2,
angggmrﬁ% ?C(QHOH'}—JS A 84590 c;h) dw%sés 9@9?@ mmh 2. 7001 H, m),

and Krypt of I'x
Af 8¢ (¢Hmdd, =96 3df Ha)dalSﬂl(bH, mhel . 22EdH, |do-vﬁ—6n4>H20r e was

heated to 90 C. After m._nut e e reaction m xture

was cool ed down to room e‘ﬂ‘ﬁé‘?@?&i&g and diluted with

wat ergy nIHé%nmﬁwﬁb&guarchms-§pﬁgﬁﬁf@@xympaxymﬁtﬁdxy]-zﬂ-
co

with ethyl acetate (3x ned organic |ayers
were dried over Na2SO4, wyridaziad3-oaid concentrated to
provide an opl. The cr ude material was purified using

sili ca c romat o 4: et hyl acetate)
to provi I?%yBé!h Zgz
l

Cl0. 076 nmmmol ) in

79% i e d 'H DI\/ISO us 600 22 (1H, s)

7.45 (2H 7.39 ( 2824~k |

542(2H s). 4.60 HOHn) 4.54 (20, 9, (1H,
m, 3.71 (1H m), 3.6651H m), 1.57 (9H s

157.8, 153.8,138.6,C (DI\/BOdG, 150 MHz): 6 134 62
127.8, 127.7, 126.2, 115.6, 83.5 (82.4), 71.6, 71.2, OH

69.1 (6 7 4 19F - 221 747 (AE. 1.

S oo SR Rpar il ook Br bR 3% GA% ke 1 gh minBlyand 2-ters
36 QuthB-4hforofSoluatio 36 I 3 ridazifedasn (56 Ay 128 masbl dissolved in

Ly ety | Rhenox L] SRkt A% me'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;SQ, 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, s), 7.33 (2H, d,, 600 MHz): & J=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).



HOO')"Cl Acetone HOO--" O To a stirred

sol ution of 4-hydroxybenzyl alcohol (1.0 g, 8.06 mmol)
in acetone (80 nl) was added pofjassi um carbonate (1.34
g, 9.68 mml) and chloroacetone (0.771 nL, 9.68
mol ). After conpletion of addition the reaction

m xture was heated to reflux. After 20 hours the
reaction mxture was cooledﬁﬂﬁnqneGD roomtenperature
and the solvent was renmpved. \\ter and et hyl gﬁetate

vere Synfhesis of @H@“@T“Uﬁ@f% a5id 2r[4-Ghyerhng¥arrehlong-groxo-1,6-

100 ey B rogp A s it g ALY d'eé‘iﬁéf““
Filtered, and concentrated to pr?V|de an oi

Na2SO4

The\zéﬁ geioeri al was purified using £ gel

chro t'ﬁgrphy (gradl ent LE@MLJO 1:1 pd tane et hyl
acet at e)s$.0 & t he d@lcfcgd produc{“l 8T

5. 45 mo Id. 'H (CDCl3, 600 ME):

(2H, d, .7 Hz)Y ('d, J=8.7 Hz), 4.63 (2H
d, J=5.7 Hz), 454(2H st 2.27 (3H ), 166(IH bt
t. J=5.8 Hz): 13C 50 MHz): 6 205.

134. 3, Iqs)sslutlma the mduft O%Etxasnlglgécﬂo%wgn‘&%gg gahol) dissolved

S BB R 0 A 6
1- (]@Mlyﬂ(kﬁf))mg,t(h&] 9pﬂnﬁrmd))><ayl)i tpethplami®s @910 126).¢56 Bred. The
mmgga dcbségglt%r% dcgrlltgggx mng at g@m %%@%ng}diiquzg g1|og¥s the reaction

addintitfe wAIRGRGKHIO Wattk XTHE 816B8s rayem@sobegarafeam extracted with
t enper ature overni ht . The reaction m xture

di | ethelcacalaten3wnt AH com‘bmed lpeganilesrs wegg,@'ped,@@r NaQSO4, filtered, and

B

co n&&aﬁlmtgmihhy Q’/O)B@}zﬁérdﬁwa ethgl iice(ale)&é pgm&e t&& dasmld)product (166

Do GAT9 eEnqDEmARS il (EhrEa B, SOMHE) S 8.3 ),

7.72 (1H, s), 7.32 (2H, d, J=7.9 Hz), 7.29 (2H, d, J=8.7 Hz), 6.74 (2H, d, /=8.7 Hz),
5.22 (24, s), 4.19 (1H, m), 4.02 (1H, dd, J=10.4, 6.0 Hz), 3.93 (1H, dd, J=10.4, 4.5
Hz), 2.44 (3H, s), 1.63 (9H, s) 1.42 (3H, d, J=6.5 Hz); 1*C (CDCl; 158.9,, 150 MHz):
8158.3,153.6, 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 calcd for Cp5H9CIN2OsS: 521.150762,
found 521.1505.
Example 6E
Synthesis of 2-tert-butyl-4-chloro-5-[4-(2-fluoropropoxy)benzyloy]-2H-

pyridazin-3-one

><:5(:;@ o i

Y Uy

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



600 MHz): S (2H, d, J=8.4 Hz), 6.90 (2H, d, J=8.5 Hz),
4.62 (2H, s), 4.21 (1H m, 3.94 (1H, dd, J=9.2, 3.1
Hz), 3.82 (1H, m, 1.29 (3H, Gy J=6.4 Hz). Exanple 6C
Synt hesi s of

2-tent-butyl -4-chl oro-5-[4-(2-hydroxypropoxy) benzyl oxy
]-2H pyridazin-3-one \ / OCI D AD, THE, PPh3 x C
OH72.4Nn Y NNy~ Afidr cofdpléldn of addidbtlieanaaibntnhieture was
product of Exanple 6B (269 ng, 1.48 mbl) an -tert-

D iegtecso SR°G, Al O dhiigs, he TeacticndainAg v Goglsd goRA to room
1. i ) | act
2 JSPERRr gAY b atr VREHGRUR [er WAD s MEegiracted
mLwith e®y] acetdtd (3xAf Bdircoodampddatrgavic biyemdkire doed oves Na;SOq,

g
di
et i g uaniogipn e o peasmatab e

origelatedhe desined prastust 2i5awig.dV @34 meddn 4184 yiekl (based grgecovererd
. et i .
o HBSL P, o 4 n P B IR £ 4811
?glga gmyc:g;o m6031>14mt@|m.e3 (tfesp,ls% 7 (d{aaﬂmﬁmzy,fgpmgﬁ def=8.6 Hz),
. mo In % vield. '
{7505 G, 5, 5864 B, m0.ebes i p. 563 BHSAT G g, =6.4,23.6
2. B (A8 AL . ; 5 31

sde Ok Ha a1, 31 Plap A 384, s 108
Hz§9.0 1508 PH£)9 51 (8&:D), 7129 70IH703), 6535 24.4:115.9 (168);-°F (DMSO-ds, -

S PIRadaR oy B Mitogs CHRS CERE 1 G b LN B 586.137575, found

di 4pedrropyri dazi n- 4-yl oxynet hyl ) - phenoxyl -1 - net hyl - et h
yl ester 0 O ct ct TSCL DVAR N\ TEA, DCM N~ O\ H

OTs Example 7A
Synthesis of 4-(3-oxobutyl)benzoic acid methyl ester
o 0
o OH Pd(OAC),, o
Br /l\/ PPHg3, TEA
I

To a solution of methyl-4-bromobenzoate (1.0 g, 4.65 mmol) in triethylamine
(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,SQ,, 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, CDCl;): § 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).



To a solution of the product of Exanple 6C (200 ng,
0.546 mmol ) dissolved in anhydrous dichl oronet hane
(6.0 n.) was added TsCl (125 ng, 0.656 mmol), DVAP
(100 ng, 0.819 mmol) and triethylamne (0.0914 i,
0.656 mml ). The reaction m xture continued stirring

at roomtenperature. After 22 hours the reaction

m xture was diluted with wdater. The aqueous | ayer was
separated and extracted with ethyl acetate (3x). All
conmbi ned organic |layers were dried over Na2SO4,
filtered, and concentrpigfpicrprovide an oil. The
crude material was purified using silica gel

c hnathesiye b teyr-binyl-dohbene: Sufd-(3-by dydxyhotdeazyloxy]-2H-
provi de the desired prod%ct.( 66 ng, 0.319 nmol) in
58% vyi el d. 1H (cDc137PERYEEM~G"¢ 600 MHz): S J=8.3
7.72 (1H, s), 7.32 (2H, d%709 Hz), 7.29 (2H,

8.7 Hz), o =8. .22 (2H, )
1 H, n% 06l =107 4) 6J0 Hz),(S. 938)(1H,

Iy 4. 5 PR PRADTHR (3K, s) N s) 1.42
(34, d, J=6.5 Hz) NASE (CDCI3 158.9, , 150
158.3, 153.6, 144.6) 1p3.8, 129.6, 128.8, 127.8,
127.4, 125.1, 118.0"Tav7, 76.8, 71.5, 69.7, 66.%

27. . r - -
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i KF. Krvotofix. N A‘%
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b e i AR R e DY Db unger giogen
atmaoxpheére. dheln, Kh ypdcession, wag addedd®watertl. 83D BSUMRIOH salution

conpletion of addition the reaction m xture was

(18311da} arfl watep(F48 nLAf iThe remgtion stitred fortanaddisianali ISrminusasur e
di |l uted

was_ coqled .do to ro erature an ,th
befolfl} uiS HhEazid Mabed O TS CE Alrkles o Berfic ot Aicpup L ipier
dududt ' gefETeY i
rodudd e LivHh DR A (G budPkymly | PR NBL GPA Lo ISP
(314 ;e Vil de yiedd)oiThen R’he salntioe ofi2¢rev-batyldeshlgrors-hydrax 8 Hag

..a . pyeparative silica gel L n layer ch t ggr aphy
pyridirintSRE3 i 1 S igefn Thtciaal e W BTRAY The
hydrdigﬁidf pIRhY Dbisthn-0 1ot 3331 Thhg, 9.793MAdB) tiphdhyfbhodpiihet b4

(based on técoverer
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 Jayer chromatography (100 % ethyl acetate) indicated

consumption of the pyridazinone starting material and the reaction was concentrated,

4.
dd,

The crude material was purified by {lash column chromatography (4:1 hexane:ethy!
acetate to 100% ethyl acetate) to obtain a clear oil (200 mg, 48 % yield). 'H NMR
(600 MHz, CDCl3):5 7.73 (s, 1H), 7.32 (d, 2H, J = 8.0), 7.24 (d, 2H, J = 8.0), 5.30
(s, 1H), 5.27 (s, 2H), 3.83 (m, 1H), 2.80-2.76 (m, 1H), 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, 129.2, 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 19HysCIN,O5: 365.162647, found 365.1624.



starting material), in addition to unreacted starting
material (5.8 ng, 0.011 mmol). '"H (CDCL1,3, 600 MHz): S
7.73 (1H, s) 7.34 (2H, d, J=8.4 Hz), 6.95 (2H, d,
J=8.6 Hz), 5.25 (2H, s), 5.06-4.96 (1H, nm), 4.06 (2H,
nm, 1.63 (9H, s) 1.47 (3H, dd, J=6.4,23.6 Hz); 13C
(DVMSO-d6, 158.4, 157.8, 153.9, 129.8, 127.6, 126. 2,
115.5, 114.6, 89, 0150M+iz) Exémp¥870), 71.2, 70.4

(70.3), 65.3, 27.4, 16.9 (16. oF d 178. 20
(1F, Pynthesis Rﬁ-E’)“e“S"‘FNS@I'é%?‘Eg% @r(légwﬁzﬂ P iblogo-6-0x0-1,6-
369. 137 " g,g‘qn 311@56 1 6§
4-( 3- oxostglﬁry gg‘ﬁ%’.%’s%a’l'. rretﬁﬁ lg? et (ﬁ' ter
Pd(OA Br / PPH3, TEA O To
ﬁ\/ﬂmbenzoate (1.018C1 4.65
trle lam ne (13 nL) was &agilive -
11. 63 0P

nol ), and then . 93
mol ). The reaction Was] stirred in a 75 C oil bath
over ni ght under nitroger®Hat nosphere. Mnitoring by TLC ©'™

( 3 1 hexangokiby bf ﬂi%%&&fu%i oﬁﬁ‘)%fﬁﬂe YB{260 AGUE. 549Hﬁ|n(ﬁ§ M pyridine

m de. The reactio cool ed to roomtenperature
an(d Unhlehwcsoadded; prtatueniesulfand chlgaise { BhmgdH 896 mendlh vl reaction

S o e B e uoer Pl OB B onitoring by

f i Lcavsdhawel & PNGRRhIra bE startihBenAtérid @nd pasiuet TRSreaction was
purified by flash colum chromatgﬁ@ L51t031
nested with o1yl acséata seg washod Brith HVo(GHS Chrtile lighi Bupadpgous

L H
| WA ARl Tl B s gl s,
2. &ﬁlcéﬁtratéﬂ-l Thb—crﬁdefhﬁaﬂdﬁ)xl, wik. plififiet bydHsh delumnGdhrdimdtpography (3:1
2.14 (s, rrE e 7B%the3|s of 90
]Ef'é‘ra{’@ stbt'wewiecm l&po/e ethylacetate) JoiregQyas dhe S5 1i08 29AtgriA) (20 me)
g"hng;t}hi% bﬂ%ﬁg%s?b W0z e Ollc(74 ilng, 473, yiekt bkl JifFocBerk@StaktingN
matena]) "H NMR (606 MHZ CDC13) 7.80 (d, 2H, J = 8.3 Hz), 7.72 (s, 1H), 7.33
(d, 2H,J = 8.0 Hz), 7.30 (d, 2H, J = 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).

7 Example 7D
Synthesis of 2-tert-butyl-4-chloro-5-{4-(3-fluorobutyl)benzyloxy]-2 H-pyridazin-

3-one

o B g

OTs
F

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 mmotl). The reaction was stirred at 90 °C for 20 minutes under

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



/teNa NOH OH To a solution of the product of Exanple

7A (505 ng, 2.447 mol) in TI-1F (19 nmL) at 0 C was -
added a I M solution (in THF) _g§_| i thi um al um num

hydride (12.2 nL, 12.237 mmol) dropw se. After

conpl etion of addition the ice bath was renoved and

the reaction was stirred at roomtenperature for |
haethpdtaded ardl dohogfntedaindesietiesed. prdsser, The caudearatetiayas

\glarpan%gg Sg p\(l\egtggtqu tlhslg-}pgf)e; gég%%%%p; (,Eﬁll iéllepme e&l}ﬁ acetgite as eluant)
agg hiéﬂgﬁf\,@% R@ﬁgi J&#gﬁlf sf}ﬁ Qg \kgelél‘fisﬂf KMre(6ed MAg, CDCls): &

ate s then concentr at e
UITdHY (s, ne)jacsao(dpm,ssru:ré%tz),omza(d; 2H, J = 8.0 Hz), 5.28 (s, 2H), 4.71-
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NTARMS chid fofaeH, fTIFNGG,: %Uﬂﬁeﬁlmﬁ‘owﬂmﬁﬂtléﬁﬁer ature
overni ght under nitrogen at rms,g%ﬁere. Thin |ayer

chrormt ography (100 % et hyExamp i ndi cat ed
misl di'y- ﬁﬂﬂ%xﬁéﬁﬁbgﬂﬁétﬂgﬂﬁerﬁo% ddid gle@@eeﬁie’?lt t*ideuterate

reactlon S cohcentrate he cru terla was
pur|f|°ed by flash col um chromat ography (4: f
hexgpes | acetate tg 1OO°/Feté1 acetape] obtain
a clear 00 nyg, 7 (60 0P
DAl 3) : SN 4 H)z %Uszqw 20£CJ = 8.0), O%OH

(d 2HJ 8.0) 5.30 I H), 5 27 (s, 2H), 3.830

( S 9@0 a ﬁ@%’dﬁﬁggﬁ% Slask’_%aszz)ddgégéo%gﬁé%n%g—g} % 1.63

1 Qﬁy&oxﬂrﬂ&h?lgbelﬁaa@ (2.329.52nmbB in Qichlot@Methand (38.16L). The
73.4, 67.6 0.9, 32.0, 28.1, 23.9, 15

HRRAStER verg PREged ovithontro ggmanddrrowg ta €64 7A d]e}y%gpnd)enser (also
gfanileq?r?' ]I'AII'tF %ﬁg:ae[@%/ 85,]/ ce%ﬁ%tblm'ls .78 Oé) was affixed to the flask and

uene-

3 e&l{’yiérile dx@dd—teﬁﬂ&éﬂterﬁteﬁ*ﬂs%ﬂ@ecﬁ(@& @rdps$- Then BFyEt,0 (510 uL,

di 0 ri dazin | oxynet hyl henyl met h
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\thder 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,SQ,, 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). 'H
NMR (600 MHz, CDCl,) é 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, CDCI;3167.1, 143.5, 130.8,) 8 129.9,
127.5,72.8, 52.4.



To a solution of the product of Exanple 7B (200 ng,
0.548 mmol ) in pyridine (10 nL) was added

p-tol uenesul fonyl chloride (209 g, 1.096 mmol). The
reaction was stirred at room tenperature overnight
under nitrogen atnosphere. Mnitoring by LG M5 showed
a 1.1 mxture of starting material and product. The
reaction was diluted w th BEiamfgle 8Bet ate and washed

with 5% CuSO4 until a light blue aguequs sol
mai ntynkkesis Ume[ZOﬁtg'g-hpg(lgweéhy%%n Met&p;gae@vbgenzonc acid

Na2SH4, filtered, and crude
mbﬁ?ﬁpl%gdgh'i fd’eutérﬂ&%‘e

mat erial was purified um chr omat ogr aphy

(3:1 hé&xane:ethyl acetate to 100% eth acetate) to

reco g~starting rraterlal (90 ) he product

as a clea 74 YgP ABDMSALel d pastd covered p
starting v 8 IRzl B AVHz : .C?;ﬁomws
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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 pentane: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
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the reaction was concentrated in vacuo. The crude material was purified by flash

column chromatography (90:10 pentane:ethyl 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, 9H), 0.90 (s, 9H), 0.07 (s, 6H); HRMS caled for Co4H31DgCIN,O4Si:

509.24738, found 509.2480.

Example 8E
Synthesis of 2-fert-butyl-4-chloro-5-[4-(2-hydroxyethoxymethylbenzyloxy]-2H-

pyridazin-3-one hexadeuterate

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
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starting material) as a clear oil. 'H NMR (600 MHz, CDCl3): 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,
133.1,129.9, 128.1, 128.0, 127.3, 125.2, 118.1, 72.7, 71.0, 37.0, 63.4, 28.0, 21.7.
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To a solution of the product of Example 8F (14 mg, 0.027 mmol) in
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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 '8F 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,CQ;3) in 1 mL of
distilled/deionized water (H;0) 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).
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of the '*F-fenazaquin and pyridaben analogs:
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7. The toluenesulfonate ester precursor to the desired fenazaquin or pyridaben
analog (2.5 mg) was dissolved in CH;CN (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



133.1, 129.9, 128.1, 128.0, 127.3, 125.2, 118.1, 72.7,

71.0, 37.0, 63.4, 28.0, 21.7. Example 8GO0 0O NDD

KF, K222 DD DDACN 90 C0.g> ~Ols OX F Dbb D

D To a solution of the product of Exanple 8F (14 ny,

0.027 mmol ) in -59- acetonitrile (300 L) was added
potassium fluoride (3.1 ng, 0.053 nmol) and K222 (20 '
NYrenthv@B Fid¥yinge, ahtidepesited ona Waters®Y iQasis HIB ( bpdrophitic-lipophile

10 mi nutes under nitrogen_ atnpsphere,, nonitaring b
TLbalance) columanalloying |"n§3%tﬁfél?1@?¥1§#w@r W{é’ﬁ@f?%osﬁﬂs st fhapoeh
CogJitﬁ & Quk@Oom tenperature and concentrated under

reduced pressure. The crude material was purified b
pr 8par afThe ergahiC componensx maee vt froatthe sobimn igtapeepieal 5 mL

the, product . as an,oil (6.2 2% vi el ' : -
(6?5%5‘?%% 8@5@{@5@&5’@7 ](!];.", (ﬂgﬁiz? ;’h%l%lu%rét%aj%uﬁﬁ%yg]f preparative
( sHPZ)D (Phéndiderdest, LI C-18 ColiviR 250501 Mritn, StutpartGDEIBPA pore.
158.5, 153.1, 138.2, 133.8, 127.7, 126.8, 124,6,,

11 gragieny elution 86/19 HO7CH;CN o CHyUR) St appagpriatepxastgns were

5 L asy . o '
.2l ) ORI AL 8 i i

Py (irdBiiesi I{PDY). RessoRahinoyastreheshtratedtto timesd inombwe atd dissolved

Radi onuclide. The Fluorine-18, (18F) _.used in t . )

r egbw@apqognﬁeaal}@wﬁ#% ehanglico Hg B)éﬁlﬁs?tmlﬂeaﬁpf gy biological
engd,ghed Oxygen-18 (180) as H2 180 with using
approximatelyl0 MV protons by PETnet (Woburn, M.

The expreiditiopally,dhe foilosingicimpoundemey beprépared follgying the
7)18F.. . For all of the radiosynthetic reactions a

si %CEPe‘ngé’ES % was used. Al glassware was

si IFRahdpidl L Depafind NdGloasihesi on of the material to the
vessel 'walls and optinmze transfers. A dedicated,
specific HPLC unit was used for purification for all
compounds. A oegi cated specific HPLC unit 9eds used for

r adi oanahgd.j ca angl yses of final prea
typically egef ved fromthe supplier
a processed . 8F columm) engased
shi el ding. Thg 13F dol y contai ned the s®
coordi nated to eillt%er {al B na or a quater naryle
salt housed in a"

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).
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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% NaHCQ; (2x), dried over Na;SO4 and
concentrated to yield (6aS, 12aS)-7’-hydroxydeguelin as a yellow amorphous solid.
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Synthesis of (6aS, 12a8)-7’-methanesulfonyldeguelin:

To a stirring solution of (6aS, 12a8)-7’-hydroxydeguelin (50 mg, 0.122
mmol) in dichloromethane (0.5 mL) is added MsCl (9.48 ul, 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. Afier
24h the reaction is complete and diluted with water. The aqueous layer is extracted
with dichloromethane. All combined organic layers are dried over Na,SOy, filtered,
and concentrated to yield a yellow oil. Silica gel chromatography (gradient from
100% dichloromethane to 5% acetone in dichloromethane) affords (6aS, 12aS)-7’-

methanesulfonyldeguelin (48 mg) as a yellow oil.



rapidly to a cooled (-10 C) solution of boron
tribromde (3.15 g, 12.7 mmol) in dichl oronethane
(32.7 m). The reaction mxturggis stirred for exactly
two minutes and then evaporated to dryness. The
resulting brown crude material is dissolved in the

m ni mrum anount of nethanol and cooled to 0 Cto
initiate crystallization. Brown crystals are
collected and dffted to afford 4'-brono- FHP 2' -enonic

acid: Silver OXIde(l 4.24 mmol )
o § Y ‘eponic acid 1009, 4. 244,
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dl edth®al MM 150 W[5 @s addedl, théhiat is \weripiped and(6af, 12aS) 7-
addition, the reaction mxture . is allaowed
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carrier-free (6aS, 12aS)-7"-['*F]fluorodeguelin.

Synthesis of (6aS, 12aS)-7’-["*F]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 CH;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 (6aS, 12aS)-7’-
toluenesulfonyldeguelin (2 mg) is added in one portion. The vial is recapped and



the reaction mxture stirs at 0 C for one hour and

then stirs at roomtenperature overnight. The next

day, the reaction mxture is diduted with diethyl

ether. The organic layer is separated and washed with
5% NaHCO3 (2x), dried over Na2SO4 and concentrated to
yield (6aS, 12aS)-7'-hydroxydeguelin as a yellow
a”Réd@élPM%SS@ I b0 mfh miesOAMRer gHa@lemluteu @ith vRter@4 mL)
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reaction 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 Na,SQ,, 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, 12aS)-deguelin:

Solid PhSe-Cl (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



and concentrated to yield a yellowoil. Silica gel
chromat ography (gradient from 100% di chl oronethane to
5% acet one in dichl oronmet hane)kcaffords (6aS, 12a5)-7'-
nmet hanesul f onyl deguelin (48 ng) as a yellow oil. -64
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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 extracted with
dichloromethane. All combined organic layers are dried over Na;SOy4, concentrated

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



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 addighonal aliquot of CH3CN
is added and concentrated under vacuum w t hout
heating. Prior to conplete solvent renoval, THE (150
uL) is added, the vial is uncrinped and (6aS,

12aS)- 7' - toluenesul fonyl deguelin (2 ng) is added in
one portion. The vial is recapped and -65-odwgat ed at
65C for u@0_mi fitltes. After cooling, tEgDvia is diluted
W th water and passed through a™sTy i
cartridge p4ded Waters LightsC 18 4
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i (2 m). The acetoni®gj
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chromat ogr ap gradi ent from 20%’hexane in
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sol uti on of -)-rot-2"enonic acid (350 ng, 0.884
mmahy heatedl aodfl 6¢ fordOmainates.18.fi6r edojing Apwato room temperature, a

solution of trifluoroacteic acid (500 mL) and water (300 mL) 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,

12a8)-4’,5’,-dihydro-4’[ "*F]flouro, 5’hydroxydeguelin.

Synthesis of (6aS,12a8)- 2-0-desmethyldeguelin:




conpl etion of addition the reaction mxture is all owed
to warmto roomtenperature over 2h and continues to

stir at roomtenperature for_gn additional hour. After
three hours of total reaction tine the reaction
m xture is concentrated to yield a yellowoil. The
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added p-TsOH nonohydrate (118.3 ng, 0.622 nmol) and
trimethyl orthoformate (68.14 L, 0.622 mmol). After
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contains potassium carbonate (5 mg, 36 umol) and K2.2.2 (18 mg, 48 pmol) in
acetonitirile (1 mL). The target water is evaporated under reduced pressure and He-
flow. Three portions of acetonitrile are added at 110 °C. The reaction chamber is
allowed to cool down to room temperature and dibromomethane (50 uL) in
acetonitrile (1 ml) is added to the dry '*F/K2.2.2- mixture. The reaction mixture is
heated again at 110 °C and the volatile products were transferred to a preparative GC
with He as a carrier. The column is heated to 100°C and ['*F]CH,BrF is separated

from solvents and other reagents.




After 6.5h the reaction is diluted wwth water. The
aqueous layer is extracted with dichloronethane. All
conmbi ned organic |ayers are d_r&@gl over Na2SO4,
concentrated and purified using silica gel

chr omat ogr aphy (gradi ent 100 di chl oronethane to 30%
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evaporated and the residué is pufified via HPLC to
af fdpat pae eAfar qqng:letfqne@ a@gﬁ@n the reaction stirs at room temperature
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OHlaykt 18@x Padted@ith Hldhldﬂoﬁeﬂlaﬁe Qiried over Na;SQy, 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 '*F" 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 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 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).
(6a8,12a8)-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
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sodi um net hanet hiolate (125 ng, 1.78 mol ) are
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at 80 C for 26h. The reaction mxture is diluted to
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yield (6aS)-4’,5’-dihydro-5’-hydroxydeguelin enol ether.

Synthesis of (6aS)-4’,5’-dihydro-5’teluenesulfonyldeguelin 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 TsCl (15.3 mg, 0.080
mmol) and pyridine (6.47 uL, 0.080 mmol). After completion of addition the reaction

mixture continues to stir at room temperature. After 28h the reaction is complete



sanple. The cartridge is rinsed with water and el uted

wth CH3CN (2 nL). The acetonitrile is evaporated and

the residue is purified via HPC to afford pure

carrier (6aS, 12aS)-2[ 18F]fl uoromet hoxydeguel i n.

Synt hesis of (6aS, 12aS)-2[ 18F]fl uoroet hoxydegueli n:
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2[ ' 8F]fluoroethoxydeguelin. Synthesis of

(6aS)-4',5" -di hydro-5' - hydroxydeguel i n enol ether:
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(6aS)-4',5 -di hydro-4',5" -epoxydeguel i n enol ether
(1.0 g, 2235 mol) is dissolved in THE (20 nL) and
cooled to O C. Lithiumalum num hydride (2.35 nL of 1
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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.
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thin-wall 10 nlL, silanized vacutainer with a silanized
stopper is charged wth tetragutyl ammonium hydroxide
(5 uL, 40% w v solution in water), and a solution
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Scoz)c:ling 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:

(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,
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dichloromethane) to yield (6aS)-4’,5’-dihydro-4’-carbonyideguelin 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-



CH3CN i s added and concentrated under vacuum w t hout
heating. Prior to conplete solvent renoval, THE (150
uL) is added, the vial is uncggnped and (6aS) 5'-
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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 CH3;CN (2 mL). The acetonitrile is
evaporated and the residue is purified via HPLC to afford pure carrier-free
(6a8,12a8)-4'[ "*F]flourodeguelin.
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methanethiolate (125 mg, 1.78 mmol) are dissolved in 4 ml of N,N-



OCH3 OCH3 H COOCH3 HCOOCCH3 00 OO HH HOO
(6aS)-4',5" -di hydro-5"' - hydroxydeguelin enol ether (1.0
g, 2.3 mmol) dissolved in di g:lgﬁpromet hane (20 nlL) is
added to a solution of PCC (O. g, 2.3 mmol) in

di chl oronmet hane (20 nL). After stirring at room
tenperature for 2h, the reaction is filtered through

a ﬂﬁ%t@ﬁa@e@eldxﬁie afd et QA B CabL26h. The redct o mikiusy is diluted to 50
purified silica gel chromatography (100%

d| ; o NGthoHete xrgctad yei Gckiedpremethang Tt dgpenstpvendy thep

&ﬁilﬁ(eﬁ %?h} %e“sﬁ?%l 01‘i @%gﬁ%ﬁﬁgdﬁ?r I e %ﬂﬁ‘g#ﬁgn ny ghfe fie orgamc

e n niyelstahfedrlem% Nag$,, cbhdetiraded{ant, pﬁ@ﬁ%&ﬁng giliga gelO H
sol.utio

> airgmererani g Fobihlamsatians tg paesiongin igilopprethanc) to
( 6%% d mldhh)kﬁb:ﬁg@" nfthfBerBhldehfdeadded

5'-di Aydr o- 4" - car bonyl deguel i n enol et her
(42. 4 g, 0. 10Symthesisnnfl 2)3dibydoéxyeSmiteoitenzaldehyde:
hydrochl oric acid. The solution is stirred at room

tenperature andgichen . coologd to 0 C fewe 4 h. Tee trisyl
hydr azone deriv cotH-eeted as. A
solutlon of the, -Mprazone deri oS- 3
nmol , 46 rgEn% [
met al at el Jﬂgﬁholxz-a%@% . fide %Q%ntgwo@sé%o}%ﬁ sodium
butetHanethiclatt ¢)2S5] mg,eb(mmn(o‘lbarﬁ dimsolived sr Builiof NsN80 C)
and. alJqwed tq warmto -10 C u N2 evol ut.ion
o eyl de Aok Beal 26D Clot 2ot T e Op FikiFe is dituted to 50
t F YR AtbandexhaEed %1@1590}{%%tha%e Mt aqhechsqarYs then

in 30 mL hexane is added all at once. ~Aqueous work-up )
s a¢ldiﬂedmth Py Hﬁwwwmagm with idichlerhmethapetAdl of the organic

paLaLus reduced pressure.to .aiv
2 ISR At Sy ToreRt Ry o Batfot B9 silics gel
( 6aodtSraphy (I 0BY] dithloronsteigineltd BO% acetone in d1chlor0methane) to
yield 2,4-dihydroxy-5-nitro-benzaldehyde.

OH

one xo, OHC ~
HODEOH 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.
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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
Na,SQy, and the solvent is removed in vacuo to afford an oil, which is
chromatographed with 3% Me,CO in hexane to afford S-methoxy-2,2-dimethyl-7-
nitro-2H-chromene-6-carbaldehyde.

Synthesis of 5-methoxy-2,2-dimethyl-8-nitro-2H-chromene-6-carbaldehyde:
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yield 2, 4-di hydroxy-6-nitro-benzal dehyde. Synthesis of
2, 4-di hydr oxy-5-ni tro- benzal dehyde: OHC ~ ~NO2 CHC
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The reaction 1s stirred at room temperature for 12 h, sat. NH,;Cl and diethyl ether are

added. The organic layers are washed with water, brine and dried over Na;SO4. The
crude material is filtered through a pad of silica (1:1 hexanes: dichloromethane) to
afford 4-but-2-ynyloxy-1,2-dimethoxybenzene as a yellow oil.

Synthesis of 4-(3,4-dimethoxy-phenyoxy)-1-(5-methoxy-2,2-dimethyl-8-nitro-2H-
chromen-6-yl)-but-2-yn-1-one:

NO;

0 Z
NO, H,C0 ||
H;COQD
To a solution of 4-but-2-ynyloxy-1,2-dimethoxybenzene (1.66 g, 8.66 mmol)
in THF (75 mL) is added n-butyl lithium (5.54 ml of 1.6 M solution in THF, 8.86
mmol) at — 78 °C. After 30 min., 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

Hs

combined organic layers are washed with brine and dried over Na;SOy4. The resulting
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2, 4- di hydr oxy-6-nitro-benzal dehyde (10.61 g, 58 mol)

in Me2CO (6 nl) is added durisg a 5.5h period to a-
stirring solution of 3-nethyl-but-2-enal (4.00 g, 29
mol) in pyridine (2.29 g, 2.34 nL, 29 mvol) at 120 C
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OV&mbined organic layers are washed with brine and dried over Na,SOs. The resulting
crude material is dissolved in dichloromethane (20 mL) and MnO, (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:

NO,

Hy

: I
HyCO o

In a flame dried 10 ml round bottom flask is added 4-(3,4-dimethoxy-



Na2SO4, and the solvent is renoved in vacuo to afford

an oil, which is chronmatographed with 3% Me2CO i n

hexane to afford 5-methoxy- 2, ngﬁil net hyl -

nitro-2H chronene- 6- car bal dehyde. Synthesis of

4- but - 2- ynyl oxy- 1, 2- di met hoxybenzene: , Owve OCH3 MO
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di (fEtdhomgy0. pg@nym@gndﬂ’@ (1.8 mg, 5 mol %). The flask is evacuated and
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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-yl)-(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. NH,Cl, extracted with




yn-|-one. Synthesis of

4- (3, 4- di et hoxy- phenyoxy) - 1- ( 5- net hoxy- 2, 2- di net hyl -
-nitro-2H chronen-6-yl)-but-2Zqyn-1-one: OCH, N2 O
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g s added
celite

di met hoxy- jfhenyox ) 1- (5 met hoxy 2,
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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
ethyl acetate, dried over Na;S0;, and concentrated. The crude material is dissolved in
EtOH, saturated with potassium acetate and refluxed for 1h. After cooling down to
room 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 (+/-)-1 1-[lsF]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

OCH,
HiCO.




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 NO2 NO2 OcJL O1 , H,::ziiJ afford

(6, 7-di met hoxy- 2H chroman- 3-yl ) - ( 5- met hoxy- 2, 2- di net hy
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ar 'eflth/a@h@dtyl 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 (+/-)-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 CH;CN (2 mL). The

acetonitrile is evaporated and the residue is purified via HPLC to afford pure carrier-
free (+/-)-10-{"*F]fluorodeguelin,
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brine, dried over Na2SO4, and concentrated. The crude
material is filtered through @& pad of silica (3:1
hexanes, ethyl acetate) to yield
(+/-)-10-nitrodeguelin. Synthesis of
(+/-)11-nitrodeguelin: To a flane dried 10 nL round
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acctate/hexanes) affords 5- N-(4 tert-butylbenzyl)carboxamido-3-(methoxycarbonyl)-

1-methylpyrazole.

Synthesis of Methyl 5-N-(4-tert-butyl)benzylcarboxamido-4-chloro-1 methyl-3-
pyrazolylcarboxylate:

3O

A solution of 5-N-(4-tert-butylbenzyl)carboxamido-3-(methoxycarbonyl)-1-
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)



ng) is added in one portion. The vial is recapped and
heated at 65 C for 30 mnutes. After cooling to room
temperature, the vial is dilutgf. with water (4 nL) and
passed through a silica gel cartridge (pre-|oaded
Waters Light C- 18 Sep-Pak) to |oad the sanple. The
cartridge is rinsed with water and eluted with CH3CN
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cooled at 0 °C overnight. The resultant precipitate is collected by filtration and dried.
The filtrate is extracted with dichloromethane (3 x 100 mL) and the combined
organics are dried (sat’d ag. NaCl, Na;SOy), filtered and concentrated.
Recrystallization of the residue (ethyl acetate-methanol) affords pure 5-N-(4-fer-
butyl)benzylcarboxamido-4-chloro-1-methyl-3-pyrazolyl carboxylic acid.
Synthesis of 1-(5-N-(4-tert-butyl)benzylcarboxamido-4-chloro-1-methyl-3-

\:©\1<

N

pyrazolyl) —1-ethanone:
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A solution of 5-N-(4-fert-butyl)benzylcarboxamido-4-chloro-1-methyl-3-
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.
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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)
—1-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 aq. NaCl, Na,SO,), 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-
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A thin-wall 10 mL, silanized vacutainer with a silanized stopper is charged

with tetrabuty]l 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




cooling. The acid chloride flask is rinsed with THE (5
m.), which is again cooled and added via cannula. The
bath is removed and the m xturgg _is stirred at room
tenperature for 30 m nutes. Methanol (4 nL) is added
to quench the reaction, and the m xture i s poured
into saturated aqueous NHA4CL(200 nmL). The m xture is
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stirred t on._o0 he starting ketone. More
sdﬂf‘ﬁ?ﬁ*‘%d‘? g’remgjpygazoglggd if necessary. Water (2
m) is added t heqi xture concentrated and the m xture
is parti® oged een water (100 nt 0

di chl oro hane X0 nL). The co
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=t ol uenesul onat oet hyl ) pyrazol i ne:
mmole} in pyridine (12 mL) is stirred at room temperature for four hours The

| ut Rg)n;, 10- 30%

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,
NayS0Oy), 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-
[lsF]ﬂuoroethyl)pyrazoline (via mesylate):
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The solution is concentrated and is partitioned
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ny] " FEluvasksbtid/)pyrazoingor tion as a solid. The vial is
recapped and heated at 65 C for 30 mnutes. After
cooling, the vial (s diluted with water (4 rTL) and
passed through a si | ica gel cartridge (prefd
Waters Light C Se- Rak) bod.xbag the samrple-
cartridge ig,ri w t h water—and™el ut ed CH3CN
(2 nmL). The Hat

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.



acetonitrile is evaporated and the residue is purified
via HPLC to afford pure carrier- free
5-N—(4-tert-buty|)benzy|carbgg?nido-4-chloro-l-nethyl-
3-(1 ['" 8F] fluoroethyl)pyrazoline Synthesis of
5-N-(4-tert-butyl)benzyl car boxam do- 4-chl or o-1 - net hyl -
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3-aflded zi:ﬂ:l&:%hﬁénmddeiddyi ‘)'mmmmltham héating. Peisy toatompleto sblvent
o\ NH >\ | ON "'~ O~ Foii

\ \ i
° stmoyele iprange(i 10 4 lﬁ@dd%f% e dtugcined 908 4 Tt -
S| ih@hé biiox! arman VHe vial i
AR PARORRL o3, A0S M h bt g s apmel v vl
s abasppeharal heh®E at A0NAE dor ZS]Jﬁnﬁtqs 20¢r uQc)hngTh @olutlon of lithium
fl'” 1tngrr;1thyrcri1rl)é£: l[;1s‘(ete‘Er&?hy%\r/o ran?m 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

i<di ne (12

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 cariridge
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 4-fers-butyl-3-
["*F)fluorobenzylamine. The solvent is evaporated and the material is used directly

in the following procedure.

Synthesis of 5-N-(4-tert-butyl-3-|"*F|fluoro)benzylcarboxamido-4-chloro-3-ethyl-
1-methylpyrazoline:

To a stirred mixture of 3-ethyl-1-methylpyrazole-5-carboxylic acid (30

= Z

umole), dicyclohexylcarbodiimide (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-tert-butyl-3-



dryness under a flow of nitrogen at 100 C. The residue

is f rther dried by repeated addition and evaporation

of CH3CN (3 x 200 ulL). An addighi_onal aliquot of CH3CN

is added and concentrated under vacuum w t hout

heating. Prior to conplete solvent renoval, THE (150

uL) is added, the vial is uncrinped and pure
5{NF{fudretidnzylaniing (phepazdlaboee)lin divhicdométheid (100-ul)). The mixture
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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(ZH)-pyridazinone:

(o]
P °
Cl
Cl
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1.5( l”)j[
Cl N SH

To 0.5 g of 2-tert-Butyl-4,5-dichloro-3(2H)-pyridazinone was added 7 ml




with tetrabutyl anmoni um hydroxide (5 uL, 40% w v
solution in water), and a solution of 18F_ in water
(1 OCG, 200 uL). The resultan%l m xture i s 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
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mxture is stirred at roomtenperature for ten
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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

Q
Q
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>LN KF >L F
L B
A SH N\ s

chromatography (silica gel; ethyl acetate/hexanes) gave the above mentioned

compound.



di ssolved in acetonitrile-water (1:4, 3 nmL). The

m xture is passed through a silica gel cartridge

(pre-loaded Waters Light C 18 gep-Pak) to load the

sanple. The cartridge is rinsed with water and el uted

with CH3CN (2 ). The acetonitrile is evaporated and

the residue is purified via HPLC to afford pure
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To lithium aluminum hydride (427mg, 11.2 mmo!) 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:

TB5Cl

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
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2-tert-Butyl - -di chl oro- 3(2H) - pyri dazi none was added

7 m -91- vvater and sodi um sul §§ de (0.53 g, 6.81 mmol)
and the m xture was heated to 80C wuntil all the solid

di ssol ved. The solution was then cooled to room
tenperature and concentrated HCL was careful |y added
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Synthesis of 2-tert-butyl-4-chloro-5-(4-(4-tert-butyldimethylsilyloxy

butyl)benzyl)thio-3(2H)-pyridazinone:
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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)-buty! 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.



SH N chr omat ogr aphy (silica gel; ethyl
acet at e/ hexanes) gave the above nentioned conpound.
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3(2H)-pyridazinone:

To a 15ml round bottom flask charged with 2-tert-butyl-4-chioro-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:
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(685 ng, 4.56 mml ). The reaction is stirred for 4 hrs
after which it is extracted in -93- ethyl acetate and
washed with water to renove alds; DMF. The organic |ayer
is then dried and concentrated. The crude m xture is
then purified by flash chromatography using a m xture
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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:
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To a 100 ml round bottom flask is added 20 ml tert butanol, 20 ml of water
and 5.6 g of AD-mix-B. 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)
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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-ethyl)oxy-3(2H)-pyridazinone
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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 -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.
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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. 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 ethyl acetate — hexanes as the eluting mixture.
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layer is then concentrated and subjected to purification using silica gel flash
chromatography (ethy! acetate/hexanes) to obtain the above compound.
Synthesis of 2-tert-butyl-4-chloro-5-(2-[lsF]-ﬂuoro-l-(4-tert-butylphenyl)-1-
ethyl)oxy-3(2H)-pyridazinone:
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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 ul of acetonitrile is added and this too is

concentrated under nitrogen. 100 ul 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-ethyl)oxy-
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Synthesis of 2-tert-butyl-4-bromomethyl-S-chloro 3(2H)-pyridazinone:
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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.
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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.
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To a 15 ml round bottom flask charged with 2-tert-butyl-4-tert-
butyldimethylsilyloxymethyl-5-(4-tert-butylbenzyl)thio-3(2H)-pyridazinone (2g, 4.2
mmol) is added tetrabutylammonium fluoride solution (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.
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To a 15 ml round bottom flask charged with 2-tert-butyl-4-p-

toluenesulfonyloxymethyl-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.



washed with water and dried. The organic layer is then
concentrated and subjected to purification using
silica gel flash chromatogra (et hyl

acet at e/ hexanes) to obtain the above conpound. -102-
Synt hesi s of

2-tert-butyl -4-p-tol uenesul fonyl oxynet hyl -5-(4-tert-
but yl benzyl )thi o 3 (2H) pyri dazi none: O Ols O OH But

\N Bul\' N I Jo a 15 d bottom
cSaptheaio o 2itert-buty L4 FRucromy Rork i frgt- D tbensyiio-328)-
( | benzyl )t hi o-3(2H)-pyridazinone (1.0 g,
2?’?5‘%%'6’1%‘5%/5 added pyridine. p-Tol uenesul f onyl

chloride (0.79g9, 4.15 mvol) is then added to it and

the m xture stirred for 4 hours The reaction m xtyre

is diluted wg h edhyl 2y Z

crude is p r|f|
(silica grl;
mxture to gry

| X f
2-tert J’IEHWWS (5 k- rﬂel m}) mgs%/nt@gfwéaiggmﬂ B@H%li)mﬁtsﬂﬁl 8f
<A R 5] AR 435 o0 i PR e Bk

2u|h&éﬂmbbl%efx‘1| 1n4.f1 il bath ?]nd 250 j.L] of acetomtrlle 1sI abdded and th%s too is

t ol uenesul f onyl oxynet ter en t
2KpOPHPEHIPAGEEENS 1 il SHqbiduelby S of
OfZ—%ﬁm% ﬁf_[.ﬂﬂ&%ﬁl Pj(]e ¥t lﬁjﬁ SS(Qtl I'tl-&ft‘ylﬁénz'yi)tmo 3H)-

e mxtu |rst stirred at
t @nypéamanee’l'h@mu&tﬁrem thendwatad mean othhatbhat 79°C @r E@mle@tes This

f t 100C. .Th

 ofhen CS P Peren APied P 18 Skt R atn'ed s Briiulle o
f%@{ﬁg@gommmﬁgdcgﬂgoﬁrﬁyers were separated and the
organic layer is washed wth water and then dried. The

o@amrdﬂl-alﬂeeﬂza@lnmlqgmcentrat ed and subjected to
| catl Si L gel flash chromat ography
esg n?@ﬁ%%&ﬁ‘e“&? Y% obtain the above compound.

OH Cl

POCI3 N
J )
4-Quinazolone (5g, 34 2 mmol), phosphorus pentachloride (10.26g, 47.9

mmol) and phosphorus oxychloride (40 ml) were refluxed for two hours at 115-118C.
The phosphorus oxychloride was removed ir vacue 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.



-103- Synthesis of

2-tert-butyl-4-[18F]fl uoronethyl-5-(4-tart-butyl benzyl
)thio-3(2H)- pyridazinone: 0 _GpyQ 18F But \ eul M S
s/ S Aqueous 18F (50 nCi, 0.1 nl) is added to a
vacut ai ner contai ning 5A of tetrabutylammoni um

hydr oxi de (40% wt sol. in water). The m xture is
concentrated wunder nitrogen in an oil bath and 250 |
of acetonitrile is added and this too is concentrated
un8xnthesis ohddd-MethylphegyD) puganol:  hen added to it
followed by 5 ng of

2-tert-butyl -4-p-taoluenesul f onyl oxynet hyl - ert-bu

then heated in a hblat 70C fbr
is then dil uted r, 3
and el uted W acetonitrile to t the above

Dot hoo T8 1ERTRCIR e R BRI G T I P WABBEPE gy ctrer
4- Q1) pareli9akied oﬁﬂ(ﬁmxﬂghﬁhmﬂ? eanheikcwsid (5.614 mmol) dissolved
pentachl ori de 1% 269, 47 nmmol ) and phosphor us,

oxycdiycathad é1qmb) owen a period of S0ImiREES 1 e reARsioRARIXEITg is then allowed

V2Rt TR RS s B B, WARer (G VR JDm (1%

enkbliori Oﬂyg)@n‘gaﬁat_éﬂ(e 12991311) et theh added\wsagkivgly and the resulting

contal ning crushed 1 ce an agal.n extracte t .

o RO At 471 TOPESha o 100 AR BTFEtP e i ELBHFR g washed with
Ol eRlePoRRFed, T FHEUER hdd CortbitPhed BRI hlified bR

under reduced pressure and the crude nmaterial was

r echyostaaddraptgdisingoethylexetates- hffxaaEﬁSfa@ lrthie leh‘eng)mlﬁ_dﬂ}m- .
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nmol ) suspended in dry ether (5 nl) at 0OCis added 1

g of 4-(4-nethyl phenyl) buatanoic acid (5. 6L4 1wy
di ssolved in dry ether ) ®ser a perfiod @
m nutes. The react|on TS then al | gwed

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

QOTBS OTBS
To a 50 ml round bottom flask is charged 4-(4-methylphenyl)butyl tert-



to warmto roomtenperature and stirred for 4 hours.
Water (0.43 m), NaCOH (15% solution, 0.43 g) and
water (1.29 m) were then addgg successively and the
resulting solution is stirre or 30 mnutes. The
resulting precipitate is filtered and washed wth

ether and dried. The filtrate is then concentrated and

p%i}fldlﬁﬂ:t)mﬂ)fl |e€h%i“ (@i\sgo mq&han hN-Bi&ﬂnB@Jc@irﬁmideélo 4584, .89

hexanes as ting medium  Synthesi s of

4mmohehm¢qdmmqqd@tl |mg Q089 mme lbmﬁfl Qmd carppn fatraghloride.
TBSC.
! i s R R G MR leal Rl e Birce i

| Rbféehthd a3d Qi&csﬂﬂﬁ)@cﬁd@ tesidme urified by flash chromatography in
tert-butyldinethylsily chlorlde (685 ngy, 4.56 mmol ).
TIeEY agrtatpdsxqngs ?ﬂf?rédhﬁfb‘io UCthr s after which it is

O A B B 28 e

concentrated. The crude m xture |s t el f 1 ed by
fl ash chr omat ograph$ ' '
acet at e- hexarfes ap
above nentigned P
4- (4-brono "thylphenyl) butyl terlt - butyldlne eyl si |yl
ether: NBS|I \ Bf OTBS8OTBS To &%0 m roufd boftom

ek oA BN B s 955 05

Nrhmenes tHd:rH"s el el Ardihizige toOME urnimgs () 3.7hep 0§61 mmol). A few
per oxi de 17 , 0.0089mmul) and 10 ni

rbon .
t m%ﬁpﬁhorlu@ are thep addgdudp dpitiatedhe repetippeand 63%%%*3 refluxed
af I
o e fle) dint FprR GR Tl K GHER il ol od TG
bybubblzd linto hllrﬁ)mhﬁ agnapd Btirmng istchytinued dorad Burthex2ihewsrs aﬂer which
afford t product.  Synt hesi g of. . .
4l IS PRI PARERGOR e TheBEFESTF o AR FfFasts igh ethyl
a%gtate WhsHMl an@dled Q&ﬁér remgvﬁ &%@c GhIvertdUBder reduced pressure
4-( 4- br ononet hyl phen ﬂ:bUt yl er t - butyl di met hyl si |yl
etthecrudeispugified bydlash chromatography (silica gel; ethyl acetate/hexanes) to

yield the desired product.

Synthesis of 2-hydroxyethyl-4-(4-tert-butyldimethylsilyloxybutyl) benzene:

OTBS o H TBS 0

4-(4-tert-butyldimethylsilyloxybutyl)phenylacetic acid (0.25g, 0.772 mmol}
dissolved in dry ether is added dropwise to a suspension of lithium aluminum hydride
in ether (44.2 mg,1.16 mmol). The reaction mixture is stirred for 5 hours after which
water (45 ul), NaOH(15% solution, 45 ul) 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



nmmol) in dry ether is added dropwi se to My turnings
(13.77mg, 0.561 mmol). A few crystals of iodine are
then added to initiate the reagkion and the mxture is
refluxed overnight under nitrogen at mosphere. The
solution is then cooled and CO2 gas is bubbled into
it for 10 mnutes. Stirring is continued for a further
2 Badhstortdpdly (Wlics Bel; ¥Byleicefate/ltdpet) t 0 the reaction

m xture. The m xture is then extracted with ethyl
acetate, washed and dri ed. ﬁ¢ter renovi ng the organic

SO t ' (|
hﬁ&lehﬁ' ﬁﬂg 5%3&?‘3*1 Yer g rl}:ﬂﬁ? glsglg\%xfy?ﬁewyl phenil etild§§

acthﬂiaeéhmtanes) to yield the desi red product.

Synt hesi s of

2- hydroxyet hyl -4-(4-tert-butyl di net hyl silyl oxybutyl)

benzene: r I | OIBS OHY" O H

4- (4-tert-butyl dimethylgilyl oxybu

(0.25g, 0.775 nf [

aetlc aci d

m hydri de

: mxture is
stirred flo houfs affer which watg :
NaOH( 15% sefut , 45 1) and water ( I) re
successively added and the reaction
stirred 2flg»t1rcacyéth|yt—h{(4-tért}bniytdlmethylsilhbxywm)bfpmgne (0.3g,0.97
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purifi chromat ography (silica ge
et Wmcln%ghlgtcgph@x@ln@g(p 18§t hggn@?@fadded to the above solution. The
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J kolution is then extracted in dichloromethane. The organic layer is washed, dried and
2- hydroxyet hyl -4-(4-tert-butyl di methyl Sllagl oxyH Elyl ) be
nz 88 copcengrated to ﬁelcm@m@ PEPdRCh R 1F pu as
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roomtenperature for 30 mnutes after which

gbg@é%gg piﬁ 4-Hl ZIySiQOX]y ﬁtﬂ)ph]éngﬂgltlzoxiy? q%{jn%go il%ecz) the

TBAF OH
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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

OTBS

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)



solution is then stirred for 6 hours after which water

is added to the m xture. The solution is then

extracted in dichloronethane_;dhe organic layer is

washed, dried and then concentrated to yield the

crude product which is purified by flash

chromat ography (silica gel; ethyl acetate/hexanes) to

gi ve the product. Synthesis of

4-(2-(4-(4- hydrox but yl ) phenyl t hoxy

C Synthesis ¢k 4-(By4- ( EBESFEI'AFY@VIP‘H}’DP#FWL{L“ "3() ‘L“”RBZ""“"

To 4-(2-(4-(4-tert- butyldlnethyIS|IonxybutyI) phenyl)

et hoxy) qui nazoli 0.4g, 0.916 mmol) added

t et rabut yl amm i de solution ' =—i

4.58 m, 4.58 mo solution ig
hour s after [ is added to}\ the reaqi on and

this is extra thyI acetate. TH
is then washed ater, dried and

The resi due obt g urified by flg

chronatography 88, | ; ethyl acet DX, 2
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4-( 2- (ZX( 2 i r?gfuenes ufl?s(l)( nc)}/’1ar (%??/ Bmhyﬁ S p 4e$14yﬁdroxybutylgpheny )

q Uétﬁaiﬁc{uﬁﬁzolﬁheqo 26@-|OT7§’ mmbl)lis-8i3sdlyedNa piridBwed(S mdrpd
bottom fl ask char ¢

4- Tolngmespliony) ghiok @B&Q i ﬂp%%mﬂ}on istthenaAded 7 i1 298 fhe pixture

( Ostrreddror 9 hZﬁrfsnT’Pt% QCaétfon%ﬁélﬁE Y@Gﬁldt&i ﬁi’cﬁ lethiyD @ce@ﬁe Nrgshed with

p- Tol uenesultonyl chloride (0.15 g, 0.79 nmol) is

t h&% cagpedsutfateisoluiod and ame:nmtmweter and driede AfigF renaying féle solvent

T e b B R g s

%&r(etﬁpliac@fa!t@ﬂexaﬁésg@r givéEMe pratet. he sol vent  on the
ary evaporator the crude is purified by flash

chromat ography using silica gel (ethyl

g?Sﬁén?'&%éi?ii‘?ﬁﬁ-i%%%u o PR Rhoy BRI .

4-(2-(4-(4-p-toluenesulfonyloxybutyl)phenyl) ethoxy) quinazoline (0.3,
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.



ON-N~N 1T ~N

4-(2-(4-(4-p- toIuenesulfonyloxybutyl)phenyl) et hoxy)
qui nazoline (0.3g, 0.63mmol) added to a solution
of potaSS|un1f|uor|de/kryptof|x 222 in5mM THE (1:1
rati o, 3.15 mmol each). After stirring at room
tenperature for 15 mnutes the solution is then
refluxed for 20 mnutes. It is then cool ed and water
is added to it. The solution is then extracted in

di chl oronet hane and washed with water and dried. The

ELS%-%?%S?’%{@-‘(‘?@WH-*‘S& hﬁeﬂ;%ﬁ'gg';f"’x{f [Algtine;
product. - 108 Syg hegi s of 4-(2-(4-(4- ':

F] - f 1 uor obut yl
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100 nC of 1
sol uti on consis

pot assi um car bonat-g 1005 n1 wat er ang
acetonitrile. @: i & heated to re

solvents and dr
vial. This is al sd*removed by evaporatio

4- ( 2- ( 4Tp4-5pmi whdiiresal mrﬂ;/m@w%mﬂlpéﬁ@nyﬁ}m@gwg water is

IO s e .
100605 millveatén 20d W %S ﬂnSac’étdmlﬁ‘lM Thie tviml dK ledatedrto mhdmn.él tandolvents

passed through a_ Sep-Pak eluted with .
{ eandsiycceionnals ( minis Do il Fipeliodameyedfey cypgration.
ab

%\j(? (Ergﬁ‘-%-tg&%ﬁ%sz H Hﬂ%&%tyi%ﬂ%ﬂ%ﬁih%xﬂ I\%ﬁlazolme (5 mg) in
2 @yenoroplieisyther atnicsi 4o it Ehe( gl is 3¢l anddiepted fosdbménuiescat 100°C.
| nTﬁtle ;nr{Xt?l}Jet id dﬁuteg 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
HCI N
A
NCO N o
H

2-Cyanophenyl isocyanate (5g, 34.7 mmol) is suspended in di-n-butyl ether.
HCl 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.



HCl1 gas is then passed into the suspension at 80C for
7 hours. The resulting precipitate is filtered, dried
and recrystallized fron1ch|orq nzene to afford the
above product. -109- Synthesis of

4-(2-(4-tert-butyl phenyl)-et hoxy) - 2- qui nazol one: ClI HO
O \"\N~ry N~O HH2-(4-tert-butyl phenyl) ethano
(0.3g, 1.68nmol) is dissolved in dry tetrahydrofuran
(7 M) and to it is added sodi um hydri de (48.5 ng,

2. Sgnthesis pf 45Rd4- tﬂéslmtﬂphgnls‘b'lethqxﬁﬁzﬂﬂﬂ%‘ﬁﬂ%d at room
tenperature for 30 mnutes after which 4-chloro-

2- qui nazol one (0.302 g, 1.68 nmol) is;added to the
above solution. The solution is the 1
hours after which water is added to the
solution is then extracted in dichlorometbé

d |1 ca gel; =€thyl
nttesisof
4-(2-(4-te I nyI) et hoxy) - 2- (t
ul f onyl oxy) - qU| Hazol9ne: 0 T1,0 0 H

oG R oL ) st R %w i
(5 téﬁa)ly@fa;iuﬁﬁ {7 Y@ B it ke |sb@iirChydmdy @ta mg( Q 0'33'3@01) The

and di'i sopropyl ethyl am ne (0.3
mmtsyltxng salitie ig sirred at onan femperateng fog 30 @mqmeaﬁer Whlch 4-chloro-

ovegr f I
o Lo B B G S e sonion s
| ayieh stifred g6 huresftarwhiciowarnisaddedito thh enigture G"he SOlIlthl’l is then
product _obtained is isolated, b flash phy
( s@ﬁﬁr«zcaedg@ wl%@lﬁweﬂa'e@ﬂate@rm% &1y is wagh %‘r 3941?#?@3
h
- PR fo il e s produt which ey fed by Mt cheomatogresty

{4tlida gab; dfhyl acetate/hexanes) to glve 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).



/ N~OTf / NILF A 15 m round bottom flask is charged
wWth 4-(2-(4-tert-butyl phenyl) -
et hoxy) - 2- (tri fl uor omet hanesulsfignyl oxy) - qui nazol i ne
(0.3 g, 0.66 mmol). Tetrabutylannonlun1f|uor|de
solution (IMin THF, 3.3 M, 3.3 mvol) is-then added
toit and the solution refluxed for 60 m nutes. The
M &{athesib of IE(4-ea ¥Rk IPREyIREox} 52-Tdeequirtizoline: | t
S ?hen extrgfﬂtd m:fﬁyglcﬁv%rone¥ﬁane dﬁgghed Wi th
water and dried. The crude obtained after
concentration i
chr omat ogr aphy at obtain the
desi red conpound. S j
4-(2-(4-tert-butyl phe

] - fluoro-qui nazol i ne: o~ " 18F
Aqueous 18F (16 nCi, O. [ acut ai ner
cont ai ni ng 51 of | ammoni um hydrpXide (40% wt
sol. in water). Th uré i S concenj -d’/ nder
nitrogen in an oil 00 and 250

acet oni Arid ml ismd ddeomdtask isuharged ovith 4-(2 Oqatreﬂabutalphmyl)

o0 gpromglianBrfony oS -4S aAac (5 g R PR

c 0%1? ﬁ%moﬁﬁﬁﬁ ﬂu&:@dé’sﬁ‘ﬂ?ﬁ{ﬂﬂi‘(lw fnhmr :4 ﬂrnl N9 nfifol) & then added

en added to it foll

4 (cQH @.ﬁd th@rsphmgnyd:fprxgdf@r)ﬁoemhmi@;) T’é m1xture 1s then cooled and water is

| oS ol E BRR RS ek ioMaBBAE b iShad i Watth R dred.
Th The tdé BB lafeebrnokithationtiepuri fddyi sikca gel ﬁaﬁhl&romatography
Sep-Pak, rinsed with water and eluted with

ac Eqﬂaﬁd.amtmeéleﬁ@wgbto abtan HisclesirerbeAmRMBE. conpound.

-111- Synthesis of 6-Ntro-4(3H)-quinazolone: 0 0 2N
aNH2 OH HCONH2 O2N H A mi xture of 5-nitroanthranilic
acS¢nih2sis of 4-(3-(4mait)buayiphbwylyrethionde)-2-1 ' Fridflucka-quindzoline:
irradiated at 150C in a m crowave (power: 60W until
TLC shows conpletion of reaction (20 mnutes). After
cooling, the rea : ' [ [ hh et hyl

Synt hesis of 6-Nitro-4- hI or oqui nol i ne: C2N | NH

aoa, 02 \N N N
N)\‘HF

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 at 100C 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-(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.



6- Ni tro-4(3H)-qui nazol one (1g, 5.23 mmol) and POC13
(7.1mM) are m xed together and irradi ated at 1000
(power: 70W for 10 minutes._Jpe. PCC13 is evaporated
in vacuo and the residue is dissolved in ethyl acetate
and washed with saturated NaHCO3, dried and
concentrated. It is purified by flash chromatography
(silica geI et hyl acet at e/ hexanes) to give the above
pr oduct nt hesi s of

6 Mh@lsm‘{ﬁzN{tm-ﬂ@lemiﬂ%w ) ethoxy) quinazoline:
ci o 2N\ \ N HO 02N /NJ I,

2-(4-tert-butyl phenyld et hanol (1 0g, 5.59 nmolQ is
di ssolved in dry tet;ahydrofuran (7 M) and to||t IS

added sodioinn_hye Q 02 ofN1
i s stl rr&a.t_m%& omtture For

resul ting sol
30 minutes aftl 'ch6N|tro4 chl or 0g | pe
(1.17 g, 5.6nmmo i s ditided to the above sof'uti oM. The

sol uti otln misturd dfEfRinstoanthenhilicacid(2gp 4.6 nanok andfirotamide (2.9ml,

dded t |
onmalif iased st 130N SR Lo G up T g
' Scoﬁﬁﬁéiﬁﬂ’of JEdcBn BPmided). &l@éi‘é@@ﬁﬁ?tﬂ%jre&éhow wixturt Eﬁ‘msed
crudé product which is pufified b

chwittethylcatateyand(eyaporated goter redwﬁi praseura: Brersndmis pyrifigd by

gl %SB 8{;‘8 r‘?%dgiz (F%? %gleﬁllh?d E%Ietat ?153 to ?ve the above product.

(SyhH &Y d‘t&s—Nl@Fé-KmroQuaolﬁery N F | / N%To a 25 m
round bottom flask i s added potassium fluoride (82.6

ng, 1.42 mmol) and erptof|x 222 (0.53g, 1.42¢mol).
The above mi xture is stjrred in THE for 20 m nut es
after which @NNl ’ v

gui nazol i ne (O.
solution is refl

cool ed and water ™§ addgéd to it. is theh ext¥racted
| n di cW-Unmtiiﬁﬁmlnamabmedlg,\mi‘hnmt)@ndé’:ﬁlﬁldﬂ bl) are mixed

f |
hl%? AT Qﬁﬁdbsc)c &rg‘?"g‘ggﬁ?@%gﬁgbﬁ' t'gﬁggrgg Poclsis
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et hoxy) qui nazoline: O K118FI EM222 02N ~ry ' OF ~ry
saturated NaHCO;, dried and concentrated. It 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 Q

O.N N HO—/ : : - OxN Y
- -
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 1s

then stirred for 6 hours after which water is added to the mixture., The solution is then



CN;, ryJ To a 5 nm reaction vial containing 50 nC of

18F in 300ngy of 180 water is added a 1 m solution

consi sting of 10 rrg of Krypt qfyiy 1 rrg pot assi um
carbonate, 0.005 wat er ancl1 3 95 acetonitrile.

The vial is heated to remove all the sol vents and dry
acetonitrile (1 m) is added to the vial. This is also

r egmyRebdan diﬁh&&@méﬂﬂaﬂé] The orgamc layer is washed, dried and then
6-Nitro-4-é‘2- -tert- butylp en I%1 et h éL iggﬁrollne h
(5ccmfnﬁr4#e ocyigldithe gyude peody yitlaskRirogralggrapny

100C. The
(s?lﬁcgég%?sm F@?E@g)&\ﬁ%@ té%é\{ﬁtﬂb‘ ﬁﬁiu ane and passed
t h Sonaesia oBé-ﬂ?‘-lﬁiaio-a(ﬂi-(dbtart-bdt)dphényll ahox)yphindzoline: .
The solvent is evaporated to get the above nentioned
conpound - 113 - thesis of (4- tert- yi phenyl )
et hane 1,2 diot: )
is added 20 m t

OC. tert-butyl styrene (0.64gr<m<ztk mol ) is add
the m xture and the resultlng solution is stinred
overni ght at Q. Sothd sqdjumsulfite '
and the m xture sti .
Thesolutionisth ted in ethyl ~acetsy e
vvashed [

purifi e 5}'@[ hﬂé{ﬁ?%gn%tﬂ%g(r gﬁﬁﬁ@%é&?ﬂ@éﬁ ggfﬂq&g]e@%yﬁl mg, 1.42
ac ainadl Aﬁtblm@pﬁf X 222 @0.88 ,0r 42 inhe])p Thel aodve rhgnirh ésstsredfin THF

1 rt but ﬁlggfe@yl@fllyl OXY?dZ-? %ﬁ%‘ﬁ?g’hfﬂ}%méer bu;;?/azcﬂme

ietn r@g& 20%2 rrpﬂ'h(ﬂ is cja(adéd tit. 7so WiBh ks fefluled e 3u etliniites M which

ottom sk and to this were added
i rritdazm:llerl ﬁhdZ\&ﬂelgl,s aﬂd@gtorrmbﬂ iy thearedttracted in dichloromethane, washed

tert-but 1 . I i,d 0.46

et e el b inhbip By 5| Gt Baiarpy e ety
eXhée%t&/ﬁQxdn@s)%ﬁé%'tﬁé %‘é%ﬂl@o&&ﬁ the organic | ayer
washed w th ygater and dried. Purification bg fl ash

c hBymthesig of bty Fl-SiluaroA-Ge(4-test-hytylpheaaDatho¥yd gainagpline:
af fords the above nentioned product. -114- Synthesis

:

1-tert-butyl di met ky
OzN Sy 8

(4- tertbutyl phep
=N
) p

N
To a 5 ml reaction vial containing 50 mCi of '*F in 300mg of '*0 water is

oxy 2-tetrahygro nyl oxy- 2-

K["*FIF222

added a 1 ml solution consisting of 10 mg of Kryptofix, 1 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



OrBsS OrBS OH OTHP

1-Tert-butyl di met hyl silyl oxy-2-hydroxy-2-(4-tert-butyl
phenyl ) ethane (0.5g, 1.622_ 1) is dissolved in

di chl oronmet hane and to it is added di hydropyran
(0.163g, 1. 94mmol ) and tol uenesul fonic acid (33ng,
0.194mmol ). The reaction is stirred for 2 hours after
which the m xture is washed with water and dried. The
crude residue obtained after concentration is
pufymithesis efy(4rteetshntyipheped) sthanshy2 diol j ca gel; et hyl
acet at e/ hexanes) to obtain the product. Synthesis of
1- hydr oxy- 2-t et r ahydr opyr anyl oxy- 2- (4eﬂert butylphenyl
)ethane: OIBS OH &&4P OTHP To
1-tert-butyl di methyl slilyl oxy-2-tetrahyd opyranyloxy-2-
(4-tertbutyl phenyl ) ~"&thane (0.4g, 1.01lnnol) is added

t et rabut yl anmoni um i de—sotuti on (IMNSBAF in THF,
5m, 5.0 mmol ). The Fution i s stlrr 2 hours

after which water is |added to the rea on and this

is extracted in ethyl~acetate. The organic |ayer is

t hen washed wth dried and concgntrated. The

resi due obtained is purified by flash Thromat ography

( si | i cargell00 el kyindaattoat fdshax added 20 mmtﬁbu@ymt, Regilof water

et SRR Ho it oo ey gon

4@0/ S mmol is added to the mixture and the resulting solution is stirred overnight
ydroxy- 2- etrahydropyranylox -2-(4-tert-butyl phenyl

) a;t(ﬁ‘a Seh@ eotﬁgm sullfit@ @aywd added thegnixgute ptirreft fpr an additional 30

tetrah ur, (.7 0 d

h 6% T@% _ %@1%5 t%%ﬁ%ﬁﬁﬁ étﬁ%l a%F%%u ﬁl?flf’eﬂqglg‘[%?ter and dried.
i STlset drhden thén HLoFTedis ek ahmmw Bilioh Belt ethybddette/hexanes)
whi ch 4- chIorJ%U|nazoI|ne (0. 17§§Q¥U§ 07 %ﬁg|)yls
ad@edfordthepsodughove sol ution. The solution is then

stirred for 6 hours after which water is added to the

m xture. The solution is then extracted in

di syithesisref hesre-bufyldimethplilyloky drydroxy-2e(ditectbutidpleshyl)

and then concentrated to yield the crude product which

i SetBANGfi ed by flash chromatography (silica gel;

ethyl acet at e/ hexanes) to give the product.
OH

OTBS
L OH oH

(7

/TS

(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.



Synt hesi s of 4-(2-hydroxy-2-(4-tert-butyl phenyl)

et hoxy) quinazoline: OTHP OH O O SIN (N) N
4-(2-tetrahyropyrany|oxy-2-(4jg§[t-butylphenyl)

et hoxy) qui nazoline (0.25g, 0.615 mml) is dissol ved
in 5 mM ethanol and pyridinium p-tol uenesul fonate
(15.4ng, 0.061 mmol) is added to it. The solution is
heated to 55 C and stirred at that tenperature for 4
hours. The ethanol is renmoved and the crude is

pubynthesis pf/1-tent-bawyldimeshulsdylozyAytetrahy dropyganyloxy-fit-

ac wnzdl16- Synt hesis of

4- %&%‘lﬂl@ﬁéﬁ}ggﬁlw%yl oxy-2-(4-tert-butyl phenyl)

et hoxy) quinazoline; OH Ofs OONJ \ J A 15nl round

bottom flask is charg&d g th 4-(2-hydremy-2-(4-tert-

but yl phenyl ) et hoxy) f nazoline (6=25 g, 0.77 mol)

is dissolved in pyridi ol uenesul f onyl
agded to it and

chloride (0.15 g, O.

the m xture stirred eaction m xture
is diluted with ethyikge LAM th 5% copper
sulfate solution and then with water jand dried. After
renmovi ng the solvent o0 the rotary gwaporator the
crude is purified by “flash chromat ogrnaphy using silica
gel (ethyl acetate/hexanes)to give the product.

t hesi f. 4-(2-f -2-(4-tert - | ph
ot hoxyy sty o2 R A e hdnyR efbane 058
M | 692 Bnd1Pist d3Folved $K dichlofdiAEtHSEE Al it is added dihydropyran

4-(2-p-toluenesul fonyl oxy-2-(4- tert-butyl phenyl
ot (bMP AmRe D e S nesH micoscih (s | SmimaD). The reaction i

LG TR P R i T
heaskiide abtafrelllafsr Earcethtioh AspwfiedBeflash xhtoneato graphyesilica gel,

cooled and water is added to.it. It is then extracted
wi ethykacsistedhrames) hebtaipdhep9dystt n water and dried. The

cr §§i§thesis of 1-hydroxy-2-tetrahydropyranyloxy-2-(4-tert-butylphenyl)ethane:

OTBS OH

Lo L
0 — O
. /

yd ™

To 1-tert-butyldimethylsilyloxy-2-tetrahydropyranyloxy-2-(4-tertbutylphenyl)

ethane (0.4g, 1.01mmol) is added tetrabutylammonium fluoride selution (1M TBAF
in 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).



obt ai ned after concentration is purified by silica ge
flash chromat ography (ethyl acetate/hexanes) to
obtain the desired conpound. -;417 Synthesis of
4-(2-[i8F]-fluoro-2-(4-tert-butyl phenyl) ethoxy)
qui nazoline: )OIS 'SF lieFIF O O NJ NJ Aqueous 18F
(16 nCi, 0.1 mM) is added to a vacutai ner containing
5pl of tetrabutyl anmoni um hydroxide (40% w sol. in
wat er The mixture is concentrated _under n|trg en in
anSy eﬁapw-&z-t%m@oamnzwytﬂ (tergrbutylphenyl) et 19
gﬁ%a? gLt his too is concentrated under nitrogen
procedﬁre is repeated twice and then 100 pl of
acetonltrlle is added to it an
to vacuum Wthout letting go
toit followed by 5 ng of
4- (2- p-tol uenesul fonyl oxy-2-(4-ter | phenyl)
et hoxy) quinazoline. The mixture is then’/heated in an
oil bath at TOC for 30 minutes. This Fs then diluted

he contents subjected
is then added

@ O8N t he above
t

;g one skill ed
: [ the pr esent dISC ezAireys not limted
to the foregoing illustrative exanples, and that it
can be enbodied in other specific forns wt

depar ti hddydre- 2ﬁ@r@yé@maayloav12rﬁ4btetté§1txlnlteﬁ1é®fethamﬁ (938
L POGhRIG is SRRLIER i 9 e dhSafSRER' P i Pind 1B 0is B8R Solifurm

respects as restrictive,
r ehpdrizieq80.96 ity 129camoD). Thereatﬂpﬂg deldtich @i stl'sred aetdom temperature

han to the fqregoi | es,. and
colts Jimimmtes pRer ashirlomatipzales Bt lgq%n B i G'F‘Sed to the
: hgl?(g{e%bfﬁ;ﬁoﬂrﬂlet é?)ﬁftﬁ)fn% ?neh @Eﬁ@&jﬁﬁ é%fp@%%@%%%tfr is added to

i g gy tury. e seludidon psathbu sxlmtrctexbrrphcﬂémmgle&@nc nihetasganiglayer is

to_a at i ent cont r ast onpri Ses..an. .

| magene iy e Bl R e e CudE PR i i moritied by
PY flaghod@smatd¥fabHy (Bﬂt@rgel et aeapdheganeh Pio gtk Prodact.
deguel in analo ri daben anal o a pyridimfen
anyehesis of &2 AhAprad et by 1y Ihenihethery axipsagline:

anal og; and scanning the patient using diagnhostic

i magi ng. 2.\ The nethod of claim1 ei n the imaging

noiety is a\ 5ot ope for
OTHP OH

Y
/ /
N N
4-(2-tetrahyropyranyloxy-2-(4-tert-butylphenyl) ethoxy) quinazoline (0.25g,
{.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).



nucl ear mnedi ci ne i magi ng, a paramagneti c species for

use in MR imaging, an echogenic entity for use in

ul trasound imaging, a fluorescqgt entity for use in

fl uorescence imaging, or a Ilght active entity for use

in optical imaging. 3. A contrast agent conprising an

i magi ng noi ety and a conpound sel ected from deguelin,

pyri daben, pyridimfen, tebufenpyrad, fenazaquin a

deguel i n anal og, a pyridaben analog, a pyridimnfen

anal og, a tebufenpyrad analog, and an fenazaquin

an C mgﬁﬁ ﬁggr fie
ggl?&es"éd;mf P -@T%Jn?a | 01'SO o’o Y Jfrgr 3 l J#\g((;l{‘cl ne

| mgginagolime: par amagneti ¢ species for use in M

i mging, an echogenic entity for use in ultrasound

i maging, a fluore cent entity for\us fl uorescence

i magi ng, or a |igh ive entity ¥ 2 in optica

i magi ng. 5. Thé€ coO st agent of ePEin the

par amagneti c speci es<f [ i

Fe3+ I na" or M2+. 6. ¢ contrast agent g

wherein the echogenlc gntity for use in

claim4
%It rasound
act ant

m crosphere. 7. ont Mast agent 4 wherein
t he radioisotope ugﬁear nedi ci =;Jng is "C
13N, ' 8F 1231 125T¥99mpfe 95Tc, alln éﬁ%l gy 67CGa,
or 68 GA Lgnl roned bejim Hagk lagbwe%wﬂéﬁa Yﬁr‘m’ et he

c :Tg‘lgt:%ﬂ% lgﬂl %Xxﬂ') uhizolife @éﬁi n%%WTIHﬁwf)ng{ %@?e@%ﬁ%}&l_f_lﬁgz (5 ml).

Fel i t he I magi iety 1s’9
c o ptPodsdnesd fomtyl dﬂomdle&j()m 53g, (ﬁ)f79fmmoib| isithieh)ad@edro it & thi mixture

ﬁtnﬁe:ﬁ%r L?Ahou:rsEThe reaction m;xture is clﬁutetﬁ\%rzth ethRJ[ acelﬁjte 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:

oTs F
TBAF
0 I 0
Sy Y
g P
N N

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.

1t 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.



B (1), wherein each Ais independently selected from
0O, CHR, S, and NR; B is selected from hydrogen,
Cl-C6 al kyl optionally substityted with an inmaging
noi ety, and an i magi ng noi ety; is selected from
hydrogen, Cl-C6 al kyl optionally substituted with an

i magi ng noiety, an imaging noiety, and a bond to B; D
is selected from hydrogen, Cl-C6 alkyl optionally
substituted wit [ i ng noi et and an I g,
oBERthesiEo] 4 (i ECfuard 2 gitsryrehensh cigns) gphazoline:
optionally substituted with an i nmaging nolety and an
i magi ng noiety; o and D, togethery with the carbon

atomto which theylarg™attached, forj
or E and D, toge Tvcarb
they are attached, ] cycl opfopyl
single or a double bond RRERR,

hydrogen a-C6 alk [
i magi ng noi ety, ang i magi ng -120-
are each i ndepende ljct ed fromHR

al kyl g%.ggfgakﬂ AeHER L Mﬁgiaaaemog@a%qmn%ﬁgm of

hal o, resen

R7te@ﬁﬂuﬂ?&rrﬁﬁ@nuﬂﬁd@ﬁmﬁﬂﬁ(t4[]% \89:*.0@ Qh@fhtéry dThehmdmg gsconcentrated
C-C6 alkyl optionally substituted with anlmag(n i
mau@dey nitppgeg in wy@nl bath at 40 °Gand Aal)khet ackionistile is ¢ eflpnd this too
an ther L

o8 Pl B! D 9B R R0t 100t of
bOB@btérﬁtrﬂF is adﬂ@d/todednd thatcontests sabjbeteditmlwbhm. Bathont Bfing go
and R8 are_ absent r oxys,

sefBactHE is thgpp tg gtefﬁlllo‘le;’d Q:G g tg]?gg(g{ 4-&59 1t g}qs%l’fon%]fézx;-i(4-tert-

SUBSEighehffetibk) fhazoline. 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 skitled 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
examples, and all changes which come within the meaning and range of equivalency

of the claims are therefore intended to be embraced therein.



I magi ng noi ety, and an inmaging noiety; or R11 and RI2
together forman oxo group or =CHR ; with the proviso
that at |east one imaging nmoigyy_is present in formla
(1). 11. The contrast agent f1 claim 10, wherein Ais
O B and C are each independently CH3 or CH218F;, D
and E are each i ndependently CH3 or CH218F, R5, R,

ROWRAT RICLATSIERES: | ndependent |y hydrogen or 18F;
and R11 and R12 together fgorm an oxo group

2. .The
coht r ast ragibad obmaging W@%é‘rlﬁrﬂlspﬁ@@é‘ﬁﬂ% miYsiRpng to a

I S@%BFQ {Lj&ﬂ'faf{ %@ﬁ ?VFH]Ch/CO%IIIIJﬁ % aﬂ frﬁgﬁlgq’&c\%@ dldd cQ’m(SBqu selected

o f6m ddghelR, Pyfdabed, pyriifimifen, etefEnplyrad, Ferzauid, @ deBudincenalog,

00 HOOHOOO
a pynd a(Ben analog, a pyrldlrmtjen analog? ac%ebufenpyrad analog, and an fenazaquin

analog; and scanning the patient using diagnostic imaging.

2. The method 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. 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.

4, The contrast agent of claim 3 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.

5. The contrast agent of claim 4 wherein the paramagnetic species for use in

MRI imaging is Gd**, Fe**, In**, or Mn?".

6. The contrast agent of claim 4 wherein the echogenic entity for use in

ultrasound imaging is a fluorocarbon encapsulated surfactant microsphere.

7. The contrast agent of claim 4 wherein the radioisotope for nuclear medicine

8. The contrast agent of claim 3 wherein the imaging moiety is I8E,



O\ ,and 0 'OF 13. The contrast agent of claim3 of
formula (I1), R1 RRRZ3 GRea nl| R6 /K R25 M
(I1), wherein -122 34 P P i 9 N:ix R2 Gis mor
R31 wherein msOorl; a' b and ~ each independently
represent a single or a double bond; R27, R30, R31,
R32 R33 and R34 are independently selected from

hy gr ogemrhe Ebntt Adeky/bf At Dndkicih thebhgihghedetyis T a0

i magi ng noi ety, and an inmaging noiety; when present,
R28 is selected from hydrogen and Cl1-C6 al kyl b

opt hona ' ' i g noi ety,
prtcl)t\)/‘i de@%%&a&t@eﬂi@ﬁé%ﬁ%g%@gﬁgﬁnd, R28 is absent;
when present, R29 is CLl-C6 al kyl optiggnafly

substituted with an a' inmging noRety, |provpded that
when ~ is a double bond, R29 is awsent;

(D,

wherein

each A is independently selected from O, CHR!, S, and NR!;

B is selected from hydrogen, C,-Cs alkyl optionally substituted with an
imaging moiety, and an imaging moiety;

C is selected from hydrogen, C,-Cs alkyl optionally substituted with an
imaging moiety, an imaging moiety, and a bond to B;

D is selected from hydrogen, C;-Cs alkyl optionally substituted with an
imaging moiety, and an imaging moiety;

E is selected from hydrogen, C,-Cs 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,;
RY REL R? RY R% R R™, and R, are each independently selected from
hydrogen, C;-Cs alkyl optionally substituted with an imaging moiety, and an imaging



R36 R37 Ras ' t R38 Pis as , wherein R35, R36, R37,
R38, and R39 are independently sel ected from hydrogen,
Cl-C6 al kyl optionally substigypged with an inmaging
noi ety, and an i magi ng noi ety; when present, P is
hydrogen; or P and P together forman oxo group; a'
provi ded that when ~ is a double bond, P is absent;
Qimneiehal o or haloal kyl; J is selected from N(R27), S,

0, =Q =0 O NHCH2CH2O, : =0

Wt oot TR AR GO EReRgFI T S PYCTERED Ko (kA
S SioRt) BlSunlqdaiith B RISA0RE, Hilo, RRUER). 280 on imaping
saheetyed from hydrogen, al koxyal kyl, al kyl oxy, aryl,

VA B K AR bR Ren i,
Pr ARdHptiokalySsubsthtaet &t droimapidrasiety, habkiopdratyk hd an imaging

al kyl oxy, aryl, Cl1-C6 alkyl optionally substituted
wi MPLeEf; oF magi ng noi ety, heteroaryl, and an imaging

noi et WRMI{(ISRSBE%%@H‘I&{&&%Q% gh, al koxyal kyl,

al kyl oxy, aryl, fonal ly substituted
wi t h arRt smigkhiggerhercfoyn ahekereapybr and an i magi ng

moiety; or L and M. tqgether with the atomto which
they ar® ‘étqgll‘ﬂ%dl,saf'%ﬂ“ag%%three- or four-nenbered
carbocyclic rings=mts0, 1, 2, or 3; R2l, R22 R23 R24
Ragrovidod tHaP6han e ? ndépedalbie bonds Bl end Bl arferabsenity dr ogen,
Cl- C6 alk tional Ly substituted with an i magi ng

noi ety,ﬁaﬁ%l‘ﬂﬁggmﬁw&yqﬂi ety; and Y is selected from
a bond, r 63§ R9Lbte PRSIy UEZEH, OLOYAIRGILptidAAL it¥itddSwith an
bond, K and L are absént "and Mis Sselected fromaryl
anithagitganoigtyy knd amunggiegindisty; orhat when Y is oxygen, K
and L g abhsen d I s selected fr hydr ogen,

al koxya kffl,gigrﬁﬂg%%ﬁ%‘&agl X)?Igr%ur?tcl'rona y substituted

Wi th anwithe previe®ttat ¥t le@ One medpii@bicty is present in formula (I).

11.  The contrast agent of claim 10, wherein
Ais O
B and C are each independently CH; or CH,'*F;
D and E are each independently CH; or CHzlsF;
R® R®, R’ and R' are each independently hydrogen or 8. and

R'! and R'? together form an oxo group.

12, The contrast agent of claim 3 wherein the contrast agent is selected from



provi ded that at | east one inmaging noiety is present
in formula (11). 14. The contrast agent of claim13,
wherein R29 is Cl-C6 al kyl whgrgin the C1-C6 alkyl is
tert-butyl. 15. The contrast agent of claim 13,

wherein R28 is C-C6 al kyl wherein the Cr-C6 alkyl is
met hyl . 16. The contrast agent of claim 3 of fornula
(111) -124- 0 R Q ~N R21 R22 R23 Reg n R27 K Rte

R25 L Mper ei n: 2from N( R27)
S 0 D~ NHCH2 CHR .04 or

(= }-Owity-8ach gro i nf awn Wit h o

end att i+ 5 and it s RGE " attached v
car bo pstlltuted with B2 _andeR22; when pr K
i's eted Trom hydroggn, Tal koxyal kyl, al kyTexy,

aryII @ -C6 al kyl opti onal°|\y substituted Wt b Al ,
i magi ng hoi ety, heteroaryl, and an imaging noiéty;
when present, L is select ed from hydrogen,

al koxyal kyl, al kyljoxy, aryl, (6 _a| kyl optionally
substltuted W 3| magi ng npi ety pt.eroaryl, and ag
i magi ng - . _Mis sel d-Chrom Ay dr ogen H

al koxy | oxy, | kyl opt§on

; L
hey are attacheg forma three; or?o
f our - neaber ed carbocyclic r"rng, Qis hal o |or 0
hal oal kyl; nisO, 1,2, 0f3;
=

~ , and

13.

wherein



R21, R22, Res, Rea, Res, R26, and R27 are

i ndependently sel ected from hydrogen, Cl1-C6 al kyl
optionally substituted with ap,4 maging noiety, and an
i magi ng noiety; R29 is Cl1-C6 alkyl optionally
substituted with an imaging noiety; and Y is sel ected
froma bond, carbon, and oxygen; provided that when Y
is a bond, Kand L are absent and is selected from
aryl and heteroaryl; and provided hat when Y is

oxygen, K and L
hydr ogen, aigkox

rePabsent and M el ected from
fkylq aryl, CN kyl optionally

substi tut ed WiN Zamy/magi ng.4oi etly, het er oaryl ;
-125- provi ded |that | t lea 2 0.6 noiety is
present in formd/a ). 17. pnt rast agent of
claim 16, wWRErei Ay s~N0 and Cl-C6 al kyl
wherein the C-(C6 Jal kyl igs jut ytr3 18. The
contrast agent ofR¢laim 3 wherein the contrast agent

is selegied from*0 >K Cor X NC RN C 1&F, / N ( O N~

\

V V V 18F ~~/~BF and 19. The contrast agent of

claim 3RePornmula (1V): R37 R36 Ras Ras R39 Q R21
R2 R23 Rza JifoBRf R26 25 L M (1V), wherein: Jis
sel ected from N(R2735 S, 0, (=0, C(=0) O, NHCH2CH20,

a bond, and _Z2.

and === aach independently represent a single or a double
bond;

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;

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

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

when present, R? is C;-Cs alkyl optionally substituted with an

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

R36 R37

R35
g R38
Pis 9 , wherein R¥, R*, RY, R* and R* are

independently selected from hydrogen, C;-Cs alkyl optionally substituted with an
imaging moiety, and an imaging moiety;
when present, P’ is hydrogen; or

P and P’ together form an oxo group;

provided that when === is a double bond, P’ is absent;
Q is halo or haloalkyl;
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%;



C(=O N(R27), with each group being drawn with its left

end attached to Gand its right end attached to the

carbon substituted with R21 apsh R22; when present, K

is selected from hydrogen, al koxyal kyl, al kyl oxy,

aryl, C-C6 alkyl optionally substituted with an

i magi ng noi ety, heteroaryl, and an inmaging noiety; L

is sel aﬁﬁee@réieﬁmﬂlﬁsdel&gted ﬁioia{ kﬁk%gdﬂ(ylkpx?lkyﬂl aikylpxy, aryl, C;-Cs

ar ptionally substituted with

%}@rl el crl Syt d Pt A mabing TaoieDin g g g imagine

?1 ct ed from hydrogen, al koxyal kyl, al kyl oxy,

ary Cl-C6 al kyl optionally substituted with an

i magi ngwneami resent, Heis eelocted Fromeanairegeni aihgxya&ymllexlyxy,@ryl Ci-Cs

08 oo ST Wl BB S5 i

c%@i@@écllc ring; Qis halo or haloal kyl; nlsO 1
: R21, R22, R23, R24, R25, R26 R27
R36, RaWis s@@tedaﬁqmmr%e& alkeep ikt sHEN9RYs s o Kb

hy 'il%gﬁﬂy su gttlt(t}gadi’klgyan : r%nﬁé %?ﬁg@i&ﬁ ah%ﬁ%n}"ﬂgla@u‘%r}nmety; or

gi'ng ‘nol e

S el ect ddaid M;ﬂ:c%eﬂm‘l erithahe Mom toavidclothyy are, atfacked, feth a three- or

tgfat when Y is a liond, ‘Kand L are absent and Mis
wemsmbered prdiogycliciinghet er oaryl ; and provided that

when Y | Xygepa K and L are absent and Mis selected

from hydggoe% aI’ koxyal kyl , aryl, Cl-C6 alkyl

opt i onak1 yRE RES R¥UREand RS amndmdaglmeg:eﬁ framdydrogen, C)-

he 0 d tha | east on i ng noi et

LR aptiondilsrabbsifitet ity & iss B phE & Mgl Rhterys and
C| ai m 1P js sl frdnd aibdn&(cafBot Hid 0:8/3€n; I%2‘8v1ld§d fhht When Yis a
al kyl wherein the Cl-Cs al kyl is nmethy 21. The

c dwnd sk tand geave absfentangd Mhigselprtedsromtanyd aéldrh@te&wylag%mowded

\ a@q@%&tf gﬁ-_g!é(%gl}, ﬁnd E%re%bs%t anh"N/I I1sqelégte\d ijrorR'NyM'oEeﬁ\,'

alkoxyalkyl, aryl, C,-C¢ alkyl optionally substituted with an imaging moiety, and
heteroaryl;

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

14. The contrast agent of claim 13, wherein R*is C1-C¢ alkyl wherein the C;-Cs
alkyl is tert-butyl.

15. The contrast agent of claim 13, wherein R#®is C;-Cs alkyl wherein the C;-Cs
alkyl is methyl.

16.  The contrast agent of claim 3 of formula (IIT)



NH/ N HNONNN\ taF NOF 0J1 OOteF|I N H/
1 NV N NNNONHNOOC, and taF . 22. The contr ast
agent of cla

im3 of formula (Ypgq: 127 - R34 N/ N R21
R2 RR3Rza TJ ~I K R6 RR5L M (V), wherein J is
selected from N R27), S, 0, C(=O, C(=0 O NHCH2CH20
a bond, and C(=O N(R27); K is selected from hydrogen,
al koxyal kyl , al kyl ox®, aryl, Cl1-C6 al kyl optionally
substituted wth an ifmagiang noiety, heteroaryl, and an
i magi ng noi et yR sépt, r®\ i s _sel ected from
\),

hydr ogen, al koxyal'ikyl , I , , Cl-Co6 al kyl
optional |y substityted Mt I ragilng nogzety,
heteroaryl, and an [ i present, Mis
sel ected from hydroggn, al koxyal'R kyl oxy, aryl,

Cl- C6 al kyl optionaRFy substituted with an ikagi ng
nmoi ety, heteroaryl, and an i m@§f ng Jimi ety dr L and
M together with the atomto which they areYaL[ached,
forma three- or four-nenbered car%cyclim ring, T
and U are independently selected from hydrogen,

al koxy, al koxyal kyl, C1- (11I),

wherein:

J is selected from N(R?"), S, O, C(=0), C(=0)0, NHCH,CH,O, a bond, or
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;-Ce
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;

nisQ, 1, 2, or 3;

R R* R® R*, R%, R26, 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
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;



C6 al kyl optionally substituted with an imagi ng

noi ety, halo, and an inmaging noiety; or T and U
together with the carbon atong,go which they are
attached, forma five- to six-nmenbered aromatic or
non-aromatic ring containing zero to two heterotons
sel ected from oxygen, nitrogen, and sulfur; wherein
sai d ripgvided @k holeast bie irmading iroleieid predeht mrformalwglINor
three substituents independently selected from Cl-C6
aIkyI optionaIIy substituted wth an inmagi ng noi ety

W%i‘g&‘%ﬁt%gﬁn@?%e in Pis @glrugR”%‘ @, )&% hikyl wherein

mutie;ﬁlar(dsaﬁkjlys&ed-myled from hydr ogen, Cl-C6 al kyl
optionally substituted with an i magi ng noi ety, and an
imaging -128- noiety; Y is selected froma bond,

cafdon, TROGhrraYidRent JTcPHndLdhébal th¥beiira¥ dgenis saeaéd filém

and L are absent 'and Mis selected fromaryl and

het and provided? that when Y is o K and
itlﬁnt and Mlsggd bd from hydrogé\rﬁ;i
V

aI kox Cl- C$ t| onal Iy sul
with an |nag| nD et and pr QVi de
| east one imaging moi &ty is pre en Pn’?’br’ | a (V)

23. The contrast agent of claim 22 wherein J is 0. 24.
The contrast agent of claim?22 of formula (VI) R34

N 19.N RPRe tonfast agefas cdldi@ed ¢f foRoul(IVX VI ), wherein
R23, R24, R25, RZH, and R34 are independently selected
from hydrogen, df C6 rul kyl optionally substituted
with an i magi and an imagi ng noiety;

provi ded that at e i maging noiety is present
in formula (VI).r25. [The agent of claim3

' cted from -129-

Iv),

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,-C¢ 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



/ 00 nF'IF V' \ try \ \N~~N1I1/ N | /| N, | /
Nl e Op ~ry |l ~-NLNnFI.F/ ol \ ~ry I*F/
~~~18F [/ N and -126 -

four-membered carbocyclic ring;

Q is halo or haloalkyl;

nis0,1,2, or 3;

R2' RZ R® R¥ R R¥ RY,R%,R¥,R¥ RY, R*® and R® are
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 (IV).

20.  The contrast agent of claim 19, wherein J is C(=O)N(H), and R®is C|-Cs
alkyl wherein the C,-C¢ alkyl is methyl.

21.  The contrast agent of claim 3 wherein the contrast agent is selected from
1!F 1BF
Ci
a ) o ~
N ow N8 N N
N N
N / /
< 0 3 G ? o ?
1lF
cl g 7 c r
N | H & M R AN |
\N N 18 N\ ﬂ /N \
/ )‘ 18F
Q O L]
1!F
1 : 1
7 74
N\N 1 n 3 N\‘-.\ HA@\/ \N i n\/©/;
/ | N\ o\/‘"F . and / w

22. The contrast agent of claim 3 of formula (V)



- 127 -

V),

wherein

1 is selected from N(R?"), 8, O, C(=0), C(=0)0, NHCH,CH,0, a bond, and
C(=O)NR™);

K is selected from hydrogen, alkoxyalkyl, alkyloxy, aryl, C,-Cq 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;

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

nis0,1,2,or 3; and

R, R* RB, R¥ R¥, R%, R, and R* are independently selected from

hydrogen, C;-C; alkyl optionally substituted with an imaging moiety, and an imaging



- 128 -

moiety;

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 at least one imaging moiety is present in formula (V).

23, The contrast agent of claim 22 wherein J is O.

24.  The contrast agent of claim 22 of formula (VI)

R34
N)\ |N R%
\o N o il
O\ R26 :
R M L

(VD,
wherein
RZ, 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).

25.  The contrast agent of claim 3 wherein the contrast agent is selected from






