
PROCESSES AND INTERMEDIATES FOR CARBAMOYLFYRIDONE HIV INTEGRASE INHIBITORS
5Field of the hive ti The present invention Comprises modifications of
known processes for synthesiKing compounds having HIV integrase inhibitoty
actWity. 10 Background of the Invention WO 2006,e116764 published 2
November 2006, incorporated by reference in its entirety, describes various
compounds and detailed synthetic schemes for their preparation. In
15particular. the 16th, 27th and 32" steps invoSve 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 hemiatelal  methylene attached to a
heteroatom of a 6 membered ring without going through an (Actinic group and
without the necessity of using an osmium reagent. Detailed Description of
the Invention The present invention includes processes for preparing a
compound of formula 00, OP 0.  -. Ps 'CY Ay. NO Rs itA wherein 



R is -CHO, -.CH(DH)2 or  WO 2010/068262PartS2009/006461 PI is H or a
hydroxyl protecting group; P3 is H or a carboxy protecting group;       R3
is H, halogen, hydroxy, optionally substituted lower alkyl, optionally
substituted cycloalkyl, optionally substituted lower alkenyl, optionally
substituted lower alkoxy,  5 optionally substituted lower alkenyloxy,
optionally substituted aryl, optionally substituted aryloxy, optionally
substituted heterocyclic group, optionally substituted heterocycleoxy and
optionally substituted amino; 134 is lower alkyl; RI' is H, halo or
R2-X-NR1-C(0)-; 10R2 is optionally substituted aryl;       X is a single
bond, a heteroatom group selected from 0, S, SO, SO2, and NH or
loweralkylene or lower alkenylene wherein each may be intervened by the
heteroakim; and RI is H or lower alkyl; comprising the steps of: i)reacting
a compound of formula (II);    20R3 with an amine of formula (III) or (IV);
OR5 H2N,(Ill) 25wherein R5 and R5 are independently lower alkyl or R5and RG
can be alkyl and joined to 



form a 5-, 6-, or 7-membered ring, 2  to produce an intermediate of formula
(V) or (VI), respectively:    OR 0 opi oIIPs F R5" 1 R3  OH and
ii)refunctionalizing (V) or (VI) to produce (ft 10The term "lower alkyl",
alone or in combination with any other term, refers to a straight-
"orbranttied-chain saturated aliphatid'hydrecarhon radical contairung I to
6 carbon atoms. Examples of alkyl radicals include, but are not limited to,
methyl, ethyl, n-propyl, isopropyl, n-butyl isobutyl, sec-butyl,
tert-butyl, pentyl, isoamyl, n-hexyl and the like. 15The 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, 



20The tern) "lower alkenyl," alone or in combination with any other term,
refers to a straight- criain or branched-chain alkyl group with one or two
carbon-carbon double bonds. Examples of alkenyl radicals include, but are
not limited to, ethenyl, propenyl, isoprcpenyl, butenyl, isobutenyl,
pentenyl, hexenyl, hexadieny/ and the like.  The term "lower alkylene"
refers to a straight or branched chain divalent hydrocarbon radical,
preferably having from one to six carbon atoms, unless otherwise defined.
Examples of "alkylene" as used herein include, but are not limited to,
methylene, ethylene, propylene, butylene, isobutylene and the like. 5 The
term "lower alkenylene" refers to a straight or branched chain divalent
hydrocarbon radical, one or two carbon-carbon double bonds, The term "lower
alkoxy refers to an alkyl ether radical, wherein the term 'alkyl is defined
10above. Examples of suitable alkyl ether radicals include, but are not
limited to, methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy,
sec-butoxy, tert-butoxy and the like. The term "halogen" refers fluorine
(F), chlorine (Cl), bromine (Br), or iodine (I). 15The term "aril' alone or
in combination with any other term, refers to a carbocyclic aromatic moiety
(such as phenyl or naphthyl) containing 6 carbon atoms, and more preferably
from 6-10 carbon atoms, Examples of aryl radicals include, hut are not
limited to, phenyl, naphthyl, indenyl, azulenyl, fluorenyl, anthracenyl,
phenanthrenyl, letrahydronaphthyl, indanyl, phenanthridinyl and the like.
Unless otherwise indicated, the 20term "aryl" also includes each possible
positional isomer of an aromatic hydrocarbon radical, such as in
1-naphthyl, 2-naphthyl, 5-1etrahydronaphthyl, 6-tetrahydronaphthyl,
phenaothriditlyt: Zephenantrindinyf. 3-Phenanliviomyl, 4-pherian9iltdiPyl,
phenanthridinyl, 8-phenanthrictinyl, 9-phenanthridinyl and
10-phenanthddinyl. Examples of aryl radicals include, but are not limited
to, phenyl, naphthyl, indenyl, azulenyl, flucrenyl, anthracenyl,
phenanthrenyl, tetrahydronaphthyl, indanyl, phenanthridinyl and the like.
The term "aralkyl" refers to an alkyl group substituted by an aryl.
Examples of aralkyl groups include, but are not limited to, benzyl and
phenetnyl. 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, 0 and S, and wherein the nitrogen and sulfur heteroatoms may
optionally be oxidized, 35and 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 



WO 2010/068262PCTIUS2009/006461 heterocyclic ring may be attached at any
carbon or heteroatom, provided that the attachment results in the creation
of a stable structure. Preferred heterocycles include 5-7 membered
monocyclic hetemcycles and 8-10 rnembered bicyclic heterocycles. When the
heterocyclic ring has substituents, it is understood that the substituents
may be attached 5to any atom in the ring, whether a heteroatom or a carbon
atom, provided that a stable chemical structure results. "Heteroaromatics"
or "heteroaryl' are included within the heterocycles as defined above and
generally refers to a heterocycle in which the ring system is an aromatic
monocyclic or polycyclic ring radical containing five to twenty carbon
atoms, preferably five to ten carbon atoms, in which one or more ring
carbons, 10preferably one to four, are each replaced by a heteroatom such
as N, 0, S and P. Preferred heteroaryl groups include 5-6 membered
monocyclic heteroaryis and 8- 10 membered bicyclic heteroaryls. Also
included within the scope of the term "heterocycle, "heterocyclic" or
"heterocycly1" is a group in which a non-aromatic heteroatom-containing
ring is fused to one or more aromatic rings, such as in an indolinyl,
chrornanyl, 15phenanthridinyl or tetrahydro-quinolinyl, where the radical
or point of attachment is on the non-aromatic heteroatom-containing ring.
Unless otherwise indicated, the term "heterocycle, "heterocyclic" or
"heterocyclyl" also included each possible positional isomer of a
heterocyclic radical, such as in 1-indolinyl, 2-indolinyi, 3-indolinyl.
Examples of heterocycles include imidazolyl, imidazolinoyl, imidazolidinyl,
guinolyl, isoquinolyl, indolyl, 20indazotyl, indazolinotyl,
perhydropyridazyl, pyridazyl, pyridyl, pyrrolyl, pyrrolinyl, pyrradinyl,
pyrazolyi, pyrazinyl, quinoxolyl, piperidinyl, pyranyl, pyrazolinyl,
piperazinyl, eyrintdimitmorpholinyt Ititaitiothoteivr,"funit, thiby1
tn&blyt thiazolyl, carboliny/, tetrazolyl, thiazolidinyl, benzofuranoyl,
ihiamorpholinyl sulfone, oxazolyl, oxadiazolyl, benzoxazolyl,
oxopiperidinyl, oxopyrrolidinyl, oxoazepinyl, azepinyl, 25isoxozolyl,
isothiazolyl, furazanyl, tetrahydropyranyl, tetrahydrofuranyi, thiazolyl,
thiadiazoyl, dioxolyl, dioxinyl, oxathiotyl, berizodioxolyl, dithiolyl,
thiophenyl, tetrahydrothioehenyl, sulfolanyi, dioxanyl, dloxolanyl,
tetahydrofurodihydrofuranyl, tetrahydropyranodihydrofuranyl,
dihydropyrany!, tetradyrofuroluranyl and tetrahydropyranofuranyl, 30
Optional substituerts 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.; Wats,
Peter G. M., Protective 35Groups in Organic Synthesis. 2nd Ed. (1991),473
pp. or Kocienski, Philip J. Protecting Groups. 3rd Ed. 2005, (2005), 679
pp.  



WO 24)10/4)682E2PCTIUS2009/006461  5The present invention compound of
formula The present invention compound . of formula The present invention
10 compound of formula The present invention compound of formula The
present invention compound of formula optionally substituted lower alkoxy.
The present invention of formula (I) is of the  features a process as
described above wherein in in said (I), R3 is H. features a process as
described above wherein in in said (I), R is -CHC) . features a process as
described above wherein in in said (I), R is -Ohl(01-)2. features a process
as described above wherein in in said (I), R is -CH(OH)(0R4). features a
process as described above wherein in in said (I), R3 is H, halogen,
hydroxy, optionally substituted lower alkyl, cycloalkyl, optionally
substituted lower alkenyl, optionally substituted features a process as
described above wherein in said compound formula (VII):    The present
invention features a process as described above wherein in said compound of
formula (I) is of the formula (Ia): Oen MN (la)  



HO''OH 25The present invention features a process as described above
wherein in id compound of formula (I) is of the formula (VIII):  The
present invention features a process as deathbed above wherein in said
compound of formula (I) is of the formula (IX): OBn CO; Me (IX) H0 HO "e.
N-"-OR.4 The present invention features a process as described above
wherein in said compound of formula 00 is of the formula (11a): OBn I ,0
CO2H(11a)    The present invention includes processes for preparing a
compound of formula (I): OP 0p3 (I) Rx'x 15wherein R is -CH(CH)(0R4); 



P' is a hydroxyl protecting group: P3 is H; R3 is H; 20R4 is lower alkyl;
R4 is R2-X-NR1-6(0)-; 7  R2 is optionally substituted aryl; X is lower
alkylene; and R' is H; 5comprising the steps of: hi)reacting a compound of
formula (II)  with an amine of formula (Ill): ORS H2N(HI) 'OW wherein R5
and R are independently lower alkyl,    to produce an intermediate of
formula (V) OP' 0 



1IL ,    and 20iv)refunctionalizing (V) to produce (I). Specific compounds
used in the processes of the present invention include those of the
following formulae (Ha), (Via), Nib) and (la) utilized in Examples which
follow:   /OH(via) Ot Ofan   ,OHellb) HOOH The product (la) of a synthetic
sequence of the present invention can be condensed with 10 an amine, eg of
the formula H2NCH2CH2CH2OH, brominated if Rx is H, carbonylated and
amidated and finally, debenzylated to yield a compound of WO 2006/116764
designated (1-7) at page 240 wherein (R)", is 4-F and RA is H.
Alternatively, such a compound may be synthesized according to the
invention by starting with (I) where Rx is p-F-phenyl-CH2-NH-C(0)-. R3 is
H, P1 is benzyl (Bn) and P3 is a carboxy protecting group. In addflion,
compounds of toa (I) which may be produced by processes of the invention
include those of the following formulae (VII), (VIII) and (IX): 9  



WO 2010/068262PCTIUS20091006461  Oen (VII) HIr 1 0OHO  Oen Co Ct
Lkk.,'N'N1(VIII) HO 5 OBn O'02Me (IX) Br  HO-NOR' In more detail, step i)
can be carried out in a protic or aprotic solvent such as Et0H, THF or DMF
at a temperature of about 50-150 C for about 1-10 hours. Q In more detail,
step ii) can be carried out for the dial starting material (VI) with an
oxidizing agent such as Na104 Hu04 or Pb(0Ac)4 in a solvent such as H20,
Me0H or CH3CN at ambient temperature for one or more hours. For the =etal
type starting material such as (V), reaction may be in an acid such as Ha,
CF3C0014 or HCO2H optionally with heating. 



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 described
above, wherein said refunctionalizing step 10 comprises dernethylating the
internediate of formula (V) to produce the compound of formula (1). 10  The
present invention features a process as described above wherein said
retunctionalizing step ii) comprises reacting the intermediate of formula
(VI) with Naialto produce the compound of formula (I). 5The present
invention features a compound of the following formula (V): 0131 0R3 R30 3
OR wherein P1 is 11 or a hydroxyl protecting group; P3 is H or a carboxy
protecting group; 10R3 is H, halogen. hydro', optionally substituted lower
alkyl, optionally substituted cycloalkyl, optionally substituted tower
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; 15Rx is H, halo or
R2-X-NRI-C(0)-: R2 is optionally substituted aryl; a single bond, a
heteroatom group seletteg itOnSQ. SO; , andOT loweralkytene or lower
alkenyiene wherein each may te intervened by the heteroatom; R' is H or
lower alkyl; and 20R6 and R6 are independently lower alkyl or Rs and R6 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 R3 is H. The present invention
features a compound of the following formula (Va): OR' 0 P3 Rx' R3 25
wherein  P' is H or a hydroxyl protecting group; P3 is H or a carboxy
protecting group;       R3 is H, halogen, hydroxy, optionally substituted
lower alkyl, optionally substituted cycloalkyl, optionally substituted
lower alkenyl, optionally substituted lower aikoxy,  5 optionally
substituted lower alkenyloxy, optionally substituted aryl, optionally
substituted aryloxy, optionally substituted heterocyclic group, optionally
substituted heterocycleoxy and optionally substituted amino; R4 is H, halo
or R2-X-NR1-0(0)-; R2 is optionally substituted aryl; 10X is a single bond,
a heteroatom group selected from 0, 8, SO, S02, and NH or loweralkylene or
lower alkenylene wherein each may be intervened by the heteroatom; and Ri
is H or lower alkyl. The present invention features a compound of the
formula (V) above wherein R3 is H. 15 The present Invention features a
compound of the following formula (VI): OP, 



o kP3 1I RN.1t;OH R3    OH wherein 20P1 is H or a hydroxyl protecting
group; P3 is H or a carboxy protecting group,               R3 is H,
halogen, hydroxy, optionally substituted lower alkyl, optionally
substituted oycloalkyl, optionally substituted lower alkenyl, optionally
substituted lower alkoxy, optionally substituted lower alkenyloxy,
optionally substituted aryl, optionally 25substituted aryloxy, optionally
substituted heterocyclic group, optionally substituted heterocycleoxy and
optionally substituted amino; Rx is H. halo or R2 is optionally substituted
aryl; X is a single bond, a heteroatorn group selected from 0, S. SO, SO2
arid 30NH or loweralkylene or lower alkenylene wherein each may be
intervened by the heteroatom; and 12  R1 is H or lower alkyl. 



The present invention features a compound und of the formula (V) above
wherein R3 is H. The present invention features a compound of the foliowing
formula (1): oP1 0 ,N(I) wherein R is --CH(OH)(OCH3); P1 is -Bn; P3 is
-CI-13; 10R3 is -H; and Fr is Br. The present invention features a compound
of the following formula (14)%  15The present invention features a compound
of the following formula (15):    The present invention features a comp id
of the Iouowing formula (I): 13   5wherein R is-CH(OH)2; P1 is H or a
hydroxyl protecting our 



P3 is H or a carboxy protecting group; R3 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; R1
is H or lower alkyl; 15IR' is H, halo or R2 is optionally substituted aryl;
and X is a single bond, a heteroatom group selected from 0, 5, SO, SO2, and
Ntt:or tovieralkylene-or tower ''Mke:tlyk:/44 WhffiAl",k-itth 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), El (ethyl), C (centrigrade).      The following
examples are intended for illustration only and are not intended to limit
th 25scope of the invention in any way. EXAMPLES 30 Example I 14  I-rum
SHEET (RULE 26)  The starting material of Example le is the compound of
formula (Ha) of the invention process which is also shown as compounds
below and compound #101 at page 113 ot WO 2006/116764. The product of the
invention process is depicted below as compound 8, which is of the formula
(I) of the invention process. The final product shown below as 5 compound
13 is a compound of formula (1-7) at page 240 of WO 2006/116764 wherein
(R), is 2,4-di-F and Ft2 is H, provided, however, that there is an alpha
methyl at the position designated Rth in formula (XXVI) at page 65.  



-.11H    13 10 Thus, in the above sequenceExample 1, compound 5 is
identical to compound 101 at page 113 of WO 2006/116764 and to formula (Ha)
of the process of the present invention: compound 6 above is identical to
formula (Via) of the process of the present invention; compound 7 above is
identical to formula (Vlb) of the process of the present invention; and
compound 8 is identical to formula (Is) of the process of the present
invention. Step i) 15of the invention process is 5 to 6 above while step
ii) is 6 to 8. Example la 15  To a slurry of 2000 g of compound 1(1,0 eq.)
in 14,0 L of MeCN were added 2846 g of benzyl bromide(1.05 eq.) and 26309
of K2CO3(1.2 eq.). The mixture was stirred at 80c for 5 h and cooled to
13C. Precipitate was filtered and washed with 5.0 L of MeCN. The filtrate
was concentrated and 3.0 L of THF was added to the residue. The THF
solution 5was concentrated to give 3585 g of crude compound 2 as oil.
Without further purification, compound 2 was used in the next step. 11-1
NMR(300 MHz, CDCI3) 5 7.60 (d, J = 5.7 Hz, 1H), 7.4-7 (m, 5H), 6.d JHz,
111), 5.17 (s, 2H), 2.09 (s, 3H). 10 Example lb To 9049 of the crude
compound 2 was added 5.86 L of TFIE and the solution was cooled to -60 C.
5.00 L of 1.0 M of Lithium bis(trimethylsilylamide) in THF(125 eq.) was
added dropwise for 2 h to the solution of compound 2 at -60 C, Then, a
solution of 509 g of benzaldehyde(1.2 eq.) in 800 mL of THF was added at
-60 C and the reaction mixture 15 was aged at -60C for 1 h. The THF
solution was poured into a mixture of 1,21 L of conc.HCI, 8.14 L of ice
water and 4.52 Lot Et0Ac 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 Et0Ac. 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. 



20Filtration, washing with 0.90 L of cold toluene and drying afforded 955g
of compound 3 (74% yield from compound 1) as a crystal. 114 NMR(300 MHz,
CDCliy5 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 (rid, J = 9.0, 14,1 Hz, 11-1), 2,84 (dd, J = 4.8, 14.1 Hz, 1H).
Example lc To a solution of 3829 of compound 3(1.0 eq.) in 8.82 L of THF
were added 4169 of Et3N(1,5 eq.) and 4089 of methanesulfonyi chloride(1.3
eq.) at less than 30 t. After confirmation of disappearance of compound 3,
440 mL of NMP and 1167 g of DBLI(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 add and the organic
layer was washed with 1.76 L of 2% Na2S03aq, After concentration of Me
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 351,77 L of hexane and drying
provided 780 g of compound 4 (94% yield) as a crystal.  16  H NNIR(300 MHz,
CDCI3) 6 7.69 (d, = 5.7 Hz, 1H), 7.50-7.25 (n, 10H), 7.22 (d, = 16.2 Hz,
1H), 7.03 (d, J = 16.2 Hz, 1H), 6.41 (d, J = 6.7 Hz, 1H), 5.27 (s, 2H).
Example 1d 5To a mixture of 822 g of compound 4(1.0 eq.) and 11.29 of
RuClynt120(0.02 eq.) in 2.47 L of MeCN, 2.47 L of Et0Ac and 2.47 L of H20
was added 2310 g of Nal04(4.0 eq.) at less than 25 C. After aging for 1 h,
733g of NaCIO2(3.0 eq.) was added to the mixture at less than 25 C. After
aging for 1 h, precipitate was filtered and washed with 8.22 Lot Et0Ac. To
the filtrate, 1.64 L of 50% Na28203aq, 822 mL of 1-120 arid 630 in1 of
coc.HCI 10 were added. The aqueous layer was extracted with 4.11 Lot Et0Ac
and the organic layers were combined and concentrated. To the residue, 4 L
of toluene was added and the mixture was concentrated and cooled with ice
bath. Filtration, washing with 1 L of toluene and drying provided 372 g of
compound 5(56% yield) as a crystal, 1H NIMR(300 MHz, CDC13) 57.78 (d, J =
5.7 Hz, 1H), 7.54-7,46 (m, 2H), 7.40-7.26 (at, 153H), 6.48 (d, J 5.7 Hz,
1H), 5.6 (brs, 1H), 6.31 (s, 2H). Example le A mixture of 509 g of compound
5 (1.0 eq.) and 407 g of 3-amino-propane-1,2-diol(2.5 eq.) in 1.53 L of
EIOH was stirred at 65C for 1 h and at 80C fore it After addition of 2018.8
g of 3-Amino-propane-1,2.-diol(0.1 eq.) in 200 mL of Et0H, the mixture was
stirred al 60 C for 1 h. After addition of 18.89 of
3-amino-propane-1,2-diol (0.1 eq.) in 200 mL of 



ElOitthin mixture tm1s"stiretrat'60"CTO/30 run Alter cooling and addition
i)f 509 mt. ol H20, the mixture was concentrated, To the residue, 2.54 L of
H20 and 2.54 L of AcOEt were added. After separation, the aqueous layer was
washed with 1.02 L of Et0Ac. To 25 the aqueous layer, 2.031 of 12% sulfuric
acid was added at less than 12C to give crystal of compound 6. Filtration,
washing with 1.531 of cold H20 and drying provided 576 g of compound 6 (83%
yield) as a crystal.       1HNMR(300 MHz, DIMSO-d6) 57.67 (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), 303.27 (dd, .J= 6,0,
10.6 Hz, 1H). Example if To a slurry of 576 g of compound 6(1.0 eq.: 5.8%
of H20 was contained) in 2.68 Lot NMP were added 431 g of NaHCO3(3.0 eq.)
and 160 niL of methyl iodide(1.5 eq.) and the 35mixture 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   compound 7. Filtration, washing with 1.73 L of H20 and drying provided
507 g of compound 7 (89% yield) as a crystal. 11-1NMR(300 MHz, DMSO-da) 5
7.59 (d, J = 7.5 Hz, 1H), 7.40-7.28 (m, 5H), 6.28 (d, J = 7.5 Hz, 1H), 5,21
(d, J= 5.4 Hz, 1H), 5,12 (d, J = 10.8 Hz, 1H), 5.07 (d, J = 10.8 Hz, 1H),
54.83 (t, J = 5.7 Hz, 1H), 3.97 (dd../ = 2.4, 14.1 Hz, 1H), 3.79 (s, 3H),
3.70 (dd, J = 9,0, 14.4 Hz, 1H), 3.65-3.50(m, 1H), 3.40-3.28 (m, 1H),
3.26-3.14 (m, 1H). Example 1g To a mixture of 5079 of compound 7(1.0 eq.)
in 5.07 L of MeCN, 5.07 L of H20 and 9.13 10g of AcOH(0.1 eq.) was added
390 g of Na104(1.2 eq.) and the mixture was stirred at room temperature for
2 h. After addition of 1.52 L of 10% Na26203aq., the mixture was
concentrated and cooled to 10 C. Filtration, washing with H20 and drying
provided 388g of compound 8 (80% yield) as a crystal 1H NMR(300 MHz,
DMSO-c4) 67.62 (d, J= 7.5 Hz, 111), 7,42-7.30 (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, 



J = 5.1 Hz, 2H). Example lh After dissolution of a mixture of 378g of
compound 8 (1.0 eq.) in 3.78 L of Me0H by 20heating, 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 mt. of AcOH and
137 g ottRy=3:AMindibUtatiLT:61(1.3 eq.) were added and the mixture was
heated to90 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 CH013 and washed with 2 x 1.89 L
of H20. The organic layers were combined and concentrated. To the residue,
1.89 L of Et0Ac was added and the mixture was concentrated. After addition
of 1.89 L of Et0Ac, filtration, washing with 1.13 L of Et0Ac and drying
provided 335 g of compound 9(83% yield) as a crystal. 1H NMR(300 MHz,
CDC13) 67.70-7.58 (rn, 2H), 7.40-7.24 (m, 3H), 7.14 (d, J 7.5 Hz,  30 2H),
6.47(d, J= 7.5 Hz, 1H), 6.35 (d, J = 10.2 Hz, 1H), 5.28(d, J = 10.2 Hz,
1H), 5.12 (dd, J = 3.9, 6.3 Hz, 1H), 5.05-490 (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). Example ii 35 To a slurry of
332 g of compound 9(1.0 eq.) in 1.66 Lot 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  1.26 Lot H20, the mixture was stirred for 30 mm. After
addition of 5.38 L of 1-120 and aging of the mixture at 10 C for 30 min and
at 5 C for 1 h, filtration, washing with 1.33 L of cold I-120 and drying
provided 362 g of compound 10(89% yield) as a crystal. 1H NMR(300 MHz,
CDCI3) 6 7.69-7.63 (rn, 2H), 7.59 (s, 111), 7.38-7.24 (m, 3H), 5.33 (d, J =
10.2 Hz, 1H), 525(d, J 9,9 Hz, 1H), 5.12 (dd, J = 3.9, 5.7 Hz, I H),
5.05-4.90 (m, 1H), 4.11 (dd, J = 3.9, 13.2 Hz, 1H), 4.02-3,88 (m, 31-I),
221-2.06 (m, 1H), 1.49 (ddd, J = 2.4, 4.5, 14.1 Hz, 1H), 1.31 (d, J = 6,9
Hz, 31-1). Example 1j 10Under carbon mono-oxide atmosphere, a mixture of
33.5 g of compound 10(1.0 eq.), 34.8 mL of 1-Pr2NEt(2.5 eq.), 14.3 mL of
2,4-difluoroberzylamine(1.5 eq.) and 4.629 of Pd(PPh3)40.05 eq.) in 335 mL
of CM80 was stirred at 90 C for 5.5 h. After cooling, precipitate was
filtered and washed with 50 mL of 2-propanol. After addition of 502 mL of
1120 and 570 mL of AcOEt lo the filtrate, the organic layer was washed with
335 mL of 15 0.5N HClaq. and 335 rnL of 1120 and the aqueous layer was
extracted with 335 mL of AcOEt. The organic layers were combined and
concentrated. To the residue, 150 nt of 2-propanol was added and the
mixture was concentrated. After addition of 150 mL of 2- procanol,
concentration, cooling to 20 C and filtration, crude crystal of compound 11
was obtained. After dissolution of the crude crystal in 380 rnL of acetone
by heating, 20precipitate was filtered and the filtrate was concentrated.
After addition of 200 mL of 



Et0H, concentration, addition of 150 mL of Et0H, concentration, cooling and
filtration,  crude crystal of compound 11 was obtained. After dissolution
of the crude crystal in 450 mL of acetone by heating, the solution was
concentrated. To the residue, 150 mL of 2- propanol was added and the
mixture was concentrated (twice). After cooling of the 25residue,
filtration, washing with 2-propanol and drying provided 34.3 g of compound
11 (84% yield) as a crystal. 1F1 NMR(300 MHz, CDCI3) 6 10.40 (t, ..1= 6,0
Hz, 1H), 8.35 (s, 1H), 7.66-7.58 (m, 21-), 7A2-7.24 (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=
303.9, 13.5, 1H), 4.09(d, J 6.0, 13.2 Hz, 11-1), 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 1Ir Under hydrogen atmosphere, a mixture of 28.0 g of
compound 11(1.0 eq.) and 5.6 g of 3510% Pd-C in 252 mL of TI-IF and 28 mL
of tyte0H was stirred for 1 h. After precipitate (Pd-C) was filtered and
washed with 45 mL of THF, 5.6 g 0110% Pd-C was added and the 19  mixture
was stirred for 1.5 h under hydrogen atmosphere. After Pd-C was filtered
and washed with 150 rnL of CHC131Me0H(911), the filtrate was concentrated,
After dissolution of the residue in 1.38 L of EIOH by heating, the solution
was gradually cooled to room temperature. After filtration, the filtrate
was concentrated and cooled. Filtration, washing 5with Etat and drying
provided 21.2 g of compound 12 (92% yield) as a crystal. 1FI NMR(300 MHz,
DMSO-d5) 6 12.51 (s, 1H), 10.36 (t, J = 5.7 Hz, 1 H), 8.50 (s, 1H), 7.39
(td, J= 8,7, 6.3 Hz, 1H), 7.24 (ddd, J 2,6, 9.5, 10.8 Hz, 1H), 7.12-7.00
(m, 1H), 5,44 (rid, 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 (dc], 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), 101.60-1.48 (m, 1H), 1.33
(d, J = 6.9 Hz, 3H), Example 11 After dissolution of 18.09 of compound
12(1.0 eq.) in 54 inL of Et0H by heating, followed by filtration, 21.5 mL
of 2N NaOliag.(1,0 eq.) was added to the solution at 80 C. The solution was
gradually cooled to room temperature. Filtration, washing with 80 inL of
ROH and drying provided 18.8 g of compound 13(99% yield) as a crystal. 1H
NMR(300 MHz, DM50-d8) 6 10.70 0, J = 6,0 Hz, 1H), 7.89 (s, 1H), 7,40-7.30
(m, 1H), 7.25-716(m, 1H), 7.06-6.98 (m, 1H), 5.22-5.12(m, 1H), 4.87-4.74(m,
1H), 4.51 (d, 5.4 Hz, 21-0, 4.35-4.25(m, 1H), 4.18 (dd, Jr 1.8, 14.1 Hz,
1H), 4.05-3.50(m, 1H), 3.86- 



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"Im plc 1m shows a process for preparation of the crystalline
compound 13b which is monohydrate form of compound 13. 25 After dissolution
of 30.09 of compound 13(1.0 eq.) in 600 mL of THF-water solution (8:2) by
30 C, 36.0ml of 2N Na0Haq (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 (82), 150 mL of ThIF.
Drying at 85 it and humidity conditioning 30 provided 30.49 of compound 13b
(monohydrate form of compound 13, 93% yield) as a crystal. Example 3
Example 3a 35To a slurry of 20009 of compound 1(1.0 eq.) in 14,0 L of MeCN
were added 2648g of benzyl bromide(1.05 eq.) and 26309 of K2CO3(1.2 eq.).
The mixture was stirred at 80 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 of THF was added to the residue. The THF solution was
concentrated to give 3585 g of crude compound 2 as oil VVilhout further
purification, compound 2 was used in the next step.     'H NMR(300 MHz,
CDCl2) 67.60 (d, J = 5.7 Hz, 1H), 7.4-7,3 (m, 5H), 6.37 (d, J = 5.7 Hz,
51H), 5.17 (s, 2H), 2.09 (s, 3H). Example 3b To 904g of the crude compound
2 was added 5.88 L of fl-IF and the solution was cooled to -60 C. 5.00 L of
1.0 Mat Lithium bis(trimethylsilytamide) in THF(1.25 eq.) was added
10dropwise for 2 h to the solution of compound 2 at -60 C. Then, a solution
of 5099 of . benzaldehyde(1.2 eq.) in 800 rnL of THF was added at -60 C and
the reaction mixture was aged at -60 C foil h. The THF solution was poured
into a mixture of 1.21 L of conc.HCI, 8.14 L of ice water and 4.52 L of
EIOAc at less than 2 C. The organic layer was washed with 2.71 Lot brine
(twice) and the aqueous layer was extracted with 3.98 L 



15 of Et0Ac. 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. 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.      NMR(300 MHz, CDC13) 67.62 (d, J = 5.7 Hz, 1H), 7.5-7.2 (m,
10Fi), 6.38 (d, J = 5.7 20Hz, 11-), 5.16 (ci, = 11.4 Hz, 1H), 5.09(d, J =
11.4 Hz, 1H), 4.95 (dd, ro 4.8, 9,0 Hz, 1H), 3.01 (dd, J = 9.0, 14.1 Hz,
1H). 2.84 (dd, J 7.- 4.8, 14.1 Hz, 1H). Example 3i, To 3 solution of 882g
of compound 3. (1.0 eq.) in 8.82 L of TILF were added 416 g of 25Et3N(15
eq.) and 408 g of methanesulfonyl chloride(1.3 eq.) at less than 30 C.
After  confirmation of disappearance of compound 3, 440 nil of NMP and 1167
g of OBU(2.8 eq.) were added to the reaction mixture at less than 30 sC 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% Na2S03aq. After concentration of the organic 30layer, 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 7809 of compound 4 (94% yield) as
a crystal. 'H NMR(300 MHz, CDCI3) 67,69 (d, J = 5.7 Hz, 1H), 7.50-7.25 (m,
10H), 7.22 (d, 16.2 Hz, 1H), 7.03 (d, J = 16,2 Hz, 11-1), 6.41 (d, J = 5.7
Hz, 1H), 5.27 (s, 2H). 35 Example 3d  To a mixture of 10.09 of compound 4
and 13.6 mg of RuCI,enH20 in 95 rriL of MeCN and 10 mL of water, mixture of
155mL of water, 7.29 of hydrosulfuric acid, and 15.5 g of Na104was added
for 2.5 h at 20 C. After aging for 1 h, organic and aqueous !ayers were
separated and aqueous layer was exracted by 30mL of ethyl acetate. Aqueous
layer was 5 exracted again by 30mL of ethyl acetate and organic layers were
combined. 6 mL of 5% Nal-1303 solution was added to the combined organic
layer and the layers were separated. The organic layer was adjusted to pH
6.0 by adding 4.0g of 2M NaOH solution and the aqueous layer was separated.
After 60 mL of 5% NaHCO3 solution and 257mg of TEMPO was added, 25.99 of
Ha= solution was added to the reaction mixture at 25C 10for lb and stirred
for 30min to check the reaction was finished. After the layers were
separated, 42.5mL of 5% Na2S03 solution and 30rtt of AcOEt were added and
separated. The aqueous layer was exracted by 30mL of AcOEt and separated.
12% H2804 was added to the reaction mixture at 20 C for lb and the mixture
was cooled to 5 C. After the mixture was stirred for 30 min, the mixture
was filtered, washed with 30 mL of 15 water twice and dryed to provide 5.7
g of compound 5(70% yield) as a crystal. 



111 NMR(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).
Example 3e 20 A mixture of 5099 of compound 5 (1.0 eq.) and 4079 of
3-amino-propane-1,2-diol(2.5 eq.) in 1.53 L of Et0H was stirred at 65 C for
1 h and at 80 C for 6 h. After addition of 18.8 g of
3-Amino-propane-1,2-diol(0.1 eq.) in 200 mL of Et0H, the mixture was
stirred at  80C for 1 h. After addition of 18.89 of
3-annino-propane-1,2-diol (0.1 eq.) in 200 mt. of Et0H, the mixture was
stirred at 80 C for 30 min. After cooling and addition of 509 mL of 25
1120, the mixture was concentrated. To the residue, 2.54 L of 1120 and 2.54
L of AcOEt were added. After separation, the aqueous layer was washed with
1.02 L of Et0Ac. To the aqueous layer, 2.03 Lot 12% sulfuric acid was added
at less than 12C to give crystal of compound 6. Filtration, washing with
1.53 L of cold H20 and drying provided 576 g of compound 6(83% yield) as a
crystal. 30'H NMR(300 MHz, DMSO-d,)6 7.67 (d, J= 7.5 Hz, 111), 7.5-72(m,
5H), 6.40 (d, J = 7.5 Hz, 1H), 5.07(s, 211), 4.2-4.0 (m, 1H), 3.9-3.6 (m,
211), 3.38 (dd, J = 4.2, 10.13 Hz, 1H), 3.27 (dd, J = 6.0, 10.8 Hz, 1H).
Example 31 35 To a slurry of 576 g of compound 6(1.0 eq.: 5.8% of H20 was
contained) in 2.88 L of NMP were added 431 g of NaHCO3 (3.0 eq.) and 160
mt. of methyl iodide(1.5 eq.) and the mixture was stirred at room
temperature for 4 h. After cooling to 5 C, 1.71 L of 2N HCI 22  WO
20101068262PCTROS2009/006461 and 1.15 L of 20% NaClaq were added to the
mixture at less than 10C to give crystal of compound 7. Filtration, washing
with 113 L of H20 and drying provided 5079 of compound 7 (89% yield) as a
crystal. 'H NMR(300 MHz, DMSO-d6) 67.59 (d, J = 7.5 Hz, 1H), 7.40-7.28 (m,
5H9, 6.28 (d, J = 57.5 Hz, 1H), 5.21 (d, J = 5.4 Hz, 1H), 5.12 (d, J 10.8
Hz, 1H), 5.07 (d, J= 10.8 Hz, 1H), 4.83 (1, J = 5.7 Hz, 1H), 3.97 (dd, J =
2.4, 14.1 Hz, 1H), 3.79 (s, 3H), 3,70 (dd, J = 9.0, 14,4 Hz, 1H), 3.65-3.50
(m, 1H), 3,40-3.28 (m, 1H), 3.26-3.14 (m, 1H). Example 3g 10To a mixture of
15,0 g of compound 7(1.0 eq.) in 70.9 g of MeCN, a mixture of 60 mt. of
1120, 2.6 g of H2504 and 11.5 g of Nala, was added in the range between 17
C to 14C. After the reaction mixture was stirred for 1 hour, precipitate
was filtered. The fillerate was added to the solution of 11.8 g of ascorbic
acid sodium salt, 64 g of water and 60rng of H2SO4. After the mixture was
concentrated, cooling to 5 ;4C, filtration, washing with H20 15and drying
provided 12.9g of compound 8(90% yield) as a crystal. 11-1 NMR(300 MHz,
DM80-46) 6 7.62 (d, J 7.5 Hz, 111), 7.42-7.30 (m, 5H), 6.33 (d, J = 6.0 Hz,
2H), 6.29(d, J= 7.5 Hz, 1H), 5.08(s, 2H), 4.95-4.85(m, 1H), 3.80(s, 3119,
3.74(d. = 5.1 Hz, 2H). 



20 Example 3h A mixture of 10.09 of compound 8 and 33.3g of diglyme were
added the solution of 3.3g of (R)-3-Amino-butan-1-ol in 4,7 g of diglyme
and 1.0 g of acetic acid at 60C. After the feachommixturewas sfirred at 95
PC' (or 9 hours; therreaction mixturtrwm'Cati{U1 la-5 t and filtered. The
wet crystal was washed and dryed to give 8.3 g of compound 9 (78%). 25 XRD
data:    NMR(300 MHz, CDC13) 5 7.70-7.58 (m, 2W, 7.40-7.24 (m, 3H), 7.14
(d, J 7.5 Hz, 2H), 6.47 (d"1 = 7.5 Hz, 1H), 5.35 (d, J = 10.2 Hz, 1H), 5.28
(d, J = 10.2 Hz, 1H), 5.12 (dd, J = 3.9, 6.3 Hz, 1H), 5.05-4.90 (in, 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 dichlorornethane 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 Na2S03 and 40.39 of water. 35The organic layer was
washed with diluted NaC..0-1 solution and water, dichioromethane was
concentrated and was displaced by methanol. The mixture was cooled to -5 C
and filtered and the wet crystal was washed and dryad to give 10.39 of
compound 10(84%), 23   11-INMR(300 MHz, CDCI3) 6 7.69-7,63 (m, 2H), 7,59
(s, 111), 7.38-7.24 (m, 3H), 5.33 (d, J = 101 Hz, 1H), 5.25 (d, J 9,9 Hz,
1H), 5.12 (dd, J = 3.9, 5,7 Hz, 1H), 5.05-4.90(n), 1H), 4.11 (dd, J= 3.9,
13.2 Hz, 1H), 4.02-3.68(m, 3H), 2.21-2.06 (m, 1H), 1.49 (ddd, J 4,5, 14.1
Hz, 1H), 1.31 (d, J = 6.9 Hz, 3H). 5 Example 3j Under carbon mono-oxide
atmosphere, a mixture of 25.0 g of compound 10, 11.6g of i- Pr2NEt, 12.8 g
of 2,4-difluorobenzylamine, 335 mg of Pd(OAc)2 and 1.9 g of 1,4-
bis(diphenylphosphino)butane in 188 mL of DMA was stirred at 85C for 4 h.
After cooling, 10the reaction mixture was devided and 10/25 of mixture was
used for next step. 6.69 of 



AcOEt, 29.99 of water and 3 mg of seed crystal were added to the reaction
mixture at 40 C. After stirring for 7min, 29.9 g of water was added and
cooled to room temperature. The crystal was filtered at room temperature
and washed by 47.2 g of ethanol to give 10.1 g of compound 11(83% yield) as
a crystal. 151H NMR(300 MHz, CDO13) 6 10A0 (t, J = 6.0 Hz, 1H), 8.35 (s,
II), 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 (in, 1H), 464 (d, J = 5.4 Hz, 2H), 4.22 (dd, J=- 3.9, 13.5, 1H).
4.09 (cid, 1 6,0, 13.2 Hz, IH), 4.02-3.88(m, 21-1), 2.24-1.86 (m, 1H), 1.50
(ddd, Jr2.4, 4.5, 14.1 Hz, 1H), 1.33(d, J= 7.2 Hz, 3H), 20 Example 3k Under
hydrogtmosphere, 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 mt. of H20 was stirred for 1,5 h at 50C.
After mixture of 80ortynt.P.int1S% ..toki.2;Oto{: of pKuititolwator
was-added to lhe reactlori mixtutt onotthe 25reaction mixture was stirred
for 1 h, 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 25C.
Filtration, washing with 26.9mL of EIOH and drying provided 2.339 of
compound 12 (82% yield) as a crystal. 'H NMR(300 MHz, EIMSO-d6) 5 12.51 (s,
1H), 10.36(t, J= 5.7 Hz, 1 H), 8.50(s, 1H), 7,39 30(td, J = 8.7, 6.3 Hz,
IN), 7,24 (ddd, J = 2.6, 9.5, 10.8 Hz, 111), 7.12-7,00 (m, IN), 5.44 (dd,
Jr3.9, 5.7 Hz, 1H), 4.90-4.70 (m, IH), 4.65-4.50 (rti, 1H), 4.54 (d, J =
5.1 Hz, 2H), 4.35 (dd, J = 6.0, 13.8 Hz, 1H), 4.10-3.98 (m, 11-1), 196-ass
(m, 1H), 2.10-1,94 (m, I H), 1,60-1.48 (m, 1H), 1.33 (d, J 6.9 Hz, 3H).
35Example 31 After dissolution of 18.0 g of compound 12(1.0 eq.) in 54 mL
of E1011 by heating, followed by filtration, 21.5 mL of 2N Na0Haq.(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 Et0H and drying
provided 18.89 of compound 13(99% yield) as a crystal. 24  WO
2001068262Per/U52009/006461 



111 NMR(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-I), 405-3.90 (m, 1H), 386- 53.74 (m, 1H), 2.00-1.72 (m,
1H), 1.44-1.32 (in, 1H), 1.24(d, J = 6.9 Hz, 3H), Example A The starting
material of Example As compound 8, which is identical to formula (la) of
the  10 process of the present invention. Thus, Example A depicts a utility
for the invention process in providing an intermediate for the compound of
formula 17 below which is isomeric to the compound ZZ-2 at page 237 of WO
2006/116764 to Brian Johns et al.  o MN OBn r, s1 Nyo.A.F-12N- ----c
...1..01-4 Ho.".....Jb i OH    Example Aa After dissolution of mixture of
320 g of compound 8 (1.0 eq.) in 3,20 L of Me0H by heating, the solution
was concentrated. To the residue, 1.66 L of MeCN, 5.72 mL of AcOH(0.1 eq.)
and 82.69 of (S)-2-Amino-propan-1-ol(1 .1 eq.) were added and the 20mixture
was heated to 70 cC, stirred at 70 t for 4 h and concentrated. To the
residue, 



L of 2-propanot was added and the mixture was concentrated (twice). After
cooling 25  of the residue, filtration, washing with 500 mL of cold
2-propanol and drying provided 167 g of compound 14(52% yield) as a
crystal.    NMR(300 MHz, CDC14 5 7.61-7.55 (m, 2H), 7,40-7.20 (m, 4H), 6,53
(d, J= 7.2, 111), 5.46(d. J= 10.5 Hz, 1H), 5.23 (d, J= 102 Hz, 1H), 5.20
(dd, J= 3.9, 9.6 Hz, -1 H), 4.46- 54.34 (m, 1H), 4.31 (dd, J= 6.6, 8.7 Hz,
1H), 4.14 (dd, J= 3.9, 12.3 Hz, 1H), 3.79 (dd, J = 9.9, 12,3 Hz, 1H), 3.62
(dd, J 6,9, 8,7 Hz, 1H), 1.38 (d, J = 6.3 Hz, 3H). Example Ab To slurry of
156 g.of compound 14 (1.0 eq.) in 780 mL of NMP was added 93,69 of N135(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 H20. Filtration, washing with 8.0 L
of H20 and drying provided 1639 of compound 15 (84% yield) as a crystal. 1H
NMR(300 MHz, DMSO-d) 68.37 (s, 1H), 7.55-7.50 (m, 211), 7.42-7.25 (m, 3H),
5.34 (dd, J tzt 3.6, 9.9 Hz, 11-1), 5.18 (d, J -= 10.8 Hz, 1H), 5.03 (d, j=
10.5 Hz, 1H), 4.53 (dri, J = 153.6, 12.0 Hz, 1H), 4.40-4.20(m, 211), 3.99
(dd, J = 9.9, 11.7 Hz, 1H), 3.64 (dd, = 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 20rnL of 1-Pr2NEt(2.5 eq.), 68.4 mL of
2,4-difluorobenzylarnine(1.5 eq.) and 22,5 g of Pd(PPh3)4(0 05 eq.) in 816
mL of DMS0 was stirred at 90 'C for 7 h. After cooling, removal of
mocipitale., washing with 5a rot anus ond additiOn or 1T.3 g of
Pd(PP113)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 AcOEt and 2.0 L of H20, the organic
layer was washed with 1.0 L of 1N HClaq. and 1.0 L of H2O (twice) and the
aqueous layer was extracted with 1.0 L of AcOEL The organic layers were
combined and concentrated. Silica gel column chromatography of the residue
provided 184g of compound 16(96% yield) as foam. 'H NMR(300 MHz, CDCI3)
610.38 (t, J = 6.3 Hz, 111), 8.39 (s, 1H), 7.75-7.25 (m, 711),  30
6.90-6.70 (m, 211), 5.43 (d, = 10.2 Hz, 111), 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 



'35Under hydrogen atmosphere, a mixture of 1849 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 Me0H was stirred for 3
h. After filtration of 26  precipitate(Pd-C), washing with THF/Me0H(911)
and addition of 36.89 of 10% Pd-C, the mixture was stirred for 20 min under
hydrogen atmosphere. After filtration of precipitate(Pd-C) and washing with
THF/Me0H(911), the filtrate was concentrated. After 200 mL of Ac0EL was
added to the residue, filtration afforded crude solid of compound 17. 5 The
precipitates were combined and extracted with 4.0 L of CHC1)Me0H(5/1).
After concentration of the CHC13/Me0H solution and addition of 250 rriL of
AcOEt to the residue, filtration afforded crude solid of compound 17. The
crude solids were combined and dissolved in 8.2 L of MeCNI1120(9/1) by
heating. After filtration, the filtrate was concentrated. To the residue,
1.5 L of EtOhlwas added and the mixture was 10concentrated (three times),
After cooling of the residue, filtration and drying provided 132 g of
compound 17(38% yield) as a crystal, 1H NMR(300 MHz, Div160-d5) 6 11.47
(brs, I H), 10.31 (t, J = 6.0 Hz, 1H), 8.46(s, 1H), 7.40 (td, J = 8.6, 6.9
Hz, 1H), 7.24 (ddd, = 2.6, 9.4, 10.6, 1H), 7,11-7.01 (in, 1H), 6.39 (dd, J
= 4.1, 10.4 Hz, 1H), 4.89 (dd, J= 4.2, 12.3 Hz, 1H), 4.55(d, J = 6.0 Hz,
2H), 4.40 (dd, J = 6,8, 8,6 Hz, 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). Example Ae After dissolution of 16.0 g of compound 17 (1.0 eq.) in
2.56 L of Et0H and 0.64 L of H2O 20by heating, followed by filtration, 39
mt.. of IN Na0Haq.(1.0 eq.) was added to the solution at 75 'C, The
solution was gradually cooled to room temperature Filtration, washing with
60 rnL'ol Et011 end dry)ngprovide:d 1:1:5 g tamipanalMO% yietd) n'8'e
crystal    NMR(300 MHz, DMSO-c16) 5 10.73 (t, J = 6.0 Hz, 1H), 7.89(, 111),
7.40-7.30 (m, 1H), 7.25-7.16 (m, 1H), 7.07-6.98 (m, 1H), 5.21 (dd".1= 3.8,
10.0 Hz, 1H), 4.58 (dd, J = 3.8, 2512.1 Hz, 1H), 4,51 (d, J = 5.4 Hz, 2H),
4.30'4.20(m, 2H), 3.76 (rid, Jr10.0, 12.1 Hz, 1H), 3.65-3.55 (m, 1H), 1.27
(d, J = 6.1 Hz, 3H). Example B 30This Example 1:3 utilizes a process to
insert a ring nitrogen in place of oxygen in a pyrone ring and create an
aldehyde equivalent by an osmium oxidation of a double bond. Thus, this
example is not within the scope of this invention and is provided to
demonstrate the utility of the intermediates produced according to the
process of the invention. In particular, the compound F below is a final
product (VIII) of the invention process and is 35here taken on to a product
I below which is within the structure (1-7) where (R), is 4-F and 



13 is H at page 240 of WO 20061116764. 27  WO 2010/068262PCT/US2009/00646
OBn OBn 0 IN, co tkOe 1I    13111S0     Example Ba 5To a bromobenzene (238
ml) solution of compound A (23.8 g, 110 mmor), serene dioxide (24.4 g, 220
almol) was added. The reaction mixture was stirred for 13 hours at 140C
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 10silica gel column chromatography
(hexane / ethyl acetate). Compound B (16.5 g, 55%) 



was obtained as yellow di. 28  WO 2010/068262PCD1JS2009/006461  'H-NMR
(CDCI3) 0: 5.51(21-1, a), 0.50(1H, d, J=5,4Hz), 7.35(5H,7.75(1H, d,
9.88(1H, s). Example Bb 5To an ice cooled aqueous (465 ml) solution of
sodium chlorite (38.4 g, 424 mmol) and sulfamic acid (54.9 g, 556 mmol),
acetone (465 ml) solution of compound B (46.5g. 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-d5) 5: 5.12(2H, s), 6,54(1H, d, Jr-5.6Hz),
7.33-7.46(5H, m), 8.20(1H, d, J=5.6Hz), Example Be An ethanol (17 ml)
solution of allylamine (13.2g 231 mei) was added to an ethanol (69  15 ml)
suspension of compound C (17.2g. 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 oolorless crystal.
1H-NMR(CDC13) 6: 4.37(2H, bra), 4.95(2H, s), 5.26-5.39(2H, in),
5.81-5.94(1H, m), 206.32(1H, dd, J=0.8, 7.2Hz), 7.294.37(3H, m),
7.48-7.51(2H, m), 7.99(1H, dd, J=0.8, 7.6Hz), 8,11(1H, bra).    Example Bd 



To an acetonitrile (146 ml) suspension of compound D (14.69. 51 rnmol),
1,8- 25diazabicyco[5.4.0jundec-7-ene (15.5g. 102 mmol) and methyl iodide
(18,2g, 128al) were added and the mixture was stirred for 15 hours at room
temperature. After evaporating solvent, the residue was purified by silica
get column chromatography (chloroform I methanol). Compound E (14.2 g, 93%)
was obtained as colorless solid. '1-f-NMR(CDC13) 5: 3.75(31-1, a), 4.40(2H,
d, J=5.7Hz), 5.18-5,35(2H, rn), 5.29(2H, s), 5,81- 305,94(1H, in), 6.62(1H,
d, J=7.5Hz), 7.27-7.42(6H, in). Example Be To a diethyl ether (390 ml)
solution of compound E (13.3 g, 44 mmob, potassium osmate(VI) dihydrate
(1.52g, 4.4 mmol) and sodium metaperiextate (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  insoluble particles were filtered off.
Concentration in a cuo gave crude product of compound F (14.3 g).   1H
NIVIR (DMSO-d6) 6: 3.23 (3H, a), 3.82 (3H, s), 3.57 (21-1, t, J= 4.4Hz),
4.62 (1H, dd, J=11.7, 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). Example Si
To chloroform (108 ml) and methanol (12 ml) solution of compound F (11,7 g,
crude product), 3-aminopropanol (2.779, 36.9 mmoft, and acetic acid (1.2
ml) were added and 10the mixture was stirred for 90 minutes at 70C. 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 metal. 11-1-NWIR(CDC13) 6: 1.54-1.64(1H, m),
1.85-2.01(111, m), 3.00(1H, dt, J=3.6 2.9Hz), 3.74(1H, dt, J=2.7, 12.3Hz),
3.93(1H, dd, J5.1, 13.5Hz), 4,07-4.21(2H, m), 4.63-4.69(1H, 15m), 4.94(1H,
t, J=4.8Hz), 5.25(2H, dd, J=10.2, 24.6Hz), 6.56(1H, d, J=7.5Hz), 722-
7.38(5H, rn), 7.63-7.58(2H, m). Example By 



To acetic acid (93 ml) solution of compound G (6.1 g, 18.7 mmol), acetic
acid (31 ml) 20solution of bromine (1.44 ml, 28.0 mmol) was added
drcpwisely during 15 minutes. The mixture was stirred for 3 hours at room
temperature. After addition of 5% aqueous sodium hydrogen sulfite (a inft;
2N sodium hydroxide (500(0pm:1-added tiropwrsely 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 25colorless crystal. 1H-NMR(DMSO-dG) 6: 1.55-1.74(21-1, m),
3.12(1H, dt, J=3.0, 12.3Hz), 3.84(1H, dt, J=2.7, 11.7Hz)1 4.00-4.05(1H, m).
4.20-4.26(1H, m), 440-4.46(2H, m), 5,03(2H, a), 5.15- 5.17(1H, rn),
7.31-7.40(3H, m), 7.56-7.58(2H, nn), 8.39(1H, a). 30 Example Bh To dimethyl
suifoxide (1.42 ml) solution of compound H (71 mg; 0.175 mmol) and
tetrakis(triphenylphosphine)palladium(0) (25 mg, 0.035 mrnol),
4-fluorobenzyl amine (0.06 ml, 0,525 mmol) and dilsopropyl amine (0.15 ml,
0.875 mmol) were added, then the mixture was stirred under carbon monoxide
atmosphere for 5 hours at 80 C. After 35 cooling, saturated aqueous
ammonium chloride was added and the mixture was extracted with ethyl
acetate. the extract was washed with water and dried with anhydrous sodium
30  sulfate. Solvent was removed in vaccuo and the residue was purified
with silica gel column chromatography (ethyl acetate / methanol), Compound
i (74.5 mg, 89%) was obtained as colorless crystal. 1H-NMR(OMSO-d6) 5:
1.56-1.74(21-I. m), 3.10-3,16(1H, m), 3,80-3,88(111, m), 402- 54.07(1H, m),
4.43-4.59(5H, rn), 5.05(2H, s), 5.20(1H, t, J=3.9Hz), 7.13-719(2H, m),
7,32- 7.40(51-I, m), 7.56-7.59(2H, m), 8.61(1H, s). Example C 10Synthesis
of methyl 5-bromo-1-[2-hydroxy-2-(methyloxy)ethy1]-4-oxo-3-
[(phenylmethyhoxy]-1,4-dihydro-2-pyridinecarboxylate (in equillibrium with
the corresponding aldehyde) This Example C shows a refunctionalization of a
compound 6 as shown above in Example 



151 (of formula (VI)), including a bromination at the RN position, to yield
final products 20 and 21 (of formula (I)) of the invention. Such compounds
with Br at the RN position can be reacted as in Examples 1 and 2 to add the
192-X-NRI-C(0)- sidechain.  19  2020 Example Ca Methyl
1-(2,3-dihydroxypropyloxo-3-[(phenylmettlygoxyl-1,4-dihydro-2-
25pyridinecarboxylate 31  A reactor was charged with
1-(2,3-dihydroxypropyI)-4-oxo-3-Rphenylmethyl)oxy]-1,4-
dihydro-2-pyridinecarboxylic add 6 (4.302 kg, 13.47 mol) followed by
charging with NaHCas, (1.69 kg, 2009. mol) and 242 g of deionized water. To
this was added 21.4 kg of NMP and the mixture was stirred and temperature
brought to 28-35 C. Dimethyl sulfate (2.34 kg, 18.30 mol) was added
dropwise via an addition funnel to the reaction mixture over 1-3 hours
keeping the temperature at 28.-33 C. The slurry was agitated at this 10
temperature for 14 h. When deemed complete, the reaction mixture was cooled
to 5C or below and the mixture was neutralized to pH 6 by the addition of
HCI (561 mt. of cone HCI in 2806 ,g of deionized water). The reaction
vessel was slowly charged with cold 20% brine solution composed of 8.7 kg
NaCI, 20 kg of deionized water and 14.8 kg of ice at a maximum temperature
of 10C. The mixture was agitated at 0-10C for 2.5 h. The slurry 15'MO
filtered under,kracuum.and.the cake washod with,46,kg of dMrinized.mtet
twcrtimes. The wet solid product was dried at 45-55C under vacuum until
constant weight was obtained. The desired product methyl
1-(2,3-dihydroxypropy1)-4-oxo-3-
[(phenyltriethyl)oxy]-1,4-dihydro-2-pyridinecarboxylate 7 was obtained as a
light yellow solid (3,77 kg, 99.42% purity by HPLC, 84%), 1H NMR(300 MHz,
DMSO-d6) 6 7.60 (d, J 20 7.5 Hz, 1 H), 7.36 (rn, 5 H), 6.28 (d, J = 7.5 Hz,
1 H), 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), 350 (dd, J = 14.3, 9.0
Hz, 1 ki), 3.58 (m, 1 H), 3,23 (m, I H), Example Cb 25Methyl
5-brorno-1-(2,3-dihydroxypropyi)-4-oxo-3-Rphenylmethyhoxy]-1,4-dih o-2-
pyridinecarboxylate.  32 



A reactor was charged with (3.759 kg, 11.27 rnol) of methyl
1-(2,3-dihydroxypropyI)-4-oxo34(phenylmethyl)oxy]-1,4-dihydro-2-pyridinecar
boxylate 7 and 18,8 L of DMF. To this 5agitated mixture at 18-20C was added
N-bromosuccinirnide (2.220 kg, 12.47 mol) over 20 minutes via a powder
funnel. The resultant mixture was stirred at rt for 16 h. At this time less
than 1% of starting material was present by HPLC. The mixture was worked up
in halt batches by cooling to 10C and added an ice/water mixture (12 kg ice
in 35 kg delonized water) and the mixture was agitated, then fittered. This
was repeated for the 10second half of the batch. The combined filter cake
was washed with 14 L of water and dired in a vaccum oven to provide 4,033
kg of methyl 5-bromo-1-(2,3-dihydroxypropy1)-4-
oxo-3-[(phenylmethyhoxy)-1,4-dihydro-2-pyridinecarboxylate 19(91.6%) as an
off-white powder of 99.2% HPLC purity. 'H NMR(300 MHz, Methanol-c14) 68.21
(s, 1 H), 7.41-7.33 (in, 5 H), 5.16 (5, 2 H), 4.17 (dd, J= 14.3, 2.4 Hz, 1
H), 3.90 (dd, J= 14.3, 9.0 Hz, 1 H), lc.141.78 joi,1"), 3.a2.(ddrig . 11,3,
4..8.112., /1), 3,43. WO, !=11,3,63  Hy. Example Cc      Methyl
5-brorno-142-hydroxy-2-(methyloxy)ethy11-4-oxo-3-[(phenylmethyl)oxyl-1,4-
20dihydro-2-pyridinecarboxylate (in equilibrium with the corresponding
aldehyde)  192021 33  A reactor was charged with sodium periodate (1.67 kg,
7.8 mol) and 44 L of deionized water, To the agitated mixture was added 8.5
kg of ice. This was stirred until all the ice melted and the mixture
temperature was 1,4 C, To this was added methyl 5-brorno-1-  5
(2,3-dihydroxypropy1)-4-oxo-3-[(phenylmethyl)oxyl-1,4-dihydro-2-pyridinecar
boxylate 19 (2.73 kg, 6.62 mol) via a powder addition funnel, The mixture
was allowed to warm to rt and the slurry was stirred for 16 h. A sample was
monitored by 1H NMR and showed the disappearance of starting material. The
mixture was filtered and the cake washed with 20 kg of deionized water.
This was repeated until a negative starch/iodide paper result was
10obtained (4X20 L washes). The solids were dried in a vaccum oven at
45-55C to provide methyl
5-bromo-1-(2,2-dihydroxyethyl).-4oxo-3-Rphenylmethyl)oxy]-1,4-dihydro-2-
pyridinecarboxylate 20 (2.176 kg, 88%) as a mixture with the corresponding
aldehyde form 21. Purity was determined to be 99.5% by HPLC, 'H Nfv1R(300
MHz, acetone-tic) 6 8.12 (s, 1 H), 7,49-7.30 (m, 5 H), 5.56 (dd, J = 6.0,
2,4 Hz, 1 H), 5.23 (m, 1 H), 5.20 (s, 2 15H), 3.97 (d, J = 5.1 Hz, 2 H),
3.87 (s, 3 H). Example 2    Methyl
5-({1(2,4-difluorophenyOmethyllamino)carbonyl)-1-(2-hydroxy-2-(methyloxy)et
hyli- 



204-oxo-34(phenylmethyhoxy1-1,4-dihydro-2-pyridinecarboxylate (in
eguillibriurri with the corresponding aldehyde)       This Pxample shows a
reaction of a compound 5 of formula (II) 'with one of (III) in step i) and
a refunctionalization step ii) o compounds of formula (V) (compounds 22,
23, 24 and 2525) in producing compounds of formula (I) according to the
process of the invention.  34  Exampla 2a 1-(2
2-Bis(rnethybxy)ethy1H-oxo-3-[(phenylmethyl)oxy)-1,4-dihyd
ro-2-pyridinecarboxylic acid       To a flask (1 L) charged with 500 mL of
anhydrous ethanol was added 49.2g (0.2 mot) of
104-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 (84,19, 0.8 mole). The reaction was
then brought up to 65C and further stirred for 18 hours. The 35  WO
2010/068262PCT/US2009/006461 solvent was removed under reduced pressure to
produce 142,2-Bis(meihyloxy)ethyll-4-
oxo-3-[(phenylmethypoxy]-1,4-dihydro-2-pyridinecarboxylic acid 22 (crude)
as brown oil, which was used for the next step directly. 



5 Example 2b Methyl
112,2-bis(methyloxy)ethyfj-4-oxo-34(phenylmethypo1A-dihydro-2-
pyridinecarboxyiate  2223 10Crude I
-(2,2-bis(methyloxy)ethy1]-4-oxo-3-[(phenyirnethyl)oxy]-1,4-dihydro-2-
pyridinecarboxylic acid 22 obtained as above was dissolved in DMF (500 mL).
To this solution was added Nelda: 6(50.5g, 0.6 mole). The suspension was
stirred vigorously with a mechanic stirrer while CF131 in TBME (2.0 M, 300
was introduced by addition funnel over 30 minutes. After addition, the
reaction was stirred overnight at room 15 temperature. The motion mixture,
sims then diluted with (..,tarke (-1,51.4 and washed with water and brine.
The organic layer was dried over anhydrous Na2SO4. Evaporation of solvents
gave methyl
142,2-bis(methyloxy)ethylj-4-oxo-34(phenylmethy9oxyH,4-dihydro2-pyridinecar
boxylate 23 as brown oil, which was used directly for the next step. 20
Example 2c Methyl 'I 42,2-bis(rnethylotry)ethylb no-4-oxo-3-Rphenylmethy
.y1-1,4-dihydro-2- pyridinecarboxylate 36 SUBSTITUTE, SHEET (RULE   2324 A
2L flask equipped with a mechanic stirrercharged with methyl 1-[2,2-
bis(methyloxy)ethy11-4-oxo-3-1(phenylmettly0oxy1-1,4-dihydro-2-pyridinecarb
oxylate 23 as obtained above and 500 mL of dichloromelhane. To this flask
was added NBS (30 g, 50.17mole) portion-wise. The reaction was stirred at
room temperature until its completion (monitored by TLC, -6 hours). The
mixture was then diluted with dichloromethane and washed with NaHCO3 (as).
The organic phase was dried over Na2SO4 before evaporation 



of the solvents. The crude product was purified by column chromatargraphy (
silcal gel, Et0H/DCM: 040%) to afford methyl
1-12,2-bis(methyloxy)ethy11-5-bromo-4-oxo-3-
10Rphenylmethyl)oxy]4,4-dihydra-2-pyridinecarboxylate 24 as a light brown
solid (50g, 60 % over three steps). 1H NMR (400 MHz, CHLOROFORM-d) 6 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 H), 3.8 (s, 3 H), 3.4 (s, 6 H), LC-M5 (M+H+).
cared 426, obsd 426. 15 Example2d Methyl
1-[2,2-bis(myloxy)ethy1]-54{1(2,4-difluorophenyl)nethyl)emino}carbony1)-4-o
xo- 3-Rphenylmethyhoxyl-1,4-dihydro-2-pyridinecarboxylate  2425 20 A
pressure vessel was charged with methyl
/-12,2-bis(rnethyloxy)ethyl]-5-brome-4-oxe-3-
[(phertylmethyhoxyl-1,4-dihydro-2-pyridinecarboxylate 24(6.4g. 15 mmol),
2,4- 37  difluorobenzylamine (3.2g, 22.5 mmol), K3PO4 (9.45g, 45rnmol),
Pd(OCOCF3)2(398mg, 1.2 mmc1), Xantophos (694mg, 1,2 mmol) and toluene (200
mL). The mixture was purged by CO (4X) before being heated to 100C for 22
hours under CO atmosphere (80psi). After cooled down to the room
temperature, the solids were filtered off through celite and 5 washed with
Et0Ao. The filtrate was concentrated and the residual was purified by
column chromatography ( silica! gel, EtOAclhexane 0-80%) to afford methyl
142,2-
bis(rrethyloxy)ethy11-5-(([(2,4-diftuorophenyl)methyliamino}carbony1)-4-oxo
-3- [(phenylrnethyl)oxy]-1,4-dihydro-2-pyridinecarboxylate 25 as a light
brown oil (4.7g, 61%). 11-1 NMR (400 MHz, CHLOROFORM-d) 6 pprn 10.4 (m, 1
H), 8.4 (s, 1 H), 7.4 (in. 6 H), 6.8 10(d, J=9 3 Hz, 2 H), 5.3 (s, 2 H),
4.6 (d, J=5.7 Hz, 2 H), 4.5 (s, 1 H), 4.0 (d, J104.8 Hz, 2 H), 3.8 (s, 3
I-I), 3.4 (s, 6 H). LC-MS (M+H+): ca/cd 517, obsd 517. Example 2e Methyl
5-(([(2,4-difluorophenyl)nethyljaminolcarbony1)-1-[2-hydroxy-2-(methyloxy)e
thyll- 154-oxo-3-[(phenylmethyhoxyl-1,4-dihydro-2-pyridinecarboxylate (in
equilibrium with the corresponding aldehyde) :inn( 



i..r 2527 20Methyl
1-(2,2-biginethyloxy)ethyl]-5-(12,4-difluorophenyl)methyliaminoicarbony1)-4
-oxo- 3-Rphenylmethypoxy1-1,4-dihydro-2-pyridinecarboxylate 25 (11.6 g )
was treated with 90% formic acid (250 inL) at 40C Mr -12 hours (monitored
by LC-MS). After the solvents were evaporated at <40 C, the residue was
re-dissolved in Et0Ac (- 1L) and the resulting solution was washed with
NaHCO3 and brine. The organic phase was then dried over 25Na2SO4. 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,
DPv1SO-d5) 6 ppm   0.3 (in, 1 H), 9.47 (s, aldehyde-H. -0,2 H)), 8.4 (m, I
H), 7.3 (s, 6 H), 7.2 (m, 1 H), 7.0 (m, 1 H), 6.3 (m, 2 H), 5.1 (s, 3 H),
4.9 (rn, 1 H), 4.5 (m, 3 H), 3.9 (m, 2 H), 18 (s, 3 H). LC-MS, for 26
(fv1+H+), calcd 503, obsd 503; for 27 (M+H2O+W), cald 489, obsd 489. 30 38
CLAIMS 1. A compound of the following formula (V):  wherein P1 is H or a
hydroxyl protecting group; P3 is H or a carboxy protecting group; R3 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; Rx is H, halo or  R2 is optionally
substituted aryl; X is a single bond, a heteroatorn group selected from 0;
5; SO, SO2, and NH or lower alkylene or lower alkenylene wherein each may
be intervened by the heteroatom; R1 is H or lower alkyl; and 



R5 and R6 are independently lower alkyl or R5 and R6 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):   3. A compound of the following
formula (V1):  wherein PI is H or a hydroxyl protecting group; P3 is H or a
carboxy protecting group; R3 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 awl, optionally substituted
aryloxy, optionally substituted heterocyclic group, optionally substituted
heterocycleoxy or optionally substituted amino; Rx is R2-X-NR1-C(0)-; R2 is
optionally substituted aryl; X is a single bond, a heteroatom group
selected from 0, 5, SO, 502, and NH  or lower alkylene or lower alkenylene
wherein each may be intervened by the heteroatom; and RI is H or lower
alkyl. 4. A compound of the following formula (I):  wherein R is
-CH(OH)(OCH ) PI is -Bn; P3 is -01-13; R3 is -H; and 



R< is Br.  5. A compound of claim 2 wherein R3 is ---- 6 A compound of the
following formula (I)  wherein R is -CH(OH)2i 131 is H or a hydroxyl
protecting group; P3 is H or a carboxy protecting group; R3 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; R1 is H or lower alkyl;  Rx is R2-X-Na1-C(0)-; R2 is
optionally substituted aryl; and X is a single bond, a heteroatom croup
selected from 0, 5, SO, SO2, and NH or lower alkylene or lower alkenylene
wherein each may be intervened by the heteroatom. 




