wo 20107129572 A2 I T 0KV OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
11 November 2010 (11.11.2010)

(10) International Publication Number

WO 2010/129572 A2

(51

eay)

(22)

(25)
(26)
(30)

1

(72)
(73)

74

International Patent Classification:
A61K 51/04 (2006.01) CO7D 249/04 (2006.01)

International Application Number:
PCT/US2010/033579

International Filing Date:
4 May 2010 (04.05.2010)

Filing Language: English
Publication Language: English
Priority Data:

61/175,065 4 May 2009 (04.05.2009) US

Applicant (for all designated States except US): WASH-
INGTON UNIVERSITY [US/US]; One Brookings
Drive, St. Louis, MO 63130 (US).

Inventors; and

Inventors/Applicants (for US only): MACH, Robert, H.
[US/US]; 519 Meramec View Drive, Fureka, MO 63025
(US). GROPLER, Robert, John [US/US]; 345 Westgate
Ave, St. Louis, MO 63130 (US). TU, Zhude [CN/US];
10329 Cable Ave, Frontenac, MO 63131 (US). HER-
RERO, Pilar [US/US]; 3989 Poppy Marie Lane, Saint
Charles, MO 63304 (US).

Agent: ZACKSON, Saul, L.; Zackson Law LLC, 1015
Locust Street, Ste. 750, St. Louis, MO 63101 (US).

84)

(81) Designated States (unless otherwise indicated, for every

kind of national protection available). AE, AG, AL, AM,
AQ, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: PET RADIOTRACERS FOR IMAGING FATTY ACID METABLOLISM AND STORAGE

F=0

i/a\\}/\,A\V/\/m/\/\,/\/
/L/

“OH

f PPA

il
N N PN N NN

Nt

~

F Heverse "Click” Analog

FIG. 1

[om—

P,

Y
i

o
A

yl/\\j/A\/A\/r\/\\/A\/\\/A\/‘ Bs
Fo_~, o"‘\ P
-finoraethexy for § substiufion
3
R e /\vﬂ\ou

H
e

Trationst " Clek” Analcg

(57) Abstract: Fatty acid analogue ( FAA) molecules comprising positron-emitting radionuclides, salts thereof, and FAA-triglyc-
erides are disclosed Also disclosed are methods of synthesis, and methods of imaging distribution and metabolism of fatty acids
and fatty acid triglycerides.
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PET RAMOTRACERS FOR IMAGING FATTY ACID METABOLISM AND
STORAGE

PRIORITY STATEMENT
This application claims the benefit of and the priovity to U.S. Provisional
Apphcation No. 61/175,065, filed on May 4, 2009, which is incorporated herem by
reference in s entirety.
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This work was supported at least in part by NIH grant HLe9100. The government

may have certain rights in the mvention.

INTRODUCTION

The present teachings are m the field of tracers that can be ysed for unaging
distribution and metabolism of fatty acids and fatty acid tnglyeernides,

Distribution of fatty acids, including complexes of fatty acids (FA} with
trighyenides, (FA-TG) s of great clinical significance in various tissues such as cardiac
tissue.

Many probes and methods have been developed for mmmging distribation of Fatty
acids in subjects such as humans.

'P and V¢ magnetic resonance spectroscopy (MRS) have been used to image

-

myocardial subsirate metabolism in ex-vivo preparations in vivo." ™7 However, because
of the mhbierent low signal-to-noise of the magnetic resonance method, limited spatial
resolution, intravoxet signal conlamination and long acquasition times, assessment of
myocardial metabolism n vivo 1s Bimited only to the anterior mvocardium,

Radiolabeled 15-(p-iodopheny-pentadecanoic acid (IPPA) has beenosed as a
radiotracer for imaging FA metabolism using single photon emission computed
tomography (SPECT)Y.YY However, SPECT systems do not have the temporal resolution
o take advantage of the rapid turnover of IPPA to penmit high quality imaging and
guantification of FA metabolism.

Branched-chain analogs of IPPA, such as BMIPP, have also been developed as

g
2

9, 2-14

tracers for FA metabolisin. ™ However, quantification of myocardial substrate use is
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difficult or impossible because SPECT provides relatively poor temporal and spatial
resolution and inaccurate correction for photon attenuation, and incomplete metabolism
of BMIPP relative to unlabeled FA use.

M palmitate has been used as a radiotracer for PET imaging of FA metabolism
in the heari.” However, image quality is generally considered low. In addition,
radiolableled metabolite corrections are frequently needed. Finally, the short half-hife of
the carbon-11 radioisotope (~20 min) necessitates rapid access to sowrces such as a
eyclotron and a radiopharmaceutical production apparatus.

14-(R 8)-*F-fluoro-6-thisheptadecanoic acid (FTHA) has been used as a
radiotracer for PET imaging of FA metabolism.”™ ' However, uptake and retention of
PRFTHA is insensitive to the inhibition of f-~oxidation by hypoxia.’

ES‘meiuomwihimpa}mitat‘e {FTP) 15 a probe for PET mmaging of a metabohe
trapping fancrion.”” Deposition of FTP is proportional to f-oxidation under normal
oxvgenation and hypoxic conditions. However, FTP does not distinguish between
myvocardial FA uptake and oxidation.’™ Mereover, quantification of these processes
requires correction for the intrinsic differences in the kinetics of FTP and unlabeled FA™.

Trans-9(RS)- [F-18]-fluore-3 4(RS,RS) methyvlencheptadecanoic acid (-
FCPHAS}, has been described with a structure that includes a eyclopropyl group at C3-C4
and an atky! fluoride at 9. However, the impact of alterations in plasma substrates,
work {oad and blood Hlow on myocardial kinetics is unknown.

A need therefore exists for radiotracers that provide accurate and comprehensive

measurements of myocardial FA metabolism.
SUMMARY

The present inventors have developed fafty acid analog (FAA) compounds and

salts thereof having structures in various aspects of the present teachings, such as

td
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N I varous configurations, n can be

an integer from 10 to 24, m can be an integer fron | 10 10, and X can be a halogen. In
some configurations, a fatty acid analog or salt thereof of the present teachings can bave
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siructure
A fatty acid analog or salt thereof of the present teachings can include at least one
radicisotope. In some configurations, a radioisotope can be a positron-emitting

radioisotope. In some configurations, » can be 14; independently, m can be 2, and
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independently, X can be a fluorine atom such as a '*F radioisotope. In some
configurations, n =14, m=2 and X is 'F.

In various aspects, a compound or salt thereof of the present teachings can be
used as a probe for fanty acid distribution in a subject such as a mammal, including a
human mammal. Following administration to a subject mammal such as a human,
distribution of a radiotracer of the present teachings can be determined by methods
known to skilled artisans, such as positron emission tomography {(PET) scanning or
single photon enussion computed tomography. In certain configurations, a fatty acid
analog or salt thereof of the present teachings can provide myocardial kinetics that
closely mimic those of "'C-palmitate.

In various aspects, the present teachings alse include fatty acid analog-
iriglycerides (FAA-TG) and salis thereofl In some configurations, an FAA-TG can be
fatty acid analog-very low density lipoprotetn trighyveeride (FAA-VLDL). In some
configurations, an FAA-TG or FAA-VLDL can comprise a radioisotope such as an Br
Accordingly, the present teachings include in some configurations varions "F-fatty acid
analog-very low density lipoprotein iriglycerides such as “F-FAA-TG s and PE-FAA-
VLDL’s. In some embodiments, an " F-FAA-TG or PF-FAA-VLDL or a salt thereof of

MO0 LE M,

|
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the present teachings can have a strocture , wherein R can be

i % \\ﬁ N
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K

frd

DIOH,

At

£

or

MM R P . . s
CHACH TR ., wherein nis an mteger from 1010 24, In some

configurations, n can be 14,
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in vanous aspects of the present teachings, the present inventors disclose methods
of synthesizing the fatty acid analogs, as well as various intermediates that are useful for
syathesizing fatty acid analogs.

In some aspects, the inventors disclose methods of syathesizing Br-{CH; ),
COOCH; 2. These methods can comprise contacting Br-{CHy )~ COOH 1 with
trimethylsilvl dinzomethane, THF, hexane, wherein n s an integer from 10 to 24. In some
configurations, n can be {4,

In some aspects, the mventors disclose methods of synthesizing

i
,\ms}n\wf
§
,

3. These methods can
comprise contacting Br-{CH)~COOCH; 2 with 4-benzyloxyphenyiboronic acd,
PA{QA ), [HP(+-BuhMe|BEy, KO-Bu and t-amyl alcohol, wherein o can be an integer

from 10 to 24. In some configurations, n can be 14

In some aspects, the inventors disclose methods of synthesizing
0

T e 3 : e
CH3T N0
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4. These methods can comprise contacting

s
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s 3 with Pdie, EtOAe, Ha,
wherein n can be an integer from 10 to 24. In some configurations, n can be 14,

{n some aspects, the mventors disclose methods of synthesizing
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comprise contacting

6. These methods can

e

4 with ethane-1-2-divl bis{4-
methylbenzenesulfonate), KCO;, CH;ON, wherein i can be an mteger from 10 to 24 In

some configurations, n can be 14,

6
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n some aspects, the mventors disclose methods of synthesteing
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comprise comtacting
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%

: & with
PP FIK K2 2.2/KC07/CHCN, then NaOH,
wherein n can be an integer from 10 to 24. In some configurations, ncan be 14. K222 18
47,1316 21, 24-Hexaoxa- 1, 10-diazabicyelo[8 8.8 -hexacosane (Kryptofix 2227, Acros
Organics NV, Fairlawn, NJ).

In some configurations, these methods can further comprise aj contacting Br-

{CH)~COOH | with tiimethylsilyl diaromethane and THEF to vield Br-{TUH),~COOCH;
2 b contacting the Br-{(CH),-COOCH: 2 with 4-benzyloxyphenviboronic acid,

Pd{OAc), [Hp{t-BukMeBF;, KOt-Bu and t-amy! alcohol to obtain

R
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n some aspects, the mventors disclose methods of synthesteing
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these methods can comprise contacting

. In various configurations,
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4 with I-bromo-2-fluoroethane, KoCOs,
acetone; followed by NaOH, MeQH, CHCY,, water, wherein n can be an integer from 10
to 24, and »1 i3 an integer from 1 to 10, In some configurations, n can be 14

In sorme configurations, these methods can further conprise a) contacting Br-
{CH ), -COOH 1 with trimethylsilyl diazomethane and THE to yield Br-{CH;)-COOCH;
2; b) contacting the Br-(CH;),-COOCH 2 with 4-benzyloxyphenylboronic acid,
PA(OAC),, [Hpl{t-BuhMelBF,, KO-Bu and t-amyl alcohol to obtain
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3 with of Pdic and EiQAg

to obtain MO 4.

In some configurations, the present teachings mclnde methods of synthesizing.

HG 4. In varicus configurations, these methods
can include contacting Br-{CH)14-COOH 1 with trimethylsilyl diazomethane and THF to
obtain Br-{CH:2),-COOCH; 2; contacting the Br-{CH2),-COOCH; 2 with 4-
benzyloxyphenyiboronic acid, PA(OAc):, [HP(t-BuhMe]BF,, KXOt-Bu and t-amyl alcohol

&
i
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e

io obtain 3 and
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be an integer from 10 to 24, In some configurations, n can be {4,

In some aspects, the present inventors disclose methods of synthesizing
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wherein n is an integer from 10 to 24. In some configurations, v can be 14, In addition, in
some configurations, these methods can further comprise contacting Br-(CH 1 -COOH 1
with trimethyisilyl diazomethane and THF to obtain Br-(CH,),-COOCH: 2; contacting
the Br-{CH2)-COOCH; 2 with 4-benzyvloxyphenylboronic acid, PA{OAC), [HP(1-

BuhMeiBFy, KOt-Bu and t-amyl alcohol to obtain

3 ; comtacting the

3 wath Pdée, EtOAc,

{

ACH) T Ty

R
= \\\ :
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H; to obtain HO 4, and contacting the
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1n various aspects, the present teachings mchude merhods of synthesizing
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CHO{GH},CO0H FYE19. In various configurations, these
methods can include contacting Br-(CH),-COOH 1 with Ma-

{OHGO0H,

B ,
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can be 14,

1o obtain

7; and contacting the {CHRGOAHs 7 Wik

N2 wherein nis an integer from 10 to 24, In sonte configurations, n
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n various aspects, the present teachings meclude methods of synthesizing

M
o SLEY TN
WEF TN e (CHA GO0

. In various configurations, these methods
can include contacting Br-{CH)-COOH 1 with NaNj to form Ny{CH),COOCH: 8; and
can be an mteger from 10 to 24, In some configurations, n can be 14,

In various aspects, the present teachings include methods of synthesizing
O GCOE H 1My

CHLOCOICHAOH,
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R J_‘,} ,
\m««if 1.2-Pal-[F15. In various

configurations, these methods can include contacting
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HO \/\D . o
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form T T 12 contacting the
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n various aspects, the present teachings meclude methods of synthesizing

OOOOHR Oy

o .
PAN
wff .

ML FENLE 3
@EGLG@QHQ%M\ N O H 3 W

S
M=

L2-Pal-[ "F19. In varions configorations,

CHO0OEH UM,

these methods can include contacting

Pt
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with Na  wherein n is an mieger from 10 to 24, In some configurations,
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n can be 14

In various aspects, the present teachings include methods of synthesizing
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1.2-Pal-IF110, In various
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configurations, these methods can include contacting ™ HOCO{GH N
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configurations, n can be 14,

3 16 with

. wherem n 1s an integer from 10 to 24, In some

In some aspects of the present teactungs, “chek™ analogs can be prepared as
cuthined m Figure 1. In some configurations, a 4-iodophenyvi ring of IPPA can be

replaced with g corresponding 1,2, 3-trtazole mowety that s created from the “click”™ or

16
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“reverse click” labeling procedures. The svathesis of the target compounds and
precursors for fabeling are disclosed herein.

In sore aspects of the present teachings, the inventors disclose methods of
determining fatty acid distribution in an mammal, such as a laboratory animal, a
compamon animal, a fivestock animal, or a human. In various configurations, these
methods can comprise: administering 10 a mammal a radiolabeled fatty acid analog or salt

0O

%,

rettssei ittt
.

g A
thereof selected such as O |
o
: N (Gl =
N o .
N oF

4 2 VW W
2 Rt

. and subjecting the mammal to
postiron envission tomography {PET) or other positron detection methads known to
skilled artisans such as SPECT. In some configurations, m can be 2. In some
configarations, u can be 14, In various configurations, imaging data obtained from a scan
can be record on a digital computer and analvzed using methods known to skilled
artisans, such as analysis using known algorithms. In some configurations, analysis using

an algorithm can be accomplished with the aid of a digital computer. In some



WO 2010/129572 PCT/US2010/033579

embodiments, the methods can further include displaymg the fatty acid distitbution in a
subject mammal as an image on a computer display.

In some aspects, the present teachings include methods of imaging distribution of
fatty acid triglveerides in a mammal. In various configurations, the methods can include
administering to a mammat a radiolabeled fatty acid tighyveeride analog or salt thereof]

CHOCOCH DO M,

:HQQ{‘: {3{ OH ginc Hﬁg

CHOC{OH
such

OMROCCHE ML Gy
TNE{D{:Q{@}‘E},}C}‘@

CHOCO{CHy

CHOCCHCH,

R

et

; and subjecting the mammal o
positron emission tomography (PET) scanning or other positron imaging methods such as
SPECT, wherein i can be an integer from 10 to 24. In some configurations, n can be 14,
In some configurations, imaging data resulting from a scan can be stored on a digital
computer. In some embodiments, these methods can further comprise subjecting image
data to analysis using an algorithm known to skilled artisans. In some configurations, an
algorithm can be stored on a digital computer. In some configurations, the methods can
further comprise displaying fatty acid tnglyeeride distribution in a subject mammal on a

compater display.

Aspects
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The present mventors’ disclosure includes the following aspects.

1. A fatty acid analog or salt thereof of structure

wherein 1 1s an mteger from 10 10 24, m i3 an integer from 1 Yo 10, and X s g halogen.

2. A fatiy acid analog or salt thereof in accordance with aspect 1, wherewn the fatty acid

Mif»‘“z}m““““““‘ -

analog s

3. A farty acid analog or salt thereof in accordance with aspect § or aspect 2, wherein X 15
a fluorine.

4. A fatty acid analog or salt thereof in accordance with any one of aspects 1-3, wherein
at least one atom 1s a radicisotope.

5. A fatty acid analog or salt thereof in accordance with any one of aspects 1-3, wheren
at least one aton is @ postren-emitting radivisotope.

6. A fatty acwd analog or salt thereof in accordance with any one of aspects 1-3 wherem X
is an "°F.

7. A fatty acid analog or salt thereof in accordance with any one of aspects 1-6, whertem
med,

8. A fatty acid analog or salt thereof in accordance with any one of aspects 1.7, wheremn
w=id

9. A fany acid analog or salt thereof in accordance with aspect 1, wherein n =14, m=2

el 18
and X is °F.

19
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10. A fatty acid analog or salt thereof of structure selected from the group consisting of

L B

and

wherem i is an integer from 10 to 24, m 15 an mieger from 1 to 10, and X 15 a halogen.

11, A fatty acid analog or salt thereof in accordance with aspect 10, of stracture

focs

' N (gl = X
\-’.\‘\’\% qu" ¥ AR
B

12. A fatly acid analog or salt thereof in accordance with aspect 10, of structare

N

Asnnnnassosss § }(i Y s }{

3

13, A fatty acid analog or salt thereof 10 accordance with any one of aspects 10-12,

wherein X is a fluorine atom.
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14, A fatty acid analog or salt thereof in accordance with any one of aspects 10-13,
wherein at least one atom 1s a radioisotope.

15, A fatty acid analog or salt thereof in accordance with any one of aspects 10-13,
wherein at least one atom is a positron-emitting radionuchde.

16. A fatty acid analog or salt thereof 1n accordance with any one of aspects 10-15,
wherein X is an *°F.

17. A fatty acid analog or salt thereof i accordance with any one of aspects 10-16,

wheremn ny
18, A fatty acid analog or salt thereof 1 accordance with any one of aspects 10-17,
wherein =14,

19, A fatty acid analog or salt thereof tn accordance with aspect 11, of structore

f ™~ Y 8
Ry AN CHe
N wherein n=14 and my=2.
20. A fatty acid analog or salt thereof in accordance with aspect 12, of structure

£

ey 18
e (Gl O

wherein n=14 and m=2.
21 An “‘F«fmty acid analog-very low density Hpoprotein triglyceride (U F-FAA-VLDL)

XY

. DHOOOHCHAR N e
of structyre PHERLOEHAR . wherein R is selected from the group consisting of

ED
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and

CHO{CH), F or a salt thereof, wherein n 1s an mteger from 10 to 24,
22. An PFFAA-VLDL or salt thereof in accordance with aspect 21, wherein n=14.
23, A method of synthesizing Br-(CH,),-COQCH, 2, comprising comtacting Br-{CH )~
COOH 1 with trimethyialyl diazomethane, THF, hexane, wherein n s an mteger from 10
to 24
24, A method of synthesizing Br«{CHa)p-COOCH; 2 in accordance with aspect 23,
wherein ne=14.

35, A method of synthesizing

3, comprising contacting
Br-{CHa}e-COOCH;: 2 with 4-benzyloxyphenyiboronic acid, Pd{OAc), [HP(t-
Bup:Me|BF,, KOt-Bu and t-amyl slcohol, wherein n is an integer from 10 to 24,

26, A method m accordance with aspect 28, wherein =14,

b2
]
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27. A method of synthesizing MO 4, comprising
£
e
e l\
K
contacting 3 with Pdie,

EtQAc, Ha wherein n s an integer from 16 1o 24
28. A method i accordance with aspect 27, wherein n=14.

29 A method of synthesizing

{3

uk
s

6, comprising contacting

4 with ethane-1-2-diy] bis{4-
methylbenzenesultonate}, KaCOs, CHAOUN, wherein nis an integer from 10 o 24

30, A method in accordance with aspect 29, wherein n=14.

SV
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31. A method of synthesizing

4
3:............ l:’:(
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£

[FIS, comprising contacting

)
1
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o
le‘.
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Ts@\\f{xx’\k\‘ . e \\

6 with
[FRIKF/K2.2.2/K2CO4CH;CON, then NaOH,
wherein n is an integer from 10 1o 24,
32. A method in accordance with aspect 31, wheretn n=14.
33. A method in accordance with aspect 31 or aspect 32, further comprising:

a) contacting Br-{CH;)~-COOH 1 with trimethylsilyl drazomethane and THE to
vield Br-(CHa)-COOCH: 2;

b} contacting the Br-(CH;),-COOCH; 2 with 4-benzyloxyphenviboronic acid,

PAHOAch, [Hp(t-BukMelBF,, KOt-Bu and t-amyl alcohol to vield

N
S
AACH Iy —
‘f«"«‘ =
{
{3
3,
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¢) contacting the

with of Pdic and EtOAc to yield MO

%,

AN
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st
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d) contacting the HO

divl bis{4-methytbenzenesulfonate), KCO; and CHLON to vield

TsG
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4 with ethane-1-2-
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34. A method of synthesizing

£
~OH
2N
'\\\. “f/‘ \\ _ e ) . -
5, comprising contacting
HO 4 with I-bromo-2-fluorcethane, KoCQx,

acetone; followed by NaOH, MeOH CHCl,, water,
wherein n s an iteger from 10 to 24, and w18 an integer from 1 1o 10
35. A method in accordance with aspect 34, wherein n=14.
36. A method in accordance with aspect 34 or 35, further comprising
a) contacting Br-{CH; }~COOH 1 with trimethvisibvl diazomethane and THF to vield Br-
{CH:2),-COOCH; 2
b} contacting the Br-(CH;),-COOCH; 2 with 4-benzyloxyphenviboronic acid,

PAHOAch, [Hp(t-BukMelBF,, KOt-Bu and t-amyl alcohol to vield

~
N

§ \I-(

%

26
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¢) contacting the 3
with of Pdic and EtQAc to yield HO 4,
37. A method of synthesizing HQ 4, comprising:

coptacting Br-{CH:}-CO0OH 1 with timethylsilyl diazomethbane and THYF 10
yield Be(CHy),-COOCH; 2;

contacting the Br-(CHz),-COOCH: 2 with 4-benzvloxyphenvlboronic acid,
Pd{OAC),, [HP(-Bu)Me|BE,, KOt-Bu and t-amyl alcohol to yield

3 and
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coptacting the

3 with Pdic, BtQAc,

O e

H: to yield HO

4, wherein 1t 18 an mteger from
1610 24

38, The method of aspect 37, wherein n=14,

39. A method of synthesizing

};’zzzzgﬁ

*IS;::

[*FIS. comprising:

28
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O

OH T OH
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:“\‘ \V» f;* \\\ {:} fé‘# T -~

o
contacting 5 with
PRRIKEK2 2. 2/8C04CHRON, then NaOH
wherein n is an integer from 10 to 24,
40. The method of aspect 39, wherem ne=14.
41. The method of aspect 39 or 40, further comprising

comtacting Br-{CH).-COOH 1 with trimethyisilyl diazomethane and THF to
yield Br-{CH2),-COOCH; 2;

contacting the Br-(CH;),-COOCH; 2 with 4-benzvloxyphenylboronic acid,
PA{OAc);, [HPE-Bu)pMelBE, KO-Bu and t-amyl alcohol to yield

{Q

o
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- e gy e
ACHTTT T

- 3 and
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coptacting the

]
\\::»v“““ 3 with Pdic, BtQAc,

H; to yield HOQ

fm{'}

S . T -
JRUCRES o~

contacting the HQ 4 with 1-hromo-2-

fluorcethane, K,COy, acetone; followed by NaOH, MeOH,CHCl;, water, to yield

wh
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42. A method of synthesizing

N
N

mg\ /- 1 j\i

T p YR I
AR H[ F19, comprising:

contacting Br-{CH),»COOH 1 with Nar——==22 (o form

S s (O H 3, C0,CHy 7.

’ N
———— ;. ey A S v \
SR {CHC 00 7 it T

conttacting the
mteger from 10 o 24.

43. A method in accordance with aspect 42, wherein n=14.
44, A method of synthesizing

N
W \?_w.,m-gm-;gg,\s;:ma

WF . s
) . SOMPYIsmg;

PCT/US2010/033579

¥ wherein nis an

contacting Br-(CH;),-COOQH 1 with NaN; to form No{CH:3,COQCH; 8; and

: LTI Vg
contacting the Nof CH)LCOOCH; 8 with F
wherem b is an integer from 10 to 24

45. A method in accordance with aspect 44, wherein =14,

- \\w f"{“ \, e
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46 A method of synthesizing

CHO0OICH UMy

OHOCHEE R, DM

1.2-Pal-[ "FI8, comprising:

(CHyCOOCH;

11 with TMS-Cl
{LHLGOOCH,

Mf}e“"
and CH:Clato form T 12;
{CH,TOO0H,
. o TRB O .
comtacting the S Q s 12 with
{UHy 3 GOOH
‘ - . Q‘;‘f’.’
T m\/\\ .
NaQOH and ethanol to form WS 13;
f
o, .,-"',‘f ~ )
. O
coptacting the TM&}\/ 13 with

s
]
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CHOCOEOHOH,

|

HAOCOICML O,

HaOH and DCC/CHCl to form

et

DH{GHLUTMS

/,/;.f/

i4; and

GHRCOICH, ROH RO TMS

contacting the 14 with TBAFK,
then THO/CHCL, then labeling, wherein n 18 an mteger from 10 10 24

47. A roethod m accordance with aspect 46, wherein =14,

48. A method of synthesizing

QHOCOICHL M,

N 2
et
Swammwzﬁn——ff \NW\CH,&N‘?
NN 1,2-Pal-{"F]9, comprising:

{: QQQC 3\:} {ﬂ: HZ}\\QHS
CHANOICHL UM,

CH0COCHz,

B .
: \\ : \w”‘fﬁ\ o S
contacting \\\ 15 with By ., whereinn is an
integer from 10 to 24,

49. A maethod in sccordance with aspect 48, wherein =14,

[7%]
(V]
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50. A method of synthesizing

T&w:zm:@(s::s\;ﬁ}ﬂms
C

NS
HEOCO{GR ), N \‘*\*\\mgﬁﬁ€3{a:s-;g}ﬁ?

/

N 1.2-Pal-{"F 110, comprising

CHAOTHO O H,

CHAOCOCHL O,
- L3
. P SethE A -~ o T i
3‘§3UL {D{v{e’ﬁ E)NNS 16 with $ By - \\J‘"‘ﬁ \\\.ﬁ

an integer from 10 1o 24.

coptacting  wherein n is

51, A method mn accordance with aspect 50, wherein n=14.

52. A method of determining fatty acid distribution in an mammal, comprising:

administering to the mammal a radiolabeled fatty acid analog or salt thereof selected

o

%,

I
[RCECRrrrvrers

S T ,}@ H:‘}“\ — 8

N and
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{QH g F

; and subjecting the mammal to
positron emission tomoegraphy (PET) scanning, wherein i is an integer from 10 to 24 and
s an mteger from 1o 10
53, A method in accordance with aspect 52, wherein m=2.

54. A method in accordance with aspect 32 or aspect 53, wherewn n=14,

55. A method in accordance with any one of aspects 52-54, further comprising subjecting
image data to analvsis by an algorithun in a digital computer,
36, A wethod in accordance with any one of aspects 531-55, further comprising displayimg
the fatty acid distribution in an image on a computer display.
57. A method of imaging distabution of fatty acid triglveerides in a manumal,
COMpPrising

admimstering to the mammal a radiolabeled fatty acid miglyceride analog or salt

thereof selected from the group consisting of

CHOCOCHOH,

CHOC O My

EMLOCCTH, —(f

UM

[¥y]
L
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Tg@;ﬁe:@{ﬁ:z»@z;ncwg
&

HROCQCH N\f/\\\;""‘ Ty ICHOF

/

o R ¢
NSy - and

subjecting the mammal to positron enussion tomography {PET) scanning, wherein
n is an integer from 10 to 24,
58. A method m accordance aspect 37, wherem =14,
59. A method in accordance aspect 57 or aspect 58, further comprising:
subjecting ymage data to analysis by an algorithm i a digital computer.
60. A method i accordance with any one of aspects §7-59, further comprising displaying

fatty acid triglveenide distribution on a computer display.
BRIEF DESCRIPTION OF THE DPRAWINGS
FIG. 1 illustrates the strategy used in the design of 'F labeled fatty acid analogs based on

p-1PPAL

FIG. 2 tllustrates synthesis pathwavs for

OH

[YFI8. Reagents: a:

[
{524
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trimethylsilyl diazomethane, THF, hexane, 2hr; b 4-benzyloxyphenylboronic acid,
PAOAC), [HP{I-Bu)MeBF;, KOt-Bu, t-amyl alcohol, argon, RT, 24 hr; ¢ Pdic,
EfOAc, Hy, 6psi, § hr; d: 1-bromo-2-fluoroethane, K:CO4, acetone; e NaOH, MeOH,
CHCl, water; £ ethane-1,2-div] bis(4-methyvibenzenesulfonate), KoCOy, CHAON reflux 3
hr g PR PTREF/K 2.2 27KCO#CHON, then NaQH.

FIG. 3 illustrates “traditional” (top) and “reverse” (bottom) click chemistry used in the
preparation of some '“F-FAA compounds of the present teachings.

FIG. 4 iltustrates myocardial microPET images obtained from a fed rat studied with ''C-
palmitate {top) and the compound [ F]S (bottom). Images are displayed on the transaxial
axis. A compostte image, and images of individual RGB color channels are shown.

FIG. 5 illustrates blood (input) and mvocardial time—activity curves {TACs) {anterior and
lateral} for “C-pahnimte {top) and the B RN {bottom).

FIG. 6 iltustrates the siructures of some F-labeled wriglyveeride analogs.

FIG. 7 illustrates a synthesis scheme for “F-labeled FA analogs 12 and 13, each
comprising a phenyl motety.

FIG. § illustrates a synihesis scheme for PF-labeled triglyeeride analogs 14 and 18, each
comprising a phenyl motety.

FIG. 9 illustrates a synthesis scheme for “F-labeled tiglyceride snalogs 1,2-Pal-

=

T Ry . " [ s » i o
i %F}S)zmci L,.v.‘hlﬁ’ai—{I 110, each comprising a triazole moiety.

DETAILED DESCRIPTION

Myvocardial fatty actd {FA) oxadation 1s believed to be among the heart’s most
important energy sources. However, the proportional contribution of other substrates to
overall oxidative metabolism such as glucose and lactate are both significant and quite

ariable and dependent upon numerous factors such as the plasma substrate environment,

neurohumoral milien and level of cardiac work. Thus, plasticity in myvocardial substrate
use can be key to cardiac health. Loss of plasticity resuliing in near exclusive use of one
substrate bas been shown 1o have a role n the development of ventricular dysfunction in
a variety of cardiac disease processes.

Myocardial FA metabolism is believed 1o be dependent on the plasma delivery of

FA, either m the form of FA bound to albumin (FA-ALB) or i triglveeride (FA-TG)

[y]
-4
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{either in the form of chlyomicrons (FA-CM) or very low density hpoprotems (FA-
VL.DL}} with subsequent release of the FA via lipoprotem lipase (L.PL) located on
capillary endothetial. Furthermore, given the potential adverse effects of either
accelerated farty acid oxidation or excessive lipid accumulation, the present inventors
have seen a need for PET radiotracers that can track FA anising from FA-TG. In some
embodiments, the inveniors disclose '“F-FAA with kinetics similar to those of unlabeled
palmitate, and furthesmore disclose "F-FAA incorporated into the 1-position of a
triglhyceride.

The present inventors have developed maging approaches that, in some
embodiments, further extend our capability to better delineate the etiologies and
ramifications of altered myocardial FA metabolism in cardiac disease. The inventors have
developed radiotracers the permit assessment of multiple aspects of myocardial FA
metabolism. For example, the present inventors have realized that there 15 no non-
mvasive method corrently available to measure the contribution of FA from TG, They
therefore have developed, in some embodiments, radiclabeled VLDL in the R1 position
with an "F-FAA {("F-FAA-VLDL). They further disclose its use in cardiac imaging and
kinetic characteristics m a rat model system with and without abnormalities tn myocardial
FA metabolisim, They furthermore disclose using the compounds to measure the
production of radiolabeled metabolites in blood and myocardial tissue, and determine
ther whoele-body biodistribution |

The mventors accordingly disclose radiolabeled tracers that are fatty acid analogs
comprising a positron emitter such as 'F, or radiolabeled very Tow density lipoprotein
triglycerides (VLDL) comprising a positron emitier such as F.

Some aspects of the present teachings involve replacing the iodo-group of IPPA
with a 2-fluoroethoxy group. In some configurations, a 2-fluoroethoxy substitution can
also represent an isosteric substitution for the iodo gronp in p-IPPA. Stuategies used for
synthesizing some 2-tluorocthoxy analogs of IPPA (FIG. 1) are shown m FIG. 2. In some

contigurations of the preseat teachings, a corresponding 18F-labeled analog such as,

Le]
o
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2

cnnrrrrns o

BE

["*F15 can be svathesized in
high radiochemical yield (approx. 83%) from the corresponding tosyl precursor.

The methods described herein utilize faboratorv techaigues well known to skilled
artisans, and guidance can be found w laboratory manuals and textbooks such as
Sambrook, I, etal, Molecular Cloning: A Laboratory Mamual, 3rd ed. Cold Spring
Harbor Laboratory Press, Cold Spring Hacbor, NY, 2001; Spector, D L etal, Cells: A
Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY,
1998; and Harlow, E., Using Antibodies: A Laboratory Manual, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY, 1999; Hedrickson et al., Organic Chenustry
3rd edition, McGraw Hill, New York, 1970; Carruthers, W, and Coldham, 1, Modem
Methods of Organic Svathests {(dth Edition}, Carmabridge University Press, Cambridge,
LK., 2004; Cyrati, W L. Imaging w Oncelogy, Cambridge University Press,
Cambridge, UK, 1998; Welch, M.J | and Redvanly, C.5., eds. Handbook of
Radiopharmaceuticals: Radiochemistry and Applications, 1. Wiley, New York, 2003,

In the experiments described herein, all reagents were purchased from
commercial suppliers and used without further purification unless otherwise stated. All
reactions can be carried out under standard condutons well known to skilled artisans,
such as standard air-free and moisture-free techniques under an ert argon atmosgphbere
with drv solvents.

In various embodiments of the preseni teachings, methods of synthesizing ¥~
labeled fatty acids based on IPPA can inclade provided in FIG. 1. This approach can
mvolve replacing the todo~-group of IPPA with a 2-flooroethoxy group. In some aspects, a
2-fluoroethoxy substitution can also be an tsosteric substitution for the fodo group m p-

IPPA. The synthesis of the 2-fluorcethoxy analog of IPPA as shown in FIG. 1 and the

¥

corresponding T F-labeled analog, ['F)S can be synthesized in high radiochemical vield

{85%) from a corresponding tosyl precursor. In varions aspects, U F can be incorporated

39
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into a compound by reacting the compound with { “Flfluoride/potassium carbonate and
4.7,13,16,21 24-Hexaoxa-1, 1 0-diazabicvelo[8.8.8)-hexacosane (Kryptofix 2227 Acros
Organics NV, Fairlawn, NJ). The reaction conditions are well known to skilled artisans.
In some configurations, the reaction conditions can include using acetonitrile (MeCUN} as
the sobveni, 110°C/5-10 mun.

In other embodiments, two “click™ analogs can be synthesized as outlined in FIG.
3. In these syntheses, the 4-iodopbeny! ring of IPPA can be replaced with the
corresponding 1,2,3+ir1azole molety that 1s created from the “click” and “reverse click™
{abeling procedures. In vartous configurations, a click chemistry reaction can ase an
intermediate, such as [ F]2-flnoro- 1 -azidoethane 10 give [ °F19. In other configurations,
a “reverse click™ approach can include a modified click reaction, in which an "F-
radiolabel can be ncorporated into an acetylene precursor, and an azido motety fora 13-
dipolar eyeloaddition reaction can be attached to a fatty acid group, to give a compound

sach as, for example {'“F10.

Svnthesis and Packaging of Radiolabeled Triglveendes. Certain embodiments include
radiolabeled TG that can be mcorporated into VLDL-TG. These embodiments can
involve incorporating an “F-FAA deseribed above into the 1-position of a triglyceride.
Examples of structures of the target TG are shown m FIG. 6. In some configurations,
starting matenials for the synthesis of the target compounds can be commercially
avatlable 1 2-dipalmitoyl glyeerol. Conversion of the 1 2-di~palnutoviglyveerol into a TG
analog can be accomplished using the sequence of reactions described FIG. 7 and FIG. 8.
The present teachings include embodiments m which FAA-tniglyeenide analogs
such as 1.2-pal-{*F15,1.2-pal-["*F19 and 1.2-pal-{""F]10 can be synthesized and evaluated
as the enantiomeric mixtures, because the 2-position of the TG 1n some configurations
can be a chiral center. Hence, in some configurations, a racentic mixture can be separated
o (+)- and (-)}-isomers using standard methods known to skilled artisans soch as chirgl

HPLC.

Examples

40
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LUnless results are presented in the past tense, the presentation of experiments does
not imply that any protocol or experiment has, or has not, been conducted. None of the

examples shall be deemed to be hmiting of the scope of the disclosure.

Example 11 Small Animal Imaging.

Anumal Preparation. Al animal procedures are conducted in compliance with the
guidelines for the care and use of research animals established by the Animal Studies
Comnuttee of Washington University. Anumal preparation is performed as described
previously. ™ ¢ Rats are honsed in metabolism cages and anesthetized by inhalation of
2%%-2.5% isoflurane administerad via an induction chamber. Anesthesia can be
maintained throughoat the imaging session by delivering 1%6-1.5% isoflmrane via a
custom-designed nose cone. Venous access 13 via the right jugular vemn. Body
temperature can be maintained using a circulating water blanket and a heat lamp. Heart

and respiration rates can be momitored throughout the process.

PET Acquisition. The animals can be secured in a costom-designed acrylic restraining
device and placed inside the fiekd of view of the small-animal smaging PET scanner.
Imaging acquisition starts Ss after a bolus injection of tracer via the right jugolar catheter.
The imaging protocol consists of dynamic acquisition of microPET images of *'C-
palmitate (5-7mCl) followed by "F-FAA or by PF-VLDL {(3-7mCi) alone. Dynamic
mage acquisition during 'C-palmitate and either "F-FAA or "F-FAA-VLDL can he 30
and 60 min, respectively. The total time of the wnaging session can be -~ 3hes, Three
whole-blood artenial samples are collected throaghout the study to measure whole blood
glucose {Sul), free fatty acid (20ul.), and insulin (Spl) levels to confirm the metabohc

state of the animals.

Irmage Processing’ Analysis. Dvnannc images can be reconstructed using filtered
backprojection with a 2.5 zoom on the heart and 40 frames per #naging session. The
inpot function is reconstructed by applving the hybrid image-blood-sampling algorithm
as described previously.™ A myocardial region of interest is placed to generate a

myocardial time-activity curve (TAC). The "F-FAA and "F-FAA-VLDL blood and
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myocardial TACs can be compared with the ''C-palmitate TACs for both defining
characteristics {e.g., height and shape} as well as similar kinetics based exponential

curve-fitting algorithms.

Example 2.0 Large Antmal Imaging.

Annmal Preparation. Purpose bred ~6-10 kg male beagle dogs are fasted, anesthetized and
instrumented as reported previously . One femoral vein is cannulated to administes
drugs. Catheters are placed w3 the thoracic aorta via the femoral arteries for arterial
sampling and monitoring of arterial blood pressure. To obtain venous blood samples, a
coronary sinus catheter can be placed via the right external jugular vein under
fluoroscopic gaidance as previously described. ™ . The ECG, arterial blood pressure and
heart rate can be monitored throughout the process. All measurements can be performed
on the microPET Focus 220, All procedures are conducted in compliance with the

CGoidehines for the Care and Use of Research Animals.

PET Imaging Protocol. Two imaging protocols can be used.

Protocol 1. A transmission scan can be performed intially to correct for photon
attenuation, Following the transmission scan, 5-7 mCi of “O-water can be administered
as an intravenous bolus, with the ymmediate indtiation of dynamic data collection for 5
min. After allowing for decay of “Q-water, 5+7 mCi of ''C-palmitate can be administered
intravenously followed by a 60 min data collection. After allowing for the decay of 'C-
palmitate, 5-7 mCi of the FA analog can be administered followed by g 60 min data
collection. Concurrent with the ''C-palmitate administration, a constant infusion (0.1
amolke/min) of “C-palmitate can be started and contined umil the end of the procedure
to label the triglveeride pool. V' C-palmitate, ''CO;, and “F-metabolites can then be
assaved by paired sampling of ACS blood.. Plasma insulin and substrates can be assayed
at preset intervals. Consequently, dogs can be studied onder resting condinons either in
the fasted state (moderate FA uptake and oxidation with low storage; n = 3}, during
hyperinsulinemic-euglycemic clamp {low uptake and oxidation with higher fractional

storage; n =3} or during the adminisiration of dobutamine (10 pgfkg/min; high uptake and

&

oxidation with low storage; n =5}, total of 15 dogs. All interventions can be performed
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routinely and can show the necessary stability i the substrate environment and cardiac

21,22,2

work to perform multi-tracer studies.  Myocardial tissue can also be obtained using
procedures we have reported previously.” ** After an imaging protocol is completed, the
chest can be opened via a left thoracotomy incision. The pericardiam can be opened the
heart exposed. Approximately 4-3 cm parallel incisions are made on each side of the
mam diagonal branch of the left anterior descending arterv. The myocardium between the

incisions can be raised and freeze clamped wsing aluminum tongs cooled 1 hiquid Na and

stored at ~-80°C.

Protocol 2: This imaging protocol and interventions can be identical to Protocol 1 except
that in place of "F-FAA, -7 mCi of FTP can be administered followed by 60 min of
dynamic imaging. As in Protocol 1, "O-water and *'C-palmitate can be administered
with imaging. Stable isotopic messurements using “C-palmitate can be performed. Blood
sampling for radiolabeled metabolites and unlabeled substrates and insulin can also be
performed. Myocardial tissue can be obtained st the end of the procedure.
Example 3

This example iltastrates the feasibility of owr strategy, the first 80 muns of kinetics
for a 2-fluoroethox analog of IPPA were compared with those of V'C-palmitate in the
same animal (FIG. 4). Imaging of both radiotracers was for 60 min. Composite

myocardial nicroPRT images obtained from a fed rat studied with "' C-palmitate (Top)

e

8

and anovel fatty acid analog labeled with “F-FAA (Bottony). Images are displaved on

the transaxial axis and represent data acquired 20-30 mins after tracer injection. "F-
FAA images displayed excellent quality and higher tracer activity than *'C-palmitate
images. FIG. 4 presents individual nucroPET fmages. Top row (18-13330 and 19-12011)
are ' -palmitate images and bottom row (18-22135 and 19-21952) are "“F-FAA images.
Increasing signal intensity is represented green to vellow to red (highest). Relatively

sirailar tracer kinetics was noted {FIG. 5).

Example 4
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This example illustrates Blood (input) and myocardial time-activity curves
{TACs) (anterior and lateral) for "'C-palmitate (top) and the "F-FAA (Bottom).
Myocardial TAC s represent average tracer activity obtained from three consecutive
ROIs (FIG. 5). To visually enhance differences in myocardial kinetics, a logarithmic
scale was used for the Y-axis.

Both radiotracers exhibited significant tracer uptake with rapid bi-phasic washout
although some differences are noted. For instance, when compared to ''C-palmitate, " F-
FAA exiubited an early plateau followed by a slower early tracer clearance (0.1740.01
vs. 0.3040.02, P<0.0001); and a signiticantly higher late clearance (0.0.0030£0.0005 vs.
0.0006:0.00013, P<Q.01). Tracer clearance was still prevalent at 60 mins post-tracer
injection in R.FAA, but not in ”(f.'aapaimataie,, where tracer increased in both, blood and
myocardiun, 25 mins post tracer injection. These data demoustrate m various
embodiments the properties of these compounds and their use m methodologies to assess

myocardial FA metabolism.

Example §

This example illustrates preparation of radiolabeled faity acid analogs that, in
some embodiments can behave like ' C-palmitate in vivo, but contain a positron emitting
radionuclide having a tonger half-life than that of "'C. Pevious studies have shown that
BLIPPA displays tissne-time activity corves (TACs) similar o that of V'Cepalmitate.
That is, both radiotracers display biphasic washout kietics from heart, winch s
representative of oxidation (rapid washout phase} and storage (slow washout phase).
Therefore, the sirategy have developed involves the replacement of the "I radiolabel
with the positron emitting radionuclide, fluorine-18. One strategy for making a ''F-
labeled analog of p-IPPA can be to replace the iodine atom with an [ F]2-fluoroethoxy
group {[F1S). This strategy has been used in the synthesis of receptor-based PET
radiotracers and the 2-flucroethoxy group can be expected to be stable with respect o n
vivo defluorination. As shown in Scheme 1 (FIG. 2), ["F]5 has been synthesized in high
vield (~85%} and high specific activity (~6,000 Ci/mmol at end of synthesis). In scheme
1. synthesis steps are a) trimethylsilyl diazomethane, THF hexane, 2 by b} 4-

benzyloxyphenviboronic acid, PA(OAC):, [HP{t-BuhMelBF,, KOt-Bu, t-amyl alcohol,
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argon, RT, 24 br; ¢} Pdfc, EtOAc, Hz, 6psy, § he; d) L-bromo-2-fluoroethane, KO0,
acetone; ¢} NaOH, MeOH, CHCYL;, water; f) ethane-1 2-divi bis(4-
methvlbenzenesulfonate), KoCOs, CHRUN reflux 3 b g)
TYFIKF/K2.2.2/KC04/CH;ON, then NaOH, wherein K2.2.2 is4,7,13,16,21,24-
Hexaoxa-1, 10-diazabicyclof 8.8.8]-hexacosane {Kryptofix 222% Acros Organics NV,
Fairlawn, NJ). In some embodiments, the inventors disclose the synthesis of the “click”™
and “reverse” click analogs, as shown in FIG. 3. In some configurations, the
radiochemical yvield of the click and reverse click reactions can be in excess of 80% based

on starting [ *Fiftuoride.

Example 6

This example llustrates using the “chick chemustry™ procedure for labeling FIG.
3). The first strategy involves the “wraditional™ click chemistry reaction using the
intermediate, | F]2-fluoro-1-azidoethane io give ["'F]9. The second approach involves
a “modified” click reaction, in which the *F-radiolabel can be incorporated into an
acetylene precursor. An azido molety required for the [ 3-dipolar eycloaddition reaction

can be attached to the fatty acid group, to give [ "F110.

Example 7

This example iltustrates preparation of radiolabeled TG that can be incorporated
into VL.DL-TG. The strategy can involve incorporating an “F-FAA into the 1-position of
a triglyceride. Exemplary structures of a target TG are shown 1w Figure 6. The starting
material for the synthesis of the target compounds can be commercially available 12-
dipaimitov] glycerol. Conversion of the 1,2-di-palnntoylglycerol into the TG analogs can
be accomplished using the sequence of reactions desceribed 1n FIG. 7, FIG. 8 and FIG. 9.
It should be pointed out that the 2-position of the TG is a chiral center and that analogs
1.2-pal-{ PFIS 1 2-pal-["F19 and 1,2-pal-[ "F110 can be initially svathesized and
evaluated as enantiomeric mixtures. A TG can be separated into #s (+)- and (- }-isomers

nsing routing methods, such as chival HPLC.

Example §
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This example illustrates packaging of radiolabeled trighveernides. In some
configurations, a radiolabeled TG can be “packaged™ for administration ex vivo by
methods known to skilled artisans, for example the methods described by Gormsen et
al.™ In some configurations, using aseptic techniques, blood (3-5 mL) and (20- 30 mi)
can be obtained from donor rats and dogs. respectively. In some configarations, very low
density hipoprotein { VLDL) can be separated via nltracentrifugation (Beckham
{Instruments, Palo Alto, CA). The VLDL supernatant can be removed using a modified
Pasteur prpette, passed through a MilliporeR filter (pore size diameter 0.22 mam), and
stored 4° C for up to 1 wk. On the day of use, the "“F-FAA-TG can be incorporated into &
VLDL complex by sonication in a water bath at 37° C for 30 min. The vesulting solution
can again be passed through a 0.22 pm filter prior to bolus myection. In some aspects,
representative samples can be tested to ensare apyrogemcity and sterihity. In some
aspects, additional control experimenss can be conducted to show that such ex vivo-
fabeled VEDL-TG particles can be indistinguishable from native VLDL with regard to
electrophoretic properties, cholesterol-to-TG ratio, apolipoprotein B-100 (apoB-100}
concentrations, and mobility on size-exclusion HPLC, In some configurations,
comparable procedures can be used o prepare “C-VLDL, except that VLDL isolated

from a larger volume of blood (1.e., 50-60 mL) can be usedtake op all of the tracer.

Example 9

This example Hlustrates timage provessing and analysis. In this example, dynannc
mmages can be reconstrycted uysing filtered backprojection with a 2.5 zoom on the heart
and 20-40 frames per imaging session. Data reconstructions (filtered resolution of images
will be 10 mm) can be performed on a Silicon Graphics Computer system and transferred
via Ethernet to a Sun Ultra 10 workstation for image analysis with an image-analysis
software package. Myvocardial images can be reformatted to orthogonal planes where
regronal values for tracer Kinetics and perfusion and metabolism may be obtained, In
addition, antero-lateral segmental values for perfusion and FA metabolism can be
obtained and then averaged to obtain values per dog for the purposes of correlating with
tissue measurements of triglyceride. The regional values can be used to evahuate for

regional vanability and bias in the parameter estimates,
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Example 10

This example Hlustrates measurement of regional perfasion and metaboliam.
Perfusion. The measurement of myocardial perfusion can be a necessary component of
the compartmental model for measuring FA metabolism and to calculate the Fick
measurements of substrate use. Measurements can be performed using the well-validated

23, §6.32

: x5 < PR
modeling approach of "O-water kinetics

Example 11
This example illustrates analysis and kinetic modeling strategies for F-18
radiolabeled tracers. In some embodiments, the analysis of these '"F-FAA radiotracers

can follow 2 steps:

Step L. Qualiiative and semi-quantitative analysis of microPET images and kietics i
rats. Analysis strategies include 1) visughzation of image quality to gssess
similarities/differences in myocardial tracer distribution, such as tracer distributed
primarily in myocardium vs. distributed 1n both myocardium and blood; 2) visualization
of similarities/differences in blood and myocardial TAC s and; 3} “curve striping”, where
myocardial curves can be fitted to multi-exponentials to assess differences in overall

similarities/differences in uptake and clearance tracer rates,

Step 2. Development and validation of compartmental models of "F-FAA PET kinetics
i a well-controlled canine model. A namber of quantitative methods can be used to
validate PET metabolic tracers are used during this process.™ ™ First, ACS data can be
ased a) to identify blood and myocardial '°F metabolites, b) to quantify their contribution
to myocardial metabolism of the *F-FAA under investigation and ¢} to compare these UF
metabolites to others such as ' C-palmitate metabolites in blood and “C-palmitate
metabolites in tissue and C-VLDL in blood and tissue. Secondly, based on these
observations, a preliminary model is designed, implemented and tested over a wide range
of metabolic and cardiac work states studied. PET blood {(corrected for *F-metabolites)

and mvocardial TACs can then be fitted to the model under mvestigation o estimate
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mode! transfer rates (ka , min-1}. At this point, a number of mathematical tools can be
nsed 1o assess whether the model implemented is a faithful representation of the F-FFA
tracer kinetics. These mathematical tools include goodness-of-fit analysis to assess how
well the estimated myocardial TACs matches PET TACs, and parameter sensitivity
analyses to assess how well changes in tracer metabolism can be traced by model
parameters. Based on these criteria, the model can be either redesigned, or accepted. If
accepted, metabolic measurements as either fractions calculated from model transfer
rates, or fluxes (mb/g/min} calculated from the product of metabolic fractions and
myocardial blood How, or overall metabohie rates (nmol/g/min} caleulated from the
product of metabolic fluxes and plasma FA levels) can be compared to the ACS
measurements. Fmally biologic validation of the model can be performed by comparing
model derived estimates of FA metabolism with the appropriate known standards {e.g.,

U palmitate and VC-VLDL).

Example 12

This example llustrates quantification of FA upiake with FTP. Becanse FTP i
essentially wreversibly bound in tissue, Patlak Graphical Analysis can be performed to
calculate myocardial FA uptake as has been previously reported.’™ ™ The arterial input
function can be corrected for presence of plasma radiolabeled metabolites.” ' LC values
can be calculated based on the differences in the fractional uptake of FTP compared ' C-
palmitate measured by the Fick method performed with ACS. Of note, compartmental
modeling approaches as desceribed above can also be explored to deternune in FA uptake

and oxidation can separated using this tracer.

Example 13

Separate from PET imaging, blodistribution studies can be conducted in order to
ensure optimal imaging chargcteristics and to obtain to the necessary information to
perform dosimetry estimates for radiopharmacenticals ultimately developed for human
nse. Organs of interest can be removed and the radioactivity can be counted it a gamma
connter. The %D Jorgan and %61.12./g tissue can be calculated from the slope of the

standard curve of counts vs nCi {i.e., counts/nCi of radioactivity) for the gamma counter,
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Anmnals will be anesthetized usmg isofluorane as described above. The radivtracer {50-
160 uCi for fluorine-18) can be administered via tail vein injection. The animals can be
euthanized by anesthesia overdose at the time points, 10, 30, 60, and 240 min post-

mjection of the radiotracer.

Example 14

This example iHlustrates plasma analysis. In these experiments, blood samples can
be collected in dry syringes and transferred into EDTA-coated vacutainers tubes, mixed
well and stored in ice until ready for assay {shortest time possible} as described
previously.” After centrifugation at 5°C for § min, 3000 rpm, 0.5 mL of plasma can be
transterred to a glass test tube for extraction of the labeled lipid fractions. The extracting
solvent {I1N HCln-heptane-isopropanol 1710440 v/v) will be added, vortexed the tubes,
followed by addition of water/ n-heptane and centrifugation (4000 rpmy, 4 min) to
separate aqueous from organic layer. Both phases can be counted for radioactivity.
Samples can be analvzed for the presence of non-esterified FAs, TGs and phospholipids.
An approach can comprise the use of SPE, an aminopropy! bonded phase (SPE-NH;
colummn} available from a variety of sources, Bond Elat being one of these, The work can
be done mitially using cartridges containing 300-500 mg of the resin and positioned on a
commercially available vacuum rack. Test tubes on the botfom can be changed as needed,
to collect the different fractions, these selected fractions can then be evaporated and
reconstiiuted 1o a small volome 1o analyze by HPLC as part of the validation steps, or
later after validation, counted directly on a gamma-counter to guantify radioactivity.

Extraction of Different Lipid Fractions: Portions of the organic layer above can
then be passed through SPE-NH; columns previousty conditioned with heptanes. The
separation of TG, free FA and phospholipids can be carried out with sequential elution
with heptanes-isopropanol (1:2 viv) {TG and other neutral Bipids), 2% acetic acid m
diethyl ether {free FAS) and methanol (phospholipids). Each rack of tubes can be changed
in the order suggested. The solvent conmposition and volumes can be eptimized based on
sample size, amount of resin and gross radivactivity injected. The SPE-NH: can be used
{0 separate the neutral components of first extract fraction into TG, cholesterol, di- and

monoe-glveendes. HPLC validation can be performed with a specialty column (Waters FA

49
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analysis column) using an acetonitrie-THF-water-acetic acid solvent mixture, for the free
FA and phospholipids. For the HPLC analysis of TG we can test a C-18 analyvitieal
column using dichloromethanefacetonitrile or acetone/acetonitrile with a R1 detector.™
The HPLC column(s) can be optimized for best separation of each fraction with authentic
standards. One can also explore commercially avatlable kits for method development
specifically targeting lipids such as the one offered by Zorbax Kit SB-C18/8B-CN/SB-
Pheny! Sum 4.6 x 1530 mm HPLC columns, to significantly lower the retention time of

short-hved C-11 metabolites.

Example 13

This example llustrates cardiac tissue analysis. These experiments can be
conducted to determine the distribution of the radiolabeled FA compounds and their
metabolites in cardige tissue. Metabolite analysis can be performed by a Felch-type
extraction procedure as described by Degrado et al’” The rat hearts can be excised at the
same times as the biodistribution studies described above. They can be thoroughly
homogenized and somcated {20 s} in 7 ml chloroformy methanol (2:13 at 0°C. Urea
{40%, 1.75 ml) and 5% sulfuric acid (1.75 ml.) can be added and the miixture sonicated
for an addittonal 20 s. After centrifugation for 10 min, aqueous, organic, and protein
interphase fractions can be separated and counted. The organic phase can be further
analyzed by sthica-gel TLC for radivlabeled diglyeerides, FA, TG, and cholesterol ester
as previousty deseribed.”” Validation of the results obtained by TLC of the tissuc analysis

can also be done using the HPLC method previously developed.

Example 16

This example ilustrates measurement of plasma “C-palmitate or PC-VLDL
enrichment. For measurement of 13C-palmitate or 13C-VLIIL ensichment, plasma can be
separated by centrifugation, heated at 60° C for 215 mun to destroy lipoprotein lipase
avtivity, and stored at 80° C until subsequent analysis. 'C-palmitate enrichment can be
measured via gas chromatography mass spectrometry {GOMS; Agilent Technologies

5973N, Santa Clara, CA) using the methy! ester derivative as previously described.™ 7C

Lt
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VLDL enrichment can be determined similarly after first separating VLDL triglyeerides

from other lipid classes via uliracentrifugation as described by Patterson et al.”™

Example 17

This example illastrates measurement of blood "COs envichment and content. In
these experiments, bisod "CO: enrichment can be measured by deproteinizing 0.5 mL of
blood with 0.5 mi of 6 N and analvzing the headspace gas using conventional 1sotope
ratio mass spectrometry (IRMS; Finmgan MAT Deltat+ XL, Thermo Fisher Scientific,
Waltham, MA}. Blood CO;z content can be calculated from measurement of plasma
pCO2, pH, temperature, and hemoglobin concentration.”” Blood “CO: content can then

caleulated as the product of the *CO; enrichment and total CO2 content.

Example 18

This example iflostrates measurement of tissue 1L§(ﬁ?~iﬁ'igl§-1:eriti& and C-
phospholipid enrichment and content: To determine the incorporation of V'C from either
BC-palmitate or PC-VLDL into myocardial TG or phospholipid stores, frozen tissue
samples can be powdered under hquid N», extracted using chioroform:methanol {2:1},
and stored at 80° C until subsequent analysis. A small portion of the crude lipid extract
can be used to measure total trigylceride and phospholipid content using commercial
avarlable kits (L-Type triglcyenide H and Phospholipids € kits, Wako Chemicals USA|
Richmond, VA). The remainder can be purified using solid phase extraction and the
BP0 ratio of palmitate in the triglyceride and phospholipid fractions determined using
gas chromatography combastion IRMS (Finnigan MAT Deltat+ XL, Thermo Fisher
Scientific, Waltham, MA). The total “C palmitate content in triglveerides or
phospheolipids can then be dertved by multiplving the tissoe content (in wmol/g) by the

2 with

pas

corresponding enrichment {tracer:tracee ratio). These data can then be used alon
the precursor {Le., "C-palmitate or "C-VLDL) envichment and the doration of tracer
infusion to calculate the actual rate of wiglveeride or phospholipid synthesis (in

mol/g/miny.

Example 19

L
S
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This example illustrates Measurement of plasma substrates and insulin. {n these
experiments, plasma glocose and lactate levels can be assayed enzymatically using a
2300 STAT Plus Analyzer {YSI Life Sciences, Yellow Springs, OH). Plasma free FA
fevels can be measured using an enzymatic colonmetric method (Wako NEFA C ki,
Wako Chemicals USA, Richmond, VA). Plasma insalin can be measured by

radioimmunocassay (Linco Research Co., St. Charles, MO).

Example 20

This example illustrates wnaging protocols. Protocol 1: In these experiments, all
imaging studies can be performed on the microFocus 220, The electrocardiogram, arterial
blood pressure, and blood gas values can be monitored continuously. A transmission scan
can be performed inttially to correct for photon attenuation. Following the transmission
scan, 5-7 mCi of PO-water can be administered as an intravenous bolus, with the
immediate intiation of dynamic data collection for 5 min. After altowmg for decay of
BO-water, 5-7 mCi of C-palmitate can be administered intravenousty followed by a 60
min data collection. After allowing for the decay of V' C-palmitate, 5-7 mCi of the FA
analog can be administered followed by a 60 min data collection. Concurrent with the
U palmitate administration, a constant infusion (0.1 wmolkg/min) of PC-palmitate can
be started and continued until the end of the study to label the triglyceride pool. 1'C-
palmitate, "'CO2, and PF-metabolites can be the assayed by paired sampling of ACS
blood. Plasma insulin and substrates can be assayed at preset mtervals. The goal here can
be o achieve a wide range m both the rate of myocardial FA utilization and the metabolic
fate of extracted FA with respect to storage in primarily TG, {and 1o a lesser extent
phospholipids and neutral lipids) and f-oxidation. Consequently, dogs can be studied
under resting conditions either in the fasted state (moderate FA uptake and oxadation with
low storage; n = 5}, during hyperinsulinemic-englyvcemic clamyp (low uptake and
oxidation with lugher fractional storage; n =3} or during the administration of dobutamine
{10 pngdkgfming high uptake and oxidation with low storage; n=3), total of 15 dogs. Next
mvocardial tissue can be obtained using procedures we have reported previously * =
After an inaging protocol is completed, the chest can be opened via a left thoracotomy

meision. The pericardinm can be opened the heart exposed. Approximately 4-5 cm

L
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parailel incisions can be made on each side of the main diagonal branch of the left
antertor descending artery. The myocardium between the incisions can be raised and
freeze clamped using aluminum tongs cooled in iquid N; and stored at

~&0°C. This procedure can permit continued perfusion of tissue prior to freezing to easure
stable glveogen stores. Animals can be euthanized with an overdose of sodium thiopental
{at least 60 mg/'kg) followed 1-2 minutes later with 60 mi of saturated KC1 will be given
via the tefi atrial or left ventricnlar catheter.

Protocol 2: This imaging protocol and interventions ave identical to Protocol T except
that in place of ""F-FAA 5-7 mCi of FTP can be administered followed by 60 min of
dynamic imaging. As in Protocol 1, "Q-water and 'C-palmitate can be administered
with imaging. Stable isotopic measurements using UC-palmitate can be performed. Blood
sampling for radiclabeled metabolites and unlabeled substrates and insulin can also be

performed. Myocardial tissue can be obtained at the end of a procedure.

Example 21

This example llusirates data analysis.

in the development of our M'C-glucose and L-3-"'C-lactate models, sample sizes
of 20 and 23 dogs were used.”™ ™" For Protocol 1, univariate analyses can be performed to
detenmine i Fick-derived values for mvogcardial uptake and measwrements of its
myocardial clearance {as a measare of oxidation) of the “F-FAA track with changes in
substrate and hormonal avatlability. Differences between grouped data can be compared
using analtysis of vanance with the post-hoc Scheffg test. If so, these values can then be
correlated with similar measurements of V' C-palmitate uptake and “COQ; production.
Comparison of uptake values can also help determine 1f 2 LC can be included the
determination of myocardial FA uptake using the “F-FAA. Next, employing the general
modeling paradigm described above, a compartmental model based on the mvocardial
kinetics of the "F-FAA can be developed. Univariate analyses of the various modeling
parameters such as FA uptake, oxidation and storage can be performed to determme if
track with changes in substrate and hormonal availability. Tomographic estimates of FA

uptake, oxidation and storage using the "F-FAA (as the dependent variable) can be

L
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compared with PET derived values using ''C-palmitate {as the independent variable)
using standard regression analysis. Farthermore, measured rates of FA storage can be
correlated with the directly-determined rate of incorporation of “C-palmitate into TG and

phospholipid.

For Protocol 2, univariate analvses can be performed 1o determine if Patlak-derived
FTP rates of FA uptake track with changes in substrate and hormonal availability.
Tomographic estimates of uptake using FTP (as the dependent vanable) can be compared
with Fick-derived measurements of uptake using ' C-palmitate (as the independent
variable} using standard regression analysis. In addition, LC values can be calculated for
the 3 imerventions to determine its stability under these conditions. A similar companson
can be performed with FTP derived measurements of FA uptake with 'CO: production
to determine if the uptake parameter measured with FTP 18 more mndicative of oxidation.
Moreover, correlations between the PET-derived values for FA uptake (with FTP) and
FA uptake (with the *F-FAA; from Protocol 13 with the Fick-derived values using 'C-
palmitate can be compared to determine if the VF-FAA provides more accarate
measurements of FA uptake under the conditions studied. As mentioned previously,
potential compartmental modeling approaches with FTP can also be explored. Values for
FA uptake, oxidation and although unlikely, storage, can be compared with Fick-derived

. 15 s . A g . .
values using * C-palnitate and tissue measurements of Copahimitate, respectively.
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What is claimed is;

1. A fatty acid analog or salt thereof of structure

wherein 1 1s an mteger from 10 10 24, m i3 an integer from 1 Yo 10, and X s g halogen.
2. A fatiy acid analog or salt thereof in accordance with claim 1, wherewn the fatty acid

O

Mif»‘“z}m““““““‘ -

analog s

3. A farty acid analog or salt thereof in accordance with claim 1 or claim 2, wherein X is
a fluorine.

4. A fatty acid analog or salt thereof in accordance with any one of claims 1-3, wherein at
least one atom 1s a radioisotope.

5. A fatty acid analog or salt thereof in accordance with any one of clatms 123, wheren at
legst one aton 15 @ positven-emitiing radioisctope.

6. A fatty acid analog or salt thereof in accordance with any one of claims 1-3 wherein X
is an "°F.

7. A fatty acid analog or salt thereof in accordance with any one of claims 1-6, wherein
med,

8. A fatty acid analog or salt thereof in accordance with any one of claims 1-7, wherem
w=id

9. A fany acid analog or salt thereof in accordance with claim 1, wherem n =14, m=2 and

N is PR
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10. A fatty acid analog or salt thereof of structure selected from the group consisting of

L B

and

wherem i is an integer from 10 to 24, m 15 an mieger from 1 to 10, and X 15 a halogen.

g or salt thereof in accordance with claim 10, of structure

focs

11, A fatty acid analo

' N (gl = X
\-’.\‘\’\% qu" ¥ AR
B

12. A fatly acid analog or salt thereot in accordance with claim 10, of structure

N

Asnnnnassosss § }(i Y s }{

3

13, A fatty acid analog or salt thereof 10 accordance with any one of claims 10-12,

wherein X is a fluorine atom.

60
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14. A fatty acid analog or salt thereof in accordance with any one of claims 10-13,
wherein at least one atom 1s a radioisotope.

15, A fatty acid analog or salt thereof m accordance with any one of claims 10-13,

wherein at least one atom is a positron-emitting radionuchde.

16. A fatty acid analog or salt thereof 1n accordance with any one of claims 10-1§,

wherein X is an *°F.

17. A fatty acid analog or salt thereof in accordance with any one of clatms 10-16,

wheremn ny
18. A fatty acid analog or salt thereof 1n accordance with any one of claims 10-17,
wherein =14,

19, A fatiy acid analog or salt thereof tn accordance with ¢laim 11, of structure

N (S Hy o BF

wherem n=14 and m=2.

200 A faity acid analog or salt thereof in accordance with claim 12, of strocture

M wherein n=14 and m=2.
21. An VF-fatty acid analog-very low density lipoprotein triglveeride (“F-FAA-VLDL)
CHACOCHOH

T OOOHLOM,

MO OO MR \ - e
of structure PHRLURIEHAR e o thereof, wherein R is selected from the group
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DG ML O K\ f
QI

counsisting of py S5 and
N
R
ey R

N T Lo . . ; ‘
CHRCH ™F . and wherein n i1s an mteger from 10 1o 24.

22. An FFFAA-VLDL or salt thereof in accordance with claim 21 . wheretn n=14.

23, A method of synthesizing Br-(CH,),-COQCH, 2, comprising comtacting Br-{CH )~
COOH 1 with rimethylsalyl diazomethane, THF and hexane, wherein n s an integer
from 10 to 24.

24, A method of synthesizing Br«{CHy)p-COOCH; 2 in accordance with claim 23,
whergin =14,

35, A method of synthesizing

3, comprising contacting
Br-{CHa}e-COOCH;: 2 with 4-benzyloxyphenyiboronic acid, Pd{OAc), [HP(t-
Bup:Me|BF,, KOt-Bu and t-amyl slcohol, wherein n is an integer from 10 to 24,

26. A method n sccordance with elatm 25, wherem n=14.
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27. A method of synthesizing MO 4, comprising

%‘&

1500090009550

contacting 3 with Pdie,
EtQAc, Ha wherein n s an integer from 16 1o 24
28, A method 1 accordance with claim 27 wherein n=14,

29 A method of synthesizing

{3

uk
s

6, comprising contacting

4 with ethane-1-2-diy] bis{4-
methylbenzenesultonate}, KoCO; and CHON, wherein n is an integer from 1o 24

30, A method in accordance with claim 39, wherein n=14.

03
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31. A method of synthesizing

4
3:............ l:’:(

I
£

[FIS, comprising contacting

)
1
?’tltlltllltll
o
le‘.
%

Ts@\\f{xx’\k\‘ . e \\

6 with
PERIKFK .2 2/KCOZCHLON, then NaOH,

wherein n is an integer from 10 1o 24,

33. A method in accordance with claim 31 or claim 32, further comprising:

a) contacting Br-{CH)~COOH 1 with trimethylsilyl drazomethane and THE to
vield Br-(CHa)-COOCH: 2;

b} contacting the Br-(CH;),-COOCH; 2 with 4-benzyloxyphenviboronic acid,

PAHOAch, [Hp(t-BukMelBF,, KOt-Bu and t-amyl alcohol to vield

N
S
AACH Iy —

‘f«"«‘ =
{
{3
3,
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¢) contacting the

with of Pdic and EtOAc to yield MO

%,

AN
{

st

3

,‘g

d) contacting the HO

divl bis{4-methytbenzenesulfonate), KCO; and CHLON to vield

TsG

P

o~

€4
i {‘"‘Pa

S
iy

t:\\ f{g.:-z"%;}ﬁ > :,.»
2N

PCT/US2010/033579

e QM

‘\}

4 with ethane-1-2-
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34. A method of synthesizing

£
~OH
2N
'\\\. “f/‘ \\ _ e ) . -
5, comprising contacting
HO 4 with I-bromo-2-fluorcethane, KoCQx,

acetone; followed by NaOH, MeOH CHCl,, water,
wherein n s an iteger from 10 to 24, and w18 an integer from 1 1o 10
35. A method in accordance with claim 34, wherein n=14.
36, A method in accordance with claim 34 or 35, further comprising
ay contacting Br-{CHy ) COOH 1 with trimethyisilvl diazomethane and THFE to vield Br-
{CH3),~-COOCH;: 2;
b} contacting the Br-(CH;),-COOCH; 2 with 4-benzyloxyphenviboronic acid,

PAHOAch, [Hp(t-BukMelBF,, KOt-Bu and t-amyl alcohol to vield

~
N

§ \I-(

%

06
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¢) contacting the 3
with of Pdéc and EtOAc to yield HO 4.
{ﬁi
AOHT T
A0 &

Ny
L

37. A method of synthesizing HQ 4, comprising

coptacting Br-{CH:}-CO0OH 1 with timethylsilyl diazomethbane and THYF 10
yield Be(CHy),-COOCH; 2;

contacting the Br-(CHz),-COOCH: 2 with 4-benzvloxyphenvlboronic acid,
Pd{OAC),, [HP(-Bu)Me|BE,, KOt-Bu and t-amyl alcohol to yield

3 and

67
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coptacting the

3 with Pdic, BtQAc,

O e

H; to vield HOQ 4, wherein u is an integer from
1010 24,

38, The method of clamm 37, wherein n=14.

39. A method of synthesizing

};’zzzzgﬁ

*IS;::

[*FIS. comprising:
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O

OH T OH

"

//////////////4,‘%

4

e

:“\‘ \V» f;* \\\ {:} fé‘# T -~

o
contacting 5 with
PRRIKEK2 2. 2/8C04CHRON, then NaOH
wherein n is an integer from 10 to 24,
44. The method of claim 39, wherein n=14.
41. The method of claim 39 oy 40, further comprising

comtacting Br-{CH).-COOH 1 with trimethyisilyl diazomethane and THF to
yield Br-{CH2),-COOCH; 2;

contacting the Br-(CH;),-COOCH; 2 with 4-benzvloxyphenylboronic acid,
PA{OAc);, [HPE-Bu)pMelBE, KO-Bu and t-amyl alcohol to yield

{Q

o
i3

- e gy e
ACHTTT T

- 3 and
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coptacting the

]
\\::»v“““ 3 with Pdic, BtQAc,

H; to yield HOQ

fm{'}

S . T -
JRUCRES o~

contacting the HQ 4 with 1-hromo-2-

fluorcethane, K,COy, acetone; followed by NaOH, MeOH,CHCl;, water, to yield

wh
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42. A wethod of synthesizing

PANY
Y

EROCH,CO0H (8019 comprising:
contacting Br-{CH)»-COOH 1 with Na 1o form

sz {GH R GO CHy -,

F\fﬂ’\x\

e {OH O Ny iy

countacting the
imeger from 10 to 24
43, A method in accordance with claim 42, wherein n=14.

44. A method of synthesizing

e R {OHALTOOH

0
jls‘
¥ 3? . oy gny e
. comprising:

PCT/US2010/033579

3 wherem n 1§ an

contactmg Br-{CH2)p-COOH 1 with NaNq to form Ny CH2),CO0CH; 8; and

ANy

contacting the Na(CH;),COOCH: 8 with |
wherein ot is an integer from 10 to 24,

45, A method in accordance with claim 44, wherein n=14,

f\“"’*««
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46 A method of synthesizing

CHO0OICH UMy

OHOCHEE R, DM

1.2-Pal-[ "FI8, comprising:

(CHyCOOCH;

11 with TMS-Cl
{LHLGOOCH,

Mf}e“"
and CH:Clato form T 12;
{CH,TOO0H,
. o TRB O .
comtacting the S Q s 12 with
{UHy 3 GOOH
‘ - . Q‘;‘f’.’
T m\/\\ .
NaQOH and ethanol to form WS 13;
f
o, .,-"',‘f ~ )
. O
coptacting the TM&}\/ 13 with
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CHOCOEOHOH,

|

HAOCOICML O,

HaOH and DCC/CHCl to form

et

DH{GHLUTMS

/,/;.f/

i4; and

GHRCOICH, ROH RO TMS

contacting the 14 with TBAFK,
then THO/CHCL, then labeling, wherein n 18 an mteger from 10 10 24

47. A method i gecordance with ¢latm 46, wherein n=14.

48. A method of synthesizing

QHOCOICHL M,

N 2
et
Swammwzﬁn——ff \NW\CH,&N‘?
NN 1,2-Pal-{"F]9, comprising:

{: QQQC 3\:} {ﬂ: HZ}\\QHS
CHANOICHL UM,

CH0COCHz,

B .
: \\ : \w”‘fﬁ\ o S
contacting \\\ 15 with By ., whereinn is an
integer from 10 to 24,

49 A method in accordance with claim 48, whereln n=14.
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50. A method of synthesizing

T&w:zm:@(s::s\;ﬁ}ﬂms
C

NS
HEOCO{GR ), N \‘*\*\\mgﬁﬁ€3{a:s-;g}ﬁ?

/

N 1.2-Pal-{"F 110, comprising

CHAOTHO O H,

CHAOCOCHL O,
- L3
. P SethE A -~ o T i
3‘§3UL {D{v{e’ﬁ E)NNS 16 with $ By - \\J‘"‘ﬁ \\\.ﬁ

an integer from 10 1o 24.

coptacting  wherein n is

51, A method in accordance with claim 50, wherein ns=14.

52. A method of determining fatty acid distribution in an mammal, comprising:

administering to the mammal a radiolabeled fatty acid analog or salt thereof selected

o

%,

I
[RCECRrrrvrers

S T ,}@ H:‘}“\ — 8

N and

T4
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{QH g F

; and subjecting the mammal to
positron emission tomoegraphy (PET) scanning, wherein i is an integer from 10 to 24 and
s an mteger from 1o 10
53. A method in accordance with claim 52, wherein m=2.

S4. A method in accordance with claim 52 or claim 53, wherein w=14.

55. A method i accordance with any one of claims 52-54, further comprising subjecting
image data to analvsis by an algorithon in a digital computer,

56, A wethod in accordance with any one of claims 3153, further compnising displaving
the fatty acid distribution in an image on a computer display.
57. A method of imaging distabution of fatty acid wiglveerides in a mamumal,
COMpPrising

admimstering to the mammal a radiolabeled fatty acid miglyceride analog or salt

thereof selected from the group consisting of

CHOCOCHOH,

CHOC O My

EMLOCCTH, —(f

UM

g
L
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{i:.ﬁzi}ﬁ DICH1,CHy
o

CHROCQ{CH gy N\f/\\ﬁ Ty QUG o

¢

/

o R ¢
NSy - and

subjecting the mammal to positron enussion tomography {PET) scanning, wherein
n is an integer from 10 to 24,

38. A method m accordance claim 37, wherein n=14.
59. A method in accordance claim 57 or claim 58, further comprising:
subjecting image data to analysis by an algorithm i s digital computer.

60. A method in accordance with any one of claims 87-59, further comprising displaying

fatty acid triglveenide distribution on a computer display.
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