SYNTHESI S OF CARBAMOYLPYRI DONE HI V | NTEGRASE | NHI Bl TORS AND | NTERVEDI ATES
Field of the Invention The present invention conprises nodificati onsknown
processes for synthesizing conpounds having H V integrase inhibitory
activity. 10 Background of the Invention WD 2006 116764 published 2
Novenber 2006, incorporated by reference inits entirety: 1'describes
various conpounds and detailed synthetic schenes for their preparation. In
particular, a reaction sequence is-depict ed at page 79 thereof wherein
3benzytoxy 2- | - 1H pyridine-4-one of formula 31s there bromnated to
t he bronmopyri &YNHAQ/S!%Q%;A%@%WH%R!W VWAEFQQWFWWEF%& Dind carbon
nmonoxi de to yield the nicotinic amTERMESIATESeSter 5 there which is after
several steps reacted with a benzylanm ne to create the 20ani de side

chai n-cont ai ning pyridine 10. Thus, the am de sidechain is in place before
creationmdof the ZI.Z2 ring of the final product formula (1) therein in the
reaction-depicted at page 80 fr pjaidléf the Idvehtioh second reacti on sequence i s
depicted at page 113 of WD 20061116764 wherein a 25pyrrolidi ne conpound 102
is allowed to condense into a "tricyclic conmpound 103 which is then

brom nat ed Tre yreednt! inviestidpr mmimieescmwpiﬁmﬁmsmﬁkwwnchm@scshéﬁ syethetizng wi t h

benzyl ar ni %WEFQU,%QQ\;"% fiSntagthEanbidR defidy.n- contai ning tricyclic conpound
105 ther ein hus, the brom nation takes place after Creation of the Z122

ring of % he final product of -formula (1) therein. N-Metho -Nnethyl am des
may be prepared* by Pd catal yzed am nocarbonyl ati on of cr91 brom des as

described by J. R Martinelli pgkkglound dPteMventishters, Vol . 8, No.21, pages
4843- 4846 (2006). Bronoanilines and brornoani soles are converted to esters

as described by J. Al baneze-Walker.et al in Organic Letters, Vol. 6, No.13,
pages 2097-¥0Q006/116764 published 2 November 2006, incorporated by reference in its entirety,

15" “describes various compounds and detailed synthetic schemes for their preparatiori. 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 brominated to the bromopyridine 4 there,
whi_ch is then reacted with methanol and ca_rbop monoxide to yiéld the nicotinic acid
methw.éstér 5 there which is after several steps reacted With a benzylamine to create the

20 amide side chain-contaihing pyﬁ’dine 10. Thus, the amide sidechain is in place before
creation of the Z'Z? ring of the final product formula, (1) therein in the reaction depictgd 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 brominated to yield the bromine compound 104 which is then reacted with a
benzylamine to create the amlde side chain-containing tricyclic compound 105 therem
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 iﬁ Organic Letters, Vol. 8, No.21, pages
4843-4846 (2006). Bromoanilines: and bromoanisoles are converted to esters as
desfcn'bed by J. Albaneze-Walker et al in Organic Letters, Vol. 6, No.13, pages 2097-2100

'35  (2004).



35(2004). Summary of the invention Processes are provi ded which
utilize an early brothination step in the construction of 5conpounds useful
as having H'V integrase inhibitory activity as set forth in WO 2006/ 116764.
The brom nation peovides the |eaving group for attachnent of an am de side
chain on a pyridone ring. etaiied Description of the invention A process is
provided within a synthesis of a pyricione conpound of the follow ng
formula (PA), (BB) or (CO: 20 conprising the steps of: P-1) brom nating
a conpound of the followi ng formula ( to produce a brom ne conpound of
the following fornula (INT weBMRry of thelnvention R js --CHO -CH(OH) 2,
-CH(OH) (OR4), -CH(OH)-CH20H or -CH(OR5)(OR6); 131 is H or a hydroxyl

protecting Hr§tdBses I:,% ;!ro i whick %{ilgg .yan garnr%tber'\ocr%ikegign gt’é;? PrPtl-‘le construction of
5 compounds useful as having HIV integrase inhi.bitory 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 | | o
A process is provided within a synthesis of a pyridone compound of the following-formula
(AA), (BB) or (CC): -
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N
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20 ' comprising the steps of:
P-1) brominating a éompound of the following formula (I-1) to produce a bromine
compound of the following formuta (il-1t): '



R4 is | ower alkyl; R5 and R6 are independently | ower

al kyl or R5 and R6 can be |lower alkyl 10 and joined to forma 5-, 6-, or
7-menbered ring, arid P-2) creating the

2, 4rdi - fl uorophenyl - CH4+1H C(0) - sidechain with the reactants

2, 4-di-fluorophenyl - CH2- N1i and carbon nonoxi de. The term | ower al kyr,

al one or in conbination with any other term refers to a straight-chain or
br anched- chai n sature&ed al i phatic hydrocarboomrgdlcal contai ning 1to8
carbon atons. Exagpl f q;kyl radlcals [ I bwgs are not limted to,
met hyl et hyl, n-pr¥ icsopr opyl - butyl , utdyl, sec-butyl,
tert-butyl, pentyl isQarnyl, n andgt iNke. The tern1|omer
cycIoaIkyI" refers to ajsaturated or partially saturated carbocyclic ring
conposed of 3-6 carbonsg n any chenmically stabl efconfiguration Exanpl es of
sui t abl e carbocycfic groups include cyclopropyl cycl obutyl, cyclopentyl,
cycl ohexyl, and cyclotéxenyl. The term | ower &Ikenyl " alone or in

conbi nati on with any other term refers to a straight-chain or
branched-chain al kyl group with one or two carbon-carbon doubl e bonds.

Exanpl es of al keMpereinadi cal s i nclude, but are nol limted to, ethenyl,
properly!, | sopr OpenyR1sJDJHCBQEH(OH)§OHIH(OHXbR‘)p@H\‘(@IFIMtszPﬁ*enW hexadi eny!
and the |, "I ower al kyl enen refers to a straight or branched

chain dlvalent %yd} aTbon radlcal preferably having fromone to six
carbon atons, unless %t'ﬁ@%ﬂ@'@@’mfﬁ@ﬁm%ﬁpl es of "al kyl-ene as used

herei n incl ude ~but  a#’as Ret a barbddyetbtdcting gretdiyl ene, el hyl ene, propyl ene,
butyl ene, isobutylene; ﬂ Jg%ﬂl ke. -5 The term "l ower al kenylene refers to
a straight or branche alh I'val ent hydrocar bon radi cal one or two

car bon- carbon doubl e %cfﬁ‘élsR are ‘Wﬁ@“@@?‘%'?%ﬂ@”‘aﬂ‘l&@drpefcéﬁ betigyves gikd] ky|

et her rath cadndydiret & forh 86-, 6€bNT-frembyled ringg def i ned 10above. Exanpl-es of

sui tabl e al kyl ether radicals include, but are not limted to, rnethoxy,

et hoxy, n-pr Qoxy, i sopropoxy, n-butoxy, isobutoxy, sec-butoxy, tert-hutoxy
and the |iké™The term "hal ogen' refers fluorine (F), chlorine (Cl),

brom ne (Br), orPi2pcieating tie)2.4-diflotophieny-GiiH-Cablosigecnsin ivith temictaatsi on wi t h
any ot her tezrm,_ﬂ[,&gﬁ{eﬁy,t@,z_q“_pgﬁ@gaqy&,l,hg;lo%gmat| c noiety (such as phenyl or
napht hyl ) containing 6 carbon atonms, and.nore preferably from 6-10 carbon
at ons. anpl es of aw. radicals' |nclude but are not limted to phenyl,
napht hyl , i erjetB]rh“louenallqmﬂlonefor inepmbipétion aith hmeaatiesr tevtnpiatanato talstraight;

letr ahydr ON2RNE BtranchOEARH satphied FQk'h%rQéQrboW?Qd éahgonllélrhl?g1 HalEba, ot her wi se

i ndi cat ed, t term'a C ositional isomner
of an ar omaf °6"Sh%6?'8@%\sr?58k¥' é\?ﬂ?sdﬁ‘{?“ es?}@ﬁrea('s?' 'fmgi?%ﬁﬁmyhgﬁhy' HRREYNt hyl |

5- t et r ahydr dsearehylinybutyl.@sabetylk sdeyteltyh terbbutyiydentytl isogghydmalredirand thiertikd. |

2- phert at hri di nyl,  3-phenant hri di nyI el | - phenant hri di nyt

phenant hri di 8- phenapt hr i di henant

10- phenant hIrTF%leHQI'?w%?écrlﬁ?ﬁ(ép e rsgy iﬁaufr%fg? (o 'aryniﬁ?‘h%éd c%?ﬂcy‘ﬁF %ot linited

to, phenyl, cerapstisbthgfl3-6 ¢anehen i anysherhielly stable|canfigeialien. Examples of suitable
carbocyclic-groups iriclude cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and '

cyclohexenyl.

25

' - The term “lower alkenyl,” alone-or in combination with any othef té'rrh, refers to a straight-
chain or branched-chain alkyl group with one or two carbon-carbon double bonds.
Examples of alkenyl.radica'Is inélude, but are not limited to, ethenyl, propenyl, i_sobro'penyl,
butenyl, isobutenyl, pentenyl, hexenyl, hexadienyl and thé like.

30 '



25ant hracenyl, phenant hrenyl , :tetrahydronaPht hyl, indanyl; phenanthridinyl
and the like. The term "aral kyr refers to an al kyl group substituted by an
aryl. ExaMol es of ar.al kyl groups include, but are not limted to, benzyl
and phenethyl, The term "heterocyclic group,” and "heterocycle' as used
herein, refer to a 3- to 7- nmenbered nonocyclic heterocyclic ring or 8-to
11- nmenbered bicyclic heterocyclic ring systemany ring of which is either
saturated, PBREidmlblesiyehatersQs a srsigt or mtetied evih diralenhhydeggaben opt i onal |y
benzof used if° nonogyclic:. Each heter j i&fiREd. mor e car bon
atoms and f rreqﬁrggﬁée?%/rgblsf%ﬂpgﬁgpgpgaﬁ%&%Jg%éﬁﬂgh'?%%mg roup, consi sti ng
of N, 0 and ESamplasiofWirienehas sed hereindepluse i ae aet ([Riteh & Eﬁeﬂ‘g‘%‘?@‘“ﬂﬁ\}e-
optionally tb‘?opggi\&!ibé@féne,?s‘éﬁuﬂﬁeﬁé”@\dﬂﬁé fegen atom rnay optionally be
guaterni zed, and 1 ncluding any bicyclic group in which any of the
above- defd ned heterocyclic rings is fused to a benzene ring. The 4
het er ocycl i cCTheiteroy "lwavgr b@nylerted odfersl toea stepight @MFP%“H&E@'FB%&%’H?”B‘F’OW ded
that the attagGhment of s hibsn-idibdnhRubie@aidson of a stable structure.
Preferred heterocycles include 5-7 nenbered nonocyclic heterocycles and
3-10 nmenbered bicyclic heterocycles. Wen the heterocyclic ring_ha
subst i t uent sTheitérmi“pweardexgtrefor te amalio h@elsa@iga'.iwh%%'ﬂ@eéav Pt ést‘{geﬁﬁ‘ﬁéd 5t 0
any at omg 1 g Tdafpied bRl &yh&ﬁ&rrﬂﬁmmdeablﬂa!’ebmn"fﬂitedm'hgth]@ﬂ_@w-ded t hat
a Stable .chemcal structure results. oal. ¢ eSSt pe glipearyr are
i ncl uded- wi't?ﬁ'i“?’fy-t"FfﬁW?é’('é?BE?%’fye%'L"ggxyd55%\%&'%%g\[/ngwég% béjg{lx)é?al_l y refers to a
het erocycle in which the ring systemis an aronmatic nonocyclic or
pol ycyclic ragehafhissh e flomid\g), thienet(O) tbsenity (Braobodinelllons, pref erably
five to ten carbon atons, in which one or nore ring carbons, preferably one
to four, are each replaced by a heteroatom such as N, O,QE aqd P. Preferred
heteroaryd greus “aré bigteorsn epmiinatiest with sy 8] term Ceifig'2? 63PSPE'°and 8 - 10
menber ed bi cyghsicheliaf @adhydsphedit hapmayiLbethiniigtthiarboh Bemscadenas¢ t he term
"het erocycle, "hetero lic" " gy dRURt bfd nehinGidd a
non- ar omat i c".’ﬁfgﬁaglygrg'f'?nﬁccgﬁ’ 'élg{%’f"ﬁ'g rl ﬁ%g?sgélyltﬁdéégls?n&gn or, noie aromatic
rings, such tasphenyl.aaphthiddndenyH %ZU'SW’-&“H’&H\S}'I?"W@BH’@W%T% "Ahyl or
t et r ahydr o: gidirdiQhroRaphinylinesrg!, pieantaddingbndahe liei Holesfotherwisendieated. (e on he
non-aronpt i ¢,_hef er.oat ong. aj. nj ' f oh bemalicdionstbeat ed, t he
t erm " hef®r o&J% 1L 'a?s’ﬁg@é'?%%%/agll ?%ﬁ%{ﬁ%ﬁ&égﬁg@% 1" 3l tsc;ﬁ/_ nel pded, each
possi bl e posiatic@farh ?Ssibﬁé‘ﬁp'ﬁ’l‘y'vé"??@f“@}"O%S?HF'?VE“%QM'MAI RS ﬁ
1-i ndol i Ryl , piRnardsalnyinz-bhendnthiiiol, i3rphkoanbiiding| €phepnthédieh dcycl es i ncl ude
i mi dazol yl, imdazalin sk L hdhdHridingeh8 @b YhenahtB@GWA. NExaltbles i ndol yI ,
20i ndazol yl ,phleﬁa gér%'n?’lh%ﬁ?n? h tg?é%gjrdggh%g?gﬁh )réi-d 5 1mx Iifa§Jen |
pyrrol y1; pyefreol fadigpls '"ﬁ'y‘alef-Bl“iad‘? ?f%)ll"',”“t% G| ,ap@b{‘fj'é%leﬂ% ) Lh; noxoty1 ,
pi peri di pyl , agiyacny] phepantiazl, tephydrqriapkthdAndapyl, prpy@ﬂthﬂdm"rﬁ}ﬂg thedive.i thezi nyl |
mor phol i nv1 b DI ARRERAGK I W alkyf 81508 suob N an dfil ERDhych. of lalkabust

&etraz ylI', "thi

carbotinyl, | t hi azol1dinyl, benzofuranoyl, thiarnorpholinyl
sU fone, oxapeda butgienst ipitsdq. be %‘8)?35'@“‘9’? oxopi peri di nyl ,
oxopyrrolidinyl, oxoazepinyl, azepinyl, 25isoxozolyl, isothiazolyl,
furazanyl, t%ﬁ@#ﬁ’%@%\é AOYtbup, { Ar Rk usARKE heteh] @Ol 3- td hi adi azoyl
di oxol yl , di oxi ny oxa{ hi ol yi’, benzodioxo] yl LAt oLyl o fhiapheny!
t et r ahyd@®t hWG’ﬂP@?ﬂ/W?""ﬂﬂ"? B‘F%’ﬁ(}’fc!?c Y195 ra?ﬁ’/ﬁ ¥nde|'m &%Eﬁdg@%@é hetefoBje m%
t et ahydr of ur gdiehyahy ahgiofamich is ¢ibersatwated potiallysaiurajask & LnTAsed. and which
di hydropyr an%lay bé @&tigﬁaﬁw BQ&%&B‘M rﬁéﬂbkycﬁé!diach heterocycle consists of one or more
_ carbon atoms and from one to four heteroatoms selected from the group consisting of N,
O and S, and wherein the nitrogen and sulfur heteroatoms may optionally be oxidized,
35 and the nitrogen atom may optionally be quaternized, and including any bicyclic group in
-which any of the above-defined heterocyclic rings is fused to a benzene ring. The
. .



trahydropyranofuranyl. 30 Optional substituents are hydroxy, ha ogen, am no
and | ower al kyl. Protecting groups may be sel ected from groups known to
those skilled in the art, including protecting groups disclosed in G eene,
Theodore W; Wits, Peter G M. Protective 35G oups in Oganic Synthesis.
2nd Ed. (1991),473 pp. or Kocienski, Philip J. Protecting Goups. 3rd Ed
2005, (2005), 679 pp. The pyridone ring depicted in (1-1) and (I 1), ieto
which the - {Mioschl ﬁrfaqﬁalyxbe%hsaseasphn fas&emenéaoa%n E%ﬁ.d@maﬁﬁethe ring shown

next to the Q rlnq arried out
before or affasPmes é%ﬁ’l‘%'ﬂ "b"fcrﬁtaﬁ‘é" ?ﬁarﬁ'?%e S‘%‘E‘t’f‘? 5(%%?dfh8}e“1°ﬁ‘3esd?cg %M of the
Q ring bei ngedeesred mbegtytlie hetervcyates and 8\WO)media 6l bicki¢ GéterotPricEh@hpr e ent

i nvention fﬁ%&.lfd%ﬁc %99&%&@ s, S GabRRAd ﬂBPM \Aﬁuﬁéhﬁérﬁé ma,seé éitasﬁe%p P-2) is

carried out ore c eatlon Q ring erein sal pyr done
conpound®i s'oGtY ele if g a\”“ﬁé&eb‘? h‘?*%’Pﬂ'B!“é” BBa'B?" P RIPUdeghat StableThe present
i nventi on f elamidaestruatufe regdts SHetsrodesaticst ed'hetbimesy|” awhiseled within thest ep P-2) i s

15 carried py roafcfegss §éfﬁ@& fﬂb@ﬂﬁd ééhgraﬂy reré?&o%m@tem?a@inmmiu% ri}éi’;r i done

conpound is O he present
i nvention f @étem '§§" AropRlcRYCYlC FROYFTYE BneBEG coRiRiteive 1@ MWy r i done
conmpound i scavbortatend, prefamdtdy féto O carben Jores énvhichnernt more ingatrbiores a process

as descgjbe ornmul a BB. The
hb E’ret | O){ﬁng ‘g{"t@ureérg ebdGePYLd9 B%S%Wh bﬁN% d b P,

present 1 nven res a_process as ove, wher e| n t he
pyri done Coﬁﬁfﬁﬂ'ﬁel h?tgroazyl qr%s]crﬁpl%p-grw ered monocyclic heteroaryls and 8 - 1

membered bicyclic heteroaryls. Also included within the scope of the term "heterocycle,
"heterocyclic” or."heterocyclyl" is a group in which a non-aromatic heteroatom-containing
ring is fused to one or more aromatic rings, such as in an indolinyl, chromanyl,

15  phenanthridinyl or tetrahydro—quiholinyl, where the radicai or point of attachment is on the
non-aromatic heteroatom-containing ring. Unless otherwise indicated, the_term
"heterocycle, "heterocyclic" or "heterocyclyl” also included each possible positional isomer

- of a heterocyclic 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, byrazinyl, quinoxdlyl, piperidinyl, pyranyl, pyrazolinyl, piperazinyl,
pyrimidinyl, pyridazinyl, morpholinyl, thiamorpholinyl, furyl, thienyl, triazolyl, thiazolyl,
carbolinyl, tetrazolyl, thi'a,zolidinyl,l benzofuranbyl, thiamorpholinyl sulfone, oxazolyl,

. oxadiazolyl, benzoxazolyl, oxopiperidinyl, oxbpyrrolidinyl. oxoazepinyl, azepinyl,

25  isoxozolyl, isothiazolyl, furazanyl, tetréhydropyranyl, tetrahydrofuranyl, thiazolyl,
thiadiazoyl, dioxolyl, dioxinyl, oxathiolyl, benzodioxolyl, dithiolyl, thiophenyl,
tetrahydrothlophenyl sulfolanyl, dnoxanyl dioxolanyl, tetahydrofurodlhydrofuranyl
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, Theodor'a'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.



25 Al so part of the present invention are novel internediates such as those
of the followng fornula (DD) bel ow P1 is as decribed above,

particularly benzyl. A process is provided for e preparation of a pyridone
conmpound of the following formula (PA), (BB) or (CC): HO.)."1. t--
1-3 no x\-:.---1""-"1-1-N CC

The pyridone ringldepicted in (1-1) and (I_I-II), ie to which the -OP' is directly attached,
bécomes in AA, BB and CC the ring shown next to the Q ring as follows:

OH
M

Thus, the step P-2) can be carried out before or after creation of the Q ring, such 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
15 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 features 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 features a process as descn’bed 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




conprising the steps of: P-1) brorninating a conpound of the follow ng
forl) to produce a brom ne conpound of the following fornmula (I1-11):
wherein Ris ---610; --CH(OH) 2, --CH(OH) (OR4), -CE(CH)-CH2OH
or -CH(OR5) (0R6); PI is I-! or a hydroxyl protecting group; P3 is Hor a
carboxy protecting group; R4 is lower alkyl; 125 and R6 are independently
| oweror Rs and R6 can be | ower al kyl 5and joined to forma 5-, 6-, or
7-menbered r t| n

2, 4-di-fl uo‘P"bepS‘ﬁ'éﬁyFaE:gﬁc"f‘idl£°&@f cg?g&?ﬂﬁ'fn with the reactants ,

2, 4-di -fl uorophenyt - CHr NH2 and car bon nonoxide to forma conpound of

formula Il IA#:Jol:esQMHO\%eldlforlttllé prbparatibf B §ﬂyri99rﬂ>%ﬂr§bm oRind fd*@\biﬁ%%%&i rC]I% a

conmpound of M?r(gg)o?(C ; forma conpound of fornula

CH,

OH O

5
. F
FQ\/
F
10
comprising the steps of: .
P-1) brominating a compound of the followmg formula (I )] to produce a bromine
compound of the following formula (II-11):
oP' o OP! .3
RS e S
; N ' n-n
wherein -
Ri |s —CHO —~CH(OH),, —CH(OH)(OR") -CH(OH) CH,OH or
—CH(OR®)(OR®); '



The present invention also features processes as descri bed above wherein P
i s benzyl; P3 is nethyl; and Ris -CHO, --Cl-1(01-1)(0R4),

-C11(0115) (ORs) wherein R4 and Rs are 15l ower al kyl. There is al so
described herein the process for the preparation of a conpound of the

following formula (I): 20wherein Ris --CHO --CH(OH)2 or HOH) (OR4): P1
is Hor a hydroxyl protecti ng group; P3 is Hor a carboxy protecting group,
R3 is H, hal ogen, hyc]roxy tionally substituted | ower alkyl, optionally

25 substituted cycbaP §ﬁ°’8|5t’ rBAAPPICI9EUPt ut ed | ower al kenyl, optionally
substituted | ower al Roxw, oraphrlbﬁiyairbtyctﬂglbﬁthpt uted | ower al kenyl oxy,
optionally substitut d < A p;Pptl onal |y substituted aryl oxy, optionally

o

substituted heter ocycl T C optional |y substjtuted heterocycl eoxy and
optional Iy substit utBdarghinae mqaae'?dgn#vdwr aliykgn R° amd R°scan berjawes syl

R2- X- NW €( O3nd; joifd th forfi Bls-, B ak Fynemtbeddirhgit ed aryl ; Xis a
single bond, a heteroatorn group selected from O, S, SO 802, and 5 NH or
| ower al kyl ene or | ower al kenyl ene wherein each may be intervened by the

het er oat.or n; and-Frcreaingthe)2. Hdpferoripmi CH-WHiCER)- é@ﬁﬁ\al"s’é@ theyeadandps of :

2, 4 -di-fluorophenyl-CH;-NH, and carbon monoxide to form a compound of formula -1
' or' 0

-
10 ~ P-3) condensing and debenzylating a compound of formula 1lI-1il 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):- _
OP! o

O AN AL P |
<~ _N. 0
Rx
R2
R

20 ) wherein
R is =CHO, —CH(OH), or ~CH(OH)(OR*);
P'is H or a hydroxyl protéctihg group;
P is H or a carboxy protectmg group;
) R® is H, halogen, hydroxy, optionally substituted lower alkyl, optlonally
25 substituted cycloalkyl, optionally substituted lower alkenyl, optionally substituted lower
| alkoxy, optionally substituted lower alkenyloxy, optionally substituted aryl, optionally
sub;stituted aryloxy, optionally substituted heterocyclic group, optionally substituted
heterocycleoxy and optionally substituted amiﬁo;
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ijreacting a conpound of fornmula 11): o OP1 R3 with an am ne of fornmula
(Irr)y or 1V): ORS H2, OR6(I11) wherein R5 and R6 are independently
| oner alkyl or IR and R6 can be alkyl and joined to forma 5-. 6-, or
7-menbered ring, OH 1-12N..k."--01-1 (IV) to produce an internediate of
formula (V) or (M), respectively: 200Ru 01-1 and ii)retunction king
(V) or NOto produce (1).
R*is lower alkyl;
R*is H, halo or R%X-NR'-C(Q)-;
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 (lI):
OP' o
O\ & p3
=

()]
RX
10 R?

with an amine of formula (Il) or (IV):

ORS

H.N ) am
2 \)\ORG

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

OH

PUNENGEL N

t6 produce an intermediate of formula (V) or (V1), respectively:

OP! o

O.. 3
= D/ ¥

1 . \‘ N n .(V)
R:
R OR®
. 6
. 20 _ . _ OR



Speci fic conpounds used in the processes include those of the 5foll ow ng
formulae (Da), (Mia), (Vib) and (la) utilized in Exanples which follow OBn
001 AO-- H(1(a) OBn OH OBn I0 Oit CH3 -0 /OH Nib) OH

OP!'
3
(0] N o P
> N vh
Rx 7\/ OH
R3
OH

and
i) refunctionalizing (V) or (V1) to produce (1).
Speciﬂc compounds used in the proceéses include those of the
5 following formulae (lla), (Vla), (VIb) and (la) utilized in Examples which follow:

OBn o _
j\:JlTu\ | (lla)

OBn

0]
0 ~H
Sy o
“@i _
l/ow wvia)

OH

10
OoBn

. & ;
(0] CH
. ~ o~
SN
Lo

OH
OBn
>~_N )
© (la)
OH )

OH
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Ojt CH3 - OH OH 10 The product (la) of synthetic sequence can be
condensed with an am ne, eci of the formul a HZNCH2CH2CH2OH, brom nated if
Rs is 14, carbonyiated and am dated arid finally, debenz-ylated to vyi eId a
conmpound of WD 20061116764 designated (1-7) at page 240 wherein (R),"
4-F and Re is FL Alternatively, such a conpound may be synthesized by
S5starting with (1) where re is p-F-phenyl-CH2- NH C(0) - R‘ is H P is
benzyl (Bn)_and P3 | car box rotectin ail, step i)
can be carr POt Qﬁif’?ﬁ' ?Y"n[:f'egcr%elqﬁ‘?f’c‘af;a'b?)er%f’ﬁged‘sgéngbﬁa"%' cﬁg SRB%tOH TI-1F
or DVF at afotreuipENaHICE, G, 0bbramning®d 50 & Hocarbenybtegiand 2mieted ood gnally,n ror e
detail, st e%’ebleb 1o Qad%%ﬁub&ﬂ\d%FWd ﬁosﬁﬁ‘@sﬂh%%&te@ AU)'&gpdaEtz%l al (M)

2

w th an oxi ?Ra gent suc Ru04 or ﬁ) n ‘i | vent such
as H20, MeowhereipfRIgFchant R "éHbA'?Hla"Yeé‘hﬁ\éﬁ“étcﬁF’@°‘f’B’rm E SHNeHEPE Pours.  For
the acetsl stypey sithar)ivihag Rivd 2 FiphénysQBANBS(QOM)R® iv ldat'tis emzyhéBn) bed PYis an aci d

such as HCL, .{& [|Wopt|onally with heating. Step ii) can also
i nvol ve refunctl altzatton at the re postion, eg fe=H to RY=Br optionally
with further refunctionalization to RK=R2-X-NR1-C(0)--. Step ii) can also

i nvoke ref umeidre@deaii, ztap i) oan iof caRBd oeouPB=hbrotic oP3priviic. soRemtrsuctoasdtdidt ai | , st ep
P-1) can bepgagimgea tLre%lswugsmsz%n&%dutqufmgul al-1 witha

brom ne source incl U%H p%ut not limted to N-bronosuctinim de or bromni ne
in a sof%ent such as NN- dirriethyl formam de, TI-I1F or acetic acid and the
i ke. This mhmansdasinstep Hreac be cdrded aunfoptetdiotstérting patatial §vI withperoaidaing of - 10C

to 50C to pé&ﬁf&@n 8s RABP ORI &f:b&%mﬂ alsdudentlchn gSH)A) M’é@iﬁ)reﬂg@u bt step P-2)

can be carrle ut tr atln

570- G 11 aor SR APERBTRR: 95 OB tEte PSP PEeiA sieh A

pal [ adi um (@), r;eau:mrenama iopt aedmatiduas &6, &P peitl@OH pptipndlyiwith deatinger t

sol vent y9ptional ly ‘with heating. The carbon m)noxi de can be at atnobseheric

pressure (141 psi) or. at e res artl ul ar | n the range of
b to 60 psyonficah pseishveaBadlonipfion ot Pk B fBeh s o s dolohdiy 20° ¢
with further refunctionalization to R*=R%-X-NR'-C(O}-. Step u) can also involve
refunctionalization of P?, eg P*=H to P*=Me.

20  In more detall, step P-1) can be carried out by treating a compound of formula |-l with a
bromine source including but not limited to N-bromosuccinimide or bromine in a solvent
such as N,N-dimethyl formamide, THF or acetic acid and the like. This transformation can
be run paiticularly at a temperature of -10 °C to 50 °C to produce a combound of fonnul_a
111, ' '

25 _ :
In more detail, step P-2) can be carried out by treating a compdund of formula [I-1l with
2,4-difluorophenyl-CH>-NH;, carbon monoxide, a suitable base and palladium (0) source
and optionally an appropriate Iigend in an iﬁert solvent optionally with heating. The
carbon monoxide can be at atmospheric pressure (14.7 psi) or at elevated pressure
.30 particuleﬂy in the range of up to 60 psi but in some cases higher pressures may be

- required. Qases 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 s'out_(:es of Pd

. (0) include but are not limited to tetrakis triphenylphosphine palladium (0). In some cases

35 aPd (Il) precursor can be used to generate Pd (0) in situ. Suitable Pd (Il) precursors
mclude but are not limited to Pd(OAc)z, Pd(OCOCF3)2 and Ilgands include Xantphos, -

11



I'required. Bases include but ere not limted to tertiary am ne baSes such
as, dilsopropylethylarnine and triethylamne and the |ike. Inorganic bases
such as potassium acetate and potassi um phosphate are al so bases qt
significance: Suitable sources of Pd (0) include but are not limted to
tetrakis triphenyl phosphine palladium (0).. In some cases 35a Pd (rn)
precursor can be used to generate Pd (0) |n situ. Suitable Pd 1)

precursors i byt _are not P C(giF and | i gands
i ncl ude Xan Q}Fﬂij%sp’a APHERN eﬂﬂ%@bm"h‘?ﬂ‘y@ 93858%8%?%%8?3) % b f)'r'?a'gﬂzﬁ phosphi ne
and t he | i k&.N-diaettly! famearhige, THE, toluenel &MSHER tb@IkaeHeatlnDNBOmatn@ ithe |ike.

Heati ng opt %&gﬁg"yuselds@ﬂelré},gg R6mABRat thhegr@nbi ent to 150C Ivents include

i Xxture is The present invention also features crystalline forns of a
conmpound of formula AA (Conpound 13, Exanple 1) salt and a hydrate thereof.
The pr es&nt Thepresett inenticpaisofesured diystdlineddrins of a eonippdndatfdortnhlerdof of a

conpound of (dsQipbiHd!18, Bample 1)@&9&6 aqryur%{eﬂheréé?Wh&fes@ntﬁr@ghtbﬁk@atlﬁés hydrate
t hereof of a conpound (3) Acrystal form

of
of (2) haviHYy R °b‘?hW[ﬂ“’e‘hﬁ'ﬁ9fsqf8§PmB‘f”858frfP"'?é’?’%Aél ected fromthe group
15consisting of (i) and (ipy: El) Baving characteristic diffraction
peaks'at 6A_ 0.2,.9.20 01 18.80:02, 19.2" 0.2 and 21..8 0.2 degrees
two-theta i h~a rayﬁJ firaction pattern; and (ii) having
‘characteri st nfrdy ed |abs r\g:/@ pectra at 1641cnil 2cnl, 1536cM
2cm, 1503cm 1 ] :

F (o] AA
10 '

ZT

F

(3) A crystal form of (2) having one or more physncal properties selected from the group
15 consnstmg of (i) and (ii):
(i) 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 a.n X-ray powder diffraction pattefn;_ and.
(i) having characteristic infrared absorption epectra at 1641cm'1 + 2cm'i, 1536¢cm™ + 2cmv”
!, 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 crystal form of (2) having characteristic diffraction peaks at 6.4° + 0.2°, 9.2° + 0.2°,
13.8° 1+ 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 abeorption"Spectra at 1641cm™ +
30 2cm™, 1536cm™ £ 2cm™, 1503cm™ + 2em™ and 1424cm™ £ 2cm™.

12



20 (4) Acrystal formof (2) having characteristic diffraction peaks at
6.4t 0.2, 9.2 02, 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 crystal formof (2) having
characteristic diffraction peaks at 6.4 0.2, 9.2" I O, 13.86 0.2, 14.6
0.2, 15.2 * 0.2, 17.6 0.2, 19.2 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.o haV| char cterl I ared absor spectra at
1641c 0 2c )Ai'gé%'é %‘ﬁql Er@ﬂef' 'céﬂcﬁ '6935%%19" s%‘?frﬁ’gt 6? A crystal
formof (2) 2hravr1ﬁgeoo‘rfar2amt £Y508¢m bt 2anfY; dd28dmAb 2on ht1Réend pecint a1 288cnl'641cm | |

1536cM  2¢cL:8cmd SQ36dm 1t 2ca8Bhd 106bfRde AL, 2crill, 1282cm 11 anil, 1258cn¥
2cmi', 1093cML 2cnf/ and 1069cm 1+ 2cm 1. (8) A crystal f or m of (2) havi ng

t I A mth
e ootac BT AT KA A TR e P Bl (L
| nfrared abédtpickon spectra substantially as shown in Figure 2; and (c)

Solid statell3& %wﬁee&ﬁ@eroﬁu&er@musehﬁanyaesh%bmmr.we Figure a (9) A crystal
.ies. selected fromthe group

formof (2)

consi sting 64}?% ag%?ﬁ%"o?s?/e)c{ra f‘iﬁi Yafl'efiléef E’Q" é‘r'fh QU &3t ic diffraction peaks
at 8,0 O. 2(C)§°|Bistéme?0 -NMR3spegtrapsubgtgntially @s showainFi®®e 8 0. 2cdegr ees. t wo-t het a
in an X4pay powder diffraction pattern; and 15(iv) having characteristic

i nfrared abg)rypinys fepec(2) Bavag 01153|7rﬁ&e|phy5|cch’fﬂpertfb53@6ﬂ&d frorGgrolp 1501crrfl

2cm/ and 14226 (10) A crystal formof (2) havr ng characteristic
di ffraction pes S ﬁﬁ{)gn%“’) 3 0.2%11.3" 0, 26; .2and 22,8

0. 26 degr eef R haEriaristiy dgﬁcy(’"rp&?k%MeF O’ 1% ¥ 243" 0111 326*;5%\% t8HE (11) A
crystal for .z afd22. 81 avi2Ndegades ivacthetiirsén. X-rai povida difiratiorpettks; @id 8. 0 0. 2,

9.3 0, 25 g_vrs %a@ng chgragtenéjhé 1n4rare9 agsorﬂtﬁn gpecg'a %t 16§$cn? iki 2c91 ‘2153%gm + 2(9n 2,.19,8

0.2. 22,8 :
, 1501cm™ £ 2cm™ and 1422cm’™ :r:2cm

{10) A crystal form of (2) having characteristic diffraction peaks at 8. 0°+0.2°,9.3° £ 0. 2°,
11.3°10.2°,16.0° + 0. 2°and 22.8°+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) A crystal form 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™, 1422em™ £ 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 consrstrng
of (d) and (e): '
35  (d) X-ray powder diffraction pattern substantially as shown in Figure 4; and"
. {e) Infrared absormption spectra suﬁstahtiélly as .shown in Figure 5.

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

(2) to (14).
13



0.2 and 26.8 0.2 degrees two-theta in an X-ray powder diffraction pattern.
26 (12) A crystal formof (2) having characteristic infrared absorption
spectra at 1637cnt 2cm, 1536cmit 2cm 1, 1501lcm | 2cm  and 1422cre

2cm 1. (13) A crystal formof (2) having characteristic infrared
absorption spectra at 1637aril t 301536ce 1501lcm|* 2cni', 1422cm 11277cn®
1268cML  2cm 1, 1093cm 1 2cnf and 1069cnil 2cmi'l, (14) A crystal form of
(2) having one or nore spectra selected fromthe group consisting of (d)

and (e): 35(fky Re?rf)é’éés RP WG Erafiinl dt flﬁféwsf&nfopﬁstgsq{eﬁneﬁqp%yad%iorhy56 (8§, shown in

Figure 4; and ( I nfrared absorption spectra substantially as shown in

Figure 5. (15) A pharnaceufi cal npesi ti.on_containin he crystal fom as
defined in gﬁg,_?argﬁee'ﬁg ?’{{"55' %P{B"e(sf%s.&‘ﬂ'h?% s%(apsra@(?{;fé’g’pf’m"g%ic’gﬂﬂ? é%(i Bn of ‘the
crystal foor wartigdargesodinmgal.n any one of (21 to (14). The present
invention features crystalline forns of a salt of conpound of fornmula AA

in Sparticular a sodiumsalt. . The present invention features crystalline
forns of a kﬁ%?rgtc’eé’?werﬂo'é%I"t"re(?fcryzigﬁ'ﬂ%{m%‘gad'P'drF'(‘?rqfrﬁIs%ft%&,minﬁmﬁ'&tofi cular a
sodi um sar i forngla i is pamtiwiartai sodivalseh i ncl udes a crystal formof a conpound
of formula AA (Conpound 12, Exanple 1).- Details are shown as (17) to (22):
(%7) A ;:noystraih infentioh aiko Rcl0@EER0yEthl @m bpd Eﬂﬁﬁp@uﬁ%f_fmybmW?a:(ﬁp?me1g,r(rrp;e )
physi cal pr SHSE Ir roup consisting of (v) and (vi):.(v
havi ng Chargg%ﬁé"%@fP%%f%?%%&gh%m&jﬁ% at 5.4 0.2, 103 0.2, 12.3 * 0,2,
15.2 0. 2,. 44 A%ysiel o ofreepmnound ofdefHBY: i n an X-ray powder diffraction
pattern; and (vi) having c ericsfic infrared absorption spectra at
1658cmit 26J11l._1628cr

~ 15 having one or more physical properties selected from the group consisting of (v) and (vi):
(v) hgving characteristic diffraction peaks at 5.4° + 0.2°, 10.7° + 0.2°, 12.3° + 0.2°, 15.2° +
jO.'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 o
: (18) A crystal form of a compound of formula AA:

F

25 haying 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° deégrees two-theta in an X-ray powder diffraction pattern.

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

14



20 (16) A crystal formof a conpound of forrmula AA: AA 25having
characteristic diffraction peaks at 5:4 0.2, 10.7t 0.2, 12.30 0.2% 15.2
0.2and 16.4'" 0.2 degrees two-theta in an X-ray powder diffraction pattern.
A crystal formof a conpound of fornula AA havi ng characteristic
diffraction peaks at 5,4* 0.2, 10.70.2, 12.3 0.2, 14.3 1: . 0.2, 15.2
112, 16.4 0.2, 21.7 1 0.2, 24.9 0.2%25.4 0.2 and 27.r 0.20 degrees
two-theta in an X-ray pomdqﬂidkjfr tion pattern. (20) A crystal of a
conmpound of fornula AAl i cha?acterlstlc infrared absorption spectra
at 1658c nlf~x 72 2cnl and 1498cm | + 2cnill, having
characteristid spgctra at 1658cm 1 2cmd, 1628cmll 2cn4,
| S4Ccrr (1 2cm 35Cral 1254cral + 2cmll, 1238cnll 2crn-
1080cm 1 2mil an11056cn}'t 2cn}1 Mhavi ng one or nore spectra selected from
the group consisting of (t) and (g): ¢ :

having characteristic diffraction peaks at 5.4° £ 0.2°, 10.7° +0.2°,12.3°2£0.2°, 14.3° ¢ _
- 0.2°,15.2° £0.2°,16.4° £ 0.2°, 21.7° £ 0.2°, 24.9° £ 0.2°, 254° £0.2° and 27.9° £ 0.2°
5 degrees two-theta in an X-ray powder diffraction pattemn.

(20) A crystal of a compound of formuia AA:

=T

F

10 _
having characteristic infrared absorption spectra at 1658cm™ + 2cm™, 1628cm™ + 2em™,

1540cm™ + 2cm™ and 1498cm™ + 2cm™.

/(21) A crystal of a compound of formula AA:

OH O  CH,
H.
x : 0
y H -
F o} AA

_ having characteristic infrared abébrption spectra at 1658cm™ + 2cm™, 1628cm™ + 2cm™,
1540cm™ £ 2cm™, 1498cm™ + 2cm™, 1355cm™ £ 2cm™, 1264cm™+ 2cm™, 1238cm™ + 2cm”
1 1080cm™ + 2¢m™ and 1056cm™ + 2cm™.

15

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

"~ 25  having one or more spectra selected frorﬁ the group consisting of (f) and (g):

(f) X-ray powder diffraction pattern substantially as shown in Figure 6; and
' ' 15



(f) X-ray powder diffraction pattern substantially as shown in Figure 6;
and 15 (g) Infrared absorption spectra substantially as shown in Figure 7.
The crystals of conmpound 13 and 13b (nonohydrate form of conpound 13)
denonstrate high solubility in water or saline, high bioavailability (BA),
hi gh maxi mum drug 5 concentration (Crax), short maxi mum drug concentration
time (Tmax), high stability against heat or |ight, and/or good handling
facility. Therefore, the crystals of conmpound 13 and 13b are suitable as
phar maceut i (@Infiaregabefimtian spectrp gubstastialyps SRVRAD BQHRPI es and t hroughout this
specification, the follow ng abbreviations may be used: Me (nethyl). Bn

(benzyl), Ag (agueo Et ttl C teilgr. g){g)MD n the
fol |l ow ng Ei%ﬁrﬁ?séé? g’f%@e%“"aggiae? ﬁ}}gc"foﬂcé'(yéﬁr%genflg h%%i%gﬁ%%ur? amehgﬁftéaﬁel reactions
of the pr esbigh seluhitignin weter prralined bigEkigaysiletdinBARighmaxinpmydied Exanpl e CC. The
Iﬁl | owi ng e}g@,{&ﬁﬁtﬁﬁoﬂcﬁ]akﬁtsﬁ&dﬁgxiﬁﬂh drld déﬁ&dn&ﬁtidﬁlrﬁnﬁmhﬁm,thidhrﬂabmﬁ}ed to limt
e scope of the invent on in a : anpl e starting
material of am?aé°ﬁ'gﬁtaﬂ5"9§§°?£'¥at"ﬁ§%é%°%ﬁ%05?1‘ rrgg e'?h (?gt r?%f]% O?ﬁ%ﬁ&\?\'ﬂ?ch is also
shown as ‘conpeahtBbBrérnitahle asrhapoaneutisatingredignts.at - page 113 of WO 2006/ 116764.
The 25 product depicted bel ow as conpound 8 is of the fornula (1). The -

final product Shown bel ow as ound 13 is a.co nd_of, a (1-7) at
page 240 of 'S @ng%?\é\‘ se\?fgtgrggﬂh N SP%C'@% n dﬁg‘g?%“é{’r‘ﬂj;%fé&ufa%, provi ded,
however 10t hetay bhesed: Mg (negthytll Pintbenat)nid (aageopsieEldetbyit Cdperggsidghat ed Ria in
formula (XXVI) at page 65. aner e :

EXAMPLES

16 In t.he following Examples, those depicting the bromination and amidation reactions of the

present invention include Examples C, Example 2 and Example CC.

;Fhe following examples are intended for illustration only and are not intended tolimit the

. scope of the invention in any way.

.20 ‘ .
-Examples 1 and 3

The starting material of Example 1e and 3e is the cdmpound of formula (lla) which is also
-shown as compound 5 below ahd compound #101 at page 113 of WO 2006/116764. The
25 prodUci depicted below as compound 8-is of the formula (). The final product shown
below as compv.aund 13 is a:compound of formula (I-7) at page 240‘,of WO 2006/116764
‘wherein (R)n 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



Nl 1 r2A K2CO6 142N 00 OM a N, (1i"1 14,...- NeQ..,
gNi 1 ....)01,7i OOCAL a F i 1 NE12 10 089 0O

' OBn
OH BnBr o 1) LIHMDS 0OBn 1)M$CUE'.3 OBn 1) RUCI;/NB|04
0%( K,CO3 x 2) PhCHO OH 2)DBU 2) NaClO,
O SN

5 HZN/\EOH o
@O(B'n OH (‘i;ﬂ m:;:ucoa Ci( _ NalO fiﬂ/
OH N
o HO
5 \L) 6 OH 7 'OH

OH |

: OBhnO = 0Bn O =
el i g, g B Tj* B O
S ”\)a\o cmsHJCHzNHz
H

N

Pd(PPhy)s, CO

. OBn O E OH O z

F F O N~ N7 Pd-C/H, F\CIF/HO X N/j
H S N\/I\ ' N = N\)\o
0 o]
1 . ONaO : b

. F- : 0. . N/'j
NaOHaq./EtQH N e N\/!\o

o N 0 H

13
Thus, in the above sequence for Example 1, compound § is identical to.compound 101 at
page 113 of WO 2006/116764 and to formula (lla) of the process of the present invention;
compound 6 above is identicél to formula Nla) of the process of the present invention; .
5 compound 7 above is idenfical to formula (VIb) of the process of the present invention;
- and compound 8 is identical to formula (1a) of the process of the present invention. Step i)
of the invention process is 5 to 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;CO5(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) 6 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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Example 1b .
To 904 g of the crude compound 2 was added 5.88 L of THF and the solution was cooled

to —60 °C. 5.00 L of 1.0 M of Lithium bis(trimethylsilylamide) in THF(1.25 eq.) was‘added
dropwise for 2 h to the solution of compound 2 at —60 °C. Then, a solution of 509 g of

" benzaldehyde(1.2 eq.) in 800 mL of THF was added at —60 °C and the reaction. mixture

was aged at —60 °C for.1 h. The THF solution was poured into a mixture of 1.21 L of
conc.HCl, 8.14 L of ice water and 4.52 L of EtOAc at less than 2 °C. The organic layer
was washed with 2.71 L of brine (twice) and the aqueous layer was extracted with 3.98 L

. of EtOAc. The combined organic layers were concentrated. To the mixture, 1.63 L of

toluene was édd_ed and concentrated (twice) to provide toluene slurry of compound 3.
Filtration, washing with 0.90 L of cold toluene and drying afforded 955 g of compound 3
(74% yield from compound 1) as a crystal. '

“H NM-R(300 MHz, CDCl;) 6 7.62 (d, J = 5.7 Hz, 1H), 7.5-7.2 (m, 10H), 6.38 (d, J= 5.7

Hz, 1H), 5.16 (d, J = 11.4'Hz, 1H), 5.09 (d, J = 11.4 Hz, 1H), 4.95 (dd, J = 4.8, 9.0 Hz,

“1H), 3.01 (dd, J = 9.0, 14.1 Hz, 1H), 2.84 (dd, J = 4.8, 14.1 Hz, 1H).

 Example 1c

To a solution of 832 g of compound 3 (1.0 eq.) in 8.82 L of THF were added 416 g of
Eh_N(1.5 eq.) and 408 g of methanesulfonyl chloride(1.3 eq.) at less than 30 °C. After
confirmation of disappearance of compound 3, 440 mL of NMP and 1167 g of DBU(2.8

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 ofganic
layer, 4.41 L of toluene was added and the mixture was concentrated (tree times). After
addition of 4.67 L of hexane, the mixture was cooled with ice bath. Filtration, washing with
1.77 L of hexane and drying provided 780 g of compound 4 (94% yield) as a crystal.

'H NMR(300 MHz, CDCl3) 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, 1H), 6.41 (d, J = 5.7 Hz, 1H), 5.27 (s, 2H).

Example 1d

. To a mixture of 822 g of compound 4 (1.0 eq.) and 11.2 g of RuCl;'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 NalO,(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 fittered and washed with 8.22 L of
EtOAc. To the filtrate, 1.64 L of 50% Na,S;0;aq, 822 mL of H,O and 630 mL of coc.HCI
were added. The aqueous layer was extracted with 4.11 L of EtOAc and the organic

18
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Thus, in the above sequence for Exanple 1, conpound 5 is identical to
conpound 101 at page 113 of WD 2006/ 116764 and to fornmula (11la) of the
process of the present invention; conpound 6 above is identical to formula
(Via) of the process of the present invention; 5conpound 7 above is
identical to fornmula (Misi of the process of the present invention; and
conpQund 8 is identical to fornmula (la) of the process of the present

i nvention. %&’ of the invention process is to 6 above while step i )
is 6 to 8. &%meée famnbyzd and peRcesirald. J8Ht rEUE: %bﬁb‘BHﬁ’&"ﬁsf‘dée"e‘?j‘ in 14.0
L of MeCN weheamigidabachs284&ntated arbiacmrysuwbmme'baia(Exltﬁﬁoreqas)hur@rvdchGBdJQ of -

o e e e 48 O i gy 20 o 10 13
concent r at edH ARz, GPC*F)—@\K%@ dddediz dHt Re4red§ @uét). THe-#3ms o ut i on

was concent 3af, saisi(@ J3H S rH3 58, 56 ©fs, erIEe1 opmound 2 as oil . Wthout further
purification, 15 corrpound 2 was used in the next step. 1H NVR(300 MHz,
CDC6) 6 7.60 (d, J =5,7 Hz, 1H), 7.4-7.3 (in, 5H), 6.37 (d, J = 5.7 Hz,
11-1), 517 @éam@ﬂ)e 2,09 (s, 3H), Exanple Ib To 904 g of the crude
conpound 2 \Aas.xtaudd;edo%g %ohpMndBwanaclaMmmcdfeiampmnmqldaﬂtztso -60C 5.00

L 011.0 M ofeq ynhmstmaf%t&& %4% b%ram glngoaéw J#z!ggik %éef%ga.}on%?s added

dropwi se fo , a solution
of 5099 8f ssséﬁi%rﬁaw@(amei 2@@9'(9 1|qq>80%9°rmt SEIGHEhemxtugpRstised at60 t and
t he reacti 0A0 A fot Uhe At@daigechf a8.€ gfod B-amira-pidpand 1,2Hid @l 1Léqg. )an208asL plour ed i nto

a mxture abth %ﬁ: rJ'nxtgtfe V&QQGTQQt 80 8!2 9043&'mﬁ1f Aﬂgteco}%ﬁ'%egfd %@zﬁt oﬁ o?gogl'ml}{) Et OAc at

| ess than 2 C organi c | aYer was was wi ce) and
the aqueous¥ 3}'@?’"%&? vageareniged tatheresigug. 2.54450f Be@ apd 2.5Heof AsRBT ned
organi ¢ | ayees addede Aftens=partatia, the .aqleput agerviax wastesd with@ D2IL cdEtarel Tene was

added ang Cﬂ]@(ilalmo[l@ra?g ﬂm sﬁ)z«ywmmcoa\eld%stae&éa%%s§lhgﬁw c%g g@gef‘d 2.

Filtration, tol uene and d 955 g
of compound oigo W?w 25 i &W@M’Hhh%? 491 i FhO 2P dpigg provided 576 g of

compound 6 (83% yield) as a crystal
'H NMR(300 MHz, DMSO-d;) 5 7.67-(d, J = 7.5 Hz, 1H), 7.5-7.2 (m, 5H), 6.40 (d, J = 7.5
. Hz, 1H), 5.07 (s, 2H).'4.2—4.0 (m, 1H), 3.9-3.6 (m, 2H), 3.38 (dd, J= 4.2, 10.8 Hz, 1H),
20 3.27 (dd, J = 6.0, 10.8 Hz, 1H). :

Example 1f _

To a slurry of 5§76 g of compound 6(1.0 eq.: 5.8% of H,0 was contained) in 2.88 L of NMP

were added 431 g of NaHCO4(3.0 eq.) and 160 mL of methyl iodide(1.5 eq.) and the |
25  mixture was stirred at room -te_mperaturé for 4 h. After cooling to 5 °C, 1-.71 L of 2N HCI

and 1.15 L of 20% NaClaq were added to the mixture at less than 10 °C to give crystal of

compound 7. Filtration, washing with 1.73 L of H,O and drying provided 507 g of

compound 7 (89% yield) as a crystal.

'H NMR(300 MHz, DMSO0-ds) & 7.59 (d, J = 7.5 Hz, 1H), 7.40-7.28 (m, 5H), 6.28 (d, J =
30" 7.5Hz, 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),

4.83 (t, J = 5.7 Hz, 1H), 3.97 (dd, J = 2.4, 14.1 Hz, 1H), 3.79 (s, 3H), 3.70 (dd, J= 9.0,

14.4 Hz, 1H), 3.65-3.50 (m, 1H), 3.40-3.28 (m, 1H), 3.26-3.14 (m, 1H).

Example"19 -
+ 35 To a mixture of 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



1H NMR(300 MHz, CDC 2) 67.62 (d, J = 5.7 Hz, 1H), 7.5-7.2 (m 1014),
6.38(d, J 5.7 Hz, 1H), 5.16 (d,J 11.4 Hz, 111); 5.09(d, J= 11.4 Hz, 1H),
4.95 (cld"/ = 4.8, 9.0 Hz, .1H), 3.01 (dd, J= 9.0, 14.1 Hz., 1H), 2.84 (dd,
= 4.8, 14,1 Hz, 1H. Exanple |Ic To a solution of 882 gal compound 3 (1.0
eq.) in 8.82 L of THE were added 4169 of Et3f4(1.5 eq.) and 4089 of

nmet hanesuffonyl chloride(1l.3 eq.) at less than 30 C. After. 20 confirmation

of di sappear afiae. ol GATROUN el oty B 8| INByAMS O] nOhy@RIN2 8 0.)

wer e added { reaction mx re ess t reaction
i xt uee was cengerirategiand goaigdrio 10 fe Ritrtiany washing wib fik® and 9ig RicviHed388@ L of 16%
sul furic acbphoafa&ﬁdfmawoguala;é‘sé /4. was washed wnth 1 76 L of 2% Na2S03ag.

After conce I ay 1 ne added and
the mxture"‘&é@‘*@%ﬁgfé%é@?gaﬁﬁi”‘é&%?n@wz Vi G R e
hexane, ®Bhe6fiHet 2ANeb-2R(, £D85&H. Hilk BOB (se2lhad- HHﬁﬁKmrﬁt)qw(svﬁiﬁrﬁ fodwith 1.77
L of hexanejamd gy yHyng ' provi ded 7809 of conpound4 (94%yield) as a
crystal. - NMR(300 MHz, CDCI3) 6 7,69 (d, J 5.7 Hz, lit), 7.50-7.25 (m
1(H), 7.22 (d, J = 16.2 Hz, 1H), 7.03 (d, J = 16.2 Hz, 11-0, 6.41 (d, J =
5.7 Hz, 1H) Bxa@ngeris, 2H). Exanple Id To a mixture of 822 g of conpound
4(1.0 eq.) ﬁﬁ&dk&ol@%n@faﬂ*@l@of@b@ Gﬂc&%o@tﬂié(ﬂo"éqa ifl3 78 0bf WSMNby 2. 47 L of

El OAc a 2 S add ( t han 25
€ O 208, 2o e 155 %&3@9&%"“%4103"&%%“% o
| ess than zslew@turﬁfn@éﬁorﬁwﬁgadf dp the rpsidugy 89 bp talpenen\A&3 M eitASPERNdNd washed
with 8.22 L13fg@IRE-Afeo-bliant iR 1Biell) Waic@idddd 4nd the @itubdRashira®d @3eg, 822 ni

of 120 and 83QuflyPho 406 1) NELECAAARE: 1IhE ARURCHS: | e ig.cxLr act ed

with 4.11 L @ or gan S Were
concent r at e@ddeggnd the mixiige Ua%c""ﬂe'l_fa@f’ liii E?é’ﬁ'@ W@sexaad%w-mmt had#88% ure was

concent nat ed oeCHECICH@Ivedhet vith 21 xce8diabH,OF Thé srabnioRyeryvasiaicogbmed dhd- 1 L of
toI uene and f A s a crystal .
“Fl NVR( 300 %A"Q%ﬁc’[@g“ eg&iyg % Ly Eté)gg@é%ge%ﬁa : & et 6 4. 2H
7.40-7.26 (sAncepled aftergddigen of by SFEYQpC. fitrption, wasiging st 1314 qHEI0AS 37 ( s,
211). Exarrphfei drging provided 335 g of compound 9 (83% yield) as a crystal
" '"H NMR(300 MHz, CDCl;) 3 7.70-7.58 (m, 2H), 7.40~7.24 (m, 3H), 7.14 (d, J = 7.5 Hz,
20 2H), 6.47 (d, J=7.5 Hz, 1H), 5.35(d, J = 10.2 Hz, 1H), 5.28 (d, J = 10.2 Hz, 1H), 5.12
(dd, J=3.9, 6.3 Hz, 1H), 5.05-4.90 (m, 1H), 4.07 (dd, J = 3.9, 13.5 Hz, 1H), 4.00-3.86
* (m, 3H), 2.23-2.06 (m, 1H), 1.48 (ddd, J = 2.4, 4.5, 13.8 Hz, 1H), 1.30 (d, J = 6.9 Hz, 3H).

_ Example 1i - ;

25. To a slurry of 332 g of compound 9 (1 0 eq.) in 1.66 L of NMP was added 191 g of
NBS(1.1 eq.) and the mixture was stirred at room temperature for 2 h. After addition of ..
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;) 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), 525(d J= 99Hz 1H), 512(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, J = 6.9 Hz, 3H). '

35 . Example 1j
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A m xture of 509 g of conpound 5(1.0 eq.) and 407 g of

3-am no-propane-1,2-diol (2.5 eq.) in 1.53 L of EtOH was stirred at 65 *C
for 1 h and at 80C for 6k. After addition of 10 18.89 O

3- Ami no-propane-1,2-diol (0.1 eq.) in 200 rriL of EtOH, the m xture was
stirred at 80 Cfor 1 h. After addition of 18.8 g of

. 3-ai nino-propane-1,2-diol (0.1 eq.) in 200 nL of EtOH the m xture was
stirred at 80 C for 30 min, After Cooling and addition of 509 nL of H20,
the m xt ur e Undes caibprempna-eridschtmaspherhea nistyrecti@3.53 obgorppagd 10(b0 ean@48. 54 L of

AcOE1l were ﬁ@%@ﬁprﬁzﬁﬁtéﬁe@epﬁs ame4-dmn&o&qm@Mﬁe(h exéer)amsa@smed with 1.02

L of EtOA % d dded
Fess than 15@RpuEog ey mf ¥imadingsetnsd st 6 B15e Foheidiong w th 1. o3
Lot col d 11p@cigitete dag/fltngdpnd)waaihedwﬁﬁ@@mbbfZ:anpwhd‘\f@rQ@B%‘yi@?d)l- ds a

crystal.s pH,0and EHUW&QQOM’B the%@‘ d@ ahic B efwas washedwitizsss Hidof 7. 5-7. 2
(m 511), 6, e

, 3.9-3.6
(m 2H), 3. 38NHipa 3""-333"2“%%&8 ‘iﬁ‘eai'i"‘f%“a% ai?x“"&?é‘”ghgg%“éw 10. 8 Hz,
111) . ExanpAeOft. Toe arggiicilayers weres@@bigedrdndcongrotizied. 6‘(01th®reelque 180 8%ebf 1120
was cont ai ng%)opbﬁbl ?va§§dd'ed Qlfid M‘m%@ﬂa@&g\%té@a Qﬁé}fadmﬁ&ﬂdf%@%(_%f Q eq.) . and
160 nmlL of. rreth$/ i odi eas 0{%‘?? gt‘a tmxt sfstlrr<§cj| room
t enper at ur ePPBFNY cppcentration. °8‘3'8’i’f g figeatiop 3l hemery” awf515 f. of
20% NaCtlag mmaleeoadﬂbddwsolwdrleofm@mmeematalhéQle-h)aaFeme@Nh@tlgg ve crystal "of

conmpound?.  pickibifad w&r‘nneeéa%m 8 filthateRval CJ&eAte&edﬂ(&emmdﬁ ¥fizo0 nmrdb\[/):vggddg;)m

of conpound_Z. (89%

67.59 (d, JE@*‘7°%"° ‘ﬂf ‘?‘S°? °£3§°\§‘“Qa4 R 095 ""a"'o"" %/’%f'??a"ﬂl}'/k%'ﬁ’" 7.5 Hz,

1H), 5.21 (qudelefyssamf ¢qznpoqrr911)1 wag o!p@(ned Htter !@scsutnz of thefrudesgystyl in 459 = 10. 8
Hz, 11-9, 4mB3f4detond byhéntirdg, H?e,soihﬂlorﬂ-\)las cdn&bhtrétddl, To]there%ldﬂe 13dmlofz, 1H), 3.79

3015 35 2ebarai ol uipdrd s iep ey Aot oabiblng %, 2005 O (

7(10 eq.) |wssuwﬂ@t-@fwmmmw'taztwwnen@ﬁnqqrzlog aieuded 3433 gofspmpeund(id. 1 eq.) was
added 390 g(gat, WriQ4aEretarq. ) .and the nmixture was stirred at 19 room
t enper at.ur ey - f ihion_af S%g?tq the m xture
was concent rqal'?@'()i&gﬁg' H(‘%I\'o%[ﬁélﬂ%ﬁ g"@é‘??. %'Qil-?z{ ?ﬁ’f #gﬁ(sl H/?ézl@g_g E’ 2“:[)120 and .
dryi ng provi-4&d286mgStyf 6. ERpB IR T80k T 8191 HY. a2k idy fdp?HZﬂlH)Nf v1R( 300
M-z, DMBO- de)s Gd, £523.606.7 Bz, HY,.505H290 (ki H), 4.64 B, 7 =304 KaeHRA4P (dHU33 (cl,

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

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

~ Example 1k
. 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 CHCl./MeOH(9/1), the filtrate was concentrated. After dissolution .
30 of the residue in 1.38 'L. of EtOH by heating, the solution was gradually cooled to room
temperature. After filtration, the filtrate was concentrated and cooled. Filtration, 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=87, 6.3 Hz, 1H), 7.24 (ddd, /= 2.6, 9.5, 10.8 Hz, 1H), 7.12-7.00 (m, 1H), 5.44 -
| 35 (dd, J=3.9, 5.7 Hz, 1H), 4.904.70 (m, 1H), 4.65-4.50 (m, 1H), 4.54 (d, J= 5.1 Hz, 2H),
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56.0 Hz, 2H), 6,29 (d, J = 7.5 Hz, 1H), 5.08 (s, 2H), 4.95-4.85 (in, 1H),
3.80 (s, 311), 3.74 (d, J =5.1 Hz, 2H). . Exanple 1h After dissolution of
a mxture of 378 g of conpound 8(1.0 eq.) in 3,76 Lot MeOH by 10heati ng,
the solution was concentrated. To the residue, 1.51 L. of toluene was added
and the m xture was concentrated. To the residue, 1.89 L of toluene, 378
n. of AcOH and - 137 g of (R)-3-Am no-butan-1-0l1(1.3 eq. ) wer e added and
the M xture was heated to 90 C, stirred at 90 C for 2.5 h and concentrated
| at he resi-df:35 (g, 8960, t#8 tHol1HbHe OnAags el dHY 3R 8@ ik R2dPe! e TH).

concentr at edso_'ﬁhg(ﬁ,eﬁq)dug;;tﬁag e HAagHedwith 3.78 L and .1.89 15 L of CHCL3
and washed with x 1,89 L of 1120. The organic |ayers were .conbi ned and
concentrated. To the r esi due, 1.89 L of EtOAc was added and the m xture was
concentr at eBxamiet 8r addition of 1.89 L of EtOAe, filtration, washing with

1. 13t LI of E;\Qé%g,sm.oﬁl bV J%%rfemb&m 133P0 8q.9i gtm 56 i et gyol(ea 4sb||&ted) 3?? ). a
crystal. in
7.14 (d, J WR%WHZWW? %“A‘Z?Bq”ﬁas ‘ﬁigasml%é‘g“i't%\?" a‘§53§ e J =10.2
Hz, 111), 5scm3|o-@ was draduilly Gooled to robm)temgeratore( Hitration, wa@lmw@f@m&lzof 1H) ,

g gg ‘21 gg E goxﬂdidﬂs‘é oBcén &Bd@@@%yibﬂd}}isa ,Q)QI'?) 86 (m 35')_ 6 9
Hz, 3H). Ex%’\a'g%ﬂbb'% W@g‘g 191&7%6%"3431‘?3*0 ?rﬁ’%né%% 40‘31303 ih 1.66 L
of NVP Was adsdd61918H)oT.0BS81m11H05-22-4r1d ('t\h‘é*)rﬁ Sthre(mdl) $15 Kq’ e’d= at room
tenpergt]tcjr es5.h Q, 2. 3&?&@% agyl I4t1I6Q<HH gk.1.8, 111216f1H)8105:l3@0(ﬁ1hm)m%6t-uLe was
stirred for t ing.of the

m xture at ig&m f1gl 2@’8‘13?%@35 49'—9%&"0 &L'ZQ(?l I '%r%glggﬁg washing with
1,33 L of cold H20 and drying provided 362 g of conmpound 10 (89%yield) as
a crystal. gahpkligNVR(300 MHz, COCl)) 67.69-7.63 (m 2H), 7.59 (s, 111),
7,38-7. 29 (E)ﬁamp&hﬁb) shoﬁsaiﬁroleﬂ; fahré&parittion dtthe cristAedodpeund 1%Wch i#11), 5,12

(dd, J= 3 %@tﬁ%ﬂ@? {4390 (m 111), 4.11 (dd. J = 3.9. 13.2 Hz,

1H), 4.02-3" 06(m 111), 1.49 (ddd, J-:24 4.5, 14.1
Hz, 111), 1.31 (d, J 6.9 Hz 3H). 35 Exanple ij Under carbon nono-oxide
at nospher e; Afger missdlunbleofcn‘o (Bﬁofﬁongpmmddamibem)jn 60 rhl. Of Bf-Water36luBon (8:2)

i - Pr2NEt (2. ﬁ%)se&ﬁ&zmma‘a‘uaawoq WHOIAbERAN Siukbh efnb - ixiGdwasand 4. 62 g
of Pd(PPh3)

irr 5 h. After
cool i ng?° %‘EF?J?H’%‘E% ‘“’W&’g“’f‘t"? ff’é? B‘&“’%{ %?Wéﬁ"%wfﬁ?'g%e‘{‘r{’ gﬁ'"gi’v"b g%anol
After addl t moof TofF-e0@ sotutiongB:2h HRQ m& bl THE7 @rying 4t 8pfC ﬁmﬂ&tmdm corfdgdiofiing t r at e,

t he organi Cprbxﬁdé@rso\&%%f\é@rﬁﬁlﬁﬂd Wi (hoRaditte B &-cBMbddnrt 38,93\ 35ar ri L of

1120 and the aqueous | ayer was extracted with 335 m. of AcOet. The organic
| ayers ver €EHoi ned and concentrated. To the residue, 150 nt. of
2-propanol was added and the nmixture was concentrated. After addition of
150. mL 8§ ZexaRfpRP@nol concentration, cooling to 20 4C and fi I tration, crude

crystal of égg;g@tﬁgd 11 was

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,CO5(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, 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). o
35
Example 3b
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10 obtained. After dissolution of the crude crystal in 380 m of acetone by
heating, precipitate was filtered and the filtrate was concentrated. After
addition of 200 mL of EtOH, concentration, addition of 150 nmL of Et01-1,
concentration, cooling and filtration, crude crystal of compound 11 was
obtai ned. After dissolution,of the crude crystal in 450 nL of acetone by
heating, the solution was concentrated. To the residue, 150 mL of 2-
propanol was_added and the m xture was concentrated étWI ce). After cooling
of the resi dife04@iof the 5FuB AOMRENER Mgs afder 5B8)5:q5 FHiRand the dolktion wag cpplasl i ded
34.3 g of caapsm"rm .‘ﬂﬂbL(c84%l\ybﬁlltdilmﬂﬁs(tﬁméthylsdyhl'mdeﬂnNMR(‘Bﬂiquvlias a@dxd6) 6

10. 40 (t, 567 7.24 (m
511), 6.78- o ‘5"3"5 : {tf’mess%‘ﬂaf‘(’i%mg@%g%z 1 gi g’%"'%"j")’sogg‘z’%o 2 He,
T11)| 205, 1e(Fadehys(i2 &5 885 L pETHFIWgS addedhat—80 Boadihe !ﬂﬁft'°"4""6l4fe(d 3=
5.4 Hz, All)wasébg@Pat6dl:C tbr Fh3TRe THBsdtioA Whs pdlirdtnto Adnixturéef 6201 ofl3. 2 Hz,

111), 4 02- 4, 4. 5,

14.1 M. ?i:oﬁgHélné gﬂ'&%’ca ﬁa}@r‘%\ éé%@é_l C;ﬁéxa} esi ea g édﬁ%q\#‘agm lgy dr ogen

at szpher e “@Smaﬁ'!e\ir"@h 37 12ef b@edw%ﬁwgﬂﬁéql@wsl'a!?f ¥gs pxtiaplgd wits® 9%t 10% Pd- C

|( ndzg)z m . of EffAc. andcodibinel offanitRiyts\Wrse aiacdrirelddfwm&n*mré;ﬂ@rl_o /aIrD ggicpi tate
p was r was

added and t h‘gbér?lg )\(At% g a%&gﬁ@%ﬁ%g?t}e%ded Qmﬁél{gfupr%wa% ?J;me 3 g?gpceoﬁ‘ a‘gh% her e.

After PdlOC flsatipn. washipgwitn9Quaefireld tolvens 2nd drvinp a@rd @/mmoynq t he

filtrate wagrawyiele hbmabepoundfif & a éiygaol ution 30 of the residue in 1.38 L of

BLOH by heat i idbuRobicl, A ¥l IL34UaL L, 5904 Sl LR] 8AF Smnef atur e,

After filtration ncentrate ‘tration,
washi ng wi t WZEtOH- 314 47 ¥ ﬁ&zpﬁixﬁ%@ Qi’?“&%‘f“kfb?ﬁd%r/& 49 9(‘!9*1% yi el:d) as
a crystal . HHNSRI3BDJ MdH, 11 HASE) 0684 @3,2/ 54.8,(19,1 ) H). 10. 36 (t, J= 51 Hz, 1
H, 8,50g(s, 1H), 7,39 35 4,35 (dd, = 6.0, 13.8 Hz, 1H), 410398(nt
1H), 3. 96- 3gQfp 3dH), 2.10-1,94(m 1F1), 1,60-1.48 (m 1H), 1.33 (d, J =
Hz, 3H) Tokxaunmnef 832 PofAbinpsundizgs.0leyl imzqfoffraFQ&reJa‘dds@Wd 12 (1,0

cq.) i 5 EGnAs ROHR oAl bk AEhRAGHAR J o BLL BT o2 Sl Of 2N

NaOHaq(lOeC} to the so e solution was
gradual I'y c6&¥ EEP"PE)“r“HF@HPQa@?ﬁ%P%‘PmPE‘.’"dﬁ- F4G Ak PIOYMP aresHIER g olPBW280. nL of
Et OH anaodr wq. )‘lvgerpléddﬂdd@ﬂhel&cﬁ& rﬁ&tumm@sm\dn 18 ey teattidh nddura was yst al.

7,0- 7. 0( mo g T8y hyTgtipales bl g8 Ggop il gt atdne )

4.874. 74 (nProvnf fayef weg Weﬂ‘edx'"h 1.78, 4’ aﬁ%aaq 4Af§=5991‘°2'5ra('?ﬁ °f1frfb°f9av'<=16 ( cid,
J 1.8, 14. llakir, 4.4H) of tdudievais Qﬂde(drand lﬂé)mlxtﬂreSIBas cBncédtrdten (trddhmesy, Akerl. 72 (i n,
1H), 1.44- 1ac§j%|o(1 G 4. é—?"D of th%% tﬁg mlxlure @agc&ked w’;r’tmola ba{ﬁ>< %I?EPJt.@n leagﬂ ﬁgﬁan’pl e

1rn shows a process aration I he compoun whi ch
monohydfat e’ ?BFH{'@F‘a@cﬁ?ﬂgl}' pi%"'deﬂfﬁ%ﬁi%‘i%@ﬁ‘l' t‘ﬁ(%"éi'P'dB?F?)c'lft%f conpound 13
(1.0 eq.) im™GMR30bLMPE, dbc)B-Vevt8rs Sok vzl 1), 230-P¥s R, 1@5), 736.@Nt= of 2N
NaOHaq (1_04g8lh), 1wsogq9eﬂ¢e>zﬁqu§%lMt(30ﬂ55fn§ 1%%}%1(?38 S'30 stirred at

room terrper at ure for hours, The precipitation ‘ed, washing with

150 ter soI ution (8:2), 150 nL of THF. Drying at 85 4C
A hursdt ;V‘ ff@?%;fqalo@%fwwuﬂsgaﬁ@ 1f'6 g B REATREBU ool o IBAPLNST 21 © Torm

10 mL of water; mlxture 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, organic and aqueous layers were
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 NaOH solution
and the agueous layer was separated. After 60 mL of 5% NaHCO, solution and-257mg of
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25 Exanple 3 Exanple 3a To a slurry of 20009 of compound 1(1,0 eq.) in 14.0
L of MeCN were added 2848 9 of benzyl brom de(1.05 eq.) and 2630 g of
k2C0a(1.2 eq.). The m xture 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 THE was added to the residue. The THE sol ution
was concentrated to give 35859 of crude conpound 2 as oil. Wthout further
purification, conpound 2 was used in the next step. tEl NVR(300 MHz, CDC6)
5 7.60 (d, JEMPS wasigdded; 259 g of NaCl@3solutign vEad)addel tg the(rgactign mixture 23 °Gz, 111),
5.17 (s, 2Hyer 18-2R8stirfed fo? BhminIScHeR IR racidh wakFin@fd. ﬂfté?tthetlé\}%r&ﬁéiéie Con’pound 2

dded 5. 88 i 500 L of 1,0
\IC/I,af)f aL| 1? hi ur?]e?ﬁ'!?f‘? 4?%’5‘??‘]’5{’]’% J"Ia€§%§rf%§?:' (F)ﬂd %ﬁ(%gﬁé&éﬁrﬁ a‘?ﬂﬁg 20ded dr Op\(/)\ll se
for 2 h to tsheargled.dhe aquegtfs layenpesextaeddty 3060 of B:OEFlaetseparaBal 18% on of 509 g
of benzalsdehyde(astadél tb tﬂe‘]‘e%@n Fibtupd atEUEC\f@SIh g@fﬁg nﬁ&ur@a&:&rﬂﬁ t$ he

reaction mx e THF sol uti OE our ed

into a mxt u¢e£ff?ft "ﬂ‘gﬁwﬁf Stgrﬁﬁgmﬁglm'" @eﬂﬁﬁred‘fas fitgredyyedied x 39,"% 2'L of ROA
at | ess thawatr#w@e afiddryed trep1e\idel 5%/ @ pf compouEisH@els wieldhaLs grgstal. of brine

tw ce and,t Ys tr, f The
((:onbl nz-:-d or% ?db;@r dﬁg{aﬁ%sd rar’?ic d'ﬁdgn}%_;ﬁ'f?g?t%@ %B%?%L( _

t ol uene vvas 983 8(‘2 H{:é f?’ (gﬁ 'i')mfg §5%"8 provi de tol uene sl urry of
compound®3. Filtration, washing with 0.90 L of cold toluene and drying

af f or ded 95@* R¢ 32 onpound 3 (74% XI eld fromconpound 1) as a crystal. "H
NVR( 300 Mz A 9y 565 grof gompayind § (1.0 59.andA07 giqf 3-amping-propang-h2-dioff3.8) | 6: 38 (d,
J = 5.7 Hz, e¢b-i}115£3u;ﬁe(cc|-| was slifrediattds, "CIdd)1, h d@O4ai’C far AA.. Attdriadditil)of 4. 95 (dd
J =4.8, 9. Qa.h%’of g-mn&p%pgAe-G lelol(é1eq9m02001n4_o1‘§g%—l tr;]e]r%}tureaﬂa@%y%%_{ 0 eq

14.1 Hz, _1 ) ti1on conpoun

in g 82 F%O‘I‘?-é”%ef\ggéam %}18-Eo k¢ imS"*@ffP?"eah ieb@d %SPW@OH'%?!SUI f onyl
chl ori de( 1. BtGd the raixtuleaas stirresirat 8QtC foABQ min. @@erfdonling tahdaddition di S@pylestr ance of
conpound 3, H%Qhemmxﬂfe Wcoﬁd@z?hré‘létﬁ?ﬂ) tﬂef, regﬁll:&% 58 L%@H@ar)d 2’@1" of2deed to the

reaction mxture at ture was aged for

30 nmin. The"RiSaPHT%e %r seﬁ%’ﬁ'ﬁ“ai Ff&‘be% FYF’T’a?G’aiheSf”“ﬁé‘%él?f F@ccTaci d and
t he organi cthleayeeoua\ESerM@ied P4 dulfdricaGidlwae ad @baNe 230 3a tp °CAb give crystal

concent pat i gitoRbolnd®. PltERAON, WabmdEwith fsAlofeoRH,b 3hdEPRg %s.d@od%% nd the

m xture was_conce s ee tines). After addition of of hexane,
the nixture RS mé)agé’yvﬁkﬁﬁsf'@é{s‘ﬁg?h Filtration, washing wnth 25 1.77 L of

hexane . and"HINMR(3§0 MHa\ PRI 80 & (fJ TBhplaLtit, 745—(791(% §iileb.d) (g =a.5cr yst al .
"H NVR(300 N2 H), @D@I(BhH54'é—58(rﬁd1H)J§9—567(rd'|zH) 338 )dq, /=29; 10.2A: (mgt 10H) 1

7.22" (d, J (d, J = 16,2 11), 6.41 (d 5.7 Hz,
1H), 5, 27(53%5‘3?2’ "HZE?<0 8H2331'q§0 To a mxture of 10. 09 of conpound 4 and

13. 6 ng2®f RuCl3.nl- 120 in 95 nmL of MeCN and 10 nt. of water, m xture of
155rit of wedaiple 3f. 29. of hydrosul furic acid, and 15.5 g of Nalai was added
for 2.5 h alo 28ury of 878 @6f cagpouhdfeq. 0]521;.15B%rchEﬂ)WaﬁMtaﬁﬁUﬁﬁG$8|L®YerS wer e

separ at ed amp%g?ggéd 43459?? NYBE eéroaeglt ﬂd li)éf) {,‘i-’-me(?rtyl %Qgé((l‘ s%ﬁe ‘f‘%' Agueous
I ayer was exract al n Orn ayers were
conbi ne d. Gmlxﬁt_xreoriasgé ed at room temperature for 4 h. Aﬂer coohng to5°C, 1.71 L of 2N HCI
.30 and 1.15L of 20% NaClaq were added to the mixture at less than 10 °C to glve crystal of
compound 7. Filtration, washing with 1.73 L of H20 and drying provided 507 g of
'compound 7 (89% yield) as a crystal.
'H NMR(300 MHz, DMSO- ds) 8758 (d, J=7.5Hz, 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=5.7 Hz, 1H). 3.97 (dd, J = 2.4, 14.1 Hz, 1H), 3.79 (s, 3H), 3.70 (dd, J = 9.0,
14.4 Hz, 1H), 3.65-3.50 (m, 1H), 3.40-3.28 (m, 1H), 3.26-3.14 (m, 1H).
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NaH303 sol ution was added to the conbi ned organic | ayer and the | ayers
were separated. The organic |ayer was adjusted to pli 6.0 by adding 4.0g of
2M NaCH sol ution and the aqueous | ayer was separated. After 60 nL of 5%
NaHCO3 sol ution and 257ng of TEMPO was added, 25.9 g of NaCl0 sol ution was
added to the reaction mxture at 25 9C for |ft and stirred for 30mn to
check the reaction was finished. After the |ayers were separated, 42.5nL of
5% Na2303 'sol ut i on and 30OrrilL of AcOEl1 were added and separated. The

aqueous | ay& AR ed b parated. 129 5 |-12504
was added t °?ﬁ'§“'t"88éf‘r1c(§39l°frﬁ° gséfé 5@9%519 fﬁ'ﬁéghag "re?*n Y was

cool ed to 5H.T.2.6¢ ofé‘leOhandmbﬁthtrfélaWamadﬂ&dedthﬁmngs@emeﬁ" 17 Ketor#id3@- ur e was
filtered, vaghark a%ét.’en Akt wad stinal ?er%rcsrea,m@nedﬁageﬂerb@ TREQNdrate was 79 of

co d 5(70% 78 (d, J
COMPOUNG o5( 1008 B Wy o £ 3 i T 0o} Sopnepbato & 15,0 1)
5M (bit, 11HSOSABL thesnixt@iwas Esranyitratedd eooingrio)t Gr @iragion mblnmfmth:thﬁ)ound 5

(1.0 eq.) angy Agaz&pm.déum&&cemma% %yaevdpis(a?cr?stﬁq ) in-1.53 Lot EtOH
was stirred at 65 Cfor 1 h and at 80 for After addition of .18.8 g of

3- Ami no- pr oJANMRI309 Mz, BMBO-dd) &G63 (d; 4= Z§0znd HoT-42t7A9 (% B, BBX{dudE Was
stirred at 6D3HzB2HYB.LD(, 1=.5 Hxf 1id) 5.88¢H LHDA.96#.838MB1H), HBO (s, 3H), 3.74 (d, -

3-am no-1pr opaerHz, 2Hdi ol (0.1 eq.) in 200 nL of EtOH, thenbdure was stirred
at 80 Cfor 30 mn. After cooling and addition of 509 nt. of 1-120, the

m xture ‘wasgeoRgesy rated. To the residue,- 2.54 L of 1120 and 2.54 L of

AcOEt were aghl@ctte ofid.®4 oﬁﬁp?a@hIMd 3B h@ ALYHMY veledyiBEd B Solu@nlvedagi th 1.02
L of EtOAc, fé??f%— mma()gbu arnul éﬁ 'gg)gf (? %%me dt 1 d& %%a%%ﬁcfa%rdlageg‘ﬁl Rﬂ%s added at

| ess than 18 gl ve on, washing with
1,53 L df ccﬂaahmrmmeaﬁelsmeyuahgﬁ &rfewm{ﬂs gipgepchien mistvrovatosled 8396y el d) as
a crystal. ZddadR(HWeMiystal WBWasHeH afid drybd'to(gile 8.8 gof Gofapdtnd 9%489d) , 7. 5-72
(m 51-0, 6x§§ % ; J— 7.5 Hz, 111), 5.07 (s, 211), 4.2-4.0 (m 1H, 3,9-3,6
(m 211), = 4.2, 10.8 Hz, 1H). 3.27 (dd, J = 6.0, 10.8 Hz, 1H).
25 Exanpl e 31NMHE(30al\/$Iszm®la)c6f7m¥ﬁgaoﬁ -2t Munas 6, BHY, 7ert.(d, 5= BSHef 1120 was
cont ai ned) " pn), 488, L=afs INVIFH)B.B8 (R dead.248] 1), .08 MaAHEDB 3D 1190532 and 160 ni
of nethyh i @i 963, &3 AL 1H) VB4 BE(I1b, W0 MAY =3id, 8 8H12aiH)! Hevnstsgnper at ur e
for 4 h. Af {ngrat-cz(é%—i‘@e(n%ﬁ% @48%«%1.1‘-2(3“43'\13'#6}& 130286 (d v L% d+031p0% Nadl aq

wer e added e mxture at less than 10 ap to give crystal of conpound 7.
Filtration, h| gwth 1.73 L of H20 and dryi ng provi ded 507 g ‘of
Pr:)jf

conmpound 7 E %H@of %S‘?h %fy 3 ‘E)Ptiich16romethane was added 10 g of compound 9 in
25 928gof dichloromethane at room temperature. After thr reaction mixture was stirred for
6.5h, the reaction mixture was added to the solution of 2.0g Na2SO3 and 40.3 g of water.
The organic layer was washed with diluted NaOH solution and water, dichloromethane
" was concentrated and was displaced by methanol The mixture was cooled to -5 °C and
filtered and the wet crystal was washed and dryed to give 10.3 g of compound 10 (84%).
30 'H NMR(300 MHz, CDCl;) & 7.69-7.63 (m, 2H), 7.59 (s, 1H), 7.38-7.24 (m, 3H), 5.33 (d, J
= 10.2 Hz, 1H), 5.25 (d, J = 9.9 Hz, 1H), 5.12 (dd, J= 3.9, 6.7 Hz, 1H), 5.05-4.90 (m, 1H),
-4.11 (dd, J = 3.9, 13.2 Hz, 1H), 4.02-3.88 (m, 3H), 2.21-2.06 (m, 1H), 1.49 (ddd, J = 2.4,
4.5, 14.1 Hz, 1H), 1.31 (d, J = 6.9 Hz, 3H).

. 35 Examb.le 3j

Under carbon mono-oxide atmosphere, a mixture of 25.0 g of compound 10; 11.6g of i-

PrNEt, 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,
' 25 '



'H NVR(300 MHz, DVB0-4 6 7$9 (d, J= 7.5 Hz, 111), 7.40-718H), 6.28 (d,. J =
7.5 Hz, 11-1), 5.21 (d, J 5 4 Hz, 111), 5.12(d, J= 10.8 Hz, 11-1),.5.07 (d,
J= 10,8 Hz., 1H), 354.83 0, J zr- 5.7 Hz, 11-0, 3,97 (dd, J tr. 2.4, 14.1
Hz, 11-1), 3.79 (s, 310, 3.70 (dd, J= 90, 14.4 Hz, 111), 3.65-3.50 (m
111), 3.40-3.28 (m 1H), 3.26-3.14 (m 11-9: Exanple 3g To a m xture of

,0 g of conmpound 7(1, eq.) in 70.99 of MeCN, a m xture of 50 niL of H20,
2.6 g of H2SO4 and 11.59 of NalO4 was added in the range between 17 4C to
14C. After theeeactaohixiore was)devide anasi 086 iof mitird \@as useth nnext ptepd.Gog bfat e was
filtered. Tﬁ&)%tl 3d. @ggitv?at%ﬁdgnﬁqgggadtc%s{ahﬁeé%h&gd f@&quacitén RixhrePdt ascor bi ¢

acid sodium salt wat er and fter the m xture
was concent ?%t%@“e%%EPQ fag 7mis. 29-pgof ‘f"i‘t?'t"Yaétaf’W and:cepPdhig oA KMRBBUSd dr yi ng
pr ovi ded 12TRScrpdtal @asfiteaicht &(o%%yerﬂbté)an&aamadrbysvalg of ethanol to giveltid. INVR( 300

d 7.42-7.30 (m 5 6.33 (d, J =
6 0 Hz, g}l-l) m’f&g’@g@mé@“}'e'@%zmﬁéms 08 (s, 2H)( 4. 9?)4 85 (m( 1H),
3.80 (s, 3HHNBRUEIO Mz, GOTL)SD 8,40 (ki = 6014, 1HERSAS: dHBA.6A-Ho&imu2E).of 10.0 g
of conpound7.82-am34dm38H)36.g8-af74dingl e 30\RY; 2=addex] 1H)6.268 (o, Uti1012 Hof 13), 3 g of
(R) - 3- Am nos hsitdans 30| 5.7 Az 4H], 0504 96ling 1 pyra.candl J& 4 gz,0H), acet@d; saci d at  60C.
After the 156epcd hAf4Bb¥dd) € 6WE$3, §hkr1r+9da @Ls%é(rﬁ 912 28w (s, 1H heso eact i on

m xture S t t wet crystal was washed and
dryed to”'g. (98 5:9405?1%3”91;!2@ %‘”{’g F$€R%%data 11- 1 NVR(300 Mz, COCl a)

it.) 710- g (p 740724(m 3H) 714(d J = 7.5 H, 211), 647(d
J = 7% Hz, . 5 28 - 5. 12
20(dd$ 3= 3 @:*By@gﬁﬁg%fp ye. aé“%b"ef%a’@ g“g’b "Oaélé’“%"é“@‘ 3 5 He,

1H), 4.00- 3P®E if §7.6 BHp! THF ezsuzs 05 ewzol@)st.nqd t981: 90@650 g=Aflerqixturesf 13.8 Hz,
1H), 1.38 (8omg3sF NaHSO End Bdkidl) of plviRAMater Rbs 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, wéshing with
. 26.9mL of EtOH and drying provided 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), 465—450(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),
: 160—148(m 1H), 1.33 (d, J = 6.9 Hz, 3H). .
25
Example 3l
After dissolution of 18.0 g of compound 12 (1.0 eq.) in 54 mL of EtOH by heating, followed
by filtration, 21.5 mL of 2N NaOHaq.(1.0 eq.) was added to the solution at 80 °C. The
solution’ was’grédually cooled to room terﬁ'perature Filtration, waéhlng with 80 mL of

30 EtOH and drying provided 18 8 g of compound 13 (99% yield) as a crystal.
'H NMR(300 MHz, DMSO-ds) 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), 4.874.74 (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 follows:

~ Measurement of X-ray Powder Diffraction Pattern
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To slurry of 5.7 g of NBS in 26.59 of dichloronethane was added 10 g of
conpound 9 in 2592.89 of dichloronethane at roomtenperature. After thr
reaction mxture was stirred for 6.5h, the reaction m xture was added to
the solution of 2.02 Na2S03 and 40.3 g of water. The organic |ayer was
washed with diluted NaOH sol uti on and water, dichloronethane was
concentrated and was displaced by nethanol The m xture was cooled to -5

"1C and filtered and th C was washe r i 10,3 g of
conpound 10tr %ﬁ‘%s“"%‘i’%%“ %‘!)% sa@ﬁ@?ﬁ?"eéa(;"@gd'?gyé "Fﬁf‘“ﬁﬁ % 7. 59 (s,
111), 7.38- aiﬂ‘thc(mpaﬂérmmea@reﬁer(tde;scﬂbed il Orhg JhlzqneSElH.l)ann@pQ@la(laﬂeQnth 9.9 Hz,
1H), 5.12 (dgjor 3.9, 5.7 Hz, 1H), 5.05-4.90 (m 111), 4.11 (dd, J = 3.9,
13.2 Hz, 1 02-3.88 (m BFD 2.21-2.06 (m 111), 1.49 (ddd, 3= 2.4,
4.5, 14.1 t&$§¥¥@¥ﬂmﬂégﬁ (d, Jr 6,9 Hz, 3H), 35 Exanple 3j Under carbon
nmono- oxi de &INMBPFMre, a mxture of 25.0 g of conpound 10, 11, 6g of
i Pr2NEt , 12?%&9 of 2,4- d|quorobenzyIarn|ne 335 ng of Pd(CAc)Z and 1.9 g
of 1,4- bis nyl phos |no)butane in 188 nmL of DVA was stirred at 85C
for 4 h. Af %‘?Wﬂd@%’hﬁ’“d' S Werea5 8lSi on ni xt ure was devi ded and 10/ 25 of
m xt ur e was Mesfgerfian Maibxd: pataig) ben Gethodf AcCOElI, 29.9 g of water and 3 ng of
seed crysta&uM§£ﬁd€dQed to the reaction mxture at 40 ' C. After stirring
for 7mn wat er was added and cooled to room tenperature. The
crystal QasRFWFW@r%H %t room tenperature and washed by 47,2 g of ethanol to
give 1111 5@eondratoosvpentridDOIiA 83% yi el d) as a crystal. 'HNNR( 300 MHz, CDC13)
6 10.40 (t Génerat@rt@néi%zsml's-% (s 1H) 7 66 7.58 (in, 2H); 7,42-7. 24
(m 5H), g m 211), 530& 1H), 5.26(d,.J = 10.2 Hz,
1H), 5.15 ( 'besa sgprepgred opyzn a Fb‘““"!swi‘i%' 490 (|n 1H),' 4.64 (d, Jr5, 4 Hz,
2H), 4,22 (dnigledfl_nmden@;:‘imdw“ 1H), 4.09 (dd, J 6.0, 132 Hz, 1H), 4.02-388
(m 211h5 2.24-1.86 (rn, 1H), 1,50 10(ddd, J = 2.4, 4.5, 14.1 Hz, 1H), 1.33
(d, =7.2 Mea%me&mnﬁh&diﬂpectrmewawggen at nosphere, a mxture of 4.0
g of compou . Cin 67.6 nL of THE and 1.6 nL
of H20 was g’?ﬁ%%‘é' % %i_?qgg éﬂ %%& gfélf‘g m xture of 15 80ng of NaHSO 1
and 2. 0mL oﬂﬁﬁﬂimlﬂﬁﬁ—ﬂﬁter was added to the reaction mxture and the
reacti on ni K/IR-€2008pe/S{by IASTO Coipoidien)pr eci pitate was filtered, washed with
20 rlft 0of dE4s and the filtrate was concentrated to 11.97g. After adding
6. 7nmL et and 33.6nL _of purified water over reaction m xture was
cool ed to Z@E?SUM"TGPY'BW%ATWHﬂve%’eW'WWEtOH and drying provided
2. 339 of coRpolutich:22cnf-82% yi el d) as a crystal. 2911-1 NVR(300 MHz, DVSO- d6)

6 12,51 (S, pbdor: pOame% (t, J = 5.7 Hz, 1 H), 8.50 (s, 1H), 7.39
| ~ Accumulation: 32 times . '
25

Measurement of solid-state **C 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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(td, J' 8.7, 6.3 Hz,'1 11), 7.24 (ddd, J -= 2.6, 9.5, 10.8 Hz, 1H),
7.12-7.00 (rn, 1H), 5.44 ' (dd, J = 3.9, 5.7 Hz. 11-1), 4.904.70 (m 1H),
4.65-4.50 (m 1H), 4.54 (d, Jr 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 (0, J = 6.9 Hz, 3H). 25 Exanple 31 After dissolution of 18.09 of
conpound 12(1,0 eq.) in 54 m. of EtOH by heating, followed by filtration,
21.5 nL of 2N NaOHaqg. (1.0 eq.) was added to the solution at. 80 C. The .
Sol ut i onwas 'Syleanabearnidgrdcastamadtane (Meture canprdthidpp®) Filtration, washing with
80 nL of SOEE.Q Ak qgryi ng provi ded 18..89 of conpound 13(99% yield) as a
crystal. 1\# I\/B%Q(Q MHz, DMBO-d0) 6 10.70 (t, Jr 6.0 Hz, 11-1), 7.89(s,
11-1), 740 SJgte i, 7,25-7.16 (m | H, 7..06-6.98 (m 1H), 5 22-5.12
(m 1H), 4.874.74 (m 1H),- 4.51 (d, ;1= 5.4 Hz, 2H), 4.35-4,25 (m 1H),
4.16 (dds Jgxae@A 14,1 Hz, 1H), 4.05-3.90(m 1H), 3.863,74 (m 1H),
2.00-1.72 (m 1|F1|) 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 lotto :
Measur ement Tbé stxtingapatedaldtExabipfef & & coinprunP gt wieehyis ideifisalite feguvia fig). Ewsdi ti ons
US?S wer e t@aﬁﬁ@ﬁfiéﬁdgga%@ds Wﬁ%{lﬁﬁihﬁ)gr)/mfeﬂﬁe&an@fo&hé%&(mB&Mdeffoﬂ'luIJ ﬁaﬂ‘ll on
pattern nea nt . descr.i e S een
Measur i ng agﬁ 'ﬁg's '?"ﬁf’?\#ﬁigeﬁ?"wgfﬂ%%gg?%g ﬁ?f% %@%Qﬁg%(f ?30?1"5 were es
fol | ows.1OMedemseh#int Met hod: paral | el beam nethod Tube anode: Cu 10

Radi ation: Cu Ka Generator current; 300 inA Cenerator tension: 50 RV

0
OBn
. OM /[\,'OH 2 0
e ~
N HoN O8N N NBS
Ho\l) 0 — =
>N
8 AcOH _ \/1\0
OH H
14
OBn O OBn O . )
XN _ Pd-CH,
N
B X N\/{\o FZCGH;,CHzNHz ‘/*\
H Pd(PPh)s, CO
15 - 16
(o) - ONa O

. NaOHag/EtOH PO N
. H
X N\/l\ NG N\,/{\o
' H
0

Example Aa
15 After di-ssolution 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 6_f
- AcQH(0.1 eq.) and 82.6 g of (S)-2-Amino-propan-1-ol(1.1 ed.) were added and the
' ‘mixture was heated to 70 °C, stirred at 70 °C for 4 h and concentrated. To the residue,
_ 1.67-L of 2-propanol was added and the mixture was cohcentrated (twice). After cooling
20 of theresidue, filtration, washing with 500 mL of cold 2-propanol and drying provided 167

- g of compound 14 (52% yield) as a crystal. -
' 28



The sanpl e was prepared on an al um num waf er Angle of incidence: 4and 400
16 Measurenent of infrared speetroscopy analysis The acqui sition conditions
used for were as follows. Measuring apparatus FT/1R-4200typeA (by JASCO
Corporation) 20 Methods Measurement nethod: ATER (Attenuated total
reflection) nmethod Resolution: 4 (cm1l) Detector: D ATGS Accunul ation: 32
times 25 Measurenent of solid-state 1C NAIR spectra The spectrum was

obt ai ned using the cross polarization magic-angl e-spinning (CP/MAS) nethod.

The acqui si ti! Pd'\*ﬂ‘?d#ﬂﬁ- ERELIRF-B1-HD5H (e 2'1')«\%40-%?@5%#0 &ppal 4 2. 1180
Spect r onet ers;46 @ i=ag0. INR 18y s2ed JCH ol X 164 uR) 600 70 8NIdz) 6 ML 1190dg46- Pr obe.

3.2mm T3 ti ‘yiaﬁ)r(r?mgﬁ-i)c{; f{g JTé"’brfget?gz “iﬁ}oaﬁdﬁ AL S i, Fhdy, fu 04s 35

Recycl e Del a\
99123Hz 1H)362(de 6.9, 87Hz 1H),1.38(d, J = 63Hz 3H)

5
Example Ab : ; -
To slurry of 156 g of compound 14 (1.0 eq.) in 780 mL of NMP was added 93.6 g of
NBS(1.1 eq.) and the mixture was stirred at room temperature for 2.5 h. The reaction
mixture was added to 3.12 L of H,O. Filtration, washing with 8.0 L df HZO and drying

10  providéd 163 g of compound 15 (84% yield) as a cryétal. '

'H NMR(300 MHz, DMSO-d) & 8.37 (s, 1H), 7.55-7.50 (m, 2H), 7.42-7.25 (m, 3H), 5.34
(dd, J= 3.6, 9.9 Hz, 1H)"5 18 (d, J=10.8 Hz, 1H), 5.03 (d, /= 10.5 Hz, 1H), 4.53 (dd, J =
3.6, 12.0 Hz, 1H), 4.404.20 (m, 2H), 3.99 (dd, J=9.9, 11. 7Hz 1H) 3.64 (dd, J 5.7, 8.1
Hz, 1H), 1.27 (d, J= 63Hz 3H).

15
Example Ac
Under carbon mono-oxide atmosphere, a mixture of 163 g of compound 15 (1.0 eq.), 163
mL of -Pr;NEt(2.5 eq.), 68.4 mL of 2,4-difluorobenzylamine(1.5 eq.) and 22.5 g of
Pd(PPh;)4(0.05 eq.) in 816 mL of DMSO was stirred 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(0.025 eq.), the reaction mixture was stirred at 90 °C for 2 h under carbon
mono-oxide atmosphére again. After cooling, removal of precipitate and addition of 2.0 L
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. '
™ NMR(300 MHz, CDCls) 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-102Hz 1H), 6.24 (d, J= 10.2 Hz, 1H), 519(dd J=3.9,
9.9 Hz, 1H), 4.63 (d, J = 6.0 Hz; 2H), 4.60-4.25 (m, 3H), 3.86 (dd, J = 9.9, 12.3 Hz, 1H),

30 ' 3.66(dd, J=86.9, 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



Ext ernal standard: adamantane (nethyne carbon: 38, 52pprri) Tenperature; 10
:OAS rate. 20kHz 5 Exanple A The starting material of Exanple A is conpound
8, which is identical to forrmula (1a). Thus, Exanple A depicts a process in
providing an internediate for the conpound of fornula 17 bel ow which is
isoneric to the conpeund 77-2 at page 237 of WD 20061116764 to Brian
10Johns et al. A ..-tDnii 'g.08le HO, ) 0 OHOBn 0 O k kr. frt fl Ocla

o, I.f H : '
precipitate(Pd-C) and washing with THF/MeOH(9/1), the filtrate was concentrated. After

200 mL of AcOEt was added to the residue, filtration afforded crude solid of compound 17.
The precipitates were combined and extracted with 4.0 .L of CHClyMeOH(5/1). After
" concentration of the CHCly/MeOH solution and addition of 250 mL of AcOEt to the
5 residue, filtration afforded crude solid of compound 17. The crude sblidé were combined
and dissolved in 8.2 L of MeCN/H,0(9/1) by heating. After filtration, the filtrate was
concentrated. To the residue, 1.5 L of EtOH was added and the mixture was
concentrated (three times). After cooling of the residue, filtration and drying provided 132
g of compound 17 (88% yield) as a crystal. :
10  'H NMR(300 MHZ, DMSO-d;) & 11.47 (brs, 1H), 10.31 (t, J = 6.0 Hz, 1H), 8.46 (s, 1H), -
~7.40 (td, J=86,6.9 Hz, 1H), 7.24 (ddd, J = 2.6, 9.4, 10.6, 1H), 7.11-7.01 (m, 1H), 5.39
(dd, J = 4.1, 10.4 Hz, 1H), 4.89 (dd, J = 4.2, 12.3 Hz, 1H), 4.55 (d, J = 6.0 Hz, 2H), 4.40
" (dd, J = 6.8, 8.6 Hz, 1H), 4.36—4.22 (m, 1H), 4.00 (dd, J = 10.2, 12.3 Hz, 1H), 3.67 (dd, J =
6.7, 8.6 Hz, 1H), 1.34 (d, J = 6.3 Hz, 3H).
15 ' |
Exa-mple 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 cc;mpound 18 (80% yield) as a crystal.
‘H NMR(300 MHz, DMSO-ds) 5 10.73 (t, J = 6.0 Hz, 1H), 7.89 (s, 1H), 7.40-7.30 (m, 1H),

.7.25—7.16 (m, 1H), 7.07-6.98.(m, 1H), 5.21 (dd, J = 3.8, 10.0 Hz, 1H), 4.58 (dd, J =.3.8,
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
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.

30



“,...N,.... 161,201 0 '18 Exanple A8 15 After dissolution of mxture
of 3209 of corrpound 8 (1.0 eq.) in 3.20 L of IVIeOH by heating, the
solution was concentrated. To the residue, 1,66 L. of IVIeCN, 5.72 n-iL of
"AcOH(0.1 eq.) and 82.6 g of (S)-2-Arnino-propan-1-01(1.1 eq.) were added
and the m xture was healed to 70 t, stirred at 70 t for 4 h and

concentrated. To the residue,1.67 |I. of 2-propanol Was added and the

m xture was concentrated (twi ce). After cooling aoof the'residue,
filtration, wasfi™hg with 500 niL 8¥"col d Ragogpanol dI‘XI ng provided 167
g of conpou % \Be@} d) (4Pal NHEDH11 P MHz, CDC13)15
7,61-7.55 (m a 7 2Bf- 20 ( 4H), 6. RBetofk J =7, 8, 111), 5.46 (d, J
10.5 Hz, 1H), , 5723 (0, J = 10.2 , 111) ,H:8. 20 (dd, = 3.9, 9,6 Hz, 1H),

4. 46- 434(rﬁ 111)431J:656,8.7|—|z 1H), 4.14 (Oct, J = 3.9, 12.3
Hz, 1H), 3.79 (dd, J 9.9, 12.3 Hz, 1H), 3.62 (dd, Jr 6.9, 8,7 Hz, 11:1),
1.38(d, J = 6.3 Hz, 3H). 50Enarrple At) ‘|'o slurry &Bn56qg of corrpound 14
(1.0 eq.) in RO NE of ogtided PHb g of 1,90:889. ) and the mixture
was stirred at—reem-tenpegatyre for -2-5Fhe—react LQnyn ture was added to
3.12 L of H20EtGH | tration, Swashihg wi tMec®. 0 L of F20 and drying 10 provi ded
1639 of conpound 16(84% yi eld) as a crystal. "t-| [ﬁIVR(300 WVHz, DMBO. 46) 6.
8.37 (s, /IH, 7.55-7.50 (m 2H), 7.42-7.25 (m 3H), 5.34 (dd, J= 3.6, 9.9
Hz, 11-1); 5.18 (d, Jlog 5.03 (d, Jr éHz, 11-1), 4.53 (dii,

1
J= 3.6, 12.0 %050111)0%&&%(:2&%@9 dd = 9.9, 11.7 Hz, 111),

3.64 (dd, J= Bab, '8 20eofd, J Nflqﬂ
w0 g o
F HO OMe G
. X N/j r co
H DMSO
OBn O
B eSS
N [ N\)\O
(0]
|
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 ho(xrs 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
precipitates 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 ail.

10  'H-NMR (CDCl3) 8: 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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15 Exanpl e Ac Under carbon nono-oxi de atnosphere, a m xture of 163g of
corripQnd 15(1.0 eq.), 163 nt.. of i-Pr2NEt(2.5 eq.), 68.4 nit. of

2, 441i fl uorobenzyl amne(1.5 eq.) and 22.5 a of Pd(PPh3)40.05 eq.) in 816 niL
of OVMB0 was stirred at 90C for 7 h. After cooling, 20 renoval of
precipitate, washing with 50 nL of DVMSO and addition of 11.3 g of

Pd(PPh3), (0,025 eq.), the reaction m xture was stirred at 90 "O fer 2 h
under carbon nono- oxi de at nosphere again. Alter cooling, renoval of
precipitate and addition of 2.0 L of AcCEt and 2.0 Lot H20, the organic
l'ayer was waghggewbth 1.0 L of 1IN Haag and 1 0 of 1120 (twice) and the
aqueous | ayer was extracted with he oraanlc 25 | ayers were

of
conbi ned and°@BifEEARPLIWEoUSEFGS 'E'&S‘Ej‘éP" 8()?°8'HW °hE’H'te($§ﬁa'i SFEAAMPIEYt he resi due
provi ded 184ul@nﬂrf adﬂiﬂq&xeumﬁshﬁndlpseétqneelﬁ)mlmlmnomnﬁco&xbthME((ZQG g2, CDCl3) 6

10 38 ( t ( cinm@ v??as ?édedjzﬁéi ’the%gre(g\;ai j&r'(_gd’ for'4 07@37 %szé rc(d?ﬂ b@ratuﬁa 29(36 70( m

d, J= 3.9,
9. 9 Hz, 111)’6'“91""63'06(‘&‘6 iy vggegp, P@C‘Pﬁiawefam@!'sctad byfiltrafipn 3’1 ‘735"‘3" ‘8@?0611 J= 99,
12,3 Hz, 1Hwate8@botporaics.(42.87, 869%),wdd.obtaided ad ddlgresdcrgdal( cl , J 6.0 Hz, 3H).
Exanpl e Ad f, f d 16(1.0
a”p e W@(W%Q@%&sﬁﬁ@ﬂ%@@{& 1H, Tﬁg%; © 8@ 4%%4%:19 8. S QuUn (

eq.) and 36.8 109%° n f "MEOH was stirred
for 3 h, Aft’egs'ﬂ M tration of 35preci pi tate(Pd-C), washing with

THE/ I\/EOH@9 11) and addition of 36.89 of 10% Pd-C, the ixture was stirred
for 20 mn gg%,egydrogen at mosphere. After filtration of 29
preC|p|rate(Pd a{n gla %wnth THF/MEOH&.U{,l the filtrate was
concent r at ed™" A4 8'r(172’@ ?ﬁ‘_t'°8 f Aygmine (&2 %eid dyng! waist’?é’d?‘b@laﬂﬁ@a“‘f’i(qgtratl on

af f orded cr odesusmehsich gicompapd Cr(dl7.2 g, 70Freolp theo ithesi nhistuesvaastireddor$ ned and

extracl ed whbis 459 °& aﬁé fofhidupé MEBHE S olthe co%ﬁéd@éacﬁ&pﬁ&ﬂﬁé' Qltl Ihgdto@orit e
CHCI al eQH sol resi due,

T par 15 86 G T aikedabr PRoBi B Rb G MRS E B SH R aor &

conbi ned obtained as colorless crystal.

'H-NMR(CDCl,) &: 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) 7.99(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- .
diazabicyco[5.4.0Jundec-7-ene (15.5 g, 102 mmel) and methyl 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(CDCl,) &: 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 ml) solution of compound E (13.3.g, 44 mmol), potassium
osmate(VI) dihydrate (1.62 g, 4.4 mmol) and sodium metaperiodate (28.1 g, 132 mmol)
were added. The mixture was stirred for 2.5 hours at room temperature and precipifates’ |
_ . 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
o compound F (14.3 g).
32



and dissolved in 8.2 L of MeCN 1120(9i 1) by heating. After filtration, the
filtrate was concentrated. To the residue, 1.5 L of EtOH was added and the
m xture was concentrated (three tinmes). After cooling of the residue,
filtration and drying provided 132 g of conpound 17 (88%yield) as,a
crystal. '"H NVR(300 MHz, DMSO de) 611.47 (tirs, 1H), 10,31 (t, J = 6,0 Hz,
1H), 8A6 (s, 7.40 (td, J 8.6, 6.9 Hz, 1H), 7.24 (ddd, J= 2.6, 9.4, 10.6,
111), 7.11-7.01 (m 1H), 5.39 (dd, J = 4.1, 10.4 Hz,- 111), 4.89 (dd, '
Jr-l4 2 1211 3NHR, (DB d645:5523((AH, s), 38638, $){23.87424)t, J=444“ﬂ)z) 4@R1H)dd- 6,8, 8,6

Hz, d 0 24 3= 1 67 (dd, =
61 8. e Jq?i)“g%z)sgl' émﬁ) é?’gp'i‘grz' 3?”%7 s fabiads :dée'lzé 7437 67 (
di ssol ut i on(5Ufm)].6569"‘b1d bo%ﬁ@nd 17(1.0 eq.) in 2, 56 L of EtOH and 0.64 L
of H20 -by heating, foilowed by filtration, 39 nL of |t4NaOHaqg. (1,0 eq.)
was addegl thfﬁol ution at 75 C. The sol ution was gradual |y tool ed
to.room n’% Filtration, washing wwth 20 80 nL of EtOH and dryl ng
provi ded 13Tdchipreformedpholaad methamis zing) wut'arsof&owpw‘f’zﬂ(" 7 INIRE300 MHz,
?l \2/!53? gg) (ﬁo&&tﬂ:ﬁéﬂhmop}opan@l (87491 48 Blmmol), &R dcttic akld)(1.2 mIMkre adfeéd@ng 1H) ,

I
4.58 (dd, St "%"‘F%é W?LﬁgTeE&“g‘i&‘%“tesE}é‘ﬁ éégg’fg%%ﬂ"?q—l?g '"E"ﬁ%mm%%iuéo :10
211), 3.75 wwunﬂeddoyfmca)sel ¢glumn Fwommg__ryphvscmofsmslsﬂﬁm" |!|§°mP£"f2’7G(d J=6.1
Hz, 311l)e 2@4E>gam:%fbrBstfeps)w'EbloBtaE&aﬁs)&danssﬂrydtalzes a process to insert a
ring ntrogen, n n al dehyde
equi val ent b h@ﬁwcggﬁ u%%)%f(%gﬁ* an @9}538121@?{5'69%@ &Tﬁjs%aquﬁﬂl S exa?/rpl eis

not a br oni %6‘1(1 kbt IF2.¥ Hi@-3HRY 8198 1indd. J@E}s‘@&”ﬁhi@l“‘éﬂzﬁymb APSAEHYhifte .
m), 4.94(1H, t, J=4.8Hz), 5.25(2H, dd, J=10.2, 24.6Hz), 6.56(1H, d, J=7.5Hz), 7.22- '

- 7.38(5H, m), 7.63-7.66(2H, m).
15 . '
Example Bg
To acetic acid (93 ml) solution of compound G-(6.1 g, 18.7 mmol), acetic acid (31 mi)
- solution of bromine (1.44 ml. 28.0 mmol) was added dropwisely during 15 minu_tes. 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}y 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-ds) &: 1.55;1.74(2H,'m), 3.12(1H, dt, J=3.0,_12.3H2), 3.84(1H, dt, J=2.7,
25 1 1.7Hz), 4.00-4.05(1H, m), 4.20-4.26(1H, m), 4.40-4.46(2H, m), 5.03(2H, s), 5.15-
5.17(1H, m), 7.31-7.40(3H, m), 7.56-7.58(2H, m), 8.39(1H, s).

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-fluorobenzyl amine (0.06
ml, 0.525 mmol) and diisopropyl amine (0.15 ml, 0.875 mmol) were added, then the
mixture was siirred 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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TJ F HO ame Et20 1420 Ohri t4 0 Exanple Ba To a brornobenzene
(238 mM) solution of conmpound A (23.8 9,-110 mmod, sel ene di oxi de (24.49!
220 rriniol) was added. The reaction m xture was stirred for 13 hours at
140C with renoving water by Dean-Stark trap. Insoluble particles were
rernoved by filtration after cooling, and solvent was evaporated. Tol uene
was added to the residue and precipitates were filtered off. After
concentration in vaccuo, -the residue waS purified by silica gel colum
chr omat ogr apblym@ hiexaategrptet(biyl acetate atneyhancﬂ)oapopmmld B(7¢ Bond) 886) W) was

obt ai ned as o] l%,nle@}ﬂs &JIJrless crystal.
1H-NMR(DMSC_)—ds) 6: 1.58-1.74(2H, m), 3.10-3.18(1H, m), 3.80-3.88(1H, m), 4.02-
4.07(1H, m), 4.43-4.59(5H, m), 5.05(2H, s}, 5.20(1H, t, J=3.9Hz), 7.13-7.19(2H, m), 7.32-
5 7.40(5H, m), 7.56-7.59(2H, m), 8.61(1H, s).

Example C

Synthesis of methyl 5-bromo-1 ;[Z-hydroxy—2-(methyloxy)ethyl]—4—oxo—3—
.10  [{phenylmethyl)oxy]-1,4-dihydro-2-pyridinecarboxylate (in equillibrium with the
corresponding aldehyde) ' ‘

This Example C shows a refunctionalization of a compound 6 as shown above in Example
1 (of formula (VI)), including a bromination at the R* position, to yield final products 20 and -

15 21 (of formula (1)). Such compounds with Br at the R* position can be reacted as in
Examples 1 and 2 to add the R%-X-NR'-C(O)- sidechain.

Bn © 0Bn ' )Bn
0
O Xy on S or %S 07
~_N Y l/ " B ~
j\,UH E HO OH HOJ\/OH

6 7
19
Bn Bn
O = U’ 0O, SN 0/
_—r v
B = Nl * g S NI
)
HO™ "OH 0
20 21

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



10" HNWR (CDCI 3) 6: 5.51(2H, s), 5:50(1H, d, .1=5.4Hz), 7.36(5H, s),
7.75(11, d, ..1=5.4Hz), 9.88(11-1, s). Exanple Bb To an ice cool ed agueous
(465 m) solution of sodiumchlorite (38.4 g, 424 mmol) and sulfamc acid
(54.9 g, 566 mmol ), acetone (465 m) solution of conpound B (46.59 202 5
mmol ) was added and the m xture was stirred for 40 m nutes at room
tenperature. After renoving acetone in vocal, precipitates were collected
by filtration arid washed with cold .- \Pﬁ er. Conmpound C(42.8 g, 86% was
T

obt ai ned as col or| €g&" rystal 1H-§ti DVSO-d6) 6: 5.12(2H, s), 6.54(1H,
d, Jrz5.6Hz), 7. ) J=5.6Hz). Exanple Bc An
ethanol (17 m) s Lon of at ylam N13.2g 231 mmol ) was added to an
et hanol (69 m) suspenE| of) of conpound C 15 2 g, 70 mol), then the
m xture was stirred hours at 3P Cand for 3 hours at 75 C. To the
cool ed reaction m xture, 2N hydrochlori¢c 15 acid and ice were added and
precipitates were cold ected by fil trafibn. Conmpound D was obt ai ned as
colorless crystal " H NVR(CDC13) 5: 4.37(2H, bra), 4.95(2H, s),
5.26-5,39(2H, m, 5,81-5.94(1H, nm), 6.32(1H dd, J=0.8, 7.2Hz), '
7.29-7, 37( 3A reagjor was gpuged mvith 242 3-dipydroxypopyir4-0xe-3-H{ehenylmethy)oxylshi) , 8. 11( 111,
l(ar1 2)6 20 Exammr@w%deearﬁ&ymtgmdmohk@ 16 1 Grolfligllomets RadhSigng vith c8r2rpoun|d)D
9,5 i azabi mo
|(%8§?3()' f%g %0 ogﬂ:é HAu 24 9)(29 tsdg (fn%leé’\ﬂ%grc %tﬁgﬁ?g g‘(?deég'l 41&

and mnet hyI rred for
15 hours at NMchfitf@rﬂwéwat\r@rsétlﬂqdfqnéfenzsr%vab@rl@mf%@%ﬁ&wetbﬂéuifa@su due was

purified by (z34Kgcts. WaholpdsiaBeddbswisd g aaadutioq fithea tohe reachonmiib@nol ) .
TR 5 b3 b S B BG83 P 855, e AR O3 ©
5. 94(1H ) tempergiyeripf 14-4. Vyhen dsppipd commete, Aheypagion mixtirg wapsqplpgite 5

10 - below and the mixture was neutralized to pH 6 by the addition of HCI (561 mL of conc
HCl in 2806 g of deionized water). The reaction vesse_l was slowly charged with cold 20%.
brine solution composed of 8.7 kg NaCl, 20 kg of deionized water and 14.8 kg of ice at a

. maximqm temperature of 10 °C. The mixture was agitated at 0-10 °C for 2.5 h. The slurry
. was filtered under vacuum and the cake washed with 15 kg of deionized water two times.

16  The wet solid product was dn'ed at 45-55 °C under vacuum until constant weight was
obtained. 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-dg) 5 7.60 (d, J =

7.5 Hz, 1 H), 7.36 (m, 5 H), 6.28 (d, J=7.5Hz, 1H), 523 (d, /= 5.4 Hz, 1 H), 5.10 (Abq,

20 J=10.8Hz, 2H) 4.85(m, 1 H), 3.98 (dd, J = 14.3, 2.4 Hz, 1 H), 3.79 (s, 3 H), 3.70 (dd, J

. =14.3, 9.0 Hz, 1 H), 358(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.
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To a diethyl ether (390 ml) solution of conpound E (113g, 44 mol),

potassi um osmate(VI) di hydrate (1.62 g, 4.4 mmol) and sodi um net aperi odat e
(28,1 9, 132 nrnol) were added. The m xture was stirred for 2,5 hours at
roomtenperature and precipitaieS . were collected by filtration. Collected
solid was dissolved in chlorof ormnethanol and insoluble particles were
filtered off. Concentration in vaccuo gave crude product of conpound F
(14.3 g). 1H NWR (DVSO-d6) 6: 3.23 (31-1, s), 3,82 (3H, J=11.7, 4.8 Hz),
5 11 (211, s), 6.31 (@81Q d, J= 7, (511, .64 (111, d, J= 7,5 Hz). ,
Jr 4.4Hz), 4.62 ( N ~H, d, Jr "~h733-7,40 5 Exanple O To
chl oroform (108 nl) an rre?hanol——t-i—?nﬂ sgl ution of conpound F (11.7

g, crude product), 3- 2 .9 mmol ), and acetic acid (1,2
m) were added and the t was stlrred mnutes at 70 C, After
concentrating in vaccuo, the residue was dﬁ?lfl ed by silica gel colum
chromat ography (chlorof orm/ nethanol). Conpound G 10 (8,48 g, 72%for 2
steps) was obtained as Tolorless nmetal. 1149--NVR(CDC13) 5:1.54-1.64(111,
n, 1.85-2.01(111, 3100(111,.dt, J=3,6, 12.9Hz), 3. 74(111, dt, J=2.7,

12. 3Hz); 3.93(1H, dd, J=5. 1 13. 5Hz), 41)7-4.21(211, nn), 4. 63- 4. 69(111
M) . 4. 94( 114 redcior drasigtBreEN with (2EOREL 116T, marof mpthypl-(2s8hdi yPrepvBeorp,  d,
J=7.5Hz) , 7342Renyimbtry 4—8H9dro-i’-p§|?dir7ec§r’éé)3/ibie7ﬁ)dwlﬂ&mnmlﬁtﬁg To acetic

aC|d(93rr1 sol.ution o d (31 m)
sol uti on®of 2"%?’&?91“?1’&“’ i fo%ﬁpwajg ge n‘? Rrﬁ"%succmim'%‘gggq gﬁ%q\?mﬁtge l)%%urrl ng- 15
ni nut es, Th@ao miriutes wia@ parrderdarinek die fastitapt WW%W%RS“F%?M anffdt dittie.  After
addi tion of {/RABHHER ¥R osadmm&enmeg Pi@edht SUHPIC. eTr(eSanhbewaSMos(eduplm :

hydroxi de (ngPFi%tf'éetS%Sﬁooqn odlr()Q 32&%%}4%}&%}3 @ré‘k‘ltijﬁ 'Cep'li 95:'(90' tates wr €

col l ected b{ oronEthane and
di i sopr opy| deerized Wa&ﬁrﬂﬂémﬁ’dmﬂu(eﬁv%?g@?‘ewg%‘ fillesed. JiisrasePeaed (BN | ess

crystal 40  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-dihydroxypropyl)-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,) 5 8.21 (s, 1 H), 7.41-7.33
"~ ' (m,5H),5.16 (s, 2 H), 417 (dd, J = 14.3, 2.4 Hz, 1 H), 3.90 (dd, J = 14.3, 9.0 Hz, 1 H),
15  3.81(s, 3H), 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 equ:llbnum with the corresponding aldehyde)

BnQ BnO o Bn 3
o) A o 0] X o~ ~ (@)
e o T “\L
S B S
Ho” ~-OH HO” “OH 0
21

19 20

" Areactor was charged with sodlum penodate (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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"1-1-NWR(DMSO-d) 6: 1.55-1.74(211;m, 3.12(111, dt, J=3.0, 12.3Hz),

3.84(111, dt, J=2.7, 2511.7Hz), 4.00-4.05(1H, in), 4204.26(111, m,
4.404.46(211, m, 5.03(2H, s), 5.16- 5,17(111, m, 7,31-7,40(311, m,
7.56-7.58(211, m, 8.39(1H, s). Exanple Bh To dinethyl sulfoxide (1.42 inl)
solution of compound H (71 ng, 0.175 rrinol) and

30t etrahi s(tri phenyl phosphi ne) pal | adi un{0) (25 ng, 0,035 mmol),

4-f 1l uorobenzyl amne (0,06 m, 0.525 mmol) and dil sopropyl amne (0,15 m,
0. 875 nt ri omgltedaine thadldre ténperatlird &vas ¥1°Qr To WiisSvastadd¢ddettyl deronaat-bon

nonoxi de at r ' : aqueous
ammoni um chlori g%\?@&@a%éogg-gﬂ@h%ﬁ e%hyﬁ?ﬁ'k—\%gg&@%dygg?%%ﬁ%m%ﬂé g{jhyﬂu )
acet ate, Th@-73}gr&6E2 melbda aaarieqaddition fupgele Themirtuse vegeligivehtof ) i dus sodi um
' 35sul f at e. arldahy/ Qity WiRSstimédBONaT A ShrpROGasamétintrell Be 'H REIRGIHE shadher | f i ed
with si I'écaai I l?i)yl umt;prrgr@t Q0raphy, | %a@ﬂter ggriﬁb % S'% n (gf Conpound
74.5 ny, 89{!/§a Waeoobtal ned as - col oﬁoné's_s‘ cr ys_a?. ﬁlf fﬁ% 8’!\‘7@ 86) 6:
1. 58- 1. 74( 29 of deipnizedvptes. T Was repjatediungin negativergtarehyiodide peper rgsyimaEH, nj
47142621%3'?'(_ SFhoHﬁimed54>@!;XLMsgks). 5ne?£2ﬁi&s'di'ére dfied id §3a&hﬁ)o.ver73t]43-—53€’%9:( 2H, ][r) 1rret7ﬁ2I

: ’ Qrﬂ\g}%er %%hgl 5-%?%%%%@ da@@ﬂiﬁﬁ%o;%@_%ﬂﬁ%&hﬁoﬁﬂ LS dro-2 y

5- br ono- 142-hy y i C .
10[ ( phany| ni¥idDecageyyiate 201 (2. P g8 2s pynixtee Witk e iserxspparding@dghydeyi | | bri um

Wi t h t heo comesn ity isab@ahiyetp bd 09 5% byamCe 'CNMIREUD MHZ, edetbhelds)dnal i zat i on
ol a conpoung. ! Ve, L a_ (M (el uding a
br o na | ore-14 ¢ h® U7 BIA G B eHATDL .o pledfe { AL TPl ) BeatdR ! (G
formula (1)) 380’ cEidHuRed 347tk 3B at the Ra position can be reacted as
in Exanples 1 and 2 to add the R2-X-NRI-C(0)- sidecnain. 19 2021 20

Exanpl e Ca Example 2 .
15 Methyl 5—({[(2,4-—diﬂuorophenyl)methyl]amino}carbonyl)-1 -[2-hydroxy-2-(methyloxy)ethyl}-
- 4—oxo-3-'[(phenylme{hyl)oxy]-1 ,4-dihydro-2-pyridinecarboxylate (in equillib‘rilum with the
corresponding aldehyde) :

This Example shoWs a reaction of a compound 5 of formula (Il) with one of (lll) in step i) - -

20 and arefunctionalization step ii) of compounds of formula (V) (compounds 22, 23, 24and”
25) in producing compounds of formula (). '
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Met hyl 1-(2, 3-di hydrp pyl) -oxo-3-1(phenytrnethyl)oxyl-1, 4-di hydro-2-

pyri di necar boxyl at e 7 A reactor was charged with

1- (2, 3-di hydroxypropyl) - 4- oxo- 3-j ( phenyl nmet hypoxy] -1, 4- -

di hydm 2- pyri di necarboxylic acid 6(4.302 kg, 13.47 nol) followed by
charging with NaFI CO3 (1.69 kg, 20.09 nol) and 2429 of deionized water. To
this was added 21.4 kg or NWP and the m xture was stirred and tenperature
brought to 28-35 C. Dinethyl sulfate (2.34 kg, 18.30 not) was added
drepwi se via an addition funnel to the reaction mxture over 1-3 hours
keepi ng the tenpek ture at 28-33 C. The Sgargy was agitated at this

t enperat ure erered conphe g, he reaction m xture was cool ed
to 5C or 10 be anH A%turé'mas ndutfal ?zed T8 pH 6 by the addition
of HCl (561 niL conc. HO1n 2806 g of ni zed water). The reaction
vessel was slowy charged with cold 2096~@63ﬂﬂmsolutlon conposed of 8,7 kg
NaCl, 20 kg of deionized water and 1418 kg of ‘ice at a maxi num tenperature
of 10 C. The m xture was agitated at 01004 or 2.5 h. The slurry was
filtered under ggaguum and the washed with 15 kg ionized water two
times. 15 T tllsolid produc s,drled &t -55@) gacuun1untll
const ant wel oht a$ obtakned. e Hesi rredepr

1- (2, 3- di hydr o% opyl)4 0Xav<

1(phenyl met hyl , 4- d|hydmﬂx;L@Mgldlnecarboxylé?em&a LObt ai ned as
alight yellow soli 317 kg, 99A2% purity by HPLC, 84% . 1H NVR(300 MHz,
DiviSO-do) 57.60 (d, J = 7.%Hz, 1 H, 7.36(m3%H, 6.28(d, J—75Hz 1
H, 5.23 (d, J =5,4 Hz, .1 H), 5. 10 (Abe, 20J 10.8 Hz, 2171), 4.85(m 1
H, 3.98 (del, J =14.3, 2.4 1 Hy, 319 (s 23 B3Q70 (dd, J = 14.3,
9.0 Hz, 1 H), § Gl hyl

QJ

e
5- bronD 1-(2,-3- d|hy p 4- 0x0+3- RpRer 1, 4-di hydr o- 2-
25pyr|d|necarboxylate A eac{ll was charged w (3:}59 kg, 11.27 not) of
met hyl MeO” "OH
1-(2, 3- d|tIydrOxyprOpyl)-4-0x03-[(phenylnethyl)oxyl-1,4-dihydro-2-pyridinec
arboxylate 7 and 18.8 Réof DMF. To this 27
‘Example 2a

5 1-[2,2- Bls(methyloxy)ethyl]—4-oxo-3-[(phenylmethyl)oxy] 1 4—d|hydro-2-pyr|dmecarboxyhc
acid :

Bn BnO
O Ny o HNYOME o O o
x + OMe N

5 . " MeO”“OMe
S22 _

To a flask (1 L) charged with 500 mL of anhydrous ethanol was added 49.2g (0.2 mol) of |
10 4-oxo-3-[(bhenylmethyl)oxy]-4H-pyran—2—carboxylic acid’5. The suspension was slowly

heated to 55~60°C before addition of 2-amino-acetaldehyde-dimethylacetal (84.1g, 0.8

mole). The reaction was then brought up to 65 .°C and further stirred for 18 hours. The

solvent was removed under reduced pressure to produce 1-[2,2-Bis(methyloxy)ethyl]-4-

: oxo-3-[(phen§|methyl)0xy]—1 ,4-dihydro-2-pyridinecarboxylic acid 22 (crude) aé brown oil,
15 which was used for the next step directly.
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5 agitated-m xture at 18-20 t was added N-bronosuccini mde (2.220 kg, 12A7
nol ) over 20 mnutes via a powder tunnel. The resultant m xture was stirred
at rt for 16 h. At this tinme less than 1% of starting naterial was present
by HPLC. The m xture was worked up in half batches by cooling to 10 C and
added an ice/water mxture (12 kg ice in 35 kg deionized water) and the

m xture was agitated, then filtered. This was repeated for the second half
of the batch. The conbined filter cake was washed with 14 L of water and
dired in a vaccumoven to provide 4.033 kg of nethyl

5- brono- 1- ( Zxamgle bydr oxypropyl ) -4- .

0X0- 3- Rphen 0, dr o- ate 19 (9t6% as an
of f-whi te ﬁb@ﬁ@ﬁ%&%@%@pﬁ% 5"% *; R FHanol -di) O 8. 21
(s, 1 1-1), pyridiecaBylatg 5 H), 5. 16(s 2 H, 4 17 (dd J=14.3, 2.4 Hz, 1
H, 3.905dd. J = 14,3, 9.0 Hz, 1 H, 15, 3 H,.3.78 On1l), 3.52 (rid, .1=
113, 4,8 Hz, 1 H), 3.41 (dd, J = 11.3, 63Hz, 1 H. Exanple Cr,

Met hyl 5- br ono- 1- (2- hydr QQ/ 2- (rrethylo y) Iproxo- 3-ft phenyl net hy

goxy] -1 A20di hydro- 2- 16N (%; @quilibriumwith the
correspondi ng al dehyde) 1920 8act or .was charged wi th sodi um
pericdate (1.67 kg, 7.8 nol). and 44 L of deiloni zed 25water. To the agitated
m xture was added 8.5 kg"®f 9. This wa¥eSti?¥ed until all the ice nelted
and the m xture tenperature was 1.4 C. . To this was added nethyl 5-brono-1-
(2, 3-di hydr oxypr opyO- 4- oxo-3- [ ( phenyl nmet hy’r’) oxy] -1, 4-di hydr.o- 2- pyri di necarb
oxylate 19 (2.73 kg, 6.62 not) via a powder addition funnel. The m xture

was. al | oned ch Qs Zhlsdiby ANl 104 ViGHARRR LI ElabQio 20 N A sampl e was

nmoni t or ed by nce o startlng mat eri al .
The i xt ur eprg‘eF?’ Ppdicagid 2R ablalned asrRevRyen digsaiet ip DWF (90 61L)-dEY i zed wat er .
Thi s was0r epdatioesvasiaddeld NaHOOg¢5Di59.0.6 tnalel hThecsds@es@a\pﬁsturred;ubdrouws obt ai ned
(4920 L vas Wﬁﬁ%meIﬂ%‘ﬁ:c%ﬁn‘rér%né/‘éﬁﬁnndenﬂQ(z'd‘M%O\S%&?HQ& RYEuc by'RiaraE L O

provi de net

5- br ono- 1- (ﬁy nael @Y A Fiest ﬁ{i?')adﬂ'“?fk&%ﬂ?ﬁﬂﬂ'é‘ﬁ?ﬁl SHEERDYULY L9 di hydr e- 2-
pyri di necar bompgiatire T rétidn/iBixkug w3B9n dilgted with KtQfcd~1blt) land weshedwittespondi ng
al dehyde f OlvEReldnd HAKE.| % d%ﬁ%ﬁlc%ﬁle&ég @Rl ol ahﬁyd%%s ﬁla/sé?)’ B doratdd bNVR( 300

HZ,, acqgongﬁge%gaie Wtﬁy]é %tsg'ze@?wet@r@?&%«pgew moethy')?-’le-‘( %dﬁyfﬁ“g g? (2':

3 H). Exarrpﬂﬂyrzilnkmmljlte 23-af o ol - whiihf wasarsedieatyfoethégést step.no) car bonyl ) - 1-
2- hydr oxy- 2-: (rnet hyl oxy) et hyl) -

4- ox0- 3- (( pﬁ%}ﬁq?t hyl ) oxy] - 1, 4- - di hydr o- 2- pyri di necar boxyl ate (in
eguillibriu i.the correspondi ng al dehyde) - This Exanple shows a
reacti on of Mathgdripaiistinahyirixyethwiirbbsonfo4-pxond-lipheoyimetbfl)okyli 1l4-dinydras2-ep i ). 20
and a reﬁungﬁhﬂaﬂuo&ﬂgwon step ii) of conpounds of forrnula (V) (conpounds
22, 23,24 and 25) in producing conpounds of fornula (1).

BnQ Bn
s S |
MeO™ "OMe MeO™ "OMe

'23 24

A 2L flask equipped with a mechanic stirrer were charged with methyl 1-[2,2-
' ,bis(methyloxy)ethyl]-4-oxo—3-[(pht_anylmethyl)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) portlon-wnse The reaction was stirred at room temperature until its completion
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30n it O H2NMe OWe ri; 4. OH MeD OM 22 2627 Exanple 2a
5142, 2- Bi s(net hyl oxy) et hyl}-4 -oxo-3-1(ptienyknethyl)o
J- 1i hydr o- 2pyri di necar bcj xylic acid 513n

10

16

20

25

30

(monitored by TLC, ~6 hours). The mixture was then diluted with dichloromethane and
washed with NaHCO; (ss). The organic phase was dried over Na,SO;4 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—
[(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=7.9 Hz, 3 H), 5.3 (s, 2 H), 4.4 (s, 1 H), 3.8 (d, J/=4.8 Hz, 2H), 3.8 (s, 3 H), 3.4 .

(8,6 H). LC-MS (M+H"): calcd 426, obsd 426.

Example 2d . ) .
Methyl 1-[2,2—bis(methyloxy)ethyl]-S—({[(Z.4—diﬂuorophenyl)m'ethyl]amino}carbonylM—oxo—
3-[(phenylméthyl)o>&y]-1 4-dihydro-2-pyridinecarboxylate

BnQ
& e
B N

MeO™ "OMe

24 _ 25

" A pressure vessel' was charged with methyl 1-[2_,2-bis(methyloxy)éthyl]—5-brbmp—4-oxo-3— '

[(phenylmethyl)oxy]-1,4-dihydro-2-pyridinecarboxylate 24 (6.4g, 15 mmol), 2,4-
difluorobenzylamine (3.2g, 22.5 mmol), KsPO, (9.45g, 45mmol), Pd(OCOCF;). (398mg,
1.2 mmol), Xantophos (694mg, 1.2 mmol) and toluene (200 mL). The mixture was purged
by CO.(4X) before being heated to 100 °C for 22 hours under' CcO atrﬁosphere (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 1{2,2-
bis(methyloxy)ethyl]—S—({[(Z,4—diﬂuorophenyl)methyl]amino}carbonyl)—4—oxo—3-
[(phenylmethyl)oxy]-1,4-dihydro-2-pyridinecarboxylate 25 as a Iight brown oil (4.7g, 61%)._
1H NMR (400 MHz, CHLOROFORM-d) 8 ppm 10.4 (m, 1 H), 8.4 (s, 1 H), 7.4 (m, 6 H), 6.8
(d, J=9.3 Hz, 2 H), 5.3 (s, 2H),4.6 (d, J=5.7 Hz, 2 H), 4.5 (s, 1 H), 4.0 (d, J=4.8 Hz, 2 H),
3.8 (s, 3 H), 3.4 (s, 6 H). LC-MS (M+H"): calcd 517, obsd 517. :

Example 2e
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22 To a flask (1 14 charged with 500 nit_ of anhydrous ethanol was added
49.2g (0.2 nol) of 10 4-oxo-3-[(phenyl net hyl ) oxy] - 4H pyr an- 2-car boxylic
acid 5. The suspension was slowy heated to 55-60C before addition of

2- am no- acet al dehyde-di net hyl acetal (841g, 0.8 nole). The reaction was then
brought up to 65C and further stirred for 18 hours. The sol vent was renoved
under reduced pressure to produce 142.2-Bi s(rnethyl oxy)ethyl] - 4-

oxo- 34( phenyl met hyl ) oxy] - 1, 4- di hydr o- 2- pyri di necar boxylic acid 22 (crude)
as brown oi MethySiZAdifvasophensmeibyTamiolenssonylsi-Eohydraxezimgthylogetislanl e 2b
Met hél 112, 18% F(B@nh%b%ly&xﬂth#éﬂrﬁhr@é@y&u{e@ﬁbéwﬂmWmﬁﬂtmawﬂm the hydr o- 2-
pyri di ne. car box

1- 12, 2- bi s(ﬁ‘?ﬁeﬁ% 'Q?/?Igéwﬁ 4- oxo- 3- 1( phenyl net hyf | oxyl - 1, 4- d| hydr 0- - 2-

pyridi necarboxylic acf@®2 obtained as abo s di ssol ved i (500 nm).
To this 10 ¢ P ed NaH 0,;1 6" ol ey Oxtspensi on was
stirred vigor arreﬁanlc 'IetHI £ 0 M 300

n) was introduced dy, i bn funnel over,30kginutes. After addition, the
reaction was stirred over ni ght at roomterrperature The reaction m xture
was then diluted wisgh Et 0Ac (-1.5L) andeewashed with wa?’er and brine. The
organi c |l ayer was dried over anhydrous Na2SO4, Evapor ation of solvents gave
met hyl .

112, 2-bi s( lmtethmI1qu)oe(rhgﬂhwoxsl)emymszi{{(pmmnmbmylméthmnm]nox;amewl)hwlaoo2 pyri din
ecar boxyl at %ggnﬁe ?\Eeﬁ’-&%‘ﬁg 1044:.hyd\t\?t§n.aﬂ@§arua$etechsr(¢p& bY wh@lrediltfwith¥h, St ep:

Exanpl e 2c N
oxo- 34( phen F?f‘é??ﬁ‘i/fzf SE‘Hatfo4 & b %"sz(m% 54 Pl Mehr Ak e seetbo 0 emeg
G Me 2324 werAedpofatetisk <40fid, (e eebiduie was se-disolvad ind=tOA¢ (~+ B) andtherestiingged wi t h

met hyl 1g 4230?(1%0#%%\9&‘1&3’ \lvﬂ?(Nal-%élyér]d b4in9xﬁ19%rg{)4nfél'bﬁ3§@ Rl thar! ari'aéf ¥idr

4-di hydr o- 2- %é di necar boxyl at e obt ai neg é’ ye, and . 500 nlL of
di chl or ornet'trdfe. Afppevapprat ’1‘5§‘P€"‘W§sth§ PRIAE 26 apd 27 were obtained as - -
an approximate 80/20 equillibrium mixture (10.57g). 'H NMR (400 MHz, DMSO-d;) 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
.(m, 1H), 6.3 (m, 2H), 5.1 (s, 3H),.4.9 (M, 1 H), 4.5 (m, 3 H), 3.9 (m, 2 H), 3.8 (s, 3 H).
15 LC-MS, for 26 (M+H"), calcd 503, obsd 503; foi 27 (M+H,0+H"), cald 489, obsd 489.

Example CC

(4aS,13aR)-N-[(2,4-Difluorophenyl)methyl]-10-hydroxy-9,11-dioxo-2,3,4a,5,9,11,13,13a-
20  octahydro-1H-pyrido[1,2-a]pyrrolo[1 ' 2":3,4]imidazo[1,2-d]pyrazine-8-carboxamide.
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17nol e) portion-wi se The reaction was stirred at roomtenperature until its
conpletion 39 (nonitored by TLC, -6 hours). The m xture was then dil uted
wi t h di chl orornet hane and washed with NaHCO3 (ss). The organi ¢ phase was
dried over Na2804 before evaporation of the solvents. The crude product was
purified by colum chromatargraphy ( silcal gel. EtOH/ DCM 0-40% to afford
nmet hyl 1-(2, 2- bi s(rnel hyl oxy) et hyl i -5-br ono- 4-oxo-3- 5

Rphenyl net hypoxy] - 1, 4- di hydr o- 2- pyrldlnecarboxylate 24 as a light brown
solid (50g, 60 % over thr teps). HI1¥'NVR (400 MHz, CHLCRCFCRNFle) 6 ppm

7.7 (s, 1 H, 7.4 (m % 3(d§ﬁ-t79l—|253 H. 5.3 (s, 2 H, 44 (s,
Ofteg ( H LG M5 (MFW: caked
Met hyl 4%;;
roph

1H, 3,8 (d, J=4.8 Hz,

426, obsd 426. 10 Exa

142, 2- bi s( et hyl oxy) et hyl )g 4J(2, 4- ctilluB | bonyl xo-

3- 1Rpheny|nethy|)oxy) 1,2p-di hydr o- 2- pyrldlnecaﬂﬁbkylate 2425 16 A pressure
vessel was charged with methyl 112, 2-bis(methyl oxy)ethyfj-5-bronp-4-oxo-3-
f (phenyl net hyl ) oxyj -1, 4- dlhydro 2 ‘*-.rboxylate 24(6.4g. 15 nmrnol),

2, 4- difiuorobenzyl am ne (3. » 3RO4_(9, 459, 45mol ),
Pd(CIIIFB) (398ny, 1.Z mmorT), Xz - N 11 nrnol) and tol uene (200
rrilL). The m xture was purged by Ci)(;X) eftbre—bei ng heated | o 100C for 22
hours under CO at nosphere (60psi). After €ool ed down to the room
tenperature, the solids were filt @ of f through.celite and washed with

Et 0Ac. The filtrate wad- - Ent@ e residual was purified by
col um chr omat ogr aphy (s ., NEt exane 0-80% to afford nethyl
142, 2-

bi s(met hyl nty) el hyl ) -5-((f (2, 4-%|fégorophenycrnethyl]anlno)carbonyl) 4- oxo-
3- 25 ((phenyl net hyl ) oxyl -1, 4-di hydr o- 2- pyri di necar boxyl ate 25 as a |ight
brown oil (4.79g, 61%. 1H NNR (400 MHz, CHLOROFORMd) 5 ppm 10.4 (in, 1 H),

8 4 ( s, -1 HixamplecddT(4a8, 18hR)- eﬁa.%nbdw-[(bh&\ )m?y bls,423. 13, 1(3§-he>%hlﬁ9 4364 (d,
s NBZQMW 2aiﬂgre'af')s?l#l"sfeéa%%lwrganeeaa e ANES N BERRE
5- ({ 1(2,% rga@)w&tpmmyrrnuwmmmme&maodﬂqgomf mtyad!ie@ met hyl oxy) et
hyl') - 4- oxoroidepbpoyb kestiychpsctic doidt- Abefbmn@@hnmdthe@s&febQxa'lhat e (in
equi libri U%Wu ehNathgltaqu frole ‘FSO lngl g 'I%Itﬁl (q mngure was added methyl 5-
| l?romo-1 -(2,2—d|hydroxyethyl)-4~oxo-3-[(phenylmethyl)oxy]-i ,4-dihydro-2-
‘ pyridinecarboxylate (2.30 kg). After stirring for 20 minutes at ambient temperature, the
10 mixture was heated at 75-85 °C until the bromide starting material was consumed by
HPLQ analysis (about 6 hrs). Upon completion, the mixture was cooled until the refluz i
-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 °'C and filtered and dried to provide (4aS,13aR)-8-
] bromo-1 0-[(phenylmethyl)bxy]-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. ). 'H
NMR (300 MHz, DMSO-ds) § 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, 1H),
3.06-2.84 (m, 3 H), 1.92-1.60 (m, 4 H).

20 Example CCb_: (4aS, 1 3éR)-N-[(2,4-Diﬂuorophenyl)methyl]—Q,1 1-dioxo-10-
[(phénylmethyl)oxy]-2,3,4a,5,9. 11,13,13a-octahydro-1H-pyrido[1,2-
a]pyrrolo[1 ',2":3,4limidazo[1,2-d]pyrazine-8-carboxamide. A reaction vessel wés charged
with (4aS;13aR)-8-bromo-10-[( phenylmethyl)oxy]-é,3,4a,5. 13,13a-hexahydro-1H-
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Met hyl 142

2-bi s(met hyl oxy) et hy11-5-(cf (2, 4-di fl uorophenyQOret hyl | am no} car borw ) - 4- - ox
034( phenyi net hyl ) oxy] - 1, 4-di t| ydr o- 2- pyri di necar boxyl ate 25 (11.6 g ) was
treated with 90%formc acid (250 nL) at 40 C. for -12 hours (nonitored by
LC-M5). After the solvents were evaporated at e-40 C, the residue was
re-dissolved in EtOAc (-1L) and the resulting 10 solution was washed with
NaHCO3 and brine. The organic phase was then dried-over NaaSO4. After
evapor at i onpyitiols atalgnbis[1',.2 Ad]imidatofti2-dlowproedld 1-@6natict K1Y, Z4ret t e obt ai ned as
an appr oxi h (14,@0 VHz,

VB 56) SnEEEL'%r ﬂ%ﬂénﬁ&%b y Hb&i’d@ s b ML?* &ﬁ&s@&%d DMls‘b h/B) S ey
1-1), 7.3 (guxtLBe w&s depayeﬂm iilglp_yun 'queﬁ]“ fITeg') To @Isg'nlftme 3 &Sided5 1 (s, 3
H,.4.9 (m paiatiym (4 tBlubmoncedatd)18 gBinDMIY (22). Hhe ndxtBre(wais aBaitlegas®dE MS, for 26

(Vitie) 521 ettty Midged s 1 b h? B0 ol nt Bhind8%asqlaod 489,

(4aS, 13aR). - Naepherers| C0, Jhe FREHs MpsBeatsd 3t 89 6C HoAsr 808 §OLIIITS%R<9" 3, 44, 5, 9, 1
1, 13, 13a2003;tpab¢dwnﬂléiebpyml_d(ﬂ[4]nrs’a ahemixtund whslcopld & dpndelardz o 1, 2- d] pyrazi n

((:" 48 3CigbOR;( a{é%n%% Ted to(;%d r%@mum chlonde The mlxture was filtered and washed
a a - O- ro

rnet hyl 13, 1363 her ahydr olH pyri
dol |, 2-aJ nyW'l“b‘l"?ifrlal‘d?°p’SP§I]°| rﬁhﬁé%s(ﬂ“le “QSG%WPQEWEP"Q'SQ °%P86%Pf€t'ij
r eact or 10as(4aSdbaf)geiR svDiflnorppiRRyr@etinylrs; ti-dickor P (wheryinhetaenyhe (0. 75 kg) and
4.6 L of DMravgs Qaqugq%-gé’ﬁ@dhﬁﬁ I-p%ﬁ'éo lf@-a@;yrrglhﬁcd BlanRreld C2-8pirHzine-8-

Acetrlnltrlle was agltatedfor 15
opropano

mnutes.” - %P ‘Ixﬁ'é'dFé?i%tgr o )m%?f"ﬁ?té"'ﬁélg" %fd'&?eramhirt"ﬂ rtfrgm 2
br onmo- 1- ( 2 grodlichy d secoye tiay bf) crystabsaf 18 dpsinestproduntso M@Iaﬁw&f]of 27/ ¥@dr o- 2-

pyddi necar b%NﬂAﬁR&O%?BMS@ldG) Ao 84 ok HiH)h 406, PR, WEBAGRSmad wnbi ent

terrperature untll th ﬁm de
startind® %é‘ﬂ F%é’%‘&ﬂéﬂn‘bﬁzw pi—"lfd"’aﬁ%‘?@?@“(%'B’o%r?o‘éaﬂ?'g')s. Upon
conpl eti on, 1.8he60(mtdaH)e was cool ed until the refluz subsided and then
char ged vvith 6,9 L of nethanol and the m xture was heated at reflux for

?Zg_gt 1;12R)m @)(%Ene;)lse é(pce r24aCSO1O3|aeRgN'-[[(% 4—l§iﬁijoar'§pcli1ef Il)lmtet?'nryrfgo ﬁ;pdd roxy 9 1q-d|ox0 provi de

br or no- 10- [Z.pAaAPl1nE8 h§Dostghyd@; 13/-phadd .23 rvBelolh'e 3 Hijmidarollid-dipyraziner 8, 2-
&Iﬁalt pyr mlsﬂ géaléox&%.dé Afﬁeg&fi’@?e@&tﬂan Zeg@n,yasa,%h@sa Qithl ka8 948-nkfla, 33 kg, 7722{0 ( as g
Ite soll m
H) .\ 7.33 ( nl?r"u;r?ﬂhfnvogwm %3%‘3”}%"‘[@\6 g‘“ @'2’"%"1%)%‘345 gg1 th . 4.36 (m
4. 03 datghydroRH)pyri®[ BB-ajpyrrold] 1’ [y 3,4]1Bnigs o1 Mmﬁﬁ)"&w&'gef(%ﬁp) 3 H,
%42251122R§ f b&lhdlal?%%%%b@(met) ethanol (9.5L) and concentrated ammonium
opnen
ot | onyl o oK G (P s, e TRAGReb Tbad il ol 3RS B penes.
al pyr r oR%o( lunger %9, mmwmﬁ[nlmﬂﬂtﬁ rpW'aQWﬁéc%ﬂR'ﬁi? btyedamidde. WaAd?Qfﬁeqq on vessel
was char gedagdintwith nitrogen and then filtered through: Célite. The cake was extracted with refluxing

(423, 13aR) - 8501 OiahQ ahd RS RE-TRIIHP Y Lo tates Wre RRedMG AL O 111-

small volume (4L), azeotroped with ethanol (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]pymolo[1',2":3,4])imidazo[1,2-d]pyrazine-8-carboxamide (616 g, 78.4%) asa

white solid. "H NMR (300 MHz, DMSO-ds) § ppm 10.37 (m, 1 H).‘8.42 (s. 1 H), 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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pyrido[ 1, 2-al pyrrolo[1,21:3,4]imdazort, 2-di pyrazi ne-9, 11-di one (1A kg),
2,4- difluorobenzylam ne (705 g), Hunigs base (1,4L), dppf (60 g) and DVSO
(12 L). The m xture was degassed with high purity nitrogen 4 times. To this
m xture was added , palladium (f) trifitioroacetate (18 g) in DVSO (2L), The
m xture was again degassed 3 5 tines with high purity nitrogen and then
purged with CO 3 tines and | eft under a 45 psi atnosphere of CO The

m xture was heated at 80 C under 45 psi CO until the reaction appeared
conplete by HPLC (24 his). The m xture was cooled to rt and slowy
transferred to an ice slurry of amonium chloride. The m xture was filtered
and washed with water and isopropanol. The resjgigswas recrystallized from
i sopropanol to provide -

10( 4aS, 13aR) - N1( 2, 4-Di f| uorophenyOrnettlyg-9, 11-di oxo- 104( phenyl met hypoxy] -
2,3,4a,5,9, i1, 13, 13a- OCAE@&QE or f%#th)Sfebg'%&iof a pyridone compound of formula (AA),

2 ajpyrrolo[1°,7:3,4]irnhiclazo[ 1, 2- Apyr azi ne- gn carboxam de (952 g, 569 .
RECrystalllﬂﬁﬂwmﬂﬁM t he not her Ilquor from i sopropanol produced a second
crop of crystals of the desired product i nchhe amount of 327 g (19%, H
NVR (300 MHz, DNBC>de) 5 ppm 10, 449%¢m{ 1 FD 8.55 (s, 1 H, 7,56-7.07 (m 8
H)y, 16618 (d, 1H), F5. (n1 4 H, 4. 06- 3. 60 (in, 3 H),
3.20-2,80 (m 3 FD, le C¥c:

(4a3,13aR)-N-[ (2,4 ) hydroxy 9,11-di oxo2, 3,44a,5,9, 11

, 13, 13a- ocl ahydr a- 1H—p rlcfort , 2- a]pyrrmlop 2' : 3, 41i nni dazor

, 2-dl pyrazi ne-8- 20 canoxarnl%e A pressure reaction vessel was charged
with (4aS,13aR) -N-[ (2, 4- -
bi tl uorophenyOrnet hyg-9, 11- di oxo- 10-[ (phenylnet hyooxy] - 2, 3, 4a, 5, 9. 11, 13, 13a
oct ahydro-11-/-pyrido[ 1, 2-a] pyrrobe[ 10, 21:%8% 4] i m dazo[ 1, 2. d] pyrazi ne-8-carb
oxam de (950 g), 192 of pal loadi caf bon (50% wet), ethanol (9.5 L)
and concentrat edammo hydy ox de> 124V mY . The mixture was degassed with
nitrogen 3 times and d 0 psi of hydrogen until the
reacti on was conplete.| The m egassed again with nitrogen and
then filtered through.'Celite, °The cakewas extractedw th refl uxing
di chl oronet hane and then .filtered again, The conbined filtrates were
concentrated to a small volunme (4L), azeotroped with ethanol (28.5L) to a
final volume of 9 L. The Airy wagHfiftered and washed with ethanol and
dried to produce {488, 13aR) -
30di f | uor ophenyl)

Ngi'oxo- 2,3,4a,5,9, 11, 13, 13a- oct ahyd
ro-11-1- pyrido[1, i zo[f 2- ol pyrazi ne- 8- car boxam de
(616 g, 78.4% as a MHz, DMSO-d6) 8 ppm 1027 (n, 1
H, 8.42 (s, 1 H, 7F41-7. 050(n1 3 H, 472-4.53 (m 4 H, 4.05(m 111),
3.86 (in, 1 H, 3.70(m 1 H, 3.16 (n, 1 H, 2.88 (in, 2 H, 1.92-1.60
(m 4H. 35 CIAIM

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

compound of the following formula (1I-II):

P & OP'
0 ps
o P N o7
=" "o
\‘N\j ) " x.N\1
R R



1. A process of for the preparation of a pyridone conpound of fornula (AA),
(BB) or (CO. conprising the steps of: P-1) brom nating a conpound of
the following faafillia (14) to produe a brom ne conmpound of the follow ng
fonnula (li-H: wherein Ris --CHO -CH(OH) 2, -CH( 01-11)(0114),
-CH(OH)-0120H or --CH(OR5)(0R6); P3 is H or a hydroxyl notectin2 group; P3
is FI or a carboy protecting group; R is |ower alkyl; R5 and 1k6
are independently | ower alkyl or R5 and R6 can be alkyl and joined to form
a 5-, 6-, or 7-nenbered ring, and P-2) creating the

2, 4-di -fluorophertyl -012-NH C(0) - sdeehain wth the reaetaras

2, 4-di 41luor ophenyl1- CH2- NH2 and car bon nonoxi de. 2. A process is provided for
the preparation of a pyridone conpound ofthe followi ng formula (AA), (13B)
or (CO); wherein

R is -CHO, -CH(OH),, ~CH(OH)(OR%), -CH(OH)-CH,0H or -CH(OR®*)(OR®),
P! is H or a hydroxyl protecting group;
P? is H or a carboxy protecting group;
R* is lower alkyl;
R’ and R® are independently lower alkyl or R® and R® can be alkyl and joined to
form a 5-, 6-, or 7-membered ring,
and

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.

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

BB
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conprising the steps of: P-7) hrom nating a conmpound of the follow ng
formula (14) to produce a brom ne conpound of tile follow ng formula

(1111); 1- 111-11 wherein Ris -CHO, H(PH)2, -Cl1(011) (0R4),
-CH(OH)-C, F120H or ----CH(O1(OR6); Pl is H or a hydroxyl protecting group;
P3 is Hor a carboxy protecting group; R4 is |ower alkyl; R5 and

R6 are independently |ower alkyl or le and R6 can he | ower al kyl and j oi ned
to forma 5-, 6-, or 7-nmenbered ring, P-2) creating the

2, 4-di-fluorophenyl -Carbal-C(0)- sidecltarE3 with the reactants

2, 4-di -fl oorophenyi - C, R2-NH, and car bon nonoxide to forma conpound of
formul a (11

ccC

comprising the steps of:
P-1) brominating a compound of the following formula (I-I) to produce a bromine

compound of the following formula (II-II):

wherein
R is ~CHO, -CH(OH),, —~CH(OH)(OR*), -CH(OH)-CH,OH or
—CH(OR?)(OR®);
PlisHora hydroxyl protecting group;
P’isHora carboxy protecting group;
R’ is lower alkyl;
R’ and R® are independently lower alkyl or R® and R® can be lower alkyl

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

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 II-II1:

4o



P-3) condensi ng and dt henzyl ating a conpound of forrmula 1E411 to forma
conpound of fornmula AA, BB, or CC 3. The process according to claim1,
wherein said step P-2) is carried out before creation of the Qring. 4.
The process according to claim1, wherein said pyridone conmpound is of the
formula AA. 5. The process according to claim1l, wherein said pyridone
conpound is of the formula. BB 6. The process according go claim1,
wherein said pyridone conpound is of the formula CC. 7. The process
according to claiml, wherein said step P-2) is carried out after creation
of the Qring. 8, The process according to claim?7, wherein said pyridone
compound is of the formula AA. The pr of Claim?7, wherein said
pyridone conpound is of the formula B ? sprocess according to claiml
wherein Pi is beinyt; P ni et h{iy ¥S -CHO, -C1-11(011)(OR),
-CH(OR) (OR5) wherein R4 a

(I11-111)

P-3) condensing and debenzylating a compound of formula III-11I to form a compound of

formula AA, BB, or CC.

3.. The process according to claim 1, wherein said step P-2) is carried out before

creation of the Q ring.

4. The process according to claim 1, wherein said pyridone

compound is of the formula AA.

5. The process according to claim 1, wherein said pyridone

compound is of the formula BB.

6. The process according to claim 1, wherein said pyridone

compound is of the formula CC.

7. The process according to claim 1, wherein said step P-2) is carried out after

creation of the Q ring.

8. The process according to claim 7, wherein said pyridone compound is of the
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.



M. A process according to claim 1 wherein P! is benzyl; P* is methyl;
and R is -CHO, -CH(OH)(OR*), -CH(OR®)(OR®) wherein R* and R’ are lower alkyl.



