PROCESSES AND | NTERVEDI ATES FOR CARBAMOYLPYRI DONE HI V | NTEGRASE | NHI Bl TORS
S5Field of the Invention The present invention conprises nodifications of
known prosesssmesme synt hesi zi ng conpounds havi ng HI V i mcegrsame/odé¥hi bi t ory
activity. 10 Background of the Invention WO 2006/ 116764 published 2
Novenber 2PRGCESSESAND INTERMEDIATESFORCARBAMOYLRYRIDONE/HIVARTEGRAGE Vvari ous

conpounds and detail ed synthetic S@nﬁg‘a@.‘té)r their preparation. In
15particul ar, the 16th, 27th and 3Z- Steps involve the creation of a

-CHO group from a doubl e bond using a reagent which may include osm um
tetroxide. Sunmary of the Invention Processes are provided which create an
al dehyde nethyl ene, or hydrated or hem acetal methylene attached to a

het ero& om of a 6 nenbered ri ndioidtafdhe Impamiipn hr ough an ol efinic group and
Wi t hout the necessity of using an osm umreagent. Detail ed Description of

t he I nvention The present invention includes processes for preparing a
conpound dfef BEFRNt dnyention cpraprisegomodifications of\keqwd] Rraresses .- foHEynthesigingH) 2 or

- CH( OH) ( OR4mpounds having HIV integrase inhibitory activity.

10
Background of the invention

WO 2006/116764 published 2 November 2006, incorporated by reference in its entirety,
describes various compounds and detailed synthetic schemes for their preparation. In

15 particular, the 16™, 27" and 32™ steps involve the creation of a —CHO group from a
double bond using a reagent which may include osmium tetroxide.

Summary of the Invention
20
Processes are provided which create an aldehyde methylene, or hydrated or hemiacetal
methylene attached to a heteroatom of a 6 membered ring without going through an
olefinic group and without the necessity of using an osmium reagent.

25
Detailed Description of the Invention

The present invention includes processes for preparing a compound of formula ()):

Oop1 0

X
° 0

30 R
wherein

R is .CHO, —CH(OH), or ~CH(OH)(OR%);
1
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1 P is Hor a hydroxyl protecting group; P3 is H or a carboxy protecting
group; R3 is H hal ogen, hydroxy, optionally substituted | ower

al kyl , opvpansldeg263ubsti t uted cycl oal kyl, optional |y sulpsTiusatemodsener
alkenyl optlonally substituted | ower alkoxy, 5 optionally substituted

| over ~ al kenyl oRYis Fhprta ydedxylpretebtiwigraped aryl, optional ly substituted

aryl oxy, optiopa cyclic group, optionally substituted
B ISJ-YorSéJ@a?M){y ‘&cﬁgctlﬂg [E;Foru .

het er ocycl eoxy gn optl ona ted amno; R4 is lower alkyl; Rx is
H halo or R-K telagen; hydore. ordiopally isubidituted lowsalkyl, Lg;@gnailyypbstltuted Xis
a singl e honealkyd batoaé@atseﬂatﬂrtwrroﬁeal anzér@d éﬁtféﬁél@ s&st.ﬁ@d %r,alﬁd}q NH or

| ower al_kyl e{] | .0 a] ken%lk%}? wher e ag % be i ntervened t he

het er o0&t orfPt %ﬂ?ﬁy 4@@4 gyel yloxy . QRtionafly sy B‘ﬁ?}ft? PRY qpfienally éb‘ést'ﬂ’lted

i ) react i ngnoxyp optanaky aibsflmtetdulhaer()wc)lc gfdidip, OptidAallyPSubsituiel Hteradycrrexyof
forrrula(llnb))ppornmé)swoﬁg% (1) 25 wherein R5 and R6 are

i ndependen 5 and R6 can be al kyl and joined to forma
5-, 6-, or 7- nﬁnﬁé@t‘ﬁaﬂﬁyhg, :

R*is H, halo or R%-X-NR'-C(0)-;
10 R? is optionally substituted aryl;

X is a single bond, a heteroatom group selected from O, S, SO, SO,, and NH or
loweralkylene or lower alkenylene wherein each may be intervened by the heteroatom;
and

R'is H or lower alkyl;

15
comprising the steps of:
i) reacting a compound of formula (l1):
OP! o
O o P3
g ()
Rx
3

20 R

with an amine of formula (lll) or (1V):

ORS

H,N (1
2 \/I\ORG

25  wherein R® and R® are independently lower alkyl or R®and R® can be alkyl and joined to
form a 5-, 6-, or 7-membered ring,
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2 WD 2010/ 068262PCT/ US2009/ 006461 OH H2 NOH (IV) to produce an
internmediate of fornmula (V) or (VI), respectively: OH and
ii)refuncwoanmliegieng (V) or (VI) to produce (1). 10The temrus2éoomedscnl kyl ",
alone or in conmbination with any other term refers to a straight- chain or
branched-chai n saturated al i phaki c hydrocarbon radical containing 1 to 6
carbon atons. Exanpl es ohqugd\V;chaVB i nclude, but are not limted to,
nmet hyl , ethyl, n-propyl, |sopropyl n-butyl, isobutyl, sec-butyl,

tert- butyI pentyl |soanyl n- hexyl and the like. 15The term "l ower
cycloal kyl" refers to a saturated or partially saturated carbocyclic ring
conposed & Predececanrintgmrediate aiformutiv) oaMlyrespedbively:conf i gur ati on. Exanpl es of
sui t abl e carbocyclic groups include cyclopropyl, cyclobutyl, cyclopentyl,
cycl ohexyl, and cycl ohexenyl. 20The term "Il ower al kenyl," alone or in

conmbi nation with any ot he FT&Inl refers to a straight- chain or
branched-chai n al kyl @ pth opfe or two carbon-carbon doubl e bonds.
Exanpl es of al kenyl radijcal i fcl ude, byyare not limted to, ethenyl,
propenyl, isopropenyl Nyl , isobutenyl, pent enyl, hexenyl, hexadi enyl
and the like. 3 The %%r "Io ﬁgkylene" refers to a straight or branched
chai n dival ent hydrocarbon radgi ca preferably having fromone to six
carbon_atons, unl ess otherw sggéefined. Exanpl es of "al kyl ene" as used
herein5include, but are not limted to, methylene, ethylene, propylene,
butyl ene, isobutyl ene andophg |ike. 5

O\ o P
N (V1)
Rx 7\/OH
R3
OH
and
i) refunctionalizing (V) or (VI) to produce (l).

10 The term “lower alkyl”, alone or in combination with any other term, refers to a straight-
chain or branched-chain saturated aliphatic hydrocarbon radical containing 1 to 6 carbon
atoms. Examples of alkyl radicals include, but are not limited to, methyl, ethyl, n-propy,
isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isoamyl, n-hexyl and the like.

15 The term “lower cycloalkyl” refers to a saturated or partially saturated carbocyclic ring
composed of 3-6 carbons in any chemically stable configuration. Examples of suitable
carbocyclic groups include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and
cyclohexenyl.

20  The term “lower alkenyl,” alone or in combination with any other term, refers to a straight-
chain or branched-chain alkyl group with one or two carbon-carbon double bonds.
Examples of alkenyl radicals include, but are not limited to, ethenyl, propenyl, isopropenyl

butenyl, isobutenyl, pentenyl, hexenyl, hexadieny! and the like.
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The term "l ower al kenylene" refers to a straight or branched chain dival ent
hydr ocarbon radi cal, one or two carbon-carbon doubl e bonds. The term

"l ower alwoxygio/medeers to an al kyl ether radical, wherei rCrhis2aeno646al Kyl "
is defined 10above. Exanples of suitable al kyl ether radicals include, but
are not | iThettereh 'nawer mylbwyefes&ttbawauglﬁropb@aw chbta.cuwawmowwodar%ut OoXy,
|sobuj[ OXY. lcaq qura)t()K{ han gromuot Oﬁll car aeto nle gue ice Iogen refers
quorlne( 6 e(@ ks ﬁé?%?") '8?“)5?8 vKﬁ 91"3 e term"aryl”
al one or |Eixamoh:blomﬂhybne\/astllseam?remtlh@mdet butrare na fimitgd toomathgland @tiytene c
aromatic el a r ht hyl ) containing 6 carbon atons, and
nor e pref e@%@% f%wn%}]g % mg)ggr}t/)éo?{%at?é;ﬁ‘n% Exanpl es of aryl radicals incl ude
but ar® not linmited to, phenyl, naphthyl, indenyl, azulenyl, fluorenyl,

ant hr acenyline teeTssF BIkem¥Ene" Febérs eawaréwamewhed cRslaBhientHy@RaabSS | di nyl
and the Ilk(F. IUnI es othervvl se I‘Q‘f"l’ ﬁ the 20term "aryl ™ al so incl udes
each possi‘Bi'é s rbgnsGRthan lgboadSonmt i ¢ hydrocar bon radical, such as
i n 1-napht hyl, 2 napht hyl, 5- tetrahydronapht hyl , 6- tetrahydronapht hyI 1-
phenant hrigi, n th 4z phenant hr| di nyI

2. phenantﬁr Iri'é/ ! nlq%vepglﬁgﬁ Ferf’é Qﬁ&m?thggggﬁg H %1 tb é?kl){? is"define

10- phérﬁ’anta(bPYQilwmpl%@éh‘plaéb acﬂfyl ether radlieals inelude, |bn*car€|uet hnbtgd tamethosy, |imted
to, phenyl , I rtﬁﬁt}ﬂ(l_r

phenant hr eeﬁgwn?ﬁer??ghyd% nap t%%w%gﬂ?{ élQhenanttﬁﬁl gﬁgg%ﬁiﬁgyhe li ke.
The term"aral kyl" refers to an al kyl group substltuted by an aryl.

Exanpl es dfheadgral ‘kxlbgeh” eafers flutrideUHE chibrie (@1)brbMinel(Bi)] dreslideq). benzyl and
phenet hyl . The term "heterocyclic group,” and "heterocycle” as used herein,
refer to a 3- to 7- 30nenbered nonocyclic heterocyclic ring or 8-to 11-
menberied biheyerm “eryl’i@toeeoc'y\aiohtbinatlmrgw&yam@mwtwmriefzgs tofa gdibadipclics ei t her

sat ur at ed(?r&%t{cln% étzcsl%a‘ gL @q(gﬁl gmﬁﬁ 6@5? oﬁ"ﬁ?rﬁ? m)(mpg optionally

benzof use nonoc roc cIe c nsi s one or nore carbon
atoms and Prefefablyfemie19 eaiporatoms d%i@@ﬁi?s%iwb'?@@ﬁ inelyrle. et gredgplingtedsi st i ng

of N, 0 ané phen@npHAQ! iRddhyl, I&Qulé‘r\y‘l MRS Ryl 2ehradEnfIUphd@R @Gl ONB MRy

t |1 t t pt 1y b
auat er i zé%ffa%a%anmﬁwﬂmdﬁaﬁa‘ﬂvnmeﬂwvﬁ% ihe e’ DhieshpRrsey nejeatichghe
abov/eg(ggfz iterect al/WtaBloom‘?h([)des each p@slbleaao‘émsr@|sbmeﬁofhﬁlfa2@i‘ilalcﬂ1tym©ﬁar$d§tet 4 WO
2010 rln che an
car bon or (?%Fgrsyaét?%%% lgdgﬁﬁ'él 2%%ﬁt§itﬁﬁ%/‘%e\r )ﬁtdg)é‘%ﬁ%qﬁ{ ‘%)gegﬁﬁ 45 r]aﬁgtpﬂe Cl’gatl on
of a st ablpéemnﬁhj@ltnuképhﬁra@ﬂmdrnezu3+waermnﬁwylmwe$~phmhumennﬂ 7 menber ed
monocycl | Cph?lﬁﬂﬂf@ﬁ%ﬁh%eﬁ?\%ﬂ%m}pg %@%Erﬁglnwﬁﬁqb'pﬂe@ﬁﬁlﬁfdﬁﬁycéx%ﬁpbwen the

het erocyclic rin stituénts I'S understoo he substituents

may be at Péé’ﬁb’&d'g?'ﬁ"‘&wea{’(ubﬁﬁeﬂ?t Frﬁ't?drtP Ryenyhiephibyl. indenyl, arenvd iueieny. car bon

atom 28r O\Hndﬁi:ehhéﬁheﬁarﬁhr%b%eteﬁﬁl%'ﬂ}(ﬁabhtﬁﬂ rthéTnylr&ernQﬁtHh&ﬁyl andiegkearmat i cs”
or "het er Qg erocycl es as éﬁ}( ed above and

et
general Iy F g%/ 8 aéky[ Befgrsﬁ%?%?lg@ﬂﬁug S“RSt%ﬁ?JgW Ef"naé'y'rl gmeles 9EWPSr omat i ¢
nmonocycl i dnatudepllt peeyrpit liited tngbenayliaod pheretityhi ni ng five to twenty carbon
atons, preferably five to ten carbon atons, in which one or nore ring
car bons, 10pr eferably one to four, are each repl aced by a heteroatom such
as N, 0, gh ar’*RﬂmPhetP?OéYféﬁB@aphéﬂ@rft?&f%yc'grmdihﬁr@lfuc@erao63r®n713er ed

monocsol | @néhfﬁe%’d)ﬁéddc?ch@ﬂ@teﬁ:cyél@ ruﬁ@@p&f@ﬂl Hembeltddbid)BicHeRbdche ring SO
| ncl uded within the v@{)}% rm "heterocycle, "heterocyclic" or
r

"het er ocy EYSA™ 3% Mg ¢ s ﬁ'"Wﬁ F%tH’aéFdnB‘?F 2l SRR HrenERUEr PR TIEh i ng
ring is fusydetoptiaratly benzomused f monedyickz. rHably Bete®dddie edhsists ddné BEAbieny| |
chromanyl carbon atoms and from one to four heteroatoms selected from the group consisting of N,
O and S, and wherein the nitrogen and sulfur heteroatoms may optionally be oxidized,
35  and the nitrogen atom may optionally be quaternized, and including any bicyclic group in

which any of the above-defined heterocyclic rings is fused to a benzene ring. The

4
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15phenant hri di nyl or tetrahydro-quinolinyl, where the radical or point of
attachnent is on the non-aronmatic heteroatomcontaining ring. Unless

ot herwi sewpDndioomsmd, the term "heterocycle, "heterocycl PCT/Us2009/006461
"heterocyclyl" also included each possible positional isomer of a

het er ocy clheteroydicaiah mayetattashedrat &ny cetiodr cnymleterdétdrmcwd)waeﬁlthaﬂhd ndol i rly::I 5
Exanpl es . i | m daz o] a I di ny
qui nol yl , Q“f"s%ﬁ‘ﬁﬁ%?]gﬁ%ﬁ 'ﬁj%nned%%}iéﬂ%% g%ﬁl’ ywb reé%&e ?%)/’Icres 'rmuge %Q'J

per hydr opy‘ﬂem?,d monney¢ligdeterocyplos anf/$-10 p’yembeteﬂlb;cygwhetdrmonyE$ Vplyemrtbé i di nyl,
pyrazol yl ,heﬂ-ﬁ‘éﬁéllcrm ,haggutﬁﬂfﬁghﬂéllt |s%h@é:‘r§tb6ti I.'M! tPIe Elytfsﬂpu)é ts rr%rbgza(ﬁ

| era2|n I yrimdiny ri dazi nyl hoh nyI furyl,
ItO h:oe nyl®, %/? P%&%PW" thﬁﬁmzfm%ﬂef ad‘&tﬁéfeﬂt?m{ 2 cq"e?rr @lzrm WVld?ﬁﬁhagi)Ft?HP nyl

benzof ur anayhicaltshuatarr pss| Meterdtbihaite’ oroK@Rbyl" ardnadiazatnit the

b I d [idinyl, azepin azepi nyl ,
251 soxozol T oTEBE AT G95FY Fove A BRAGTAI elers ey F By it theng
t et r ahydr clstemris/an arbmatezmbydcyclichor adiyeyztining redicat abnthining ifiee iortwenty oxat hi ol yl ,

benzodi oXQ h%lon a rﬁshf;r%\‘éféblyéﬁ\}éé %%%Y%mﬁit/ qughq%rw &%?QW\Q ca%'é ! Ol anyl,

di oxanyl , di oxol any tet uro
t et r aHPdr G¥ETerabs aneiadous aweaqayh repiacR By gpgtﬁm;qm sucetasaupr Sfamdd¥. ur anyl and

t et r ahydr opstersPhdiéaayl grod |mde@§heﬁ%@%|nﬂdﬁ‘38}cﬁc ﬁét@rog rmav - foal ogen,
from groups known

d | | k tect ma e sel ecte
o0 0 ARl e AL hASE B e b A AR
G eene, THisleloeylidVor "Natérecyclytisea giGup M whidhr @hcﬁ?&rbmetlf:ﬂ@r@dbﬁ do:\taﬂtr@anl c
ski . Phili . _Protectin
?BEBES' 3 35%‘3{ 4':%8&;"??%8’ )a$°'ﬁ% ‘°?'|§§8H%%ﬁfai'ﬁg%éfg?ﬂﬁﬂuszoogl 006461
5The ﬁﬁes@h@nanﬁvdrﬁwhQmetfaémrgﬂemowypwbeestbe eeslicdle® poinbefchttabiowvent isherteé n i n i n
sai d CO”leUﬂ@rdPrfatltﬂé@PHa?on( l::antalﬁﬁg hﬁ? Fbmé@%eoupefnﬁé&%.cb{é et'ﬂ%z ‘u{?ﬁ% features a

process as descri bed above wherein Tn in said oun ormula (1), Ris
- CHO . hetgmeyclss dsisrecyrity ohthetoayeiut a'ﬁwctﬂd% Possitle gesjianabisemerhov e
wher ei n i f b ReteRicyklid Csiiap QUEHagih 1fuﬁdd1m;l|az ﬁhalmleSJln%ohrg"(E%ﬂ\&es &he present
I nvention feat ures, a.8r ae | @ OYf\’PPé(Pe we I\/\/nerel nin i nI sai dI conpound
of for mul 2EIGEVCIES iglud %Af(y pyda ' nyl, Aoty dxoapiahindeyla process
as defri tmiglzdbou@zmmwnperhydrqpyndiayldpyrldazyl, pyridyl, pyrrolyl, pyrrolinyl,
pyrrolidinyl, pyrazolyl, pyrazinyl, quinoxolyl, piperidinyl, pyranyl, pyrazolinyl, piperazinyl,
pyrimidinyl, pyridazinyl, morpholinyl, thiamorpholinyl, furyl, thienyl, triazolyl, thiazolyl,
carbolinyl, tetrazolyl, thiazolidinyl, benzofuranoyl, thiamorpholinyl sulfone, oxazolyl,
oxadiazolyl, benzoxazolyl, oxopiperidinyl, oxopyrrolidinyl, oxoazepinyl, azepinyl,
25  isoxozolyl, isothiazolyl, furazanyl, tetrahydropyranyl, tetrahydrofuranyl, thiazolyl,
thiadiazoyl, dioxolyl, dioxinyl, oxathiolyl, benzodioxoly!, dithiolyl, thiophenyl,
tetrahydrothiophenyl, sulfolanyl, dioxanyl, dioxolanyl, tetahydrofurodihydrofuranyl,
tetrahydropyranodihydrofurany!, dihydropyranyl, tetradyrofurofuranyl and
tetrahydropyranofuranyl.
30

Optional substituents are hydroxy, halogen, amino and lower alkyl.

Protecting groups may be selected from groups known to those skilled in the art, including
protecting groups disclosed in Greene, Theodora W.; Wuts, Peter G. M.. Protective

35  Groups in Organic Synthesis. 2nd Ed. (1991),473 pp. or Kocienski, Philip J. Protecting
Groups. 3rd Ed. 2005, (2005), 679 pp.
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conmpound of forrmula (1), R3 is H halogen, hydroxy, optionally substituted
| oner al kyl, 15optionally substituted cycl oal kyl, optionally substituted

| ower al kwoybio/wgiczonal |y substituted | ower al koxy. ThePpraseow/obdasent i on
features a process as descri bed above wherein in said conpound of formula
(1) is of the formula (VII): The present invention features a process as
descri bed above wherein in said conpound of fornmula (I) is of the formula
(la): OBn CO2Me (la) 'NN. HOCOH 25 The present invention features a process
as descri bed above wherein in said compound of fornmula (1) is of the
formula (MI1): 6 OBn CO2Me (VII1) HOO1R4 The present invention features
a process _as descrlbed above wherein in sajd conpound of forrmula (I) is of

t he formul e(p[%fn e lm_fﬁate@%preq:% as gesgripggahoye wherein in in said

compound of formula (1), R® is H.
The present invention features a process as described above wherein in in said
compound.of formula (1), R is —-CHO .
The present invention features a process as described above wherein in in said

10  compound of formula (I), R is =CH(OH),.
The present invention features a process as described above wherein in in said
compound of formula (1), R is -CH(OH)(OR?).
The present invention features a process as described above wherein in in said
compound of formula (I), R® is H, halogen, hydroxy, optionally substituted lower alkyl,

15 optionally substituted cycloalkyl, optionally substituted lower alkenyl, optionally substituted
lower alkoxy.
The present invention features a process as described above wherein in said compound
of formula (1) is of the formula (VII):

OBn

F 0] - CO,Me (V11
H
N x N\I

The present invention features a process as described above wherein in said compound

20

of formula (1) is of the formula (la):

o Co,Me
~ (1a)
N

25 The present invention features a process as described above wherein in said compound
of formula (1) is of the formula (VIII):
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The present invention features a process as descri bed above wherein in said
conpound of forrmula (I1) is of the fornula (11a): The present invention
i ncl udes wocomawex2f or preparing a conpound of formula @ECX/USANL/006461
15wherein Ris -CH(OH)(OR4); 131 is a hydroxyl protecting group; P3 is H,
R3 is H 20R4 is lower alkyl; Rx ioBnR2-X-NR1-C(0)-; R2 is optionally
substituted aryl; X is |lower ab {n .CoyM¢ RL is H 5conprising the steps
of: iii)reacting a conpound of fpr NIa (rr): oP o

™

HO j\OR"

The present invention features a process as described above wherein in said compound
of formula (1) is of the formula (IX):

o) CO,Me
X : (1X)
B > N

5
The present invention features a process as described above wherein in said compound
of formula (ll) is of the formula (lla):
OBn
CO.H
O 2 (Ila)
=~ .0
10 ‘

The present invention includes processes for preparing a compound of formula (1):
15  wherein

OP' g
NEP
<N U]
R ﬁ
R3
R
R is ~CH(OH)(OR*);

P' is a hydroxyl protecting group;
Pis H;
R®is H;
20 R* is lower alkyl;
R* is R2-X-NR'-C(0)-;
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with an amne of formula (I11): ORS5 wherein R5 and R6 are independently

| oner al kyl,

15 to produce an internediate of fornmula (V) OWO0 P3 0(V) RXx

R3-- OR5 wBRosnmas®Ri v) ref unctionalizing (V) to produce @Cr/uUSSpemddsst
conpounds used in the processes of the present invention include those of
the foll owi ng Riisnptiomally Batstitufediaryl, (VI b) and (la) utilized in Exanples

which follow §;o Io@épal%é; and

R'is H;

5  comprising the steps of:

10

iii) reacting a compound of formula (l1):

~ (In

with an amine of formula (lll):

ORS

H,N (nn
2 \)\ORG

wherein R® and R°® are independently lower alkyl,

16

to produce an intermediate of formula (V)

and
20

OP' o
NN
~__N V)
RX
R3 ORS
OR®

iv) refunctionalizing (V) to produce (l).

Specific compounds used in the processes of the present invention include those of the
following formulae (lla), (Vla), (VIb) and (la) utilized in Examples which follow:
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(11a) OH 5 (VI b) ©OBn ok CO2Me (la) .,,N HOOH The product (la) of a
synthetic sequence of the present invention can be condensed with 10 an

am ne, egwofotomesfeor mul a HZNCH2CH2CH2COH, bromi nated i f RETIUS2089/006461
carbonyl ated and am dated and finally, debenzylated to yield .a conmpound of
WO 2006/ 116764 desi gnated (1-7pBat page 240 wherein (RRmis 4-F and Ra is

H Alternatively, such a co rsHbe synbgfsi zed according to the
i nvention by starting with (I ere Rx is p phenyl - CH2-NH- C(0)-, R3 is
H Pl is benzyl (Bn) and P3 iS$xa carboxy protecting group. 15

0 Cco,Me
S (12)
™ Nj\
HO

The product (la) of a synthetic sequence of the present invention can be condensed with
10 an amine, eg of the formula H,NCH,CH,CH,OH, brominated if R* is H, carbonylated and
amidated and finally, debenzylated to yield. a compound of WO 2006/116764 designated
(I-7) at page 240 wherein (R), is 4-F and R® is H. Alternatively, such a compound may be
synthesized according to the invention by starting with (I) where R* is
p-F-phenyl-CH,-NH-C(0)-, R® is H, P' is benzyl (Bn) and P* is a carboxy protecting group.
15
In addition, compounds of formula (I) which may be produced by processes of the
invention include those of the following formulae (VI1), (VIII) and (IX):
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I n addition, conpounds of forrmula (I) which may be produced by processes of
the invention include those of the followng formulae (M1), (VIIl) and
(IX)y: 9 woGBn/@ee2Me(VI1) O0CHO HOOF24 HO I n nor eCuatsasd/00G6ED i)
can be carried out in a protic or aprotic solvent such as EtOH, THF or DW
at a tenperature of about 50-150C foBn about 1-10 hours. In nore detail,
step ii) can be carri ex \di Qbmgart(%}g material (VI) with an

oxi di zi ng agent such as 04 Jor ﬁ’b(OAc) in a solvent such as H20,
MeOH or CH3CN at anbi ent~{#&npe "fgr one or nore hours. For the acetal
type starting material sugh as (&), reaction may be in an acid such as HC,
CF3CO0H or HCO2H optionally with heati 8© Step ii) can al so invol ve
refunctionalization at the Rx postion, eg Rx=H to Rx=Br optionally with
further refunctionalization to Rx=R2-X-NR1-C(0)-. Step ii) can also involve
refunctionalization of P3, eg P3=H to P3=Me. 20 The present invention
features a process as describgg,above, wherein said refunctionalizing step
ii) conprises denethyl atir% the i degmeedi ate of fornula (V) to produce the
conmpound of forrmula (I1). 1 (Vi)

X
N

HO j\ow

5
OBn
0 CO,Me
x_-N
Br j\
HO OR*
In more detail, step i) can be carried out in a protic or aprotic solvent such as EtOH, THF
or DMF at a temperature of about 50-150° C for about 1-10 hours.
10
In more detail, step ii) can be carried out for the diol starting material (VI) with an oxidizing
agent such as NalO, , RuO, or Pb(OAc), in a solvent such as H,O, MeOH or CH,CN at
ambient temperature for one or more hours. For the acetal type starting material such as
(V), reaction may be in an acid such as HCI, CF;COOH or HCO,H optionally with heating.
15

Step ii) can also involve refunctionalization at the R* postion, eg R*=H to R*=Br optionally
with further refunctionalization to R*=R%X-NR'-C(O)-. Step ii) can also involve
refunctionalization of P?, eg P3=H to P*=Me.

20  The present invention features a process as described above, wherein said
refunctionalizing step ii) comprises demethylating the intermediate of formula (V) to
produce the compound of formula (1).

10
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The present invention features a process as descri bed above wherein said
refunctionalizing step ii) conprises reacting the internediate of fornula
(V1) wi t wbabmtiss2epr oduce t he conpound of forrmula (1). PThaSpeceseditl
invention features a conpound of the following formula (V): O 0

wher ei n PIThegprddeotingentigrifeatuyds goprotess ak dgsogbed ghov@dherginktaid a car boxy

protectin T i ] _optionall ti4uted | ower
B Ryt - opte apdiReizdlteif comorh@s AiEtha MY MKl [ofh By MIEREIE- 1 ves

al kenyl , odpeduse el cpmpawrd ofifermwla (Nower al koxy, optionally substituted | ower
al kenyl oxy, optionally substituted aryl, optionally substituted aryl oxy,

optional |y substituted heterocyclic grouge, optionally substituted
het er oy cl EERESSRINEEIPIeaTUrSS Leasorq efdbe fRAswie formu& (Vs H, hal o or
R2-X-NR1-C(0)-; R2 is optionally sgpstjtuted aryl; X is a single bond, a

het er oat om group sel ected from{

O $2, and NH or | oweral kyl ene or
| oner al kenyl ene wherein each

€rvened b\}/ the heteroatom Rl is H
or |ower alkyl; and 20R6 and R6 e N ndependentl;ﬂr Y ower al kyl or R6 and R6
can be alkyl and joined to formma b-, %-, or 7-menbered ring. The present

i nvention features a conpound of tRte f a (V) above wherein R3 is H The
present invention features a conpound /of the followng fornula (Va): OP O
wher ei n OR®

wherein
P'is H or a hydroxyl protecting group;
P?is H or a carboxy protecting group;
10 R?is H, halogen, hydroxy, optionally substituted lower alkyl, optionally substituted
cycloalkyl, optionally substituted lower alkenyl, optionally substituted lower alkoxy,
optionally substituted lower alkenyloxy, optionally substituted aryl, optionally substituted

aryloxy, optionally substituted heterocyclic group, optionally substituted heterocycleoxy
and optionally substituted amino; '

15 R*is H, halo or R>-X-NR'-C(0)-;
R? is optionally substituted aryl;
X is a single bond, a heteroatom group selected from O, S, SO, SO,, and NH or
loweralkylene or lower alkenylene wherein each may be intervened by the heteroatom;
R'is H or lower alkyl; and
20 R°® and R® are independently lower alkyl or R®and R® can be alkyl and joined to
form a 5-, 6-, or 7-membered ring.
The present invention features a compound of the formula (V) above wherein R is H.

The present invention features a compound of the following formula (Va):

OP' o
3
o) N O/ P
Rx
R3 OCH,
OCH,

25
wherein
1

SUBSTITUTE SHEET (RULE 26)



P1 is Hor a hydroxyl protecting group; P3 is Hor a carboxy protecting
group; R3 is H hal ogen, hydroxy, optionally substituted | ower alkyl,
opt i onal lwo=utmisszeat ed cycl oal kyl, optionally substitut edTiuseemw/oed4keny! |
optionally substituted | ower alkoxy, 5 optionally substituted | ower
al kenyl oxy, opti srthbt yhyingt protettoy growd;, optional |y substituted aryl oxy,
optionally subgt isgygpgcg}ggﬁ%rpq&gahét%rﬁhoup, optionally substituted

'y 'su It

het erocycl eoxy and optiona . ted anmino; Rx is H halo or

R2- X- NR1- C( 0) - R" i2Hi kalegeni Xyyorfignallyi substiutechloyer alky)ortionally subsjitechond, a

lhet eroalt Erﬁyéllléélkw ?ﬁ&ﬁﬁﬁ@ufﬁtﬁﬂé@,lo@ar %nyﬁcgptiogélgd s{}ﬂgti%egt %?Agkﬂ?&bggg %5_
ower enyl ene wherein each may be intervene( e h ,

s B o | Gripnaly ybstluiecbionpe akeviov, erienl Sbsiiied eV cotppdsbBHuteche

forml a (\drylatypwptionally eibstifded setetocychc Gromppogtibaslily subéttoted onetérogiclebgs a

conmpound > f . formula (VI): O O OH wherein 20P1 is Hor a
hydr oxyl ;grngiogfgcinlawg.l,%\rﬂgg%ia 's Hor a carboxy protecting group;

R3 is H, hal ogdtijs HydlaoonR*Y%PR{-6@)k y substituted |ower alkyl, optionally
substituted cykaldifhally SRistiRpd dryi; substituted | ower al kenyl, optionally
substituted | ower al koxy, optionally substituted |ower alkenyl oxy,

%CN ddﬁi Ponal | y

optiond@ |y subStis AP Bengh a helsreaseraeryr 2sieaisd fomPed 3PyF@uyan
subst i t ut aslvdigtkgerRCyrClowér Gkeylene Aerdii @hdhymay B8 tintbWERA by the heteroatom:;

and
R'is H or lower alkyl.
The present invention features a compound of the formula (V) above wherein R®is H.

15
The present invention features a compound of the following formula (VI):
OP' o
0] N o~ p3
N V1)
Rx 7\/OH
R3
OH
wherein

20 P' is H or a hydroxyl protecting group;

PlisHora carboxy protecting group;

R® is H, halogen, hydroxy, optionally substituted lower alkyl, optionally
substituted cycloalkyl, optionally substituted lower alkenyl, optionally substituted lower
alkoxy, optionally substituted lower alkenyloxy, optionally substituted aryl, optionally

25 substituted aryloxy, optionally substituted heterocyclic group, optionally substituted
heterocycleoxy and optionally substituted amino;

R*is H, halo or R%-X-NR'-C(0)-;

R? is optionally substituted aryl;

X is a single bond, a heteroatom group selected from O, S, SO, SO,, and

30 NH or loweralkylene or lower alkenylene wherein each may be intervened by the
heteroatom; and

12
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het er ocycl eoxy and optionally substituted amno; Rx is H halo or
R2-X-NR1-C(0)-; R2 is optionally substituted aryl; Xis a
si ngl e bowd,20m/de826er oat om group sel ected fromO0, S, SO pECAIS200a006480 NH or
| ower al kyl ene or | ower al kenyl ene wherein each may be intervened by the
het eroat om and 12 RR$ Ha ldwesmlkylower al kyl . The present invention features

a conpoundrf fgﬁy T i nvention
f eat Lﬂr)es gmc% r?%%ﬁtn' %"?ﬂ’“ e(u)éoﬁ oW ngwgtﬁ%fba'ﬁ?? %Bve @ﬁ%‘gﬁ‘%??ﬁ) wherein
Ris -CH(OH) (OCH3); P1is -Bn; P3is -CH3; 10R3 is -H and Rx is Br. The
present i NMRIPrésent ih@tioh RatuPesCPEINPHIAd 6 thé RBoving forwing@).f ormul a (14):

OP' o

0

wherein
R is ~CH(OH)(OCHb);
P'is -Bn;
P® is —CH3;
10 R®is -H; and
R*is Br.

The present invention features a compound of the following formula (14):

CH,
oBn © [}
o]

T

N

H
15 The present invention features a compound of the following formula (15):
osn © '

The present invention features a compound of the following formula (1):

13
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15The present invention features a conpound of the followi ng formula (15):
The present invention features a conpound of the following fornula (I1): 13
S5wher ei n Woi2et0@agI6R) 2; P1 is H or a hydroxyl protectingpgmraispioBdssss H or a
carboxy protecting group; R3 is H, halogen, hydroxy, optionally substituted
| ower al kyl, optionally 10 substituted cycloal kyl, optionally substituted
| oner al kenyl, optionally substituted | ower al koxy, optionally substituted
| ower al kenyl oxy, optionally substituted aryl, optionally substituted
aryl oxy, optionally substituted heterocyclic group, optionally substituted
het er ocycl eoxy and optloaﬁlly substituted amno; RL is Hor |ower alkyl;
15Rx is H halo or R%—X— R1 C(O s R2 is optionally substituted aryl; and
X is a single bond, Oah 6 group selected fromO0, S, SO SQ2, and NH
or | oweral kyl ene or Io r gl kenyl ene wherein each may be i ntervened by the
heteroatom 20 In the”fo[l owm ng exanpl es and t hroughout this specification,
the foll ow ng abbrevi atirins y be used: Me (nethyl), Bn (benzyl), Aq
(aqueous), Et (ethyl), C (céﬁtrigrade). The foll owi ng exanples are
intended for il dgkyation only and are not intended to limt the 25scope of
the invention in an& Cy EXAMPLES 30 Exanple 1

is~CH(OH);;

P'isHora hydroxyl protecting group;

P* is H or a carboxy protecting group;
R?® is H, halogen, hydroxy, optionally substituted lower alkyl, optionally
10 = substituted cycloalkyl, optionally substituted lower alkenyl, optionally substituted lower
alkoxy, optionally substituted lower alkenyloxy, optionally substituted aryl, optionally
substituted aryloxy, optionally substituted heterocyclic group, optionally substituted
heterocycleoxy and optionally substituted amino;
R'is H or lower alkyl;
15 R* is H, halo or R>-X-NR'-C(O)-;
R? is optionally substituted aryl; and
X is a single bond, a heteroatom group selected from O, S, SO, SO,, and
NH or loweralkylene or lower alkenylene wherein each may be intervened by the
heteroatom.
20
In the following examples and throughout this specification, the following abbreviations
may be used: Me (methyl), Bn (benzyl), Aq (aqueous), Et (ethyl), C (centrigrade).

The following examples are intended for illustration only and are not intended to limit the

25  scope of the invention in any way.

EXAMPLES

30 Example 1

14

SUBSTITUTE SHEET (RULE 26)



14 The starting material of Exanple le is the conpound of fornula (1la) of
the i nvention process which is al so shown as conpound 5 bel ow and conpound
#101 at paigeolisswk WO 2006/ 116764. The product of the iPavamsteoomogsDCESS | S
depi cted bel ow as conpound 8, which is of the formula (1) of the invention
process. The sfartmglmqneraxuufcﬁxasipm ib Hemompsurid of formalan(ta)lad thesnvwentanpound of
formla ( F and Ra
o 1 pr obiehesr BT EGS Wofl o RrdtlRl S RER BN LA Tl Bac a8 o

desi gnat edVR2B06/H16764. rﬁhtle&rqoxmf)h@vvmgepreeess is q_@la&dmlow as ¢dmpoahd§.e
sequence fwhichfixXerid f%rnlula@?mﬁé‘mderﬁloh%dcg&nﬁ'h&mal deG&@P&)«WﬁeIJ\p;s at page 113
of WO 2006/116764 and to 7) ocess of the present

i nvent Pon °°'@B?f't5@l}ﬁd56°°o{86°?}@d °§fq”8\é'ﬁt('rdéF P3g§ ZﬁBPhW%ZW1d97QﬁW't%@"process of
tﬂe pr esemtz)miis?nem -Fang RE &M quic\ibied, Rdwaver, :jreuhdent agalghé mtrgrarmh@ I(VI b) of

t he process.. an onpoun is identical to

formul a (t%%'ﬁ)oo etsﬁggtﬁr oceséorWP%tQ%kggPE%a@ﬁt ?,I nvention. St ep i) 150f the

i nvention process is 5to 6 above while step ii) is 6 to 8. Exanple la 15
To a slurry gf 2000 g of gé;.rrpound 1(1,0 eq.) in 14. QL of I\/ECN wer e added

2848 g of 3)e zy BEon de 1)e M Sa i 2680 gvsole,ii2 3B (oba 2) BGLNa0The
m xture wasystli rréd at | cdol 8eBYt o, 1130 Pr te was
h s

filtered an shed wit 0 Lof Me enfiltrateo éoncentrated and
3.0 L of THF was added t@) the resi due. The THF sol ut‘t on 5was concentr at ed

to give 3585 g of mpund 2 as oil, Wthout further purification,
corrpound 2 ged I the xtOB§t,@eq) 1H I\/Ei(n300 VHz, 'of}l. 6 7.60 (d, J =
.7 Hz, mo%gﬂéil . 3MaECOs ] [|= | Z) Hz, Naldﬂ) (s, 2H), 2.09
(s 3H). He b To “the c corrpound o¥gided 5.88 L of
THF and the sol gti on wasHe Ie to - 6P 5000 L of Hb 0 Maef Lithium

bi s(trinmethyl silylamde) i THF(l 25 eql) was added drlopwgse for 2 h to the
sol ution of corrpound 2 at -6% C. Then, a°folution of 9 g of

benzal dehyd\%él H ) 980 800: L of THF wasn added at 60 C and the reaction
m xture 15 Ws agé or nBsh. N Iutn"Wﬁs poured into a

m xture of 21t of . HCl %—1-4—1: < ge wa c 52 L of EtOAc at

l ess than 2 C. The organi ¢ d Qyer was \Washed W h 24@Rh,)L céf brine (twce)
and the aqueous |ayer wa8 extracted with 3.198 L of Et OAc. The conbi ned
organic |layers were cassenteated. To the m xture,od.®3:L of toluene was

added and c r a@. i-6€) tm-qM,0oViF UGRES g,: of conpound 3.
20Fi I trati on, sil.n \V\Nt/hk QOTUf’COﬁ@jMe le\?jyl ng af forded 955 g
of conmpound 3 (74% Yi el d fr8m conpound 1) as allcrystal © 1H NI\/R(300 VHz
CDCI3) 6 7.62 (d, J—517Hz 1H)Oaz,57 2 (mz2 foH), 6.38 (d, J = 5.7 Hz,

1H),5.16(d,J:11p4 d, J= 11.4 Hz, 1H), 495(dd J =
4.8, 9.0 HZM@HM J;l—g JNE 1 Hz, 1H), 2.84 (dd, J = 4.8, 14.1

Hz, 1H). 25 Exanple 1

10 Thus, in the above sequence for Example 1, compound 5 is identical to compound 101 at
page 113 of WO 2006/116764 and to formula (lia) of the process of the present invention;
compound 6 above is identical to formula (Vla) of the process of the present invention;
compound 7 above is identical to formula (VIb) of the process of the present invention;
and compound 8 is identical to formula (la) of the process of the present invention. Step i)

15  of the invention process is 5 to 6 above while step ii) is 6 to 8.

Example 1a

15
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To a solution of 882 g of conpound 3 (1.0 eq.) in 8.82 L of THF were added
416 g of Et3N(1.5 eqg.) and 408 g of nethanesul fonyl chloride(1l.3 eq.) at
| ess t harwBQo/oegdeeer confirmati on of di sappearance of eamrusad/ 0846840 L
of NMP and 1167 g of DBU(2.8 30eq.) were added to the reaction m xture at
| ess than T8G sGreyrud 200(g diantpoomd Mi1)0 e )an Was LafMeCNaveréaddeds4d lgef m xt ur e

y :
washed i £EPAFGedely ds d mikinab RO 8 S T fs AR NG A% f Y

| ayer, 4. 4ar b ajid qogleddém3Wa Precipitate warfilteted amixwaain@ wﬁ@ anﬁMaCNaﬂt}d ( tree
tines). Affttl%fe \ﬁé&cﬂohbé?ﬁ‘ragd aﬁd@70 Il_-oplfHﬁ"\ﬁé@éb%ed td¥he Fidudr §nURRECORLGA W th ice

bath. Eiltration, washing th 351. of hexane and drying provided 780 g
of conﬁouﬂ@sﬁmccgﬂ%‘?‘i’&%‘}e %%8569 QfPWF&PmPW_[‘GzaPW"NWSBU”W PU@B@F%‘) 6 7.69
(d, J = 5.cémpByndBHhas JseB@rtﬁe?:Ext(stEp 10H), 7.22 (d, J = 16.2 Hz, 7.03

(d, J = 186 : le 1d
5To a m xtu?‘lm%?oé%z %ﬁ%%fﬂqd %;TZ Hég#_%— a:ﬁ%n %f %:82@)‘/ I;x’a'_lrg)

RuC13. nH20H0.50 (ecRH), 2ﬂ92$ 3[).L of I\/ECN 2.47 L of EtOAc and 2.47 L of H20
was added 2310 g of NalO4(4.0 eq.) at less than 25 C. After aging for 1 h,
733 g of NaClO2(3.0 eq.) was added to the mixture at less than 25 C. After
agi ng Por Exampledpeci pitate was filtered and washed with 8.22 L of EtOAc. To

a Be filtr a‘g©o4é Bthelerfe o‘éﬁ\%m&?ﬁ%a&bed%&% Ld¢ TP dﬁth@%tﬁﬁmaHE?gic\i COCdHtC|h
were a u of c an e
organic | g "190 %\g%oa]g fﬁ‘o&ﬁ'e?ﬁﬁ um&ﬁsﬁte {"V'é'fy%@'de?(ﬁ" THB(1 289 s agddgd o

t ol uene vvadeopmhdéof 2t thérsolationtafi tempamd e c6N1C. athed, asslutibnaf 600 Yot h i ce

bat . P11 SRR 750010 ot & el AeFBE-AE M RaPIB IR 372 9 "

conmpound CDCI 3)
67m7)8 16d, was agey 'c?t 49 °CicM)1 h 7T'13*4WF spiutionwag pipureq intiga ixege eh1.2168H) , 6. 48 (d,
= 5.7 HZ:onc%h 8. 54 D of Qé%ﬁate“é')ml 4%2%?& EfoAess ReaBPce 'I‘h% dé?éﬁ?cxié}é'ée of 509 g

of conmpound 5 a%% 3- ani no- pr opane- eq.) in
1.53 L “@f@'ﬁ '\‘ﬁé’s‘”'g‘t %af %{t"eé'sv'ce) Pmthiaﬂue&wa'aagrw@rﬁ@pd w'ﬂh3 9%Btt er

addi t i OR of E{ZALB The gorﬁf)lné’d A@gmewé@m@cohc&ﬂmeal (10.the mgm)renrlea?@& mé gf f
Et OH, the 4 dhed.a fter addition 18.8 g o
3- ani no- pr%pp%tﬁgd’ a‘% ggod ] ﬁcﬁntr@&dqgﬁ?) °‘f‘r‘|’_e 'f“eﬁ? 8HW?FF8"W5{T‘ﬁ$e was
stirref afiltggios vrashmg@mmomo LAgficeld tolueriel ang dayird affdieriash gaff c&Bfoumtd 30f  H20,

t he mxtur(ﬁw\@adq,gﬂ,c&mp%gﬁ@q) as‘l;ocrﬁgg] residue, 2.54 L of H20 and 2.54 L of

AcCEt were added. After separatio t he agueous | ayer was washed with 1.02

L of Et OAc W(%Mﬁzﬂ@ddy@?a@eﬁ 527'631t|)c7f5—i@’%dp|ﬂh5|3§(éc4'd5was added
at | ess thamH)25.95 {d) & Mes Bz Y1H) 28.09{d, AN 16), 495! (4d,atd £8,9 4Ashi ng with

a2 LY 5

(m 5BP, 6.40 (d, J:75Hz 5.07(s, 2H), 4240(m1H) 3.9-3.6
(E)r(nan;H) fpikdd. J= 108Hz 1H), 303.27 (dd, J = 6.0, 10.8 Hz, 1H).

To a solution of 882 g of compound 3 (1.0 eq.) in 8.82 L of THF were added 416 g of
EtsN(1.5 eq.) and 408 g of methanesulfonyl chloride(1.3 eq.) at less than 30 °C. After
confirmation of disappearance of compound-3, 440 mL of NMP and 1167 g of DBU(2.8

30 eq.) were added to the reaction mixture at less than 30 °C and the reaction mixture was
aged for 30 min. The mixture was neutralized with 1.76 L of 16% sulfuric acid and the
organic layer was washed with 1.76 L of 2% Na,SOsaq. After concentration of the organic
layer, 4.41 L of toluene was added and the mixture was concentrated (tree times). After
addition of 4.67 L of hexane, the mixture was cooled with ice bath. Filtration, washing with

35 1.77 L of hexane and drying provided 780 g of compound 4 (94% vyield) as a crystal.

16
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To a slurry of 576 g of conpound 6(1.0 eq.: 5.8%of H20 was contained) in
2.88 L of NWP were added 431 g of NaHCO3(3.0 eq.) and 160 nlL of nethyl

i odi de( 1.Woeqgi0joesasd t he 35m xture was stirred at room t ecpasatgnessbor 4 h.
After cooling to 5 C 1.71 L of 2N HCl and 1.15 L of 20% Nad aq were added
to the mi XHINMR(200 MelgsCDQND 1.6T(d, d =Cfi. ¥ Hz,CliHy St.50—7 @5 (Fh7 10H)PTRB D =7.

Fil h,1 507 g of
Comotna PRI SRR ISR %o (o
= 7.5 Hz, 7.40-7.28 (m 5H), 6.28 (d, J = 7.5 Hz, 5.21 (d, J=5.4
Ez,7 %|zH) Li_:xg,a@qu —108Hz 1H), 5.07 (d, J= 108SHz 1H) 54.83 (t, i:
9.0, 1A. 4@92”‘ m'I‘Hje °f§2%§ %C%PW 41F+PeQ?,an®JF%?gsz BHP'SDH)O(O@Z’EG 31137(m 1H) .
Exanpl e 1q@ of Me@NTR2XY Urce Echcﬁéha 4P ofrNeasliaéd 2310 g?ér Nal©fi4. 5e]93 ﬁglgz ( R/E(ZIN
f 0
0q.) and (378 DR Fe et or LB BS QuRdidBRad tresedgeto e e
addi tion dﬁss1ha§25LCofAftEO%ImslanSZOquclpltatdrwamﬁlbetadraadmshemmdemzz abedBan o
led t g
Eﬁﬁpﬁund"g“?s%mé?'@g‘eai’% LR S0 Rfha810, 2, B2 Of | GO BRBEPROY BT ie) %6
7.62 (1§, Yyete addsdighe ?m)eouwlaxg wasZtragied with 4.1 5L 9BEIQAC apd thel@garic Hz, 2H),

6.29 (d, Jayersfvére l‘erblﬂé'@and%ogger(tl‘étedzHb,the‘lre&éuéua.%fﬁdmjen%@as add&Pakss. 3H),
3.74 (d, olution of a m xture of 378

g of corrpgﬂﬁm x%'re(‘f(a%°°é'gg’)"ﬁ§%’a%}‘)’f§°'ﬁgﬁ’fh WE(?FF b?%}%a‘t"i’ﬁﬁ'ﬁ‘g Wi ls8fi uti on was
concent ratc&mhne‘ﬁodﬂfymgrmmdhd&iﬁb&tohpmfndtsqbﬁmryfeldwas aaddenl and the m xture

vas, conoen s s ol et Al s Lk 9 F8LySREn Af87b Ple fFOH and 137

f (R)-3-Am no- but an- wer'e m'xtufewas heat ed
to 901€, SH).G48ddat= QG"G ﬂU} 58 (Qfsh”dhéfié((}?n@élhtrat ed. To the residue, 1.89 L
of toluene was added and the m xture was concentrated. The resi due was

extracted with 3.78 L and 1.89 25 L of CHCI3 and washed with 2 x 1.89 L of
H20. The &*YBAFd®l ayers were conbined and concentrated. To the residue,

1.89 L of Amhiftee ofe509 gaeesingudd 5 €0y akd %W\@Sf TANR6PrdpAhed 2- e%wzeg addi tion
o vt oo SBbrE S R B 08 MatBarhols bl Bl
CDCl 3206 78.3@®-of 378nifierpropafie-1,2-did07. ) irf 2@0 BHpf EOH] the(rdixtude was?stﬁetﬂat
80 °C for 1 h. After addition of 18.8 g of 3-amino-propane-1,2-diol (0.1 eq.) in 200 mL of
EtOH, the mixture was stirred at 80 °C for 30 min. After cooling and addition of 509 mL of
H,0, the mixture was concentrated. To the residue, 2.54 L of H,0 and 2.54 L of AcOEt
were added. After separation, the aqueous layer was washed with 1.02 L of EtOAc. To
25  the aqueous layer, 2.03 L of 12% sulfuric acid was added at less than 12 °C to give crystal
of compound 6. Filtration, washing with 1.53 L of cold H,O and drying provided 576 g of
compound 6 (83% yield) as a crystal.
'H NMR(300 MHz, DMSO-d,) 5 7.67 (d, J = 7.5 Hz, 1H), 7.6-7.2 (m, 5H),6.40(d, J=7.5
Hz, 1H), 5.07 (s, 2H), 4.2-4.0 (m, 1H), 3.9-3.6 (m, 2H), 3.38 (dd, J = 4.2, 10.8 Hz, 1H),
30 ~3.27 (dd, J=6.0, 10.8 Hz, 1H).

Example 1f
To a slurry of 576 g of compound 6(1.0 eq.: 5.8% of H,O was contained) in 2.88 L of NMP
were added 431 g of NaHCO;(3.0 eq.) and 160 mL of methyl iodide(1.5 eq.) and the
35  mixture was stirred at room temperature for 4 h. After cooling to 5 °C, 1.71 L of 2N HCI
and 1.15 L of 20% NaClaq were added to the mixture at less than 10 °C to give crystal of
17
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30 2H), 6.47(d, J= 7.5 Hz, 1H), 5.35 (d, J= 10.2 Hz, 1H), 5.28 (d, J= 10.2
Hz, 1H), 5.12 (dd, J = 3.9, 6.3 Hz, 1H), 5.05-4.90 (m 1H), 4.07 (dd, J =
3.9, 13.5vbzp10ld62624. 00-3.86 (m 3H), 2.23-2.06 (m 1H) pcT/usBoopmocis1 J= 2. 4,
4.5, 13.8 Hz, 1H), 1.30 (d, J= 6.9 Hz, 3H). Exanple 1li 35 To a slurry of

332 g of compoundd. Filratiod, waph)ng'witm BHL bf 1O auRiryisgspradded!5d9dofy of NBS( 1. 1

eq.) and tcpﬁigaﬁaf@g%wq)sa&‘ Jrfsg% roomtenperature for 2 h. After

addi tion e mxture was stirred for 30 mn. After
addi tion o'Fl NJR(B0Q Miye, PBOakP &§P Y JoT7-8 He, H)xT-40-¢ .28 (mLOHEL 6f28(d.30F mi n and

at 5 C for7 51Hi‘1H‘f)'di1r(6t.!!9'Bz4 N@th’!ﬂlz"wtﬁ—10§$izL1l%f5@?l(deH2R)85‘ﬂ£i 1¢,gy| ng
provi d 36@9 f _ conmpound 10 (89% yi el d cryst 5

CDCl 3) #8548 7 57 [ifn 1HD14-97 (ddsg= (23 1‘_‘L|11) . HR879 (941370408, V3983 (d, J 5
= 10.2 Hz14:bHHz 18), 3%6d3.50 tm A1+, 3180-3128) (m, FHYL 3. 2608114 fn=118. 9, 5.7 Hz, 1H),
5.05-4.90(m 1H), 4.11 (dd, J= 3.9, 13.2 Hz, 1H), 4.02-3.88(m 3H),
2.21-2.06 (m 1H), 1.49 (ddd, J= 2.4, 4.5, 14.1 Hz, 1H), 1.31 (d, J = 6.9
Hz, 3H). [Exampledglj 10Under carbon nono- oxi de atnosphere, a mixture of 33.5

g of CO”D%%%.mﬁe]of%o?g o}corﬁgbtﬁtd% 6’&215 lg%rO%NEéfQ\/%é%bg St c(fé-fl8% 1)%f in 335

2, 4-di fl uorobenzyl amn %
m. of 1 QIVB@QR/%O@%IQT?%HW%&&‘@GC’ 96 gyof Nal. (. Zw)t%‘ld "&)'mxtl#ﬁgwawfé@ﬂ@tate was

filtered %ﬁnl@@rﬁ:@%ﬂur@ﬁf&h R artek- a@ditiopr d?ﬁ%ﬂi@ﬁo%ﬁé@{oﬁdjdﬂh&h%ur@f 2?02 L of
H20 and 670 was washed with

boe o ot cousttraiee Bd Gtoictng 0 Sa s FitlSih ashng b FRO =hd date orovipe oads

ext r act ed ofwdnhpaBB8& 811@0% fieldy &&h crydtak or gani c | ayers were conbi ned and

concent r at Gyl Sod Mﬁlzrlﬁﬂégxﬁ{ﬁ 9‘%9 i 0f 5 ¢z pﬁ-ﬁ"f"ﬂ'?% éﬁa(?nz?s‘ﬂg%%gﬁ'd 1 he

m xt ure was concen rat tion of 150 mni

concer®r atitiz, 2t &-39(g. 407§0‘|ZC1H)1(§>Q°8| (B.£2H(4. ¥n4.88 fradtH)c3.9€ tsaBHBB. 7édkpound 11
was obt ai yads 1 ALt#Y). di ssol ution of the crude crystal in 380 nL of acetone
by heating, 20precipitate was filtered and the filtrate was concentrat ed.
After addition of 200 nmL of EtOH, concentration, addition of 150 nlL of

Et OH, con&sanplatthon, cooling and filtration, cr ude crystal of conmpound 11

was obt ai f sso ut i of .the cry ta 0 of acetone
by heat i ng%?tgr %égé Lug gion! V\lfé%oﬁ%g S CPRPRH %1‘6%%%3 M ég{’ gl?gaeggh’ym_ of 2-
pr oparél \hastlnadﬂjedolam wasecontertrated. ashecresidem tl r5dtleaf t¢loenieaes)s.addéd and cool i ng

f the 25 tdy 125 ded
34.3'g of "copneema TR JUCIBAN e CoRoRaR A MBI SRenos) %G

10. 40 (t, 13296f @)&Am'mmutae-%w  eq ryyere adggganddiwe mpdurepps heptehto 024(m  5H) ,
?dg8 ? 343(3 retirrédtiht 90°C30( 215 h%nd%o@ceﬁﬁ*atecl"ﬁ'o the refidued.8d L'of Hede Was 1H) 5.15
4.22 (dd, sgé_d %Héhq‘)mixi%el_%as _cL?_r[)cent&at@g 'él'@d'esulj_gema§ qjdratgtgd with,3. 73&9}"" 1 43902 3 88
( m 2Bp, 2.0PCHCI,&Gd (vashebhyith 2lx 589 LddiH,0.JThe dtgdnic yérs wkée donttiineddry, 1. 33 (d,

Of Corrpoundnc%h% tengxm%?e Uﬁ‘g&[ oP%fBA%%ﬂ a%héﬁ’&r?d"tﬁ 'rsmxtl%ema)ét ure of 28.0 g
concentrated. After addition of 1. 89 L of EtOAc, filtration, washing with 1.13 L of EtOAc
and drying provided 335 g of compound 9 (83% yield) as a crystal.
'H NMR(300 MHz, CDCly) 5 7.70-7.58 (m, 2H), 7.40-7.24 (m, 3H), 7.14 (d, J = 7.5 Hz,
30 2H),6.47(d, J=7.5Hz, 1H), 5.35 (d, J = 10.2 Hz, 1H), 5.28 (d, J = 10.2 Hz, 1H), 5.12
(dd, J= 3.9, 6.3 Hz, 1H), 5.05-4.90 (m, 1H), 4.07 (dd, J = 3.9, 13.5 Hz, 1H), 4.00-3.86
(m, 3H), 2.23-2.06 (m, 1H), 1.48 (ddd, J = 2.4, 4.5, 13.8 Hz, 1H), 1.30 (d, J = 6.9 Hz, 3H).

Example 1i
35 Toaslurry of 332 g of compound 9 (1.0 eq.) in 1.66 L of NMP was added 191 g of
NBS(1.1 eq.) and the mixture was stirred at room temperature for 2 h. After addition of
18
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3510% Pd-C in 252 nL of THF and 28 nL of MeOH was stirred for 1 h. After
precipitate (Pd-C) was filtered and washed with 45 nL of THE, 5.6 g of 10%
Pd- C was woden/msz2t he 19 m xture was stirred for 1.5 Rrcurusesodhyasogen

at nosphere. After Pd-C was filtered and washed with 150 niL of

CHC13/ MeOH(2%/L19f H,Ohthe iniktteatas stired foo AC sitt. rAftee dddithinto® 5.3diLs 0,0the@n of t he

d of ' A d | ed
Foom t enpdPde 805 hetEatro 1Y jeraB ot g et b MR hutb B PR S e
cool ed. Fiof coldH;@and dwmblprcgldémsh glef chpouad 40 WQHgyiddbaa alegystdl. 2 g of
conpound 1g M%dMﬁEd&Déﬁ)ﬁlﬁ_ﬁ%ﬂh 2ﬂ15"7'¥1§'?£ 319{2 23'@%9)3%_};@ (%2.! 51 (5

1 10. 36
1t|)|) 7524-(‘&%*12 JH).5.25 (dgJ 5 9.91kz, SHHz‘5121F15' J'!7_292577H601"()n§°i|4|)90(@,1ﬂ) (dd, 3 =
3. 9, 5 7 Hz1 (add= §r99ﬂs-24HZGH-()m02]-H)88(|41 8y, 2.250 (enm, UiH), 149@6d(ﬂ=24 = 5.1

Hz. 4.10-3.98(m 1H), 3.96-3.86
1H), 2 104153331%%? 1'%—?)1%18‘1 6?*&%3'?% 1H), 1.33 (((tJmJ E)a 9 Hz, 3H). (m

Exanple 11 After di ssolution of 18.0 g of conpound 12 (1.0 eq.) in 54 nL of
Et OH by h E followed by filtration, 21.5 nL of 2N NaOHaq. (1.0 eq.) was
added to the Sol htlon at 80 C. The 15sol ution was gradually cooled to room
t enperl8t ultndergarhonanenerpxidgatospies. &8 migare of 3%$ gef compawdd A8 iOen. pB4&i ded

18. 8 f 094 I , DVBO-d6) 6
18. 709(;) nqoamwét(i% e(ﬁ ?&yan@_o¢l)z4aesfu@ro%uz§,taa4.ne(itbiebll>@ﬁ§92% M;#ZS VB, (Zn

1H), 7.06 PG'(Fb"é‘s)eW]O%Q)) n 4355l 6 Ws%’asﬁtﬁfed a7 CJOWéLE}’nﬁﬂiwo"fw 51 (d, J=
(5. 4 lZI_.'ZH) 2|d}e0|pﬂat35va4 f&&ed Bihd WhBhed4with G0 (nldef 2J5Fopgandl. Aﬁlﬂ%r Qdciﬂ?on ot bD2 mft 0P S- i gg
(dn J = 6 nd %2(1?6'{ Oéég%ﬁw'?erﬁ@a&%? %rg?éﬁnlfﬁ%rﬁds Waﬁpﬁ%}g@é Bﬂepar ation
of thé5cr}0§tf\hH1C|aqeand@|6ﬁou.rm HiQlandithecdquesusriayeo ivasl edtaeted awvitn 386 ndmfpound 13.
25 After dj | $4 6

THE- vvatergi\sg Et%n&%ﬂ?ﬁ% ng% %tnb%%[}%ﬁﬁ@&}c;%@%?aowzﬂe%es'd& 9&3 vvas added
to the sol2tRTPRARC! wascadgpd a @emé@twasm@aceatrate@oﬁmr demefit58 mloef 22 hours.
The preci prdpahdlOdbnbéHiratibn, CE6IRE to YR hRXiltvdtibR, cl&ié dNstdor ddifpolRd 1 wa®! uti on

50.4 g of EBIOUA EsoPIRT R RLRRS VIR 10 CoRHUSIC Y a8, yi ol ) a5 a
cryst ab prazipithte wais Filterag bad ha fIBr'éteT\@asaco&bemna;edoiAﬂ&Oﬁﬂltgn of 2000npeund 1(1.0
eq.) in 1%1(9H Lcoﬂéen%w %&lﬁonaoqqgg m% Zil%tcg-l %oncentratlon cooling and filtration,
crude crystal of compound 11 was obtained. After dissolution of the crude crystal in 450
mL of acetone by heating, the solution was concentrated. To the residue,. 150 mL of 2-
propanol was added and the mixture was concentréted (twice). After cooling of the
25 residue, filtration, washing with 2-propanol and drying provided 34.3 g of compound 11
(84% vyield) as a crystal.
'H NMR(300 MHz, CDCl3) 5 10.40 (t, J = 6.0 Hz, 1H), 8.35 (s, 1H), 7.66-7.58 (m, 2H),
7.42—7.24 (m, 5H), 6.78-6.74 (m, 2H), 5.30 (d, J = 9.9 Hz, 1H), 5.26 (d, J = 10.2 Hz, 1H),
5.15(dd, J = 3.9, 5.7 Hz, 1H), 5.05-4.90 (m, 1H), 4.64 (d, J = 5.4 Hz, 2H), 4.22 (dd, J =
30 3.9,13.5,1H),4.09 (dd, J = 6.0, 13.2 Hz, 1H), 4.02-3.88 (m, 2H), 2.24—1.86 (m, 1H), 1.50
(ddd, J=2.4, 4.5, 14.1 Hz, 1H), 1.33 (d, J = 7.2 Hz, 3H).

Example 1k
Under hydrogen atmosphere, a mixture of 28.0 g of compound 11(1.0 eq.) and 5.6 g of
35 10% Pd-C in 252 mL of THF and 28 mL of MeOH was stirred for 1 h. After precipitate
(Pd-C) was filtered and washed with 45 mL of THF, 5.6 g of 10% Pd-C was added and the
19
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benzyl brom de(1.05 eq.) and 2630 g of K2CO3(1.2 eq.). The m xture was
stirred at 80 Cfor 5 h and cooled to 13C. Precipitate was filtered and
washed wiwb 2810068260f MeCN. The 20 filtrate was concent rParTas2e0do@60 L of
THF was added to the residue. The THE sol ution was concentrated to give
3585 g of nixtuctevasatipedifed 15 fagnder hydralfeh mondspheret Aeéer RdiCiwas Ciére@and conpound 2

d 7.60 (d, J
vas gsaz 'v%_&&euf.ﬂ??‘dy @t_ ?&H%%\/Ieogi(%:li) hgjfﬂf't\lz'\@% cfnﬁéﬂ'%éeffb% ?"i spifign 2|(_|)
2.09 (s, 3fhe residuednd-381n Ofd;"-t@@hygeaimgtthes@utwaeva@mnqxb@hdccmladasrcmdded 5.88 L
of THF anderﬁﬂ%?atﬁﬂe' l#ﬂ'epﬂtravﬁ)'ﬁ t‘ﬁ@(ﬂ'tl‘%fé \fvéé coﬁ&n@ateﬁ aQQ c{:jol&f ﬁlterIcM QIBSHTI#gt hi um

bIS(tI’IrTE | silyla g.) wa dropwi se for 2 h to
the soPut |"’6% E(S#) UUWCP’%‘"%ﬁd 216%)9 Qf°°'1‘"rﬁ’€\"f‘d %\2 @%%L}‘H'q}ﬁs@f"% g of

benzal dehyHeMR( 20@MH)Z6DMS®]9Q) o2.61 (sTHE), waHssqdflecs_mz 1169, &£5a(¢l 1H))g 3geact i on
m xture ti our. Into a

m xture of lgz%ngtngzchE 7I—?I%I(d&%l} { 1582'92\Algif%?q§%%891f)%21"ﬁd%?pa OAc .at

| ess t han (dd, .= 3he. g i) 4. 9&y.20 (rwa‘d-i)waﬁﬁdcbwm NHR 458 (4, OFf 5hrHzneH) t wi ce)
and t he aQ%C{Hé J 2481138z ) 290 Abal. H‘Hﬁs%—éae{]n? 2], F1QA%a (h g oDl ned

organic la wer e concentr M Xture ueneé was
added '8nd 1tﬁ9n&éﬁl(’f‘a4t"@d1 B - de“)SQHZp?*‘Bw de tol uene slurry of conpound 3.
Filtration, vvashl ng with 0.90 L of cold toluene and drying afforded 955 ¢
of conpou 2 4% vyield from conpound 1) as a crystal. 1H NWVR( 300
MHz, CDCl (d, J =5.7 H, 1H, 7.5-7.2 (m 10H), 6.38 (d, J = 5.7
20Hz, 1H) Aﬁsrmﬁso(lmpndmsm@,ampomheazamaq)(ldﬁumdfzt@Hlﬂyheaﬂﬁb,fomv&'a (dd, J=

4.8, 9 2,84 J.= 4.8, 14.1
oo 1. gl 2k G ndoai eqs ddisa el sdiitha 8070 2T i 1 6T a2 L
of THE5werse'utemuw graduagy @ﬂO'@SEth nenmeeaq:ry Emtnamavaghno@ wite8Barias ul f onyl

chl ori de( Et@H afd Hwﬁbfﬂr&ﬁ&dt1@%b1§&ogpo(ﬁw%ré9 yfe'lcf)%@ta'c%ta(?f di sappearance of

conpound 3 Nvﬂ? g were added to the
reaction nJi1 (F0QMHE fAMS O} %7Ql(tahd6f)ﬂ‘éz 'é)a3t89 f 1) 40230 Aidled for 30
mn. The M26tTNE (MAEH) 066208 (&6 d Hyi5t22-8.17 Gm L1H)f 4. 859078 nf WH), 8. 58¢d, d =and t he

organic | Y4 L,of 2 e centration of
t he or gan?’ce‘%}ﬁg@ 4%‘{1%1 ﬁﬁ‘f}lg{%ﬂe‘ﬁeuﬁaﬁ ?E‘ ﬁ%aﬂa%%éro 6?7 f%gpe&\/va
concerfr atddd (M ﬂlé)eZtODﬁ’b§3 (m.AH) et 44ddi2t(monHRA1.24 (6 7 4. 6.8MHzhgkane, the mixture
was cooled with ice bath. Filtration, washing wwth 1.77 L of hexane and
drying provided 780 g of conpound 4 (94%vyield) as a crystal. 1H NVR(300
Mz, CDCl &yemred® (d, J = 5.7 Hz, 1H), 7.50-7.25 (m 7.22 (d, J =
16. 2 Hz, rppl?jo-e{rr@ws gzprq:@s@o[_@repg jon thrlplcr(qgallln‘pﬁog\pyun@13blwblch 5. 27 (s,

2H) . monohydrate form of compound 13.

25
After dissolution of 30.0 g of compound 13 (1.0 eq.) in 600 mL of THF-water solution (8:2)
by 30 °C, 36.0mL of 2N NaOHaq (1.0 eq.) was added to the solution. The mixture was
stirred at room temperature for 2 hours. The precipitation was filtered, washing with 150
mL of THF-water solution (8:2), 150 mL of THF. Drying at 85 °C and humidity conditioning

30  provided 30.4 g of compound 13b (monohydrate form of compound 13, 93% y|eld) asa
crystal.

Example 3

Example 3a
35 Toaslurry of 2000 g of compound 1(1.0 eq.) in 14.0 L of MeCN were added 2848 g of

benzyl bromide(1.05 eq.) and 2630 g of K,COs(1.2 eq.). The mixture was stirred at 80 °C

for 5 h and cooled to 13°C. Precipitate was filtered and washed with 5.0 L of MeCN. The
20

SUBSTITUTE SHEET (RULE 26)



35 Exanple 3d 21 To a m xture of 10.0 g of conpound 4 and 13.6 ng of
RuC13.nH20 in 95 nL of MeCN and 10 nL of water, m xture of 155nL of water,
7.2 g of Wwodnommekieari c acid, and 15.5 g of NalO4was addedTifuseood/o0be4h1 at 20
C. After aging for 1 h, organic and aqueous | ayers were separated and
aqueous | diteate wassconxeraatezicand)s. (BDBLTrmwﬁmdledamaéaésejueAquewus sbiaygr was 5

exracted i acetate an aan conbi ned. 6
n. of 5% %%Elégg ?tgpboﬁve %8% AR SHIES OEnR%ug eg\? %‘Pg‘yfﬂr“bewpaﬁ?“%nd t he

| ayers mercemﬁelp‘@r%wwseﬂfmethemg&rﬁep | ayer was adj usted to pH 6.0 by adding
4.0g of zwmws@@wﬁzl ec 756' JAULPUS YL AAgs 60 ni
of 5% NaHCO3 sol ution Qm Gjo TEMPO y7e J\Q@@‘%g'gaéﬁ@ 7t(£${0

sol uti n wak %H'd‘édz'fo Pﬂés ﬁﬁhctlon m xture at 25 C 10f or Ih and stirred for
30min to check the reaction was finished. After the |ayers were separated,
42.5nL of Exgmple3s03 sol uti on and 30nmL of AcOEt were added and separat ed.
The aqueou® goaygexf theasudexdoapbent HwasBdded G 8SACETHFaM tiseesuitivh &@s cdalde H2SO4
was added Lh.a i, xt ur s cool ed
to 5 C Af% {Eﬁ gg@e%’tf@%@‘élp'% b?sitd%gthqsiy ledet}’ln ?ﬂlé&% qdrw s\ége iltered,
was hed Owi t@%erfﬂf i tojthe gplutian of gpropound @ afi r§@C. t Thepr @ voldtion®f 3099 of corrpound

5 (70%yi %ﬁlﬁalo%ﬁyd%(?méat)m BOO:HTI_ WFS\QQS d a%lridan%‘_}ﬁe r%é t{fqllﬁngturfl_b 5 6,

1H), 7.54- 40- 7. 26 . 6. 48
(brs, 1H) Was as& ?‘3-602 f°" 1F.’3<aFRﬂB’"%@"Q@A‘M?F?PWP@ a mixturg op1-2&behound 5 (1.0

eq.) and 4:6r7c IgCIOB 13 Laficevaidrepans2l, o?ECtD/QJ a{t?es5tr%(ﬁ 2°d. Mhb. o'?g%nte 1&fer Et OH was
stirred at, er addition of 18.8 g of

3- Anmi no- pr¢ opane Vﬁ'thé 91 gﬁptl"ngdt“ﬁ'ce ﬁ"‘g{ijﬁ af’ﬂl'_e%'is q!?rdﬁ’s "E’Wédﬁij %’ftﬁ?ée\k/as
stirrdd atof BOACS cThe tombingd Oreanlathﬂertsmmre adfnc&iBraldg Tofthe mixture, 1.63 L of

3-ami no- pr&hﬂ@'@‘%va% a%d%d M C(OQIC%\}U%HB’d)( )?ooa'ogzri]edt%éjggé %)I %B%n@b@g & Was

stirred at 80 C of 25H20,
t he mi xt ufdtratigs, Vwﬁ@emﬂh&t@d- ofpeldttﬁéeneeaj\ddimeng gifoRded|9561g afigompowid 3. 54 L of

AcCEt wer g784ldied. froff ddipobRP &Y ALd Gstall he aqueous Iayer was washed with 1.02
L of EtOAg u 2.03 of 12% sul furic acid was added at
| ess t han 'iﬁik%( @bewﬁg 8@&95/)54?%(26{5# Jc%‘dﬁﬂb')gs‘lzlzl " 405b R38Rk 5@ with 1.53
L oft(2|0I dHath)aﬁngI Yi=. @Hnwkdeﬂio@mwmgn rzzomapurmt (&d, (faﬁa’/@w @H@l)7 ?@3157a2 (
cr sta .5-7. m
0 6. 403?23"3‘&%3&7@9%‘?411%@%"%%@(1 ‘QH%B .17, U‘Y)(m 1H) | T3 (m
2|—|) 3.38 (dd, 4.2, 10.8 Hz 3.27 (dd, J = 6.0, 10.8 Hz, 1H).

Exanpl e 3fEX§BP|¢§Ca slurry of 576 g of conpound 6 (1.0 eq.: 5.8% of H20 was
cont ai ned)T°iarFolitiesofi883ia dlvpmpgiing Hddeg.) 888y L of Thiawersdded 4849 pf and 160 ni

of netbyl a.N¢i.sleq.lakd md of&ﬁ&héﬁé@ulf&\ﬁtcmoﬁdé’(@§ eql bf eSkhah 36 @@ Mk&TPer at ur e
for 4 h. After oollng C HCl

confirmation of disappearance of compound 3, 440 mL of NMP and 1167 g of DBU(2.8

eq.) were added to the reaction mixture at less than 30 °C and the reaction mixture was

aged for 30 min. The mixture was neutralized with 1.76 L of 16% sulfuric acid and the

organic layer was washed with 1.76 L of 2% Na,SO3aq. After concentration of the organic

30 layer, 4.41 L of toluene was added and the mixture was concentrated (tree times). After

addition of 4.67 L of hexane, the mixture was cooled with ice bath. Filtration, washing with
1.77 L of hexane and drying provided 780 g of compound 4 (94% yield) as a crystal.

'H NMR(300 MHz, CDCls) 8 7.69 (d, J = 5.7 Hz, 1H), 7.50~7.25 (m, 10H), 7.22 (d, J =
16.2 Hz, 1H), 7.03 (d, J = 16.2 Hz, 1H), 6.41 (d, J = 5.7 Hz, 1H), 5.27 (s, 2H).
35

Example 3d
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WO 2010/ 068262PCT/ US2009/ 006461 and 1.15 L of 20% NaCl aq were added to the
m xture at less than 10C to give crystal of conpound 7. Filtration, washing
wi th 1.73w0 20fo/dd@2and dryi ng provi ded 507 g of conpoun@CT/us3@Pwyisel d) as a
crystal. 1H NVR(300 MHz, DVMsO-d6) 6 7.59 (d, J = 7.5 Hz, 1H), 7.40-7.28 (m

5H) 6 28 Toch miture &N0D dHaf, cofrigpundd4 add {36 mgd otRECK NHED inld8)mL &f. M&ﬁrd$nd] adloj 8_
2, ’4 14 15'|9|zQ‘ZL( g’#ﬁaqe' m%& ‘?%ém%@f %’aéb%déj“ hjamsﬂ?”ﬂc a?ﬁ az{‘]dﬁ)zr’ 591%9 3. 65- 3. 50
(m 1H) Nat@.v@s2@d¢dhfor 248)h at2026- Bftelaglogforﬂm) orgemia apd eqBgud Rydrs warari xt ur e

of 15.0 g s@ﬁafrﬁﬁgggﬁﬂﬂjez(@ laQer‘Was)ex'ré?:t ZICEX%Og\LQ)ff 8%9&3@% ﬁgﬁféoldg ?aggi w0 i of

H20, 2. a was a Int rang etween 17 C
to 14C> AfeE‘@Ftef’ﬁéa'PQ)ﬂéPmbﬁf?H‘ aGetateand osgapiclaygrsrware combined. Bpnleefigir t at e was

filtered. NEMSO3idoluibraivas Mdaﬁdﬁd:oﬁﬁmb@@rg%ﬁll: b0dhdhe ibferd watredf ascorbic
acid sodiums

f t Af t t h t
concent r at® Sﬁarglggomer? "gc '%‘\’Aeltai‘“’%% P?P?‘&??@gf‘ 8\9&% ﬁ?‘ﬁ)sg %8R hﬁ(ﬁ"a ??)é“' 'gfr’ $| \rqlgs
provi ded Bad theqaqoéousdageo wasl s&ar&edoAfteet@inlL as5% NaHCE; 3blutidr-hidNIB7 g @f MHz
DIVSO d6 4 = 6.0
o ) @E@f@?\ﬁégﬁd&d?%g é‘zﬁé é@ogat%%w% de%&)tc( R g@ ion %@Lﬁmgpzl%% 3 20
(s, 3HP Jor7ky a@é stimed-fors30mipgo cherl thezeactismwas Enishied Mfier shelayerowere0. 0 g of

conpound Bepdithed A2Bnsl &fSWNQiS@?sMﬁfoﬁ aﬁ&'@@rﬂLBh@c@E?leéH 84elfang- 3 9 Of
(R) - 3- Ami no- but | in acetic acid at 60C.

1 0 . of
After the SF%%{E?S ﬁ‘erﬁqR?QHséaXﬁé‘é’g§F’f'??t%‘gbh?o'@%d@cp&‘ agd ?ﬁi’ﬁf%e -f1R% reaction
m Xt ure WwabSOpwheatded to the Ceafioh Mixtire bEZh °CToe1 W&id thé Wodtab waa&odl@@iaeﬁ and

Dl %) o Yl hdile GRTAA g Wl e mERrg TSk ARl yalhddV Do

6 47 (1§, vater pyice apd dryed to pEovBES . 1g oficompbOn@5 KEO% Yiiel) asha @gstal éd: 2 i—lz,
5.12, 5-4.9 Q7 J =309,

13 5 He, %gm’"ﬁ‘% '@" QD? (]a;') 23555?'66 )95%%4&%4?#)( 568£7 Py 4

4.5, 13.8°3H B4R, J=_L5§d*2(a )§ bes, §HE,31842H).30 Exanpl e 31 To slurry of 5.7

g of NBSin 26.5 g of dichloronethane was added 10 g of conpound 9 in 92.8
g of di chiexa@petBane at room tenperature. After thr reaction m xture was

stirred fevmigtubdof s00g of e@ﬁ;bduaa 5/l Bted!) @nd\as? getEamine-prdpaneal2udibi@s of 2. 0g
Ne2ers et 2 Blel ol wf P B LR TR e e
by met handB.8 dii 8- Acmm-amam3 2etind(Ociced. )Jan 260 6L @hBtaH, tHeamiztlireawak stined aet
c W; al viap @/@g@ﬁg)ﬁa@da@aﬂ&%m@ 5345@ H@ gprggén‘ ngﬁfebng i o8 123, 23 1H
5.33 (d, ﬁtOH 1be qupye wgﬂftlrr@ 38§ for p0-mimy_ ;gftqqfoolr_r_lg{)and gdditron of §09 mL;ef3 5_ 7
Hz, 1#p, ®,05théd mdBurk Was tblicentrated. To the residue, 2.54 L of H,O and 2.54 L of AcOEt

were added. After separation, the aqueous layer was washed with 1.02 L of EtOAc. To

the aqueous layer, 2.03 L of 12% sulfuric acid was added at less than 12 °C to give crystal

of compound 6. Filtration, washing with 1.53 L of cold H,0 and drying provided 576 g of

compound 6 (83% yield) as a crystal.

30 'HNMR(300 MHz, DMSO-ds) 5 7.67 (d, J = 7.5 Hz, 1H), 7.5-7.2 (m, 5H),6.40(d, J=7.5
Hz, 1H), 5.07 (s, 2H), 4.2-4.0 (m, 1H), 3.9-3.6 (m, 2H), 3.38 (dd, J = 4.2, 10.8 Hz, 1H),
3.27 (dd, J = 6.0, 10.8 Hz, 1H).

Example 3f
35 Toaslurry of 576 g of compound 6 (1.0 eq.: 5.8% of H,O was contained) in 2.88 L of

NMP were added 431 g of NaHCO; (3.0 eq.) and 160 mL of methyl iodide(1.5 eq.) and the
mixture was stirred at room temperature for 4 h. After cooling to 5 °C, 1.71 L of 2N HCI
22
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4.11 (dd, J = 3.9, 13.2 Hz, 1H), 4.02-3.88 (m 3H), 2.21-2.06 (m 1H), 1.49
(ddd, J = 2.4, 4.5, 14.1 Hz, 1H), 1.31 (d, J = 6.9 Hz, 3H. 5 Exanple 3j
Under carworommes2eexi de at nosphere, a m xture of 25.0 gprofi/usespouddl 10,
11.6g of i- Pr2Net, 12.8 g of 2, 4-difluorobenzylam ne, 335 ng of Pd(CQAc)2
and 1.9 g anfl 11154- of 0% Na(iérpwereHddep ol thomixtira adessithdrB 80 10 toafiveldWfstabes stirred

at 85C for oﬁ:pgundbif ?rat%?\ollvbg"gn witd {123 E% %%9& @{% ngldg@%?dew ded and 10/ 25

of m xture was use next 0 of “wat er and 3 ny
of seed cr°9§‘P8an%638‘V°a@R!@c?Stad:fY% reactlon m xture at 40 C. After stirring

for 7mn, 1@9«@R(go@in%aubmsom§6a@d%i mﬂsﬂQOimdﬂ@ fzreo(m %ﬁ%%at juy£- hTheI
crystal flli"grﬁpg Jroomt%myera(d 0 50 of ethanol to
give 18.1 1 WidaY T P8R & 1) (dad= é étHy"sl'é)I IE(HH Hod Huz,

CDC13) 6 140334(0 JE 5. 7mz;1+6) D9HKd, IH)2.4,843%2( $H), 317 (s, BHHB: 70 @8, jfm °§H)26 (d 3
L £11(2) ; EQHWHZSWE’ i’%"*gg& 1'4)%68%257‘5"14% %%6—351)4@3 13*)90’ (m 1H). 4.64 (d,

J = 5.4 Hz, 2H) 422(dd J =3.9, 13.5 1H), 4.09 (dd, J= 6.0, 13.2 Hz,
1H) 402@@,% oH), 2.24-1.86(m 1H), 1.50 (ddd, J = 2.4, 4.5, 14.1 Hz,

1H), }033 TQ)CL mrlture gf 1% d'&of c%@pou%(%%g lﬁqgé(ggpﬂgéN h%ﬁ} xggggf é’é rqg;pher e, a

m Xt ure of npound 11 and O 6 nmL of
THE and 1*&0n%6<9f°fH2%p«/ﬂ§’ 1§t599féﬁﬁl@ow881a®eﬁ ingthe sage batween 17 & tat4€Cof 80Ny

of NaHS03 Adtesithe :&ﬂmrﬂrﬂuxﬂ% whé &ﬁrédgér]?lr hd&ﬁ%r@;ﬁﬂﬁl@ v@d%tﬂg?rgd {Aggcfﬁtiaﬁée\}?\ae% t U\fNSS ﬁgg
the 25 t o re or eci pi

wen’ 50 nekelle L 5§l pPalabe Sonblt B 6 vt ichesgo i o

addi ng 6. HzﬁOofAfteltthanmtturaMSiﬁanﬁmtrateﬂ doulirigftd edcvmﬁbrzm gﬂ?hnrbh?thgﬁgﬁt | 03

m Xt u W t o t an

dryi ngﬁ’;p\r,\%\:?‘/klj 3@@"939%@&"2‘ gcﬁéooun&dﬁcgéz]w{) @@Q aa‘\)rysés a crystal .

1H NVR( 300Hmm(3mmzpmﬁlsoede§zb5ﬂsz((s1. JEH)S HiO1 H$61( 42-7J30 &n, 6HhiZ6.33L(dHy = 8. 50( S,

1H), 7. 39 63062 9H) .5 |—§ T2 7% He e, 5100, 2?3%@)3&%‘.@?& %gsé( gH?vs_]%Q?

1H), 7.12-L 544(dd
465450J(§T%0®H)454(d J 51Hz, oH). 4.35 (dd, J = 6.0, 138Hz

1H), 4.10-3.98 (m 1H), 396386 (m 1H), 2.10-1.94 (m 1H), 1.60-1.48 (m
1H), 2033Examplg3k 6.9 Hz, 3H). 35Exanple 31
A mixture of 10.0 g of compound 8 and 33.3 g of diglyme were added the solution of 3.3 g

of (R)-3-Amino-butan-1-ol in 4.7 g of diglyme and 1.0 g of acetic acid at 60°C. After the
reaction mixture was stirred at 95 °C for 9 hours, the reaction mixture was cooled to -5 °C

and filtered. The wet crystal was washed and dryed to give 8.3 g of compound 9 (78%).
25 XRD data:

'H NMR(300 MHz, CDCl;) & 7.70-7.58 (m, 2H), 7.40-7.24 (m, 3H), 7.14 (d, J = 7.5 Hz,

2H), 6.47 (d, J = 7.5 Hz, 1H), 5.35 (d, J = 10.2 Hz, 1H), 5.28 (d, J = 10.2 Hz, 1H), 5.12

(dd, J = 3.9, 6.3 Hz, 1H), 5.05-4.90 (m, 1H), 4.07 (dd, J = 3.9, 13.5 Hz, 1H), 4.00-3.86

(m, 3H), 2.23-2.06 (m, 1H), 1.48 (ddd, J=2.4, 4.5, 13.8 Hz, 1H), 1.30 (d, J = 6.9 Hz, 3H).
30

Example 3i
To slurry of 5.7 g of NBS in 26.5 g of dichloromethane was added 10 g of compound 9 in

92.8 g of dichloromethane at room temperature. After thr reaction mixture was stirred for
6.5h, the reaction mixture was added to the solution of 2.0g Na2SO3 and 40.3 g of water.
35  The organic layer was washed with diluted NaOH solution and water, dichloromethane
was concentrated and was displaced by methanol. The mixture was cooled to -5 °C and
filtered and the wet crystal was washed and dryed to give 10.3 g of compound 10 (84%).
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After dissolution of 18.0 g of conpound 12 (1.0 eqg.) in 54 nL of EtOH by
heating, followed by filtration, 21.5 nL of 2N NaOHaqg. (1.0 eq.) was added
to the sowot2ommest6280 C. The sol uti on was gradual | y coolPet/useomwoodst
tenperature. Filtration, washing with 80 nL of EtOH and drying provided

18.8 g of g 90@'Mi|-|§ é@@ 6’7 6606 QHW?Y@t §‘|1H 27438—37*14%4%?{99 WK

DMVEO- d6) 15130%4 d‘ﬁz1 125(d 1l 90 -4 .3:”5}1)1"')
7.25-7.16 (m & H 5512 y (m 1H),
4.51 (d, et z41 &y 3 h)z 724 "ch) 42(dddg/ =24, 1 g,
1H), 4. 0543, 961(Hi;1|1)r|)1 313d8/6=6931273H)(m 1H), 2.00-1.72 (m 1H), 1.44-1. 32
(m 1Hp, 1.24 (d, J = 6.9 Hz, 3H). Exanple A The starting material of
Exanpl e Agxamprmpound 8, whi ch is identical to formila (la) of the 10

process ofuridbecamddssHo- dm%bmereTauﬁxturEmmb@ oﬁc&ﬁwuﬁaaom%gldfh-ty for the

d of f |
17" bel ow N 2 9 SRR i oD oA aphe SR dor o
2006/ 1167M(dlpheBylplaI$pﬂloh)m8taeé inad 88 mL oﬁmw&msrpﬁr&d/mwfd for 4 i whwlm@n of
m xt urg of the %Qct%n?rtlxtﬁr%%%%%dgd %rqd PO/%JCC){ md(tﬂrf LEG% or I\%ﬁﬁepgé{ 956 ! ng, the

sol uti on was concent rat e resi
AcOH( 0. 1 #§OFt. 29 B vatey apd 3(B) Ofgemmsialmﬁb@adﬂeﬂ -to theTedctiog mixtyre @k added and

the 20 X6, AR oAl 7k, 199G o thick Wbadtios Lha Cadh ol lbsaent r at ec.

To the residue propanol was ad e m xture was
concent r at'88 SR wasy f"temaéfoqsfb@mpﬁ@t% a"‘b‘f"a%hﬁé bV éZ |2d!u<é ethanelite give 481 washi ng
with 500 rjlof edmpdnd 12{g8% piariphs avfs@ryi ng provi ded 167 g of conpound 14(52%
yield) as . a crystal. 1H NMR(300 MHz, CDCl3) 67.61-7.55 (m 2H), 7.40-7.20
(m 4Hp, EHNMR@O0 YiHz, €DEL) BH0.405(tab= 6 Ha, tH)1835 (s1H)LHH6-7580, (24), J =
10. 2 Hz, ZTHR-7.34 20, §H)d6.78-6=78(n9,2H), B3HE, J £19)9 HA. 4H-5.26 (d, J = 10.2 Hz, 1H),

5.15 (dd, J = 3.9, 5.7 Hz, 1H), 5.05-4.90 (m, 1H), 4.64 (d, J = 5.4 Hz, 2H), 4.22 (dd, J =

3.9, 13.5, 1H), 4.09 (dd, J = 6.0, 13.2 Hz, 1H), 4.02-3.88 (m, 2H), 2.24—-1.86 (m, 1H), 1.50

(ddd, J=2.4,4.5,14.1 Hz, 1H), 1.33 (d, J= 7.2 Hz, 3H).

20

Example 3k
Under hydrogen atmosphere, a mixture of 4.0 g of compound 11 and 0.8g of 50% wet 5%

Pd-C in 67.6 mL of THF and 1.6 mL of H,O was stirred for 1.5 h at 50°C. After mixture of
80mg of NaHSO; and 2.0mL of purified water was added to the reaction mixture and the
25  reaction mixture was stirred for 1h, precipitate was filtered, washed with 20 mL of THF,
and the filtrate was concentrated to 11.97g. After adding 6.7mL of ethanol and 33.6mL of
purified water over 1h, reaction mixture was cooled to 25°C. Fiitration, washing with
26.9mL of EtOH and drying provided 2.33 g of compound 12 (82% vyield) as a crystal.
'H NMR(300 MHz, DMSO-ds) 5 12.51 (s, 1H), 10.36 (t, J= 5.7 Hz, 1 H), 8.50 (s, 1H), 7.39
30 (td, J=8.7, 6.3 Hz, 1H), 7.24 (ddd, J = 2.6, 9.5, 10.8 Hz, 1H), 7.12-7.00 (m, 1H), 5.44
(dd, J = 3.9, 5.7 Hz, 1H), 4.90-4.70 (m, 1H), 4.65-4.50 (m, 1H), 4.54 (d, J = 5.1 Hz, 2H),

4.35 (dd, J = 6.0, 13.8 Hz, 1H), 4.10-3.98 (m, 1H), 3.96-3.86 (m, 1H), 2.10-1.94 (m, 1H),
1.60-1.48 (m, 1H), 1.33 (d, J = 6.9 Hz, 3H).

35 Example 3|
After dissolution of 18.0 g of compound 12 (1.0 eq.) in 54 mL of EtOH by heating, followed

by filtration, 21.5 mL of 2N NaOHaq.(1.0 eq.) was added to the solution at 80 °C. The
solution was gradually cooled to room temperature. Filtration, washing with 80 mL of
EtOH and drying provided 18.8 g of compound 13 (99% yield) as a crystal.

24
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54.34 (m 1H), 4.31 (dd, J= 6.6, 8.7 Hz, 1H), 4.14 (dd, J= 3.9, 12.3 Hz,
1H), 3.79 (dd, J= 9.9, 12.3 Hz, 1H), 3.62 (dd, J = 6.9, 8.7 Hz, 1H), 1.38
(d, J = 6wB2bm/068idp. Exanple Ab To slurry of 156 g of ceopaseahdedél. O eq.)
in 780 nL of NWP was added 93.6 g of 10 NBS(1.1 eqg.) and the m xture was
stirred at roomtenperature for 2.5 h. The reaction mxture was added to

3.12 L of 1 L H ovi ded
Y63 g of 95'%%35%%%? %I%E A’zé%'?g(u %o&i-lzoﬂa)? N%’% nfj4cf7lz‘zdo']%r%@

8.37 (s, Hig) )5 % B}, 522613 é’“ 1), ﬁi}*” 41'(‘)dd51jd4=3 6 9 9
Hz, 1H), (@), 4935=4.29(ra. ), 4. 1$-|§dd $=03, 061 Hz, H)16.06-389 (MLHH), 48653 (dd, J
= 153. 6, BZ4ntHaH), 2H90-1.42 40 1H)204471.2Hm, 18),924((dd/=69 Hx, OH). 11. 7 Hz, 1H),
3.64 (dd, J=5.7, 8.1 Hz, 1H), 1.27 (d, J = 6.3 Hz, 3H). Exanpl e Ac Under
carbon nong; % g at nosphere, a mxture of 163 g of conpound 15 (1.0 eq.),
163 20nL of Pr2NEt (2.5 eq.), 68.4 nL of 2,4-difluorobenzylamne(1l.5 eq.)
and 22.5 g of Pd(PPh3)4(0.05 eq.) in 816 nL of DVMSO was stirred at 90 C for

7 h. Aft erthee@rtingGnatérBMSlanti Aor% blirRf & whith {uBticd tb Formf HOVBO and
addi ti gn of 11. f?lgq of Pd Pgﬁg))e4 802 eq. wt he Ir ealgtl onrmggmt?%gff"\}vas
a f

stirréd at'EESTO: Prasent fertionc Hus ol A gepicts axfifty fopferiavetiol n.  Af t er
cool i ng, mpesteysih pedvidiigei iptietraddiata R tractdiripoont effforduf 17 b%‘fbmﬁlhué\C@Et and 2.0 L

2o’ (twi coha A necafiihn 22 dBRuE e il zobln e 0 05 Bon Sl o ” e

organic |l ayers were conbi ned and concentrated. Silica gel col urm
chr omat ogr aphy ®f the residue provided 184 g of conpound 16 (96% vyield) as
foam 1H NVR(3 CDCl 3) 610.38 (t, J= 6.3 Hz, 1H), 8.39 (s, 1H),

7.75-7.25 (m ((7HY. 30 6.90-p.70 (m og)o 5.43 (d, J = 10.2 Hz, 1H), 5.24
(d, J = 10.2 Me5. 10,6808 = 3 9,1 9.8 Hz, , 4.63 (d, J = 6.0 Hz,
2H), 4.50-4,25 {mlI3H), 3786—tdd> Jy="p. ON 1. 3 1H), 3.66 (dd, J = 6.9,
8.4 Hz, 1H), XY 39 (d, J = G'R%A-Iz 3 e Ad 35Under hydr ogen

at rmsphere aoHi xBBure of 18ﬁ of corrpounbl 16(1.0 eq.) and 36.8 g of
10%d-C in 3.31 L of THE and 0 37 L of "WeOH was stirred for 3 h. After
filtration of 26 precipitate(Pd-C, washing with THF/ MeOH(9/ 1) and
addition of 36.8 g of 10%Pd- C the m xture was s irred for 20 m n under

hydr ogen at nmospfgf e. yAft ion o[: precijpit t Pd C) and washing with
THF/ MeOH( 9P}~ M@tr § COR & +0f ACOEt was
added to thelye i ration af 0P dEIN.CL Nso gf_cofxpound 17. S5The

id
preci pi t atBEs Weré/x\?rbl HeNext r act ed vvlth 4 0 b of CHC13/ MeOH(5/1).
Af ter 15 %gm% ég'&b

ONa O

\@ /g NaOHagq./EtOH F\@(F/Ho SN N/g
NS N\/l\ N N N\/{\O
H
18 ©

15
Example Aa
After dissolution of mixture of 320 g of compound 8 (1.0 eq.) in 3.20 L of MeOH by
heating, the solution was concentrated. To the residue, 1.66 L of MeCN, 5.72 mL of
AcOH(0.1 eq.) and 82.6 g of (S)-2-Amino-propan-1-ol(1.1 eq.) were added and the

20  mixture was heated to 70 °C, stirred at 70 °C for 4 h and concentrated. To the residue,

1.67 L of 2-propanol was added and the mixture was concentrated (twice). After cooling

25
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concentration of the CHC13/ MeOH sol ution and addition of 250 nL of AcOEt to
the residue, filtration afforded crude solid of conpound 17. The crude

sol i ds wewe 2owisBzsed and di ssolved in 8.2 L of MeCN H20feras2damy/obaat i ng.
After filtration, the filtrate was concentrated. To the residue, 1.5 L of
Et OH was fithedesidug, fillvatiom washirg witis5000wloofeeldt2-rpropaho( arith drging proeiged 16% t er

cool i ng of I of | L d drying provided 132 g of compound 17
(88%yigel &fggmg&@'?gg?sa%;wfw%?%%pw DMSO-d6) 6 11.47 (brs, 1H), 10.31

(t, J = 6.0NMREQYHzgCRGKIS 7.6147.554my BHY 7e#0-3.2€ (8. 41). 59 (d-g = 713)1H).7. 24

(ddd, J =526qd, P=40.5H2, ), Q.Hhéd,zl-ﬂﬂ&fHQ,]%(),rﬁ.zd-ddhaJ5-3.3}99.6%,,1!4),5.4‘3-—1, 10. 4
Hz, 1H), 4.%9 ((;Iig J1:dé1.1,2_,6% .3 HZ1, 1Hi dﬁ' 5-53(9d’l Jd =6.0 I;% 25|), 4.40
15(dd, 93 2% @ 18). 4-34(dd. 1/36.6,8.BHz,,TH) A.14{ddq {ff 394198 Heglf)). 378 (ddyy5. 12 3
Hz, 1H), 3.%720d, 16), 3.68.(dd, /& 69,827 HAHH), 13834, (d6.3H= 36).3 Hz, 3H). Exanpl e
Ae After dissolution of 16.0 g of conmpound 17 (1.0 eq.) in 2.56 L of EtOH
and 0.64 L of H20 20by heating, followed by filtration, 39 nL of 1N

NaOHaq. ( 1.Era@gle)Abyas added to the solution at 75 C. The sol ution was

dual | i ' ' th 80 mL of
2 O and Qoo on 15 § BpBIRFLALLY &) s FRL A WS %fi“%%’k"; crystal. 1H
NMVR( 308 ,S(b%SGJ) ged thg migureyas stimed-atgopm tgmpeatyre fqr.%@b-s,T e fgpctiop. 40- 7. 30(m
1H), 7. 351mxt&|6v(amada21ézblt§ 3{123001642@8 FﬁlghtiSoilaW%shﬁtg%tg(ﬁbjlﬁgf]m?m&m&gyi?) - 2 ?é( nan),
4.58 (dd, = 3. . 4. = 5, , , 4.30-4.
2H), g 75pfo(yg,egjgi"g@?@mwﬁﬂﬁwfimly)aﬁ%@%@% (m 1H), 1.27 (d, J = 6.1
Hz, 3H). EXAMR(S0BVBRTDMSORKEIPBE (B 1H), 71552250 an @H)CR42-7125 (M 3E), 15.38 i ng
it [ I ' —RKE [y dc yae
Caut vl ont 9/ P L NI @, S-RYBCL) BN LIERNE A0 BERBIT, ¢ i s
not wi'Phi & A20&ZoHd). BA0h2& (M. At 9Diddahti9Ps! b bz tBd3.64(ddedBBsh Bt e t he

utility ofHzt e, hoved veds anessHr oduced according to the process of the
invention. In particular, the conpound F belowis a final product (VIIl) of

the invention process and is 35here taken on to a product | below which is
W thin thé&xampladcure (1-7) where (RRmis 4-F and Ra is H at page 240 of WO

2006/ 1167%der2c23rbom%nnxide atmosphere, a mixture of 163 g of compound 15 (1.0 eq.), 163

20  mL of -Pr;NEY(2.5 eq.), 68.4 mL of 2,4-diflucrobenzylamine(1.5 eq.) and 22.5 g of
Pd(PPh3)4(0.05 eq.) in 816 mL of DMSO was stirred at 90 °C for 7 h. After cooling,
removal of precipitate, washing with 50 mL of DMSO and addition of 11.3 g of
Pd(PPh3)4(0.025 eq.), the reaction mixture was stirred at 90 °C for 2 h under carbon
mono-oxide atmosphere again. After cooling, removal of precipitate and addition of 2.0 L

25 of AcOEtand 2.0 L of H,0, the organic layer was washed with 1.0 L of 1N HClag. and 1.0
L of H,O (twice) and the aqueous layer was extracted with 1.0 L of AcOEt. The organic
layers were combined and concentrated. Silica gel column chromatography of the residue
provided 184 g of compound 16 (96% yield) as foam.
'H NMR(300 MHz, CDCl3) 5 10.38 (t, J = 6.3 Hz, 1H), 8.39 (s, 1H), 7.75-7.25 (m, 7H),

30 6.90-6.70 (m, 2H), 5.43 (d, J = 10.2 Hz, 1H), 5.24 (d, J = 10.2 Hz, 1H), 5.19 (dd, J = 3.9,
9.9 Hz, 1H), 4.63 (d, J = 6.0 Hz, 2H), 4.50-4.25 (m, 3H), 3.86 (dd, J = 9.9, 12.3 Hz, 1H),
3.66 (dd, J=6.9, 8.4 Hz, 1H), 1.39 (d, J = 6.0 Hz, 3H).

Example Ad

35  Under hydrogen atmosphere, a mixture of 184 g of compound 16 (1.0 eq.) and 36.8 g of
10%Pd-C in 3.31 L of THF and 0.37 L of MeOH was stirred for 3 h. After filtration of
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WO 2010/068262 PCT/US2009/006461

precipitate(Pd-C), washing with THF/MeOH(9/1) and addition of 36.8 g of 10% Pd-C, the
mixture was stirred for 20 min under hydrogen atmosphere. After filtration of
precipitate(Pd-C) and washing with THF/MeOH(9/1), the filtrate was concentrated. After
200 mL of AcOEt was added to the residue, filtration afforded crude solid of compound 17.
5 The precipitates were combined and extracted with 4.0 L of CHCls/MeOH(5/1). After

concentration of the CHCI/MeOH solution and addition of 250 mL of AcOEt to the
residue, filtration afforded crude solid of compound 17. The crude solids were combined
and dissolved in 8.2 L of MeCN/H,0O(9/1) by heating. After filtration, the filtrate was
concentrated. To the residue, 1.5 L of EtOH was added and the mixture was

10 concentrated (three times). After cooling of the residue, filtration and drying provided 132
g of compound 17 (88% yield) as a crystal.
'H NMR(300 MHz, DMSO-ds) & 11.47 (brs, 1H), 10.31 (t, J = 6.0 Hz, 1H), 8.46 (s, 1H),
740 (td, J= 8.6, 6.9 Hz, 1H), 7.24 (ddd, J = 2.6, 9.4, 10.6, 1H), 7.11-7.01 (m, 1H), 5.39
(dd, J=4.1, 10.4 Hz, 1H), 4.89 (dd, J = 4.2, 12.3 Hz, 1H), 4.55 (d, J=6.0 Hz, 2H), 4.40

15 (dd, J=6.8, 8.6 Hz, 1H), 4.36—4.22 (m, 1H), 4.00 (dd, J = 10.2, 12.3 Hz, 1H), 3.67 (dd, J =
6.7, 8.6 Hz, 1H), 1.34 (d, J = 6.3 Hz, 3H).

Example Ae

After dissolution of 16.0 g of compound 17 (1.0 eq.) in 2.56 L of EtOH and 0.64 L of H,0O
20 by heating, followed by filtration, 39 mL of 1N NaOHaq.(1.0 eq.) was added to the solution

at 75 °C. The solution was gradually cooled to room temperature. Filtration, washing with

80 mL of EtOH and drying provided 13.5 g of compound 18 (80% yield) as a crystal.

'H NMR(300 MHz, DMSO-ds) 5 10.73 (t, J = 6.0 Hz, 1H), 7.89 (s, 1H), 7.40-7.30 (m, 1H),

7.25-7.16 (m, 1H), 7.07-6.98 (m, 1H), 5.21 (dd, J = 3.8, 10.0 Hz, 1H), 4.58 (dd, J = 3.8,
25 12.1Hz, 1H), 4.51 (d, J = 5.4 Hz, 2H), 4.30-4.20 (m, 2H), 3.75 (dd, J = 10.0, 12.1 Hz, 1H),

3.65-3.55 (m, 1H), 1.27 (d, J = 6.1 Hz, 3H).

Example B

30  This Example B utilizes a process to insert a ring nitrogen in place of oxygen in a pyrone
ring and create an aldehyde equivalent by an osmium oxidation of a double bond. Thus,
this example is not within the scope of this invention and is provided to demonstrate the
utility of the intermediates produced according to the process of the invention. In
particular, the compound F below is a final product (VIII) of the invention process and is

35  here taken on to a product | below which is within the structure (I-7) where (R)m is 4-F and
R? is H at page 240 of WO 2006/116764.
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Br2 AcONa OBn 0 O BrN NH2 | Pr2NEt CO Pd(PPh3)4 AcCH DMSO OBn 0 O
Exanpl e Ba 5To a bronobenzene (238 ni) solution of conpound A (23.8 g, 110
nmol ), seweneilwdics2é2zde (24.4 g, 220 nmol) was added. ThePCEASRO00M0GIHKE Ur €
was stirred for 13 hours at 140C with renoving water by Dean-Stark trap.

I nsol ubl e particles were renoved by filtration

OBn NaClO, OBn
AN Se0, NH,SO;H Oy A _CO:H
0 BrPh 0 acetone 0
A c
OBn Mel OBn
e
HNTNF O A -COH DBU O A\-CO:Me
N
EtOH SN~ MeCN ~
D E
OBn OBn O

K,0s0, o) N CO,Me HzN/\/\OH o

NalO,4 AcOH X N/j
j\i/\Nr N N\)\o

Et,0 j\ CHCl,
o .
He ¢ HO “ome MeOH G
Br, OBn O NH, ‘Pr,NEt
AcONa (o) N N . co
~__N Pd(PPhj),
AcOH Br (@) >
H DMSO
OBn O
F H O SN N/j
N X N\/I\o
0
|
Example Ba

5  Toabromobenzene (238 ml) solution of compound A (23.8 g, 110 mmol), selene dioxide
(24.4 g, 220 mmol) was added. The reaction mixture was stirred for 13 hours at 140 °C
with removing water by Dean-Stark trap. Insoluble particles were removed by filtration
after cooling, and solvent was evaporated. Toluene was added to the residue and
precipitates were filtered off. After concentration in vaccuo, the residue was purified by

10 silica gel column chromatography (hexane / ethyl acetate). Compound B (16.5 g, 65%)
was obtained as yellow oil.
28
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after cooling, and solvent was evaporated. Toluene was added to the residue
and precipitates were filtered off. After concentration in vaccuo, the

resi due vwezpmvd@%ed by 10silica gel columm chronat ogr apoy/usSh@ranaecl et hyl

acetate). Conpound B (16.5 g, 65% was obtained as yellow oil. 28 1H NWVR

(CDCI 3) 6: HB\]MB(Q[BQE)@;’%(%‘O@RBWOGIH A=E5MHz),,7.36(56 hH.756)H, d7J=755=(I—lzl)1 d,
J=5.4Hz), Exanpl e Bb 5To an ice cool ed aqueous (465 ni

sol ution of sodl mchl orite (38.4 g, 424 mvol) and sulfamc acid (54.9 g,
566 mmml ), acetone (465 m) solution of conpound B (46.5 g, 202 nmmol) was
added and Exaﬁjp@lgbt ure was stirred for 40 mnutes at roomtenperature. After

r enovi %WI etone I N vaccuo, eC| % itates were collected by filtration and
washed a@d?%c%&d@rq“e% uliopof godjum ghiggite (34 gist4imeel) & col or | ess

g r ggt z;n 46bﬂliérhlblb’8(i 1.7 S 86} nﬁno|5 aﬂ:éi()r%-(,‘tss)n,l solubid &Hoz@our;h;@ (48429, 202
sol ution ((??'Jﬁ'o'? {Jzﬁ %ﬁnqeﬁgg%% rgmu%’s asn%o%? f%@%’ﬁ@%soaqf%or}% a%‘ﬁ& /ghteéQ 15n )

suspensi oneroovansmnm @ctuy, pZécgautatE@ werendo)lectechiiltrdtion md tvasredweth celdi 1 r ed
for 4.5 hQuiét. @dmpdliné i@y, 8&9569%) \Bgéjébctaiﬁéd gs‘scogrlegsocr#gg cool ed reaction

m xture, 2N hydrochloric acid I ce were added a remgltates wer e
col | edPed "HNNRIOMSY-fgR: 5 @ﬂﬁﬁoﬂn@f’ﬂWa%v J5BEHE I 334662, o) 828(1Hr ¢ist al .

1H NVR( CDQE8pHE). 4.37(2H, brs), 4.95(2H, s), 5.26-5.39(2H m),
5.81-5.94(1H, m, 206.32(1H, dd, J=0.8, 7.2Hz), 7.29-7.37(3H, nm,
7.48-7.51(2H, m, 7.99(1H, dd, J=0.8, 7.6Hz), 8.11(1H, brs). Exanple Bd To
an acetoniEtxainbleE(c146 m ) suspension of conpound D (14.6 g, 51 mmol), 1, 8-

25d] azabi cxeghandt (1 88iGrioh of By idnine 3%y 249 %0lRlds Ay BLTMhar Pliode (18- 2

g, 128 mml? werea re-was stlrre our’s room
t enper'&t urmd) suapensionsf serppeund tg(12 @ oy A mmalhthep thei miarenwias gimed fardé by silica

gel col Umhogﬂgra@!?m@gﬁoa@hfs’hé&QIanQ‘fCO'TH‘tP{e éB%IeH%’%E't%nm OzmﬂbdFocﬁr$4c2 g9, 93%
was obt ai ne ag colorless salid IVR( CDCl 4.40(2H, d,

J=5. 7THz), agl §eg@(%ppdeﬁ)and Qregyctgtﬁs w§5e cqgeq’ﬁ by fi Itratlon ompound D was

obtained as colorless crystal.

'H-NMR(CDCl,) 6: 4.37(2H, brs), 4.95(2H, s), 5.26-5.39(2H, m), 5.81-5.94(1H, m),
20 6.32(1H, dd, J=0.8, 7.2Hz), 7.29-7.37(3H, m), 7.48-7.51(2H, m), 7.99(1H, dd, J=0.8,

7.6Hz), 8.11(1H, brs).

Example Bd
To an acetonitrile (146 ml) suspension of compound D (14.6 g, 51 mmol), 1,8-

25  diazabicyco[5.4.0]undec-7-ene (15.5 g, 102 mmol) and methyl iodide (18.2 g, 128 mmol)
were added and the mixture was stirred for 15 hours at room temperature. After
evaporating solvent, the residue was purified by silica gel column chromatography
(chloroform / methanol). Compound E (14.2 g, 93%) was obtained as colorless solid.
'H-NMR(CDCl,) 5: 3.75(3H, s), 4.40(2H, d, J=5.7Hz), 5.16-5.35(2H, m), 5.29(2H, s), 5.81-

30  5.94(1H, m), 6.62(1H, d, J=7.5Hz), 7.27-7.42(6H, m).

Example Be
To a diethyl ether (390 ml) solution of compound E (13.3 g, 44 mmol), potassium
osmate(VI) dihydrate (1.62 g, 4.4 mmol) and sodium metaperiodate (28.1 g, 132 mmol)
35 were added. The mixture was stirred for 2.5 hours at room temperature and precipitates
were collected by filtration. Collected solid was dissolved in chloroform-methanol and
29
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305.94(1H, m, 6.62(1H d, J=7.5Hz), 7.27-7.42(6H m. Exanple Be To a
diethyl ether (390 m) solution of conpound E (13.3 g, 44 mmol ), potassium
osmat e( VIwodntwudsmwbe (1.62 g, 4.4 nmmol) and sodi um net apeTiusdabmoqsdB. 1 g,
132 mmol ) 35were added. The mixture was stirred for 2.5 hours at room

t enper at urirsolhid qartieteisp«ieteafliltesedvtﬁfc Soow@ntratichenlvargud gaverartideqstoducobfl ect ed sol i d
was di ssol; r?go%@ Q form net hanol and 29 insoluble particles were
filtered o ncentration in vaccuo %ave crude product of conpound F

(14.3 g). 1HNMR(RINROONES. 25§36 5). 3.82430.3) 3.87) (2H3t, g24(48iR), 482, (18. &7 (2H, t,

143 9. Hod, J= 7.5
\|]-|Z),4 a 7%3\1{’11115?45(% 5qqiéZH]'s%l}§1(1F]| @JHZr)stg d3s( 1?-sz §-)66@rz aésdﬂ%_ s

Hz) . E>§am$ “@7%(%@01’0?5%(108 m ) and met hanol (12 rﬂ) sol ution of
compound F (11.7 g, crude product), 3-am nopropanol (2.77g, 36.9 mml), and
acetic aC|Eq %11 %frﬂ) were added and 10 the mixture was stirred for 90
m nutes at 70°C. After concentrati ng in vaccuo, the residue was purified by
si | i ca gelTocblowmfermdhé®mitand meianol (4 & mbrsofutiomof/compbrehd (1)1. 7g:(arqnieund G (8 48

. 72%f
1541 6?{’“’"’“&5 %'"%)%’é%ﬁ‘%‘fz'ﬁﬁdﬁﬁ?m%éoi RRudoihe my Wbt ) 07
dt, J28.7, hel'z'X@'Fwas sfirigd for|90 ngiputeg aty01°C. Aftersppoentrating7in yaczyg, the resilue

4. 63- 4. 69 (bl purfedby sﬂtc@ééll"biumhchrbnfjatéﬂ‘gﬁh é}l&éf()%“l mgfﬂanﬂ%—tgn%our?d%eHz)
Exanpl e Bg To

6. 56( 1H,

acetl(c ac?%l“?]%gzm}%&eﬁé"fﬁ? %?a"éeﬁrﬁ?&?nl‘?ﬂe ‘(’63“1 g, 18.7 mol ), acetic acid
(31 M) 2080IMR(COCIsPS: HELNBMEH( th), 4485:2.01(28, H), mmoh}-l daI=36 debHL, opw sel %/
during 15 S, St at erature.
A er additonr OF SEar o S S i 85 s b ey § SRR L

hydr oXPde MeHOHILY. twirt. &itrol 252 rldh é%10y2 66:16Hn)962@ 1hli dut-é’SSHZPﬂe??r pitates were
col | ect ed 7ta8(5H, by 263-286@Pdm \&/ashed with mxture of dichloronmethane and

di i sopropyl ether. Conpound (6.02 g, 79% was obtai ned as 25col orl ess

crystal. 1H NVR(DMBO d6) 6: 1.55-1.74(2H, rr) 3.12(1H, dt, J=3.0, 12.3Hz),
3.84(1H, @kamdieBg7, 11.7Hz), 4.00-4.05(1H, ), 4.20- 4. 26(1H m,

4. 40- 4. 46€I'§Ht:etga’md39g§‘§ ﬁglluh%r; of c%m]f)guno5 G %byq 1Hl8 'P?nh‘no?) acetic acug f331 rhl

7. 56- 7 58(
solution of bromine (1.44 ml, 28.0 mmol) was added dropwisely during 15 minutes. The

mixture was stirred for 3 hours at room temperature. After addition of 5% aqueous sodium
hydrogen sulfite (8 ml), 2N sodium hydroxide (500ml) was added dropwisely during 20
minutes. Precipitates were collected by filtration and washed with mixture of
dichloromethane and diisopropyl ether. Compound H (6.02 g, 79%) was obtained as

25  colorless crystal.
'H-NMR(DMSO-ds) 3: 1.55-1.74(2H, m), 3.12(1H, dt, J=3.0, 12.3Hz), 3.84(1H, dt, J=2.7,
11.7Hz), 4.00-4.05(1H, m), 4.20-4.26(1H, m), 4.40-4.46(2H, m), 5.03(2H, s), 5.15-
5.17(1H, m), 7.31-7.40(3H, m), 7.56-7.58(2H, m), 8.39(1H, s).

30 Example Bh
To dimethyl sulfoxide (1.42 ml) solution of compound H (71 m.g, 0.175 mmol) and
tetrakis(triphenylphosphine)palladium(0) (25 mg, 0.035 mmol), 4-fluorobenzyl amine (0.06
ml, 0.525 mmol) and diisopropyl amine (0.15 ml, 0.875 mmol) were added, then the
mixture was stirred under carbon monoxide atmosphere for 5 hours at 80 °C. After

35 cooling, saturated aqueous ammonium chloride was added and the mixture was extracted
with ethyl acetate. The extract was washed with water and dried with anhydrous sodium

30
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30 Exanpl e Bh To dinethyl sulfoxide (1.42 m) solution of conpound H (71
ng, 0.175 mmol) and tetrakis(triphenyl phosphi ne)pall adium(0) (25 ng, 0.035
nmol ), 4-wbuoroalsezszyl amine (0.06 m, 0.525 nmol) and diPCTasea@ppbedar ne
(0.15 m, 0.875 nmol) were added, then the m xture was stirred under carbon
nonoxi de atlfates Shivert was rerbovedlm sacatio 844 Be residuewas pudfial withgsilica gelur at ed
aqueous apmy g, ed with

et hyl acet at eh UﬁPﬁ&m ngp g&qmggﬂmg&gnslﬂ%om &Mﬁéx\%%gégévﬁ% anhydr ous
sodi um 30°bt3ined as @'Oftﬁéwféﬁ@ was renoved in vaccuo and the residue was

purified MNMFQDMSG%SQ@HSM RERHCRY, @n@t@w @}Rhﬁ é%brsyéa(ﬂipeﬁ)ak@zf net hanol ) .
Conpou obt ai n '_go or ess _cryst

T4 RS DVBIIE) Mo 45-£88 brmin 5y30a, 5. 8. 200115 L1 80 9FR). 7y S RH BBORH, )
4.02- 54. QZQCBH miy)7.5647 89214, MY @F4(1H)s). 5. 05(2H, s), 5.20(1H, t, J=3. 9Hz)
7.13-7.19(2H, m), 7.32- 7.40(5H, m, 7.56-7.59(2H, n), 8.61(1H, s). Exanple
C 10Synt hesi s of nethyl 5-brono-142-hydroxy-2-(nethyl oxy) et hyl]-4- oxo- 3-

[ (phenyl nBxampledky] - 1, 4- di hydr o- 2- pyri di necarboxylate (in equillibriumwith
the correspondi ng al dehyde) This Exarrpl e C shows a refunctionalization of a
compound 6 as shown above in Exa 151 (of fornmula (M)), including a

br oni A%t i SWNtagsis ofEnetdy! pHEIMG- G- hx@w&ﬂmﬁﬁﬁ%)ﬁtwﬂﬁm}e 20 and 21 (of

forml a (f(phenginettyBosyRyardikyaro- z%e@mmmélgn vhilbrdm with fhee Rx position
can be reacted a dsngar?delﬁxa@\er;pl es 1 and 2 to add the R2-X-NR1-C(0)- sidechain.

67 19 PAOpA0 e

This Example C shows a refunctionalization of a compound 6 as shown above in Example

15 1 (of formula (VI)), including a bromination at the R* position, to yield final products 20 and
21 (of formula (1)) of the invention. Such compounds with Br at the R* position can be
reacted as in Examples 1 and 2 to add the R%-X-NR'-C(O)- sidechain.

Bn Bn Bn
0] 7
>N N3 N]\/ B >N
OH j\/
HO]\,OH HO HO OH

6 7
19

Bn Bn

O3 o~ RS o~

—_—

B & Nl + B D NI

HO™ “OH o
20 20 21
Example Ca

Methyl 1-(2,3-dihydroxypropyl)-4-oxo-3-[(phenylmethyl)oxy]-1,4-dihydro-2-
25  pyridinecarboxylate
31
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Exampl e Ca Met hyl

1- (2, 3-di hydr oxypropyl) - 4- oxo- 3- [ (phenyl net hypoxy] - 1, 4- di hydr o- 2-

25pyri di ngoantymeyicat e 31 67 A reactor was charged wi t RCT/US2009/006461

1- (2, 3-di hydroxypropyl) - 4- oxo- 3-[ ( phenyl net hyl ) oxy] - 1, 4-

5di hydr o- 2- pyri di necarboxylic acid 6 (4.302 kg, 13.47 nol) followed by
charging with NaHCO3 (1.69 kg, 20.09 nol) an B%;l g of deionized water. To
this was added 21. Bg@f NMP and the m xtur stirred and tenperature
brought to 28- 8§ thyl sulfate (2.0 Q-nol ) was added
dropwi se via an Y on @Hinnel tothﬁ reapti m ¥t ure over 1-3 hours
keepi ng the tenmpeQt yje at 28-33 C e sl s agitated at this 10
tenperature for 14™. en deened conpl et e, eaction m xture was cool ed
to 5 C or bel ow andHte?;t( re was neutralli_gg H by the addition of
HCl (561 nL of conc 06 g of deioniz wat er). The reaction vessel
was slowy charged with cold 20% bri ne sol ution conposed of 8.7 kg NaC, 20
kg of deionized water _and 14.8 kg of ice at a maxi mumtenperature of 10C
The m xture was agitaﬁed at 0-10C for 2.5 h. The slurry 15 was filtered
under vacuum and the cake washed with 15 kg of deionized water two tines.
The wet solid product was dried at 45-55 C under vacuumuntil constant

wei ght wa#\ reétter wescchargae wite 4(2.8diihydodyropytyett éwpl 3-[(phenylmethyl)oxy]-1,4-

1-(2, 35di Iy &HB&Y Sﬂ)!éa)rb |d362( 392 kg, 1347 mo) ollowed by charaing wi

[ (phenyl rret necar S ob% ai ned as a
li ght vyel |N@ %2?)99 mpl) ang Mg%%mlpnl;edwtﬂpﬁethlsm added 24MR(E360 MHz,
IEIZ.NBoldElg MR &Y t(16| ml)dure wa3Qt|r7eo5aHdZiem§erbﬂJre &o@g@t {oBs- ﬁ) °|d) Dlﬁe@& suffate J4:8g (5

' m
1 H, 9t§213 %‘ﬁg‘? (‘g 30 "PJI? ‘%as aé’dﬂd iiEp‘k’?f & yjp a"sadg}@”?fé’"“% tCHi‘e f%ac?@‘ ’(‘BH‘FQ J = 14.3,
9. 8 Hz 1ob’§r1 -Bh&Bs kewping thd) temPe2ifuré a 28L33-1C. Tﬁé&mﬁiy&/a%g&’ﬁé&hthmb vdr o. 2.
5- brong I ro-
pyri d| neca e$atﬁﬂe*?c¥rd|4g§mﬁ%%éeke‘& 08%@ lgf‘e \Ah/%}s}g%éﬁeﬂ ﬁ %ﬁe%\?ﬁ of 11. 27
nmol ) of nﬁglnmand the mixture was neutralized to pH 6 by the addltion of HCI (561 mL of conc
1-(2, 3-di an%ﬁ@%%@&é %méedqm&) HW:%QWOH’%EQ%! \)/M&Wl}cﬁlar&émﬂ{&wzzda/y ri d' neca

rboxyl at e and itat m Xxture at 18-20C wa
added N- bPBMORRED ﬁP'ﬁP‘EF@dPQS 358 N@&' 2959@7 'Z)edcY(?éﬁr' apd 14:8kgobiseqt & a powder

funnel . Thexirestiempsiature st 10%€. e niktureved agitated af @10 ABroh2 5AL ThBiskird)i mﬁ Less
wor ked up

i hai'? S At el By g YRE-Re TRBib e & eepRathr = R dPes 12 kg
i ce in 35 Thgwdkdatithproguctweas alrigd alrtb-557€ uridet vaceunnastil agnstart edight Wwasn fi | t er ed.
This vwas peRRa eHhd MsirbdBroduct methyl 1-(2,3-dihydroxypropyl)-4-oxo-3-
[(phenylmethyl)oxy]-1,4-dihydro-2-pyridinecarboxylate 7 was obtained as a light yellow
solid (3.77 kg, 99.42% purity by HPLC, 84%). 'H NMR(300 MHz, DMSO-ds) 5 7.60 (d, J =
20 7.5Hz 1H), 7.36 (m,5H),6.28 (d, J=7.5Hz, 1H),5.23(d, J =5.4 Hz, 1 H), 5.10 (Abq,
J=10.8 Hz, 2 H), 4.85(m, 1 H), 3.98 (dd, J = 14.3, 2.4 Hz, 1 H), 3.79 (s, 3 H), 3.70 (dd, J
=14.3,9.0 Hz, 1 H), 3.58 (m, 1 H), 3.23 (m, 1 H).

Example Cb
25  Methyl 5-bromo-1-(2,3-dihydroxypropyl)-4-oxo-3-[(phenylmethyl)oxy]-1,4-dihydro-2-
pyridinecarboxylate.
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10 second half of the batch. The conbined filter cake was washed with 14 L
of water and dired in a vaccum oven to provide 4.033 kg of nethyl

5- br ono- w029 8rmdsiegdr oxypr opyl) - 4- PCT/US2009/006461

oxo0- 3-[ (phenyl net hypoxy] - 1, 4- di hydr o- 2- pyri di necar boxyl ate 19 (91.6% as an
of f-white powder of A HPLC purity. 1H N OM—Iz Met hanol -d4) 6 8. 21
(s, 1 H, 7.41-7.33 (Jm H, 5.16 (s, 2 (dd, J = 14.3, 2.4 Hz, 1

Hy, 3.90 (dd, J = . NyFz, 1 H), 153 @/378(m 1), 3.52
(dd, J= 11.3, 4.8 NH), 341-("d'd—'!> 1 3N63 , 1 H. Example Cc
Met hyl

5- br ono- 142- hydr oxy- Z-Eﬁt};& y) et hyl]-z?- 0XO0- 3- [gphed&met hyl ) oxy] - 1, 4-
20di hydr o- 2- pyri di necddso (in equilibri q.qﬁ correspondi ng

al dehyde) 192021 33 A reactor was charged w sodi um periodate (1.67 kg,

7.8 nol) and 44 L of deionized water. To the agitated m xture was added 8.5
kg of ice. This was stifred until all the ice nglted and the m xture
tenperature was 1.4 C. To this was added net hyl 5-brono-1- 5

(2, 3-di hydr oxypropyl ) - 4- oxo- 3- [ ( phenyl met hyl ) oxy] - 1, 4- di hydr o- 2- pyri di necar

boxyl at e :Jéxgreéao v&aaslf:garg@d Qr?th ?JYQ I§ %4.97 E%W?ﬁetﬂﬂ '(IEZ'SSJ'I?Jd%]QE oHyIT _gxcm xture

was allowed to warm urr was s sanpl e was

noni t or ed 3HPhenyIm@tyoxd- %HMOTZWF'GP%@m%ﬂﬁ@H@ddﬁ &l eff@MngTorthiser i al . The
m xtur 6 wagitdtéd mRiueslatersld drewstddRieM NS HocEiRimide (E220kg, d19'470h&)96te¥\/at er.

Thi s was rﬁpea ed unt i | afnegfﬁq ve s archll odi de paper result was
obt ai ned C4TIH1ES Yidd RRYYer fuan |r8§’ G uxtyre; wag sfiffediat rHioe 1 o'@teth'sat 45-55 C
t o provi démedgskyhan 1% of starting material was present by HPLC. The mixture was worked up

oyt di meo ot Girbafth By B BN B0 bndslet A PIRAL PR LR 846  cepondi ng
al dehyde ﬂ@pw%watm and {hevpixtuctcwas aditated, then filteredo THkowas réfiatd faHhéVR( 300
g/Hi H?Qet QB8&@nd Bhif 65 the Batch. |S_|)T helco'ﬁ%lneﬁ ﬂﬂgr czc\ke?@ é\%shgd uita 155_5)@ Wégg T—é = 6. 0

3.87 (s, glr in aesgaq%m%ve«z to proMg[eM3 kg of methyl5bromo- 3d|hydroxypropyl)-4-
ﬁ I( } [ ( gojoxh 34[(pnmpdsmmmbmmmh\}mwmma%yﬁéte 14291@0;@%&&mt pyl ?xy) et
y i hec late (in
cqul 111 br PORGERSL B EREPL b B el Hihehofal g 20 2983
reacti on ¢n &HE6MBdsIRdH)54.07 (ddor/mulldeB, R141Hz, wiH) I8.9edof = (4.8) 9.0 Ha, ‘st—l)ep |) and a
refunggi o i(& &t 0 ) Cnpy f @C ds 22, 23,
24 angthSggh @%@r??ﬁc’ﬁﬁg’ g(?rzrg{j)dunds S%J%EH%JH&O%W@H&XMPng% ?he process
of the |n\'7’ént| on. 34 Exanple 2a

5142, 2- Bi s( et hyl oxy) et hy1] - 4- oxo- 3- [ (phenyl met hyl ) oxy] - 1, 4- di hydr o- 2- pyri d
i necar box%l i C a(él d

Methyl 5-bromo-1-{2-hydroxy-2-(methyloxy)ethyl}-4-oxo-3-[(phenylmethyl)oxy]-1,4-
20  dihydro-2-pyridinecarboxylate (in equilibrium with the corresponding aldehyde)

BnQ Bn O Bn O
O3 o~ O o~ O3 o~
B > N - B N Nl + B X NI
HO]\/OH HO” “OH Ne
19 20 21
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Bn 0 0,0 ? OHH2 NT o OWw 5 To a flask (1 L) charged with 500 nL
of anhydrous et hanol was added 49.2g (0.2 nol) of 10

4- oxo- 3- Rybenylosetechy poxy] - 4H pyr an- 2- car boxyli ¢ aci d 5. PChassuepedsi on was
slowy heated to 55-60 C before addition of

2- am no- acet al dehyde-di net hyl acetal (84.1g, 0.8 nole). The reaction was

th b I t
was T ormvad SRBarS caaged it etk Bl t B a g i JRihE 9 oL B ety -4
oxo- 3- [ ( patey| T\%thﬁ%kfﬁ%?q mixtute wam pddes 85 kg ofiics. ridisavascstived untiell thede® (cr ude)
as brown fielted & thimisre tssbratOre wddel tf‘ﬁ?(tTosthﬁﬂvag'aB@é‘d t¥thylB-Brsmpal e 2b

h@? Ih 2;: ﬁegé‘%ggﬁ é@fygroi%lgi%é%t p}ﬁlLylmet?&(I)c;xy]-li th?dnr ang/tngmgcargloxylafe1 di hydro-2-
142, 2- bi s (2073 Kyy 662 yotitvieyd pewided addifier] fupiet nHemixtuyd \(}jlwallowkd%wdarhytdrro 2-

di 500 nL
BT L g PR o 4 FLASHPR BE BB ERL) SR S BB SO0 ™)
stirred vigennsarsnge ofistatting metetiainiTbe swxture was fikdrédar@HBe calre WashEd with 20 M 300
m) was i g pinied Q/)éte@d‘ﬁhlg WQQ rédégféglunﬂ\éqegglﬂle@é?&m&&ide % dePrestfilal i On, the

reaction was stirred overni room1l erature e reactiron mxture

was t A8n B?tP'ﬂ?‘é@Wﬂ-W@P?ﬁﬂ\c?be §°'§E)’V95?rﬁi'eﬁ/é{b%é%PCHﬁ"tOHeM‘t"e”ﬁ%Mobr| ne. The
or ?ﬁn: c | pyeide Wikthyrs- bﬁﬂhdb‘v-(ﬂ2-a|th#diyéUﬁl)N&&S@4{(phEHﬁrIﬁ@fh%d)@W Blirg@bovent s gave
met hy o
142, 2- bi sPYASIGGBAYRLs %@/?]1-74?-'(&%8-@-13(%%5%W@W?IC?QSWPH’,‘Q@H?’W& 02-pyridin
ecar boxy| fme 223Pa3tyb4a5\dﬂteohihed tothecd®.5% by HBEQD. tH NBER(300 Mz, dchenerdyts st ep. 20
Exanpl e 2g
1-[2, 2-bi s( met’ hx-') g?ﬁgd ) 556 dd 068- ?FprHh;lzr?‘em;/r%xy?o(f %l di hydr o-
2- pyf$di Hé@a‘-’ﬂlﬁéx&/‘f t1é"23 A?Ql(sfﬁé%k equi pped with a nmechanic stirrer were
charged with nethyl 142, 2-
bi s(met hyl oxy) et hy1] - 4- oxo- 3-[ (phenyl met hyf | oxy] - 1, 4- di hydr o- 2- pyri di necarb
oxyl ate 23 as

Example 2

Methyl 5-({[(2,4-difluorophenyl)methyllamino}carbonyl)-1-[2-hydroxy-2-(methyloxy)ethyl]-
20  4-oxo-3-[(phenylmethyl)oxy]-1,4-dihydro-2-pyridinecarboxylate (in equillibrium with the
corresponding aldehyde)

This Example shows a reaction of a compound § of formula (ll) with one of (ll) in step i)
and a refunctionalization step ii) of compounds of formula (V) (compounds 22, 23, 24 and

25  25)in producing compounds of formula (I) according to the process of the invention.
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obt ai ned above and 500 nL of dichloronethane. To this flask was added NBS
(30 g, 50.17nmole) portion-wi se. The reaction was stirred at room

t enper at LWe 201aeB262t s conpl eti on (nonitored by TLC, -6 ROWMASR009D&6N Xt ur e
was then diluted with dichloronethane and washed wi th NaHCO3 (ss). The
organi ¢ phase was dried over Na2SO4 before evaporation of the solvents. The
crude product 1S purified by colum chroma ar raphy ( silcal gel,

Et OH DCM Q- 4 o afford math% n
142, 2- bi s( Het hy\l m)A_a.xo OH —
10[ ( phenyl metqyb) oxyh 17 4- dpfgdr o- 2- pyri di rboxylate 24 as a light brown
solid (50g, 60 % over three steps). 1H NMR (400 MHz, CHLOROFORMd) a ppm
77(s 1H, 74(m 2 H, 7.3 (d, J79I—ﬂaeo HRA 53(s 2 H, 4.4 (s, 1
H, 3.8 (d, J%4.8 Hz, 2 H, 3.8 (s. 3 H), 34 § H. LC-M5 (MrH+): cal cd
426, obsd 426. 15 Exarrpl e 2d Met hyl

142, 2- bi s( et hyl oxy) et hyl] - 5- ({[(2 4-di f uorophenyl ) met hyl ] am nol car bonyl) -
4- ox03- [ (phergm@t hyl ) oxy] - 1, 4- ro-2-pyri d| necar boxyl at 425 20 A
pressure v l

142, 2- bi s( ng
[(phenylnet NP -1, 4-di hygro-2<Dyr i di necar boxylat e 24 6 g nnDI)
2,4- 37 difluorQbenzyl am ne (3’\9@@{%3\22 5 mmol ), K3POX (@ 4%0

Pd( OOOCF3) 2 Me®8m$MeL. 2 mmol ) GOM8s (694ny, 1.2 nmol) "ZMd 0 uene (200
m.). The m xture was purged by S:O (4X) before being t}?at ed to 100 C for 22
hours under C@& at nosphere (60p% After cooled down o the room
tenperature, the solids were flltered of f through celite and 5 washed with
Et OAc. The filtrate was concefdhfed and the residual

col utm chr omat ogiFapk i\ &8y~ Et OAc/ h FO-
A il uoropﬁenym

1-[2, 2- —_—
bi s(met hyl oxy) et hy 1™ o’? ar bonyl) - 4- oxo-
3- [(phenyl net hyl )oxy] 1, 4od| h 5 2-pyridi necarboxyl@te 25Jas a |ight
brown oil (4.7g, 61%. 1H NI\/F\M% OfHz, CHLOROFORM d) 8 pph 10.4 (m 1 H),
8.4 (s, 1 H, 7.4 (m 6 H, 6.8 10(d J=9.3 Hz, 2 H, 53 (s, 2 H, 4.6 (d,
J=5.7 Hz, 2 H), 4.5 (s21 H, 4.0 (d, J=4.8 Hz, 2,H), 3.8 (s, 3 H, 3.4 (s,
6 H. LCM (MH+): calcd 517, obsd 517. Exanple 2e Met hyl
5-({[(2, 4-di fl uorophenyl ) net hyl ] am no} car bony1) - 142- hydr oxy- 2- ( met hyl oxy) et
hyl F 154-p Vﬁ%‘ phenyl met hypoxy] - 1, 4- di hydr o- 2- pyri di necarboxyl ate (in
equi libri um t he correspondi ng al dehyde)

5  1-[2,2-Bis(methyloxy)ethyl]-4-oxo-3-[(phenylmethyl)oxy]-1,4-dihydro-2-pyridinecarboxylic

acid
BnO Bn O
@)
N OH H N/YOMe —— @) X OH
O OMe D Nl
5 MeO~ "OMe
22

To a flask (1 L) charged with 500 mL of anhydrous ethanol was added 49.2g (0.2 mol) of
10 4-oxo-3-[(phenylmethyl)oxy]-4H-pyran-2-carboxylic acid 5. The suspension was slowly
heated to 55~60 °C before addition of 2-amino-acetaldehyde-dimethylacetal (84.1g, 0.8

mole). The reaction was then brought up to 65 °C and further stirred for 18 hours. The
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20Met hyl
142, 2-%i s(nmet hyl oxy) et hyl] -5- ({[ (2, 4-di f| uor ophenyl ) net hyl ] am no} car bonyl) -
4- oxo- 3-WOphsvsBreet hypoxy] - 1, 4- di hydr o- 2- pyri di necar bopgiratseoi2dod4dll. 6 g )
was treated with 90% formc acid (250 nL) at 40 C for -12 hours (nonitored
by LG MB) solysnt wes temoved lnden redupedt wesauaqatorm@@de 342, 2-83(iGethyihey) étb*;ﬂ]l—dge W?rS]
re-di ssol Wi
NaHD3: ang oy oo e G 2By bRl 300 (A BR MBI o' o1
evapor at i WRichvas yrefdnt the "?’ﬁétqplddfle@br corrpounds 26 and 27 were obtained as an
approxi mate 80/20 equillibriummxture (10.57g). 1H NMR (400 MHz, DWMSO d6)
8ppm%0 éﬂrial o) 9.47 (s, aldehyde -0.2 H), 84 (m 1H) 7.3 (s, 6
Fﬁ‘ T‘é?o(mlH),G?»(mZH),51(s 3 H, 49 (m 1H),
4 5 (m 3Mb9hyl Bl22-istmethyldxy) ety B4 {oxo- 34 (phenylrh&hNBxy ] 104- diB@dr()JYH‘H"‘) cal cd 503,
obsd 503; %% % %géz&m) cald 489, obsd 489. 30 38 WO |
2010/ 0682 @(9? g 006461 What is Clainmed is: 1A process for the
preparation of a conmpound of forrmula (1): 5 OP1 O wherein Ris -CHO
-CH(OH) 2 or -CH(OH) (OR4), is Hor a hydroxyl thzctl ng group; 10P3 is H
or a carboxy prot ectci)ng ;

22 23

10 Crude 1-[2,2-bis(methyloxy)ethyl]-4-oxo-3-[(phenylmethyl)oxy]-1,4-dihydro-2-
pyridinecarboxylic acid 22 obtained as above was dissolved in DMF (500 mL). To this
solution was added NaHCO; (50.5g, 0.6 mole). The suspension was stirred vigorously
with a mechanic stirrer while CH;l in TBME (2.0 M, 300 mL) was introduced by addition
funnel over 30 minutes. After addition, the reaction was stirred overnight at room

15 temperature. The reaction mixture was then diluted with EtOAc (~1 .5L) and washed with
water and brine. The organic layer was dried over anhydrous Na,SO,. Evaporation of
solvents gave methyl 1-[2,2-bis(methyloxy)ethyl]-4-oxo-3-[(phenylmethyl)oxy]-1 ,4-dihydro-
2-pyridinecarboxylate 23 as brown oil, which was used directly for the next step.

20 Example 2¢
Methyl 1-[2,2-bis(methyloxy)ethyl]-5-bromo-4-oxo-3-[(phenyimethyl)oxy]-1 ,4-dihydro-2-
pyridinecarboxylate
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R3 is H hal ogen, hydroxy, optionally substituted | ower alkyl, optionally
substituted cycloal kyl, optionally substituted | ower al kenyl, optionally
substi t utwo 20ovees2e6al koxy, optionally substituted | ower a&ICharsgé0y6461
optionally substituted aryl, optionally substituted aryl oxy, optionally
substituted heterocycli BHOP optional Iy subsggpied heterocycl eoxy 15and
optionally substituted afnnojf R4 is | ower kyl1 Rx]fs H halo or

R2- X-NR1-C(0)-; R2 i ' substitute % O/ X is a single
bond, a heteroatom gro sel ecled from®, S $O IO2, and NH or

20l ower al kyl ene or 1o |N nyl ene whereip be intervened by the
heteroatom and Rl is H or wer al kyl, which conprijses the steps of:
i)reacting a conpound o I1): 25 OP1 hbh an am ne of
fz)r mula (111) or (1V): MééNORQNéI) wherein Rg/l%%)d RQNg%e I ndependent |y

| ower al kyl or R5 andR6 can be al kyl and joined to forma 5-, 6-, or

7- menbered ring, 50—|H2N%|(IV) 24

A 2L flask equipped with a mechanic stirrer were charged with methyl 1-[2,2-
bis(methyloxy)ethyl]-4-oxo-3-[(phenylmethyl)oxy]-1,4-dihydro-2-pyridinecarboxylate 23 as
obtained above and 500 mL of dichloromethane. To this flask was added NBS (30 g,

5 0.17mole) portion-wise. The reaction was stirred at room temperature until its completion
(monitored by TLC, ~6 hours). The mixture was then diluted with dichloromethane and
washed with NaHCO; (ss). The organic phase was dried over Na,SO, before evaporation
of the solvents. The crude product was purified by column chromatargraphy ( silcal gel,
EtOH/DCM: 0-40%) to afford methyl 1-[2,2-bis(methyloxy)ethyi}-5-bromo-4-oxo-3-

10  [(phenylmethyl)oxy]-1,4-dihydro-2-pyridinecarboxylate 24 as a light brown solid (50g, 60
% over three steps). '"H NMR (400 MHz, CHLOROFORM-d) & ppm 7.7 (s, 1 H), 7.4 (m, 2
H), 7.3 (d, J=7.9Hz, 3 H), 5.3 (s,2H),4.4 (s, 1H), 3.8(d, J=4.8 Hz, 2H), 3.8(s, 3H), 3.4
(s, 6 H). LC-MS (M+H"): calcd 426, obsd 426.

15 Example 2d
Methyl 1-[2,2-bis(methyloxy)ethyl]-5-({[(2,4-difluorophenyl)methylJamino}carbonyl)-4-oxo-
3-[(phenylmethyl)oxy]-1,4-dihydro-2-pyridinecarboxylate

Bn BnQ
F F O 7
N N N
B
@
MeO” ~OMe MeO" "OMe
24 25

20
A pressure vessel was charged with methyl 1-[2,2-bis(methyloxy)ethyl]-5-bromo-4-oxo-3-
[(phenylmethyl)oxy}-1,4-dihydro-2-pyridinecarboxylate 24 (6.4g, 15 mmol), 2,4-
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to produce an internediate of formula (V) or (VI), respectively: O 0 O
P3 (VV R3.-- OR6 OR6 O 0 OP3 0 RBOH OH ii)refunctionalizing (V) or (V)
t o produc®o(2b)0/068%2. The process of Caiml, wherein in sarascawpousnd of
formula (1), Ris -CHO 3. The process of Caim1, wherein in said

conpound eifludretieiayiamine X3.2d3 225 micblf, B3, (9.459, 4Bnendly, PAEICOOF ;) {3o8rg, 1, W]ger ein
e 8, SR Ao hRETH A ool ST P oS 8585001 . o
by CO (4X) before being heated to 100 °C for 22 hours under CO atmosphere (60psi).
After cooled down to the room temperature, the solids were filtered off through celite and
5 washed with EtOAc. The filtrate was concentrated and the residual was purified by
column chromatography ( silical gel, EtOAc/hexane 0~80%) to afford methyl 1-[2,2-
bis(methyloxy)ethyl}-5-({[(2,4-difluorophenyl)methyllamino}carbonyl)-4-oxo-3-
[(phenylmethyl)oxy]-1,4-dihydro-2-pyridinecarboxylate 25 as a light brown oil (4.7g, 61%).
1H NMR (400 MHz, CHLOROFORM-d) 6 ppm 10.4 (m, 1 H), 8.4 (s, 1 H), 7.4 (m, 6 H), 6.8
10 (d,J=9.3Hz, 2 H), 53 (s, 2H),4.6(d, J=5.7Hz,2H),4.5(s, 1 H),4.0(d, J=4.8 Hz, 2 H),
3.8 (s, 3 H), 3.4 (s, 6 H). LC-MS (M+H"): calcd 517, obsd 517.

Example 2e
Methyl 5-({[(2,4-difluorophenyl)methyllamino}carbonyl)-1-[2-hydroxy-2-(methyloxy)ethyl]-
15 4-oxo-3-[(phenylmethyl)oxy]-1,4-dihydro-2-pyridinecarboxylate (in equilibrium with the
corresponding aldehyde)
BnQO Bn Bn QO
F\@:’HO N F\©(F,Ho N R@:F/H;)ji%/lo’
N AN N AN + N AN
O\ ™ SN

MeO™ "OMe MeO™ "OH

25 26 27

20  Methyl 1-[2,2-bis(methyloxy)ethyl]-5-({[(2,4-difluorophenyl)methylJamino}carbonyl)-4-oxo-
3-[(phenylmethyl)oxy]-1,4-dihydro-2-pyridinecarboxylate 25 (11.6 g ) was treated with 90%
formic acid (250 mL) at 40 °C for ~12 hours (monitored by LC-MS). After the solvents
were evaporated at <40 °C, the residue was re-dissolved in EtOAc (~ 1L) and the resulting
solution was washed with NaHCOj; and brine. The organic phase was then dried over

25 Na,SO,. After evaporation of solvents, the titled compounds 26 and 27 were obtained as
an approximate 80/20 equillibrium mixture (10.57g). 'H NMR (400 MHz, DMSO-ds) & ppm
10.3 (m, 1 H), 9.47 (s, aldehyde-H. ~0.2 H)), 8.4 (m, 1 H), 7.3 (s, 6 H), 7.2 (m, 1 H), 7.0
(m, 1H),6.3(m, 2H), 5.1 (s, 3H),4.9(m, 1H),4.5(m, 3H),3.9(m, 2 H), 3.8 (s, 3 H).
LC-MS, for 26 (M+H"), calcd 503, obsd 503; for.27 (M+H,0+H"), cald 489, obsd 489.

30
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OBn 0CC2Me(VII) OCHO 6. The process of Claim3, wherein said conpound of
formula (1) is of the formula (la): 5 (la) 7. The process of Caim4,
wher ei n swodomaspwsand of fornmula (1) is of the fornula @@iuspoos/oss6B. The
process of Caim4, wherein said conpound of formula (I) is of the fornula
(IX): OBn CO2Me (I X) Br HOO1R4 9. The process of Caim1l, wherein said

conpound @fhaf RIéMinegis)) is of the formula (1la): 41

1. A process for the preparation of a compound of formula (1):

V)

wherein
R is -CHO, —CH(OH), or —CH(OH)(OR*;
P' is H or a hydroxyl protecting group;
10 P? is H or a carboxy protecting group;

R? is H, halogen, hydroxy, optionally substituted lower alkyl, optionally substituted
cycloalkyl, optionally substituted lower alkenyl, optionally substituted lower alkoxy,
optionally substituted lower alkenyloxy, optionally substituted aryl, optionally substituted
aryloxy, optionally substituted heterocyclic group, optionally substituted heterocycleoxy

15  and optionally substituted amino;

R* is lower alkyl;

R*is H, halo or R%X-NR'-C(0)-;

R? is optionally substituted aryl;

X is a single bond, a heteroatom group selected from O, S, SO, SO,, and NH or

20  loweralkylene or lower alkenylene wherein each may be intervened by the heteroatom:;
and

R'is H or lower alkyl,
which comprises the steps of:

i) reacting a compound of formula (l1):

25
OP! o
O\ o P
SN

(I

Rx
R3

with an amine of formula (lil) or (IV):
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OBn CO2H (11a) 10. A process according to claiml wherein inin said
conpound of forrmula (1), R3 is H, hal ogen, hydroxy, optionally substituted
| ower al kwb,20mpie8Ral | y substituted cycl oal kyl, opti onalPCy/tsadeiddsat ed

| ower al kenyl, optionally substituted | ower al koxy. 11. A process for
preparing a conpound of fggsula (1): OP, O wherein 10R is -CH(OH) (OR4);
P1 is a hydroxyl protectiing group; P3is H R3is H R4 is |ower alkyl;
15Rx i s R2-X- NRl-C(H)N;\/IJR is ar§D optionally subsituted with one or nore
hal ogen; X is |ower alkyl erféR®and Rl is H; 20conprising the steps of:

wherein R® and R® are independently lower alkyl or R®and R® can be alkyl and joined to
form a 5-, 6-, or 7-membered ring,

5
OH
H,N A _-OH (V)
to produce an intermediate of formula (V) or (VI), respectively:
OP!
O\ 0" p3
N ( V)
Rx
R3 OR5
ORS®
OP' o
NN &
>N (V1)
Rx 7\/0»4
R3
10 OH
and
ii) refunctionalizing (V) or (VI) to produce (1).
15 2. The process of Claim 1, wherein in said compound of formula (1), R is —CHO.
3. The process of Claim 1, wherein in said compound of formula (1), R is -CH(OH),.
4, The process of Claim 1, wherein in said compound of formula (1), R
is -CH(OH)(OR%).
5. The process of Claim 2, wherein said compound of formula (1) is of the formula
20 (vh):
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v)reacting a conpound of forrmula (Il1): OP, O wi th an am ne of formnula
(rrr)y:  OR6 H2 NORG(II1) wherein R5 and R6 are independently | ower

al kyl , 5twopoodesem2an i nternediate of formula (V) OP, OPP3/UR2009ME646R6 r OR6
O(V) vi)refunctionalizing (V) to produce (1). 12. The process of Caim1l,
wherein said refunctionalizing steposi) conprises denethylating the
internediate of formul@ to @O cecbn@ecowg%und of formul a (I)

1513. The process of d ai . wher gl nGai d refunctional i zi ng step ii)
conprises reacting the i Wi formula (VI) with Nalasto produce

t he conpound of fornula ('[). 14.The pr\chess of Cdaiml, wherein R3 is H
2015. A conpound of the follow ng fornmlCYV):

6. The process of Claim 3, wherein said compound of formula (1) is of the formula
(la):
0 co,Me
N (12)
N

7. The process of Claim 4, wherein said compound of formula (1) is of the formula

(VI
CO,Me
O ’ (Vill)
~_N

10
8. The process of Claim 4, wherein said compound of formula (1) is of the formula
(IX):
OBn
o Co,Me
N
Br j\
HO OR¢
15
9. The process of Claim 1, wherein said compound of formula (ll) is of the formula
(lla):
41
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oP, O wherein Pl is Hor a hydroxyl protecting group; 43 P3is Hor a
car boxy protecting group; R3 is H hal ogen, hydroxy, optionally
substi t utwao 2oovees2eal kyl , optionally substituted cycl oal egirjuseioassal | y
substituted | ower al kenyl, optionally substituted | ower al koxy, optionally
substituted | ower al kenyl oxy, optiomgdd y substituted aryl, optionally
substituted 5aryl oxy, optionallycoubstitQogtd heterocyclic group, optionally
substituted heterocycl eoxy and optionally substit@@dd anmino; Rx is H halo
or R2-X-NR1-C(0)-; R2 is optionallyxstbstituted aryl; X is a single
bond, a heteroatom group selected fromO, S, SO SO -, and NH or

101 ower al k§.l enk pocedscaveordmp ke cgimeheherinririnrsadaohmpoand dfdormntaghyvRhisdl, by t he

het er oat o i o, r . . . re independently
| ower al kﬁ% I?éo%}" B@”gﬁd&iﬁ@ﬂ%@ﬁ ug‘“let%’é{eiwlggarml’jogponneggy %g?tg?e 81%58%8-'5&6- , or

7- menber e@ptionally subsitdedrieweradkgnyli etiaspllygulbtivted lowshalséxyhas t he fol | owi ng
formulg (Va): O 0 P3 (Va) Rx z.N

11. A process for preparing a compound of formula (1):

OP' o

3
6] N O/P

~_N

W

"

wherein

10 R is —-CH(OH)(OR%;
P' is a hydroxyl protecting group;
P3is H;
R3is H:;
R* is lower alkyl;

15 R* is R%-X-NR'-C(0)-;
R? is aryl optionally subsituted with one or more halogen;
X is lower alkylene; and
R'is H;

20  comprising the steps of:

V) reacting a compound of formula (I1):
OP'
SN &
~ (1
Rx
RS

25
‘with an amine of formula (lll):
42
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R31.--- OCH3 OCH3 17. A conpound of the following formula (VI): O O OH
20wherein P1 is H or a hydroxyl protecting group; P3 is H or a carboxy
prot ect i MyOQNNGS262 R3 is H, hal ogen, hydroxyus2apoanal |y
substituted | ower alkyl, optionally substituted cycloal kyl, optionally
substituted | ower al kenyl, optionally substituted | ower 25al koxy,
optionally substituted | ower kgenyloxy, optionally substituted aryl,
optionally 44 substituted aryloxy, optionally substituted heterocyclic
group, optionally substn%gyed het er ogycl eoxy and optionally substituted
amno; Rx is H halo or - X- 8(0)-; R2 is optionally substituted aryl;
5Xis a single bond, a heteroatom group selected fromO, S, SO SO, and NH
or | oweral kyl ene or | ower al kenyl ene wherein each may be intervened by the
heteroatom and RL is H or |ower alkyl. 1018. A conpound of the follow ng
formul a (wpuereimR_’E afd R® are independently lower alkyl,

5 to produce an intermediate of formula (V)

OP'
° X o~ pe .
N V)
RX
R3 ORS
ORS

and
vi) refunctionalizing (V) to produce (I).
10

12. The process of Claim 1, wherein said refunctionalizing step ii) comprises

demethylating the intermediate of formula (V) to produce the compound of formula (l).

15 13. The process of Claim 1, wherein said refunctionalizing step ii) comprises reacting
the intermediate of formula (VI) with NalO, to produce the compound of formula (1).

14.  The process of Claim 1, wherein R3is H.

20 15. A compound of the following formula (V):

(o]=4 0o
3
0] N o ~P
N -(V)
Rx
R3 ORS
OR®

wherein

P' is H or a hydroxyl protecting group;
43
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wherein Ris -CH(OH)(OCH3); P1 is -Bn; 15P3 is -CH3; R3is -H and Rx is
Br. 19. A conmpound of Clainms 16, 17 or 18, wherein R3 is -H 2020. A conpound
of the fovbawiongsfeor mul a (14): 45 21. A conpound of pCharst@bloomsng
formula (15): 522. A conmpound of the following fornmula (1): wherein R

i s- CH(OH) 2; 10Pis Hor Bl carbosy pretéciingydroyyr: ot ect i ng gr oup;

R?is H, halogen, hydroxy, optionally substituted lower alkyl, op’tionally substituted
cycloalkyl, optionally substituted lower alkenyl, optionally substituted lower alkoxy,
optionally substituted lower alkenyloxy, optionally substituted aryl, optionally substituted

5 aryloxy, optionally substituted heterocyclic group, optionally substituted heterocycleoxy
and optionally substituted amino;

R*is H, halo or R%-X-NR'-C(0)-;

R? is optionally substituted aryl;

X is a single bond, a heteroatom group selected from O, S, SO, SO,, and NH or
10 loweralkylene or lower alkenylene wherein each may be intervened by the heteroatom;

R'is H or lower alkyl; and

R® and R® are independently lower alkyl or R®and R® can be alkyl and joined to
form a 5-, 6-, or 7-membered ring.

15 16. The compound of Claim 15, which has the following formula (Va):

OP' o
3
O N o~ P y
N Va)
RX
RS OCH,
OCH,

17. A compound of the following formula (VI):

OP!? 0
3
(o) N o P
= N (V1)
RX 7\/ OH
R3
OH

20 wherein
P' is H or a hydroxyl protecting group;
P* is H or a carboxy protecting group;
R® is H, halogen, hydroxy, optionally substituted lower alkyl, optionally
substituted cycloalkyl, optionally substituted lower alkenyl, optionally substituted lower
25 alkoxy, optionally substituted lower alkenyloxy, optionally substituted aryl, optionally
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P3 is Hor a carboxy protecting group; R3 is H, hal ogen,

hydr oxy, optionally substituted | ower alkyl, optionally substituted

cycl oal kywo 20mvdesasal |y substituted | ower al kenyl, opti omralrius2esdsst ut ed

| ower al koxy, optionally substituted | ower al kenyl oxy, optionally

substi t ut eabstituted, agfoxy,ooplidmalyl sebdisdted Hetsdogyeld @raup, aptiorapl supstiutbst i t ut ed

h dh I d |
cubst it ut SeereRieRRy pPbBRAN e SRR AT R PO HaT or R NRL G(0) -

R2 is optionally SLRJsQHmﬁJQa@f%WNR’ -8(@)-20X is a single bond, a heteroatom

group sel ected frorm o§bn§93u§¢qﬁne@é}g NH or | oweral kyl ene or | ower

al kenyl ene wherein each may be intervened by the heteroatom 46
X is a singlé bond, a heteroatom group selected from O, S, SO, SO;, and

NH or loweralkylene or lower alkenylene wherein each may be intervened by the
heteroatom; and

R"is H or lower alkyl.

10  18. A compound of the following formula (1):
OP' o

®

wherein
R is -CH(OH)(OCHj3);
P'is -Bn;
15 P?®is —-CHj:
R®is —H; and
R*is Br.

19. A compound of Claims 16, 17 or 18, wherein R® is —H.
20 20. A compound of the following formula (14):

CH,
oBn © !
o
P
N

H
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10

15

20

WO 2010/068262

21. A compound of the following formula (15):

CH,
oBn O '
0]
X N/> (15)
A N\/i\o
Br

22. A compound of the following formula (1):

OoP1 o)

0

wherein
R is—CH(OH),;
P'is H or a hydroxyl protécting group;
P* is H or a carboxy protecting groub;

PCT/US2009/006461

R® is H, halogen, hydroxy, optionally substituted lower alkyl, optionally

substituted cycloalkyl, optionally substituted lower alkenyl, optionally substituted lower

alkoxy, optionally substituted lower alkenyloxy, optionally substituted aryl, optionally

substituted aryloxy, optionally substituted heterocyclic group, optionally substituted -

heterocycleoxy and optionally substituted amino;
R'is H or lower alkyl;
R*is H, halo or R%-X-NR'-C(O)-;
R? is optionally substituted aryl; and

X is a single bond, a heteroatom group selected from O, S, SO, SO,, and

NH or loweralkylene or lower alkenylene wherein each may be intervened by the

heteroatom.
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