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25  Biological stability; however, may well be sufficient for use in PET, as very long plasma

half lives are usually not desired for PET-tracers.
This would make the fluoromethoxy an ideal group to introduce an "®F-label into any
biologically active molecule containing an aromatic methoxy group. However, in current
labelling iiterature this group is not nearly as often used as the sterically more demanding
30 fluoroethoxy group (search in Chemical Abstracts Service (CAS) reveals 21 ['°F]-
fluoromethoxy compounds (table 1) versus 335 ["*F]-fluoroethoxy-compounds). This huge
preference cannot be solely explained by the greater stability of the fluoroethoxy-group, as
the risk of losing the biological activity is greater by using this group compared to
fluoromethoxy. But taking into account the fundamental difference between the two
35 labelling strategies the choice of fluoroethoxy over fluoromethoxy becomes completely

rational.



name) CAS Registry number Literature Reagent 1083103-28-9
1059188-91-8 Journal of Medicinal Chemstry
947395- 20- 2 WD 2007 @e6EP3042/052764H2- Br

[ 18F] FM SA4503 1004511-89-0 Nucl ear Medicine and Bi ol ogy (2007), 34(5),

571-577 Indirect 342 (?1- :I?iB- 7 WO 2007041025A3 F- CD2-Br [ 18F] SPA-RQ
262598- 9g. JOf generation o the fluoroethoxy group, a wide choice of precursor groups are available

Tracer (trivial
WO 2008141249 CE F- CH2OTs
(2008), 5X028)3/000B83- 5842 F- CH2- Br

(tosyloxyethoxy, mesyloxyethoxy or haloethoxy). These precursor molecules despite
being reactive molecules, can be isolated and stored and allow an easy direct labelling
access fo their corresponding tracers.

5 By contrast, fluoromethoxy-labelled tracers are almost always made by a so called
“indirect” labelling. To this end, a radicactive flucromethylating agent is prepared. The
radiochemical practise knows a variety of such labelling reagents as detailed in the table

1.

10  Table 1: Reagents for indirect synthesis of ["*F]-Fluoromethyltracers
Tracer CAS Registry | Literature Reagent
(trivial name) | number
1083103-28-9 | WO 2008141249 GE F-CH,OTs
1059188-91-8 | Journal of Medicinal Chemistry (2008), | F-CH,-Br
51(18), 5833-5842
947395-20-2 | WO 2007096193 A3 F-CHy-Br
[ F]FM- 1004511-89-0 | Nuclear Medicine and Biology (2007), |indirect
SA4503 34(5), 571-577
934200-18-7 |WO 2007041025 A3 F-CDs-Br
[*FISPA-RQ |[262598-99-2 |Journal of Labelled Compounds and | F-CH,-Br
Radio pharmaceuticals (2006), 49(1),
17-31 and 49(11), 935-937 (correction)
Synapse (2007), 61(4), 242-251
863887-82-5 | WO 2005079391 A3 F-CHz-Br
849469-05-2 | WO 2005030723 A1 F-CH,OTf
di-deutero 848769-79-9 | Bioorganic & Medicinal Chemistry FCH.I
FMDAA1106 (2005), 13(5), 1811-1818
D-FMT 870452-26-9 |WO 2005115971 A1 indirect
L-FMT 627092-21-1 WO 2005000928 A3 indirect
867281-18-3 | Journal of Labelled Compounds & BrCH,F
Radio pharmaceuticais (2005), 48(1),
1-10
Journal of Nuclear Medicine and
Molecular Imaging (2006),
33(10),1134-1139




Journal of Labelled Conpounds and Radi o pharnaceuticals (2006), 49(1),
17-31 and 49(11), 935-937 (correction) Synapse (2007), 61(4), 242-251
F- CH2- Br weassani@’-5 WO 2005079391A3 F--CH2- Br  849469- @BTEPYM2A618€030723Al

F- CH20Tf di-deutero FVMDAAL 1 06 848769-79-9 Bioorganic & Medici nal
Chemistry (2005),.-13(5), 1811-1818 FCH2|l D EMI _870452-26-9 \W2005115971A

i ndi rect L|EMPAg571862] 206084462 (050099823 i nd®% ect 867281 AGHA Journal of
Label | ed Cgnpounds & Radi o phar nas%sim\he%.&r%@%mn&%x do4)l: hliregurnal of

Nucl ear Medicine and Ml ecul ar n _
7?9) 2q22 ~2235 and direct
Bioorganic & Medicinal Chemistry FCH:l
Letters (2003), 13(2), 201-204
844446-45-3 | Synapse (New York, NY, US) (2004), |BrCD.F

53(2), 57-67
(S,8)-"°F1 844446-44-2 | Synapse (2004), 53(2), 57-67 BrCH,F
FMeNER Psychopharmacology (2006), 188(1),
119-127
686768-01-4 |WO 2004038374 A3 BrCD,F
677000-29-2 | WO 2004029024 A3 BrCD,F
262598-99- | WO 2004020006 A3 FCH.l,
2P WO 2000018403 A1 FCH,Br

Journal of Nuclear Medicine
(2007),48(1),100-107
844446-45-3 |Nuclear Medicine and Bioclogy (2008), |indirect
35(7), 733-740
870452-26-9 | Journal of Nuclear Medicine (2006), indirect
47(4), 679-688

European Journal of Nuclear Medicine
and Molecular Imaging (2006), 33(9),
1017-1024

851014-76-1 | Journal of Fluorine Chemistry (2004), |FCHl
125(12), 1879-1886

Generally, such indirect syntheses require more steps and give inferior yields when
compared to their direct counterparts. Some of the reagents mentioned above are
gaseous, thus requiring special equipment not present in every laboratory.

5  The reagents for direct synthesis of fluoromethylethers should be available. For example,
chloromethylethers of many phenols are commercially available. However, not all desired
chloromethylethers are stable. The chloromethylether of boc tyrosine methylester was
synthesized and found to be chemically not stable (Angew. Chem. Int. Ed. 2002, 3449).
Other authors found such compounds stable, but very reactive when dissolved in solvents

10 containing water (J. Appl. Chem. 1953, 266). Interestingly, there is only one report for use
of a halo-methyl compound as a labelling precursor to make a fluoromethoxy-labelied



33(10), 1134- 1139 BrCH2F WD 2013/ 0010883PCT/ EP2012/ 062786 FNMDAA1106
505084-40-2 US 687006982 Journal of Medicinal Chem stry (2004), 47(9),
2228- 2235wBizowaanssc & Medi ci nal Chemi sttdr Letters (200BCI/EP3(12)0627801- 204
FCH2l Indirect and direct FCH2I 844446-45-3 Synapse (New York, Ny, US)

(2000 S(0). STLe0 B R Ls Ol FN ESAin A0 Sanee (2500
WD 20040383aA38d Eum%thﬁiaﬂﬂﬁu@“&um&Gl&é&éaoﬁﬁ%e BadideHemical yield was not
reproducible (0-35%)". In the end, the authors relied for production of the tracer on the
established indirect methods. Aromatic tosyloxymethoxy-compounds can be synthesized
5 (e.g. Synthesis 1971, 150), but such compounds have not been used for synthesis of
['®F]-tracers. Thus, it appears that methoxy-compounds substituted with leaving groups
commonly used for aliphatic nucleophilic substitution reactions (e.g. OCHs-Hal, OCH,-
OTs, OCH;-OMs or OCH»-OTf) are not of use for the synthesis of [**F]-fluoromethoxy-
compounds (OCH-F).
10
So far, for direct synthesis of [*F]-flucromethoxy compounds, precursors are lacking,
which are stable compounds with a long shelf life, which do not decompose under

standard labelling conditions and give reproducible results in the labelling reaction.

15  O-N activating groups have been known and are in use for a long time in amide-forming
reactions. (e.g. N-Hydroxybenzotriazole (HOBt), 7-aza-N-Hydroxybenzotriazole (HOAt), 6-
chloro-N-hydroxybenzotriazole, 3-Hydroxy-1,2,3-benzotriazin-4(3H)-one, Ethyl cyano
(hydroximino)acetate,  1-Hydroxypyridinone,  ethyl-1-hydroxy-1H-1,2,3  -triazole-4-
carboxylate) (e.g. Houben-Weyl E22, 2003, p 443ff and 522ff). Such groups have also

o0 been used as leaving groups in aromatic nucleophilic substitution reactions to form ["*F]-
substituted aromatic compounds, see WO 2008/104203.

O-N substituents attached to methoxygroups (OCH,ON) have been described - over 7000
structures of this type are known in CAS. However, in combination with fluorine (F) only
o5 very few structures can be found. In several patents, C=NOCH;F is described as a
prodrug which could release the corresponding ketone (C=0) after hydrolysis (e.g.
WO02008/143730, W02008/106204, Bioorg. Med. Chem. Lett. 2002, 833). None of these
documents teach the use of the ON-activating group as a leaving group to synthesize
fluoromethoxy-groups.
30
The inventors surprisingly found that such O-N-activating groups can be used as leaving
groups in aliphatic nucleophilic substitutions to form fluoromethoxy-groups. Moreover,
they form stable precursors for reliable and reproducible synthesis of fluoromethoxy-

compounds.
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262598-99- 2P WO 2004029006A3 W)2000018403Al Journal of Nucl ear Medicine
(2007), 48(1), 100-107 FCH21, FCH2Br 844446-45-3 Nucl ear Medici ne and

Bi ol ogy (WOQ8)3/008B§7), 733-740 indirect -870452-26-9 Jowcmair2@P/0bires ear
Medi ci ne (2006), 47(4), 679-688 European Journal of Nucl ear Medici ne and

Mol | I i 006, 33(9), 017-1024 i irect 851014-76-1 Journal of
M uor ine: oreTEhel poR0 BRuoT o Yalb D rpaipe. o Feipmetiilidriicine  aih been
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ar gpgaseous?éqyﬁﬁégf%eggf th Wéc"s%’%gi @F’} Zraeﬁ-&@ﬁ’tp%ﬁ ‘br’@é‘gr{\f’e - ?0ehetqy 2009; J.

| abor at or y. N&Th#lere agep6 7o, f 206diNuec 'tv:ce%ly rHidl.eﬁd')(im @EQSJ iuemar Wohyc%]@bblﬂg@,- J.
shoul d he avail able. For exanpl.e t ethers of nman enols are
commer ci%al Ialgf%f{lgc?q% |’4§¢’°ﬁ§6\%é’]& b ?é{l Zgé‘?)W@@@g‘feéd“@hIsé?‘gﬁ%etsl%P@ﬁ?ﬁjetPsdaée_r for
stabl e. Thethetd compeirhlg| et rsmecobb@mlzatsprAcmsbaeinghﬁédwlaF@mﬁg g\g@%gggzrgnkmsiyfgjed
and found to .he chem cally not. staple Vi em | nt. ) , 49) .
Ot her aut ho‘??g'a? othd®%u #%%?%%l?ﬂdg & ?gﬂe@gfbuﬁswv (8cdHoumetuh RIPESI ved
i n sol vent sflubBmoethyiitodyiege wanesylate) or Apifihte), Ghisioh iéQ@a’i;tec?ﬁﬁh-tyﬂo@h@rii‘éS il/flfll!wé/,
ooy bor (R TabS PP radeh ST prafi s iaipwe 5 vaety S B2 Tsbeling Teagents, but

10 not only for synthesis of O-fluoromethyltyrosines, as detailed in table 1.

Summary of the Invention:

The present invention is directed fo radiolabelling methods to convert compounds of
general formula | into compounds of general formula Il, and further is directed to novel
15 precursors according to the general formufa | and la for direct radiosynthesis of protected
['*F]Fluoromethyl derivatives, and in particular derivatives of O-([*F]Fluoromethyl)

tyrosine.

Figures:
20 Figure 1: HPLC Left y-trace and Right UV-detector.

Figure 2: HPLC Left y-trace and Right UV detector.
Figure 3: HPLC final product DFMT (QC).
Figure 4: HPLC final product DFMT (QC) + co-injection with cold reference.
Figure 5: HPLC final product DFMT (chiral).
25  Figure 6: HPLC final product DFMT (chiral) + co-injection with cold reference.

Detailed Description of the Invention:

30  Direct radiolabelling methods:

The present invention is directed to radiolabeling methods to convert compounds of

formuia 1 into compounds of formula .

T-0._.0* T—-0. -
XOY » OXF

Formula | Formula il
35



WO 2013/ 001088- 4 -PCT/ EP2012/ 062786 tracer (Bioorganic & Medicinal

Chem stry 2005, 13, 1811-1818). This report stated that the | abelled

f | uor ometwl2ooepsand "“coul d be obt ai ned,6 but the radi oeh@rmpealk/oyi7es d was
not reproducible (0-35%". In the end, the authors relied for production of

the tracer gn the established, indirect nethods. Aromatic

t osyl oxyrretﬂ"t‘?xr{?‘- @@E’Fﬁf&waé‘ogﬁfwEan‘éengr@m%ad%otférr@ula S srespaiings el 150)
but such caspewatisohdviee feistéieadt used for synthesis of [189-tracers. Thus,
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OCH2- 0Ts, OCH2--OMb qéptickbiR] @Ehlotattify MR oBthinedeschipouhd SorSoBMiRiRg it pRiiected

[ 18941 ugromat hoxyconpoundsr(lé 15}@2!- r? /'LO So far, for direct synthesis of

[ 189-f1 Qor onet hoxy cSRPBAHALOT B N@BF@rare | acki ng, which are stable

conmpounds wi th a | ongogtitghlfly] lcbhesrtivb8Hine® cBRboGRCAIEPS SGitdbROSAIs T BARHG L
| abel i ng conditions andq?g]li%? reg_(odum ble results in the |abellin

reaction. 150-N acti VA %%QfehWé%tﬁS’meﬁﬁ’@’ﬁr@‘waF?SJE@EPgr a | ong
tinme in amwlerdior m ng reactions. (e.g. N Hydroxybenzotriazoie (HOBt),
7-aza- N- Hydr oxybenzotri azole (HOAt), 6- “Fhl or o- N- hydr oxybenzotri azol e,

3- Hydr oxy- 1, 2, 3- benzot ri azinO4(30*1Y - onel “Bwy+Fcyano (hydroxi ni no) acet at e,
1- Hydr oxypyri di none, ethyl-I-hydroxy-1H1,2,3 -triazol e-4- carboxyl ate)
(e.g. Houben-Veyl E22, 2003, FpmddBff and fedadiz). Such groups have al so 20
been used as Ieavin%agroups in aromatic nucleophilic substitution reactions
to forAP[ 18F] - fubsisilt’hl wriae étva;i ¢ conpounds, see WD 2008/ 104203. 0- N

substituents att acfef 9 MELPQXYIroups (OCH2ON) have been described - over
7000 structures of ﬁ?s type are known in CAS. However, in conbination with

fluorine (F) oMy BEHRePyiG@®Rsructures can be found. In several patents,

C=NOCHZ2F is descri hed - L.ch. cO e , e di.ng
ket one (0=0) afterﬁy(i?%ﬁt@st?(iﬂ %Fbgny}%%g—w@/dﬁ)%gé 8@%%@@?5‘%@@_‘%&%&%3&&9.
gbf' ?_herr;_ Lett. 20B2progiggjhat Nermeygén (Ql*téssedlcb@:jﬁhemrt_ dsto;c_ema:iﬁ tttel’r:atrzms@ﬂﬁehe
activating grou 0 1] synt hesi ze fi uoromet hoxy- groups.
30 The1?nvenjtors sﬁre%??ag?'hg yﬂi%ﬂ%{dat Rﬁcg‘s clﬁa\.ﬁr-}q\grz%iji vating groups can be
used as leaving groups in aliphatic nucleophilic substitutions to form

fl uoroneth -groups. Moreover, th form stabl e precursors for reliable
and r epr ody O1aEEoW Rien sedichon o e HERGEEIRSMERT oiE'oa Shoproissing
gpg{ EP201@M§@)|272851 ﬁwpcgraeﬁgetehtir%&dajémmﬁgaglahd Bgélzi¥rc@ﬁdiﬂ1§13ang , ,

- uor o yl)-L-tyrgsin ve been described as -tracers for in vivo
i magi ng o?%&*ﬁ"%ﬂ?ho? @Fﬁﬁf refﬁlﬁe W@Wﬁﬁl\ﬁg OGO 7ergapGracids, hyffates apdd.
Mélfgl ng%b(igﬁl@ﬁtes Rt @ cordpolMdie| of AveHuladDand #O8s0 29t to) cobide siMRd isdhfers,
p6/9,

oo Nuc. Med. Bial. 2009 p295; L-FEMI,, WD 2005009928; J. 5 Label.
Conp. Radi Sﬁﬁgﬂf‘?ﬁm%& erﬂ%@%merf(ﬁﬁ'g)”%x%‘?%b%rﬁw?frf%ﬁnpEaé&/nt heses reported to
date for these conmpounds, as stated above a so called "indirect” |abelling
has been enpl oyed iGh congists of. preparation of a |abelled 18F-synthon
(e.g. fluo ﬁﬁgmpu'\ﬁ% (s ,?a ﬁ'IOBE?fWEQ%/ﬁ‘?t%%tW%F%‘?S@Pré@QPétp@f%ﬁ"ted PP at e) ,
whi ch i s reatéme wegdndingrapsi.ne to give the desired tracer. The

radi oc}%?e]rri cal practice knows a variety of such |labelling reagents, but
10not |y for synthesis of O-fluoronethyityrosines, as detailed in table

1. SummaryThé “4rhsl ibleedibiopBiall FtfeddleEBaiticoldineeBith® PrasntdhVdBbe & 4 Bioactive
radi ol abel [ in qr@trg‘oiis to conyert CO%OU ds of general fornmula | into
compounds 8?*””8% al fieraGisavi o BAg anusiert on eeliglisseet ¥ dPielggigalvelements of

pr ecur sor snaeendl dicag vierdih éhd bRkl SVl bRsid anfhlll Aolkalle B WBE known in the
radi osynt hetgtl SrhOf %ﬂ%&i .h%SQFI uoronet hyl derjvatives, and in particular
derivati ve&8™of' "§- PF’ YR PRIESeNtS B8 HNINSit gRrapsTty oo §ined Mmoleppc
Lef t y30 r adepemthgRirghon kb/steletee bad phidigicReicat#flafaddisticy/- t race and Ri ght
UV detector. Figure 3: HPLC final product DFMI (QC). Figure 4: HPLC final

product DFMI (QC) + co-injection with cold reference.
Further the “small molecule or small molecule T" according to the present invention is

defined as organic compounds, inorganic compounds, and the like but not limited to

natural and un-natural amino acids and nucleotides.



Figure 5: HPLC final product DFMI (chiral). 25Figure 6: HPLC final product
DFMI (chiral) + co-injection with cold reference. Detail ed Description of
t he | nverw0Dan13/0088Bi r ect radi ol abel | i ng et hods: The pPeTAEPRO2O¢ERE I On i S

directed to radiol abeling nmethods to convert conpounds of forrmula | into
conpounds o }or lnﬁ Formula I Forpula 11 WO 2013/ 0010886PCT/ EP2012/ 062786
The radi ol éﬁfﬂgﬁ D a2 SroleGHR BRYNG§ redagitRIaasoel Fap mbpat 150 daligns to

conpounds  ofbou@t BOb dakdnsEMdMavimng o hSlogitaReafy. Reacting conpound of Formul a
| wth a ran-Fluorination agent, [ optionally]
deprotecting the obtai ned conpound for obtaining deprotected 5conpound of

formula I'l rae@/ srefelamy, ltﬁ@@ﬁial!]mcﬂ%‘@ﬁéé agn&@é@érnﬁélsscm%outnm é’ait%Hé fabl e
salts of 1%1 n| c bases thereof, hydrates, npl exes, and

sol vat 2 tr?glrogg @ﬁ@fﬂ“@i‘ fﬁmo’ﬂ%?llb%@/ﬁaéow iffblaﬁaqﬂa‘i%ﬁaltm I EpN) [abowt 450

[ 18F] fl uordanengtocgﬂou{rgm dalwpl | nmolecule; Xis CH2, CHD or CD2; Yis a

substituted heteroaromatic ring containing one to four nitrogen atons with
the proviso that the oxygen (Cr) is directly bound to one of the nitrogens

of the l5heWiereqreferady,hd small atedife Nas nfolduldraaddsNer i@ WBout Bb0KKBR L, t he
neans r enovi the protecting groups

specificatign "deprotectin n
PGL and PGFPP bégg% ﬁ‘?gi”ﬁg %&Q{WEOM@%P%\%S&O&HHU% %&}Zd%@ﬁﬂl tions. The
i nventifon further refers to suitabl e salts of inorganic or organic acids,

hydrates a 2050 es], of the co nds of Formula Il and is also neant to
conpri se si Peor?ffﬁ%‘f" IS S8l R %asé‘ﬁﬁ?ﬁq BRRMESeNEREN ISP PEATPMElGBE  of

Formul a |1 .heTehear@ﬁﬁﬂ@ﬁmibtﬂf formula Ii obtained fromthe first nethod step
can be protected or non-protected depending on T. 25
Even more preferably referring to compound of Formula I, T is a small molecule as
15 defined above encompassing an aromatic or heteroaromatic moiety wherein the -0-X-0O*-
Y group is covalently bond to the aromatic or heteroaromatic moiety, preferably, the -O-X-
O*-Y group is covalently bond to the aromatic or heteroaromatic moiety at the para

position.

20 Preferably, “aromatic moiety” is an aryl e.g. phenyl, naphthy! or tetrahydronaphthyl and

heteroaromatic moiety is e.g. pyrrole, imidazole, triazole.

Preferred features:
Preferably, X is CH,, or CD..

25
Preferably, Y is 5 to 10 membered heteroaromatic ring containing one to four heteroatoms
wherein the heteroatom is Nitrogen (N). The heteroaromatic ring is a single ring
{(preferably 5 or 6 membered with up to three nitrogens) or a fused ring (preferably 9 or 10
membered with up to four nitrogens). Preferably, the heteroaromatic ring comprises 2 to 4
30  heteroatoms, more preferably 3 to 4.

More preferably, Y is

wherein



The "small nolecule or small nolecule T" according to the present invention
is a bioactive conpound that interacts with or has an effect on cell tissue
or bi ol ogvoabi3gloersent s of nmammual body whdiein the biol ogceaiP2@ciosysey of
said small nolecule is well knovvn in the art. The biological activity
represents the 'Bé]trl n?\g y Hfr y of a small nolecule 30depend| ng only on
its structure an 08 'H% Bgicoxpantond s thei@yger{Pimeiorrre  spal |

nol ecul e or sm@Rllis mobgjcg.l €OBR*as&PRY M ON of B GResent invention is defined
as organic co qunds |nor%an| c conpounds, and the like but not linited to

natural and un-haangr&] foan theetae 48 fa‘?mb‘?fﬁélaé‘tm?t&e@‘g vifysh optionally comprise 1

2013/0010887PCT/ EPitagnoRi #ndPr ctind by the Te hﬁan@oe‘fé@h "ﬁ)bﬁt@r\b@ Sbstifgea
mol ecul ar mass of fr@rpl about 150 dal t ons to about 500 dal tons and havi ng

a biol ogi cal acti vi%fi{p.Haloggn, NQsy Ner QPR SO %I?d:ist rml ecul e has a

ol ecul ar mass Rdfis Cr-oaAhpYhd 150 daltons to Sabout 600 daitons, from about
150 daltons to _gho t 400 daI tons, or from about 150 daltons to about 350
daltons. More é¥ Y-t he srrall nol ecul e has a nol ecul ar nmass of from
about 600 dal tons to about 1,500 daitons, or from about 600 daltons to

about 1, 00Q,daltons,, 10 (I\jlgr,{i referably, is a small npol ecul e, as defi ned

above enco ﬁé bﬂ‘@ Rnagd ?‘? 69%4&@%&%%@ APraeYE ripgeihiehr eptionally

preferably doafpaiss it W@trb@erﬁ@ﬂ%&ﬂ nedthif@ ofMHeA6 Imendbdréd Ang MRbpticHBIESWsBAR 15

defi ned abov%ﬁ Si n n aromati c or heteroaromatic noiety wherein the

-0- X- 0*- Lﬁ‘qogeé‘ a‘Pr t4y bond to the aromatic or heteroaromatic

noi ety, preferably the -0-X0*-Y group is covalently bond to the aromatic

or heteroaro ti iely at th ara position. 20Preferably, "aromatic

moi ety" is é Eg' &1 ﬂﬁﬂﬁ&“ ﬁapht hyl or tetrahydronaphthyl and

het erocaromatic noiety is e.g. pyrrol e, imdazole, triazole. Preferred

features: referably, X js CH2, or 25 Preferably, Yis 5to 10

merrbergg hé:tl?%ft% yo%ﬁ%lst G ?Em&mémt)&fgizﬁﬁytdﬁ@y‘to four heteroatons wherein the

het eroatomi s Nitrogen (N). The heteroaromatic ring is a single ring

(preferably 5 or nber e W|th up to three nitrogens) or a fused ring

(pr ef er abl @feEﬂbiyleE’Q "Qi(tH up to four nitrogens). Preferably, the

heteroaronatlo ring corrprlses 2 to 4 30heteroatons, nore preferably 3 to 4.
VD 2013/ 0010888PCT/ EP2012/ 062786 *

Mor e prefe erein
i ndi cat es )ét?é?f’feg‘?fa\é\f; Y#e coval ent bond to the O<ygen (0*) in formula
|;R1ISH*CN or COGR4, andR2|sH CN, sor @r RlandRZform

t oget her a 6\; erer ed a |c r| ng i¢h RQpti ser,1 Nitrogen
(N and 1 mst of ruhe ed g i (E‘/nial N s uted 5wi t h
Hal ogen, ‘\ "" O?N . \

*\N/ycoocrqzct-ls
r A
N=N

20
* indicates the position of the covalent bond to the Oxygen (O*) in formula 1.
Even more preferabty, Yis
O AT T J@r Keos
* indicates the position of the covalent bond to the Oxygen (O*) in formula |.
25

Preferably, O*-Y acts as a leaving group suitable for introducing a fluoride.

Even more preferably referring to compound of Formula I, T is a small molecule of formula
30  below



R3is G-C3 alkyl, and R4 is C1-C6 al kyl . Preferably, Rl and R2 form
together a 6 nenbered aromatic ring, which optionally 10conprise 1 N trogen
(N) and Iwoeotsimessf the 6 nenbered ring%s optionally sabsreennezssai t h

Hal ogen, NO2, or CF3. Preferably, R3 is Cl alkyl (methyl). 15Preferably, R4
is A alkyl (nmethyl) or C2 alkyl (ethyl). Preferably, Halogen is chloro
(d). Even nore preferatly, Y is ., N'- COOCH2C1- 13 20O\ N=N
* indicates the posi of the coval ent bond to the Oxygen (0*) in formula
|. Even nore preferablys Y is * indicates the position of the coval ent
bond to the Oxygen (0*) in formula |I. Preferably, 0*-Y acts as a | eaving
group suitabBlGg<f oP ntOQ a:ai ng a fluoride. WD 2013/0010889

- PCT/ EP2012/ 062786 er * indicates the position of the -0-X-0*-Y group
in formula |; Zis Hyglrogen or nethyl; 5fs

wherein
* indicates the position of the -O-X-0O*-Y group in formuia 1;

Z is Hydrogen or methyl;
5 Y is

1 1 i
N N AN N Cl N NO, N CF,
N\\ l\l\\ I / N\\ N\\ N\\
N N N N N
*\N/yCOOCHchS
r \
o N=N

PG1 is carboxylic acid protecting group defined as
Alkyl,
Alkyl substituted with one phenyt,
10 Alkyl substituted with one or two C;-Cs cycloalkyl,
Alkyl substituted with one phenyl and one Cs-Cg cycloalkyl, or
fluorenylmethyl
wherein
Alkyl is a branched or linear C;-C; alkyl, and optionally substituted with C;-
15 C; Alkoxy, and
phenyl is optionally substituted with up to three C:-C; Alkyl, C,-C4 Alkoxy or
Halogen;
PG2 is an amino protecting group,
preferably PG2 is a carbamate- or alkylaryl-amino protecting group, and even
20 more preferred PG2 is selected from the group comprising Carbobenzyloxy
(Cbz), p-Methoxybenzyl carbony! (Moz or MeOZ), tert-Butoxycarbonyl (BOC),
9-Fluorenylmethoxycarbonyl (FMOC), Triphenylmethy! (trityl), 4-Methylphenyl-
diphenyimethy! (Mtt) and 4-Methoxyphenyldiphenylmethyl (MMTr).

256  Even more preferably referring to compound of Formula I, T is a small molecule as
defined above encompassing an aromatic or heteroaromatic moiety, wherein the

Fluoromethoxy group (-O-X-F} is covalently bond fo the aromatic or heteroaromatic moiety



., . NCOOCH2CF13 OrN=N PGl is carboxylic acid protecting group defined as

Al kyl, Al kyl substituted with one phenyl, 10Al kyl substituted with one or
two C3- Conwpebwaiokoss, Al kyl substituted wlPh one phenyl &oo/Froe2/062786

C3- Cocycl oal kyI or fluorenyl nethyl wherein ; ﬁl Igr/l i ?:Sa
branched or Cl- | kyl ,. and opfion substltute W t 15

Al koxy, and”’ t‘?é%&f the '@%’F@ﬁ%pl 'S CQYJ‘FL‘J?‘E)", '@&O\M‘? RrAmAtcPringlesearematis maisty | |
Cl- C3Al koxyatahe plaaq@eiionPG2 is an ami no protecting group, preferably P& is
a carbamate- or al kylaryl-am no protecting group, and even 20 nore
preferred P&Q is selected fromthe group conprising Carbobenzyl oxy (Cbz),
p- Met hoxybeEueyaI mor@rdeefasdbly ivtezringy toMepbund ef EorBiulz0K YICia sl m&iSEXe of

9- Fl uor nyI LE] ﬁf:ar bonyl (FMOC), Triphenyl nmethyl (trityl),

4- Met hyl pheﬂg/”i‘ ?ﬁ eyl methyl (Mt) and 4- Met hoxyphenyl di phenyl methyl
(MMIr). 25Even nore p J:ably referring to compound of Formula I, Tis a
smal | nol ecul e as de d above enconpassing an aromatic or heteroaromatl C
noi ety, wherein the ornethoxy group (-O-X-F) is covalently bond to the
aromatic or hetepoarondtic noiety WO 2013/001088- 1 0 - PCT/ EP2012/ 062786
preferably, pghe -8 X- Fogroup is covalently bond to the aronatic or

het er oar onat I € “INS1 ety a?P'@e para position. Even nore preferably
referring to cohpou of Formula Il, Tis a small nolecule of 5formula

bel ow wherein * indicates the p05|tion of the (-OX-F) Oxygen formng
the ester Qangeihn formula I1; Z, Y, PGlL, and P& are as defined above. 10

* indicates the position of the (-O-X-F) Oxygen forming the ester bond in formuia Il;
Z Y, PG1, and PG2 are as defined above.
10
Optionally, the small molecule (T) discloses functional groups (NH;, COOH and OH) that
interfere with flucrolabelling reaction. Thus, the functional groups are protected in a way
known to the person skilled in the art. In particular, functional groups are amines,
carboxylic acids, thiols, and alcohols that are protected with carbamates or
15 arylalkylamines for amines, esters for carboxylic acids, thioethers for thiols and ethers or

esters for alcohols.
The groups are chosen in a way to allow deprotection after the fluorine incorporation.

General ways for protection are given in Greene and Wuts, Protecting groups in Organic
20  Synthesis, Wiley Interscience, third edition, 1999 and fourth edition 2007.

Preferred methods:

Preferably, the radiolabeling methods for converting compounds of formula | into
25  compounds of formula Il comprise the steps of
- Reacting compound of Farmula | with a ["®F]-Fluorination agent
- [optionally] deprotecting the obtained compound for obtaining deprotected
compound of formuta Il and/or
- foptionally] converting obtained compound info suitable salts of inorganic
30 or organic bases thereof, hydrates, complexes, and solvates thereof,
wherein:



Optionally, the small nolecule (T) discloses functional groups (NH2, COON
and OH) that interfere with fluorol abelling reaction. Thus, the functi onal
groups arwoprmmedsed in a way known to t-Hé -person skil | edTinr2eibecEse . | n
particul ar, functional groups are am nes, carboxylic acids, thiols, and

al cohols that are protected with carbamates_or 15aryl al kyl am nes for
anines, esters for carboxylt®aci@sY thi ethegstfor thiols and ethers or
esters for al cohols. The grdups are chosen'in a way to all ow
deprotection after the fl uorFoeuaicorpor akdr@nia liGener al ways for protection
are given in Geene gnd Wits, Protecting groups in Organic 20Synthesi s,

Wl ey Intersciéhcejs ki fleprisgiatoran, 1999 and fourth edition 2007. Preferred
met hods: T Prefgcabl }holetcE%- radi ol abel i ng net hods for converting
conpounds of formula I into 25compounds of fornula Il conprise the steps of
Reacting conpouhd &FCHporDa | with a [18F]-Fl uorination agent ,

[ opti on&l | y] deprotecting the obtained conpound for obtaining deprotected
conmpound of forrmula Il and/or [optionally] converting

obt ai ned conpound ifito suitabl®e salts of *i norgani c *30or organkc bases

t hereof , hydrates, es, M | vat ¢s- tfrareof ,j\f rbherei-NG, NAD CF,
2013/ 001088 T- - 0" X% - 1 -WCT/EPJ012N06 @ T- ONF ormu{a @ s [ 18F]
fluorine atom Tis a's | ol BCuNE: Xi s NCHN%r cD2Nang“For nulhg Yis

*\N/\yCOOCHZCHS
or \
N=N

More preferably, the radiolabeling methods for converting compounds of formula | into
compounds of formula Il comprise the steps of
10 - Reacting compound of Formula I with a ["*F]-Fluorination agent,
- [optionally] deprotecting the obtained compound for obtaining deprotected
compound of formula fl and/or
- [optionally] converting obtained compound into a suitable salts of inorganic
or organic bases thereof, hydrates, complexes, and solvates thereof,

15  wherein:

- *_ T—=0._.F
T O\X,O Y X

Formula | and Formuia Il
F  is ["F] fluorine atom;
T  is a small molecule having a molecular mass of from about 150 daltons to
about 1,500 daltons and a biclogical activity;
20 X isCH, orCD,
Y is

1 \ 3 1
N/N NfN I N\ /N Cl /N NO, /N CF,
\\N \\N e N\‘N N\\N N\‘N

*\N/\YCOOCH2CH3
or A
N=N



* .., N7C00012C1-13 O? N=N More preferably, the radiol abeling nethods for
converting conpounds of fornmula | into conpounds of fornmula Il conprise the
steps of WOReawiesg conpound of Fornul a-M2with a [ 18F1- FCump2esanswee agent ,
[optional | y] deprotecting the obtained conmpound for obtaining deprotected

compound of _formul a U and/ qr I onal | opverting obtai ned conpound into
a suitable %‘/ﬁr‘t@o@fp“}#ﬁfﬂb aﬂ]ec'%aqg}agie@?%ﬂ%tlnﬁg% & CPMH comppypgs elformula l

conpl exes, iaocosplovades fomanifcomphydmesaidps of- 0, x, 0*- Yx, F Fornul a fand
Formula Il Fis [189 fs%éjor.i ne atom ul e having a nol ecul ar

Tis a snal e > N

mass of from about 150°4F40¢ BWEP?‘H‘daq;%fm‘f?56’5"'&&?%&%@0'&\%'0& agPeh ogi cal
activity, 20X s -CH2, [eptioRBIE/] Yeprotectin@@HCHRGR3d Wordobind V¥ @didhg AR’ Ractd?
- PCT/ EP%OlZ/ 062786

compound of formula If and/or

- [optionally] converting obtained compound into a suitable salts of inorganic
or organic bases thereof, hydrates, complexes, and solvates thereof,
wherein:

— *. T-0. .F
T O\X,O Y X

Formula | and Formula Ii

10 F  is ["®F] fluorine atom:
is a small molecule having a molecular mass of from about 150 daltons to
about 1,500 daltons, and a biological activity and encompassing an aromatic or
heteroaromatic moiety wherein the -O-X-O*-Y and —O-X-F groups are
covalently bond to the aromatic or heteroaromatic moiety, preferably, the -O-X-
15 O*-Y and ~O-X-F groups are covalently bond to the aromatic or heteroaromatic
moiety at the para position;
X is CHy or CD,
Y is

N AN N c N NO, N CF,
N\\N N\\ND I\i“N N\\N N\\N

*\N/\w/COOCHZCHa
or i
N=N

20  Even more preferably, the radiolabeling method is as following



Even nore preferably, the radiol abeling nethods for converting conpounds of
formula | into conpounds of formula Il conprise the steps of Reacting
conpound WO 2Bveomisa | with a [189-Fl uori-Adti on agent, PCT/EP2012/062786
[optional | y] deprotecting the obtained conmpound for obtaining deprotected
5conpound of formula H and/or, [optionally] converting obtai ned conpound
into a suitable sal \ly@pg&ni c or organi vasPs thereof, hydrates,
conpl exes, and sol vja t hereof, wherein: T- *-Y T-0 F Formul a | and
Forrmula 11 10Fi§ 39%Tluorine atom Tis ST nol ecul e having a

nol ecul ar mpgs_ON fr gy about 150 dagg ns%¢jo aE)out 1,500 daltons, and a

bi ol ogi cal actiNi t ang@&nconpassi n T N Jeels het eroaronmati c noi ety
wherein the -O-U(-OOY and -0-X-F groups Fare/coval ently bond to the aromatic
or het eroarorra'gi C {Tqiiety, preferably, the 8X 150*-Y and -0- X-F groups
are coval ently BOHE To the aromatic or hef&r¥4d biatic noiety at the para
position; Xis CH2, or CD2 Yis ,»,» NZyCOOCH2cH3 or\ N=N 20Even nore
preferably, weenr adiol abeling nmethod is as following W 2013/001088 - 13
- PCT/ EP2012/ 062786 PQ&NO ' ' PGL

Y = Formula Ili
wherein Z, Y, R', R, PG1, and PG2 are as defined above.

5  Fluorination reagents and conditions:
The "®F-Fluorination agent can be K'F, H'*F, Rb™F, Cs'®F, Na'™F.
Optionally, the "F-Fluorination agent comprises a chelating agent such as a cryptand

(e.g.: 4,7,13,16,21,24-Hexaoxa-1,10-diazabicyclo[8.8.8]-hexacosane - Kryptofix®) or a
crown ether (e.g.: 18-crown-6).

10 The "F-Fluorination agent can also be a tetraalkylammonium salt of ®F or a
tetraalkylphosphonium  salt of "F, known to those skilled in the art, e.g.
tetrabutylammonium ['*Flfluoride, tetrabutylphosphonium [**Ffiuoride.

Preferably, the **F-Fluorination agent is Cs'*F, K'F, tetrabutylammonium ["®FJfiuoride.

16 The reagents, solvents and conditions which can be used for this fluorination are common
and well-known 1o the skilled person in theart,see, e.g., J. Fluorine Chem., 27 (1985):177-
191; Coenen, Fluorine-18 Labeling Methods: Features and Possibilities of Basic
Reactions, (2006), or Schubiger P.A., Friebe M., Lehmann L., (eds), PET-Chemistry - The
Driving Force in Molecular Imaging. Springer, Berlin Heidelberg, pp.15-50).

20
Preferably, the solvents used according to the present method are DMF, DMSO,
acetonitrile, DMA, or mixtures thereof, more preferably the solvent is acetonitrile, or
DMSO.

25



O Formula I'I-1 wherein ISI1 NR2 Y = Formula Il wherein Z, Y, Rl, R2, PGL,
and P& are as defined above. 5Fl uorination reaoents and conditions: The
18F- Fl uorwoabismi@gent can be K18F, HI18F,14Rb18F, Cs18F, pak®Bo120m780nal |y,
the 18F-Fl uorination agent conprises a chelating agent such as a cryptand
(e.qg.: 4, 7 3,16,21 | aza bi cycl o[ 8. 8. 8] - hexacosane -
Kryptofix(rﬁﬂémﬁ f%W%ﬁﬂ“@FﬁB?“@@*@’“”@é crown-6). 10The 18F-Fl uori nation
agent can also be a tetraal kyl ammonium salt of 18F or a

tetraalkylp osphonj urn salt of 18F, known to those skilled in the art,
e.g.: tetraptl ?‘é{'l‘f{?[?ﬁ?clﬁ {31@5? Aptitsic kpow. out Rellimited #hosphoni um

[18F] f 1 uor i @e-BuUtyl -1 ABkYzotlid® -1 8foxl inkkethV DAL 1P ASE BArbbAY)-D-tyrosi

Cs18F, tetrabut yﬁm’r{gﬁm um [18FI uogri de. jllgTIFge reagents, 3é%)l v%r??gatgnd
condi ti ons which can be ' f-or~thizsN{ | uori nati on are comon and

wel | - known to the ski |l u grson in eart, see, e.g., J. Fluorine Chem, 27
(1985):177- HJ;Q abel i ng Met hods: Features and
Possibilitig hﬁ\%@ iChhs, p6) , or Schubiger P.A., Friebe M,
Lehmann L. *”(eds? ' y - The Driving Force in Mol ecul ar | magi ng.
Spri nger, Berl i n FbldeIBerd*ﬁpp 15-50). 20 Preferably, the solvents used
accordi ”Rg to the present.inethod are DMF, DVSO, acetonitrile, DMA, or

m xtures thereof, nore preferably the solvent is acetonitrile, or DMSO. WO
2013/ 001088- 14 -PCT/ EP2012/ 062786 Further preferred enbodi nents of fornula
L ?gﬁ?un%ﬁ@utﬁ R (18- Butbx Rafb oG AR 1SS 2WiazBidts R Bloyhilif £ 5iSkyhRethyl

O-{(1H benz@tfb/foémte-l yl oxy) met hyl F/ V- (tert - but oxycar bonyl )-D-tyrosi nate
00, N N., CH3 CHCH3 3 tert-gButyl

N—(tert-butoxycarbonyl) THT, NS twiazol o[ 5, 4- b] pyri di n- 1- yl oxy) net hyl ]
-D-tyrosinate pr nmet hyl
O-{(1H benzmcg\aazéf %y)gﬁt hyN{ (tert-butoxycarbonyl) -D-tyrosinate
\FCH
1-1-2
10

Dicyclopropylmethyl O-[(1H-benzotriazol-1-yloxy)methyl]-N-(tert-butoxycarbonyl)
-D-tyrosinate

CH, O
H,C.] *
e oy

1-2-1

15 Dicyclopropylmethyl O-[(1H-benzotriazol-1-yloxy)methyl]-N-(tert-butoxycarbonyl)
-L-tyrosinate

OO ~Ns
N N \N

CH, O
e &
ol L Lo

0

1-2-2



1-2-1 15D cycl opropyl net hyl

0- R1H benzotri azol - 1-yl oxy) net hyl i - N-(tert-butoxycarbonyl) -L-tyrosinate
1-2-2 WOvRQLB/@OmB888- 15 - PCT/ EP2012/ 062%86 Di cycl opr opgirmeeénplos2786
N-(tert-butoxycarbonyl)-0-[(6-nitro-1H benzotri azoi
-1l-yloxy)methyli-D-tyrosinate N CH, H3C H3CO 1-2-3 5 2, 4- Di net hoxybenzyi

0- R1H benzotri azol - 1-yl oxy) net hyl | - N- (tert - but oxycarbonyl) -D-tyrosinate H3

CCH31-3 0, iy, @o&b\a Im&@Gval féﬁf&ﬂ%ry cABbA - O-[(6-nit F-benz
O-{(1H benzotr| az d \éﬁ’/ ( ; | - Wert bﬁtrgxyca‘? ZSH&‘?F?’ -D-tyrosinate
V'Wl“ae

1-4-1 Oy rethyi-
N-(tert-butoxycarbonyl)- 0s({p4- (&l hg>\<ycar bonyl)-1H1, 2, 3-triazof-1-yl}-
150xy} met hyl ) - D-t yr osi n N7

CH, O =
HSC>|\ J'I\ :
O
H,c” Yo N/\ﬂ/
H

N\+
Q O

2,4-Dimethoxybenzyl O-[(1H-benzotriazol-1-yloxy)methyl]-N-(tert-butoxycarbonyl)
-D-tyrosinate

O. N
NN

HN/Y /@

3

N

10 Cyclopropylmethyl O-[(1H-benzotriazol-1-yloxy)methyl]-N-(tert-butoxycarbonyl)

-D-tyrosinate

H C>k N/Yo\/A

1-4-1

Cyclopropyimethyl ~ N-(tert-butoxycarbonyl)-O-{{[4-(ethoxycarbonyl)-1H-1,2,3-triazol-1-yi}-
15 oxy}methyl)-D-tyrosinate '



4- Met hoxybenzyl

N-(tert-butoxycarbonyl)-0-{[(6-chloro-1H benzotriazoi - 1-yDoxy] net hyl } -
5Dt yr osiwete13/4d88¢€H3 CH3 4- Met hoxybenzyl16 - PCT/EP2012/062786
N-(tert-butoxycarbonyl)-0-[(6-trifluoromethyl-1H benzotriazol

-1-yl ox D-t nat e 4- Vet hoxybenz

o ilei: 1{,@@1%%%@3@5%%\@?@;%1-&% By Lo Puiey M Do sy |
)-L-tyrosinate. @Q;@% NJ.7 PCT/ EP2012/ 062786

al pha, al pha- D net hI

0-[ (1Hbenzotri azol~ oxy) nme J-I\I—(tert-butoxycarbonyl)- D-tyrosinate
HN000H3CCH3H3C CHl? rt- B utyl

0-[( I—I—benzotrllaizﬁl\ﬁf-y -o’x ”ﬁﬁ |T-N-trityl-D-tyrosi nate Cycl opropyl net hyl
0- 1( I—I—benzotrga@éol kaxy) r Nmet hyg- N- (tert - but oxycar bony1) - Dt yr osi nat e

1-5-1
H,C
N CHCH

4-Methoxybenzyl  N-(tert-butoxycarbonyl)-O-{[(6-chloro-1H-benzotriazol-1-yl)oxy]methyl}-
5  D-tyrosinate

.
S8

1-5-2
H,C” 1 ~CH
T CH, °®

4-Methoxybenzyl N-(tert-butoxycarbonyl)-O-[(6-trifluoromethyl-1H-benzotriazol
-1-yloxy)methyl]- D-tyrosinate

|
H,C™ "0 "N i@zf
o)
10 FF

4-Methoxybenzyl O-[(6-trifluoromethyl-1H-benzotriazol-1-yloxy)methyl]-N-(tert-
butoxycarbonyl)-L-tyrosinate.

N
1'5'4 OVOHN, \N
CH, O CH
H,C.] ° e
IAA RV
o F F

15

alpha-Methylbenzyl O-[(1H-benzotriazol-1-yioxy)methyl}-N-(tert-butoxycarbonyl)-D-
tyrosinate



WO 2013/ 001088- 18 - PCT/ EP2012/ 062786 2, 4- Di et hoxybenzyl

0-{(1H benzotriazol -1-yloxy)nethyli-N-trityl-D-tyrosinate

2, 4- 0i netWoxy 01088 -17 - PCT/EP2012/062786
O-{[(6-trifluoromethyl-1H benzotriazot-1-ypoxyjnethyll-Ntrityl-Dtyrosinate
H3C, 0l -1 1 -3 Met hyl

0-[(1H benzotri azol - ?Wﬁenh'\fﬁ‘ -N-(tert-butoxycarbonyl)-a/ pha-nethyltyr
osinate WD 2013/ 0( B- 19 - BCI/ EP2012/ 062786

1 gxymet hoxy) phenyl] -5, 7- di net hyl pyrazol op

di ethyl -acetam de CH3 H3C N 0, 1-14-1
y) met hoxy] et hyl benzoate O
enzotriazole ,N N N 1-16

(
n
13 2-{214- (1H-B Zo rlazol
-a
[
(

| pyrimidi n
(1H Benzot rihzoll-
Benzyl oxy) 3

i

alpha, alpha-Dimethylbenzyl O-[(1H-benzotriazol-1-yloxy)methyl]-N-(tert-butoxycarbonyl)-
D-tyrosinate

i 0 @

o’go ©

HC/‘\CH Mt CHs
¥ CH, 1-7

tert-Butyl O-[(1H-benzotriazol-1-yloxy)methyl]-N-trityl-D-tyrosinate
OO, N,
I
* 3

O CH
4-Methoxybenzyl O-[(1H-benzotriazol-1-yloxy)methyl]-N-trityl-D-tyrosinate

L O
PhHO\/Q/

Cyclopropylmethy! O-[(1H-benzotriazol-1-yloxy)[?H,]methyl]-N-(tert-butoxycarbonyl)-D-
tyrosinate

1-9
10



10Furt her preferred enbodi nents of formula Il: Conpounds of fornula Il are
defined below, but not limted to t en- But yl

N-(tert - bsoarisomdssnyl ) - 0- ([ 189f | uor onet-H$l-) - D-t yr osi naPe€T/EP341al061786 ng of
1-1-1 and 1-1-2 Dicycl opropyl nethyl

N- h Label | f
1- (ZE ir}j gyg?é-éf &%%eg%ﬁ (5 (;I'ﬁl enggtpig m.?t 3)( )y meth { Stlrig/?betyros%gt% 'ng o
N-(tert-but oxycar bonyd 0\(,[&%9NI uoronet hyl)-L-tyrosi nate. Labelling of
1-2-2 202, 4- Di net ho} nzyl

ert - but OX){iﬁaI‘ '

N-(t oy
WD 2013/ 001@8§ | EP21)
tert- butBIxycﬂ OCT

5 uoronet hyl )-D-tyrosi nate. Labelling of 1-3
2786 Cycl opropyl net hyl .

( Of | uoronet hyl ) - D-tyrosi nate. Labelling of

4-1 and 1-4-2

(tert-butoxycar bonyl - -([189f| uor onet hyl)-D-tyrosi nate. Labelling of

5-1 and 1-5-2 51- Phﬁ ny®et hy-11

(tert-butoxycarbonyl?-0- ([18F}f| uoromet hyl )-D-tyrosi nate. Labelling of

6 1- Met hyl - 1- phenyl et hyl

(tert-butoxycarbonyl)-0-([18F]fluoronethyl)-D-tyrosinate. Labelling of

7 t ert - Bi-4HDimethpadentyl 61-thifethiyrb)1H-ieenzotripkelD-ylioxpsnatag e N-tAQLBIebsinatg  of

1-8 4- Met hoxybenzyl Q- ( é89fd\u9Nomet hyl)-N-trityl-D-tyrosinate. Labelling

of 1-9 Cycl opr opyI N™

N-(tert-but ox¥,Ba

of 1-10 15% net hoxyben

Label | i ng of;,
N-(tert-but oxycar\gyl
Label ling of 1-12
7-[ 189FI uor orret hoxy- 3, 4-@li hydia414+ i soqui nol i ne- 2- carboxylic acid benzyl
ester 2@Labelling of "EL013

N, N- Di et hyl - 242- (44189f | uor onet hoxyphenyl) -5, 7- di net hyl pyrazol o[ 1, 5-al pyri m
i din-3-yl}- acetam de

2,4-Dimethoxybenzyl O-{[{6-triflucromethyl-1H-benzotriazol-1-yl)oxy]methyl}-N-trityl-D-
tyrosinate

N-
1-
N-
1-
N-
1-
N-
1-

N

15 uor o[ 2H2] net hyl ) - D-tyrosi nate. Label ling

@ [ 189f | uoronethyl )-N-trityl-D-tyros4dnate
d’1- 11- 3 Met hyl

(4"18F] f | uor omret hyl ) - a/ pha- net hyl - DL-t yr osi nat e.

Ph =

Ph>k z i 3
) 0

Ph ﬁ/\of F

g F
1-11.3
HSC’O
10
Methyl O-[(1H-benzotriazol-1-yloxy)methyl]-N-(tert-butoxycarbonyl)-alpha-methyl-
tyrosinate
O\/O‘N’N‘\N
CH, OH Ko
H,C
>J\ /LL O.

CH
1-12

Benzyl 7-[(1H-benzotriazol-1-yloxy)methoxy]-3,4-dihydroisoquinoline-2( 1H)-carboxylate



Label ling of 1-14-1 Benzoic acid 2-[i8F]fluoronethoxy ethyl ester
25Label I ing of 1-15 [ 18Fi nuor onet hoxynet hyt henzene Label | ing of 1-16
Conpoundswacoemvmiesg to Fornula |a and |1-d9-The present iPov@ErRdIe6i7se f urt her
directed to novel and stable precursors for the direct 30radi osynthesis of
protected derivativeg of O-([18F]Fl uoronethyptyrosines according to the
gener al Fornulae Ia nd I'la. thallequescrlptlon of the conpound

i nventions m ' esent invention of novel
precursors [ |rected to -ounds agiiFornula | a | a wherein: Xis CH2

CHD or Yis a substituted or u tituted heteroaromatic ring
cont ai n| ng one to four N trogen atons with the proviso that the oxygen
(01 is directly bound to one ofi-the Nitrogen atons (N) of the

het er oar o [ r'n and, 0* cts as |leavin roup; Zis drogen or et hyl;
15PGL is ga%é?f*lﬁ-mgﬁ%rzatﬂaadpr@?)@féﬁﬂﬁrfwy ?5 cHgiwlrnER2alsLt & atryriEiditdn
atons, opt i @RAIN-Yietghi@itarhiag |ndependently one ore nore O, N or S atons;
and P& is an ar’r& 0 prot ecting group, containing up to 20 carbon atons,
optionally containing one ore nore O, Nor S atons and are optionally
substituted w Fikee hal ogens. 20 The invention further refers to
sui tabl e sal ts of LDETT" g, organi c aci ds, hydrates and sol vates of the
conmpounds off, | a and |s> al so nmeant to conprise single isomers,

di ast er eoner s, i omers arfd m xtures thereof of Formula |a.
N
F%C\V/N\V/CHS ﬁ\
1-14-1

5  2-[(1H-Benzotriazol-1-yloxy)methoxylethyl benzoate

ey

1-15

1-[{(Benzyloxy)methoxy]-1H-benzotriazole

10 Further preferred embodiments of formula 1i:
Compounds of formula Il are defined below, but not limited to

tert-Butyl N-(tert-butoxycarbony!)-O-(['*Flfluoromethyl)-D-tyrosinate.

15  Labelling of 1-1-1 and 1-1-2
Dicyclopropylmethyt N-{tert-butoxycarbonyl)-O-(["*Fifluoromethy!)-D-tyrosinate.
Labelling of 1-2-1
Dicyclopropylmethyl N-(tert-butoxycarbonyl)-O-([*Flfluoromethyl)-L-tyrosinate.
Labelling of 1-2-2

20  2,4-Dimethoxybenzyt N-(ted~butoxycarbonyl)-O—([1GF]ﬂuoromethyl)-D-tyrosinate.
Labelling of 1-3



WO 2013/001088- 22 -PCT/ EP2012/ 062786 Preferably, Y is 5 to 10 nenbered

het eroaromatic ring containing one to four Nitrogen atons (N). The
het er oar owatb3/wiesg is a single ring (pr-é&ferably 5 or 6ProgEmpPesiederiBéh up to
three Nitrogen atons (N)) or a fused ring (preferably 9 or 10 nenbered with

stbst i t ut ed ITHORATEGU L it e BRmRey s S CRBRREIRIaRe s def i ned
bel ow. LABetihgoallayl atdie-gbet eroaromatic ring conprises 2 to 4, N trogen
Formil & L1 MEr e o (i G Dol BN SrTor i 5Pn: bond fo.t he
Q<ygen (0*)Laibﬁlilﬁgbfmu5a1 hed1Bl2is H CN, or COOR4, and R2 is H CN, or
opt i onal | yRégﬁ%’?y'%tRéyl]}\?kﬁ }’H%giﬁcg‘gﬁr’w T%gﬁﬁ'g%j”?é{‘ﬁ)naéb%ﬁ“r"%qge 6V\hrr:3ﬁ1r;er ed
ring is optlizbe#ihywf $@bstituted wth haI ogen NC2, CN, COOR3, S02R3 or CF3,
PR ST MM e T R R T  N A
atom (N) arhbdiingbhisze of the 6 nenbered ri ng is optionally 25substituted
RiTs O SRR omes A ELBTITe 50 Pr ot or ably. hai ogen (&
chl or 0 10Cl )LabEMamofrpige preferably, Y is WD 2013/001088- 23
- PCT/ EPZOlZ&{ 1916%1ox$benzyi O-( ’&F}ﬂuoromzﬂ?gtyl D-tyrosinate.
Labelling of 1-8
Cyclopropylmethyl N-(tert-butoxycarbonyl)-O-([ *®Flfluoro[*H;Jmethyl)-D-tyrosinate.
Labelling of 1-10
16 2,4-Dimsethoxybenzyl O-([1BF]fIuoromethyl)—N—trityl-D—tyrosinate
Labelling of 1-11-1, 1-11-2 and 1-11-3
Methyl N-(tert-butoxycarbonyl)-O-(["*FIfluoromethyi)-alpha-methyl-DL-tyrosinate.
Labelling of 1-12
7-["*FIFlucromethoxy-3.4-dihydro-1H-isoquinoline-2-carboxylic acid benzyl ester
20  Labelling of 1-13
N,N-Diethyl-2-[2-(4-[°*F]fluoromethoxyphenyl)-5,7-dimethylpyrazolo[1,5-apyrimidin-3-yl]-
acetamide
Labelling of 1-14-1
Benzoic acid 2-["*Flfluoromethoxy ethyl ester
25  Labelling of 1-15
["®F]Fluoromethoxymethylbenzene
Labelling of 1-16

Compounds according to Formula la and Ha

The present invention is further directed to novel and stable precursors for the direct
30 radiosynthesis of protected derivatives of O-(["*F]Fluoromethyl)tyrosines according to the

general Formulae fa and lla.



or\ N=N * indicates the position of the coval ent bond to the Oxygen
(0*) in Forrmula la. Even nore preferably, Yis ., k. .1\1.CINO® ii'\1F3

1\ 1, N .. swp,2013401088, NN or 5* indicates-he position of pChEPe@2abEzae bond
to the Oxygen (0*) in Fornula fa. Preferably, 0*-Y acts as a |eaving group

suitable for introducing a fluoride. PGL is a carboxylic acid protectl ng
group (formng an e aitni ng up.to 20 carbon 10atons, QpPtL@

cont ai ni ng i ndepend ly one ore nore Nrgr S atons; and co bI e wth
radi ol abel i ng cQ ons. Preferably, is Al kyl, 15A k _ Ituted
with one phegyl’ substituted w e or two 03406 . kyl, Al kyl
substituted WINT oneg pirenyl and one C3-T6cyRA oal kyl, or ?Fto i ‘rm'et hyl

wherei n 20Al kylHis s branched or |inear Cl CG al kyl, and Hptlnal I y
substituted wth Cl- C3-al koxy, and Pher¥ s optlonally substituted with
up to three Cl1- c¥ al kyl, Cl1-C3al koxy or haI ogen. 25PGlL is d&ined with the
proviso that PGL contains up to 20 carbon atons, WO 2013/001088- 24

- PCT/ EP201%&§¢J£&§&-@%&EIW9 cbmghg%@rnt,bhgear Cl-C6 al kyl substituted
W th onepenyl sa? nched ar li.neay - a%y substituted with one
pheny! . ,JF@ ahgctyhe BresRrtiRengen P wakpre&ur sdt dygctedissompareds ofi ¢ h
one pheﬂyl Frossmaiarmt hyl - phenyl (benzyl), ethyl-phenyl or i-Propyl phenyl
(e.g. Cunyl). Preferably, nethyl-phenyl (benzyl), ethyl-phenyl and

i - Propyl - phenyl

0...0*Y
X
Z
PG O.
2N PG,

H
O
la

wherein:
X  isCH,, CHD or CD;;
10 Y is a substituted or unsubstituted heteroaromatic ring containing one to four

Nitrogen atoms (N) with the proviso that the oxygen (O*) is directly bound to
one of the Nitrogen atoms (N) of the heteroaromatic ring and O*Y acts as
leaving group;
Z is Hydrogen or methyi;
15 PG1 is a carboxylic acid protecting group, containing up to 20 carbon atoms,
optionally containing independently one ore more O, N or S atoms; and
PG2 is an amino protecting group, containing up to 20 carbon atoms, optionally
containing one ore more O, N or S atoms and are optionally substituted with
one to three halogens.
20
The invention further refers to suitable salts of inorganic or organic acids, hydrates and
solvates of the compounds of Formula la and is also meant to comprise single isomers,

diastereomers, enantiomers and mixtures thereof of Formula la.

25  Preferred features:




5(e.g. Cunyl) are substituted with up to two nethoxy-groups. Preferably,
Cl1- C3a| koxy is Cral koxy (nethoxy). Preferably, branched or |inear
Ci - C6 al kyb 2018mtds8ut ed with one or two-83-C6cycl oal kyl PCS/ER200los218€ hed or
|l i near Cl-C3 al kyl substituted with one or two cycl o- proPYr Pr ef erably,

branched or_l inear (C1- | kyl substituted with one and one C3-
cycl oal kyl Prg%eéaetﬁ\; f('ﬁ'ugg 6‘1|D %szﬁwddlet?ﬁa%”@‘l: rglgb“é’cri? P d’nﬁn tPHO‘Jn@‘trBﬁ%’hyl
and one C3-4tbmeyn). oal kyt wherein the C3-Cé6cycl oal kyl is preferably 03
cycl oal kyI 15 F uor enylnethyl is CH2 Mre preferabl PGL

cI o- )
L CLOR o TR RereBIEAel ncbis SaIRIcubS BHEIRALY 51 atve oAt ed B Hreme
or two 03CW&r@§éH@ftbmsMPl€r aS‘U@e%t hﬁ (tp?&et‘é(bfxrg SR RBRBYtedARth ﬁ) Nltro?en

cycl oal kyl, or fluorenyl methyl ereln | kyl 1s a branche i nea
Cl- C4 alskylatemaéNBpti onal |y substl tuted with G C3-al koxy, and Phenyl i's

optional Iy gulski it ﬁgematré}néﬂ?: ljil’% %E&G&t&‘]"@\gﬁﬁf@(ﬁfiﬁg%%WRQ 'SO2R3

hal ogen. 30 Even nore preferabl
- PCT/ EP201 0r6d2™Mperein Rsm@&f@eﬁbefomm cates the position of the Oxygen (0)
formng the ester bond in Fornmula la. Even nore preferably, PGl is

Preferably, the heteroaromatic ring comprises 2 to 4, Nitrogen atoms (N)) more preferably
10 3todor3.

More preferably, Y is a moiety of Formula Il

R
F
S
N R?
Hi
wherein
15 * indicates the position of the covalent bond to the Oxygen (O*) in Formula la:

R"is H, CN, or COOR*, and R?is H, CN, or COOR*, or
R' and R? form together a 6 membered aromatic ring, which optionally comprise 1
Nitrogen atom (N) and 1 methine of the 6 membered ring is optionally
substituted with halogen, NO,, CN, COOR?®, SO,R® or CF;,
20 R*is C4-Cs alkyl, and
R*is C;-Cs alkyl.

Preferably, R' and R® form together a 6 membered aromatic ring, which optionally
comprise 1 Nitrogen atom (N} and 1 methine of the 6 membered ring is optionally
25  substituted with halogen, NO,, or CF..
Preferably, R® is C; alkyl (methyl).
Preferably, R*is C, atkyl (methyl) or C, alkyl (ethyf).
30

Preferably, halogen is chloro (Cl).

Even more preferably, Y is



wherein * indicates the position of the Oxygen (0) formng the ester bond
in Formula la. 10 P& is an am no protecting group containing up to 20
carbon atwompioptissnal | y contai ni ng one-@fe nore 0, N oPCHERR@I®62IRE ar e
optional Iy substituted with one to three hal ogen atoms, and conpatible with
radi ol abel i ng conditions. Preferably, P& is a carbamate or an

aryl al kyl prtec i ng gr\oup cont al n| ng upCFo\ZO 15 q@cgbon ato Mor e

pr ef er abl y R sel
pMet hoxyben ﬁ bon
Fl uor enyl net oxycar bon

s Ao Berzyl oxy (Chz),
.vl : car Ba:) 9-
Nhy (tritl),

4- Met hyl phenyl di phenyl rret hyI (I\/tt) and 4- Met hoxyphenyl di phenyl et hyl

(MMIT) .

20Evene\rg)1'\ermcmcerzahg y, P& is tert-Butoxycarbonyl (BOC) or
Tri phenyl nebhyl ;qt riityl). WD 2013/001088- 26 - PCT/ EP2012/ 062786

Preferably, Z is

wher ei n:
or/

5

10

15

20

25

dr ogen. Preferred compound of Formula | a: 5l a

Xis G"Rd:é‘éte%?pol(itibﬁ oNheJc\)@élentGAonWtHe\(b)Fyéehl\((\J*) in Form MEOCH2CF13

Even more preferably, Y is

0 D L™
N, N D N N N D/
N A\ P L W W
N N N N or N
* indicates the position of the covalent bond to the Oxygen {O*) in Formula 1a.

Preferably, O*-Y acts as a leaving group suitable for introducing a fluoride.

PG1 is a carboxylic acid protecting group (forming an ester) containing up to 20 carbon
atoms, optionally containing independently one ore more O, N or S atoms; and compatible

with radiolabeling conditions.

Preferably, PG1 is

Alkyl,

Alkyl substituted with one phenyl,

Alkyl substituted with one or two Cs-Cs cycloalkyl,

Alkyl substituted with one phenyl and one C;-C; cycloalkyl, or

fluorenylmethyl

wherein
Alkyl is a branched or linear C4-C¢ alkyl, and optionally substituted with C,-
C;-alkoxy, and
Phenyl is optionally substituted with up to three C,-Cs alkyl, C4-C, alkoxy or
halogen.

PG1 is defined with the proviso that PG1 contains up to 20 carbon atoms,

Preferably, branched or linear C4-C; alkyl is a C4-C; alkyl. More preferably, Cs-Cq alkyt is
Ci-alkyl {(methyl) when substituted and C4-alkyl (e.g. tert-Butyl) when unsubstituted.



10Zi s Hydrogen or nethyl; PGL is dicyclopropyl nethyl or

2, 4-di met hoxybenzyl; and P& is tert-Butoxycarbonyl (BOG or

Tr i phenylwet2hig/oo{dssi t yl ) . In a firgd-enbodi ment, PoE/EPRVIRN6I7861 Of
novel precursors is directed to conpounds of 15Formula |a wher ei n: XCH2;

Yis a substjituted or unsupstituted heteroaropmatic ring containing one to
four 20Nt r%ri a@?bh’@”?’?@db% h‘?af %é'(gr%w Sybstied (B 38 BRIV 6+3 Brancpd ¢kt | y
E)Kl;mdf t oh ViDe20 T30 AMKYBBubsBlite P Eitih Eﬁa%am@ﬁ%%p;férm@p, BragcHddt drgﬂy@ga‘ ateps
of the heteroaromatic ring,and .0*- cts as | eaving group; dr ogen;
PGL is a ca?h N F@“&?i ‘ﬁ*ﬁbPB? g’@?f“ﬂdsgar Hl?g?ﬁ‘EB?ﬂyéi(fi’ﬁW')u ’%b"oor?@y'cﬁrr bBrePy-
at oms, 5opt premgl {eyg. chumbya). Mrefgrablyd epemaenény (S8reyOr&hhen?l.antl i®hrosy-Bhems;
and PGZq S @en a1 n% I ot eci.h_ilntgwgr;ougj cont %I ni n ug to 20 carbon atons,
optionaly Cohtdihi rfgeSH%S‘ ¥ HP & ™WQ rBPNeX;8IGHRS-and are opti onal |y
substituted with one to three hal ogens. 10The invention further refers to
suitable salts of ino ni.c.or organj c acids, hydrates and sol vates of the
conpounds g‘%reﬁeé?%lg'égﬁé%é 9 é1ﬁlf(g’8’ 'Fﬂxy?'o conprise single isoners,
di astereoners, enantionmers and m xtures thereof of Fornula la. 15lb
Preferred f ur.es .di scl gsed abave. i e o f .Y, PGL and P& are
i ncor por at eﬁ%heé?lgyﬁfalﬁ;&\gggg i r%?@f@“ﬂiﬁ/@%ﬁw‘f"@ ane echedlrGs Ysioatiuh i of
For mul d0( | Byramétrexiadr ineér<C, eCaatiybsubsofutdowitiibie od tvo20cloWn&syei n * i ndi cat es
the position of the covalent bond to the Oxygen (0*) in Formula Ib; Rl is

H CN, or COOR4, and R2 is H, CN, or OOOR4, or
Preferably, branched or linear C4-Cs alky! substituted with one phenyl and one Cs-Cs

cycloalkyl is a branched or linear C4-C; alkyl substituted with one phenyl and one C,-C;
cycloalkyl wherein the C,-C; cycloalkyt is preferably C, cycloalkyl (cyclo-propyi),
15

Fluorenylmethytl is

More preferably, PG1 is
20 Alkyl,
Alkyl substituted with one phenyl,
Alkyl substituted with one or two C; cycloalkyl,
Alky! substituted with one phenyl and one C; cycloalkyl, or
fluorenylmethyl
25 wherein
Alkyl is a branched or linear C;-C4 alkyl, and optionally substituted with C,-
Cs-alkoxy, and
Phenyl is optionally substituted with up to three C4-C; alkyl, C-C; alkoxy or
halogen.
30

Even more preferably, PG1 is



25111 and R2 formtogether a 6 nmenbered aromatic ring, which optionally
conprise 1 N trogen atom (N) and 1 nethine of the 6 nenbered ring is

opt i onal Iwo=uotsswidsat ed wit h hal ogen, NO2Z5EN, 000R3, SOPRI/EPR0ICH627RB i S
Cl1-C3 al kyl, WD 2013/001088- 28 -PCT/ EP2012/062786 R4 is Cl-C6 al kyl; PGl
is Alkyl, A kyl substituted with one phenyl, 5Al kyl substituted with one or
two C3- C6eycl oal kyl, LALKyH; subsa &M ed with one phenyl and one

C3- C6cycl oal kyl, or fl gnyl nethyl wherepx Al kyl
is a branched Q;tHIlne C12C6_ahkyl, and op ally substituted 10with

C1- C3al koxy, Ph s of sthtuted with up to three O -C3

al kyl, Cl-C3n~ XYy | ogen,. and P& i3yselected fromthe group

corrpri si ng CarBobenzylxy (Cbz p- Met hakybenzyl

car bonyl (Mozor MeQ2) , t ert - But oxycar bonyl ( BOC), 9- 15FI uor enyl nmet hoxycar bonyl
(FMOC), Triphenyl methyl (trityl), 4-Methyl phenyl- di phenyl nethyl (Mt) and
4- Met hoxyphenyl di phenyl met hyl AMMIT) . NMbt ef er abl ounds of Fornul a

*

(Ib) is wherein/\Xis 20 H 12C15(3 ork NN *C

*C/A C A
H, CH,

UCHU

5 wherein * indicates the position of the Oxygen (O) forming the ester bond in Formula Ia.

Even more preferably, PG1 is

/O O\
(H:/A H,C U CH,
A S

dicyclopropylmethyl 2,4-dimethoxybenzyl

or
wherein * indicates the position of the Oxygen (O) forming the ester bond in Formula la.
10
PG2 is an amino protecting group containing up to 20 carbon atoms, optionally containing
one ore more O, N or § atoms and are optionally substituted with one to three halogen
atoms, and compatible with radiolabeling conditions.
Preferably, PG2 is a carbamate or an arylalkyl protecting group containing up to 20
15  carbon atoms.
More preferably PG2 is selected from the group comprising Carbobenzyloxy (Cbz), p-
Methoxybenzyl carbonyl (Moz or MeOZ), tert-Butoxycarbonyl (BOC), ©-
Fluorenylmethoxycarbonyl ~ (FMOC),  Triphenylmethyl  (trityl),  4-Methylphenyl-
diphenylmethyl (Mtt) and 4-Methoxyphenyldiphenylmethyl (MMTT).
20 Even more preferably, PG2 is tert-Butoxycarbony! (BOC) or Triphenylmethy! (trityl).



PGL is dicycl opropyl nethyl or 2,4-dinmethoxybenzyl, and P& is

tert-But oxycarbonyl (BOC) or Triphenylnethyl (trityl). In a second
enbodi nerwQ 20ts@oiossent i on of novel precul8ors is direct edTiEr2@ioprands of
25Formula la WD 2013/001088- 29 -PCT/ EP2012/ 062786 wherein: Xis CD2; Yis
a substitut d or 9&? tltuted het eroaronatic ring containing one to four

Ni t rogen at Nﬁ dfqgen proviso that the oxygen ( 0 *) is directly
bound to 5one of the Nitrogen atons (N) of the heteroaromatic ring and 0*-Y
acts as | ea®refegredrootpoudd 6f Fyshiuegan; PAE is a carboxylic acid protecting
group, containing up to 20 carbon atons, optionally containing

i ndependently one ore nore O, Nor S atons; and 10 P& is an am no
protecting group, containing up to 20 carhon @ onmsp*qptionally containing
one ore nore O, Nor S atons and are op 3 Iy>§ubst|tuted with one to

t hree hal ogens. The invention furthel reflers to suitable salts of

i norgani c or organic acids, hydratqf and sol vates of the conpounds of
Formula la and is al so neant te OvJ se single isonmers, diastereoners,
enanti onmers and m xtures there092bN apl®, Formula (lc) corresponds to
t he Markush Fornul a bel ow 0"0*-Y IH DIDI PG NJ, PGL 20l c Preferred features
di scl osed above in respect of Y, PGL atd P& are i ncor por at ed herein.
Preferably, the invention is directed Ho conmpounds of Formula (lc) wherein
Yis a mhiety of Fornmula |11

wherein:
X is CHy or CDy;
Y is

1 1 1 1)
N/N !N N\ /N Cl ’N NQ, ’T‘\i CFB
N N‘\N | & N‘\N N‘\N N‘\N '
iy Ny~ COOCHCH,
r \
N=N

10 Z  is Hydrogen or methyf;
PG1 is dicyclopropylmethyl or 2,4-dimethoxybenzyl; and
PG2 is tert-Butoxycarbonyl (BOC) or Triphenylmethy! (trityl).

In a first embodiment, the invention of novel precursors is directed to compounds of
15 Formulala

0.,.0%Y
X

PG, N

wherein;
Y is a substituted or unsubstituted heteroaromatic ring containing one to four

20 Nitrogen atoms (N) with the proviso that the oxygen (O*) is directly bound to



25 wherein * indicates the position of the coval ent bond to the Oxygen

(0*) in Forrmula Ic; WD 2013/001088- 30 - PCT/EP2012/062786 RL is H, ON, or
O00R4, armioRRB1F/M®1d48 CN, or COOR4, or Rl1-3Ad R2 f or m t ogechampr2@2062786rber ed
aromatic ring, which optionally conprise 1 Nitrogen atom (N) and 1 rrethl ne

of the 6 nmenbered rjng. ionally suhsti ed with hal oge
000R3, SO02R3 or Canes‘%ﬁéﬁPg\Pﬁ[ﬁg%atgﬁé 4‘{3 ‘%zi't“? i*e@roaez%marwng él‘g\% AKfS 9 |
Al kyl substituted uvsdvdingogeuphenyl , 10AI kyl substituted with one or two

C3-C6 cycl oal ky substi t ut ed wi th one phenyl and one C3-C6 _
cycl oal kyl #| ug'llyé’ﬁ‘iﬂ%t hyl wher ein Alkyl is a

branched or | l Rl ik ﬁﬁrb@k)‘iw aci@Hlot@BirigOBalubY C§Mﬁﬁf§r{gt ubed é@"@amﬁnoéfoﬁ%
al koxy, and Phenyl is t| onal'ﬂldé substituted with up to three Cl1 vl

Cl- C3 alkoxy or hal9B§@ly sagte 'Péerse@p%'&t{yéwef%mqr%@ Ot eupatesspandi ng

Car bobenzyl oxy K@ 29 anFarMab Wdﬂébﬁ’@}zgﬂouF contammg uia to 20 carbon atoms, optionally
car bonyl (Mbzor MeQZ) , t er t - But ox%/car bon OFI uor enyl net hoxycar bonyl|

(FMOC), Tri phenyl mSPRGNING P §ie) more. @vNeQr@ P[Eﬂ'i’%?fl‘d agfl %@ﬁyﬁmﬁmﬁwe(dw h

and 4- Met hoxyphenylogepheinyd Raborts, (MMIT) . More preferably, conpounds of
Formula (lc) is wherein Yis NS N, \\Nl ,...NM -COOCH2CH3

10 The invention further refers to suitable salts of inorganic or organic acids, hydrates and

solvates of the compounds of Formula la and is also meant to comprise single isomers,

diastereomers, enantiomers and mixtures thereof of Formula ia.

Formula (Ib} correspond to the Markush Formula below

0.__0%Y
x

H H

Preferred features disclosed above in respect of Y, PG1 and PG2 are incorporated herein.

Preferably, the invention is directed to compounds of Formula (Ib) wherein
Y  is a moiety of Formula Ill
20

wherein
* indicates the position of the covalent bond to the Oxygen (0*) in Formula 1b;
R"is H, CN, or COOR?, and R?is H, CN, or COOR*, or

25 R' and R* form together a 6 membered aromatic ring, which optionally comprise 1
Nitrogen atom (N} and 1 methine of the 68 membered ring is optionally substituted
with halogen, NO;, CN, COOR?, SO,R® or CF,
R®is C4-C; alkyl,



or N=N PGl is dicyclopropyl nethyl or 2,4-di nethoxybenzyl, and P& is
tert-But oxycarbonyl (BOO or Triphenylnethyl (trityl). WD 2013/001088-31

- PCT/ EP20W@/206208B8  wherein: Xis CH2; -¥8s a substit ut edTmP2ems6d7s8é i t ut ed
het eroaromatic ring containing one to four 5Nitrogen atons (N) with the
provi so that t 4.o>&y%§n”§p) is directly bound to one of the N trogen atons
(N) of the hete o3romgtd Y r | ng and O0*-Y acts as | eaving group; Zis nethyl;
PGL is a carboBG1 acid protecting group, containing up to 20 carbon
atons, 1lOoptionally gcontaining i ndependently one ore nore 0, N or S atons;
and P& is an am no 'fyéit ecting group, containing up to 20 carbon atons,
optional 'y contai ni igkybsebstititedwitieofls piergf, S atons and are optionally

substityted with one,to thr. al.ogens.. 15The invention further refers to
suitabl & salts of iﬁ’s’wg%ﬁ%%i%J" ‘8&"@8‘?& Bf%’Bi‘gé‘?a%\}’&?'gY*es and sol vates of the
conpounds of For nul alkygsatrstituite witts onapiaatty! el GRDL-CSycial@l, @r i soner s,

di ast ereoners, enantfi ornﬁrs !and m xtures thereof of Formula |la. Formul a

(1d) corresponds to If’ﬂréen Lh Formul a bel ow Ox0*-Y H H H3C PG. ,NO, PGL O
201d wherein

Alkyl is a branched or linear C;-C; alkyl, and optionally substituted
10 with C4-C, alkoxy, and
Phenyl is optionally substituted with up to three C,-C; alkyl, C+-Cs
alkoxy or halogen; and
PG2 is selected from the group comprising Carbobenzyloxy (Cbz), p-Methoxybenzyl
carbonyl (Moz or MeQ2Z), tert-Butoxycarbonyl (BOC), 9-
15 Fluorenylmethoxycarbonyl (FMOC), Triphenylmethyl (trityl), 4-Methylphenyl-
diphenylmethyl (Mtt) and 4-Methoxyphenyldiphenylmethyl (MMTT).

More preferably, compounds of Formula (Ib) is wherein
Y is

* * *
i

\ \ 1 y
N’N N’N l N\ N’N Cl N NO, N CF,
\\N \\N = \\N N\\N N\\N

*\N/ycoomzcm
or \
N=N

PG1 is dicyclopropylmethy! or 2,4-dimethoxybenzyl, and
PG2 is tert-Butoxycarbonyl (BOC) or Triphenytmethyl (trityl).

20

In a second embodiment, the invention of novel precursors is directed to compounds of
25 Formulala

O._.0%Y
X



Preferred features disclosed above in respect of Y, PGl and P& are

i ncorporated herein. Preferably, the invention is directed to conpounds of
Fornmul a (WORowsmeresn Yis a noiety of Forddl-a |11 WO 20P8T0Pi0286278¢

- PCT/ EP2012/ 062786 wherein * indicates the position of the coval ent bond
to the O<yq)|yrq %é;[' in Formula Id; RLis I-1, CN, or OOOR4, and R2 is H, CN,
or TRI" and R2 formtogether a b6 rrenbered aromatic ring, which
optionally conpXi sesl';mtrogen atom (N) and 1 nethine of the 6 nenbered

RS C1- G5 alkyl . el A e A o el B Pt ey T v PO 9 B ¢
ong Fhfn%/l : Al FKI s‘tlibsgertatbmd (l(bjw U\Mh@gpr@wisb\m?tﬁﬁela ﬁﬁyg@h@@?gﬁdlrect&ldﬁ}ﬂhdtt% I
substituted wi one phe nd one cl oa or uor enyl met hy
wherei n%Al kyl is a BFa tﬁéd\l %ngq Aegs @%X%Ihﬁgﬂmgra’ﬁét"bﬁf‘ﬁ? GRAIPYY acts as
substituted with Cleddngdisayxy, and Phenyl IS

optionally subsjituted with up to three C1-C3 al kyl, Cl-C3 20al koxy or
hal ogen; and P@ i S E¥f"@88%d from the group conprising Carbobenzyl oxy

(Cbz), p-Methopdeng\d cﬁ%hﬁlﬂﬂam& W@te@t‘fng’\/@f‘%}) cbﬁt’étnngt-‘ thlﬁc?d Rameh L8RS -

9- Fl uor enyl net hoxycar bonyl (F . Tri phe met hyl rit
4- Met hyl phenyl di ph@WPﬂ%Wﬁ?Ptam&Wd%ﬂ?@d% W?M‘ﬁ awrﬁaﬁlwwe@mm
(MMIT) 1025 Nor eqr &f f aldiXe pAsRRY NeHeuPf cdrtdifkg aup( 10920 IcarbMACLIEME, Splichally

containing one ore more O, N or S atoms and are optionally substituted with
one to three halogens.

The invention further refers to suitable salts of inorganic or organic acids, hydrates and
15 solvates of the compounds of Formuia la and is also meant to comprise single isomers,

diastereomers, enantiomers and mixtures thereof of Formula la.

Formula (Ic) corresponds to the Markush Formula below

20 ic

Preferred features disclosed above in respect of Y, PG1 and PG2 are incorporated herein.

Preferably, the invention is directed to compounds of Formula (lc) wherein
Y s a moiety of Formula IlI
25

wherein

* indicates the position of the covalent bond to the Oxygen (O*) in Formula Ic;



*- ., NCOOCH2CH3 or N=N WD 2013/001088- 33 - PCT/ EP2012/ 062786 PGl is

di cycl opropyl net hyl or 2, 4-di net hoxybenzyl, and P& is tert-Butoxycarbonyl
(BOC) or woizptsenoyisset hyl (trityl). -BA-a fourth enbedirmPat12/061786

i nvention of novel precursors is directed to conpounds of 5Fornula |a
wherein: Xis . s a stit d or_unsubstijuted heteroaromatic ring
cont ai ni ng one ds%gﬁj\ﬁﬂfp? na%‘f%r%’ss "Er@“&{\ﬂrtqpq)ﬁieobrovi so that the oxygen
(0*) is directIR durtiidne togethed a Bhaebéreagematio sy, (Mickbpiddglly comprise 1
heteroarorratic&\[.'n%(na d 0*-Y ac Se@i | eavi n r,gigroup; Zis nmethyl: 15PGL is a
car boxylic aci "1;5? e V‘r’n@;\')gq’%u{)f“ it q Hleng IRNRE5e9 6ing 4§ BBIIPNAHIY, fubstituted
optional Iy contwhrHatgenndepelMeldOR’ @ R8eckpre 0, N or S atons; and P&
is an ani no praqtectli roup, containing up to 20 carbon atons, optionally
cont ai nirgng one%r’@eﬁ%@%? N or S atonms and are optionally substituted wth
one to three hat'dgens<;aB@:The invention further refers to suitable salts of
i norgani c or or i ¢ acids, hydrates and sol vates of the conpounds of
Formul-a la and' 18 'Sl so meant to conprise single isoners, diastereoners,
enantionmers and m xtakygs thereof of Formula |la. 25Fornula (1e) corresponds

* - D
to the Markush For nwlf%l g@s%mt%vgith c\)(nerhenly_rFC
10 Alkyl substituted with one or two C;-Cs cycloalkyl,
Alkyl substituted with one phenyl and one C;-Cg cycloalkyl, or

fluorenylmethy!
wherein
Alkyl is a branched or linear C4-C; alkyl, and optionally substituted
15 with C4-Cj alkoxy, and
Phenyl is optionally substituted with up to three C;-C; alkyl, C-C;
alkoxy or halogen; and
PG2 is selected from the group comprising Carbobenzyloxy (Cbz), p-Methoxybenzyl
carbonyl {Moz or MeOZ), tert-Butoxycarbony! {BOC), 9-
20 Fluorenylmethoxycarbonyl (FMOC), Triphenylmethyl (trityl), 4-Methyiphenyl-
diphenylmethyl (Mtt) and 4-Methoxyphenyldiphenylmethyl (MMTr).

More preferably, compounds of Formula (Ic) is wherein
Yis

\ 1 \ 1 ¥
N N N\ N Cl /N NO, N CF,
N\\ N\\ | / N\\ N\\ N\\
N N N N N

*\N/YCOOCHZCHE
or \
N=N

PG1 is dicyclopropylmethyi or 2,4-dimethoxybenzyl, and
PG2 is tert-Butoxycarbonyl (BOC) or Triphenylmethyl (trityl).

25

In a third embodiment, the invention of novel precursors is directed to compounds of
30 Formulala '



P&.,N0O, PGL O le WD 2013/001088- 34 -PCT/EP2012/ 062786 Preferably, the
invention is directed to conmpounds of Forrmula (le) wherein Yis a noiety of
Formul a IWoO 2008/0810881 NR2 5111 wherein *-Bidi cates the pesirtEpen2062786e

coval ent bond to the Oxygen (O*) in Formula le; RL is H CN, or COOR4, and

R2 is H CN or OOOR4, or Rl and form together a 6 nenbered
aromatic ring, which optionally com&ls \%ﬁfbeYtrogen atom (N) and 1
nmet hi ne of the 6 nmenbered ring is onally substituted with hal ogen, NO2,

CN, COOR3, S02R3 or CF3, R3 is
15Al kyl , Al kyl substituted wet

Falkyl, R4 is Cl-C6 alkyl; PGL is
one phenyl, Al kyl substituted with one or
two C3-C6 cycloal kyl, ARGl substit@ied with one phenyl and one C3-C6
cycl oal kyl, or fluorenyl rnetﬁyl I0whePEin Al kyl is a branched or |inear
Cl-C6 al kyl, and optionally subsptuted with Cl-C3al koxy, and Phenyl is
optionally substituted with up to three C1-C3 al kyl, Cl1-C3 al koxy or
hal ogen; and 25PQ&2 is sel ectedléromthe group conprising Carbobenzyl oxy
(Cbz), p-Met hox! benzyl carbonyl (Mdz or MeQZ), tert-Butoxycarbonyl (BOC),
9- Fl uor enﬂ%%ﬁoxic Pbonyl (FMOC), Triphenyl methyl (trityl),
4- Met hyl phenyl dt ph Sh? fret hyl (Mt) and 4- Met hoxyphenyl di phenyl net hyl
(MMTT) . Y is a substituted or unsubstituted heteroaromatic ring containing one to four
5 Nitrogen atoms (N) with the proviso that the oxygen (O*) is directly bound to
one of the Nitrogen atoms (N) of the heteroaromatic ring and O*-Y acts as
leaving group;
Z is methyl;
PG1 is a carboxylic acid protecting group, containing up o 20 carbon atoms,
10 optionally containing independently one ore more O, N or S atoms: and
PG2 is an amino protecting group, containing up to 20 carbon atoms, optionally
containing one ore more O, N or S atoms and are optionally substituted with

one to three halogens.

15 The invention further refers to suitable salts of inorganic or organic acids, hydrates and
solvates of the compounds of Formula la and is also meant to comprise single isomers,

diastereomers, enantiomers and mixtures thereof of Formula la.

Formula (Id) corresponds to the Markush Formuta below
0] o*-Y

20 Id

Preferred features disclosed above in respect of Y, PG1 and PG2 are incorporated herein.

Preferably, the invention is directed to compounds of Formula (ld) wherein
Y is a moiety of Formula lll
25



WO 2013/ 001088- 35 - PCT/ EP2012/ 062786 is ,»» NN COOCH2CH3 or\ N=N PGl
I s dicyclopropyl methyl or 2,4-dinmethoxybenzyl, and P& is .
t ert - But oxpeardmomss (BOC) or Triphenyl meBByl (trityl). PoT&PRIRM2786
enbodi nent, the invention of novel precursors is directed to conpounds of
Formula (D-1a), (D-Ib), (D-lc), (D-1d) or (D-le) wherein 0*-Y P&, Pal 0
(D-1a), (D-1b), (Dlc), (0-1d) or 0- 1) Formul al Substituent Z X D-la H,
CH3 CH2 ,CD2 D-Ib HCH2 DIc H N I

[\

N™ ™gr
i

2

wherein
* indicates the position of the covalent bond to the Oxygen (O*) in Formula Id;
R" is H, CN, or COOR® and R?is H, CN, or COOR*, or
5 R" and R? form together a 6 membered aromatic ring, which optionally comprise 1
Nitrogen atom (N) and 1 methine of the 6 membered ring is optionally substituted
with halogen, NO., CN, COOR?, SO,R® or CF;,
R® is Cy-Cs alkyl,
R* is Cy-Cs alkyl;
10 PG1is
Alkyl,
Alkyl substituted with one phenyl,
Alkyl substituted with one or two C3-C; cycloalkyi,
Alkyl substituted with one phenyl and one C3-Cq cycioalkyl, or
15 fluorenylmethyi
wherein
Alkyl is a branched or linear C4-C; alkyl, and optionally substituted
with C,-C4 alkoxy, and
Phenyl is optionally substituted with up to three C-C; alkyl, C-C,
20 alkoxy or halogen; and
PG2 is selected from the group comprising Carbobenzyloxy (Cbz), p-Methoxybenzyl
carbonyl (Moz or MeQZ), tert-Butoxycarbonyl (BOC), 9-
Fluorenylmethoxycarbonyl (FMOC), Triphenylmethyl (trityl), 4-Methylphenyi-
diphenylmethyl (Mtt) and 4-Methoxyphenyldiphenylmethyl (MMTr).
25
More preferably, compounds of Formula {Id)} is wherein
Yis

N NN N Cl N NO, N CF,
/ ; ~ ; 7 /
N N N N N

*\N/E/COOCHZ,CHS
A
or N=N



CD2 Did CH3 CH2 D-le CH3 CD2 Y, PGL and P& are disclosed as above and
enconpass preferred features as disclosed above. The invention further
refers toweuntsbhasssal ts of inorganic or38rgani c aci ds, PaythratiesczRel

sol vates of the conmpounds of Fornula (D-la), (D-1b), ((jo-lc), (D-id) or
Dle) and is . hpant to conprise single isoners, diastereoners,
fananti)omers analérﬁ?‘tr@?y@ pfor?é{‘”éeggyi('?f215(‘)‘?'ng'5’x¥t@”|2§)?nqDI b), (Dic), (0-1d)
or (0-le). WO P®d ¥/ 10RHMESycabonPEOEPZOLBHheRdARHyI @ytgmt i on conpounds are
but not limted to tert-Butyl

- ' -1- - - b |)-D-tyrosinate "
RI [ ,E (]a-lr_t ?gﬂtzloltar k@%p%p%%}%ﬂ,ﬁ% %Ebﬁl(}% i r[?({v%l &J%g?(s%gsairs 5}1%%th to co¥npoulnds of
.2, 3-tr PazdT¥%'84813) pyri di n- 1- yl oxy) met hyl ] - D-tyrosi nate
Di cycl opr opyl net hyl
[ (1H benzotri azot - 1-yl oxy) met hyl L<]\-

1 15Di cycl opropyl net hyl @
‘l

2-
[ (1H benzotri azol - 1-yl oxy) net h
2-2

pert puyoxycarbonyl) -D-tyrosinate
X

0-
1- .
0- (tert-butoxycarbonyl) -L-tyrosinate
1-

PGT\E O\PG1
O
la
wherein:
X isCDy
10 Y s a substituted or unsubstituted heteroaromatic ring containing one to four
Nitrogen atoms (N) with the proviso that the oxygen (O*) is directly bound to
one of the Nitrogen atoms (N) of the heteroaromatic ring and O*Y acts as
leaving group;
Z is methyt;
15 PG1 is a carboxylic acid protecting group, containing up to 20 carbon atoms,

optionally containing independently one ore more Q, N or S atoms; and
PG2 is an amino protecting group, containing up to 20 carbon atoms, optionally
containing one ore more O, N or S atoms and are optionally substituted with
one to three halogens.
20
The invention further refers to suitable salts of inorganic or organic acids, hydrates and
solvates of the compounds of Formula fa and is also meant to comprise single isomers,

diastereomers, enantiomers and mixtures thereof of Formula la.

25  Formula (le) corresponds fo the Markush Formula below

OXOW
D D
H,C
PG o.
2“51 PG,

Preferred features disclosed above in respect of Y, PG1 and PG2 are incorporated herein.



WO
N- (
-1-
0- [
1-3 HCCH 3 CH, 3
0- R1H- benzotri azol -
1-4-1 F@yéﬁir@tﬂ

N(tert- butoxy
H151, 2, 3- trlaz

OH3C

2013/ 001088- 37 -PCT/ EP2012/ 062786 Di cycl opropyl nethyl
tert-butoxycarbonyl)-0-[(6-nitro-1 H benzotri azol

yl oxy)wetzhyil/q01@8tyr05| nate O H, C H, C-84%-2-3 5 2, 4- DraetEroxi2loeavsy |
(1H benzotri azol -1-yl oxy) net hyl ] -N-(tert-butoxycarbonyt) -D-tyrosinate

0, CH, 10Cycl opropyl net hyl _
1-yl oxy)methyli-N-(tert-butoxycarbonyl) -D-tyrosinate

any Invehstlis directed to compounds of Formula (le) wherein
0 V'E? &‘}4 (et hoxycar bonyi ) -1
Sy%/ ¥ FetFPHP-ID- t yrosinate 0 0, N,N,' N H C CH3 H3C 00 )

* 1
N’NIR
\\N R2
5 Hi
wherein
* indicates the position of the covalent bond to the Oxygen (O*) in Formula le;
R'is H, CN, or COOR*, and R?is H, CN, or COOR*, or
R' and R? form together a 6 membered aromatic ring, which optionally comprise 1
10 Nitrogen atom (N) and 1 methine of the 6 membered ring is optionally substituted
with halogen, NO,, CN, COOR®, SO,R® or CF,,
R?is C-Cj alkyt,
R*is C4-Cs alkyl;
PG1is
15 Alkyl,
Alkyl substituted with one phenyl,
Alkyl substituted with one or two C3-Cq cycloalkyl,
Alkyl substituted with one pheny! and one C;-Cg cycloatkyl, or
fluorenylmethyl
20 wherein
Alkyl is a branched or linear C4-Cq alkyl, and optionally substituted
with C4-C3 alkoxy, and
Pheny!l is optionally substituted with up to three C4-Cs alkyl, C4-Cs
alkoxy or halogen; and
25 PG2 is selected from the group comprising Carbobenzyloxy (Cbz), p-Methoxybenzyl

carbonyl (Moz or MeQZ), tert-Butoxycarbonyl (BOC), 9-
Fluorenylmethoxycarbonyl (FMOC), Triphenylmethyl (trityl), 4-Methylphenyl-
diphenylmethyl (Mtt} and 4-Methoxyphenyldiphenylmethyl (MMTT).

30  More preferably, compounds of Formula {le) is wherein



4-2 WD 2013/001088- 38 -PCT/ EP2012/ 062786 4- Met hoxybenzyl
[ (1H benzotriazol- 1-yroxy) nmet hyn-N-(tert-butoxycarbonyl) -D-tyrosinate 1
CCH- 5- W8 203030884 - Met hoxybenzyl -36 - PCT/EP2012/062786
tert-butoxycarbonyl)-0-{[(6-chloro-1H benzotriazol -1-yl)
]rnethyll - Dg yrosi.nate 4- Met hoxybenzyl

1-

0-

H

N- (

oxy

N- (tert-butoxycar bon)}S_L) O-[(6-trifluoronethyl-1H benzotriazol
{

r

10- 1-yl oxy) met hy1] - Dtyro~3| nat e 4- Met hoxybenzyl .
O-{(6-trifluoron -1H-bef I&ZOl\j- Ql)rnt 0, N CF,
t er t but oxycar boqy! tyrm5| %at el V\Q¢20 0108@

- PCT/ EP2012/ 062 tyr osin CH3 'R-CHF1-6 N

*\N/VCOOCHchS
r \
N=N

PG1 is dicyclopropylmethyl or 2,4-dimethoxybenzyl, and
PG2 is tert-Butoxycarbonyt (BOC) or Triphenyimethyl (trityl).

In a fifth embodiment, the invention of novel precursors is directed to compounds of
Formula (D-la), (D-Ib}, (D-Ic), (D-Id} or (D-le) wherein

0. . 0%Y
O
PG g 0
Q\E]xn, \PG1
O

10 (D-la), (D-Ib), (D-Ic), (D-Id) or (D-le)

Formuia\Substituent Z X
D-la H, CH, CH, ,CD,
D-lb H CH,
D-lc H CD;
D-id CH; CH;
D-le CH; CD;

Y, PG1 and PG2 are disclosed as above and encompass preferred features as disclosed
above.

15
The invention further refers to suitable salts of inorganic or organic acids, hydrates and
solvates of the compounds of Formula (D-la), (D-1b), (D-I¢), (D-1d) or (D-le) and is also
meant to comprise single isomers, diastereomers, enantiomers and mixtures thereof of
Formula (D-la), (D-Ib), (D-Ic), (D-ld} or (D-le).

20
Embodiments and preferred features can be combined together and are within the scope

of the invention.



al pha, alpha- Di net hyl benzyl

O-[ (1H benzotriazot-1-yl oxy) net hyd-N-(tert-butoxycarbonyl) 5-D-tyrosinate
HN O 0 0O WBQoBHB®1(148CCH31-7 CH 3 tert3Butyr PCT/EP2012/062786

O-[ (1H benzotri azol -1-yloxy)methyl ]-N-trityl-D-tyrosinate 0."-0,mNo N
CH3 CH OCH3 3 1-8  4- Met hoxybenzyl

O-[ (1H benzotriazol -1-yloxy)rnethyl]-N-trityl-D-tyrosinate 10

Cycl opr opy! Iwedédivh compounds are but not limited to

0- R1H benzotri azol -1-yl oxy) [ 2H2] rnet hyl j - N- (t ert - but oxycar bonyl ) - D-t yr osi na
te WO 2013/001088- 40 -PCT/ EP2012/ 062786 52, 4-Di net hoxybenzyl

0- {[ (6- chl opa-BU RER7ALER AR Z0k 1 X AKDIHIRE AX DNtk bA M bA-D-tyrosinate

0. _O. _N

M T g

Ej/ N"

CH, O y < @

tert-Butyl N-(tert-butoxycarbonyl)-O-[(1+-1,2,3-triazolof5,4-b]pyridin-1-yloxy)methyl]
-D-tyrosinate

o) 0 N
:: R NEa

H,C] ° s
3 \
H3(3>[\O N OW<CH3 V
CH,
O CH,
1-1-2

10
Dicyclopropylmethyl O-[(1H-benzotriazol-1-yloxy)methyl]-N-(tert-butoxycarbonyl)

O O‘-. /N\
L ~

He CH, O 5
HECXOJLQ/YO

o}

-D-tyrosinate

1-2-1

15 Dicyclopropylmethyl O-[(1H-benzotriazol-1-yloxy)methyl]-N-(tert-butoxycarbonyl)

-L-tyrosinate

CH, O
e v
H:Cj\o’u\ﬁ 0

0

1-2-2



tyrosi nate H3C, 01- 11-2 2, 4- Di net hoxybenzyl
O-{[(6-trifluoronethyl-1H benzotriazol - 1 yI )oxyl methyl )-N-trityl-D10tyrosin

ate Met hyWo 2013/001088 PCT/EP2012/062786
0- RLH benzot ri azol - 1- yl oxy) net hyl | N—(tert but oxycar bonyt) - al phanet hyl t yr os
inate WO 2013/001088- 41 -PCT/ EP2012/ 062786 HC3 0 H, C H3CONO, CH, In a

second aspect, the present invention of novel precursors is directed to
conpounds  obicyasproibyimbidyISN-(tehrduedxpecarkbsy PG b2nitr&EHB-s8n688z01 10Fi s 18F or

19F; Zis Hy I GL is a carboxylic protecting group,

cont ai ni ng ﬂ;ﬁ%%@@gﬁﬂﬂ#@?g , optionally containing i ndependently one
ore nore O, Nor S ato ad\/OJDGE\ls an am no protectl ng group,
containing up to 20 ctom; op Nonally 15containing one ore nore 0, N
or S atons angﬁrar@ optrorally su {uted with one or two hal ogens. The

i nvention fif er/IJ\ef grs fo salts of inorganic or organic acids,
hydrat es anI@CS ofat'es t f
conprise single isoners; 2Qdi ast‘ereomars enanti onmers and m xtures thereof
of Fornul a Ha.

1-2-3

2,4-Dimethoxybenzyl O-[(1H-benzotriazol-1-yloxy)methyl]-N-{tert-butoxycarbonyt)
-D-tyrosinate

O

oo
H3C/|\CH3 13 O “CH

CH, s

10 Cyclopropylmethyl O-[(1H-benzotriazol-1 -yloxy)methyl]-N-(ferf-butoxycarbonyl)
-D-tyrosinate

Jege
N
CH, O =
MO A Ao A @
H:CXOJ\Q/\“’O

0
1-4-1

Cyclopropylmethyl N-(tert-butoxycarbonyl)-O-({[4-(ethoxycarbonyl)-1H-
15 1,2,3-triazol1-ylJoxy}methyl)-D-tyrosinate

0] O N
S \Il/ -
CH, O < : LL



Preferred features: PGL is a carboxylic acid protecting group (form ng
an ester) containing up to 20 carbon atons, optionally containing

i ndependewol2g13cn0e0ssre nore 0, N or S atoeidB;: and conpati lplCe/EP3W21062786

radi ol abel i ng conditions. Preferably, PGL is A kyI WO 2013/001088- 42

- PCT/ EP201 786 Al ky ituted with one Al kyl substituted
with one or W%E%‘ﬂi%‘?omﬁ VIrYItYaes Wﬁ‘("é‘égl’(ﬂj"t'tﬁ")@ﬁ@oﬁhényl and one
C3- Coeycl Oa-U(tyI'Qs[r@fe fl uorenyl rret hyl 5vvhere| n Alkyl is a branched or linear
Cl-C6 al kyl, and opti onalc% § ituted with C C3 al koxy, and Phenyl is
optionally substi Y upytOnt hree C1-C3 al kyl, Cl1-C3al koxy or

hal ogen. 10 Preferal branch r linear Cl-C6 al kyI is a Cl-C3 al kyl.
Mor e preferably, GlL- 0. al kyl i -al kyl (nethyl) when substituted and
C4-al kyl (e.qg. ﬁ nsubstituted. Preferably, branched or

| i near Cl-C6 al'ﬁ bs teﬂHy\nth one phenyl is branched or linear 15

Cl -C3 al kyl su@ ed St h one phenyl. Mre preferably, branched or

| i near Cl-C6 al kyI sub tltut ed with one phenyl is methyl-phenyl (benzyl),
et hyl - phenyh,Co a:H Prop I-phenyl (e.g. Cunyl). Preferably, nethyl-phenyl
(benzyl), et hy? ?phenyl and i-Propyl - phenyl (e.g. Cunyl) are substituted
with up to two net hoxy-groups. 20Preferably, Cl-C3al koxy is C al koxy

(nnet hoxY). Preferably, branched or linear Cl-C6 al kyl substituted with one
or two 63- %MemmﬁinkmIN-'(rsrfJnum;zdmbrcyr)-(Di{[(@alﬁlozelﬂﬁseﬁ&dwdzoswg tituted with
one or two )%c eﬁh@r@% L 25Preferably, branched or |inear Cl- al kyl

subst i t ut e®WHHMON %ﬂ?—fﬂ and one C3-C6 cycloal kyl is branched or I|inear
Cl-C3 al kyl substitu G.f hoonaN, Bhenyl and one C3-C6 cycl oal kyl wherein

t he C3- C6eycl oal kyl ;@- ef er abl y"C3cycl oal kyl (cyclo-propyl),

Fl uor enyl met hyl i s~CR )

NG
L0y
o’go ©

H3C/’\CH3 1-5-2
CH;

4-Methoxybenzyl N-(tert-butoxycarbonyl)-O-[(6-triflucromethyl-1H-benzotriazol
10 -1-yloxy)methyl]- D-tyrosinate

/N\.\\
1-5-3 /@OVO_N N
Lo GHy O 2 CHy
SO G 0
HC™ "o H/\f h
0 F F

4-Methoxybenzyl O-[(6-trifluoromethyl-1H-benzotriazol-1-yloxy ymethyll-N-(tert-
butoxycarbonyl)-L-tyrosinate.

1-5-4 0. 0o-N" "N

H

0 0
H,C™ "0 N Q/F
0
15 FF

alpha-Methylbenzyl O-f(1H-benzotriazol-1-yloxy)methyl]-N-(tert-butoxycarbonyl)



Al kyl, Al kyl substituted with one phenyl, Al kyl substituted with one or two
C3 cycloal kyl, WD 2013/001088- 43 -PCT/ EP2012/ 062786 Al kyl substituted

wi t h one wbenidooasd one C3 cycl oal kyl, or%- uorenyl net RgiI/ERRE@RO5IT86

Al kyl is a branched or linear Cl-C4al kyl, and optionally substituted with
Cl 5C3 al kox and Phenyl is optionally substltuted wWith up to three C1-C3
al kyl, Ci- a}yﬁ sS(“)}El %r haI ogen. wherein * indicates the position of the
Oxygen (0) formng t es @Q/Cbnu in Formula Ha; Even nore preferably, PO1
IS wherein * in the position of the Oxygen (0) forming the ester
bond in Fornmula Il a: P02 IS am no protecting group containing up to
20 carbon atons, o'tigpally cofwt g¢/ning one ore nore O, N or S atons and are
optionally substiNtu one To three hal ogens, 20and conpatible with
radi ol abeling ¢ | t3.0 referably, P& is a carbamate or an atyl al kyl
protecting group. OWDT2013/ 001088- 44 - PCT/ EP2012/ 062786 More preferably
P& is seleg rothhie %rb up conprising Carbobenzyl oxy (Chz),

pMet hoxybenZyl Celgrsoonyl ( or MeQz), tert-Butoxycarbonyl (BOC), 9-

Fl uor enyl net hoxycar bonyl (FMOC), Tri phenyl nethyl (trityl),

4- Met hyl phenyl di phenyl net hyI (IVtt) and 4- Met hoxyphenyl di phenyl rret hyI

(MMIT) . 5Ev But ox
Tri phenyl rre y /E)'tﬁar1 ?)rrﬁ%iﬁylg g%f%/ |a§°11)§ OX%F@;@ﬁ%’ tﬁﬁt thoixgcaI@Fny')
10Pr ef edablP;ty@sirmteHy dr ogen. Pr eferr ed conpounds of Fornul a ha:

15wherein: Xis CH2 or CDZ; N
N/ NS

o
HC/}\CH fC Ch,
1-7
3 CH3 3

tert-Butyl O-[(1H-benzotriazol-1 —yloxy)methyl]-N—trityI-D—tyrosinate

@

Hy 1-8
4—Methoxybenzyl O-[(1 H-benzotriazol-1-yloxyYmethyl}-N-trityl-D-tyrosinate

b

Ph>L

10 1-9

Cyclopropylmethyl O-[(1H-benzotriazol-1-yloxy)[*Ha]methyl]-N-( fert-butoxy-
carbonyl)-D-tyrosinate



Fis 18F; Zi s Hydrogen or nethyl; PGL is dicycl opropyl nethyl or
2, 4- di met hoxybenzyl ; and 20P& is tert-Butoxycarbonyl (BOC) or

Tri phenylwethidioofdssi tyl ), Hereto, in a f-i4Pst enbodi ment pCrp201m62786 on of
novel precursors is directed to conpounds of Formula lia Ila WO

2013/ 001088- 45 -PCT/ EP2012/ %62756 Xis CH2 ; Fis 18F or 19F;, Zi s Hydrogen;

PGl is a carboxylic aci r.

roup containing up to 20 carbon

atons, 5Sopti onal l'y conta ngol Ddeedently one ore nore O, N or S atons;
and PGz iI's AR prote t| n gr containing up to 20 carbon atons,
e 0 Nor S atons and are optionally

optronally

substituted Wth on to three haI ogens. 10The invention further refers to
suitabl e salts of inorg8nic or organic acids, hydrates and sol vates of the
conpounds of Formula Ha and1-18 al so neant to conprise single isoners,

di ast er eoner

ntrorrers and m xtures thereof of Fornula Ha. 15l1Db

Preferred f%g'tq}ﬁ“@ oyibsrg SEH 1 Bifwpectriazal-dsrayimehyEN-tiig-Davgsipae ar e
i ncor por ated herein. £reber ahl lr%N the invention is directed to conpounds of
Forrmul a (11b) where fi s 18FNor MI9F; 20PA is Al kyl, Alkyl substituted

wi th one pheny,
Al kyl subst#tt: ;11; ed wrth one [J

subgit ] d with one or two C3- Céeycl oal kyl ,
and one C3-Cé6cycl oal kyl, or

is a branched or linear C-C6 al kyl, and

is optionally substitutedg with up to three C1-C3 al kyl, Cl1-C3 30al koxy or

“ i i j - )
optional ly subspr tx Cl- C3al koxy, and Phenyl

25f | uor enyl
hal ogen;
5
10

and _0 1-11-1
H,C

3

2,4-Dimethoxybenzyl O-{[(6-chloro-1H-benzotriazol-1-yl)oxylmethyl}-N-trityl-D-
tyrosinate

,o 1-11-2

2,4-Dimethoxybenzyl O-{[(6-trifluoromethyi-1H-benzotriazol-1-yljoxylmethyf}-N-trityl-D-
tyrosinate

Methyl O-[(1H-benzotriazol-1-yloxy)methyl]-N-(tert-butoxycarbonyl)-alpha-
methyltyrosinate



WD 2013/001088- 46 -PCT/ EP2012/ 062786 P02 is selected fromthe group

conpri sing Carbobenzyl oxy (Cbz), p-Methoxybenzyl carbonyl (Mz or MeQZ),

t ert - But owpeardmomys8 ( BOC), 9- Fl uor enyl néf hoxycar bonyl @PENBER)12/062786

Tri phenyl mret hyl (trityl), 4-Methyl phenyl di phenyl methyl (Mt) and

4- Met hoxyphenyl di ohenyl net hyl (MMIr). Mre preferably, conmpounds of Fornula
(11b) is wherein Fis 18F NEINP Y é:\&nql opr opyl met hyl or

2, 4- di met hoxybenzyl, and i s tertzRButoxycarbonyl (BOC) or

Tri phenyl met hﬁ\s(ﬂﬁo{'. ¥feto, i econd enmbodi nent, the invention of
novel precurspts 'reqjed to compauwnhds of Fornul a IIa 15wherein: Xis
CD2 ; Fis 18E or®19F; 2s “Aydr ogen: PGL is a carboxylic acid
protecting group, conta&ning up-t2o 20 carbon atons, 20optionally containing
i ndependently one ore nore 0, N or S atons; and P& is an am no protecting
group, cont aining up to 20 carbon atoms, optionally containing one ore nore
0, N or h. one e hal o NS,
25The |nvent %g%e(%&?t %CP% %g}&%’s’ﬁ&?‘c’ﬁf’ﬁé%’aﬁq %Ctu Olr?l([)sr‘éa%e t8r°°8}p§é{ﬁ

aci ds, hydrdfesndadasol vates of the conpounds of For mula Ila and is al so
meant tg@ conprise single isoners, diastereoners, enantiorners and m xtures
t hereof of Fornula Ha. Fornul a (11c) corresponds to the Markush Fornmul a
62086 _F Ilc Preferred features

bel ow WO 2013/001088- 47 - PCT/ EP20 0
@ PG are incorporated herein.

di scl osed above in respect of F, PG
Preferably, the invention is direc | 0 conpounds of Fornula (11c) wherein

5Yis 18F or 19F;, PGl is A kyl, 7

PG O
2 N PG,
H
O
HE]
wherein:
X is CHy, CHD or CDy;
10 F s "For®F

Z is Hydrogen or methyi;
PG1 is a carboxylic protecting group, containing up to 20 carbon atoms, optionally
containing independently one ore more O, N or S atoms; and
PG2 is an amino protecting group, containing up to 20 carbon atoms, optionally
15 containing one ore more O, N or S atoms and are optionally substituted with

one or two halogens.
The invention further refers to suitable salts of inorganic or organic acids, hydrates and
solvates of the compounds of Formula lla and is also meant to comprise single isomers,

20  diastereomers, enantiomers and mixtures thereof of Formula lla.

Preferred features:

PG1 is a carboxylic acid protecting group (forming an ester) containing up to 20 carbon
atoms, optionally containing independently one ore more O, N or S atoms; and compatible

25  with radiolabeling conditions.

Preferably, PG1 is
Alkyl,



Al kyl substituted with one phenyl, Al kyl substituted with one or two

C3- Coeycl oal kyl, 10Al kyl substituted with one phenyl and one C3-C6

cycl oal kywo 20t3/dokassr enyl met hyl wherein ARyl is a branclhret/epeoi2ioszzas Cl- C6
al kyl, and optionally substituted with Cl-C3al koxy, and 15Phenyl is

optionally substjtuted with to three 01-C3 al kyl, Cl1-C3 al koxy or
hal ogen; and PGZL\!F Sgg?t@%‘éa’ﬂg%ﬁ] f&¥lgr oup conpri sing Carbobenzyl oxy

(Cbz), p- Met hoxyhRyzybstia@ed afilloné MpavOC-WBE0alider t - But oxycar bonyl (BOO),
9- Fl uor enyl net h&%cah%ﬁ gl &EI\/DC) Tri Ehenyl methyl (trityl),

4- Met hyl pheny! - i°H 'Q] datth one PRERY 38R 8na vk RESGAINARFT di pheny! met hy|
(MMTr). More prefueralyinysthgonpounds of Forrmula (11c) is wherein Vis 18F;, PGl

is di cyc;sl opr opyl rrﬁet hyl or 2, 4-dinmethoxybenzyl, and 25P& is
tert - Butoxycar bofi"®'BOC) or Triphenyl methyl (trityl). WO 2013/001088- 48

- PCT/ EP2012/ 062786  Qulkyl @ sbesrehad oXisedEid2-C, aliys aﬂagﬁpﬂén%?%hb§@t§d ORh Ryl ;
PGl is a carboxylic ac?i rotecting group, containing up to 20 carbon
atons, optionally cont: 1 #fN%dependently one ore more 0, N or S atons;

and P& is an am rRhepyiis epliorigly SUBsHRuteE Mith @bNb BGed 12,10 aAQ, €BIARMkoR) BFTS,
optional ly contai ni nﬁE?ne ore nore O, Nor S atons and are oOptionally

substituted with 100 "t hree hal ogens. The invention further refers to
sui tablt@ salts of inorganic or organic acids, hydrates and sol vates of the

conpounds or,mul.a nd.is S nt to conprise single isoners,
di ast er eonﬁrgérﬁﬁ?%ﬁgayé{ﬂ%rﬁ&gﬁ?@ ¥ Rereloraliof- Merenpeieraily. Gormrlkd is
(l'id) corr espandgméetaylh vaeMaubetishedando)-alkhigk@mert-Butyl) when unsubstituted.

_ Preferably, branched or linear C;-C; alkyl substituted with one phenyl is branched or linear
16 C4-C; alkyl substituted with one phenyl. More preferably, branched or linear C4-Cs alkyl
substituted with one phenyl is methyl-pheny! (benzyl), ethyl-pheny! or i-Propyl-phenyl (e.q.
Cumyl). Preferably, methyl-phenyl {(benzyl), ethyl-phenyl and i-Propyl-pheny (e.g. Cumyl)

are substituted with up to two methoxy-groups.

20 Preferably, C-Csalkoxy is C; alkoxy {methoxy).

Preferably, branched or linear C;-C; alkyl substituted with one or two Cs-Cq cycloalkyl is
branched or linear Cy-Cj alkyl substituted with one or two cyclo-propyl.

25  Preferably, branched or linear C,-C; alkyl substituted with one pheny!l and one Cs-Cs
cycloalkyl is branched or linear C-C; alky! substituted with one phenyl and one Cs-Cq
cycloalkyl wherein the C4-Cq cycloalkyl is preferably Cs cycloalkyl (cyclo-propyl),

Fluorenyimethyl is

More preferably, PG1 is
Alkyl,
Alkyl substituted with one phenyl,

30

Alkyl substituted with one or two C; cycloalkyl,



OxF HHH3C P&N0O, PGL O lid Preferred features disclosed above in respect
of F, PGL and P& are incorporated herein. Preferably, the invention is

di rect ed wo 20mpmsads of Fornula (lid) wH8rein Yis 18F ®CTEPE)12PESé S

Al kyl , 25Al kyl substituted with one phenyl, Al kyl substituted with one or
two C3- Coeycl oalwl%l , VD 2813&001088- 49 - PCT/ EP2012/ 062786 Al kyl
substituted with EHSUBHENET Wik ¢ne RBeys and opg Ok 6¥algay!. & £ 1 uor enyl net hyl
wherein Al kyl i sfuréryaneth@d or |inear Cl1-C6 al kyl, and optionally
substituted with C -C3al koxy, and Phenyl is optionally substituted with up
to three C1-C3 a‘f’WF‘,” Cl1- C3 al koxy or hal ogen; and P& is selected fromthe
group conprising Car baRene i bearichéCoF lineap-OYRE Rfkyy RBBYhionally substituted with Ci-

car bonyl_( Mozor MeQZ) , t ert - But oxycar bonyl ( BOC), 9- 10FI uor enyl met hoxycar bonyl
(FMOC) , °Tri phenyl met i3 2%@%i 830 ) | 4- Met hyl phenyl - di phenyi nethyl (Mt) and
4- Met hoxypheny! di pherstidi®t iBybtididM s hbstiRES with €5ab by C H \ | a
(11d) is wherein Yis 1 6‘2‘? 15%’61% di cycl oprop;fF/)I nmet hyl 1§§%ﬁ®,'¢q333% ko'iPBF“-‘
2, 4- di met hoxybenzyl , ®8& is tert-Butoxycarbonyl (BOC) or

Tri phenyl met hyl (trityl).

Even more preferably, PG1 is

. CHy  H.CH,
CH,
*Kcm
CH "’
CH, ° H
10 H

wherein * indicates the position of the Oxygen (O) forming the ester bond in Formula Ha;

Even more preferably, PG1 is

JYAN .0 oN
«H H,C :[:j/ CH,
A <
H2

15  dicyclopropylmethyi 2,4-dimethoxybenzyl

or

wherein * indicates the position of the Oxygen (O) forming the ester bond in Formula la.

PG2 is an amino protecting group containing up to 20 carbon atoms, optionally containing
one ore more O, N or S atoms and are optionally substituted with one to three halogens,
20  and compatible with radiolabeling conditions.

Preferably, PG2 is a carbamate or an arylaikyl protecting group.



Hereto, in a fourth enbodi nent, the invention of novel precursors is
directed to conpounds of Fornmula Ila 20 wherein: Xis CD2 ; Fis 18F or
19F; 25ZiworretdnpliqgssPGL is a suitable carbdxylic acid pr®CeEPe1g/062766p,
containing up to 20 carbon atons, optionally containing independently one
ore nore 0,, N or at ons,  and P& is a suitable am no protecting group,
cont ai ni ng U8'% Breggaﬁlap%%% ’%F%’F’rﬁt,edgzm mpr%pcwwsmmga&@éew@xm%ém,p-N
or S atons Kethoaytnept i @aalohyl 3QmBRSt bt utigeow t hiePDB,bR LSE D ns.g. WO
2013/ 001088-, 50 - PCT/ EP2012/ 062786 The inv_en‘tml on furli'h&_ reo‘f'zr s%it?’ggzui tgabl e
salts of inbHgERYIEiowryaamt adFMOCIny drispkenyinethdol vétes, of 4MMethydhepginds

of Fornmul a dighéHiind ,Qé]qlgg I; 1 '@ﬁ?)ers, di ast ereoners,
enant i omersaignd mi?ﬂﬁ@?ﬁ%ﬂ%ﬁ%ﬁ% mnﬁgﬁ&%ﬁww a file) corresponds
to the Mar kB mefenipleraidy, G208 FerbB diogicarkorpt (BQE re d ripbaiwmetbyldirg). osed
above in respect of F, PGL and P02 are incorporated herein. Preferably, the
invention is directed to conpounds of Forrmula (He) wherein 10Yis 18F or
19F; PGL i sPrafacgbly, FisKVA. substituted with one phenyl, Al kyl substituted

with one orptyn @-ﬁ:@oy,gl oal kyl, 15Al kyl substituted with one phenyl and
one C3-Cécycl oal 1, “or ’

10 Preferably, Z is Hydrogen.

Preferred compounds of Formula lla:

PG,~ O.

Ha
15 wherein:
X is CHz or CDg;
F is™F
Z is Hydrogen or methyl;
PG1 is dicyclopropylmethyl or 2,4-dimethoxybenzyl; and
20 PG2 is tert-Butoxycarbonyl (BOC) or Triphenylmethy! (trityl).

Hereto, in a first embodiment, the invention of novel precursors is directed to compounds
of Formula lla

O\X,F

z
PG2\ O\

Iz

lla

25  wherein:



fluorenyl methyl wherein Alkyl is a branched or linear Cl-C6 al kyl, and
optionally substituted with Cl-C3al koxy, and 20Phenyl is optionally

substi t utwo 2eido1asp to three Cl-C3 al kyl-45Gi - C3 al koxy ecThzRa@gesnz7sand PG
is selected fromthe group conprising Carbobenzyl oxy (Cbz), p-Methoxybenzyl
car bonyl (Mz Ma\OQ19 .tert-Butoxycarbonyl (BOC), 9-

Fl uor enyl net ho car'd I (FMOC), Triphenylnethyl (trityl), 4-Methyl phenyl -
25di phenyl et hy# (M5 oaﬁ’a 4- Met hoxyphenyl di phenyl met hyl (MMIT) .
Preferably, mrg)oundg1 8 For nul a (He) is wherein Vis 18F PGl is

di cycl opr opyl '® BY92980di net hoxybenzyl, and 30P02 is

tert - But oxycar mmy lis (£%o@ilucﬁ¢@@@t‘ébﬁ@t B?ﬂupﬁ chhtfalle)g up @ 2@@4&91%%3 =
- PCT/ EP2012/ 062786 ret o in a fifth enbodi ment, the invention of novel

precursdrs is di re@PEgNly C@BWngWd%tMﬂﬂeé”?@loﬁ% N qri$ ateps; andd- 11c¢) ,
(D-11d) or (0-HG) isSan ahmﬂdb&itecth@'l_%'bﬁ? ,cc(lﬁlﬂé_g)up ﬁ)02djeg9boﬁrat6%1$&)onaﬂy

Subst,i t uent
wherein Forml a\ conta:mlrj']g one ore more O, N or S atoms and are op‘uonaily substituted with

one to three halogens.

10 The invention further refers to suitable salts of inorganic or organic acids, hydrates and
solvates of the compounds of Formula Ila and is also meant to comprise single isomers,

diastereomers, enantiomers and mixtures thereof of Formula lia.

Formula (llb) corresponds to the Markush Formula below

OXF

H H

15 b

Preferred features disclosed above in respect of F, PG1 and PG2 are incorporated herein.

Preferably, the invention is directed to compounds of Formula {lib} wherein
F is®For™
20 PG1is
Alkyl,
Alkyl substituted with one phenyl,
Alkyl substituted with one or two C3-Cg cycloalkyl,
Alkyl substituted with one phenyl and one C3-Cg cycloalkyl, or
25 fluorenyimethyl
wherein
Alkyl is a branched or linear C-Cq alkyl, and optionally substituted
with C4-Cjalkoxy, and
Phenyl is optionally substituted with up to three C,-C; alkyl, Ci-C,
30 atkoxy or halogen; and



CH2 D-1lc HCD2 0-11d CH3 CH2 D-Ile CF-13 CD2 F, PGL and P& are

di scl osed as above and enconpass preferred features as disclosed 10above. H
C The i nweot2ommoiesst her refers to suitabl#-salts of i norgamiPeoian6IIBgaNi C
acids, hydrates and sol vates of the conpounds of Formula (D 1l a) (0-1Ib),

I tot single isoners,
(i ast o cover s RGAR TSsFE o e o8 BGPTHED Gafoe aee, Gk Pt hpapens
(D-11b), (D-1lc), cRobhd) o(MéD- 11@) mmqh ”EEE@B%Q¥&%&§rﬁrrGQBb@§tur@S

can be conbi ned to%@eher and are wit he 1 Aaventi on

2019F-i nvention co fﬁiHE“%W@‘YBﬁ‘iboﬂﬂt ﬁM(Pr@i eﬁ“ﬂf@”Y‘WhYBLﬂrﬁY*) 4-Methylpheny}-

N- (tert-but oxycar bamybayi@etll o ubMbh ¥h{gi ﬁ@—éﬁm : ,
5D|(cycl 0 ropyl>/mat hyP N-%tgr @ﬂt ofgcar boﬂ& ﬁ F | u rorre%(hw\gi-tyrom nat e

F Met hyl® N-(tert-butoxycarbonyl)-0-(fluoronet hyI ) - a/ pha-net hyl -D-tyrosi nate
HC H3CCH3  More preferably, compounds of Formula {lb) is wherein

F s "F;

PG1 is dicyclopropylmethyl or 2,4-dimethoxybenzyl, and

PG2 is tert-Butoxycarbonyl (BOC) or Triphenylmethyl (trityl).
10

Hereto, in a second embodiment, the invention of novel precursors is directed to
compounds of Formula lla

PG, 0.

15 wherein:

X is CDy ;

F  is™For™

Z is Hydrogen;

PG1 is a carboxylic acid protecting group, containing up to 20 carbon atoms,
20 optionally containing independently one ore more O, N or S atoms: and

PG2 is an amino protecting group, containing up to 20 carbon atoms, optionally

containing one ore more O, N or S atoms and are optionally substituted with

one to three halogens.
25  The invention further refers to suitable salts of inorganic or organic acids, hydrates and
solvates of the compounds of Formula lla and is also meant to comprise single isomers,

diastereomers, enantiomers and mixtures thereof of Formula lla.

Formuta (lte) corresponds to the Markush Formula below



2-12-1 Met hyl

N- (tert-butoxycarbonyl)-0-(fluoronethyl)-al pha-nethyl-L-tyrosinate WO
2013/ 001086-206301@ET/ EP2012/ 062786 18F--i4fvent i on conmpoRO®LParIR/052T86 Not
limted to tert-Butyl

N-(tert-butoxycarbonyl)o-([189fl uor orcr)et hy’]__) -D-tyrosinate. 5Labelling of

1-1-1 and 1-1-2 Dicycl opropyl npt™
ro@%yl )-D-tyrosinate. Labelling of

N-(tert-butoxycarbonyl)-0-H]J[18F] f I uoromet hyl )-L-tyrosi nate. Labelling of
1-2-2 102, 4- Di net hoxyIB@r;zK)I(
A

s
9pf | uBFamet hyl ) - D-tyrosi nate. Label ling of 1-3

N-(tert-butoxycarbonyl)-0

Cycl opropyl net hyl 0
N-(tert-butoxycarbonyl)-0-([189f] uoronethyl)-D-tyrosinate. Labelling of
1-4-1 and 1-4-2 4-Met hoxybenzyé

N-(tert-butoxycarbonyl)-0-([18F]fl uoronmethyl)-D-tyrosinate. 15Label ling of
1-5-1, 1-5-Pretemckd¥ediu@s4lidvbicbdsybenayéspect of F, PGt and PG2 are incorporated herein.
N-(tert-butoxycarbonyl)-0- ([ 18F1fl uoronet hyl)-L-tyrosi nate. Labelling of
1-5-4 al pha- Met hyl benzyl

N- (t ert - butRrefecalsiipdiny hyeflion[id Sisddterbioaeigoyhds &+Foymasi Maf @herbbel 1 ing of 1-6
20al pha5al pha- q, msti hy b?m%yl N-(tert-but oxycarbonyl)-0-([189f] uoronet hyl) -
D-tyrosinate. Label'Y i g? of *1-7 tert-Butyl

O- ([ 189f | uoromPGiyk) - N-trityl-D-tyrosinate. Labelling of 1-8

4- Met hoxybenzyl 0-( %(81:] fluoronethyl)-Ntrityl-D-tyrosinate. 25Labelling of
1-9 Cycl opropyl net hyl"™"

N- (tert-but oxycar bomyky) subs(iful8Obitrueieo pB&d2} net hyl ) - D-tyrosi nate. Label | ing

of 1-10 2, 4- D met hoxyben il B kteSd S TBILY Loyt ty! - D-tyrosinate
10 Alkyl substituted with one phenyl and one C;-C; cycloalkyl, or
fluorenylmethyl
wherein
Alkyl is a branched or linear C;-Cs alkyl, and optionally substituted
with C4-Cs alkoxy, and
15 Phenyl is optionally substituted with up to three C,-C; alkyl, C-C,
alkoxy or halogen; and
PG2 is selected from the group comprising Carbobenzyloxy (Cbz), p-Methoxybenzyl
carbony! {Moz or MeQ2Z), tert-Butoxycarbony! (BOC), 9-
Fluorenylmethoxycarbonyl (FMOC), Triphenylmethyl (trityl), 4-Methylphenyl-
20 diphenylmethyl (Mtt) and 4-Methoxyphenyldiphenylmethy!l (MMTr).

More preferably, compounds of Formula (lic) is wherein
Y is"F
PG1 is dicyclopropylmethyl or 2,4-dimethoxybenzyl, and
25 PG2 is tert-Butoxycarbonyl (BOC) or Triphenylimethy! (trityl).

Hereto, in a third embodiment, the invention of novel precursors is directed to compounds
of Formula lla



Label ling of 1-11-1, 1-11-2 and 1-11-3 30Met hyl

N- (tert-butoxycarbonyl)-0-([8F]fluoronethyl)-al pha-nethyl-DL-tyrosinate.
Label | i ngwof201/2088WO 2013/ 001088- 54 - P@8/-EP2012/ 06278@CTinrd@pesaient | y or
m xtures thereof and reagents suitable for deprotection of the am no group
and the ester function of the tyrosine, as exenplified in Geene, Wits,
Protecting Groups in Organic synt hest E} i+ edition 1999 and Fourth
Edition, WIley 2007). The person @ ed i'n the art is famliar with
auxiliaries, vehicles, excipients~gfuents, Scarriers or adjuvants which
are suitable for the desired4]lgprotecting reaction |leading to the
unprotected fluoronet hylPGyLoshaes ©p_account of his/her expert know edge.
In a fourth aspect, the presBnt iJfvent3en is directed to conpositions
conprising conpound(s) of the Fogyula la, Ib, Ic, Id, le, (0-la), (D413),
(D-lc), (D1d) or (Dle) 10 i ﬁgpendently or m xtures thereof and reagents
suitable for fluor |abelling. reagents, solvents and conditions which
can be usedyfdgpeint his fluorination are known to the person skilled in the
field. See, e.ag, J. Fluorine Chem, 27 (1985):177-191. In a fifth aspect,
the present inventi

infHer ovi des a kit conprising a sealed vial containing a
15 predeterm ngd quant pf Yyrof a conpound of Formula la, I'b, Ic, Id, le,
(04a), %le), D-lc), (D1d) or (D1le) independently or m xtures thereof
and sui Pabl e sd ts ®fetybr gani c or organic acids, hydrates and sol vates.

Optional Iy the pgi i€ QMREILSRFiC AP PRt ofRBelbhBfin ﬁBrtBt%:.tcE%nag'tg?g
pharmaceutical ly acceptabl e carrier, dil'uént, exciplent or adjuvant: In a
sixth aspect, the FPESEHY cPMGBG iBderesdentyeneate morer: NodsS dtomspiicai ni ng
conpounds of Feigpilsaah @mino pMtéctihh &roBs, NAdsaififg L@b{oaécﬁ"cQH:oﬁoéfBu%g,”E}@iogEuy
Formula | a conprises the step of -~ Reacti1 ng conpound of Formnul a
V first with N Chl 87821818 AN&i ¢FF decre NGI) cdrfd atomsnarzbaviet dptignaltynsubbtittke@*with f or
obt ai nijpg conpoundgndio thRleecichg, Wherein conpound of Fornula V i sconpound
of Formula la is WD 2013/001088- 55 -PCT/ EP2012/ 062786

The invention further refers to suitable salts of inorganic or organic acids, hydrates and
solvates of the compounds of Formula Ita and is also meant to comprise single isomers,
diastereomers, enantiomers and mixtures thereof of Formula |la.
15
Formula (lld) corresponds to the Markush Formula below
O F
K

H H

Preferred features disclosed above in respect of F, PG1 and PG2 are incorporated herein.

20
Preferably, the invention is directed to compounds of Formula (Ild) wherein
Y s ®For *F;
PG1is
Alkyl,
25 Alkyl substituted with one phenyl,
Alkyl substituted with one or two C3-Cg cycloalkyl,



Vandl a wherein Z, PGl, P&, X, and Y are as defined above in first aspect.
Optionally, the nethod step is preceded by al kylation of a conpound of
For mul a Iwownt3mosa8B- X- SCl - 13 f or obt ai ni-Ag -i nt er nedi at e PofT/HPOO1210b2EY88/, OHO

S, 1/4.

13 Cl-X-SCl -13 PG"OPGZ NPGL O wherein Z, PGlL, P&, and X are as

defined above in first aspec Preferred features disclosed above in
respect of Z, PQ, #@2’35@5’“%‘?}’ witypee pirityf pest aed-Conwslaslyl, oPr ef erabl y, the
met hod for obtai ni nglueRHpREL of Formula la is defined as such that Xis
CH2 or CD2; Yis Nyk, r 2CH3 or\ N=N Zis Hydrogen or nethyl; and PGl
i s dicycl opropyl met H‘{ﬂer‘%ﬁ' 2, 4- di et hoxybenzyl, and P& is

tert - But oxycar bonyl (BOQOam) islki I t 56
- PCT/ EP2012/ 062788 AR isT bl BHEREREINEH m@ar(d Gl ), and'Ebirdhhil QB RRReq

10

15

20

25

30

with C4-Cs alkoxy, and
Phenyl is optionally substituted with up to three C;-C; alkyl, C4-C;
alkoxy or halogen; and
PG2 is selected from the group comprising Carbobenzyloxy (Cbz), p-Methoxybenzyl
carbonyl (Moz or MeO2), tert-Butoxycarbonyl (BOC), 9-
Fluorenylmethoxycarbonyl (FMOC), Triphenylmethyl (trityl), 4-Methylphenyl-
diphenylmethyl (Mtt} and 4-Methoxyphenyidiphenylmethyl (MMTT).

More preferably, compounds of Formula (lld) is wherein
Y is"F;
PG1 is dicyclopropylmethyl or 2,4-dimethoxybenzyl, and
PG2 is tert-Butoxycarbonyl (BOC) or Triphenylmethyl (trityl).

Hereto, in a fourth embodiment, the invention of novel precursors is directed to
compounds of Formula Ha

O\X,F
Z
Py O\PGT
H
O
Ha
wherein:
X isCD;;
F is ®ForF;
Z is methyl;

PG1 is a suitable carboxylic acid protecting group, containing up to 20 carbon
atoms, optionally containing independently one ore more O, N or S atoms; and
PG2 is a suitable amino protecting group, containing up to 20 carbon atoms,
optionally containing one ore more O, N or S atoms and are optionally

substituted with one to three halogens.



|l'a The method for obtaining conpounds of Formula Ha conprises the step of
Reacting conpound of Fornula la with a 18F-Fluorination agent, and

[ Opt i onalW@otaovesst i ng obt ai ned conpoundli-nt o a sui t ablPeTERRA12/064786

i norgani ¢ 50r organi c bases thereof, hydrates, conplexes, ?nd isol vat eis .
t her eof wherein conpo of _Fornmula | a isconpound of Fornula Ila is alla
10and F, Z, I“r‘fei“’e@@] f,ﬂﬂgé?r I9FRIS Yo shitable soflsy ofBerogNs e areas peigs dydeates and

Preferred femtaisest Mbmh@aeﬁhﬁgmgw ﬂaﬁﬁlﬂﬁ‘s’fatiﬂj arléfamzto é;otﬁiprisé’%gie %org@ﬁ,g Y
are incorporated herein. 15Prefera , _the method for obtaining conpounds
of For nul g JiaStereogigry. gaantianers apd {T}‘fﬁ%‘/re%”%er?ﬁﬁ?f 6PMegp lla; o or\ N=N Zi s
Hydrogen or methyl; 20Fis 18F;, WD 2013/001088- 57 - PCT/ EP2012/ 062786 PGL

is dicycl opro thyl and 2, 4-di pet hoxybenzyl; and P& is _ _
tert- Bugoxy%%%&n@ﬁr%{cﬁ&??o%‘% t?rtfi‘ebﬁgﬁﬂ}’lsﬁéf’ﬁgﬁﬁg??'ro}“’t yl). The 18F-Fl uori nation
agent can be OF, H18F, Rbl18F, 8F, d\lg??
D D
H,C
PG O
2‘& PG,
O
lle

Preferred features disclosed above in respect of F, PG1 and PG2 are incorporated herein.

Preferably, the invention is directed to compounds of Formula (lle) wherein
10 Y s ®For F;
PG1is
Alkyl,
Alky! substituted with one phenyl,
Alkyl substituted with one or two C3-C; cycloalkyl,
15 Alkyl substituted with one phenyl and one C;-Cg cycloalkyl, or
fluorenylmethyl
wherein
Alkyl is a branched or linear C;-C; alkyl, and optionally substituted
with C4-C; alkoxy, and
20 Phenyl is optionally substituted with up to three C-C; alkyl, C4-Cs
alkoxy or halogen; and
PG2 is selected from the group comprising Carbobenzyloxy (Cbz), p-Methoxybenzyl
carbonyl (Moz or MeQZ), tert-Butoxycarbonyl {(BOC), 9-
Fluorenylmethoxycarbonyl (FMOC), Triphenyimethyl (trityl), 4-Methylphenyl-
25 diphenylmethyl (Mit) and 4-Methoxyphenyldiphenylmethyl (MMTT).

Preferably, compounds of Formula {ile) is wherein
Y is "°F;
PG1 is dicyclopropylmethyl or 2,4-dimethoxybenzyl, and
30 PG2 is tert-Butoxycarbonyl (BOC) or Triphenylmethyl (trityi).



50ptionally, the 18F-Fluorination agent conprises a chel ating agent such as
a cryptand (e.g.:

4,7, 13, 16¥§02oB3M0oHBRaoxa- 1, 10- di azabi cycl-8[ 8. 8. 8] - hexaco®amaEP201Ki0y1786f i x0)

or a crown ether (e.g.: 18-crown-6). The 18F-Fl uorination agent can al so
be a tetraal kyl amémoni um salt of 18r or a tet raal kyl phosphoni um sal t of

18F-, known to those skilled in the art, e.g.: 10tetrabutyl anmoni um

[ 18F] f | uor i eretdt, et & ARHteyADAMSEHIONE WNehBGFIrlover irdursHsed Bhadibdio éofﬁepounds
18F- Fl uori %tF' on tetrabutyl amoni um [ 18F] f | uori de.

a K18F,
The reagent O%F'égﬁql?) éﬁd%dﬁ’d“‘f’ {largri(Pril®dan” be used for this
fluorination are common and wel |l -known to the skilled person in the field.
See, e.g., J. Fluorine Chem, 27 15 (1985):177-191; Coenen, Fluorine-18
Label i ng Met hods: Features and Pos pt\5(eé: of Basic Reactions, (2006),
in: Schubiger P.A, Friebe M, L @ L., (eds), PET-Chem stry - The
Driving Force in Ml ecular Iga' =3pri nger, Berlin Heidel berg, pp.15-
50). Preferably, the solvents@sed in the present nethod are DWF, DMSO,
acetonitrile, DVA, or mBGue he preferably the solvent is
acetonitrile, DVMBO. 20 In arﬁelg h a%@e the present invention is
di rect e% to a nethod for obtadinigg corrp(_)unds of Formula VI. X F PG2. NO,
PGL IlaVl 25 The method for obtaining conpounds of Forrmula VI conprises the
st eps of depr ot ect i{Reglla) N@-gn{idlok (_AIdFor ({ulle ha for obtai ni ng deprotected
conpound of,, H:‘?% Ia VI, and [Optionally] converting obtained conpound into
a suitable sa S |norqanic or _organi c bases thereof, hydrates,

conpl exes, amnmawlmgﬁﬁ,ehhq eof 30 \Qt_)grei n conpound of Formul a Ha

[ SCOITpOUI’ld B I Formot=a— Vi1 C‘\f’“" 2013 1 PCT/ EP2012/ 062786 and F,
Z, PGL, P 4, and Y are %{efl ne@'&b&'?e in first and second aspects.
SPreferred|bait ures di scl og¢d above jigH,sespect of F, Z, PGlL, P& , X and Y
are incorp 6ehtced hererm. H oD

" 4

D-ild CH;s CH,

D-lle CH3 CDQ

F, PG1 and PG2 are disclosed as above and encompass preferred features as disclosed

10 above.

The invention further refers to suitable salts of inorganic or organic acids, hydrates and

solvates of the compounds of Formula (D-lla), (D-lib), {D-lic), (D-lld) or (D-Hle} and is also

meant to comprise single isomers, diastereomers, enantiomers and mixtures thereof of
15  Formula (D-lla), (D-lIb), (D-Hc}, (D-lid) or (D-~lle).

Embodiments and preferred features can be combined together and are within the scope

of the invention.

20 ®F_invention compounds are but not limited to

tert-Butyl N-{tert-butoxycarbonyl)- O-(fluoromethy!)-D-tyrosinate

H.C >
Hzcﬂ\oJLHN(OKEZB

O CH



Deprotecting neans renoving the protecting groups PGl and P&, Preferably,
deprotecting occurs under acid conditions, wherein nore preferably the acid
is HCl irw0OQoriymmiss- or aqueous- solvent-$2or TFA with oPCRiEPh@n6zIdeli ti ves.
Preferably, the nethod for obtaining conpounds of Fornula VI is defined as
such that Xis CH2 or CD2; Zis Hydrogen or nmethyl; 15Fi s 18F, PGl is

di cycl oprop di met hoxybenz and P& is tert-Butoxycarbonyl
(BOC) or Trrﬁﬁﬂ% g%WﬁW ’?’tfﬁﬂt%wcafwﬁ%@éi‘m&ms@yl)*Ratyr@@?ﬁéEPzo12/ 062786

Definitions: "D' nmeans Deute 5The acronym "PET" abbrevi ates positron

em ssi on tonography, M flects a nuclear nedicine imging technique

produci ng a th&ﬁe -l | image or picture of functional processes

wi thin the M%Jh\: system ects pairs of gamma rays emtted indirectly
e e

by a positr nucl i de of the tracer or PET-tracer, which is
i ntroduced into theHb o a biologically active nolecul e.
Thr ee-di nensi onal i nmages tracer concentration 10 within the body are

t hen constructed by2ebhputer anal ysis. PET-inagi ng can be conbi ned by
nmagnetic resonance ineging (MRI) or CT. The term "stable" in accordance
with the prmsmﬁprm;rwﬁ@myrcrm(@@%tcixy@e&bém ® éﬂndr@tﬁéthﬂﬁ EabsRLtecOMPOUNds in
whi ch the chem cal structure is not altered when the conpound is 15 stored
at a tenperature froma to about +40C, preferably from about -80C
to +25 C, nore prefera rontabout -20 Cto +20 C, even nore preferably
f rom about O'& 0fC 10r | east one week, preferably at |east one
nont h, nor g, E I six nonth, even nore preferably at |east
one year and or t hg prlovi ded presursor conmpounds whi ch under | UPAC
standard conditions mai%htai\ns its structural integrity |long 20enough to be
useful for the synthesigs, of PET-tracers pursuant to the invention.

Fl uor enyl net hyl |s As used herern the ternt "al kyl" refers to a Cl-C6

st rai ght charr& branched chain group such as, for exanple

met hyl, et H§/F] UEYer(f)PorOF@HMdYﬁHWJ I?ﬂ)‘t"%}ﬁi'“fﬂ“‘?sobutyI tert-butyl, pentyl,
isopentyl and neope o Preferably, alkyl is Cl-C3 straight chain or
branched char n al k As used herein, the term "cycloal kyl", refers
to a C3-C6 cyglic group such as, for 30exanple, cyclopropyl,
cycl obutyl ,P cIo en and cyclohexyl WO 2013/ 001088- 60
- PCT/ EP2012/66 \ug herein, the term "al koxy" refers to al kyl groups
respectively Ir"ﬁke % respective scaffold by an oxygen atom i.e. -0-,

with the al kyl porti on b3e| ng as defined above, such as for exanpl e methoxy,
et hoxy, i sopropoxy8-itort-but oxy, hexyloxy. 5The term "aryl" as enpl oyed
hereinqpy itself or as part of another group refers to

2,4-Dimethoxybenzyl O-(fluoromethyl)-N-trityl-D-tyrosinate

Fee

2-11-1

Methyl N-(tert-butoxycarbony!)-O-(fluoromethyl)-alpha-methyl-D-tyrosinate

Song
CH, O r

HC] S

Hsc>kOJ\N O‘cr—r3

15 0 2-12-1

Methyl N-(fert-butoxycarbonyt)-O-(fluoromethyl)-alpha-methyl-L-tyrosinate



nmonocyclic or bicyclic aromatic groups containing from6 to 12 carbons in
the ring portion, preferably 6-10 carbons in the ring portion, such as
phenyl, maiphtsydoiess tetra hydronapht hyl .-586The t er m " hetPemERey2/062186

enpl oyed herein by itself or as part of another group refers to nonocyclic
or bicyclic aromatic groups Cﬁntqrnrng from5 to 12 carbons in the ring and
where up to 4 carbons ar ae€d by nitrogens in a way, that the
resulting heteroaromatic tem contains one NNH group. Typical exanples
are pyrrol ey cidggolgf triazole; their benzannel ated anal ogs, indol,
benzrnldazolg { ~Ql.es, pyridyl fused 15anal ogs |ike
azabenzotrrazole and ot her hsed systens |i ke imdazopyrroles or

i mi dazotriazoles. The t®@rm "Hal&2 refers to fluor, chloro, brono, and iodo.
20The term "am ne-protecting group” as enployed herein by itself or as part
of anot her @Eﬁu@nmwrMnmmnmd$amﬂuﬂousmm&mgoneone skilled in the art, which

is chosen f ) A, BLRsS of ctr n gr oups narrel y
car banat es, EH@“@g 08& bL(]jto Ctaﬁi%nﬁ'i Al hﬁlH%@me:\nyO[éﬂyr%ﬂp enami nes,
N- sul f ofyl la?rbéillmpf:hﬂ‘samhbétﬁw from but not limted to those described in

N T e e e e A -

i ncor por at é@bhﬁmepﬁ1-ﬁ;ﬂ aref eBénce. Preferred ami ne protecting groups are
carbamat es ({ I o R . _The t carboxylic

aci d- pr ot ectr hg g pr i8 ﬁtﬂglqv @mlbﬁ%g&éaﬁ%& iI)F\(S'r(tﬁ#ugr‘%%&gy’g{'g;frgﬁf’?tﬁg 30 group
enpl oyed t d-abelok obt- 2p?r ot ect the car boxylic acid functionality while the
reacti qps i si t co are carried out.
Car boxy Opr G L OB BEREN WA b AR & el PRI L BrGE Ve Gr oups
i n Organi c Lepalihgsi &3 thr rd edr tion, 1999, page 372-453, which is hereby

those sk | g PPty el RSN oo b B E e kBN RE br of ect on

of car boxylliabeling ds1-4Reprdeét at i ve car boxy protecting groups are al kyl

xanpi o phevet Bt BBt A o Blnp 3Bl enzyi and

substi f1Gt edabelhng/afﬂ Gésﬁﬂﬁ%ambﬂ -5ssich as al koxybenzyl or nitrobenzyl groups

i cycl opr opy e il AP ut Ry Rl TR-Chrespets,

benzyl oxyndebsiling §Ovp-4 S5Pr ef erred 0- prot ected conpounds of the invention

a6 oty VELF Bk P P Rk e Bl B bV Pndeer . bucy

ester, secibbeling efst-€r, isobutyl ester, tart. butylester, anyl ester,

I | kyl :
o e Pkl kAl BB Y IRE R sy
4- met hoxybeéabsiling & 147 di met hoxybenzyl) 10ester. As used hereinafter in the
descri pti orperpéu%am r‘?db%rﬂ&h?l?ﬂl—thgl- [}grogl&a s, the terms "salts of

i norganic or ofr nor and "organic acid" refer to
m ner al acidsellingbofitngl udi ng, but not bel ng limted to: acids such as

car boni c, g erchloric or sulfuric acid or
t he aci dr C saﬂ\ ytbﬁ reof&fﬁlﬁﬂorgpé%%g’ﬁ grlt)d%” '@é%n sul phate, or to
appr op£$ at éakeliyedfd-@ci ds whi ch i ncl ude, but are not limted to: acids such

as car boxy a 18 9 are trifluyoracetic,
met hansul fg:k %gwﬁ‘}élﬂegul ﬁﬂ&t gﬁ)zéegggﬁ %ﬂi’%mt @Q stﬁﬁ%% ¥e-and
trifl uor netakalegudffletl ¢ aci d, 20respectively. Suitable salts of the
conmpounds ention, inglude salts of mneral acids,

car boxyl i cgg@? s%ﬁgg%ﬁg’r{%rﬂ c a(?f%[ngthwgﬂ'te@g%y@sg‘aet s of hydrochloric
aci d, hydr baallinigofdeld], stl-Bwndd-we8d, phosphoric acid, nethanesul fonic

acid, sul f opi i d esuyl fonic acid,
napht ha ene g-msul %?@S}ﬁa@%ﬁﬁig&eﬁﬁ%?ramehyﬁfq?% ﬁtgéwlc?é%si”ba ©pr opi oni ¢
acid, |actlabadicygdf 1t taric acid, malic acid, citric acid, fumaric acid,

mal ei ¢ acid and benzoi ¢ aci d. Sui table salts of the corrpounds according to

the invention also include salts of customary
fn a third aspect, the present invention is directed to compositions comprising

compound(s} of the Formula lla, lib, lic, Iid, lie, (D-lfa), (D-Hib), (D-ilc), (D-lid) or (D-lle)




30 bases, such as, by way of exanple and by way of preference, alkali netal
salts (for exanple sodiumsalts and potassiumsalts), alkaline earth netal
salts (fowoexsmoli@scal ci um salts and magidsi um sal ts) amrdTarroRionzTscal ts,
derived from anmonia or organic amnes having 1 to 16 carbon atons, such

as, by way of e and bly way of preference, ethylamne, dieth Iam ne,
triethyl am 1ﬁgepeé1%n8qudp; gyﬁpgﬁythgr@pﬁ@nd reagents suitable for deprotection of the amino

35nmonoet hangbapiana teé etlangl-asm B\ethbrtyr%ts#ﬁéngé @%rﬂﬁhfi@b Go @r@@%%@t@‘ ﬁr%tecn){&)
2013/ 001088-. 62 ql:&T/ EP2012/ 062786 d| net ﬁ%am noet hanol wr ocal ne

di benzyl anm AEPUPRIMEIARICGRPRIRSISI(ED editign APRand fayrietditemWikye@0ghi ne and

N-net hyl pi peiid @eRen dkille@hhribl LR PRSP wiet E@Rllliiﬁs”@eﬂiﬁleksewlérﬁs Fmeﬁﬁs
are present in a Coiggoundwﬁccordl n%gto 5t present invention, forfrs

of such 3t eT38UFE GRBFIVaNts phGaBHy S ﬁ’tf%'i'?@ﬂ@s'%d%f%t@ﬁté}%§?%t@ﬁé¢@iﬂgatpéhe
intended t ourpgoteerée fiacrohREBA-BrosiusRALRGSUR AR hRIHEr BRdhkddledggNt res may be
used as racemc mxture or as an enantionerically enriched mxture or as a
di astereoneric mxture or as a diastereonerically enriched m xture, or

t hese i soneni g fﬁwﬁl'ura@peﬁﬁymbepr‘égmr alvetiods i Girasiek - {en%m 59@6}1&' 4R BrisiAd

an i ndi vi dual ster(%g ? HE t%’ce used al one. |In cas wher ei n conpounds

may exist i%MRRLTARe d d:r%‘%‘“ Hbale. gt de.effisla) M@Wépéc) dBdd) eauPdekri c

f orm i stoconhespehases @Sn&@lrésgchbﬁé@f atebanbAB isitd e ﬁor'ﬂ[]Mx%ﬂE!bé?lﬂagV‘A?ﬁé F&fgenﬁ
predom nantly in one form ternms de,

eX|st|ng in I|b

hal 0" (hal &g’g%‘ Qa VRGeS 'ER/Uﬁ%%Eq"fthfarf'uagnqi@ﬂtar%na\ﬁ@ﬁmé*re RETBRID i S
known or otnkm@uaqm@f@mgaeegkulfh@&hdercﬁéﬂﬁ 27 t1o88neyegns fluoro, chloro,
bronmp, and 15i odo. As used hereinafter in the description of the invention
and in the clainms, the term"fluorine isotope"” (F) refers to all isotopes

of the fl udniarfitpagrace, taé @f&aht ibINBES pRYRiek &l it donPhiBRg W s%%iéd%f%éﬁt%mg a

Fl uori ne i sot% é{éF%%1 (ﬁg{ e ted fromradi oactive or non-radioactive

i sot ope P gy ¢f 4,5rReUNdseft fp@viastar b s, 1d. fen Dl (P-3)i )i ve
“col d" fl uqpiieapor Eolep prRlcpendeBl) or hikIrss BERRE BRALSidb $AR o@ﬁloﬂféﬂﬁtcﬁ%r 4dhic

several ways.,K6 For clds often DL is used for the al pha-position

referring t49osi fjf%ﬁs oﬁ‘”&ﬁ@ﬁl’?@& dRtienglive they ridlmsomprisefe "F’F%‘Fﬁerfor labelling,
proj ect i on.deptcéion kediaglaliaddLEedIly &SpaNESe thrr&eth%rﬁr&&i-‘!ﬁ‘e‘}ﬁbf Blj@¥ant R' and
L corresponds 25to the stereodescriptor "S" for al of the corrpounds of the
i nventi gn W t hoyt fur Er el aboration, it is belleved that one skilled in
t he arl2 can? AKX ast'??é’ o %@é‘%ﬁeﬁb'”ﬁ%kﬁ’f‘l‘%?%ﬁed tr methpe's fpreobipiaiag pompavegds i on
to its ful loesbreaent. The followi ng preferred specific enbodi nents are,
therefore, to be construed as/gserely illustrative, and 30not limtative of
t he remai nder of thed Hany way whatsoev@r. ey entire

di scl osure[s] of all] i catl ons i)atents a Jl cétl ons, cited herein
are incorporated b b8t encel. N6Bei n. WO 2043/ 091088- 63

- PCT/ EP2012/ 06278 can nmake \Faid'dus change ifi
i nvention tRGadap¥ ’
- PCT/ EP2012/ 062

H86

H
0 o)

vV la

The methods for obtaining compounds of Formula la comprises the step of
- Reacting compound of Formula V first with N-Chloro-suceinimide (NCS) and then
25 with anion of H-O*-Y for obtaining compounds of Formula fa,
wherein

compound of Formula V is compound of Formula la is



Abbrevi ations 18-c-6 1,4,7, 10, 13, 16- hexaoxacycl ooct adecane br broad si gnal
(in NVMR data) CI chem cal ionisation d doublet CH2d 2 di chl or onet hane
Cs2CO83 cewoDum3omidssnat e DAD di ode array -8étector dd doulpceteredi2eearsé et ddd
doubl et of doubl et of doublet dt doublet of triplet DV

NN-di et hyl f or manmi de DMBO di rnet hyl sul foxi de El el ectron ionisation

0 O*-
S. Ny
O O\X/ CH3 X
Z

Z
PG O
PG O 2> ~
Z\H P61 ﬁ O PG']
O
v and E

wherein Z, PG1, PG2, X, and Y are as defined above in first aspect.

Optionally, the method step is preceded by alkylation of a compound of Formula IV with
5  ClI-X-SCH; for obtaining intermediate of Formula V,

N
OH SNCH,
Z CIX-SCH3 7
— PG O.
PGy _O‘PG1 2\5 PG,
Hod o

v
wherein Z, PG1, PG2, and X are as defined above in first aspect.

Preferred features disclosed above in respect of Z, PG1, PG2, X, and Y are incorporated
10 herein.

Preferably, the method for obtaining compounds of Formula la is defined as such that
X is CH; or CDy;

Y is
N NNy N o N NO, N CF,

~ N/§,cooc:Hch3
or A
N=N

Z is Hydrogen or methyl; and
PG1 is dicyclopropylmethyl or 2,4-dimethoxybenzyl, and
PG2 is tert-Butoxycarbonyl (BOC) or Triphenylmethyl (trityl).

15

20 In a seventh aspect, the present invention is directed to a method for obtaining
compounds of Formula lla.



ELSD evaporative light scattering detector ESL el ectro spray ionisation

Et OAc ethyl acetate EtOH ethanol Froc fluorenyl met hyl oxycar bonyl HCOCH

Form ¢ acwo 2piBuB1ds8gh perfor mance |i qui d 56hr omat ogr aphy PGBEP@IgAcBeE quer el

h hour K2,2.2 4, 7, 13, 16, 21, 24-hexaoxa-1, 10- _

di azabi cycl o[ 8. 8. 8] - hexacosane (52 3 potassi um car bonate K2HPO4 di pot assi um

phosphat e KOH pot assi yrdrextde 'MBq O\X,F
z — z
Per N O P PG, o
H o ! PG,
la O
fla

The method for obtaining compounds of Formula Ha comprises the step of
- Reacting compound of Formuia la with a "®F-Fluorination agent, and
- [Optionally] converting obtained compound into a suitable salts of inorganic
5 or organic bases thereof, hydrates, complexes, and solvates thereof
wherein

compound of Formula la is compound of Formula lla is

z
PGy~ o.

N PG,

O

la Ha

>

10 and F, Z, PG1, PG2, X, and Y are as defined above in first aspect.

Preferred features disclosed above in respect of F, Z, PG1, PG2 , X, and Y are

incorporated herein.

16 Preferably, the method for obtaining compounds of Formula lla is defined as such that
X is CH; or CDy;
Y is

1 1 1] 4 |
N N N\ N Cl N NO, N CF,
N\\N N\\N | N\\N N\\N N\\N

*\N/\[/COOCH?_CHs
r \
° N=N

Z is Hydrogen or methyl;
20 F is "°F;



Mega Becquerel MeCN acetonitrile MeOH methanol MS nass spectrometry MIB
methyl tert-butyl ether WO 2013/001088- 65 -PCT/EP2012/062786 m mul ti pl et
nc cent r edlorzoivdopdset i n m nute NaH sodi-®mh-hydri de NWVR ROTIEP2012/062]R€! i C
resonance spectroscopy : chemcal shifts (6) are given in ppm ¢ quadrupl et
(quartet) PMB palgéjl rn?ig g%§ fgp?rg;%%%eﬁﬁrand 2,4-dimethoxybenzyl; and

PG2 s tert-Butoxycarbonyl (BOC) or Triphenylmethyl (trityl).

The "®F-Fluorination agent can be K'F, H'®F, Rb"™F, Cs'®F, Na'®F.

5  Optionally, the "®F-Fluorination agent comprises a chelating agent such as a cryptand
(e.g.: 4.7,13,16,21,24-Hexaoxa-1,10-diazabicyclo]8.8.8]-hexacosane - Kryptofix®) or a
crown ether (e.g.: 18-crown-6).

The '®F-Fluorination agent can also be a tetraalkylammonium salt of "“F or a

tetraalkylphosphonium salt of F, known to those skiled in the art, e.g.
10 tetrabutylammonium ["*Flflucride, tetrabutylphosphonium ["*Flftuoride.

Preferably, the **F-Fluorination agent is Cs'®F, K'F, tetrabutylammonium ["®Ffluoride.

The reagents, solvents and conditions which can be used for this fluorination are common
and well-known to the skilled person in the field. See, e.g., J. Fluorine Chem., 27

15 (1985):177-191; Coenen, Fluorine-18 Labeling Methods: Features and Possibilities of
Basic Reactions, (2008), in: Schubiger P.A., Friebe M., Lehmann L., (eds), PET-
Chemistry - The Driving Force in Molecular Imaging. Springer, Berlin Heidelberg, pp.15-
50). Preferably, the solvents used in the present method are DMF, DMSO, acetonitrile,
DMA, or mixtures thereof, preferably the solvent is acetonitrile, DMSO.

20
In an eighth aspect, the present invention is directed to a method for obtaining

compounds of Formula V.

O. _F
X O\X/F
z — 2
PG O.
N PG, HN OH
M 2
O o)

lla Vi

25  The method for obtaining compounds of Formula VI comprises the steps of
- deprotecting the compound of Formula lla for obtaining deprotected
compound of Formula VI, and
- [Optionally] converting obtained compound into a suitable saits of inorganic
or organic bases thereof, hydrates, complexes, and solvates thereof
30  wherein

compound of Formula fla is compound of Formula Vi is



positron Em ssion Tonography RT roomtenperature s singlet t triplet TBACH
t et rabut yl anmoni um hydr oxi de TBS tert-butyl di methyl silyl THF

t et r ahydrwbupemoTddP t et r ahydr opyran UPLCS8I-tra per f or narCE&/HPR2@2i062786

chromat ography WD 2013/001088- 66 - PCT/ EP2012/ 062786 Experinmental Section
The foll ow ng exanples can be repeated with simlar success by substituting
the generically or specifically described reactants and/ or operating
conditions of this ipwentiogn Ffor those used in the ecedi ng exanpl es.

Det ai | ed descriptio the’synthesi s of conpo oxriula | and la 1.
N-protec ed tyrosipé estfers N-protected tyrosi an be directly
esterified by alzkKyl ation of the carboxyli Crf'a f hout protection of the
phenol funcfPGﬁfl 8.0.0Jung M E. Tetrahedro 9 815). The reaction of
the salts of ﬁr ot fct eBGyrosines with sujta kyl ati on agents al so

gi ves the protectedQtyrosine esters. Séhene

I
lia Vi

*

andF, Z, PG1, PG2 , X, and Y are as defined above in first and second aspects.

5 Preferred features disclosed above in respect of F, Z, PG1, PG2 , X, and Y are
incorporated herein.

Deprotecting means removing the protecting groups PG1 and PG2. Preferably,
deprotecting occurs under acid conditions, wherein more preferably the acid is HCI in

10 organic- or aqueous- solvents or TFA with or without additives.

Preferably, the method for obtaining compounds of Formula Vi is defined as such that
X is CH; or CDy;
Z is Hydrogen or methyl;
15 F is"F
PG1 is dicyclopropylmethyl or 2,4-dimethoxybenzyl: and
PG2 is tert-Butoxycarbonyl (BOC) or Triphenylmethyl (trityl).



Alternatively, a tyrosine ester can be reacted with a dial kyl di carbonate to
i ntroduce a carbarnate or a trityl-group as N-protection. W) 2013/001088-
67 - PCT/ BPOQLDY OGRS 86 H D Tyr-Bu SéHene 2 Final | yPCIIfEPR@296278@DI

al kylating agent is available or the tyrosine ester is not easily
avai l abl e, direct esterification nmethods can be enpl oyed using the
correspondi ng al cohol. 5This is exenplary denonstrated in the synthesis of
t he di cycl opsfijisiba®t hyl ester. in such case it is advisable to protect the
phenol prior.,to esterjfication as shown in schene 3. Scheme 3 D- Tyrosine

i s bi shocyl &t 88238 DSMIFTHE- t o Pozdnev, V. F.: Chenistry of Natural

Conmpounds; 10 English; 18; 1; 1982; 125 - 126 and then be esterified with a
st andar% P/ Car bodi.i mi de coupling nmethod. Selective deprotection is done
accordi 7g t O NBRIMF aPK, abRieYialRe desior emissigotumosnamy, Thishaelscisplresieshow,
that a w dem&hehe angdingfeRhRighLE& br. ] iocRasi ' -

Met hyl t hi onet hyl et hﬁ_sg)of N-gor get I(Daﬁdg? ?gﬁ%fﬁﬂqe%ggﬁgﬁya@e%B%ﬁgké%%%%é?68
- PCT/ Epzolz‘?r@%%?%wﬁfh‘@ BheRd- Thesuptent deinds paist eteanmeyarsemitted ndirestlyi by

converted ifnpesigorTeiniing RidumRicive &t herr¥r 8 BETaLLeN WHidHYs introduced into th
met hyl t hi oggat hyl fﬁ%pg de in a DMF/ THF m xture using potassiuntert. -rl)ut_ yﬁ
as base andPS¥@ndhriPEgIcaly aelivedpRlpculs.(THees-dimenpignalymepes REtragek ghagsnisation

agent . 10HO vathire théi3adg CareHthIClcShddddtedHBE SHBUEIVERE R, FEBMMNR Ban be

combined by magnetic resonance imaging (MR!) or CT.

ate

The term “stable” in accordance with the present invention specifies the provided

precursor compounds in which the chemical structure is not altered when the compound is
15 stored at a temperature from about -80°C to about +40°C, preferably from about -80°C to

+25 °C, more preferably from about -20 °C to +20 °C, even more preferably from about

-20 °C to 0 °C for at least one week, preferably at least one month, more preferably at

least six month, even more preferably at least one year and/ or the provided presursor

compounds which under IUPAC standard conditions maintains its structural integrity long
20 enough to be useful for the synthesis of PET-tracers pursuant to the invention.

Fluorenylmethyt is

As used herein, the term “alkyl” refers to a C;-Cg straight chain or branched chain alkyl

25 group such as, for example methyl, ethyl, propyl, isopropyl, butyl, isobuty!, tert-butyl,
pentyl, isopentyl, and neopentyl. Preferably, alkyl is C4-Cs straight chain or branched
chain alkyl.

As used herein, the term “cycloalkyl”, refers to a Cs-C; cyclic alkyl group such as, for
30  example, cyclopropyl, cyclobutyl, cyclopentyl, and cyclohexyl.



Schene 4 To a person skilled in the art it is obvious, that other
chl or ot hi onet hyl et hers can be enpl oyed, |ike for exanple

1-[ (chl orwoebtsyio)asal f anyl j - 4- met hyl benzef@- or 1- PCT/EP2012/062786
[ (chl oromet hyl ) sul fany11-4-chl or obenzene.

asi £ St at ey KA ehain o T RO rﬁ%@%rr %?Q%*?%r?ﬁ”?eéégtfv@bfotnkeg4mtreor

t he synt he&bsp@iweBecéfw{c( By IadOd@'géry la}daVEi.e. Tbe WitH @ie0aTRY MorRinhesing a8 deangmde
in 73% using N-ch IeryIchIorrde as activation

I uccl n| e, and trimet
agent in di V%r%‘ﬁ'ﬁ @xa"f‘H ‘6%6&ﬁh”°&‘60? FRROXY SIBITRURY el PWOHYh sone
hydr ol ysi s vvas reported V\hen th| S reaction was conducted with the nore
acidlail lester leI dro ed to 24%and with 20t he even
nore | a%i | e &Ay@l I%‘BP*HW Cl)[yhgs‘?gh%raﬁn%qmﬁf AREE BRR) THiEES B
i sol at ed. Imorp:rcwedaramtvarnmgm@u@ gmubs tonthin@igdicdn 6 b $2 lcalohe il Mk ehgpeHRhE.

In an |rrprove 3/001088-. 6 PCT/ EP2012/ 062786 protocol, no
activation H'S"® @?&O égé gjocrﬁe 'Pei’&?l HRI niPRtPe PN nedPRE®hy NAPEW! wei kup

reacted w ttbtraHyerdolphitigll eophi l e i n an anhydrous environment. The
chl oronet hyl et her can al so be obtained by reaction with sulfuryl chloride
in dichloronmethane at 0 C as described in Journal of Medicinal Chem stry,

2005, Vol . ®8, teﬁﬁbhetmarﬁ%eﬁﬁww Rereirt by ssert orl 5s admamtaalm@ugrdug refepd ey
t he ON- nucl eophi Ile in L% go

commer ci al "&‘EIEJ;?V? ‘80""&%‘?339"%?%5&*%8?%% ﬂﬂ‘ﬂ?cf'rogh 84l 2( garg?nq_'@qhedm st
comrr,rcrbal viterevelg tol & y@borho e rupmwrby tmt@dge'het rna@twdyamﬂ@mltwnr%mr@an
easily be

ared .n an dr ous form ial HOBt hydrate was dj ssol ved

Cn anhysr ol EEeb S T & Qo4 (ESRIEFETRIPS 210 PR OPCeRNE ¢ he
so: vent evamzrow;acbrnbdlangaméaz&ehércgsTﬁmdrdaenihrrcﬁem Bérleoﬂmﬂﬂle& :ayr\éruéelar
tol uene_to ve a r ous t i S, conpo can s ried at
s0C THPs beREa FOE A S e goﬁﬁ? PRs 3@ %?%@@prrﬁolrrugr
patent. Al trrerdnacbtrmidl% KOBt can be nmade by reaction of HOBt*H20 with KOH in
Met hanol and dried by stripping with toluene and evaporation in the vacuum
at 40 15C. Reaction of the raw m xture fromthe reaction of the
met hyl t hi omékhgrhethaky’ refedsho Notootlstec BioRioTatkeiosbt h t he tetrabutyl amoni um
salt of the O N-nucl eophile, gives the inventive conpounds of fornula I.
CH, NCs

20 The term “amine-protecting group” as employed herein by itself or as part of another

group is known or obvious to someone skilled in the art, which is chosen from but not
limited to a class of protecting groups namely carbamates, amides, imides, N-alkyl
amines, N-aryl amines, enamines, N-sulfonyl and which is chosen from but not limited to
those described in the textbook Greene and Wuts, Protecting groups in Organic

o5  Synthesis, third edition, (third edition 1999, page 494-653, which is hereby incorporated
herein by reference. Preferred amine protecting groups are carbamates (e.g. Boc) and
Aralkyl (e.g. Trityl).

The term "carboxylic acid-protecting group" as employed herein refers to a protecting
30 group employed to block or protect the carboxylic acid functionality while the reactions
involving other functional sites of the compound are carried out. Carboxy protecting
groups are disclosed in Greene, Wuts, Protective Groups in Organic Synthesis, third
edition, 1999, page 372-453, which is hereby incorporated herein by reference. Such
protecting groups are well known to those skilled in the art, having been extensively used
35 in the protection of carboxylic acids. Representative carboxy protecting groups are alkyl

{e.g., methyl, ethyl or tertiary butyl and the like); arylalkyl, for example, phenethy! or



CH2C12 -15C to R Scheme 6 It is understood, that this nmethod is also
applicable to tyrosine esters with other N-protection and other aromatic
systens aw0o=nmmo1688 Scheme 7 for the syntflesis of a preeargreomos27an anal og
to DPA-714 which is a well known PBR-Ligand (Journal of WD 2013/001088- 70
phar maceutical s 2008, Vol

- 2/ 062786, Label ] ed Co d d Radi

55% ,Epggé- 7 a“foﬁ)‘%ﬁ@#%fdem%ﬁ’ggﬂ“%%%e%@S'? 88/Peyy! oA gtiopenzyl grogpe pind oHg
OH I5 Sc heimig !ikeE&i&WoMa}‘ky?@Sgl.{dy@bb%y%etﬁ%%r%@fcfggﬁi ; 'r”“e’éé?‘f"y)mr eagﬁ@g%.g.

f I -.or to oxy- conpounds can |
N?Ir-lyrrgrgxybiﬁ?@?%@hﬁé@%@d’éi’%%g’ﬁnﬁgﬁ%@QMHS. I n anhydrous conditions,

the tetrabutyl amoniumsalt of a N 10Hydr oxybenzotri azol e or the potassium

salt of a hydroxybenzotriazol e i s advantageously enployed as shown in
Schene & an%f@@%"ed@-pgé%ﬁ%cwpwdﬁ.ofﬁwm@@m apé cowpovndt waereinvbe potpdends

Fi rst nmb 0 R r ) tfrk ' f I l)..,cold
b PSSR SR )y ORAE FAP LB By B bl
second nunbeerremAcises. bxtsinpster, selaituty! rastdveisobatyldested, tgui bitylestencangsestért hi n
the exanpl %oa(rﬂﬂ?’éﬁef_}, %WQMIO%%PC(%Qde Jmﬁfé’ r%‘o%lkgflln}ethﬂ, ecfi(c?/grglalleéylﬁ?e’[hyl, 1-

cycloalkylethyl) or arylalkyl (for example, benzyl, 4-methoxybenzyl, 2,4-dimethoxybenzyl)
10  ester.

As used hereinafter in the description of the invention and in the claims, the terms “salts of
inorganic or organic acids”, “inorganic acid” and “organic acid” refer to mineral acids,
15 including, but not being limited to: acids such as carbonic, nitric, phosphoric, hydrochloric,
perchioric or sulfuric acid or the acidic salts thereof such as potassium hydrogen sulphate,
or to appropriate organic acids which include, but are not limited to: acids such as
carboxylic and sulfonic acids, examples of which are ftrifluoracetic, methansulfonic,
ethanesulfonic, benzenesulfonic, toluenesulfonic and trifluormethanesulfonic acid,

20  respectively.

Suitable salts of the compounds according to the invention include salts of mineral acids,
carboxylic acids and sulfonic acids, for example salts of hydrochloric acid, hydrobromic
acid, sulfuric acid, phosphoric acid, methanesulfonic acid, ethanesulfonic acid,
25  toluenesulfonic acid, benzenesulfonic acid, naphthalene disulfonic acid, acetic acid,
trifluoroacetic acid, propionic acid, lactic acid, tartaric acid, malic acid, citric acid, fumaric

acid, maleic acid and benzoic acid.

Suitable salts of the compounds according to the invention also include salts of customary
30  bases, such as, by way of example and by way of preference, alkali metal salts (for
example sodium salts and potassium salts), alkaline earth metal salts (for example
calcium salts and magnesium salts) and ammonium salts, derived from ammonia or
organic amines having 1 to 16 carbon atoms, such as, by way of example and by way of
preference, ethylamine, diethylamine, triethylamine, ethyidiisopropylamine,

35  monoethanclamine, diethanclamine, triethanolamine, dicyclohexylamine,



20 Detail ed description of the synthesis of conpound of Formula |c WO
2013/ 001088- 71 -PCT/ EP2012/ 062786 For the synthesis of deuterated
conpoundswbceos/mhisght | y di fferent synthe$is route is enplCoyEPd01eBeitesre 7)
whi ch has the advantage, that perdeuterated dinethylsulfoxide is a readily

avail abl e reagent. It is reacted according to a published procedure (J.
Chem Soc. (ﬁg%ﬁ]y&?nfpoef@%@j, erﬁﬂ‘pﬁﬁ)d'chﬁ"ma’i‘ﬁ‘@’ N‘WM’E@PP?F’&S%@”PB- S t he
deut er at ed &hyletdyidrhine anetNaybelpelerigile | ast reaction step is the same as
descri bed above. OH DD S H3 OOH3 H H3C 3C H3C 0 H3C O tertBuBr/ D PEA

1. NCS 2. Bu4N OBt BocTyr-ORBocTyr (CD2SCD3) OR BocTyr (CD20Bt) OR Schene 9

10 Det ai | edf deist bérﬁtdsﬁjﬂloﬂ‘ferfd?ms?oy lbgh%ﬁib%eﬁﬁeé?é}lg?@éﬁégt Pfa @M;ﬁ%}mha atL;ébrding to
Synt hesi_s of the alet .tyrgsine derivatives Id and | e i s done by
cgnbi nat) ontL‘c:)f p'ieﬁ%r"\{e V%'E')tl%" cf’@stqrﬁnﬁea{ ﬁHﬁ?h tRICQSOINREs 'acleding engptiomers and
respect i veldiastéiebiseyptsh ek sinahded etoC BEP@WBER hereGONDBMEbRHdsY cétahhgbhigral

Is used as starting material (Schene

' Me | -t ' - met hyl est, , ! |
B Bocy | at TP MR So] S AT BUGUISIT AT SERUAT D EN Sradied RS o08)
Al kyl at i on avdisbte@dB2BGHXtUre cd@Ber dRs@essidriean) ahaved nRGrdeN2Rtdd 82aLN -

' [ d bed for conpounds
o e R e S o SeBEris it BBl o Bhhes =ne o hicual siwegono

10 maybe used alone. In cases wherein compounds may exist in tautomeric forms, such as
keto-enol tautomers, each tautomeric form is contemplated as being included within this
invention whether existing in equilibrium or predominantly in one form.

The terms “halide, halo” (halogen) as employed herein by itself or as part of another group
is known or obvious to someone skilled in the art, and means fluoro, chloro, bromo, and

15 iodo.

As used hereinafter in the description of the invention and in the claims, the term “fluorine
isotope” (F) refers to all isotopes of the fluorine atomic element unless explicitly otherwise
indicated. Fluorine isotope (F) is selected from radioactive or non-radioactive isotope. The

20 radioactive fluorine isotope is [**F] . The non-radioactive “cold” fluorine isotope is [*°F].

The stereochemistry can be denoted in several ways. For the amino acids often D/L is

used for the alpha-position referring to position of the residues when drawn in the Fischer-

projection. Stereochemically D corresponds to the stereodescriptor “R” and L corresponds
25  to the stereodescriptor “S” for all of the compounds of the invention.

Without further elaboration, it is believed that one skilled in the art can, using the
preceding description, utilize the present invention to its fullest extent. The following
preferred specific embodiments are, therefore, to be construed as merely illustrative, and

30 notiimitative of the remainder of the disclosure in any way whatsoever.

The entire disclosure[s] of all applications, patents and publications, cited herein are

incorporated by reference herein.

35  From the foregoing description, one skilled in the art can easily ascertain the essential

characteristics of this invention and, without departing from the spirit and scope thereof,



00 Hal 1/ 411eTyr - ChneBoc-aMeTyr-OMe CH3 OH3c itcx itc O NCH3 O

Boc- aMeTyr (CH2SMOOWe Schenme 10. Detail ed description of the synthesis of
conpound Wb 2Fvaowisa | e 5The conpounds of-6Bor mul a | e canPoe/EPReIRI0TEs by
conbi nati on of the nethods depicted in Schenes 9 and 10 Det ai | ed

descri ption_ of the synt hesi s of conpound of Formula || Synt hesi s of
the [9F] -f | EyB7kR YRFoHE Rgnges Epd Grodificgtions ofdainvgntigre 3S9Ptr”et8dﬁﬂ@ﬁ> YsRgEhe
N10protecteﬁx1mﬁﬁsbﬁ§ ester with Bronofl uoromethane as shown in Schenme 11

for lib. Schene 11 15Conpounds of Forrmula Ilc and Il e could be
synt hesi zed in anal ogy using Brono- fluoro[ 2H2i net hane. in our experinental
wor k, the conpounds lila and 111c were used as cold reference in the

radi osynthesis of [189-11c and [189-11le. WD 2013/001088- 73

- PCT/ EP2012/ 062786 al ., Appl. Radiat. !sot., 2002, 57, 347-352),

[ 189F| uor onnet hyl iodide (Zhang et al., J. Med. Chem, 2004, 47, 2228-2235,
Zhang et al., J. Fluorine Chem, 2004, 125, 1879-1886), [ 189Fl| uoronethyl
tosylate (Neal et at, J. Label. Conpd. Radi opharm, 2005, 48, 557-568),

[ 189Fl uoronethyl triflate (Iwata et al., Appl. Radiat. !sot., 2002, 57,
347-352) or 5 [189Fl uoronethyl mesylate (Neal et al., J. Label. Conpd.

Radi opharm , 2005, 48, 557- 568), and reacting it wth the a hydroxyl
functional under basic conditions. These nethods are known to those skilled
in the art. The reactions can be carried out, for exanple in a typical
reaction vessel (e.g. Wweaton vial) which is known to soneone skilled in
the art or in a mcroreactor. The reaction can be heated by typical

nmet hods, e.g. oil bath, heating



10 bl ock or mcrowave. The radi ofluorination reactions are carried out in
acetonitrile with potassium carbonate as base and "kryptofix" as

crown- et wo.20Buw1@8so ot her sol vents can®8e used whi ch ace/mrediz/okitean to
experts. These possible conditions include, but are not limted to:

di met hyl sul foxi de and di net hyl f ormam de as sol vent and tetraal kyl ammoni um
and tetraal kyl phosphoni um carbonate as base. Water and/or al cohol can be

i nvol ved i naBBreSidgibna reaction as co-solvent. The radi of |l uorination
reactions are conducted for one to 60 mnutes. Preferred reaction tines are
five to 50 mnutes. Further preferred reaction tinmes are 10 to 40 mn. This
and ot her {C tions for such radioftuor t 1 oo t

( Coenen, Flﬁng-?np 18 laheling Met hods: Feg'?lrrgyﬁ?l@hp%gsbm %}C?ﬁ 1Ct:ég§éa:)n% Basi c
React i ons, | §r2006), in: Schubi ger P.A , Frbrebésinal (IeiMBratd). , (eds),

PET- Chem StEY - The Drivi g 20—Force IH Y- opliugm, Berlin
Hei del ber g, pp. 15-50; Ametaney et al. cef']H #'e%”'éaﬁ%os 108, 1501- 1516).

The radi ofIdJorl natl on can be carri ed out doubket"” hot ceI I " and/or by use|of a
nodul e (r evFEwW : S ey Q
| abel i ng ( Schub| qer P. A ., Friel (eds)

PET- Cheni st®3CO3;The Driving Force in Ml emshat Cél‘bﬁ@ﬂtég Sprl nger, BerTiln

Hei del bergW. ch—25atH-ows—an—aut-orat or—sem—aut-omat-ed
synthesis.| Exanples 1.1 Exanple 1  S5tertt (dipgli (aydéiector

I\I—(tert-butdnkycar bonyl) D-tyrosinate. 3- ldohb'Eﬁ)oﬁdcﬁIUidH ed solution of
tert-butyl tyrosthat-e—(4+46—g—200-—mpl)—n—di-chlorgnet hane (600.mM ) and
N, N- di rretkﬁdpornam de (60 m) was added %“Qbﬁ?r%ﬁﬁbll?é of9auliet 220 ol ) |and
di -tert-butdgl dicarbonate (43,65 g, 200 rambpemmhge{n Xture was stiTred]at

rt. for 2 #B@ﬁd—t—heﬂ—swseque-nl—l—y—wa—she wi-th agueous 1 N hydrochloricjacid
(3x100 ml)|,”"Sat urated 10sodi um hydr ogen d&%@w&?yif‘erfm"ﬁ?) brine (100|m),

A= oo

dried (nmagmagsom sul fate) and WO 20T37 wagﬁlwsmpoxf &CTIEP2012/ 062786
concent r atled—to r1| ve-3=-1-1 as_a llnhf VP| ow oll., hi ch solidified on

standing. Yileld 64 g (95% . VS (d | algsten wsaﬂos55 (M + NH4), 388 (M +
H, 399 (VMELSE® = CAFB), 382 (M ¥ H — SCAEEI =i 238

1H NVR (400_MHz, CD2C12): 6 = 7.00 (d :Egér?hﬁzj@h; baﬁﬁﬁ?gﬁgl%?%r(d J
8.1Hz, 2H,|E&), 5.31 (d, J = 8.1Hz, 1H, NHgcirompBd ipnisationH,  2- H, 2.94 (nt,
2H, 3-H), ':‘téA ppm (S, 18H, 1=t Bu, —2=tE ENVR(100-MEz—€B2e-2): 5
(ppm) 17113 (). 155.59 (br.. 2-Cl). Jg%hyﬁ&?titré-M) 130. 52 (Ar-C2),
127.59 (ArE@iw 115. 18 (Ar-CS) 81. 93 (l-etflﬂnol 79 64 (br 2-02), 55.20
(), 37.3 r—C3); 2770 (2-C3)5—27F 15 H3EC-O0-N-HS CH3
CH 0 H HI? tort - Bul vl Rolkeh y%dthyloxyca?ﬁonyi
l\l—(tert-butl-tﬁ@@lairbonyl) 0-[ (et hyIsquar;F@rratel‘&.cid Dtyr05| nate 3- 1 2 A

sol ution ot z3==t=t(462-¢g, 13—+ rmre)—an -0 ol )
in N, Ndi ng I11'3\/[101‘L0r mani de (30 ) was cool Z"Hj-i Wr@ﬁm?'&c@ 'M‘%&"ﬂﬁ?tﬁgraﬂhgol it i on
of pot assi@Bq ettbutoxide (1.73 g , 15.4 Gg@dBpcdurrdlet rahydrofuran (15 m)
was added  —Fhen—ehl ret-m—20—net hvil-sul-fide {1 —3-m..—1.50 g—15.8 rrm|)

. hIIICII \.:III UI UIIL,LII_yI ZUTTeTTTyt

was added. "The mixture was stirred at r % or 3 h after which TLC shojed
conpl ete cepygersion. Ethyl acetate (60 rig) 7wes 1808 S4adbRE1 HHXTUTE WAS
washed with water (50 ml). The water |ayer was extracted with ethyl acgtate
(50 ml). The conbined organic |ayers mr&'%@ﬁ’%‘é@[@%ﬂ?xé‘%ﬁ% with 1006
citric aci@Cbyine, dried (nmagnesium sullgiRliuachEaRRENtrated 1o givel a
thick yel lewoil (smelly), . .6.0 g 25Pur] £ cation on columm chr onmat ogr.aphy
(Si 02, hepteiePs et hyl acetate 3/1) gave |gipotasgium phosphate

KOH potassium hydroxide
MBq Mega Becquerel
MeCN acetonitrile

MeOH methanol

MS mass spectrometry

MTB methyl fert-butyl ether




as an oil, 3.3 g (81%. The reaction was repeated with 23.1 g of 3-1-1to

give 19.6 g of 3-1-2 (72% MsS (ES+): mz = 420 (M + Na), 398 (M+ H), 242

(M- 2 CAMB 2013002088 30 WO 2013/001088- -$6-- PCT/ EP2012/ a)ezmmoemsNNR (400
MHz, CD2C12): 6 = 7.08 (d, J = 8.6 Hz, 2H, Ar), 6.87 (d, J = 8.3Hz, 2H,
Ar), 5.13 {s;—2H—0-CH2-0);--4.98 (db_J = 6. 8Hz 1H NH) 4’34 (.. 1H
2-H), 2.98 '(‘m: oH, 3- H), 2.15 (s, 3H, SoHtplet1 41, 1.40 ppm(s 18H,
1-tBu, 2-tBdy¢. 5I13C-NVR (100 MHz, CDZU z(mngegggﬂg 170793 (C), 15497
(Ar-C4), 154.97 (br.  2-C1),.130. 61 (Ar-[C1), 130 0 (Ar-C2), 115.81
(Ar-C3), g1mgs5 (1-C1), 79.38 (br., 2-C2)| miptes 8 (0 CHe- S) 55.08 (G 2),
37.43 (br.[NAZR3), 2805 (2-C3), 2772 (7IF éﬁ%ﬂnﬁﬁkﬁ% (SCH3)—CH— 0 HH3CXCH3
HC 0 CH CH-13_3 10tert-Butyl
N(tert- buﬂﬁ%?carbonyl) 0- (chloronethyl) -iclegr owgnaliere8erdar®@eTo a sol utijon
of 3-1-2 (}118.2 g, 46 rnnol) in dichl orongt 0 At added
Nchl orosuccinimde (7,34 g, 55 mmol). Afit ﬁ%ﬁ#??h%@%@fgﬁ V\%gs added
trimethylsilyl chloride (7.60 g, 70 mmﬂ)QNﬂﬁEPnﬁkture was stirred at n.t.
over ni ght .[ JThe mMXt'Ure was consecutively at-ur-ated—sodtum
hydr ogen cé?hnnate water, dried 15 (naq(ﬁﬁ ﬁﬁ@qmﬂ % and concentrated to
a yel low difMB18 g (quantitative). Purifim%m{mmhn@b@uWUHn chronatography

(450 g S| %E'Ihept d.HE/I et ilyi acetate SI’ J.) @%BSOH%TIISS!?H ?9m€grap5§bl | OW—0o1 I

@«

(4.3 g, 24%" 1H NMVR (400 NMHz, CO 8.6 Hz,| 1H,
Ar), 7.02 (Rl J=8.6Hz, 1H Ar), 205.90 r()emté’lﬁpér,au@eﬂ-lZ 0) 4798 (db. |J =
6.6z, 1 o Ney - 36—(rortH—2-H—3-00. {re—2H 1 41 1.40 ppm
(s, 18H 1-%Bu, 2-tBu). 13C VR (08 We, cD2d 2). 6 (ppm) 170, 80
(d). 154.|a1 (br 2. Cl), 15448 (Ar-CA)[1agié 75 (A~-C1), T30 78 (A-C2),
115. 93 (Ar 84-96—{1-C) 7941 b | 2-C2} 77 61 (0- 25CH2-0) 5495
(C2), 37.51?7’@!?. C3). 28 03 (2-C3). 27 GHaRiYRB N wiepale01088- *

- PCT/ EP2012/1B%2786 tert-Butyl fert-butyldimethy! silyl

04( 1H benz i 2

1-1-1 To a 'stirred sol ution of 1H benzot/rfEBFArUEN hydrate (1.0 g, 8.
mol , strijgpgd free of water wth toIuerq&v&ﬂ@hﬁwgmHEInylTornanlue 2—)
and di chl gropethane (20 m ) was 5 added a solution of 3-1-3 (1.0 g,
2.6 nnnl)quqﬁchloronethane (5 m), foIH$ﬁb@ﬂﬁymanm{BnmbﬂH9MaWEﬁ@$pyr|dine
(0.4 g, 3.Zmml). The mxture was stitred at 1.t for-30—mnafter—whi ch
time TLC indicated conplete consunption of starting material. Water (50 m)
was added and the m xture was extracted with tert-butyl methyl ether (3x50
m ). The organic | ayers were conbi ned and washed with water (2x30 ml),
dried (magnesium sul fate) and 10concentrated to give 1.3 g of a solid/oil

m xture. Purification on colum chronmatography (30 g Si 02, heptane/ ethyl
acetate 3/1) gave pure 1-1-1 as white solid (0.75 g, 609%.




MS (ES+): mz = 507 (M+ Na), 485 (Mi29 (M+ H - C4H8), 385 (M+ H - CAHS -
C®2. 151H NWR (300 WWHz, CD2Cl12): 6 = 7.97 (db, J = 8.6 Hz, 1H Bt), 7.38
(nc, 2H, BORP13M02BS- 7.06 (m 5H, | Bt, A6SH), 6.03 (s, PHI/EP2@RReD¥¢ 5.05
(db, J = 7.7Hz, 1H, NH), 4.41 (m 1H 2-H), 3.09 (dd, J = 13.8Hz, J =
6.0Hz, 1H 3. H ., 3 00 (dd J = 13.8Hz, J = 6.0Hz, 1H 3-H, 1.43, 1.41 ppm
(s, 18H, 1-FHged 2€ C-NMR (75 MHz, CD2Cl12): 6 (ppn) 170.72 (d),
155.12 (Ar-C4), 154.88 (br., 2-Cl), 143.44 (Bt C3a), 131.94 (Ar-Cl), 130.95
(Ar-C2), 128 68 (Bt C7a), 128.18 (Bt CB), 124.55 (Bt 05), 119.83 (Bt 04),
115. 94 (Ar- O exempleer§an . orpeatricMphoyimilgn sygcqss- by )SubsguiTg (the | |
éuozl) 55. Oébr(eﬁcéﬁw or 8gecwcaliP Hescribed YeactthtOdnd/dr Shdtating cohditibrs Sfhis itvntibrE" t-
N-(tert AputBkiness Besf/mhorpeadipg exarapies.i azol 015, 4- b] pyri di n- 1- yl oxy) net hyl ]
-D-tyrosinate. 1-1-2 To a stirred solution of
1I—|-1,2,3-tr'az;iL5,4 b]pyr|d| ne- 1- oI (0 599, 3. 7fmm|

|nNN- 30

di met hy| f orA&iRiie description of the synthesis.ef sompountdof foymy gddad at r.t. a
solution of 3-1- 3 (1.0 g, 2 6 mml) in dlchlororrethane (5 M) foll owed by
4- (di met hyl anj no r dlne(04g, 3.2 mol). The mxture was stirred at
r.t. for 3-Hayko S TLC indicated only trace of starting

materi alp. Water (20 ml) was added and the m xture was extracted with WO
2013/ 00108 % PCT/ EP2012/ 062786 tert-butyl methyl ether (3x25 ml). The
organic | aﬁﬁf’é" G VEQSASSHEA berfirectin sslerifad gkylptioneaf thy carbamtie ecidagthen

0.5 N hydr qgbletidrcofasd ghdnbfuntion @1d. 0en %Wdreh@érbﬁqgéwgﬁwg‘réé& LRbLE)

and concent ated to a sticky solid, ? Purificati on on col um

chr omat ogr dphya/toef Nregteged ‘b?"&‘??e‘i‘”“éﬁw&?b ea%'é!'%ﬁ%’ agerys a9 8iveathe profectedys
white sol i dybiBe4Otets. 32%9. M5 (ES+): niz 508 (M + Na), 486 (M+ H), 430
(M+ H H8),374(M+H-2xGA).366(M+H-C4H8-C02),330(M+H-
2 x c4f8 - Cx2). 101H NWMR (400 MHz, CD2C12): 6 = 8.67 (dd, J = 4.5Hz, J =
1.0Hz, 1H At 6-H, 8.37 (dd ok = 8.5Hz, J = 1.0Hz, 1H, Atof-H), 7.41 (dd,

J = 8.5Hz, J = 4.5Hz, 1H, 4-H), 7.19 (s, 4H, Ph-H) 04 (s, 2H,
0-CH2-0), 5.03 Q:Qbo\] = AGHz, 11P5:CR), 4.38 ( . 3.08F(dd, | O
13: 7Hz, J = B,CQHz® JLH, I3- I—(% 3 20gerhtiertion = A§H7Rz, I = 6. 1Hz Ril 3-H).
1.43, 1.41 pap (3o , u, 2-tBuy. 15 ﬁo[f} , CDZTI2): 6
(ppm) 170.82 (d), 1%5.68 (Ar-C4), 154.97" Cl 151.50 (At 06),

140.25 (At Cra), 135.14 (At C3a), 132.21 (Ar-Cl) 82 (Ar-C2), 129.12
(At C4), 120.76 BaAc-0BFyr-OHL7. 13 (Ar-C3), 99.65 (0- CHZ 0), 81.96 (1-C1),
79.42 (br., 2-02), 55.02 (CG2), 37.51 (C3), 28.06 (2-C3), 27.75 (1-C2). 20
tert-Butyl N-(tert-butoxycarbanyl)-0-(fluoronethyl)-D-tyrosinate. 2-1-1

A 1.50 g (4.45 mmol ) 3 were dissolved in 30 m N Ndinethylfornmam de,
cooled to 2510,C @and (4.45 mmol) sodium hydrl de (60%| n mneral oil)
wer e added H,0. prie poriion. The g xtgre,nas St reeig n. B 30

NN- di et hyIH‘Q R Q‘QOO| ed to G C ang Iuo? t r?e was bubbl ed

into the sol’ution. By i ghing of the flask and df t he steel3conta| ner the
anount of gas di ssol ved was determ ned. 30 30 mi of N, N-di et hyl f or mam de
cont ai ni ng Skhgn(egd189 mmol ) bronof | uor onet hane were added slowy at 0 Cto

the sol utian rprepared in A and the reaction was stirred at O C for 2 h. The
mi xture waSSIPHGRY § &raRipencsisr rcan, be sepcieds wih ia diatkyidicsrirneate t intrptives a

whi ch the gg@dehia@ord ?“WE%UW Ne@kHt&diohn to water and extracted with
di chl or onet hane tw ce. The



WO 2013/001088- 79 -PCT/ EP2012/ 062786 conbi ned organi ¢ phases were dried
over magnesi um sul fate, and evaporated to give the raw product as an oil.
Chr omat ogwaphis/8isBi ca gel , Gradi ent hex&fe to hexane/ eCcmEP2acotzse 3: 1)
gave 1.3 g (79% of the title conpound as clear oil. An analytical sanple
was purified by preparative QFLC. 5HPLC (Chiral palé AD-H 5p 150x4.6 nm
Hexane! Et hanol 9:1, 1.0 , (1 my/m Et i njected), DAD 210 nm

25C): tr 48m'n(96 5% Nqu\,ﬁ;yGst 387(M+NH4+) 370 (M
+1.-1+4), 33,1} + 3 8) , 3B M+ 1- 14 - H8) 10 '): mz = 761
(2M + Na') se (M “fC4H8 ¢ o). 392 (M
+ Na'), 370 + Fr ii Wé NVR (40%“1\/?%( 2) 6= 14 (d, J = 8.6
Hz, 2H, Ar), 7.00 (d, J°= . 2H, Ar) 158. 6%Hd’ 2JHF = 54.8Hz, 2H,

F-CH2-0), 4.99 (d, J = 7. 6Hz 1H, NH), 36 (m: 1H, 2-H), 3.00 (m:, 2H,
3-H), 1.41 ppm(s, 9H 1-tBu), 1.40 (s, HBP:;Ty-@8w . 13C NMVR (100 M,

CD2A 2): 6 (ppm 170.79 () gul55.72 (d, 3JGF = 3.2Hz, Ar-C4), 154.90
(2-C1), 131.82 ( 1)80 (Ar-C2), 116.36 (Ar-C3), 100.01 (d, 1 JcF =
217. 3Hz, 200-C1-{ 92 (1-C1), 79.38 (br,. 2-C2), 54.99 (C2), 37.48
(0-3), 28. 03 ‘ 27 71(1 C2). 1.2 Exanple 2 0 N,

O-Bis(tert- 1a yr05| ne. 3-2-1 518,1g (100.0 nmol) D-tyrosine
wer e suspended-i n |2%0 ;E H,and a solution of 65,4g (300.0 rrinol)
di-tert-butyl | honat e | 150 m 2-propanol was added. The pH was
adjusted to 11, 5 by repeated addition of sodi um hydroxide (32%in

wat er). The reactl on warned slightly to about 37C and was brought to 20C by
cooling. Themer® M water were added and the mi xture extracted with ether.

The conbi ned organi ¢ phases 10were washed with water and dried over sodium
sul fate. EVAIVaili h sHitabin alkylsting rroeghise availghienyr thes twtosine wistes Hs wed daaken

up i n ethyl T i
T Epo0s 3 e 8% el bo BBieyBd Bein i DA BB Bl
whi ch wer e NS EExpmplage degpnsipted mHéeW@hammétr@gdtqyoy)p(rom@myseaep e sud?. 9

(c =1, di @438f)s advisable to protect the phenol prior to esterification as shown in scheme 3.

OH 0O-Boc
/©/ Boc,O/Dioxan /©/ EDCxHCIDMAP
s Z THF

: water/NaQH
A_-OH —— A_-OH -
H.N Boc-NH
Y T o
H-D-Tyr-OH Boc-D-Tyr{Boc)-OH
OH

O-Boc
_@/ Piperidin

z CH.Cl, C
A O ﬂ\ J\ 0
BOC-NH/I]/ E/Y

0

b

Scheme 3

D-Tyrosine is bisbocylated according to Pozdnev, V. F.; Chemistry of Natural Compounds;
10 English; 18; 1; 1982; 125 - 126 and then be esterified with a standard DMAP/Carbodiimide

coupling method. Selective deprotection is done according to Nakamura K., Tetrahedron

Left. 2004, 495.

These examples show, that a wide choice of protected tyrosines can be easily

synthesized.

15 2. Methylthiomethylethers of N-protected tyrosine esters




MB (ESI4): me = 785 (2M + Nad), 763 (2M + H4), 663 (2M + 1-14 - CAF18 -
CR), 404 (M + Nad). MB (ESr): me = 761 (2M - H4), 661 (2M -04H8 - CCR),
380 (M - Woy013l01ds8 NVR ( DVBO- d6 , 400MHzP8 -6 (ppm) 7. 25 PCHEPIcI806278E, 2H,
H2'), 7.06 (d, J=8.6 Hz, 2H H3'), 6.88 (d, J=8.1 Hz, 1H NH), 4.03 (ddd,
J=9.3, 8.3, 4.6 Hz, 1H H2). 3.03 (dd. J=13.6, 4.5 Hz, 1H H3), 2.83 (dd.
J=13.6, 9.9 Hz, 1H H3), 1.48 (s, 9H), 1.32 (s. 9H. 15' 3C NVR ( DVBO d6

, 101MHz) : 6T Kepplﬁ@nol@&zuﬂa &f@hd protd&ibd Byrédhe b}stersl@lco'ﬁvéﬂed:w&a a rﬁétgylihé&rﬁélﬂg) :

(1852)9 (CG1 9&?%1% i'%ﬂ%?'of \;(Q’Uﬁgﬁ]y “ﬁ?'g@th( &?ﬂ’en% in a %W/TH}: ngt?;regusmgC potassium-

0- Bi s(tert -tbutimxyla@rdadngd lant sbyiteSodige tdertahcd thel BACtRAPET B XIefatibPhgeht2- 1,
18.1 g L-tyrosine were react to give 35.9 g (94% of 32 5 as a V\?nte

solid. 25ccD = +14.6 (c ; |oxane) MS (ESI4): nmle = QMSH-CII}BIat), 763
(2M + H4), 663(2M+ C4H8 - 404(M+ Na4 - B (ES1): mMe =
761 (2M - MR (400 MHz,

C4H6- ézﬁi
DI\/BOdG) ;)qu J—83Hz 083Hz 2H) 5.79
(d, J = Ez H N 3. I%g it 3 _'rrmqmm &hs 1 Rdd, J = 5.3,
13.1 Hz5 1H) 2.90 (dd,0J] = 5.6, 1KOBUWNgl 1H) 1. 44 (sOgH) 1.31 (s, 9H) .
WO 2013/ 00k)$8me82 - PCT/ EP2012/ 062786  13C NVR (DVBO-d6 , 101MHz): 5 (ppn)
173.3 (C—l)_T5b_."0 (2G-1), 151.9 (4'C 1), 149.2 (3C-4), 137.5 (3C-1), 130.9
(3C-2), 120.83(Bes®) skiigd in the ert2) js phvisly, 2oabpthesehBratmomeihyBihes (Bn e

28.7 (2C- 3) ( cl

O bis(tert e&‘%%)?écai}%gng%r %Xag gésll SS@E%X%%Q#%EM géneih%qz?n% il z1and
320 g (2, é@h?@ﬁ%ﬂ?thm%ﬁ'ﬁﬂrﬁW@@bﬁer di ne were 10 di ssolved in 30 m

di chl oygnet hane. 3.82 g (34.1 mmml ) dicycl opropyl net hanol and 653 ng (34.11
mol ) N-et hyl - W 3-di met hyl am nopr oL)yI car bod| i m de hydrochl ori de were added
and t he m »&&eaversiopobtnegnethvtiiamegtnylethpes NOE hds oidamulah was stirred
over ni ght. Et hyl acetate was added and the i nsol ubl es were filtered off.

The filtrate was concentrat ed i. vac.. Chromatography in two batches on a
Bi ot age system (Fl ash40tM .. \u/§g 40 15m / m n, n-hex n- hexane/
ethyl acetate 1:4 |n 30 gave g (56% of 3- ZE@(EI +): rn/le =
514 (M + K+) 49§ 476(M+ : 458d : 4@0(M+H+-
c4Hg), 376 f¢ 002) . 201K NWVR é@\ O?Md 300MHz): ): 6

(ppm 7.21 w3@ 308N TR %—GHaAr-H), 7.09 (8,CI877 N{\[?’IQ,‘CAg-H), 5.00 (d,
J=7.3 Hz, 1H, NH), 4"520-464(m 1H, 2-H), 3.89 (¥, 3+8.9 Hz, 1H, OCH),
3.03 - 3.23 (m 2H 3H2), 1.56 (s, 91-1, OBoc), 1.43 (s, 9H, NBoc), 1.00 -

1.16 (m 21-1, 0.41 - 0.64 ( pyl CH2), 0.25
A TR Bockh

BocTyr(CH,N,;)OMe

Scheme 6
15 The basic strategy has been described in Angew. Chem. Int. Ed. 2002, 3449 for the
synthesis of BocTyr(azidomethyl)OMe. The chioromethylether can be made in 73% using
N-chlorosuccinimide and trimethylsilylchloride as activation agent in dichloromethane. The
compound could be isolated although some hydrolysis was reported. When this reaction
was conducted with the more acid labile tert-butylester, the vield dropped to 24% and with
20 the even more labile dicyclopropylmethylester, the chloromethylether could not be

isolated. It proved advantageous not to isolate this labile intermediate. In an improved



25 13C NVR (CHLOROFORM d , 75MHz): 6 (pprn): 171.4 (C- 1), 155.0 (20-1),

151.8 (4' C-1), 150.0 (3C-4), 133.6 (30-1), 130.5 (3C-2), 121.1 (3C-3), 83.

(1C- 1), 88020(0Gs8), 79.8 (2C-2), 54.4- (6@-2), 37.5 (C BLI/EPB013/06265 3) ,
27.7 (4" CG3), 14.6, 14.6 (cycl opropyl 2} 022%863 0, D|2 9, I2 7 (c?/clt)ﬁropyl
CH2) - 2013/ 00 [ EP20Q1 cycl opropyl ne
N, o bi s(t ert™PBd ’oﬁ??@&%@g'ﬁﬁ)iﬁ eE’PEyF%SéPﬁg*EE‘efea@“@ Bxtyre; ip dnagigtahn sitewarkep
3-2-2, 10 ge@etﬁdﬁllm&EﬁQONeaﬁi@dhﬁe)mwn\/emhﬁdl‘éas n\fﬁﬁ%ens 2- 6. ig/g (ﬂ X H+H3)
= 4 M+ H+ + + - -
Cire) . are L egiertandehebgan Hob peoshtited DY RpropcrttbResieRls o0 i) -
6 (pprr) 7. 20cHctpmading dto, *QHs deserted if ./B8adof mé&cﬁal‘@heraﬁﬂtry,pfodﬂ) Voft 439
(d, J=7.09 Hgy AH; N, A 49- 4.65 (m 1H 2-H), 3.87 (i, J=8

10

15

20

For this it is advantageous to employ the ON-nucleophiles like HOBt in anhydrous form.
However, HOBt is commercial supplied only as the hydrate. Anhydrous salts of HOBt are
not commercial as well. It was found however, that tetrabutylammonium OBt can easily be
prepared in anhydrous form. Commercial HOBt hydrate was dissolved in anhydrous
tetrabutylammoniumhydroxide (Commercial 1M in MeOH) and the solvent evaporated to
give a yellow solid. This was stripped twice with toluene to give anhydrous Bu;NOBt. This
compound can safely be dried at 40°C. This method can be used for all O-N-nucleophiles
described in this patent. Alternatively, KOBt can be made by reaction of HOBt*H,O with
KOH in Methanol and dried by stripping with toluene and evaporation in the vacuum at 40
°C.

Reaction of the raw mixture from the reaction of the methylthiomethylether with N-
chlorosuccinimide with the tetrabutylammonium salt of the O-N-nucleophile, gives the

inventive compounds of formula I.

-
VS‘CH O\'
NGCS cl guH4l\cJ:| v
H § 2~z
el I — el Lo, | T
/\ﬂ/ "R CH,CI, H/\ﬂ/
-15°C to RT 0
BocTyr(CH,SMe)OR - BocTyr(CH,C)OR  —
o._Y
CH, O :
H.C.J °
o

Scheme 6

It is understood, that this method is ailso applicable to tyrosine esters with other N-
protection and other aromatic systems as shown in Scheme 7 for the synthesis of a

precursor for an analog to DPA-714 which is a well known PBR-Ligand (Journal of

8



10 Hz, 1H, OCH), 3.03 - 3.20 (m 2H, 3-H2), 1.55 (s, 9H, OBoc), 1.42 (s,
9H, NBoc), 0.98 - 1.14 (m 2H, Cyclopropyl CH), 0.40 -0.62 (m 4H,

Cycl opr opyD 2CHAY1088. 25 - 0 39 (m 4H, Qf(?popropyl CH2) . PCBMPANE062786

( CHLOROFORM d | 75|sz 171.4 (C-1), 155.0 (2C-1), 151.8 (0Boc G 15

6
1 150.0 3 ) 3C. (3¢3),.83.8 (1C-1),
82%. 5 (OBOC(%%f@d "6’@{‘:‘ ‘]’ @?;’L‘%Pg’(aw%e““’%gfs @gjé é I 5Hg), $865823)Joupal pf
(0Boc C-3), N&deéf*MénﬂcnﬁeE@f;}&;lmpmmyIm@lﬁ)ZZ) 3.2, 3.0, 2 9, 2.7 (Cycl opropyl
CH) . o icyclopropyl methyl N-(tert-but oxyc(ﬁ{bonyl) D-tyrosinate. 3-2-3
5.0 g (10.5 mmi Y"8-2-2 was di ssol ved in 150 di chl or omet hane and 150 ml

pi peri dine addeg: ,\]Zhe m xtxre was stirred apygN for=a\h, after%vmié;&m

. The‘f‘i"’r”rra-tse i efitrated i. vac> and
taken up in et hyI acel at e’JHsAgal n DMf@Narhs ol ubl es weY e cpardt ed ang,tept
sol vent renoved i 2% romat &yMNaphy in two bgtches on aCij ot age system
(Fl ash40+M cartrldgg) m /mn, g.r@-ito et hyl "acefate in 30 mn) gave
3.74 g (959 of 3-2-3~ WO 2013/9010 84 - PCT/ gR2012/ 062786 1H NVR
(CHLOROFORM- d 400M—|£) 6 (ppm 7.05 (d, J=8.0 Hz, 2H, Ar-H), 6.73 (d,
J=8.0 Hz, 2H, Ar-H) .71 (br. s., 1H, NH), 5,02 (d, J=8.0 Hz, 1H), 4.49 -
4.60 (m 1H, 2- H?_I 3.90 (t, J=8.3 Hz, 3H, OCH), 2,96 -3.13 (m 2H, 3-H2),
1.44 (s, 9H, Boc),31.03 - 1.16 5(m 2H, cyclopropyl CH), 0.53 - 0.64 (m
2H, cycl opr opyl . 0.52 (m 2H, cyclopropyl CH2), 0.28 - 0.42 (m
4H, cycl opropyl Oo( CHLOROFORM d |, 101VHz): 6 (ppm 171.8 (C 1),
155.2 (2C 1j,c 130.6 (3C 2) 127.8 (3C 1), 115.3 (3C3),

83.7 (1C 1), 799(20 2), *&4?}(0 37.4 (C3), 1028.3 (2C-3), 14.7, 14,6
(cycl opropyl CH), 3. , 2. b: (cyclopropyl CH2). HC CH3 0 HC 0 N
Di cycl opropyl nethyl N-jtert buto rbonyl)-L-tyrosinate. 3-2-7 15In the
same way as for 3-2-3-2.5 ¢ of N3-226 were reacted to give 1.53 g (77% of

slightly inpure 3-2-7

5 Scheme?

Exemplary description of the synthesis of compounds of formula | and la

Halo- or tosyloxy-compounds can be directly reacted N-Hydroxybenzotriazoles under
basic conditions. In anhydrous conditions, the tetrabutylammonium salt of a N-

10 Hydroxybenzotriazole or the potassium salt of a hydroxybenzotriazole is advantageously
employed as shown in Scheme 8 and 9.

o
/NQ

NN KOB 0 OO
&

Scheme 8

15 1. Synthesis of non radioactive compounds

First number denotes Precursor (1), that is compounds of formula (1), cold standard (2),
that is compounds of formula (lll) or intermediates (3), second number denotes example,
third number to distinguish compounds within the example. (1-3-2 = second compound of
formula (1) in example 3).

20

Detailed description of the synthesis of compound of Formula Ic




450 ng were purified by preparative HPLC D onex: Punp P 580, Gl son:
Li qui d Handl er 215, Knauer: UV-Detector K-2501, Chiral pak I C 5pm 250x30 nm
hexane / woharsglo1®8: 5, 40 ml/mn, r.t., -4%0 ng / 3.0 nl PeTEEn@l/06B8x 200. 35
m, UV 220 nm 298 ng of 3-2-7 were obtained with 99.6% purity. M5 (ES 1+):
me = 773 (2M + Na+) . 751 (2M + H+), 473. M5 (ESI-): me = 795 (2M +
HCO0- ) , 749”‘{2?019 68'342"0de'etmatemmpyun%1%8%%04.@@%@31540@4&@42 6
(SPB? ( 7. Oif I—i‘rﬁl blo Slszéglﬁe 7§Wh|cﬁ2hal§|)the @d\%%t&(g@ thérger%etﬂératgd"d m%rthy)l'@uifoﬁg@él

m -
2.96 - 3. 12’9?‘#\'{3/ Sypjlable pgapenty lf4?r€(9§ted9¢q>co to a pufPished prosequre (21Ghem, Soc

cycl opropylp&kh, 0. B33, 016444 MwiH.theY Bl yi cgh#%) 0. H,
cycl opr gpy r\erl 4H, cgccﬁ%&&p yr to % 2013?%%)%%8@

|
- PCT/ EP?OlZT’%E%”%@K‘?WWTP@{ Ps freﬁﬁrf» 3861’6(99@%0‘ abpyes (C 1),
155.3 (3C-4), 155.1 (20-1), 130.7 (3C-2), 127.7 (3C-1), 115.4 (3C-3), 83.8
(1C-1), 79.9 (20-2) 54 8 (c-z) 37.4 (C-3), 28.4 (20-3) 14 7, 14.7

(cycl opr opyi , @HO nJg. 8, 337 (cycl opropyl

Di cycl opr opyl rret hyI N- “but 1) o [(rnet ah{mﬁst hyl ]
-D-tyrosinate. o ﬁ -4 A-Sg tlon of 59( 1) mg (0. 67
nol ) sodi uici eadi aad 17 m N N_IQ dlmﬂ man’gde nas cooled to OCin

an ice bathy, ~af 822ng(7 23 o POk tert-butyrate in
10 m tetrahydrofuréﬂn s addedertBuBsQIPEANG ‘i n a gr Beni 5h sol ut i onnc310 pl
chloro dinmethyl sulfide were added. The mixture was alTowed to come N Ggt
r.t., after 2 h HPLG M5 i ndi cat ed conpl ete consunption of the startlng
material . Ethyl acetBRI¥WERadded and the i n&ScTBIED.HEPe) @RI tered of f. The
filtrate was concentrated i. 15vac.. Chronmatography on a Bi otage system

(Fl ash40+M cartridge, 40 m/mn, n- hexane to n-hexane / ethyl acetate 1:4
in 30 mn) gave 1.60 g (55% of 3 2-4. M5 (ES1+): mle = 771 (2M + H+ - C4H8

- CR), 590 (771 - Tyr), O\ 1), 474 (M + K+), 436 (M + H+), 380
(M+ H4 C4H8), 336 (M + % CO2)- 20 1H NWVR ( CHLOROFORM-d , 400MHz) :
6 (ppm 7 1 7Cl'ﬂ370(m 2H" Ar -

Z o 1H, NH),

{ - 6.91 (m 2H, Ar-H), 5.12 (s, 2H,
OCH2S) , /50 - 4.62 (m 1H, 2-H), 3.90 (t,
J=8.3 Hz, - 3.17 (m 2H, 3-H2), 2.25 (s, 3H S-CH3), 1.43
(s, 9H, Boc) 1. 02 1 143\ m 2H, cyclopropyl CH), 0.52 - 0.63 (m 2H,
cycl opropyl CH2), 0.42 - 0.53 (m 252H, cyclopropyl CH2), 0.27 - 0.42 (m
4H, cycl opropyl CHZBocthz@idRe G OROFORM-d , 101MHz): 6 (ppm) 171.5 (0-1),
156.1 (3C-4), 155.0 (20-1), 130.6 (3C2), 129.3 (3C 1), 115.9 (30-3), 83.6
(1CG 1), 798thé?692), 72.5 (OCH2S), 54.6 (C2), 37.3 (C3), 28.3 (20-3),
14.6, 14.6 (cyclopropyl CH), 14.6 (SCH3), 3.1, 3,0, 2.9, 2.7 30(cycl opropyl
CH2). WD 2013/001088- 86 -PCT/ EP2012/ 062786

10  Detailed description of the synthesis of compound of Formula Id

Synthesis of the aMethyl tyrosine derivatives Id and le is done by combination of the
methods described for the synthesis of Ib and Ic respectively. For synthesis of the
compounds Id commercially available racemic o Methyl-tyrosine-methylester is used as
starting material (Scheme 8). Bocylation proceeds as described (J. Med. Chem. 2004, 47,
15 1223-33). Alkylation with CICH;SCH; is done as described above. The benzotriazolyl-
methylether can be obtained by the same reaction as described for compounds Ib above.



Di cyclopro lay! nmethyl O-[(1

H benzotri azol - 1-yl oxy) net hyl Jtert - but oxycarbonyl) -D-tyrosinate. 1-2-1 1.
A sol uti owoab1330mssy (1. 15 nmol ) Di cycl egRepyl net hyl PCT/EP2012/062786
N-(terf-butoxycarbonyl)-0- 5 [(nethylsul fanyl)rnethyl]-D-tyrosinate 3-2-4
in 4.5 m dichl oronet hane I_\{vas cooled to -15C and 169 ng (1.26 nmol)

N- chl or osucci ni m de ~dd . After 4 h during whiet N m xture was al | owed
to conme to anbient rature, UPLC- MS indi cat ormati on of about 50%
chl or onet hyl ergd_:le T 277495797y (3, @6,y ¢ zotri-azol -1-ol hydrate
were stirred wtid 3,@%7nl 10 tetr Iaj] ni/umdydr oxi de (anhydrous, 1 Min
met hanol ). Afblr 3 mGtiat  anbi eriC’t e@per Ht Ury, idte, sol ution was careful Iy
evaporated i. vac.0at max. 40C. The resi dle @s di ssolved twice in

anhydr ous tol aporated as described above. A yellow solid

resul ted, whi E'F\am&%-'a %&@d wi t hout furtRes-a¥eRONetion. 3. The

t et rabut yl anmoni um 11- 1- benzotri azol - 1-ol ate prepared above was di ssol ved
in 5 m 15di chl oronet hane and nol ecul ar sieve (4 ) added. To this solution
t he chl oronet hyl et her prepareq{ntilrl er 1.) was added at anbi ent tenperature
and stirred over night. Thé™s rrcyx,as directly chro hesl QN a

Bi ot age system (Fl ash40+ ridge, 46 n/nin, n- hexa D n-hexdpe

et hyl aceta}g%rj:@hﬁ? ,20L 640 m) gave 71, '% r(-%glzo 1-2-1. e
conpound wa pdr i foed by preparaH vel HP

Aut opur i fi G onSystfm punHisa,  Sanpl ey, 6%, CFQ, DAD 2996 ELSD
2424, SQD 3001; XBri gde @18 5pm 150x19 m"rf A= WaHer ¥ 0.1% form c aci d, B
:acetonltrlle nﬁlﬁ% 8 mn 40-100% B, 8-18 nin 100% B; 25
m/imn r.t. fo&aw{ﬁ‘rw ePré’t"’f?yl sul f oxi de/ nmEB&@AMETYECH,0BtOMe ml , DAD
scan range 210 400 nm Peak at 7.2 -7.5 min was collected 25to0 give 36 ngy
of the titl¥hgmeetd al (purity: 95.0 % by DAD). The acid sol vent apparently
caused sone deconposition during evaporation. The conpound was repurified:
Agi lent: Prep 1200, 2xPrep Punmp, DLA, MAD, Prep FC, ESA: Corona; Chiral pak
IC 5 pm 25@etailechdescsipsion of the swnthesismf zomuund offionmulale : 36 ng / 1.5 nd
et hanol Enet

was 3OCg| I e-@t@g%h}%wé?svif F’brﬂu%ﬁe%n ﬁg\%ﬁ%&%terl %’(ﬁl?ﬂ?rhrﬂ"g‘hggs @@%ﬁgmr&/)
WO 2013/ 00 FBsmeg P anddfy EP2012/ 062786 NVR (DI CHLOROVETHANE- d2 , 300MHz) :
6 (ppm) 7.93 - 8.05 (m 1H), 7.31 - 7,47 (m 2H), 7.24 (d, J=8.7 Hz, 2H)
7,17 - 7,25 g 7 08 d J=8.7 Hz 2H), 6.03 (s, 2H, OCH20), 5.05 (d,
J=7.7 Hz, ¥ .. i: gis| of pourdalf Formulalds 7 Hz, 1H, OCH),
2.95 -3.30 P ( i
cyel opr opv.%ymhegﬁ ori% @f“ﬁ?%e‘tﬁr*e%"s b4} ke Ot ol ety T e
CH2, cydPopmspested trgememste WirdpooRONETPRIRtIERNG 2S SPEIVRIE) Scitentephjorlipl. 4 (c- 1),
155.2 (2C- 1), 154.9 (3C4), 143.5 (BtC4), 131.8 (3C1), 131.0 (3C 2),
128.7 (BtC-7a), 128.2 (BtC-6), 124.6 (BtC-5), 119.9 (BtC4), 116.1 (3C3),
109.0 (BtCG-7), 99.1 (OCH2@rw~.88H6 (1C-1), 79.5 (2C 102), 54. -Q)N/B7.3
(CG3), 28,1 (2CG-3), 14. 66(cyc|opropy| CH, 3.0, 2.7, 2| D

(Cycl opr opyl CH;,) 15D-Cyel-opr opyl nmétrhyt F

0- 1(1H— benzchgeicw\l ¥l oxg)) met hyl FN—(tegt - but @pégzgibo yl)i-L- tyr osi nat e.

O NaH

Scheme 11

15 Compounds of Formula lic and lle could be synthesized in analogy using Bromo-
fluoro[2H]Jmethane. In our experimental work, the compounds lila and lllc were used as
cold reference in the radiosynthesis of [**F]-llc and ["*F]-lle,

The radiosynthesis of the ['*F]-fluoromethylethers lla can be carried out in a two-step

- 20  process using a reactive intermediate synthon, e.g. ["°F]Fluoromethyl bromide (lwata et



The conmpound can be prepared in analogy to 1-2-1 from3-2-7. In the fact,
it was isolated froma preparation of 1-2-1, where a stereochemcally

i mpure tyWopmBa0dssi vati ve had been i nadvértedly used a®CItERRa2ne7sat eri al .
20307 ng of a mxture vvere purified by preparatlve HPLC. Dionex: Punp P
580, G lson IAHE er, 215, Knauer: WN-Detector K-2501; Chiralpak IC5
pm 250x30 rﬁ‘h B(Eﬁ'é’a} %%898? 55@32635%)(3In*ffmommﬁ>thyi iodidgZhagga et al..5/. Med.

ethanol ; 6 Ghdm2300%; 4#\é2%54h2t3m zFFéH@; @teak ﬁtFldo'?mé tiert? 26011“ {bé’\@%w%h@)ﬁ ed
to give 128, peak_at 20.0

col I ect ed t[o%'womgwbtoa!r'atf (b'e?' eiF\F‘{ hJ g@%‘pﬁﬁm’?‘} R%@‘R}S‘B('ESIMW 4f$l 55356@)4 (M
liMH) BtlH NIVR"SE 1P Garb BBl E THIAINE- (ﬂiﬂata3@pMﬁz)A . R 730?7 édﬁz 5]7'7357 392 oHZ
J=7.5 W2, ﬁHFﬁ’éfoere’fhv 6‘@33(%6*9 (ﬁ\lesi of ﬂz J. éﬁ%el’ArQqq)pd @@@p@grmzﬂoo 03)57
? g65( E|z Jﬂ%@ dnid, reddting NHith tﬁe%%f@ﬂixyi fﬂmgtio'fﬁal @%r%aﬁ% coﬂc'l"elor% Wese%gﬂgéé
5.7 Hz, 1H, a’"% kPﬁ’W?‘ fo HPSFSS&”@@L”” B5cat Ti‘eor@ﬂctpnisﬁacrﬁecwﬂ%p@tpﬁqr Rnpleing -
0.65 (M AHypiealGbamoombselt) , WhedBn viah vhicH @knéhn t&)ésﬂna&ﬂé)wied%%%e artw)
2013/ 001088- 88. - PCT/ EP%_?]].Z/ 062786 13C NWVR g?

(ppm 171.3" @d“?)’oreﬂggr gdeadtipn opg peghgated )(*YPIQR% ”lﬁtt‘fBiS @SBé’jl ballgpeatmg

(1 ig é) A gél3fbl&:k( Mowé@ T&e( @Hloﬂhc?rﬁ\)atloﬂ-ggac)%oﬁ@aré:c(@)rledl&ﬂ iR e(c@?on@nlé)wsth
79.5 5( 20- 2’)‘“ Jr'”‘rc’?(‘” %te ag’page apd 3'5W¥>t2@< @S(Tewnpther4Bi, aismotber( %q}v,qwﬁqowpw
CH), 3.0, Zefused. vdhlércwél WEIN RN @‘B&)erts These JasbiBECIRRITBRY IncBE Nt £4 08¢ N

itro-1 H benzotria tert-but oxy

10car bony! )IMEegfe: ocﬁ E‘Vles‘}f?x'ggﬁngldﬁx‘fthéf%@ﬁ@'q}@a%ﬁ %@V%@@? tgseaglkybammopium

150 ng (0. 3drewadikyd pBodbhoRiud SarBbnale @Bltfars@mﬂﬁat@%dwra%ohslaé‘én% Fn%l%d/ﬁ‘n

after ggromato rﬁ%%a%? ot age s stem SNAP 25 cartridge, 25 n- hexane
t

to n-héRan&Uf! tRrPVENY ihﬁ rageRHOrIPREOD rﬁé@ﬂﬂ”ﬁtqr% Cﬂnmedfﬂ”h@eto@/o

of 1-2-3, \Mﬂn@tbsmfe‘rwﬁtrb@a;onurmésl £6 1oy tOBe PARALS iurtiRE eférFédOr@ﬁénon%ﬁﬁ’ém P
580, Gl son: %1}(@ 15, Knauer: UV-Detector K-2501; Chiral pak

5pm 250x20 2 herggngigonssigr AoMiedioflpgrinatigngre nogmptp eEPQ)’F% 2
x 1.0 m: Woé?/ie(h rFTIOorm&'W@ l[efb@ﬁrﬁg %fiﬁ:lo@t FBStuAds 34 ﬁ’ossrgfﬂvﬁe% 6?‘ Baste P‘éa%t%s

coIIectedt &9 ’g with a purit 5 c/o
(ESI +) : 6’Q ?%fw e i“lfp ﬁebes\éoLFWW”Mt )(ed%%’E(Twnemaﬁiyy gtp Qrivng H
- C4HB) 2046%&&\# in WolecG@R 1abR). Sl;Hn HeDJnCHbQB%T i @ 57%%‘?3;) ot t@d

8.25 (,dd 9.
(Do o 25 . o 2uap, Ry T 1o e ehl i e PRvor e ooge

KIH)ll El d57J €8l Zanidzor b Hse AF ahﬂoduﬁs Gték/lé\ﬁ Kr@bﬁko%@z}hes@ ﬂfgddléis arJd'Zut@nﬁ%on H"

(dd. J=13. %d}%’a%efi—'&g (2?3@) g W“bfgefl’ﬁf“( d%f"?bgl‘igstghmanm LHz’edSirPEéiqtrﬁmfswzre
(s, 9H, Bod)%e ﬂnvﬂr@; Forte %Wlﬁcu@l"ﬂm@ﬁd ARy, Bekih. HQdé‘!Eer’g Bp.643d $36) HHich

cycl o 35 -.0.4 1- cl opropyr
y p5§>py allows gn automated or semi- gutomated synth%Sis propy

Examples

1.1 Exampie 1



WD 2013/ 001088- 89 - PCT/ EP2012/062786 (Bt C-4), 119.5 (Bt 0-5), 115.9
(3CG3), 106.7 (Bt 0-7), 99.4 (OCH20), 83.6 (1C 1), 79.5 (2C2), 54.7 (C2),
37.2 (0-3yp228/01(88C-3), 14.6, 14.5 (1C-2%- 3.0, 2.7, 2PET(EP2012/04)7865 CH, H
C H3Q0 Di cycl opr opyl net hyl

N-(tert-butoxycar bonyl) 0 (fl uororret hyl)-D-tyrosinate. 2-2-1 As descri bed

in the preparation of mg (0,67 mol) 3- e Snéqcted to give
290 nmg of raw product, vvas purified by prep ve HPL Di onex: Punp
P 580, G son; 0 215, KnauecH, Wy- Det K- 2501, Chiral pak 10

ke ]ig;}uod n %C‘;}L
IC 5 pm 250x X etbano 4 n1/mn® rdH, 290 g / 3 m
et hanol, 10 X:®.3% , UV ZO\ﬁ The Pdak @t /ﬁfS °n was collected to

gi ve 85ng(33% 221W|Qh 99383%pur|ty 1HFNIVR0 ORMd ,400MHz): 6
(ppm) 7.16 (d, J=8.5 44H Ar-H), 6.99 (d, |_§1J85HZ 2H, Ar-H), 5.68
(d, 2JHF=54.7 Hz, 2H, F), 4.98 (d, J=7.8 4H, NH). 4.50 -4.62 (m

1H, 2-H), 3.89 (t, J=8.5 Hz, 2H, CHO, 3.13 (dd,|J=14.1, 6.0 Hz, 1H, 3-H),
3.05 (dd, J=13.8, 5.5 Hz, 1H, 3-H), 1.42 (s, 9H, |Boo), 0.99- 1.16 (m 2H,
Cycl opropyl CH), 0.52 - [0.63 (m 2H, cycl opropyl [01-12), 0.41 - 0.52 (m

2H, cyclopropyl CH2), 0.427 - 0.40 (m 4H, cyclopfopyl CH2). 20 130 NWR (101
MHz, CHLOROFORMd): 6 ppm 17 519&0 1) 155.8 (d, 3JcF=3, 144, 3C 4) 155.0
(2G1) 131.31(30-1) 130 \2)’ 116.6 (3C 3) 100. 8 TJcF=218. 5 Hz,
OCH2F) 83.7 (1C— 1) 79.7 C-2) 54.56 (0-2), ,37.41 28.31 (2C-3) 14.66,

14.62 (cycl® g@\ CHE 3.713, 2.96, 2.92c '7€L cyél opropyl CH2). 25 WO
2013/ 00108&_| /ER%GJ 612786 As N par ati on of
2-1-1, 250 r?g (0 67 i ) 21/ were redcted toHyi ve 244cmy of raw product,
whi ch was purified by p ep&r’htl ve HPLC. Dionex: Ru P%O G |l son: Liquid
Handl er 215, Knauer 2-1J¥- Det ect or K-2501, Chiral pgk C 5 pm 250x30 nm
hexane / ethanol 95:5, 40 m/mn, r.t., 244 ng / 1.8 m 5ethanol / net hanol
1:1, 3 x 0.6 m, W 220 nm The peaks 8.3 - 992 mn were collected to
give 83 ng (38% of 2-2-2 in >99 %pyrity. 19F NVR (DVSO-de ,376MHz): 6
(ppm) -149.8 (t, 1 JHF =55.1 Hz).

G
SR @ e N’wr P @

1-1-1 1-1-2

HC>|\

HC>|\/U\>\"(

5  tert-Butyl N-(tert-butoxycarbonyI)-D-tyrosinate. 3-1-1
To a stirred solution of fert-butyl D-tyrosinate (47.46 g, 200 mmol) in dichloromethane
(600 ml) and N,N-dimethylformamide (60 ml) was added triethylamine (22 g, 220 mmol)
and di-tert-butyl dicarbonate (43,65 g, 200 mmol). The mixture was stirred at r.t. for 2 h
and then subsequently washed with aqueous 1 N hydrochloric acid (3x100 mi), saturated
10 sodium hydrogen carbonate (100 mi), brine (100 mi), dried (magnesium sulfate) and



101H NMR (DVBO-d6 , 300MHz): 6 (ppm) 7.21 (d, J=8.5 Hz, 2H, Ar-H), 6.98 (d,
J=8.5 Hz, 2H, Ar-H), 5,78 (d, 1JHF =54.3 Hz, 2H, OCH20), 3.97 - 4.12 (m
1H, NH), wo2mixw1088=8. 1 Hz, 1H, OCH), 2.-96-(dd, J=13. 8, PET/EPRn2/083486 3- H) ,
2.80 (dd, J=-13.6, 10.0 Hz, 1H, 3H), 130(s 9H, Boc), 0.92- 1.12 (m 2H,
CH2) . 1513C NWVR (DVSO d6

cycl opropyl ro

¥5|\/H§) "% ?Oﬁq%tfai%‘gtolg’(’%m(‘ 8155% "th(%&'iow)oﬂ %@hze%@&e@n stayming. (Yagid 64)g
130. 9 (SC- 5%316.4 (3C-3), 101.0 (d, 1JCF = 2158 Hz, OCH20), 81.8 (1C1),
78.6 (2C 2), 56.2 (C2), 36.1

(G 3),28.6(20-2),15.0(cycl opropyl CH),3.1,2.9,2.8, 2.8 (cyclopropyl CF-12).

20 1.3 ExanpbgCB NHZ, feDE @BBWWé’M?ﬂBS M+ H) 399 (M + NH“ ) r?ﬁ%ﬁ?# 590

N, O- bi s(t er ut car ho rosi nate . 3-

and 160 #iphfgﬁé% ﬁ E:y'éﬁngé)lﬁﬁglarnno)pyr|d|ne mere dlssolved in 30 m
dichloronethane (preV|oust dried over 4 nDIecuIar sieve) 2, 87|gN103(17 0
mol ) 2, 4- al.cohol _and 3. 27 - -
d|ne%hylanfmﬂﬁ&gﬂéﬁgggﬁﬁ5§kph?JE‘H%@HSCan}gHB %Ef%ﬂa@aé&dahdgﬂﬁg Atixflr e
stirred at mEb{Eni= § SARETRAINIE 4B8EMdHENR-H) B by [ machi aLr) was geded 1@ndqt he
|nsolublesggey§ iiltered off. The filtrate was concentrated i. vac.. Colum

chr omat ogr T 500 g silica gel with stepw se gradient (11 _ hexane
hexane/iet hyl acetate 9:1, hexane/ethyl acetate 8:2, WD 2013/001088- 92

- PCT/ EPZOlaé@-W@%oo MHz, CD,CL): 8 (ppm) 171.13 (C1), 155.59 (br., 2-C1), 155.22 (Ar-C4),
130.52 (Ar-C2), 127.59 (Ar-C1), 115.18 (Ar-C3), 81.93 (1-C1), 79.64 (br., 2-C2), 55.20 (C-
2), 37.38 (br. C-3), 27.70 (2-C3), 27.40 (1-C2).

15 © ]
tert-Butyl N-(tert-butoxycarbonyl)-O-[(methylsulfanyl)methyl]-D-tyrosinate. 3-1-2
A solution of 3-1-1 (4.62 g, 13.7 mmol) and sodium iodide (0.21 g, 1.4 mmol) in N,N-
dimethylformamide (30 ml) was cooled in an ice water bath. A solution of potassium tert-
butoxide (1.73 g , 15.4 mmol) in tetrahydrofuran (15 ml) was added. Then chloromethyl
20 methyl sulfide (1.3 mi, 1.50 g, 15.8 mmol) was added. The mixture was stirred at r.t. for 3
h after which TLC showed complete conversion. Ethyl acetate {60 m!) was added and the
mixture was washed with water (50 ml). The water layer was extracted with ethyl acetate
(50 mi). The combined organic layers were consecutively washed with 10% citric acid,
brine, dried {(magnesium sulfate) and concentrated to give a thick yellow oil (smelly), 6.0 g.
25  Purification on column chromatography (SiO., heptane/ ethyl acetate 3/1) gave pure 3-1-2
as an oil, 3.3 g (81%).
The reaction was repeated with 23.1 g of 3-1-1 to give 19.6 g of 3-1-2 (72%)

MS (ES+): m/z = 420 (M + Na), 398 (M + H), 242 (M - 2 C4Hs - CO,).
30

MS (CI, NHz): m/z = 415 (M + NH,), 398 (M + H), 359 (M + NH, - C,Hs), 342 (M - CHg),

303 (M + NH, - 2 C4Hg).



hexane/ et hyl acetate 7:3, hexane/ethyl acetate 6:4, respectively) gave 2.15
g (31% of 33-1. (smaller scale reactions gave 49 - 55%vyield). M5 (ESI4):
rn/ e = 5M490(2M3#0H88 OH), 532 (M + |-14) ,-7651 (CBI - 11102 PLT/ER2012/08278VR
(CHLOROFORM-d , 400MHz): 6 (ppm 7.19 (d, J= 9 1 Hz, 2H, Db H7), 6,98 -
7.10 (m 4H W H 4/8), 6.42 -6.51 (m 2H Tyr H5/7), 5.

(d, J=11.1 ?&WOW%C& g 7 (P8 (§=4 £ 816#!2 2m AN DRET k6.1 = 8aHgm e, Au)hs 1

Hz, 1H N 3(HHH4 06d 4L
S i SR s ok St M A e

00 - 3,
9H, t-Bu). *i)séﬁﬁl\(ﬁ?(mfd}gbﬁ 0 B -3 BH h@iPUL71. 7 (C-1), 161.6 (Db
C-5), 159.2 (Dnb 0-3), 155.1 (20-1), 151.9 (0Boc C-1), 150 0 (3c-4) 133. 6
3C- 1), 13 3C-2), 121, C- Db C2), 104.1
(o .6 3N D BHey E1BisTx & Grobot 605 e Go887 48767) A (omb-@ny

55. 5 ( Dmb- Ode)a1 (&icﬂ)(miso%)szg)&%%«(@r%b 837855(1(@)3)’9 3@%&42(@‘@ $1.4848- 7
(0Boc 0-3) i_met hox

N-(tert- but%@%hﬁﬁ@ﬁ}%gfﬁzt% 0%+ fratle2s: Qgéz §3¥ 2102¢1{(F)oBH #6iGHS- 3- 1 was
di ssolved in 40 m dichl oronethane (dried over 4 nol ecul ar sieve) and 40 m
pi peri di ne added. The m xture S séered at r.t. for 2 h, after which

HPLC/ M5 over 80% conver si og ~edction mxture was partitioned between
et hyl acetate and water, )r gani ¢ phase was separated and dried over
sodi um sul f gt ﬁ C%%j; Sid e obt ai ned upon evaporation i. vac. (3.8g) was
purified by ¢é hy oon _anBi ot age system (Fl ash 40+M n-hexane to

et hyl acetat®in @ =1%80 %o give 1.10 g (64.5% 3-3-2. NVR
(400 MHz, DI CHLOROVETHANE- d2pH, Ea(ppn) 7.19 (d, J = 7.8 Hz, 1H DMB 6-
30H), 6.92 (m d, J = 8.6 Hz, 2H, Ar-H), 6.68 (d, J = 8.1 Hz, 2H, Ar-H,
6.43 - 18. 5fe(trﬁut2HV (mgowcasbpiyyl) -9-(chigrameghy)- ﬂiy@smtela-ﬁ 3DVB 1-H), 5.00

(d, 3.~ HS %d‘gsolé%n &‘31 23182 4 do. M‘?&}%P%ﬁﬁlgg:%%}%ngg’(%go Fﬂétgﬁz@%g%@é§6 J
3.81 (s, 3+thqswcmlde 27.83 9. . o MAfRHstiBnghfor 10 3Gin(was sEfjedBm)ethiSig NVR

(1\%812'\”(4sz|3 ¢ 155@%““@ T?'E rﬂ%m%ga%)gar%g il %%“@hg §Bé%r (‘g?f 2),

127.8 (301)00”5.@6*“09‘!( W%f@dZ)Wlthllﬁera(e&fC S@)ﬂiurfloﬁydIOQ(GIDNB:atb@‘)ate 9 8vader( DiiB:d

C4), 6 ( 0 o4 7

(2. ?8 é(n%gng%;um @éﬁ%ef %CM-B% icbhtrated o a y@@m%li Wb (qéént‘*at(v%ﬁ’ﬂ%@\ on
coiumn chromatography ( 50 g Si0O,, heptane/ ethyl acetate 3/1) gave 3-1-3 as light
yellow oit (4.3 g, 24%).

"H-NMR (400 MHz, CD,Cly): & = 7.17 (d, J = 8.6 Hz, 1H, Ar), 7.02 (d, J = 8.6Hz, 1H, Ar),
20 5.90 (s, 2H, O-CH,-0), 4.98 (db, J = 6.6Hz, TH, NH), 4.36 (mc, 1H, 2-H), 3.00 (mc, 2H, 3-
H), 1.41, 1.40 ppm (s, 18H, 1-tBu, 2-Bu).

PC-NMR (100 MHz, CD,Cly): 5 (ppm) 170.80 (C1), 154.91 (br. 2-C1), 154.48 (Ar-C4),

131.75 (Ar-C1), 130.78 (Ar-C2), 115.93 (Ar-C3), 81.96 (1-C1), 79.41 (br. 2-C2), 77.61 (O-
25  CH,-Q), 54.95 (C-2), 37.53 (br. C-3), 28.03 (2-C3), 27.71 (1-C2).

CH, O /‘/
HSC

HSC \]<CH



2,4-D i met hoxybenzyl N-(tert-butoxycarbonyl)-O-[(nethylsulfanyl)nethyl]
-D-tyrosinate. 3-3-3 1.1 g (2.556 mol) 3-3-2 were reacted as descri bed
for 3-2-AvoChriooaissgr aphy of the raw prodédct on a Bi ot ageTAPMIRNGL7BS ash
40+M gradi ent hexane to ethyl acetate/hexane 1:3, 1515CV =1980 ml) gave

120 o Bkl kS i
DI CHLOROVETHANE-d2) 6 (ppm) 7.20 (d, J—81Hz 1H, Dnb 7- H), 7.00 (d, J
IH& %an24 ﬁ{d a'g\srt}ir dy ﬂ@jt%‘% &dii—l éenzg)trsazpy ohpydrgﬁao 1@ M) S%nmzol(gt‘glpéqqlzfrge gf.|2) ,
5.14 (d, J watddw@h l'tBiuerié'j)in ﬁAQﬁméfﬂmylfdrmrﬂrde 92 Whaﬂé")dich‘f’or@rﬁelﬁgne 520' iy Jwaé"z

][')ng N o 4 %Pdgg a{ 855 sg)rﬂilog o§3 %14,;?190 égéSGirpzqng% q_glchlqog@tr(a@g ()jgnl) @ngeqbyg Hz,
1H, 3- H) : Zdﬁﬂetbsﬂam&ﬂ)pyﬁ@l‘@)@ 4Jg %91 mmﬁﬁTthkturelé%Qs %lMPec( éprlt M*Zao T afier o)

Di CHLCROVET Nl TL((g % {gd (G1), le1l.

156. 1 (3C 4yNhich Epegi G Rt %% 1%‘T‘F§et€[§?ﬁs‘d“9‘j°n qfs%a'ﬂﬂ% @eﬁt?f)ai Wz@réﬁ g8 wap
1), 116.0 (dadedGnd)the hiku \@eﬁeﬂ)actécmml térDme Omé&th I&ﬂe.‘l%s&% 'ﬂh&ﬁh&%ﬁc
(5421C62%c ;)2 & %"g(%?:c%’j"g'“?g ag%hgﬁ% W"f’MN%er( &eﬁ@)m*) f&ﬂedmfsmwmealfatghand
E)PCT/1 E?ﬁglﬂoﬁ?&ﬂ%ed td3§iv@® 1.3 g o? iaﬁsd]?lﬂféﬁidilr?mﬁ?ﬂ%lﬁéﬁhanon on column chro[r)r_"n?togra phy .
2 540 e BR8] S0 B it s b W o B0t s
product was di rectly chr onmat ographed on a Bi ot age system ( Fl ash40+M
cartridge, m hexane_/ eth acetate 65;35 in 18CV =
2376 ™) ga{@g( W?%Zg@? W e deaind é% sCﬁ"Jn),t?r%r(thHﬁ%kd-EPz-
preparative HPLC. Dionex: Punp P 580, G I son 10 Li qui d Handl er 215,

K t 5 | 250x20_t h / et hanol

80: 20. 150 iR 3P0 52 20,658 8 TS dhaidr BRER Ao Btk 788 6, B Btk 2N

254 nm Thea.ge@k 5M, 180./4-H), 823%s,1HH) o&vesa @'$@5F&gdtﬁ%¥eﬁ43~lf‘l‘iﬁl4(4ﬁr@ 1Af
Ite Ssoll

the title L 98, 59

578 (M), %’i?@@f%&zj "%y iuw@/% éFt‘djvéﬁﬂAﬂiEJd? 3&6%4—!2)6 OHg, (‘bipﬁsz 03
(d, J83Hz431:44ppms1szarBu@me)(m 2 H, Bt), 7.26 (d, J=8.3 Hz, 1 H,
Db 7-H), 7.24 (d, J85Hz 1'H Bt), 7.15 (d, J=8.5 Hz, 2 It Ar-H), 7.07
(d, J=8.5 Hz, 2 H, Ar-H), 6.54 (d, J=2.3 Hz, 1 H, Db 4-H), 20 6.51 (dd,

\ILSDfrb‘?? H;st\n\m wsmﬁz&mj)ciz)%(@ﬁprﬁm?@?w 4.2 Ar2@4(dg4§e %rS%fchin 1
N o 5o g By 1375 TagB g Tadios Cad i head et e @ Cob 1

OVve), 3. 16(dds), 3149338& 845 118944 AHC3$- 1ti)8993(5196 dsb.og l:%o 83.98%4-d)H

2 (o oyl kel R AN (1 % 52“7*‘;(@% 1252) ga AL

143.9 (Bt C-3a), 132.2 (Dmb G 7), 132.0 (3G 1), 131.3 (3C2), 129.1 (Bt
C—7a) 28.6 (Bt 0-6), 125 0 (Bt C-5), 120.3 (Bt C-4), 116.5 (30-3), 116.4
Db C#2), 109.5 (Bt C-7), 104.6 (Db C-6), 99.4 (OCH20), 98.8 (Dmb 0-4),
80 0 (2c-2), 63.1 (Db C 5.9.6DmbyOVe), 55.8 (Db OWe), 55.0 (G 2),
3037.8 (C3), 28.4 (2C3) N N

LA e O

tert-Butyil N-(tert-butoxycarbonyl)-O-[(1 H-1,2,3-triazolo[5,4-b]pyridin-1-yloxy)methyl]

-D-tyrosinate. 1-1-2

To a stirred solution of 1H-1,2,3-triazolo[5,4-b]pyridine-1-0ol (0.5 g, 3.7 mmol) in N,N-
30  dimethylformamide (1 ml) and dichloromethane (10 ml) was added at r.t. a solution of 3-1-

3 (1.0 g, 2.6 mmol) in dichloromethane (5 mi) followed by 4-(dimethylamino)pyridine (0.4

g. 3.2 mmol). The mixture was stirred at r.t. for 3 days after which time TLC indicated only

trace of starting material. Water (20 ml) was added and the mixture was extracted with



WO 2013/ 001088- 95 - PCT/ EP2012/ 062786 1.4 Exanple 4 0 3-4-13-4-2
1-4-21-4-1 5 0 Cyclopropyl methyl N-(tert-butoxycarbonyl)-D-tyrosinate,
3-4-1 5. o8ogo3wd1@smvl ) Boc-D-tyrosi ne-§8d 2. 90 g (8. 8¢CHEPR)12065B&IM
carbonate were stirred 10 in 150 m water for 30 min at r.t. and then

| yophi | i zed. l}ue resulting white powder was dissolved in 100 mi

N, N- di et hy/PRuHhmeiay (eé'ﬂff'"e(éX%‘i/a}‘) APROIrERNE dvess wew) combined aptl congeitivain| )

( Br ononet hykdgheal @ik apase (Wers), addsem %pérom@néﬂd&#d” o Shi %r Bﬁﬁe %ﬁo rmF) dﬁé’c?r
ni ght. The m xture wa fjlrtltlone bet ween et hyl acetat
aqueous phé@%@“@xﬁ“ﬁfé& edvFanReriiatsd tadettiske solidd. %%PH@@%@@%@WS es

dried over cﬂ]%’l‘hb'tﬁg&lphf/ % g1lS0aNkkedtdy/ %mW%Béta%VWﬁ?b%@guﬂe 1-\{?2(3?'3 whit€ solid
resi due was _di SS% din ethyl acetate and extracted twice with water.
After dr5y| n(84§r¥b| 8#’§porat|on 5,28 g (89% 3-4-1 were obtained as a white

sol i d. 1H NMR (400 MHz, CHLOROFORMd) d ppm 7.00 (d, J=8.1 Hz, 2 H,
5.02 (d, J=7.6

- 73 7.8 20Hz, 2HA- 5.54 (br. s, 1 H,
Ar, K ¥ #é‘g&'fég ) mig =GP8((M + Najy, JBQHM+§. 8433% (s gb- wa),@%wocm)z 2 ®Bs).
3.10 (m 2 386 (Bt HB)- AH2 O, 3%0}(‘[\/1-}3@]0)2)(10%% (319%8 (m 1 WD 2013/001088- 96
- PCT/ EP2012/ 062786 H, cycl opropyi 3 (m 2 H cyclopropyl CH2)

0.22 - 0.31 (m 2 H, cycl opropyl
10 "H-NMR (400 MHz, CD,Cl.): 3 = 8.67 (dd, J = 4.5Hz, J = 1.0Hz, 1H, At 6-H), 8.37 (dd, J =

8.5Hz, J = 1.0Hz, 1H, At 5-H), 7.41 (dd, J = 8.5Hz, J = 4.5Hz, 1H, At 4-H), 7.19 (s, 4H, Ph-
H), 6.04 (s, 2H, O-CH-0), 5.03 (db, J = 7.6Hz, 1H, NH), 4.38 (m, 1H, 2-H), 3.08 (dd, j 0
13:7Hz, J = 5.9Hz, 1H, 3-H), 3.00 (dd, J = 13.7Hz, J = 6.1Hz, 1H, 3-H). 1.43, 1.41 ppm (s,
18H, 1-tBu, 2-tBu).

15
“C-NMR (100 MHz, CD,Cl,): & (ppm) 170.82 (C1), 155.69 (Ar-C4), 154.97 (br., 2-C1),
151.50 (At C6), 140.25 (At C7a), 135.14 (At C3a), 132.21 (Ar-C1), 130.82 (Ar-C2), 129.12
(At C4), 120.76 (At C5), 117.13 (Ar-C3), 99.65 (O-CH,-0), 81.96 (1-C1), 79.42 (br., 2-C2),
55.02 (C-2), 37.51 (C-3), 28.06 (2-C3), 27.75 (1-C2).

20

e
*r o

tert-Butyl N-(tert-butoxycarbonyl)-O—(fluoromethy!)-D-tyrosinate. 2-1-1

HC>|\ /IL

A: 1.50 g (4.45 mmol) 3-1-1 were dissolved in 30 ml N,N-dimethylformamide, cooled to
25 10° C and 194 mg (4.45 mmol} sodium hydride (60% in mineral oil) were added in one
portion. The mixture was stirred for 30 min.
B: 30 mi N N-dimethylformamide were cooled to 0° C and bromofluoromethane was
bubbled into the solution. By weighing of the flask and of the steel container the amount of
gas dissolved was determined.
30 30 mi of N,N-dimethylformamide containing 1 g (8.89 mmol) bromoflucromethane were
added slowly at 0° C to the solution prepared in A and the reaction was stirred at 0° C for
2 h. The mixture was allowed to warm to r.t. and was stirred another 2 h, after which the

reaction mixture was poured in to water and extracted with dichloromethane twice. The



CH2). Spectrumis identical with an earlier preparation via a different
route. Ms (ES1'): me = 693 (2M + Na+), 671 (2M + H+), 336 (M + H+), 280
(M + H+CAMB)2013286088M + | - 1+C4AH8- 002). 579- 13C NWR ( CRACORPEGRIVbIS6 101
MHz): 6 (ppn) 172.2 (C-1), 155.7 (30-4), 155.2 (20-1), 130.4 (3C-2), 127.1
(3CG1), 115.5 (3CG3), 79.9 (2CG2), 70.2 (1CG1), 54.6 28.4 (2CG3), 9.7

(cycl opr opyfortijed @oanic phasqscyie GIiEd y$r TTpNesiuCsdiate, INdBvaperaled td give the 0

| i Neget A ol _ -
Ol PR Ol o 8 by ooy g S I IS, Py o
sodi um i odi €A 18 9aYe N3g (T95:) @ the tifigl FoBPrENd 8 clkas ok dwi andivtioalGamiple wes i ce

bath. A susngngd ey priparwife MPLC3. 19 Mol ) potassiumtert-butylate in 3 m
t et rahydrof uran was ad resulting in a greenish solution. 337 pi (4.08

| ded
mol ) Bl orldPldf HetirRakAR-H; 2eT5xA S medBaxamprEthand Grle 1\Wasl/mint tweg/m!Etobme
to r.t., stjprigectey DADR RS SiEsdr éh.eﬁﬁnqg@.%%it).ght- Ethyl acetate was

added and the insolubles were filtered off. The filtrate was concentr at ed
i. vac.. Chromatography on a 20Bi ot age system (Fl ash40+M cartri dge, 40

m/mn, n-haxaone : ex + at g+y1: =1 v,e 660
T (479 o g A e 200 a1 5 ko P st (M TR ARO00,
(2M + 1-1+)Q4H3)96(M+ FI+), 340 (M + H+ C4H8), 296 (M + H+ - CAH8- 002).

10
MS (ES™): m/z = 761 (2M + Na*), 739 (2M + H"), 683 (M + H* - C4H;), 639 (2M + H” - C;H,
- COy). 392 (M + Na*), 370 (M + H").

"H-NMR (400 MHz, CD,Cl,): 3 = 7.14 (d, J = 8.6 Hz, 2H, Ar), 7.00 (d, J = 8.6Hz, 2H, Ar),
15 5.69 (d, “Jur = 54.8Hz, 2H, F-CH,-0), 4.99 (d, J = 7.6Hz, 1H, NH), 4.36 (mc, 1H, 2-H),
3.00 (mc, 2H, 3-H), 1.41 ppm (s, 9H, 1-tBu), 1.40 (s, 9H, 2-tBu).

’C-NMR (100 MHz, CD,CL): & (ppm) 170.79 (C1), 155.72 (d, ®Jer = 3.2Hz, Ar-C4),
154.90 (2-C1), 131.82 (Ar-C1), 130.80 (Ar-C2), 116.36 (Ar-C3), 100.01 (d, "Jer = 217.3Hz,

20 O-CH:-F), 81.92 (1-C1), 79.38 (br,. 2-C2), 54.99 (C-2), 37.48 (C-3), 28.03 (2-C3), 27.71
(1-C2).

1.2 Example 2



25 1H NVR (DI CHLOROVETHANE-d2 , 400MHz): 6 (ppm) 7.09 (d, J=8.6 Hz, 2H,
Ar-H), 6.87 (d, J=8.6 Hz, 2H, Ar-1-1), 5.13(s, 2H, OCH2S), 4.99 (d, J=7.8
Hz, 1H, NwD201/0020884. 54(m 1H, 2-H), 3.880-3.99 (m 21- PCT@ERNR/06Z8Q5 - 3. 12
(nc, 2H, 3-H), 2.22 (s, 3H, SCH3), 1.40 (s, 9H, Boo), 1.04 - 1.18 (m 11-1,
cycl opropyi CH), 0.53 - 0,61 (m 2H, cycl opropyl CH2), O. 22 - 0.31 (m 2H

cyclopropyl CH2). 30 1 %01 WHz, DI CHL -d2 6 (pprr)

(C-2), 156.1 (3C 4), (20-8),, 130, 4 4ceso

(30- 3), 79.5H(c§§-;ﬁ, 72.4 (oc%%js_)a 74@:;\ C—i) 54 2)Hc Hi’ (e:-sg)
28.0 (3G 3), "24. 9" (8RS} 9 L 2¥c 3 3 g&
2013/ 001088- 97 - PCT/ EP2012/ 062786 Cyclopro rrethl

0-1: (1Hbenzotri azol 335yl oxy) met hyn-N-(tert- ggt car bonyl) 5 Dt r osi
1-4-1 650 ng (1.64 mmol) 3-4-2 were reacted 2descri beg-T or '3The
reaction mxture was directly applied to !solute and romatographed on a

Bi ot age system (FI a % dge, 40 ni b~r~pexane to n ReX@Neo N,
et hyl acetate cv = 0 m) gave @v mg (50% of 1(‘)(The
reaction incl u pur| fi was ﬁgeg i m"one\ day. 10 of @\/
pr oduct adversa S t_h ierd : d was f, hﬁ[”/

preparative Dbon X: OPUwp P 58 & | 3 Liquid ndIHer 42139, Knauer
UV- Det ect or 3?(1: al pa‘l’< | CHp 02*50x20 hexdh€é CFEt han 80: 20; 40
m/mn; r.t. 400 rrg1i33 2 m ethanol; 8:x,0.4 m, UV 254 nm The peak at
15.6 - 18.1 m n was collected to glve 308 ng (39°/c) of 1-4'1'as white solid
with 99,9% 15purity. M5 ES X 505 (M + Nay),5483 (MFr), 427 (Mgh
FI + C4H8), 383 (M +- 201H NVR ( L : THANE-d2 400
(ppm 8.03 (dt,cuJ®8. I—E\é< , Bth+o7) 7 s J=8. &,
1H, Bt 5-H¢)" 354\911\ 1J=8. @t 0SS C@PH*)“CﬂzﬁJ\

J=8.0 Hz, 1HBt°a-W) Y7.25 (3= 8305 Hz N2H) A “H), 7.13"€d, °3= 2H,
ArH), 6.08(s 2H, ocH0o), 5.11 (d, J75HzO NH), 4.53 464(r°h

2-H), 3.94 - 4.07 (nme2-52H, OCH2), 3.20 (dd, 3d§14.1, 5.5 Hz, 1H B/ H), 3. 11

(dd, J=13.6, 5.5 Hz, 1H, 3-H), 251.47 (s, 9H, Boo), 1.1 - 2 (m 1H,

cycl opropyl CH), 0.59 - 0.66 (m 2H, cycl opropyl CH2), 1 -410.37 (m 2H,

cycl opropyl CH2). 130 NWR N GROVETHANE- d2_. 1@1 M—Iz) 6 (ppm 172.2
Ba), 132.1 (3C 23193,

(C-1), 155.6 (3C 4), 1553 - 1), 143.9 (Bt
(3G-2), 129.14 (Bt C.7 , ' 6 t06),ol .

116. 6 (3C 3) #0974~
(C2), (37 9)(0 3), 4**6\@ 10 1 é)

2013/ 001088- 98 - rﬂ 2786 HC Jop?o' |
N-(tert- butoxycarbonyl) ({(4 (et hoxy ehanyl ) - 1H1 2 -0 I"azob-

thyl)-D-tyr osinate. 1-4-
o\[éo
O.__CH

\|< 3
% C>I\ JL /\H/OH cHSCH'3
0
N, O-Bis(tert-butoxycarbonyl}-D-tyrosine. 3-2-1

5 18,1g (100.0 mmol) D-tyrosine were suspended in 250 ml water and a solution of 65,4g

C2), jo.
(1c-3) 03

=yl j oxy} me

(300.0 mmol) di-fert-butyl dicarbonate in 150 mi 2-propanol was added. The pH was
adjusted to 11,5-12 by repeated addition of sodium hydroxide (32% in water). The
reaction warmed slightly to about 37°C and was brought to 20°C by cooling. Then 250 m}
water were added and the mixture extracted with ether. The combined organic phases
10 were washed with water and dried over sodium sulfate. Evaporation of the solvent gave a

gummy residue, which was taken up in ethyl acetate. The solution was filtered and



360 mg (0,91 mmol) 3-4-2 were reacted as described for 1-4-1. The reaction
m xture was 5 directly applied to [solute and chromat ographed on a Siotage
syst em ( AvashmoeMssart ri dge, 40 ml/mn, -8lhexane to n- hexame2012661796

acetate 1 2 in 15Cv = 1980nl) gave 230 ny (50% of 1-4-2. The corrpound was

further r|f| ed reparative HP en Prep 1200, 2xPrep Pu DLA
WD, r ep. FexaEsadtied LRR Venratarh it €S tamiommpd B hreieiishd. wond

50: 50, 15 rTTMeny:eldWast?»Q1@&Ong)/3 5 m ethanol/methanol 1:1, 7 x 0.5 1om,
W 210 nm The peak at 7.0 - 8.9 min was collected to give 190 ng (41% of
1-4-2 wth 98,5%purity. M5S (ES1): me = 527 (M + Na4), 505 (M + 1-14),
449 (M + Hiyg= O8)c = 4Qhoxavey H4 - C41-18 - CO2). 15 M5 (ESI): nde = 549 (M
+ HCI)O) 1H NWVR ( DI CHLOROVETHANE- d2 , 400MHz): 6 (ppm) 8.00 (s, 1H, T H5),
719(d J=8.6 Hz, 2H, Ar-H), 7.06 (d, J=8.6 Hz, 2H, Ar-H), 5.90 (s, 2H,

OCH20) , 5. Qds(Esr Tme&rgs 2y b =718,
2-H),)4 36 q(( 7\; 34 pok Ndb(zmgzﬁ(ég@gw ] CQHéLké:@ 1Hbl§'c(x:|l4'H
3.96 (dd, 14 73Hz 2H, OCHZ) 3.13 (dd, J13.6,56Hz 1H, 3-H),
3.04(dd,J136 61Hz 1H, 3-H), 136(tJ7.1Hz,3H) 1.40 (s, 9H,
Boc), 1.08- cl opra 0.62 (m 2H, cyclopropyl
CHzg, 0. 24 Mééégb)((ﬂlﬁ 3 (%\gcﬁg)ppg%ﬁw?ng) C4'z‘z5- G9¢ ARV 16D |\/sz Propy
DI CHLCR@VETHANE—dZ) 6 (ppn) 171 7 (c- ) 159 9 (T COCEt ), 155. o (30 4),
154.9 (2C ]1 é 2) 0 (3C 2% 123.3 5),
116. 3 (3C 3§NY (E'Vt il 'Wﬁe’ é(PE@J 5)25 (¢01=§Q;HL€2ﬂ H-g1. 7406.( Cb@&)?' H252H6
(0-2), 37. 416§ 688 (d, 3%812}83101% 2ﬂH§6)4034d@d (Lg@l?éa 267H£Cm| ARS)0BY3 (&) -
3.2 (cyclop '%% cl o .

4- Vet hoxybe[nﬂsi6 Kozt HLﬁ é y‘{? %W‘ﬂ?r”ds”%ﬁég (35?3‘111 $8 (29783 ¢
(6,27 mmol) Boc-DTyr-OH in 52 m NN-dlrrethyIforrramde were added 104lg

32rnm)l rbonate and the m xture stir for 1,5 h.
(1 560 )33{;?\1%FLQJTDM%O SMALTMEDS & hon 193 S5 s () 514 Qe T 1de e

(C-4), 135.9 (C-1), 130.1 (C-2’), 120.9 (C-3), 83.0 (4C-2), 77.9 (2C-2), 55.3 (C-2), 35.9
(C-3), 28.1 (2C-3), 27.2 (4'C-3).

OYO
O._ .CH
CH, 0O *
Hscﬁ\s J OH \§10H3
HC™ 07 N ¢
20 0
N, O-Bis(tert-butoxycarbonyl)-L-tyrosine, 3-2-5

In the same way as for 3-2-1, 18.1 g L-tyrosine were reacted to give 35.9 g (94%) of 3-2-5
as a white solid.

25 op=+14.6° (c = 1, dioxane).

MS (ESI™): m/e = 785 (2M + Na®), 763 (2M + H*), 663 (2M + H™ - C4Hg - CO;), 404 (M +
Na®).

30 MS (ESI): m/e = 761 (2M - H*), 661 (2M - H* - C4Hg - CO,), 380 (M - H").
"H NMR (400 MHz, DMSO-ds): & (ppm) 7.09 (d, J = 8.3 Hz, 2H), 6.94 (d, J = 8.3 Hz, 2H),
5.79 (d, J = 6.1 Hz, 1H), 3.69 (dt, J = 5.1, 5.8 Hz, 1H), 3.01 (dd, J = 5.3, 13.1 Hz, 1H),
2.90 (dd, J = 5.6, 13.4 Hz, 1H), 1.44 (s, 9H), 1.31 (s, OH).



mol ) 4-met hoxybenzyl brom de were added and the m xture stirred at r.t.
over night. It 10 was diluted with ethyl acetate and water. The pH was
adj ust ed WO 2B13wi01488250 pl of 5 % acetic -&i-d. The agueoRET[HPAGIR/0GEIS6
separated and extracted with ethyl acetate. The conbi ned extracts were
dried and evaporated in the vacuumat 50 Cto yield 2,79 g (100 % of
3-5-1. 15M5 (ES'): me = 402,53 (MH), 803,72 (2M +1-r). 1H NMR

CHL OROFORM® 7 92
Em x an d NMRCXMNESO a8, (mnm@g fsiﬁﬁprﬁgwdg%ﬁ )HE55. 6Edzcwn15=pg @08@ 14>

H)

Mbn 1- @% 'a?')5 3%2851%39 @@ﬂwb@P&@G@ 83344 Ce ), 73: 8(29 37\256§I-£CN-I)
4 49 - 5937(3(03},287@02)02*77 (&c8%. (s, 3H, Mn OCH3), 2.93 - 3.03 (m 2H,

41 (s, 9H, Boc). V\02013/ 01088- 100 - PCT/ EP2012/ 062786 13C NWVR
(CHLO?G§O?Md 101 MHz): 6 (ppm 171.9 (C 1), 159.8 (Min C5), 155.2 (30-
4), 155.1 (2C-1), 130.4 (3C-2), 127.4 (3C-1)., 127.4 (Mbn 0-2), 115.4
(3CG3), 114.0 (Mon C-4), 80. 00(20 1), 66.9 (Mon C1), 55.3 (Mon OCH3), 54.6
(CG3), 37.4 (C3), 28.3 4- Met hoxybenzyl
N-(tert-but oxycarbonyl) - Isgl_lf anyOnet hyli-D-tyrosinate. 3-5-2 1,60
g (3,99 rrrml) §mwe ssolv n*32 m N, N-di met hyl f or mam de. 2609

(7,97 10 ces um gar nat €Hadded and the mxture stirred for 30
mn. 0,4 mH3@4 e mrﬁ onet hy? met hyl sul fi de were added and the
m xture stirred at or 48 h. Further 0,1 m (1,20 nmol) Chl oronet hyl

met hyl sul fide were added the m xture stirred for 24 h. The sol vent was
distilled of, nd the residue distributed between water and ethyl acetate.

The or gani '§¥5$'98Fﬂpw\'/§§thé&Nr%‘@!%@’ﬁPFWXX%bQWBﬂ'W‘Pﬂéa@OI3112 -2on, dried 15
and evapor afoesh é ke ihﬂﬁ:‘l)dﬁﬂz W&@E@%%Oﬁr@hﬁqol? -@i rﬁéfﬂ Wfdﬁ'n@ were

(Isol era Four , exane to exane acetate

1: 5) t d%;i \Pésséé/?drt@ 3@3‘9' %hiemn?i@neA?’ﬁ?eM%k Wmdbducmlmﬁmd@etﬁtgndmd@ss
?2‘& Jlr aai;/e rﬂgloﬁ\lam( et:ﬁK/EN23 d%&rﬁ%émpw @arboéﬁ% é%%ﬁ%&ﬁz g’%ﬁ? 69
Mon- H), 6. @gdpdang @'Xiﬂﬁe stippd %raﬂllh)'entéerager@mre S?if@ reaﬂpn vgze, stiped ieyer reglg0

d, a i i e
g- % J g g;E!E!f(ljyl %Ebtliwgaﬁdde? aHe tﬁé ns&ﬂ&le@.ﬂé@@) l,ter?d o8 'ﬂge @t}ﬂ%%va%dd%w#é’t 48

-4.63 (m 1H@ce- Ghromategraghy m:#wo k@@h@f orpaddiotage Byster (Flash48+Migprtridg@ 54 s,

2H%§%§§béﬁén¢f! R-BexaHa to B‘H@xane/ )1 2653004 088 mH) §avd 656 5362 6P$2.586

O-[(1H benzotriazol -1-yloxy)tnethyl]-N-(tert-butoxycarbonyl) -D-tyrosinate.
1-5-1 MS (ESI): m/e = 514 (M + K*), 498 (M + Na*), 476 (M + H), 458 (M + H" - H,0), 420 (M
+H" - C4Hg), 376 (M + H" - C4Hg - CO,).

20 "H NMR (CHLOROFORM-d S00MHz): ). & (ppm) 7.21 (d, J=8.7 Hz, 2H, Ar-H), 7.09 (d,
J=8.7 Hz, 2H, Ar-H), 5.00 (d, J=7.3 Hz, 1H, NH), 4.52 - 4.64 (m, 1H, 2-H), 3.89 (1, J=8.9
Hz, 1H, OCH), 3.08 - 3.23 (m, 2H, 3H;), 1.56 (s, 9H, OBoc), 1.43 (s, 9H, NBoc), 1.00 -
1.16 (m, 2H, cyclopropyl CH), 0.41 - 0.64 (m, 4H, cyclopropyl CH,), 0.25 - 0.41 (m, 4H,
cyclopropyl CH,).

25
*C NMR (CHLOROFORM-d ,75MHz): 8 (ppm): 171.4 (C-1), 155.0 (2C-1), 151.8 (4'C-1),
150.0 (3C-4), 133.6 (3C-1), 130.5 (3C-2), 121.1 (3C-3), 83.8 (1C-1), 83.5 (4'C-2), 79.8
(2C-2), 54.4 (C-2), 37.5 (C-3), 28.3 (2C-3), 27.7 (4'C-3), 14.8, 14.6 (cyclopropyl CH), 3.1,
3.0, 2.9, 2.7 (cyclopropyl CH,).

30



520 nmg (1,13 mmol) 3-5-2 were reacted as described for 1-2-1. The reaction
m xture was directly applied to !solute and chronat ographed on a Bi ot age
system (I wbDers/@mss, SNAP 550 g, 40 nl/ mBA- n- hexane toPoThPz@nM6c178€t hyl
acetate 1:4) to give 492 ny. The conpound was further purified by
preparative HPLC. Waters Autopurificationsystem Punp 254, Sanple Manager
2767, CFO, DAD 2996, ELS 3001 XBrigde C18 5 pm 150x19 mm A =

wat er 4- 0.2% anmoni a, B cet nltﬁ 0-1 min 40%B, 1-8 mn 40-100% B,
25 m/mn, r. tcH 500 [ Fm yi sufomde/rrethanol 1:1, 7 x 1 nm, 10
DAD scan ra «;1\219U<100 nme M5 4CESI -, scan range 160-1000 mz, ELSD.

The peak atHf£ 6 © 7.8 m coIIeEted to give 213 ng (33 %9 of 1-5-1 as

white solid with >99’%p ity, M5 (ES): me = 549,62 (MH+). 15 1H NWR

( CHLOROFORM d 400|sz) 5( m 8.00 (d, J=7.6 Hz, 1H), 7.32 - 7.43 (m
2H), 7.25 - 7.31 Egb 12 (d, J=8.1 Hz, 1H), 6.97 (d, J=8.6 Hz, 1H),
6,93 - 7. oﬁfeuclogncg)yé;n vl N §-bigg feereb'ef@xygaiboayw—-tym-nm)?»zes 01 (s, OCH20),
5.16 (d, J3a , 2 (d,
5. I 8(HZ ltheﬁlsl-Ell)ﬁ?e\Zé sf@ 5 2 é%sweﬂe# él—f)@ét%a%5%%%)é(’5§—§ (3 »
(dd, J=13.9, 5.8 Hz, 1H3H),303(dd J=14.1, 5.6 Hz, 1H, 3-H), 1.43 (s,
9H, Bock. g%g)& d na0 ( +( Mon
C-5), 155. &&o 4F§ %55 1 N %%EM(% Hg? Mm@ﬁ %%4%%{%0*('9
(3C2), 130 GrHe BB 1 3)H 1@ QCB% 9qCeaa), 128. 3 (Bt 0-6), 127.3 (Mbn
C2), 124.7 (Bt C 5), 120 1 (Bt C-4), 116.1 (3C-3), 114.0 (Mn C-4), 109.1
(Bt 0-7), 99.0 OCH@% (2C-1), 67.1 (Mon G 1), 55.4 (Mon C-6), 54.5
(0-2), 37. H('BM&) EHOE@BJ\@? 3001z $3ipemn 0821 (d.05=8. P8/ Eﬁza.s.ﬂ)omaae 100
my (0,22 mek)s f3252142}WEHe4r9©3(@t997@$lzd¢ﬁcﬂl-!§’etfi4£{10ﬁ6]5(?r‘_‘_li 5
1Hbenzatriazol-1-01 hydrate was repl ace bénzot’rl azol

The red€ti &tF tixQiHs éé’@ ot £ €| g'Ha%ﬁlzl éeﬁ%@ PEloORoe), drdl tshPBimbiBogy, é)pﬂﬁed on

a Biotage syst P e h ane
/ ethyl acetat @m}l-hls@tcg{p??d\jwe)@y% e o% é‘:ls_ﬁsvdoﬂ@yi &E@eé??’ ((%\Aggﬂpﬁ .
(ESI-): m &vslogwepyh@Hom + HO00) . 101H NMR ( CHLOROFORM d , 300MHz): 5 (ppm)
7.92 (dd, J89 04Hz 1HBt4h)731(dd J89 1.9 Hz, 1H, Bt 5-H),
7.28 (d, J—;a H), § J=8.7 Hz, 2H, Ar 2-H), 7.06 (br.
s., 1H Bt FMVR @MF&@FOBNBWWZD@ PERNE 73-4HC- 15 187.0(8C-1)=818 (@BockB, Ar

3-H), 5596 1?—|zf50 ), 358, 6@@:‘219)130% ?e'i: é}hz%%c@ﬁs sifggﬁ’ &E&%é?c &: 2?5

(d, J=12.1
2-H), 3.79788 (2§|=?) M/é@m%é@ -0824 B£3C3). 2701 OBoGHy-3)1148 1456 (@ElopRoY) |

13C NMR ( CRWt 2lo, 75 MbdioprBpyi pPY) 171.6 (C- 1), 159.8 (10-5), 155.0

(2C-1), 154.8 (30- 43
/@0”
20

Dicyclopropylmethyl N-(tert-butoxycarbonyl)-D-tyrosinate. 3-2-3

HC>[\

5.0 g (10.5 mmol) 3-2-2 was dissolved in 150 ml dichloromethane and 150 mi piperidine
added. The mixture was stirred at r.t. for 3 h, after which HPLC/MS indicated complete
conversion. Ethyl acetate was added the insolubles were filtered off. The filtrate was
25  concentrated i. vac. and taken up in ethyl acetate. Again the insolubles were separated
and the solvent removed i. vac.. Chromatography in two batches on a Biotage system

(Flash40+M cartridge, 40 ml/min, hexane to ethyl acetate in 30 min) gave 3.74 g (95%) of
3-2-3.



142.0 (Bt CG7a), 134.8 (Bt CG3a), 131.4 (3C1), 131.0 (1CG2), 130.6 (3C2),
129.3 (10-3), 127.3 (Bt 0-6), 126.0 (Bt C5), 121.1 (Bt 0-7), 116.0 (3C 3),
113.9 (1GvO)2013/@0B88. 9 (Bt C-4), 98.8 (©8#20), 80.0 (2CreY/EPEV2D6Y78C- 1),
55.3 (OCH3), 54.4 (0-2), 37.4 (G 3), 28.3 (2CG3). 254- Met hoxybenzyl
O-[(6-trifluoronethyl-1H benzotriazol -1-yloxy)nmethyll-N-(tert-

but oxycar bonyl )-D-tyrosinate. 1-5-3 150 ng (0,33 nmol) 3-5-2 were reacted

as descri beg RER ECQLGROW@WM‘—& agoNiHz): keipat)ri, @é@&! J-—wsqj H3Y gHate a8 73 (d,

repl aced by -tri ororretch 1H benzotri azol - 1- he reaction mxture

was direct ¥ aPp‘ﬁFl A SATURE Santh: i o Re2dEr é‘p‘%@éﬂzoﬁ*“’b Bt 4§8 (Rydted 30

(I solera ch)r 3. 98N0R=83 19z, P BEA2e N3, hgmn,@HlﬁMz) N-4exane, B@c n1 aexang /
et hyl acet 4'10CV, then isocratic 4 gi ve 221 . The
mat eri aP L RYEloPFRY| GHid OR? HB&S (DR néXGIOH’J’BP&ﬂ @"ﬁgg scle ] p tm. 2idui d

Handl er 21& C{Kﬁ@EWCH}}J\b Pet eabom, KM ¢ 8¢A01088- 103 - PCT/ EP2012/ 062786
2501; Chiral pak I C 5pm 250x30 g’m mxﬁg’ﬁgg%a h%nol 80:20; 40 mM/mn; RT;

221 mg / 3 m EtOH/ Dichlornmethan 1:1; 6 x 500 n; UV 210 nm. Two peaks,
13.1 - 14. 3oinmve ?GHQORMRM%%M\%{EPBI F;Ym 1758%051@“155121(2131) 4849 (B (48

229 %.puri t 4
M (22 9%0% BN 8 s e, 15 3B % KI5 700 (262 547 (C2), 374 (C-3)
10 28.3(2C-3), 14.7, 14.6 (cyclopropyl CH), 3.1, 3.0, 2.9, 2.7 (cyclopropy! CH,).

OH

po § 9
I
O

Dicyclopropylmethyl N-(tert-butoxycarbonyl)-L-tyrosinate. 3-2-7
15 In the same way as for 3-2-3, 2.5 g of 3-2-6 were reacted to give 1.53 g (77%) of slightly
impure 3-2-7.
450 mg were purified by preparative HPLC:
Dionex: Pump P 580, Gilson: Liquid Handler 215, Knauer: UV-Detector K-2501, Chiralpak
IC 5um 250x30 mm, hexane / ethanol 95:5, 40 ml/min, r.t., 450 mg / 3.0 ml ethanol, 8 x
20 0.35ml, UV 220 nm. 298 mg of 3-2-7 were obtained with 99.6% purity.

MS (ESI+): m/e = 773 (2M + Na+), 751 (2M + H+), 473,

MS (ESI-): m/e = 795 (2M + HCOO-), 749 (2M - H+), 420, (M + HCOO-).

25 'H NMR (CHLOROFORM-d ,400MHz); & (ppm) 7.04 (d, J=8.1 Hz, 2H, Ar-H), 6.72 (d,
J=8.3 Hz, 2H, Ar-H), 4.94 - 5.07 (m, 1H, NH), 4.46 - 4.60 (m, 1H, 2-H), 3.88 (t, J=8.3 Hz,
1H, OCH), 2.96 - 3.12 {m, 2H, 3-H2), 1.42 (s, 9H, Boc), 1.02 - 1.15 (m, 2H, cyclopropyl
CH), 0.52 - 0.64 (m, 2H, cyclopropyl CHy), 0.41 - 0.52 (m, 2H, cyclopropyl CH,), 0.26 -
0.41 (m, 4H, cyclopropyl CH,).
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5Bot h peaks had the sanme nass. The stereochem stry was putatively assigned
in conparison with 1-2-1 and 1-2-2. M5 (ESI+): me = 639 (M+ Na'), 617 (M
+ Fr), 56402M3#D@8 - C4H8), 121 (C8HI90+)85101H NMVR ( DI CRACORPRETZINNGGRSs d2

, 400MHz): 6 (ppm 8.13 (d, J=8.6 Hz, 1H, Bt 4-H), 759(dd J88 1.3 Hz,
1H, Bt 5-H) 07 (d, J=8
He, 21-1, A?C@M'gé‘gﬁéog@':%da%wz)—lﬁ (RPUWN(Q(@?,UJ@ @23%4? @Fﬂ @),
4-H, 6.01 13067(1&3:2}71122!71 3<§Eb42ﬂ)5 c1§ @9,8(4611% ﬂngc—izﬁsz;"@(@ éy'd)hdf @-é}ﬁ

(d, J=11.9 7

5.8 He, %4%@%'\27 %7 ‘?Mqopi 5") 332 1310 (%@2832173 OgC‘OBFOBy' 2)1H 3 H)
3.03 (dd J=13,9. 5.8 Hz 1H, 3H), 1.40 (s, 9H Boc). 19F NMR

(DI CHL THANE- d2 , 376MHz): 6 (ppm) -62,3. 20 13C NVR (101 M-z,

DI CHL THANE—d2) 6 PPm 171.6 (C 1), 159.9 (Mn C-5), 155.0 (br., 201),
154.6 (3C-4), 144.6 (Bt C.3a o\;s\s (3C-1), 131.0 (3C-2), 130.5 (Mn C3)
130.1 (g, 2,6=32.8 Hz, 128%H. (Bt C-7a), 127.5 (Mbn C-2), 123.7 (q,
LICF =272, 4 Hz CFY). (Bt C-4, Bt 0-5), 115.9 (3C-3) 113.8 (Mon G 4),

107.8(q, 3,de CHy Hz; Bt C7 99.0 (OCH20), 79.6 (2C-2) ,66.9 (Mun C 1)
, 55.2 (Mon W ~2 (G3), 2528.0 (2CG-3). HCCH3 H3C O F F
4 Met hoxybenzyl 8 [ (o-tril fl ororret hyl- 1H benzotri azol -1

-yl oxy) met hyl ] - N-(tertblﬁ oxycar bonyl)-L-tyrosi nate. 1-5-4 30The conpound
can be prepared in anal ogy 1-5-3 fromL-tyrosine. In the event it was

i sol at ed frmeyéibsrdyyﬁﬁ@m?t Nq&rﬁsuébx?cénbomﬁfcﬁ[(ﬁwewséuﬁén ifAgat i on had

occurred duri ng the s esis or stéreochemcaliy npure tyrosine had been
used. WO 2B1¥reNY8ed2-A04 - PCT/ EP2012/ 062786 NS (ES11: me = 639 (M+

Na4), 617
s )CHL (A}@Hd'&mﬂg%%f 25% (Sé M6 i) 3@4%8000 n’kg%o é%ﬂ%gf'%odﬁ;ﬂﬁ' oM and 17 |r%l M-

7.59 (d8, pimetgylformsmige qurpoomd [ q’f@ in an g b(aéh A syspeRsign 913822711’!987 gamraes. 6

Ef, H)2H Nb?o?aslé%m ?fzrﬂgutglgte %ao3m|l‘|ztetr%dr&rahbwa@ag§eé dres |§ |‘Z g gé;ish
J=11.6 Hz, SPltoR Oluquﬁior%dwﬂ(nd SUJIQQJ{V%S Pﬁdedlﬁhemntus_e WS asomd (Odcoru&@ 1

Hz, 1H, NH), 7 11
(dd., J_lsH)rt %ftéﬂagrdHfL@ﬂaSLndléatgd %mé)kme c%né'm')r%pt%n o ﬁ\% sté)’rlf'hg wﬁ@mhﬂsﬁ

9H, 10Bac) .2c¢igte NAR3dBREAD Eﬁd@erea‘lﬁsmdzqﬁ TEhe( b'ba@e W@z CGHCGBB&IGNINR

B e e e o S

(Mon' C- 3), Mspane athylzaﬁtﬁf@ 21'B3p1imnmave 16§09(L5§é/o zof @ER-4C-7a), 127.5 (Mon
C5), 123.7 (q, 1JCF =273.2 Hz, CF3) 121.2 (Bt c-4 Bt C-5), 115.9 (3C—3),
113.8 (Mbn c-g 107 8m(5q 3JcF.=4.8 Hz, Bt O- 77) éOCHZO) 79. EOC—Z),
66.9 (Mon MS(ESH5me F M@We*)H 5%4ids  €02) 598772 (T@r)3)63 Vo CHBBH74 0 +
Exanpl e 6 K*), 436 (M + H*), 380 (M + H* - C4Hy), 336 (M + H' - C4Hg - COy).
20
'H NMR (CHLOROFORM-d ,400MHz): & (ppm) 7.10 - 7.17 (m, 2H, Ar-H), 6.84 - 8.91 (m,
2H, Ar-H), 5.12 (s, 2H, OCH,S), 4.98 (d, J=7.8 Hz, 1H, NH), 4.50 - 4.62 (m, 1H, 2-H), 3.90
(t, J=8.3 Hz, 1H, OCH), 2.99 - 3.17 (m, 2H, 3-H,), 2.25 (s, 3H, S-CH,), 1.43 (s, 9H, Boc),
1.02 - 1.14 {m, 2H, cyclopropyl CH), 0.52 - 0.63 (m, 2H, cyclopropyl CH,), 0.42 - 0.53 (m,
25  2H, cyclopropyt CHy), 0.27 - 0.42 (m, 4H, cyclopropyl CHy).

*C NMR (CHLOROFORM-d ,101MHz): & (ppm) 171.5 (C-1), 156.1 (3C-4), 155.0 (2C-1),

130.6 (3C-2), 129.3 (3C-1), 115.9 (3C-3), 83.6 (1C-1), 79.7 (2C-2), 72.5 (OCH.S), 54.6

(C-2), 37.3 (C-3), 28.3 (2C-3), 14.6, 14.6 (cyclopropyl CH), 14.6 (SCH,), 3.1, 3,0, 2.9, 2.7
30  {cyclopropyl CH:).



5CH3 al pha- Met hyl benzyl N-(tert-butoxycarbonyl)-D-tyrosinate. 3-6-1 To 500
nmg (1,78 nmmol) Boc-D-Tyr-OH in 15 m N, N-di net hyl f ormam de were added 295, 4
ng (0, 91 woub)3/maessi um car bonat e and t he8fi-xt ure stirre®CatEP2012/065786 0,5 h.
328,9 ng (1,78 mml) 1-phenylethyl brom de were added and the m xture

stirred at r.t. over night. ]OO m xture was evaporated in the vacuum at
50C. The residue was di sggwet” i el acetate and water. The aqueous

phase was separated and Rt hyl acetate. The conbi ned extracts

were dried andoceyapor ate th nat 50 Cto yield 725 ng (106 cYO)
of 3-6-1 asH% 6;&Tof di ast er rs. ~WO 2013/ 001088- 106
- PCT/ EP2012A 06278 NMR ( 200MHz, OROFORMd): 6 (ppm 1.37 - 1.47 (m

oH), 1.51 (d, 1.5H),"1.5% (dl 1.5H), 3.02 - 3.13 (m 2H), 4.48 - 4.63 (m
1H), 484-505(m1H)5 -599(m1H),655666(m1H) 6.68 6.84
(m 2H), 7.00 1H), 29 - 7. cH3 a/ pha- Met hyl benzyl

N (tert- but%‘ﬁy‘éal@mﬂw'r?ﬂm Pc%ﬂi—hynwr*ﬁawy wynethpl Gglrtwbaltt@(ycaﬂmtwl)lo 101
mg (0,26 mMpliyreisiRate, #2ck 4, 05 mg (0,03 mmol) sodiumiodi de were dissol ved
in 2 m N, Ndinethyl formam de and cooled for 10 mnutes with ice. 0,30 m
(0,30 mml )’ p/ést%(%lstloanpft P9 _Bat(d:Bammol) GNvcleprapyimeiyir M terthmtamyearbarided and

the m xtsur q(rﬁéthylmfénwhetﬁg BlirosPaf3s-8la Q. §F)ﬂ Hmlﬁoni?élh%qm% Oled By

sul fide were ad and the m Xture stirred a h and at 66 C for

5 h. The m%ﬂdu?G@ Wﬁsﬁ@ﬁwea NAP’!'W%‘EW‘”@@@W&?@ Aﬁﬁ(tdr a@tueag yhick; tha reisiaram

chl ori de sqoldsdiRiedd tade @Qn@?éﬁﬂ@ﬁ‘@%?&qureTﬂ]PLCm %%a%sfoﬁhﬁtﬁﬁ%tfgg&ﬂ%?d (
SNAP 5g, n-hexane / ethyl acetate 8 to give 45 ny 3-6-2 as

m xture of HARTEV¥ARI's. The reaction was repeated vvlth 400 my of 3-6-1 to

give 350 np (469% #fg 33662mnddd l‘(gé%‘h’ldﬂ)ﬁ'l—ﬁl 4@@&1@' \(vMeFrs}wrecgg\?miﬁgii Q?M "'
H4) . lH- NIVR 400|VHZ LOROF 6H) ,

d)
(m 1H0 tgtgfabut;éarg@opths{n ygroxige f@‘thydg)uggulwlm 1rp§thar5)IB4After §09ryur( ﬁﬁ ampv-}nt

g ]2-2 (?ﬂ gh&m ﬁrag_ge fh%g@@%ﬁﬁ*&va%'&%r’efﬂiy%@a&%te&w vac: apn"ﬂa'xa 4030( 1‘I“he ?é‘&duezw
WO 2013/ oo%eiveié\vlce F*W*Elﬂmzfp%ewged e@ﬁ@)ra!egrﬁé- tslh!gﬁrd @m\r@yf\ yeiiow sold

(2425 1H- benzeggiiiaadobhish WaX¥adWwirblk furiNek gldfrcBtdoxycar bonyl ) -D-tyrosi nate.

3. The tetrabutylammonium 1H-benzotriazol-1-olate prepared above was dissolved in 5 ml
15 dichloromethane and molecular sieve (4 ) added. To this solution the chioromethy! ether
prepared under 1.) was added at ambient temperature and stirred over night.
The solution was directly chromatographed on a Biotage system {Flash40+M cartridge, 40
ml/min, n-hexane to n-hexane / ethyl acetate 1:4 in 20CV = 2640 ml) gave 71.5 mg (12%)
of 1-2-1.
20  The compound was further purified by preparative HPLC: Waters Autopurificationsystem:
Pump 254, Sample Manager 2767, CFO; DAD 2996, ELSD 2424, SQD 3001; XBrigde
C18 5um 150x19 mm; A = water + 0.1% formic acid; B = acetonitrile; 0-1 min 40% B, 1-8
min 40-100% B, 8-10 min 100% B; 25 mi/min; r.t; 71 mg / 2 ml dimethyl sulfoxide/
methanol 1:1; 2 x 1 ml, DAD scan range 210400 nm. Peak at 7.2 - 7.5 min was collected
25  to give 36 mg of the title material (purity: 95.0 % by DAD).
The acid soivent apparently caused some decomposition during evaporation. The
compound was repurified: Agilent; Prep 1200, 2xPrep Pump, DLA, MWD, Prep FC, ESA:
Corona; Chiralpak IC 5 pm 250x20 mm; hexane / ethanol 80:20; 20 ml/min; r.t.; 36 mg /
1.5 ml ethanol/methanol 1:1; 2 x 0.75 ml; UV 254 nm. The peak at 10.6 ~ 12.6 min was
30  collected to give 22 mg of the title material (purity: 99.7 % by UV).



120 nmg (0,27 nmmol) 3-6-2 were reacted as described for 1-2-1. The reaction
m xture was 5 directly applied to |solute and chromat ographed on a Bi otage
syst em (Iwol2et3z00Fs8r, SNAP 10 g, n-hexané7t-o n- hexane / PeTHRpPR01aMer786 € 1: 4)
to give 55 ng (34,5 %9 1-6 as mixture of diastereoners. M5 (ES4): me =

00 96 -
533 6471 (2g/| M%NN@?O #E!@%%'&E% ANEﬂsz@Mﬁzh%@p@)sﬁéf "8 O:iz,(nc AH) zmawﬂs

EH832-H§s 0, RH)3F24 QEHRG, 7 OgHYH) A191 7285 r991+_@LW157 Oh"éd NEB 7 H, §ﬂ+) 6613 2(4”1 s

1.53 d
T 50§§&N%§§é4%§?6ﬁm N £ 35 e Kb 2o S S b e
1551, 155. 10CBG-2495 - 355. (&, CRC3L),), 143 égﬁBttB@; 3ap, - 149, é’% 2I1|4@H603§c10P2§§3ﬁ6’)) L

131. 4, 431 303y T 15d 8 at
met a) | @44 §§%éf”( o 8&&73’0?01)2%33& @é@ 8.4 (m, Cd;'zfzéoqroen ‘ort ho), 124 7
(Bt 0-5 ® 0. 1, 120.1 (Bt 0-4), 116 1, 116.0 (3C-3), 109.1, 20109.0 (Bt

C7 9901 0 0- 737 737 54.6, 54,3 (0-2),
37. )7 37.3( WR (%’-‘é%ﬁ’%ﬂ'% T5MHE)( § g‘Eﬂa{ﬁp1)e1er2(§2¢t§¢; t§§439 :
5al pha, al phachiymeadyl(Benay|13hte( @er-1). hot omeag)b@,@w)(s% 1Yy, a9BBalERC- 6§ Y2416 TO

511, 3 ny ( i chl oronnet hane were

1020, 0 ny (%%5%?)9 é?éﬁgrﬂ%l s(gér‘%:)py@?ﬁ)?%tﬁGrg%éép&ﬁ@ét%*‘ifﬂ@rﬂaﬁgér(aﬁ
Lett. 1893,2)344. 73@32)321?3\(/@32%11 Q48 7014@6)14|6n(c§¢9d;5ﬂopﬂ>’@ﬂ-|})hﬁe£a@¢ oAf ey
stirring fg éo tg&w m xture was concentrated and separ at ed

chr omat ogr EH ORPBYI-M3_ hexane to n-hexane / ethyl 10acetate 2: 3) to give
772 mg (106 %9 3-7-1, M5 (ES'): nite = 400,54 (MFr). 1H NWVR
(300MHz, CHLOROFORMtd): 6 (ppm) 7.28 - 7.34 (m 5H), 7.04 (d, 2H), 6.75 (d,
152H), 4.85- 4.97 (m 1H), 4.42 - 4 55 (m 1H), 2.92 - 3,05 (m 2H), 1.70
(s, 3H), 1.60 (s, 3H), 1. B -NWO 2013/001088- 109

- PCT/ EP2012/ 062786 H3C I pha al fhaii net hyl benzyl

N-(tert-but ox%rbé}nyl rret hyI S nyl)nmethyl)] -D-tyrosinate. 3-7-2 A

sol ution ofH.¢ (3407 47 ng (0.32 nmol ) sodiumiodide and
7 m N N ,IJ ed to OCin an ice bath. A suspension
of 388 ngy (? 46 m"mll) pat as |umtert butylate in 3 m tetrahydrofuran was

added. 293 pl (3,54 mol9 chhoro dinmethyl sulfide were added. The mixture
was allowed to cone to r. t. nd stirred for 3 h. ethyl acetate was added.

The M X5Ur @ivgsloEpyREEBY DLl TH-BEhRtriasyl- 1$ﬂ9kﬁméih§n?w—@é‘rt &ké;\:QHJIong, 3' ed

and concentiat ed,in the vacuum Chr omat ography over gel
10( n- hexané"tYosiNsdn&2/ ethyl acetate 2:3) gave 139 (8% of 3-7-2 and

(Zgﬁ/l TgNl(_lzll4;%§1e%bﬁfpbhﬁkﬂcéFﬁb@bte%bred\(§ ah&ib8y to 10281 frofh B2 elln(tMe fadtiBdds isBRRq7 L
from a preparation of 1-2-1, where a stereochemically impure tyrosine derivative had been

inadvertedly used as starting material.

20 307 mg of a mixture were purified by preparative HPLC: Dionex: Pump P 580, Gilson:
Liquid Handler 215, Knauer: UV-Detector K-2501; Chiralpak 1C 5 ym 250x30 mm: hexane
/ ethanol 80:20; 30 mi/min; r.t.; 307 mg / 1.5 ml ethanol; 6 x 0.25 ml: UV 254 nm. The
peak at 15.7 to 17.5 min was collected to give 128 mg of 1-2-1 with 98% purity. The peak
at 20.0 to 21.3 min was collected to give 30 mg of 1-2-2 with 98% purity.

25 MS (ESI'): mfe = 524 (M + H*).

'H NMR (DICHLOROMETHANE-d, ,300MHz}): & (ppm) 7.97 (dt, J=7.5, 0.9 Hz, 1H, Bt-H),
7.31-7.47 (m, 2H, Bt-H), 7.24 (d, J=8.7 Hz, 2H, Ar-H), 7.21 (d, J=7.5 Hz, 1H, Bt-H), 7.08
(d, J=8.7 Hz, 2H, Ar-H), 6.03 (s, 2H, OCH.0), 5.06 (d, J=7.5 Hz, 1H, NH), 4.53 {dt, J=7.5,

30 5.8 Hz, 1H, 2-H), 3.90 (t, J=8.5 Hz, 1H, CHO), 3.17 (dd, J=13.8, 5.8 Hz, 1H, 3-H), 3.06
(dd, J=13.8, 5.7 Hz, 1H, 3-H), 1.41 (s, 9H, Boc}), 1.04 - 1.18 (m, 2H, cyclopropyl CH), 0.42
- 0.65 {m, 4H, cyclopropyl CHy), 0.30 - 0.41 (m, 4H, cyclopropyl CH,).



151H NWVR (300MHz, CHLOROFORMd): 6 (ppm) 7.30 - 7.37 (m 5H), 7.11 (d, 2H),
6.88 (d, 2H), 5.13 (s, 2H), 4.49 (d, 1H, 2.98 - 3.12 (m 2H), 2.26 (s,
3H), 1.76wOrep133i80ss1l. 73 (m 3H), 1.42 (s889H). H C CH3 FBUEP2RQHRCSCH3

a/ pha, a/ pha- D net hyl benzyl 0O-[(1 H be

nzotriazol - 1-yl oxy)methyl ] -N-(tert-butoxycarbonyl) -Dtyrosinate. 1-7

120 ng (0,26 mmol) 3-7-2 were reacted as described for 1-2-1. The reaction
m xt ure Yvas’?’cdmmm (DYCRPPROKMETHANBSE) isRi-a)ds qmrﬁmrpgr@n?eﬁ%sm (2cBh, ?1?933
system (I sa 0 xan et hy cetate
173 o g veeHl [ B et 4dons PRSI A VES BTG (B PG et
2013/ omosastﬂ:m 4 PET/(BP204)21 068 786-3), 104MR Bmuqmmmo Wﬂcﬂ? 7epm

- 1 06 (d ﬁz
503 12 ot TN Bhy (Cazbéﬁ%@is%m%‘&@émzmm(s (oxionronylgaHy a0 217, Ay
3.15 (dd, JYejdoopy6Chz, 1H, 3-H), 3.04 (dd, J=13.9, 6.0 Hz, 1H), 3-H,
1.78 (s, 3H, CH3), 1.75 (s, 3H, CH3), 1.42 (s, 9H Boc). 5 13C NMR

(CHLOROFORM ¢!, 75MHz): 6 (ppm) 170.4 (C-1), 155.2 (3C-4), 155.1 (2C 1),
144.9 (Cu ipso), 143.5 (B -3m) 31N (3C- 1), 131.0 (3C-2), 128.8 (Bt
C-7a), 128.3 (Cu rreta) c¥6) 'N127.3 (Cu para), 124.7 (Bt C5),
124. 4 (Cu orth%RJ 20. 4), 1¥6=0 (3C-3), 109.0 (Bt C-7), 99.0
(OCHZO) 834%&3 i ;79.9 (2GR) ,

3 (0-2), 37.6 (G 103), 28.8 (Cu
28. 3 %}’% : anple 8 }\ CH3 CH, O0OCH3
1- 8 WD 20137001088- Hlll -PAT/ E 2@12/ 062786 tert-Butyl
N-trityl-D-tyrosinate. §8- Thi s gonpound was synt hesi zed as descri bed
(Journal of Labelled Conpounds and Radi opharnmaceuticals 2004; 47, 477-483)
usi ng D- Tymieydiepropylmethyl O-{(6-nitro-1H-benzotriazol-1-yloxy)methyl]-N-(tert-butoxy

10 carbonyl)-D-tyrosinate. 1-2-3

In the same way as described for 1-2-1, 150 mg (0.30 mmol) 3-2-4 in 2.5 ml
dichloromethane were reacted to give after chromatography (Biotage system SNAP 25
cartridge, 25 ml/min, n-hexane to n-hexane / ethyl acetate 6:4 in 10CV, then isocratic 4
CV) 74 mg (43%) of 1-2-3, which was further purified by preparative HPLC: (Dionex:

156 Pump P 580, Gilson: Liquid Handler 215, Knauer: UV-Detector K-2501; Chiralpak IC 5um
250x20 mm; Hexane / Ethanol 50:50; 30 ml/min; RT; 74mg / 2.0 ml EtOH; 2 x 1.0 ml: UV
210 nmy). The fraction eluting at 10.6 — 11.8 min were collected to give 45 mg (26%) of
1-2-3 with a purity of 99.5 %.

20 MS (ESI'): mle = 662 (M + C;Hy;™), 590 (M + Na*), 568 (M + H*), 512 (M + H* -C,Hq), 468
(M + H* - CO, - C4Hg).

'H NMR (DICHLOROMETHANE-d, ,500MHz): & (ppm) 8.25 (dd, J=9.1, 1.3 Hz, 1H, Bt H-
5), 8.18 (d, J=9.1 Hz, 1H, Bt H-4), 8.19 (d, J=1.3 Hz, 1H, Bt H-7), 7.31 (d, J=8.2 Hz, 2H,

25 Ar-H), 7.11(d, J=8.2 Hz, 2H, Ar-H), 6.14 (s, 2H, OCH,0), 5.12 (d, J=7.6 Hz, 1H, NH), 4.57
{dt, J=7.6, 5.4 Hz, 1H, 2-H), 3.95 {t, J=8.2 Hz, 1H, OCH), 3.24 (dd, J=13.9, 5.4 Hz, 1H, 3-
H), 3.14 (dd, J=13.9, 5.4 Hz, 1H, 3-H), 1.46 (s, 9H, Boc), 1.10 - 1.21 (m, 2H, cyclopropyl
CH}, 0.47 - 0.67 (m, 4H, cyclopropyl CH,), 0.35 - 0.45 (m, 4H, cyclopropyt CH,).

30 °C NMR (DICHLOROMETHANE-d, ,126MHz): 5 (ppm) 171.3 (C-1), 154.9 (2C-1), 154.6
(3C-4), 147 .4 (Bt C-6), 145.4 (Bt C-3a), 132.3 (3C-1), 131.3 (3C-2), 128.2 (Bt C-7a), 121.2



5 M5 (ES): mie = 243,47 (Ph3C+). MS (ES-): mie = 524,66 (M HO00-), 957,71
(2M - H+). 101H NMR (DMSO-d6 , 300MHz): 6 (ppm) 9.16 (s, 1H, OH), 7.29 -
7.37 (m SODP13/0P1B8 - 7. 27 (m 6H), 7.1089-7.18 (m 3H) PCE/EP30100627368. 3 Hz,
2H),660dJ85Hz ,309-321(m1H2 ., 2.64 (d, J92Hz

lHNH) ( 7.7 _Hz, 1H, 3- 2.36 dJ13,60Hz

. 01 ( ?S %H”%?ég %ﬁsiéégr\(lﬁﬁf?()lb% Bt C@%L@é@i@ﬁw %0 (Ho) 719753 9
(c- 1), 154 @C(BG47 (C- 24@742 (), Qe )20-31;3ﬂ4@ 163312)-2), 32)928'(2 816-3)3/4)128 9 (Ti
C-3), 127.8 (Tr CG4), 126.4 (Tr C 114.9 (3C 3), 80.5 (1 71.2 (Tr
C1), 58.2 (CG2); 41.3 (C—3) 27. 9 (1C—2) 20 S, CH3 tert- Butyl

O- Rret hyl sul fa nyl)nmethylj-N-trityl-D-tyros i nate. 3-8-2 A solution of
1,20 9 (2,50 nmol) 3-8-1, 39 m (Q 26 Mol ) sodiumiodide and 5,5 m N N
di et hyl f or mam de was cop¥eg-t10 in an ice bath. A suspension of 365 ng
(3,25 mol ) potassiumte putyl ate in 3 m tetrahydrofuran was added.
After 10 mn 288, p@(2,89 28mvol) chioro dinethyl sulfide were added. The

m xture was' owel| toicorg to/rnt. and WD 2013/001088-

112PCT/ EP20H:27 06Q2786N'St | for 20 h. Ethyl acetate was added. The m xture
was extracted with wat erg drjed and concentrated in the vacuum This gave
1,46 g 92% of 3-8-2 with 3% purity. M (ES) me = 243,47 (Ph3C+),
540,66 (M + H+). 1H NMR ( CHLOROFORM d , 400 P 7.41 - 7.48 (m 6
H, 7.18 - Dicydoprapylmethyl A-(fert-butpxygarbrpyl: #fluogosfs d)-D3wesinatp. 2-2-11) |
5.13 (s, ZA'édéQQTMm tﬁeﬁ?efaréiloﬁ%f(Zm 11236 mé'(o%)f:mr%oﬁ‘%ig%eréjréa%té&! to%\% Hz,
1 H 3-H), 76 (dd, J=13

NH), 2.24 (?§ Mg i raw@raguct, whigh ‘ﬁ%?rplergled@ymfeptami)veHﬁ@NwR (CHLCRCFCRMd 75

2/'?:'? 2)3 6 ( F!Jﬂ@i)exlﬁamﬁ K @8@-)61[5&5% uzé %héi}ar Zﬂéﬁ(r%uéfr 'U\ﬁngctoW(l%bﬂéﬁra%ak 3)

¢ c-z 128 8&9_{ , @g
80. 4 (18- Py, he?@“?/ (e’fhan@ %5 mtfm(rmIZ) Qnge/ mly)thanzfz 1Qx

(1C2), 14 CﬁB ﬁﬁcﬂrﬁ)z;zo nin€ MtireBbeakl at 7.7 — 8.2 min was collected to give 85 m%£33%) 2-2-1
04( 1H benzotri azol - | oxy) met hyl]-N-trityl-D-tyrosinate. (0, 45

mol ) 3- 8- VRS ("e‘% Yed as described for 1-2-1. The reactlon mxture was
20directly appl i ed to I'sol ute and chromat ographed on a Bi ot age system

(I'sol era Faqur,
H NMR (CHLOROFORM d ,400MHz). & (ppm) 7.16 (d, J=8.5 Hz, 2H, Ar-H), 6.99 (d,

16 J=8.5 Hz, 2H, Ar-H), 5.68 (d, 2Jy=54.7 Hz, 2H, OCH,F), 4.98 (d, J=7.8 Hz, 1H, NH), 4.50
- 4.62 (m, 1H, 2-H), 3.89 (t, J=8.5 Hz, 2H, CHO)}, 3.13 (dd, J=14.1, 6.0 Hz, 1H, 3-H), 3.05
(dd, =13.8, 5.5 Hz, 1H, 3-H), 1.42 (s, 9H, Boc), 0.99 - 1.16 (m, 2H, Cyclopropyl CH), 0.52
- 0.63 (m, 2H, cyclopropyt CH,), 0.41 - 0.52 (m, 2H, cyclopropyl CH,), 0.27 - 0.40 (m, 4H,
cyclopropy! CHa).

20
"C NMR (101 MHz, CHLOROFORM-d)): & ppm 171.5 (C-1) 155.8 (d, *Jer=3,1 Hz, 3C-4)
155.0 (2C-1) 131.31(3C-1) 130.8 (3C-2) 116.6 (3C-3) 100.8 (d, "Jcr=218.5 Hz, OCH,F)
83.7 (1C-1) 79.76 (2C-2) 54.56 (C-2) 37.41 (C-3) 28.31 (2C-3) 14.66, 14.62 (cyclopropyl
CH) 3.13, 2.96, 2.92, 2.71 {cyclopropyl CH,).

25

o O O
H:C>]\O/U\E o)
o!

Dicyclopropylmethyl N-(tert-butoxycarbonyl)-O-(fluoromethyl)-L-tyrosinate. 2-2-2



25 g, n-hexane to n-hexane / ethyl acetate 1:4) to give 65 ng (23,3 % 1-8.
Wat ers Autopurificationsystem Punp 254, Sanple Manager 2767, CFO, DAD
2996, EL3D0242001@QD 3001, Luna C18(2) 590m 150x21.2 nmPCAVER241al06278¢- 0. 1%
formc acid, B = acetonitrile, 0-1 mn 70%B, 1-12 mn 70-100% B, 25

nnl / mn, a% 1 m dinpethyl 25 squomde/rrethanoI 1:1, 1 x1m,
DAD scan r ﬁgesﬂ‘éngﬁbthﬁrﬂreﬁ\?éatﬁg‘qu 24} 250 519N 67ampe!) Fed7 1006 regoted [ Gire

The peak at24Bm8 of rahBprddidt WSS was bﬁﬁéﬂ% &b HE LoD (3,99 of 1-8 with

rEpdt
97.4 % PhaCH) 627, 63 (M + Hr WO
2013/ oogggg&%ﬁ’g@ g’ﬁ@rﬁ%%z@f@ﬁohzv@d*and‘%@ﬁ% L@R@%&W;tor Fhirglpgibpm)

7.99 (d, J98 & bm 2$bk3oBtmrhl) hekadd /( Qahada79é5HZ40 SHthmirr TH) 2421 %% 7 17836111 (m
2H, Bt-H), 7.21 -H),

(d, J=8% @ha%meZtP“Pb 63(’5?]6“"6 I‘é_%%?ﬁ;nnmhec&aab@)at 83 ‘522(’%3@ W@rewoﬁ_ectgﬂs
He M 2- Hpgie g bk dorbi2 din Sed vhBurihH 3-H), 2.82 (dd J=13.9, 5.8 He,
1H, 53-H), 2.62 (br. s, 1H NH), 1.11 (s, tBu-1-1). 13C NMR

(DI CHLOROVETHANE- d2 , 151MHz): 6 = 173 6 (c- 1) 155.5 (3C-4), 146.8 (Tr

G 2), 143. 9% RMAXIHA30-d} 36MHAD g,%pm L8408 ((8G: 25,1189, 2 (T1 C3), 1291
(Bt C-7a), 128.6 (Bt C-6), 128.2 (Ti C5), 125.0 (Bt 0-5),
120.2 (Bt 0-4), 116.1 (30-3), 109.5 10(Bt c-7) 99 7 (OCH20), 80.8 (1C 1),

71.7 (o C—1H)NMRB(W$@1@)3004\JM) 6%&}1) 7&8 (@, ({gél%% ZHBQM-r Belbxld J-85 Hz
- 8- 0

O- (fl uorone yl) D-tyrosi

3-8-1in 4 'N-Né%ré‘ﬁ h;HFf (§’r4n?h‘ﬁ?d?é‘? éb%h*fébi $.8754¢ 281 é"%&k&‘éeﬁ é% t7JTﬁg1H@ 42

oL ) SO ROk desl G0 M uie e a8 16y 180 ARty A A

NN di et hy (P Wh& e ggﬁ@dz"irﬁér"‘?ﬁ@% Gl P 99515 5% oy %rcyqomoa!f Ghlo C

and 2 h at r.t.. The m xture was partitioned between dichl oronet hane and
racted with 20dichl oronet hane, the conbi ned

ocgan: d5 Bﬁéﬁ@&%’ﬁé@gﬁ RSP oD Dhaplst-4k 4574001401 5513 2@91)(96%8 o

V6 (E9 143”6’21%029%042) (R6ags-ion o@ IO N (3T6CHE) o w}?eow °,.
(3',0 J=7.2 5%% 87?? ?.%1%2% %ﬁ@ i%%? ?580 C@H’OP@EB’ @H-)lz 52‘D gQZ@d
1, 6=55.0 Hz(cydlzlﬁ}opyBCH{Z) -3.55 (m 1H, 2-H), 2.85 (dd, J=13.9, 6 4 He,
3 H), 2.78 (dd, J=13.6, 5.8 Hz, 1H, 3-H), 2.52 - 2.64 (m 1H, NH), 301 07
(s, 911, tBu). WD 2013/001088- 114PCT/EP2012/ 062786

20

1.3 Example 3



4), 126.4 (Tr G5), 116.4 (3C-3), 101.0 (d, 1,6=218.9 Hz, OCH2F), 80.6
(1G¢1), 71.3 (Tr CG1), 58.0 (CG2), 41.3 (C3), 36.5 (s, 1 O, 29.8 (s, 1
O, 27.9 WoQem)001883 CH 5, OCH3 - tert-B&tyl O0-(fl uor omeChyEPReIR06YBOSI Nat e.
2-8-2 To a solution of 80 ng (0,16 mol) 2-8-1in 0,8 m acetic acid were
added 0,2 ml water and the sol utlon stlr g for 2 hat r.t.. Water was
added and the precipitate vvasrqu sThe f||trate(@ﬂ8ﬁtral i zed

wi th sodi um hydrogen- car bonat e utlcon 8 extracted wit et hyl acetate.
The conbi ned organi ¢, dsds vere dried over sod4 fate and the sol vent

evaporated to gl ve 3@: %\@\iﬁ@/ﬂmq ent: ¥ Qe\f B &,
DLA, MAD, Pred! FO—XBri gde 1845 50x19 4+ A = wat 8 0,

= methanol, 0-1 mn 10%B, 1-8 nin [0-80%B, 8-8.1 mn 80-100% B 8110
mn 100%B 25 mM/mn, r.t. ﬁggg P~y M di net hyl sul f oxi, de/ nethanol
151:1, 1 x 1 m, W 219 nm T eak at 5 - 1.33 nin was collecteél to give
17 mg (36% of 2 8-2 with 99,3 %purity. M5 (ES+): nmle = 214,42 (M+ H -
C4H8), 270,51 (M + H+), 539,62 (2M + 1-1+). 2019F NWR (376 MHz,

CHLOROFORM: d) : 6 (pprr) 82964, J=53:9 Hz). 1H NMR ( GHLQROFGRM d

, 4A00MHz) : 6( J=8.5 Hz, 2H] Ar-H), 6.9 . 7J=8.5 |Hz, 2H,
Ar-H), 5. 61H¢ ﬁ‘;F £54.7 He, 24, 3. 50] (ddgy J57. 54 Hz, 1H,| 2-H), 2.92
(dd J=13. aw 02,74 (dd["gsl3. B, 7.5 Hz, 1H, 3-|H), 1.65
(br. s, 2H 'NH), 251 H, tBu-1-1}#c130 1 " CHL|OROFORM d) 6
(ppn) 174.25 (C-1) 155.%67 ({3 0-4) I55.64 (20- 1) 1 -10)| 130.60 (3
C-2) 116.70 (d, 4JcP#3% 3 He, .3 C3),100{88 (d, 1JcF=218.19 Hz, QCH20) 81.21
(1c-1) 56.32 (0-2) 40.32 (0-3} 28.02 (16 2). 30 1.9 Exarpte 9 —5

4- Met hoxybenzyl N-trityl-D-tyrosinate. 3-9-1
O N
NN
; Q_@
N CH,

H

0" o
Hc/i\CH -3 Oy
T CH, 3

] O CH
Jona™
CH. © . 0] CH,

2,4-Dimethoxybenzyl N,O-bis(tert-butoxycarbonyl)-D-tyrosinate . 3-3-1
50 g (13.1 mmol} 3-2-1 and 160 mg (1,31 mmol) 4-(dimethylamino)pyridine were
dissolved in 30 ml dichloromethane (previously dried over 4 molecular sieve). 2,87 g
10 {(17.0 mmol) 2,4-Dimethoxybenzyl alcohol and 3.27 g (17.0 mmol) N-ethyl-N-3-
dimethylaminopropy! carbodiimide hydrochloride were added and the mixture stirred at
ambient temperature over night. Ethyl acetate was added and the insolubles were filtered
off. The filtrate was concentrated i. vac.. Column chromatography over 500 g silica gel
with stepwise gradient (1L hexane, hexane/ethyl acetate 9:1, hexane/ethyl acetate 8:2,



265 mg (0,53 mmol ) N-trityl-D-tyrosine (Liebigs Ann. Chem 1988, 1083-1084)
were dissolved in 4,4 mM N Ndinethylformam de. 89 ng (0,27 mmol ) cesium
car bonat eveers/mised and the m xture sti-PRed for 30 m nPCIEP20Q/060864 nmol )
4- met hoxybenzyl brom de were added and the m xture stirred for 16 h.
Further 54 0, 27, mml ) _4- et hoxybenzyl 10 brom de were added and the

m xture st ihrrg‘@ée/ﬁ%yh@)ce@t)? Jf3v$eﬁ?‘“ef‘{¥¥8yfrﬁcﬁﬁﬁ E4nasPartivelve gave 215 (B o) o8t at e
and extract®d. (ehialeVbRIreadidfs g%emu%m%&%)\_/vas neutralized with acetic
acid to pH5 and extracted with ethyl acetate. The organic sol utions were
conbi ned, dried over sodiumsulfate and concentrated. The residue was
purified bymshESIphogEaRigyMOVEF +18H)I582 (N c;aa?,eﬂm Ciin bgxane/ ethyl acetate
100- 80/.20 - 60/40 to give 215 ny (67% 3-9-1. 15 A previous preparation
usi ng 260 ng N-trityi-D-tyrosine gave 83 ng (34% 3-9-1. M5 (ESI+): me =
544, 33 (M ¥HWWR (OMRCIIABORMMOSROMHES: 5 FP1913/ 20217 B M5 éﬁ@;ﬂ-)ibmﬁ =

588,18 (M HCDO). 1H 400MHz, Md: 6 7.40 - 7.4
ony 55 T, 4Hn Dgpte. Bt HABR SRR oy ImesH g GLBA). (IS k=6l b,
6. 73 (m 2HH, DWOB-()06.0794, J=4H)1, HA. 4R Dinéb ng) 4.95‘&d,2ﬁ8(ﬂﬁz,11|2?9,é|\:9%- &.154(1-54:.643H) ,

3.51 - 3.6 . .2.94 (d , 2.84 (dd, 1H), 2.59 - 2. (m :
13C NMVR ( 13&1(\/@'; Jf@!ﬂéiéﬁ% g&'z 65‘)0(%?;) 318%454?’“:%@?@'\/@5&-,0@; 3114%(.”9,2FhH)3’®': 9,
127.9, 1928.183), 12% @, o’ 2Bup,1.4130; 64, tIRG, 3, 113.7, 115.0, 71.0, 66.1, 58.3,
55.3,41.4.. 4-Methoxybenzyl O-[(nethyls u Ifanyl)Dtyrosi nate. 3-9-2 298
ng (0,55 mmol ) 4- Met hoxybenzyl N-trityl-D-tyrosinate 3-9-1 were dissol ved
i3d485 md tT‘EC Wﬂi(mmﬂcpmmfﬁi dﬂ)wg&zz Bgzﬁria)hgf\?gdé:imelﬁhwmmﬁtﬁ @gﬁtﬁtg\.r’]ﬂelre
added an e ure stirred for : : mol ) chi oro di net hy
Su T de wer BTy o ehe ot S8 B et AR fad Pusbrar 28 R 6.2
grml %} chlzgmczochi (&1-3)(!123.:2 c‘a'cﬁs), wee.g_ (m@let hdi'@’“df?'hﬁ‘m%?% éas.tej oesl 3-8y, 83 5.
urt her or j e sul fide an cesium

car bondfe \@g@g %déeaggﬁabfzﬁeé% EQFE]P & & I‘%ISTSG(QHT%Q% I8:5 @f@%‘%@u%%ﬁs@zo
concent r at ext,5 @-8yped (8Ctd), Bt hybBascet:mnt e and extracted with water. The
organi ¢ solutions were washed with saturated sodi um chl ori de sol ution,

dried over sodiumsulfate and concentrated to give 335 ng. M5 (ESlIi): nme =
604,23 (M+ H). 25 M5 (ESI-): me = 648,00 (M HO00). 11-1-NWVR (300MHz,

CHLOROFORM-d) -~ 6 (ppm) 7.38 - .7.50 (m 6H), 7.12 - 7.26 (m 9H, 7.06 (d,
2H), 6.94 (d, 2H), 6.77 8 (m 4H), 5.12 (s, 2H), 4.41 (d, 1H), 4.20
(d, 1H), 303.78 - 3.83 H) , 3.5% - '3.61 (m 1H), 2.86 (dd, 1 H, 2.76
(dd. 1 H, () 1H, 2723 FqHp 3H). WO 2013/ 001088-

2.
117PCT/ EP20%91062

6 : 0
H,c” SO N/\H/
H 1
0 0

20  2,4-Dimethoxybenzyl N-(tert-butoxycarbonyl}-D-tyrosinate. 3-3-2

~

CH

3

2.10 g (3,95 mmol) 3-3-1 was dissolved in 40 mi dichloromethane (dried over 4
molecular sieve) and 40 ml piperidine added. The mixture was stirred at r.t. for 2 h, after
which HPLC/MS over 80% conversion. The reaction mixture was partitioned between
ethyl acetate and water, The organic phase was separated and dried over sodium sulfate.

25  The residue obtained upon evaporation i. vac. (3.8g) was purified by chromatography on a
Biotage system (Flash 40+M, n-hexane to ethy! acetate in 15CV =1980 mi) to give 1.10 g
(64.5%) 3-3-2.

'H NMR (400 MHz, DICHLOROMETHANE-d,): & (ppm) 7.19 (d, J = 7.8 Hz, 1H, DMB 6-
30 H), 6.92 (m, d, J = 8.6 Hz, 2H, Ar-H), 6.68 (d, J = 8.1 Hz, 2H, Ar-H), 6.43 - 6.51 (m, 2H,
DMB 3-H, 5-H), 5.14 (d, J = 11.9 Hz, 1H, DMB 1-H), 5.00 (d, J = 8.3 Hz, 1H, NH), 5.05 (d,



4- Met hoxybenzyl O-[(1H benzotriazol-1-yloxy)nmethyl]-Ntrityl-Dtyrosinate.
1-9 5 160 ng (0,27 mmoi) 3-9-2 were reacted as described for 1-2-1. The
reacti on woxpiwmiosas directly applied te98sol ute and chrorErograpited on a
Bi ot age system (Isol era Four, SNAP 10 g, n-hexane to n-hexane / ethyl
acetate 4:1) to give 73 &E%ﬁo %9 1-9. The material was further_/%urlfled by
HPLC (Wat ers™ Alifdiur'Hs PME 1 6hs 41 eﬁ154li(>ﬁ"rr6H2%Jﬂ) S8A T SHVRNEEMe) 7651 (sCBid),
DAD 2996, b3 M2 8503 3004 z#@rm)geigg@?gmm 0 100x30 mm A = water +
0.1%formc acid, B = acetonitril 0-1 mn 50%B, 1-8 mn 50- 100% B, 50
m/mn, r.t., 69 ng /2.1 nil dlrrethyl squomde/rrethanoI 1:1, 3 x 0.7 m,
DAD scan r&f’tgwl\m@mqﬁﬂn-ﬁﬁbicbﬁ_@ﬁbm#ﬂwa dﬁcéfopﬁrﬁﬁgl%b%t 49%1.%*(@%5[3559) -
The peak at 7. was | ected to g of 1-9 wth '>99
%purity. 1508 @éﬁ*@yfﬁ &?%143@'@1 BE- 1 GG tESDMB@dé BUBECS). (1RT-8 (3©00) .

%H4ZIN(Rd( Cl;gmm:de @Q@Ws)z (35: é)pnml 17(95?/% (:Ch) d58. iél\/ﬁézc -43Hg, @T(zd 21 6]2)6

e
2-H Bt H 4PHEsS-1), %’%(QMB 530Meh5ﬁz4(0241$31@me)25é+)7 (Ce2)997.2 ¢C- 335@53)21@23) OH,
Ar 3-H), 6.78 (d, J=8.7 Hz, 2H, MNbn 3-H), 6.01 (br. s, 2H OCH20), 4.46 (d,
J=12.1 Hz, 1H, Mon 1-1-1), 4.26 (d J=11.9 Hz, 1H, Mn 1-H), 3.75 (s, 3H,

Mon OVB), 3.55 - 365(m 1H, 2-H), 2.95 (s, 2H), 2513C NVR ( CHLOROFORM d
,101MHZ): 6 (ppm) 174. -1 0\65@\6 (Mon C-5), 155.1 (3C 4), 145.9 (Tr
C-2), 143.5 (Bt C 3a) 1)CH;131. 4 (30-2), 130.2 (Mon C-3), 128.8

(Tr C3), 128. éH C . 0C-7a), 127.9 (Tr C-4), 127.5 (Mn C-2),
126.5 (Ti GiB .7 4Bt C-5 0.GCBt C4). 115.9 (3C.3), 113.8 (Mon
C 4), 109 éﬂ(f , 71.2 (Tr C-1), 66,3 (Mon C-1), 58.1
(C2), Non” OVEY , 4lL. 4 (C-B). WD 2013/001088- 118 - PCT/ EP2012/ 062786
1.10 Exarrpl e 10 5 CH H, & H3CNCI O+, Cycl opr opyl et hyl

N- (t er fillbut oxycar bony1) - 0- [ (121- 13Fnet hyl sul f anyl ) 12H21net hyl ]

-D-tyrosi nQLABDwﬁetl:u&xﬂlbéhmMﬁét@ﬂutﬁxy&a%y?&)ﬁ&.ﬂﬁﬁbh]f&ﬁﬁem@q di ssol ved

in 10 nm C'_ﬁ]id i et hy% %ulfom de and 10 5

et hyl - di i soBFERF NG, 7&3added. The nmixture was heated to 45 C under Ar gon
at nospher e 1angl (2.586 reagl 3-02 wéraltasdedys askibb®fraia-a, éﬁromatdbré)& rsm%e) raw
tert-butyl bron de. at this tenperature for 72 t hen

Tl Loras) ] B 2bibtagE Sy PR R, G e siae et e Al REXAT e 1B

sat. sagi umsbycr1ege i Fgdveormatng (3899 ABgRRi ¢ phase was evaporated and the
resi due chronat ographed on a B| ot age system 15 (Flash4O+M cartridge, 40

m /mn, 3CV dichl oromet hane, dichl oromet hane to di chl or onmet hane/ net hanol

4:1 in 1200(48{1@5 m/el9804 i)+ gAY e30d, (@%I-Q RGEl punther purified on an
Aut opurification System (Waters: 2525 Bi 1r?:!t)l:])y G(gg}?gntw)wbdul e, Detector: M

M cromass ZQ UV Photo Diode Array 2996, 210-350 nm X-Bridge Prep 50x50mm

Cl8 5 pm @:@(ﬂsantm/eaegg n{mnrﬂd;@of)rom 50% acetonitrile to 80% water 0,1%
formc SICId 209M n, /mn) to give 153 ng (129 of 3-10-1 as a clear
oil. R&%chromat ography of an inpure fraction gave another 8 ng of 3-10-1.

"H NMR (400 MHz, DICHLOROMETHANE-d;) & (ppm) 7.20 (d, J = 8.1 Hz, 1H, Dmb 7-
H), 7.00 (d, J = 8.3 Hz, 2H, Ar-H), 6.82 (d, J = 8.6 Hz, 2H, Ar-H), 6.49 (d, J = 2.3 Hz, 1H,
Dmb 4-H), 6.47 (dd, J = 2.3, 8.3 Hz, 1H, Dmb 6-H), 5.12 (s, 2H, S-CH,), 5.14 (d, J = 11.9
Hz, 1H), 5.06 (d, J = 11.9 Hz, 1H), 4.98 (d, J = 8.1 Hz, 1H, NH), 4.43 - 4.55 (m, 1H. 2-H),

25  3.82 (s, 3H, Dmb-OCHy), 3.81 (s, 3H, Dmb-OCH;), 3.03 (dd, J = 5.3, 13.9 Hz, 1H, 3-H),
2.96 (dd, J = 5.8, 13.9 Hz, 1H, 3-H), 2.23 (s, 3H, SCHa), 1.39 (s, 9H, Boc).

"*C NMR (101 MHz, DICHLOROMETHANE-d,): 5 (ppm) 171.8 (C-1), 161.6 (Dmb C-5),
159.2 (Dmb C-3), 156.1 (3C-4), 154.9 (2C-1), 131.8 (Dmb C-7), 130.4 (3C-2), 129.3 (3C-

30 1), 116.0 (Dmb C-2), 115.8 (3C-3), 104.1 (Dmb C-6), 98.4 (Dmb C-4), 79.5 (2C-2), 72.4
(OCH,S), 62.6 (Dmb C-1), 55.5 (Dmb OCHs), 55.4 (Dmb OCH;), 54.6 (C-2), 37.2 (C-3),
28.0 (3C-3), 14.3 (SCH;).



WD 2013/ 001088- 119 - PCT/ EP2012/ 062786 M5 (ESI4): me = 423 (M + Na4), 401
(M+ H+), 345 (M + H+ C4H8), 301 (M + H4 C4H8- CO2). 1H NWR

(DI CHLORONADhiSME1G38 , 600MHz) : 6 (ppm) 7.-84-(d, J=8.7 HzPCTHP20M2A)786 6. 92 5
(d, J=8.7 Hz, 2H, Ar-H), 5.15 - 5.17 (m 0,09H, OCHDS), 4.99 - 5.09 (m 1H,
NH), 4.48 - 4.57 (m 1H 2-H), 3.97 (rnc, 2H, OCH2), 2.97- 3.15 (m 2H,
3-H), 2.22 - 2.25 (m 0.09H, SsCHD2), 1.45 (s, 9H, Boc), 1.11 - 1.20 (m 1H,
cycl opropyl CH), 0.58 - 0.65 (m 2H, cyclopropyl CH2), 0.27 - 0.37 (m 2H,
cycl opropyl CH2) [>90% deut eration in both positions]. 10 13C NWR

(DI CHLOROVETHANE- d2 , 154Md)9~6-Qppii,172.3 (G- 1), 156.5 (3C-4), 155.3
(20-1), 130?@85&@ 2) (3CG1)) 116.3 (3C3), 79.9 (2C2), 72.3
(quint., 1Jg OCD2S), 7, (1G1), 55.0 (CG2), 37,7 (C), 28.4
(2C-3), 14. égé 1Jcpo=2 .6 ), 14.1 (quint, ', kr) 22,3 Hz,
SCHD2), 10.0 (& ( b (1G4). 15 DO CH, H3C?" H3C 0OA

Cycl opropyl net hyI
04( 1H benzotri azol - 1-yi ) -12jmethyl ]-N-(tert-but oxycarbonyl)-D-tyrosin
ate 1-10 160 ng (0. 40 mml) f 3-10-1 were reacted as described for 1-2-1
with the exception that BgCthe reaction tine in step 3 is shortened to 10
mn. The solution was directly chromatographed on a Bi otage system

( FI ash25+M%hPimethexybenzyhOr H-benzmlﬁawé-vaumhmﬂév-ﬁemMWswaehms@ 1:1
in 15CVs= 78Gvrdsingaves 88 ng of 1-10. The corrpound was further purified by
preparative HE Di onex: Punp P 580, G lson: Liquid Handl er 215, Knauer:
UV- Det ect or24R- fzsd A9 AMel| Haie wg%fﬁapt%@@s@eaﬁﬁbeméwaha-v T@awawwrosthS 40
25 m/mn, direbtiy clgr%rﬁmo r&pl‘@d%neﬁ @&Qg gtfegr ?H%MOUMI 23t 5 40le/¥r§rit

of the eluate from . evaporat on
with a puruhegiawtogvh@%ﬁeAﬁtMaq%ﬁ@é '@W@Hg 2AT6en!) ga\gm‘fﬁmglﬁam ) af51-3 ny

(8% 1-10 vmé éym;ﬁ)hﬂe%as'\@rtﬁeﬁ% ?fledorgyeprépé}% (%EE%@@&SE;%%W) 6

04H8), 385 IH NWR DICH
(ppm) 095 L(Ct!“d hamdier 315, KnpyergUViReteqtorns- 268t ChiclmkaC 5518 250x2D Hin: hm«ﬁne

iﬁ_ E)D: ; gge?@ngsolf@ 2%,m|ﬁnr%s rtl 734 rh'émwetr%(n h%‘uet}%gélﬁzi ilH rﬁ&m ddd

WO 2013/ 001dgdeal ab20. &Cfﬁrﬁﬂzmwmﬁwted Ja:give 436ng (15508 the tstmatenﬂ) purfsy 98-
3,88 (m 2Hg ite sodid2 (dd, J=13.9, 5.6 Hz, 1H 3-H), 3.02 (dd, J=13.9,
6.8 Hz, 1H, 3-H), 1.39 (s, 9H, Boc), 1.07 - 1. 13 (m 1H, Cycl opropyl CH),
0.51 - 0.59 (m 2H, cyclopropyl CFf2), 0.23 - 0.29 (m 2H, cycl opropyi

CH2) . 502 pisS¢ci® m@g@@)w nEesEQ)ds,*1 0 4 ot % undeut erat ed conpound,
6.01 (d, 5 J= & 1l\ﬁz@j—| 0. 12H (OC%HO %(ggor1?es)|toonds to 12 noF/ 0 nonodeut er at ed

conpound. 13C NMR (D CHLO?OVETHANE—dZ L 151MHz): 6 (ppm) 172.2 (C-1), 155.4
(3C-4, 20-1 1NM#%DIEHLB§R@M@HAI\@3§ ,koélﬁﬁz)l)a (p&%}s?es((ﬁpﬁés HE28 P gePl S.7a)
128.5 (Bt C & m S H Bt 726 (d, J=8.3 Hz, 1 H, Dmb 7-H), 7.24 (d, J=8.5 Hz, 1 H, Bt
, J1H, . 7.24 (d, J=8.5 Hz, 1 H, Bt), 7.15 (d,
J=8.5 Hz, 2 H, Ar-H), 7.07 (d, J=8.5 Hz, 2 H, Ar-H), 6.54 (d, J=2.3 Hz, 1 H, Dmb 4-H),
20  6.51 (dd, J=8.3, 2.3 Hz, 1 H, Dmb 6-H), 6.07 (s, 2 H, OCH,0), 5.22 (d, J=11.8 Hz, 1 H,
Dmb-1-H), 5.14 (d, J=11.5 Hz, 1 H, Dmb 1-H), 5.09 (d, J=7.3 Hz, 1 H, NH), 4.52 - 4.65 (m,
1H, 2-H), 3.88 (s, 3 H, Dmb OMe), 3.84 (s, 3 H, Dmb OMe), 3.16 (dd, J=13.8, 5.5 Hz, 1
H, 3-H), 3.07 (dd, J=13.8, 5.3 Hz, 1 H, 3-H), 1.46 (s, 9 H, Boc).

25 '®C NMR (101 MHz, DICHLOROMETHANE-d,): & (ppm) 172.0 (C-1), 162.1 (Dmb C-5),
159.6 (Dmb C-3), 155.5 (3C-4), 155.3 (2C-1), 143.9 (Bt C-3a), 132.2 (Dmb C-7), 132.0
(3C-1), 131.3 (3C-2), 129.1 (Bt C-7a), 128.6 (Bt C-6), 125.0 (Bt C-5), 120.3 (Bt C-4),
116.5 (3C-3), 116.4 (Dmb C-2), 109.5 (Bt C-7), 104.6 (Dmb C-6), 99.4 (OCH,O), 98.8
(Dmb C-4), 80.0 (2C-2), 63.1 (Dmb C-1), 55.9 (Dmb OMe), 55.8 (Dmb OMe), 55.0 (C-2),

30 37.8(C-3), 28.4 (2C-3).



5), 120.1 (Bt CG4), 116.4 (3C-3), 109.3 (Bt C7), 98.8 (p, 1lJcp = 25Hz,
oCcD20), 79.7 (2CG 102), 70.3 (1CG 1), 55.0 (G2), 37.5 (CG3), 28.3 (2C3),
9.9 (1C 2yp 2813%0(@E- 3), 3.4 (10-4). WD-2613/001088- 12PCTREIIERRIIER/ 062786
2, 4- Di net hoxybenzyl N-trityl-D-tyrosinate. 3-11-1 5,00 g (11,81 muol)
N-trityl-D-tyrosine (Liebigs Ann. Chem 1988, 1083-1084) were dissolved in
97,7 mM N, N-di nethylformam de, 2,31 g (7,08 mmol) cesium carbonate were 5
added and tHe pxhxbire stirred for 15 min. 3,14 g (13,58 muol )

2, 4- di met hoxybenzyl brom de jn toluene (US5663200, 1997, Exanple 49a) were

added and the m xture &d for 16 h. The m Om§\@gncentrat ed,
diluted with ethyl ace @-‘ and extracted w tg@f. The or gani ¢ sol utions
were washedy i h Sat U at g;#gfl um ¢hf ditkd jl utton, Adried over sodium

sul fate and,ge I\kg-l r‘ers?q_ki NS chromat ogr aphy over
10 a 55 ¢ SNAP KP- cartridge (Biofage) wHh di chl oronet hane/ et hanol 100/0
- 97/3 -9416 -91/9 to give 4, 22 (50% g. The Peaction was repeated with

4.37 g and 5.92 g N3t4ftyl-D-tyrosine to give3®55 g (94% and 3,24 g (409
3-11-1 respectively. 15M5 (ESP): me 574 (M+1-1«). M5 (ESI-): me =
572,29 (M- H), 618,42 (M+ HOD0). 1H NV (CHLOROFORM d , 300 MHz): 6 (ppm)
7.40 - 7.45 (m 6H, Tr-H), 7.12 - 7.244/(m 20 9H, Tr- , 6.99 (d, 2H,
Ar-H), 6.92 (d, 1H Db H6), 6.68 (d, 2H Ar-H), 6.49 (d, 1H Drrb H3),

6.40 (dd, 1H, Drrb H-5) st'\lH oH) 4 58 (d 1H N34
(d, 1M, 3.81 (s, ), 3.7 "é,sH Dnb Owve), 3. 361
2-H), 2.85 (b /% 2. 4 (b S, g&ejﬁlS 1H, NF@SBC
NVR ( CHLOROF &Mﬁ) Q4 (C—

(Dnb 0-3), 15473 (3C 46 (Tr 0- T) 131. ((:Drrb o%ﬁ 2310 (30-2)
129.5 (3C 1), 128 8 (Tr %27 8 (Tr C4), 126 3 (Tr C°5) 116.4 (Db
C2), 115.0 (3C3), 103. 9 ( C-6), 98.4 Db CG4), 71.1 (Tr C-1I",1 61. 8
(Db G 1), 58.2 (CG2), 55.5 (Dnb OW), 55.3 (Dnb OW), 41.2 (CG3). WO
2013/ 00%088- 122 - PCT/ EP2012/ 062786 0"CH3 2, 4- Di met hoxybenzyl 04(rnet hyl su
| fanyl)methyli-N-trityl-D-tyrosi nate. 3-11-2 8,791 g (15, 32 nmol)

2, 4- Di met hoxybenzyl N-trltyl D-tyrosinate 3-11-1 were dissolved in 123 n
NN- di et hyl f or mam de. 9, 98 ©80, 65 rnnol ) cesium carbonate were added and
5the m xture stirred for mn. 1,78 g (18,39 nmol) chl oro dinethyl

sul fide wereage andAfte-m xture stirred for 20 h. The m xture was
concentrat ¢tdg- @i uf ed tz)nzébﬁ acetate and extracted with water. The
organic solwb Wth saturated sodium chloride sol ution,

dried over SOdI um su1 and concentrated. The residue was purified by

chr omat ogr aphy over a 1 g SNAP KP-NH cartridge (Biotage) with

n- hexane/ etdwoplrepﬂﬁiemh;a M-Q@ft&:uto)%ﬂ!a?@on Iﬁﬁlt%sﬁrﬁhtalsl-ﬂ 1,59 g (529 of
3-11-2. 1H, %L QM d . 300M1z) : &”8 - 7.46 (m 6H Tr-H),
7 11 -7.25 ( g 1 mmol} Boc- tyrosme and 2.90 g (8.8 mmoi) cesium carbonate were stirred
10 in 130 ml water for 30 min at r.t. and then lyophilized. The resulting white powder was
dissolved in 100 ml N, N-dimethylformamide (dried over 4 molecular sieve), 1,724 ml

(17.8 mmol) (Bromomethyl)cyclopropane were added and the mixture stirred at r.t. over
night. The mixture was partitioned between ethyl acetate and water, the aqueous phase
was extracted with ethyl acetate, the combined organic phases dried over sodium sulfate

15 and the solvent evaporated i. vac.. The residue was dissolved in ethyl acetate and
extracted twice with water. After drying and evaporation 5,28 g (89%) 3-4-1 were obtained
as a white solid.

‘H NMR (400 MHz, CHLOROFORM-0) d ppm 7.00 (d, J=8.1 Hz, 2 H, Ar-H) 6.73 (d, J=7.8
20 Hz, 2 H, Ar-H)5.54 (br. s, 1 H, OH) 5.02 (d, J=7.6 Hz, 1 H, NH) 4.48 - 4.61 (m, 1 H, 2-H)
3.88 - 3.99 (m, 2 H, OCH,) 2.95 - 3.10 (m, 2 H, 3-H,) 1.42 (s, 9 H, Boc) 1.03 - 1.18 (m, 1



OH, Tr-H), 7.07 (d, J=8.7 Hz, 21-1, Ar-H), 6.92 (d, J=8.9 Hz, 1H, Dnb H6),
6.83 (d, J=8.7 Hz, 2H, Ar-H), 6.40 (d, J=2.1 Hz, 1H, Db H3), 6.39 (dd,
J=7.0, 2.\80Hm13/00H88Dnb H5), 15 5.11 (s,-98H, OCH2S), 4. BP8T(ER20120828d Hz,
1H, OCH2Ar), 434(d J 12 1Hz 1H, OCH2Ar), 3.80 (s, 3H, Db Ow), 3.76
(s, 3H, Dnb Owe 1H, 2-H), 2.86 (br. s, 1H 3-H, 2.84
(br. s, 1HH3¢ OPFGLPVBQHQHWJQL Bm%H ergiompyyl GH.»8.22s 0.3Hm.STH3FYCIABOPYNVR
(mLOROFORM;H 13%&1ﬂ9émmtﬂa% e § 158.8 (Db 20
C3), 155. ;égc 0 Llr.9 ?e% pisparcieh e %rg@u%c . 130.7
(3C-1), 128M F’ﬂ Gn@)- 693 M+ (Npy @711)(2“/'12'6 BSQBNM EH),, 28QJ(M BFtDrﬁaHe)L 236
115.6 (3G 3Mm + O3 HH( JQIJ@QC—G) 98.3 (Db 0-4), 72.4 (OCH2S, 71.0 (Tr C1),
61.6 (Dnb C- 1), 58. 55.4 (Db OWe), 55.3 (Dnb OW), 41.2 (C3),
14.6 (SE€H3). 25 V\D 2013/ 001088 123 - PCT/ EP2012/ 062786 2, 4- Di net hoxybenzyl
0-[(1H benZ‘é@n\lm tHiLombmﬁw Ay Br b I I n of
3-11-2 (356 Q ‘)3 n di chl o%*(‘)me(?ﬁ |)1be&09 m%?i%d-%)al%@s&?d ed
N- chl orosuc@orff ?ﬁcd%) (13515 ?nj 0 562(3ame). Y9-91Re- om?hbcﬁé\tﬂ*i G52}, SifdviEd3)and
t he sol uti o s1AC-8e 0. 7 @icidprBevi& oﬂ;gt 9 tyl amoni um

1- hydr oxybenzo%rl a};ol a(?y % py HS) % mcﬂfoﬁ@éﬂl@g%ﬁchl oronet hane (2 + 0,5
m ) was added. The sol utlon vvas stlrred for 1 h. The reaction m xture was
directlqyp applied to 'solute and chronat ographed on a Bi ot age system

(I solera Four, SNAP 10 g, dichloromethane/ethyl acetate 100/0 - 95/5 ) to
give 10 248 ngy. The conpelig Ras~ u@qfled by preparative HPLC (D onex: Punp
P 580, Glson: Liquid r 215, Knauer: UV-Detector K-2501, Chiral pak 1B
5pm 250x30 mm cHexane A anol, 80:20,40 m/rnin,RT,248 ng / 3.5 m

Et hanol / Di chf orr;i!\ha 5d< 0/Am W 254 nm 8.5 - 12.2 nin, 94.2 %, 120
ng, Peak 6-H%. 1 Omrﬂ e 116 ng of 1-11-1 wth 94 A purity. 15 M5 (ES
It): me = 721,39 (M+1D, 243,11 (C4115). 1H NMR (DI CHLOROVETHANE- d2
,300MHz): 6 (ppm) 7.96 (d, J=8.3 Hz, 1H, Bt 7.37 - 7.51 (m 6H_ Tr H), 7.10

- 7.36 (m CivnlpprppylmethytMt)(terffbmxwrbgaﬂ) -P-imetipisulamyiimeting]- Btseas@mteJ =81
Hz, 11-1, Rupo6-H), 640(d J=2.4 Hz, 1H, Dnb 3-H), 6.38 (dd, J=8.1, 2.4
Hz, 1H, Dnb5Ht),598- 7 (nmc, 2H, OCH20), 4.59(d, J=11.9 Hz, 1H, Dmb
1-H), 4. 34 A splutipmaf 91%(3§ﬁmmﬁ314 1) 53 B1979. 36N, Sobein Otele, ar@. & Bl (A= 3H,

E)gbmﬂvﬁ% %jﬂ?ﬁ@th{!fc@m%%l&rzﬂ/a%&%oi%{@q°ca§é§§ %(%{W@T%% 3@%‘% i

(2C-2), 14Pompspigm f@ﬁatwylatwﬂ ewlees@hwrofwmwas @iy, GsUiting 18 2 gBeqrBh- Bytion28. 7

124.5 (b Coppl (4% rincliiniol HinénliduSpere ddsd thiimé i ped SR ool
C-7), 103.% (rmnﬁf"a:e@)for Hd anq @igtﬁcb)at 59£ ove( Dight. (Ethyl, acetate wabr atlet) éndsmea
Db C 1), ; , . q , 0
2013/ 001084 LB e, IS of ol BN et eanchek IR CYGR. cforhatbraly on &
0- ([ (628h| GigadgsyeeRofiashstM (canbsgs, et miinn, ml‘nexramylt@ mtryaxaee Nathey! atetsts- 2
| n
5To a so Uhlﬁﬂs@vémkén% ) §8R d&nqn%’g@ B3 }wm@qﬁb&&@%&% n(néteﬂrl ) at

-15 C was added N-chl orosucci ni coolihg bath
was removeM kB nave 51790i(8M Hi ) eIV drH, 30 A $d1' utCh), 896 (M + H' - C,H; -
tetrabutyl @m?nl um 6-chl oro-1- hydroxybenzotriazolat (62,3 ng, 0,15 mmol)
in dichloronmethane (0,6 m) was added. The sol ution was stirred for 1 h.
The reaction m xture was directly applied to 'solute and 10 chromat ographed

(SNAP 554, 114'%?@%@3(5!@@9@%@!505” %ﬂgﬁ??@?% %%%:Opu“ AL e A 5&{/6@:}9

conpound was purified repar ati've i catl onsystem
Punp 254, m@ﬁéi hibr?érbé\f 75373 (sCRlS, OONBS R 99, (dEISTB Pla2tH, MDA 30U, 54@n.i gde

0% 8, 18 900 G0N BD i (o e 4 Gt o) 1"
sul f oxi de/ fetdrhfksic).1t.4 - ﬂ w(maHﬂcyclmmm&aC!slh&ﬁ&aa@é Q?l@M(OchmmppWS)I-ESI +,
ESI -, scangranggsfh-A9 gg%%%%@ The fractions eluting at 6.6 - 7.0

mn vvegéa collected to gi of 1-11-2 with >99 % purity (DAD).
°C NMR (101 MHz, DICHLOROMETHANE-d,): & (ppm) 171.9 (C-2), 156.1 (3C-4), 154.9
(2C-1), 130.4 (3C-2), 129.4 (3C-1), 115.9 (3C-3), 79.5 (2C-2), 72.4 (OCH,S), 70.1 (1C-1),
54.6 (C-2), 37.4 (C-3), 28.0 (3C-3), 14.3 (SCHy), 9.6 (1C-2), 3.2 (1C-3), 3.1 (1C-4).



1H NVR ( DLCHLOROVETHANE- d2 , 400MHz): 6 (ppm) 7.90 (d, J=8.8 Hz, 1H, Bt
4-H), 20 7.41 - 7.46 (m 6H, Tr-H), 7.27 - 7.33 (m 2H, Bt 5-H, H7), 7.14-
7.26 (m WOHpI3R01dds ArH), 7.01 (d, J=8.89Fz, 2H, Ar-H), PETOR2d/062788. 1 Hz,
1H, Dmb 6-1-1), 6.38 (d, J=2.3 Hz, 1H, Dnb 3-H), 6.36 (dd, J=8.1, 2.5 Hz,
1H, Dnb 5-H), 6.00 (s, 2H OCH20), 4.59 (d, J=11.9 Hz, 1H Dnb 1-H),
4.33(d, J=11.9 Hz, 1H, Dnb 1-H), 3.75(s, 3H, Dnb OMe), 3.74(s, 3H, Dnb
Ove), 3.53 - 3.60 (m 1H, 2-H), 2.85 - 2.97 (m 2H 3-H. 25 NMR

( CHLOROFORM: d , 101 MHz): 5 ( prr) 173 8 (C1), 161.2 (Dnb C-5), 158.9 (Dnb

C3), 154.7 (3Gyd). 14 541 (Bt G 3a), 134.6 (Bt C6), 133.0
(3C-1), 131H35 Db C 1 4 ( 129.2 (Bt C-7a), 128.8 (Tr C 3),
127.9 (Tr qqaj 26 / (Bt C-5), 121.0 (Bt C-4), 116.2 (Dnb
C-2), 115. 09(9(Bt C7 3930(Drrb06) 99.2 (OCH20), 98.1
(Db G 4), 71@ %\ﬁ 58.0 (C-2), 55.3 (Dnb OMe), 55.3

(Dnb OWe), 41.0 (CH 13/ 001088 125 PCT/ EP2012/ 062786 H3C
2,4-D inet hoxybenzyl 0 (6- trlfl uoronet hyl -

Hbenzot 11 gy Mrréw“g’"bﬁﬁ kpaiisbeh %ﬂlyc',ro*‘r?é{eﬁﬁ%@t Gt bpfodedolnl” oy "
added N5chl-8rtd§1ﬁmatﬁ| héde (191,1 ny, 1,43 mmol). The cooling bath was
renoved an(@)%r?ghﬁ gpéywn%h% 17 el h9led Qde?%@)%h?&rlpa Pﬁrg%%éc%pgthm& um

6-trifluor dr ox benzotrlazo
di chl or orretdif&ﬁ*é/ (a@plrﬁ0) tcwdsoiat@déad chiemaiopiapheth dro andisotegd rayetdnt ¢rlagh49+MThe

reaction mc’éf’tH§§'e vx@%wneggﬂéex?@ao;ﬂoh %@éésr%l aﬂblgoc; f@(gq Ll 09{3@8%g9£\%NAP

25 g, n-hexane/ethyl acet glve 21
1-11-3 wi t H0898g q@%@} pt §-4- v hepwhole ngaction Tggduding lefmmen) wag BionB "0 Ese"day. m e

= 833 4 6 8.12 (d, J=8.8
, 1anB'E Migrﬁ@ge%gfw&’;@@ g%@%@&%{’eggﬁ 7. 40 fp?fﬂ%o (m éH, Tr

o H, 7.11 Theropmoung wiasHurtirer prrified yHpremirative BHBLE; Diamen) Purep $5580m Gifsin:

Ar-H, Db 6- Brkh. B :

2 op (d, asiDeHEnden 2 Lihiud Tl Bl 2sth; clparde Sl Fpdbnn Hde

(s, 3H, Dm?tf@m)SOQQ,B"rQE\UWFTDﬁ% 2 ng et br8xg4thHV254—t)m ’EhQBeqkm

2H, 3- 4

7.0 (€ 1 76 2| B ¥ stReieef® ROVl Sk M Foa- CH TRRE S Bl B B

144.5 (Bt @uel), 133.1 (3C-1), 131.6 (Dmb C-7), 131.5 (3C-2), 130.4 (q,

2,6=32.0 Hz, Bt C-6), 128.8 (Tr 0-3), 128 2 (Bt CG7a), 127.8 (Tr C 4),

126.4 (Tr 0-5), 123.6 , 1,1cF=273.2 Hz, CF3), 121 4 (g, 3JcF=3.2 Hz, Bt

C-5), 121. MY &S@A)n/e ffg)fia’w'ahh JCA8S | (M #1185 )642(73(@& 3)H" -10iF:D 36§ (MI=H" 8Ciths - Bt

0-7), 103. d;?‘m 0-6), 99.0 30(OCH20), 98.4 (Dnb 0-4), 71.2 (Tr C-1), 61.8

(Db C 1), 9 (C-2), 55.4 (Db OWe), 55.3 (Dnb OWB), 41.1 (C-3). WO

2013/ 001088- 126 - PCT/ EP2012/ 062786 2, 4- Di net hoxybenzyl

0-(fl ong n

2 o 208 hoﬁ%‘éﬁéﬁfé’ﬁ\k??@“lﬁ”gty?ogpﬁ'gﬁ% Fpbri Eod T e THRE) 1, Bt -

t et r ahydr offlir7at? (dideJ=bP.uf-P.oh0 s 1id.odll =0k 6.40 (Gd, 1685, i, (1@ HA g3t B-H9di um

hydri de (6Q9 i4 r §r our.

D05 of B R e P P e DL SRS R oy

at 0 C and f't)hféO&{Sthb’r & Ctde)sh.11 T fbd= ﬁt’ﬂd)z CHE OIH) 1258 - 4B4nfim, riet BdhoB.O9%ad. Oidded

and the mur&dbbpted 4 W, S, 5.5 Hz, 1H, 3-H), 3.11 (dd, J=13.6, 5.5 Hz, 1H, 3-H),
25 1.47 (s, 9H, Boc), 1.13 - 1.22 {(m, 1H, cyclopropyl CH), 0.59 - 0.66 (m, 2H, cyclopropy!
CHy), 0.31 - 0.37 {m, 2H, cyclopropyl CH,).

3C NMR (DICHLOROMETHANE-d; ,101MHz): & (ppm) 172.2 (C-1), 155.6 (3C-4), 155.3
(2C-1), 143.9 (Bt C-3a), 132.1 (3C-1), 131.3 (3C-2), 129.1 (Bt C-7a), 128.6 (Bt C-6), 125.0

30 (Bt C-5), 120.3 (Bt C-4), 116.6 (3C-3), 109.4 (Bt C-7), 99.5 (OCH,0), 80.0 (2C-2), 70.6
(1C-1), 55.0 (C-2), 37.9 (C-3), 28.4 (2C-3), 10.1 (1C-2), 3.6 (1C-3), 3.5 (1C-4).



10 acetate and extracted with water. The organic solutions were dried over
sodium sul fate and concentrated. The residue was applied to !solute and

chr omat ogwvaphsdo(@BIAP 10 g, n-hexane to-RA8Rhexane/ et hyl &CEERL@2062086t0 Qi ve
60 ng of 2-11-1 with 90 %purity. M5 (ESI+): me = 606,24 (M+ 15 19F NWR
(376 MHz, CHLOROFORM-d): 6 (pp -147 9 (t, J=b5.1 Hz). 1H NWR
(CHLOROFORM d , 300MHz) : N\J 47 (m 6H, Tr-H), 7.11 - 7.25 (m

9H, Tr-H), 7.07 (d, J=8. 2H AN 6.93 (d, J=8.5 Hz, 2H, Ar-H), 6.89
(d, J89Hz mlel 35- 43(m2H Db 5-H, 3-H), 5.67 (d,
2JHF=55. 0 , H/ﬁ& diz, 1H Db 1-H), 4.34(d, J=11.9
Hz, 1H, Dnbl"f317-|—|)0 ﬁ(s 3)75 (s, 3H, Dnb OMe), 3.52 - 3.64
(m 1H, 2-H), 2.84 - (m2H3H , 2.60 (d, br., J=9.6 Hz, 1H,

3-H). 2513C NMR (75 |sz CHL OROFORM: d) s (ppm) 174.1 (C-1), 161.1 (Dnb
C5), 158. CydhiroPyBethibi-(fert: BlutoRy@arbdnfl) -Uzc{[‘ﬁ@etma gc&!‘b’% |- G 2), 132.5

Db 0- 7 T '8 (Tr C-4
(126. 3 <T3 c?l %%*t”i%ﬁ 1332‘indxyjim6t*?')2'§}&’°)smjf "ﬁf(le.rs (Drrb C2), (10[% 9 ()Drrb
0-6), 100. B60dng WIS nwRd B34-HeercOekREY as 9!83&1&9@“& D44) Thd tedetibd mitarb)wab 1. 6
0013/ GoPoneitecy Fopia e b0 B63 AETTAOTEPERIIT) @ Eistass: Vel GHashgOrM
HﬁGﬂSF;HSFo@rtndgdﬂWﬁB@%dﬁa?ﬁhﬁng@xM/ B vl hyd il §tert 1%@:19%@@@3
roon -a - e ro I ...nat e nr no
o et oDy Pe LYt A, T papsead i ublicd By Arepgrrtnp ALy AGiering
100 M 1N Sodp ammmpc@emump,rmmwoweeno#t@% i@orbﬁ@@&h;@lpam@tawrﬁ 280x20as
adjusted to 8-9 wt z g!" P&%ﬂﬁn% th;O.XI de E?] i-tert-but I
di car bonat é"WeE2R34&0 R Yo A YR Fémsscth?r}ogﬁ‘e#@m@ & ax 0
whi | e tihe pi, Wa's21@omhr Thé paalasid7. Reps. gbmhmrb@e@ta@l t<9glvm@orrﬁ@@mpofm-xlzur e

was brought th I N sodi um hydrogen sul fate and extracted with
et hyl acet &Itbcbapgﬁ%plﬂv‘féam c phase was washed with water and brine, after

evaporation of the solvent 14.8 g of raw material were obtained.
MS (ESI'): m/e = 527 (M + Na’), 505 (M + H"), 449 (M + H* - C,Hg), 405 (M + H" - C,H; -
CO,).
15
MS (ESI): m/e = 549 (M + HCOO).

'H NMR (DICHLOROMETHANE-d, ,400MHz): & (ppm} 8.00 (s, 1H, T H-5), 7.19 (d, /=8.6
Hz, 2H, Ar-H), 7.06 (d, J=8.6 Hz, 2H, Ar-H), 5.90 (s, 2H, OCH,0), 5.04 (d, J=7.8 Hz, 1H,

20 NH), 4.52 (ddd, J=7.8, 6.1, 5.6 Hz, 1H, 2-H), 4.36 (g, J=7.3 Hz, 2H, T OCH,), 3.92 (dd,
J=11.4, 7.6 Hz, 1H, OCH,), 3.96 (dd, J=11.4, 7.3 Hz, 2H, OCH,), 3.13 (dd, J=13.6, 5.6 Hz,
1H, 3-H), 3.04 (dd, J=13.6, 6.1 Hz, 1H, 3-H), 1.36 (t, J=7.1 Hz, 3H), 1.40 (s, 9H, Boc),
1.08 - 1.16 (m, 1H, cyclopropyl CH}, 0.53 - 0.62 {m, 2H, cyclopropyl CH,), 0.24 - 0.32 (m,
2H, cyclopropyl CH,).

25
*C NMR (101 MHz, DICHLOROMETHANE-d,): & (ppm) 171.7 (C-), 159.9 (T COOE),
155.0 (3C-4), 154.9 (2C-1), 138.2 (T C-4), 132.2 (3C-1), 131.0 (3C-2), 123.3 (T C-5),
116.3 (3C-3), 99.2 (OCH;0), 79.6 (2C-2), 70.2 (1C-1), 61.4 (T OCH,), 54.6 (C-2), 37.4 (C-
3), 28.0 (2C-3), 14.0 (T CHa), 8.7 (cyclopropyl CH), 3.2 (cyclopropyl CH,), 3.1 (cyclopropyl

30  CHy).

Example 5



WO 2013/ 001088- 128PCT/ EP2012/ 062786 Chr omat ography on a Biotage |solera
system (SNAP 340 cartridge, 100 mM/mn, n-hexane to n-hexane/ethyl acetate
59:41 in WO 200/00168880 m , Fractions 83-109) gave 10 g ( 86WEPI012R68@S Whi t e
solid. 5M5 (ESI-): me = 618 (2M-1-1"), 354 (M + HC00-), 308 (M- H+). M
(ESI+): me = 641 (2M+ Na'), 619 (2M + Fr), 332 (M+ Na'), 310 (M+ H*),

254 (M + -CAH8), 210 ( wCO2 - CAF18). 10 H(NMg ( CHLOROFORM d _, 590@5“»4 6
(ppm) 6.96 (d J=8. szgé?gH Ar-H), 6.77 38 2%z, 21-1, A ‘
(br. s., 1H s., CHN (s 3H @@)0 (hr CHs

1H, 3-H), 3. 06 ro

9H, Boc). 3 CR!K-A; dH @iéippm)o 14 %\K@”ﬁ
155.1 (30-4), 154. 5 (2 1) 15131 2 (3C 2) .0 (hr. 30-1), (3C3),

79.6 (br. 2C2), 60.536hr. CG2), 525(15:5;) 412(br C 3)4528.4 (30-3),
23.6 (2-CH3). In fraction 62- 68, ,1/489(100/1 of the bisbocylated coppound

were isolated. Methyl N 0 bj“sr(tert but oxycar oh}tﬂ\)q al pha- net Ia;g\//@.ﬁfn“ate
20 M5 (ESI): me = SN ), 427( °H27 10 (M+ 1 354?

+11* - CAHB), 310 co2 C4F )
( CHLOROFORM d [508Mgz) 6cﬁap C? os

253.76 (s, 3HY QXHY 56 (B . dOJ*‘ H) 3H2 =186 Hz
1H, 3-H), .bEbchs, OH “Boo), 1. 54 ar N 47 ( H, NBoc).
130 NMR ( CHLOROFORM d, 126M—Iz) ppn) 174.3 (c- 1) 154. 3 (20-1), 151.9
(OBoc C-1), 150.1 (30f, 134.0 (br , 30%%§, 131.0 (3C-2), 1%6.9 (3C3),
83.5 (0Boc C-2), 79.6 30(br., 2CG-2), 60.2 (br., 0-2), 52.6 (OCH3), 40.8
(br., 0-3), 28.4 (20-3), 27.8 (0Boc G-3), 23.7 (br., 2-CH3). Met hyl
(R and (S) -2-[(tert-But oxyégrbonyl)am noj - 3- (fluororret hoxy) phenyl - 2- 35
met hyl propi onate As des in the preparation of 2-1-1, 250 nmg (O, 81

mml) 3-12-1 vvere react 0 give 221 ng of raw product, Wmch was purified
by prepar at onex ~Punp P 580, WD 2013/001088- 129

- PCT/ EP201 5 ui@. Handl er 215, Knauer: UV-Detector K-2501,
Chi r al pak Héjp 55020 (Fm I heXtdhe | et hanol  80: 20, 20 m/min, r.t., 221
my / 4 m ethanol, 10 X W 210 nm The peaks at 4.8 - 5.5 mn (75

ng 99.5 %) and 5.7 - 6.3 mn (76 ng 98.6 % were collected. Conbined yield
27% 5The stereochenistry of the first peak was putatively assigned "R’

(cgmza?rl Sﬁgl-CM%{BfoWbér%y?M('t&@-bh?&@\éhFﬂUnyﬂfb Hesinlid als.fiPLC with 2-2-1 and
To 1,763 g (6,27 mmol) Boc-D-Tyr-OH in 52 ml N, N-dimethylformamide were added 1,041
g (3,2 mmol) cesium carbonate and the mixture stirred at r.t. for 1,5 h. 1,260 g (6,27
mmol} 4-methoxybenzyl bromide were added and the mixture stirred at r.t. over night. It
10 was diluted with ethyl acetate and water. The pH was adjusted to 5 with 250 pl of 5 %
acetic acid. The aqueous phase was separated and extracted with ethyl acetate. The
combined extracts were dried and evaporated in the vacuum at 50 °C to yield 2,79 g (100
%} of 3-5-1.

15 MS (ES*): mfe = 402,53 (M + H*), 803,72 (2M + H").

'H NMR (CHLOROFORM-d ,400MHz): & (ppm) 7.24 (d, J=8.5 Hz, 2H, Mbn-H), 6.82 -

6.92 (m, 4H, Mbn-H, Ar-H), 6.67 (d, J=8.3 Hz, 2H, Ar-H), 5.11 (d, J=12.0 Hz, 1H, Mbn 1-

H), 5.02 (d, J=12.5 Hz, 1H, Mbn 1-H), 4.99 (d, J=8.5 Hz, 1H, NH), 4.49 - 4.59 (m, 1H, 2-
20 H), 3.81 (s, 3H, Mbn OCHy), 2.93 - 3.03 (m, 2H, 3-H), 1.41 (s, 9H, Boc).



H3CONO, CH3 0 Met hyl
N-(tert-butoxycarbonyl)-0-(fluoronethyl)-al/pha-nethyl-Dtyrosinate 2-12-1
10al ) +44wW0Qo(3DIgs c=1, 589nm). M5 (ESIG): nle = 364 PHIAEPNAZNG278612 (M +
Fr), 286 (M+ F-1+ C4H8) 242 (M + H+ - CO»2 - C4H8) 15 19F NI\/R (376 VHz

DI CHL OROVETHANE- i‘)é g 149.0 ](d‘ﬂ 2JHF =55.1 Hz).

( DI CHLOROVE HLG gﬁgﬁﬁm -dg 1O BYHY): 9 (erm) 1. %%151@8(Mhn %5) Hp5-24361
(d, J=8.5 Hpg, 184} 2@45*)13054732:@1,122&%60—’@4157 Jrlebr?tsz)O%’@E) 3C) 1‘ﬂ14((§)EMbr§
1H, NH), 3%5(8%(]_6’32% gl—% b % I—%

J=13.8 Hz, 9H) Yon 5. SSzU@ﬂQCH@ %6(%3 44 6ot 28 73ECKIR
(101 MHz, DI CHLCROVETHANE—dZ) 6 Ppm 174.3 (C 1), 155.7 (d, 3JcF 2.7 Hz,
3C-4), 154.2 (20-1), 131.8 (3C1), 131.3 (30-2)), 116.2 (d, 4JcF =1.2 Hz,
3CG-3), 101.0 (d, 1JcF=217.4 Hz, OCH2F), 79.3 (br., 20-2), 60.3 (C2), 52.3
(1C 1), 40.7 (hr., 0-3), 28 1cQ20-s 253), 23.4 (2-CH3). The stereochem stry
of the second peak was p ver ascé'lsgned "S" (conparison of the retention
behavi our on t chiral AL with 2-2-1 and 2-2-2). CH3 01-13C, >. H3C
00, CH3 WO | @&ESBB- 130 - PCT/ EP2012/ 062786 Met hyl

N-(tert- butg Q@f | ) - al pha- rrethyl L-tyrosinate 2-12-2
at) -45.8 (NEQOH, clH 58 nm 3(ES1): me = 364 (M+ Na+), 342 (M +
H4), 286 (M + 114 - M+ H+ - 002 5CAHB). 19F NMR (376 Mz,

DI CHLOROVETHANE- d2 6 PPm 149.0 (t, 2JHF =55.1 Hz? 1H NVR

( DI CHLOROVEAT MEflEexybenzid diitprt-bugoxysargonylied-(reethylsgifenyimethml]-Dntyrpinate. o8
10 (d, J=8.$5kz, 2H Ar-H), 5.70 (d, J=54.8 Hz, 2H OCH2F), 5.13 (br. s,
1H, NH), 3. 73& . 3.33 (br. d, J=13.6 Hz, 1H, 3-H), 3.14(d,
J=13.6 Hz, :4343? mepol B- %—é wegg digsoped)in 32 mENAsdinthyliREegmide 3B6ANR 79701

':\),/'J.Zh) D|1?5'|4 i -CE{élfi;}ﬁ' %ﬁ)or@at@%ré?a@déd (efeict the Crflngf)élrg sﬁt‘:i%d go]rc%é %’g) 6’% OrBE %&57( "
1.6=217. 3 #Ef}“o'dﬁl?im’?metm' ety suffige weye 26008 a(l@bﬂz; misgresst(r@@i anrt 49.48 bor .,
C3), 28.1Hu#Pesh,1 A3 (4,262mm@ﬁ3¢hloromethyl methyl sulfide were added and the mixture
stirred for 24 h. The solvent was distilled off and the residue distributed between water
and ethyl acetate. The organic solvent was extracted with sodium chioride solution, dried
15 and evaporated. The residue was chromatographed on a Biotage system (Isolera Four,
SNAP 25g, 25 mi/min, n-hexane to n-hexane / ethyl acetate 1:5) to give 682 mg (33 %) 3-
5-2.
A previous preparation using 500 mg 3-5-1 gave 440 mg (77%) of 3-5-2.

20 MS(ES): m/e = 462,55 (M + H"), 923,69 (2M + H*).

'H NMR (CHLOROFORM-d ,300MHz): & (ppm) 7.25 (d, J=8.3 Hz, 2H, Mbn-H), 6.93 (d,
J=8.3 Hz, 2H, Ar-H), 6.89 (d, J=8.7 Hz, 2H, Ar-H), 6.80 {d, J=8.5 Hz, 2H, Mbn-H}), 5.10 (s,
2H, OCH,S), 5.12 (d, J=12.1 Hz, 1H, Mbn 1-H), 5.03 (d, J=11.9 Hz, 1H, Mbn 1-H), 4.96

25 (d, J=8.5Hz, 1H, NH), 4.48 - 4.63 (m, 1H, 2-H), 3.82 (s, 3H, OCHj), 2.92 - 3.10 (m, 2H, 3-
H), 2.25 (s, 3H, SCH3), 1.41 (s, 9H, Boc).



CH3 CH, 0 Hc H3cx- 3 H3COhi 200 Met hyl
N- (tert-butoxycarbonyl)-al pha-net hyl -0-[ (nmet hyl sul fanyl ) met hyl ]tyrosi nate
3-12-2 Awolotyomssf 2.00 g (6.67 nmol )-812-1, 239 ng EOTEP20m0b6I786
tetrabutyl ammoniumiodide in 20nl N, N-d| rret hyI forrram de were cooled in an
|ce bat h andma%‘?ol ution of 798 ng 25 f" potassiumtert-butoxide in
t et r anfyiiethevbrazd LEIH-bemetinge 91V§/°’9finpeﬁwllc'¢-(te4t butoxycarhpayldmet hy |
rret hyI sul fm@rwﬁgteaqifseﬂ wher eupon t he sol ut| on turned yel l ow. The ice
bat h was rermvedé?ag the reaction stirred for h at r. For wor k- up

ethyl acet at<¢ RedT-ddupelaid-4 werer *@éaﬁeﬁu%gi%ﬂ'm feh1Rat ﬁf@e rﬁﬁqtﬁnmme Wag t er

phase Separcﬁﬂe'cﬂﬁapﬁlf@@ t@mﬁwgncpbmﬁ;av@amﬁu%td %ta@@ éﬁfs ﬁé&?é/rh LN AP
The conhi ned, or an phases 30 were washed drogen

car bonate3 '”aﬂ(ﬁ‘efwoﬁ‘rh%”%(/éwybﬁf&ﬁﬁw é‘l)qu give 49%&7‘@p0r at i on gave

2.56 g raw W@@Bmﬁoun@waéﬁﬁhﬁ&rpﬁ@ihéd eﬂ p?ep@réﬁv@gﬂ%(‘ﬁ%ﬁﬂé?s Au@bﬁmcé@% stéﬁ%
cartridge, 50 m /mn, n-hexa exan acetate 6:

not return PR 254 Geimsle Nﬁ@@%‘?rc?r?ﬁ? 'o%’:‘ap'ﬂ@f)(ﬁg% hFeL%'-P 8ﬂ%tSQ,Q)ﬁ9%1 ﬁﬁBﬁ'@de
fractions ames MD1 Qmalrﬁﬁlﬂ&fiwatéﬁ%l crf%@’&/nﬁ!?@rﬁé?é Q@%@ﬁ)@ntﬁb%ﬁgﬁnrﬁﬂ(’_ﬁ% -8

(C18HS 40+Mcatréqﬂ{g§f /mn, water to water / acetonitrile 1:1 12
= 1584 m, Wt SR W“Pe”l 003y /7 G‘éd'mﬁtwvlga@@d@m@h@q’égw >8J112f 2.

M5 (ESIt®) : AR seas32nddVh 10-Mab) nm 308 EMF" F_rﬂi) sc§r14ar( ’TG(‘J’J’TO@H% ELS0. T +
H+ - CO2 - 5C4F18

Hz, 2H, Ar-RgpK aé‘%% ~(d nyﬂs*ga? %@%@0 ﬁwe|4)13 g 1213 ), ofzﬁﬁﬂ asoemiésa?ohdsw'ﬂ"s
(s, 3H, OCHRpY% Burdd (br. d, J=13.4 Hz, 1H, 3-H), 314(d J=13.8 Hz, 1H,
3-H), 2.25 (s, 3H SCH3), 1.54 (br. s., 3H 2-CH3), 1.46 (s, 109H, Boc).
13C NMR (CHLOROFORM-d , 75MHz); 5 (ppm) 174.4 (C-1), 156.0 (3C 4), 154.3
(2C- 1), 138 (EST e = 529sBMbrH). 3C 1), 115.6 (3C3), 79.5 (br., 2C2),
72. 4 (ogl 125) 60.4 (C-2), 52. 5 (0 CH3), 40.9 (br., C3), 28.4 (2C3),
23.6 (25 14.6 (SCH3). 15 HOCH, 0 H C 0, H3CNCH3 0 Met hyl

04( 1H benzd&-lrmfa[zzo CHI-ORORDRVES hzsddwl& ( bqbﬁmpsto@wcaéﬁ@wzl)ﬂ-ﬁ' ﬁb@rref hly khyr os

te 1-12 ed
|1ng (13 The 2%8\/\/9%?23@%1[ (’Wi%'qﬂ&r% ed‘%y} '@hr%ﬂa@ 86r(§pﬁ§/3 %h‘za1§$%tré¥ge7{0§dper a
system (SNABs@OH,@euH)rsele ﬁ@mﬂlz rmm Br); dﬁexw% t@ﬂzd) H%%@eﬂ@ 4 Hz, 1H),

IRl IR Lol SR LA o R oD R T AR I W iy 9Hch

(Di onexp PHp3RoF80H.@EEONS. 1hé@|dllﬁ1lal@nelaeﬂz 24p.3- Mﬁ@l{%(ddw 61,628 0z, 1H,
0x20 mm hexane '/ propanol 50:'50; 12

K-2501; 25 ral pak_| 5 pm2
m/mn; r. tscﬁhfffl% . ethanol; 5 x 0.3 m; W 254 rinm. The peak
eluting 7.0 - 8.2 mn was collected to gi ve 137 ng (379 of 1-12 W|th a

urity of 7 % The rial was not_resolved into the enanti oner
purity of 9 dmB (CHORBEERMY MR s (e 173 (401588 (Shat 5 OTEE S ac.

4), 155.1 (2C-1), 143.5 (Bt C-3a), 131.2 (3C-1), 130.9 (3C2), 130.7 (Mbn C-3), 128.8 (Bt

25 C-7a), 128.3 (Bt C-6), 127.3 (Mbn C-2), 124.7 (Bt C-5), 120.1 (Bt C-4), 116.1 (3C-3),
114.0 (Mbn C-4), 109.1 (Bt C-7), 99.0 (OCH;0), 80.1 (2C-1), 67.1 (Mbn C-1), 55.4 (Mbn
C-6), 54.5 (C-2), 37.5 (C-3), 28.4 (2C-3).

/‘

HC>|\

30
4-Methoxybenzyl N-(tert-butoxycarbonyl)-O-{[(6-chloro-1H-benzotriazol-1-yl)
oxylmethyl}-D-tyrosinate. 1-5-2



WO
6 (

2013/ 001088- 132 - PCT/ EP2012/ 062786 1H NVR ( DI CHLOROVETHANE- d2 , 400MHz) :
ppm) 7.97 (d, J=8.3 Hz, 1H, Bt-H), 7.41 (ddd, J=8.1, 7.1, 0.8 Hz, 1H,
Bt-H), 7.8620td®1088=8.3, 7.1, 1.3 Hz, 1HOBt-H), 7.19 (@CTEP3012/0k86 1H,
Bt-H), 7.05 (d, J88Hz 2H Ar-H), 710(d J88Hz 2H Ar-H), 6.04 (s,
2H OCH20) , % % (s, (d, br., J=13.4
1R, 3-HPY B9 Oégdm”\‘fﬂ_)lé %2 HﬂefelF?aC?droaS ée%'b(fé f’03|4-2-2 ovts’:)re the 46 s,
9H Boc) . lb%ﬁzﬁihﬁdl-ﬁ% Mdlate W@MTW\WCM&)) 1@1 5’&%0%7&&0[31 L& ﬁ‘)e rekefont
(2C-1), 154, QBC- 14 (Bt 31.9 (3C 1), 131.5 (3C2), 128.7
(Bt C 7a), fﬂ'é%' %W@Bﬁlf@tb)appi%hmds?*ﬁ@ sod@forﬁa_tggr@pbgi ogafiotagq sysgem dleolgya
109. 0 (Bt GFol), SNEP 90 GOCRIin, B0hekah®12)-heRshe dt acé%@t%)»ﬁl‘l)‘ltg give(@mg. 0-3),
28.1 (2C-3), 23.4 (br., 2-CH3). Exanple 13 151-13 Benzy
7-[ (1H Benzatri azol - 1- yI oxy) met hoxy] - 3, 4-di hydroi soqu noI| ne-2 (1 H)-
car boxyl at evg (89Q). (e 58811 OSMJ\H hydr oxy- 1H benzotri azol hydrate were
dissolved in 6.63 M 1 MKOH and stirred at anbi ent tenperature over night.
The solvent was renoved i.vac. at 25C 20 and the residue was dried under
hi gh vacuummg{EsInbmant sRenpemat 4ceo)l. 259 (>100% of the potassiumsalt of
N- hydr oxy- 1H- benzotri azol e was obtained as a white solid, which was used
for further reactions. 100 ng (0.58 mmol) of the potassiumsalt of
N- ngrl gmy IHmRZ(@n_m@dr@Rmn@m@omzytmmna& gE(Rl, gHspENdat, iy B hnirlz FHF
an ny
2T Chi o et KG9 1ot Hatt- B Sb i 176 5-H 26 PR Pl be ot (ot s 2H.

add;adt The A(r@alfﬂ 7006 (WS, Sﬂ: Esne@pﬁmt Gl gi% P«ﬂz m‘mrﬂsts ke Rer @t &#E@? wdzltl hen
artitil one e, e ate and anl
BRI Y cel R VIR e SN TR RO s e T o
mat ?g .7 al omﬂ?}-’g FVIB iCHy) (hexdpe s, Pﬂ*?ﬂej QMB"—f@BBSGngt%82%)39?96(54$HHP£J?W@ 215
was ur er urirtil e reparatl ve
ErEIPLc (/%\a e)AgibéerrFf’m@aﬁﬂ”Bn%f}%{%r?ﬁ Ba?}g 2545, Sa)r/rp}oe IF\)/anager 2767, CFO,
DAD 2996, ELSD 2424, SOD 3001; XBrigde Cl8 5 pm 100x30 mm A = H20 + o 1%
HCOOH, B =, 0 3_. PCT/ EP2012/ 062786 Acet oni t %
HOOTH B = 0 B013 D0k 1 32 BT EPROL2 06270 Aot omitr L €, & Ao
1H7NX5R E(3CI(-"4@@H®@|\3&d1424@f()94;t|rz%37a66t3€1r23|0(r19t d337901$114 QGH 81:4120 glﬂt) E;ao E;B‘lb+2)(7d31
J=8.3 Hz, %«93“&%%)127%(5%0(%?263%&60% ?%(Btﬁq? fliﬁélﬁﬁ%%éﬁ (1642
(m 1Hzol q 10818)(Bt B-419€.8 ( o@HQOP@HZﬂqic{a @fh(@c 1%%5 @fwﬁ@ ) 54.4. ééﬁz)(ﬂw@

2H, 1 g 2-H) 3.80 (m br
10 Exanpl e31@%<§-écs

g
N O
\/@F

25  4-Methoxybenzyl O-[(6-trifluoromethyl-1H-benzotriazol-1-yloxy)methyl}-N-(tert-

HCCH
HC>|\

butoxycarbonyl)-D-tyrosinate. 1-5-3

150 mg (0,33 mmol) 3-5-2 were reacted as described for 1-2-1, where the 1H-

benzotriazol-1-ol hydrate was replaced by 6-trifluoromethyl-1H-benzotriazol-1-ol. The

reaction mixture was directly applied to Isolute and chromatographed on a Biotage system
30  (Isolera Four, SNAP 25 g, 25 ml/min, n-hexane 1CV, n-hexane to n-hexane / ethyl acetate

6:4 10CV, then isocratic 4CV) to give 221 mg (»100%). The material was further purified

by HPLC: (Dionex: Pump P 580, Gilson: Liquid Handler 215, Knauer: UV-Detector K-



.. N3 -" 1-14-1 synthesized according to ML. Janes et a., Bioorg. Med.

Chem 13 (2005), 6188. 15 WD 2013/001088- 134 -PCT/ EP2012/ 062786 A: 100 g
(0.28 mMmuowp 281310018 wer e di ssol ved in 7 M03dry THF under pam/ERe@QnezBérospher e
and 17 nmg (0.43 mmol ) sodi um hydri de (60%in mneral oil) were added in one
portion. The m xture was stirred for mn. 8 25 mM dry THF were cooled to

0 C and br oifdf | GBFaipt KaPimZRExHLmeY: éréfxam 6Eth@@o‘5&%2%t4odn1/msy RieRghmeg of
the flask aﬂﬂE&iHT/fmcr%r@@éth&pﬁhalsnﬁrsobhﬁs WQ% rf?ﬁ a9 phasohyad vas min

det erm ned. _The soo utio be stored in r ef r| gerator for sone nont

3 m of thd7488§#§%h %‘%5 E{chWBY |1ua%m Fﬁaﬁ.eﬁﬁ W“\ﬁé‘ﬁ@(%’iﬂ’d)e83t?8/wﬁ@y,15-
sol uti on prgpar&doliedtet. and the reaction was stirred at roomtenperature for
2 h. The m xture was poured in to ice water and extracted with

di chl or GnetdRimeracks e'éad( ithe Samen énassnblinge Blemaghpmistighwas sputalivilyr essignesd irover
sodi um sul f@harigdiwiey #4201 a4£4-2t® gi ve 119 ng raw product. Chromat ogr aphy
(Siotage Isolera System Flash 12+M cartridge, CH2Cl2/ MeOH 0-1% 15CV, 1-5%
100V, 5-20% 10CV, 20-100% 100V = 540 m) gave 97 ng 2-14-1 which was
further puryé (s pyw/eEarar Rt N&* )GV A Rrign. 0 Punmp, DLA,
MAD, Prep FC, I(ESA)b Corona; Chi ?a’l pakNI(CQSp?’hggéhOszﬁpC%ﬁ%Hgg H;@I‘:)t hanol
50:50; 15 15m /mn; RT; 97 ng / 1.5 mM EtOH MeOH 1:1; 3 x 0.5 m; UV 210
nm. The fr1ﬂcmmngmehumm\n@mﬂwé-d2 %mm “%@bﬁ*gm ?éeﬂstaoHQ' Y8, 5194%}
(729% of 2-14-1 wth >99 % me = 791
(L2 Oho” 7ai (ot 53ha Hant M BB (r(5) CHL N T N (T oofad) - s
(pprf) 7.76 707l c184—& mHZZIjH R %QD@ 98 (d. =8, 67H2Ckh( mr-@Hs gBh- d@z w@ AP Nih 44-@1 0
Hz, 1H, 6- @O 1JHF=5 2H, 3
(q, J=7.3 2@‘109 by 0G48R, %612 (§=fF11. 9rlz'2 %MWM?))SOQ(WJTH hz1 110, Hz,
3H, 5 043%[\481531 5,02 ,,JZ7@H$2 1H,- KBid), ( 743 3 77ks1 (t
J=7. )( 3dd NVR (§61454€di JTB{Z%%OhViIZE'T Nqu%?Té o
169. 7 (160)0’“%)5? 18‘ (’ﬁwy‘?)@ §)8 HES@"83W:ISQ}3@‘JBJ?14-& 5. PivizcIH) 3H)153409(S(§'y
C2), 147. BoPypy C3a), 144.9 (Pypy G 7), 129.9 (Ph G 2/6), 129.4 (Ph
C1), 116.4 (d, 4,6=1.6Hz, Ph C3/5), 108.4 (Pypy C-6), 101.0 (Pypy CG3),
100.9 (d, 1,6=218.1Hz, OCH2F), 42.3 (NCH2 cis), 40.5 (NCH2 trans), 3028.0
(CH2),  24. #H GMEHBICHLOROMETHFAIR ; BreMENG RG] 42.ans) . 12.9 (NCH2GHS
cis). WD 2013/001088135 - PCT/ EP2012/ 0627
2-(5,7-D nmet hyl-214- (et hyl sul f anyl met hoxy) phenyl i pyrazol o[ 1, 5-aj pyri m di n-

3-y1}- 2W, I\Pﬂl mml(a@ﬁm @l&LH%@Mé@QANE &%ﬁgpww%clﬁ Jrsg\/gf(ﬁnbﬂ gsgl ved
in 35 ni ere 2,12 mol) NaH"(60%

in nmneral %?10)(%/9%%1 Jalfefe C‘?‘ﬁb 1ﬁ149§t 5?@ -3Rars! 38 BCeh 5 rﬁ3(ért?) r'38rh (Mbn C*
t enper at ur @) apgl 1 f(dﬂéuc,:iéi sniz(, Bt @Oa)nm?d 2 (- %)dnmegfembﬁ@ @2@¢g§dJCFﬂﬁ‘?2 4

reaction vvas stlrre fter whi cat very little

product foftfatian’ 2%% 1405?@ %ﬁgﬁe&?hbﬁ@('ﬁhﬁrﬁrﬁ)uﬂrﬂ &9 éCFwé‘r HadRfed

and the reacty, 990300142@91 #og (a2 peeiotMBRa-19 593Y Rbn iR T4 s WaE 2 PO S ed
into |(2:e \A%ts%r@%[] extract ed t hree

Na
o._0-N" "N
o § §
3
H
&)
F F

4-Methoxybenzyl O-[(6-trifluoromethyl-1H-benzotriazol-1-yloxy)methyl]-N-(tert-
butoxycarbonyl)-L-tyrosinate. 1-5-4

30  The compound can be prepared in analogy to 1-5-3 from L-tyrosine. In the event it was
isolated from the preparation of 1-5-4, where a partial racemisation had occurred during

the synthesis or stereochemically impure tyrosine had been used.



10 tinmes with nethyl ene chloride. The conbi ned organi c phases were dried
over sodium sul fate, and evaporated to give 1.17 g raw material, which was
purifi ed WBi2ot3ageosBsol era system Fl ash-¥@+M cartri dge, PE¢O/EPRIMI0R78CH2C 2
3CV =396 nml, CH2C12/ MeOH 0-80% 12CV =1584 ml) to give 620 ng (88% of
3-16-2. HPLC-MS indicated the presence of double and triple al kyl ated
species. 300 ng were subjected to a second chromat ography 15 (Bi otage
| sol era_sysyisEsF. a7 =2asheANbY e 28 b i kexansat oo fLbyl acetate
in 10 Cv, thegEEt acetate?(l,\/ (8 nP Ijgnf(;lve 89 1§: a}mch still
cont ai ned sone 15% d| al kyl at ed speci es. Neverthel ess the mat er| al could be
used in the’HnﬁMR epiLdlv@)mLEﬁhANE @owﬁéf ) 8342 (d Mess ﬁ@'ﬁlﬂm
(Ne - CONEt2 - % 1H NVR (% 1%& l):' (cg.OOM—Iz 'é 2_5
- 7.78 fm 2 (qthﬁz :61)3H7 b Bt 5Hpg 48fs, ﬁthﬁ’hHHilzﬁ)(d &858 Hzp2H, Mon 34H),
%DVNEL;; #307281 (/58 33rlﬁs 2%2@1) 668%& J=8:6 BEL 2+NA¢1#%C@)84 %Q)l(n(a OQH J\\man@H)*Z
2.53 (s, 31897: @ﬁq%)(m 2’“‘&6"3(@0 15-I12$¢I-151161H221"§t““b@17")15|% ds#FHl\ﬁ:Hzcﬂs)
1.11 (1, Jﬂbﬁmﬁg 5613*1(1 %&%@)THZ\%M@:L"@&PJ@Q%W 1A %OBW i@ ):
15.9

7.73

6 (ppm 169.7 (C=0)

1476 (PypyO'ﬂeBa?t)“ O A 3@2@6@(@Wﬁ§/66>5)8 it ek, &
(Ph C 3b5) ,Bct98. 2 (Pypy C-6), 100.9 (Pypy C-3), 72.5 (OCH2S), 42.3 (NCH2
cis), 40.5 (NCH2 trans), 28.0 (CH2), 24.3 (5-CH3), 16.6 (7-CH3), 14.4
30(NCH2CH3 trans), 14.2 (NCH2CH3 cis), 12.9 (SCH3). WD 2013/001088- 136
- PCT/ EP2012?F0ﬁ24?8(@|CHL0ROMETHANE d; ,376MHz): 8 (ppm

2-(2-{4-[(1H Benzotri azol - 1- yl oxy) net hoxyfphenyl} 5, 7- di net hyl pyrazol ol |,
al- pyrimdin-3-y1l)-N, N-diethylacetam de 1-14-1 A) 178 ng (1.17 mol)

N- Hydr oxy- Itg b@MﬁRQDﬂ@I@IZ@h@MBf{d{@IIELdQBﬁmMHﬁ%' ¥eH 171 8 éﬁi(%”%é}g (Mbn, C-5),
Tet rabut .yl anmoni unhydr t hano é’PeH g1st| rre m nut es

at roorrt enpaldelne: 15!6/& @&n‘b‘l 1%9 ?h@ﬁ%v@ﬂ& HH0  Ble-2rat30r G @{‘br‘s@ﬁ)pped

twice with 1@0'1U@nejcat=32r@m£% cba} hobengeatdlr e21. Q(MbH%sqf ¥23.7 g Ve =273.2
t et rabut yl ammmni u Hbhenzotri azol at e.

B)
3-14-2 wer @degg)oﬂ%a %/fncé‘ ét fito)dtp-etthg) dme8EMPBG- %1gg§éﬁedcmﬂ8l~l)108t15c
and 54 ng (Q73#09m@oH,t Foloreseic ek bi MbﬁQD @9@ (IMUheomwM@ (e 39t (fd g
for 4 h, durin whlchthe reaction wasso owed to cone tO room
t enper at ur @3-0k&reht he tet rabut yl ammoni um N hydr oxy- 1H benzotri azol ate
prepared under A) was dissolved in 2.5 m dry nethylene chloride and added
to the reaction and stirred for 30 mn. The m xture was stored over night
at -15C and then directly applied to the chromatography 15 colum. (Biotage
| sol era Sygxgmgb'iNAP 25 cartridge, 25 m/mn, A=D chl oronet hane,
B=Met hanol , 100%A 3CVv, 098 to 3098 in 10CVv, 3098 3CV). 329 ng (>100%
mat eri al were obtained, which was subjected to preparative HPLC (D onex:
Punp P 580, G lson: Liquid Handl er 215, Knauer: UV-Detector K-2501;
Chiral pak 1A' 5 pm 250x30 mm Hexane | Ethanol 50:50; 40 m/mn; R; 329 ny
/ 3.5 mM EtOH, 7 x 0.5 m; WV 254 nm the fraction 20eluting at 10.3- 11.5
mn was collected to give 60 ng (33% 1-14-1 with a purity of 99.9 % M
(ESr): me = 500 (MFr). 1H NVR (CHLOROFORMd , 400MHz): 6 (ppm 7.99 (d,
J=8.1 Hz, 1H, Bt-H), 7.89 (d, 25 J=8.6 Hz, 2H, Ph-H), 7.42 (dd, J=8,1, 7.1
Hz, 1H, Bt-H), 7.37 (dd, J=8.3, 6.8 Hz, 1H, Bt-H), 7.30 (d, J=8.3 Hz, 1H,
Bt-H), 7.25 (d, J=8.8 Hz, 2H, Ph-H), 6.58 (s, 1H, Pypy 6-H, 6.11 (s, 2H,
OCH20), 3.93 (s, 2H, ArCH2C), 3.53 (q, J=7.1 Hz, 21-1, NC12), 3.39 (t, 2H
NCH2), 2.75 (s, 2H, 5-CH3), 2.55 (s, 2H, 7-CH3), 1.24 (t, J=7.1 Hz, 3H,
NCH2CH3), 1.11 (t, J=7.1 Hz, 2H, NCH2CH3). 30 WD 2013/001088- 137
- PCT/ EP2012/ 062786 3a), 130.4 (Ph 0-2/6), 129.8 (Ph CG1), 129.1 (Et C 7a),
128.6 (Bt C6), 124.9 (Bt 0-5), 120.1 (Bt 0-4), 116.3 (Ph C-3/5), 109.3 (Bt
C7), 108.7 (Pypy CG6), 101.3 (Pypy CG3), 99.3 (0OCH20), 42.6 (NCH2 cis),
40.8 (NCH2 trans), 28.3 (0-2), 24.7 (5-CH3), 16.9 (7-CH3), 14.4 (NCH2CH3
trans), 13.7 (NCH2CH3 cis), 5 Exanple 15



0 1-15 2-[(1 H Benzotriazol -1-yl oxy) net hoxyl et hyl benzoate 10As descri bed
in exanple 13, 100 ng (0.58 mmol ) of the potassiumsalt of N-hydroxy-1H
benzot ri axol2e13moeqsar ed above and 124 ny- {58 nmol ) PCT/EP2012/062786
benzoyl oxyet hyl chl or onet hyl et her were reacted. Chronatography of the raw
material on 10 g silica (hexane, hexane/ethyl acetate 8:2) gave 30 ng (11%

of an oil, which was furtderUtified by preparative . RLCIMat ers
Aut opurificationsystem P 2545, Sanpl e Manager 276 O DAD™1% 2996,
Bf | g€ 018 5pm 100x30 = . 1% HCOOH, B =

ELSD 2424, SQDcBQO0d; =

Acetomtnl% 1% B 18m'n199%i mn 99%B 50 m/nmin.) to
give 18 Nf5\ﬁfh KIE (CHLOROF 7. 95 ) 8 06
(m 3H, 752-762(m2 31-448(m4|—|)H 0( :
J=4.5 Hz, 4.28 (t, J={. , 2H). 20 13C NWR ( 75M—Iz) 6
(ppm 166. 4 (C—l) 143.6 (@, C3a), 133.2 (0-5), 129.7 %3/7) 129. 6
(CG2), 1284(C—4/6)3&282(Bt 0-6), 128.2 (Bt C- 4.6 (Bt 0-5),

120.3 (Bt 0-4), 108.5 (Bt 0-7), 102.3 (0OCH20), 68. 200) 63.4 (CH20C0).
25 Exanple 16 , N, -"NN 1-16 1-(Benzyl oxyrret hoxy) - 1H benzotri azol e
100 ng (0.58 mmol) of the potassiumsalt of N hydroxy-1H benzotriazole
prepared in 30exanple 13 were suspend in 6.5 m tetrahydrofuran and 81 pL
(0.58 Mol ) WD 2013/ 001Q# R2012/ 062786 benzyl chl or onet hyl et her
was added. The reaction e ni ght at ambient tenperature and
then parti t| onenH bet wee ate and water. The organi c phase
was dried ( um qu te)pand. evapa ed i. vac.. The residue was purified
by chronmat ogfaphy” an /g% y epar ative HPLC (HPLC (Waters

Aut opuri fi cationsyst 45, Sanpl e Manager 2767, CFO DAD 2996,
ELSD 2424, SQD 3001; XBrigge CI8 5 pm 100x30 mm A = H20 + 0. 1% HCOOH, B
Acetonitril, 0-1 mn Pk B,cd;8 mn 1-99% B, 8-10 min 99/0 B; 50 m/mn.)
give 41 nmg (27% of 1-14:6 1H NVR ( CHLOROFORM-d , 400MHz): 6 (ppm)
8.03 (d, J=8.3 Hz, 1H), 7.57 (d, J=8.6 Hz, 101H), 7.50 (ddd, J=8.3, 6.8,
0.5 Hz, 1H), 7.37 - 7.43 (ddd, J=8.3, 6.8, 1.0 Hz, 1H), 7.28 - 7.37 (m
5H), 5.58 (s, 2H), 5.00 (s, 2H). 13C NVR (CHLOROFORMtel , 101 MHz): 6
(ppm 2143.7 (Bt C3a), 135.9 (Bn C2), 128.7 (Bn C3/7), 128.5 (Bt 0-6),
128,3 (Bt C-7a), 128.2 (B C—é;l.lG), 128.2 (Bn 0-5), 124.7 (Bt C155), 120.3

to

(Bt C4), 108.8 (Bt 0- 7) ¥1.3 (OCH20), 72.0 (PhCH20). GCeneral nmethod for
radi of fuori natl on PGZPGO P& 20VIII1x [18F] Fluoride was

i rmobi | i zeq_| p eco;ndl tl oned QVA (Waters) cartridge (preconditioned by
washi ng the?® c 0.5 M pot assi um carbonate and 10 m water),
The [189f| dbbi de gﬁ{ hg a solution of either:

alpha-Methylbenzyl N-(tert-butoxycarbonyl)-D-tyrosinate. 3-6-1

To 500 mg (1,78 mmol) Boc-D-Tyr-OH in 15 ml N, N-dimethylformamide were added 295 4

mg (0,91 mmol) caesium carbonate and the mixture stirred at r.t. for 0,5 h. 328,9 mg (1,78

mmol) 1-phenylethyl bromide were added and the mixture stirred at r.t. over night. The
10  mixture was evaporated in the vacuum at 50°C. The residue was dissolved in ethyl

acetate and water. The aqueous phase was separated and extracted with ethyl acetate.

The combined exiracts were dried and evaporated in the vacuum at 50 °C to vield 725 mg

(106 %) of 3-6-1 as mixture of diastereomers.

15 MS (ES+): m/e = 386,55 (M + H*), 771,71 (2M + H*).



) potassium carbonate (1 ng) in 500 pl water and K222 (5 ng) in 1500 pl
25acetonitrile 11) cesiumcarbonate (2.3 ng) in 500 pl water and K222 (5
ng) in 1580 2pi3/m@me@Bonitrile ill) 40% t et t@but yl anmoni ur RCyre@iocysOM ( 8pl)
in 500 pl.. water and K222 (5 ng) in 1500 pi acetonitrile 30This solution
was dried a,%l %%ﬂwth a mtrceﬁ:en flow of 150 m/mn., Additional

acetonitril "%I O, SHEERATRME @ (RRMyT-37 e -4 r¥pedBddd, TRHS 1d57S/i ng
step was reqgeasey, p0ge INB @n, AH)Sal4st] 9830k AHECAIES O S

(300 pl) o gggd and he @gd a)ts WD 201 3 001088- 13 dEz?DCT/Hépzolzlfggg?

el evat ed teﬁr’ﬁ aBLr @t 1 ;ﬁa@f? o6 86{mMt Pk 7(O8a. ThibI 7629 - 141 (Mebhd)-1 s) . The

[ 18F] fl uoride incorporation was anal yzed by HPLC (ACE C18 3p 50 x 4.6 mm
Sol vent A: 10 nM di pot assi um phosphate in water, Solvent B: 10 mM

di pot asSi um phosphate in acetonitrile:water (7: 3) Gadient: 5%B to 95% 6
in 7 mn, 95%B to 100% n 6)\596 5 100% B for 92 sec, 100%B to 5% B in
12 sec, 5%B for 3 mn; 2 n1/Fﬁ*sn) For conpound 1-11-3 the

[ 189f | uori de i or ati das anal yzed via a slightly nodified HPLC net hod
was used ( ﬁ V‘Efq) SD X 6 mn Sol vent A: 10 nmM di sodi um phosphate in
water pH 7. i trile; Gadient: 5B to 95%B in 7 mn,
95% B to 100% B |n 6Hsec for 92 sec, 100% B to 5% Bin 12 sec, 5% B
for 3 min; flow 102 ni /% bl e 1. Radiof | uorination results usi ng with
different precursors and r ction conditions. WO 2013/001088- 140

- PCT/ EP2012/ 062786 Cpd _ PB1 P& LG X Base Crypt- and Sol vent Tenp. Tine
(mn) alpha-Methylbenzyl N-(tert-butoxycarbonyl)-O-[(methyisulfanyl)methyl]-D-

tyrosinate.

3-6-2

10 101 mg (0,26 mmol) 3-6-1 and 4,05 mg (0,03 mmol) sodium iodide were dissolved in 2 ml
N,N-dimethylformamide and cooled for 10 minutes with ice. 0,30 ml (0,30 mmol)
potassium tert-butoxide, 1,0M in tetrahydrofuran were added and the mixture stirred for 60
min. 0,03 mi {0,30 mmol} chloromethyl methyl sulfide were added and the mixture stirred
at r.t. for 48 h and at 66 °C for 5 h. The mixture was diluted with ethyl acetate, extracted

15 with sodium chloride solution, dried and evaporated. The residue was chromatographed (
SNAP 5g, n-hexane / ethyl acetate 85:15) to give 45 mg (27 %) 3-6-2 as mixture of
diastereomers,

The reaction was repeated with 400 mg of 3-6-1 to give 350 mg (76%) of 3-6-2.

20 MS (ES*): mie = 446,54 (M + H'), 891,69 (2M + H").

"H-NMR (400MHz, CHLOROFORM-d): & (ppm) 7.28 - 7.42 (m, 6H), 7.04 — 7.16 (m, 1H),

6.84 — 6.93 (m, 1H), 6.70 — 6.83 (m, 1H), 5.84 — 5.97 (m, 1H), 5.13 (s, 2H), 4.90 — 5.03

(m, 1H), 4.58 (m, 1H), 3.02 = 3.13 (m, 2H), 2.24 - 2.26 (m, 3H), 1.55 - 1.60 (m, 1.5H), 1.51
25  (m, 1.5H), 1.38 - 1.47 (m, 9H).



I ncorporation 1-1-1 Boo tBu OBt CH2 TBAOH na MeCN 140C 15 38%

DVSQ' MeCN

1-1-1 Bac tBu OBt

WO 2013/001088 -107 - PCT/EP2012/062786
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alpha-Methylbenzyl O-[(1H-benzotriazoi-1-yloxy)methyl]-N-(tert-butoxycarbonyl)
~D-tyrosinate. 1-6

120 mg (0,27 mmol) 3-6-2 were reacted as described for 1-2-1. The reaction mixture was
directly applied to Isolute and chromatographed on a Biotage system (Isolera Four, SNAP
10 g, n-hexane to n-hexane / ethyl acetate 1:4) to give 55 mg (34,5 %) 1-6 as mixture of

diastereomers.
MS (ES™): mfe = 533,64 (M + H™).

"H NMR (CHLOROFORM-d ,300MHz): & (ppm) 7.96 - 8.04 (m, 1H), 7.28 - 7.43 (m, 9H),
7.00 - 7.21 (m, 4H), 6.81 - 6,93 (m, 2H, Ar-H), 5.83 - 6.09 (m, 3H, OCH,0, OCH), 4.91 -
5.00 (m, 1H, NH), 4.51 - 4.68 (m, 1H, 2-H), 2.89 - 3.23 (m, 2H, 3-H), 1.53 und 1.59 (d,
J=6.8 Hz, CH3), 1.43 (s, 9H).

"G NMR (CHLOROFORM-d ,75MHz): & (ppm) 171.0, 171.0 (C-1), 1551, 155.1 (3C-4),
155.0 (2C-1), 143.5 (Bt C-3a), 140.8, 140.6 (1 ipso), 131.4, 131.0 (3C-1), 130.9, 130.9
(3C-2), 128.8 (Bt C-3a), 128.6, 128.6 (1 meta), 128.3, 128.3 (1 para), 128.2 (Bt C-6),
126.6,126.1 (1 ortho), 124.7 (Bt C-5), 120.1, 120.1 (Bt C-4), 116.1, 116.0 (3C-3), 109.1,
109.0 (Bt C-7), 99.0, 98.9 (OCH,0), 80.0 (2C-2), 73.7, 73.7 (1C-1), 54.6, 54.3 (C-2), 37.7,
37.3(C-3), 28.3 (2C-3), 22.1, 21.9 (1 CHy).

Example 7



CH2 TBAOH na 140C 15 40% (1:1) 1-1-2 Bac tBu OAt CH2 TBACH na

MeCN 120C
WO 2013/001088 - 108 - PCT/EP2012/062786

CH, O = CH. O =
H.C ] @ H.C.] °
3 >k J‘L A H:CXO)LE/YO

0 — O —

3.7.1 H,C CH, 3.7.2 HC CH,

H,C ] ° :
20
0
1-7 H,C CH,

OH

O

H.C s
Ny

OH,C CH,

X

5  alpha,alpha-Dimethylbenzyl N-(tert-butoxycarbonyl)-D-tyrosinate. 3-7-1
To 511,3 mg (1,82 mmol) Boc-D-Tyr-OH in 51 ml dichioromethane were added 1020,0 mg
(3,6 mmol) 2-phenylisopropyltrichloroacetamidate (Tefrahedron Lett. 1993, 34, 323-326:
WO 2008/048970, 66) in 10 ml cyclohexane. After stirring for 20 h, the mixture was
concentrated and separated by chromatography (10 g, n-hexane to n-hexane / ethyl
10  acetate 2:3) to give 772 mg (106 %) 3-7-1.

MS (ES*): m/e = 400,54 (M + H"*).
"H-NMR (300MHz, CHLOROFORNI-d): § (ppm) 7.28 - 7.34 (m, 5H), 7.04 (d, 2H), 6.75 (d,

16 2H), 4.85 — 4.97 (m, 1H), 4.42 - 4.55 (m, 1H), 2.92 - 3.05 (m, 2H), 1.70 (s, 3H), 1.60 (s,
3H), 1.42 (s, OH).



" 15 26% dicycl oprop 1-2-1 Boo YI OBt CH2 TBAOH na DMVSO 150C 10

31% dicycl oprop
WO 2013/001088 -109 - PCT/EP2012/062786

H,C
>L JLN/YO
Ho OnC ©H,

alpha,alpha-Dimethylbenzyl N-(fert-butoxycarbonyl)-O-[(methylsulfanyl)methyi)]

-D-tyrosinate. 3-7-2

A solution of 1,228 g (3,07 mmol) 3-7-1, 47 mg (0.32 mmol) sodium iodide and 7 m! N,N-

5  dimethylformamide was cooled to 0°C in an ice bath. A suspension of 388 mg (3,46 mmol)

potassium tert-butylate in 3 ml tetrahydrofuran was added. 293 pl (3,54 mmol) chioro

dimethyl sulfide were added. The mixture was allowed to come to r.t. and stirred for 3 h.

ethyl acetate was added. The mixture was extracted with water and sodium chloride

solution, dried and concentrated in the vacuum. Chromatography over 10 g basic silica gel
10 (n-hexane to n-hexane / ethyl acetate 2:3) gave 139 mg (8%) of 3-7-2 and 208 mg (14%)

starting material.
S (CI'): mle = 477,61 (M + NH,"), 936,71 (2M + NH,*).
15 'H-NMR (300MHz, CHLOROFORM-d): 8 (ppm) 7.30 - 7.37 (m, 5H), 7.11 (d, 2H), 6.88 (d,

2H), 5.13 (s, 2H), 4.49 (d, TH), 2.98 - 3.12 (m, 2H), 2.26 (s, 3H), 1.76 (m, 3H), 1.73 (m,
3H), 1.42 (s, OH).

HCﬁ\/U\

o ""@

20 H,C CH,
alpha,alpha-Dimethylbenzyl O-[(1H-benzotriazol-1-yloxy)methyl]-N-(fert-butoxy-
carbonyl) -D-tyrosinate. 1-7

120 mg (0,26 mmol) 3-7-2 were reacted as described for 1-2-1. The reaction mixture was
directly applied to Isolute and chromatographed on a Biotage system (Isolera Four, SNAP

25 10 g, n-hexane to n-hexane / ethyl acetate 1:4) to give 35 mg (23,3 %) 1-7.

MS (ES*): m/e = 547,36 (M + H*).



K222 DvVsQ MeCN 1-2-2 Bac OBt CFs CH2 Cs2C33 140C 15 52% Yl (5m)
(11)
WO 2013/001088 - 110 - PCT/EP2012/062786

"H NMR (CHLOROFORM-d ,300MHz): & (ppm) 7.95 - 8.04 (m, 1H), 7.11 - 7.41 (m, 11H),
7.06 (d, J=8.7 Hz, 2H, Ar-H), 6.03 (s, 2H, OCH,0), 4.98 (d, J=8.1 Hz, 2H. NH), 4.47 - 4.63
(m, 1H, 2-H), 3.15 (dd, J=13.9, 6.4 Hz, 1H, 3-H), 3.04 (dd, J=13.9, 6.0 Hz, 1H), 3-H, 1.78
(s, 3H, CHs), 1.75 (s, 3H, CHj), 1.42 (s, 9H, Boc).

"°C NMR {(CHLOROFORM-d ,75MHz): & (ppm) 170.4 (C-1), 155.2 (3C-4), 155.1 (2C-1),

144.9 (Cu ipso), 143.5 (Bt C-3a), 131.6 (3C-1), 131.0 (3C-2), 128.8 (Bt C-7a), 128.3 (Cu

meta), 128.3 (Bt C-6), 127.3 (Cu para), 124.7 (Bt C-5), 124.4 (Cu ortho), 120.1 (Bt C-4),

116.0 (3C-3), 109.0 (Bt C-7), 99.0 (OCH,0), 83.4 (Cu C), 79.9 (2C-2), 54.8 (C-2), 37.6 (C-
10 3), 28.8 (Cu CHy), 28.3 (2C-3), 27.9 (Cu CHy).

1.8 Example 8

OH 0._-S
/@F o
Ph =

Ph : e Ph>L :
CH ‘. _O_ _CH

O CH, ° O CHy °

15



di cycl oprop DvsQ' MeCN 1-2-3 Boo yl OBtNO2 CH2 TBACH na (1:1) 140C 15

12%
WO 2013/001088 -111 - PCT/EP2012/062786

DOH
O
N/\(
H
O.__CH,
W<CH3
CH,

tert-Butyl N-trityl-D-tyrosinate. 3-8-1
This compound was synthesized as described (Journal of Labelled Compounds and
Radiopharmaceuticals 2004; 47, 477-483) using D-Tyrosine.

MS (ES™): m/e = 243,47 (Ph;C%).
MS (ES’): m/e = 524,66 (M + HCOQ), 957,71 (2M - H').

10 "M NMR (DMS0-d6 ,300MHz): 5 (ppm) 9.16 (s, 1H, OH), 7.29 - 7.37 (m, 6H), 7.18 - 7.27
(m, 6H), 7.10 - 7.18 (m, 3H), 6.83 (d, J=8.3 Hz, 2H), 6.60 (d, J=8.5 Hz, 2H), 3.08 - 3.21
(m, 1H, 2-H), 2.64 (d, J=9.2 Hz, 1H, NH), 2.56 (dd, J=13.6, 7.7 Hz, 1H, 3-H), 2.36 (dd,
J=13.6, 6.0 Hz, 1H, 3-H), 1.01 (s, 9H, OtBu).

15 C NMR (101 MHz, CHLOROFORM-d): & (ppm) 173.9 (C-1), 154.4 (3C-4), 146.4 (Tr C-
2), 131.2 (3C-2), 129.8 (3C-1), 128.9 (Tr C-3), 127.8 (Tr C-4), 126.4 (Tr C-5), 114.9 (3C-
3), 80.5 (1C-1), 71.2 (Tr C-1), 58.2 (C-2), 41.3 (C-3), 27.9 (1C-2).

O\/ \CH
s 0]
Oy
OKCHS
CH
O CH, °
tert-Butyl O-[(methylsulfanyl)methyl]-N-trityl-D-tyrosinate. 3-8-2

A solution of 1,20 g (2,50 mmol) 3-8-1, 39 mg (0.26 mmol) sodium iodide and 5,5 m! N,N-
dimethylformamide was cooled to 0°C in an ice bath. A suspension of 365 mg (3,25 mmol)

20

potassium tert-butylate in 3 mi tetrahydrofuran was added. After 10 min 238 pl (2,89
25 mmol) chloro dimethyl sulfide were added. The mixture was allowed to come to r.t. and
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DVsQ' MeCN 1-3 Boo DMB OBt CH2 TBACH na

WO 2013/001088 -2 - ' PCT/EP2012/062786

stirred for 20 h. Ethyl acetate was added. The mixture was extracted with water, dried and
concentrated in the vacuum. This gave 1,46 g (92%) of 3-8-2 with 85% purity.

MS (ES"): m/e = 243,47 (PhsC*), 540,66 (M + H").

'H NMR (CHLOROFORM-d ,400MHz): & {ppm) 7.41 - 7.48 (m, 6 H), 7.18 - 7.25 (m, 6 H),
7.11-7.18 (m, 5 H), 6.88 (d, J=8.6 Hz, 2 H), 5.13 (s, 2 H, OCH,S8), 3.42 - 3.52(m, 1 H, 2-
H). 2.83 (dd, J=13.4, 6.8 Hz, 1 H, 3-H), 2.76 (dd, J=13.4, 6.1 Hz, 1 H, 3-H), 2.58 (d, J=7.6
Hz, 1 H, NH), 2.24 (s, 3 H, SCH;), 1.06 ppm (s, 9 H, tBu).

°C NMR {CHLOROFORM-d, 75 MHz,): 8 (ppm) 173.7 (C-1), 155.7 (3C-4), 146.3 (Tr C-2),
131.1 (3C-1), 131.0 (3C-2), 128.8 (Tr C-3), 127.8 (Tr C-4), 126.3 (Tr C-5), 115.6 (3C-3),
80.4 (1C-1), 72.5 (SCH,0), 71.2 (Tr C-1), 58.1 (C-2), 41.3 (C-3), 27.8 (1C-2), 14.5
(SCHa).

OO N
® @
O Y

N
H

O\T<CH3
CHE "o

tert-Butyl O-[(1H-benzotriazol-1-yloxy)methyl]-N-trityl-D-tyrosinate, 1-8

240 mg (0,45 mmol) 3-8-2 were reacted as described for 1-2-1. The reaction mixture was
directly applied to Isolute and chromatographed on a Biotage system {Isolera Four, SNAP
25 g, n-hexane to n-hexane / ethyl acetate 1:4) to give 65 mg (23,3 %) 1-8.

Waters Autopurificationsystem: Pump 254, Sample Manager 2767, CFO, DAD 2996,
ELSD 2424, SQD 3001, Luna C18(2) 5 uym 150x21.2 mm, A = water + 0.1% formic acid, B
= acetonitrile, 0-~1 min 70% B, 1-12 min 70-100% B, 25 mi/min, r.t., 54 mg / 1 mi dimethyl
sulfoxide/methanol 1:1, 1 x 1 ml, DAD scan range 210-400 nm, MS ESI+, ESI-, scan

range 160-1000 m/z, ELSD. The peak at 13.0 — 13.2 min was collected to give 12 mg
(3,9%) of 1-8 with 97.4 % purity.

MS (ES™): m/e = 243,47 (PhsC"), 627,63 (M + H').
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WO 2013/001088 -113 - PCT/EP2012/062786

'H NMR (CHLOROFORM-d ,400MHz): & (ppm) 7.99 (d, J=8.1 Hz, 1H, Bt-H), 7.47 (d,
J=7.1 Hz, 6H, Tr-H), 7.28 - 7.34 (m, 2H, Bt-H), 7.21 - 7.24 (m, 6H, Tr-H), 7.13 - 7.20 (m,
4H, Bt-H, Ar-H), 7.09 (d, J=8.6 Hz, 2H, Ar-H), 6.01 - 6.08 (m, 2H, OCH,0), 3.54 (dd,
J=7.1, 5.8 Hz, 1H, 2-H), 2.90 (dd, J=13.4, 7.1 Hz, 1H, 3-H), 2.82 (dd, J=13.9, 5.8 Hz, 1H,
3-H), 2.62 (br. s, 1H, NH), 1.11 (s, 9H, Bu-H).

"*C NMR (DICHLOROMETHANE-d2 ,151MHz): & = 173.6 (C-1), 155.5 (3C-4), 146.8 (Tr
C-2), 143.9 (Bt C-3a), 133.6 (3C-1), 131.9 (3C-2), 129.2 (Tr C-3), 129.1 (Bt C-7a), 128.6
(Bt C-6), 128.2 (Tr C-4, 126.8 (Tr C-5), 125.0 (Bt C-5), 120.2 (Bt C-4), 116.1 (3C-3), 109.5
(Bt C-7), 99.7 (OCH,0), 80.8 (1C-1), 71.7 (Tr C-1), 58.4 (C-2), 41.4 (C-3), 28.1 (1C-2).

tert-Butyl O-(fluoromethyl)-N-trityl-D-tyrosinate. 2-8-1

To 200,0 mg (0,42 mmol) 3-8-1 in 4 m| N, N-dimethylformamide cooled to 5 °C were added
16,7 mg (0,42 mmol) sodium hydride (60%). The mixture was stirred for 30 min at 5-10
°C. A solution of 167 mg (1,48 mmol) bromofluoromethane in 4 mi N, N-dimethylformamide
was added and the mixture stirred for 2 h at 5-10 °C and 2 h at r.t.. The mixture was
partitioned between dichloromethane and water, the agueous phase was extracted with
dichloromethane, the combined organic phases dried and the solvent evaporated to give
214 mg (90%) 2-8-1.

MS (ES*): mle = 243,47 (Ph,C*) only.

"°F NMR (376 MHz, CHLOROFORM-d): & (ppm) -148.02 (t, J=55.1 Hz).

'H NMR (CHLOROFORM-d ,300MHz): & (ppm) 7.44 (d, J=7.2 Hz, 6H), 7.11 - 7.25 (m,
11H), 7.00 (d, J=8.5 Hz, 2H), 5.69 (d, "Jur=55.0 Hz, 2H), 3.42 - 3.55 (m, 1H, 2-H), 2.85
(dd, J=13.9, 6.4 Hz, 1H, 3-H), 2.78 (dd, J=13.6, 5.8 Hz, 1H, 3-H), 2.52 - 2.64 (m, 1H, NH),

1.07 (s, 9H, tBu).

®C NMR (101 MHz, CHLOROFORM-d) & ppm 173.6 (C-1), 162.6 (s, 1 C), 155.6 (d,
*Jor=2.4 Hz, 3C-4), 146.3 (Tr C2), 133.0 (3C-1), 131.3 (3 C-2), 128.8 (Tr C-3), 127.9 (Tr
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C4), 126.4 (Tr C-5), 116.4 (3C-3), 101.0 (d, "Jcr=218.9 Hz, OCH,F), 80.6 (1C-1), 71.3 (Tr
C-1), 58.0 (C-2), 41.3 (C-3), 36.5 (s, 1 C), 29.8 (s, 1 C), 27.9 (1C-2).

/@ro\/F
O _CH
H NW 3
z \KCHS
O CH,

tert-Butyl O-(fluoromethyl)-D-tyrosinate. 2-8-2

To a solution of 80 mg (0,16 mmol) 2-8-1 in 0,8 ml acetic acid were added 0,2 m| water
and the solution stirred for 2 h at r.f.. Water was added and the precipitate was filtered off.
The filtrate was neutralized with sodium hydrogen-carbonate solution and extracted with
ethyl acetate. The combined organic phases were dried over sodium sulfate and the
solvent evaporated to give 30 mg (71%) 2-8-2.

Agilent: Prep 1200, 2 x Prep Pump, DLA, MWD, Prep FC, XBrigde C18 5 ym 150x19 mm,
A = water + 0.2% ammonia, B = methanol, 0~1 min 10% B, 1-8 min 10-80% B, 8-8.1 min
80-100% B, 8.1-10 min 100% B, 25 ml/min, r.t., 30 mg / 1 m! dimethy! sulfoxide/methanol
1.1, 1 x 1 mi, UV 219 nm. The Peak at 5 — 1.33 min was collected to give 17 mg (36%) of
2-8-2 with 99,3 % purity.

MS (ES+): mle = 214,42 (M + H" - C,Hg), 270,51 (M + H"), 539,62 (2M + H").

F NMR (376 MHz, CHLOROFORM-d): & (ppm) -148.29 (t, J=53.9 Hz).

‘H NMR (CHLOROFORM-d ,400MHz): & (ppm) 7.10 (d, J=8.5 Hz, 2H, Ar-H), 6.94 (d,
J=8.5 Hz, 2H, Ar-H), 5.61 (d, *Jur=54.7 Hz, 2H), 3.50 (dd, J=7.5, 5.5 Hz, 1H, 2-H), 2.92
(dd, J=13.6, 5.8 Hz, 1H, 3-H), 2.74 (dd, J=13.8, 7.5 Hz, 1H, 3-H), 1.65 (br. s, 2H, NH),
1.36 (s, 9H, tBu-H).

C NMR (101 MHz, CHLOROFORM-d) & (ppm) 174.25 (C-1) 155.67 (3 C-4) 155.64 (2C-

1) 132.71 (3 -1C) 130.60 (3 C-2) 116.70 (d, “Jer=1.3 Hz, 3 C-3),100.88 (d, 'Jer=218.9 Hz,
OCH,0) 81.21 (1C-1) 56.32 (C-2) 40.32 (C-3) 28.02 (1C-2).

1.9 Example @
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5 4-Methoxybenzyl N-trityl-D-tyrosinate. 3-9-1

265 mg (0,53 mmol) N-trityl-D-tyrosine (Liebigs Ann. Chem. 1988, 1083-1084) were

dissolved in 4,4 ml N,N-dimethylformamide. 89 mg (0,27 mmol) cesium carbonate were

added and the mixture stirred for 30 min. 107 mg (0,54 mmol} 4-methoxybenzyl bromide

were added and the mixture stirred for 16 h. Further 54 mg (0,27 mmol) 4-methoxybenzyi

10  bromide were added and the mixture stirred at 40 °C for 4 h. The mixture was diluted with

ethyl acetate and extracted with water. The aqueous phase was neutralized with acetic

acid to pH 5 and extracted with ethyl acetate. The organic solutions were combined, dried

over sodium sulfate and concentrated. The residue was purified by chromatography over
10 g silica gel with hexane/ethyl acetate 100 — 80/20 - 60/40 to give 215 mg (67%) 3-9-1.

15
A previous preparation using 200 mg N-trityl-D-tyrosine gave 83 mg (34%) 3-9-1.

MS (ESI): m/e = 544,33 (M + H").
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MS (ESI'): m/e = 588,18 (M + HCOQ).

"H-NMR (400MHz, CHLOROFORM-d): & (ppm) 7.40 - 7.49 (m, 6H), 7.13 - 7.26 (m, 9H),
6.91-7.02 (m, 4H), 6.79 - 6.84 (M, 2H), 6.68 - 6.73 (m, 2H), 4.92 (br. 5., 1H), 4.42 (d, TH),

5 4.20(d, 1H), 3.81 (s, 3H), 3.51 - 3.61 (m, 1H), 2.94 (dd, 1H), 2.84 (dd, 1H), 2.59 - 2.69 (m,
1H).

"*C-NMR (101MHz, CHLOROFORM-d): & (ppm) 174.4, 159.5, 154.4, 145.9, 130.9, 127.9,
128.8, 129.4, 127.5, 130.0, 126.3, 113.7, 115.0, 71.0, 66.1, 58.3, 55.3,41.4..
10
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4-Methoxybenzyl O-[(methylsulfanyl)methyl]-N-trityl-D-tyrosinate. 3-9-2
298 mg (0,55 mmol) 4-Methoxybenzyl N-trityl-D-tyrosinate 3-9-1 were dissolved in 4,5 mi
15 N N-dimethylformamide. 357 mg (1,1 mmol) cesium carbonate were added and the
mixture stirred for 16 h. 64 mg (0,66 mmol} chioro dimethyl sulfide were added and the
mixture stirred for 16 h. Further 23 mg (0,24 mmol) chloro dimethy! sulfide were added
and the mixture stirred for 2 h. Further 23 mg (0,24 mmol) chloro dimethy! sulfide and 200
mg cesium carbonate were added and the mixture stirred for 20 h. The mixture was
20 concentrated, diluted with ethyl acetate and extracted with water. The organic solutions
were washed with saturated sodium chloride solution, dried over sodium sulfate and

concentrated to give 335 mg.

MS (ESI*): m/e = 604,23 (M + H').
25
MS (ESI): m/e = 648,00 (M + HCOO).

"H-NMR (300MHz, CHLOROFORM-d): & (ppm) 7.38 - 7.50 (m, 6H), 7.12 - 7.26 (m, 9H),
7.06 (d, 2H), 6.94 (d, 2H), 6.77 - 6.88 (m, 4H), 5.12 (s, 2H), 4.41 (d, 1H), 4.20 (d, 1H),

30 3.78-3.83 (m, 3H), 3.52 - 3.61 (m, 1H), 2.86 (dd, 1 H), 2.76 (dd, 1 H), 2.68 (d, 1H), 2.23 -
2.30 (m, 3H).
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4-Methoxybenzyl O-[(1H-benzotriazol-1-yloxy)methyl]-N-trityl-D-tyrosinate. 1-9
160 mg (0,27 mmol) 3-9-2 were reacted as described for 1-2-1. The reaction mixture was
directly applied to Isolute and chromatographed on a Biotage system (Isolera Four, SNAP
10 g, n-hexane to n-hexane / ethyl acetate 4:1) to give 73 mg (40 %) 1-9.
The material was further purified by HPLC (Waters Autopurificationsystem: Pump 254,
Sample Manager 2767, CFO, DAD 2996, ELSD 2424, SQD 3001, XBrigde C18 5pm
100x30 mm, A = water + 0.1% formic acid, B = acetonitrile, 0—1 min 50% B, 1-8 min 50-
100% B, 50 mi/min, r.t., 69 mg / 2.1 ml dimethyl sulfoxide/methanol 1:1, 3 x 0.7 mi, DAD
scan range 210-400 nm, MS ESI+, ESI-, scan range 160-1000 m/z, ELSD). The peak at
7.8 - 8.1 min was collected to give 16 mg (9%) of 1-9 with >99 % purity.

MS (ESI'): m/e = 691,26 (M + H").
MS (ESI): m/e = 736,15 (M + HCOO).

'"H NMR (CHLOROFORM-d ,300MHz): & (ppm) 7.98 (d, J=8.3 Hz, 1H, Bt 7-H), 7.44 (d,
J=7.0 Hz, 6H, Tr 0-H), 7.09 - 7.33 (m, 14H, Tr m-H, p-H, Ar 2-H, Bt H-4,5,6), 7.02 (d,
J=8.3 Hz, 2H, Mbn 2-H), 6.99 (d, J=8.3 Hz, 2H, Ar 3-H), 6.78 (d, J=8.7 Hz, 2H, Mbn 3-H),
6.01 (br. s, 2H, OCH,0), 4.46 (d, J=12.1 Hz, 1H, Mbn 1-H), 4.26 (d, J=11.9 Hz, 1H, Mbn
1-H), 3.75 (s, 3H, Mbn OMe), 3.55 - 3.65 (m, 1H, 2-H), 2.95 (s, 2H).

"*C NMR (CHLOROFORM-d ,101MHz): & (ppm) 174.2 (C-1), 159.6 (Mbn C-5), 155.1 (3C-
4), 145.9 (Tr C-2), 143.5 (Bt C-3a), 132.6 (3C-1), 131.4 (3C-2), 130.2 (Mbn C-3), 128.8 (Tr
C-3), 128.4 (Bt C-6), 128.0 (Bt C-7a), 127.9 (Tr C-4), 127.5 (Mbn C-2), 126.5 (Tr C-5),
124.7 (Bt C-5), 120.0 (Bt C-4), 115.9 (3C-3), 113.8 (Mbn C-4), 109.1 (Bt C-7), 99.2
(OCH,0), 71.2 (Tr C-1), 66.3 (Mbn C-1), 58.1 (C-2), 55.3 (Mbn OMe), 41.4 (C-3),
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Cyclopropyimethyl N-(tert-butoxycarbonyl)-O-[([*H;]methylsulfanyl}[?H,Jmethyi]

~D-tyrosinate. 3-10-1

A solution of 1.00g (2.98 mmol) 3-4-1 was dissolved in 10 ml [*Hs]dimethy! sulfoxide and

10 5,1 ml (29,8 mmol) ethyl-diisopropy! amine added. The mixture was heated to 45° C under

Argon atmosphere and the reaction started by addition of 3,46 ml 4.09 mmol) fert-butyl

bromide. It was kept at this temperature for 72 h and then filtered. The filtrate was diluted

with dichioromethane and washed with sat. sodium hydrogen carbonate. The organic

phase was evaporated and the residue chromatographed on a Biotage system:

15  (Flash40+M

cartridge,

40  ml/min,

3CV dichloromethane,

dichloromethane to

dichloromethane/methanol 4:1 in 12CV, 15CV = 1980 ml) gave 1,08 g which was further
purified on an Autopurification System {(Waters: 2525 Binary Gradient Module, Detector:
MS Micromass ZQ, UV Photo Diode Array 2996, 210-350 nm; X-Bridge Prep 50x50mm,
C18 5 um; Gradient: acetonitrile from 50% acetonitrile to 80%, water 0,1% formic acid;

20 9Min, 60 ml/min) to give 153 mg (12%) of 3-10-1 as a clear oil. Re-chromatography of an

impure fraction gave another 8 mg of 3-10-1.
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MS (ESI'): m/e = 423 (M + Na*), 401 (M + H*), 345 (M + H* - C4Hs), 301 (M + H* - CyHs -
COy).

‘H NMR (DICHLOROMETHANE-d, ,600MHz): & (ppm) 7.14 (d, J=8.7 Hz, 2H, Ar-H), 6.92
(d, J=8.7 Hz, 2H, Ar-H), 5.15 - 5.17 (m, 0,09H, OCHDS), 4.99 - 5.09 (m, 1H, NH), 4.48 -
4.57 {m, 1H, 2-H), 3.97 (mc, 2H, OCH,), 2.97 - 3.15 (m, 2H, 3-H), 2.22 - 2.25 (m, 0.09H,
SCHD3), 1.45 (s, 9H, Boc), 1.11 - 1.20 (m, 1H, cyclopropyl CH), 0.58 - 0.65 (m, 2H,
cyclopropyl CHz), 0.27 - 0.37 (m, 2H, cyclopropyl CH;) [>90% deuteration in both
positions].

"*C NMR (DICHLOROMETHANE-d, ,151MHz): 8 (ppm) 172.3 (C-1), 156.5 (3C-4), 155.3
(2C-1), 130.8 (3C-2), 129.8 (3C-1), 116.3 (3C-3), 79.9 (2C-2), 72.3 (quint., "Jop = 24.2 Hz,

OCD,S), 70.4 (1C-1), 55.0 (C-2), 37.7 (C-), 28.4 (2C-3), 14.0 (sept., "Jep = 21.6 Hz,
SCDa), 14.1 (quint, *Jop = 22.3 Hz, SCHDy), 10.0 (1C-2), 3.6 (1C-3), 3.5 (1C-4).

QX@:
HO\/A

Cyclopropylmethyl O-[(1H-benzotriazol-1-yloxy)[*H;]methyl]-N-(fert-butoxy-

HC>l\

carbonyl}-D-tyrosinate. 1-10

160 mg (0.40 mmol) of 3-10-1 were reacted as described for 1-2-1 with the exception that
the reaction time in step 3 is shortened to 10 min. The solution was directly
chromatographed on a Biotage system (Flash25+M cartridge, 25 mi/min, n-hexane to n-
hexane / ethyl acetate 1:1 in 15CV = 780 mi) gave 88 mg of 1-10. The compound was
further purified by preparative HPLC (Dionex: Pump P 580, Gilson: Liquid Handler 215,
Knauer: UV-Detector K-2501, Chiralpak IC 5um 250x30 mm, hexane / ethanol 80:20, 40
ml/min, r.t., 88 mg / 1.6 ml ethanol 2 x 0.8 ml, UV 254 nm). Collection of the eluate from
16.0 to 17.2 min gave after evaporation 43 mg of 1-10 with a purity of 97.3%. After
thorough drying under high vacuum, 15.4 mg (8%) 1-10 was obtained.

MS (ESI): m/e = 485 (M + H*), 429 (M + H" - C,Hg), 385 (M + H* - C,Hz - CO,).
"H NMR (DICHLOROMETHANE-d, ,600MHz): 3 (ppm) 7.95 (d, J=8.3 Hz, 1H, Bt-H), 7.39

(ddd, J=8.3, 6.8, 0.8 Hz, 1H, Bt-H), 7.34 (ddd, J=8.3, 6.8, 1.1 Hz, 1H, Bt-H), 7.16 - 7.23
(m, 3H, Bt-H, Ar-H), 7.06 (d, J=8.3 Hz, 2H, Ar-H), 5.38 (d, J=7.9 Hz, 1H, NH), 4.48 (ddd,
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J=7.9, 6.8, 5.6 Hz, 1H, 2-H), 3.98 - 3,88 (m, 2H, COOCHy,), 3.12 (dd, J=13.9, 5.6 Hz, 1H,

3-H), 3.02 (dd, J=13.9, 6.8 Hz, 1H, 3-H), 1.39 (s, 9H, Boc), 1.07 - 1.13 (m, 1H,

Cyclopropyl CH), 0.51 - 0.59 (m, 2H, cyclopropyl CHy), 0.23 - 0.28 (m, 2H, cyclopropyl

CHg). 6.02 (s, 0.08H, OCH,0) corresponds to 4 mol% undeuterated compound, 6.01 (d,
5 J=1.1Hz, 0.12H, OCDHO} corresponds to 12 mol% monodeuterated compound.

»C NMR (DICHLOROMETHANE-d; ,151MHz): 8 (ppm) 172.2 (C-1), 155.4 (3C-4, 2C-1),

143.7 (Bt C-3a), 132.1 (3C-1), 131.1 (3C-2), 128.9 (Bt C-7a), 128.5 (Bt C-6), 124.9 (Bt C-

5), 120.1 (Bt C-4), 116.4 (3C-3), 109.3 (Bt C-7), 98.8 (p, "Jep = 25Hz, OCD20), 79.7 (2C-
10 2), 70.3 (1C-1), 55.0 (C-2), 37.5 (C-3), 28.3 (2C-3), 9.9 (1C-2), 3.5 (1C-3), 3.4 (1C-4).
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2,4-Dimethoxybenzyl N-trityl-D-tyrosinate. 3-11-1

5,00 g (11,81 mmol) N-trityl-D-tyrosine (Liebigs Ann. Chem. 1988, 1083-1084) were
dissoived in 97,7 ml N,N-dimethylformamide. 2,31 g (7,08 mmol) cesium carbonate were
added and the mixture stirred for 15 min. 3,14 g (13,58 mmol) 2,4-dimethoxybenzyl
bromide in toluene (US5663200, 1997, Example 49a) were added and the mixture stirred
for 16 h. The mixture was concentrated, diluted with ethyl acetate and extracted with
water. The organic solutions were washed with saturated sodium chloride solution, dried
over sodium sulfate and concentrated. The residue was purified by chromatography over
a 55 g SNAP KP-NH cartridge (Biotage) with dichloromethane/ethanol 100/0 — 97/3 — 94/6
-91/9 to give 4, 22 (50%) g

The reaction was repeated with 4.37 g and 5.92 g N-trityl-D-tyrosine to give 5.55 g (94%)
and 3,24 g (40%) 3-11-1 respectively.

MS (ESI™): m/e = 574,42 (M + H").
MS (ESI): m/e = 572,29 (M — H), 618,42 (M + HCOO).

'H NMR (CHLOROFORM-d ,300 MHz): 5 (ppm) 7.40 - 7.45 (m, 6H, Tr-H), 7.12 - 7.24 (m,
OH, Tr-H), 6.99 (d, 2H, Ar-H), 6.92 (d, 1H, Dmb H-6), 6.68 (d, 2H, Ar-H), 6.49 (d, 1H, Dmb
H-3), 6.40 (dd, 1H, Dmb H-5), 4.94 (br. s, 1H, OH), 4.58 (d, 1H, OCH,ATr), 4.34 (d, 1H),
3.81 (s, 3H, Dmb OMe), 3.76 (s, 3H, Dmb OMe), 3.52 - 3.61 (m, 1H, 2H) 2.85 (br. s, 1H,
3-H), 2.84 (br. s, 1H, 3-H), 2.59 (d, 1H, NH).

C NMR (CHLOROFORM-d ,101MHz): & (ppm) 174.4 (C-1), 161.1 (Dmb C-5), 158.8
(Dmb C-3), 154.3 (3C-4), 146.0 (Tr C-2), 131.6 (Dmb C-7), 131.0 (3C-2), 129.5 (3C-1),
128.8 (Tr C-3), 127.8 (Tr C-4), 126.3 (Tr C-5), 116.4 (Dmb C-2), 115.0 (3C-3), 103.9 (Dmb
C-6), 98.4 Dmb C-4), 71.1 (Tr C-1), 61.8 (Dmb C-1), 58.2 (C-2), 55.5 (Dmb OMe), 55.3
(Dmb OMe), 41.2 (C-3),
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2,4-Dimethoxybenzyl O-[(methylsuifanyl)methy!}-N—trityE-D-tyrosinate. 3-11-2

8,791 g (15,32 mmol) 2,4-Dimethoxybenzyl N-trityl-D-tyrosinate 3-11-1 were dissolved in
123 mi N,N-dimethylformamide. 9,99 g (30,65 mmol) cesium carbonate were added and
the mixture stirred for 30 min. 1,78 g (18,39 mmol) chioro dimethy! sulfide were added and
the mixture stirred for 20 h. The mixture was concentrated, diluted with ethyl acetate and
extracted with water. The organic solutions were washed with saturated sodium chioride
solution, dried over sodium sulfate and concentrated. The residue was purified by
chromatography over a 110 g SNAP KP-NH cartridge (Biotage) with n-hexane/ethy!
acetate 100/0 — 80/20 — 60/40 to give 5,59 g (52%) of 3-11-2.

"H NMR (CHLOROFORM-d ,300MHz): & (ppm) 7.37 - 7.46 (m, 6H, Tr-H), 7.11 - 7.25 (m,
OH, Tr-H), 7.07 (d, J=8.7 Hz, 2H, Ar-H), 6.92 (d, J=8.9 Hz, 1H, Dmb H-6), 6.83 (d, J=8.7
Hz, 2H, Ar-H), 6.40 (d, J=2.1 Hz, 1H, Dmb H-3), 6.39 (dd, J=7.0, 2.3 Hz, 1H, Dmb H-5),
5.11 (s, 2H, OCH;S), 4.58 (d, J=12.1 Hz, 1H, OCH,Ar), 4.34 (d, J=12.1 Hz, 1H, OCH,A),
3.80 (s, 3H, Dmb OMe), 3.76 (s, 3H, Dmb OMe), 3.51 - 3.63 (m, 1H, 2-H), 2.86 (br. s, 1H,
3-H), 2.84 (br. s, 1H, 3-H), 2.59 (d, J=10.5 Hz, 1H, NH), 2.25 (s, 3H, SCHj).

“C NMR (CHLOROFORM-d ,75MHz): & (ppm) 174.2 (C-1), 161.1 (Dmb C-5), 158.8 (Dmb
C-3), 155.8 (3C-4), 146.0 (Tr C-2), 131.5 (Dmb C-7), 130.9 (3C-2), 130.7 (3C-1), 128.8 (Tr
C-3), 127.8 (Tr C-4), 126.3 (Tr C-5), 116.3 (Dmb C-2), 115.6 (3C-3), 103.8 (Dmb C-6),
98.3 (Dmb C-4), 72.4 (OCH,S, 71.0 (Tr C-1), 61.6 (Dmb C-1), 58.1 (C-2), 55.4 (Dmb
OMe), 55.3 (Dmb OMe), 41.2 (C-3), 14.6 (SCHy).
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2,4-Dimethoxybenzyl O-[(1H-benzotriazol-1-yloxy}methyl]-N-trityl-D-tyrosinate. 1-11-
1

To a solution of 3-11-2 (356 mg, 0,56 mmol) in dichioromethane (5 ml) at -15 °C was
added N-chlorosuccinimide (82,5 mg, 0,62 mmol). The cooling bath was removed and the
solution stirred for 4 h. A solution of tetrabutylammonium t-hydroxybenzotriazolat (253,8
mg, 0,67 mmol) in dichloromethane (2 + 0,5 ml) was added. The solution was stirred for 1
h. The reaction mixture was directly applied to Isolute and chromatographed on a Biotage
system (lsolera Four, SNAP 10 g, dichloromethane/ethy! acetate 100/0 -~ 95/5 ) to give
248 mg. The compound was purified by preparative HPLC (Dionex: Pump P 580, Gilson:
Liguid Handler 215, Knauer: UV-Detector K-2501,Chiralpak IB 5pm 250x30 mm, Hexane /
Ethanol 80:20,40 mi/min,RT,248 mg / 3.5 ml Ethanol/Dichloromethane,5 x 0.7 m} ,UV 254
nm, 8.5 - 12.2 min,94.2 % ,120 mg, Peak 6 — 5.17 min) to give 116 mg of 1-11-1 with 94
% purity.

MS (ESF) mfie =721,39 (M + H+), 243,11 (C19H15+).

'H NMR (DICHLOROMETHANE-d, ,300MHz): & (ppm) 7.96 (d, J=8.3 Hz, 1H, Bt H-4),
7.37 - 7.51 (m, 6H, Tr H), 7.10 - 7.36 (m, 17H, Tr-H, Ar-H), 7.04 (d, J=8.7 Hz, 2H, Ar-H),
6.96 (d, J=8.1 Hz, 1H, Dmb 6-H), 6.40 (d, J=2.4 Hz, 1H, Dmb 3-H), 6.38 (dd, J=8.1, 2.4
Hz, 1H, Dmb 5-H), 5.98 - 6.07 (mc, 2H, OCH.0), 4.59 (d, J=11.9 Hz, 1H, Dmb 1-H), 4.34
(d, J=11.9 Hz, 1H, Dmb 1-H), 3.75 (s, 3H, Dmb OMe), 3.75 (s, 3H, Dmb OMe), 2.80 - 2.99
(m, 2H, 3-H).

*C NMR (CHLOROFORM-d ,75MHz): & (ppm) 173.7 (C-1), 161.2 (Dmb C-5), 158.8 (Dmb
C-3), 154.9 (3C-4), 146.0 (2C-2), 143.4 (Bt C-3a), 132.8 (3C-1), 131.4 (Dmb C-7), 131.3
(3C-3), 128.7 (Tr C-3), 128.7 (Bt C-7a), 128.2 (Bt C-6), 127.8 (Tr C-4), 126.3 (Tr C-5),
124.5 (Bt C-5), 119.7 (Bt C-4), 116.2 (Dmb C-2), 115.7 (3C-3), 109.0 (Bt C-7), 103.9 (Dmb
C-6), 99.1 (OCH,0), 98.1 (Dmb C-4), 71.1 (Tr C-1), 61.6 (Dmb C-1), 57.9 (C-2), 55.3
(Dmb OMe), 55.3 (Dmb OMe), 41.0 (C-3).
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2,4-Dimethoxybenzyl O-{[(6-chloro-1H-benzotriazol-1-yl)oxy]lmethyl}-N-trityl-D-
tyrosinate. 1-11-2

To a solution of 3-11-2 (80 mg, 0,13 mmol) in dichioromethane (1,1 ml) at -15 °C was
added N-chlorosuccinimide (18,54 mg, 0,14 mmol). The cooling bath was removed and
the solution stired for 4 h. A solution of tetrabutylammonium 6-chloro-1-
hydroxybenzotriazolat (62,3 mg, 0,15 mmol) in dichloromethane (0,6 ml) was added. The
solution was stirred for 1 h. The reaction mixture was directly applied to Isolute and
chromatographed (SNAP 5 g, dichloromethane to dichloromethane / ethyl acetate 95:5),
The compound was purified by preparative HPLC (Waters Autopurificationsystem: Pump
254, Sample Manager 2767, CFO, DAD 2996, ELSD 2424, SQD 3001, XBrigde C18 5 pm
100x30 mm, A = water + 0.2% ammonia, B = acetonitrile, 0—1 min 70% B, 1-8 min 70-
100% B, 50 ml/min, r.t. 14 mg / 1.5 m! dimethyl sulfoxide/methanol 1:1, 1 x 1.5 mi, DAD
scan range 210-400 nm, MS ESI+, ESI-, scan range 160-1000 m/z, ELSD). The fractions
eluting at 6.6 — 7.0 min were collected to give 6 mg (6%) of 1-11-2 with >99 % purity
(DAD).

"H NMR (DICHLOROMETHANE-d, ,400MHz):  (ppm) 7.90 (d, J=8.8 Hz, 1H, Bt 4-H),
7.41-7.46 (m, 6H, Tr-H), 7.27 - 7.33 (m, 2H, Bt 5-H, H-7), 7.14 - 7.26 (m, 11H, Tr-H, Ar-
H), 7.01 (d, J=8.8 Hz, 2H, Ar-H), 6.94 (d, J=8.1 Hz, 1H, Dmb 6-H), 6.38 (d, J=2.3 Hz, 1H,
Dmb 3-H), 6.36 (dd, J=8.1, 2.5 Hz, 1H, Dmb 5-H), 6.00 (s, 2H, OCH,0), 4.59 (d, J=11.9
Hz, 1H, Dmb 1-H), 4.33 (d, J=11.9 Hz, 1H, Dmb 1-H), 3.75 (s, 3H, Dmb OMe), 3.74 (s,
3H, Dmb OMe), 3.53 - 3.60 (m, 1H, 2-H), 2.85 - 2.97 (m, 2H, 3-H).

*C NMR (CHLOROFORM-d ,(101MHz): 5 (ppm) 173.8 (C-1), 161.2 (Dmb C-5), 158.9
(Dmb C-3), 154.7 (3C-4), 146.0 (2C-2), 142.1 (Bt C-3a), 134.6 (Bt C-6), 133.0 (3C-1),
131.5 (Dmb C-7), 131.4 (3C-2), 129.2 (Bt C-7a), 128.8 (Tr C-3), 127.9 (Tr C-4), 126.4 (Tr
C-5), 125.9 (Bt C-5), 121.0 (Bt C-4), 116.2 (Dmb C-2), 115.8 (3C-3), 109.0 (Bt C-7), 103.9
(Dmb C-6), 99.2 (OCH;0), 98.1 (Dmb C-4), 71.2 (Tr C-1), 61.6 (Dmb C-1), 58.0 (C-2),
55.3 (Dmb OMe), 55.3 (Dmb OMe), 41.0 (C-3).
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2,4-Dimethoxybenzyl O-{[(6-trifluoromethyl-1H-benzotriazol-1-yl)oxylmethyl}-N-
trityl-D-tyrosinate. 1-11-3

To a solution of 3-11-2 (824,6 mg, 1,30 mmol} in dichloromethane (12 ml) at -15 °C was
added N-chlorosuccinimide (191,1 mg, 1,43 mmol). The cooling bath was removed and
the solution stirred for 5 h. A solution of tetrabutylammonium B-trifluoromethyl-1-hydroxy-
benzotriazolat (694,1 mg, 1,56 mmol) in dichloromethane (6 ml) was added. The soiution
was stired for 1h. The reaction mixture was directly applied to lsolute and
chromatographed (SNAP 25 g, n-hexane/ethyl acetate 100/0 — 85/15 — 60/40) to give 213
mg of 1-11-3 with >95 % purity.

MS (ESI'): m/e = 789,37 (M + H*).
MS (ESI): m/e = 833,07 (M + HCOO).

'H NMR (CHLOROFORM-d ,400MHz): & (ppm) 8.12 (d, J=8.8 Hz, 1H, Bt 4-H), 7.57 (d,
J=8.8 Hz, 1H, Bt 5-H), 7.40 - 7.50 (m, 6H, Tr 0-H), 7.11 - 7.25 (m, 12H, Tr m-H, p-H, Bt 7-
H, Ar-H), 6.95 (m, 3H, Ar-H, Dmb 6-H), 6.32 - 6.42 (m, 2H, Dmb 3-H, 5-H), 6.04 (s, 2H,
OCH;0), 4.62 (d, J=11.9 Hz, 1H, Dmb 1-H), 4.35 (d, J=11.9 Hz, 1H, Dmb 1-H), 3.76 (s,
3H, Dmb OMe), 3.75 (s, 3H, Dmb OMe), 3.62 (br. s., 1H, 2-H), 2.93 (m, 2H, 3-H), 2.62 (br
s, 1H, NH).

"*C NMR (101 MHz, CHLOROFORM-d) § ppm 174.0 (C-1), 161.2 (Dmb C-5), 158.9 (Dmb
C-3), 154.3 (3C-4), 146.0 (2C-2), 144.5 (Bt C-3a), 133.1 (3C-1), 131.6 (Dmb C-7), 131.5
(3C-2), 130.4 (q, *Jer=32.0 Hz, Bt C-6), 128.8 (Tr C-3), 128.2 (Bt C-7a), 127.8 (Tr C-4),
126.4 (Tr C-5), 123.6 (q, "Jer=273.2 Hz, CFy), 121.4 (q, *Jer=3.2 Hz, Bt C-5), 121.2 (Bt C-
4), 116.3 (Dmb C-2), 115.6 (3C-3), 107.9 (g, J=4.8 Hz, Bt C-7), 103.9 (Dmb C-6), 99.0
(OCH,0), 98.4 (Dmb C-4), 71.2 (Tr C-1), 61.8 (Dmb C-1), 57.9 (C-2), 55.4 (Dmb OMe),
55.3 (Dmb OMe), 41.1 (C-3).
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2,4-Dimethoxybenzy! O-{fluoromethyl)-N-trityl-D-tyrosinate. 2-11-1
5 84 mg (0,15 mmol} 2,4-dimethoxybenzyl N-trityl-D-tyrosinate 3-11-1 were dissolved in 1
ml tetrahydrofuran. The solution was cooled to 0 °C. 16,5 mg (0,41 mmol) sodium hydride
(60% in mineral oil) were added and the mixture stirred for 1 hour. 1,05 ml of tetrahydro-
furan containing bromofluoromethane were added slowly at 0 °C and the mixture was
stirred at 0 °C for 12 h. 1 ml methano! was added and the mixture diluted with ethyl
10 acetate and extracted with water. The organic solutions were dried over sodium suifate
and concentrated. The residue was applied to Isolute and chromatographed (SNAP 10 g,
n-hexane to n-hexane/ethy! acetate 6:4) to give 60 mg of 2-11-1 with 90 % purity.

MS (ESI'): m/e = 606,24 (M + H").
15
"F NMR (376 MHz, CHLOROFORM-d): 5 (ppm) -147.9 (t, J=55.1 Hz).

"H NMR (CHLOROFORM-d ,300MHz): & (ppm) 7.39 - 7.47 (m, 6H, Tr-H), 7.11 - 7.25 (m,
9H, Tr-H), 7.07 (d, J=8.5 Hz, 2H, Ar-H), 6.93 (d, J=8.5 Hz, 2H, Ar-H), 6.89 (d, J=8.9 Hz,

20 1H, Dmb 6-H), 6.35 - 6.43 (m, 2H, Dmb 5-H, 3-H), 5.67 (d, %J,=55.0 Hz, 2H, OCH,F),
4.58 (d, J=11.9 Hz, 1H, Dmb 1-H), 4.34 (d, J=11.9 Hz, 1H, Dmb 1-H), 3.80 (s, 3H, Dmb
OMe), 3.75 (s, 3H, Dmb OMe), 3.52 - 3.64 (m, 1H, 2-H), 2.84 - 2.92 (m, 2H, 3-H, NH),
2.60 (d, br., J=9.6 Hz, 1H, 3-H).

26 C NMR (75 MHz, CHLOROFORM-d) & (ppm) 174.1 (C-1), 161.1 (Dmb C-5), 158.8 (Dmb
C-3), 155.6 (d, *Jer =3.0 Hz, 3C-4), 145.9 (Tr C-2), 132.5 (Dmb C-7), 131.5 (3C-1), 131.0
(3C-2), 128.8 (Tr C-3), 127.8 (Tr C-4), 126.3 (Tr C-5), 116.3 (d, “Jer=1.2 Hz, 3C-3), 116.3
(Dmb C-2), 103.9 (Dmb C-8), 100.9 (d, *Jor =218.4 Hz, OCH,F), 98.3 (Dmb C-4), 71.1 (Tr
C-1), 61.6 (Dmb C-1), 58.0 (C-2), 55.4 (Dmb OMe), 55.3 (Dmb OMe), 41.3 (C-3).

30



K222 DVSQO MeCN 1-6 Bac ot MeBn OBt CH2 K2CO3 140C 15 15%

WO 2013/001088 -127 - PCT/EP2012/062786

1.12 Example 12
OH

H,C

o)
H,N CH,

H,C” ~07 TN CH, Boc—N CH,
3-12-1 I 2-12-1
O S\ O O\ /N\
~ CH3 ~ N \N
H.C” 07 TN “CH H.CT 07 TN “CH
3 H 3 3 H 3
0 o)
3-12-2 1-12
5
OH

H?,c:>{ff3 JOLHSC o
H,C” "0” N “CH,
O
Methyl N-(tert-butoxycarbonyl)-alpha-methyltyrosinate 3-12-1
8.256 g (37.6 mmol) Methyl alpha-methyltyrosinate hydrochloride were suspended in 100
m! dioxane and 100 ml 1N sodium hydrogen carbonate The pH of the reaction mixture
10 was adjusted to 8-8 with 1N sodium hydroxide. 28.8 g {131 mmol) di-tert-butyl dicarbonate
were added in portions and the mixture stirred for 3 d at r.t., while the pH was controlled
and kept between 8 and 9. The reaction mixture was brought to pH 2 with 1N sodium
hydrogen sulfate and extracted with ethyl acetate. The organic phase was washed with

water and brine, after evaporation of the solvent 14.8 g of raw material were obtained.
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Chromatography on a Biotage Isolera system (SNAP 340 cartridge, 100 ml/min, n-hexane
to n-hexane/ethyl acetate 59:41 in 12 CV = 4080 mi, Fractions 83-100) gave 10 g (86%)
3-12-1 as white solid.

5  MS (ESI): m/e =618 (2M - H'), 354 (M + HCOO"), 308 (M - H").

MS (ESI'): m/e = 641 (2M + Na*), 619 (2M + H*), 332 (M + Na’), 310 (M + H"), 254 (M +
H* -C4Hg), 210 (M + H* - CO, - C4H).

10 'H NMR (CHLOROFORM-d ,500MHz): & (ppm) 6.96 (d, J=8.5 Hz, 2H, Ar-H), 6.77 (d,
J=8.2 Hz, 2H, Ar-H), 5.91 (br. s., 1H, OH), 5.20 (br. s., 1H, NH), 3.79 (s, 3H, OMe), 3.30
(br. s., 1H, 3-H), 3.15 (d, J=13.6 Hz, 1H, 3-H), 1.59 (br. ., 3H, 2-CHj), 1.51 (s, 9H, Boc).

*C NMR (CHLOROFORM-d, 126MHz): & (ppm) 174.6 (C-1), 155.1 (3C-4), 154.5 (2C-1),
15 131.2 (3C-2), 128.0 (br. 3C-1), 115.2 (3C-3), 79.6 (br. 2C-2), 60.5 (br. C-2), 52.5 (1C-1),
41.2 (br. C-3), 28.4 (3C-3), 23.6 (2-CHy).

In fraction 62 - 68, 1.48 g (10%) of the bisbocylated compound were isolated.
Methyi N, O-bis(tert-butoxycarbonyl)-alpha-methyltyrosinate
20
MS (ESI"): m/e = 432 (M + Na*), 427 (M* + H,0), 410 (M + H*), 354 (M + H" - C4Hg), 310
(M + H"- CO, - C4Hg), 254 (M + H* - CO, - 2C,Hs).

*H NMR (CHLOROFORM-d ,500MHz): & (ppm) 7.08 (s, 4H, Ar-H), 5.11 (br. s., 1H, NH),
25 3.76 (s, 3H, OCHs), 3.36 (br. d, J=12.3 Hz, 1H, 3-H), 3.23 (d, J=13.6 Hz, 1H, 3-H), 1.56 (s,
9H, OBoc), 1.54 (br. 5., 3H, 2-CHy), 1.47 (s, 9H, NBoc).

“C NMR (CHLOROFORM-d, 126MHz): & (ppm) 174.3 (C-1), 154.3 (2C-1), 151.9 (OBoc
C-1), 150.1 (3C-4), 134.0 (br., 3C-1), 131.0 (3C-2), 120.9 (3C-3), 83.5 (OBoc C-2), 79.6

30 (br, 2C-2), 60.2 (br., C-2), 52.6 (OCH,), 40.8 (br., C-3), 28.4 (2C-3), 27.8 (OBoc C-3),
23.7 (br., 2-CHj).

Methyl (R) and (S) -2-[(tert-Butoxycarbonyl)amino]-3-{fluoromethoxy)phenyl-2-

35  methylpropionate |
As described in the preparation of 2-1-1, 250 mg (0,81 mmol) 3-12-1 were reacted to give
221 mg of raw product, which was purified by preparative HPLC (Dionex: Pump P 580,
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Gilson: Liquid Handler 215, Knauer: UV-Detector K-2501, Chiralpak AD-H 5 pm 250x20
mm, hexane / ethanol 80:20, 20 m¥/min, r.t.,, 221 mg / 4 mi ethanol, 10 x 0.4 mi, UV 210
nm) The peaks at 4.8 - 5.5 min (75 mg 99.5 % ) and 5.7 — 6.3 min (76 mg 98.6 %) were
collected. Combined yield 27%.

The stereochemistry of the first peak was putatively assigned “R” (comparison of the
retention behaviour on the chiral HPLC with 2-2-1 and 2-2-2).

/@O\/F
CH, OHC E .
O

Methyl N-(tert-butoxycarbonyl)-O-{fluoromethyl})-aipha-methyl-D-tyrosinate 2-12-1
ap +44.1° (MeOH, ¢=1, 58%nm).

CH

3

MS (ESI"): m/e = 364 (M + Na®), 342 (M + H*), 286 (M + H - C,H), 242 (M + H" - CO, -
CaHs).

""F NMR (376 MHz, DICHLOROMETHANE-d,)  ppm -149.0 (t, 2y =55.1 Hz).

‘H NMR (DICHLOROMETHANE-d, ,400MHz): 5 (ppm) 7.07 (d, J=8.5 Hz, 2H, Ar-H), 7.01
(d, J=8.5 Hz, 2H, Ar-H), 5.72 (d, 2)ur =54.7 Hz, 2H, OCH,F), 5.14 (br. s., 1H, NH), 3.75 (s,
3H, OCHa), 3.34 (br. d, J=13.1 Hz, 1H, 3-H), 3.17 (d, J=13.8 Hz, 1H, 3-H), 1.54 (s, 3H, 2-
CHa), 1.48 (s, 9H, Boc).

*C NMR (101 MHz, DICHLOROMETHANE-d,) & ppm 174.3 (C-1), 155.7 (d, *Jgr=2.7 Hz,
3C-4), 154.2 (2C-1), 131.8 (3C-1), 131.3 (3C-2)), 116.2 (d, “Jer =1.2 Hz, 3C-3), 101.0 (d,
"Jer=217.4 Hz, OCH,F), 79.3 (br., 2C-2), 60.3 (C-2), 52.3 (1C-1), 40.7 (br., C-3), 28.1 (2C-
3), 23.4 (2-CHj).

The stereochemistry of the second peak was putatively assigned “S” (comparison of the
retention behaviour on the chiral HPLC with 2-2-1 and 2-2-2).
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Methyl N-(tert-butoxycarbonyl)-O-(fluoromethyl}-aipha-methyl-L-tyrosinate 2-12-2
op -45.8° (MeOH, c=1, 589nm).

MS (ESI"): m/e = 364 (M + Na®), 342 (M + H"), 286 (M + H' - C4Hy), 242 (M + H' - CO, -
5 CuHa).

"*F NMR (376 MHz, DICHLOROMETHANE-d;) § ppm -149.0 (t, 2Jue =55.1 Hz).

'H NMR (DICHLOROMETHANE-d, ,400MHz): & (ppm) 7.04 (d, J=8.8 Hz, 2H, Ar-H), 6.98

10 {d, J=8.6 Hz, 2H, Ar-H), 5.70 (d, J=54.8 Hz, 2H, OCH,F), 5.13 (br. s, 1H, NH), 3.73 (s, 3H,
OCH;), 3.33 (br. d, J=13.6 Hz, 1H, 3-H), 3.14 (d, J=13.6 Hz, 1H, 3-H), 1.51 (s, 3H, 2-CH3),
1.45 (s, 9H, Boc).

“C NMR (101 MHz, DICHLOROMETHANE-d;) § ppm 174.3 (C-1), 155.7 (d, 3Jer=2.4 Hz,

15 3C-4), 154.2 (2C-1), 131.7 (3C-1), 131.3 (3C-2)), 116.2 (3C-3), 100.9 (d, "Jer=217.3 Hz,
OCH,F), 79.3 (br., 2C-2), 60.3 (C-2), 52.3 (1C-1), 40.7 (br., C-3), 28.1 (2C-3), 23.4 (2-
CHs).

S
~ \CH

CH,

o T OHC
HzCXOJLﬁ O
20 o
Methyl N-(tert-butoxycarbonyl)-alpha-methyi-O-[(methylsulfanyl)methyl]tyrosinate
3-12-2
A solution of 2.00 g (6.67 mmol) 3-12-1, 238 mg (0.67 mmol) tetrabutyl ammonium iodide
in 20ml N,N-dimethylformamide were cooled in an ice bath and a solution of 798 mg
25 (7.11 mmol) potassium tert-butoxide in 7 ml tetrahydrofurane added. Subsequently 614 pi
(7.44 mmol) chloromethyl methyl sulfide were added, whereupon the solution turned
yellow. The ice bath was removed and the reaction stirred for 2 h at r.t. For work-up, ethyl
acetate was added and the resulting solution washed with water. After phase separation,
the aqueous phase was re-extracted with ethy! acetate. The combined organic phases
30  were washed with 1N sodium hydrogen carbonate; and brine and then dried over sodium
sulfate. Evaporation gave 2.56 g raw product. Chromatography on a Biotage Isolera
system (SNAP 50 cartridge, 50 ml/min, n-hexane to n-hexane/ethyl acetate 6:4 in 12 CV)

did not return pure product. Rechromatography of the product containing fractions on a
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Bictage system (C18HS 40+M cartridge, 40 mi/min, water to water / acetonitrile 1:1 in
12CV = 1584 ml, water / acetonitrile 1:1 3CV = 396 ml) gave 1.39 g (58%) 3-12-2.

MS (ESI'): m/e = 392 (M + Na'), 370 (M + H'), 314 (M + H* - C,Hg), 270 (M + H' - CO, -
CaHs).

'"H NMR (CHLOROFORM-d ,300MHz): & (ppm) 7.00 (d, J=8.5 Hz, 2H, Ar-H), 6.85 (d,
J=8.7 Hz, 2H, Ar-H), 5.11 (s, 2H, OCH;S), 3.75 (s, 3H, OCH,), 3.31 (br. d, J=13.4 Hz, 1H,
3-H), 3.14 (d, J=13.8 Hz, 1H, 3-H), 2.25 (s, 3H, SCHa), 1.54 (br. s., 3H, 2-CH,), 1.46 (s,
9H, Boc).

°C NMR (CHLOROFORM-d ,75MHz): & (ppm) 174.4 (C-1), 156.0 (3C-4), 154.3 (2C-1),
131.0 (3C-2), 129.6 (br., 3C-1), 115.6 (3C-3), 79.5 (br., 2C-2), 72.4 (OCH,S), 60.4 (C-2),
52.5 (O CHs), 40.9 (br., C-3), 28.4 (2C-3), 23.6 (2-CHs), 14.6 (SCH,).

N
OO\/O“‘N/\\N
™ e @
H.C ] ® 3
SO o.
H,c” 07 N CH
3 H 3
o}

Methyl O-[(1H-benzotriazol-1-yloxy)methyl]-N-(tert-butoxycarbonyl)-alpha-
methyltyrosinate 1-12

300 mg (0.81 mmol) of 3-12-2 were reacted as described for 1-2-1. The raw product was
purified by chromatography on a Biotage Isolera system (SNAP 50 cartridge, 50 mimin,
n-Hexane, 1CV, n-Hexane to n-hexane/ethyl acetate 6:4 in 10 CV, n-hexane/ethyl acetate
6:4 4 CV) gave slightly impure material. Further purification was done by preparative
HPLC (Dionex: Pump P 580, Gilson: Liquid Handler 215, Knauer: UV-Detector K-2501:
Chiralpak IA 5 pm 250x20 mm; hexane / 2-propanol 50:50; 12 mi/min; r.t. 170 mg / 1.5 ml
ethanol; 5 x 0.3 mi; UV 254 nm). The peak eluting 7.0 ~ 8.2 min was collected to give 137
mg (37%) of 1-12 with a purity of 99.7 %. The material was not resolved into the

enantiomers.

MS (ESI'): m/e = 479 (M + Na®), 457 (M + H*), 401 (M + H' - C4Hg), 357 (M + H* - CO, -
C4Hsg).
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'H NMR (DICHLOROMETHANE-d, ,400MHz): & (ppm) 7.97 (d, J=8.3 Hz, 1H, Bt-H), 7.41
(ddd, J=8.1, 7.1, 0.8 Hz, 1H, Bt-H), 7.36 (ddd, J=8.3, 7.1, 1.3 Hz, 1H, Bt-H), 7.19 (d, J=8.1
Hz, 1H, Bt-H), 7.05 (d, J=8.8 Hz, 2H, Ar-H), 7.10 (d, J=8.8 Hz, 2H, Ar-H), 6.04 (s, 2H,
OCH,0), 5.17 (br. s., 1H, NH), 3.74 (s, 3H, OCHs), 3.38 (d, br., J=13.4 Hz, 1H, 3-H), 3.17
(d, J=13.6 Hz, 1H, 3-H), 1.56 (s, 3H, 2-CHy), 1.46 (s, 9H, Boc).

C NMR (101 MHz, DICHLOROMETHANE-d,) & ppm 174.3 (C-1), 155.1 (2C-1), 154.2
(3C-4), 143.5 (Bt C-3a), 131.9 (3C-1), 131.5 (3G-2), 128.7 (Bt C-7a), 128.2 (Bt C-6), 124.6
(Bt C-5), 119.9 (Bt C-4), 115.8 (3C-3), 109.0 (Bt C-7), 98.9 (OCH,0), 60.3 (C-2), 52.4 (1C-
1), 40.7 (br., C-3), 28.1 (2C-3), 23.4 (br., 2-CHa).

Example 13
O
/N\\
©/\OJL1\O©/O\/O\N N

1-13
Benzyl 7-[(1H-benzotriazol-1-yloxy)methoxy]-3,4-dihydrois oquinoline-2(1H)-
carboxylate
1.00g (6.53 mmol) N-hydroxy-1H-benzotriazol hydrate were dissolved in 6.63 ml 1 M KOH
and stirred at ambient temperature over night. The solvent was removed i.vac. at 25°C
and the residue was dried under high vacuum at ambient temperature. 1.25 g (>100%) of
the potassium salt of N-hydroxy-1H-benzotriazole was obtained as a white solid, which

was used for further reactions.

100 mg (0.58 mmol) of the potassium salt of N-hydroxy-1H-benzotriazole prepared above
were suspended in 6.5 ml THF and 319 mg (0.58 mmol) 7-chlormethoxy-3,4-dihydro-1H-
isochinolin-2-carbonsaurebenzylester was added. The reaction was stirred over night at
ambient temperature and then partitioned between with ethyl acetate and water. The
organic phase was dried (sodium sulfate) and evaporated i. vac.. Chromatography of the
raw material on 10 g silica (hexane, hexane/ethyl acetate 8:2 and 6:4) gave 215 mg (87%)
of an oil, which was further purified by preparative HPLC: (HPLC (Waters
Autopurificationsystem: Pump 2545, Sample Manager 2767, CFO, DAD 2996, ELSD
2424, SQD 3001; XBrigde C18 5 pm 100x30 mm; A = H,0 + 0.1% HCOOH; B =



OBt OBt CH2 CH2 TBAOH K2CCB na K222 (5ng) DMBQO MeCN (1:1) DMSQI MeCN (1: 1)
140C 140C 15 15 35% 32% DVBQ' MeCN
WO 2013/001088 -133 - PCT/EP2012/062786

Acetonitrile, 0—1 min 1% B, 1-8 min 1-99% B, 8-10 min 99% B; 50 ml/min.) to give 10 mg
(4%) of 1-13.

"H NMR (CHLOROFORM-d ,400MHz): & (ppm) 8.00 (d, J=7.8 Hz, 1H, Bt 7-H), 7.31 - 7.45

5 (m, 7H, Bn-H, Bt H-5,8), 7.24 (d, J=8.3 Hz, 1H, Bt 4-H), 7.15 (d, J=8.3 Hz, 1H, Iq 4-H),
6.98 (dd, J=8.6, 2.3 Hz, 1H, Iq 5-H), 6.84 - 6.92 (m, 1H, Ig 7-H), 6.01 (s, 2H, OCH,0),
5.20 (s, 2H, OCH,Ph), 4.66 (s, br., 2H, I 2-H), 3.71 - 3.80 (m, br., 2H, Iq 3-H), 2.85 (s,
Br., 2H, Ig 4-H).

10 Example 14
CH CH,

3
~N
OH -
2 T e

2-14-1

H:C 1-14.1
Compound 3-14-1 can be synthesized according to M.L. James ef a.., Bioorg. Med.
Chem. 13 (2005), 6188.

15
CH

3
~N
\N —— \—F

0]

H,C

CH,
N~
H,C—

N,N-Diethyl-2-{2-[4-(fluoromethoxy)phenyl]-5,7-dimethylpyrazolo[1,5-a]pyrimidin-3-
yl}acetamide 2-14-1



1-10 Boo cycl opropyl OBt CD2 TBACH na 140C 15 38% (1:1)
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A1 100 g (0.28 mmot) 3-14-1 were dissolved in 7 mi dry THF under an argon atmosphere
and 17 mg (0.43 mmol) sodium hydride (60% in mineral oil) were added in one portion.
The mixture was stirred for 5 min.

B: 25 ml dry THF were cooled to 0° C and bromoflucromethane was bubbled into the
solution. By weighing of the flask and of the steel container the amount of gas dissolved
was determined. The solution can be stored in the refrigerator for some month.

3 mi of the solution of bromofluoromethane in THF were added to the solution prepared in
A and the reaction was stirred at room temperature for 2 h. The mixture was poured in to
ice water and extracted with dichloromethane three times. The combined organic phases
were dried over sodium sulfate, and evaporated to give 119 mg raw product,
Chromatography (Biotage Isolera System, Flash 12+M cartridge, CH,Clo/MeOH 0-1%
18CV, 1-5% 10CV, 5-20% 10CV, 20-100% 10CV = 540 ml) gave 97 mg 2-14-1 which
was further purified by preparative HPLC (Agilent: Prep 1200, 2xPrep Pump, DLA, MWD,
Prep FC, ESA: Corona; Chiralpak IC 5um 250x20 mm; Hexane / Ethanol 50:50: 15
mi/min; RT; 97 mg / 1.5 ml EtOH/MeOH 1:1; 3 x 0.5 ml; UV 210 nm). The fractions eluting
at 7.4 — 9.4 min were isolated to give 79 mg (72%) of 2-14-1 with >99 % (210 nm) purity.

MS (ESI*): m/e = 791 (2M + Na®), 769 (2M + H*), 385 (M + H")

'"H NMR (DICHLOROMETHANE-d, ,400MHz): & (ppm) 7.76 - 7.84 (m, 2H, Ph-H), 7.12 -
7.20 (m, 2H, Ph-H), 6.56 (q, J=1.0 Hz, 1H, 6-H), 5.77 (d, "Jur=54.6 Hz, 2H, OCH,F), 3.88
(s, 2H, CHy), 3.51 (q, J=7.3 Hz, 2H, N CH,), 3.38 (q, J=7.1 Hz, 2H, N CH,), 2.72 (d, J=1.0
Hz, 3H, 5-CHy), 2.53 (s, 3H, 7-CHy), 1.22 (t, J=7.3 Hz, 3H, NCH,CH,), 1.10 (t, J=7.1 Hz,
3H, NCH,CHs).

"*C NMR (101 MHz, DICHLOROMETHANE-d,): 5 (ppm) 169.7 (C=0), 157.8 (Pypy C-5)
156.8 (d, *Jer=3.2 Hz, Ph C-4), 153.9 (Pypy C-2), 147.7 (Pypy C-3a), 144.9 (Pypy C-7),
129.9 (Ph C-2/6), 129.4 (Ph C-1), 116.4 (d, “Je=1.6Hz, Ph C-3/5), 108.4 (Pypy C-6),
101.0 (Pypy C-3), 100.9 (d, "Jer=218.1Hz, OCH,F), 42.3 (NCH; cis), 40.5 (NCH; trans)
28.0 (CHy), 24.4 (6-CHs), 16.6 (7-CHg), 14.1 {(NCH,CH; trans), 12.9 (NCH,CH; cis).

H



K222 DWVSQ 1V/ eCN 1-10 Bac cycl opropyl OBt CD2 K2003 140C 15 24%

(5my) (1:1)
WO 2013/001088 - 135 - PCT/EP2012/062786
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H,C._N._CH,
2-{5,7-Dimethyl-2-[4-(methylsulfanylmethoxy)phenyilpyrazoio[1,5-a]pyrimidin-3-yl}-
N,N-diethylacetamide 3-14-2
500 mg (1.42 mmol} 3-14-1 were dissolved in 35 ml dry DMF under an argon atmosphere
and 85 mg (2,12 mmol) NaH (60% in mineral oil) were added. The mixture was stirred 5
min at room temperature and then 141 pl (1.70 mmol) chlordimethylsulfid added. The
reaction was stirred over night, after which HPLC-MS indicated very litle product
formation. 52 mg (0.14 mmol) Tetrabutylammonium iodide were added and the reaction
stirred for an additional 9 days. The mixture was poured intd ice water and extracted three
times with methylene chloride. The combined organic phases were dried over sodium
sulfate, and evaporated to give 1.17 g raw material, which was purified (Biotage Isolera
system, Flash 40+M cartridge, 40 ml/min, CH,Cl, 3CV =396 mi, CH.Cl/MeOH 0-80%
12CV =1584 ml) to give 620 mg (88%) of 3-16-2. HPLC-MS indicated the presence of
double and triple alkylated species. 300 mg were subjected to a second chromatography
(Biotage Isolera system, Flash 25+M cartridge, 25 mi/min, n-Hexane to Ethyl acetate in 10
CV, then Ethyl acetate 7 CV = 880 ml) gave 220 mg 3-16-2, which still contained some
15% dialkylated species. Nevertheless, the material could be used in the next step.

MS (ESI'): mle = 412 (M"), 312 (M" - CONE,), 256 (M* - CONEL, - C,;H,S).

"H NMR (DICHLOROMETHANE-d, ,400MHz): & (ppm) 7.73 - 7.78 {m, 2H, Ph H2/6), 7.01
- 7.05 (m, 2H, Ph H3/5), 6.55 (br. s, 1H, Pypy H-5), 5.20 (s, 2H, SCH,0), 3.89 (s, 2H,
ArCH,CO), 3.51 (q, J=7.3 Hz, 2H, NCH;), 3.38 (g, J=7.1 Hz, 2H, NCHy), 2.72 (d, J=0.8
Hz, 3H, 5-CHa), 2.53 (s, 3H, 7-CHa), 2.26 (s, 3H, SCH3), 1.22 (t, J=7.1 Hz, 3H, NCH,CHs),
1.1 (t, J=7.1 Hz, 3H, NCH,CHs).

*C NMR (101 MHz, DICHLOROMETHANE-d;): 8 (ppm) 169.7 (C=0), 157.6 (Ph C-4),
157.3 (Pypy C-5), 164.3 (Pypy C-2), 147.6 (Pypy C-3a), 145.0 (Pypy C-7), 129.6 (Ph C-
2/6), 127.5 (Ph C-1), 115.9 (Ph C-3/5), 108.2 (Pypy C-6), 100.9 (Pypy C-3), 725
(OCHS), 42.3 (NCH; cis), 40.5 (NCH; trans), 28.0 (CHy), 24.3 (5-CHs), 16.6 (7-CH3), 14.4
(NCH;CH; trans), 14.2 (NCH,CHj; cis), 12.9 (SCHa).
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2-(2-{4-[(1H-Benzotriazoi-1-yloxy)methoxy]phenyl}-5,7-dimethylpyrazolo[1,5-a]-
pyrimidin-3-yl)-N, N-diethylacetamide 1-14-1

A) 178 mg (1.17 mmol) N-Hydroxy-1H-benzotriazole hydrate were dissolved in 1.16 mi
Tetrabutytammoniumhydroxide (1 mM in Methanol) and stirred for 30 minutes at room
temperature. Methano! was then evaporated and the material stripped twice with toluene
at max 40°C bath temperature to give dry tetrabutylammonium N-hydroxy-1H-
benzotriazolate.

B) 151 mg (0.37 mmol) 3-14-2 were dissolved in 2,5 ml dry methylene chloride, cooled to -
15°C and 54 mg (0.40 mmol) N-Chlorosuccinimide added. The mixture was stirred for 4 h,
during which the reaction was slowly allowed to come to room temperature. Then the
tetrabutylammonium N-hydroxy-1H-benzotriazolate prepared under A) was dissolved in
2.5 ml dry methylene chioride and added to the reaction and stirred for 30 min. The
mixture was stored over night at -15°C and then directly applied to the chromatography
column. (Biotage Isolera System, SNAP 25 cartridge, 25 ml/min, A=Dichloromethane,
B=Methanol, 100%A 3CV, 0%B to 30%B in 10CV, 30%B 3CV). 329 mg (>100%) material
were obtained, which was subjected to preparative HPLC (Dionex: Pump P 580, Gilson:
Liquid Handler 215, Knauer: UV-Detector K-2501; Chiralpak 1A 5 Hm 250x30 mm; Hexane
/ Ethanol 50:50; 40 ml/min; RT; 329 mg / 3.5 ml EtOH; 7 x 0.5 ml; UV 254 nm) the fraction
eluting at 10.3 — 11.5 min was collected to give 60 mg (33%) 1-14-1 with a purity of 99.9
%.

MS (ESI™): m/e = 500 (M + H).

'H NMR (CHLOROFORM-d ,400MHz): & (ppm) 7.99 (d, J=8.1 Hz, 1H, Bt-H), 7.89 (d,
J=8.6 Hz, 2H, Ph-H), 7.42 (dd, J=8.1, 7.1 Hz, 1H, Bt-H), 7.37 (dd, J=8.3, 6.8 Hz, 1H, Bt-
H), 7.30 (d, J=8.3 Hz, 1H, Bt-H), 7.25 (d, /=8.8 Hz, 2H, Ph-H), 6.58 (s, 1H, Pypy 6-H),
6.11 (s, 2H, OCH,0), 3.93 (s, 2H, ArCH,C), 3.53 (q, J=7.1 Hz, 2H, NCH,), 3.39 (t, 2H,
NCHg), 2.75 (s, 2H, 5-CHy), 2.55 (s, 2H, 7-CHg), 1.24 (t, J=7.1 Hz, 3H, NCH,CHs), 1.11
J=7.1 Hz, 2H, NCH,CH,).

®C NMR (101 MHz, DICHLOROMETHANE-d,): & (ppm) 170.0 (C=0), 158.1 (Ph C-4),
156.6 (Pypy C-5), 154.1 (Pypy C-2), 148.0 (Pypy C-3a), 145.2 (Pypy C-7), 143.8 (Bt C-



K222 DMBO'MeCN 1 Trt Dmb OBt CH2 K2COB (5ng) (1:1) 140C 15 30% 1-11-
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3a), 130.4 (Ph C-2/6), 129.8 (Ph C-1), 129.1 (Bt C-7a), 128.6 (Bt C-6), 124.9 (Bt C-5),
120.1 (Bt C-4), 116.3 (Ph C-3/5), 109.3 (Bt C-7), 108.7 (Pypy C-6), 101.3 (Pypy C-3), 99.3
(OCH,0), 42.6 (NCH, cis), 40.8 (NCH, trans), 28.3 (G-2), 24.7 (5-CH), 16.9 (7-CHa), 14.4
(NCH,CH; trans), 13.7 (NCH,CH cis),

Example 15
O
/N\
ey
1_15 <:—:>

2-{(1H-Benzotriazol-1-yloxy)methoxylethyl benzoate

As described in example 13, 100 mg (0.58 mmol) of the potassium salt of N-hydroxy-1H-
benzotriazole prepared above and 124 mg (0.58 mmol) benzoyloxyethylchloromethylether
were reacted. Chromatography of the raw material on 10 g silica (hexane, hexane/ethyl
acetate 8:2) gave 30 mg (11%}) of an oil, which was further purified by preparative HPLC:
HPLC (Waters Autopurificationsystem: Pump 2545, Sample Manager 2767, CFO, DAD
2996, ELSD 2424, SQD 3001; XBrigde C18 5um 100x30 mm: A = H,O + 0.1% HCOOH;
B = Acetonitril, 0—1 min 1% B, 1-8 min 1-99% B, 8-10 min 99% B; 50 ml/min.) to give 18
mg (9% of 1-15.

'H NMR (CHLOROFORM-d ,300MHz): 6 (ppm) 7.95 - 8.06 (m, 3H), 7.52 - 7.62 (m, 2H),
7.31-7.48 (m, 4H), 5.60 (s, 2H), 4.55 (1, J=4.5 Hz, 2H), 4.28 (t, J=4.5 Hz, 2H).

"*C NMR (CHLOROFORM-d ,75MHz): & (ppm) 166.4 (C-1), 143.6 (Bt C-3a), 133.2 (C-5),
129.7 (C-3/7), 129.6 (C-2), 128.4 (C-4/6), 128.2 (Bt C-6), 128.2 (Bt C-7a), 124.6 (Bt C-5),
120.3 (Bt C-4), 108.5 (Bt C-7), 102.3 (OCH,0), 68.6 (CH,0C}, 63.4 (CH,0CQ).

Example 16
Na
@VO\/O“‘N/ “N
1_16 @

1-(Benzyioxymethoxy)-1H-benzotriazole
100 mg (0.58 mmol) of the potassium salt of N-hydroxy-1H-benzotriazole prepared in
example 13 were suspended in 6.5 ml tetrahydrofuran and 81 pL (0.58 mmol)



1 Trt Dnb OBt CH2 Cs2CA3 (5ng) (1:1) 140C 15 36% 1-11- DVSQO' MeCN
Tr t Dmb
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benzyichloromethylether was added. The reaction was stirred over night at ambient
temperature and then partitioned between with ethyl acetate and water. The organic
phase was dried (sodium sulfate) and evaporated i. vac.. The residue was purified by
chromatography and then by preparative HPLC (HPLC (Waters Autopurificationsystem:
Pump 2545, Sample Manager 2767, CFO, DAD 2996, ELSD 2424, SQD 3001; XBrigde
C18 5 ym 100x30 mm; A = H,O + 0.1% HCOOH; B = Acetonitril, 0—1 min 1% B, 1-8 min
1-99% B, 8-10 min 99% B; 50 ml/min.) to give 41 mg (27%) of 1-16.

'H NMR (CHLOROFORM-d ,400MHz): & (ppm) 8.03 (d, J=8.3 Hz, 1H), 7.57 (d, J=8.6 Hz,
1H), 7.50 (ddd, J=8.3, 6.8, 0.5 Hz, 1H), 7.37 - 7.43 (ddd, J=8.3, 6.8, 1.0 Hz, 1H), 7.28 -
7.37 (m, 5H), 5.58 (s, 2H), 5.00 (s, 2H).

"*C NMR (CHLOROFORM-d ,101MHz): & (ppm) 143.7 (Bt C-3a), 135.9 (Bn C-2), 128.7
(Bn C-3/7), 128.5 (Bt C-6), 128.3 (Bt C-7a), 128.2 (Bn C-4/6), 128.2 (Bn C-5), 124.7 (Bt C-
5), 120.3 (Bt C-4), 108.8 (Bt C-7), 101.3 (OCH,0), 72.0 (PhCH,0).

General method for radiofluorination

O\X,LG O\XLEF

Y b PG~ O.

I
N
T=
e
o
N

Vil X
[°F]Fluoride was immobilized on a preconditoned QMA (Waters) cartridge
(preconditioned by washing the cartridge with 5 mt 0.5 M potassium carbonate and 10 m!
water), The ["*Flfluoride was eluted using a solution of either:
) potassium carbonate (1 mg) in 500 pl water and Kz (5 mg) in 1500 ul
acetonitrile
I} cesium carbonate (2.3 mg) in 500 pl water and Ky (5 mg) in 1500 pl
acetonitrile
l11) 40% tetrabutylammonium hydroxide g, (81) in 500 pL water and Ky, (5 mg) in
1500 pl acetonitrile
This solution was dried at 120°C with a nitrogen flow of 150 ml/min. Additional acetonitrile
(1 ml) was added and the drying step was repeated. This drying step was repeated once
more. A solution of precursor (2 mg) in a solvent (300 pl) was added and heated at

2



OBt-Cl CH2 TBAOH na (1:1) 140C 15 27% 1-11- K222 DMVSQ MeCN 2 Trt

Db OBt-Ct CH2 K2CCB (5mg) (1: 1)
WO 2013/001088 -139 - PCT/EP2012/062786

elevated temperature for a period of time (See Table 1 for details). The ["Flfluoride
incorporation was analyzed by HPLC (ACE C18 3p 50 x 4.6 mm; Solvent A: 10 mM
dipotassium phosphate in water, Solvent B: 10 mM dipotassium phosphate in
acetonitrile:water (7:3); Gradient: 5% B to 95% B in 7 min, 95% B to 100% B in 6 sec,
5 100% B for 92 sec, 100% B to 5% B in 12 sec, 5% B for 3 min; flow: 2 mi/min). For
compound 1-11-3 the ["Flfluoride incorporation was analyzed via a slightly modified
HPLC method was used (ACE C18 3p 50 x 4.6 mm; Solvent A: 10 mM disodium
phosphate in water pH 7.4, Solvent B: acetonitrile; Gradient: 5% B to 95% B in 7 min, 95%
B to 100% B in & sec, 100% B for 92 sec, 100% B to 5% B in 12 sec, 5% B for 3 min; flow:
10 2 mi/min).

Table 1. Radiofluorination results using with different precursors and reaction conditions.



140C 15 28% 1-11- K222 DMBO' MeCN 3 Trt Drnb OBt-CF3 CH2 K2CO3 (5nm)
(1:1) 140C 15 43% 1- 11-

WO 2013/001088 - 140 - PCT/EP2012/062786
Crypt- Time | Incorpo-
Cpd | PG1 ] PG2 LG X Base Solvent Temp.
and {min) ration
1-1-1 } Boc | tBu OBt CH; § TBAOH | na MeCN 140°C | 15 38%
DMSO/MeCN
111 | Boc | tBu OBt CH; | ¥BACH na (1:1) 140°C | 15 40%
1-1-2 | Boc | tBu OAt CH; | TBAOH | na MeCN [ 120°C |15 | 26%
dicycloprop . '
1-2-1 { Boc I OBt CH, | TBAOH na [ DMSO 150°C | 10 %
b
dicycloprop K222 DMSO/MeCN '
1-2-2 | Boc | OBtCF, CH; | Cs:CQ4 140°C | 15 52%
vl {(5mg) | (1:1)
dicycioprop PMSO/MeCN '
1-2-3 | Boc | OBtNQ, CH; | TBAOH na (1:1) 140°C | 15 12%
y :
DMSO/MeCN
1-3 Boc | DMB OBt CH; | TBAOH na (111} 1446°C | 15 18%
K222 DMSO/MeCN
1-3 Boc | DMB OBt CH: | %:CO4 H40°C {15 20%
i {(5mg) (1:1)
DMSO/MeCN '
1-4-1 | Boc | cyciopropyl | OBt CH; | TBAOH na ;(1.1) 140°C | 15 25%
Kz22 DMSO/MeCN
1-4-1 } Boc | cyclopropyl | OBt CH, } K;CO, 140°C | 15 35%
{dmgy | {1}
triazoleC -
1-4-2 | Boc | cyclopropyl O.Et CH: | TBACH na DMSO 120°C | 116G 12%
2!
triazoleC K222
1-4-2 | Boc | cyciopropyl CH; | Cs,CO; DMSO 120°C } 10 16%
O,E? (5mg)
K222 DMSO/MeCN
1-51 | Boc | PMB OBt CH: 1 K.CO, 140°C § 15 25%
{(dmg} | {(1:1)
DMSO/MeCN
1-5-1 § Boc | PMB OBt CH, | TBAOH na (1 140°C | 15 22%
K222 DMSQO/MeCN
1-5-2 | Boc | PMB OBt-Cl CH; | KiCOs 140°C | 15 33%
{5mg) (1:13
DMSO/MeCN
1-5-3 | Boc | PMB OBICF; CH; | K:COs na (1:1) 140°C { 15 25%
DMSO/MeCN
1-5-4 | Boc § PMB OBtCF, CH: | Cs:CO4 na (1:4) 1453°C | 15 60%
DMSO/MeCN
1-6 | Boc | oMeBn OBt CH, | TBAOH | na (1) 140°C § 15 13%
K222 DMSQ/MeCN
1-6 Boc | «MeBn OBt CH; | KCO3 140°C | 15 15%
{5mg) (t:1)
DMSO/MaCN
1-7 Boc | cumyl OBt CH; | TBAOH na (111) 140°C | 15 21%
K222 DMSO/MeCN
1-7 Boc | cumyl OBt L CH, § K.CO, 140°C { 15 20%
i (5mg} | (1:1)
K222 BMSO/MeCN
1-8 Trt tBu OBt CH; | KCO, 140°C {15 30%

(5mg) (1:1)




K222 DVSQO MeCN
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['®F]Fluoride was

Trt Dnb 013t-CF3 CH2 Cs2C33 140C 15 56% 3 (5my)
WO 2013/001088 -141 - PCT/EP2012/062786
DMSO/MeCN
1-9 Trt PMB OBt CH, | TBAOH na (1:4) 140°C | 15 35%
K222 DMSO/MeCN
1-9 Trt PMB OBt CH; | K:CO, 140°C | 15 32%
(5mg) {1:1)
DMSC/MeCN -
110 | Boc | cyclopropyl | OBt CD; | TBAOH na (111) 140°C | 15 38%
K222 DMSO/MeCN
110 | Boc | cyclopropyl | OBt CD, | K,CO4 140°C | 15 24%
(5my) (1:1)
dicycloprop Kz22 DMSO/MeCN
1-2-2 { Boc OBt CHz | K:COa 140°C | 15 20%
vl (5mg) {1:1}
1-11- ' K222 DMSO/MeCN
Trt Dmb OBt CH: § K:COs 140°C | 15 30%
1 {5mg) (t:1)
1-11- K222 DMSO/MeCN
Trt Dmb OBt CH, Cs,C0, 140°C 15 36%
1 (5mg) (1:1)
1-11- DMSO/MeCN
2 Trt Dmb OBt-Cl CH, | TBAOH na (1:1) 140°C | 15 27%
111~ K222 DMSO/MeCN
Trt Dmb OBt-Ct CH, | K:CO4 140°C | 15 28%
2 (5mg) | (1:1)
1.1~ K222 | DMSO/MeCN A
Trt Dmb OBt-CF3 | CH; | K:COs 140°C {15 43%
3 {5mg) (1:1)
111~ K222 DMSO/MeCN
T Dmb OBt-CF; CH, | Cs,CO, 140°C | 15 56%
3 (5mg} (1:1}
K222 DMSQO/MeCN
112 | Boc | Me (o-Me) oBtl CH; | Cs:COs 140°C | 15 40%
(5mg) {(1:1
K222 DMSO/MeCN
1-12 | Boc | Me (a-Me) OBt CH: | K.COs 140°C | 15 31%
{5mg} (1:1)
Synthesis of radioactive compounds
Example 17
<jL/O\/O\N/N\\ - @\/ 18
N 0. _F

immobilized on a preconditioned QMA (Waters) cartridge

(preconditioned by washing the cartridge with 5ml 0.5 M K,CO;z and 10 ml water), The

["®FJfluoride was eluted using a solution of either:
1} KoCOs (1 mg) in 500 pl water and Kazz (5 mg) in 1500 pl acetonitrile



(1:1) K222 DVMBO' MeCN  1-12 Boc Me (a-Me) OBt1l CH2 Cs2C08  140C

15 40%
WO 2013/001088 -142 - PCT/EP2012/062786

I1) Cs2C0;3 (2.3 mg) in 500 pl water and Kyz, (5 mg) in 1500 pl acetonitrile
H1) 40% TBAOH . (8 pl) in 500 pi water and Kaz, (5 mg) in 1500 p! acetonitrile
This solution was dried at 120°C with a nitrogen flow of 150 ml/min. Additional acetonitrile
(1 mi) was added and the drying step was repeated. This drying step was repeated once
5 more. A solution of precursor (2 mg) in a DMSQ:acetonitrile (1:1, 300 ui) was added and
heated at 140°C for 10 min. The ['°Flftuoride incorporation was analyzed by HPLC (ACE
C18 3u 50 x 4.6 mm; Solvent A: 10 mM K,HPQ, in water, Solvent B: 10 mM KoHPQOy in
acetonitrile:water (7:3); Gradient: 5% B to 95% B in 7 min, 95% B to 100% B in 6 sec,
100% B for 92 sec, 100% B to 5% B in 12 sec, 5% B for 3 min; flow: 2 mi/min). The
10 ["®FIfluoride incorporation was:
1) KoCO; = 78.5%
I} Cs:CO; = 63.6% (For HPLC see Figure 1)
IIf) TBAOH = 74.4%
Fig 1: HPLC above y-trace and below UV detector.
15
Example 18
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20 [*FIFluoride was immobilized on a preconditoned QMA (Waters) cartridge
(preconditioned by washing the cartridge with 5 ml 0.5 M K,CO; and 10 ml water), The
[**Flfluoride was eluted using a solution of either:

1} K2COs3 (1 mg) in 500 pi water and K, (5 mg) in 1500 pl acetonitrile
1) 40% TBAOHq (8 i) in 500 pl water and Kz (5 mg) in 1500 pl acetonitrile

25  This solution was dried at 120°C with a nitrogen flow of 150 ml/min. Additional acetonitrite
(1 ml) was added and the drying step was repeated. This drying step was repeated once
more. A solution of precursor (2 mg) in a DMSO:acetonitrile (1:1, 300 pl) was added and
heated at 140°C for 15 min. The ["*Flfluoride incorporation was analyzed by HPLC (ACE



(5my) (1:1)
WO 2013/001088 - 143 - PCT/EP2012/062786

10

15

20

25

30

K222 DVBO MeCN  1-12 Boo Me (a-Me) OBt CH2 K2COB

C18 3 50 x 4.6 mm; Solvent A: 10 mM K;HPO, in water, Solvent B: 10 mM K,HPOQ, in
acetonitrile:water (7:3); Gradient: 5% B to 95% B in 7 min, 95% B to 100% B in 6 sec,
100% B for 92 sec, 100% B to 5% B in 12 sec, 5% B for 3 min; flow: 2 mi/min). The
["®F]fluoride incorporation was:

1) K;CO; = 28.5%

i) TBAOH = 38.4% (for HPLC see Figure 2)
Fig 2: HPLC above y-trace and below UV detector.

Example 19
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['*F]Fluoride was immobilized on a preconditoned QMA (Waters) cartridge
(preconditioned by washing the cartridge with 5 mi 0.5 M K,CO, and 10 ml water), The
["®Fifluoride was eluted using a solution of either:

1} KaCO; (1 mg) in 500 ul water and Koz, (5 mg) in 1500 pi acetonitrile

i) Cs,C03 (2.3 mg) in 500 pl water and Kz, (5 mg) in 1500 pl acetonitrile

11i) 40% TBAOHaq) (8ui) in 500 pl water and Kaz, (5 mg) in 1500 ul acetonitrile
This solution was dried at 120°C with a nitrogen flow of 150 ml/min. Additional acetonitrile
(1 ml) was added and the drying step was repeated. This drying step was repeated once
more. A solution of precursor (2 mg) in a DMSO:acetonitrile (1:1, 300 pl) was added and
heated at 140°C for 10 min. The ["*Flfluoride incorporation was analyzed by HPLC (ACE
C18 3p 50 x 4.6 mm; Solvent A: 10 mM K.HPO, in water, Solvent B: 10 mM K:HPQ, in
acetonitrile:water (7:3); Gradient: 5% B to 95% B in 7 min, 95% B to 100% B in 6 sec,
100% B for 92 sec, 100% B to 5% B in 12 sec, 5% B for 3 min; flow: 2 mlimin). The
["®FIfluoride incorporation was:

1) K:CO3 = 26.9%

) Cs,CO; = 33.5%

) TBAOH = 33.9%

Example 20: DPA714



140C 15 31% (5my) (1:1) Synt hesi s of radioactive conpounds 5
Exanpl e 17 [ 18F] Fl uori de was i mobilized on a preconditioned QVA

(Waters) weanors/mess 10( precondi ti oned by- W#khi ng the car PCirdgeomiosiTsénl 0. 5
M K2CO3 and 10 ml water), The [18Fifluoride was eluted using a solution of

either: 1) K2CAB (1 ng) in 500 pl water and K222 (5 in 1500 pl
acetonitrile WOF2013/001088- 142 - PCT/ EP2012/062786 | 1) Cs2C3B (2.3
ng) in 500 pi (5 ng) in 1500 pl acet LiN e 1) 40%

TBACH(ag) (8 plIfj ifi e @ d K222 (5 nmg) in{ 1500 M—a dJ idee
This sol ution s d/ed 3 Zog\vd'at? A\ trogen ,jg ]

Addi tional %&etolitrill e (1 M) was add and the’drying sep was repeated
This drying step was/repeated once re. A solutiom=e§ precursor (2 ny)
in a DMSO acetonitril e (ch; 1, 300 pi s added and heat ed _a}%40C for 10
mn. The [18F]f], e\; |ncorporat|on Wwas anal yzed by ACE Cl8 3p 50 X
4.6 mm Sol vent °A: 10 nM K2HPO4 in water, Solvent B: 10 nmM K2HPO4 in
acetonitrile:water (7:3); Gadient: 5%B to 95% B in 7 mn, 95% B to 100% B

' 0% B to 5%Bin 12 sec 5(VBfor3mn
::POSV sgcm / %?}%I%rflﬁ%; v%gs S?r%moé? on a (E)recondlt;oned QMA ° (Waters) cartridge

(preconditioned by washing the cartridge with 5 mi 0.5 M K,CQ; and 10 m! water), The

5  ["Flfluoride was eluted using a solution of K,COs (1 mg) in 500 pl water and Kz (5 mg) in
1500 pl acetonitrile. This solution was dried at 120°C with a nitrogen flow of 150 mi/min.
Additional acetonitrile (1 ml} was added and the drying step was repeated. This drying

step was repeated once more. A solution of precursor (2 mg} in a DMSO:acetonitrile (1:1,

300 pl) was added and heated at 140°C for 15 min. The [*®*Ffluoride incorporation was

10 analyzed by HPLC (ACE C18 3p 50 x 4.6mm; Solvent A: 10 mM K.HPO, in water, Solvent
B: 10 mM K;HPQ, in acetonitrile:water (7:3); Gradient: 5% B to 95% B in 7 min, 95% B to
100% B in 6 sec, 100% B for 92 sec, 100% B to 5% B in 12 sec, 5% B for 3 min; fiow: 2

ml/min). The ["*Ffluoride incorporation was 2%.

15  Example 21
Radiosynthesis of O-["*FIFlucromethyl tyrosine (Precursor 1-2-1)
["*FIFluoride (1.72 GBq) was immobilized on a preconditioned QMA (Waters) cartridge
{(preconditioned by washing the cartridge with 5 ml 0.5M potassium carbonate and 10 m!
water), The ["®Fflucride was eluted using a solution of potassium carbonate (1 mg) in 250
20 ul water and Kzz; (5 mg) in 1250 pl acetonitrile. This solution was dried at 120°C with
stirring under a nitrogen stream. Additional acetonitrite (1 ml) was added and the drying
step was repeated. A solution of precursor 1-2-1 (2 mg) in dimethyl sulfoxide:acetonitrile
{1:1; 300 pl) was added and heated at 140°C for 15 min. The reaction was diluted with
water (20 mi) and passed through a C18 Plus Light (preconditioned by washing the
25  cartridge with 5 ml ethanol and 10 mi water). The solid phase extraction (SPE) cartridge
was washed with water (10 ml) and eluted with acetonitrife (1 ml). The elution was
concentrated at 70°C with stiming under a nitrogen stream. To this was added
dichloromethane:triflucroacetic acid (1:2, 500 pl) and stirred at r.t. for 2 min. The reaction
was concentrated under a nitrogen stream. To the residue was added pH2 water (4m,
30  water pH adjusted to pH 2 with 0.1 M hydrochloric acid) and purified by HPLC {Synergi
Hydro RP 4p 250 x 10mm; 10% acetonitrile in water at pH 2; flow 5 mi/min). The product



10[ 189f | uori de incorporation was: 1) K2CO3 = 78.5%11) Cs2CO3 = 63. 6% ( For
HPLC see Figure 1) 111) TBAOH = 74.4% Fig 1: HPLC above y-trace and bel ow
UV det ectwo.2ol@oBsanpl e 18 20[ 18F] Fl uori4fe- was i nmobi | PCEEPOII2A62786
preconditi oned QVA (Waters) cartri dge (pr econdi ti oned by washing the
cartridge with water) The [8F] f 1uori de was

el uted usi nRPas %‘Pu?‘%@ﬁte f%f‘reﬂer"’“hl Wa@d@‘ @l #p nasssbdNisughes ef & rRiux222
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acetonitrile 25 This solution was drie Cwth
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sol ution of,.pr r in a DMSO acetonitrile :

and hea{%ed @g @?d‘r‘ é%ﬁﬁﬁsweﬁr%oq%éwr%@a%d iMmt&rBr ati on was anal yzed
by HPLC (ACE WD 2013/001088- 143 - PCT/ EP2012/062786 C18 3p 50 x 4.6 mm

Sol vent A: HPO4 in water, Solvent B: 10 nM K2ZHPO4 in

acetonitril WE%(? 3); Gradient: 5% B to 95%B in 7 nin, 95%B to 100% B

in 6 sec, meajrftnésn%f@epsﬂﬁm@?’mﬁeﬂ@r Bodink (Predubss 1- 5)% B for 3 mn;
fl ow 2n1/rgk: %gsclééluorrderncorporatron was: 51) K2CO3 = 28. 5%II)
TBACH = 38.[4 ﬁ%"é‘Perﬁhé Apvaupmeliized proa presopdiieed A MWateraimartidsow
UV det g6t or(prdEﬁadﬂBir%thQ/ Wdbhing the 13kHEdd @it emV@SM SRR %%oﬁﬁ'teaand 10 ml
precondi ti onei (Wl% (g&ﬁgekj car uré%‘?g e (Preconditioned by washing the
cartridge Wifs ﬁFO'MB?%?)pOtW@S?@BFE}tﬁI 819) e5%has
el uted using watecdnd Kgg(@fmgl it 00 pr alcetomtrlrré TREOBIkidn Wbs dr{bd%lgrozgr 8}/@5@[ or
d K222 150 et on| ile in
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500 pi wat etepands K3géatéd Agpitidral 2oOBniptie Q@Qﬁl?mésrbdc%d Bh t1ROUHA L BteWBRas

150 m itional acetonitrile
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20 (1 1F) veeelihdutuien Rerengactd-LlaBound il darorabaionine fy St
repeated ones aamee ané teatddt dtorgoof fer f&Hﬁrﬁ@he(raaéfﬁah Wdk au@ﬁ%@%ww Rl
(1:1, 300 pr?1 ded an86€ ted at 140C for 10 mn. The [18F]fl uori e

i ncor por at i%0 éqlﬂ%'ead léthAé@céicﬁt‘%dQU washing rhﬁcagarﬂ%mth}i mi10
MVl K2HPO4  iethanat @md rs@rrmér)mhé@nmamw%asmma%m WwhleP (9RiLEnd S

G adi ent : 5(1/ cet%nﬁrqe (P mi}. The n]ution \%gg) cgnge%tr%gg(?t I;OIC? wﬁh gt?r?mg under a nitrogen

20 stream. To this was added dichloromethane:trifluoroacetic acid (1:2, 500 ul) and stirred at

r.t. for 10 min. The reaction was concentrated under a nitrogen stream. To the residue

was added pH2 water at (Sml, water pH adjusted to pH 2 with 0.1 M hydrochloric acid)

and purified by HPLC (Synergi Hydro RP 4 u 250 x 10 mm; 10% acetonitrile in water at

pH 2; flow 5 mi/min). The product peak was collected, diluted with water {(pH 2) and

25  passed through a C18 Plus Environmental SPE (preconditioned by washing the cartridge

with & ml ethanol and 10 ml water). The SPE cartridge was washed with water pH 2 (5

ml}. The product was eluted with a 1:1 mixture of ethanol and water pH2 {2 mi). Starting

from 1.697 GBq ["*FJfluoride, 5.7 MBq (0.8 % d.c.) of desired product was isolated. The

product was analyzed by analytical HPLC (ACE C18 3p 50 x 4.6 mm; Solvent A: 10 mM

30  dipotassium phosphate in water, Solvent B: 10 mM dipotassium phosphate in

acetonitrile:water (7:3); Gradient: 5% B to 95% B in 7 min, 95% B to 100% B in 6 sec,
100% B for 92 sec, 100% B to 5% B in 12 sec, 5% B for 3 min; flow: 2 mi/min).

35 Example 23
Radiosynthesis of O-[**F]Fluoromethyl-D-tyrosine (Precursor 1-11-1)



25100% B for 92 sec, 100% B to 5% B in 12 sec, 5% B for 3 min; flow 2
m/mn). The [18F]fluoride incorporation was: |) K2C3B = 26.9%11) Cs2C33 =
33. 5% | | IwORBA@A108833. 9% 30 Exanpl e 20: - DRA714 [ 18F] Fl ROTIERR012062786
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Example 24
Radiosynthesis of O-["*F]Fluoromethyl-D-tyrosine (Precursor 1-11-3)

30 ["®F]Fluoride (2086 MBq) was immobilized on a preconditioned QMA (Waters) cartridge
(preconditioned by washing the cartridge with 5 ml 0.5M potassium carbonate and 10 m!
water), The ['°Flfluoride was eluted using a solution of potassium carbonate (1 mg) in 500
ul water and Kz, (5 mg) in 1500 pl acetonitrile. This solution was dried at 120°C with
stirring under a nitrogen stream. Additional acetonitrite (1 ml) was added and the drying

35 step was repeated. This azeotropic drying step was repeated twice more. A solution of
precursor 1-11-3 (2 mg) in dimethyl sulfoxide:acetonitrile (1:1; 300 pl) was added and
heated at 140°C for 15 min. The reaction mixture was diluted with 1,5ml MeCN (1.5 ml)
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solution of potassium carbonate (1 ng) in 500 pl water and K222 (5 ng) in

1500 pi acetonitrile & E:)IOI’I was dried at 120C wth stirring under a
ni trogen st?'&gﬁ?ssﬁadf‘ﬁua A ﬁ‘?ﬁe i PFF I(erecendgifignegauitty §and des)- The wag

step was r e\pameedmtrAdécml (orﬁami)am& @Blutisr Was plrifdd bw\ﬁﬁ’l_@ctﬂ@@ é}ﬁéﬁs}fg%o‘% ¥ ng

step was 15 re A{ Q on of_r;?: ursor 1-3(2 i n dinet

sul f oxi de: a@&gﬁ? el‘?é’ %"1‘”3&&50“ bPTRRa O‘é{éd@lﬂmmdﬁﬁ‘e@zpé@m@@awgscwﬁct%

min. The remteddmrvxﬁsz da{eu(ﬂﬁmwakbr\met@d;ue(té@tdﬁl-) 2%@ chf}imS chJPﬁo%%a aﬂ&g
an

Pl us Li %gréla_ﬁ) qg was hi nq%ét he cartridge wt ano

10 m wat er§OCoTive Pt%q 68 WisParaethuovgh & %F’E((BOfrﬁF?CCéﬁdloewy)t ghe

with acet ormpm Ichl&r!c(gle s wa%g mtnﬁimmammmpﬂmr atgdriRd sPP G kbt /bt fof | NY
0 i'sS was

under a ni t str
di chl or orret ntdthan @5?%@8& Was grysgd (throggh ohpughy Tha §PEt qartridge wes washed or
10 mn. Thewltkeﬁﬁﬂlvmler\l\(as BRNEBNThESPE WAS REpBwal fof QB8R apli S hir TQ) Wﬁwas

resi due was add H adj usted to M
hydr ochl or i #°5% g‘fg‘égi‘d‘?%%ﬁ??'fegd3§%‘§}1qt-lp’ﬁﬁeb’§fﬁ\éft@PJ1%rWﬁRPSQiUthmZ@Q N@z'iﬁomn
10;%; actemgmarrdl 6eNas! ma’u_e;r Sw@ttingHron 263@%4&; [l"ﬂP‘]ﬂUoﬂd% 1-@"!@8 mse;d(%f&%%& ) YRPB-
collecte ou a us

t d
Envi r onnent bk ?‘%gl‘t‘é%o R"P?fﬁ?gd’aﬁﬁmﬁﬁé?ﬂ %a‘ﬂﬂ@":@b’ﬁf’kﬁd iguig HYHAGER 18 3
et hanol anc501>04161 mmaSelvémt AReatSPE0 088 TFAJSEVHRB: WastB ANt dpatrar d?kbignt( 5

ml). The pr ct ted xture of ethanol and water
M) Sart iy o PP a0 it 8P tiad Bk S oma 5 10r 82 sec160% io Hed 1 ed
product wasn mszoi;@: A BThﬁ :pmdum;tw VB | RRE) w&dathycoamf&cyéd ePkheHEWE stfMBrL18
3p 50 4. ? mrgesﬁﬁ) iﬁ i 0 di pot assi um phosphat e |n wat er, Sol vent
B: 10 ﬁﬁ/l di'pigt T)HDCSB?JLhC S ﬁ S9c Br¥ReCr P?‘Egv%tcéirak PR (Riguai DnfAsteny, B
g (?/ %5%n|31|2 rcsfzrgmonc TOBE0 B 4150mi) G¥ivBni A: \ﬁ/awcsmlea&% %tﬁ@ﬁol %ra%%%t 5000 iR A O

0B i

Radi osynt hd¥qcatiss {%@%%PBWF&)?P ’W?‘S?P(?éf'}‘?ecoﬂq:ﬁté@‘ﬂﬁfg glPlggr_eﬁj_ 1) WO

2013/ 00108&ig 248 4 £d%: ERPRQL24O62 48 ook BARIRIGHt iy dRtdAR63 MBg) was i nmobi | i zed
on a precondltloned QVA (Waters) cartridge precondltloned by washi ng the
cartridge with 5 m 0.5M pot assi um carbonate and 10 mM water), The

[ 189f | gori de was el uted using a solution of potassium carbonate (1 ng) in
500 pi water and K222 (5 ng) in 1500 pl acetonitrile. This solution was
dried at 120Cwith 5 stirring under a nitrogen stream Additional
acetonitrile (1 mM) was added and the drying step was repeated. Additional
acetonitrile (1 m) was added and the drying step was repeated. A solution
of precursor 1-11-1 (2 ng) in dinethyl sulfoxide:acetonitrile (1:1; 300 pl)
was added and heated at 140C for 15 mn. The reaction was diluted with
water (10 m ) and passed through a C18 Plus Light (preconditioned by
washing the cartridge with 5 10 nil ethanol and 10 mM water). The SPE
cartridge was washed with water (5 m) and eluted with acetonitrile (1 ml).
The el ution was concentrated at 70C with stirring under a nitrogen stream
To this was added di chl oronethane:trifluoroacetic acid (1:2, 500 pi) and
stirred at r.t. for 10 min. The reaction was concentrated under a nitrogen
stream To the residue was added pH2 water (5 m, water pH adjusted to pH 2
with 0.1 Mhydrochloric acid)and 15 purified by HPLC (Synergi Hydro RP 4p
250 x 10mm 10% acetonitrile in water at pH 2; flow 5 m/mn). The product
peak was collected, diluted with water (pH 2) and passed through a C18 Pl us
Envi ronnental SPE (preconditioned by washing the cartridge with 5 n

ethanol and 10 m water). The SPE cartridge was washed with water pH 2 (5
ml). The product was eluted with a 1:1 m xture of ethanol and water pH2 (2
m). Starting from 1063 20 MBq [18F]fluoride, 1.7 MBg (0.4 %d.c.) of

D- FMI was isol ated. The product was anal yzed by anal ytical HPLC (ACE 018 3p
50 x 4.6 mm Solvent A: 10 nM di pot assi um phosphate in water, Solvent B: 10
mM di pot assi um phosphate in acetonitrile:water (7:3); Gadient: 5% B to 95%
Bin7 mn, 95%B to 100% B in 6 sec, 100% B for 92 sec, 100% B to 5% B in
12 sec, 5% B for 3 min; flow 2 m/mn) and using a chiral HPLC (Astec
Chirobiotic T 25250 x 4.6 mm Sol vent A: Water, Solvent B: Ethanol;

G adient: 50%B in Aisocratic; flow 5 m/mn). Exanple 24 Radi osynthesis
of 0-1189F| uoronet hyl -D-tyrosine (Precursor 1-11-3) 30[ 189Fl uori de (2086
MBq) was i mmobilized on a preconditioned QVA (Waters) cartridge
(preconditioned by washing the cartridge with 5 m 0.5M pot assi um car bonat e
and 10 n1 mater) The [18F]f|uor|de was eluted usi ng a solutlon of

. o o, o NN . 7NN 7 - AN



15(Figure 4). The product was al so anal yzed using a chiral HPLC (Figure 5)
(Astec Chirobiotic T 250 x 4.6 nmm Solvent A: Water, Solvent B: Ethanol;

G adi ent :wbQ243B0i038A i socrafic; flow 5 nm/mn) and w t rCTEPROIRA6I7BON Of
the cold standard (Figure 6). Fig 2, 3, 4 and 5. HPLC Left UV-detector and
Ri ght y-detector. 20 WD 2013/001088PCT/ ER2012/ 062786 - 148 - Cl ai ns

1. A radiolabelling nmethod for converting conpounds of formula I into
conpounds of S5formula 1~ T-0,%X,0*=YT-0 F Formulaand Fornmula tF whereirn
10Fis [18F] fluorine atom Tis a snmall nolecule; Xis CH2, CHD or CX2; Yis
a substituted heteroaromatic ring contd#BIM$ one to four nitrogen atons
wth the proviso that the oxygen (0*) is directly bound to
one of the nitrogens of the 15heteroaromatic ri ng and 0*-Y acts as | eaving
group. conptifsiadiplabsling mgiodder rwettinggorwrpaisel fomutl intal ecpmpomndhota

[ 189- FI wor i ahhey agent, [optionally] deprotecting the
obt ai ned conpound for obtaining deprotected 20conpound of formula Il and/or
[optionally] converting obT-aDlSQd,(&’bhfpounE“‘iQrt ~Euitabl e salts of inorganic
or organi c bases thereof, hydrates, conplexes, and sol vates thereof 2.
The net hod according to cl ai parhuigwher eid_n rond@pandently from each ot her 25X
is CH2, or CD2; Yis wherein ang "« ndicates the position of the
coval ent bond to the Oxygen (0*) in forrmula I; 30R1L is H CN, or COOX , and

R2 is H CN, or. COOR4, or
wherein

10 is ["®F] fluorine atom:
is a small molecuie;
is CH,, CHD or CDy;

is a substituted heteroaromatic ring containing one to four nitrogen atoms with

< X - m

the proviso that the oxygen (O*) is directly bound to one of the nitrogens of the

15 heteroaromatic ring and O*-Y acts as leaving group.

comprising the steps of
- Reacting compound of Formula | with a ["®*F]-Fluorination agent,
- [optionally] deprotecting the obtained compound for obtaining deprotected
20 compound of formula Il and/or
- [optionally] converting obtained compound into suitable salts of inorganic or

organic bases thereof, hydrates, complexes, and solvates thereof

2. The method according to claim 1, wherein independently from each other
25 Xis CHy, or CDy;
Yis

wherein
* indicates the position of the covalent bond to the Oxygen (O%) in formula ;
30 R'is H, CN, or COOR* and R?is H, CN, or COOR*, or



WO 2013/ 001088- 149 - PCT/ EP2012/ 062786 R1 and R2 formtogether a 6 nenbered
aromatic ring, which optionally conprise 1 Nitrogen (N) and 1 nethine of
the 6 nerverews/qirsg i s optionally substigsged wth Hal ogem/EPRG2/062288 COOR3,
S02R3 or CF3, R3 is Cl1-C3 alkyl, and 5R4 is Cl1-C6 alkyl; and T is
a small nol ecul e havi ng a nol ecul ar mass of from about 150 daltons to about
1,500 dal tons. R'and B? farhetogethhod Gamembdiatgarbmatit ang) whict oBuonMTrﬁb@mDnse1

d dently f
ndependent 1y, 11 omaasRe ek ¥ Yidine o e i AR Saf el
1, 500 daltons, and \altfblrlaibg@l oD, &bt COQR’, 80dREmrcDfgassi ng an aromatic or

heteroaromati C vmsq the -0-X-0*-Y and -0-X-F groups are 15
covalently bonJQD(g)?%}k% OMati c or heteroaromatic ni ety, preferably, the

-0- X0*- ¥ and - R¥s Edialipyk aade coval ently bond to the aromatic or

201 5 wner o ° 30 0 e PBR FBA b arfionf iR e Bt onods

het er oar omeddliens.i ng cont ai ni ng one to four Nitrogen atonms (N) with
the proviso that the oxygen (01 is directly bound to 250ne of the N trogen
atons (N) of the heteroaromatic ring and 0*-Y acts as |eaving group; Zis
Hydr ogen or3.méemygthod according to claim 1 or 2, wherein independently from each other

10 Y is

/f\j /E\[ N-\ N Cl N NO, IN CF,
N ra
"N N‘\ND N\\N:©/ N\NU N‘\NU
»*\r\‘/$/<3000|420H3
F o N=N
- and

T  is a small molecule having a molecular mass of from about 150 daltons to
about 1,500 daltons, and a biclogical activity and encompassing an aromatic or
heteroaromatic moiety wherein the -O-X-0*-Y and —0-X-F groups are

15 covalently bond to the aromatic or heteroaromatic moiety, preferably, the -O-X-
O*-Y and —-O-X-F groups are covalently bond to the aromatic or heteroaromatic
moiety at the para position.

4. A compound of Formula la

PG~ O.

20 fa
wherein:

X is CH,, CHD or CDy;
Y is a substituted or unsubstituted heteroaromatic ring containing one to four
Nitrogen atoms (N) with the proviso that the oxygen (0*) is directly bound to
25 one of the Nitrogen atoms (N) of the heteroaromatic ring and O*Y acts as
leaving group;

Z is Hydrogen or methyl;
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W2013/001088- 150 - PCT/ EP2012/ 062786 PGL is a carboxylic acid protecting
group, containing up to 20 carbon atons, optionally containing

i ndependewol2g130m0e088r e nore 0, N or S atofagy- and PG i s ROTAPRIIQ/0278¢ ect i ng
group, containing up to 20 carbon atons, optionally containing one ore nore
O, Nor S atons and are optionally substltuted with one to three hal ogens.
5. The conpound@tdoralicatporyiccaeifl mratectivge gaiup, |cndtapmgjaptﬂoy2ﬂi roarboaaeﬂ@rr(st her

Sosi (1 on_of the copineibEbteRind aBRenlon IS8 & NS SRRE s TS 1y
ON, or COOR4, dHeR R2ansnppo @Rpte@imgmm ccmtaumﬁgnqb R226 cmrhomogemlaebpimnally
menbered aromatic ghAginin ghérﬁor%%bx% llklyor%%rn'l g"&?%té@%a?@hg%gﬁg&ﬁw' nd 1

met hi ne of the 6 nmenbere is O 1ona NS

CN, 000R3, SO02R3 opnmhrwa@m 03 al kyl, and R4 is CL-C6 al kyl; 20PGL is
al kyl, al kyl substituted with one phenyl, aI Kyl substituted with one or two
C3- CchcI oal kyl, al kyl substituted with one phenyl and one C3-Cé6cycl oal kyl,
or 25fl uoreﬁiﬂ'lhmhwbummmc@'rdingatmwimicsv\a]etﬂira'rmdlamhdmhﬂy fro@asacl btH@e al kyl, and
optionally subs}i tlilée {: G C3 al koxy, and phenyl is
optional ly substitut&d“w t'H*up to three C1-C3 al kyl, 01-03 al koxy or

30hal ogen; and YPQRisizsmseehestredmiiaam t he group conpri si ng Car bobenzyl oxy
(Ch2), Met hoxybenzyl carbonyl (Mbz or MeQZ), tert-Butoxycarbonyl (BOC),
9- 3913/ 001088- 151 -PCT/ EP2012/ 062786

* 1

wherein

* indicates the position of the covalent bond to the Oxygen (0%) in Formula la;
R"is H, CN, or COOR* and R%is H, CN, or COOR*, or
15 R' and R? form together a 6 membered aromatic ring, which optionally comprise 1
nitrogen atom (N) and 1 methine of the 6 membered ring is optionally
substituted with halogen, NO,, CN, COOR?, SO,R® or CF,,
R®is C;-C; alkyl, and
R*is C-C; alkyi;
20 PG1is
aikyl,
alky! substituted with one phenyl,
alkyl substituted with one or two C3-Cq cycloalkyl,
alkyl substituted with one phenyl and one Cs-C; cycloalkyl, or
25 fluorenylmethyl
wherein
alkyl is a branched or linear C;-C; alkyl, and optionally substitufed with Cy-
Csalkoxy, and
phenyl is optionally substituted with up to three C,-C; alkyl, C4-C; alkoxy or
30 halogen; and
PG2 is selected from the group comprising Carbobenzyloxy (Cbz), p-
Methoxybenzyl carbonyl (Moz or MeOZ), tert-Butoxycarbonyl (BOC), ¢-
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Fl uor enyl net hoxycar bonyl (FMOC), Tri phenyl nethyl (trityl),

4- Met hyl phenyl di phenyl net hyl (Mt) and 4- Met hoxyphenyl di phenyl net hyl

(MMIT). WO 2613/0Dies8conmpound accordi ng toiglai ns 4 or 5, pam@PeIn/06X8e CH2 or
CD2; is /[ kyCOOCH2CFI 3 or\ N =N Zi s hydrogen or nethyl; PGl is

di cycl opropyl net hyl or 2, 4-di met hoxybenzyl, and 10P& is

t er t - But oxycar bdriyerepinethosycatpdnyhe (M@E), hyliriphenylingthyl  (rityihed-Vethyghedy!-
po. 0. pa 0 I Edstelt (R e R ey BRI RS ot “ror i & (1 0)
WO 2013/ 001088- 152 - PCT/ EP2012/ 062786
6. The compound according to claims 4 or 5, wherein
5 X is CHz or CD3;
Y is

N N N N G N NO, N CF,

*\N/yCOOCHZCHs
or A
N=N

Z is hydrogen or methyi;
PG1 is dicyclopropylmethyl or 2,4-dimethoxybenzyl, and
10 PG2 is tert-Butoxycarbonyl (BOC) or Triphenylmethyl (trityl).

7. The compound according to claims 4 to 6 corresponding to

compound of Formula (Ib)

Y

H H

o*-Y

15 compound of Formula (Ic)

o. 0"
IR
DD
H
PG O.
Q\H PG,

compound of Formula (Id)
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| dor conpound of Formula (Ie)

according to clains 4 to 6, 8.

corr esporniprgiymi@ssnpound of
(D-1e) 10 PGZ NH Formul a\
CH2 Dlc HCD2 D 1d o

i

H

le S5wherein X, Y, Z PGl and P& are defined
The conpound according to clains 4 to 7
Formula (DLagz - (13-1b), (DPCE)EP2§10/0b62B6 OF
Substituent Z X Dla H CH3 CH2 ,CD2 D-1b H
o*Y

H

or

5 wherein X, Y, Z, PG1 and PG2 are defined according to claims 4 to 6.

8. The compound according to claims 4 to 7 corresponding to compound of Formula (D-

la), (D-Ib), (D-Ic), (D-Id) or

(D-le)

PG-?“§>-\”/O‘PG1
H
10 O
Formula\Substituent Z X
D-ia H, CH; CH, ,CD,
D-lb H CH,
D-lc H CD,
D-id CH; CH,
D-ie CH; CD,
wherein Y, PG1 and PG2 are defined according to claims 4 to 6.
15

9. The compound according to claims 4 to 8
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CH3 CH2 D-le CH3 CD2 wherein Y, PGL and P& are defined according to
clains 4 to 6. 15 9. The conpound according to clains 4 to 8 152 WO

2013/ 001086-2013®168PCT/ EP2012/ 062786 tert+83ut yl PCT/EP2012/062786
0-1(1H benzotri azol - 1-yl oxy) met hyl] - N-(tert-but oxycarbonyl)-D-tyrosi nate "
N tert-Butyl

N-(tert- butfeb‘('ﬁ}é!ﬂ b Y/ pe0zqtidzel- 1.y x@imatihdlz i i Syutetybapong)-D-tiroyihaey ) et hy| |
5-D-tyrosi nate Dicycl opropyl tépd

O-[ (1H benzotri azol - 1-yl rn h)?Nl’-‘N-(tert-but oxycar bonyl) -D-tyrosinate
101-2-1 Dicycl yl

0-[ (1H benzaty] dz gl - -‘yI axy) rret hy (tert but oxycar bonyl) -L-tyrosinate
1-2-2 Di cycmﬁgzﬁ P \l<

0-[(6-nitro- 1H-ben26tr| zol %Lyl oxy) net hyl | - N-(tert - but oxy
carbonyi)-D-tyrosinate V\D 2013/ 001088- 154PCT/ EP2012/ 062786

(
(
(
b

a

tert-Butyl N-(tert-butoxycarbonyl)-O-[(1H-1,2,3-triazolo[5,4-b]pyridin-1-yloxy)methyi]
5 -D-tyrosinate

1-1-2

Dicyclopropylmethyl O-[(1H-benzotriazol-1-yloxymethyl]-N-(tert-butoxycarbonyl)

-D-tyrosinate
CH, O

H,CJ °

3

ol

10 1-2-1

Dicyclopropylmethyl O-[(1H-benzotriazol-1-yloxy)methyl]-N-(tert-butoxycarbonyl)
-L-tyrosinate

OO N,

v
Hzcﬂ\ OJ\H 0
0

1-2-2
15
Dicyclopropylmethy! O-[(6-nitro-1H-benzotriazol-1-yloxy)methyl]-N-(tert-butoxy
carbonyl)-D-tyrosinate
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-3 2, 4- D nmet hoxybenzyl
(1H benzotriazor-1-yloxy)nmethyl]-N-(tert-butoxycarbonyl) -D-tyrosinate
| opr opyDrzet3poss -154 -

1H benzotri azor-1-yl oxy) net hyl] - N—(tert but oxycar bonyl) -D-tyrosinate
-1 10 Cycl opropyl net hyl

Hl 2,3-triazol -1-yl]ox

0- R1H benzotri azol - 1-yl

WO 2013/ 001088eH,155 -

N (tert-but %&ﬂ@rﬂQny

oxy] met hyl I B:B- t Y& osfinat
O

10

15

PCT/EP2012/062786

N-(tert-butoxycarbonyO-0-(([4-(ethoxycarbonyl)-1
Ayl )y&D-yrosinate N 0 H3C 154- Met hoxybenzyl

met hyl i}- NN tert-butoxycarbonyl) -D-tyros nmate

62786 4- Met hoxybenzyl

1H benzotri azol - 1-0)

2,4-Dimethoxybenzyl O-[(1H-benzotriazol-1-yloxy)methyl]-N-(tert-butoxycarbonyi)

-D-tyrosinate

O. N
e N

ﬁ

13 Oy,

Cyclopropylmethyl O-[{1H-benzotriazol-1-yloxy)methyl]-N-(tert-butoxycarbonyt)

-D-tyrosinate

1-4-1

Cyclopropytmethyl N-(tert-butoxycarbonyl)-O-({{4-(ethoxycarbony!)-1 H-

1,2,3-triazol-1-ylJoxy}methyl)-D-tyrosinate

o_ .0 N

Oy ~N,

[]’ NN

CH, O =z \\;\

4-Methoxybenzyl O-[(1H-benzotriazol-1-yloxy)methyl]-N-{tert-butoxycarbonyl)

-D-tyrosinate
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HN O O H3C CCH3 H 4- Met hoxybenzyl
N-(tert-butoxycarbonyl)-0-[(6-trifluoronethyl-1H benzotri azol

- 1-yl oxy)woebtsyulo}ossD- t yr osi nat e 4- Met texy benzyl PCT/EP2012/062786
O-[(6-trifluoronmethyl-1H benzotriazol -1-yl oxy)nmethyTN- (tertbutoxycarbonyl) -
L-tyros3nate. 15al pha- Met hyl benzyl

O-[ (1H benzotri azol- g%y f?egh’% I -N-(tert-butoxycarbonyl) -D-tyrosinate

WO 2013/ 001088- 156 | PAIl/ EP201 62786 al pha, a/ pha- Di net hyt henzyi

04(1H benzotri azol £1-yT oxy) rret -N-(tert-butoxycarbonyl) -D-tyrosinate
H3C CH3 H C CH1-7 Cl-63 Cycl o | met hyl :

01( 1H benzotri al - -

e 1-10 2,4-Di Py etiz)
01(1H benzotri &zol-1-yl oxy)nethyl | -N-trityr-D-tyrosinate WD 2013/001088-
157 - PCT/ ER2@12)©927d65-12, 4- Di net hoxybenzyl

0-{[ (6-chl oro- $f benzotri azol - 1-yl ) oxyl net hyl }-N-trityl - Dtyrosi nate

4-Methoxybenzyl N-(tert-butoxycarbonyl)-O-{[(6-chloro-1H-benzotriazol-1-y1)
oxy]methyl}-D-tyrosinate

4-Methoxybenzyl N-(tert-butoxycarbonyl}-O-[(6-trifluoromethyl-1H-benzotriazol
-1-yloxy)methyl]- D-tyrosinate

1'5'3 /@/O\/O_N’ N
CH, O E H.C

10
4-Methoxybenzyl O-[(6-trifluoromethyl-1H-benzotriazol-1-yloxy ymethyl]-N-(fert-

butoxycarbonyl)-L-tyrosinate.
N S
1-5-4 YN
CH, O
HSC 3 4 3 i
HSCAOJ\N 0

15 alpha-Methylbenzyl O-[(1H-benzotriazol-1-yloxy)methyl}-N-(tert-butoxycarbonyl)
-D-tyrosinate
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13C, 01-11-2 2, 4- Di et hoxybenzyl

{[(6-trifluoronethyl-1H benzotriazol -1-ypoxy]nmethyl}-Ntrityl-Dtyrosinate
t hyl WO 2013/001088 - 156 - PCT/EP2012/062786

O-[ (1H benzotriazol -1-yl oxy) met hyl ] -N-(tert-butoxycarbonyl)-al phanet hyl tyro
sinate 1510. A conpound of Fornula Ha WD 2013/001088- 158

f-
4-
I\/E

- PCT/ EP2012/ 062786 .' or e R OX ST @2, CHD or CD2; Fis 18F or 19F; 5Zis
Hydr ogen or nethyl ; is a cé rboxyllc protecting group, containing up to
20 carbon atons Oatlo aIIy cqf n|ng i ndependently one ore nore 0, Nor S

no \ e'ectlng group, containing up to 20 carbon
lg one ore nore O, N or S atons and are
optlonally sub? 10one or two hal ogens. 11. The conpound
according to a|n110 wher ei n independently fromeach other Xis CH2 or
CD2; Fis 18k, a9F; fﬁPGﬁ s al kyl, alkyl substituted with one phenyl,
aIkyI substitufd with one or t wo C3 Coeycl oal kyl, al kyl substituted mnth
one phenyl and one C3-C6cycl oal kyl, or 20f|uoreny|nethy| wherein

atons; and
at ons, optionali1 c ntal

alpha,alpha-Dimethylbenzyl O-{(1H-benzotriazol-1-yloxy)methyl]-N-(tert-butoxycarbonyl)
-D-tyrosinate

O
@]
{
@]
Cr
AY
Z

H.C”I™CH
57 CH

tert-Butyl O-[(1H-benzotriazol-1 -yloxy)methyl}-N—trityI—D~tyrosinate

o
Y o, @

4-Methoxybenzyl O-[(1H-benzotriazol-1-yloxy)methyl]-N-trityl-D-tyrosinate

L O
PhHo\ﬂ

Cyclopropylmethyl O-{(1H-benzotriazol-1-yloxy)[*Hz]lmethyl]-N-(tert-butoxy-
carbonyl)-D-tyrosinate

1-9
10

1-10
2,4-Dimethoxybenzy! O-[(1H-benzotriazol-1-yloxy)methyl]-N-trityl-D-tyrosinate
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al kyl is a branched or linear Cl-C6 al kyl, and optionally substituted with
Cl- C3 al koxy, and phenyl is optionally substituted with
up to thrwe 20B/088al kyl , Cl-C3 al koxy of1®5hal ogen; andPPEEP2&I286178€t ed
fromthe group conprising Carbobenzyl oxy (Cbz), pMethoxybenzyl carbonyl
(Mbz or MeQZ), tert-Butoxycarbonyl (BOC), 9- Fluorenyl net hoxycarbonyl
(FMOC), Tri phenyl meghw PMQ‘W’)“; 4- Met hyl phenyl di phenyl net hyl (Mt) and
4- Met hoxyphenyl di phrret hyl MIT). 30 12. The conpound according to
clainms 10 o ein WO /001088- 159 - PCT/ EP2012/ 062786 Xis CH2 or
CD2; Fis 18 51\11%111 0 gt hyl ; PGL is dicyclopropyl nethyl or

2, 4- di et hoﬂ/beﬁzyl @' is tert-Butoxycarbonyl (BOC) or

Tri phenyl met hyl (trQ 13 The conpound according to clainms 10 to 12
corresponding to conpound of la (Iib) AHHIIb 10conmpound of Formul a
(11c) | I ¢ conpoundnef™ For rrul a lid) 15lidor conpound of Formula (He)
WD 2013/ 001088- 160 - PCT/ EP2012/ 062786

2,4-Dimethoxybenzyl O-{[(6-chloro-1H-benzotriazol-1-yl)oxylmethyl}-N-trityl-D-

tyrosinate

Ph hos
Ph>l\§

1-11-2
H C’O

2,4-Dimethoxybenzyl O-{[(6-triflucromethyl-1H-benzotriazol-1-yljoxymethyl}-N-trityi-D-
tyrosinate

s 0O O
Ph N
H FF i

Methyl O-[(1H-benzotriazol-1-yloxy)methyl]-N-(fert-butoxycarbonyl)-alpha-

10

methyltyrosinate

OH,C
ﬁ O\CHS
o 1-12

3
HC™ "0
15 10. A compound of Formula Ha
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lie wherein X, F, Z, PGl and P& are defined according to clains 10 to 12.
14. The conpound according to claims 10 to 13 corresponding to conpound of
For mul a 5¢0-201ap1088D- 11 b), (D 1lc), (0-1189- or (0-1le) PEomPadRI0RIBGt it uent
Z XD1lla H CH3 CH ,CD2 D-11b HCH2 D-1lc HCD2 D 11d CH3 CH2 0-1l1le CH3
CD2 wherein F, PGL and P& are deflned according to clains 10 to 13. 10
15. The corrpound according to cl ai np1 fert-Butyl
N-(tert-butoxycarbonyl)-0-(fl uoronej -D-tyrosinate

wherein:
X is CH,, CHD or CDy;
F is "For°F;
5 Z is Hydrogen or methyl;

PG1 is a carboxylic protecting group, containing up to 20 carbon atoms, optionally
containing independently one ore more O, N or S atoms; and

PG2 is an amino protecting group, containing up to 20 carbon atoms, optionally
containing one ore more O, N or S atoms and are optionally substituted with

10 one or two halogens .

11. The compound according to claim 10, wherein independently from each other
X is CH; or CDy;
F  is ®ForF
15 PG1is
alkyl,
alkyl substituted with one phenyl,
alkyl substituted with one or two C4-Cs cycloalkyl,
alkyl substituted with one phenyl and one Cs-Cs cycloalkyl, or
20 flucrenylmethyl
wherein
alkyl is a branched or linear C;-Cq alkyl, and optionally substituted with C,-
Csalkoxy, and
phenyl is optionally substituted with up to three C4-Cs alkyl, C;-C alkoxy or
25 halogen; and
PG2 is selected from the group comprising Carbobenzyloxy (Cbz), p-
Methoxybenzyl carbonyl (Moz or MeQZ), tert-Butoxycarbonyl (BOC), 9-
Fluorenylmethoxycarbonyl (FMOC), Triphenylmethyl (trityl), 4-Methylphenyl-
diphenylmethyl (Mtt) and 4-Methoxyphenyldiphenylimethyl (MMTT).

30
12. The compound according to claims 10 or 11, wherein
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H3C3 H3C 0 CH 0 AJ)OCH3 CH3 3 CH 2-1-1 15Di cycl opropyl net hyl
N-(tert-butoxycarbonyl)-0-(fluoronethyl)-D-tyrosinate Methyl
N (tert - bwoarisamedssnyl ) - O- (f 1 uor onet hyl } 488 pha- et hyl - DPCYmEPI1RA6T8d 5Met hy|
N-(tert-but oxycarbonyl)-0-(fluoronethyl)-al pha-nethyl-L-tyrosinate WD
2013/ 001088162 - PCT/ EP2012/ 062786 16. The conpound according to clains
10 to 15 tert- Bt ylis CHzor CDy;
N-(tert-butoxygar banyg) - 0- (r 9f | uoronet hyl ) - D-tyrosi nate. 5Label l'ing of
1-1-1 and 1-1-2_Di cycl opropyl net hyl
N- (tert-but oxychr bdfyirgrogeq pugeifwkior onet hyl ) - D-t yrosi nate. Label i ng of
1-2-1 and 1-2- i CY G ;

3p&h %yéﬁg -8?(?%%1%9 #I%YIZA dm}%ﬂc)xy?fntzé/ﬂ and

N-(tert-but oxycarbony uor onet fosl nate. Labelling of
1- 2-2 162, 4- D ReAE§HENaxycarbonyl (BOC) or Triphenylmethyl (trityl).
N-(tert-butoxycarbonyl)-0-([18F]fl uoronethyl)-D-tyrosinate. Labelling of
1-3 Cycl opropyl net hyl

N- (t ert - but bkyearchowpa)d accpfdigpiol ammetdtibyiR coedpondimpnat e. Label | i ng of

1-4-1 and Tedigund of Formula (lib)

e

H H

F

10 compound of Formuia (llc)

O?KTF
D D
H
PG O«
Z‘H PG,

lle

compound of Formula (lid)

OXF
H H
H,C
PG O.
2\m PG,
0
15 lid or

compound of Formula (te)
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4- Met hoxybenzyl N-(tert-butoxycarbonyl)-0-([2189fl uoronethyl)-D-tyrosinate.
15Label ling of 1-5-1, 1-5-2 and 1-5-3 4- Mt hoxybenzyl

N-(tert - bwoorisamedssny 1) - O- ([ 18F] f | uor ometddyd ) - L- t yr osi naCe/EPR@k®b178Og of
1-5-4 al pha- Met hyl benzyl

N-(tert-butoxycarbonyl)-0-(]18F] fl uoronet hyl)-D-tyrosinate. Labelling of
1- 6 20al pha, al pha- Di petlyjtséq
N-(tert-butoxycarbony
1-7 tert-Butyl O-([A
4- Met hoxybenzyil-i3©-
1-9 Cycl oprpggl\ ' O
N-(tert-butoxyc 1) - @48Fi f | uor of H2i net hyl )-D-tyrosi nate. Label |ing of
1-10 2, 4- D net hoxybeyzyl O-([189fl uoronethyl)-N-trityl-D-tyrosinate

Label ling of 1-11.1, 1-11-2 and 1-11-3 30Met hyl

N-(tert-butoxycar 8onyl )-0-([189f ] uoronet hyl ) - a/ pha- net hyl - DL-t yr osi nat e.
Label I'i ng ofheteit X, FND PG13h0 BFB288e dbfidd RCHdRPRLMHiB6378612.17. A
conposition conprising conpound(s) of the Fornula Ila, Ilb, Ilc, lid, Ile,
(D-1la), (D 11b), (D-1llc), (D-11d) or (0-11e) independently or m xtures

t her eo; andi4: é‘&g;mhﬁ:oankii baddréing Q%CISWAW & 8 @0rr@fpdnBRgadicBmpBiRH B Iad}ﬂ'n(;fzd‘;a
ester nct o) e ro conposi tion conprising conpound(s

of the Por HRrip) (Q'ﬁ*}‘}b{ﬂ'?l'ﬁ); w4 P‘”ed"‘l‘ﬂ-l a), (D-1b), (D-ic), (0-1d) or (O-1e)
i ndependently or m xtures thereof and reagents suitable for fluor

| abel I'i ng. 19. A kit conprising.q segledpvial containing a predeterm ned
guantity of a conpound of 10For A, |K lc, Id, le, (D-1a), (0-1b),
(D-1c), (0-1d) or (D-le) independe or mxtures thereof and suitable
salts of inorganic or organié a hydrates and sol vates. 20. A nethod
for obtaining corrpoundquis FoNgul ad a conprising the step of - Reacting
conpound of Formula V firsi~nit Cghi(gro-succi nimde (NCS) and then 15with
anion of H 0*-Y for obtainind coffpounds’ of Fornmula |a, wherein

3F] f | uoronet hyl )- D-tyrosinate. Labelling of
hyl)-N-trityl-D-tyrosinate. Labelling of 1-8
fluoronethyl)-Ntrityl-D-tyrosinate. 25Labelling of

Formula\Substituent | Z X

D-lia H, CHs CH, ,CD,
D-llb H CH,
D-llc H CD;
D-lid CHa CH;
D-lle CH; CD;

wherein F, PG1 and PG2 are defined according to claims 10 to 13.

10
15. The compound according to claims 10 to 14

tert-Butyl N-(tert-butoxycarbonyl)-O-(fluoromethyl)-D-tyrosinate

//I::::T/Cl\¢/F
H, O H «
nes] ™ J

O

S g o
O CH, ?
2-1-1

15 Dicyclopropylimethyl N-{tert-butoxycarbonyl)-O-(fluoromethyl)-D-tyrosinate
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conpound of Formula V isconpound of Fornula la is Vandl a Z, PGlL, P&, X,
and Y are as defined according to clains 4 to 9. 20 21. A nethod for

obt ai ni ngvoanpaunss of Formula |l a conpriggi-ng t he step eCTRPawRiosyse€onpound
of Fornula la with a 18F-Fluorination agent, and [Optionally] converting
obt ai ned conmpound into a suitable salts of inorganic or organic bases

t hereof, hydrates, conp O<arfd sol vates thereof 25 wherein conpound of
Formul a | a i sconmpound o rnula Ilais and F, Z, PG, P&, X and Y are
0 ai

as defined ﬁgfﬂjﬂﬂg 4 to 9 and 10 to 16.
3
o]
HC™ O ﬁ/\ﬂ/
0
2-2-1

Dicyclopropylmethyl N-{tert-butoxycarbonyl)-O-(flucromethyl)-L-tyrosinate

O _F

el 1
3
H,C™ 07N ©
O
2-2-2

tert-Butyl O-(flucromethyl)-N-trityl-D-tyrosinate

/@/O\/F

LI g o
O CH;
2-8-1

2,4-Dimethoxybenzyl O-(fluoromethyl)-N-trityl-D-tyrosinate

10 2-11-1

Methyl N-(tert-butoxycarbonyl)-O-(fluoromethyl)-afpha-methyl-D-tyrosinate

/@/O\/F
O

7

HCT TO ;}P\(O‘CHS

0 2-12-1

15 Methyl N-(fert-butoxycarbonyl)-O-(fluoromethyl)-alpha-methyl-L-tyrosinate
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0 2-12-2

16. The compound according to claims 10 to 15

tert-Butyl N-(tert-butoxycarbonyl!)-O-([**Flfluoromethyt)-D-tyrosinate.

Labelling of 1-1-1 and 1-1-2

Dicyclopropylmethy! N-(tert-butoxycarbonyl)-O-(["*FIfluoromethyl)-D-tyrosinate.
Labelling of 1-2-1 and 1-2-3

Dicyclopropylmethyl N-{tert-butoxycarbonyl)-O-(["Flfluoromethyl)-L-tyrosinate.
Labeiling of 1-2-2

2,4-Dimethoxybenzyl N-(tert-butoxycarbonyl}-O-({"*Flffucromethyl-D-tyrosinate.
Labelling of 1-3

Cyclopropylmethyl N-(tert-butoxycarbonyl}-O-(["*Fifluoromethyl)-D-tyrosinate.
Labelling of 1-4-1 and 1-4-2

4-Methoxybenzyl N-(tert-butoxycarbonyl)-O-(["®Ffluoromethyl)-D-tyrosinate.
Labelling of 1-5-1, 1-5-2 and 1-5-3

4-Methoxybenzyl N-(tert-butoxycarbonyl)-O-(['®Ffluoromethyl)-L-tyrosinate.
Labelling of 1-5-4

alpha-Methylbenzyl N-(tert-butoxycarbonyl)-O-(["*FHfluoromethyl)-D-tyrosinate.
Labelling of 1-6

alpha,alpha-Dimethylbenzyl N-(tert-butoxycarbony!)-O-([**Flfluoromethyl)- D-tyrosinate.
Labelling of 1-7

tert-Butyl O-(["*Flfluoromethyl)-N-trityl-D-tyrosinate.

Labelling of 1-8

4-Methoxybenzyl O-([*Flfluoromethyl)-N-trityl-D-tyrosinate.

Labelling of 1-9

Cyclopropylmethyl N-(tert-butoxycarbonyl)-O-([*®Ffluoro[*Hzjmethy!}-D-tyrosinate.
Labelling of 1-10

2,4-Dimethoxybenzy! O-(["*Flfluoromethyl)- N-trityl-D-tyrosinate

Labelling of 1-11-1, 1-11-2 and 1-11-3

Methyl N~(tert—butoxycarbonyl)-O-([1BF}fEuoromethyI)-a!pha~methyl-DL-tyrosinate.
Labelling of 1-12
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17. A composition comprising compound(s) of the Formula lla, lIb, lic, id, He, (D-lla), (D-
lIb}, (D-lic), (D-lid) or (D-lle) independently or mixtures thereof and reagents suitable for
deprotection of the amino group and the ester function of the tyrosine.

5 18. A composition comprising compound(s) of the Formula Ia, b, 1c, Id, le, (D-la), (D-Ib),
(D-Ic), (D-Id) or (D-le) independently or mixtures thereof and reagents suitable for fluoro

labelling.

19. A kit comprising a sealed vial containing a predetermined quantity of a compound of
10 Formula la, Ib, Ic, Id, le, (D-la), (D-Ib), (D-Ic), (D-Id) or (D-le) independently or mixtures

thereof and suitable salts of inorganic or organic acids, hydrates and solvates.

20. A method for obtaining compounds of Formula la comprising the step of
- Reacting compound of Formula V first with N-Chloro-succinimide (NCS) and then
15 with anion of H-O*-Y for obtaining compounds of Formula la,
wherein
compound of Formula V is compound of Formula la is

O _S. O\X’O -Y

v and la
Z, PG1, PG2 X, and Y are as defined according to claims 4 to 9.
20
21. A method for obtaining compounds of Formula lla comprising the step of
- Reacting compound of Formula la with a **F-Fluorination agent, and
- [Optionally] converting obtained compound into a suitable salts of inorganic
or organic bases thereof, hydrates, complexes, and solvates thereof
25  wherein
compound of Formula la is compound of Formula lla is
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0. .0*Y O\X/F

Z
PGz\ O\PG PGQ.\N 0.
O H

la lfa

b

and F, Z, PG1, PG2, X, and Y are as defined according to claims 4 to 9 and 10 to 16.
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