SYNTHESI S OF CARBAMOYLPYRI DONE HI V | NTEGRASE | NH | TOR AND | NTERMEDI ATES 5
Field of the Invention The present invention conprises nodifications of
known processes | ot synthesizing conpounds having H V integrase inhibitory
activity. Background of the Invention wp 2005/116764 published 2 Novenber
2006, incorporated by reference in its en 15 describes various conpounds
and detailed synthetic schenes for their preparation. In pailicular, a
reacti on sequence is depicted at page 79 thereof wherein 3-bertzyl oxy-2-
met hyl - 1H pyri di ne-4-one of fornula 3 is there bronminated to the

bronmopyri di ne SYNHH#rHS ORIGARBAMOYIRYRIPONE HY INVEGRARE INHIFSTOR$IANBar bon
nmonoxi de to yield the nicotinic agitrmMeDiafES hytesier 5 there which is
after several steps reacted with a benzylarnlne to create the 20ani de side
chain-containing pyridine 10. T.hirs, the ami de siciechain is in place
before cseation of the Z1Z2 ring of the final product fornula.(1) therein

in the reaction depicted at page; Wi bnfiéh 17-1: A second reaction
sequence i s depicted at page 11§“§$°@B?g80 118764 wherein a 25pyrrolidine

conpound 102 is allowed to condense into a tricyclic conpound 103 which is,
then brom naieedrebént Yihdnton B@n&fs@mrﬁtﬁllfﬁﬂmpowmtnaﬂﬂ prdtiesdes ifsr tymeasiciegct ed

wth a benz%) %Lﬂ%rm9n%ﬁﬁﬂﬁég% Bﬁﬁh} Lcilifle chain-containing tricyclic

conmpound 10 Herein at1 én takes place after Creation of
the Z1.%2 ring of the final product of .forrmula (I) therein. 30
N- Mel hoxy- N-net hyl sm ths may be prepared by Pd catal yzed

am nocar bonyl ati on oaryl brog%ﬂi (ﬂﬁg ﬁ@ﬁﬂr% J.R Madinelli et al in
Organic Letters, Vol. 8, No ga es ﬁé é %2006) Brormoani | i nes and
br ompani sol es are converted to .esters as described by J. Al baneze- Wl ker et
at in O ganvo Jdoet/t 89784 pMsshed® NdVember, 200@@%@%@@1&&%@ in its entirety, -
15" "describes various compounds and detailed synthetic schemes for their preparatlon. In
particular, a reaction sequence is-depicted at page 79 thereof wherein 3-benzyloxy-2-
methyl-1H-pyridine-4-one of formula 3 is there brominated to the bromopyridine 4 there,
which is then reacted with methanol and carbon monoxide to yiéld the nicotinic acid '
methyl.ésiér 5 there which is after several steps reacted With a benzylamine to create the
20  amide side chain-containing pyridine 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 thereln
Thus, the bromination takes place after creation of the Z'Z? ring of the final product of
~ formula (1) therein. ' |
30 -
N-Methoxy-N-methyl amides may be prepared by Pd catalyzed aminocarbonylation of anyl
bromides as described by J.R. Martinelli etal iﬁ Organic Letters, Vol. 8, No.21, pages
4843-4846 (2006). Bromoamlmes and bromoanisoles are converted to esters as
descnbed by J. Albaneze-Walker et al in Orgamc Letters, Vol. 6, No.13, pages 2097-2100

'35  (2004).



35(2004). Summary of the Invention Processes are provided which utilize
an early brorhination step in the construction of 5conpounds useful as
having H 'V integrase inhibitory activity as set forth in WD 2006/ 116764.
The bmm nation pitvides the | eaving group for attachnent of an am de side
chain on a pyridonesing. Detailed Description of the nvention | A process
is provided Wthin a synthesis of a pyridone conpound of the

fol!low ngiorrnula (AA), (BB) or (CO: 20conpi 1sirig the steps of: P-1)
brorninating a conpound of the following fornmula (1-1) to p due a brom ne
conpound of the follow ng formSumrGany-dfithe Inventidd- 11 wherein R is -CHQ
-CHOH) 2, --CH(OH)(0/74), -CH(01-1)-CH201-1 or

Processes are provided which utilize an early bromination step in the construction of

5 compounds useful as having HIV integrase inhibitory activity as set.forth in WO
2006/116764. The bromination provides the leaving group for attachment of an amide side
chain on a pyridone ring. ' - | -

- Detailed Description of the Invention

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

BB

15

20 ° comprising the steps of:
P-1) brominating a compound of the following formula (I-1) to produce a bromme
’ compound of the following fonnula (1-n):



5 --CHOR5)(OR5); PI is Hor a hydroxyl protecting group; P3 is Hor a
carboxy protecting group; R4 is |ower alkyl; R5 and R5
are independently | ower alkyl or R5 and R6 can be |ower al kyl 10 and j oi ned
to forma 5-, 6-, or 7-nmenbered ring, and P-2) creating the
2, 47di - f | uorophenyl - CH241H C(0) - sidein with the reactants
2,4-di -fluorophenyl -Cl4-N}-12 and carbon nonoxi de, 15 The term | ower al kyr,
al one or in conbinati on wi th any other term rgpfers to a straight-chain or
branched-chai n saturateg aliphatic hydrocagbon rqdi C?,J containing 1 to 6
carbon atons. Exa OaFkyl radi cal s i n&ude, &Gt are not limted to,
met hyl , ethyl, n-prigpyl, 1sopr OH but )él i utyl, sec-butyl,
terl-butyl, pentyl, Tsoarnyl, n-hexyl and“fhe likge. The term | ower
cycloal kYl" refers to a saturated or parlially sagurated carbocyclic ring
conposed of 3-6 carbons 1n any chemcally stable configuration. Exanples of
sui tabl e carbocyclic groups include cycl opropyhi;it cycl obutyl, cycl openty!,
cycl ohexyl, and cycl ohexenyl. The term | ower al kenyr alone or in
conmbi nation with any other lerrn, refers to a straight-chain or
br anched- chai n alvwhgteigr oup with one or two carbon-carbon doubl e bonds.
Exanpl es of al kenyl rﬂqlsib \§ ddprbuge p@_‘ r]:?g j ot o, ethenyl,
progeny!, isopro esn[yk)l ) ﬁ'?-lerfy_ldjl—ﬁl sgbage y)(f&g)én e‘n"'ﬁ’ %ﬁ@gg{wl , hexadi enyl
and the | ?ke?‘c“ﬁé)\%)( €din "1 ower al kyl ene” ‘refers to a straight or branched
chai n di val ent hydr ocatiberoraagidreal propicirfgeyralpt y -havi ng. from one to six
carbon atons, unless Bt b er s S def didedin agpl es of "al kyl ene" as used
herei n'i ncl ude, but ar,gef not 10 m tﬁ;e% 1o, g%t yl ene, ethyl ene, propylene,
butyl ene, isobutyl eneRaf®P"er@ i ke. 5 The term "l ower al kenylene" refers to
a strai ght or brancher’® shbR] ardiindepemtentiyidwercaiybonRt ai Ratan t@niewar altywo -
car bon- cq§ boghqjasAlt& RRRSS 6. or 7hdeRidMnbover a koxy refers to an al kyl
ether radical, 'wherein the term"allcyls~is defined 10above, Exanples of
suitabl e al kyl ether radicals include, but ale not limted to, nmethoxy,
et hoxy, n-prayoxy. i-sopropoxy, n-butoxy; isobutoxy, ‘sec-butoxy, tert-butoxy
and the like."  p.)creating the 2.4-di-fluorophenyl-CH,-NH-C(O)- sidechain with the reactants
2,4—di—ﬂuorophenw-CH;NHz_and carbon monoxide.
15 , | '
The term “lower alkyl", alone or in combination with any other term, refers to a straight-
chain or branched-chain saturated aliphatic hydrbcarbon radical coﬁtaining 1 to 6 carbon
. éto_ms. Exa'mplés of alkyl radicals include, but are not limited to, methyl, ethyl, n-propyl,
_ isopropyl; n-butyl, isobutyl, séc-butyl, tert-butyl, pentyl, isoamyl, n-hexyl and the like. _
: 2'0 . :
"~ "The term “lower cycloalkyl” refers to a saturated or partially saturated carbocyclic ring
composed of 3-6 carbons in any chemically stable configuration. Examples of suitable
carboéyciic-groups include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and
cyclohexenyl. S
25
’ *The te(m_ “lower alkenyl,” alone-or in combination with any other te'nh, refers to a straight-
chain or branched-chain alkyl group with one or two carbon-carbon double bonds.
Examples of alkenyl radicals inélude, but are not limited to, ethenyl, propenyl, i_sobrobenyl,
butenyl, isobutenyl, pentenyl, hexenyl, hexadienyl and the like.

30



-The termlial ogen refers fluorine (F), chlorine.(Cl), bromne (Br), or
iodine (l1). The term'"aryl" alone ornbination with any other term refers
to a carbocyclic aromatic noiety (such as phenyl or naphthyl) containing
6- carbon atons, and nore preferably from 6-10 carbon atons. Exanples of
aryl radicals include, but are not limted to, phenyl, naphthyl, indenyl,
azuferryl fitiorenyt ant hMcenyl . phenanthrenyl .tetrail ydronapht hyi,

i ndanyl, t i Fp%ble‘?\@d I s'ﬁ%g%r 82ActRY QﬂélM\Mﬁﬂem Ihgdreaitted, t he

20t ern saryr |nc S eac p033| e 03| tion n aronmatic
hydr ocar bon' radlesd.l reefprally bayvinggranpong. tﬂ&'ﬁﬁ?'ﬁ@? ators, r’l‘&%ﬁ? ﬁ@?m'se Bfned

S5-tetrahydr onaglp IeE 'avla;k l@rf’ee'faé asudadieasnaipbitdey byt ate ngb lveiteairio.hpdtieiiany ) ethylene,

2- phenant hri di enan |d| phenant hri di nyl, 7-

phenant hri cf?'Me“eé)”ﬁﬂe G[e TRy me@’&pherl arithridinyl and

10- phenand hri clinyl . Exarrpl es of aryl radicals include, but amnot limted

to, phenyl, TI%QQIH"WWer LIRGGRYE" refoBUd 8BYAight bt mm@aybhalfﬂfﬁmﬂhh)@imﬁ?t’"

phenant hr eny t etrahyd {La ht %é o b%db%ngé plienanthridinyl and the |iKke.
The term ' ar@fRg) Onp&F MPLARST SRR #SHPGI°0UD substituted by an aryl .

Exani pl es of aM kyl groups incl ude but are not linmted to, benzyl and
phenethyl . The L&t ﬁBwehQR&VQ@MﬁJ tbangrkwather raglindl, Wheetie thedgrol ‘ghylEsdefised] her ein,

f 2 3% rénotlli 11-
Lgngrer teg 19 CW}[V? CI:Y)ﬁaglan? 8F s)}@gblggllgﬁ (é\%(é\ Ja‘a‘.cQ%‘é:L&)&)SGt'd Y Jt'l ﬁ\ﬂe{ﬂB Retihdy,

tem any rin
ei t her : sat ur ethed, n-papey dsdpyorsEt oy 'ﬁS’P“‘B’FYs ‘?ﬂﬂ“é‘l"gde i W\ﬁﬂl thr? IIrnaty be

optionally benzefused if nonocyclic: Each: heterocycle consists of one or

more carbon gt ane '%ra]ld%enr' %%rgﬁl? nbﬁg)%ronhkﬁ@r Odkfe 5. SRloamt g from the group

consisting o eftgm ern e nitrogen and sutfur heteroatons
may optionally be Oxidized, 35and the nitrogen atom nmay optionally.be
guat er ni 7&d, TrRNGm ‘ﬁﬁ;l laaunélgr inBymbihatipo hitts agy altgs térm, refén (ole campexsic t he

b defined het i mdee 4
above- def | nog NEkERAGY Bubibad A of Sghitof torkdidy GEMBSNRorid 681 mifac

heterocyclic

et e rovi ded
that the att eréhrﬁ?mfmw&m ‘iaﬁban?“’d’l'f'e'féﬁ"é"é%/si%ﬁ” '?‘r’lﬁ‘g%%"g ‘II’ egé{% u']E:"tt !'F'éé%
Preferred he{oelsmyQ{aesthylnﬁmﬂeaﬂbﬂylmmmﬂw&'ymeﬁé"thféﬁ%r ocycl es and

8-10 menber egtr%y%ggdh&dhﬁhgﬁ,@%}{@,{aﬁﬁmdl\(\h%ﬂd thBGke. UnREESAaYRE indicitedighdhas

substituents St i ached to
any atomPPn teAe ‘a0 'Wﬁ8?°h£°ﬁ%f"°eP%sétl°8%'s°Fn eég%g% nﬁg¥%¢?n&aﬁ)%%V| ded t hat

a Stable chemdi&al sush eiiotmaphthg s2ihaphthyl; Emt@hmf@ﬁﬁf‘ﬂ-c%‘et’wdmﬁ%‘ih@tybér yr are

i ncl uded .wi t ki@ayl aSptdakbitRerhyR kQuensameldige er aI ly refers to a
het er ocycl eln \A%m‘r{gp?]%&% i

t e
pol ycyclic r P'F?QW‘B(H#‘W&P‘”EW&'F%Mgge'rfﬂe\'/’gnt ,.d.,g,fg;,qa.hpﬁe.;%m&.x o referably
five to ten sfaamcamcalsm;ie|bntwhnethlﬂ‘ﬂiﬁétoolah‘%ﬁﬂr'@W%Wg‘"%ﬁybﬁ"rﬁ’éeny'irbm%"é'f erably

one to four, Jan8cHacth ehs.ﬁhreﬁﬁdetmy&ommmoiawm smbntasduwl ar@,theSikandheP.

Preferred heferoar ro J,fl FaedsiRaryl s and
8 - 10 nenbele€d %?'%’yé%?’étﬁl‘ﬁ@'lﬂgyggﬁpu?s‘ﬁ)s%f‘ggg?%:?'g |r;13 tlﬂgérscpgpe of the
term "heter omyloaeabuthm:mtlmmﬂltpcbenma"'q'iéleé?t ycl y1l" |n a group in which a
non-arorratic heteroatorncontaining ring is fused to one or nore aronmatic

rings, such as'in an indalin c 9 q]@@g},t hed qgglyltow
tetr ahydr o gu'i'%‘ﬁ["‘ Rgierocyiie Bt Y'? ham}rm%l c@?lcllena %:an att achment i son t he
membered monocyclic heterocyclic nng or 8-to 11- membered bncychc heterocyclic ring

system any ring of which is either saturated partlally saturated or unsaturated, and which
may be optionally benzofused if monocyclic. Each 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 optionaily be quaternized, and including any bicyclic group in
-which any of the above-defined heterocyclic rings is fused to a benzene ring. The
4




non-aromati ¢ heteroatorn-containing ring. Unless otherw se indicated, the
term "heterocycle, "heterocyclic" or "heterocyclyla also included each
possi bl e positional isoner of a heterocyclic radical, such as in
1-indolinyl, 2-indolinyl, 3-indolinyl. Exanples of heterocycles include
irniclazolyt, imdazolinoyl, imdazolidinyl, guinolyi, isoguinolyl,

i ndot yl, 20indazo|y| indazolinolyi, pertydropyndazyl, pyrkiazyl; pyridyl,

rmyl, rrolln rrolidin razol razin oon |,
Biyperiyd.i n{;ly SPH‘&%?/ '"do'ﬁ?)’r%?z%ﬁaf Ia:t a&‘ﬁg}ogfthr? Bk ﬂ!?l%dd u%‘f'} pyri éazi nyl ,
nor phol i nyl ,attadhmntuesphamth créatioy bf a sthble siplcture. rRrafeoed/heterpdyiclay btlyde 5-7
carbol i nyl, ﬁ]sb@faa%%c b n”éze%ayawyrld &hﬁmzmwé@maael.o hetéab@aeg iR iHay |

sel fone, oxazo oxadi azol v benzoxazol F) F) *
oxopyrrol i dF‘ﬁ'ﬂo"Y%‘}(U&z’@ﬁlsHW uedls.dijs H?Hersmégl t%%ﬂi s ”e"ﬁsgbc‘é’ ?Q%ﬁh?ﬁ
t urazanysh, tmnyaakvﬁdhmwfngnyhgthdr etheteivathinodrr @rbph atonh) paridédvhat a dtatdedi azoyl

di oxolyi, dipxi; ﬁ% F Axebil wetermﬂé Q% Y e¥dioanf érglnelhc\l'éd withpit@phenyl

tetrahydr ot hi op o any I oxanyl , di oxo

t et ahydr of uP%‘GWﬁW@F a?fsmg} Pb°"te@f'1’ amﬁ&"aﬁf?faffbﬂvﬁwa?va'fyfu} WHGh e ring
di hydr opyr asystem isehmashatio franaf iy bolyydictie raalivyicoopipnaiof tateamyi . Opt i onal

substi tuent é?rﬁéd??tmgr %abl@mquféﬂ cafBh B@rRNA whighBhe GHnlord ﬂndDJaFHoﬁ§t ing groups
cte

may be seI e rom groups known to those skill ‘%ﬂh %) g.a i ncl udi ng
prot ectillg re&RRY ‘Uieé?;f%ﬁéﬁ’ GaRN EPRETEDY ARy ERIP S as{;\h 5 ﬂ% er-G Ni..
Protecti ye Ereferfasd hetero@ryhgmips nrﬁwmeMmsmbéterdmmbcyc(llﬁﬁaer))awlifang)p 10r

Koci enski , Hgbrgd gtcyé? & Qét%ér'ylggﬁ\lg iﬂHQ&ed w?lﬁﬂ tl@jscogfp&%\e térap'ﬂét)as & pp. The

pyridone rin i cted 1- is directly
attached, be °'Fn°’AWte’ Whi BW ic 6"8?185%’3}‘: er?%mf‘ﬁ%" 3P ng as
fol |l ows: - Thingsis fttshtétosinepr rﬁorz)arqma’mc b@scsmhlaed\ apuindoliedt, shromapylaf t ef creati on

of the Qgri BlganaﬁH t&l?élréchgdro-hhﬁolﬁ ©Rhdr®theQhdidah&r daint bf%ﬁa@ﬁieﬁgs gemer i bed
herein and I n | NVE atures a proceSS

ese nt

as descri be8°"aﬂ8'?7@t'° é‘f%‘i”ﬁ"’%‘?"ﬂ"gs?'@ "% ﬁggrwggfnd' !&erh t%B?—:f ore creation
of the 0 ri tigtezavgcleieaterpeyclicdipd’ hp’?@%ﬁ@'@@ﬂb@ﬁﬁ@qhspoéﬁblq prsitipea! isomer AA or
Ijor mul g EB O a HerEByLIR rédical, suchh upii-ﬁ'geﬁzﬁyl IZJ'h(j?I'HyI lndbmat | Ei‘(@ﬁpl@ dprocess as f

escri be a n. s 0] S eatlon 0
the Qring geﬁﬁ'o% les &cﬁd%l %zdlyl lmag olmo mxdazc%dtﬁ@ {) n%&h%g uir! rﬁ_ﬁr{do
fornul a2®BB iodazolyl, indazelinty!, P?ﬁ‘ddfppl@s'ém PV tAYEY!. ﬂ’é‘éﬂ'ﬂr@@'tﬁ'y'pr ocess as
descri Ped ametaemm fekdlyl gyRazPyIl qdmayl@ﬂﬁwmﬂpﬂr&éobyrbiwmﬂ q};rgtdzwAAt h20 The
presen I nvent | a 1IN e
pyri done orT'nyounof1yl gy"dtlaznﬁ ?%l%nHQR%E&p@Hg%&félsheﬁ? WY nttl o§ ?eatur es a
process as ensaipylBetepzaliyolriazolidingy 'Eﬁ"ﬁOft"ﬁ@Vm"i“?’ﬂ‘Efﬁ'P""ﬂ6'1'1&96%1[?637105!' of the
formul a CC. 0xR8iaAis befibihzol, okdipepdiag coxopyridlidnyl, iopsazagityl,aestyl, i nt er medi at es
such as,t hogg ofit0GLRl, AR, EOLTHoR AR ket BRI PWrany, thiszoi,

' thiadiazoyl, dioxolyl, dioxinyl, oxathiolyl, benzodioxolyl, dithiolyl, thiophenyl,
‘ tetrahydrothlophenyl sulfolanyl, dloxanyl dioxolanyl, tetahydrofurodlhydrofuranyl
telrahydropyranodlhydrofuranyl dihydropyranyl, tetradyrofurofuranyl and

tetrahydropyranofuranyl.
30 '
“Optional substituents are hydroxy, halogen, amino and lower alkyl. -

Protecting groups may be selected from groups known to those skilled in the art, _including
protecting groups disclosed in Greene, 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.



Wherein Pi is as decribed above, particularly benzyl. A process is provided
for the preparation of a pyridone conpound of the follow ng formula (AA),
(BB) or (CO): 10 conprising the steps of: P-1 brorninating a conpound of
the follow ng fornulato produce conpound of the followng formula (11-11):
wherein Ris -610; --CH(01-)2, -0-1(OH) (OR4). -CH(OH) -CH201-1 or
-CH(ORs)(OR6); P is Hor a hydroxyl protecting group;

The pyridone ring depicted in (I-1) and (lI-11), 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

Thus the step P-2) can be carried out before or after creation of the Q ring, such steps for
the creatlon of the Q ring belng 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 'featurés a process as described above, wherein the pyridone

compound is of the formula AA.
20 The present invention features a process as descnbed above, wherein the pyridone

compound is of the formuia BB.
The present invention features a process as described above, wherein the pyridone

‘compound is of the formula CC:

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

- formula (DD) below:

DD




P3 is Hor a carboxy protecting group; R4 is |ower alkyl;

R6 and R6 are independently |lower alkyl or Rs and R6 can be tower alkyl 5
and joined to forma 5-, 6-, or 7-nenbered ring, P-2) creating the
2, 4-di-fluorophenyi-CH2-NH C(0)- sidechain with the reactants 2, 4-d

uor ophenyl - CH2- NH2 and car bon nonoxide to forma conpound of formnula
[11-111 Ooplo 0J,,,,,, "eil....ty. 1) ..r- ,;:,:14 Ir-." - ) 6., 0, 10P-3)
condensi ng and debenzytaling a conpound of fornulato forma conpound of
formul a AA, wBiBein @' is@E.decribhéalpve saticuleryteznylon al so features processes as
descri bed above wherein PI i s benzyl; P3 is nmethyl; and Ris -CHO

- CH(OH) (OR4), - - CH(ORG) ( é wherein R4 and R6 are %“ Puer al kyl . There
i s al so destPlo5e hEPYiF fP‘H B'FB%’@%‘? o 8PYIIREE FAMHPLR SO oY Rpound of
the fol |l ow @g)f(eByati@cl): 20wherein Ris -CHO -CH(OH) 2 or -CH(OH) (OR4);
P3 is Hor a hydroxyl protecting gr oup, cH,

R - A H
; . cc
. N N

10
- comprising the steps of:.

P-1) brominating a compound of the followmg formula (I I) to produce a bromine

compound of the following formula (lI-11):

OP‘I 0 OP1 D .
o _ _p3
(6] N o~ P3 = o,
- Nﬁ — B S Nw

; B ' -
15 I .

wherein .

R is —CHO —CH(OH),, —CH(OH)(OR‘) -CH(OH) -CH,OH or -
—CH(ORS)(ORG)



12.3 is Hor a carboxy protecting group; .R3 is H halogen, hydroxy,
optionally substituted | ower alkyl, optionally 25substituted cycl oal kyl,
optionally substituted | ower al kenyl, optionally substituted | ower al koxy,
optionally substituted | ower al kenyl oxy, optionally substituted aryl,
optionally substituted aryloxy, optionally substituted heterocyclic grotip,
optionally substituted heterocycl eoxy and optionally substituted am no; R4
is lower alkyl; is H halo w,R2 is optionally substituted aryl;

X is a single -bond, & is¢t @radgtiony potatip gedrected from 0, S, SO S02, and 5
NH or | oweral kyl ene gs.| r rein each may be intervened by
t he heteroatom and g:fl—P&‘%caﬂJong%%r&ﬂggky? Whl ch conprises the steps of:
Oreacting a corrpoundRois lgwsy AfYla 00: OP" 0 0"1,'Pa RcT R3 with an amine of
formula (111) or (1VR® afdRBR® aféRbdependently lower alkyl or RS and R® can be lower alkyl

5 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-d|-ﬂuorophenyI-CH2—NH2 and carbon monoxide to form a compound of formula Hi-h

oP' 0O

-
10  P-3) condensing and debenzylating a compound of formula lil-Hll 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!
3
O N o~ P l
>~ N 0
Rx
RS

a2/

20 ) wherein

R is =CHO, —CH(OH), or -CH(OH)(OR*);

P'is H or a hydroxyl protéctihg group;

%is H or a carboxy protectlng group;
. R® is H, halogen, hydroxy, optionally substituted Iower alkyl, optlonally
25 substituted cycloalkyl, optionally substituted lower alkenyl, optionally substituted lower
- alkoxy, optionally substituted lower alkenyloxy, optionally substituted aryl, optionally
s_ubé_tituted aryloxy, optionally substituted heterocyclic group, optionally substituted

-h'eterocycleoxy and optionally substituted amiﬁo;

8



wherein Rs and R6 are independently |ower alkyl or Rs and R6 cal be alkyl
and joined to forma 5-, 6-, or 7-nenbered ring, OH H2ZN,OH (IV) to produce
an internediate of forrmula (V) or (VI), respectively: OH and
ii)iefunctioing (V) or (VI) to produce (1). Specific conpounds used in the
processes include those of the 5followi ng fornmulae (11a), (Via). (Mb) and
(la) utilized in Exanples which to OBn 0 0,K>(Ha) 01311 OH May OH 10

R*is lower alkyl;
R*is H, halo or R%-X-NR'-C(O)-;
R? is optionally substituted a.ryl;
'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 inteweﬁed by the
heteroatom; and
R'is H or lower alkyl,
which comprises the steps of:
i) reacting a compound of formula (ll):
LOP!
0] X o~ p3
e

n
Rx
10 - . . B
with an amine of formula (lll) or (IV):

ORS

H.N ) i
? \)\,OR6

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

OH

mn Lo

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

OP'
0 ps
= o~
N .V
RX
R? - | ~ORS®
20 ‘ . OR®



The product ((a) of a synthetic sequence can be condensed with an am ne, eg
of the formula HZNCH2CH2CH2OH, brom nated if Rx is H, carbonyl ated and

am dated and finally, debenzylated to yield a conpound of WD 2006/ 116764
designated (1-7) at page 240 wherein (R)," is 4-F and Ra is

H -Alternatively, such a conpound nmay be synthesized by 5starting with (1)
where Rx is p-F-phenyl--CH2411-1-C(0)-, 173 is H P is benzyl (Bn) and P3

is a carboxy protecting group. In nore detail, .step i) can be carried out
out in a arctic or aprotic sol véft osuch as EtOH, THF or LIME at a
tenperature of about 50-1500C f utP* 1- 10 hours, 10 In nore detail

step ii) cart be carried out flor he di al startln material (VI) with an
oxi di zi ng agent such as Naly bé%ﬂm)4 i%a solvent such as H20,
MeOH or CH3CN at anbi ent tenperﬁau?;hﬁpw ne or nore hours. For the acetal
type starting material -such as (V),/réaction may be in an acid such as HC,
CF3COCH or FICOH optionally with hedting. Step ii) can also involve
refunctionaljgation at the Rx postion, dg Ftir-H to RBr optionally with
further refunctionalization to Fer-R2--X-NRI-C(0)--. Step i.i) can al so

i nvol ve refunctiBnal rFieNglizg (3or (Y “P&"‘i’l‘cﬁﬁ') P3=Me. In nore detail, step
P-1) can be Spedificiceshpauitis bsedtin thapioagssas mcinpobiog: athef or mul a (4 with a brom ne
source i gcl L&ﬂm%ﬂ%lﬁm.aﬂ Ma) &fb) b h%}bﬁ.@é@ﬁ%%hﬁle%ﬂﬁh RiioRr oM ne in a

sol vent suc formarni | F or acetic acid and the |iKke.
ThIS transformati on can be run paiticularly at a tenperature of -10 GC to
50 "C to Produce a conpound of gBartnula 1141, 25 In nore detail, step P-2)
can be carried out by- treatbng ac npqwnd of formJa fl-11 with ,

2, 4-di t Zuor ophenyl - CH2- NH2. a ononnnoxldemap sui t abl e base-and. pal | adi um
(0) source and optionally an priate ligand in an.inert solvent
optionally with heating. The carbon nonoxi de can be at atnosPheric pressure
(14.7 psi) or at elevated pressure 30 partlcularly in the range of up to 60
psi but in sonme cases higher pressures may be 'required. Bases .include but
are not linmted to tertiary amne Ses such as. diisopropylethyl-am ne and
triel hylam ne and the I|ike. q - bhases such as pot assi um- acet ate and
pot assi um phosphate are al so bgsed of significance. Suitable sources of Pd
(0) include but are riot limte t et r@ki s,,Lr i phem | phosphi ne pal | adi um
(0).. In some cases a Pd (11) precur can hd used to generate Pd (0) in
situ. Suitable Pd (11) precursors ifeclude but are not limted to Pd(OAc) 2,
Pd( OCCCF3) 2 and l.i gands i ncl ude Xant phos, di phenyl phosphi nof errocene
(dppf),1Qriphenylphosphine and the like. Solvents include ALN- di nethyl
forrnam de,” THF, toluene, DVBO anggthe like. Heating the mxture is
optionally ‘used in the range fromjanifient to 150 C 5 The present invention
al sos.crystalline forns of a @ 8}CHo|nuIa AA (Conpound 13, Exanple
1) salt and a hydrate thereof. resent invention features: (1) A salt
or a hydrate thereof of a conpou fornula AA: Ocm ;

~h// (Vib)

OH

- (la) -
OH



10 2) A crystal formof a sodiumsalt or a hydrate thereof of conmpound of
formula ytt rCH, (3) Acrystal formof (2) having one or nore

physi cal properties selected fromthe group 15consisting of (1) and (ii):
(1) having characteristic diffraction peaks at 6.4 0.2, art 0:2, lair
.0.2, 19.2 0.2 and 21.8 0.2 degrees two-theta in an X-ray powder
diffraction.p dear; and (ii) having 'characteristic infrared absorption
spectra at "1641cnmll 2cm |, 530cnll 2crnl, 1503cm1 2cm | and 1424cm |
2cm 1. 20 (ke producy da)alf & syrdratic s¢quede daa bk pepderredadth er peitnicegdif fher acti on

peaks at 6. fmbia YMeH %HZCH Q)k?broilrﬁ’na%d iR W, chfboRyiatSd andPdMslaadda dhd fihall);

degrees two-theta in an wc} dlffractlonkgcgég n. 90443) Acrystal
form of (2) dshepreLinaria arnebrts 11e pPlaTb i dsaamdSh) idtpedrd) o 575 5.
13.8 0. 20, dHe6inQRRY6 45 .a84 R? B.H2 Altdrifately, ctPa cdhéhoRind MapBé HmthBsized.by, 24.1' 1
0.2 and g8. ¢ :Zﬁ\ngwﬁhWgﬁx.&%&%@,ﬁ@%@&%&% mﬁwe%énzgw(éﬁ)raaebven

pattern. (6) rm of havi ng characteristic infrared
absor ption §|5%'E?’Fyd”%{?°t‘ﬂ%9ff”%m' 0 20m| 1536¢rri > 1503cn$  2orn" and 1424cmé
2cml, (7) Acrystal formof (2) having characteristic infrared absorption

1
ggsﬁt r a itZ 8%\%&%%& n%ﬁe?}):lcan Eé ggrﬁég Aut ogt% Qérg?%%?a%@ﬂé;olv%ﬁp%ulh ?_éét?ﬁp;ﬂ_m 10 (8)

A crystal fE'F'ﬁPb‘PMfEPﬁg\PF'ﬁ@"%?fé'bBH‘t596?% Gloeoph-4dr¥% ed from the group c

(a) to (16): (a) X-ray powder diffraction pattern substantially as shaown in
Figure 1. (Rmd@hedd, Stlp APSAHR LB SREGH RS YRAfthE Riatedbi (V1) Gfn ST GMRing -Fi gur e
2; and . agent such as NaIO4 , RuO4 or Pb(OAc) in a solvent such as H,0, MeOH or CH;CN at

ambient temperature for one or more hours. For the acetal type starting material such as.

\%H feac‘tion may be in an acid such as HCI, CF;COOH.or HCOH obtionally with heating.

15 ' :

Step ii) can also involve refunctionalization at the R pastion, eg R*=H to R*=Br optionally

with further refunctionalization to R*=R2—X-NR7-C(O)—. Step ii) can also involve

refunctionalization of P3, eg P*=H to P>=Me.

" 20 In more detail, step P—1) can bé carried out by treating a compound of formula I-1 with a -
bromine source inclﬁ'ding 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 transformatioﬁ can
be run paiticularly at a temperature of -10 °C to 50 °C to produce a compound of forinul_a
-1, ’ ' '

25 _ .

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

2,4-difluorophenyl-CHx-NH,, carbon mono'xide, a suitable base and palladium (0) source
and optionally an ap'propriate Iigénd in an inert solvent optionally with heating. The

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

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

- required. Bases include but are not Iimited 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 sbur_pes of Pd

) (0) include but are not Iihﬂed to tetrakis triphenylphosphine palladiu.m (0). In some cases
35 aPd (ll) précursor can be used to generate Pd (0) in situ. Suitable Pd (ll) precursors
include but are not limited to PA(OAC),, PA(OCOCF:), and ligands include Xantphos,
' 11



(c) sad statel3C NWR spectra substantially as shown in Figure 3. istirtg of
(9) Acrystal.formof (2) having one or nore physical properties selected
fromthe group consisting of (iii) and (iv): . (iii) having characteristic-
diffraction peaks at 8.07 0.2, 9.3 02, 11.30 0.2, 16.0 0..2, and 22.8

0. 2edegrees two-theta in anX-ray powder diffraction pattern; and 15(iv)
havi ng characteristic infrared absorption spectra at 1637cm| 2cm1,
1536cm ' 2cm 1, 1501cral 2cro-1 and 1422cmit .2crril, (10) A crysta
form of (2) dishenyipgosphapfatoeene ¢ippf, tdptenylplosphime gpd diedikat S@vedts ini@le 93 0. 2,
11.3 0.2, WN-glmegw?fQMngc% BHF QOlgergzegMgé%nBYl@'llf(é‘QII@atlh@th@Hm&{Iré%y powder
dlffractlon 20pattern %F cryst al fornlof (2) having characteristic

di ffidcti on °peaRlYy used '8"6”3" f?m%'ﬂe" ¥0°Gy 3 02:15,4" 16.0 0.29%48.7'
0.2, 19.1 01. 19.8 0,2, 22.8 0.2 and 26.6% :1: 0.2 degrees two-theta in
an X-ray spo"‘l’qgﬁregénfl fn(:@rfﬁ&ﬁ 8% Qaiure% ﬂ,sta%ﬁe fo(rﬂs?x)fa%oﬁ%&ﬁxh%’ffoﬁﬂ.ﬁmf (2) having

characteristic infrared tion spectra 2cm 1, 1536cm| .1
2cm 1, 1501émp°"%?%5r‘af%m?j1)1s&526‘hﬁ “Vdft‘? thereof. The yresent jnyerfio feptyies, of ( 2)

havi ng char gt &satsi abydratk trared obbsnrgoundot fapalstna at 1637cm 1- 301536¢e
2c,e, 1501 cm 2cmd, 1422cnil 2cm 1, 1277crrll 2cmt, '1258cm
2cn}',.1093crril 2cn}land 6 lnl?% (14) A crystal forn1of.(2) havi ng one
or nore spec sel ect froup consisting of (d) and (e): 35(d)
X-ray powder actgjon ern!subgtantially as shown in Figure 4; and
(e) Infrared abserpit antially as shown in Figure- 5. (15) A
phar maceut i caFoon- |posu3|on containlng t he crystal formas defined in any
one of QZ) to (14). _ AA

' (2) A crystal form of a sodium salt or a hydrate thereof of a compound of formula AA

2T

F
(3) Acrystal form of (2) having one or more physucal properties selected from the group
15 conS|st|ng of (i) and (ii):
(i) having characteristic diffraction peaks'at 6.4° + b.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.
(ii) having characteristic infrared absorption epectra at 1641cm'1 + 2cm'i, 1536c-rn'~1 + 2cm’
!, 1503cm™ + 2cm™ and 1424cm™ £ 2cm™.

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

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

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

{6) A crystal form of (2) having characteristic infrared abéorp‘tion"spectra at 1641cm™
"30  2cm™, 1536cm™ + 2cm™, 1503cm™ + 2cm™ and 1424cm™ + 2cm™.

12



(16) A process for preparation of the crystal forns as defined in any one
of (2) to 14). The present invention features crystalline forns of a salt
of conmpound of formula M in particular a sodiumsalt. The present
invention features wystai ne fornshydrate of a salt of a conpound of fornula
AA, in particular a sodiumsalt. 10 This invention also includescrystal
formof a conpound of formula AA (Conpound 12, Exanple 1). Details are
shown as (17) to (22): (17) A crystal formof a conpound of fornula AA

havi ng one dF) Asryetaplaysefda)l haping pharadteristisiefraed adopligmpette ajrétigméonsi st i ng

of (v) and (26h1)’ 1138‘&::1 f@ydnngwda%a@tzew Slhb@cn@"ificﬁ#ciéa%h PP@éfﬁ‘ @Js58em46 | -.
0.2', 10.7 36, and 16.4 020 degr ees two-theta in

an X—ray povﬁj%cfﬁld?qgﬁf’ﬁc Wh %%@?‘?ﬁ“ (V|) havi ng characteristic
infrared absorption spectra at 1658cmr1628c/tilt 2cm 1540cel 2cm | and’

1498cnli 5 2d8) Azgsialfgim & (Drhpvnabnd ammrepegtra saigstedridmdhe grovmednaist®gof  AA
25havi ng chqg)qg(@rl stic diffraction peaks at 54 0.2, 10.7 0.20, 12.3
0.2, 15.2 ray powder

di ffracti onqﬁéf faéPﬂwgeAé@Wg%"ﬂaﬁ%B?H?Séﬁn\‘\'%'ycafiﬁﬁ?ﬂf‘dﬂ F@f’reﬁor nul a AA:

(b) Infrared absorption spectra substantially as shown in Figure 2; and
(c) Solid state >C-NMR spectra substantially as shown in Figure 3.

10 . ;
(9) A crystal form of (2) having one or more physical properties selected from the group

* consisting of (iii) and (iv): ;
(iii) having characteristic dlffractlon peaks at8.0°+0. 2° 9.3° + 0. 2°, 11 3°+0. 2° 16.0°
0.2°, and 22.8° + 0.2°degrees two-theta in an.X-ray powder diffraction pattern; and
15  (iv) having characteristic infrared absorption spectra at 1637cm'i +2cm™, 1536cm“ + 2cnm
', 1501cm™ + 2cm™ and 1422cm™ + 2cm™. |

(10) A crystal form of (2) having characteristic diffraction peaks at 8 0°+0.2°,9.3° £ 0. 2°-
11.3°+£0.2°,16.0° £ 0. 2°and 22.8° 0. 2° degrees two—theta in an X-ray powder drffractlon

- 20 ~ pattern.

(11) A crystal fomm of (2) havmg charactenstlc drffractlon peaks at 8.0° £ 0. 2°,9. 3°+0. 2°,
11. 3°102° 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
' (1 2) Acrystal form of (2) havmg characteristic infrared absorption spectra at 1637cm™

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

(13) A crystal form of (2) having characteristic infrared absorption spectra at 1637c¢m™ +
30 2cm”, 1536cm™ + 2cm™, 1501cm™ £ 2cm™, 1422em™ £ 2em™, 1277cm™ + 2cm™, 1258cm™
4+ 2cm™,1093cm™ + 2cm™ and 1069¢cm™ + 2cm.

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

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

(2) to (14). .
13



PA having characteristic diffraction peaks at 5.4 t 0.2% 10.7 02, 12.3D
0.2, 14.3 0.2, 15.2 0.2, 16.4 0.2, 21.7 24.9 0.2, 25,4 0.2 and 27.9
0.2 bdegrees two-theta in an X-ray powder diffraction pattern. (20) A
crystal of a conpound of formula AA: 10 haracteristic infrared absorption
spec 1540cM4+ 2cm 1 and 1498cm | 2ce, at 1658cmi628cre 2cre, having
characteristic infrared absorpton spectra at 658ce 2cM4, 1628cM4 1540cm |
2cm |, 1498ce 2cm 1, 1355cal'l 2crn-1, 1264cm| 2cm1, 1238cm | 2cm
1080cm | 2crr|| and 1055cmd  2cm 1. 20 (22) A crgstal of a compound: ot

formul a' AA: (dﬁ)r Baqfssd?r preparation of the crystal forms as defined in any one of (2) to (14).
The present invention features crystalline forms of a salt of compound of formula AA, in

5 particular a sodium salt. .

" The present invention features crystalline forms of a hydrate of a salt of a compound of

formula AA, in particular a sodium salt.

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

. 15 having one or more physical properties selected from the group consisting of (v) and (vi):
(V) having charaéten'stic diffraction peaks at 5.4° +0.2°, 10.7° + 0.2°, 12.3° + 0.2°, 15.2° +
0 2°, and 16.4° + 0.2° degrees two-theta in an X-ray powder diffraction pattern; and
(vu) having characteristic infrared absorptlon spectra at 1658cm™+ 2cm™, 1628cm™ + 2cm
! 1540cm™ + 2cm™ and 1498cm™ + 2cm™.

20 ‘ T
(18) A crystal form of a compound of formufa AA:

25  having characteristic diffraction peaks at 5.4° £ 0.2°, 10.7° £ 0.2°, 12.3° £ 0.2°, 15.2° +
' 0.2°and 16.4° + 0.2° degrees two-theta in an X-ray powder diffraction pattern.

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

14



0 25having one or nore spectra selected fromthe group consisting of (f)
and Cu): (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 compound 13 and 13b (norrohydrate form of
conpound 13) denonstrate high solubility in water or saline, high

bi oavcrilability (BA), high maxi mumdrug 5 concentration (Crax), short

maxi mum drug concentration tine (Tatar), high stability agai nst heat or
light, and/or good handlingffacflit¥s Therefore, the crystal sof conpound 13
and 13b are sui tabl e asoph U tieal ingredients, In the foll ow ng
exanpl es and t 1 i pecificption, the follow ng abbreviations
10may be used: 'J\eAnet ). Agq (aqueous), Et (ethYl), C

(mul tigrade), IAMPLES 151 n the fol T ow ng Exanpl es, those depicting the
bromi nation and fami dati 8n reacti presemf inventi on include.Exanpl est,
Exanpl e 2 and Exanple CC, The followi ngp es are intended for |IIustrat|on
only and ar éhaving chapcaigicgliffrestipp peaks ehad'skbpe1Gf ’t‘P\% a9 ehe-2od*Pht any way.
20 Exanpl es dl-argb 3 0. Fhes St:ay 27| pO7TER0.27 @b 00.2T284t @21 sndaTd° 3. s the

conmpound § f Jegrre[a@J 3 hetd %)an%tlag Bmkn?er g!ff?a%’uon pattern.

m

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

. 10 ,
" *having characteristic infrared absorption spectra at 1658cm™ + 2cm™, 1628cm™ + 2cm™,

1540cm™ + 2cm™ and 1498cm™ + 2cm™.

‘(21) Acrystalof a compound of formula AA:
Q  CH,

F. -

15 - Fo o AA
_ having characteristic infrared abs'brption spectra at 1658cm™ + 2cm™, 1628cm™ + 2cm™,
1540cm™ + 26m, 1498cm™ + 2cm™, 1355cm + 2cm™, 1264cm™ + 2cm™, 1238cm™ + 2cm
~1,1080cm™ + 2¢m™ and 1056cm™ + 2cm’™.
20 : | :
' (22) A crystal of a compound of formula AA:

" 25| * Having one or more spectra selected from the group consisting of (f) and (g):
(f) X-ray powder diffraction pattern substantially as shown in Figure 6; and
' ' 15



shown as conmpound 5 bel ow and conpound #101 at page 113 of WO 2006/ 116764,
The 25 product depicted bel ow as conpound Sic of the fornmula (I). The final
product Shown bel ow al conpound 13 is a conpound of formula (1-7) at page
240 of WD 2006/ 116764 .wherein (R), is 2,4-di-F and Rs is H, provided,
however, that there is an al pha nethyl at the position designated RWin
formula (XXVI) at page 65. 01 1_ 114NDSCBa"NBCIFE13 N A . NE2ri RuCl Al al04
) POCNOL1: ON MEC 11y2) NaCl02 --'Ne. 34 000 -11-, "O013st

Mel),I1."). Qg‘;%frlared,absd\»ﬁuoﬁ sb@&hl@@estér&.alwalsﬁc)vﬂrrm Figuraut 4e a. 1 1 10- -1fNL
1: 111 Ho .1) Otic-. ,..) ONo ) O I.
The crystals of compound 13 and 13b (monohydrate form of compound 13) demonstrate
high solubility in water or saline, high bioavailability (BA), high maximum drug
5 c_oncehtration (Cmax), short maximum drug concentration time (Tmax), high stability
against heai or light, and/or good handling facility. Therefore, the crystals of compound

13 and 13b are suitable as phammaceutical ingredients.

: ‘In the following examples and throughout this specification, the following abbreviations
107 may be used: Me (methyl), Bn (benzyl), Aq (aqueous), Et (ethyl), C (centrigrade). '

i ' EXAMPLES

15 In {he following Examples, those depicting the bromination and amidation reactions of the

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

The following examples are intended for illustration only and are not intended to limit the
scope of the inveﬁtion in any way.

.20 ‘ ' )
.Examples 1 and 3

The starting material of Example 1e and 3e is the cémpound of formula (lla) which is also
-shown as compound § below and compound #101 at page 113 of WO 2006/116764. The
25 produci depicted below as compound 8-is of the formula (I). The final product shown
below as oompound 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, however, that there is an alpha methyl at
the position designated R'® in formula (XXV1) at page 65.

.16



.0l 4 ngozO, 1, iL,I, . NBSJ),...0..-1 111 F NabHan"/EI QH 13
Thus, in the above sequence for Exanple 1, conpound 5 is identical to
conpound 101 at page 113 of WD 2006/ 116764 and to formula (Ha) of the
process of the present invention; conpound 6 above is identical to formula
(Via) of the process of the present invention; conpound 7 above is
identical to fornula (Obi of the process O the present invention; and
conmpound is identical to forrmula (la) of the process of the present
i nvention. St eg,ll) t‘he bmventi on Priocess is 5 to abov, e st-ep. ii)
is 6to 8. Kjgb 1® AL mo et cfﬁa\é%g) eq.) |
14.0 L of Me He—added 2 48—g—0f bromide g&0-) and 26309 of
K2CO3("1. 2 eq. ) The mxture was stirr 0d at 80 tfor 5,,h and cooled to 13C
Precipitate wa's filtered and washed wlth 5.0 Lot MeCN. The filtrate was
concentrated apd 3, Oﬂah"of THRO was added | he resi due. OThe T Hi = solution
was concentratéd ¢@ giv 55 o8t :fg,t,ﬁ und NoAS OBn W t hout further

purification, lcdnpgyne—2—was @60 MHz, CDC 3)
6150 (d, J --t 5. Hz, 1H)o 073(| H)q 637 (@ J1IGL." 5.7 H, D),
5.17 (s, 2H), 09 (s, 311).[ Exanple To P04 g of the gr ude conpound 2

was added' 5. 68 L of THE and ¢1e sol utlon Was cooled to -60 G 500 L of 1.0
Mof Lithiumbis(trinmethyhsilylamde) in &kdf1. 25e vvas added dr opw se
for 2 h to theNsol gt o oumas "ol ution of 5099 of
5 benzai dehyde{12—et. ) nN8 C and the

reacti on. m xture was aged atH 60 G for -B'l h. -T e h90¢QJtI on was poured

into a mxture of 1.21 L df conc. HCl, 8.14 [° of ice water and 4.52 L of
Et OAc ‘at | ess than 2 C. 98l erganic | aYer wa s Edc:%wiith 2.71 L of brine

(twice) and t Ug was""é%izracm,{t SO8NTYof Et0Ac. The

conbi ned organ Y oncent rat ed “ﬁ 3 \x‘ﬁm e, 1.63 L of O
t ol uene was added an qpncentrat ed (tvvl ce) to,provide toluene slurry.of
compound 3. Filtration, washin 0: 90 L of cold toluene and drying
af f orded 955 gogf /Ecgin’pf) 3n( 70y :I;bjfrom conpeund 1) es a crystal, .

©F 0
13

Thus in the ebove sequence for Example 1, compound § is identical to-compound 101 at
page 113 of WO 2006/1 16764 and to formula (l1a) of the process of the present lnventlon
compound 6 above is Identlcal to formula (Vla) of the process of the present invention;

5 compound 7 above is |dent|cal to formula (VIb) of the process of the present invention;

. and compound 8 is identical to formuta (la) of the process of‘the present invention. Step i)
of ihe 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,CO4(1.2 eq.). The mixture was stirred at 80 °C
for 5 h and cooled to 13°C. Precipitate was filtered and washed with 5.0 L of MeCN. The
ﬁltrate was concentrated and 3.0 L of THF was added to the residue. The THF solution
was concentrated to give 3585 g of crude compound 2 as oil. Without further purification,
15 compound 2 was used in the next step. ' ’
'H NMR(300 MHz, CDCl5) 6 7.60 (d J=5.7 Hz, 1H), 7.4-7.3 (m, 5H), 6.37 (d, J = 5.7 Hz,

“1H), 517(s 2H), 2.09 (s, 3H).
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1H NVR(300 MHz, CDCB) 6 7.62.(d, J = 5.7 Hz, 1H), 7.5e7.2 (m 10H), 6.38(d,
J =57 H, 1H), 5.16(d, J= 11 A 1-{z 11-1); 5.09 (d, J= 11.4 Hz, 1H),
4.95 (dci, J=4.8, 9.0 Hz, 15 .1H, 3.01 (dd, J =9.0, 141 Hz, 1H, 2.84

(
(dd, J = 4.8, 14.1 Hz, 1H). Exanple Ic To a solution of 882 g of conpound
3(1.0 eqg.) in 8:82 L a . THE were added 416 g of E6N(1.5 eq.) and 408 g of
nmet hanesuf fonyl chloride(1.3 eq.) at less than 30 "C. Alter 20 confirmation
of di sappearance of compound 3, 440 nL of NWMP and 11679 of D.BU(2.8 eq.)
wer e added tExatﬂpte1rbeacti cin mxture at less than 30 "b and the reaction

i Xtur e was A9 J e cﬁfaempouﬁna vJQs’éE&Edes 5 PN B ieaBliotf il obadd L of

16% sul furic aci
Na2S03aq. AftPef0 (,Corﬁ:%lt ?fa1tq Mr?f H?h'”f*h'és(&"&gmsﬂylzl"é{%t'" T'ﬂ:(hF £9- b‘f’asta(S’F'%ne was
added and t hiopwisetfurzh wase sohnioe ot doaipedhd(2 ate€o tG. M), adbitmerrofasddgtofon of 4,57

L of he e, 1 I a h . ) hi n th
1.77 L é?het;(eg%gdegk%t(%&ﬁﬂ%o&&g\?fﬁ%gséo%ﬁ P & EEIH% éatd 4% y| e dl) gswa
aystai. |1 1VRISHY HRLC f %%@6)"‘5“‘.’590'("&“ way p°“’5d '7‘“1-’1? "‘"“i’ﬁ) 12160 7. 25 (m

10H), 7 22 (ddnc.HCE8.16 L 3f itk watkHind 4/5203¢fEtOAc at I€k6 than 2C. Thl orgémiclidyerd, J = 5.7

e 1M 1 e G e TRg Bl B BB 280.c0h RN (o
Et OAc and 2.94QAcoThe pembjped %Qfa@davzmvcfge BINCRRFRERA( Jod'eéwxi)"eai 63 kgl than 25
CC. Aftet0 agolngnefvers adiddd, and 88nagniodtedNavGEEDES BroOdectglupnevdistyaddapotiad 3.he mi xture

at less tha d and
o shedw G washihd Gl é‘g"“%ﬂ kel e BBl e o B3 o030,

822 inL of HKHU® YA T8BEORPoUndt!) 8HR SRRl wer e added The aqueous | ayer was
extract ed. wi'tINMR(3W0 MHD CORIDAE 621 J=e7 Br.gaihi7é—7 Rdpeted) edsgd.cond? ned and

b ﬂ; R e e ﬁ“’“ﬁﬁﬁ : gkf‘???*;“m’ e L or e
t ol uene %ndqdlﬁig‘ dg‘gr’o% admégqé‘lfzﬁa % oﬁﬁd}‘{sﬂ?ﬁéwyl el d). as a crystal.
1H NVR(300 MHz, CDC13) 67.78 (d, J 57Hz 1H), 7.54-7_46 (m 211),.
7.40-7.26 (|E|xam,§§1‘;) 6.48 (d, .1= 5.7 Hz, 111), 5.6 (Ors, 111). 5.31 (s,

2H) . Exanpl of 50 of .co ),.and 4019 of
3-am no- pr oﬁgﬁé”lftmf glaé% qgmgau') %(ﬁofqgf @%#%F%(N%E‘?@Fﬂﬁ? & at- 65C for
1 ti and at E8B(IS ¢wrang 4ﬁ8 g af methangddfonylghlodde(1eq Bat &3s dtan 30 °C. After

3- A no-2pr Oﬁ&ﬂiﬂnétwgbﬁhlﬁpb@aréncﬁgf t)onid&un?cﬂ@ 446 ik oﬂﬁMETaQJﬁn 1670f fﬁBN(Z‘H e was
stirred at 60,C for

. addit
3- ar ni no- pr 6p ‘ﬁ'%refd%edd erﬁf?in m'xg tqesi&? nﬁ of gﬁgﬁlr-?aci’%én XYM e was
stirred at aa?d(torf?@rm'soThﬁ mwumwafrneetﬁdizedw\ynfahaﬁ laefdib¥ ssifurisfacid@ad the of H20,
t he mi Xt ur eokyasic ROEGRI Wasiedvith IoT6tLNE 2084,800R1q. Afté4ohcettratibd Qhédtgame 54 L of

AcCEt were e r h wth 1.02
(oL Bon ol @rea [oHEleRSRR Rl O G RRERBn AN REs MRS BS REr L1 2 02
| ess thah 12dd®°m9f@ﬁbboereysﬂeathemmwewﬁéamewhmq haiatRiltsaioneeshingyitiw + h
1,531; of coldLbiasahddingigigoyidearisd g df Eonggunt 4 @avpainds Scfy§ai% yi el d) as a
crystal. 'H NMR(300 MHz, CDCl;) 5 7.69 (d, J = 5.7 Hz, 1H), 7.50-7.25 (m, 10H), 7.2 (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).

30 Example 1d

. Toa mlxture of 822 g of compound 4 (1 0 eq.)and 11.2 g of RuCly-nH,0(0.02 eq.) in 2. 47
L of MeCN, '2.47 L of EtOAc and 2.47 L of H,0 was added 2310 g of NalO,(4.0 eq.) at
less than 25 °C. After aging for 1 h, 733 gof NaClO(3.0 eq.) was added to the mixture at
less than 25 °C. After aging for 1 h, precipitate was filtered and washed with 8.22 L of

35 EtOAc. To tﬁe ﬂltrate_, 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



111 NNIR(300 MHz, DVMsO-ds) 6 7.67(d. J = 7.5 Hz, 1H), 7.5-7.2 (m 511),
6.40(d, J= 7,5 Hz, 114), 5,07 (s, 2H), 4.2-4.0 (m 1H), 3.9-3,6211), 3.38
(dd, J = 4.2, 10,8 Hz, 111), 203.27 (dd, J = 6.0, 10.8 Hz, 111). Exanple if
To a slurry of 576g of compound 6(1,0 eq.: 5.8% of 1120 was contained) in
2.88 Lot NWP were added 431 g of NaHCO3(3.0 eq.),and 160 rriL of nethyl

i odide(1l3 eq.) and the 25 m xture was.stirred at roomtenperature for 4 It
After cooling to 5 eC, 1.71 1 of 214 HCl and 1,15 L 01 20% NaCl aq were

added to t-heayetsuan eoretiinddesd corivantratdl. Tottite rgsithes, emmtoadenmamnpmmd 7.

corpound 7 (HEDH el ollechici ook gl B BT, oo (o,

7.5 Hz, 11qyene?nqewm928>vciﬁs! 3&1&9@@%8”@(1 6% yipldsagpcrysfall) . 5. 21 (d, J =

g ;Emlm}‘stdOYiw?zleotﬁ;;Bmud UH)s5.7 Bz, Gmdsf;lu%on?gHz-lmoiD&e(ng. 3_8 EI:IEI JJ
, S, ) . ’

9.0, 12 43&64%@ gqé"% @')s%sfbm ]':ﬂi'&%)a%sz% 3,28 (m tH), 3.26-3.14 (m

111). Exanple 35 To a m xture of 507g of compound 7(1.0 eq.) in 5.07 L or
MeCN, 5.071@1(3;;1@91and 9,13 g of AcOH(0.1 eqg.) was added 390g of NalO4(1.2

€q. ) .and t hg\fm?,t)é fg?g\gg%}%tmlgé@%ﬁ 1"0 eq? a{nﬁ]?&m éf%—%ﬂc\%grgﬁa%e 1cﬁr-d|<%%§’2h$ After

addi ti on of ture ated and
cool ed to 169 1.55Y oK was stikeediat 6y Gt hh enda) 883 fl by Aferddiiond 386 g of
conpoundzo8 (18@%dybelndaa;a6paaeqrm&|@l1 eq.)lih DOROBOELOHZthe RV W) stifdd &2 (d, J =

e 1t b e Bgudrgp ol o3 o horgped Pugffo 13y %g) AP 27 e
211), ExarrpIE!P HheAf‘ fe \m%%mtﬁen%qff*a"}*ﬁ SAfieF foolina apdadiin o RS o (1.0
eq.) in 3. 78,0, tod mddeoHviy/concentrated. To the residue, 2.54 L of H,O and 2.54 L of AcOEt

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

15 . the aqueous layer, 2.03 L of 12% sulfuric acid was added at less than 12 °C fq ine 'crys-t.al

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

compound 6 (83% yield) as a crystal -

'H NMR(300 MHz, DMSO-ds) 57.67(d, J=7.5Hz, 1H), 7.5-7.2 (m, 5H),6.40 (d, J= 7.5

Hz, 1H), 5.07 (s, 2H), 42—40(m 1H), 3.9-3.6 (m, 2H) 338(dd J=4.2,10.8 Hz, 1H),

20 327(dd J=6.0,10.8 Hz, 1H).

I a

Example 1f
To a slurry of 576 g of compound 6(1.0 eq.: 5 8% of HzO was contained) in 2.88 L of NMP
were added 431 g of NaHCO,(3.0 eq.) and 160 mL of methyl iodide(1.5 eq.) and the
25 mixture was stired at room .telmperatur'e for 4 h. After cooling to 5 °C, 1I.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 (39% yield) as a crystal.
'H NMR(300 MHz, DMSO-ds) 6 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- 1g .
- 35 To a mixture of 507 g of compound 7(1 .0 eq.)in 5.07 L of MeCN, 5.07 L of H,0 and 9.13
g of AcOH(O.1 eq.) was added 390 g of NalO4(1 .2 eq.) and the mixture was stirred at
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10heating, 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 nL of AcOH and 137 g of (R)-3.-Arnino-butan-1-01(1.3 eqg.).were
added and the m xture was heated to 90 C, stirred at 90 C for 2.5 h and
concentrated. To the residue, 1.89 L of toluene was added and the m xture
was concentrated. The residue was extracted-with 3.78 L and 1.89 15 L of
CHCI 3 and washed with 2 x 1,89 L of 1-120. The organl c layers were conbined
and concent ratretdmpdratutetfer % fe sAftbradditbn 891.62 bpf 1Y OMSyRe8a-alhiel BHtERYaE he M xture

was concent 'E:@ric@ﬁ‘raté%fatn@ Eocﬁémlbﬁ bed. Piktraterd Qlaéhlr%fwnﬁtl-gégnd Hilylng prvided 386/!?-3 hi ng
with 1.13 L o

Et OAc an n I’OVI ded 335 g of conmpound 9 (83%yield) as
a clystal .. (mwe@é@f%yg ¥a7. 70-7.58(m 2H), 7.40-7-24 (m 3H),
7.14 (d, J—‘HNMRK-MDMI-&ODMBID &) BT6Z M, J 3 75 Hz, SHYZ 429440 (M5 586683 (d. = 10. 2 Hz,
ﬂbl) 528 (d gj{ %26'2‘581 }137)5Hz'5’1|3|)256§'(sdQH)-4%53185Qm31M238dl§)3H)53%cd4 90 (m
(m11-1) 1J2r§1('d'ﬂaHJ —24 45 138 Hz 111) 130 (d J :69 Hz, 3H),
Exanpl e 11 25 To a slurry of 332 g of corrpound (1.0 eq,) in 1.66 L of ‘NP
was added 1¢ {rhNBS(l 1 eq.) and the m xture was stirred at room
terrperature 2 After addjtion of . xture was
stirred for Aﬁﬁ'q'ﬁﬁ?'”tﬂf‘?é?mﬁﬂﬁ??ﬁ:gﬁ 9&!%"@8"18&‘}%26"5%&35%%@8\’ the mxture
at 10C fior B&ating,nheasvthtion was coGedntratetli To thiirésiduat 1.l ofteludmiemgs ailddd apd 33 | of

col ﬂlwgﬁgogn%edﬁwumvaeemebﬂe@e@&% 1% @Lid&OTBOUREOLENd 899y beAGDH @ a crystal .

3H), 5.33 ( a37 g.ofiﬁ)—%qug\o-bﬂqu-cgﬁ %gaq()d«{ei'e‘)a: d qtge m&tit‘sre w!g_ab ﬁé 30 QJ 24, ( m
5.7 Hz, 1H) ;C5fifstat 990¢ for 2.8 H)and gorkeentfatietl. 19 the gsidue, 1392 of-@luerlel\g@s 4 02 3 88
(rn, 311) Zddediaid P8 nfiltile whstoncdntfied( AHE resilize wadextrdctdd wili3.48 Hand 49 1), 1, 31

(d, J = [ car.bpn_no X1 sphere( a
i xture1gf EZHF%Hél_%'Td %agﬂﬁdoﬁﬁ'ﬂtgﬂ&bf'#q%eﬁfagc;%yerﬁ“}g? il %{Eﬁc{m

14.3 nL O 2ontentiafedude tisaesiqueahBhe pEIGAR yay addad ard QQW%?WP%I(PPM) (0 05
eq.) in 335cé’ﬂeerﬂtfate@|\’ﬁﬁer\%&tlc(§i{6fr1 ra.ﬁd_dtﬂEt(ﬂQG it &Y6n, Wwashing wifif 1.€3 L lﬁtm%\dﬂg,
precipitate er ed..and, washe propano ter

addi tion of '\é%%y?ﬁ_p ‘f'dEdg;?’%ff{)comrP(?u%d%ltetr?? VF"*?“’%’S%V %o the filtrate, the
organi c | ay8 NHBE0OAEERDGHHOT - B33 53 (m AH).04NT-RE(BPH) ol 436 F-AHZ of H20 and
t he aqueousahayer (s 78z, a8, 645 \d, Ul 133z, i), 5.08 (AJEHAD.2 HEheH)p5.92ni ¢ | ayers
were cominga, \ﬁ]l‘ggcé’é‘ﬁ?’lhﬁ B2y od i 10, {¥3h81Y23.d 305z, B, 4.085REOPANOL vas

added and t was '‘conce Iti 150 rriL of 2-
propanol ,; ‘ctm@Ehi22dr3-ehim. dBbi4i¢dqdeY 28-4c*-and &2 Hh 38 A4 J(frq.ﬂj'éz Systal. of
conpound 11 was 10obt ai ned. After dissolution of the crude crystal in 380
mL of acetog n%}/ feating, preci pitate was flltered and the filtrate was
concentrate G er addition of 200 rnL of concentration, addition of

150 rnL28f B @pumegf3deacteomeavnd £ samd bﬁ‘?}l'-f’“\"‘f' 4eT B SPWRE crystal of
Conpound- 11NBS@E.1Gkl) ahdid middre ers diregal wbindemmeratora dor @rhu détercadgliiomdl i n 450 rnlL

of acetone by NGAL bnﬁ.enl;.xgﬁewsgkwd%awaﬁn cmpsazﬁtroﬁroesiaa@fﬁbeanaemdue 150
triL of 2-° propan W|ce)

Mt ot bool | ST Meraive L BF 10 PP o ‘Bt e Sl WQ“EZ‘["}%:“?S Pl Huied!
dryi ng provefaderd H3d add dryih providgbif2d df toriBie Y0 (9% yiedd) aaacryyet al |
30 H NMR(300 MHz, CDC|3)6769—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), 5.12(dd, J=3.9, 5.7 Hz, 1H) 505-490(m 1H),
4.11(dd, J= 3.9, 13.2 Hz, 1H), 402—383("’1 3H) 2.21-2.06 (m, 1H), 149(ddd J=24,

4.5,14.1 Hz, 1H), 1.31 (d, J= 6.9 Hz, 3H).
35 . Example 1j
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111 NMR(300 MHz, CDCI3) 6 10.40 (1, J = 6,0 Hz, 111), 8 35 (s, 111),
7.66-L7.58 (rn,.2H), 7.42-7.24(m 511), 6,78-6.74 (In, 2H), 5.30.(d, J'" 9,9
Hz; 1H), 5.26 (d,. J = 10.2 Hz, 1H), 205.15(dd, J= 3.9, 5.7 Hz, 1H),
5.05-4.90 (in, 1H), 4.64.(d, J = 5.4 Hz, 2H), 4.22 (dc!, J = 133, 1H),
4.09 (dd, J = 6.0, 13.2 Hz, 1H), 4.02-3.88 (m 2F1), 2.24-4.86 (m 111),
1,50 (ddd, J2.4, 4.5, 14,1 Hz, 111), 1,33 (d. J = 7.2 Hz, 311). Exanple 1k
25 Under hydregen atnosphere, a mxture of 28.09 of conpound 11(1.0 eq.)
and 6.6 g Ofuﬂgt@a%hgjdn&o%éga%sghe@(a-HiitﬁrE ot £& Bhnp&ind YBAID saRys34s8 | 1 1 ed

for 1 h. After precipitate (Pd- filtered a sh th 45 nlL-of
THF, 5.6 g d‘FL%%zﬁE@%?ﬁ%‘é-a%ogfé\rggﬁ'l“ﬁ@lb?ﬁleﬁﬂPéa\?ﬁa}%ﬂﬁﬁ‘ﬁgﬁgS° or.1.5 h
under hydr ogreiPrab)096 ke @.335 e DRGOGvasatiméd dtoe re thr arsd. Ms@dlinsith 150 nL
of CHCI JNle%%?t&tégJa%_ R %d Aél%i%«l%&ﬁed"mﬁ SOMCHBLF GRS AfNrL8diticH oF 864 ML bon . 300f

r
the residue’in’l 0 H by heating, the sol ution radual |y
cool ed t & r dbMhape AARFRPLAOE Rf“(‘%%/“'?t?'lﬂl‘? %fg"i”b‘?f?yef Kas yp3ned H’ﬁ@g‘\’é@“ Eﬁ_ncent rated
and, cool ed.o.9N Htla@tand 835 mia st Oganditicnagizediis! lyadwabr exiragedoritnd3ded 1. 2 g of

conmpound 12(92% V4 €l ; 5 51 (s,
1H)m,D 10. 36 ﬁi%wi‘%g@?"@yg?%ﬁ% °g'4.”"5"(‘)a"‘]l {E’E‘Wf ,Q%J%ﬁgﬁ?& 3(I-_|z,
111), 7.24 (cRiepang! was added agd fie mirurs was concpiiyated; Aftsr addign piiS0 gl 2- 5 44

35(dd, J=39 prdparfolHoncehition AoBgdo Z0° v filtdokidn, cid6 Bryt8®f Campolikd 11 Was54(d. J-

5.1 Hz, @H) obtained: ARer GlShiutidn 5t tRe Brudd dya iPaso i of afdkbhebyBated) 1H). -
3.06-3.86 (M oqE), Ay 1,‘54"§]me%,§{. 60- 1, gg(}f] %ﬂg’y'é;%?ﬁd 16,9 He,
3H). Exanpl @refpitae wet liered; and e fitiatsvascoqeentsatgd e aatoN AP & 0 eq.) i n
54 L of Et GDMcoheatratiog, adkitr aiws mibyof EIQH, pericenratior? toding and fijfation |
Naoglaql- |(1’ 0oﬁ{&eéry¥t§ﬁ>f€&ﬁ'ﬁd§ nd @1 Msfob'iahéatF !Alﬂf‘r &Jspﬁﬁbngnhygaldae}yg{aﬁ@a%mani &
gradual ly co o room fenperature- Filtration .washing,, m o
and drying. Bt Fﬁeé?i‘efg%gatﬁ'g'orcge'i%ﬁ‘[?gﬁ'ﬁﬁ%e'lt?&gh,E}b3t/qeéf%‘;uea1sgyé" lt?f%ét al' 1H
NVR( 300 1Hz prophBOwAS3dded 91dthe mixture wag canceptratet {ijce). 7AfBocqoling of M, ~ 7A0- 7. 30( m
1H), 107: 25v¢sidhs, litFtiont dadhing with@5grogandand @yinbtdtovided 323 gbPcdniBoudd )1, 4. 87-4. 74
(in, 111), g&%{ é% 5.4 Hg31 2H), 4.35-425(m 11-0, 4.16 (dd, J =1,8, 14.1
Hz, - 1H) . 4088 YOPA° 2CP°6" 3.86- 3.74 (m 1H), 2.00-1.72 (in, 111),
1. 4471. 32 ( rH NIR(300MHz4 CPEL) 104D (e = &A Hp 1H), 8.35 (s, 1H), 7.66-7.58 (m, 2H),
7.42-7.24 (m, 5H), 6.78-6.74 (m, 2H), 5.30 (d, J = 9.9 Hz, 1H), 5.26 (d, J = 10.2 Hz, 1H),
20 5.15 (dd, J = 3.9, 5.7 Hz, 1H), 5.054.90 (m, 1Hj. 4.64.(d. J=5.4Hz, 2'H), 422 (dd, J=
."3.9,13.5, 1H), 4.09 (dd, J = 6.0, 13.2 Hz, 1H), 4.02-3.88 (m, 2H), 2.24-1.86 (m, 1H), 1.50
(ddd, J = 2.4, ;1.5, 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 5.6gof
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 stired 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 oftheresiduein 1.38 L of EtOH by heating, the solution was gradually cooled to room
temperature. After filtration, the filtrate was concentrated and cooled. Filtratibn, washing
with EtOH and drying provided 21.2 g.of compound 12 k92% yield) as a crystal. ) _
'H NMR(300 MHz, DMSO-d;) 6 12.51 (s, 1H), 10.36 (, J=5.7 Hz, 1 H), 8.50 (s, 1H), 7.39
’ (td: J= 8.7.- 6.3 Hz, 1H), 7.24 (ddd, J = 2.6, 9.5, 10.8 Hz, 1H), 7.12-7.00 (m, 1H), 5.44 -
. 35 (dd, J=3.9, 5.7 Hz, 1H), 4.90-4.70 (m, 1H), 4.65-4.50 (m, 1H), 4.54 (d, J = 5.1 Hz, 2H),
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Exanpl e 1m 15 Exanpl e 1m shows a process for preparation of the crystalline
conpound 13b which is nonohydrate form of conpound 13. After dissolution of
.0 g of compound 13(1.0 eqg.) in 600 nmL of THF-water solution (8:2) by 30

4C, 36.0nl of 2N NaOHaq (1.0 eq.) was added to the Solution. The M xture
was 20 stirred at roomtenperature for 2 hours. The precipitation was
filtered, washing with 15.0 int_ of TIF-water solution (8:2), 150 rrilL of
TI-1F. Drying at 85 C and humi dity ‘conditioning provided 304 g of compound
13b (nonohydraat&y, f,ere8, %aw_rrnqumb—h:ﬁa (93%a)y3.ed-d)eeas, B)cZ. st 8k (RSHExanpl e 3
Exanpl e 3a To a slurr}fl of i{g @ E‘F mpound 1(1.0 eq.) in 14.0 L of MeCN
were added 38%8'# "SrSY 1 TR 1.05 eq.) and 26309 of K2(0a(1,?2
eq.), The mxture vvas stirred at,80 C for 5 h and cooled to 13C,

Preci pitate?@,ﬁd teredfand washed with 5. OhL of MeCN. The filtrate was
concentrated and 3.0 L of THF was t es FE sol ution
was concént PEeetipsplytio qf ds. Qggécﬁnwngf%@é’ @ Hb%ﬂﬂ'deg 'géﬁ & Iheaei lﬁ?{l(gﬁ?‘; further
puri fi cati omy filgatiap2m&imR ofneé NaRidah. (119 eqllevan esidedde Bp solution|ah\RIREB e VHz, CDC13)

5760d oluti S u ntra Was&a@()ﬂﬂ 2H)
> oo (S( 3H% Tion-wh 'dFad éﬁkoolgdtérgéinémpeém Flﬁt%rzudehcgl)ﬂt%undl_gi\jvas g.?jded

5.88 L of TlE‘Q'lta%dr?f&"GETE(@‘"%’t{ﬁq%ﬂf‘iﬂla}'§° Sq%é%"b’e 5 AR 00 L of 1.0 M of
Li t hi um bi s('mwmmdwmm PIS&Ads1@ 1 0.7 (L THEP.Q H251Ha(r -89 (Raldl).. 7aﬂb‘éé0ﬁﬁdbw se for 2
g to- Itgqr?sgb%l-?g’(b 199%@%&8@% @.ah) 5_?Q—E§Q(m-rhﬁ}d14 .8a-43al(Mf 119Ma.9f @509 g OI
enzel dehy reaction
m xture . %\Aéiz 5’3’(96%%?352'6 Y'f[)f‘l(;?é){dd JE ﬁ'ﬁeﬁ'ﬂﬁ% b 8’3)56%12’0 s“g’o_%rggﬁ into a
m xture of B8.72ImL1H)f2.eBNAT2KAE 1H) 81441 3@('@f1'1)c‘e24s/\ﬂdt-é'r5§r'rﬂ #52 L of EtOAc. at
| ess than 2 7C The organic |ayer was washed with 2. 71 L of brine (tw ce)

and the aqu ous I er was extracted wilh.3.98 L of EtOAc. The conbi ned
or gani ¢ , e’é{\% eagonabeat %ﬂpreggram (B Ky Hisfine dnfiRutd 2 viith HeT . © vas
added an conc rovide tol'uene slurry of conmpound 3. 10

Filtration, "\f&ﬁ%*mjﬁ fmﬁcemwnﬂ 8f cold tol uene and drying afforded 955 g
of conpound 3 (74% yield fromconpound 1) as a crystal. -1FI NI MR(300 MHz,

CDCl 3) 67.6 u Y/ n '0 atefsondion (872)HZ , ,
5 16(21 3= %ﬂégllssc}lutlon%fgié_gof&h?po r?(ﬁf?»('l%eﬁm Gb@'ﬁl)L f PHBR (SeFl Ik |5(82)_ 1 8H)

|
9.0 Fz, 16! V§° 6‘13€86L°f3 &Ngo'daq (iﬁ’eﬂj’l‘—’l?s a‘i‘ﬁfkgfée QZ"PBdT“‘?Jﬁ'&g"e“i% 1 H, 1H).

15 stirred at room temperature for 2 hours. The precupﬂatlon was filtered, washing with 150
mL of THF-water solution (8: 2), 150 mL of THF. Drying at 85 °C and humidity conditioning
_ providéd 30.4-g of compound 13b (monohydrate form of compound 13, 93% vyield) as a
crystal. - '

25I Example 3

_ Example 3a )
To a slurry of 2000 g of compound 1(1.0eq.)in 14.0 L of MeCN were added 2848 g-of -

benzyl bromide(1.05 eq.) and 2630 g of K;CO;(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, CDCl;) & 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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Exanple 3c To a solution of 882 g of conpound 3 (1.0 eq.) in 8.82 L of THE
were added 416 g of EI3N(1.5 eq.) and 408g of nethanesul fonyl chloride(1l.3
eq.) at less than 30t. After confirmation of di sappearance of conpound 3,
440 rnt. of NWP and 1167 g al DBLI(2,8 20 eq.) were added to the reaction
m xture at less than 30 C and the reaction m xture was aged for 30 mn. The
m xture was neutralized with 1.76 L of 16% sulfuric acid and the organic

| ayer was washed with 1.76 L of 2% Na2S03act. After concentration of the

or gani ¢ | ayeTq 904. g%k thk.cnaik chmpaiumt @ wis iddedicieB Lasfd HF lzed thiexsblutier wesooled

trat ' o AF ' 67. i 't'
concent ot a4 16(E8)0 1) byl B gl B s 1 1 1
hexane- and d#rgpwigp fpr dh todisorgion °Qﬁ°”@9’1‘ﬂ§’&ﬁ1d691 41%3% agolpfionaf 589 819 st al .

NVR( 300 MHz, beaEXiehyddhv.2 €9.) ih@00 thiLof PHF whiz addktiht —60.°6Gnd thdDedctidn n‘hﬂid)e 7.22(d,

J 16.2 Hz vl,‘ng? ﬁ3—6()d(afo§d hT]Tﬁe%HHZs utnoWWafs%gl?{%%g‘g ?]nxturedfz 2%021 and 13. 6

5.27(s, 2§L1) a mx ure ) oun
my of Rud 1rﬂ42®th895Lt?f_'°®?Va%@q ‘hmgfcﬁt%cat@rssmwrc ﬁh%fgi"uc lBYer155r nL of

water, 7.2 gN&fwdéﬁediﬁMﬁL%ﬂbﬁn@@Mde) aﬁﬂlﬁhe]aqﬁeo'ﬁs gyafwadlatbwasitadded for 2.5
h at 20 C. AftE‘t:CSAcanhQ gor;ﬂg)lr';ed or%'ingzqg)%%n ere ?an?rﬂ%*é%oﬁlg tl'le%%[:% i"@:SE of epar at ed

and aqueous T ayers was exr act acetate. Ajlieous |ayer was
exr act ed agdp'ﬁemﬂa@@ﬁd@ ar@foomen\}@‘e%@‘eﬁﬁtt‘épfaﬂ‘#@WW'WI%%‘F@UW@e combi ned.

6 L of §9% .FifNaldB0Gassimb With 000 Wascati@REnd shdtdingearsliea esb @sfgampsunidyer and
the | ayers Vﬁ{"ezﬁﬁﬁ@ﬁdﬁ‘gf’“@ga%gﬁg%ﬁel ayer was adjusted to pH 6.0. by

addi ng 4.0g 0 n an aqueous | ayer was separated. After
60 ni L of S5Y4INAIR(ESMHz G0H BF-631¢ Jo5rhgzdt) 7HeRBEnwHE) f¥8dd, Y 2579 g of
NaCl O sol ut iHen1MEs. 1adﬂed 1ta theH)r 8.881(d, 0B MMiHHZUTI®), b5 R, .L;aergd)hzand stirred

for 30mn t ag i shed. £ht he layers were -
separ at ed gfﬁ?ﬁ({l&d‘? gfla g 3 gtB{‘(t)dr? ‘an(ai%bﬁhof }A\CGE'[ wer-e added -and
separ at etf. 1& r§'lfg\lggeous | ayer vvas enact ed by 30nt. of AcCOEt and separ at ed.

12% 5112804 {g5P e(qaég%&,bc F@g&}%ﬁ@% éli;ﬂ& 8§58 Q#TF%%%L Hlegsh |45 @gfﬂ tﬂe he

M xture was Coo ture was Stirre
m xture was BNt 2eetendg8 BebmaihanesaPnrichigidaihg 83 atigse hag A8 Qir@f&ﬂ to Provide
.7 g of corpaeixnstion o7 i8apyeehrite ofiGonspodnid/S,t4ab mL of likhe ahv/R(63,900 DBHR.8 CDCi a) 6

287( lc_l|1220‘] 1 @?Wéregﬁ?%d]imhe %:ic)%gn ixg.g %t%ssi%a% SOZC %86 @?&cfdﬁrg;ﬁ&re%vases 48 ( d, J

ed for 30 min. The mixture was neutralized with 1.76 L of 16% sulfunc acid and the )

I~ o

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

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

addition of 4.67 L of hexane, the mixture was cooled with ice bath. Filtration, wéshing witﬁ
25 1.77 L of hexane-and drying provided 780 g of compound 4 (94% yield) as a crystal.

* 'H NMR(300 MHz, CDCl;) 8 7.69 (d, J = 5.7 Hz, 1H), 7.50-7.25 (m; 10H), 7.2 (d, J =
16.2 Hz, 1H), 7.03 (d, J = 16.2 Hz, 1H), 6.41 (d, J = 5.7 Hz, 1H), 5.27 (s, 2H):.

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

10 mL of water, mixture of 155mL. of water, 7.2 g of hydrosulfuric ac_:id, and 15.5 g of
' NalO, was added for 2.5 h at 20 °C. After aging for 1 h, organic and aquéous layers were‘
separated and aqueous layer was e_xracte'd 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 . NaHSO03 solution was added to the combined organic layer and the layers were
- separated. The organic layer was adjustéd to pH 6.0 by adding 4.0g of 2M NéOH solution
and the aqueous layer was separated. After 60 mL of 5% NaHCO; solution and 257mg of
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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 153 L of EtOH was stirred at 65 aC,
for 1 h and at 80 Cfor 6 h. After addition of 18.8 g of

3- Ami no- propane-1,2-diol (0.1 eq.) in 200 nt. of etaa the m xture Was
stirred at 15 80 Cfor / h. After addition of 18.89

of . 3-am no- propane-1,2-diol (0.1 eq.) in 200.nm. of EtOH the m xture was
stirred at 80 C for 30 min. After cooling and addition of 509 rnL of H2Q

the m xture MafEARCRALS, 258G of NACITRIUiES W RideioTe leaibn WARL@RDs3c54 L of
AcOEt were added. After ueous. | ayer was washed with 1.02

f separatijo the a <
L of EtO0Ac-.°Td %‘Hé"’?&é@&ﬁ@"‘l‘&ﬁ%?"?r%ﬂ'% asIisher: 1ie ke ' HVHEs added at
| ess than 1Zepfiated, 4@i5md of 63%NaaB02 Solatfon @aodrp@uing AGOERNert bédedand washi ng wit h
1.53.1 of ¢ Ko [V i ; {83 yield) as a
o yatal - RCIIBCRAE . Salls, RO et bS] EheBRRdARAL 33 VI Pl O,
GAO (d, 7%  HfeSOqwasigddedstodhe regctio myxturg st 20 ° forh angfne mixtyreqvag ceqigdt9§19: 3’ 38
(dd, J = 4. 2¢C. After belrzixturd s s@Bredfor(3adhin, tHe mixrelyas ier8d, Mashedhlith 302nLbotanpl e
31. To a sl : % % 9f.. was cont ai ned)
in 2.881 of Wﬁ‘l\%“’%ﬁ%@ 334‘ng%@ﬁ%é%&%’%?'&%@%."&"ﬁr%gti'ggg% ef methyl
i odi de(1.5 €q.NMR(AP MHe GRGI) dr B78\als J 5t5.7 HediHit 7.5660mbt(@npldr Z80+726f(or. 4 h.
Af t er . cool i rag),t60185d,0,= 87 A4, 1Hpt5.2NrdHaH)36.3a0128). 15 L of 20% NaCl aq wer e added
to the moxture at less than 10 C to give crystal of conpound 7, Filtration,
washi ng W t exdmdidss. of 1-120 and drying provided 507 g of conpound 7 (89%
yi el d) as a aAxhiytateadf 509 g dfomplnB(539.0 elyhlzand 43V Banfhofpr&ainéd, 2-dbi@ 57. 5 Hz,

1H), 7.40-7.28. -5 = . ' i 1 , . =.5.4 Hz,
1E)|), 5_.-12(d,ea'?'"(11g3§ ﬁzaoq%?a&%?t %a"?%"ﬁ"%,aé%? f,°§‘iﬁ|) f‘ﬁ%ﬁ&%@ 9. 3 =57
Hz, 1H), 3. 9%-8@f3-Amine-prongne-]2-djol(@ eqjjip 2003nlzaf ELQH, the mpitureawaptifrertiat | 1=9, 0,
14. 4 Hz,15118) °C Br6h:- Aft&Qd(ition ¢ 18.8)g, of 3-adithodrépBhen,2-1kd) (0. Beqd8n 20aldL 6m  1H) .

EXx le 3 e fog: ' ) A MeCN,
mtre of o MR ridl iy d3006 o QFRAL Nty oo Sl & S0,
the range b&eddbgmitprevgsconcppiratad.t 1 the FreidH@2ctilath Hef 28d2- 8¢ WelA©Ft rred for 1
hour,  preci petexddedratstefl septiati@d the Bqeedus layermats evawes vad ded Lt Etdre. ol uti on of
11.8 g of ageQkhidus gkid 890bHBBalhnc £ vsés%défaeéé Rs ﬁ,ggﬂggaa{o;gg,e%séﬂﬁf’o“-

Af ter thg m xture waS concentrated, cooling to ] F n, ‘washi ng

wi th H260andl BFYPYY S FBRIBRdraERREWiN 55 olERha 20 PabappvERds et cr yst al
1H NVR(300 ddapoudi & €80-vikid)@s@c6Bta(d, J = 7,5 Hz, 1H), 7.42-7.30 (in, 5H),
6,33 (d, J %ﬁmﬂgjdb MH2 DMSE-RD £6% (ady =7.54B, Hi ,,7.§J_7.12(mi§b|18§.46§d143373.9 »
4.95-4.85 (ﬂl, 1jﬂ}, {174 (s32§|9 4(23—21.0‘7(%1,1“), 39—73‘.16 &Q’ZH ;9.‘%8?dd§i/=_4.2, ~’IO.82 Hz.)1'H),

3.27 (dd, /= 6.0, 10.8 Hz, 1H).

-25
Example 3f . z = ' )
To a slurry of 576 g of compound 6 (1.0 eq.: 5.8% of H,O was contained) in 2.88 L of

NMP were added 431'§ of NaHCO; (3.0 eq.) and 160 mL of methy! iodide(1.5 eq.) and the
mixture was stirred at room temperature for 4 h. After cboling to 5 °C, 1.71 L of 2N HC!
.30 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, DMSO—ds_) 6 7.59 (d, J=7.5 Hz, 1H), 7.40-7.28 (m, 5H), 6.28 (d.J=
7.5 Hz, 1H), .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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Exampl e 3h A m xture of 10.09 of conpound Band 33.3 g of diglyrne were
added the solution of 3.3g of (R)-3-Am no-butan-1-ol in 4.7g of ciiglyne
and 1,0 g of acetic acid at 60"C. After the 15reaction m xture was stirred
at 95 Cfor 9 hours, the reaction m xture was cooled to -5 C and filtered.
The wet crystal was washed and dryed to give 8.3 g of conmpound 9 (78% . XRD
data: 111 NWR(300 MHz, CDCI3) 6 7,70-7,58 (rn,-2H), 7A0-7.24 (m 3EO,
7.14-(d, J = 7,5 Hz, 211) 6.47 (d, Jr7,5 Hz, 111), 5.35(d, J = 10.2 Hz,
1H); 5.28 (hxash |53§0 2 Hz, 111), 5,12 20(dd, J 3.9, 6.3 Hz, 1H),
5,05-4.90 (I"Il’malihlk’()ne o41Qﬁg(odcbmpbund:7($D&g)WOBBQ-QfMeIManﬂxtGIGOBS(BﬁL()fm 31-9,

2.23-2.06. l |n né&be J =6.9
He, 311). (E;né %%2}8&&2?4)8 f]ﬁfﬁﬁg&ﬂ%g éasgddéd %r% Qg.zb tvlée?azjﬁ %r&gﬂfgr omet hane

was added 1mft3r be r@éﬂ?pmﬁaegfaﬁ firceg fort 'ng P@F‘%ﬁt%WF%‘E'GFF& giltete Wa5om
t enper at W e.addéd 1B the Dlutisredat B@Rf Bicsttit idemgiusitsialt, 68 ¢ of eatebarsiGontglvé 1 eacti on

m xture wasel_gg eg‘ﬂerqht he. s ‘%’%téaﬂ%uﬁgtgglﬁg%q R ﬁf'?rgf?on‘l\gasohr@ vihHeter. The

organi c | ayer-whs was O sol ut'i on _ahd water,
di chl oMret heand duing P(R‘!He@ei‘\%999&@%&‘%@0&Yﬁﬂ)éﬁéﬁwﬁ§ met hanol . The mi xture

ves ol o0 el AT 5t a0 sl s o e g and o
O Y8es %&N’;\%Hfi d‘# %%{975039#%34 m 311) M‘753 SC?@,gJ £10.2 He,
5.12 (dd,

7.69-7.63
1H), 52‘50(dt1 f= 3.9, 5.7 He, 5. 05- 4. 90

(m 111) ;. . 454;11!%8 J 3 9 112 Hz, 111), 4, 02-3.88 (m 3H) 2.21- 2 06
(m 111), 1.Eemplepad, J= 5, 14,1 .Hz, 111

311). Exanplpe’"%@’elﬂ{dgp9@5?%%?”%?16"%%%“&%%?&%?@‘% "%ﬁ%?“ﬁ?'b“g’f 395 0 g of
conpound. 10 ,of (R-36\gnind-butdtr-RbiE 4.7 gl2 diglyge @hd 2.0 g-ofladeliviaribdtd0 S IAfirithe; 335 ny
of Pd(0AG) 2 . anfonmitult s skélr atbbséﬂir@b\gﬁmltﬁml@ﬁﬂﬁh RRkRE WAS ool t&%B’Cm— of DMA

t d at 85C f L
fovi Sedand 501 887k it il Spebe P R R Lo BRI TR, "5

g of wat er m&tatrg of seed crystal were added to the reactlon m xture at

40 'C. Al ten f oSy 0 led to

nor n terrper%EEﬁrg:’g Eﬂ-'iceb Eﬁt fv%s%(%}e%r'g&ﬁﬁd1ﬁﬁ1 o‘é Effi% i 75380 d washed by

4r.z 9 0zfo © JO39 6.3 Hz, 1H), 505—490 mo%)dgg:;jgjg ﬁ ggz 3 zy1ﬁ o—assaa crystal.
(m 3H), 2:23-2.06 (m, 1H), 1.48 (ddd, J = 2.4, 4.5, 13.8 Hz, 1H), 1.30 (d, J = 6.9 Hz, 3H).

Example 3i
To slurry of 5.7 g'of NBS in 26 5gof dichloromethane was added 10 g of compound 9 in

25 928 g of dlchloromethane at room temperature. After thr reaction mixture was stirred for
6'.5h, the reaction mixture was added to the solution of 2.0g Na2S03 and 40.3 gof 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, 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 Exambie 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 1.9gof 1,4- ~

bis(diphenylphosphino)butane in 188 mL of DMA was stirred at 85°C for 4 h. After cooling,
' 25 '



114 NWVR(300 MHz, CDC1.3) 510.40 (t, J = 6.0 Hz, 111), 8.35 (s, 14),
7.66-7.58 (m 214), 7.42-7.24(m 5H), 6.78-6.74 (m 214), 5.30 (d, J = 9,9
Hz, 114), 5.28(d, J 10.2 Hz, 11-1), 5.15 (dd, J = 3.9, 5.7 Hz, 114),
5.05-4.90 (in, 1H), 4.64 (d, J = 5.4 Hz, 211), 4.22 (dd, J 3.9, 13.5, 1H),
4.09 (dd, J = 6.0, 13.2 Hz, 114), 4.02-3.88 (m 2H), 224-1:86 (in, 1H),
1.50 10(ddr1"/ 2.4, 4.5, 14.1 Hz, 114), 1.33 (d, J = 7.2 Hz, 3H). Exanple
3k Under hydrogen atnosphem a mxture of 4.0 g of conmpound 11 and 0. 8g of

50% V\et 5% Eﬂé Cadibh Biktufe \V:Ls &le%&ﬁﬁbfﬁjof ﬁ'm&ﬂfe Qbs b@q f%&t%&éprg 69 ofor 1:5 h

at 50f. er m xture of Nall503 and 2.0nL of purified water
was added t OFPFe2%- %a@fW%ﬁ%Fﬁtm&‘gsﬁ?ﬂ)“Y%WF@M%ﬁ “Pﬁ rﬁ??ﬁ'?%%‘* irred for
1h, precipi uat®@ A@sstiring e 7eth, 298 glvedatat wis d8@edvindafooféttie, rooratehpetaturé.i | t r at e

was concent rl'ﬁlé S'gstslgva% ﬁlte?gcgat rﬂn’i t%%rg]@rqgl'ré]&dﬁnazmd @fg? gi]&%g',a&a?rgg'f@1 06’[“- of

purified water ture was coaol tration,
washi ng i t B obeneundst! @%”@1‘9@ &SRS ng provi ded 2.33 g of conpound 12(82%

yield) as a*ﬁNW&@bm&Oéécilﬂo‘lM?( 06 N 1z MBS (s O11}. 7681766 (m, 16.36 (t,

J ;dS 3 Hz, é 2"9354@% Q)gé )3 g& *—991Hz§H 5 28( lf-l?oﬁiz h) 7, 24

(5a7 He, 151? <ﬂ% ? ‘é“r{gJ‘ 2 5 1 Hz

214), A4. 35 d G (m 1H)
8135 16 4G9 %J 133 a6 5 34 e, 5

2,10-1. 99 ([(ddd,J =124)4.5 144 iz g1 @M 1F|)72+12 ?,'3) (d J= 6.9 Hz, 3H). 25.

Exanpl e 31 After dissolution of 18.0. g of conpound 12 (1.0 eq.) in 54 nL of

Et 011 by he&kdmmgg 3K ol | owed by filtration, 21.5 rnL of 2N NaOHag. (1.0 eq.)
was added t bndenbydsedenainaspbgre, &Jﬂl@ureﬁiéOQOfCO@muud itoand. QA@Q;Of@p%dw&ﬁ%y cool ed

tor Ogm t igﬁ@baﬁ ?‘f@mL%ﬂ'l‘lff atd POmL\GRALD Wé‘s Nk 08 9.5Hat 56°C. %QT?"%}@ESOOI%”Q
rovi de S
DVEO. d6$56 ﬁ@"%c;’ ”taf'g ‘P% ?é" fi/‘*fi‘}a?e’ aéé‘é‘{e% ‘°&'§|)éacl7"“46"‘"z"ef6'm 1H),
7.25-7.16 ( feaction mpjture wa%ur@d% 10 riccipiipte was fitgred; washedivith 20 mhyof TUF.87- 4. 74 (m
|%54) 113 51 b the fitrste dadBancertrhed téH1 BESFAARE alidihg &V%Loﬁetﬂa@no(éﬁd?3ém1081 14.1
) m

1.44-1. ?32 (?n&?ﬁﬂ Qr e'n'A[' %ééao\? "%g'?r “ﬁgcglgﬁ stﬂg% ?Jhi"gan (conlegl ons
used to gend¥pleolEig prddrying previded:2. 339 piAEPRISSIZN F'dbqs a@ystd)- -Powder
Diffracgg On‘rﬁ@f&k(%bﬁ‘MHz DMSO-d;) 5 12.51 (s, 1H), 10.36 (t, J = 5.7 Hz, 1 H), 8.50 (s, 1H), 7.39 |

(td, J=8.7, 6.3 Hz, 1H) 7.24 (ddd, J = 2.6, 9.5, 10.8 Hz, 1H), 7.12-7.00 (m, 1H), 5.44 -

(dd, J = 3.9, 5.7 Hz, 1H), 4.90-4.70 (m, 1H), 4.65-4.50 (m, 1H), 4.54 (d, J = 5.1 Hz, 2H),

4.35 (dd, J = 6.0, 13.8 Hz, 1H), 4.10-3.98 (m, 1H), 3.96-3.86 (m 1H), 2.10-1. 94(m 1H),

_ 160-1.48(m, 1H), 1.3 (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

solutlon was gradually cooled to room temperature Filtration, washlng 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-dG) 6 10.70 (t, J= 6.0 Hz, 1H), 7.89 (s, 1H), 7.40-7.30 (m, 1H),
7.25-7.16 (m, 1H), 7.06—6.98 (m, 1H), 5.22-5.12 (m, 1H), 4.87-4.74 (m, 1H), 4.51 (d, J =
5.4 Hz, 2H), 4.35-4.25 (m, 1H), 4.16 (dd, J = 1.8, 14.1 Hz, 1H), 4.05-3.90 (m, 1H), 3.86-
3.74 (m, 1H), 2.00-1.72 (m, 1H), 1.44-1.32 (m, 1H), 1.24 (d, J = 6.9 Hz, 3H).
35 ‘ .

Apparatus and conditions used to generate Figures 1 -7 are as follows:

" Measurement of X-ray Powder Diffraction Pattern

26



The measuring conditions used were the sanme as general netrology for the
X-ray powder diffraction pattern neasurenent described in "The Japanese
Phar macopoei a Fifteenth Edition". Measuring apparatus 5 RINT TTR 11
Met hods The acquisition conditions were as follows. Measurenment Mt hod:
paral | el beam net hod Tube anode: Cu 10 Radi ation; Cu KO CGenerator current:
300 mA ' Generator tension: 50 kV The sanple was prepared on an al um num
waf er Angle of incidence: 41.and 40 15 Measurenent- nf red spectroscopy
anal ysi s Thﬂ’?@ﬁﬁé&fﬁhé tanditieended iwereshaisae o genarslinetrabgy fol thewsay pdeasur i ng
apparatus PT/]R-420 peA [ pQrat i : sur enment
(r];mtasérgr%eﬁl%? (%)IB ﬁ@e?r]%{)%g%e lthar#(EéoBS’é?é Flﬁema

nmet hod: AIR
Edltlon

Measuring apparatus
5 RINTTTRI
Methods
The acquisition condltlons were as follows
Measurement Method: parallel beam method

Tube anode: Cu
10 Radiation: Cu Ka
Generator current: 300 mA
. Generator tension: 50 KV _
The sample was prepared on an aluminum wafer
Angle of incidence: 4°and 40° -

15 . :
'~ Measurement of infrared speétroscopy analysis

The acquisition conditions used for were as follows.
. Measuring apparatus .
- FT/IR-4200typeA (by JASCO Corporatlon)
20 Methods -
Measurement method: ATR (Attenuated total reflection) method

Resolution: 4 (cm-1)
Detector: DLATGS
~ Accumulation: 32 times .
25 ) .
Méasurement 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

27 -



Resolutionr4 (cm 1) Detector: DLATGS Accumul ation: 32 tinmes . 25
Measurenment of solid-state 13C NMR spectra The spectrum was obtai ned usi ng
the cross polarization mg -angie-sp(CP/ MAS) nmethod. The aCquisition
conditions were as foll ows. Measuring apparatus 30 Spectroneter: Varian
NMR Systens OH frequency: 9 8 iz) Methods Probe: 3.2mil3 HX Probe Spectral
w dth: 43103.4 Hz Acqui sition Tinme: 0.04s 35 Recycle Delay: 10s Contact
Time: 3ms External standard: adareantane (nethyne carbon: 38. 52ppm)
Tenperature g;@ermaaﬁﬁr@ad&ﬂ&h&neﬁma@ma@oﬁ3§mgp;ﬁﬁ)arI ing material of Exanple

Ais conpounpe o \{\:hIC is identicat to fornula la). Thus, Exanple A depicts
a process in B’rpo{)’" 9 ng arlinternediate for the conpound of formula 17 bel ow

whi ch i s i soW¥ rate:@@kHzhe conpeund ZZ- 2 at page 237 of WD 2006/ 116764 to
Brian. 1OJohns et al, pell,irono _

5 Example A

The starting material of Example A is compound 8, which is identical to formula (la). Thus,
Example A depicts a process in providing an’intermediate for the compound of formula 17
below which is isomeric to the compound ZZ-2 at page 237 of WO 2006/116764 to Brian

10 - Johns et al.

NBS
dBn 0 OBnO ,
N --.. -
B X NeA~o FZCGH;,CHZNHZ : x

H Pd(PPh,)4, CO
15 (PPha)a.

Example Aa
15  After dissolution of mixture of 320 g of compound 8 (1.0 eq.) in 3.20 L. of MeOH by
heating, the solution was concentrated. To the resndue 1.66 L of MeCN 5.72 mL of
'_ AcQH(0.1 eq.) and 82.6 g of (S)-2-Amino-propan-1-0i(1.1 eq.) were added and'the
g 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 cdncentrated (twice). After cooling
. 20 ‘of the residue, filtration, washing with 500 mL of cold 2-propanol and drying provided 167

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



Hi4- - 0 HO, ,JOIPA Il OHACO E z F2C6H3CH2NH2 Pd(PPP13)4, CO 0i3n 0 )
N,Pd-C/142 0 16 ONa - M -H

'H NMR(300 MHz, CDCls) & 7.61-7.55 (m, 2H), 7.40-7.20 (m, 4H), 6.53 (d, J = 7.2, 1H),
5.46 (d, J = 10.5 Hz, 1H), 5.23 (d, J = 10.2 Hz, 1H), 5.20 (dd, J = 3.9, 9.6 Hz, 1H), 4.46—
4.34 (m, 1H), 4.31 (dd, J= 6.6, 8.7 Hz, 1H), 4.14 (dd, J = 3.9, 12.3 Hz, 1H), 3.79 (dd, J =
9.9, 12.3 Hz, 1H), 3.62 (dd, J = 6.9, 8.7 Hz, 1H), 1.38 (d, J = 6.3 Hz, 3H).

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 6f Hzo and drying -

10  providéd 163 g of compound 15 (84% yield) as a'crys-tal. ' .
'H NMR(300 MHz, DMSO-ds) & 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, J = 10.5 Hz, 1H), 4.53 (dd, J =

- 3.6, 12.0. Hz, 1H), 4.40-4.20 (m, 2H), 3.99 (dd, /= 9.9, 11.7 Hz, 1H), 3.64 (dd, /=5.7, 8.1

Hz, 1H), 1.27 (d, J = 6.3 Hz, 3H). o 5

15 ' |
Example Ac
Under carbon mono-oxide atmosphere, a mixture of 163.g of compound 15 (1.0 eq.), 163
mL of i-Pr,NEt(2.5 eq.), 68.4 mL of 2,4-diflucrobenzylamine(1.5 eq.) and 22.5 g of

_ Pd(PPh3).(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(PPhs)4(0.025 eq.), the reaction mixture was stirred at 90 °C for 2 h under carbon
mono-oxide atmos'phére again. After cooling, removal of precipitate and ;iddition of 20L
of AcOEt and 2.0 L.of H,0, the organic layer was washed with 1.0 L of 1N HClaq.'and 1.0

) L of H,O (twice) and the aqueous layer was extracted with 1.0 L of AcOEt. The organic
25 layers ))vere combined and.concentrated. Silica gel column chromatography of the residue
provided 184 g of compound 16 (96% yield) as foam. -
H NMR(300 MHz, CDClg)'G 10.38 (, 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 =10.2 Hz, 1H), 5.24 (d, J = 10.2 Hz, 1H), 5.19 (dd, J=3.9,
9.9 Hz, 1H), 4.63 (d, J = 6.0 Hz; 2H), 4.50-4.25 (m, 3H), 3.86 (dd, J = 9.9, 12.3 Hz, 1H),
30 ° 3.66(dd, J=6.9, 8.4 Hz, 1H), 1.39 (d, J = 6.0 Hz, 3H).

Example Ad . .
Under hydrogen atmosphere, a mixture of 184 g of compound 16 (1.0 eq.) and 36.8 g of
10%Pd-C in 3.31 L of THF and 0.37 L of MeOH was stirred for 3 h. After filtration of
. 35 precipitate(Pd-C), washing with THF/MeOH(9/1) and addition of 36.8 g of 10% Pd-C, the o
. mixfure was stired for 20 min under hydrogen atmosphere. After filtration of
29



0 18 Exanple Aa 15 After dissolution of mxture of 320 g of conpound 8
(1.0 eq.) in 3,20 L of MeOH by heating, the solution was concentrated. To
the residue, 1,66 L of MeCN, 5.72 nL of AcOH(0.1 eq.) and 82.6 g of
(S)-2-Am no-propan-1.-ol(1.1,eq.) were added and-the m xture was heated to
70 tstirred at 70 "C for 4 h and concentrated. To the residue, 1.671 of

2- propanol WAs added and the m xture was concentrated (twice). After
cooling 20 of the residue, filtration, washing with 500 nL of cold

2- propanol ardiptAYPET) BrOWhshed with THEMeDHI Mp e Mitthatb4vaé S@Ueytratddd)Aflas  a

o 43 (a5 FoOMCpLpcoelUgs el fooknp mippatfleg ik odiy®ednastif 17, -

5.20 (dd, J The Bregipita)ésgvere combineyl andex@cted wif4.0|Lpf ChCk/Me@HE 1) Affer 5 = 6 6,
8.7 Hz, 1H) coﬁl:e;rﬁ‘atlf)ﬁlgfthe]CHC@MQOHJGBIuﬁod'%d alittiion o 25Om( ddacQEt ® tBe 9, 12 3 Hz,

1H), 3.6 , 5 Ex |
All:) To sl dr § 3735 i 1@@"8{1 3’%’%‘% el ﬁ%"df}lc‘%ﬁpoéng’% (ﬁﬂe cg"?@ég'dgwlélé coﬁlﬁbec\’/vas agg’gde
93. 6g of NB8(d digsaiugd )n &t of MeCNHHQ( Eowligating Ntﬁfeftﬂ'“aéi?" thedtiatetiser at ure for

2.5 h: The ¢eReht-A8H. MothdreSidn$.5addetbH Wasdadidd bndthe Bfure Wad t rati on, washi ng

with 8.0 L of f nddr n i d ield) as
a crystal, ‘i"chWé?%‘gb 5&5&"&% (gg.'eggg‘z% mh@ﬁm&g&@gg %'%gg%\%y )
7.42-7.25 (lwfcmﬂoun<51m8%d@ld)§S&C'35‘Q 9.9 11z, 1H); 5,16 (d, 1 10. Hz,
(1H) ZEI) QBB(MN\JA ReaobQui, BEsold)ld 11.47 &3, (iﬂbd10§1(¥ﬁ=&0Hi,2ﬂ-@8ﬂB(s]lH) 440- I4I )20
m I _ , |
1.27.(d, -Jr 9 ogltqH}z 85 gaingéx]ﬂz4 F&#A %@,}3“103%‘9&9911%015(3@ gsz]as?rmsphere
a mxture o(dd1634d o4 r1r'1)pﬁi§’r(ﬂd V5 42183 JH). 483(dey = 6-04f2. PIRFIREL (2, 5
eq.), 68.4-(dd, L=afs, 8pHzdiH)| u85-alzenayitym.oe@d. &mpﬁzamﬁ 79, $67)(ddfJ =

Pd(PPh3)40 £ qfy 0 was stirred at 90 cc for 7 h. After
cool i ng, 2857 ?n')\t%lh-gf pr(gg'? p?tatz%washl ng wi-th 50 nL of DVSO and addition

of 11.31§ of Pd(PPb3)40.025 eq.), the reaction mxture was stirred at 90 C
kw 2 h undeexamgida® nono- oxi de at nosphere again. After cooling, renoval of

preci pi tat ey ﬂﬂ%;@&%oh'o‘?% Qéo?co l:urﬂfﬂ'%‘l:ggg) Fsed: & ek b4 L B8H,0 gani c
layer Was W%)? heating, followed by filtration, 39 mL o?qN % Haq 91 0 eq.) was added to the solution
at 75 °C. The solution was gradually cooled to.foom temperature.- Filtration, washing with
' 20 80 mL of EtOH and drying provided 13.5 g of cémpound 18 (80% yield) as a crystal.
'H NMR(300 MHz, DMSO-d;) 6 10.73 (t, J = 6.0 Hz; 1H), 7.89 (s, 1H), 7.40-7.30 (m, 1H),
_7.25—7.16 (m, 1H), 7.07-6.98.(m, 1H), 5.21 (dd, J = 3.8, 10.0 Hz, 1H), 4.58 (dd, J =.3.8,
12.1 Hz, 1H), 4.51 (d, J = 5.4 Hz, 2H), 4.30-4.20 (m, 2H), 3.75 (dd, J = 10.0, 12.1 Hz, 1H),
3.65-3.55 (m, 1H), 1.27 (d, J = 6.1 Hz, 3H). -
25
_ 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



Lot H20 (tw ce) and the aqueous |layer was extracted wwth 1.0 L of AcOEL The
organi ¢ 25l ayers were conbi ned and, concentrated. Silica gel colum

" chromat ography of the residue provided 184 g of conpound 16 (96% yield) as
foam 1H NVR(300 MHz, CDC13) 6 10.38 (t, J = 6.3 Hz, 1H), 8.39 (s, 1H,

7 _75-7.25 (in, 7H), 6.90-6.70(m 2H), 5.43 (d, J = 10.2 Hz, 1H), 5.24 (d,
J=10.2 Hz; 1H), 5.19 (dd, J = 3.9, 9.9 Hz, 111), 4.63 (d, J = 6.0 Hz;

211), 4.50425(rn 3H), 3.86 (dd../ =9.9, 12.3 Hz, 1H,, 303.66 (dd, J
=8.4 Hz, 1039 (d, J 6.0 Hz,gn311) ﬁ Il e Ad oa,Under hydr ogen

at m)sphere re 1849 of co %’p apg,u36. 8 g of 10%Pd-C
in 3.31 Lot T -O—%%L—@f EOT 1was h.” After filtration
of precipitatelPd? C) ®efdhi ng THF/ I\/EQ‘@"QF 1) an dition of 36.8 g of

10% Pd-C, theam xture was stirred for 20 M n under hydrogen atnosphere.
After filtration of 29 precipitate(Pd-C) and washing wth THFI MeOH(911),
the fiftrate was concentrat‘%i. After 200 nmL of AcQhh, was- added to the
residue, fil trl_ghyo\/aff cﬁgje sol Mel of compouhnd dd.meThe precipitates
wer e comnbi ned dextraclﬁﬂ 4.0 LBBYaiqi @ [1). After
concentration the CHCL3ATWLe8H sol ufiqn and addi \on\of 250 nt. of -AcCet
to the bresidue, filtration afforded crude solid of conpound 17, The crude
solids were conbined and dissolved in 8.2 L of MeeN H20(9/1) by heating.
After filtration, the filtrate was concentrated. To the residue, 1.5 L of
Et OH was added and the nmiO®pure \NaS'c,oQC/enélgat ed PBhPee tines). After

cool i ng of the %@4 du® ¢ of2Yind drPf nep 32 g of conpound 17
(88%yield) as,a‘crystal. g0 H NVERSh M

10.31° (t, J= 6t® Hz, 1H) 6 (s, add), .7,40 (1Y, = . 6.9 Hz, "1H),
7.24 (ddd, J #22.6, 9, 4, 19 6oudHMedH 11-7.01 (m Id), 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, 21-0,
4.40 (dd, J—68 8.6 Hz, -1H). 4.36-4.22(in 1H) 400(dd J = 10.2,
12.3 He, 3,67 (dd, J 6loaBeb HZ, 1H) 6.3 Hz, 3H). 15
Exanpl e Ae Aft%,fmgl ssol usi 0 0g n’ﬂ&ué’ﬁl"f‘? (1.0 eq.) in 2.56 L
of DOH and 0,64 L of ﬁ(ﬂ\ % Pd(PPh,)

: AcOH SN = |

DMSO

OBn O

)

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 hodrs at 140 °C
§ - with removing water by Dean-Stark trap. Insoluble particles were removed by filtration
after cooling, and solvent was evaporated. Toluene was added to the residue and
precipitétes were filtered off. After concentration in vaccuo, the residue was purified by
silica gel column chromatography (hexane / ethyl acetate). Compound B (16.5 g, 65%)
_was obfained as yellow oil.
10 'H-NMR (CDCls) 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).
31



by heating, followed by filtration, 39 nL of 1N NaOHaqg. (1.0 eq.) was added
to the so lion at 75 C. The solution we gradually booted to.room
tenperature. Filtration, washing with 20 80 m . of EtOH and dryi ng provided
13,5 g of conpound 18 (80%yield) as a crystal. 'H NVR(300 MHz, OMSO d6) 6
10.73 (f, J = 6.0 Hz,- /H), 7,89 (s, 1H), 7,40-7.30 (m 1H), 7.25-7.16 (nn,
1H), 7.07-6.984m 1H), 5.21 (dd, J= 3.8, 10.0 Hz, 1H), 4.58 (dd. J =3.6,
12,1 Hz. IN), 4.51 (d, J =5,4 Hz, 2H), 4,30-4.20 (m 2H), 3,75 (dd, ..r=
10.0, 12.1 Hz, 1H), 3,65-3.55 (m 11-1), 1,27 (d, J = 6.1 Hz, 31-1). 25
Exampl e B ThIS Exanple B utilizes a process to insert a ring nitrogen in
pl ace of oxygempleba pyrone ring and create an al dehyde equival ent by an

osm um oxi d Neetfooi@d dQuehl: Im*\%f o%ﬂrnhérﬁoﬁee@@nl e424smna R
brom nati onaﬁg:‘éat he i nveélut(l}:a 38(4@5)@“' R N fa 6)%())2H Br Ph
%'-... .0

nNaC 0,
10,.,J, .. CrREG®TpELSS; 9P45661mmi')5€6‘§°'§1<(465 mi) 6°'““°" oF °°'“p°““da% K5 2t

ABH20C 5 mmol) was added and the mixture was stirred for 40 minutes at room temperature. After
removing acetone in vaccuo, precipitates were collected by filtration and washed with cold
. water. Compound C.(42.8 g, 86%) was obtained as colorless crystal. .
H- NMR(DMSO—ds) o: 5. 12(2H s), 6.54(1H, d, J=5.6Hz), 7.33-7.46(5H, m), 8.20(1H, d,
. J=5.6Hz).
10 _
Example Bc
An ethanol (17 ml) solution of allylamine (13.2g 231 mmol) was added to an ethanol (69
ml) suspension of compound C (17.2 g, 70 mmol), then the mixture was stirred for 4.5
hours at 50 °C and for 3 hours at 75 °C. To the cooled reaction mixture, 2N hydrochloric -
15  acid and ice were added and precipitates were collected by filtration. Compound D was
obtained as colorless crystal.
'H-NMR(CDCl3) &: 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- 751(2H m), 799(1H dd, J=0.8,
. 7.6Hz), 8.11(1H, brs) .
20
Example Bd
To an acetonitrile (146 ml) suspension of compound D (14.6 g, 51 mmol), 1,8-
diazabicyco[5.4.0Jundec-7-ene (15.5 g, 102 mmel) and methyl iodide (18 249,128 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 collectéd by filtration. Collected solid was dissolved in chloroform-methanol and
35 insoluble particles were filtered off. Concentration in vaccuo gave crude product of
. compound F (14.3 g).
32



Exanpl e Bo To a bronobenzene (238 m) solution of conmpound A (23.8 g,.110
nrnol), selene dioxide (24.4 g, 220 nrnol) was added. The reaction m xture
was stirred for 13 hours at 140C 5 with renovi ng water by Dean-Stark trap.

i nsolubl e particles were renoved by filtration alter cooling, and sol vent
was evaporated. Toluene was added to the residue and precipitates were
filtered off. After concentration in vatxxio, the residue was purified by
silica eel colum chromat ography (hexane | ethyl acetate). Corrpound B (16.5

g, 65% obtaj 1 0 )

6 50(1H, d, q%‘%@%’&%’%s ?%h” l’}%%hfgu\%%e E@'%J’ g“@&%&ﬁg C1H s).
Exanpl e Bb Teltah 4isdde).coll (@d. diddil. . 465 5r’f12}4§dl3lﬂ'ﬂ cﬁﬂo?%‘éh?@ﬁﬂé‘ﬁl orite
(38,4 g, 4245w, )643(11;1 $uk,amzg add (549 g, 566 nutlet), acetone (465 m)
sol ution OF ‘conpound B (46.5g, 202 5 nirnol) was added and the m xture was
stirred for- 40 mnutes at roomtenperature. Alter renoving acetone in
vaccuo, pr eExpnplaBes were collected by filtration and washed with cold .

vat er.  ConpeyRlor ?oﬁnq)an%@maweﬁ(@m @bnmoaéon%w#eas ewa&al -
*1- 1- NVR( DMBO- 'd6 g‘i (5H, m,

8,20(111 d J’F°%°‘%Pf5"'"°ﬁ°&%i‘°g?a?§éﬁé o, ao¢ ﬁ%ﬁ%‘ FC"E %;&Z ’3191?” & ""gt’ ‘{a” n of

al I yl ar ni ne tielrdiRgre28i% stimeanl Rr SRasingdeidd0CG. After etnhentialing(ig 9acet9, theusgidiugsi on of

conpound C (N%Z p&rgd b]Qu icbsuninf&ﬁéaniatb@rdahﬂcm%fdhwm‘éﬂwbﬁdnedorhpdunécﬁ hours at
50 C and for ggsrazéh c{'}%’ e cool talctlon m xture, 2N

hydr ochl®8r i 68481957 éi'y %?SW%S g 6?88 8 eﬁﬁﬁwﬁ ecipitates were collected by
filtration: "COMRICPE:)D: Was-168t1HI med-8a2-A61HL M).SsO(HH. yis 1236, 129HKRk| ¢ 1R( CDC13)

6: 4.37(2H, 3bla H, dt4J=Q5( 25BHAS) 399711 Grd2u=BA( 245H2), 4.67BA+(2H, 9 4.684.89(1HS. 32(1H
dd, J=0..8, %JJBBZ)&?%%%‘I_I’MQJ-’W?‘& gHz?%(%'(_JfH M y=76uPPF 25 dd, J=0.8,

7.6Hz), 8 1ft
-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 ml)
- solution of bromine (1.44 inl. 28.0 mmol) was added dropwisely during 156 minqtes. 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 droowise_ly during 20
minutes. Precipitates were collected by filtration and washed with mixture of
dichloromethane and diisopropyl ether. Compound H (6.02 g, 79%) was obtained as
- colorless crystal.
'H-NMR(DMSO-ds) &: 1.55—1.74'(2H,'m). 3.12(1H, dt, J=3.0,_12.3Hz), 3.84(1H, dt, J=2.7,
25 1 1.7Hz), 4.00-4.05(1H, m), 4.20—4.26(’1 H, 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) solutnon 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 stirred 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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To an acetonitrile (146 m ) suspension of conpound D (14.6 9,nmmol), 1, 8-

di zr zabi cycol5. 4. 0] undec-7-ene (15.5 g, 102 annol) and nethyl iodide (18.2
g, 128 ninol) were added and the m xture was stirred for 15 hours at room
tenperature. After 25 evaporating solvent, the residue was purified by
silica gel colum chromat ography (chloroform/ nethanol). Conpound E (14.2
g, 93% was obtained as col orl ess 1H44MR(CDC13) 6: 315(3H, s), 4.40(2H, d,
J=5.7Hz), 5.16-6.35(2H, rn), 5,29(21-1, s), 5.815.94(1K, m, 6.62(1H d;
J=7,51-17), 5H ther (390 rr1)
sol ut| on of C(‘:)'cl)'%1 czro(':]1 a&gfdf%ga}hyﬁg‘a@(/wa%gfc é’:él;‘ P%‘r?\q g‘{rrg%{’ %/”? or hydr at e
(1.62 g, 44 qump)asawwmmmh met aperi odate (28.1 g, 132 nmol) were added.

The m xture 'wWaavbMsordl) 5:015821. By (21 W) S3. m:aﬁ@(@m,h)emsem@tswemmdmpr ecipitates

were col | ect t i

chl or of or m r@?’rﬁﬁy Ja%%fégglﬂs'a@h%&ﬁpid‘i ﬁg}"ég JﬁgHzf ?I? '\r@@Hb'f’)f (e
Concent'r &t i oi0(FH, wacife? 5, ok 888 1bdrdduct of conpound F (14.3 g). 1H NWR
(DVISO-d6) 6: 3.23 (3H, s), 3.82 (3H, s), 3,87 (2H, t, J= 4.4kz), 4.62
(1H, dd, J= 7 4.8 H), 5,11 (211, 's), 6.31 (114, d,. J= 7.5 Hz), 6.78
(111, d, J= ﬁzﬁ 733740(511 m, 7.64 (1H, d, Jr-, 7,5 Hz), 5
Exanpl e Bf To chloroform (108 m ) and net hanol (12 n1) soI ution of conpound

F( él(i g, @yumss.paf%w Q—brogfoalnmmﬁ)@p@ﬂﬁﬂthy(&g)ZGyl]%x@S-m ngl) a{ld actet |78
aci a m nutes a
o o\ o 10 e R DS el T heeetile O dauhilifiph i

e Tesi by silica gel
col um chr oﬁ&ﬁ%ﬁgpwl%@bm%r oform/ net hanol) Corrpound ‘G 10(8.48g. 72%for
2 st eps) was .obt ai ned as coI orless cryatal, 111-NVR(GDC13) 5: 1.541. 64(111

, 1, 65 2. 1FI 74 |
s 5 BBl g 008 MRpSbaeatinty b Sy st tobid ol ?,
4, 94(1H t Uefztormq@)(V'»wgemgla brggninatiarat the BS pogtionz 4o viesd fye(mqiuce 20 gad; 5Hz)
7,22- 71538(25I(bffdm1ula?|))6@:cﬁc6.6(><ﬂlrldswﬁh Brldb e ppsitonign Boreaced binaci d (93 nl)

sol ution of Egﬁﬁagyggﬁg&gp%mgﬂz% F’ggls]dec Agetic acid (31 m) solution of

brom ne (14 was added dr opw sély during 15 minutes. The
m xture was stirred for 3 hours at roomtenperature. After addition of 5%

aqueous- sodi unphy, rogen sulfitesi@ m ), 2N sodiasaphydr oxi de (500nm) was
added dr opwi Ling 20 133 g~ Preci pi t e col | ected by
filtration an edwr'rh'm' e of - N : .

6 7
19
Bn Bn
~,
HO™ "OH. 0
20 21

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



di ch' 1 or Oret hane and di | sopropyl ether, Conmpound H (6.02 g, 79% was

obt ai ned as col orl ess crystal. "H NVR(DMBO-dg) 6:1.55-1.74(2H, m,
3.12(111, dt, J=3,0,,12.3Hz), 3,84(1H, dt, J=2.7, 25111Hz), 4, 00-4.05(111,
n, 4.20-4.26(1H, n), 440-4.46(2H, ra), 5.03(211, s), 5.15- 5.17(1H m,
7.31-7,40(3H, al), 7.56-7,58(211, m, 8.39(1H, s). Exanple Bh To di net hyl
sul foxide (1.42 m) solution of conmpound H (71-nlg, 0.175and

30t etraki s(tri phenyl phosphi ne) pal | adi un( 0) (25 ng, 0,035 mmh,

4- 4] uor obenzyl am nggppil, 0,525 rnnol d diisopropyl amine (0.15 m,
then the ni g stirred under carbon nonoxi de
&80 c—Akte ~CMol I'ng, saturated aqueous anmoni um

0, 875 mml ) werepadde
at mosphere for 5 Hour

chl ori de was added the m Xture was“eXtracted with ethyl acetate. The
extract was washed V'\1 tier and dri egowitfHanhydrous sodi um 35sul f at e.
Sol vent was renoved 1% vaccuo and the residue was purified with silica gel
col um chr omat ographys'(et hyl acet at enet hanol ). Conpound (74.5 ng, 89% was
obt ai ned as colorless crystal. [ti-NVR(DVBO-d6) 5: 1.56-1.74(2H, m,
3.10-3. 18(1H n, 3,80-3,8 (1H, rn), 4.02- 4,07(11-1, m, 4.43.4.59(5H, m).

? gg( %1 ég B Iﬁ( re%t@r%é tha ﬁed Mfﬁ?ﬂ (9%hyd%xs]p?’o%lﬂ%&b'*[(pﬁgﬂvlmgﬁbxyﬂ 440(5H m,

5- br ono- 112 Wﬂ?ﬁﬂ"‘?"%’ﬁ@?ﬁ)}f 6%;17 &%fp 14& t?)gollloweg E)y charguYg with
- 10Uphenysl maahigio) oixge] kg 1204090 blyaid@42 gy déictiized @ateh okythigtves @i deded] i Hglom ium.
with the Cowﬁmnﬁﬂ rnatu?é p&fyﬁ@a anﬁhé.ﬁpé?ataiW& R 15 bQvs°@ ﬂilﬁnfetﬁﬂ%h!fé?@ al i zation

j d of f I udi
br aim nat | on (52 o584 M ert FR SPBVSF Upan AR PSR SRS 51 (of
formul a (W o8erdi8 momieepinsthetanipetatuBe at8-3376. Fbe porsi waspgitatathatdeis r eact ed as

in Exanpl es. térn[ﬁmi’urgfoﬁ' 94 ﬁdﬁlhﬁrhé’eéﬁ%ﬁ)éomalate%g}eactﬁndﬁﬁb@v&s cooled to 5 °C or
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 vessej was slowly charged with cold 20%.
brine solution composed of 8.7 kg NaCl, 20 kg of deionized water and 1 48 kg ofice ata
~max|mum temperature of 10 °C. The mixture was agitated at 0-10 °C for 2.5 h. The slurry.
. was filtered under vacuum and lhe cake washed with 15 kg of deionized water two times.
15  The wet solid product was dned 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-d¢) 6 7.60 (d, J =
- 7.5 Hz, 1 H), 736(m"5H) 6.28 (d, J= 7.5 Hz, 1 H), 5.23 (d, J = 5.4 Hz, 1 H), 5.10 (Abq,
20 J=10.8Hz, 2H) 485(m 1 H), 3.98 (dd, J = 14.3, 2.4 Hz, 1 H), 3.79 (s, 3 H), 3.70 (dd, J
'—143 90Hz1H)358(m1H)323(m1H) '

Example Cb
Methyl 5-bromo-1 -(2,3-dihydroxypropyl)-4-oxo-3-[(phenylmethyljoxy]-1,4-dihydro-2-
25  pyridinecarboxylate.
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221 20 Exanpl e Ca Met hyl

1- (2, 3-di hydr oxypropyl ) - 4- exo- 34( phenylnet hyl ) oxyl - 1, 4- di hydr o- 2-

pyri di necar boxyl ate 6 A reactor was charged with

1- (2, 3-di hydroxypropyl) - 4- oxo- 3-[ ( phenyl net hypoxyl - 1, 4-

di hydr o- 2- pyri di necarboxylic acid 6 (4.302 kg, 13.47 mat) foll owed by

charging with NaHCO3 (1.69 kg, 2009 nol) and 242 g of deionized water. To

this was added 21.4 kg of .NWMP and the m xture was stirred and tenperature
. brought to 28-35 GC ghepthyl sulfate (2 g, 18.30 not) was added

drapmnse via an addi tilon|ff unnel to theyredclifpn m xture over 1-3 hours

keepi ng the tenper at028- 33 C.IThg yOnas agitated at this
tenperature for 14 n deenmed co he reaction m xture was cool ed

to 5C or bel ow and the mjxt was ne pti 6 by the addition of
NCI (561 rnL of conc K@ 6 g of deionia ver) The reaction vessel
was sl dwy charged with cold 20% . brine solution conposed of 8.7 kg NaCl,
20. kg O deiortized water and 14:8 kg of ,ﬁe at a maxi num tenperature of
10 C. The m xture was agitated at 0-10C for 2.5 h. The shiny was filtered
under vacuum and the cake washed with 15 kg of deionized water two Ernes.

15 The wet 0' 'ci’ore,as &#ga;%gffd R (y%ﬁg 1847 48y éf?an gwn@zem?&wmowwm

const ant - we e deS|red

1- (2, 3-¢li h)’idﬁpbwme@rypq)y}q,#_d@xgpg pyndmecarboxylate 7 and 1née é DX# DMF. To this .
[ ( pheny| get ygasdhixtiedt (6-bytir wasaddyd Ndrmesacdniislé 1220 RoviRA7ort)avered as a.

Iight yell 7 Do 8404 for 300 Mz,
Dllvgo d)6/)e 6(7)\5/869 gg [??égp ﬁégrfir%% %é%&%ﬂrrtmm R Sre8 404 for 160, NN

5.23 (d, = tjmg lgsp thai 1‘@0}r stagmq@aiemdvas %mg&ntli%ﬁfu} zglgﬁ-)mmfe viastZo’rkeg u§ 8 ( dI(;) j=
143, 14 Hz , inlHak batcRes 1 c60linG o190, °CAind Bddesichn icedvager ngxtere 2 katice 358958 (m 1
H, 3.23 (r Iaelorque'd)water) and the mixture was agitated, then ﬁltered This was repeated for the
10  second halfof 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 methyi 5-bromo-1 (2.3-d|hydroxypropyl)-4-
- oxo-3-[(phenylmethyl)oxy}-1,4-dihydro-2-pyridinecarboxylate 19 (91.6%) as an off-white
" powder of 89.2% 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), 4:17 (dd, J=14.3, 2.4 Hz, 1 H), 3.90 (dd, J = 14.3, 9.0 Hz, 1 H),
15 3.81(s,3 H),‘3.78 (m, 1), 3.52 (dd, J=11.3, 4.8 Hz, 1 H), 3.41 (dd, J= 11.3,6.3 Hz, 1

H).

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

B
BnQ. BnQ o n /
0 N 7 0] 3 o~ = 0
S S o ‘““1
> 1 X, S
Ho” ~OH HO” “OH Q
21

19 20

" A reactor was charged with sodlum periodate (1.67 kg, 7.8 mol) and 44-L of deionized
25 water. To the agitated mixture was added 8.5 kg of ice. This was stirred until all the ice
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Exampl e Cb Met hyl

5-brono- 1- (13- di hydr oxypr opyl ) - 4- oxo- 34( phenyl net hyDoxy] -1, i hydro-2-

25pyri di necar boxyl at e. 19 A reactor was charged with (3.759 kg, 11.27
not) of nethyl

1- (2, 34.ii hydroxypropyl)--4-o0xo03-[ (phenyl net hyl ) oxyl -1, 4- di hydr 0- 2- pyri di ne
carbOxylate land 16.8 L of WE, To (his. bagitatedm xture at 18-20 C was
added N—bronnsuccininide (2 220 kg, 12.47 not) over . 20 minutes-via a

powder funngl dl éﬁeenS\u ure em & }e"ua% 1\%9‘% %Itﬂlg \ﬁgs ?&dgﬁ H\—l{gﬁ% t;rgmg'-'l At this

tlrrelessth"a artin mater The m xture was
wor ked up i . thdrmprep@mmnwgetm)om1 @WG’%@)‘M'"&W’PWP%? er mxture

]g 1|2t kg :j cengvﬁé .62 AiBH) QBb%Sﬂdéﬁ@Ei@fan faktdL. time gf!)}t]mbWaefamdmérﬁlttedTht hen
iltere i s re secon , e

conbi ned flf?iwmaﬁﬂﬁw&ﬁg ﬁi@ﬁ@%h Rfﬂ“ﬁi“fs DpIREId Q a&ﬂ?d%ﬁ&&@%h vaccuin
oven to provisawedra03f kigrtiog materialy FhﬁmMWaslﬁ"@@d@dt@?@'ﬁ%@ﬁb‘%‘mﬁﬂo 4-

O]i( ]9 \%h [ § phenybfra%roh&mm&r Jrhéwéls Péb@ét@d gnitfPy hb@w@aa&mﬁh Bhser aeQ(u&I&angQ) gs8agl
0 ite po no

(s, 1 H), y @d ‘3‘%2? 'n"""’“i%‘f|1 e ol %("g'e "é‘e‘ib" a "Zg“f’/" 268 a“ﬁé\@ﬁq 2.4 Hz, 1
H, 3,90 ( ddrovnde methy, @rom&(}%dlhldrwthylmxgi [((Jlsenvls\emyl)oxxl Vﬁd'{‘mf&% 3.52
(dd, -1=11 )")ndlnéeagbdi‘?late:hokﬁ 13 k@]-BE(/@das ahiktdsedvith thedcoh@spondindBidenanpl e Cc

2001 byand. 2B P nBL s Ulgrmapd e et A ARl RE SRR ) D!

al dehyde) 212@2U)A49e7a1q(m5M§5t§Hé¢ gecﬁwzﬁmaéainﬁﬁ%ewbma‘m?@(%f 67 kg
7.8 not) and)447kd,of= gleHanirpeslsn@i ®A). To the agitated mixture was added 6.5

kg of ice. ThIS was stirred until all the ice
Example 2
15  Methyl 5—({[(2 4-d|ﬂuorophenyl)methyl]ammo}carbonyl) -1-[2-hydroxy-2- (methyloxy)ethyl]-
’ : 4-oxo-3-[(phenylmethyl)oxy] -1,4-dihydro-2-pyridinecarboxylate (in equillibrium with the

corresponding aldehyde)
This Example show.s a reaction of a compound § of formula (11) with one of (lll) in step i) - -

'20  and a refunctionalization step ii) of compounc_ls of formula (V) (compounds 22, 23, 24 and -

25) in producing compounds of formula (l).
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nmelted and the m xture tenperature was 1.4 C. To this was added net hyl

5- br ono- 1-

(2, 3-di hydroxypropyl) - 4- oxo- 3-[ (pti enyl met hypoxy] - 1, 4- di hydr o- 2- pyri di necar
boxyl ate 19 (2.73 kg, 6.62 nol) via a powder addition funnel, The m xture
was allowed to warmto it and the slurry was stirred for 16 It A sanple was
nonitored by 'H NVMR and showed the 5 di sappearance of starting nmaterial.
The m xture was filtered and the cake washed with 20 kg of deionized Water.
This was repeated until a negative starch/iodide paper result Was obtai ned
(4X20 L washes). The solids-were dried in g.vaccun1oven at 45-55 Cto

provi de mnet hyl i

5- br ono- 1- ( 2, m‘%@"%-m 3 baet hyl) oxy] - 1, 47di hydr o- 2-
pyri di necar box e 2®x%2. kg, 88% m xture with the correspondi ng
al dehyde form 21. Purity was determ ned to,Eg 99.5% by HPLC.. NVR(30.0 Mz,

acetone-d6) 6 8s12(s, ill), 7. 49 7.30(m MBOH)OM& 56 (dd. J = 6.0: 2,4 Hz, 1
H, 5.23(m 1 H), 5.20 (s, 2 - , 3.97 (a2 J=5.1 Hz, 2 H), 3.87 (s, 3 H.
Exanmpl e i Met hyl
5-(a(2,4-d|flu henyl)nethyl nol car bony 9 14% hgdr 24met hyl oxy) et hyl
] 4- oxo-34(p I)oxy] ydro-2.p nqga oxylate (in
eqU|I|br|un1 t he corre aldehyde) tapl e shows a

ﬁE in step i) 20

reaction of a co ound 5 of formula (1) with one Sﬁé
and a refunct il 10Mat i on st ep”43)) OB conpounds of forMitll &%) (conpounds
22, 23, 24 and ' 25) in producjng conmpounds of fggrmula (I). Exanpl e 2a
51-122-Bis(netHVIoxy)ethyrjxo-:34(phe yl
ethyl)o4-dihydro-2pyridinecar Hc acid 22 To a fl
500 nL of anhydrou @ anab y(?d'dEd 49. 2
4- 0xo- 3- [(PhenyLﬂe ] pyT an- 2- car |
was slowy ' heat ed t© ﬂy efioi e addltl 0 RS j

2- ami no- acet al dehyde- di netthyj, al (84. 1g, 0.8 Mbl e)g” The reaction was

t hen brought up to 650C and further ‘stirred for 18 hours. The sol vent was
renmoved under reduced gFessure to produce 1-[ 7,2-Bis(methy|ory)ethy|i-4-
oxo0- 34( phenyl et hyl ) oxyl - 1, 4- di hydr o- 2- pyri di hecar boxylic acid 22 (crude)
as brown OD, 15which was used for the next step directly. 38 Exanple 2b
Met hyl 1-[ 2ggmfledar | €t hyl oxy) et hyl ] - 4- oxo- 3- [ (phenyl net hyl ) oxy 44i hydr o- 2-

ridi necar
Py g P &XZyé|s(methyloxy)ethyl]-4—oxo—3—[(phenylmethyl)oxy] -1,4-dihydro-2- pyndmecarboxyhc

‘1 L) charged with
of 10
é? The suspensi on

acid
BnO BnO
0] X OH H,N OMe — 6] X OH
x + OMe ' ~ Nj\
5 SR ' MeO” “OMe
T 22

~ Toaflask (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 t6 55~60°C before addition of 2-amino—acefaldehyde—dimethylacetaI (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.ylmethyl)bxy]—1 ,4-dihydro-2-pyridinecarboxylic acid 22 (crude) as brown oil,
15 which was used for the next step directly.
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5 Crude
1- (2, -2-bi s(net hyl oxy) et hyrj -4-oxo-3-[ (phenyl nei hyfl oxyl - 1, 4-di hydr o- 2-

pyri di necarboxylic acid 22 obtai ned as above wai dissolved in bM- (500 ni).
To this ID solution was added NaHCO3(50.5g, 0.6 nole). The suspensi on was
stirred vigorously wwth a nmechanic stirrer white CH3l in TBIVIE (2.0 M 300
m.).was introduced by addition funnel over 30 mnutes. After addition, the
reaction was stirred overnight at roomtenperature. The reaction M xture
was then diluted with Et0Ac (-1.5L) and washed with water and brine. The
organi c | ayer was dried over anhydr ous Na2SO4. Evaporation of .15sol vents
gave met hyl Example 2b

112, 2- hi s( metdty 0x3/3- akmnyb&ﬂxmylwbphBNWeWhhmM)mM 4-dihydral2-hydr o-

2- pyridi nec as brown oil, which was uSed directly for the next
step. Exa aﬂgh@?\%@ar%kgylagg’ Met hyl 1.42, 2 bi s(rnothyl o ethyl] h

no- 4- oxo% 1(phenyirriethyl)oxyl-1,4 ihydro-2- . 20 - pyridinecarboxylate
2324 A 2L flask equip th amachansn tlrrer were charged with

nmet hyl 142, 2- 0.

bi s( et hyl oxy) ethytt4-o o- - 1? phenyl'rret yID- 1, 4- di hydro- 2- pyri di necar box
yl ate 23 as 25 obtai ned e and 500 nmL ichloromethan!. To this flask
was added NBS (30 g, O. 1%5 @)e portion-\Wse olibe reaction was stirred at
roomtenperature until its conpletion 39 (nonitored by TLC, -(5 hours).

The mixture was then diluted with di chl oromet hane and washed w th NaHCGC3
(ss). The organic phase was dried over Na2SO4 before evaporation of the

sol vents. The crude product was purified by col um chrornatargiaphy ( site(
gel , Et OH, DQwdegl-l2@3%Rys(methderyisthyiltecpti(phenylmethyl)oxy]-1,4-dihydro-2-

%?th h: s( n%hﬁd{deeﬁrﬁt))@'ﬁd%ﬂld 225501 128 aflov@ s JissSived in DMF (500 mL). To Ithls ne b
P eny rnet (0),4 ri n S. a t rown
solid ( 8%P ov%)é\?g%d{bh@eqeb% %5?)816 gel) ﬁﬁﬁ'\’{‘%ﬁ%’é%%s &%ﬁ? d) 6 ppm
7.7 (s, H)”'th 7 mechanig, stigeqyhile ¢Hs i BEME £270 M. B0 mig wap intngdued by adwlitiy | 4. 4 (s,
1 H, 3 8 ( dunndiedé&r Jdzminded-tAfer &ld&ioﬁ,,th@rebﬁtl,on Fad stibed oléenibfl af bt ) ©  ai- | ed 426
obsd 426, 1Qen%%?ﬂ?|me eTt?edreactlon mixture was then dcluted with EtOAc (~1.5L) and washed with

T water and brine. The organic layer was dried over anhydrous Na;SO,. Evaporatnon of

15 solvents gave methyl 1-[2,2-bis(methyloxy)ethyl]-4-oxo-3-[(phenylmethyl)oxy}-1,4-dihydro-

2-pyridinecarboxylate 23 as brown oil, which was used directly for the next step.

Example 2c :
Methy! 1 [2 2-b|s(methyloxy)ethyl]-5-bromo-4-oxo-3-[(phenylmethyl)oxy] 1 4—d|hydro-2-
20" pyridinecarboxylate

Bn
O X o~
) ~
B N
MeO~ "OMe MeQ™ "OMe
23 24

A 2L flask equipped with a mechanic stirrer were charged with methyl 1-[2,2-
‘ .bis(methyloxy)ethyl]—4—oxo—3-[(phganylméthyl)ox_y]-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-W|se The reaction was stirred at room temperature until its completion
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Met hyl 1-(2, 2-bi s(net hyl oxy)ethyli-5-(ff(2,4-difluorophenyOnret hyl

ar ni no) car bonyl x 3-[(ptienylrnethyl)oxy]-1, 4-di hydro-2-pyri di necar boxyl al e
2425 15 - A pressure vessel was charged with nethyl

1-[ 2, 2- bi s( et hyl oxy) et hy13- 5- br or ne- 4- oxof ( pheni net hyl ) oxyl - 1, 4- di hydr o- 2-
pyri di necar boxyl ate 24 (6.4g, 15 mmol), 2,4 difluorobenzylam ne (3.2g, 22.5
nrriol), K3PO4 (9.45g, 45mmol),.Pd(OCOCE3)2(398ng, 1.2 mmol), Xantophos
(694nmg, 1.2 mmol) and toluene (200 nmL). The m xture was purged 20 by CQ(4X)
bef or e bei ngmbaitteicbytToC1EDI@uUr)r TR nirdure wasithele dilulO véthrizbjohreretha(&epsi ). After
bool ed down | Andd\Gir 1RRIEC, H 8 bHafic phdd 2RIuhePoPRESD) biiErk lagfdiod i ough

celite and Concentrat ed and

e
resi dual waf BgsPient B cesie RrAUEtivS RHffis P&B‘PW“’( chgpmatargrapfe S"‘%ﬂﬁAr Jhexane
0-80% to afdtoraonebhybs) fo-atdrd2methyl 1-[2,2-bis(methyloxy)ethyl]-5-bromo-4-oxo-3-

bi th 4- -3
i e ey WA
br own oi | vgertmw/a*eps FH NMR (2o Cé-@_'w SRR 74 (Hg )16t 4n @m ,
8.4 (s, 1 H)H) 773 &, (+0.9 Bz, H)H), 53& p ¢y, 448, BHHZ.,B(QJH)BI—E BHY, 8,8 (£, 3H)),3.4. 6 (d

J=5.7 Hz, 2 48 H, 3.8 31-1), 3.4
(s, 6 H. ég%%él'(cﬁﬂ(fﬁ“ﬁ' g%?m‘lﬂglé?&d‘%sd 517. 30 El;)arrpl AR hyl) '

5-(11(2, 4-di f1 uor ophenyl ) net hyl i am nol.car bony1) - 1- 12- hydr oxy- 2- ( met hyl oxy) e
thyl]- 4tox@Exa4piphenyirnet hyboxy] - 1, 4- di hydro- 2- pyri di necar boxyl ate (in

gg g I6 |2 '7 b R/L;J qu\)lmtﬂ‘ﬁh Zkf" b|&9{efh9ﬁ%&ml]r§3({ﬁ‘é g@ﬁ&&&)he%&e%yhénlf EO}QarEGn?I?Q sz kie OH

142, 2- bi s( n&[WFWtH)HVl?@'WTEf YrgineGaLRIBPReny! ) met hyl | ar ni no) car bonyl ) -
4- oxo3- [ (phenyl net hyl ) oxy} -1, 4- di hydr o- 2- pyrl d| necar boxylate 25 (11.6.9 .)
was treated with 90%Bf rmc acid (250 m . g8 uC for -12 hours
(nonitored by LCVB)]. : ter the ol yenks re e prated at <40 C, the

resi due was re-di Tn ELQAC L) a Tlhe esultl ng 10 sol ution was
washed wi t h NaH brine. The was then dried over

MeO” “OMe MeQ™ “OMe

24 ‘ ' 25

15
" A pressure vessel was charged with methyl 1-[2,2-5is(methyloxy)e'thyl]-S—brbmp—4—oxo—3- '
[(’phenyl'methYI)oxy]-1 ,4—dihydro-2-pyridinécarboxylate 24 (6.4g, 15 mmol), 2,4-
difluorobenzylamine (3.2g, 22.5 mmol), KsPO4 (9.45g, 45mmol), PAd(OCOCF3), (398mg,
1.2 mmol), Xantophos (694mg, 1.2 mmol) and toluene (200 mL). The mixture was purged
20. by CO.(4X) before being heated to 100 °’c for 22 hours under. CO atn;!osphere (60psi).
After cooled down to the room temperature, the solids were filtered off through. celite and
‘washed with EtOAc. Thé filtrate was concentrated and the residual was purified by'
column chromatography ( silical gel, EtOAc/hexane 0~80%) to afford mé@hyl 1-[2,2-
bis(methyloxy)ethyI]-5-({[(2,4—diﬂuorophenyl)methyl]ar_nino}carbonyl)-4-oxo—3-
25  [(phenylmethyl)oxy]-1.4-dihydro-2-pyridinecarboxylate 25 as a Iight brown oil (4.7g, 61 %).
| 1H NMR (400 MHz, CHLOROFORM-d) & 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, 2 H), 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, 3H), 3.4 (s, 6 H). LC-MS (M+H"): calcd 517, obsd 517. S -

30 Example 2e
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Na2SO4. After evaporation of solvents, the titled conpounds 26 and 27 Were
obt ai ned as an approximate 80120 equillibriummxture (10.57g). 11-1 NWR
(400 MHz, DMsO-d) b ppm 10.3 (rn, 1 H), 9.47 (s, aldehyde-H -0.2 H)), 8.4
(m 111), 7.3 (s, 611), 7.2 (m 11-1), 7.0 (m 1 H, 63 (m 2 H), 51 (s, 3
H, 43 (m 1H, 45(m 3H, 19 (m 2 H, 18 (s, 3 H. LCM, for 26
(MtH. ), cal cd 503, obsd 503; tot 27 (M4-H2C+H+), cald 489, obsd 489.

Exanpl e. CC (4:33, 13aR)-N4(2, 4-Di fl uorophenyOni el hyfj-1d oxy-9,11 -d

i 0X0-2, 3,4 auny® 213m&é?raphenyl)methyl]ammo}carbonyl) 1-[2-hydroxy-2-(methyloxy)ethyl}-

iogcg?%ﬂ ;z| ?{‘8‘% b Y%%%}'y,l},oaiwfﬁg@[o]z ?Y" &%Jgrtmxngté?n equilibrium with the

(4aS, 13aRy8-cBreapondi@-didepyrsny | net hy90xy) 2, 3,43,5, 13, 13a4i exahydr olH pyndo[ 1
,2-aj pyrrolo[1',2".3, 4kh@i dazo(1, 2-di pyrazi g&g'-9, 11- d| one (DB)ng A reactor
was 5char gedr [() R).- -pyrroll t qH neF g, 4.6 L of
DMF was added Lib @« °0. -45>kg cet i+C ni trile
(41.4 L) was then afided hand the. mxtur vvas a%ltate for 015 mnutes To
the reaction mxture We& added net hyl 5-

br ono- 1- (2, 2-di hyméigxyet hyl ) - 4- oxo- 3- 1gphenyl met hypoxyt - 1, 4- di hydr o- 2-

di necar boxy/ate (2. kg). After stirring for 20 m nutes at

anbi entt enperature, the 10 m xture was heated at 75-85C unti |l the brom' de

starting rratwemgﬂ-[z%s(&gmaumnmw&t&mﬁu%aﬁ% y%nfeﬂp@é&no@cd?ﬁow

conpl etion ture was coal th | uz - subsi ded and(# hen .
char ged wi t F@neYImesm) ot hAREYIgRePyEifi t'éz{?\)gé Gprasdreged es PR for
about 45 mi fniesacit! 1260 o) ot 40°Ctfor 13 houraibaloritotet dy 66-MS)d Alleriteeisahventsr ovi de
(43S, 13aR) 1Qere evaporated at <40 °C, the residue was re-dissolved in EtOAc (~ 1L) and the resultin

br ono- 104(phen | i net hypox I

al pyr r ol'841 591408 was W ﬁgffefigéhﬂ%“%%fp,@h%enﬁ@ogima%gwei rﬁg\é °"g'80/() as a
Whit e sol i dNajSO.] After eNiRraiB0 of sivents, IvEBled 6YmEoup gy REBare 27 (Were @taﬂ)ed ag. 54 (m 2
H, 7,33 (og, agbnl.)')amatétidlgoé llb%urhblmxtére?‘&) é?%) 4 P#IOIR (450%—!2( BMS&)—J'QG[?IH 36 (in,
1H, 403 (m 1 |9 1(

1.92:1..60 3gn_|_bH) %6%)(%1 m@’"@l’iﬁ OZH)) 8.4(m, 1H) 73(s 6 H), 7.2 (m, TH), 7.0

(4aS, 13aR) - a.f1(1D), 63 Dn.f2A H)os.d ke i)} 4. 9rémn, HyH)) 4. S(nl.Bldm B2gn.10H), 3.8 (s, 3H).

Upheny! gt i Ak 22 (2 oS skl ol sb3ae0s! APYS0TTRUE BLd

a] pyrrol n[ 11, 21:3, 4] i mi dazo[ 1, 2- di pyr azi ne- -carboxam de,” A.reaction vessel
was chained with

(4a3, 13aR) - BxdmmasC10- ((phenyl met hyl ) oxyl - 2, 3, 4a, 5, 13, 13a- hexahydr o- 1H
pyrido[ 1, 2-al pyrrol o[ 11, 7: 3, 41i m dazo( 1, 2-dI pyr azine-9,11-clione (1A kg),

2hd S oraRsan o) I8l T0 B A BB i 2808 4889 N0,
mi xt ur e2hasocehdd-1Hrariddtiz-alpyelolf’. 43, ﬂFm'd@ﬂOHaR:@PHwef&@r@xamNeDNBO (a). The
m xture was again degassed 3
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5 times with high purity nitrogen and then purged with CO 3 tinmes and | eft
under a 45 psi atnosphere of CO The m xture was heated at 80 C under 45
psi COuntil the reaction appeared conplete by HPLC (24 hrs). The m xture
was cooled to a and slowy transferred to an ice slurry of ammonium
chloride. The m xture was filtered and washed with water and isopropanol .
The residue was recrystallized fromisopropanol to provide

10(4eS 13aR)-N-[ (2, 4D fl uor ophenyl ) met hyfj -9, 11- di oxo- 10-[ ( phenyl net hyl ) oxy

2,3,4a,5,9, 11, 13, 13a- oci a -lH-p i dof 1, 2-a] gyryol o(1', 21: 3, 4] i i dazo[ 1,

2-di pyrazi ne- 8- carbox /() Re ry Ilzatlon of the nother
Iiquor fromisopropanol a—sec—eﬁd-cro s of the desired
product in the anount (199% . | FINVRg 0 d6) pprn 10.44
(m 1 F), 855 (s, 1H), 7H€5 *aH 07 (m 8 H), 15§, 11-1), 5.03 (d, 1

H, 4,62-454 (m 4 H), 4‘{)6 3,60 (in, 3 H, 3. 20 80 (m 3 H, 1.93-1.60
(in, 4 H. Exanple CCc:
(4aS, 13aR) - N-[ (2, 4-Di f | uor ophe :n hydroxy 9,11-di oxo- 2,3, 4
a, 5,9, 11, 13, 13a-octa hydro-J1H @ | 123 or——s7: 3, 4 i m dazol |

, 2-dj pyrazi 6-8- 20 carboxam dex~# ’ clion vessel was charged
Wi th (4aS, 13aR) -N-[ (2, 4-
Li ff1 uorophenyOret hyl ] -9, 11-di oxo- 10- 1(pheny| rredwpoxy) 2,3,42r,5.9,11, 13,13
aoct ahydr o- 1H pyri dol 1, 2 a] p¥rrol H1Q 2: 3, 41i mi dazoi |, 2- Cf] pyra2| ne- 8--carb
oxam de (950 g), 192 g @ tbon (50% wet) ethanol (9.5 L)
and concentrat ed- ammoni u } c?;'i L). The m xture was degassed
with nitrogen 3 times and then gl aced 2 nder 50 psi of. hydrogen until the
reaction was conplete. The m xturecwas degassed 'again with nitrogen and
then filtered through.Celite. The cakewas extracted with refl uxing

di chl oronet-hane and then filtered again.:- The conbined filtrates were
concent rat ebxantpleaCE3rdtdS. 12eRLBrBromiL 10-[(rizednetbdloay il 3 42, Bt hladlex{@@o5L) to a

1; i nalOI ;/ol Un’ﬂé—@flﬂdﬁﬂf—a}ﬂ;}&@loﬁ" 23l imiRsolf bldgrLere 8Nd-divas (o). W biki&itagnol  and
ried to.prqduc

30di f Luor opq1e ?V& B?Rﬂy]#?y")fbé\l-?ﬁré%%@am@e (17 a"dﬁséoﬁDME“@s idef3 13a-oc-tah
ydr o- 1H followed by045 kg of glacial acetic acid Acetonrtrlle (41.4 L) was then added and the’

pyrido[ 1, 2- ajxfuyd wad fjfitdted Rr 13mibies]l dpz@OE ﬂeazhdﬂ]lﬁmﬁl%maﬁ%d&d(iﬁétm&am de (616 g,

(54222 L% 59 oo U (R Wil PPy 0 PP 10,37 (3
3. 86(m 1 Lev"dlsecmowﬁe (21304g)- @‘tqsﬂr(-mq for2Qpinutpp gt qnﬂentztempératyregmel 60 (rn, 4
H . 35 10Mahixiug wsaieard ai -85 CAnpItRE BB Mide staftng nidf@ialWRRAAiuNe@By Of a

pyridone Cofqﬂ_w%glygg (Jb%’&ﬂré) {ﬂé} mn(pﬁ&)on c{Fle xgg was’ (g_‘eg CI_lil the refluz
-subsided and then charged with 6.9 L of methanol and the mixture was heated at reflux
for abOl_lt 45 minutes then cooled to 15 o'C and filtered and dried to provide (4aS,13aR)-8-
. bromo-1 0-[(phenylmethyl)6xy]—2.3,4a,5.13,13aihexahydro—1 H-pyrido[1,2-
15 a]pyrolo[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-dg) § 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, 4H)

20 Example CCb' (4aS 13aR)-N-[(2,4- -Difluorophenyl)methyl]-9,11-dioxo-10-
[(phenylmethyl)oxy]-z 3,4a,5,9,11,13,13a-octahydro-1H-pyrido[1,2-
a]pyrrolo[1 2':3,4)imidazo[1 2—d]pyraz|ne-8-carboxamlde A reaction vessel was charged
with (4aS;13aR)-8-bromo-10-[(phenylmethyl)oxy]-2,3,4a,5,13,13a-hexahydro-1H-
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reS. iz0 10 oft g 1 Pe-"N 1 0 CC conprising the steps of;
P-1) brom nating a conpound of the following fornula 0-0 to produe a
brom ne 16conpound of the following formula (HI1): wherein P is --CHO

- CH(OH) 2, - CH(OH) (0114), - CH(OH) - CH2OH or -

pyrido[1,2-a]pyrrolo[1',2":3,4]imidazo[ 1 ,2-d]pyrazine—9,1 1-dione (1.4 kg), 2,4-
difluorobenzylamine (705 g), Hunigs base (1.4L), dppf (60 g) and DMSO (12 L). The
mixture was degassed with high purity nitrogen 4 times. To this mixture was added
palladium (ll) trifluoroacetate (18 g) in DMSO (2L). The mixture was again degassed 3
S 'times with high purity nitrogen and then purged with CO 3 times and left under a 45 psi
~ atmosphere of CO. The mixture was heated at 80 °C under 45 psi‘ CO until the reaction
appeared complete by HPLC (24 hrs). The mixture was cooled to 1t and slowly
" transferred to an ice slummy of ammonium chloride. The mixture was fittered and washed
with water and isopropanol. The residue was recrystallized from isopropanol to provide
10 (4aS,13aR)-N-[(2,4-Difluorophenyl)methyl}-8,11-dioxo-1 0—[(phenylhethyl)oxy]-
2,3,4a,5,9,11,13,13a-octahydro-1H-pyrido[ 1 ,2-a]pyrrolo[1',2":3,4]imidazo[1,2-d]pyrazine-8-
carboxamide (952 g, 56%). Recrystallization of the mother liquor from isopropanol
produlced a second crop of crystals of the desired product in the amount of 327-g (19%).
- 'H NMR (300 MHz, DMSO-ds)  ppm 10.44 (m, 1 H), 8.55 (s, 1 H), 7.56-7.07 (m, 8 H),
15 518, 1 :H), 5.03 (d, 1 H), 4.62-4.54 (m, 4 H), 4.06-3.60 (m, 3 H), 3.20-2.80 (m, 3 H),
1.93-1.60 (m, 4 H). ;

Example CCc: (4aS,13aR)-N-[(2,4-Difluorophenyl)methyl]-10-hydroxy-9,11-dioxo- -
2,3,4a,5,9,11,13,13a-octahydro-1 H-pyﬁdo[1 .2-a]pyrrolo[1 ',2":3,4]imidazo[1 ,2-d]pyraiine—8-

20 carboxamide. A pressure reaction vessel was charged with (4aS,13aR)-N-{(2,4- -
Ijiﬂuofophenyl)methyl]—9,1 1-dioxo-1 0-[(pheny|methyl)ox§]—2,3,4a‘,5,9,1 1,.13,13a-
octahydro-1H-pyrido[1,2-a]pyrrolo[1‘,2":3,4limidazo[ 1,2-0]pyrazine-8-carboxamide (950 g),
192 g of palladium on carbon (50% wet), ethano! (9.5 L) and concentrat_ed-ammonium

-hydroxide.(1 24 mL). The mixture was degassed with nitrogen 3 times and then placed

25 under 50 psi of hydrogen until the reaction was complete. The mixture was degassed
‘again with nitrogen énd then filtered throuéh-Célit'e. The cake was extracted with r.eﬂuxing
dichloromethane and then filtered again. The combined filtrates were concentrated to a
small volume (4L), azeotrdped with .eth'anol (28.5L) to a final volume of 9 L. The slurry
was filtered and washed with ethanol and dried to produce (4aS,1:§aR)—N-[(2,4-

30 difluorophenyl)methyl]-10-hydroxy-9,11-dioxo-2,3,4a,5,9,11,13,13a-octahydro-1H-
pyrido[1,2-a]pyrrolo[1’,2":3,4]imidazo[ 1,2-d]pyrazine-8-carboxamide (616 g, 78.4%) asa
yi/hite solid. "H NMR-(300 MHz, DMSO-d;) 8 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, 1H), 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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CH(OR5) (OR6); PI is Hor a hydroxyl protecting group: P3 is Hor a
carboxy-protecting group: R4 is |ower alkyl; Rs and R6 are

i ndependently |l ower alkyl or R5 and R6 can be al kyl and joined to forma
5-, 6-, or 7-nenbered ring, and P-2) creating the 294-di-flu

phenyi - CHz- NH- C(0) - sidechafr with the reactants 2AdU uor ophenyl CH2NH2 and
carbon nonoxide. 2.' ' A process is provided for the preparation of a

pyri done conpound of the following formula (AA), (BB) or (CO): conpri si ng
the steps of: P-1) brom nating a conmpound of the follow ng fornula
(1-1) to progHi€r Aaikie@d.ne conpound of the followi ng fornmula (11-11):
wherein Ris -CHO, -CH(OH) 2, HOH) (OR4), -CH(OH)-CH2OH or 19 Pi is Hor a
hydr oxyl protecting group; P3 is H or a carboxy protecting group; R4 is

| oner al kyl ;1. A process of for the preparation. oRg peritdneRéenognd pidepesad@Al. [(§B) awer

al kyl or sR5 and @cgan be | ower- 15al kyl and joined to forma 5-, 6-, or

7- menbered ring, .

10

comprising the steps of:
P-1) brominating a compound of the following formula (I-1) to produe a bromine
15 compound of the following formula (I1-11): ' '

OP! OP!
(o] p3 0 ~P?
N 0/ =g (8}
- ) g SN

wherein



P-2) creating the 2,4-di-fluorophenyl-CH241H C(0)- sidechain Wth the
reactants 24-dl-fl uorophenyl -CH2-NH2 and car bon nonoxide to forma conpound
of formula Il1-111: oP' o P-3) condensi ng and debenzyl ating a
conmpound of formula 111-111 to forma conpound of fonnula AA, BB, or CC

253. The process according to claim1 , wherein said step P-2) is carried
out before creation of the Qring. 4. The process according to claim1l or

2, wherein said pyridone c ou i.s, of t r a process
according to claim 1'(Elor'S 2,'8 er%ﬂ'ﬂb@&i d &ﬁf%ﬁ%o%&?&ﬁ'cgsgf fhe fornula
BB. 5 6. TheCp@RyOR")according to claim1 or 2, wherein said pyridene -

conmpound is of the ferul dFCdrofvi oot s according to claim1 ,
wherein said step P-2) is ggrgrriogydp-rout |ﬁégel§§eati on of the 0 ring, 8. The

process accordi ng toFciFal thaFarboRIPEFINIZEYS: pyri done conpound is of the
1011111 1513 AA. 9. TRéispoveceltg; of Caim 7, wherein said pyridone conpound

is of the formula BBgs gnq R® are independently lower alky! or R® and R® can be alkyl and
joined to form a 5-, 6-, or 7-membered ring, - B

and .
P-2) creating the 2,4-di-fluorophenyl-CH,-NH-C(O)- sidechain with the reactants
10 g ' )
2,4-di-fluorophenyl-CH>-NH; and carbon monoxide.
2. . A process is provided for the preparation of a pyridone cofnpound of the following
formula (AA), (BB) or (CC):
15
F
H
N
F
F .
H
N
F
F
CcC
20 F
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10. The process of Claim?7 wherein said pyridone conpound is of the formula
CC. 11. A compound of the follow ngDD): H 20wherein Pt is Hor a
carboxy protecting group. 12. The conpound of claim 11, wherein Pt is
benz-yl. 13. A process according to any of clainis -10 wherein Pl is benzyl;
P3 is nmethyl; and 25 Ris -CHO -CH(OH)(OR4), -CH(OR5(0R6) wherein R4 and
Rs are lower alkyl, 14. A salt or a hydrate thereof of a conpound of formula
PA 516, A crystal formaccording to claim5 having one or nore physical
properties selected fromthe group consisting of (i) and (ii): (i) having
characteristi Qo,qb,ﬁg‘.rrgasggt@&dpeaks at 6,4 0.2, 9.2 0.2, 13.8 0.2, 19.2

12 d 21,8 O. t t di ff t tt
tnd 20y AR srepnad ol f”?ﬁ%“?ﬁlp%%ﬁ'ggﬁﬁ B epetPaal 16010
1 2cm 1536cm Eko@pennd of the following formula (11-11):
5
OP' OP! o

3
R N ' 20
=~ _N - Br IH Nﬁ
b . )

wherein
: R is =CHO, —CH(CH),, —CH(OH)(OR‘) -CH(OH)-CH,OH or
10 —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 lower

\

]

15 "alkyl and jomed to form a 5-, 6-, or 7-membered ring,

P-2) creating the 2_,4—di-ﬂuorophenyI-CHz-N H-C(0O)- sidechain with the reactants
 2,4-di-fluorophenyl-CH,-NH, and carbon monoxide to form a compound of formula (lI-
15

-1y

20
P-3) condensing and debenzylating a compound of formula Ili-1li to form a
" compound of formula AA, BB, or CC.
25 3. The process according to claim 1, wherein said step P-2) i |s carried out before

creation of the Q rmg
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101, 1503cm | 2cmland 1424cm 1 2cm 1, 17.A drystal formaccording to claim
15 having characteristic diffraction peaks at 6.4 0.2, 9.2 0,2, 13.8
0.2, 19.2 0.2 and 21.8 0.2u degrees two-theta in an X: ray powder
diffraction pattern. 15 18. A crystal formaccording to claim15 having
characteristic diffraction peaks at 6.4 0.26, 9.2 0.2, 13.8 s 0.2, 14.6
0.2, 15,2 0,26, 17.6 0,2, 19.2 0.2", 21.8 0.2, 24.1 . 0.26 and 28.7
0,2 degrees two-theta in an X-ray powder diffiaction pattern. 20 19. A
crystal form f or theaeeesdlagegrding tadiaiinth o3, Wkeréimgaid hyidans @mipotndds pfthe ar ed
absorption spe. @gfhalaa 1536cm 1 2cali, 1503crn-1 2cm 1 and 1424cn-11
2cm/, 20. A crystal formaccording to claim 15 having characteristic
i nfrared abSor pt "t?rP'%s%?fé?E‘f’F‘a‘%?'a'Tg‘ﬂén‘t"le’%Fﬁ"i?y"fs oursidppfthe
1503cm 11424cni fo2ea BB.1282cm 1 2cri l1-1, 1258cmcm 1, 1093ce 2cm 1l and
1089cm 15208 1. b pfockly/Slohunh Wiy 1 Sl sdi@pfrtaiidBotpoliiiil Bdnone &
nore spectra selected fromthe group consisting of (a) to (c): (a) X-ray
powder diffractifB’H‘“f?a?‘f"ern substantially as shown in Figure 1; (b) Infrared
absor pti on gpectTha ppacbst ancbridia ko/clars 15winawein isaid Bleg @2 istarred dut(attpr Sol i d st at e
13C- NNI R spect r arsibstamt bahly as shown in Figure 3. 22. A crysta; form
according tg claim 15 having one or .nore physical properties 35sel ected
fromthe gr Bup CT(S'ﬁﬂ%cF?srﬂ‘fc gmg i9 ci'%"“&nﬂ“?’?'@f?"’ pyridone compound is Qf the

10 formula AA.

9. The process of Claim 7, wherein-said pyridone compound is of the formula BB:

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

15
1. A compound of the following formula (DD):
oPt O
o .
5 N _}.H
N\/I\ N
Br xR N -
H
20 wherein P' is H or a carboxy protecting group.

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

_ 13. A process according to any of claims 1-10 wherein P'_is benzyl; P* is methyl; and
.~ 25 Ris=CHO, -CH(OH)(OR"), -CH(OR®)(OR®) wherein R* and R® are lower alkyl.

14. . A salt or a hydrate thereof of a compound of formula AA

30
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(iii1) having characteristic diffraction peaks at 8.0 0.2, 9.3 ar, 11.36
0.2, 16.0 0,2, and 22.8 0.2"degrees two-theta in an X-ray powder
diffraction pattern; and (iv) having characteristic infrared absorption
spectra at 1637cmli: 2crri, 1536cm 1 2c 1501crifl 2ore arid 1422cm 1 5
23. A crystal formaccording to claim15 having characteristic diffraction
peaks at 8.0 0.2, 9.3 0,2, 11.3 0.2', 16.0 0.2and 22.8 0.2 degrees
two-theta nman X-ray powder diffraction pattern 1024. A crystal form
accordi ng t #5-cl & efysta famaef A godiyrapallcar ehydetedhaiedf ptagamrerndyd famuiaPAg. 0 0, 2t
9.3 0.2, 11.3 0.2', 15.4 0.2, 16,0 (p 2,418.7 0,2.19.1 0.2, 19.8
0.2', 22.8 0.2* and 26 8 0,2 degre D- Hbta in an X-ray pomder

diffraction pattern. F4521 ; ecording to claim15 having
characteristic infrar 1@. ctrgd at |1637cre 2crn-1, 1536¢nil
2cm'l, 1501cm1 2cm 1 and Y D3 o 26. A crystal form

act eri st|Hc i nfrar ed absorption spectra at
1637cm 1 2cm4, 1536c¢rn"' 2crtfl. 1501ce + 2an” 1M1422cm | 20 1277cM

1258cm 11093cm 1 2cm. | and ‘ rmaccording to
claim 15&ha\?‘?cn A r’éstallbrm accorg%e%t%ﬁ" se ec 8 grmoretph%‘:"car%ﬂ’p%conm sting of

(d) and (e)s Se'eCtEd ff°m(th9 arsup eapsipinacé () a0t act i on pattern substantially as

SEovvn in Fi Q)Ufaanglchaaertttna&(dﬂradnaft peuke et ewsmmsom spgassassahapantial ly aIS

sownlnFl A I.C |s|n a crysta

formas defi nec?"?n1 gn 02 de%he% %EG '%éﬂ %"sx%?m%éi "?%B%'I’T%e’"r ocdgss for

pr epar at i on(ipfaviag é'f*%f%‘t“?ﬂs“q 'G?Wﬁébse@ﬂ?ﬂtwc?‘%ﬁtéﬁﬁcﬂhé 26m” t"ﬁ’é &N aﬁ%ﬁ’ 15 to 27.
10 ', 1503cm™ + 2em™ and 1424cm™ + 2cm™. ,

according to claim15 haying ch

17.  Acrystal form according to claim 15 having characteristic diffraction peaks at 6.4°
+0.2°,9.2° +£0.2°, 13.8° £ 0.2°, 19.2° £ 0.2° and 21.8° + 0.2° degrees two-theta in an X-

ray powder diffraction pattern.

' 18. A crystal form according to claim 15 having characteristic diffraction peaks at 6.4°
+0.2°,9.2° £ 0.2°, 138°3;02° 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
pattemn.

20

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

20. A crystal form according to claim 15 having characteristic infrared absorption
25 spectra at 1641cm™ £ 2cm™, 1536cm™ £ 2cm™, 1503cm™ + 2cm™, 1424cm™ + 2cm
1282cm +2cm™, 1258cm”™ '+ 2cm™, 10930m + 2cm™ and 1069cm™ +2cm™.

21. A crystal form accordin'g to claim 15 having one or more spectra setected from the
group consisting of (a) to (c): ] '
30  (a) X-ray powder diffraction pattern substantially as shown in Figure 1;
(b) Infrared absorption spectra substantially as shown in Figure 2; and
(c) Solid state *C-NMR spectra substantially as shown in Figure 3.

22. A crystal form according to claim 15 having one or more physical properties

35 selected from the group consisting of (iii) and (iv):
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(iit) having characteristic diffraction peaks at 8.0° £ 0.2°, 9.3° + 0.2°, 11.3° £ 0.2°, 16.0° +
0.2°, and 22.8° £ 0.2°degrees two-theta in an X-ray powder diffraction pattern; and

(iv) having characteristic infrared absorption spectra at 1637cm™ + 2cm™, 1536cm™ + 2cm

', 1501cm™ £ 2cm™ and 1422cm™ + 2cm™.

23. A crystal form according to claim 15 having characteristic diffraction peaks at 8.0°
+0.2°,9.3°£0.2°, 11.3° £ 0.2°, 16.0° + 0.2°and 22.8° + 0.2° degrees two-theta in.an X-

ray powder diffraction pattern.

24, A crystal form according to claim 15 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

pattern.

25. A crystal form according to claim 15 having characteristic infrared absorption
spectra at 1637cm™ + 2cm™, 1536cm™ + 2cm™, 1501em™ + 2em™ and 1422cm™ + 2™

26. A crystal form according to claim 15 having characteristic infrared absorption
spectra at 1637cm™ £+ 2cm™, 1536em™ + 2em™, 1501cm™ + 2cm™, 1422¢m™ + Zcm
1277cm™ £ 2cm™, 1258cm™ £ 2em™, 1093cm™ + 2em™ and 1069cm t 2cm

27. - Acrystal fomm according to claim 15 having one or more spectra selected from the

group consisting of (d) and (e):
(d) X-ray powder diffraction pattern substantially as shown in Figure 4, and
(e) Infrared absorptlon spectra substantially as shown in Figure 5.

28. A phammaceutical composition comprising a crystal form as defined in any one of

the claims 15 to 27,

29." A process for preparation of a crystal form as defined in any one of -th,e claims 15

to27.
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