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15  very active research area. See, e.g., Mercer, J. R., Molecular imaging agents for clinical positron

emission tomography in oncology other than fluorodeoxyglucose (FDG): applications,
limitations and potential. Journal of Pharmacy & Pharmaceutical Sciences 2007, 10, (2), 180-
202; Couturier, O.; Luxen, A.; Chatal, J.-F.; Vuillez, J.-P.; Rigo, P.; Hustinx, R., Fluorinated
tracers for imaging cancer with positron emission tomography. European Journal of Nuclear
20  Medicine and Molecular Imaging 2004, 31, (8), 1182-1206.; and Miller, P. W_; Long, N. J.;
Vilar, R.; Gee, A. D., Synthesis of 11C, 18F, 15O, and "N radiolabels for positron emission
tomography. Angewandte Chemie, International Edition 2008, 47, (47), 8998-9033.
The mechanism of cancer imaging by FDG is based upon the avidity of tumor cells
toward energy source — glucose, i.¢., the increased glycolysis in tumor cells. Recent reports
25  suggest that glutamine (NH,C(O)CH,CH,CHNH,C(O)OH), Gln) may also be a source of
metabolic energy for cells under stress — glutaminolysis. Wise, D. R.; Deberardinis, R. J.;
Mancuso, A.; Sayed, N.; Zhang, X. Y.; Pfeiffer, H. K.; Nissim, I.; Daikhin, E.; Yudkoff, M.;
McMahon, S. B.; Thompson, C. B., Myc regulates a transcriptional program that stimulates
mitochondrial glutaminolysis and leads to glutamine addiction. Proc Natl Acad Sci U S A 2008.
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In order to validate the preparation of ['*F]1-4, however, a practical synthesis of the
nonradioactive molecules, the so-called “cold standard,” first needs to be achieved. Attempts to
synthesize various stereospecific fluorinated o-amino acids (F-a-AA) have been reported

10 recently. Dave, R.; Badet, B.; Meffre, P., gamma -Fluorinated analogs of glutamic acid and
glutamine. Amino Acids 2003, 24, (3), 245-261. Tolman, V.; Sedmera, P., Chemistry of 4-
fluoroglutamic acid. Part 3. Preparation of the diastereomers of 4-fluoroglutamine and 4-
fluoroisoglutamine. An enzymatic access to the antipodes of 4-amino-2-fluorobutyric acid.
Journal of Fluorine Chemistry 2000, 101, (1), 5-10. Those syntheses are summarized below in

15  Schemes 1 and 2:

Scheme 1
O O O O
MeOH/HCI
HO OH ———— H4CO OH
F NH, F NH,
mixture of four diastereomers
O O
CS,, NH;
HoN OH
F NH,

mixture of four diastereomers



10recently. Dave, R ; Badet, B.; Mffre, P., gamma -Fl uorinated anal ogs of
glutam c acid and glutam ne. Am no Acids 2003, 24, (3), 245-261. Tol man,
V.; Sednew@,20R/020@8enmi stry of 4- fluoroglutam c acid. PaCT/UB201R0e5a0 at i on
of the diastereoners of 4-fluoroglutam ne and 4- fluoroisoglutamne. An
enzymatic access to the antipodes of 4 am_no- 2-fl uorobutyric acid. Journal
of Fluorine Chenistry 2000, 101, (1)S¢h8M$@ Those synt heses are summari zed
bel ow i n 15Schenes @ and 2:0Schenme 1 0000 FNH2 @i xture Of four
di ast ereoners NH2| CS2, N 010 MeOH/SOCI,
HO OH o Et3N, Boc,O H3CO OH
F NH, F HN_
erythro (2a +3a)
threo (1a + 4a)

Boc

0] 0]
1. 28% NHs, KHSO,
2. CF,CO,H HoN OH
F NHp

erythro (2 + 3)
threo (1 + 4)

The sequence set forth in Scheme 1 only provides 4-fluoroglutamine as a mixture of four
diastercomers, starting from a mixture of 4-fluoroglutamic acids. Diastereomers of 4-

5  fluoroglutamic acid can require up to 11 steps to prepare. The sequence set forth in Scheme 2
starts with a racemic mixture of either erythro or threo 4-fluoroglutamic acids. The racemates
are then converted to racemic erythro or racemic threo 4-FGlIn. Single isomers cannot be
prepared according to the method of Scheme 2. Interestingly, Dave, et al. state that “It is worth
noting that the same transformation [of Scheme 2] have not yet been applied to the synthesis of

10 enantiomerically pure 4-fluoroglutamine despite the available procedures for the preparation of
all four sterecomers of 4-fluorogluamic acid.
WO02008/052788 describes the preparation of diastereomeric mixtures of 4-fluoro-L-
glutamine, prepared by a metal-catalyzed synthesis using a nickel complex of a glycine-
containing Schiff’s base and (S)-2-[N-(N-benzylpropyl)amino]benzophenone (BPB) and 3-

15  bromobut-3-enoic acid methyl ester:



H2NOH FNH2 m xture of four diastereonmers WD 2011/020018PCT/ US2010/ 045470
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WO02008/-62799, Examples 1 and 2.

Nevertheless, the synthesis of single isomers of each of the four diastereomers of 4-
5  fluroglutamine has yet to be reported. Moreover, considering that the ultimate goal is to
synthesize a radioactive compound, a synthesis that introduces the fluorine atom at a late stage,
in contrast to the sequences set forth in Schemes 1 and 2, is advantageous due to the short half

life of '*F atom (t;, = 109.7 min).

SUMMARY
10 The present invention is directed to single diastercomers of 4-fluoroglutamine
O 0O
HoN OH
F NH 4-fluoro-glutamine

a diasteromeric excess of at least 80%, as well as precursors to single isomers of 4-
fluoroglutamine.
The present invention is also directed to methods of preparing single diastereomers of 4-
15  fluoroglutamine comprising reacting a single diastereomer of a compound of formula I having a

diasteromeric excess of at least 80%

HN @)



10enantionerically pure 4-fluoroglutam ne despite the avail abl e procedures
for the preparation of all four stereoners of 4-fluorogluamc acid.

W)2008/ 05203811des@Bi bes t he preparati on of di astereoner PCTAS2G10/0¢357®f
4-fluoro-Lglutam ne, prepared by a netal -catal yzed synthesis using a nickel
conplex of a glycine- containing Schiff s base and
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(R%), II; and
10 reacting the single diasterecomer of the compound of formula II with an acid for a time and under
conditions effective to produce the single diastercomer of 4-fluoroglutamine.
Methods of using single isomers of radiolabed 4-fluoroglutamine in imaging cancer are

also described.

BRIEF DESCRIPTION OF THE DRAWINGS
15 FIG. 1 represents the uptake of compounds 1, 2, 3, and 4 in 9L cells.
FIG. 2 depicts the % uptake/100ug protein of 1. The x axis is % uptake/100ug protein
FIG. 3 depicts a dynamic small animal PET image of a mouse injected with compound 1

FIG. 4 depicts the uptake of compound 1 in a mouse.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

20 The present invention is directed to single diastercomers of 4-fluoroglutamine
diastercomers having a diasteromeric excess of at least 80%. It has been discovered that each
single diastereomer has a different reuptake profile as compared to previously prepared mixtures
of diastercomers. The single diasterecomers of 4-fluoroglutamine are represented below as
compounds 1-4. The invention is also directed to single diastereomers of '*F-labeled 4-

25  fluoroglutamine having a diasteromeric excess of at least 80%. It will be understood by those
skilled in the art that reference to 4-fluoro-glutamine includes both non-labeled fluoro-glutamine,

and labeled, i.e., "®F-labeled fluoroglutamine.

-5.



wherein RL is an acid-labile nitrogen protecting group; R2 is G _6al kyl or
C _6cycl oal kyl ; each R3 is independently -0C _6al kyl or G _6cycl oal kyl; 50W
is a |l eawogogramps and n is 0, 1, 2, 3, or 4; with a flaorise@bionty7@gent ,
for a tinme and under conditions effective to forma single diastereoner of
a conmpound of formula Ilohavi ng di asteromer £ excessg, of at |east 80% 00
HNo' R2 F HN RL II; and [1@,r ing the singleddi asiqreomer of the
conmpound of formula L] N for a iy \ ondi tions
effective to produce the 1 ngl & di ast er eoner of ;=4- f lluor ogl ut am ne.

Met hods of using single isbner®Hof radiol abed 4Ff 1 udtlgl ut amine in i maging
cancer are al so descri bed. BﬁlﬁF DESCRI PTI ON COF IHﬁ-_— BRAWNGS 15FI G 1
represents the uptake of c!)np unds 1, 2, 3, and ir] 9L cells. FIG 2
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protein FIG 3 depicts Wml ani mal | RRYT iomafje of a nouse injected
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DESCRI PTI ON CF | LLUSTI%ATI }éﬁ E | MENTS 20The 4p eseﬁt invention is directed
to single diastereoners of 4-flUdroglutanine di ast er'domer s havi ng a

di asteroneric excess of at Jeast 80% It has beepngdi scovered that each
singl e di astereoner has a 8 Fl&r ent r eupt ake prole as conpared to

previ ously i s of .. di I T b h@st ereoners of
11 Lior ogt Ul Rt HE Sl ai B SO E Brond R e F0BRE D S o 15
al so didiseiemdriz csicery) dVidhiashicycopaef the afvedBdn, halkvel @gdont; tve&fdr tioeogf tht am ne

havi n di ast eroneri xcess of at |least 80% It will be understood b
th Oseg o(aler d%stereorners ofc 4-?luoroglsutarmne may be present with the single diastercomer o Z?— y

5  fluoroglutamine. In other embodiments, the single diastereomers have a diastereomeric excess

of at least 80%. In other embodiments, the single diastercomers have a diastercomeric excess of
at least 90%. In other embodiments, the single diastereomers have a diastereomeric excess of at
least 98%.
As used herein “diastereomeric excess” refers to the difference between the mole fraction
10 of the desired single diastereomer as compared to the remaining diastereomers in a composition.
Diastereomeric excess is calculated as follows:
(amount of single diastereomer)-(amount of other diastereomers)/1
For example, a composition that contains 90% of 1 and 10% of 2, 3, 4, or a mixture thereof has a
diastereomeric excess of 80% [(90-10)/1]. A composition that contains 95% of 1 and 5% of 2, 3,
15 4, or a mixture thereof has a diastereomeric excess of 90% [(95-5)/1]. A composition that
contains 99% of 1 and 1% of 2, 3, 4, or a mixture thereof has a diastercomeric excess of 98%
[(99-1)/1]. The diastereomeric excess can similarly be calculated for any one of 1, 2, 3, or 4.
Methods of quantifying the amount of each diasterecomer of 4-fluoroglutamine, as well as
are known in the art. Most preferred methods include high performance liquid chromatography
20  (HPLC), preferably using a chiral column, wherein the area under the curve of each of the peaks
for each diastercomer correlates to the amount of each diasteromer present in the sample.
Of particular interest are methods for preparing single diastercomers of 4-fluoro-L-
glutamines 1 and 2, as well as the corresponding ¥F_labeled compounds [18F]1 and [18F]2:
The methods of the invention include reacting a single diastereomer of a compound of

25  formula I having a diastercomeric excess of at least 80%:



skilled in the art that reference to 4-fluoro-glutam ne includes both
non-1| abel ed fluoro-glutam ne, and | abeled, i.e., 18F-I|abel ed
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reacting the single diastercomer of the compound of formula II with an acid for a time and under
conditions effective to produce the single diastercomer of 4-fluoroglutamines having a
diastereomeric excess of at least 80%. One exemplary acid is trifluoroacetic acid.

10 Preferably, the compound of formula I is provided as a single diastereomer with none of
the other three diastercomers present. In preferred embodiments, the single diastereomer of the
compound of formula I has a diasterecomeric excess of at least 80%. Preferably, the single
diasterecomer of the compound of formula I has a diasterecomeric excess of at least 90%. Most
preferably, the single diastereomer of the compound of formula I has a diastereomeric excess of

15  atleast 98%.

In some embodiments, the single diastereomer of the compound of formula I is

essentially
O 0O
~R?
HNT Y 0
— OR* HN 1
R
\/ /
(R3)n Ia.

Within the scope of the invention, “essentially” refers to the presence of only one

20  diastereomer having a diastereomeric excess of at least 90%, more preferably 98%.
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154, or a mxture thereof has a diastereoneric excess of 90%[(95-5)/1]. A
conposition that contains 99%of 1 and 1% of 2, 3, 4, or a mxture thereof
has a di asbenamreri8c excess of 98% [(99-1)/1]. The di asPEeTABSAENI0ES4EXCESS
can simlarly be calculated for any one of!, 2, 3, or 4. Met hods of
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l'i qui degg%gma}]: ography 20 (HPLC), preferably using a chiral columm, wherein
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4-fluoro-L- glutdammes 1} and}?2, Qs well as the correspondi ng 18F-1 abel ed
conmpounds [1 and [ 18BR2:NThe met hods of the invention include reacting
a single dia§tergoner of a comound of 25fornmula | having a di astereoneric
excess of at st 80% WD 2011/ 020018PCT/ US2010/ 045470 wherein RL is
an aci d-1 abiky, ni trogen protecting gppup; R2 is G _6al kyl or

C _6cycl oal kyl; each R3 is independently -0GC _6al kyl or G _6cycl oal kyl; OR4
i s a | eavi ndn getolpsr carbddmméngs, the singl@ diaSterapmed pf thictchmpofinduol forratladgs agent ,
for_a ti me.alpd under conditions effective to forma corresponding 5 single
di a3t eF8WAEHY%f a conpound of formula Il having a diastereoneric excess of
at least 80% 00 HNo'OR2 F H\D\ R1 Il; and reacting the single

di astereoner of the CQW\fOQHUIa Il wth an acid for a tinme and
under conditions efdNCt 'ye T produce the single diastereoner of

4-f 1 uorogl ut am=Res havi ngreygi ast ereoneri c excess of at |east 80% One
exenpl ary aci trifluoroacwgtlti c acid.

(R3)n Ic

In still other embodiments, the single diastereomer of the compound of formula I is

essentially
0] 0]
R2
HN Y 07
— OR* HN_
\/ / a
.
(R%n 1d
10 The single diasterecomers of compounds of formula I, in particular, compounds Ia, Ib, Ic,

and Id, having a diastercomeric excess of at least 80%, preferably 90%, most preferably 98%, are
also within the scope of the invention.
Preferably, -OR” is —Otosylate (-OSO,CeHs-pCHa).
Preferably, the compound of formula II is provided as a single diastereomer with none of
15  the other three diastercomers present. If diasteromeric purity is not preserved in the formation of
the compound of formula II, the diastereomers can be separated according to methods known in
the art, including HPLC, to afford a single diastereomer of the compound of formula II having a
diastercomeric excess of at least 80%. In preferred embodiments, the single diastercomer of the
compound of formula II has a diastercomeric excess of at least 80%. Preferably, the single
20  diastereomer of the compound of formula II has a diasterecomeric excess of at least 90%. Most
preferably, the single diastereomer of the compound of formula II has a diastereomeric excess of
at least 98%.
-8-



10Preferably, the conpound of fornmula | is provided as a single

di astereoner with none of the other three diastereoners present. In

pr ef er r edworntbudizn@Eat s, the single diastereoner of the cecpasadooissormul a |
has a di astereomeric excess of at |east 80% Preferably, the single

di astereonmer_of the. c ound of formula I h a di astereaneric_excess of at
| east 90% NBSIMpHFEPE 13{%%;9’?&%1% B CREES PO 9P R Pdtnd of

forml agdenhapy a di astereoneric excess of 15at |east 98% In sone

enbodi nents, the single diastereoner of the conpound of formula I is
essentially 00 Q OWthin the scope of the invention
"essentially" refers t p epee of only one 20 diastereoner having a

di astereoneri c exc ofZat Jeas? 90% nore preferably 98% WO
2011/ 020018P S2010/ 085478N] n ot her enbodi nents, the single diastereoner
of the conpo of formula | iR essentially 00 In yet other

enbodi nent s, Y singl e diastereoner of the conpound of formula | is
Sessential I yr3), In still other enbodjjyents, the single diastereonmer of the
conpound of forrmula | is

In other embodiments, the single diastercomer of the compound of formula II is

5  essentially

0 0
R
HNWOQ
— 18F HN,
R
\/ /
(R%), ITb

In yet other embodiments, the single diastereomer of the compound of formula II is

essentially
O 0O
w R?
HNT Y7 Y7 07
— 18F HN\1
R
\/ /
(R%)n lic
10 In still other embodiments, the single diastereomer of the compound of formula II is
essentially
0O O
_R
HN )WJ\O 2
— BF  HN
\/ / ¥
%
(R%)n 1id

Fluorinating agents are known in the art, per se and suitable fluorinating reagents can be
identified by one skilled in the art. Examples of particularly preferred fluorinating agents include
15  hypervalent silicate fluorinating agents, for example, tetrabutylammonium
difluorotriphenylsilicate (TBAT), [BusN][Ph3SnF;], perfluoro-1-butanesulfonyl fluoride (PBSF),
tri(dimethylamino)sulfonium difluorotrimethylsilicate (TASF).

-9.
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scope of the invention. Preferably, -OR4 is -Qosylate (-0S02C6H4- pCH3) .

Preferably, the conmpound of. fornula Il js provided as.a single.di astereoner
with none ofD%gtfﬁ’ge’Sf‘m CPIRIEEEY R CEepsiinn Soshnibl Rogiag it BRee! o
purity diRtdUmelEeteth hithishBatlodk Bt iRGteRlontchecaVMOMIY @barhiWing 11, the
di astereonmers can be separated according to nmethods known in the art,

i ncl udicngvedRb@ niashedsf for dxzmsleNdPEC diltdsts deeodegovefedithas noatepsngdhaobastasiynmul a
I haviﬁg&}?di as .ereomerti C ex(gess O(i attlﬁast 80t% | n (%)regerrﬁd 1

enbodi e TuGrnatQt [Fgpe Ry dPLIESREPmOR S S RSHE S 8 B AR PR RIS a
di ast ereQERistkat @XECBS Bscdfto alodbR@sthe BAeinPsRhe fladlinatinghgemiingh® 20

di astereomer of the conpound of formula Il has a diastereoneric excess of

at | eagnesoppesyeric geidfaad diN-(HEhe Peifprgbly. thedbBoapatanesiecnlis tifated depdiustd of
f | h ' . ' f ~at . 980 . .
2011/ o oA ECR B OO AR e B el A PR R T o e e

of the mowpynNd of formula Il is essentially 00 | n ot her
enbodi nents, the single diastereoner of the conpound of fornmula Il is

Sessent i al | yrefpgred solvents for ghoyfiorigatien reartRidinaiAt irap ol dchipragedreoner
of 1phe caomanBhAfmixalBhercbt 1S essentially

Use of a '®F-labeled fluorinating reagent will result in the formation of the corresponding
BE_labeled compound of formula Ila, 1Ib, Ilc, and I1d.

Use of certain fluorinating reaction conditions may, while successfully resulting in the
incorporation of fluorine, result in a loss of diastercomeric excess. In such situations, the

15  diastereomers can be readily separated using conventional methods, for example, HPLC.

As used herein, “acid-labile nitrogen protecting group” refers to a protecting group, on a
nitrogen atom, that can be removed with acid to provide the -NH-. Such protecting groups are
well known in the art. See, e.g., Greene, T.W., Wuts, P. G. M. Greene’s Protective Groups in
Organic Synthesis, John Wiley & Sons, Inc., 2007. Particularly preferred acid-labile nitrogen

20  protecting groups include carboxyl-based protecting groups such as t-butyloxycarbonyl (Boc).

As used herein, “alkyl” refers to branched or unbranched, saturated hydrocarbons having
from 1-30 carbons, preferably 1-6 carbons. Preferred alkyl groups include, for example, methyl,
ethyl, propyl, isopropyl, butyl, sec-butyl, iso-butyl, tert-butyl, pentyl, isopentyl, and hexyl.

As used herein, “cycloalkyl” refers to cyclic, saturated hydrocarbons having from three to

25  ecight carbon atoms, preferably 3-6 carbons. Preferred cycloalkyl groups include, for example,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and the like.

As used herein, OR* is a leaving group, refers to groups subject to nucleophilic
displacement by fluoride ions. Particularly preferred are those embodiments wherein OR%is
-Otosylate (-OTos, -OSO,-CsH4-CH3).

30 In preferred methods of the invention, the single diastereomers of the compounds of

formula I are prepared by contacting a compound of formula I1la or I1Ib:

-10 -



00 10In still other enbodi nents, the single diastereoner of the conpound
of formula Il is essentially oo Fl uorinati ng agents are known in
the art, wenos#2emd suitable fluorinating reagents can peTiuseomiofissgd by one
skilled in the art. Exanples of particularly preferred fluorinating agents
i nclude 15hypervalent silicate fluoringting agents, for exanple,

t et rabut yl agnmopgium di fl uorotri phenynsilicate (TBAT), [Bu4N [Ph3SnF2],

per fluoro-Ibut@nesul fonyl fluofideY(PB3F), tri(dinmethylamn no)sulfonium

di f | uor ot i y rrate (TARP) . H2020018PCT/ US2010/ 045470 Duri ng
fluorination, epiferization at the C( position is possible, resulting in
a loss of diasfgreoneric excess. ljjpsuch situations, the diastereoners can
be readily separated using conventional nethods, for exanple, HPLC. It has
been divatdoyesmesbuntaf foradés Bl i ng the basicity of the fluorination reagent
may reduce or egﬁ§1nate t he amount of epinerization. Exanples of 5reagents
t hat can be us o noderate the basicity of the fluorinating agent include
2- nesitylenesul fonic acid and Et3N-(HF) 3. Preferably, the fluorinating
agent is titga to adjust the pHto about 7-8. Particularly preferred
reagents for|f| rination are TASF, pH adjusted with Et3N( HF) 3.

Preferred sqy/ ts for the fluorination reaction include tetrahydrofuran,

di chl or ont®®Rane, 10dcetonitrile, and m xtures thereof. Use of a

18F-1 abel ed quorlnatlng reagent will result in the formation of the

cor r es P HYi P et cAlEpgtic af & FrImot mpdiinaf diastsreomass off qampoypds f fgrmula
Usesof ygertain fluorinating reaction conditions may, while successfully
resulting in the incorporation of fluorine, result in a |oss of

di astereoneri c exce§s. In s h situations, the 15di astereoners can be
readily separated in nt iR3nal nethods for exanple HPLC. As
used herein, "acit-1aHile nltﬂbgen protecting group” refers to a protecting
group, on trogen atomN that can be renoved with acid to provide the
-NH-. Suc QQH%A groupB1are well known in the art. See, e.g., Geene,
T W, WitsN/& eene's Protective Goups in Organic Synthesis, John
Wley & Sgag, Inc., 2007. Particularly preferred acid-labile nitrogen

Those of skill in the art will readily understand that if the starting material is a compound
of formula Ila, the mixture diasterecomers of the compound of formula V will preferably

comprise compounds of formulas Va and Vb:

0] 0] 0] 0]
w /R2 w /R2
HNT Y 0 HN 0
- O HN — O HN_
\/ y CICH2~< R \/ y, CICH2~< R
@] 0]
(R, (G
10 Va Vb

Similarly, if the starting material is a compound of formula IIIb, the mixture

diastereomers of the compound of formula V will preferably comprise compounds of formulas

Vcand Vd:
0] 0] 0] O
HN e HNT 7 Y7 o
— 0 HN\ — 0 HN\
\/ y CICH2~< R \/ y, CICH2~< R
@] 0]
(R, (G
Ve Vd

-11 -



20 protecting groups include carboxyl -based protecting groups such as

t - but yl oxycar bonyl (Boc). As used herein, "alkyl" refers to branched
or unbramsbedil/eaiiar at ed hydrocar bons having from 1- 30 earhsesl/opsded er abl y
1-6 carbons. Preferred al kyl groups include, for exanple, nethyl, ethyl,

propyl, isopropyl, butyl, sec-butyl, iso-b |, tert-butyl., pentyl
Popent yl - e Tkt of HesieSagenar bpiposich &f A ¥ i ispeed g Gt fpunder
sat ur ategfliNyEY QR PORSIORA B nfrE 8MILAEREMER AREMPBinEIT IR M 1B,
preferably 3-6 carbons. Preferred cygloalkyl groups include, for exanple,
cycl opropyl, cyclobutyl, cyclopentylj cyclohgxyl, and the |ike. As used

herein, ONis a |eaving group, refe t r s_®dbj ect to nucl eophilic
di spl acenent by fluoride ions. Parti cullar | pré*erred are those enbodi nents

wherein OWis -Qosyl ate (-p07Fo - 0502086H4- CH3) . 301 n preferred nethods of
the invention, the single & reoners of tRe conmpounds of fornula | are
prepared by contacting a co nd of fornmula Illa or Bib: WO

2011/ 020018PCT/ US2010/ 0454R8),RL 0 HN HR2 O Illa wjth a conpound of

formula IVNCO IlIIb \ (R3inlV
Those of skill in the art will readily understand that if the mixture of diastereomers of

5  compounds of formula V comprises compounds of formulas Va and Vb, then the mixture of

diastereomers of compounds of formula VI will preferably comprise compounds of formulas Vla

and VIb:
0 0 0 0
wj\ /R2 w /R2
HN Y 0 HN 0
— OH HN\ — OH HN\ 1
R! R
\/ / Via \/ / Vib
(R%), (R%),

Similarly, if the mixture of diastereomers of compounds of formula V comprises
10 compounds of formulas V¢ and Vd, then the mixture of diastereomers of compounds of formula

VI will preferably comprise compounds of formulas VIc and VId:

0 0 O 0
R? R?
HN Y~ 07 HN g
— OH HN — OH HN\1
R’ R
\//

Vic Vid

(R (R
In preferred embodiments, the mixture of diastereomers of the compound of formula VI

is a mixture of compounds of formulas Vla and VIb:

0 0 0 0
w /RZ w /RZ
HN 0 HN Y 0
— OH HN, — OH HN,
R R
\/ / \/ /
15 (R%), Via R®)n VIb.

-12 -



In the presence of chloroacetic acid to forma m xture of diastereoners of
conpounds of formula 5 V. 00 HNo' R2 0O HN\ CICH2R1 0 (R3),V Those
of skill wo2ohe2er8 will readily understand that if thePsrarskémg43¥ae eri al
is a conpound of fornmula Ma, the m xture diastereonmers of the conpound of

formula V wi |l prefer [ oun forgul as Va and . 0000
10Vavb “Jhgifﬁf‘rua? P@gagt?re%srw? Tt 0580%5%95’ ffamlg %%Ba?mra&? f or mul a
Mo, t herdibrabH 1 ﬁiy§§ﬁlesre§8ﬁ§61§ M‘Ethbﬁ?oﬁt%%ﬁgd?@hl @épamfoﬂlaf%a\!tewdnherpa@f erably
conpri se conpounds of fornulas Vc and 11- 'vevd -

2011/ 0200%8RCHeWS20d0ngudn{Tgh column clithieaterapby en®hlgdlpaefbﬁnwn@qsldof
conpounds of fo Vi sreact for.a. ti meaduxg d|t lons e ectlve

Lo Tor AMRASE R h‘?r Bl PG t8fth%8Wﬁ%ttﬂ¥‘d CaPNRF A AT ST h(e—Y R2

OH BN \colRpounds of formula VI are separated to provide single diastercomers of the compound of
formula VI, having a diastereomeric excess of at least 80%, preferably having a diastereomeric
excess of at least 90%, most preferably having a diastereomeric excess of at least 98%.

In preferred embodiments, R is —~C(0)0-Calkyl or —C(0)O-C.cycloalkyl. In other
embodiments, R' is —C(0)O-Calkyl. Preferably, R' is -C(O)O-t-butyl.

10 In other embodiments, R?is t-butyl. In still other embodiments R%is —OCHsj. In other
embodiments, n is 3.

The single diastereomers of radiolabeled compounds of the invention, preferably labeled
with '®F, can be formulated into compositions useful for diagnosing disease in a patient, in
particular, cancer. While radiolabeled compounds 1, 2, 3, or 4 can be used in the diagnostic

15  compositions of the invention, most preferred is the use of compounds 1 or 2 in the diagnostic
compositions. These diagnostic compositions may be formulated for administration to a patient,
for example by parenteral administration by injection, by formulating the composition with
carriers and/or diluents known to those skilled in the art.

After administering a diagnostic composition of the invention to a patient, the gamma

20  radiation from the single diastercomer can be detected as a means to image cancer in the patient.

One exemplary method for such detection is positron emission topography (PET).

The following description is set forth as illustrative of the claimed invention and is not
meant to be limiting.
25
2,4,6-Trimethoxybenzylisocyanide (Tmob-IC) was prepared from 2,4,6-
trimethoxybenzylamine. See Scheme 4. After conversion to the corresponding formamide,

treatment with triphosgene gave the desired isocyanide in 70% overall yield.

- 13-



VI Those of skill in the art wll readily understand that if the m xture of
di astereoners of 5 conpounds of fornula V conprises conpounds of fornulas
Va and Vbwothem2odie m xture of diastereoners of conpounasTafS2dionnisia Vi
will preferably conprise conpounds of fornmulas Vla and Vib: Simlarly, if
the m xture of diastereoners of conmpounds of fornula V conprises 10
conpounds of fornulas Vc and Vd, then the m xture of diastereoners of
conmpourngliene 45 Syniesss &f Tw-IC pr ef er abl y _conpri se conmpounds of PlIéorrml as Vlc

and Vid: 000 RMH: In prefer odi nents, the nixtufe of

di astereonerg of the conpound of fofnula VI is a m xt F{{e‘?’ of corrB%nds of
for nul &¢ ®b: 1 Iy R0 1P US2ELgN0AGHT 0 The ure of

di astereo f the—eeﬁﬁﬁﬂds of | a VI tagleoseas sep ed, preferably
by physi cal arati ont, 48t hods o e physigat i§ePanat i on gt di astereoners

are known inlthe art and include flash colum chromatography,and hi gh

per f or mance CM§ui d chr omat ogr aphy, s exanpl e. According to the invention,
the m xtures of diastereoners of the 5 conpounds of 2f408-inktaoyberaylisocyanide
separated to provide single diastereoners of the conmpound of formula VI,

having a di astereoneric _.exces f at. | east 80% _pr.eferabl aving a

i 5t o someriie PEBBLEnF LR 4Lt U D SERFoT SFSEN e ch gty |
di ast er2QRREd £-R¥&E6 aci@ldeAbat|8aS hsiR8¥% t-butyl tribRrédcehiBldafhREPRdichBRLR ofR1 1S
-C(0)0-G _6al kyl or -C(0)0-GC _6cycloal kyl> In other enbodinents, Rl is

- C( 0) 0-BHis affatded|97 YPrudlygretibttyd LREparsic ag@) QAftersamyyal of Glerbeoeylerowmtyodi nent s,
R2is t-butyl. In still other enbodinents.R3 is,.-OCH3. |n. r .
erbod AP hyddgeiion o R Sep SORPOCTERLE Y eh Sromgarincb s Resrlbdisy o
the i nweBidq@snt dkidkieh ahyDdsaheirad patibdindireageanpldfide@ arehpdeelin $420 yield.
conpositions useful for diagnosing disease in a patient, 1n particular,
cadBer. Wil e radiol abel ed compounds 1, 2, 3, or 4 can be used in the

di agno%isl&fgg;@gﬁ?%ii%i%@%ﬁhgae IR ie&\égergi on, nost preferred is the use of

compou ghosti c conpositions. These diagnostic

conposi ti ¢hs NeBecbe fmuamNaneal, f or adfi niNEeation to a patient) NHBoc
T < O- T _
BnO OF _BF3EL;0 BnO vBu _10% Pd/C_ Pd/C Ho)k/\WOt Bu
o DCM/cyclohexane o 50 psi Hy 6

A 5 ©
NHBoc O NHBoc
1. EtsN, CICOoE H Dess-Martin reagent H
2. NaBH,4 HO/\/\H/Ot-Bu H Ot-Bu
0] 0]
7 8

With both intermediates Tmob-IC and 8 prepared, a Passerini reaction was conducted to
15  assemble the glutamine skeleton to provide 4-acyloxy substituted Gln derivative 9 in excellent
yield.
Removal of the chloroacetyl group was effected using thiourea to produce compound 10.
Scheme 6. The two diastereomeric isomers, alcohols 10° and 10” (1:1 ratio based upon HPLC
analysis), show a clear polarity difference and can be separated by flash chromatography.
20  Scheme 7. The absolute configurations of these two alcohols were determined by Mosher ester
analysis. The assigned configurations are comparable with physical properties of both alcohols.
The alcohol (10°) with (2S,4R) configuration shows higher mp (143-145 °C), whereas, the
alcohol (10”) with (2S,4S) configuration shows a lower mp (58-61 °C). Tosylation of the
hydroxyl afforded the tosylate 11 in 96% yield. Fluorination with hypervalent silicate

25  fluorination agent, tris(dimethylamino)sulfonium difluorotrimethylsilicate (TASF) provided
- 14 -



for exanple by parenteral adm nistration by injection, by fornmulating the
conposition with carriers and/or diluents known to those skilled in the
art. Aftewoadnimb@Beri ng a di agnostic conposition of thecCirmsevioasd7ea o a
patient, the gamma 20 radiation fromthe single diastereoner can be

et oo o S8 T 0D WP TR ROSOOES TS BTl S Ly ot o

foll owmr@g%ﬂ&t(qgﬁdgf set forth as illust ratl ve of the claimed invention
and is not meant to be [imting. 25 2,4, 6-Trinet hoxybenzyli socyani de
(Trob-1C) was prepared from 2,4, 6- trinmethoxybenzyl am ne. See Schene 4.

Af ter yer Si orr ndi ormam de, treatnent with triphosgene
gave tﬁgﬂ rgﬂntﬁ%sbsc e[hQE;WB é&al | yield.
2,4, 6- trbmstNhgggyben Ilsog%anl de ®The preparation of al dehyde 8 isodepicted

in Sche@\S/\EthglglEd nﬁobpaWE)r ot eadued L- asparf o8y
deri vath ve”A Tisi nornlBlchmpgaty | tr,qcl rodce Naﬂoeamn‘ﬁber the c bal M%
BF3 af f or ded 97% fRakdeyni prrot ect ed lg- 35pARCc acid 5. After re ° the

benzyl group by (Calalsbi-eatydi@genat i on, a two-step combined refction gave

honmoserine 6 in mm—a-dgawbsequent oxi dation with De¢sgAlVBREHI N

peri odi nane reagent provided al dehyde 8 in 86%yield. 10 1. (Et 3N,

Cl CO2Et NHBoco2. NaBl - I -Bu . HO O O Wth both intePnedi attes

Tnhob-1C ndé\gﬁgﬁ( a Pas§evpbqp\,| e clred. § ,g\élzag;k e

t he gl ut Hihe Bke et(g'ﬂ TR PLpvi de H4- gcyl Xcgub%é%%%%gd@mdefv E!gteggln
12

excel l ent vyi el
S d13 1

Scheme 7. Synthesis of 4-fluoro-L-glutamines 1 and 2

0 0
Tmob
0 o SNTY OtBu Tmob~ (N oBu
Ho 5H NHBoc TsCl, EtsN HOoE oA
Tmob separation s 0C 4 At
~N oty —=paraion . 10 DMAP, DCM 1
OH NHBoc b o o
10 TN OtBu Tmob.
H N OtBu
OH NHBoc H
10" OTs NHBoc 11"
0 o) 0 0
Tmob
N OtBu HaN OH
TASF, Et;N(NH H .
NN F NHBoc12 TFA, rt. FooNH
Tmob
N Y OtBu HoN v OH
H H . z 2
F NHBoc12 F NHp

10
The preparation of the enantiomer of aldehyde 8, compound 8a, can be accomplished

according to the sequence set forth in Scheme 8, starting from the commercially available D-

aspartic acid derivative B.

-15-



Renoval of the chloroacetyl group was effected using thiourea to produce
conpound 10. Schene 6. The two di astereoneric isoners, alcohols 10" and 10"
(1:1 ratiwokasedoapon HPLC anal ysis), show a cl ear pol arcryusditfessence and
can be separated by flash chromatography. 20 Schene 7. The absol ute
configyrations of these t al.cohol re determ ned by Mdsher ester

anal ysilééﬁe‘?ﬁg §§§§h§ﬁ%8}e@8¥ﬁ¥d’gﬁ&m§1@ﬁa§\eﬂ§?e conparabl e with physical
properties of bgth gjgghols. The al cohol (10') @it hNKR&, 4R) configuration

sho:c/v_s hi g?_er np||( 143- 145 O) ,t-Bé@CEIH)CChe _?_I cohol O")O{t/gﬁthh(és, 4S|)
configura |%os1gb\m/aﬁ/%r @p_ﬁﬁ%& C;. B atyon e hydroxy
afforded the tosylatellll i nrﬁé%'éf/&{cig(*g‘? Fl uori natign th hyperval ent

silicate 25fluorimti &h age )ﬁ"fl@?hyl am nos%sul oni um
difluorotrinmethylsilicate (TASF) provided - 14 - WO

2011/ 020018PCT/ US2010/ 045470 conpQundN#Roq 12" aqlpIET’%?‘j' Joj[20) @?- 70% yi el d.
Treat nent wi {B%TRHNGSOaidty t he dgsirdd 4o Uoko B mné (1 and 2).
Schenme 6. Synthesis of 4-fluortdOL-ghutayi ne 13 4 -Bu TASF, DCM
TnobQr-Bu TFA, it, 2.5 hNHBocO C tosklt S NHBoc 1211 Schene 7. Synthesis of
4-fluoro-L-glutamnes 1 and 2 OH N HBoc 10" O Bu OI's NHBoc 11"

O NHBoc _ O NHBoc
OtBu Dess-Martin reagent OtBuU

HO H

7a © 8a
Next, aldehyde 8a was submitted to react with isocyanide and chloroacetic acid under the
Passerini reaction conditions. The obtained intermediate 9a was subjected to de-acetylation using
5  thiourea and NaHCO3; combined conditions and following carefully flash chromatography

separation afforded two stereospecific, 4-hydroxy group substituted D-glutamine derivatives
10a’ and 10a”. Scheme 9. The further transformations, including tosylation, fluorination and
acidic deprotection reactions, afforded another two 4-FGln diastereomers, fluorinated D-
glutamine analogs 3 and 4 with comparable yields. Again, slow evaporating method provided

10 high quality crystal samples for both intermediates 10a’, 12a’ and final product 3. The X-ray

crystallographic analysis further identified the absolute configurations of these compounds.

- 16 -



The preparation of the enantionmer of al dehyde 8, conmpound 8a, can be
acconpl i shed according to the sequence set forth in Schene 8, starting from
t he conmewoi2allopo@sai | abl e Daspartic acid derivative B. PCWDS2010/045470

2011/ 020018PCT/ US2010/ 045470 Schenme 8. Synthesis of al dehyde internedi ate

8a xt, al de 8a was submifted to react with isocyani de and
ohi or oEBEME nSTheRET LRBe PATE Y R Y e eGP A 4 The. obt i ned

i ntermedi ate 9a was{ subj eeh&@dct oaslecRCcet ler%bi on| usi ng||5 t hi othigRaand NaHCO3
conbi ned condiptey nd folpRWrARearef ully fHMB@gFW&S&WF ation
afforded two sfergaspeci figa Aoy LYY group substatnwsed D- gl ut ami ne
derivatives 10a' ggnd 10a".cASohesey 9. The further gf ransformations, including
tosyl ation, fluorination afif®atiar¢ aepPot ection reacti ons, afforded

anot her two 4-FGLn di astereoners, fbuorinated Dgl utam ne anal eags 3 and 4

wi t h conparabl e yi el ds. Agai n,TmaJ\O\&Wgti ng rre&lhgd previ d hiJgh

qual i t ymex. sﬂgl/\gg.rﬂpl es for both fint & medi aP@s 123 o 3&@ arftl fInakE prifuct
3. The X—réy ryst al ?%‘bk&%—&»anal ysiGs fNiBecheda’ | : t he aPSolNtftoe
confi gurati on$"of\"fifese conpounds. oWD 2011/ 020018PCT/ US2010/ 845470 $Schene
9. Synthesis tfa fluorine atomgulstit ut.ed D gl utam ne angl©gs!3 and

r).LQBu OFJHBoc 8a  Tnob-1C, CAN DCMIr.P® Tnob Passerinilj R CRA: ©Bu
chl oroacetic acid CA: chloroacetyl  ©H NHBoc10a" OTs NHBoc 112
O 0

o) 9]
Tmob- )J\/\/”\ )J\/\/U\
N Y OtBu HoN - OH

TASF, Et;N(NH), H = = , O
F NHBoc 12a TFA, r.t. E NH, 3
0 0 0 0
Tmob
F NHBoc 12a" F NH, 4

Also within the scope of the invention are methods of preparing 4-fluoroglutamine

O 0O

HoN OH
5 F NH 4-fluoro-glutamine
comprising:

reacting a compound of formula I

HN @)

(R%)n I
wherein
10 R' is an acid-labile nitrogen protecting group;
R is Cealkyl;
cach R? is independently —OC_galkyl;
OR*is a leaving group; and
nis 0,1, 2,3, or4;
-17 -



Tnob: 2, 4, 6-tri nmet hoxybenzyl Thi ourea O Bu NaHCO3, 50 C OCA
FJHBoc 9a Also within the scope of the invention are nethods of

pr epar i ngwo-2biwme@gl ut am ne 00 H2NOH 5NH24-f | uor o- gl ut arChaSe@0#i436 ng:
reacting a conmpound of formula | 00 HNo'R2 OR4 HN\ (R3), wherein 10R1 is

an aci d-| abLLS DL 00D, BT 088500, LOMPE Rl Fecfil b S35 8

formula II
O O
R2
HN o
— LN
R
\/ /
(R®), II; and

reacting the compound of formula II for a time and under conditions effective to produce the
5 4-fluoro-glutamine.
In preferred methods, the compound of formula I is prepared by contacting a compound

of formula 11

o) II

with a compound of formula IV
NC

X

Lo
10 (R)n v
in the presence of chloroacetic acid to form a compound of formula V
0O 0O

R2
HN o

— O HN
\/ y, ClCH2~<O

(R%)n V; and

AN

R1

reacting the compound of formula V for a time and under conditions effective to form a

compound of formula VI

HN o)

15 (R%), VI



OR4 is a leaving group; and nis 0, 1, 2, 3, or 4, WO

2011/ 020018PCT/ US2010/ 045470 with a fluorinating agent, for a tine and
under comsiDRzoomeo@EBf ective to forma conmpound of fornul ®CTiuS2@0/0M42¢ R2 F
HN RL (/ (R3)n|| and reacting the conmpound of formula Il for a tine
and under ndltlons effectiye odu t he B4-fl uoro utamn In
preferred ?ﬁ?ﬁf’én cphedigishis %}ﬁ&ogpg?%fgﬁggmplai lb?gbﬁ?lé%gfjﬁi?nﬁ’(?ﬁ? ?fing a
conpoungrmifia /ey gad @111 0 HN HOIIl with a conpound of fornula IV NC 10 IV
in the presence of %hl oroac%tic acid to forma conpound of fornula V 0

R2
HN o
— OH HN,
R
\/ /
(R, Vly
0O 0O
R2
HN™ ) o
— OH HN_ 1
R
\/ /
(R%)n Viz,
5 Preferably, the compounds of formulas V1y and Vlz are physically separated. Preferred

methods of physical separation include chromatography.

In preferred embodiments, R is ~C(0)O-C,_salkyl. More preferably, R' is -C(0)O-t-
butyl. Also preferred is where R? is t-butyl. In some embodiments, R* is —OCH;. In yet other
embodiments, OR*is Otosylate. In still other embodiments, n is 3.

10 A preferred fluorinating agent for use in the invention is tris(dimethylamino)sulfonium
difluorotrimethylsilicate. Preferably, the fluorinating agent comprises B,

Preferably, the compound of formula III is

Preferably, the 4-fluoroglutamine is
O 0O

HoN OH
15 F NH,

Also preferred is where the 4-fluoroglutamine is
O 0O

HoN™ Y OH
NH,

T

Also within the scope of the invention are compounds of the following formula I
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HNR2 O HN\ CCH2( O (R3)nV; and reacting the conmpound of fornula V for a
time and under conditions effective to forma conpound of fornmula VI 0
HN(2( R2 voBi2piN/0ZD018 WO 2011/ 020018PCT/ US2010/ 045470 | n eemtuszeromndaodi ment s,

t he conpound of fornula Vi

Vliz: 00

physi cal | y separ at eq.
chr omat ogr aphy

t-butyl. |
O osyl at e.
agent for

is a mxture of conmpounds of fornmula Vly and
SPreferaply, thegonmpounds of formulas VIy and VIz are

Pr ef err ed t hods of physical separation include

1ed enbodi ments, Rl is -C(0)0-C _6al kyl .

. (10) O-tbutyl. Also preferred is where R2 is

nme enbo® S, R3 is -OCH3. In yet other enbodinments, OR4 is
still other eﬁ%odinents, nis 3. 10A preferred fluorinating

e’ in the invention is tris(dinethylam no)sulfonium

di f1 uorot®°het hyl silicate. Preferhbly, the fluorinating agent conprises

18F. Preferably,

10

15

20

25

t he conpound of fornula Il is
wherecin

R' is an acid-labile nitrogen protecting group;
R is Cealkyl;

cach R? is independently —OC_galkyl;

OR*is a leaving group; and
nis0,1,2,3,or4.

Preferably, the compound of formula I is:

o) o) o) o)
R? R?
HN™ ) o HN o
— éme1 — OR* HN_
R R
\/ / \//
(R3)n and (R3)n
EXAMPLES

Those of skill in the art will readily understand that the following procedures are
illustrative only, and are not intended to limit the scope of the invention. In addition, where
procedures are set forth for one enantiomer or diastereomer or pair of diastercomers, similar
procedures can be used to prepare the other enantiomer or diastereomers or pair of
diastereomers.

General Information. All reagents used were commercial products and were used
without further purification unless otherwise indicated. Flash chromatography (FC) was
performed using silica gel 60 (230-400 mesh, Sigma-Aldrich). For each procedure, “standard
workup” refers to the following steps: pouring reaction mixture into the separatory funnel
containing an equal volume of water, extracting this mixture with an equal volume of indicated
organic solvent three times and combining the organic phases together, washing this organic
layer with brine, drying it off with sodium sulfate or magnesium sulfate, filtering off the solid
and concentrating the filtrate under reduced pressure. Melting points (mp) were checked on

MEL-TEMP (uncorrected). 'H NMR spectra were obtained at 200 MHz, *C NMR spectra were
=20 -



RLOHN ...... I " "."0..,. n HR 0. Preferably, the
4-fluoroglutamne is 00 H2N yyOH 15FNH2 Al so preferred is where
t he 4-fl woagliukemsne is 00 Al so within the scope of PClmaSzervemis’on are
conpounds of the followng formula I WD 2011/ 020018PCT/ US2010/ 045470 00

%\IRI SK @006%%%3?50 IM z an(‘ia 19lq I\%R s%eg‘,pa vax}grle reco?: IdI aFf‘ 2@& Mﬂg fﬁmﬁér%ﬁﬁtzioB%ng roup:
DMX 300 spectrometers). Chemical shifts are reported as dvalues (parts per million) relative to
remaining protons in deuterated solvent. Coupling constants are reported in hertz. The
multiplicity is defined by s (singlet), d (doublet), t (triplet), q (quartet), p (pentet), br (broad) or m

5  (multiplet). HPLC analyses were performed on an Aglient LC 1100 series. High-resolution MS
experiments were performed at Radiopharmaceutical Chemistry Section, Department of
Radiology, University of Pennsylvania, using an Agilent Technologies LC/MSD TOF Mass
Spectrometer. Optical rotation values were measured on a Perkin Elmer Model 243B
polarimeter.

10 2-(isocyanomethyl)-1,3,5-trimethoxybenzene Tmob-IC

N-(2,4,6-trimethoxybenzyl)formamide
OMe

MeO
NHCHO
OMe
Ethyl formate (7.5 mL, 93 mmol) was added to a 25 mL round bottom flask containing

2,4,6-trimethoxybenzylamine (0.985 g, 5.0 mmol). The reaction mixture was stirred at room
15  temperature for three days and was filtered. The filtered out white solid was collected and dried
under vacuum to provide crude product (1.09 g, 97%): "H NMR (200 MHz, CDCls) 58.19 (s,
0.3 H), 8.14 (s,0.7H), 6.13 (d, 2 H, J,=3.0 Hz), 6.00 (br s, 1 H), 4.51 (d, 1 H, J=5.2 Hz), 4.35
(d, 1 H,J=6.4 Hz), 3.83 (s, 3 H), 3.82 (s, 6 H).
Ref: F. Christopher Pigge, John J. Coniglio, Shiyue Fang. Organometallics 2002, 21, 4504—4512
20
2-(isocyanomethyl)-1,3,5-trimethoxybenzene
OMe

MeO
NC

OMe
To a stirred solution of the previously prepared fomamide (0.675 g, 3.0 mmol) and

triethyl amine (1 mL) in 5 mL CH,Cl; cooled in an ice bath was added triphosgene solution

25  (0.356 g, 1.2 mmol dissolved in 5 mL CH,Cl,) dropwise. After addition and exothermic
phenomena faded, the reaction mixture was set-aside at room temperature and samples were
collected for TLC. When the reactant formamide had been consumed, the reaction mixture was
submitted to standard workup with CH,Cl,. Crude product was purified by flash column
chromatography (FC) (20%-25% EtOAc in hexanes as solvent) to provide light yellow

30 crystalline solid product (0.435 g, 70%): mp 107 — 109 °C; 'H NMR (200 MHz, CDCls) §6.13
221 -



5each R3 is independently -0C _6alkyl; OWNis a |eaving group; and n is O,
1, 2, 3, or 4. Preferably, the conpound of formula I is: 00 10 EXAVPLES
Those of wRi2biv/i2zmishe art will readily understand that wPrhe/usedloowiing
procedures are illustrative only, and are not intended to limt the scope
of the invention. In addition re 15procedures are set forth for _one

whe
enant i éteribA-di(hgt’BrEonerHok 31§§i(?’ o), diSddBet Boner SMRi(H) Miz S clebdir es can
be_usedqho, PERASS, (kNP5 801915208l ORI, G5 905 ASLET QTR S48 HRAS cflld for
di ast er eoner’s. neral " Tnforndti on. reagents’used were commerci al
pr oductG  EnNOsENet BB e @08i0D R fourfdi R0$1696 I ut i H i;NaNDe iMun Nes s 230 0E 3wfamd:
i ndi caggg. Jgé]ash chromat ography (FC) was 20 perfornmed using silica gel 60
(230-4 e , Sigma-Aldrich). For each procedure, "standard workup" refers

to she gl $QUhDE. GLERSs, FRPHHNE NISTBERT §ta M XVIUACPERELLEAE SRPBIAIAT Fndminnel
contai ning an equal volunme of water, extracting this mxture wth an equal
vol ure 2003.i hd#ead €W or gani c sol vent three tinmes and conbining the organic
phases together, washing this organic |layer with brine, drying it off with
sodi um sul fate or magnesium sulfate, filtering off the solid 25and

concentrhdrinRdiaktd ) 4-tdri-Buf 1 20AE - FuReHACR b di; io§-4-dRbuti@apqaigNt s (np) were
checked on MEL-T I\)/P (unco?yrggged). 1H NMVR sygiggtr?were obt aiféﬁg)(; at 200 MHz,
13C NViSkpdenry Inkerebutybd-(tert-hproxyearboppngposncdrae (3045470 recorded at
50 MHz and19R MR spectra were recorded at 282 MHz (Bruker DPX 200 and DMX
300 spectrgneters), Lg:hem' cal shifts are reported as 8val ues (parts per
mlliomnQ’e i Eo remai ni ng protons in deuterated solvent. Coupling
cofgtants are reported in hertz. The multiplicity is defined by s
(singlet), d (doublet), t (triplet), q_(quartet&, p]&pent_et) br (broad) or
m5 (multiplGapoupdAS0091s; 3 dsmpePevasetissghid dn dhmdnCiRet e dhe S0 @laraypd ser i es.

H gh- 1 ¢3abMtAL0 ™his solution tert-butyl 2,2,2-trichloroacetamidate (1.31 g, 6 mmol) and
BF3+Et;,0 (37 uL, 0.3 mmol) were added. After stirring at room temperature for 2 h, the reaction
mixture was cooled in an ice bath and solid NaHCO; (0.84 g, 10 mmol) was added in one

15  portion. This mixture was stirred for 10 min and filtered over a silica plug. The filtrate was
evaporated in vacuo and the residue was purified by FC (EtOAc/Hexanes, 15/85, vol/vol) to
provide a white solid 5 (1.10 g, 97%): mp 63 — 64 °C (lit.! 64 — 65 °C; lit.2 61 — 63 °C); [a]**p =
+20.0 (¢ = 1.0, CHCLs) and [a]*"p = -8.1 (¢ = 2.0, MeOH) [lit* [a]*p = + 19.6 (¢ = 1.0, CHCl);
lit' [a]*p =-7.4 (¢ =2.0, MeOH)]; "H NMR (200 MHz, CDCls) §7.35 (s, 5 H), 5.45 (d, 1 H, J =

20 8.0Hz),5.13(d,2 H,J=2.6 Hz), 4.46 (pentet, 1 H, /= 4.4 Hz), 3.00 (dd, 1 H,J; = 16.8 Hz, J> =
4.6 Hz), 2.83 (dd, 1 H, J; = 16.8 Hz, J, = 4.8 Hz), 1.45 (s, 9 H), 1.42 (s, 9 H); *C NMR (50
MHz, CDCl3) 6170.6, 169.8, 155.3, 135.6, 128.4, 128.2, 82.0, 79.6, 66.4, 50.6, 37.0, 28.2, 27.7,
HRMS calcd for CooHaoNaNOg (M + Na): 402.1893, found: 402.1886.

Ref: for fert-butyl esterification: A. Armstrong, 1. Brackenridge, R. F. W. Jackson, J. M. Kirk.

25  Tetrahedron Lett. 1988, 29, 2483-2486
For the product identification (melting point and optical rotation):

1. Stephen C. Bergmeir, Agustin A. Cobas, Henry Rapoport. The Journal of Organic Chemistry
1993, 58, 2369-2376
2. Robert M. Adlington, Jack E. Baldwin, David Catterick, Gareth J. Pareth J. Pritchard. J.

30  Chem. Soc., Perkin Trans. I,1999, 855-866

3. Madhup K. Dhaon, Richard K. Olsen, K. Ramasamy. The Journal of Organic Chemistry 1982,

47, 1962-1965
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experinments were perforned at Radi opharmaceuti cal Chem stry Secti on,
Departnent of Radi ol ogy, University of Pennsylvania, using an Agilent
Technol ogve20112MBB TOF Mass Spectroneter. Optical rotaPCouse@boes7ner e
measured on a Perkin El mer Moddel 243B polarineter. 10

2- (i socyanonet hyl)-1, 3, 5-tri net hoxybenzene Tnob-1C
N-(2,4,6-trinethoxybenzyl)formam de Ovk MeO NHCHO Owe Ethyl formate (7.5

m., 93 gug t RHiRo PRLL M thhéie ai ni ng
2,4, 6- t(%%rﬁﬁ%%g§$ﬁgmgggxgéﬂggg§g, 5(.))8 mt. ?Eecge)(g?:ti on m xture was

stirred at® r o¥Ba5t enperature for three days and was filtered. The filtered
out Miﬁw&ml | ected and dried under vacuumto provide crude
product {1.09 97% : 1H NWR (200 MHz, CDC13) 88.19 (s, 0.3 H), 8.14 (s,
0.7 H, 6.13 (df 2 H J2 = 3.0 Hz), 6.00 (br s, 1 H, 4.51 (d, 1 H J=5.2

Hz), 4.35 (A mixthihe ofthdeshert82)1,04%, 8F4(Bmol ahbl 1 0% BAC((8.2 & ikhbsoRe EtdH (20
Chri stopher Pigge, John J. Coniglio, Shiyue Fang. Organomet allics 2002, 21,

45:)&- 4mb) we shakenswidly Bydrasermaf|SP-psi fB),ffé-ht- ri e wgeaszberefiitaved and the fdtragei r r ed
i i : i LB75 . : 0
e ot hylsahndclfpRU B AGLRESRRE B QTR il 4009, Sfo ) 43050

tri phoggener sof et;i1art 985 (00899 og’'p &-2 60l= d0sE@YRGdI[0,]5° 1k - 3B E12) .5,
dropw se. Afte{ agddi tion and exot herm c phenonena faded, the reaction
mi xt ur MeRK) Bt ldsbdet 49.6oomh Q. &tk hiitrle] and -Zditprek0.de@Helol H ABUBA 260 r

TLC. t t. formam d bee S d, the reaction m re
wes subeeache b3 a 1B ap it H- Groed B2 APt ofuan Hes Soiti d by
flagh golyomsqhponatogs aphy: $IRGH, ( 20% 2390H1DAC =iy hexanesuas 18Qyvert) to
provi de 'I'i ght "yellow 30 cr'ystalline’solid product (0.4357g, 70%: np 107 -
109 C, NMRNMRMRERACIMELR) o CE] 3)6985.113.7; 814.-80.2, 50.5, 36.8, 28.3, 27.9; HRMS calcd

for C;3Hy3NaNOg (M + Na)+: 312.1423, found: 312.1420.

Ref: 1. C. C. Yang, R. B. Merrifield. The Journal of Organic Chemistry 1976, 41, 1032-1041

2. Robert M. Adlington, Jack E. Baldwin, David Catterick, Gareth J. Pareth J. Pritchard. J.

15 Chem. Soc., Perkin Trans. 1,1999, 855-866

(S)-4-tert-butyl-2-(tert-butoxycarbonylamino)-4-hydroxybutanoate (7)
NHBoc

HO/\/\[]/Ot-BU

0]
Acid 6 (0.733 g, 2.54 mmol) was dissolved in 5 mL THF in a 50 mL round bottom flask
20 and the solution was cooled to -10 °C. To this solution Et;N (0.39 mL, 2.79 mmol) and ethyl
chloroformate (0.27 mL, 2.79 mmol) were added dropwise. After stirring -10 to -5 °C for 30
min, the reaction mixture was filtered off. To a mixture of NaBH4 (0.203 g, 5.33 mmol) with 2
mL H,O in a 100 mL two-neck flask cooled with an ice bath was added above filtrate slowly.
The mixture was stirred at room temperature for further 4 h and was then acidified with 1 M HCI
25  until the PH =2 — 3 under the cooling with ice bath. The organic phase was collected and water
phase was extracted with EtOAc (20 ML x 3). The organic phases were combined, washed with
Sat. NaHCO3 (20 mL) and brine (20 mL), and dried with MgSO,. The filtrate was evaporated in
vacuo and the residue was purified by FC (EtOAc/Hexanes, 35/65 to 45/55, vol/vol) to provide 7
(0.618 g, 87%): [0]*p = -39.9 (¢ = 1.0, EtOH) [lit [0.]”p = -37.5 (¢ = 1.0, EtOH)]; "H NMR (200
30 MHz, CDCls) 65.35 (br s, 1 H), 4.36 (br s, 1 H), 3.77-3.57 (m, 2 H), 2.92 (br s, 1 H), 2.20-2.05
-23-



WO 2011/ 020018PCT/ US2010/ 045470 (s, 1 H), 4.55 (t, 2 H J = 1.7 Hz), 3.86
(s, 6 H, 3.83 (s, 3 H,; 13C NWR (50 MHz, CDC13) 8 162.2, 159.2, 153,18,
153. 08, 1\510.29&/02(1(&8. 6, 90.6, 55.9, 55.5, 34.3, 34.1, 34P0:r/USEMB/0¢5;I70:d for
C11H14NG3 (M + H)': 208.0974, found: 208.0961, CllHlBNaNOB (M + Na)'

230. 0793, und: 230.0778. 5Ref: 3.ousana P G ta, Hernani L. S  Mai a,

Si | via (M 2rl71 48 o O 4401 Hior 6 MBI ARS) MP@nQHC@&)}eﬁ b 15 6782 348093,

I nter o t anoat e
(3) (S Dens 4 ek S M Sk Gt SRR O N DO b, S5
0 NHBoRQ9B 681 .- Bu 100 Corrpound A (0.969 g, 3. 0 rrrml) was di ssolved in

10 nmL 2.1in . u tom flask. To thi tion tert-butyl
2,2, 2-%11%% Bigsiny %1‘91@54 'S @Tseﬁﬂtbom@ ) S ssE ?1‘%2265 37 ilL, 0.3 mol)
were added. After stirring at roomtenperature for 2 h, the reaction

m xture was cooled in an ice bath and solid NaHCO3 (0.84 g, 10 mmol ) was
added i(9)- G)ﬂatlﬁnﬂrl-(t@rt bitoxgcarbsmylamingsi-exohutaaoate(8)10 min and filtered
over a s ug The filtrate was evaporated in vacuo and the residue
was puri ed by (Et OAc/ Hexanes, 15/85, vol/vol) to provide a white solid
5(1.10»@)]\977&“/ Y63 - 64 C(Iit.l 64 - 65 C, lit.2 61 -63 C; [a]24D = +
20.0 (c 1.0,0CHC13) and [a]24D = -8.1 (c = 2 0 IVEOH) [1it2 [a] 22D = +
19.6 (c 1.0, CHC13) I|t3£_ 25D = -7 g) MeOH)]; 1H NWVR (200
MHz, CDC13) T@Td%lt(%l ofaqu}lol (424 1,1.08 mo 1&Cib§lzo(5mly) was adged golid  H, J—

4 6 rop oY s bbby g by R fifpende g Jm E03guiitic 32

9 Hp; 13GHOHAR. ﬁfﬁnMi-bz TI@QGﬂlﬁi)on&]aZQtlﬁred aﬁao& terhpbrafire £633.16, Sci28m 4hiod2ftc2,
82.0, 79.6, 66 37. 0, 2, ; HRVG cal cd for [ C20H29NaNO6 (M +
Na) ' : @9121“9189130 Moim&) W&@Qddfé@ed the reSLFktélfig bipBpsi¢ BTGV Vigrpeyly piged foaﬁ A

Al BT QI ) at@f ?ﬁlklg Agg?i rnB) was theh a gg%i:sﬂﬁr mtlm%eralsg'tﬁéﬁ e(c?réiﬁ@& Gaedr on

Lett. 1988, For "the pro entification ting point and
opti caICHzﬁﬂﬁ(dISmnl) x 3)1ThStepbiand GrgaBerlgyoes wercAiegtavar WgSOabi@issredsiend y
Rapoport. The iiour nal of 1993, 58

O Ch
Robert CRICSRHPICAHH 6??110&%&%0@ i CRiW‘?FT Eééﬁ ahreaﬁ%rapéw%ﬁt@w?lﬁwes = @ 'h J.
Prijschay/gy fu]rmsﬁég‘l@éﬂydg(sqo 24B %r g(‘j%) dy @@Jﬁlte ényst%ﬁ%%soﬁ@ﬁn@@@ 5 363 dedhugo K.

Dhaon, Ri char K. Journal of Organic Chem stry
1982, 42 °c196?2661965 OC)z\mﬁiﬁ;l:/ ezemsmmzmm&mﬁ b= 561 (c= 1.5, absolute
R T LA e I L G KA R N P L 0
MHz, CDCLy) 69.73 (s, 1 H), 5.35 (d, 1 H, J = 6 Hz), 447 (m, 1 H), 2.97 (t, 2 H, J= 4.4 Hz),
1.45 (s, 9 H), 1.44 (s, 9 H); *C NMR (50 MHz, CDCls) §199.4, 170.1, 155.5, 82.8, 80.2, 49.6,
20  46.5,28.4,28.0; HRMS calcd for C13H,3NaNOs (M + Na)': 296.1474, found: 286.1469.
Ref: for D-M reagent oxidation: D. B. Dess, J. C. Martin. The Journal of Organic Chemistry

1983, 48, 4155-4156

For the product identification (mp and optical rotation):

1. R. Marshall Werner, Ori Shokek, Jeffery T. Davis. The Journal of Organic Chemistry 1997,
25 62,8243-8246

2. Domink Werinik, John Dimaio, Julian Adams. The Journal of Organic Chemistry 1989, 54,

4224-4228

3. K. Ramsamy, Richard K. Olsen, Thomas Emary. Synthesis, 1982, 42-43
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O A mxture of the ester 5(1.04 g, 2.74 mmol) and 10% Pd/C (0.2 g) in
absolute EtOH (20 5 nL) was shaken with hydrogen at 50 psi for 3 h. This

m xture wWa® 20hienodiBl tered and the filtrate was concent r atedSandess4v@cuum t o
give a white crystalllne solid 6 (0.79 9, 100%9: np 97 - 99 C (lit.1 97 -98

; I|t 98 24D = 6.9 ( 1 0, EtO nd [ D=-23.6 (c
5. (FRoley Py iy botsacarnny Briipo-{ hhiokeacsfiy droxo RS - 774 (o' <
20 I\/QQH) M oftP@h3) 810.33 (br s, 1 H, 5.48 (d, 1 H J =
. elhowe &%Qﬁp_4OHZ) 3.02 (dd, 110 H Ji=17.0 Hz, J2 = 4.0
Hz) , 2.81(&8\{'91 H, 17.9 Hz, J2 = 4.6 Hz), 1.45 (br s, 18 H); 13C NW\R
X 817 9 155. 7, 82 4, 80.2, 50.5, 36.8, 28.3, 27.9;
01é,]}423 aNO6 (M Q-B%) * © 312.1423, found: 312.1420. Ref: 1. C
C. Yan 3\ \errifiel d.NABe Journal of Organic Chem stry 1976, 41,
1032 18’?1 2.0 t M Adlington, Jack E. Baldwi n, David Catterick,
Gareth J. Pareth J. Pr\tchard. J. 15Chem Soc., Perkin Trans. 1, 1999,
855-866 (S)-4-tert-butyl-2-(tert-butoxycar bonyI ani no) - 4- hydr oxybut anoat e
(7) NHBoc HO O Acid 67(0 733 g, 2.54 mmol) was dissolved in 5 nL THF in a
50 nmL round Tbmgt@fadfsbaﬁlbnammel% @el $Dh1ﬂﬁdl)3ﬁh VEsCls 0@l 1al) tvas acﬂdédQ, To this

solution Et3N (0.39 n_, 2. andehY chl orof ormate (0O 2.79
mof) \A}épféyaa@aé@yarbbﬁntg@eth&w@m%&q ©r30Ag: 146 mrgol) an@hlelfoas@wrﬁcm (Ot RS &

react
ot ) ol g R A e R e Tt R En B BU s
added ahdstrevatinirh nad mesbmdewasTMOmmgmphedmssmta gal €HtCaA c/Hoxanceh, SiOpH)Y tat ur e

for furth h and h d 1 MHCL 25 | th = 2 -
under ”%h@%é ST § s varpapic séiﬁde&pgaéa .*9%%@@%42‘9‘@%&%@%@6 Wrer

hase t t e S
bt nod > ERB A YA0, FELE R S A B fhi IDE 85,920 RIS SINEE =
My304. l'KhleH:E)i, Bi8H 4%, I\m@ semp@(m,tzaﬂ) i 11146/(3(:91H)ahdl2 (d)@ HeB:F dlsd{xyaé%pNMm ed by
FC (Et OAc/ Hexanes, 35/6
[ a] 25D (30 Mgz, §N(elx)-0 117101 1I§tl(§)l7-l)162f P1 1t67[6a]1§@ﬁ> L66 237165 2( é5—9 /i 1§5 5Et1@ﬁuga 10611H NVR

$700 (o0 2 APE 23, GED. 55955 gt 85 s B B S A 6y 5
H, 1, mms ca&drfamcgém&mgowqmﬂ)immm (fBOndviSZ 5. 2GRIC1 3) 8172 1, 156 6,

82.3, 80.3 51,3, 36.44, 8.1 H 13 N5 (M +
Na) ' 5‘83@55?1’6’& r{ﬁaCtl?@BAi%@QgerF@?mﬁ RQEV %ﬂﬁghlﬂé % %‘E?F er?ﬂéﬁras

Enqu. @f&hhems 1982, 42-43 5
(S)-4-tert-butyl -2-(tert-but oxycar bonyl am no) - 4- oxobut anoate (8) 0 NHBoc
a-Bu O

(25)-tert-butyl 2-(tert-butoxycarbonylamino)-4-hydroxy-5-0xo-5-(2,4,6-trimethoxybenzyl

HRVS caI cd

amino)pentanoate (10)

@) 0 0

”wot-Bu
\O OH NHBoc

20 To a stirred solution of 9 (0.678 g, 1.18 mmol) in EtOH/THF (5/5 mL) was added
thiourea (0.269 g, 3.54 mmol) and NaHCOs3 (0.297 g, 3.54 mmol). The reaction mixture was
stirred and heated to 50 °C for 1.5 h. The solvent was then removed under the reduced pressure
and the residue was submitted to FC on silica gel (EtOAc/Hexanes, 45/55 to 60/40, V/V) to give
10 as a mixture of C(4) diastercomers as a waxy white solid (0.543 g, 91%): 'H NMR (200 MHz,

25 CDCl3) 67.26 (brs, 1 H),6.13 (s, 1 H), 6.12 (s, 1 H), 5.45(d, 1 H, /= 5.6 Hz), 4.63-4.03 (m, 5
H), 3.82, 3.81 (s, s, total 9 H), 2.43-1.84 (m, 2 H), 1.45 (d, 9 H, J= 1.2 Hz), 1.43 (s, 9 H); "°C

NMR (50 MHz, CDCl3) 6172.6,172.0, 171.5, 171.3, 161.0, 159.5, 157.3, 156.1, 106.7, 90.8,
-25-



To a solution of alcohol 7 (0.284 g, 1.03 mmol) in CH2C12 (5 nlL) was added
solid NaHCO3 (0.861 g, 10.25 mmol) and Dess-Martin periodi nane reagent (5.1
m. 0.3 Mwb2eud20@sol uti on, 1.53 nmol ). The sol uti on WaPCIIUS2E1OHB4HT0 r oOM
tenperature for 1 h. Sodiumthiosulfate solution (1.0 M 5 nlL) was added

cat ur ated: ReAdst ) P tas S el Shicdo shD AT 5 S hch aan S ¢ n
CH2C12 (it fSLCXHIN,O] (9 CATRUDE s 8, RIS 40 RYEHS 498066 dr | ed over My504,
filtered, and concentrated in vacuo to afford crude product. Flash

chr omatRediy hp¥iitsyoRviasudd, Hekashe KitaRga glidedls \MNyrité. Ul asak h@tteal dehyldd tBe d@edd@: g,
86% as.a white c I 1 {(d: np 61.5 -63 C (lit.1 60 - 62 C, lit.2 66
67 O SC}FQT%%ffZ%M%gsLd ?gogzii’%dg%, CH2C12) and [a] 25D = -26.1 (¢ = 1.5,
absel ute £t A)NaLdlR. ©hho29. NarfiSe, and HO Fak &dBCYh-anddrbBLERNIDID 351-21. 6 (Cc =

1.5, EtOH)]; 1HNMR (200 MHz, CDCi3) 89.73 (s, 1 H), 5.35 (d, 1 H, J= 6 Hz),
4.47 (m 1 H), 2.97 (t, 2 H J= 4.4 Hz), 1.45 (s, 9 H), 1.44 (s, 9 H: 13C

28,0, RSP A Bupibonigdy-Fiulodideo £ ke ingn o nur

for D Mengdamivio)pitdAbate 10’ PandB(29)aRI-text-butyl Mpeit-butoXearBonylamingfd-Or gani ¢
Chem stry 1983, 48, 4155-4156 For the product identification (np and

opt i calhYHs@gTP-9%9-5-(2,4,6-trimethoxyhengylamingypenanoagy,(18hhkek, Jeffery T. Davis.
The Jour nal~®f O ganic Chemistry 1997, 2562, 8243 8246 . Dom nk Veéri nik,

John Di mai o,] Jul i arj| Adans.]| The Journal of JOrganid| Chem dfry 1989, 54,
4224- 4228 3.NK YRanpanpt-Bii chard K. fAO¥€n,NTh Emetr-Bu  Synt hesi s,
1982, 42- 11602 CT/ US20104 Q48428 ( 23) - Der tNHBHcy |

2- St ert - But oxycar bonyl ami no) - 4- (2- chl oroacet d}y) - 5- oxo- 5- ( 2, 4, 6-
trilfret hoxybenz>/l am no) pent anoate (9) Owe00 -Bu H ONHBoc Me OOV 0 Ol

The two diastercomers’ mixture 10 obtained above was submitted to FC (silica gel 60,
EtOAc/Hexanes, 30/70 to 60/40, V/V) to present two diastercomers — alcohol 10° and 10”.
Alcohol 10°: white solid: mp 143 — 145 °C; [a]*°p = — 28.7 (¢ = 1.06, MeOH); HPLC of 10°:
>99% [Rt = 9.45 min; column: Lux 3u Cellulose-1 (150 % 4.6 mm) tandem connected with
15  Chiralcel OD (250% 4.6 mm), UV detector, 210 nm, 15% 2-propanol in hexanes; flow rate: 1.0
mL/min]. "HNMR (200 MHz, CDCls) §7.23 (brs, 1 H), 6.09 (s, 2 H), 5.47 (d, 1 H, J=7.6 Hz),
489 (d, 1 H,J=4.2 Hz), 4.54-4.22 (m, 2 H), 4.03 (dt, 1 H, J; =11.8 Hz, J, = 3.6 Hz), 3.78 (s, 6
H), 3.77 (s, 3 H), 2.27-1.86 (m, 2 H), 1.42 (s, 9 H), 1.39 (s, 9 H). *C NMR (50 MHz, CDCl3) &
171.9,171.3,161.0, 159.5, 157.3, 106.8, 90.8, 82.6, 80.7, 68.5, 55.9, 55.4, 51.0, 39.1, 31.9, 28 3,
20  28.0. HRMS calcd for C24H30N,00 (M + H)': 499.2656, found: 499.2643.
Alcohol 10”: white solid: mp 58 — 61 °C; [a]*’p =+ 10.5 (¢ = 1.0, MeOH); HPLC of 10”: >99%.
[Rt =9.36 min; column: Lux 3u Cellulose-1 (150 x 4.6 mm) tandem connected with Chiralcel
OD (250%x 4.6 mm), UV detector, 210 nm, 15% 2-propanol in hexanes; flow rate: 1.0 mL/min].
'H NMR (200 MHz, CDCl3) §7.24 (brs, 1 H), 6.12 (s, 2 H), 5.42 (d, 1 H, J=7.0 Hz), 4.89 (d, 1
25 H,J=42Hz),458(dd, 1 H,J,=13.6 Hz,J,=5.8 Hz),4.39 (dd, 1 H,J;=13.6 Hz, /,=5.0
Hz), 4,26-4.11 (m, 2 H), 4.02 (br s, 1 H), 3.814 (s, 6 H), 3.808 (s, 3 H), 2.36 (dt, 1 H, J; =144
Hz, J,=5.0 Hz), 1.91 (dt, 1 H, J; = 14.4 Hz, J, = 7.6 Hz), 1.46 (s, 9 H), 1.43 (s, 9 H). C NMR
(50 MHz, CDCl3) §172.5, 171.6, 161.1, 159.6, 156.3, 106.9, 90.9, 82.6, 80.4, 69.8, 56.0, 55.5,
52.2,38.7,32.3,28.4,28.1. HRMS calcd for Co4HzoN,Oo (M + H)": 499.2656, found: 499.2638.
30
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To a stirred solution of 8 (0.366 g, 1.33 mmvl) in CH2C12 (10 nL) was added
2- 5(isocyanonethyl)-1,3,5-trimethoxybenzene (0.303 g, 1.46 mmol) and

chl or oacewDcoH@i200180. 138 g, 1.46 mmol ). The reacti on wa®CIUSLOOH43T0 r oom
tenperature for 24 h. The sol vent was renoved under vacuum and the residue

hr oat d i1 | | (Et0Ag/ He 30/.7 40/ 60, VAT) .t
e e S G5B S S ) i ks
(br s, a%iﬁoﬁbenta%&é’e(ﬁp 0.5 H J=5.1 Hz), 5.26-5.03 (m 2 H), 4.65-4.22
(m 3 H), 4.13 (d, 2 H J= 1013.4 Hz), 3.81 (s, 9 H), 2.51-2.05 (m 2 H),

1.46 (s, 9, 1.4® (d, 90H, J = 5.8 Hz). 13C NMR (50 MHz, CDC13) 8171.1,

171.0, 168 7.W 166. 2, 161.2, 159.4, 155.5, 106.3, 106.1, 90.8,
82.6, 82.5 - 2,N72%5, Tr1.9Bs5.9, 55.5, 51.1, 50.5, 40.9, 40.7, 34.9,
34.7, 3R.5; ~4, 280Ts NH#RWE cal cd for C26HA0CIN2010 (M + H)': 575.2371,
found: 575. 2360 Ref: for Passerini reaction: Al exander Donmling. Chem
Rev. 2006, 106, 17-89 and reference 15therein (2S)-tert-butyl

2- ( t er {lobustoxadcatusomydfadi (Y64, Hyidrospl)5n dxXd(8: (19, mLbcealedeithass/bath 1§ FC)

ot MSEROR P 0515 48 eSS (sl Ghos ot i whigtf
NaHCOB 208 c29i4tig a@uﬁm—mméthylaﬁh@pzﬁ@iﬁé (OMAR XL LI @R 0. 613 %)r etftarmehiMemigd to

50 Cfor 1.5 h. The sol vent was then renoved under the reduced pressure and
the redt QuE iers 1 ubini. tthe dea batECven remavied athgetcagtrmokent Hédn esermight 38d tthen

60/ 40, ) 510, gi 1 XLur ( di e r S . .a. ite
col i d (Uestg Tt Rl b Gt 25 e stRbPERUR, 3@ pifliony e
1 H, GEARA/Blexdnek))40/& S50, VIVHio provide.afakzyhitedsd@id- . @DHS(gn96%)HHPLET 82,
3.81 (s, s, total 9 M), 2.43-1.84 (m 2 H, 1,45 (d, 9 H J= 1.2 Hz), 1.43
(s 109" fil: ispmer qUR P86, i, 1&AETRI: gsomer gwoy $9%g Rti7 1852 ming [golumgy Lyx 3u
159.5, C%%ﬁlo%e-l%@@ L 4.%%m3; UQdeéector, 210 nm, 5% 2-propanol in hexanes; flow rate: 1.0
mL/min]. 'H NMR (200 MHz, CD,CL,) § 7.72 (d, 2 H, J = 8.2 Hz), 7.28 (d, 2 H, J = 8.2 Hz),
6.79 (d, 1 H, J=20.6 Hz), 6.15 (s, 2 H), 5.14 (br s, 1 H), 4.83 (t, 1 H, J= 6.8 Hz), 4.50-3.94 (m,
3 H), 3.82 (s, 6 H), 3.81 (s, 3 H), 2.41 (s, 3 H), 2.28-2.11 (m, 2 H), 1.43 (s, 9 H), 1.42 (s, 9 H).
15  C NMR (50 MHz, CD,Cl,) § 171.0, 167.3, 161.8, 159.9, 155.8, 146.3, 133.3, 130.6, 128.5,
128.4, 106.6, 106.4, 91.3, 82.8, 82.5, 80.2, 78.0, 77.7, 56.4, 56.0, 35.7, 35.3, 32.9, 28.7, 28.3,

22.0. HRMS calcd for C3;H4sN>O1;S (M + H)+: 653.2744; found: 653.2734, 653.2739.

(2S, 4R)-tert-butyl-2-(tert-butoxycarbonylamino)-5-oxo-4-(tosyloxy)-5-(2,4,6-tri

20  methoxybenzylamino)pentanoate (11°)

~0 0 0
N)WJ\Ot-Bu
N H  5Ts NHBoc
O o)

/
Following the procedure in the preparation of 11, compound 11° was prepared from alcohol 10’
(2.010 g, 4.04 mmol) as a pale white foamy solid (2.599 g, 99% yield): [a]*’p = — 30.5 (¢ = 1.04,
MeOH); HPLC of 11” for purity: 98.0%, [major peak: Rt = 15.9 min; minor peaks: 19.0 min and
25  24.6 min; column: Chiralcel ODH (250 x 4.6 mm), UV detector, 210 nm, 5% 2-propanol in

hexanes; flow rate: 1.0 mL/min]. "H NMR (200 MHz, CD,Cl,) & 7.72 (d, 2 H, J= 8.4 Hz), 7.28
(d,2H,J=8.2Hz),6.73 (brs, 1 H), 6.15(s,2 H), 5.12 (br s, 1 H), 4.84 (t, 1 H,J= 6.0 Hz), 4.39
(dd, 1 H,J;,=139Hz,J,=5.7Hz),4.27(dd, 1 H, J;,= 139 Hz, J,=53Hz),3.96 (q, 1 H,J=
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- 25 - WD 2011/ 020018PCT/ US2010/ 045470 82.7, 82.4, 80.8, 80.3, 69.6, 68.5,
55.9, 55.4, 52.0, 51.0, 39.1, 38.5, 32.2, 31.9, 28.3, 28.0; HRMS calcd for
C24H39N20WO(2M 1#026018:  499. 2656, found: 499. 2669, 499. 266 PCTRSR2010D454% t suo
Masaki, Takeshi Kitahara, Hi deaki Kurita, Misaki Ohta. Journal of the

Naruse e BT 00 S LR A ar oot 238 ef Mottt 4Bl J e ST Gd)

2- (terig huip ﬂY’é%\QRQ‘{ib ﬁﬁ OQ%DZ@JQYJJ'@W X122, (1%941 Ps4.4 1mBINP%Y 0, 130.1,

benzyl ami no) pent ano 3[er “buty

2- ('t er t12BUt OO tHOIHRY1aA9.80) 7 8-56.0, 55.5, 51 6, 34.8,32.6, 284 28.1,21.8. HRMS calcd
hydroxy 5- 0x0-5-( i et ypbenzy 1.NQ) pent anoat e (10") NGt - BUNYOQY - Bu
H. 7, H & @n-‘-é@%%} ‘él-@)&ff%b é.%%ﬁg édjisgrs?tﬁﬁeomars' m xture 10 obtai ned
aboge was submtted to FC (silica gel 60, EtOAc/Hexanes, 30/70 to 60/40,

VN) to present two diastereoners - alcohol 10' and 10". Al cohol 10': white
sol i d: (3% 4B)3ertad-2-{ el bW oxyearBomylamino)iz-060-4NEBHoXy HM(L4@Htri0' : >99% [ Rt

= 9.45 ol u Lux 3u Cel | se-1 (150 x 4.6 mm tandem connected with
15Chi rﬁgﬁpxy&n%%wn@p%nmateﬂ get ector, 210 nm 15% 2- propanol in
hexanes; fl*qurateolo mg mn]. 1H NVR (200 MHz, CDC13) 87.23 (br s, 1 H),

6. 09 (s 2 (d 1JH J =7.6 H), 4.89 (d, 1 H J= 4.2 H),
4544 +p| (dPtBa H, Ji = 11.8 Hz, J2 = 3.6 Hz), 3.78 (s, 6
H) , 202§l\1HH£©(m 2 H, 1.42 (s, 9 H), 1.39 (s, 9 H. 13C

NVR ( 50 R+z cqtl3) 8 171.9, 171.3, 161.0, 159.5, 157.3, 106.8, 90.8, 82.6,
80. 7 68.5, 55.9, 55.4, 51.0, 39.1, 31.9, 28.3, 20 28.0. HRMS calcd for

C24H39W08w{rlyd the phocedidOth 6 pespafation d)f 1 ﬂ%n%ﬁﬁd 11 cahplepd@d fronhialtéhat @0 d
rrp58-610;&26D-+105(c—1 'HPLCoflz'>99%[Rt—936
m A9 cdl-aks: 3.Bbxmse) et p@lPG@étefOf(nl‘BGpl}d @ @%%Wﬂtﬂﬁ]dér{ﬂﬂ:omnécldeb(q/wﬂwl

Chi r al H ct.or 5% I n.hexanes;
Tow r ARoR HPARYSE frrl Py by 560 BELEE pedkEy 18 TREE HBRAMN g4 R 15008
2 H, %ol Gj}hlrltlcbl ODH=(230& 4‘B)nm)4U8)9df(téhtorl22(5hh1 3% lel%ph'lidl in 14@)51816:( dld)w 1 H,

Ji = 13.6 Hz, 5.8 4.39 H J1 =13.6 Hz, J2 = 5.0
4, 26- 4 ratg: k%mlznw] HW (300 MHz, @@C1335871715 (ds2PBJH)8431@0§2iéd 29HH5 82 36

(dt 1 gd2 = 7.6
T Q4 Tty BB mos 1 1) B&W&mﬁ cBedy F bl in i
16151 1459415,, 1560 B 108 2. 90, 9, - 82481z DO- 4,2 09 .1556: 0.1 186354 (53 ), 36.7,
32.3, 28.4 cd for C24H39N209 (M + H)': 499 2656, found:
199, 26§882C§06H) 242(s TH) 2.50-222 (m. 3 H). 145 (5, O'H), 1.43 (s, 9 H)._ *C NMR (50 Mz,
CDCls) 5170.7, 167.1, 161.2, 159.5, 155.5, 145.5, 133.1, 130.1, 128.2, 106.3, 90.9, 82.4, 79.9,
56.0, 55.6, 50.8, 35.0, 32.7, 28.5, 28.1, 21.8. HRMS calcd for C3;HysN>O11S (M + H)':

653.2744; found: 653.2729.
20
Procedure for fluorination by TASF: synthesis of tert-butyl-2-(tert-butoxycarbonylamino)-
4-fluoroS-0x0-5-(2,4,6-trimethoxybenzyl
amino)pentanoate (12)

@) 0 @)

P o
~ o o F NHBoc

25  To astirred solution of 11 (0.340 g, 0.52 mmol) in CH,Cl, (7 mL) cooled in an ice bath (0 °C)
tris(dimethylamino)sulfonium difluorotrimethylsilicate (TASF, 0.287 g, 1.04 mmol) dissolved in
CH,Cl, (3 mL) was added dropwise. After maintaining at 0 °C for 1 h., the ice bath was

removed, the reaction was kept at r.t. for 12 h. The second part of the TASF reagent (0.287 g,
-08 -
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(2S)-tert-butyl-2-(tert-butoxycarbonyl am no)-5-o0xo0-4-(tosyloxy)-5-(2,4,6-tr
i met hoxyb&ozyivenmiigo) pent anoate (11) ? 00 N Y Y Ot - BuPOTHS@Nis/0MHBoCc | To

a stirred solution of 10 (0.546 g, 1. 09 mmol) in CH2C12 (10 nlL) cooled with

o D4 308 o2 556R L T St P ALY
4-di metjhy, aﬂﬂeﬂ@&xl'bh%a@%uém by QddifiofBPlce- cglcﬂﬂ‘aﬁelg?i -mBf I thBRLMRIEd RY at O
Cfor 15 mn., the ice was removed, the reaction kept at r.t.

over ni ghmdaﬁdvqrhqnwgh lﬂﬁzﬁlze T heceredeamddrad vae pkupediby RCCBXRAQ HeTdmes.cyafeto

2 pal o i YU dy b gkl GTio8aay 0 1P e algon 1 B2 SHE bl Py

12. 53 r@ﬂ)(bquﬁmtwﬁ éﬁ%sfﬁﬁﬂ&f 0)”5 4. 5[0%)0(111&'@5“5 Hh U3 7% h! ylsape- 1
(150 x 4.6 ector, 210 nm propanol 1 n hexanes; flowTrate:
1.0 niAidng.32 m Nﬁm&@@ WD), 26:5}2(0152()1181?) 124((8,9 H).H,4206, BHY. HE)NMR (8 (d

, = 8. , b
)" o ol L6 At 45 35 1R soPig s Retd hind S0 1
H, 2. %8€§7 438’)'@ 822412§2%61§06n?7425'5*)9 545431 ( 6. 193'5*)6 3:124?2&%8 Pokh. 15 13C
NMVR (50 8 171.0, '167. 161.8, 159.9, .8, 146.3, 133. 3,

130. 6, H@MSRalCﬂ’Z@E @34HM2@$ (MOJGH%I 5912612 gougl; 5922591 80 2, 78.0, 77.7,

20t Joncmarantiy s sl 2o, I PagarStabino s pign

4R) - t emdiflpsorimeh{ Rk &tebéllmw%f EIDYERIHIRIagen QK8 OrdanRSS Yy 2001.2, 4, 6-tri
20 net holxybenzyl a%n ng) pent anoat eCp( 1}:{ ) 'j(;ooag e WNréa OTls NHBoc

Fol | owi ng the procedure in the preparation of!!, corrpound 11' was prepared

Lo e R Ghafh R o, WalBbo " R il SOPRLPELR) B2 2

[ maj or m@@lycaﬂionylalﬁma) #iMior05-086-5PQAKE-trithtHdx¥b énAN dmdio)géntansate (1ppl um:

Chiral cel QDH (250 & 4.6 nm, UV detector, 210 nm 5% 2-propanol in
hexanes; fldvrate9 1.0 mn]. 1H NWVR (200 MHz, CD2Cl12) 8 7.72 (d, 2 H, J
= 8.4 Hz), G g2 Hz), 6.73 (br s, 1 H), 6.15 (s, 2 H, 5.12
(br s, 1 84H(t B? 6.0 Hz), 4.39 (dd, 1 H Ji = 13.9 Hz, J2 =
5.7 Hz) 074 27 (gld '\jﬁ"_139Hz J2 =53 H), 3.96 (q, 1 H J=-27 -

WD13011/ 020018I?CT} USZOlO/ 045470

To a stirred solution of tris(dimethylamino)sulfonium difluorotrimethylsilicate (TASF, 1.38 g,
5.0 mmol) in CH,CIly/THF (1.5 mL/1.5 mL) was added Ets;NO(HF); (0.25 mL) dropwise. After
that, tosylate 11° (0.391 g, 0.6 mmol), THF (1 mL) and above “neutralized” TASF (2.7 mL, 3.0
mmol) were added one by one to a 25 mL two-neck flask equipped with a reflux condenser. The

20  mixture was heated to 50 °C by oil bath for 10 h, the oil bath was removed, the reaction mixture
was diluted with EtOAc and washed with half saturated NaHCOs, water and brine subsequently.
The EtOAc phase was collected, dried by MgSQy, filtered, concentrated in vacuo. The left
residue was purified by FC (EtOAc/Hexanes, 25/75 to 40/60, V/V) to provide a pale white
foamy solid 12° (0.232 g, 77%); [0]**p =+ 1.70 (¢ = 1.14, MeOH); HPLC of 12°: [99%, major

25  peak: Rt =22.8 min; 1%, minor peak: Rt = 25.2 min; column: Chiralcel OD (250 % 4.6 mm), UV
detector, 210 nm, 1.5% EtOH in hexanes; flow rate: 1.2 mL/min]. 'H NMR (200 MHz, CDCls)
0 6.69 (brs, 1 H),6.12(s,2 H),5.32(d, 1 H,/J=8.6 Hz), 5.13 (dd, 0.5 H, J, = 8.8 Hz, J,=3.2
Hz), 4.88 (dd, 0.5 H, J; = 8.8 Hz, J, = 3.2 Hz), 4.60 (dd, 1 H, J; =13.6 Hz, J, = 6.0 Hz), 4.42-
434 (m, 2 H), 3.81 (s, 9 H), 2.64-2.06 (m, 2 H), 1.45 (s, 9 H), 1.43 (s, 9 H). “C NMR (50 MHz,

30 CDCl3) 6170.9,168.8,168.4, 161.3, 159.5, 155.3, 106.2, 91.2, 90.8, 87.5, 82.5, 80.0, 56.0, 55.6,
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7.4 Hz), 3.821 (s, 3 H), 3.817 (s, 6 H), 2.41 (s, 3 H), 2.20 (t, 2 H J=
6.4 Hz), 1.43 (s, 9 H), 1.42 (s, 9 H). 13C NMR (50 MHz, CD2Cl2) 8170. 6,

167.1, 16402p11kB6ME, 155.4, 145.5, 132.9, 130.1, 128.1, PCOAIS20109@549) 82. 1,
79.9, 77.5, 56.0, 55.5, 51.6, 34.8, 32.6, 28.4, 28.1, 21.8. HRVB calcd for

CULARZOLY (Mo H) oy £33 2T sl o, 58 2040 2S00 oo founds .1

nmet hoxypengy3 am no) pent anoate (11") '000 o/ NY T Ot Bu H OTs NHBoc
Fol |l owi ng the procedure in the preparation of!!, conpound 11" was prepared
f rom al(opsials of02’ $@(ables orgX-r@y d@staheiryctas analysis avaxh iobrirfedangm sodlow spvetl g,

96@6y|eld = 1. MeOH) ; HPLC of!'!'"™ for purity: 97.7%
[najor @%ﬁa”¥£%ﬁﬁgénﬁHﬁyﬁwS%ﬁH%ﬁn é& 16.2 mn; colum: Chiralcel ODH

(258 x(ﬂyﬁdmﬁhmnuMﬁQngﬁ&gmﬁ1210 nm 5% 2-propanol in hexanes; flow rate:
1.0 m./mn]. 1H NWMR (200 MHz, CDCl13) 8 7. 75 (d 2 H J=8.4 Ft) 7.25 (d, 2

H J=8.4 Hz), 6.91 (br s, 1 H), 6.14 (s, ,é’ .12 (br s, 1 H, 4.94 (t,
1H J=6.0Hz), 4.52 (dd, 1 H, Ji = 1514. ' 2 = 6.0 Hz), 4.30 (dd, 1
H Ji = 14.4 FE, J2 = 5.2 H), 4.18 (br s, 1 3.4 (s, 3 H, 3.82 (s, 6
H, 2.42 (s, 3 , 2.32-2.22 (n1 2 FD, 1.45 ( P 'Qﬂl 43 (s, 9 H. 13C
NVR (50 MHz, f)DClﬁ) 81 Q} O45
1301 128. 21063, 9
28.1, 21.8. ¥
653.2729. 20 Pro
tert-butyl-2-£t
4-f | uor 05- ox0o=

N '56. 045%. .8, 35.0, 32.7, 28.5,
- 14500 (N 653.2744; found:
F: synthesis of
{18
i o) pent anoate (12) 000 25To a
fapd20i n CH2C12 (7 mlL) cooled in an

oy

stirred solutl

ice bath§£0 CD

CS w——‘ e s
o2 02N
O Yoot
™
A0
0/42022

(2S, 45)-tert-butyl-2-(tert-butoxycarbonylamino)-4-fluoroS-o0xo0-5-(2,4,6-trimethoxy
benzylamino)pentanoate (12)
-0 O O

@CNWOPBU
\O 5 F NHBoc
/

To a stirred solution of tris(dimethylamino)sulfonium difluorotrimethylsilicate (TASF, 1.43 g,
5.2 mmol) in CH,CIly/THF (1.5 mL/1.5 mL) was added Et;NOJ(HF); (0.26 mL) dropwise. After
that, tosylate 11” (0.434 g, 0.66 mmol), THF (1 mL) and above “neutralized” TASF (4.4 mL, 5.2

10

mmol) were added one by one to a 25 mL two-neck flask equipped with a reflux condenser. The
15  mixture was heated to 45 °C by oil bath for 24 h, the oil bath was removed, the reaction mixture
was diluted with EtOAc and washed with half saturated NaHCOs, water and brine subsequently.
The EtOAc phase was collected, dried by MgSQy, filtered, concentrated in vacuo. The left
residue was purified by FC (EtOAc/Hexanes, 25/75 to 40/60, V/V) to provide a pale white
foamy solid 12” (0.101 g, 30%); [a]*p = - 18.4 (¢ = 1.10, MeOH); HPLC of 12”: [96.6%,
20  major peak: Rt =20.5 min; 3.4%, minor peak: Rt = 19.0 min; column: Chiralcel OD (250 x 4.6
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tris(dinmethylam no)sul foniumdifluorotrinethylsilicate (TASF, 0.287 g, 1.04
nmml ) dissolved in CH2C12 (3 nL) was added dropw se. After nmaintaining at O
C for 1 hwo2he2ome bath was renoved, the reactl on was Irethsaolom43470for 12
h. The second part of the TASF reagent (0 287 g, -28-

added. SHLNCCPEET PN P Ve BIOH R Potuncy LA kP O S 12
quench?\ghpyc aflh 5l 6)?3 g_{l'}‘f'e./‘ﬁ@%qﬁgeé gﬁ {2 FSHS 130d, then= Wg&%g%&(gﬁ@ 0.5

st anda up Wi t 2CI2. The e product was purifie
( Et OAC/HH ar9ex Hz35/-650 ) 458 B, 0. S'M)H 64ptM. db4e%5|(ng BtH)yéJSB(Qw9sIdi) D12
(0. 1582g178 610? 1H NMR 56.70 (b

5.34-5 H). lp6 (5, é)é‘ti‘o(s Mo. 31{4%}481‘@50%% a8 3%1516151 18- 8:416%34,4 32
L0 s gglﬁa(ﬁaﬁaﬁ%o 17@3’827 175! P addd sol 45\ 05 0% gt B

155. 3, 233(16 IZRMBOGIcH, oD C24H3:FN R (VOO 1B, : S8T.24]2:88uild: 58226]]5 82. 36, 80.0,

77.4, 55.9, 55.5, 51.1, 36.1, 35.6, 35.2, 32.2, 28.4, 28.1. HRMVS calcd for
C24H38FN208 (M + H)': 501.2612; found: 501.2591. 10Ref: RajanBabu, T. V.;

M ddl e{9g,4R4L2, é-DlaI];%(; @rfﬁfok'b-’s o\éggént’anxfc'a%fdj(lﬁﬁt hyl am no) sul f oni um

Di fluorotrimethylsilicate. Encycl opedi'a of Reagents for Organic
Synt hesi s ) ocedur e for fluorination by "neutralized" TASF. syntheis
of (25,4 S d/._}

2- (tertl:?utox cagpbony am no) - 4-f | uor 05- oxo-5-(2, 4, 6-tri net hoxybenzyl
am no) pent anoat E'HG 12') " 000 15 To a stirred soI ution of

d f i badr
AP OGN 2 ISR 078 (3Bt ot

dr opwi $@ *Cptrifhrorodeatic a¢1d§1]]FAI Eml) 'wab @d@8idrgpwBe 6 Afiep hdditidiikhe ite bth veasd

above "neutrali,zed" TASF re added one one to a 25
O oo TR TR At Bty kPt AL BEdi e JE%%%@W?&W&W@%@&MW@ Qas

heat ed r{QowrOmEstor 21 ThdRbidué Yas dlsdtved 1|ﬂ 5 @E?}Ehd"@%hre@ RBMECE, ¢ 1DEs Eact i on
m xture was diluted with Et 0Ac and wash e wth half saturated NaH , wat er
and br i2heThebgmquepart yas qq@é@(Em@Aocqammnd/\a@ltl@bmdet@tpéﬁ 7dW|Sé@Nb@d1N@8@flice-

f ker ed d
£ 6 e Pl ARG TR Bl MR gy IS sphib BGR a5 o P i kSR By,
12 (0 5@3‘2}(&1—2037(%1L fo{rﬂ] RAD, washed with Wterank ﬂlﬂtheﬂ\&@tbﬂ withPYCa@lcobid amn{oﬂﬁi%

maj or 25 peak: Rt = 22.8 mn; 1% mnor peak: = 25.2 mn; colum

Chi r al dér frapigpFOniingng pragyct ware peeled pod cor@wraft@d invasyg mriqdinyskighs;
o 38 W 230: Ml Ry O gy 12
HZ) 4 r88ry(sdudhza6015ﬁblm EtOH/HQG t8 pi‘dzf;lde\]a2whlté3scﬂ1dl'ﬂﬂ)0451g 60%(§ﬁkdd) inIHl 753°CI. 13 6
1. 2@ &decg, [H)'I D f +4£h,6 %éc @ 1) Hz@B@N%O Bd9§/I8|z/°a Wﬂls)Rt@?b%mllioG%z%%

%,S%,“ Bt bo00 78RN ?%ﬁléﬁo?%zﬁ?%l&%éﬁ%e%ﬁﬂﬁ%“%@% TRLEE Vo 1

HRVS ¢ @k edtol, @54 @2 HIBMNE 0B S Ok olutisf) oAb ikds: 1f(omndnin, column temperature 10 °C];
'H NMR (200 MHz, D,0) §5.41 (dd, 0.5 H, J, = 10.0 Hz, J, = 3.0 Hz), 5.17 (dd, 0.5 H, J, =
10.0 Hz, J; = 3.0 Hz), 3.97 (t, 1 H, J= 6.6 Hz), 2.74-2.24 (m, 2 H); “C NMR (50 MHz, D,0 +
25  trace CD:OD) §175.1, 174.7, 174.2, 91.8, 88.2, 53.2, 34.7, 34.3; "FNMR (282 MHz, D,0 +
trace CD3;0D) 6—188.2 (H-F decoupled); HRMS calcd for CsH;(FN,O3; (M + H)+: 165.0675;
found: 165.0683.

Crystals of 4-FGIn 1 suitable for X-ray crystal structure analysis were obtained from a slow
solvent evaporation of H,O solution of 1.

30  Crystal structure of final 4-FGIn (25,4R), 1:

-31 -



501. 2613. Crystals of 12' suitable for X-ray crystal structure analysis
were obtained froma slow sol vent evaporation of CH2Cl2/ Hexanes sol uti on of
12' . 5Crywoabiigioust ure of internediate 12': (2S, PCT/US2010/045470
4S)-tert-butyl-2-(tert-butoxycarbonyl am no)-4-fluoro5-oxo-5-(2,4,6-trimetho
xy benzyl am no) pentanoate (12") 00 10 To a stirred solution of
tris(dimethyl ap no) sul foni um di fluorotrinethylsilicate (TASF, 1.43 g, 5.2
mmol) in CH2C13/ THF (1.5 nl/1.5 nm) was added Et3N (HF)3 (0.26 nl)

dr opwi se. Aftea that, tosylate 11" (0»434 g, 0.66 mml), THF (1 nL) and
above "neutral ilzed" TASF 4.4 e, oD, rrrml) wer e added one by one to a 25
mL two- neck f qty ppe\ vmth-a. ef | ux condenser. The 15 m xture was

heat ed tb\A by o> ~?\-; the oil bath was renoved, the reaction
m xture wag dil uted r nd shed with half saturated NaHCO3, water
and brine subsequentjl y. The ﬁ € was collected, dried by MgSH,
filtered, concentrag,ed in vacu he I'eft residue was purified by FC

( Et OAc/ Hexanes, 25/%5 to 40/ 60, V\X/) to provide a pale white foamnmy solid 12"
(0.101 g, 30% [0] 22D - 18.4 (c = 1.10, I\/EOH) HPLC of 12": [96.6% 20

maj or peak: = 20.5 mn; 3.4% mnor peak: = 19.0 mn; colum:

! S SRR e S ) MO SANER I o

(200
MHz, CDC13) 86.73 (d, 1 H, J= 3.8 Hz), 6.14 (s, 2 H), 5.15 (d 1H J=28.8
m%5n6w¢oaH,Mzgzm“m:&om%431u,a5H3:64m%
4. 63- 4.(3% ASA2,BDHMIG-BHups-5Dxbpentanditacd 2B (m 2 H), 1.46 (s, 9 H), 1.44

(s, 9 H. 43CN
155.7, 106[0, 91.
32. 2,
501. 2615,

(50 MHz, CDC13) 8171.1, 168.8, 168.4, 5161.3, 159.5,

, 90.7, 87.3, 82.4, 80.0, 56.0, 555 51.02, 36.2, 35.8,
. cal cd for C24H38FN208 (M + H)': 501. 2612; found
(25 R; 25D|amno4fluoro50xopentan0|c acid (1) 00

Following the procedure in the preparation of 1, compound 2 was prepared from fluoride 12”
(0.090 g, 0.18 mmol) as a white solid (0.019 g, 67% yield): mp 160 °C (dec); [a]*p =—14.6 (¢ =
0.15, H,0); HPLC of 2: [94.9%, major peak: Rt = 10.8 min; 5.1%, minor peak 1: Rt = 8.42 min;

10 column: Chirex 3126 (D)-penicillamine (150 % 4.6 mm), UV detector, 254 nm, 1.0 mM CuSO4
solution; flow rate: 1.0 mL/min, column temperature 10 °C]; "H NMR (200 MHz, D,0) 65.36
(t,0.5H,J=6.2Hz),5.12(dd, 0.5 H, J;,=7.8 Hz, J,=4.6 Hz), 4.02 (t, 1 H, /= 5.8 Hz), 2.63 (4,
1 H,J=6.0 Hz), 2.49 (pentet, 1 H, J= 3.8 Hz); *C NMR (50 MHz, D,0O + trace CD;0D) &
174.9, 174.5, 174.0,91.4, 88.2, 87.8, 52.8, 34.3, 33.9; "’F NMR (282 MHz, D,0 + trace

15 CD;0D) 6-188.13 (H-F decoupled); HRMS calcd for CsH oFN,O3 (M + H)': 165.0675; found:
165.0664.

Radiofluorination Methods. To avoid racemization during the '*F labeling reaction, a
combination of a mild basic agent potassium bicarbonate (KHCO3) and a neutral phase transfer
20  catalyst, 18-Crown-6, was tested for the “hot” fluorination reaction. Using the tosylate precursor,
the desired (2S,4R) isomer [*F]12’ was successfully formed as the major product accompanied
by a small portion of carbon-2 position epimerized (2R,4R) diastercomer [**F]12a”.
Subsequently, desired de-protected product, ["*F]1, was finally prepared by treating intermediate
["®F]12° with TFA/anisole at 60 °C for 5 min. Direct identification of ["*F]1 by co-eluting on
25  HPLC was problematic, since 4-FGIn does not show substantial UV/Vis absorbance. The

product was treated with (9-fluorenylmethyl) carbamate chloride (Fmoc-Cl) to perform the
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NH 2 10 To a m xture of 12" (0.192 g, 0.384 nmmol) with dinethylsulfide (0.1
m.) cooled with an ice bath (0 C), trifluoroacetic acid (TFA 5 nL) was
added dr opwi2ea/028diBer addition, the ice bath was renpove#Cans$2alm4zse@act i on
was kept at r.t. for 2.5 h. The solution was evaporated in vacuo to renove

nost TFA.. The residue issolved in H20 (5 nm) and she th CH2C12 (3
mLox 2PMIRGEMOE REYERIOB V\?@S%&he&&sﬁl&ﬁm% aéw#e‘é Hpuaﬂgﬁwg&% ﬁ b38% to pH =
7 by Sll@éﬂtlﬁ@ﬂ’bﬁ&mpi@p@&ile by cSQﬁJ@ctﬁlé’\@ﬁl‘r'%u‘%o@mMUcaﬂl F&E shadihal i zed

solution was submtted to a Small” colum of Dowex 50WK8-200 (H+ form 10
g), wadHanhawly,bywaingra chrrd! dalwrnh @heminugnes®vitital @%ra:qﬂéé B-rzemronlivinaine JTH &0

fract i. i d | ed t
ared enroramigh DB HERGiFo SRERarelht GnERTDy B & sdm B IGhE R
whi se s@ dodid depatdBsSaniduaémigy a dnirfrhde latb)élefd%n@rcbfﬁit@ Glizatd, 9nnfl mmtﬁh@ﬁI{eHN to

provide a white solid (0.045 g, 71%yvyield): 175 C 20[(:glec) a] 25D = +
46. 2 (éleed of fpghengrpivatizgtipr (@p- F@gscosqzz}e&%p@rU%@hwrble) K1 vgg 1 qqd the 2204

m nor 18 bly am ne (150 x 4.6
RS, BT o Slipalleloy S il bESp ARG BRR ) °T 0% L

col um terrpeﬂalcupﬁ)f leQ; df]all f&ﬂdrﬁlﬂiﬁlﬂ%ﬂ)&i MNHGIn BRDtheSEold’lstéﬁﬂhrdd):aﬁbH Ji= 10.
Hz, J2 = 3.0 Hz), éb Ji = 10. 3.97 (t, 1
J= 6.6 aﬁ&e}'tamfdmmg Cilarak lr%3|11)’-6 (@@ennmnps@ (M'LQX ‘tﬁem) 1213;11\4 ﬁaé@@osor»
81 1 g ol 4 d\ﬂ)\ﬁ D20 +
trgge E:HD%%%S] l8 %88U “?H Egﬁecoucé} ed gollllﬁﬁl% %ge%gsfﬁ)ﬂ%g?-lloclg fvl + H)'
165. 0674bd 4f ound: 165. 0683. Crystals of 4-FGln 1 suitable for X-ray crystal
St r uct ur-e—anal-ysiS-Wete-e 20

sol uti orrzef 1. BOCrystaI stﬂr uct ur\e“fﬂa{ ‘final 4-FGLn (2S,4R), 1:

2011/ 020@]8{’@@4@%@/ 045470 Ref:“Wadimr Tol man, Petr Sedmaﬁa Jour nal

N gaﬂusm
Of Fl U()I’I T \JIIL;III aL L ZC\?O, 131, I .I.é :( 23,

49) - 2, 5= Di @PNOr 4= F I UoF0-550x0pent anoi ¢ aci d (2) 00 “FNF2 Fol Tow ﬁsg t he

= S

pr ocedure i@ﬁ@t bhe . pr egar atyj on +of «"‘@orrpound 2 was prepared frorTBfI uoride 12"

0
H1

(0.090{ 9, as Awhitessel id (0,019 g, 67%yield): np=160 C (dec);
[a] 25D = -14 b LC. = 0, 150 qu 5 HPL(, of.2.. 194, 9%. najor peak: RE=310. 8
mn; 5 T ='8.42 ig. Golurm Chirex 3126

(D) - peni ¢t Irh 0 x 4.6 my, dete%mr 254 nm 1.0 mM GuSOs

sol uti )nfIﬂ 5@@@&31 Q.00 e GO dn:n» i‘a&é&:&mu&e 10..CllEL NVR r?no MHz,
D20) 85:86u:( e Qubuchbisd® Beehlz) 5y 12 2( Aty 0: 5 Hy—Jj = 7:-8-Hz;—32-= 4. 6
Hz),402(t TH g = 5.8 Hz)p h@ 1 H J= 6.0 Hz), 2.49(pentet. 1
H J= 3.8 le:}adtdStawR (50 lsz m;4+ ‘race CD30D) 174.9, 174. e 174.0,
91.4, 88. 28 85208348733 iéﬁ% “NVR-(282- Wiz BRO -+ trace;

UV @ 254 nm

,,,,,,,,,,,,,,,,,,,,,,,,

E

Radiosynthesis of ["*F1 ((2S,4R)-4-FGIn) with 11’ as starting material
o) o)
HN 5 3
'MF NH2
15 ['®F11 (2S, 4R)

An activated SepPak® Light QMA Carb was loaded with F18 (20 to 40 mCi) and eluted
with 1 mL 18-c-6/KHCO;3 (160 mg 18-c-6 in 18.6 mL ACN/29 mg KHCO3 in 3.4 mL water). the

OH

solution was blown to dryness with argon and twice azeotropically dried with 1 mL acetonitrile
at 80 °C under a flow of argon. The dried F18 was cooled in an ice bath and 5 mg of 11° was

20  dissolved in 0.5 ml acetonitrile and added to the dried F18. The mixture was heated for 15
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15 CD30D) 8-188.13 (H F decoupled); HRVS cal cd for C5HIOFN203 (M + H)'
165. 0675; found: 165.0664. Radi of | uorinati on Methods. To avoid
racem zatworrodumoolg t he 18F | abeling reaction, a conbi naCirars2ab/oas4me | d
basi ¢ agent potassi um bi carbonat e ( KHCO3) and a neutral phase transfer
200ata 18- ¢r s tested for ‘hot " orinati.

Cor no- ehBuEs 0T e bbb RSt v sS0 b (gt > mdcHrefon i3 pter
successfdid hadehioTnesi-asc iR 10RIcQonky RO 18¢ CANRANIIEE 36y, p%sl?é&l&hﬂou hiid on of
carbon-2 position epinerized (2R 4R) diastereoner [18F] 12a". Subsequently,
desir edvashecbmceewttbd npkwtm:tThﬂM8anraﬂlolmbedfqonm0hyd WlaeplateddmuyO pmelat i ng

i nternme [ TEA/ ani sol e 60. C.for 5 m.n.

i rect CHER i el e g pigpgtiingf RSB R EPR 28 et nsd b FoRr St i .
si nge g;h eSemfti CIBIVSENIISE ARl ) MeOPVDI19, ARGES RaN8R. 1 MIgm, QetUiinewas
treated with 9 fI uorenyl net hyl) carbanmate chloride (Fnoc-Cl) to Perform

the - %min, >YgYeRoter¢arhonics Porrtysze dorcoamad by shird 1 He (Clyrdpak @Peelunthi s
furth tified
the. HPIE R e BB BE SRR Y 3 R TP oM i BB e P nigt B8 0850 L ra, "

Utimtely, Thyg etlanalgc a)l@t['unr\adls lﬂe‘iavummd@hmpcmﬂ@(ﬁ a@‘itd"@dthﬁiﬂiiﬁxﬁtilﬁaﬁofS%
(D-penicillamne) (150 aqueous 1 S solution as el uent

(1 i/ MinTFAG & eleﬁqlﬁﬂvaﬁ é%‘éir %{bw@}tl@ YX%S laf‘@tﬂdcf%% aam&eea%@d’q dEntandly al |
f oyp radi 5816!\)9&9 !r&ﬂm?eﬂ%%&sﬂu%xﬁ dhddr a %rea?h 5’1“9‘ ]%QIH{I %?tlﬁfﬁgcli:f%thl

further derivatization Gln conpl exes ar & Sor bi ng)

i ndeed nilhevates)j tbe aqueodsisdludocweapitired thoyugh sOrdd L ﬁitm tonyicklf thel dessited raborer

[18F] 4 (< 54 H rofiles adi o | abel e E- and the
ol o ATuk IS AL FRUR LRl Thisd i e e g st s ROp 394

( D- penioggi/. hﬁ@‘rﬂﬁéch@fh@&l ffuﬂty@nﬁ’ﬁerébcﬁ%@d%ty %vag-get%l'ﬁ‘b&‘by éﬁra@HIim ng these

condi tions, conpound 2 elutfes first, foll by conpound 1, 3, .
Radi 0s iﬁhmesii Bo6df)-pargei]lamire2 sm)cws(mm)nqm 11 imlymin,get. §mgrferi thg 2&ﬁﬂ?elﬁ®latr 00

H2N_50H ", 1=NH2 An activated SepPakO Light QVA Carb
wad>| oadé&nW ﬁ]t%%‘%{% ‘ﬁ%ef d%r%%jn}“eé%d eluted with 1 ni 18-c- 6/ KHO8 (160

................................................................................................................................................................................................................

ile at 80 C under a flow of a;;rgongr e dried F18 was cooled in an
ice bathwand 5 mg of !'!' was 20dissol ved @rﬁo §R5}"r‘f“ acetonitrile and added to
the dried F18. The mi xture.has heated for 15 - 33 - W

2011/ 020618!36’1’/ US2010+ 0454?@ mnut esat - 70-Crott~bath:~The-mxture was
cooled in icebath, 0.5 nL acetonitrile and 8 ni water were added. The

m xture was | oaded onto an activated Oasi s(r) HLB 3cc, pushed through and

HPLC profile of intermediate 12° on reversed phase HPLC (Gemini C18 (250 X 4.6 mm),
MeOH/0.1% formic acid 8/2. 1 mL/min, ret.time ~ 6min, >95%.

20 HPLC: 00, hexanesfethanol 98.5/1.5, 1.2 mLimin

HPLC profile of intermediate 12° on Chiralpak OD column (250 X 4.6 mm), hexanes/EtOH
98.5/1.5, 1.2 mL/min, ret.time ~22 minutes, dr ~96%).
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washed twice with 3 nL water. The desired radi ol abel ed conpound was el uted
with 0.5 nL ethanol (- 20% of the total radioactivity). Radi ochem cal
purity wawodetienniiged by reversed 5 phase HPLC (Gem ni EC3/US260/0X5440 6 mm) ,
MeOH 0. 1% formc acid 8/ 2. 1 m/mn, ret. tine 6 mn, >95%, stereochem cal
purity was determ ned by chiral HPLC (Chiral pak OD colum (250 X 4.6 nm,
hexanes/.Et'OH 98.'5/ 1" 512 nL/mn, ret. time -22 mnutes >95% . The

et hanol i ¢ %%E'?(%ws bl an to dryness cooled in an ice bath and a

m xture ef 5 5 lat anisole wasi.added. The solution was heated for 5
mnutes at 60 C. TFA«qnd 10 ani sol e ‘Werke removed while still warm under a
st ream of; ar goni=the resi due was titfifdted withl nL water; the aqueous

sol ution.was fi it ér ed through a 0.4p44 filter to yield the desired radio 1
active [8 F]I (2% 4R) 4- FGln) in about 10%i sol ated yield, non decay
corrected; RCP 99% %6/0 Thie r adi’ ‘ocheni cal purity and stereochem cal
purity was—det er*mmd WBVWCPH *%wHPL“Cw&the%«S&«%w{d)wpem eHam-re, 1 MM
CusS™ sot-uti-on;—L-nl:f-m-f;—ret > time-for-the-2S,4R-i-somer--15=11-m-nut es, the
2R 4R i SOWEHPt{l&!meRLmQSXD) pebmliamiQe € 10 °C, 1 mM CuSOEX+ mL&un HAt HPLC pr ofile
of internediate 12' on reversed phase HPLC (Gemini C18 (250 X 4.6 mm),
MeOH 0. 1% formc acid 8/ 2. 1 nL/mn, ret.time 6mn, >95% , HPLC. OD,
hexanPsi et ha98.5/ 1,5, Imn HPLC profl le of intermediate 12° on Chiral pak
OD col HRL{E Qﬁ)@ilé(oﬂ{l@]F(ﬂzs,mﬂﬁFe}lﬁﬁhﬂdﬂuQBccﬁﬁﬂmQChﬂceQ3HZG(ED) Penitiflamind)® - 22

m nut es, dr - 969 - 34 - WD 2011/020018PCT/ US2010/ 045470 Rati o 96/ 4
mM CuSO4 solutlon 1 mL/min, ret. time for the 2S,4R isomer ~11 minutes, the 2R,4R isomer

5  ~18 minutes).

Radiosynthesis of [*F]3 ((2R4S)-4-FGIn) with 11a’ as starting material

HN T YT OH

e N
(2R49)4+Gin
An activated SepPak® Light QMA Carb was loaded with F18 (39.8 mCi) and eluted with
10 1 mL 18-c-6/KHCO3 (160 mg 18-c-6 in 18.6 mL ACN/29 mg KHCOs in 3.4 mL water). the
solution was blown to dryness with argon and twice azeotropically dried with 1 mL acetonitrile
at 80 °C under a flow of argon. The dried F18 was cooled in an ice bath and 5 mg of 11a” was
dissolved in 0.5 ml acetonitrile and added to the dried F18. The mixture was heated for 15
minutes at 70 °C oil bath. The mixture was cooled in icebath, 0.5 mL acetonitrile and 8 mL water
15  were added. The mixture was loaded onto an activated Oasis® HLB 3cc, pushed through and
washed twice with 3 mL water. The desired radiolabeled compound was eluted with 0.5 mL
ethanol (~ 20% of the total radioactivity). Radiochemical purity was determined by reversed
phase HPLC (Gemini C18 (250 X 4.6 mm), MeOH/0.1% formic acid 8/2. 1 mL/min, ret.time ~
6min, RCP > 95%), stereochemical purity was determined by chiral HPLC (Chiralpak OD
20  column (250 X 4.6 mm), hexanes/EtOH 98.5/1.5, 1.2 mL/min, ret.time ~20 minutes dr > 90%)).
The ethanolic solution was blown to dryness, cooled in an ice bath and a mixture of 595
uL TFA/5 uL anisole was added. The solution was heated for 5 minutes at 60 °C. TFA and
anisole were removed while still warm under a stream of argon; the residue was titurated withl

mL water; the aqueous solution was filtered through a 0.45 p filter to yield the desired radio

-35-



23,4RZa. 411)-4,r4h2R 4R, HPLC. Chirex 3126 (D)-penicilliarnine.-f) 10 C,
1 MMCuSH" 1 rrtimn HPLC profile of [18F]1 ((2S,4R)-4-FGLn) on chiral
col um ( GNDOrex/@a®8 (d)-penicillamne, 1 nM CuSO4 sol ut POMUS AT, ret.
time for the 2S,4R isonmer -11 mnutes, the 2R 4R i soner 5-18 m nutes).

NEL2 (BRSSO e bl S ed S ety bt BLe Y P15
(39.8 @@"/t) m@gacﬁd)d%ﬁﬁjca%ﬁtlﬂ'ty]agd %te%ocﬂ&nféaﬁﬁdﬂf%s (dnined B Bokird HPLA8. 6 nl

ACN 29 KHCOB in 3. water). the solution was blown to dryness with
argon dﬁulrtw]c?é (&i)recttlcltipmm I ynMrGusdDAniodbtion, imlgoen, oeli timiclfer tht 2BHSGsomeler a
fl ow of .argon. The,drjied F18 scoledinanicebathandSrrgof ha' was
di ssol véﬁ?ﬁtﬁ‘?i H?rf%ét‘i&tttim?uf __________ added to the dried F18. The mixture

i cebath,”0.5 nL acetonitrile and 8 nL water 15 were added. The m xture was
| oaded cmto an activated Qasi s(r) HLB» Spe S pA;tshed t hrough and washed tw ce
with 3 nt water. The desired radi ol abel ed tonpound was eluted with 0.5 ni
et hanol (=::20%-0f.-t-he-total-rad oatti-vi: ty) -Ragi-aehem:eatputity-nas

det rrﬁ“‘ne‘d““‘by““r"eVe‘r“S‘e‘d"“‘p“h‘ase HPLC(Gerrini~ “C18~ (250 X"4.6mm);"MeOH 0. 1%
formc acid 8/2. 1 nb/mn, ret.time 6mn, RCP > 95%, stereochemcal purity

was de by.chira C, (Chiral | umm 0 . 6 :
owancdiBtop Ogiéeétlttesme%a@ 78 fevepg PlasrelF 3o St €i§§%50§<3&)}51m The

et hanolyi&oe®, P%'f&‘ﬂu&‘@&d@'/?%i@mﬁrﬂéﬂﬁﬁé,~ &RRl sgkg,n an ice bath and a

m xture of 595 tl TFA/biut anisole was added. The solution was heated for
5 ninut es; at FA d anigole were removed while still warm under a
stream ofi ar gon; the Jesidue was titurated withl nL water; the aqueous

sol ution was filtered? thr\t@U’gh @ 0.451t filter to yield the desired radio
WO 2011/020018PCT/ US2010/ 045470 1 agtive [8 F]3 ((2R 4S)-4-FGln) in about
10% i sol ated yield, non decay corret:tea:’j,i RCP 97% dr: 90% The

r adi ocheni cal purity anélL ster eochem cal ‘purity was determ ned by chiral
HPLC ( Chi-rex 3126 (d)-penicillanine,~1 mM CuSO4 solution, 1 nl/min, ret.
tinme for the 2R, 4S isoner -15. m*nutes the 2S,4S isoner -10 m nut es) HPLC
profile © o nter ]\féf‘ on; HPL i N '
Ot T ML T e sl

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

of i nternedi-ate-12& 0 ﬁ Ghtral pak—-Ob-tolurm- (250 X466 —hexarnes/ Et OH
9816/1.5, 1.2 nL/mn, ret.time -22 mnutes, dr -96%.

HPLC profile of intermediate 12a’ on Chiralpak OD column (250 X 4.6 mm), hexanes/EtOH
98.5/1.5, 1.2 mL/min, ret.time ~22 minutes, dr ~96%).

Ratio 80/10

15 HPLC profile of ["*FI3 ((2R,4S)-4-FGIn) on chiral column (Chirex 3126 (d)-penicillamine, 1
mM CuSO4 solution, 1 mL/min, ret. time for the 2R,4S isomer ~15 minutes, the 2S,4S isomer

~10 minutes).
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Ratio 90/10 - 15HPLC profile of [18F0 ((2R, 4S)-4-FGLn) on chiral col um
(Chirex 3126 (d)-penicillamne, 1 nM CuSOX solution, 1 nL/mn, ret. tine
for the 2Rp4B1VEMMer -15 M nutes, the 2S,4S isoner -10 RCHASR&)/04540

2011/ 020018PCT/ US2010/ 045470 Radi osynt hesis of [18f]2 ((2S, 4S)-4-FGLn) 00
(4S) (2S),.H2N OH 18FKNH2 45) -4-FA n (2) An activated SepPak QVA
was | o WF‘}FSM’S[(EE(@{%);“'?@% uted with 1 nL K222/ K2COB (220 ng K222
in 18.6 mopacetonitrile/40 ng K2COB in 3.4 nL water) (45.5 nCi). 5 The

sol ution V)Hzggblg?hb to dryness with argon and twi ce azeotropically dried
with 1N acetoni tPile at 80 C under a flow of argon. The dried F18 was
cooled in aw i dMbath and 5.31 ng of!'!'" was dissolved in 1 nl acetonitrile
and added(2spas)laeFGin (22d F18. The m xture was heated for 20 mnutes at 70 C
oil bath. The m xture was cooled in icebath and 8 nL water were added. The

m xt ure was AtoerdiEatcd fepPak® QMA vas depdeshwitth (1P (#.8 naeig angelytedavittht slgh and
hed i it ; i | |
sehed e ok TR 5L ) gk, Sopmuac e,

et hanolTihe sslativh wag bivas ©aIRERE With@tkonaindbwite a2@0@rdpfrall9ldtio® wathd mLI A wer e

injected into chjiral HPLC (OD-colum, hexanes/EtOH 98,5/1.5 1.2 nli/nin) and
the secssanFaart $0 ‘Gandar A flossyf angen. b dged 18 @ééé?f&e‘géla%l\%b%th a6 P PddPdnds

to thegg %1’4%3% a3l ed@SI &P%e@%&t‘i‘ﬂé A dAEd drl rdﬁ|€& ??Q;Ta}%%i&ﬁﬁ& &ds Weli& fyround

ret tinme of mn were: 45/4/56lacl respectively i oactive HPLC trace

of et h&0Gahinates ot Ul 1(Ooil pathXTlof mixt@ewak2ooladdn {ctBFh ad®P&'n)L oateChicreaddd@D The
col um ’miggl)ég \r)]vgés {ola:_l e(:) ongtcs) 'ar? /aél'tiVSa’cedf(])a(ljs\{\ér@gl hiB]? czc, Ir)rlifs/hggi ‘Hirough and washed twice with 3
10 mL water. The desired radiolabeled compound was eluted with 0.5 mL ethanol (~ 14% of the
total radioactivity).
The ethanolic solution was concentrated to about 200 uL volume and 5 puL. were injected
into chiral HPLC (OD-column, hexanes/EtOH 98.5/1.5 1.2 mL/min) and the second peak (~ 20
minutes) was isolated. Second peak which corresponds to the 2S,4S isomer was isolated (56 uCi)

15  (fractions collected were around ret time of 20 min were: 45/4/56 uCi respectively).

SOl RIS N NG RN L B RN

.. Mix after oasis pur

sl

Nt

prep HPLC trace

Y A A S St Radio race
§ N U O

Radioactive HPLC trace of ethanolic solution (mix of ['"®F]12” and [lsF]IZa’) on Chiral OD
column, hexanes/EtOH 98.5/1.5, flowrate 1.2 mL/min.

20
Hexanes/ethanol solution of desired fraction was blown to dryness, 219 uLL. TFA/1 uL
anisole was added and heated for 5 minutes at 60 °C. Volatiles were removed under argon while
still warm. Residue was treated with 0.5 mL water and transferred into new vial to give dose: 46
uCi (RCP >99%, E >98%).
25
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Hexanes/ et hanol sol ution of desired fraction was bl own to dryness, 219 iut
TFA/ 1 ani sol e was added and heated for 5 mnutes at 60 C. Volatiles were
renmoved uwwoeniiargos while still warm Residue was treat @dTmiS2é0048701L wat er
and transferred into new vial to give dose: 46 | aci (RCP >99% E >98% . WO

2011/ 020018PCT/ U 2010/ 5470 di ochem cal .purit &)lrt d

di ast erégtie ?rewﬁ Yy IGRE Ty BR eI REa ST C PR W4 e@r@fnea yﬂt)(ll’l:@ [ 18F] 2

02S, 45)-4-FGLn=en-ehikal--col-um-(Chi-rex-3126-(d)-peni-ci-l-l-am-ne,~1 5 mM
CuSO4 sdliution, % mk/mifp, | dent swas est abl i shed rilgdy cor I’lj ect| on with the
col d standard. Radijgsyntihesis of-[28F] 4 ((2R 4R)-4 eiky) NH2' CH
(21i, 4R)-4-FGn #0Amagty vat ed; SEPPak0 QVA was | oaded vmth F18 (82.8 nCi)
and el ut ‘@PMW”M%%“W ?WW%W el N 'WWG ml...acet.onitrile/ 40 ny
K2CO8 i3 4 T Wat &) (78,9 nL‘|) ThHeé soI ut'ion was bl own to diyiess with
argon and ﬁnce azeotropically dried with 1 e ACBtBHiirte at 80 C under a
fl ow of ‘ar _ The dried R18 wes-co0l” ed™itr’an ice bath and 8828 ny of ha"
was di ss= ved gt ht” acetonltrlle and added to the dried F18. The m xture
':,nut esat A0 Cooitbath: - The nxtureswas cgol ed in

icebath-and 8 nL water were adddd Theimested evitasoldaded onto an activated

Casi s(¥) :HLB 3cc, pushed t hroug an e wth 3 nL ter. The
desired  adi ohatel ed conpound c{ut eggﬁnq%]ﬂg;ﬁS m. et hanolw(i- 14% of the

t ot al radl oacti vr ty) The et hanol LC. sol uti on was concentrat ed to about 200

hexanes/ EtOH 98 5/1 5 1 2 rrL/m n) and the second peak ( 24 m nut es) was
i sol ated. Second peak which corresponds to the 2R 4R i soner was i sol ated

and [ 188G S0P BR 0HF S s Ginon TRt R’ B S Phlie 1%

./ g1 N.mM cusom@ttﬁlsll eilangl 1dealty tia@BstablisHes| by esinfet@6d Wah thesoldbtaidurd .0
dryness, 219i ut TFA/1 tL anisol e was added and heated for 5 minutes at 60

C. Volatiles were renpoved under argon while still warm Residue was treated
with 0.5 nL water and transferred into new vial to give dose: 103laci (RCP
>09% dr > 99% . Radi ochemi cal purity, identity and enantioneric purity was
det er niRwetodyyitHdelsGf [*F|4 (QRBRE40FGpr i fi ed [ 18FR 02S, 4S) - 4- FGLn on chiral
colum (Chirex 3126 (d)-penicillamne, 1 15 mM CuSO4 solution, 1 ni/mn,
ldentity ) € ,t) bl i shed by coinjection with the cold standard WO

2011/0 0/ 045470 Bi ol ogi cal Study Procedures: In vitro cell

upt ake st udh es Cel | uptake of four possible isonmers was eval uated

using 9L t line. The cell uptake results (% dose/ 100gg protein)
wer e conpa#igméﬂat of [3H glutam ne. The uptake of

10 An activated SepPak® QMA was loaded with F18 (82.8 mCi) and eluted with 1 mL
K222/K,CO5 (220 mg K222 in 18.6 mL acetonitrile/40 mg K,COs; in 3.4 mL water) (78.9 mCi).
The solution was blown to dryness with argon and twice azeotropically dried with 1 mL
acetonitrile at 80 °C under a flow of argon. The dried F18 was cooled in an ice bath and 8.28 mg
of 11a” was dissolved in 1 ml acetonitrile and added to the dried F18. The mixture was heated

15  for 20 minutes at 70 °C oil bath. The mixture was cooled in icebath and 8 mL water were added.
The mixture was loaded onto an activated Oasis® HLB 3cc, pushed through and washed twice
with 3 mL water. The desired radiolabeled compound was eluted with 0.5 mL ethanol (~ 14% of
the total radioactivity).

The ethanolic solution was concentrated to about 200 uL volume and 5 uL. were injected
20  into chiral HPLC (OD-column, hexanes/EtOH 98.5/1.5 1.2 mL/min) and the second peak (~ 24

minutes) was isolated. Second peak which corresponds to the 2R,4R isomer was isolated (106

uCi).
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5 4-fluoro-glutam ne i somers showed distinctive differences between the
isonmers (Fig. 4). The 2S isoners, the natural L-glutam ne derivatives,

di spl ayedwohelifi2ghiest upt ake. The 4- FGLn (2S, 4R) showedPaThisgdtoopisake i n 9L
cells and the uptake continued non-stop for 2 hours, the maxi mumtime point
st udi ed. The 4-FGln (2

..............................................................................................................................................................................................................

“however, it a gared t hat.sihe uptake val ue

dropped p The 10.1dn<natural D-glutam ne isoners,
(2R, 4R) aﬁﬁkwpﬁﬁgkﬁﬁﬁggﬁénshomd g Loweti=c€l | uptake as conpared to
the (2S, 4R) and (2S, 45) 4-FGln as.wel:l the [éH}mL gl utam ne, suggesting
that the*configuration at the (’f""Z] HY’FIOH is very critical for tunor cell
upt ake, and the 2S configuration of gI ut am ne (comonly known as the
L-isomner)is 5 transportation across cell nenbrane. See FIG 1
15The tuno F cgl ?ﬂﬁ%{:’gtej%ﬁf [ 18F] 4- FGLn |s ‘athighly sel.ective process, the
two natiVie 4- fluoro-L-glutam ne deri vatl\/es di spl ayeql a hi gher uptake than
those of « flBullRsRateab ol uaroglutam Ne deriMaAtibeS e ThE

[ 18F] 4- EGIn (2SS, v4R)y;~Tsonerdirspbayed thehirghest uptake iznto-9L t unor
cell s anongst the other [18F] 4- FGLn i somers. Because of this observation,
we decided only to further 20investigate the (2S, 4R) isomer of [18F]

4-FGln, 1. In vitro cell Etak‘e i nhi bition it udi es were conducted in 9L
cel | s iRadinagiére HBLE desee phet etp?éleismu@pn{(mor of [18H 2% -apdi nF{128”) @R hiral Olgp| d
Lgluta ne and L- as { sitive control inhibitors for the
gl ut am nnlentnr’gﬁxsangsr/?g(ﬁsl% ﬁﬁ#uffanﬁa%el ?n L‘%It s system N transporter and
L-serine inhibits the ASC transporter Three different concentrati ons were
tested for each inhibitor nging from0.5 mMMto 5 nM After 30 m nut es

250f co- |ncﬁi?étlil?§rf3ﬂ%ﬂml_s‘ﬁ'ﬂttﬂ %ereéhtﬂaqﬂferzrasrown tordrymesg Gl ula TFAHe y st em
N
(0493 %éfgﬁtfa%‘aﬂa&%@?t%?e&'f?ﬂtBtﬁt%ft%%$@c¥§ta?£ﬁ?t§9%%%@trose?%t%”* Whdd on

pr ot ei B)ill warmeR esiducal straaoivvenh 6.6nsl deralhé tiamdfeded incndwl vidlLtgivantiedei t ed vs
control 3.56 %lgse/ 100 ug protein) of the ASC transporter. Cold MAIB
served IQS @héﬁﬂgjgg%grﬁgﬁt@ol whi ch inhibits system A transporter. At a
cogentration of 5 MM there was 30little to no effect on the systemA

transport system (3.69 %inhibited vs. control 3.56 %lose/ 100 ug protein).
The r eslljildtcshcthearmyltyt,edmnsy pat enzatidosec pmpen’@berdtetenespdrbyéiﬂldi L- gl ut ami ne

See FI G 2 The ceI I uI ar upt alge of eat:h of the four R\4“‘[118F] F gI ut am ne

i somers {2S, 4R), (2S, 45), (PR 45) . and” (2R 4R) W&I'&*Studied in (9L) rat
brain glfosarcoma cells. L-[34-3H(Npf=gtutam ne, - 40 - WO

2011/ 02004 8PETHHEROT01 04547 59794 250PE =£0:2ENBE) - was-putchased from
Per ki n:El n"er sand-was-used as a tontrolfor altof the ‘cel fular ‘upt ake
experi rrer:rts ‘conduct ed. The purity of L-[3,4- 3H(|\|)]J‘ﬂgclvut“amne -wasS det ern ned
by a TLC nethod(FtC Sitica.-gel. 0. F254; Sol'vent™CH2C12: MeOH NH3: H20
(20:20:5)i. The L- [ 3,14-3H(N)] - gl ut am neshowed an Rf val ue between 0. 3-0. 4.
Rodent §(9L) -cel F-e-—cul-tured-i-n-bul-begeos-—modi-fied--Eaghe'-smedi um
(DMVEM) ; fetal b ér'um and JJOO D é@ied’@ﬂth?'cbit!in 100 gg/ i
Strept@rrycr n. Tunor cells were- Iatoigﬁ(1 cells/well) 24 h in the
medi a priony e dsgand |ncubat| o] experinment, the nedia was
aspirat edi..and t-he.cel l.s-were washed--3-ti- rres W|th I--rrl-wi-t-h-war-m-phosphat e
buf f er ed §al’i e (PBS; ¢ont ai fi ng 0. 90 AV 6f Caz and 1705 M of "Mg2' ). All
four of the 4418F]F-glutam ne isoners and the L- 10[ 3, 4-3H(N)]-gl utam ne
was di ssolved in PBS solution and was added to each well (- 500 000

m i/ ' h f
the 1 el bomielod TGS GG ieniugprolinedCui T B ne P LERiGl cel 1 s
werns WasiathsH4 idsonM il AifldimRy Gab stRRh b @Mh c63én wRehd\Mb2d statdfar @'
washing with cold PBS, 350i ut 1M NaOH was use lese the cells. The lysed

cells were collected onto filter paper. The f||ter papers were placed in
15scintillation vials and counting fluid was added (7 nL ecolite +) and the
vials were then counted with a beta counter 18-24 h |ater. For dual -i sotope
studies using 4-[18F] F-glutam ne isoners and L-[3,4-3H(N)]-glutam ne, the
vials were counted first using a gamma counter to obtain 18F counts. The
beta counts were then obtained one day |later after the 18F was fully
decayed. 100 iut of the cell |ysate3as used for the deternination of the
protein concentration by Lowy nethod.




20 In vitro inhibition studies: To test the specificity of the
4418F] F-gl utam ne (2S,4R) isoner, inhibition studies were conducted using
oL cel | s.wOheittmemer was i ncubated at 37 C for 30 min. Ph@/usedlomn434e0 e
processed as previously described as above. Cold L-glutam ne and L-Serine
served _gs theﬁ tlve control inhibitors for the glutam ne transporters.
L- gl ut dHplegical, 'i“ﬁ}y JOCUMESH N transporter and L-Serine inhibits the ASC
tranquggg;ocempgalgy%mdﬁksserved as the negative control, which inhibits
system A transporter. Three different concentrations were tested for each
i nhibitor r eﬁegliupgakfemml@.pﬁssimeﬁsmr@rms @aﬂlmt@miwlatm@eﬂléperﬂ@mell

response, to _eagh . i | wth L- Iutamn i.nhifiti 90%
Lo oS rSB skl diarbisy et Shrara PRt oy Bt e oy

ani gal 4Bidor At Ehineli SoRekdrH Shovkdddii @i cies @fﬁwﬁdmmeéﬂ thb @d&ﬁdﬁ{g uttzmgne
(2S, 4R) isomer. Al scans were performed on a dedicated animal PET scanner

( Mbsai SONRE, zlmelqa/tmzbbﬁpmms’@wmmshmaw tihighesh yptaksdrei4-FGOBY.4R)
T ansg%ﬂé&ec{% ﬁl%lil%@?aﬁ( ﬂ§9ﬂ”c&?§§}i‘8 C}ﬁé’ﬁ@%ﬁ‘%o%;ﬁ%ué‘&’ﬁ%“st{;ﬁ?8%92%11%’ TR RaW¥iluf, used

in this I'S ‘transgeni c nouse
rmdel u&mﬂmu@y@iémahﬁ GFEGI&lI(VS4R} mmbﬁalscg&l@plhyaiaéﬁcyu@mgptaeeslmtah&ﬁﬂaamﬁ:e to
express_the nyc gene. These tunprs spontanequsly arjse vs. traditional

xenogr 4ph msfamgr howeyert ih appsees thatehsupiaks Yalug @P@W%ﬁ%%}%@ 2 hausughhe
thepr % LIkl ﬂ%v\‘%qa%ln(e%sdm%rngRQﬁ? an n’gj I4 Hif alll BRoWRG, lggvgiecélfsuptake as

up-regu ate oxXyc ineis e nyc gene I's down regul at ed.
Thi s nedmipansd $o diec(é&anaﬁia(dﬁ‘dSD hd“iﬁntasmahuﬂdm [WHI- L-ghﬂameﬁsmgewg that the

correlati on between frue ut.am ne .up e and t vel af ene
cxpr 65 PBREUTERIN e LR g ERcHTEHAONF B RRE bu e Secifie g
i nj ect iomglma&i%@ (&dn%om KhOHh&s [&&Flmﬁﬁr)@k eﬁs@ﬂﬁmor(@a%sp&a)noh%@lw cdf a the

| at er al vein. |maging commenced i mediately after the injection of the
t r acer nzgmabremmtSeqdd. for a time period of 120 minutes. The |rrages and

R B e S e e R G R U S T L
UIO r egyluatel-glaeitd dohvaldva fithpthycd ahiphét \@tdkt @ehinshédeloftihOih- ﬁatuﬁymﬂhom ce

To test the [18F]-4F-glutam ne isoners as a novel tunmor PET imaging agents,
we t estizalutHeing deryativrs.gl ut ani ne (2S, 4R) (1)in normal |CR nice weighing

20-25 grams.ty LE“‘FEFF@E{ 287 2R 1, rf%‘ﬂ?@‘?ayfeﬂhetrﬁ ésﬁ’b ?ﬁhl?etl%bbéﬂ fAfbor %Héﬂy The

m ce were put anesthes’a w e’use trane and
sal i ne aﬁ@ngitltlmmthar[tl%ﬂ] ﬂLF@anﬁ)rt{ler Beéaue@@ﬁthis&xb@amtmﬁ wicnjeeidt @ dnlyita firkter
20l ateral tail veln. le mce mere sacrificed a 0, 120, and 240

m Rt ednyssugars fedesi 4 lﬁgmwf di BeHEsdndi IR Wi ?f‘él %mﬁ@rlnh'gaw%@ were
anest hesj &ctchif 90r QA &fgeﬂ tBtt %ts %E%t% sﬂg%g@ f%@ﬁ 3@&8:061;%0%&1& lutamine

radi oactivity was count The percent
dose pend jremessvehisthe absadvdogonarod: orindatorsion thef gluﬂamma twlsporms; i Miglytarnoent s

HEG N IR TN NN SRR N SRR
E gts eﬂ)%bg@gﬁﬁdm%r@ fesicd f&;)éé%g lr%ﬂﬁlr)]@%)rér?gmgﬁom&ﬂs aM td 3enMaNch 24 80 MiBltes
25  of co-incubation of L- glutarmne and ["°F] (28, 4R)-4-FGIn, 1, the system N transporter was
clearly inhibited. Results showed nearly 90% inhibition (0.49 %dose/100 ug protein inhibited
vs. control 3.56 %dose/100 ug protein). L-serine also showed considerable inhibition (1.41 %
inhibited vs control 3.56 %dose/100 ug protein) of the ASC transporter. Cold MeAIB served as
the negative control, which inhibits system A transporter. At a concentration of 5 mM, there was
30 little to no effect on the system A transport system (3.69 % inhibited vs. control 3.56 %dose/100
ug protein). The results clearly demonstrate a dose dependent response to L-glutamine and L-
serine, with MeAIB showing no inhibition on system A transport system. See FIG. 2

The cellular uptake of each of the four 4-['*F]F-glutamine isomers (25, 4R), (2S, 4S), (2R,

4S) and (2R, 4R) were studied in (9L) rat brain gliosarcoma cells. L-[3,4-"H(N)]-glutamine,
- 40 -



00 (4R) (2S) H2NOH 18F (2S, 4R)-4-FAn (1) Ogan 2mn 30mn 60mn 120mn
240mn Blood 6.19 0.83 2.72 0.17 2.05 0.16 0.83 0.12 0.48 0.06 Heart
4.31 0.32w0B.208/0200185 2. 86 0.47 1.86 0.24 1.24 0.19 PCT/US2010/045470

>97%, 250uCi (9.25MBq), was purchased from Perkin Elmer and was used as a control for all of
the cellular uptake experiments conducted. The purity of L-[3,4-3H(N )]-glutamine was
determined by a TLC method (TLC Silica gel 60 F,s4; Solvent CH,Cly: MeOH: NH3:H,O
(20:20:5). The L-[3,4-"H(N)]-glutamine showed an Ry value between 0.3-0.4. Rodent (9L) cells
5  were cultured in Dulbecco’s modified Eagle’s medium (DMEM), fetal bovine serum and 100

units/mL Penicillin, 100 pg/mL Streptomycin. Tumor cells were plated (2.0 x 10° cells/well) 24 h
in the media prior to ligand incubation. On the day of experiment, the media was aspirated and
the cells were washed 3 times with 1 mL with warm phosphate buffered saline (PBS, containing
0.90 mM of Ca”" and 1.05 mM of Mg”"). All four of the 4-['"*F]F-glutamine isomers and the L-

10 [3,4-*H(N)]-glutamine was dissolved in PBS solution and was added to each well (~500,000
cpm/mL/well) and incubated at 37 °C for 5, 30, 60, 120 min. At the end of the incubation period,
the wells were aspirated and then the residual cells were washed 3 times with 1 mL ice cold PBS
without Ca”>" and Mg®". After washing with cold PBS, 350 uL 1M NaOH was used to lyse the
cells. The lysed cells were collected onto filter paper. The filter papers were placed in

15  scintillation vials and counting fluid was added (7 mL ecolite +) and the vials were then counted
with a beta counter 18-24 h later. For dual-isotope studies using 4-[18F]F-glutarnine isomers and
L-[3,4-"H(N)]-glutamine, the vials were counted first using a gamma counter to obtain '°F
counts. The beta counts were then obtained one day later after the '*F was fully decayed. 100 uL
of the cell lysate was used for the determination of the protein concentration by Lowry method.

20
In vitro inhibition studies:

To test the specificity of the 4-[*F]F-glutamine (2S,4R) isomer, inhibition studies were
conducted using 9L cells. The tracer was incubated at 37 °C for 30 min. The cells were
processed as previously described as above. Cold L-glutamine and L-Serine served as the

25  positive control inhibitors for the glutamine transporters. L-glutamine inhibits system N
transporter and L-Serine inhibits the ASC transporter. Cold MeAIB served as the negative
control, which inhibits system A transporter. Three different concentrations were tested for each
inhibitor ranging from 0.5 mM to 5 mM. Data showed a dose dependent response to each
inhibitor with L-glutamine showing most inhibition (~ 90% at [5 mM]).

30
Small animal imaging with a microPET

Dynamic small animal PET (A-PET) imaging studies were conducted with 4-[*F]F-

glutamine (25,4R) isomer. All scans were performed on a dedicated animal PET scanner (Mosaic
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WD 2011/ 020018PCT/ US2010/ 045470 Organ 2min 30mn 60mn 120m n 240m n Muscl e
1.62 0.10 2.48 0.16 2.86 0.34 1.81 0.26 0.94 0.15 Lung 7.15 0.76 5.36
0.49 4. 3wWoQ02®200169 0.10 1.03 0.15 Kidney 16.1 1.03P@TAB2010/0%337¢. 60
0.84

by Phillips) (Surti, 2005). Transgenic mice bearing M/tomND spontaneous human mammary
tumors were used in this study. There are many advantages to using this transgenic mouse
model. A doxycycline sensitive promoter genetically engineers these mice to express the myc
gene. These tumors spontancously arise vs. traditional xenograph tumors. When the mice are

5  administered doxycycline through their drinking water (2 mg/kg) the expression of the myc gene
is up-regulated. When doxycycline is removed, the myc gene is down regulated. This model was
chosen because these compounds will allow a direct correlation between true glutamine uptake
and the level of myc gene expression.

Glutamine uptake within the M/tomND tumor was examined by injecting ~ 300 uCi of
10 the ['*F]-4F-glutamine (2S, 4R) isomer via the lateral tail vein. Imaging commenced

immediately after the injection of the tracer and continued for a time period of 120 minutes. The
images and kinetic of tumor uptake clearly demonstrated that the [18F]-4F-glutarnine (2S,4R) (1)

was taken up in the tumor sites when the myc gene was up-regulated. See FIGS. 3 and 4.

15 Invivo biodistribution study in mice
To test the [lgF]-4F-glutarnine isomers as a novel tumor PET imaging agents, we tested

the ['*F]-4F-glutamine (28, 4R) (1)in normal ICR mice weighing 20-25 grams. 5 mice per group
were used for the biodistrubution study. The mice were put under anesthesia with the use of
isoflurane and 0.15 mL saline solution containing 25 nCi of each isomer was injected via the

20  lateral tail vein. The mice were sacrificed at 2, 30, 60, 120 and 240 minutes post-injection by
cardiac excision while under isoflurane anesthesia. The organs of interest were removed,
weighed and the radioactivity was counted with a gamma counter (Packard Cobra). The percent
dose per gram was calculated by a comparison of the tissue activity counts to counts of 1.0 % of
the initial dose. The initial dose consists of 100 times diluted aliquots of the injected material

25  measured at the same rate.

Biodistribution in normal mice (2, 30, 60 and 120 and 240 min); (25,4R)-4-F-Gln, 1.

% Dose/Gram (n=35)
0 0

(4R) . (2S)
H,N OH

18 NH,
(2S, 4R)-4-FGIn (1)

Organ 2min 30min 60min 120min 240min
Blood 6.19+083 | 2.72+0.17 | 2.05+0.16 | 0.83+0.12 | 0.48+0.06
Heart 431+£032 | 3.16+£0.25 | 2.86+0.47 | 1.86+0.24 1.24+£0.19
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2.15 0.34 1.25 0.21 Pancreas 17.2 1.00 19.7 2.16 17.5 2.28 9.57 1.22
5.92 0.87 Spleen 7.51 0.44 5.39 0.72 4.22 0.38 2.02 0.16 1.15 0.14
Li ver 6. 92020119208823 0.50 5.70 0.62 2.46 0.26 1.30 POTAB28kI0MS420 72 0. 05
4.01 0.24 2.94 0.68
Organ 2min 30min 60min 120min 240min

Muscle 1.62+0.10 | 248+0.16 | 2.86+0.34 | 1.81+£0.26 094 +0.15

Lung 7152076 | 536+£049 | 437028 | 1.69+0.10 1.03+£0.15

Kidney 16.1 £1.03 9093+052 | 760084 | 2.15+0.34 1.25+0.21

Pancreas 17.2+1.00 197+£2.16 | 17.5+£228 | 9.57+1.22 5.92+0.87

Spleen 751+044 | 539+£0.72 | 422+038 | 2.02+0.16 1.15+0.14

Liver 692+092 | 623+£050 | 5.70+£0.62 | 246+£0.26 1.30+£0.18

Skin 272+005 | 401024 | 294+0.68 | 2.17+£0.16 1.25+0.13

Brain 054+£005 | 051 £005 | 0.53+0.07 | 0.57+£0.05 0.45+0.06

Bone 393+£037 | 564+£069 | 793+£1.02 | 144+1.31 19.4 £ 0.50

A rapid uptake was observed in all major organs, which suggested that the tracer
penetrated cell membrane readily following the iv injection. There was a significant heart uptake
and a relatively slow washout from the heart tissue. A high initial kidney uptake and fast

5  washout was evident, and it is likely that the urinary excretion was rapid. pancreas displayed the
most prominent uptake and retention. the pancreas to liver ratio reached 4 to 1 after 30 min
suggesting selective uptake and retention in the pancreas. It may be possible that the exocrine
cell in the pancreas cells may have a higher turn-over rate for glutamine. brain uptake is
moderate, but the brain uptake value remained constant up to four hrs after injection. There was

10  asignificant increase of bond uptake in later time point. It is likely that there was in vivo de-
fluorination, which led to the formation of free fluoride ion in the circulating blood. Thus, the

increasing bone uptake may be a reflection of in vivo de-fluorination of this tracer.

-43 -



2.17 0.16 1.25 0.13 Brain 0.54 0.05 0.51 0.05 0.53 0.07 0.57 0.05
0.45 0.06 Bone 3.93 0.37 5.64 0.69 7.93 1.02 14.4 1.31 19.4 0.50

A rapi d woakda/ozemsobserved in all major organs, which ®aggsstied4ishat t he
tracer penetrated cell nmenbrane readily following the iv injection. There
was a ibﬂnif'ﬁgnt_heart upt ake and a relatively slow washout fromthe heart
tissue. mﬁ?g Medit i al ki dney uptake and fast Swashout was evident, and it

is likely that the urinary excretion was rapid. pancreas displayed the npst

proninent1y9§ghgggggFﬁgkgg%kgme%gﬁugaqgﬁﬁa>Ito liver ratio reached 4 to 1

after 30 mn su l'ective uptake and retention in the pancreas. It
may be possible thaty the exgtrine cell in the pancreas cells may have a
hi gher turn-over r f t aiR’ne. brain uptake is noderate, but the

tY rerfai ndd céhstant up to four hrs after injection. There
icant i ow‘emse of bond uptake in later tinme point. It is
likely th re was in vikRb de- fluorination, which led to the formation
of free fl de ion in the circulating blood. Thus, the increasing bone
upt ake mapr3he a reflection of in vjvo de-fluorination of this tracer. WO
2011/ 020018PCT/ US2010/ 045470 What 1s Clainmed: 1. A single diastereoner of a
conpound of fornula I

brai n uptake v
was 10a si g

having a diastereomeric excess of at least 80%

wherein

R' is an acid-labile nitrogen protecting group;

R? is C alkyl or Cyccycloalkyl; each R? is independently —OC,_alkyl or C_ccycloalkyl;
10 OR*is a leaving group; and

nis0,1,2,3,or4.

2. The single diastercomer of claim 1 having a diastereomeric excess of at least 90%.
3. The single diastereomer of claim 1 having a diastereomeric excess of at least 98%.

4. The single diastercomer of claim 1 that is essentially

15 (R%),

5. The single diastereomer of claim 1 that is essentially

HN o

(R
6. The single diastereomer of claim 1 that is essentially
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00 HNCEY R OR4 HN\ R1 | 5 having a diastereoneric excess of at |east 80%
wherein RL is an acid-labile nitrogen protecting group; R2 is

C _6al kylworzoGio2emgcl| oal kyl ; each R3 is independently - @Cr/uSadikphs400

C _6cycloal kyl; 100”4 is a leaving group; and nis 0, 1, 2, 3, or 4. 2. The
singl e di astereomer of claipgl having a diastereoneric excess of at |east
90% 3. The single i astereqgmer gf claim1l having a di astereoneric excess

of at |east 98% Hﬁ]. ] ] Ai"astereonmer of claim1 that is essentially
00 5. The gingle dizagtereoner of claim1 that is essentially 00 6.
The singl e/t ast er eom®R 6'['\‘\% aim1 that is essentially
\/
(R%)n

7. The single diastereomer of claim 1 that is essentially

(R
8. The single diastercomer of claim 1, wherein R' is Boc.
5 9. The single diastercomer of claim 1, wherein R is t-butyl.
10. The single diastereomer of claim 1, wherein each R%is -OCHs;.
11. The single diastereomer of claim 1, wherein n is 3.
12. The single diastereomer of claim 1, wherein OR” is -OTosylate.

13. The single diastereomer of claim 1 that is essentially

t-Bu
H3CO HN WO/

HyCO

10

14. The single diastereomer of claim 1 that is essentially
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WO 2011/ 020018PCT/ US2010/ 045470 00 HNO R2 OR4 HN R1 7. The single
di astereoner of claiml1l that is essentially 8. The single

di ast er eower2oofo2ediai m 1, wherein RL is Boc. 59. The si ngCe/ust@asesseonmer of
claiml, wherein R2 is t-butyl. 10. The single diastereomer of claim1l,

wherein each R3 is - . 11. dhe single diastereomer of claim1, wherein n
is 3. 12. The single djastereoper of claiml, wherein OR4 is -0Tosyl ate.

13. The sjyngie dia ﬁ%!%ﬁﬁﬁ:jﬁmz atf1 that is essentially 00 10 14. The
si ngl e di abt er of chain1 that is essentially 15. The single

di ast er eorer Iﬁ%ﬁ]l(ﬁhaﬁNis essentially

CHs; so, Boc

15. The single diastereomer of claim 1 that is essentially

O 0O
t-Bu
HsCO 7 Y -
6\ N
OCHs
16. The single diastereomer of claim 1 that is essentially
O 0O
t-Bu
HsCO _ d
N
\
5
17. A single diastercomer of a compound of formula II
O O
R2
HN o
— FOAN
R
\/ /
(R
having a diastereomeric excess of at least 80%,
wherein
10 R' is an acid-labile nitrogen protecting group;
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16. The single diastereonmer of claiml that is essentially 17. A
singl e diastereoner of a conpound of formula Il 00 HNC R2 F HN R1 (R3),
havi ng a woDastigreaseri ¢ excess of at Ieast 80% mhereinPE@Rﬁmhgm&uﬂ)
acid-labile nltrogen protecting group; - 46 -

2011/ 020018PGT/ /1 045470 6al k a k
i ndependent ¥y 15@ lsv Ok 16@&1@%&?@ Bafxdj) epeaﬁfaﬂer%éﬁy@a& %(51 6§Y0818"pk1’1 18.

The single ghastereoner of claim17, wherein Rl i s Boc. 519. The single
di astereonmer of claim17, wherein R2 is t-butyl. 20. The single

di ast er eonem iof), tl2ZaBneri¥7, wherein each R3 is -OCH3. 21. The single

di ast ereoner of clain117 wherein n is 3. 22. The single diastereoner of

claim 17, d <£atr S o8 14:8 17111r1n q$d|astereoner of claim 17,

wher ei n t he c8ﬁp§ﬁ3 B PO i A W3sesent|a.(?y 00 24. The single

di astereoner of claim 17, wherein the conpound of formula Il is essentially
5 19. The single diastereomer of claim 17, wherein R? is t-butyl.

20. The single diastereomer of claim 17, wherein each R%is -OCHs;.
21. The single diastercomer of claim 17, wherein n is 3.
22. The single diastercomer of claim 17, wherein the F is '*F.

23. The single diastercomer of claim 17, wherein the compound of formula II is essentially

0 0
R2
HN o~
— F HN\1
R
\/ /

10 (R%),

24. The single diastercomer of claim 17, wherein the compound of formula II is essentially

o) o)
w R2
HN™ ™y Y 07
— F HN\1
R
\/ /

(GN

25. The single diastercomer of claim 17, wherein the compound of formula II is essentially

o) o)
R2
HN Y 07
— F HN\1
R
\/ /
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00 HNCD R2 F HN R1L 25. The single diastereoner of claim17, wherein the
conpound of fornmula Il is essentially , HNR2 O F HNRL WO

2011/ 02001 6RCT/128A810/ 045470 26. A di agnostic conpositi eaTiuseo0MEI7Ng
cancer conprising a single diastereoner of 4- [18F]fl uoroglutam ne having a

di t i f at t 80% and a t [ ] t abl
el or OB Miagne oMoy ia JHALOF LT ORI R el IR e ol b t he

single di aSt[éFﬁﬁﬂ%%htﬁm%?estﬁ‘aMﬂ diXstd8omeri@8x ced6r AN RAGBE bhigd £OMPOSi tion of
claim 26, wherein the single astereonmer is essentially 00 29. The

di agnosti ¢ pbaposiuticaHy e€ceptahianapésr onddneitn t he singl e di astereoner is
essentially

27. The diagnostic composition of claim 26, wherein the single diastercomer is essentially

0 0
5 8F  NH;

28. The diagnostic composition of claim 26, wherein the single diastercomer is essentially

O O

HoN OH
BF  NH,

29. The diagnostic composition of claim 26, wherein the single diastercomer is essentially

O O
HN WOH
F  NH,
10 30. The diagnostic composition of claim 26, wherein the single diastercomer is essentially
O O
HoN )WJ\OH
BF  NH,

31. A method of preparing a single diastercomer of 4-fluoroglutamine having a
diastereomeric excess of at least 80%
comprising:
15 reacting a single diastereomer of a compound of formula I having a diastereomeric excess of

at least 80%
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H2N " OH 18FNH2 1030. The di agnostic conposition of claim26, wherein the
single diastereoner is essentially 00 HZNOH 18FNH2 31. A net hod of

pr epari ngvea 28imgb@Esdi ast er eomer of 4-fl uorogl ut am ne haPCmgISa010/045470

di astereoneri c excess of at |east 80% conprising: 15reacting a single

di astereonmer of a c ound of formula | having a diastereoneric excess of
at least 80% WO 20]1/020018PCT/ US2010/ 045470 00 HNo' R2 (. / / (R3),|
wherein RL is i ok i it ogen protecting group; R2 is G _6al kyl or

C _6cycl oal kyl; Eeach R3 ils independently -0G _6al kyl or C _6cycl oal kyl ;
OR4 is a | gavhng grouPR'&fd pis 0, 1, 2, 3, or 4; with a fluorinating
agent, for nme and underRconditions effective to forma single

di astereo of a conmpound of formula Il having a diastereoneric excess of
at |east &% I

wherein
R' is an acid-labile nitrogen protecting group;
R%is Ciealkyl or C;scycloalkyl;
5 each R? is independently —OCsalkyl or C_¢cycloalkyl;
OR*is a leaving group; and
nis 0,1, 2,3, or4;
with a fluorinating agent, for a time and under conditions effective to form a single

diastercomer of a compound of formula II having a diastereomeric excess of at least 80%

10 (R®), ; and
reacting the compound of formula II with an acid for a time and under conditions effective to

produce the single diastereomer of 4-fluoro-glutamine.
32. The method of claim 31, wherein the acid is trifluoroacetic acid.
33. The method of claim 31, wherein R' is Boc.
15 34. The method of claim 31, wherein R? is t-butyl.
35. The method of claim 31, wherein each R*is -OCHs.
36. The method of claim 31, wherein n is 3.
37. The method of claim 31, wherein OR* is —Otosylate.

38. The method of claim 31, wherein the compound of formula I is essentially
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00 HNo' R2 FHN. Rl ; and reacting the conpound of formula Il with an
acid for a tinme and under conditions effective to produce the single

di ast er eower20f02d018| uor o- gl ut am ne. 32. The met hod of clrairms3d/owdses ei n t he
acid is trifluoroacetic acid. 33. The nethod of claim 31, wherein RL is
Boc. 1534. The nethegd of clg m 31, wherein R2 is t-butyl. 35. The nethod of

claim 31, wherein edch R3 i OC@3. 36. The nmethod of claim 31, wherein n
is 3. 37. The Hﬁ@g\oj/iiifﬂﬂdyﬁ wherein OR4 is -Qosylate. 38. The net hod

of claim 31, erein th nmpound of fornula I is essentially 00 39.
The net hod/of \cl ai m 3PR ﬁﬁbrgln the conpound of fornula | is essentially
40. The ,?O of claim31,Rwherein the conpound of formula | is
essenti al |

(R%)n

39. The method of claim 31, wherein the compound of formula I is essentially

HN o~

.
\/ /

(R%),

40. The method of claim 31, wherein the compound of formula I is essentially

42. The method of claim 31, wherein the compound of formula II is essentially

0O 0O

R2
HN - o~

HN

\

R
\/ /

T
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41. The nethod of claim 31, wherein the conpound of formula I is
essentially 42. The nethod of claim 31, wherein the conpound of fornula I
I s essentwal2by/@001843. The net hod of claim 31, wherein PrhE/usempouiIdo of
formula Il is essentially 00 44. The nethod of claim 31, wherein the

conpound ornula I s essenti. al 00 ) HN R1 45. The net hod
of claim %3[1 hgymRst ool Elaml Blﬁywawam%%ﬂ%a&@éﬁﬁepaﬁf HN R2 0 F
HN R1

0 0
R2
HN o~
— F HN\1
R
\/ /

(R%),

44. The method of claim 31, wherein the compound of formula II is essentially

O 0O
R2
= - O/
E N\1
R
\ /
<R3)n
5 45. The method of claim 31, wherein the compound of formula II is essentially
0O 0O
R2
- O/
N\1
R
\ /
<R3)n

46. A method of imaging cancer in a patient comprising
administering to the patient a single diastereomer of 4-[18F]ﬂuoroglutarnine having a
diastereomeric excess of at least 80%; and

10 detecting the gamma rays emitted by the single diasterecomer of 4-[18F]ﬂuoroglutarnine.

47. The method of claim 46, wherein the single diastereomer of 4-['*F]fluoroglutamine is

essentially
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46. A nethod of inmaging cancer in a patient conprising admnistering to the
patient a single diastereoner of 4418FI fl uorogl utam ne havi ng a

di ast ereowenoc/eamess of at | east 80% and 10detecti ng POE/USa0MOM4F4aY S
emtted by the single diastereomer of 4418F1fl uorogl utam ne. 47. The net hod
of claim 46, wherei he single diastereoner of 441 tluoroglutamne is
essenti al 1‘&? T Mg I ORD S PSP S RIT g el OB BReat af m
46, wherein tpargiiyngl e di astereomer of 4-[18F]fluoroglutanmne is
essentially 49. The nethod of claim46, wherein the single

di astereonmer of 4-[18F]fluoroglutam ne is 5essentially H2N,, OH 18FNH2 50.
The met hod of cbai m 46, owherein the single diastereoner of

4-[ 18F] fl uorogl yt am ne is essentially H2ZNOH , 18FNH2 1051. A single

di ast er eonem,N I oglowt am ne having a di astereoneric excess of at
| east 80% 52. The siggle diastereoner of 4-fluoroglutamne of claimb51
havi ng a di astereoneri c’excess of at |east 90% 53. The single

di astereomer of 4-fluoroglutam ne of claim51 having a diastereoneric

e 0L AL Ah o Pt S T h R

di agt er eonereQhtidityf | uorogl utamne of claim51 that is essentially

0 0
HzNWOH
F  NH,

50. The method of claim 46, wherein the single diastereomer of 4-[ "*Ffluoroglutamine is

essentially

I
S
pzd
{
o
I

10 51. A single diastereomer of 4-fluoroglutamine having a diastercomeric excess of at least

80%.

52. The single diastereomer of 4-fluoroglutamine of claim 51 having a diastercomeric excess

of at least 90%.

53. The single diastereomer of 4-fluoroglutamine of claim 51 having a diastercomeric excess

15 of at least 98%.

54. The single diastereomer of 4-fluoroglutamine of claim 51 that is essentially 4-

[18F]ﬂuoroglutarnine.

55. The single diastereomer of 4-fluoroglutamine of claim 51 that is essentially
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00 56. The single diastereoner of 4-fluoroglutamne of claimb51 that is
essentially 00 OH 18FNH2 57. The singl e diastereoner of 4-fluoroglutam ne
of cl ai m80 20h1aR0018 essentially 00 HZN " OH 518FNH2 58. PTmaISgém0gh70

di astereoner of 4-fluoroglutamne of claim51 that is essentially H2NOH
18FNH2 o o

HoNT OH
NH,

3
M in

56. The single diastereomer of 4-fluoroglutamine of claim 51 that is essentially

0 0
BF  NH;,

57. The single diastereomer of 4-fluoroglutamine of claim 51 that is essentially

]

HoN

Y Y TOH
5 F  NH,

58. The single diastereomer of 4-fluoroglutamine of claim 51 that is essentially

O O

HoN ~~ TOH
18F Hy

Zln

10
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