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More specifically, the present invention is directed to a process for preparing a

compound of the formula (VIII)



S(MIl) RZRE OONR H conprising Step A
contacting a conpound of the formula (1) O R5 11 R4
wWe2684B2482) 2 R3 OH wth a conpound of the foPOER2003/010416
(I'1) Y-ONH2 (I1) in the prgsence of a

car boxy-activating agent, i'h a suitable solvent under
conditions suitable to forma conpound of the fornula

(Irr)y 0 R5 NHOY (Il R3 OH fol |l oned by
Step B: contacting coffpeund ) with a conpound of
the formul a_(¥LLE) RIS02 Ll;), WO 2004/ 026824

(X
PCT/ EP2003/ 010416 i e s(en ® of a base in a
sui t abl e sol vent, er itondi {Pons suitdW to forma

conpound of the f&enifa @1V) RS R4

o) N—R,

H
comprising Step A:
contacting a compound of the formula (1)
U
with a compound of the formula (ll)
Y—O—NH, (1)

in the presence of a carboxy-activating agent, in a suitable solvent

under conditions suitable to form a compound of the formula (lII)

followed by Step B:

contacting compound (lll) with a compound of the formula (XIII)

R—S0;7—X (X1



RZ NHOY (IV) R 3 OSQ2CH3 foll owed by Step C
contacting conpound (1V) with a base in a suitable
waelnendis2aunder conditions suitable to form a BOVER28I010416

of the formula (V) 0 RS 4 NOY (V) R R3 followed
by Step D: contacting conmpound (V) with a conpound of

_ the formula (V) HEN (CH2)n JS (VI). ONHRL in a

in the praseRssn o aBASPdRL ekl salvent. under gandiiissyitablefo toAm a

comp@fiid of MPforidgrvycondi tions suitable to forma
conmpound of the formula (MII) HRA RS Y- N(CHOn S
(M1) Rz RB OONHRL W 2004/ 026824
PCT/ EP2003/ 010416 4 fRyl [lowed by Step E: contacting
conmpound (VI1) w tRe~a|f | ati ng agent in a suitable
sol vent under candi tP¥ons NMIT&bre t@yf or m conpound
(MI1); wherein _Y a hydroxy protecting group; each
of R2, R3, R4 anB'R5 iasd,oidependent | y hydrogen or an
al i phatic group, or (R2 and R3) and/or (R4 and R5)
collectively forma C4_7cycloal kyl; Xis -CH2-, -5-,

] -». ~CH(OR) -, -CH(SH)-, -CH(SR-, -CF2-,
followgﬁ%%@ or ECH%F)-; \(/\,hg?ein L

contacting compound (IV) with a base in a suitable solvent under conditions suitable to

form a compound of the formula (V)

followed by Step D:

contacting compound (V) with a compound of the formula (VI)

X

[ A

(CH,),

H/N
I (V1)

0 NH—R,

in a suitable solvent optionally in the presence of an activator under conditions suitable

to form a compound of the formula (VII)

H R, X
| R [ "\
Y—O0—N N_ _(CH,)
f (V1)



Ris alkyl; Gis -OHor -OB Mr), wherein Mis a netal
or an ammoniumnoiety; R, is aryl or heteroaryl; X
WO sooaabes24 R is alkyl or aryl; and nis O to 3PCT/EP2003/010416

provi ded that when n is O, Py is -CH2-. Wen the

desired product is an N-oxide of an aromatic noiety

having a nitrogen heteroatom e.g., when R, is
followédbynBlep H:X), (Xla) or (Xb), typically a pyridine

derivative, it is necessary to performan additional

%n?&tiﬁ%; E&%Péirﬁip(vﬁ with §: forn%ﬁ’a g}agbﬁﬁn bRGitdbI9Eoll &g under

t he present
condntnonvenntabdmtmf@rm %'GBOL&dd IIB; whi ch conprises contacting
t he compound of formula (M), wherein R is
whereimet er oaryl having an N heteroatom w th an oxidizing
agent to formthe correspondi ng N-oxide derivative. In
Y ia@diydros praedting 3@ve process conprising Steps A
through E or F, the present invention is directed to
eagh 6hRoRst Reanst Rypls 'nqﬁa@pwwwwg{roga@] ar abaliphatie groupr orriBe and Rs)

S%ufd?f(maénd Rd) @Bfectifd} firheflcPRSabaIRf on of the

I nventioh In particular, the pfesent invention

X Er@H des -"l‘:l—Rb@SeséH((Wi) PIceR8HI-NEH(BRE! taydl abeR(ORERF WbH(F)-;

the preparation of
afx0- 2- al kyl - 3- (N—hydroxyfornanldo) propyl] WO
2004/ 026824 PCT/ EP2003/ 010416 5 (carbonyl am no- aryl
OR is Bleyler oar yl ) - azacycl o4_7al kane or
thi azacycl o4_7al kane, e.g., a conpound of formula
G {slI-RH ¢100° Mg whsrain M lNa(m@awr\ansammm)lur@ moelR3 O O NH R

, RB3, R4, R5, X and n are as defined
R‘ﬁ%%{)@’ Io 23

vert the conmpound of formula (MI1) to
X'idwalgonpound of fornmula (1X), the hydroxy protecting

group is renoved using conventional hydrogenolysis
R'tisakyliogaet akdown in the art, e.g., by contacting the

o SR BE oy HOLR gD B, = 2 L% et vt
an azacycl o4_7al kane, a thiazacycl 04_7al kane
When the desired product is an N-oxide of an aromatic moiety having a nitrogen
heteroatom, e.g., when R; is formula (X), (Xla) or (Xb), typically a pyridine derivative, it is
necessary to perform an additional step after Step E, i.e., to oxidize the N of the aromatic
ring (Step F). Therefore, the present invention includes Step F which comprises contacting
the compound of formula (VIIl), wherein R, is heteroaryl having an N heteroatom, with an

oxidizing agent to form the corresponding N-oxide derivative.

In addition to the above process comprising Steps A through E or F, the present
invention is directed to each of the steps individually, and to any two or more sequential

steps.

Detailed Description of the Invention

In particular, the present invention provides a process for preparing intermediates

useful in the preparation of a N-[1-oxo-2-alkyl-3-(N-hydroxyformamido)-propyl]-



or an im dazacycl 04_7al kane. Specific exanples of R
noi eties in the conpounds disclosed herein are
whedogoomed| s of formula (X) R6 N R6 RO R6 RO PCT/EPIN3/010416
\' (XY R7 Rs R R~ NR$ R8 R8 wherein each of R6, R7,
R8 and R9, independently, is hydrogen, alkyl,
substituted al kyl, hydroxy, alkox acyl , acyloxy
(carbogyiRMinmahRiThetelpand)-azacyele, akaneal Rxgsyclonerikane, e.9., a

compcﬁﬂd%ff%%h-lﬁ)é] @y!. alkylsulfonyl or fornyl. A nore
specific R noiety is a heteroaryl of fornula (Xla) N

+110 (Xl a) R;'#? 200 6824 PCT/ EP2003/ 010416
6 wherein : R7N ° Rgﬁzrﬂe@ defi ned above for
formula (X)) : 2bs nitro, alkyl,
substi t ut ed aIkyI ., hyld® oxy, for ¥,

het er oal kyl argt , %zl kxy,0 ac or acyl oxy; preferably

al kyl , especi al I y C -,al kyby” hydrexg]; or al koxy,
especially a C alkoxy, and R7, R8 and RO are

are hydrogen; and R7 is
wherelgy %ge%ﬁé‘?st U%Q%Rgglr{a% 59 pYe. hal)/ogeg al koxy or
cyano preferably al kyl, espeC|aIIy Cl_7al kyl ;
. ’ . . |k
Baaekthe bl of ROREE AU HER A fumdll B4 e,
hydroﬂﬁqroﬂé@tirm@omg issnemnokigdinsige ncn\@ntjbria&}hy"d;o@ﬂojylsis techniques known

in the gH é wa:gﬂggth@/the c{ﬁab ff&Jan 4 ?VI E‘ox(}glﬁeﬁﬁ &-ﬁéﬁﬁst such

as Pd/BlaSOar ably al kyl, especi aI Iy Cl 7al kyI substitut ed
al kyl , espeC|aIIy - CF3; hal ogen such as chloro, bronp

e &l H1%|'e_%l carbe & ﬂét@?&gfﬂ! é%l an %rzacgf)cloﬁyaalkdﬁz, gﬂﬁaﬁ%yc%ﬁalkane
ydrbgen;’ and

or an imidazacyclo,salkane. Specific examples of R, moieties in the compounds disclosed

herein are heteroaryls of formula (X)

Rine oy NN P
[ / or I P N or |
=
R7 RQ R7 R7 N Rs
R8 RB

wherein each of Rg, R7, Rg and Ry, independently, is hydrogen, alkyl, substituted alkyl,
hydroxy, alkoxy, acyl, acyloxy, SCN, halogen, cyano, nitro, thioalkoxy, phenyl,
heteroalkylaryl, alkylsulfonyl or formyl.

A more specific Ry moiety is a heteroaryl of formula (Xla)

| (Xla)



RO is al kyl, halogen or hydroxy; or e) R7 and RO are

hydr ogen; and each of R6 and R8, independently, is
whaloenzis24 al kyl , substituted al kyl, phenyl or PCHEPIIN3G/010416

or f) Each of R7 and R9 isrgal kyl or substituted al kyl;

and R6 and R8 are hydroge or g) R6 and RO are

hydrogen; R7 is al kyl or substituted alkyl; and R8 is

whereini Rg; 87, Ry arid) RR8e an defRedabteve yafogaia (X)R6.gi,.s cyano; and

R7 is alkoxy; or i) R7 and R8 are hydrogen; and R6 is
wherdtyl , substituted al kyl, alkoxy or SCN;, and R9 is

al kyl or substituted al kyl; or WO 2004/ 026824

POT/RER20108/ @MAsl@stltwqd)aﬂ% phey!, Ry deax, feyrayl ogteroalkpgryt, calkoxy,

nitro o a I
A kot ; BT 38igky: Bifershly ity Dol CTISL ISR on iy
and R7 esppsidigia Wizalkoxyhendar bon at onms to which they

are t r henyl group, preferably
subst’ k %mﬂ o H{)ﬁ%&egs(‘?, and R8 and RO are hydrogen;

OB)th R% FR z]g?,roﬁsﬁyé#dogen and R8 and R9 together

t0 which they are attached form
a rﬂifmﬁlky'gswptut&ﬂalkw pheny, igglogan, alpxyori ayano, pseferabbf alkyl,

5 B S DAY b g iy, e
ar e hydesg@Rs ooalkpyy, aspe;na(ﬂy C,.7alkoxy; or
¢) Re, Ry and Ry are hydrogen; and
Rs is alkyl, substituted alkyl, halogen, nitro, cyano, thioalkoxy, acyloxy, phenyl,
alkylsulfonyl or carboxyalkyl, preferably alkyl, especially Cy.;alkyl;
substituted alkyl, especially -CF3; halogen such as chloro, bromo or fluoro;

or carboxyalkyl; or

d) Re, R; and Rs are hydrogen; and
R is alkyl, halogen or hydroxy; or

e) R;and Ry are hydrogen; and
each of Rs and Rg, independently, is halogen, alkyl, substituted alkyl, phenyl or

cyano; or

f) Each of R; and Ryq is alkyl or substituted alkyl; and

Rg and Rg are hydrogen, or

g) Reand R are hydrogen;
R; is alkyl or substituted alkyl; and

Rg is nitro; or

h) Rgand Rg are hydrogen;
Re is cyano; and

R; is alkoxy; or

i) R;and Rq are hydrogen; and
Rs is alkyl, substituted alkyl, alkoxy or SCN; and
Ro is alkyl or substituted alkyl; or



R6, R8 and RO are hydrogen; and R7 is alkyl; or q)
nis0; R6, R7 and RO are hydrogen; and R8 is al kyl or
whaloensis24 | n anot her enbodi ment, R is of fornedHEP2M0DI/010416
R6 RO N (Xb) R7 R8 Wherel‘?< R6 R7, R8 and RO are as
defi ned above for formula (X); in partlcul ar, R7 and
R8 together w th the carbon atons to which they are
abt dblaed Rr@renhydieaemy| group; and WO 2004/ 026824
PCT/ &P, / R6 and R9 are hydrogen. In yet
anot'ﬁeggg'%nbogblgﬁ)égn ai?}]tdhe R, is of fornmula (XI) R6 +, O
R6 R ifRalkg orquBstituted alky; obr (XI) R7T R9 RT OR~ i R$
8 RB 0 wherein each of R6, R7, R8 and R9
i kddeRddhtang Rgsarhiﬁbﬁ"@g%fh oral kyl , subst ituted al kyl,
phenyl, hal ogen, hydroxy or al kox .0g., Wwherein a)
RG d?cdinﬂé&éf)@eth?fo\ﬂﬁg*éﬁ cafgn |a®m§/t§>r\rd@@hm@v ags Kiached fagm a

R7 is al S b) R6,
R7 and ﬁgéﬁy 8&% Hg?éé%ﬁ?s glﬁ%ed)&nﬂﬁhfdw%ynaﬁal kyl) or
subﬁsi&r@t%caralhkt?ﬂogefb@f c) R7, R8 and R9 are hydr ogen;

and
m) Re and R; are hydrogen; and

Rs and Ry together with the carbon atoms to which they are attached form a
phenyl group; or
n) nis0; or
0) nis0;
each of Rs, Rz, Rs and Ry, independently, is hydrogen, alkyl or halogen; and
more particularly, Re, R7, Rg and Rg are hydrogen, or
p) nis0;
Re, Rg and Rg are hydrogen; and
R; is alkyl; or

q) nis0;
Re, R7and Ry are hydrogen; and
Rs is alkyl or halogen.

In another embodiment, R, is of formula (Xb)

R6 \ R9
| P (Xb)
RT
R

wherein

Re, R7, Rg and Ry are as defined above for formula (X); in particular, R; and Rg together

with the carbon atoms to which they are attached form a phenyl group; and



R6 is hydroxy. In a particularly useful enbodinment the
heteroaryl is of the formula (Xla) R6 1 N (Xla) R7
WRRB2680herein R6, R7, R8 and RO are as defi nedr/abmes010416
for formula (Xl), in particular where R6, R7, and R9
are hydrogen and R8 is fludto. In another enbodinent,
R, is an unsubstituted phenyl or the phenyl is
ReSMBH,idrélhpdtogar.t h al koxy, e.g., methoxy; or aryl oxy,
e.g., phenoxy. WD 2004/ 026824 PCT/ EP2003/010416 9 In
anot her enbodi ment, the R, is of formula (XIl) O Rio
Xin(yét hnoth& dribonlireerd| thedds obforriille (dd R11,
i ndependently, is hydrogen or hal ogen. In particular,

Mis a netlal,

met alRs ni um
ude df, Ca, Li and(XI)
€ty is of th la R
hydrogen, &Kyl ~nsubstpt ut ed

can be®*racemic or chiral® An exanple of a® anmmoni um
noi ety i s R-a-nethyl benzyl ammoni um Exanpl es of R’

where@T €athSf R3CRY Bg ahy &% dglependentiiid hydragtehyalky! psubstituted alkyl, phenyl,
buthgl , phe%%/I , benzyl, nethyl benzyl and the |ike.
halogefh |ydioxy PhkRYs@9st at ed, the foll owing ternms as used

in the specification have the follow ng nmeaning. The
WReE8Ih " cycl oal kane" or "cycl oal kyl " contains from 3- to

7af 1 %R LA AHOgE,; and
Re is hydrogen or alkyl; and
R; is alkyl, substituted alkyl or phenyl; or

b) Rs Ry and R are hydrogen; and
Rs is halogen, alkyl or substituted alkyl; or

¢) Ry Rgand Ry are hydrogen; and
Rs is hydroxy.

In a particularly useful embodiment the heteroaryl is of the formula (Xla)

(Xla)

wherein Rs, R, Rs and Rg are as defined above for formula (XI), in particular where Rs, Ry,

and Rg are hydrogen and R is fluoro.

In another embodiment, R, is an unsubstituted phenyl or the phenyi is substituted

with alkoxy, e.g., methoxy; or aryloxy, e.g., phenoxy.



is, e.g., cyclopropyl, cyclobutyl, cyclopentyl and

cycl ohexyl. The term "azacycl o4. 7al kane" contai ns
wa20040068R€t er oat om which is a nitrogen. It COPCHERR03/010416

from4-7, and especially 4-5or 5-ring atons including

the heteroatom The term"™ t%l azacycl o4_7al kane"

contai ns 2-ring heteroatons, nitrogen and sul fur. It

¢ brangthes embegiment: theRdiseef fersiua (X1)5-ri ng at ons

|ncI udi ng the heteroatons. The term

"imdazacycl o4_7al kghe!_contagns 2-ring heteroatons

whi ch are both ni . N/cOnt ai Ngx L)rom4 7, and

especially 5-ringla 5_i n gmgthe eteroatons. WO

2004/ 026824 PCT+EP2003/ 0184161110 The term "al i phatic

group” refers to saturated or unsaturated ali phati c

wherell SSER Y Fon T AP e R osB & BAbORh i paricli, i ang

Ri; ar®bathaditter hyeihejen aabdtchaibgem. gr oups havi ng from 1-10
carbons atons. Preferably "alkyl" or "al k", whenever
it occurs, is a saturated aliphatic group or
cgncthe abkpbyndafermpia{lg Muslaymetat, tydidally 2 mgrer or dieNaganit ynetal or

k | es,of. "al kyl" or,"alLk" inglude, ;but
an amigegit iy (Pt TR G RO Koo £ Na X L e &: The
ammoniopmojayy is ofithefosnhylai sobut yl, sec-butyl, t-butyl,

n- pentyl, neopentyl, n-hexy., or n-heptyl, cycl opropyl
and especially n-butyl. Theg term "substituted al kyl"
refers to an al kyl group+Fm§LRls substituted with one
or nore substituents prefdrably 1-3 substituents
i ncl udi ng, but not limtedR o, substituents, such as
hal ogen, | ower al koxy, hydroxy, mnercapto, carboxy
wheretn 3] 5w dipgen ik, SUh@tt@eéém aaﬁh@r %Lrbét'wteidkaéyi Exanpl es
of substituted al kyl groups include, but are not
limted to, -CF3, -CF2-CF3, Xdroxynethyl 1-
ZTWEWWWW'etW%WWWW ifal &nez@wmf@tmmomum

m0|et)p|§er9 aé'fﬁ)flgé/r{zlylaﬂnmd?ﬁurg Eﬁérg?léé’%* hVPrO@BQ r{cm@elHygl%yerT NRethy!,

%

term refers to an aronatic carbocycl'ic
ethyl, gmmlpbuif/l phanyl, benpdrmetbyhenzyhend thg like-si ngl e ring

i ncluding, but not limted to, groups, such as phenyl;

OUnl'&'é Bﬂhe}vﬁse ngégefﬁéefgllowlrﬂﬂt%rmg‘ Eg Ugécﬂﬁ ﬁhé’éﬁecﬂ%&tlon haye the

limted to, groups, such as napht or anthryl;"and
f0”0W'D§ m@@m@m ally phenyl. The term" heter oaryl" or

"HetAr" refers to a 4- to 7-menbered, nonocyclic

aT%%@qgﬁ@hecﬂpic?clé’élkﬁ &ineaired Forh @ab 1- ﬁn(?‘ eapen %fbnﬁg and
a 4- to 7-nenbered, nonocyclic aromatic erocycl e

is, e.gafUclaPPRY cRrCiohutyb fy@erentyl aRd cyaiRhexdt er oaryl has at
| east one hetero atom preferably one or two

hehetepat: Qiﬁzyblﬁﬁahkgh@%onmiﬁs ﬂﬁhg hét’é’téa@cﬂn WPuch is a nitrogen. It
het er oat ons, such wthin the ring.” A

contaipg @P@r"rédﬁqﬁ’eﬁsé?%%}fyﬁ Oélst}S at%mw}cluefnﬁ;}he h?,tyfqa‘tﬁrm nyl

or benzdi oxol anyl .
The term "thiazacycloszalkane” contains 2-ring heteroatoms, nitrogen and sulfur. It

contains from 4-7, and especially 5-ring atoms including the heteroatoms.

The term "imidazacyclo4.;alkane" contains 2-ring heteroatoms which are both

nitrogen. It contains from 4-7, and especially 5-ring atoms including the heteroatoms.



The aryl or heteroaryl nmay be unsubstituted or

substituted by one or nore substituents including,
wheiosnais2d i mted to, C -,alkyl, particularly QCHER003/010416

such as nethyl, hydroxy, 3 koxy, acyl, acyl oxy, SCN,

hal ogen, cyano, nitro, thioal koxy, phenyl, '

het er oal kyl aryl , al kyI sul fonyl and fornmyl. The term

" te tomy Rinhatie yrouasraliere do srdursite orrt@seiusate@a%phawogps, such

ol SYEMIESE L0 RTLER N} 058 o SRR gy

chain aifid cyriic grpues @awsg fromked0 t:arbpmaafamc ﬁef@m_bwlakql’i or "alk”,

wnencyBb PR3k 6 S et SR Bl B Pl Rng ot cuoatky

particularit @reblyk JExampigseafsalky” erdalkl’ inckide oput @res aotlimited do, methyl,

ethyl, gfmjﬁ/gtéﬁ%ﬁlro n%jt quﬁbt@goﬁ\ég b#t)g:]}gbugﬁ pr?ngérﬂ{ll %Oé)ren’a/ n- hexyl or

n-heplyb cpeepropyl anﬂ@smmlynbmdnched or cyclic chains in the
group. Heteroatons may i ndependently be selected from

1 EARISAL i O oS, 8 AR08 o

more $uhstitvgets poefeedbky1-3 samji,ttmnts ipcludipgt bt oal lieyiteddp osybstitnents, such

dey, I
as halggergq#@a?%?%é %%EI%%Y nercd tghc rb&{y %{}%ﬁt%@gﬂ r%t&b%&?énd the
like. Exanpies ofaubmtutatarkpl greupsfin¢iedes bobareyiot e, iCfal tfe;CFs,

hydro%fﬁéﬁ%?-l{ﬂé@&%ﬂ&? r&}a%ﬁ“&@?&é&%@ﬁ@&?hy@rboxymethyl, 1-

or 2-carGbiRyediy @MBihedik€H3 and - CH2- CH2- NH CH2- CH2-. The
het eroal kyl group nmay be unsubstituted or substituted
8 t
STHSIRCERT SFPAS refSHD e b B Up deis parbon atoms
haVlnmalsmg@mngaWumw buhgelrigitgd to, igEeupspsuch asagoxlyommditiple
I T 0 e :
condofERERCR A BREDU por el 8, e Slchlasalt] o i ana i
especlaly phegd.on(s) may al so be in oxidized form The term
"al koxy", as used herein, refers to a C, _, oal kyl
l 4 t.- Y o) r
AR R e Pl oot o BT R Al i gromatc
heterdciele atia bicyele thatisscamoposes of a édtq omegbergss monepycie aromatic
hetero%ﬁ%l@%ﬁé{ af&gé?jo??%erﬁehé'h A% YThd ﬁétéroQHfi 3y aﬂ@gst%hla%la% atom,

as use ereln, ers group
preferalyiOpaRor metmeraatogwsanuwmg b@sp@tdlnaﬂedyo Oeteredtriyis, sugh@s N, O

and SR IR g, 4 B Rl o BB URe Bl rre

benzdtoxplanylacyl oxy", as used herel n, refers to the group
-OC(O R, wherein Ris hydrogen, alkyl, especially

aLKYor h P E vkt ' bHtutBd B) ¥he oF |
TSRS trneibnfinal B Doyl subfiuBA B ¥he oF more
substltuents including, but not limited to, C,.7alkyl, partlcularly C,4alkyl, such as methyl,
hydroxy, alkoxy, acyl, acyloxy, SCN, halogen, cyano, nitro, thioalkoxy, phenyl,

heteroalkylaryl, alkylsulfonyl and formyl.

The term "carbonylamine”, as used herein, refers to a -NHC(O)- group wherein the
amino portion of the group is linked to the aryl/heteroaryl and the carbonyl portion of the

group is linked to the azacyclo,.7alkane, thiazacyclo,_;alkane or imidazacyclo,.salkane.



The term "al koxycarbonyl ", as used herein, refers to

the group -COOR, wherein Ris alkyl, especially
w@oémbdsgd , such as nethyl or ethyl. The term POBERYERV10416

or "halo", as used hereln,1refers to chlorine,

brom ne, fluorine, iodine dnd is especi ally fluorine.

The term "t hi oal koxy", as used herein, nmeans a group

- BR: tenheéheteRalky!" aeferd toysatupated definsatutateddacalkyl gs defined above,

o o 0 O B e S L5 o o

branchidtetrenyolal dhainariy kHe, grasp. uldetdrdadores may irekepsndenitig be iselatted from

tne o Roaing ot M, R R TRbcbh BF g 1 20 B TP tBapy -

whereRl tssﬂyidtagbeabr alkylh andier @-. m:eroslkmgroupeenaﬁbe attarheduo the

remalr%(%é ﬁgglg rpr@ ﬁ%&%e{.he théfr)elrgé)atcgrﬁgma vaf%bge is a%gqab%)l%?)&/a carbon
atom. Examiples ofdmtesoalky gooyps IB0RIR, buthae eoﬂmﬁ{tedsto,agrbyﬂﬁ such as -O-

i e L

NH-ClxBHbits the following characteristics: react S
selectively with the desired functionali ty i n good

yield t i a 1.8 { to
i Jllﬁe ﬁ?tSf)O@giy}e/%OPB gpat'illcbo nds% stf’l&g& Itnr &Ib%tn{utb% wi h orise &%&re
substitlests; paferally 1iSsustiwenis\reduding ka/m'h"lEnltéd (lmatklyb halogen alkoxy,
rot ect dsubstrteto eld th i I
nyarof et S hshsol Brénty 1o Belercdane gp ey e
carboi atvgendfihe gropptmdy e subktitutekde Toe heterdatonis) ome algp beiin(cxjdized
present or generated in such projected reactions.
"Exanpl es of suitable protecting groups may be found
in Geene et al., "Protective Goups in Organic
Syh¢ tezsi "alkoxy8r ak Esikd, hedeihrefevi toey C&soBkyldinkddhio.an dXygen atom, or

prefer%élﬁ%%alkgg%%lt r%%ﬁ(%) y g kg)F(gt E%fgem&? g F(I&S{ gdrgtgdosqgglude but

are nat Ueited o, yvoups sitinasimetHdzyn etltdxgen- bptoe}" dent-edtoxpaod elfyiaxyg
groups include NPECC and NPEOM It will be appreciated
that . t he, c [
f Eﬁ%te&;n a%ﬁ'{ﬂ%%% g(? E%Hﬁ@r Se?ér@‘?o th%anglgb gBXCI-e{X\lvﬁére Rnlstan&l
especilillp € caliodi ssolmas sethyh  Paartplesibfaacyl gmoupshimclodenit acsnot limited to,
¢ |dirscl oosgd %Fetrr@ n where R4 and R5 are different, the
acelyl RIPRAM YA ehrY 8 %I ch the R4 and R5 groups are bonded
is a chiral center and such conmpounds can exist in the
RTh&teom "neyexyl” casfusnermnerairt r¢fers tortied group dOCKAR, miherein R is
0 t
hydrogén %}ﬁ@@ﬁ%ecﬁa{\? @P %Jgﬁ gg E?e?l%’l A rlnseg% i‘uplt Rﬁ%kl’ c‘s:r%lubgtltﬁ% %Ikyl as
definedredoove.oner i ¢ pur| ty is greater than 50% preferably
greater than 80% nore preferably greater than 90%
a Lo 0 0 i . .
o T RSN, 41 8 Fprd e T AR o s
alkyl, eaae@ly C ﬁllbiesqafeas methyl or ethyl.

form

The term "halogen"” or "halo”, as used herein, refers to chlorine, bromine, fluorine,

iodine and is especially fluorine.

The term "thioalkoxy", as used herein, means a group -SR, where R is an alkyl as

defined above, e.g., methylthio, ethylthio, propylthio, butyithio and the like.



conmpounds in the synthesis will remain in the R
optically pure form wth respect to the sane chiral
wearbozsat om | f an optically pure conpound i SPUBEE2083010416

the starting material, purjjication fromthe

undesi red di astereoner can be avoi ded at | ater steps.

Such R formof conpound (1) is represented bel ow. WO

2d0w/ters dieterprttylamh crmuseddiergn, meansm heteralks! grogp g(g.) -O-CHa-
substﬁ@te&vﬁﬁ RS, @srfé?eiallﬁ%herlﬁ{tl ?H@pl@\yﬂ@%uaﬁ?gfma?%go be

above. The optically pure form of

substiigled With 1086 ioF 9Tq FiStieBIF, suahtas hatepess CsBSCialy fiyere@gé shioro;

and 4Ry QbR bs Mdasddt uent, i.e., R4 or R5, is not
hydr'ogen or et hyl . In a particul ar enmbodi ment of the

nqvel conpound of fornula , R5 is hydrogen andR4,
S eT ARIFTOM. 85 HEFL g8 eanen GBd0HEeheren R s alky.

espeé@1¥7@,|7g|)(j,b siRRGsirfetAyl@¥fshyl.MOr e particul ar enmbodi ment
In a further enbodi nent an opt| cally pure

o nd of fornula R5 are hydrogen
HFeerting Staukd [€1Ts de A chetisapiiana s Eains Be falonifie

chara@ieﬁ)sﬁcs* I1) ré:%tscée@:oﬂvéli/ ith t@‘beﬁﬂ@ﬁ I?tﬁfctn@r'm%ﬁih BB f\{iem to give a
e R4 is n-b '{P wher e “'suc

pfoteetsﬂﬁaiaﬁﬂ@te tl’?ﬁts'stsf?é"e:{ortﬂ%f’[ﬂ%:t?q ISACEPNS ey Which protsction isislepired;
2) is 8elé&¥VRYy rEfRovable from the protected substrate to yield the desired functionality;
and 3) is removable in good yield by reagents compatible with the other functional group(s)
present or generated in such projected reactions. Examples of suitable protecting groups
may be found in Greene et al., "Protective Groups in Organic Synthesis”, 3 Ed., John
Wiley & Sons, Inc., NY (1999). Preferred hydroxy protecting groups include benzyl, Fmoc,
TBDMS, photolabile protecting groups, such as Nvom, Mom and Mem. Other preferred
protecting groups include NPEOC and NPEOM.

It will be appreciated that the compounds disclosed herein may exist in the form of
optical isomers, racemates or diastereoisomers. In particular, in the compounds disclosed
herein where R4 and Rs are different, the carbon atom to which the R, and Rs groups are
bonded is a chiral center and such compounds can exist in the R, S or racemic forms. It is
preferred that the process of the invention prepares the R optically pure form. By "optically
pure” is meant that the enantiomeric purity is greater than 50%, preferably greater than
80%, more preferably greater than 90%, and most preferably greater than 95%. The
optically pure R isomer of compound () can be used, in which case all subsequent
compounds in the synthesis will remain in the R optically pure form, with respect to the
same chiral carbon atom. If an optically pure compound is used as the starting material,
purification from the undesired diastereomer can be avoided at later steps. Such R form of

compound (1) is represented below:



Anot her enbodi nent is where R2, R3 and R5 are hydrogen
and R4 is n-butyl; such conpound has the structure
WO b@y026324 11 C-G R (Ic) OH Mre particul ar erenvpPE®3/010416
of the optically pure conpcgll#nd of formula (1) are as
foll ows: WD 2004/026824 P EP2003/ 010416 14 R5 R4
COHCOHR(Id RR(le) z HRROHOO 11 11 C
-OHGCG Na R (I~ R (19) OH OC~ 01-13 HIC O H
(1h) Alternatively, Rae fhcenpte form of conpound (1)
can be used and t hertN gﬂan i) be resolved at a
| ater step and thé& rih used for subsequent st eps.
For exanple, the ¢ und forned after opening the
R—I act amring, i.eRy cddpound (VII), the product of
D, can be resolved into its RS a

whereisi B Res Rt B 21f @sSifineq ?@VRST&P&Q%“?r”)éBH@rsfo”UQEBO’?‘%?“”d (s

novel 61‘6@%@9 weitvheh @RSer R RRSs F‘)‘ﬁﬁéé&f GRIRherFubsauPaLng, R, or Rs, is
(V i's depicted bel ow
not hydrogen or methyl. In a particular embodiment of the novel compound of formula (1),

Rs is hydrogen andR, is Cx.10alkyl, in @ more particular embodiment C,zalkyl, and in a even
more particular embodiment C,alkyl.

In a further embodiment an optically pure compound of formula (1) t R;, Rs, and Rs are
hydrogen and Ry is alkyl; such a compound has the structure (la):

R, cC—G
"

Another embodiment in compound (1) is where R, is n-butyl, where such compound
has the structure (Ib)

0
?5 Q—G
R, R (Ib)
R OH

Another embodiment is where R,, R3 and Rs are hydrogen and Ry is n-butyl; such

compound has the structure (lc):

C—G
/\/?f (1)

More particular examples of the optically pure compound of formula (1) are as
follows:



14R5 Y-ONN (CHZ)n S (VII) Rz RS O O NH Rl wherein

R2, R3, RA R5 Y, X, R and n are as defined above,
w@eaniotksed t hat R4 and R5 are different. The PCT/EP2003/010416

di ast ereoi somers are resolved using standard

t echni ques known in the art'4 for exanpl e, using

silica gel colum chronmatography and an et hyl

acet at e/ gexane solvent system (see, e.Q., the nethods

taught in| Chapter 4 of "Advanced O g&%ai Chen1stry",

5" IR,agdi10-0®H J. &@& Joh H )

(2001 R WO 2004/ 824 PCT/EP%QOS/ 16 15 In {ﬁ

conmpqQunds di scl osed herein, the %

si gni fhgances are specific enbd&gi ne®s individually

or in any sub-conbination: 1. R is a heteroaryl of

formula (1la),owherein R6, R7 and RO are Hydrogen and

R8 is methyl |pr trifluoromethyl; or R6, |R7 and R8 are

hy e nd ti@H f | uoro; or d

hydr ogeén apdrR7 is et hyl (iBr . o7, R8 and Q)

are hydrogen and R6 is hydroxy;

hydr ogen, pi S nmethoxy and RO | H

heteroaryl of fornula (l1lla), wherein R6, R7 and RO

are hydrogen and R8 is flgoro or trifluoronethyl; or

R6, R8 and R9 are hydrogef and R7\pg ethyl; preferably

R is a heteroaxyl f or xoeH-a>( | IN$ erein R6, RS

and R9 are hydrog ang’mR7 i s et eteroaryl of

formula (llla), wheréin R6, Kifand hydr ogen

and R8 is fluoro. 2. s -CH2-, - CH( , -CH(OR) -

-CF2- or -CH(F)-, preferably X is -CH2-; 3. R4 is

al kyl, preferably Cl_7alkyl, d®h as n-butyl; 4. nis

1. Tenperature and pressure are not known to be

critical for carrying out any of the steps of the

i Allemaiivaly, the racemstedprsn of ecammougd (IFcacbegsed and thep theaRyorm

can b%gﬁéwg% ?ﬁ ? Riter bﬁ op gmgr%%%%sg fc?r@‘ag%eeu%ﬁ&té& aﬁﬁ“é ?/mple, the

3
Z

era about fo a i cal

compa@unal fosneet aﬂléypxpealhg heafbtactanating s gh epmpopndtE4i), rtbe |pm®sb@
sep  Qoe SR 6 DEYHE 55 AL EE AR AL SRASE e

used flapsubisequinttstepsb §hd RS diastrtedimer of tdﬂ"eptpmdc(dtlbiﬁ depietedfbmiav:
for conveni ence the various steps can be perforned

| S

(vin

wherein R,, Rs, R; Rs Y, X, Ry and n are as defined above, provided that R; and Rs

are different.

The diastereoisomers are resolved using standard techniques known in the art, for
example, using silica gel column chromatography and an ethyl acetate/hexane solvent
system (see, e.g., the methods taught in Chapter 4 of "Advanced Organic Chemistry”, 5"
edition, J. March, John Wiley and Sons, NY (2001)).



under anbient air, although an inert atnosphere, such
as nitrogen or argon, can be used if desired. For
wa@oeoonenisence equi nol ar anounts of reactants arBCT/EP2003/010416

typically used; however nol,ar ratios can vary from

about 1 to 2 equivalents, relative to the other

reactant. The pH for the various steps is typically

alpdhe compeunsssligcloped hetein, $it ipliewing SiaTlicancesaee seadfisus
embocﬁr‘h@ﬂé n?cfnﬁduélﬁé%'r FPadysBl DRt vents, al though in

sonme situations aqueous/organic solvents can be used.

. R @@‘ﬂ@{e?&arﬂfof ?di‘hh?ab(lllg)d%me}’e%‘ﬁs Fb%'dLF@Learg 'h?é‘r%@@n and Rg is methyl

hyl ene [ ori de; dichl oronet hane; uene,
or iflupiamethykeariRe Reemd/Rs Riethydeogemand Rssﬁa%tﬂ%@;nr RecBe kR are

hy@'}{gfﬁn ah& RO &tnyIoF RREHGY! é/r Ry REQ#& Rbém%eﬂla%w.§hydroxy,

as t - but anol ;: and’t For St'e
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DCC, CDMI, EDCI and the |ike. The anount of

2. XI@a@Uax;P*#&H)vaCH(@Rhg&F& orefpiOly.auiefegablypisc&Hzy about
0.5 to about 2 nolar equivalents relative to conmpound

3. Ru(siglkylmpreferady Cerlkyl. sugheen-byiyia nmixture of water and
one or nore organic solvents, such as THE, dioxane,

4. nigflcohol s, such as methanol, ethanol and the |iKke.
Speci fic exanpl es of solvents include THF/ water and
V"Pérﬁﬁera!ﬁe EH@ p\%‘é@&% ardabt I@Bwﬁm@ b%ﬁ@r%ar?%n@ BURAY A the

glsuse |nte%rocess t he sal
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|y lokal
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emp|0V¢CbeT)HJHQ§3”Y Reoytrateospkierie PIRSPWR is ES%MPF ernvenienes; @OWF\‘@T
vanatﬂr‘i%@tﬁno?&%ﬁ@ lpréé%@reaéw ‘?\%Pﬁwov\ﬁ’h@%% deﬁ’u’ﬁ@ﬁg o %érh% not known to

coupl 1 ng reaction B, a typical tenperature
be detrimentsbio the pocess thgretore %@nmre@w st \adious steps gan be performed
under pROEAEAT, ouGth R R gngre 30 B i o8 @Y tan be usea i
desired o Fabeanveaieneg iequimplar alsp@tpjs Bf re@ﬁtaatsoam dyrically gpeds hpwever molar

ratios 5&9}%& ﬁ'f tﬁﬁut 1458 %ﬁaﬁ%@ntg SRt 2{‘0 t('léloltﬂe)r’re%térﬁ Th(—f pH for the
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The base USe can
used. dnpmpiasa suitanie bolereinclude dioxame; meh)dme @f‘rl@rtdemlk:hloromethane;

toluengcéde\l’%e[r{eh@l Qt:ﬁglrl%*%egﬁ'g P Qggro@ﬁ%@@ﬂéﬂ—:‘j Dﬁ\ﬂfﬂ'gcohéledesﬁ%lglly

?/ r'ox activating anmoun
highentinanghed @lcghols estich aglidwtanel; aod the likgui val ent rel ati ve to
conpound (111). The base can al so act as solvent in

Wb Cdte S AS § tydicatdrhperRuRy i€ 868t d°B t&about 50°C, preferably about 5°C
to about 35°C; and a typical reaction time is about 1 hour to about 10 hours, preferably
about 2 hours to about 5 hours. A pH of about 2 to about 7, preferably about 3 to about 5,
more preferably about 4, is typically employed. The carboxy-activating agent can be for



sol vating anmount which is in excess of the above
anount. Exanpl es of bases that can be enployed
WO pakwas2pyri di ne; DMAP; a trial kyl am ne, e. g.PCT/EP2003/010416
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the like. A particular sol vent is pyridi ne, THF or
Et CAc. For cyclization Step C, a typical tenperature
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phaseds G&dibpthealipiing regsient which is typically in nolar

excess to the anount of conpound (1V), e.g., about 1-5
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PCT/ EP2003/ 010416, 17 t et
with CRLSOEL ey okt dne sl e BTG oAb g
typlcaW aboled {ﬂyb&idﬁyb E’ﬂb ;bag% ucﬁgf fosg%@ @(iaSrglé! ¥ edlventional base
erature i s abou o abo
owrkiB e o1 Bl Ac e thesEros ou Shasuaing S ang sops fasewi be
used |h9a FYARIKYI-attidatHgSarhsunt RAIth i 8t 168 KaSoutmDthGIar bq@vaﬂaﬁtlrgﬂatlve to
about 5 hours to about 10 ours The pH.faof, Ste
compeu (i TP BEREaMAIbg SelABRoNeRrn WD cAe Al BF Praserdp 8,

solvatiAgiaAUnERARR W enbégshbf Mé)émétaﬂﬁ)uhh EExatnplés biraskethat can be
such activators includ

emplogpd Rekie REI: LI 8y BTUHo & Cor TG LS DoUnd bases;

Hunug%%@@é)‘nh ittfe 1@l FSparficlar, sokeht IB){)F/MK@-WFCO@EMC. acetic
acid, isobutryic acid and the like. If an aqueous

al cohol I t d t
cheonel 6 Sl i 5 UPgd ety v g 15 gl LR
typlcaW%UW@C @Qduf‘@@(‘ﬁadd bhy?pld:dl I@actld)rf tird8 istidut athour fosabout
pi cal solvent is or
20 hOHfSn@PI?otWé%'IYéI’?@Ut 7 oYy f%e?%ét'a“fﬁ gﬁI?s‘géI qreSter Cig B

typwaﬂyn abBut@ RdbLNR. Wlﬁﬂse%bﬁhw SﬁzptG/ @érﬁ@é Iabfy BaEeLkno@n in the art
gui val ents to about mol ar

that ISrvéIpaP'P@éd? BLRIBANRE PUe G @tCé’H‘PE I/Ia/péé%wp'es of suitable
bases lﬁaﬁ’&r iRbigaRicioP orJHPk basd8 Guch aab@wtssﬁ%arwwe IIIWUrﬁ ahrbynate;

codvRartonay, B Besbgalg AN Fstbenaiopls T = | Bl i
and the like. The amount of base employed is a de-protonating amount which is typically in
molar excess to the amount of compound (IV), e.g., about 1-5 equivalents relative to
compound (V). For certain solvents, such as THF, dioxane, dimethoxyethane and the like,
it may be necessary to use a catalytic amount of a phase transfer catalyst, such as

trialkylarylammonium salt or a tetraalkylammonium salt, e.g., tetrabutylammonium chloride



typically about 20 mnutes to about 1 hour. The pH for
Step Eis not critical and can vary considerably. For
we@p/0kssthe sol vent shoul d not be an al cohol i cPEDERENS/010416
The fornylating agent can , for exanple,
HCO2H Ac20, trifluoroethylformate, and the |like, and
is present in a fornylating anmount which is typically
or tetriggiyflemmanyira prasgjde.v Ahe axampleabiospiventsrase &etonesLaueh lae Atstone or

hkdt¥ge t 0 compound (VI1). A typical solvent is
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ours nor e o] cal about ours
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protorlgG gt IR P o 2By SRR e e 3T apo2 e

equwepemlslmmtlveno obmpowrd (Mg materials is not particularly
descri bed, the conpounds are known or may be prepared

a Ly to t hods kno i o

aF 8RR ES oX  BHAR 6 B P sy Bl B ] Brrs gy about
0°C tcadiimue%°aY, boda typieal teeetion time l%m&ﬂghlrﬁmﬂto%bout 5 hours, more
typica hLor ?%) Er”f}riq@%% )at;{olggf bglgrl r#:ggﬁ‘-l @K/ggpié)%rn%?gntlcargn rgnn\%ry
considéiratey. hydreStem Eplyes solvere shENF nat s m.ﬁlbwdgegmamtd g heBSmytating

net h car bodi i e .

soenthof s o B TR VBl S s g srosen
in a foehyiglinggared ait e/hich@Htypicalyhatsout 1 molar equivalent to about 2 molar
equivalents relative to compound (VII). A typical solvent is EtOAc, isopropylacetate,
t-butylacetate or THF.

For Step F, a typical temperature is about 10°C to about 35°C, more typically about
20°C to about 22°C; and a typical reaction time is about 60 minutes to about 18 hours, more
typically about 4 hours to about 8 hours. The pH for Step F is typically about 4 to about 8.
The solvent for Step F is typically an organic solvent, i.e., ethyl acetate, iso-propyl acetate,
methylene chloride, and the like. The oxidizing agent can be a conventional agent known in
the art, e.g., as disclosed in March, “Advanced Organic Chemistry”, Chapter 19, 5" edition,
Wiley Interscience, NY, incorporated herein by reference. Typical oxidizing agents include
urea/hydrogen peroxide with phthalic anhydride; magnesium monoperoxyphthalate (MMPP);
MCPBA, Oxone (available from Aldrich), and the like.



Fnoc = 9-fl uorenyl net hyl - oxycarbonyl HPLC = high

performance |iquid chromatography MOH = nethanol
worome26set hoxy met hyl ether Mem = net hoxy et hoRgT/RR1003/010416

ether NPECC = 4-nitrophen &hyl oxycar bonyl NPEOM =

4-ni trophenet hyl oxy met hyl g ycar bonyl Nvom =

nitroveratryl oxynethyl ether TBDMS =

t mborbyhﬂirﬁmrhqueﬁbm i startindyBtateriald is inmepdrrymiarlywescmagin thee

m t enper at u THE = tetr r
compoyg PISRIEE SETEIsABEEe GRab Sy Ry Gfhwith the artoras
disclosdtaRtheesxamlatstigraihaftérhe process of the invention but
should not be interpreted as a linmtation thereon.

BB RARSREE, O150, 2 T S
@Q% 90% acetone F O N 42%H THE F NH O GPh O HN AS
CDMT = chlorodimethoxy triazine
DIEA = diisopropylethylamine
DCC = dicyclohexylcarbodimide
DMAP = dimethylaminopyridine
DMF = dimethylformamide
EDCI = 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride
2-EHA = 2-ethylhexanoic acid
EtOAc = ethyl acetate
EtOH = ethanol
Fmoc = 9-fluorenylmethyl-oxycarbonyl

HPLC = high performance liquid
chromatography

MeOH = methanol

Mom = methoxy methyl ether

Mem = methoxy ethoxy methyl ether
NPEOC = 4-nitrophenethyloxycarbonyl

NPEOM = 4-nitrophenethyloxy-
methyloxycarbonyl

Nvom = nitroveratryl oxymethyl ether
TBDMS = t-butyldimethylsilyl,
TMSCI = trimethylsilyl chloride

RT = room temperature

THF = tetrahydrofuran



NH A7 0 HCOZH AS 92% (CH3CO)20 F OyH O N ~N N O NH
O AS Product nunbers in the foll ow ng exanples refer

WO 00m@26824 on schene | depicted imedi ately abP@EBEP2003/010416
Product A3 A flask was charg §d with 2.80 g (19.2 mmol)
of Al, 80 nL of THF, 20 nL of water, and 4.73 g (38.4
mol ) of A2. The resultlng solution was stirred at RT

d .the pH of the i on was justed to 4.
%"FH”EW&@X t'%F 'E‘b?%@lq A pr%ceﬁ%Og‘?'FEQ’th'%‘Pt)ShB?'d Bpkye
interptéted ad @dichifaliont theesdnportions (2.12 g, 2.26 g, 1.14 9)
within 15 mnutes. The resulting solution was stirred
at RT for 2 hours, anRea&forpstikdmé he sol uti on was
adjusted to 4,2-4.5 during the reaction. The progress
of theP react ovaas nonitored by HPLC. After the o

titen, was Bonpl was_ewapored ed unde _o_#n
reduged pressure, and tHRe riesi due wasnext facted it B

3 x sl of ethyl acetateqand the coshi ned orgamigg, .,
phase was washed sequentialky with 2 x 50 nL of 10%gs

citric acid solution, 50 nL of WO 2004/ 026824 K,CO,
PCT/ EP2003/ 010416 20 water, 2 x 50 nL of 5% sodi*um

bi car bonat e/sol uti on and 50 nlL brine dried over

The evaporat i of ani c sol vent_afforded 2.4 g’'of ,
A3 (94% yifel d). »Prédupt A4 A-f-l-ask-was-char

53 _gff of and 30 niL oF pyridine. The
esufting o was cool ed ﬁ%c with ice-sal to e
ath. Then, 2.7 nL (36 mMmmol) = &%ﬂf shanesul fonyl as

chl ori de avas sl owl y added and ai ned t he

tenperature at 0 2C for

HCOM
92%
(CH,C0),0

°§/“ g/ \g
[j/ ~o" %NH"'N
° (]

Product numbers in the following examples refer to reaction scheme | depicted

ope

immediately above.

Product A3

A flask was charged with 2.80 g (19.2 mmol) of A1, 80 mL of THF, 20 mL of water,
and 4.73 g (38.4 mmol) of A2. The resulting solution was stirred at RT and the pH of the
solution was adjusted to 4.2-4.5 with 2N HCI acid solution.

5.52 g (28.8 mmol) of EDCI was added in three portions (2.12 g, 2.26 g, 1.14 g)
within 15 minutes. The resulting solution was stirred at RT for 2 hours, and the pH of the
solution was adjusted to 4.2-4.5 during the reaction. The progress of the reaction was
monitored by HPLC. After the reaction was completed, THF was evaporated under reduced
pressure, and the residue was extracted with 3 x 70 mL of ethyl acetate and the combined
organic phase was washed sequentially with 2 x 50 mL of 10% citric acid solution, 50 mL of



1.5 hours. After the reaction nonitored by HPLC was
conpl eted, the mxture was poured into cold 120 niL of
wa 2004i0e82eci d, and extracted with 2 x 100 nL oPCEERYI03/010416
acetate. The organic phaseggas washed sequentially
with 2 x 70 L of 1 N HCl acid until the aqueous

watef, BockBh af F.GEl Bivorbonnelhed ard REMrhineed Ve MpSO..

The é\daaﬁs}%nonTbﬁorgm@@ma@m@ffoafedcmg@rAswmyrad)gave 9.87 ¢
of A4 (-100%vyield). Product A5 A flask was charged

with 16.07 g (116 mmol ) of potassium carbonate
ﬂo—d%@ﬁdered) 631 nlL of acetone. The suspension was

R ot TREHo0 ol S5 ko b "t

solutibB Sk (cbBIgd 11 & tturre WilkSics-balf bAH. aheri €2°7SJmLf(9$ mnilormur
After the reaction npnitored by C was conpl e

meth??@”ﬁ@% enlsiidgwamslowly|addeeand Fﬁf'ﬁ%l@?fj tel t?’[“@era&ﬁ% at O +2°C for

15 h@@r%h AgteMhb e ZdiBn Mhorfbreat P@Pﬂb@b&npl@féﬂ ﬂfegﬂ&tuﬁe was poured
sol vent was concentrate luted with 400

into CORI{A0 TH B N 61CI ARG SR AGIEC G 100 B of i eseidig, The

orgarithQhéE‘e Wis watheb @be&*erﬁ@w With @werrﬁpaﬁwrmbém iuBt, thele&ueous
of brine and dried over wl\/g he concentratio

SO'U“QP wae galdice 190 mkerisatyrried spd r?ﬂ*@%%ﬁ"éloaf R %&f brine and
dned%v@ﬁM@S@f e e&édo?éﬂoﬂ of 8%%1%'5%%9“ gaﬁle’@ 87 §roNadl(~ 1909 yield).

0 'NH O When t he is Tacenm c,
at t acki ng W|th chlral A6 results in tvvo di ast ereoners
Product ASnd  A7' They can be separ ated by silica gel coI unm
usi ng Et QAc and hexanes § : as eluent syste

vinfaskieassherind Witatg 9oa ( %rﬁmawuﬁﬂtaawmﬁ@rméte (POWde’ed) 631

mlL o’f d&did 18 smé @r%rma»émea%d o b8 AN eRUb G GERPNE) of A4 in 91
fromthe oth er approach. WD 2004/ 026824

mL opP@RtERERs oI £dded (8D nrrwelteé) anee resyiERg Mixiwemssstirgd at reflux for
1 ho@pWﬂFF 8 réattbA MMbrel L?_IE%%e hte%ufsﬁ?%qs%%mered

actamring are su r|ze
through gelite, cﬁmdozmdjed With 208 mal- ey asetater The59areg SHBEN Mas A6

concﬁrﬁ{ﬁ?@6§m m’% ﬁ%\&ﬁgﬁ(}sﬂng gﬂ; ifﬁﬁﬁ%@t@snﬁ%é@wlth {60 mLI3} 1R He

acid, 100 mL of saturated sodium bicarbonate solution, 100 mL of brine and dried over
MgSO,. The concentration of organic solvent under reduced pressure afforded 7.96 g of A5
(liquid, 90% yield).

RS iR

A7 AT
When the A5 is racemic, attacking with chiral A6 results in two diastereomers A7 and

A7’ They can be separated by silica gel column using EtOAc and hexanes (1:1) as eluent

system. A7 was the second fraction from column and it was identified by comparing with the

authentic sample from the other approach.



m-) 6561 None 0.1 nmL - 266 1 Non EHA 1 nL - H20 22
15 None 1 nL - H20 70 2 None MeCH (5 nL 2 nL - H20 82
wd200d0eLonversion 5 mmol 7.5 Tol uene 115 3 INONMEP290®010416
0.5 nm - 116 4 3% conversior1 TMSCI 1 mL - 2EHA 115 3
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the ldctatf rigg Gfe suMarizeld ifGabend 0.2 nlL (1.25 mmol ) of
2-ethyl hexanoic acid. The resulting solution was

Tabigac fﬁ%c?a&of@wﬁ@ ey T

Asesild S| digsitdnt n of | &I, hy! cfpte.
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water, 25 nL of saturated sodi um bji c@€bondbhk, | 25 nL of

hrl He and PII'I ar*l over HhS -]j‘lg cloncentirat . oh of

= mav VOO

5mmogar$|rem§b| vMﬁ@Hgiaée of I which was| f22t her 1puf Nphed

by—gotumm—sepgy ati on of silica gel —to-girve-6-po-g—of

A4 N A~

A7 and 0.85 g of A7' (B4%total yi e|%§. Pl odlietas wo
20041026824 PCT/ EP2003/ 10416 rett—ft+ask—was
charlged with 0.35 g (3 93 Mno?)  of a@%ti c énhy@P?de,
and [cooled fo <10C. TheEHA 0.50 g |(10. 8 |mmmol )| of
form.oc aci (9699 was slowly added to the (25

m nutes). After the additmlonh2®@he |soR2it i| orftSnwasNowee med

T+
D

tirred at this—tepperature flor-30L M putes-

and
\wJ LIALE ATTU JL

fllask was charged Wi h"ﬂ-ﬁ’ﬁ‘é (1. 400 myol ¥ of Nare and
5—+i—of—ethyl—acetate—+The—solut+o u.. V'V&’ cooted 6 33—
to QC with |M%o§'éf5tm'-ba Amlride t e €1 {tildn p?‘&/&F@M’ers'on

fromsgbove roceuure Vas Sstowy 30 mhytes)—
5mWPre|7%;ddit| H¥he rehction was coﬁaget ed’ (n@ﬂnﬁ or ed

by Hrirkdl. The soI utionfwas diluted with|{100 nL of

ethyl acetate, and washed

0.5mL - 116 4 3% conversion
TMSCI

1 mL - 2EHA 115 3 100% conversion
one bypd.

5mmol | 6 mmol | THF 0.2 mL - 2EHA 70 7 98% conversion

Product A7 and A7’

A flask was charged with 1.165 g (5 mmol) of A5, 10 mL of THF, 1.24 g (6 mmol) of A6
and 0.2 mL (1.25 mmol) of 2-ethyl hexanoic acid. The resulting solution was heated to reflux
(70°C) for 7 hours, and the reaction was monitored by HPLC. THF was evaporated and the
residue was dissolved in 100 mL of ethyl acetate. The organic layer was washed
sequentially with 25 mL of water, 25 mL of saturated sodium bicarbonate, 25 mL of brine and
dried over MgSO,. The concentration of organic solvent gave oil which was further purified

by column separation on silica gel to give 0.95 g of A7 and 0.85 g of A7’ (84% total yield).

Product A8



sequentially with 25 nL of water, 2 x 25 nL of

saturated sodi um bi carbonate, 25 niL of brine and
warie@d26ezer MgSO4. The organi ¢ sol vent was evapoT/aPBd3/010416

to give 0.61 g of A8. The lagtamring can al so be

opened by a base, such as Iithi um hydroxi de.

I(lﬁgrlg%l‘ @z%kgyealéf) a tepﬁviﬁﬁp(ggé %ﬁ o ace ygage #n (Sooled to
<10°¢JGrhéN] 0. ﬁ&&(%ﬂﬂn@lﬂﬁf&hé%m %)A\Easbslf)\hlt’;l%&dw&) the

(25 it gbihe acaien, e SpharradatmeshORE ndoitd %tah'ec

tempdragie f&.309miguek. | i t hi um hydroxi de monohydrate in
of water was added. The solution was stirred and

A fAurarhst dhargdWitha. @2@(’( QO n%ﬁolh@ﬂ%‘ﬁand% Rl ofteiteyl acetate The

reaction nonitored % was cor}EI eted, the
solutipp, wagicelad & viie 0° Qdﬁ' é%aa'i kath. tha\sqligtion pee redrﬁem above
proce@ﬁﬂaawa§sl§@iy\é%ma§ (mhmufe@,vvmé# adam.dntthe réé%ﬁbrﬁ*%s‘é@ﬁm leted
extracted wth acetate, and wa

(monijgred by HPLSG. (e é‘P'Ulb(?'l yies %ﬁech‘f"i“?eaoo B ewwtat%@d Washed

sequémenpwm PO MLt S¥QvaErgaR & rﬁe bf’%l&ra%%@dlml@c&b@ﬁat@e% 2 bf brine
roduct in 91.5% yield with high purity.

and dpigd SV &7 14952 PUY EE200 3PS eVABORISAIP gl %‘naﬁéAﬁ 0
p_ NH.HCO O"O HIC R ONa C2 HBC R H C H,,CINO
( 1he. Iggtarﬂong_can ajso bergpened By adasqisuch epithiung hyglroxide. As

depicted below, the opening ring product was obtained in 91.5% yield with high purity after

work-up.

0
0
LiOH
- OH
N THF-MeOH
o™ eh °
H

91.5%
A5

A flask was charged with 1.165 g (dmmol) of A5, 15 mL of THF, 5 mL of methanol.
The resuiting solution was cooled to 0°C. Then, 0.25 g of lithium hydroxide monohydrate in
5 mL of water was added. The solution was stirred and allowed to warm to 22°C for
18 hours. After the reaction monitored by HPLC was completed, the pH of the mixture was
adjusted to 2 with 2N HCI acid. The organic solvents were removed, and the residue was
extracted with 2 x 50 mL of ethyl acetate, and washed with 2 x 30 mL of brine and dried
over MgSO,. The evaporation the organic solvent gave 1.15 g of desired product in 91.5%
yield with high purity.
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The product numbers in the following examples refer to Reaction Scheme |l depicted
immediately above.



WO 2004/ 026824 PCT/ EP2003/ 010416 24 Conpound C3 From

(2R) - 2- (hydr oxynet hyl ) hexanoic acid: O H3 COH O™
wWoRB@4Meesk4 H OH O HCI H2N Ji A 5 L, 4-neckedPCT/EP2003/010416

round- bottoned fl ask, equi ppgd with a nechani cal

stirrer, digital therrmometer and nitrogen

inle outlet is charged with 102.39 g of

(hydroxynethyl)hexan0|c acid, 123.0 q of
nz dro ne hydrochloride and 2.25 L of

"\/\@%&2 4'?9@%%3'6?/% ‘ng one equi val ent of NaOH

to a pH of 4-50 Stir the reaction mxture at 18C 3C

(external tenpgrature: 15-18C) for 30 minutes to give

3, I o Add 161.3 g of 0

1-3?3-(di met hiyl ani'no) propyl | - 3- et hyl car bofi i m de

Com

EDCI) over S
portions, whil@Hnaintaini ng_' {ghe i nt er nal nper at ur e
at 18C 3C gexternal tenperature: 10C L 3C). Wash the
funnel once with 50 nL of water. Stir t8E thick

suspensi on at 206, 3C for 2 hours. Filter the solids
through a po ppyl ene filter cloth and a Buchner
funnel 1@en wa he flask and filter cake once wth

oH8! H:Nof water. “Air-dry the cake at 20C 3C (house
urs, then dr

A5 Ly GPERIe. Kiungdetonted flask L PPLd Bh 2GRN ES ST Bt

therntbn&dter and nltrogen inlet-outlet, is charﬁed w||th 102.39 g of _
de

(2R)- %@dr@g&gdr Oxgamt h%/%a,nl\lé p 4 hanna (e hlorlde and

2.25Lal wafér A8jusBfie pFL bl 4d {:mranseduwm@btw & 455 Lstir the
4-necked, round-bottone Ias

reactiop A3l 185 Ei% 3G (exigma! temperaties ngf%ﬁb BPYED fpegve a

cloudyRbRtio® UAE&H 61.8% SFNABYBIMethidmihd)pr @éth Icarbodnmide
hydr oxynet hy exanol c_acl

mmyﬂ&ﬂ@é%@wm%m S0 NS i & BRIGRT. QHe SpRIN1aINg the interal

tempBfatie el 8°cSt BfC (%rﬁﬁ%ﬁ\g@r@ttﬁé XY orces 8te)l aﬁlasﬁﬁe funnel once with
external tenperature: for 30 m nut

50 mg of waleay Stioha thighsuspgasiamat 20° é 3$°C for 2 hours. Fllter the SgO|IdS through
a polyprbiyidritl 1Rt BitrPaRd @ BRERHRY Funndr tREX-WastY Ble flasR@hd @iffer cake once

with 0.5 L of water. Air-dry the cake at 20°C * 3°C (house vacuum) for 2 hours, then dry the
wet cake (~265 g weight) at 65°C + 3°C (15 mbar) for 24 hours to give 162 g of
(2R)-2-(hydroxymethyl)-N-(phenylmethoxy)hexanamide (C3) as a white solid in 95% yield.
m.p. 100-102°C; [a]p®® = +0.556 (c,1.0,MeOH).

From sodium salt:

A 5 L, 4-necked, round-bottomed flask, equipped with a mechanical stirrer, digital
thermometer and nitrogen inlet-outlet, is charged with 117.8 g of
(2R)-2-(hydroxymethyl)hexanoic acid sodium salt, 123.0 g of O-benzylhydroxylamine

hydrochloride, and 2.25 L of water.

Stir the reaction mixture at 18°C * 3°C (external temperature: 15-18°C)for 30 minutes
to give a cloudy solution. Add 161.3 g of 1-[3-(dimethylamino)propyl]-3-EDCI over a period

of 60 minutes in 6 portions, while maintaining the internal temperature at 18°C £ 3°C

(external temperature: 10°C + 3°C). Wash the funnel once with 50 mL of water. Stir the



of 60 mnutes in 6 portions, while maintaining the
internal tenperature at 18C 3C (external tenperature:
WA 0W4/03684 Wash the funnel once with 50 ni of RI/8P2003/010416
Stir the WD 2004/ 026824 PCTp&EP2003/ 010416 25 thick
suspensi on at 20C 3C for 2 hours Filter the solids

h | filt
i SSB B TBLESPOL TR R o 0 9008 S e
cloth@n8 alBiRhnevetueel thdér waghr tiie flisk a?ﬁih&te&tak%ce&ﬁlh(d‘@ uséwater. Air-

oy i) 280 53:C Wbt vbCitors boots Ao iR bief Paietraes o

we.gm) efeq°2R) 3% ((1Byﬂmarxmu Inglistdgive 162 g of (2R)-2-(hydroxymethyl)-N-

henyl met hoxy) am d Whl te so 9
(phewe@etagw}h@(ani ga (Aﬁe@]tg)%é’l'"?é BUgld( &R Jt?%‘%r& 1o =
+0.5%8 @M.GMROHIE thyI benzyl ammonium salt: A 12 L, 4-necked,

round- bottorred flask, equipped with a nmechani cal
stirrer, digital therm)mster and ni trogen
From Rroemem'béﬂzvla'@m@ﬁ&f"@éa Wwith 300 g of
% (hydr oxy me?ﬁ%‘ ) hexanoi ¢ acid
42 bredHE PRESn IUNSrReYAMEE f1ash. edgRRed Wit a meshagiggl stirer, digital
thern?ongetér Md ﬁlﬁééérpineYbuﬁ@?tlgﬁha@ééﬂﬂfth 3@@%' oft he suspension

an internal tenperature at over a period of

(2R)- Zahyﬁrﬂmhmﬁ@xm acid &weﬁwlwzyﬁmmng‘n&éﬁjw% A& baf water
and 2 99% M- ﬂ?t&l methjl %}@@h %ﬂopﬁb%[]sgé?klo%% Bh Wér‘ﬁél t@ﬁﬁgeraturefat

separate layers: queous | ayer wt
18-22°%r oveb atpgriodrof E@/mlrett%eand as@;mw&w@m A yérd gawe@a% daPhl(50%

wlw)a§@§t?1§%{3l®§r‘r? E)Oxryc?ge%ﬂ ﬁ%? 204 §8arate layers. Wash the aqueous Iz layer with

hexanol ¢ aci d sodium salt and
2.2 Lpf derebatybiwethiinathem eﬁtparatﬂaaﬁ'pla@d Bavethegsueewmiprf@ntining the

(2R)-€Qh§&r8/)9'\r%%ﬁﬁlﬁveﬁ}kég$ ﬁé@ IQ(\J/%\Qr%gah gr?o?:ggd g% ggﬁﬁoned in Example 1 to
get cpoipasied 8iin 91% tyteid)m. pr 108a Qﬁ°01tu33>§ﬂ = 0. 656 (c,1.0 MeOH)

(2R) - 2- (hydr oxymet hyl ) hexanoi ¢ acid were al so used in
t Altesnatively tias calesspondiagl potassivaniphismor calciunadalistdfon, any

(2R)- -(g&éreamgyﬂﬁg %A %398 (Ne e2§%o asécpi ql'; Y )émg‘aatsr%lsgzrtlbee?&alﬁ]?;(gmple 2.

renoving he a

TR IRED T SRR s go/gﬁ?zrzgfd %rﬁmyn%gomf&aéd can be

usedcdfidr cen@ﬂnng the amine component as described in Example 3.

Compounds C3 — C4

I I \/@
0 MeSO,CliPy o
Ve
H:@/\/j/Rtu ~ /( j HSC/\/j)RL N/
3 o o} H
%
HO .S~ 0
C3 CH,

CyHsNO
Gsisa) C15Hz3NOsS
(329.42)

A flask was charged with 7.53 g (30 mmol) of C3, and 15 mL of pyridine. The resulting
solution was cooled to 0 + 4 °C with ice-salt bath. Then, 2.78 mL (42 mmol) of
methanesulfony! chloride was slowly added and maintained temperature at 0 + 4°C for
2 hours. After the reaction monitored by HPLC was completed, the mixture was quenched
by slow addition of 95 mL of 2N HCl at -5 + 5°C, then warmed to RT and stirred at this



C21 C15H23NO5S (25513.32) 2) ( (329.42) A flask was
charged with 7.53 g (30 mmol) of C3, and 15 ni of
wEoosazased The resulting solution was cool ed POI/BP2043/@0416
wth ice-salt bath. Then, 2p¢8 nL (42 nmmol) of
met hanesul fonyl chl ori de was sl owy added and
mai nt |nedte erature at _ 0 4C for 2 haurs. er the .
(emPP P foi FR ¢ s WePt Blejed SubgwEAdtn Wate (0Dl ded in an
oven‘é@§0q}'ﬁ>ﬁ gh@durshy gk aveeg ei ti ¢ 00b, Yeid) )= -Qﬁ\b(bﬁb 18, MeOH).
- 5C, then warned to and stirred at this WO
2004/ 026824 PCT/ EP2003/ 010416 26 tenperature for 2
cOmFQUﬁ(&CSThe solids were filtered and washed with water
: dried in an oven at 50C for 14 hours to give
9.86 g of C4 %yi el d); [a] 025=+5.901(c, 1.0, IfeCH).
Conpoun C50 K2CB H3C R H3C N, N ,5-0
" y Cr5rD o. CL4HLONOR2 (329. 4% (23373 vA
f Pggk has "charged with 3—86—g—2¥%8 nmol ) of potassiu
caf bénate, 50 nL of THF and 0.3 g of
t et r abut g%%ggmm um brom de. The suspensi on was ch;agactzed
to 40C anee«gtirred at this tenperature for 30 ®*39
o tiEes cHiRha wivps 80 o2R s B of oSl P EarBHAeRl S0mPRE T
and Q.8 gof tedrapetylammenitirobrdmideu he Afispensioh evasé\aateudo 407G and stirred
ol P I
o v SSRUGAEL ORISR 31 oy G BR QB G Forion.
The rmxture nwas htetdd t@GWCS&d‘Mgre@'EHFH S{E)np‘eca’twbl‘fer T bolrovifteg the reaction

is cor[ng WI tr’gﬁﬁjl{%e(c; DYy, ﬁgﬁ{%l%gb @Pered an hc:e wgsLHe% w% 20 mL of THF.

The organic solvent was concentrated to 8.58 mL/g (THF/C5) for the following step without
further purification. The pure C5: [a]p*°=+24.63(c,1.0,MeOH).

N

o F
Y5a n 0 ° 72
C1oH14BrFN;O o u\ \
H,C (371.1) ~

THF
ethylhexanoic
cs oy ceé
C1HisNO, CasHa FNLOs
(233.31) (442.5)

{J"\\\u =y e

Y

Compound C6

A flask was charged with 2.12 g (9.1 mmol) of C5 from previous experiment in 20 mL
of THF, 2.26 g (10.9 mmol) of Y5a and 0.8 mL of 2-ethyl hexanoic acid. The resulting
solution was heated to reflux (70°C) for 8 hours, and the reaction was monitored by HPLC.

THF was evaporated and the residue was dissolved in 50 mL of ethyl acetate.

The organic layer was washed sequentially with 20 mL of water 2 x 20 mL of 1 N HCi
solution, 20 mL of saturated sodium bicarbonate and 20 mL of brine. The concentration of
organic solvent gave 3.78 g of C6 (94% yield) in 21 mL of ethyl acetate which was used for
the following step. The pure C6: [a]o>= -74.43 (c,1.0, MeOH).
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C6 A flask was charged with22.12 g (9.1 nmol) of C5
fromprevious experiment in 20 nL of THF, 2.26 g
(10.9 mol ) of Y5a and 0.8 nL of 2-ethyl hexanoic
acid. The resulting solution was heated to refl ux
(70C) for 8 hours, and the reaction was nonitored by
THE was evaporated and the residue was
Stepg%;g&-’ve 8|n 50 nL of ethyl acetate. The organic |ayer
was washed sequentially with 20 nL of wates 2 x 20 nL
of »\d&. N HCl solution, 20 nL of saturated sodi um
bi carlponate and 20 nL of brine. The concentcralli on of F
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organi § sol vent~gave 3.78 g of C6 (94% A °
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H3C EBCCHOF OO F ~"/ QO A HCOZH (ld-H,;AC20 "

N CaaHaiFNGO, CasHa FN,O
(442.5) (470.5)

A flask was charged with 22.6 g (0.22 mole) of acetic anhydride, and cooled to <10°C.
Then, 32.3 g (0.674 mole) of formic acid (96%) was slowly added to the flask
(25 minutes), and maintained the temperature between 5-10°C. After addition, the solution

was warmed to RT and stirred at this temperature for 30 minutes.

A flask was charged with 36 g (81.4 mmol) of C6 and 200 mL of ethyl acetate. The
solution was cooled to -5°C to -10°C with methanol-ice bath. Then, the solution prepared
from above procedure was slowly added (30 minutes). After the reaction was completed
(monitored by HPLC). The solution was diluted with 100 mL of water and warmed to 10°C,
and stirred for 20 minutes. The organic layer was washed sequentially with 3 x 100 mL of
saturated sodium bicarbonate, 100 mL of brine. Added 374 mL of ethy! acetate, and distilled
ethyl acetate under vacuum in house vacuum until the residue volume about 274 mL.
Heated the solution >50°C, and added 822 mL of heptane while maintaining the temperature
<50°C. Cooled the solution to 10°C, and seeded with Plant A11. Maintained the
temperature of the suspension at 0-5°C for 4 hours, then warmed to RT (24°C) for 14 hours,
cooled to -5°C to -10°C for 3 hours. The solid was filtered and washed with 100 mL of cold
heptane/ethyl acetate (4/1 by volume) and dried to give 24.0 g of C8 in 63% yield. The pure
C8: [a]p®= -97.02 (c,1.0, MeOH).
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wandwaedsde, and cooled to <10C. Then, 32.3 g POI/EF2D03/010416
nole) of formc acid (96% wgs slowy added to the
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The pure C8: [a]025= -97. | (c,1.0, MeOH). WO

2004/ 026824 PCT/ EP20Q3/ 00 6OH28 V\HAT IS CLAIMED | S:
1. A process for prepart a conpo 130f the formul a
(M 11) OHRE R5 R NN(CHOh S (VIIl) R2R3O
Oi-RI H conprisi p A
with a compound of the formula (I1)

Y—O—NH, (m

in the presence of a carboxy activating agent, in a suitable solvent

under conditions suitable to form a compound of the formula (ill)

NH—O—Y an




contacting a conmpound of the fornula (1) O R5 11 R4
COH(l) R3I OHwth a conpound of the formula (11)
wo2004M6824 1 1) in the presence of a carboxy actPEBEPIg3/010416
agent, in a suitable solvenpg under conditions
suitable to forma conmpound of the formula (111) O R5
R4 Rz N\HO Y Il R3 OH WO 2004/ 026824
followgg-py 5 3/010416 29 followed by step B: contactin
compound (I1l) with a conmpound of the formula (XII1)
cdrtachify 2onipOuitd (1)) with 4 benpoupden de fofmaalpddy in a
sui tabl e solvent, under conditions suitable to forma
conpound of the formiad;g 0 RAIR4A R2 NHOY (1V)
OS2CH3 followed by Step C. contacting compound (IV)
with a base in a suitable solvent under conditions
inghe prebbece of a haserim a soitalyio swiderof uridee céralitivnt suifale 1© foRs a

compound of the formula (IV)

g

(V)

R "0so,cH,

followed by Step C:

contacting compound (IV) with a base in a suitable solvent under conditions suitable to

form a compound of the formula (V)

followed by Step D:

contacting compound (V) with a compound of the formula (Vi)
X

\
(CH,),

y—N
I (Vi)

o) NH—R,



R4 NO-y (V) R2 R3 followed by Step D. contacting
conpound (V) with a conpound of the formula (VI) HEN

wO @824 VI) 0 NH R WO 2004/ 026824 PCT/ EP20031/8R41610416
30 in a suitable solvent opgponally in the presence of
an activator under conditions suitable to forma

|n?£ﬁn$%gg%?Jﬁ§¥ %fon%MTluﬁliﬁe é%/lﬁr;z%%scj aE%ctéfaé%_@dle\lEg%%ﬁé%% ﬁﬁitable to

form acoppoumdd ¢f\thé Jormutah(VAl) f or nyl ati ng agent in a suitable
sol vent under conditions suitable to form conpound
(VII1); wherein KN is &, hydr Xprotecting group; Each
of R2, R3, R4 and|R5, ij7dependent |y, is hydrogen or an
al i phatic gfoup, N (& or (R4 and R5)
collectively forma/&4_7cycl oalkyl; X is(vigH2-, -S-,
-CH(OH) -, -CH(OR -R, -RH( -, yCH(SR) -, -CF2-,
-C=N(OR) - or -CH(F)-; whergi NHS—Rl kyl; Gis -OH or
-Ce Mr), wherein Mis a netal or an ammoni um ni ety;
R, is aryl or heteroaryl; Xis halo; R is alkyl or

follow?e%lStggE:n is O0to 3, provided that when nis 0, Xis

contacting compound (VII) with a formylating agent in a suitable solvent under conditions

suitable to form compound (VIil);
wherein
Y is a hydroxy protecting group;

Each of R;, Rs, R4 and Rs, independently, is hydrogen or an aliphatic group, or (R, and
R3) and/or (R4 and Rs) collectively form a C,.;cycloalkyl;

X'is -CHy-, -S-, -CH(OH)-, -CH(ORY)-, -CH(SH)-, -CH(SR)-, -CF,-, -C=N(OR)- or -CH(F)-;
wherein
R is alkyl;

G is -OH or -O° M@, wherein M is a metal or an ammonium moiety;

R, is aryl or heteroaryl;

X' is halo;

R'is alkyl or aryl; and

nis 0 to 3, provided that when nis 0, X is -CH,-.

2. The process of Claim 1, followed by additional Step F which comprises contacting the
compound of formula (VIIl), wherein R, is heteroaryl having an N heteroatom, with an

oxidizing agent to form the corresponding N-oxide derivative.



2. The process of CAaim1l1, followed by additional Step
F which conprises contacting the conpound of fornula
wQ@ Yokire820herein R, is heteroaryl having an N PCT/EP2003/010416
heteroatom wth an oxidizgng agent to formthe
correspondi ng N-oxi de derivative. W 2004/ 026824
/ EP2003/ 010416, 31
3. (GRIRHEISR) CINE TalRIPEPS R MeadioaR e Eng hahe hydroxyi-
protebmyg}w;b by poritbetinlicoenpgund! PV ibywitroa paltidiung catalysbtariorm the
VIIIR W|th $< pal | adi um catal yst to formthe conpound
compaing gHimMyadky H R4 R5 HN N (CHZ" S (1X) OR R3
O O)NHR  wherH n 4'55 -xR4, R5, X and n are as
defi ned above. 4.| The s/ o\ daim1, wherein each
of R2, R3 a ; H'z*s)nbutyl Xis
-CH2-; nis 1;[|Yis or tsbutyldirrﬂxhylsilyl;
and R is of the fryrmylag :NR§ R8 wherein R6 and R9
are hydrogen; R7 is hydrog -0 —mlkyl; and R8 is
hydrogen, halogen or C,_,alkyl. 5. The process of
Caim2, wherein R7 is hydrogen and R8 is fluoro. 6.
Whe@ﬁ&p?n&as& B4 Xand mare asgeliped ADWE. is C, -7 al kyl: and
R8 is hydrogen. 7. The process of Caiml, wher ei n R,
4. itheQroddss of @TaerHaw('\&eﬂ") eé\éh(&ﬂR@) R, ahd RIis R?dro‘gﬁﬁ rRj i8 b§l; X is

R7and R9 are hy tg nd
-CHZ- nis 1; Y is benzyl or t bu yldlmethylsﬂyl and R, is of the formula

ﬁ

R
6 l \ N
/
R7 RQ
R

wherein
Rs and Ry are hydrogen;
R; is hydrogen or C,_7alkyl; and
Rg is hydrogen, halogen or C,_;alkyl.

5. The process of Claim 2, wherein R; is hydrogen; and R is fluoro.
6. The process of Claim 2, wherein R; is C4_7 alkyl; and Rg is hydrogen.

7. The process of Claim 1, wherein R is of the formula (Xla)

SN
| P (Xia)
R; R
R

wherein
Re, R7and Ry are hydrogen; and
Rs is halogen or C,_7alkyl.



R8 is halogen or C, -,alkyl. W 2004/ 026824

PCT/ EP2003/ 010416 32 8. The process of Caim?7,
wob@neRds2R8 is fluoro. 9. The process of C ai nPAT/EP2003/010416

carried out at a tenperaturgpof about OC to about 80C,

a pH of about 2 to about 12, and in one or nore

| vents selected fromthe group consisting of
8. Mﬂ@ssﬁgpﬁwgn‘@g@ﬁ%’%‘? 'aé',%O'aﬁ- chl or onet hane, tol uene,
acetone, nethyl ethyl ketone, THF, isopropyl acetate,
9. [ve mocksainf glarolotarridd outfsatpr tespemtwemPabaiti0gC to about 80°C, a pH

__contactin C ound of the formula (I 0O RS R4 .
of abSich B Soe (. R8 KBRS PrPers SaNEBRFGIATPAGTOR HE FBFRbpsisting of
dioxatk) metiylen&lcRlofidd, dichlorériethane 38066, @f:etan@,aﬁagyl)ethyl ketone, THF,
under

. activatin ent, in.a suitable solvent

'SOPFWEB?‘T%?tSn@N%%nBa?SIaécothB"form a conpound of the fornula
(I111) OR5 R4 Rz NHOY (I1l1) R3 OH wherein each

10. &K pid2essRdmprding rdntabting M deppateindtltye forraulayJr ogen or
al kyl, or (R2 and R3) and/8r (R4 and R5) collectively
forma C4_7cycl oal kyl ; dilY i s a hydroxy-protecting
group. 11. The procegs o bm 10, wherein R2, R3 and
R5 are hydrogen; IS utyl; and(y is benzyl or
t-butyl di net hyl sil yt x42. The process of Caim 10
carried out at at re of about 5C to about 35C
for about 2 hours to about 5 hours, at a pH of about
3 to about 5, wherein the carboxy-activating

with a compound of the formula (lI)

Y—O—NH, )]

in the presence of a carboxy activating agent, in a suitable solvent

under conditions suitable to form a compound of the formula (l11)

wherein
each of R;, Rs, R4 and Rs, independently, is hydrogen or alkyl, or (R, and R;) and/or (R,

and Rs) collectively form a C,4.;cycloalkyl; and

Y is a hydroxy-protecting group.

11.  The process of Claim 10, wherein R, R; and Rs are hydrogen; R, is n-butyl; and Y is
benzyl or t-butyldimethylsilyl.

12. The process of Claim 10 carried out at a temperature of about 5°C to about 35°C for
about 2 hours to about 5 hours, at a pH of about 3 to about 5, wherein the carboxy-activating
agent is DCC, CDMT or EDCI and the solvent is THF/water.



agent is DCC, COMI or EDCI and the solvent is
THF/ wat er. WD 2004/ 026824 PCT/ EP2003/ 010416 33 13. A
w@r@amsas2£onpri sing contacting a conpound of tPET/EP2003/010416

formula (111) O RS R4 R3pHOY (I1l1) R3 OHwth a
conpound of the formula (XII1) R-SOz X (x111) in the
presence of a.base ip a suitabl ol vent der

3. K Rerorrraneaniected s spmpanderife i Mhe. f or mui a
(1V) 0 R R4 R2 NHO-Y@IV) R 3 OSQ2CH3 wherein
each of R2, R3, R4 andRR independently, I's hydrogen
or alkyl, or (R2 an W and R5)
col l ectively form, “ Tcycl oar Qy Yniys a
hydr oxy- protectin up; X is hal o; and R is alkyl
or aryl. 14. The '%roce@!si of G aim 13, wherein each of
R2, R3 and R5 are hydrogen; R4 is C -,alkyl; Xis
chloro; R is nethyl or phenyl or toluyl; and Y is

with dedaydunarof thebiotrylidi hyl si |yl . 15. The process of
G aim10, wherein R4 is n-butyl; and Ris nethyl. 16.
The process of O ai m-+0sgarxi ed quim)at a tenperature
of about -5C to about 5C for about 2 hours to about 5
hours at a pH of about 9 to about 10, wherein the base

in the ;sesgﬂdedjf adase D\ABLitablet sahaenk winden comditians sgiableltodiordh a

r.a H bases, and the solvent is pyridine,
°°mpPHEg8F{P‘Etf (1! {}% 2004/ 026824 PCT/ EP2003/ 010416

o)

Ry

R,

R, NH—O—Y (V)

R “0s0,CH,
wherein

each of R,, Rz, Ry and Rs, independently, is hydrogen or alkyl, or (R and R;) and/or (R,
and Rs) collectively form a C,.;cycloalkyl;

Y is a hydroxy-protecting group;
X' is halo; and
R'is alkyl or aryl.

14. The process of Claim 13, wherein each of Ry, R; and Rs are hydrogen; R, is Cy7alkyl;
X' is chloro; R' is methyl or phenyl or toluyl; and Y is benzyl or t-butyldimethylsilyl.

15. The process of Claim 10, wherein R, is n-butyl; and R’ is methyl.

16. The process of Claim 10 carried out at a temperature of about -5°C to about 5°C for
about 2 hours to about 5 hours at a pH of about 9 to about 10, wherein the base is pyridine,
DMAP, a trialkylamine, a resin-bound bases or a Hunig bases, and the solvent is pyridine,
THF or EtOAc.



34 17. A process conprising contacting a conpound of
the formula (I1V) 0 RS RA R NHOY (I1V) R3 OSO2CH3
wowndl/oacsbase in a suitabl e sol vent under condi PCTRB2003/010416
suitable to forma conmpound,ef the fornula (V) 0 R5
R&A NOY (V) R2 R3 wherein each of R2 R3, R4 and
R5, independently, is hydrogen or alkyl, or (R2 and
17. IﬁSB" Ogf%H GIMRTRINY CQHH’CFQE a gempeidnd Qféh?/foﬂ' @P'ﬁh(ﬁ/ )
C4_7cycloal kyl; and Y is @ hydroxy-protecting group.
18. The process of O aRm 7 wherein each of R2, R3
and R5 are hydrogenR, al kgl X is chI or o;
R is nethyl or pRenyl; and"“?I 9
t-butyl di met hyl silyl>X 19. The process f CI aim 17
wherein R4 is n- yl;o8ocH is methyl. 20. The
process of Claim17 carried out at a tenperature of
about 40C to about 80C for about 2 hours to about 4
with dhibagesn atsuitalpéisolivemthmder &riddioad suitable2p fodrea eompolrel dfdise

formdlS‘ pot assi um car bonate, |ithium carbonate, sodium
caf onate, |ithium bicarbonate, sodium bicarbonate or
an alkyl lithium and @he solvent is acetone or

met hyl et hyl ket one.5 21. ||A process conpri sing contacting
a conpound of the f° a(V) 0 RRRANOY (V) R
R3 WD 2004/ 02682&; EPNO69roM0416 €9 with a
compound of the formulg (VI)

R, R

wherein

each of Ry, Rs, Ry and Rs, independently, is hydrogen or alkyl, or (R; and Rs) and/or (R4
and Rs) collectively form a C4;cycloalkyl; and

Y is a hydroxy-protecting group.

18. The process of Claim 17, wherein each of R, R; and Rs are hydrogen; R, is C;_zalkyl;
X' is chloro; R’ is methyl or phenyl; and Y is benzyl or t-butyldimethylsilyl.

19. The process of Claim 17 wherein R, is n-butyl; and R’ is methyl.

20. The process of Claim 17 carried out at a temperature of about 40°C to about 80°C for
about 2 hours to about 4 hours at a pH of about 8 to about 12, wherein the base is
potassium carbonate, lithium carbonate, sddium carbonate, lithium bicarbonate, sodium

bicarbonate or an alkyl lithium, and the solvent is acetone or methylethylketone.

21. A process comprising contacting a compound of the formula V)



H-N(CH2)n Is (VI) ONHRL in a suitable sol vent
optionally in the presence of an activator under
w@orvdiozdsens suitable to forma conmpound of theCt/BPIv0s/en10416
(MII) Hx R4A RS Y-ONN(CgB) C(VII) R R3OO
NH R, wherein each of R2, R3, R4 and R5,
.. I ndependent | rogen or alkyl, or (R2 and R3)
with aaﬁ‘?fﬁg?“'@ h%ﬂ?&“ﬁg)wlgol lectively forma
C4_7cycloalkyl; Yis roxy-protecting group; X is
_CH2-, -S, -CH(OH)-, /- (\OR) -CH(SH) -, - CH(SR) -
-CF2-, -C=N(OR) - om/ ( (Qz)nv\,hereln Ris al kyl; R
is aryl or heteroaryl; &8d n is O M) 3, provided that
when nis 0, Xis -CH2-{ 22. The process of Caim?21,
wherei n each of R2, ,.RS.R.ﬂre hydrogen; R4 is
C-,alkyl; Xis -CH2-; Y is bénzyl or
t-butyldinmethylsilyl; and R, is a noiety of the
ina sfuﬂétﬂb”s@lvéﬁﬂ adlional}NRPthe ¥résende Bsan Sftivator RBderwoaditons ftable to
are hgiro n 7 i s hydrogen or C, -, al kyl; and
formwsoman%%*@ P2003/ 010416 36 R8 is hydrogen,
hal ogen or C, -, al klyl R,

R
Y—O0— N (CHZ)
I (Vi)

each of R,, Rs, Ry and Rs, independently, is hydrogen or alky!, or (R; and Rs) and/or (R4

wherein

and Rs) collectively form a C4;cycloalkyl;
Y is a hydroxy-protecting group;
X is -CH,-, -S-, -CH(OH)-, -CH(ORY)-, -CH(SH)-, -CH(SR)-, -CF-, -C=N(OR)- or -CH(F)-;
wherein

R is alkyl;

R, is aryl or heteroaryl; and

nis 0 to 3, provided that when nis 0, X is -CH,-.

22. The process of Claim 21, wherein each of R,, R; and Rs are hydrogen; R, is Cy.7alkyl;
X is -CHy-; Y is benzy! or t-butyldimethylsilyl; and R, is a moiety of the formula (Xla)

R6
NN
(Xl1a)
/
R7 R9
Ry or

wherein
Rs and Rq are hydrogen;
R; is hydrogen or C,_zalkyl; and



23. The process of Caim?22, wherein R4 is n-butyl;
and R is a noiety of the formula 6 :L9 | R6
wob@re2d32/R7 i s hydrogen; and R8 is fluoro. 24PCTRR2003/010416
process of Claim 21 carriedagut at a tenperature is of
about 60C to about 80C for about 5 hours to about 10
hours at ah H of about 5 to about 11, wherein the
Ra ISt IXAERIS P |§°9‘3‘21 At Pﬁ%’xanm c acid, acetic acid or
i sobutryic acid and the solvent is THF, di oxane or
23. diteairbepsy of Dame.222WherEeR 5 adrsyg; oid /G iniarmdétyeditie fednula
out in the absence of an activator and wherein the
solvent is McOHH20 or Et OHH20. 26. A process
conpri si ng contactlngpa co und of the forrmula (VII)
HR4A RS Y-ONN (CHI)C °S
fornylating agent in a su
conditions suitable to f
(M1l) OHR4 R5 - Y- N N (JCHZ) S (MII1) Rz Ra OO
i-R  H WD 2004/ 026824 PCT/
each of R2, R3, R4 and R5, infdependently, is hydrogen
wher®h al kyl, or (R2 and R3) and/or (R4

R; is hydrogen; and

Rs is fluoro.

24. The process of Claim 21 carried out at a temperature is of about 60°C to about 80°C
for about 5 hours to about 10 hours at a pH of about 5 to about 11, wherein the activator is
2-ethylhexanoic acid, acetic acid or isobutryic acid and the solvent is THF, dioxane or

dimethoxyethane.

25. The process of Claim 24 carried out in the absence of an activator and wherein the
solvent is MeOH+H,O or EtOH+H,0.

26. A process comprising contacting a compound of the formula (VII)

(CH
I (Vi)

with a formylating agent in a suitable solvent under conditions suitable to form a compound

of the formula (VIII)
Y—O— N (CH ),
I (VIII)

I-—-Z



and R5) collectively forma C4_7cycloalkyl; Yis a
hydr oxy-protecting group; Xis -CH2-, -S, -CHOH) -,
WO aMgoRs24 - CH(SH)-, -CH(SR)-, -CF2-, -C=NOR)PCDEP2003/010416
-CH(F)-; wherein Ris alkygz R is aryl or
heteroaryl; and nis O to 3, provided that when n is
Q, Xis -CH2-. 27. The process of Caim26, wherein
wherileh of R2, R3 and R5 are hydrogen: R4 is G -, al kyl :

| & R,RZR, ahd 8, P8 s t)dtader TRy bB (R Ydn dlor (R
e%,”‘?cstza o'ty oOf tﬁ@dgﬁ%sa@(ax‘?ag) Rl bP(igfang Fftdndior (R,
( Xind)Rs) FelleRively Rem R oeydR@kyliher ein R6 and RO are
h dF‘o en; R7 IS h¥drogen or C-,alkyl; and R8 is
YH%?I %%8?‘9{"’???%‘889 WP:C, -, al kyl. 28. The process of

). 28 WBRISHR R4ior)N-BuisH):, -ef IE,2-CIN@RY- 8 -CH(F)-;
Xﬁ]? or mil a Iz%sm N(@Is))('RQ (RE? V\hg\?@-’n R7'is @F- &-CH(P)-
whef@inogen; and R8 is fluoro. WO 2004/ 026824
P& (s 03/ 010416 38 29. The process of Caim 26
carried 'out at a tenperature of about OC to about 25C
f &t is apyberthetgopfytignds t o about 1 hour, wherein the
f or:pp gt WhehHGR el
t?{' ll}é‘%@%ﬁ@??ﬁ%@g angy)f\%g%gél'vent is EtOAc,

i sopropyl acetate, t-butylacetate or THF. 30. A
27. dbepoeaess of Clain 26owhereia gach of Rz, R; and Rs are hydrogen; R, is Cq.7alkyl;
Xis -CH,-; Y is benzyl or t-butyldimethylsilyl; and R, is a moiety of the formula (Xla)

RS
NN
(Xla)
/
R; R,
Rs or

wherein
Rs and Rq are hydrogen,;
R; is hydrogen or C,_zalkyl; and
Rglis hydrogen, halogen or C,_zalkyl.

28. The process of Claim 26 wherein R, is n-butyl; and R, is a moiety of the formula

R
6 \ N
/
R7 RQ
R

wherein
Ry is hydrogen; and

Rg is fluoro.



ORS Il M COHR2 R(lI) R3 OH wherein each of R2,

R3, R4 and R5, independently, is hydrogen or alkyl, or
wo Riv4ane$2R3) col lectively forma C4_7cycl oal kpeT/EP2003/010416

provi ded that when either R4gor R5 is hydrogen, the

ot her substituent, i.e., R4 or R5, is not hydrogen or

net h 31, .The ound  of ai m 30,

20. 1R igeS OLRTRZS OISR 4 plg ferPesire of BB RcpbgRt 26°C for
abouQ(ﬁmmu%% tbaﬂbbm@ hive, WvReral the (drimylafing BgerTisORICORHAACH) or

. wher ei n [ M a
ity 0B S B0 O AT HOIER % RARPRIASRIAL: fRiags i THF.
R5, independently, is hydrogen or al kyl, or (R2 and
30. RBgorfsune s thesfoymulb@nym a C4_7cycl oal kyl, provided t hat
R5 is not n-butyl. 33. The conpound of C aim 30 having

the formula (la) 0 11 RAOC-G R (la) OH WD
2004/ 026824 PCT/ EP2003RQ10416 39 34. A conpound

sel ected fromthe gr&u 5T 8Hi ng qf)fornulae
(1f)-(1h) 00 I-&J>C:I?f€: oH R (1R (19)
R{ OH

wherein each of R,, R;, Rs and Rs, independently, is hydrogen or alkyl, or (R, and Rs)
collectively form a C,.;cycloalkyl, provided that when either R, or Rs is hydrogen, the other

substituent, i.e., R4 or Rs, is not hydrogen or methyl.
31. The compound of Claim 30, wherein Rs is hydrogen; and R, is C,. alkyl.

32. The compound of Claim 30 having the formula (Ib)

5II

—OH
/\Rzgf (Ib)
R/ “OH

G is -OH or -OeMe, wherein M is a metal or an ammonium moiety; and

wherein

each of R;, Rz and Rs, independently, is hydrogen or alkyl, or (R, and R3) collectively
form a C,.;cycloalkyl, provided that Rs is not n-butyl.

33. The compound of Claim 30 having the formula (la)

R, C—G
"

OH



OHOH O1 (J" OB C1-13C 0 ™H (I'h) 35. A compound
having the formula (M) HRA RS Y-ONR N (CH2) s

w@ 2iok)p268R R3 O O NHR, wherein each of R2, RBCT/Ré20a31010416
R5, independently, is hydroggen or alkyl, or (R2 and
R3) can coIIectiver forma C4_7cycloalkyl; Yis a

34. W_n {gqc(eg gn%r &[E%OHSIS'[I Cl_?fol'me_méﬁ-‘(ﬁt)l or

-CH(F) - wher ej n Rls alkyl; R is aryl o
heteroaryl; an% nis O0to 3, provided thatl when n is
' di ff NVO

candf hat R4 and RS ar
conpound 0fig)

2004/ / EP2003/ Okf16- 40
a ai m 35, erein each of R2, R3 and are hydrogen;
R4 is C-,alkyl; Xis -CH2-; Y is ben or

t - but yl di net yIsinI; and R is a noiety of the
formula (XlIa) .~-ORs Rs Ny I (Xla) R7 RO R7 R9 R8
or R8 wherein || NoH,

TN

OH

(Ih)

35. A compound having the formula (VII)

(Vi)

wherein
each of Ry, Rs, R4 and Rs, independently, is hydrogen or alkyl, or (R; and R3) can
collectively form a C4;cycloalkyl;
Y is a hydroxy-protecting group;
X'is -CHg-, -S-, -CH(OH)-, -CH(OR)-, -CH(SH)-, -CH(SR)-, -CF -, -C=N(ORY)- or -CH(F)-;
wherein
R is alkyl;
R; is aryl or heteroaryl; and
nis 0 to 3, provided that when nis 0, X is ~-CH,-, and that R4 and R;s are different.



R6 and RO are hydrogen; R7 is hydrogen or C -, al kyl;
and R8 is hydrogen, halogen or C -,alkyl. 37. The
wa@ eovpoeased of Claim 36, wherein R4 is n-butyl; BOMER003/E810416
a noiety of the fornula R64/ RR 7 9 R8 wherein R7
is hydrogen; and R8 is fluoro.

36. The compound of Claim 35, wherein each of R,, R; and Rs are hydrogen; R, is
Ci.zalkyl; X is -CH,-; Y is benzyl or t-butyldimethylsilyl; and R, is a moiety of the formula (Xla)

o
RS X3 N R6 , N N+/
X
> _ (Xla)
R; R, R; Re
Ry o Ry

wherein
Rs and Ry are hydrogen;
R; is hydrogen or C,_alkyl; and
Rs is hydrogen, halogen or C,_zalkyl.

37. The compound of Claim 36, wherein R, is n-butyl; and R; is a moiety of the formula

R
(] AN N
/
R; R,
R

wherein
R; is hydrogen; and

Rs is fluoro.



