SYNTHESI S OF CARBAMOYLPYRI DONE HI V | NTEGRASE | NHI Bl TORS AND | NTERVMEDI ATES 5
Field of the Invention The present invention conprises nodifications of
known prowesamesss synt hesi zi ng conpounds havi ng H V i prregrsase/obéabz bit ory
activity. 10. Background of the Invention WD 2006/116764 published 2
Novenber 2006, incorporated by reference inits entirety, 15 descri bes
various conmpounds and detail ed synthetic schenes for their ﬁaratlon I n
particul ar, SYNTHESIS R %ﬂMQXLg\éR@&N%FB’dNJFW 'W'@'ﬂ@ﬁ@cﬂ Rher ei n
3-benzyl oxy-2- methyl - 1H pyri di nRTERMEBIAYES Ornul a 3 is there broninated to
the bronopyridine 4 there, which is then reacted wth nethanol and carbon
nonoxi de to yield the nicotinic acid nethyl ester 5 there which is after
sever 8l steps reacted with a benzylanm ne to create the 20an de side

chai n-cont ai ni ng pyridine 10. sidechain is in place before
creation of the Z1Z2 ring of tﬁgﬁfftépﬁaﬁgluc formula (1) therein in the
reaction depicted at page 80 from16 to 17-1. A second reaction sequence is

depi ct ed / ound
102 15 alToiapent, nftn, CohGiRas! mddicafod'6F Rhiln? croncRis o hiMeeighgRC

br om nat €empeunds Baving HYY integrase inhibafy @gtiMky-104 V\:hl ch is then reacted with a
benzypam ne to create the am de side chain-containing tricyclic conpound
105 therein. Thus, the brom nation takes place after creation of the Z1Z2
ring of the final product of formula (1) therein. 30 N Methoxy- N nethyl

anm des may be prepared by MBadkgjrelded therinventiononyl ation of aryl brom des
as described by J.R Martinelli et al in Organic Letters, Vol. 8, No.21,
pages 48434846 (2006). Bronoanilines and bronpani sol es are converted to
est ers ayv@ 2eas/116@64 publisShed/? Navesrber 2806k inconpbragdd byrreferepaaircits satitey,s, Vol . 6,

No. 135 pags%ﬁbgso\gazogsl&qnpounds and detailed synthetic schemes for their preparatlon In
particular, a reaction sequence is depicted at page 79 thereof wherein 3-benzyloxy-2-
methyl-1H-pyridine-4-one of formula 3 is there bromihated to the bromopyridine 4 there,
which is then reacted with methanol and carbon monoxide to yield the nicotinic acid
methyl.esier 5 there which is after several steps reacted With a benzylamine to create the

20 amide side chain-contaihing pyﬁdine 10. Thus, the amide sidechain is in place befére
creation of the Z'Z? ring of the final product formula (1) therein in the reaction depicted at
page 80 from 16 to 17-1.

A second.reaction sequence is depicted at page 113 of WO 2006/116764 wherein a
25 pyrrolidine compound 102 is allowed to condense into a tricyclic compound 103 which is-
then bromlnated to yield the bromine compound 104 which is then reacted with a
benzylamine to create the amlde side chain-containing tricyclic compound 105 thereln
Thus, the bromination takes place after creation of the Z'Z? ring of the final product of
' formula (1) therein. ' ‘
30 |
N-Methoxy-N-methyl amides may be prepared by Pd catalyzed aminocarbonylation of aryl
bromides as described by J.R. Martinelli et al ih Organic Letters, Vol. 8, No.21, pages
4843-4846 (2006). Bromoanilines and bromoanisoles are converted to esters as
‘ descnbed by J. Albaneze-Walker et al in Orgamc Letters, Vol. 6, No.13, pages 2097-2100
'35 (2004).



35(2004). WO 2010/ 068253PCT/ US2009/ 006422 Summary of the Invention
Processes are provided which utilize an early bromnation step in the
const r uctwonomios82ssonpounds useful as having H V i nt egr ase/usaéwolond40z y
activity as set forth in WD 2006/ 116764. The brom nation provides the

| eaving group for attachnment of an am de side chain on a pyridone ring.
Detail ed Description of the Invention 10 A process is provided within a
synthesis of a pyridone conp8ufunaty ofthefloventibmg fornul a (AA), (BB) or
(CO: 15 BB 20 conprising the steps of: P-1) broninating a conpound
of the following formula (l-1) to produce a brom ne conmpound of the

fol | ow nd’-rpﬁﬁsﬁgﬁ %{e@rqwdfg)u_ ich utilize an early bromination step in the construction of

5 compounds useful as having HIV integrase inhibitdry activity as set forth in WO

2006/116764. The bromination provides the leaving group for attachment of an amide side
chain on a pyridone ring. '

Detailed Description of the Invention

10
A process is provided within a éynthe‘sis of a pyridone compound of the following»fbrmula
.. (AA), (BB) or (CC): -

AA
BB

15

F
cc

20 ° comprising the steps of:

P-1) brominating a éompound of the following formula (I-1) to produce a bromine
compound of the following formula (1I-11): ‘



wherein Ris -CHO, -CH(OH)2, --CH(OH)(OR4), -CH(OH)-CH20H or 5
-CH(OR6) (OR6); P1 is H or a hydroxyl protecting group; P3 is H or a carboxy

prot ect i NYOFPWNI325R4 i s | ower al kyl ; PRE/RAYWIR6432 e
i ndependently | ower alkyl or R6 and R6 can be |ower alkyl 10 and joined to
forma 5-, 6-, or ﬁ,rrenber ed ring, and opPy2) creating the

2, 4-di -fl uor opheny 2- NH- C(0) - si dechaidgn
2,4-di-fluorop 2 and carbon nmongxi¥e. Ohe term "Il ower al kyl ™",

al one or in conbigani on with »mer ter fers to a straight-chain or
branched- chai n saturated aliphatic hydroCarbon rjdical containing 1 to 6
carbon atons. Exanpleg of alkyl radicals includege but are not limted to,
met hyl , ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl,
tert-butyl, pentyl, jsoanyl, n-hexyl and the fjyjke. The term "Il ower
cycloallcyr refers to a saturated or partially saturated carbocyclic ring
conposed of 3-6 carbons in any chemcally stable configuration. Exanples of
sui tabl e carbagyglic groups include cyclopropyl, cyclobutyl, cyclopentyl,
cycl ohexyl, and cycl ohexenyl. The term"|ower al kenyl," alone or in

conmbi nation with arfyisocOhe. -Ce(@H)r eCHIQHYQRY, €H(@HyBH:QHar n or

br anchged- cloM(ORY(d®A); group with one or two carbon-carbon doubl e bonds.
Exanpl es of al kenyl_;radi cals,i n(fl udei, but are not limted to, ethenyl,
propenyl , i soproperyl FRLEBRYPXY POISAIRLHOHP: pent enyl, hexenyl, hexadi enyl
and the like.. WO FIIOHO6825BBQTproB2@3r@6422 The term "l ower al kyl ene"
refers to a strai gtﬁ4i§)|{)wggg}@§.hed chai n di val ent hydrocarbon radical,
preferably having fromone to

t hjit heps eactant s

s le 10 si x carbon atonms, unless otherw se defined.
Exanpl es of "al kyl dheandd¥’ arederependantly jawesr alkgl ot ard B nan b ileweretiyt o, -

et hy i@neandbinyd &t6m B50BY, lof Penenbéréd Gige, | sobutylene and the like. 5 The
term"| ower al kenylene" refers to a straight or branched chain dival ent

hydrocar bon radi cal, one or two carbon-carbon doubl e bonds: The term
"l ower al&wky" refers to an al kyl ether radical, wherein the term"al kyl"

;?edﬁ];![ nﬂj'm.l,?Z%Q)ch?atﬁé%&?i-ﬂor&%‘ehﬁ%l—?-_l\ﬁ-ll-EYd))- glidgc rainr \Kafl I t?\glrésac&arr]\ sl ude, but
; 2,4-di-fluorophenyl-CH>-NH, and carbon monoxide.
15 | o |
The term “lower élkyl", alone or in combination with any other term, refers to a straight-
chain or branched-chain _satufated aliphatic hydrocarbon radical cohtaining 1 to 6 carbon
éto_ms. Examples of alkyl radicals include, but are not limited to, methyl, ethyl, n-propyl,
. isopropyl; n-butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isoamyl; n-hexyl and the like.
- 20 : .
. "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
carboéYciic-groups include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and
cyclohexenyl. '
25
' -The te(m_ “lower alkenyl,” aloneor in combination with any othef té'nh, refers to a straight-
chain or branched-c_hain alkyl group with one or two carbon-carbon double bonds.
Examples of alkenyl radicals inélude, but are not limited to, ethenyl, propenyl, i_sobropenyl
butenyl, isobutenyl, pentenyl, hexenyl, hexadienyl and thé like.

30



et hoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, sec-butoxy, tert-butoxy
and the lwk8&g10/06883t €rm "hal ogen” refers fluorine (F), eblralshéiBobdhl

brom ne (Br), or iodine (I). 15 The term"aryl"™ alone or in conbination
with any other term refers to a carbocyclic aromatic noiety (such as
phenyl or Tirstehh Hgwér aliylenell refangtods steaight ar kraeshed chaitl divaleat YHEICARRBI y from

6- 10 bon. i i .not limted
Cor _ phany e Al RalRigdPond i ooty R e e

yl, yl, ul enyl, fluorenyl,. anthraceny
phenant hr Examples aféalidgned pe usgshhergin includghiy pre fmﬁhfﬁé?ﬂ‘ﬂr'?’aﬁ*‘%?eﬁﬂ&'et“ﬁe li ke.
Unl ess otPgbwgﬁgbh@@h&@k@mwbhggnaﬁugﬁén1"aryI" al so includes each possible
positional 1sonmer of an aromatic hydrocarbon radical, such as in
1-naph? hyl , 2-naphthyl, 5-tetrahydronaphthyl, 6-t et rahydr onapht hyl, 1-
phenant hr Tl @yth 'lowefdlienaabhdtréfdisty la, straighharorartched chairydivalanthidiesarban i di nyl ,
7- phenanthri di nyl - phenant hr i di - phenant hri di nyl and
10-phenanFﬁPﬁgPﬁ ?ﬁwgféﬁp?§§'8?dgﬁ§%h?h icals include, but are not linited
to, phenyl, naphthyl, indenyl, azulenyl, fluorenyl, 25anthracenyl,
phenant hr?ﬁ@’ieﬂ‘lﬁ&é%&bﬁi{/ﬂ@é%ﬁ;%'a&ﬂ QA& Pdical RRIRGR tHy torh iyl angefinbe | i ke.

The term "ara r refers to an al kyl group substituted. b n _arvl . Exanpl es
of ar#9 kbeCyPo%@P'ﬁ%?fﬂé‘?b'%ﬁ'{‘wﬁf@' Fﬁfgcal's'i 'g‘?"fcgdg?tcﬁr,e B@ﬂ'ﬂ'}fx’d g%gleb%oéx'et hyl .
The term efgkye h@ropoky, Gsopropusy, n-tulsky, ibstiutngcyacHritoxggetrbetbxhancihe like.efer to a
3- to 7- 30 nenbered nonocyclic heterocyclic ring or 8-to 11- nenbered

bi cyclic heterocyclic ring systemany ring of which is either saturated,
parti al | yTeaterm shabtageo? refens fitonina (fdchlering (Ghi treminayBeorégsinedhal | y benzof used
i f nonocyclic. Each heterocycle consists of one or nore carbon atons and
fromone to four heteroatons selected fromthe group, consjsting of ‘N, 0 and
S, and5whdheteAm{and’ alpee ofje rorabination vithrany other E?&To'ﬁgergw %%?céﬂﬁl ly be

OXi fli 2 ed, aeniig .rﬁofé@l (BuidH RGsheny o ﬁ%pm?]ylmhiaﬁ?w 8 yarben ajomt eandira@e,  and ;

i ncl udi ng _an i cycll roup,in which an he - . rocyclic
rings is Pi?g%.'ﬂ&f %X’B Sﬂg)rf%@r?g a?‘i"ﬁsgg}af'ﬂgles ﬁg?rg'r%{’:'yc? ﬁgﬁér“f?’nbgﬁ%gi%g"e'n%dteac hed at
any car boto, pheryt hephta, dmdenpr azuiaigl fludranyl.tanthragenycphireaethredyl t s in the

creation . S : rwistGhdieied tie MeNber ed
nonocycl i %’ﬁ@(@é@?b@?‘é@aﬂ%%&fo r@frﬂﬁﬁrﬁﬂhﬁfﬂézgﬂé}é@ﬁg?e; 08%%526,1V$V1en t he

het er 8@yctem "?Wﬁ@'SﬁH@'Ug%gqqhtﬂﬁ_’éﬁP'g positional ispREEe! &N AsmAtic Y bstituents
may be at }@g&ggduérﬁhsaﬁW-rﬁbﬁbtﬁyl,i'zlnémﬂhyn,:m@trawyaﬁinbﬁmthﬁ, matmhmdﬂgphmyl, a- car bon
atom prov]ded that st ab)l e .che a t.ruct ur 1 . -"Het eroaromat i cs"
or "heter 85?’?”“"3‘?@' ?‘H‘E?“ﬁ‘ﬂ ad'aﬂtgpﬁeqaﬁg'ﬂﬂ'gﬁe#’- g@iﬁ%@g&ﬁl’ Zjefi ned above and
gener al | y phafaathsiding, &phestaethdadipg] @ phenantiiriginyitaind 10iphgnanperidiny. i Exagwlesr omat i ¢
monocyecl | 8?8’&! rg(?u:éffﬁ‘auié: bt 418 nbARiedlto, PABRA] d&'pﬁ%lf in¥€nyl, aizLilRYI L fiiofehybon
atoms, prefefably Ti1ve t'o ten carbon atons, In which one or nore ibng

car boRE, aathpcenybmhBantiseryl. tetrahydronariiteyl.dadanyly ehangpibgdipy) agd the ke, %m such
as N, 0, ®ralshaRyr Ri&t & sl gicap eabsttuted By @saryin Exasiples obaratipigeows
nonocycli ¢ heteroaryls bi cyclic heteroaryls. Al so

.and 8 - 1 d
i ncl uded CluAgPut A ’E’E!ﬂiﬁ'ge%d?' qeﬂéy??ﬁﬁﬁgqr‘?glyérocycl e, "heterocyclic" or

"heterocyclyl" is a group in which a non-aronatic heteroatom containing

ring is f Q A " ' i i i _kdglol i nyl
chr omany| ?ﬁﬁﬁeﬁ*ﬁeﬁeﬁﬁﬁﬁﬁ‘%ﬁéﬁ-%ﬁ%ﬁiﬁxﬁi ?%?‘ai????%ﬁ"ﬁ;?;g;@?} e T4 cal or

poi nt 38f membetadanendcyclip hetefasylie AN PHBIR 1t MRERErLRIGHT ERFYRREY i ng.
Unl ess ot Qfs’té% SRy HifFbromichds eithlee sataratad, patigily@eirated or iitbrirney, @hd a/hicar
"heterocyclyl” also incl utded _?ach &o%s_:#)l ﬁ P Sit ||onal dASoner, of a
het er ocycay beggtienafly berzatyseit monqeyelcy Fach PFerosy PR GRS "5 19GT i ny! .
Exanpl es earbbe bt from dnetd fedehetaiodwnt selectedifiodethe lgrqupyconsistimg dd bl i di nyl
qui nol i, d gn%oél,larr]l l\'~¥|lafein| tﬂé’ %r&;en 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.



20i ndazol yl, indazolinolyl, perhydropyridazyl, pyridazyl, pyridyl,
pyrrolyl, pyrrolinyl, pyrrolidinyl, pyrazolyl, pyrazinyl, quinoxolyl,

pi peri di nyb,20pyue8a5gl , pyrazol i nyl, piperazinyl, pyrim dieaylusz@ygnociazi nyl ,
nor phol i nyl, thianmorpholinyl, furyl, thienyl, triazolyl, thiazolyl,

car bol i nyietercbcgtlrcamg Inydy, betd\tladieml at dhw yérborb&rl’ﬁét)ér%taﬂhpmbwdédlihafme phol i nyI

I I di
criopy s oA e B QLN o  SEREIRERI e BB hAEToE et 7
fur azanyImemwecamymtpymmcycleeama&yd!run‘rmbemqhnqychdﬂnambgdqs Wheatheazoyl ,
di oxol yl :hefé'r&IM:IIE)I'Ing h9§§|§tI§'trQlIthI~m Q%ﬁa&gfogéﬁIaY the sqb%lmeglIsyrImay bdatRRENY ! -

t et rahydr ot hi oph en% | oxany di oxo
t et ahydr & BMRIPRRY 18 amﬁ‘hef @élefeawwgpy cameel Aiog PE?M&‘PQHW a stable
di hydr opyhemichl stiulifeadsuttef wew‘rwramaﬁcsaad hbRFda/Maié mawaamftmaa méyl 30

t I bstit m,no_an I r aI
grooI gg? i IIISIIQCIS éIIfIf)%Jesrré@"ar g%%%@@?@éh??@rﬁe&’ ASTBMT et'ngwg I led in the
art, inclsystemis v abmetic mgnq;g:ydlcm pdiyscliosepratical Gosteining filb totienty V\llgg\{\fut 273
Pet ,
pS ®or cSoioen Eloelaf by BN o IR b rcfore S ot £ 76
19he PEsferRkly ABE 10 fAyr, aepﬁaem eaplacad py atn)ategmom puchiap)N, Q.& angl Rvhi ch the - OP'
s di I eCPréferddd I8y g W&%demMenﬁBre@%rQQy&.éﬁetéfdaB/ISSM fgxt to the Q

ring .as follows t he st can be carried out before or

P-2
after cr Bbff'IbSF?dotf'géIFFeI‘e(tf'P?rﬁIﬁ AI§%E‘H'“§?‘EW§“"F SeRRe ftheterB heisroeysle: Q ri ng
bei ng degwtérbedlidier meterawydlyr'isa/@oaﬂwmarﬂﬁﬁ&#aro&atﬂ haerpaa&ef&nténmwgent ion

o ber o o BORERE oA orIRSE it RGY Suct e S iyl Bl ) 1t o

out before”creation erein sal%I’pyrl ¥l conpound i s of
t he fldr mahenanihridinylios tetiahydreguioelinyb whraieth©@dical otpeinp oleattanhmentisort then

f eat ur esngn. afo%qéﬁetaﬁ,awmmﬁg ﬁlhﬁ)vl?nleé@}ﬁﬁ&%@e?ﬁ'icgteﬁt 8 t&i) 1S 15 carried

out aftef creatjon of erein sa done conpound is of

the for mII eferacyc hﬂﬁrqﬁxplg g' hstrerchﬁ:lﬂugléo fncluded each possnble positional isomer

-ofa heterocycllc radical, such as in 1- -indolinyl, 2-indolinyl, 3-indolinyl. Examples of
heterocycles include imidazolyl, imidazolinoyl, imidazolidinyl, quinolyl, isoquinolyl, indolyl,
20 indazolyl, indazolinolyl, perhydropyridazyl, pyridazyl, pyridyl, pyrrolyl, pyrrolinyl, ‘
pyrrolidinyl, pyrazolyl, pyrazinyl, quinoxdlyl, piperidinyl, pyranyl, pyrazolinyl, piperazinyl,
pyrimidinyl, pyridazinyl, morpholinyl, thiamorpholinyl, furyl, thienyl, triazolyl, thiazolyl,
carbolinyl, tetrazolyl, thi'azolidinyl,' benzofuranoyl, thiamorpholinyl sulfone, oxazolyl,

- oxadiazolyl, benzoxazolyl, oxopiperid_inyl, oxépyrrolidinyl, oxoazepinyl, azepinyl,

25 isoxozolyl, isothiazolyl, furazanyl, tetrahydropyranyl, tetrahydrofuranyl, thiazolyl,
~ thiadiazoyl, dioxolyl, dioxinyl, oxathiolyl, benzodioxolyl, dithiolyl, thiophenyl,

' tetrahydrothiophenyl sulfolanyl, dioxanyl dioxolanyl, tetahydrofurodihydrofuranyl,
tetrahydropyranodlhydrofuranyl dihydropyranyl, tetradyrofurofuranyl and
tetrahydropyranofuranyl.

“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.



The present invention features a process as descri bed above, wherein the
pyridone conpound is of the fornula AA. 20 The present invention features a
process asodeswrssized above, wherein the pyridone conpourdTits2@b/ovde: f or mul a
BB. The present invention features a process as descri bed above, wherein

t he pyridone conpound is of the formula CC. 25 Also part of the present
invention are novel internediates such as those of the follow ng fornula
(DD) bel die Pssiene rigg derigtad oyl and -t iertp wbigh S0 ipdifecticaltagheds benzyl . A
process ibgcohiédvih AAJBB @hd CRhe HRP hcwkn mixt BithedQRing lad @IBws:0npound of the

followng formula (AA), (BB) or (CO: 5 conprising the steps of: P-1)
brom nating a conpound of the follow ng formula (1-1) to produce a brom ne
conmpound of the following formul@H11-11): wherein R is -CHO
-CH(OH) 2, - CH(CH) (OR4), -m(gj)\:/%gor - CH( OR5) ( OR6) ;
X .
N
5 . ~

Thus, the step P-2) can be carried out before or after creation of the Q ring, sucﬁ steps for
the creation of the Q ring being described herein and in WO 2006/1116764.

10  The present invention features a process as described above, wherein said step P-2) is
carried out before creation of the Q ring and wherein said pyridone compound is of the

formula AA or formula BB or formula CC.

The 'present invention features a process as described above, wherein said step P-2) is
16  carried out after creation of the Q ring and wherein said pyridone compound is of the

~ formula AA or formula BB or formula CC.

The present invention featurés a process as described above, wherein the pyridone
compound is of the formula AA. _

20  The present invention features a process as described above, wherein the pyridone
compound is of the formula BB.
The present invention féatures a process as describgd above, wherein the pyridone

‘compound is of the formula CC.

25  Also part of the present invention are novel intermediates such as those of the following

- formula (DD) below:

DD




P1 is Hor a hydroxyl protecting group; P3 is Hor a carboxy protecting

group; R4 is lower alkyl; R5 and R6 are independently
| ower al kwb 2010/08825and R6 can be | ower al kyl 5 and joi negcrawstawmoa2b-, 6-,
or 7-menbered ring, P-2) creating the

2,4-di - fwefeng%d%e@%&@%a@f}%@%m with the reactants

2, 4-di -fluorophenyl - CH2- NH2 an oxide to forma conpound of
formula I11-111 QPL O I11-11] 10P—3) condensi ng and debenzyl ating a
conmpound Aqfroéeeg BpréVidedifen the Breparnenoch SYridb! Bt pdufid\of tRBfolleWingformlie Pr esent
i nvention ?B% fe@r es pr ocesses as described above wherein Pl is benzyl;
P3 is meﬁér 2| is -CHO -CH(OH) (OR4),. - CH(ORS) (ORo) wherein R4 and R5

are 15l over al kyl. There is al so S | be:d, herein the process for the
preparation of a conpound of the oII Wi ng formula (1): OP1 O 20wher ei n
Ris -CHO CH(G-i) CH(G-6’ H of, a hydroxyl protecting

gr oup; R A \/]\

BB

2T

ZIV

10
comprising the steps of:. _
P-1) brominating a compound of the following formula (I-1) to produce a bromine
compound of the following formula (11-11):
OP' o OP' o .
o) N 0~ p3 ° S o~ pe
- Nj ) B S NW
1'5 I-1 _ 1-1
wherein ‘
R IS —CHO —CH(OH),, —CH(OH)(OR“) -CH(OH) CH,OH or -
—CH(OR®)(OR®); ' ‘



P3 is Hor a carboxy protecting group; R3 is H, hal ogen, hydroxy,
optionally substituted | ower alkyl, optionally 25 substituted cycloal kyl,
opt i onal Iwosuhsissisat ed | ower al kenyl, optionally substi tatrag2eowessal koxy,
optionally substituted | ower al kenyl oxy, optionally sgb?‘t i tuted ?_ryl ,
optionally substitut, Lyl , Lonall v substitute eterocyclic group,
oBt i onal | § subst i tﬁt'ggl cﬁg%“é{rgoc l@?%%ét@ggho bptionally substituted am no; R4
is bower alkyl; RxPlisHHr atvathoxyproketing iup;C(0)-; R2 is optionally
substituted aryl; gé4isower alkyl; X i.s a single bond, a heteroatom group
selected fromO0, S, SO S0O2  and 5 NH or |oweral kyl ene or |ower al kenylene
wherei n each may HR @it Br geniadenspdently lowarlyhpb Ry ansh & renibe lpweyralkbyer

al kyl 5 wahd jdine@ fforrh @%- L1 SorFLrR@mb&ed rihg,f eact i ng a conpound of formula (11):
OPI 10 P3 wth an amine of forrmula (I1l) or (IV): HNIII) OR6

P-2) creating the 2,4-di-fluorophenyl-CH-NH-C(O)- sidechain with the reactants
2,4-di-fluorophenyl-CH,-NH, and carbon monoxide to form a compound of formula HI-1l|

oP' 0

-
10 ~ P-3) condensing and debenzylating a compound of formula liI-1ll to form a
compound of formula AA, BB, or CC.

The present invention also features processes as described above wherein P'is benzyl:
P? is methyl; and R is -CHO, —CH(OH)(OR*), -CH(OR®)(OR®) wherein R* and R°® are

15 . lower alkyl.

There is also described herein the process for the preparation of a compound of the

following formula (1):

0)

3
3
2/

20 ' wherein
R is -=CHO, —CH(OH), or ~CH(OH)(OR*);
P'is H or a hydroxy! protéctihg group;
P? is H or a carboxy protecting group: ‘ ,
o R® is H, halogen, hydroxy, optionally substituted lower alkyl, optionally
25 substituted cycloalkyl, optionally substituted lower alkenyl, optionally substituted lower
| alkoxy, optionally substituted lower alkenyloxy, optionally substituted aryl, optionally
subétituted aryloxy, optionally substituted heterocyclic group, optionally substituted
'h'eterocycleoxy and optionally substituted amiho;
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wherein R5 and R6 are independently |Iower alkyl or R5 and R6 can be al kyl
and 15 joined to forma 5-, 6-, or 7-nenbered ring, OH HZNOH (IV) to
produce amoi2ntoaresmsdi ate of fornmula (V) or (VI), respectipeelug20008i6402 20
o 0 OH and ii)refunctionalizing (V) or (VI) to produce (l). Specific
conpounds used in RbE GWQERgEes i nclude those of the 5follow ng formlae
(11a), (Via), (M bk" %ni_ﬂ hgoa(eru-tXI-ll\lhz-S?O)l'n Exarrpl es V\/m ch foll ow

R? is optionally substituted aryl;

X is a single bond, a heteroatom group selected from O, ‘S, SO, SO,, and
5 NH or 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 (ll):
‘ _OP1 o)
ENGENG I
~ (1
Rx
10 : _ ) R3

with an amine of formula () or (Iv):

ORS

HN_ ()
2 \)\ORG

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

OH
R Y

tb produce an intermediate of formula (V) or (VI), respectively:

OP! g
NN o p3
-
R - ORS
20 . ' : ORS



0o H OH The product (la) of a synthetic sequence can be condensed with
an amne, eg of the fornmula HZNCH2CH2CH2OH, brominated if Rx is H,

car bonyl avecdosmdsmai dat ed and finally, debenzylated to ycelw@ooesppund of
WO 2006/ 116764 designated (1-7) at page 240 wherein (Rkmis 4-F and Ris H.
Al ternatively, such a conpoungpiay be synthesized by 5starting with (1)
where Rx is paF-phenyI-CHngH-C( dBS is H 131 is benzyl (Bn) -and P3 is
a carboxy protecting group. ail, step i) can be carried out out
in a protic or aprotic sol vek uch as EtOH Tk or DVF at a tenperature of
about 50-150 C for about #&<10[houns. |gyrore detail, step ii) can be
carried out for the diol starR?n;?napérial (VI) with an oxidi zi ng agent
such as Nal0O4 , Ru0O4 or Pb(0OAc)4 in a solvent such as H20, MeOH or CH3CN at
anbi ent tenperature for one or nmoP8 hours. For the acetal type starting

mat eri al gpgch as (V), reaction may be in an acid such as HCl, CF3COCH .or
HCCH optlonally with heating. Ste can al so i nvol ve refunctlonallzatlon
at the Rx posthon, reg’é'cﬁi‘al‘?"?%(vﬁ&’-&')@ﬁ?d&ﬁ%m y with further

refuncti (Slped:ufczaimpmndasadmRBe&dﬂBése@(mude tdse[of the) can al so invol ve

f I _1)
can b8 ¢ Busg i o Cra b Bnl kP ulie oA DpRa IR SR L 1 % or o ne

source i ncludi ng but not Iinlted to N-bronpsuccinimde or bromne in a
sol vent such as N, N—dlnethylcﬁﬂ{nan1de THF or acetic acid and the Iike.
This transformation can be run rtlﬁularly at a tenperature of -10 Cto
50C to produce a conpound® [1-11. 25 In nore detail, step P-2)
can be carried out by treat|ng conpound di@¥ormula 11-11 with -

2, 4-di f1 uor ophenyl - CH2- NH2, roon nonoxi de, a suitable base and pal | adi um
(0) source :
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and optionally an appropriate ligand in an inert solvent optionally with
heating. The carbon nonoxi de can be at atnospheric pressure (14.7 psi) or
at el evatwo 2proaws2sse 30 particularly in the range of upprto/sfomesisesd2it in
sone cases higher pressures may be required. Bases include but are not

limted tge hﬁfdhb‘gra? @%ﬁ%eﬁé eﬁl:’&&nﬂge &hhér%%&%){'aﬁtam{ﬁé‘ BFthand

triet hyI am ne an ases such E assfum acet ate and

ani c
pot assi ufePNEIHENHCH(H-9Hs brog @%%d bR !§|"bﬁ?ﬂbpeﬂﬁéﬁza" \datedand foglyes of Pd
(0) incl udser#;-zwtateart@ igdta Aowgvohﬁcﬂoftwotz@bs/ak&mtdég@mieahplsleﬁ;s&@brzaopal | adi um

0 I be enerate Pd (0) in
Situ. | SumpasifBme %mﬁ BoSitabi Strd St iy bF sHTESHEER BY P( AL) 2

Pd( OCG)CFSﬁaﬁmgrvdthl(l)gdes?’i i plPustenizCH e €(O)L, IR idiHp Réisytephyd ¢Bif) iand PRisr ocene
(dppf), n and the like. Solvents include N, N-di nethyl

f or mam de Ehggy #8@3% l[']‘%l\/so and the like. Heating the mxture is
optionally used in the range fromanbient. to 150 C 5 The present invention

al so f ea‘id’ﬁ\@ﬁ% d“eiams;ta,!, hi 'cQﬁ‘ bé eérﬂéd 8t Rt m%;m&w aphotit 95108Ht udvas(epound 13,

Exanpl e 1}_{ hydr at e 't her eof resent invention features: (1)
A salt of E%PMFaﬁt@ f?fﬁ@?fétb'fe fabaufc’i?mﬁdWcﬁbOPbHr%haumA 100 AA (2) A

cryst1a| form of a sodiumsalt or a hydrate thereof of a corrpound of forrrulia
v npre physi ca

O oper t i FLmars dBiaisien pisah R sSEEA ol oL 86 def el miferl iy 4 bt P

havi ng chgemMesuerassalO, deﬁ@J(a’d:th(QAC)pEled(S)I\&ht_ $uch asB,Q, MeOB or CRL,CH& 8 0. 2,

19.2- 0. gm@%ﬂt rhpBratd?e for Gf?g&erﬁér is! P&ltRe é&té%pé’sﬁﬂngqﬂ%ﬁél shid 4 action

at tern;
P (V), reaction may be in an acid such as HCI, CF;COOH or HCOH optlonally 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 P*=H to P*=Me.

- 20  In more detail, step P-1) can bé carried out by treating a compound of formula I-1 with a -
bromine source inclh'ding but not limited to N-bromosuccinimide or bromine in a solvent
such as N,N-dimethyl formamide, THF or acetic acid and the -Iike. This transformation can
be run particularly at a temperature of -10 °C to 50 °C to produce a compound of forrhul_a
-1, - |

25 ' A

- In more detail, step P-2) can be carried out by treating a compdund of formula 11-It with

2 4-difluorophenyl-CH2-NH,, carbon monoxide, a suitable base and palladium (0) source
and optionally an appropriate Iigénd inan inért solvent optionally with heating. The

. carbon monoxide can be at atmospheric pressure (14.7 psi) or at elevated pressure

.30 particularly in the range of up to 60 psi but in some cases higher pressures may be

- required. Bases include but are not Iirﬁited to tertiary amine bases such as.
diisopropylethylamine and triethylamine and the like. Inorganic bases such as potassium.
acetate and potassium phosphate are also bases of significance. Suitable sources of Pd

A (0) include but are not Ii‘mited to tetrakis triphenylphosphine palladidm (0). In sdme cases
35 aPd (II) précursor can be used to generate Pd (0) in situ. Suitable Pd (ll) precursors |
include but are not limited to Pd(OAC)z; Pd(OCOCF3;), and ligands include Xantphos, -
‘ 11



(11) having characteristic infrared absorption spectra at 1641cm 1 2cm 1,
1536cm1 2cnl, 1503cm1 2cm1 and 1424cm 1 2cm 1. 20 (4) A crystal form
of (2) hawongioodssasacteristic diffraction peaks at 6.4 @cC2/us@o08/006322, 13.8
0.2, 19.2 0.2 and 21.8 0.2 degrees two-theta in an X-ray powder -

di ffracti dpReRioSsihoréricate (4obh bR bBSHAL shdindRY] SeeREIgRLEL T St ¢

di ffraction peaks f 5 § 15.2 0.2,
17.6 0. M Nfgnezhvl tvrrzamm EHF dolyene; PMEQanyd tawezs*eﬁtm@thz 'eré'greelés two-t het a
in an X- bpionaMWEkRE ifihk raryetfiornNamBibitas A50 °C (6) A crystal formof (2)
havi ng characteristic infrared absorption spectra at. 1641cm1 30 2cm 1,
1536cm 1 2cm 1, 1503cm1 2cm 1 and 1424cmit 2cm 1. (7) A crystal form of
(2) havi e preserddriventict also featurearcadtadiing dorpisioba ceappaindaf fdrmildAem 1 2cm 1,

12580m 1 CHRR 14 3GaRRler) oS8 Bhd o i EBBrede, oot AOGHIRR a8 ¢ o7 m of

(2) havi B M@t@rahvdraéeﬁrp@@tof@mmmgffpmht\he group consisting of (a) to

(c): (a) X-ray powder diffraction pattern substantially as shown in
Figure 1; (b) Infrared aljsor |on9”3pectra substantially as shown in Figure
2; and F Cﬁ spectra substantially as shown in

Fi gure 3. of |(2) having one or nore physical

properties 3¢ e consisting of (iii) and (iv): . (iii)
havi ng char aq diffracti |mn peaks at 8.0 0.2, 930 0.2, 11. 3 0.2,
16.0 0.2, afd 22.8 90.2degrees two-th@ta in an X—ray powder drffraction
patt@dn; and 15(iv) having characteristic infrared absorption spectra at
1637cm 1(2)24& anystal foBefensadiunPsatt or'a, hyditdd themebf FFamoinpancd df4@fwta AA: 2cm 1. .
(10) A crystal formof ( in@“@haracteristic diffraction peaks-at 8.0
0.2, 9.3FQ0. 11. 300Q. .2and 22.8 0.2 degrees two-theta in an

X-ray powdg patt"brn (11) A crystal formof (2) having
characteri RQnNpe 8.0 0.2, 9.3 0.2, 11.3 0.2, 15.40
0.2, 16.0 0J]2,18.7 J0.20, 19.F .20, 19.8 0.2,22.8 0.2 and 26.8 0.2

degrees two-cheta i noan X—ray pO\AderAqh ffractr on pattern

(3) A crystal form of (2) having one or more physrcal properties selected from the group
15 consrstlng of (i) and (ii):
(i) having characteristic diffraction peaks at 6.4° + O.2°, 9.2° £ 0:2°,13.8°£0.2°, 19.2° ¢
0.2° and 21.8° + 0.2° degrees two-theta in avn X-ray powder diffraction pattérn; and.
(i) having characteristic infrared absorption épectra at 16.41cm'1 + 2cm'i, 1536c‘m‘v1 +2cm”
', 1503cm™ + 2cm™ and 1424cm™ + 2cm™.

20
(4) A crystal form of (2) having characteristic diffraction peaks at 6.4° + 0.2°, 9.2° + 0.2°,

13.8° £ 0.2°, 19.2° £ 0.2° and 21.8° + 0.2° degrees two-theta in an X-ray powder -
diffraction pattern.

25 (5) A crystél form of (2) having characteristic diffraction peaks at 6.4° + 0.2°, 9.2° + 0.2°,
13.8°+0.2°, 14.6°+ 0.2°, 15.2° £ 0.2°, 17.6° £ 0.2°, 19.2° + 0.2°, 21.8° £ 0.2°, 24.1° ¢
0.2° and 28.7° £.0.2° degrees two-theta in an X-ray powder diffraction pattern.

(6) A crystal form of (2) having characteristic infrared abéorption"spectra at 1641cm™ &
"30 2cm™, 1536cm™ £ 2cm™, 1503cm™ £ 2cm™ and 1424cm™ + 2cm™.

12



25 (12) A crystal formof (2) having characteristic infrared absorption
spectra at 1637cmit 2cm 1, 1536cm 1t 2cm 1, 1501lcm| 2cm 1 and 1422cm 1t
2cm 1.  wobOr8jossmsystal formof (2) having characteri sce/uspéooaseo2
absorption spectra at 1637cmit 30 2cm 1, 1536c¢cnlit 2cnll, 150lcmit 2cm 1,

1422cm 1t(7)2¢t'EryTsta| fofrh OF havu?&éﬁakctér%ﬁ@ﬁ% aB tion sl:Q&?’féFﬂeM&G"i | and
S ey f

1069cm 1t or,m o avin nore spectra

sel ected 21°F‘§n?53|§€mg|*3)8'ﬁ c é?’ﬁtitﬁ@m of42beny aﬁern € %2‘35 H?C’X rZg8Ebwder
di f fract izogenp'at 0g3cm 'Sdeat @nti1069yn Bs2ghown in Figure 4; and (e) Infrared

absorption spectra substantially as shown in Fi gure 5. (15) A

h ' ' t n an
bne ob (481 FZneEhiERR ey G e MO spetfp SRl nam e bBRR SRRt for e as
defined i(@tafy: one of (2) to (14). The present invention features

crystal liggex. fé%rdsﬁrdgrfdrtﬁ'aét%htpa&érngg ?rgi'gﬁb QSJO%WL_QVI | hei n particular a

sodi um sal t. resent 1nvention at’ures cr forms of a hydrate
of a sal t(b)derade%B‘PPﬁHﬁ'ﬁﬂ spctragpbsiantialiyas showpdn F'QE"@I?a?"‘& sodiumsalt. 10 This

i nvent i onc)aEofi@ stateCPCHMR @pe@:’fﬂﬁ&ﬁﬁtarﬁr@lly@s@hoﬁnﬁﬂﬂ?ﬂ@@d of formula AA
(Co und 12, Exanple 1). Details are shown as (17) to (22): (17) A crystal

f f 15h hysi cal
p(r)(r)gqertlzgs) Se e%?@ﬂntpf{?ﬁf‘?wegc& f5"°6%82¥s§?fi?\4’ag%r n%e%&ﬁ ’°{'t/t“§ M) having
char act ecpesistiog df (i) ead (iv)on peaks at 540 0.2, 10.7 0.2, 12.3 0.2, 15.2.
0.2, and(.r)ﬁqae.nggh&aa@ﬂgteeﬁrrsamn boakat b Br 20.2%4 s 6’9”“4‘?%“1 d.3er f6bi o

at t ern;
P 0 2° and 22.8° + 0.2°degrees two-theta in an X-ray powder drffractron pattern; and

15  (iv) having characteristic infrared absorption spectra at 1637_cm +2cm™, 15360m + 2cm
', 1501cm™ £ 2cm™ and 1422cm™ + 2cm™.

(10) A crystal form of (2) having characteristic diffraction peaks at 8 0°+02°9.3° 0. 2°'
11.3°£0.2°, 16.0° + 0. 2°and 228° 0. 2° degrees two-theta in an X—ray powder dlffractlon
- 20 ~ pattern.

(11) A crystal form of (2) having characteristic diffraction peaks at 8.0° + 0.'2°, 9.3° + 0.2°,
11.3° £ 0.2°,15.4° £ 0.2°, 16.0° £ 0.2°, 18.7° + 0.2°, 19.1° 0.2°,19.8° £ 0.2°,22.8° +
0.2° and 26.8° + 0.2° degrees two-theta in an X-ray powder diffraction pattem.

25 :
' (12) Acrystal fon'n of (2) having characteristic infrared absorption spectra at 1637cm™ +

2cm™, 1536cm™ £ 2em™, 1501cm™ + 2cm™ and 1422cm™ + 2em™.

(13) A crystal form of (2) having characteristic infrared absorption spectra at 1637cm™' ¢
30 2cm™, 1536cm™ £ 2cm™, 1501em™ + 2cm™, 1422cm™ + 2cm™, 1277cm™ £ 2cm™, 1258cm™
+ 2cm™,1093cm™ £ 2cm™ and 1069cm™ + 2cm™.

(14) A crystal form of (2) having one or more spectra selected from the group consrstlng
of (d) and (e): '
35 (d) X-ray powder diffraction pattern substantially as shown in Figure 4; and
. (e) Infrared absorption spectra substahtielly as shown in Figure 5.

.(15) A pharmaceutical composition containing the crystal form as defined in any one of -

(2) to (14).
13



(vi) having characteristic infrared absorption spectra at 1658cmit 2cm1,
1628cm 1 2cm, 1540cm 1 2cm 1 and 1498cm 1+ 2cm 1. 20 (18) A crystal form
of a conpwondimfssfser mul a AA:  AA 25havi ng charact eri st ipcTdisbdmwmcdsdpn peaks
at 5.4 0.2, 10.7 0.2, 12.3 0.2, 15.2 0.2and 16.4 0.2 degrees two-theta
in an X-ray powder diffraction pattern. (19) A crystal formof a gorzrpmi(r)ld7
of formul @eP\A'proceBgtior PrepSiaftor6itRé bigbtaliofs ds fihiPR 1§ 3KS off2) 44). 0- 2, 10.
0.2, 12. S(QONZA,p 15. 3 8 5 15. 2 O.IZ 16.4 0.2, 21. 79 5 5'862&4@) 0.2, 25.4
0.2 and .9 0.2 degrees two-theta in an X-ray powder diffraction pattern.
(20) A cr {EtREPsegt inerlighfsatiies gysteitngiams 9. saltt ot compourd of legnelAdYaitt eri sti c

I nfrarfed @doticotapdisodiudpaktra at 1658cm 1 2cm, 1628cm 1+ 2cm 1, 1540cm 1+
2cm 1l and 1498cm 1+ 2cm 1. (21) A crystal of a compound of fornhula AA: OH
OCH, : ,
‘ The present invention features crystalline forms of a hydrate of a salt of a compound of

formula AA, in particular a sodium salt.

10  This invention also includes a crystal form of a compound of formula AA (Compound 12,
Example 1). Details are shown as (17) to (22):
~ (17) Acrystal form of a compound of fomi_ulla AA:

. 15 having one or more physical properties selected from the group consisting of (v) and (vi):
(v) having charadeﬁstic diffraction peaks at 5.4° + 0.2°, 10.7° £ 0.2°, 12.3° + 0.2°, 15.2° +
‘0.2°; and 16.4° + 0.2° degrees two-theta in an X-ray powder diffraction pattern; and
(Vi) having characteristic infrared absorption spectra at 1658cm™ + 2cm™, 1628cm™ + 2cm’
!, 1540cm™ + 2cm™ and 1498cm™ + 2cm’™. ' '

20 .
(18) A crystal form of a compound of formula AA:

F

25 having characteristic diffraction peaks at 5:4° + 0.2°,10.7° £ 0.2°,12.3° £ 0.2°, 15.2° +
' 0.2°and 16.4° + 0.2° degrees two-theta in an X-ray powder diffraction pattern.

(19) A crystal form of a compound of formula AA:

14



havi ng characteristic infrared absorption spectra at 1658cm 1 2cm 1,
1628cm 1+ 2cm 1, 1540cm 1 2cm 1, 1498cm 1 2cm 1, 1355cm1 2cm 1, 1264cm1l
2cm 1, 1A88cenole®rsel , 1080cm 1 2cm land 1056cm 1 2cm RCTAB24088)6482 Cr yst al
of a compound of formula AA: cH3 AA 25 having one or nore spectra selected
fromthe group consistingowf ©f) and (g): (f) X-ray powder diffraction
pattern. sgbstantiallyyas iniFigure 6; and 15 (g) Infrared absorption
spectra sub@i ially N hgure 7. The crystals of conpound 13 and
\%@ 13) denonstrate high solubility in water
or saline, eth D AR :(8A), -high maxi mumdrug 5 concentration
(Cmax), shortg maxi mungdrug concﬁntraté%{gn time (Tmax), high stability
agai.nst heat or light, and/or good h ling facility. -Therefore, the
crystals . 13 r b I S, phargaceutj.cal .4 ngredi ent s.
In the fo'ﬁngan%ﬁgrgéggsrtr%ﬁééﬂlg?\%g%%kr%ggaaoﬁlo'aztbhfosﬁstpﬁgi’f1|g%a’ ﬁbﬂn', ﬁ{'%ei fol | owi ng
abbr evi atQ-9n35.20h8y°. 96 AR’ Mb7{HBLAYA4)I" +82°( DahZy PR apdi2{ Qh8adls), Et
(ethyls) , deghde8Mbd-tratzAR ah x-rby‘pblddrAifftadtibn piterh O | OW ng Exanpl es, those
depi cting the brom nation and am dation reactions of the present invention
i ncl ude | es, C,_ Exanpl e 2 and Exanple CC. The foll ow nhg exanples are
B Rieppialprags AR
CH,

i nt ended "%“6‘?1?9”&'%3 e not intended to limt the scope of
the invention in any way.qy o

10 _ |
“having characteristic infrared absorption spectra at 1658cm™ + 2cm™, 1628cm™ + 2cm™,
1540cm™ + 2cm™ and 1498cm™ + 2cm™.
'(21) A crystal of a compound of formula AA:
15 -
_ having characteristic infrared absorption spectra at 1658cm™" + 2cm™, 1628cm™ + 2cm™,
1540cm™ £ 2cm™, 1498cm™ + 2cm™, 1355cm™ + 2cm™, 1264cm™ + 2cm™, 1238cm™ + 2cm”
- ',1080cm™ £ 2¢m™ and 1056cm™ + 2cm™.
20

(22) A crystal of a compound of formula AA:

25 having one or more spectra selected frorh the group consisting of (f) and (9):
(f) X-ray powder diffraction pattern substantially as shown in Figure 6; and
‘ ' 15



20 Exanples 1 and 3 The starting material of Exanple le and 3e is the
conpound of fornula (11la) which is also shown as conpound 5 bel ow and
conpound wdQdioatsszage 113 of WO 2006/ 116764. The 25 prosgetusdewiosdserl bel ow
as conpound 8 is of the fornmula (1). The final product shown bel ow as
conpound J z 240 of WD 2006/ 116764
wher ei n ééﬁ“”?’%‘?igﬁ"‘]@@” Eg%cg% skggtlg}glaﬁyg%?'@” 3& F%%?wever that there is an
al pha nmethyl at the position designated R16 in formula (XXVI) at page 65.
Thus, i n 1ihBenRBRRVEG c8f SRR dria™3 Eéﬁamrlgdrjate foRABPAIMboRnd §3) diRidhbae O
corrpound 101 “at of WD 20 764 and to farnul a (11a) of the
process &fghtq?lé'bﬂigfé%é’ﬁterf’ﬁ?éﬂ? inigh: bioays{iailib(BEY. Jigh maximumedsyg i cal to fornul a
(Vi a) sof cbﬁtﬁénﬁéﬁlﬁﬁ@ﬁtaﬁf shbe nmmmamgwmtretrbn thnec VM) Aigh Stadligye i s |
inventiqgn; an

i dentical to for he esent

compound 280g ReaEStEt s oPp hefuRh S TReriste Bt E36%5 o PHERHcent

i nvent i orl3 aBt dBb ale soitatilénas pmarmacetmnalpingnedMﬁm s 5 to 6 above while step i i)
is 6 to 8. Exanple l1a 10 To a slurry of 2000 g of conpound 1(1.0 eqg.) in
14.0 L of MeCN were added 2848 g of benzyl brom de(1l.05 eq.) and 2630 g of
K2CO3( 1. @@qullowrnsexawleaaed theapgbeutithia gpegificatipnCtiedellowing abReevisiotsed to 13C.
Preciipi t aidy baased:iNd @hetl)2BA BERSHE A deobs)DEL(efhlyl) & fekintrigR@ef i I trate was
concentratagd and 3. @EA I(‘;}t)aTng vvag?aggg% to )t hie( I‘ZS)I d% he iI'HF sol ution
was concentrated to give 3585 g of crude compound 2 as oil. Wthout further
purification, 15 conmpound 2 was used in the next step. 1H NMR(300 MHz,
CDCl13) 6 7.60 (d, J = 5.7 Hz, E[gf‘ g (m 5H, 6.37 (d, J = 5.7 H,
1H), 5.17 (s, 2H), 2.09 (s, 3H) lfe | b To 904 g of the crude conpound
2 was added 5.88 L of THF and the solution was cooled to -60 C. 5.00 L of’
1.0 Mpof |¢thbm||umnglaeﬁabneaﬁﬁ$§dceptcﬁt@mbdeam.ha.oﬁlaﬁﬁ%n&ﬁnemréacme orfided

dropwi.se for sol uti on_of nd_2 at C. a sol ution
of 509 gPEyesd "B’@ﬁ&%ﬂ 'Bgt‘l‘iﬁj@("f"pfse% %xamﬁ'es%d‘%ﬁxamp'e@ﬁ was added at -60 C and

the reaction mixture was aged at -60 C for 1 h. The THF sol uti on was poured

into a ml' é%lgyﬁée}%ﬁ%e t&dea: f&‘cﬁll trgtlo]n4on¥' a(?\fd ar%ﬁ%t c[edgg %4152 L of

Et OAc at ess organi c ayer W™ WSS ®of brine
(tw ce) ametqﬁtheamm'nlaawaywas extract ed with 3.98 L of EtOAc. The ‘
conbbped organic | ayers were concentrated. To the mixture, 1.63 L of 10

t ol uene was added and concentrated (twice) to provide toluene slurry of
conpoundE¥amplesandid,  washing with 0.90 L of cold tol uene and drying

af forded 955 g of corrpound 3 (74%yield fromconpound 1) as .a crystal.

(15 NE/R(_BSR%%M en%}aof%gf %% 1(eda_{1f‘]32 ?_éte cgﬂj)burg}_%&ratupa J(?a)lvil'{lcgq |'§|2a%o ,6 389 5
( dd J =shiov@) asccompeand 4 bl an@ compgutd, #10+abpage 113 ol Wdy2006H)16764. She ( dd J =
8, 244. E)rob'ﬁct dyﬁazted below as compound 8'is of the formula (1). The fi nal product shown
below as compound 13 is a.compound of formula (I-7) at page 240 of WO 2006/116764
‘wherein (R)m is 2,4-di-F and R® is H, provided, howéver, that there is an alpha methyl at
the position designated R in formula (XXVI) at page 65.

16



Example Ic To a solution of 882 g of conmpound 3 (1.0 eq.) in 8.82 L of THF
were added 416 g of Et3N(1.5 eq.) and 408 g of nethanesul fonyl chloride(l.3
eq.) at lweotdmses30C. After 20 confirmation of di sappeacanseomiocenpound
3, 440 nmL of NMP and 1167 g of DBU(2.8 eq.) were added to the reaction
mxture at |gss ‘than .30 gBand the regction mxture was aged for 30 min. The
m xture vwas TReut ﬁ'@gl zed NLUHMBS L if ds6% S)Ntcfuaguc COsh C'W?@aorganl c

| ayer was @Fedjmih L_bi@/ SogHq208¢ t er [ cdncentX8FPon of the
organic la 4.41 L o ol uene wasoaddetbhand t he B Xtur® was concentrat ed
(tree tinmes). After 25addition of 4.7 L of hexane, 4the m xture was cool ed
with ice bath. Filtratien, shing with .77 L of hexane and drying

provi ded 780G/ g of % mound (o%ﬁ%,,g{i el d)lagem crystal. IVR( 300 M—Iz
coCl 3) 6 7. 6% CH J = Bow lH)NaHEO:B ”125»&”‘ Nmo@ (d J = 16.2
Hz, 1H), .7. H J = 16. s e 5.27 (s, 2H).
30 Exanple Id o a m xt wo f(BZZgU@ m§>ound4(|;loo €eqo) and 11.2 g of
RuCl 3-nH20(0. 02 eq.) in 2.47 Leof MeCNL 2.47 L of EtO and 2.47 L of H20
was added 2310 g of Nal04(2%.eq.) at |&¥5 than 25 C “After aging for 1 h,
733 g of Na /\/(\3 0 emsp onas added to thesng xture af_less than 25 C. After
agi ng for HNh > piod s fligstere hedf{w t"=8. 22 L of 35 EtOAc.
Totheflldt—r-at-e—16 LnOfL 50%Na252034g, n82 F nd 630 nL of
coc. HCl were added. The acqu€ous |ay erBrias St Pactpé%p%% Th 4.11 L of EtOAC
and the organic WO 2016/ 068253PCT/ US2009/ 906422 | ayers were combi ned and
concentrated. To the geasi dye, 4 L of toluene wasoadded: and the m xture was

concentr at &g -«lu' c j & |ce¢d992th 'fatq ing with 1 L of
t ol uene and [ r\oM 372—9—01’ co f/foQ(i | d) as a crystal.
1H NMVR( 300 7978 (d, J H), .5

.6 (brs,

. -7.46 (m 2H),
7.40-7.26 (m 3H) 61‘48 (d, J -0@07 Hz 1H) 12 1H), 5.31 (s, 2H).

Exanple le A m xtureg of 509 sound 5 (1.0 eqg.) and 407 g of
3- am no- pr_wHZd d(,ﬁ .53 L of EtOH was stirred at 65 C-for
1 h and at 80 C for Pon of 1018.8 g of ‘

3- Ami no- pr opane- 1, 2- dlcﬂ(O 1°eq |n 200 nL of EtOH, the nixture was
stirred at 80 C for 1 h. After addltlon of 18.8 g of

3-atni HOTH&.&F}QH@:\Q@\% s@h@éncé@or%xﬁﬁipbe‘i Qorap&nms IQfdeEﬁ&Ho Johﬁ')omdqylrﬁ Wwas
stirred at dition of 509 nlL of H20,

80
She. it B8 Tt v 280 et ahd f ofraia LT ofJBS piocess of tisroreasat BKEMIONGA ot
Ac CEt vvewnpuiﬂe(t abb¥d i lidemties) teforriula (VIB)of MBIOLESS Ioamerprmat inesies with 1.02
L of EtO f 129 quur id was added
at Iegs %ﬂjl%b% 'S%%éﬁ%ﬁosf{og?{l% fv |§) cg%he N eé‘s oéﬂ'ﬁ Hve"\ﬁﬁréhl ng with
1.53 L oanctcnmpqua@Bmdermcylitngnrmuta\ﬂadeﬂhgmcgssmf tlm)mpmmvent(ossstepu)el d) as a

crystal . ofthe mventlon process is 5t0 6 above while step ii) is 6 to 8.

Example 1a
- .10  To a slurry 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;CO4(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
ﬁltrate was concentrated and 3.0 L of THF was added to the residue. The THF solution
was concentrated to give 3585 g of crude compound 2 as oil. Without further purification,
15 compound 2 was used in the next step
'H NMR(300 MHz, CDCl3) 8 7.60 (d, J = 5.7 Hz, 1H), 7.4-7.3 (m, 5H), 6.37 (d, J = 5.7 Hz,
“1H), 5.17 (s, 2H), 2.09 (s, 3H)
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1H NVR(300 MHz, DMSO-d6) 6 7.67(d, J = 7.5 Hz, 1H), 7.5-7.2 (m 5H), 6.40

(d, 3 = 7.5 H, 1H), 5.07 (s, 2H), 4.2-4.0 (m 1H, 3.9-3.6 (m 2H), 3.38

(dd, J =wo2olldsB3Hz, 1H), 203.27 (dd, J = 6.0, 10.8 HecTAispeosksanpl e if

To a slurry of 576 g of conpound 6(1.0 eq.: 5.8%of H20 was contained) in

2.88 L ofEM}.{ﬂe ygre added 431 g of NaHCCB(S 0 eq.) and 160 nL of nethyl

| odi de(1.5 .) and the 25 mxture was stirred at roomtenperature for 4 h.
After cool9 9@‘ q ¢f the grudg campqung2 wag 3dded 5,88 L1of THF jand thexeplgting was gooled ¢ added

to the mipstB0eCab.obess 1i0masf Lithivm ?i@(tﬂhétﬂylﬁmghﬁﬁcﬂ) |rpfl-rlF QQBTéqu%;Edded

0
Compound Sopdge BB i ohiid ol eipound 23K oo o RS SHEBoAT 85 5o (d, 4
7.5 84z, benzalqehx/dd(o-weca)an 600 mbidf THE vi28 added dt ~8030%nB tHéZreadtid)\ ,md&un%14( g ) th =
4 EZ ]\bgs aﬁ@d ]ag—édj"y f%r T hlﬁ'hg Tg% ZTOH]E% \fgi_ggurécﬁ?to asm%cg.l % OHZ %]_6} H} 3.70 (dd, J
9 0, 14:04c | 81‘14)L of icegmater B g 458 L oHFtOAR atilesthag 2(°[) Tneiprgaﬁlcz&es 14 (m
1H) . ExanpisswakBed %5h 3(71 a difb?iﬂiél tWic&f ana Qe Q?&Bu%im%%x? £<,3ed)wﬁrg%€8 iLn 5 07 L

<o

f MeCN, and 9. of AcCH .) was a
Kla104( 1. 2"%@# aﬁl? "ﬁ’f’)?f%"l? ?’PrCPB‘EF‘"H?tedf EBFHet'BPFb’é? dt83rLeoff or 2 h.
Af t er10addoluemwax addeBEndi.cmfceﬂt&&’ed\h@ﬁaﬂ3®€bwdett5leer{§ stlirty of compowa:ent r at ed

ded 386
2?%8%23‘.3’&5@ Hgﬁa%?'" i 98 L 8o PR dndlsi R 8@%‘9%?59%%&) 867 02 (4,

.5 HZ4% i dfrochznmmowmaswtales 33 (d, J = 56.0 Hz, 76 (23 (g J =
4 =
HZ!‘ IH)NMQ&@&W-&; CBUk)G'%ng? s‘/s;géaﬁpo?l ﬁ?s—%rzn%ﬁt fﬁri.{e) %?ﬁ g"?é ééf corrpound

’A 3“2 1#’%3@% 4= b4 1201y 08 6t/ 1 hhHze Y. 89 (dd I 4t d- Q:'ghcent rated.
o) Hé reﬁ)dam(da 54910, 04.1Hz| Ue))2.84Q6d, IGARE 1ANCHzZ, 1H).

J =
7.5
5.1
8 (1
T
 Example 1¢c
To a solution of 882 g of compound 3 (1.0eq.)in 8.82 L of THF were added 416 g of
EtsN(1.5 €q.) and 408 g of methanesulfonyl chloride(1.3 eq.) at less than 30 °C. After
- 20 _cohﬂrmation of disapbearance 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,SO;aq. After concentration of the organic
, layer, 4.41 L of toluene was added and the mixture was concentrated (tree times). After
25  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, CDCl;) 5 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, 1'H), 6.41 (d, J=5.7 Hz, 1H), 5.27 (s, 2H).

30 Example 1d
~Toa mlxture of 822 g of compound 4 (1 .0 eq.) and 11.2 g of RuCly'nH,0(0.02 eq.) in 2. 47

L of MeCN, 2.47 L of EtOAC and 2.47 L of H,O was added 2310 g of NalQ,(4.0 eq.) at
less than 25 °C. After aging for 1 h, 733 g of NaClO»(3.0 eq.) was added to the mixture at
less than 25 °C. After aging for 1 h, precipitate was filtered and washed with 8.22 L of

35 EtOAc. To the ﬁltrate, 1.64 L of 50% Na,S,0;aq, 822 mL of H,0 and 630 mL of coc.HCI
were added. The aqueous layer was extracted with 4.11 L of EtOAc and the organic
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the m xture was concentrated. To the residue, 1.89 L of toluene, 378 niL of
AcOH and 137 g of (R)-3-Am no-butan-1-01(1.3 eqg.) were added and the

m xture wae mateed3to 90 C, stirred at 90 C for 2.5 h amdTaspeemndésat ed. To
the residue, 1.89 L of toluene was added and the m xture was concentrat ed.

The resi QHf‘erg‘@@re%Hbﬁ*féH%qd %ﬁc!%nﬁ)’atgg lFo fHeGedadtd 4 1okl E%&fne?g gd Jashed

wth 2 X 89 L of anic layers were co concentrat ed.
To the re‘e?m%wervaegoucqafra@ﬁen cogled ‘a’éhj'é%lb%!hd Filtrationi washing withs! leefncent r at-ed.

Af '([j e(rj addblubtea® dnjing Brovided 372 § 8Ecorpgduhd 9556%‘ lelﬂ?lﬁ?h'égjslﬂth lt 1|3 Llaf Et OAc
and dryi as a_crysta

NVR( 300 mﬁ""%&ﬂgﬂ"%&‘%g% 7§égpﬁ1 2%_,69 )Zéy‘ﬁ 48 (pgHIBf0-726n. (4 3 =
7.5 HA  2BH)2648 (BJ4H UHz 1K) 75.6 (b8, 1H)H.31 &, 28).(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= Examplesles; 13.8 Hz, 1H), 1.30 (d, J = 6.9 Hz, 3H). Exanple 1i 25 To

a sl urry o ol g SRBRPHIY 9(1(ded )%QO?(iibf%ra@ﬁn&p%f ahlV Wi p3dded 191 g
% at roo g (e

of NBS(1. mxture was _stirre erature for 2 h.

Af ter adcﬁqt)l"bﬁ)sai °iE§H* wap tirasi@t 66 i@ fori it andcat RASC Jori & b otfter gdiien ofi . Af t er
addi ti0on 18f8 $of3BAminefpréfiine ArEldiagD. Ngq.pin 200entbPHIOHEthetmiktildrelwdsQtimd®afm N and

t 5Cf ti |, d H20 d d
o e 0cE 1! A ot R0 B i i1 £ a5 A el Jon e
CDCl 3) 6E1069th¢ "BEur@maSZSH)r?dét&BQ’C(fer 30lkin, AfteB&olin@dnd additidhiof 5G9 :aBo(d J =

10. 2 Hz, 90 U) theEDnlgtﬁre(v%s c&ncen%'al%d Hzi'o éﬁé’pfgldg z&i(l.l H2€> 43"8% ‘% |8§f »{cdﬁ 1H)

5. 05-4.
2.21-2.0 e(gr?ddfpb Aftgr S@Qar(aa% the‘]aqyeguszllayq was V\@g,h \pq,gh 1.924} of gt@o@ (T@ J = 6.9
Hz, 3H). tidbadneanlager,12.03 LBtea% eafusie Bcile a@¥édiat 189s RS PIetho give r,)g-t: gire of

f f f
2345d|gf Fuor e%ﬁgga#Qt%ai'{)'i V?%E&g w'tgﬂgsﬂ‘t %fooﬁ'l'f?p efgy(‘{ﬂé’?%?@('g ‘3)‘3763%]05 |mr_1 335
nmL of ~DVE@Onpeunds BBYeeitlditas@®nfStdior 5.5 h. After cooling, precipitate was
filter ed‘ﬁwmﬁﬂz%ﬁéo@)ﬁsﬂ? ?fﬁ??&” 7@-&9%% &48 9= p82 nL of 5

H20 and 670 of ACCEt to trat organic s ‘washed with
335 ni: ofZoMHnC A 8H). A4 P4 ). @Fg‘ﬁﬁ"aﬁﬁ) t3ki’@ (dﬁ-u/eoﬂl?, 1Qa§'é||! Whs extracted
Wi t h2635 3127 (ad, JACEE10.8TRE 1emgani ¢ | ayers were conbi ned and concentrated. To
the residue, 150 nL of 2-propanol was added and the m xture was
concentrated. After addition of 150 nL of 2- propanol, concentration,

cool i ng Exam@e ™ and fi Itration, crude crystal of conpound 11 was 10.

obt ai nedyo Alshfy of 5FEb Me&zﬁezﬁ f@ﬁoﬁﬁm@égma.é&@.{@agto?ﬁ one by

heati ng, grem pi tate was fere was’‘coricentrated. After
addi t i onWgte asided A1 g pf 'ﬁ*dﬁ@s(%e fedand 26¢ ok of mathivtipdide(d15 epd@nditherf Et OH,

conceht r abxte was etrdd rébﬁdtefﬂpbfd%tﬁblf&mh CAﬁé‘i‘@o&lﬁy & §bc, of 7?]93%'9@! 11 was
obt ai nedandﬁﬂggo %‘f?ﬁa\%l on of (#tdei ﬁ.@u e cr in 450 nL of acetone by
heati ng, “the 3ol 9 WeiR AddRd 'X‘F'EF sithan Y& topive aystadef 2- 15

pr opanol campouad de Hiltsatidn tweashing xiith N7 3lasf H;Orendriryieg @oviféabazg of Af t er cool i ng

of the rgshsbdRd 7iadek Vdldh 9 ing with 2-propanol and dryi ng provided
34.3 g 04‘ c‘gﬁpour(l X 23%}6' &@?hé as a crystal. 1H NWR(300 WMHz, CDCI3) 6

10.40 (t HNHM 6309'\{1#22 0d8537555( JfH)SHwei@??w&g?@rfm 5H), 6.2B.(d.2/ 5. 24(m
5H) , 36 7356&7%)“22@ J 55 30 1H) 5.19 (@ JH210.d Y, 11D, 367(diu—110-8 e 1?-1) ’ 1"')’

oo e, 4By T 57 18). el p e w"ﬁyz(ﬁ*ﬁ §B s B aroddal ety °

4 02 3 8B4 He, 1) 3.65-350-(fn, 88), (3m0—3|2|)3,(m11l5)03ed-dﬂ14(]1¢121)4 4.5, 14. 1 Hz, 1H),
1.33 (d, J= 7.2 Hz, 3H). |

Example‘1g )
- 35 To a mixture Aof 507 g of compound 7(1 .0 eq.)in 5.07 L of MeCN, 5.07 L of H,O and 9.13
g of AcOH(0.1 eq.) was added 390 g of NalO,(1.2 eq.) and the mixture was stirred at
19



Exampl e 1k 25 Under hydrogen atnosphere, a m xture of 28.0 g of conpound
11(1.0 eg.) and 5.6 g of 10% Pd-C in 252 nL of THF and 28 nlL of MeOH was

stirred fwo2010m68258t er precipitate (Pd-C) was filtered aod/usesioedsseeth 45
mL of THE, 5.6 g of 10% Pd-C was added and the m xture was-stirred for 1.5

h under hyehagfperaurXePNR! AfterAidfibn Bt 52 WaF10% Ntag&@ga@rtdemmedvawth 150
of CHC13/ MeQOH 9/ ), ,the fi Itr%oe was concentrated fter dissolution 30 of

the resi diPRceHratedsad cooled fa 19 G, Fiiratian, wgshipgwithidQ erdidving ereyided 386 By cool ed
to room tcﬁrufpmp@.tndrae(so%fyieﬂad) akialdrystdli on, the filtrate was concentrated and

cooled. R ' t OH i d of
corrpound Fi\?lgg{’?be:ﬂﬂeﬂzm?%dqg §Ilr7tés}[(g ‘P 7%%1# ﬂm;(n ‘%opﬁ%m %%55}1383? % .51 (s,
1H), 0. 30 He,2H), &:2%(d7 JHZ,5 Hiz, I—1)H) 80&(}; 2H), 488)4.857/(NBIH) 1380 (3, 3HB374 (ds 3 Hz,
1H) 7. 24J=ggdql.|z gF).2.6, 9.5, 10.8 Hz, 1H), 7.12-7.00 (m 1H), 5.44 35(dd, J

.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. 1(Exanmple (bm 1H), 1.60-1.48 (m 1H), 1.33 (d, J = 6.9 Hz, 3H).

Ex I d |, ut f-18.0 ) .) in 54 nm
ot o e ki Y TR ROF of et ARSI AL ot (1" %%q)
was dddedesating the sotution wascancedtaté€dl. Tidthe sesiduej ©61 Was tojuead wak laydenmided to
t f t H '

b ov] ded R weS Lores Rt *?83%9&6“ gy ialend Bl b %é{ 00 bz
DVBO- d6) 87 _9(9f g‘@ %Ammo-bueanfﬂ ) were ggideq gnd tbﬁ)fmxtwezmaswestﬁ( P 99
22217( éG( Q) stibdgt at 90 €t6f062%81 érm co]abantra&dz FoIneresidle, 1169 L oi‘qtolﬁcz;r'lé]waé1 ( m 1H)

ooy 8 b wad garconagal The e yap getaeis 3 Auf and 128 175,
( rn ﬂlﬁ) Llof ZHQlchnd vashéd Witz x 1389)L of Bk@mThe oiganitJayexsowgeeodbineiand a process
for Pr enabitdnited 1o e (G 31sb/i\ cFORPAUIduck AR o gROONYCr AL e for

of conpoun |sso utlo oun 1.0 e in 600

m. of THEDWE?‘eQ of\ﬁ%ﬁaéﬁ't'?'BOfZT) 89\, oBELOAC, ﬁ!@t@ntw@ﬁhmwvlmab%tw( EJOG‘Ceq ) was

ﬁdded t_cl)_;hheryﬁfglwu.dya 335 lyeof BbmpeUirR g/\(@g%%ﬂga ik Gy std | room terr})e[ra}:ur e for 2
ours a 0 wat er

sol ution %Mgbdj@%‘ régglf)vﬁiéjéﬁl{"hg“éﬂ @37égé'ﬁ'd3'ﬁhﬁ11dl(‘?y’ TbRd1A i oni ng.

provi2@ed 280647y dof = ZSrhmaH) 513(d(SroNn0RHL ke 57281 L 1C.oMzpUAKI 513, 93%

yield) a?dcﬁﬁ@’éteaé Hz, 4 BRI (h, 7 A7 90d % = 3.9, 13.5 Hz, 1H), 4.00-3.86

" (m, 3H) 223—206(m 1H), 148(ddd J=24,45,13.8 Hz, 1H), 1.30 (d, J = 6.9 Hz, 3H).

' Example 1 _

25 To aslurry 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 addmon of .
1.26 L of H,0, the mixture was stirred for 30 min. After addition of 5.38 L of H,O and °
aging of the mixture at 10 °C for 30 min and at 5 °C for 1 h, filtration, washing with 1.33 L
of cold H,O and drying provided 362 g of compound 10 (89% yield) as a crystal.

30 H NMR(300 MHz, CDCl;) d 7.69-7.63 (m, 2H) 7.59 (s, 1H), 7.38-7.24 (m, 3H), 5.33 (d, J
=10.2 Hz, 1H), 525(d J= 99Hz 1H), 512(dd J=3.9,5.7 Hz, 1H), 505-490(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=24,
45,141 Hz, 1H), 1.31 (d, J= 6.9 Hz, 3H).

35 . Example 1]
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To a slurry of 2000 g of compound 1(1.0 eq.) in 14.0 L of MeCN were added
2848 g of benzyl brom de(1l.05 eq.) and 2630 g of K2CO3(1l.2 eqg.). The

m xture vwae 28to/i068d at 80 C for 5 h and cooled to 13C. Pceaispitvada2nas
filtered and washed with 5.0 L of MeCN. The 30 filtrate was concentrated

. |
concant r 86y Hibon AR Bodafe, LRGN 23R% STamBBIMHETRRE3. 348 1 per
puri fi catmlo®f I-P&Nﬁi@@rﬁﬂ )214/\&§\Lu2fé7d$-dlﬂu0tr¢henndamns(t1€ﬁmq NaadM\VE 300 M—Iz CDClI 3)
6 7.60 ((i:d(iﬂph-).,@o% ﬁ) in ék@ mL%f 6M7sc%g£§%turr'ég%at 9° @l})r%%h JAﬂe?cZolfﬁB 5.17

(s, 2H, crude corrpound 2 was
added 5. 8’89%9“6%9 Wﬁﬁrﬁ"afﬁe am’. ya%’aﬁdu‘('tho‘w e sf %B@Pé'&?' t Bfterggdiion of W3 L e 1.0 ™
<2)f hL |t Bhi It HYOkING 670 MBI AEOE to\thefifirate) the m@hﬁ@%ﬁﬁwmémwm@d% @rg ggw sef for
o 0 0 - en o
benzal deﬁsfr’&gﬁég %@ 3)% "ﬁ' %Brﬁfdgl?e ﬁ‘ﬁ@%\%'?y%[d@éc?xg?de‘gwﬂégﬂae he r egct i on

m Xt ure Ac@iEs Heougatic lagds Gefeoconibiried ahld @oriddintratel UTo the residugydao ed. afnt o a

m xture piépcéﬂalf)vasogdd%&@ﬁd H 'munﬁre]\ﬁas%oﬂﬁ%dtr%?ed%‘éé cgﬂ%lr_\%f ?goanL%FzEt OAc at

| ess than organi c layer rrne (twce)
and t he @Eﬂi’éb‘@lscqnmf@t'%ffo@mrt@% &l and fitrat®nogugle grystetal sempaund dovasi ned

or ganpc lBmes. Aﬁé@.ézsemﬁ&n&frtﬁé &dde &9sthiR 38D LYY Seetdndy Healihg,t Ol uene was
rOV|de t ol uene sl urr. of ‘conpound 3. 10

added and concentr %%n g_l}t

Fi I.trati GFFCR) ‘§Pﬁaﬁ3t%e? the Lt%‘f' TeAngeRtEAtes feftes Addign AT 280 it Ar ded 955 g

of conpot@H onderiatiore bddifiancofi 160 rpLoaf IEOH. ) coaseriratitry, Sbéling ahdHfi INMR(rBOO VHz,

CDCI 3) 6 0 8 = 5 7 Hz
) 87u g%r)égi T‘]cowpair?d Hﬁyaé‘@tﬂg{d Af% %Tgépﬁflohzowrﬁ? t?uo?é r%gd in 450 = 4.8

9 0 Hz mlbof agetone 'Qxd@?atlug thepsaiution avas cpizcentm)ed ?oswereddue Jsem, c82- 14 1 Hz,

1H). 155 pFopaRd Was 38delPard tﬁ@}rﬁkttdrgWa@%o&%gtrﬁe@ftwﬁeﬁpwgoghné Lifhe€d.) in 8.82
L of THE we e dded 4165‘8 of Et 3N nd 4 et hanesul f onyl

g.)
chl ori de(®8'%*® d"a)tmatW?S& "‘f'tﬁgrP'SBar@' af}SH%'PQ EE?HPF?' ﬁﬁglg(ﬂfcempﬂf@aﬁpear ance of
corrpound(&%ﬁélﬁ)aﬂaafystNVP and 1167 g of DBU(2.8 20 eq.). were added to the

t 14 | t ti L X ’ d f 30
i e MRS il G0 0 R0y Sz SR%: 3. PSSR 18, B e ) 3%5nd Che
or gani ¢ 7#&def2494m, %&m%(m 2HY 6.30 (dfJ 2909Mtir2 SOBAPS (Af L BAOZdizc L r at i on of
the op gaeusé;oawera 9, ‘bﬂﬂiz |4H?f5 é@h@@gﬁ 4%@?&@ 254 thhﬂ-l)mt BHYEL RS

concentr gt ree time hexane, "t he m xt ur e
was cool &0 h“'i)c‘bo%ﬁ’f’h‘/ ﬁrq t’?&t"fzoﬁH) Mé’h@ ﬁ@‘%%"ﬁ %34‘11 867m. 1. 1 ane and

dryi ng p(dadj led.4/86, tn.oHzCTHIPO.BBM, 4 {(BAMUzY3H9l d) as a crystal. 1H NWVR(300
Mz, CDCI3) 6.7.69 (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) . ~ Example 1k '

. 25 Under hydrogen atmosphere, a mixture of 28.0 g of compound 11(1.0 eq.) and 5.6 g of
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
mixture was stirred for 1.5 h under hydrogen atmosphere. After Pd-C was filtered and
washed with 150 mL of CHCly/MeOH(9/1), the filtrate was concentrated. After dissolution .
30 of the residue in 1.38 'I, of EtOH by heating, the solution was gradually cooled to room
temperature. After filtration, the filtrate was concentrated and cooled. Filtratibn, washing
with EtOH and drying provided 21.2 g of compound 12 (92% yield) as a crystal. | ‘ .
H NMR(300 MHz, DMSO-ds) 6 12.51 (s, 1H), 10.36 (t, J=5.7 Hz, 1 H), 8.50 (s, 1H), 7.39
' ‘ (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
35 (dd,J=3.9, 5.7A Hz,'1H), 4.90-4.70 (m, 1H), 4.65—4.50 (m, 1H), 4.54 (d, J = 5.1 Hz, 2H),

21



Exanmple 3d 30 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 Wedomessisari c acid, and 15.5 g of Nal ai was addedTfuseoodobesd2 at 20
C. After aging for 1 h, organic and aqueous | ayers were separated and

aqueous | S X d Y. e 0 | ayer. was
exract ed g%i‘?’ﬁy%sg’oﬁggﬁ %ﬁ?’ﬁgér%%é)g?éﬁ-@'njdg%?ga;’ﬁnc11*’:%9?)5?\%#8' cohbi ned. 6
mL of 5% 1489031 3Bi(d/ 88 HeddBd to t he conbi ned organic |ayer and the
| ayers were separated. The organic |ayer was adjusted to pH 6.0 by adding
4.0g of 2M NaCOH sol ution and the aqueous | ayer was separated. After 60 nL
of 5% Natee®redlluti on and 257ng of TEMPO was added, 25.9 g of NaClO -
g 8I«_ut iffn Af@saiamﬂt dnbp18.0§ of @aﬁﬁd@a 12i(Xb gag ina5t4 rﬁﬁtoﬁEtblH by Reating! f&llovied ed I 08
mn.to check reac S i shed. r e |layers were separated,
225 orvaeters 488 o st adlan LOri urs aideeid tis BuialFath Bepar ar od.
The aquecalitibrayas gradisalig xodled odolm t&bpdratafe. Ailfchtionawashirepeitre@lerdl 0fl2% 5 H2SO4
was adde 4 i ) (AT m xture was cool ed
fo s AR ROEAThIRS b forfioyid sosll veld Apebel T\ (M2 TR, FErea:
washed wi HINMRR(3AQ Mbkz, MEErdel Q18 Z08tnd =@:Q/ldz) 1HD. 1BDISI ). B.49-530(m.citipound 5
(70%1yi el7hs-296 qmCIRyS ¥.86-6.98 (M ,?@@Mﬁé,(m%;a)s7ﬁ1.'74(?1§1@9},4.511 @, P=7 Hz,
1H), 7.5 -7.4%? 40-7. di = 5.6
(brs, 1H>4Hz.2¢).

rQS 7. m. 3H), 6.48 ;d, J=5.7 Hz, 1H),
(435-%ph (MBE% A 3d-a izl ) 6195880 ¢MotHledRPound 5
(1.0 eq. )3.7(ch, 48Y, 20p0ei .73 (AT H)p1.a4-003NEn, HHP-1B40(d( 2=5.9949z,)3H)n 1.53 L of EtOH
was: stirred at 65 Cfor 1 h and at 80 *C for 6 h. After addition of 18.8.g
of 3- Am no-propane-1,2-diol (0.1 eqg.) in 200 nL of EtOH, the m xture was
stirred &xampledoC for 1 h. After addition of 18.8 g of

3- ani'Ro- F@palad mshpwgiagirogegs for geeppratian oftbe aystelinge@ppountdd 3wkichie was

stirred aonBRydratt Srm cHhpoundfiser cooling and addition of 509 nL of -H20,
the m xture was concentrated. To the residue, 2.54 L of H20 and 2.54 L of

AcCEt were added. After separation, the aqueous |ayer was washed with 1.02
L of Et OAdter dissotutien afts®gl sf ¢camypaiund 23 (130 £q.pin 608 nLsef THR-Watepstldiong@2pdded at

| ess tha o [ t wnblltration. washing with

1.53 L o?Yégl <(Sj: Wa%’?%&%@ﬁgd gr?(g?/ 'Lﬁ%%ugg%‘?ﬂ?o%%uﬁ‘& rg'%é%\@/?syi eld) as a

crystfl . stiredairgantempegatureies@ heglys. 6T e, periRitgtionwasTlillgradz waghing with 07, 2 (m

SH) . 6. 4G (6l THEwaterSoltfion #3), 150 I of BriF. Hiring 4t 85 € dhd(Himidity)conditicting © £m

é:(_Da’erﬁ ésgfo(/%gc’i 38.Z>g4o'f %bm%gdn% 1'5% ’(m%rll_gﬁyd?a'tezfz&rg g? éorﬁ]pBur6|d (1)3, 9]3("% )ﬁely)z as al -T2
crystal. '

25 Example 3

. Example 3a ' o
To a slurry 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,CO3(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
30  filtrate was concentrated and 3.0 L of THF was added to the residue. The THF solution
was concentrated to give 3585 g of crude compound 2 as oil. Without further purification,
compound 2 was used in the next step. | ’
'H NMR(300 MHz, CDCls) 8 7.60 (d, J = 5.7 Hz, 1H), 7.4-7.3 (m, 5H), 6.37 (d, J=5.7 Hz,
1H), 5.17 (s, 2H), 2.09 (s, 3H). |
35
Example 3b
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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.woeqioyoesasd t he mi xture was stirred at room t enperaisesos/oban2 4 h.
After cooling to 5 C 1.71 L of 2N HCl 30 and 1.15 L of 20% NaCl ag were

added 10 ¥6g0dh f e Enidl b AWlas a5l daeem%réﬁatrt@év cg&tgﬁ%%gglg?

Filtration, washin
conpound ¥ ©85% ?rogllo‘)f 1M of é'ﬂwmaIS(tnmetth(a@m)e)MHFM@qd@yas@daegg (d, J=

7- 5 HZ, l#fopwige 462 taghdé’alutiﬁh%f ccﬁnp%%né@ata]@o °G. JT] Hé?\ a%‘lﬂtion%f 369 ¢ J= 5.4 ~
Hz, g H6 % %d J= 1H), 4,83 (t, J=
5.7 Hz gﬁ"za'g ’é"f’ef]h?deq in 890 L i od B at $078 a(f‘é' ‘h%ﬁfct'% "7'6‘“(% 3=

9.0, 1&. Awil agetitdt 6B *Gor 3 h5 The MHF1Sd)utiod wdd pduré@dinfda midt)re 081.261.3f14 (m 1H).

ot o ConF S, 14 g flued P 87 O RIS b "t ok ke et

the rangewdevarhed with 2@ 1tLoof brige (wcebandttheaqms lager wasmmetedvaﬂh 8t98rired for 1

hour, pr e@fla@oAat ehé/@:‘ina‘.dédto:r‘jga?ﬁi: naJé?§wE+é éoﬁéé}&r%te\&a%?ﬁéj@ﬂ%e L& 5p! ution of
11.8 g scor bi ¢ aci um sa ter an 2SO4. After
the m xt u‘f’@euﬁg’aiaqf’@éﬁf‘f’&?wnt@sﬁﬂwwg) P@f@/'@ tolueng slugy @frvomnasmq %g with H20

and dt0/i njitratiany wastingl ®ittD0.90 Qfog;:@md mjdagdg%ﬁgﬁ%edbggg gac&g%&j(nal 5H. 6,33
NVR( 30 = m

(15 AP @4%5&"5@@9%’%% ?dzaﬁ‘“{?’ Sl 5.08 (s, 2H), 4.95-4.85 (m

1H), 3. 80HNMREAP MHz, EDCHYS 7H21d5/ 4 5AHz, :u-n) 79522@1 ¢0Kh6 A81td,xtus.Z8 of 10.0 g

t [ 3 g of
?}‘?)Cgﬁ'lg\%uﬁ&i@&%@%%%% ‘i‘lllﬂ's%‘?g"ﬁf 1 39199 )ngé ;‘fggtﬂ gmd 2o

After the'tss P?sg’étfﬁr?%1ﬁt1ﬁfze1'ah§8§t(f"?r)/€d4§t14915*' r 9 hours, the reaction

m xtuts%e was cooled to -5 C and filtered. The wet crystal was washed and-
dryed t o Exawple83c3 g of conpound 9 (78% . XRD data: 1H NVR(300 MHz, CDCI3) 6
7. 70- 7. 58 o(asoldtidh of F82deforbomd 3 BH) eq.Yin1BEXL, of FHF7wéreldade®dd6 g 6 47 (d, J=

2ocan 32y e 50 a0d gofRebalfbdifhonghclly.§ &) ekl S0 M 372
1H), 4. ocoRfimgtionef disappeapancs.of corapqund 31 40 mi oBNMPcaid, 11§Eg of PBUR.S, 13.8 Hz,
1H), 2b. 3@q()averd added o tHe reatibn mb¥@ERE Rssthan 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 4

organic layer was washed with 1.76 L of 2% Na,SO;aq. 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

25 177 L of hexane-and drying provided 780 g of compound 4 (94% yield) as a crystal.

" 'H NMR(300 MHz, CDCl) § 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).

Example 3d
30 To a mixture of 10.0 g of compound 4 and 13.6 mg of RuCls-nH,0O in 95 mL of MeCN and

10 mL of water, mixture of 155mL of water, 7.2 g of hydrosulfuric acid, and 15.5 g of
NalO, was added for 2.5 h at 20 °C. After aging for 1 h, ofganic and aquéous layers wereA
separated and aqueous layer was exracted by 30mL of ethyl acetate. Aqueous layer was
- exracted again by 30mL of ethyl acetate and organic layers were combined. 6 mL of 5%
35 . NaHSO3 solution was added to the combined organic layer and the layers were
separated. The organic layer was adjustéd to pH 6.0 by adding 4.0g of 2M NéOH solution
and the aqueous layer was separated. After 60 mL of 5% NaHCO; solution and‘257mg of
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To slurry of 5.7 g of NBSin 26.5 g of dichloronmethane was added 10 g of
conpound 9 in 25 92.8 g of dichloronethane at roomtenperature. After thr
reacti on woxbiuwessssas stirred for 6.5h, the reaction m xpgraseas/ecded to
t he sol ution of 2.0g Na2S03 and 40.3 g of water. The organic |ayer was

concent r of PQus fedzE o R Npchy sBllon fdcuedle e eSS VAL 808 10 -5

and filt efeeth ermjstlrrhéfqméommrtyshedk theneeavtionivess finistied! rAftledthe daygrsmeeré0. 3 g- of

g_ﬁbﬁpogngB al(a?e%%& 5@!9 oiybwgééggow i@r@of%ﬁf@&g%@ § g}\% 2H), 97H§9 ( |S_|)

5.12 (dd, SeRa*asedgTh%a@ePﬁs laygqwasmexasted by @Omiqof AsPEL ang sspar(atmi 121% 3.9, 13.2
Hz, 1H), K,507 was38ddd¥b thdfeactidn Aixtdrelft 26"’@:fe"r'"ﬂnan&ﬂf’e9n1§<ﬂj‘i'élwas]coo?ed"to54 5, 14.1

,. 1H), . Under car bon nono- OXI de
at rms;l)heré‘ iéerfjrﬁé(f"m‘geﬁ‘f’s E%'k%’ fgp%qm@oﬁgd'ﬂ H’el s fiftgreggwahe it NBmL af>. 8 g of
2,4-difl umtemwmzynhamyae fo (F8&Eder. 7@‘ oflédmﬁ&nﬂdz (ao% ylel® a8 adrystald-

bi s(di phe hos hi no) but ane_in DVA was stirred at 85C for 4 h.
Aft er cooP'ngR(:’? MEZH COGD A T-6% (‘?nJX‘t ér@"ﬁd@d@%e‘& EhEH0f 38-726 (.t ur e

was used IDr6.Aid JstSepHz.d H3, b Girs, ACDEE31 892K). g of water and 3 ng of seed
cryst® were added to the reaction mixture at 40 C. After stirring for
7mn, 29.8kaphpefzgnat er was added and cooled to roomtenperature. The crystal

vas 11t ormtas orsovy “‘%@3‘5}@““ O e 8 i e S (D ba) 6
c u 9 crysta , A

10. 40 (tg ,ec‘)‘j: g%gﬁﬁgﬂt as%‘o g% ‘?i@'q “73’%‘ ?05%(%6%4%“9’?"‘2@"70 f24 (m

5H), 6.7888 gdf Z(-Amlnﬁmlﬂ)qpaﬁea(?-@d(o Jeq) 0.200 InH, of BtOH, the Afixt(e,was stirddat? HZ

1H) v 1% 1%0( é‘%r 1]h Af?ér%ddéor? of%ga &§933 g‘ﬁm%%o aﬁg-agral(aéb_h' \?9?6“6%00( '3 %

4 02- 3 8@(‘9{' t?ﬂ)mxﬂzewfﬂw 2trR0 °CHipr 301MiBO After eheling and-adgition of5G) mufl Hz
1H), 1. 33#,0dthe Mixturé- whstddncentisted EYe W r%SIaéfe 2@&(1_9& Hpdna%e 2 ere, a
m xture of 4ﬁ€d %eﬁynd 11 and 0 g 0% wet 5% Pd-C in. 67.6 nL of
THE and Y6 190t ratir. the. aqyepys laye Bvaﬁ “@Fh%‘t’i‘h WP2 bof BQACurTe of 15
80ny of ReHBRBowsIdyeR, DOiL of1msulfuruedcuwataehdm5atae$dmhdm"Ulegi»@&,wstém

m xt ype a eci

11t 20 B orhind B0 |iin athh St ey SpBH bl iR ERBL R Tl o 1

11. 97g. APWB?Uf‘QtﬁiﬁﬁﬁV@'d?@Eamsﬁlhanol and 33.6nmL of puri f| ed wat er over |h,

r eSCEjI on "HINKMR{BE0 MRS, msbfbg) 6 ?625@./ =Flab if&aiﬂgoﬁ 5-7'\@%93 ¥y t gglﬁt OH
an ryi oun Cr S a
NIVR( 30% %zﬂ*’o)ézéﬁﬁjég‘) és?fg 3tk 6 (%Z'E'éls 3(3t8 (ddJ %4. ? 1‘&8 Hz, ‘Mj) 8.50(s,’

1H), 7392(7t(d|dJJ=:68.1'D8I623HI)iz 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 H, 1H), 4.90-4.70 (m 1H),

465 50(m1H) 4.54 (d, J = 5.1 Hz, 2H)
Example 3f .

To a slurry of 576 g of compound 6 (1.0 eq.: 5 8% of Hzo was contalned) 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 cboling to 5 °C, 1.71 L of 2N HCI
.30 and1.15L of 20% NaClaq were added to the mixture at less than 10 °C to give crystal of
compound 7. Filtration, washing with 1.73 L of Hzo and drying provided 507 g of
'compound 7 (89% yield) as a crystal.
H NMR(300 MHz, DMSO—ds) 5759 (d, J=7.5 Hz, 1H), 7.40-7.28 (m, 5H), 6.28 (d,J=
7.5 Hz, 1H), 5.21 (d, }J,= 5.4 Hz, 1H), 5.12 (d, J = 10.8 Hz, 1H), 5.07 (d, J = 10.8 Hz, 1H),
35 4.83(t J=5.7Hz, 1H), 3.97 (dd, J = 2.4, 14.1 Hz, 1H), 3.79 (s, 3H), 3.70 (dd, J = 9.0,
14.4 H;, 1H), 3.65-3.50 (m, 1H), 3.40-3.28 (m, 1H), 3.26-3.14 (m, 1H).
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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). 25 Exanple
31 After wosmasgisen of 18.0 g of conmpound 12 (1.0 eq.) pcm/usdoooioosab2 Et OH by
heating, followed by filtration, 21.5 nL of 2N NaOHaqg. (1.0 eq.) was added
to the sqhyppRigat 80 C. The Sol ution was gradually cooled-to room

t enper at ok miciukd 665, ofeeﬁﬁbuﬁw 0 &Y. Y8R 7000 g w?éénEtaQHxﬁrgiof%yﬁLn& provi ded

18.8 g of compound 13 9% vyield st al I_ti’ﬁ éﬁ) DMSO-d6) 6

10. 70 (t, ZQrHBQG’fﬁzsoﬁﬂd117g/%9'd 04!’%‘“‘#’40‘"?‘3@9% twg 17'Pt2’5147C16 (m

1H), 7f ngﬂﬁr &2 réaéﬂlorihi)xturéwaesﬁréhgoggho&gbrealﬁt_aﬁgwés fiiterddm héﬁﬂeratévﬁi (() c51 3J 93
) e 616 5unen of 1.0 3 gl atid oo St o o g ates SR sl pr 057" 0

J H-IbSOB IA)‘ter 1G]] nﬁppawﬁsmnemﬂatadn@bdlmgmsS 0% Gliratian, peskingiwih AQures 1 -7

are as fahkQ d&gf&imyé ﬁ‘%é Ngﬁ)gggg,g?@pon Pattern The

|t|ons use

measur i ng co wer e me as general netrology for the X-ray
powder d|HfNWBOQ)MHpaDMSOde&aSGr(d:mn?sdtisd:lﬁ) Bad-T.80 (AT 6H) e Pk e

Phar miCOI@QﬂHﬁ 2H) fé Br@t =24 2, an),-5.0e@s2M), mgsamsqnawﬁ 3.0 (R, TTRA, I}
Met h 1ﬂ90éﬁ5|t|on condi tions were as foll ows. Masurenent Mt hod:

paral | eI beam net Hod Tube anode: Cu 10 Radiation: Cu Ka

Example 3h
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 dlglyme and 1.0 g of acetic acnd,at 60°C. After the
15  reaction mixture was stirred at95°C for9 houis, 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%).
XRD data:
'H NMR(300 MHz, CDCl;) & 7.70—7.58 (m,-2H), 7.40-7.24 (m, 3H), 7.14 (d, /= 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
20 (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 3i
To slurry of 5.7 gof NBS in 26 5 g of dichloromethane was added 10 g of compound 9 in

25 928 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 Na2S03 and 40.3 g of water;
The organic layer was washed with dilutéd 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%).'

30 'H NMR(300 MHz, CDCl;) 6 7.69-7.63 (m, 2H), 7.59 (s, 1H), 7.38-7.24 (m, 3H),5.33(d, J
=10.2 Hz, 1H), 6.25 (d, J = 9.9 Hz, 1H), 6.12 (dd, J = 3.9, 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, /= 6.9 Hz, 3H).

35  Example 3j

Under carbon mono-oxide atmosphere, a mixture of 25.0 g of compound 10; 11.6g of i-
ProNEt, 12.8 g of 2,4—diﬂuorobenzylamin'e; 335 mg of Pd(OAc); and 1.9 g of 1,4-
bis(diphenylphosphino)butane in 188 mL of DMA was stirred at 85°C for 4 h. After cooling,



Generator current: 300 mA Generator tension: 50 kV The sanpl e was prepared

on an al um num waf er Angle of incidence: 4and 40 15 Measurenent of infrared
spect r oscwpyormsbassi s The acqui sition conditions used fecTwse@oasssnl | ows.

Measuri ng apparatus FT/1R-4200typeA (by JASCO Corporation) 20 Met hods

hod:, Al flect th | ut 4
(om 1) DICERBIon RS davisR pag 100 ShBhirpues Siedlpladf sfbrmogel
sol i d- st #cOEL,G.INMI vigtercind 3 ridnof smdtctystﬂmmddbd mthechacsmn"ugnddneacr 0SS
pol ari zatjoop m'sﬁmﬁgﬂr%nﬁrp '2?;& g& v&a%or/wwo‘%d ley}g rc?o?rg{éhfpgutg ari an NVR

conditi ons were as I'ng ap ar r
Syst ens (Ti‘PI crystah wanbiltered. gggormﬂcmeramemd gvas@%? 39 Efmtha@l togive thad

Spect al gidrdbipodhaid3sshs, Weldfaddicsjstdion Time: 0. 04s
'H NMR(300 MHz, CDC!;) 6 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 =
- 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
10 (ddd, J=24,4.5, 14.1 Hz, 1H), 1.33 (d, J = 7.2 Hz, 3H). : .

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
15  80mg of NaHSO; and 2.0mL of purified water was added to the reaction mixture and the
. 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. Filtration, wééhing with
_ 26.9mL of EtOH and drying providéd 2.33 g of compound 12 (82% yield) as a.crystal.
20  '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
" (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 = 69Hz 3H).

25

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
SOIution' waslgrédually cooled to room terﬁ'perature Filtration, waéh‘ing with 80 mL of

30 EtOH and drylng provided 18 8 g of compound 13 (99% yield) as a crystal.
'H NMR(300 MHz, DMSO-d;) 5 10.70 (t, J = 6.0 Hz, 1H), 7.89 (s, 1H), 7.40-7.30 (m, 1H)
7.25-7.16 (m, 1H), 7.06-6.98 (m, 1H), 5.22-5.12 (m, 1H), 4.87-4.74 (m, 1H), 4.51(d, J =
5.4 Hz, 2H), 4.35-4.25 (m, 1H), 4.16 (dd, J = 1.8, 14.1 Hz, 1H), 4.05-3.90 (m, 1H), 3.86—
3.74 (m, 1H), 2.00-1.72 (m, 1H), 1.44-1.32 (m, 1H), 1.24 (d, J = 6.9 Hz, 3H).

35 '
Apparatus and conditions used to generate Figures 1 — 7 are as fqllow)vs: '
Measurement of X-ray Powder Diffraction Pattern
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35 Recycle Delay: 10s Contact Tine: 3nms External standard: adamantane

(met hyne c. arbon: 38. 52ppm Tenperature : 10 MAS rate: 20kHz 5 Exanple A The
st arti ng waterowmb2sef Exanple A is conpound 8, which is ipdenisc@aloodse2 f or mul a
(la). Thus, Exanple A depicts a process in providing an intermedi ate for

t he conp r A Bdénﬂ% ZZ-2 at
page 237(3@? %\%E%% 66/6% %4“3'? gh%}rl% tﬁls%gﬁlaﬁﬂbé&m%%loég férh X%EP 1[ ter

di ssol ut {9fiacipn patiery meagrement deseribed gngbadaramesa Pbaraecwqe@ @ﬂwtm of MeOH
by heati mgitiohhhe sol ution was concentrated. To the residue, 1.66 L of MeCN,
5.72 m AcOH(0. 1 .) and 82.6 g of (S)-2-Am no-propan-1-01(1.1 eq.)
wer e add v a ure was heated to 70 C, stirred at 70 C for 4 h and
concelt r RINUTTRaIlt he residue, 1.67 L of 2-propanol was added and the

m xture WRsh&Rncent rat ed (twice). After .cooling 20 of the residue,
f||trat|crn—wash| ng with 500 nL of - cold 2-propanol and drying provided 167
g of corrﬂ'baradqtﬂstthr@wmrel\'@reasziiomsystaI 28 1H NMR(300 MHz, CDCl3) 6

1o 0% 7, Suucgiefichs dingd odral vt iethoq O 53 (d) I= 7.2, 1), 5, 46(d, J= 10.5
Hz, 1H),523 (d, J= , 5.20 (dd, J= 3.9, 9.6 Hz, 1H), 4.46-
4.34 (m TfPﬁa"%’e?ﬁ"(dd J— 6 6 8 7 Hz, 1H). 4.14 (dd, J= 3.9, 12.3 H,

1H), 18. 7Radiddon: & 12.3 Hz, 1H), 3. 62 (dd, J= 6.9, 8.7 Hz, 1H), 1.38 (d,
J=6.3 le, Ab To slurry of 156 g of conpound 14 (1.0 eq.) in
780 mL H?;elﬁﬁfg}?/\/ﬁg"%%% .6 g of NBS(1.1 eq.) and the m xture was stirred
at room tG@np@IttaﬁQnswnfiﬁk\Q 5 h. The reaction mixture was added to 3.12 L of
H20. Fi | hakhfpe widHRipArdYntdh dluflinkmAardi20 and drying :

Angle of incidence: 4°and 40° -

15 . ,
Measurement of infrared spectroscopy analysis

The acquisition conditions used for were as follows.
Measuring apparatus |
- FT/IR-4200typeA (by JASCO Corporatlon)
. 20 Methods -
' Measurement method: ATR (Attenuated total reflection) method
Resolution: 4 (cm-1)
Detector: DLATGS
Accumulation: 32 times .

25
Measurement of solid-state 3C NMR spectra
The spectrum was obtained using the cross polarization maglc angle-spinning (CP/MAS)
method. The acquisition conditions were as follows. -
Measuring apparatus
30 . Spectrometer: Varian NMR Systems (1H frequency 599.8MHz)
Methods
Probe: 3.2mm T3 HX Probe
~ Spectral width: 43103.4 Hz
Acquisition Time: 0.04s

35 .Recycie Delay: 10s
Contact Time: 3ms
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10 provided 163 g of conpound 15 (84% vyield) as a crystal. 1H NWVR( 300
MHz, DMSO-d6) 6 8.37 (s, 1H), 7.55-7.50 (m 2H), 7.42-7.25 (m 3H), 5.34
(dd, J= 3w6,208v@@siiz, 1H), 5.18 (d, J= 10.8 Hz, 1H), 5. 0®ctas2dm/006a2d Hz,
1H), 4.53 (dd, J= 3.6, 12.0 Hz, 1H), 4.40-4.20 (m 2H), 3.99 (dd, J= 9.9,
11.7 Hz, d 7 J= 6.3 Hz, 3H). 15"
Exanpl e AC y %J%taﬁé?irgjb%dr?m]r%hagne %g%e &ZmO%%%?@pmi m xture of 163 g of
corrpound Tempetatgeedd), 163 ni of |-Pr2NEt(2 5 eq.), 68.4 nL of

4-di f 1 ygaobaeaykas ne(1.5 eq.) and 22.5 g of Pd(PPh3)4(0.05 eq.) in 816
m_ of DVMSO was stirred at 90 C for 7 h. After cooling, 20 renoval of
precipitate, washing with 50 nL of DMSO and addition of 11.3 g of
Pd( PPIs3) ExaniptbAaeq. ), the reaction mxture was stirred at 90 C for 2 h
under carbon nono-oxi de atnosphere again. After cooling, renoval of
precipitate and addition of 2.0 L of AcOEt and 2.0 L of H20, the organic
| ayer washhestntig matelhalbf Exdmpid A I\Edrifoaqd 8 amttchlis @enticH td-B6nyla (a)x Ehusand t he

aqueous | ers were
conbi ned ETéﬁ%@'rbconc ?&%sgé}%wgﬁngqe?* h%qnaq%kdrr(t)rm "8; ﬂﬂbﬁo%ﬁt%?r esi.due
provi ded Pelow whigyis Gﬁ@fﬁ?ﬁg tathe omp@widy4Ze2 afpags 236aﬁW012¢0ﬁm©m3100 BHan CDCl 3)
610. 3% (tyoheset@.3 Hz, 1H), 8.39 (s, 1H), 7.75-7.25 (m 7H), 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),. 450425(m 3H), 3.86 (dd, J= 9.9,
12.3 Hz, 1H), 303.66 (dd, J= 6. 9, 8.4 Hz, 1H), 1.39 (d, J= 6.0 Hz, 3H).
Exanpl e Ad Un opdr ogen at m)'sphere a m'xture of 1849 of conpound 16(1.0

eq.) and 36. § gljof %Pd- C §H31 loBafO THE and 0.37 L of MeOH was stirred
for 3 h. Afternfi i CHIRN (Pd CNeswashing with
THF/ NEOH(EH ndoaddi ti on 'g\f 36. 8 Y Pd-T—The m xture was stirred

for 20 m n under ghydrogen at;@r@spher efJ filtration of

precipitat e(gﬂ- C) and washing with THFHVEbH( 9/1), the filtrate was
concentrated. After 200 nL of AcOEt was added to the residue, filtration
af forded crude solid of conpound 17. The precipitates were conbi ned and
extracted W igg,4 O L of C13/ MeOH(5/1). AftemBnconciagtratl on of the -

CHC13/ Me0OH s Iut on and NH,0NFQf 256 mo o A o the 5residue,
filtration prae”sol i d- of pound |17,
conbi ned g, \ N cmeHscHzNHz

r tftdéS/is.zoI ids were
Pd(PPh3),, CO

ONa O

@Q/ N’/g NaOHagq./EtOH F\@F/H O _ N/g
X N\/l\ A | N X N\/A\O
18 ° l

Examp]e Aa
15 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 residué, 1.66 L of MeCN, 572 mL 6f
A AcOH(0.1 eq.) and 82.6 g of ('S)-2-Amino-propan-1 -0l(1.1 eq.) were added and the
mixture was heated to 70 °C, stirred at 70 °C for 4 h and concentrated. To the residue,
_ A 1.67 L of 2-propanol was added and the mixture was cdncentrated (twice). After cooling
20 ‘of the residue, filtration, washing with 500 mL of cold 2-propanol and drying provided 167

- g of compound 14 (52% yield) as a crystal. -
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and dissolved in 8.2 L of MeCNNH20(9/1) by heating. After filtration, the
filtrate was concentrated. To the residue, 1.5 L of EtOH was added and the
m xt ure wae 20mneerssrated (three times). After cooling ofcrhms2emesicoe,
filtration and drying provided 132 g of conpound 17 (88%yield) as a

o "1ty SRtV Bk 7 a7 S o) osf g Fad B Sy eBs apd= b 27,5
9 4, 10 62-461(d) J =7A051HZ; 101}, 533 (d1Hy 102 H¥Q 16K G, 201dd:J4=a_9 946 Hz, 1-Hi),43151} 4.89

|(-|gfj J = 44342(,m W3 ﬁz(ddlﬂ664855-lz§qu) 313 (@dO/J‘Eg 23 Hz“ll—f}o?_&é’ﬂjg 1= ?dg, ? 6

6.7, 8 6 9r~&1gﬁ-\)’z WS §A§2((Hd Jj= 6.968 HZ|Z1HB|1})38@.5/=E§§I'FBF 3He After dissolution
of 16.50 g of conpound 17 (1.0 eq.) in 2.56 L of EtOH and 0.64 L of H20 by
heat i ng, éx%m P\Aﬂg by filtration, 39 nL of 1IN NaOHag. (1.0 eq.) was added to
t he sol utlonpa 5 C. The solution was gradually cooled to room

terrper at Uosslurfyi df 15619 iobenmpomsth il 4 ¢1.0/ey . in2ZBOGKL ofINMP whs GtitieeB.6lg wf ng provi ded

610 7% OfN@W%gr)%nc}ﬁw(%é@ey\L;g%%}r a%t Ig&i'{ tgéﬁ)%]atu?&géyw %rg/‘glbﬁgw?%g?%
1H, 7. O-fmgtu%/vqs,ﬁddgqi.ﬁo 3.2 bef I(lzja jra&org wgshingwith 819 L of H.O and ggyirgdd, J 3.8,
12.°1 16z, pidvided463 Y of Bompound 14 (8% %H) aséc?@taf’r 20 (m 2H) 3 75 (dd J_

100,12 s e RatE o s 7, Examl e

n(g‘e?'f') 5412 Fr&f’ HPt?"(')g@ﬁ“l n place
of oxygeridd, i =23.6,\8-DHz, 1H)H 18kl J erid:f ldz, alhi)eﬂ eiefdy de 10GUHA aHE At 530Wd,an= osni um

oxidatio | t L on of
the T nvert a2® Dl 8 4BRkz0 (Mt o 8710 3 -G8 T Tl VeaTed SRe by

sol ut i on H3f 1o AB8 (o 8.2 81283, 110 mml) sel ene di oxide (24:4 g, 220 mml)
was added. The reaction m xture was stirred for 13 hours at 140 C5 wth
renmovi ng wat er by Dean-Stark trap. Insoluble particles were renoved by
filtrati 6f°BPB&S cooling, and sol vent was evaporated. Tol ene was added to

t he resi dinderarathopmaeamopixidetatrmosphiers, hiniktareas 163 § of éﬁ‘nﬁp@nn@ PHCEO LG AteN i N
(hcsane MSTEETNENERIRY Bnf f8 SRS AT TS 20T |,
oi l. Pd(PPh3)4(0 05eq.)in 816 mL of DMSO was stlrred at 90 °C for 7 h. After cooling, - _
- 20 removal of precipitate, washing with 50 mL of DMSO and addition of 11.3 g of
Pd(PPh3)4(O.0'25 eq.), the reaction mixture was stirred at 90 °C for 2 h under carbon
mono-oxide atmosphére again. After cdoling, removal of precipitate and _éddition of 20L
of AcOEt and 2.0 L of H,0, the organic layer was washed with 1.0 L of 1N HClaq. and 1.0
L of H,O (twice) and the aqueous layer was extracted with 1.0 L of AcOEt. The organic
25 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, CDCl,) 6 10.38 (t, J = 6.3 Hz, 1H), 8.39 (s, 1H), 7.75-7.25 (m, 7H)
6.90-6.70 (m, 2H), 5.43 (d, J=102 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),
30  3.66 (dd, J=6.9, 8.4 Hz, 1H), 1.39 (d, J = 6.0 Hz, 3H).

Example Ad .
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
- 35 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 ‘ |
29



101H- NMR (CDCI 3) 6: 5.51(2H, s), 6.50(1H, d, J=5.4Hz), 7.36(5H, s),
7.75(1H, d, J=5.4Hz), 9.88(1H, s). Exanple Bb |oan ice cool ed aqueous (465
m ) sol utworroofosszsdi um chl orite (38.4 g, 424 mmol) and egirfsme/cecer (54. 9
g, 566 mmol ), acetone (465 m) solution of conpound B (46.5 g, 202 5 mmol)

was addegredipitate(Fy-0) AdWaShiNg withtTHFMEO 1@1) 4Be RitrBidl Rk Bhcdrd@tad! euRer at ur e.
I.ng.acetone in vaccuo, re coIIected b f||trat|on

Af ter v e i tat es
and washado el ACGE Ewampdiied Tehe sesidhe. titrplip afiopled spisle Sl of qomip
colorles a‘herppa;tpabtes Md%dﬂ(ﬂ@l%@nd@:)drﬁitecﬁmﬂra{ GHof SHCIJM&IQ(ISH) dfterJ=5. 6Hz) ,

7.33-7. 4%8 centr not?theoé M H‘] tIQJ‘l—% a&?ﬁ’tlonE)f oPRcO q hanol (17 m
grcenpr MEQHDLA Bl adiion hZBEInE o Aot la i

sol ution oan ol (69 m)
suspefsi oesidife, t‘ﬂtnatmlaffdrd@d cude 2olig oftomnmﬂd)ﬂ tﬂhenntdheomsmme eomhbinedt i r r ed
for 4.5 Qﬁ&"&és&weoﬁﬂ 8@ @SFMJ(SN/H d@Pl%? héétm35Aﬁer fﬁ%nbh‘%&fﬂ%t%@varseaﬁ ion

m xture, 2N ¥ drochloric aci Ice were precipitates were

col | ect e§oRgenirated, 29 lf@r{es'@m&m HPHyes dded %ha@"é'ﬂ%‘fﬁsess crystal .

é 18 i gl\/g(zm( #ate8 (thrée Jifded) . AfleF Edoling oﬂﬁéi ?é;;gzu%) fi It;ﬁlgg 61715 g??{ga#bvrlg@d 132
7.48-7.5% éﬁf’mﬁ?dm??g%%}pqe'dﬂaéafwafag 7. 6Hz) 8.11(1H brs). 20 Exanple Bd
To anOacét OWR(BD0 WHEIBSOG) G152 133, IH) o10-Ulpon 1 HB) (1488085, 160, ol ).

1,8- di az, degobi% ‘éd)l]ii'qgl‘écfdiﬂﬁg@ 56509, 10:'(9%H 1)—7%ﬁ'gm )h§§ gi 0di de

(18.2 g, he 'm Xt'ure tirre hour s at

room t enﬂé’r dtf- b. 104 Mz AHL 3. .88 (ddof af2nlp- %b'lzvﬁﬁt" 5% Hb‘/r‘&@ HE@%%“BW ified by
silica gedd, geless.ehs qmt@mmxm( i), aroof(ad, M= 101211k, hH) Gemednd=E (14. 2

g, 93% ai ne I oI|d 1H-NI\/R(CDCI3) 6: 3.75(3H, s),

4. 40( 2H, \é’?agﬁ-ﬁg ﬂn-&qﬁ igzcé . 5.29(2H, s), 5.81- 5.94(1H 1y,

6.62018H, d, J=7. 5Hz) 7. 27 7. 42( 6H, n'). 30 Exanpl e Be :
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,0
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

20 80 mL of EtOH and drying provided 13.5 g of cdmpound 18 (80% yield) as a crystal.

"H NMR(300 MHz, DMSO-dg) 6 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,
12.1 Hz, 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).

25
4 Example B

. 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,
30 this example is not a bromination of the invention.
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To a diethyl ether (390 m) solution of conpound E (13.3 g, 44 mmol),

pot assi um osmate(VI) di hydrate (1.62 g, 4.4 mmol) and sodi um net aperi odat e
(28.1 g, wd20ormmmwklsswer e added. The mixture was stirred Por/iRB2&ohoses at
roomtenperature and precipitates were collected by filtrati.on. Collected
solid was digggl ved in chlorof get et hanol and 35i I ubl e particles were

filtered aff ncentration.injva gﬁ%@otrud pr Eé |9f conpound F
(14.3 g). YR ( BRBO d6) s 31 3.87 (2H, t, J=
4. 4Hz), 4. aH, ddgpH=11.7; Hz) , 5ai|~.éto.(e2H 31 (1H, d, J= 7.5

Hz), 6.78 ((1H, d, J="6.6 Hz), 33740"(ng n, 4 (1H, d, J—75Hz) 5
Exanpl e Bf To chl orof orm (108 ) and net hanol (12 ) solution of conpound
F (11.7 g, crude product), 3-am nopropanol (2.77g, 36.9 mmpol), and. acetic
acid (1.2 m) were addedOBnd t he m x e was stir9BM for 90 minutes at 70
C. After copméntfat | Ho, yg,em due €OiMed by silica gel

col um chr-esst-egraphy (chI roforml_cce.Lha.n.oI und G 10(8. 48 g, 72%
for 2 stepsiomas obtain Msoal or | eMeCRr yat aI 13) 6:
1.54-1.64(1H, n), 1.85-2p01(1H, m, 3.00(1H, dt, £=3.6, 12.9Hz), 3.74(1H,
dt, J=2.7, 12.3Hz), 3.93(1H, dd, J=5.1, 13.5Hz), 4.07-4.21(2H, m, -
4.63-4.69(1H, m, 4.94(1H t, J=4.8Hz), 5.25(2H dd, J=10.2, 24.6Hz),
6.56(1H, - d, J=7.5Hz), 9B®R2- 7 38(5H p), 7.63-0HBEO2H, nm). 15 Exanple Bg To
acetic .aci oh Bs i YO comef HeMnpoun@HG O nol ), acetic acid
(31 M) s of ro ine (1._44c9H 28.0 1) ed dropwisely
during 15 ragwoit es. e\luure Vescis stirred forx heu)F‘@ roomtenperature.
Af t er addi tH,0n of 5%a S sodMéusiqZO hydrogen su|fite (8 m), 2N sodium
hydr oxi de (500nml) was edPNg opwi sely during 20 mnutes. Precipitates were
collected by filtration and washed with m xture of dichl oronethane and

di i sopropyl ether. Conpound H (6.02 g, 79% was obtained as colorless
crystal . Br, 1H NVR( DVS@R®Q 6: 1.55- ZNﬁ BNes- 12(1H, dt, J=3.0,

12. 3Hz), .3.8A¢AM3 dt, . . % 05()1H rr) 4.20-4.26(1H, m,
4. 40- 4. 46(2H—m+ 5. 03( 2 . 15h- 17(1H n)pd(ip6314 .40(3H, m,
7.56-7.58(2HAcOH, 8. 3%\r npl-e—Bh :

o

DMSO

Example Ba .

To a bromobenzene (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 hoﬁrs at 140 °C

5 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
precipitétes were filtered off. After concentration in vaccuo, the residue was purified by
silica gel column chromatography (hexane / ethyl acetate). Compound B (16.5 g, 65%)
was obtained as yellow oil.
10 'H-NMR (CDCl3) 6: 5.51(2H, s), 6. 50(1H d, J= 5 4Hz) 7. 36(5H s), 7.75(1H, d, J= 5. 4Hz),.
9.88(1H, s).
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To dinethyl sulfoxide (1.42 m) solution of conmpound H (71 ng, 0.175 nmol)
and 30tetrakis(triphenyl phosphi ne) pal I adi un{0) (25 ng, 0.035 mol),

4-f 1 uor obwoz2yio/msisae (0.06 m, 0.525 mmmol) and di i sopropygi/mmmeod2 15 m ,
0.875 mml ) were added, then the m xture was stirred under carbon nonoxi de
at nosphere for 5 hours at 80 C. After cooling, saturated aqueous ammoni um
chl ori de was added and the m xture was extracted with ethyl acetate.
The extre&xamn&st/vashed with water and dried with anhydrous sodi um

35sul f at &, aﬁ% "%ﬁe&ﬁﬁ%@ﬂl solu}({c?rlcif%?dlﬁm h PF‘B (;agﬁ' dH§4 }Q@fol)%éo' fied wth

silica gel ronato ace npound |
(74.5 sum amdﬁ%%geﬁﬁﬁémn@!)s ageibm (468 snicsojusipn of commmk@tbﬂ@é)gdzm 6:

i 4512 g‘g}ﬁrg wiH addad HHg ate]rﬁiﬁt%% wm stirred 3} 4% n%ﬁ&t&"at rm)m témp&atupe QﬁérlH ”)

2H
7.32- 7.4 3‘(‘[‘9"%&9”"? "Bga"?”%@(%?“aﬁ(we@ ?Pi'("‘itﬂ’ b%?'"a‘)BE'aWHI"@SEe‘EV&'E Ffé%l s of
met hylh 5-viaiter NCorgolb Y42 8Yy, 86%NWadiybtaiyd 84 Edidriesé ch¥@t. 3- b
10 en D Il 1ibrium
e RO ot Fa gk S HRY LS RE YRS okt bl 2ot on
of a conPsdhbz)l6 as shown above in Exanple 1 (of formula (VI)), including a
br om: @atlon at the Rx position, to yield final products 20 and 15 21 (of

formJIa 1)). Such conpounds with Br at the Rx position can be reacted as
i n .ExanplE¥@meleBéd 2 to add the R2- X-NR -C(0)- si dechai n.

An ethanol (17 ml) solution of allylamine (13.2g 231 mmol) was added to an ethanol (69
ml) suspension of compound C (17.2 g, 70 mmol), then the mixture was stirred for 4.5
hours at 50 °C and for 3 hours at 75 °C. To the cooled reaction mixture, 2N hydrochloric -

15  acid and ice were added and precipitates were collected by filtration. Compound D was
obtained as colorless crystal.
'H-NMR(CDCl3) 8: 4.37(2H, brs), 4.95(2H, s), 5.26-5.39(2H, m), 5.81-5.94(1H, m),
6.32(1H, dd, J=0.8, 7.2Hz), 7.29-7. 37(3H m), 7.48-7.51(2H, m), 799(1H dd, J=0.8,

_ 7.6Hz), 8.11(1H, brs):

20
Example Bd _ ,
To an acetonitrile (146 ml) suspension of compound D (14.6 g, 51 mmol), 1,8- 4
diazabicyco[5.4.0Jundec-7-ene (15.5 g, 102 mmol) and rriethyl iodide (18.2 g, 128 mmol)
were added and the mixture was stirred for 15 hours at room temperature. After

25  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(CDCl3) &: 3.75(3H, s), 4.40(2H, d, J=5.7Hz), 5.16-5.35(2H, m), 5.29(2H, s), 5.81-
5.94(1H, m), 6.62(1H, d, J=7.5Hz), 7.27-7.42(6H, m).

30 Example Be
| To a diethyl ether (390 mi) 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)
were addéd. 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

35 insoluble particles were filtered off. Concentration in vaccuo gave crude product of

~ compound F (14.3 g).
| 32



2021 20 Exanple Ca Met hyl

1- (2, 3-di hydr oxypropyl) - 4- oxo- 3-[ (phenyl net hyl ) oxy] - 1, 4- di hydr o- 2-
pyri di necwolzomydesdse 67 A reactor was charged with PCT/US2009/006422
1- (2, 3-di hydroxypropyl) - 4- oxo- 3-[ ( phenyl net hyl ) oxy] - 1, 4-

O o M OSB! B B Sl B T e A B,

thi s was Jatitiedt.@8iz)t5Kd (2H, SNNEB 1 H, 8,z Tb M) 6F8\(dH, dsth= B16ddiz) aN83-7d0per at: ure
brought sulfate (2.34 kg, 18.30 nol) was added

dr opw se vi'a %’%ag%“g'ddtu P?J“n el to the reaction mxture over 1-3 hours
keepi ng the tenperature at 28-33 C. The slurry was agitated at this

t enpegat ghempeisr14 h. When deened conplete, the reaction mxture was cool ed
to 5 Cor_ 10 bel ow and the m xture was neutralized to FH 6 by t he addition
of HCl (38fhierotm ((83,mhiaad methanslyd2 gilsolulian giomRreundt ét -7 9741496 eact i on

vessel \A@ﬁodsb@\&am.ﬁmoml (@778, 3829 mnaﬁ)%rhfadéec S6d ut.2 o) vepep@derichnaf 8. 7 kg

NaCl , dei oni ter and at. a_npexi oum tenperat ure
of 10 ¢ Wity et BrbE ordihy s Al PpedndButin Sl RgARRS
filteredwansderfieddysiine geldoluve obedmtamamdcmrbfmrrmsmegwanbl) danpoune & vvat er two
timesg lpg 48§, Wfo?QEL?s)R&é% Qmé@ea}&’ﬁdr@% &#at%S 55 C under vacuum unti |
esire -

const ant V\BI was o al ne uct mnet hg
1- (2, 3-di' Nﬁy@ﬁabgﬂ 54-3.6861 . m), 1.85-2.01(1H, m) 3.00(1H, dt, J=3.6, 12.9Hz),
Rpheny| met7ayin, ax y$2.1, 12 3HA) 911 -daly D454 ﬂ@%{zbmﬁtﬂzﬁ WRs 63 egmad as a

o83 AN L S L s (a0

H, 5. 237(36(5HJ"19E BeA7BBR2HLMY) , 5.10 (Abg, 20J = 10 8 Hz, , 4.85 (m 1
H, 3598 (dd, J = 14.3, 2.4 Hz, 1 H, 3.79 (s, H)370(dd J = 14. 3,
9.0 Hz, 1 H, 3.58 (m 1 H), 323(m 1 H. ExarrpIer Met hyl

5- br ono- Ex3mpi8 Bgj hydr oxypr opy1l) - 4- oxo- 3- [ ( phenyl net hypoxy] - 1, 4- di hydr o- 2-
25pyr i di meaastie@xidl (88 AY) solutidrPof compound G- (6.1 g, 18.7 mmol), acetic acid (31 ml)

- solution of bromine (1.44 ml, 28.0 mmol) was added dropwisely during 15 minuﬁes. The
‘mixture was stirred for 3 hours at room temperature. After addition of 5% aqueous sodium
20 hydrogen sulfite (8 ml), 2N sodium hydroxide (500ml) was added drobwise_ly 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
- colorless crystal. :
'H-NMR(DMSO-dj) 5: 1. 55-1 .74(2H, m), 3.12(1H, dt, J=3.0, 12. 3Hz) 3.84(1H, dt, J=2. 7
25  11. 7Hz), 4.00-4.05(1H, m), 4.204. 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).

Example Bh
To dimethyl sulfoxide (1.42 ml) solutlon of compound H (71 mg, 0.175 mmol) and
30 tetrakis(triphenylphosphine)palladium(0) (25 mg, 0.035 mmol), 4-fluorobenzy! amine (0.06
mi, 0.525 mmol) and diisopropyl amine (0.15 ml, 0.875 mmol) were added, then the
mixture was sfirred under carbon monoxide atmosphere for 5 hours at 80 °C. After
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
'35  sulfate. Solvent was removed in vaccuo and the residue was purified with silica gel
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A reactor was charged with (3.759 kg, 11.27 nol) of nethyl

1- (2, 3-di hydr oxypropyl) - 4- oxo3-[ (phenyl net hyl ) oxy] - 1, 4- di hydr o- 2- pyri di neca
r boxyl at ew®d 2armh68338 L of DMF. To this 5 agitated m xtureTAS2008/080Q82 was
added N-bronosuccinimde (2.220 kg, 12.47 nol) over 20 minutes via a powder

f I hi ime |
than 196 el ECHorh a8 By CHYFctie PERRESH, SompbudedYi7d8 s pBLRS wor ked up
in hal f nbtaimegastpplogess ¢rysjalt o 10 C and added an ice/water mxture (12 kg
ice in 35Hkrwﬁ€tm§b%9% %Teelf%(ﬁii‘%)t B‘%o-rﬂ ) 181 S 8803 at(ﬂir‘:ﬁ@ gphen filtered.

Thi s was “r,&) second corbi ned filter
cake was Héd“lnﬂi“ﬁ“‘l@@“ (S‘F) WaP@H. §)n§ 29{1|Heti Jr?rgﬁz)védéﬂrﬂ%z)émn)t 6381 ovi de

4. 033 skg 40(srthy 7.56-7B0p2R); §.81@HdEydr oxypr opy1) - 4-

0x0- 3- Rphenyl nmet hypoxyl - 1, 4- di hydr o- 2- pyri di necar boxyl ate 19 (91 6% as an
of f-white powder of 99. 2% HPLC purity. 1H NVR(300 MHz, Methanol-d,$) 6 8.21
(s, 1 H ,Example€.33 (m 5 H), 5.16 (s, 2 H, 4.17 (dd', J=14.3, 2.4 Hz, 1
H, 3.90 (dd, J =14.3, 9.0 Hz, 1 H, 153.81 (s, 3 H, 3.78(m 1), 3.52
(dd, J=11.3, 4.8 Hz, 1 H, 3.41 (dd, J=11.3, 6.3 Hz, 1 H. Exanple Cc
Met hyl Synthesis of methyl 5-bromo-1- [2-hydroxy-2 (methyloxy)ethyl]—4—oxo—3—

5- br oygo- :[(bzemétﬂmbxa {Mhmfb@xﬁ&}l&hwi x?l‘a% @q‘b(uiﬂ?aﬁ%.{mwy' )oxy] -1, 4-
20di hydr o- 2- é)py di necar boxylate (in equilibriumwth the correspondi ng

al dehyde)comesponding aldehydg} a5 char ged with sodi um periodate (1.67 kg, 7.8
nol) and 44 L of deionized 25 water. To the agltat ed m xture was added 8.5
K amper a1 el R Efl il of o BEkispehyf Ak W ekintfd " ©

(2, 3- di hyldeldegmiapi,)indudingr Bw[fﬂqﬂﬂelmyﬂtheﬁhym)ﬂmyp-ﬂelwfﬁmhl breducts 20 pyd i di necar

boxylsgt € 21 of(fé’rmlv% (k)Q,Su@h @&nﬁ@lnhsmlﬁsﬁaﬂﬁa‘ﬂ%osﬁ%ﬂ'c%hg@ é&%s in The m xture
was allo ng t lurry was stirre fr 6 h. A sanple was
noni t or e XB'VP'TW Iﬁf\‘)ﬂzzé‘?lﬁd%'l'?ﬁ\ﬁe‘d( NR&CEO)ypidesBlar ance of starting material .

The m xture was filtered and the cake washed with 20 kg of deionized water.
This was repeated until a negative starch/iodide paper result was obtained
(4X20 'L vgis 88%. The soli ¢ d/rled ingv e moven at 45-55 C to

provi de oH ___ —_— o~

5- br ono- 1- di hydr oxyet hy¥N¥- oxo- 3-[ (p t hyl ) oxy] - 1, 4- di hydr o- 2-
pyri di necarb #© 20 (2: 176, @8% as a m'xcé Mmith the correspondi ng
al dehyde 1Q T0orm 21. Purity Was determined to B 99.5% by HPLC. 1H NWVR(300

MHz, acetone d6) 6 8.12 (s, 1 H), 7.49-7.30(m 16 H), 5.56 (dd, J= 6.0, 2.4
H, 11, 523 (m 1H, 520 (s, 2K, 3.97(d J=51H, 2H, 3.87 (s,
3 H). Exanple 2 15Met hy98 B

5- ({[(2, 4-di f| uoroph& phyl ] arf? gyonyl) - 142- hydr oxy- 2- ( et hyl oxy) et
hyl F 4- oxo- 3- T('p‘rTEnyd | ) oxy] -4 ydro- 2- pyri di necarboxylate (in
equillibriumw th the corrlespondi ng al dehyde) Thi s Exanpl e shows a

reaction of a conpound BOofOHormula (11)@ith one of (111) in step i) 20
and a refunctionalization step ii) of conpounds of formula (V) (conpounds
22, 23, 24 and 25) in pfbducing compBunds of formula (1). WD

2010/ 068253PCT/ US2009/ 006422

20 Example Ca
Methyl 1-(2,3-dihydroxypropyl)-4-oxo-3-[(phenylmethyl)oxy]-1,4-dihydro-2-
pyridinecarboxylate



22 232425 2627 Exanpl e 2a
5142, 2- Bi s(net hyl oxy) et hy1l1- 4- oxo- 3-[ ( phenyl net hypoxy] - 1, 4-di hydr o- 2- pyri di
necar boxywocosaies2ss 22 To a flask (1 L) charged wi th 5@QTrds2ab/oesabydr ous
et hanol was added 49.2g (0.2 nol) of 10
4- oxo- 3-[ (phenyl poxy] - 4H pyr an-@ggar boxylic acid 5. The suspension was
slowly heated 4 o Jo5-Jp0C before ad@ ' of
2- am no- acet al -dHet hyl a .1% 0.8 nole). The reaction was
t hen brought up'$%oNG5 C and further red for 18 hours. The sol vent was
renoved under reduce Igssure to produge $22-Bis(methyloxy)ethyll-4-
0x0- 3-[ (phenyl net H® 1, 4- di hydr oH2 py¥i di necar boxylic acid 22 (crude)
as brown oil, 15which was used for the7 next step directly.

6

A reactor was charged with 1-(2,3-dihydroxypropyl)-4-oxo-3-[(phenylmethyl)oxy}-1,4-
dihydro-2-pyridinecarboxylic acid 6 (4.30_2 kg, 13.47 mol) followed by charging with _
5 NaHCO; (1.69 kg, 20.09 mol) and 242 g of deionized water. To this was added 21.4 kg of
.NMP and the mixture was stirred and temperature_brought to 28-35 °C. Dimethyl sulfate
- (2.34 kg, 18.30 mol) was added dropwise via an addition funnel to the reaction mixture
over 1-3 hours keeping the temperature at 28-33 °C. The slurry was agitafed at this
'temperature for 14 h. When deemed complete, the reaction mixture was cooled to 5 °C or
10 - below and the mixture was neutralized to pH 6 by the addition of HCI (561 mL of conc
HClin 2806 g of deionized water). The reaction vessel was slowly charged with cold 20% »
brine solution composed of 8.7 kg NaCl, 20 kg of deionized water and 14.8 kg ofice ata
-_maximum temperature of 10 °C. The mixture was agitated at 0-10 °C for 2.5 h. The slurryv
. was filtered under vacuum and the cake washed with 15 kg of deionized water two times.
15  The wet solid product was dried at 45-55 °C under vacuum until constant weight was
obtalned The desired product methyl 1-(2, 3-d|hydroxypropyl)-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-d¢) 6 7.60 (d, J =
-7.5Hz, 1 H), 7.36 (m, 5 H), 6.28 (d, J = 7.5 Hz, 1 H), 5.23 (d, J = 5.4 Hz, 1 H), 5.10 (Abq,
20 J=10.8Hz, 2H),4.85(m, 1H),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

Methyl 5-bromo-1-(2,3-dihydroxypropyl)-4-oxo-3-[(phenylmethyl)oxy]-1,4-dihydro-2-
25 pyridinecarboxylate.

35



38 Exanple 2b Met hyl

142, 2- bi s( et hyI oxy) et hyl] - 4- oxo- 3- Rphenyl net hypox 1, 4-di hydr o- 2-

pyri di nec¥PB8I) sé 23 Crude v1- PCT/US>2/009/006422

142, 2- bi s( et hyI oxy) et hyl1l- 4- oxo- 3-[ (phenyl net hypoxy] - 1, 4- di hydr o- 2-

pyri di necarboxylic ggj ¢y 22 obtained as a was ‘di ssolved in DWF (500 ni).
To this 10 sol utsc'}o wa added NaHCO3( 50. 6 nol e). The suspensi on was
stirred vigorou @ mechani c_st -CH3l in TBME (2.0 M 300
mL) was i ntroducedsbw.addition Tunfel N30 m nutes. After addition, the
reaction was stirred oJerni ght at roB enpPerature. The reaction m xture
was then diluted V\A% (-1.5L) and @Hth water and brine. The
organi c | ayer was dried over anhydrous Na2sO4. Evaporation of 15sol vents
gave net hyl

142, 2- bi s(met hyl oxy) efhy1] - 4- oxo- 3-[ (phenyiBnet hypoxy] 1, 4-di hydro-

2- pyri di necarboxyl ate 23 as brown oi I, which was used d| rectly for the next
step. Exanpl e 2c - Met hyl -

142, 2- bi K rattbyWaxhatiedywith-(3.759 k) a-2¥-matpof 3ndtiiyd h R Bidigtiioxygropyt4-txed- di hydr o
2- 20pyrg[gplc§1réeqarﬁ9w®%¥€ s-ﬂ{yé?flz pynd%e‘;ér%éhaa‘?&“f'aﬂé?‘?g g\ 3fhbl\ﬁ’F “P&t‘ﬂ%“' c stirrer

wer e char
5 agitated mixture at 18-20 °C was added N-bromosuccinimide (2.220 kg, 12.47 mol) over -

20 minutes via a powder funnel. The resultant mixture was stirred at rt for 16 h. At this

time less than 1% of starting material was present by HPLC. The mixture was worked up
in half batches by ceoling to 10 °C -and added an ice/water mixture (12 kg ice in 35 kg
deionized water) and the mixture was agitated, then ﬁltered This was repeated for the
10  second half of the batch The combined filter cake was washed with 14 L of water and
, dired in a vaccum oven to provide 4.033 kg of methyl 5-bromo-1 (2,3—d|hydroxypropyl)-4—
oxo-3-[(phenylmethyl)oxy]-1,4-dihydro-2-pyridinecarboxylate 19 (91.6%) as an off-white
powder of 99.2% HPLC purity. 'H NMR(300 MHz, Methanol-d,) & 8.21 (s, 1 H), 7.41-7.33
_(m, 5H),5.16 (s, 2 H), 4;17 (dd, J = 14.3, 2.4 Hz, 1 H), 3.90 (dd, J = 14.3, 9.0 Hz, 1 H),
15 3.81(s,3 H),-3.78 (m, 1),3.52(dd, J=11.3, 4.8 Hz, 1 H), 3.41 (dd, J = 11.3, 6.3 Hz, 1
H).

Example Cc
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 BnQ -~ QBn
O 0" N0 Y o7
L — + N
e rae S
"
HO OH HO” “OH 0
21
19 ' 20

A reactor was charged with sodium periodate (1.67 kg, 7.8 mol) and 44 L of deionized
25 water. To the agitated mixture was added 8.5 kg of ice. This was stirred until all the ice
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bi s( met hyl oxy) et hyl ] - 4- oxo- 3-[ (phenyl net hyl ) oxy] - 1, 4-di hydr o- 2- pyri di necarb
oxyl at e 2ABoas10Abs1bt ai ned above and 500 nmL of di chl or ometCimarse009/dessehi s
flask was added NBS (30 g, 0.17nole) portion-w se. The reaction was stirred
at room te%{paéat ure until its con‘gl etiagn_39 &IITDI’]I tored by TLC, -6 hours).
The i xt Jf Bd fhedmixiyrq temesratire wagi énForodhis aﬁéd%eﬁd"%aﬂﬁéamm% NaHCO3
(sls) The2, exdg@mo&ymbp;s)ea,o-lms gpmaﬂlm?ﬁ)omaxmhm&qr@nau@@w@ym@mﬁof (t h_eI |
sol vent s uct vvas ri.fie | um_ ¢ argr silca
gel , Et 0#&&; C%égragg vn? 8 pg}/v]ds Pltlliﬂnep 19% ure wasalowe E aqmatgry

142, 2- bi Snathershirgxyasestimgd for 36 I drgambleowas Gonired by 'H NMR and showed the

h I b ‘
PGS b M IO A i o
7.7 (s, X9 }qj elqmggd(vyﬁterz Tinis was rgpgated untiba gegalive stargj/iodidespgper resulyyvas 4 4 (s, 1
H) | g izgﬂtalnba )%d‘i_zwaa'leb'p ,The. s%lldzszwerg dh&d in& vhccdr® ovéh d1a5-95CcNB ( MrHH) !
calc e
42 2- bt SRR 5raomy THEBrEealRa P Sphenyes bRy ARSI bony 1) - 4

- OX 03 [ ( mlmduyécaﬂiohyatem](z 176lkglisA%)noa mmynewdthnm:wrtnqurngealdéwaé 15 A

pressygr e s 1
P ?%bl S s h ﬁ@/}«et th)é g?m §§§ by HRLC. 'H NMR(300 MHz, acetone-de) &
Rpheny| Bt 1) bk, 748 a0 Fh a)od. 36 fik va.%@a« tiosyH)ab23 fm. { B).5@20 (882 ol ) |

2, 4- d|flmoggb@jnz;elsafmflq H)33.89(s,34)> nmol ), K3PO4 (9.45g, 45mmol),
Pd(OCOCF3)2 (398ny, 1.2 mmol ), Xant ophos (694ny, 1.2 mmol) and tol uene (200

mL). The nixture was purged 20 by CO (4X) before being heated to 100 C for
22 hour s Exanlele O at nosphere (60psi). After ‘cool ed down to the room

t enpgeat f ed W th

et onc> st p{fiz i eFontEhriehiineicalvony ARG ey ARG )

col um cHrQ%ﬁét[ﬂ@‘ﬁB)ﬂW?th(ﬂ)@WH A-4lihygeet2- pﬂvmeam@wm(nmewtyenmwm 1Iher d net hyl
142, 2- corresponding aldehyde)

bi s( met hyl oxy) et hy1] - ({[(2 4-di fl uor ophenyOnet hyl ] am no} car bonyl ) - 4- oxo- 3
- 25 [(phenyl net hyl ) oxy] - 1, 4- di hydr o- 2- pyri di necar boxyl ate 25 as a Ilght

br own oi This€ExZmpleGheds a iddclidviof(adddthpliad 5 GHbREE ORMitH bné op(lllmlriﬁeﬂ p(m 1 H),

‘?:g‘. %ﬁ’ 11n oncﬁ vgéf%at%n %ﬁbﬁco&%@aﬂd’s ofi r@%ﬁz(%) @opbp%u%, ?( %g ig)w4 6 (d

6 H). LC%B"PM#HPWQ cerapatndsafformtisd). 517. 30 Exarrpl e 2e

2010/ 068253PCT/ US2009/ 006422 Met hyl -

5-ffl (2, 4-difluorophenyOret hyl j am nol car bonyl) 142- hydr oxy- 2- (met hyl oxy) et h
yl']- 4-oxo0-3-[(phenyl net hyl ) oxy] -1, 4-di hydro- 2- pyri di necarbm ate (in

equi libriumw th the correspondi ng al dehyde)
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MeO OWe 25 Met hyl

142, 2- bi s( et hyl oxy) et hyl] -5- (([ (2, 4-di fl uor ophenyOnet hyl j am no} car bonyl ) -4
- 0x03- [ ( phenyiomssisgl ) oxy] - 1, 4- di hydr o- 2- pyri di necar boxylpatras2&9dcs2t g )
was treated with 90% formc acid (250 nL) at 40 C for -12 hours (nonitored
by LC-MS). After the solvents were evaporated at <40 C, the residue was
re-dissolved in Et0Ac (- 1L) and the resulting 10 solution was washed with
NaHCO3 and br The organi ¢ phase was ggaen dried over Na2SO4. After

evapor at i bMetltIed § 26 and 27 were obtained as an
appr oxi mat e (80 0 equ W| um M XTure Ll 579) . “TM"NMVR (400 MHz, DMBO-c16)
5 PPm 10. 3 ( 1H) 9. 47 aldehyde- ) .2 H)), 84(m 1 H, 7.3 (s, 6
D 72m A 0 m L 63 (mugsthoyd: L (s, S H). 48 (m 1K,
4.5 (m 3H 3.9 (m 2H, 38(s H'€9 152 for 26 (MrH+), cal cd

503, obsd 503; for 27 (NHH20+H+) cal d 489 obsd 489. Exanple CC

(4as, 13aR) - %( ,4-Di f1 uorophenyl ) met hyl1] - 10- hydr oxy- §gl L- di oxo- 2, 3, 4a, 5, 9,
11, 13, 13aR00 ydro- 1H p)brl 2 a] pyrrgd oll' 22" o3 I d/azo[ 1, 2-cl pyr azi
ne-8-carb €0” Ex H

(4aS, 13aR) - ono- 10- Rp hypoxyl , 3, N3 exahydr o1H pyri do[

1,2-a]pyrrol o[ 11, 21: 3, 4] i m dazo]l1, 2- cApyraZ| ne 9 lo-diongd (DD). A reactor
was 5 char gé¢On OMe[(ZR) 2- fVe@o el V> nyl'net hyl Janmi ne (M¥5 % and 4.6 L of
DMF was added followed by 0.45 kg of glacial acefic acid. Acetonitrile
(41.4 L) was? hen added and %he m xture was agitated for 15 minutes. To the
reaction m xture was added >t yl 5- Bn

brono-1- (2, 2- d| roxlyet yl -0x0- 3- [ (phenyl getg ppXxy
pyri di necar boxy %(‘,HB
t enper at ur e, the ~’ the brom de

“Softer stit fLpF YZ0NM

S heated at
starting material was cghsuned by HPLC anal ysis gabout) 6 hrs). Upon
conpl etion, the nixture waMe@ooPld until the refluz &ubsided and then
char ged vvith 6.9 L of nethanol and the m xture was heated at reflux for
about 45 minutes thenrscooled to 15 C and filgered and dried to provide
(4aS, 13aR) - 8-
br ono- 10- [ (phenyl et hyl ) oxy] - 2, 3, 4a, 5, 13, 13a- hexahydr o- 1H pyri do[ 1, 2-
15a] pyrr &xahple23: 3, 4] i m dazo[ 1, 2-cfj pyrazi ne-9, 11-dione (1.93 kg, 78% as a
whi t egsoli

;1 4- di hydr o- 2-
tes at anbi ent

[9 2- B) s(mea_| yloxy)ethyl]—4-oxo—3—[(phenylmethyl)oxy]—1 4-dihydro-2- pyndmecarboxyhc

acid
)Bn Q BnOQ
o)
S OH H N/YOMe — O “OH
S OMe ' x Nl
5. . - ~ MeO” “OMe
22

~ Toaflask (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'’s. The suspension was slowly
heated to 55~60 °C before addition of 2-amino-acefalde_hyde—dimethylacetal (84.1g, 0.8
mole). The reaction was then brought up to 65 _°C and further stirred for 18 hours. The
solvent was (emoved under reduce'd pressure to produce 1-{2,2-Bis(methyloxy)ethyl}-4-
. oxo-3-{(phenylmethyl)oxy}-1,4-dihydro-2-pyridinecarboxylic acid 22 (crude) aé brown oil,
15  which was uéed for the next step directly.
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NVR (300 MHz, DMSO-d6) 5 ppm8.65 (m 1 H), 7.54 (m 2 H, 7.33 (m 3 H),
5.15 (d, 1 H), 4.99 (d, 1 H, 460(m 1 H, 436 (m 1 H, 403 (m 1H,
3.90 (m WoMpro/@sHB3 (m 1 H), 3.06-2.84 (m 3 H), 1.92-pcestono/odosbd .
20Exampl e CCh: (4aS, 13aR)-N-[ (2, 4-Di fl uor ophenyOrnet hyl]-9, 11-di oxo- 10-

[ (phenyl met hypoxy] - 2, 3, 4a, 5, 9, 11, 13, 13a- oct ahydr o- 1H pyri do[ 1, 2-

a] pyrrol o[ 1 ',21:3,4]i mdazo[ 1, 2-c] pyrazi ne- 8- car boxam de. A reaction
vessel aperzred with

(4aS, 13a - a 5,13 13a- hexahydro-1 H
pyri do[ 1, ‘5‘[‘ J? rg[ﬁ'si’[gﬁ%'g"ﬁ%x %g"i@%'}yg"f‘%]‘ﬁ&?@zﬁiﬁﬂ%@? ~di one (1.4 kg),
2, 4- dlflwodlmmvlam ne (705 g) Huni gs base (1.4L), dppf (60 g) and DWVSO
(12'L)5. The m xture was degassed with high purity nitrogen 4 tinmes. To this
m xture was added palladium (11) trifluoroacetate (18 g) in DVSO (2L). The
m xture was agai n dega98ef 3 5 tines w t@8n§ gh purity nitrogen and then
purged with CO 3 ti dref t_u unde. g+ atnosphere of CO The

m xture was heat ed atl 8 C under 45 psi until the reaction appeared
conplete by HPLC (24 h s))] The mixture Was )cooled to rt and slowy
transferred to an ice pdgmMigueLf amoni ugrehteme de. The m xture was filtered
and washed with water and |sopropanol The residue was recrystallized from
i sopropanol to provide 22

10(4aS, 13aR)-N-[(2,4-Di f uorophenyl)rret hyll 9, 11- di oxo- 10- [(phenyl met hyl ) ox

y]-
2, 3, 4a, 5,@udel1-232- a.a(aaew@medf Jdiom/['(ﬂjﬂiﬂ{llﬂne%y%ﬂliﬂ 4Cdildio-22' - 3, 4] i m dazo[ 1,

2-d f th th
[ quor T U EREPRIS AR 23 Biatied e doous wiisrstdn DMFYEMIET 50 ke desi r ed
produét isalutivrewamardatd NaHCBR2 B0bg; 0 8%hole)l HhRISEsHeB6iOn Midz stifddSAyat6yshy8 ppm 10. 44

|('|)m i H) wutﬁ aﬁﬁecﬁﬁmc %ﬂr@rwhﬁe éﬁ ||%8§I{|{Er& 8%@00@3’ %%’&gt’ce;j @)ﬁ%dﬁb 39%?’1_ 2-30

(m 4 H) ur]ge F%Owltes After addition, the reaction was stirred overnight at room
(4as, 13alﬁam;ﬁér{at(n% AnBirédcio MRLPO WA TR ilitkd Win EMSKORY 59) éfilerméhée%ntﬁ 4a,5,9,1

T 20 cHPR AN PHE: TiepferElre wsa%ﬁ%‘%avwaé@v@ro%@a@%?%%%% o PN

(4aS153aRpvents gavednethyl 1-[2,2-bis(methyloxy)ethyl]-4-oxo-3-[(phenylmethyl)oxy}-1,4-dihydro-

D fl uoro 4a,5,9, 11, 13,1
3aoct ahyg:}gn%&ﬁ%%f% llf%r%glwéﬁhuag E%}’éi@[n){ g’zlraz%?%%z&cﬁpyr azi ne-8-carb
oxam de (950 g), 192 g of palladiumon carbon (50% wet), ethanol (9.5 L)
and conc&a&mg&ed ammoni um hydroxi de (124 ). The m'xture was degassed with
ni trogen 25 under 50 psi hyd rogen until the
reaction N%é@'" E@rsﬁ)s {j %ﬁmyﬁ%&? 0’8*95&%'?8&"559{!)%114# Wddyen and

t hen20i | pgndirgcatboxylagé Cel i te. The cake was extracted with refluxing -

di chl oromet hane and then filtered again. The conbined filtrates were

concentrated to a small volune (4L), azeotroped with ethanol (28.5L) to a
final volunme of 9 L. T nsﬂurry was filte nd washed wi th ethanol and

dried to produce ( a N[(2,4- O -
30di f I uor ophenyl ) net | fj‘ 100nyd+e-xg» 9,11 di xo-‘%, 3,4a,5,9, 11, 13, 13a- oct ahyd
ro-1 H pyrido[l ,2-a olo[1 ,2':3pg ivazo[l

, 2-cf] pyrazi ne-8-carboxamjde (616 g, 78.4% ag a white solid. 1H NVR (300
MHz, DMSO d6) 8 ppm 1M OMel H), 8.42 MeO'1®We 7.41-7.05 (m 3 H),
4.72-4.53 (m 4 H), 405(m 1H, 33.86(m 1 H, 3.70(m 1 H, 3.16 (m 1
H, 2.88 (m 2 H), 192 60(m 4 H). 3524 _

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

0.17mole) porhon-wnse The reaction was stirred at room temperature until its completion
39



What is Clainmed is: 1. A process of for the preparation of a pyridone
conpound of formula (AA), (BB) or 5(CO: OH 0CH3 10 CC conprising
t he st epswof2010/068253 P-1) brom nating a conpound ofrctrhms2dmlobsaes ng
formula (lI-1) to produe a brom ne 15conmpound of the follow ng fornula

(1'1-11) ' (monitored by TLC, ~6 hours). The mixture was then diluted with dichloromethane and
washed with NaHCO; (ss). The organic phase was dried over Na,SO4 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)ethyl]—5-bromo—4-o$(o-3-

5 [(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, 3H), 5.3 (s, 2 H), 4.4 (s, 1 H), 3.8 (d, J=4.8 Hz, 2H) 3.8(s,3H),34.
| (s, 6 H). LC-MS (M+H"): calcd 426, obsd 426.

10 Example 2d
Methyl 1{2, 2—bls(methyloxy)ethyl]-S-({[(Z 4»d|ﬂuorophenyl)methyI]amlno}carbonyl)-4-oxo-
3- [(phenylmethyl)oxy]-1,4—d|hydro-2 -pyridinecarboxylate

24 , ’ 25

15 :
" A pressure vesselv was charged with methyl 1-[2,2-bis(methyloxy)ethyI]-S-brbmo-4-oxo-3- |
[('phenyl'methyl)oxy]-1 ,4~dihydro—2-pyridinécarboxylate 24 (6.4g, 15 mmol), 2,4—'
difluorobenzylamine (3.2g, 22.5 mmol), K3PO, (9.45g, 45mmol), Pd(OCOCF:;), (398mg,
1.2 mmol), Xantophos (694mg, 1.2 mmol) and toluene (200 mL). The mixture was purged
20» by CO (4X) before being heated to 100 °c for 22 hours under. cO atrh_osphere (60psi).
After cooled down to the room temperature, the solids were filtered off through. celite and
washed with EtOAc. The filtrate was concentrated and the residual was purified by
column chromatography ( silical gel, EtOAc/hexane 0~80%) to afford méthyl 12,2-
bis(methyloxy)ethyl]—5—({[(2,4—diﬂuorophenyl)methyl]amino}carbonyl)-4—oxo—3—
25  [(phenylmethyl)oxy]-1,4-dihydro-2-pyridinecarboxylate 25 as a Iight brown oil (4.7g, 61%).
A 1H NMR (400 MHz, CHLOROFORM-0) & ppm 10.4 (m, 1 H), 8.4 (s, 1 H), 7.4 (m, 6 H), 68
(d, J=9.3 Hz, 2H),5.3(s,2H),4.6(d, J—57Hz 2 H), 4.5 (s, 1 H), 4.0 (d, J=4.8 Hz, 2H)
3.8(s, 3H),3.4(s, 6 H). LC-MS (M+H"): calcd 517, obsd 517.

30 Example 2e
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-1 wherein WO 2010/ 068253PCT/ US2009/ 006422 R i s - CHO,

-CH(OH)2,-CH(OH) (OR4), -CH(OH) -CH2ZOH O CH(OR5) (OR6); P is H or a hydroxyl
prot ecti ngogooues2sB3 is H or a carboxy protecting grouppPCoRA2009/0bcer

al kyl ; R5 and R6 are independently |ower alkyl or Rs and R6

can be al ' p- 2
creating t I\Jf%téyl%'?ﬂ(zjtﬁdﬂ%goéh Qn%)ﬁ]é?ﬂlﬁ]@yo ?6%!" 8;432}(2”9 a -ﬁ“éth?%ygﬁgﬁr eac% ant s
2, 4-di - fIW&pMWY'mMDWYI-IZ4Md@a2 B!ﬂdlmﬁ@?we ('AeﬂleZ!@g‘sW'ﬂsthﬁrow ded for
t he pr ep%aggrgnd,géa@emgj done conpound of the follow ng formula (AA), (BB)
or (CC

" MeO OMe MeO OH

25 ' 26 27

Methyl 1A-[2,2-bis(methy|oxy)ethyl]—5—({[(2,4_-diﬂuorophenyl)methyl]amino}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-')A.- After the solvents

were evaporated at <40 °C, the residue was re-dissolved in EtOAc (~ 1L) and the resulting

10 solution was washed With NaHCO; and brine. The organic phase was then dried over
Na,SO,. After evaporétion 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) 5 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

A(m, 1 H),A6'.3 (m, 2 H),5.1(s,3H),4.9(m, 1H),4.5(m, 3H), 3.9(m, 2H), 3.8(s, 3H).
15  LC-MS, for 26 (M+H"), calcd 503, obsd 503; for 27 (M+H,0+H"), cald 489, obsd 489.

Example CC

(4aS,13aR)-N-{(2,4-Difluorophenyl)methyi]-10-hydroxy-9,11-dioxo-2,3,4a,5,9,11,13,13a-
20  octahydro-1H-pyrido[1,2-a]pyrrolo[1 ' 23, 4]imidazo[1 ,2-d]pyrazine-8-carboxamide.

41



20 CC conprising the steps of: P-1) brom nating a conpound of the

followng formula (1-1) to produce a brom ne conpound of the foll ow ng

formul a (WO-20fyass253 wherein Ris -CHO -CH(OH)2, - CH( OHPCORAR009/006422

-CH(OH) - CH2OH or 10-CH(OR5)(OR6); P1 is Hor a hydroxyl protecting group;
[ R4 is | ower alkyl;

P3 is Hor a carboxy protecting groupe
R5 and R6 are independemshy | ower HI kzl2 or R5 and R6 can be | ower 15al kyl

and joined to formadaAWb or ered ri -2) creating the
2, 4-di - f | uor opheny! - &N - _sTdechgi n gactant s
2, 4-di -fl uorophenyl - S and carbon rmng dent a conpound of
formula I'll- OP1 0 20 "HO”“OH H
20 : DD-1

: Bn
- F O
N N H .
H e .
— s \N\/Q\j
H .
o 22 ,
' HQ -
E:
PO A
' N AN A
f o H
_ cc

Example CCa: (4aS, 13aR)-8-Bromo-10-[(phenylmethyl)oxy]-2,3,4a,5,13, 13a-hexahydro-
1H-pyrido[1,2-a]pyrrolof1',2":3,4]imidazo[1 ,2-d]pyrazine-9,11-dione (DD). A reactor waé
5 charged with [(2R)-2-pyrrolidinylmethyllamine (0.75 kg) and 4.6 L of DMF was added
followed by 0.45 kg of glacial acetic acid. Acetonitrile (41.4 L) was then added and the
mixture was agitated for 15 minutes. ~ To the reaction mixture was added methy! >5- |
bromo-1-(2,2-dihyd roxyethyl)-4-oxo—3—[(phenylméthyl)oxy]-1 ,4-dihydro-2-
byridinecarboxylate (2.30 kg). After étirring for 20 minutes at ambient temperature, the
10 | mixture was heated at 75-85 °C until the bromide stérting material was consumed by
HPLC analysis (about 6 hrs). Upon completion, the mixture wés'cooled until the refluz |
-subsided and then charged with 6.9 L of methanol and the mixture was heated at reflux
for about 45 minutes then cooled to 15 ‘5C and filtered and dried to provide (4aS,13aR)-8-
~ bromo-1 0-[(phenylmethyl)0xy]-2,3,4a,5, 13,13a-hexahydro-1H-pyrido[1,2- }
15 ' a]pyrrolo[1',2":3 4]imidazo[1,2-d]pyrazine-9,11-dione (1.93 kg, 78%) as a white solid. ).
NMR (300 MHz, DMSO-ds) 8 ppm 8.65 (m, 1 H), 7.54 (m, 2 H), 7.33 (m, 3 H), 5.15 (d, 1
H), 4.99 (d, 1 H), 4.60 (m, 1 H), 4.36 (m, 1 H), 403(m 1 H), 3.90 (m, 1 H), 3.65 (m, 1 H),
' 3.06-2.84 (m, 3 H), 1.92- 1 .60 (m, 4H)

20 Example CCb; (4aS, 1 3éR)-N—[(2,’4-Diﬂuorophenyl)methyl]-9,1 1-dioxo-10-
[(phenylmethyl)oxy]-2,3,4a,5,9,11,13,13a-octahydro-1H-pyrido[1,2-
a]pyrroloﬁ',2':3,4]imidazo[1 ,2-d]pyrazine-8-carboxamide. A reaction vessel wés charged
with (4aS;13aR)-8-bromo-1 0-[(phenylmethyl)oxy]—?.,3,4a,5, 13,13a-hexahydro-1H-
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(111-111) P- 3) condensi ng and debenzyl ating a conpound of fornula
111-111 to forma conpound of fornula AA, BB, or CC. 25 3. The process
accor di ngvoeomlmssassl, wherein said step P-2) is carriedpoutusb@boo&2zr eati on
of the Qring. WO 2010/068253PCT/ U82009/ 006422 4. The process according to

I 1 d f la AA. 5. Th
Sr gl:(ranss %&'&‘Eﬂlh% ryferlﬂggl 3rﬁ] %Y‘%Fcﬁr}e R 83?{"&?"8;‘} 5&@r’léotr:(r)mrrpgund Is of '?he
formul a BRuofbénzylaminz (026 Haoigs basend.4L) dpbfa(smg)lanHDMSOv(MmL)aTrhes aid

pyri done V\ﬂ%%@%eggs&% wﬁtnﬂlgfn%uw nﬂroggn 4 tn(Tes TZ t H‘&td?é 9/%? géde%c cording t O

claim1i, ereins out YErcreatron of the Q
ring. 8. patadiynr @i tifluorgacatatel( 1H@)timDMSA (@LY Thmetx@remmgwp«;egamﬁe? conpound

s f 5t hembQUAh HighBuinitbged By MERBEJEY Gty BRI finds areh Shder s2ihspy T | done

conmpound |s of , Wherein

sai d pyrf h%’SrﬁSGQnJ hFé""GP’et"Y?é r!eé?eﬁlﬂt §0 1(-93“" 45psiCO E.“Lt" the e8H98und of the
fol | ow ngp;ﬁéyréméan;(lé@by HPLC (24 hrs). The mixture was cooled to rt and slowly

transferred to an ice slurry of ammonium chiloride. The mixture was filtered and washed
with water and isopropanol. The residue was recrystallized from isopropanol to provide
10 (4aS,13aR)-N-[(2,4-Difluorophenyl)methyl]-9,11-dioxo-1 0-[(phenylrhethy|)oxy]—
2,3,4a,5,9,11,13,13a-octahydro-1H-pyrido[1,2-a]pyrrolo[1',2":3,4]imidazo[1,2-d]pyrazine-8-
carboxamide (952 g 56%). Recrystallization of the mother liquor from isopropanol
produvced a second crop of crystals of the desired product in the amount of 327 g (19%).
| 'H NMR (300 MHz, DMSO-ds) 5 ppm 10.44 (m, 1 H), 8.55 (s, 1 H), 7.56-7.07 (m, 8 H),
15 5.18(d, 1 :H), 5.03 (d, 1 H), 4.62-4.54 (m, 4 H), 4.06-3.60 (m, 3 H), 3.20-2.80 (m, 3 H),
1.93-1.60 (m, 4 H).

Example CCc: (4aS,13aR)-N-[(2,4-Difluorophenyl)methyl}-10-hydroxy-9,11-dioxo-
2,3,4a,5,9,11,13,1 3a-octahydro-1 H-pyrido[1 ,2-a]pyrrolo[1',2":3,4]imidazo[1 ,2-d]pyrazine-8-
20 carboxamide. A pressure reaction vessel was charged with (4aS,1 3aR)-N-{(2,4-
Difluofophenyl)methyl]-g,1 1-dioxo-1 0-[(phenylmethyl)oxy1-2,3,4a',5,9,1 1,13,13a-
octahydro-1H-pyrido[1,2-a]pyrrolo[1°,2":3,4]imidazo[1,2-d]pyrazine-8-carboxamide (950 g),
192 g of palladium on carbon (50% wet), ethanol (9.5 L) and concentrat_edammonium
'hydroxide.(124 mL). The mixture was degassed with nitrogen 3 times and then placed
25  under 50 psi of hydrogen until the reaction was complete. The mixture was degassed
again with nitrogen énd then filtered through'Célit'e. The cake was extracted with réﬂuxing
dichloromethane and then filtered again. The combined filtrates were concentrated to a
small volume (4L), azeotrobed with 4ethAanoI (28.5L) to a final volume of 9 L. The slurry
was filtered and washed with ethanol and dried to produce (4aS,13aR)-N-[(2,4-
30 difluorophenyl)methyl}-10-hydroxy-9,11-dioxo-2,3,4a,5,9,11,13,13a-octahydro-1H-
- pyrido[1,2-a]pyrrolo[1',2":3,4]imidazo[1,2-d]pyrazine-8-carboxamide (616 g, 78.4%) asa
White solid. 'H NMR-(300 MHz, DMSO-dg) & ppm 10.37 (m, 1 H),-8.42 (s. 1H), 7.41-7.05
(m, 3 H), 4.72-4.53 (m, 4 H), 4.05(m, 1 H), 3.86 (m, 1 H), 3.70 (m, 1 H), 3.16 (m,‘1 H),
2.88 (m, 2 H), 1.92-1.60 (m, 4 H).
35 '
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20wherein 131 is H or a carboxy protecting group. 12. The conpound of

claim1l, wherein 131 is benzyl. 13. A process according to any of
clains 1-W0 2otvarseiss 131 is benzyl; P3 is nmethyl; and 25PRTiUS2008i005422
-CH(OH) (OR4), -CH(OR5)(0R5) wherein R4 and R5 are | ower alkyl. 14. A

salt or a hydrate thereof of a compound of formula AA 30 WD

2010/ 068253PCT/ US2009/.006422 15. A crystal formof a sodiumsalt or a

hydr at e tWhatda{Claifned izonpound of fornula AA 516.A crystal formaccording to
claim 15 having one or nore physical properties selected fromthe group
consistin 1g of (| and g t)1 (1) having characteristic diffraction peaks at
6.4 0.2,T9. 2Apogesspfigt %P@parfgowof@Pwdawcmpwnd@f@@e@r(éét (BRbor heta in
an X-rsy powdgccyi ffraction pattern; and (1i) bhaving characteristic
infrared absorption spectra at 164lcm 1l 2cm 1, 1536cm 1 2cm 101, 1503cm 1+
2cm land 1424cm 1+ 2cm 1. 17. A crysomal @or m?Htcor ding to claim 15 having
characteristic diffraction peaks at] 6.4 0.2, 9.2 0.2, 13.8 0.2, 19.2

0.2 and 21.8 0.2 deyre tvvqi-t anNX-ray powder diffraction pattern.

10 F

cbmprising the steps of:

P-1) brominating a compound of the following formula (I-) to produe a bromine

15 compound of the following formula (l1-11):
OP' o OP! o
o p?
O\ 0~ P3 Xy 0”7
x-N ’ o >N

wherein



15 18. A crystal formaccording to claim15 having characteristic
diffraction peaks at 6.4 0.2, 9.2 0.2, 13.8 0.2, 14.6 0.2, 15.2 0.2,
17.6 0. 2v029100681332, 21.8 0.2, 24.1 0.2 and 28.7 0. 2cuage@emodsem-t het a
in an X-ray powder diffraction pattern. 20 19. A crystal form form accordi ng
to claim15 havi ngrchar agher | stHm)f r ar_gq(@?g@qg't | QMORRCH,@HAtor1641cm 1
2cm 1, 1536¢cmx1 2¢cm 1, 1503cm 1+ 2cm1l and 1424cm 1+ 2cm 1. 20. A crystal,
form acc&'ﬂpﬁd@% )cl ai m 15 havi ng characteristic infrared absorption
25spectra at 1641cptid Hara Hydrokpidhetectihgdesapl, 1503cm 1 2cm 1, 1424cm 1

2cm1l, 1282cm1 Zcmiégf%?ﬁ%'@°§vﬁf°g%°#hq§%§§‘:m 1 2cm1 and 1069cm1 2cm 1.

21. A crystal formac ving one or nore spectra sel ected
from Bhe group conBfstowegatkyl; (a) to (c): 30(a) X-ray powder diffraction .

pattern substanti ak$ 6 i i 1 f I i spectra
RS ¥nd@R %F@é%eb&fénﬂ}’ﬁ:@«(eg)alkgg%rig BRARE LR AROAIRN £

substantially as shown in Figure 2; an state 13C-NMWR spectra
subst ant iitirgdto fmsgwfr. PH7-megibeeed3ing22. A crystal form according to clai m 15
havi ng or@dor nore physical properties 35selected fromthe group consisting

of (iii) and (iN): .(iji) vin haracterjstic diffraction peaks at 8.0

0.2, 9.3 0. 2?"Z}f.'eét"géb{.“?6;‘2‘%{.“6%"8?’2',5‘8%‘5'@{ 's'g‘?%@d? & ER6EMeta i n an

X-raylopowder diffraction pattern; and ‘ ‘ ’
42,4—di—ﬂuorophenyl—CH2-NHz and carbon monoxide.

2. A process is provided for the preparation of a pyridone cohpound of the following
' formula (AA), (BB) or (CC):
15

20

45



(iv) having characteristic infrared absorption spectra at 1637cm 1 2cm 1,
1536cmit 2cm |, 1501lcm 1t 2cm | and 1422cm 1t 2cm 1. 5 23. A crystal form
accor di ngvoeomlssass 15 havi ng characteristic diffracti onppeaissocano@2d 0. 2,
9.3 0.2, 11.3 0.2, 16.0 0.2and 22.8 0.2 degrees two-theta in an X-ray
powder diffraction pattern. 1024. A crystal formaccording to claim15

havi ng characteristic diffraction peaks at 8.0 0.2, 9.3 0.2, 11.3. 0.2,
15.4 0.2, copmosingtt@stepgof. 0.2,19.1 0.2, 19.8 0.2, .22.8 0.2 and 26.8
0.2 degrees t poniyaGhiAating RBompdudld &Wﬁfloﬂhif&rﬁ\ﬁfa' (RN tOrddatd a bérsie A
crystal form accordi neg to claim15 having characteristic infrared

absor pt i on SFwRoppdoihe iofamipgdorpuladidly - 1536cm 1+ 2cm 1, 1501c¢m 1+ 2cm 1 and
1422cer 1+ 2cm 1. 26. A crystal formaccording to claim 15 having ,
characteristic infrared absorption spectra at 16§|J,cm 1+ 2cm 1, 1536cm 1+
2cm 1, 1501cm 1+ 2cm 1QP'1&22cm it 2cm 1, 201277cpx 1 ZCI’T;I-]., 1258cm 1+
2cm1l, -1093cm1l 20 apg 1089cnll+ 2cm 1. . orstal form according
to clai m15 having ope or Rore sp sel ected f nom t he group consisting
of (d) and (e): (d) My _powder ditfracti orBrpat er_\r~1 substantially as shown
in Figure 4; and 25(e) Inflrared absorption spectra gubstantially as shown
in Figure 5. 28. A pharmBceutical conposition conprising a crystal form as
defined in any one-of the clains 15 to 27. 30 29.|A|processAfor preparation
of a crystal formas deffned in any one of the cl'il'ns 15 , ' :

wherein _
_ 'R is —=CHO, ~CH(OH),, ~CH(OH)(OR?*), -CH(OH)-CH,OH or
10 —CH(OR%)(OR®); ’
P'is H or a hydroxyl protecting group;
P3 is H or a carboxy protecting group;
R*is lower alkyt; .
R°® and R® are independently lower alkyl or R® and R® can be lower

15 “alkyl and joined to form a 5-, 6-, or 7-membered ring,

. P-2) creating the 2_,A4-di-ﬂuorophenyl-C.H2-NH-C(O)— sidechain with the reactants
. 2 4-di-fluorophenyl-CH,-NH, and carbon monoxide to form a compound of formula Ili-
M:

(-l

20
P-3) condensing and debenzylating a compound of formula lHl-1il to form a
~ compound of formula AA, BB, or CC.
25 3. The process according to claim 1, wherein said step P-2) is carried out before.

creation of the Q ring.
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to 27. WD 2010/ 068253PCT/ US2009/ 006422 | NTERNATI ONAL SEARCH REPORT

I nternational application No. PCT/US 09/06422 A. CLASSI FI CATI ON OF SUBJECT
MATTER | R€O&)10/068633K 31/ 4412; A61K 31/351 (2010.01) USPECT/US1ebbBdE22

514/ 432; 514/ 459; 546/296 According to International Patent C assification
(IPC) or to baoth national classification and 1PC B FlI ELDS SEARCHED M ni num
Gocument 4 on TBEBREREARreds FRs T Bt VB0 s By SRR EoBgP LRI & PF cat i on
synbol s) | PC( &rméalAA.31/ 4412; A61K 31/351 (2010.01) USPC: 514/ 348; 514/ 432;
514/ 459; 546/ j . L Nj tation to
the extert thae SRS Eanineld B BFZ el e Bifboft BpAHC IR

| PC(8) : A61K 3fgrauterBB.A61K 31/ 351; A61K 31/44 (2010.01) USPC: 514/ 300; '
514/ 348; 14/ 48€ proedsd 4ce8rdingd6 cidPP bEZ IwHERéh §ald pridRRk CoMpsundd & these

consul ted durbg% the international search (nane of data base and, where
practi cabl e, HEeH-Ger ms used) PubWEST(USPT, PGPB, EPAB, JPAB); Googl eSchol ar
Search teanns ORe@iocbssaticomingad clim/1 | wietgh 8ai@ siep!P-D)iis cdriieddd 2ifter

i mrunodefici ency,.car yl pyri done pol ycyclic fused cyclic tricyclic
Yoshi da, Taodgfe\éﬂ% %fts%ﬁ%a rBQI:UI\/EI\I‘I’S CONSI DERED TO BE RELEVANT Cat egor y*

8. The process according to claim 7, wherein said pyridone compound is of the
10 formula AA.
9. The process of Claim 7, wherein said pyridone compound is of the formula BB:

10. The process of Claim 7, wherein said pyridone compound is of the formula CC.

15
11. A compound of the following formula (DD):
OP' 'O o
© AN N H
| N\/*\ o
Br X N .
. H
20 wherein P' is H or a carboxy protecting group.

12. . The compound of claim 11, wherein P! is benzyl.

- 13. A process according to any of claims 1-10 wherein P! is benzyl; P* is methyl; and
© 25 R is —-CHO, -CH(OH)(OR*), -CH(OR®)(OR®) wherein R* and R® are lower alkyl.

-14. . Asalt or a hydrate thefeof ofa compbund of formula AA

30
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Citation of docunent, wth indication, where appropriate, of the rel evant
passages Relevant to claimNo. X Y Y WO 2006/ 116764 Al (JOHNS et al.) 02
Novenber WOQ610(i@&2531. 2006), Abstract, page 8 conpound ( lpcirAuspoopage2 10,
para[ 0017], page 79, line 1, page 79, line 3, page 79, line 4, page 128

compound - 1 o8 3R L RIBRANaF oy PR vy L BB SE et
10, col 53-col 54, Scheme 3, col 6®H620Schene 6 14-29 1-12 1-12 Ll Further
docunents are listed in the cogtingati gn off Box C. *Special categories of

cited documents:" xFery docune | d>gfter the intemational filing
date or priority "A" ent Hdef i ni n general state of the art which is
not consi der eddat e ang n ntA"C Bt he application but cited to

understand to be of pagticulargrel evancef“he principle or theory underlying
the invention " E" earl I er appli catlon or patent ABut publ I shed on or after
t he |gte atl na " docunent g}f'%art i.,cul ar rel evan the cl ai med i nvention

canno? bd®fil4 B’s@ R BRYR9 EF17T\/ 12 haying ene AL 7ok P c‘,’%fﬁglpEPé’Fgﬁsto i nvol ve an
i nvent i veelédtédibora tengrouhcanisistimg/oft(Bmoavigioubt s on priority clain(s) or which

| sstep "‘"gﬁg%\é]r@f‘chg%%ﬁﬁf&tduﬁrécﬁoﬁ:@ lg%ktgrl@ 1 326 54 9 0@t Al S>d B Hpybl 1 cat i on

dat e of citation or cunment of (gar’t I cular re evance t he
cl ai med i &deand B8 cahAodedires two-thata v agl X-ray powrer difacion patteradgncbnsi dered to

i nvol ve @ ha\nwgeaialré&erﬁﬁ@afraveaabé&sz.dm%umt 1651cnP' HRGHMABE6def £3dnNg to an
oral _disg¢l oa{gj %‘Bﬁ exhi b|t|o% or, ot herconbi ned with one or nore other
%

such Wocurf® ashift2Agmi' 4cReansbei ng obvious to a person skilled in

the art "P'docunent published prior to the international filing date but

| ater than" &"Aogystatiotm aecdding tof cldiinel Sdaning pbaracteristia diffraction peaks at 6.4°
+0.2°,9.2° +0.2°, 13.8° + 0.2°, 19.2° + 0.2° and 21.8° + 0.2° degrees two-theta in an X-

ray powder diffraction pattern.

15- 18. A crystal form according to claim 15 having characteristic diffraction peaks at 6.4°
+0.2°,9.2° +0.2°, 138°+02° 14.6°+£0.2°,152°+0.2°, 17.6° £ 0.2°, 19.2° £ 0.2°, 21.8°
© +0.2°24.1°+0.2°and 28.7° + 0. 2° degrees two-theta in an X-ray powder diffraction
pattern.
20

19. A crystal form form accordmg to claim 15 havmg characteristic infrared absorptlon
spectra at 1641cm™ £ 2cm™, 1536cm™ + 2cm™, 1503cm™ + 2cm™ and 1424cm™+ 2cm™.

20. A crystal form according to claim 15 having characteristic infrared absorption '
25  spectra at 1641cm™ + 2cm™, 1536cm™ £ 2cm™, 1503cm™ + 2cm™, 1424cm™ + 2cm
1282cm™ + 2cm”, 1258cm™" + 2cm™, 1093cm +2cm’™ and 1069cm”! + 2cm™.

21.  Acrystal form accordirjg to claim 15 having one or more spectra se_lectéd from the
group consisting of (a) to (c): , .
30  (a) X-ray powder diffraction pattern substantially as shown in Figure 1;
(b) Infrared absorption spectra substantia"y as Shown in Figure 2; and
(c) Solid state >C-NMR spectra substantially as shown in Figure 3.

22. A crystal form according to claim 15 having oné or more physical properties
35 selected from the group consisting of (iii) and (iv):
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the priority date clained Date of the actual conpletion of the

i nt er nati onal

search 24 January 2010 (24.01.2010) Date of mailing of the

i nt er nat iwoab1oawsassh report 1 2 FEB 2010 Nanme and nmi | i mgTasdeesessof t he

| SA/ US Mail Stop PCT, Attn | SA/ US, Conmi ssioner for Patents P O Box 1450,

Al exandri ga wVi.I 0] i 14 0 Fa £ @Ig g F%%_Séé rized
of ficer: @éengg%ﬂn ff@ d'eoel? ‘%62*7 4 ig’?l' i7774
0.2°,and 22.8° + 0 2°degrees two-theta in an X-ray powder diffraction pattern; and
(iv) having characteristic infrared absorption spectra at 1637cm™ + 2cm™, 1536cm™ + 2cm”

' 1501cm™ + 2em™ and 1422cm™ + 2cm™.

A crystal form according to claim 15 having characteristic diffraction peaks at 8.0°

+0.2°,9.3°+0.2°, 11.3° £ 0.2°, 16.0° + 0.2°and 22.8° 1 0.2° degrees two-theta in.an X-

ray powder diffraction pattern.

A crystal form according to claim 15 having charactéristic diffraction peaks at 8.0°

+0.2°,9.3°+0.2°,11.3° £ 0.2°, 15.4° £ 0.2°, 16.0° £ 0.2°, 18.7° £ 0.2°,19.1° + 0.2°, 19.8°
+0.2°,22.8° + 0.2° and 26.8° + 0.2° degrees two-theta in an X—ray powder diffraction

5
23.
10 24,
pattern.
15  25.

A crystal form according to claim 15 having characteristic infrared absorption

spectra at 1637cm™ + 2cm™, 1536cm™ + 2em™, 1501cm™ + 2cm™ and 1422cm™ + 2cm™.

26.

A crystal form according to claim 15 having characteristic infrared absorption

spectra at 1637cm™ + 2cm™, 1536em™ + 2cm™, 1501cm™ £ 2em™, 1422em™ + 2cm™,
20 1277cm™+2cm™, 1258cm™ + 2cm™, 1093cm™ £ 2cm™ and 1069¢cm™ + 2em™.

27.

* A crystal form according to claim 15 having one or more spectra selected from the

group consisting of (d) and (e):
(d) X-ray powder diffraction pattern substantially as shown in Figure 4; and

25 (e) Infrared absorptlon spectra substantially as shown in Figure 5.

28.

A pharmaceutical composition comprising a crystal form as defined in any one of

the claims 15 to 27.

30 29.°

to27.

.A process for preparation of a crystal form as defined in any one of the claims 15 .
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