PROCESSES AND | NTERVEDI ATES FOR CARBAMOYLFYRI DONE HI V | NTEGRASE | NHI Bl TORS
S5Field of the hive ti The present invention Conprises nodifications of
known processes for synthesi Ki ng conpounds having H V integrase inhibitoty
actWty. 10 Background of the Invention WO 2006, e116764 published 2
Novenber 2006 2014{¢82%Borated by reference in its entiret PCTHSIWPPUEE vari ous
conpounds and detailed synthetic schenes for thei rRﬁ)@arati on. In

15parti cul ar . ROEESPEE ANDINTERMERYATES FORGARBAMARFY EHVANTEERAFE a - - CHO
group froma double bond using a reageTo#s ch nay i nclude osm um
tetroxide. Summary of the Invention 20 Processes are provided which create
an al dehyde net hyl ene, or hydrated or hem atelal nethylene attached to a
het eroat om of a 6 nenbered ring w thout going through an (Actinic group and
w t hout the necessity of using arierbofithgineagont. Detail ed Description of
the Invention The present invention includes processes for preparing a

conpound of forrmula 00, OP 0. -. Ps "CY Ay. NORs itA wherein
The present invention comprises modifications of known processes for synthesizing

compounds having HIV integrase inhibitory activity.

10
Background of the Invention

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

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

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

25
Detailed Description of the Invention

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

OP'

0 3
x o’P

= N

M

2
2
2—/

30
wherein

R is =CHO, ~CH(OH), or ~CH(OH)(OR%);
1
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Ris -CHO -.CH(DH) 2 or WD 2010/068262Part S2009/ 006461 Pl is H or a

hydr oxyl protecting group; P3 is H or a carboxy protecting group; R3
is H halogen, hydroxy, optionally substituted |ower alkyl, optionally
substituted cycloal kyl, optionally substituted | ower al kenyl, optionally
subst i t ut edMORMEY0686koxy, 5 optionally substituted | owBETASKEHYI6EHY
optionally substi tu ed ar t| onal ly substituted aryl oxy, optionally
substituted hetef ?ra@yéf’l%ﬁmeﬁmggé |1y substituted heterocycl eoxy and
optionally substPf lstf-lamiaa;mbnxy prat8dinggroupwer al kyl; RI' is H halo or

R2- X- NR1- C( 0) - h@% 'h%logm 'h?(ﬂ@)lyl Xpt@HQQEbﬁs%@g IWeY 4 %}éyl ty)tl%na&ﬁsﬁb%tltﬂteél ngl e

bond, a heter oat om ﬁ sel ect
| ower al kyl erf@®8# %o 'P" ly k%‘r??'ft\étﬁ% '9\‘ﬁ‘F‘ér @\‘eﬁ‘y %WW sHestifutade foyen edkowy t he
het er oakidm aptichal} sutstitited lowen atienyddxitydptioratyrputisstuted aWneopsdirepﬁ sWsfituted r eact i ng

a conpound Cgryl&gr HHloﬁallﬂlléui)stltut%f R%B%c%’llct %8 peo%g%rﬁﬁ Qutis fi0aYe Jclul Or (1V);

OR5 H2N, (111 wher el n are | ower a Rsand RG
can be al kylanaﬁﬂt'ﬂnﬁ'fyﬁéﬁs“l%d amino;

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

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

R'is H or lower alkyl;

15
comprising the steps of:
i) reacting a compound of formula (Il);
op1 0
SN
- (i
Rx

20 e

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

ORS

H,N (my
2 \)\ORG

25  wherein R® and R® are independently lower alkyl or R®and R® can be alkyl and joined to
form a 5-, 6-, or 7-membered ring,
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forma 5-, 6-, or 7-nenbered ring, 2 to produce an internediate of formula
(V) or (VI), respectively: OR O opi ollPs FR5" 1 R3 COH and
ii)refunctionalizing (V) or (VI) to produce (ft 10The term "Il ower al kyl",
alone or in conmbination with any other term refers to a straight-
"orbrantti e @HAVPP8EEt ur at ed al i phati d' hydrecar hon radi F&IT/E3HWPAIreIng | to
6 carbon atons. Exanples of alkyl radicals include, but are not limted to,
nmet hyl , ethyl, n-propyl, isopro , _h-butyl isobutyl, sec-butyl,

tert-butyl, pentyl, isoanmylH.N Pladf the Iike. 15The term"lower
cycloal kyl" refers to a saturated or partially saturated carbocyclic ring
conposed of 3-6 carbons in any chemcally stable configuration. Exanples of

sui tabl e carffasatd sn iBleRiERRtd S1Erds (BYF hdPreeliveycycl obut yl . cycl opentyl ,
cycl ohexyl, and cycl ohexenyl,

OoP! o
NN e
v)
S :
Rx
R3 7, ORS5
8
5 OR
OP'
0 N o0 p3
N V1)
Rx \}Eﬁ//OH
R3
OH
and
ii) refunctionalizing (V) or (V1) to produce (1).

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

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

20  The term “lower alkeny!,” alone or in combination with any other term, refers to a straight-
chain or branched-chain alky! group with one or two carbon-carbon double bonds.
Examples of alkenyl radicals include, but are not limited to, ethenyl, propenyl, isopropenyl,
butenyl, isobutenyl, pentenyl, hexenyl, hexadieny! and the like.
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20The tern) "l ower al kenyl," alone or in conbination with any other term
refers to a straight- criain or branched-chain al kyl group with one or two
car bon-carbon doubl e bonds. Exanpl es of al kenyl radicals include, but are
not limted to, ethenyl, propenyl, isoprcpenyl, butenyl, isobutenyl,

pent enyl , h#¥0e4i4/068%gxadi eny/ and the |like. The term " PERES2089/00546dne"
refers to a straight or branched chai n dival ent hydrocarbon radical,

pref erabl y hERAERE Tavshilbiraet gless te askpipleer braeahgd chan delenbhysdeacaibse def i ned.
Exanpl es of ra&balﬂydrﬁ&@bly a&nﬂgﬂﬁﬁh HRNE IR carbeH dishes, uReds o’ﬂfe@mMefhécm ted to,

ety ene. eEIMLR0 <RLARLENG VLSRG nh SN MIBRE ABHRAC ke §mT“e

term"| ower ene ranche
hydr ocar bon @rareviewm butyéeRe. '%ﬂbub/l%e é'afrtBQH(ecar bon doubl e bonds, The term "I ower
al koxy refers to an al kyl et her radi cal, wherein the term"alkyl is defined

10above. Ex I th r.adi c but, are not
limted to, amt rﬁ1 '%(A'e§%iifletngg errs )é°p%§ %fgbé]ngfbe )&?)am H'VBI &3%?}“3 O8but OoXy,
sec- but oxy, "@é‘FQ'-—%‘GPbW carﬁqn-pmon dogble bds. t er m " hal ogen" refers fluorine

(F), chlorine (A), bromne (Br), or iodine (I). 15The term"aril' alone or
i n conbinatigQn ,w t, ot,he ter car I,IC aropatic noiety
(such as pheﬂ\ylter E)wer %'f%x!’/lrf °e 'g}"h‘f' ﬁtberéaq{?fﬁ’ﬁﬁregtt ‘?ﬁ? E ﬁﬁ’fe&;ﬁﬂr ef erably
from 6- 180 caatdown %@mn‘ss OfMéﬁbﬁﬂ @S'l eihergadidalsringtiide dlubarie mel lirdted tohmethanye not

limted to, @h&PH-profap o vl REQBN, isotiot), RBY.butoxy! 1AILEIRY andaRE IREaCeENy!
phenant hr enyl m?etpraﬁgr oﬁfgﬁ’i hyl , ?Sjng%nyl phe%%irz'lt hri di %{/:Im and the |i ke

Unl ess otherw se indicated, the 20t erm"ar yI al so i ncludes each possible
posi tional i¥®werherm “bdlogen” rafecrfivpiine (Ry dnlgima(@p hrondnti (Bal or iglirelil).as i n
1-napht hyl, 2- napht hyI 5-letrahydronapht hyl, 6-tetr ahydr onapht hyl ,

phenaot h enantrin Phe anl i vi her i an9i I t di Pyl ,
P henant i1 di ThotermgA3h ARB o<TihiTRyor vilh o GHaHPHY [<Ta 12 rpescie
10- phenant hch!brmylc mOE%dmh% pbényhenyiapiitiad)icorthising A carbdreatodsitandmerenot | i mit ed

to, phenyl, ﬂﬂaa’ablb%m 6110Q¢8BYH atoﬁ‘%Lﬁ)@H‘zSItes offa'rW%EQM'incluéé‘th{ REM ted.
phenant hr eny enant hri di nyl an e like.

The term" artglﬁg I“ “?‘Q'F'y éndf'g” a?r’rzl'ﬁ']’yk)ﬂf‘m‘@'?%ﬁﬁh'gﬁ%%’% Phereerepy: an aryl .
Exanpl es of iatr%wkyflapgmvjup@nvlnBﬂﬂndmhﬂdlmrtanaltre ik@tUnleissrothemlise indichied,ayd  and

phenet nydo -@@1 E@r Hiso tﬁ@lh@és%)fﬁbbs%lbﬂrpgkmbnal |Qﬁ%r ofha‘?ita%nq)&%%«ﬁoca?o%nused herein,
refer to a heterocyclic 1in 8-to 11-

nenber ed bi cf%'fai?é”‘f?eﬁsé? 68%%\’@ r’\aﬁ'ahyifétf“@i‘f'dé?ﬂf’pptf’ﬂge t?f’a'\‘/mf%%m@' i t her

sat urated, péaetandiritigy Saphenaitedingl, 3-whsahbridiye d.phandthaing}7-may be optionally
benzof used 'Jheﬁﬂ?lﬂﬁ@u)mlﬂ &engﬁﬁ'm r@pgi%ﬁé?ﬁ)fﬁhéﬁwpélﬂsl'o%énaﬁ ﬂlﬂﬁ Rlanfids€ carbon
atons and from Ionﬁ ?(tﬁn' 'léqu b tons selected fromt Hgﬁnou COI’ISI sting
of N, 0 and “S®VJAUIHET E®n ”[t ﬁ? '}ﬁt lﬂ'?'[?dé% P RNty Infliyk AR ERNY

opt i onal 35 retheaceui, phehanBiapdtetray dongphtgiindatyh phemaythogiyi anithd l)kebﬂ!he

quat er ni Zed,terﬁ'nngralkﬂclle% t@gn 2Ryl d?duﬁ%ﬁl%s'tlﬁt rb? la’rpanﬂlln B gs Sa¥al glc{){%g

above- deflned geteroczc rings rs fuse benze ring.
clude, but are not Ilmlted to, benzyl and phenethyl.

The term "heterocyclic group,” and “heterocycle” as used herein, refer to a 3- to 7-

30 membered monocyclic heterocyclic ring or 8-to 11- membered bicyclic heterocyclic ring
system any ring of which is either saturated, partially 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 optionally be quaternized, and including any bicyclic group in
which any of the above-defined heterocyclic rings is fused to a benzene ring. The

4
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WO 2010/ 068262PCTI US2009/ 006461 heterocyclic ring nmay be attached at any
carbon or heteroatom provided that the attachnment results in the creation
of a stable structure. Preferred heterocycles include 5-7 nenbered
nonocycl i c hetentycl es and 8-10 rnenbered bicyclic heterocycles. Wen the
het erocycl i WOr0h06B%%3 substituents, it is understood thXCTHUTR0Y0IS4E1 t uent s
may be attached 5to any atomin the ring, whether a heteroatom or a carbon
atom provi deeregysic riqg 812y be atchehit @AY caban it helpwatp@spipyided thatitheer oar omat i cs”
or "het er oar attachraere resailinithe dreatidnuf B stable shetes.or¥RIred hasrosleles Meiddedove and
general ly refgns rééJmé’qaﬁgéiiEBQQ%EJc s'ah‘? ¥ 8mbdiEq Bik@ﬁ’c ﬁé(%&&”l"eé.%}maeﬂ i omati ¢
nmonocyclic or po‘i ycyclic ring radical contarning five to fwen y car bon
atons, pref efePSyCiciripg hagsubstiuediss Hisindgrened thatthagybetittepisenay be gtiacled i ng

car bons, aomeﬁpatadalirythsﬁeg,lwnetheusrhetaﬁaeomacébarrwlaﬁlﬁ:@grdowe@thbm ﬂétﬂb?l'([j om such
as N, 0, S a r s . I ne e 5-6 . ere
nonocyclic h%!? QE Slas%ﬁfs"gé%s?fg%hg %%B%e%n%%? g%o%?%?/acrﬂi %rg hn&ug?dgvgrhﬂﬂ ¢ Al'so

i ncl uded wi tMitgioayples acdnfipedgboyhendigeperpivieiersioe Yetprecycletipweieloibg dnd ¢ or

"het er oc%/cl ysliSteinSs &h 6Bk hohowftiicst pdlyEyRNt- b O4BRal %nﬁw@rﬂwtoqm@pr_t ai Ini ng
ring is fuse [ i.C rings, Su as in an indolinyl,

chror nanyl , (%gj) eaﬁ)g%t '%Ffle%llg [H&I"gléﬁg'?% r?ogﬁ;t/o r o'i"d"’ﬁ‘i°ﬁ8l‘? %W?re\rmﬂa?agbof'ﬁe radi cal
or poi nt 1&f riefeREleRhto fous, a3 eadhdenireqd B @ heferoatomete asadl, SS@odPai ni ng ri ng.

Unl ess ot her mreeRed Reldré@yigebupt MEILEES-BmehBben AoNSySic heRRLRIARY8LHE" Or
"het erocycl y%;mgl sp..lnclu

. ed ea ossi pl.e. ppsition I SO of a

het erocyclic Tadica "fyc"sctpc?%r%srﬁsr %Ei?qcﬁg%qb\f"ﬁ\/rﬁge ?—°P?18f3{“f i fﬁg{f-rcicﬁ%l inyl .
Exanpl es of 'heleweystis)of deterasgsiide a areup imailiopia nonaicdetio heterogtbm-contaidiag ol i di nyl
gui P]Ol:iyl , 1 Sgug fIUQJdM& ond d}(ilﬁﬂlré/hromatﬂ:l;jrm?@}%%hﬂsdrll ér}"iﬂ@cﬁiﬁ‘}l,idﬂlﬂﬁﬁéh l, di nvl

er ropyridazyl .. oyridaz I rrolyl, rroli .. pyrradinyl,
Byr aélol y?é/ p@c/;'re B%Wtﬁﬁ'f/’{%,% oa[jf?}ﬂ%'ﬂﬂ' ",°|'rf3'?{ﬁ9'g?':g enrﬁij',xal BVEOX{}W%M%"'&E%PP 1 |
pi per azi nyl , noeyrdniatie hetenoatompleoteining ring. t Uriless tihemtisstimdioated, thete,  t hi by 1
t E&bl yt th h: axalbwtyclne?a\@{aeﬂcyéw/ or;‘ﬁéﬁér&%@lﬂ'(’j Mbo igéuhulea%g&eﬂ ;sygmarlié g?éaféﬂé%fom’eﬁnoyl ,
i hi anor phol i sul f one, . oxaz ., .oxadi azol y xaz :
oxopi pelroi di n%r/?l‘y’,het&?(%c&? ?38|°?')(;?%§F¥'%)’(’Bﬁ%%ﬁ?fi%"yéfé#ﬁw',Ex%%g‘?ﬁ{ozol yl,
i sot hi azol ylhetdresyelesingfide imidezcdh yroidareymoatniplidazeleinglamyintlyd fiseneinglyl, indov, azol yl
LI ophany] T anphdzalrEh kMot inplaiy) mASH RRMSRAGIY Ll oY
t et ahydr of iJrpdﬁ?'ﬁﬂ?&e/@ﬁﬁp&W'?Z'?‘ét‘ﬂ,”iaﬂ’ﬁf Il'(RW?%WJ)BY'ﬁK}V('irpéf%ﬁ‘i,’"ﬁwy‘?i?erazmy}-/ ,
di-hydr opyr arsytimidingt pyeidaairot, mogihaimaintriarerdolingt fuah yidergpyriaangftuiaziny! , 30
Qpt i onal  subgkroliriy teirsizali SR Yen2oRlr AR tniaABIARInAdIdneVEz M KY! -
Protecting g%r)](o‘H S FE%Fbe slell ect,edj#rgm)&g’r OLIlB_S Iknown ,tci those skilled in the
art, includifg %ng PXFEOYr BERCH YL PEREE IRV (e IateRddr a W wats,
Pet er G 28\ ,isoRpaotyk tsoihiagol@5iGraganys tetrahyOrapamnyt, tSyahydiefsiasyl, tBiarbhEd. (1991), 473

pp. or Koci apgdidzoylFiibxoiyR didxinfTr Xhefelyl, BEhzSHQMRE ditrdifl, thbheaf05, (2005), 679

Pp. tetrahydrothiophenyl, sulfolanyl, dioxanyl, dioxolanyl, tetahydrofurodihydrofuranyl,

tetrahydropyranodihydrofuranyl, dihydropyranyl, tetradyrofurofuranyl and
tetrahydropyranofuranyl.
30

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

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

35  Groups in Organic Synthesis. 2nd Ed. (1991),473 pp. or Kocienski, Philip J. Protecting
Groups. 3rd Ed. 2005, (2005), 679 pp.
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WO 24) 10/ 4) 682E2PCTI US2009/ 006461 5The present invention conmpound of
formul a The present invention conpound . of fornula The present invention
10 conpound of formula The present invention conpound of forrmula The
present invention conpound of formula optionally substituted | ower al koxy.
The presentworvevsson of fornula (1) is of the featureBCHUBIOL®SH1as
descri bed above wherein in in said (1), R3is H features a process as
descri bed above wherein in in said (I), Ris -CHC) . features a process as
descri bed above wherein in in said (1), Ris -Ohl(01-)2. features a process
as descri bed above wherein in in said (I), Ris -CH(OH) (OR4). features a
process as descri bed above wherein in in said (1), R3 is H hal ogen,

hydr oxy, optionally substituted | ower alkyl, cycloal kyl, optionally

substi t utzd thewRIsedlik@RILh fealtéd HpBLdsy astdisiitet db&d wheRinU MSsa@ Process as
descri bed above akqiconpound formula (M1): The present

i nvention fea B?%E%%E%E%%QEE as ‘descri bed above wherein in said conpound of
formul a (1) The prsfsentlirvefition faptwies @ prpcesOandagnlibe ayove wherein in in said
compound.of formula (1), R is -CHO .
The present invention features a process as described above wherein in in said
10 compound of formula (), R is —CH(OH),.
The present invention features a process as described above wherein in in said
compound of formula (1), R is -CH(OH)(OR?).
The present invention features a process as described above wherein in in said
compound of formula (1), R® is H, halogen, hydroxy, optionally substituted lower alkyl,
15  optionally substituted cycloalkyl, optionally substituted lower alkenyl, optionally substituted
lower alkoxy.
The present invention features a process as described above wherein in said compound
of formula (1) is of the formula (VI1):
OBn

F 0] x CO,Me (V1N
H
N x Nj

F O CHO

20
The present invention features a process as described above wherein in said compound
of formula (l) is of the formula (la):

0 COo,Me
A ’ (12)
= N

25 The present invention features a process as described above wherein in said compound
of formula (1) is of the formula (VIII):
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HO ' OH 25The present invention features a process as descri bed above
wherein in id conmpound of formula (1) is of the fornmula (VII1): The
present invention features a process as deat hbed above wherein in said
compound of formula (1) is of the formula (IX): OBn CO M (1X) HO HO "e.
N-"-OR 4 Theopoe#esis2i nventi on features a process as deSCTUBHA/@oEoVe
wherein in said conpound of forrmula 00 is of the formula (11a): OBn I ,0
CO2H( 11a) The present invention9Bncl udes processes for preparing a

conmpound of formula (1): OP OpBW'%PzTS\Aher ein,R is - CH(CH) (OR4);
N '

HO j\om

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

0 co,Me
o S|

5
The present invention features a process as described above wherein in said compound
of formula (I}) is of the formula (lla):
OBn
CO,H
O 72 (1a)
=~ .0
10 :

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

OP* o
Oj:?# o ) m
> N
Rx
L)
R
R is -CH(OH)(OR*);

P' is a hydroxyl protecting group;
P’is H;
R?is H;
20 R* is lower alky!;
R* is R%-X-NR'-C(0)-;
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P is a hydroxyl

al kyl ene;

0

R? is optionally substituted aryi;
X is lower alkylene; and

R'is H;

5 comprising the steps of:
iii) reacting a compound of formula (l1):

OP'

3
0 N O/P

==

(1

R
R3

10
with an amine of formula (li1):

ORS

H,N (i
2 \J\ORG

wherein R® and R® are independently lower alkyl,
15
to produce an intermediate of formula (V)
OP! g
O\ 5P
S

RX
R* ORS

ORS®

V)

and
20 iv) refunctionalizing (V) to produce (I).

Specific compounds used in the processes of the present invention include those of the
following formulae (lla), (Vl1a), (VIb) and (la) utilized in Examples which follow:

SUBSTITUTE SHEET (RULE 26)

protecting group: P3is H R3is H 20R4 is |ower alkyl;
R4 is R-X-NR1-6(0)-; 7 R2 is optionally substituted aryl; X is |ower

and R is H, 5conprising the steps of: hi)reacting a conmpound of
formula (1) wth an amne of formula (II1): ORS HZN(HI) ' ONwherein R5
and R are | WOSPEME&GE| y | ower al kyl,
formula (V) OF

to produce an i REEUSREV/E6€610f



1L,
used in the processes of the present
following formulae (Ha), (Via), N b)
foll ow /OH(via) O O an

and 20i v)refunctionalizing (V) to produce (I).

, OHel | b)

Speci fi ¢ conpounds

i nvention include those of the

and (la) utilized in Exanples which
HOOH The product (la) of a synthetic

sequence of WMh¥WiHeE2adnt i nvention can be condensed wi t h PCA/GSA0MSHE, eg of
the formul a HZNCH2CH2CH20OH, brom nated if Rx is H, carbonyl ated and

am dated and finally, debenzyl at
designated (1-7) at page 240

to éield a conmpound of WD 2006/ 116764
i R

", isngrF and RAis H

Al ternatively,

such a conmpound Y be synthesized according to the

i nvention by starting with (I) where Rx is p-F-phenyl -CH2-NH C(0)-.

H Pl is benzyl

(Bn) and P3 is a carboxy protecting group.

R3 is

I n addfli on,

conpounds of toa (1) which nmay Bg,produced by processes of the invention

i ncl ude those of the follow ng for
0

lae (MI1),
~H

(MI11) and (1X): 9

OH
OBn
Q
© NS
~_N
7\/0H (VIb)
5 OH
OBn
0 CO,Me
- (12)
N

HO:]\‘O

The product (la) of a synthetic sequence of the present invention can be condensed with
10 an amine, eg of the formula H,NCH,CH,CH,OH, brominated if R* is H, carbonylated and

amidated and finally, debenzylated to yield a compound of WO 2006/116764 designated

(I-7) at page 240 wherein (R), is 4-F and R® is H. Alternatively, such a compound may be

H

synthesized according to the invention by starting with (1) where R* is

p-F-phenyl-CH,-NH-C(O)-, R®is H, P* is benzyl (Bn) and P* is a carboxy protecting group.
15

In addition, compounds of formula (1) which may be produced by processes of the

invention include those of the following formulae (VII), (VINl) and (IX):
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WO 2010/ 068262PCTI US20091006461 Cen (VI1) Hr 1 0CHO Cen Co & _
Lkk.,"N NL(M 1) HO5 OBn O02Me (IX) Br HO NOR In nore detail, step i)
can be carried out in a protic or aprotic solvent such as EtOH THF or DWVF
at a tenperature of about 50-150 C for about 1-10 hours. QIn nore detail,
step ii) caWae1gwpsked out for the dial starting mater PRIVUSH0Y/006fd1H an
oxi di zi ng agent such as Nal0O4 HuO4 or Pb(OAc)4 in a solvent such as H20,
MeOH or CH3CN at anbi ent terrperatureO*Ffor one or nore hours. For the =etal

type starting materi al \/? ePiMen mawyn be in an acid such as Ha,
CF3C0014 or HCO2H opti onal QatM ng.

o} CO,Me
= ‘ (VI
SN

5
OBn
0 CO,Me
= _-N
Br :l\
HO OR#4
In more detail, step i) can be carried out in a protic or aprotic solvent such as EtOH, THF
or DMF at a temperature of about 50-150° C for about 1-10 hours.
10
In more detail, step ii) can be carried out for the diol starting material (V1) with an oxidizing
agent such as NalO, , RuQ, or Pb(OAc), in a solvent such as H,0, MeOH or CH5CN at
ambient temperature for one or more hours. For the acetal type starting material such as
(V), reaction may be in an acid such as HCI, CF3COOH or HCO,H optionally with heating.
15

Step ii) can also involve refunctionalization at the R* postion, eg R*=H to R*=Br optionally
with further refunctionalization to R*=R%-X-NR'-C(0)-. Step ii) can also involve
refunctionalization of P3, eg P°=H to P*=Me.

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

10
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15 Step ii) can also involve refunctionalization at the Rz postion, eg
Rx=h1 to Rxr-Br optionally with further refunctionalization to
Fr=R2-X-NRI-C(0)-. Step ii) can also involve refunctionalization of P3, eg
P3rz-H to P3=Me. 20The present invention features a process as descri bed
above, wher ®0R0sMi68262 ef uncti onal i zi ng step 10 conpri ses P& YI6HEI ng t he
internediate_of fornula (V) to produce the conmpound of fornmula (1). 10 The
present i nveHts RopFenidaventindeaiurps 8 e@sess a8 dersgbadiabers veistaiesaither ei n sai d

E et ;Jnct i (r)]nal iefinat@naliz@p siep )i) cbﬁﬂiﬂfeisSﬁ:tir(ijgaﬁfh%eﬂﬂedeif@ofif%@lbmﬂwm RalOftof Or nul a
VI) wit ] r t ound o ormula (). 5The present

i nvention ?Eg?h%gg%éggg%%gﬁﬁﬁnﬁﬁyﬁhe followng formula (V): 0131 OR3 R30 3
OR wherein Pl is 11 or a hydroxyl protecting group; P3 is H or a carboxy
protecting greypeseddn@niich fEhturbad egedunddidfeXollowBdr@0lly substituted | ower
al kyl, optionally substituted cyclo Fkyl, optionally substituted tower

al kenyl, optionally substituted |lo Ikox¥, optionally substituted | ower
al kenyl oxy, optionally substitut ,006 ionally substituted aryl oxy,
optionally substituted heterocycli oup, optiordlly substituted

het er ocycl eoxy and optionally sgbstituted am no; 15Rx is H, halo or
R2-X-NRI-C(0)-: R2 is optionally suksti ard aryl; a single bond, a

het er oat om group seletteg itOnSQ SO ,/ andOT | oweral kyt ene or | ower

al kenyi ene wherein each may te interverfd8 by the heteroatom R is H or

I ower al kyl ;aRd, 20R6 and R6 are independently |ower alkyl or Rs and R6 can

be al kyl and joined to i
P"is H or a hydroxyl protecting group;

P? is H or a carboxy protecting group;

10 R®is H, halogen, hydroxy, optionally substituted lower alkyl, optionally substituted
cycloalkyl, optionally substituted lower alkenyl, optionally substituted lower alkoxy,
optionally substituted lower alkenyloxy, optionally substituted aryl, optionally substituted
aryloxy, optionally substituted heterocyclic group, optionally substituted heterocycleoxy
and optionally substituted amino;

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

R? is optionally substituted aryl;

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

R'is H or lower alkyl; and

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

The present invention features a compound of the formula (V) above wherein R is H.
The present invention features a compound of the following formula (Va):

OP!
3
O\ O/P
S\ | vVa)
Rx
R3 OCH,
OCH,
25
wherein

11
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forma 5-, 6-, or 7-nenbered ring. The present invention features a
conpound of the formula (V) above wherein R3 is H The present invention
features a conpound of the following formula (Va): OR 0 P3 RxX' R3 25
wherein P is Hor a hydroxyl protecting group; P3 is H or a carboxy
protecting WDIH/068262 R3 is H, hal ogen, hydroxy, opti @8aIUS§008/ssdli t ut ed
lower al kyl, optignally substituted cycloal kyl, optionally substituted

| ower al kenyl, oft iSdheia ByIen SIAePEYrower ai koxy, 5 optional |y
substituted | owerP®& Hkeradatboyy profetiimgroadupy substi t ut ed ielr yl, optionally .
substituted aryl i L t LG : ionally
substituted het e?ég?g'ﬁ(%ﬁ)dfgﬁgﬁéfx’é%k; P@hgfyﬁy&gﬂ%gﬁe&% )ekgl' g%mﬁ%'?g&’zfmﬁgh H halo
or R2- X- NR1- BEtesikyl. ptionallyosistiyiad| owery gkenvt uirtienally yaubstiuted jlayep adiongl e bond,
a het er oas onmmioaap setestivetdever ratkenPoxyS optSRYIly SO titueahriNH-bplibndipeeysakiey| ene or

; 0 e
lover al kenylggg, Wpﬁfn%gsug%gﬁem&(ler&yéhpFg?oruy,etgvggnéﬂgssblg%%%%ﬁ; Riaal,om.y and R

is Hor |ower alkyl. ] sent 1 nvention featur u
formul a (V) ABAPEORHeTBptitedamigoly 15 The present Invention features a
conpound of the fRIlid I9wiaR@r ROXMA'COV ): OP,

R? is optionally substituted aryl;

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

The present invention features a compound of the formula (V) above wherein R?is H.

15
The present invention features a compound of the following formula (VI):
OP! o
(o) N o~ p3
= N (V1)
R 7\/ OH
R3
OH
wherein

20 P! is H or a hydroxyl protecting group;

P? is H or a carboxy protecting group;

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

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

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

R? is optionally substituted ary!;

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

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

12
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o kP3 11 RN. 1t; OH R3 OH wherein 20P1 is H or a hydroxyl protecting
group; P3 is Hor a carboxy protecting group, R3 is H,

hal ogen, hydroxy, optionally substituted | ower alkyl, optionally
substituted oycl oal kyl, optionally substituted | ower al kenyl, optionally
substi t ut edMOPAEY06826koxy, optionally substituted | onwer BCKERIMNYYOF461
optionally substituted aryl, optionally 25substituted aryloxy, optionally
substituted heterocydtitH§r BNy, 2Msbt i onal Iy substituted heterocycl eoxy and
optional | y sUiestrésenttiventiomifeadyredx canspokhd dfatledforotuiaRe) abeveophdraimf sy, substi t ut ed
aryl; Xis a single bond, a heteroatorn group selected fromO0, S. SO SO2

arid 30NH or_I| oweral kyl ene or | ower al kenyl ene wherein each may be
i ntervened biMetReSeRdPERiPARRresmEPmPrundef thedoliqwing fargyiafh:al ky! .
OP1 0o

)

wherein
R is —CH(OH)(OCH,);
P'is —Bn;
P is —CHj;
10 R®is —=H; and
R*is Br.

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

CH,
oen O /

G

H

15 The present invention features a compound of the following formula (15):

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

13
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The present invention features a conpound und of the formula (V) above
wherein R3 is H The present invention features a conpound of the foliow ng
formula (1): oP1 O ,N(lI) wherein Ris --CHOH)(OCCH3); P1is -Bn; P3is
-Cl-13; 10R3 is -H and Fr is Br. The present invention features a conpound
of the fol | O 2Y/Maedul a (14) % 15The present inventi onPCEAS0Y806¢61conpound
of the followng fornula (15): The present invention features a conp id
of the louowing formula (1): 13 S5wherein Ris-CHOH2; P1is Hor a

hydr oxyl protecting our

OP' g

0

5 wherein
R is—=CH(OH),;
P'isHora hydroxy! protecting group;
P* is H or a carboxy protecting group;
R® is H, halogen, hydroxy, optionally substituted lower alkyl, optionally
10 . substituted cycloalkyl, optionally substituted lower alkenyl, optionally substituted lower
alkoxy, optionally substituted lower alkenyloxy, optionally substituted aryl, optionally
substituted aryloxy, optionally substituted heterocyclic group, optionally substituted
heterocycleoxy and optionally substituted amino;
R'is H or lower alkyl;
15 R*is H, halo or R%-X-NR'-C(0)-;
R? is optionally substituted aryl; and
X is a single bond, a heteroatom group selected from O, S, SO, SO,, and
NHor loweralkylene or lower alkenylene wherein each may be intervened by the
heteroatom.
20
In the following examples and throughout this specification, the following abbreviations
may be used: Me (methyl), Bn (benzyl), Aq (aqueous), Et (ethyl), C (centrigrade).

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

25  scope of the invention in any way.

EXAMPLES

30 Example 1

14
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P3 is Hor a carboxy protecting group; R3 is H, hal ogen, hydroxy,
optionally substituted | ower alkyl, optionally 10 substituted cycl oal kyl,
optionally substituted | ower al kenyl, optionally substituted | ower al koxy,
optionally substituted | ower al kenyl oxy, optionally substituted aryl,
optional | y woetoosgeszed aryl oxy, optionally substituted RETEBWEY®B46¢ gr oup,
optional Iy substituted heterocycleoxy and optionally substituted am no; Rl
is Hor | owdiheserips mategalRf Examplg 1eng thg comparpd piforaps (Bl the inyamsioni t ut ed aryl ;

and X is a qurcregksemtmndalscesm%eéeaﬁmgsw&v SIQJdbﬁ{pedmdfmonhthagémﬁ@ s, and
Ntt:or tow%

0
i ntervened byag Eée/ﬁ'g?eer li-het &%ucbﬁ the 'ﬁ\feﬂl %fpgfcless 'g\g%p' ??’pqweass cgﬁ’am{"ﬁ%ughout
t hi s speci f ivhighiisorf thetferaufad|) obie myera'ebprewsatTheﬁsa'n@yugéhm@wovwv@ (nethyl),
Bn (benzy ) ,corﬁﬁm(na(?w&(d&)npoﬂd df ek 1|,7)Qp(a§@m¢ordfwmd@)s/116764 whéR@ fol | owi ng

exanpl es ar 3?’ q%;Qgegartcﬁr{aon ‘prg\}cie%t hoc\)N%vqukéI\%E%é%rgglp ﬁfﬁlpl dEd to limt

th 25scope I'nven I-rum
SHEET ( RULE p2sjon dFﬁé"%Qda?flnrfg’wﬁt(@(V%ﬁthﬂeﬁ(arrpl eleis the corrpound of
formula (Ha) of the invention process which is also shown as conpounds

bel ow and conpound #101 at age 113 ot WD 2006/ 116764. The product of the
i nvention prd)c s |BSdeepH d b)eJHms as cosn;pou,mt., N I ¢k, 1Ruefnabhe fornul a

(1) of the i s\s prOUd@ER_S_h wn bel 34?82 5 conpound
13 is a conpo of forrru q1- 7) at n.o- 240 of WO 16764 wherein

(R, is 2,4-di'F and Ft2 i*s H, providéd, however, that there is an al pha
met hyl at the %osmlgg/dfemgn@ted Rth in §ormul a (XXVI) at page 65.

0Bn Mel OBn
& I NaHCO, @(om NalO, () OB
OH e — =
0 OH N N N OMe
0 HO o “OL) 9 Ho\|) 0
5 6 7 8

: Bh O = OBn O =
Ty fj“ Lo
x N\/él\o /j FZCGH:,CHZNHZ
9

Pd(PPh;),, CO

OBn O = OH O :

ONa O =

R Qv“ ﬁ 0

10 Thus, in the above sequence for Example 1, compound 5 is identical to compound 101 at
page 113 of WO 2006/116764 and to formula (l1a) of the process of the present invention;
compound 6 above is identical to formula (Vla) of the process of the present invention;
compound 7 above is identical to formula (VIb) of the process of the present invention;

and compound 8 is identical to formula (la) of the process of the present invention. Step i)
15  of the invention process is 5 to 6 above while step ii) is 6 to 8.

Example 1a

15
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-.11H 13 10 Thus, in the above sequenceExanple 1, conpound 5 is
identical to conmpound 101 at page 113 of WO 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
i dentical tWwda2916aeB2%2( VI b) of the process of the presentPCrigerie/P@sl and
conpound 8 is identical to fornula (1s) of the process of the present

i nvention. Stpsliny of 8870 g efeomprrsdt!(1dhePridted ks of MeGN were @ddasdAB48 gpf | e st ep
ii) is 6 tof&nzﬁmmeg.d@eqband Izawg ah%mmmpéc?.)zgae it @é waegmﬁauaebol‘*té, 2628-9)
in 14,0 L o r . 0 en rom n

of K2CO3( 1. 2f°eq9%cm?’ﬁ§d %od‘%fgr (ga%&ggaq%‘fv?srfﬁlgﬁéé?d ‘gffge?_g"r?r{ %Ogogﬁ%c%p “ed to
13C. Preci pi figatewaseonegnirated agd 2R 4 ohiithwees afidedhtosheyesidyst The ONF saivtienf i | trat e

was concent radsegn@itlatdd @ divebss §ibf o carlpard bas binewitisi dir pditieatibhiF
sol ution SM%m%QL'?n% rakeditio, Al ve 3585 g of crude compound 2 as oil
er puri

t
Wt hout furt 9°ca 1 on, corrspcﬁ'md 2 was used in the next step. 11-1

NMR( 300 MHz,’ (890 MHz, GEC1) §7.69 (& J5 577 B, THY [Ay—7-3 (M. 5H) (637 ©H)= 5.6 He, JHz,

111), 5.17 (&), 2, ) Wod @, 3:8H) . 10 Exanple | b To 9049 of the crude
conmpound 2 was added 5.86 L of TFIE and the solution was cooled to -60 C

5,00 L of 1.0 Mof Lithiumbis(trinmethylsilylamde) in THF(125 eq.) was
added dr &pwiBEmperb2 h to the solution of conpound 2 at -60 C, Then, a

sol ution of £4g obiherRIIGBbARINEE Whs BdcRd 6)88 iL bt B arkth®Eoikioh wiesoordded at

-60 C and t td i re.l5 a . -60C h. The THF

sol ut i gz maggp (ﬁ?’gé @& @1):;&'ﬁf’ﬁlt'%P@Vﬁgﬁitr'T,g@ﬁs'@'taro"fdeyﬂH-‘L'?hé]s,eqé.Wfia?_degf i ce
water and 4.&opwisstioreiotadheatolutiensef copgund 2@t -6PHE. Ghgmaisduticayéfodes washed
With 2.71 L @hzddehyi((4 ¥4 £if BoGAd of TV REURALPatl-8Y &F afiBifie RAETARTGEe W th 3. 98

R R A
slurry of coweped@ids.34 L of ice water and 4.52 L of EtOAc at less than 2 °C. The organic layer

was washed with 2.71 L of brine (twice) and the aqueous layer was extracted with 3.98 L
of EtOAc. The combined organic layers were concentrated. To the mixture, 1.63 L of
toluene was added and concentrated (twice) to provide toluene slurry of compound 3.

20 Filtration, washing with 0.90 L of cold toluene and drying afforded 955 g of compound 3
(74% yield from compound 1) as a crystal.
"H NMR(300 MHz, CDCl) 6 7.62 (d, J=5.7 Hz, TH), 7.5=7.2 (m, 10H), 6.38 (d, J=5.7
Hz, 1H), 5.16 (d, J = 11.4 Hz, 1H), 5.09 (d, J = 11.4 Hz, 1H), 4.95 (dd, J = 4.8, 9.0 Hz,
1H), 3.01 (dd, J = 9.0, 14.1 Hz, 1H), 2.84 (dd, J = 4.8, 14.1 Hz, 1H).

25
Example 1c
To a solution of 882 g of compound 3 (1.0 eq.) in 8.82 L of THF were added 416 g of
Et;N(1.5 eq.) and 408 g of methanesulfonyl chloride(1.3 eq.) at less than 30 °C. After
confirmation of disappearance of compound 3, 440 mL of NMP and 1167 g of DBU(2.8

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

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

16
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20Fi Il tration, washing with 0.90 L of cold toluene and drying afforded 955g
of conpound 3 (74% yield fromconpound 1) as a crystal. 114 NMR(300 IHz,
CDAiy5 7' 67(ti:J' s=15.7illit57,2 tin, Ity-iy, 6:381d, e 5:7 Hz, 1H),
5.16(d, J= 11.4 Hz, 1H), 5.09(d, J= 11.4 Hz, 1H), 4.95 (dd, Jr4,8, 9.0 Hz,
1H), 3.01 (wodopes26®. 0, 14,1 Hz, 11-1), 2,84 (dd, J = BCEUSDA/D6442, 1H).
Exanple I¢c To a solution of 3829 of conpound 3(1.0 eq.) in 8.82 L of THF
vere added 4MAYR{BOOMIHNCDCE) 84569 (hrd 5408 10F 7.A8t7Rms IH)0h3a (doht or i de( 1. 3
eq.) at | essiehan1307.03 (dAl Eas.2¢Nity 6@t (don=6f7 HI| sappeaisande of conpound 3,
440 nL of NWP and 1167 g of DBLI(2.8 30 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 B¥@NPRAFi zed with 1.76 L of 16% sul furic add and the organic

layer wass washaixtoieton 832 o/ 6 cbmpdund Uo(Na3SPaaom1. ?&%cg@ﬂgﬂbbﬁa&)m 49f Me
(tree ti ooy @ el 2 b bl O YRSoe05R, 8084 9% S NAS NS "cool ed
with ice bat'?fs ten 126 F @t Al agingfon il hg7%9t°rﬂN3®9?g(3¢ ef1.) whs added trethemixtude sti ng
E):B(a/l?);jeg ;80%@ trgtfl 2se®pnwdguﬂg {0P4 %0 precpditelle was fl?eré‘cféfﬁtmﬁkhed wiff 8.22 LN g( §0I0-|z MHz,
1H), 7.03 %?O& Tofhe fﬂ"ar&H% Sfljﬁ)@f 5%7 E%O'%ésa%a ‘%% a"{%% "“59‘2?c '('é'

Exanpl e 11’d 5VEes addpg xTheraguestus Gyer wpsektrastatydith #d 1 4 (o1 EQAs@ny therechatit. 29 of

Rud ygEjléO(z @alygr% Wéﬂ? aolr\ld;mea aAc?cdnc&ftraMBCNa th@ féLYdub Of of 16 miaQQdd%d‘éZd Lf of ng
was a e 0 or
733g of NaC ?'52? cﬁ°j’" a‘% %Pg’cf)°?' 'H‘e"’%’i’%&'? ?'Eg‘é?f‘ ‘f’ae’sQE‘g Wﬁ%\ﬁg S5 C. After

aging for 1 tﬁuenpaeftﬂrp'ns proiderhdy 2fd df cemprdnd b (P6Mapddid @s wictyktaB. 22 Lot Et OAc. To
the filtratey NMR@:!’OOLMHM cbely dNa28R03aa,7 182 7H)k5087 4bh281)a7 . h&-?%?ﬁ' nl of

coc. HCl 0 y extracted with 4 Lot Et OAc
and the 1(:!)5r gan ?4?2 agf’ ﬁ%ﬁ%‘gﬁem %51 entrated. To the residue, 4 L
of tol uene was added and the m xture was concentrat ed and cooled with ice
bath. Filtrakimpe 1vashing with 1 L of toluene and drying provided 372 g of

conpound 5(56% yi el as a cr 1 WB VHz, 57.78 (d, J =
5.7 Hz, 1H) Al o1 Sl omppgnd 5319635 éP?gi'@@PWPPB'.‘%g% 0CS 5.7 H,
1H), 5.6 ( bleg ln11H)3,L @ EBOH yvas stipell at @6X 6wl 1eh dnd ap8MiCKoLs i Affer 5@iftiog obf corrpound
5 (1.0 em.) 188¢ of8-Amh rop%namzrmm lﬁ%laﬁ}ﬂﬁzoénﬁ_ HAERM, %e%.ﬂgm)wag@t.rﬂedQS L of
El OH was Stlbt“reg’ih QE dg{ﬁ f?g 80C fore it After addition of 2018.8
g of 3- Ani n8°p¥ EhaRe?ier2adiigngf (B89 °é§a‘5"'"f’rﬁ’r°26'ﬁ? “he-98F Ogta9iin 20 A xt ur e was
Stir r ed al GOOCfeom |x1m|.'ehNaSAﬁrt€etal F-{s[o % _tor ohmof Al c88ingfand addition of 509 mL of
3- am no- pr opg® &helmnfl s doRechtrBd.) Td the 2RBudlz. 521 of H,0 and 2.54 L of AcOEt
were added. After separation, the aqueous layer was washed with 1.02 L of EtOAc. To
25 the aqueous layer, 2.03 L of 12% sulfuric acid was added at less than 12 °C to give crystal
of compound 6. Filtration, washing with 1.53 L of cold H,O and drying provided 576 g of
compound 6 (83% yield) as a crystal.
'H NMR(300 MHz, DMSO-ds) 5 7.67 (d, J = 7.5 Hz, 1H), 7.5~7.2 (m, 5H),6.40 (d, J= 7.5
Hz, 1H), 5.07 (s, 2H), 4.2—4.0 (m, 1H), 3.9-3.6 (m, 2H), 3.38 (dd, J = 4.2, 10.8 Hz, 1H),
30 3.27(dd, J=6.0, 10.8 Hz, 1H).

Example 1f
To a slurry of 576 g of compound 6(1.0 eq.: 5.8% of H,O was contained) in 2.88 L of NMP
were added 431 g of NaHCO3(3.0 eq.) and 160 mL of methyl iodide(1.5 eq.) and the
35  mixture was stirred at room temperature for 4 h. After cooling to 5 °C, 1.71 L of 2N HCI
and 1.15 L of 20% NaClaq were added to the mixture at less than 10 °C to give crystal of
17
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ElQtthin mxture tmls"stiretrat' 60"CTQ'30 run Alter cooling and addition

i)f 509 m. ol H20, the m xture was concentrated, To the residue, 2.54 L of

H20 and 2.54 L of AcOEt were added. After separation, the aqueous |ayer was

washed with 1.02 L of EtOAc. To 25 the aqueous |ayer, 2.031 of 12% sulfuric

aci d was adé@dogrossess than 12C to give crystal of conp@GREASBOI/FcIALr at i (()n

washing with 1.531 of cold H20 and dryin rovided 576 g of conpound 6 (83%
’ S0b7 W D

yi el d) as a mMpsyry|7. Filtration, wpshingy |an$ewm)>ros'¢ec6507(apf J =7.5 He,
1H), 7.5-7. Zofpburiatd)(89% yié) 4k crjstal. 7. 5 Hz, 5.07 (s, 2H), 4. 2 4.0 (m
106 1o, 1hy RS wer oA B 8 8 JZqé%qHW#%”?% & Bea'hsq t 6 b
of H20 was c70?1f'6|1H &21i(% JZ B8HEIH), @e’r‘é%‘d@d“héﬁ@d df= 1IQ5§I-H(ZCIB*(‘)3 0 eq.)
and 160 ng L 043 (qot=ltyt Hi, ad), dafldd veq.q, 14-1mekzt1hﬁ ﬁ;@n@yrﬁ;ol_%gg J&tgdg'rle(iSa}_ r]?om
tenperature fof 0 and 1. 0
20‘2]/;pNaCI aq V\fé;r eHZaéa)eaA%_ﬁoh(% % 8?%302a3§mre SS ?‘?173 4%6' %‘\)Ito gi ve crystal of

17 conmpound 7. Filtration, vvashl ng with 1.73 L of H20 and drying provided
507 g of corm@hipmg (89%vyield) as a crystal. 11- 1NI\/R(300 VHz DIVBO da) 5

7.59 (d, J = 5 8 = 7.5 5, 21
(a°°3% 2 T i o orfomoiaziy 48R Bhy s 8 s Sord o lo 3ed 819
54.83 (110 ] g:ofacc7H¢qz1 eqmas agdeymea@fNalozﬂZea) ammmbmrewmurradmg (s, 3H),

g ;g gdgl_4 \(]rmrﬁtegwperlaﬂ:fé‘fo}‘ﬁh Afedr addtidh vt ?5596m0/o1-lhﬂ262&a610m3mg&réms i"% eq.)
m, xt ur

in 5 07 L o;poﬂﬁf te‘gx'%%ﬂle%%’g]ﬂzg gmf”@‘ fﬁeﬂ'@d” lg'f 2&@@6’@!‘"! p[é’éj'g?d $ added

390 g of NalC(M!(rTlPOJ!ncé%](SP"/oammﬂ)tahecrwbature was stirred at roomtenper ature for

2 h. After adiram ke bIED-by 81 63QUNARRDIAN7 2L . Bl 3 2

Corcet LA ANl R B e Tl

DVBO- c4) 67.625.(Hz 2 7.5 Hz, 111), 742730(m 5H) 6.33 (d, J = 156.0
Hz, 2H), 6.29(d, J= 7.5 Hz, 1H), 5.08(s, 2H), 4.95-4.85(m 1H), 3.80(s,

3H) » 3.74( d’Example1h

After dissolution of a mixture of 378 g of compound 8 (1.0 eq.) in 3.78 L of MeOH by

20 heating, the solution was concentrated. To the residue, 1.51 L of toluene was added and
the mixture was concentrated. To the residue, 1.89 L of toluene, 378 mL of AcOH and
137 g of (R)-3-Amino-butan-T1-0l(1.3 €q.) were added and the mixture 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 mixture was concentrated. The residue was extracted with 3.78 L and 1.89

25 L of CHCI; and washed with 2 x 1.89 L of H,O. The organic layers were combined and
concentrated. To the residue, 1.89 L of EtOAc was added and the mixture was
concentrated. After addition of 1.89 L of EtOAc, filtration, washing with 1.13 L of EtOAc
and drying provided 335 g of compound 9 (83% yield) as a crystal.
'H NMR(300 MHz, CDCl5) 5 7.70-7.58 (m, 2H), 7.40-7.24 {m, 3H), 7.14 (d, J=7.5 Hz,

30 2H),6.47 (d, J=7.5Hz, 1H), 5.35 (d, J = 10.2 Hz, 1H), 5.28 (d, J = 10.2 Hz, 1H), 5.12
(dd, J= 3.9, 6.3 Hz, 1H), 5.05-4.90 (m, 1H), 4.07 (dd, J = 3.9, 13.5 Hz, 1H), 4.00~3.86
(m, 3H), 2.23-2.06 (m, 1H), 1.48 (ddd, J = 2.4, 4.5, 13.8 Hz, 1H), 1.30 (d, J = 6.9 Hz, 3H).

Example 1i
35 Toaslurry of 332 g of compound 9 (1.0 eq.) in 1.66 L of NMP was added 191 g of
NBS(1.1 eq.) and the mixture was stirred at room temperature for 2 h. After addition of
18
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J =5.1 Hz, 2H). Exanple Ih After dissolution of a mxture of 378g of
conpound 8 (1.0 eq.) in 3.78 L of MeOH by 20heating, 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 nt. of AcOH and
137 g ott Rywd:28dlossdsbUt ati LT: 61(1.3 eq.) were added andPCHES200%06Hse was
heated t090 C, stirred at 90 C for 2.5 h and concentrated. To the residue,
1.89 L of tdl2gdméHy@sheadieck veasdtitrérfondOeninr afteraddidiamret 848 £ af i anBhe r esi due

or oo, | e Snbl e Ao b 189 1o hifdndlat 5o o malten, WSR2 X 189 L
180 L of Eebu feciang RipYiped 82 %@WB“’@&Q@%E@HH%%@'N ter addition
of 1.89 L ofHEMRARO MHZ, CO&L:) BNES-TesHinngH)WF - 8h(s11H)37.38-6124 b (A, SIBlddr yi ng
provi ded 333 g i, @ﬁﬁ’@.@b‘%%&ﬁ%%?%qb (@B 330 ¥ 1Rl 1) I NV @D QuMHZ

CDC13) 67.70-7.58"(rn, 2H) . 7.40-7, , 4 (d"J 7.5 Mz, 30 2H),
D) OIS G aY 15e etz 8 o 0 fy b da 1, o ry
1H), 5.12 (dd, 141H231H9,1.8.(3, Hz6.9 He)3H)5. 05-490 (m 1H), 4.07 (dd. J = 3.9,
13.5 Hz, 1H), 4.00-3.86 (m 3H), 2.23-2.06 (rn, 1H), 1.48 (ddd, J = 2.4,
4.5, 13.8 Hz, 1H), 1.30 (d, J = 6.9 Hz, 3H). Exanple ii 35 To a slurry of
332 g of cofs¥ORE"9(1.0 eq.) in 1.66 Lot NWP was added 191 g of NBS(1.1
eq.) andiot hengérchiboe maasoddd atthesbhare, a xturd &3PS atf tongpolind 181.0 eq Af38.6r

ddi ti f g i St Er mm  After
S i on of " yiPydRyd ke [ERs 08 Mt feniantin SERTalPhe ol ZOUCE
at 5 C for PIFPh(D-P7 83118335 RASHPHGOWee Rtired 3899 "Gder T8 -dAfter $28"&ind dryi ng
provi ded 362regipidte GaspRrEacind GaSR%0with 60 h). o8 p@paroy Afet additibh BINIRE BGf VHz,
T0.2 b, 120 Eadgrgehlion By o b el e agéfed Bn A5k - (€9 =
5. 05- 4. 96 ( M5N11§la0. and 335lgol HyOand ihg aagepus lapyr was pytracied with 83%9mL oy 31-1)
221- g 06 ( MAcOED ,Thd ofganit tiglers wdrezombihed dndicondeftrdtedizTo thddesidde, 380 fdof J = 6]’: 9
Hz, 31-1). i - ox| de nhe jxture o
550500 of o b el A e iRl PSRl éﬁét:fgéﬁ% TI9ATL T of
2, 4- di f | uor GmBARSkICaRRERtERtien.soRltRg Yo 2h§ and firetians crpdy pirgmgeunédiwasn 335 ni
]9}‘ | CVMBO was obtained. eaftedtissHiltiGh bfalie @ude diystafint3eo nﬂz(b]?hdelb@e bpheh@i t at gogﬁ?m f

1l tereqg,an - Dr (0] (0]
1120° and 870" PR e YlbaR e e PRAARea. Mk ClaaBBFLA00MLI D00 06 O
335 nL of 1F5t@H.srpqa0ratign. additiPrad45¢ ki obfton] srocentiationhecolitg rsd fitralialy er was
extracted Wickule 33&alldkcd poedOFt was Bbeairet g Afldr Gisk@ytieh 5f e EradEaverl iregoand
concentrat eqﬂ oTchlit{}n% bE/ g%étﬂgzﬁ?ee s:bﬁlglarg\?v?soéonge_nggt%gg'?%e \é\%’%ﬂgqgs %L%?EI the

m xture was concentra . 1on"0 _ _procanol ,
concent r at i GFPPaRAbERS Figed andibe mixHARIWES fonpaitrpigt (twiselu dercaegitn af thef conpound 11

was obt aisnedesiddé tiiatish, SasHingtwinrR-mbpahtiaing anidg puisd #4.3 § Bf B3dBounali10f acet one
by heati ng, (8%%%%&%85%%% was filtered and the filtrate was concentrat ed.
of

After addition ©
'H NMR(300 MHz, CDCl3) 5 10.40 (t, J = 6.0 Hz, 1H), 8.35 (s, 1H), 7.66-7.58 (m, 2H),

7.42-7.24 (m, 5H), 6.78-6.74 (m, 2H), 5.30 (d, J = 9.9 Hz, 1H), 5.26 (d, J = 10.2 Hz, 1H),
5.15 (dd, J = 3.9, 5.7 Hz, 1H), 5.05-4.90 (m, 1H), 4.64 (d, J = 5.4 Hz, 2H), 4.22 (dd, J =

30 3.9,13.5, 1H), 4.09 (dd, J = 6.0, 13.2 Hz, 1H), 4.02—3.88 (m, 2H), 2.24—1.86 (m, 1H), 1.50
(ddd, J = 2.4, 4.5, 14.1 Hz, 1H), 1.33 (d, J = 7.2 Hz, 3H).

Example 1k
Under hydrogen atmosphere, a mixture of 28.0 g of compound 11(1.0 eq.) and 5.6 g of
35 10% Pd-Cin 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
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Et OH, concentration, addition of 150 nL of EtOH, concentration, cooling and
filtration, crude crystal of conpound 11 was obtai ned. After dissolution
of the crude crystal in 450 nmL of acetone by heating, the solution was
concentrated. To the residue, 150 nL of 2- propanol was added and the

m xt ure wasWéoHEEBIat ed (twice). After cooling of the ZETESRWEB)6461
filtration, washing with 2- g)ropanol and drying provided 34.3 of conpound
11 (84%vyi el '67““5&“’%? Hr§fen]-> h ypder Rxdregrn Giaspherepifies Pd-€ wag filgedend . 1= 6, 0
Hz, 1H), 8. 3bashsd wilH)50 Ml GEGHCIL,BEAHTD/1R fheiltraleAdss Eoménttated. e dlgsOIZBan 74 (m

§H)7 HS 30(d,of~?he rggdl% uW?BF:'B'? OPr tﬁ@ ét?» tﬂssoldlrg i{@ad%ﬁ%COolfd%%m%dg j_z 3.9,

303. 9, 13 5 ‘eTPﬁfatuiﬁ d‘@efof '"aj'Ofs thg filtrate wasigenceptrateq andcogled 3Figtiqnayashiay

2. 243&0 865 ( yithlEPH ahd Bing debdided 212 g oficompoind 12492 Yiéld) akH) erystal 33 (d, J f= 7.2
Hz Exa f e, ._ 1 r o]
compound 11(1 m%“""’R‘%‘% M”Qﬁﬂ“és‘%ﬁ; 2R304 o0 BB - STt M f ol i B3 5 e
of tyteOH waldd ét‘lar v Bd HeotH)17 B (dadtist 2.6 9 1HB Hat 6. (PGP0 tas! H).iSl44er ed and
washed wi t rd1 (48, JeL3.9fs TTHE 1HE 4809, 70Xh0%)PO65C4158 $m; adﬂ}gds@(ﬂdﬁ be H¥92H)nr: Xtur g
was stirre : r p t tere

and washed Véﬁ](d%!;ﬁ- Q%H%g& Cl—%l%?ﬁ/_bwg'% 9%1—% 815| I tﬁyt %‘vg %@'Bn ntrated,
After di $&ol 1§9-d4867. the! 338 @ 9iHa 3H)38 L of EIOH by heating, the solution
was gradually cooled to roomtenperature. After filtration, the filtrate

was concent r@&%g apd cooled. Filtration, washing 5w th Etat and drying
provi ded 21 of conpound 12 (92% vyi eI d) as a crystal. 1FI NMR(300 IHz,
DVBO- d5) 6 1@65@89(051“'0%)18 Opopf g@mpqund 32 E.05eq7) in4 mlg ot HtOHDY Heating, follbpq 7. 39
Etd 1;1')— 8, 7,byBilttidriz 21.8 hL,of ZN R4OHEEIA.0 ohy.)2va8 ad®dP thé Qelbtidizat sd Hd. . Th351£21 20?0
m m
4 5 (éﬁljlug(gr{ \9%5 giaﬂ%uﬁ/ c%ﬂfc? toio%;gte(ncyg?atur% |-9|Pr%n06 w%n‘éwﬁéﬂ%o THijG 4 10-3. 98
(m 1H) 3. 980H ag@ drying pmvi)iedte&_moflcogwommiwb yidlO)as@Oorystad 8 (m 1H) 1.33
(lg( 130 6. )9‘HZNMI%DQMﬁ@@@d&&&ﬁbapds@wl1&4)'708‘9 ©f1 87%97%6 gli”g "
eq. ol],0
of 2N Nad i a H% ?46%“1@ 7\/\0559%6%(]%% dtzﬁ%ws{gl JH gﬁq b%é @) #\L 5‘6T ution was
gradual |y cd-‘(ﬁ 'é¥12ﬁb 435St entidr 4t @itdd, J Fil Bt vt Hlzo AH), #@&H3. Sy mniltih 386- | nL of

ROH and zir yiawg (pr; o), glesl118.(8, gH)oi. 4mrmqmnm)1aﬁf§%ye©h&)ms a cr ystal 1H
NVR(300 MHz, DMb0O-d8) 6 10.70 O, 7.89 (s, 1H), 7,40-7.30
(m 1H), 725 716(m 1H), 7.06-6.98 (m 1H), 5.22-5.12(m 1H), 487474(m
1H), 4.51 (dxamsplatHz, 21-0, 4.35-4.25(m 1H), 4.18 (dd, Jr 1.8, 14.1 Hz,
1H), 4.05-3. E'g(erpp'lf 1r_=[||_qj10wqga g’ecess for preparatlon of the crystalline compound 13b which is

monohydrate form of compound 13.
25
After dissolution of 30.0 g of compound 13 (1.0 eq.) in 600 mL of THF-water solution (8:2)
by 30 °C, 36.0mL of 2N NaOHaq (1.0 eq.) was added to the solution. The mixture was
stirred at room temperature for 2 hours. The precipitation was filtered, washing with 150
mL of THF-water solution (8:2), 150 mL of THF. Drying at 85 °C and humidity conditioning
30  provided 30.4 g of compound 13b (monohydrate form of compound 13, 93% yield) as a
crystal.

Example 3

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

benzyl bromide(1.05 eq.) and 2630 g of K,CO5(1.2 eq.). The mixture was stirred at 80 °C

for 5 h and cooled to 13°C. Precipitate was filtered and washed with 5.0 L of MeCN. The
20
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203.74 (m 1H), 2.00-1.72 (rn, 1H, 1,44-1.32 (m 1H), 1.24 (d, Jr 6.9 Hz,
3H). ple"Implc 1mshows a process for preparation of the crystalline .
conmpound 13b which is nonohydrate form of conpound 13. 25 After dissolution
of 30.09 of conpound 13(1.0 eq.) in 600 nL of THF-water solution (8:2) by
30 C, 36. 0nmVOooR1202¢20Hag (1.0 eq.) was added to the solPGTUSZN09/TUGESIM Xt ur e
was stirred at roomtenperature for 2 hours. The precipitation was

filtered, wadfAtheEsGopsentated and P L pHHRwAsEaddedip the residyes Ihe THE olytionof  Thi F.
Drying at 85~astcomdtrhwno@waa5w@5hdé%dgrabrﬁgciug?z|a§ @Vl\NMU?QTHEQE)Q(}ffc&iIQWOUHd 13b
nmonohydr at oyie as a crysta anpl e

(Exarrplg 3a 3 I‘I@E)Lmdoﬁfwa%m&ﬂrﬁ%d%gy@f conpound 1(1.0 eq.) in 14,0 L of MeCN
vere added 2648¢R(3¢0 Méhfﬁc'%%@p&%@f%“hqw 743 18300, €37 (KCCBT 122 eq. ) .
The m xtuse woss.st(srarg.ad(s&HH)0( for 5 h and cooled to 13t. Precipitate was

filtered and washed with 5.0 L of MeCN. The 20 filtrate was concentrated
and 3,0 L OLEX‘gH leWwgs added to the residue. The THF sol ution was

concent r at edrd 994 gioy fic 3RES ccgnwun@ﬁ uﬂ&&a@%% e '?Hlﬂ§ndcﬁ1é soXbh Qﬁﬁ%&o Hr t her
% le) Cgt7l 886 (éo? Jgg%ﬁg_ (% 1}@& otu H_Be-num-}ns&tru?etgyls(llyrllamgipb in THF@ﬁs(ea ) was ad@d 7 HZ
51H), 5.107 (dsopwie)for 2h 10 he(®|utiGH)f cotpanp R et -3 °To TBHY g salitioh lesoergusde, corrpound

2 was added @n%ekyo@1iéq i BQJ]IqLBhﬁ-lfﬁ\gAngdbéma}\Agé &%@ltﬁéjre%&on ﬁ\%dug% g 00 L of

1.0 Mat Lithiumbjs(tr t S

10dr opwi sle f"lfﬁlé ﬁe‘Jn t'%o Lcﬂé %ﬁi g %ﬂ’”“&'bWﬁ%ﬁﬂ‘l‘EFdZ”t%? m"@‘ﬁ‘*&” He?f, a sol ution
of 5099 of .coheh2las.tehyie datdr and 4)52iLrf BAACcmnkssthanHE . Vias oa@ddiethyat - 60 C and
the reacti On/vdglvs?égﬁérd%vnt\l‘l@ﬁl 1Q%gru%t(tW|é?ar9 tf‘n@idueg'us |§Jé?w§¢&r§8&&%31%8‘£5 pour ed

nto a xture of
IEI Ac at 19 e E{GRsn The eombined opagis favers walperonceatsatoh stadie wixiwe. 3.631 of ot br i | ne
(twi ce) and tolbemeacseddies ahd y@rcemetedeilidepiparideitdiiend s@By &f compound 3.

Filtration, washing with 0.90 L of cold toluene and drying afforded 955 g of compound 3

(74% yield from compound 1) as a crystal. '

'H NMR(300 MHz, CDCl,) 5 7.62 (d, J = 5.7 Hz, 1H), 7.5-7.2 (m, 10H), 6.38 (d, /= 5.7
20 Hz, 1H), 5.16 (d, J = 11.4 Hz, 1H), 5.09 (d, J = 11.4 Hz, 1H), 4.95 (dd, J=4.8, 9.0 Hz,

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

Example 3¢
To a solution of 882 g of compound 3 (1.0 eq.) in 8.82 L of THF were added 416 g of

25  EBLN(1.5 eq.) and 408 g of methanesulfonyl chloride(1.3 eq.) at less than 30 °C. After
confirmation of disappearance of compound 3, 440 mL of NMP and 1167 g of DBU(2.8
eq.) were added to the reaction mixture at less than 30 °C and the reaction mixture was
aged for 30 min. The mixture was neutralized with 1.76 L of 16% sulfuric acid and the
organic layer was washed with 1.76 L of 2% Na,SOsaq. After concentration of the organic

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

'H NMR(300 MHz, CDCl,) 5 7.69 (d, J = 5.7 Hz, 1H), 7.50-7.25 (m, 10H), 7.22 (d, J =
16.2 Hz, 1H), 7.03 (d, J = 16.2 Hz, 1H), 6.41 (d, J = 5.7 Hz, 1H), 5.27 (s, 2H).

35

Example 3d
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15 of EtOAc. The conbi ned organic |ayers were concentrated. To the m xture,
1.63 L of toluene was added and concentrated (tw ce) to provide tol uene
slurry of conpound 3. Filtration, washing with 0.90 L of cold toluene and
drying afforded 955 g of conmpound 3 (74%yvyield from conpound 1) as a
crystal. WO MRI63B0 MHz, CDCl3) 67.62 (d, J = 5.7 Hz, PCHUS20p9/§63612 (m
10Fi ), 6.38 (d, J-5720Hz 11-), 5.16 (ci, -114Hz 1H), 5.09(d, J =
11. 4" Hz, 1H)To amistyrg ¢ 0.0/l ongpouny fangy 3.6y of RuCHPHeQ i 95 ni=ofdeEN ard. 1 Hz,
1::')' 2.84 ((jdth mUon/vater4mﬂu(eJoﬂ155ni‘t|ZofwéH} _Izldli_g(ﬁmr@suﬁunc ati, ﬁ\d&@'ﬁ@tdfggE?gN?igg
of conpoun

oq. ) and. 408" 8ot efR bl S B 2 cafl sdinlor 1R sTedeRg pdjedufins 9

Af t er conf|?eﬁar?ieéﬁn%quepls%wém%%@tqgfbvégwbetﬂw Fetate) Aavrous gyerNiP and 1167

g of OBU(2. Sexesitel ay&ih By aaislest et écbateraaa@tgaﬂa|a9arxw.reeeoﬁ\bmb&ssnﬂéi@% 30 sC and
e was neutralized wth

the reactio
1.76 L of 1”;3/4n§q3f ofutidiasigt 9‘“ cé’mB'r"e%‘ﬁ’ i '8%?“%38 RXBEMEF with 1.76 L of
2% Na2S03aq. Sepereise. leeﬁfg@nwadeﬁveﬁs agluseh s Rt 2Py 29004 Dgef 2M NadH splutisn t ol uene
\Qlag 7acEde?I ﬁ%d&ﬁ&qﬁ]d(kw’yer mes@a@@mﬁ@a%cﬁm fftsp/ﬁﬁaﬁcb@?%mtloﬁnﬁQS?ﬁ@Q' ti Onhof
0 e o xture ed wi a on, washi ng
with 1.77 L he&'%snaéjd%égg °fwaél \}’I"%‘ﬁasféigﬁfl tS&eJS?FﬂBTJWHiU&e g 3%1 }9 y| el d) as
a crystal0 'fpr Nméswdwommwkﬂm reggtigrowas Jinishegi, Aftarthe layeys wefe 50- 7. 25 (m
lagH) 7. 22 (sépar&@d 22t ot bY% NaBs O3 sdistion dnd3dkl of AEBEL Weke ddded Bndtl (d, J =d5217
: : conpoun
and 13 6 ng oPgrﬁgﬁ%ﬂﬁ%u?Eﬁyeg@a? Fi‘rECt%bel\;&é‘p g%fl‘i:s@@“‘ﬁiepgfa?%ﬂe/f’ m xture of
155nL of wathPO. Pa@ided tothelieadioh fintire atad) Gforah@nc_l_tbemgurewaNaqoM\AaS added
for 2-? h ate CZQﬂthhe%h@dé wad istitebdli@30 i rh"1thé1ﬁigl§fé'vfas%r€‘e@?)ﬁ@r@d%tht%ﬁtﬁﬁ%fX’SVgo }
separ at e ueous r wa cetate. Aqueou
I a;F/)er V\B.g5 5 véaﬁ?r dJ&'zfgﬁ %rov'%bﬁi cog{pﬁ\ﬁﬁ é@@fzéie[g) 3?1?1¥'¥?t§ani c layers were
conbi ned. 6 ‘HLNMJFQ(35(9/MN@.| ed@Q&s Yo} w; vers.mas, Bdesh-t s (henonho-red @ gani c

| 'ayer and t hsy) I@eqang\gvﬁ . @Rl 1H) B 81 ic layer was adjusted to pH
6.0 by adding 4.0g of 2M Iilas%ﬂ sol uti o)n ané&r?ﬁg aqueous | ayer was separ at ed.

After 60 m_ é)f 5%3NaHCCB solution and 257ng of TEMPO was added, 25.99 of

Ha= sol ujj @%{ﬁ@ﬁéﬂg apcohpsunrd%a(%' g@am@yo@ﬁn n%%? jag%%c:‘uol?(z%nd stirred

f or 30mntoc ec reacti on was ayers- were

separat ed, £%)8n|-5%k offgPiyassisred gt 6} iCSA bihendh e tC @f ; Acéﬁf adgitian cAdded and
separ at ed. Tilses g BeOLIsO-prayme-1yEadol@XIr aotieebobyl. FCdH e ARCE waRdrrsepar at ed.

12% H2804 Wegp gq%qcﬁ ?ﬂe#%ﬁ&?@ﬁ%%ﬁﬁ}f@%%ﬁoﬂhe %Qfd%l IOQIre%m %bdrHL I}e mxture

was cool ed t e mxture
was filter e@fovd%@a*% W3 siiedhat 881C 105 3Quanine rAfteufoeingand agiiteadf 69 pk oivi de 5. 7
g of consoundobihd Bitktyye @adijontehtratedr Y& thalresidue, 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 EtOA¢. To
the aqueous layer, 2.03 L of 12% sulfuric acid was added at less than 12 °C to give crystal
of compound 6. Filtration, washing with 1.53 L of cold H,O and drying provided 576 g of
compound 6 (83% vyield) as a crystal.

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

Example 3f
35 Toaslurry of 576 g of compound 6 (1.0 eq.: 5.8% of H,0O was contained) in 2.88 L of

NMP were added 431 g of NaHCO; (3.0 eq.) and 160 mL of methyl iodide(1.5 eq.) and the
mixture was stirred at room temperature for 4 h. After cooling to 5 °C, 1.71 L of 2N HCI
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111 NVR(300 MHz, CDCI3) 6 7.78 ((I, J = 5.7 Hz, 1H), 7.54-7.46 (m 2H),
7.40-7.26 (m 3H), 6.48 (d, Je. 5.7 Hz, 1H), 5.6 (bra, 111), 5.31 (s, 2H).
Exanpl e 3e 20 A m xture of 5099 of conmpound 5 (1.0 eq.) and 4079 of

3-am no-propane-1,2-diol (2.5 eq.) in 1.53 L of EtOH was stirred at 65 C for
1 h and at ®® T1§F$p268 h. After addi tion of 18.8 g of PCT/US2009/006461

3- Am no- propane- 1, 2-di N( in 200 nL of EtOH, the m xture was
stirred at 80C #drof20%, aﬁfaﬂé‘ie’ea‘?ﬂﬂ'F?f°dPF’B?“”ﬂ?8mi?§sﬁ‘P"1°°C to give crystal of

3- anni no- pr oganpeur, 2-Fiiration (vshing ith) 1.731L 204,0mnd dging btddided bivey & Xt ur e was

stirred at 8Q.Golf7 35 A LSk cool [ ng and addition of 509 nL of 25
1120, the mp(tnﬁroe vva@ cg]e@?a?]t ra al residue, 2.54 L of 1120 and 2. 54

L of AcOEt werEMEERRYHZ 4NSH- d@iéﬁaﬁ"éf’-r’dn” l"ﬁé“bdd@oﬁ%a (M} 6\R8$d. WEshed with
1.02 L of5 Et D&z, TRy, Sd1gd.aqueots, 1HyST2 (d2 O .46t 1&2%0&% faerdocs @ghd), was added

S 5att o ool I S AN ﬁ“g.@%??'t@# SR S 1| 024 M 2?d¥“ b a
crystal . 30" H-ANVR(IBBE-SfrES 0(3\@8)84?63278(617"0)&132@—.3 05 HY, 111), 7.5-72(m
5H), 6.40 (d, J = 7.5 Hz, 5.07(s, 211), 4.2-4.0 (m 1H, 3.9-3.6 (m
211), 3.38(3%%"J hag 42 1013Hz 1H), 3.27 (dd, J = 6.0, 10.8 Hz, 1H)
contai nedy i1 5‘*@"%‘”?%Nﬁ&"%ﬁ"@é@f%ﬁi@%%%ﬁ%ﬁcﬂ%ﬂwSfb%%lfffaﬁﬁoléﬁs
n. of met hy'l*zq Baugﬁék'é%aem5aﬁaN%'ﬁeW?ﬁeési 'éthméng?thiemeéeﬂéfCtOddrﬁ

t enper at ur e After thd rductioAfrbiettire %@6 ksiirfag fbrof Iﬁ)u@pre&uplYale wasTfiter2B ﬁﬁ@'ﬂt&&e wiD

201010652620 GBEOSHANIAGOATH s o U N BEL AR NEL GBS0, Lo Lhe

m xture at | ess than washi ng
with 113 L df-SRedtaribe mmwsmoa‘eﬁn&e'ed $OFing {95 @oﬁtﬁ@i@ndﬂaﬁhmm woel d) as a
crystal .18 HdHN’B(yﬁ@(}brdVldEd1D9@Gfdﬁ)poﬁr7d5@0%@|eld9]as-aZryﬁalHZH)1H) 1; 48 7‘]2?0(?
5H9, 6 28

Hz, (d'? '?]"6‘*(36‘“"”1'6 %"‘Sr%ds)f 62 (g, éa37 Hz, I 75247.38,(m, 5H), 63897 7 dd, J =
2.4, 14 1 HAOHERH). 82940, U5 7-BHp,, 1H3 57108 (¢, ati) 495:4.85 (0, 1H)43.80 (6z3H)134 (d3. 65- 3. 50
(m 1H), 3,40=31#8 Hn 1H), 3.26-3.14 (m 1H). Exanple 3g 10To a ni xture of
15,0 g of conpound 7(1.0 eqg.) in 70.9 g of MeCN, a m xture of 60 nt. of
1120, 2.% g exemple3R4 and 11.5 g of Nala, was added in the range between 17
C tof 1|4C AfA mixtutd e 10.0 g©F tadipolmdKs aﬁcesww@ofﬁtgiyﬁi’eﬂfirdc @fde(lth@@blgﬁonl?)f €6iypi t at eb_
was filtere sol ution ) of ascorbic
acid sodi umq’;(%la%%hd Llﬁg 9;#‘%‘? ggogglsglaggnathgg fjﬁf acﬂfa?é? ﬁg %xture was
concentrat edeacé?fUF'P“t‘itf "'{36 skyredat95 f§ qu?a?li“% e TEReS P mipturt was dagied B5aMe dryi ng

provi ded 12 aagmm‘redcmq)waﬁ}st&(v%%ayhaiaﬂ\h dﬁy&dtbgﬁfemgﬁbfcoﬂaéou%dkiwléoo Mz,
DVBO- 46)056 %o a(fd 111), 7.42-7.30 (m 5H), 3 (d, J = 6.0 He,
2H), 6.29(d, J= 7.5 Hz '5.08(s, 2H), 4.95-4.85(m 1H) 3.80(s, 3119,
3.74(d. = 5.0 NMR(G@H)Hz, CDCIa) 5 7.70-7.58 (m, 2H), 7.40-7.24 (m, 3H), 7.14 (d, J = 7.5 Hz,

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

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

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

30

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

92.8 g of dichloromethane at room temperature. After thr reaction mixture was stirred for
6.5h, the reaction mixture was added to the solution of 2.0g Na2SO3 and 40.3 g of water.
35  The organic layer was washed with diluted NaOH solution and water, dichloromethane
was concentrated and was displaced by methanol. The mixture was cooled to -5 °C and
filtered and the wet crystal was washed and dryed to give 10.3 g of compound 10 (84%).

23
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20 Exanple 3h A mixture of 10.09 of conpound 8 and 33.3g of diglyme were
added the solution of 3.3g of (R)-3-Am no-butan-1-ol in 4,7 g of diglyne
and 1.0 g of acetic acid at 60C. After the feachonm xturewas sfirred at 95
PC (or 9 hours; therreaction mxturtrwr Cati{Ul la-5t and filtered. The
wet crystal WbX1U8Had and dryed to give 8.3 g of conpol§d/UH2Q07/80g461 25 XRD
dat a: NI\/R$300 MHz, CDC13) 5 7.70-7.58 (m 2W 7.40-7.24 (m 3H), 7.14
(d, J 7.5 HzHIMRE0GMAZ, GRLCID 57.6P-B63m, 2HK)7,59%s, 3B), (#8-T24(mLOHR 582 (d, IH) , 5. 28
(d, J = 10. 2=Hz2 HEHH), 2512, (<89 HZ, t)35. B (d6,. /3 312, ,5.714), 1HH 50544094, (H)n, 1H),
4.07 (dd, J #18(d9, J=’L§9513H.2Hz 1H), 4.04-088 (3, 88), Qm-zﬂid)(m Wam&a& J(=rm 1H), 1.48

(ddd, J= 2 45he s d&u)sgnlzgn (d, J =6.9 Hz, 3H). 30 Exanple 3i To
slurry of g of NB 6 5 g of d| chl or or net hane was added 10 g of

conpound i Eg g of d| chl or onet hane at roomtenper ature. After thr

. e
reaction mx y%ﬁ I Qn_m xt vas added to
the soluti onE’(Ir)!{: 'ﬁﬁ‘f%@g sﬁ'ge gg m'*tm‘g °”6‘Pq§n11 9 gﬂ/er was
washed with Bl e NefE.4- @Jﬂ@r@@naytarw %t?rﬁj“@\dtpékOAcdhétﬂHﬂ@rQﬂféﬂhane was
concent r at edb.ﬁandhewnsh&pﬁm)&ﬁafé iDyssaL beoMA wasTifedbidset f%r MSAf{é%U tO -5 C

SR e R ot
(s, 111), 7. @81 .20 qafvaterpnd M ef gegd cystal \A@oelaqelzd tolhd readiop Bixtwle at) 9, 9 Hz,
1H)2 Elzlz ( dab °c) After Btirflng fos Tmikizag. Q&Bﬂwa@r@ésédd@@émoool%h&oroémlén defifilire g— ?491
o, 1| L. ey s e o inielita aifathed 147720 e b b de
at m)sphere saofr?P'%PQHﬂé1bf832’6VlQ)d)giS@fC%?ITgound 10, 11 6g of i- ;r 2NEt, 12.8 g
of 2, 4-diflu By% Sci 363‘7’0 0 88_6( 8( 2

| P8B4 .
5o one O e

used for ne 6@ i 1H) 505-490(m 1H) 464 (d, J =54 Hz, 2H), 4.22 (dd, J =
39 135 1H) 409(dd J=6.0, 13.2 Hz, 1H), 4.02-3.88 (m, 2H), 2.24-1.86 (m, 1H), 1.50
(ddd, J = 2.4, 4.5, 14.1 Hz, 1H), 1.33 (d, J = 7.2 Hz, 3H).
20

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

Pd-C in 67.6 mL of THF and 1.6 mL of H,0 was stirred for 1.5 h at 50°C. After mixture of
80mg of NaHSO3 and 2.0mL of purified water was added to the reaction mixture and the
25  reaction mixture was stirred for 1h, precipitate was filtered, washed with 20 mL of THF,
and the filtrate was concentrated to 11.97g. After adding 6.7mL of ethanol and 33.6mL of
purified water over 1h, reaction mixture was cooled to 25°C. Filtration, washing with
26.9mL of EtOH and drying provided 2.33 g of compound 12 (82% yield) as a crystal.
'H NMR(300 MHz, DMSO-ds) 5 12.51 (s, 1H), 10.36 (t, J = 5.7 Hz, 1 H), 8.50 (s, 1H), 7.39
30 (id, J = 8.7, 6.3 Hz, 1H), 7.24 (ddd, J = 2.6, 9.5, 10.8 Hz, 1H), 7.12-7.00 (m, 1H), 5.44
(dd, J = 3.9, 5.7 Hz, 1H), 4.90-4.70 (m, 1H), 4.65-4.50 (m, 1H), 4.54 (d, J = 5.1 Hz, 2H),

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

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

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

24
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AcCOEt, 29.99 of water and 3 ng of seed crystal were added to the reaction
m xture at 40 C. After stirring for 7mn, 29.9 g of water was added and
cooled to roomtenperature The crystal was filtered at roomtenperature
and washed b g of ethanol to give 10.1 g of corrpound 11(83% vyield) as
a crystal . Y‘é’l@qIWQOO MHz, CDO13) 6 10A0 (t, J = 6.0 IqET/Uﬂ‘PPWO‘E“‘BS (s,
1), 7,66-7.58 (m 2H), 742724(m 5H), 678674(m 2H), 5.30 (d, J =
9.9 Hz, 1H), 5.26 (d, J = 10,2 Hz, 1H), 5.15 (dd, J = 3.9, 5.7 Hz, 1H),

5. 05-4, 90 (i I, NMR{BOO KBz, QMSO0-6) S 15.78 (tHz = 62He, 1H), 29 (sditH), 226730 9, 11{3 5, 1H).
4.09 (cid, 17.66-0,1618, 2i)Hz06-b168 (mA4H) 2% R-888 M. 1215,-4187:4. 2. (34 11), 861 (de 1H), 1.50
(ddd, Jr2.4,s54H5,2H)%.35-415 L), 436 3R 9= 1371471 Bz, HiEYy, 43B).3 93 g;g'ﬁ%? 509 3k Under

hydr ogt nogph ORPO 1 % wet 5%
Pd-C in 67 6f§€<mo?“ REOLER i 1t 240 £l GRMRONIGLy- 8o 0T ST et

After mxturéa | gortynt.P. intl1S%..toki.2; Gof{: of pKui t| toI wat or

was- added to’”‘ﬂéIP actlori mxtutt onotthe 25reaction m xture was stirred
for 1 h, precipitate was filtered, washed with 20 nL of THF, and the
filtrate mﬁ%@%@“ﬁ@ﬂ)ft%rﬁﬂe RY&onf%l;rﬁrS @ﬁ‘g'l 8 e RticAlth f&%rlggwmﬁ and

33, 6nL oi purlfle% action m xture was C0O

Filtratioh, RIBEAT éh‘x'rﬁr?sﬁ"@%"eg?ﬁl‘ BIPUSE‘F’G”P”%"‘?!PP%ad'{j"'%lf%\med'@t?“@"339 of
conpound 12 fr&2$s ipipelviding as indenmegiste &ir the' dompivR 300tz 17 teldWe@ighdy 5 12. 51 (s,
1H), 10. 36(t,somlern 7, 6.3 Hz,
N 7,24 (dag Sﬁrjﬁ%t%npoﬁnﬁzzgtégé§?7%fﬂ_ Z(YOGﬁQgﬁg(t%gn?nJoﬁns'@tal’ 5 44 (dd
Jr3.9, 5.7 Hz, 1H), 4.90-4.70 (m IH), 4.65-4.50 (rti, 4.54 (d, J =
5.1 Hz, 2H), 4.3%(dd, J = 6.0, 13.8 Hz, 1H), 4.10-3.98 (m 11-1), 196-ass

(m 1H), 2.10-1,94 (oA | H), 1.60-1.48 (m 1H), 1.33 (d, J 6.9 Hz, 3H).
35Exanpl e 31 Af tller || di §§,‘FI utioh of,,18. @8y Qof fonmpound 12(1.0 eq.) in 54 ni
of E1011 by hegy | ovled f P 21.5NB8. of 2N NaOHag. (1.0 eq.)
e ol
H

was S irre

was added to M sol@tion at |8 C tPon Was gradual ly cooled to
room t enper at ur Fisl trati on,Ac@dshi ng~w nmL of EtOH and drying
provi ded 18.89 of conpound 13(99% vyieldysas a crystal. 24 WO
2001068262Per / U52009/ 006461

OBn O 0Bn O

s O e,
kl 2
b/k FzCsH3CH2NH X N\/}‘

Pd(PPh,),, CO

ONa O

\IzI/ ’g NaOHag./EtOH F\Qi, O N’g
x N\/{-\ N N0
18

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

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

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

25
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111 NVR(300 MHz, DMSO-cts) 5 10.70 (t, = 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 (in, 1H),
487-4.74(m 1H), 4,51 (d, J 5A Hz, 2H), 4.35-4.25 (m 1H), 4.16 (dd, ../ r=
1,8, 14.1 Hz, 11-1), 405-3.90 (m 1H), 386- 53.74 (m 1H), 2.00-1.72 (m
1H), 1.44- 1we2o{waes2621H), 1.24(d, J 6.9 Hz, 3H), ExanplPETASTNE00$46rti ng
materi al of Exanple As conpound 8, WhICh is identical to fornula (la) of
the 10 procd&e revduerdiratipn sashing wleTn0ing pf coith greropenoA aRd &ving erevidest’§7a utility
for the |nvembflcammpmooean%;rblcpra@wceustag an internediate for the conpound of

f la 17 d e 237 of WO
2006/ 116764 T HMEHN fifl b BTRALLEsS B PR STRRN re &0 B 1 BR30ECT
.1..01-4 I-ﬁ)45'. .J = 10§ Hz, 18) 523 (grkmifl 2HAdHAERB (A Y s, A6iHBN1HDf 446t ure of

320 g of Fonpmund18), §.31 Gdeg= b.6] 817 Bz 2M) 4. m‘(]nga&H @yzhe&tlmga.?stge,aﬁﬂ)utll on )
was concentr (AN [ of Ac .1 eq.
and 82. 69 ofﬁ?g?sé‘l-g M)h%dp@g‘pﬁgi 81{ ﬁ%dqlq 38%9\}&2'%(21’5'& and the 20m xture
was heated to 70 cC, stirred at 70t for 4 h and concentrated. To the

resi due, Example Ab

To slurry of 156 g.of compound 14 (1.0 eq.) in 780 mL of NMP was added 93.6 g of

10  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 of H,O and drying
provided 163 g of compound 15 (84% yield) as a crystal.
"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 =

15 3.6, 12.0 Hz, 1H), 4.40-4.20 (m, 2H), 3.99 (dd, J= 9.9, 11.7 Hz, 1H), 3.64 (dd, J=5.7, 8.1
Hz, 1H), 1.27 (d, J = 6.3 Hz, 3H).

Example Ac
Under carbon mono-oxide atmosphere, a mixture of 163 g of compound 15 (1.0 eq.), 163
20 mL of -PrNEt(2.5 eq.), 68.4 mL of 2,4-diflucrobenzylamine(1.5 eq.) and 22.5 g of
Pd(PPh3)4(0.05 eq.) in 816 mL of DMSO was stirred at 90 °C for 7 h. After cooling,
removal of precipitate, washing with 50 mL of DMSO and addition of 11.3 g of
Pd(PPh3)4(0.025 eq.), the reaction mixture was stirred at 90 °C for 2 h under carbon
mono-oxide atmosphere again. After cooling, removal of precipitate and addition of 2.0 L
25 of AcOEtand 2.0 L of H;O, the organic layer was washed with 1.0 L of 1N HClag. and 1.0
L of H,0 (twice) and the aqueous layer was extracted with 1.0 L of AcOEt. The organic
layers were combined and concentrated. Silica gel column chromatography of the residue
provided 184 g of compound 16 (96% yield) as foam.
'H NMR(300 MHz, CDCls) 8 10.38 (t, J = 6.3 Hz, 1H), 8.39 (s, 1H), 7.75-7.25 (m, 7H),
30 6.90-6.70 (m, 2H), 5.43 (d, J = 10.2 Hz, 1H), 5.24 (d, J = 10.2 Hz, 1H), 5.19 (dd, J = 3.9,
9.9 Hz, 1H), 4.63 (d, J = 6.0 Hz, 2H), 4.50-4.25 (m, 3H), 3.86 (dd, J = 9.9, 12.3 Hz, 1H),
3.66 (dd, J=6.9, 8.4 Hz, 1H), 1.39 (d, J = 6.0 Hz, 3H).

Example Ad
35  Under hydrogen atmosphere, a mixture of 184 g of compound 16 (1.0 eq.) and 36.8 g of
10%Pd-C in 3.31 L of THF and 0.37 L of MeOH was stirred for 3 h. After filtration of
26
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L of 2-propanot was added and the m xture was concentrated (twi ce). After
cooling 25 of the residue, filtration, washing with 500 nL of cold
2- propanol and drying provided 167 g of conpound 14(52%vyield) as a

crystal . NVR(300 MHz, CDCl4 5 7.61-7.55 (m 2H), 7,40-7.20 (m 4H), 6,53
(d, J= 7.2, WDID)0/068626( d. J— 10.5 Hz, lH) 5.23 (d, J= POP/USRO09/Q06§61 5. 20
(dd, J= 3.9, 9.6 Hz, -1 H), 4.46- 54. 34 L, 431 (dd J=6.6 87 te,

1H). 4.14 (decipfatePdeC), washing ugith T':'LF{JV'eOB'@?‘Q ao@ad itipn of 36.8g of1P%P AL, the H) | 3. 62
(dd, J 6,9, Bixtdrelas sliddd, forl2038n (i6Her Bydrogen 3tnfd§phe3&i‘|)AfteEmngbh ef Ab To fS| KI?LE%)S/( 21‘ .
156 f . 2)

eq.) gagd fﬁg&?&%’lg eP% %ahgw?&r?gv{atﬂ ﬂ@ (?/fI) me fltrP %va‘gl gncgﬁt?% cﬁ%\

reacti on m %0 GRASCRIFS Fddes tsthfzea_dusf”tmen afforqeg ICE\'FP ¢lid ofesTvouts % th 8.0 L

of H20 amsl drhgiph@ippdtesivéte dorifisd N egtaeawin 4.0% &Emwimwrwbma&ftazgr)(/stagm 1H
NVR(300 MHz, m )
5, 3£1 (dd, J %°P‘%é§§%‘%)‘ gﬁ@%ﬁ?m"f '“"‘g“ 7 a{"c’ﬁ° J°(f o g %1“‘1%%” 5.03 (d, j=
10.5 Hz, 1H)residuepfitratign iafforgedﬁrlfps:;o of ggmmpupg 17. TTiHp crwemtdawz@(cqmblaqdl) , 3.99
(dd, Sib _Eg %ndb&sdveﬂln 8.3 Hof MBCI@/H;G?(@H) by‘-he?tir?g. tﬁ&er]f iitkagion, 1H'é)ﬂltra3evt?a7s (d, le636 3
Hz, a ar.bo i de sphere, a mixture o g
of conpound gce ?th)ynpoetg‘e ref'gge gc?’]P {* @sz??’ar‘%ﬁé? ‘g‘n r Was68 4 nmL of

2, 4-di f | thor (ﬂ@my@tw fireeimesy After poqiipglofaize 'SSi@}leoﬁlth(l mnm;qu Progged§2) in 816
mL of DVBO Wa§ cshpduh@dl7 ais%dfikbld)es bherystél h. After cooI i ng, rermval of

noci pitale. M

Pd( PIF:)’113) 4(0”%5&%?2%’&&? e 8t 15‘910' g? . %4636 tor 2 h
under car bor/ - 4fdisod oﬁﬁd@%‘?nﬂ'@pﬁ%‘r@d@@{aﬁrﬁ 9Af icbfi 10b3111inG01 (me ol 8189 of

preci pitate @nd=addibison, M) 28d)db, 254.9f12A0E1HRRE5 &, 9 lg.00dz, bi904.48 he organic

| ayer wa hd HCl aq r'_gz ( )andthe
aqueous fsa\;/\gr \?/as eg% r'-zi;ZCtQ gt meq'% %?éﬁgéﬁul‘]ﬁ 19 ﬁ')cé &a&@r S were
conbi ned and-G8fdentat 8#(d, &F16i3dde. g8l col umm chr omat ogr aphy of the residue
provi ded 184g of conpound 16(96% yield) as foam 'H NVR(300 MHz, CDCl 3)
610. 38 (t, =83 HZ: 111), 8.39 (s, 1H), 7.75-7.25 (m 711), 30
6.90-6.70 (M 22MEy® 5.43 (d, = 10.2 Hz, 111), 5.24 (d, J = 10.2 Hz, 1H),.
5.19 (dd. J Aftegdigsolutiondof HE.0 gbHomppusB17(d.0 €3.) in 560 ¢AEORR Bfd 0.84 5OF-HIO25( M 3H)
3.86 (ddz0 J byFedling, folib&e@bmt,rat-ékbae n: GENNEDHad (170 &.)WwasBdded 8 thelbltionl- 39 (d,
J =6.0 H, %I;g °C. El)ﬂan.glutlon V\(Ijas gradually cooled to room temperature. Filtration, washing with

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

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

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

25  12.1 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).

Example B

30  This Example B utilizes a process to insert a ring nitrogen in place of oxygen in a pyrone
ring and create an aldehyde equivalent by an osmium oxidation of a double bond. Thus,
this example is not within the scope of this invention and is provided to demonstrate the
utility of the intermediates produced according to the process of the invention. In
particular, the compound F below is a final product (V1) of the invention process and is

35 here taken on to a product | below which is within the structure (I-7) where (R)y, is 4-F and
R?is H at page 240 of WO 2006/116764.
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' 35Under hydrogen atnosphere, a m xture of 1849 of conpound 16 (1.0 eq.)
and 36.8 g of 10%d-Cin 3.31 L of THF and 0.37 L of MeOH was stirred for 3
h. After filtration of 26 precipitate(Pd-C), washing with THF/ MeOH(911)
and addition of 36.89 of 10% Pd-C, the m xture was stirred for 20 m n under
hydr ogen at WOS8HE6®62 After filtrati on of precipitate(PdPEf/UEHE WA ng with
THF/ MeOH(911), the filtrate was concentrated. After 200 nL of AcOEL was
added to the residue, filtration afforded crude solid of compound 17. 5 The

preci pitates wepenconbi ned and ex;tahact ed Whid? 4.0 L amn CHC1) MeOH(5/ 1) .
After conceno. of sdohe A osolml;;s R a dig¢o,an of 250 rrilL of
AcCEt to the reS| ue;—fittratiop afford solidlof conpound 17. The

crude solids we conbiBFré'd and Yol ved I,c °8 2 L or-RecNi1120(9/1) by
heating. Afte filtration, the fBltrate was concentr & ed. To the residue,
1.5 L of EtOhlwas added and the m xture was 10concentrated (three tines),
After cooling of the residuss, filtration and dryi ngsrpr ovi ded 132 g of
conpound 17( 3894yiherd) @ﬁf‘?c{ra@nal, 1 'LIJ\II\/R(?)O(b &»,wit60- d5) 6 11. 47
(brs, I H, 1D_3_'L_LLT. =16.0 Hz, 1H), "8746(s, 1H),17.40 (td, J = 8.6, 6.9
Hz, 1H), 7.24 gdgd, = 2.6,50N4.0.6, fkdn 7, 11- 0¥y 1H), 6. 39 (dd, J
= 4.1, 10.4 Hz, 1H), 4.89 (wid, J= 4.2, 12.3 Hz, 1H, 4.55(d, J = 6.0 Hz,
2H), 4.40 (dd, J = 6,8, 8,6 Hz, 1I-1), 4.36-4.22 (m Hi), 4.00 (dd, J =
10.2, 12.3 Hz, 1H), 167 (dd, J 6.7, 8.6 Hz, 1H), 1.34 (d, J = 6.3 Hz,

3H). Exanple Ae After di Iutlono of und 17 (1.0 eq.) in
2.56 L of EtOHZRNS 0. B4t que Egéé healnd
nt.. of I N NaGHag (4.0 ) e sal utj o

y filtration, 39
at) 75 'C, The

sol uti on was dgfteRiual |y cooI d to rovon t enper at ur

60 rnL' ol Et0112%%nd dri}/ ge:Me@H 1:5 g tam panal IVD% yietd) n'8 e

tPation, washing with

crystal NVR( 300 MHZ| DIVBOC16) 510.73 (t, J = 6.0 Hz, 1H), 7.89(, 111),
7.40-7.30 (m 1H), 725716(m 1H), 7.07-6.98 (m 1H), 521(dd" 1= 3.8,
10.0 Hz, 1H), 4.58 (dd, J = 3gfo 2512.1 , 4,51 (d, J =5.4 Hz, 2H),
4.30' 4.20(m 2H§co,a_, 76 (rgd, 1Jr10. 12. Hq) PralEE5- 3. 55 (m 1H), 1.27
(d, J = 6.1 Hz, 3H). Exanplije 30 hi a e 1 3° L zes a process to
insert a ring nigtgRaoen i@, y i ng and create an

al dehyde equival ent by an osm um oxi dati on ofppgodoubl e bond. Thus, this
exanple is not within the scopk of this invention and is provided to
demonstrate the utility of the internediates produced according to the
process of the invention. In particular, the conpound F below is a final
product (VI II of the inveR®Pon process and is 35here taken on to a product

I beIomec t hi ﬂﬁure(l 7) where (R), is 4-F and
\L@/ \‘N\)\

Example Ba
5 To abromobenzene (238 ml) solution of compound A (23.8 g, 110 mmol), selene dioxide

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

10  silica gel column chromatography (hexane / ethyl acetate). Compound B (16.5 g, 65%)
was obtained as yellow oil.

28

SUBSTITUTE SHEET (RULE 26)



13 is H at page 240 of WD 20061116764. 27 WD 2010/ 068262PCT/ US2009/ 00646
Bn OBn 0 IN, co tkCe 1l 1311150 Exanpl e Ba 5To a bronobenzene (238
m ) solution of conpound A (23.8 g, 110 nmmor), serene dioxide (24.4 g, 220
al ol ) was added. The reaction mxture was stirred for 13 hours at 140C
with renovi WY WHY®E20By Dean-stark trap. Insol uble parti ECEISHEYH#Enpved by

i i i ed to
the resi due. £haMRIGRrnR: 2t BEVARSTTH oeFBaRer T30 RHcRem COHb miodrton | n
vaccuo, the 9-8¥illsd was purified by 10silica gel colum chronmat ography
(hexane / ethyl acetate). Conpound B (16.5 g, 55%

Example Bb
5 Toan ice cooled aqueous (465 ml) solution of sodium chlorite (38.4 g, 424 mmol) and

sulfamic acid (54.9 g, 566 mmol), acetone (465 ml) solution of compound B (46.5 g, 202
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.

10 'H-NMR(DMSO-dg) 8: 5.12(2H, s), 6.54(1H, d, J=5.6Hz), 7.33-7.46(5H, m), 8.20(1H, d,
J=5.6Hz).

Example Bc
An ethanol (17 mi) solution of allylamine (13.2g 231 mmol) was added to an ethanol (69
15 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
acid and ice were added and precipitates were collected by filtration. Compound D was
obtained as colorless crystal.
'H-NMR(CDCl,) &: 4.37(2H, brs), 4.95(2H, s), 5.26-5.39(2H, m), 5.81-5.94(1H, m),
20  6.32(1H, dd, J=0.8, 7.2Hz), 7.29-7.37(3H, m), 7.48-7.51(2H, m), 7.99(1H, dd, J=0.8,
7.6Hz), 8.11(1H, brs).

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

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

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

Example Be
To a diethy! ether (390 ml) solution of compound E (13.3 g, 44 mmol), potassium
osmate(Vl) dihydrate (1.62 g, 4.4 mmol) and sodium metaperiodate (28.1 g, 132 mmol)
35  were added. The mixture was stirred for 2.5 hours at room temperature and precipitates
were collected by filtration. Collected solid was dissolved in chloroform-methanol and
29
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was obtained as yellow di. 28 WD 2010/ 068262PCD1JS2009/ 006461 ' H NWR
(ChCal 3) 0: 5.51(21-1, a), 0.50(1H, d, J=5,4Hz), 7.35(5H,7.75(1H, d,
9.88(1H, s). Exanple Bb 5To an ice cool ed aqueous (465 m ) sol ution of
sodiumchlorite (38.4 g, 424 mvol) and sulfamc acid (54.9 g, 556 mmol ),
acet one (469W00)0/0s836t i on of conpound B (46.5g. 202 mmoPYTRAYIYHEEd and t he

m xture was stirred for 40 mnutes at roomtenperature. After renoving
acet one in VaworG§ PapiFle reretlisgredofiubPrecepiition Kt @aCUsPaYe teder WAt nd washed
wi th cold wadegwpourdonpesnd C (42,8 g, 86% was obtained as col orl ess

crystal, 10 ) . 29 , ; N AP :
7.%3-7.46(&{ﬂr @'ggﬁﬁ 3%’?‘%:‘%%%@)‘#@3%5%’%2 ﬁ%”é{?ﬁ'ggéﬁ%% )

sol ution of Hf-yi4hiAe> M@oY SBN(1Het Y= RRHASTE R ¢ A6 EHRRAGP 7489 15 nl)
suspensi o qbHowpeund, € YA Rg. 70 nmol ), then the m xture was stirred for
4.5 hours at 50 C and for 3 hours at 75 C. To the cool ed reaction m xture,
2N hydrochloric acid and ice were added and precipitates were col |l ected by
filtrati on. ®8Mp6FAd D was obtai ned as ool orl ess crystal .

1H- NVR( CDC1 3o dlorofor@ { {BHhl) SiidaethahoQ32 @b solsfion dbccdfpobndBO(13H, g, biddie
7 555 Aol MRy PPy e Ry P el
10  the mixture was stirred for 90 minutes at 70 °C. After concentrating in vaccuo, the residue
was purified by silica gel column chromatography (chloroform / methanol). Compound G
(8.48 g, 72% for 2 steps) was obtained as colorless cryatal.
'H-NMR(CDCl,) 8: 1.54-1.64(1H, m), 1.85-2.01(1H, m), 3.00(1H, dt, J=3.6, 12.9Hz),
3.74(1H, dt, J=2.7, 12.3Hz), 3.93(1H, dd, J=5.1, 13.5Hz), 4.07-4.21(2H, m), 4.63-4.69(1H,
156 m), 4.94(1H, t, J=4.8Hz), 5.25(2H, dd, J=10.2, 24.6Hz), 6.56(1H, d, J=7.5Hz), 7.22-
7.38(5H, m), 7.63-7.66(2H, m).

Example Bg
To acetic acid (93 ml) solution of compound G (6.1 g, 18.7 mmol), acetic acid (31 ml)

20  solution of bromine (1.44 ml, 28.0 mmol) was added dropwisely during 15 minutes. The
mixture was stirred for 3 hours at room temperature. After addition of 5% aqueous sodium
hydrogen sulfite (8- ml); 2N sodium hydroxide (500ml)y was added dropwisely during 20
minutes. Precipitates were collected by filtration and washed with mixture of
dichloromethane and diisopropyl ether. Compound H (6.02 g, 79%) was obtained as

25  colorless crystal.

'H-NMR(DMSO-ds) 8: 1.55-1.74(2H, m), 3.12(1H, dt, J=3.0, 12.3Hz), 3.84(1H, dt, J=2.7,
11.7Hz), 4.00-4.05(1H, m), 4.20-4.26(1H, m), 4.40-4.46(2H, m), 5.03(2H, s), 5.15-
5.17(1H, m), 7.31-7.40(3H, m), 7.56-7.58(2H, m), 8.39(1H, s).

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

35 cooling, saturated aqueous ammonium chloride was added and the mixture was extracted
with ethyl acetate. The extract was washed with water and dried with anhydrous sodium
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To an acetonitrile (146 m ) suspension of conmpound D (14.69. 51 rnnol),
1, 8- 25di azabi cyco[ 5. 4. 0j undec-7-ene (15.5g. 102 mmol) and net hyl i odide
(18,2g, 128al) were added and the m xture was stirred for 15 hours at room
tenperature. After evaporating solvent, the residue was purified by silica
get col um ¥¥rYaEIBYEaphy (chloroform | nethanol). Conpd&A@SEp/I%E g, 93%
was obtained as colorless solid. '1-f-NVR CDC13%si 3. 75(31-1, a), 4.40(2H,
d, J=5.7Hz) ,Suga‘iz?%?@sfemm"r"ﬁ‘j in vgcoyig ang fhe esidugw 9“‘@%W'§'zﬁc"fﬂge'| n), 6.62(1H,
d, J=7.5Hz) ,comA ZhibmdBGiabhy (thyl.acélanplethals). Tompoudi &(7HYIma: BEEY w4s390 ml )

sol ution of oggfmggggokﬁ,eg;gfys%a,g, 44 mob, pot aSSI um osmat e(VI) dihydrate
(1.52q, 44nHm)Nu% sodi mrret eriextat y‘ 132 nmol ) 35 were
added. The (BM\§IQ§16)Sq |1r5f3éc§'4f "'23510?&) . :?* #P4(Sfer 4P4r e and

preci pi t & esh.anett mg.ol.43eciggsH, o), 505(2Iﬁ &), i5@0(1HOO D+eeHz (. ot 1aevag, 3= sol ved i n
chl orof orm [ partlcles were filtered off.
Concentrati g’?o:(%p%cﬁg%g%\?? (':Tpu de |pi}]r‘%duct of conpound F (14 3 09). 1H
NlVIR (DVMSO-d6) 6: 3.23 (3H, a), 3.82 (3H, s), 3.57 (21-1, t, J= 4.4Hz),
4.62 (1H, ddExadplkle 7, 4.8 Hz), 5.11 (2H, s), 6.31 (1H, d, 'J=7.5 Hz), 6.79
(1H, d, J=6.6 Hz), 7.33-7.40 5(5H, m, 7.64 (1H, d, J= 7.5 Hz). Exanple Si
To chl orof orm (108 m ) and nethanol (12 m ) solution of conmpound F (11,7 g,
crude pr@dudyythesis ‘HmeHUb?’Hﬁ@ﬁﬂrlz{‘W'WS? ("‘QH'V'QXW'V oXerdd acetic acid (1.2
m) were adcn(@deramétrﬂ/%ﬂy]m Ay dio-2-pyadinesbrboxyek (incsquBitrium wini @s at 70C. After
concentrati Qﬁ"é %% oter}‘pe residue was purified by silica gel colum

chr omat ogr aphy of nmet hanol ). Conpound G (8.48 g, 72% for 2 steps)
was obt ai ned as coI orI ess nmetal. 11-1-NWR(CDC13) 6: 1.54-1.64(1H m,
1.85-2. 01( 1111n,s Bspmpl8 CRO¢wld4 retlinctiohaiZafiondf 9 tbnpouidd & 4 dHdwn GbovelF@xafnp Ie12 3Hz) ,

3.93 lH d, 5 1H 5 94 1H,
B N U e i O e o S
7.38(5H, r n)21 (of fagmyuta | '98’ tQﬂlnvmtlon ESughrponepopgyds with Br at the R¥ position can be

reacted as in Examples 1 and 2 to add the R%-X-NR'-C(0)- sidechain.

Bn Bn Bn
o)
O Xy o | Ny o7 . X 07
=~_N x N:L\/ B N
OH :l\/
HO]\’O HO 16 il i

6 7
19

Bn Bn
O o~ O o~

e, Tk

=~

HO™ "OH O

20 20 21
Example Ca

Methyl 1-(2,3-dihydroxypropyl)-4-oxo-3-[(phenylmethyl)oxy]-1,4-dihydro-2-
25  pyridinecarboxylate
31
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To acetic acid (93 m) solution of conmpound G (6.1 g, 18.7 mml), acetic
acid (31 m) 20solution of bromne (1.44 m, 28.0 nmol) was added

drcpwi sely during 15 mnutes. The m xture was stirred for 3 hours at room
tenperature. After addition of 5% aqueous sodi um hydrogen sulfite (a inft;
2N sodi um hyér283/§&6t 500( Opm 1- added tiropw sely duri ngPEH/UAZMAYE0E401
Precipitates were collected by filtration and washed with m xture of

di chl oronet hane and dii sopropyl ether. Conpound H (6.02 g, 79% was

obt ai ned as 25col orl ystal . 1H NVR(DMVS : 1.55-1.74(21-1, m,
3.12(1H, dt, J=3.0, ), 384(1H, dt .~ J=2. 1.7Hz)1 4.00-4.05(1H, m.
420426(1H m O , , 5,03( StB° 5.17(1H, rn),
7.31-7.40(3H, m, 4.5647.5 H, FH‘I')—BPSQ( : 30 Exanpl e Bh To di net hyl
sui foxide (1.42 nl) ion of conpound H 0 175 mol ) and
tetrakis(triphenyl phosph| ne) I adi um(0) (25 ng, 0. 0@y nvnol ),

4-fl uorobenzyl am ne 0 525 mmol ) and opr opyl amne (0.15 m,
0.875 mmol ) were added then the mxture was sti rred under carbon nonoxi de
atmosphere for 5 hours at 80 C. After 35 cooling, saturated aqueous

amoni um chl ori de was @ded and the mixture was extracted wth ethyl
acetate. the extract was washed with water and dried wi th anhydrous sodi um
30 sulfate. Solvent was renoved in vaccuo and the residue was purified
with silica /’g'eacf@fmlaanhﬁrmwthdt(aéf@pwxs(mpww oxe e{(phemyimetmglidxalriod-) , Conpound
i (74.5 g, &9 ﬁd.@&b@bmsia@&s Ik, swrr $d1Bhved %WRSW@O dé) s:

o
1.56-1. 74(2 , 1 54.07(1H ny,
4.43- 4. 59%5&7‘ lHFF??n% %9?'?9 ?%% ‘g nd 4% el '°"tze‘3°, Wa’ég J11|5é'5' ‘r’a’)s i‘?eéibt‘éﬁ’f ( "
7,32- 7. 40( MR andrtye mIRUBHNER, s&@@cmd ter)ipertﬂure_‘o(oueﬂtt<898-35':°£arﬁyhe3hw:sulﬁ@ynt hesi s

of methyl 5- bBDkBH é.sdi %mwglg saa)éa arob\meé 1y ko XdaltRh AnhdI 1 me X&en mixture
[ (phenyl met

r02 G onlategnewlllbrlumwth
the corr espd’&?ﬂ ?1%’1 éfrsd‘éﬁ%%gé ﬁlnp§' 8'25%(,83 ury a8 9'??6?‘% H¥ i zation of a
conpound!O6 dempshatya faahdh.eWhan @@mqglcemplete, the reaction mixture was cooled to 5 °C or
below and the mixture was neutralized to pH 6 by the addition of HC! (561 mL of conc

HCl in 2806 g of deionized water). The reaction vessel was slowly charged with cold 20%
brine solution composed of 8.7 kg NaCl, 20 kg of deionized water and 14.8 kg of ice at a
maximum temperature of 10 °C. The mixture was agitated at 0-10 °C for 2.5 h. The slurry

15— was filtered undervacuum-and the cake-washed with-15 kg-of deionized waier two-times:
The wet solid product was dried at 45-55 °C under vacuum until constant weight was
obtained. The desired product methyl 1-(2,3-dihydroxypropyl)-4-o0xo-3-
[(phenylmethyl)oxy]-1,4-dihydro-2-pyridinecarboxylate 7 was obtained as a light yellow
solid (3.77 kg, 99.42% purity by HPLC, 84%). 'H NMR(300 MHz, DMSO-ds) 5 7.60 (d, J =

20 7.5Hz, 1H), 7.36 (m, 5H),6.28 (d, J=7.5Hz, 1H),5.23 (d, J = 5.4 Hz, 1 H), 5.10 (Abq,
J=10.8 Hz, 2 H), 4.85 (m, 1 H), 3.98 (dd, J = 14.3, 2.4 Hz, 1 H), 3.79 (s, 3 H), 3.70 (dd, J
=14.3,9.0 Hz, 1 H), 3.58 (m, 1 H), 3.23 (m, 1 H).

Example Cb
25  Methyl 5-bromo-1-(2,3-dihydroxypropyl)-4-oxo-3-{(phenylmethyl)oxy]-1,4-dihydro-2-
pyridinecarboxylate.
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151 (of forrmula (VlI)), including a brom nation at the RN position, to yield
final products 20 and 21 (of fornmula (1)) of the invention. Such conpounds
with Br at the RN position can be reacted as in Exanples 1 and 2 to add the
192- X-NRI - C(0) - sidechain. 19 2020 Exanple Ca Mt hyl

1- (2, 3- di hy Wo3yHe8E¢| oxo- 3- [ (phenyl nmett | ygoxyl - 1, 4- di hyR§iTGIS2009/006461

25pyri di necarboxylate 31 A reactor was charged with

1- (2, 3-di hydr oxypr opyl J?Bn @xo- 3- Rophenyl et hyl Jopywle 1, 4-
di hydr o- 2- pyri di ne b I agdd 6 (4.302 : rrBI ) followed by
charging w th NaHCas)J (TJ69 ®Wg, 2009. npl) ®Of deioni zed water. To
this was added 21.4 NNI\/P and the m xt ur_@s) stirred and tenperature
brought to 28-35 C. Dineth sul fate (2.38rkg,~™18 B0 nol) was added
dropwi se via an addltl QT Ht o the reaction nmikt over 1-3 hours
keepi ng the tenperature 28.-33 C. The sl urr;H%s agitated at this 10
tenperature for 14 h. When deened conplete, the reaction m xture was cool ed
to 5C or below and the mixture was neutralized 1;l pH 6 by the addition of
HCl (561 nt. of cone HCI in 2806 ,g of deionized water). The reaction
vessel was slowy charged with cold 20% brine solution conposed of 8.7 kg

NaCl, 20 k i e Xi rru e erature
of 10C The Rl R chated BiiE 1888y, 16 28 il p ety B 2L 0B RPN A S N
filtered undeiPhepdreiivhondd ity drodkeyridingteaexvipte R aab 183 L of DMKt Tcn?\@ed nt et
twertimess Tiyatedinixged atc 812000 was ade Nokirbraébuadiniide &Gﬁoukadﬂmmﬁ&)waﬁ unti |

(]:-O?;t g‘nél \PIIV;EI m\mM@ssvueP &ﬁ?ﬂhn%hﬁedrggtjltgrﬁgnngurrgdwgggtlrre prwor 16 h. At this

[ (phenyl tri ém}f%wr 9 0f stagting yrtesiabuasaresgiting HREBo X mikwrewagawrsdiuai ned as a
::):\/%g d%)el |60Vih B Hatth€sSby/chokng to DO CAatfbaauid dryicdVatéimbikure B /ﬁg, lcéHSNW( 3007M;Z b
1H, 5 23 g%ﬂﬁééjwqggr)lg%ﬂe % xgﬁe w%s {%btﬁ%‘bl":’en ﬁ&ered 1'@1 %&/Wepeéa?e‘qgfor ttzf, 85(m 1

H, 3. 981({ ddsecqu halfi of3he l@tql Hire cambiped filerpgke was vashéd, with5id L(qﬂ(oj/pte[]and 14. 3, 9.0
Hz, 1 ki), 3ib@in@Waccurmtfven & pskide.od3 kb'))f mEXA BBk o 22DdWR/d 3{) &-4-

>- brorno- 1- (c& % [@b&%%@{?f&&f’{’ X d}wdro- - ymi3 neRgrgoxy%lerr%t by g"? f(gg an off—whlté h o-2-

pyrldlnecarboxyl
powder of 99.2% HPLC purity. '"H NMR(300 MHz, Methanol-d,) 5 8.21 (s, 1 H), 7.41-7.33

(m, 5 H), 5.16 (s, 2 H), 4.17 (dd, J = 14.3, 2.4 Hz, 1 H), 3.90 (dd, J = 14.3, 9.0 Hz, 1 H),
15 3.81(s, 3 H),3.78 (m, 1),3.52 (dd, J = 11.3, 4.8 Hz, 1 H), 3.41(dd, /= 11.3, 6.3 Hz, 1
H).

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

BnQ Bn O BnQ
O X o~ O N o XY o7
B >N - B N Nl t B oS N\L
Ho]\/OH HO” ~OH e
19 20 21
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A reactor was charged with (3.759 kg, 11.27 rnol) of nethyl

1- (2, 3-di hydr oxypropyl) - 4- oxo34( phenyl nmet hyl ) oxy] - 1, 4- di hydr o- 2- pyri di necar
boxylate 7 and 18,8 L of DM. To this bSagitated m xture at 18-20C was added
N- bronosucci nirnide (2.220 kg, 12.47 nol) over 20 mnutes via a powder
funnel . TheWO=¥ul/®824e m xture was stirred at rt for 16 WRCTAS2009P®&441i me | ess
than 1% of starting nmaterial was present by HPLC. The m xture was wor ked up
in halt batches by cooling to 10C and added an ice/water m xture (12 kg ice
in 35 kg delmhddfdzawaﬁaigéd vathdoditve petiothater( €6 s 7 8ghdl)ain@d4 Lioh@dbrizeé t ered. Thi s

o ebpat Cheld T4 AE odPRATHAG N bafls d e HRECTs THEERTBMRSL k!, o C2k8

was washed I'de 4,033
kg of met hwmej}e%w@ﬁ{ﬁ rpixiuge tsmperAlER WAt Gpy g)thlqwas added methyl 5 bromo-1-

O])f]? \%n [ ( sheny, BmydimmeLoAr3:ll(ds13edy|metBy|}myﬂnmmmb@fwnaéaﬂaolﬁéte 19 ?Z«; gg ?11
o] ite )
(s, 1H), pQ %g §§2 ?{%R %Ié g%ﬁ%v&r%‘dﬁ%&r{fgnne ﬁ)ﬁfﬁﬁi&g%n VJX? Eo R 4 H, 1
H, 3.90 ( dd"‘d the shurry was girgd fg 16 h. Asample wagimorigreddly 'H NMR %\daﬂoquqldlnet g . 11,3,
4..8.112., [dkpppe3rafd of ¥@Hing fnfbﬂe,r@l, G8e mitlure WXSMBPled ah& the cake MdRhdLith 20

5brorno 14 [ x | met h oxyl -1, 4-
20di hydr o- Z%EW& %ﬁé%\g?tép%'lﬁag %(l %Eegxl]'}lﬁ Ia|n5$a|)f‘lﬁen§3\nb§/ﬁg$ﬁéapgé?e?%pﬁ nél ng

al dehyde1)0 Poned (4530 L)ﬂ(a?'@ath@P solias “@Waiﬂg@etﬂ afaetmseyeh ertofdr’Cdelat e (1. 67 kg,
7.8 nol ) angrolidie metly SAsrbB220- dimarekyethTmioma-ﬂﬂhénﬂh@dwmxwtm emyu?&zﬁdded 8.5

kg of

t gmca)er 1’1’? 5r elgaﬁne\f?i X@Elego?g Fl?gs%%a%ﬂaacfc? e"d'XtHfgtvﬂgt) F?OB?%’P H%"Q_Langehﬁ e

(2, 3-di hydr (%(Wiﬁoﬁyfﬁ‘) W@%m?ﬂeﬂ (et RO, okhNMRKmﬂMthﬁmtwezdsb@/rl di necar
boxyl ate 19 8(12 (53 Hy.07.4967.82(niYBIH), 8/66da, S8\l ers 1@l dliy isoms (inRgls,20T9e M xture
was al | nge %—?ﬁl\ﬂlg 19, héh%&esgx?ﬁg rry was stirred for 16 h. A sanple was

noni t or e and sappear ance of starting material. The
m xture was filtered and the cake washed with 20 kg of deionized water.
This was repeated until a negative starch/iodi de paper result was
100bt ai ned %4X2% L washes). The solids were dried in a vaccum oven at
45-55C to provide nethyl
5- br ono- 1- (Meﬂwtﬁ aﬂw@mmwwmmwmmww RetyRspky-axypéthvioxiethylry dr o- 2-
pyri di negar h@k& b%l@an?lﬁe(h?l)&?ﬁ k—ﬁmycﬁg-%py%e@ar%%kiér(ﬁ SuihiBridnhRittRE T €spondi ng
al dehyde form m2l. b Lk %,dV\PS determned to be 99.5% by HPLC, 'H Nfv1R(300
MHz, acetonefB‘}"E‘gﬁi H. 7,49-7.30 (m 5 H. 5.56 (dd, J = 6.0,
2,4 Hz, 1 H, 523(m1H) 520(s 2 15H), 3.97 (d, J = 51Hz 2 Hy,
3. (87 (s, 3 Iis E@ﬁ%ﬂ@éh@wga reacﬁ&tdﬂélcomgoundSofformula (II)wnth one of(IIl) in st

li

y (2 4-di fc!are un |ona %spe% u;o comp un%s ofq ua(\}) gomchmd 23 2& Jhyl Oxy) et

25  25)in producing compounds of formula (l) according to the process of the invention.
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204- oxo- 34( phenyl met hyhoxy1- 1, 4- di hydr o- 2- pyri di necar boxylate (in
eguillibriurri with the correspondi ng al dehyde) Thi s Pxanpl e shows a
reaction of a conpound 5 of formula (1l) "with one of (IIl) in step i) and
a refunctionalization step ii) o compounds of formula (V) (conmpounds 22,
23, 24 and 238)0/46R26pr oduci ng conpounds of formula (1) XETAISA0HYHPG t he
process of the invention. 34 Exanpla 2a 1-(2

2- Bi s(rnet hybxy) et hylH oxo- 3-[ (phenyl net hyl ) oxy) - 1, 4- di hyd

ro- 2- pyridi necar lic acid To a flaskgkd L) charged with 500 nlL of
anhydr ous et han s added.49%kg (0.2 nog f

104- oxo- 3-[ ( phgnyllne I ¥DX Y- 4H pyran®2- cdr boxy[G¢ acio™5. The suspension
was sl owy heat 0 55-60 COWF ore additio

2- am no- acet al dehyde-di net hyl acetal (84,19, 0.8lnole). The reaction was
then brought upsto 65C and further stirred MO 1®Mpurs. The 35 WO

2010/ 068262PCT/ US2009/ 006461 sol vent was renbyped under reduced pressure to
produce 142, 2-Bi s(nei hyl oxy) et hyl | - 4-

0x0- 3- [ (phenyl ngghypoxy] - 1, 4- di hyain@y 2- pyri di necar boxylic 22 (crude)
. : Foi o
as brown OII@*é?%fﬁiéyaS used br ALh Bext step dtffffiﬁ. o~
>N N
B
J )} L L
MeO™ "OMe MeO™ "OMe MeO™ "OMe

23 24 25

Bn Bn

F F oSN o F F O o7

N ~ N:L + N S Nj
0 0] O/

MeO™ "OH

Example-2a

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

acid
Bn QO Bn
O
\ OH HzN/\‘,OMe . @) X OH
>0 + OMe ~ Nl
5 MeO™ "OMe
22

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

mole). The reaction was then brought up to 65 °C and further stirred for 18 hours. The
35
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5 Exanpl e 2b Met hyl

112, 2- bi s( et hyl oxy) et hyfj - 4- oxo- 34( phenyl net hypolA- di hydr o- 2-

pyri di necar boxyi ate 2223 10Crude |

- (2, 2- bi s( et hyl oxy) et hy1] - 4- oxo- 3-[ (phenyi rnet hyl ) oxy] - 1, 4- di hydr o- 2-

pyri di necar ¥oxp1wewszaei d 22 obtai ned as above was di ssol Pe@/USHoDME461500 i) .
To this sol utl on was added Nel da: 6(50.5g, 0.6 nole). The suspension Was
stirred vi g6Pbaepes W“PI‘Fdd’"Pr%rd?%F%p@ﬁ”Fert@P’Wﬁel 2 2BigmetyioRIEI-£2. 0 300
was i nt r oduocesd3-{iphengoicthiy iyl LGB droOR-pyridB@cdtboxdicesid 28{drede) adstolh 8, t he
reaction waggh \Nég ggdq&?{emeg@%a&rf&%om 15 tenperature. The notion m xture,

sinms then dilute 51. 4 and washed with water and bri ne.
The organic | ayer was dried over anhydrous Na2SO4. Evaporation of solvents
gave net I3yl Example 2b

142, 2- bi s( n% p[&&)bg%g%(twlm _4304 E@EX’J& j egy%%¥gplh¥(ﬁ%9ydr 02- pyri di necar

boxyl ate 23 as brown Was u next step. 20
Exarrpl e 2c R/Etdﬁ‘?Fa’quY'ﬂ'E 2-bi s(rnethyl otry) et hyl b no-4-oxo- 3- Rohenyl net hy

. y1-1, 4-di hydro-2- pyridi necarboxyl ate 36 SUBSTI TUTE, SHEET (RULE 2324 A
oL flask equi pped with a nechanic stirrercharged wth nethyl 1-[2,2-

bi s(met hyl oxy) et hy11- 4- ox Bn phenyl nmett | yOoxy En di hydr o- 2- pyri di necarb
oxyl ate 23 as obt ai ne@® e 00 nmL of db éua-n To this flask
was added NBS (30 g, 50]17mgl e) rti"om=-"rse. ea ion was stirred at

roomtenperature until i npl eti on (nonitor TLC, -6 hours). The
m xture was then diluted w thj|dichl oronethane and hed wi th NaHCO3 (as).
The organi ¢ phase was drihﬁgo {)M\la2804 bef ore s on

22 23

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

15 temperature. The reaction mixture was then diluted with EtOAc (~1.5L) and washed with
water and brine. The organic layer was dried over anhydrous Na,SO,. Evaporation of
solvents gave methyl 1-[2,2-bis(methyloxy)ethyl]-4-oxo-3-[(phenylmethyl)oxy]-1,4-dihydro-
2-pyridinecarboxylate 23 as brown oil, which was used directly for the m;xt step.

20 Example 2¢

Methyl 1-[2,2-bis( methyloxy)ethyl]-5-bromo-4-oxo-3-[(phenyimethyl)oxy)-1,4-dihydro-2-
pyridinecarboxylate
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of the solvents. The crude product was purified by colum chromatargraphy (
silcal gel, EtOH/ DCM 040% to afford nethyl

1- 12, 2- bi s(net hyl oxy) et hy1l1- 5- br ono- 4- oxo- 3-

10Rphenyl net hyl ) oxy] 4, 4- di hydr a- 2- pyri di necar boxyl ate 24 as a |ight brown
solid (509, veaD20%/@8®e t hree steps). 1H NVR (400 Mz, CHPrOROESRMI@X616 ppm
7.7 (s, 1 H, 7.4 (rn, 2 H, 7.3 (d, J=7.9 Hz, 3 H, 5.3 (s, 2 H, 4.4 (s,
1 H, 3.8 (d, J=4.8 Hz, 2 .8 (s, 3H, 3.40Bp® H), LCM (MH).

cared 426, obsd 426. o)
1-[ 2, 2- bi s(nyl oxy) et hy ¥~ di f | uor ophe

i hydr o- 2- pbl’l din
h net hyl B

x0- 3- Rphenyl net hyhoxyl -

pressure vessel was charg

/-12, 2- bi s(rnet hyl oxy) et hyl ] - 5k br ome- 4- oxe- 3-

[ (phertyl met hyhoxyl - 1, 4-d roQMpyri di necar boblaQ@t e QMes. 4g. 15 mmol ),
2,4- 37 difluorobenzylamne (3.2g, 22.5 mmol), K3PO4 (9.45g, 45rnnol),

Pd( OCOCF3) 2(398ng, 1.2 mmtl), Xantophos (694ny, 2 mmol ) and tol uene (200
m.). The m xture was purgedzw CO (4X) bef ore be3419 heated to 100C for 22

h d t h Af t to th

no s OeT 0 @LTBNESSaf SORSbe o S SR 222 2 i
Et 0A0. The fors(roetlmicxy)athsl]- ﬂmm:é-ﬁblneimvlwih&lmylt1h%dlh)em-21ﬂﬁidlnmbqwlaﬂef2|3esl by
gglzurzm chr OngB{Rgs BEUYY akd 500 thiC & dictiRlomefFaf¥\CTINRX AR W 8Hd8d e @hford net hyl

bi s(rret Kyl S FQERRPIENavise [The "’z?%q“f"’(alﬁ&F'B‘??r?éFﬂ?[“)tﬁ’ﬁl’?{?l‘ieé’m"r‘\%??!&?'%@ﬁy1) 4- 0X0
- 3- [ (phenyl(morétotey by k| ~6hodrslli Fyeomitu@-vmg thedi didedwitodisHiadrect@measd a | i ght
brown oi | (4yaditkd vﬁtﬂ%HCél(sl) rﬁé‘i@@pmwas%mgg'\é&)oe r a4 (M 1
H? é ? d4 885 o%thgﬁolvezﬂs,_nge &ruge Erg?iucj_wgﬁ punﬂe(d(py(calumg fbrgmgtamaph;.egqf%gil 8 (ZSH) é
l-1), 3.4 (f,tOHBIDHM 0-UCoMB affdvit Higthyl ¢-42,2-tis(@ibthylophettlylEEtBromExanplie 2e Met hyl

S5- (([(2, 4 dig fphé_vhg ¥f ‘)5‘8&1?&%-12 %Vﬁﬂ%t&%@@@%)as% Iléﬁ'br%ﬂ <8 ﬁgogﬁret hyl oxy)e

hyl [ - 154- 55! |
teqﬁl l'ibrium ?/\P“teﬁth{el&?éte@ r"é@'ﬂB%ﬁ@H@"%Fh'éﬂ?ﬁ@éRM?"pﬁﬁ(ppm 77(sn$%<)3174 m 2 ate (in

H), 7.3 (d, J=7.9Hz, 3H), 53 (s, 2H),4.4 (s, 1H), 3.8 (d, J=4.8 Hz, 2 H), 3.8 (s, 3H), 3.4
(s, 6 H). LC-MS (M+H"): calcd 426, obsd 426.

t h)(DTerri no} car bonyl)-4-o0
rppxyl ate 2425 20 A

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

Bn BnO
F @)
~ _N N > N
B
@)
MeO” “OMe MeO™ "OMe
24 25

20

A pressure vessel was charged with methyl 1-[2,2-bis(methyloxy)ethyl)-5-bromo-4-oxo-3-
[(phenylmethyl)oxy]-1,4-dihydro-2-pyridinecarboxylate 24 (6.4g, 15 mmol), 2,4-
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i..r 2527 20Met hyl

1- (2, 2-bi ginethyl oxy)ethyl]-5-(12, 4-di fl uorophenyl) net hyl i am noi car bonyl) -4
- 0x0- 3- Rphenyl et hypoxy1-1, 4-di hydr o- 2- pyri di necar boxylate 25 (11.6 g )
was treated with 90% formc acid (250 inL) at 40C M -12 hours (nonitored
by LC M5). WOx2610/66pR82sol vent s were evaporated at <40 C, PCHAISRO%IMELE was
re-dissolved in Et0OAc (- 1L) and the resulting solution was washed with
NaHCO8 and Biflugtebengipming ($A9i 2 pharck KadQs OMEn 48mmel) RINQ@EODE:NAIEOY, Aft er

evapor at i ;)n 1C82fmrﬁ<§lj )(Qrﬂbpﬁos E)d@ﬁmblffi ﬂﬁhol}ﬁrﬁm@ﬂ&g}é(zﬁﬁn@nd'hg%lmﬁé fa g’ydned as an
appr oxi mat e by

Dgfx)lso d5) & gSﬁ?’()%g%ée baing “ei‘eﬁr 8 1t for %égmﬁf @’Ldﬁpﬁé' H“Sp'éf'%&%' 8.4 (m |
H, 7.3 (s, AGeqqpoler@vn(tﬁfhequQ) tempe@tuferthesolids weee fmel(emoffmrcwph cfitelards, 3 H),

4.9 (rn, 51 khshed wirh EMOAC3 Th filtrdde Raé Bancéntidled ah@the SesiddalPas eMﬁy for 26
(f v1+|—H) cal cd

b Q bsd 489. 30 38
CLAI VB 1 °?:"6%§h?1"&a‘§9’§‘?}¥2 f%al' ?‘%\E‘ﬁéﬁ %‘P?ﬁ;‘% (e a%@/d‘?e MK is Hor a
hydr oxyI pr dseethvieyy)gthyliy ([(R3-diflgorephenyllmethalidminojcaprayie¢-Lknd group; R3 is H,
hal ogen, hygperyimet §dx9]ﬂ134 bibtydd! Fwdtn@&a?sbxlﬂefé@s ad b iyt broWﬁtoiIWfH 5¥5).

subet it o AR R L Pl e

opti onaliby $lib=13 HzwRdt), 28 (&, 2 Hp@ta (On&bI7\HzsSHE Bist(sit1ed), 0 W, oxd/8 antH)pnaI ly

substit ut edzRet 8ngcy£ls 6 HYLEURS (,Qp,tld)q:g@h ShRshtuted heterocycl eoxy or
optionally substituted am no; 0or R2is optionally

substituted aryl; X is a single bond, a heteroatorn group selected from O;
5; SO, S, EmmbleNH or | ower al kylene or |ower al kenyl ene wherein each nmay

be i nt er venggdik.be-BRlcRpRatyBREth{hmind)dddhyl R188K dBkfY kmet@My)ethyil-
15 4-oxo-3-[(phenylmethyljoxy]-1,4-dihydro-2-pyridinecarboxylate (in equilibrium with the
corresponding aldehyde)

NleO OMe MeO QOH

25 26 27

20  Methyl 1-[2,2-bis(methyloxy)ethyl]-5-({[(2,4-difluorophenyl)methyllamino}carbonyi)-4-oxo-
3-[(phenylmethyl)oxy]-1.4-dihydro-2-pyridinecarboxylate 25 (11.6 g ) was treated with 90%
formic acid (250 mL) at 40 °C for ~12 hours (monitored by LC-MS). After the solvents
were evaporated at <40 °C, the residue was re-dissolved in EtOAc (~ 1L) and the resulting
solution was washed with NaHCO; and brine. The organic phase was then dried over

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

30
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R5 and R6 are independently |ower alkyl or R5 and R6 can be al kyl and
joined to forma 5-, 6-, or 7-nmenbered ring. 2. The conpound of claim1l,
whi ch has the following formula (Va): 3. A compound of the follow ng
formula (V1): wherein Pl is Hor a hydroxyl protecting group; P3 is Hor a
carboxy protecting group; R3 is H, halogen, hydroxy, optionally substituted
| ower al(&yNMﬁpti onal |y substituted cycloal kyl, optionally substituted
| oner al kenyl, optionally substituted | ower al koxy, optionally substituted
| ower al kenyl oxy, optionally substituted awl, optionally substituted
aryl oxy,1.dptompalhy of tHesfallbwiredfdnetudx Ofycl i ¢ group, optionally substituted
het erocycl eoxy or optionally substituted am no; is RR-X-NRL-C(0)-; R2is
optionally substituted aryl; X i@ a &ingle bond, a heteroatom group
selected fromO, 5, SO 502, and NH | or l.ower al kyl ene or |ower al kenyl ene
wherein each may be interven e~freteroatom and R is H or |ower
al kyl. 4. A conmpound of the followng fornmula (1): wherein Ris
-CH(OH)(OCH ) Pl is -Bn; P3 ﬁm . R3is -H and

R3 1f,me-‘

OR®

wherein
P'is H or a hydroxyl protecting group;
P2is H or a carboxy protecting group;
R® is H, halogen, hydroxy, optionally substituted lower alkyl, optionally
substituted cycloalkyl, optionally substituted lower alkenyl, optionally
substituted lower alkoxy, optionally substituted lower alkenyloxy, optionally
substituted aryl, optionally substituted aryloxy, optionally substituted
heterocyclic group, optionally substituted heterocycleoxy or optionally
substituted amino;
R*is H, halo or R>—X—NR'—C(O)—;
R?is optionally substituted ary!;
X is a single bond, a heteroatom group selected from O, S, SO, SO,, and NH
or lower alkylene or lower alkenylene wherein each may be intervened by the
heteroatom;
R'is H or lower alkyl; and
R® and R® are independently lower alkyl or R® and R® can be alkyl and joined

to form a 5-, 6-, or 7-membered ring.

2. The compound of claim 1, which has the following formula (Va):

(Va)
op! Q0

{.1\ /K J\\ ’ /P-‘
) e
R H\‘T/

R? __OCH,

OCH,
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R<is Br. 5. A conpound of claim2 wherein R3is ---- 6 A conpound of the
followng formula (1) wherein Ris -CHOH)2i 131 is H or a hydroxyl
protecting group; P3 is Hor a carboxy protecting group; R3 is H, hal ogen,
hydr oxy, optionally substituted |ower alkyl, optionally substituted

cycl oal kyl, optionally substituted | ower al kenyl, optionally substituted

| ower aBkAxQﬂm@wnd)ﬂh{WOQQm@Qime‘é@ (Mier al kenyl oxy, optionally
substituted aryl, optionally substituted aryl oxy, ngptionally substituted
het erocyclic group, optionally substituted heterocycl eoxy or optionally
substituted amno; RL is Hag I?{..L; Rx is RR-X-Nal-C(0)-; R2 is
optionally substituted aryl; “a single bond, a heteroatom croup
selected fromO0, 5, SO SQ2, d NH or | ower al kylene or |ower al kenyl ene
wherei n each may be intervenéed t he hgﬂtler oat om

R3

OH

wherein
P'is H or a hydroxyl protecting group;
P2is H or a carboxy protecting group;
R® is H, halogen, hydroxy, optionally substituted lower alkyl, optionally
substituted cycloalkyl, optionally substituted lower alkenyl, optionally
substituted lower alkoxy, optionally substituted lower alkenyloxy, optionally
substituted aryl, optionally substituted aryloxy, optionally substituted
heterocyclic group, optionally substituted heterocycleoxy or optionally
substituted amino;
R*is R*—X—NR'—C(0)—;
R?is optionally substituted aryl;
X is a single bond, a heteroatom group selected from O, S, SO, SO,, and NH
or lower alkylene or lower alkenylene wherein each may be intervened by the
heteroatom; and

R'is H or lower alkyl.

4. A compound of the following formula (I):
M

wherein
R is —CH(OH)(OCHs);
P'is —Bn;
P3is —CHa;
R®is —H: and
R*is Br.
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5. A compound of claim 2 wherein R%is —H.

6. A compound of the following formula (1):
o

opt 9]

(_-_1‘--.._ )\HL“/
N.
ac\j\\\( \‘
R

R
wherein
R is —CH(OH)y;
P'is H or a hydroxyl protecting group;
P2is H or a carboxy protecting group:
R3 is H, halogen, hydroxy, optionally substituted lower alkyl, optionally
substituted cycloalkyl, optionally substituted Ilower alkenyl, optionally
substituted lower alkoxy, optionally substituted lower alkenyloxy, optionally
substituted aryl, optionally substituted aryloxy, optionally substituted
heterocyclic group, optionally substituted heterocycleoxy or optionally
substituted amino;
R'is H or lower alkyl:
R*is R>—X—NR'—C(0)—;
R?is optionally substituted aryl; and
X is a single bond, a heteroatom group selected from O, S, SO, SO, and NH
or lower alkylene or lower alkenylene wherein each may be intervened by the

heteroatom.
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