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[0001] This invention relates to novel styrylpyridine conpounds, the
uses thereof in diagnostic inmaging and inhibiting anyloid-13
aggregation, and nethods of maki ng these conpounds. Background Art
[ 0002] Al zhei nmer' s di sease (AD) is a progressive neurodegenerative
di sorder characterized by cognitive decline, irreversible nenory
| oss, disorientation, and | anguage inpairnment. Postnortem exam nation
of AD brain sections reveals abundant senile plaques (SPs) . conposed
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critical factors in the developrrent and progression of AD.
[0004] In addition to the role of amyloid deposits in Alzheimer’s disease, the
presence of amyloid deposits has been shown in diseases such as

Mediterranean fever, Muckle-Wells syndrome, idiopathic myeloma, amyloid



[0007] While the exact nechani snms underlying AD are not fully
understood, all pathogenic FAD nutations studied thus far increase
production of the nore anyl oi dogenic 42-43 am no-acid | ong form of
the AD peptide. Thus, at least in FADz2 dysregul ation of AP production
appears to be sufficient to induce a cascade of events leading to
neur odegenerati on. | ndeed, the anyloid cascade hypot hesis suggests
that formation of extracellular fibrillar AP aggregates in the brain
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(containing AP protein aggregates) has been reported. (Shoghi-Jadid
K, et aL, AmJ Get-lair Psychiatry. 2002;10: 24-35). Using

posi tron-em ssion tonography (PET), it was reported that this tracer
specifically | abel ed deposits of plagses and tangles in nine AD
patients and seven conpari son subjects. (Nordberg A Lancet Neurol.
2004; 3: 519-27). Using a novel phannacoki netic anal ysis procedure
called the relative esidence tine of the brain region of interest
versus the pons, differences between AD patients and conpari son
subj ects were denonstrated. The relative residence tinme was
significantly higher in AD patients. This is further conplicated by
an intriguing finding that FDDNP conpetes with sonme NSAI Ds for
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DESCRI PTI ON OF THE FI GURES [0021]Fig. 1 depicts a filmresulting from
t he i magi ng of a conpound of the present invention. [0022]Fig. 2
depi cts brain and bone uptake of styrylpyridine 2 in conparison to a
stil bene anal og. [0023] Fig. 3 depictsa4film autoradi ography conparing
styrylpyridine 2 in conparison to a stil bene analog. [0024]Fig. 4
depicts a saturation curve of styrylpyridine 2 in AD brain
honogenat es. [0025]Fig. 5 depicts several conpounds of the present

i nvention and their respective binding data. [0026]Fig. 6 depicts in
vitro autoradi ography of macroarray brain sections. [0027]Fig. 7
depicts the in vitro stability of F-18 |abeled tracers toward pool ed
human |iver mcrosomal fractions. Tracers in PBS w thout inicrosonal
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treatment. Thus, a simple, noninvasive method for detecting and quantitating
amyloid deposits in a patient has been eagerly sought. Presently, detection of
amyloid deposits involves histological analysis of biopsy or autopsy materials.
Both methods have drawbacks. For example, an autopsy can only be used for
a postmortem di'agnosis.

[o011] The direct imaging of amyloid deposits in vivo is difficult, as the
deposits have many of the same physical properties (€.g., density and water
content) as nommal tissues. Attempts to image amyloid deposits using
magnetic resonance imaging (MRI) and computer-assisted tomography (CAT)
have been disappointing and have detected amyloid deposits only under
certain favorablé conditions. In addition, efforts to label amyloid deposits with
antibodies, serum. amyloid P protein, or other probe molecules have provided
some selectivity on the periphery of tissues, but have provided for poor
imaging of tissue interiors. )

[0012] Potential ligands for detecting AP aggregates in the living brain must
cross the intact blood-brain barrier. Thus brain uptake can be improved by
using ligands with relatively smaller molecular size (compared to Congo Red)
and increased lipophilicity. Highly conjugated thioflavins (S and T) are
commonly used as dyes for staining the AP aggregates in the AD brain
{Elhaddaoni, A., et al., Biospectroscopy 1:351-356 (1995)).

[0013] A highly lipophilic tracer, [*FJFDDNP, for binding both tangles
(mainly composed of hyperphosphorylated tfau protein) and plaques



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0030] A conpound of Formula I,
R7 or a pharmaceutically acceptable salt thereof; wherein, nis an
I nteger fromone to six; at |east one, no nore than three, of At, A2,
AS. A4 and A5 is N, the others are -Chsl or -CR2 as permtted; R is
selected fromthe group consisting of: -(CHOp a. Nab, wherein Il e and
Rb are independently hydrogen, Cl4 al kyl, hydroxy(Cl-Qallcyl or
hal o(Cl- 4)alkyl, and p is an integer fromO to 5; b. hydroxy, ' c.
014 al koxy, d. hydroxy(Cmalkyl, e. halogen, f. cyano, g. hydrogen,
h. nitro, i. (Cl-C4)alkyl, j. halo(C-C4)allcyl, k. fornyl,
1.-NHCQ(C14 al kyl), and
(containing AP protein aggregates) has been reported. (Shoghi-Jadid K, et al.,
Am J Geriatr Psychiatry. 2002;10:24-35). Using positron-emission
tomography (PET), it was reported that this tracer specifically labeled deposits
of plaques and tangles in nine AD patients and seven comparison subjects.
(Nordberg A. Lancet Neurol. 2004;3:51;‘)-27). Us‘ing a novel pharmacokinetic
analysis procedure called the relative residence time of the brain region of
interest versus the pons, differences between AD patients and comparison
subjects were demonstrated. The relative residence time was significantly
higher in AD patients. This is further clomplicated by an intriguing finding
that FDDNP competes with some NSAIDs for binding to Af fibrils in vitro
and to AP plagues ex vivo (Agdeppa ED, et al. 2001; Agdeppa ED, et al,,
Neuroscience. 2003;117:723-30).
[0014] Imaging P-amyloid in the brain of AD patients by using a
benzothiazole aniline derivative, [''C]6-OF-BTA-1 (also referred to as
[''CJPIB), was recently reported. (Mathis CA, et al, Curr Pharm Des.
2004;10;1469-92; Mathis CA, et al, Arch. Neurol. 2005, 62:196-200.).
Contrary to that observed for ['*FJFDDNP, [''C]6-OH-BTA-1 binds
specifically to fibrillar AB in vivo. Patients with diagnosed mild AD showed
marked retention of [''C]6-OH-BTA-1 in the cortex, known to contain large
amounts of amyloid deposits in AD. In the AD patient group, [}'C]6-OH-
BTA-1 retention was increased most prominently in the frontal cortex. Large
increases also were observed in parietal, temporal, and occipital cortices and
in the striatum. [''C]6-OH-BTA-1 retention was equivalent in AD patients and
comparison subjects in areas known to be relatively unaffected by amyloid
deposition (such as subcortical white matter, pons, and cerebellum). Recently,
another ''C labeled AB plaque-targeting probe, a stilbene derivative- [''CISB-
13, has been studied. In vitro binding using the [*H]SB-13 suggests that the
compound showed excellent binding afﬁ;'lity and binding can be clearly
measured in the cortical gray matter, but not in the white matter of AD cases.
(Xung M-P, et al., Brain Res. 2004;1025:89-105. There was a very low
specific binding in cortical tissue homogenates of control brains. The Kd
values of [PHJSB-13 in AD cortical homogenates were 2.4+0.2 nM. High



m -000(Cl.4 alkyl); R2 is selected fromthe group consisting of: 9
1-1-0 R32 R wherein g is an integer from1 to 10; Z is selected from
the group consisting of hal ogen, hal ogen substituted benzoyl oxy,

hal ogen substituted benzyl oxy, hal ogemw substituted phenyl (G _QGallcyl,
hal ogen substituted aryl oxy, and a hal ogen substituted Csa aryl, or Z
can al so be hydroxy; and R', R31, R32 and R33 are in each instance

I ndependently selected fromthe group consisting of hydrogen,

hydr oxy, Cl4 al koxy, Cl4 al kyl, and hydroxy(Cl-Calkyl; or Zis

hydr oxy; wherein g is an integer from1 to 10, rt." and R5 are
hydr ogen, hydroxy or Cl4 allcyl; t is O, 1, 2 or 3; and Z, R30, R31,
R32 and R33 are as described above; 34 R35 R38 y -0 R33 R39 U wherein
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I ndependent | ¥ sel ected fromthe group consisting of hydrogen,

hal ogen, hyd %&9255%'125 | koxy, Cl4 alkyl, and hydroxy(Ct4)allcyl; 10
it 1-( Tf{ﬁﬁB](/ t - RA9%wbuld be useful to have a noninvasive technique for imaging and

quantitating amyloid deposits in a patient. In addition, it would be useful to
have compounds that inhibit the aggregation of amyloid proteins to form
amyloid deposits and a method for determining a compound's ability to inhibit

amyloid protein aggregation.

SUMMARY OF THE INVENTION

[0016]) The present invention provides novel compounds of Formulae [, Ta, IL
and III.

foo17] The present invention also provides diagnostic compositions
comprising a radiolabeled compound of Formulaec I, Ia, II and II a
pharmaceutically acceptable carrier or diluent.

[0018] The invention further provides a method of imaging amyloid deposits,
the method comprising introducing into a patient a detectable quantity of a
labeled compound of Formulae I, Ja, II and II or a pharmaceutically
acceptable salt, ester, amide or prodrug thereof.

[0019] The present invention also provides a method for inhibiting the
aggregation of amyloid proteins, the method comprising administering to a
mammal an amyloid inhibiting amount of a compound Formulae I, Ia, I and
III or a pharmaceutically acceptable salt, ester, amide, or prodrug thereof.

10020] A further aspect of this invention is directed to methods and
intermediates useful for synthesizing the amyloid inhibiting and imaging

compounds of Formulae I, 1a, TI and IIT described herein.



wherein |l e and RY are hydrogen, hydroxy or Cl4 alkyl; t is 0, 1, 2 or
3; and Y, U, R34, R33, R36, R37, R38, R38 and R4 are as descri bed
above; o NRR', wherein at |least one of R' and It"
is (CH2)dX, where X is hal ogen, preferably F or 18F, and d is an
integer from1l to 4; the other of It' and R' is selected fromthe
group consi sting of hydrogen, C34 al kyl, hal o(Cl4allcyl, and

hydr oxy( Cl4al kyl ; iv. NMR'-(C _Qallcyl, wherein at

| east one of R and R' is (CH2)dX, where X is hal ogen, preferably F
or 18F, and d is an integer from1l to 4; the other of R and R' is
selected fromthe group consisting of hydrogen, C . 4 alkyl,

hal o( Cl4al kyl , and hydroxy(Cl A)al |l cyl ; V.

hal o(G _d)allcyl; and e FIBeIRER- O R) having the
foll owi ng structure: [h%FS(C(%{%Tll(t)?TI @g'{%hEOal lcyl]-; and R7
and R8 are in each instance indepe,nd%{rétlﬁ&sel edt e fromthﬁ LOUP
consi S0P%Y of hykiBoh@mpickydiigkipsuly m (HETRAERG H CERRYRYT afhi no,
C14 al koxy_,pr t filvktton. and hydroxy(Cl4)al ltyl. [0031] Preferred
conpounds include those where the hal ogen,_in ne. jor re occurrence
on t hel082%uct ur Fig; 3 dgpiptg fr 3pd PP ?P&&Ef’g%% P B EREE

conpounds wher &ikknt BRalB@l 0gen is selected fromthe group consisting
of I, 1231, 1251, 131/, .Br

) Br, fl 76Br,. 771.3r, F or 1 i
pr ef eri9833k onpoutigs 3aferietn L aforadiogienipy, bi%%%g%ﬁﬁg&g%?t glyni ng
1231 are al ganmsresiod silbdteeheatoged. [0032] Useful val ues of Rl are

| i sted above. Preferred.val ues, are hydrox r N el AN inp
is an 1%92dger ¥ ¢ g@“%tf’ % fefHFasoR Ogrshﬁagggl%%ﬁ%l ‘9Dhy Flggen,
Cl4 al kyl ororhégd2r@dX, where X is halogen, and d is an integer from1l
to 4 Useful valugs qf .p.include integers om . f Y, P
s 0, 0851 2 Mok Sy el By SR et i hidsind intventlof BT

Nab. |n prefgpdctide bidigidments, R is either in the nmeta or pan

position relative, to . the respectijve..bri vakdg. of R

i s NablOU&Bkr ei n ﬁ’@' gﬁﬂplﬁﬁ BYEY %&éﬁ%ﬁ%@ﬁ?’??ff ydr %fé%{\ﬁ%?‘ %‘%ﬁal kyl .
In ]E hi g)tg)leupodi MeRig, 7 He;':jistls:{bphefierﬁbb estatiikitty mmé‘-lﬁlhbaleldylraqes‘&f?}zﬁ@l ueh
Preferably on BY an i , b1 Bhotrtlfhi ] suc
as nethyl . R/B@?‘%‘I‘r@?”bﬁ‘éﬁlrﬁ’]‘?mnsfs’) %Q’%g?%gﬁ% %@%?%?@ﬁo Anot her
preferred vaheomsfseRedizs thy dowrol. Ydlues (36 of amebanead @aesny cpnBeRgY
groups that afetevr aadm F]{lsﬁcra tion vyi eld a preferred value of RI. Such
prodrug groﬁ’ﬁ% &FE g\ﬁeoif 8w i n the art. [ 0033] Usef ul val ues of n

i ncl udgpa28) eger s Fig. 8mepictsepecifidbuding [y F13 tecroplad ADend gopEol by 1 t o
4. Most pretf.erabl he_ Vv 2 sl d tedlfrdrd teSeRgeal |y
preferred tﬂﬁueﬁ"ol}{dsog%%a}s' %&s@?h&%@%ﬂﬁr o?is%f. 7 and R8 are in
each i nst aneszoinsdepiégit epacific biiding was (detsaied Ha2ight i ZEayh B128e5 nd 8¢

hydrogen, hg%fggﬁégg%%{%&%{??t%@ﬁﬁm of SHEL YA, ﬁéﬂti@élﬁ%\‘&r,

Cl4 al kyl, . e val ue of n_detern nes the nunber
of R7 and R®imlingwasybsoried émwhitn matier bompermates: [ contes RPMARTEShan
once in a pagt] G j naaéaNowld BindRent30 16w

val ue can b%ﬁﬁ#ﬁéﬁéﬁ%ﬁz;@gﬁ%ﬁ? g{ﬁgﬁgviglaue of 12.7 and R8$8I n
preferred esboufikindngoRf BHd R 8 are each hydrogen in every

i nst an 00351 f . oGl U onipshd YEH12 @Sotion)VIVV,
and vi ?ﬁ%z'sg[ldepi c"ﬁ% %%ﬁggu?ﬁpﬁ%rﬂrred errbog?ﬁentg o%ﬂfﬁor nu(g l, R2
i s either irraceef mer-zadieachue sefprsare PHRPIEHA:i (320 nEvt HEP §§B‘é ﬁ?’i’/e
bridge. Prefgrabl YqoiRsdidsS PRLRDEE tHini CRIB icbiunf SR 230ek ard athn.ar e
substructures’ i and i1 . In these enbodi t?, ulgif u \(;@Ing%.f q

i ncl ude i nt FECNAmyneRne @W%tér‘i’}lffﬁ@f@?“@gé/g,v Y-l BLagiR e R2
s 1 ori°, @ad%&dcﬁ%il BloB9Sn (09N Rdiéhtion a6 tgap vedseaPtoy theqdétestdr t 0
4, especiall or 4. In substructure i or i', useful values of R 30,
R?l, R32 andorfguefietependent |y include hydrogen, hydroxy, Cil.4

C




12 [0037] Useful conpounds include those conpounds where at |east one,
no nore than three, of Al, A2, A3, A4 and As is N, and the others are
-CHor -CR2 as permtted. It is nore preferred that N be in position
Ay. [0038] Preferred conpounds of Formgla | include those conpounds
wherein A4 is N, having the following formula: R\ R wherein le
and Rb are independently selected from hydrogen or C1-C4 alkyl, Zis
as described above and q is an integer from1l to 5. Exanples of
preferred conpounds include: 2 ; wherein g is an integer from1l to

4; such as, H3CQ\ H11 [0039] Ot her preferred conmpounds of Formula I,
when R2 is ii, include: 13F 18

DETAILED DESCRIPTION OF THE INVENTION

[0030] A compound of Formula I,

R’ A=Ay
— \ \A 1
( \ )n 7/{:{2
RVO/ " R® T »

or a pharmaceutically acceptable salt thereof; wherein, n is an integer from
one to six; at least one, no more than three, of Ay, Aj, Asz, Ay and Asis N, the
others are -CH or -CR? as permitted; R! is selected from the group consisting
of£

a. «CH2),NR*R®, wherein R* and R® are independently

hydrogen, Ci« alkyl, hydroxy(Cis)alkyl or halo(Ci.
salkyl, and p is an integer from 0 to 5;

b. hydroxy,

c. Cr.4 alkoxy,

d hydroxy({Ci4)alkyl,

e. haloéen,

£ cyan;D,

g hydrogen,

h. nitro,

i (Cr-Ca)alkyl,

j- halo{C,-Cy)alkyl,

k. formyl,

L -NHCO(C, 4 alkyl), and

m. -OCO(Ci4 alkyl);

R? is selected from the group consisting of:



OH and 13 [0040] 1 n anot her aspect, the present invention is directed
to compounds of Fornula I, having the following structure: A As-Ad
\ | Re or a pharmaceutically acceptable salt thereof, wherein: at

| east one, no nore than three, of Al, 9A2a A3, A4 and A5 is N, the
others are -CH, or -Cl2.2 as permtted; nis an integer from1l to 6;
R1 includes all useful values described above, preferably hydroxy or
Nab(CH2) p-, wherein p is an integer fromO to 5 and R and Rb are

i ndependent|ly hydrogen, C 4 allcyl or (CH2)a, where X is hal ogen, and
dis an integer from1l to 6; R2 is selected fromthe group consisting
of: R3 R3 R33

wherein g is an integer from2 to 10; Zis -Ch; R3 R3.1 it R32 R33
wherein g is an integer from1 to 10, 1z@"g®nd RY are hydrogen,
hydroxy or Cl4 al kyl; 1 is 0, 1, 2 or 3;\Aand Z, R30, R31, a-32 x and
B.33 are as descrlbed and Z is ;éﬁp;_ N

Raz R33
wherein q is an integer from 1 to 10; Z is selected from the group consisting of
halogen, halogen substituted benzoyloxy, halogen substituted benzyloxy,
halogen substituted phenyl(Cis)alkyl, halogen substituted aryloxy, and a
halogen substituted Cs.ip aryl, or Z can also be hydroxy; and R3°, R? 1, R*? and
R are in each instance independently selected from the group consisting of
hydrogen, hydroxy, Ci4 alkoxy, Ci4 alkyl, and hydroxy(Ci4)alkyl; or Z is
hydroxy;
R30 R31 /Z
X
“g“(CR’fR’)t“—(—'O
R32 R33 ,

wherem q is an integer from 1 to 10, R* and RY are hydrogen, hydroxy or Ci4
alkyl; tis0,1,20r3;and Z, R®, R:'u R and R* are as described above;

84 R3I RM

i
pe U

wherein Y is selected from the group consisting of halogen, halogen
substituted benzoyloxy, halogen substituted pheny}(Ci4)alkyl, halogen
substituted aryloxy, and halogen substituted Ce.10 aryl; U is selected from the
group consisting of hydrogen, hydroxy, halogen, halogen substituted
benzoyloxy, halogen substituted phenyl(Ci)alkyl, halogen substituted
aryloxy, and halogen substituted Cg-to aryl; and R*, R®, R R*,R*, R¥ and
R* are in each instance independently selected from the group consisting of
hydrogen, halogen, hydroxy, Ci.4 alkoxy, Ci4 alkyl, and hydroxy(Ci4)alkyl;



-00-z R32 Ral wherein Zis -Ch, R30, R31, R32 and B.33 are as

descri bed above, and 14 R34 Fzes Rs6 R31 R3 R3 u wherein Y is -Ch; U
Is selected fromthe group consisting of hydrogen, hydroxy, hal ogen,
hal ogen substituted benzoyl oxy, hal ogan substituted
phenyl (G _cQal |l cyl, hal ogen substituted aryl oxy, and hal ogen
substituted C6.10 aryl; and R34, R35, R36, R37, R38, R38 and R4 are

I n each instance i ndependently selected fromthe group consisting of
hydr ogen, hal ogen, hydroxy, Cl14 al koxy, Cl14 al kyl, and

hydroxy(Ci 4)al kyl; R34 Rs R36 -1-(CR3RY)r- 11t RAR38 R3-U wherein, le
and RY are hydrogen, hydroxy or C34 alkyl; t is O, 1, 2 or 3; and Y,
U R34, P.35, R 36, R37, R', R38 and R4 are as descri bed above;

iv. -(CH2)-0-Ch, wherein wis an integer gf 1rfp 10; v. -Ch; and
Vi. -(CH2)-Ch, wherein wis an integer fr ; wherein, the
noiety "-Ch" is a chelating Irg?qggﬁggmﬁg onplexing with a netal
to forma netal chel atiz. Many | Fgands are k% i dsthe art and are
suitable for use as a labeling noiety for the

gpounds of the
present invention. Those of skill in the art wrPl understand that

such |igands_ provjde tq | abel d L Rey | atd S
ot 11 mt ecvBregu: rebrdpe et PvaRRTR T RBR 1 0 AU AR,
Pref erabl y, i, rP% ¥, @A R, R 8 R and BI® vty dedemibediabovésgand, such as N3,
NYS, NS2, N4 and those.of NZV%eréixpa?geJﬁfgggl%@@@%gdtﬁh,ist@jﬁzﬂgt,

linited to, the folloWng cture R
where X is halogen, preferably F or '°F, and d is an integer from 1 to 4; the

other of R’ and R" is selected from the group consisting of hydrogen, Ci4
alkyl, halo(C)4)alkyl, and hydroxy(Ci.4)alkyl; .

iv, NR'R"~(Ci-s)alkyl, wherein at least one of R' and R" is
(CHL,)¢X, where X is halogen, preferably F or Bp and d is an integer from 1 to
4; the other of R’ and R" is selected from the group consisting of hydrogen, C;.
4 alkyl, halo(Ci4)alkyl, and hydroxy(Cis)alkyl;

v. halo{Ci4)alkyl; and

vi. an ether (R-O-R) having the following structure:
[halo(C\.4)alkyl-O-(Cr.s)alkyl]-; and

R7 and R® are in each instance independently selected from the group

consisting of hydrogen, hydroxy, amino, methylamino, dimethylamino,
Ci4 alkoxy, Ci4 alkyl, and hydroxy(Ci.4)alkyl.

[0031] Preferred compounds include those w'fhere the halogen, in one or more
occurrence on the structure, is a radiolabeled halogen. Also preferred are
compounds wherein the halogen is selected from the group consisting of I,
1237 125y 131 @ 7Spy 7Br, F or '%F. Especially preferred compounds are
those that contain *F. Compounds containing I are also especially
preferred.

[0032] Useful values of R! are listed above., Preferred values are hydroxy or
NR*RP(CH,),-, wherein p is an integer from 0 to 5, and R* and R® are
independently hydrogen, C;4 alkyl or (CHz)aX, where X is halogen, and d is
an integer from 1 to 4 Useful values of p include integers from 0 to 5.
Preferably, p is 0, 1 or 2. Most preferably, p is 0 such that R! represents



SR RPSR12 R43 NHHNR44 Rl16ja's a's ald4 [0041]wherein RP. is hydrogen
or a sulthydryl protecting group, and le R11l, R12, R13, R14, RI15,

R16, R 43 and R 44. are in each instance independently selected from
t he group consisting of hydrogen, hydrioxy, am no, nethylam no,

di met hyl am no, Cl4 al koxy, Cl14 al kyl, and hydroxy(CLl. 4)al kyl . \Wen
conpl exed with a netal such as 99m Tc, -Ch has the follow ng
structure: a's [0042] Additionally, a rheniumradi oi sotope can be
conplexed with the tetradentate |igand, rather than technetium \Wen
the chelating noiety is not conplexed with a netal, RP are both

hydr ogen, or can be any of the variety of protecting groups avail able
for sul fur, including nmethoxynethyl, nethoxyethoxynethyl,

p- met hoxybegewb, ah Jesea¥d em‘@éhi‘xﬂﬁ’nts@ﬂ@hﬁ@tthéiﬁnqhﬁma ar padamsitioned i n

detail in Geene, ‘FPW and Wy Pr. ot e i v @ gani c
Synt hesi s, relatvegiths Eﬁiil;’mj’ﬁfﬁﬂ?nW‘? e‘gpé‘?%/l'r% ’iﬁgR ’%ﬁ?&?igg

Prot ect i Ng g G ParREndepRn it iy Hyv&En Ry @Qpeﬂbﬂt [ h:tmsrmhhadimem Iit 18known
in the art of or anlc synth suc roacet L& i

mercuric cﬁ’lf#ﬁahg $ofiCurh ?lkYH e @ gm%ﬁ'ileglbﬂ? Ogghogt%as?‘g& I% fewi s
aci dbl albi :cqugfdgei@&he Eﬂ@%{- #wi%n@ﬂeiuaﬁrdmmdhyMomemmaWWI RP
can be left intact abel in e.li t

case will dtesyaaing %’#ﬁn&?&?}fﬁe gfgn e“cﬂn%{f A ﬂnu@g% g

di ami nedi t hing! prearut vg?;b@;m;t tHao afthe admipisotation gibld @rpnefdfmﬂtWélPe of Bver al

| i gands of t ge eral N2S2 t E are. | kpoyw, and can be used
mterchangé%r‘ﬁp)‘? HETPRE AN 5“‘{% scope of the invention; and 16

R7 andobs) arfe Lm&&ﬂmaﬂbﬁtoa‘ncmciuddenmﬁOMyl @eﬁe&’t@@'@lﬂeﬂi;t‘rﬂéﬂegr oup
consi sting g r og y i yl@gd no,
C14 al koxy,° Cfihgg f% L{; ﬂ)i' %’6%%@?’4}%{%@1’{38‘104 olggel?g red val ues

of le are hag é@aqpyprefeki&bﬁﬁﬁ&)lpenGMerel npis an integer fromO to 5,

and Ra_an ar i end 7l (i eidotediher €
X is h@0%Hen, an 'f’fr? %e%lg?éé%om Ch%%%sh?def)&{de ues of e:p

i ncl ude i ntegar ﬁ1ef lgfﬂﬂpchnSIﬁanDDéﬂ&Td&iﬁey,, hydfoxyo anying, npethyjgaino,
preferably, i.S,0 .suc t s t l[\@,g,( pfr@ﬁge,g f
enbodi nent s‘:11 eglyllaémgf”tﬁe‘fa g% ﬁ(e“ne % ar a ng5| T on relative to

t he respectmﬂetehnmelgehe mlrpiueefoefrll Terhd\R greuldﬁ) Feesent inghe coprav@fn f e and
Rb are indepen ntI eh i héll fsRUbOSF RBRAd it
IS preferabﬁg)getnﬁ %(fgfl?fgqﬁ % |sﬁrne%lfwhndﬁrlgee,r abIS one of 1 2 and
Rbis hydrog%me\tahamhmrdlﬂ'sre@lﬂ‘oml amothamehwae? Breayi and
Ro are net h%pr?db‘n%%t@eﬁ cﬁf{e&é%gcl}]@d?@% eRfin E@ery&sf%@éoxy A' SO

preferred f e are’ any grozD ter adnministration into the
body npooabpli ze Usembmlae@ﬁlb intlede subsEpetwgs bl el 5 Y- PP VR as

above. Such,gray (IFL) ﬁ%@feﬂ'&l biSocdnbnts @F %ﬂﬁﬁlatluw 16 eilﬁﬁdilhuge and
t he groups capab rodrugs are well-kn ﬂ@
ordi nary skireta pn panepasntlon [TQIQKYH UB@?%FGSB%"‘HE?WS & F‘nt’@ger s

from1l to 6, tﬁﬁ-ﬁétﬁfeaplo)f it hﬁlsgaﬂrblﬁcrr@fi dfe |sﬁbsfhﬁx@fﬂrés i'Chnﬂ ii'Mo&i these
preferably, e va

nis froml to, 3. is es erred
that n is oepmbodiowar] wieselyalyes of ddineinds @t%‘i’éf fF&mé’tnEQ? EF“ea}Icf%f Faﬁi’gf ance

i ndependent | { QYParCRRSesirbmdl @f 5.Nyidstqgefrably,
hydr oxy, amrynaéé&hng&ﬁﬂq‘é%rﬁeﬁzw?ontgtﬁ | am %b Cl4 al ox¥q?a%§r3(a yl

and hydr oxy@ds 3)tai egnecmlllue’» Fefh uB FOSFIGHEE & ORd e TN

and R8 gr OU&(35Anﬂgﬁﬁ@épeh@eﬁti}%&ﬁwﬁwdgenl hydroRy,ehils smaus;@r, Ulaﬂlk‘yhce in
a particular conpound n each instance of R7 g ? Qlolﬁ gan be
di fferent ftaednha’ﬁSanf(zﬁle@aW u&referredy coppoyds ipgjude Lqsp opr

enbodi nent s, R FNEPORR3BIrRZeaGhRY sheOg@ifoden. eNRITY prétﬁfracmc:empounds

[ 0046] Usef ul val ues of. R2 incl ude sjytig;ru(gm fnclzlr , @i, iii and
iii' as depitadleds thpwvehere fagh Aiferatec B B ¥ 859’1}10r rrul a I Ris:
ei ther (pgsgihe MetR sEhstRRRie ROSH fil AsbfilelAlds W Y,0Utdd RYSRECRY &,

R® R® and R™ are described above. Preferred compounds include those

where U is hydroxy.



17 include hydrogen, hydroxy, Cl4 allcoxy, Cl.4 alkyl, and
hydroxY(Ct4alicyl. Preferred conpounds include those where one or
nore of R30, R3l, R32 and R 33 are hydrogen. Morre preferred conpounds
i ncl ude those where each of R 36, R 31z R32 and R 33 is hydrogen
[0047] I n substructure iii or iii', useful values of U and R34, R38,
R36, R37, R38, R38 and R 4 are described above. Preferred conpounds

i ncl ude those where U is hydroxy. [0048] Useful conpounds i nclude

t hose conpounds where one, no nore than three, of A, A2, A3, A4 and
A5 is N, and the others are -CH or -CR2 as permtted. It is preferred
that if only one of Al, A2, A3, AA and A5 is N, that it is Ad.

[ 0049] I n anot her aspect, the present invention is directed to a
conpoupdz9f For Mkl bompaidedndlige st @oimpguisdsr wherarar:leadt ok, KiR5 or

a pharnaceutlcally accep able salt t re f, rejn: st ~gme, no

nore than tmoeethapfhreg, of Ag, ‘A3°‘3=A4a5 5 K5 i%“%ﬁ a{rﬁe‘#g%arcetﬁ- CH,

-CR3 or - Ffénﬂeédmms%m%fmmmaeenpmﬂdently hydrogen or
and R2,

Cl4 all cyl h t dent | d
Fr om BB} oup CBIRSrtd seEsmoAy F Baia R APt Pots patmgnts SHRh

car boxy( G - Gakkil navidg the $QIARE Bttnuldi tro, hal o( Cl4) al kyI for nyl and
NR612. 7( CH2) p-, wherein p is an,jnteger fromoO to 5, and R 6 and | e
are independently hydege ; 4 Jal kyI o CH where X i s hal ogen,
and d is an integer from : addi g hhe val ues listed
above for Rl and R 2,»R 1 &t Nj ndependently al so be
hydroxy; R 3 is sel ect ed fromthe group consistiny of hydrogen,

hal ogen, Cl4vhaldiyR® asd/Rhare 1ﬁ@apbﬁdfe;n¢1@se15¢taﬂ Krpin hytdrogdenieg Carket #Higy); Z

nitro, halo(Cl4 aI for : ed SF @Rfaraeger
fromO to 5§saasn %w‘é%ﬁasl? ralldepegH ;t ydr oger‘}ﬁ C14ﬁgl kyl or
(CHAI X, whekempomsisiiadledken, and d is 18 an integer from1 to 4,
18Fl uor onet hyl , 18FI uor oet iyl , 18FI uor opr opyl and
HC Mg
\N . \ / /\/0\\/\\0/\/ 2

/
N .
e H >

OO

wherein q is an integer from 1 to 4; such as,
H

) . &) N A g p
H N .
H 3
[0039] Other preferred compounds of Formula I, when R? is ii, include;
. T
O~
Hal N

and

18F
™ — ~< 15
A OH
b

H N



Sn(al kyl)3; R4 is selected fromthe group consisting of: a. ClA
alkylthio, b. C1.4 allcylsulfonyl, c. hydroxy, d. Cl A al koxy, e.
NR6R7( CH2) p-,wherein p is an integer from0O to 5 and R6 and R7 are
i ndependent|y hydrogen, Cl-4 al kyl ori13 CH2)4X, where X is hal ogen,
and d is an integer from1l to 4, f. phenyl (Cl4al kyl, gC6-10 aryl,
h. heteroaryl, 1.heterocycle, j. heterocycle(Cl4)allcyl, and k. C34
cycloallcyl, wherein said phenyl (Cl4allcyl, C6.10 aryl, heteroaryl,
het er ocycl e, heterocycle(C _Qal kyl or C34 cycloal kyl is substituted
with one of the following: C 4 allcylthio, Cl4 al kyl sulfonyl,
met hoxy, hydroxY, dinethylam no or nethylam no; and, X is hydrogen,
18Fl| uor onet hyl , 18Fl uoroet hyl, 18Fl uoropropyl, 1251, 1231, 131-,
118f héﬁ@fﬁ&, 77138, Rlotran G8hdct Ythd IleRhOMivaiafbnt i atircord tofcoRbouls of |t

R7(Cl11

R2

is N 2)p-._ | n another epbodinent, it is also provided that one
of It", Formda i bagng, the fglgwinestBere: sef ul val ues of R 3 and R 31
include all the values |isted aboge. Prefegablyy, R 3 and 123" are

i ndependently hydrogen gr—a Cl4 a|kyl such/as Rethyl. Al so preferred,
12.1 and R2 are indepe \ me l,am ne or I

di t net hyl am ne. 1005], # val ues [of ‘R3 Anctude al | those val ues

| i sted above. Moire p ably, R3 i £*hydrogen, 18Fl uoronethyl,

18Fl uor oet hyl, 123-, 1311 or 18F.

or a pharmaceutically acceptable salt thereof, wherein: at least one, no more
than three, of A;, As, As, As and As is N, the others are -CH, or -CR? as
permitted; n is an integer from 1 to 6; R! includes all useful values described

above, preferably hydroxy or NR*R"(CH,),-, wherein p is an integer from 0 to
5, and R? and R? are independently hydrogen, Cj4 alkyl or (CHz2)4X, where X

is halogen, and d is an integer from 1 to 6; R? is selected from the group

RSO 31
1 —gﬂt—-O&)q—Z

consisting of:

R32 Rﬁﬂ
wherein q is an integer from 2 to 10; Z is -Ch;
R30 R31
w
1 a
—g—(CR"R’)r—"(—O
R32 R33 s

wherein q is an integer from 1 to 10, R* and RY are hydrogen, hydroxy or Ci4
alkyl; tis 0, 1, 2 or 3; and Z, R, R, R* and R* are as described; and Z is -
Ch; .
RSEI R!31
il o )gvo___z
wherein Z is -Ch, R%°, R*', R*2 and R* are as described above, and



19 [0052] Useful values of R1 and R2 include all the values |isted
above. Preferably, Rl and R2 are independently hydrogen or a Cl4

al kyl such as nethyl. [0053] Useful values of R4 include all those

val ues |isted above. Preferably, R4 is nmethylthio, nethylsulfonyl,
hydr oxy, nethoxy or NR6R7(CH2)p-. [0054] Useful values of X include
all those |listed above. Preferred val ues include hydrogen,

18Fl| uor onet hyl , 18Fl uoroet hyl or 18Fl uoropropyl, 3231, 1231, 1311 and
18F. [0055]In all conpounds of the present invention wherein only one
of Al, A2, A3, AA and As is N, it is nore preferred that A4 is N

[ 0056] . Representati ve conpounds of the present invention include:
wherein -Ch is an N2S2 type chelating noiety, X, q, W BY, R7, RS,
R30, R31, R32 and | e3 are as descrrbedmahev?ﬁ,@bst preferably, R3 and
Rb are both nmethyl. [0057]1n another engodi s are conpounds of

Forrmul a Pa having the follow ng g ucture: 20\ /A3Pa H
AS- A4 ifi

wherein Y is -Ch; U is selected from the group consisting of hydrogen,
hydroxy, halogen, halogen substituted benzoyloxy, halogen substituted
phenyl(C,4)alkyl, halogen substituted aryloxy, and halogen substituted Ce.10
aryl; and R, R¥, R*, R, R, R and R are in each instance independently
selected from the group consisting of hydrogen, halogen, hydroxy, Cia
alkoxy, Ci4 alkyl, and bydroxy(Ci)alkyl;

R¥* g% RS

. —g—{CR"R")l——O
1

R39

a

wherein, R* and R” are hydrogen, hydroxy or Ci4 alkyl; tis 0, 1, 2 or 3; and
¥, U, R, R¥, R, R¥, R*®, R* and R* are as described above;

iv. -(CH.)y-0O-Ch, wherein w is an integer from 1 to 10;
V. -Ch; and
vi. ~(CHz)y~Ch, wherein w is an integer from 1 to 10;

wherein, the moiety "-Ch" is a chelating ligand capable of complexing with a
metal to form a metal chelate. Many ligands are known in the art and are
suitable for use as a labeling moiety for the compounds of the present
invention. Those of skill in the art will understand that such ligands provide a
way to label compounds and the invention is not limited to particular ligands,
many of which are interchangeable. Preferably, this ligand is a txi- or
tetradentate ligand, such as Nj, N2S, NSz, Ny and those of the NoS, type,
represented by, but not limited to, the following structure:



wherein at |east one, no nore than three, of A, A2, A3, .A4 and A5
is N, the others are -CH, g is an integer from1l to 10; R' and R’
are each i ndependently hydrogen or Cl-4 alkyl and X is a radiol abel ed
hal ogen or -Ch npoiety. An exanple of isHhese conpounds incl ude
conpounds of Formula la having the follow ng structure: nsc \N Air=A2
Hsla X' wherein at |east one, no nore than three, of Al, A2, A3, Aa
and AS is N, the others are -CH, g is an integer from1l to 10; and X
is a radiol abel ed hal ogen or -Ch noiety. Preferably, a nono or di Cl4
al kyl am no, nore preferably nononet hyl am no or di nethyl am no and PEG
substituents are in the pan position relative to the ethylene bridge.
Also, it is preferred that A is N, and Al, A2, A3 and A5 are each
-CH Preferred values of q are igeegers Rfom 2 to 5; and especially
preferred values are 3 and 4. ® ex’r ek ries of X include 1231 and
18F. The nost preferred value of/ X is 18R _-fB058] 1 n anot her

enbodi nent of the present invé ar gy-compeunds of Fornula H

having the followi ng structure: R7 R2 R R38 or a
pharmaceutical |y acceptabl ¢ sal trt T 0] §® wherein, n is an integer
fromone to six; at |east one, no mBfe&than three, of Al A% A3, Ad
and AspopgiN, t hewRérBRY BP & Bydr&ddn or@%lﬁwdfyﬁﬁﬁotmns@mmtwd R

i ncl udes al | the usefuls Y& Uues Ja s spbove e

preferably T g}dBoxgz R, %( CgQ 5{4 aﬁﬁﬁgﬁ‘ mgg&a{ﬁi i n égﬂgr@p%n;igrﬁglyo

5, and |l e a@cld afrémi nmepgnd@ntdoyismm ogﬁnhymgeh,aﬂikshﬂxy,z Jargino,
(CH2) dX, wher i n rfih 1]::53. i's
sel ected f r%ﬁﬁ%ﬁ@lﬁ?’o‘ﬁﬁ‘ ﬁo’g’n g i'iraﬂ%g et 138toky 1o

r 18F( Cl- CA{whehkydmpléodd with7 aanetar sf:amt( ak k§0m)-d'c, ROhi kass Biee Eallowing om
the group cggﬁlsgjng of: R R

R'IO R‘l1

j \“/ R'2
N
R‘laHRﬂi

16 a4
[0042] Additionally, a rhenium r:dm:‘.otope can be complexed with the
tetradentate ligand, rather than technetium.- When the chelating moiety is not
complexed with a metal, RF are both hydrogen, or can be any of the variety of
protecting groups available for suliur, including methoxymethyl,
methoxyethoxymethyl, p-methoxybenzyl or benzyl. Sulfur protecting groups
are described in detail in Greene, T.W. and Wuts, P.G.M., Protective Groups
in Organic Synthesis, 2nd Edition, John Wiley and Sons, Inc., New York
(1991). I;rotecting group RF can be removed by appropriate methods well
known in the art of organic synthesis, such as trifluoroacetic acid, mercuric
chloride or sodium in liquid ammonia. In the case of Lewis acid labile groups,
including acetamidomethyl and benzamidomethyl, R¥ can be left intact.
Labeling of the ligand with technetium in this case will cleave the protecting
group, rendering the protected diaminedithiol equivalent to the unprotected
form. Further, several ligands of the general NS, type are known, and can be

used interchangeably without changing the scope of the invention; and



wherein q is an integer from1l. to 10; Z is selected fromthe group
consi sting of hydrogen, hydroxy, halogen, Cl4 al koxy, Cl 4 al kyl, and
hydr oxy(Cl4)al l cyl; and R39, R31, R32 and R33 are in each instance

i ndependent|ly sel ected fromthe groupigconsi sting of hydrogen,

hydr oxy, Cl.4 al koxy, Cl14 al kyl, and hydroxy(GC at)allcyl; R32 Ra9
Wherein g is an integer from1l to 10, Ile and RY are hydrogen, hydroxy
or Cl4 alkyl; t is 0, 1,2 or 3; and Z, R36, R31, R32 and R33 are as
descri bed; R34 R35 R36 R37 R4 R33 R39 LI wherein Y and U are

i ndependent|ly selected fromthe group consisting of hydrogen,
hydroxyl, hal ogen, Cl.4 al koxy, Cl4 al kyl, and hydroxY(Cl4allcyl; U
Is selected fromthe group consisting of hydrogen, hydroxy, hal ogen,

hal ogen substi t%@%.&)ﬁna&yﬁ% iheinee ellcpetnhily séleced ieny theGtdud kyl
hal ogen substitute aryloxy, and hal ogen su %%ﬂﬁuted %B %ngn%] and
R34, R36, Rewsisiny ofRyydrogen, Aydromy. Aounp:n oy

i ndependentgy ﬁﬁd,@cbggakgp%& H?drg{qqmp )@m@lil sting of hydrogen,

L8 Stsonty b B i g B N TR Ff o

or Cl4 al kyimeggr k900 td 522! REand®RY a6 inlependntlyRBairo £536 C1 RaBF! oR3E,
R38 and R4 are as descri bed above; EI\AR

ein
at |east on€HEdaRwheneXrs hplogemsiand dis apimsest Fopk! faf Jgedyl vﬁ%“e\?Meg?abl y
F or 18F, aﬂ%c%de?im% ers HoR98ko 5 Pi’éférablg, Fis 0,Neor@®. Refostafrefdtabld pR¥ i s

T T SR e e
at | east ongehforRaraypiskitldn defative to the respective bridge. A preferred value of R
is NR®RY, wherein R* and R” are independently hydrogen or Cy.4 alkyl. In this
embodiment, it is preferable that the Ci4 alkyl is methyl. Preferably one of R*
and R® is hydrogen, the other is Ci4 alkyl, such as methyl or both R* and R”
are methyl. Another preferred value of R! is hydroxy. Also preferred for R!
are any groups that after administration into the body metabolize or degrade fo
the preferred values of R! listed above. Such groups are known in the art to
constitute a prodrug and the groups capable of forming prodrugs are well-
known to one of ordinary skill in the art.

[0044] Useful values of n include integers from 1 to 6. Preferably, the value
of n is from 1 to 4. Most preferably, the value of n is from 1 to 3. Tt is
especially preferred that n is one.

[0045] Useful values of R’ and R® are in each instance independently selected
from the group conmsisting of hydrogen, hydroxy, amino, methylamino,
dimethylamino, C, alkoxy, Ci4 alkyl, and hydroxy(Ci4)alkyl. The value of
n determines the number of R7 and R® group(s) present in the compound. If
present more than once in a particular compound, in each instance of R and
R® the value can be different from any other value of R7 and R®. In preferred
embodiments, R and R® are each hydrogen in every instance.

[0046] Useful values of R? include substructures i, 1!, ii, iii and iii' as depicted
above. In preferred embodiments of Formula I, R? is either in the meta or para
position relative to the respective bridge. Preferably, in a compound .where R?
is i or i\, q is an integer from 2 to 5. Most preferably, g is 3 or 4. In
substructure i or 1!, useful values of R® R¥ R gnd R* independently



(CH2)dX, where X is hal ogen, preferably F or 18F, and d is an integer
froml to 4, the other of R and R' is selected fromthe group

consi sting of hydrogen, Cl1_ 4 al kyl, hal o(Cl14)al kyl, and

hydr oxY( Cl4al kyl ; v. halmo(Cl4al kyl ; and

vi. an ether (RROR) having the follow ng structure:

[ hal o( G 4al kyl -0-(Cl14)al | cy13-; and [0059112.7 and R8 are in each

i nstance i ndependently selected fromthe group consisting of

hydr ogen, hydroxy, am no, nethylani no, dinethylan no, Cl4 al koxy, Cl4
al kyl, and hydroxy(C 4al kyl. 100601Preferred conpounds include those
where the hal ogen, in one or nore occurrence on the structure, is a
radi ol abel ed hal ogen. Al so preferred are conpounds wherein the

hal ogen is ,ﬁﬁ{l@phﬁﬂogdxg myﬂfw:yg Ol plicogs Css iatigloénd hydrogw(Cidalyl. 131=,

| Br, 76Br,_ 77Br Ci aII k3 33t hose
that cont aifrefesed ¢ I‘E‘%ﬁﬁ ik %egrergé‘lr;rgg’f i ggi?g ael%%{}lQ val ues
of Ware |ias¢ ggdlagayeMd?é@fﬁbm&ﬂcmbmsﬂsamcéuclw@pmwhme 9igh Ff&!) p-,
wherein p is, ﬁger f om0 to 5 and le and Rb are |ndependently
hydr ogen, &4

‘hx where X is hal o%? nq

i nt eggqoodriom 1 tIﬁ sébsltﬁleﬁmd: ny@dmesxsdﬁlwlumﬁléiemi e&er: LR 1%? ’to 5.
Preferably, r® (" gk ShchdtUhdsetvitte B1
represents & :§n‘%§b arqueffr“éF%%ﬁr’)oeVg ?n%flglééngénl%{ c”'{]')lRlﬁ-iws Sither in the
nmeta or panahpﬁskylon relative to the respective bridge. A preferred
val ue bewherei n, RARALHAd Yo WslE @gt@n or
Cl4 a|l§9‘|“§l| n t RPEadESTReRaS ﬁcﬁﬁgf}g@%%&bﬁg@e that the Cldalkyl is
net hyl . Pr ethﬁreabf‘)Amm, ofs, mm heis &, h!yldrtbgéﬁwr% e e 1R 3y

al kyl; such_as t fb@ ,| 8, 90044 As R0 thathy! .
Anot her pre?é'in}t[%’ val® ’f%‘hﬁ{aﬂf%& dé%exgl Al <o f)?%f erred for RL are
any groups &hat after adm nistration into the body netabolize or

degr ad the S pRfseRlinldntib8ds aheuea tSHEBmPbRUDST ar e
Icnomﬁmaﬁt he ar %@Eﬂggn al%'k ﬁtﬁepasﬁ)ro drug ansd the groups capabl e of
form ng pr oFerayda Hy maving the fieitowring sirusifereof ordi nary skill in the art.

[ 0062] Useful values of n iRrclude integers from1l to 6. Preferably,
the value of nis from,1 ) t preferably, the value of nis

fromlto 3. It is es ferreﬁi that n i's one.
1—-—2 RrR? il

or a pharmaceutically acceptable salt thereof, wherein: at least one, no more
than three, of Ay, Az, As, Ag and As is N, the others are -CH, -CR® or -CR" as
pemmitted; R® and R¥ are independently hydrogen or Ci4 alkyl R! and R, in
each instance, is independently selected from the group consisting of
hydrogen, halogen, Ci4 alkyl, cyano, carboxy(Cy.s)alkyl, trifluoromethyl,
nitro, halo(Ci4)alkyl, formyl and NROR’(CH:);-, wherein p is an integer from
0 to 5, and R® and R7 are independently hydrogen, Ci4 alkyl or (CHz)eX,
where X is halogen, and d is an integer from 1 1o 4; in addition to the values
listed above for R' and R R' and/or R” can independently also be hydroxy;
R? is selected from the group con51st1ng of hydrogen, halogen, Ci4 a]kyl
cyano, carboxy(Ci.s)alkyl, trifluoromethyl, nifro, halo(Cis)alkyl, formyl,
NR®R(CH,),-, wherein p is an integer from 0 to 5, and RS and R’ are
independently hydrogen, Ci4 alkyl or {(CHz2)aX; where X is halogen, and d is



[ 0063] Useful values of |le and R8 are in each instance independently
selected fromthe group consisting of hydrogen, hydroxy, am no,

nmet hyl am no, di net hyl am no, Cl4 al koxy, Cl4 al kyl, and

hydr oxy( Cl4al kyl . The val ue of n deteram nes the nunber of R7 and le
group(s) present in the conpound: If present nore than once in a
particul ar conmpound, in each instance of R7 and Rs the val ue can be
different fromany other value of 127 and Rs. In preferred

enbodi ments, R7 and Rs are each hydrogen in every instance.

[ 0064] Useful values of R 2 include substructures i,iv, v, and vi, as
depi cted above. In preferred enbodi nents of Fornula I, R2 is either
in the neta or para position relative to the respectlve bri dge.

Pref erably, R&tég%r?ﬂ-b@ﬁtlr W WU lhordmettiyl, BFR@rdetsf ePrhoramepyl and
substructures 1> and W In these enbo inments, useful val ues of q

i ncl ude mt%@@lksl)d’,rom one to ten. Preferably, in a conpound where R2
isi ori', q |sR@lgsélggtg,gg&JthQ@ohptc@nésnﬂgbﬂ preferably, qgis 1to
4, especially 3 or 4. In substructure i or P, useful values of R30,
R 31, R32 and R33 i ndependemayfi®| ude hydrogen, hydroxy, Cl4

al koxy, Cl14 allcyl, and hydroawfsadsykyl . Preferred conpounds include
t hose where one or nore of R381, Rsi, x-32 and
R33 are hydrogen. Mr® pre‘%‘F‘r"@’d corrpounds i ncl ude those where each
of 1230, R31, RR33 isghydrogaikoxy24 [0065]In substructure || or ii'",

useful values of Y, U and SRgmgre
descri bed above. Pref%rreoﬁ?ﬁrﬁgﬁgks%ﬂgmg’ 1I$1§‘?ege\r/\,%%

hydroxy. [0066] Useful conpriingds R7nﬁieuﬁﬂe1ﬁdmdmﬁ1}chﬂti;rog¢rdsCMheﬂ<§1 ar
| east one, no nore than th f Al r Nomd the
others are -CH or -CR2 as @’?@d’?’t‘%@m?@gfl@é&x}’e %rag erre that N be

in position A4. Particul artoyg,useful conpounds of Forrmula Il include
t hose conpounds where A4 others are -CH, -CR2 or -CR3
as permtted. [0067] Egpemélﬁr"}d(gpéag?'?ed conmpounds of Fornul a DI
wherein A4 is N, inclgde ttj:gwfamﬂovu ng: wherein R and Rb are
i ndependent |y sel ect eg froglt rogen or Cl-4 alkyl and g is an
integer from to 4 an ge f@f’érably 1231 or 18F;

i heterocycle,

J- heterocycle(Ci4)alkyl, and

k. Ciscycloalkyl,

wherein said phenyl(Cia)alkyl, Csao aryl, heteroaryl, heterocycle,
heterocycle(Cia)alkyl or Cas cycloalkyl is substituted with one of the
following; Cis alkylthio, Ci4 alkyl sulfonyl, methoxy, hydroxy,
dimethylamino or methylamino; and, X' is hydrogen, ¥Fluoromethyl,
Bpluoroethyl, Fluoropropyl, ‘21, 21, ', F, Br, Br or Sn(alkyDs;
provided that one of R', R%, R® or R'is NR®R'(CH,),-~. In another
erabodiment, it is also provided that one of R', R” or R is hydroxy.

[0050] Useful values of R® and R® include all the values listed above.
Preferably, R® and R are independently hydrogen or a Cj4 alkyl such as
methyl.  Also preferred, R' and R’ are independently hydroxy,
monomethylamine or dimethylamine.

10051) Useful values of R? include all those values listed above. More
preferably, R? is hydrogen, '*Fluoromethyl, '8Euoroethyl, *Fluoropropyl, %1,

1231 13[I or ISF
. .



[ 0068] Exanpl es of nost preferred conpounds of Forrmula DI include the

fol | ow ng:
when R2 is
consi sting
isi, or i'
and R3 are

25 [ 0069] O her preferred conpounds of Forrmula |11
i1, include: wherein Y is selected fromthe group
of hydrogen and F. [0070] Cenpounds of Fornula U when R2
when t is 0, include hydroxy ethers such as: wherein R
as descri bed above under Formula I11. [0071]1n al

enbodi nents of Fornulae | and U containing -(CleRIL where t is other

t han zer o,
there is at

t he conpounds have the followi ng general structure wherein
| east one carbon-carbon bond between a substituent and

the nitrogen-containing ring: Rx R

[0052]

Useful values of R} and R? include all the values listed above.

Preferably, R' and R? are independently hydrogen or a Ci4 alkyl such as

methyl.

[0053]

Useful values of R* include all those values listed above. Preferably,

R* is methylthio, methylsulfonyl, hydroxy, methoxy or NRR(CHy)p-

[0054]

Useful values of X' include all those listed above. Preferred values

include hydrogen, '®Fluoromethyl, *Fluoroethyl or ®tuoropropyl, 'L, Y21,

[0055]

[0056]

[0057]

13]1 and IBF.

In all compounds of the present invention wherein only one of Ai, Az,
Az, Ag and As is N, it is more preferred that Aq is N.
‘Representative compounds of the present invention include:

H P
RR"N S o]
H
X

33 R32

] R Y _ RrR% r3 )
q
RREN W Ry \ {(—0O TR .22
R? R® rR®

»

Ran Rai

RPREN W 3 Raz Ch 23

wherein -Ch is an NS, type chelating moiety, X, g, R, R% R’, R%, R, R*,
R and R® are as described above. Most preferably, R® and R® are both

methyl. ]
In another embodiment are compounds of Formula I'a having the

following general structure:



[ 0072] The conpounds of the present invention can also contain a

radi oactive isotope of carbon as the radiolabel. This refers to a
conpound that conprises one or nore radioactive carbon atons,
preferably "C, with a specific activity above that of the background
| evel for that atom It is well known, in this respect, that
naturally occurring elenents are present in the formof varying 26

i sot opes, sone of which are radi oactive isotopes. The radioactivity
of the naturally occurring elements is a result of the natura

di stribution or abundance of these isotopes, and is conmonly referred
to as a background | evel. The carbon | abel ed conpounds of the present
i nvention have a specific activity that is higher than the natural
abundance, and theref abeve the background | evel. The conposition
cl ai mred herein a carbon I beI co nd(s) of the present
invention wll ﬁ%oun sue hat t hd'a
conposition can be u /%aglng radlo her apy, and the
like. [0073]1n certain enbodi fyent ”e t he conpounds di scl osed herein,

a hal 0gen, e Lgra@fktéba)ét é&fﬁlo%oﬁ tﬁﬁtgtlﬁéd g Aagent Ab,sAl amkAd it N, thee "
styryl pyri ackbone through a unber
of " et hoxy ctksrpare -FXE ¢ isg@inigserdePm {9 501/5%'”%}}% are%a&’d egg‘léglwm gh
bi ndi ng af fyaidn(dfics, 21k§parﬂ:l RMs.a rRaR]4belst b geni dtro-CHnmbmgy skaovned

e e v BobE e PR By

shown i n ScRafRmelstdichies:ei n, radiol abeling was successfully perfor med
giving the targe corrpounds. The synthesis of conpound 2 in Schene 5
resulted in a preparation tige of about 60 mins; radiochenmical yield

of -35% (decay cor e r adi ochem cal of >98% angl specific
oaUmz(’gbK({y\ In vivo

activity of fromugbob
gd st .ﬁzyl pyri di ne i & normal mce

bi odi stribution of a ¥t
exhi bi ted excell ent brain penej r am and rapid washouts after an iv

I nj ection. ﬁ»ﬁt&f uegs,rf%aeyn@tnowmemfm baias, seahd dass O, the
confirmed t

eci f1.¢c binding related o re
pl aques. [OMW%f@a%lseawateﬁgsﬁ%aé? dggb"g ra@toq%éle%dlafé% or
I nclude phemyl mdlaRht Préfebly, &f ﬁ-@hyddroﬂﬁpjihwkylaﬁlrﬂi enae| pefeadhies of

under the scope of "heteroaryl incluyde t

pyrrol yl, Wpﬂlﬂlﬁ%lmlﬁﬂdtrﬁ;me He &&30‘%@ Shﬁtleé?%lltsa e vg%éu%s under
the rs1cF|oe F{,osh@&ﬁfe@aweltg thd:rb&hjgdﬁe priidel | Alisoyit js mfmﬂltbhtﬁ’sallsl*hﬁldd
mor phol i ny ferr enbaodi , I

het er ocycl ef ¥=e$ & IR CH tP(S‘%Ie’E%d g‘%“gs ?ﬁé\ﬁl mfég%cfﬁ)?%?r%g a
ring substi B%ﬁﬂeéﬁie&tﬁlljb@ﬁafﬁied Vedudsaird 8vnd gt mﬂe@ﬂmlltemotix oelpdg| Kyl

sul f onyl , 0X hydr o ne a o et hyl am no. 27

[ 0075] The conb%ﬁﬁﬁg %ﬁ Eﬁ%ﬁﬂF%EE%V%Pgnk s O and 111 may also be

sol vat gghsses peC| ah | ayothee reatbedimdrly i athé gmesealy inyention drer Fergpounds of
manuf act uri u itions conprising the
conmpounds, Hﬂﬁﬁ?ﬁ%&qﬁmﬁgﬁg&g%er time due to the

hygr oscopi c nature of the conpougids. |In adgj=iQnR* t he conpounds of

t he present inventio exist [in unsol % ted weII as sogﬁat ed
forms with phar nace Vent;& uch as wat
et hanol, and the |iRg general t 8 so dR ornms are considered

equi val ent to theRun s ted formstaor t he pur poses of the present
i nvention. [0076] When any variable occurs nore thah one tinme in any

constituent or in Formu all%]acciepgabta $a?t i reoi‘t@ defl glltsla@nin%epﬁg}},

occurrence |°§4 M il on a ever
occurrence. dhet6 sﬁt@ abicaatone/to mbresthins three.t@tﬁtz’e Amdesaom\aad Yalis 85 they e

perm ssi bl e onI C t on (! Bl &, %Qé?ﬁ?’v'ﬂﬂés
[ 0077] The té}‘}t%‘? ﬁﬂ Q%ip ‘%? =| n’ B 'ﬁ{iuéﬁtsaa or - as part of
listed above under Formula I, preferably hydroxy or NR*R*(CHz);-, wherem P
is an integer from O to 5, and R” and R® are independently hydrogen, Ci4 alkyl




[0079] The term "nonoal | cyl am ne" as enployed herein by itself or as
part of another group refers to an am no group which is substituted
with one al kyl group as defined above. [0080] The term "di al kyl am ne"
as enployed herein by itself or as pazt of another group refers to an
am no group which is substituted with two al kyl groups as defined
above. [0081] The term "hal 0" or "hal ogen" enployed herein by itself
or as part of another group refers to chlorine, bromne, fluorine or

i odine and their isotopes. The term "radi ohal ogen" refers
specifically to radi oactive hal ogen isotopes. 28 100821The term
"hal oal I cyl " as enployed herein refers to any of the above al kyl
groups substituted by one or nore chlorine, brom ne, fluorine or

i odi ne wi t hyrfoey, meﬂfhéfub{ﬁ@hﬂbgdﬁ@athd mgarpnegar frem, 1 mut;ﬂk’aﬁelected

chl oronet hyl , i odorneth 15 h t oo | |, and
2-chl or oet H9m theygreap YJS ber g%ﬁéi %?“) al%yl %T bygd @W
itself or ag?Racikcod ﬁ@ﬁpmeegfo@r@uﬁsthgﬁﬁ‘rs to a th| oet her of the :
structure: RS, wherein Ris a Cl4 allﬁ¥; s defi ned above. [0084] The
term "al kyl sul fonyl " as enpl oyed herei itself or as part of

anot her group refers tio a sul fonezof t rugture: R—SOZ, wherein R
is a Cl4 allcyl as defined above. éTUUé%]Th §$n1 aryl as enpl oyed
herein by itself or as part of another gr@ﬁpﬂﬁefers to nmonocyclic or

bi cyclic ar ar &q;p%gl Qrohe tHeAH @ SonksREEHSS | NQ
portion, pr‘gga%é’bﬁl agqﬁ%gcar or%gb?g i:{{;e%mrel@crcl3E1 porti.gn, su@ ? & henyl,
napht hyl orhst@@gmhilmk@m,pmlhsqﬂ: -0 BEKTHe1+ aliof. end dwf 12 %GB

"het er ocycl Mﬂﬂﬂﬂf R RE{nEIabh §XEARS uid@ﬁ’efrﬂeﬁl@ mecwaemamt s a
stable 5- to

ere nono- het erocyclic r|n vmlkﬂd;
sat ur at ed ogrounsa?fmséméd"fahxﬁf%ﬁnehh 1k sEoe “4af ﬁlh% from
one to thre%,] seI ected fromthe group conS|st| ng of N, O,
and S. and erein the ni trogen and sul fur Jeteroatom may optionally
be oxi di zed. Especially useful are rings Ral n one-#i trogen
conbi ned with one oxygen or suylfur, or twoAwLr het er oat ons.
Exanpl es of such heterocycli cLégFCBLf’ﬁs rhac1Ude peridinyl, pyrrolyl,
pyrroliclinyl, imdazolyl, imdazinyl, | i dargl RAi nyl ,, pyridyl,

pyrazinyl, rimdi.n oxazol y

i soxazol i di %eﬂ{‘ Wa%%ﬁwgefffﬁ.“ﬁ% ?%(n hy] (1‘% gr%% R?’&%g%@[zﬂ%%ky or Crs
honopi per i dumyl,xxdmnpplwermmnﬁ,,m,rR audR%arepg/d%sznbgﬂ and
pyrazolidinyl, nost preferably thi arTDI’RQJ'I(BtI;SI nyd . piperazi nyI and

nmor phol i nyl . [0087] The term "het eroato IS Ed herein to mean an
oxygen atom ("0"), a sulfur atom ("S") ogen atom ("N'). It
wi Il be recogni zed that when the heteroatpmis nitrogen, it may form
an NRR npi ety, wherein the R groups i ndePen **y from one anot her
may be hydrogen or Cl4 al kyl, C24 am noal kyls lC14 hal o al kyl, halo

benzyl, or Rl and R2 are taken together to
wherein ¥ and U are independently selected from the group consisting of

hydrogen, hydroxyl, halogen, Ci4 alkoxy, Ci4 alkyl, and hydroxy(Ci-)alkyl;
U is selected from the group consisting of hydrogen, hydroxy, halogen,
halogen substituted benzoyloxy, halogen substituted phenyl(Ci.s)alkyl,
halogen substituted aryloxy, and halogen substituted Cg.10 aryl; and R, R,
R R¥ R*, R*® and R are in each instance independently selected from the

group consisting of hydrogen, halogen, hydroxy, Ci4 alkoxy, Ci4 alkyl, and
hydroxy(Ci4)alkyl;



29 forma 5- to 7-nenber heterocyclic ring optionally having 0, S or
NRY in said ring, where PY is hydrogen or Cl4 al kyl. [0088] The term
"heteroaryl" as enployed herein refers to groups having 5 to 14 ring
atonms; 6, 10 or 14 fl electrons shareekin a cyclic array; and
cont ai ni ng carbon atons and 1, 2, 3 or 4 oxygen, nitrogen or sulfur
het er oat ons (where exanples of heteroaryl groups are: thienyl,
benzo[ b] t hi enyl, naphtho[ 2, 3-b]Jthienyl, thianthrenyl, furyl, pyranyl,
i sobenzof uranyl, benzoxazolyl, chronenyl, xanthenyl, phenoxathiinyl,
2H-pyrrolyl, pyrrolyl, imdazolyl, pyrazolyl, pyridyl, pyrazinyl,
pyri mdinyl, pyridazinyl, indolizinyl, isoindolyl, 3Hindolyl,

i ndol yl, indazolyl, purinyl, 4H quinolizinyl, isoquinolyl, quinolyl,
pht hal azi nyl, napht hyridinyl, quinazolinyks gsi h+iny|, pteridinyl,
4aH car bazolyl, carbazolyl, a, (3, or y-cayboli s phenant hri di nyl ,
acridinyl, perimdinyl, phenanL_Q&§§( o PN ian, i sot hi azol yl ,
phenot hi azi nyl, isoxagolyl, furazanyl and p oxqggnyl gr oups) .
[0089] The term"arallcyl™ or "arylallcyl" as efip,oyed herein by
itself or as part of another group refers to Gf2 al kyl groups as

di scussed above, havin n aryl substituent., |,

phenyl et hyl WB?”‘Z‘-%&%@?%@?‘H@F%VI@“’?@%@BY%F\of'ﬁéiri&gst g%%’?ﬁ gfz[% Shia Y
AL S AL i i g O
st i/r yl pyri di ne- deri vatthve d V?tle © |aﬁo¢ag§égybgﬂ§9%?m§éﬁ:§% IS
shown i n schase X is helopay poefirabhsF obl X, nad diy an iveger Gomdator4:0he

bet ween di et hyl 4- (dingthyl am b I & drogen, C
6- chl or oni cB‘lhrz"h8?36%9%?&9/?%%“&@?%3%%)4&9 o?%%%?%‘ tert- botoxide in
DVF (yield SRyPthalofC dialkgl amd hydrbat(Conalsylconpound 1 with
2-(2-(2-fluoroethoxy) et hox h Oial‘ ys| | 143 drdrde abhd ’RVR

obt ai ned the fl uoropeb‘gﬂ ate cog‘%'o n 2‘”?5‘{} %ﬂ 33_t% ,. Whi ch canlsbe
used as t he(CH)gK swhere X ¢ Hatugen meefertloF PabE) wdyd isprdniseefzmadi®Bn of
nmononet hyl gm, no .substit ufed. i ' m&g&g@éggﬁ% reugh a
route show g%hfﬁﬂgéﬁg#ea%ﬁAls%ﬁeﬁégtﬁlr%gt&@i on bet ween 4o

4-ni t r 0- beng yikyh halpiCnaslEyhaud Bydrhky{Comelkyli nal dehyde at the present
of sodi um net hoxide in neth { fl uxing condition obtained
conpound 3 in a high fl'l‘el dh?%gb Q@baﬁ%undﬂ can be easily filtered
out after the reacti oni.and ansetheti GeRY Haying ében@l]t"wé‘%p?,/““ﬁﬂ“’e'

further purificati h Sy rEeayi .. odie allcylation of 3 with 24242-

fl uor oet hox&%‘%?@iﬁ%lﬁgaggﬁ%%?ﬁg agodi um hydride in 'I{'QE obt ai ned
conpourjeossl ( yi el R’3@AW° arfrin cash MstageeoingerindesyhpflsrPr gty EtPed
usi ng stann .chl orj j h 0 Gl thetiyauay dmeitiybinting8 %) .
Mononet hyl at%?%%&g# gf\?\gg&ggﬁ’eég%bﬁ%i %r af or mal dehyde, sodi um

met hoxi de an@sstkixp borlsvly ard Berery (GpvaliH- conpound 6 in a relatively

hi gh -yilﬁt'a’&( 73 Nprefel89 2bhPoiRtanslesd thesk Whird thahabgsh, th onetiybeni no
substitiuted styrylpyridine derivative | 18Fﬁ1&§ t he tosyl atgf &Qd (a%cheme
3) was used qgsuménsepreif SHIMUTHE Hraficladgied Halggen o AP FEETH A a

m crowave- asc%h%%ﬁﬂd@bv!%eﬁ{ HRMQbped WiskiRcleli fdm the peowg somsisiing oDVF t o
obtain conpouynd,, %—

ield /7 % . The pitr r. of. 7 was 1t reduced
to am ne using S Iagﬁblﬁfsggﬁr@ri eFt e | Vﬁg%ﬁ@ﬁw@ﬁ?ﬁﬁ@s éjt hen
fol |l owed by Jﬂo%i Rl hydrddih OBFUS i @n b ad apaBimiehydd, asodisanespecially
cyanoborohydride in acetic acid to obtain conmpound 9 in a high yield

(95 9. Nbsyl?raf_ﬂ‘mﬁ- of 9 was tried first, however, the nesylate of 9
vv?s Ver Moyt ab: e(_]ﬁéfgl gj;g@&mmf@'e?}r, Qisfat R@otdd ePM@ﬁalrmf:jasme Tpdrpkmor on
of 9 was acco i shed successf uj Usin osyl ¢ ri an,_pyrbdine to
gi ve desir engg%bwgﬁ)eﬂ 1‘6h‘?r91“epd134%/f‘ %t"@g %?{8 é)rtgcﬁr% ‘lefaoarrﬂrrgkldéﬁg
radi o- | abel gdsfehlbRly hydrdgen, Ciy alkyl or (CH2)aX, where X is halogen, and d is

an integer from 1 to 4 Useful values of p include integers from 0 to 5.

Preferably, p is 0, 1 or 2. Most preferably, p is O such that R! represents




SCHEME 3 TsCl \N PY 10 SCHEME 4 102 [0093] Schenes 5-7 depi ct
a synthetic route for conmpounds of Fornula IIl. Scheme 5 depicts a
synthesis of several intermediates useful for preparing the conpounds
of' the invention. Schene 6 and 7 depext the synthesis of
radi ol abel ed and non-radi ol abel ed conpounds of the invention. In
conpounds 17-110, "I" in the conmpound name neans "internediate.” 33

NR'R®. In preferred embodiments, R' is either in the meta or para position
relative to the respective bridge. A preferred value of R! is NR?R®, wherein R®
and R® are independently hydrogen or Ci4 alkyl. In this embodiment, it is
preferable that the C4 alkyl is methyl. Preferably one of R* and R® is
hydrogen, the other is Ci.4 alkyl, such as methyl. Most preferably, both R? and
R® are methyl. Another preferred value of R! is hydroxy. Also preferred for
R! are any groups that after administration into the body metabolize or
degrade to the preferred values of R! listed above. Such groups are known in
the art to constitute a prodrug and the groups capable of forming prodrugs are
well-known to one of ordinary skill in the art.

[0062] Useful values of n include integers from 1 fo 6. Preferably, the value
of n is from 1 to 4. Most preferably, the value of n is from 1 io 3. Tt is
especially preferred that n is one.

[0063] Useful values of R7 and R® are in each instance independently selected
from the group conéisting of hydrogen, hydroxy, amino, methylamino,
dimethylamino, C;4 alkoxy, Ci.4 alkyl, and hydroxy(Ci.4)alkyl. The value of
1 determines the number of R’ and R® group(s) present in the compound. If
present more than once in a particular compound, in each instance of R” and
R® the value can be different from any other value of R’ and R®. In preferred
embodiments, R’ and R® are each hydrogen in every instance.

[0064] Useful values of R? include substructures i, ', i, ii', iii, iv, v, and vi, as
depicted above. In prefeired embodiments of Formula I, R? is either in the
meta or para position relative to the respective bridge. Preferably, R* is
substructure i or ii. Also preferred are substructures i' and ii'. In these
embodiments, useful values of q include integers from one to ten. Preferably,
in a compound where R? is i or i, q is an integer from 1 to 5. Most preferably,
qis 1 to 4, especially 3 or 4. In substructure i or i, useful values of R3°, R3’,
R* and R® independently include hydrogen, hydroxy, Ci4 alkoxy, Ci.4 alkyl,
and hydroxy(Cis)alkyl. Preferred compounds include those where one or
more of R, R*!, R* and R* are hydrogen. More preferred compounds
include those where each of R%%, R, R* and R* is hydrogen.



SCHEME 5 ... 'Reagents and conditions (a) MS, .CH3CH [
) ) . y oo , o, refltix, |I.
h; (b) :Fcen2ci4/5)3m Ph3P, MAD. Tilt, -5 "'ICto st, 2.1; (c).(1)
1-10CH2CHDTBDI VI'S, Ph3P, PIAID, THF;, t tort.; 2 li; (2) 1% Het 95%
EtQ!—I, rt, I -h. . ; SCHEME 6 PrilL..2{0!'lim20)icH cli3F, R, 3=;er.
: E), 13%%1?315- (0774.51:69)P12c2t; Ited4Pl' 11.63 ’
I 3: - (011i g1P52cli 2gl V:ygar;! 14: R =.cnBc}r2oil, RrEti 15:
Rer_- CH2Clii 011, R3--;5np'i3. 16: 11.3=-CHI CHZO%L- 1. 113a ° -
Rt =-1RCH3)2 : bz.RieNH(CH3): c: Re-N(150.c)(CIT3) 4: Re-Cl COCl13
e: Re-OH ... Reagents and. conditions: (a).4 subslitutid Styr e-ne;s-
KCC13, HucliHr, P6(0Ac)3, DMF, 55-65 C ’
[0065] In substructure ii or if', useful values of Y, U and R*, R, R¥, R¥,
R, R® and R¥ are described above. Preferred compounds include those
where U is hydroxy.
[0066] Useful compounds include those compounds where at least one, no
more than three, of Ay, Az, As, Aq and A is N, and the others are -CH or -CR?
as permitted. It is more preferred that N be in position A4.
Particularly useful compounds of Formula III include those compounds
where A, is N, and the others are -CH, -CR” or -CR? as permitted.

[0067] Especially preferred compounds of Formula Il wherein A4 is N,

include the following:

R\ H . R3 ,
R,,/*‘M .

wherein R® and R® are independently selected from hydrogen or C1-C4 alkyl

and q is an integer from1 to 4 and R® is preferably 1231 or ¥R,

[0068] Examples of most preferred compounds of Formula T include the
following:
HaC, i !
N e Ve N Ve
~ ° ° 13a
Hac/“ \ N/
H .
HeC . H 123
N - o F
s YT
H ! N . ‘
e H 1m;
N — OH
N )T 16a
H,C N

and



.(b) (11133342.-136(Ppb314, tolneae, 115 ad; <0 tccos. ' MB/
THP, ..r.t, 21; (6)4 THE?, (I Cto xi; (e) MSOT12, 2; 6-14iciine; DCRI;

45C tort.. .... 34 SCHEME 7 nab 11202.1(025 R2 HC1, ' ."R .....
12a I P51,11.3a: R 1=-.1"(Cl)2> R2701;42Ci 1/20)2C i 2dH, F .

4261f 13: 14: Re=47?440. 13) |t2—-(CHZCHZO)20 i1CGlz2p "o 1t -

*: i11-414R6i 0;:i2-.612aii2014 11161116e: 2e-014,

Rt CH CiOH . [ 0094] Tc- 99m corrpl exes can be prepared as follows. A

smal | anount of non-radi ol abel ed conmpound (1-2 ng) is dissolved in
100 pi Et011 and mixed with 200 p.L HC1 (1 N) and 1 nL_

Sn- gl ucohept onate solution (containing 8-32 jig SnCl2 and 80-320 jig
Na- gl ucoheptonate, pH 6.67) and 50 pi, EDTA solution (0.1 N).

[ 999. c1Pert echnet atgh(loo 200 mL; ity from2-20 nCi) saline
solution are then addgd. eqCt i is _heated® or 30 nmin a*6b100E C,
then cooled to roomt£npe re \rédaction nixture i s ana yzed on

TLC (Et OH: conc. NH3 d: 1) for product formation and purity check. The

m xture can be neutralized with phosphate buffer to pH 5. 0. [0095] The

pr esenoodopvent i ahénprefemed cehpeursis obFarmprde Hbgvism ﬁ'srlé E}a}ﬂch’&

techneti um 99m conpl ex according to the present ntion by reacting
2 the presence of a

i educi ng agent "*%nd el ator with an 172

appropriate Ch-coN S [ 0906] Fhe reducing agent serves

to reduce the figgd 99m B whHeh | S )

. Y
123] =
N — /_‘C 18a
A ] OH

wherein Y is selected from the group consisting of hydrogen and F.

and

{0070] Compounds of Formula IIl when R? is i, or i' when t is 0, include

hydroxy ethers such as:

wherein R! and R? are as described above under Formula IIL
[0071] Tn all embodiments of Formulae I and III containing -(CR*R”); where t

is other than zero, the compounds have the following general structure
wherein there is at least one carbon-carbon bond between a substituent and the

nitrogen-containing ring:

- R
— =2 ]
AN N o)~
\_7/ \_7 "1
N RY
.[0072] The compounds of the present invention can also contain a radioactive

isotope of carbon as the radiolabel. This refers to a compound that comprises
one or more radioactive carbon atoms, preferably e with a specific activity
above that of the background level for that atom. It is well known, in this

respect, that naturally occurring elements are present in the form of varying



eluted from.a nol ybdenumtechneti um generator in a physi ol ogi cal
saline solution. Suitable reducing agents are, for exanple,
dithionite, formam di ne sul phinic acid, diam noethane disul phinate or
suitable nmetallic reducing agents 352&uch as Sn(1l), Fe(ll), Cu(l),
t(lli) or S101). Snap has proven to be particularly suitable.

[ 0097] For the above-nentioned conpl ex-form ng reaction,
technetium99mis reacted with an appropriate conpound of the
invention as a salt or in the formof technetium bound to
conparatively weak chelators. In the latter case the desired
technetium 99m conplex is fornmed by |igand exchange. Exanples of
suitabl e chelators for the radionuclide are dicarboxylic, aC|ds such
as oxalic @gicfes, Whﬁwﬂﬁildare Sramomtlvc isutbples. nheiradipastiyity of
orthophtalic acid, ic acid, |act £l C
aci d, ascondig é(@icﬁ‘mé‘gﬂemfsds LI h%f?n er%n%/raﬁ‘%/@fs) 0 haqe;glé&aé%l ds;
phogphor usoisg@@l,gbg@cgug{a igscom@ﬂjmsfphadesasmbash@bmfbéweb fhec

aci tartaric aci ascorbi.c C C

derivat i vecather dafteled soppaynis 8?5‘%’7 ;*?feg%‘#t gg%gltoghrﬂ g?‘ oéréséc%:r aﬁzttwlltg)s(
purpose, bagausEigRerahal ﬁie&aﬁiraltabuiﬁwt:e,tﬂnd%mewfb abayisehe packgravad

chel at ors under goes the desi re C ( rii Sudaperasi l y.
[0098] The ek coTH?orﬂ"iFPﬁ%‘ga“p? Ur'e %Qﬁ‘?gﬁ%r?né ?ﬁgvmsm 2
conpl exes i§m Eaﬁl@ﬁs)ocsr TS @mmﬁéd@onohilbhavaeallr%wwttloé pompoun

[ 99niTc] pert echnet t he. .co 1t &0d radishtape) 4ndg
procedur e ﬁBﬁ"l‘hﬁ’lath cé’F‘fpé’?uSﬂc%n%:%g%me}rl gan exc%lange reactpjlion
bet ween Tcy@9rkd Sn) - gl ucohept onate and the N2S2 |igand. Preparation

(U1 SORRIS ori peay FoBpieaf SHE tbifolids dhchelp Aot b B oS

success of the I ab é Q?g
reaction. ‘E@efafa@hy F”[FZer nhihelating sgentiis lipked to frosiirviRyRiofe B omon
practice in nuc iLn S bet 28kl oK) mhl'mke t he
stannous i ¢HFOR §L rpgaey%plﬁ’i Fizlize%llﬁ %%ﬂ%;rlé[?'g?im m xed v}\n@t p rﬁ(ge‘;ss
anount of gﬂmﬁ&ﬁt ny@lpgrndnﬁeﬂ, drsplaﬁfe‘il tm@hbmdiqgea fgon.
The preparat,i_on 5%?0% gggtlfguﬁ{u dl'mﬁrs is in
gl ucohept on‘g‘@! lgﬁ'l El Q’Ph I abel | ng rteactg{lg_ﬁ;fs. h
reproduci bl @neast gy eﬂibenmlahdoggrh‘ﬁhmsgﬂﬁlt@aﬁ%esér Uiy when

air-sensitive are oxi di zethvhy @ r3chends t hey ehatim,
subsequent 9’8’&%{‘?‘@?{% d‘q%:orrpom tion of the | |g%n?ﬁ The

most  convenjadivliatelidg prwctucsteaﬁh]éy l?@ffﬁwdt Bvipedie et P RoUY Is to
produce | y h' | Ze%%@éﬁﬂﬁéb@h&ﬂe 3Q0:2e8 in'g pRépatdiidnltirgantisbamnder

argon or n| conpounds of this .inventi e to
be used as Gmﬁgnngachg@xmcal iedd ofrmky”e lﬁ‘éecfiﬁﬁﬁ‘lr%cée‘ﬁn RfoghfPis %ﬁgm
radi oactive Pébgﬁg 9194: St e Aok okt 11668 10 SuDpS60 Aimmeb Ul

for |aborat9 generall not he. usef ul r t ual
di agnosti ¢ hum@sod@%bm Bf at g PegviRt ‘F‘%/éf’?yllpgﬂénﬁalﬁn m{a 1{1%
days) and l?*—’(} ﬁg@&cﬁﬁ&ﬁ%ﬁﬂ £:30mB5nK @0 rapid Wbhbuts Biter arsivtivjsetiav 3|

has a half [ Irteen ours an a ene nd it
i s t her ef or duéorpdiogrsghy REPOSTAHRTR 4 gfaq‘i‘ %ﬂ%c’{%x‘% ujeﬁgh %%’gclfﬁ

di agnostic pyr %ﬁg@wtﬂe séﬂcé BfABlpﬁaquﬁQt ope. Qther isotopes which
may be used i nc

1311 alf ljife, of ho b e
i sot opg@ddhcl ude Pﬁ’fB‘r‘ab%d’alPﬁBr“n e 9] SFFI'E“" ‘g[:jl éﬁoala(‘i%lenakﬁg ggénn})};gunds

of this inv SFPSPIME. € Pséfbiableo viloesraf iwder tenserpee?d al s
whi ch coul d%%%mﬂ %\%’?gga&?

0_user n kits, Kit for .f
i magi ng agerile@r@éa'nl inshidg; tieoyh rfi@Qamyl XS jﬂ' PYRES P’ir%nl 1%901311 and
physi ol ogi cq}dlcyazagnt qi%ﬁrasw WhaiyRB . afdean mmtseopmcbfaﬂstemyﬂ@r itledy |
la, Il or MIn a ¢oncentrati on _and

p | .
conpl exi ng qépridingneyrrohdanylaod Wﬁ‘am%dp’t%r%t Qflglglo 8%?1&23%?@6 rlate
guantity of a&?{e h@@f&{-ﬁotmgcﬁleg hetBocidI8(C:.«3atid/l apr oKh-clapyclo h as

contains a ring substituted with one of the following: C;4 alkylthio, Ci4 alkyl
sulfonyl, methoxy, hydroxy, dimethylamino or methylamino.



(1) A non-radiol abel ed conpound of the invention, the conpound
optionally being in a dry condition; and al so optionally having an
inert, pharmaceutically acceptable carrier and/or auxiliary

subst ances added thereto; and t2) a reduci ng agent and
optionally a chelator; wherein ingredients (1) and (2) may optionally
be conbi ned; and further wherein instructions for use with a

prescription for carrying out the above-described nethod by reacting
ingredients (1) and (2) with technetium99min the formof a
pertechnetate solution may be optionally included. 37 [0102] Exanpl es
of suitable reducing agents and chelators for the above kit have been
| i sted above. The pertechnetate solution can be obtained by the user

from g mmj ybdenug,t Ha!BF FoRRGIaE O Ta, &;cﬁndgmﬁraatamosbeasavaeai | abl e
in anu ér of institutions_that performralodl ic pracedures.
oBREOR e, ©

As noted atsepasiallye hydigieddi Shtdgation mayqo¢y provi ded

they are cQuRfbhlifor coMildsRioRDBAE metcokipbundsnoﬂ\mediydtahenwml ned
ingredients are preferably |yophilized E@eel I entI UIa'([ié).P g to be
react ed by qcRer Qs ting due tp e ?Séeﬂﬁé’taglt“’e" FETBR™ ple

manner. [ Okﬁékﬁ\l}@em@bf ae. pt’éflﬁt nRGhoet chy exidt agmﬂsﬂvatechgemdlnw

contain any additive such as pH controll |egga€?% lﬁynt(%

bases, buf ffé’i‘@}ed & W%P]%m'(“@c"d‘t‘ca &6¢ PaFgr® so‘f on| 2|’ng
agent s f) le gem?ﬁ@%urﬂas hk@ﬁh%@ﬁeral{ a}b%liﬁm ﬂoﬁmsrarepdwmﬂaneléwnumlerv
acceptabl e salt used herein refers t hose .car ylate salts or
aci d addi tltﬁﬁh%‘éﬂsf’i"a}ﬁd Hes %’Srt&?(ﬁ}’r%%se%f’%@ﬁgmﬁe% {?‘e B?ﬁventl on whi ch
are, V\‘toi]lmn t he weﬂangafvaﬁﬂiwdcdmﬂmbed thiu dgertinte, ms:uytcamtéudnbpr irse in
conta vvltht i.SS ents Wit hout

irritation, ¥¥M i} ﬁ dg[n‘gag %@ﬁ%e?cgkofcu%%r%#eﬁ%gﬁégﬁge y\ﬁ O%Its
reasonabl e Mmﬁdd a{trejvs)}y dthdri @curddigle eﬁﬂsaorIomkerlertmns phaibstifupnte aAddr use,
as well as the V\/ltterlomc o] €;,C UEpInds
of the invefA@BIfFs #fe Iieé?’?ﬁ“blal(fnﬁsy lééri’s %%ﬁ;“ﬁeh Psell%ts‘lgl\?/enyc/ non%lom c,
i nor gani ¢ aaﬂnlsmgaml c acid addition salts of conpounds of the present
inventjion, Al so included.arg thos I . O%iHe
orgamE’ 024 ds su 5?“1al?%ﬂat| em%oe%afrll% ]ge@a}r{%q& ?%:%gl?l sa fof
exanpl e ac egﬂoﬁp aefieth, topﬁtﬂ]il)ﬁtralghtbaidl hmndwdedhkmn@dmahmf P, tot%/@ﬁfb%}s

al kanoi ¢ and di ai c_acij ds [ [ thiopd
aromatic suPf ? yg & ns’fﬁ%%g%igﬁaﬁgﬁ%g%b e’ %rﬁgp?g?% |]n&§|“|ﬁ% dur| ng
the final igepipyhbusmd-youylj driddsdbiugd. of t he conpounds or by

separ ahﬁl él r eaat #ﬁg&t hee purLb i elgseﬁ%ggg]ggpm%%r L tSaibles gpme(i hath Wi t h

a suit or gan norg nic aci ating the salt thus
fornmed. Fur tikel radigslesedetinddyeboval nalesndieuehain fenglly i Hpyisdi thereto,
hydr ochl ori | f at | &héxy, n-

E%%& éuc o%’ygg'l St ?ﬁcﬁxdlﬂgetbﬁlr‘ﬁ& liRf&d & %zeﬂﬁﬁ@b Y, B

val er at e, ear at aurate, borate enzoatg
| act at e, phpmpbay,egsopmsytjat@d ietlike: o Profernbly; e #lkawyr shain 1% dct Pat e,

tartrate, nagrtgtgx sanf&%ﬂdpl e p @féﬁﬂgqm eABbEatoh@Gh IARinONat e and.

| auryl sul phona?e sa pival ate, cyclamate, isethignate,
and thgodMke. Thahe tm“mmadlﬁféare@m s emplgyediherkiny hyaiselepr 45 Eartotang

al kal i ne ear E%hﬁ%{%}.\? reflCl Qx%a % gf&lplﬂrﬂlgl'l W kBRI With ong adlleyium
nmagnesi um an as wel nont oxi ¢ ammoni um quat ernary
amroni um an@nmplaseieﬁacd dwyei ncl udl ng, but not limted to ammoni um
tetra #Eﬁha I ted, M ﬂ'&@'b‘n&ﬁi@: SUBRNh WY Newlf ot aefpbisﬂtﬁm ne,
tri rre?ﬁﬁ ne, tI?lllg]t% am ne, a{lg?lhyl am ne, .and thgml i ke. 1%@

ex arrpl e, Bergeths: giup rgfer%_to an pEERG SRR VS isgyhsttute Wi aWVﬁ\

-19 (197 gorporated herein by reference.) [0105]In
the f| rst s@zgup%gﬁﬁﬁh&rdebgeﬁt met hod of |mae%| ng,, a l.abel ed c%g(ﬁ
ent

of For rf0081]1, | a Thel teun “halp” jor "halegead FaBroyed: hytein by disgH gras
in a detect %Bhﬁwﬂ $8h il férs td RftofRERRSMthe] Audrtii¥ G13bdide RAT the@ fisofopes.

The term "radiohalogen” refexs specifically to radioactive halogen isotopes.



injection. [0107]1n a preferred enbodi rent of the invention, the

| abel ed conmpound is introduced into a patient in a detectable
quantity and after sufficient tine has passed. for the conpound to
beconme associated with anyl oi d deposi t&, the | abel ed conpound is
detect ed noni nvasively inside the patient. In another enbodi nent of
the invention, a radiol abel ed conpound of Formula I, la, Il or Ill is
introduced into a patient, sufficient tine is allowed for the
conmpound to becone associated with anyloid deposits, and then a
sanple of tissue fromthe 39 patient is renoved and the |abel ed
conpound in the tissue is detected apart fromthe patient. In a third
enbodi nent of the invention, a tissue sanple is renoved froma

patie oﬁgd a | ahgd %ﬁnC'QﬁRﬁu@ﬂ af exﬁprolybd aetein tedorsith apy afi the above

i ntroduce |ntothet|ssue e. te u Wptodhe ti Me
for the cor@edr@ctRs Wb da%{]ﬁlf %ﬁ“ffr:nlﬁ %u{é‘%%‘g%‘ O?Iﬁg cr"rtiloo'?md is
detected. {4 @Bbridd8nd EKIBHné being grefemh such q:saziﬁorolfnealypa{’d » body.
Exanpl es of tlssues i.ncl i ver, blood vessels,
and art eri esiflupromstiad; 21 t"ri‘l‘ EF@ 20%2 er{]#']fy of -l abel ed corrpound
necessgypysjt 0 be Tt Rehedlkithiotas éﬁtpmdmmeuebmusblﬁmmrt offraoly¥bunt

of a | abel’'ed conpound tq.be intr s 4 @ QL to
provi de f or SQER EFTS ac&'r‘u A e g”“ ern’ nel-%%b1 Eoselgl??ﬁlﬂgd in
the art. FogdefR¥ampbe. increasi ng armunts of the Iabel ed conpound can

be given to a p ent upt efbelorl REpAEECt i ON
net hod B4k hoi ce: %“T%e?ﬂng Or{][yr gﬁfe?ggﬁl}lg%%ongou%ds }t)ogorow de
for detecti g{bﬂm‘r g—b@ Feon Gl mc@lfo{d)d;f)@i}%‘ﬁhecw R-SPatwisaein Bt Srhunans
and ot her anhrrﬁ Th$s§ skilled in the art are also famliar with
det er mi ni ng? asa‘}?gﬂﬁ “ime sufficient for a conpound -t o becone
associ piosg] Wi t h iy teind "deyibss emplopké herdu by Beli prras Ree Rfsanafhetan
easily be determ ped by int fcahbssdmtiming firom babel ed
conpound of gﬁ’&?ﬁﬁ?és fe ogoc%fg%?‘bﬁqucﬂ? %‘tq%%gl a%tﬁ?pesnt and tghen _
detecting the dattomk dnl th@mngumitlfat, wtzﬁerabbfs6-tlpr\9é*§bfalﬁtlérth§dwigrﬁ°§fl?ndt i on.
[0110] The ter ia ﬂgﬁl‘ufdr i nteraction between the
| abel ed conﬁ%‘{ﬁnﬁpz‘ﬁ'aﬁ ﬁaéj Qhr?illggl eposit. Exanpl es of assogciati ons

i ncl udgoessyal ent Therteisy “hdmocyﬁehds“hﬂi‘;taﬂmélmlm& Ay 86 phTpinSxcept

L g S BB D st et

e art are famliar with_ the varlo%s s to
det ect | abelspdernownttichimay. beFeaturated rps | vasatpainde pRd WhiseRgists rfé\é?oﬁ‘g
(YM, positron e;p@%,g EARok B kelofibd Bofithe gmi@tdaﬂslemmﬁ on

ra

conputed to can used to detect radiol abel ed1
conpounds. THeD] aiseS, ardawhersin ﬁh?rﬂéiﬁiﬁ?édmfiﬁ%‘g“% heterogionb A -RHPP e pend

on the deteglign IhO émH@cL hﬂgpéé?ail&ﬂﬁéful BRY rifbsadRtatn ohd nitiofen sombined véth as a

det ecti on net onpolnd nust _possess a positr tom
such as 11Came g®fEen o sufar] OF THE l”‘atfl‘?gﬁﬁc]'t‘?t?/r@ %f"égn@'g‘?‘ @ngefn{gggs]ﬁoul d
have suffi cq_gngx {)ﬁﬂb dggﬁbyhﬁ&u@glpéﬂdmgﬁqsyrwlyly pyavotidinyt, aimidazolfli ch

can assure re

hosis. For pstance, in case.of .t
radi oact i ve imidaginei i %9%9! in PYraRipg) b@’yilﬁl&‘?ﬂgéd%ﬁ%oalfl

an amount Ofo:&z&h&xﬁyﬁ@so’if&ol&ln 1@)51%811dﬁly5i fhinzblyl) hiazekdinple isditiazadyl,
adm ni stration. The anpbunt of a co oung of _For nul a1 [11
y(! and

may be such hemeniparidindnhomepiperagiyl. S¥Y AR tonpgﬁraé‘l')ﬁdlﬂ "t he
radi oactive %B&t YrefolBiylBlabhsphdlinyl, pifr@inyt eklahaphalimdund as a

radi oactive agnostlcaent IS .su |entl st abl e oelt

may be 10888 at el ThagrnNREEEatR g’é u§?f§}l’13r%‘f‘ gf‘ﬁ’?‘éﬁ“ ﬁﬂgeflq‘tc%rg%ﬁ(g é

desired, t hesmﬁglagﬁﬁt(#yg 298100 8dn SoMOENT). niatywﬂbm sdcngEinsd ﬁudtlwﬂuWe

such as pH controlling agents

stabilizers (héhgfemaé@@dﬁ B%W?gﬁ%l(‘ﬂlj‘lgﬁfom‘sﬁdgﬁil(gl 2‘% efu??ﬁ) EO'R8 di um

chl ori de). [%gﬁgnﬁg@ﬂ}; r@&hngn@famﬂ%f Ondly dm:)dmdtcgenaar dhsi0 abv Lc&rai ed
aminoalkyl, C14 halo alkyl, halo benzyl, or R' and R? are taken together to




so that the anount of anyloid deposits can be determ ned.

[ 0115] Preferred conpounds for imaging include a radioi sotope such as
11C, 1231,1231, 1311, isF, "Br or "Br. [0116] Anot her aspect of the
invention is a method of inhibiting amyloid plaque aggregation. The
present invention also provides a nethod of inhibiting the
aggregation of anyloid proteins to form anyl oid deposits, by

adm nistering to a patient an anyloid inhibiting anount of a conpound

of the above Formula I, la, Il or IJI. [0117] Those skilled in the art
are readily able to determi ne an anyloid inhibiting anount by sinply
adm ni stering a conpound of Fornmula I, la, Il or Ill to a patient in

i ncreasi ng anounts until the growh of anyloid deposits is decreased

or stopped.g 1§ st & @-n@émlgerrwﬁekbcyam g GRivpake Havisg Oy Siord§R g said
descri bed above_ or t aki ng %(E ue sanple froma patient and

observing tH& ‘a’ﬁi‘rlleé?dsﬁ)é‘if%‘?”t |'n The conpounds of the present
I nventpgggycan ben@@kahﬂ Fﬁéts;ro&e}rt& ean;payadaf&emtreﬁm@odpemmglﬁiot he

range of about 1 to_about a For
adult havi MW%GVSV\Q’I YT 15 3’%8'5‘?‘%7%&15’8 éc 8%%%%5“{1%5% rgj%e of
about 0. 01 dahoabAsths k0 1018, Pet 4loixkyaar, aitagen bodyifwehaérpapms (Whagre s
sufficient The speC| fic _dosa used, however, va npl e,
the dosage &mP fspertd orPeffr‘??gﬁber 8rOIPSt o Hr s chlCldl rrl])anto Em%@
requi r ementgapafhotd)S-balengt ,tlﬁdih&:re@r,er iflugyl0f pwtmyhonduowmftl@@l%g
treated, and the r racol ogi cal Vit pgﬂlo used.
The determl?'F%El‘F?”"d"ﬁggil g%f’ 58@% i’ r%xac‘%larﬁi CH) pat i is well
kln?)vvn to th&ﬁ@az%kyll ﬂ}&ﬁhdlﬂs i:ﬁhiyalpl}:azﬁﬁd,&]yﬁhadml, MWM@I@ sa][ e )
illustrative,. no tin t of the
present i nv‘@‘h‘f1 Célﬁ 3%? o d i oﬁ% a %‘hg.dt,ll émé of
the vari et ws@i{m@amjlquumml @hﬂlakaamtmta@h‘élyndmwhlqwn@nb@dnpme’dﬂlénd
obvi ous to-'thogse dnkhefi3gl1SCOpE
of "the. i nv iRy CaE1Gr Db ARabi A b, O gL et
commer ci al fridihidf s padmiding, usplmbn‘anﬂlmimwl f urmhﬁreﬁzlpﬂu f isothipzstylun| ess
ot herwi se indic ted 11- a Bruker DPX
rh 3 ?xaz%{ég; eﬁo &?Iﬁ‘l%ﬁﬁ

spectromete? t's"are reported as 5
val ues[oppey t s peTheritdrhi mlkylémﬂaméalkﬂ"mtmpieyedmsemdauﬁfql gr as

t ant Th RESn
(ol norety, b ERRTAE b i & cloaigl byt dsc“@“ﬁfe(gr?ﬁﬁé. e ©
El enent al aﬂ@l ytﬂﬂﬂttmf, euqimsmnmwhbyylﬂﬂlb’hm}éam Imedyl | NC. For each
P Ocedw(pgp]e dSt an%%oﬂme\xl\%% lE]) tof "5 El'{% ventin HQ%I&@B' 8V¥nBliodd 8P prepadfig t i on

of ind organrc so the organic layer wth water
t hen bri ne, cmpandsnﬁﬁowulamlmw -l ayer fromthe aqueous | ayer,

drying @5}5, the cqgpi ?‘?’ﬂt%% aﬂmmh@-g@asﬁm&d by AR UG atieI

sul f at ltering O lumsul fate and rermw n%Pthe O{gﬁglc
sol vent underd nedm@megyleﬁdﬁﬁ@Pomﬂs“E@Mﬁ“ﬂ ISR

Conpound 2 (£).-24chl - 5-,( 4- qiriaet hyleadlidioSt Weheddy r i diidiyl( 1) 4-
[0120], Potassiumter but oxi de (99 ny, nT nol 5 dded chO a
sol ution of (ﬁn@ﬂw@mmwln@qsahﬁ%’: b@?@zyﬁ)‘%ﬁ@%‘ﬂ%’&{% ‘%O §. 30
n-unol) in present of potassium fert-butoxide in DMF (yield 62 %). A direct alkylatlon of
compoxmd 1 with 2- (2-(2-ﬂu0ro<:thoxy)etlm:\{y)t:*,tI'xa.noI2 using sodinm hydride
in THF obtained the fluoropegylated compound 2 (yield 33 %), which can be
used as the cold standerd for the radio-labeling. The preparation of
monomethyl amino substituted derivative 6 was accomplished through a route
showing in Scheme 2. A Wiitig reaction between 4-nitro-benzylphosphonate
and 6-chloronicotinaldehyde at the present of sodium methoxide in methanol
under refluxing condition obtained compound 3 in a high yield (88 %).
Compound 3 can be easily filtered out after the reaction and used directly for



anhydrous DMF (5.0 m) at 0 C. 2-Chloro-5-pyridyl al dehyde (42 ny,
0.30 mmol ) was then added. The reaction m xture was warned to room
42 tenperature and stirred for 4 h. Water was added and m xture was
extracted with MeOH/ DCM (1: 9, v/v). é¥ganic |ayer was separated,
washed with brine, dried over sodiumsulfate and evaporated. The
residue was purified by PTLC (20 % Hexanes in DCM as devel opi ng
solvent) to give product 1 (48 ng, Yield: 62 %9. 111 NWVR (200 WHz,
CDC13): 82.42 (1H, d, J = 2.2 Hz), 7.77 (1H, d, = 8.4 Hz, ./2 = 2.4
Hz), 7.41 (2H, d, J= 8.6 Hz), 7.27 (1H, d, J8.2 Hz), 7.08 (1H, d, J=
16.4 Hz), 6.77 (3H, n), BERMS (ED mlz cakd. for [C13.113C1N2021+
260. 0353. (E)-2-(2-(2-(2-fluoroethoxy)ethoxy)ethoxy) - 5- (4-

di et hy| am A9 LA At SdaRon [kl i dhuaiyonds 3(SRE 22y,

0.39 nmmol ) was solution o

2. (2-(2- 1 ubrasesthosyytbordsiealh asme (sediwmy, byduds it THF, BRIV ous

DMF (5.0 m f eeahptind ©wad Cedubead usmgrpound
5 (35 ny, 2"1‘3}@“&‘8 @V\éé%ggg@e%ewm "

reaction m X ed..to 100
Cfor 2 h. sdmmenscebloride abvﬁﬁhatnalr@orﬁ‘%f%ﬂpé?la?%‘i’g’r LRt S O
and the r eaﬁfoheﬁeiﬂgﬁtfdﬁe o85S §¥d I amieRdd Wadihg epdryfonacidtiatie, Odani c

| ayer was separate washed with brine, dried ov r an
sul fate, anmle@a’aﬁér@ﬂéﬂdmﬁh@@@éqnﬂﬁ@ \R/Q?“bﬁﬁr’f’?‘? %ﬁ gl?"ﬁ/@ﬁ/b
in DCM as dﬁ solvent) to give product 2 (16 ny, Yi el d;

32.9%: 111°N 00 Mz, CDC13):. 8. 1H. d 76
(1H, /?1[00&21 §'°6 mpke ity k]r%) Tageledd ??ﬁ"m&ﬂamj‘%" ggmtzda 87
(2H, m, 6.4 tfjr,ﬁ&hhdlm deﬂva‘ﬁ%e ([Qﬁjlz thk tdsylate W(Sclidme 3)19as-usedasHiy

éRSR/B( (Zéil) prfﬂc&rseaﬂgva Pf?Rj‘Fa‘-” @Zgﬁ;’%mﬂ?é ggv?g %&%}E?%y%@% s).

Synt hesi s of,f §QRRPHMhylere 1y<2)1wmw{ﬁobﬁmmmﬁwwﬁi?&ﬁh@hm)

I[(r)]éL(Z)ZLSgg: 3?4%%%3%& %’ﬁf M(e&‘ I}QHE‘?"'Q’&&B %u@i E nat eg§546 QI\Q{B 2.0

ol ) and 2¢ompb@id-$- @ield dyé %)dd’myldé‘o(l@ﬁﬁl rigv aQ @mﬂwﬂa)uom UaEEhanol
(5.0 mM). The 43 ¢ i on xture fl ar fter
cool ed down P?@f?fn@‘ﬁ)%é? oRP PR iHPIA OIOhWagnH?l ﬁ eArcggg vvztaldsL hilgal\%l h
col d net hanqu euetdd 3 B hpdtogelat (93 %nwmnowpépdnasaaw ﬁrrmhw‘xﬁas

e ool 0 S B A it 10

Hz), . 7. 85 ( Hidsyldtionlof 9 fas acéneblished Qrcc@slifaisingto clgride ingpyrigineg g
Hz), 7.36 ( % EG £ £Re-cd.
for [Cl31- 1§?:ﬁﬂ§‘o§isf°d§%§¥‘ad%§3 (Gickd 4134 a5 e pid G mlalhg

(E) - 2- ( 2- ( 2-148:14d htEpet hoxy) et hoxy) et hoxy) - 5- (4-nitrostyryl ) Pyri di ne
(4) [0123]Under the protection of nitrogen atnosphere,
2-(2-(2-fluoroethoxy)- ethoxy)-ethanola (60 ng, 0.39 ninol) was added
into a mxture of sodium hydride (26.4 ng, 60 % dispersion in mneral
oil, 0.66 mol) in anhydrous DMF (5 m) at 0 C. The m xture was
stirred at roomtenperature for half an hour and conmpound 3 (85.7 ng,
0.33 mml) was added. The reaction m xture was then heated to 100 C
for 2 hours and cool ed down Ethyl acetate and water was added,

organi c | ayer was separated, washed with brine, dried over anhydrous
sodi um sul fate and evaporated. The residue was purified by PTLC (2%
MeOH in DCM as devel opi ng solvent) to give product 4 (37 ny, Yield:
30% : NWR (200 MHz, CDC13): &8.22 (3H, d, .1= 8.8 Hz), 7.84 (1H, d,
d ./) =8.6 H, .72 = 2.4 Hz), 7.61 (211, d, J= 8.8 Hz), 7.20 (1H,
d, .1=16.4 Hz), 7.02 (1H, d, .1= 16.4 Hz), 6.84 (1H, d, J= 8.6 Hz),
4.53 (2H, d, t, = 47.6 Hz, .72 = 4.2 Hz), 4.52 (2H, t, .1=4.8 Hz),
3.85 (3H, m, 3.70 (511, m; IIRVS (El) nt/z calcd. for

[ CO1121PN205]t 376. 1435. :



(E)-2-(2-(2-(2-fluoroethoxy) et hoxy) et hoxy) - 5-(4-am nostyryppyri di ne
(5) [0124] Conpound 4 (34 ng, 0.09 nunol) was dissolved in ethanol (5
m) followed by the .addition of starnous chloride (51.4 ng, O0.27
nmol ) and concentrated HC1 (0.25 m).3iThe reaction m xture was
refluxed for 2 hours and cool ed down. 2N NaCH was used to adjust pH
to 10. Dichl oronet hane was added and the organic | ayer was separat ed,
washed with brine, dried over anhydrous sodium sul fate and
evaporated. The residue was purified by PTLC (3% MeOH in DCM as
devel opi ng solvent) to give product 5 (18 ng, Yield: 44 58%: 111
NVR (200 MHz, CDCI3): 8.8.14 (1H, d, J= 2.2 Hz), 7.76 (1H, d, d, J./
= 8.6 Hz, J2= 2.4 Hz), 732 (211, d, J= 8.4 Hz), 6.80 (511, m, 4.53
(211, d, t, J1 =47.6 Hz, .12 = 4.2 Hz), 4.49 (2H, t, J= 4.8 Hz),
3.85 (3H, m, 3.70 (5H, 1.8 -3.0(RidsMmp); HRVMS (El) mz calcd. for
[0, 9H23FN G314 376. 1693.

(E) - 2- (2- (242- Nug t hoxy) et ho?ﬂ??;ge éégyf% (4N _

met hyl am nost yryl )i dipgeyden) met' h (IMRn hanol ,

0.23 M) was added to a sol ution ofc'soPound 5 (15.8 mg, 0.046 mmol)
mal d

in nethanol (5 m) followed by the addition of paraformal dehyde (6.6
mg, 0.23 mmol). The peacti nFn1xtu e was refluxed for 1.5 hour then
cooled to 0 Cwith anfct gthN ..... dride (10.4 ngy, 0.27
mol ) was added w th—eautiom—The W%t ure{as 1@t I xed again for 1
hour and cool ed down. N3HePY% ronethane agnd watler was”added. Organic

| ayer was separated, washed with brine, dried over anhydrous sodi um
sul fate and evaporated. The residue was purified by PTLC (3% MeOH in
DCM as devel opi ng solvent) to give product 6 (12 ng, Yield: 73%:
NVR (200 MHz, CDC13): 8.8.14(1H, d, J= 2.2 Hz), 7.76 (1H, d, d, J, =
8.6 Hz, .12 = 2.4 Hz), 7.35 (2H, d, J= 8.6 Hz), 6.92 (1H, d, J= 16.4
Hz), 6.80 (1H, d, J= 16.4 Hz), 6.%% 2d, J= 8.6 Hz), 4.53 (2H, d,
t, Ji = 47.6 Hz, .12= 4.2 Hz), 4. C“t, J= 4.8 Hz), 3.85 (3H, m,
3.70 (5H, m, 2.88 (3H, s). BRWs (El) nmlz calcd. for [ C2OH25FN203r *
360. 1849. EXAMPLE 3 7/ ZSynt hesis of Conpound 10

(B)-2-(2-(2-(2 hydro hoxy)ethoggs XY).-5- 64 tyr ) pyri di ne
(7) [0126] The m&u?@_m S urq\J gﬂqﬂt“e (158. 1),
conpound 3 (100 ny, 0.38 nmmol) and 118t V1 ene egcoI i57 Hg 3.8
mmol ) in anhydrous DMF (5.0 m) was sealed in a mcrowavabl e vi al

(from Bi ot age), and suybj ected to nicromave irradiation otage
I nitiator sys%ém’\a&’ 18 fier cam, N 0/\)1*‘
tamaaUﬂe-MM?rwmsam1 ¢7% @gduevmsemr

wi th ethyl acefﬁ?@MFcrganlc Iayer wWis separate washed witf brlne
dri ed over anhydrous sodium sul fate and evaporated. The residue was
purified wth{1&HE8,(4% MeOH in DCM as devel opi ng sol vent) gave

product 7 (1lohﬂ§mﬁYle|d T@? NNR (200 NPE# CDC13): 8.8.20 (311,
m, 7.83 (1H—d 'F|z~)'761(2Hd.1—
8.8 Hz), 7. 1o2zEWHaln) 6. 84 (1H, d, J #.53 (211, t, J = 4.8

Hz), 3.88 (2H, t, J = 4.8 Hz), 3.71 (BH, |n) '3.61 (2H, ), 2.10
(111, b), IIRVB (E) niz calcd. for [Cl191-123N2061- 374.1478.
(E)-2-(2-(2-(2-hydroxyet hoxy) et hoxy) et hoxy) - 5- (4- am nost yryppyri di ne
(8) [0127] Stannous chloride (202.8 ng, 1.07 mol) was added to a

sol ution of



conmpound 7 (100 ng 0.27 mol) in ethanol (10 m) followed by the

addi tion of concentrated HCL (0.5 ml). The reaction m xture was
refluxed for 1.5 h and then cooled to O C. Yell ow precipitate was
collected by filtration and then suspgnded in ethyl acetate.
Sat ur at ed NaHCO3 was added to adjust pHto 9. Organic |ayer was
separated, dried over anhydrous sodium sul fate and evaporated. The
resi due was purified by PTLC (5% MeOH in DCM as devel opi ng sol crent)
to give product 8 (70 ng, Yield: 76%: 111. NV\R (200 WMHz, CDC13): 8
8.12 (111, d, | = 2.4 Hz), 7.73 (1H, d, d, 31 = 8.6 Hz, 32 = 2.4 Hz),
7.29 (2H, d, J =8.5 Hz), 6.84 (2H m, 6.75 (1H, d, | = 8.6 Hz),
6.69 (211, d, J = 8.5 Hz), 4.48 (211, t, 3 = 4.8 Hz), 3.86 (2H t,
4.8 Hz), 3.71 (611, m, 3.60 (2H seEME 82 (311, b), HRVB (E) mz
calcd. for [CLl9H24N2O4]t 344.1736.
(E)-2-(2-(2-(2-Hydroxyet hoxy) et hoxy) et hoxy) - 5- (4-
d|nethylanlnostyryppyrldlne (9) [mmbeT Qiun1cyanoborohydr|de (36 ny,

0.57 mmol) vvasdl a s¢ Iut| Oanija oMyTpoung 1
and par af or maldeh QA)cés%ﬁc t| Ci 10
reaction mxture was $t| r mfcrc‘)’garﬁetelrrperature over di ght-Nand po:hr ed

onto ice. Sodium bi carbonate mas used to adjust p to Q. Reaction
mxture was ey&f aci,R et 6. @Hgam c WS OH
separated, washed with rln \adr4 o er a SOOIUH]SU\f an
46 evaporated. The residue® was purified mnh TLC (5% MeOH i n DCNIas

t he devel opi ng solvent) to glve product 9 (67 ng, Yield: 95%: 11-1
NVR (200 MHz, 746DC1 3, 3 "Bi sl 4 Hz), 7.76 At d, d, = 8.6
Hz, .12 = 2.4—He)» 7. ' , §Hz)687(2Hm)676(3H,
n, 4. 50 (2H,™, . 1= 4.8 Hz) Ng7 (Zﬁ t, J 4.8 Hz), 3.70 (611,

m, 3.61 (2H, m), 2.98 (611, s), 2.49 (111 b) HRVS (El) nfz cal cd.
for [C211125N204] + 372. 2049.
(E)-2-(2-(2-(2-tosyl oxyet hoxy) et hoxy) et hoxy) - 5- (4-

di met hyl am nostyryl)Pyridine (10) [0129] Tosyl chloride (52 ng, O0.27
nmol ) was added to a solution of co ound 9 (43 ng, 0.116 rnnol) in
pyridine (5.0 nl) at 0 C. The readG 4ture was stirred at 0 C for
1 h and then warnmed up to roomtenperature and stirred for 3 h. Water
was added a@gsre |on nlxture was extr %ﬁr mn&ﬁcst acetate
Organic | aye she s, dr

sul fate andHe@ap éﬂ’dh’ 3vvas ggg“gv |e(‘ﬁ38y PTLC (40 ITO’\/
DCM as devel opi ng solvent) to give product 10 (25 ng, Yield: 41%:

111 NWR (200 NPE, CDC13)e¢ 8.8.14 (1H, d, J = 2.0 Hz), 7.76 (3H m,
7.39 (2H, d, J = 8.8 Hz), 7.32 (2H d, J 8.0 Hz), 6.87 (211, m,
6.75 (3 L 1c lﬂutl'.Gfof' 2btnpbundk-ofAF @il [IL.

3. 81(2115593?, %%Hé‘ﬁt%é”%" 66" (611, m 2 99 %p o ghegdind 1

s), HRVB (E|S)cham Solepists asmﬂﬁf@@ffﬂﬂz‘@ﬁ?ﬁ}’ﬁ 189 “ﬁ?&g ° f

Synt hesi s of %g) (tp (l}hé RAvéntiannt @ﬁérﬁece‘ anﬂt'erd@chtamessyn&ealﬁdoflg

2- Hydr oxy- 3-%r oro- opYr|C|ne (Isqé %égllomnﬁg% t{g@

report ed neuh@dbbﬁbéﬁadﬂpﬂeﬂm unSHpse 1878 85§ npound 18
was prepar ed.f f Sﬁdﬂﬁ’&nﬁﬁné&s'#&t@meaihtd)' m nol ) and

3- br ono- 2- h?ﬁﬂ%ﬁﬁ%&?yggggﬁf7 1.74 g, 10.0 mmol) as a pale 47 brown
solid ( 2.55 g, 85%. 111 NNIR (DVBO-d6) 812.27 (br s, 1H), 8.08 (d,
1H, J= 2.3 Hz), 7.71 (d, 1H, J= 2.3 Hz).

J=

18F




(242- ( 2- Fl uor oet hoxy) et hoxyl et hoxy) - 3- br ono- 5-i odopyri di ne (19)
[0131] To a stirring suspension of 18 (0.393 g, 1.3 nmol), 24242-

fl uor oet hoxy) et hoxy) et hanol (0.200 g, 1.3 mmol) and PM (0.511 g, 1.95
mmol) in 10 ntL of THE at -10 C was agkded dropw se of & sopropyl
azodi caboxyl ate (DIAD, 0.394 g, 1.95 nunol) in 5 nmL of THF. The
ice-salt bath was renpved and the reaction was kept at room
tenperature (r.t) 2 h. The reaction solution was concentrated and
purified by FC (MeOH CHC13, 1/99) to yield 19, a colorless viscous
liquid (0.423 g, 75% . 111 NMR 88.21 (d, 1H, J= 2.0 Hz), 8.02 (d, 1H,
J=2.0 Hz), 4.66 (t, 1H J= 4.1 Hz), 4.50- 4.39 (m 3H), 3.89-3.64
(m 811). 13C NWVR 5159.4, 151.2, 148.5, 108.5, 84.9, 81.6, 81.5,
71.1, 71.0, 70.8, 70.4, 69.3, 66.9. HR M5 calcd for Cl IlittarFI NGB
(NV), 432.9186; found, 432.9173. &Cﬂﬁhﬂh%5|s of conpound 11 a

(E)- (5-Brono-6-

(242- (2- f1uoroethoxy)ethonyethexythrld|
dlnethylanlnophenyl Ry , .y .
4- di met hyl a3adnostfrefe (62210 75 ol ) N 180 17 g 0.5
nunol ), K2COB. (0, 179°G0rt, 25 ‘ Iieﬂix?ut ‘a nlun1bfen1de ( TBAB,
0.322 g, 1 0.l ) " and. palladlum;acetate St q?g "0..006 g, .0.025
mml) in 2. DM- -vas deoxygenated ‘by. purg '-“Hrogen -for 15
m n and then heated tg" 85 Cfor:. 2 'H The: rea xt.ure was.cool ed
tor.t. and subnltted to standard worlcup -Wi.th eth /1 _acetate (FtOAc).

The crude pr odRedsenasd: poifiiohi: GH XFHES ?ﬁ %%
resulted in ’%{%\%%ﬁ D?@FF%OSTBP‘(”?%% ¢} 90(3?@'5 TP MR 88. 08
(d, 1H J= 2 'd, 1H, J= 2.1 Hz), 7.39 (d, 211, J= 8.8
Hz) , 6.92(d 1H, J= 16.3 Hz), 6.74 (d, 1H J = 16.3 Hz), 6.72 (d,
2H, J= 8.1 Hz) 4.69 (t, 1H J= 4szﬂmau:~:64 55 (t, 211, J4.8 Hz), 4.45
(t, 1H J=4.2 t), 3 94-3.68 CH; 4, 1keEucidgs. 0,
129.6, 129. %._ __ 7, 12852, . 11&% ’Dgc 2 _-3 B, QR‘%E}I
71.0, 70.8, "70)\4 6, P RZ %lé;gé*fﬂwﬁgéfﬁ or. @xA4g N203
(M), 452.1111; 1 ound" 452.°10 ,R;‘_cﬁgcﬁzonz_s,&,s

mnz c:{,cn,oﬂ Ry1.

ey lzz:r..L-. 132"

| sk {1m o .
tie] | Ulme— Mo e B .
N R T e KA LT I L S S JCRN

. ’4 o B “Se}

: Reagenls md- cundmons (u) 4-5!.1bshhmd styrcnes, K:CO;, Bml\TBr Pd{OAc); DMF 3555YC; .
(&) (nuss:g; Pd(PPh;’!.. tolisens, m °c (cj K;co; EHOT/ mp :z. 2 ts ;:a) 2 'rmr 814 xt,

.:_.' ' '.-.2. : I R ]4;}
1,:;':110——-—- {m )

144

5 C) TMSOTf 3,5-1umna, DON 78 °c um SRR



EXAMPLE 5 Synt hesis of Conpound 1 Ib
(E)-(5-Bronp-6-{2[2-(2-fl uoroethoxy) et hoxy] et hoxy} pyr 1di n- 3-y1)-2-(4-
nmet hyl am nophenyl)-ethylene (1 |Ib) [0133] Conpound |Iib was .prepared
from 4-met hyl am nostyrene (0.073 g, 0365 nmol) and 19 (0.217 g, 0.50
mml) as a light yellow viscous liquid (0.113g, 52%yield). 111 NIVIR
58.07 (d, 111, J= 2.1 Hz), 8.00 (d, IH J= 2.1 Hz), 7.35 (d, 211, J=
8.6 Hz), 6.91 (d, 1H, J= 16.3 Hz), 6.74 (d, 1H, J= 16.3 Hz), 6.60 (d,
211, J= 8.6 Hz), 4.69 (t, 1H, J= 4.2 Hz), 4.55 (t, 2H, J= 4.8 Hz),
4.45 (t, 1H, J= 4.2 Hz), 3.94-3.68 (m 811), 2.88 (s, 311). 13C NWR
5158. 4, 149.5, 143.6, 138.0, 129.8, 129.5, 127.9, 126.1, 118.9,

112.6, 107.5, 85.0, 81.7, 71.2, 71.1, 70.8, 70.4, 69.6, 66.8, 30.7.
HRMVS cal cd for C20H24Br FN203 ( M+) SCHEBMBI54; found, 438.0967. EXAMPLE
6 Synt hesi s of Conpound lie

(E)- (5-Brono-6-{242-(2- fluoroethoxy)ethoxylethoxy}pyrldln 3-y1)-244-N

met hy1l-4-N- (ter, -butylo el berykiran nps enyl ket'fiyl. ene (110 .
[ 0134] Conpouivdt 1 ey .-rQar;pt‘?—gg o4 .—g_AORN(tert- T

but yl oxycar bonyf1 am n&sifyr €ne 6219 g, 0. 94 Yol ) and 19 (0. 273 g,
0.63 mol) as a white.viscous liquid (0.319 94% vyi el.d 111
58.12 (d, 1H, J= 254d He): 803 (;j 1 IK%R@NC%&“(%H&E#%&WM J=
8.6 Hz), 7.25 (d,- J—90Hz " 1= 69 (t,
111, J-= 4.2°V2), 86 .(t,.2H, J= _4__ %ﬂz@ Eg%;s{*)(ntj (111 ’Cﬂ%z Hz) |
3. 94- 3. 68 (|n 8]—1)1"‘3 28 (s- 3
154.5, 144.D,:143.8p."138::2; '33 &“%8 m49 126 6
125. 4, 122.9,: 107. fe. 84 ' 8;, 814, 80 H“. ?b 70 2 69. 4,
66.7, 53.5,.37. 1, 28.4’ FJRNB caicd'f@m&ﬂ&&ﬁ&&&%ﬂﬁQEﬁﬁ(hﬂ)

538. 1479 found '538. 1476, {E)-: (5 Brarm- 6-. {242- Ry
(2-fl uoroet hoxy) et hoxy] et hoxy} pyridifn-3 -y1)-2- (4-

acet oxyphenyl) - et hyl ene (11d) [0135] Conpound |id was prepared from
4-acet oxystyrene (0.122 g, 0.75 nmol) and 19 (0.217 g, 0.5 mmpl) as a
white viscous liquid (0.181 g, 77%yvyield). 1H NWR 88.12 (d, 1H, J=
gli Hﬁ)[ 9&%03 (ch.bg;n cﬂm %ﬁas er&)be Preplrefichs @Howd~ Bsﬁlaﬂzz)momtm) (d,
455 (1, 2rmonsidiclybiled Sompouna d-2h o Pescffedin jo0 o oIl AlE)
2.32 (s, 31!v)1th éooflgL( HCl L) adB@ MRSy ghehétorkds selutios (entaining, 1,
138.2," 134.5, 128

, 1 127 4, 123 4 81.5,
71.0, 70.9, SAZHE S ff‘éfzéna%Q]:%O %Z%Tgi"ffﬁ?‘m??&%é% §i6734a 0 hEBITASL &
{cg llé (133][3{ 5%9%2?%?( ;1/ )}g)??‘@i‘éﬂ%rtémwtc @60-200 3L; (nfg)u(ag Scomaﬁ!ﬁ gCh)
hydr oxyphenyalynceioiytiasare (tﬁ_%/’]e dtdfg %%‘fpiﬁa@gg? és3‘1é/agr12 d(%) f@gﬂ o a'1;01 098 Gonol )
sty U (oo 68 e combs s e 2
an

| t KEtIgenc. (Nids & OB PR AR YR By pr

}Nf)ga ;gpg\;“mic?hﬁllnﬂ%%tghﬂzedﬁ/&&r%llgcsrﬂliﬁé)buffbigﬁgsﬂ/%S og %g) 1g %éz ﬁ%g;je(
4H) . 5. 480 1 Pfeﬁe%gl F““%ghﬁ‘%r T i g o P g
Tgi 44 41123( %e:}%%?i?@% g:ohifple;x acémaxagaa the, pesant, lmmmvﬂeygnﬂaef%
81.6, 71.1, teqngnumpoEm “‘7@7’4‘%’ T et fre frtfimfe oFdelicitih. B
(M), 425. 06:38nt fusll Bftionhlly. ﬂ@ﬁﬁable BBeIEXANﬁLTEaIT appropriate Ch-contammg

compound.
. [0096] The reducing agent serves to reduce the Tc-39m pertechnetate which is
eluted from a molybdenum-technetium generator in a physiological saline

solution. Suitable reducing agents are, for example, dithionite, formamidine

sulphinic acid, diaminoethane disulphinate or suitable metallic reducing agents



Synt hesi s of Conpound 12b

(BE)-(5-tri-Butyl stannyl-6-1242-(2-fl uor oet hoxy) et hoxyl et hoxy} pyri di n-
3-y1l)- 2-(4-nethylam nophenyl)-ethylene (12b) [0137] Conpound 12b was
prepared fromllb (0.069 g, 0.156 mm3s) as a light yellow oil (0.068
g, 68%yield). 111 NWR 88.10 (d, 111, J = 2.5 Hz), 7.80 (d, 1H, J=
2.5 Hz), 7.36 (d, 2H, J= 8.6 Hz), 6.92 (d, 1H, J= 163 Hz), 6.80 (d,
1H, f= 16.3 Hz), 6.61 (d, 2H, J= 8.6 Hz), 4.69 (t, 1H J 4.2 Hz),
4.45 (t, 3H, J=5.1 Hz), 3.83 (t, 3H, J= 4.4 Hz), 3.71-3.66 (m 511),
2.88 (s, 3H), 1.68-1.48 (m 611), 1.43-1.25 (m 611), 1.15-1.02 (m
611), 0.91 (t, 914,J= 7.1 Hz). 13C NWR 5166.8, 149.1, 145.4, 143.6,
127.8, 127.7, 127.0, 123.8, 121.2, 112.6, 85.0, 81.6,.71.1, 70.9,
70-8 70 Scudf b S Ore®); BuaROTHIRE: So(R9. 18ndD. s AtvE 1860,
13.9, 13.4, 13.3 . BRMS cal cd for C32H51 FN203Sn ( M+),
650. 2906; frotirlarsYitoEe,. EXAIVPLE 8 Synthesis of Conpound 12e

(B)-(30 ? f | - But yl e ahd idoR=mentioned complex-formmg reaction, technetium-99m
2-

(242- uor oet hoxy) et hoxy] et hox 3:y1) -
2- (4- hydr oxXy perstrg 1‘)’1t%taﬁ3ﬂpé‘f?é’“€tf?%°5v'&%é @bﬁwﬁéﬁ%\%‘)ﬁﬁseavs\%% B o
fromlie (Ofoﬁﬁ%fgechﬁetﬂﬁébaﬁﬁww cc&ﬁpaaatW&l}tﬁeald cliptatars| Igthiedatfed coZ0 g

84%vyiel d). 111 NVR 88, 11 111, J.=
Hz) , o 39) (the  desgired = tﬁ@"%ﬁql&l} ) §§n’é’1°7‘4 ¥ n?"“li%ﬁ) gysﬁﬁé‘q’( b7 Saﬁkfl
4.71-4.66 (3% és) of 4u14e&1e,4 chBators fo3 lthy radof@lide 62e @igart®ikylic atidpp- 1

m 1811), 0.9 = 7.1 :
(144 0, 1%),0 spch gs x@“" af?? "631"“1‘“2 acid; )S“E‘Eﬁl“?%%}egga%’s&g&’pg?l %%ém 6,
71.0, 70.9, m#hk Zoid, ABcth, acid) thitarkbac], cific Beid28scBibi@gcid, saligyliy, acidon,

(e o it i e elondyd o A Gp GEARAREROT

Synt hesi s Oénomé@omﬁlcl&ad tartanc acid, ascorbic acid, glucoheptonic acid or a

(E)-(5-tri - Ist r i di n-
S5y ot adsivpre e e %ﬂ"eﬁ%ﬁﬁﬁeﬁﬁél?%y%&}%%%#’i%i‘%%%‘ of ha
(5§ ot et e e
mol ), and palladiumtetra f i.uhenyl phosphi ne g,
10 nnl@@ |nP$%Fﬁ§ﬂ§mﬁggmﬁ5aaﬂH m%8210 C for 18 h. The reagct

sol ut i @o9sRSs cooftkel mastr camrnantsr nseh peatediehf® pepadng e Qilr%ézﬁ
vigorously stirring for al r th

Et gAc andyf EITRIRF Ef‘?g e (‘t%ts xan%gtrgu%S/@[g) él%@lgggegm\%g%dﬁgg \gfl i ght
yel | ow oi | (gﬂ"’ﬂﬂﬁer@phxﬁﬁ% th&bbnm gating maerialH, Tlge-lapekng procedurg (d, .
1H, J= 2.5 Hz

6.81 (d, 1Hno allleeJ[igg %Hg %gmg dl@axg{{)exct@ngg’ r@&btmﬁ"bet&reerlarc%ﬁ;ﬂ) )=
4.2 W), 4. (Bix){glucoﬁbbtoﬂate andthed>S; Higgd. (Brepagyjonpf siangoys )cfﬂc’n ©

3. 71-3.66 (296 3 003 § cofidibtent sthfiods 6;% foﬁh 1§Lﬂﬁlcal% thipoktagilfo M
6,1151$Pm”§‘f g8 o011, 9= Hz). 13C NVR 8166. 7,
12?). 2, 145. the sbd@ssof mliiatsalm?jmmn 139 ssablhfz Gh%alr-i%!?“?’e SPFPOuS 10815 ¢
85.0, 81.6, . e Zlgleér mzt%cﬁc t@ﬁs@a 1ﬂﬁ>hﬁlzea%t5m whick,
29.1, 28.1, itge: gm“‘%‘g‘gpra% °gn oS 6. 4. BRVB cal cd

f or @31153%2@@&011!( fom)is HB@WOBb@lZed P@uqlﬂa fomml’mﬂs‘vl ERFEQesE ?‘33'81%6-
{2-[2-(2-fly hmfu.m ﬁ&?ﬁé\l ?ﬁ QP Yo T hitto BerBot/dpoR.- (The preparation
dlnethylanlno ny?3 nyl ene 13a§ 0140] A sol ution of iodine Q
0.063 g, O. zﬂtlnmblopmhzw Femnqus qhlondpsedizmy slrcohpitrtkito e thithat h
cool ed sol Uty OOfinol ABchich islf’eipﬂadugrbiJ anTgﬁh}othI'e . Thihe (19;S71)gand¥ iser t he

addition, the reac 1%%1on was st

rred at 0 for dgollo g tatndard
wor | cup wi t nsGHyGipsensitive (thinkears easilycaridized B #iPranddherg apgsubsequen

ggg /(;JAcflu ﬁw%g%g"%ﬁ’ﬁfﬁhfﬁp“g H¥&n%olsitﬂﬁtof}tﬁé nlgmd%m Tik Adet oﬁdﬁv@ﬁ@ntg

(d, 211, J8.a8dgzdictahlemetiod to1nreseyye !h? lﬁﬂﬂgﬁ 518, PFQ&‘(CG’ lyiﬁa“ ze tS16 3
HZ) 6. 71 ((Lbnt%ﬁzmgﬁ?o SoP 5161 thedighrasAufér 4rB0n drldirogéh. 54- 4. 44 (m
[0099] When the compounds of this invention are to be used as imaging

agents, they must be labeled with suitable radioactive halogen isotopes.




Synt hesi s of Conpound 13b

(BE)-(5-tri-Butyl stannyl-6-{212-(2-f luor oet hoxy) et hoxyl et hoxy) pyri di n-
3-y1l)- 244-N-nethyl-4-N-(tert-butyl oxycarbonypani nophenyl a- et hyl ene
(12c) [0141] Conpound 12c was preparedsdrom 11lc (0.072 g, 0.133 nunol)
as a white viscous liquid (0.077 g, 77%vyield). 1H NWR 88.14 (d, 111,
J=2.5 Hz), 7.83 (d, 1H, J = 2.5 Hz), 7.46 (d, 211, J = 8.6 Hz), 7.23
(d, 2H, J = 8.5 Hz), 6.96 (s, 211), 4.70-4.66 (m 111), 4.49-4.42 (m
311), 3.86-3.66 (m 811), 3.28 (s, 311), 1.80-1.02 (m 27H), 0.90 (t,
911, J= 7.1 Hz). 13C NWMR 5 167.3, 146.1, 143.8, 143.2, 134.6, 127.0,
126.8, 126.6, 125.7, 125.4, 124.1, 85.0, 81.6, 80.6, 71.1, 70.9,
70.8, 70.5, 70.0, 65.1, 37.4, 29.5, 29.3, 29.1, 28.1, 27.5, 26.9,
13.9. 13 4o lhchen O fisoldpiEneabarl fRuiutin BINRORSS wiljgenataly 843!

oun

(E) - ( 5- | oddoaseh forastue] diagnstin, BurpPesshegates oh dia ek eiion %135‘15}1&244 Nm

thyl-4-N deé’tSh'mmoopg A1 has a
F01Z2] Conpggﬁgaﬁ%anmawaﬁ {300GH Eey) yThaisoiops &

f 12 4
white vi scowf Weofgﬁt\é\‘lar'sfen E}%@gr nd ggo org eﬁgm 2@ E%V gncpﬁﬁi[ﬁg@éﬁ)iés :
Hi) 8481 I]-s (éigeétgﬂ {hHT lzﬁaeﬁné'zﬂ 11gaZxd§4o (Jéi ns&lfb;‘ dikpndstit Ijﬂz;)qseyw@lﬂqw 2H,

16.4 Hz 6. 4. 69
(t, 1H, J= with thiy )soto@e.5 @tlr(eg 1so§>Pfs h4m§y Pé )1ée n%g&e( Ij(gﬁlflegazf 2 1
HZ) 3. 94- thﬁ!g B( @uﬂ&i&bronﬁn@ ofop ﬂS fidude I’B¥An@<®Bro11) . ' 3C NWVR 8

161.0, 154.8 4 133. 0. . 12 ved 25. 7,
123. 1.1088011 g1, “19113 8%511 ai"ﬁ?“%feg ppmpoimds™gf %h? ‘g""“%‘?%&d gl‘%ﬁjfsgla?;z

37.4, 28.6. mqmoﬁcﬂomm&o(m be poVidr@7; usersuindkits.

500. 0959.

(E) - (5- |odoKBS{@&2f°(‘?mrg| ther SBREIBE  JESPRL 21 SRER &, i’éampb ?1}- > (4-
met hy| ani nogliesying-=05 ﬂomgecaugzsm)taql@maqﬂmoﬁa:swm@a % 13c

0.014 g, d 2 6-1ut e 2 L
O T b A5 1A bl it TBicne 2
After 15 m gonditiéhs! emetusmmlduadcbm \ﬂafs vwlﬂn mpé@pr;ag: gn@tgy aﬁo%“r"d

IDant el | oo Ty tea 5 ant o Ghigte” %?J Y T
\(]; 21ﬁ Hﬁ)_, i%u&ﬁﬁgldodéd'hgahﬂ eyl the)be sdx@mSgea Hﬁmvené;slg tg ar%?:cihi 9 é .
Hz), 4. 71- 42“6‘37r 90151&51%324%91“%‘%? ‘(J%m%% £ bighaurfh 6%§(m 911) . 2.88
(s, 3H). 13@16{N|§nﬁsslﬁﬁtﬁareﬁ¢tﬁ 5, 144.6, 129. 8 129 7 128.0, 126.3,

118.9, 112.6, 85, Zh Rocordind to Hb BreséR. 7,
67.2, B9l Hrve é‘%ﬁect %ﬁ}l@&ﬁé}ﬂ%&@"%‘“& 4850081‘%2 ofougres
486. 0818. Esﬁwah& mlﬁymemgd easly 2wmd mvenlythe Beeparation can b be carried out
(B)-(5-tri- tion al latestoaklt
{242-(2-11 u(‘ﬁ Wséo&r&}eyg, %oxy eref%e’ ?Syl?rle%elnﬁl l%vef/xll?l-l 0

2- (4- hydr oxypieriyibg:- et hylene (12e) [0144] Conpound 12e was prepar ed
fromlie (0.032 0. 0y 1ibél&d 8o drﬂdﬁtﬁ@qm&nhmquhac@ﬁpm g,
84%vyield). 111 Nk 8 ﬁ"‘%%@é 111, J ﬁf&z 5 &2 1= 2.5
Hz), 7.39 (dptiggdly bemg ig sy qondiion; pud (ﬂ\lﬁf’ 2&*19“5‘ ¥ *’é’i‘t%f'f“‘ ineesy 4y
4.71-4.66 ( é 1& Eﬂm&léﬂd; rauRfliady Sbstaivestiliipd fHerdt6; 1. 02
(m 18H), @&fﬁ‘g"‘]"‘e“%‘fﬂm@a‘“ 13C NVR 8166.9, 156.0, 145.4,
144.0, 130. Bod127.9, 127. 6, 127 4 124.3, 123.0, 115.9, 85.0, 81.86,
71.0, 70.9, 70.7, (Zio %re&&xg%ag%ﬁt&ldé’lﬂgoﬁalliQCBela@ﬂ 1, 28.0, 27.5,
26.9, 13.9, 13.4, al cdbf ocr1 C%ll 148ENOASN ,
637. 2589; f oubkateindagredigns (i) and (2) may optionally be combine

further wherein instructions for use with a prescription for carrying out

the above-described method by reacting ingredients (1) and (2) with
technetium-99m in the form of a pertechnetate solution may be optionally

included.



54
(E)-(5-10do-6-(2-[2-(2-fluoroethoxy)ethoxyl et hoxy}pyridin-3-yl)-2-(4-
hydr oxyphenyl) - et hyl ene (13e) [0145] Conpound 13e was prepared from
12e (0.012 g, 0.019 rnmol) as a whitessolid (0.008 g, 90% . IH NWR
88.21 (d, 1H, J= 2.1 Hz), 8.08 (d, 1H, J = 2.1 Hz), 7.33 (d, 211, J =
8.6 Hz), 6.94-6.69 (m 411), 4.71-4.67 (m 111), 4.53-4.43 (m 3H),
3.94-3.69 (m 8H). HRMS calcd for Cl191121F1N04 (M), 473.0499; found,
473.0498. EXAMPLE 12 Synt hesis of Conmpound 14a

2- Hydr oxyet hoxy- 3- br ono- 5-i odoPyri di ne (9b) [0146] To a stirring
suspensi on of 18 (see Exanple 4 above) (0.906 g, 3.0 nunol),
2-(tert-butyl -di met hyl-sil anyl oxy) et hanol (0.554 g, 3.15 mmol) and
PPh3 (81844 9, F:BmiBe of duitaRle redludifig Tintasnd dlamdor dedeovakdow se

of dii'sopropyl azodi cayhoxylate (DI AD) (0Q..7 -t aRR By i ok L of
THF. The i de¥gheen }b%?%b%é[g ﬁ@tﬁﬁ%@ﬁéé%ﬁg fﬂ%gﬁ%gﬁ%oo% Was %}é t at r.t..
2 h. The re@&[{.,iaqao]ggasﬁ,hm chvasinaOgeenitoratSacth #ackraors f¢ evailaplenp a
(Et OAc/ Hexanes, 5/95) .tqg afford . . dures. A ted
2- (t ert - butBARREF (HfSPpRULS {lﬁag/ PSSR TRERY 8RS HE R0 B F]in)?éo‘gyrs i'dl ne, a
col orl ess Vibse8Ule | ingidtlidnts0(199mdy (2) 24y. bé | dormiredg progded thayarg= 2 0
Hz), 8.05 (d, 1H J= 2.0 Hz), 4.42 (t... = e edBindedidnts 211,
92 1.9 i) comigbles Sudh fymdgiogtiopRor i Tl e bofmedindiodié
C12H18Br | NTGR SreféivbIgHipophilizbd,lis @333 enfly swithblette begearted by the user with
(E) 45-Brono: 6- ( 2- hydr oxyet hoxy) pyri,din-3-3/ 11- 2- (4- di met hyl am nopheny
1)- ethylen eP%é%%M%ﬁ%ﬁ¥ﬁ%ﬁﬁﬁ%%%%&?§a m@%'prepared from = .
4- di nephgdjan nosWheendesired, 08 gadiGactive dingrioptia rigent] Mayo Ceigng a0y 212
nunol ) “as a ljaht vell o 2% @i, 220syb ks )busletdy) sti¥fReds 8. 07
(d, 1H J =a4£ﬂ?vw%é? aé%&&%‘{&ﬁﬁ?a% & Gep Hz)_?/ 7.39 (4,211, J = 8.8
Hz), 6.94 ((bg ldstorbt mid)@r Bokm)zing agauts(ean sofunnahigride). 57. 4. 52 (m
211), 3.99 (t, 2 = D Al Addbptivie kA as 3s@0hérsin Kk} 1o 13C
N 8T 5 3, JFE%%E.’T, Pi’ﬁgﬁ%"euﬁ%%ljyz 129.6,°°129. 8, 127.6, 124.9
118.3, 112. fhosd Gathtxyl@e seits 2acid addition splisradishe soreRowds offha Pt noo2
On, 362.063; [ ou) 0QA%: ASuSY AR FadSiheo BHRBRf0E4b
(E)45-Bronnyg???yﬁvggg%§3?ﬁog§ pyrl%fgrs-yl -2-( -nethylaniqqghenyl)-
ethyl ene (1diy i 8} oHpthentisstabohnaligsteiyiihey wigmtoxiaty, mitation,
4-met hyl am Qﬁgr%%rr%gbeonggalnﬂ%g like, commensurate with a reasonable benefit/risk
ratio, and effective for their intended use, as well as the zwitterionic forms,
where possible, of the compounds of the invention. The term "salts" refers to
the relatively nontoxic, inorganic and organic acid addition salts of
compounds of the present invention. Also included are those salts derived
from non-toxic organic acids such as aliphatic mono and dicarboxylic acids,
for example acetic acid, phenyl-substituted alkanoic acids, hydroxy alkanoic
and alkanedioic acids, aromatic acids, and aliphatic and aromatic sulfonic
acids. These salts can be prepared in situ during the final isolation and
purification of the compounds or by separately reacting the purified compound
in its free base form with a suitable organic or inorganic acid and isolating the
salt thus formed. Further representative salis include the hydrobromide,
hydrochloride, sulfate, bisulfate, nitrate, acefate, oxalate, valerate, oleate,
palmitate, stearate, laurate, borate, benzoate, lactate, phosphate, tosylate,
citrate, maleate, fumarate, succinate, tartrate, naphthylate mesylate,
glucoheptonate, lactiobionate and laurylsulphonate salts, propionate, pivalate,
cyclamate, isethionate, and the like. These may include cations based on the



1.05 nmol ) and 110 (0.241 g, 0.7 nunol) as a light yellow viscous
liquid (0.149 g, 61%yield). 111 NVR 58.07 (d, 1H J = 2.1 Hz), 8.03
(d, 1H, J = 2.1 Hz), 7.35 (d, 211, J = 8.6 Hz), 6.93 (d, 1H, J = 16.3
Hz), 6.74 (d, 1H, J = 16.3 Hz), 6.61 §d, 211, J = 8.6 Hz), 4.57-4.52
(m 2H), 3 99 (br s, 211), 3.18 (br s, 1H, 2.88 (s, 3H. 13C NWR 5
149. 6, 143.3, 138.5, 130.1, 130.0, 128.0, 126.0, 118.6, 112.6, 107.7,
69.8, 62.2, 30.7. HR M5 calcd for C171119BrN2. 02 (M), 348.0473;
found, 348.0468. EXAVMPLE 14 Synthesis of Conpound 14d

(E) 45- prono- 6- ( 2- hydr oxyet hoxy) pyri di n- 3-y11- 2- (4- acet oxyphenyl) -

et hyl ene (14d) [0149] Conpound 14d was prepared from 4-acetoxystyrene
(0.130 g, 0.80 nunol) and 10 (0.244 g, 0.7 mpl) as a white viscous

| 10u1 4 €0 ily0ynd Batieotih madis]a s 3641 (v podssiud. @ldign, 8. 08

111, J d, 211, = 7. 11
Hz) 6. 95 (magxmspmr& &nfs the Hglsea % 5’661435»4"65@“21 ‘B‘?L %t%)&km%néll)
3.08 (br S?A%éhm@ -and 1£rﬁmc3éeja)ons iaOuERAMBRE nbb limited to ammonium,

Synt hesis o npound
(E) 15- Br onteBapetiyjammusyenn dXAsprmmenisny,  Fegu g 4 PRSI laming,
et hyl ene ( etfx Hﬂle' %@hﬁhﬁ[ﬂeare&gﬁﬁﬁﬁéuw d% Hes oSehefbriaxamipte,

O 0 082 mBeEedS M mbe Ty haaacaices Sob & Phesey Ser PER @%ﬁ?é@%&?o o
59. 607(% sﬁ; ;léfgﬁog (et;ﬂb;wfmgc 28 (s, 111), 7 39 (d, 211, J =

= 16. 8 1 7 (d
2H J mlssls Hz) hnﬂrséirettstepzaflﬂw Efﬂse%t 1&&&&‘} 313 ’é"'aﬁg‘gc F]‘&f?fﬂ E%“P"Q‘ﬁa
Hz) , 13C NVRr £LMR0a 1,58) 1122 B lsemaazcea,mmszue a8 pdtient foa deteqtable,
127.8, 119.8, 115.6, 106.7,  68.4, R NGB
(M+), 335. 0gBAmtity. 6[11?&0@3’5“‘6%@“’@?% ot i%ﬁarﬁ%w&ﬂwgﬁ%n%@%ﬁ%ﬁ
Synthesi s ofs £RAR@HGED 1{5@16 tissue or the patient by methods well known to those
(E)45-tri -But stannyl 6- ( 2- hydr oxyet hoxy) pyri di n- 3-y11- 2- ( 4-
hydr oxyphengiijledinipe@He (15e) [0151] Conpound 15e was prepared from
l4e (0fipkyg, O. 09 dﬂ!ﬂﬂhx}strﬂﬁm%%hﬂﬂad&cbmmnmwldqg|3CPE@®D0‘?@ZI‘(’fﬁ by 404,
yield) . 1H NVR 8 8. 07 7)),
7.39 (d, 213811‘?&1—081‘6’412“}“‘ jop rgbé’( ‘hﬁg"&g 9@ %’%p"hnlf%’ ® 01

(br s, 111) ,adflmﬁgfefbd463ﬁ1§ar 2drh)ly, 3r@8ally, 9dpatenterally) | (1131136'911%1501 t(ym

]1-?1}11)7 24491151(1tram1?s|gule{r]1y or 1 Hzt}cutaneousWR %n&%s@mﬁ 6. Qntr;;\ﬂlﬁuﬁlly,

intraperitoneally, intravesically, locally (powders, ointments or drops), or as a
buccal or nasal spray. The labeled compound may be administered to the
patient such that it is delivered throughout the body. Alternatively, the labeled
compound can be administered to a specific organ or tissue of interest. For
example, it is desirable to locate and quantitate amyloid deposits in the brain
in order to diagnose or track the progress of Alzheimer's disease in a patient.
One of the most desirable characteristics of an in vivo imaging agent of the
brain is the ability to cross the intact blood-brain barrier after a bolus v
injection.

[0107] In a preferred embodiment of the invention, the labeled compound is
introduced into a patient in a detectable quantity and after sufficient time has
passed for the compound to become a_ssociated with amyloid deposits, the
labeled compound is detected noninvasively inside the patient. In another
embodiment of the invention, a radiclabeled compound of Formula [, Ia, IT or
101 is introduced into a patient, sufficient time is ailowed for the compound to

become associated with amyloid deposits, and then a sample of tissue from the



130.1, 128.0, 127.96, 124.7, 122.8, 116.0, 69.9, 63.4, 29.9, 29.5
29.3. 29.1, 28.1, 27.5, 26.9, 13.9 13.6, 13.5 10.1, 6.7, 6.6. BR\VB
Gated for C27HAINOBSn (M+), 547.2108; found, 547.2112. 57 EXAVPLE 17
Synt hesi s of Conmpound 16a 39

(E)45-tri-Butyl stannyl-6-(2-hydroxyethoxy) pyridin-3-y1]-2-(4-

di met hyl am nophen34) - et hyl ene (15a) [0152] Conmpound 15a was prepared
from 1l4a (0.100 g, 0.275 nmmol) as a light yellowoil (0.105 g, 66%
yield). 111 NWR 88.10 (d, 1H, .1 = 2.5 Hz), 7.85 (d, 1H, J = 2.4 Hz)
7.41 (d, 211, J = 8.7 Hz), 6.95 (d, 1H, J = 16.3 Hz), 6.81 (d, 111, J
= 16.6 Hz), 6.73 (d, 2H, J= 8.8 Hz), 4.48-4.44 (m 2H), 3.96- 3.92
(m 2H), 2.99 (s, 6H, 1.68-1.01 (m 1811), 0.92 (t, 911, J =7.2
Hz) . 13C NMRi&:GS rémovddilanki thtddbdled dekdpdundlin8h@ tisg@8is Heteed, apart1 25, 6,

cares. 1 or i Mesheimtnin iy S S SF B gy, 4R e 1595
(E) - (5- | 0dQefiolet ﬂmﬁr@ Meinheud/ 3 Bybeled dontpopdd ofF()r:’cmdarfBIahﬂ emdthépheny1 -
)- ethylene (16a) ound. 16 1
0.019 nnnlyn%@m§eﬁﬂaﬁﬂ %éF? dg% 8%%¢% é%&gﬁﬁﬁﬁiké?gépggi &
1H), 8.10 (cempbiid to Vecdfhe bound to amylmd deposits, the compound is detected.

[0108] The term “tissue" means a part of a patient's body. Examples of tissues
include the brain, heart, liver, blood vessels, and arteries. A detectable quantity
is a quantity of labeled compound necessary to be detected by the detection
method chosen. The amount of a labeled compound to be introduced into a
patient in order to provide for detection can readily be determined by those
ckilled in the art. For example, increasing amounts of the labeled compound
can be given to a patient until the compound is detected by the detection
method of choice. A label is introduced into the compounds to provide for
detection of the compounds.

[0109] The term "patient” means humans and other animals. Those skilled in
the art are also familiar with determining the amount of time sufficient for a
compound to become associated with amyloid deposits. The amount of time
necessary can easily be determined by introducing a detectable amount of a
labeled compound of Formula I, Ia, Il or II into a patient and then detecting
the labeled compound at various times after administration.

[06110] The term "associated” means a chemical interaction between the
labeled compound and the amyloid deposit. Examples of associations include
covalent bonds, ionic bonds, hydrophilic-hydrophilic interactions,
hydrophobic-hydrophobic interactions, and complexes.

[0111] Those skilled in the art ave familiar with the various ways to detect
labeled compounds. For example, magnetic resonance imaging (MRY),
positron emission tomography (PET), or single photon emission computed
tomography (SPECT) can be used to detect radiolabeled compounds. The
label that is introduced into the compound:-will depend on the detection
method desired. For example, if PET is selected as a detection method, the

compound must possess a positron-emitting atom, such as ''Cor ¥F. "



(d, 21!, = 8.6 Hz), 6.94 (d, 1H, J = 16.3 Hz), 6.76-6.70 (m 3H),

4.51 (t, 211, = 4.2 Hz), 4.02-3.95 (in, 211), 3.19 (s, 111), 3.00
(s, 611). FIRWVS calcd for C1711191N202 (1\44), 410.0491; found,
410. 0489. EXAMPLE 18 40 Synthesis of Conmpound 16b

(E)45-tri-Butyl stannyl-6-(2- hydroxyet hoxy) pyri di n-3-y1] - 2- (4-

met hyl am nophenyl) - et hyl ene (15b) [0154] Conpound 15b was prepared
from1l4b (0.052 g, 0.15 mmol) as a light yellow oil (0.059 g, 64%
yield). 111 NVR 88.08 (d, 1H, J = 2.5 Hz), 7.84 (d, 1H = 2.4 Hz),
7.37 (d, 2H, J = 8.6 Hz), 6.93 (d, 1H, J = 16.3 Hz), 6.80 (d, 1H .1
= 16.4 Hz), 6.61 (d, 211, J 8.6 Hz), 4.48-4.43 (m 21!), 3.95-3.91
(m2H) 2.88 (s, 311)169101(m1811)091(t OH, J = 7.1
26 ][aﬁi)"VR 58Tﬂé5f§dﬂnact1v‘k9dﬁgn&ﬁ4 agentl ddbuB] hawssufficieriradioacivitg

1 7

, 120.7,. 112. 6, 8, 2 28. 0,
27.5, 26.9 ang3ragioaplivity cpréen a%“ b ﬁa"a"a agbur I BighnogS: For
C281/ 44N30255tahddl Jin c@oﬂﬂﬁ&adifowm mb6D bRigYechnetium-99m, it may be

E) - (5- 1 odo- 6- (2- hyd 1
(et %yl(eneo(%ﬁﬁl)“( ded i Gﬁ'ﬁ%@# gljs ps;ﬁe%@% gﬁ léoﬁ%m 1%% B%Em@ny )
0. 057 nunol tlm@%f&dﬁmﬁb&athbﬁl mmoﬁntcbﬂa)cmugd of Feymulet, e8llP4 (d,

1H, J = 2.1 Hz) 9 J =2
6.92 (d, 1HmaY Jbe Sigh 28 |=‘f2‘f& b 7ip R 7 ‘)ablesilﬁaté Spoutidy m‘gtgm(ﬂ?n tﬁe511)
4.01-3. 96 (fdichédys mataf6 (s, 111), 2.89 (s, 311). BRMVB cal cd f or

C161-1171:14202 . 396. Q3 f ac

Radi oi ®dt#ht i on W@@i%mg gg‘ﬁ?afg‘%ﬂ%%lﬁp%gﬁggﬁé F§251%3a 5 ls a,
16b and 16€suﬂi61’eﬁﬂjb Esﬁbm el theseforedoteyther imphedistely adémlﬂetﬂﬁ‘san *“1’-’61%1
correspondi n ‘ifﬁP@;tYl 340%.%” EQJu%daﬁfeofaqéﬂg?Jeodfaﬁﬁosﬁﬁt&@Ht may

descri bed p? ar ogen berox ra, 3% wy was
added to a Ba:mafnraay(aﬁdﬁ% sudh 2Pk hrmttqllutgﬂaﬁlltsl(ﬁ -8p raevéaﬂ@é?s, butEs) gl

ol % Dot Gl AL B Bletha R b e
m n at jg1aeM t enpahatmagingefamgion degosits ban %&élfdb? P%ﬁ%f’“ﬁ‘@@“ﬁ@“"ﬁw sat .
NaHS03. The reaction m x Welhingghy! acetate (3 x 1
nL) after né’ﬁfe‘l‘f gh "on Wﬁiﬁﬁ?sﬁi{ﬁ%}l?gﬁat% Ssgq(tjl um bllcar.g@nate
sol uti gan15The corﬂneﬁm@ﬂ extip 8 foreneageig PISrE drap s

resi dues werg ﬁ&g}L §d 76 ) 10z pL of EtOH and purifi ed by HPLC using

a reversed-ph se™'co henorrenex Gem ni C18 anal yt.i, ca,l col ﬂn}é
4.6 x pEO6NUN, 5@%@@%&1@@%@@%@@%4 SF ighibjting \gmygewl

e fowra " o lafo- Pi Oflelbbe sr e
evapor at ed tg(ﬁlrgy%%%sgoab ralélﬁ Pfyesid 5

oI ved in 100% Et %ﬁl@&g L)b to be
stored at- Zﬁm&bmmgttbe @gmmmqfrarawmﬁapmﬁ%t%?% &‘8% YorRphy
studies. 59Xk 2P Ptk BY alytill Sshibiting amount of a compound of the

' above Formula I, Ia, I¥ or ITL. )
[0117] Those skilled in the art are readily able to determine an amyloid

inhibiting amount by simply administering a compound of Formula I, Ia, II or
11T to a patient in increasing amounts until the growth of amyloid deposits is
decreased or stopped. The rate of growth can be assessed using imaging as
‘described above or by taking a tissue sample from a patient and observing the
amyloid deposits therein. The compounds of the present invention can be
administered to a patient at dosage levels in'the range of about 0.1 to about
1,000 mg per day. For a normal human adult having a body weight of about 70 '
kg, a dosage in the range of about 0.01 to about 100 mg per kilogram of body
weight per day is sufficient. The specific dosage used, however, can vary. For

example, the dosage can depend on a number of factors including the



[0157][1251] I MPY with 2,200 G /mmol specific activity and greater

t han 95% r adi ochem cal purity was prepared using the standard

i ododestam yl ation reaction, and purified by a sinplified C4

m ni - col um as described previously iex Kung, M-P.; Hou, C.; Zhuang,
Z.-P.; Cross, A J.; Miier, D L.; Kung, H F., "Characterization of
| MPY as a potential imaging agent for banyloid plaques in double
transgenic PSAPP mce." Eur. J. Nucl. Med. Mot. |nmagi ng 2004, 31,
1136-1145. Conpetition binding assays were carried out in 12 x 75 nm
borosilicate gl ass tubes. The reaction m xture contained 50 Il of
pool ed AD brain honogenates (20-50 ig), 50 p.1 of [1251]I NATY
(0.04-0.06 n3/1 diluted in PBS) and 50 ul of inhibitors (10-5-10-10 M

diluted seri@lilemdnts SR pARMY Y Feftylofthdarditbndeing ekl pdibei n a
final volune of 1 m . Nonspecjfic bindi was def.j.ned. in. presence
of 600 n1v13hmwnpomlqahécté‘ag’e°£a‘£‘§a?;‘?“’cP&B‘é@%“{*ﬁé‘Sﬁ‘?x'thﬁr%et%’ggﬁiulﬁ’é‘u%tgt ed
at 37C for o%ti?nu?a’i‘QOga?& 20 4Rt hagerdtrie el ddliveaab ithdise ykilled én the
separated by vacuum tiltration through Whatinan GEMfilters using a

Brandel M 2R cell harvester followed by 2 x 3 ml washes of PBS at
room tigifagr at ur erhfolibwing k@it atd iluithaivethn dotllimizing) offfhn thetiwrde

counted in a _gamma counter, (Packard 5000) ,.w th .7Q9 i
ef fici ency.“@ﬁ@&POFW@n%ggﬁk?(Fgﬁsﬁﬂf [avERRen. ¢ Rﬁd‘? ‘é‘ga?’rﬁ% %gw%mggﬁsnﬁld
fraction wagiah@Esns sbe Iadetplof chaditiohvind palametetsinormylly Fhaountesed t s of

inhibition experinents were suyhjected to kDeak . S £355 QR th

anal ysi s usi™id® S|tPBP‘?SﬁrF$erHdh§5" 4 gﬁ%ﬂé%@sﬁﬁ?ﬁ%ﬁmﬁ %%1 ke

val ues wer eén¢éltionl ated. Figures 1 and 6 show Ki val ues for selected
conpounds_of the,present invention L, i S-r 2 aeaphy
[0158]@? 1t r acers ™AEE W elgt?ygnﬁjsesgi%énqa ns%a’%ﬂéiea(h: S.were obtai ned by
freezing t heelvditiout furthemplaifiedtion ynieseothenwisuindioated 4 NMR spectra

m crometer-thick, .60 sections ! i RCEBat.e eniinidal
[18F]tracer‘§’e’€i% ,%@%gﬁg‘&nggﬁpfgﬁg%“’%P?& }r at room
t enper at ur eshifih arsSepbitahsas Sevaesheartsipppeullion) sdativeatodatenad XSt n 40%
EtOH (two two-nm nute washes) a ' 4090 #H0Hs (RBGed WR- 41 nut e
wash) foll O%@TW FRep sgar\?vir’f:?l&g\%t\l\g? H%gzr'mg%éhsne_c .@A%t?elr dr 'ianw? t he
"F-1 abel ed gaglétyas(detlet)expiudel irdbicadhim frultiplet). Fleranighinalysig
results are _depicted in t i 1 13- i 2. pdrOhad k@bt Fagkdasd TO
conpare di f‘f“&ﬁﬁpe?ﬁr 051“8%2:2’ ‘gg?%igc glll%ﬂa}agrﬂg%qtlﬁ%n's (_)#L hunan’_br aj n
tissue, hunworkuat refers toathe following stepsorddifieront Brdicsted; eraanic Ap)VeRlses
and one contrql. subj 2 160 thed il SS§ARHSN ATTthe Ahghdigat i on
of pl aques gﬁsq?ﬁ%lé%éeg Oﬁ?&%ﬁgq’{% r rreg W th i nununghi,st ogﬁgm' cal
stai ni ng Wi laiyenfromche aqueons layem dryiog piiss combigsd fhe organie MyEroRth wer e
i ncubated wt (005200 200 28n GATLE A d Mol theh at
room temer%&%&%&ﬁggﬁﬁeﬁsﬁmr% t hen séli pped in saturated Li 2002
in 40% Et OHofgawis spiventinder wdpgesinressueend washed with 40% Et OH (one
two-m nute wash) followed by rinsing wwth water for 30 sec. After
drying, the 1251-1abel ed section I sed to Kodak Bi omax MR
filmovernight. EXAMPLE 22 Organ%c#gtl\%?mon in mce [0160] Wi le
under isoflurane anesthesia, ‘0.15 niL of a 0.1% bovi ne. serum al bum n
solution containing [1251]tracer EXAMPIEX1) was injected directly
into the tail vein of ICRmce (22-25 g, male). The mice (n = 3 for
each time point) were sacrifi b Vi i sl ocation at
designated tine-points post iﬁf@% %So%&%ﬁgggans of interest were
renoved and wei ghed, and the radioactivity was counted with an
aut omati ¢ g&BR2-chbloumbdA-dimpiaylssrinestryhpydteellder organ was cal cul at ed
by a conparison of the tissue counts t ui tahly dil.uted aliguots of
The i W0k ma: SofsumrRe e (e Pt B SIS 00,
under the asSURRALGQBmERHaniibo-benzgIpptoshlivhateot(@80 gy 048 gimoliThim %
anhydrous DMF (5.0 ml) at 0 °C. 2-Chloro-5-pyridyl aldehyde (42 mg, 0.30

mmol) was then added. The reaction mixture was warmed to room




30 min 11w 2k Blood 6.05 +0.33 2.65 +0.22 3.48 *0.47 2.1
Heart 0.75 +0.14 0.17 +0.03 0.22 +0.03 0. 18 : .15 +0. 25

42

temperature and stirred for 4 h. Water was added and mixture was extracted
with MeOE/DCM (1: 9, v/v). Organic layer was separated, washed with brine,
dried over sodium sulfate and evaporated. The residue was purified by PTLC
(20 % Hexanes in DCM as developing solvent) to give product 1 (48 mg,
Yield: 62 %). 'H NMR (200 MHz, CDCL): 8.8.42 (1H, d, J = 2.2 Hz), 7.77
(1H, 4, d, J; = 8.4 Hz, J; = 2.4 Hz), 7.41 (2H, d; J=8.6Hz), 7.27 (1H, d, /=
2.2 Hz), 7.08 (1H, 4, J = 16.4 Hz), 6.77 (3H, m), HRMS (ED m/z calcd. for
[C1:HsCIN,O,] " 260.0353.

(E)-Z-(2—(2-(2—ﬂuorocthoxy)ethoxy)eﬂloxy)-5-(4-
dimethylaminostyryl)pyridine (2)

[0121] Sodium hydride (95%, 10 mg, 0.39 mmol) was added to a solution of
2-(2-(2-fluoroethoxy)ethoxy)ethanol (39 mg, 0.26 mmol) in anhydrous DMF
(5.0 ml). After stirring at room temperature for 20 min, compound 5 (35 mg,
0.13 mmo]) was added and reaction mixture was heated to 100 °C for 2 k.
After cooling down to room temperature, water was added and the reaction
mixture was extracted with ethyl acetate. Organic layer was separated, washed
with brine, dried over anhydrous sodium sulfate, and evaporated. The residue
was purified by PTLC. (4% MeOH in DCM as developing solvent) fo give
product 2 (16 mg, Yield; 32.9%): 5 NMR (200 MHz, CDCL3): 8.8.14 (1H, d,
J=24Hz),7.76 (1H, d, d, J; = 8.6 Hz, /=24 Hz), 7.39 (2H, d, /= 8.8 Hz),
6.87 (2H, m), 6.76 (3H, m), 4.53 (2H, d, t, J; = 47.6 Hz, J; = 4.2 Hz), 4.50
(2H, t, J = 4.8 Hz), 3.85 (3H, m), 3.70 (5H, m), 2.99 (6H, s). HRMS (EI) m/z
caled. for [CaiHagN2O41" 372.2049.

EXAMPLE 2

Synthesis of Compound 6

(B)-2-chloro-5-(4-nitrostyryl)pyridine (3):

[0122] Sodium methoxide (1 M in methanol, 5.0 ml) was added slowly inio a
solution of diethyl-(4-nitro-benzyl)-phosphonate (546 mg, 2.0 mmol) and 2-
chloro-5-pyridyl aldehyde (283 mg, 2.0 mmol) in methanol (5.0 ml). The
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reaction mixture was then refluxed for 1 h. After cooled down to 0 °C, yellow
precipitate was filtered and washed with cold methanol to obtain product 3
(458 mg, Yield: 88%), which was used directly for next step without further
purification. 3: 17 NMR (200 MEz, CDCl;): 8.8.53 (1H, d, J= 2.4 Hz), 825
(2H, d, J = 8.8 Hz), 7.85 (1H, 4, d, J; = 8.4 Hz, J; = 2.4 Hz), 7.65 2H, d, /=
8.8 Hz), 7.36 (1H, d, J = 8.4 Hz), 7.19 (2H, s), HRMS (ED m/z calcd. for
[C12HoCIN;O,]" 260.0353.

(E)-Z-(’Z—(2-(Z-ﬂuoroethoxy)ethoxy)ethoxy)-s—(4-nitrostyry1)pyridine (4)

[0123] Under the protection of nitrogen atmosphere, 2-(2-(2-fluoroethoxy)-
ethoxy)—ethanol“' (60 mg, 0.39 mmol) was added into a mixture of sodium
hydride (26.4 mg, 60 % dispersion in mineral oil, 0.66 mmol) in anhydrous
DMF (5 ml) at 0 °C. The mixture was stirred at room temperature for half an
hour and compound 3 (§85.7 mg, 0.33 mmol) was added. The reaction mixture
was then heated to 100 °C for 2 hours and cooled down. Ethyl acetate and
water was added, organic layer was separated, washed with brine, dried over
anhydrous sodium sulfate and evéporated. The residue was purified by PTLC
(2% MeOH in DCM as developing solvent) to give product 4 (37 mg, Yield:
30%): '"H NMR (200 MHz, CDClL): 8.8.22 (3H, d, /= 8.8 Hz), 7.84 (1H, 4, d,
J; = 8.6 Hz, J; = 2.4 Hz), 7.61 (2H, d, J = 8.8 Hz), 7.20 (1H, d, J = 16.4 Hz),
7.02 (1H, d, J = 16.4 Hz), 6.84 (1H, d, J = 8.6 Hz), 453 2H, 4,1, /s = 47.6
Hz, J» = 4.2 Hz), 4.52 (2H, t, J= 4.8 Hz), 3.85 (3H, m), 3.70 (5H, m); HRMS
(ED) m/z caled. for [C1oH21FN20s]" 376.1435.

(E)-2—(2-(2-(2—ﬂu0roethoxy)ethoxy)ethoxy)-5-(4—aminostyryl)pyridine (5)

[0124] Compound 4 (34 mg, 0.09 mmol) was dissolved in ethanol (5 ml)
followed by the addition of stannous chloride (51.4 mg, 0.27 mmol) and
concentrated HCI (0.25 ml). The reaction mixture was refluxed for 2 hours and
cooled down. 2N NaOH was used to adjust pH to 10. Dichloromethane was
added and the organic layer was separated, washed with brine, dried over
anhydrous sodium sulfate and evaporated. The residue was purified by PTLC
(3% MeOH in DCM as developing solvent) to give product 5 (18 mg, Yield:



+0.95 1.68 +0.11 1.96 +0.21 0.96 +1.58 Spleen 0.43 +0.11 0.15 +
0.13 +0.03 0.10 +0.17 Liver 24.90 +1.49 9.26 +0.83 A5 005

44

58%): 'H NMR (200 MHz, CDCls): 5.8.14 (1H, d, J= 2.2 Hz), 7.76 (1H, d, d,
J; = 8.6 Hz, J; = 2.4 Hz), 7.32 (2H, d, J = 8.4 Hz), 6.80 (SH, m), 4.53 2H, 4,
t, J; = 47.6 ¥z, J; = 4.2 Hz), 4.49 (21, t, J = 4.8 Hz), 3.85 (3H, m), 3.70 (5H,
m), 1.8 -3.0 (2H, br); HRMS (EI) m/z calcd. for [C1sHzFN,0;]" 376.1693.

(E)-2-(2-(2—(2-ﬂuoroethoxy)ethoxy}ethoxy)-S-@—
methylaminostyryl)pyridine (6)

[0125] Sodium methoxide (1M in methanol, 0.23 ml) was added to 2 solution
of compound 5 (15.8 mg, 0.046 mmol) in methanol (5 ml) followed by the
addition of paraformaldehyde (6.6 mg, 0.23 mmol). The reaction mixture was
refluxed for 1.5 hour then cooled to 0 °C with an ice bath. Sodium
borohydride (10.4 mg, 0.27 mmol) was added with caution. The mixture was
refluxed again for 1 hour and cooled down. Dichloromethane and water was
added. Organic layer was separated, washed with brine, dried over anhydrous
sodium sulfate and evaporated. The residue was purified by PTLC (3% McOH
in DCM as developing solvent) to give product 6 (12 mg, Yield: 73%): 'H
NMR (200 MHz, CDCh): 8.8.14 (1H, d, J= 2.2 Hz), 7.76 (1FH, d, d,J;=28.6
Hz, J; =24 Hz), 7.35 (2H, d, J= 8.6 Hz), 6.92 (1H, 4, J = 16.4 Hz), 6.80 (11,
d, J=16.4 Hz), 6.76 (2H, d, J=8.6 Hz), 4.53 2H, d, t, J; = 47.6 Hz, ;=42
Hz), 4.49 (2H, t, J= 4.8 Hz), 3.85 (3H, m), 3.70 (5H, m), 2.88 (3H, s). HRMS
(ED) m/z calced. for [C20Ha2sFNL05]" 360.1849.

EXAMPLE 3
Synthesis of Compound 10

(E)—2—(2-(2-(2-hydroxyethoxy)eﬂ10xy)ethoxy)-S -(4-nitrostyryl)pyridine (7)
[0126] The mixture of potassium carbonate (1587 mg, 1.15 mmol),
compound 3 (100 mg, 0.38 mmol) and triethylene glycol (576 mg, 3.8 mmol)
in anhydrous DMF (5.0 ml) was sealed in a microwavable vial (from Biotage)
and subjected to microwave irradiation (Biotage Initiator system) at 180 °C for

25 min. After cooling to room temperature, water was added and reaction
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mixture was extracted with ethyl acetate. Organic layer was separated, washed
with brine, dried over anhydrous sodium sulfate and evaporated. The residue
was purified with PTLC (4% MeOH in DCM as developing solvent) gave
product 7 (110 mg, Yield: 77%): 'H NMR (200 MHz, CDCls): 6.8.20 (3H, m),
7.83 (1H, d, d, J; = 8.6 Hz, J, = 2.4 Hz), 7.61 (2H, d, J=8.8 Hz), 7.10 (2H,
m) 6.84 (1H, d, J = 8.6 Hz), 4.53 (2H, t; J= 4.8 Hz), 3.88 (2H, t, J = 4.8 Hz),
371 (6H, m), 3.61 (2H, m), 2.10 (1H, b), HRMS (ED m/z caled. for
[CisH22N206]" 374.1478.

(E)-2-(2-(2-(2-hydroxyethoxy)ethoxy)ethoxy)-5 ~(4-aminostyryl)pyridine (8)

[01271 Stannous chloride (202.8 mg, 1.07 mmol) was added to 2 solution of
compound 7 (100 mg 0.27 mmof) in ethanol (10 ml) followed by the addition
of concentrated FIC1 (0.5 ml). The reaction mixture was refluxed for 1.5 hand
then cooled to 0 °C. Yellow precipitate was collected by filtration and then
suspended in ethyl acetate. Saturated NaHCO; was added to adjust pH to 9.
Organic layer was separated, dried over anhydrous sodium sulfate and
evaporated. The residue was purified by PTLC (5% MeOH in DCM as
developing solvent) to give product 8 (70 mg, Yield: 76%): 1H NMR. (200
Mz, CDCls): 5 8.12 (1H, d, J=2.4 Hz), 7.73 (1H, d, 4, J1 = 8.6 Hz, ]2 = 2.4
Hz), 7.29 (2H, d, J = 8.5 Hz), 6.84 (2H, m), 6.75 (1H, 4, T = 8.6 Hz), 6.69 (2H,
d, T = 8.5 Hz), 4.48 (21, t, J = 4.8 Hz), 3.86 (ZH, t, J = 4.8 Hz), 3.71 (6H, m),
3.60 (2H, m), 3.32 (3H, b), HRMS (EI) m/z caled. for [C1oH24N204]"
344.1736.

(E)-2-(2-(2-(2-Hydroxyethoxy)ethoxy)ethoxy)-5-(4-
dimethylaminostyryl)pyridine (9)

[0128] Sodium cyanoborohydride (36 mg, 0.57 mmol) was added to a solution
of compound 8 (65 mg, 0.19 mmol) and paraformaldehyde (57 mg, 1.9 mmol)
in acetic acid (10 ml). The reaction mixture was stirred at room temperature
overnight and poured onto ice. Sodium bicarbonate was used to adjust pH to 9.
Reaction mixture was extracted with ethyi acetate. Organic layer was

separated, washed with brine, dried over anhydrous sodium sulfate and

-
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evaporated. The residue was purified with PTLC (5% MeOH in DCM as the
developing solvent) to give product 9 (67 mg, Yield: 95%): 'H NMR (200
MHz, CDCls): 8.8.14 (1H, d, J = 2.4 Hz), 7.76 (1H, d,d,.J; =86Hz, ;=24
Hz), 7.39 (2H, d, J = 8.8 Hz), 6.87 (2H, m), 6.76 (3H, m), 4.50 (2H, t, J=4.8
Hz), 3.87 (2H, t, J = 4.8 Hz), 3.70 (6H, m), 3.61 (2H, m), 2.98 (64, s), 2.4%
(1H, b), HRMS (EI) m/z calcd. for [CarHasN>04]" 372.2049.

(E)-2~(2—(2-(2—tosyloxyethoxy)ethoxy)ethoxy)—S—(4—
dimethylaminostyryl)pyridine (10}

[0129] Tosyl chloride (52 mg, 0.27 mmo]) was added to a solution of
compound 9 (43 mg, 0.116 mmel) in pyridine (5.0 ml) at 0 °C. The reaction
mixture was stirred at 0 °C for 1 h and then warmed up to room temperature
and stirred for 3 h. ‘Water was added and reaction mixture was extracted with
ethyl acetate. Organic layer was separated, washed with brine, dried over
sodium sulfate and evaporated. The residue was purified by PTLC (4% MeOH
in DCM as developing solvent) to give product 10 (25 mg, Yield: 41%): "
NMR (200 MHz, CDCL): 8.8.14 (1H, d, /= 2.0 Hz), 7.76 (3H, m), 7.39 (2H,
d, J= 8.8 Hz), 7.32 (2H, 4, J = 8.0 Hz), 6.87 (2H, m), 6.75 (3H, m), 4.46 (2H,
t, J= 4.6 Hz), 4.16 (2H, t, J=4.8 Hz), 3.81C2H, t, J = 4.8 Hz), 3.66 (6H, m), .
299 (6H, s), 2.43 (3H, s), HRMS (ED m/z caled. for [CosHaMN2OeS]"

526.2138.
EXAMPLE 4
Synthesis of Compound 11a
a. Synthesis of intermediates I8 and I9

2-Hydroxy-3-bromo-5-iodopyridine (I8)

[0130] Following a previously reported method (Meana A, et al, Synlett 2003,
1678-1682) compound I8 was prepared from N-iodosuccinimide (2.48 g, 11.0
mmol) and 3-bromo-2-hydroxypyridine X7 (1.74 g, 10.0 mmol) as a pale
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brown solid ( 2.55 g, 85%). 'H NMR (DMSO-de) 6 12.27 (br s, 1H), 8.08 (d,
14, J=2.3 Hz), 7.71 (d, 1H, J=2.3 Hz).

{2-[2-(2-Fluoroethoxy)ethoxylethoxy} -3 -bromo-5-icdopyridine (I5)

[0131] To a stitring suspension of I8 (0.393 g, 1.3 mmol), 2-(2-(2-
fluoroethoxy)ethoxy)ethano! (0.200 g, 1.3 mmol) and PPh; (0.511 g,1.95
mmol) in 10 mL of THF at -10 °C was added dropwise of diisopropyl
azodicaboxylate (DIAD, 0.394 g, 1.95 mmol) in 5 mL of THF. The ice-salt
bath was removed and the reaction was kept at room temperature (r.t) 2 h.
The reaction solution was concentrated and purified by FC (MeOH/CHCls,
1/99) to yield 19, a colorless viscous liquid (0.423 g, 75%). 'H NMR §8.21
(4, 1H, J = 2.0 Hz), 8.02 (d, 1H, J = 2.0 Hz), 4.66 (t, 1H, J = 4.1 Hz), 4.50-
4.39 (m, 3H), 3.89-3.64 (n, 8H). °C NMR §159.4, 151.2, 148.5, 108.5, 84.9,
81.6, 81.5, 71.1, 71.0, 70.8, 70.4, 69.3, 66.9. HRMS caled for Ci1Hi4BrFINO;
MM, 432.9186; found, 432.9173.

b. Synthesis of compound 1la

(E)-(5-Bromio-6- {2—[2~(2—ﬂuoroethoxy)ethoxy]ethoxy}pyridin—S—yl)-Z—(4—~
dimethylaminophenyl)-ethylene (11a) .

[0132] . A mixture of 4-dimethylaminostyrene (0.110 g, 0.75 mmol), I9 (0.217
g, 0.5 mmol), K,CO3 (0.173 g, 1.25 mmol), tetrabutylammonium bromide
(TBAR, 0.322 g, 1.0 mmol) and palladium acetate (Pd(QAc),, 0.006 g, 0.025
mmol) in 2 mL DMF was deoxygenated by purging info nitrogen for 15 min
and then heated to 65 °C for 2 h. The reaction mixture was cooled to r.t. and
submitted to standard workup with ethyl acetate (EtOAc). The crude product
was purified by FC (EtOQAc/Hexanes, 30/70) and resulted in 11a as a light
yellow solid (0.178 g, 79%). 'H NMR §8.08 (4, 1H, J = 2.1 Hz), 8.00 (4, 1H,
J=2.1Hz), 7.39 (d, 2H, J = 8.8 Hz), 6.92 (d, 1H, J=16.3 Hz), 674 (d,1H, J
=16.3 Hz), 6.72 (d, 2H, J = 8.1 Hz), 4.69 (t, 1H, J = 4.2 Hz), 4.55 (1, 2H, J=
4.8 Hz), 4.45 (t, 1H, J= 4.2 Hz), 3.94-3.68 (m, 8H), 3.00 (s, 6H). "CNMR &
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1583, 150.4, 143.5, 138.0, 129.6, 129.5, 127.7, 125.2, 1188, 112.5, 1075,
85.0, 81.6, 71.2, 710, 70.8, 704, 69.6, 66.7, 40.5. HRMS calcd for
Cy HzBIFN,O3 (M), 452.1111; found, 452.1099.

EXAMPLE 5
Synthesis of Compound 11b

(E)-(5-Bromo-6- {2-[2-(2-ﬂuoroethoxy)ethoxy]ethoxy}pyridin—S-yl)-2-(4—
methylaminophenyl)-ethylene (11b)

[0133] Compound 11b was prepared from 4-methylaminostyrene (0.073 g,
0.55 pmol} and I9 (0.217 g, 0.50 mmol) as a light yellow viscous liquid
(0.113g, 52% yield). ' NMR §8.07 (4, 1H, J= 2.1 Hz), 8.00 (4, 1H, J=2.1
Hz), 7.35 (d, 2H, J = 8.6 Hz), 6.91 (4, 1H, J = 16.3 Hz), 6.74 (d, 18, J=16.3
Hz), 6.60 (d, 2H, J= 8.6 Hz), 4.69 (¢, 1H, J=4.2 Hz), 4.55 (t, 2H, J=4.8 H2),
4.45 (t, 1H, J = 4.2 Hz), 3.94-3.68 (m, 8¥), 2.88 (s, 3H). 3C NMR. 8 158.4,
149.5, 143.6, 138.0, 129.8, 129.5, 127.9, 126.1, 118.9, 112.6, 107.5, 85.0,
81.7, 71.2, 71.1, 70.8, 70.4, 69.6, 66.8, 30.7. HRMS calcd for CapH24BrFN20O3
(M), 438.0954; found, 438.0967.

EXAMPLE 6

Synthesis of Compound 1le

(E)-(5-Bromo-6- {2-[2—(2-ﬂuoroethoxy)ethoxy]ethoxy}pyridin-3-y1)—2— [4-N-
methy1-4—N—(tert-butyloxycarbonyl)aminophenyl]—ethylene (11c) '

[0134] Compound 1l¢ was prepared from 4-N-methyl-4-N-(tert-
butyloxycarbonyl)aminostyrene (0.219 g, 0.94 mmol) and I9 (0.273 g, 0.63
mmol) as a white viscous liquid (0.319 g, 94% yield). 'HNMR 58.12 (4, 1H,
J=2.1Hz), 8.03 (d, 1H, J=2.1Hz), 744 (d, 2H, J= 8.6 Hz), 7.25 (4, 2H, J= -
9.0 Hz), 6.94 (d, 2H, J=2.1 Hz), 4.69 (t, 1H, J=4.2 Hz), 4.56 (t, 2H, J=4.9
Hz), 4.45 (t, 1H, J = 4.2 Hz), 3.94-3.68 (m, 8H), 3.28 (s, 3H), 1.48 (s, SH).
13~ NMR & 158.8, 154.5, 144.0, 143.5, 138.2, 133.6, 128.5, 128.4, 126.8,
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126.6, 125.4, 122.9, 107.4, 84.8, 81.4, 80.4, 71.0, 70.9, 70.6, 70.2, 69.4, 66.7,
53.5, 37.1, 28.4. HRMS caled for CzsHzzBrFNz0s (M), 538.1479; found,
538.1476.

(E)-(5-Bromo-6- {2-[2-(2-fluoroethoxy)ethoxylethoxy} pyridin-3 -yD-2-(4-
acetoxyphenyl)-ethylene (11d)

[0135] Compound 11d was prepared from 4-acetoxystyrene (0.122 g, 0.75
mmol) and I9 (0.217 g, 0.5 mmeol) as a white viscous liquid (0.181 g, 77%
yield). 'H NMR §8.12 (d, 1H, J = 2.1 Hz), 8.03 (4, 1H, J=2.1 Hz), 7.50 (d,
2H, J = 8.6 Hz), 7.10 (d, 2H, J = 8.6 Hz), 6.94 (d, 2H, J = 3.3 Hz), 4.69 (¢, 1H,
J= 4.2 Hz), 4,56 (i, 2H, J = 4.9 Hz), 4.45 (t, 1H, J = 4.2 Hz), 3.94-3.68 (m,
8H), 2.32 (s, 3H), 1.48 (5, 9H). *C NMR §169.3, 158.9, 150.3, 144.1, 138.2,
134.5, 128.24, 128.16, 1274, 123.4, 121.9, 107.5, 84.8, 81.5, 71.0, 70.9, 70.6,
70.3, 69.4, 66.7, 21.1. HRMS ocalcd for CaiHziBIFNOs (MY, 467.0744;
found, 467.0731.
(E’)—(S-Bromo—ﬁ-{2-[2—(2-ﬂuoroethoxy)ethoxy]ethoxy}pyridin—3-yl)-2—(4-
hydroxyphenyl)-ethylene (11e)

[0136] Acetate 11d (0.145 g, 0.31 mmo}l) and KoCO3 (0.064 g, 0.465 mmol)
were placed in EtOH/THF (5 mL/5 mL) and the reaction mixture was stirred
atrt 2 h. After standard workup with EtOAc, the crude product was purified
by PTLC to give 11e as a white solid (0.128 g, 97%). '"H NMR 58.07 (4, 1H,
J=2.1 Hz), 7.99 (4, 1H, J = 2.1 Hz), 7.35 {d, 2H, J = 8.6 Hz), 6.96-6.74 (m,
4H), 5.22 (br s, 1H), 4.69 (t, 1H, J= 4.2 Hz), 4.54 (t, 2FL, J= 4.8 Hz), 445 {1,
1H, J = 4.2 Hz), 3.94-3.68 (m, 8H). “C NMR §158.5, 156.4, 143.6, 138.2,
129.2, 129.0, 127.9, 120.7, 116.0, 107.6, 84.9, 81.6, 71.1, 71.0, 70.8, 70.4,
69.6, 66.8. HRMS calcd for CigHz1BrFNO, (MH), 425.0638; found, 425.0651.
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EXAMPLE 7
Synthesis of Compound 12b

(E)-(S-tri-Butylstannyl—6-{2—[2—(2-ﬂuoroethoxy)ethoxy]ethoxy}pyridin—B—yl)-
2-(4-methylaminophenyl)-ethylene (12b)

{01371 Compound 12b was prepared from 11b (0.069 g, 0.156 mmol) as a
light yellow oil (0.068 g, 68% yield). 'H NMR §8.10 (4, 1H, J = 2.5 Hz),
7.80 (d, 1H, J = 2.5 Hz), 7.36 (d, 2H, J = 8.6 Hz), 6.92 (4, 1H, J = 16.3 Hz),
6.80 (4, 1H, J= 16.3 Hz), 6.61 (d, 2H, J = 8.6 Hz), 4.69 (¢, 1H, J =42 Hz),
4.45 (t, 3H, J=5.1 Hz), 3.83 (1, 3H, J = 4.4 Hz), 3.7 1-3.66 (m, S5H), 2.88 (s,
3H), 1.68-1.48 (m, 6H), 1.43-1.25 (m, 6H), 1.15-1.02 (m, 6H), 0.91 (t,9H, J =
7.1 Hz). C NMR & 166.8, 149.1, 145.4, 143.6, 127.8, 127.7, 127.0, 123.3,
121.2, 112.6, 85.0, 81.6, 71.1, 70.9, 70.8, 70.5, 70.1, 65.0, 30.8, 29.5, 29.3,
20.1, 28.1, 27.5, 26.9, 13.9, 13.4, 13.3, 9.9, 6.6, 64. HRMS caled for
CaHs FN20:Sn (M), 650.2906; found, 650.2894.

EXAMPLE 8
Synthesis of Compound 12e

(E)~(5—t1'i—Butylstannyl—6-{2-[2—(2-ﬂuoroethoxy)ethoxy]ethoxy}pyridin—S-yl)-
2-(4-hydroxyphenyl)-ethylene (12¢)

[0138] Compound 12e was prepared from 1le (0.032 g, 0.075 mmol) as a
white viscous liquid (0.040 g, 84% yield). 'H NMR §8.11 (d, 1H, J=2.5
Hz), 7.82 (d, 14, J = 2.5 Hz), 7.35 (d, 2H, J = 8.6 Hz), 6.98-6.74 (m, 4H),
5.19 (br s, 1H), 4.71-4.66 (m, 1H), 4.48-4.43 (m, 3H), 3.90-3.62 (m, 8H),
1.70-1.02 (m, 18H), 0.91 (t, 9H, 7= 7.1 Hz). *CNMR §166.9, 156.0, 145.4,
144.0, 130.1, 127.9, 127.6, 127.4, 124.3, 123.0, 115.9, 85.0, 81.6, 71.0, 70.9,
70.7, 70.5, 70.0, 65.2, 29.5, 29.3, 29.1, 28.0, 27.5, 26.9, 13.9, 13.4, 133, 9.9,
6.6, 6.4. HRMS calcd for C3HygFNOsSn (M), 637.2589; found, 637.2573.
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EXAMPLE 9
Synthesis of Compound 13a

(E)-(5-tri-Butylstannyl-6- {2-[2-(2-fluoroethoxy)ethoxylethoxy}pyridin-3-yl)-
2-(4-dimethylaminophenyl)-ethylene (12a)

[0139] A mixture of 11a (0.052 g, 0.115 mmol), bis(tributyltin) ((BuszSn),
0.333 g, 0.57 mmol), and palladium tetrakistriphenylphosphine (Pd(PPhs)s,
0.013 g, 10 mol%) in toluene was heated at 110 %C for 18 h. 'The reaction

. solution was cooled to r.t. and treated with 5 mL 10% KF. After vigorously
stirring for additional 0.5 h, the standard workup with EtOAc and following
FC (BtOAc/Hexanes, 25/75) afforded 12a as a light yellow oil (0.052 g, 68%).
'H NMR §8.11 (d, 1H, J = 2.5 Hz), 7.81 (d, 14, J= 2.5 Hz), 741 (d, 2H, J =
8.8 Hz), 6.93 (4, 1H, J=16.5 Hz), 6.81 (d, 1H, J=16.5 Hz)}, 6.72 (d, 2H, J =
8.7 Hz), 4.69 (t, 1H, J= 4.2 Hz), 4.46 (t, 3H, J=4.9 Hz), 3.83 (1, 3H, /=438
Hz), 3.71-3.66 (m, 5H), 3.00 (s, 65), 1.68-1.48 (m, 6H), 1.43-1.21 (m, 6H),
1.15-1.02 (m, 6H), 0.91 (t, 9H, J = 7.1 Hz). "CNMR §166.7, 150.2, 145.4,
143.6, 127.8, 127.7, 127.5, 126.0, 123.7, 121.2, 112.6, 85.0, 81.6, 71.0, 70.8,
70.7, 70.4, 70.0, 65.0, 40.6, 29.5, 29.3, 29.1, 28.1, 27.5, 26.9, 13.9, 13.4, 13.3,
9.9, 6.6, 64. HRMS calcd for CiHsEN,Os8n (MY, 664.3062; found,
664.3037.

(E)-(5-Todo-6-{2-[2-(2-flucroethoxy)ethoxylethoxy} pyridin-3-y1)-2-(4-
dimethylaminophenyl)-ethylene (13a)

[0140] A solution of iodine (I, 0.063 g, 0.24 mmol )} in THF (2 mL) was
added dropwise to an ice bath cooled solution of 12a (0.114 g, 0.172 mmol} in
THF @3 r-nL). After the addition, the reaction was stirred at 0 °C for 1 h.
Following standard workup with CH;Clz, the crude product was purified by
FC (EtOAc/Hexanes, 25/75) to give a light yellow solid 13a (0.037 g, 48%).
'Y NMR 6822 (d, 1H, J = 2.1 Hz), 8.10 (d, 1H, J=2,1 Hz), 7.38 (4, 2H, J=
8.8 Hz), 6.92 (d, 1H, J = 16.3 Hz), 6.72 (4, 1H, /= 16.3 Hz), 6.71 (d, 2H, J =
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8.8 Hz), 4.72-4.67 (m, 1H), 4.54-4.44 (m, 3H), 3.93-3.69 (m, 8H), 3.00 (s,
6H). '°C NMR § 160.4, 150.5, 144.6, 144,55, 129.8, 129.5, 127.8, 125.3,
118.8, 112.6, 85.1, 81.7, 80.6, 71.3, 71.1, 70.8, 70.5, 69.6, 67.1, 40.6. HRMS
caled for CaHaeFIN2O3 (M), 500.0972; found, 500.0959.

EXAMPLE 10
Synthesis of Compound 13b

(E)-(5-tri-Butylstannyl-6- {2-[2-(2-fluoroethoxy)ethoxylethoxy} pyridin-3-yl)-
2-[4-N-methyl-4-N-(tert-butyloxycarbonyl)aminophenyl]-ethylene (12c)

[0141] Compound 12¢ was prepared from 11c (0.072 g, 0.133 mmol) as a
white viscous liquid (0.077 g, 77% yield). '"H NMR §8.14 (4, 1H, J=2.5 Hz),
7.83 (4, 14, J = 2.5 Hz), 7.46 (4, 2H, J = 8.6 Hz), 7.23 (d, 2H, J = 8.5 Hz),
6.96 (s, 2H), 4.70-4.66 (m, 1H), 4.49-4.42 (m, 3H), 3.86-3.66 (m, 8H), 3.28 (s,
3H), 1.80-1.02 (m, 27H), 0.90 (t, SH, J = 7.1 Hz). B3C NMR 6 167.3, 146.1,
143.8, 143.2, 134.6, 127.0, 126.8, 126.6, 125.7, 125.4, 124.1, 85.0, 81.6, 80.6,
71.1, 70.9, 70.8, 70.5, 70.0, 65.1, 37.4, 29.5, 29.3, 29.1, 28.1, 27.5, 26.9, 13.9,
13.4, 9.9, 6.4. HRMS caled for CiHsFN,OsSn (M), 750.343; found,
750.3425.

(E)-(5-Todo-6- {2-[2-(2-fluoroethoxy)ethoxy]ethoxy} pyridin-3-yl)-2-[4-N-
methyl-4-N-(tert-butyloxycarbonyl)aminophenyl]-ethylene (13c)

(0142] Compound 13¢ was prepared from 12¢ (0.024 g, 0.032 mmol) as 2
whife viscous liquid (0.018 g, 98%). " NMR 68.25 (4, 1H, J = 1.6 Hz), 8.13
(4, 1H, J=1.6 Hz), 7.44 (d, 2H, J= 8.4 Hz), 7.24 (d, 2H, J= 8.4 Hz), 6.97 (d,
1H, J = 16.4 Hz), 6.86 (d, 1H, J = 16.4 Hz), 4.69 (1, 1H, J = 4.1 Hz), 4.53 (t,
2H, J = 4.8 Hz), 445 (t, 14, J= 4.1 Hz), 3.94-3.69 (m, 8H), 3.28 (s, 3H), 1.47
(s, 9H). ">C NMR & 161.0, 154.8, 145.3, 144.9, 143.7, 133.9, 128.9, 128.6,
126.8, 125.7, 123.1, 85.1, 81.7, 80.7, 77.4, 71.3, 71.1, 70.9, 70.5, 69.6, 67.2,
37.4, 28.6. HRMS caled for Cz H26FIN;O3 (M), 500.0972; found, 500.0959.
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(E)~(5-Iodo-6- {2-[2-(2-fluoroethoxy)ethoxy] ethoxy}pyridin-3-yl)-2-(4-
methylaminophenyl)-ethylene (13b) .

[0143] To a stirred solution of 13¢ (0.014 g, 0.024 mmol) and 2,6-Intidine (23
4L, 0.24 mmol) in 2 mL CH;Cl; at 0 °C was added trimethylsilyl triflate (34
uL, 0.19 mmol). After 15 min, the reaction solution was submitted to the .
standard workup with CH;Cl;. The crude product was purified by PTLC to
give a light yellow viscous liquid 13b (0.010 g, 88%). I NMR 68.22 (4, 1H,
J=2.1Hz), 8.10 (d, 1H, J=2.1 Hz), 7.34 (d, 2H, /=8.6 Hz), 6.91 (4, 1H, J=
16.3 Hz), 6.70 (4, 1H, J = 16.3 Hz), 6.60 (d, 2H, J = 8.6 Hz), 4.71-4.67 (m,
1H), 4.54-4.43 (m, 3H), 3.94-3.69 (m, 9H), 2.88 (s, 3H). “C NMR & 160.5,
149.5, 144.6, 129.8, 129.7, 128.0, 126.3, 118.9, 112.6, 85.1, 81.7, 80.6, 77.4,
71.3, 71.2, 70.9, 70.5, 69.7, 67.2, 30.8. HRMS calcd for CaoHa4FIN,O3 (M),
486.0816; found, 486.0818.

EXAMPLE 11
Synthesis of Compound 13e

(E)-(5 -tri-Butyls‘tannyl—G— {2- [2-(Z-ﬂuoroethoxy)ethoxy]ethoxy}pyridin—S-yl)—
2-(4-hydroxyphenyl)-cthylene (12e)

[0144] Compound 12e was prepared from 1le (0.032 g, 0.075 mmol) as a
white viscous liquid (0.040 g, 84% yield). 'H NMR §8.11 (d, 1H, J =25
Hz), 7.82 (4, 1H, J = 2.5 Hz), 7.39 (4, 2H, J = 8.6 Hz), 6.98-6.74 (m, 4H),
5.19 (br s, 1H), 4.71-4.66 (m, 1H), 4.48-4.43 (m, 3H), 3.90-3.62 (m, 8H),
1.70-1.02 (m, 18H), 0.91 (t, 9H, J= 7.1 Hz). BCeNMR §166.9, 156.0, 145.4,
144.0, 130.1, 127.9, 127.6, 127.4, 124.3, 123.0, 115.5, 85.0, 81.6, 71.0, 70.9,
70.7, 70.5, 70.0, 65.2, 29.5, 29.3, 29.1, 28.0, 27.5, 26.9, 13.9, 13.4, 13.3, 9.9,
6.6,6.4. HRMS caled for CxHagFNO4Sn (M), 637.2589; found, 637.2573.
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(E)-(5-Todo-6- {2-[2-(2-fluoroethoxy)ethoxylethoxy} pyridin-3-yl)-2-(4-
hydroxyphenyl)-ethylene (13e)

[0145] Compound 13e was prepared from 12e¢ (0.012 g, 0.019 mmol) as a
white solid (0.008 g, 90%). "H NMR &8.21 (d, 1H, J=2.1 Hz), 8.08 (4, 1H, J
= 2.1 Hz), 7.33 (d, 2H, J = 8.6 Hz), 6.94-6.69 (m, 4H), 4.71-4.67 (m, 1H),
4.53-4.43 (m, 3H), 3.94-3.69 (m, 8H). HRMS calcd for CioH» FINO4 1h,
473.0499; found, 473.0498.

EXAMPLE 12
Synthesis of Compound 14a

2-Hydroxyethoxy-3-bromo-5-iodopyridine (9b)

[0146] To a stirring suspension of I8 (see Example 4 above) (0.906 g, 3.0
mmol), 2-(teri-butyl-dimethyl-silanyloxy)ethanol (0.554 g, 3,15 mmol) and
PPh; (0.944 g, 3.6 mmol) in 20 mL of THF at -10 °C was added dropwise of
diisopropylazodicarboxylate (DIAD) (0.728 g, 3.6 mmol) in 10 mL of THF.
The ice-salt bath was removed and the reaction was kept at r.t. 2 h. The
reaction solution was concentrated and purified by FC (EtOAc/Hexanes, 5/95)
to afford 2-(tert-butyl-dimethyl-silanyloxy)ethoxy-B-bromo-S-iodopyridine, a
colorless viscous liquid (0.995 g, 72%). 'H NMR &8.23 (d, 1H, J= 2.0 Hz),
8.05 (d, 1H, J=2.0 Hz), 4.42 (t, 2H, J=4.9 Hz), 3.98 (1, 2H, /= 4.5 Hz), 0.90
(s, 9H), 0.10 (s, 6H). HRMS calcd for Ci2HigBrINO,Si (M-CH;"), 441.9335;
found, 441.9312.

(E)-[S-Bromo-ﬁ-(z—hydroxyethoxy)pyridin—3-y1]~2-(4-dimethylaminopheny1)-
ethylene (14a)

[0147] Compound 14a was prepared from 4-dimethylaminostyrene (0.031 g,
0.212 mmol) and 110 (0.073 g, 0.212 mmol) as a light yellow solid (0.022 g,
29% yield). 'H NMR & 8.07 (4, 1H, J = 2.1 Hz), 8.03 (4, 1H, J = 2.1 Hz),
7.39 (4, 2H, J = 8.8 Hz), 6.94 (d, IH,-J = 16.3 Hz), 6,78-6.69 (m, 3H), 4.57-
4.52 (m, 2H), 3.99 (t, 2H, J = 4.3 Hz), 3.21 (br s, 1H), 3.00 (s, 6H). "CNMR
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5158.3, 150.4, 143.0, 138.2, 129.9, 129.8, 127.6, 124.9, 118.3, 112.3, 107.5,
69.6, 62.1, 40.3. HRMS calcd for Ci7HioBrN20z (M"), 362.063; found,
362.0629, '

EXAMPLE 13

Synthesis of Compound 14b

(E)-[5 -Bromo-6-(2—hydroxyethoxy)pyridin—3-yl]-2-(4-methylaminopheny1)-
ethylene (14b)

[0148] Compound 14b was prepared from 4-methylaminostyrene (0.140 g,
1.05 mmol) and ¥10 (0.241 g, 0.7 mmol) as a light yellow viscous liquid
(0.149 g, 61% yield). 111 NMR. & 8.07 (d, 1H, J = 2.1 Hz), 8.03 (d, 1H, J=
2.1 Hz), 7.35 (d, 2H, J = 8.6 Hz), 6.93 (d, 1H, J = 16.3 Hz), 6.74 (4, 1H, J=
16.3 Hz), 6.61 (d, 2H, J = 8.6 Hz), 4,57-4.52 (m, 2H), 3.99 (br s, 2H), 3.18 (br
s, 1H), 2.88 (s, 3H). Bo NMR S 149.6, 143.3, 138.5, 130.1, 130.0, 128.0,
126.0, 118.6, 112.6, 107.7, 69.8, 62.2, 30.7. HRMS calcd for Ci7H9BrN20:2
(M), 348,0473; found, 348.0468.

EXAMPLE 14
Synthesis of C;)mpound 14d

(E)—[5-Bromo-6—(2-hydroxyethoxy)pyridin~3-yl]—2-(4—acetoxyphenyl)-
ethylene (14d)

[0149] Compound 14d was prepared from 4-acetoxystyrene (0.130 g, 0.80
mmol) and 10 (0.244 g, 0.7 mmol) as a white viscous liquid (0.031 g, 12%
yield). 'H NMR §8.12 (d, 1H, J = 2.1 Hz), 8.08 (d, 1H, J=2.1Hz), 7.50 (4,
oH, J = 6.8 Hz), 7.11 (d, 2H, J =6.8 Ha), 6.95 (d, 2H, J = 5.2 Hz), 4.58-4.54
(m, 2H), 4.01 (br s, 2H), 3.08 (br's, 1H), 2.32 (s, 3H).
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487046 Synthesis of Compound 14e

(E)—{S—Brorno—é—(2-hydroxyethoxy)pyridin—3—yl}-2—(4-hydroxyphenyl)-
ethylene (14¢)

[0150]) In a similar procedure as described in the preparation of 1le,
compound 14e was prepared from Acetate 14d (0.031 g, 0.082 mmol) as a
white solid (0.020 g, 73%). IH NMR (DMSO-d¢) 6 9.60 (br s, 1H), 8.31 (s,
1H), 8.23 (s, 1H), 7.39 (4, 2H, J = 8.3 Hz), 7.19 (4, 1H, J = 16.8 Hz), 6.94 (d,
1H, J = 16.6 Hz), 6.77 (d, 2H, J = 8.3 Hz), 4.35 (t, 2H, J = 5.1 Hz), 3.73 (t,
9H, J = 5.1 Hz). C NMR (DMSO-ds) 51579, 157.4, 143.7, 138.1, 129.2,
129.0, 127.8, 119.8, 115.6, 106.7, 68.4, 59.2. HRMS calcd for C15H14BNO3

(MH), 335.0157; found, 335.0165.

EXAMPLE 16
Synthesis of Compound 15¢

(E)-[S—tri-Butylstanﬁyl-G-(2—hydroxyethoxy)pyridin-3—yl]-2—(4-
hydroxyphenyl)-ethylene (15¢}

[0151] Compound 15e was prepared from 14e (0.031 g, 0.092 mmol) as a
white viscous liquid (0.012 g, 24% yield). 1H NMR. & 8.07 (4, 1H, J = 2.5
Hz), 7.85 (d, 1H, J = 2.5 Hz), 7.39 (d, ZH, J = 8.6 Hz), 6.99-6.80 (m, 4H), 5.97
(br s, 1H), 5.01 (br s, 1H), 4.50-4.46 (m, 2H), 3.98-3.94 (m, 2H), 1.69-1.01
(m, 18H), 0.91 (t, 9H, J = 7.1 Hz). 13C NMR 8 167.2, 156.0, 144.9, 144.7,
144.5, 130.1, 128.0, 127.96, 124.7, 122.8, 116.0, 69.9, 63.4, 29.9, 29.5, 29.3,
29.1, 28.1, 27.5, 26.9, 13.9, 13.6, 13.5, 10.1, 6.7, 6.6. HRMS caled for
C27HA4AINO3Sn (M), 547.2108; found, 547.2112.
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EXAMPLE 17
Synthesis of Compound 16a

(E)-[5—tﬁ-ButyIstannyl—6-(2—hydroxyethoxy)pyridin—3-y1]—2-(4-
dimethylaminophenyl)-ethylene (15a)

[0152) Compound 15a was prepared from 14a (0.100 g, 0.275 mmol} as 2
light yellow oil (0.105 g, 66% yield). g NMR §8.10 (d, 1H, J = 2.5 Hz),
7.85 (d, 1H, J = 2.4 Hz), 7.41 (4, 2H, J = 8.7 Hz), 6.95 (d, 14, J = 16,3 Hz),
6.81 (d, 1H, J = 16.6 Hz), 6.73 (d, 2H, J = 8.8 Hz), 4.48-4.44 (m, 2H), 3.96-
3.92 (m, 2H), 2.99 (s, 6H), 1.68-1.01 (m, 18H), 0.92 (t, 9H, J = 7.2 Hz)- Bc
NMR & 166.6, 150.1, 144.5, 144.1, 128.2, 128.1, 127.4, 125.5, 124.0, 120.5,
112.4, 69.4, 63.0, 40.4, 29.0, 27.2, 13.6, 9.8. HRMS calcd for CpoHagN028n
Mh), 574.2581; found, 574.2584.
(E)—{S—Iodo—ﬁ-(Z—hydroxycthoxy)pyridin—3-yl]-2-(4-dimeﬂ1ylaminopheny1)—

ethylene (16a)

[0153] Compound 16a was prepared from 152 (0.011 g, 0.019 mmol) as a
light yellow solid (0.004 g, 50%). 'HNMR §8.25 (s, 11D), 8.10 (s, 1H), 7.39
{, 28, J = 8.6 Hz), 6.94 (d, 1H, J = 16.3 Hz), 6.76-6.70 (m, 3H), 4.51 (t, gH,
J = 4.2 Hz), 4.02-3.95 (m, 2H), 3.19 (s, 1H), 3.00 (s, 6H). HRMS calcd for
C17H1sIN;0, (M), 410.0491; found, 410.0489.

EXAMPLE 18
Synthesis of Compound 16b

(E)~[5-tri-Butylstaxmyl—G-(Z-hydroxyethoxy)pyridin-3-y1]-2-(4—-
methylaminophenyl)-ethylene (15b)

[0154] Compound 15b was prepared from 14b (0.052 g, 0.15 mmol) as a light
yellow oil (0.059 g, 64% yield). 'H NMR &8.08 (d, 1H, J =25 Hz), 7.84 (d,
1M, J = 2.4 Hz), 7.37 (d, 2H, J = 8.6 Hz), 6.93 (d, 1H, J = 163 F2), 6.80 (d,
1H, J = 16.4 Hz), 6.61 (4, 2H, J = 8.6 Hz), 4.48-4.43 (m, 2¥), 3.95-3.91 (m,
2H), 2.88 (5, 3H), 1.69-1.01 ¢m, 18H), 0.91 (t, 9H, J = 7.1 Hz). BC NMR &
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166.9, 149.2, 144.7, 144.3, 128.4, 128.3, 127.8, 126.7, 124.2, 120.7, 112.6,
69.6, 63.2, 30.8, 29.5,29.3, 20.1, 28.0, 27.5, 26.9, 13.9, 13.5, 13.4, 10.0, 6.6,
6.5. HRMS calcd for CogHsaN2025n oMh), 560.2425; found, 560.2419,.
(E)—[5-10do-6—(2—hydroxyethoxy)pyridin—3-yl]—2-(4-methylaminopheny1)—

ethylene (16b)

{0155] Compound 16b was prepared from 13b (0.032 g, 0.057 mmol) as a
light yellow solid (0.005 g, 21%). 1 NMR 5 8.24 (d, 14, J = 2.1 Hz), 8.09
@, 14, J =2.0 Hz), 7.36 (d, 2H, J = 8.5 Hz), 6.92 (d, 1H, J = 16.3 Hz), 6.76-
6.64 (m, 3H), 4.53-4.49 (m, 2H), 4.01-3.96 (m, 2H), 2.96 (s, 1H), 2.89 (s, 3H).
HRMS caled for C1¢Hi7 N0z (M), 396.0335; found, 396.0335. ‘

EXAMPLE 19

Radioiodination
[0156] Radioiodinated compounds, ['*1}13a, 13b, 16a, 16b and 16e, were
prepared via jododestannylation reactions from the corresponding tributyltin
precursors according fo the method described previously (ref). Hydrogen
peroxide (50 uL, 3% w/v) was added to a mixture of 50 pL of the tributyltin
precursor (4 pg/uL EtOH), 50 pL of IN HCl and [IZSI]NaI (1-5 mCi purchased
from Perkin Elmer) in a sealed vial. The reaction was allowed to proceed for
5-10 min at room temperature and terminated by addition of 100 pL of sat.
NaHSOs. The reaction mixture was extracted with ethyl acetate (3 x 1 mL)
after nentralization with 1.5 mL of saturated sodium bicarbonate solution. The
combined extracts were evaporated to dryness. The residues were dissolved in
100 pL of EtOH and purified by HPLC using a reversed-phase column
(Phenomenex Gemini C18 analytical column , 4.6 x 250 mm, 5 pm,
CH,;CN/Ammonium formate buffer (1 mM) 8/2 or 7/3; flow rate 0.5-1.0
mL/min). The no-carrier-added products were evaporated to dryness and re-
dissolved in 100% EtOH (1 pC/uL) to be stored at-20 °C up to 6 weeks for

animal studies and autoradiography studies.
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EXAMPLE 20
Binding Studies

[0157) ['IJIMPY with 2,200 Ci/mmol specific activity and greater than 95%
radiochemical purity was prepared using the standard iododestannylation
reaction, and purified by a simplified C-4 mini-column as described
previously in Kung, M.-P.; Hou, C.; Zhuang, Z.-P.; Cross, A. J.; Maier, D. L.;
Kung, H. F., “Characte_rization of IMPY as a potential imaging agent for b-
amyloid plaques in double transgenic PSAPP mice.” Eur. J. Nucl. Med. Mol.
Tmaging 2004, 31, 1136-1145. Competition binding assays were catried out in
12 x 75 mm borosilicate glass tubes. The reaction mixture contained 50 pl of
pooled AD brain homogenates (20-50 pg), 50 pl of ['SIIMPY (0.04-0.06 nM
diluted in PBS) and 50 I of inhibitors (10°-107'° M diluted serially in PBS
containing 0.1 % bovine serum albumin) in a final volume of 1 ml
Nonspecific binding was defined in the presence of 600 nM IMPY in the same
assay tubes. The mixture was incubated at 37°C for 2 h and the bound and the
free radioactivity were separated by vacuum filtration through Whatman GF/B
filters using a Brandel M-24R cell harvester followed by 2 x 3 ml washes of
PBS at room temperature. Filters containing the bound I-125 ligand were
counted in a gamma counter (Packard 5000) with 70% counting efficiency.
Under the assay conditions, the specifically bound fraction was less than 15%
of the total radioactivity. The results of inhibition experiments were subjected
to nonlinear regression analysis using equilibrium binding data analysis from -
which K; values were calculated. Figures 1 and 6 show K; values for selected

compounds of the present invention.

EXAMPLE 21
Film Autoradiography

[0158] [®Fjtracers : Brain sections from AD subjects were obtained by

ﬁ'ee-zing the brain in powdered dry ice and cut into 20 micrometer-thick
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sections. The scctions were incubated with ['*Fltracers (200,000-250,000
cpm/200 pl) for 1 hr at room temperature. The sections were then dipped in
saturated Li;CO3 in 40% EtOH (two two-minute washes) and washed with
40% FEtOH (one two-minute wash) followed by rinsing with water for 30 sec.
After drying, the 180 labeled sections were exposed to Kodak MR film
overnight. The results are depicted in the film in Fig. 2.

[0159] ['®Ijtracers: To compare different probes using similar sections of
human brain tissue, human macro-array brain sections from 6 confirmed AD
cases and one control subject were assembled. The presence and localization
of plaques on the sections was confirmed with immunohistochemical staining
with monoclonal AR antibody 4G8 (Sigma). The sections were incubated with
['25T]tracers (200,000-250,000 cpr/200 pL) for 1 h at room temperature. The
sections were then dipped in saturated Li2CO3 in 40% EtOH (two two-minute
washes) and washed with 40% EtOH (one two-minute wash) followed by
rinsing with water for 30 sec. After drying, the 1257 1abeled sections were
exposed to Kodak Biomax MR film overnight.

EXAMPLE 22
Organ distribution in mice

[0160] While under isoflurane anesthesia, 0.15 mL of a 0.1% bovine serum
albumin solution containing [**fJtracers (5-10 pCi) was inj ected directly into
the tail vein of ICR mice (22-25 g, male). The mice (n =3 for each time
point) were sacrificed by cervical dislocation at designated time-points post
injection. The organs of interest were removed and weighed, and the
radioactivity was counted with an automatic garama counter. The percentage
dose per organ was calcnlated by a comparison of the tissue counts to suitably
diluted aliquots of the injected material. The total activity of the blood was
calculated under the assumption that it is 7% of the total body weight. The %
dose/g of samples was calculated by comparing the sample counts with the

count of the diluted initial dose.
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Table 1. Biodistribution in ICR mice after iv injection of ['®F110 in 5% EtOH
in saline (%dosé/g, avg of 3 mice = SD)

Organ 2 min 30 min 1 hr 2 hr
Blood 6.05 *=0.33 2.65 =0.22 3.48 +£0.47 2,15 0.25
Heart 0.75 £0.14 0.17 +0.03 0.22 +0.03 0.18 +0.08
Muscle | 7.03 £1.30 8.58 *0.26 10.62 £2.59 5,96 +0.06
Lung 1.07 +0.20 0.30 +=0.01 0.35 +0.07 0.20 +0.36
Kidoey | 6.38 £0.95 1.68 x0.11 1.96 +0.21 0.96 +£1.58
Spleen | 0.43 £0.1] 0.15 +0.05 0.13 +0.03 0.10 £0.17
Liver | 24.90 +£1.49 9.26 +0.83 10.52 +£2.18 6.86 +0.59
Skin 2.52 +0.24 3.99 +0.34 4.42 x0.65 291 +0.16
Brain 3.49 +0.58 0.48 +0.07 0.55 +0.10 0.37 £0.08
Bone 5.97 £0.56 2.52 034 439 +0.40 6.49 +0.08
Organ 2 min 30 min ] hr 2 hr
Blood 3.04 £0.29 1.33 +0.16 1.80 +0.16 1.08 +0.06
Heart 6.00 £1056 1.28 +0.16 1.66 +0.24 1,32 +£0.33
Muscle | 0.62 £0.10 0.75 +0.04 0.95 +0.18 0.52 +0.08
Lung 5.65 +0.89 1.73 +0.17 1.82 +0.31 0.98 +0.08
Kidney | 14.19 £2.34 3.77 +0.36 429 £0.52 2.19 +£0.36
Spleen 4.65 £0.76 1.57 £0.51 1.56 +0.17 1.14 +0.18
Liver | 17.00 +£0.69 7.21 +0.69 8.13 +1.42 4.96 +0.90
Skin. 0.59 +0.03 0.93 +0.13 1.06 +0.09 '0.68 +0.16
Brain 7.77 £1.34 1.03 +0.11 1.28 x0.20 0.84 =0.08
Bone 1.49 +0.08 0.63 +0.12 1.13 +0.01 1.64 +0.50
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rablo 2. Biodistribution in ICR mice after iv injections of [ - [i-labeled tracers
(%dose/g, avg of 3 mice = SD)

['%1113a (logP = 2.59)

Organ 2 min 30 min 1 hr 2 hr
Blood 570  £058 |2.05 +0.18 |1.65 045 | 145 £041
Heart 1276 +124 |163 003 {097 %016 (073 *£017
Muscle |090 £020 {1.00 008 059 013 1053 & 0.08
Lung 1008 +£215 |250 %014 |162  +046 {133 £039
Kidney |16.62 =196 |332 %011 |230 054 1.71  +0.24
Spleen | 447 +128 [142  £005 099 = 0.47 | 079 =027
Liver 2915 +434 (954  +1.30 [534  £222 |562 =131
Skin 1054 %005 |147 £026 |159  +068 123 = 0.41
Brain 403 £043 |193 +0.18 |068 %017 |026 £004
Thyroid |3.89 =067 |1623 *11.75)24.19 & 8.26 | 60.76 ==6.09
[***1]13b (log P = 2.54)
Organ 2 min 30 min" 1 hr 2 hr
Blood 437 =107 |3.83 +1.11 [288  +028 1221 +0.73
Heart 985 +£178 |254 +037 |175  x026 |122 =028
Muscle | 104 £025 |LI11  +034 |085 =006 1044 & 0.19
Lung 685 +027 |301  £096 [237  £029 | 1385 +0.74
Kidney |9.03 £681 |340 +076 |28l & 0.70 | 1.86 +0.36
Spleen |441  +105 [249 =075 175 = 0.33 | 1.27 + 0.24
Liver a624 447 |11.47 210 {770  +1.22 1625 * 1.79
Skin 148 =007 |295 =081 [246  £0.16 |1.32 % 0.41
Brain 622 +101 |1.23 £013 |062 =017 {026 +0.01
Thyroid |5.74  +042 |2409 #2744 {3809 = 637 |215.05 *74.59
['**Ij16a (log P = 2.64)
Organ 2 min 30 min 1 hr 2 hr
Blood 271 £007 | 224 +£038 |2.18  +066 {101 =002
Heart 1024 =045 |193 4027 |112 %002 | 062 £0.12
Muscle |071  +£046 |1.05  £020 [055  £0.03 022 =004
Lung 041 +£056 | 302 £038 [198 =021 }1.00. =015
Kidney |1425 =198 (419  £045 249  £033 1.48  £0.20
Spleen |4.40 =189 f194 =019 132 = 0.10 {0.80  *x0.11
Liver 1912 =268 |1238 %129 [622 =096 |487 =& 0.46
Skin 046 =013 |1.18 =026 |1.16 =000 [040  £0.05
Brain 543 +085 |3.56 =032 |132  £000 )046 =005
Thyroid |4.15  +043 |1121 +7.88 |53.13 = 626 |24.81 £0.62




f ormul ati ons,

Ad is N,

['%1]16b (log P = 2.20)

pharmaceutically acceptable salt thereof;
fromone to six;

Al

What

Thyroid 4.38 0.46 3.99 3.56 13.02 8.11 16.02 111.52
understood to those of ordinary skill
be perfornmed- within a wi de and equi val ent

[0161] 1t will

in the art that the same

range of conditions,

patents,

and publications cited herein are fully incorpor
reference herein in their entirety. Y porated by

pat ent

Is Clained is:
wherein n is an integer

_ : and ot her parameters wighout affecting the scope of t
invention or any enbodi ment thereof. ; P e
appl i cations,

or a

[0161)

Organ 2 min 30 min 1hr 2hr
Blood 4,14 +0.41 | 3.08 +£0.35 | 1.81 +£0.56 |1.96 % 0.14
Heart 7.16 +1.16 { 1.50 +0.18 | 0.88 + 030 | 0.76 +0.03
Muscle 1.15 +0.38 [ 091 £0.06 | 0.42 +0.08 | 038 +0.02
Lung 7.43 +£1.21 |2.67 =046 | 1.76 +032 | 1.58 +0.10
Kidney 11.51 =148 |3.73 +0.75 | 2.16 +=0.08 [1.53 +0.20
Spleen 4.08 +£0.68 | 1.34 +0.29 | 0.87 +0.37 | 1.08 £0.15
Liver 20.84 +£238 112,57 £3.03 |5.62 +0.68 {341 + 0.20
Skin 0.95 +0.09 |1.86 +0.50 | 1.29 +051 | 143 +0.10
Brain 8.04 +0.82 |0.88 +0.30 | 0.26 +0.03 | 0.15 &+ 0,02
Thyroid | 6.31 159 1723 £1423 |36.69 *37.17 | 99.88  £69.45
['#1]16e (log P =1.98)
QOrgan 2 min 30 min 1 hr 2 hr
Blood 10.09 £1.12 |3.92 +0.07 | 1.29 +0.05 | 1.56 +0.04
Heart 6.66 +0.31 | 135 +0.16 | 0.65 +0.21 }0.51 +0.09
- Muscle 1.01 £0.34 | 0.59 +0.05 | 0.21 +0.02 |0.12 + 0.01
Lung 1422 =092 |3.10 +0.05 | 1.34 +0.11 | 1.02 + (.01
Kidney 2040 +£2.20 |10.03 %212 |294 +0.17 | 2.50 +1.32
Spleen 4.20 +0.31 | 1.28 +0.44 {0.50 +0,03 {050 += 0.06
Liver 18.27 129 |5.15 £0.61 |2.38 +0.58 | 2.63 +1.30
Skin 0.64 +0.20 | 1.36 +0.07 j0.62 +0.01 | 0.37 +0.08
Brain 0.99 +0.24 | 0.26 +£0.03 | 0.09 +0.01 j0.06 +0.01
Thyroid | 4.38 +0.46 | 3.99 +3.56 | 13.02 +8.11 |16.02 +11.52
1t will be understood to those of ordinary skill in the art that the same

can be performed within a wide and equivalent range of conditions,

formulations, and other parameters without affecting the scope of the

* invention or any embodiment thereof. All patents, patent applications, and

publications cited herein are fully incorporated by reference herein in their

entirety.

can




one of Al, A2, A3, and AS are independently -CH, or -CR2, as
permtted; 122 is: -(0-12)pN nb,wherein Ra and Rb are independently
hydr ogen, (Cl.4) al kyl, hydroxy(C, .4alkyl or hal o(Cl4)al kyl, and p
is an integer fromO to 5; hydroxy, (ClA) al koxy, hydroxy(Cl4)al kyl,
hal ogen, cyano, nitro, (Cl4)alkyl, hafb(Cral kyl, fornyl, -NHCO(Cl4
al kyl), or -000(C hit alkyl); R2 is: wherein, g is an
integer_from1l to 10, Rx and Ry are hydrogen, hydroxy or Cl-4 alkyl;
t is O,Wflﬁreéatlm "7 i's hydroxy, hal ogen, benzoyl oxy substituted with
hal ogen, benzyl oxy substituted wi th hal ogen, phenyl (Cl-4)allcyl
substituted,w th hal cho‘%’%b a}ﬁ%ll oxy substituted with hal ogen, or a

C6- 10 aryl substTtuted” w'th hal ogen; and R30, R31, R32 and R33 are in
each instance i ndependent IRf hydr ogen,—hydroxy, Cl-4 al koxy, Cl-4

al kyl, or hydraog 1-4)al klyl ;  whergin and Ry are hydrogen,

hydr oxy or Cl4/al kW ; i 1 r 3 Y i s hal ogen,
benzoyl oxy su it m%z(cm al kyl substituted with
hal ogen, ar w0 bstitutedlwith hafogeh, or C640 aryl substituted
wi t h hal ogen; U i s hydrogen, hydf' oxy, hal ogen, benzoyl oxy
substituted with hal ogen, phenyl (Cl- 4)allcyl substituted with

hal ogen, ar yi ophgrnsidisitdllydteeptabie falt theadoggeiareinor C6_10 aryl substituted
wi t h hal ogen; and

n is an integer from one to six;

AdisN;

one of Al, A2, A3, and A5 are independently -CH, or -CR?, as permitted;
R'is:

-(CH,)pNR"R®,wherein R? and R" are independently hydrogen, (C,.,) alkyl, hydroxy(Cy.s)alkyl or
halo(C,_4)alkyl, and p is an integer from 0 {o 5;

hydroxy,

(C,4) alkoxy,
hydroxy(C, 4)alkyl,
halogen,

cyano,

nitro,

(Cra)alkyl,
halo(C,.g)alkyl,
formyl,

“NHCO(C s alkyl), or



R34, 12.35, 1226, R37, 1228, R 29 and R4 are in each instance

i ndependently hydrogen, hal ogen, hydroxy, al koxy, Cl14 al kyl, or

hydr oxy( Cl- 4) al kyl ; NR R', wherein at |east one of R and

R' is (CH2)dX, where X is halogen, and d is an integer from1l to 4;

the other of R and R' is hydrogen, COfél kyl, hal o(Cl4)al kyl, or

hydr oxy( Cl4al kyl; iv. hal o(Cl4al kyl; or v. an ether having the

structure: [thg CI4q_ky1-0-(CI4aIkyIk; 66 and R7 and R8 are each

hydrogen. 2. ‘éSWﬁ und of claim 1 wherein 12.1 is hydroxy or

- (CH2) pNRaRb, wherein p is an integer fromO to 5, and Ra and Rb are

i ndependent IR ishydr ogen, Ci 4 al kyl or (CH2)dX, where X is hal ogen, and

dis an integer fromlto 4, R2is whereint is 0; whereint is O;

NR R'; iv. halo(Cl-4)al kyl; orga.zzan ether having the structure:

[ hal o( Cl4al ky1- 0- (Cl4al kyl k. 3\ /The c%ﬂpﬁhnd of claiml1, wherein nis
q

one. _g_ (R —(—0

R32 R33

wherein, q is an integer from 1 to 10, Rx and Ry are hydrogen, hydroxy or C1-4 alkyl; t is
0, 1, 2 or 3; Z is hydroxy, halogen, benzoyloxy substituted with halogen, benzyloxy substituted with
halogen, phenyl(C1-4)alkyl substituted with halogen, aryloxy substituted with halogen, or a C6-10 aryl
substituted with halogen; and R30, R31, R32 and R33 are in each instance independently hydrogen,
hydroxy, C1-4 alkoxy, C1-4 alkyl, or hydroxy(C1-4)alkyl;

M pis R
R¥ R v

R37
—E—(CR"RY)F—‘—O

R40 RS&
. U
i R¥®

wherein Rx and Ry are hydrogen, hydroxy or C 4 alkyl; tis 0, 1, 2 or 3;

Y is halogen, benzoyloxy substituted with halogen, phenyl(C,.s)alkyl substituted with
halogen, aryloxy substituted with halogen, or Cq. 1o aryl substituted with halogen;

U is hydrogen, hydroxy, halogen, benzoyloxy substituted with halogen, phenyl(C1-
AYalkyl substituted with halogen, aryloxy substituted with halogen, or Cq.1p aryl substituted with halogen;

and

R* R¥ R* RY, R¥™ R and R* are in each instance independently hydrogen, halogen,

hydroxy, C,.4 alkoxy, C,4 alkyl, or hydroxy(C,_4)alkyl;

iii. NR'R", wherein at least one of R' and R" is (CH,)4X, where X is halogen, and d is an
integer from 1 to 4; the other of R' and R" is hydrogen, C,4alkyl, halo(C,_s)alkyl, or hydroxy(C,.4)alkyl;

iv. halo(C,_4)alkyl; or

V. an ether having the structure: [halo(C,_y)alkyl-O-(C, )alkyl]-;



4. The compound of claim 1, wherein at |east one halogen is a

radi ohal ogen. 67 5. The conpound of claim11, wherein at |east one
hal ogen is |, 1231, 125L 131/, Br,, 76-r bi "Br, F or 18F. 6. The
conmpound of claimb5, wherein RI is -(CH2)pNRale, wherein le and le
are independently hydrogen or Cl4al kyl®®and p is 0. 7. The conpound of
claim3, wherein R2 is R30 R31 -HcRIRY),-(-0 R32 R33 whereint is O.
8. The corrpoucpd of claim7, wherein qis an integer froml to 5. 9.
The corrpoun&nof claim8, wherein R30, R31, R32 and R33 are each
hydrogen. 10. The conpound of claim9, having the fornmula: Ra\ O HN
wher ei n, | e Ripntl Baregach iyddependent | y hydrogen or Cl4 alkyl and Z is
I, 1231, 2125L 131/, Br, m., 77Br, F or 18F. 11. The conpound of

claim9, hayi nghetehanduRh BrbiAm 1 wherein

R' is hydroxy or -(CHg)pNR“R", wherein p is an integer from 0 to 5, and Ra and Rb are
independently hydrogen, C,4 alkyl or (CH.)4X, where X is halogen, and d is an integer from 1 to 4,

R%is
30 H
R™ R z
v
q
—g—(CRxRY)r'_(_O
i R32 R33
wherein t is 0;
R¥ R R¥®

—g--(c:R"Ry)t o)
ii R%
wherein t i3 Q;
tii. NR'R";
iv. halo{C1-4)alkyi; or
V. an ether having the structure: [halo(C,.4)alkyl-O-(C, 4)alkyl]-.
3. The compound of claim 1, wherein n is one.

4. The compound of claim I, wherein at least one halogen is a radiohalogen.



wherein Z is |, 1231, 125L 13IL Br, 761761-'1., 77Br, F or 18F. 12.
The conpound of claim9, having the fornula: 68 13. The conpound of
claim3, wherein R is R3 R31 +(CRXRY)C(- iR 2 R33 whereint is 0 and
Z is hydroxy. 14. The conpound of claim 13, wherein q is an integer
from1 to 5. 15. The conpound of clai® 14, wherein R30, R31, R32 and
R33 are each hydrogen, and q is 1, 2 or 3. 16. The conpound of claim

1, wherein s RR36 1-(C\ t-0. 7 RA0. NR38.i. 32 ek, trnl S O
and U 1 5 hydr ol TR LTI L EIRER Bas] A HGER ihate h Hodt Fas PR
andR32, R38, R& and R4 are each hydrogen. 18. The conpound of claim
16, having the fornula:

6. The compound of claim 5, wherein R'is ~(CI—I2),,NR"R", wherein R and R® are independently
hydrogen or C,4alkyl and p is O.

7. The compound of claim 3, wherein R? is

RSO R31

_g_(CRny)t—(_o

i R32 R33

wherein t is 0.

8. The compound of claim 7, wherein ¢ is an integer from 1 to 5.

9. The compound of claim 8, wherein R*, R*', R and R* are each hydrogen.

10. The compound of claim 9, having the formula:

H
R3 —
>N 2 \ / O/\/ 0\/\0/\/ z

RP N
H

wherein, R® and R® are independently hydrogen or C, alkyl and Z is I, '2L, "I, "I, Br, "Br,
"Br, F or "*F.

11. The compound of claim 9, having the formula:

HG hl

\ st g AN AN,
nd \_

H .
wherein Z is L, "1, "1, *'1, Br, ™Br, "B, F or "°F.

12. The compound of claim 9, having the formula:

H3C\ H —
N NN/
HaC N

o/\/o\/\o/\/o\/\wF



wherein R4 and Rb are independently hydrogen or Cl4al kyl. 69
Claims 35-45 (Cancel ed) 20. A conposition conprising a conpound
according to claim1l wherein said conpound contains a "C isotope,
said i sotope present in an anmount above natural abundance, and said

compound containing said | |C isotopeS%aving a specific activity
above background level. 21. A conpound of Forrmula la: A1 A2 IZ ;{
A3X /] A3-A4 wherein one of Al, A2, A3, A4 and ASis N, the

others are -CH or C (0-CH2CH2),1 X as permtted; g is an integer from
1to 10; R and R' are each independently hydrogen or Cl4 al kyl and
Xi s a radi ohal BgeompRad ofemGowixoeimB’ if cl ai m 21, wherein one of R
and R' is hydrogen, the other is Cl4 alkyl. 23. A pharnmaceuti cal
conposition conprising a conpound of any one of clainms 1, 3, or 21
and a pharnmaceutically acceptable carrier or diluent. 24. A

di agnostic conposition for i § anyl oid deposits, conprising a

r adi ol abel ed conpqund of any o Iims 1, 3, or 21 and a

phar maceut i cal | y -gecem)ab( or diluent.

i R32 R33

ey

wherein t is 0 and Z is hydroxy.
14. The compound of claim 13, wherein q is an integer from 1 to 5.

15. The compound of claim 14, wherein R*, R*!, R* and R* are each hydrogen, and qis 1, 2 or
3.

16. The compound of claim 1, wherein R? is

R¥# R R

—g—(CR"RY), o
ii. R
wherein t is 0 and U is hydroxy.
17. The compound of claim 16, wherein R*, R*, R**and RY, R*, R* and R* are each hydrogen,
18. The compound of claim 16, having the formula:
1BF
"\ - s~
N AN d OH

v
R N
wherein R® and R® are independently hydrogen or C,_jalkyl.

19. The compound of claim 16, having the structure:



25. A nmethod of inmaging anyloid deposits in a mammal, conprising: a.

I ntroducing into the mammal a detectable quantity of a diagnostic
conposition of claim?24; b. allowing sufficient tine for the | abel ed
conpound to be associated with anyloid deposits; and c. detecting the
| abel ed conmpound associated with one & nore anyloid deposits. 70
wherein, Ir and Rb are independently hydrogen or Cl4dalkyl; Zis I,
1231, 1251, 131/, Br,, 76nr 77 lasBr, F, or -0Tpsyl; and q is an
integer from2 to 5. 27. The conpound of clai/m 26, wherein q is 3 or

4. 28. The aerpoung=ef, cl ai m 26, ~wherein Is methyl and Rb is
hydr ogen. 29. \The of cyfai m6 haviny the fornula: Ru/Z , 30.
The conpound &F ci'g Ag\t he /f or ul a: Ra Rb/

N

Claims 35-45 (Canceled)

20. A composition comprising a compound according to claim 1 wherein said compound
contains a ''C isotope, said isotope present in an amount above natural abundance, and said

compound containing said ''C isotope having a specific activity above background level.

21. A compound of Formula Ia:

NR'R*%_//
* \ Ay /O\/\)
\ XA AN
A X
3
\ 7
H As_“"Aq T'a

wherein one of Al, A2, A3, A4 and A5 is N, the others are -CH or C-(O-CH,CH,) X as
permitted; g is an integer from 1 to 10; R' and R" are cach independently hydrogen or C,.4 alkyl and X is a

radiohalogen.
22. The compound of claim 21, wherein one of R' and R" is hydrogen, the other is Cy4 alkyl.

23. A pharmaceutical composition comprising a compound of any one of claims 1, 3, or 21 and a

pharmaceutically acceptable carrier or diluent.

24. A diagnostic composition for imaging amyloid deposits, comprising a radiolabeled compound

of any one of claims 1, 3, or 21 and a pharmaceutically acceptable carrier or diluent.

25. A method of imaging amyloid deposits in 2 mammal, comprising:

a. introducing into the mammal a detectable quantity of a diagnostic composition of claim
24,

b. allowing sufficient time for the labeled compound to be associated with amyloid deposits;
and

c. detecting the labeled compound associated with one or more amyloid deposits.



OOTosyl 0O 31. The conpound of claim 30 having the forrmula: 32. The
conpound of claim 26 having the formula: 0 71 33. The conpound of
claim 26 having the fornula: HN 18F 34. The conpound of claim 26,
wherein Ir and Rb are independently hydrogen or nethyl and g is an

i nteger equal to 5. 35. A diagnostic cdBnposition for imaging anyloid
deposits, conprising a radiol abel ed conpound of claim26. 36. A

met hod of g oi d deposi ~ in a manmal , conpri sing:
|ntrodu0|ngg?ﬁ%88W%§%¥§WWﬁqlg %ctable quantity of a diagnostic

conposi ti onraf clakr 35; allowing sufficient tine for the |abeled
conpound to be AR ed | oi gep05|ts and detecting the
| abel i ng cogpoun % ' I nore anyl oid deposits.

N q

wherein, R* and R are independently hydrogen or C,qalkyl; Z is I, 1, %I, ®'I, Br, "Br, "'Br, F,
g, or -OTosyl; and q is an integer from 2 to 5.

27. The compound of claim 26, wherein q is 3 or 4.

28. The compound of claim 26, wherein R* is methy! and R® is hydrogen.

29. The compound of claim 26 having the formula:
Ra\
b’ i \ /T 0 Vo Ve NPT
R \ / @] O
N
30. The compound of claim 29 having the formula:
Ra\
N N - 0 OTosyl
N
31. The compound of claim 30 having the formula:
\N
/ N \ ) 0/\/0\/\0/\/OTosyl
32. The compound of claim 26 having the formula:
\N
— 0 B
/ \ \ 7 o I i g

N



71

33, The compound of claim 26 having the formula:

N\

HN o 18
o i i S g

\_/

34. The compound of claim 26, wherein R and R” are independently hydrogen or methyl and

q is an integer equal to 5.

35, A diagnostic composition for imaging amyloid deposits, comprising a radiolabeled

compound of claim 26.

36. A method of imaging amyloid deposits in a mammal, comprising:

introducing into the mammal a detectable quantity of a diagnostic composition of claim 35;
allowing sufficient time for the labeled compound to be associated with amyloid deposits; and

detecting the labeling compound associated with one or more amyloid deposits.



