PROCESSES AND | NTERVEDI ATES FOR CARBAMOYLPYRI DONE HI V | NTEGRASE | NHI Bl TORS
S5Field of the Invention The present invention conprises nodifications of
known processes for synthesizing conpounds having H V integrase inhibitory
activity. 10 Background of he Invention WO 2006/ 116764 published 2 Novenber
2006, incorporated by reference inils entirely, describes various
conpounds and detailed synthetic schenes for their preparation. In

15parti cul ar prbesdPs ANDINTERMESIAPES FORRARBADOW S YRIFOME ARLINPEGR s - OHO
group from a doubl e bond using a reagent_ whi ch may include osm um

tetroxide. Sunmary of the I nvent i on "BiIGHERSes are provi ded which create an
al dehyde net hyl ene, or hydrated or hem acetal nethylene attached to a
het eroat om of a 6 nenbered ring w thout going through an definic group and
wi t hout the necessity of using an osm umreagent, Detailed Description of
the Invention The present inventFigld efibe{MestBRocesses for preparing a
compound of lot wiz I): wherein Ris -CHO -CH(DH2 or -CH(OH)(OR4); 1 P
:El? OEIp or a hder Sr)c(egclant quv%%tleo(r:lt éorrln%)rigerso%g&iﬁclgiionlssofkl(n%\r/vn aprgcaé[sé)egxf\ér %{ln?tge%fz:i%é ng

’ 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 (l):

0]

30
wherein

R is ~CHO, —CH(OH), or -CH(OH)(OR");
1



R3 is H hal ogen, hydroxy, optionally substituted | ower alkyl, optionally
substituted cycloal kyl, optionally substituted | ower al kenyl, optionally
substituted | ower al koxy, 5 optionally substituted | ower al kenyl oxy,
optionally substituted aryl, optionally substituted aryl oxy, optionally
substituted heterocyclic group, optionally substituted heterocycl eoxy and
optionally substituted amno; R4 is lower alkyl; Rx is H halo or
R2- X-NR1- C(0) -; I1OfR2H bsa Batdxpinpadtédinggbsd;i t ut ed aryl ; X is a single
bond, a heteroat qm, gy gup_sel ?;;O?eqﬁ%m 0, S, SO SO , and NH or

A ke

| oweral kyl ene or |ower a : reln each may be iota rvened by the
het er oat om and MR i$ 5. hdlegen) ygioxy, Hpligpplly subtiirgdsipyiey alkyl orticaglly sybstituiedact i ng a

conpound of g@lcaik{] loptionehy WistiR@R3 10wkt Rikamy, ashtioealgf substited dover | dijox@r (1V) ;
O e a0 Pl MIEBE P Yol Bl il oo
aryloxy, optionally substituted heterocyclic group, optionally substituted heterocycleoxy
and optionally substituted 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 (l1):
OP! o
o) P2
=
= (i
=
Rx .
20 R

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

ORS

H,N (nm
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,



..01(1V) to produce an internediate of formula (V) or (VI), respectively:
opi OitFo "-we' R3OR5 OPI 0 01, Pa NI" 'Sy RXNNOH OH (VI) and ii)ref
unctionalizing (V) or (VI) to produce (1). 10The term "Il ower al kyr, al one
or in conbination with any other term refers to a straight- chain or
branched-chain saturated aliphatic hydrocarbon radical containing | to 6
carbon atons. Exanples of alkyl radicals include, but are not limted to,
met hyl, ethyl, n-propyl, isopropy, n-butyl, isobutyl, sec-butyl,
tert-butyl, pentyl, i soarryIHzNQ-/HgybHamd) the like. The term"tower

cycbal 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 carbocyclic groups include cycl opropyl, cyclobutyl, cyclopentyl,
cycl ohexyl , RMPIEsRAGRETRESPte of S)agmiia (Y)eoF (I 1esrastvelt kenyl , " al one or in
conmbi nation wth any other term refers to a straight-

OP!
0 _p3

O
ORS

OP? o)
(0] - P3

0]
OH

ii) refunctionalizing (V) or (VI) to produce (I).

RN
SN Vi
Rx
R3

N
N (V1)
Rx
R3

and

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 alkyl 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 cycloalky!” 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 alkenyl,” alone or in combination with any other term, refers to a straight-
chain 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, isopropenyl,
butenyl, isobutenyl, pentenyl, hexenyl, hexadieny! and the like.



chain or branched-chain al kyl group with one or two carbon-carbon double
bonds. Exanpl es of al kenyl radicals include, but are not limted to,

et henyl, propenyl, iscpropenyl, butenylg isobutenyl, pentenyl, hexenyl,
hexadi enyl and the like. The term''lower alkylene" refers to a straight
or branched chai n dival ent hydrocarbon radical, preferably having from one
to six carbon atons, unless otherw se defined. Exanples of "al kyl ene" as

used herein &@%Hﬁi%webu&,{;ﬂ{e elraé[g&m'a é??aﬁﬁt%r[n%néﬁ%& ENA.@meaner@ﬁﬁNAc%sm propyl ene,

butyl ene, iso ene and e term "l ower al kenylene” refers to a
strai ght or MRISAcPEEraENAPYHNLTUAPRP SKEAPOLAPRD HNPSRARERVISe d5lBehr t wo
car bon- car boBaxaiqudsloe"digroks as udtehere intludeommeaioklimgedncehemlehe) etipledd, Ky |

et her radica r h i s defined 10above. Exanpl es of
sui tabl e aI k IOPM%% &Itﬁe %I g%l [ ncﬁég'xlh %ut are not limted t o, methoxy,

et hoxy, ndpropoxy, isopropoxy, n-butoxy, isobuloxy, sec-butoxy, tert-butoxy
and the | i keTheltaen ti@vemikérgleaganterstet efraight bitvdriched dha, divalehtdrydmenrfdal ) ,

brom ne (Br) ragh L 108 Gloon- c%r%gpﬁonﬁrbm\d aryl" alone or in conmbination with

any other term fteters to a carbocyclic ar omatic i ety (such as phenyl or
napht hyl ) containing 6 carbon atons, and nore preferably from 6-10 carbon
atons. Exanpirestemd * |ca\reyb|kds>@rdieféadﬁah ramyludﬁ; rablitdl, valegeinbié tdmh rlity ¢ defnedphenyl ,

napht hyI rac

tetrahydr onagﬁf}% Fx %Péq'tab'éh gﬁtg Jad'émw bt %mét?nof’ﬁﬁ{éﬂ h’{eﬁ'n@ ot herw se
i ndi cat ed, tﬁ'éO’QO’ﬂ erpﬁ?xvamnmpow §@Ul°ﬁbl'585é@@e‘5§éﬁ”19@ééﬁr‘bqu§’xb6%q ¢ BSal i soner
of an aromatic hydrocarbon radical, such as in 1-naphthyl, 2-naphthyl,

5-tetrahydro : el divnyl

2- phenant hri E?ﬁg{"by‘%'b%%e%egéﬁ Wﬂ% %%th%mn%ﬂ?'ﬁg@dfﬁ%%%‘)
phenant hri di nyl, 8-phenanthridinyl, 9-pherianthridinyl and

10- phenanthr ired tami aryE)é&h’eb»eia c&f\blﬁzﬁtbbh wittaghyoitlestemcéfades a barbocgslie not |inted

to, phenyl, pfamgam.t tshden %’enﬂ%%a%ﬂtﬁg%coyafﬁ%ﬁ%%l'boplrglég'ﬂ Jﬁ@% gyl

phenant hr eny tra nant and t he I'ike.
The term " ar BiefeA 'Vrf@f"eq‘lzp Qafp%r?t%ﬁ(ﬂa"@'eét?ba%'u%‘iafst"ﬂﬁhé’ﬂ tb‘§/a’§ﬁ°‘dWFd Exanpl es
of aral kyI gfoopmyu rphttig Snddduit azaitedyl Nfabrehylmantheateibyd, phbemtydnyand phenet hyl .

The term "hefgr n@%ﬁédﬂh%grngy@f ph@lﬁqthng\% Qﬁ(f’lﬁé/ﬁJeeumés% ou@ﬁaséwﬁa.&kéa t n%ef er to a

3- to 7- 30 ere et eroc Icrin
bi cycl i c2Pet t@fra@gvm 3lgo '@q'tﬁ'gs g@@tpefﬁ%epswpm'sweﬁm?fbﬂowgtwélvméﬁrb@at ur at ed
partial | y satadicalf @dh as |nunﬁamtwlm-mhthwnﬁtmwnnmwybetmmhydnmblhtyyl benzol used

T monocyeheondnafiflidil 8 bRER AR r%a?m.ﬁmg}q@pr%am yf A bon atons and

fromone to four tons se egq nsisting of N, 0 and
S, and wher ePhenaHlridinyh P‘Bb@?"'&ﬁﬂ"glﬁ'ﬂrﬁa%‘f"&'@a‘i P@“ﬁ'ﬁ?"%l’ iESARPIPS, be
oxi di zed, 35efryl tddiealnincludg @nt s aonlimiyd topiheon abphihyendga taedleny?, @cbrerghd

| nct udi ngs anyy Lol iengiRLR 't&ramﬂfﬁupmmf iRfandi HRe ARV Shs Retkd aher ocyel i c
ri ngs is use enzene rin

term “aralkyl” refers to an alkyl group substituted by an aryl. Examples of aralkyl groups

include, but are not limited 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



heterocyclic ring may be attached at any carbon or heteroatom provided
that the attachnent results in the creation of a stable structure.
Preferred heterocycles include 5-7 nenbered nonocyclic heterocycles and

8- 10 nenbered bicyclic heterocycles. Wen the heterocyclic ring has
substituents, it is understood that the substituents; nmay be attached 5to
any atomin the ring; whether a heteroatomor a carbon slam provided that

2 Stabl e cheflaalye Rl i58 of £AL) ity Kb SHABL AL iiedin ifiet er 0aTy1 ” are

i ncluded wt ocycl es defi ned above enerally refers to a
het erocycl e PHROUEE Festltedn e ﬁ@fa%férﬁaib’s? SHyFtue- o'ﬁrﬁt‘%rred hesweiyy"ef Ine'wéﬁ 57
pol ycyclic rnB@bdrédlin6@cydiopétadotjcleg ahd 880 membavenbiyyctalidiascyatoVenepiief er abl y

five to ten ﬁ&er@&@llcal"%Sﬂgs Tdb@tl%ﬁgch Qﬁﬁ?r%oﬂ{?&%e@uﬂgh& s%@%ﬁ a&%ﬂgf ferably

onetofour are ‘ea eroatorn suc
Pref erredd hetoanbatpwm @F GBQ)%“P'I'?@'I "’U'&Fée’?ﬁt@“ REhERERAB PLaTh REXYided fhat 3aka oar y| s and
8 - 10 nenbegrehidl &M&hﬂe&eshuﬂé enaabiiomatiod! rondtredriidad indiutidd vithinhee scope of the

"h | whi ch
term et er 0 grg%?les éﬁ?cor%bol/é gnd gg%lﬁeragl rEI%Irs%: Xﬁ%})érogycie in %mgﬁ t?lg Pn |n Ich a

non-aronati c al ni or rmreg aromatic
rings, such g¥stepyis amarpmets mwpvchféwmlv%mns fi"&iﬁh‘é’ﬁ@ﬁ‘ﬂﬂsﬂﬁpﬁwnt\or
t et r ahydr o- qeHrbyalatdms, preisfediyive e edlbahatton®; inidichlon®br radrk asd\dERtdhs,i S on t he

non- a1 o1 ColBl.8], 9L BT GOIN BN Bledelga D885 QDRI S g cated. e

term "heter o%re et erocyc uded each
possi bl e posteerﬁéhetﬁrgwwom "ﬁlumﬁémgbeieﬁmomdpl@apter%w@wn% )
1-i ndol i nyl', mgmbdietobityaht hetetodriel AlisoMtludedwitith€ scopé of1Rd MO ikRrReld, NCl ude

m dazol vl IAREAL DN 5ol ek 87ROl i o NG nel SEBHIALID, 1oty

pyrrol yl, pymgcn iumq to opg/@rIEAre A arowl'c ringg, rsaiitﬂsym an 'pghham qhgqmant{w noxol vl
pi peri di ms(l prwéramwtnyldmétraamd di’lyrlo,hn)wlvnﬂhefeaﬁd mayital opdint BF dltatihent B h tHdaZI nyl,
mor phol i nyl, non@rM{cRF@‘otaﬁm c‘,on{a}h (# ri’ni;t Ulb)ggg%t{emr) ge |f?tﬁ(95|téél ﬁe Eewnazm vl

carbolinyl, tetrazo uranoyi , I anor hollnyl
sul fone, ox aie!esﬂcycl%mtﬁr%?z@ﬂcw 'h%@'ﬁ“zyéhl'az'é? w'udedf-em mwple P?gmonal isomer
oxopyr rol i di énd hetefocpdiz eqlicaly buchag epi- mfdllnyl z.ahmmmhddlmw iexahpiesarol yl

furazanyl te t. zoyl ,
ooy o AARHERrof HENAFL Y Bl o rh AT
t et r ahydPdt h'P@ﬂ?H nipfazolinglyt, e VfWPV"@ﬁZM'XEMﬁ'WZV BT onvERYS I pvrrolmv'

Ej eL ah?/dr of ur gerolyrr, ﬁfruiowmp?r,azlhﬁtdu&;bydiﬂ anmcpwahyqrrytﬁzurnalnmberazmyl

| Cclro r

B e R D

Protecti ng grashaiayl, Aetpzald, ‘E'é?%@ﬂﬂ&%?%@ryb@ﬁﬁwmﬁe‘m' subPneryezohdki | 1 ed in t he
art, incl udl H@dipoBi, ehdokgroyT, oxtpHeding losgsaolidinyl@@espinylTaepdnr a W, Wits,

e b nbbn S D i BN, SHNDGRL Bif” (320D 212
pp, thladlazoyl dloxolyl dioxinyl, oxathiolyl, benzodxoxolyl dithiolyl, thiophenyl,
fetrahydrothiophenyl, 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.



5The present invention features a process as descri bed above wherein in in
sai d conpound of fornmula (I), R3 is H The present invention features a
process as descri bed above wherein in in said conmpound. of formula (1), Ris
- CHO . The present invention features a process as descri bed above
wherein in in said 10 conpound of formula (9, Ris -CH(OH) 2. The present

i nvention features a process as descri bed above wherein in in said conpound
of formula (I); Ris -CHOH)(OR4). The present invention features a process
as deserted above wherein in in said conpound of formula (1), R3is H,

hal ogen, hydroxy, optionally substituted | ower alkyl, 15optionally
substituted cycl oal kyl, optionally substituted | ower al kenyl, optionally
substituted | ower al koxy. The present invention features a process as
descri bed above wherein in said conpound of formula (1) is of the formula
(VI1): Coh HIEpHOeRGnVEREnfeatgent PioprRre A PRsTied abaueedieringd Bicelds as descri bed
above mhereu@nmamﬁ&udmﬁmgppnﬁgfof foorma (1) is of the formula (1a) 25

The present nvention features a (0] ¢ crli ed above. wherein in said
compound of thgrpfﬁfleﬁt' veS\tlon geaél.frei?]g $esP%§?es%%ﬂ%§3ve 6‘?'" in i said

compound.of formula (I), R is —-CHO .
The present invention features a process as described above wherein in in said

10 compound of formula (1), 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 (VIl):

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

(0 CO, Me
R (1a)
= N

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



Si 2ME: (M) HO'OR4 The present invention features a process as

descri bed above wherein in said conpound of fornula (I) is of the formula
(IX): OBny N:ye(lX) Br- Ic)"-0R4 The present invention features a process
as descri bed above wherein said conpound of fornula (11) is of the formula
(Ha): O hl CO2H(11la) 10 The present invention includes processes for

preparing a conpound of formula (1): 15wherein Ris -CH(OH) (OR4);
OBn "
co,Me
oS ? (viIl)
=N '

HO kOR4

The present invention features a process as described above wherein in said compound

of formula (1) is of the formula (IX):

0 co,Me
N
B =

5
The present invention features a process as described above wherein in said compound
of formula (ll) is of the formula (lla):
OBn
CO,H
O 7 (lla)
=~ 0
10 ;

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

OP!
O\ o p3
<N 0]
Rx
L
R
R is -CH(OH)(OR®);

P! is a hydroxyl protecting group;
P¥is H;
R%is H;
20 R* is lower alkyl;
R*is RZ-X-NR'-C(0)-;



P" is a hydroxyl protecting group; P3is H Rs is H 20R4 is |ower alkyl;

R is R-XNR -E (0)-:

al kyl ene;
mule (11):

i ndependent |y | ower al kyl,

OPa 0 R3L

5

10

15

20

and Rl is H;, 5conprising the steps of:

R2 is optionally substituted aryl-, X is |ower

iii)reacting a compound of

R3 with an amine d 0 R5 112 N.O Re(lll) wherein R5 and R5 are

OR5
R? is optionally substituted aryl;
X is lower alkylene; and
R'is H;

comprising the steps of:

iii) reacting a compound of formula (l1):

OP'
3
0] N O/ P
m
-
R*
R?

with an amine of formula (lll):

ORS

H,N (1
2 \)\ORB

wherein R® and R® are independently lower alkyl,

to produce an intermediate of formula (V)
' OP! o
3
o] N o~ P y
=. -N ( )
Rx
R3 ORS
ORS

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

to produce an internediate of formula (V) OP O

Specific compounds used in the processes of the present invention include those of the
following formulae (l1a), (Vla), (VIb) and (la) utilized in Examples which follow:



(V) OR and 20iv)refunctionalizing (V) to produce (1).

used in the processes of the present

Speci fi ¢ conpounds
invention include those of the

following formul ae (11a),

(Via),

(Mb) and (la) utilized in Exanples which

fol | ow: / OH (WY SOH OBri (:02 M
0OBn
0 N Co,H (lla)
=~ 0
OBn
(o)
NS
> N
7’\/OH 2L
OH
OBn
0
o _CH,
~ 0
> N
\}\/OH (VIb)
5 OH
OBn
0 CO,Me
N (1a)
SN Nj\
HO OH
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
(1-7) at page 240 wherein (R)y, is 4-F and R* is H. Alternatively, such a compound may be
synthesized according to the invention by starting with (I) where R* is
p-F-phenyl-CH,-NH-C(0)-, R*is H, P' is benzyl (Bn) and P* is a carboxy protecting group.
15

In addition, compounds of formula (I) which may be produced by processes of the
invention include those of the following formulae (VII), (VIIl) and (IX):



(la) HOOH The product (la) of a synthetic sequence of the present invention
can be condensed with 10 an am ne, eg of the fornmul a H2ZNCH2CH2CH2COH,

brom nated if Fr is H carbonylated and am dated and finally, debenzyl ated
to yield .a conmpound of WD 2006/ 116764 designated (1-7) at page 240 wherein
(R, is 4-Fand fir is H Alternatively, such a conpound may be synthesi zed
according to the invention by starting with (1) where Rx is

p- F-phenyl - CH2-NH-C(0) -, R3 is H Plyis benzyl (Bn) and F3 is a carboxy
protecting group. 15 In addition,yco OE?Q& of ﬂornula (I') which may be
produced by processes inv hon.in hose 6"t he foll owi ng fornmul ae
(Vi1), (Vi) and (I X): | [ iIN, step i) can be carried out in a
protic or aprotic solvent ch agDEtOH, THF or DVMF at a tenperature of
about 50-150 C for about 1-10 houfs, InChBre detail, step ii) can be
carried out for the did starling material (Vi) wth an oxidizing agent such
as NalO4 RuO4 or Pb(C Ac).1 in a solvent such as H20, Meal or CF-13CN at
anbi ent tenperature for one or nore hours. For the acetal type starting

mat erial such as (V). reactiongmy be in an acid such as HCl, CF3COOH or

HCO2H optionally with heal i rg. St pea, Mg can al so i nvol ve
refunctionalization at the Rx|[pos$tion, eg fix®M)to RBr optionally with
further refunctionalization tOSRX~ --R1-X-NRI-C(0)-. Step ii) can al so

i nvolve ref unctionalization of P3| eg PHto P3=Me. 20The present invention
features a process as described,;@bOweyr:wherein said refunctionalizing step
ii) conprises denethylating the internediate of fornula (V) to produce the
conpound ®f formula (1). The present invention features a process as
descri bed above wherein said refunctionalizing step ii) conprises reacting
the internediate of formula (VM) with Nall/lto produce the conpound of
formula (1). 5The present inwgnt é&ﬁkures a conpound of the follow ng

formula (V): = (1X)
N

Br J\
HO OR*

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 (V) with an oxidizing
agent such as NalO, , RuO, or Pb(OAc), in a solvent such as H,O, MeOH or CH;CN 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, CF;COOH 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 P?, eg P°=H to P3=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



wherein P1 is Hor a hydroxyl protecting group; P3 is Hor a carboxy
protecting group; 10R3 is H, hal ogen, hydroxy, optionally subst uted | ower
al kyl, optionally substituted cycloal kyl, optionally substituted | ower

al kenyl, optionally substituted | ower al koxy, optionally substituted | ower
al keny/ oxy, optionally substituted awl, optionally substituted aryl oxy,
optionally substituted heterocyclic group, optionally substituted

het er ocycl eo Qg}pf[a haI o or
R2- X- NR>1/ C(O;ﬁ%/e %nﬁ@&% |o%1tgre$% %stélgtg%cmggd% v "{éi'd_l Si n’%?e bond, a

het er oat om gfeé{ﬁﬁt"@é'lz@éts "*W‘Eﬁs reactinghe Sbﬂ"e%‘\%l“m"bl'la (V'bW\Vb'?'%lP | ene or

| ower al kenypetgewiaiosipouraiat oy (e | ntervened by the heteroatom Rl is H
or |ower alkyl; and 20R5 and Ra are independently | oner al kyl or Rs and R5
can be al kyl and joined to forma 5-, 6-, or 7-nmenbered ring. The present

i nvent i on5f eBraAresentnvestiRsdesres? comroundeiiia fallowing femyiadViaher ein R3 is H. The
present invention features a conpouwrgh @f the followi ng formula (Va): CPI 0
Oit, kr'"kY T R3ocR, ocR3 25 whegei § _po

0

SN il
Rl
R3 ORS
ORS
wherein
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(O)-;
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
0] o o~ P:
R:
R? OCH,
OCH,

25
wherein
1



P is Hor a hydroxyl protecting group; P3 is Hor a carboxy protecting
group; R3 ishal ogen, hydroxy, optionally substituted | ower alkyl,
optionally substituted cycloal kyl, optionally substituted | ower al kenyl,
optionally substituted | ower al koxy, 5 optionally substituted |ower

al kenyl oxy, optionally substituted aryl, optionally substituted aryl oxy,
optional Iy substituted heterocyclic group, optionally substituted

het er ocycl eoxy e Fxyi prddbrsibg gied anmino; R4 is H halo or

R2- X-NR - C(0) - %'ﬂB%QWoﬁy %éétl‘?ut ed aryl; 10X is a single bond, a
het er cat om gr oup o et ‘EP"P%FH%*“"@Q'% 802 , and NH or |oweral kyl ene or
| ower al kenyl ene RiheHehatogea,dlydmey obtonaliyt substigeidovmy atkpleoftiebaly cattsbiutled and R1
is Hor 'OWEE‘EOVW' optTJaslnypg@o%ﬁmedl B¥@ma|k9ﬂllf@ﬂi%‘aﬁl9ssuﬁstmém%q am‘ox} he

formula (V) e wherein Pesent i nvent1on features
conpound 8f PHiEn3ysHeRRiuRG 'PwermteRYIQRY. ortlopgly\iHbstituted aZU-P‘ip“P%a"HSE}?St“é{teHydroxyl
protecting gaglom, opflorially slibstitutad datelmyalic rarp egitiomdly guiostifiied heterocycleoxy R3 is

H, hal ogen, substituted | ower al kyl, optionally
substituted c P{pﬂé?é&gflﬂgﬁt&ii%ﬁhé Iaé/ substituted | ower al kenyl optionally
or

substituted | owerR at ' substituted | ower ai kenyl oxy,
optional | y subst iR*us @tioraity sybsttpied enyial | y

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) N o~ p3
>N 1)
R 7\/014
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 aryl;

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



25substituted aryloxy. optionally substituted heterocyclic group,
optionally substituted heterucycl eoxy and optionally substituted am no; Rk
is H halo or R2 is optionally substituted aryl; X is a single
bond, a heteroatom group selected fromO, S, SO 802, and NH or

| ower al kyl ene or | ower al kenyl ene wherein each may be intervened by the
heteroatom and Rl is Hor lower alkyl. The present invention features a
conpound of the fornuggg E\Qbavgpéﬁg,l.mher ein R3 is H The present invention
features a conpound of the follow ng forul . OPLOOI'"S 1 wWR35
wherein R i sTh‘t]“l&i?ﬂ'}“(e@@fﬁf?t“’fi%iCP'EQQ“BE?HE%@"{‘EB (Vighove wigesin | }'s-"H; and Ftx
is Br. The present invention features a conpound of the Follow ng rinula

E%é‘%f 15The REREN hibhESH teRlrel §RbHE&Ra 8 RPRIAGh AT of I owi ng formul a
- OP' o

0

wherein
R is —CH(OH)(OCH);
P'is -Bn;
P is —CHs;
10 R*is —H; and
R* is Br.

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

CH,
oen © !

TS
oM

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



CH, 013ri P (1S) The present invention features a conpound of the
followng formula (1); or} 0 11,pa L. .N R= 5wherein is-CHOH)2; Pl is H
or a hydroxyl protecting group; P3 is Hor a carboxy protecting group; R5
is H hal ogen, hydroxy, optionally substituted | ower alkyl, optionally 10
substituted oycl oal kyl, optionally substituted | ower al kenyl, optionally
substituted | ower al koxy, optionally substituted | ower al kenyl oxy,
optionally substituted aryl, optionally substituted aryl oxy, optionally
substituted heterocyclic group, optionally substituted heterocycl eoxy and
optionally substituted amno: R is Hor lower alkyl; 15Rx is H, halo or
R2-X-NR1-C(0)-; R2 is optionally substituted aryl; and Xis a
single bond, a heteroatorQ)group selected fromO0, 8, SO 802, and NH or

| ower al kyl ene or Iomeroal en en% wherein each may be intenfened by the

het er oat om Xy o7 ;
(

= AN
R* \j
R3
R
5 wherein
R is—CH(OH),;

P! is H or a hydroxy! protecting group;
P? is H or a carboxy protecting group;
R® is H, halogen, hydroxy, optionally substituted lower alkyl, optionally
10 . substituted cycloalky!, 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
NH or 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



20 I'n the follow ng exanpl es and throughout this specification, the

foll ow ng abbreviations may be used: Me (nethyl), Bn (benzyl), Aqg
(aqueous), Et (ethyl), C (centrigrade). The foll owi ng exanples are
intended for illustration only and are not intended to limt the 25scope of
the invention in any way, EXAVPLES 30 Exanple 1 The stalling material of
Exanple le is the corrpound of fornula (11la) of the invention process which

is also showp,ag, aadof%xpfﬁbue% Ak &Wwfo#;l@;u@}of%gﬁveﬁ of VO

2006/ 116764. The ro uct of e invention process IS depicte el ow as
conmpound 8, Bm?eéﬁwl“gh §RIsp AP FIMmac e bS'PWtaH%C‘?"PRPéPﬂ 194 ahpagedd3of The fi nal
product showvdmebenveIss. aoapadad oftBe ingertioc ragessiBdiepitted belomibsacopiboud 8t page

240 of YO 200RLIISARMMIRE B & herich Sreds e FaAPE b bhPh£VT dod

however, that ere 1 s an an I on desi gnat fed RIGin
formul a (&qunpavnqo@g%ae@npound ofdwgw? (b7>ﬁt Page 24Ge% WP 29085 H§ pshihereinco

(R)m is 2,4-di-F and R? is H, provided, however, that there is an alpha methyl at the
position designated R'® in formula (XXVI) at page 65.

Bn

BnBr 1) LIHMDS OBn  1)MsCUEts N 1) RuCly/NalO,

K>CO4 2) PhCHO OH 2)DBU 2) NaCIOz
Sg¥e}
le) HZN 0 .

OBn Mel OBn
- OBn OH  Narco; 61,(0” NelOy () opn
e
0 OH N OMe
0

5

0 Ho\|) 0
7 8

: OBn O = OBn O =
HN">""0H o : : /@”NHZ
N N/j NBS /j
x N\/é\o F2CgHsCHaNH,
9

Pd(PPh,),, CO

mﬁ%mmﬂb

e 1

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 (lla) 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



13 10 Thus, in the above sequence for Exanple 1, conPound 5 is identical to
conpound 101 at page 113 of WD 2006/ 116764 and to fornmula (11la) of the
process of the present invention; conpound 6 above is identical to formula
(Via) of the process of the present invention; conmpound 7 above is
identical to fornula (VM of the process of the present invention; and
conpound 8 is identical to fornula (la) of the process of the present

i nvention. Stoeaosmray of 360 gtdteorh&\aﬁmu%qerm%seoflmcﬁt Wée BdRAQUA YW I e step
ii) is 61to8 npl e lurry o und 1(1.0 eqg.) in
1400 L of - NEeREPBINE A o) 1BV BEHN EHnT R P R P T058300 o
k2CCB3( 1. 2 edors h driieobied toUli3eC . Warecigitate wasdiltered 8@iGvAsbed \Githts.@h df MeiN. sitiet 0 13C.

Precipitate iz Mss c%ﬁ({eﬁgat@@gnmt'g desE aﬁd%ﬂ b th%freeM?Jg\ITh%Jﬁ@F {dulibs at e was

concentrate was ad e resid F sol ution
5was concentaitcatrepiiried to give 38800 gffcrude GeraPauptpatipil Viithaat fyther F’W‘taﬂﬁﬂjt further
puri fi cati orcompouraeuwad uaedhametmzetchtépn t he next st ep 1H NI v1R(300 MHz,

CDCl 3) 67. GO‘H(@AR(QOGM% aaggi'é‘b(d g(77Hz'31|(| %H%:(ﬂd L g Enp 7 He,

1H), 5.17 (5, Ib To of ‘t'he crude
conpound 2 viY adedHs. E%\‘) THF and the sol ution was cooled to -60 C.
5,00 L of 1.0 Mof Lithiumbis(trinettlyisilylarnide) in TH91.25 eqg.) was
added drgp %(8 é 2 h to the solution of corrpound 2 at -60 C. Then, a

sol ution of 9 oP benzal dehydeél 2 eq. é 800 rril. of THF was added at
-60 C and t h® 8461 heAUAP TRMN 5Wikeddad e de hPthBCo@df%erS%U“ﬂ" wasfeoled - | F

sol uti on wado p@iCed.qort o 1 Mrofdtittiue bisitrihetBysilllankde)do MEFI@E eq3wasladdedf 1 ce

water and 4. d$n$pw}ise93r 25?19% s%gn&rﬁﬁ%oﬁﬁ%ﬂd%ap—ao FeTﬁ’JnQQQéIEnoh QVslo guips washed

with 2.71 L brine (twc e aqueous er was extracted with 3.95
L of EtOAc. b?ﬂ’é’d@BWSﬂr?e%ﬂ )dr §3hPE °of Hifewas apdgdpt cbh GedndiiBg Eaction®iXUe i xt ur e,

1. 63 L of5 t olaseped atas0 Llfde tl hamie THihedutibn adsaebu(eduntae @ midwoe pir1oa/ilde t ol uene
slurry of C%P@H@p&% 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,) 8 7.62 (d, J = 5.7 Hz, 1H), 7.5-7.2 (m, 10H), 6.38 (d, J= 5.7
Hz, 1H), 5.16 (d, J = 11.4 Hz, 1H), 5.09 (d, J= 11.4 Hz, 1H), 4.95 (dd, J=4.8, 9.0 Hz,
1H), 3.01 (dd, J = 9.0, 14.1 Hz, 1H), 2.84 (dd, J = 4.8, 14.1 Hz, 1H).

25
Example 1¢
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,S0,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



20Fi Il tration, washing with 0.90 L of cold toluene and drying afforded 965g
of conpound 3 (74%yield fromconpound 1) as a crystal. /H NVR(300 MHz,
cbCl3) 6 7.62 (d, J =5.7 Hz, 1H, 7.5-7,2 (m 10H), 6.38 (d, J = 5.7 Hz,
1H), 5.16(d, J= 11 4 Hz, 1H), 5.09(d, J= 11.4 Hz, 1H), 4.95 (dd, = 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 Exanple 1c To a solution of 882 g of conmpound 3 (1.0 eqg.) in 8.82 Lot
THE wer e addfﬁmnﬂﬂ@.own; (ﬁé’fﬁ%@%ggd &% 9.7 ﬁPGIHf‘Q%G-ﬁis msﬁmsnﬁyadf payl

chloride(1l.3 e % less t nf i of di sappear ance
of conpound ‘552'1 3R -084d: NP O AT ii“LB?“é(‘bfl |§E?LM221§) §67é5q2')') were added to
the reaction mxture at less than 30 C and the reaction m xture was aged
for 30 mMm Tllrtggng] Sfgure was neutralized with 1,76 L 01 16%sulfur|c acid and
the organic Tayer was washed with 1.76 L of 2% Na2503aq

concent r at i off dMiduFRCf §RgaAf ‘i?”]pa‘§i?§’r4 (1.9 eq4 apd 12 g o Fﬂ&'vé‘”?é@ Oéﬁﬂétﬂ 2f4d t he
m Xt ure was ICemaemt, ear edf Etoneand 2.aBE pf H.A visdrad@edidiati 0 9 of 10O 44.6€q.) 41t hexane,

the mixture jas,gonled g@@@gg@ﬁfﬂm%&gd&ﬁw@%@gn Jefo e el 77 L Of

hexane and dlr I ng of cohpoun crystal .
" HNMR( 300 | v'iﬁz‘ha 3fteraomg fqrd h. precipitatepwgs A 'tefﬂ-ﬁnd VVGSBG#"Y'*"ZBSZZ(‘T?T 10H),
7 22 (d, J =EtdBc.2Tdne fifkhdp, 1.64 I0H(50% Na,S;0Gaq? 82&ZmL a0 a6d 430 U of cdc.ACH. 7 Hz,

5.2 f 4 (1,0
and 11, 21 rerede Hipyfghf REEws Sk ol i el IR L L0 2 5
2.47 L of HZ'BV%‘%eraﬂﬂ'@Qi”eﬁi?Dé9°'&F"‘WOJ(’/¥WGG%‘H’3)4!aP“P'é%‘? wasgAdedmnd C. After
agi ng for 1 the médiBgwas cohledblrB2d anddcoelgd Wwitkvizs batt dEidratian, ashingiwith aiLef at | ess

t han 25 GC t 4 and washed with
8.22 1. ég’gg'?era"g%mg t¥fcef af2 ?Qf%%ﬁ’b&]"%(gﬁ)l\@%%\la %ésgdg 822 ni of H20
and 630 rrL of! MVRGREHMHA, SRk 8 7484 d = SThidz éHh@éﬂ's""feaFV‘e?HXnééo'g)&er('act ed with
4.11 Lot 15£t 03%0, ea«raj(dmesasrrgammsmnm BB ¢, ednbi ned and concentrated. To

the residue, 4 L of toluene was added and the nmi xture was concentrated and
cooled with ice bath Filtration, washing with 1 L of toluene and drying

provi ded 372§™8€ '€onpound 5 (56% yield) as a crystal. 11-1
NVR( 300 MHz,A GREFSYf 56F g dBcofrabpunti=s B3.0%qhizand 404)g of B-atvnoqrd@ané-nR-ddk.5 7. 40- 7. 26

(m 153H), ?eqéﬁ’h(gs %JFEtéH 's‘%mrre%@ Ss%f@ripﬁrﬁiat%wc fo56ﬁ1A‘tt§’ad&l@n of Exanpl e le

A mxture o 099 o é g 3 3-am nQ- propane- 1,
-diol (2, % eq'889¢f 31‘\"8@%06?"8&?& NQnhea)dq $QGBlgofFHORBShemixfuis was sfired /iy at 80 GC
for 6 h. Aft&rCdadih iAdar afditizd 8838 gofdtanBroiropanep2alid (0et dq.)2r 2000hI(&F. 1 eq.) in

200 m. of aqhonthemduid ws@su%&ax%ol brf&%o%n %chJomog a%dfadd.mnto%osarﬁhﬁat' on of

18. 89 of 3-am_no- P'E(“Pane- {r %%1 e m xture
was stirred &0 88 ’%Wa%?f’"ﬁ?rﬁrateﬂf @ e gesupriP el HAdand 2-8hL BFACEIEY i of
H20, the m xeame added.SAfD semandtiva ttedaqudoustidyer wassyagdbied with. 1902 Lof 8f0Ad200and 2.54 L

gf 0/2%0 EEt 2t OA%@S\Q layBf, bR R PR AihuAPacid DR RAUPAYSs RN 85 -MRWaRReA Wi th
° 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-d) 5 7.67 (d, J = 7.5 Hz, 1H), 7.5-7.2 (m, 5H), 6.40 (d, J = 7.5

Hz, 1H), 5.07 (s, 2H), 4.2—4.0 (m, 1H), 3.9-3.6 (m, 2H), 3.38 (dd, J = 4.2, 10.8 Hz, 1H),
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



25t he aqueous |ayer, 2.03 L of 12%sulfuric acid was added at |ess than 12
Cto give crystal of conmpound 6. Filtration, washing with 1.53 L of cold
H20 and drying provided 576 g of conpound 6 (83%yield) as a crystal. 1FI
NVR(300 MHz, DMSO-4) 67.67 (d, J = 7.5 Hz, 1H), 7.5-7.2 (m 5H), 6.40 (d, J
= 7.5 Hz, 1H, 5.07 (s, 21-1),(m 1H), 3.9-3.6 (m 211), 3.38 (dd, J = 4.2,
10.8 Hz, 1H), 303.27 (dd, J = 6.0. 10.8 Hz, 111). Exanple if To a slurry of

5769 of co (L. 8 L of NWP
wer e addedﬁ%ﬁ”bgur@? FQthﬁﬂn WéhlﬁdWM1HQQON@@ aﬁﬁﬂ%&bﬁ@?&ﬁﬁ 51}7(?)gd(?de(l 5 eq.)

and the 35m99f‘198\é"%§9°étyie|d$ 'Ha%ﬁ’&?'oomten’per ature for 4 It After cooling to
5 C, 1.71 L sfNaR366aMERdMSA-B;) b 7¢0 (2.0% Nakdt, d4), Wewoe7.28l@e dHY, 6.28 e Jii xt ure at

I th 1 fi v 1e/. i ti hing with
 ess phan 1272%H%ﬂH95¥ﬁ Erﬂsé@hzOIHéjs127(80JmWﬁz ?tho% RE Wﬁ"‘ﬁ)as g

provid
oryotal 18- T RNRUTGO" WP, BBGHIET A S8 0 0 B ade i ww{yf)g 7.20-7. 28
(m 511), 6.12184I(Izd,1H)]3%5—73@(&121HIL.’B.’&1D—3&(2111|€)C13261—315(:41-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, 111), 3.97
(dd, J = 14.1 Hz, 111), 3.79 (s, 3H), 3.70 (dd, J = 9.0, 14.4 Hz,
11-1), 3. 65 @‘a%'eﬂﬁj lH) 3.40-328 (m 1H), 3.26-3.14 (rn, 11-1). Exanple
1g To a m xtwanmfureﬁasoggetfcoﬁmaqmwmﬁo&mneoeqo)MémfﬁﬂldtchbaM 5.07 L

of H20 a%i J‘f:}\cégg) Péq )%Q%d&é&Q&geoqNglovﬁé eﬂ?gﬁﬂpg%%ﬂ%QLS %&95‘1( 1,2 eq.)

and the m xtlre wa addi tion of
1.52 L of 1U%'Né?2$’2t?§5ﬁf°’2f‘héﬁ?ﬁaﬂt"m“é’f\lé§ LobeNetR:ae hamdismed to 10 C.
Filtration, avashiratgd widdooki® rrd. dhitydting wasiong viind,8868 dgfng panipedissd 8 ( 80%
yield) as a o DVSO-d6) 6 7.62 (d, J= 7.5 Hz,
111), 7. 42- 71‘5i %’ﬁéﬁid oA 3R W&aw
H NMR(300 MHz,'DMSO-ds) & 7.62 (d, J = 7.5 Hz, 1H), 7.42-7.30 (m, 5H), 6.33 (d, J =

15 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, 3H), 3.74 (d,

J=5.1Hz, 2H).

Example 1h
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-1-0l(1.3 eq.) 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 CHCl; 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, CDCl,) § 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



156.0 Hz, 2H), 6.29(d, J 7,5 1-1z, 1H), 5,08(s, 211), 4S54.85 (m 111),
3.80(s, 3H), 3.74(d, = 51 Hz, 211). Exanple | h After dissolution of a

m xture of 378 g of conpound 8 (1.0 eq.) in 3.78 L of Meal by 20heati ng,
the solution was concentrated. To the residue, 1.51 L of toluene was added
and the m xture was concentrated. To the residue, 1.89 L of toluene, 378 m
of AWN and 1379 of (R)-3-Arnino-butan-1-01. 3 eq.) were added and the

m xt ur e was Pff%@ﬂbgtpggmﬁ%wié' rrg%rgﬁera r%:ld%On ofgsrgLofﬁ centrat ed. To

t he residue, g concent r at ed.
The resi due agig ofloe madiredt 10 “CHorB07@n ndat @ @ f‘89 hp fjtratiopfwash®1 BitheheB bvashed

\gttth x 1. d 88 cbid Pl addZdly lnTﬁ}@w&Al\idgﬁﬁ' %fg@y@n@ mewoqrela’pésn@ay@ad concen:ra: eg
o the residue S centrate
After addi t| I\g%(S(?O 'géz CD&ESEF%KV\?%@I Qﬁ)ag%gﬂ q'a)agﬁ}ary?tgz % %gaLﬁof Et OAc
and dryi ng pr tv2 HedHR 35§ (o fJ <D Poulihil 50(26@/o/>?|3eq 8y Hes 11, %9@‘59@1@ 1NWVR( 300

MHz, CDCl 3) ﬁﬁ (39‘J7 5@ 16@Hz2m>4324sfh87(m2ﬂ4)(m1-3|d)5 (m71l-?41 4glkddeJZ?_5x Hz, 30
2H) , 647( 111) % 11), 5.28 (d, J =
10.2 Hz, /H)45 é‘*iz“'z(bm 1314":% ég%z bz, 111) 5.05 4.90 (m 1H), 4.07 (dd,
J = 3.9, 135Hz lFl) 4.00-3.86 (m 3H), 2.23-2.06 (m 1H), 1.48 (ddd,
J= 2.4, 4,5, , 1.30(d, J = 6.9 Hz, 311). Exanple ii 35 To a

m%le'#
slurry of 332 ound 9 191 g of
NBS( 1. 1 rad%aca{tr?@ "9106'8%3\7!)%@9'?{% gr‘*@ﬂi‘"ﬁf”lﬁ?‘%&ﬁ% °8’HB%’P8\AW8 g%qf h. After
addi tion of mllonG’erEtéz 5D, 148 ofi2dtdiffueroberzylemine(iddeaf)@nd 362 gph. After
afld|5t 'CO][‘ of ﬁd(sﬁn%{(Oﬁ{S e'ﬁ?gi @B%L&Qbmcmastsh@edat Xb o Br 8% hlﬂfterQo&ﬂ 30 nin and
a iltration, ryi ng
provi ded 362pr§°'%tf’ted@ﬁﬂ'6qﬁﬂja"fdva(s§§t)”@' sg"&)déé’m&a'&qjyé?eélad oy 0 Rﬁ?%(r&fg
CDOl 2) 5 7, 69,07n837¢ mi. opMQEt o thefilfrate, tha-rgank: Ia@s Fauashed wigH)35 nf. &3 (d J 5

; ég i 5%5 ( 168N Héiaa5an(i das oPH D eh% thelé'&emé Iélygr dkxtrakten whth Qa5 AL 6f Hz, 1H),

2.21-2.06 ( COEH) Thefrgfglc%%y&& wericombzdeg anqlcq\glcer{_![_rat]éé ﬂ_’éthe Z[? d% 15? n%%l;n 3H)
6.9 Hz, 3H).2-pExpanplveas HidddAnddies migtarebeas catneotrated. o%lea@ddwgpbféﬁ@ mLaf 2 xt ur e of
2345d|gf ?Lofo enzﬁdcoqagénlra&ne&o)in a 1840 & Bid kfatibn, E’:rua 18- ogc 4 O)Jr(a)d51]13va3) ml_nog35
nm. of Drvl SC?btWé[?\ﬂ/ ?ﬁ rdg’agliqmé’gﬁe ) ”?%Fryéé'g‘z:??% "%‘Efgf %’&@1 h Ag. Ipr eCquI tate was
filtered2@ndpreapitatedvasfitanecs@ndltize idtfatwas eopeantrated. Afftes pdditivd iof 209mlodf 502 ni of
H20 and 670 gbHlcRteriaidat addfioh BE1shinLdf IGH, cbiientRiigR Rbding axMiiranes Washed
with 335 ni corIJde 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
25 residue, filtration, washing with 2-propanol and drying provided 34.3 g of compound 11
(84% yield) as a crystal.
'"H NMR(300 MHz, CDCls) 8 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-C in 252 mL of THF and 28 ml. of MeOH was stirred for 1 h. After precipitate
(Pd-C) was filtered and washed with 45 mL of THF, 5.6 g of 10% Pd-C was added and the
19



15 0.5N Haag. and 335 aiL of H20 and the aqueous |ayer was extracted with
335 nL of AcCEt. The organic |ayers were conbi ned and concentrated. To the
residue, 150 m . of 2-propanol was added and the m xture was concentr at ed.
After addition of 150 nmL of 2- propane!, concentration, cooling to 20 "C
and filtration, crude crystal of compound 11 was obtained. After

di ssolution of the crude crystal in 380 rriL of acetone by heating,

20pr eci pi t at t ter
20preci pit: gglg@egwés'énﬁé‘&ﬁm gﬂ@n&é?ﬂ%rérb%eﬁoﬁﬁo%p G t@%ﬂﬁ@wa@gﬁg dﬁ;d

concent rat i ofESNEDYit 1Y anef GHGL{MeRH (@), thef l‘f&@ Was Fancgntraigd. c“é‘ﬁb‘&iﬁﬁ'ﬁl"%l was
obt ai ned. Af tfaire rdsidigoh 188 0iof BXOHtHyehestingiBe solytish ahs gradubBPcasled od roarﬁet one by

heati ng, theteﬁ‘lg!a]ég}eor)\ft ra(figﬁ'(ﬂ?er}ﬁtlca?é \ﬁéjscoﬂ_&nfrggdé 8gl & Flﬂféﬁ)on% e? e 00| i ng

propanol was a e m'Xture was concen
of the 257 esVHiEOHENY P'?/'éiﬂ |P@H'de%§%9ﬁbc%PP‘l*Pdé%??dpﬂH@I asmsm 'yi ng provi ded
34.3 g of cohﬁmmdoaMH(zamscyuelad)z 5a%s,aHENng.se gl = 5HHNrMH)R§3@(l Mhz7.3CDC12) 5

10. 40 (t - , 7.24

5t . 78-8. 4T “‘é@“‘z%ﬁ ﬁg@ﬁw%*’gﬁ o8P0, L 8ok, oo B 2% 0
1H), 5.15 (d(fl' z, §Hy 490-4.701pp, 1h) 1)‘35-4590v+ﬂH>14-94(d4l%ﬁ1(da 2H). = 5.4 He,
2H), 4.22 (d4l3s (J!dBD%69 1313345114)1141)10-3498(19. {1ahcl3.96-386@mO1H) 18121192 (m 11H4) ,

4.02-3. 8$0(m602_H)48(,g gﬁ 31338(%5;%'96 )3 ml 50 (ddd, J =2,4,4.5 14.1 H, 1H),

1,33 (d, Under hydrogen at nosphere, a m xture
of 28.0 g of corrpound 11(1.0 eqg.) and 5,6 g of 3510% Pd-C in 262 nt. of THF
and 28 nlL. ofxaMpRHIwas stirred for 1 h. After precipitate (Pd-C was

filtered andAfWﬁﬁlQ&thlm {Sf"\ Tag)fb &%’Qé]ouxyllzz %hqu |rP§4 r;lil(_)g/f’lf SH%H“@ﬁln&iglg\geoand t he

19 mxture wasswre en at no Pd- C wa
filtered andAESHYY 2 Mk of 3% NapHgg: (1(9-1{91)3@??/@9#‘?%99 g s°'t‘tﬁ’@ 801G Jhe was
concent r & edsolufidrt wais gladusityl asblied to rodm tdnperaasé. drilgation, iasBidg Witw8o &t 6H by

peating. thex@Aldih kg RYiGE MG LY dnib8fieod (o ida L erpaiat ure. ATt er

filtration, the was concent trati on, washing
5with EtOH ahdMRGPHYHHOMIUEA039-78 8. 67 6.8 Sapblindos $Doh4p-eppim dk).a
crystal. 1H z\mqseonm 7.(OM5EB (hs,)1H], 5, 2235.(B3(m, 1H)), 4.81Q.736m( 1H), 451 @, J/=Hz, 1 H),

8.50 (s, 1H)g54 ﬁz%ﬂb(«ﬁs@mﬂs @741§§gdﬁ218”ﬂ)1’|§z74§)4‘716g§990(ﬁb1@)493 9.5, 10.8

HZ, 111) 7.12 %—4 70 (I‘O
120 1565 (i by 10922 g oo 4 Wy e Sy 8558 6.0 13 8

Hz, 1H) 4.10-3.98(11, 1H), 3.96-3.86 Om 1I-1), 210194(|n 1H) ,

101. 60- 1. 48 ippedk) . 1.33 (d, J = 6.9 Hz, 311).

Example 1m shows a process for preparation 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 NaOHagq (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% yleld) asa
crystal.

Example 3

Example 3a
35  Toaslurry 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



Exanpl e 11 After dissolution of 18.09 of compound 12(1.0 eq.) in 54 nL of
El OH by heating, followed by filtration. 21,5 nm. of 2N NaOHaq. (1,0 eq.)
was added to the solution at 80 'C, The 15solution was gradually cooled to
roomtenperature. Filtration, washing with 80 nL of EtOH and drying

provi ded 18.8 g of conpound 13 (99%yield) as a crystal. 111NVR(300 MHz,
DMSO-ds) a 10.70 (I, J =6.0 Hz, 1H, 7.39 (s, 1H, 7.40-7.30 (m 111),

7,25-7,16 ( MgirdElvas ZonQ@nt@te%%né%L%HF@ag déd FOZt(néQes@i!l—Q Thé T&E%ol%(}(wm 111)
4.51 (d J= I

4.05-3, 90(m Wﬁ._ﬁoncgptrg%d t%\se 3585 r?fcrgﬂsbcomgom 21as-p2 Y\lltl;'aput @pﬁler p!rlﬁgrqnom 32
(m 11- 1) 1. 2dmgfodnd Zwss@seeuri-lnenéid.&t)ap Exanpl e | m Exanpl e 1rn sEows a p][ ocess
for preparath ,C 0 1 ch n te form
of conmpound 1 I%NM%?OR{V@! ébjé??o’léﬂ}?o‘ﬁ g?%gg% ﬁ‘p?\gg'é‘n%uﬁéﬁ@e,?&qéeeq ) in
600 nt. of Tliﬁﬂﬁé?éﬁfz*é)o?ﬂ?fsoﬁ“)w 2) by 30 C, 36.0nmL of 2N NaOHaq (1.0 eq.)
was added to the solution. The m xture was stirred at roomtenperature for
2 hours. TheEpangdd 3 t ati on was filtered, washing with 150 nL of THF-water
sol uti on (8: 29 045 the crede cPrEOUNDr2MYasgddad BB LOFANA ahdite dpltpnandediddoni ng 30
provi ded 30I #60FC COOPO YD wLﬁmaamfea{y@uyiamae) i?lfTI-FF’gﬂWéH)QVal%dde%?’% y:j el d)
as a crysta ompoun
1(1.0 eqq? d’°R‘ﬁ'S%BL§“?° ‘%Eff\r}'qﬁ)éf’?°°£‘88er5’%‘z%21§dg&%e%éﬁ?@&’b‘géﬁg% ¥(1.05 eq.)
and 26309 of bezaid@yde(2-2eq.) ). BOTFm,LQhTMFWﬁ%améatstGDr’@@dé the r@Qticpemixtirer 5 h and
cool edI t 0 13Was &yea 6t Jot-alié MaSrhfeiTHt:@sneﬁbn&&ad pM\E&hﬁfé a%ﬂattlrg%f@.zti@if NE_G(;I- The
20 Filtrate wa ntLrate S.a 0 e residue.
The THE sol u ?"S%C%gﬁgon CENEIAT dg"%o" lﬁ}(gx%%g‘g {5\"6512 grﬁ B YGhd 2 as

oi | . Wt hout Wawasneﬁwm?‘flirefehrln@ﬁww@@nﬁﬁer@duezuv\merwedxtranteﬂ wéh 8%t st ep.

16  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.

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

(74% vield from compound 1) as a crystal. :

'H NMR(300 MHz, CDCls) 5 7.62 (d, J = 5.7 Hz, 1H), 7.5~7.2 (m, 10H), 6.38 (d, J=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 3c
To a solution of 882 g of compound 3.(1.0 eq.) in 8.82 L of THF were added 416 g of

25 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
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

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, CDCl5) 8 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

21



111 NMR(300 MHz, CDCI3) 6 7.60(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). Exanple 3b To 904 g of
the crude conmpound 2 was added 5.88 L of THE and the solution was cooled to
-60 C. 5.00 L of 1.0 Mof Lithiumbis(trimethylsitylam de) in THF(1.25 eq.)
was added 10dropwi se for 2 h to the solution of conpound 2 at -60 C. Then,
a solution of 509 g of , benzal dehyde(1.2 eq.) in 800 nL of THE was added

at-60 C and tEmEERLH 10D otk Erbind PoPA AL RBRAL WAk JvpEiend HF

sol ution was poured Into-a
wat er and 4. ¥l ¢fwater. arigurgof 1968 of walsr 2.2 af hYH‘@"@Fﬁ&HF@"Pé%ﬂ ohas vvashed
with 2. 71 L wdiofwdsnedddifon Le) aeandCt Aer agibgotish, |lofgaaic andSqusis iagtagkrad th 3. 98

15 of EtOAc. EQSteS QS(PA gﬂ: ?ﬁﬂgés eJr&Ye%rb? §\§ S“f(et?h&nf‘a%%géﬁer ﬂ&&%s |I§ee¥~Fse m xture,

1.63 L of tol concent ol uene
slurry of5 ccﬁﬁﬁﬁi?ﬁégfan by}amLr of ethiacetplg SRt Alganis Brerowers CEm@ﬂedcémﬂ of 8Puene and
dryi ng af f orniedd3350tidfwaseapaie theZombiAse yrgai.daiefermtﬁ@mpaywérel) as a

| 2
S0 6. 3 o EnIN ol iyt hgfled® shépo g igRp b oty aak o fodioh 2 {1,
Hz, 1H), 4.9®d @mqugws laygr, wag sgpapted. fyipr 603nloaf 5(/od‘éPHCﬁ= Sglunyn and 2§7mszof 1H),
2.84 (dd, J TFEMPBwaslaliddd, 8.9 gloriNaciBeatibrovaiddé ta tieobdttibromixfe 882°c of
Corrpound163f (fgrr191 ﬁgft}ne'd %Or%ﬁ\tcﬁtfe k-EHE? éue“Na%(H€§&td4Af§er%eq e%%% !\l( 1.5 eq.)

and 406 et h: esul I'es After
confi rrratl orfeparalgd. Sa5pe &f 5&@@2%@3 EQMBBEWQB‘ of AcPRtwegst addrpanghd 1167 g of
DBU( 2. 8 eq. )se;méted ane eglebOs i wae aghdt@by 80Xl UF AcGEt ah®Sspaiatean280) C and t he

i ' I h 6
rLengt 1696 syl oo wdkuaalts raé Bhct ctiBP mhle at ec%r’%%oeth}é"ﬁﬁad?g%{% Iféggs W tf %%7

Na2S03aq. Af Pe’ﬁﬂeéﬂ‘ﬁ@éﬁﬁ!'?ﬁ‘ta?éﬁ'ffeéffmgﬁ@‘"br“ﬁdﬁi“é’%@ﬁﬁ%?d Wﬂshﬁith%meei uene was
added anth t heatariwitedng dryad td:p‘rﬁﬂdb”‘ﬂ?gbﬁ@n(pbmﬂ@ (roompisd) asAf ¢rpstaladdi tion of 4. 67
L of hexane, H':{Qwe%{gl%oxture was _cool ed ce bath, Filtration, washing with

117 L of hex 1& %Pl {HEd 785079H6f1Héc7rﬁ§62rﬁ%|('2 1846887 2P - as a
crystal . 11B"6re380 Hz,dbged (b7 195 8H(s. H)= 5.7 Hz, 1H), 7.50-7.25 (in,
10H, 7,22 (d, J = 16.2.Hz, 1H), 7,03 (d, J= 16.2 Hz, 1H), 6.41 (d, J = 57
Hz, 1H), 5 Fkapgle 32H) . 35

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 EtOH 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 EtOH, the mixture was stirred at
80 °C for 1 h. After addition of 18.8 g of 3-amino-propane-1,2-diol (0.1 eq.) in 200 mL of
EtOH, the mixture was slirred at 80 °C for 30 min. After cooling and addition of 509 mL of

25 H.0, the mixture was concentrated. To the residue, 2.54 L of H,O and 2.54 L of AcOEt
were added. After separation, the aqueous layer was washed with 1.02 L. of EtOAc. To
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.

30 'H NMR(300 MHz, DMSO-d;) 6 7.67 (d, J = 7.5 Hz, 1H), 7.5-7.2 (m, 5H), 6.40 (d, J = 7.5
Hz, 1H), 6.07 (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,O 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
22



Exanple 3d To a m xture of 10.09 of conmpound 4 and 13.6 ng of Rud 3nH20 in
95 m of MeCN and 10 nL of water, m xture of 155nL of water, 7.29 of
hydrosul furic acid, and 15.5g of Natal was added for 2.5 h at 20 C, After
aging for 1 h, organic and aqueous |ayers were separated and aqueous | ayer
was exracted by 30raL of ethyl acetate. Aqueous |ayer was 5 exracted again
by 30nmL of ethyl acetate and organic | ayers were conbined. 6 nt. of 5%

NaHSO3t sgl utT iﬁm .w.t_so@@%la%d@ W& ad AR tﬂ@ﬁlix?fr&&ES% tﬂgﬂgsréc 8 etcﬂgta%gye][ s 2\|C/|Ier e
separ at ed. e or [ ayer s ad] ed to : addi n . o]

NaOH 2ol ut | oA e gRoes TR AP 1AL Do Bidogio parddsr 8O0l - of 936

Nat i CO3 sol uterappuahd (82%Aald) @b aTHMRO was added, 25.99 of NaCl O sol uti on was

added to thew RaRId0OMHZ BiSHL)A 7.800Q 1950k, ), A7 98 (h e f RN 3L Nin to
check the react| o$1 was. fini shé)gﬁ er the '|6|;b' S \%eégﬁ's{)gﬁgréa%t(% 42.5m of

Af er
5% Na2603°sol Gt 2ol Vand! okt S4H2alidy &2 (fef 2 128 Had Mt d@pht 1842 the aqueous
| ayer was exHé_&ttelF By H301H) 3.9 (dAcCER.4,ard Heze i) are, 3H)27HA8= svas added to
the reacti on157_1,ﬁg’qr@_rﬁ,%ggi(@gp)ltﬂogﬂga qu%;%_Lg_@‘ §H)(_:ool ed to 5 C. After

the m xture was stir mm the mxture was Fi'ltéred, washed with 30
m. of water twice and dryed to provide 5.7g of conpound 5(70%vyield) as a
crystal. 1H EMR{3O® MHz, CDCl3) 67.78 (d, J = 5.7 Hz, 1H), 7.54-7.46 (n,
2H), 7.4007. 2&a (nigturgaf1n5,0 gof4gmpaiind J(15) €4.)liz 70.9.d df)Me BN, @ n{iiure of 60HL of 5. 31 (s,

211) . Exanpl g,3e.6 28 Hsd arki4h & g NalS) a9 hude@ MR RA b didedd 198c 1o ARE 407 g a
3-ami no- pr op irred at 65 C foil

h and at 80 ggeﬁél]?ézréj(\jﬁtigr%\%@?e vg%cﬁllfrlfcgfﬁ} %?&ig)?etgipggtgpag\ﬁ%reﬁ The filterate was
3- Ani no- pr opadied 1o the shiudioG Of 1. &egyoNas¢abi@@dd sridiumcsalt, B4@lof watehandrfiompuf € was

stirred at 8Qfsd,fftelthd mikirk Rbs 8sHdbritiaRR, @biinko - fifkation, washing with H,0
3- ani no- the m xture was

opang- 1, 2-di. ol .1 eq. n m , of
stirred gﬁ‘d@r’f"@rp'%‘lﬂﬁﬁﬂﬁg gﬁf‘g?g%’la%ﬁ"??% gl a3a8PF%Rbn of 509 mL of 25 H20,
the m xture WaSMRE@OC &Mzl BA8O-ds)T®7. 60, UeSi SIHE, 1HD . 75130 {m H2H, edcdd2s 54 L of

AcCEt were agged. 2H)fd. 8 aSLPRE ] M), 5.6818, AHULHUSed @Y Gh), Was oy th 1.02
L of EtOAc. J’quh_g)%uéous Iayer?nlz.oé?:@Lﬂgf 12% s(ﬁ?/f Hies égc{:viggﬁgg‘}swédded at’
r

less than 12 Cto give crystal of conpound 6. Filtration, washing with 1,53

L of colg H20Q an ying provided 576 g of compound 6 (83%yield) as a
crystal . %01

v, TR e RISL s Sy b gt G 2,
211), 3.38 (YdR)-JAmipoputan(-ofin| g afidjalyn and 1.0@df acktic Gcidat 60T, Bftétthe 1H) .
Exa{rp! e 3; Séa&ia% glixﬁ]réh?léé'(ﬁ\'(/g&d B - f%}fgdlﬁgﬁlllﬁé'&g?tﬁﬁ %ﬁ@ur@qvgé %o"ale‘é% 8fc éligomms_
contained) ip 0 re a Q .0 eqg.) an

of methyl i odlid&y dé h%‘dv?‘)cngﬁnﬁ?ﬂga%eiﬂﬁ%e\ﬂg%g'ﬁ g‘??%’&l"“ﬂ'ﬂdﬂ?%@mer ature
for 4 h.2Aft¥RDEdBling to 5 *C, 1.71 L of 2N HO 22 _

'H NMR(300 MHz, CDCl,) & 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, 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).
30

Example 3i
To slurry of 6.7 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%).
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and 1.15 L of 20% NaCl aq were added to the m xture at |less than 10C to give
crystal of conmpound 7. Filtration, washing with 1.73 L of 1-120 and dryi ng
provi ded 5079 of conpound 7 (89%yield) as a crystal. 1H NVR(300 MHz,
DMSO-d6) 6 7.59 (d J= 7. 5 Hz, 1H), 7.40-7.28 (m 5H), 6.28 (d, J 57.5 Hz,
1H), 5.21 (d"lI 5.4 Hz, 512(d Jr10.8 Hz, 1H), 5.07 (d, J = 10.8
Hz,111)483(t J-57Hz 3.97 (dd, J:24 14.1 Hz, 1H), 3.79

s i T L

and 11.5 g of-1N&f04= #8s!3LddedH). A-0R 188 (@ 3. %éhféé)@r{mlw)d £9(ddaJe 2‘iﬁ\fter t he
reacti on mi x#-8r¢-Wdes 1K) 181 &6l JFEO Hz.BHUr, precipitate was filtered. The
filterateSwas added to the solution of 11. 6 g of ascorbic acid sodiumsalt,
64 g of wat eExamipth H$Onmg of H2SO4. After the m xture was concentrated,

cool i ng to 5Ukger tarbdnrmadnioaide warsisphmege, \aintixturke30251baoidospytindg o pridgiotied 12. 9 ¢

of cormound B,gﬁé\%zye %dezh aﬁuoﬁloo?sﬁ%&we 3%&%&%& agpg/g gog% 67,62 (d, J=

7.5 Hz, Jr7.5 Hz, 1H),
5.08 (s, H) bls(grlp@e\pylghcgghlm}putirﬁ)m 188 rgbof(I%MA Ris) stlrr3d MS Qifor h 1Af1q2coom:g) )
20Exarrp| @0 3 lihe Aeantiontmixtare Oks fiuidddgnofio/eDomoxard was asd fdhed sgpod.6 dogl yne were

added the SOALHHIO Sﬂjof%raér Qrzg m§ B¥ Sead € %Q%e%o%gd b re%é?lon m?xtuge gf diglyne

and 1.09 of acetic acid stirred at
95 C for 9 h%FsAﬂet’ﬁ@"?%fab?W"Brggrﬁ %?fW?’V@%a@SQ)F%CWGd1°3°€“éﬁ‘id’eﬁ‘|“t ered. The
wet cr ystal Tesrweshediltared athoye derbperayire andwdgedby 47angoeistnd td ghd40.1 25 XRD

dat i , 7 70:4.58 OH), 7,40-7,24 (m 3H), 7:14
(3 - %i :%EI)WUW odgfa)‘]ar@?cgg%l1 (n5 BED(d J = 10.2 Hz, 1H),

5.28 (d, 1@ —'Hlf@)f\ﬂB(3BQMI-I.ZI—§DCB) azofaig.' s = £Q3H291HB 8335H§.,1H)I-|766—5533m42iﬂ))0 (I'n,
1H), 4.07 (dd42-7.2% (18, 8H), AlB-B.74izm, 2H) 5.3eHdD0=3.98&, (1), 5.361|d, /2.123-H:, D9, (i n,
1H), 1.46 (dsith (ddfJ 234, 5.4.Hz, 193585460 (hHH), 468 d = 514 Az, &H, 44 (d8H)= 30
Exanpl e 31 Too S8l 11, £bo fa7) 969 13¥B%, M), 40250, ise Bberofaihane; yps added
10 g of COMpAKY g,%4 3591?4 /;BHg 1p,§9c]djf3c(glpjp€§£ gﬁge at room tenperature. After

thr reactjion m'xture was stirr e reaction m xture was added
to the so+ utéon of 2.09 Na2S03 and 40.3 g of water.
xample 3k

Under hydrogen atmosphere, a mixture of 4.0 g of compound 11 and 0.8g of 50% wet 5%
Pd-C in 67.6 mL of THF and 1.6 mL of H,O was stirred for 1.5 h at 50°C. After mixture of
80mg of NaHSO; 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.
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35The organic | ayer was washed with diluted NaCH sol ution and water,

di chl oronet hane was concentrated and was di spl aced by nethanol. The m xture
was cooled to -5 C and filtered and the wet crystal was washed and dryed to
give 10.3 g of conmpound 10(84% . 11-1 NWVR(300 MHz, CDCI3) 6 7.69-7.63(m
2H), 7.59 (s, 1H), 7.38-7.24 (m 31-i), 5.33Cc, It 10.2 Hz, 1H), 5.25 (d, J
= 9.9 Hz, 1H) 5 12 (dri, J., 3.9, 5.7 Hz, 1H), 5.05.490 , 1H), 4.11 (dd, J
3S, 13.2 Hz, 402388(m 3H), 2.21-2.06(m 1H), 149(ddd J= 2.4,

4.5, 14.1 Hz, d, J = Under carbon

i ono-oxi 11 6 *a@ﬁ% AuiPe: Do Birdut Iz e 18 TEBIR MG e So1n, 8. of i
Pr2NEt, 12, 87351ﬁ152m41'@rfP%&§5@nW| B%Br8 (M3t 4f7-bf4 ou (P2 (hAd 1. 9g of
1, 4- bi s(di phériz Bhospht Adjnbutiarte 6i(dd, Y88 .&il4.6HzDV\ 4RPs-3.90 (m,r1ely 36— 85C for 4
h. After 6ooBi7agy, 1HYt2A0O-1.2200,i 1060 14xt.62 @n, WHS 1davd, ded.Sing 380/ 25 of m xture
was used for next step. 6.69 of AcCEt, 29.9 g of water and 3 ng of seed
crystal weregggldgdato the reaction mxture at 40 "C. After stirring for
7mn, 29.9g of water was added and cooled to roomtenperature. The crystal
was filtered at roomtenperature and washed by 47.29 of ethanol to give
10.1 g of cofposiartinglrbt&BAefExeindl Ads canmnpyds, ahich E5ddrAticdMR(FS00IaNBlof tHEDC13) 6
10. 40 (t 40 grogesg%fthé- lalent ﬁvghﬁor( Shus]-@(ang] Q@eﬁct§§ut{llmfor%?9mveztlo412 7_24 (m
5H), 6.78-6. e& '&df %I} = 10.2 Hz,

1H), 5.15 (daroc S In prey| dépgaénp?te dlamnhejcoagmw o(rrﬁllxla ﬂ_ﬁelovglw@@ 'fd J =54
Hz, 2H), 4. 2Bore@ o the3pBpouh@ Z8-2 al phge 287 6ONO@AQ6/ 1676400 BriarlBhis ¢ta). 1H) ,
4.02-3.88 (m 2H), 2.24-1.86 (in, 1H), 1,50 (ddd, 1= 2.4, 4.5, 14.1 Hz,

1H), 1,33 (d, J =7,2 Hz, 3H), 20 Exanple 3k Under hydrogen atnosphere, a
m xture of 4.0 g @f ﬁé_gpound 11 and 0 89 of 50% wet 5% Pd-C in 67,6 rnL of
THF and 1.6 nt.. was stlrre ;5 h at 50C. After m xture of 80ny
of NaHSG3 and 2. oowpurle,l, ad ed t ghe reaction m xture and
the 25reactiop,m Xt ufie was r\ , Np eC|p4—t—a-te was filtered, washed
with 20 nL of , andthefl rate ntrated to 11.97g. After

addi ng 6. 7nL of @t hahol and 3 é'm_ of

OBn O 0Bn O

°J‘/5* J> \Q; oo,
Pd-CH,
N
N F,CeHsCHoNH, x \/i\

H Pd(PPh;),, CO

15 16
OH O ONa O
: FHO N Nlé NaOHaq/EtOH _ R i ”’@
N AN NG SAN1~0
H H
17 © 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



purified water over 1lh, reaction m xture was cooled to 25C. Filtration,
washing with 26.9nL of EtOH and dryi ng provided 2.339 of conmpound 12 (132%
yield) as a crystal. 'H NVR(300 MHz, DMSO-d6) 6 12.51 (s, 1H), 10.36 (t, J
=57 H, 1 H, 850 (s, 1H, 7.39 30(tcl"1 =8.7, 6.3 Hz, 1H), 7,24 (ddd,
| = 2.6, 9.5, 10.8 Hz, 1H), 7.12-7,00 (m 1H). 5.44 (dd, = 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,

| = 6.0, 13. : , : aH 1.94
1H) 1 60-1 ﬁ‘éﬂdzres filtrdtiod Quadhi géwér{fsoojnkﬂ)%zc&d Q—@To%a&ﬁaﬁm%%mé%dkgg o (m

di ssol ution %?f%Pwdd# (%%%é}ﬁdafﬂ’(s? ‘0 eq.) in 54 nL of EtOH by heati ng,
fol | owed by HNWMR@ED0 MHz, CIICIH 51Ti6161.590, BHDH&Q—KZJ (O, ¢id), B.5%vais J adadetH)t o t he

sol ution at 8 ({Cy - T Lo olitd AIYAWRS 1 REUR droqapled d g oraomyt pper at ur e.

Filtration, |ng gz)row

Fonand a3 (D3 N 621 e A=, 87 4, 1014 14 CAuia OB, RS W) D 10. 70
(t, J :1: 6,09H2,3HAH), F68Qid(S=63H).7 HZ. 4#H)-173830 J=8.3 BE)3H).7. 25-7, 16 (m 11-),
7,06-6.98 (in, 1H), 5.22-5.12 (m 1H), 4.87-4.74 On, 11-i), 4,51 (d, 5.4
Hz, 2H), 4.35-4.25 (m 1H), 4.16 (dd, J = 1,8, 14.1 Hz, 1H), 4.05-3.90 (in,
1H), 3,86- 58@TpleAl 1H), 2,00-1.72 (m 11-1), 1.44-1.32 (m 1H), 1.24 (d,
Jr-- 6.9 Hz, To’a’&H)rrydExmmbf&onApdﬂhe1s(médng78thOﬁWPw£sﬁdamp$egAf i s conpound

8, whichqgs jsient 'eﬁ%m{tﬂe fn%dﬂylnlgs {ifd at%?rﬁ Qﬁrp%:%tlpé BFE5H. Ple khgoPr esent

i nvention, Thus [ nvention process in

provi di ng an"‘?‘eré’i’ﬁ?@Hi’%t@ 3f18r’-°fHé) ch'Hﬁtt?[]n"&a%'f‘g ik %ILQ”TZP HWIB{Ehi ch i s
i soneric to grbvdeddspguhebmpdurid &t(843ageldPra @fstalD 2006/ 116764 to Brian Johns

et al. 141 NMR(300 MHz, DMSO-ds) & 8.37 (s, 1H), 7.55-7.50 (m, 2H), 7.427.25 (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 FPrNEt(2.5 eq.), 68.4 mL of 2,4-difluorobenzylamine(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 AcOEt and 2.0 L of H,O, the organic layer was washed with 1.0 L of 1N HClaq. and 1.0
L of H,0 (twice) and the aqueous layer was extracted with 1.0 L of AcCOEt. 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, CDCl3) 5 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



15 Exanple Ac After dissolution of m xture of 320 g of conpound 8 (1.0 eq.)

in 3.20 L of MeOH by heati ng,
resi due,

2- propanol
cooling of

and drying prOV|

oun d) _as a crysta

the solution was concentrated. To the
1.66 L of MeCN, 5.72 alL of AcOH(0.1 eq.) and 82.69 of
(S)-2-Am no-pnpan-1-o0l (1.1 eq.) were added and the 20m xture was healed to
70 C, stirred at 70 C for 4 h and concentrated. To the residue,
mas added and the m xture was concentrated (tw ce).

%Fegﬂud(%,]wagh'ir%wnﬁt'mﬁm h'aﬂg aéMquh 05%)8 s @b, K50E, Qhez pr opanol

1.67 L of
After

NVR( 300 NMHz, Miytadyasetiredser .’B'B“(‘ﬁ’ﬁf“miﬁqe"? S'?h% /’("r?{f'ﬁﬁll?"% J=17. 2, 1H),

5.46 (d, J= ﬂr@cﬁtaidZPd Q)ind WBsHR ith, THFAMAGH(@/1 Hihe fitd)wasGoR@nttadel, Ale= 3.9, 9.

3.0, 1|i|)2 34H£21£b0 f%é&)ga a%?gded"to r{egﬂlf Iﬂtr:ﬂgn foo d Céda% 3 Pvig com‘b’oé'l (7dg 7‘J ;IZ
1.38° ( d'i'he p:ecgutgteweregpwbm%qﬁp(@a

Hz,
1H),

éfte’conpound

6

14(1.0 eq.) d¢ohcenBBtiontof the THCNMROMBsOIBiCKS] extl éaam&\@zacﬂ meDAd«ES(oJmel eq.) and the

B i BB IS0 F el DB Sl v e

m Xt ure was

added to 3.

provi ded 1633dsfsseiidivdAd oiyle@@ﬂrb@g911épw')eag@ e teatian. thefitiiwaso0 M-z,
DVSO- de) 68. ébhcdntrated.Hyq the réshiud,. 1501 $fBIOR ks adted 2nd'thd midfuie wad) , 5. 34

3.6, 9.
(dd, J=
1H) .

15

20

25

30

35

3.64 (d¥of cgmpoupd 1¢(8p

yield) as a crystal.

'"H NMR(300 MHz, DMSO-dg) 8 11.47 (brs, 1H), 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, J = 2.6, 9.4, 10.6, 1H), 7.11-7.01 (m, 1H), 5.39
(dd, J=4.1, 10.4 Hz, 1H), 4.89 (dd, J = 4.2, 12.3 Hz, 1H), 4.55 (d, J=6.0 Hz, 2H), 4.40
(dd, J=6.8, 8.6 Hz, 1H), 4.36—4.22 (m, 1H), 4.00 (dd, J = 10.2, 12.3 Hz, 1H), 3.67 (dd, J =
6.7, 8.6 Hz, 1H), 1.34 (d, J = 6.3 Hz, 3H).

Example Ae

After dissolution of 16.0 g of compound 17 (1.0 eq.) in 2.56 L. of EtOH and 0.64 L of H,O
by heating, followed by filtration, 39 mL of 1N NaOHaq.(1.0 eq.) was added to the solution
at 75 °C. The solution was gradually cooled to room temperature. Filtration, washing with
80 mL of EtOH and drying provided 13.5 g of compound 18 (80% vield) as a crystal.

'H NMR(300 MHz, DMSO-ds) 5 10.73 (t, J = 6.0 Hz, 1H), 7.89 (s, 1H), 7.40-7.30 (m, 1H),
7.25-7.16 (m, 1H), 7.07-6.98 (m, 1H), 5.21 (dd, J= 3.8, 10.0 Hz, 1H), 4.58 (dd, J = 3.8,
12.1 Hz, 1H), 4.51 (d, J = 5.4 Hz, 2H), 4.30-4.20 (m, 2H), 3.75 (dd, J = 10.0, 12.1 Hz, 1H),
3.65-3.55 (m, 1H), 1.27 (d, J = 6.1 Hz, 3H).

Example B

This Example B utilizes a process to insert a ring nitrogen in place of oxygen in a pyrone
ring and create an aldehyde equivalent by an osmium oxidation of a double bond. Thus,
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
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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Hz, 111), 1.27 ((I, J 6.3 Hz, 3H). Exanple Ac Under carbon nono-oxide

at nosphere, a mxture of 1639 of conpound 15(1.0 eq.), 163 20nL of
i-Pr2NEt (2.5 eq.), 68.4 nL of 2,4-difluorobenzylam ne(1.5 eq.) and 22.5 g
of Pd(PPh3),(0.05 eq.) in 816 nm. of DMSO was stirred at 90 *C for 7 h.
After cooling, renoval of precipitate, washing with 50 nmL of Dfv1SO and
addition of 11,3 g of Pd(PPh3)4(0.025 eq.), the reaction m xture was
stirred at 90 C for 2 h under carbon nono-oxi de at nosphere again. After
cooling, renoval of precipitate and addition of 2.0 L 25 of AcOEt and 2.0

Lot H20, the or§&Aic |ayer was ed withach,0 L of M HClag. and 1.0 L of
H20 (twice) & aqerSus | CextNaeeld W Pt of AcOEL The
organi c | ayers e cogped an c ncent T adetde Silikcapgel col umm

chr omat ogr aphy, of the residue pr %\él ded 181419 of conmpound 16(96% yi el d) as
foam 1H NVR(3b0 MHz, COCI3) 610738 (t, J = 6.3 Hz, %H) 8.39 (s, 1H),
7.75- 7.25(m 7H) 30690670(rn, 2H) 543(d -102Hz 1H), 5.24(d,

J = 10.2 Hz, 5/19(C|003"J: .9, 63 (d, J = 6.0 Hz,
2H), 4.50-4. 25H2(4rn 3H) 0 f@d, J -o u9 12%%}“& 3.66 (dd, J =
6,9, 8.4 Hz, iH-—139 (d, Examde yAd_35 Under hydrogen
at nosphere, a HBPKture of 1\‘ \}(;T\corrpﬂa% 16(1.0 €q.) and 36.9 g of
10%°d-C in 3,31 L of THF arf¥ 0.37 L of MeOH was stfrred for 3 h. After

filtration of 26 precipitate(Pd-C), washing with THF/ MeOH(9/1) and
addi tion of 36.89 of 10%&;;1, C, the mxture was sgprped for 20 mn under

hydr ogen at nosphebe. /@‘ fdd Mgatﬂznﬁ\e{\pne% I at (Pd-C) and washing with

THF/ MeOH( 911) , Nalae filt was comegent rat ed. 0 of AcCOEt was

added to the Tgsjdue € f| Nat i on N&%Eﬁded Crud ' conmpound 17. 5The
t

precipitates wnfda conbi ned d ex ed with-4.0 L of CHC13/ MeOH(5/1).
After concentration ofgth80 sol ution and @ddition of 250 mL of
AcCEl to the residue, filtrati on af forded crude solid of conmpound 17. The
crude solids were conmbi ned and dissolved in 8.2 L of MeCN H20(9/1) by

heating. After fardtration, tfeMfdltrate ;@C'Oﬂﬂﬁﬂﬁrfmed. To the residue,
1

1,5 L of EtOH wAsOMaided aR re Oconwentrated (three tines),
After coolingof—theresid i 1irafi oh and dryi mg(PPhoyi ded 132 g of
conpound 17(88%AfPEI d) a®ra crystal@
» DMSO
OBn O
F@\/H 0] SN N/j
N S N\)\O
0
I
Example Ba

5 To a bromobenzene (238 ml) solution of compound A (23.8 g, 110 mmol), selene dioxide
(24.4 g, 220 mmol) was added. The reaction mixture was stirred for 13 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



11-1 NVR(300 MHz, DVBO-46) 6 11.47 (brs,11-1), 10.31 (I, J = 6.0 Hz, 1H),
8,46 (s, 1H), 7.40 (td, J = 8.6, 6.9 Hz, 1H), 7.24 (ddd, J = 2.6, 9.4,
10.6, 1H), 7.11-7.01 (m 1H), 5.39 (dd, J= 4.1, 10.4 Hz, 1H), 4.89 (dd, J =
4.2, 12.3 Hz, 1H), 4.55 (d, J = 6.0 Hz, 2H), 4.40 15(dd, J = 6.8, 8.6 Hz,

1H), 4.36-4,22 (m 1H), 4,00 (dd, J = 10.2, 12.3 Hz, 1H), 3.67 (dd, J= 6.7,
8.6 Hz, 1H), 1.34 (d, J = 6.3 Hz, 3H). Exanple Ac After dissolution of 160

g of conpound -NKRYcOCRE: )55!1(2H25)5@5¢<1|@fd Esﬂmz) am@(dm @47 kv H2G=520Ry heating,
fol |l oned by % héhatl on, 39 nL of 1N NaOHag. (1. was added to the

sol ution at '§ SI)he sol ution was gradual |y cool ed to room tenperature.
Filtration, washing with 80 ntl.. of EtO | and drying provided 13.5 g of
conmpound 18(&9;%&(4@&@ as a crystal, 'H NVMR(300 MHz, DMSO-d8) 6 &6) 73 (t,
J=6.0 Hz 6 1H),

7.07-6. 98 (mlf")" E"H)“ °%°%1qu6‘595 (1)6%33&5";'"%6(56"%%%6 (384, 95324(’6'53?'} d3 g 2512.1
Hz, 1H), 4. 5sulfaghic agdid ($4.29.H66 ndid)), acétoBe (465 () splutign & EhmpdBnd'8 (46didy, 202 = 10. 0,
12.1 Hz, iH mmdi)0as dddea aﬁ&ﬂhe%ure%gﬁr{e@’fer\lo Grinkitdst rogllﬁbtem | e 30Thi s

ExaaneButlllzesa rocess to insert a ring nitrogen in ace of oxygen
in a pyrone Fq"??d'"%ﬁ%?tc@'reé'h‘fa@‘“é?np’ﬁf'ﬂ'&ﬁtﬁ?d‘@ree‘éﬂj‘? By fitrafiyp agd WS%’Pﬁdd‘i‘W 8%¢ dat i on
of a doubl e Weted Comharmd G (H2.8 ge3&dsiwae obtsinedés aslaribssrenistak scope of this

i nvent i oRpant.NMRASMAYG- Gﬁ)‘@ 8. PSR 8, J=BSHH)! 7.53- We(@ifl rF.)hﬁzb('i‘ﬁeJ medi at es

pr oduced accgﬁd%}\_,p to the process of the invention. In particular, the
conpound F bgl 's a final product (VII1) of the invention process and is
35here taken on to a product | below which is within the structure (1-7)
where (R),,, ekéngfsde and Ra is H at page 240 of \NO 2006/116764. 27 DMSO

An ethanol (17 ml) 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(CDCly) 5: 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 diethyl ether (390 ml) solution of compound E (13.3 g, 44 mmol), potassium
osmate(VI) dihydrate (1.62 g, 4.4 mmol) and sodium metaperiodate (28.1 g, 132 mmol)
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



oBB 0 el, 111 1 Exanple Ba 5To a bron-iobenzene (238 m ) solution of
conpound A (23.8 g, 110 rnnol), selene dioxide (24.4 9, 220 mmol) was
added. The reaction m xture was stirred for 13 hours at 140C with renoving
wat er by Dean-Stark trap. Insoluble particles were renoved by filtration
after cooling, arid solvent was evaporated. Tol uene was added to the
residue and precipitates were filtered off. After concentration in vaccuo,

the residue W@&uﬂ%ﬁénfcie‘é%l%yﬂté@ébk'doﬂc&%tndﬁ%w&&&d&w&%&&&é’&h& (hexane |
et hyl acet ate? Co ound (16.5 g, 65% was obtained as yellow oil,

11- 1- NMR ( mpgyRd(149)9)- 6. 50( 111, d, J4Hz), 7.36(511, s), 735(111, d,
J=5.4Hz), 9. MNMH(DM)SO cEXé,rﬁme(sBks)SﬂM(aH 9).CeB7d @il talF edHrpae ((HME8, m )

sol uti on of Mwummai 8" mkéi‘-l Qﬁéeﬁl(m dA4 51! 8.768A, &utts%rnzy 7%'7%( 54.9 g,

566 mml) acet one sol ution of corrpound B (46.5 g, 202 mmol ) was
added and®t h&Hakt é”'\'/v;QS sﬁF‘Fed for 40 minutes at roomtenperature. After
renovi ng acetone in vaccuo, precipitates were collected by filtration and
washed with g,g;ng)l v&t er. Corrpound C (42 8 g, 86% was obt ai ned as col orl ess
crystal. 10111- NVR(DMVS ?l|6 5. 2 3] élll d, J=5.61t),

7.33-7, 46(511° °W‘f=)’°f°f8‘ Q@RT a"%lme‘ﬁ'a‘? B"ﬂ‘%b olugion:ehgprapaggd F (1.7 g, crude

product), 3-aminopropanol (2.77g, 36.9 mmol), and acetic acid (1.2 ml) were added and
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(CDCls) &: 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,
15 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 mmal), 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) 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) &: 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 mé, 0.175 mmol) and
tetrakis(triphenylphosphine)palladium(0) (25 mg, 0.035 mmol), 4-flucrobenzyl 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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An ethanol (17 m) solution of allylarnine (13.2g 231 wool) was added to an
et hanol (69 15m ) suspension of conpound C (17.2 g, 70 mmmol ), then the

m xture was stirred for 4,5 hours at 50C 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 I ected by filtration. Conpound D was obtai ned as
colorless crystal, "H NVR(CDC13) 6: 4.37(211, bra), 4,95(2H, s),

5.26-5, 39( 21&11fat€)801v5nt&aas5er9&l@a‘ﬂ vaBauo aag)@ue%’s(dllb"waﬁiQunﬂéd:\Qlﬂ’Ssnch gaHZ)
7.29-7. 37(311 8.11( 1H,

brs). Exanpl &Y %@n@}?ggg@féﬁnchp{ie/@fg@nw%ogﬁgﬁgkﬁéﬂh%pggw ound D (14, 6
g, 51 mol ), obtfhed25dolareabrestalol5. 4, 0j undec-7-ene (15.5 9, 102 mmol ) and
met hyl i odi dﬁﬁr&ﬁo%o-éa?(? 158D, >4f(y|¢rn% ﬁ@biﬂlsmmdnt@@o meg(ﬁur,ﬁ yas. stirred for

15 hours at roomte ter ey g the resi due was
ouri 11 ed by SPTTRIGER ST B RPSRH: Sar A0 - CEhPGR o DIt )
Conmpound E (7.40(244).m)0B86-7.6@(8H ot} &bh@dd, 4s col orl ess solid. | H NVR(C0013)

6: 3. 75(311, s), 4. 40(2H, d, J=5.7Hz), 5.16-5.35(2H, in), 5,29(211, s),
5,81- 305.94(111 6.62(111, d, J=7.5Hz), 7,27-7.42(611, m. Exanple Be
To a di et hyl ’@m'?l\er (390 m ) solution of conpound E (13.3 9, 44 mnd),

pot assi um osmate(Vl) dihydrate (1,62 g, 4.4 nmol) and sodi um net aperi odate

(25. 1, 13320/ orUEH S.AAls nTHEGD I ANGRABRyEL bl d for 2.5 hours at

roomtenperatur iltration. Collected
solid wang di [5%‘8?%‘3“‘1"&"3’3:ﬁﬁ&f’Uﬁ'szﬁRy\g‘g'f‘?FQ%ny'aiﬁé" Vatll %f"ﬂgé’i’l‘ Wlee particles were

filtered of fecor@mooding aldghyds) i n vaccuo gave crude product of conmpound F
(14.3 g). 11-1 NWMR (DMB046) 6: 3.23 (31-1" 3.82 (3H s), 3,87 (2H, t, J
ﬁz?!_'ZzS 78 (2T1hslgaﬂlplef_s‘%lgw%a’:ﬁtjnctlefnag%}l@ (i@ comgoundSa; shown a%o&ellr} %xamp’le J=7.5

15 1 (of formula (V1)), including a bromination at the R* position, to yield final products 20 and
21 (of formula (1)) of the invention. Such compounds with Br at the R* position can be
reacted as in Examples 1 and 2 to add the R%-X-NR'-C(O)- sidechain.

Bn Bn Bn
(@] -
O3 X “oH . o7 Oz o7
>~ _N X N]\/ B >~ _N
OH j\/
HO OH HO OH

H
6 7
19
Bn Bn
O o~ O o~
_—. \
B ~ Nl + B N\L
)
HO OH O
20 20 21
Example Ca

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



5(5H, rn), 7.64 (11-1, d, J= 7.5 Hz). Exanple Bf To chloroform (108 m ) and
nmet hanol (12 m ) solution of conmpound F (11.7 ¢, crude product),

3-am nopropanol (2.77g, 36.9 mmoh, and acetic acid (1.2 nl) were added and
19 the m xture was stirred for 90 mnutes at 70 C. After concentrating in
vaccuo, the residue was purified by silica gel colum chronatography
(chloroform/ nethanol). Conmpound G (6.48g. 72% for 2 steps) was obtai ned
as colorless cryatal, 11-1-NVR(CDCI3) 6: 1.54-1.64(1H, m, 1.85-2.01(1H,

n, 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), 4.07CBRL 211, m, 4.63-4.69 B 5rr), 4.94(1H, t,
J=4.8Hz), 5.25(2 10. 2, 24,6Hz), OS5 d,~J=7.5Hz), 7.22-
7.36(511, n), 7. "S§(2I0Hi n). _Exanpl e acélic acid (93 m)

sol ution of conpound. 6p56.1 g, 18.7 mmol), acid (31 m) 20solution
of bromne (1,44 n, .Q mmol ) was added dropw gely during 15 m nutes. The
m xture was stirred for hom$ at roomterrpe[_j_@J OMter addition of 5%
aqueous sodi um hydrogE® sulfite (8 m), 2N sodiUm hydroxi de (500m) was
added dropwi sely during 20 mnutes. Precipitates were collected by
filtration and washed wgth m xture of dichl or ongt hane and di | sopr opyl

et her. Conpound H (6,02 g, 79% was obtai ned as 25col orl ess crystal.

1H NVR(DMSO-d6) 6: 1.55-1.74(2H, m, 3.12(111, dt, J=3.0, 12.3Hz),

340 4. ai( orf repgr s ghiudd o 1 . Q0B Vo Al bt AL

7. 56- 7. 58¢ 219ihvd[orA-pyriginengbpiylic a5id 6 £h3Ekant-47 "ra fallgwad ReEAEININENf oxi de (1. 42

{ﬂ % SE! uE |t O NNEHC T QPR 20.69 31} ama42(, ot d&oriaed wpteariTb this was added 21.4 kg of
etrakis(tri , .

4t uor obenAte i AORBERN 16 fRk S ERpeuctioR, 2o S50, Tt surmee o\

0.875 mol ) @ef k9.48d8 oD aeRdded drapwise yiz@n RAdtion fynnpldethg AepstionBXtEn  monoxi de

at nospher e faer 63 haws keepihg 8@ tétnpefdtire at Z90XH ‘CnJhe Slatywatagihtea@dus anmoni um
chlori de h i i b, . The
1 (Wastetﬁgﬁgtgre%}? 4th. Hvrdh )&é”\é?d déﬁ?léﬁ%ﬁh% ﬁéﬁ%ﬁ)ﬁyﬂ?&t@ vs%g @%dlelji?ng g O@‘Bre

extract was wa wth water and ous sodi sul f at e.

Sol vent was GelOMARd dhe mixtyigas euraizadie Pl 88y Hg @i 9 G 584 LW £97¢si 1 i ca gel
col utm chr ontidgzeap byf deiinizgd waeet aberehctior vésaciolay slofly rpagettvith(cdd 28% g, 89%)

was obt ai neq)riﬁé S(S‘il(RIOFI) E&rﬁiﬁﬁe&&w I%' 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 under vacuum and the cake washed with 15 kg of deionized water 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-oxo-3-
[(phenylmethyl)oxyl-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, /=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-[(phenylmethyljoxy]-1,4-dihydro-2-
pyridinecarboxylate.
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1H NVR(DMSO-d6) 6: 1.58-1.74(211, in), 3.10-H m, 3.80-3.68(1H in), 4.02-
54.07(111, nm), 4.43459(511, in), 5.05(211, s), 5.20(1H, 1. J=3.9Hz),
7.13-7,19(2H, in), 7.32- T.40(5H, m, 7.56-7.59(211, m, 8.61(111, s).
Exanpl e C 10Synt hesi s of net hyl

S5- brorno- 1- 12- hydr oxy- 2- (net hyl oxy) et hyl i - 4- oxo- 3-

Rphenyl rnet hyl | oxyl - 1, 4- di hydr o- 2- pyri di necarboxylate (in equillibriumwth
t he correspondi ng al de This Exanple C sho refunctionalization of a
conmpound 6 as shown ab n Exanple 161 (of f a (VD), including a
bromi nation at the rgr, to yield fO s 20 and 21 (of
formula (1D of the irven |on Such—eempoends|wi th Br”at the Rx position can
be reacted as in Exa and 2 to add NR1- C(0) - si dechai n.
Exanpl e Ca Met hyl 1 2 i hydro propyl -oxor 3- henyl at et hy xyl

, 4-di hydr o-2- 25pyridi ng ate A reactor ed with

1- (2, 3-di hydr oxypropyl ) - 4- oxo 3 [ (phenyl et hyhoxy] -1, 4-

5di hydr o- 2- pyri di necarboxylic add 6 (4.302 kg, 13.47 nol) foll owed by
charging with NaHCO3 (1.6® kg, 20.09 rnol) and 2429 of deionized water. To
this was added 21.4 kg of NWP and the m xture was stirred and tenperature
brought to 28-35 C. Dineihyl sulfate (2.34 kg, 18.30 not) was added

dr opwi se Vi aA eeactardeistcharged wittn(@1759 kg, t1he7 mek ot metyl 1H(23-tihgiraxygropyl)-43oxbour s

keepi ng the 3 RIRAYALH Bl 42c§hy§% ﬁyrﬁiﬂ@ca%o%ét&‘éﬁ&@@%ﬁél\ﬁd #tihis 10

tenperature for rﬁg $ g& reaction m.xture was cool ed
to St or bel WAEHEXURAPEOU é’a%%deﬂ ’?'H?SI”E%“‘F%(W%Q DA OV QUi ti on of
HCl (561 tri20 raitutevia #H@wdenfuBH.6THe resultdrtiminire @ds staree af)rt fol taeh.rAgdtdt | on vessel

was sl ow y ctmaengs%dhaw1b/i10f%9Jnﬁ,g%Oa‘i@rerM;epre%ehttst,wncC@mﬁ&@%voefs workbd kg Nadi , 20
kg of deionized wa mum t e erature of 10 C

The mi xt ure 08 %I"F%l?ye‘iﬁ’déﬁg t?)"lé'ga’?dcﬂdd%’ %"?‘Flwaf?fé""gwﬁr(wgi Na2kg i |t ered
under vacuundeinided Waer aktheverbtee was aditated, thay fitéred eThimwasaepeattidar theno t i nes.

The wel $®! i detadi6hthdEicrdThe gorﬁﬁméﬁ%té@%@%as”&%ﬂﬂ%‘i% ivhteCAMast ant

\i\BI( gh:(g \é\?ﬁygcﬁrgsbgvg Thc?v&n &S(plgo de ‘P 03% kg o} methyl 5¥)romo-1 (2,3-dihydroxypropyl)-4-

[ (phenyl net wp@xgvbenlllmbﬂdl)wm S-dbypyRipgidiecabbotate 18t(81.6%wWasanolitwitned as a
::):V%g d)é)el !\Soyo@@ér'o@l%{@%ﬁ?’dﬁgun QHW(@MMHY Mahﬁh@é SBA% 1%‘“'7 N(;/Rééso_ 7
Hz, 1 H), ‘2‘3?85%316%5%"5 ‘HZ("?[ 14352fd* kﬁba 0 gdd. io1é3+%°H§(‘ ). 4,85(m 1
H), 3.981§ dd3 81)s,3 H)43.38 ("R 14, 3—!'22(d1H11 843942(3514) 3¥1)qd, 3= 7I(D3(Q:131HzJ = 14. 3,
9.0 Hz, 1 HR), 3.58 (m 1 H), 3.23 (m | H. Exanple Cb

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)

Bn Bn O BnO
O N0~ O 0" O 07
—_— + > N
]
Ho” O HO” ~OH 0
21
19 20



25Met hyl

5-brono- 1- (2, 3-di hydr enpr opyi ) - 4- oxo- 3-[ (phenyl net hyl ) oxy] - -1, 4- di hydr o- 2-
pyri di necar boxyl ate. A reactor was charged with (3.759 kg, 11.27 nol) of
nmet hyl

1- (2, 3-di hydroxypropyl) - 4- oxo3-[ (pti enyl net hyl ) oxy] - 1, 4- di hydr o- 2- pyri cline
carboxylate 7 and 18.8 L of DMF. To this Sagitated m xture at 18-20C was
added N-bronosuccinimde (2.220 kg, 12 47 mJI) over 20 m nutes via a powder
funnel . The resultant, m xture was sti At this tine |ess
than 1% of <GP MGS ARreqd b Sﬂﬂgmﬁfe%‘%’@ﬁtﬁ B{/k%ﬁﬁ@m)ﬂ?g%h?f‘{ﬁmé"z%s wor ked up
in half batm ythe agitateaigniktore W€ addhall Sailkpand ican This eAsstired umiil Mtthe ee (12 kg 1 ce

i n 35 kg_dei gibgafl HahRTte RAflbiR stHce mﬁsﬁﬁéﬁhﬁﬂethglrﬁ%rﬁditered Thi s

was repeate 0 e conbined tilter cake
was washed W Pﬁ'hi‘it°’1!9'<9f’y'b\7ét?’9'3 UpRendme e oA -14-dydeora-pyrigpesaraoyy'gse &Yi de 4. 033
kg of net hyl(2.33 ky, 6:6® mb#) (id aPodtiéryaddidonyfonrep yThe-mixture was allowed to warm to rt

34(ph 69
of -t Lo pAnane o G irke by 46 Y Al s S kEBERBY RANISTE sk ¥, 7%, 551"
(s, 1 H, d@fpppa@gce(qﬁstaglnpvnatqglall é’ he gnxttge s filtgreq -fmq tra caiga waslj_qg vgth ZQ 4 Hz, 1
H, 3.90 (dd(g of deionizddlwater. OThG wds, repkatdll untll & Bedilifesstardh/idiiide BapéBrefumwat ), 3. 52
ﬁ/g?hyl 11:'0 3 obélngd H;(QO Il'wlégheg) 4T41egglgis WLre dré&-m% va@cu"r% A_\%n at]45-|_£95 °C'1:3(anp| e Cc
5- br ono- 142-PRYHIE SR premer Hy Ly srerssim)-4#xe 2 Erhesyimetwyan et tidioky ] - 1, 4-
20di hydr o- 2-ppydinedarbegateoxX9.H 28 gy, 68%) @cmiktulerwith therdotrhspohdingcaidehgspondi ng
al dehyde) g@%%lpuﬁy NESEL A% G L0 bl *ﬁWM%dﬂ@ﬁi 9daR-dyls 67 ko,

7,8 nol) an ture was added 8.5
kg of ice, TPHiRdS\dE S5 ém)ﬁif*ﬁaﬁdf’ “[11%°|2c4eHzrrél"'t)e'5dzséH‘d1{*hézﬂ1§<?ure

t enper at1% e Hye®B971(d 4 =15.1 e, 2 H), 8.8Wess 3&lded net hyl 5-bronp-1- 5

(2, 3-di hydr oxypr opyl) - 4- oxo- 34( phenyl met hypoxy] - 1, 4- di hydr o- 2- pyri di necar bo
xylate 19 (2,73 kg, 6.62 nol) via a powder addition funnel. The m xture was
allowed to warmto rt and the slurry was stirred for 16 h. A sanple was
noni t or ed byExamplki@R and showed the di sappearance of starting material. The

ni xture was pfd F@({[‘?ﬂ &ﬂ&r&ﬂi‘:@nﬁ)ﬂl@ﬁyﬁ@ﬁ%&rl‘ﬁnﬁm FZOnVHQXWZ (rqghﬁ%)%ﬁigﬂ wat er .

Thi s was repeate unt | aper

obt ai ned?O( 4%7¥° KRB%’ME?}“V')W% %8IhV‘HQ’Z\Bé!?‘B“eG?’P@%('aPer{'“aqu'QEW'H\}% at 45 55 C
to provi de nretdspdnding aldehyde)

5- brono- 1- (2, 2-di hydr oxyet hyl ) - 4- oxo- 3- Rphenyl rret hyl )oxy] 1, 4-di hydr o- 2-
pyri di necar box%/ ate 20 %2. 176 kq, 88‘%@33 a m re.wth the correspondi ng
al dehyde f or' s Z¥Xamplshows afeactioug! &cRMARNI S S ESB“%( b wiinsreighl!ein step iNVR( 300
MHz, acet onenrdalefilic®nalRZaiie, steb itHpf, comhpd@rds oFOrm(ula (VH(ceippoubdHE2, 23d4 add 6. 0, 2. 4

Hz, 1 H)s 522373, fuioaucin% cbthpound€ 8 forshuiaXl) heddhdingdo Bhé pfddesshof thevdnttds, 2 H) . 3.87
(s, 3 H. Exanple 2 .
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Met hyl
5-({1(2,4-difitiorophenyhnet hyl jam no)carbonyl)-1-[ 2-hydroxy-2-(net hyl oxy) e
thyl]- 204-oxo-3-[(phenret hyDox-y] -1, 4-di hydro-2-pyridi necarboxylate (in
equillibriumw th the correspondi ng al dehyde) Thi s Exanpl e shows a
reaction of a conpound 5 of formula (11) with one of (IIl) in step i) and a
refunctionalization step ii) of conpounds of formula (V) (conmpounds 22, 23,
24 and 2525) in producing conmpounds of fornula (1) according to the process
of the invention. Exanple 2a

5142, 2- Bi s(rnet y) et hy1] - 4- oxo- 3-[ (phen B hypoxy] - 1, 4-di hydro-2-pyrid
i necar boxyl i @ OH234ﬁ6“ﬁ/@Mask_Li_Lﬁ3 WM th 500 mL of anhydrous
et hanol was added$49.29 (0.2gwe 1) of 10 L N

4- ox0- 3- Rphenyl net hypoxyl - 4H pyr an. 2-car boxyTic]jacid 5. The suspensi on was
slowy heated tQ 55-60 (I C before addition @fso” ~ome

2- am no- acet al déhyde- di net hyl acetal (84.1g, 0.8 nole). The reaction was
then brouoht up to 65 C and further stirred f8r 18 hours. The solvent was
removed under reduced pressure t roduce 112, 2-Bis(nettlylgxy) ethylj-4-
0xo0- 3- [ (phenyl |)oxyl - 1, 4-di fyd - 2-pyridi pecar bexyly c lacilld 22 (crude)

as brown oil$ ovas used 0€xt step tly. P BKan®l e 2b
Met hyl 1-[2, 2- net hyT oxy) et LN: 0X0- 3- [ (phenybrae NJg, 4-d hydro- 2-
pyri di necar boxyT at B o}
MeO” “OMe MeO” “OMe MeO™ "OMe
= 24 25
Bn Bn

26 27

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

acid
BnO BnQ
@) X OH HZN/\I,OMe e O X OH
0 + OMe N N:L
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
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MeO OVeMeO O 2223 10Crude

112, 2- bi s(rnel hyl oxy) et hyl | - 4- oxo- 3- Rohenyl net hyl ) oxyl - 1, 44i hydr o- 2-

pyri di necarboxylic acid 22 obtai ned as above was di ssolved in DVF (500 ni).
To this solution was added NaHO03(50.5g, 0.6 nole). The suspension was
stirred vigorously wwth a nmechanic stirrer while 01131 in TBME (2.0 M 300
I'l't) was introduced by addition funnel over 30 m nutes. After addition, the

reacti on wassehehtivas ferye4 nﬁ&hﬁedaéedrp%aaré&tﬁém% &EM ﬁ.s(meﬂg%x;)ﬂa@y gg mTﬁteUf e
|

was then dil ut

organi c | aye?® %ﬁ@wa?yr%‘-’ghyge’a} ﬁr‘?ﬁ&y@)?@t@'"‘f\&efg’@ﬁxy"%(&w@ﬁs 8fowagilvent s gave
met hyl which was used for the next step directly.

1-[ 2, 2- bi s(net hyl oxy) et hy1] - 4- oxo- 34( phenyl et hy9oxy] - 1, 4- di hydr 02- pyri di ne
carboxylate 23 a rowmn oil, which was used directly for the next step. 20
Exanpl e %tt I\éﬁaﬁk’?ﬁezg

1-[ 2, 2- bi s( niethy -GX8-pietntesHyloxBetbylpdroxod3-[phernydhétimiexy aetifyglo)oxyl - 1, 4- di hydr o-
2- pyridi necarfiReeidhyie 2324 A 2L flask equipped with a mechanic stirrer
were charged wth nethyl 1,42, 2-

bi s(met hyl oxy) et hyl ] - 4- oxo- 3- aphenyl net hyl ) oxy] - 1, 4- di hydr o- 2- pyri di necar bo
xyl ate 23 as obtained aboysggnd 500 nlL of dichlo phane. To this flask
was added NBS (30g, 50017 I e)]] portion-wi se. ~The|reafdti on was stirred at
roomtenperature until oty on_(nogQi t9 -6 hours). The

m xture was then dil utedlw tga di chl or onet hane shed with NaHCO3 (ss).
The organi c phase was dri '\61) r Na2804 before poyati on of the solvents.
The crude product was purified_by colum chronatargraphy ( shoal gel,

Et OHI DCM 0-40% | o aff orble@t h{DMe MeO™ "'OMe

1-12, 2- bi gi net hyl oxy) et hyl | - 5- br onp- 4- oxo-3- 10

f1 phenyl i net hypoxy] - 1, 4-di hygy o- 2- pyri di necar box;l\//lﬁgt e 24 as a light brown
solid (509, 60 % over three Steps). 1H NWR (400 CHLOROFORM d) 6 ppm
7.7 (s, 1o HCrudé, #[22is(dethPioxyjbth3i-bbxo-3: Bhe@.ylh%thyl%xl]])mda s, 2 H, 44 (s, 1

202,6 ogS((:Id 4£g|lld" rfggrg)(xghc ?Cld% d)bf%n[eﬁgf above I\;paé dlssolves in’ DI&F 0 mlE) To thé MeVy: - cal cd

142, 2-bi s(r ﬁé&’?ﬂﬂl"tﬁﬂ’@dmﬂl”floj(f@{%(@ﬁ molg). f Thespspehsenwasratitrédggomiuslp) car bonyl ) -
4- 0x03- Rphemth awidaidnesitrerlvhfle dHN YT EME2 2y | 30 AR S AEDRNOHUBLELy addon

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 next step.

20 Example 2¢

Methyl 1-[2,2-bis(methyloxy)ethyl]-5-bromo-4-oxo-3-[(phenylmethyl)oxy]-1,4-dihydro-2-
pyridinecarboxylate
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A pressure vessel was charged with nethyl

1-[ 2, 2-bi s(rnel hyl oxy) et hyl | - 5- br ono- 4- oxo- 3-

[ (phenyl met hyl ) oxy] - 1, 4- di hydr o- 2- pyri di necar boxyl ate 24 (6.4g, 15 mol),

2,4- difluorobenzylarnine (3.2g, 22.5 not), K3PO4 (9,45g, 45rrtnol),

Pd( OCOCF3) 2(398ng, 1.2 mind), Xantophos (694ny, 1.2 mmol) and tol uene (200

rril), The m xture was purged by CO (4X) before being heated to 100C for 22

hours under CO at nosphere (60psi). After cool ed 8 to the room

tenperature, the solids BnfQ1tered off throu Batite and 5 washed with
eI ~Et@ACc/ hexpne N

Et 0Ac. The filtrate waB.C a,p-ed and t heD s purified by

col umm chr omat ogr aphy ( Bi -80% to afford nethyl
1-42, 2-
bi s(met hyl oxy) et hyl)-5-ffl{

di fl uor opheny t hyl j pm no) car bonyl ) - 4- exo- 3

- Uphenyl net hyi ) oxy] - 1, 4- < -pyr|d| necarb as a light brown
oil (4.7g, 61%. 11 NWR ( EHLCRG:CRMd) ppm10.4 (m 1 H), 8,4
(s, 1 H, 7.4 (m 6 H), 6810(d J=9.3 Hz, 2 H, 53 (5 2H, 4.6 (d,
J=5.7 Hz, 2 H), 4.5 (s. 4.0 (d, J48Hz 2H, 3.8(s, 3H, 3.4 (s,

6 H. LC-MS (Ml-1%): Gated’s‘l obsd 517, Exanple 2e  Met hyl

ﬁlg([l(5 i, 4-dl;g2|_uﬂé%@9&m¥&%rﬁ% M&ﬂaﬂi&}sﬁ%fd@%bdwﬂ%ﬁhﬂd@&é 2- l(rr?t hx(/! oxy) et
| 0Xo en 1 dl 0, e In

onui 11 b+ RPN L P By LRI RS 38

1-12, 2- bi s(r@t*\pﬂ@k%@ﬂ%?qolmsﬂf(q@@f@l@lahﬁufﬁﬂjﬁrﬂé‘ikwaﬁrﬁdﬂqua@i’ ao) car bony1) -

4- 0X0- p £ny ¥bar@ahyvﬂisel , e GédANsH as it dt edorerempiranbel uatiits 2mdididn 6 g ) was

treated wit BP’I%%I%)I'ed glr'FLéh%cnoursﬁ 2$9e r)]cl‘u}'e C}éeon ﬁﬁﬁ%&@‘ d@ﬁor&?&lﬁ%a(a%’“' tored by

LC-M5). Aft \% tsweeeva orate ue was
r e- di ssol vedvashedsithAtaHCO; {ss). Tamrgemphaegww qrigg ougsINg: S rbelaeecevapesatien wi t h

NaHCO3 ?nd it ihe Rolvdrie megmefsrt-oattmwas p@sied m&ludfnlcﬁfi)nﬁtéeg’ra;ﬂ}bhﬁagél AféI er
evaporati on | (6] ai ne as an
Sor o, o SonEEMEbR i b ”Eff%“@% SRR (B8 S OVBo d6)
8 ppm 1013 ([wherwlmq)thvl)wh174@§'ydr9d2cpéw pxylate qq)a)llghtsown(ﬁwd @0911}30 7.3 (s, 6
20,5 (7 2 (m %owrthrge@ep(smH Vi) (400BV Bz, (ORLOROEDRMED) & ﬁ;sn73(sl(-|)| H)449(n(md jr_)ol?-)b,
sl b 10 2% (Pt 9. 28 gl b ralmdihe 30 Do oSS

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

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

Bn BnQ
E F O e
0) A O/' H -~ 9)
B
0
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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What is Clainmed is: 1. A process for the preparation of a conpound of
forniula wherein Ris --CHO, -CH(OH)7 or-CH(OH)OR5; Px is Hor a

hydr oxyl protecting group; 10P3 is H or a carboxy protecting group;

R3 is H hal ogen, hydroxy, optionally substituted | ower alkyl, optionally
substituted cycl oal kyl, optionally substituted | ower al kenyl, optionally
substituted | ower al komoptionally substituted | ower al kenyl oxy, optionally

substi tut ed o%ruxloben%sh@@gi Lo 254D KEB0 k] Bion 0P DEBHL Yadathst | uted

het er ocycl i c grou eteroc eox nd éptlonally
substituted 1a%r'i"ﬁ‘6) XRA °P'E°SI(6%§P9 b?md)amtqh@nﬂmﬂmt B‘P"FQQU’XWRR&WQXC’O) R2
i's optional Iaaycsmm; befare 86ing@hadtad to 100 °C for 22%koins uAdes COHtBodpaEE (60psinet er oat or n

group sel ec;[,ﬁ%r coo%rcdeWn t% 'the rggm%eql%ﬁeraqqu tm%ﬁés "gﬁ(}ué ﬁl};ﬁ%@dfﬁ%%@ %e@% aAao ver

al kenyl ene ereérn eroato Is Ho
| ower al kgl Wﬂﬁmdcwthcﬁiﬂ’b? |'§\§§ Itiateawagtcaprenipted ?"ﬂr‘fteaféﬁ'i“f?bwéﬁ ROMSPUNd of for mJI a
(rr): column chromatography ( silical gel, EtOAc/hexane 0~80%) to afford methyl 1-[2,2-

bis(methyloxy)ethyl]-5-({[(2,4-diflucrophenyl)methyljJamino}carbonyl)-4-oxo-3-
[(phenylmethyl)oxy}-1,4-dihydro-2-pyridinecarboxylate 25 as a light brown oil (4.7g, 61%).
1H NMR (400 MHz, CHLOROFORM-d) & ppm 10.4 (m, 1 H), 8.4 (s, 1H), 7.4 (m, 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, J=4.8 Hz, 2 H),
3.8 (s, 3 H), 3.4 (s, 6 H). LC-MS (M+H"): calcd 517, obsd 517.

Example 2e

Methyl 5-({[(2,4-difluorophenyl)methylJamino}carbonyl}-1-[2-hydroxy-2-(methyloxy)ethyl]-
15  4-oxo-3-[(phenylmethyl)oxy]-1,4-dihydro-2-pyridinecarboxylate (in equilibrium with the

corresponding aldehyde)

L — @;gff tlif“’

MeO OMe MeO OH

25 26 27

20  Methyl 1-[2,2-bis(methyloxy)ethyl]-5-({[(2,4-difluorophenyl)methyl]lamino}carbonyl)-4-oxo-
3-[(phenyimethyl)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) 8 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, 1 H), 6.3 (m, 2H), 5.1 (s, 3H),4.9(m, 1 H),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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25 wth an amine of formula (I1l) or (IV): ORS5 H2 (H) OR6 wherein R6 and
R6 are independently | ower alkyl or Wand R6 can be al kyl

a 5-, 6-,

or 7-nmenbered ring,

formula (V) or NO respectively: 080 10 (V)

10

15

20

25

What is Claimed is:

1. A process for the preparation of a compound of formula (1):
OP! o
O\ P2

wherein

0

R is -CHO, —CH(OH), or —CH(OH)(OR%);
P'is H or a hydroxyl protecting group;

P? is H or a carboxy protecting group;

and joined to form

OH H2 N(I'V) to produce an internediate of

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;

R* is lower alkyl;

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;

and
R'is H or lower alkyl,
which comprises the steps of:

i) reacting a compound of formula (ll):

OP!

Oy

=
Rx
R3

o

(1

with an amine of formula (lIl) or (IV):
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and fl)refunction lizing (V) or (VM) to produce (l). 152. The process of

Claiml, wherein in said conmpound of fornmula (I), Ris --CHO
process of Claim 1, wherein in said conpound of fornula (1),

3. The
Ris -CHOH) 2.

4. The process of Caim1l, wherein in said conpound of formula (1), Ris
-CH(OH) (OR4). 5. The process of Caim?2, wherein said conpound of formula
(I') is of the Formula 20(VW OBn F, H 1 CHO 6. The process of Caim 3,

wherein said conpound of fgﬁgula (I') is of the formula (la):
, Wherein said conpound of fornula (1) is of

(la) The process of aim
the formul a H,N (i
OR®

GBn O, CO M

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,

5
OH
H,N. A _-OH (V)
to produce an intermediate of formula (V) or (VI), respectively:
OP!
O\ e p3
V)
> N :
Rx
R3 ORS
OR®
OP'
O N P
N (V1)
R 7\/ OH
R3
10 OH
and
i) refunctionalizing (V) or (V) to produce (1).
15 2 The process of Claim 1, wherein in said compound of formula (l), R is ~CHO.
3. The process of Claim 1, wherein in said compound of formula (1), R is ~CH(OH),.
4, The process of Claim 1, wherein in said compound of formula (1), R
is -CH(OH)(OR?).
5. The process of Claim 2, wherein said compound of formula (l) is of the formula
20 (V).
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(VI11):

OBri Co Me 8, The process of Claim4, wherein said conpound of

formula (1) is of the formula (1X) 9. The process of Claim1l, wherein

said co

npound of formula (U) is of the fornmula (11a) 10. A process

according to claim1 wherein in in said conmpound of fornmula (1), R3 is

hal ogen,

substit
substi t

formula (1): wherein 10R is --C}$

group;

hydr oxy, optionally substituted | ower alkyl, optionally
uted cycloal kyl, optionally substituted |ower alkenyl, optionally
uted | ower alkoxy. S 11. A pbﬁgess for preparing a conpound of

i s a hydroxyl protectlng
%kyﬁ YBx i s” R2- X- NR1- C(0) -

CHO

P3is H Feis 1- 1

6. The process of Claim 3, wherein said compound of formula (1) is of the formula

(1a):

OBn
Cco,Me
B (1a)
= N

HO:]\“OH

7. The process of Claim 4, wherein said compound of formula (1) is of the formula

(Viil):
co,Me
oS . Vill)
= N
Ho;:l“~on4

8. The process of Claim 4, wherein said compound of formula (1) is of the formula

(IX):
CO,Me
B N

(o)

10

15
9. The process of Claim 1, wherein said compound of formula (ll) is of the formula

(lla):
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R2 is aryl optionally subsituted with one or nore hal ogen; X is |ower

al kyl ene; and RI is H;, 20conprising the steps of: v)reacting a conpound of
formula (11): of:33 a 0s,, p3 o RXI Rs 25 with an amne of forrmula (I11):
OR5 H214"..-L.,0R6 wherein Rs and R6 are independently |ower alkyl, 5to
produce an internediate of fornula (V) O 0 LO 0O(V)

OBn
CO,H
E E)

=~ 0

0

10. A process according to claim 1 wherein in in said compound of formula (1), R*is H,
halogen, hydroxy, optionally substituted lower alkyl, optionally substituted cycloalkyl,
optionally substituted lower alkenyl, optionally substituted lower alkoxy.

5
11. A process for preparing a compound of formula (1):
OP'
O\ o P
= N 0
Rx W
R3
R
wherein
10 R is ~CH(OH)(OR?);
P' is a hydroxy! protecting group;
P3is H;
R¥is H;
R* is lower alkyl;
15 R*is R%-X-NR'-C(0)-;

R? is aryl optionally subsituted with one or more halogen;
X is lower alkylene; and
R'is H;

20  comprising the steps of:

V) reacting a compound of formula (|1):
oP'
3
O X O/ P
i (i
Rx
R3

25
‘with an amine of formula UDE
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OR'1 ORt and rerun tionalizing (V) to produce (I). 10 12. The process of
Claiml1l, wherein said refunctionalizing step conprises denethylating the
internediate of forrmula (V) to produce the conpound of formula (0. 13. The
process of Claim1, wherein said refunctionalizing step ii) conprises
reacting the internediate of formula (VI) with Nalat to produce the
conpound of forrmula (l1). 14. The process of Caim1, wherein R3 is H.
wherein is H or a hydroxyl protecting group; 43 P3 is H or a carboxy
protecting group; R3 is H hal ogen, hydroxy, optionally substituted

| ower al kyl, optionally substitQR%d cycl oal kyl, optionally substituted

| ower al kenyl, optionally "f bstli t ut ed (Ilu)ower ai koxy, optionally substituted
| oner al kenyl oxy, optional 2& ubshré uted aryl, optionally substituted

5aryl oxy, optionally substituted heterocyclic group, optionally substituted
het er ocydeoxy and optionally substituted amno; Rx is H, halo or
R2-X-NR1-C(0)-; R2 is optionally substituted aryl; Xis a single
bond, a het ewheestiro® ayd &l presrsieperdentiyfiovemal®yl. 5, SO, 502, and NH or

10l ower al kyl ene or | ower al kenyl ene wherein each may be intervened by the

het er oat Og m to produce an intermediate of formula (V)

Oop? o)
3
0] N O/ P |
S )| (V
Rl:
R3 ORS
ORS

and
vi) refunctionalizing (V) to produce (1).
10

12.  The process of Claim 1, wherein said refunctionalizing step ii) comprises
demethylating the intermediate of formula (V) to produce the compound of formula (1).

15 13.  The process of Claim 1, wherein said refunctionalizing step i) comprises reacting
the intermediate of formula (VI) with NalQ, to produce the compound of formula (1).

14.  The process of Claim 1, wherein R*is H.

20 15. A compound of the following formula (V):

OP' o
3
0] N O/P
= N -(V)
Rx
R3 ORS
OR®

wherein

P' is H or a hydroxyl protecting group;
43



Rl is Hor |ower alkyl; and R5 and 1-7 are independently | ower alkyl
or RS and Rfi can be aJcyl and joined to forma 5-, 6-, or 7-nmenbered ring.
1516. The conpound of C aim 15, which has the following formula (Va): R O
"iLO- P.- 3 -00H, OOH, ing toVl): 20wherein P1 is H or a hydroxyl
protecting group; P3 is Hor a carboxy protecting group; R3
is H halogen, hydroxy, optionally substituted |ower alkyl, optionally

substituted cycl (paislf.ygr,a &%W&g&tm ?H,g gtituted |ower al kenyl optionally
substituted | ower I'Z 'substituted | ower al ken I ox%/),
@a nal |y

optional Iy subst ft y‘gfﬁyr '8!“"!"&9 S“@ﬂ‘ﬂ?ﬁ’ 1 @'ﬁy'a‘?%'f'f"?f‘}!\g/s“bé'ﬁ?t?
substituted dfyelbakyocgnﬁbnailygstmamutempbwennakdnyl siphistaliyt stietituteat ewerc akbgopxy and

optionally S&Hﬂ(?r’?a!ll} Eﬁb@ﬂu@ml% amgn))lo?(y H)ptlg‘?ahlyp Bwsaﬁ%a %rJ\"%pﬁcgaﬁp substﬁ%e& S

optionally substituted IS asin het er oat’'om gr oup
sel ect ed %I r qulgxy g)tlosqﬂy &ltut%aeterocychc group, optionally substituted heterocycleoxy

and optionally substituted amino;
R*is H, halo or R-X-NR'-C(O)-;
R? is optionally substituted aryl;
X is a single bond, a heteroatom group selected from O, S, SO, SO,, and NH or
10 loweralkylene 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 alky! and joined to
form a 5-, 6-, or 7-membered ring.

15 16. The compound of Claim 15, which has the following formula (Va):

OP! o
3
0] N o~ P
Rx
R3 OCH,
OCH,

17. A compound of the following formula (VI):

oP! g
3
o A AP
Rx 7\/0}4
R3
OH

20 wherein
P' is H or a hydroxy! 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 atkenyl, optionally substituted lower

25  alkoxy, optionally substituted lower alkenyloxy, optionally substituted aryl, optionally
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NH or | oweral kyi ene or | ower al kenyl ene wherein each may be intervened by
the heteroatom and RI is Hor Iower alkyl. 18. A conpound of the foll ow ng
formula (0: GPI wherein Ris -CHOH) (00H3); PI is -Bn; 15P3 is -CH3; is
-H, and Rs is Br. 19. A conpound of Clainms 16. 17 or 18, wherein R3 is -H.
2020. A conmpound of the followng fornula (14): 21. A conpound of the
followng formula (15): wher ei n

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

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

R? is optionally substituted aryl;

5 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.

10 18. A compound of the following formula (i):
OP! o

M

wherein
R is —CH(OH)(OCHa);
P'is -Bn;
15 P?is —CHj;
R®is —H; and
R* is Br. ,

19. A compound of Claims 16, 17 or 18, wherein R® is =H.
20 20. A compound of the following formula (14):

CH,
oBn © J
el
N

H
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Ris-CHOH)2; 10P1 is Id or a hydroxyl protectinggroup; P3 is Hor a

car boxy protecting group; Fe is H hal ogen, hydroxy, optionally
substituted | ower alkyl, optionally substituted cycloal kyl, optionally
substituted | ower al kenyi, optionally substituted | ower al koxy, optionally
substituted | ower al kenyl oxy, optionally substituted aryl, optionally
15substituted aiyl oxy, optionally substituted heterocyclic group,

optionally subﬁtl/\tc%s@lmta%?fﬁemmh@mm@ng) optionally substituted amno; Rl
is Hor lower alkyl; 1s H, is optionally substituted aryl; and

20Xi s a single bond, a heteroaton1group selected fromO, 8, SO 502, and NH
or toweral kytene or | ower al kenyl ene wherein each may be intervened by the
tieteroatorn

CH,
oBn © [}
0]
RS N/> (15)
= N\/i‘\‘7
Br
H
5 22. A compound of the following formula (I):
OP!
O A O/P3
~__N 0]
Rx
R3
R
wherein
R is—CH(OH);
10 P'is H or a hydroxyl protécting 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
15 substituted aryloxy, optionally substituted heterocyclic group, optionally substituted -
heterocycleoxy and optionally substituted amino;
R'is H or lower alkyl;
Ris H, halo or R%X-NR'-C(0)-;
R? is optionally substituted aryl; and
20 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.
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