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

di agnosing certain disorders.,in a patient.
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acetogenins are a class of compounds typified by an aliphatic chain functionalized at

one end with a furanone. Initially isolated from the plant class Annonaceae, they are
reported to have high activity against a variety of tumor cell lines, and very high
inhibition versus MC-1. The class is commonly divided into three categories based

on central portions of the molecule: adjacent bis tetrahydrofurans, non-adjacent bis



2 tetrahydrofurans, and nonotetrahydrofurans, wth
the relative activity descending in that order

(Nakani shi, 2003). Experinental evidence indicates the
configuration of the adjacenj tetrahydrofuran rings
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activity - relationship) (Myoshi, 1998). For exanple,
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Other examples of annonaceous acetogenins with adjacent tetrahydrofuran
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Annonaceous acetogenins with non-adjacent bis tetrahydrofurans typically
have a pair of tetrahydrofurans linked by a carbon chain of a length of C-4 to C-8.
Again, the relative stereochemistry does not seem to have a profound effect as shown

by the high activity of both bullatalicin and sylvaticin below. These compounds




3 differ only by the THE ring fusion and the hydroxyl
chirality (trans: threo vs. cis:threo).
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Substitution of the lactone-firran linker at other than the 4-position or alpha to
the furan rings typically lowers activity. In the case of murihexocin, is drastically

alters the potency of the compound:
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Recently, a group published a report of ethylene glycol ethers as a
replacement for the bis-THF moiety (Jiang, 2002). These compounds have excellent
antitumor properties, but they have not been tested against MC-1 directly.
Presumably, they would show good activity, and are the most straightforward to
synthesize:



synthesize: 4 OHOHOF OH47 7 OHOHO Thus, in one
enbodi nent of the present disclosure, the contrast
agent is of fornula (1) Rl11 Rl12 Rl R2 R4 R15 R16 R
WVRW5 0 O0O0RI" A--BA--BR6 RWa RO wherein mis
1, 2, 3, 4, 5 6, 7, 8 9, 10, 11, 12, 13, or 14,
niso, 1, 2, 3, 4, 5 6, 7, or 8; oisOorl;. pis 5, 6,

7, 8 9, 10, 11, or 12; --- is absery or a si ngl e
bond; when --- is absent, A and B i ndependent |y

selecte fron1hy ogen and an i magi noi ety; when
--- gl bo a h (C(R)2)k; kis
1 or 2 pro i ded t hat en A and B afe each (C(R)2)k,

one k is 1 and the other is 1 or 2; R, R2, R4, RS,

RC, Rs, R10, R15, and R16 are ighdepe dently at each
occur drogen [ |nag|ng noi et y;

R3 is h ro en, hydroxg T an imagiYig noiety; R3' is
hydr ogen; R3 and R3™, together with the carbon atom
to which Fh@ym&p@eraquae%af ¢ present disclyspre, the-cyuirashagent RET
IS hMg@@ hydr oxy, or an imaging noiety; 5

A---B

wherein

mis1,2,3,4,5,6,7,8,9,10,11, 12, 13, or 14;

nis0,1,2,3,4,5,6,7,0r8;

oisOorl;

pis5,6,7,8,9,10,11,0r 12;

--- i absent or a single bond;

when --- is absent, A and B are independently selected from hydrogen and an
imaging moiety;

when - is a single bond, A and B are each (C(R))s;

kis 1 or 2, provided that when A and B are each (C(R"),), one k is 1 and the
otheris 1 or 2;

R, R% RY, R%, R7, R®, R!%, RY, and R* are independently at each occurrence
hydrogen, hydroxy, or an imaging moiety;

R? is hydrogen, hydroxy, or an imaging moiety;

R? is hydrogen; or

R? and R¥, together with the carbon atom to which they are attached, form
C=0 or C=CR"R";

R is hydrogen, hydroxy, or an imaging moiety;



R6' is hydrogen; or R6 and R6', together with the
carbon atomto which they are attached, form C=0 or
C=CR13R14; RO is hydrogen, hydroxy, or an imgi ng
noiety; R9' is hydrogen; or, RO and R9', together with
the carbon atomto which they are attached, form C=0
or C=CR13R14; R' is Cl-C6 alkyl; and R1213 14 , R

and R 4, ge 'r&g endent|y hydrogen, Cl-C6 al kyl
optional | 3 %sﬁ bgﬁ?‘f’&?ed with an inmagi ng noiety,

aryl al kyl R® and Rf; tagntheri with thecastop; atonp roowhichettiest dueattaghed, form
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In another embodiment R* is an imaging moiety.

In another embodiment R’ is an imaging moiety.

In another embodiment R® is an imaging moiety.

In another embodiment R’ is an imaging moiety.

In another embodiment the present disclosure provides a contrast agent

comprising an imaging moiety and an annonaceous acetogenin wherein the contrast

agent is
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whereinx is 0, 1, 2, 3, 4, 5, or 6.
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O wherein xis 0, 1, 2, 3, 4, 5, or 6. In another
enbodi nent the present disclosure provides a contrast
agent conprising an inmagi ng noi ety and an annonaceous
acet ogenin wherein the contrast agent is 7 78 10 =
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whereinx is 0, 1, 2, 3,4, 5, or 6.
In another embodiment the present disclosure provides a contrast agent

comprising an imaging moiety and an annonaceous acetogenin wherein the contrast

agent is



OHOHOas OHOHvy, : 40 1I0=5O0H'OFO OFOHI O
or 100=50H0OHO0O ~y. OHOH 10 18 OH wherein x is
0, 1, 2, 3, 4, 5 6, 7, or 8 In another enbodi nment
the present disclosure provides a contrast agent
conprising an i magi ng noi ety and an annonaceous

acet ogenin wherein the contrast agent is 8 ONO OH
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whereinx is0,1,2,3,4,5,6,7,0r 8.

In another embodiment the present disclosure provides a contrast agent

comprising an imaging moiety and an annonaceous acetogenin wherein the contrast

agent is



ON ON 1F O wherein n' is independently at each
occurrence 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10; and
where n" is independently at each occurrence 2, 3, 4,
5, 6, 7, 8 9, or 10. In anqgther enbodinent the
present disclosure provides a contrast agent
conprising an inmagi ng noi ety a qui nhone acetogenin
wherein the contrast agent is of fornula (I{) R24 R25
R15R16 R18 R19 R21 R22 O0Ogst 0 R17 RLr SD---E
D--E20 RROW "3 0 RR6 (II), relp cglsl 2,
3, 47&{\’)9'\?/%/9\10 11 3 ; r irs 0,
1, 27 3%™4, 7, O% 8, ; \s 5, 6, 7,
8, 9, 10, 1lgu or 12; 9 --ouis absent #»er a %ingle
bond; when--- is absent D and E are |ndependently
selected from hydr ogen and ap imging no ; when- - -
is a single bond, D and E arg each (Q(RL5[2) Y%, ; -u is 1
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wherein n' is independently at each occurrence 0, 1,2, 3,4, 5, 6, 7, 8, 9, or 10; and

OH *F °

where n”’ is independently at each occurrence 2, 3, 4, 5, 6, 7, 8, 9, or 10.

In another embodiment the present disclosure provides a contrast agent
comprising an imaging moiety a quinone acetogenin wherein the contrast agent is of
formula (IT) '

R24

R15R16 R18

q
RY R D---E

wherein
qis 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, or 14;
ris0,1,2,3,4,5,6,7,0r8;
sisOorl;
tis 5,6,7,8,9,10,11, or 12;



R20 i s hydrogen, hydroxy, or an imaging noiety; R20'

i s hydrogen; or R20 and R20', together with the carbon
atomto which they are attached, form C=0O or
C=CR27R2s; R23 is hydrogen, ghydroxy, or an inmaging
noiety; R23' is hydrogen; or R23 and R23', together
wWth the carbon atomto which they are attached, form
C=0 or C=CR27R2s; R24., R25, and R26 are independently
hydr ogen:™— @f"—’@%t"élaﬁweé’ﬁ?c?onal ly substituted with an
i magi Ng méel Yis asknt(D and K aveyindepgrdemlyyseletted fiom Bydragen and an
imaging nojety; and R27 and R28 are independently

hy driB8@Re Me¥Ye5 al kyl optional Iy substiuted wth an

i magi Ng waket-yis a dinyle dbddy D, and B aragh (@RMp)et y;  provi ded

that at | east one i i n | ety | | e L& M3Hd3he
(I'1). In%h ?%P%‘H%@?‘r@ﬁ@éf’é?ﬁ ﬁga% @@%ﬂ“&r% RO3 s
an igmgisNdorZpi ety. I n another enbodinment e is an
i magi ng i etey., 18l o 3RO hernenbodi me SER
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Cont s e e Mot ot Gar O-" M9 9
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R'7 is hydrogen; or - .
RY and R, together with the carbon atom to which they are attached, form
C=0 or C=CR'R%,
R? is hydrogen, hydroxy, or an imaging moiety;

R? is hydrogen; or

R” and R%, together with the carbon atom to which they are attached, form
C=0 or C=CR¥R%;

R is hydrogen, hydroxy, or an imaging moiety;

R?' is hydrogen; or

R? and R?, together with the carbon atom to which they are attached, form
C=0 or C=CR*'R%;

R%*,R%, and R are independently hydrogen, C;-Cs alkyl optionally
substituted with an imaging moiety, C;-Cs alkoxy, hydroxy, halo, or an imaging
moiety; and

R? and R are independently hydrogen, C;-Cs alkyl optionally substiuted
with an imaging moiety, arylalkyl, an imaging moiety;
provided that at least one imaging moiety is present in formula (II).

In another embodiment R'8, R'%, R, or R? is an imaging moiety.

In another embodiment R* is an imaging moiety.

Tn another embodiment the present disclosure provides a contrast agent

comprising an imaging moiety and a quinone acetogenin wherein the contrast agent is
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comprising an imaging agent and an open-chain deguelin analog. Recently, Nicoloau
and coworkers (Nicoloau, K.C.; Pfefferkorn, J.A.; Schuler, F.; Roecker, A.J.; Cao,
G.-Q.; Casida, J.E. Combinatorial Synthesis of Novel and Potent Inhibitors of
NADH:Ubiquinone Oxidoreductase Chemistry & Biology 2000, 7, 979-992;
Nicoloau, K.C.; Pfefferkorn, J.A.; Roecker, A.J.; Cao, G.-Q. Inhibitors of

NADH: Ubiquinone Oxidoreductase PCT WO 02/20008A1) described several highly
selective inhibitors for MC-1 based upon the gross pharmacophoric layout of
deguelin.

OMe

X = 0, unsat'd: 39 nM X
X = O sat'd: 24 nM

X = CH2 unsat'd: 19 nM

X = CH2 sat'd: 18nM OMe

OMe

Using standard screening and optimization methods, they were able to
construct a class of compounds with a wide range of activities, some with reasonably
low affinity/ inhibition of MC-1. These compounds were made for the purposes of
chemoprotective/ chemotherapeutic applications. Further examples include the
incorporation of labile functionalities, that could allow for the rapid metabolism of



R- OH R= M. 4 nMOW® RHR=Et:69nM Thus, in
anot her enbodi nent the present disclosure provides a
contrast agent conprising an inaging noiety and an
open- chai n deguel i n anal og erein the contrast agent
is of formula (111) 35 OR36 R37 R38 R34 Ras R33 R3
G R31 R30 R42 R4O R4l (iul, wherein SS ~~ Gis
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al koxy op B t k 02.X0] i We
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| east one i nmaginhg |Rea m-s esent i W ePOTTI a (L1
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i magi ng t, OdiRET: HRTRA thﬂﬁﬂlbm%ﬁo{rﬁeﬁbontrast agent
i magi ng %ug,tﬁ{ano&e‘? ,?’Q anot her errbodl ment the prese t
di sclcmapnsmgpnmgﬂ!%maleb’@n@ prepen-ghEm deguelAnploR Yoy
|nag| en- chai n deguel i n anal og
wher €I I%ra%%é&tt %:,sooﬁ? é}g@% (gge nt is .
R% o} R

R37 R38
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R33 G
R31 R30
R42 R40
R41
(1),
wherein
\% 7 \é \u/o\%
~
G is -S-, -O-, J or J ;

Jis S, CR*),, or O;

--—-- is a single or double bond; and

R R R¥ R¥® R* RY, R* RY, R*® R¥ R¥, R*, and R® are
independently at each occurance hydrogen, Ci-Ce alkyl optionally substituted with an
imaging moiety, C-Cs alkoxy optionally substituted with an imaging moiety, or an
imaging moiety; provided that when --— is a double bond, R and R* are absent;
and
provided at least one imaging moiety is present in formula (III).

In another embodiment R*, R¥7, R%, or R*? is an imaging moiety.

In another embodiment R is an imaging moiety.
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In another embodiment the present disclosure provides a contrast agent
comprising an imaging moiety and an open-chain deguelin analog wherein the

contrast agent is
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In another embodiment the present disclosure provides a contrast agent

comprising an imaging moiety and an open-chain deguelin analog wherein the

contrast agent is
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anot her enbodi nent the present disclosure provides a
contrast agent conprising aﬂ i magi ng noi ety and an
open-chai n deguel i n anal og erein the contrast agent
is CH3 E 1@CH2CH H H CO 0011, tBF or kkl CH3 HyCO
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» ; ages npri sing an
Recent |y,

In another embodiment the present disclosure provides a contrast agent

comprising an imaging moiety and an open-chain deguelin analog wherein the

contrast agent is

TUECH,CH,0
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In another embodiment the present disclosure provides a contrast agent
comprising an imaging agent and a substituted chromone. Recently, Lindell and co-
workers (Bioorg. Med. Chem. Letters 2004, 14, 51 1-514) described a series of
substituted chromones that are highly selective inhibitors for MC-1. These
compounds comprise similar activity to the known commercial acaricide pyridaben
(Sanmite™), a highly active MC-I inhibitor, with similar sidechain SAR

requirements incorporated into the molecule.



substituted chronones that are highly selective
inhibitors for MC-1. These conpounds conprise simlar
activity to the known commerci al acaricide pyridaben -
(Sanmtem), a highly active,MC-1 inhibitor, with
sim |l ar -sidechain SAR reqU|renents |ncorporated into
the nolecule. 14 0O R RnH Me MZ-11Cgo = 500 & 8 nM
respectively Thus, in angfher enbodiment the present
di scl osure prOV|des a corftrast agent conprising an

I magi ng noi ety and 2 (tu®ed chronbne wherein the
contrast agent is a(lv) owvonmo (IV),
wherein n, in, and 5 ixndepeqdently 1, 2, 3, or 4;
Zis 0, S, or NR46; an®i magd pi ety or Cl-C4
al kyl optionally substituted wth magi-ng noi ety;
R is hydrogen or afe alkyl; Ar i l, furyl,

t hi enyl, oxazoliny @mhﬁawazahhﬂymwwthia 0 yI

|soth|azolyl .hapht r.im di

oyt azi | vt i el o e itaent oA penes aFbutrat gent
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anot her enboghgent the present disclosure provides a

cont o

conprising an imaging noiety and a
substltuted chronone wher@in the contrast agent 1is 15

oOoo0cCCl I~-1 R4S
(0 z’@‘m’@‘e’ﬁﬂ.
n m °
),
wherein

n, m, and o are independently 1, 2, 3, or 4;

Zis O, S, or NR¥;

R* is an imaging moiety or C;-C4 alkyl optionally substituted with an
imaging moiety;

R% s hydrogen or C;-C3 alkyl;

Ar is phenyl, furyl, thienyl, oxazolinyl, isoxazolinyl, thiazolyl, isothiazolyl,
pyridyl, naphthyl, pyrimidinyl, or pyrazinyl;

G is absent or O; and

L is an imaging moiety;
provided that when G is absent, o is 3.

In another embodiment the present disclosure provides a contrast agent
comprising an imaging moiety and a substituted chromone wherein the contrast agent

is




OS OOONH/ '"eF a~~'"BF, or 8F In another enbodi nment
the present disclosure provides a contrast agent
conprising an imaging noiety and a substituted
chronmone wherein the contra agent is 0O Ol s ~ t8F
I n anot her enbodi nent the present disclosure provides
a contrast agent conprising an inmaging noiety and a
compound sel ected from an annonaceous Acet ogenin, a
qui none gretogenin, a ubstltut ed chronpne, and an
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I n afgot her enbodlnent the imaging noiety is an
echogenic entity for usegdn ultrasound inmaging
wherein the echogenic entlity is a fluorocarbon
encapsul ated surfac [crosphere. In another
enbodi nent the i nagi R Sy is a radi oi sotope for

nucl ear nedi ci ne |nag|ng in the radioisotope is
11C, 13N,'8F, 1231, 1241, 12 9mlc, 95Tc, 111ln,
776Br, 62Cu, 64Cu, 67Ga, or 6 : her

enbodi nent the imaging noiety is 18F. |In another
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In another embodiment the imaging moiety is an echogenic entity for use in
ultrasound imaging wherein the echogenic entity is a fluorocarbon encapsulated
surfactant microsphere.

In another embodiment the imaging moiety is a radioisotope for nuclear
medicine imaging wherein the radioisotope is e, BN, 18F, 1231 1241 1257 99mpg 95T,
1, Br, $2Cu, #Cu, ¥’Ga, or %Ga. In another embodiment the imaging moiety is
18F. In another embodiment the imaging moiety is *™Tec.

In another embodiment the present disclosure provides a method of imaging
myocardial perfusion comprising administering to a patient a contrast agent which
comprises an imaging moiety and a compound selected from an annonaceous

acetogenin, a quinone acetogenin, a substituted chromone, and an open-chain




active entity for use in optical imging. In another
enbodi nent the present disclosure provides a contrast
agent conprising an inmagi ng noiety and capsaicin or a
derivative thereof. Inmaging,yoieties Nuclear nedicine
contrast agents of the present disclosure include
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MRI contrast agents of the present disclosure may be comprised of one or

more analog moieties attached to one or more paramagnetic metal ions, further
comprising an optional linking moiety, L, between the analog mojeties and the

paramagnetic metal ions. The paramagnetic metal ions may be present in the form of
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or ngghabubble. In certain other enbodl ments, the

chelator is a bonding unjt having a, | a,sel ect
. Many approaches t% labeling compoun t{l Q9‘;"‘IFJare known, mcFu%mg

direct labeling of the compound or inclusion of a chelating moiety (“chelator”). In
one embodiment, the chelator is DADT, MAG3, MAMA, PAMA, or DOTA.
The compounds of the disclosure may optionally contain a chelator (“C”). In

certain embodiments of the compounds of the disclosure, the chelator is a surfactant
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-OP(O(R48)O; A3 is N A4 is selected from OH and

OC(=0 C,-C20 alkyl; A5 is OC(0) d-C20 al kyl; each E

is independently selected fromCl -C, 6 al kyl ene
substituted with 0-3 R50, -Cl O aryl ene substituted
with 0-3 R50, C3-C o cycloal kyl ene substituted with O-

3 R50, heterocyclyl-d-do al kyl ene substituted with

0-3 R Ot.OG-Clo aryl-Ci-Cio alkylene substituted with
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d-do al 8lsX6-CA o aryl substituted with 0-3 R50, and

Al kyl ene. Suingiives B RG-SR ko
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that binds MC-I,’ hydrogen, C;-Cyo alléyl substitut’ed with 0-3 R’ b, aryl substituted
with 0-3 R*, C3-Cyo cycloalkyl substituted with 0-3 R, heterocyclyl-C;-Cyo alkyl
substituted with 0-3 R*, C-Cyo aryl-C-Cho alkyl substituted with 0-3 R*, and
heterocyclyl substituted with 0-3 R,

R*® and R® are each independently selected from a bond to the compound
that binds MC-1, -OH, C;-Cy alkyl substituted with 0-3 R, aryl substituted with 0-3
R® C5-Cio cycloalkyl substituted with 0-3 R5°, heterocyclyl-C;-Cyp alkyl substituted
with 0-3 R%, C4-Cyq aryl-C;-Cyp alkyl substituted with 0-3 R*®, and heterocyclyl
substituted with 0-3 R*;

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




-SR51, -S(=0 R51, -SM2N(R51)2, -N(R51)2,
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-C(=O) NHN(R51) 2, -OCH2CO2H, 2-(1-norpholi no)ethoxy,
Cl-G alkyl, C-C4 al kenyl, C3-C6 cycloal kyl, C3-C6
cycl oal kyl net hyl , C2-C6 al koxyal kyl, aryl substituted
with 0-2 R51, and heterocyclyl; each R51 is
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phosphineoxide (via Mitsunobu reaction), or an internal leaving group (such as an
epoxide or cyclic sulfate). These compounds are made from highly activated, dry
K'®F, that is made “hotter” by the addition of cryptands such as krytofix[2.2.2].
Purification is generally via salt removal by reverse-phase chromatography (Sep-
Pak).

Representative methods of making the contrast agents are described in the
following examples. The foregoing chemical transformations may be conducted
using techniques which would be readily apparent to one of ordinary skill in the art,
once armed with the teachings in the present applications. Representative reaction
solvents include, for example, DMF, NMP, DMSO, THF, ethyl acetate,
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nucleophilic ring opening of an epoxide. These epoxides could conveniently be

made through epoxidation of an olefin within the aliphatic chain:
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Alternately, deoxy derivatives could be made via
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The contrast agents of the present disclosure may be used in a method of
imaging, including methods of imaging in a patient comprising administering the
contrast agent to the patient by injection, infusion, or any other known method, and
imaging the area of the patient wherein the event of interest is located.

The useful dosage to be administered and the particular mode of
administration will vary depending upon such factors as age, weight, and particular
region to be treated, as well as the particular contrast agent used, the diagnostic use
contemplated, and the form of the formulation, for example, suspension, emulsion,
microsphere, liposome, or the like, as will be readily apparent to those skilled in the
art.

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

For use as nuclear medicine contrast agents, the compositions of the present



techni ques well known to the ordinarily skilled
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Lyophilization aids useful in the preparation of contrast agents and kits
include, for example, mannitol, lactose, sorbitol, dextran, FICOLL® polymer, and
polyvinylpyrrolidine (PVP).

Stabilization aids useful in the preparation of contrast agents and kits include,

for example, ascorbic acid, cysteine, monothioglycerol, sodium bisulfite, sodium



pol yvi nyl pyrrolidine (PVP). Stabilization aids useful
in the preparation of contrast agents and kits
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the following examples: D-Leu, or L-Leu.

For the sake of simplicity, connection points (“-”) are not depicted. When an
atom or compound is described to define a variable, it is understood that it is intended
to replace the variable in a manner to satisfy the valency of the atom or compound.
For example, if a variable A” was identified as C(R8°)=C(R8°), both carbon atoms
would form a part of the chain in order to satisfy their respective valences.



atom or conpound is described to define a variable, it
is understood that it is intended to replace the
variable in a manner to satisfy the valency of the
atom or conpound. For exanple, if a variable A" was
identified as C(R80) =C(R8), both carbon atons would
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The term “analog moiety,” as used herein, refers to the compounds of the
present disclosure excluding the imaging moiety or moieties.
The term “aryl,” as used herein, refers to a phenyl group, or a bicyclic fused
ring system wherein one or more of the rings is a phenyl group. Bicyclic fused ring
systems consist of a phenyl group fused to a monocyclic cycloalkenyl group, a

monocyclic cycloalkyl group, or another phenyl group. The aryl groups of the
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one or more oxygen, nitrogen, carbon, sulfur, phosphorus, arsenic, selenium, and
tellurium donor atoms. A ligand can be a transfer ligand in the synthesis of a
radiopharmaceutical and also serve as an ancillary or co-ligand in another
radiopharmaceutical. Whether a ligand is termed a transfer or ancillary or co-ligand
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The term “diagnostic imaging,” as used herein, refers to a procedure used to
detect a contrast agent.

A “diagnostic kit” or “kit” comprises a collection of components, termed the
formulation, in one or more vials which are used by the practicing end user in a

clinical or pharmacy setting to synthesize diagnostic radiopharmaceuticals. The kit
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The term “heterocyclylalkylene,” as used herein, refers to a divalent
heterocyclylalkyl group, where one point of attachment to the parent molecular
moiety is on the heterocyclyl portion and the other is on the alkyl portion.

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

group.
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phenylproprionate, picrate, pivalate, propionate, succinate, tartrate, trichloroacetate,
trifluoroacetate, phosphate, glutamate, bicarbonate, para-toluenesulfonate, and
undecanoate. Examples of acids which can be employed to form pharmaceutically
acceptable addition salts include inorganic acids such as hydrochloric, hydrobromic,
sulfuric, and phosphoric, and organic acids such as oxalic, maleic, succinic, and
citric.

By “reagent” is meant a compound of this disclosure capable of direct
transformation into a metallopharmaceutical of this disclosure. Reagents may be
utilized directly for the preparation of the metallopharmaceuticals of this disclosure
or may be a component in a kit of this disclosure.

A “reducing agent” is a compound that reacts with a radionuclide, which is

typically obtained as a relatively unreactive, high oxidation state compound, to lower



phenyl propri onate, picrate, pivalate, propionate,
succinate, tartrate, trichoroacetate,

trifluoroacetate, phosphate, glutamate, bicarbonate,
par a-tol uenesul fonate, and jndecanoate. Exanples of
aci ds which can be enpl oyed to form pharnmaceutically
acceptabl e addition salts include inorganic acids such
as hydrochl oric, hydrohro su

cnl i C, ur i.c nd .
phos ¥ e¥iftion iate %%?@%@P%ﬂ@b@@%@%%ﬁ% thefeRy Bkine it
succ irﬁr?eacfﬁﬁg. hRé‘d'ugi_h'g Egeanﬁsé'fﬁlﬁﬁlﬂﬁglt'ébaﬂafﬁOMamio;dtarmaceutwals
conpound of this, disclosyre capa of, direct crs
t r an&ndinfiagpestc; %‘b“‘eél %éﬁlﬁlpf"@ gﬂf&é@ﬁfﬁoﬁﬂgfacetuﬁ?%s include,
di SC'f&%bt_ﬁlﬁple,Bf%ﬂ&ﬂh Emoﬂ&blylsthkmlguuﬂﬁdriﬂé,éd'mirrﬂ_ | chm:tc sufinfccacid he
preparation of the netall opharnaceuti.cal s S 4
di scperothigacid eystaige, S@”‘F&?ﬁg RS O FexTops ?aﬁ%fét?hri teducing
di sc |a§§itﬁ_'§% de@cfiﬂeg,ﬁ‘dﬁéxﬁjﬂplggﬁ mrm%qabmetaal.g BOP (A_lpplikia::iblaﬂ4/22496-
reacts with a radionyglide, ich is_ typi
obt ai ned #s stgbifizatign F‘ae}sﬁ °8WP%‘§EE‘F‘?}éS, ty?ﬁ%ﬁ a@%d&é{;lﬁeo n
st at %%Wﬁ-ieuﬁo@l er(\z\&E dﬁénos{ﬁé bit eitheriatstabili ! .'dzesihatﬁ byb
transferring elegtron(s). to_t i Qpu .1 her
il PP RREaLE L FEIon RGBT Ha 2f B b LS B toed
the pRYMHZAE A cal b @tibxigdhty; redaeing dgents or radioal stavengers and can
di agnostic kits_usefu] for.the pr ratj on of .saj d
" ad: GHeRPENE] SEL L%?P?}%,Pfef%}ﬁg@&ﬁ’ﬁbfpee?w% 3 {egrade other
chl orch@Benesils P 1he itallbptarmiadeutichler mami di ne sul furic
acid, ascorbic acid, gysteine .phosphin and.. .
cuprous oBYf g?'ﬁ%%%“@&‘?‘f & meinﬁgéffe'g 38?#3? (ﬁ'ﬁg ﬁiﬁb‘é ﬁ‘?ﬂsimgnrﬂg robust
describ hedive fsolatiente aRbetul degreBsfanietifrazi a readtion nire, and
Application 94/22496., A "stabil jzati an aid" is a

conpdprariation o prethicagiopspharmagaticl 48ty o
met al | ophar+ygiaslsdtieRhid0fs atcomphiRnitha Gamstdsthdsotubgityt dfemne or

to stabilize the netallopgharmaceytical, or.to prolong
t e SHEF PUBFS QomPERent i DR eI for r P Gab

St abi | i zatrhoRmakHRl pRfeclify @dtipl s uskdhein, refasidiarpgoup intended
agents or radical scayengers and can .provi qgejcnggco%?%
st abitP Projeeby thial gropp srgmstbdestalie Feartiaps diag sETEHc ST nar
degr aggy tRloRbtectERHRAP &ASwn @rthd ditmay be used. Examples of thiol

met al | opharmaceuticals. By "stabl e coppound” is an

her eilgotscting ﬁf?b‘ﬂ?ﬂ&dt‘%ak’“ti@ I@ﬁﬁ‘ﬂtﬁi t8’ntﬁ‘f g;ﬂf’%’ﬁé‘satcem?ggmeﬁ’yl’
SUT Vi péRzaln @infiiyd N -difoxFethifi Hebizoyl] @6 Eighaiylnpthiyl.ty from a
reaction mxture, and. forn%ljl at*on [ nttgm%%%ffl cgm ops
phar maceut d@psterdigand” ise higepd thef formsAny coLPEE Wt
COMPaR&Atiod Matlis {48 SbEh th PRevert hivhdtdd sideqtactioms bat labilemneugh
ot her conponents in the rred_HJ ]rséeagui rﬁgf r %{‘Jg lox i

F or mip & FOeTteria e poHTATL oo e RRALEE Pl Fiegpliale sounplex is
used 1hRiBAIT favopddBible it forngition! pf thérinelieplarniaceutitaliect a

t hi ol group against undesi raRi!ggtr rea ti.o&ls durin

synt ﬁh@rp)@dmgn faxered. Tgﬁqur ds Bfeglfl dn.the Rﬁpﬁ% f contrast
KNOWhgkiits hrt¥in @lafnd¥By/ kil QisfElEEr théyreparativn opdiagrostid

radiopharmaceuticals include, for example, gluconate, glucoheptonate, mannitol,

glucarate, N,N,N’,N’-ethylenediaminetetraacetic acid, pyrophosphate and

methylenediphosphonate. In general, transfer ligands are comprised of oxygen or
nitrogen donor atoms.

As used herein, the term “vesicle” refers to a spherical entity which is
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me Xynme 0oX unaec ur an
( O azyid tHe muéltgre is stm‘ed gt room temperature for four hours, and concentrated

in vacuo. The residue is partitioned between water (2 mL) and ether (2 mL). The

aqueous phase is separated and extracted with ether (2 mL) and the combined organic
fractions are washed (1 x 5% CuSQy, 1 x water) dried (saturated aqueous NaCl,
sodium sulfate), filtered, and concentrated. Chromatography (hexane-2:1
hexane:ethyl acetate gradient over silica gel 230-400 mesh) provides the desired
product.

Ib.  {2R-[2a{2°R* 5°'R*@R*)],5B[1(5*), 2R* 11R*]}-3-{2-hydroxy-11-
methoxymethyloxy-11-[octahydro-5'-(1- (methoxymethyloxy)undecyl) [2.2'-bifuran]-
S-yl]undecyl}-5-methyl-2-(5H)-furanone



5-yl Jundecyl } - 5- net hyl - 2- (5H) furanone 34 MOMO~y
OrBDPS (TPP)' RhCl, H2, PhH, RT then TBAF, THE MOMO
OvOM ti0O OHO CNDNIA solution of {2R[2a][2' R*

5 R(R*)],50[1(S*), 11RE]}-3-{2-[(1, 1-
d|nethylethyl)dlphenyIS|Ionxy] 11- met hoxymet hyl oxy-11
-[ oct ahydro-5'-(1- (nethoxynethyl oxy)undec-3-ynyl)
[2.2"-bifuran]-5-yl]-6-undgcen-8-ynyl}-5-nethyl -
2- (5MM% uranone (64 ng, okldesy8| €) in benzene (0.5 nl)

NS08 [ e~ender a flow of
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tempef & ure for two days. Water 1's added, and the
. aqueous extracted W th
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are washed (1 x 20 nL water) dried
‘"aqueous NaCl, sodiumsulfate), filtered,
- J2py (hexane-2:1

over silica gel 230-400
;/oiuct The material is

f racwemans
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meshjN\a#fords the desi r ed

buty mqoniuntfluoride (100uL of a 1.0M solution in
THF) is stirred at room

t enper at ., and concentrated i n vacuo.
Gy IS partltloned bet ween water (2 nL) and

ethyl ac ek?élﬁﬁ‘gﬂzfimk t[ﬁg?ﬁ*agfge sgms? IR, 1 sRepBaRdd,1-

and extrac acet a
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are washed (1 x 20 mL water) dried (saturated aqueous NaCl, sodium sulfate),
filtered, and concentrated. Chromatography (hexane-2:1 hexane:ethyl acetate
gradient over silica gel 230-400 mesh) affords the desired product.

The material is dissolved in THF (2 mL) and a solution of tetra-n-
butylammonium fluoride (100uL of a 1.0M solution in THF) is added. The mixture
is stirred at room temperature for 30 minutes, and concentrated in vacuo. The residue
is partitioned between water (2 mL) and ethyl acetate (2 mL). The aqueous phase is
separated and extracted with ethyl acetate (2 x 2 mL) and the combined organic
fractions are washed (1 x water), dried (saturated aqueous NaCl, sodium sulfate),
filtered, and concentrated. Chromatography (hexane-2:1 hexane:ethyl acetate
gradient over silica gel 230-400 mesh) affords the desired product.




OM CH Tsd, Pyrldns low OVOM OMOM OTB sy~O OVOM A
solution of {2R[2a[2'R*, 5'R*(R*)],50[1(S*), 2R*,
11R*] }- 3-{2- hydroxy- 11-nmet hoxynet hyI oxy- |
1-[octahydro-5"-(I- (net hoxyﬁget hyl oxy) undecyl) [ 2. 2'
bi furan]-5-ylJundecyl }-5-nethyl -2-(5H)-furanone (34
ng, 50 unole) in pyridine (2 nL) is stirred at room

e R T G B

t enperiahathdyierhylbiyt llefoctakyairs-5'-(1 a(gdzéhomnuﬂerlmy)atz@dlzl) R.2"-
vacuao, e etween water (2 ni)
and elt’ﬁfmi'sd’zfé‘f‘g"l"gl}'(s’f’%g ('glll#e’ga? f%us phase is

separ at ef*®and extract ed W|th et hyI acetate (3 x 2 nl)

and t he CerbiAEd-Organ qQclions are washed (1 x 5%
CusSt4 at ur at ed aqueous Nad

sodi u [ 4, and concentrat ed.
Chronptggr aphy (hexane-2:1 hepameeet hyl acetate

gr adi over sili ca gel 230-400 nesh) affords the
desired . -[2a[ 2' R*,

5R(R) g 5/3[1(8*), 2R*, 11R*]}-3-(2-[18F]fluoro -11-
| aydr oxy-gdm [ oct ahydr o- 5' (1- hydr oxyundecyl )

[2.2' -bra t hyl -2-(5H) furanone 36
2 ML HA D anne
OMOM Q6 110 OH A t hi n- wal mL, silanized

vacut aifner with a sil ani zedp stopper is charged wth

tetrapttyl ammoni um hydroxide (5 uL, 40% w v solution

A solution of {2R-[2a[2’R*, 5’R*(R*)],5[1(S*), 2R*,11R*]}-3-{2-hydroxy-
11-methoxymethyloxy-11-[octahydro-5’~(1- (methoxymethyloxy)undecyl) [2.2°-
bifuran]-5-ylJundecyl}-5-methyl-2-(5H)-furanone (34 mg, 50 umole ) in pyridine (2
mL) is stirred at room temperature while p-toluenesulfonyl chloride (20 mg, 60
umole) is added. The mixture is stirred at room temperature for fifteen hours, and
concentrated in vacuo. The residue is partitioned between water (2 mL) and ethyl
acetate (2 mL). The aqueous phase is separated and extracted with ethyl acetate (3 x
2 mL) and the combined organic fractions are washed (1 x 5% CuSOs, 1 x water)
dried (saturated aqueous NaCl, sodium sulfate), filtered, and concentrated.
Chromatography (hexane-2:1 hexane:ethyl acetate gradient over silica gel 230-400
mesh) affords the desired product.

Id  {28-[2a[2°R¥* 5'R*[R*%)],5B[1(S*), 2R*, 11R*]}-3-{2-[18F]fluoro -11-
hydroxy-11-[octahydro-5 -(1-hydroxyundecyl) [2.2’-bifuran]-5-yl]undecyl}-5-
methyl-2-(5H)-furanone



solution of 18F- in water (10nCi, 200 ulL). The
resultant m xture is evaporated to dryness under a
flow of nitrogen at 100 C. The residue is dried
further by repeated cycles f addition and
evaporation of acetonitrile (3 x 200 L). An additiona
aliqguot of acetonitrile is added and the m xture is
concentrgfed under vacuum wi thout heating. Prior to
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Waters Light C 18
cartridge is rinse
acetonitrile (2
and the residue i
desi red product.
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rapidly. The vial is heated at 65 °C for 30 minutes. After cooling, a solution of HC1
in THF (30 pL, 6M) is added, the vial is heated again to 65 °C for 15 minutes, then
cooled. The contents of the vial are diluted with water (4 mL) and passed through a
silica gel cartridge (pre-loaded Waters Light C-18 Sep-Pak) to load the sample. The
cartridge is rinsed with water and eluted with acetonitrile (2 mL). The acetonitrile is
evaporated and the residue is purified via HPLC to afford the desired product.
Example 2
2a.  5-formyl-octahydro-5’~(1 -methoxymethoxyundecyl) [2.2 -bifuran]



aqueous NaHCO3,1 x water), dried (saturated aqueous
NaCl , sodiumsulfate), filtered, and concentrated.
The residual oil is dissolved in THE (20 nlL) and
tetrabutyl anmoni um fluoride,(1.0OMin THF, 10.5 ni,
1.05 eq.) is added, and the mxture stirred at room
tenperature for two hours. The solvent is renpved in
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2 b. 5- (1, Theeidyah 91|1 wdisgolyes indisppronyle %’Wﬁgﬁs ml), an

8- di YR rdthdfiyMnethy1 V880 mgDl Plafhol) is added. The mixture is stirred for
eight hours at room temperature, and the solvent is removed in vacuo. The residue is
partitioned between water (40 mL) and ethyl acetate (40 mL). The aqueous phase is
separated and extracted with ethyl acetate (2 x 40 mL) and the combined organic
fractions are washed (1 x water), dried (saturated aqueous NaCl, sodium sulfate),
filtered, and concentrated. Chromatography (hexane-2:1 hexane:ethyl acetate
gradient over silica gel 230-400 mesh) affords the acetal as an oil.




Z TSAF, THE TMsS TMs A sol ution of
1,9-bis-trientylsilylnona-1,8-diyn-5-0l (2.80 g, 10
nmmol, prepared via the nethod of Clive, D. L. J.;
Cole, D. C. JCS, Perkin 1 1981, 12, 3263- 70) in

di i sopropyl ethylamne (10 nL) is stirred at room
tenperature while chloronmethyl nethyl ether (880 ng,
11 mmol) is added. The m xture is stirre
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di
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- 18bi0¢d ﬁh%&iﬂl@aﬁehydéasm hoxynet hyl oxy) undecyl )
[22 - bi' f ur an] diyne 39 HO O 1. n-BuUU,

5- TB3b- 1, %(Iﬂbﬁa'eih%&vywémefm#y@y"%?w%elvowo O OTBS

O MOMO A sol ut fon of . MOWLCL DIFER om
5- (1, 1- di nethyket Idlmﬁ?%j—el oxylqona: 1, 8- di yne
(1.80 gZ 10 mmol ) ™"JrE" 1§ stirrdg at -78 C

whi | %3 sol ution of n-bWyllithium (2.0Min hexanes,
4.95 nl) Asolatimed 1,97Hietriemkyisilynonas 1 ,84diymrSeal (2.80 gt 1@nmmmol,

T 0% e PSR B B TP st 1 2

t hi r 7§) imdiisopepylsthylamine §1 L) i¥ 8tiredd atrooml tempemurcfwhlle

5-fo EﬁXrlohl%&xtyﬂgth};l Utar (8g&r'ng, 11 mmol) is added. The mixture is stirred for
four hours, and is then concentrated in vacuo. The residue is partitioned between
ether (100 mL) and water (100 mL). The aqueous phase is separated and extracted
with ether (2 x 100 mL) and the combined organics are washed (2 x 100 mL 0.5M
NaHSOy), dried (saturated aqueous NaCl, sodium sulfate), filtered, and concentrated.

The oil is dissolved in THF (10 mL) and TBAF (1.0M soln. in THF, 21 mL)

is added. The mixture is stirred at room temperature for one hour, and poured into
water (100 mL). The aqueous phase is separated and extracted with ether (2 x 100
mL), and the combined organics are concentrated in vacuo, and chromatographed
(hexane-2:1 hexane:ethyl acetate gradient over silica gel 230-400 mesh) to afford the
diyne as an oil.
2c.  5-(1,1-dimethylethyl)dimethylsilyloxy-10-methoxymethoxy -10-[octahydro-5'-
(1-( methoxymethyloxy)undecyl) [2.2 -bifuran]-5-yl]deca-1,8-diyne



met hoxynet hoxy undecyl)-[2.2"]-bifuran (1.35 g, 3.5
mmol) in THE (8 nL) is added. The resulting solution
is stirred at -78 C for four hours, and is poured into
an aqueous solution of NH4 (100 m., 2.0 W The

m xture is extracted with ethyl acetate (3 x 100 nlL)
and the conbi ned organic fractions are washed (1 x
water), ..o filtered, (saturated aqueous NaC, sodium
sul fatey and concentrated. Chromatography (hexane-2:1
hexape: gt hyl acetate gradient over silica gel 230-400
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t enper at After two hours of stirring, the mxture
is concentys@ted in vacuo_zand the residue is

partifti &ned r (50 nmL) and ethyl acetate

(50 ° The aqueols phase is separated and extracted

with efhyl acetate ?i x 50 nmL) and the conbined

¥tu, fractions are washed (1 x water), dried

raffed aqueous NaC, sodiumsulfate), filtered,

ated. r t aphy (hexane-2:1
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sol utrhe Eb_sﬁ!fing solution is stirred at —78 °C _for four hours, and is poured into an
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acetate (3 x 100 mL) and the combined organic fractions are washed (1 x water), ,
filtered, (saturated aqueous NaCl, sodium sulfate) and concentrated.
Chromatography (hexane-2:1 hexane:ethyl acetate gradient over silica gel 230-400
mesh) affords 5-(1,1-dimethylethyl)dimethylsilyloxy-10-methoxymethoxy -10-
[octahydro-S’-(.l -hydroxyundecyl) [2.2°-bifuran]-5-yl]deca-1,8-diyne as an oil.

A solution of this oil (1.27g, 2 mmol) in diisopropylethylamine (6 mL) is

treated with chloromethyl methyl ether (201 mg, 2.5 mmol) at room temperature.
Afier two hours of stirring, the mixture is concentrated in vacuo, and the residue is
partitioned between water (50 mL) and ethyl acetate (50 mL). The aqueous phase is
separated and extracted with ethyl acetate (2 x 50 mL) and the combined organic
fractions are washed (1 x water), dried (saturated aqueous NaCl, sodium sulfate),

filtered, and concentrated. Chromatography (hexane-2:1 hexane:ethyl acetate




10-[ octahydro-5"- (I -( nethoxynet hyl oxy)undecyl)

[2.2" -bifuran]-5-yl]deca-1,8- diyne (1.035g, 1.5 mmmol)
in THE (6 nL) is cooled at -78 C while n-butyllithium
in hexanes (2.0M 0.75 nl) ,s added. After stirring
for 30 m nutes, boron trlfluorlde etherate (190 uL,
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TS Cl diyny (1N338, 1.3MaMel) MOMRF @ mL) is cooled at —78 °C while n-butyllithium in
hexanes (2.0M, 0.75 mL) is added. After stirring for 30 minutes, boron trifluoride
etherate (190 uL, 1.5 mmol) is added, and after an additional fifteen minutes, a
solution of (5S)-methyl-3-[(2S)-oxiranylmethyl]-5H-furan-2-one (154 mg, 1.0 mmol)
in THF (2 mL) is added. The reaction mixture is stirred at —78 °C for three hours,
and is poured into an aqueous solution of NH4CI (100 mL, 2.0 M). The mixture is
extracted with ethyl acetate (3 x 100 mL) and the combined organic fractions are
washed (1 x water), dried (saturated aqueous NaCl, sodium sulfate), filtered, and
concentrated. Chromatography (hexane-2:1 hexane:ethyl acetate gradient over silica
gel 230-400 mesh) affords 3-{2-hydroxy-13- methoxymethyloxy-8-[(1,1-
dimethylethyl)dimethylsilyl oxy]-13-[octahydro-5’-(1- (methoxymethyloxy)undecyl)
[2.2’-bifuran]-5-yl]trideca-4,11-diynyl}-5-methyl-2-(5H)-furanone as an oil.
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0. 15/(myl ) . ' is stirred at room

t enpe ncentrated i n vacuo.
The residue is partltloned bet ween di chl or onet hane (5
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The se i s separated
or ofBstPréfve (2 x 5 mL) and the
or anlc fractions are washed (1 x water),
drle& %gturated aqueous Nad, sodiymsulfate),
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A solution of 3-{2,13-bis(methoxymethyioxy) -8-[(1,1-
dimethylethyl)dimethylsilyl oxy]-13-[octahydro-5°-(1- (methoxymethyloxy)undecyl)
[2.2°-bifuran]-5-yl]trideca-4,11-diynyl}-5-methyl-2-(SH)-furanone (87.8 mg, 0.10
mmol) and p-toluenesulfonhydrazide (1.86 g, 10 mmol) in dimethoxyethane (15 mL)
is heated at reflux while a solution of NaOAc (984 mg 12 mmol) in water (10 mL) is
added over three hours. The mixture is cooled to room temperature and poured into
water (100 mL), and extracted with dichloromethane (2 x 30 mL). The combined
organic layers are dried (sodium sulfate), filtered, and concentrated.

The residue is dissolved in THF (5 mL) and TBAF (1.0M in THF, 120uL) is

added. The mixture is stirred at room temperature for 30 minutes and concentrated.
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ammoni um hydroxi de (5 uL, 40% w v solution in water),
and a solution of 18F- in vygter (10nGCi, 200 ulL). The
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1. K'F, 2.2.2 Kryptofix, CHyCN

2. BFy-Et,0, DS

A thin-wall 10 mL, silanized vacutainer with a silanized stopper is charged
with tetrabutyl ammonium hydroxide (5 uL, 40% w/v solution in water), and a
solution of 18F- in water (10mCi, 200 uL). The resultant mixture is evaporated to
dryness under a flow of nitrogen at 100 °C. The residue is dried further by repeated
cycles of addition and evaporation of acetonitrile (3 x 200 uL). An additional aliquot

of acetonitrile is added and concentrated under vacuum without heating. Prior to



MOM A sol ution of annonaci none (595 ng, 1.0 nmol) in
di i sopropylethylamne (7 nlL) is stirred at room
tenperature while chloronethyl nethyl ether (360 ng,
4.5 mol) is added. The m xture is stirred at room
tenperature for eight hours, concentrated in vacuo,
and the residue is partitioned between water (50 niL)
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MAthgggFg§g?%8@%E%§§%§ eg%racted wth ethyl acetate (3
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gel 230-400 nesh) affords the profgected alcohol. A
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i i ‘ gnedul fonyl chloride
(143 ' 8 m xture is stirred
at roox tenperature for two hour9 and concentrated in
. ghe megigie 1S partiti qResk, beiween

fonmet hane (5 nL) and maEEE&Qﬂ_uL). The aqueous
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: 3b 3-[8-[18Fj fl uor
gdroxy-ls [tetrahydro-5-(1- hydroxytridecyl)
¥l]tridecyl)-5-nmethyl-2-(5H) furanone W OMOM

Momo‘
A solution of annonacinone (595 mg, 1.0 mmol) in diisopropylethylamine (7

mL) is stirred at room temperature while chloromethyl methyl ether (360 mg, 4.5
mmol) is added. The mixture is stirred at room temperature for eight hours,
concentrated in vacuo, and the residue is partitioned between water (50 mL) and ethyl
acetate (50 mL). The aqueous phase is separated and extracted with ethyl acetate @2x
50 mL) and the combined organic fractions are washed (1 x water), dried (saturated
aqueous NaCl, sodium sulfate), filtered, and concentrated. Chromatography (hexane-
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silani zed vacutainer with a silanized stopper is
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water (1 OrCi, 200 uL). The resultant m xture is

evaporated to  dryness,  under a fl ni t.roge 0
o T8 S ol el rdismiyr e ool b et S F ity
addi ¢ mﬁﬁb&yﬁ&@oagJ[@ﬁa@&oas:@tzam&mymbthyfpﬁymm@n furds-2-
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tridec ne
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water (4 nlL) and passed through a silica gel
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Pr oVigfioh Aéinfdasire £ t16 Bl knd doxeeatated # vdeuo. The residue is
1 R OB RRD) SR el e il s
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~ filtered, and concentrated. Chromatography (hexane-2:1 hexane:ethyl acetate
gradient over silica gel 230-400 mesh) affords the desired product.
3b.  3-{8-[18F]fluoro —2,13-dihydroxy-13-[tetrahydro-5-(1- hydroxytridecyl)
furan-2-yl]tridecyl}-5-methyl-2-(3H)-furanone

1. K¥F, 2.2.2 Kryptofix, CH;CN

2. BFy-EL;0, DMS



Hansen, C. A.; Dean, A B.; Draths, K. M Frost, J.
W J. Am Chem Soc. 1999, 121(15), 3799-3800.) and
t et ramet hyl et hyl enedi am ne (TMEDA, 2.96 ni, 20 nmol)
in hexanes (25 nL) is cooled.at 0 Cin an ice bath
whil e a solution of n- butyl1 ithium (2.0Min hexanes,
5 n) is added dropw se. The yellow reaction 46
mxture is stirred for thirty mnutes and is then
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HPLC to provide the desired product.

Example 4
4a.  5-methyl-1,2,3,4-tetramethoxy-6-(1-hydroxytridec-12-yn-1 -yl)benzene

M Me
) A M Mo
MeO. OMe N
¥ 0 nBuli, TMEDA,0C
H Ci/\/\; Hexanes OMe
Me H Me

A solution of 5-methyl-1,2,3,4-tetramethoxybenzene (2.12g, 10 mmol,
Hansen, C. A.; Dean, A. B.; Draths, K. M.; Frost, J. W. J. Am. Chem. Soc. 1999,
121(15), 3799-3800.) and tetramethylethylenediamine (TMEDA, 2.96 mL, 20
mmol) in hexanes (25 mL) is cooled at 0 °C in an ice bath while a solution of n-

butyllithium (2.0M in hexanes, 5 mL) is added dropwise. The yellow reaction
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undec [2.2"]-bifuran (1.35 g, 3.5 nmml) in THE (8

m) P d‘iﬁded The resulting solution is stirred at -78

C fomnfo U5-mbthjiﬂ:1$2 3,dnéranzethoD6-€H (1| RdimedplethpiBmertylsilyloxy
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and_conesnt % 2. arfel (AR QEH BRI N ¥R Qitfhe), fitered, and

hexane: e
concentrated Chromatography (hexane-2:1 hexane:ethyl acetate gradient over silica

gel 230-400 mesh) affords the desired product.

4ec. 6-{14-methoxymethyloxy—2-[(1,1-dimethylethyl)dimethylsilyl oxy]-13-
[octahydro-5'-(1- (methoxymethyloxy)undecyl) [2.2 -bifuran]-5-yl]tetradeca-12-yn-
1-yl}-5-methyl-1,2,3,4-tetramethoxybenzene.




gradi ent over silica gel 230-400 nesh) affords the
desired product as an oil. 48 4d. 5-
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yl]tetradec -1-yl}-6-nethyl 3- di net hoxy-1,

4- benzoqui none MOM MOM O .~O 1*O 1. TSNNH,, NeQAC,
DMVE ZWWISAF THP S. 2, 6PDCA CAN 4. woleQ- | , Pyrfdkne

*et hyl ) di met hymglal ¥l oxy] - 13- [ ahydro’- 5' -(1-
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sol ut ; 4 A\
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m nutes and concentrated. ~The residue is partltloned
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aqueoys a%ﬁﬁ@n 6135 f%ﬁﬁﬁtd%ﬁﬁgmaﬁd(l%&ﬁ@gﬁﬁﬁﬁom fdde@i1)g2]-bifuran
acetate (2

ani c

fractiléhs 315 mnwé)slh@alF((i mL) igeaddad) The qu@lans @éltt@naqs@ged at—78
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ookl v YR B b ld LB 90 00, 200,

hy dr okhe-mligtufeds txtragtdd with ‘ethfliacetate (3 x 100 mL) and the combmed organic

(et h@a{%%tapé/\!v&ﬁgé (lf '?cq;a(féﬁ, Iingdz(sa%uratgﬁ Me@wNa%L sodium sulfate),
filtered, and concentrated. Chromatography (hexane-2:1 hexane:ethyl acetate
gradient over silica gel 230-400 mesh) affords 6-{14-hydroxy-2-[(1,1-
dimethylethyl)dimethylsilyl oxy]-13-[octahydro-5’~(1- (methoxymethyloxy) undecyl
)- [2.2°-bifuran]-5-yl]tetradeca-12-yn-1-yl}-5-methyl-1,2,3,4-tetramethoxy benzene
as an oil.

A solution of this oil (1.81 g, 2 mmol) in diisopropylethylamine (6 mL) is

treated with chloromethyl methyl ether (201 mg, 2.5 mmol) at room temperature.
After two hours of stirring, the mixture is concentrated in vacuo, and the residue is
partitioned between water (50 mL) and ethyl acetate (50 mL). The aqueous phase is
separated and extracted with ethyl acetate (2 x 50 mL) and the combined organic
fractions are washed (1 x water), dried (saturated aqueous NaCl, sodium sulfate),
filtered, and concentrated. Chromatography (hexane-2:1 hexane:ethyl acetate
gradient over silica gel 230-400 mesh) affords the desired product as an oil.
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chi or P 10mma e v Ssepttderadefl e R RO prpbsthane
stirred m@tls nsa&mat lefmewmw salufheﬂi oﬁmmas«smg ap chmol) in water
concentrated jn,vac The ) (grt iti ture and
Dot ve ey MdEE S0 e ey ThEmiEtietEpolb bt B
aqu teo?&nfzi;iaﬁwt& (meﬂ?[ ﬁd&dtrﬁ:tﬁug vﬁthtdic&hirﬁﬂethﬂn‘e Fz 2B80wiL). The
acetat e X an I N an I a ons
e eSO e e drpt (O TP o g e
sodi um sul ﬁﬁtr@s}due w‘dlésbmceﬁ THFE nI) R6ETBAR(EOM in THF, 120uL) is
Chr omat ogr aphy, Eulrexane . 1 hexane: et Ré/r acetate

gr adi @3ed.obRsmixfurs is stingdat 2ooB (oFERPTHIE AT S0P ERAOf fencentrated.
desi r efe REQEHIS artlﬁtﬁxed Eet{wlérmérmmmnﬁirh)eﬂfykabe@te[(ﬁo mL). The

g § <o

yl]t eﬁéﬁlﬂﬁé&o}gddc)ﬁaﬁudm fafb)bl'asﬂedii xd\iafﬁ?)‘; &ﬁ?@d}(sah:atcd aqueous NaCl,

é,qb © Egc;%l#l %ﬁ s ﬁl}_gg‘jo,l\?gd %e@ated to ai%org 6 '?EX g’lt oxym Nylozxy—2-
hydroxy-13-[octahydro-5°-(1- (methoxymethyloxy)undecyl) [2.2°-bifuran]-5-
yl]tetradec-1-yl}-5-methyl-1,2,3,4-tetramethoxybenzene.

A solution of 6-{14-methoxymethyloxy—2-hydroxy-13-[octahydro-5"-(1-
(methoxymethyloxy)undecyl) [2.2’-bifuran]-5-yl]tetradec-1-yl}-5-methyl-1,2,3,4-
tetramethoxybenzene (42 mg, 0.05 mmol) and pyridine-2,6-dicarboxylic acid (83.5
mg, 0.5 mmol) in acetonitrile ( 6 mL) is stirred at 0 °C while a solution of ceric
ammonium nitrate (CAN, 180 mg, 0.33 mmol) in acetonitrile/water (1:1, 5 mL) is

/\ml
ﬁfﬁ




O Ole M 1 M Athin-wall 10 nL, silanized vacut ai ner
Wth a silanized stopper is charged wth tetrabutyl
ammoni um hydroxi de (5 uL, 40% w v solution in water),

and a solution of 18F" in wghjer (10nCi, 200 uL). The
resultant mxture is evaporated to 50 dryness under a
flow of nltrogen at 100 C. The residue is dried

further repeated. cycles of additjion and _.

evap@fdadi ‘%‘?P“G?e JBRIHE fsjsfiged & O C%B"Ofl“{?q‘fms Apd is quenched by the

addi LHARA oftHEY propRiol ACE 110 Rixt) Fatlorell By FaEECO @:[[Cj The layers
concentrated under vacuum wi t hout heat| ?:%C Prio

conplveresepaspio® aad the apiears Phasednexiippteh Wil 13{2-propanol (1:1,3x

14- map tﬁﬁ?ﬁymtclaﬂabﬁéd/m%aﬂl@fracuons are concentrated and the residue is purified
t ol uenesul f onat o] - 13- [ octa

( et ke Bpshabramatography heaney?: {]g:xgne qslmg aqe(tﬂﬁ gradient over silica gel
5-yl ]2*36%@5&@&) {o affold a@yémemmct 3, {34Jiiem%k§metuylbxy42mgmax;qw-

d
ol o s dmeBtiEmatio b 62 ARk SR 316

di nett};uﬁﬁtzlgtd,gemg,g,op%gnz u;—y;gged f ol | owed by bor on
trifluoride etherate The vi al yg g%e

again to &8e&{ H;metyg;cymeﬁmogg—Z oderydddeaep
cont § Hl'éﬁo?n% . ﬁrfalecy@r [e. 2dbi,|ﬁkf5.tﬂ£$ Mﬂt&ﬁd&@l-ﬂ} Gthethil)2,3-
rou

and passe a silica cartri e
Vat erdmetheitl, @eoce@ﬁm@r&)me Timgah Plﬁ‘éﬁs‘g‘é“ﬁldﬁ ridged L%
cart rjng ?-Qolhccneﬁlfaﬁ% @hl‘ﬁh&é"(ZS $alL0.1 8 fhod) wﬁdﬂ@d.vmié”mmture is stirred

acet oni he acetonitrile is ev or
and tahe)omtelepmréreu o tp h?%éﬂd Cansenpiet it et f diest 815

desi radidhQsGieen @iﬁ@étﬁe @ BB) andfatdr ($ ?1%61 aqueous phase is

4- (4- oxo utyric acid ester) ben ester m%/

est erSCPaG)t@@dlemed"Gb@ 35¥ ?‘{/Tq%g ¢
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ch ar% wi'th dichl or onet hane (5% The
f | asHilieredcand|cepretintey. ﬁhrwamﬁr%mheme@r]i Rzanese £9

and %ﬁ&f‘én‘?f)\%? SRR b 30U CPRARRAHHIRIs e déﬁieﬁrprc(cﬂct37rm|)
are t added to the abov fl ask. The mxt%{\&?
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stirrded f drilgmebapaetyion-2uhn Ffioted dlogiamarer

tot bs 23 R adeBlI 3l P6-methyl-2, 3-
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aquedligerhayyds4-peyzaguinpegst ed with di chl or omet hane and
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and dried )
concentrat&d in vacuo to give a crfu resi due that is

1. K'F, 2.2.2 Kryptofix, CH;CN

2, BFy-Et,0, DMS

oTs Me

A thin-wall 10 mL, silanized vacutainer with a silanized stopper is charged
with tetrabutyl ammonium hydroxide (5 uL, 40% w/v solution in water), and a
solution of ®F in water (10mCi, 200 uL). The resultant mixture is evaporated to




in the next step. 5b.

4-[ 4- (Hydr oxynet hyl ) - phenyl ] - 4- oxo-butyric acid net hyl
ester 51 0 OOH 0 Na, MCH Ov O O Owe 0 Owe
Succinic acid 4-(4-oxobutyrig,acid nmethyl ester)
benzyl ester nmethyl ester (15g, 44.6 mmol) is

di ssolved in nethanol in a 50 nL round bottom fl ask.
Sodiumis then added to the above sp] ution

il th
pH i drygess Tnder 8 Slowtof Bioes 2890 e Fbp sidpe Fstiied Hiztyen by reseated
whi ¢ g}'ctlx% of Q&ﬁt‘ﬂ% e&a%ofaﬁé@dﬁget&ﬂtrﬂé@ 200 QIR PAX Alditional aliquot

t he e residue is taken up in ethyl acetat

e a
s heBacefonilndadecnd coTePBeARRARE VEFRIEN PO e dfor
22 d [ {1' thpibie rs@dcnt Eﬁ?ovgi, QMthn 205\ ENnethsx §x§-3-[p- vacuo

71 s wlemerifarselr dagapany (el areseianueed Tyl

t he 5 d a@éi: lpffl? GUhkth l%dlmethoxy-l ,4-benzoquinone (1 mg) in THF (150
4-[ 4- ("Hydroxyne p eny -béw%rlc aci d neth est er

OH OdL) Padded mﬁdlwe °C for 15 minutes. ﬂer cooling,

4-1 4-

4L IR ) ISB&H% Mok BoRH LiichuRRh B TIO0KE).

(0. 8@he ¥iais heatell ag2inas 653‘)C fos 1 Smitwtes, thmecopled,s khej contente pf the
led Wt f

Sal S8 e dlus LR DL AR 4 BAlecinBalA £8falgel Ltlagh bl

eneous m xt ure |s
t hen leided %ttrstaghtC-tﬁ)SﬁpsPak)‘tbéqad\ﬂtﬂ sempleh horeartridgais spgd with
the ¥ bedWedlth
to° et BRE B ik SIRERAC D ML) M UL AR cFapBlole Whne
throuwiuualmﬂﬁedvﬂmwwﬁwdﬂiedameﬁp(mn te*) and the
fi ltrig‘@mlpifes obtained is concentrated in vacuo to
d

pr ovi esired product. 5d. 2-thio-3-nethyl
chr orsen- 4 Sademidatid 4(PoxaBRyric deidibethiOeer) berky! ester methyl ester
L.,.0J.-...... SH d OH802S Exact Nass: 192.02 To a
250 nL ro nd botton1f|ask ch th potaSS|um
tert - bufoxide ‘WA‘)L
AKH3
o) OMe

Benzyl alcohol (20g, 0.185 mol) is added to a 100 mL round bottom flask
charged with dichloromethane (50mL). The flask is cooled to 0 °C. Aluminum
chloride (1.85 mol) and 3-chlorocarbonyl propionylmethylester (0.37mol) are then
added to the above flask. The mixture is stirred for 3 hours after which water is
slowly added to the flask. The contents are poured into a separatory funnel and the
layers are separated. The aqueous layer is extracted with dichloromethane and the
orgémic layers are combined and washed with brine and dried over magnesium
sulfate, filtered, and concentrated in vacuo to give a crude residue that is used directly
in the next step.
5b.  4-[4-(Hydroxymethyl)-phenyl]-4-oxo-butyric acid methyl ester



(0.599mMmv1l) is added dropwi se a sol ution of

1- (2- Hydr oxy~- phenyl ) -Propan-1 -one (30g, 0.199np1
mol ) and carbon disulfide (0.24 nmol) in 75 nL of
toluene with cooling to naigfain the tenperature

bet ween 15-22C. The reaction mxture is stirred for 4
days at roomtenperature after which it is poured into
wat er (250rrL)O The aqueous |ayer is separated, washed
with di ghtay thane and aC|d|f|ed withaldtic acid

unti | . s is stirre ngaln fdr 2 hours after
whi ch aq eous | ayer i &Na, M§ 0 & separatory
f unne gd wi t diThtoTonef (3 x 30 nl)

sodiunf W-fate and filtered. The crude>‘* rim
obt ai ned gidkic afcﬁl'mﬁl-&gbﬁtﬁ% R{d35dhyE ester) H@ﬁ&l esteSmethyl ester
r

urified by flash chromato t her xanes,
gf f otPEtd-@mmolHs s Vi?étfh‘}?? E‘PG%@HH'A B?FE‘) f}ask Sodium is
2- (4- ﬁéﬁ%ﬁd’d’d‘t& 1RGbVe @8&{1&1 lﬁfﬁl 6 }:Hhﬁﬂﬂhemﬁhhyd Mﬁm for 2 hours

3- et hr onmen- 4- one OH *100SH

DEAD alﬁel\ whichthgmethangl ISS@nS@d AR r%& REPPRBHordhS ‘FF‘g?sr Reiqug is taken
char gad, Whiihcdth RiEsRkheNRNR g BinctfigfWhibh it A diedand

di et hyl azodi carboxyl ate (3.6 pnol) {E%?%@ IS %hen
addediliesd; Fhe qreapgcolyent is femoved lagﬂc“f’én © SO Hhe
abov %uﬂ'ﬁéﬁ Wsﬁtc'a %elsﬂahﬁ £126mAtSraph) (¢thy) déetfie: Bixbtss) toloblain the

t hi o- romen-4-one (22.4 nmol) and

4- [4<F9Vﬁp6ﬁ9ﬁethyl) phenyl ]- butyric acid nethyl

est ers,(79y4. [3—?Hﬁir5ﬁ}9:'eﬁty?‘-fzk’enﬁl}}‘$ﬁ§nb Bei@ wethyKdster The

reaction mxture “is to warmtg.koom

t enper atr@Hand stirred for 24 hours. é&>NaHCCB

(10nm.) ijs then added and the m xtur Eour ed into a
[

separ & funnel . Th@dgudous 53 dr is then
ith ethyl acetate (2 x ) and the
conbi iReg_er gani c Iayer“ée%re washed th brine and
t hen drifed m\gr magnesi um sul fate, fillteray—ewmg

: @ uo. Purification o Z residue by
flash chremafography (ethyl acetate: hexanes) affords
the_above skgdliibxnieinyBobéylrds Buctieprdisohatpbentsg, 36 mma

met hyl )thio nmet h hromen :
ylS Zhssolved in methan%l Pd/C (0.8g, 10% wt Ery bas1s9 is addea? 'lcﬁe flask is then

sealed with a rubber septum and a balloon filled with H; gas is applied to it. The
heterogeneous mixture is then stirred for 4 hours after which the balloon and the

stopper are removed and the hydrogen is allowed to escape. The reaction mixture is
then filtered through a pad of diatomaceous earth (Celite®) and the filtrate so
obtained is concentrated in vacuo to provide the desired product.

5d.  2-thio-3-methyl chromen-4-one



LIAIHA \ / \ 1 | - Ether I / I S 0o S o Lithium

al um num hydride (33.2 mmol) is charged to a 50 nL
round bottom flask and ether (25 L) is added to it
and the flask is cooled to 0 2-(4-(butyric acid

met hyl est er) phenyl methyl)thio 3-nethyl chronen-4-one
(7.5g9, 22.15 ninpol) dissolved in ether is slowy
added to the above flask via a presgure equalizing

addition funfel. The reaction m xtuffe is stirred for 3
hours g yhi ch water (1.2 :\) 15% NaCOH (1. 25nl)
and tg D anghe add ially to it.

Thi s | oned to stir_tor after which the

— okii | t er edBthe f 2 gashed with
wat er and brine and dried over sodlun1sulfate
filtered, and <concentrated in ﬁﬁﬁdp ve a residue
which is purified by silica §EgetiVagsh omat ogr aphy

(ethyl et hﬁ%zso A XSRRDLHA ﬂﬂék\kﬁ:ﬁ 42)&% #bputBsifimaettibiitoxitey .
y

bt o S S s

A 50 @% bqymol@x%&pmdfcb@smbﬁﬁwrzg @6l #a!75 mL of toluene with
2- (4-(4-hydroxybutyl) phenyl nethyl)éh tirred
chr orfepling te ﬁ@m%/“ﬁﬂ the gmpersiuge batween 15 ('lp;.;lflﬁea‘?aﬁgm{%mﬁ’?_ﬁs stifre

I's  agfeghyk o tobm teweﬂﬁﬁ@m ey it i€ pduedd ifte waikh (ZSOmmJI The
is then added in one lot and the m xture
ch:ﬁé VFI@] acetic

for Sqnesys layerris wparaied rpshedvath dé%’f%l?ﬁ%m

added, {{Qntif pH &% ThiEQNdRRE ﬁ%ﬂ[ r P asuireshier Whizh the aqueous layer is
separatory ?unne and the

s, separated.  The

or gamqyredmﬁyéﬁepﬁ@t%@ﬁ%ﬂ ang P9} ‘@3‘5&‘3%?“’? thags 3 % 39 mfb-
then WelReWRlIBler B Rfén WabiR® withlsatlu@ite BEltidrof s6lii icarberate
magnesi um sul fate, filtered,  and conce grate
vac ucfollawrd hyeteay She Qsganig Iavsg is thensirie ‘W’g@q“é’gﬂdg‘iﬁm
fl ashyphe Qﬁﬁaﬁm&d& ARY cludd m‘éenaa %sﬁaas&aﬁer Ebﬁib&ﬂfgiﬂ)e dr@amc solvent
afford the product. 5h. (4, Tl uorobyt &f ﬁé 1
met hyis putified bxﬂnﬂtqhgqmaéqsr@hﬁ@h&r hexanes)ig Bihic o4

chromen-4-one.

Se.  2-(4-(butyric acid methylester)phenyl methyl)thio 3-methyl chromen-4-one

o (o]
F, 0C
TH o S

A 50 mL round bottom flask is charged with triphenylphosphine (33.6 mmol)
and diethylazodicarboxylate (3.6 mmol). THF (30mL) is then added to the flask and
the flask is cooled to 0°C. The above mixture is stirred for 30 minutes after which 2-
thio-3-methyl chromen-4-one (22.4 mmol) and 4-[4-(Hydroxymethyl)-phenyl]-
butyric acid methyl ester (7g, 33.6 mmol) are added in one lot. The reaction mixture
is allowed to warm to room temperature and stirred for 24 hours. 5% NaHCO3;
(10mL) is then added and the mixture poured into a separatory funnel. The aqueous



COC(O O0s s 2-(4-(4-tosyloxybutyl)phenyl

nmet hyl )thi o 3-net hyl chronen-4-one (7.5g9, 14.7 mol)is
dissolved in THE in a 25 nL round bottom fl ask.
Tetrabutyanmoni um fluoride (l4.7 nmol) solution (1M
in THF) is then added to it and the solution heated
to reflux for 2 hours The contents are concentr at ed

on the rotary evapor. and t obtai ned is
pur i f9YERis RenExiracies v |e }%?gﬁteégf‘&ﬁrﬁﬁg §°”ebé¥% gAnIc
acet adyers-wdie€washedyith brie.and then dried over magnesium sulfate filtered, and

2-(4 f1 uorobuyt ph net h th

chr orfeRehEthn veg TR cqon RRGatesiioe by Hesh eftopeffagbhy tny
Aque(abiaatéﬁ&aﬁésﬁaﬂf@isth@abbvﬂﬁrbdﬁ@ added to a vacut ai ner
cont gl nin etrabutyl ni_um oxi d 40%
w sof-. 2(%& oxywpzw%f@ vedo dene: f){"'g’f’ﬁ(ﬂgobﬁwder
nitrogen i n an mab. ath at 100 C and 250 pL ofHo
acetonitrile is aded wnd this too is concentrated

under nitraqgen. The°pr pcedure is repeated®w ce and
t hen 100 p . 6 7

S foILL# vved by "
gbuly| ) phenyl rrethyl A1 003 MEYNY
chromen4one The m xture is the ate a
bath at Ftunglmsmhydgde @3, meg9r8§ﬁ °&BP55€6“% Yoffom
vat erfasigialetiRfl(25 n1d) ifekifed6 raBa khe flabliys e6bldd th 0° V@t @iyt acid
eluted with acetonitrile to get the abov(e7 ment

co n-p@gﬁt,}éyleste laq%] raethylphjo 3%}11] ghrprensg-one (7.5g, 22. 5 mmgl)

2- et fayds&héd:m%meﬁ& X1 f@haaarfs fre4b&Vedlabibvia Opfessure eqhalizing
C2H51, K2C03 SH | 1. OO .To a round bottom fl ask

cont afditiprfunnelihs r@”‘i‘\‘é’t%?‘""c‘ﬁ pirRdfou e after wjch water
ol )i. Q§m§}j teg Nalvkr (1 h%ﬂﬁéﬂh@ﬁb&m&&% 4 nilyRk hdRa dea;uentlally to it.

pot assi um car bonat e are then add

DD e R bAoA S for g i e Vhiohbe ¢angts ey Algrody e late

VAt efis wished Wiwadded blife dldQirib@aset sedund Silfate! ﬁllte‘iedpﬂidlf ed

into a separatory funnel. The aqueous Iayer {@ﬂ@:
ext r ZERcEHTHEA IR vadunq Sixgaiesigue Whichds prrifigdby stficae ned

Or gaRhionlafRibRy @41 ether : hexanes) to give the above product.
5g. 2-(4-(4-tosyloxybutyl)phenyl methyl)thio 3-methyl chromen-4-one

A 50 mL round bottom flask is charged with 2-(4-(4»-hydroxybuty1)phenyl
methyl)thio 3-methyl chromen-4-one (6.0 g, 16.9 mmol) and pyridine (15 mL) is
added to it. Toluenesulfonyl chloride (25.4 mmol) is then added in one lot and the
mixture is stirred for 8 hours after which water and ethyl acetate are added to it. The
contents are poured into a separatory funnel and the layers separated. The organic
layer is washed with 5% CuSO;, (2 x 10mL) and then with water and brine. It is then



t hen washed with water and brine and dried over
magnesi um sul fate, filtered, and concentrated. The
resi due obtained after concentration of the organic
layer is purified by silica ggl flash chromatography
(ethyl ether : hexanes) to provide the desired

pr oduct . 6b 2- ethylsulfinyl 3- hydr oxynet hyl

chro Se2,

| g v ma&l@swul%uﬁ%&r Pﬂ&ﬂ?@?‘é@%ﬂmﬂaﬁéﬁﬂd
Wi t h soplidiisirdie@¥y siRcageBflfh bifbintograplty (B@YD deerate - hexkids) to
hydr oper pxi de 54 5 mol). To this is then added
di chl#5ouhtbe pefust (25 nmL) and the m xture is stirred for
30 mi sHit e9-(@4FIIEbuti IRBBA ALMpIRkio 3=tk thrbinen-3onet hy|
chronmen-4-one (6g, 27.2 mmol) is added to thg_ flask
and the reacti &¥\giture stirred for 10 hours.

and et her Ps added t ¢’ t heTgasitaRie. phdse
is OH -atre—once Glb>

sol v s a@fai n ved and col d ]

nmet h fi i_s/added to the fla D ents are

stirred fof a few hours after mhhch'2096K2CO is
added t o) 2Hé(4-tcaﬂhxybmw®p&qmmlsvl}ﬂnaétm'ﬂg'l ehomere4-one (7.52,

Wi t h over Qﬁ gfs?ch\?ed P G ﬂ @k gfmﬁ gasjﬂr téiGbdimonium

drle lum su ate tered,
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2- et hyﬂldanomﬂne@ m(r(uﬁﬁtcbwm geldlash dmgmﬁwgranl‘m(ml)acetate
chrong %m 5one 56 OO0 H()~OtIl ~ 11l OOTo

2- et hyl SUF nyl - 3- hydr oxymet hyl chr omen- 4- one (5g, 19.8

ol )35 di SLéN4-EBFT fuetiobktyliphermybmbréiviithio Somathyy chramen-2-nerl
round bottom fhkask (s added dihydropyran (£9.7 nmol)
and tol uenesul font’c acid (0.99 nol). The react™Mo

mxture ig stirred fpor SEQHrs after which it is
' , g Or and wat
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c layer is

Aqueous 18F (16 mCi, 0.1 mL) is added to a vacutainer containing 5pl of
tetrabutylammonium hydroxide (40% wt sol. in water). The mixture is concentrated
under nitrogen in an oil bath at 100 °C and 250 pL of acetonitrile is added and this
too is concentrated under nitrogen. The procedure is repeated twice and then 100 pL
of acetonitrile is added to it and the contents subjected to vacuum. THF is added prior
to the point of dryness , followed by 5 mg of 2-(4-(4-tosyloxybutyl)phenyl
methyl)thio 3-methyl chromen-4-one. The mixture is then heated in an oil bath at
70°C for 30 minutes. This is then diluted with water, applied to a C18 Sep-Pak,
rinsed with water and eluted with acetonitrile to get the above mentioned compound.
Example 6
6a.  Synthesis of 2-ethylthio-3-methyl chromen-4-one



washed with water (3 x 10) and brine and dried over
sodiumsul fate and filtered. The filtrate is
concentrated in vacuo and the residue obtained is
purified by silica gel flashg chromatography (ethyl
ether : hexanes) to yield the above product. 6d.
2-(4-tertbutyl benzyl)thio-3-((2-tetrahydropyranyl oxy)m
ethyl) chrongn-4-one O/ HS Oo/ O\\J OO Ol

S--, I O S P Into a 25n round bottomflask is
i nt rodusgd 2! sulflnI-S-é 2-

tetra 71 oxy) mézRgh Ka€Qs ore

nmol ) tonitlfile is

K hgAZYyT-Sier capt an (74. 3 -
m xture is stirred for 10 hours at roomtenﬁerature
af ter whi E‘b atduad ba&omﬂisklcsmmﬁﬁg 2akio-3imethyd @hl@meﬂ'-hibne (10g, 52
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t he mwtdm:dddem the flask and the reaction mixture is stirred for 3 hours. Water is
ghﬁ g ahd%#% ¥n|e geeaEtZ g/nll 2(1%1 r1]t|d§) nggh g&%xsé_al\'a}t%}// Igunnel. The aqueous layer
2- (h 4|JdIeﬁar1f1 bmambd)zmz Mh;}ltab«ttgtc @x gSZmIg)e uhabt;mb”l Fined)or ganiel14yess)are
et chr onen-. ne . 5(Q, . nol ) .i s sql ve

Y R SR i et nd Bt SR RSP S, Pl and
Acet ioﬁnc&ﬁlirzdedi IThe vé3idae oltsied dfiencondsbadtichof thet diganictliyer is
ratio THF. Acet.i

{ Fasmubediay s et st Ginogrthgy el s Sprbpal f e e
hour Slcsn%ﬁbﬁfduaool ing the flask the contents are poured
[ nto araf or t ueous | ayer

extr hf’% l@%%ﬁ#”g?&%i?}gﬂcz%ﬂ'@”bgﬁ%l c layer is

t hen washedovvlth water and brine and drigd over

concy vacuo e@.tBue0Hesi du \ pet~os
purif |i ca_gel—ftast—Thr offat odr apty (et hyl
acet ale”” “hgXan€s) to dieE:t he above sentjemed—
product. 6f.

2-(4-tert-butyl benzyl)thio-3-tosyl oxynmethyl o

chronmen- 42 a56.1, Qu bétton il is cﬁédl w1{h delefdhith ({ioﬁdes(13.6 mmol)
and 90% tert-butyl hydroperoxide (54.5 mmol). To this is then added
dichloromethane (25 mL) and the mixture is stirred for 30 minutes at room
temperature. 2-Ethylthio-3-methyl chromen-4-one (6g, 27.2 mmol) is added to the
flask and the reaction mixture stirred for 10 hours. The dichloromethane is removed
on the rotary evaporator and ether is added to the residue. The organic phase is
washed with 10% KOH and once with brine. The solvent is again removed and cold
acetic acid and methyl sulfide is added to the flask. The contents are stirred for a few
hours after which 20% K,COj is added to the flask. The aqueous phase is extracted
with ethyl acetate, washed with water and brine and dried over sodium sulfate,
filtered, and concentrated. The residue obtained after concentration is purified by
using silica gel flash chromatography (ethyl ether:hexanes).
6c.  2-ethylsulfinyl-3-((2-tetrahydropyranyloxy)methyl) chromen-4-one




00 Into a 25nm round bottomflask is introduced
2-(4-tert-butyl benzyl)thio-3 hydroxynet hyl
chromen-4-one (3g, 8.47 mmol) and this is dissolved in
di chl oronmet hane (10 ni). Tol yenesul fonyl chloride
(12.7 mol)and triethylamne (12.7 mmol) are then
added to it and the reaction mxture is stirred for 4
hour s at roon1tenperatu;:. The solvent is then

renoved inQvacuo and th
chr

zyl)thio-3-fl ué —
chr onen- 4- &he | O ora F TBAF in )S|: ~70S1 /
0 s 2-(4-Tert-hbwtyl benzyl)thi o-3-tosyl oxy hyI

- Cound BeerumR S u R e ferk LU, 1 D hubr)
sol utdisselvgdsin dichiorsimethahg (28 miliE) a Z%madamd bpttom ﬂaskTmslded
sol “td'blﬁtg{ :p?raﬂ %tﬁﬁmBﬁ%ﬁﬁ%iugﬁéea&? cgacldtw 45 ﬁm f Fifire %’g&&&mtme

all v es‘arere resi due btal
pur i fis sigredhfor 3diohs eBergdiichfit laghurmmmqrylfgnn@b@ﬁwater is

2 (s, BEYEBRRL e it on te ey soparted T organic laye s
Cht o mBshed-¥GhoviES (3 010) 2nd prine and isediEyAL €Fum sulffte snd filprel. The
Al R i, . .aj

cont Atz aipliiniin dud aft e |iumd SoRlea BRG]

wt s ohromategrepbeieihy! e : hemes)@yaeédﬂaeahmmoau@d under
t
Dot ogen bty Al helBiod (K ohy By Relhely chromen-s-one

under nitrdpgen. cedure s repeafed tvv| nd

E ;ﬂro 32 3
t hen o o*ﬁu.ﬁ; :%]e.%s gdded o t he
d Jl ected to vac rrpl ete

dryne Pis—~added, Tol T owed 7~
2-(4-tert-buty benzyl)thio-3 tosyl oxynet hyI
chronen-4-one.° The mxture is then heated i n an?oi

It h

bath at 70C for 30 mnutes. This is then dil uted
vat er, appkd £5ui0rofndPefomSRsIPR ntrodhded QQtﬁMshﬂmyMﬁE(@f

and el uted Wi th acetonitrile to get the above o
ment i W@yppﬁmmmemﬂ) chromen-4-one (5g, 14.87 mmol). Acetonitrile is then

added to it followed by 4-tertbutylbenzyl mercaptan (74.3 mmol). The reaction
mixture is stirred for 10 hours at room temperature after which the solvent is removed
in vacuo. The crude residue obtained is purified by silica gel chromatography (ethyl
acetate : hexanes) to obtain the product.

be.  2-(4-tert-butylbenzyl)thio-3-hydroxymethyl chromen-4-one

o /Ej o

o o,

2-(4-Tertbutylbenzyl)thio-3~((2-tetrahydropyranyloxy)methyl) chromen-4-
one (5.5g, 12.55 mmol) is dissolved in tetrahydrofuran in a 50 mL round bottom



Exanple 7 7a. 2 '-tertbutoxy-6 -hydroxy propi ophenone
H'k-1 )---1 ,DCM H3PO4, BF3.020 OH H To a 100niL
round bottom flask i s added

2',6' di hydr oxypropi ophenone £25g, 0.15 nol) and to it
Is then added di chl oromethane (50 nL). This is then
cooled to - 75C and then 2.6 nmL of H3PO4 is added to

it followed by 6.22 nL of boron trifl orlde eép e ..
hnd AsknApeisBHd phETEearDtemadiod sk thab e 10 0f FHE divalp 2cic:
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7b.  grter i plam, Sri033-FR) I nenor Promenit-oriee 59 & H
KOt Buf CS2 pﬁ\cm g&rhzgg' To ﬁo rrthgound bottom fl ask
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MoPW 1 at OX¥- 6' - hydr oxy
canlbon di sul fide (99

50 nt uene wit h ¥ooldng o ntain
the tenperature b n 15 22C. The reacti i xture
Is stirred for 4 days roon1tenperature aft gr\nwhi ch
i's pouyed er. . .i
separateJhQﬂééngﬁﬁg 8&3@&8?%W@g 2%%%@ﬁ§@ﬂ@¥gﬂggo§-
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di ch kmmbb aRahdniddeddd itahd the TdacticAmiafdkeis btiyed for 4 ours at
t hen washed with sat ratg&fsolutlon of
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0 al ne arter

flltered crude mater
concBsRHge %*Eﬁflltrate is purified by flash

chr oggt ogz.ppdaw-wg»lbahiygmeb-pﬂﬁ&oﬂetkﬂ lchrosren®@ oy |
chronen- -one.

e 00

2-(4-Tert-butylbenzyl)thio-3-tosyloxymethyl chromen-4-one (3g, 5.9 mmol)
is introduced into a 15 mL round bottom flask and tetrabutylammonium fluoride
solution (5.9 mmol; 1M in THF) is added to it. The solution is heated to reflux for 3
hours after which all volatiles are removed and the residue obtained is purified by

silica gel flash chromatography (ethyl acetate: hexanes).
6h.  2-(4-tert-butylbenzyl)thio-3-[18F]-fluoromethyl chromen-4-one



7c.
2-(4-tertbutyl benzyl nercapto) - 3- net hyl - 5-tert but oxy
chronen-4-one PPh3, DEAD 5SH S A 50 nlL round bottom
flask is charged with triphegyl phosphine (37.8 mmuol)
and.di et hyl azodi car boxylate (37.8 mmol ). THE (20nL) is
then added to the flask and the flask is cooled to
OC. The above mi xture is stirred for 30 mnutes after
which 2- thio-3-nethyl 5-tert- butoxy dhr onen- 4- one
 Sp~oand 4 tertbutyl bews egOntE (38

18
ed in one | otBA®Fhe

m xture is

n added and the m xtur ur ed
into a separatory f The aqueous | ayer i
extracted with ethyl acgtate (2 x 25 nL) and the

conbi ned ani ers 60 S '
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t er t Iofieaplopitils A addedta ;5&36‘5‘ the ca%fqﬁwﬁgctmotvgmua& Prior to complete
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anhydrous’ trjfl uoroacetic_aci

r eac tesylexymsthyl chromen-4-onp. The gix g’b{f?ﬁg ‘ﬁéath at 70°C for
Di chl3gLRRResreRe isitienldNeRd S6t8 Getef, @.pﬁli&ﬂ tdd GEkS@FRikIﬂIﬁed with

m xture poured into a segarat%)tﬁ funnel, is t

was hatateppnd ehyied with agstenitilefo g5t by abqyeimen %ﬂ‘?ﬂ MR R over
sodi yipgileiate and filtered. The filtrate is then
concentrated in vacuo and the residue obtained is
puri feed Bytexsbutoryd Jdron) BERioRFWkat ogr aphy (et hyl
acetate: hexanes) to obtain thg desired product. 7e.

hours. 5%

2-(4-tertbutyl benzyl mer capt 0¥~ -5-tosyl oxy
chronmepi- 4yone H Ts)] TsCl, Py s
2- (4- 18 Uty | be&zm ¥ capt o) | - 5- hydr oxy

To 2 100mL round bottom flask is added 2’,6’dihydroxypropiophenone (25g,
0.15 mol) and to it is then added dichloromethane (50 mL). This is then cooled to —
75°C and then 2.6 mL of H3PO, is added to it followed by 6.22 mL of boron
trifluoride etherate and then isobutylene (125 mL). The reaction is then stirred at —
75°C for 1.5 hrs and then at room temperature overnight. The reaction mixture is then
poured into a 2N ammonium hydroxide solution (200 mL) and extracted with
dichloromethane. The organic layer is then washed with water and then with brine
and dried over sodium sulfate and filtered. The crude residue obtained after
concentration of the filtrate is purified by flash chromatography using silica gel (ethyl
acetate: hexanes) to afford the above product.

7b.  5-tertbutoxy-2-thio-3-methyl chromen-4-one



mmol ) is dissolved in pyridine in a 25 nL round bottom
flask and p-tol uenesul fonyl chloride (15 nmol) is
added to it. The reaction mxture is stirred for 8
hours. Water is then addedgyo the flask and the
contents are poured into a separatory funnel. Ethyl
acetate is added and the |ayers are separated. The
organic layer is then washed witth water and brine and
dried jover sodium sul fate and,th:ered. The filtrate
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IS puri hrlagst ogr aphy
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it. vial is seal ed and heat ed for 30 m nutes at
100C. TY 'xturels di | ut ed i

desi r ed”cofposthd. Exanpl e 3
2- brono-1- (2, 2-di et hyl - chr omen- 6 yI) 3, 4,
5-trimet hoxy- phenyl )- ethanone 62

A 50 mL round bottom flask is charged with triphenylphosphine (37.8 mmol)
and diethylazodicarboxylate (37.8 mmol). THF (20mL) is then added to the flask and
the flask is cooled to 0°C. The above mixture is stirred for 30 minutes after which 2-
thio-3-methyl 5-tert-butoxy chromen-4-one (10g, 37.8 mmol) and 4-
tertbutylbenzylalcohol (38 mmol) are added in one lot. The reaction mixture is
allowed to warm to room temperature and stirred for 24 hours. 5% NaHCOs is then
added and the mixture poured into a separatory funnel. The aqueous layer is then
extracted with ethyl acetate (2 x 25 mL) and the combined organic layers were



o0 Br O H3CO H3CO H COOH COO OCH3 OCH To a

sol ution of

1- (2, 2-di net hyl -chroman-6-yl)-2-(3,4,5-tri net hoxy- phen
yl )-- et hanone (37 g, O.lnDIKGChenistry and Bi ol ogy
2000, 7, 979) in carbon tetrachloride (300 m) is
added bromne (16.0g, 0.1 nol) at such a rate to
obtain a continuous discoloratign of thggre ct

mi xt Weshed with brineand thaw driqd; qyar magnegdip Fufals,
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wi t hout further purification. .
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7e.  2-(4-tertbutylbenzylmercapto)- 3-methyl-5-tosyloxy chromen-4-one

Q K

2-(4-tert-butylbenzylmercapto)-3-methyl-5-hydroxy chromen-4-one (5g, 14.1
mmol) is dissolved in pyridine in a 25 mL round bottom flask and p-toluenesulfonyl
chloride (15 mmol) is added to it. The reaction mixture is stiljred for 8 hours. Water is
then added to the flask and the contents are poured into a separatory funnel. Ethyl
acetate is added and the layers are separated. The organic layer is then washed with

water and brine and dried over sodium sulfate and filtered. The filtrate is




H3CO --~- H3CO H3CO/ O HA 0~? O OCH3 OCH3 The

1- (2, 2-di net hyl -chroman-6-yl)-2-(3, 4, 5-tri net hoxy-phen
yl)-ethanone (184.1 ng, 0.5 mmol) dissolved in THE (3
m) is added dropwise to a sgirring cold (- 78 Q)

sol ution of NaHVDS (0.6 ni, X.OMin THF) in THE (3
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1 (2 Oégt ri rrie{ghé)xgl ﬁeﬁ : ?%%%Or?éd%g ny, él.ldop%as?nl_qmngl.)
| n du%hﬂdﬁr(@ﬁ@ﬁhﬂﬂ)san@mwﬁﬂ_@ 3P gnraal)aseladded to it. The solution is
p-tol Hﬁg@?gé%%n{? I‘fog}soa??d@hléﬁ 1s?é%ﬁigd toFodifs Qen{]ggﬁhﬂ'e 398 reaction
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64 Ts

To a 5 mL reaction vial containing 100 mCi of '°F in 300mg of '®0 water is
added a 1 mL solution consisting of 10 mg of Kryptofix, 1 mg potassium carbonate,
0.005 mL water and 0.95 mL acetonitrile. The vial is heated to remove all the
solvents and dry acetonitrile (1 mL) is added to the vial. This is also removed by
evaporation. 2-(4-tertbutylbenzylmercapto)-3-methyl-5-tosyloxy chromen-4-one (5
mg) in acetonitrile is then added to it. The vial is sealed and heated for 30 minutes at
100°C. The mixture is diluted with dichloromethane and passed through a Sep-Pak
and eluted with tetrahydrofuran. The solvent is evaporated to get desired compound.

Example 8
8a.  2-bromo-1-(2,2-dimethyl-chromen-6-yl)-2-(3,4,5-trimethoxy-phenyl)-

ethanone



A thin-wall 10 nL, silanized vacutainer with a

sil ani zed stopper is charged with tetrabutyl amoni um
hydroxi de (5 uL, 40% w v solution in water), and a
solution of 18F in water (}9PnCi, 200 uL). The
resultant mxture is evaporated to dryness under a
flow of nitrogen at 100 C. The residue is further
dried by repeated addjtion and evaporation of
acetonitrile (3 3200 i

acetpgétrlle S -o\ gd and_conceptyated u
wi t hout 5. Prior to conplete
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and eumc@)j theireagtion BIXGHP 1SreVAReT a?ezl upfler redpped Pf%?é‘gf’ MRviain P
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OCH3 Bodorret hane 1?12 é:Sg, fJT)SﬁP) and tr%ﬁer@ﬁ
phosm’w’??ée(% 23 g 0.1 rml) are d| ssol ved et her at
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resultlng yI| f

dr opw se gg*the stlrrlng reaction m xt e&g. The
reacti on mxture is rred. f ot.hy mn

The ket ont® % 3gLgsacon ‘0‘ °°Pr@1“ing%5%acg 0% E i i&'ﬁﬁoéﬁg water is
) h%de&dd@ﬂ_,r §dhx]i¢oheoﬁs@ﬁﬁh§ bfoI0 oig oftKiytofid Neng pmskmmmanﬁs%ate
war ned to our.s e reactiqn is e

W £ 0983 ML aeeng b5 magoniie S vintl Beteddo iod ] B4

Wi t E scaldén&tdri]m Hr;&tcaemgﬂ@gmm mdamamlt@thb &;éu; msuoanerfemoved once
washed with water ri V sodi te

fi |t ERERMELREER- Fré‘P%P[%a(ﬁg A&B?thﬁagﬂgcbb ) 345 3!

chr g%ﬁ&ﬂf ¥ny] 2)1 Pldpenyl]-stannane (5 mg) in acetonitrile is then added to the
Tri but

yl)- ¥t 3h avilie e "@iﬁ%ﬂﬁ@@@{&gﬁg 5@%}? Jrhe Fiip frgliluted

with dichloromethane and passed through a Sep-Pak and eluted with THF. The
filtrate is concentrated to obtain 2-["®F}fluoro-1-(2,2-dimethyl-chroman-6-y1)-2-
(3,4,5-trimethoxy-phenyl)-ethanone.

Example 9

9a.  1-(2,2-dimethyl-2H-chromen-6-yl)-2-hydroxy-2-(3,4,5-trimethoxy-phenyl)-

ethanone



65 0 H3C ~01 Ha HA HA BnBu3 OCHa OCHS To a solution
of 6-[2-io0do-I|-(3,4,5-trinethoxy-benyl)-
vinyl]-2,2-dinethyl- 2H chronene (974 ng, 1.98 mol)
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with diethyP ether and filtered througqn a small pad of
di at onmac eBhesl- @;ﬂcd@ethymimmm-6-yl)-1*(é,4,15+tt1mpfa075’-l?h9nwlbaeth@@ne

w th t,er 0%

sodi &%@SIJW gjs é }f;{ﬂh{'ﬂer eg‘ﬂ glﬁlg @c%g)clé %@&atq{eda%&?yﬂmmg cold (-
mat er7B &) sbhlnoma?islam&@ Gkt 1.8Map THF) inl 3R (3fouke)t Ragrresulting
purlfl cation

6- [ 2574 fgﬁrp:f{%er i§ stfre(ig'or 430gm{1utes betfcﬁe §(+/-_)-k<):gx}]1§l?o)r¥l-sulfonyloxaziridine
vi ny(1872pg 046 watdi)ih THH-(3 oily) drasided @opvisa-AGEy 15 min@es-H3€0

Sg E’ ;J g‘faﬁ ﬂoﬁgnnégrenﬁ% %&I m lﬁs? %2%10%23 iﬂLﬁ‘Lmd diluted

addeaith diethyll ¢theroThetmmtur¢:xs alowsdito awf uplio reqm t;mperamre The

and” aitleve B SPL b OF Chfine il Byecd Bt Bt
al | twita watap] bringtdsiedovtr sodjura adfawnﬁltercd, end coherinirated, Canetigdel2,2-

agal bl Syt 3B chicen-641) S hydrdxy- STRY S iR Sicy-pBH - SAEAGH s

vacu
Tri b@hyfed[xﬁmgmlﬁaghlmhyﬂoglﬁpkychrorren 6-yl)-3-(3,4,5-

tri hox heny ~ .
acet ohi ¢ r RS S AT ¢ BR oag B By L .45
seal @dméthﬂgzmwéckt@bestezo m nutes to 100 C. The m xture
IS d| luted with di chI gr onet hane and passed thro a

The

OCH; OCH;3
To a stirred solution of 1-(2,2-dimethyl-2H-chromen-6-yI)-2-hydroxy-2-
(3,4,5-trimethoxy-phenyl)-ethanone (28 mg, 0.073 mmol) in dichloromethane (1.5
mL) is added p-toluenesulfonyl chloride (15.3 mg, 0.080 mmol) and pyridine (6.47

puL, 0.080 mmol). The reaction mixture continues to stir at room temperature. The

crude material is purified using silica gel chromatography.
9c. 1-(2,2-dimethyl-2H-chromen-6-yl)-2-[18F]fluoro-2-(3,4,5-trimethoxy-
phenyl)-ethanone

OTs O, 18 0.

H3CO. ———e—»~ H;3CO.

H,CO HyC
OCH; OCH;



66 1la. 4-hydroxy-2,2-di nethyl -chroman-6-carboxylic
acid OO / I \' I Br HOOC HO OH A solution of

6- br ono- 2, 2- di net hyl - chromanol -4-0l (2.42 g, 10 mol,
Buckle, D.R et al, J. Med. Chem 1990, 33, 3028) in
anhydrous THE (50 nL) is cooled to - 78 C. n-BulLi
(2.5 Min hexane, 9.0 nlL, 22.6 nmol) is added dropw se
to the stlrrlng]h%actl n.mxture. The reaction m xt

e
cont i nues ATl 1051, sispigogvicyfaimior itk e dppers charged
M NUtvAh tetfabEHDAEM 68D BiddrokiOx(5aL., 405 bunbdhitidn idwater)fand he

reaction ur e, enmperature is allawed to

ri se SP]b‘u%‘r’Tf]éé Al @?terfgoqﬁg'u?@ 'O{l.get Iief’“g t Tpixture 15 yaporgted to
by e\é@ﬁﬁgsainu&@ ﬁmﬂ&rnlﬁogédJaqdo 1208 ePEe%ﬁdueQﬁﬂrthéi@n@d bidRpeated
material is taken up in er. The aqueous [

aci diefditien wdtewapprwom acafﬁ@frés( (3752008t win Hddd‘i“élﬁl\r/?}‘ﬂ““ of

et heracetorf;eﬂ@g Rl Qfd&aﬁueﬁuitma& vaeﬁnymdhewﬁgw MRE B
brine, dried over sodiumsulfate, filtered,

conc pmplgtesgiventiameyal FHF § Vcnko 15 4dded, the yiaf i§ uflﬁg:mé #qd toluene-

step 4V\§u§ﬂ§1913' Ecld @-l{i Q-fdin‘i@ﬁ;}l-@ﬁ-chﬂo&n—6-yl)—2—oxo- 1-(3,4,5- tnmethoxy-
4- hydr ox -chroman- 6- car boxyl ic acid

3, 4, 5?ht>rr ?{)rféhsﬁ 8ster (%@a§v|addeé§%enemqs dhg-igal if prespprind heated at
)1~ @5o836:350 dhinfited. After BB (ﬁgﬁe v@ﬂ»@ter 64 mL) and passed
(3,4,5-Trimethoxy phenyl) t hanol . )

and thonghtdjlicargelropisidgedpradoadad Watets, nglg qﬁﬁﬁep-Pak)eto load the

di Ss%ﬁﬂ' g The &HBX%' 19H§s8d %‘nﬁ ?&E&g&[ﬁ%ﬁlﬂ@dﬂ@nﬂ atole (i_ H&) The

solutloh IS coo
di metabstonitmileis pyappsatell agd e repidueis pudfiddiziPLG togfford th desired
mmol ) di.ssol ved in dichloronmethane (50 nL) is added
dropw se. The reaction m xture continues to stir at O
C f oExampledfi t i onal 2 hours and is then allowed to

COMe /o T YTl 'Bﬁm Infetho Be%zl( %&Hh?%iafmey R2H LR eRD

nlxture IS quench tura € aqueoyus

=]

| ayer
ch e . H;CO
HyCO ° HyCO |

OCH,3 OCH,

Diodomethane (26.88g , 0.1 mol) and triphenyl phosphine (26.23 g 0.1 mol)
are dissolved ether at stirred at room temperature for 24 hours. The resulting ylide
salt is collected by filtration and dried under vacuum. The ylide salt is dissolved in
THF (100 mL) and cooled to ~78 °C. N-sodium hexamethyldisilazide (18.34 g, 0.1
mol) is added dropwise to the stirring reaction mixture. The reaction mixture is
stirred for another 30 minutes. The ketone (36.82 g, 0.1 mol) dissolved in THF (50
mL) is added to the reaction mixture. The reaction is warmed to 0 °C. After 2 hours
the reaction is quenched with sat. NH4Cl (aq). The aqueous layer is extracted with
diethyl ether. Combined organic layers are washed with water, brine, dried over
sodium sulfate, filtered, concentrated, and purified by chromatography.
10b.  Tributyl-[2-(2,2-dimethyl-2H-chromen-6-yl)-3-(3,4,5-trimethoxy-phenyl)-

propenyl]-stannane



Is extracted wth dichl oronethane. Conbi ned organic
| ayers are washed with water, brine, dried over
sodiumsul fate, filtered, and concentrated. Crude
4-hydroxy-2,2 67 dimethyl-chroman-6-carboxylic acid
3,4,5-trinmethoxy benzyl ester is purified using
silica gel chromatography. 11lc.

2, 2-di met hyl - 4- (t ol uene- 4-sul f onyl oxy) - chr oan- 6-c
ylic acid 3,4,5- J t hoxy- benryl ~

r box

;:tHisr?sl/comcoo LCO\ | @ To a
4- hydr 0.2 - chr oman- %
3,4, %%%ri -thoxy'benzyl ester (2974 nyg O.OT@“hnDI) in

di chl or on®fhane (1.5 nl) is added Tsel (15.
0. 080 muloa shdiop pf 6- az-méo-q«‘;3Ai—mrneth@cymwlmyﬂ-wﬁ@ethﬂ-

r eacéf? é’F{? {Pw’l me, Pﬂé fnﬂlldﬁsfn i Q—dﬁ&bﬂ (9 ed tri-n-
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car bty 454 i B ER Bl kTR AR Bpanol, The

4- 1&5}lﬁi1ngmspanﬁpmsdhlem o yéflus Horchhmursseapled iosop tempgsatyre and

3 LSl ELBONL ) RETEY oAb MR OHIOR, Aankiof R,

si | apigzaanoly heteanlting misttréisatissd aamomefdmmr apreder I@OWS and then

v St Vi BT RE o B RO A N O gl o

vvat e (Cdlile®DTBE filte:0s whghed Witk wates llO%aHﬁl mtm mﬂ@ 111%1 dI ied over
SVaDULALE Gkl AR SSPcARNR R Chidtharialts WEAGR the Bl 1P

y repeated addition
and amﬂmmm&mmqmudkmametonltr|Ie (3 x 200 uL). An

addi t b on a«%—[? } 1 89?']?:401‘0—5 (3,4, 5-trimethoxy-benyl)- vinyl]-2,2-dimethyl-2H-

chromene
0 o.
H,CO. e H3CO. F
H;CO s“Bu3 Hsco 1BF
OCH; OCH,

To a 5 mL reaction vial containing 50 mCi of 18F in 300 mg of 180 water is
added a 1 mL solution consisting of 10 mg of Kryptofix, 1 mg potassium carbonate,
0.005 mL water and 0.95 mL acetonitrile. The vial is heated to remove all the
solvents and dry acetonitrile ( 1mL) is added again to the vial, which is removed once
more under vacuum. Tributyl-[2-(2,2-dimethyl-2H-chromen-6-yl)-3-(3,4,5-
trimethoxy-phenyl)- propenyl]-stannane (5 mg) in acetonitrile is then added to the
vial. The vial is sealed and heated for 30 minutes to 100 °C. The mixture is diluted
with dichloromethane and passed through a Sep-Pak and eluted with THF. The
filtrate is concentrated to obtain 6-[2-[18F]fluoro-1-(3,4,5-trimethoxy-benyl)- vinyl]-
2,2-dimethyl-2H-chromene.

Example 11



acetonitrile is added and concentrated under vacuum
W t hout heating. Prior to conplete solvent renoval
TIC (150 uL) is added, the vial is uncrinped and 2, 2-
di net hyl - 4- (t ol uene- 4- sul f ongl oxy) - chr oman- 6- car boxyl i
c acid 3,4,5-trinethoxy- benzyl ester (2 ng) is added
in one portion. The vial is recapped and heated at 65
C for 30 mnutes. After cooling, the vial is diluted
wi t h Mat drhydard.p-dipadkslyeman-6eribeRyh 949si | i ca ge
cartridge (pre-loaded Waters Light C 18 Sep- Pak

| oad the ~sanple./The cartridge is rinsegdA
and el t h Y aget onmtrHe(2—tr The b
acet oni i S

Synt hesi s of

8-[ 18F] f | uor 802, 2- di net hyl - 2H chr onene- 6- car box@Hi ¢
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taF O 10 IO HAO A thin-wa] | .

si | aBﬁ@gD_\lh@tﬂlbgl- Med. Gliern 1990533, a%sié’c?ngl’dﬁﬁﬁmoml‘ 18

char &%fed 1§ GRod GLEAR %.5’ M iR KERRE, 90 A, P @il {sadadd, drépiiise
u water), and a

w v solution in ~solution, of 18F- ir)7of
wat eto thelQinihg reaeion mixpure e reagtionnaiiiFe GeptiUgs o sfigat— 78 °C for
evapl g&d@%ﬂ#ﬁS nﬁﬁxx&.eéésebﬂ&%gfnpﬁdiﬁhaws ehbbld thRggnthateadf

. r

degr ees e'resrdue Is led furt Qer%gy re‘geat ﬁﬁ

addi trixgure,zand thevemperature dyallowedie s6oiei20 ¢ AT 32 powrpyoifilps are
An addi L] | SRR, hhd Be badesaralangken up in
concgeﬁo&%%vﬁﬁdé}ﬁw\%%ﬁgﬁuw ?F]out heatieng. Pri, rdie;ﬂ?yéether

conphwets Thohqueous layenisweidified with § NFCL and extiacted fd

vial 4s.uncr] ied wi ine, dried over sodium sulfate,
i ro CHEOHBEEBRERy A e Sndied with watp e, dried oy sod
3, 4, Giltered, med toorsntipted., The epudearoductiy used i the pext stemwithayt 1\
Chem Sttﬁ%tig}pd Bi ol ogy 2000, 7, 979,(2 ng) is added in
one ? ron. The vial is recapped and heated at 65 C
for 306.m Alpdeery-23-dimethybdroma-G-earboylinaddtfardnehgy-benzyl
t he \éigtarl is diluted with water (4 nlL) and passed
througﬁ a silica gel carotcgi dge (pre-| oaded Wat er s
Li ght C- 18 Sep-Pak) tyed 920" t he sanpl €°°The cartri
7 an uged $re itrile
X,

dge

phenyl) - agel § A6k FiHRY) R8thal (1.98 g, 10 mmol) and
dimethylaminopyridine (1.47 g, 12 mmol) are dissolved in anhydrous
dichloromethane (50 mL). The solution is cooled to 0 °C. 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide (4.31 g, 15 mmol) dissolved in
dichloromethane (50 mL) is added dropwise. The reaction mixture continues to stir at
0 °C for an additional 2 hours and is then allowed to come to room temperature. After
12 hours the reaction mixture is quenched with saturated NH4Cl. The aqueous layer
is extracted with dichloromethane. Combined organic layers are washed with water,

brine, dried over sodium sulfate, filtered, and concentrated. Crude 4-hydroxy-2,2-



OCH3 OCH3 H3CO 0 H3CO O H3CO CEt H3CO OR C
Trimethylsilyl chloride (4.52 g, 14 mmol) and
(3,4,5-trimet hoxy-phenyl)- acetic acid ethyl ester
(2.039g, 8 mml) in THE (25 nd,) are added successively
to a solution of lithiumdiisopropylamde (prepared
fromdiisopropyl amne (8.8 mmvl) 69 and n-Butyl
lithium (1.6 N in hexane, 5.5 nL) in THE (25 rr?L}g %

- 78 dimettiybohreman-rpasbenyli peid 344-teimethorny hengy} pstef 1y puritied using

N- chliQr08yoebmitharsthy( 1- 12 g, 8.4 mml) is added in
one portion to the Stirred solution. The reactiq

mi xt dfe |%2-dqmedxx/e€f(t9@ew9a+m%mv1¢w ghroqr-Grgapory 'ﬁ%ﬁ? 34,5
sti r;,,;,;;w,,ﬁ;,bg,zgeg@; 30 mnutes and then diluted with

wat er . aqueous layer is extracted with

di cthgo ane. Corrb| neg organi c Iay i washed
with wa bri ne, 0

filtere d eong

puri #ced usi nNg 10

4- Hydr oxy- phenyl % uf anyb.) (3,4, 5- t?lmet hoxy penyl ) -jace
tic acid ethyl ester OCH3 HO OCH3 |*Ak H3CO O ( [/ °F |
H3CO SH \To é‘Bﬁ%g@IuﬂbB 65 hydids),2,2-Gimethigitlrormarat-ElboxFlic acid
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| en
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enper at ur.e. . our s reaction mxture is

quenEHBYEY i‘%‘ﬁ%@gﬂdﬁm‘b U@B@é *The aqueous layer is

extr alM eds- lee&;bselz-aﬁethﬂwronﬁamwmkym @3, ¢, 5-thirgrboxy-

are ed with water, brine, dried over sodi um
sul f "@’efﬁe’ftered and concentrated. The crude

product i $%purifi ed using silica gelgghromat ography.
13c. "4 dr oxy < (8.4, 5-tri mrbho
phenyl ) - | sul f Yol m

H,CO

OTs

A thin-wall 10 mL, silanized vacutainer with a silanized stopper is charged
with tetrabutyl ammonium hydroxide (5 uL, 40% w/v solution in water), and a
solution of 18F- in water (10mCi, 200 uL)). The resultant mixture is evaporated to
dryness under a flow of nitrogen at 100 °C. The residue is further dried by repeated
addition and evaporation of acetonitrile (3 x 200 uL). An additional aliquot of
acetonitrile is added and concentrated under vacuum without heating. Prior to
complete solvent removal, THF (150 uL) is added, the vial is uncrimped and 2,2-
dimethyl-4-(toluene-4-sulfonyloxy)-chroman-6-carboxylic acid 3,4,5-trimethoxy-
benzyl ester (2 mg) is added in one portion. The vial is recapped and heated at 65 °C
for 30 minutes. After cooling, the vial is diluted with water (4 mI.) and passed
through a silica gel cartridge (pre-loaded Waters Light C-18 Sep-Pak) to load the
sample. The cartridge is rinsed with water and eluted with acetonitrile(2 mL). The



OCH3 OCH3 H3cOH3COS H3CO S| HsCO\ COCEt / OH
CH2OH OH

4- Hydr oxy- phenyl sul fanyl ) - (3, 4, 5-tri nmet hoxy- phenyl)-ac"
etic acid ethyl ester (4.8 g, 12.7 mmol) dissolved in
THE (30 nlL) is added rapidly to a cooled (0 O

solution of lithiumalum num hydride (3.15 g, 12.7
nmmol) in THE (32.7 nL). The reactiaon mxture

sti r pestpritrileipeisperatedaiddbe sesidueds petiiod vis Bty aﬂ*ﬂ’é‘ the desired
reactidfagetm xture is quenched with 2.5 N HO and
diluted with water. The aqueous |ayer is extracted

wi t hEgemple 13cet ate. Conbi ned organic layers are washed
Wit h swah&is.of 9—?!82‘9]1:40%-2 O iRMBN- 2 hr S1RS e S PaFBobpIR aRid 3,4,5-
filtered, and corncentrated. The crude product is
puer”éﬂo’ﬂ’sﬁeﬁ@’ &f¥ica gel chromatography. 13d.
2-[4-(1, 1-od#smet hyl pgpp- 2- ynyl oxy- phenlsulfagyél] 2- (3,

4, 5- Heep oxy- phenyld.-
[ H3 \\
3- Chl,@k0-

added to a mixt
[ 2- hydroxy-1- (3, 4, 5-tri net hoxy- phenyl ) - et hyPsul f anyl ] -
phenol ( 2A81’iingwa1180 4ilL, sitanizpd vacpeinerswithunsilasizéstbatepper i§ charged

2. 35 6,82
2, 3 4561 Mk BB IR Al il 0
DVF (610tior.f.18F in waer €10, 2003 Eheirssultorh enixthreag evipdraed to

B e

pr es sépested dddétioh@nd eaporhtionrof ducetsmime(d %200 uL). An additional aliquot

di chl Juag er in .

i oY GNP BRR B bt pioBf oy Rih i hesE pror o

conc ealhplafe edl,venTh’mole,mHF pirsoaiLy is atldedpthe vial ie Unaxsnped and 2,2-

sili t ogr aphy.Be.. . .

> (o Beslie P RB R b arif a4y yimstbosy engslter

t hox prepivasly pjepared bya@kamistry and Biology 2000, 7, 979,(2 mg) is added in one
portion. The vial is recapped and heated at 65 °C for 30 minutes. After cooling to

room temperature, the vial is diluted with water (4 mL) and passed through a silica
gel cartridge (pre-loaded Waters Light C-18 Sep-Pak) to load the sample. The
cartridge is rinsed with water and eluted with acetonitrile (2 mL). The acetonitrile is
evaporated and the residue is purified via HPLC to afford the desired product.

Example 13
13a.  (4-Hydroxy-phenylsulfanyl)-(3,4,5-trimethoxy-phenyl)-acetic acid ethy! ester
OCH; OCH,
H3CO o H;CO o
—_—
H;CO OFEt HyCO OEt

Cl
Trimethylsilyl chloride (4.52 g, 14 mmol) and (3,4,5-trimethoxy-phenyl)-
acetic acid ethyl ester (2.03g, 8 mmol) in THF (25 mL) are added successively to a

solution of lithium diisopropylamide (prepared from diisopropyl amine (8.8 mmol)



CH3 OCH3 H3CO H3CO by ~ 1 H3co S H3C SO CHZOH O
HOH2 N, N-diethyl aniline (9.53 nL) is heated to 185 T.
2-[4-(1, 1- D net hyl - pr op-

2-ynyl oxy- phenyl sul fanyl ] - 2- £3, 4, 5-t ri met hoxy- phenyl") -
et hanol (16.11 g,0.04 nol) 1's added dropw se. The
reaction nmxture is then heated to 195 T. After 1 hour
the reaction mxture is cooled down to room

t enpendp-iugy! Hfhiron 61.GN|nbexaoens.§ mlj &% BHE &5 mipret — Gakhe
| ay eyl firei¥ btirAa e d7ancid: PRONICorotideBithniay gr 125é3 di '4%9101) is added
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desi riedngnoginade thefstimed sobution, Te rqqsttonémﬁ@;@t s @chd\m VHgp o 0

further r 1
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o b"%isgéd'ﬁm'wfiter? bnﬂe, difed Bvér s&Pu : %miﬂ%o@lter@d, land cda3&Rrated. The

|rr|n I on of

2- (2, cmdgprasduehis p@ﬁeémlm@maclwhmmamwhy 2-(3, 4, 5-
trimefs QOXY- %)zet@fs?{'ﬂ'%) -(4£5. g%né}ﬂoxy-gh&}g a@Eﬁbla):zd‘ éthyl ester

dlchloronet ane

p- t ol uenesu§FBnyl chl or'f 5.3 ny, .t Mol ) and
pyri dis 0. 080 1) . 'I"h‘ép egslion mxture
cont i nues r rature.

mat eri al g A1 ed, Usi ng silicalgel
to yi'BF¥ the désired product. 13g.Hs
6-[2-[18F] fl uorem-1- (3,4, 5-trimet hoxy COOEt

R DRSS TNER YD e 1, 1 VI T P

.,  Shihaly hﬂcﬁé&é’lﬁﬁjﬂtaﬁﬁﬁbﬁfumlvo&be @. 7 g 2l dissobyep &f DMF (20

\C,:VI; \6,1 ' grg; $ ;ngfqg p%%%g%? g ,cgﬂ\élroaﬁ%@ih‘é@o -gheny -acetlg: eﬂ1yl4ecs)te/g
(2.88 g, 10 mmol) in DMF (iO mL). The reaction mixture continues to stir at room
temperature. After 12 hours the reaction mixture is quenched with 3% HCI
(aqueous). The aqueous layer is extracted with ethyl acetate. Combined organic
layers are washed with water, brine, dried over sodium sulfate, filtered, and
concentrated. The crude product is purified using silica gel chromatography.

13c.  4-[2-Hydroxy-1-(3,4,5-trimethoxy-phenyl)-ethylsulfanyl]-phenol
OCH, OCH,
H3CO H;CO.

ere————————— -
s S
COOEt OH CHz0H oH

4-Hydroxy-phenylsulfanyl)-(3,4,5-trimethoxy-phenyl)-acetic acid ethyl ester
(4.8 g, 12.7 mmol) dissolved in THF (30 mL) is added rapidly to a cooled (0 °C)
solutioﬁ of lithium aluminum hydride (3.15 g, 12.7 mmol) in THF (32.7 mL). The
reaction mixture is stirred at room temperature. After 1.5 hours the reaction mixture
is quenched with 2.5 N HCl and diluted with water. The aqueous layer is extracted

with ethyl acetate. Combined organic layers are washed with water, brine, dried over



solution of 18F- in water (IOnCi, 200 uL) is added.

The resultant mxture is evaporated to dryness under

a flow of nitrogen at 100 C. The residue is further
dried by repeated addition apd evaporation of ST -
acetonitrile (3 x 200 uL). An additional aliquot of
acetonitrile is added and concentrated under vacuum
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Once the reaction was conplete according to

LCI\/B chromatagesRBY i on mi xture was concentrated and the
crudey 3%5“ I b 3l DByl BKERoMEN-6-Plsulfani)-LI(3, Y, 59FimehbiyPRegp
and et acetate.  The organi ¢ solvent was renpved and
t he qﬂeml I ning dried silica gel was packed in a
fritted fumrel . Extensive washes wi th ¢ hexane :
et hylH.a Rte nixture (1:4) foll quwed et hyl acetate
(100% ashés yi el ded h.e_d.esued

4- (4- Ip ’ wnyl )[- benzoi ¢ aci
(1199, 0. 58| mmd a e desi MY p (
yield). 'H (C™, 600 Miz): 8 7.95 (2H"HF J=8

AHzY,
7.45 (2H, I\P'N %ﬂ?ﬁuﬁﬁ)@ s?enﬁ.&(s%eat%ﬂo 188 °832{241,1-Dimethyl-prop-

J=6. 6Hz
2-y12yloxy-pheny sulfanyl]-2-(3,4 5-mmethoxy-pheny1)-ethanol (16.11 g ,0.04 mol)

js added dropwise. The reaction mixture is then heated to 195 °C. After 1 hour the
reaction mixture is cooled down to room temperature and is diluted with hexanes.
The organic layer is extracted with 5% HClI, dried over sodium sulfate, filtered, and
concentrated to yield the desired product which is used in the next step without
further purification.

13f  Toluene-4-sulfonic acid 2-(2,2-dimethyl-2H-chromen-6-ylsulfanyl)-2-(3,4,5-
trimethoxy-phenyl)-ethyl ester



Exanpl e 14b: Synthesis of 4-(4-hydroxy-butyl)-benzoic
acid nethyl ester: Me02C/ \ H2, EtOH Me0O2C OH -' OH
To a stirring solution of

4- (4- hydroxy-but-I|-ynyl)-bengoic acid nmethyl ester
(6.29 g, 0.031 nol) in ethanol (60 nL) was added

pal | adi um on carbon (5 g, 10% on carbon) and the
reaction mo@ure was hydrogenated at g&,psi. After 20
hours, the | reaction mxture was filtgred to renove
the c#fdlygtand the filtrate wi ceftentrated to
afford 4- €nzoi c & metdyl _est g
(5. 67uge desiH@d
yi el d). 0f &~ S 7.94 (2H : }
7.24 (2H, 9" J=8.4 2 3\89 (s, 3H) ,™8.65 (2H, t,
J=6. 6Hz) , 1 :
(2H ™ E’I)%é\a@'érrfrx%'?oluﬁono]n (ﬁ%sdli%ztg}rl 2I-f 4'11 mtlfangrlr)1 5%3 4,5
phenyqnpieg}%&gﬁ)epy%ethanql( 9.3 g 07078 nmolm omm gd. 5 mb) is

a st f
a d' %g{:ﬂ%r&%g%’%lrt&{hﬁonﬂe Sen 3“%% 008 ﬁ&ﬁl}’%@?%@ (657 jiL, 0.080
was awEed. Thoisedtion mixtuscontinges tostirat tOIqmmnmraImenEThq crude

hydr i Ggrekd ibuRed ds¥l sﬁlr%; gﬁ)chroﬁta{o a W 4 o Hesﬂ%d %roduct

addition the reacti n ture to st

r oom {38np &r2t/dElugptle®. 45-tinsthexy- Mraey&-eth)dsub‘éwllﬂ? Rdimashyl-
was spienohes W th water. The aqueous | ayer was
extracted with ethyl acetate. Al conblned organi c

| ayers wer @tried over Na2SO4,

(2H S)

O B ek S e

3 2. 1 mﬂVteﬁabutyEXr&ﬂ'ﬁxhlﬁmlaﬁ&oxﬁb’ (BtUIS30% wov solutlon in Water), and a

g b BB T D S Ay L

0, 7, GUESMed t@d@nzsa uAdes alﬂwoeﬁmeéen at 100 °c The residue is further dried

4- 4 bh red regt)éx adbdliltgon and gv? po Otllc?n o%‘czic tomtnle é X 2eo%tu%r. Sggiltﬁ%al

1. 4 4 by'rep aporai € )
aliquot of acetonitrile is added and concentrated under vacuum without heating.
Prior to complete solvent removal, THF (150 uL) is added, the vial is uncrimped and
2-(2,2-dimethyl-2H-chromen-6-ylsulfanyl)-2-(3,4,5-trimethoxy-phenyl)-ethyl ester (2
mg) is added in one portion. The vial is recapped and heated at 65 °C for 30 minutes.
After cooling, the vial is diluted with water (4 mL) and passed through a silica gel
cartridge (pre-loaded Waters Light C-18 Sep-Pak) to load the sample. The cartridge
is rinsed with water and eluted with acetonitrile (2 mL). The acetonitrile is
evaporated and the residue is purified via HPLC to afford the desired product.
Example 14

Example 14a: Synthesis of 4-(4-hydroxy-but-1-ynyl)-benzoic acid methyl ester:



mmol) in DM (4 nL) was added i m dazole (147 ng, 2.16
mol) followed by TBDVS-O (324 ng, 2.16 mmol). The
reaction stirred at roomtenperature for 2 hours,
moni toring by TLC (3:1 Hexang: ethyl acetate). After
consunption of the starting material, the reaction
was diluted with ethyl acetate and washed with water
(3x) and s

t ed sedirem bi car bon (Ix). The
orgamMsOJC Yagr dred—over Mot
filtered, anrd concerﬁ'r"é‘(‘?%d down to g;: ain a é‘l‘P‘lbw oi |
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hydr § vy 3 SRR & S piofiitnr i, oA By Ehihe, oo
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roomt ﬂé’é HLS ﬁn mbbuteEas Gorldthisd arddiR R fhdeRdD wal tXitet Lfin

was quenc er. The_aqueous Iaﬁer was

ext r act sEHryWE Elhca@W‘li ethyl é‘teﬁfeeTheﬂFﬂamE &htAheas rgpayefAnd the
| ayer semihife Sied @ﬂtc@%éﬁ{'as M&Qﬁ 2 fritfetl iin@¢] Hktengivedvashes with a

trated. t
e piie e oy il (449 el by cond R mBl 0% RS idhea
et hyl mcatsmiet (4h9dtmyem}-1-ml)dieﬁmmdclﬂmeﬂmle§ﬁedﬂt 9 p(§45p jmmol)
di met h l. | 1
0 5 sy R e g S
2-[ 4- (m&fyﬂrbiﬁ&mn)ﬁl%(s,ﬁélhiﬁﬁﬂﬂ Ldﬁl‘}g,@%é%fhylj‘%%%ne
ni- 4- dj@[}@f 95'1_0 .szr!tl ek B2- (4 T droxy Bl G-bhnzdic beilm&i Cdkr/ O S

OH ~- so utiron of 2-nercapto-chronen-4-one
(1.52 g, d- and_H-Eom.

hydroxyrréth enyl) -\oug,an- 1- oI (1 g, 90 mmol )
di ssol ved in anhydrous THF (80 niL) was adde |d

PPh3 (3.11 g, 11.90 m‘mlf) apd DI. _1(_ BQDF L eth { ester

mol ). Af t P actrmps slutienef4é-Rufar ey o8-V, ‘é’ﬁ’&af SH‘ y

m xt ur g, z@@m 031 W) ik EthaMbli (60 18L) Wad @dded bﬂmﬂﬁmaﬁ carten (5, 1€% on
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reaction mixture was filtered to remove the catalyst and the filtrate was concentrated
to afford 4-(4-hydroxy-butyl)-benzoic acid methyl ester (5.67 g, 0.027 mol) as the
desired product (89 % yield). 'H (CDCls, 600 MHz): § 7.94 (2H, d, J=8.4Hz), 7.24
(2H, d, I=8.4 Hz), 3.89 (s, 3H), 3.65 (2H, t, J=6.6Hz), 2.65 (2H, t, J=7.8 Hz), 1.71
(2H, m), 1.58 (2H, m).
Example 14c: Synthesis of 4-(4-hydroxymethyl-phenyl)-butan-1-ol:

HO
LAH, THF
MeO,C _—
OH

OH



aqueous | ayer was separated and extracted with ethyl
acetate (3x). Al conbined organic |ayers were dried
over Na2SO4, filtered, and concentrated to yield an
oil. The crude material was,purified using silica gel
chromat ography (1:1 pentane: ethyl acetate) to yield
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1.52 mo 5 réacti onMigJLHJW?contl «@ S YNg at
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was diluted with water. The aqueous |3 er was
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To a stirring cooled (0 °C) solution of 4-[4~(tert-butyl-dimethyl-silanyloxy)-
butyl]-benzoic acid methyl ester (0.80 g, 2.48 mol) in THF (5.5 mL) was added
dropwise a solution of lithium aluminum hydride (4.96 mL, 1M in THF). After




129.0, 128.1, 126.5 125.3, 122.9,117.5, 117.0, 70.5,
35.3, 34.9, 28.6, 27.2, 21.8, 10.8.; HRMS calcd for
C28H280bS2 509. 1450:, found 509. 1441 Exanpl e 14g:
Synthesis of 2-[4-(4 4

fl uoro-butyl)-benzyl sul fanyl 1 - 3-net hyl - chronen- 4-one
0 0 KF, Kryptofix, ACN\ I I I OS OIs/ OSF To a
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benzyl sul f anyl ] - 3- - chromen- 4-on , 0.01
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00 9 ;c(e?tate) to\?neld 2-[4-(4-hydroxy-butyl)-benzylsulfanyl]-3 -methyl-chromen-4-one
(1.29 g, 3.64 mmol) in moderate yield (46%).'H (CDCls, 600 MHz): 8 8.18 (1H, dd,
J=7.9,1.3 Hz), 7.60 (1H, ddd, J=8.6, 7.2, 1.7 Hz), 7.31 (2H, 1, J=8.5 Hz), 7.29 2H, ,
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34.7,31.8,29.2, 26.9, 10.1.; HRMS calcd for C21H22038 355.1363:, found

355.1364




1 oTBS Solid NaH (37 ng, 1.5 nmmol) was placed in a
reaction flask and cooled to O Cin an ice bath. A

sol ution of

4-[4-(tert-butyl-dinethyl-silanyl oxy)-butyl]- phenyl}
met hanol (377 ng, 1.28 mml) 1n dry DMF (23 nL) was
added to the reaction flask dropw se while stirring.
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To a solution of toluene-4-sulfonic acid 4-[4-(3-methyl-4-oxo-4H-chromen-2-
ylsulfanylmethyl)-phenyl]-butyl ester (10 mg, 0.020 mmol) in anhydrous acetontirile




chromen- 2-yl oxynmet hyl ) phenyl]-butyl ester: 0 O alo:
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26. 5, %g& g 7. HRMS cal cd for C28H2806S: 545. 1498,
f ound. ii 3. Exanpl e 15d: Synthesis of 2-[4-§
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diluted w t?oli‘c@%taﬁ r(37 mg, 1.5 mmol) was placed in a reaction flask and cooled to 0
°C in an ice bath, A solution of 4-[4-(tert-butyl-dimethyl-silanyloxy)-butyl]-phenyl}-
methanol (377 mg, 1.28 mmol) in dry DMF (23 mL) was added to the reaction flask
dropwise while stirring. After completion of addition the reaction mixture continued
to stir at 0 °C for an additional hour. A solution of 2-methanesulfonylo-3-methyl-
chromen-4-one (0.92 g, 3.84 mmol) dissolved in dry DMF (20 mL) was added
dropwise to the stirring reaction mixture. After completion of addition the reaction
mixture continued to stir at room temperature. Once the reaction was complete as

judged by TLC the reaction mixture was cooled to 0 °C and quenched with water.



The aqueous | ayer was separated and extracted with
ethyl acetate (3x). Al conbined organic |ayers were
dri ed over Na2SO4, filtered, and concentrated to yield
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7.60 (mefhylpjromyn-4gng 35§ mgy.73 mp, 4226)(1’231‘45 aalchfor @763
7. 13 (233,248, fohmBaA.2hE), 5.44 (2H, s), 4.50 (1H

$ 91 oo ik P bt R PRt g

2- (4l odwz: benzyl ) -i soi ndol e-1, 3-dione: 0 O Br Cs2CO3 +
HNO~ DMFOI i 'O To a sol ution of 4-i pdo- benzyl

30.4 in DMF 31 i) was added
4. 47 q, MI) aeS||um car bonat e

mol ). Thgs reacti o gd at room,H

t enperature ov rni ght unger nitrogen sphere
next day, the r on i Xture was quenche
wat er. The prod C|p|tated fromthe q

reaction m_xture an ff

wat er, and Béls?llé‘t‘i“é’ ﬁf“a t%hu{yle }?‘Yltfﬂ?"é'l°%3’“tygé’\%}’oy E’xy}

yi el g) 3-mettlyNYRn{e8@ne {58 mg, 03T inmyal) d%bsélveﬁ?n (ﬂl’(}édrﬂisl)THF 15 i)
(m = : =

5" o s a8 spflrion AR b fholiilop e ol 1S i s gy

168. 1, 4R8wiss. A86r. complgtiondf additige the reactien was stipgl sgroom gmperature

41.3. Md%elﬁ Qencl-ﬁ)i Bk RatbrS Tﬁéfaqueous layer was separated and extracted
2-[4-(4-Hydro ynyl) enzyl]-lsm %’.94

e: O Pfth ﬂhscbac%mﬁx) Al Pombirefereansc IEfsis Wofg pregNiagy e,
s I u r Iy af cogeefitéhtod ashyield @iy Mhe-cnfie maweeidi efas’Lplﬁﬁeﬂ Bing sifich 43l

g, I rJ.phen d’l?g g
ol - SEkiera A TRRER SR GER Bad fiys o -Sisn-
benzyloxy]-3 -methyl-chromen—4-one (101 mg, 0.30 mmol) in moderate yield (52%).
HRMS calcd for C21H2204 339.1590:, found 339.1591.
Example 15c: Synthesis of toluene-4-sulfonic acid 4-[4-(3-methyl-4-oxo-4H-

chromen-2-yloxymethyl)-phenyl]-butyl ester:
(o] (o]

TsCl, TEA,
O o] OH (0] 0 OTs
Kﬁj\/‘) K©\)) To

a solution 2-[4-(4-hydroxy-butyl)-benzyloxy]-3-methyl-chromen-4-one (101 mg,
0.30 mmol) dissolved in anhydrous dichloromethane (3.0 mL) was added TsCl (68




mmol) in DEA (20 nL) was added DMF (4 nlL) and copper
iodide (11 ng, 0.055 mmol) followed by 3-butyn-I-ol
(417 L, 5.51 mmol ). The reaction stirred at room
tenperature overnight under pitrogen atnmosphere. The
next day, the reaction m xture was concentrated and
purified by flash colum chromatography (2:1

Hex anemgtoty Immo@ppmamss the) OW5 Sinfd]) GRETEN OMSE ML AB36anmol). The

yel low salid. (0. 76. 5.%yield . 'H

CcL 3) TRgon T coringed s,%’"ﬂg*?%‘“(“ﬁw‘l"ﬂﬁf‘?‘e%é 5@ ?h"z{?ﬁf on

4. 83 (wixtuptfyas dut@lowihgvate2 [The agheoug lageriay sep@ratedan(iextraptel with
‘é 6 6. CzD%ff%lcetage (§3§ At oomuﬂed o]rganﬁ: lé'ellé%)ere dﬁg’&vléll\ﬁfﬁd ﬁltel}édzand
128. 0, m?nwdltz 216@ ai aﬂa Tée crsdf n@tenelcwae purifigtyusing sjiga gel
Exanpl éhrch@ogradysit:n QSﬂtﬁle ethyl acetate) to yield toluene-4-sulfonic acid 4-{4-(3-

o SRl A RERZH e Oh RS G2 el imon

Of in moderate yield (51%).'H (CDCls, 600 MHz): 5 8.21 (1H, dd, J=8.2,1.5 Hz), 7.77

2-[ 4-

o (5 olmu ST e 1A AR Kelqma A3 & sl o
163 m@zm@g—w;w PTG H, TO8 b h 17,9 Bz 43 G, ), 408

0) . Thest £2815i0) 2%bgﬁ%q-ﬁin£)09m(§ﬁmpqr99&a 9, PR 4,

under 0 rogen he reaction S “noni

by ' H E@s,éé@/f@@h@é?ss?i o8& B2 el 138dnl322, 1319

conpl eI29@n128t3h97f7eﬁ6t4' 9@ 6"12>ﬂ7uf2§ 1V\ﬁ§ 1“70'1t @I 36‘?4 i *2'7 9%*3
di atomaceous ear (Ce (r)),

acet at &1 éﬂcfl%l\’iﬁ&"é‘iﬁ]tf?racfzég%%s éf'% @H%L f)]rsoldg?ct as a

yel | OV\Eﬂbniple(]Id B @hesiD of 2PINY-Fhhd-butyl)-bIBYRoxfJeDRetMilehromen-4-
CDOI3); S 7.81 (2H m, 7.67 (m 2H), 7.33 (d, 2H J=
8.1 HZ9" 7.10 (d, 2H, J = 8.1 Hz), 4.79 (s, 2H), 3.69

(q. 3H, J27.0 Hz), 3.60 (t, 2H J= §.5 Hz), 2.58 (t,
2H, J=_7nd-MNz); 1.64 (ErKypR#gACN 1. P~.2H); 13C NMR
(150 - 168. 3, 142.2,

128. 8,

0O NI1. N2H4,
- To a solution of toluene-4-sulfonic acid 4-[4-(3-methyl-4-oxo0-4H-chromen-2-

yloxymethyl)-phenyl]-butyl ester (20 mg, 0.04 mmol) in anhydrous acetonitrile (0.5
mL) was added KF (4.72 mg, 0.08 mmol) and Kryptofix (30.6 mg, 0.08 mmol). After
completion of addition the reaction mixture was heated to 90 °C. After 15 minutes,
the reaction mixture was cooled down to room temperature and diluted with water.
The aqueous layer was separated and extracted with ethyl acetate (3x). All combined
organic layers were dried over Na;SOy, filtered, and concentrated to yield an oil. The
crude material was purified using reverse phase chromatography (Luna, 10u, C18,
250x21.2mm 10 micro, 30% of water in 90% Acetonitrile in water with 0.1% TFA as
the modifier in both mobile phases) to yield 2-[4-(4-fluoro-butyl)-benzyloxy]-3-
methyl-chromen-4-one (6.8 mg, 0.02 mmol) in low yield (13.6%).19F (CDCI3, 564



A sol ution of

2-[4-(4-hydroxy-butyl)-benzyl]-isoindol e-1, 3-di one
(964 nmg, 3.12 mmol ) and hydrazine (215 L, 6.86 mmol)
in n-butanol (59 nL) was pl ag d under reflux for 1 h.
A precipitate fornmed upon cooling to roomtenperature,
which was filtered off and washed with n-butanol. The

Filtratm,) V\@Szlk I?@PF Cxﬁ’)nﬁﬁﬂ's AL LR éﬂ‘ﬁﬁmdsomhtsm Pouhd 41,1547,

product as ow soli1d, which was used in_the next

step vat(ﬁ?BQb, @ﬁ;MHZﬂ &2 SFH, 98,778.3.8 8 H2L 760 (16, 239 b ™),

Qﬂz D&@Qz 8 3= 60 Hz)77 %&mddé 21 Hz} a4 (218 s)Lla)so (1H7mj,11 46 ¢h,

Hz) , zmlszi”@t(miﬂr%‘iz)?l(%g@ﬁ)%17f(‘§‘g“‘§)m 2H) 1 41 (m
2H) ; 1BGm@Re( 150 Mz, CDC13): 168.3, 142.2, 134.1,

%3440 53732’ %gal-%y%%be?isoﬁz?ﬂfmb}n%y - éo,-,,ﬁ,,%é_193-d,g,ge.5, 35. 4,

2- met hanesul fi nyl - 3met h@ - chr onen-4-one (0.3 :
mol ) in-ace;@(r\lﬁfe ( , Cs,C03 @
4- (4- ani nomg - phehyT™y n-BMR] ( (9 g
nmol ) and DMF (18 nl) e added The' reactPon rred
ina 50 Coil bath ov u e
next day, frﬁés?%tﬁ’ef’f%’r? "\?@29%%%@% B"’rejé@?n(ﬂ?

t enper aLyws aadbdpﬁftﬁd‘lﬁﬁﬁt(lmgdouﬁmy)l)ahdjceamcarbonate (14.86 g, 45.6
Purificatj he ol |

chr ona’ing‘ab E‘h u’a/wdeaf ﬁntem@e' liatufe 3%&@6‘ PdpL Aitrogen

desi r egtmpspbeteidihe wt duy,the rtb@twrggixtug; wes A@nehgd witlgwatgr. The

%' Sl E&gmdﬁé&ﬁ}%@n t@@@oxh/lcﬁ% quem ?é)acuoﬁ m%ctl?tgax{d%as ﬁﬂe%ed o%f:

HZ) 7waphed with v r, agd cougctqg aﬂz )vmte7so§c§(9(5d;, Sé’ﬁyleldb' ‘H-,ngR ?600

ZM%I%, éﬁacls)?? 84J(fn721? i) (m,éHﬁa 6f ( 28,7744 H2)77. 5. (g 2H,J
(t 21784 3& ). $.78 (s@}) ‘@W(go }vgﬁcyncll) %8 "f?s’gi%ss, 134.3,
1.61 (m22Hos8 18048 (bt3. 1H J = 5.3 H); 13c NI\/R (150
MHz,

130, 7, ) ez’ . 1%’6"“@“ Oﬁéé"(é%i %‘%1 {?Z’]”i"’yl{ i """éﬁ'd’f’”e

61.5, 446 3480318 ]272 7.3. Exanpl e 16e:

Synt heS| S bene - 4- gul ﬁ,,q,mcgl aci d N
4-{4- [(3- hyl o+4 CPhICLBER" -ylamno t byl
phenyl ) ‘butyl °est Ofs OCYH , '
N To a sol ution of 2[4(4 hydr oxy-H%ut y1) '
benzyl ani n q]o-a?stuﬁ? biRi{4-iadorben®t)-isbindalee,3(dbad(2rog, 5.61 @fiol),

ol ) Itnrll)he(:jx{yﬁ) osgﬂn?erﬁl !41 mgﬁ) (;5? an%? an%glla@igxq %ﬁm@de (5 mg, 0.028
mmol) in DEA (20 mL) was added DMF (4 mL) and copper iodide (11 mg, 0.055
mmol) followed by 3-butyn-1-0l (417 pL, 5.51 mmol). The reaction stirred at room
temperature overnight under nitrogen atmosphere. The next day, the reaction mixture
was concentrated and purified by flash column chromatography (2:1 Hexane:ethyl
acetate) to yield the product as a yellow solid (0.76 g, 45 % yield). TH NMR (600
MHz, CDCly): & 7.86 (m, 2H), 7.76 (m, 2H), 7.36 (s, 4H), 4.83 (s, 2H), 3.80 (q, 2H,
J= 6.3 Hz), 2.68 (t, 2H, J= 6.2 Hz), 1.80 (t, 1H, J= 6.4 Hz); °C NMR (150 MHz,



t ol uenesul fonyl chloride (68 ng, 0.36 mmol),

di met hyl am nopyridine (43.4 ng, 0.36 mol), and
triethylamne (62 L, 0.44 mol) in a 0 Cice bath. The
reaction slurry stirred ove%pight under N2

at nosphere, warmng to roomtenperature slowy

overni ght. The next day, the reaction m xture was

concengmat)es! 18N8l 198, 1133.6 8318/ 151142 843.0, €229, 11325, 86.3, 81.5, 60.6,
chronatoézg 3d:{)hy (3: 14 1:1 Hexane: et hyl acetate - 100 %

et hyI e) to obtain the product as an oil (45

Ny, 31EYmyle @b Bynthebds b;llVRM(ﬁHﬁHrMutyp}waaj-tsozﬁda&-Ilsdzm(ed d,

1HJ—15and79Hz o 7.76 (d, 2H, J= 8.3 Hz), 7,76

(mlH) 32(d J? 7.29 (d, 211, J
7.26 (d —é“ )E#ﬁ’—c’u m&%

4 90 (t, 1 / 4. 64 (d @

4.02 (t, J—59Hz 257t

2.43 (s, 3 [II)) a solut{pg of %[4 (3<|lqydrox_y-1@61 ‘(’nﬂ) hgllzy)]-lsopg@eji\mlone 2.0

(150 %g ethafolethyl acetate (3:1, 163 mL) was added palladium on carbon
174. 9, O 2.8,144.7,141]1. % 135. 4,133,

129. 8, (1938 /g 1.04 g); ’@e 102e;1017 stirre %oqgn teTEe&atge omg]héunder 50 psi
1 1 6.2, 0 drégen7@hé’reacﬁ51 \5as nﬁﬂi,to?ed b&gﬂ HMR218 sée, coddkrston to7prﬁluct
2 [ 4- ( ﬁg@% cara%lstmgu% [Feac g%re was ﬁltereg througlh dlftomﬁceous eart

one 0 @eliEf)swithed<@RRihFl acttat®ahd @ceﬂmd9® o@am ﬂ@a;@dnct R a
" ?31 £rfé]},\ow b #T?%g}ssﬁh%?f'k{ ﬂw(@dd&&ﬁﬁ ohcaylsl 281 @HaR), 767
2-yl amiméi, ﬁégﬁiﬂﬁi HHehia; . ’(9&@ )?H £33 8482 549 [F2 e 6748, 31
ol ) JQ 7, 650 &, 26, J='6831z), g8l @b HI2 2.4 (2), 1569 (m,QHRABS5 (m,

mol ) f I (We! 0 l.) LRl
stirre : %qéow gg{{g) ];ggr g‘gfﬂr%ulf (13334-'(_)8% el‘%s fids,
nitr ogm sasmspﬁ,ase 32mwi.6.ored by LC MS. The reaction

was t h]%)pam% eqll6§ %’tyétﬁes{s%]@fzr at grroﬁl '_ﬁ:i{)@ b%%?lahz%ﬁ? ;n@ﬁlyl-chromen-

di rect e prep oum
chrorra#@gﬁraph_y (Luna, 10u, _C1_8, 250x21. 2nm 10 micro,

60% of water in 90%acebon|trlle|n wat with 0.1%
TFA as the m)dl fi bot hN{meaub @T\j The ou
desired fra oy e@tr%ad"qand w pH
7.6, then yophlllzed ial was r#- \JA ed
by flash col um chr omat ograp 1 Hexane: et hyl

acetate) to obtain the desired p oduct as a solid éo 3

ng, < 2 % VA slutipn of 2-M(mr%®mywmlm‘sﬁe-mﬂ@lﬁe 4mg

8. |_|)O3 ( g]é%i]n?)ol) aZd}_i?rﬁxan% %ZWL 6.86 ﬁ'xﬁmﬁ it n-ﬂllfﬂnol (59 mQYw‘sglaced

(m 2Hyndeqrefiux fogl Mecxpltate formc;? upon coolmg to rooml_gmperamre, which
was filtered off and washed with n-butanol. The filtrate was then concentrated down
to obtain the product as a yellow solid, which was used in the next step without any
further purification. 'H NMR (600 MHz, DMSO-d6): & =7.22 (d, 2H, J = 7.8 Hz),
7.11 (d, 2H, T = 7.8 Hz), 3.69 (s, 2H), 3.39 (t, 2H, J= 6.6 Hz), 2.54 (1, 2H, J= 7.6 Hz),
1.56 (m, 2H), 1.41 (m, 2H); *C NMR (150 MHz, CDCl,): 168.3, 142.2, 134.1,
134.0, 132.3, 128.8, 128.8, 123.5, 62.9, 41.5, 35.4, 32.4, 27.6.



1.24 (m 4H). Exanple 17 Exanple 17a: Synthesis of
3Met hyl - 2- net hyl sul f anyl - chronen-4-one: 0 0 K2COB-
Mel | Ol SH Acetone eoJ(S, To a solution containing
2- mer capt o- 3- et hyl - chronmen-4; one (2.26 g, 11.76
nmmol ) and potassi um carbonate (1.62 g, 11.76 mml) in
acetone (120 nL) was added iodonethane (807 L, 12.93

mol ) . TheTB§Q&ﬁdoﬁBf@-ﬁlbﬂ:&xﬁﬁlﬂﬁ?ﬂbfﬁetﬂjﬂch@ﬂm-oﬁ(UB5@,h6’8e
at room terrper ature for our s

concenfgh Bgestepitiiedd yml), 2 é“r"d‘b ’é°“t?fl1y phﬁ’@ qg Qe 213
t aken Mﬁo]) andvmtmusauﬂd v&eﬂjatldiﬁ eThetrenctinn srradiih hS(S% dii®hath

The r esu
acet at & m"lqt%‘ e St gasnere ene: %{P{Qﬁe en \/\/as%‘%%;ué’lewo
wat er @nm tdmmemre agd p«e»den@vtecr to S’G@Iaﬂ mil.sRyrifipgtion offthe qildy dlgsh

and  coiiaItnt it gmf)}gl m"/@btﬂylta&ﬁte‘}l @@drdeﬁ%eﬂéﬁx@&‘ﬁ&d@ﬁasa white

| lid 0% t
to tﬁévsqiékéz géeva Gt (s (RBad B BT Rl
(600 Mriz3 (1,88, JSXND)7.35at, 3HE7.6 Hy), LB (d,)5E J 6 8M4A)z), 7296, 2H,

1 8 A
(E;nanplk% 155, ggﬂ{dhﬁ?? <1805 482 (o, 1) 7= S0 83, 436 (0, ALY= 5.6
Met hanBg)3.68/tm, 28), P66 tyAH, ¢hi.5 e 197 @ridD), 1.70 (0, 2RCREA 218,

| 00 C1%§)I9Haj f&t{hanbﬁﬂﬁﬂ%m&mls) 51740,1603, 1522, 1414,

-met h [ ronen- 4- on 45
ol ) V510 & B ietisg B AL dnage
MCPBA §722,9.3. 11. 82 mml) The reaction stirred for 2

hours. _After _cans t.on of t sta I
t he regg"fp%r{ 6ﬁ%§'ft€ﬁ’n§ O(L/\fﬁ}ge'F 'ff"@e e an‘{jhn[ﬂ}'%h (?G’ Kt '4H'
filtratieomans2-nashednetiyl] whepl)-dut¥dstersodi um car bonat e

wat er, and satgur at ed sodi um bi sul f at e. The organi c
|l ayer was _egiled over sogjumsulfate, fifltered, and

concentratw n the Bﬂ.lﬁ\%d.p uq as a |§ght
yel low solid (1. gi\@k/gp/oyl PAFM wh n

to the next step without further purlflcatlo “H NWVR
(600 MHz, BNEGQbKEEIN of B-[8 4Q§d16ﬁ$dbutylﬂenz}'ﬁﬁmﬁx]-31neﬁ1yl=ﬁh}omen-4-

150 (0 Q6 oo i by,

of 2- Meflieassaléomyidonjde-(63-mg 0 B§ Inmol),rdimatixylaminpppridine (43.4 mg, 0.36
mmol), and triethylamine (62 uL, 0.44 mmol) in a 0 °C ice bath. The reaction slurry

stirred overnight under N, atmosphere, warming to room temperature slowly
overnight. The next day, the reaction mixture was concentrated and purified by flash
column chromatography (3:1 => 1:1 Hexane:ethyl acetate > 100 % ethyl acetate) to
obtain the product as an oil (45 mg, 31 % yield). 'H NMR (600 MHz, CDCl;): 5 8.19
(dd, 1H, J= 1.5 and 7.9 Hz), 7.76 (d, 2H, J= 8.3 Hz), 7.76 (m, 1H), 7.32 (4, 2H,
1=7.9 Hz), 7.29 (d, 2H, J=8.1 Hz), 7.26 (d, 2H, J=8.0 Hz), 7.13 (4, 2H, J= 8.0 H2),
4.90 (t, 1H, J = 5.1 Hz), 4.64 (d, 2H, J= 5.6 Hz), 4.02 (t, 2H, J= 5.9 Hz), 2.57 (t, 2H,
J= 1.3 Hz), 2.43 (s, 3H), 1.96 (s, 3H), 1.65 (m, 4H); 3C NMR (150 MHz, CDCl3): 8
174.9, 160.2, 152.8, 144.7, 141.5, 135.4, 133.1, 131.4, 129.8, 128.9, 127.9, 127.7,
125.9, 124.6, 122.8, 116.2, 93.4,70.3, 45.5, 34.7, 28.4, 27.1, 21.6, 7.6.



OO0 nmCPBA / O~ S,- 0C, DC/ Ol "00 To a

sol uti on contai ni ng

3- et hyl - 2- et hyl sul f anyl - chronmen-4-one (2.39 g, 11.6
nmol ) i n di chl oronmet hane (758 ) at 0 C was added
nCPBA (4 g, 11.82 mmol). The reaction stirred for 2
hours. After consunption of the starting materia

the reaghbe @@‘nl‘;%lh%seofm(iﬁ'lb&%ﬁﬁ) BeASyldniiey] 130matlyl-Hgnen—4-
filtrate was washed with cold 5% sodium carbonate,

wat er ,"8nd sat urat ed sodi um bi sul fate. The organic

| ayer was ad over sodiumsul fate, figltered, and
concentr at Oyobtain tlee d €3 ek d preguc s a | gght
yel | ow sol i & 6 %yy;aﬂi;> '@ 1 as on
to the next stepvvl further purlflci @ NVR

(600 MHz, CDCI3): S 8.22 (d, 1H, J=3.0 Hz), 7.76.(m
111), 7.52 Teelsohmn otheleem 4|=qzyfomc7acug {(ﬁ&@-qeg}yjl-@g«giﬂ-eg?men.

3::') ( 42%-§lgm{n§ m i h 1173 n?x_ﬁ@l) 1n3_)0§1 ma&?’] Iwas
) r 0X 0 ; et Ci .
ester:® 9%—1@5“? S(éﬁ mel)%‘y‘aﬁg?n
H3CO Qi'tﬁred (n‘h@bl)?d blowjh {81 ﬁhﬂlmmdn@t th niployphareahénitorad byl

g 2 d 5 . 8{‘? (R)ﬁ) 41%% @Jggl {1 g‘a’,\%%n cg%?dftg rdofh tﬁ@{egaal%gxlr?d gﬁe@gg g}rgcﬂy onto
t he r ethe piepamatine EPHeedlah @tom@map})y Gyess Hiughls, 250pe mgo

day, t Hxﬁmf @?@ bt ier %Wc&om in Y28 v 0oy r dxdhe modifier in
concentr at e

yield a crude oil
re- di sBsh pek! elphas%? -hihe desifed fragtions Wﬁ§ﬂg&temﬁ%"é’fmp}” 6,
bri ne thamopmuzaﬂ mmateﬁa)dmwmmﬁeﬂay fiash aslaiif ¢Hrdnsatazthpliyo(3:1
centr T, €

ur| f| §eng ﬁ&l agfftaf%fgg &taé e%{r o ra {1&@& gggﬁ/% S v
et hyl 4€NMVaRt(6000¢Hz, m@h/ DMS@rda] élsf)?n@n, uswé gH> € (m, 4H),

1.5 I r rgdipt
i or) L7 GG 43 BRZRY, o L m; RO G D) ASE b SED, 175 6 8,

(4- beni%ﬁl%y*HB 5- di et hoxy phenyl)-acetic acid methyl
ester: Eg;m & HO O BnCl, K2C03, KI BnO 0 H3CO OCH3

Aceton %xamp 1 7%nt9¢._9§ of 3-Methyl- 2-methylsulfanyl-chromen—4-one:

0
KzCOa, Mel
l Acetone
O~ “SH

To a solution containing 2—mercapto-3-methyl-chromen-4-one (226 g, 11.76

mmol) and potassium carbonate (1.62 g, 11.76 mmol) in acetone (120 mL) was
added iodomethane (807 pL, 12.93 mmol). The reaction stirred under nitrogen
atmosphere at room temperature for 16 hours before being concentrated to yield a
crude oil. The residue was taken up in water and adjusted to pH 7 with 5% HCI. The
resulting aqueous layer was washed with ethyl acetate. The the organic layer was
then washed with water and brine, dried over sodium sulfate, filtered, and
concentrated to obtain the desired product as a yellow solid (1.95 g, 80% yield),
which was taken on to the next step without further purification. "H NMR (600 MHz,



To a solution of

(4- hydr oxy- 3, 5- di met hoxy- phenyl )-acetic acid nethyl
ester (4.1 g, 18.1 mmol) in acetone (50 nmL) was added
pot assi um car bonate (1.39 g, .10.1 nmol) benzyl
chloride (3.58 g, 28.28 mmuol ) and potassi um i odi de
(catalytic anount). After conpletion of addition the
reacti opcr): 5821 @, ms—mg&)eﬂsﬁ@l i 479)8<(m, OME Y6 BH), 2 (s,
next day, the reaction was cooled down to room
tenperattre and diluted wth water. The aqueous | ayer
was eXxExapleddb\fyithesiz vf 3iMetboriulfingl-3-héthyl-clooménntahe:
organic |ayers were drg ed over sodium sy fate,

filtered, and conceptr d. The crude_ dterial was
purified using si @ 2 aﬂ?ﬁ%ﬁtﬁg y Jor adi ent
100% pent ane to 5o thy! 0ab&C¥t e N#FO-2 ot d the

desired corrpound (1.5 g, 26% . Exanple 18c:g Synt hesis
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(4- Ben2¢$ mpl) & dichtbromettians(§s mhpn) PG wasceiilddonGRBAN2 get118p |

t 7
) - poh Tl secdordin T AR AR gitfilop b Pond Mt
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reacti tdg’?; r s ﬂ'ff é %xc{ q?nmt‘lraée:& d aéa ﬁeég?j@roduct asa

| ayer uglﬁ ymomsamt(em gmsm yieldhyhich e/ take on Al the @kt step éthout

conbi ne i | d
sul f at e era%&;@ﬁ‘ﬁ[@ﬁ(%@@n{’ edgy 0§? gp]ﬂc%’&&m)’
mat er i 358 (ﬂB 189 736 (dg tgyI=7. %\HZ)CN-‘\/\(&B 14k éﬂl (Srﬁfﬂﬁelzl{sﬁﬂ)

step M&@Wk BPNnRE Of X AORBesulbHyl- 3RS licHdmed=%aRY: € 18d:
Synt hesi s of

(4- benzyl oxy- 3, 5-di rretohoxyphenyl) acet alodehyde OCH3

3 BnO I OH DWP, BWB% H3COH To
a solution of 2-( ox9°@peMd |

nmet hoxy- phenyl )-ethanol (1.0 g, 3. Smmlo) @Fo

di chl oronet hane (25 nL) was added Dess- Martin rea?ent
(1.54 g, 3.Teaspintonpontgigingvamethyl23methyjsulfynyk-ehromenrhonet2i3g s,

of addit.éRfhol) li}?dmrhﬁﬁ&ﬁeuﬁﬁb @%Ljdaueéiwssoadéédln{cpﬁﬂa 611.82
hours. Th esultlng mmtakgems fllte Ff and

the fi PMPdt eqfeRste ﬂ‘tzrl"*ci’t“éd %“SP}FERSPP T%‘Ffﬂ%ﬂm
purifi the rdaetion gm&in'b waseﬁltgeh althcassltiag filvale was waphadvitgebld 5%

from 1 a"i‘ec %ﬁg %nd sat}ur?xt%cil sodxﬁdrcr)x b1suﬂ' etﬂ¥ Ior amcala}g:r was

acet at & exane 0 ob RIPEP corrp un
yel | owdidsidloversadfunpsylfats,gijgred, and concentrated to obtain the desired product as

a light yellow solid (0.685 g, 33% yield), which was taken on to the next step without
further purification, 'H NMR (600 MHz, CDCI3): & 8.22 (d, 1H, J=3.0 Hz), 7.76 (m,
1H), 7.52 (d, 1H, J=8.4 Hz), 7.48 (m, 1H), 3.31 (s, 3H), 2.46 (s, 3H).

Example 18

Example 18a: Synthesis of (4-lydroxy-3,5-dimethoxy-phenyl)-acetic acid methy!

ester:



Exanpl e 18e: Synthesis of
2- (4-benzyl oxy- 3, 5- di met hoxy- phenyl ) - 1- (2, 2-di net hyl -
2H chronen-6 yl)-ethanone: OCH3 Br \ \ n-BuLl, THE
BhO H 0 OCH3 Bn | OH3CO I \,\ H3COHO To a cooled
(-78 C) stirring solution of
6- br ono- 2, 2- di net hyl - 2H chronene, whi ch was prepared
accordi ng tocdhen stry and Bi ol ogy, 20@®H; Vol .7, p.
MY,q 2. 38 nipd,)mebn THE HR AY) was added

B 0.94 m& er con‘pl etion
of addﬁtqoon the Paction m xture Heefit rhusd PBstir at

-78 T. Aft 4- d&oxy, nuﬁxﬁﬂnoxy-phenyl)-aceuc acid (9.5 g, 0.042 mmol) was
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Combi ngghe Wagaml EP}{@Jn?de\ﬁﬁfeﬁalQJaé ﬁﬁ‘lﬁ@d’&ing%@i@d mmomatcg;phy

sulfate, filtered concentrated.to

oil . TR ﬁﬂdﬁéhyﬁﬁqe@ﬁpalrm\?)atg yigidtherdpard wd‘érﬁégaﬁ

chr omabography sthi@ngmatrhy)) acetate: hexanes) to yield
g_gfe %e%f gel fS%o .g)%t‘f;ttasis(o%g%er?zy[nrglﬁj-g’ 79:2/ Xxy ph z}l‘)—a@fi@ 559& rgethyl
of - (4- b®arzyl oxy- 3, 5- di net hoxyphenyl ) - 1- (2, 2- di net hyl -
H chronen- eyl ) - et hanone: OCH, 9CH3  Bsgp, OH PCC, DCM

BnO H3C®J_JL\ \_ HCO / dnci\k,d0, kD BnO. o
2- (4- benzy , 5- di retthoxy=pirenyl ) - | , 2 di met hyl -
H- chr omgae: - eckhhano‘ﬁ%"“tllg 4 ryc00. s

di ssol ved i

dropwi se t oﬂads ﬁﬁé ri EJW%?S I on %}%ﬁy ﬁg’g%dacm me81y1 Yl
mol ) (4! gliléh m@ﬂmqq@hﬁeﬁ‘( BLwas gded pmﬁFlem cgb@ﬂaﬁ e 10 1
reacti ﬁ{ﬁmmb%ﬁzw &lo\“@&(BB@EQ@dS QxEHoQ aﬁ?d W@mﬁ@foﬂfd@(c@tﬁlyﬁc

silica et h cetate
oS i SHBPO R oo eleto SreHhor e aien MRS et T
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’(2 Z%g‘xede ’ﬁ’? At E[;i‘g e°“é }a;’/' ggxgx%aﬁds‘lgﬁx oM il agetatg. All combined

organic layers were dried over sodmm sulfate, filtered, and concentrated The crude

material was purified using silica gel chromatography (gradient 100% pentane to
100% ethyl acetate) to afford the desired compound (1.5 g, 26%).

Example 18c: Synthesis of 2-(4-benzyloxy-3,5-dimethoxy-phenyl)-ethanol:
OCHj OCH;

HzCO OCH; HsCO H

(4-Benzyloxy-3,5-dimethoxy-phenyl)-acetic acid methyl ester (3.57 g, 11.3
mmol) was dissolved in THF (113 mL). A solution of LAH (1M in THF, 11.3 mL)
was added dropwise to the stirring reaction mixture. After completion of addition the

reaction continued to stir at room temperature overnight. The next day, the reaction



di met hoxyphenyl ] - et hanone: OCH3 OCH3 BnO H2 HO

McOHI Hexane H3CO/ | A\ \ H3CO O To a solution of

2- (4- benzyl oxy- 3, 5-di net hoxy- phenyl ) -1- (2, 2- di net hyl -
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Exanpl e 19

oS

HaCO H

To a cooled (-78 °C) stirring solution of 6-bromo-2,2-dimethyl-2H-chromene,
which was prepared according to Chemistry and Biology, 2000, Vol.7, p. 979, (567.7
mg, 2.38 mmol) in THF (7 mL) was added n-BuLi (2.88 M, 0.94 mL, 2.71 mmol).
After completion of addition, the reaction mixture continued to stir at -78 °C. After
25 minutes, (4-benzyloxy-3,5-dimethoxy-phenyl)-acetaldehyde (619.6 mg, 2.17
mmol) dissolved in THF (7.0 mL) was added. After completion of addition the
reaction continued to stir for 15 minutes and was then quenched with saturated
ammonium chloride. The aqueous layer was separated and extracted with ethyl
acetate. All Combined organic layers were dried over sodium sulfate, filtered, and

concentrated to yield a crude oil. The crude material was purified by silica gel



Exanpl e 19a: Synthesis of [1-(2,2-dinmethyl-chroman-6
yl)-2-(3,4,5-tri met hoxy-

phenyl ) -vi nyl oxy] -ti nethyl -silane: OCH3 9CH3 H3CO 0
LDA, TM5-CI H3CO\ ;7\ S H3 H3CO | 40 i-Pr2NH
(0.556 nL, 4.04 mmol), distilTed from CaH, was added
to THE (7 nL) and cooled to -78 T. A solution of

N- BuLi ckrém&Sgrdghy (3:1TdtHyl deetafd: Hekanest td3Adeld it Bdstedpiu@ 2003 me,
dr opwi 2630/ A[di er conpletion of addition the reaction

mi xt ur & 89° at -30 C for 35 ninutes and then

cool ed Egomwe 18§ a'yntlhetzo of - (AbeilzyloNSS-Bimeth by phény Pl Y2, 2-dingthyl-2H-

1-(2,2 _;;J%gymnGyl) 2-(3,4,5-trinethoxy-phen
yl) - et ﬁ%’ﬁ'gﬁ‘é ’\{J “508" 3.23 mmol) dissolved in THE (25
eaction

m.) were ad ed dropvvl se to the stirring G
: e reaction

m xt ur e\
m xture colt iueld
30 mi ntit8s before
stlrrlng at - POT

wi th diethyl 4%&&& eﬁ%‘ﬂ d%ﬁ@(h% %1)&‘@{1‘ dﬁ&%%ﬁ%}d{n& 6-y1)-

At room t enper at e rea

concenéhznoar(l btime Q7 gnol)dissalyed indichiarerepthana(@ L) wes agdded
purifi efapmé 04 s&hhg &ﬁn&%f p@h«@%gg@m ml)wmaﬂ&&nsmscs 0

ethyl a te ent ane: acet at e
the de %%Jb% FFG"“?’B exture W@s P° P2 P 6*‘“?53%‘@%‘“6 Re phig
r ecove(lezihesmﬁrdthyn@eml, ehichivys wﬁeamﬁhe 11 thy] abytaté: hemins

of [ 1- ( Zudidl - - B- - . -t ri haxy-

phenyl gg’%%%%ke(%%éegg% %“ﬁ?éy%‘mgbé AW%E‘%

0 H oEmnavéﬂ J§g|%wh@$ oH &1 %rﬁtmteféxlrcbwmae6(ﬂze%-axdroxye 5574
L) andidWbyphdyhiHdRone: 0. 113 mmol ) di ssolved in water
(0.27 ) ap acetone (0. 48 m.) were cooled to -5 C.

[1-(2, Z; di tﬁyl chroman- 6-yl ) - 2- (3 ?"'Pl nmet hoxy- phe
nyl)-viny - 'rlnethyl e (5 ]
di ssol acetope_ (A 2YReetRas addgg
the cooied stirri ol Ution. Aftel®onpl el o
addition the reacti™dh™tonti nued to stir at 0 SZ2Ab

3h, ther eai%ta'semuaﬂ%?z-@ldiﬁe%ﬁkﬁ -3‘&&&%&919 bhERYD)-1-(2, 2-dimethyl-2H-
hydrosulflte and florisil e reactjon n xtur

filter élaoraw-ﬂh@hqnp:pet(p%q @gm&sgolved in methanol (5.0 mL) and hexanes 33

mL) was added palladium on carbon (19.13 mg, 10% on carbon). The reaction

mixture was purged with nitrogen numerous times before being exposed to a
hydrogen atmosphere. Hydrogenation proceeded at room temperature and at
atmospheric pressure. After 15 minutes, the reaction was purged again with nitrogen
and the reaction mixture was filtered to remove the catalyst. The filtrate was
concentrated to yield the desired product.

Example 18h: Synthesis of 1-(2,2-dimethyl-chroman-6-yl)-2-[4-(2-fluoro-ethoxy)-3,5-
dimethoxy-phenyl]-ethanone:



concentrated. The crude material was purified using
silica gel chromatography (4:1 pentane: ethyl acetate
to 1:1 pentane ethyl acetate) to afford the desired
conpound (4.3 ng, 8% . ExanghLe 19c: Synthesis of .

t ol uene-4-sulfonic acid

2- (2, 2-di met hyl - chroman-6-yl) - 2-
oxo-1- (3, 4,&Hiri met hoxy phenyl) -et hyl
TSCl, TBA CODNAP, DCM ko> Hrda,chd

sol ution r
[ 1- (2, Bcall TET \ BOYY) - 2- o, ~ phe
nyl)- ethanone (354489, 1Q.009 mmol) di ssol ved

anhydr ous di chl or onet hahe (1.0 nL) is added TSCI
(1.94 g, @o@3dutiawr )-(2,LAiey1-thrdha ®ryl)-B-(HhykirdXpi|5)dirAéiEbxy-

Tont\ ctstgmangiets Ol T b DBRTE 3 87 Mot Sapsius, o
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dried 6w actlﬁlil Inixbiresvhs cogled d&tm toemm tstnwatm Waterl v(#s

an oi | adaddie ﬂﬁrcu&ia r%ﬁcﬁxrrﬁf&hre laRd thPsHubdub Bfkr Wad a&a&édl with@thyl
gel chronatog ﬁ y.to yield the desired product

Exarrpl welgighl nﬁ%%rs@wd?yerf wetg diedjoversofim selftes filieredgand
yI ) - 2 &dneemtratedio [idld4.yBllowtdill Paifibasl bple Gaigélphase tHictiatogeiphy

, . ACN H3QD )\ 2\ oo "
O T 9 13, R 3 T el sl g s oo e
2- ( 2, 2incapeesoftnpion: dﬁ%@ﬁuﬂer@siyg 01%20f TFA in both mobile phases) afforded
0xo0- 1- ethyl ester (21.6 ng,
0. 04 &gdé’rﬁ&gh%%p%?gp fye&xq L%) 5 ) is added KF
(4.72 Fpmpe P8 ol ) and Kryptoflx (30.6 ny, 0.08
mol ) . E)Atnp@rzp&; qmakea*& bﬂm(pf-dzﬁdmztcmmaﬁ-w)szmzan@,hwzoxy-
m Xt ur | %th tlz C. After 15 mnutes, the
reacti ‘i?fy ety SaBY down to room t enperat ure
and diluted®® th water. The aqueous IKetyer i
separ at'®oand extract ed WAt hyHCogce
combi ned a4y gani &£ | ayexrs are dried ove
filter®f and co ted to yi k9 a
material is purif j\ng reverse phase to

desired conBound
r2NH (0.556 mL, 4.04 mmol), distilled from CaH, was added to THF (7

mL) and cooled to -78 °C. A solution of n-BuLi (2.59 M in THF, 1.56 mL, 4.04
mmol) was added dropwise. After completion of addition the reaction mixture stirred
at -30 °C for 35 minutes and then cooled down again to -78 °C. TMS-CI (0.546 mL)
and 1-(2,2-dimethyl-chroman-6-yl)-2-(3,4,5-trimethoxy-phenyl)-ethanone (1.20g,
3.23 mmol) dissolved in THF (25 mL) were added dropwise to the stirring reaction

mixture. After completion of addition the reaction mixture continued stirring at -78
°C for an additional 30 minutes before being warmed up to -30 °C. After stirring at -
30 °C for 1 hour the reaction was diluted with diethyl ether and warmed to room

temperature.. At room temperature the reaction mixture was concentrated and the




Exanpl e 20 Exanpl e 20a: Synt hesis of

7-brono- 3, 3-di net hyl -chroman-4-one: OH Pyrrolidine Br
I O Br ~ 0 5 -bronp-2'hydroxyacet ophenone was

di ssol ved in acetone (8.45 and toluene (43 nL).
Pyrrolidine (1.90 nL) was added dropw se to the
stirring reaction mxture. After conpletion of
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Example 19c: Synthesis of toluene-4-sulfonic acid 2-(2,2-dimethyl-chroman-6-yl)-2-

oxo-1-(3,4,5-trimethoxy-phenyl)-ethyl ester:

OCH, Hy
TsCl, TEA,
DMAP, DCM HiC!

————

H,CO
Ts

To a solution [1-(2,2-dimethyl-chroman-6-y1)-2-(3,4,5-trimethoxy-phenyl)-
ethanone (3.4 mg, 0.009 mmol) dissolved in anhydrous dichloromethane (1.0 mL) is
added TsCl (1.94 mg, 0.011 mmol), DMAP (1.24 mg, 0.011 mmol) and TEA (21.3
pL, 0.015 mmol). The reaction mixture continues stirring at room temperature
overnight. The next day, the reaction mixture is diluted with water. The aqueous layer
is separated and extracted with ethyl acetate (3x). All combined organic layers are




washed with water (3x) and saturated sodi um

bi carbonate (I x). The organic |ayer was dried over
sodiumsul fate, filtered, and concentrated. The crude
material was purified using s ilica gel chromatography
(100% pentane to 50% pentane in ethyl acetate) to
yield the desired product (290g, 65%yield). Exanple
20d: Siﬁgdréee‘i'l\ﬁzs@ﬁ, filtered, and conccntrated to yleldanoﬂ Th crude Een lis
1-[(4-tert-butyl| -di methyl -sila enzy oxy 5.
di met hp ﬁﬁwsmfﬁlﬁw @“‘gﬂlqtoszaplpatw%d %? degedipindyet:

phenyl Excﬁtvteam [Sgrithdsi¥ BB 1L 3 BimetByl-chromun-6-yl)-Iiorbl3(8)e 5. -
OrBS %ﬁg@l i 3CO HB3CO H 0 To a cool ed (-78 C)
stirring so -ethgnape: br ono- 3, 3- di met hyl - chr oman- 4-
yl oxy)-tert FBut yl - di met hyl - si | ane (290°<F'r'g 0.78 mml)

mml ) d| ssolved in TH 0.41 nlL) was added. Aft er
conpl et i onTof selwigh of tolreneHesulfainecid 32,2 dimeitylieisonian-6yl)-2-
for 150@1%&%%@&?0%ﬁen9ﬂ-%y1%3ter (ﬂM@ﬁl& hed n}%oil)hn an\}\%drous

satura %@g ammpni um c¢ch ueous
separ at&d Gnml) ‘é?{d(dF%IéF 8‘d7 2\}3?& ?loge‘t“ﬁw a"éé@rﬁ‘t@ (30§ g, 0.08
conbi rmlolm rA@afbo&lpleﬁc)iﬁfdedeh helabife nixtare 1s5h@£iédmo °c After 15

| fat d con ed to |eId
giul . THE cr’ ug?ea% P@“ﬂlgf ls\ﬁﬁg%ﬁ{‘i g‘"%‘ﬂ“ teﬁ’é g""‘th
c hr omavaiyr Hyp hquegus layersis fepdratetand e)ttecte&mﬂmﬂ@sacetate (3yx|) elid

t he deghbith J}Eﬁfiqgfers afeAed Wer ﬁa%dﬁl%l‘e@ and ESHRIRLEa %%eld an
Synt hesj s of

1- [ 4- (Ve Fleeryde mpteria) isputifisd usiag reyaispibasy jo-vieldtheldesisadiegmhpound.
chrorrm'traﬁnp;elzb 2-(3,4,5 trinmethoxyphenyl) -ethanone:

\ H3 CO ™ elf{)a Qyng;lszs oJB7Sbromo-3 -dim e!‘;!s lcgromano-tl;-Boge: H3CO /|

1-[(4-Tert-butyl - Pyl - siy) | o oxy- (2, 2-d

i met hyl - 2H chro Pyl

6-yl]-2-(3, 4, 5st

0.01 nmol ) dissolved i di chl oronmet hane (4.5 nL) mas
i f P

added dro P -b%c?mc}-flhj%rc%ctyelxcretgxlwhg ong %Lsuc}lslsglwr/]ed?n acetone (% 45 mL) and

toluene (43 mL). Pyrrolidine (1.90 mL) was added dropwise to the stirring reaction

mixture. After completion of addition the reaction mixture was heated at reflux. The

next day, the reaction mixture was cooled to room temperature and washed with 2M
HCI (aqueous), dried over sodium sulfate, filtered, and concentrated. The crude
material was purified using silica gel chromatography (90:10 pentane:diethy] ether)
to yield the desired product (3.11g, 53% yield).

Example 20b: Synthesis of 7-bromo-3,3-dimethyl-chroman-4-ol:

Br: O Br.
m — m

o OH




ng, 0.11 mmol) in dichloronmethane (2.5 nL). After 2
hours the reaction m xture was poured onto a
pre-saturated silica gel plug (100% pentane), which
was washed with a 1:1 et hyI cet ate: hexane m xture
foll owed by a wash of 100% et acetate to collect

t he desired conpound as an 0|I Exarrpl e 20f. Synthesis

of 1-(4-hyds@¥dbted( hdmfomtm&ﬁaﬁaram@ Hlmﬂnaﬁ:ﬁrcﬂxe'éng,

RO e Sy oSy .6

sol ut i mmolpfAfter completion of addition the reacuon stirred at room temperature for 2
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) i stietde shd@omentitel &YidM anldBWhile Jolfd, WhistOWddtubed i théinext step

THF, 1.685 n nmol e) dropwi se. After conpletion
of addi} °Btr%‘f1ﬁép“r“ “WP%on is stirred a room

t enpe rmmple 200 Synihesi0af\(7-bratlo-3 Beimdpybelebred-4yidx) - tembaryil-

The aqy B zlJn yer is separated and extracted with

et hyl acet at e 3x) Al'l conbined organic layers are
dri ed over NaZsQ 9vered, and conBeqtraiehto vyield
an oil. The cruo at erli_al Iﬁ%‘%ﬁgﬁwfle silica
gel chromat ogr aphy vield t%e esired gund. 92
Exanpl e 20g: Synt hesuﬁu of t ol uene- 4- sul f oni cha¢i d

2, 2-di neth

tri met hoxy p?leny‘h’n ac elfmfl? 3R lrererA-4:04 (90 merfHhmmply in
H3C0 TIHEF (3.33wiR). wapi@idedimiiigole (TELmg, D(ZIS/InHmO@)lHS@U)Y BRDMS-Cl

To a S@k34hg, 25 mmol), The next day, the reaction was diluted with ethyl acetate and
1- (4- ﬁ@droif( 22.22di methyl - Chr oman: 62y ?“2“' CL T e

t hoxy- W‘ﬁFFér’r‘Q‘Ih)W*‘@f ﬁ%ﬁ éaﬂ(retedawﬁvgm bigarbenate ()| Thegrasnip layesd
|( 2 32 hwﬂrdﬂétﬁog%ilsﬁﬁﬁtﬁ BAR] ﬂﬂ&gﬂ ah&cchcen&it&dotrﬁe @\Qﬂ%ﬁlteﬁﬂgasa
. .MMD. . mol
Ten " (Bhtrefhsnd §1i i chiopelomenty 100 sittine o P4 e o B
cont i mgetate)sd yielditheglesired produnt (ﬂmgpﬁéfyemld)e overni ght. The
t

The a %%ou%Bf"a{Z"%@"@ L L S
et hyl SeeikeE cro-6- w—(géwmm@wwmwer e are

OTBS

B
" n-BuLl, THF HyCO

—————

o OCH,
Hscom HaCO
H4CO H
To a cooled (-78 °C) stirring solution of (7-bromo-3,3-dimethyl-chroman-4-
yloxy)-tert-butyl-dimethyl-silane (290 mg, 0.78 mmol) in THF (3.75 mL) was added
n-BuLi (2.11 M, 0.42 mL, 0.89 mmol). After completion of addition, the reaction
mixture continues to stir at -78 °C. After 25 minutes, (3,4,5-trimethoxyphenyl)-
acetaldehyde (149 mg, 0.71 mmol) dissolved in THF (0.41 mL) was added. After

completion of addition the reaction continues to stir for 15 minutes and was then




dried over Na2SO4, filtered, and concentrated to yield
an oil. The crude material is purified using silica
gel chromatography to yield the desired product.
Exanpl e 20h: Synthesis of 1- $

fl uoro-2, 2-di met hyl -chroman-6-yl)-2-(3, 4, 5-

tri met hyoxyphenyl) - et hanone: CH3 OCH3 H3CO OTs

K222~ ARbcHE h Jrurabdd Sk b RE O fhed 14ferk s

t ol uene-4-sulfonic acid
2- (2, ZQXH?%VH% ethylaeeiatg IA&11@oxy]:u,nedz)rganm layers were dried over sodium
OX 0 | - s(uﬁaté; fhiteied, iaﬁtﬁioh]@i@&tdﬂh@iiylh X maaeh;ﬂ Tiesh@s mhf2dal Gasmprified

(. 72 Vg AT g et e o R0 B o
mol ) . SAmgel%caeidl etion of addition the reaction
m xtu r@xaln le B@@B’ﬁgze;tpofg 94 g‘ersﬁ% 'Ez:&%z%@%@ Z-Jz)l?ﬁhyl—

reaction xture 1s cool ed room'tenperature
and di $rtmeer- Sl ﬂfédf'@fthmrﬁ@en@lqeémge | ayer is
separated apri extracted with ethyl acet &
conbi necb.organi c_ | ayer g arcdei ed oy
filtered, concentr;ted_r“‘V‘eld an
mat er i @bo-i ' dSNNg reverse {yaa
desi red conpound.

Procedures for Preparatilon of Chronone Anal ogs
Radi ol abel éd(4viettiputyhdimethylsilangloxy) SeRaldkio@i2edimetyl-2H3hroman-
The Fl glofbhies, 3%&3@ ﬁas,gﬂemaaoﬁefzﬁ) l{.g%@mnm&mdm

produced via pr ot enrich

Oxygen I@Lléormwre Qé k) Fapadded ﬁomwﬁ@a %'HISGRIP‘FP&P@P% (3.6
MeV pragens nbNol)RE&iElﬂ&rorﬁMbl (25 mIYP frer RIhGure®mP feeaisn AbktfrOwas
this nuclg react,i F Fo

e r SCEES e At st i gl Bora Redhie, et s woefggvitn o
used. Al kthylgbeaes iaxne migtgre Solloared byadwasioofl08%6 Ieﬂm@cetatc to collect
adhe3|ﬁ@d££mﬂg &@ﬁ%&hgﬁ to the vessel walls and

optim ze trans di cated, specific HPLC unit

was usBemplerR0fSmihesicoflihvdrasy-23tdmetybehpenandsr)-2203.4.5-

dedi ca;r@gthg,g,qg,b,fyvgﬂlwokg unit was used for
radloanalyt&gal anal yses of final prod

t. The 18F

typlcaIL RS’ recei ved fron1the SUE§|I8 Uep05|ted on
a processyd cokunn (18 J80fm) effcasenNi n d ead -H
shleldh To Z QFE 4 cont ai ned tHe '

coor di riat ed to ei t um na or am&h um

salt housed in a ol uitm. The col um ends

connect ed g  [)EHRA M- E?L{t& cﬁxbeuis%ﬁnﬁ )2 ﬁ%ﬂﬁb‘ﬂ@l—

Luermlock fittin s rennvgg romth
col u nnch&g{xaﬁ-é-yt s %Eﬂ tplaeﬁlﬂcg-phenyl)-ethanone 54.5mg, 1.09 mmole)
dissolved in anhydrous THF (11 mL) is added a solution of TBAF (1.0 M solution in

THF, 1.65 mL, 1.65 mmole) dropwise. After completion of addition the reaction is
stirred a room temperature for 1 hour and then quenched with water. The aqueous
layer is separated and extracted with ethyl acetate (3x). All combined organic layers
are dried over Na;SOs, filtered, and concentrated to yield an oil. The crude material is

purified using silica gel chromatography to yield the desired compound.



met hod. 1. A solution of 15 ng of potassium carbonate
(K2C®) in 1 nL of distilled/deionized water (H20)
and a solution-of 90 ng of 4,7,13,16, 21, 24- hexaoxa- 1,
1 O-di azabicycl o[ 8. 8. 8] hexac% gane (KryptofixTM ; K222)
di ssolved in 4 nL of anhydrods acetonitrile (CH3CN)
were conbi ned and gently stirred, ensuring the |ayers
di d nof, M;&%@tﬁnm&g Eﬁblﬂ&zeltlt.}ﬁ fo%;zlaum zedukutwa 2pl441 on
(CES) uot o was extracted
from tf’f@’efi’io’éifphﬂ'é’gt‘ﬁcf%%”?”f‘f‘"sﬁ%[:’J’te' i hree using a 3 nL
syringe andedhe syringe was attached to¢the mal e

Luer TMiE®Ck gonTM dukidi NgHL
18F colu . A g&deM needl e

the fehad of the ot herco
connected to the , and the needl e o
i nserted through t umfitted tao 15

24/ 40 Pyr exEPN sglé%ﬂmls(ﬂéps%@(ygzl Za@%‘e"w“ﬂé&‘l?ma%ﬁ'yl?ﬂél%é't‘mt OXy-
pear spapAlethdndfid( 3\5@@ wmmlmsts&lvea xmﬁ;zur@s aiehlodotmethane (1.0

Lleg(s“kem%z§ a%ﬁﬁr@?%%” g ac UBWQ é glnllfk{]%\?vd TEA

adj ust ed.3315600 tshﬁrholé)EBme\mstlmlnmmuy cmtlam stlrmm@hmttﬁmerauﬂe
18F co l()\l/'lerr{lngl-kgthg néxp?a]y, ti'f? m%orprﬁﬁlﬁlresipﬁg?eq vf th %ﬁr Tﬁe 3#;[&65 layer

vacuuman bw Wer e adj usted suc
conten tsssemfatﬂldhed dxfraciid withetu aceitiei el All goralrined @xggnic layers aro

Anhydr gHsy (EahS d, Lide, M@ SonatRsh 1Y id1aH bil. THE crii thabial is
flask, usjng.vacuumto drive the tl{lgln?fer Jt?;e vacuum

and N2 PEied pringsilia el cgamateszaphy, e

acet Onlli‘fcdntﬂléEZOIz Ththespiop C-edlion-Baimehpehtondn-6:9)-C¢3,4,&f t er
whi ch ’Pé’n \é yélumwas renoved. 6. The contents
of the”fté ng PRUPBARIED via syringe and the

radi oactivi ffswas quantified. The 18F9¥®l uti on was

used diffetty i ngradi obpb#t F28gCsy HCResE
st eps desc adilol abel'ing of t

anal og$:d1 t T viously seated t ESR
were the sane for Vra) t he conpounds. The
foll owi ng reaction sche p depicts a representati ve
scenari o f dro aadolutiaf of tdhencFulfonit naid /D (P62~ émahylghrom@n-&ila}g-

IO ! Sl 5}% (—:% 4{? g‘&nekhm@ éhelg_fgeﬁ}ll 68%9(2? 6QngSO 04( m}nLITm%Qh}moﬂs
ACN (0.5 mL) is added KF (4.72 mg, 0.08 mmol) and Kryptofix (30.6 mg, 0.08
mmol). After completion of addition the reaction mixture is heated to 90 °C. After 15
minutes, the reaction mixture is cooled down to room temperature and diluted with
water. The aqueous layer is separated and extracted with ethyl acetate (3x). All
combined organic layers are dried over Na,SOs, filtered, and concentrated to yield an

oil. The crude material is purified using reverse phase to yield the desired compound.

Radiosynthetic and Purification Procedures for Preparation of Chromone Analogs
Radiolabeled with the Fluorine-18 Radionuclide.



O--OIs F 7. The tol uenesul fonate ester precursor to
the desired chronone analog (2.5 ng) was dissolved in
CH3CN (0.5 nmL)-in a conical silanized 5 nL Weat onTM
glass vial wth a magnetic gkirring bar. The vial was
imrersed in a oil bath heated at 90C. The solution of
the 18F descri bed above was added to the reaction via

the resul ! 3t mucmnéwtl e il ViAbRAkoivas Prtiduded i thePbton

m nut es. . The conten wer g, transferred t
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appropri at ent #a e}tpic@lnswae@dcavedmmmp;ﬂibeﬂpand aangkogesed

for radi.ochem c elda 18 |
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bi o oglca studies. It _w,l e evi one._s

i n t he femele LuprdY %ﬁ@mﬁﬁse%tF lélf"?é’l"'é‘ﬁﬂnéﬁﬁ ?%ﬁﬁt“s@%&’e holiG¥ing
[imt eehethedt he foregoing illustrative exanples, and

that it can b

Lo o Soms PR SRSt BB SR AT

t her eofdistillet/déisnizddevatet 0%2@) and esoliuteh of Plmg oie7, BXSRpLEEcxpexa-
consi d%rls%a&ﬁlogllé[s %%@Qﬁb&%ﬂﬁﬁg foliHAL, k3 WisoRRdlinIGHL. of

restrictive el n etot gn eq
cl ai s anhydronsacetpnitile @Haqmévefeap@@e?dﬁgd gl éﬂ%fg gnsugpghe
al | Cha@&@&d\ﬁm anmgmbbamhﬂmutﬁigmmg(m range of

I t f
L L Ly
cont r aslirecagiaph 3 arlnsytings antthasyringengs sigched toethg/m@imbuee?"‘ lock of
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gui none a ogeni an open-chai n deqguelin analo%
2. The cont4 amowaagmne%ﬂe s a‘itaﬁheﬂ tothe femalglype™ pgk okt other

Tygon™ tubing connected to the 18F column, and the needle was inserted through the
rubber septum fitted to a 15 mL 24/40 Pyrex™ pear-shaped glass flask.

4, The 15 mL pear shaped flask was vented with a needle and the flask was
flushed with dry nitrogen. The flushing needle was connected to a vacuum line and
the flow adjusted such that CES was slowly drawn through the 18F column into the
15 mL pear-shaped flask.

5. The vacuum and N; gas flow were adjusted such that the contents of the flask
were reduced to dryness. Anhydrous CH;CN (1 mL) was added via syringe to the

flask, using vacuum to drive the transfer. The vacuum and N, gas flow were




R1I0 R12 R1 R2 RA RlI5 RI6 RS RT R8 OOO MP R3 RT
B

A---B---BR6Rs, R 9 O(l) wherein mis 1, 2, 3,
4, 5, 6, 7, 8, 9, 10, 11, 12, 13, or 14; nisO, 1, 2,
3, 4, 5 6, 7, or 8 ois O0qf 1; pis 5, 6 7, 8 -9,

10, 11, or 12; --- is absent or a single bond; when
--- is absent, A and B are independently selected from

hydr 0gg/lanédath Rikote TR ABNitrlED TRk Yrocddk Was repeated tvices hftgvkich
bond, A and B are each (C(R1)2)k; k is 1 or 2,

provi deint thy JRORFR &S RTYFd B are each (C(R1)2)k, one Kk
is 1 aad tl'Iﬁeaihhﬁﬁ of the flaslowere 2moted, viaRPringRénd thoradieugtivifRayas
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to which they are attacﬁ m C=0 or % 9 R6

i s hydfdgeing easHan dpkgme ‘%?P‘cféﬁfﬁpf?é@faﬂﬁ Sﬁfm‘tfy"

hydr ogetioméne aldfogaind R6', together with the carbon atom
to which they are attached, form C=0 or C=CR13R 4;
97 R9 is hydrogen, hydroxy, or an imaging noiety;

R9' is hydpogen; or RO andg®9', together with the

carbon atolqto which they &@sg.@;tzta@\gmjorm C=0 or
C=CR13R O| . CH4CN, 90°C 0 s’\©\/
/\©\/°\/\0Ts30 me O\/\“‘F

7. Thé toluenesulfonate ester precursor to the desired chromone analog '(2.5 mg)
was dissolved in CH3CN (0.5 mL) in a conical silanized 5 mL Wheaton™ glass vial
with a magpetic stirring bar. The vial was immersed in a oil bath heated at 90°C.

The solution of the '*F described above was added to the reaction vial the resultant
mixture was heated at 90° C for 30 minutes.

8. The contents were transferred to a 50 mL silanized round bottom flask
containing distilled/deionized water (25 mL), and the contents of the flask are
removed via syringe, and deposited on a Waters™ Oasis HLB ( hydrophilic-lipophilc
balance) column, allowing unreacted fluoride and undesired salts to pass through
with the eluate.

9. The organic components were eluted from the column into a conical 5 mL
vial using dichloromethane, (3 mL, CHyCly). The eluant was purified via preparative
HPLC (Phenomenex LUNA C-18 column 250 x 10 mm, 5u particle, 100A pore.
gradient elution 90/10 H0/CH;CN - CH3CN). The appropriate fractions were
concentrated and analyzed for radiochemical yield and radiochemical purity
(analytical HPLC). The solution was concentrated to dryness in vacuo, and dissolved
in the appropriate volume of 10% ethanolic saline for injection and/ or biological

studies.

It will be evident to one skilled in the art that the present disclosure is not



R11 is C1-C6 al kyl; and R12, R13, and R14, are

i ndependently hydrogen, Cl1-C6 al kyl optionally
substituted with an imaging noiety, arylalkyl, or an
i magi ng noi ety; provided that,at |east one inmaging
noiety is present in formula ?I) 3. The contrast
agent of claim2 wherein R4 is an imaging noiety. 4.

The coph#A%4 mafRRbin luﬁaﬁ%%ﬁﬁg S fhit if¥an 1 b&enﬂﬁdlbdlﬁ @thBﬂ
moiety. 5. The contrast of ¢
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0O0or 7'"OFOHOO '():(}|O 6-x Xx OHOH OH O
wherein x is 0, 1, 2, 3, 4, or 6. 9. The contrast
agent of claim1 wherein e%6ontrast agent is 18F O
10 8-x X OHOHO OH O 10z8xx()—|18FO()—IlO
WHMXIS@WMEQQ&O 99 OH18F 51 O 0105 OHOHO

1. OH cgﬁltr%t a%gnt%ogﬁ'ng‘mg an 1m%g81§g 916'1ect)y al'% grcompound selected from an

annonaceous acetogenin, a quinone acetogenin, and an open-chain deguelin analog.

2. The contrast agent of claim 1 of formula )

: 15 R16
R1 R2 R4 R™R

wherein

mis1,2,3,4,5,6,7,8,9,10, 11,12, 13, or 14;

nis0,1,2,3,4,5,6,7, or 8;

oisOorl;

pis5,6,7,8,9,10,11, 0r 12;

--- is absent or a single bond,;

when --- is absent, A and B are independently selected from hydrogen and an imaging
moiety; |

when --- is a single bond, A and B are each (C(R"),)«;

kis 1 or 2, provided that when A and B are each (C(Rl)z)k, one k is 1 and the other is 1 or
2;

R',R%LRY R, R’ R® R!® R" and R'® are independently at each occurrence hydrogen,
hydroxy, or an imaging moiety;

R’ is hydrogen, hydroxy, or an imaging moiety;

R is hydrogen; or

R’ and R B together with the carbon atom to which they are attached, form C=0 or
C=CRR'™:

R® is hydrogen, hydroxy, or an imaging moiety;

R? is hydrogen; or

RS and R®, together with the carbon atom to which they are attached, form C=0 or
C=CR"R™;



105OHHO OHOHO 1,010 18F OH O wherein x is

o, 1, 2, 3, 4, 5., 6, 7, or 8_10. The contrast agent

of claim1 wherein the contradt agent is OH I O

H16FO 1IFn OH _" ) On OOOHOHO 1eF OH O or

OHROH hyd@rge hyedrox®] o1 dn imaging melétypH ' OF O wherein n'

ist’nd %andently at each occurrence 0, 1, 2, 3, 4, 5,

6, 7,IS§, T88°%PT 10: and 100 where n" is i ndependent |y

at REasdRUCopEthaneith the carboft-atéin tEwhich they &e afdchéd), formt £=0 or

The contrast agent of claiml of formula (1) R24 0
C=CRI®R36 R18 RI9 R21 R22 \ RR5 0O0qr st 0 RL7 RL7

D- gtk &-’Cﬁlll@% R420. R 23 2'3 R26
R'? R, and R!, are independently hydrogen, C;-Cs alkyl optionally substituted with an

imaging moiety, arylalkyl, or an imaging moiety;

provided that at least one irhaging moiety is present in formula (I).

3. The contrast agent of claim 2 wherein R* is an imaging moiety.
4. The contrast agent of claim 2 wherein R® is an imaging moiety.
5. The contrast agent of claim 2 wherein R® is an imaging moiety.
6. The contrast agent of claim 2 wherein R’ is an imaging moiety.
7. The contrast agent of claim 1 wherein the contrast agent is

OH OH o

whereinxis 0, 1, 2, 3, 4, 5, or 6.

8. The contrast agent of claim 1 wherein the contrast agent is



(I1), wherein qis 1, 2, 3, 4, 5 6, 7, 8 9, 10, 11,
12, 13, or 14; r is O, 1 2, 3 4, 5, 6 7, or 8; s

isOor 1; t is 5 6, 7, 8, 9 10, 11, or 12; ~---1is
absent or a single bond; when --- is absent, D and E
are independently sel ect ed from hydrogen and an &

i maging noiety;_when --- is a single boad, D ands
are each (C(R15)2)\,; uis 1 or provi died t hgt en
D apd ¢ g ot her

I1s1 S,

i ndependent | o egice hydrogeﬁ i
or an imaging noiety, R' is hydrogen, hydroxy, or gn
i mgi ng moiety; R17' is hydrogen; or R" ™ and RS

together with t

gar bon atom to/w
attached, form :

they are att®ched, foftn C=O ¥ C=CR27R28; R23 is®

hydr ogen, hydroxy, or an imaging noiety;, 101 R23" (s
hydrogen; or R23 and R23', together with the carbof
atomto which t

C=CR27R28; R24 o

hy oog® Ryaln | or
i magi ng

i magi ng noi &y; ' 28 are independently ©
hydrogen, C1-C6 al kyl optionally substiuted with an S

i magi ng noi ety, ar
that at | east onpe i

(1)

| al kyl, an imagi ng moigty; pgovide
resent in ornuya

ging noiety/is

H OH o

OH

whereinxis 0, 1,2, 3, 4, 5, or 6.

9. The contrast agent of claim 1 wherein the contrast agent is

15’:

6H OH (o)




12. The contrast agent of claim 1l wherein R18, R19,
R22, or R23 is an imagi ng noi &f 13. The contrast
agent of claim 11 wherein R2271s an i magi ng noi ety.

14. The contrast agent of claim 1l wherein the contrast
agent is O M Ow 1190« OHOHISF OO I\év\é
Oa'-OF O 90\@' 10-x X OH CH O* owe 1
19 Ow ' [
6, 7, 8, 9,

R33 R31 Rao R32 Rae Rao

whereinxis 0, 1,2, 3,4, 5, 6, 7, or 8.

10.  The contrast agent of claim 1 wherein the contrast agent is

WOW\O
OH

OH F o
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n n
OH OH o
N
N
g OH
P I (o] or
n o o "
OH OH o
N
S
OH
| %
. 0 o) "
n n
OH OH g o

wherein n' is independently at each occurrence 0, 1, 2, 3, 4, 5, 6,7,8,9,or 10; and



Ra1 (Ill), wherein Gis -S, -0-, 1 or Jis S

C(R37)2, or 0; ------ is a sillag!se or doubl e bond; and

R30, R31, R32, R33, R34, R35, 6, R37, R3s R39 Rao

Rai and R42 are independently at each occurance
whereyr isgadepersiends ahpdchlocoprinen ) 3.4, Subst, 8t tardOwi t h an

i magi ng noiety, Cl-C6 al koxy optionally substituted

Wi an i i n i.ety, .or [.oagi ng noi ety; provided
1. thiFemW@&@gg&ﬁ%‘m goﬁfgﬁﬁﬁ@(md, R31 and R32 are
absent; and provided at |east one imagi ng noietygos
present in formula (111). 16. The contrast agent| of
clai m15, wherein R36, R37, R38, or R42 'bs an i nmpgi ng
noiety. 17. The contrast agent of clai m& ] in

wherein

qis1,2,3,4,5,6,7,8,9,10, 11, 12, 13, or 14;

ris0,1,2,3,4,5,6,7, or 8;

sisOorl;

tis5,6,7,8,9,10,11,0r 12;

--- is absent or a single bond;

when --- is absent, D and E are independently selected from hydrogen and an imaging
moiety; '

when --- is a single bond, D and E are each (C(R"),),;

uis 1 or 2, provided that when D and E are each (C(R'°),),, one u is 1 and the other is 1
or 2; )

R, R, R"® R R? and R*, are independently at each occurrence hydrogen, hydroxy,
or an imaging moiety;

R is hydrogen, hydroxy, or an imaging moiety;

R'" is hydrogen; or

R and R!7, together with the carbon atom to which they are attached, form C=0 or
C=CRYR%,

R% s hydrogen, hydroxy, or an imaging moiety;

R is hydrogen; or

R* and R, together with the carbon atom to which they are attached, form C=0 or
C=CRYR%:

R* is hydrogen, hydroxy, or an imaging moiety;




18F Owe O O\OVE)O 18F/Ove 0 18F 0 Ow O'OF O

78F Ove OV ' or 0 0 20. The Sil)ntrast agent of claim1l
wher ei'n the contrast agent i d o O Ow "OF 1 [\

|SF,,,o/ O o M 0 nF Lkyy*Ove O"F / OW o Ow
0 R uPs hgdragem; orOF O OMe or  OWe

2 and R¥, together with the carbon atom to which they are attached, form C=0 or
C=CR"R”;
R* R*, and R% are independently hydrogen, C;-Cs alkyl optionally substituted with an
imaging moiety, C;-Cs alkoxy, hydroxy, halo, or an imaging moiety; and
R* and R are independently hydrogen, C;-C¢ alkyl optionally substiuted with an
imaging moiety, arylalkyl, an imaging moiety;

provided that at least one imaging moiety is present in formula (II).
12.  The contrast agent of claim 11 wherein R'®, R!°, R??, or R** is an imaging moiety.

13.  The contrast agent of claim 11 wherein R*? is an imaging moiety.

14.  The contrast agent of claim 1 wherein the contrast agent is
0

OMe

OMe

OMe

OMe

whereinxis 0, 1,2, 3,4, 5,6, 7, 8,9, or 10.

15.  The contrast agent of claim 1 of formula (III)



21. The contrast agent of claim1 wherein the contrast
agent is OCH3 OCH3 "FCH=CH2Q H3CO O \ / | H, CO uF \
o\ oor OCH3 H3cO| O 18F co1 o0 22. The

contrast agent of claim1l wherein the imagi ng noiety

a |ight-ggptyes
The contraﬁg
paranagnetlc S
Fe3+, |na+,
claim 22 mhereln the echogenlc entp4b
ultrasound inmaging is a fluorocarbon encgdpsul at ed
surfactant mcrosphere. 25. The contrast nt of
claim 22 wherein the radioi sotope for nucRear nedicine
imaging is 11 C 13N> 18F> ﬁ§1> 124> 1251> 99nilc

95TC 111 76Br, 64CU 67Ga or >>In, >>>> 26.
whergine contrast agent of clain125 mherein t he i magi ng

noiety is 18 7. The contrast agent of claim?25

wherei n t hes mag pg magety I _P9nifc. 28. A nethod of

i magi ng myoc | per on ¢ rising admnistering

to a patient 2ﬂ¥;ontra5t agent > whi ch conprises an

gln noi et ylland a conmpound sel ected from an

an etlis acétogéﬁln qui noné acetogenin, a

sqp& ? heonone and an open-chain deguelin

ana and’ scahni ng the patient using diagnostic

| nﬂ_ngasmgle o“r'hleuhleﬂ)bn@t anfl cI aim 28 wherein the

]Eg HEI §3y ei{l e IRs pgc i» @gg f49 UC| ?R mprlrr?cijepgndently at each
occuﬂaH@é?lhﬂE@géﬁnC‘fuor géé':i:‘le)gtlcﬁml?tsﬁfbsftl tedj\%/ﬁh 'aH im! ?%15% ﬂﬁ)‘?éfgcbl -Cs alkoxy

I magl ng, t entity use I n rescence
Optlonaihsgsubgtltumd veith amgimaging moietye ot an ynaginng moizty;ipnovagéd thal when ------

a doulbimlg’on?i?R3 !and R* are absent; and
provided at least one imaging moiety is present in formula (III).
16.  The contrast agent of claim 15, wherein R*, R¥, R*, or R*? is an imaging moiety.

17.  The contrast agent of claim 15, wherein R* is an imaging moiety.

18.  The contrast agent of claim 1 wherein the contrast agent is
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oL 0Ly

. OMe
"F\/§D\s OMe m

OMe

OMe

OO °
BF ~ S oMe ums

OMe ,or

OMe

19.  The contrast agent of claim 1 wherein the contrast agent is

] OMe

o OMe }\/o

\ 0. Q) 0.
OMe ..F/ X
o o
18F
OMe o
0. OMe
N o)
4 ° '
X
18¢ OMe o

o]
OMe
0. 18 \/©:OMQ 0 2F
0.
o N
x OMe » or
5 o

20.  The contrast agent of claim 1 wherein the contrast agent is



21.

22,

The contrast agent of claim 1 wherein the contrast agent is

OCH; OCH;

18FCH,CH,0 HsCO.
‘ |
O HsCO
[0} ,
OCHjq

HsCO.
O (o} 10F
HsCO O
o .

The contrast agent of claim 1 wherein the imaging moiety is a radioisotope for nuclear

, or

medicine imaging, a paramagnetic species for use in MRI imaging, an echogenic entity for use in

ultrasound imaging, a fluorescent entity for use in fluorescence imaging, or a light-active entity

for use in optical imaging.

23.

The contrast agent of claim 22 wherein the paramagnetic species for use in MRI imaging

. + + + +
is Gd**, Fe**, In® , or Mn**.
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24.  The contrast agent of claim 22 wherein the echogenic entity for use in ultrasound imaging

is a fluorocarbon encapsulated surfactant microsphere.

25, The contrast agent of claim 22 wherein the radioisotope for nuclear medicine imaging is

e, BN, 18R, 123 1247 1257 99mp T, lm, "By, 52Cu, *Cu, “Ga, or ®Ga.
26.  The contrast agent of claim 25 wherein the imaging moiety is '®F.
27.  The contrast agent of claim 25 wherein the imaging moiety is *™Tc.

28. A method of imaging myocardial perfusion comprising administering to a patient a
contrast agent which comprises an imaging moiety and a compound selected from an
annonaceous acetogenin, a quinone acetogenin, a substituted chromone and an open-chain

deguelin analog; and scanning the patient using diagnostic imaging.

29.  The method of claim 28 wherein the imaging moiety is a radioisotope for nuclear
medicine imaging, a paramagnetic species for use in MRI imaging, an echogenic entity for use in
ultrasound imaging, a fluorescent entity for use in fluorescence imaging, or a light-active entity

for use in optical imaging.




