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10Fi el d of the Invention This application discloses a novel
process to 2-(Quinolin-5-y1)-4,5 DisubstitutedAzol e derivatives,

whi ch have utility, for exanple, as pharmaceutically active
compounds, and internediates useful in the synthesis thereof.
15Background of the Invention As described in Published

i nternational application WO 2005/116009 Al (the '009 publication)
and published U S. patent application no. 2006/ 0106062 (the ' 062
publication), each of which was filed on May 16, 2005 (the ' 009
publication), and eachPﬂfceMxﬁhmtérméuaatdacraatmlsﬂﬁh@sh@oi nits
entirety by reference 2_-ZQ]| nol 1 n- y1)-'4 S DI substi tuted Azol e
20deri vatives (For mé# iScH)-A Risyhstitutedndople Derivativgst y as PDE- 4
i nlaj bi tor conpounds. For rruI a | V\,herel n: Xis 0or S Rl
is H alkyl, cycloal kyl, cycloal kyl (Cl -C4) al kyl -, -CH2F, -CHF2, -CF3,
-C(0)al kyl 250r -C(0)NR I8R19; WD 2008/ 021235PCT/ US2007/ 017796 R2
is -OR* or -N(R7)(12.8), wherein R* is linear, branched, or cyclic

al kyl or substituted |linear, branched, or cyclic alkyl, and R7 and RB
are defined herein bel ow,

10 Field of the Invention
This application discloses a novel process to 2-(Quinolin-5-yl)-4,5 Disubstituted-
Azole derivatives, which have utility, for example, as pharmaceutically active compounds,

and intermediates useful in the synthesis thereof.

15 Background of the Invention
As described in Published international application WO 2005/116009 Al (the "009

publication) and published U.S. patent application no. 2006/0106062 (the *062 publication),
each of which was filed on May 16, 2005 (the 009 publicati-o‘n), and-each of which is
incorporated herein in its entirety by reference, 2-(Quinolin-5-y!)-4,5 Disubstituted-Azole

20 derivatives (Formula I) which have pharmaceutical activity as PDE-4 inhibitor compounds.
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wherein:
XisOorS
R! is H, alkyl, cycloalkyl, cycloalkyl(C~Ca)alkyl-, -CH,F, -CHF,, -CFs, -C(O)alky!
25  or—-C(O)NR'®R';



R3 and R4 are independently selected fromthe group consisting of H

al kyl , hwdoaxysakkas and - C(0)Oal kyl ; 5R5a and R6b are i pdependenitye
sel ected fromthe group consisting of H, alkyl, hydroxyal kyl,

al koxyal kyl , mercaptoal kyl, -CH2F, -CHF2, -CF3, -C(0)OH, -C(0)O0alkyl

and -C(O)NR43R44; t is 1 or 2; R7 is H alkyl, alkenyl,
hydr oxyal kyl , cycl oal kyl , al koxyal kyl, am noal kyl ,
10(1217- phenypal kyl or -CH2-C(0)-0-al kyl ; RB is H alkyl,

al kenyl, al key, O kpx: kk))(k R, B huéf%w&ahm{w %ﬁmque& qué alkyl or
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- al kyl % 4R) - (12. 17- phenyl ),

- al kyl ‘kjl% ) =C(0) - (R23- heteroaryl),

-al kyl - N( R3Q)is CopP- al kyl ene- (R23- heteroaryl), -alkyl-NH S02-NRI 8R 9

, 20-al kyl - nyl), -al kyl-N(R39)-(R23-heteroaryl),
-al kyl -0- (R ’Bﬁeﬂbﬂi he&!lfﬁ Wydepxypdal. icuelgpllyh glkpx yalkyl, aminoalky!,
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Ia

al koxyal kyl a1, f@@?‘-)fpﬂéﬁylfalk)(lﬂlm‘b’?t@ﬂ%{ﬂ Wrosxﬂibrli t ut ed

T s Y QI

(R12- cﬁ% dsnt«rppycaoaayyl)alkﬁsa -phexyRIB' Fm@ayl)alkyl B" @@Mhy&yl
(R""-naphthyl)alkyl, R'7-benzyloxy, -alkyl-C(O)-NR'®R ', -alkyl-C(O)-N(R*)-(R%-

15 heteroaryl), ~alkyl-C(O)-N(R*%-(cycloalkyl), -alkyl-C(O)-(R** heterocycloalkyl);
-alkyl-N(R**)-C(O)0alkyl, -alkyl-N(R**)-C(0)-NR®R"?, -alkyl-N(R**)-C(O)alkyl,
-alkyl-N(R%)-C(O)-(fluocroatkyl), -alkyl-N(R>)-C(0)-(R¥-cycloalkyl),
-alkyl-N(R*®)-C(0)-(R'"-phenyl), -alkyl-N(R**)-C(0)-(R?-heteroaryl),
-alkyl-N(R**)-C(O)-alkylene-(R*>-heteroaryl), -alkyl-NH-SO,-NR 3R,

20  -alkyl-N(R*®)-(R'""-phenyl), -alkyl-N(R*®)-(R*-heteroaryl), -alkyl-O-(R'”-phenyl),
-alkyl-O-(R**-heteroaryl), -alkyl-N(R**)-S0,-alkyl, R**-hydroxyalkyl, dihydroxyalkyl
substituted by R'7-benzyloxy, dihydroxyalkyl substituted by R'7-phenyl, alkoxyalkyl
substituted by R'”-phenyl, (R'7-phenyl)alkyl substituted by —~CO,alkyl,
(R'"-phenyl)alkyl substituted by —C(O)NHs, alkyl substituted by (R?*-heteroaryl) and

25 -C(O)NR*R* R'Z cycloaikyi (R’z-cyc]oalkyl)alkyl
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whi ch they are attached together forma ring system selected fromthe

group consisting of pis 0 or 1; 10g is O or 1; the dotted line
represents an optional double bond; RO is H, halo, alkyl, cycloalkyl,
-CH2F, -CHF2 or CF3; R19, R11, and R13 are independently selected
fromthe group consisting of Hand halo; R12 is 1-3 substituents
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the dotted line represents an optional double bond;
R’ is H, halo, alkyl, cycloalkyl, -CH,F, -CHF; or CF;;
R', R, and R"® are independently selected from the group consisting of H and halo;
R'?is 1-3 substituents independently selected from the group consisting of H, alkyl,
15 hydroxy, alkoxy, hydroxyalkyl, alkoxyalkyl, -C(O)Qalkyl, -(CHE)“-N(RW)—C(O)-Cycloalkyi,
~(CH2)»-N(R*)-C(O)alkyl, -(CH2),-N(R*®)-C(0)Oalkyl, -(CHy)a-N(R*®-
(R*heteroaryl), -(CHa)p-N(R**)-C(O)-NR'"*R'? and -(CH,),-C(O)-NR'*R";



WO 2008/ 021235PCT/ US2007/ 017796 R14 is 1 or 2 substituents

ndependegpblyosipigst ed fromthe group consisting of H, ﬁtlrmggﬂo%lﬂ%
| kyl , al koxy, hydroxyal kyl, al koxyal kyl, -CF3, CN, R 7-phenyl
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(CH2) 0- C(0) (R23- heteroaryl), 5-(CH2)0-C(0)NR181219,
-(CH2).-C(0) N(R30) - (CH2) n- (R23- heteroaryl), (CH2)n-NR3)-C(0)al kyl,
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-1 ’('d??% —N(R%YR” phenR% ~(CHy)n-NR*)R>-heteroaryl), -(CHz),-N(R '#)SO.alkyl,

10 -(CH2)a-N(R*)S02-R"-phenyl), -(CHy)s-N(R**)SO,-CF3, -CH2S(0)0.2(R*-phenyl),
~(CH,),-OC(O)N(R*alkyl, R®-heteroaryl, (R*-heteroaryl)alkyl, (R*-heteroaryl)oxy, (R3-
heteroaryl)amino, -CH(OH)-(R""-phenyl), -CH(OH)-(R*-heteroaryl),

-C(=NOR™)-(R"-phenyl), -C(=NOR™®)-(R*-heteroaryl), morpholinyl, thiomorpholinyl,
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or two R' substituents and the carbon to which they are both attached form
~C(=NOR*%- or -C(0)-;
20 each n is independently 0, 1, 2 or 3;
R" is H, alkyl, cycloalkyl, (cycloalkyDalkyl, hydroxyalkyl, alkoxyalkyl,
-C(0)Oalkyl, -C(OYO(R*-cycloalkyl), -alkyl-C(0)O-alkyl, -C(O)O-alkylene-
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R16 or 5 Or two Rl4 substituents and the carbon to which
theyoar\g@tzﬁ{]@@ached formor 20each n is independent| JC#US3003/0417963-
R15 is H, alkyl, cycloal kyl, (cycloal kyl)al kyl, hydroxyal kyl,

al koxyal kyl, C(0)0Oal kyl, -C(0)0(R30-cycl oal kyl), -alkyl-C(0)0-al kyl,
-C(0) 0-al kyl ene- WD 2008/ 021235PCT/ US2007/ 017796 (1235-phenyl),
R17- phenyl, (R 17-phenyl)al kyl, -CH(R 7-phenyl)2, R23-heteroaryl,
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0- pheny7 p&g% i r | kyl', hydroxyal kyl,
al onyfl kyl(‘l%dgH g%lé%“ksnlt&gggyge ﬁ%%;a}( bups and the carbon to

which t are, bot attached foron - C( oR1l7 reyffesents |

to 3 s “st\"iltue t mepl ?ﬁh ’dr I i each of
15whi ch i TT el the gr n08n5| g of hal o,
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B %HFZq orz2;

R'®is 1 to 4 substituents independently selected from the group consisting of H, alkyl,
R”-phenyi, (R”—phenyl)aikyl, (R23-heteroaryi)alkyl, hydroxyalkyl, alkoxyalkyl and —
C(O)Oalkyl, or two R® groups and the carbon to which they are both attached form —C(O)-;

R represents 1 10 3 substituents replacing a hydrogen on a phenyl moiety, each of

15 which is independently selected from the group consisting of halo, alkyl, cycloalkyl, -OH,
hydroxyalkyl, alkoxy, -CN, -CFs, -OCF;, -OCHEF;,
~OCH2F, -C(O)OH, -C(0)Oalkyl, -C(O)O-(R*-phenyl), -C(O)alkyl, -C(O)-(R*-phenyl), -
SOalkyl, -8Ozalkyl, -80,-CF;, alkylthio, -NR*’R*, -alkyl-NR*R* and heteroaryl; or two
R substituents on adjacent carbon atoms together form -0-CH;-0O-,

20 ~0-(CHz)2-O-, -(CH3),-0- or —-0-CH,-0-CH,-;

R'"® and R'® are independently selected from the group consisting of H, alkyl,
hydroxyalkyl, alkoxyalkyl, R'-phenyl and (R"’-phenyl)alkyl;

R¥isH, alkyl, or cycloalkyl,

R* is 1 to 4 substituents independently selected from the group consisting of H, alkyl,

25 hydroxy, alkoxy, halo, -CF3, -NH; and R*-phenyl;

R* s 1 to 4 substituents independently selected from the group consisting of H, alkyl,
hydroxy, atkoxy, halo, -CF;, -NR'*R'"?, -CN, -C(0)Oalky!, -NHSO,-alkyl and R*-phenyl:

R*is H, OH or alkoxy; or when the optional double bond is present, R?* and the
adjacent carbon atom form the double bond;

30 R¥isHor R**-phenyl;



- OCH2F, -C(0)0H, -C(0)o0al kyl, -C(0)04R35-phenyl), -C(0)alkyl,

- C(0) - (RI®OERMANI3S - SCal kyl, -502al kyl, -502-CF3, al kyKCTRIS2007/017796
-NR431244, -al kyl-NR43R44 and heteroaryl; or two RL7 substituents on
adj acent carbon atons together form-0-CH2-0-, 20-04CH2)2-0-,

-(CH2) 2-0- or -0-CHz2-0-CH2-; R18 and R19 are independently
selected fromthe group consisting of H alkyl, hydroxyal kyl,

al koxyal kyl , 517 phenyl and (0-phenyl)alkyl; 0 is H alkyl, or

cycl oal kyI is 1 to 3 substiRpNts ind¢pendentiysihistad: foemtse gnmdppemiﬁmgquH halo,

f I , alk ,
hol oot 5‘9%%“*‘%59“%"‘)&8@ HAGaly SRt LN ol 01 2o
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5008) 2Pt R s e v s - (C IR P ClON gy oloaloth - (CHmPUR™)-RP-
i lngeloenﬁﬁaggiryl)sgbglrg}on)?d(ﬁ*pm@ﬁ?z@mewpoe@ '?S-KQH?‘Q\I(@%")L'C di)@ QiﬁleH
a X

g( o{om-f&ﬁh né{‘&&; ;6(' l'é)a]kyl ﬁ()R@%Rﬁ)éi(Qr)@y@%Y kyi%? phenyl ,
(R ' 7- phenyl -)N(ﬁ %sé@)BZémeL@waaMk (&8 ﬁk@ge@w@d&@ ) ol

( R23 het er oar het er oar m no 5

2) Qi )6&&1 iklktil -(CERNR N-ROCRE( @FH(z)nHﬁ(ﬁ thQy'N(R *%); and
(CHZ) - N( R39) 0) al koxyal kyl, -(CH2)-N(Rn-C(0) (cycloal kyl),
- (CH2) «N(R39) - ( Hheteroaryl), -(CHZ)-N(RSQ)-C(O)-(RZS- het eroaryl),
- (CH2) 15-NOR3A)-NC( 0) 0- al kyl, - (CH2) " - N(R39) - C(0) 0- (CF3-al kyl ),
- (CH2) n- N( R39) - G- (R39- cycloalkyl) (CH2), ;

e A o s LGRS S 550 20
- (CH2) ~ERBRPH2-N@®B6) 2 and O - (CHZ) n- N ;
R#®isH, alkyl, R* -benzyl or -alky]-C(O)O-alkyl;

15 R is alkyl, ~C(O)Oalkyl, —-C(O)alkyl, -C(O)cycloalkyl, -C(O)-(R""-phenyl),
-C(O)-(R*-heteroaryl), -SO,-alkyl, -SO2-(R*-phenyl), -C(O)NR'®R'®, R¥_pheny!,
(R35—phenyl)a£kyl or R®-heteroaryl;

R™ is independently selected from the group consisting of H, alkyl and
RSS—benzyl;
20 R* is H, alkyl, R**-benzyl or phenoxyalkyl;
R¥is H, OH or alkoxy; .
R* is H, alkyl, hydroxyalkyl, alkoxyalky! or -C(O)Oalky!;
R*¥ is 1 to 3 substituents independently selected from the group consisting of H, halo,
alkyl, OH, -CF; and alkoxy; .
25 R* is 1 or 2 substituents independently selected from the group consisting of H, alkyl,
R”-phenyl, alkoxyaltky! and ~C(O)Oalky!; or two R* groups and the carbon to which they
are both attached form ~C(=NOR*®)- or -C(0)-;
R and R* are independently selected from the group consisting of H and alkyl, or
R* and R*® together are —(CH;)3- or—(CHy)4-, and together with the nitrogen to which they
30 are attached, form a ring;
* is H, OH, alkyl, alkoxy, or CFs;
R* is ~OR*® or -NHC(O)alkyl;



or two R77 groups and the carbon to which they are both attached form

- C(=NOR3GVO 2898/2¢339) - . R78 is H, alkyl, R35-benzyl or PCT/US2007/017796

-al kyl -C(0)0-al kyl; 15R29 is al kyl, -C(0)Oal kyl, -C(0)al kyl,

-C(0)cycl oal kyl, -C(0)-(R'-phenyl), C(0)-(R23-heteroaryl),

- S02- al kyl, -S02-(R35-phenyl), -C(0O)NR '8R 9, R35-phenyl,

(R35- phenyi)al kyl or R23-heteroaryl; R39 is independently

sel ected fromthe group consisting of H alkyl and R35-benzyl; 20R31

is H al kyl RResHssns(halisyl; phenoxyal kyl ; R33 is H OH or al koxy: R34
R35 is 1

is H alkyl pdydr | kb X kylnor, - al '

to 3 subsét@ibf;e%s?s@%g‘e enggﬁjf}lﬁj)'gghé)\ét(gd ]?ert%g)ng%’ e %&c}gﬁnﬁ%ﬁgi sting of
H, hal eC ¥, OH, -CF3 and al koxy; 25R36 is 1 or 2 substituents

i ndependent |yussel et ed.fromth rou onsi.sting of H. alkyl,

RL7- phenyl . T B Bal &5 indRihdealy FeliR o reerhmsiaioh ot Heing ks and
caisbon to WR%Hs I bey setistinkeatdinaéjeaahrty deictdd-fedmNRREBhp cBhsistire®f halo,

R37 and, R38 are jndependently sel,ected fromthe group consisting of H
and al ‘:’,xyﬁlgyhtiégaﬁgﬂ@gn?w&’H%zfg‘hé‘ie@aﬂ(]@“ﬂ)cz‘;l%]lky{- CH2) 4-, and

together with the nitrogen to which they 30are attached, forma ring;
R39 is H OH, alkyl, alkoxy, or CF3; R46 is -OR313 or -NHC(O)al kyl; 6
VO 2008/ 021 53umrerndsobBomeiz ¥ oen be preparer using sgathasik procegures and synthetic

f CH(Z)g ;isék}%lfh?e'sm%%}ydehdn 'tf(%c—‘ré%‘c@@b%lgﬂ&y ;Bplic’a%rps), 9&' e‘ﬁmnpi)é: on pages 25
% to gz of the *009 publication, and exemplified throughout the 062 and *009 publications.
One example is the synthetic scheme shown on pages 26 to 28 of the 009 publication,

summarized below as Scheme L.

Scheme I
Step 1
15
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mﬁ\ \ o 1°|I/\\ E 9 to"/\ \l s
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R 7N a13 _......_._z,,.. /M 25 N 1 ancsjon'sncagcn: R P> C 1
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1 14 s
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R OR!
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criorre! "\/ /\’J ¢ Fth/ 7 ’\éla
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15 r—— - —_— ’ A
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R43 and Ri ndependently selected fromthe group consisting of H and
al kyl ; an\ﬁoﬁﬂgﬁéﬁ’zi‘?z’l or 2 substituents independently sePgE’t‘@a""f"@bﬁ?“
the group consisting of hal o, al koxyal kyl, -0Q2al kyl, R 7-phenyl,
R23- het eroaryl and cycl oal kyl . Conmpounds of Fornula | can be
prepared using synthesis procedures and synthetic schenes descri bed
i n the above-referenced published applications, for exanple, on pages
25 10to 32 of the '009 publication, and exenplified throughout the
'062 and ' 009 publications. One exanple is the synthetic schene shown
on pagege?$ to 28 of the ' 009 publication, summarized bel ow as Schene
| . Schene | Step 2 7 WD 2008/ 021235PCT/ US2007/ 017796 I
Huni g's Base (diisopropyletlvlamne) 2.
0- 7-azabenzotri azol - ﬂyl}N,N,N,Ncletranethyl-uraniun}bag flqprohospha
te (HATU)/ CHCl2 <Y '™ A
LiOY L - F R 2
139 —————p R
THF - MeOH-H, 0

R Q7N
} — Fow-- 1 —

H“-N OH 1. Hunig's Base {diisopropy!cthylamine) R"N NH
{ } (o} 2. O-T-azabenzotriazo!-1-yl- { } G E

R> Re NLNLN,N,-1etramethyi-uranium- RS Rs
' hexafivorohosphate (HATW) / CHCL, ! F
F
X
5
Compounds of Formula 1 of particular interest include the compounds having the
structure of Formulae 1Xaa and IXab (below),
HaCO OCH,
N, CF3 Ny -CFs
P = H
F o ‘\\N
o g Y N \ o]
- H -
sz\:,\__ﬁrn 2N\:-,L_.(\“N
A CHy o
HO F Formula [Xaa o OCHXCH: Formula [Xab
10

Processes for preparing these compounds are described in, for example, published US
patent application No. 2006/0106062 A1, published May 18, 2006 (the above-described '062
publication). In particular, the ‘062 publication describes a batch process for the preparation
of the compound of Formula IXaa on pages 83 to 86 (preparative Examples 5 to 7, in
L] preparation of the example compound 26-347, which is illustrated on page 193) and a process
for the preparation of the compound of Formula I)Xab on pages 380 to 382 (preparative
Examples 8 to 11 in preparation of the example compound 38-8, which is illustrated on page
383), each of which process is incorporated by reference herein in its entirety, and each of
which is next described in further detail.
20
In addition, the compound of Formula IXab has been prepared in accordance

with Scheme [a.



Compound f La | of particular interest include the conpounds
havi ng tﬁ‘¥839&8°é%e of Formulae | Xaa and | Xab (bel ow), PST/U?%WM”%

Processes for preparing these conpounds are described in, for
exanpl e, published US patent application No. 2006/ 0106062 Al,
publ i shed May 18, 2006 (the above-described '062 publication). In
particular, the '062 publication describes a batch process for the
preparation of the conmpound of Fornula 1-Xaa on pages 83 to 86
(preparative Exanples 5 to 7, in l1l5preparation of the exanple
conpound 26-347, which is illustrated on page 193) and a process for
t he preparag!gg %B t he conpound of Fornula | Xab on pages 380 to 382
(preparati veBXBfiptes 8 to 11 in preparation of the exanpl e conpound
38-8, which is illustrated on page 383), each of which process is

i ncor por at ed eference herein in its entirety, and each of which

i's next descriBe i Q_fogefher detail. 20 In addition, the
conpound of For ab has beengpggpared in accordance with Schene
la. 5 WD 2008/ PCT/ US200Z(01779 hene La HsCO ith
reference tougs | a, eparatngn qf t trisubsti &zol e of
Formul a | a2- eastée}l, by treatnment @T t he Fonpound of la lal with
the acid halide of la Ibl, or % related acid.(th2-acid)

prepared by hydrolyzl ng the ester—fumctTomat gngyp af_f'he oxazol e of
10For mul a la2-ester,®provides a product which contal ns 'Qﬁ# | evel s of
unwant ed side rgfction products and shows poor, uti Ffi2at©on of the
starting materi ad

Ia2-ester
HyCO
N, -CF3
Ia2-acid - = M
H - (o) \N .\N
N HQN\rl&d\nd ? e
o] TH
HN% ? O PocH,CH;
o) OCHQCH;; . IXab
5 1b2

With reference to Scheme Ia, preparation of the trisubstituted oxazole of Formula fa2-
easter, by treatment of the compound of Formula Ial with the acid halide of Formula Ib1, or
its related acid (¥a2-acid) prepared by hydrolyzing the ester functional group of the oxazole of

10 Formula Ia2-ester, provides a product which contains high levels of unwanted side reaction
products and shows poor utilization of the starting materials.

In the same manner, the compound of Formula IXaa can be iarepared in accordance
with Scheme laa, as described in the above-reference *009 publication beginning on page 145,
Example 8 therein, and with reference to synthesis schemes on pages 26 and 27 therein.

15 Scheme laa



In the s

accor dan(a:g%vﬁw&

ene
publ i cation begi nning on page 145, Exanple S therein,

t he conpound of Fornmula | Xaa can be
| aa, as described in the above-r
a

SRR e
nd with

reference to synthesis schenes on pages 26 and 27 therein. 15Schene
laa 9 WD 2008/ 021235PCT/ US2007/ 017796 Step 1 Step 2 Step 3
OVB Yi na- | Huni g' s Base (diisopropylethylarnine)'"" N 2.
0- 7- azabenzotriazol -1-yl -N, NN N, Nl - 1-130C
Step 1
Me
OMe
Me Lawesson's N.-CF3
NeyCFs 1. SOCl Ny-CFa reagent, 0.6 eq P
o (o Lo
2.Gly-OEt Z THF, 75°C, 2h
0" on Sy 80-90 % 5" "NH
ta OEt Lﬁr’OE‘
14a 152 O
O
S
Step 2
OMe
-BOC~ 0
MesOBF,, Ne-CFa 'BOU=Ny J_ N\ CF3
15a C*:zc'e = g 18 #
0% -rt, 2h KHMDS, 2.1 eq.
\ r
>90 % MeS SN THF, -78°C rt.
Vilia Ljr—OEt th, 55 % “BOCHN
0
Step 3
10
F
NH, OMs
N\ CF3 F CFs
0
19a = -
THF-MBOH-HZO I. Hunig's Base (diisopropylethylamine) o'V N
N 2. O-T-azabenzotriazol-1-y-MNNN,-  +BOG, -):sf A
t-BOC-HN._ /== tetrametbyl-uranium- i )
hexafTuorohosphate (HATU)/ CHCl, )} 5 0 F
:A*-/ Viia
Xa

"Step 4

oMo
e CF,y

1. Trifluoroacetic acid

CH,C
Xa iCL

=

4

HO

Ambient Temp /

2days

o Sy
&
HO/ 1Xan F F

10




tetranmet hyburani um, HN ct O H hexanuorohosphate (HATL1) / CHO 2

Xa Step WO NP/ 021235PCT/ US2007/ 017796 As %WWUS%@WG”T%
appreciated fromthe foregoing, a key step in the synthesis of PDE IV
conmpounds of Fornmula 1 is illustrated in Scheme |b (below), and shown
in Step 2 in any of Synthesis Schemes |, la, and laa, which is the
formation of an oxazole ring by acylating a quinolinyl internedi 3te
conpound, with reference tq.Schene |b, conpound 10, using an_aci

5f IrrEori de ac walfh(@a]?%ﬁ‘ﬂ@ﬁﬁf ﬁ’ethre&PB\gi'ﬂ °Y KeP &k Hgspriiesis hEPE I ed
qui nol icompoongoeiEbrinu}g 1 isSenarRed i Schede 18e586WPAdIsRoWASH SRBS in any of
publicatiqn,, ﬂ il lustrated in Scheme Ic, below, the acid 10fluoride
acyl at %31&@@3“@ praey b 19, anddpa, syhighpisdhe fgrimgtipr pbam prazoleorigg b pey! ating 2

step2, quidlinyl intermediate compound, with reference to Scheme Ib, compound 10, using an acid

5 fluoride acylating reagent (11) to provide the oxazoline-substituted quinoline compound (IV).

Scheme Ib
R o
1!1 OR' N
OR\‘\ N\\\| R F Rm_l.%:_\\ \\lﬂu
F!‘":L i R/, k/ e /\”L
I\/ F /\IJ 1 A" R
-_-—-.-___._’.
R" R': KHMDS, 2.1 eq. o Ny
N R THF, -78°C -r.t. R
MeS™ “n 1h, 55 % \ — R?
it pa——N
10 Rrs R® 0

v
As described in the *009 publication, and illustrated in Scheme Ic, below, the acid
10 fluoride acylating reagents _(I 1), for example, with reference to Scheme Iaa, step2, the
compound of Formula 18a, wherein R* and R® are hydrogen, R* is t-BOC, andR® is t-
butoxymethyl-, that are necessary to prepare these critical intermediates in accordance with
these schemes are themselves prepared by treating the corresponding acid with toxic, unstable
cyuranic fluoride {9), as illustrated in Scheme Ic.

15 Scheme Ic

N F
e Y A
_=N

RN 0 N RN 0
OH F g F
18 R RY) | Yo " RS RS ‘

As will be appreciated, when the acylating reagent is to be provided from an acid

20 which contains functional groups that may be sensitive to unwanted side reactions under the
conditions used to prepare the acylating reagent or under the acylation conditions, the
sensitive functionality is converted to a protecting group before the fluorination and/or
subsequent acylation reactions are carried out. This method requires handling of a hazardous

and toxic reagent, the cyuranic fluoride. In addition to being a hazardous materia}, cyuranic

11



conpound of Forrnula 18a, wherein R3 and R5 are hydrogen, R4 is t-BCC,
andR6 i s WRAPBBFhyl -, that are necessary to prepare PAEEE2M7PITal
internedi ates in accordance with these schenes are thensel ves

prepared by treating the corresponding acid with toxic, unstable
cyuranic fluoride (9), as illustrated in Schene Ic. 15Schene Ic As
wi || be appreciated, when the acylating reagent is to be provided
froman_acid 20which contains functional groups that nmay be sensitive

t o unwdtitosifleds et avadele bhlot auetities BE a siga ghitatde forigomundreiapscalsapreparhigon of
acyl at i1Rga¢i8306RHe Mrei6lie t he acyl ation conditions, the sensitive
functionality Is converted to a protecting group before the
fluorination and/ or subsequent acylation reactions are carried out.
This method requires ha eLing of a, hazardous. and tp¥jc reagent, the
cyuranic fluoride. In ad® NG ATy o SN0 or i al

cydr ani ¢ 11 InWikw2 0080323 npChhS208Zdddli 43nthktiosdhdel Sefddfor preparing the

avail a inp.lat.quantities of a size suitable for commercial scale

pr epar g‘%ﬁ%ﬁod?h‘h% SomRPUPAL BRI eSS dPalerals @pd pEqvides 2 synthesis srharge
of the dfforgingippatticdl sdaliupwo @fbatdhesiZeOduR@BleTes coMimbrdi A sBA8 fRPatasiod. These
synt heti ¢ schene useful for preparing the PDE |V inhibitor conpounds

whi ch (ARd9tEObiestives ang{Qnadyprtaggsare, PvidpedyAhe prespridn eensieRe me
affording practical scale up to a batch size suitable for commerci al
scal e preparation. These and ot her objectives and/or advantages are
prifi ded by PRespsceafche Prasortrinyationieonoys peedess forprepapng smetmediates useful
i nvent iy i i EHAV : r j 1 i i

the pranr B oS QRRARE 351 s PLERRLLRT AP LATRALTE BeREAL pispouncs
i nt er meet &n hemppanationfethelcompounds ¢fFspenuie § which havdpharoapauicdsactiivity

Formul gl i . eutical activity as PDE-4 inhibitor
conpou%igﬁﬁ%ﬁﬁmﬂgg&ﬁfﬁﬁﬁhﬂagi3

OR!
DN
R0 [ —j—n9
NN
R“/ \R13
T“ o7 N
! -
a - R2
X
J R®®  ge
t Formula I
15 wherein:
tis 1 or2;
XisQor$S
R'is H, alkyl, cycloalkyl, cycloalkyl(C;-Cy)alkyl-, -CH,F, -CHF,, -CFs, -C(O)alkyl or —
C(O)NR'R'?;
20 R? is ~OR™ or -N(R")(R®), wherein R™ is linear, branched, or cyclic alkyl or substituted

linear, branched, or cyclic alkyl, and R’ and R® are defined herein below;
R’ and R* are independently selected from the group consisting of H, alkyl, hydroxyalkyl
and -C(O)QOalkyl;
R> and R are independently selected from the group consisting of H, alkyl,
25 hydroxyalkyl, alkoxyaikyl, mercaptoalkyl, -CH,F, -CHF;, -CF;, -C(O)OH, -C(O)Oalky] and
~C(O)NRPR™,
12



A- ON Formula | 15wherein: t is | or 2; Xis O or S Rl is H,

al kyl, cyDagarskgi23scycl oal kyl (C1- C4) al kyl -, - CH2F, - CHFRCTAIGHEB7/017796
-C(0)al kyl or - C(O)NR 18R19; 20R2 is -0OR24 or -N(R7)(R8), wherein
R24 is linear, branched, or cyclic alkyl or substituted |linear,
branched, or cyclic alkyl, and R7 and R8 are defi ned herein bel ow,
12.3 and R4 are independently selected fromthe group consisting of
H, al kyl, hydroxyal kyl and -C(0)0Oal kyl; 1254 and Rob are

i ndependeRt IsyHsakple aikanyl bydrokerllgyl ouysladindi dkoxygllof, sminahlkyl,

25hydr k toal kyl, -CH2F, -CHF2, -CF3,

- C(0) ogﬁw@%‘)k’f?aﬁ‘bkﬁ% Jé'w&’bﬁﬂgé 2 44: 12 WO

2008/ 0212RERCH/ ilB?D@Ikbﬁﬁl?ﬁ’lﬁﬁxy, alkoxRZlkyls hlyk:lroab/kljcbfl dilykieowyhlkyl,

hydr oxy 1sGYcl oal kyl 0Xx y am noa ( RP- phenyl ) al kyl

or - ﬂféfryS‘#Roﬁal’ fi%‘%"aﬁ‘ﬂ@b §t°\F/?”Q T heteropey, l\é?f > al koxy,

al LsnxquR%aterlaﬁtgiﬂ@mm)myl, RAT-pryesh P p)(xb?LM Dalkk IR'T\M\Q cyanoal kyl ,

R23- het , R23-het.eroaryl a l% 55)(% Ij;ne erocycl oa kéa §’~F3yl

- pndRy Do e YRR Fatky RSN K ¢ Refohg W

1217- b@;@?eyéa} _al 11% & 88k, afdykdo fQ?‘*Hﬂ(é?é@ctc{aﬁ?ﬁy

het er oar gy:%}bg baﬁ)’b@ ?l ayﬁ(% o

~al kyl - eﬁ’ch@ & @D@Pléfafycﬂbblr gPﬁ)) caa)wq ( Raboy!-D(B) DAT)aiky,

- al kyI R 8RL% a%%’ a

AR B Ry St

-d yI REDR -@(@QZB myamam MNR™)-C(O)-(R*-heteroaryl),
-alkyl-N(R*)-C(O)-alkylene-(R*-heteroaryl), -alkyl-NH-SO,-NR*R?,
~alkyl-N(R*®)-(R""-phenyl), -alkyl-N(R**)-(R-heteroaryl), -alkyl-O-(R'7-phenyl),
-alkyl-O-(R*”-heteroaryl), -alkyl-N(R>*®)-SO,-alkyl, R*-hydrox yalkyl, dihydroxyalky!
substituted by R'"-benzyloxy, dihydroxyalkyl substituted by R'’-phenyl, alkoxyalkyl

15 substituted by R"-phenyl, (R"7-phenyl)alkyl substituted by ~CO,alky!,

(R"-phenyl)alkyl substituted by ~C(O)NH,, alkyl substituted by (R*-heteroaryl) and
~C(O)NR>R®, R'z»cycioalkyl (R'z-cyc]oa}kyl)alkyl

é CHz)n‘{)t\N—Rzg R33 E;@-—Rﬁ ; ____Hw L;;[ ] g\
KRN no 9
o, ¥
\ ]NQ‘ COsalkyl /L’I ><CH3 g N—H ¢ N0
N ers S alkyl< 1
p p N—N ,

alkyl 02C . §

30 F13°
> alkyl- N . R 32\ (CH2
S /g

or F{-‘r and R8 and the nitrogen to which they are attached together form a ring system

P—R29 S~ —O-alkyl 3 NH-alky!

7/

\Y
20 7R , O \O or O (o]

selected from the group consisting of

13



10- al kyl R30) - C(0) - (R17- phenyl ),

-al kyl - Wg’@}’ 2332AR23- het er oar y1), PCT/US2007/017796
-al kyl -N(R30) - C(0) - al kyl ene- (R23- heteroaryl), -alkyl-NH S02-NR | BRI

9, -al kyl-N(R30)-(R17-phenyl), -alkyl-N(R30)-(R23-heteroaryl),

-al ky1-0- (R17- phenyl ), -al kyl-0-(R23-heteroaryl),

-al kyl - N(R30) - SO2- al kyl , R43-hydroxyal kyl, di hydroxyal kyl substituted
by R 7-benzyl oxy, di hydroxyal kyl substituted by R17-phenyl, 35
al koxyal kyl 15substituted by RP-phenyl, (RLl7-phenyl)al kyl su@5& Bt ed

by -0Q2al kyl, (R17- ph al kyl substltut ed
substituted by (R23- e‘ferb_%l,g and C(O)N

(R12- cygl o Ryl
t hey arWedto e\'ﬁr formar sstem

consistlng 13 \/\0200896%1235PCT/ U$2007/017 96RT- - -\ ,R14rTh BN |

\ R16 -N-a C(O Qal kyl HAlog
S—N (o ¢

é >\:i\>—-aikyl C(O)Oalkyl C&m f N-\Ha ;\ﬁl%
zg/l\%CHs g ;D<CH3
= IV

5 O-alkyl O-alkyl

T\
g 1 0eg
R41 or

pisOor ;

31

¥

qisOor I;
the dotted line represents an optional double bond;
10 R’ is H, halo, alkyl, cycloalkyl, -CHzF, -CHF; or CF;;
R'% RY and R'® are independently selected from the group consisting of H and halo;
R'?is 1-3 substituents independently selected from the group consisting of H, alkyl,
hydroxy, alkoxy, hydroxyalkyl, alkoxyalky!, ~C(0)Oalkyl, -(CHz),-N(R?*%-C(O)-cycloatkyl,
~(CH2)p-N(R*»)-C(O)alkyl, -(CHy)p-N(R*®)-C(0)Oalkyl, ~(CHy)a-N(R3%)-
15 (R™heteroaryl), (CH,),-N(R*®)-C(0)-NR*R"? and (CH;),-C(O)-NR'*R'%;
R'"is 1 or 2 substituents independently selected from t};e group consisting of H, OH,
halo, alkyl, alkoxy, hydroxyalkyl, alkoxyalkyl, -CFs, CN, R"-phenyl,
(R"-phenyl)alkyl, -NR'*R", alkyl-NR'®R'?, -(CHy),-C(O)OH, ~(CHy)a-C(O)Oalkyl,

14



pis 0 or_1; is QO or 1; the dotted Iine represents an_optional

doubl e bo‘ﬁ’ﬂ;zo'%ﬁﬁéz*s H, halo, alkyl, cycloalkyl, -CHeF,PC &F%"WPI@?‘B;
R'), R', and R13 are independently sel ected fromthe group consi sting
of H and hal o; R12 is 1-3 substituents independently selected from
the group consisting of H alkyl, hydroxy, alkoxy, hydroxyal kyl,

al koxyal kyl , -C(0) Oal kyI -(CH2).-N(R30)-C(0)- cycl oal k34,

HCH2 NR30 0] |k 2 N( R30 Oal k CH2) 0- N( R30
ATEA 14 Rl (eiy IR RS D pbeoyD) -GRBREEOLRY Feteromyh, )
-(a2). (600) rﬁ‘@ﬁﬁl@a‘m(émﬁ AR b aebappendent |

sel ecte roup consistin hal o a; koxy
hydrOX%réCkIy)n-N@ I, -(CI@E)&N(ER?) -GLO)- (ﬂnewlkyi), (CHz)n-N(R )~C(0)- 5
R17 23

ih Wb %8%@%%%? @é}%@%ﬁ%ﬁ% ﬁ%@%@%&a@‘&@ﬂ AR Sy
- ( GH2) N CHA)(NGES ,—(CTHR)-NOR &) (R230Rkty b - (2H P N(R cycloalkyl,

(?ai)z? %%VW%{E he 2‘?0%%)2 mﬂrﬁz%ﬁ%%m?r&ﬁip@g A yg‘i’?f))é&alkyl,
- ( %3% «OHEHRRAN RS0, (Rdyﬁh@?l)kxbnz)n NEI2)SONCRS 16117@@%%«%’%&5&3@%;) :
(&) o R BE TR RSy @D Pttt (™ Rbteroary ony, (R2-

- ( CH2) - N orkRhdmi b eOH(DH) -(RCFBQ& R&Q%cﬁ %q{e&rr@ar?m 1),
( 2) n- N( R18)3023 R2 2- (R17- pheny

D) - P@B% ngenyl@_@gtrg%)g ((RSSh‘?Sﬁ‘@ﬁWI) morpholmy] thiomorpholinyl,
(CHZ) -0C(0) N(R30) al kyl, R23-heteroaryl, (R23-heteroaryl)al kyls

(R23- het er oaryDoxy, (R23- heteroarypam no, -CH(OH)-4LRL7- phenyu)
- CH( OH) - (GR23- betoroaryl), 10-C(=NOR30)-(1217- phenyl
- O(=N012 Lpw E—ON

( het eroaryl), norpholi nyI t hi ém;)ﬁ
c_/Tht-
- “(CHa)n "(CHz)n 0 = —
N 7 \ “‘;-fozz, \ "“;-’--Hza,

gy @i@

NH —N N N

,R%
N
<\\ /i\’ \ / D ,é_NC‘-\uﬂss’

o &

wisQorl;
15 or two R'* substituents and the carbon to which they are both attached form
—~C(=NOR™)- or -C(0)-;
each n is independently 0, 1, 2 or 3;
R" is H, alkyl, cycloalkyl, (cycloalkyl)alkyl, hydroxyalkyl, alkoxyatkyl,
" -C(O)Oalkyl, -C(OYOR* -cycloalkyl), -alkyl-C(O)O-alkyl, -C(O)O-alkylene-
20 (R35-phenyi), R”-phenyl, (R”—phenyi)alkyl, —CH—(R”-phenyI)z, R23—hetcroaryl,
-(CH),-C(O)NR 'R, -80,-alky!, -80;-cycloalkyl, -SO5-CFs, -SO»-(R*-phenyl),
-S0,-NR™R", -C(Q)alkyl, -C(0)-(fluoroalkyl), -C(O)-C(CH3)(CF3)z, -C(O)-(R7-pheny!),

15



S Ef-(CH2)6-NI ?vv --(CF12)n-N\_/0S R22(,)) n,22 , d\r'f O n, 00
- NANH N- NER 20¢9/21238 - 14/ Th OR16 or wis 0 or 1; 15or twBCRU§2007/017796
substituents and the carbon to which they are both attached form or
-C(0)-; each n is independently 0, 1, 2 or 3; R15 is H, alkyl,
cycl oal kyl, (cycloal kyl)al kyl, hydroxyal kyl, al koxyal kyl ,
C(0) Oal kyl, -C(0)0(R30-cycl oal kyl), -alkyl-C(0)0-al kyl,

- 0- al kvl - 20(1235-ph 1), R17-ph |, R17- ph | ) al kyl
G | RS s oroards i orbp el ST kros kRt L g. - 302 4l kyl

- 502- cyCtOpIR leycodRgn TR 0):- apded & 3@@6‘}1 LE(OPARy e R 8- heteroaryl),

- (0) al kt(lg),at-C(cg)-(f?u)oroal)a/I TR0 -C(cgas)fc%)ﬁ, Eﬁ 22

-C(0) - (—ﬁ{@l—@lhﬁmp—ﬁ;C(O)alkyl, -C(=S)-(R"'-phenyl), hydroxyalkyl substituted by
R!7-pheny!, hydroxyalkyl substituted by R**-heteroaryl, alkoxyalkyl substituted by

5  R'-phenyl, alkoxyalkyl substituted by R*-heteroaryl,
' RSG

0 R o)
;....N Q i /7~ NS
--C'—(l gm%\_b&%_};' ém(CHﬂ”"C-N})J
») i N0 O zZ  or . z , whereinzis 0,

lor2;
R'® is 1 to 4 substituents independently selected from the group consisting of H, alkyl,
R"7-phenyl, (R'"-phenyl)alkyl, (R®-heteroaryl)alkyl, hydroxyalkyl, alkoxyalkyl and ~
10 C(0O)Oalkyl, or two RS groups and the carbon to which they are both attached form —C(O)-;
RY represents 1 to 3 substituents replacing a hydrogen on a phenyl moiety, each of which
is independently selected from the group consisting of halo, alkyl, cycloalkyl, -OH,
hydroxyalkyl, alkoxy, -CN, -CF3, -OCF,, -OCHF>,
-OCH,F, -C(O)OH, -C(0)Oalky}, -C(O)O-(R*-phenyl), -C(O)alkyl, -C(O)-(R*>-phenyl), -
15 SOalkyl, -SO.alkyl, -SO»-CFs, alkylthio, -NR*R*, -alkyl-NR**R* and heteroaryl; or two
R'7 substituents on adjacent carbon atoms together form ~0O-CH,-O-,
-0-(CHz)2-0-, -(CH3);-O- or —O-CH,-O-CH,-;
R and R" are independently selected from the group consisting of H, alkyl,
hydroxyalkyl, alkoxyalkyl, R'’-phenyl and (R'"-phenyDalkyl;
20 R* is H, alkyl, or cycloalkyl;
R* is 1 to 4 substituents independently selected from the group consisting of H, alkyl,
hydroxy, alkoxy, halo, -CF;, -NH, and R3S~phenyt;
R is 1 to 4 substituents independently selected from the group consisting of H, alkyl,
hydroxy, alkoxy, halo, -CF;, -NR'*R"?, -CN, -C(0)Qalkyl, -NHSO,-alkyl and R*>-phenyl;
25 R*isH, OH or alkoxy; or when the optional double bond is present, R** and the adjacent
carbon atom form the double bond;
R¥isHor R*_phenyl;
R* is 1 to 3 substituents independently selected from the group consisting of H, halo,
OH, alkyl, alkoxy, hydroxyalkyl, alkoxyalkyl, -CF;, -CN, —C(O-)OH,
30  -C(0)Oalkyl, -C(O)NR*™)(R'?), -C(0)-(R** hetercycloalkyl), R'7-phenyl, (R'7-phenyl)-alkyl,
R23nheter0aryl, (R23—heteroaryl)a!kyl, (R*-heteroaryhoxy, (st-hetcroaryl)amino

16



WO 2008/ 021235PCT/ US2007/ 017796 C(0) - (R23- heteroaryl),

- C(0) - hydV&XU IS - C(0) - al koxyal kyl, -C(0)-(1239-cycl BEFPRI07/017796
-C(0)-al kyl ene- (R17-phenyl ), -C(0)-al kyl ene-(R23-heteroaryl),
-C(0)-al kyl ene-S-C(0) al kyl, -C(=S)-(R17-phenyl), hydroxyal kyl
substituted by R17-phenyl, hydroxyal kyl substituted by

R23- het eroaryl, al koxyal kyl substituted by 5R17-phenyl, al koxyal kyl

substitut gd 3pheteroaryl, Ras O0R36 FONN O, 0. or , Wherein z
o0, MR AR i (Gh, MDDl LR iR GHO) T aroeob

i e T

(R23- het er oar ypal kyl roxyal kyl”,” al koxya
or two fﬁmoﬁ'ﬂéuﬂg%hd%l%”g&@ng@l%x‘thetevwﬁfldh {GHy).- H@ DD )aralkghed f or m

-C(0)-;. R B én_,;é:_ 3 Sty ]| ERSIACI a . pydrogen on
a phenyFCIr%)f‘é'tygl/z ?gg@% 0 v’\/r]ﬁ]%)ﬁ)’i gé%fﬁﬁﬁe%%ﬁer&n@)ée@el%:?%ldk??omthe

glr Eﬁjp e(fﬁHi)s—tN(BE) S Me+adkylahdeyycloadigll, e@He)-NR OHC(QYDRREy@ Yy | »

al koxy, ~GN 268,05 0CE3, ~OCHRZ. 30, 7 F, = ,
"0) 8- {GE ARG N 6 Tt Bl SO
-502al kyl , -502-C&3, al kylthio, -Nee, -alkyl-NR43R' and heteroaryl;

or two R1 substit)\“éH S on adj acent carbon atons together form

-'0- CH2- 0- 2—{OHHCHY) 2-9-, - (CF12)2-0- or -0-CH2-0- CH2-; R18 and R 9
are independently ected fromthe group consisting of H alkyl,

hydr oxyal kytwo RFKE¥YA dtdl the darbdn RIGRth t?diFhrk Bbdi RBERN dodnky! ;. 20R29
is H alkyl, of cycloalkyl;

~C(=NOR™)- or —C(0)-;
10 R* is H, alkyl, R**-benzy] or -alkyl-C(O)O-alkyl;

R? is alkyl, -C(0)Qalkyl, —C(O)alkyl, ~C(O)cycloalkyl, -C(O)-(R"-phenyl),
~C(O)-(R*-heteroaryl), -SO,-alkyl, -SO,-(R¥-pheny}), -C(O)NR*R"®, R¥_pheny,
(R*-phenylalkyl or R?**-heteroaryl;

R¥is independently selected from the group consisting of H, aikyl and

15  R%-benzyl;

R is H, alkyl, R**-benzyl or phenoxyalkyl;

R* is H, OH or alkoxy;

R* is H, alkyl, hydroxyalkyl, alkoxyalky! or -C(O)Oalkyi;

R* is 1 to 3 substituents independently selected from the group consisting of H, halo,

20 alkyl, OH, -CF; and alkoxy;

R is 1 or 2 substituents independently selected from the group consisting of H, atkyl,
R"-phenyl, alkoxyalkyl and ~C(O)Oalkyl; or two R*® groups and the carbon to which they
are both attached form —C(=NOR*%)- or -C(0)-;

R*” and R* are independently sclected from the group consisting of H and alkyl, or R*’

25 and R*® together are ~(CHj);- or—(CHz)s-, and together with the nitrogen to which they are
attached, form a ring;

R* is H, OH, alkyl, alkoxy, or CFs;

R* is ~OR*® or -NHC(O)alkyl;

R*! is H or —-SO,alkyl;

30 R* is ~(CH,)u-(R*-phenyl), ~(CH,)a-(R%-heteroaryl), -C(O)Oalkyl or
-C(O)alkyl;

R* and R* are independently selected from the group consisting of H and alkyl; and
17



R22 is 1 to 4 substituents independently selected fromthe group

consi st i nYOFPOER21BFKy| . hydroxy, al koxy, hal o, -CF3, -NPEFURHW7/017796

| e- phenyl ; R23 is 1 to 4 substituents independently selected from

the group consisting of H alkyl, hydroxy, alkoxy, halo, -CF3,

-NR18R19, -CN, -C(0)Oal kyl, -NHS02-al kyl and 1233-phenyl; 25R24 is H,

OH or al koxy; or when the optional double bond is present, R24 and

the adj acept. carbon _atom formthe doubl e bond; R26 is H or

R36- phenyR: i 1 ogzzubgtityents indegerglently seieated framathe graiprqopsisingef kalof r om

the gr quRxyARS, St f RM. ) R2 I i

al koxyal oyl L S ORI R c?'gakﬂ,R %'?t& 3%5?’ ﬁ%{%%{%w géz?géjakl i nediate

- C( 0) - frePBEhid: tbe epEPewdsydl Formugl Isre pappared Romppikesthe pompyid of Formula

R23- hegroaryl, (R23-heteroaryl)al kyl, (R23-heteroaryl)oxy,

(R23-hetéroaryl)amino 16 NR 18R 9, NRI 8R19-al kyl,

-(6H2) . - N(R30) - C(0) alkyl, -(CH2)0-N(R30)-C(0)-(fluoroalkyl),

-(CH2) n- N(R3) - C(0) al koxyal kyghe, CH2)y N(R30) - C(0) (cycl oalkyl),

- (CH2) n-N(R30) - (R23- het er oarg) Xy

- (C112) n- N(R35- C( 0) - (R23- hét'aroar y[L), -—)(‘GHZ) -N(R3) - C(0) 0- al kyl,

-(CHZ)n-N(RSO)-C(O)O-(CFS-aIEw// ¢

- (CH2) n- N(R30) - C(0) 0- ( R39- cycAbalky1), A*®

5- (CH2) n- N( R30) - C(0) 0- al kyl ene-gycloalkyl,

- (CH2) n- N( R30) - C( 0) - N( R30),( , X CH2) . - N( R30) - S02- al ky1,

- (CH2) 0- N(R30) - S02- CF3, 4[CH2) AN(R30) - S02- N(R30)2 and 0 -(01-12)-N1 \

or two R27 groups and th 0 which they are both attached form

-C(r-NOR30)- or 7C(0)-r"1 Y1, R35-benzyl or

-al kyl - C(0) 0- al kyl; R29| ) al k9l , -C(O)IQarlﬁgl -C(0)al kyl,

_C(0)cycl oal kyl, -C(0)- (RL7-phenyl ), -C(0)XPEB3 Wt er oary1),

- S02- alwkhekein RBPOR?, FB R 8w 1’) and TOC QYN deBiRd@ abdah aRPVik selected from linear,
3- het er oar .R3 is independently selected

]S ngﬁ{ F %%%L%%b&%gﬂg al ylr]qj)dd%enwl, \é{}glgr;ﬂn the gelected group is optidnally substituted with

one or more electron withdrawing groups, and wherein the selected group permits or

10 promotes base hydrolysis of the adjacent carbonyl carbon, preferably R*" is a linear alkyl of 4
carbon atoms or less, more preferably R* is ethyl, and R® and R® are selected independently
from the group consisting of H, alkyl, hydroxyalkyl, alkoxyalkyl, mercaptoalkyl, -CH,F, -
CHF;, -CFs, -C(0)O-alkyl and ~C(O)NR**R*?*, where R*** and R*** are independently
selected for each occurrence from the group of H, alkyl, and a nitrogen protecting group, the

15 intermediate making process comprising:

20 (a) reacting a compound of Formula II

oR’

Formula II

18



15R35- benz&l; R31 is H alkyl, R35-benzyl or phenoxyal kyl;, R33 is H,
OH or al KERPIIN3Fs H  al kyl, hydroxyal kyl, al koxyal kyPCHUS2007/017796

-C(0) Oal kyl ; R35 is 1 to 3 substituents independently
selected fromthe group consisting of H halo, 20alkyl, OH -CF3 and
al koxy; R36 is 1 or 2 substituents independently selected fromthe

group consisting of H alkyl, 1217-phenyl, al koxyal kyl and

-C(0)Oal kyl; or two R36 groups and the carbon to which they are both
at t ach&tthf 8y arylation (egasoy selesied fromy - R37 and R38 are

i ndependent | %)aﬁledcﬁpérﬁ@dﬁag%h SustH SbraRnsipt i ng of H and al kyl, or
R37 25and together are -(CH2)3- or-(CH2)4-, and together with the

nitrogen to which they are at ach;(j;qorma ring; R39 is H OH,
o]
e

al kyl, al koxy, or CF3;( R4 i OR3 -NHC(0) al kyl ; R4l is H or
-302al kyl ; 30R42 is -({C (R3%- %,; -(CH2) - (R23- het eroaryl ),
-C(0)0al kyl or -C(0)allRyT;| 43 ad R44 fare independently sel ected
fromthe group consisting lof i and al kyl; and 17 WO

2008/ 021235PCT/ US20071017796._, R45 is 1 RimalSPst i tuents

i ndependently sel ected from the group consisting’of halo,

al koxyal kyl (b} 8C2hyleytercaftbniqémd whhydra8 chmpenmbof/Forenuih Blc| oal kyl ,

wherein said internediate fromwhich the conpounds of Fornual | are
pr €pared conprises the corrpoung of Formula IV, 5 RO A IR 3
O
RS )]\ H&Gh
p—R?
TSpe Formula IITs,

{d) an N-alkoxyamide compound of Formula Illg

{ Rs\r})k A~
N N
He\\l“
t \RI?

Ne—R?
A Formula I1lq, and

10 (e) an ester of Formula HIr

R Formula IHr

wherein:
R is as defined above;

15 R> and R® are selected independently from the group consisting of H, alkyl,
hydroxyalkyl, alkoxyalkyl, mercaptoalkyl, -CH,F, -CHF,, -CF3, -C(0)O-alky! and —
C(OINR*R**, where R*** and R** are independently selected for each occurrence
from the group of H, alkyl, and a nitrogen protecting group, preferably one of R and

R® is hydrogen and the other is t-butoxymethyl-;
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R30N ORee RepsFormula IV, wherein Rl, R3, R4, R9, R16, R', and R13
are as devpPr8e/BbEie, and R26 is selected fromlinear, BEBNSHSAV17G96
cyclic al kyl and benzyl, wherein the selected group is optionally
substituted with one or nore electron w thdraw ng groups, and wherein
the selected group permts or 10pronotes base hydrolysis of the

adj acent car bonyl carbon preferably R26 is a linear alkyl of 4
carbon atoms or |ess, re preferably R213 is ethyl, and R5 and R6
are selected i ﬁﬂ‘éﬁ%ﬂdé’i‘ﬁ Ry isfangaeid labilgy ﬂt§[ﬂ3%@ﬁ§¢<§tﬂgrﬁjo‘éii and thgohyer of R?

hydr oxyal kyl r rate
3& 0) Oyal k%an&%‘*ﬁ?é%’@%tﬁ% hgggﬁR4 B\Aﬁé Thﬁlg hﬁzl%_ﬁ%ted FuRsaturated

i ndependent latkdel ect ed for each occurrence fronlthe group of H,

o o002 TP AR NP DSl L LA

R'M 3 Rns N v@hdrawing sabkbtitud@s, T 2068¢ Qﬁ]ﬁﬁﬁPﬁBféﬂSﬂ@Q?ﬁ”QiﬂSﬁea\kd pro&ie

Eg¥:rﬁf :510|n| { & cgmrc]:thn? celrz?n%%etg nIlcl:’lggg}hllg agttdcrll on ti‘ne ag’ rz]xr:]en(%I I;nlzy %ogpr%%?edpr%erably
R** is a t-butyl group;

R*" is a linear, branched, or cychic, saturated or unsaturated alkyl, alkylaryl, or
aryl group, each of which is optionally substituted with electron withdrawing groups,

10 when substituted, preferably the substituents are selected from halogen, for example
chlorine, and NOy;

R* is selected independently for each occurrence from linear, branched, or cyclic,
saturated or unsaturated alkyl, aryl, and alkaryl, each of which is optionally
substituted with a halogen and -NQOy;

15 R* is selected independently for each occurrence from linear, branched, or cyclic,
saturated or unsaturated alkyl, aryl, and alkaryl, each of which is optionally
substituted with an electron withdrawing group preferably R* is an alkyl of 5 carbon
atoms or less;

R* is selected independently for each occurrence from linear, branched, or cyclic

20 electrophylic alkyl; and

R',R®, R'% R!, and R'® are as defined above,

in the presence of a Lewis base having sufficient proton affinity to abstract a proton from the
carbon bonded to the nitrogen of the thioamidic acid methyl ester functional group present in
the compound of Formula I1.

25 In some embodiments it is preferred for the Lewis base used to be selected from metal
amides, for example sodium amides and lithium amides; metal alkoxides, for example sodium
methoxide, and metal atkyls, for example, alkyl lithium.

In some embodiments it is preferred for the acylating reagent reacted with a compound
of Formula Il in the presence of a Lewis base (as defined above) to be an acid anhydride of

30 Formula Ilip,

=4 B

Formula Olp,



Forrmul a HI b) an al kyl estercarbonic acid anhydri de conpound of

For mul a HWQZOMZH&F\ N-al koxyam de conpound of Formul a HP%P’_USZOPWPQ)W‘M
ester of Fornmula Ik Formula JUr wherein: R26 is as defined above;

15R5 and R6 are sel ected independently fromthe group consisting of

H, al kyl, hydroxyal kyl, al koxyal kyl, nercaptoal kyl, -CH2F, -CHF2,

-CF3, -C(0)0-al kyl and - C(0)NR436led4a, where R436 and R446 are

i ndependently sel gcted for each occyrrence fromthe group of H,

al kyl , % t’f% #dRogds aﬁﬂ&%‘_@%‘i hyegRoup selpnted wogpandenthy fasieas oggyaanrg and
i s hydiPgaitaorh el BRnch&, br E%]WW} dBihken t%gether the two R substituents

form a cyclic alkyl spirocycle, preferably each R°® is HsC- (methyl) and R® is selected from H

and linear, branched or cyclic alkyl, to form a compound of the structure of Formula IVa:

Formula IVa
wherein R', R*®, R>, R® R’, R, R", and R"? are as defined above.
In some embodiments using an anhydride having the structure of Formula Ip, it is

preferred for R? to be the substituent:
O

10 Lil" O——C(CH,),,

thus the compound has the structure of Formual ITlpa:
Q, OC(CH,),

Y o o
N/,”'; )L
7 Q o2
o R

where R and R*® are defined above, preferably R% is H and R*® is t-butyl, thus, the

Formula ITlpa

compound of Formula Ipa has the structure of Formula WIpal
15

DC{CHa)a

C(CH3)y

Formula IlIpal

and produces a compound of Formula IVa having the structure of Formula IVal

2
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WO 2008/ 021235PCT/ US2007/ 017796 one of R3 and R4 is_an acid

| abi | e niVP38BP2H¥8t ecti ng group and the other of R3 anBCRWUSY7/4017796
selected fromH, and linear, branched or cyclic, saturated or
unsaturated alkyl; 1246a is a linear, branched or cyclic alkyl,
optionally substituted with electron 5 w thdrawi ng substituents, for
exanple, chlorine, preferably R46a is selected to provide stearic

hi nderance to nucl eophilig attack on the adjacent acyl carbon, nore
preferably R46a is a t-b &gp R 46b is a linear, branched, or
cyclic, saturated or ur®g te kyl, al kylaryl, or aryl group,
each of which is optlonal a¥: Ltuted W th electron wi t hdr awi ng
groups, 10when substi tut &d, preferably the substituents are sel ected
from hal ogen, for exanpl g¢Cthorine, and NO2; Rsel ected independently
for each occurrence feemiing branched, or cyclic, saturated or
unsaturated al kyl, Lyl , each of which is optionally

substituted mﬁth_&ng ; 15R47 is selected independently
for each occurren Ilnear nchz or cyclic, saturated or
unsaturated al kyl, afyl, and alkarf? gRVak which is optionally

subst i t ut ed Iwiilnbe Bp[ﬁ’eﬁﬁieﬁ Qﬁm\uﬁehqﬂ@&umﬂ hgdx@mlswoaﬁﬂroggm eltgﬂalf)ld %‘negn
IS selecte

MKIofafmh ato
i ndeperfgBHEeYs f’ﬁ te ééﬁs S&EE‘BF Péﬁ’&%ﬂ’fb@smel%éﬁrch 58 drtmead inthedpiergneed
20el ectstrgrhylihdluddskiptior t@rﬂeﬂ .deB9atizthg tHR este o GOAER) RSandei? Redlip as

ab ve, in the presence of Lewi s base haV|g% suf |C|ent Eroton

ni td§iipga atl!%“lcr %toxa“ﬂ’r%‘tf‘oﬁoﬁbﬂ’? thedeft sidseit throrrTerpungs phEommuls b fes
of the dehiceay fHder I
corrpoundbof or r?& Ig;&:"fg Hgénhyné %Igﬁn%%%tggﬁ%%ég B (%E(fqg%pér}g'?lg% f gﬁ%ﬁnds
Lew s IAdermyladVbe be selected from nmetal anides, for exanple sodium
am des and |ithium am des; awetal al koxides, for exanple sodi um
met hoxi de, and net al aIkyIa)\ é%anple al kyl lithium In
sone enbodinments it is pr%ﬂ%}/g faf "t he acyl ating reagent reacted
wi th a conpound of Formul aghlYin \ha presence of a Lewi s base (as
defi ned above) to be an acid \phydrlde of 30Formula II1p,

N

R?
® g Formula Vb

where R', R%, R%, R%, R'%, R"!, and R"® are as defined above. It will be appreciated that the
10 intermediate compounds of Formula IV and Formula IVa provided by the above-described
processes can be utilized in the various reaction schemes described throughout the *009
publication which employ oxazoline-substituted quinoline compounds having similar
oxazoline substituents. Accordingly, it will be appreciated that the various substituents on the
oxazoline ring of the intermediate compounds provided by the present methods can be utilized
15 in schemes and reactions described in the *009 publication to provide equivalent oxazoline-
substituted quinoline compounds, for example, the amidization reactions converting the ester
moiety on the right side of the compound of Formula IVa to an amide. One example of this is
described in the 009 application beginning on page 145.
In some embodiments of the present invention it is preferred for the compound of
20 Formula II to be an 8-methoxy-2-trifluoromethyl guinoline substituted at carbon 5 with a
sulfanyl-methyl-amino-acetic acid ester substituent (the compound of Formula V), wherein,

2b .
R? and R*® are as defined above and are independently selected for each occurrence,
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WD 2008/ 021235PCT/ US2007/ 017796 where R3 and R46a are as defi ned
above, REWPUEH2EBFed i ndependently for each occurance BRFUSZ07/01779%6
selected fromlinear, branched, or cyclic alkyl, or taken together
the two R5 substituents forma cyclic alkyl spirocycle, preferably
each R5 is H3CG (nmethyl) and R6a is selected fromH and |inear,
branched or cyclic alkyl, to forma conpound of the structure of
Formula IVa: OR Rwn-Jr yX). ORZ Fornula |Va wherein R, R2b, R3,
R63, RO, RIOQ - .tc. and R SdlareG s defined above. In sone
enbodi ment s usi ng an angyarfdésttavi ng the structure of Fornula Dip,
it is preferred for R3 be tHe substituent: \A 0-C(CH3)3, thus the
conpound has the structurfp of Fornual I1lpa: ooc(cH3)3 0 o Erma O
ReFormul a |11 pa where #26anand R463 are defi ned above, preferably
126a is H and R46a is t-buﬁﬁbmmthus, t he conpound of Formula Il pa
has the structure of Form#¥a ||| paFo@aieR8) 3 --J\ C(CH3) 3

and to be reacted with an acylating reagent selected from the acylating reagents of Formula

I, Formula Illq, Formula IIIr, Formula IlIs, Formula IIp, and Formula pa as described
above.
5 In some embodiments of the present invention, in the compound of Formula V
preferably the R*® substituent is methyl and the RZ“_substituent is ethyl.
In some embodiments of the present invention it is preferred to use an acylating
reagent of Formula III, more preferably “t” =1, R*® is t-butyl, one of R® or R* is t-
butoxycarbonyl ({(CH3);C-0O-(0)C-]) and the other is H, and one of R® or R is t-

10 butoxymethylene- and the other of R® and R is H. In some embodiments, the acylating

reagent of Formula III is the compound having the structure of Formula VI, a protected serine

acid anhydride derivative of Formula VI,

o [0}
H
/N\)K )7<
t-Bocg H 0
~

Riax Formula VI

3az .

is tertiarybutoxy or hydrogen.

15 wherein t-Boc is t-butoxycarbonyl and R

In some embodiments of the present invention, in the acylation reaction it is preferred

to use a Lewis base comprising a sterically hindered metal amide. In some embodiments it is

preferred to use a Lewis base selected from lithium diisopropyl amide and sodium

bistrimethylsilyl amide. In some embodiments it is preferred to employ two equivalents of the

20 Lewis base in the acylation reaction.

In some embodiments of the present invention, preferably the oxazoline ring-forming

reaction (acylation reaction) of the invention is incorporated into a larger reaction scheme, for

example, it is Step [T of Synthesis Scheme I, which illustrates the preparation of a PDE IV

inhibitor compound of Formula 15.
25
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Formul a IIIpaI and produces a conpound of Formula |IVa having the

st ruct ur eVBR20EIRMHa | Val, WO 2008/ 021235PCT/ US2007/ 01P¢YES2007/017799
w Il be appreciated that mhen pl aced in hydrolysis conditions for
exanpl e, the conditions of Step 4 of Schene |V described bel ow,

whi ch, as described in the referenced schene, includes, prior to Step
4, derivatizing the ester group (-OR2') to an "R2" group as 5defi ned
above, the oxazolidine noiety on the |eft side of the conpounds of
Fornmula | Va (as depicted) undergo riSgkeremBni ng and | oss of the

ni trogeygepiotecting group to formconpounds of Fornmula IVb. Fornula
| Vb wﬁ€Jg‘Rl, R2, R6, R9, R19, Rl1l, and R13 are as defined above. It
w il be appreciate?“?hat t he 10|n'@Pned|ate conpounds of Formula IV
and Formnul a | Va pgow py2t he afk described processes can be
utilized in the v i
' 009 publication w
conpounds havi ng
be appreciated tHhat

>
empireOyre0xayol Me- substituted quinoline

har oxaz HI-- substituents. Accordingly, it wll
e various sub%tltuents on the oxazoline ring of

the internedi ate ca$ ds prOVqud Epe present nmet hods can be
utilized 15in sche and reactloqgf'escrlbed in the '009 publication
to provide eqU|v | ent oxazol i ne- bstituted quinoline conpounds, for
exanpl e, wheresmRdi i3z lingary bravthiednor cprliceetedtraphilivealist groupppreferaty  Heear

right sid f n 0 an am d One exanpl. e .of
th?g i's d@g quuf%EEﬁH 88%5 gp%¥¥0a<xe§)%%6 Hhih <Y ]pgﬂgpiﬁgBmFﬂlo a
somnme enbomqimwmcofeaving gnapefﬂ(” seleand i foomi sulfoaylphafide,r ad §ifacd, hgreferably
conpound 20Fornu san 8- met hoxy-2-trifluor t hyl

qui nol i neﬁa}si’dﬁs?qf’feu?rgc?r%q]yé q(’)‘ti)c ﬁz 554 't‘%eaéqgﬁ%/q’&ﬂy‘?r cﬁﬁ]t’%?'gy Wﬁ@-ﬁiﬁféﬁb& a
aci d est elineswbbdyl greptof(4 babew apowscr ©fs, MsBpréfeMbly ¥Rer eCRPCR2landRe is
R48 are as (é?ige above and are |ndependently sel ected for each
occurrenc®, ed above;

10 Step 2

Acy]at:on Reagent:

A, &
/ /
R2a

Lewis bage

R 49
Iv

wherein R*® and “LG” (leaving group) of the acylation reagent are selected such that the
acylation reagent is:

{a) an anhydride of Formula III,

RL 0 0o
R“/N%LOJKH453
15 grs RS Formula III;

(b) an alkylestercarbonic acid anhydride compound of Formula IllIsl,

N
R-tg/k )I\
5 Hdﬁb
R =14 /

o) o Formula [1lIsk;

(¢} an N-alkoxyamide compound of Formula IIq1,
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WD 2008/ 021235PCT/ US2007/ 017796 Ove and to be reacted with an

acyl at i ngWPSafdRi238el ect ed from the acyl ating reagents BETUSEMWHOE 796
11, Formula Illqg, Forrmula Illr, Fornmula Ins, Forrmula Illp, and
Forrmul a I LI pa as descri bed above. 5In sone enbodi nents of the present
invention, in the conpound of Formula V preferably the R48
substituent is nethyl and the R24 substituent is ethyl. In
sone enbodi ments of the present invention it is preferred to use an
acyl ating reagent®ofNcormiil a 111, nore preferably "t" =1, R463 is
t-butyl, one of RFor R4 tbﬂf@xycarbonyl ([(CH3)3C-0-(0)CG1) and
the other is H andrifhésof Rg\pr R6 is t- 10but oxynet hyl ene- and the
other of R5 and R6 is H In soff enbolipifedliqlstradacyl ati ng reagent

of For mul gpyldylestes of gngﬁﬁﬁgﬂnd having the structure of Fornula VI, a
protectedégé?fﬁe gc?d anhydri’de derivative of Formula VI, t-Boc

Formula VI 15wherein t-Boc is t-butoxycarbonyl and R3az is
tertiarybutoxy or_hygdroges. In sonme enbodi nents of the present

invention, in the agyNatipn reggtion it is preferred to use a Lew s
base conprising a &t tLal At ndered netal amide. In sone
enbodiments it is pwmefefted to usemsulbdmils base selected fromlithium
diisoprop&%eantde and sodiumbistrinethylsilyl amde. In sone

enBodi mentBerEn: preferred to enploy two equival ents of the 20Lew s

base in the acyPafsiseRctd i Biear, brancheliNorSGRc AIYPRABHNS, Afheldif the
present invention, preferably the oxazoline ring-form ng reaction

(acyl ation releleAEEIIRII oPHENHHKAWEHYIFd With preoPHBPER dertion withdrawinger
reaction schehBps, b wBXRIPIE selettel %ro%tpe[%E)ﬁEﬁts of provilthesdss h§81t3)@f§?s & Ot]be

which illustrates the preparation of a _PDE IV Inhibitor conpound
Formul a 15. agifcent cavipnybombop prefsrbly REZee Hingar7atky of 4 carbon atoms or less,

10 more preferably R? is ethyl;

R? and R® are selected independently from the group consisting of H, alkyl,
hydroxyalkyl, alkoxyalkyl, mercaptoalkyl, -CH,F, -CHF, -CF3, -C(0)O-alkyl and —
C(O)NR*¥R*? where R*" and R** are independently selected for each occurrence
from the group of H, alkyl, and a nitrogen protecting group, preferably one of R® and

15 RS is hydrogen and the other is t-butoxymethyl-;

one of R and R* is an acid labile nitrogen protecting group and the other of R
and R* is selected from H, and linear, branched or cyclic, saturated or unsaturated
alkyl;

R*? is a linear, branched or cyclic alkyl, optionally substituted with electron

20 withdrawing substituents, for example, chlorine, preferably R* is selected to provide
stearic hinderance to nucleophilic attack on the adjacent acyl carbon, more preferably
R*? is a t-butyl group;

R*%?is a linear, branched, or cyclic, saturated or unsaturated atkyl, alkylaryl, or

aryl group, each of which is optionally substituted with electron withdrawing groups,
25 when substituted, preferably the substituents are selected from halogen, for example
chlorine, and NOy;

R* is selected independently for each occurrence from linear, branched, or cyclic,
saturated or unsaturated alkyl, aryl, and alkaryl, each of which is optionally

substituted with a halogen and -NO;
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Schene H wherein R48 is a linear, branched, or cyclic electrophilic

al kyl grotiB20%%8t%8fably a linear 5 alkyl of four car boﬁcypé?*@’f@wmﬁ

| ess, nore preferably a nethyl group, attached to a nucl eophilic

| eavi ng group "X' selected fromsul fonyl, halide, and sulfate,
preferably halide, nore preferably iodide, R49 is a linear, branched,
or cyclic alkyl group, preferably a linear alkyl group of 4 carbon
atons or less,_ppore preferably et h¥l (-CH2CH3) and R24 is as defined.
above; 10Step B 'ASSIFUES Hifleparideaiy forpach occurrengefrgm linear,praqohpd; g5 gyglic,
Fro 0 OR28 IsMurated\befirafbritd® akiydl szﬁ,cﬁnc(élﬁ@fxt@gc}g&q”ﬂ}:h@goﬂthﬁlally_

acyl ation reagent are selected such that the acylation reagent”is:

(a) an anhyd@sPHiduted withran glectrgn withedrawgg grepie presieblRdR - i kAsd pgagbon
L1, (b) an gl kybestercarbonic acid anhydride conpound of Fornmul a
Ills I, R5, "N B5 R507No_R46b

5 R* is selected independently for each occurrence from linear, branched, or cyclic

electrophylic alkyl; and

R' R, R"}, R“, and R" are as defined above;

Step 3
OMe OMe N
N\ CF; SrCFa
M*OH A 1. K,COy/ACN PN
2.Pivalyl Chloride
v —> R Q >N = = R Q N
— — —N —_—
ﬂ‘ N OH 3 HA %—
- N
{ns R’} ° NH { RS R% °© l.F F
t F!“'/ t R
10 18 VII

OPTIONAL Step 3

15
OMa
N\. CFy
. HOBT, 2l '
5 BommwE « HN_Z
. [ HO _ H R s O
Baa S B 0 (D S
N
Et0,C ° [H‘ a‘}‘ © mogc
Ib2a Vila
wherein M" is an alkali metal, preferably Li and R™ is H, linear, branched, or cyclic alkyl, or a
nitrogen protecting group, and R*, R*, R®, and R® are as defined above.
20 In some embodiments of the process of Scheme II, it is preferred to use an acid

anhydride acylation reagent in Step 2 which has the structure of Formula Hipal
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Formula Ills I; (c) an N al koxyam de conpound of Formula Myt, 24 WD
2008/ 0212%8128%/0353007/ 017796 R3---N | R4/ 0' Fes RsRo (d) BRTASTW7OH(96
Formula Did, Formula 1.11ql; and ) R ....7l1) Fr -.3--7 --Reo
reFormul a 1 nd; 5wherein: R2b is selected fromlinear, branched, or
cyclic al kyl and benzyl, wherein the selected group is optionally
Substituted with one or nore electron wthdraw ng groups, and wherein
the sel ected group pernitg Ol ot es base hydrolysis of the

adj acent carbonyl carbon, eferaBIy R21' is a linear alkyl of 4
carbon atons or |ess, praferagply R2b is ethyl; R5 and R6
are sel ected i ndependent ) he Jgroup consisting of H, alkyl,
hydr oxyal kyl , al koxyal Ky meycapt®al RigHgs - CH2F, - CHF2, - CF3,
-C(0)0-al kyl and - C(0)N 44a, where RepgpgulRdipas € i ndependent|y
sel ected for each occurrence fromthe group of H alkyl, and a
nitrogen protecting group, preferably one of R5 and 15R6 i s hydrogen

and t hen@plgfuckSa EoRPSRYFBIMTa IV having the structure of Formula IVb,

OMe

Formula IVb
5 With reference to Step 1 of Reaction Scheme I, in some embodiments of the present
invention the conversion of [(8-Methoxy-2-trifluoromethyl-quinoline-5-carbothioyl)-amino)-
acetic acid ester (15) to an alkylsulfanyl-methylene amino-acetic ester of Formula V, is
preferably carried out using sodium methoxide as the alkoxide base and methyl iodide as the
electrophilic alkyl group and nucleophilic leaving group.

10 With reference to Scheme I, in Step 2, the Lewis base used in the acylation reaction is
preferably a sterically hindered metal amide base, more preferably selected from Lithium
diisopropyl amide and sodium bis-trimethylsilyl amide.

In some embodiments of the present invention, illustrated in Step 3 of Scheme II, the
quinolin-5-yl-oxazoline-acetic acid ester compound of Formula IV is treated with a hydroxide

15 base, for example, LiOH, to convert the -C(O)OR?® ester functionality pendent on the
oxazoline 4-carbon to the corresponding acid, yielding compound (18), thus providing a
reactive (acid) functional group which can be further derivatized. Derivatization of the acid
functional group is exemplified in Step 3 also, for example, amidation using 2,4
difluorobenzylamine.

20 In some embodiments using an anhydride acylation reagent, the acylation reagent is
prepared from the corresponding salt of the acid, thus providing a more stable reactant.
Accordingly, as shown in Scheme Ila, the anhydride is prepared by treating the acid reactant
with an amine to form an ammonium salt complex. Preferably the amine used is a secondary

amine, more preferably it is dicyclohexylamine. (DCHA). Subsequent treatment of the
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one of R3 and R4 is an acid labile nitrogen protecting group and the
ot her of W8 2RP2R45i s selected fromH and linear, br angﬁyﬁgﬂ}m’“”"%
cyclic, saturated or unsaturated alkyl; R464 is a |inear, branched or
cyclic alkyl, optionally substituted with electron 20 w thdraw ng
substituents, for exanple, chlorine, preferably R464 is selected to
provi de stearic hinderance to nucleophilic attack on the adjacent
acyl carbon, nore preferably R462 is a t-butyl group; R46b is a )
| i near COBPRAtBYAN #id ehloride pravidesrthe é’ﬂ‘yéﬂd%rn\éaﬁqwea?@W‘hmw}S; the anhydride
al kyl a i &y i j t) I hiuted
D o e e el St PR g, RS e
subst i pife@phencirie m@Yiée@e@ctng regehting ragentanpl e chl ori ne, and
NC2; R' is selected independently for each occurrence fromlinear,
branched, or cyclic, saturated or unsaturated al kyl, aryl, and

al baryl, each of which is optionally substituted with a hal ogen and

- NO2; V%) 20081021235PCT1US20071017796 R47 is sel ected

i ndepeﬁﬁ P V2f or each occurrence fromlinear, branched, or cyclic,
saturated or unsaturated g+®Ryl, @aryl, and,al karyl, each of which is
optional |y substituté@d w th™an el ectron w t hdrjawi ng group preferably
RA7 1s an al kyfmrod 3¢ bon—atonegrtesSs; ~bRAS is sel ected

i ndependently for each occurrencie fromlinesr,| branched, or cyclic

el ectrophylic alkyl; and RI, R9,LR, R', Bmd™|e are as defined above;
Step 3 OPTIONAL Step 3 15 OMao

Ct aczivator

o
O o]
_J\ HD—Q—NO‘ -
Acylaing substrate NO,
Acylnting substrate o D—Q—

Actvaror

In some preferred embodiments, R* is O_é (cyclohexyl), the substrate is the moiety
10 of Formula XX and the activator is a t-butyl moiety, thus the acid chloride is pivalyl chloride,
providing, respectively, an anhydride acylating reagent of Formula IIlal and an ester acylating
reagent of Formula Hlral from reaction Scheme Ia. It will be appreciated that other alcohols
can be employed, preferably an alkyl alcohol selected from those comprising 4 carbon atoms
or less, optionally substituted with electron withdrawing groups, or an aryl or benzyl

15 substituted with one or more electron withdrawing groups, for example 4-nitrophenaol.

L = g

Y HN HN

\ o o o1
© —}—o’— %—-o’"

Formula XX Formula [11 al Formuia IIlra}

In some preferred embodiments, Synthesis Scheme 11 is carried out as shown in
20 Synthesis Scheme III.
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wherein 1\4+ is an al kali netal, preferably Li and 123a is | i near,
br anched, W82YBP21BE al kyl, or a nitrogen protecting gr o%T"U%%IW?Iﬁ%
R4, R5, and R6 are as defined above. 20l n sone enbodi nents of the
process of Scheme Il, it is preferred to use an acid anhydri de
acylation reagent in Step 2 which has the structure of Fornula ilipal
26 WD 2008/ 021235PCT/ US2007/ 017796 and produces a conpound of

For nul &Ck‘ gﬁeng the structure of Fornula IVb, OMO CF, Fornul a
IVb 5 rence to Step 1 of Reaction Schenme Il, in sone

enbodi nenggepof the present invention the conversion of

[ (8- Met hoxy- 2 trifluoronethyl-quinoline-5-carbothioyl)-amno] acetic
acid ester (15) to an al kyl sul fanyl -nmet hyl ene am no-acetic ester of
Formul a V. avs preferabéspiearri ed out using sodisigupet hoxi de asw:he

al koxi de bagerapdsmet hyl i odi de as ffe el ectrophilic alkyl gr anckr,

nucl eophi | €QVi NGLGEGHi Peagerd OW t Heel E . CPenme H, in ,
the Lewi s Wase”used Fit he acyl at i ctioh Eﬁ"ﬁ? eferably a
st eri cal | ¥2hjnderedmerar—antde™basg, nor Glee
Lithiumdiisgpropyl?2 Qw@esﬂaﬁﬁwsodisum"'bl S-tri am de,
QI?:O EP y concentrate solution ‘{rg&e y(;- vin kco -
z 3. Crystallize and CO,E 5. precipitate from b
recover by filtration isopropanol/heptane 79 % yield, 2 steps
5  Step2
OCH;
N CF3
OCH» S
N CF, 1.THF P
N 2. Cool / NaHMDS
T N
3 (HsC) c-o"ﬁ)Lo)LC(CH ) M ==
33 33 (HChal~ gy CO,Et
Hacs N o= R
o,
VIlIa COuEt 16 ©O-C(CH3); 19  C(CHah
Step 3
Step 3a OMe Step 3b
N -CFs
N 1. K;CO4/ACN
1. LiOH/THF N . Pivalel )
2 Water/MeOH o O N . Pivalyl Chloride

19 B > X
3. Acidify }k H F
4. Ethyl Acetate Bu—O HN -~ 4 OH
5. Concentrate/ +O/ 3. F
Distili to dryness X1 2 NH
2

2
10 4. Precipitate

16
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I n some enbodi nents of the present invention, illustrated in Step 3
of SchemeWVPRIRE3ui nol i n- 5-yl - oxazol i ne-acetic acid e393ﬂ$€@ﬁﬁgﬂﬁﬂ
of Formula IV is treated with a hydroxi de 15base, for exanple, LiOH,
to convert the -C(0)0OR2a ester functionality pendent on the oxazoline
4-carbon to the correspondi ng acid, yielding compound (18), thus
providing a reactive (acid) functional group which can be further
derivatized. Derivatization of the acid functional group is
exenplified in Step 3 also, for exanple, am dation using 2,4

di f | uor obgpgy anm ne. 20l n sone enbodi nents using an anhydride

acyl ation reagent,ohhe acyl ation reagent is prepaged fromthe
correspondi ng sal t AQf Qe .acid, thus providing a RQr en tahl e

react ant. Accordi shown i nrSchere. Hda, t '
prepared by treat heaci d reactant -with an &g ps
ammoni um sal t conphlex. Preferabl y>ff#@h8ni ne used ['s a secondary

ani ne, rmore pref & ably it_is.di cyaineRexsl am ne. (SCFIA). Subsequent
treatnment of e 0 2012§§r|gmc%ylyszoo7/o 7796 conplex with an
aci d chl of'de pMoyi dfs "t hefapksydride." Th sone e LMen S tThe

Lur t

anhydri de acyl-pti'ng reageﬁt thus forned can e Nt eaf] Wt h
an al cohol, for exanp¥e, 4- nitrophenol, to pnﬁﬁideQan aot’i vat el
ester acylating reagent. Scheme Ha ----iL O Acylmxag substrate n

sone preferred enbodi nents, |, (cyclohexyl), the substrate is the
moi ety 10 of1“§8w&°§§“ﬁﬁ8°§@?&%%ﬁbﬁ’t ¢b rl_%» @ tt-'%a&e{bﬂn%?@ﬁwh? Ffiggtion
t hes acimixelit @bhEminSLA¥RbY s Rdabetiiad@ tolBéMbd BhipefaffB 8¢ tro¥Abbur 80 °C to
anhydri de acyl ating reaqent of Formula Illal and an ester acylating

I

r eagent38Rt Horiift STHPHIIE FeaRtiens 4B) incHerst Hefreraferred to agjof thepsgaction mixture

appr eCitgbeEmpaaturO@bNEbmPARANSD 5C ¢8R 66781 18 %8 Y olf HEYuBnywiR ekt ()

al cohol selected fromthose conprising 4 carbon”atons or less,

opt i ondt Isyprafered fa eaneantipte theaieaetianonixiire tiel r yeiumee off dhops20%Brof dhe imitidl

or ben [ ' : | | o

O PR Ry SRl it R0 BreRipidBR e BhAALL &' B RE'oR ol BT 0 °C
10 to about 5 °C In some embodiments of Scheme Il in Step 1b: (a) it is preferred to initially

cool the reaction mixture to a temperature of from about 0 °C to about -10 °C and add the
ethanolic solution of metal alkoxide, preferably sodium ethoxide, over a period of at least
about 15 minutes; (b) it is preferred to cool the reaction mixture to a temperature of from
about -10 °C to about -20 °C prior to adding R-X, and it is preferred to use Me-I as the R-X

15 reagent added over a 15 minute period; (c) after addition of R-X it is preferred to warm the
reaction mixture to a temperature of from about -5 °C to about +5 °C over a period of about
2.5 hours; (d) it is preferred to quench the reaction with a 3 wt% aqueous solution of K,COs;
and/or (e) it is preferred to extract the reaction mixture with a mixed solvent comprising
ethylacetate and heptane and to precipitate the product from heptane. '

20 In some embodiments of Scheme III in Step 2 it is preferred to cool the reaction
mixture to a temperature of from about -60 °C to about -70 °C prior to adding the sodium
amide. In some embodiments of Scheme IIl in Step 2 it is preferred to use at least about 2
equivalents of amide based on the amount of the compound of Formula VIII present in the
reaction mixture. In some embodiments of Scheme Il in Step 2 it is preferred to use a total of

25 about 1.2 equivalents of the acylating reagent. In some embodiments of Scheme Il in Step 2

it is preferred to add sequentially the base and then the acylating reagent, each in aliquots of
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In some preferred enbodi ments, Synthesis Schene Il is carried out as
shown i n WO3MHRESFs Scheme 111. 28 WO 2008/ 021235PCT/ BEHESHNTHI177%6
Schene 11 Step 1 ONH3. Cool / X1146H3CS CO2Et2. Quench with

Et OFUSNHVI | | CCQBEt concentrate solution4. Quench with K3PO4 5Step 2
Step 3 15

from about 0.2 equivalents to about 0.3 equivalents based upon the amount of the compound
of Formula VIII present in the reaction mixture.
In some embodiments of Scheme IIT in Step 3a: (a) it is preferred to use at least about
2 equivalents of LiOH based on the starting amount of the compound of Formula XII; (b) it is
5 preferred to combine the reactants at ice bath temperature and carry out the de-esterification
reaction at room temperature; (c) at the end of the reaction period it is preferred to acidify the
reaction mixture to a pH of about pH=3 by titrating it with HCI; (c) it is preferred to extract
the acid product from the reaction mixture with ethylacetate; and/or (g) it is preferred to dry
the extracted reaction mixture by distillation after mixing in THF until the reaction mixture
10 indicates a water content of less than about 0.05% by Karl Fischer titration. In some
embodiments of Scheme III in Step 3b: (a) it is preferred to neutralize the acid product with at
least 1.5 equivalents of K;COs and to maintain the reaction mixture at a temperature of about
15 °C; (b) it is preferred to convert the salt to an acid anhydride by treating the salt with at
- least about 1 equivlaent of an acid chloride, preferably trimethylacetyl chloride; (¢) it is
15 preferred to react the acid anhydride with about 1 equivalent of an amine, preferably a primary
amine, more preferably 2,4-difluorobenzylamine; and/or (d) it is preferred to precipitate the
“amidized product by adding water to the reaction mixture.
In some embodiments of Scheme HI in Step 3b: (a) it is preferred to cool the reaction
mixture to a temperature of from about 10 °C to about 0 °C prior t adding trifluoroacetic acid
20 to remove protecting groups and after the addition to warm the reaction mixture to ambient
temperature (about 20 °C to about 25 °C); (b) it is preferred to 4 equivalents of trifluoroacetic
acid, concentrate the reaction mixture after a reaction period, preferably 12 hours, and add 2
additional equivalents of trifluoroacetic acid; (c) it is preferred to neutralize the reaction
mixture by titrating into it an aqueous potassium carbonate solution; and/or (d) at the
25 neutralization end-point, it is preferred to precipitate the product by adding water to the

reaction mixture and cooling the mixture.

Another aspect of the present invention is a process for preparing a compound of
Formula IXab in accordance with Scheme a2
30
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29 WD 2008/ 021235PCT/ 11820071017796 Step 4 In sone enbodi nents of
Schene | 1WOi2A0882¢3351 a: (a) it is preferred to heat the PEEMSRWAN017796
5m xture containing Lawesson's Reagent and toluene to a tenperature
of fromabout 80 Cto about 90 Cto carry out the reaction; (b) in
Step 1 it is preferred to cool the reaction mxture to a tenperature
of fromabout 40 C to about 60 Cto carry out the quench with
ethanol; (c) it is preferred to concentrate the reaction mxture to a
vol une of about 20% of the initial volune; and/or (d) it is preferred
to precipitate the product at a tenperature of fromabout 0 C 10 to
about 5 C In sone enbodinents of Scheme Il in Step Ib: (a) it is
preferred to initially cool the reaction mxture to a tenperature of
fromabout 0 Cto about -10 C and adgckeﬂwgth nolic solution of netal
al koxi de, preferably sodi um et hoxi dej dageriod of at |east about
155m nutes; (b) it is preferred to cool the reaction mxture to a
tenmperature of frogabout -10 C to about,;20 C prior to adding R-X,
and it is preferr ; e Me-| as the R 4 1B8reagent added ewer a 15

m nute period; (c riagdistion of RN is preferred t Fsprthe
a tenperatureg- of from about—5—Cc—+0 ab C

reaction m xture t atT

over a period obcy t 23 poups A d),, i E_1s pref ermedetio que h the
reaction with a 3 w'%aqueouss sol utsby of ~€08; and/ or ﬁie/)\ziﬁ&i s
preferred to extract tHe reaction mxture with a ni xedes0OEvent™ cos
conprising ethyl agmt ate and heptane angk-&@ precipitate thé product
from heptane. 20l n sone enbodi nents of Schene ifi in Step ZZ¢dd | s
preferred to cool the reaction mxture to a tenperature of from about
-60 Cto about -70 C prior to adding the sodiumam de. In sone

enbodi ments of Schene IIl in Step 2 it is preferred to use at | east
about 2 equival ents of am de based o§r¢Nhe anount of the co und of

Formula VIII present in the reactio Gre. I'n some enbod § of
Schenme |11 in Stepsgeepemy.s preferre usi:; total of 25 1%
equi val ent s =u#e t i gensyl n 50 e enbodi ments af S

IIIinStepZitz’isfmf\ﬁﬂe t o _Hddé%e taFby—the hasg=andrThen
t he acylatingrea&;ﬁe hin%i’fiéuo Sseg WO QWQ

2008/ 021235PCT/ USZ007/ 017796 *f rom apgut 0.2 equi val ents tg &bout 0.3
equi val ents based upon the anmount of the conpound of For MR Vi |
pri@sent in tthe preceds armptigihgr e. I n some enbodi nents of Schene

111 in Step,3@a. (a). it is preferr to yse at | east about 2

equi val ents(af‘p[q(“@—?‘gégﬁémgjﬁg 'ﬁ%ozggfmf"ﬁ’gﬁéﬁmunt of the conpound of

Formul a Xl | (b} Ractingi the conMs @ikl dedet RoreNR VIRa ity 41 afdafithétadbindigs
e-esterification reaction at room

bat h tenper at uge and Eé_r @Vy oqlﬁ. t he g . ] ]
tenperature; (EFSSPEIRIABNSSHuTHIstERENdHermiea (NaHMDE).cnd reasting
acidify the reffHtippBdildtWith the AnRydHdeobrodRid inkbted “BY td pidvadd Bk i t
with HC1l; (c) it is preferred to extract the acid product fromthe
rd&ction mi xt uFEMRCHRYA AR 1A%est®Rd/ or (e) it is preferred to dry

the extract qg) E8AGAR the XbHbUMY & IdrhiliIatARR st @ thBiadid 8t FBrmtifa
until the reaction m Xture
la2-acid by treatment with aqueous base;

(d) reacting the compound of Formula la2-acid with the amino salt compound
of the Formula Ib2a to form the compound of Formula lc2a; and
20 (e) deprotecting the compound of Formula Ic2a to form the compound of
Formula IXab.

In some embodiments it is preferred to carry out the provision of the anhydride of
Formula Ibla in step “a” by a process comprising reacting the compound of Formula Ib1b (N-
25 Boc-L-alanine),
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10i ndi cates a water content of |ess than about 0.05% by Karl Fischer
titrati orWORMSHAHES enbodi ments of Scheme |11 in Step 3bPCT/EP2607/017396
preferred to neutralize the acid product with at least 1.5
equi val ents of K2CO3 and to maintain the reaction mxture at a
tenperature of about 15 C, (b) it is preferred to convert the salt to
an acid anhydride by treating the salt with at |east about 1
equi vl aent of an acid chloride, preferably trimethylacetyl chloride;
(c) it is 15preferred to react the acid anhydride with about 1

equi val ent of an am ne, gprefeerably a primary am ne, nore preferably
2, 4-di fl uorobenzyl a %L/QEH (d) it is preferred to precipitate
the am di zed prod@ct hky addi nfg>water to the reaction m xture.

I n some enbodi nents of2 Schene |11 in Boepuldbbla) it is preferred to
cool the reaction mxture to a tenperature of fromabout 10 Cto
about O Cprior t adding trifluoroacetic acid 20to renove protecting
gr oups vétitkridbdiieyladetylciidel it iDMmetppesencddi dieydiGagliaaiindll Xt ure to ambi ent
tenperature (abbut 20 C to about 25 C); (b) it is preferred to 4

equi val ents of trifluoroacetic acid, concentrate the reaction m xture

after a reaghisefe RRIYoAANen¥ smeame)an%@phﬁegss ste§n9 ﬁfiqn?edacﬁm bl ipPRA g the

equi valents of trifluoroacetic acid; (c) preferred to
neut r alcPR@orpol BormulapInlying r&ﬁ“élqsymmwrpa@cim arh@ieﬁth oban allplbpgtel amide

POt asSiyde HAMPARARE whRIHAE 1Q8 tha@mﬂ@é&khd@)rea?& \Jl&eml?@ﬂﬁé‘b%ﬁbb éf(r%rmula

end- p0|nt it is preferred to Itate the I ng wat er
to the Pba&smnlhﬁnxd@ﬂ@eqwaal@obamwtpﬁ&erﬁrmmm@e cornpoundmapmmaa[bpemnd

ofyg he Bi5P tadbifRbanYr! gﬂﬁndé ﬁovlmgrﬁa%@ﬁam O, nggea@gg}ﬂlaﬂy%ﬁfm%n&n%omd of

For mul a Xa in accor
2008/ 0 Fvp3sRAal U827 18Act7d 6InSCrHEMMbaRmEaR -cd thedinvdmRe aeowtss it is preferred to

add the required amount of amide in 10 separate aliquots.
In some embodiments of the inventive process it is preferred to provide the compound
of Formula Ib2a by deprotecting the t-BOC-N protected precursor of Formula Ib2a1l
15 provided by reacting the compound of Formula Ib2al with gaseous HCI in the presence of N-

t- BOC\ j : \\\\N

Et0,C Formula Ib2al

methylpyrolidine (NMP) and ethylacetate.

20 Other aspects and advantages of the present invention will become apparent from

following Detailed Description.

25
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1b2al ca2 10t he process conprising: (a) providing the anhydri de of
For mul a I‘BP§903(“E}23?eact ing the conpound of the Fornul a YTUA2MAH¥n
al kali nmetal am de base, preferably sodiumbis(trinmethylsilyl)amde
(NaHVMDS), and reacting that product with the
anhydride provided in Step "a" to provide the 15conpound of Formul a
la2-ester; (c) converting the conmpound of Formula la2-ester to the
acid of Fornula la2-acid by treatnment with eous_ base; (d) reacting
t he conmpound of Fornul a 1&%tailedibe ptionofihe tnventio conmpound of the
Formul a 1b2a to formthe conpound of Formula Ic2a; and 20(e)
deprotecting the conpound of Fornula Ic2a to formthe conpound of

For mul a | Xabs mentioned aboy¢, agd desceippd én ther0@9 pebljogtipp.cfospoands of Faamuia I
out th K=Y . i : B S | "a" by a
A A
(NZEBoc- L-al ani ne), 32 WD 2008/ 021235PCT/ US2007/ 017796 Formula Iblb
with trimethylacetylchloride in thgipresence of dicyclohexylamne. 5
In sonme enbodi nents of the inventi\)ga s, step "b" is carried out
by pl aci ng the conmpound of Fornu&aﬁT I E:_ggction m xture, adding
an aliquot of an alkali netal aﬂlaégb i g_An amount which is |ess
than required to react with all of Qbund of Fornul a | al
present, then add an equival ent amdunt of tH& anhydride conmpound of

Formula I bla, and Ta o Xn
\ —
H“/ R

X

Rsu RGb
t Formula I

wherein:
XisQorS

R!is H, alkyl, cycloalkyl, cycloalkyl(C,-Cg)alkyl-, -CH,F, -CHY, -CF;, -C(Q)alkyl

10 or-C(O)NR"R';

R? is ~OR® or -N(R(R®), wherein R? is linear, branched, or cyclic alkyl or
substituted linear, branched, or cyclic alkyl, and R’ and R? are defined herein below;

R? and R? are independently selected from the group consisting of H, alkyl,
hydroxyalkyl and —-C(O)Oalky};

15 R** and R®® are independently selected from the group consisting of H, alkyl,
hydroxyalkyl, alkoxyalkyl, mercaptoalkyl, -CH,F, -CHF,, -CF;, -C(O)OH, -C(Q)Qalky} and
~C(O)NR*R*;

tislor?2;

R’ is H, alkyl, alkenyl, hydroxyalkyl, cycloalkyl, alkoxyalkyl, aminoalkyl,

20  (R"-phenybalkyl or -CH,-C(0)-O-alkyl:

R¥isH, alkyl, alkenyl, alkoxy, alkoxyalkyl, hydroxyalkyl, dihydroxyalkyl,
alkyl-NR'®R", cyanoalkyl, R®-heteroary!, R¥-heteroarylalkyl,
(R**-heterocycloalkyl)alkyl, R'-phenyl, (R'"-phenyDalkyl, R'"-naphthyl,
(R"-naphthybalkyl, R"-benzyloxy, -alkyl-C(O)-NR"*R"°, -alkyl-C(O)-N(R*%-(R?*-

25 heteroaryl), -alkyl-C(0)-N(R*®)-(cycloalkyl), -alkyl-C(O)-(R** heterocycloalkyl);
-alkyl-N(R*®)-C(O)Qalkyi, -alkyl-N(R?%)-C(O)-NR'®R"?, -alkyl-N(R>%)-C(O)alkyl,
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10 repeat_the addition of am de followed by anhydride unti
subst ant i PIH8421233f t he conpound of Fornula lal has begﬁT"Pézafl??”@H7?%

sone enbodi nents of the inventive process it is preferred to add the
requi red anmount of amide in 10 separate aliquots. In somne
enbodi ments of the inventive process it is preferred to provide the
conpound of Formul a | b2a by deprotecting the t-BOC-N protected
precur sor 2al 15provided.by reacting the conpound of

f
For mul aalkblgﬁif{v@ﬁﬁoyéﬂ,%eglkmrawlt% @r(é@ér{ge -efcloadkyidt hyl pyrol i di ne

(NVP)  apdyeNngi° Q?@?—tﬁ” pHeAYHWak 1 BRR 1) EORLRE haskaRris and
advant ages o ]to) resent inyention wi 'l becone aRlp Eeﬂt from
f ol | owi-#ig YRR be%iqrqgtcﬁonhetzwaae) -3pkyl-NH-S0,-NR

P L e SRS Syflolde pagshion,
of 5For melkal-D-®aShetefcangdl -y bNGR MO cidleflUR* dmtﬂp@mﬂql hebilyy drgx RIDE | V
| nhi bi Qbseih@R %S/tﬂlqﬁenz%xy, i‘ilhR%roxya}kyi substituted by R'”-phenyl, alkoxyalkyl
substituted by R'"-phenyl, (R'7-phenyl)alkyl substituted by ~CO,alkyl,
(R”-phenyl)alkyl substituted by ~C(O)NH,, alky! substituted by (R23—heteroaryl) and
~C(O)NRR™, ’2-cycloaikyl (Rm-cycloalkyl)alkyl,

s

3 v
N — Q29
P, . alkyl-0,C O CH3 —aikyl—(\

O
< /N R30 N,HSD é-(CH2)n P N-R29 § O-alkyt g NH-alky!
g-alkyl'-I\.l»"r:l iCHz
S ,-k 7N
o NS =hR*® ¢ o od o

or R” and R® and the nitrogen to which they are attached together form a ring system

15 selected from the group consisting of

_/R35
N\ /4
/AR g N\— _/N“ g N/\t 27% N\/ /p N g_ND{;,NH
g N\_/ \R15 , i , R34 RSS/_ , O ,
HN g—N C o)
/
DS/ B35 G | R35/\{\ I,g_"ND<Oj
CH ~n28
S T

35




Formula I _wherein: Xis 0 or 121 is H, alz
cycl oal kyVO 208302 af kyl (C1- ¢4) al kyl -, - CH2F, -CHF2, -CF3P Tf@@%?ﬁaﬁwré

10or -C(0)NR18R19; R2 is -OR28 or -N(127)(R8), wherein R24 is
| i near, branched, or cyclic alkyl or substituted linear, branched, or
cyclic alkyl, and R7 and R8 are defined herein bel ow, 123 and

R4 are independently selected fromthe group consisting of H alkyl,
hydr oxyal kyl and -C(0)Oal kyl ; 1512 and R6 arﬁ'—) | ndependent |y
sel ected fromthe group consisti H, aI hydroxyal kyl

al koxyal k |, CHF2 ) '3) 0al kyl
and - Cgo) 1?2 ﬁ@( |E£%1 OIN-Z3 %QH‘@_{

al kenyb, dr #xyal kyI cycﬁaal kyl , mok%agyal kyl , am noal

20(R17- phenyl)al Eé or -CH2-C(0)- 0-al k R8 is H, alﬁy1

al kenyl , al ko P koxy Lo hyéy_!gx aI k di h¥ roxyal kyl ,

al kyl - _— het\ef oar y%-,— 3- oaryl al kyI

(1236- ket ey® k1) RLFhenyl CH3

(R'-ph TIYN al

, 121 70F8pht hyI (R17- 11 &ht hyeal kyl —R&l_)_tl)éhza/l oxy,
-al kyl - ( 18R19, -al k§Prake 0) - N( e) - (R2®-a®8het er oar
- al kyI N( R30) (cycl oal kyl), -al kyl-C(0)4e' het erocycl oal kyl k
- al kyl EZQ&S@ |, -al kyl-N(12.38)-C(0)-NR 8R19,
| k I

_al kyl ¢ 2008/ 021235PCT/ US2007/ 017796
_al kyl - N(R395‘l (0) - ( yl)
_al kyl - N R3B9R¥'C( 0) -of 9 cyetoalkyl ),

-al kyl - N(R3 18@8)1 (1217- phenyl),
-al kyl - N(R3 (R23- heteroaryl),
al Ryl - N( R39)z-i€00r-lal kyl ene- (R23 heteroaryl), -al kyl-NRS02-NR ' 8R19,

?l'ilkilyl N( R39) Iilé]‘lj:gtﬁedglr}e)r%px)csents an o t:onai dom(iple ‘3 c?’ heteroaryl),
R’is H, halo, alkyl, cycloalkyl, -CH;F, -CHF; or CFj3;
R, R", and R" are independently selected from the group consisting of H and halo;
R' is 1-3 substituents independently selected from the group consisting of H, alkyl,

10 hydroxy, alkoxy, hydroxyalkyl, alkoxyalkyl, <C(O)Qalkyl, (CHz)n-N(R3¥%-C(O)-cycloalkyl,

~(CHp)w-N(R*)-C(O)alkyl, -(CHy)a-N(R>*®-C(0)Oalkyl, -(CHz)a-N(R*%)-
(R*heteroaryl), -(CHa),-NR?*%)-C(0)-NR *R'? and -(CH,),-C(O)-NR 3R "*:

R'*is 1 or 2 substituents independently selected from the group consisting of H, OH,
halo, alkyl, alkoxy, hydroxyalkyl, alkoxyatkyl, -CFs, CN, R"-phenyl,

15 (R"-phenylalkyl, -NR"*R'®, alkyl-NR'*R"?, -(CH,),-C(O)OH, -(CH,),-C(0)Oalkyl,
-(CH2)»-C(O)alkyl, -(CH2)p-C(O)(R*-phenyl), -(CHy)p-C(O)R®-heteroaryl),
~(CH,)p-C(OINR ¥R, -(CH,),-C(OIN(R*)-(CH,)o-(R2-heteroaryl),
-(CHR)p-N(R*)-C(O)alkyl, -(CHy),-N(R>%-C(O)-(fluoroalkyl), -(CH,)a-N(R?*)-C(O)-
(cycloalkyl), -(CHa)a-N(R**)-C(O)(R**-phenyl), -(CH2)a-NR**)-C(O)R?*-heteroaryl),

20 -(CH)o-NRC(ONRR', -(CH,),-N(R>®)-C(0)Oalkyl, (CHy)a-N(R*®cycloalkyl,
~(CHR)o-N(R™)R'"-phenyl), -(CH,)o-N(R**)(R*-heteroaryl), (CHy)y-N(R #)SOzalkyl,
~(CHy)o-N(R*)SO,-(R'"-phenyl), -(CH2)-N(R>)S0,-CFs, -CH,S(0)o.2(R**-phenyl),
~(CH)a-OC(O)N(R*)alkyl, R*-heteroaryl, (R*-heteroaryl)alkyl, (R™-heteroaryl)oxy, (R%-
heteroaryl)amino, -CH(OH)-(R'’-pheny!), -CH(OH)-(R**-heteroaryl),

25  -C(=NOR*)-(R'-phenyl), -C(=NOR>?"-(R?*-heteroaryl), morpholinyl, thiomorpholinyl,
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5 -al kyl -0- (R23- heteroaryl), -alkyl-N(1239)-S02-al kyl,

1248- hy dr¥Qya831235 di hydr oxyal kyl substituted by RI7- beﬁ€§4U§%%97/017796
di hydroxyal kyl substituted by R17-phenyl, al koxyal kyl substituted by
R 7-phenyl, (R 7-phenypal kyl substituted by -0Q2al kyl,

(1217- phenyHal kyl substituted by -C(0)NH2, al kyl substituted by
(R23-heteroaryl) and -C(0)NR37R38, R 2-cycl oal kyl,

(R17-cycl oal kyl ) al kyl or R7 and R8 and the nitrggen to
whi ch they are attached together forma ring system 15sel ecte om
the groug %I ng of 35 WO 2008/ 021235PCT/U 007/ 0177 is O
or 1; 5qu|s \of 1 the dotted |ine represent ti onals dould, e

bond:; al kyl cl pal kyl, - E&HRF, r, —OHF2 NoTR'Br3—N™ N
R1, Rl :j e(on\eNende g-y(csﬁjnemt ed érom group copsgting
of Han anN12|313 uents i enderq | el ected frqQ

the gr ouqéwcpnsvetl ng of & al kyl, 10hyayoxy, al ko ?df oxya ~R22,
al koxyal kyl, -C(0)0a I -(CH2) 0- N(R30) - C(0) - cycl oal kyl
(CH2) "-N(R3Q) - C(0) aI (CH2 "-N(R30) - C(0) Oal kyl , (CH2) n- N( R3) -
(R23- heterogryl), n N( C(O) _NRI8RI 9 and

-(CH2) & NR15R19 r 2 substituents independently
sel ect gd— gNouchpnsN st |N1 f/ H @-I hakes, al kyl, al koxy,
hydroxyal al kox NI’ (RL enyI ) al kyl ,
-NR ' 8R19\: al - NIR! (\ICHZ C(O) g(-é»l aI

-(CH2) ™ kyl, - )n- R38- phe

-(CH2) - C(O)(R23 het er oary (CH2) " - C(O) NR18R19
-(CH2)"- C(O)N(RSO)-(CHZ);}@ het eroaryl), (CH2)"-N(R30)-C(0)al kyl,

-(CH2) ¢, N( C(0)-¢fl | kyl), -(CH2)n-N(R39)-C(0)- (cycloalkyl),
-(CH2). C(0) ( 3 yl), -(CH2)n-N(R30)-C(0) (R23-heteroaryl),
\H‘G or .
wisQorl;
5 or two R'* substituents and the carbon to which they are both attached form

~C(=NOR?®)- or —C(0)-;

each n is independently 0, 1, 2 or 3;

R¥is H, alkyl, cycloalkyl, (cycloalkyl)alkyl, hydroxyalkyl, alkoxyalkyi,
-C(0)Oalkyl, -C(O)O(R**-cycloalkyl), -alkyl-C(O)O-alkyl, -C(O)O-alkylene-

10 (R%-phenyD), R -phenyl, (R'"-phenyl)alkyl, -CH-(R'"-phenyl);, R¥-heteroaryl,
~(CH2),-C(O)NR'®R", -S0,-alkyl, -SO,-cycloalkyl, -SO;-CF3, -SO,-(R*-phenyl),
-SO,-NR'*R'®, -C(O)alkyl, -C(O)-(fluoroatkyl), -C(0)-C(CH3)(CFs)s, ~-C(O)-(R'"-phenyl), -
C(0)-(R*-heteroaryl), -C(O)-hydroxyalkyl, -C(O)-alkoxyalkyl,

-C(0)-(R* -cycloalkyl), -C(O)-alkylene-(R'’-phenyl), -C(O)-alkylene-(R%-heteroaryl),

15 -C(O)-alkylene-S-C(O)alkyl, -C(=S)-(R'’-phenyl), hydroxyaikyl substituted by
R'"-phenyl, hydroxyalkyl substituted by Rza-heteroaryl, alkoxyalkyl substituted by
R”-pheny!, alkoxyalkyl substituted by RB-hetcroaryl,

o R36 o R36
o
— N i AN . RN
;> é—cﬂ % NHJ S—(CHg)=C Nﬂj
O : N0, © \7z o z , whereinzis0,

lor2;
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20- (CH2) . féRBO) &0) NRI 8R19, - (CH2)-N(R30)-C(0)0al41,
- (CH2) n- N‘(’ dal kyl, -(CH2).-N(R39) (R17-phenyl), PCT/US2007/017796
- (CH2) n- N( R30) ( R23- het eroaryl), - (CH2) n- N( R18) S02al kyl
(CH2) "- N( R20) S02- (R17- phenyl ), -(CH2).-N(R3)S02-CF3,
-CH2S(0) 0. 2( R38- phenyl ), (CH2)n-0OC(0) N( R30) al kyl, R23-heteroaryl,
(R23- het eroaryl) al kyI (R23 het er oaryl ) oxy, (R23- heteroaryl)am no,
-CH(OH) - (RLZ5phenyl (R23- het eroaryl), o
25- O =NOR39R. (1Rl 70 W)lems a@mgslyemc%épm Basyaup, conpisbap Pl Hyalkyl,
t hi ono Vim"? 2 k _
e /r‘f‘@fﬁ%ﬁsﬁ?i@ﬁ%ﬁ%gﬁ&% R L e
R4 suB&P)Qalleyls er tvrR Irasounsrandithe carbpn thwhichyheyr ase bothtatiatheicioey —ﬁiﬂin;

R'7 represents 1 to 3 substituents replacing a hydrogen on a phenyl moiety, each of
5 which is independently selected from the group consisting of halo, alkyl, cycloalkyl, -OH,
hydroxyalkyl, alkoxy, -CN, -CF;, -OCF;, -OCHF,,
-OCH,F, -C(0)OH, -C(0)Oalkyl, -C(O)O-(R**-phenyl), -C(O)alkyl, -C(0)-R*-phenyl), -
SOalkyl, -SOalkyl, -SO,-CF;, alkylthio, -NR®R*, -alkyl-NR*R** and heteroaryl; or two
R'7 substituents on adjacent carbon atoms together form —C~CH2—O-,
10 -0-(CHz)2-O-, -(CH>)>-O- or -O-CH,-O-CH,-;
R and R" are independently selected from the group consisting of H, alkyl,
hydroxyalkyl, alkoxyalkyl, R'"-pheny! and (R'"-phenylalkyl;
R is H, alkyl, or cycloalky};
R? is 1 to 4 substituents independently selected from the group consisting of H, alkyl,
15 hydroxy, alkoxy, halo, -CF3;, -NH; and R35—phenyl;
R is 1 10 4 substituents independently selected from the group consisting of H, alkyl,
hydroxy, alkoxy, halo, -CF;, -NR"*R'®, -CN, -C(0)Oalky}, -NHSO,-alkyl and R**-phenyl;
R*is H, OH or alkoxy; or when the optional double bond is present, R** and the
adjacent carbon atom form the double bond;

20 R¥isHor R*-phenyl;

R? is 1 to 3 substituents independently selected from the group consisting of H, halo,
OH, alkyl, alkoxy, hydroxyalkyl, alkoxyalkyl, -CFs, -CN, -C{O)OH,
-C(0)Oalkyi, -C(O)N(R*}(R®), -C(0)~(R**hetercycloalkyl), R'7-phenyl, (R -phenyl)-alkyl,
25 R”-hetcroaryl, (R”-heteroaryl)alky), (R23~heteroaryl)oxy, (R23—heteroary1)arrlino
NR'R", NR"®R"-alkyl, (CHy)\-N(R**)-C(O)alkyl, -(CHy)a-N(R*®)-C(0)-(fluoroalkyl),
-(CH2)o-N(R%)-C(O)alkox yalkyl, -(CH,),-N(R*%)-C(O)cycloalkyl), -(CHy)a-N(R*)-(RZ-
heteroaryl), -(CHz)a-N(R*%)-C(O)-(R**-heteroaryl), (CHy)p-N(R*)-C(0)0-alkyl,
-(CH3)p-N(R*)-C(O)O-(CF;-alkyl), (CHz),-NR>)-C(0)0-(R*cycloalkyl),
80  -(CH)n-N(R?*)-C(O)O-alkylene-cycloalkyl, ~(CH,)u-N(R*®)-C(O)-NR)R,
~-(CH2)»-N(R*®)-SOz-alkyl, -(CH2)a-N(R>%)-80,-CFs, ~(CHz)p-N(R*)-SO,-N(R>%), and

§~(CH2)n-N®;
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‘)v 0)-; each n is independently O, 1, 2 or 3;
R15 is H, 9|2R%ﬁ(021 cl oal kyl, (cycloal kyl)al kyl, hydroxyaﬁwrmﬂ?fom%
al koxyal kyl, -C(0)Oal kyl C(O) 0(R39- cycl oal kyI ), -al kyl-C(0)O0-al kyl,
-C(0)0-al kyI ene- 10( 1235. phenyl ), R17-phenyl, (R17-phenyl)al kyl,
-CH (R17-phenyl) 2, R23-heteroaryl, 4CH2)-C(0)NRI9R19, -502-al kyl,
- S02- cycl oal kyl , -S02-CF3, -S02-(R35- phenyl) -802 NR191219,

-C(0) al kyl, 0 .fluoroal kyl), -C(0)- q}&u

-C(0) - (RL7- p}ﬁéwwl% groups gyd {fﬁzsrh?@ttewﬁwytfw ared( apyehed f9mt ky |

0) OXVAL3 (R39- cycl oal kyl ),
g((O) ZIUIE Ienzgk)zllgi??%ﬁlfell)g C(0) - al kyl ene- ( R23- heteroaryl),

15- C( 0) - aI ki em%HSBIQOFa%/RQHZyl orCels)-Q(RYP-abkdny| ), hydr oxyal kyl
%gshlet g; ggrlié/nlﬁ7 ﬂi&éxyg%&oql@(lbs )gh{%ld_(%b?%f% lﬁ%?gh CR ko&henWyl
subSst | +G{@ERY-HeRBedrgherSehralkyl, SO 0RIE pheAR TGODRER *0R piepki n 2
's 0, (Rgs-;%enyl)alky] §r7R23—heteroaryl;
R*? is independently selected from the group consisting of H, alkyl and
R¥-benzyl;
R isH, alkyl, R35—benzy] or phenoxyalkyl;
10 R* is H, OH or alkoxy;
3 is H, alkyl, hydroxyalkyl, alkoxyalkyl or -C(O)Oalkyl;
R* is 1 to 3 substituents independently selected from the group consisting of H, halo,
alkyl, OH, -CF; and alkoxy;
R is 1 or 2 substituents independently selected from the group consisting of H, alkyl,
15 R"-phenyl, alkoxyalkyl and -C(O)QOalkyl; or two R*® groups and the carbon to which they
are both attached form —~C(=NOR>*%- or —-C(0)-;
R*” and R*® are independently selected from the group consisting of H and alkyl, or
R* and R*® together are ~(CHz)s- or-(CH2)4—, and together with the nitrogen to which they
are attached, form a ring;
20 R* is H, OH, alkyl, alkoxy, or CFs;
R* is —~OR* or -NHC(O)alkyl;
R* is H or —SOsalkyl;
*? is «(CHy)a-(R*-phenyl), ~(CHz)a-(R?-heteroaryl), -C(O)Qalkyl or
—C(O)alkyl;
25 R* and R* are independently selected from the group consisting of H and alkyl; and
R* is 1 or 2 substjtuents independently selected from the group consisting of halo,
alkoxyalkyl, -COsalkyl, R"-phenyl, st—heteroaryl and cycloalkyl.
. One preferred example of a compound of Formula I, which is known to have PDE-IV
inhibition properties is the compound of Formula IXaa wherein, with reference to the
30 compound of Formula I, “t” is I, X is O, each of R*, R®, and R® are H, R% is hydroxy, and R?

1s 2,4 difluorobenzylamide.
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WD 2008/ 021235PCT/ US2007/ 017796 R16 is ito 4 substituents
i ndependefP20084R1%¢&t ed from the group consisting of H, BFkYF2007/017796
R17- phenyl, (R17-phenyl)al kyl, (R23-heteroaryDal kyl, hydroxyal kyl,
al koxyal kyl and - C(0)Oal kyl, or two R16 groups and the carbon to
whi ch they are both attached form-C(0)-; R 7 represents 1 to 3
substituents replacing a hydrogen on a phenyl noiety, each of 5which
is independently selected fromtfe group consisting of halo, alkyl,
cycl oal kyl, -OH hydroxyal kyl, akox &N, -CF3, -0CF3, - OCHF2,
- OCH2F, -C(0)0H, -C(0)o0alkyl, R35- phenyl), -C(0)al kyl,
-C(0) - (R35-phenyl), - SCBIkyI BrRalkyl , -S02-CF3, al kylthio,
-NR43R44, -al kyl-NR43R44 and heteroaryl or two R17 substituents on
adj acent carbon atomns toget her Jm - 0- CH- 0-, 10-0-(CH2)2-0-,

-(CH2) 2- 0- or -0-CH2-0-CH2- R18 and R19 are |ndependently
selected fromthe group constéirﬁéag%y , _hydroxyal kyl,
al koxyal kyl , R17-phenyl and™{R17-p ; R2 is H, aIkyI or
cycl oal kyl ; R224d’s 1 To 4 sub tlfuéhhﬁuhﬂﬁe@endently

e e ey MR R e s A SRR pounc

i ndepe ra.d EBﬁhMa sahewetpg the eaanbb@l@émmmmaat inndtcfdalite Rtk Beheme IV
hydrox& al koxy, halo, -CF3, -NRL8R19, - cgo Oal kyl, - NHS02- aIkyI

and R35lRe nVre process of pae/presentmveplien msfh@ém 7S AHEPTE TR RIBEG It for

dowbl e chaflel §1ﬁn§§ﬁgkmlu%rﬁ&ﬂa%§&pﬁ9hﬁ@ ﬁﬂhz;ﬁRg'ié%Q aggfemé Rugadid)@nd/or

doubl e bond; IS H or R35-pheny

subst i ﬂfgﬁﬁsallaﬁkrerﬁé&ﬁa%tangifog er%ﬂeé@ sryrltmfr@ Reocgisovbich dnsiosy amenable 1,
hal o, i izal % f
"80] 0%’51@ 2 (l%!a s lz@ slﬁ?ﬁﬁie fcg]- e %ié%)@}(a@f]n 5of @%%Qﬂéﬁlgjgntﬁ% eg; or% él;/%slgggwﬂl) c1is.
R17-phenyl, (R17- phenyl) aIkyI 25§2®£W@ﬂ¥?oaryl

(R23- hﬁ%ﬁ;ﬁ ryl)al kyl, (R23- heteroaryl)oxy, (RQS-heteroaryI)anino NR
'8R 9 8R19- al kyl , gCHZ)n N(R30) - C(0) al kyl ,

- (CH2) n- N(R@0) - ¢ 0) - ( f Fdloal k§r { - {.CH2) 0- NHRBO) C(qgalkoxyalkyl
-(CHR) . N%m N __)R(,cycl oal kyky- cﬁi)ﬁ., N( R30) - (R2 3 \0 oaryl),

- (CH2) - ¢ (CH2) n- N(R3 R30)w° Ryl
(CH2) O- N(Rf:ﬂ'\loJ 0) G"(CFB al kyl )aF[ g R
- (CH2) . - N( RS0) $'¢( 0) 0- ( R39- cycl 0g ), HaCs™ SN
10 CO,Et CO,E! A CO,Et
Step 2
RO
R'Q o \\ NS
" , 1 I
m_Jf\\\‘ N (CC-0 LG T AN
q R o _ -
. O-C(CHq)y - o) O_N
o H COzEt
CO,E {CHy)4 o)
B cicHy)y,

15
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30- (CH2) 0- N( R30) - C( 0) O- al kyl ene-cycl oal kyl

- (CHR) - N(RBa9SE2HP3 N( R30) (R20),  ( CH2) n- N( R30) - S02- al kyPCT/US2007/017796
- (CH2) - N(R30) - S02- CF3, -(CH2)"-N(R30)-S02-N(R30)2 and 0," 7-NH

PP (CH2)n-N1L A 38 WD 2008/ 021235PCT1US20071017796 or two R27
groups and the carbon to which they are both attached form - C(=NOR3) -
or R28 Kis H, alkyl, R35-benzyl or -alkyl-C(0)0-alkyl; R29
is alkyl, -C(0)0al kyl, -C(0)al kyl, -C(0)cycl oal kyl,

-C(0) - @‘&W%henyl ), 5-C(0)-(R23-heteroaryl), -S02-alkyl,

- S02- (R35- phenyl ') stepf 0) NRI8R4®y R35-phenyl, (R3Swphenyl)al kyl or
R23-heteroaryl; R3 is i ndependelpé cted fromthe group
consisting of H, alkyl and 5-lbenzyl ; dS H gtkyl, R35-benzyl or

phenoxyal kyl ; 10R33 is H, orlal ,',YRS4 is al kyl ,
hydroxyal kyl, al koxyal kyl or -F@£ Oal KyN;,, F ®. hs 1 to 3
n Nfrorﬁthe gr 6up cohsksting o H,

substituentsBi ndependent | v sel

hal o, al kyl,” OH, -CF3 an aﬁoH
Bu-O" HN-/ OH
Z o
-0

Step 4
5
R'Q, /'O
A g VA gl T
R i[\/ /) H R m// ’) R
RY & \ - RY \ 13
e I "
e S
Ao’ . F " HeNT NH/D
C HO/ +] £ F
Another example of a compound of Formula I, which is known to have PDE-IV inhibition
properties is the compound of Formula IXab,
10
OCH,
N\ CF,
EEU’ X
oSy %
w1
= o moc Formula IXab.
In accordance with the present invention, Scheme IV can be utilized to prepare the compound
of Formula IXab by employing in step 2 an acylating reagent having the structure
(8]
\HKLG
NH
o
15 O-C(CHy),

in place of the acylating reagent shown, and in step 3 an amine salt having the structure,
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R36 is 1 or 2 substituents independently selected fromthe group
consi st i NYOPIA21Zkyl , 15R17- phenyl, al koxyal kyl and - €CO)B2a00kP17790r
two R36 groups and the carbon to which they are both attached form
-C(=NOR30) - or R37 and R38 are independently selected fromthe
group consisting of Hand alkyl, or R37 and R38 together are -(CH2)3-
or-(CH2)4-, and together with the nitrogen to which they are _
attached, forma ring; 20R39 Is H OH alkyl, alkoxy, or CF3; R4 is
-OR3 or -NHC(0)al kyl : Rl sNHYr -S02al kyl: -42 Kis

-(CH2) R- (R35- phenyl ), (c ) g (R23- het eroaryl) -C(0) Oal kyl or
-C(0)al kyl; 25R43 and B ndependently selected fromthe group

consi sﬁﬂp@ceﬁfﬂﬂeaﬁﬂnagﬂmn_ and R45 is 1 or 2 substituents

i ndependent|ly selected fromthe group consisting of halo,

al koxyal kyl , -0Q2al kyl, R17-phenyl, R23-heteroaryl and cycl oal kyl .

. One phehRusIaRe RS RIdGnREmBdGRIRE HI rﬁgenmwa& h dre \é%_yrfsgd lafid hg&%‘mho
have PDE-1V inhibition properties is the conmpound o or mul

wheér ei Beloyy @%ﬂ&mﬁwtmosﬁwmmnd of Fornula I, "t" is 1, X

1 Cor it oh i e OGRS e e SR B9 ER f rr

there appears substrates having a quinolyl portion bearing methoxy and trifluoromethyi

substituents in accordance with the quinolyl fragment of Formula XJa:

OMe

/

10 Formula XIa
however, it will be appreciated that the synthesis schemes of the present invention illustrated
with such oxazoline-substituted quionlines can be carried out also using substrates having a
quinolyl portion bearing the various substituents (or a protected form or precursors thereof
occupying the appropriate position where reactivity would preclude the direct presence of

15 such a substituent) described above for the compounds of Formulae I and IV. With
reference to, for example, Synthesis Scheme III (above), it will be appreciated also that the
synthesis of some preferred compounds of Formula I, for example, a compounds of Formulae
IXaa amd IXab, shown herein, are prepared from substrates possessing substituents prone to
unwanted reaction under the conditions of the synthesis, for example, the hydroxy-amine

20 substituent on the oxazoline ring. Accordingly, it will be appreciated that the synthesis of
compounds utilizing substrates having certain sensitive substituents may require that the
sensitive substituents be protected with known protecting groups to preserve them and avoid
unwanted side reactions during various synthetic steps. It will be appreciated also that
providing a desired compound utilizing the synthesis steps of the present invention may

25 require additional steps to be carried out to arrive at the final desired product in which
reactive functional groups are derivatized. Examples of such additional steps include, but are
not limited to, reduction of a reducible functional group and the oxidation of an oxidizable

functional group. Examples include also derivitization of reactive functional groups to
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HOFFor mul a | Xaa } One aspect of the present invention is a novel
process WP 20B&2K38vi si on of conpounds of Formula I, inBEUESHY7PHES
conpound of Fornula | Xaa, in accordance with Schene |V bel ow. The
process of the present invention nethod provides an inproved
procedure, for 5exanple, elimnating colum chromat ography and
utilizing | ess aggressive reagents, and/or nore avail abl e reagents,
and/ or provides a synthetic process which is nore anenable to o
scal e- @pPMide ecrgpounds withahe desitsd sphgtitpens saehnds asn defcribedrinethe i’ @09 publication,

suant Sy SRR B eee 0, U0 L gy, e
-- \-0 St eprbreviations used herein both in the general schemes and in the examples and
throughout the specification, are as follows: Me (methyl); Bu (butyl); t-But (tertiary butyt);
S Et (ethyl); Ac (acetyl); t-Boc or t-BOC (#-butoxycarbonyl); DMF (dimethyl-formamide);
THEF (tetrahydrofuran); DIPEA (diisopropylethylamine); RT (room temperature, generally
25 °C); HOBt (hydroxybenzotriazole); TFA (trifluoroaceticacid); TEA (triethylamine);
KHMDS (potassium bis(trimethylsilyl)amide); TLC (thin layer chromatography); EDC (1-
(3-dimethylaminopropy!)-3-ethyl-carbodiimide hydrochloride); HIMPA
10 (hexamethylphosphoramide); DMPU (1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone);
TMEDA (N,N,N’ N’-tetramethyletheylenediamine); HATU (O-(7-azabenzotriazol-1-yl)-
N,N,N",N’-tetramethyl uranium hexafluoro-phosphate); NBS (N-bromosuccinimide); DCC
(1,3-dicyclohexylcarbodiirnide); DEC (1,2-diethylaminoethyl chloride hydrochloride);
TMSCN (trimethyisilylcyanide); CDI (carbonyldiimidazole); PyBOP (benzotriazol-1-
15 yloxytripyrrolidinophosphonium hexafluorophosphate).
As used herein the following terms, unless otherwise indicated, are understood to
have the following meanings:
The term “substituted”” means that one or more hydrogens on the designated atomn or
group of atoms in a structure is replaced with a selection from the indicated group, provided
20 that the designated atom’s normal valency under the existing circumstances is not exceeded,
anﬁ that the substitution resuits in a stable compound. Combinations of substituents and/or
variables are permissible only if such combinations result in stable compounds. By “stable
compound’ or “stable structure” is meant a compound that is sufficiently robust to survive
isolation to a useful degree of purity from a reaction mixture, and formulation into an
25  efficacious therapeutic agent.
"Patient” includes both humans and animals.
“Mammal” means humans and other inammalian animals,
"Alkyl" means an aliphatic hydrocarbon group which may be straight or branched and
compr‘i‘sin g about | to about 6 carbon atoms in the chain. Branched means that one or more
30 lower alkyl groups such as methyl, ethy! or propyl, are attached to a linear alkyl chain. Non-
limiting examples of suitable alkyl groups include methyl, ethyl, n-propyl, isopropyl, n-butyl,
t-butyl and n-pentyl.
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Anot her exanpl e of a conmpound of Fornula I, which is known to have
PDE- | V i nHPBPYBM3pr operties is the conpound of For nul aPFRAH2007/017796
Formula | Xab. I n accordance with the present invention, Schene |V
can be utilized to prepare the conmpound of Forrnula | Xab by enpl oyi ng
in step 2 an acyl ating reagent having the structure 0 411ALG NH O
0-C(CH,), in place of the acylating reagent shown, and in step 3 an
amne salt having the structure, 41 WO 2008/ 021235PCT/ 13S2007/ 017796
HCl HpArgra "Mkemyh‘b@c@ys anrpdiphati ydsgesarpon group containing at least one carbon-

carbon double bond and which may be straight or branched and comprising about 2 to about
6 carbon atoms in the chain. Branched means that one or more lower alkyl groups such as
methyl, ethyl or propyl, are attached to a linear alkenyl chain. Non-limiting examples of

5 suitable alkenyl groups include ethenyl, propenyl, n-butenyl, 3-methylbut-2-enyl and n-
pentenyl.

“Alkylene” means a difunctional group obtained by removal of a hydrogen atom
from an alkyl group that is defined above. Non-limiting examples of alkylene include
methylene (i.e., -CHj>-), ethylene (i.e., -CH,-CH>-) and branched chains such as -CH(CHs)-

10 CHs-.

"Aryl" means an aromatic monocyclic or multicyclic ring system comprising about 6
to about 14 carbon atoms, preferably about 6 to about 10 carbon atoms. The aryl group can be
optionally substituted with one or more "ring system substituents” which may be the same or
differenf, and are as defined herein. Non-limiting examples of suitable aryl groups include

15 phenyl and naphthyl.

“Heteroaryl” means a single ring, bicyclic or benzofused heterocaromatic group of 5 to
10 atoms comprised of 2 to 9 carbon atoms and I to 4 heteroatoms independently selected
from the group consisting of N, O and S, provided that the rings do not include adjacent
oxygen and/or sulfur atoms. N-oxides of the ring nitrogens are also included. Examples of

20 single-ring heteroaryl groups are pyridyl, oxazolyl, isoxazolyl, oxadiazolyl, furanyl, pyrrolyl,
thienyl, imidazolyl, pyrazolyl, tetrazolyl, thiazolyl, isothiazolyl, thiadiazolyl, pyrazinyl,

- pyrimidyl, pyridazinyl and triazolyl. Examples of bicyclic heteroaryl groups are naphthyridyl

(e.g., 1,5 or 1,7), imidazopyridyl, pyridopyrimidinyl and 7-azaindolyl. Examples of
benzofused heteroaryl groups are indolyl, quinolyl, isoquinolyl, phthalazinyl, benzothienyl

25 (i.e., thianaphthenyl), benzimidazolyl, benzofuranyl, benzoxazolyl, benzisoxazolyl,
benzothiazolyl and benzofurazanyl. All positional isomers are contemplated, e.g., 2-pyridyl,
3-pyridyl and 4-pyridyl. The term Rn-heteroaryl refers to such groups wherein substitutable
ring carbon atoms have a substituent as defined above. When the heteroaryl group is a
benzofused ring, the substituents can be attached to either or both the phenyl ring portion and

30 the heteroaromatic ring portion, and the heteroaryl group can be attached to the rest of the

molecule either through the phenyl ring portion or the heteroaromatic ring portion.
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The novel nethods and internediates of the present invention are
descri bedV@R8{021%33t r at ed 5bel ow usi ng various reacti onPSENEHEFOLAY
ternmns. In sone of the synthesis schenes herein illustrating
sone aspects of the invention there appears substrates having a

qui nolyl portion bearing nethoxy and trifluoronethyl substituents in
accordance wth the quinolyl fragnent of Fornula Xla: Owe

10Fornul a Xl a however, it will be appreciated that the synthesis .
schemes of t heClOREIE e HRMAHIF HGTOa PEBUNIGYRIG fiag system comprising

oxazol iaBguistidsdboht!{ ®hrfibh RIdHsNBRf&GaR yRE06ES fd £buPs barBbe Qtorsy. NMdn-limiting
substrates having a quinolyl portion bearing the various substituents

(or a SrePREs &fsYiabla Benprskacydpalkyléndude exciensypyigcycinpeappraoystohar,

posi ti AVAR O\ ATV W] B i.r.eGh [k . )
D Sauch 3 SURAf, FRARE K N B o WRatlE R PAESSPERI. ipclude 1
| arfd | decaling, horbefred cadaenanty] ahd thedideenVienocSyhit hiegs are gcdferned.| | |

(above), it.*&ﬁ&.be aepreci al so t hat e s Eesis of, sang

ed .al th yot
preferred conpounlaeéangf Ye5P It foéo’l I?roFl(?r Oﬁﬁ?gﬁﬁ%lfpsap@ Erﬁ?glfﬁ?j uge: Chloro or
For nul deorh&zamdanokelpeiorred hmudionnd ehloas.e prepared from substrates
possessing s tituents pron o ynwant ed reacti on under the
Condi 1 ons. of AEREKY[ prlia8 M s dRfel Bove ROCHPRSGE BRfefE drogen atoms
20substonttHe allkyDi3 réflecdRZOhIB@roup Ebfint @86 H; Nél partidularMlbdroPRy! refers to an
ap reczgéﬁd that the sgnthe3|s of _conpounds utilizing substrates

havi ng £hain sulsidnted ¥ 08g BE MOrei BHO @S equire that the sensitive

substi t uent s<ABRiINBARYLGHEShs Wk Ji BO VB IAILRGE WHaredh QUPEroktn RIOESEH HR alkyl
t hem and avoi d unwanted side reactions during various synthetic

st eps. 1§ fePiicel byan appreticat-BETA LWt hat provi di ng a desired conpound
utiI'i zi ng t hercEYBLREGHIRYIS hRRRs 2 hot AfortRSGRIrate B YEIE A i
addi tional steps to beE%arrie% out 10 érrivemgt%?ﬂétﬁ?ﬁgﬁ¥gé§§fg%rh%
pr oductsystamyiemetisingzaboiiy 3 td aloit i10 malg agprosipsefarablydaoiuy ate ateuht 18 agpitess,
of4suc My I e i nclude,, but are not limted, o, redyction
o' an S SRR e SR T 58 $F et Bl Seapiel ek Cul® bt £

f unct i enainplgrroupgenEpaygHnas sulfat, atteealr S0 colebiniidn. ZRiereoare @b atiaentiokggen

functiongk) [eups to 4% Vg)2008/0212§ q%/g§£g07/0177 6 royhdgt i
compourtig ot R HBESs T ARES DT Eerred CekrorEisaliSitRanam Sing rine
' 009 pulsdrhe dthie plefiWna bxsles®id RifbRNhé RetefR9E10AIkS R%bt NANKE hEahYthat at least a
reference. Abbreviations used herein both In the general schenes and
in the T’é‘{%%?ﬁ} oLYeeR §r sulfur atom respectively is present as a ring atom. The nitrogen or sulfur

20 atom of the heterocyclyl can be optionally oxidized to the corresponding N-oxide, S-oxide or
S-dioxide. Non-limiting examples of suitable monocyclic heterocyclyl rings include
piperidyl, pyrrolidinyl, piperazinyl, morpholinyl, thiomorpholinyl, thiazolidinyl, 1,3-

" dioxolanyl, 1,4-dioxanyl, tetrahydrofuranyl, tetrahydrothiophenyl, tetrahydrothiopyranyl, and
the like.

25 "(Heterocycloaltkyl)alkyl” means a heterocycloalkyl-alkyl group in which the
heterocycloalkyl and alkyl groups are as defined above. The bond to the parent is through the
alkyl.

"(Heteroaryl)alkyl” means a heteroaryl-alkyl- group in which the heteroaryl and alkyl
are as previously described. Non-limiting examples of suitable heteroarylalkyl groups include

30 pyridylmethyl, 2-(furan-3-yl)ethyl and quinolin-3-ylmethyl. The bond 1o the parent moiety is
through the alkyl. .

“(Phenylalkyl and “(naphthylalkyl similarly mean phenyl-alkyl and naphthyl-alkyl

groups wherein the bond to the parent moiety is through the alkyl.
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t hroughout the specification, are as follows: M (nethyl)

(butyl); VOB Q2iBStiary butyl); 5Et (ethyl); Ac (acet yPFTfUtsz@af&”dPﬁ
t-BOC (t-butoxycarbonyl); DVF (dinethyl-formam de); THE
(tetrahydrofuran); DI PEA (diisopropylethylamne); RT (room
tenperature, generally 25 C); HOBt (hydroxybenzotriazole); TEA
(trifluoroaceticacid); TEA (triethylam ne); KHADS (pot assi um

bi s(trinmet hyI silyDam de); TLC ﬁ)thl n | ayer chronmat ograph . EDC (1-

( 3- di net hyl afisEyHERt) msa'aﬁw -k GEUPHN Fehinly abky sl a8 préyagus] y-gdimed.

10( hex augi-hwh 1B A8 tab PNk ox yalkyl lude hyd thyl and 2-
(0, B B N s Yo el hydrogymgipyi an

(N, N, N h)’FﬂfQ?‘t)’éthybn%'tﬂHWbt h@w‘ér@émﬂm”nefﬁrs tplATYaight or branched aikyl chain

(0-(7- q#, N, N, N -tetranet hyl uranium
hexaf | %g?%ﬁgﬁgtsbgﬁgt%e dl]%éjsér?@br orosucci ni mi de); DCC
(1,38- di cycl oHeket ¢ antrndian mikgd)- @E@'(nlwmcdiﬂm d:iyylagmhptneislpfd:viozhdmri de

?é/g ; gg E{??{fébl%ﬁl) on] mng ﬁ%ﬁ@tef é} ?‘lui L C%§m de hps Phivde methoxy, ethoxy, n-

15yl OX);tropcpw: rsnbra;hbmp.phmqnm ahdimbnexnal ThHe bond asthbursht moiety is thiougdh itk
herein g e followng terns, unless otherw se indicated, are
underst 58 O ¥8Have the fol | owi ng meani ngs: The term

"substit ut ed'mm@ms" frigahs ANAKPLSNB6ED hvdhfzﬁené am 1 £08p fesl freabegy at om
tonms jn a structure is rep a selection from

Or [23{%&%@ - YPednitipe s33aRlgs oéwaﬁbﬁalkﬂﬁuaggqt@ﬁarfcé%ﬁea%rhvghlmthﬂrhw

val encandRékhop f]@n@mhﬁtﬂoﬂgt&ﬂ{c%ﬁ?rM§§ id ﬁu&sgh REsegged, and that
t he substltutlon results in a stable cohpound.” Conbi nati ons of

subst i t uent sAbyisnBrry) saeas pe LCaPalpdlai- ﬁplﬂ? dongnannle, in thenmethyl-sulfury!
conbi n%hbﬁﬂ§teﬂQ}%H‘]otllngp%e&ﬁ@&%egaﬂm%gén ihe. f‘ﬁ}rﬂg’t#cﬁ &QHPB{t'ﬁglngus o

"stabl e structure! a conpound t IS su cient

survive isolation[to a useful degree of purlty froma reaction

m xture, and formylation into an 25efficacious therapeutic agent .

"Patient” inclu ot h humans and animal s. "Mammal " neans humans and

ot her mamual &% ani MTs, . "Alkyl" neans an aliphatic

hydrocarbon roup which may be straight or branched and conprising
but 1 to ag&ﬁfemm&a&mbenmﬁw heteropey 1S grOUBﬂ:awaédhmn@am@rowne

OI‘ nor O

2t t aches PR SR e b NP e B (i able b RO Rbbps B o
al kyl gompdinyheminfeandepyrgdinyletrhipb, The poraitpl the p&@p?mpycty :snhxiouglyth,e amino
t - butyl i@g%gn- pentyl. 43 WD 2008/ 021235PCT/ 1152007/ 017796

" Al kenyq ans an al i phatic hydrocarbon group containing at |east
one car bon- cafeananybaxy!’ endaosdn actdmmjvleﬁu grayp hxew&iahahg heteqraryi rgamqheds

w0 COTRLSLAY B 2 BHRNS o S S AR I B B
propy! ,pysiredatyt-aefed pymzanyil-lme'ﬁhe Bbdtlamyhe pktahrnnol‘dtnﬁ tsl thidiuzh Btg: @harglygsn.
gf ngfﬁ;,f gg!{ lelé&q yh%%ﬁgfﬁﬁyl génutgt% tte(g akkyl %QSS”XJ élk?l-c?)g;[nes%lst’xtuted by
a hydroxy group and a COzalkyl group. Similarly, terms such as “hydroxyalkyl substituted
by R'7-phenyl” means an alkyl chain substituted by a hydroxy group and a R'’-phenyl group;
25 “hydroxyalkyl substituted by R'7-phenyl and alkoxy” means an alkyl group substituted by a
hydroxy group, a R'-phenyl, and an alkoxy group. In each of these substituents and other
similar substituents listed in the definitions, the alkyl chains can be branched.
Examples of moieties formed when two adjacent R'” groups form a ring with the

carbons on the phenyl ring to which they are attached are:
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pentenyl. "Al kyl ene” nmeans a difunctional group obtained by renoval
of a hydr¥gepsgRE&#sf rom an al kyl group that is defined BEBWE2007/01779%

Non-limting exanpl es of al kylene include nethylene (i.e., -CH2-),
ethylene (i.e., -CH2-CH2-) and branched chai ns such as - CH( CH3) -
10CH2- . "Aryl"™ means an aromati c nonocyclic or nmulticyclic ring

system conpri sing about 6 to about 14 carbon atons, preferably about
6 to about 10 carbon atoms. The aryl group can be optionally

substituted w-h ghe. b - Sy t?—jtueﬂ Q" W
t he sanme or iff, da defwn ein. NoR-Ii
exanpl es of s@Ta®de aryhgrowps incl fde phen;’tlndang\c(a

"Heteroaryl" nmeans a single ring, bicyclic or benzofused

het er oaromatic group of 5 to 10 a%o_ oxBti sed of 2 to 9 carbon
atons and 1 4.1 ® i end y sel ect from. r

consi sting o‘?’ﬂﬁl Rogéfﬁg %Sg%ﬁe&?? ed t hat the’?}?en‘gosf% cgmr?c‘)r%’ft"';r}gﬁ %d‘gpqponal
adj acenioubleyged aarcfinrd golveuWiadnahe dobblo bbb s abkerithice. y wheh Nsibgledend is
are al so included. anmphes, of 20si ngl e-ri.ng heteroaryl,groups are
oy i dyEressRa Y G orth B, Sy ue i br s el n ia e ghtifpyt rind Catbons.
t Eise S_y |Wh1:ﬁ71i1dabab}y§|lj_;0nﬁ|)i'§ paedny] c_m(;? ;ahé ai‘muidshtitpm: -Y:] (bg)éktac_:ﬂe&@f) a:camhyhat is
t hi adi azo , raziny], pyrimdyl, pyridazinyl and triazolyl.

Exanpl &8 ﬂb‘?‘%ﬁ‘?'&"%%teroaryl groups are naphthyridyl (e.g., 1,5 or
1,7), imdazopyridyl, pyridopyrim di n@rzgqﬁ?-azai ndol yl . Exanpl es of

benzof used heteroaryl groups are grdsl uinol yl', isoquinol yl,
pht hal azi nylWheeRZ obthRE nygdetiRs forme >, t apRt heeydoyted biae midicakszol optional

benzof uranyl enzoxazol.yl nzi soxazql yl , . benzot hi azo] yl and .
bonzor (eagk nond SRARKRLLINGS, S B2 SRR Bond B L e nGheha §gle bona s
2- pyri gyesenB R3S edncyd HAOB o idriydaid R*Teen be HomZ3-phes @l barwhentaé g6 sblé 0
S groups wher ei ubstitutaple ring carbon ato have _a; .

ooy P REEs BESaEr s o Goubr Bt RAIBE SRR PGP ARe AL ig H or R
benzof ymeglylr gt ist the rssibEHds WenithucadR Pemakt ached to either or both

t he phenyl ring portion and 30t he het aromatic ring portion, and

the heteroaryl group can be atta nggj t hF,ad’ est of the nol ecule
ei ther through the phenyl ring pa&rti he heteroaromatic ring
portion. 44 WD 2008/ 021235PCT/ US2007/ 017796 "Cycl oal kyl "
means a non-Eredamn {‘eptioradly sobstivukedT opens aptivhalgsubystidon edthphe speaified
about a 0 .carbon.ato preferably .about 3 to about 6
car bon?%{’%ﬁtg%h%ﬂns- ri‘ﬁl‘gllf3 F‘%g me%‘éa%fﬂee e i §f3‘?‘8“§‘mnocycl iC
cyld oal kyl s WitbIrefideency od dprromytier of polciee (4.5 sutsiialeatsegyups yshghepayl
and the like. Non-limting exanples of syitable miticyclic .
cycl oalRyIRSUsenlirs ofieruite SR P thropTiEReRy Pre SRBRM DA HHesRES] Figen that
Monocy ahdre can bgss MRy piceétedsia @hemically pernfiab®, andRBE O 8etbimiliton 6ther o,
N . Pref fl hl :
%??bgﬁ%@ﬁﬂﬁn&%&g% ab?l{)r?g%{eg?ﬁ \gir:lgyvithynotrhg’kngwle%:gg oﬂhogé gig})led i%ntge art.
A wavy line YV appearing on a structure and joining a functional group to the
20 structure in the position of a bond generally indicates a mixture of, or either of, the possible

isomers, e.g., containing (R)- and (S)- stereochemistry. For example,

OH OH WOH
Oﬁﬁ means containing both (j’ and O
N N N
H H

N
H

A wavy line which terminates a bond indicates that the portion of the structure depicted is

25 attached to a larger structure at the indicated bond, for example,
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"Hal oal kyl " means an al kyl as defi ned above wherein one or nore
hydr ogen P38 3% he alkyl is replaced by a hal o groupPHEUSHEH017796
above; in particular, fluoroalkyl refers to an 10al kyl chain

substituted by one or nore fluoro atons. "Am noal kyl " means an
al kyl as defined above wherein a hydrogen atomon the alkyl is
replaced by an amno (i.e., -NH2) group. "Het er ocycl oal kyl "
nmeans a non-aronatic ur gted nmonocyclic or nmulticyclic ring system
conpri si ng aboutéﬁg t 10 ring atons, preferably about 5 to
about 10 ring at 15i/n which one or nore of the atons in the r|ng

system.i s..an, el enent ot her t§€§n carbon, for exanple nitro

of sul FPPUESHEnEE Siragen ol the SHREH I PHREHY BIPEP AEpciag SRameea s ghAncibicted
and/ or sgutthid orfivRiEh iPik@SabBitthéntt he ring system Preferred

het erocycl oal kyl s contain 5 to 6 ring atons. The prefix aza, oxa or

t hi a bef or e LiiRes HaWe ieyes GBE RyeRb der ¢xemploreans that at | east a

ni trogen, oxygen or sul fur atomresp egiﬁely is present as a ring
atom The nitrogen or sul fur 20atonq I e heterocycl yl can be

optai onal |y oxidized to the correspon i N- oxi de, S-oxide or

S- di oxi; su nmnao cI| e

i ngs |%§f utglg'ﬂn Hengggﬁ%d%%r : Orﬁﬁ c‘j—'%ﬁyqe ét{agg%cftgzaln o?¥ su%st% %a%f 1¥g ch‘!)on
thlonomphmilnyl thlazolldlnyl 1, 3- dloxolanyl 1, 4- dloxanyl

tetrahydrofuya t et t ahydr ot hi ophen t et rahydrothi o an I and
the like. 2 1!%1? 5PoEDa &é%ﬁf&?@?fﬁ*\%& éﬂ@rraa%fg» SRpe PRy s
gr oup idapiMHinn theherhi@bE¢miyfthe Bbikyindivatksal dieythy%reu[pso@fd&haﬁxgdeﬁatrb@dd to
aqu The bond tot%ﬁé ﬁ%rent %S thro h the al kyl. _

" (et e B9y 4pless stathd oieryisg, BF?kﬁﬂﬂ ‘al kyl - group in which the

het eroaryl and al kyl arefas previously described. NorGHy mting

exanpl es of suitable oaryl al kyl groups includ Opyri dyl net hyl ,
2-(furan-3-yl)et d i nol i n-3-yl met hyl . kondto the parent
rmi ety is throug he : represeﬂtSPhenyI LKyl

"(napht hyl ) al K, sinilarly mean phenyl - k'yJ.annd napht R¥s - al kyl
groups wherein the bond to the parent noiety‘'is through the al kyl. 45

WO 200810228 5BGEf hiSR G0tht @X rhBk:s hbbed{ @waﬁsyﬁme@e@t&@m]ttﬁnaiuw& ina
group in which alkyl is a reV|Q defined. Non-limting exanples
of sui CHBFEhy A BSEITeFh (B Beenet STIET CRIVERYRR {9k dReICHYE Moyl goups is meant

hydr ox¥eb8¥huivaieif dndrthy convdhByel £ ﬁ@éwérelnrlﬁtfe?cfhﬁn $RbE; 1B E@ﬁ&hkn@é without
branched al kyl chai n substituted by fb%ﬁ groups. 5"Al koxy"

meahs ARfeading fo a‘rergbwsamngmwwtl?ﬁ@lmnéyrst@q e1tserais;pr,§t:@wm@wy
descri bed. Npgrduldviiké BEn&xa M afy ehrboH bl AL Rafln With n&@g'%w%% the

nmet hoxy, ethoxy, npropoxy, isopropoxy, t-butoxy, an
bond t detthehpmes skamplestsruckiralfponge.tand any Aiables igrpinis assumed to have the

hydrogen atom or atoms to satisfy the valences.
It should also be noted that any heteroatom with unsatisfied valences is assumed to
20 have the hydrogen atom(s) to satisfy the valences.

When any variable {e.g., aryl, heterocycle, R?, etc.) occurs more than one time in any
constituent or in a formula, unless otherwise noted, its definition on each occurrence is
independent of its definition at every other occurrence.

There follows a discussion in greater detail of each of the steps of the inventive

25 method (in numerical order) presented in Scheme IV above.
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"Alkylthi o" neans an al kyl-S- group in which the alkyl group is as

previ ous|YOROMEREBF bed. Non-1imiting exanpl es of suitabPET/HSIYIPHITY
groups include nethylthio, ethylthio and isopropylthio. The bond to

the parent noiety is through the sul fur. Al kylsul furyl nmeans an
-C(-S-al kyl)=N- group, for exanple, in the nethyl-sul furyl

substituted quinolinyl precursor described herein in the formation of

t he oxazol | ne ring: ten H3CS 15" Heteroarﬁl am no" nmeans an

het er o2Yt§# 1 NH- JPHHB[‘?WOMHQ]WJH&%M pylfamiddeihylenak Apreei-ous| y
descri bed. Non-I4dgikiAtgd EXRIRt&ApAIndWiE Rl NS ALRARMM! A a9 gr oups

i ncl ude pyrimdin ¥| -am no and pyrazinyl-am no. The pond to the parent
nmoi ety is throughlhethereassne!’ the toregeh lnvﬁeperwaw@bmminmml—akyi SLlllfanyE-
hetero a S. S
descr i oo e niPadcic 4 Bl EoBb AT LGP rRUBlelBu i B SELBIH &1 tre
i né udeompoinddohferuladndn pyeaadaney | wid IheThmcb&smzl:hbmaﬁd:ﬂlypﬁnewncd above in

noi et th e eth The term "hydroxyal kyl
subst?/tguf'e’aegé} a%gé%rlg@?meﬁ‘éaa?‘%&gh al kyl chain substituted by a
hydr oxy g8chgmeélvaaStgPal kyl group. Simlarly, terns such as
"hydr oxyal kyl substituted by R17-phenyl"” neans an al kyl chain
substituted by a hydroxy group and a R17-phenyl group; 25
"hydroxyal kgl substitutegrby RL17-phe nyI and al koﬁy imeans an al kyl
gr oup substlr\\ bty phenyl , and &i® | kaxy

S
group. In® ea.gb/ f\ /I, /%hﬁns

listed in tdve] def ini s Capigits ranchlg -
Exanpl es of o tles 2fos med vvhen t wo_jdj acenTs R 79&aUps for a rfing
with the carborls on BHeephemBow i ngSToNahi ch ibeynare atFHEChaY are:
46 WD 2008/ 0212??55’-”CT/ bfdef 796 do &, bond ko, def i ned gl

When t he doubl e bond4|csys@b§e,m i . e. Mwhen a Shagh® Rand is present

the one or two Ri st sufstibty Gignios can be att achegropagolhdp@nesane or
different ring carbons. 5Wen the double bond is present, only one

12( substi t1H@Bke cRtbREMEE ARO BROER JF th@hRh: iRhibs ulA%ksCln $1BF 1a of Step

doubl e bond.
1, Lawesson’s reagent in toluene at a temperature of from about 85 °C to about 90 °C to

convert [(quinoline-5-carbonyl}-amino}-acetic acid ethyl ester compounds (A, Schemes IIb
and IVa) to the corresponding [(quinoline-5-carbothioyl)-amino]-acetic acid ethyl ester
compound (Al). When the conversion is complete, the reaction mixture is cooled, at least to
15 a temperature below the boiling point of ethanol, preferably 1o a temperature of about 60 °C
or lower, and ethanol is added to quench the reaction. In some embodiments it is preferred to
use at least about 2 equivalents of ethanol based on the amount of Lawesson’s reagent
employed, preferably about 2.2 equivalents based on the amount of Lawesson’s reagent
employed) to quench the reaction. Following quenching, it is preferred to further cool the
20 reaction mixture, preferably to a temperature of about 40 °C or less, and concentrate the
reaction mixture by vacuurn distiliation.  The process described in the "009 publication
utilizes Lawesson’s reagent in THF with no quench. The inventors have been the first to
recognize that these modifications to the reaction conditions render the byproducts from
Lewesson’s reagent soluble in the reaction medium (toluene), and accordingly, the desired
25 product sulfanyl compound can be crystallized from the concentrated reaction medium,
providing the product in a form suitable for use in Step 1b without further purification.
Accordingly, the inventive reaction conditions permit the product to be isolated in a suitably

pure form without the use of a chromatography step taught in the 009 publication.
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<ODR24 When R7 and R8 together fornmNR25, the dotted line indicates an
opt i onal Woawsé2E3~nd as defined above. Wen the doubl e POHHSI087/017796
absent, i.e., when a single bond is present, R24 can be H, OH or

al koxy and R25 can be H or R35-phenyl, but when the double 10bond is
present, R24 forns the double bond with the adjacent carbon and R25
Is Hor R35- phenyl. That is, the noiety has the structural fornula
The term "optionally substituted"” neans optional substitution with
the speci fi dd sgmeeptodiraghitsahspocessoif gbe 'mseﬁmicm avaiepdb| etilpesiabi on or
positio ference t noi eties

Chst | Einpamli Ao S plefer S AR e T FrEpbh o pene base.
def i negrefelu®lpifrass AlKoRRR, chdiﬁﬂé]e '‘theadulifar gtcdremmd(pﬂaiucwm&bah th ey e
can be as many noieties as chem cal | “?ermtted and t

det er mcﬁ‘é“F?Rﬂ’i‘dW sy HRAmRRIE dA 251 TRisdRdeRIcEE F@?W%‘C%@I in gheme b,
t hgs kKnaspenon WharhBasaussddibadnidriddiidaddotrophRVAK 1EdE x@ﬁééﬂébﬁt“s To

appearing on a structure and joining a functional grou th
203t r uGRTY Ouf Hit siep.ibyill bosprseciated ohry 2y meatalialkpxidedvig @gll éb‘ﬁ’f%@i thee

or 0 QBES , ) Ifanyl
oL 0 fort o SRS SAARAS o gL by 0
t er mi naewoandordbs endploaeds that the portion of the structure

depicted is 25attached to a | er structure at the indicated bond,
for exanple, 47 WD 2008/ 021235PCT/ US2007/ 017796
g NH

Formula Ala

10 initiating reaction between the sulfur atom of the thioacetamide group and the alkylating
reagent. Suitable metal alkoxides include any that are prepared from alcohols containing 6
carbon atoms or less, for example sodium, lithium, and potassium alkoxides, more preferably
the alkoxides of alcohol compounds having 5 carbon atoms or less, and more preferably,
sodium ethoxide. Preferably, when a metal alkoxide is employed, an alkoxide is selected

15 having an alkoxy-substituent such that, if it should undergo exchange with R** during the
reaction, mixed ester products will not be produced.

In the electrophilic alkylating reagent R*X, R*® comprises an alkyl moiety, preferably
an alkyl moiety having 6 carbon atoms or less, more preferably ~CHjy. The “X” portion of
the R*® alkylating group comprises a good leaving group, for example a halide, for example

20 iodine, a sulfanyl, and a sulfate. Preferably the electrophilic alkylating reagent is methyl
iodide.

As mentioned above, the "009 publication teaches using a Meerwein’s Salt atkylating
reagent, for example (MesOBF,"), to provide an alkyl-sulfanyl-quinoliny! intermediate
compound from the carbo-thioyl intermediate compound. As is known, Meerwein’s Salts are

25 highly unstable reagents and not available commercially in quantities suitable for commercial
scale preparation of intermediate compounds.

The inventors have been the first to recognize that substituting an aikoxide base and
an alkylating reagent for the Meerwein salt alkylating agent eliminates from the alkylating
step reactive and difficult to handle Meerwein salts. Moreover elimination of the Meerwein

30 salt in accordance with the present invention provides a solid intermediate instead of the

unstable o1l intermediate yielded in the reaction following the Meerwein salt route.
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-NMSinplies that the nitrogen of the substituted piperdyl group

depi ct ed V& 288¥3&H5t 0 an undi pi cted structure on whi ch PET{US2¢97/017796
substituent. Lines drawn into the ring systens, for exanple: 5
indicate that the indicated line (bond) nay be attached to any of the
substitutable ring carbon atons. As well known in the art, a
bond drawn froma particular atomwherein no noiety is depicted at

the termnal end of the bond indjcates a nethyl group bound through
that béwditanaliy: the PERAYE] canitiag & cleprgrapix sif pegmgrs eermpgimedselaiieneef the desired
Howev eprodueiiBinBad 8 philfy ¥RORiRSndiarrss fbluﬁh%eﬁgtz&:{)ﬁ&tsysn'a&d by the
epr|C|tIy included in a’structure. As used herein, the use of "elther
convenMesavirpsaligepiee thargrdirglbythisphengsinipyonesathe seadatiisy ofjthivstemista snate of
the co t I

i thout TTaraRane SSnl BRAIEK 6t (hrh Rl f SBRARa bt BerBINE \oRERs K

f ob ei ghartitdep potduct) usingreethipary productiohtegsipménd al so be noted that any
carbon or heteroatomw th unsatisfied valences in the text, schenes,
exanpl es, structural fornulae, and any Tables herein is assuned to

have t Bep®/dr og€xagdliria Ringdtopimatid(Cathpdinds bhBormlie AF8S .

It should also be noted that any heteroatom w th unsatjsfied val ences

i s assumed tY DOHANE PRV PEREER e dnrRgtiongndhg ingripetizie comrpaddrom

When amhistaédnigtdupdé 8f Borm@h Y e SIRHHREQEY & aecr}tB%l st€h fn theQp&HESn BRIIR
tgﬁn one time in_any constituent or in a formula, unless otherw se

ed, cPmBownssi afifioranladn ek agRlingringioamption mpssaisanca Wish the gresent
def i ni §4\@R1idh pRIEBEYis ShE\Ph b%%hrtﬁ@%eme labeled Step2. Ihere follows a
di scussion in greater detail of each of the steBs of the inventive
25met hod (in numerical order) presented in Schene |V above. 48 WO
2008/ 03 PCT/ US2007/ 017796 Step 1 -Formation of ({
(Qui nol'i n-5-ye- Al kyl - Sul fanyl - Met hyl ene] - Am no }-

O

> N gt
R k// \J Y,
g Lewis Base . \N

Hz 949 Hm)—-g. R?
LG

15 Az Viaz A3

As mentioned above, the '009 publication teaches the formation of an oxazoline ring
by a process utilizing an acid fluoride derivative of protected serine acid, which is itself
prepared from toxic, unstable cyuranic fluoride. With reference to the portion of the process

20 of the present invention presented above schematically as Step 2, the inventors have been the
tirst to recognize that formation of the oxazoline ring can be carried out under milder
conditions than are available in the acid fluoride route described in the *009 publication.
Accordingly, in some embodiments the process of the present invention utilizes more easily
prepared acylating reagents (described in detail below) in the presence of a Lewis base. For

25 the purposes of the present invention, a Lewis base is defined as a base having an electron pair

having sufficient base strength to abstract a proton from acety! carbon in the methylene-amino
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Acetic Acid Ester (Conpound VIE shown in Scheme 11, abovel

The procede 2008/R85pr esent i nvention provides PCT/US2007/017796
qui nol i n-5-yl -al kyl - sul f anyl net hyl ene-am no-acetic acid ester
conpounds, wuseful internediates in the provision of the 5conpounds of
Formula |, in accordance with the process schematically presented
above in Schene Ila and in Schene |va below. Schene IVa - Step 1
10l n sone enbodi nents, the process of the present invention utilizes,
i n St epcdtyl fohciSinaprekion afvbe sompsunicafrrinulNAR olvhieh @aftion ds peiRaroait U e
of fro bouh 2? C to about 90 C to convert

unino 5-¢€ Eﬁﬁyl) arni noFacetic acid ethyl ester conpounds (A
Schenes IIb and IvVa) to the correspondi ng

[ (qui nol i ne-5-carbot hi oyl)-am no]-acetic acid ethyl ester conpound
(Al). \Wen the conver st ‘%ﬁmF dconpl ete, the reaction mixture is

cooled, at least to 15 rature bel ow the boiling point of
et hanol, preferably to a fenperature of about 60 C or |ower, and
et hanol is added to qua he reaction. In sone enbodinents it is

preferred to use at |east abayt"Z"gtifval ents of ethanol based on the
anount of Lawesson's reagen{ enployed, preferably about 2.2
equi val ents based on the ano sof Lawesson's reagent enployed) to
guénch the reaction. Followng quenching, it is preferred to further
cool the 20 reaction m xture, preferably to a tenperature of about 40
C or less, and concentrate the reaction m xture by vacuum

distillationn cmﬁn@rdﬂiﬁﬁ) 265 GEdd@shck Rvit the HOLnPUBlehGSM, 's@ﬁaME'IAvﬁ?%ases
Lawesson's reagent. in THF with no quench. The inventors have been the

first €68 Y selestpd froppanstal ﬁrmﬂﬁi@rS» foriexample: Hthiv diisepropyrpmide (LDA) and
condi t is@Mam’ 3&@&%&&5@&@1&%@%@}1&@@ G845 mls{]ﬁagﬁSI r chhHP k wid bases

the reaction dium’(tol uene), and according 25pr oduct
s anwhiﬁbﬁﬁb@ﬁcﬂe@!ﬁy% inglyds aetdl z@lslomd@ rlpame foroexsemple aswtiumealkotide, for

medi umex?rh % iy Hﬁ%h&(;ﬁé’%a lhﬂluﬁ'n ci%u'f%rag)la?n Qr ififn Thur x‘?&’e | &eh of

wi t hout ther purification Accor & |ng Ive reac
condi t indvigh grav e prepiyed pryoumtacting tflfecors&spamcbdg anh)air@m dledioy te dfeenétrar nnder

wi t hou aught
publ § oot e sbafRIeRSS DM AR BB BT e bripl8yed pelogg great alyts,
enbodl rﬁmrm&mwméanmmdkyl dér &xtaenplevtenyli iahiunt, rthébfapa}alﬁon lmtflvlwh:zleﬁs Biown. It

tro |I|c al k t|n ent refe an al k haI in the
g‘gene‘P g %Ppé%%%ﬁ@ bl et PP hEs% askes o ¢ SPiPB!é“ diGinchgploved as
t |hE lsubslfe]?ingﬂ omefrpwdcdm@hme@b bﬂfﬁtdﬁg prétoh caéﬁm@yh CQh rs@ﬁiélq]ﬁﬂb&ﬁmgntﬁ of the
T

%h y Slflnresgrgty gnv%gt r? Sreférpgly hlnmarsédl iew:%plbgstcg argcen?lggggfédcaforye)!arr]nplg ﬁtrlrl?um
diisopropyl amide and sodium hexamethyldisilizane (NaHMDS), which is also known as
sodium bis(trimethylsilyl)amide. The preparation of these amides is known, and each is
20 available commercially as an article of commerce. One method of preparation of sodium

amide bases in commercial scale quantities is treatment of a solution of the corresponding

secondary amine with an excess of sodium metal.

In some embodiments, the oxazoline-ring formation aspect of the present invention is

25 carried out also using an acylating agent (compound of Formula Vlaz, Step 2, above) selected
from acid anhydrides, esters, acyl carbonates, and amides. The inventors have surprisingly

found that these intermediates lead to high yields of the oxazoline product under milder
conditions than can be employed using the acid fluoride taught in the above-mentioned 009

pubhication. In some embodiments of the present invention, it is preferred to carry out Step 2
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5Step | b as treatnment with sodi um al koxi de and el ectrophilic

al kyl at i nYOREBYPER35S) CR48. To carry out this step, it w PETHE2007/017796
appreci ated that any netal al koxide which will abstract the proton
fromthe nitrogen of the thioacetam de group of Formula Ala, present

in the sul fanyl conpound can be enployed, Fornmula Ala 10initiating
reaction between the sul fur atom of the thioacetam de group and the

al kyl ating reagent. Suitable nmetal al koxides include any that are

pr epar edhefqintha E6h drostien of ahan beidalsrepaport Geaying sioupk peeferbly eomapres an

sodi um, 14 1 hi 120 _a%Si ' 2 i :

al koximgglsd %‘fﬁwgﬂqﬁ%ﬁg{j C orrpg%gfaﬁgpu E‘Ig\% %%gagatr oﬁkg{ r@ﬁ%ﬂ%’g&?ﬁugﬁ]g may be
nor e psebstitatbd witlmthlmm\h@lxdrdwing:greﬁmrfab{:mmwmmﬁ%iogmt a cabr!«eﬁé'faiﬂeyl and
B Y g L g
re&ct i ap destrived abstein the gehsthisdefiniton3qiortien of thedeeled descriptioharid amide
or of er AT kin Nabsp o YL POt CUIEER (B SRSV, vGgy 3 a1 poltions
pref er aphpe stildBure TR beSubP@tddoR debedtea 848: al Xl dhéra0dditdhs portion of the
conprises. a good, | eavi ng %r oup, for exanple a halide, for exanple

20i odi Wetailgd desoriptipn).  Hnwillbeappregizied thappbenSryinggEouns suitalyp fien nugteophilic
al kyl atdi D deBREL Bhn lafsoBd Bipidyad] 0B sdifie BINJIANEHs BRAME thd D& ?Q.Qaf%n of the

publication teaches using a Méerwein's Salt alkylating reagen or )
exi&hp| SUPAEZ0ABTRHSES atsgceidoAdyl earkan ook gkamgplef whote-the aadpting reagent is an acid
intermnaqgﬂggdc = thi ML =T Ry (=Tl ﬁg,@

i's knownl,1 eer’ %eqlpﬁwgg%%cf%rsg egéreg(j%ﬁp%ﬁ{st}b }gﬁl’éta} abl e regggh%gqg ngfauﬁ on
avai | atheLEomykeriugl |Kerienampien wiithi referenge tra theecdropoundrafdiorinula ¥kpalie Step 2,
pr epar at.i of 1 1 0 N a1 L. ntors . n
Pho 11 epo sl SBEGaE GRERCHYSBia anhycride Ao FERERE if B RIoYR ror
al kyl ating reagent for the Mgerwein salt alkylating agent elim nates
fromthe al kylating step reattl and difficult to handl e Meerwein

salts. N\brepver el.immation of£fhe wei n 30salt i cordance with
the oy SXETPR Hnsfoh BB ovi desms SaMa ot Sviearn os ERERRAGRY Sputdn,
unstable oil i nter?i atfe yielded in the reaction follow ng the
Meerwei n salt route 008/ 021235PCT/ US2007/ 017796

15 preferably LG is (a stearically bulky group), thus promoting nucleophilic attack

on the acyl carbon of the acylating reagent by preventing facile attack on the acyl carbon of

the t-butoxy substituent.

In some embodiments, alternatively to, or in addition to selecting bulky substituents on

20 the acylating reagent, deactivating heteroatoms can be selected to protect the acyl group of
anhydride leaving groups from attack, for example, the alkylestercarbonicacid anhydride of
Formula IIlIs (above), which deactivates the leaving group acyl carbon to nucleophilic attack.

In some embodiments, alternatively, or in addition, the acyl carbon atom of the acylating
reagent can be activated toward nucleophilic attack, for example, activated esters, for

25 example, esters having the structure of the compound of Formula IOlr, above, and N-
alkoxyamide compounds of the structure of Formula Ilg, above, activate the acyl carbon of

the acylating reagent to nucleophilic attack. In some embodiments, preferably the acylating
reagent leaving group is the compound having the structure of Formula IITal (above), where

R* is a t-butyl group.
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Addi tional ly, the product contains a cleaner mx of isoners

permi tti MYOi24e§031233%n of the desired product purity and BEI/HER0T/)17796
w t hout the need for columm separation necessitated by the Meerw n
salt route. Accordingly, this change inproves the scalablity of this
step to a scale of a size suitable for the provision of commerci al
guanties of the internediate (nultiple Kg 5quantity of product) using
ordi nary production eguipnent. Step 2 -Oxazol ine R ne Formation

( Conpounds &t seEae gbadiamntsal the presenidnvesionethedk a pertioneofithe geylating reagent
for mat gfg?ellaﬂlgtc%?nr#rﬁt‘:gﬁ Ul Qe ROIEAGHIS fﬁeré’cmc\{\[ﬂh%? FSRAHRES of

Formula | aré syrthesized 1s a critical step 1n the provision of the
10conmpounds of Fornula |I. The oxazoline ring formation in accordance
with the present inventiorggprocess is shown below in the schene

| abel ed Step 2. Step 2 L As nentioned above, the '009
publication teaches the fo of an oxazoline ring by a process
utilizing an acid quou attve of protected serine acid, which
is itself prepared frdmtoxic, stable cyuranic fluoride. Wth
reference to the portion of [pBgsjprocess 20of the present invention
present ed above schematical 'y as tSt gprrgulatifiaa i nvent ors have been the
first to recognize that formation of the oxazoline ring can be
caPried out under nilder conditions than are available in the acid

fluori dgefednRe RIERSIRDSEH N abR dePABd BERld, GAd HR S tubREObEFOGhYa TIH

sorre enbodi nents the proces L%the present invention utilizes nore

easily prepared acylatin&%géage ts (described in detail below) in the

presence of a Lewi s base. Kpr 2 e purposes of the present
invention, a Lewis base_i s déffi ned as a base having an el ectron pair
havi.ng sufficient base, n

h to ab traﬁt§%%proton from acetyl
carbon in the methyl ene-ani%o 51 WO 9 '®21235PCT/ US2007/ 017796

wherein each of R* is a linear, branched, or cyclic alkyl each selected independently, or both
of R* are taken together to form a cycloalkylspirocycle. In some embodiments utilizing an
10 R* substituent of the compound of Formula IIb, preferably each R is selected to be a

methyl (H3C-) group.

In some embodiments where the R*® portion of the acylating reagent has the structure
of Formula IMla, preferably, R’, R*, R®, R® and “t” are selected to give a structure of Formula
15 {Ilc or Hlcz.,

C(CHg)s
5
0 0
(s /LN )% 0Oy /IKN )\§
H H
Formula Illc Formula lcz

It will be app;eciated that other structures, for example differently substituted amino structures
20 providing other compounds of Formula I, as defined herein and in the '009 publication, may

altematively be employed in place of the structures defined for R*’ above.
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acetyl functional region of the conpound of Fornmula A2, which carbon
i s poi nt SMOSU/RK3Scheme 1 e bel ow. Schene Ilc FlaS-. 7" PCR{U§2007/017796

_YovAcetyl carbon ; R2 5 In carrying out Step 2 in accordance
with the present invention, suitable Lewis bases are preferably
selected fromnetal am des, for exanple, lithiumdiisopropyl am de
(LDA) and sodi um bis(tri rret hyI silyl)am de ( NaHVDS
(HexaMet hyl Di Si | i zane) )RO Lewn S, bases 10 whi ch can be enpl oyed
i ncl ude net ArelradviRe agesR . @pd K aAfsl elecsasidioroeidr @xquirglinedrortion of the

exanpl evﬁp%tem,éa?&b%wﬁ%hmadstm&m% @'M@fﬁbﬁﬁa_&%owm eqéml.dﬁn@ ¥Qmula

t - but oxi de, each can prepared by contactin

corresdbﬂihl ng anhydrous al cohol to the netal under inert atnospheric

conditions. Qther Lewi s bases which can be enpl oyed incl ude netal

al kyls, for exanple, lithiumalkyl, for exanple, butyl lithium the

preparation of which is${kKhown. It 15 will be appreci ated that other

menbers of these cl assg n‘bounds can be enployed as well as

ot her bases know to hawye suffli cient proton affinity. In sone

em&odi nents of the presént 1 nverFemiula PIBier ably hi ndered Lewi s bases

are enpl oyed, for exanple, lithiumdiisopropyl am de and sodi um

hexanet hyl di silizane (NaHVDS), which is al so known as sodi um

bis(trinmethylsilyl)am de. The preparation of these am des is known,

and eaclp is 20 available conmercially as an article of comerce. One

met hod PBF"EW%‘U‘?‘%“‘%‘FEBS%% ani de bases in comercial scale

quantities is treatnment of a solution of the correspondi ng secondary

amine with an excess of sodiumnetal. In sone enbodi nents, the

ox&zol i ne- r i Hijtablsraeatatin g repgpais twherein B G)ris s acidianbydridegnay ke pepared, for

carrie n u

Step 2o REIE R HEUG (AP cBrRh g P Pher oL ARG, T4 Bl OB LA 80 fitparca

car bondwydsatina thegrirtrsponditipadid witit omsldvase fetexamips, rpgtaysmmmd)mhmt and

t hese | I 0 I.

under T ARTEH ALRINAIF b BeDRN) & i ihe bR PARERE L AT B e

t aught wn’oh anecid lobleeidagior exameple, BGAopulbeiwain &rhenienVHorre enbodl ment s

of%;tghe present invention, it is preferred to carry out Step 2 52 WO
[/ 021235PCT/ US2007/ 017796 wherein the "LG' portion of the

acyl ating reagent (leaving group) preferably conprises an acid

anhydr :%E‘F&P%%O) -al kyl) structure (wherein the "al kyl" portion of

t he st y be substituted with an el ectron w thdraw ng group,
for exanple, a hal oge an esterna( al kyl and -0-aryl) structure
wherein the "aI Ky " an "aryl ™" ns the structure may be

substi t ut ed 5 a desdi“ d alsov tqﬁ@'@ner aI odefinitions portion

of the det al,J cri pt and \&fl.am (N-al N-benzyl and
N-aryl) stfu t W\er n the "alkyl", "be " afd "aryl portl ons
of the struct|w may be substituted as described a rfral

definitions portion of t detalRJedodescrlptlon I t WI||/
appreci ated that other H;etav g groufls suitable j@r nucl eoph \fc

di spl acenent can al so be errpligy«é SRe enbvdieent whe he LG
portion of the 10 structure conppifses a sewrbon, for
exanpl e, where the acylating reagent is an dacid anhydride, it is
preferred to sel ect substituents which are stearically bulky to
prevent attack,on the LO r For example, with reference to
tRD cortfinig for 5 B & Qb ifey (i3 neag hseashed fr GHsHE AWRBRATIPEAL
wher e ab@fi@dayRl, RASRBGHE RE laRlad ®IBRAheletn. CHRNAYE Appiebiated that the

oxazoline ring formation reaction of the present invention can be carried out utilizing any

suitable acid anhydride provided by any means and sti{l be within the scope of the present

invention process.
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BD exanpl e, wherein R49 is 113 , and R3n is hydrogen or a tertiary
but oxy s IO 2N4BNaHASS 15preferably LG is(a stearically BGTy20§7/817396,
t hus pronoting nucl eophilic attack on the acyl carbon of the

acyl ating reagent by preventing facile attack on the acyl carbon of
the t-butoxy substituent. In sone enbodi nents, alternatively to, or
in addition to selecting bul ky substituents on 20 the acyl ating
reagent, deactivating heteroatonms can be selected to protect the acyl
group of anfy8emeembadimens of be presentdnyantioncieelearaly & ais tebutylasoup

al kyl eqcarops ggﬂeﬁm)d“@nhyq;ra@?a o oA fhd ﬁslsﬁlgﬁf%%fx andHethor is o t

deacti vat e [ eavin roup acy on t o nucl ic attac
sonme ehbody rmnns{(cbials@r@a)t |W@fbgpb1}0¢nq Qf fhd@dtR (o 15) hydmelaelyd ﬂma:ntlimns a:tl@md

of theﬁ%ﬁﬂ.sﬁtgsagc&%@ggrge g@gtd?f 3%06' g@j ngsgleucfes%o % WEang :

for exanple Ivate ers
st Buct wagemwk hahagabsmuwmde@fFEmmud: &Thaand \anmze and Nal koxyam de

conmpounds of the structure of Jormula I11qg, above, agtiyate the acyl
carbon of the acykeicng.edpe to nucl eophilic talfk. Il n some
enbodi nents, preferabl caling reagent Iea } rwﬂ |s t he
conpound haV|ng t he st ure of Fbrnula [11al eré R46 is
a t-butyl group. B3 20081021235PCT1U52WE 77 In some

enbodi ments of the pres ent {}glentl on, the R49 pg?rtl on t he
acyl ating reagent pref Bnprlses a struct GPEMR &% from the

Structure ofadyitiiglraaddats ﬂaﬂusdﬁartﬂé.lbﬁsédt linvntidn wherein “LG” is an ester can be
prepared, for example, from the corresponding acid anhydride by treatment with an alcohol in
10 the presence of a base suitable to deprotonate the alcohol, for example, 4-dimethyl

aminopyridine (DMAP) in accordance with Scheme VIIb.

Scheme VII b

I. DMAP/THF
G, —@ .
Q =]

~
” o (EH), l DMAP/THF __

2. HO-p® - O

156

%

2
£

A°R
). DMAP/THF
2. HOCH, R

e OCH,

wherein R?, R%, R®, R®, and R®' are as defined above.
Suitable acylating reagents wherein “LG” is an N-alkoxy amide can be prepared, for
20 example, from the corresponding anhydride by treating the anhydride with a suitable N-alkoxy
amine or N-alkoxy ammoniurn salt in the presence of a base in accordance with Scheme VIl c,

below.
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wherein R3, R4, R5, R6 and "t" are as defined herein, and the

st ruct ur eVB20B8RMIFa Mo, OC(C1-13), Nunn, 111 Fornul a | PEHUSHHSPEITH
each of R5 is a linear, branched, or cyclic alkyl each selected

i ndependently, or both of R5 are taken together to forma

cycl oal kyl spirocycle. In sone enbodi nents utilizing an 10R49
substituent of the conmpound of Fornula In, preferably each R5 is
selected to be a nethyl (H3C ) group. I n sone enbodi nents
where the R49 portion of the acylating reagent has the structure of
Formula Ma, preferably, R3, R4, R5, F?%@iB "t" are selected to give a
structure of Formula 15Mc or Hicz., )3 10 (H3C)3S(H3C)3C, 1/4
Formula IllcFornmula Eflcz It will be appreciated that other
structures, for, exagple @ fferently substituted am no structures
20pr ovi di ng otﬁ%r chnpounds of Fornula I, as defingd herein and in

the ' 009 publi aIternaLEﬂﬂQEﬁkLeinbye in place of the
structures a&fi or° RAQ Gdvove. 5 [ o ~

e N
1 +NH, 5 \
R°A} | OCH,

OCH,

In general, suitable ammonium salts are commercially available or their preparation is known.
With reference to Scheme VII, in some embodiments of the present invention,

l{t!?

preferably “t” = !, preferably one of R’ and R® is hydrogen and the other is a t-butoxy
substituent ((CH3);C-0-), and preferably one of R? and R® is hydrogen and the otheris a t-
10 butoxy carbonyl substituent ((CH3);C-O-C(0)-), yielding an acylating reagent having the

structure of Formula VIIc.

o
(HiCNC ,ﬂ\
o _-OcH,
HN

(HsC),C—0 Formula Vilc

15 It will be appreciated that in accordance with the foregoing description, starting materials
representing other combinations of variables can be selected to provide the corresponding
acylating reagent and still be within the scope of the present invention.

Surprisingly, when the oxazoline ring is formed in accordance with the foregoing, the
reaction provides an oxazoline-substituted quinolyl intermediate (A3) with a cleaner mix of

20 isomers, a yield of at least about 79% based on the starting sulfanyl intermediate (A2), and in
high enantiomer excess than is available from the oxazoline ring-forming process described in
the 009 publication. It will be appreciated that the oxazoline ring-forming reaction of the
present invention can be used in place of the oxazoline ring-forming process described in the
009 publication without further modification of the steps described therein to provide an

25 improved method of preparing compounds of Formula 1, or it may be used in conjunction with
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54 WD 2008/ 021235PCT/ Ug2007/ 017796 Preferably, Rl, R9, R19,

R', and RYQ:28id288bected to provide a quinoline porti onPOT/USBE7VIT96

i nternedi ate having the structure of

8- Met hoxy-2-trifluoronethyl-quinoline, Formula Villa 5 Formula VIM
Preparation of Acylating Reagents 10Suitable acylating reagents
wherein "LG' is an acid anhydride nmay be prepared, for exanple, from
a salt of the corresponding acid. Accordingly, acid anhydrides can be
pr epar @debyr masat other imprqvemesspoergrined deran viot rayide lag epreved gpethod of
exanpl i ammoni um di cycl ohexyl am ne ( DCHA)
to for ?@ngﬁégﬁﬂﬁ%ﬁ{&gggﬁggﬁng&hl ch is then treated with an acid
chloride, for exanple, as shown below in Schene VII 15 Schene VI|
20vvhere§' n R51 is -0-R46 as defi ned above or a |linear, branched or
cyclic AFRr, opt BN substituted, and 123, R4, R5, and R6 are as
defs ned her ghRomktemodiméts aphegedsaheid védihn, bfte ox8aidid M formgtion, the
formati on reaction of the present invention can be carried out .
util i ziFRHERE POHRtAD PR VAEF t%%ﬁf&FFH@“BF‘&ﬁ"&éE%QU%V'C%‘QHBC‘Q% aghyqride
be W t hd} ekBRpRC REPEs Qh ab BhSS &idr (FEPeRBIpR) R RGA Syl 2PoupY¥er acid (R* is
2008/ 031235PC}IZ_/ Us2007/ 01 %6 L (I n so;r‘r]elg enbodi rns*ntys%(l;:)?c p:j\ﬁ\ae pre(sent
i nvent ihygrogspingcgpndangeswith Scheme Bdt Baloyr oup ((CH3)3C-), preferably
"t" =1, preferably one of R5 and R6 igqhydrogen and the other is a
tbutoxy group ((CH3)3C-0-), preferably one of R3 and R4 is hydrogen
and the Px\ i"s.sel ect ed '\m »but oxy carbenyl group

((CH3) 3610- C(|0) ~rmand H, nefi0* gi ve,);,,especti velrk, yTating 5reagents
havi ng t J" ‘

ex I a and ViIgz,

A

10 Adae

wherein the amide produced is either a secondary amide (thus R*** is hydrogen and R®* is a
hydrocarbon moiety as defined herein) or a tertiary amine, for example, a heterocycle

5 . . s
%), In this manner the reaction can be run as a “one-pot’

(wherein R** forms a ring with R
synthesis without the need for intermediate isolation of the acid. With reference to Reaction
15 Scheme 11, above, further details of Step 3 are described next, as illustrated in Schemes Ilee

and Ilef.

Scheme Ilee, Step 3- SecondaryAmidation

Step 3u 1 Step 3b
AN
. 1040 ~—1_g9  1.K;COyACN
1. LIOH/THF AT} L, \/) ' ’
2. Wate/MeOH A1 SN 13 2. Pivalyl Chloride
3. Acidify o Xy P X

F

b
4. Brine/
Ethyl Acetaie  BU~0 HN OH 3. F@NH

separate Organic \

5. Concentrate/
Distill to dryness
20 by adding THF

2

0\
>
=

4. Precipitate with water
wash / aven dry
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0 00 tH3c)as 00 Fornula VilaFornula VIl az Acyl ating reagents
for use iMOEKB/0BE3ent invention wherein "LG is an estBeT/HEHOHRLT96
prepared, for exanple, fromthe correspondi ng acid anhydri de by
treatment with an al cohol in 10the presence of a base suitable to
deprotonate the al cohol, for exanple, 4-dinmethyl am nopyridi ne (DVAP)
in accordance with Schene WM Schene VII b wherein R3, R4, R5, RG,
and R51 are _as defined above. Suitable acglatlng reagents wherein

"LO' i's an NVHPROSIENShiaRehents Yee. prensading 19 GychopedUapigp &; a49%5)ist he
corr espemvliriRa t@ﬂt}y&'ﬁi rhﬂné sfRlel BYOmbdR 0@W%hgﬁnytﬁ&tﬁyﬁé&&%@ctmg

N- al koxy an1ne or amonium salt in the préesence of a base in
accor d&Rw pifern Qﬂf@ﬁ@smndm‘g agid KXHD. wingh 20en oo zeseT therbpdidel 7796

Vile %tgﬂnaﬁﬁe&%u%rmetl hﬁem@g;&&gea‘uﬁ%aﬁ[sof%@a&@wwegmnk ¥f the salt with

avai l abl'e or their eparati on
5 pivalyl chloride. Treatment of the pivalyl anhydride with a primary amine, for example, 2,4

difluorcbenzyl amine in Step 3b provides the corfesponding secondary amide. The inventors
have been the first to recognize that the process of of converting first to the acid, then to the
anhydride, and finally to the amide permits a secondary amidation reaction to be carried out
as a one-pot reaction. The inventors are also the first to recognize that by selecting to
10 proceed through the acid salt in a mixed THE/Acetonitrile solvent, the resulting amide
product is provided as a crystalline solid in a form suitably pure that chromatographic
isolation and/or further purification of the product is unnecessary. Moreover, the method of
the present invention surprisingly permits the amidation reaction in some embodiments of the
present invention to be carried out without the need for an amide coupling reagent, for
15 example, HATU, CDI, EDC, DCC, PyBOP, polymer supported CDJ, polymer supported
EDC and the like, as they are defined in the general definition portion of the detailed
description and described in the above-mentioned *009 publication.
Accordingly, in step 3 the oxazoline-substituted quinolinyl ethyl ester intermediate
(19) is treated with a base (LiOH) and then acidified to liberate the corresponding acid
20  compound of Formula XII, which is then isolated as an organic solution. The acid compound
of Formula XII is converted to a salt by treatment of the solution containing it with potassium
bicarbonate. The salt is treated in siru with pivalyl chloride to provide the corresponding acid
anhydride. Amidation is then carried out by treating the anhydride with a primary amine to
provide a compound of Formula X. Preferably, Preferably, R', R?, R'°, R"!, and R" are
25 selected to provide a quinoline portion of the X intermediate having the structure of 8-

Methoxy-2-triflucromethyl-quinoline, the structure of Formula XIa, discussed above.

30
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Wth reference to Schene VII, in sone enbodi nents of the present

i nventi oryOgp@i@tEbly "t" = 1, preferably one of RS andP&EUSENNT017796
hydr ogen and the other is a t-butoxy substituent ((CH3)3C0-), and
preferably one of R3 and R4 is hydrogen and the other is a t-

10but oxy car bonyl substituent ((CH3)3C-0-C(0)-), yielding an

acyl ating reagent having the structure of Fornula Vile. 0 (H3C)3C,
)I\ "0 (-13c)3c-oFormula VIlc 151t will be appreciated that in
accordance with the foregoing description, starting materials

repres j ORI j yariables can be selected to
providg%'lﬂgm;fhﬁre 2 Eat Ri%%@%g‘reagent and still be wthin the
scope of the present invention. Surprisingly, when the
oxazoline ring is t@rmed, in accordance with the Qgre90|ng, t he
reaction prOV|des Bﬁlne substituted qU|noI medi ate (A3)
with a cleaner m%Jc (g6ners, a yield of atm+east aboui 79% based
on the starting sulfgny Iernedlate (A2), and | 2€nant i oner
excess than is avail able fron1tﬁ%f%&§?ollne _ring- & rnlng'brocess
described in the '

ubI i cat.gnao [t HV“\’/IA be ap
oxazol i ne ring-fornji-ng reactionl fHN sent inyenyion ca e used
in place of the 0 need | NQg- f ng pr cess q cr begig ' 009

publ i cation without fufther nodifid®¥ion of the" step rlbed
therein to provi de smcid5i nproved net hod of preparing cegpounds of
Formula I, or it may be used in conjunction w thasanidd\D
20%8/021235PCT/U820071017796 one or nore other inprovenents

descri bed herein to provide an inproved nethod of preparing the
conpounds ofWibir¢feteacd to SithemeJilefiiactaitiabnamide caare peepaoet divsetly fafm teeacid

present Jjnventi after oxazoline. ri f.or ian,. the resultjng

D oductsE DR FRRPITE PRI OTRRSILH AR 7 BEGH ip BEgReehes of Nmethy)

I nter mﬁbr@ﬁcﬂl\'@%b’ adii thé REidT¥AABF the dRBaolink (AB-RG5Y) wilh @48Jond &S tine salt,
(for exa a is an al kyl group), or acid (R2a is hydrogen) in

accor dgwcg(amﬁl% thehydrechlpride qgaéq ofithe cyclic secondary amine compound of Formula Ib2a.

10 Although Scheme Ilef illustrates the reaction using the secondary amine of Formula Ib2a, it
will be appreciated that other amines can also be used, for example, those shown in the 062

publication mentioned above, for example, in columns 122 to 288.

The inventors have been the first to recognize that a cleaner tertiary amide product is
15 provided by utilizing the acid (A3-acid) directly in the amidization reaction and employing
the amine salt in conjunction with a coupling reagent. In some embodiments of the invention
it is preferred to employ a mixed solvent in which to carry out the reaction, preferably

ethylacetate and N-methylpyrrolidine.

20 For use in the tertiary amidation reaction shown in Scheme Ilef, in some embodiments
it is preferred to supply the amine salt used in the amidation reaction, for example, the proline
salt of Formula Ib2a, by direct treatment of a solution containing the amine, or by treatment of
a solution containing a protected form of the amine, with an acid to precipitate the salt, which
is then isolated for use in the oxazoline-forming reaction described above. Accordingly, in

25 some embodiments of the invention it is preferred to use a protected proline derivative having
the structure of the compound of Formula Ib2a2 (wherein, “PG” is an acid labile protecting

group), for example, the compound of Formula Ib2a2, dissolved in a suitable solvent, for -
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lid ON RI9 A3A3ad 10A3ae wherein the am de produced is either a
secondar ywagt@®21Bhus R4" is hydrogen and R5" is a hydr PCHUBZM7/MOTE y
as defined herein) or a tertiary amne, for exanple, a heterocycle
(wherein R4" forns a ring with R5"). In this manner the reaction can
be run as a "one-pot" synthesis wi thout the need for internediate
isolation of the acid. Wth reference to Reaction 15Schene |1, above,
further details of Step 3 are described next, as illustrated in
Schenesxakpleagthyll dcefate, 8o éngated iwith, a StitaplecidséorondanperHCH ges, om pScipitaBithe

o v Jo0R 0TS s HIER s PhHle dhe ctporhd FRUASIRIBEEY ' e

flee, internmediate 19 (Schene 111, step 3, above) is converted to the
correspondi mgbam dey by,means of first removi ng theHet yl ester
protecting gr t he correspondi ng**&ci which is then

converted to t anh dride internediate throu the i nt er medi at e

pot assi um s&P¢" of the acid BymulztZment of spfle salt with Fonppladbgal
chisoride. Treatment of the pivalyl anhydride with a primary am ne,

for exanple, 2,4 difluorobenzyl amne in Step 3b provides the

corres E)b-ﬁi!i bﬁgammtntdféﬂyit any dier Hleans aﬁmmidm Hhanteblesening bat, ﬁ!iqitsding gse of
recogni of conve flr t to.the t hen

to t heag thve a 1ds toqlén’fll%?]% :fal(f’t c nob<:7t %mp oq% R amnsl% %Aﬁ (?5P§/c mqgc
am dat lrmtmeaeicnbad hboxbsewnmln idepardug fr@m ﬂne@a@emﬂthds peesértGiventibe.
inventors are also the first to recognize that by selecting to
10proceed through the acid salt in a m xed THF/ Acetonitrile solvent,

t HO r eSwpt4 ng abegeotection
With reference to Scheme II above, a compound of Formula I is prepared after
amidation by removing any protecting groups present. Thus in accordance with Scheme IIlee-
Step 4, and Scheme ITlef-Step 4, bclox;v, where R1, R9 RI10, R11, R13, and R49 have been
selected to provide compounds Xa, Xb, and Ica2, treatment with an acid, for example,
15  trifluoroacetic acid (Xa and Xb) and HCI (Ica2) as shown, provides a compound of Formula I

(Xaa and Xab respectively).

Scheme Ilee-Step 4

- CFy
/
o =N
AT
t-Bul—=C HN N\ CF,
Xa L. Trifluoro Acetic Acid = =5
2. THEH O
2 o Xy
CF, 3. Neutralize
A oz 4, Precipitate H,N NH/D
; 0 F
N HD/ F
Xaa

(CH;);CO
N“‘
20 7Lo
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product is provided as a crystalline solid in a formsuitably pure

t hat chr owatoereptssc i sol ati on and/or further purificatpomustoorher79e
product is unnecessary. Moreover, the nethod of the present invention
surprisingly permts the am dation reaction in sone enbodi nents of
the present invention to be carried out without the need for an am de
coupling reagent, for 15exanple, HATU, CDI, EDC, DCC, PyBOP, pol yner
supported CDI, polyner supported EDC and the like, as they are
def i ned i Bcheme HdefeStzp ddefinition portion of the detail ed description
and described in the above-nentioned ' 009 publication.

Accordingly, in step 3 the oxazoline-substituted quinolinyl ethyl
ester intermedi at¥™,19):is treated with es+base (LiOH) and then
acidified to lib t g t correspondi ng i 20 conmpound of Formul a
XI'l, which is the 'SQ& ed as an organ utYon. The acid conpound
of Formula Xl ig>sonvert®d.fQ.a salt re snest of the sol ution
containing it WAT bopat alt is treated in situ
wi th pivalyl chiorude@ o provide the cérr oAdi ng acid anhydri de.

Am dation is thqucarrled out by treatlﬁg the anhydride with a
primary am ne to provide a conpound of ®mul a X. Preferably,
Preferably RI, RO, R o, Rn, and RP are 25selected to provide a

|noI|ne p(r)[rtj og of the X intermedi ate haV| ng the structure of 8-
Methoxy- 2- t iF fPuBFIEHEE hif1at qUATHS| fRAuTehels tthe) cRigFedt ofyntistisuseherpey, can  be

di Oa 2 /
S![ Z (p:)ug %&Terﬁ?%b‘grﬁ?yi%rglg??%ﬁ% C%QS{%EI 3\25?559@}-4: l&%@&z %7&)9&5 to 368 e{ﬁ%ﬂrh@én of

Est het &Omupgreigl N quaptites  of  5-(1- ammo—znhydroxy ethyf) 2-(8 methoxy—2~mfluoromethyl-

quinolin-5-yl)-oxazole-4-carboxylic acid 2,4-difluoro-benzyl-amide (the Compound of

Formula IX) in accordance with Scheme VIII.

10
Scheme VIIX
Step 1
15
OMe OMe
New~CFa N ~CF2
/
MaQEVCH,)
—_—
s N HiCS N
15
CO.Et VOI “co.Et
20
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HCI HpAN O Ero,c R49 0 A3-acid 5 Wth reference to Schene

Met at

erwPapap/033tle can be prepared directly fromthe BET/HSHET/NAG 73N

am de coupling reagent conprising HOBT and EDO in the presence of
N-net hyl norpholine by reacting the acid form of the oxazoline

(A3- aci
salt of

d) with a secondary ami ne salt, for exanple, the hydrochl oride
the cyclic secondary am ne conpound of Formula Ib2a. 10

Al t hough Schenme Mel illustrates the reaction using the secondary
am ne StepRdbrnul a 1b2a, it will be appreciated that other am nes can
al so be used, for exanple, those showpgmh [tihe 062 publication

menti oned above for exanple, in col

,288. The invent®l's N ol
o

have been the first to recognize th | eamer tertlary am d

product is 15provided by utilizing t s~ A3-acid) directl he-
am di zation r%éﬁﬁt%ﬁp,g,ygml oy| ng e\ ne sal t yijppconj uncti off W

a coupl i ngme ts s M the |nvent|on it g7 N
preferred to e xed solv | to carry ihe —
reaction, pref e'ﬁ’éblr# I ace&ua@eHBJ 5pyrro| i cb;dl@ OH
inthetertla mdat n reacti ovvnln Schenme Het in

enbodi nent s |Py"'§ prefqérred to s p y the Bnine salt used 'S‘ﬁothe 20
am dation reactlon for exanple, the proline salt of Formula Ib2a, by
direct treatment of a sol ution containi ng the am ne, or by treatnent

ofas

on containing a protected formof the amne, with an acid

to precu?%ate the salt, which is then isolated for use in the

ox&zol i

ne-form ng reaction descri bed above. Accordingly, in 25sone

enbodi ments of the invention it is preferred to use a protected
proline derivative having

10

15

20

Qe OMe

NayCFs N CF
1. K;COyACN 1. Trifluoroacatic Acid 3
2. Pivalyl Chloride PN N
20 o O o°>N 2 THEM,0 _
3. F et OJL HN/\Q. 3. Netralize o o
F—O—\ U N z OH ¢ F 4. Precipitate )=&
NH 4o HaN-L NH
2 21 wor O E F
IXaa

With reference to the details provided above in discussion of steps 1 to 4 in the provision of
compounds of Formula I in accordance with the improvements of the invention, the
compound of Formual IXaa can be prepared by selecting starting material having a quinolinyl
portion in which, with reference to the compound of Formula 1, R! is attached to carbon 8 of
the quinoline ring and is methyl, R'® and R"! are hydrogen, R’ is attached to carbon 2 of the
quinoline ring and is trifluoromethyl, and R is hydrogen. Moreover, when forming the
oxazoline ring in step 2, the compound of Formula IX is provided by using an acylation
reagent in which, with reference to the discussion of Step II in the detailed description above,
the R* portion of the acylating reagent has the structure of Formula Hle, above, wherein, one
of R? and R* is t-butoxycarbony! and the other is hydrogen, one of R® and R is t-butoxy and
the other is hydrogen, and “t” =1.
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the structure of the compound of Fornula Ib2a2 (wherein, "PG' is an
aci d | abiWe2pBeers8ti ng group), for exanple, the conpounBCHUSTET/PATTE

| b2a2, dissolved in a suitable solvent, for WO

2008/ 021235PCT/ US2007/ 017796 exanpl e, ethyl acetate, and treated with
a suitable acid, for exanple HO gas, to precipitate the correspondi ng
am ne salt, for exanple, the conmpound of Formula Ib2a. OFornula

I b2al t-BCC, 0 Formula |bga2?Etcw It will be appreciated that any

ot her neans Adfertigglydingd? a Petiionaish deapiepied satve thewgttustiira gf Heanya 1Tlb.
alternative acids to formthe salt, can be enployed to provide an
amne salt for use in the reaction described above w t hout departing
fromthe scope of the present invention. 10Step 4 -Deprotection

Wth reference to Scheng Ha@eye, a conpound of Fornula | is prepared
after am dation by renoviyg any protecting groups present. Thus in
accordance with Schene Meew.Sf, , and Scheme I:lief-Step 4, bel ow,
where R, R9, R10, Rli; 3, land R49 have been sel ected to provide
conpounds Xa, Xb, and 4Taf, +4reat nentlgywa acid, for exanple,
15trifluoroacetic acid (Xa and Xb) an %ﬂ}daZ) as shown, provides
a Bonpeuhdeoitilized riml the Ipré¢déam imnbe Xabe reapec tas \whbyh. foBthe reylktihg eedieap of
4 WO %grqrsulﬂg%%Z%PCT/ US2007/ 017796 Schere Illef-Step 4

In the same manner, the compound of Formula VIII can be prepared and reacted with
an acylating reagent of the structure of the compound of Formula Ibla to give the oxazoline
compound having the structure of Formula IBa2-ester, which, after conversion to the

10 corresponding acid, can be amidated and deprotected to give the compound of the structure of

Formula IXab, in accordance with steps Alt-2 and Alt-3 of Alternative Scheme VIII shown

below.
Alternative Scheme VIII
15
Step Alt-2
OCH, QCH,
Ny, ~CFs Ny ~CF OCH,
N CF,
o 1. N2HMDS = 5% NaOh =
e —— - F-
HCs” N 2. H O © o™y “
l\ BOC,N\&)\O)H( HJ__EI\ THE! B0 EIOH oy .
= Boc” % CO,Et Ho e
CO.E Ibla = BM’N‘E)_KCD;E
Vil Ia2-cster -
Ia2-acid
20
25
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5t is believed that various features of the present synthetic schene
can be ad¥Vat#@YR&#8I y conbined to provide a synthetic sEREMS2MFAITAN e
to the preparation of comrercial quantites of

5- (I - am no- 2- hydr oxy- et hyl ) - 2- ( 8- met hoxy- 2-tri f| uor onet hyl qui nol i n- 5-
y1l) - ozazol e-4-carboxylic acid 2,4-difluoro-benzyl-am de (the Conpound

of Fornmula IX) in accordance with Schenme VIII. 10 Schene VIII Step |
62 Step 3 Wth reference to the details provided above in discussion
of ste;ﬁ—ﬂéﬂb—4 in the provision of conmpounds of Fornula | in

accordance with the inprovenents of the invention, the 10 conpound of
Formual |Xaa can be prepared by sel ectlpg starting material having a

qui nolinyl portion in which, with ref F1O the corrpound _cF,
Formula I, Rl is attached to carbon hegqui nol i ne ring IS
met hyl , R16 and Rl lager hydr ogen, R9 iis atpﬁ%ed to carbon Z[o L]X

when form ng the oxpzdki is&” e compound &f+FO¥% 1 I X
is provided by usingoegh acyl atdon 15‘ré>ag%‘iﬁ in which, with rfe«n,ence
to the discussion of Step |l in the detail ed description absue, the
R49 portion of the acylating reagent has the structure of Fornula M,
above, wherein, one of R3 and R4 is t-butoxycarbonyl and the other is
hydr ogen, oneheOhv&hicandsdRbseld heteibitleR¥inpidd b ehotdlotvinSpRydhaagaandand
"t" =1. 20 . WD 2008/ 021235PCT/ US2007/ 017796 Alternati| veﬁJ t he R49
por t i of*eBRIB eh hauldneiPegiopriatdodiopt e rapuet thsﬂrfﬁlqﬁurier M 0/ PC(
CH,), Formula My, 5and be utilized in the process in the sanme manner
as shown for the acylating reagent of

qui nol i ne ri'f¥nd E*ct i fﬁwgg Frret h,ylO qffl 3 icge iy dr ogen. ' Npr coY eP,
h

EXAMPLES

10 The following solvents and reagents may be referred to by their abbreviations:

acetic acid: HOAc
dichloromethane:DCM
I-[3-(dimethylamino)propyl-3-ethylcarbodiimide monohydrochloride — EDCI
15 ethanol: EtOH
ethylacetate — EtOAc
1-Hydroxybenzotriazole - HOBT
N-methyl-pyrrolidine — NMP
N-methyl-morpholine - NMM
20 potassium t-butoxide: t-BuOK
sodium bistrimethylsilylamide : NaHMDS
triethyl amine: TEA
trifluoro acetic acid: TFA
tertiary-butoxycarbonyl: t-BOC
25 tetrahydrofuran: THF
liter: L
milliliters: mL

grams: g
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Formula 16. In the sanme manner, the conpound of Fornul acan be

pr epar ed va@doaswarsed wi th an acyl ati ng reagent of the sSPEUUBWPEIIGTI6
the conmpound of Formula Ibla to give the oxazoline conpound having
the structure of Forrnula |IBa2-ester, which, after conversion to the
10 correspondi ng acid, can be arnidated and deprotected to give the
conpound of the structure of Fornula |IXab, in accordance wth steps
Alt-2 and Alt-3 of Alternative Schene VIII shown below Alternative
Schenerogn femmrapgeprAl (ambient): ahpue2¥’6r | a2-acid 20 25 64 WO

2008/ 021239561/ 1382007/ 017796 Step Alt-3 I

Example 1:  Preparation of 5-(2-tert-Butoxy-1-tert-butox vcarbonylamino-ethyl)-2-{8-

5 methoxy-2-trifluoromethyl-quinolin-5-vl}-oxazole-4-carboxvlic acid ethyl

ester [Compound 19] by treatment of {[(8-Methoxv-2-trifluoromethvyl-

uinolin-S-vl)-methylsulfanyl-methvlenel-amino } -acetic acid ethyl ester

Compound VIII] with 3-tert-Butoxy-2-tert-butox ycarbonylamino-propionic

acid 4-[(2.2 dimethvl}propionic acid] anhydride [Compound 16].

10
OCHZ o o OCH;,
N CF, /ﬂ\ N
> (HyC1C—O 0" T CiCH)s o
/ NH /
o
0—C(CHa)a x
HaCS Ry 6 o (o] N
VIII k Toe- (HaC)aC--.OJL CHyQ,Et
COE NaHMDS N
THF
Q
sl 19
65°C “e(CHalg

Into a 200 gallon glass lined reactor equipped with a thermocouple, N3 inlet and feed

15 tank was placed 16.5 kg (1.0 x) of the compound Formula VIII under a nitrogen purge. Into

the reaction vessel, with continued N, purge, was added 217 liters (13 x) tetrahydrofuran

(THF, dried, as determined by Karl Fischer titration, to residual water content of < 0.05%).

The THF was maintained at a temperature of from about 20 °C to about 25°C until all of the

compound of Formula VIII was dissolved. After the compound of Formula VIII had

CF3

20 dissolved, the solution was allowed to evaporate at | atmosphere until the batch volume was

concentrated to about 140 liters (8.5 x). When the reaction mixture had reached the desired

concentration the temperature of the reaction mixture was reduced and maintained in the

range of from about -60 °C to about -70°C. After the reaction mixture had equilibrated in the

desired temperature range, the reaction vessel was charged with an aliquot of NaHMDS (as a

25  2M solution in THE equal to 4.85 kg of NaHMDS, 0.292 x) over about 15 minutes. While

maintaining the reaction mixture within a temperature range of from about -60 °C to about -

70°C the reaction vessel was charged over about 15 minutes with a solution aliquot of the
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la2-acid O THF 0 E102C Ica2 5The invention disclosed herein is
exenpl i fi&EE 2B88/R2KBST ol | owi ng preparati ons and exanpl es RATHR2EHOLI796
not be construed to limt the scope of the disclosure. EXAMPLES 10The
foll owi ng solvents and reagents nay be referred to by their

abbrevi ations: acetic acid: HOAc dichl oronet hane: DCM

1[ 3- (di net hyl am no) propyl- 3- et hyl car bodi i m de nonohydrochl ori de - EDCI
15et hanol : EtOH et hyl acetate - Et0Ac 1-Hydroxybenzotriazole - HOBT

N- met hydonpound [Fodiula 16 inlIRkeqetitpl2.0fokphbihe rempohihd/bPBpotds £6,101 25 X),

t - but oxj %ﬁtanﬁm? ersaggé)ﬁlrrpng[ etgtla vﬁpr:iaﬁJkle%k ?r@mdzﬁ)oub W@% a %tﬁ%ﬁ‘)é After

an ne:

uoro aceti c acl tertrary- oxycar

t - BOC Zmkdefonadfytbe edtire ahiqudtkfithe dcanpoundrif [Hormnulael6s therveaction mixture was

10

15

20

25

30

agitated for 10 minutes while maintaining the temperature in a range of from about -60 °C to
about -70°C.

The sequence of the addition of an aliquot of NaHMDS followed by the addition of a
solution aliquot of the compound of Formula 16 and a period of agitation was repeated eight
additional times using 0.125 equivalent of the compound of Formula 16 and 0.292 eq. of
NaHMDS in each cycle (nine cycles in total). At the end of 9 cycles 92% of the compound
of Formula VI had been converted to a compound of Formula 16 based on HPLC analysis.

At the end of the reaction period the reaction mixture was transferred over a period of
about 15 minutes to a vessel containing an aqueous solution consisting of 23.1 kg (1.4 x)
KH;PO, dissolved in 140 liters (8.5 x) HO. During the transfer the reaction mixture was
maintained at a temperature below 30°C. To the combined reaction mixture and potassium
dihydrogen phosphate solution was added 62 liters (4.3 x) ethyl acetate. The mixture was
agitated for about 15 minutes and the layers permitted to settle. The layers were separated and
the aqueous layer was extracted with 62 liters (4.7 x) ethylacetate. The extract was combined
with the organic layer and washed with two aliquots of 93 liters (5.6 x) 10% aqueous w/v
NaCl. The washed combined organic layers were concentrated at 1 atmosphere to a batch
volume of 99 liters. Isopropanol, 198 liters, was added into the washed organic layer and
the mixture concentrated at 1 atmosphere to a volume of about 149 liters. Heptane, 198 liters
(12.0 x}, was added to the concentrated mixture with the temperature of the mixture
maintained at a temperature of between 65 °C and 75°C. After all of the heptane was added
the temperature of the mixture was adjusted to and maintained at a temperature between 60
°C and 65°C and agitated for about 30 minutes. At the end of 30 minutes, with continued
agitation the temperature of the mixture . was adjusted to a temperature between -5 °C and 5°C,
over a 3 hour period, causing solids to forrn. When the mixture had attained the end
temperature range it was agitated for an additional 30 minutes, then the solids were collected
by filtration. The filter cake thus prepared was washed with 33% v/v ethylacetate in heptane
and dried in a vacuum oven for 12 hours maintained at a temperature of from about 55 °C to
about 65°C. Yield 79% based on amount of Compound VIII initially employed, ee purity
>59%.
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grans: g WD 20081021235PCT/ U32007/017796 roomtenperature or it
(anmbi ent )\WO2BW(21226C. nol e: nol. Exanple 1: Preparati onPET/US2007/017796
5-(2-tert-Butoxv-1-tert-butoxycarbonvl am no-ethyl)-2-(8-

5nmet hoxy-2-trifl uoromethyl -qui nolin-5-yl)-oxazol e-4-carboxvlic acid
ethyl ester [Conpound 191 by treatnent of I

f (8- Met hoxy-2-trifluoronethyl oui nolin-5-v1)-nethylsul fanyhnet hvl enel -
am nol-acetic acid ethyl ester f Conpound V1111 with

3-tert-But Ekysqhdseshus o aiory eardomayzadiby Ereoo NMRi (CHEMER| MCD(CZ;)Z\;%%the
di met h |d| 6 10 Into a

gal | on¥$]¥ ass ‘lgsmatg(reac %’r%ngy"&.[a“qgéé%ﬁm“qfﬂé? couple, N2 inlet and
f eed 15t ank Sve&s(1pl, ag;eRiSa 6LIN, d§g7 94(11—1)«)) DR2YNH, @) SEPAUNE, Eo); b &(IV, Is| b);

our ge, was. Adieab 3643 R YT ATEh iR SEERE LS o H Tt o as

deserm ned by Karl Fischer titration, to residual water content of c
0.05% . The THF was nmaintained at a tenperature of from about 20C to
about 25C until all of the conmpound of Formula VIII was dissol ved.

After thepeoiRQuRdr 9fe b MN8Ny M budaek 204 ,'n}s- o im% aé-zm 39N was
al l owed t'0 evaporate a atmosphere unti
concentraé_m,hﬁdlgéﬂmﬂmc’ﬂgmaﬂhwmdﬁ V@Drﬂﬂmﬁ_ﬂbn the reactlon m Xt ure
had reached t r act i on
m xture was Ftrog E%@ garﬁ@gnt al ?Qﬁtvﬁg&gﬁm%&f&ﬁ%%ﬁ% tt’E-GOC to
a6ut fqlwlng\fpt@edum reaction mxture had equilibrated in the

desired tenperature range, the reaction vessel was charged wth an
al i quot of NaH (as a 25 2M sglution in THF equal to 8 k)k)
C(CHy),

NaHVDS, 0. ver about 15 Jrinutes.*Wiile m
reactlﬁi'F”ﬁ?xt re within'a teepérat ure Tange Of from abodt -60Cto
about - g\r:)we reaction vessel was chaggegd over ab%&f‘?ﬁ m nut es
wth a so on aliquot of the O~cichy,
TTGCHy),
£l Eo 16

Under a nitrogen purge, a 500 m] 3 neck round bottom flask equipped with a

thermometer, N; inlet and addition funnel was charged with 20.5 g (1.0 x, 78.45 mmo!) of 3-

15 tert-Butox y-2-tert-butox ycarbonylamino-propionic acid {the compound Formula E1) in 250
ml (10 x) dry THF. To the reaction flask was added 23 g (1.1 x 166.7 mmol, 325 mesh)
K2CO;. The temperature of the reaction mixture was adjusted to a temperature between 0°C
and 5°C. Into the cold reaction mixture, with agitation, was added 9.27 g (0.45 x, 76.88
mmol) of 2,2-Dimethyl-propiony} chloride (the compound Formula E2) over a period of

20 about 15 minutes while maintaining the reaction mixture at a temperature between 0°C and
5°C. After all of the compound of formula E2 was added, agitation was continued for about 2
hours while maintaining the reaction mixture at a temperature between 0°C and 5°C. The
reaction was monitored by 'HNMR until it indicated that no more starting material remained.
At the end of the reaction period, 4.0 g (0.2 x) celite was added to the reaction mixture and

25 the reaction mixture was filtered through a filter line charged with 1.0 g (0.1 x) of additional
celite. The collected filter cake was washed with one 50 mt aliquot (2.4 x) of dry THF. The
collected filtrate and wash were combined and concentrated under vacuum to about 40 mi (2
X). Additional aliquots of dry THF were added and vacuum distillation was carried out on

the concentrated filtrate until the water content of the filtrate (determined by Karl Fischer -
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WD 2008/ 021235PCT/ US2007/ 017796 conpound Formula 16 in THF (equal to
2.06 kg oVO2A®/@H#pound of Fornula 16, 0.125 x), mai nt aPATR2MORKB17796
reaction mxture at a tenperature of from about -60C to about -70C.
After addition of the entire aliquot of the conmpound of Fornmula 16,
the reaction mxture was agitated for 10 m nutes while maintaining
the tenperature in a range of from about -60C to 5about -70C The
sequence of the addition of an aliquot of Nal-INDS foll owed by the

addi t i éitrappnhindiseigdiaoraten ¢agigst obfess Hanebapdlad %of Tikoresullant aghysnide a
peri od I } i ght i L times using 0.125
equi val(‘gérﬁ]a%"htaih%ggg%éﬁéggﬁ%gﬁgﬁ %ﬂ?%@% ufgéjggn{)j&gg%'z eq. of NaHNIDS in

each cycle (nine cycles in total). At the end of 9 cycles 92% of the
compougapat of CEl 8o {FEhEnt O BoGOIRRHTYLA) with 2-tert
ped od the react iButoXy-1t(aiethosdsmethahedbimed)eusi]-carbahicedidkriedibyitesttd
mnutes to a vesag! contEE g: pg an aqueous solution consisting of 23.1
kg (1.4 x) | CH2P®%Y in 140 liters (8.5 x) H20. During the
transfer the reaction mxture was naintai ned at a tenperature bel ow
30C. To the conbined reaction mxture and potassi um 15di hydrogen
phosphat e sol utijon was added 62 |it§rs (4. 5
m xture was agi flated for about 15 w :
settle.d, erg—vlte separat ed :
with 62 literg (4.V x) ethyl acet A _eXtract—was conbi ped W
the organibe-fayer ait washed with Tfio arfquots ™3 Iitefs (576 x)
10% aqueous Wi~weiaCl . The washed coxdj ned organic |ayers yere
concentrated at 1 atnosphere to a bat{tc\g 20vol une of 99 l+Tw

| sopropanol, 198 liters, was added i ntesthe washed for gaii ¢
the mxture concentrated at 1 atnobsphere to a‘“ﬂ?b‘i‘m‘%& of
liters. Heptane, 198 liters (12.0 x),""was added to the
m xture with the tenperature of the m xture naintained_at a
tenperature of between 65 C and 75C. After all of the ?‘rgtp;;,,ane was
added the tenperature of the m xture was adjusted to and mai nt ai ned
at a tenperature between 60 25C and 65C and agitated for atsout 30

m nutes. At the end of 30 minutes, with continued agitation the
tenperature of the m xture.was adjusted to a tenperature between -5C

and® 5C, ol a258 mid peckapprshibotiaay Saskyeampragovitha thermpomppes Ny indet and two
Ao . ) ) . )
m xt ur edhadnahbAINGSs iR aend ?{2 Soeﬁgfﬁ, KYWEa (? Ie{,c it’%% nﬁ@él}ﬁﬁﬂ E«%R&Ehd

additional 30 mnutes, then t Wer e col. tratio
The fi IHoemulagkHI.t RustepekydrptuamGila2heals (f xh va8othe tsmparitpreamaintdiecd ot

heot . ) . Ted
{onpor atucatop f Yanr o REHHR S ERohR e folhi AR LT, A 1 of e
anount compGong ofihermuila VITInw 4si dassolved e agreperaree plithi trgactiON %ix tuiDras

2008/ 0 RCT/ ¢ 0 [ h bt ai

Ay 2 SR BB PR 10, TR T G h et RS Bt

(cheni QRHIIIS M &1 BEFy .6trol, TS, x, BL23 inprlail Cirtdey nit@g8O parkt berh) perSode

iy (bod f¥miphlhs ik né Epbrablie 88 thepsttioh Hixui Alaintine] af g lrmgirar B

5 Prepaicatéenn60fC and el0°EBIW Doty allof gtNAHNMDS) @duithdhidasEen addddofé eddicion
acid 4_rrgi§(tu2rc w%ls ggittzbtgé l\a.g)tlil()t ¢ %rr]rla;%raaig}edmglgngrgg lgje?w ccr:lo -%Qgggd %g&’c for a period

20 of 10 minutes. At the end of the initial agitation period a solution of the compound Formula

CO.E
oncentT at ed

E3 in THF (0.61 g of E3, 0.12 x, 2.0 mmol) was added to the reaction mixture under nitrogen
purge over 15 minutes with the temperature of the reaction mixture maintained at a
temperature between -60 °C and -70°C. After addition of the solution of the compound of
| Formula E3, the reaction mixture was agitated while maintaining it at a temperature of from
25  about -70°C to about -60°C for a period of 10 minutes. The procedure of adding a solution
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For use in the exanples, Conpound 16 was prepared in accordance wth
t he 10f ol WBWPEY2pBdcedur e. El E216 Under a nitr o§eRUBN0GBL77%p
500 mM 3 neck round bottom flask equi pped with a thernoneter, N2
inlet and addition funnel was charged with 20.5 g (1.0 x, 78.45 nmol)
of 3- 15tert-Butoxy-2-tert-butoxycarbonyl am no-propionic acid (the
conpound Fornula EI') in 250 mM (10 x) dry THF. To the reaction flask
was added 23 (1.1 x 166.7 mmol, 325 nmesh) K2CG3. The tenperature of
the re®fN x fEIfasingakhen @fidiag @gotugion of drpromapannd of Fonpela Biovarmgpss:d

nto t ‘ b ot i : . _

(0. 45 v GERRIEAF RS ALK MRl bINAVIBY rain Hi5s ARRRL, hdf sbubicn,

For mul o) HOWIR aaalyeisiof dheofea@mbroixturg Snditated st wiord tham@0nhalefti ofght he
ti | Xt .at a t t bet 0C and 5C. Aft

Compount B pUPRER oL TR codirat Bt Aag neBthaALES of BhpBaHEF

ho@ s whiutien n@igivied. 31 £ghivdlents Baset iodnhdientdiiagatarind RRARSRA TN GvOEYERN

0 C and 5C. The reaction nonitored by 1HNL4AR until it indicated
that nS*WEAEIEUY %Cﬁﬁ%ﬂﬁﬁ?%?ﬁ?%w ghideemporrd phEoamta &8 te gvelkbet i on

per i odeqflivaledts( Basedoh tREkdrbfniva Stadiitiehatepial, RMré 8adeldl fANoWInEl HE Sard)d
25t he reaction mxture was filtered through a filter |ine charged

wi t h 1 .3gdigiopeitatign sphedeigi(1? adrition/agitation cyples eipl)e & die amd afdheseake
was washeg oWatghaQ&?cyﬁ:Qesmlmmiys(s%f‘%hé()ea%orﬂﬁ%tﬁf#jndi-ggt%d ¢ lo?%} ffdut

filtrate and wash were conbi ned and concentrate er vacuum
abldut 4§ af thezoyipoupnd af Fpomaa VAlLiremeined it selpgjort HEbervegrapaithdeaaf Farvaula 19

vacuumgli st b @thQ8 amﬁa&?&{l%{gd?w% op?—é_g%ejeeconcent rated filtrate

until the water content o ra eterm ned by Karl Fischer
68 WD 2008/ 021235PCT/ US2007/ 017796 titration) indicated a water

O oo ool idhd' e ABBNn Brfd (R rchdfiof SEKLIC e ANNEIS ROTRPY

16) concentrate nrs-used as

Pr epar atinotesab 70anpeflnsb(tleh) cdayprisigal 07 niguedus GaRIIRD{ /11D with Rigorous
féﬁf?g%%ﬁ 3@&&%& %%m”%%gékﬁr?&{ ARt S Wl 38E, 86k of ety
acetate was added. The organic layer was seperated in a separation funnel. The organic layer
was then washed with with 30 mi of 5 % aqueous w/v KH;POy,, followed by H,O. The
solution was distilled under atmospheric pressure until it attained a volume of 70 ml. The
solution was mixed with 50 ml of isopropanol at 60 °C and the mixture was again distilled
20 under atmospheric pressure to volume of 50 ml. The compound of Formula 19 was
crystallize from the concentrated solution by adding 70 ml heptane while maintaining the
mixture at a temperature of 60°C followed by cooling the mixture to a temperature of
between 10°C and 0°C over a period of 3 hours. Crystals of the product were recovered by
filtration. It was found that the isolated material yield was about 63% based upon the amount
25 of starting quinoline used and the product (compound of Formula 19) had an enantiomeric

purity of 98.3% ee.

Preparation of 2-tert-Butoxy-1-(methox y-methyl-carbamoyl)-ethyl-carbamic acid tert-

butvl ester [Compound E3]

30
For use in Example 2, 2-tert-Butoxy- I -(methoxy-methyl-carbamoyl)-ethyl]-carbamic acid

tert-butyl ester (compound E3) was prepared in accordance with the following scheme:
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VITITHNCO EI C(C H 19 10Into a 250 m 3 neck round bottom fl ask

equi pped WP 2#088218%r nonet er, N2 inlet and two additi on PGHH8I0§7/NH396
added, under nitrogen purge, 5.0 g (1.0 x, 12.9 mple) of the
conpound Fornula VITI. Dry tetrahydrofuran (THF), 25 ms (5 x), with
the tenperature maintained at 20C to 30C was added to the flask to

di ssol ve the conpound Fornula VIII1. After all of the conpound of
Formula VIl was dissolved, the tenperature of the reaction nixture
was l15adjusted o t enmper ature between -80C and -70C. To the
reaction flgsk has added NaHVDS~(32Mden THF, 1.6 nl, Q.32 - RQ—CHs
nMol ) esFEeY trofen purge over ay”p\eri od.of abaut 15 m nut e wi th the
tenperature of the reactioh mxtdre"maintaimesg at a te ture o

bet ween -8TTand -70C. Wen all of the NaHVDS sol ution had“eesn, added
the reaction ni'fure was agitated with the tenperature maintai ned
bet ween -70C ang -60C for a period®0of 10 nminutes. At the enf of the
initial agitation period a solution of the conmpound -Fornula E3 in THE
(0.61 g of E3, 0.12 x, 2.0 nmol) was added to the reaction m xture
under Rkt ' S W fagls

b 0@ P h ek BUEE b%r@oxﬁ‘ﬂ}'éitk @ﬁ%lgﬂrpéc{‘whh a tﬁ&%ﬁ{e@ér'é%ﬁ 89611“}112 dllﬂf"e% yas

reaction mxture maintained at a te ature between -
Af ter &bged fére 08.4 manadbdiube samppundhEormarin 36 dissaivedor Fimd aghydrowes

reacti ) i i i L i iLt~atb rat ur

0F 31 1 oMt B dRer ARTBR) ECaiBh e B ANAL BAOE I ofteR, RRTRE SR

RI; |c_)&: eflmimum yvtasi tg]_angi a?mm m_mo@})of thﬁfﬁ?pwﬂm&ﬁﬁf Bl P.(]lﬂd)ﬁﬂﬁﬁzdd]?yﬂ.g enlof
v aqgi en ing a solution of . co und o .

For mt ARt bl Bt iS¢ Reflor st Paiei bl (P T2 RORS o brmbicat

NﬁHI\/DS/td?mpmtha:. HEBe adkiiiibié ons tm;ahd Ixedakitingo ﬁﬁ op fietiyl t—lmyﬁtwaﬁﬁﬂl)&n' jo'13

the reaction m xture indicated that nore 0 0 t he.

o § RO bl Talsl Sk Sttt i a2l o TR s ifign followed

altioquoby 30fmINetHMSY. THiE ositl it wacdntetiai@ Ghde? ' 2

thgqre yi nin;1 starting material, fo(lﬂlgowed by Fﬁg&gﬁeyg%ﬁfmtmng

schedule Eh?Fygdye-f & 55 Thiseibyapeieddn sie reastinm of Brample §iq preparpzhe
equi vakembsundasRsnRh fd1e remai ning starting material, were added
foll owi ng the same addition/ a%iwt ation schedule (10 addition/agitation

cycl es t ot alfjhe opk waspsaanl yed tyesetoadiyiRi OHNAGR im CLSH: oy ish g foHpwvirg
anal ysi ; A ] indi.cat.ed that only about 107% of

t he co%gg%&&gﬁu%g?%ﬁrg%%ﬁ?gﬁsa’irﬁlggﬁﬁ‘hsgbl ution. The conpound of
FdBnul a 19 WerS (ldLdd 492 Gdliel)ah 8@ (38 $)oBsd K tHpd): Bilg (BH, 97 1 2%0(8H, s); (1.08

(9H, s)

Example 3: Preparation of Compound [19] by treatment of Compound [VIII] with 3-tert-

Butoxy-2-tert-butox ycarbonylamino-propionic acid 4-nitro-phenvl ester [E4]

o N, .
(H,C),coﬁ»)\o
NH
Q#

C—cioryy,

20

E4
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At the end of the reaction period the reaction m xture was added,
over a pewWpPaarsgRI?Bs mnutes, to 70 m of a sol ution conBETRISAY7R0T6
aqueous W v KH2ZPO4 at 10 C with vigorous 15agitation. After the

m xture was stirred for additional 10 m nutes at 10C, 50 nls of ethyl
acetate was added. The organic | ayer was seperated in a separation
funnel. The organic |layer was then washed with with 30 mM of 5 %
aqueous W v KH2PO4, followed by H20. The solution was distilled under
at mospheric pressure until it attai ned a volune of 70 m . The

sol uti on wag nol 0 and t he tur
nos i a8 P b RediedTha Bhul AL RANGRAiR R e AME AN
The conpoudditioh fimarehanas ﬁlﬁcmm;%ﬁ y §1.@lnhmale) of tbmcbhfpoﬁ@dlﬁsﬂ‘imﬂat\ﬂﬂ and

sol uti t ane ile intaini the m xture at
*enper Qrtiee (2Bl P ompore Frmgu e, ol e ok g St o By

of 5bet @ENatlddsbiaitdeBferaut (20 oI IVPOf toFifolehe SS1BliAkE skl Mhe reaction
product were recovered by filtration. It was found that the isolated

mat er i aPluyPém%aeieaBaﬁmeéwségweawrﬁtméeawwzg@fld s§Oif Trythe
qui nol ik&lRribs et x ARdwhb Qddycl@@ E«Sua@ﬂ@ﬁf?%@d eh tf@éd%cﬁxngl% FAdudV M) of

enanti oneric purlty of . 3% ee. Preparation of

2- t er t NREIIAP-28 h‘:@kymmv HYTE dat mhried yneld Ry¢r a paiodentild raibs while
tert burﬂY&‘lnt%ﬁ‘ﬂl%thL?QM%H %xgﬂﬁbzf’t@eg‘?r&}‘@aédﬂ' _FRTPHR Raction mlxiuac was

2-tert-But ox met hoxy- nmet car banoyl) - et hyThear bam ¢
t dfx - b@gwtﬂéﬁqrem huemsovinte the Jempesatpreeway mdintainedbuwdeme® @ ard {788C.

neck rGonet o e LRSS ekl o SRR KBRS et oyl 10

was pl aziedtedeGogd of a@mmmfolle)wmfg dahlea@datrpmuﬁdc}Fmrqmt wad Galchilaed ltor Bel 2i6n
50 m an h

dro tertbutyl et her . ( MTBE a erature
(20" ¢ BARR bapit n e FEDRIRIN iRt of i mtesin BEPysHiy VTR 4
mrol ) eéactibe ntempaus defeomingt &y MR, f oftéahe thsbydBiidn, mz&tamﬂiﬂﬂ thaof
trleth I%(r? g The regﬁt%gn rrixw% s agitated for 12 hours_at
" enBORUNBE e orwouRs oF Eoaiip FRACTHEREE terFompoind of Foruly 19
t but yITedehedctian dnrﬁﬂné\va@iraﬂﬂ&@éd ov?€ 5QhBaids Qrdn@ﬂ%ﬁeﬁ@ﬁm&%ﬁ"t@ﬁ Qeksand
washed with 30 N HO solution foll owed 10by 30 ml of water. The

sol ut i GANRHENE b?f@bﬁfi %%%é’ﬁ "eplaBHzD Qe Angh was left n eorﬁ@f:tépq a pesHRrliSrginutes.

2. 87 0 AaGhd ¥&d 6@ ﬂ)e@io@?the HES vrk sé’iﬁ?ath’&@ﬁd {h@ ahb@odsqgférkﬂl@ eRfracted with
Example 2 to pr eq\ar e the conpound of Formul
ethyl acetate. The organic layers were combined and washed with 10 ml of saturated sodium

20 chloride solution.

Preparation of 3-tert-Butoxv-2-tert-butoxvcarbonylamino-propionic acid 4-nitro-

phenyl ester [Compound E4]

25 Compound E4 was prepared for use in Example 3 in accordance with the following
procedure.
fo) [s] OH o ND.
)‘\ !
{HsCJ,CO o’ ClCHh m,c;,co’\ru\o
NH + - NH
©
C~G(CHy, C~ciemy,
16 e E4

Eda
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The oil was al so anal yzed by proton NVR (HNMR in CDCI3) with the

f ol | ow ngvoesisiies3§chem cal shift relative to TMS, nul t PEhiustyD17796
155.28 (1H, d); 4.92 (1H, d); 3.87 (3H, s); 3.54 (1H, d); 3.15 (3H,
s); 1.23 (9H, s); (1.08 (9H, s) Exanple 3: Preparation of Conpound
1191 by treatnent of Conpound WII1 with

3-tertButoxy-2-tert-but oxycarbonyl am no-propi onic acid 4-nitro-phenyl
ester 1E41 20 19 WD 20081021235PCT/ US2007/ 017796 Into a 125
m 3 neck rmtoed Ilﬁlotrhmmédl@%lin@ﬁbﬂt@ﬁ@ﬂsl’d\b@ﬂipﬁad\hﬂﬂi geefinctdintAh ey, inlet

and two ad fun | aced O. 1. mmle). of the
conpout@s B g‘F’ﬁiﬁ?r? %fﬁé%can?auné‘g%ﬁ%a %§0 d’g]?T‘RY?‘Fge’“c%Wé)B’E}?‘Vd’m“S
For nul fHESt ail}méda@erﬁ ﬁl’&ré"@.@ et 57yl SIng the rryacaIHEommﬁmb ?[Hced() 13g

tenperature (20C to to dissolve the solids in th

react i Sho4BIrgh %thﬁ/&gﬂweﬁvféﬁmawda Fdrrfelpyred byi- &g £bﬁ%@m@1@: p‘é bet ween
 78C antne@QfamifOpduliind. S fcARidH bt WS eRdEador?2 Rof9 WINR!Elhining i
(based on the conpound of Forrmula VIII) of NaHVDS as a 2M sol ution

THF ( 1amiientXe@parabiry. Mﬂéhyltcmmowl@thew\diﬁﬁﬁ)t%HMM@dﬁadmémsmlmgthe
the re an ction re, ..
was 10%%%4 t(’argk3 ?&4&,‘% l?r‘fﬂk%’ﬁ%@«as @,%s ﬁrélé%r}]c)éécra alia E?rbe \A/aguer:’rgausri{z)gc?i‘esalumn
bet weefpliog@d®yalitimi 30HED. Hhe ror@zb@h layemais @pagteadt debndaitiS (ridet edcuafn

S oor o TR P bt Ak ok iR IG st o e Pario HE BB Ol 28 inceardgace

210 eqwumzﬂ:amlﬂebased upon the remnaining amount of the conpound of

reaction m tur a% de%M[% E‘iﬂﬁ%ﬂa%%ff :ﬂh%lhe
a

Formul a VI | e m,
ORISR WS S P It v S MR it

VI hamdmagr&enyambﬁﬁicauehﬁhela@ommm mulﬁgﬁcmy)a 19. The reactl on
m xture was transferred over reaction fla

vessel cont &4t ?!’:r?ﬁz%)@}ﬁ@%%gﬁ%d) ‘i’(ﬁilﬁtﬂ d)aﬁ(?Sv(éH ﬂbf1t3q (r?H S) {15
contact for @gpgriod of 15 minutes. At the end of the period, the

| ayers were separated and the aqueous | ayer was extracted vvlth et hyl
adetate. The or ganic layers were conbi ned and washed with 10 m of

satura yum i j 1j .
3 tors ﬁg{ﬂoxg{l. ! Pi%r 1 t%’noﬁéﬂg%ﬁi!gm%g?%?% er t(rl:)? ((:',‘Q)fétéll)o!gng_IVIlll vwrt_h 3-t$rt-

ester [ Conpound oxy-2-tert-butoxycarbonylamino-propionic acid methyl ester [Compound
E5]
o OCH, OGH,
N CF. N CF.
_—CHgy = ! = ’
(HCHGO © + NaHMDS
——
NH Z THE, -60°C =
D%
O~
CICH
{ JJ: Hacs \N
ES o o \N
CO,E
[y M Moty /u\ —_—
O
Vil HN CO,E1
LN
C{CH,},
20 1

Into a 125 ml 3 neck round bottom flask equipped with a thermometer, N5 inlet and

two addition funnels was placed 0.5 g (1.0 eq, 1.29 mmole) of the compound Formula VIII

and 0.448 g (1.12 eq, 1.63 mmoles) of the compound Formula ES. To the reaction mixture

25 was added 5 mls (10 x) of dry THF at ambient temperature (20°C to 30 °C). When the solids .
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25Compound E4 was prepared for use in Exanple 3 in accordance with

t he fol | MPAYSPEEEEdur e. 16E4 WD 2008/ 021235PCT/ US2DOV/H820p 7/9%5 796
Into a 100 mM 3 neck round bottom fl ask equi pped with a thernoneter
and an N2 inlet was placed 0.27g, (038 mml) of the conpound Formul a
16 dissolved in 2 mM anhydrous THF at anbi ent tenperature (20C and 25
C). Into the reaction solution was placed 0.13 g (0.94 mmol) of the
conpound Fornula E4a, followed by 2.0 g (1.49 nmmol) of 5

Di met hyeddissolypdi the rractidthgixteeecw asorpolddand eainvesneaigivithin ademperairh amgs of

other (RHEEr bGq Todhe ALHh A FARFLAMESy XU BThec b P ey

m xt ur eclvtionhS el 2 dq) ol €r aperofd &f lﬁ&nﬁmvdswiﬁmmaimg:m tsmbaﬁa’tma

fdlmmdb 10 m .0 : organjc er _was, separ at ed

concencriiha e 2ba bt T0 % ARG e saiEH pefiL e RN risihls waspeitared
usé i n fohED piieped. ahired additiéaiTeoclaslofl@iding AGRRECGMCEL MWHsdxamde 3.
The oil IHHE obt ai ned was na#gzed ? roton NVR (I LINVR i n CDC13)
with t So'\ﬂnal‘?gm?‘é’é’& Fee (RaBiacghy gfthe %‘P’&P‘P'VE’ qfdormula VII remaining
g;“ t '3p|91i% Q}etlﬂéchtgl ik tdré :E%Lloﬂéd b)7 a 2@ n(:giﬂe p@hod of §§t4t113'ﬁ|1wéiié coﬁhr@l‘d( Althe

Pr epar &nf @A thsr! %’s@ﬂﬁeqm‘dpffnw} pisjoR N@&% M%at@ﬁ th@bh%mﬁ ahe[ txmmqm@l lpf Formula
3- tertBH59%¥H§EB%BEWQQBQ5¥ﬁ§ﬁ@pnyIanlno propionic acid nethyl ester

[ Compound E51 Into a 125 mM 3 neck round bottom fl ask
ed# pped with a thernDneter N2 inlet and two addition funnels was

placed 0. c%czdrclll E;ﬁ@(-ghenyl

0448g( 7ot €5, e Conpou
ded 5 ms (10 x) of dry THF at anbi ent

tenperat ur € 1£02Q1g:e nOE)?'am&é 4, E’%Bo&n%%f Pad prepared in accordance with the following

procedure.

/IL o]
{HyC);CO CICH),
Mclhanol (H,C),CO OCH,

°‘C(CH3:= ﬁ/

o
TTG(GHa),
ES5

15

16

Into a 25 ml round bottom flask equipped with an N, inlet, at ambient temperature (20

20 °C to 25 °C) was placed 4.6 g (1.0 eq, 13.4 mmol) of the compound Formula 16, prepared in
accordance with Example I, dissolved in 2 ml anhydrous THF. To the reaction vessel was
added 2 mg of dimethylaminopyridine (DMAP). The reaction mixture was agitated at
ambient temperature for 2 hours. At the end of 2 hours, 20 ml of methyl t-butyl ether
(MTBE) was added to the mixture. The resultant solution was washed with 10% w/v

25 aqueous potassium carbonate (30 ml) followed by a water wash. The organic solution was
filtered and concentrated under vacuum to provide 2.95 g of an oil which was used directly in
the preparation of compound 19 in accordance with Example 4. 'H NMR indicates the
product is 95% pure (yield of 76%). '
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73 WD 2008/ 021235PCT/ US2007/ 017796 had di ssol ved, the reaction

m xt ure WYQ 28B0RE&5and nmai ntained within a tenperature PERY8267/0L77GC
to -80 C. To the reaction m xture was added 2.6 nM of NaH VIDS as a
2M THF solution (1.3 m, 2.6 eq) over a period of 15 mnutes while
mai ntai ning the tenperature within a range of -60 Cto -70 C. After
the addition period the reaction m xture was agitated 5for 10

m nutes. Three additional cycles of adding aliquots of a 2.0 M' UHF
sol ution of NaHMDS in an amount equal to 2.6 equi vl aents of the

conpouid .afnEQL MpR Htorrma Bénd PxVifLY ARG f&..fu?& 1EJith

by a 1 €
| ast agitation pel vdl i lmatvd Z-HanethQ%Mzoﬂlﬂma:m

of Formula VIl had bee N 1GORY. ted t 0 p@g&iuct 10 Preparation of
3-tert-But oxy- 2- t%%m 1 bropi onic acid

4-Bi tro- phenyl ester [Conpound E5-1 For use in Exanple 4,
conpound E5 was prepared in accordance with the followdg procedure
15 16 Inta,a 25 m round bot {6 flask eqU| pped W|th an N2 inlet,
at anbi egt’ t erature (20 20 ‘ % Q

13. 4 I sre"tonpound Fol a 16 prepam@;ﬁk in a

]

Exanpl l. “dl ssolved in 2 ml & \ THE Tothe r

added 2 ngyefodi net hyl am nopyri § DVAP) . RS react| bn m Xt ure was
agi tat ed anbi ent tenperatyre~por 2 hours. At the enfl of 2 hours,
20 M of 9l t-butyl ether (|vrr E) was added to t

resul tant Kol uti on was washed with B W v 25agﬁgous potassi um
carbonate (%8 ) foll owed by a water was - r 'c sglution was
filtered and concentrated under v8&uumto providg™2\95 g of an oil
whi ch was used directly in 77\

O xw

Into a round bottom 3-neck flask fitted with a thermometer, a nitrogen inlet and two
addition funnels was placed 4 mils. of dry tetrahydrofuran (THF) and 0.5 g (1.29 mmole) of
the compound formula IV, under N, purge. The THF was warmed to dissolve the solids,

10 then the solution was cooled to and maintained at a temperature between -70 °C and -80 °C.
At the completion of the third cycle, agitation of the reaction mixture was continued for an
additional 20 minutes while maintaining the reaction mixture at a temperature between -60
°C and -70 °C. The reaction mixture was quenched with 10 mL. of 5wt% aqueous KH,POj at
-60 °C. The mixture was warmed to room temperature and agitated for 10 minutes, followed

15 by the addition of 20 ml of ethyl acetate. The aqueous and organic layers were separated, the
aqueous layer was extracted with an additional 20 m] aliquot of ethyl acetate and the organic
layers were combined. The combined organic layers were washed with an additional 10 ml
of water (twice). The organic solvent was stripped and the residue was extracted with two
10 ml aliquots of isopropanol. The isopropanol extract was stripped and the residue

20 redissolved in 4 mls of isopropanol. The compound of Formula XVI (0.177 g, 24% yield

| based on the amount of the compound of Formula VII vused).

The solids thus obtained were analyzed by proton NMR ('"HNMR in CDCls) with the
following results (chemical shift relative to TMS, multiplicity).

9.84 (1H, d); 8.15 (1H, d); 7.79 (1H, d); 7.05 (1H, d); 5.62 and 5.59 (1H, d, rotomers);

25 4.34 (2H, q); 4.24 (1H, dd); 4.02 (3H, s); 3.92 (1H, dd); 1.30 (3H, t); 1.11 (9H, s).
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t he preparation of conpound 19 in accordance with Exanple 4. 3H NWR

i ndi cat esWPREIP2BEABCct is 95% pure (yield of 76%9. WO PCT/US2007/017796
2008/ 021235PCT/ US2007/ 017796 Exanple 5: Preparation of Conpound fXVli1
by treatnment of Conpound [VIII] with

4-tert-Butoxycarbonyl oxycarbonyl -2, 2- di net hyl - oxazol i di ne- 3- car boxyl i
c acid methyl ester [Conpound 1911 Into a round bottom

3- neck fIask fltted vmth a thernoneter a n|troen i nl et and t wo
addi ti on Frenasationafd ; oF piox e Rimethyts jdline-3

0.5 9 (1.2& Edci@imdthS &P § IV under N2 purge The

THF was warme I ; hen the solution was cool ed
to and nmaintained at a terrperature betvveen -70 Cand -80 C. At the
conpl eti op i5t the reactipn

cont nuer T iR Bxhbles U Spp iR eoruf ok Mas R € TREPAS I e
m % ur éolawwmgtraacpenachmm-bet ween -60 C and 70 C. The reaction

m xture was quenched with 10 rnL of 5wt % aqueous | CH2ZPO4 at -60 C

The m xture was warned to roomtenperature and agitated for 10

m nutes, followed 15by the addition of 20 m o}%hylo acetate. The

aqueous and organic |l ayers were separated, the ueo | ayer was
extracted with an additional 20 m allquot of o€t hyi at€"and t he
organi c | ayer conmbi ned. The conbi ned organi & | ayers were washed
with an additj I Ocdeaof water (twce). The Lg solvent was
stripped an®t he ¥esi®due was extracted with two m aliquots of

i sopropanol . \Thes |sopropanolmjkact was stri pped0 nd the residue
rop

20r edi ssol ved in ¥gyds of s anol . The conpoupd of Fornula XVI
(0.177 g, 24%yield based on the ampbunt of the confyound of Fornmula

VI11 used). E3The solids t®ds obtai ned were anal$%ed by proton NWR
(IHNMR in CDCI3) with the followng results (chemcal shift relative
to TM5, nultiplicity). 9.84 (11-1, d); §15 (1H, d); 7.79

(1H, d); 7.05 (1H, d); 5.62 and 5.59 (1H, d, rotorrergs“); 254. 34 ( 2H,
q); 4.24 (1H, dd); 4.02 (3H, s); 3.92 (1H, dd) 1.30 (3H, t); 1.11

(51, ), VRO ARSI NIRRT LR AP g i o

4-tert-Butoxycar oxycar

caIOboxy)ﬂaced adg mﬁtmmsdf@bnﬁﬁamnrmmsganﬂof dry THF fder Wifogen pga e
ound. of For epared in accordance wth the

51’: O|t Pgﬁ%&gp gg&ur&owa%%q?iﬁﬁanc? mamtamgc{ at' a temperature o(f: 8ctween °C and +5 °C.

The cold reaction mixture was charged with 2.95 g of potassium carbonate and agitated from
5 minutes. At the end of the agitation period, 0.93 g (7.7 mM) of compound E2 was added
while maintaining the reaction temperature. The reaction mixture was agitated for 1 hour at 0

15 °C. The reaction mixture was mixed with 3.0 g of Celite and the resulting suspension was
filtered.. The filter cake was washed with two 20mL aliquots of dry THF. The wash and
filtrate were combined and concentrated by distilling off the organics under vaccum to a
volume of 3.6 mL. Dry THF was added to the residue and the concentration/redilution cycle
was continued until the water content of the batch was determined by Karl Fischer titration to

20 be less than about 0.07 wt%. GC of the dry extract indicates that the reaction yielded 2.87 g,
about 87%.

Example 6 — Alternative means to prepare the Compound of Formula 16
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Into a round bottom 3-neck flask fitted with a thernoneter and a

ni t rogen wol2e6s8/0ax3510pl aced 1.84 g (7.54 mlV1) of conpowad/iBHoant766
m of dry THF under nitrogen purge. The reaction m xture was cool ed
and mai ntained at a tenperature of between 0 C and +5 C. The cold
reaction m xture was charged with 2.95 g of potassium carbonate and
agitated from5 mnutes. At the end of the agitation period, 0.93 g
(7.7 mM of conpound E2 was added while nmaintaining the reaction
t enper at ur e.ComRoungdalét Gap bemrspamdinggsordanaearishl tiecprodednpdesatib@l d®@e in

The re | ' ) ] . ' . | £.ing
suspenaronine s FiatbRatasy e e bidptd Hord ot seie hERRURRT B B Mol
al i quotbsloyf. dry THF. The wash and filtrate were conbi ned and
concentrated—-by distilling off the-grganics under vaccumto a vol une

of 3.6 mL. DIry THF was_ added resi due and the o o
concentratiqgn/redilutipn c ontinudd until the wa ere}}\?ntent

of the batcH Fi gehsr € t@ac{)'c QS1%),
xt r ac®2i ndi cates tHat the

was t
t han about d"?“Sm % GC Q. :
reaction yié€l ded.2. 87 g, at Exanpie 6 - Alé%ﬁve means to
prepare the |ConpouRd of For WO 2008021235 5(349,9)7/017796
Conpound 16 |[can be preyawed dance W th the procedtré
descri bed ahove in Exanple 1, ernatively, may be prgpared from
the salt of %he precursey, aci d as own bel ow. C(cl-y3 NH

113/ FO- 0 to 500-C(CHB),

Into & 100 gallon glass lined reactor equipped with a thermocouple, N; inlet and feed

tank was charged 26.4 kg of the compound Formula Ela. Tetrahydrofuran (THF) dried to a
Karl Fischer titration of less than 0.05% water (202 liters,) was charged at ambient

10 temperature (20 °C to 25 °C) into the reaction vessel to dissolve the charge of compound Ela.
When dissolution was complete, the batch was concentrated at 1 atmosphere to a volume of
about 140 liters and the temperature was maintained between 20 °C and 30 °C. The batch
was cooled anci maintained at a temperature of between -5 °C and +5 °C. Over a period of 30
minutes, 7.3 kg of the compound Formula E2 was charged while maintaining the batch

15 temperamfe between -5 °C and +5 °C. After addition, while maintaining the same
temperature, the batch was agitated for 90 minutes. At the end of the agitation period the
reactor was charged with 7.8 kg supercel, followed by 54 liters of heptane. The batch was
filtered under Ny, and the filter cake was washed with 30 % v/v THF in heptane. The filtrate
and washes were combined and concentrated under vacuum to a batch volume of about 71

20 liters. The concentrate was warmed to ambient temperature and can be used to prepare the

compound of Formula 19 or other amines in accordance with Examples 1 to 5.

The concentrate thus obtained was analyzed by proton NMR (‘HNMR in CDCl3) with the
following results (chemical shift relative to TMS, multiplicity).
25 5.33 (IH, d); 4.41 (1H, d); 3.51 (1H, dd); 1.36 (9H, s), 1.22 (9H, 5); 1.02 (9H, s5)
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16 Ma 5 Into a 100 gallon glass |ined reactor equipped
with a t REPBOER3E, N2 inlet and feed tank was char gedPOBHUAZREOFI6
the conmpound Fornmul a Ela. Tetrahydrofuran (THE) dried to a Karl
Fischer titration of less than 0.05% water (202 liters,) was charged
at anbient 10tenperature (20 Cto 25 C) into the reaction vessel to
di ssol ve the charge of conpound El a. Wen dissolution was conpl ete,
the batch was (i)oncentrat ed at 1 atnosphere to a vol ume of about 140

[ - Ve A IS mai nt ai ned between 20 C and 30 C. The
batch was cog @ﬁnﬁé&u@ﬁéﬂ%ﬁﬁn'm@é (@Ii@ﬂ%&ﬁtﬁmﬁnqﬁo R lraeE v@as@h%%‘%d

+5 C. Over a period of m nutes, 7. corrpound Formul a
was ch&ﬂﬁ%‘d““ﬁgql’ei%gr@dﬁﬁmﬁé % ﬂ@qa@f emmr&@ém@ 4 &t Weever 15 ngnutes.

and +5 1§ r@ﬂcuﬁtﬁ{gt ﬂ%g?lte'@eﬁ , stifelile6r TRLEL b@gnAé‘ F&@EE %g :Ir?g a?tsﬁﬁe%cl tang

batch was agitate 90 m nutes. At t e e tion perio
t hé r ed2@on! oldepieharigeiCithe mizug: Wgs Sligred oetlgr Npbhhdtediltey calke Wit washed

of hep e iltere he filter ke .was

oashed i 120xaPeP S SR In A, 38 Tk and BasheSuorh hRbined St o

conbi nednandaednndat vaatesh to mdeuit M@oﬂu IMTHeANRIRD &l a1 ¥5i &/ SHowd indonddifed 453 g
he_.concentrate d to anbi ent te% eraturﬁéand can

20l i ter S

e used0F ) PLARNE PHIPSOIBuRIE SHSFH e HOTE8 (bR A REF LI Ceuicpe wsed

accor das prepatet the EXRpBtRBofIFdrfhufa 19 or other amines in accordance with Examples 1 to 5.
10 "HNMR in CDCls: 5.33 (1H, Q); 4.41 (1H, d); 3.51 (1H, dd); 1.36 (9H, s), 1.22 (9H, s); 1.02

{9H, s)

Example 7;: Preparation of Compound [19] by treatment of Compound [VIII] with

carbonic acid methyl ester anhvdride Compound E6

15
OCH,
OCH, N. ,CFa
N, LCFs RS
= .
BOC“"\)L /‘L NaHMDS &
Y OMe + & R
£ T o
tBut THF, - 70°C o g N
Misia H,CS Nk (H:,C);C-.OIILN‘_%—(CO!EI
VII ™00,k " a
19 C(CHy),

Into a 125 ml 3 neck round bottom flask equipped with a thermometer, N5 inlet and

two addition funnels was placed 2.0 g of the compound of Formula VIII in 20 m! of THF.

20 Into the solution was added 1.3 ml of 2M NaHMDS in THF (0.5 eq) at -70 °C. The solution
was stirred for 5 minutes at temperature and a solution of 1.1g of the compound of Formula
Iilsla was added in one portion. After 10 minutes of stirring at temperature, the sequential
addition of NaHMDS and compound IIIsla was repeated. The formation of 19 was
confirmed by HFLC.

25
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The concentrate thus obtained was anal yzed by proton NVR (111NMR in
CDCl 3) wiVR2PHO24BF| owi ng results (chenical shift rel at PGEUSYPOITIE96
multiplicity). 255.33 (1H, d); 4.41 (1H, d); 3.51 (1H, dd); 1.36 (9H,
s), 1.22 (9H, s); 1.02 (9H, s) 77 WD 2008/ 021235PCT/ US2007/ 017796

Al ternative Preparation Exanple 6 To a stirred suspension of
60.0 g (0.136 nol) of Ela in 420 mM of THF was charged under nitrogen

16.6 g (0,,138 mql of _conpound E2 dropw se at OC over 15

m nut es. EH%WMMS stirred for 2 hours at 0 C. After
addi tion of 18 o] ercel and 5120 ml of heptane at 0 C, Othe ¢

m xt ure wagoti- mﬂﬁger N2, and (f,‘l@% ?Idw qajgﬁ;.mgs washigd w fih
120 M of 30 %v heptane The filtrgte and vvésbes’&ﬁebe/m
conbi ned Eﬁd concéntr at @FM r vacuumto about 50 m .z The NWVR OMe
anal ysi s §HY ..H' cBRilai ned43. 3 g (92.5% of g.,e'{)rrpounmslﬁ.

The solution was stored in a refrigerator and could e used to
prepar e t he EosmsdimExamplEds mmnow IQ)WHépl‘e@ﬁﬂeﬁeB apeprdancomddirtbe wit h

Exanpl
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Example 8 — preparation of the Compound of Formula 1Xaa

15 The compound of Formula IXaa was prepared in accordance with the following 4-step
scheme:
20 Step 1
Step 1a Step 1b
Spor N -CFo Nag-CFs

= #~  Lawesson's

Rcagcm

F L 1. NaOEu / EtOH S P

lO C
52311? BCE \N
3. KPO,H,
0 0 quench 0
o s} 4
Expl Exp2 Vi
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25 78 WD 20081021235PCT/ US2007/ 017796 Preparati on of Conpound Il1sla
00 O t- BOVR28/02E83% 0) - 0-Me t-BOC-N - 0"k -INI  OMWe PCT/US2007/017796
t-Butfilbl+l' 1112Cy2t-Butlllsla For use in Exanple 7, conpound Hisla
was prepared in accordance with the dicycl ohexyl am ne procedure
descri bed above. Accordingly, to a suspension of 10.0 g of the
5conmpound of Formula 111bl was added 2. 14 g of nethylcholorformate in
one por, 'QQ at 0 C The mxture was stirred for 2 hours at 5 C
fol |l owe ]%y addition of 20 mM of heptane and 2 g of Celite. The
suspension was filtered and the cake was washed with 30 nml of a
solvent cogprising 2:1 v/v TI-1F and heptane. The sol ution wagg,,
concentrated under yacuumto yiel d914.8 g of an oil. The oil \as

- NGNWR *whi ch_ i ndi t it contained 6.7 ¢ AL
find df For ™ A'si d. ' & N\VR[¥DC13): 5.4 (d,
(d, 1H; 3 311); 3.7 (m 1M 35 (m 1H); 1.6 (s, 911
911) Exanp] e 8- preparation of e Conpound of Fornula | Xaa 1

compound @& Formul a | Xaa was prepar@tbasn accor dance w toh t hg

. N N
fol | owi™eftf 4-ti§p schene: 16 ,l\ _
VIl COLEL T (HSC)SC""--O ﬁ CHaOaE
1 A

NaHMDS
THF
-65°C N
C(CH3)a
5 Step 3
1. K;CO5 FACN
1. E_IOH/THF 2. pivaloyl chleride 7 15C
2. Water OMe F
3. MEOH N CFS
19 T = Nty
4. HCt = 3.
5. aq NaCi/ 1-80C £
ethyl acetate ] 0__ N 2
6. Isolatef . v O.H 4, ACN
stipwith THF <~ Vi O 5. Wateriprocipitate
7. Concentrate o 6. izolate solids / wazh / dry
10 Step 4
1.0 O/ Trifluoro Acetic Acid (TFAY ~_07°
H20 S CFS
2.25 degrees C
/
3. Concentratef TFA <
4. Concentrate /
THF / H20 o Xy
X -
5.10C/aq KyCO, —
water - preciptate HaN—4 NH
; o
6. Collect solids / Wash Ho” 1Xaa F F
Step 1a — _ Preparation of [(8B-Methoxy-2-trifluoroimethvyl-quinoline-5-carbothioyl)-
aminol-acetic acid ethyl ester [compound Exp2] from [(8-Methoxy-2-
15 trifluoromethvyl-quinoline-3-carbooyl)-amino]-acetic acid ethyl ester

[compound Expl]
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20Step 1 WO 2008/ 021235PCT/ US2007/ 017796 5Step 3 1. LiOH THF 2.

Wat er

3. WEGP8{81285 HCl 5. aq NaCl / ethyl acetate 6. |BEFAS078179)

with THF 7. Concentrate t-BOC O '"NHL)COCc),7 VI

10

15

20

25

30

Into a 1 L round bottom flask was placed 28.2 g of Lawesson’s reagent (0.62 eq),
obtained from Aldrich and used as received, and 40 g of compound Exp! (112.4 mmol, 1 eq)
followed by 480 m! of toluene. The mixture was heated to 85-90 °C and agitated for 1 h. At
the end of one hour, the reaction mixture was cooled to 60 °C and 12 m} of ethanol was
added, the reaction mixture was agitated for 15 minutes thereafter then cooled to 40 °C. The
reaction mixture was concentrated under vacuum to 20% of the initial volume. When the
desired volume was achieved, the reaction mixture was cooled to 0-5 °C, held 10 min at this
temperature to precipitate the product, Exp2, which was collected by filtration. The solid
thus obtained was washed with 1 equivalent volume of toluene and vacuum was applied until
the cake was visually dry, yielding a pale yellow solid: "H NMR (400 MHz, CDCls) 5 8.99
(bs, 1H), 8.70 (d, /=8.7 Hz, 1H), 7.54 (d, /=7.8 Hz, 1H), 7.52 (d, /=7.9 Hz, 1H), 6.75 (d,
J=8.6 Hz, 1H); 4.74 (d, J=5.4 Hz, 2H), 4.36 (q, J=7.1 Hz, 2H), 4.01 (s, 3H), 1.39 (t, J=7.1
Hz, 3H); °C NMR (100 MHz, CDCl3) § 198.8, 168.6, 155.8, 138.0, 136.6, 133.5, 127.7,
126.5, 125.8, 120.3, 118.4, 108.2, 62.3, 56.6, 47.8, 14.6; MSES+ m/z (relative intensity) 373
(M+H).

Step 1b — Preparation of {[(B-Methoxy-2-trifluoromethyl-quinolin-5-yl)}-methylsulfanyl-

methylene]-amino}-acetic acid ethyl ester [compound VIII]

The mostly-dried wet cake of Exp2 prepared in Step la was placed in a fresh 1L flask,
followed by 200 ml of ethanol. The mixture was cooled to -10 — 0 °C and a solution of
NaOEt (21% in EtOH, 46 ml) was added over 15 min via addition funnel. The mixture was
held 30 min at this temperature then cooled to between -20 °C to -10 °C. Iodomethane (14
ml) was added over about 15 min via addition funnel and the batch was warmed over 2.5
hours to a temperature between -5 °C to 5 °C. The reaction was quenched by adding to the
flask 200 ml of a 3 wt% aqueous solution of K;HPO, (6g total). After addition the reaction
mixture was agitated for 15 min, and extracted successively with a mixture comprising 200
ml ethyl acetate and 100 m] of heptane, followed by a mixture comprising 150 ml of ethyl
acetate and 40 ml of heptane. The extracts were combined and washed with 200 mi 10%
NaCl solution. The extracts were concentrated to 50 ml by vacuum distillation. Isopropanol
(80 ml) was added and the batch was concentrated again to 50 ml. Heptane (120ml) was

added and the batch was heated to 50-60 °C to dissolve the precipitated solid, held for 15 min
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10Step 4 Steg | a - Preparation of

RS- Met hoxXyO2988%242380r onet hyl - eui nol i ne- 5- car bot hi oy1) - BRT/NEHAZBLTTES
acid ethyl ester (conpound Exp2( from|[ (8- Methoxy-2-

15t ri fl uor onet hyl - qui nol i ne-5-car bonyl ) -am nol -acetic acid ethyl

ester Jcompound Expll 80 WD 2008/ 021235PCT/ US2007/ 017796 I nto
al L round bottomflask was placed 28.2 g of Lawesson's reagent
(0.62 eq 2 obt ai ned from Al drich_and used as_received, and 40 gDof
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mostly-dried wet cake of Exp2 prepared’in was aced I1n a

f resh EHormplasKIIT was faunddo by sebB whenpftored Iaan@blid "p'hwe'dm uatdgr mevigonditiohsd
510 - 0 C and a solution of NaOEt (21%in EtOH, 46 m) was added

over 15 mn V|a addi tion funnel The m xture was held 30 mMn at this

unnel and the batch
5 Cto 5 C The

1 .l ', d
reacti on wadJwee ﬂﬁ?t@nb@lscﬂﬁidtm@' | 9] glt(l)ae rrfx?@ls bf B%gpmndxﬁorﬁm& Wii¥in 220 mi
agueous on of K2HP ta ter addition the reaction
m xt ur é’faéYsJ’JQE Y%tst"é’ﬂc‘f’ﬁ?a{%é%&ﬁ“ﬁ LEBE@’E DAY PEGSEELQ pvelumepf 9D mi. The

Mgt ur QoRGIBRA Wa8icogledQ0 amme’wbﬂd abﬁomﬁ{ﬂaﬂﬁb s 20IMNBRKBASH THF equal
follomedl%%amxturec rising, 15 of eth %/
t0 5.25 g,0.25 eq. of Na S was chargcd from an addifional funnel over about 15 minutes

while maintaining the reaction mixture within a temperature range at -60 to -70°C. After the
reaction mixture was stirred for 5 minutes at below -65 °C, a solution aliquot of the

compound Formula 16 in THF ( equal to 0.13 eq. of the compound 16) was charged from an

25 additional funnel dropwise over 10 minutes while maintaining the reaction mixture at a

temperature between -60 °C and -70°C. The reaction mixture was agitated for 10 minutes
.while maintaining the temperature between -60 °C and -70°C.
The sequence of the addition of an aliguot of NaHMDS followed by the addition of a
solution aliquot of 16 and a period of agitation was repeated seven additional times using the
30 same amount of the reagents in each cycle. The addition of NaHMDS and compound 16 was
repeated two more times in a same way as described above except that the amounts of

NaHMDS and compound 16 to be charged were reduced to 0.12 eq. and 0.06 eq.
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30acetate and 40 m of heptane. The extracts were conbi ned and washed
W th 200 W9 2492RAT1 sol ution. The extracts were concent¥HUEHITHTEY
m by vacuumdistillation. |sopropanol (80 m) was added and the

bat ch was concentrated again to 50 m . Heptane (120nl) was added and
the batch was heated to 50-60 C to dissolve the precipitated solid,
held for 15 min WD 2008/ 021235PCT/ US2007/ 017796 at this
terrperature“ﬁg]en cooled to 40 C__and then slowy cooled tao a

t enper 855Fe vdbthe eng of 18 cycles 95t WLhad tffﬁ“§8PYW§d\k%|13 RvHFEt ed

by fil tapaysign and the cake washed with I X of 10% i sopropanol in
hept ane. The collected solids (Exp3) were dried in vacuum oven at 60
C 6 h and the dry cake was obtained as an off-white solid (34.13 g,

79% over al ; . g
(i ol oar 4SSy O p RS GSopRgigs I PR MG o
7 82 (d3%KELBOKsolutis with, vigorpds agitagio. Fire miire WaslBinged foHjninaeg and 100

3 = 2 2. 57 3 1 toe JET7, 2 ,
S 2 Phel ST bted SarSpifheds The sptfe 43 e foraplt o5 ey e o
HZ, 1H)laye?s fSminkd td=s8tile. Mhe lablels were bépdrated dnd tix dt]ﬂeo&l)lyerélvzﬁfex(ﬁcted with

720 1 w3l St vidacaga ng shisactigzs ok With i eRe [574 andiangd iith two

172. 0, aliddetd of 10®mI .10%68a61 scllorfd, THO®D! dtionlwss chncdritbhatél atldfnmDspHedSto/a
14% 7 v%)?u%lg of ziLb%th Z20 m?7 I?opr%ggno% (23})3r?11)8wasla%1?ie<18 éndltzhg rgxtulrg gm?centrated at 1
atmosphere to a volume of 120 ml. Additional amount of isopropanol (34 ml) and heptane
(230 ml) were added to the concentrated mixture slowly with the temperature of the mixture
maintained at 65 °C. The resulting suspension was slowly cooled to 0 °C over 3 hours. The
mixture was agitated for about 30 minutes at this temperature, then the solids were collected
15 by filtration. The filter cake thus prepared was washed with 33% v/v ethylacetate in heptane
and dried in a vacuum oven for at least 12 hours at 60 °C, to give 20.2 g (79%) of white
solids with 99.7% ee. "H NMR (CDCls): 9.89 (1H, d); 8.56 (1H, d); 7.94 (1H, d); 7.22 (1H,
d); 5.91 (1H, s,b); 5.58 (1H, s, b); 4.47 (2H, q); 4.43 (3H, s); 3.75 (2H, t); 1.47 (9H, s5); 1.19
(9H, s). Elemental Anal. Calcd. for C;gH34F3N:04: C, 57.83; H, 5.89; N, 7.23. Found: C,
20 58.37; H, 6.09; N, 6.95.

Step 3 — Preparation of {1-[4-(2 4-Difluoro-benzvlcarbamoyl)-2-(8-methoxy-2-

trifluoromethyl-quinoli -cthyl }-carbamic acid

butyl ester
25

Into a round bottom flask was placed 8.0 g of the compound of Formula 19 prepared
in Step I (13.8 mmol) and 1.0 g LIOH.H,0 in 90 ml of THF was agitated for 15 minutes at
room temperature. The mixture was cooled with an ice batch and 32 ml of water was added:
dropwise from an addition funnel over 20 minutes followed by addition of 25 mli of methanol

30 over 5 minutes. The reaction mixture was then warmed up to room temperature and stirred"
over night. The mixture was then acidified by addition of 2N HCI solution until pH reached
about 3. The mixture was mixed with 15 ml of saturated NaCl solution and 40 m! of ethyl

acetate. The organic layer was separated and the aqueous layer was extracted with 25 m} of
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127.4, 124,6, 121.9, 120.2, 120.2, 110.0, 109.7, 63.1, 62 !
56.8, 17 WOZ"%@ZWD 15.9, 15.8; MSES+ miz (relative int eﬁ%T’P§399é’él77 96

(MtH). The solid conpound of Forrmula VIII was found to be stable when
stored as a solid powder under inert conditions. 15 Step 2- Fornation
of the Oxazole ring (Conpound 19) by reaction of the compound of
Formula VII1 wth the anhydride conmpound of Forrrul a 1161 Under
a sol utjon of ound Formula VI]I in

nitroge

220t B! G oL Ene gt i el CSHOBYFAY Gt INEGATAER ok i CogiRIon was
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r eagenta_s/ 0nmeatdtetonttite. ThagniReRe iz %&fstlﬂ%mf% ALitEOAROBH derh ferdfite.
rep eatq}g two nore tinmes in a_sane Wa¥l as descri bed above except that
?

t he anotAEE PP b vy aadedisigwbonyss ore her dtgopm temapgueiesdtingibed to
0.12 eGrecipitatfdnQf a&Gystalfine product. The solids were corrected by filtration and the cake was

washed 40 ml mixture of acetonitrile and water {1:1 mixtute) followed by 25 ml of water.
15 The cake was dried in oven at 60 °C, to give 8.7g (92.9%) white solids. "H NMR (CDCly):
9.77 (d, 1H), 8.32 (d, 1H), 7.93 (d, 1H), 7.56 (br, 1H), 7.43 (m, 1H), 7.20 (d, 1H), 6.90 (m,
2H), 6.75(br,1H), 5.46 (br, 1H), 4.72(m, 2H), 4.19 (s, 3H), 3.76 (s, 2H)1.46 (s, 9H), 1.11 (s,
9H). '>’C NMR (CDCI3): ). Anal. Calcd: C33H3sFsN,Og: C, 58.44; H, 5.20, N, 8.25. Found:
C, 58.33; H, 5.15; N, 8.24,
20

* Step 4 — Deprotection of Compound X to form Compound IXaa

Into a 1 liter flask was placed 113.86 g of compound X from Step 3. The flask was
25 cooled to 0-10 °C and trifluoroacetic acid (445 ml, 4X) and water (45 ml) were added. After
" 15 min, the temperature was allowed to rise to a temperature between 20 °C and 25 °C and
the mixture was held at this temperature for 12 h. After this time, the batch was vacuum
concentrated to 2X and fresh trifluoroacetic acid (2X) was added and the batch held for an
additional 1 h. At this time the batch was vacuum concentrated to 1X and the resulting slurry
30 was dissolved with THF (400 ml) and water (113 ml). The batch was cooled to a temperature
between 0°C and 10 °C. A solution of 10% potassium carbonate solution (2.6X) was added
and more 10% potassium carbonate solution (375 mi) was added by titration with a pH meter.

The solution was titrated until the pH meter indicated a pH between pH 6.5 and pH 7.5.
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reaction mxture was transferred over a few mnutes to a vessel

contai ningl70 m of 515% | CH2ZPO4 sol ution with vigorous agitation.

The m xture was stirred for 5 minutes and 100 mM of ethyl acetate was
charged. The m xture was agitated for about 15 m nutes and the Iayers
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Step 3
Hy Step 4 oCH
N ©Fs “N_-CF,
1. HOBT, EDC), NMM, 7# s
. EtQAc, NMP HN
Ea2-acid o=y T O HN"S%,
2. HCI N Cone. HC) O N g
W A ————— .
p ll \_—,)_S'/'Q THF HN., N
EQ,C = o EOC = G EOC
IbZa Ica2 IXab

20
Step 1:

Into a 50 L Hastelloy reactor equipped with a thermocouple, N; inlet and feed tank
was charged 8.8 kg (46.5 moles, 2 eq) of (S)-2-tert-butoxycarbonylamino-propionic acid
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ethyl acetate. The organic |ayer was conbined with the extracts and
the conbi WS washed with 5% sodi um chl ori de sol uFfFEHS2ePFE17796

solution was concentrated by distillation at normal pressure until
t he batch reached 50 ml volune. 'CHF (100 m) was charged and the
bat ch was concentrated again to 50 m. The water content was assayed
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Anal . | : 3H3 06:. C 58.44: H.5.20, N,.8.25. F d:, C

5653, “Rpeder A BPERB AR e tmpgiajire gl cERd oA ARTIIF S o

f or m Cosrpperadird ¥artvebMmO °@ ahd BOW@! Thé Aslduab®aRt ardd rdakdof Sriftudd was

conmpound X frao ep_3. The f|lask was 25cogled to 0-10 C and
trifl USIFE?EPH}"ierBY%?‘TgFtS&ﬁfg tiffation 4§ bg Ifgs aneP-0p Ppnhiand s resHuag mixed  er

138M n.anh{didec R cEIuHER Wi SripldyRWAH tHedndxk 88 p 0P 1 dyRAHRSIE Mithoft REfgREN
20 C and 25 C and the m xture was held at tﬁls terrperature for 12 h.

After tPHFigcﬁticP?e, t he batch was vacuum concentrated to 2X and fresh

trifluoroacghica &% g?h&@ﬁss"yﬁédmﬂ eﬁﬁfb\%ﬁ Svilied &angéoqngreof\lé?rgat ?néi fle%i

additional 1 h. At is tine the batc S vacuum concenfr
and t héanke®ias charged P Grks/ (23Gmsledi 5ol of gbe edmpoidif(Fodula 1 anlbichatas then

(113 . Lerp Lr etween ,0C and 10 C

A sol [Ftlil) Sgﬁﬂ'gg “?8%/65 E‘S?%‘z‘!ﬁ%%hﬁgf‘ggh%t‘e sol ut |<§ h(%( 6X)'© 3\%{?}%%85% and
nmele 1090qrotratediat hatmpiphest © alpiicht vaome 3T B1Hgrswake adoiedathie dfithe sdluton
ot R anh e PR fRSerhiald E52e B g6 intf 7BEEE Hhe sotution was

i ndi cat eaé bet ween

2008/ 02d23bRGHMISR (ZV/i6 THI)&.70Me15.9 heldes R ed) ptiridsniachisever 2 L of
wat er was_added.to t i

{ he batch to further precipitat, tge oduct. At

the. end BPETE 115 fes<U0R AP Ah TR TRt 60 "C g~ 10 Ce T epichige

sol i d ewislagiared fhrys mikuteivhdemalli@intigkRe VéaSpotRaResbiwbdl L6008 ahld-F6°C NThe
for 12 h at 50 Cin a vacuum

v'v%ger SX% a&%dt.ﬁe_ ake. was dri e _

oven, APEET 2R iR TER sptipn preyRRs N REC RSO K 530 e 743 maples Bokt cq)

yi el d) vas addwdiol e $€iction mEktyMO et A0 SMhut p&riod) while aihBaififlg (R @nibeture
of the reaction mixture between -60 °C and -70°C, then agitated for 10 minutes after the
addition was complete. This sequence of adding a charge of (NaHMDS 2M in THF) and
then a charge of the mixed anhydride was repeated seven (7) more times for a total of eight

30 {8) sets of charges. After the last charge it was determined that the conversion of the

compound of Formula Ial exceeded 70 %. Aliquots of NaHMDS (2M in THF) followed by

mixed anhydride in the same ratio based on the amount of starting material remaining were

continued until the conversion of the compound of Formula lal exceeded 94%. The reaction
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1H), 9.42 =6.1 Hz, 1H), 8.54 (d,

8.11 (d, ¥82 Qb‘lﬁf‘ﬁz&mlll) 7.57 (d, J=8.7 Hz, 1H), 7.47 (BCTASHI0

1H), 7.25 (m J= Hz, 1H), 7.10 (m J= Hz, 1H), 5.72 (bs, 1H), 5.13

(t, J=5.8 Hz, 1H), 4.57 (m J=5.2 Hz, 2H), 4.14 (s, 3H), 3.93 (m

2H); 13C NMR (100 MHz, CDC13) 8 163.0, 160.4, 160.3, 151.2, 140.7,
140.1, 134.6, 134 5, 129.0, 10125 1, 124.5, 121.0, 115.9, 113. 8

113.6, 1 05 0,.63.1, 58.

L35 b pd 9, Band ey P1 s B kb s s

t he CoKphROd disolved trub@ liteka,O white tladiai@iizahe &ﬁﬂ:ﬁ Zerﬁﬁdrdtlure bﬁg\emlﬂc
Into a_50 L Hast .0y .reactor | pped with a thernocouple, N2 inlet
and f eEYA a?ﬁzatﬁég% FEP s agidad F&gtlﬁ(-' xgiregpg e mixgye wis agitated for 15

(S) - 2- khidted umxmga& Rasqy E%ﬂ"&‘rﬂ@d Y Pidle Q&G ACAhe B 1aY8 was extracted with 45
2008/ 021235PCT/ US2007/ 017796 whi ch was then dissolved in 90 liters

dry t elIWVHV’O#CGF%a'(dFF‘Fnb‘KFd with thssgparated @rgﬁm layeacths cmlu@d oiganiGS

sl owly r I 30
i it SESSR P shhshed v el W 2t 1004 acllcptls F NARFINA BB El 1 2

C and a3B@sphi¢re tod beighevolerse afyit$ Hteed T@ﬁlemnmmmtﬂb‘eatmmrammumgvashdded

t enper 47 I

e et o it PhRERbu ATy o8l BEakpde e hoshBRRat o B et oo
m nut ebatmwnhmmﬁ"@ litares. t4 sgpend aligeot@f 415hﬂcrl<; amhylmmbmylétbéxewhﬁtdaee mhnle

C and. +5C owed by 3. hours .of agit L,
- 8o Biiging B aERr e TR BRI B e B S 1 G AP 6P ol SFed o tne
|'i t er sadditibe pf 20&litetohd praredviife haimth@n@thcrbiticn mﬁ&u&.dzldadeﬁlpetﬁﬂ@c )
I)g? gf Ing%\\(%é( %&kgé ﬁa& %g"(lj.t Twa%n];;;clrgnei\rrceo tllmjcp xdc%cr:tula\rllzmu;l;nl% \Tvlas tthgrrl adcj?xsteed ta.m:llJ S
maintained between 45 °C and 55°C and agitated for 30 minutes. The temperature of the

5 Hz, 1H), 8.54 (bs 21?2

reaction mixture was then adjusted and maintained at a temperature between -5 °C and 5°C
15 for 1 hour, quiescent, and then agitated while maintaining the temperature for an additional

30 minutes. The resulting precipiates were collected by filtration, washed with 33% v/v

methyltertbutylether in heptane, and dried in a vacuum oven for 12 hours at 45 to 55°C

affording 8.4 kg (72.2 %) of (2) as a solid with an ee of >99.0 %.

'"H NMR (400 MHz, CDCl); 9.89 (1H, d): 8.56 (1H, d); 7.94 (1H, d); 7.22 (1H, d);

20 5.91 (iH, s,b); 5.58 (1H, s, b); 4.47 (2H, q); 4.43 (3H, s); 3.75 (2H, t); 1.47 (9H, s5); 1.19 (8H,

s).

Step 2:
25 Into a 500 mL three-neck round bottom flask fitted with a mechanical stirrer, an

additional funnel and a thermocouple was charged 20 g (39.3 mmol, 1 eq) of the compound
of Formula (Ia2-ester), 60 mi of THF, 20 mL of EtOH, and 100 mL of water. To the mixture
wis added 8 mL. of 25% sodium hydroxide solution. The mixture was agitated while
matntaining the temperature of the mixture at 40 °C for 4 hours. HPLC was perfomed to

30 ascertain that the reaction complete. To the reaction mixture was added 100 ml of water and
it was heated to 50°C. While maintaining the reaction mixture at S0°C, 30 ml of 1IN HCI
solution was added over 30 minutes with stirring, and the reaction mixture was stirred for an

additional 30 minutes while maintaining the temperature. After 30 minutes and additional
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10with 30 To v/v THF in heptane. The filtrate and washes were

conbi ned ¥RAEERESAt r at ed under vacuumto a bat ch vol unBCHUSHE7/017796
liters. To the concentrated reaction m xture was added 27 liters of
THE and the tenperature of the reaction mxture was adjusted to a
tenperature between 20 C and 30C. The residual water in the reaction
m xture was determ ned by Karl Fischer titration to be |ess than 0.06

ppm a ulting m x 15anhydr.i de solution was enployed in
PRe ot R AEPS Sy MERASE T Bt e Fonrerecir 60 ML AT Mator adaed over 30
| nt o anfifu@aivhas cah@fitng t@diniAaHcread B AReHe Wt s°@ ibegHme it e, N2
inlet and feed_ tank was charged 9.0 kg (23.3 noles, 1 eq) of the

conpouRBdiGPREFAHAERE e adiffidrohiaier HisTeartiononixaereives peledite spayndr y
t et r ahygh@iritoalovef houkF e RsQR%: prec-fgﬁat? Qltay Eb:@é&éﬁﬁﬁ; SREG8R %ﬁ?ét{o%ta?ﬂ

at 1 atnosphere to a batch vol une "of iters. The tenperature o
t h® soMasheshwith 40 aualj sobreatimixtdreafiathanoh et waten (¥/&nyfe). Thaselideverealieds0

C and - ' i i . £Q - 9
ot os, 6095 250haF69 % the O MR FERES BP0 oMpoind Geagbich s ot

m xt ur evhate salilenperat ure between -60 C and -70C. The mi xture was
agitated fon ] il I-nt ai,ni h enperature . between -
Cand 700, HEEHORMAE ARl 7. &R TR o sdoalf P it
(0. 83 IsgioadHi, w8, 4.87 23Hpd)es.45 Q3HAd R ¢ 30WeE, &dded to the reaction
nf@ture over a 15 mnute period while maintaining the tenperature of
tHE reaction nixture between -60 C and -70C, then agitated for 10

m nut es aft &tep pe addi ti on was conpl ete. This sequence of adding a
charge of (NaHVDS 2Min THF) and then a charge of the m xed anhydri de
was repeated seven (7) nore times for a total of eight 30(8) sets of
charges. Aftpgp Ahe |l ast charge it was determ ned that the conversion
of the conpound O Fornula |al exceeded 70 % Aliquots of NaHVDS (2M
in THF) fol ITd&samppund 428. 4hh§GrTigerdpanedasbanyhremingipyrigdidog-ba- t he

ARRUNt i g AL eL ot . "
oByor St liticnd. TRAEOUG] b BLAY N og, BOMMICE s Misknellin o
86 WO(P@bBna2eodePETI0332 00 B i7T186d withyHTi(gashastil 36z, P8GmsbérT. 2 eq) had
over a i S i t 0 an.,agquequs.solutiopn of .13.5 kq KH2PO4

o Ssor beeh RROh B EAd &l SR BHERER A R i m e RNt o

bel ow BOGeckRAYL aadS5HE TIOHC sat of prodsctadgadfdmiddduritigihe ifustbs at b
m Xt ure m?s agita gq for 1EH§%n%leS. he Ia%ers wer e separated and.
the relHPPREOsGeEEuSt PAY el Hi infusipp4Re sepchipt puntgresvag hnatedang paintained
a@et at at Arehpeodthic iR 20 WenSSPaCahe dgRitg 86t 1h. | A& 1h, G &ATA MBkure
organi c | ayers $$g§g¥ashed two tinmes with 32 liters 10% aqueous W v

NaCl aidsEsHeas L{t and detrpuigRe that complegmeqryersim ad keen achipygder The

To t her&en6e ik @M ad ERcbh@ted N RcHES 2295198 °8Qo lal olilrfe of 600 mL,
met hyl t ertbutyl ether (NYTBE), and the m xture was concentrated at 1

at mos pHEFENE 8 thick slugty. GNHRNEGT PEEDItRe $he gompaind @f Zlormulstiods. NIgP (280
l'iters Bty thes hdieanh @b ti@smBIGRhnhd Bixture was concentrated under vacuum
25 at 35-45 °C to a volume of 560mL to form a clear solution. This solution was used directly in
the coupling step in Part B.
Pant B:
Into a 1 L 3-neck RBF was dissolve the compound of Formula (Ica2-acid) (80 g, 166
mmol, 1 eq), HOBT-H,0O(28 g, 182 mmol, 1.1 eq) and EDCI-HCI (48 g, 250 mmol, 1.4 eq) in
30 NMP (320 mL) and EtOAc (320 mL). The reaction mixture was stirred while rmaintaining
the temperature at 25 °C for 40 min. The solution of the compound of Formula Ib2a formed
in Part A was added to the reaction mixture and stirred for 10 min while maintaining the

‘temperature. N-methyl morpholine (80 mL, 724 mmol, 4.4 eq) was added 10 the reaction
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10mai ntai_ning the tenperature of the reaction m xture between 55 C
and 65C, W‘Blzi?m’t?%y the addition of 108 liters heptaneP@HUSHO7/617796
mai ntai ning the reaction mxture at a tenperature between 55C and
65C. The tenperature of the reaction m xture was then adjusted and
mai nt ai ned between 45 C and 55C and agitated for 30 m nutes. The
tenperature of the reaction m xture was then adjusted and nai ntai ned
at a tenperature betwee and 5C 15 1 uiescent, and
Chen agTEAFent Simes BehRRmvaired 15 necreBRp BT ar s SroSHaaInoRS 30
i nut esomplete, MEOW (DY) Hidesiti @O InlPWerecalib@ e BE rdtttibh hiik@kd. Olhe
washed meth 33% v/v nethyltertbutylether in heptane, and dried in a
vacuuntGreAn gk Yrs %&F‘E‘cgtw ajniagd giedayers yyede ﬁﬁ’asatﬁd k§hg grzanicdgyespvas
(2) as vashéd btk Wi !H@lraz;@@nﬁ; m&@ é@%/kzcm goo m%and wétHf gwmdﬁqu MHz,

CDC13); 9.89 (1H d);
209. 9 1C(>11qqntr§tqg)to agyog.g(lq_gﬁ 1 05me cexpnﬁ(S@ L) s, addedtg) BHachpn ngxpke

211, e o

'E hr ee- hé% r%’u r@gg‘t{at?%dn? as k%%(}i g%rrr%%ﬁam (E:&l 2%??8?%% G under

addi t i egrhiced praseurealie seactien rmmtmpWes ddssted mathcranat20 8@0 @ﬂQalmumof acellone
f t o

Eron ahaCafamRAka el POMN R A BRI B hmiatin g e 55 B c

sodi umuhgeireducd Eedsutel ONhild hainraixtrigrtae mueug hﬁﬁﬁlﬁﬂtc»ﬁpei-amrﬁaatmna’m B0Y

t t f th 4 hour

oaPt o Ph R er AT b et e Batef BRCeaTLe comporm o Bormvia i)

i Xt ur Chegsoduid eﬁhd}sﬂﬁhrﬁkoméctmpﬁimdnlahd\ﬂﬁ&d DRadradclivm 208D° AN l12 h to

mai nt ai m Xt re at 50C, 30 M of IN HCl sol ution was
added g@@grﬁ’ﬁﬁ% \%f)teﬁ a8ty ?Y’hﬁ@so%fhd the reaction mixture was

stirred for W@@OMEaJé-]ﬁQSﬂi)ng%M@ d.£3, f’@mt'/arfnvrsg %18, 7.04, 6.70, 6.66,
terrper at ure. m nut es and di ti onal 7

2008/ oéiiﬁ?.éﬁérﬁéé%@?/‘bﬁ@mfi 523n§i§ MOHé:&sbﬁ@{l 6’(1 Mgk 1076 d P04y 0.39.
MYBUL eNoud: cﬁdeqwsie 3ésf§ige rREMUR! e BIGSLd pURL a?@h%k@ rougﬁﬂ‘ llofiI

continuing to maintain the reaction mxturé at 50 ut these
additions. Followng the addition of water, the reaction m xture was
cooled to rogm t,enperature over 1 hour. The resulting precipitate was
collectedb ion filtration and

The compound of Formula (Ica2) (20 g, 29 mmol, 1 eq) was charged to a flask and

dissolved in THF (60ml}). The solution was cooled to a temperature of between 0 °C and
20 10°C. Concentrated HC] (20ml) was added slowly to maintain the temperature betweeb 0 °C
and 20°C. At the end of the charge, the solution was warmed and maintained at a
temperature of between 20 °C and 30°C, and agitated for 4 h at which time the reaction was
. determined to be complete by HPLC analysis. The batch was diluted with 2-Me-THF
(120ml) and THF (40ml) and the reaction was quenched with 20% K;CO; (110mi) to achieve
25 a pH of 8-8.5. After adjusting pH, more water (80ml) was added and the batch was heated to
30 °C to achieve a clean phase split. The batch was settled for 15 min, the lower aqueous
layer separated, and the organic layer was washed with water (80ml). The organic phase was
diluted with 2-Me-THF (200ml) and then concentrated under reflux at atmospheric pressure
to 100ml. The solid product (compound of Formula IXab) was observed at this volume. The
30.  batch was then cooled to 0-10 °C and filtered. The wet cake was washed 2 times with 2-Me-
THEF (40ml each time). The wet cake was dried for at least 12 h at 60 °C under vacuum
affording 13.50g (79%) of compound of Formula (IXab) as a white solid.
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5 washed with 40 m solvent mxture of ethanol and water (1/5, v/v
The sol i d¥ORBO23Ped under vacuum at 60C for 12h affor 8f 51@7/8175
(909 of conmpound (la2-acid) as an off white solid. 1HNVR
(400 MHz, 45-DwVs0): 9.97 (1H, d), 8.42 (1H, d), 8.20 (1H, d), 7.48
(1H, d), 5.40 (1H m), 4.07 (3H, s), 1.45 (3H d), 1.30 (9H s) 10
Step 3: Part A The corrpound ((2R,

4S) -4(cycl op ar bon nm no rrolidine-1,2-.15di carboxylicacid
D et butyi SRACH TR r Aspe oS oonty shihiaf it TeieporrL bt UieermPn
(Et OAc (ot p2aR mlmgalmgi adou\qmzd Odammf 9. gn;fmseda%\i M%%@ldma&\)ihﬂaszdss’
36 g, 980 D a een infused into the sol utiaon il
i Nt &t g Tni 13eROB S0t S0 - 2020 2 mbabal el B G R h MsESa ms
C. The (dhiveahienify)Pssrgaigpegan form ng during the infusion as the
reaction proceedeor At end of HCLl infusion, the reaction m xture was
he® ed and mai ntai ned 20at a tenperature bet ween 20 C and 30 C and
agitate for . . HPL
and deterni nod VR4 9%%#% ioh BFUICTRGIHON i rkipel 1SBE R Ay R i
react i O¥Arous pbarmems modifeatitnainate embedimeacudascabed3iterdb niyt eecar mhusﬂs

oo g 0 P B b R S o

react i ahe mivettione and the m xture was concentrated under vacuum 25at
351045 Cto a volunme of 560rnL to forma clear solution. This solution
was used directly in the coupling step in Part B. Part B: I nto
a 1 L 3-neck RBF was dissolve the conmpound of Fornula (Ica2-acid) (80
g, 166 mmol, 1 eq), HOBT-H20(28 g, 182 mml, 1.1 eq) and EDCl-1-1Cl
(48 g, 250 mmol, 1.4 eq) in 30NM? (320 nL) and Et0Ac (320 nli). The
reaction m xture was stirred while maintaining the tenperature at 25
C for 40 mn. The solution of the conmpound of Fornula Ib2a fornmed in
Part A was added to the reaction mxture and stirred for 10 mn while
megant ai ning the 'tenperature. N-nethyl norpholine (80 nL, 724 mol,

4 eq) was added to the reaction 88 WD 2008/ 021235PCT/ US2007/ 017796
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Jixture at a rate that nmaintained the tenperature below 35 C. Once
the reaction was conplete, EtOAc (320) and water (800 nL) were added
to the reaction mxture. The resultant m xture was stirred 15 mn and
the | ayers were separated. The organic | ayer was washed with 1M HCl
(400 inL), then 10% K2CO3 (400 inL) and water (400 rnL), and 5
concentrat ed to a vaolunme of 160 nL. Acetone (800 nth) was added to
the react\VO# #fR¥MFddSand it was concentrated again to 240 nl at a
tenperature of between 40 C and 50 C under reduced pressure. The
react i on hiAaaeess forapariog avoxgzels campownsrofdoonye I3 | quot of acetone
and concentrated again the batch to to 240 nL at a tenperature of
between 40 C and 50 C under reduced pressure. Wile naintaining the
reaction mxture tenperature at_40C, 800 10nth wf.leptanes was sl owy
added to the batch, preC|p|tat| g the gonpound of Formula (1ca2). The
product solids were collected i Mtfation and dried under vacuum at
50C for 12 h to afford (103 g, f (4) as an off white solid. NWR
(400 MHz, do-DwWs0): 9.55, 9.03,)8.18, 7.90, 7.77, 7.66, 7.10, 7.04,
6. 70, 6.66, 6.10, 5.769°5386, 4.91, 4.80, 4.4-3.5, 2.58, 2.30,
1.82, 1.56, 1.47, 1.31, 1.8#._)r801. 84, 0.74. 15Note: due to the
presence of rotoners, the observetd™peaks are listed as observed only.
Step 4. The conpound of For mul*a (lca2) (20 g, 29 mol, 1 eq) was
charged to a flask and dissolved in THF (60nl). The sol uti on was
cooled to a tenperature of between 0 C and 2010C. Concentrated HCl
(20m.) was added slowy to nmaintain the tenperature betweeb 0C and
20C. At thker€R®,0f a kel R QR at kA OR 44 iselBctvdBomasy tidderg Mekti@ bR ned
at a temgiiadxhRyDbIkBLfNEL MmeBafolind, 30G,r, autFagitRL ed(dW-alitylhnat -
whi ch ti r@dﬂ?ﬁﬂﬁﬁeuh@f& Hﬂéﬂsanéw@rafe la@ @enlﬂ sSleETRd R 8adWocHREGce from
anal ysi s. g %leou %?ﬁhalﬁ?lsaﬁifﬁr%gen 15{30 ﬁ %n(“{ Q@Eﬂact@@ﬂo%"&l&d(lgﬂﬁﬂ-)
wat er

and t he r to achi eve
pH of 8-8 t%&ﬁggﬂﬂgtln p%#gnnre (80nﬂ) mas added and the

bat ch was, eat achj,eve plit. The batch
was settl%’ %ﬁ%@nfﬁgmv%ﬁ%bwﬁoﬁl8§§ﬁ%§?§P%§§B§rated and the
organic Iayer mas washed with water (80ml). The organi c phase was
diluted with 2-Me-TIEF (200m) and then concentrated under reflux at
at nospheric pressure to 100m. The solid product (conpound of Fornula
| Xab) was observed at this vol yge. The 30.batch wa%™{"hen cooled to
0-10 C and filtered. The wet cgdke was washed 2 times with 2-Me- THF
(40nl each time). The wet cakg s r'ed for at least 12 h at 60 C
under vacuum af fordi ng 13. 509 pf compound of Formula (I Xab) as
a white solid. 89 WD 2008/ 021235P€T/ US2007/ 017796 NVR
(spectrumindi cates rotomers, chem cal shift is reported, not

i ntegration or peak nultipli%?t*é;ioo MHz, do-DMSO) 8 9.82, 9.62,

8.51, 8.38, 8.07, 7.45, 5.46, 4.69%cx

O

wherein, Ry, R, and R, are defined above; R; 1s selected from hydrogen and alkyl; and X
is selected from oxygen and sulfur;
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4.57, 4.33, 4.15, 4.08, 3.99, 3.83, 2.39, 2.26, 2.16, 1.56, 1.44,
1.22, 0.82, 0.69; MSES+ mlz (relative intensity) 590 (MtH)

The above description of the invention is intended to be illustrative
and not limting. Various changes or nodifications in the enbodi nents
described herein may occur to those skilled in the art. These changes
can be made without departing fromthe scope or spirit of the
invention 10 15 Wiat is clained is: 1. A ?rqcess for preparing an
oxazol e cEnireciing be sawiannravifesl MotteruTad vED an alkplienasalpnfde hase;zand
hal oal kyl ; R2, R4 are alkyl; R5 is selected from hydrogen, nethyl

al kyl , hy@) eretaigkld mixihie pxyradddyih Stapetbt sypthaalokypbynd of Gd2fypla IDEHF2,
--CF3, --C(0)0-alkyl and -- C(0)NR43aR44a, where 1243a and ela are

i ndependently sel ected for each occun-ence fromthe group of H,

al kyl, and a nitrogen protecting group; and R6 iS,.,S& ected fromacid
| abi | e am no protecting groups; $he process conprising: (a) providing
a -solution conprising the c9§p§yig of Fornula IDa, 1l,onmallb Ae
wherein, R, R2 and 124 ar®& definetl above; R3 is selected from
hydrogen and al kyl; and X is s& ected fromoxygen and sul fur; (b)
reacting the solution provided in Step "a" with an alkali netal am de
base; and

wherein Rs and Rg are as defined above; and Ry represents an activated acid moiety.

2. The process of claim 1 wherein R; is an alkylcarbonyloxy moiety.

3. The process of claim 1 wherein Ryis a halogen.

4. The process of claim 2 wherein, Step "b" is carried out by adding an aliquot of an
Lewis base in an amount which is less than required to react with all of the compound
Formula IDa in a reaction mixture, and Step "c¢" is carried out by adding an amount of the
anhydride compound of Formula IDb equivalent to the amount of the compound of
Formula IDa added, then repeating the addition of Lewis base followed by anhydride
until substantially all of the compound of Formula IDa has been reacted.

5. A process for preparing the compound of Formula IXab,

Fertnula. Ddab

the process comprising:

(a) providing the anhydride of Formula Ibla,
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{c) reacting the mxture provided in Step "b" with a conpound of
Formula 1 Db, Fornmula Illb wherein R5 and R6 are as defined above;
and R7 represents an activated acid noiety. 2. The process of claim
1 wherein R7 is an al kyl carbonyl oxy noiety. 3. The process of claiml
wherein R7 is a halogen. 4. The process of claim2 wherein, Step "b"
is carried out by adding an aliquot of an Lewi s base in an anount
which is less than required to react with all of the conpound Formul a
IDa in a reaction mxture, and Step "c" is carried out by adding an
anount of the anhydride conpound of gForgrul a | Db edefvbkent to the
amount of the conmpound of Fornumgyng ded, then repeating the
addition of Lewis base followed By a {de until substantially al

of the conpound of Fornula IDa has been acted. 5. A process for
preparing the conpound of Fornula | Xab, Formula. LX3b the process
conprising: (a) providing the anhydride of Fornmula Ibla, 92

FML111119 _Ma ,(b@ﬁreacting t he conmpound of the Fornula lal, (b)
reacting fH&eacirebasempeundd Ueoformple Iehl | OCR,

(b} reacting the compouad ol the Formuia lat,

Foumiia Tat

with a Lewis base to form an intermediate and reacting that intermediate with the
anhydride provided in Step "a" to form the compound of Formula Ia2-ester,

Fonmula Jad-esier

(c) converting the compound of Formula Ia2-ester to the acid of Formula Ia2-acid by
treatment with aqueous base;
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wth a Léwi s base to forman intermediate and reacting that
internediate with the anhydride provided in Step "a" to formthe
conpound of Fornula la2-ester, FOIMIial32-051CT (c) converting

t he conpound of Fornula la2- ester to the aC|d QLqurnula la2-acid by
treatment with aqueous base; 93 Jegnnota 1,2-8¢rd OCH3 0 Bo/ Mart
(d) reacting the conpound of Fornul a 1a2ﬁ90|d mnth the am no salt
conpound of the Fornula | b2a, F & to formthe conpound of
Formul a | c2a,

(d) reacting the compound of Formula Ia2-acid with the amino salt compound of the
Formula Ib2a,

Tosiuita Ehla
HC
.\\\ﬁxm/A
By -
0 )
B0.C
to form the compound of Formula Ic2a,
Formuls Ie2a

4} > X
i —
B
= o B¢

(e} deprotecting the compound of Formula Ic2a formed in Step "d" to form the compound
of Formula IXab.

6. The process of claim 5, wherein the Lewis base is sodium bis(trimethylsilyl)amide
(NaHMDS).

7. The process of claim 5 wherein, the aqueous base used in step "¢" is 25% sodium
hydroxide and hydrolysis is carried out in the presence of ethanol.
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-Formul a 1c2a (e) deprotecting the conpound of Fornula Ic2a forned
in Step "d" to formthe conmpound of Formula | Xab. 6. The process of
claim5, wherein the Lewis base is sodiumbis(trinethylsilyeam de

(NaHMDS). 7. The process of claimb5 wherein, the aqueous base used
in step "c" is 25% sodi um hydroxi de and hydrolysis is carried out in

the prese of ethanol. 9 8. .The oce of .claim5 wherein th
anhydri de> o REIE o S ere “"B%?%EES%F%E% (e dabipared
conpri si ng T BREE AE PR EAREETE SroRegh orilg 151 -lralaping) ne) |
FonmiIn thlb with trimethylacetylchloride in the presence of

di cycl ohexyl am ne. 9. The process of claim5 wherein the conpound of
Formul a 1b2a used in Step "d", ambdation reacti 8R¢tep, is provided
by treating a solution contairfinglia proline derivative conmpound of
the Fornmula |B2a2, Fornuf&=19;:y Wherein PGis an acid labile
protecting group, with an acid. = 10. The process of claim6 wherein,
t he aqueous base used in step "c" is 25% sodi um hydroxi de and
hydrolysis is carried out in the presence of ethanol.

with trimethylacetylchloride in the presence of dicyclohexylamine.

9. The process of claim 5 wherein the compound of Formula Ib2a used in Step "d",
amidation reaction step, is provided by treating a solution containing a proline derivative
compound of the Formula IB2a2,

Formisfs IR,y
P 1 22

wherein PG is an acid labile protecting group, with an acid.

10. The process of claim 6 wherein, the aqueous base used in step "¢" is 25% sodium
hydroxide and hydrolysis is carried out in the presence of ethanol.

11. The process of claim 6 wherein, Step "b" is carried out by placing the compound of
Formula Ial in a reaction mixture, adding an aliquot of a Lewis base in an amount which
is less than required to react with all of the compound of Formula Ial present, Step "c" is
carried out by adding an amount of the anhydride compound of Formula Ib1 equivalent to
the amount of Lewis base added in Step "b", and repeating the addition of Lewis base
followed by anhydride until substantially all of the compound of Formula Ial has been
reacted.
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:11. The process of claim6 wherein, Step "b" is carried out by

pl aci ng the conpound of Forrmula lal in a reaction m xture, adding an
aliquot of a Lewis base in an anobunt which is less than required to
react with all of the compound of Fonnula lal present, Step "c" is
carried out by adding an anmount of the anhydride conmpound of Formul a

| bl equiv t to th moynt .of .Lew.s base added.in. St "p", an
repeati ng AR BETEA TR L utein R BTEs BO5 lgt Fwe nafiE1o
substantiﬁppgagwpsof t he conpound of Fornula lal has been reacted. 95

12. The process of claim1l wherein the Lewis base is added in from
about 5 to about 10 equal aliquots. 96
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