I WO 2004/ 094398 PCT/ US2004/ 011882 Synt hesi s of

2- Hydroxy- N, N-di nethyl -3-[[2-f1(R)- (5-nmethyl-2-furanyl)propyllam no)-3

4-di oxo-1- cycl obute - Il am nol benzam de 5 Fi e' of the | nvent ion This
appl i cat i on_di scI ose novel process to synthes I—lfydr ox% N-

di met hyl YR POYPPIY R) - (5-net hyl - 2- furanyl ) propyl ] ani no] *GST/43 PHYIB82. cycl obut
en-1- " io0 yl]am no] benzam de. Background of the Invention

2- Hydroxy-N, N-di net hyl -3-[[2-[[ 1(R) - (5- et hyl - 2-f uranyl ) propyl ] am no] - 3, 4-
di oxo- 1-cycl obut en- 1-yl ] am no] benzam de (conpound of fornmula I): 15/ OON
\'l 0O HH O CHis disclosed in US. Application Serial Nos. 10/122,841
(filed-April 15, 2002 ang nQW handoned 10/ 208, 412 (fi I ed July 30, 2002),
and 10/ 241, 326 (fil e@2¥tpEahhe: <71 y-rofogimetid-3H[2d[ifRirr es of each being
i ncorporated herein bye e of,formula | is also
di scl osed in WO 02/ 083524 ' = Ste—paBshed Oct ober 24,
2002). The conpound of for@ybmﬂuigﬁ.ﬂsﬁémmémgr{ﬁaﬁﬁﬁbng CXC

chenoki ne- nedi ated di seases. Chenoki nes are chenptactic cytokines that are
rel eased by a wide variety 25 of bells to attract nacrophages, T-cells,
eosigophils, basophils, neutrophils and endothelial cells to sites of

I nfl ammation and tunmor grow h. The CXC-chenoki nes include interleukin-8
(I'L-8), neutrophil-activating protein-1 (NAP-1), neutrophil

Field of the Invention

This application discloses a novel process to synthesize 2-Hydroxy-N,N-
dimethyl-3-[[2-[[1(R}-(5-methyl-2-furanyl)propyllamino]-3,4-dioxo-1-cyclobuten-1-
19  ylJamino]benzamide.

Background of the Invention
2-Hydroxy-N,N-dimethyl-3-[[2-[[1(R)~(5-methyi-2-furanyl)propyl]amino}-3,4-

dioxo-1-cyclobuten-1-yllamino]benzamide (compound of formula I):

15
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is disclosed in U.S. Application Serial Nos. 10/122,841 (filed-April 15, 2002 and now
abandoned), 10/208,412 (filed July 30, 2002), and 10/241,326 (filed September 11,
20 2002), the disclosures of each being incorporated herein by reference thereto. The

compound of formula 1 is also disclosed in WO 02/083624 (filed April 15, 2002 and

published October 24, 2002).

The compound of formula | is useful for treating CXC chemokine-mediated

diseases. Chemokines are chemotactic cytokines that are released by a wide variety
25 of cells to attract macrophages, T-cells, eosinophils, basophils, neutrophils and
endothelial cells to sites of inflammation and tumor growth. The CXC-chemokines

include interleukin-8 (IL-8), neutrophil-activating protein-1 (NAP-1), neutrophil-



WD 2004/ 094398 PCT/ US2004/ 011882 -2- activating protein-2 (NAP-2), GROa,
GROR, GROy, ENA-78, CGCP-2.1P-10, MG and PF4. Thereg emai ns a need *f or
conpounds that are capabl{g@of nodulating activity at XC- chenoki ne ' s
recept or syo fRliespssgPl €, conditions associated with an'1pgg, g@ﬁ“j} g | L-8
production (which is responsible for chenotaxis of neutrophiT a -cel |
subsets into the inflammtory site and growh of tunors) would benefit by
conpounds that are inhibitors of IL-8 receptor binding. In view of the

I nportance of antagonists that bind t 02the CXC- chenpki ne receptor novel

met hods of maki ng such antagonists are always of interest. 10 Summary of the
I nvention This invention is directed to a process for making the conpound of
for mul agdtivatiflg phbtein2 (NAP- deﬁkb&?emR%gGR@{, camgendTrRp, iRALME éﬁdz Q
and XI or XII?" A OO H®RC4 N2 OH OR 11 Qand 20 Acid HZN/ H2N %
Xl or XPF4.

There remains a need for compounds that are capable of modulating aciivity at
CXC-chemakine receptors. For example, conditions associated with an increase in
5 IL-8 production (which is responsible for chemotaxis of neutrophil and T-cell subsets
into the inflammatory site and growth of tumors) would benefit by compounds that are
inhibitors of IL-8 receptor binding. '
in view of the importance of antagonists that bind to the CXC-chemokine

receptor novel methods of making such antagonists are always of interest. o
10
Summary of the Invention
This invention is directed to a process for making the compound of formula I
o
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WO 2004/ 094398 PCTI US2003/ 011882 -3- wherein Ais selected fromthe group

consisting of*Br, C agnd | (with Br being preferred); and R represents
(L -Clo)al kyl. This i@ention is also directed t process for nmaking a

conpound vl o /N\ NOR OHHV wusin onpounds of the fornul as
Il and Q‘Q&%MW*?I&C 4 N2 OHROOR 11 Q 10 wherein APFTUSA4CIEE2 from t he

group consisting of Br, d and | (with Br being preferred); and R
represents (Cl-Clo)al kyl. This invention is also directed at naking a

compound of fornmula XI or XIl: H2No-Reid HZN O X or XII 15 using a
conmpound of forrmula II1: O 1 H IIl r t

wherein A is selected from the group consisting of Br, Ct and | (with Br being
nreferred); and R represents (C4-Cqo)alkyl.

This invention is also directed to a process for making a compound of formula

V:
0 0
| N\’
N =
:?1 OR
o OH H
< Vv
using compounds of the formulas il and Q:
A
o 0
N\
HOC™ NO, —
OH RO OR
| ' Q

10

wherein A is sefected from the group consisting of Br, Cl and ! (with Br being
preferred); and R represents (C4-Cqo)alkyl.

This invention is also directed at making a compound of formula X1 or XIf:

Acid -HZNW, HzN/\f)/

X1 or X

-nH\
a|||\

[#]

using a compound of formula Hl:



WO 2004/ 094398 PCT/ US2004/ 011882 -4- This invention is also directed to a
process for making a conpound of formula IVA /N\ N2 OOHIV 5-:using a
conpound of formula I1: A H2C 4 N2 OH 11 vvhepn A is selected.from,

the gr oug,olcg)ﬂgi)%é%ng of , G and I (with Br being r ef erredz. Thi s

i nventio directed to a process for making a cohpBUAHSPIEE: nul a
IV(i): - /NN NHZ OOHIV(i) 15 froma conpound of formula Il: A H®R2C 4
N2 OH1, , . W 2004/094398 PCT/ US2004/ 011882 -5-

_4-

This invention is also directed to a process for making a compound of formula

v
A
_N
NO,
0 OH
v
5  using a compound of formula Ik o
A
HO,C NO,
OH

]
wherein A is selected from the group consisting of Br, Cl and { (with Br being

10 preferred).

This invention is also directed to a process for making a compound of formula

l YQ\
/N
NH,
0 OH

IV(i)

A
HOZC : N02
OH

Iv(i):

15 from a compound of formuta it:



wherein Ais selected fromthe group consisting of Br

a and | (wth Br
being pteferted). Thi

I nvention is also directed to a process for nmaking a
conmpound of formula l: 500 ROXH XIl u conmpounds of the
formul as Qv@nehsbyzeopr Q and Xil: 0 O HZN

B i X ACld Hz
and XI or XII This invention is also directed to the |¥ 1F;zﬁ%?‘if%{{)lél:"zzzorrpound
Ph H NiO- i [

I's made during a process of this invention. This invention is
al so directed to the internedi ate conpo

lénd Ph TMS\ I H H, W
2004/ 094398 PCT/ US2004/ 011882 -6- B

wherein A s selected from the group consisting of Br, Cl and | (with Br being
preferred).

This invention is also directed io a process for making a compound of formula

XN
5
0 8
N\ P
RO - . ©
N
| U
— : X
using compounds of the formulas Q and Xl, or Q and XH:
5 . - -
N7 o 5 o
_ - Acid *HN \ HzN \
/ Y,
RO OR
10 Q and Xi or Xu

This invention is also directed to the intermediate compound

P

N

o |
H
<7

15  made during a process of this invention.

OH

This invention is also directed to the intermediate compound

Ph
':, OTMS



made during a process of this invention. This invention is also directed to
the internediate conpound_. Ph UTMS HNv /Et 5 ~ made during a process of

this invention. V This {@ention is also directed t he internedi ate. ,
corrpoundv‘,%h2 &1 "/TEt 10 nade during a proces 1S .| ntion.
Thi s i nvent |0§)]r_1h9i4§g§al so directed to the internediate corrgéﬂ%]gi{ﬁﬂhﬂ o, ' /Et

15 nmade during a process of this invention. This invention is also directed
to the internmedi ate conmpound O PpTSA HzN WO 2004/ 094398 PCT/ US2004/ 011882
-7- made during a process of this inveftion. This invention is also directed
to the internedi ate conpound

made during a process of this invention.
This invention is also directed to the intermediate compound

Ph,

and

HN

OTMS

0 'l,/
—axi | Et

made during a process of this invention. O
This invention is also directed to the intermediate compound

10
made during a process of this invention.
This invention is also directed to the intermediate compound

Ph

VY
N

0 'f,/Et
\
15
made during a process of this invention.
This invention is also directed to the intermediate compound

mu\\

@

pTSA - HzNW



Br N\ NO2 O OH nmade during a process of this invention. This invention is
also directed-to the internediate conpound /N \ NH2 O OH 10 nade during a
process of this inve n. The inventive process* make the conpound of
formul a | al 7 advant ages: 5-bronp-3-nitrUsalicylic acid is readily
avai | abl ewgﬁgofoggggexpensi ve, there is no need to isol BEEUSRUVIHSERDI e
reduction internediate conpound of formula 1V(i), the conpound of formula
Xl is nore easily purified because no colum chromatography is involved,
and the salt formation of conpound Xl t+#Aproved chiral purity of the am ne.
Description of the Invention 20 As used herein, the follow ng terns, unless
ot herwi se indicated, have the follow ng neanings: "g" = granms. "HPLC' =

H gh Perfhadari¢ingld gricBs&£of Midinvanasmy. "DBIJ" = _ o

1, 8-di azabi cycl o['5. 4. 0) undec- 7-ene: 25 "DMAP" = 4-di et hyl am nopyri di ne.
"DMVE' = di met hyisdavestionipriso diragied i ihetihidrinedisdericdmpowdd2004/ 094398
PCT/ US2004/ 011882 -8

Br
NO,

made durihg a process of this invention.

This invention is also directed to the intermediate compound

NH,
0 OH

10
made during a process of this invention.

The inventive process to make the compound of formula 1 has several
advantages: 5-bromo-3-nitrosalicylic acid is readily available and less expensive,
there is no need to isolate the unstable reduction intermediate compound of formula

w  IV{i), the compound of formula X! is more easily purified because no column
chromatography is involved, and the salt formation of compound Xl improved chiral
purity of the amine.

Description of the Invention

20 As used herein, the following terms, unless otherwise indicated, have the
following meanings:
‘g’ = grafns.
“HPLC” = High Performance Liquid Chromatography.
“DBU" = 1,8-diazabicyclo[5.4.0Jundec-7-ene:
25 “DMAP" = 4-dimethylaminopyridine.
“DME" = dimethylether,
“DMF” = N,N-dimethylformamide.



"DMSO' = di nethylsulfonic acid. "MAiz" = Megahertz. "mJ =mlliliters. "M"

= nmelting point. 5 "NMR' = nucl ear magneti c resonance spectroscopy. *'THF" =
t etrahydrofuran. "TMS" rimethylsilyl. "TMSOTF" :Q ‘ .
trinmethylsilyl-Otriflate "TBME' = T-butyl nmethyl ether. 10 "Al kyl" neans
an ali pﬁﬁ??@*’ﬂ?@?’bcar bon group, which may be straight BFT’%F%%&? and

conprising about 1 to about 20 carbon atons in the chain. Preferred alkyl
groups contain about 1 to about 12 carbon atons in the chain. Mre preferred
al kyl groups contain about 1 to about-&®-carbon atons in the chain. Branched
means that one or nore | ower al kyl groups such as nethyl, ethyl or propyl,
are attached to a 15 linear al kyl chain. "Lower alkyl" means a group having

about 1 to abo&ﬁMg qﬁ@ﬁétpﬂ%@?g{:gyﬁw chain, which may be straight or

branched. The term™su means that the alkyl group is
substituted by‘MHe” eMegaterizubstituents each independently sel ected from
the group consjsting of: halo, alkyl, aryl, cycloalkyl, cyano, hydroxy,

al koxy, al kyl t inl’ =aniliters.- NH(al kyl ), -NH(cycloal kyl), -N(al kyl)2, 20

car boxy and- C( al . limting exanples of suitable al kyl groups

I nclude O rretﬁ%l/ligt é‘ﬁbﬂg B‘ﬁ"-ﬁ%ropw , isopropyl, n-butyl, t-butyl, n-pentyl,
hepi yl , nonyl , “NMI&Y = nudléaranagmétitydesonanté speciesduply. and cycl opr opyl net hyl .
"Al kenyl" nmeang_ an aliphatic hydrocarbon group containing at |east one

car bon- car bon ddifol ® {fFY eI nay be straight or branched, and conprising

25 about 2 to b atons in the chain. Preferred al kenyl groups
have about 2 ﬁ?ﬁgboﬁﬁm@{}}@%on atons in the chain, and nore preferably

about 2 to aboffiM§OTRI-bEIMakdsy O ifltechai n. Branched neans that one or
nore | ower al erlcafargups such as nethyl, ethyl or propyl, are attached m
li near al kenyl En= F-bytmetwketders  neans about 2 to about 6 carbon a

In dhe chain, WG (8% SihaeMyaPScarbon group, which may be straight or
branched, and comprising about 1 to about 20 carbon atoms in the chain. Preferred

alkyl groups contain about 1 to about 12 carbon atoms in the chain. More preferred
alky! groups contain about 1 to about 6 carbon atoms in the chain. Branched means
that one or more lower alkyl gfoups such as methyl, ethyl or propyl, are atfached to a

15 linear alkyl chain. "Lower alkyl” means a group having about 1 to about 6 carbon
atoms in théchain, which may be straight or branched. The term “substituted alkyl"
means that the alkyl group is substituted by one or more substituents each
independently selected from the group consisting of: halo, alkyl, aryl, cycloalkyl,
cyano, hydroxy, alkoxy, alkylthio, amino, -NH(alkyl), -NH(cycloalkyl), -N(alkyl)s,

20  carboxy and-C(O)O-alkyl. Non-limiting examples of suitable atkyl groups include O
methyi, éthyl, n-propyl, isopropyl, n-butyl, t-butyl, n-pentyl, heptyl, nonyl, decyl,
fluoromethyl, trifluoromethyl and cyclopropylmethyl.

"Alkenyl" means an aliphatic hydrocarbon group containing at least one
carbon-carbon double bond, which may be straight or branched, and comprising

25  about 2 to about 15 carbon atoms in the chain. Preferred alkenyi groups have about
2 to about 12 carbon atoms in the chain, and more preferably about 2 to about 6
carbon atoms in the chain. Branched means that one or more lower alky! groups,
such as methyl, ethyl or propyl, are attached to a linear alkenyl chain. "Lower alkenyl"
means about 2 to about 6 carbon atoms in the chain, which may be straight or

30  branched. The term "substituted alkenyi" means that the alkenyl group is substituted
by one or more substituents each independently selected from the group consisting
of: halo, aikyl, aryl, cycloalkyl, cyano, and alkoxy. Non-limiting examples of suitable



30 branched. The term "substituted al kenyl"” means that the al kenyl group is
substituted by one o re substituents each indggendently selected from

t he group consisting . hal o, alkyl, aryl, cycl kyl, cyano, and al koxy.
Non- | i m t Wig2esamsbes of suitable WO 2004/ 094398 PCT/ USZIQO,;} -9

al kenyl groups include ethenyl, propenyl, n-butenyl, 3-net 9%‘3‘?@ aEgényl ,
n-pentenyl, octenyl and decenyl. "Al kynyl" nmeans an aliphatic hydrocarbon
group containing at | east one carbon-carbon triple bond, which may be
straight or branched, and conprising about 5 2 to about 15 carbon atons in
the chain. Preferred al kynyl groups have about 2 to about 12 carbon atons in
the chain, and nore preferably about 2 to about 4 carbon atons in the

chai n. Balkeboilgronpaincludeethenyl, propenyk nHatenylaBknbthytmuPsesylch-pestervit hy! |

et hyl or gro%a[ aLe. & tached to a linear al kynyl chain. "Lower al kynyl"
means aBo&( '?% 8bJUt" 6 carbon atoms in the chain, which may be straight
or branched. 10 "Na@ambi"Fhéd - ' , ; ~incl ude

et hynyl, propynyl, 2%@%@%}?ﬁé - é@?ﬁ@%ﬁ%@?g}ﬁ“ﬁ%ﬁeﬁwgégfr‘%%gh%@%nyI . The
t er m " subarbioncaasbom Eikplepond nwhich nodabe strhighb bk pranchgdpapd icomguisig dbsgd by

one or re substituents .each i ndependent se|l ected fromthe grou
conspPst {TEQSO 6’?’9”?&%&?&’0&@}9"‘&18 “&‘?/E'F"’t‘iﬁi W{e}fﬁeﬂr@ﬁl‘ynmwsa V& abelit; ?c%
nonocycl i r | hoG ik | t FeS) 14
Car bon af oRZrDRLEHNS 1 WRHORIE, ST RIPbISTe Rl 2Baf 21 aflolt™ EBHR 75,
can be oatomminl thg chalis t Branchdd mednsdhat are opmers fower aligitgroupsibath agent s”,

whi ch t di ff t, d fined h in. Non-limti
exampl ostsfdy Ry PraRy) St 8ot NS ap AR SHN ApeS N ETSeDRr y1 -

_ _ alleap Al wleeedsry1
Lo about S0 e SREHB0N s b Uf, i Ry SEMonf P Bieehed. P00 2y

one 1or rrlsloa—ﬁnﬁtimg]exampﬁsaufcsmﬁ?ble allyrgt gmpﬁgmlhde etﬂh}&tyl,q:fﬁopwé, %—butywyﬁml e
nitrogen, o n or su r, alone or {n_conbination Preferre eteroaryl s
contain 3‘5'[‘)%59'%5"YP¥|-%B‘?RL"V%VH ?%Sﬁ@m.Tﬁﬂée"“hg‘i@sé'g#tW alkyay!” feedis thahal | v
bstit L i YT oY t h
substi ! g@g@%ﬁg@@% SUBsfuidd Bord Bf AiBrs $BBLILLAR SacthbiePenye the sane
selected from the group consisting of: alkyl, aryl and cycloalkyl.

"Aryl" means an aromatic monocyclic or multicyclic ring system comprising
15 about 6 to about 14 carbon atoms, preferably about 6 to about 10 carbon atoms. The
aryl group can be optionally substituted with one or more "ring system substituents”,
which may be the same or different, and are as defined herein. Non-limiting
examples of suitable aryl groups include phenyl and naphthyl.
"Heteroaryl” means an aromatic monocyclic or multicyclic ring system
..+ comprising about 5 to about 14 ring atoms, preferably about-5 to about 10 ring atoms,
in which one or more of the ring atoms is an element other than carbon, for example
nitrogen, oxygen or sulfur, alone or in combination. Preferred heteroaryls contain
about 5 to about 6 ring atoms. The "heteroaryl" can be optionally substituted by one
or more "ring system substituents"” which may be the same or different, and are as
25  defined herein. The prefix aza, oxa or thia before the heteroaryl root name means
that at least a nitrogen, oxygen or sulfur atom respectively, is present as a ring atom.
A nitrogen atom of a heteroaryl can be optionally oxidized to the corresponding N-
oxide. Non-limiting examples of suitable heteroaryls include pyridyl, pyrazinyl, furanyl,
thienyl, pyrimidinyl, isoxazolyl, isothiazolyl, oxazolyl, thiazolyl, pyrazolyl, furazanyl,
30 pyrolyl, pyrazolyl, triazoiyl, 1,2,4-thiadiazolyl, pyrazinyl, pyridazinyl, quinoxalinyl,
phthalazinyl, imidazo[1,2-a]pyridinyl, imidazof2,1-b]thiazolyl, benzofurazanyl, indolyi,

azaindoly!, benzimidazolyl, benzothienyl, quinolinyl, imidazolyl, thienopyridyl,



25 defined herein. The prefix aza, oxa or thia before the heteroaryl root
name neans that at |east_a nitrogen, oxygen or sulfur atomrespectiwvely, is

present as a ring atom nitrogen atom of a hetero | can be optionally
oxi di zedytgs respondi ng N- oxide. Non-limting | table
het eroaryl's 0Ihpl§9|4§ e pyridyl, pyrazinyl, furanyl, thi eng{l?)ugg(}o%*@%yl ,

| soxazol yl, isothiazolyl, oxazolyl, thiazolyl, pyrazolyl, furazanyl, 30

pyrrolyl, pyrazolyl, triazolyl, 1,2,4-thiadiazolyl, pyrazinyl, pyridazinyl,
qui noxal i nyl, phthal azi nyl, im dazo[-11®=a] pyri di nyl,

I m dazo[ 2, 1- b] t hi azol yl , benzofurazanyl, indolyl, azaindolyl,
benzi m dazol yl , benzot hi enyl, quinolinyl, imdazolyl, thienopyridyl, S WO

2004/ 09 y5%@@,%&%%@%Wﬂ@opﬁﬂvn%dﬁ%wgwi maling, dy!

pyrrol o pyridyl’, I soqui'nol i nyl, enzoazai ndol'yl ,
1, 2, 4- t heremanpindobdnt B driveaziny) benzathiazolyl arel thedikel. kyl " means an aryl - al kyl -

in which,th | _and al kyl , i, ous| i bed. f d
ralkyl s compr rREk eason-gialaroNR A MR PR LSRR Bt & “cul { bl o
aral kyl %r%rvﬁiﬂ%ﬁ/ AR, e fetted §rdﬂ¥}#@léél>(r§/‘?5hsé{&§doﬁ@?'éili}ﬁ*bﬁﬂwﬂﬂ%ﬁl}{x'niqny‘e bond

to the parent noiety is through the a kyl ar means an al Kyl -aryl -
gr osip i exarhplels df lsaitableydratiytigroups incledabenpyl eiphesiefhyleser i bed. Preferred

21 kol ar Syl EhEbofy 5 inpaRy moihy s firphtRn€ B0 T ot ne v “to”
t miety i i WhicHTRRD ' -
I Pt R L R s S

pr ef er apteyicalsbudestribedatifreferid alkylaoyls catmprise sPloeferralled greap.odlokylimitinggs
contain about 5 to_apout 7 ring ataqns. ,The  cycloal kyl c e optionally
obst texablsat SoRaDE Atk iR SBDUdE Arobi LA XY TRt fafhes Ol
sa or.4di B efined herein. Non-limting exanples of

Sui abl%gtlr?&ﬁlﬁizyc |l%ﬁg§ggfg§?€§[§gj i ncl ude cycl opropyl, cycl opentyl,

cycl ohexyl, cytCygtieptkyl" raeans heon-dremdticrmonod oi myltioyalipliag systeswi t abl e

F}“kfa' Cygcl}ringrisiﬁ Calb%a{ lé)ﬂ) Sébioﬂf lI l'JI %Srblo_ndaet%amlsj, %’refg?ébtk? Ea@clzlut 5%3'%%%?1& % c%ﬂ?or% he
atoms. Preferred cycloalkyl rings contain about 5 to about 7 ring atoms. The
cycloalkyl can be optionally sﬁbstituted with one or more "ring system substituents”,
15 which may be the same or different, and are as defined herein. Non-jimiting
examples of suitable monocyclic cycloalkyls include cyclopropyl, cyclopentyl,
cyclohexyl, cycloheptyl and the like. Non-limiting examples of suitable multicyclic
cycioalkyls include 1-decalin, norbornyl, adamantyl and the like. ’
"Halo" means fluoro, chloro, bromo, or iodo groups. Preferred are fluoro,
20 chloro or bromo, and more preferred are fluoro and chloro. _ o
“Halogen” means fluorine, chiorine, bromine, or iodine. Prefetred are
fluorine, chiorine or bromine, and more preferred are fluorine and chiorine.
"Ring system substituent” means a substituent attached to an aromatic or
non-aromatic ring system, which, for example, replaces an available hydrogen on the
25 ring system. Ring system substituents are each independently selected from the
group consisting of: aryl, heteroaryl, aralkyl, alkylaryl, aralkenyl, heteroaralkyl,
alkylheteroaryl, heteroaralkenyl, hydroxy, hydroxyalkyl, alkoxy, aryloxy, aralkoxy, acyl,
aroyl, halo, nitro, cyano, carboxy, alkoxycarbonyl, aryloxycarbonyl, aralkoxycarbonyi,
alkylsulfonyl, arylsulfonyl, heteroarylsulfonyl, alkylsulfinyi, arylsulfinyl,
30 heteroarylsulfinyl, alkyithio, arylthio, heteroaryithio, aralkylthio, heteroaralkyithio,
cycloalkyl, cycloalkenyl, heterocyclyl, heterocyclenyl, Y1Y2N-, Y;Y2N-alkyl-,



"Hal 0" means fluoro, chloro, brono, or iodo groups. Preferred are fluoro,

20 chloro or bronp, a nore preferred are fluoro d chloro. "Hal ogen”
means fluorine, chlori@®, brom ne, or iodine. Pre‘]red are fluorine,

chl orine O’VOBMUNPﬁ% and nore preferred are fluorine andpefh@idos11ssR NY
system substituent” nmeans a substituent attached to an aromatic or
non-aromatic ring system which, for exanple, replaces an avail abl e hydrogen
on the 25 ring system Ring system subﬁl tuents are each independently
selected fromthe group consisting of het eroaryl, aral kyl, alkylaryl,

ar al kenyl , heteroaralkyl aIktheteroaryI heteroaralkenyl, hydroxy,
hydr oxyal % al koxy, | oxy, aral koxy, acyl aroyl, halo, nitro, cyano,
car boxy, Ya¥ #¥x{R)aaper I ,2 SQzHersibYnand Yar&iﬂl@@i@?d%ﬁ&ﬂﬂmenﬁyaelth@djfrbmyl

arlsulf K aryl sul finyl, 30

he%/er oary%yséjrpyp%toﬁggﬁf'é){?fﬁk&%aghr ylﬂd Yabﬁ %'&{' gy%lgpyl %/hi o, ar)altl kyl t hi o,

het er oar al kyl t hl"@ycloalk@hymlmreéns & YioheRbKRINE moltebefmmieLid: nn@%%{ steasycl enyl
Y1Y2N-, Y1Y2N-al k WO 2004/ 094398 PCT/ US2004/011882° -11 2NC(O) - and
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at | east ‘one carbon-carbon doub bond Pregerred cycl 6al kenyl" rings contain
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cyctohept enyI I ke imti nP exanp a suita
mul tid cy clikee l&g@-ﬂrmtn@ﬁ&amp@ of ey potabie mult;qyc ic cy«doaikenylas; mytwmnleamls a

About 10 11 ng ar DRETORhY THPbRE B el arB i SR SRR AR B U e TR whi ch

one or nBfsterlfcomfis@aBotB tEbdutND l$|’Y§bﬁml$ préfersbig %Bht QttB%bohf‘@O ring

carbon, for exanple nitrogen, oxygen or sulfur atom’ al one or

conbi nat atems, imwhich one or more of the atoms in the ring system is an element other than
carbon, for example nitrogen, 6xygen or sulfur atom, alone or in combination, and

15 which contains at least one carbon-carbon double bond or carbon-nitrogen double
hond. Theréarare no adjacent oxygen and/or sulfur atoms present in the ring system.
Preferred heterocyclenyl rings contain about 5 to about 6 ring atoms. The prefix aza,
oxa or thia before the heterocyclenyl root name means that at least a nitrogen,
oxygen or sulfur atom respectively is present as a ring atom. The heterocyclenyl can

- be optionally substituted by one or more ring system substituents, wherein "ring
system substituent" is as defined above. The nitrogen or sulfur atom of the
heterocyclenyl can be optionaily oxidized to the corresponding N-oxide, S-oxide or
S,S-dioxide. Non-limiting examples of suitable monocyclic azaheterocyclenyl groups

- include 1,2,3,4- tetrahydropyridine, 1,2-dihydropyridyl, 1,4-dihydropyridyl,

25 1,2,3,6-tetrahydropyridine, 1,4,5,6-tetrahydropyrimidine, 2-pyrrolinyl, 3-pyrrolinyl,
2-imidazolinyl, 2-pyrazoiinyl, and the like. Non-limiting examples of suitable
oxaheterocyclenyl groups include 3,4-dihydro-2H-pyran, dihydrofuranyl,
fluorodihydrofuranyl, and the like. Non-imiting example of a suitable multicyclic
oxaheterocyclenyl group is 7-oxabicyclo[2.2.1}heptenyl. Non-limiting examples of

30 suitable monocyclic thiaheterocyclenyl rings include dihydrothiophenyl,

dihydrothiopyranyl, and the like.



15 which contains at-|east one carbon-carbon doubl e bond or carbon-nitrogen
doubl e bond. There are no adjacent oxygen and/or sulfur atons preseht in
the ring system Prefer het er ocycl enyl rings co j n about 5 to about 6.

ring atons. The prefix a oxa or thia before the ™8t eroc clen root name
means t WP 200/0P888¢ 4 nitrogen, oxygen or sul fur at omPCA4SReq 0\9
present as a ring atom The heterocyclenyl can be optionally substltut ed by

one or nore ring system substituents, wherein "ring systemsubstituent” is
as defined above. The nitrogen or sul-flid¥- atom of the heterocyclenyl can be
optional Iy oxidized to the corresponding N-oxide, S-oxide or S, S-dioxide.
Non-limting exanpl es of suitable nonocyclic azaheterocycl enyl groups

i ncl ude 1, 2’3’%E%6%ﬂfﬁhb®%aﬂerﬁatﬂi %"é(tﬂfeg@&l%gﬁ(& cﬁrﬂg&ﬁ@cﬂew' dyl,

25 1,2,3,6-tetrahydro e, 1,4,5 6-tet ropyrim rrolinyl,
3- pyr r aingwystem2zompudsing laboyt 3 t@aqutaflz(bhngatoma,rmreférably klmoutrﬁ:mrébcmtmlmg

exanpl es of suitabl e K oxaheterocyclenyl'groups.include 3 I hydr o- 2H pyr an,
di hydr ding aigyms, N whigh eae /Y MIBe ﬁ?ﬁ/@%”&%@ tk'j'gé"ﬂg wlerﬂdﬁ 51'1 fMephotheinpl e of -

a suit
7- oxablatg%lﬁIcgrﬁzéiﬁ%fééﬁpgﬁﬁﬁsﬁﬁiwgnéﬁ%lgsug?k'glrég?iésog ts)'t'}a%'g?)l gh%%ocycl I C
thi ahetgreoryadjaogit oiygen amiidusisfudatons presenpirethd ring gy stedi.oPrefepgdanyl , and

the like. WO 20041094398 PCT/ US20 04/ 011882 Jﬁle Het er o cly ans a
non- ar diieiacyslyis Gelitan aravd oyte1aboubp ring: @tPE}?c Prafi hfga%% Ard @d?efgraqg
about b efliBtlcil ook Rid AlBns Bat e |l ¥ ko4 DlBet P ardhnd &t o,

I n MhIC one or e ring yste IS an enent ot her

t han caebpectiviely isgresphicasa ringgom. Thegestenscyelyl tan beadptionatly substituted
conmbi nation. There 5 are no g&?acent oxg n ang or sulfur atons present |
ghanay ke o

the ri rfy @yespemore’'dng syslgm sighstifupnje] v dhasgme or difereniuand rin
at cnap® été;?eagpqeeﬁﬂe)ﬂ K& in, $H8 rﬂfro%é'ﬂ 8r @ rﬁomtﬁqhg%?él%ﬁﬁﬁ& i} 88‘&>pﬂ8ﬂ§| ans

a ni{rogen, oxygen or su fur respe I's'present as

a ring @ddised ﬁﬂwéﬂmm@mymm Naa«idd)cs-opkiecmas Sydisnidet |Nun¢duﬂmg examplesnor e
"ring systemsubstlt nts" whic % be the sape or dlfferent and 3 io0 are
as def igfayitaleanano CMGE?YQQE?{Y'&“ UNFlAe RRFHM, RSN, RIRg@ZNY can be

opti onghL¥holinyl, thiomorpholinyl, thiazolidinyl, 1,3-dioxolanyl, 1,4-dioxanyl,
tetrahydrofuranyl, tetrahydrothiophenyl, tetrahydrothiopyranyl, and the like.

15 “Aralkenyl" means an aryl-alkenyl- group in which the aryl and alkenyl are
as previously described. Preferred aralkenyls contain a lower alkenyl group.
Non-limiting examples of suitable aralkenyl groups include 2-phenethenyl and
2-naphthylethenyl. The bond to the parent moiety is through the alkenyl.

"Heteroaralky!" means a heteroaryl-alkyl- group in which the heteroaryl and

20  alkyl are as previously described. Preferred heteroaralkyls contain a lower alkyl o
group. Ndn-limiting examples of suitable aratkyl groups include pyridylmethyl,
2-(furan-3-yl)ethyl and quinolin-3-yimethyl. The bond to the parent moiety is through
the alkyl.

"Heteroaralkenyl” means a heteroaryl-alkenyl- group in which the heteroaryl

25 and alkenyl are as previously described. Preferred heteroaralkenyls contain a lower
alkenyl group. Non-limiting examples of suitable heteroaralkenyl groups include
2-(pyrid-3-yl)ethenyl and 2-(quinolin-3-yi)ethenyl. The bond to the parent moiety is
through the alkenyl.

"Hydroxyalkyl" means a HO-alkyl- group in which alkyl is as previously

30  defined. Preferred hydroxyalkyls contain lower alkyl. Non-limiting examples of

suitable hydroxyalkyl groups include hydroxymethyl and 2-hydroxyethyl.



oxidized to the corresponding N-oxide, S-oxide or S, S-dioxide. Non-limting
exanpl es’ of suitable ocyclic heterocyclyl ringgginclude piperidyl,
pyrrolitdinyl, piperaz |, norpholinyl, thionor i nyl, thiazolidinyl,

1, 3- di oxomamydosod3ss di oxanyl, tetrahydrofuranyl, tetra i onhenyl ,

t et rahydrot hi opyranyl, and the like. 15 "Aral kenyl" neaﬁ?%ggéﬁgﬁlgﬁkenyl-
group in which the aryl and al kenyl are as previously described. Preferred
aral kenyl s contain a | ower al kenyl groug Non-limting exanples of suitable
ar al kenyl groups include 2-phenethenyl” %a 2- napht hyl et henyl . The bond to
the parent noiety is through the al kenyl. "Heteroaral kyl" nmeans a

het eroaryl -al kyl - group in which the heteroaryl and 20 al kyl are as

previ ously descrAsEd maans an HeQ(Op; alkdeCD kydlkendrE @), akyryhS(yl kyl O
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group. Non-limting, e | es of, suitable I‘%etero ral kenyl groups include

2- (pyri dawﬁr?%ﬁ%'é’gbﬁdé?ﬁﬁngx ?ﬁ%ﬁ&@ﬁﬁ@_\’ﬁn -Ht QTIQPaFHéL bElahoybante par ent
nmoiety ig |@,m>@.ﬁ691_the al kenyl . "Hydroxyal kyl" means a HO al kyl - group in
whi ch al k{/(i: Is as previously 30 defined. Preferred hydroxyal kyls contain

| ower al kyl. NorfArayki mieags emaarpl-©€0 pigrowpin which thy drybgralifsys ag peeytsusincl ude
hydr oxynmet hyl and, 2- hydr.oxyet hyl . MO .2004/ 094398 PCT/ US2004/ (011882 - 13-

hey Y rasine fpgehd S HE ptest epoictyif RityoR deeparhanyy ripn g

cycl oal kyl 5 - ? A o] nyl = - group in which
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n-propoxy, isopropoxy, n-butoxy and heptoxy. The bond to the parent moiety is
through the ether oxygen.

"Aryloxy" means an‘aryI-O- group in which the aryl group is as previously

15 described. Non-limiting examples of suitable aryloxy groups include phenoxy and
naphthoxy. _"-I'lhe bond fo the parent moiety is through the ether oxygen.

"Aralkyloxy" means an aralkyl-O- group in which the aralkyl group is as
previously described. Non-limiting examples of suitable aralkyloxy groups include
benzyloxy and 1- or 2-naphthalenemethoxy. The bond to the parent moiety is through

-y  the ether oxygen. _

“Alkylamino” means an -NH, or -NHx" group in which one or more of the
hydrogen atoms on the nitrogen are replaced by an atkyl group as defined above.

“Arylamino” means an -NH, or -NH3* group in which one or more of the
hydrogen atoms on the nitrogen are replaced by an aryl group as defined above.

25 “Alkyithio" means an alkyl-S- group in which the alkyl group is as previously
described. Non-limiting examples of suitable alkyithio groups include methyithio,
ethyithio, i-propylthio and heptylthic. The bond to the parent moiety is through the
sulfur.

"Aryithio™ means an aryl-S- group in which the aryl group is as previously

30  described. Non-limiting examples of suitable arylthio groups include phenylthio and
naphthylthio. The bond to the parent moiety is through the sulfur.



cycl ohexanoyl . "Aroyl" neans an aryl-C(O - group in which the aryl group is
as previously described. The bond to the parent noiety is through the
carbonyl. Non-limting nples of suitabl e groups | ude benzoyl and 1-
and 2-n 0 "Al koXy" neans an al kyl -O group whi ch the al k

gr oup |39§§Bg%@§F%usly described. Non-limiting exanple@cgpsgﬂﬂ995$% alkoxy
groups include nethoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy and

hept oxy. The bond to the parent noiety is through the ether oxygen.

"Aryl oxy" means an aryl-O group in wi4&h the aryl group is as previously
1s described. Non-limting exanples of suitable aryloxy groups include
phenoxy and naphthoxy. The bond to the parent noiety is through the ether

| " Aral Ky Rk Gl |- |
ISR R A Y AR 1
groups presicudey dém:mwyétiommmdutmg @(arﬂple&ﬁfaélmaﬂlmmmhﬁﬂyo g¥dwep fgond to the

parent noi et% IS throng t he ether joxygen. "Al kyl am no" neans an -NH2 or
-NH3 grigeneyithionnl feshbe iq)thenaar@nbﬂww s H}fﬁﬂgbé’?‘ﬁ gHéWE on the nltrogen are

repl aced by an"ﬂh&é%’%&%m?f&'@“ Aol ﬁ‘?ﬁgﬁﬁoté rm'ﬁS YNt pH2 or

-NH3 group in whi one nor e EA Rt ovs on g nltrogen are

reps aceﬁhambléialk@kyéarbomd@rmpdﬁdu@mhmwﬂﬁny%h&Ietlthcartmm& Theal kyl -
group in which the al ky %p is as previously described. Non-limting

exanpl eoryd tosthptpaseat @PI@W{ ugholiigscarhenide met hyl thio, ethyl thio,

|-propylth|o an t 8. ~ t t he
sul fur. "Arylt hﬂgp&%ans n i.'a-'r&’] gﬂ%l (gpé@ \%ﬁ&gﬂ e ig{r@l }r%ﬁﬁdﬂﬁggggs

pr evi ousilitableantteacaibvegi gfdmpsl mnﬂut!em:@eﬁm rbengifarglingphthexpearbbhylo gr oups
i ncl ude_phenyl thi o and naphthylthio. The bond to the parent noiety is o
t hr oughl g BoBG fg the Parenmoz@aw thyeugh tmﬁ@@zwbm 011882 - 14-

10 *Aralkoxycarbonyl" means an aralkyl-O-C(O)- group. Non-limiting example
of a suitable aralkoxycarbonyl group is benzyloxycarbonyl. The bond to the parent
moiety is through the carbonyl.

"Alkylsulfonyl" means an alkyl-S{O.)- group. Preferred groups are those in
which the alkyl group is lower -a!kyl. The bond to the parent moiety is through the

15 sulfonyl.

"Alkylsulﬁnyl" means an alkyl-S(O)- group. Preferred groups are those in
which the alkyl group is lower alkyl. The bond to the parent moiety is through the
sulfinyl. ,

“Arylsulfonyl” means an aryl-S(O-)- group. The bond to the parent moiety is

20  through the sulfonyl. , _

| "Arylsulfinyl* means an aryl-S(O)- group. The bond to the parent moiety is
through the sulfinyl.

“Suitable temperature” means the temperature which resulis in a desirable
rate of a reaction, and usually it is the temperature that results in an acceptable yield

25 of the desired product with the minimum production of undesirable products; or a
“suitable temperature” is that temperature at which reagents can be safely mixed
together, or that temperature at which a reaction mixture can be safely controlled, or
that temperature at which the desired products are isolated from solution.

The term “optionally substituted” means optional substitution with the specified

30  groups, radicals or moieties.

As used herein, the term “composition” is intended to encompass a product
comprising the specified ingredients in the specified amounts, as well as any product



"Aral kyl thi o" neans an aral kyl -S- group in which the aral kyl group is as
previ ously descri bed. &n-l imting exanple of a syutable aral kylthio group
is ben71lthio. The bo to the parent noiety is t ugh the sul fur.

" Al koxycamnbgbyilsjoossegns an al kyl -O-CO group. Non-limtin f 5
sui t abl e al koxycarbonyl groups include nethoxycarbonyl aﬁcdﬁg?%g&%gér}bonyl .
The bond to the parent noiety is through the carbonyl. "Aryl oxycarbonyl"”
means an aryl-O-C(O- group. Non-limti exanpl es of suitable

aryl oxycar bonyl groups include phenoxy‘cggbonyl and napht hoxycar bonyl . The
bond to the parent moiety is through the carbonyl. 3 10 "Aral koxycar bonyl "
means an aral kyl-O-C(O - group. Non-limting exanple of a suitable
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bond to the pakgfiid™hehds i phiiEALtRoERR bnd ¢ ibWhh Means
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"Aryl sul fonyl " nean aryl -S(02)- group. The bond to the parent noiety is
20 115 oudfTE RBUNAER] Ponding; iRl idioden RERHRda I SeyRISPBANGE b The
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i sol at ed sbivemt salieduleis HXDe term "optional |y substituted" neans optional
substitution with the specified
The embodiments described below are numbered for purposes of reference
only. ‘
The reagents and reaction conditions used, as described below, to make a
15 particular compound in a particular step in the process for making the compound of
formula 1, are also applicable to any embodiment directed to a process for making that
particular compound.

Embodiment No. 1 of this invention is directed to a process for making the

compound of formula I:

- | RN -
N =l_ _i__0
- N N
H H/U
20 o OH
|
comprising:
(a)  converting the compound of formula Il
A
HO,C NO,
OH

25 to a compound of formula IV:



30 groups, radicals or noieties. As used herein, the term"conposition"” is
i ntended to enconpass a product conprising the specified ingredients in the
speci fied anmounts, as as any product WO 2004/0 8 PCT/ US2004/ 011882

-15 whi r.esuyl directTy or indirectly, from conbinati h specified
i ngredi éﬂ?%‘?‘-}%ﬁﬁ% speci fied anounts. "Sol vate" rreansa@-@ﬁvg%é@l]%z

associ ation of a conpound of this invention with one or nore sol vent

nol ecul es. This physical association involves varying degrees of 5 ionic
and coval ent bondi ng, including hydrdg%%‘bonding. In certain instances the
solvate will be capable of isolation, for exanple when one or nore sol vent
nol ecul es are incorporated in the crystal lattice of the crystalline solid.
"Sol vat e" enconpasses both sol ution-ph@ése and i sol abl e sol vates.
Non-limting exanples of suitable solvakes include ethanol ates,

nmet hanol ates, and the |ike. "Hydrjate" sol vate wherein the io sol vent

nol ecul e is H2O The enbodi nent s pdesc bel ow are nunbered for purposes
of reference only. The reagent€ and re&act e .;onditions used, as descri bed
bel ow, to make a 15 particul ar co;-oungHin a particular step in the process
for maki ng the conpound of fornula I, are also applicable to any enbodi nent
directed to a process for nmaking that I\f)articular conpound. Enbodi nent No. 1
of this invention is directed to a process for naking the conpound of
formula 1: / O NH 20 O OH conprising: (a) converting the conpound of

f or mul awhdrein A, in compounds of formulas Il and IV, is selected from the group consisting
of Br, Cl and | (preferably Br);

5 9

(b}  hydrogenating the compound of formula IV with a suitable

hydrogenation catalyst under hydrogen pressure, to form the intermediate compound
of formula IV(i):

= —

NH,
o OH

V(i)
10
(¢) reacting the compound of formula IV(i) with a compound of formula Q:

0 0
N o
RO OR
Q
wherein R represents (C4-Ciglalkyl, to vield a compound of formula V:
| o\\ //,/o
N —
g v OR
0 OH H
\')

15



A H2C 4 N2 OH Il 25 to a conpound of formula I'V: WO 2004/ 094398

PCT/ US2004/ 011882 -16- A /N\ N2 OCH IV wherein A in conpounds of
formulas 11 and 1V, is | ected fromthe group co[‘sting of Br, d and |
(preferably Br); 5 3 hydr ogenati ng the conpo of formula IV with a
sui t abl e HYyOr28¢é94i%Bon cat al yst under hydrogen pressure, PCEHAS000 882

i nternmedi ate conmpound of forrmula I'V(i): NNH2 OOHIV(i) 10 (c) reacting
t he conpound of fornmula V(i) with a conpound of formula @Q 0 0 ROOR Q
wherein R represents (Cl-Co)alkyl, toyjeld a conpound of forrmula V: 0):t o

(d) converting the compound of formula {l

to a compound of formula VI

(e) adding a protecting group to the compound of formula VI {o yield a
compound of formula Vi

:Pil 0G
o~
N
o |
H
\ |
Vil

- -
wherein G represents a protecting group;

(i reacting the compound of formula VIl with a suitable organometallic
reagent, followed by work-up, to yield a compound of formula VIill:

Ph
= 0G

A~

HN

O ‘J,/Et
\ |
15 VIl



NOR OOHHYV 15 WO 2004/ 094398 PCT/ US2004/ 011882 -17 (d) converting the
conpound of forrmula Il O \+ HIIl to a conmpound of fornmula.VI: RPh "OH N

OH ~ \ VI 5 (e) addi,
to yi elgodgosi@iggund of formula VII: Ph NH VI
protecting group; (f) reacting the conpound of fornmul

organonetal lic
VIl1lI: Ph OG

(9)

a protecting group to th mpound of fornula Vi

Wﬁ\?\ﬁhﬁﬁ;&%em S a

a suitable
reagent, followed by work-up, to yield a conpound of formula

-18 -

removing the protecting group (G) from the compound of formula VIt to

yield a compound of formula IX:

5 (h)

o OH
o~

HN

X

converting the compound of formula IX into an imine intermediate o

compound of formula X:

(i)

10 formuia XI:

1)
yield the com
15

(k)

converting the imine intermediate compound of formula X into the salt of

-nll\

Acid -HzN/\E’)/ -
/

Xi

reacting the compound of formula Xi with the compound of formula V to
pound of formula 1; or

converting the compound of formula X! to the free amine:

HZN/\EO/)/

X

-'lll\



HN /Et 15 VII1 WD 2004/ 094398 PCT/ US2004/011882 -18 (g) renoving the
protecting group (G f t he conmpound of formula Il to yield a conmpound
of.formula I XX Ph -5 HNIT ,//Et 1X5 (h) com‘ing t he conpound of
formul a | Xwionteo4/a933997i ne i nternedi ate A conpound of for rﬂﬂﬁugﬁbmﬁgﬁ? NJ \ |
[Et X (1) converting the imne internediate conmpound of fornmula X into the
salt of 10 fornmula XI: Acid HZN O XI Q reacting the conpound of fornula
XI with the conpound of fornula V to yiQJJd t he conpound of fornula I; or 15
(k) converting the conpound of formul aMPto the free amine: H2N XI| WO
2004/ 094398 PCT/US200 4/0 1 1 8 8 2

and reacting the compound of formula Xil with the compound of formula V to yield the
compeound of formula 1.
Those skilled in the art wili appreciate that in the process of Embodiment No.
1, the order of making the compound of formula V and the compound of formula Xl is
s not critical. Also the order of making the compound of formula V and the compound
of formula XH is not critical.
Embodiment No. 2 of this invention is directed to a process for making the

compound of formula I:

- A S

N — o)
-~ N
el
O OH

10 |

Iz

comprising:
(@)  converting the compound of formula Il

0
0
H
\ |
[}
to a compound of formula VI:
y Ph o -
A~
N
0 l
H
\



-19 .and reacting the conpound of fornmula XII with the conpound of fornmula V

to yield the conmpound Qf fornmula |I. Those skilled in the art wll
appreciate that in the @ycess of Enbodi nent No. he order of naki.ng the
compou la V and the conpound of formula X | itical.

Al so tﬂogéoéigrgﬁgg maki ng the conpound of fornmula V ané’%tTﬁzm@@?r%g{?lﬁd of
formula XIl is not critical. Enbodinment No. 2 of this invention is directed
to a process for naking the conmpound of formulal: oo v... /IN\ 1 _ O H
HOOH 10 1 conprising: (a) convert?—ﬂg t he conpound of formula Il O H

1l to a conpound of formula VI: Ph OH NI H v 151 WO 2003/094398
PCTI US20041011882 -20- (b) adding a protecting group to the conpound of

formula VI (k) Yyi@ldihgea protecting group to the compound of formula Vi to yield a
compound of formula VILI:

"L 0G
. A~
o |
H
\ |
Vil
5 wherein G represents a protecting group; o

(c) reacting the compound of formula VIl with a suitable organometallic
reagent, followed by work-up, to yield a compound of formula VIiL:

10

(d) removing the protecting group (G) from the compound of formula Vil to
yield a compound of formula IX: . o

" on
/\/

HN

‘_<\OJ/) K=

IX

15



compound of formula VII: Phh NH VII 5 wherein Grepresents a protecting
group; 3 " (c) reacting e conpound of fornula VI I.ith a suitable
organomet aI lic re 48ent, ol l owed by work-up, to yi®™d a conmpound of formula

VITL: VO MUY Et Vi1l 10 (d) renpving the prot e RGTHESHPLBUBSRG) from
t he corrpound of formula VIIl to vyield a conpound of formula I XX Ph H HN
,/TEt 11X 15 WD 2004/ 094398 PCT/ US2004/ 011882 -21- (e) converting the

conmpound of forrmula I X into an imne interiediate conmpound of formula X Ph
/| ff

(e) converting the compound of formula IX into an imine intermediate
compound of formula X:

3 )] converting the imine intermediate compound of formula X into the salit of
formula Xi:

Acid +HzN

= :).u\

(g}  reacting the compound of formuia Xl with the compound of formula Q:

o\\ | //o
RO OR B
v Q
to yield a compound of formula XIii:
0 0
N __/
— z 0
RO N .
U
X

wherein R represents (C4-Cqo)alkyl in formulas Q and XIil; or

15 (h)  converting the compound of formula Xl to a compound of formula XIl:



N\ I /EE X (f) converting the imne internediate conpound of fornmula X
into the salt of fornmulg XI: Acid HZN O Xl (g) reacting the -conpound of
formula XI with the co nd of formula @ 0 0 XO OR 0Q toyield a

conpou mgla XIII- 00 ROOH Xl wherein ]
(C1-Go %&0‘{ In formulas Qand XlIII; or is (h) converti nggzt%ﬁgéli%sr%pound of
formul a Xi to a conpound of fornula XI | WD 2004/ 094398 PCT/ US2004/ 011882

-22- O HzN I ff\. . 2]1 and reactingzthe conmpound of forrmula XIl with a
conpound of formula @Q Oo0 ROOR ~4<°

Q
0

7

and reacting the compound of formula Xil with a compound of formula Q:

ulll\

o% 0
RO OR
Q o
to yield a compound of formula XHI:
8] 0
Ny
— 5 O

Xl
5
wherein R represents (C-Cg)alkyl in formulas Q and XIil;

(i) converting the compound of formula Il
A

HO,C NO, - o

OH
Il

10 wherein A is selected from the group consisting of Br, Cl and [ (preferably Br), to a
compound of formula IV:

NO»



Q to yield a conpound of fornula XIIl: 0OOO ROHI 5 Xl wherein R

represents (Cl-Co)alkyl in formulas Qand XIll; (i) converting the
conmpound of forrmula Il A HXC 4 NOZ OH 1l 10 wherein Ais selected from
the group consisting o r, d and | (preferably BQ to a conpound of
formul a | Vawd\ados#os39s. --N0O2 O OH 1V 0 WO 2004/ 094

8 PCT, / S2
-23- hydrogenating the conpound of formula IV with a sui tgﬁgﬁéggéé%nat I on

catal yst under hydrogen pressure, to formthe internedi ate conpound of
formula I'f(i): NNHZ O OH V(i) 93

) hydrogenating the compound of formula IV with a suitable
hydrogenation catalyst under hydrogen pressure, to form the intermediate compound
of formula [Y(i):

NH,
0 CH

V(i)

(k)  reacting the compound of formula IV(i) with the compound of formula
Xl to yield the compound of formula 1.

Those skilled in the art will appreciate that in the process of Embodiment No.
2, the order of making the compound of formula XlIl and the compound of formula

10 IV(i) is not critical.

The reagents and reaction conditions used to make the compound of formuia
Xl from the compbu'nd"of formula Il in steps (a) to (f) in Embodiment No. 2 are the
same as those used to make the compound of formula Xl from the compound of
formula Nl in steps (d) to (i) in Embodiment No. 1.

15 The reagents and reaction conditions to convert the salt of formula X to the
free amine of formula Xl in step (h) of Embodiment No. 2 are the same as those used
to convert the salt of formula Xl to the free amine of formula XIi in step (k) of
Embodiment No. 1.

The reagents and reéction conditions to make the compound of formula XIli

20  from the compound of formula Xi in step (g) of Embodiment No. 2 are the same as
those used to make the compound of formula |, from the compounds of formulas V
and XI, in step (j) of Embodiment No. 1.

The reagents and reaction conditions to make the compound of formula X1ll
from the compound of formula Xl in step {h) of Embodiment No. 2 are the same as

25  those used to make the compound of formula |, from the compounds of formula V and
Xll, in step (k) of Embodiment No. 1.

Embodiment No. 3 is directed to the process described in Embodiment No. 1
wherein the compound of formula Xl is reacted with the compound of formula V to

yield the compound of formula L.



5 (k) reacting the conpound of fornmula I'V(i) with the conpound of fornula
Xill to yield the conpound of fornmula 1. Those skilled in the art w-l|
appreciate that in the cess of Enbodi nent No. 2glhe order of nmaki.ng the
compou of roul a All d the conpound of fornul a™0 V(i) is not .
criticgﬁ'.ozf’ﬂjé(%r*g%gents and reaction conditions used top@rlé(k’ém%’ﬂﬁué%pound of
formula Xl fromthe conpound of forrmula Ill in steps (a) to (f) in

Enbodi mrent No. 2 are the same as those used to nmake the conpound of formula
XI fromthe compound of formula I11-3%h-steps (d) to (I) in Enbodi nent No.

1. 15 The reagents and reaction conditions to convert the salt of fornmula X
to the free amne of formula XII in step (h) of Enbodinment No. 2 are the

sanme as t hOEﬁnb@aﬁﬁenttrgo.cg][wrécté@ﬁ: i ;§r|<\|)gés§ @égbﬂil?ecwn Embolfménteoaqn ne of

formula XII 1n step (k) Enbodi ment . 1. The reagents and reaction
condi t whaeein thenadrepotved obfasowial Xbis ¢anverted txthe freecarhineneftfoemuolar¥Buant of

f la Xl i t . f o di t . 2 the s t h used t
ke REOCOPSHIG B roRufindil cepeanr b sipBabad cERTuRY 68 BRI T 1
step 6yo@bolmtPeffoifiila No. 1. The reagents and reaction conditions to nmake

the conpound of formula XlIi fromthe conpound of formula XIl in step (h)
of sEnbodi nelambidimenid¥e. & isedisented tsthempronese daseibadinnabotdimentdipoind of

formula |, f h ds of . f ' and i ) OF
Enbodi WBREIAIE GomBaiBPRERmUE ! 5 eacisd i Bip emphun] FEEEARE | beq i n

Enbodi FeRithRRo ,mi}gfqbﬁng@exmprrpound of formula Xl is reacted with the
corrpouﬁg O]h fomlﬁ.ﬁa to yield the conmpound of fornmula I. S WO 2004/094398

PCT/ US2004/ Erhbséientdoe. Gersodickciedto the. process deseribextint Brmbodinpemidds.s2

' Ln E ' - . .
descr] v?tﬁgréinnthengoonqbggr% ofsrmiula Xt is converted to the free amine of formuta Xll, and o

10 said compound of formula Xll is reacted with the compound of formula Q to yield the
compound of formula XHI.
Embodiment No. 7 is directed to a process for making a compound of formula

V:
0 0
N\
N —
- N/ OR
O OH ll-l
\'
15

using compounds of the formulas Il and Q: o

A -

o]
N
HO,C NO, —
OH RO OR

I Q

wherein A is selected from the group consisting of Br, Cl and | {with Br being

20  preferred), and R represents (C1-Cqp)alkyl. The reagents and reaction conditions
used in this embodiment are the same as those used in the preparation of the
compound of formula ¥ frem compounds of formulas Il and Q described in
Embodiment No. 1 steps (a) to {c).



wherein the conpound of fornmula Xl is converted to the free am ne of fornula
X11, and' said conpound of fornmula 2:11 is reacted with the conpound of
formula Vto yield th conmpound of formula I. 5 odinent No. 5 is
directed ess descri bed in Enbodi nent . 2 wherein the conpound
of fornul %{%@?@P{sgﬁct ed with the conpound of fornula Q Pol/U§ioatfisse
conpound of fornula Xl II. Enbodinent No. 6 is directed to the process
described in Enbodi nent No. 2 wherein the conpound of formula Xl is
converted to the free anmine of fornula384, and 0 10 sai d conmpound of
formula XIl is reacted with the conmpound of formula Qto yield the conpound
of fornmula Xl Il. Enbodinent No. 7 is directed to a process for making a
conpound of f@mbedimen NO. Bis dirddtéiRto Ppeiitddsor Aakiig 8 CoRYFBUNA G he
formulas 11 and Q A OO HOzC NOZ O—ngga? I Q”fgv\ﬁerein Ais ggfﬁuel%ted
fromthexb‘?"oﬁﬂi consisting of Br, CI and | (with Br being 20 preferred); and
R represents (Cl-Clo)al kyl. The reagents and reaction g?diti ons wused in
this enbodi mrent are thezsane as those used in the prepafation of the

conmpound of formula V f2om gonpounds of formulas 11 andzQ dﬁcri bed in
Enbodi ment No. Aciﬂtﬂébﬁ/(caw;.). HzN/v

Xl or XN

5 using a compound of formula IH:

0
\ |

i
The reagents and reaction conditions used in this embodiment are the same as those
used in the preparation of the compound of formula X! or X!l from compound of
formula lll described in Embodiment No. 1 steps (d) to (i), and, for XII, the conversion

10 step-in step (k).
Embodiment No. 9 is directed fo a process for making a compound of formula

v
A
_N
NG,
o OH
v
15 using a compound of formula Il:
A
H02C NOZ

OH



WO 2004/ 094398 PCT/ US2004/ 011882 -25- Enbodinment No. 8 is directed to a

process for making a conpound of formula XI or XIl: Acid HZN'' , H2ZN' %
XI or XIl 5 using a co&und of formula Il1l: O H The reagents and .
reacti ILtj.ons used in this enbodi nent are the s those wused in
t he prgggﬁg({]%}r#ggf t he conpound of fornula Xl or XlI %%%ﬁqas@g‘ﬁ‘bodﬁ’f?d of

formula I'll described in Enbodinment No. | steps (d) to (i), and, for X I,
the conversion to step in step (k). Enmbodinent No. 9 is directed to a
process for making a conpound of fordflFa IVA /NNJ2 O OHIV is using a
conpound of forrmula Il: A HXR2C 4 NO2 OH 11 WD 2004/ 094398

PCT/ US2004/ 011882 -26

wherein A is selected from the group consisting of Br, Cl and | (with Br being
preferred). The reagents and reaction conditions used in this embodiment are the
same as those used in the preparation of the compound of formula IV from compound
of formula Il described in Embodiment No. 1 step (a).

5 Embodiment No. 10 is directed to a process for making a compound of formula
V(i)
|
- NH
2
8] OH o
(i) |
from a compound of formula il:
A
HO,C NO,
OH

wherein A is selected from the group consisting of Br, Cl and | (with Br being
preferred). The reagents and reaction conditions used in this-embodiment are the o
same as those used in the preparation of the compound of formula IV{i) from
15 compound of formula Il described in Embodiment No. 1 steps (a) and (b).
Embodiment No. 11 is directed to a process for making a compound of formula

XI:

. Q 0
N

=l_ _i_ o

RO N /\@/

Xl
using compounds of the formulas Q and Xi, or Q and Xil:




wherein Ais selected fromthe group consisting of Br, d and | (with Br
being preferred). Thegreagents and reaction conditions used in this

enbodi rent are the s as those used in the pre‘ation of the compound of
formul a | Wd s ound of fornula Il described In Entm?': nt No. 1 step
(a). s Enbodi%ewglfﬁﬁl\i’g. 10 is directed to a process for naki g&ghﬁ‘ﬂﬁ%und of
formula IV(i): /N\ NH2 V OOHIV(i) froma conpound of fornmula 11: A
H®2C\ NO2 OH 10 11 wherein Ais selegted fromthe group consisting of Br,
C and I (with Br being preferred). The'feagents and reaction conditions
used in this-enbodiment are the sanme as those used in the preparation of
the conmpound of formula IV(i) from 15 conpound of fornula Il described in
Enbodi ment. No. 1 steps (a) and (b)<” Embodi ment No. 11 isdirected to a
process f8:§rra/l/a°ng a conpound of fHrrmula XiIl: OO RO HI Xl using

conpounds o e fornmulas Q.an , 00 and XI1: WO 94%D8
PCT/ US2004/ £4882 - 27- 0’66“"& fih \ / '2'|20|“9 \ p
RO OR

W) and p{ or 2

—+

The reagents and reaction conditions used in this embodiment are the same as those
used in the preparation of the compound of formula Xl from compeunds of formulas
Q and XI, or Q and XIl, described in Embodiment No. 2 steps (a) to (h).

5 Embodiment No. 12 is directed to a process for preparing a compound of

formula I;

O% //O

\

=
O

I=
l

Iz

'llﬂ\

i

OH

10 comprising:

(a) dissolving the compound of formula i
A

HO,C NO,
OH

It
in:
a solvent selected from the group consisting of: acetonitrile, THF,
15 t-butylmethylether, methylenechloride, toluene, ethylacetate, diethylether, and
chloroform, and
an acid chloride selected from the group consisting of: thiony! chloride and
oxalyl chloride, wherein a catalytic amount of DMF is optionally used when oxalyl
chloride is used;
20 and adjusting the temperature of the resulting reaction mixture to a about
-20°C to about 110°C;



0 Acid H2n~ 0 ~ HzZnl RO OR Q and ~sl or KIl The reagents and reaction
conditions used in this enbodinent are the sane as those wused in the
preparation of the conp of formula XIlIl fromco unds of forrrulas Q

and X, or q%yand XI'l, deSCribed in Enbodi nent No. 2 g‘%%ﬁ

Enbodi n¥¥f? 9948% i s directed to a process for prepari HET@ e é)li‘ﬁ%i of
forrulal: o /NO HH OOH 10 conprising: (a) dissolving the conpound of
formula I'l: A HO2c 4 NO2 OH 11 in: a solvent selected fromthe group
consisting of: acetonitrile, THF, 15-28butyl nethyl ether, nethyl enechloride,

tol uene, ethylacetate, diethylether, and chloroform and an acid chloride
selected fromthe group consisting of: thionyl chloride and oxalyl

Chor) e’ SCAUEIT G RALAN LRI e BMEIO CRN AR 1 JERRMIRR-OLY
m Xt ur ef dbowt S0l about 10°C;
adding dimethylamine gas or a solution of dimethylamine, at a concentration of
at least about 1 melar equivalent with respect to the compound of formula ll, wherein
5 the solvent for said dimethylamine solution is selected from the group consisting of:
acetonitrile, THF, t-butylmethylether, methylenechloride, toluene, ethylacetate,
diethylether, and chloroform; '
adjusting the temperature of the resulting reaction mixture {o a temperature of
about -20°C to about 50°C; o)
10 acidifying the resulting reaction mixture with an aqueous acid to a pH of about

0 to about 7, to produce a compound of formula IV:
A

P

NO,
8] OH
v

wherein A is in the compounds of formulas H and 1V is selected from the group

- Q

(b)  hydrogenating the compound of formula [V by mixing said compound of

15  consisting of Br, Cl and |;

formula IV with:
a base selected from the group consisting of; KOH, NaOH, Na.CO3, KoCQO3,
20 KyCO;, NaHCO3, KHCO3, tetramethylguanidine, DBU, diisopropylethylamine and
mixtures thereof, wherein said base is in a concentration of at least about 1 molar
equivalent with respect to the compound of formula IV,
a hydrogenation catalyst selected from the group consisting of; Pd/C, Pt/C,
PdOH, and Raney nickel; and
25 a solvent selected from the group consisting of; THF, methanol, ethanol,
propanol, isopropanol, acetonitrile, ethyl acetate, and mixtures thereof; and
pressurizing the resuiting mixture under hydrogen at a pressure of about 10 to

about 500 psi to produce the intermediate compound of formula 1V(i):



-20C to about 110G .. WD 2004/ 094398 PCT/ US2004/011882 -28- cooling the
reaction mxture, whenghe reaction is conplete, tg a tenperature of about
5C to about 10C; addi r*di met hyl am ne gas or a solg@i on of dinethyl am ne, at
a concent rgbl fizegat | east about | nolar equivalent wt t he
conmpound 6?&¥f?ﬁ%ﬁ§“11, wherein 5 the solvent for said é?ﬁéﬁ%@ﬁgﬁyﬁg
solution is selected fromthe group consisting of: acetonitrile, THF,
t-butyl met hyl et her, nethyl enechl ori de, tgluene, ethylacetate, diethylether,
and chloroform adjusting the tenperaturé&”of the resulting reaction mxture
to a tenperature of about -20C to about 50C, 10 acidifying the resulting
reaction mxture wth an agqueous acid to a pH of about O to about 7, to
produce a conpound of fornmula IV: AF N ¥ N O CHIV wherein Ais in the
conmpounds of formulas 11 and IV is fromthe group 1s consisting of
Br, d and I; 4 (b) hydrogenating” t hg -8 of formula IV by m xing said
conpound of fornmula IV with: a base sl ectled f ¥ t he group consi sting of:
KOH, NaOH, Na2C03, K2C03, 20 k2003, NaHCBS, KHCCs, t et r amet hyl guani di ne,
DBU, diisopropyl ethyl ami ne and m xturesjyhereof, wherein said base is in a
concentration of at |east about | nolar equivalént with respect to the
conpound of forrmula IV,

(c) adding the compound of formula Q:

o\\ ‘ ?o
RO OR

Q

5 in a concentration of at least 1 molar equivalent with respect to the compound of

formula 1V(i), to the reaction mixture comprising the compound of formula IV(i)
obtained in step (b), and adjusting the temperature to about 0 °C to about 80°C to
produce a compound of formula V:

| Nt

N J—
N OR

~

'+ wherein R in said compound of formula Q is selected from the group consisting of:
methyl, ethyl, propyl and isopropyl, and wherein said reaction is optionally catalyzed
by a base selected from the group consisting of: KOH, NaOH, NaQCO‘o,,' K>CQO3,
NaHCOs;, KHCO3, tetramethylguanidine, DBU, diisopropylethylamine, and mixtures
thereof;
15

(d1) mixing: the compound of formula V from step (c) with the compound of

formula Xl

Acid *H:N

54;!\

Xi



a hydrogenation catal yst selected fromthe group consisting of Pd/C, PUC,
PdCOH, and Raney ni ckel ; g@and 25 a solvent selected frogmthe group consisting
of . THF, nmethanol, et ha‘ , _propanol, isopropanol, etonitrile, ethyl

acet at gyoamidpizvgures thereof; and pressurizing t he PRFUhL ture under
hydrogen at a pressure of about 10 to about 500 psi to pro udc}gllti%g

I nt ermedi ate conpound of forrmula I'V(i): WO 2004/094398 PCTI US2004/011882
-29- NNHZ O™ IV(i) (c) adding ':Tgﬁ compound of formula @Q 00 ROORQ
5in a concentration of at least 1 ndtar equivalent with respect to the
compound of formula IV(i), to the reaction m xture conpri.sing the conpound
of formula V(i) obtained in step (b), and adjusting the tenperature to
about a8d@ lbaseainomBo&@ntcheating)thmmltmgdeapﬁmmmimﬂrémaﬂemp\éramoe of N\ N OR

o 45 ol 14030, RO % BRSSP s o
Lgﬁglt !33;1{3 négb%gf’?t @%hw%g%;mm o%rrﬁu#éﬂs Qaﬁi%&‘*et éind2BdiB8 PR
group consisting of: pyridine, d:methylammopyndme (DMAP), diisopropylethylamine
5 and -N(R%); wherein each R? is independently selected from the group consisting of:
alkyl and cycloalkyl; and said base being used in a concentration of at least about 1
motlar equivalent with respect to the compound of formuta IV; and said solvent being

selected from the group consisting of: nitrile, ether, and alcohol solvents; or

10 (d2) mixing the compound of formula XI:

Acid .HQN/\G}/
/

X

'IIH\

with water and solvent selected from the group consisting of: ethers and methylene
chloride;

15 basifying the resulting reaction mixture with a base selected from the group
consisting of: NaOH, KOH, Mg(OH),, Na;CO3 and K,CQj3, to a pH of about 7 to about
14, said basification being done at a temperature of about 0°C to about 50 °C to
produce a compound of formula XIi:

o

dissolving said compound of formula V from step (c) in a solvent selected from
the group consisting of: alcohol solvents, nitrile solvents, ether solvents and toluene;
mixing the resulting solution with the compound of formula XH, and optionally
25 adding a catalytic amount of a base to the resulting solution, wherein said base is



NaHCO3, KHCOB, tetranethyl guanidine, DBU, diisopropylethylamne, and

m xtures -thereof; 15 1) mxing: the conmpound of fornula V fromstep (c)

wi th the conpound of mula XI Acid H2N XI r 004/ 094398

PCT/ US2004 and a base in a solvent, healing the resultin
reaction m@%@%g?gég tenperature of about 20 C to about ‘ELEBS?@’ 482t hen
acidifying the reaction mxture to a pH of about 3 to about 7, to produce a
conmpound of forrmula |I; said base being selected fromthe group consisting
of . pyridine, dinethylaninopyridine (DV&®), diisopropylethylamne 5 and
-N(R2) 3; wherein each R2 is independently selected fromthe group consisting
of : alkyl and cycloal kyl; and said base being used in a concentration of at

| east abaelected Fohathegroiupatorsisting of pyelﬁb&Cénd N, sangren®@® pf sdisstgyl a |V,
and said solvent being  select ed fromthe Er oup consisting of: nitrile,

et her, arftPrait® GEURePRAHHING Ofo?" ma()éz‘?fa!hy ang Qfﬁl@"ﬁ&n@&lhﬂiefﬁmﬁhﬁ nula Xl :

0.7 Lo BBt LSRR LoR AL LoRE AP R AP B YRoRgast ! | 0

m xt ur e \Mowipcmmmfgsﬁbmt ed fromthe group consisting of: NaCH, KOH,
My(OH) 2, Na2CO38 and K2C03, to a pH of about 7 to about 14, said
basi fY cation being done at a tenperature of about OC to about 50 Cto

produce a compgyind e £0r M4 3obbundOtformula Xt is prepared by:

mixing the compound of formula Jil:

10 with 0.01 molar equivalent, with respect to the compound of formula ill, of
R-2-(-)-phenylglycinol in a solvent selected from the group consisting of: aromatic
solvents, halogenated §olvents, alcohol solvents, nitrile solvents, ether solvents, and
mixtures thereof, and heating the resulting mixture at reflux to produce a compound of
formula VI:

15

mixing the solution comprising the compound of formula Vi with a silylating
reagent'selécted from the group consisting of: hexamethyldisilazane, TMS chloride,

20 _and TMSOTF, wherein the TMS chloride or TMSOTF is used in combination with an
aryl or alky! base, énd an acid in a concentration of at least about 0.2 molar equivalent
with respect to the compound of formula VI, preferably at ieast about 0.4 molar
equivalents, said acid being selected from the group consisting of: ammonium
sulphate, ammonium nitrate, ammonium chloride, H2804, HCI, H3PQy4, citric acid,

25 mesyl chloride, paratoluenesulfonic acid, paratoluenesulfonic acid pyridinium salt, and



20 X1l dissolving said conmpound of fornmula V fromstep (c) in a sol vent
sel ected fromthe groupgonsisting of: alcohol solvents, nitrile solvents,
et her solvents and tolu ;  mxing the resulting S‘Jtion wi th the cenpound

of forny Pa} 39,0]943 nd optionally 25 adding a catal ytlclf%%‘g%ugmbase to

the resulting so utlon wherein said base is WO 200

PCT/ US2004/ 011882 -31- selected fromthe group consisting of: pyridine and
-N(R3)3, wherein R3 is selected fromthe group consisting of. alkyl, aryl,
aral kyl, and aryl al kyl, and wher ei n “tde tenperature of the resulting
solution is about 10 C to about 150T, to produce a conpound of fornmula I; 5
(e) wherein said conpound of formula Xl is prepared by: mxing the conpound

of forgfisutionic aéid, §||1d Hebhhg lﬁb YUt reaclith Arixiefe! oY AdfRIX to prolilice @pect to
t he conpound of fornula I, of R2-(-)- phenyl gl yci nol in a sol vent

sel ectiming campoted of tumutaMk sting of : aromatic sol vents, hal ogenat ed

sol vents, al cohol solvents, nitrite sopyents, ether solvents, and m xtures
t hereof, and heating the resul ti ng m xtgre aGreflux to produce a conpound
of formula VI: is Ph ) OH H VI mxyﬁb\t/he sol ution conprising the

compound of formula VI with a silyl at?’ng reagent selected fromthe group
consi sting of. hexanethyl di SIE@/QNS chl oride,
H
\ |

Vil
5 wherein G represents a protecting group that is the silylating reagent used; o

mixing said imine compound of formula VIl with an organometallic reagent in a
solvent at a temperature of about 0 °C to about 80 °C, said organometallic reagent
being selected from the group consisting of: diethyl zinc, ethylzinc bromide, ethylzinc

10 chloride, ethylmagnesium bromide, ethylmagnesium chloride and ethyllithium, said
organometallic relagént being used in a concentration of 0.1 to about 5 molar
equivalents with respect to the compound of formula VI, said solvent being selected
from the group consisting of: benzene, toluene, TBME, THF, DME, dimethoxyethane,

and mixtures thereof, to produce a compound of formula ViII;

L oG
S~ ® )

HN -

\O ’ K Et
15 Vil
adding the compound of formuia VIl to a cooled aqueous acid, said acid being
at a concentration of about 2.5 to about 5 melar equivalents with respect to the
compound of formula VIIl, adding water and a cosolvent and mixing the resuiting
mixture, adding a base to said mixture to adjust the pH of the aqueous phase to about

20 91to about 13, to produce a compound of formula 1X:



20 and TMSOTF, wherein the TMS chloride or TMSOTF is used in conbination
with an aryl or alkyl RQase, and an acid in a conceptration of at |east
abeut 0:2 nolar equivaigget with respect to the c und of formula VI,
pr ef er abl ywad 2d08@6850@bout 0.4 nol ar equival ents, said acj | ng sel ected
fromthe group consisting of: anmmoni um sul phate, annnniu%?ﬁpgﬁgﬂ@fg nmoni um
chloride, H2S04, HC, H3PO4, citric acid, 25 nmesyl chloride,
par at ol uenesul foni ¢ aci d, paratoluenesul fonic acid pyridiniumsalt, and WO
2004/ 094398 PCTI US2004/ 011882 -32- al kyt 8&Ffonic acid, and heating the
resulting reaction mxture at reflux to produce an i m ne conpound of
formula VII: Ph G NH Vil 5 wherein Grepresents a protecting group that
is the silylating reagent used; O m xingPbaid inmne conpound of fornula VII
with an organonetallic reagent in a soIvgﬁi\ngQ tenperature of about 0 C
to about 80 C, said organonetal |ic reagegpl” being selected fromthe group
consisting of: diethyl zinc, ethyizinc brlom de, ethyizinc to chloride,
et hyl magnesi um brom de, et hyl nagnesi lpride and ethyllithium said
organonetal lic reagent being used™i afconctntration of 0.1 to about 5 nol ar
equi valents with respect to the co nd. of fornmula VII, said solvent being
selected fromthe group consisting of.“benzene, toluene, TBVE, THF, DVE,
di met hoxyet hanggig GILITLT BiRG stk fom'ifle BRATt E6n At BR HisthBhol! BiHEHAR
propanol, isopropanal, butanol, sec-butanol, pentanol, hexanol, heptanol, octanol, and

mixtures thereof,

£
tn

said base being selected from the group consisting of: ammonium hydroxide,
metal hydroxide, metal oxide, metal carbonate, metal bicarbonate, and mixtures
thereof, wherein said metal is selected from the group consisting of: lithium, sodium,
potassium, rubidium, cesium, beryllium, magnesium, calcium, strontium, barium,
aluminum, indium, thallium, titanium, zirconium, cobalt, copper, silver, zinc cadmium,
10  mercury and cerium, or

said base being selected from the group consisting of: a metal salt of a (C+-
Cq2)alkanol énd a (C3-Cqz)cycloalkanol, wherein the metal is selected from the group

consisting of: Li, Na, K, and Mg;

15 dissolving the compound of formula IX in solvent selected from the group
consisting of: water, methanol, ethanol, propanol, isopropanol, butanol, sec-butanal,
pentanol, hexanol, tetrahydrofuran, 1,2-dimethoxyethane, 1,2-diethoxymethane,
diglyme, 1,4-dioxane, and mixtures thereof,

cooling the resulting solution to a temperature of about -5 °C to about 20 °C,

20  adding R*NH; to said solution, and then adding an agent selected from the group
consisting of: NalQ4, Pb{OACc)4, HslOg, and mixtures thereof, to produce a compound
of X:

Ph

O ‘e
l et

X - and



15 VIl adding the compound of fornmula VIIl to a cool ed aqueous acid, said
acid being at a concentrgtion of about 2.5 to about 5 nolar equivalents with
respect to the conpoun f formula VII1, adding wa and a cosol vent, and |
m Xxi ng ing mXxture, adding a base to sai L xture to adjust the
pH of t\&g%g(%ﬁ%gjgé phase to about 20 9 to about 13, torpg%@g{fg‘émgl%%rpound of
formula I X WO 2004/ 094398 PCT/ US2004/011882 -33- Phh HHN | /I/Et 1IX
sai d co-sol vent being selected fromthe group consisting of nethanol,

et hanol, propanol, isopropanol, but3#el, sec-butanol, pentanol, hexanol,
hept anol , octanol, and m xtures thereof, s said base being selected from
the group consisting of: ammoni um hydroxi de, netal hydroxide, netal oxide,
nmet al t.e . i.car ] , Wherein said

ot a1 "FERIRTE 6 i, TR Bod h ARG GO G O LIRS, oY ABRRIL . ot um  pot assi um
r ubi dheterocyetoalkyl, ded, \Heteroayrylmaghesiliyt) cal ci um strontium barium

alum num indium thallium titanium zirconium cobalt, copper, silver,
zinc cadmum 10 nmercury and cerium or said base being-selected fromthe

group consistj dmbla ik G s ?(Pﬂ :

(C3-C12) cygﬁgg&%ﬁ IE, @Ovl\ﬂgé@dnéﬂngmﬁe% aI| igssosl\grééa?g rt')%?tﬂ% (ra@sg'j! rt%ntgp

censi stlutign ¢ anldcid dblutith abadeMperdibraissging prejertabdy fronpabout -60 *Cotoul a 1 X
in solvent selected fromthe grou onsj sting of: water, nethanol, ethanol,
pr opaﬁB@';‘tEF%oélt%B%Qe‘g]ﬁt C,’U%ﬁ%ﬂg[ﬂ‘ﬁ@t pent anol , hexanol ,

t et rahydrofuran, 1,2-di nethoxyethane, %, 2-di et hoxynet hane,

Acid ’HzN/\EO/)/ o

Xl

said compound Xl being a salt,
wherein said solvent is selected from the group consisting of: hydrocarbon
10 solvents and ethers and mixtures thereof, and
said acid is selected from the group consisting of: sulfonic acids, tartaric acids,
HoS04, HCI, H3PO,, Hér, carboxylic acids and mixtures thereof.
Embodiment No. 13 is directed to a process as described in Embodiment No.
12 except that:
15 in step (a), the preparation of the compound of formula 1V, the reaction
mixture of said compound of formula Il and said acid chloride is 40°C to about 90°C,
said dimethylamine is at a concentration of at least about 2 iiolar equivalents with o
respect to the compound of formula Il, said temperature of said reaction mixture is
about 0°C to about 25°C, said reaction mixture is acidified to a pH of about 1 to about
20 5, said acid for said aqueous acid is is selected from the group consiting of: HCI,
H>S04, H3PO4, and mixtures thereof;
in step (b), the hydrogenation of the compound of formula IV, said base
is selected from the group consisting of: Na;COs, K2CO3, and mixtures thereof, said
base is used at a concentration of about 1.05 to about 1.5 molar equivalents, said
25  catalyst is selected from the group consisting of Pd/C and PdOH, said solvent is
selected from the group consisting of: methanol, ethanol, propanol, isopropanol, and

mixtures thereof, and said hydrogen pressure is about 20 to about 200 psi psi;



di gl yme, 1, 4-dioxane, and m xtures thereof, cooling the resulting solution
to a tenperature of about -5 C to about 20 C, 20 adding RANH2 to said
solution, and then addigng an agent selected fromt group consisting of:
Nal04, Pb(CAc)4, H510 nd m xtures thereof, to duce a compound of X
Ph J \ Y, Wdoodods3eend WO 2004/ 094398 PCT/ US2004/0 1 188 f/ﬁébom%s%i n R4
Is is selected fromthe group consisting of al kyl, cycloal kyl,

het er ocycl oal kyl, aryl, heteroaryl, and aral kyl; dissolving the conpound of
formula X in a solvent and adding the resulting 5 solution to an acid
solution at a tenperature ranging preferably fromabout -50 Cto about 80 C
to produce the conpound of forrmula Xl: Acid HzN XI said conpound Xl being a
salt, wherein said solvent is selected fromthe group consisting of:
hydrocarbon 10 sol inestes (@ntheetehetisn ahthencorhpowsd ofierrmafa Qawith theai d acid is

selected fromth oup, c I sting of: sulfoni cids, ,tartaric acids,
psor. - HcrommpiEnof kBnula i (angeindotmaHas L5ed B Pasnceniation sént

No. 13 is it ’ ' j o . X 68pt
that 15 2B0UEtbg R 2nBlep B8R a5 iferalu TR R0 0 pbbhy SUPGE
reacti on amd shidreptiohablaast is saenied frofn fher gnobp donsistidg i Ma D04 IGUOL hge 1 s
40C t o about 90C sgi d dinmethylamne is at a concentration of at |east
about 52 rWBﬂ'érreSéﬂﬁ'fe\? lents with respect to the conpound of fornmula Il, said

tenperature of sai Gnrggfid 19N Pcakfién bFthe compound of formula V with the
compound of formula kI, said base is used in an amount of about 1 to about 2 molar

equivalents with respect to the compound of formula V, said solvent is selected from
the group éonsisting of alcohol and nitrite solvents, said temperature is about 40 °C to
10 about 80°C, and said pH is about 3 to about 5; |
in step {d2), the reaction of the compound of formula V with the
compound of formula XII:
said mixture with said compound of formula XlI is basified with
NaOH or KOH to a pH of about 10 to about 14 at a temperature of about 10 °C to
15 about 40 °C to produce said compound of formula Xit,
) said compound of formula V is dissolved an alcohol solvent,
said compound of formula Xll being used at a concentration about
1 molar equivalent with respect to the compound of formula V,
said catalytic base being selected from the group consisting of:
=o  pyridine and —N(R%)3 wherein each R® is independently selected from the group
consisting of ethyl, isopropyl, propyt, butyl, phenyl, tolyl and benzyl, and
said temperature of said resulting solution with the compound of
formula XII being about about 40 °C to about 80 °C;
in step (e), in the reaction to produce the compound of formula VI from
25 the compound of formula 1ll, said R-2-(-)-phenyliglycinol is in a concentration of about
about 0.5 to about 1.5 molar equivalents, and said solvent for said R-2-(-)-
phenylglycinol is selected from the group consisting of: benzene, toluene,
dichloromethane, methylene chloride, chlorobenzene, methanol, ethanol, propanol,
isopropanol, n-propanol, butanol, acetonitrile, THF and t-butylmethylether;
30 in step (e) in the reaction fo produce the compound of formula VI from
the compound of formual V1, said silylating reagent is selected from the group
consisting of: hexamethyldisilazane, TMS chioride, and TMSOTF, wherein the TMS



about OC to about 25C, said reaction mxture is acidified to a pH of about 1
to about 20 5, said acid for said aqueous acid is is selected fromt:he group
consiting of. HC, H2S H3P04, and m xtures therg; in step (b), t.he
hydr ogenat.i 0f .t he compound of formula IV, said b s selected fromthe
gr oup g‘&ﬁszl{)@%ﬁ%fsof. Na2CCB, K2003, and ni xtures ther dSfT/VEPYMERLse i s used
at a concentration of about 1.05 to about 1.5 nolar equivalents, said 25
catalyst is selected fromthe group consisting of Pd/C and PdOH, said
solvent is selected fromthe group <®msi sting of: nethanol, ethanol,
propanol , isopropanol, and m xtures thereof, and said hydrogen pressure is
about 20 to about 200 psi psi; WO 2004/094398 PCT/ US2004/011882 -35 in step

(c), t . [ ; < 0f ; s t ; of formula
[V ) CORHSE S TS QTE S psEa TPEABRlioh Qi g i it SSEERRL O 1 10
about Zelapledrfrarauthe grewms sonsisting ofe apenaniunesilphates atnrAdniin aitedtewind50 C,

and sai d optional base is selected fromt he‘%E%p_cons%@ti ng, of . Na2CGCs,
K2COB amnordui Gilarida, ﬁi?@gﬁt g GPrSER g%’H‘T'P,f s} abeyt 84 BPlarhe conpound of.
f or mul ] %p,gm r ¢.d base is used in an anount

of abog?mxg\fteh%a%@ﬁtre 'ﬁo?&a?% (Segqnt]{)@%'ﬁwehﬁs&ﬁvuuﬁ%’espect to the conmpound of
fognula V, said wpstepre),iistiealeaction té producehtae gompourthef frmoga Vill fbmohol

and nitrile solvents, said tenperature js about 40 C to 10 about 80 C, and

sai d pthe eorapeind of tosmaWll, said organqipetalfis reagrat isdisad A seneentratidRpound of

f or mul 1ty 1 . "1 1884 ' ] Iygip conmpound
of for%%%%lﬂos&g%g%ﬁgg’v\%ﬁ# ﬁ’fah%\lrg gﬁeégépk%a[gggwd%@oﬁ%%a% o‘?lzla’bout 14
at a teainebhtant ¢s séleafedfion thé gtaup censidting of4 THE, TBMEpdndenistirds conpound of
formula X1, said conpound of forrmula V is dissolved an al cohol solvent,

sai d ctheperinandsaiciemparatiare issalberf aho 192 CooRhRub B0 %t on about 1 ol :
eqyi val ent wi th {£586¢L), P RatRIR B Brodiice’tRE Bhiholind of formula IX from
the compound of formula VIIl, said cooled aqueous acid is at a temperature of about
0 °C to about 15 °C, said acid is selected from the group consisting of: HoSQy4, HCI,
H3PO4, and mixtures thereof, said acid is in a concentration of about about about 2.5
to about 3 molar equivalents with respect to the compound of formula Vill, said

15 cosolvent is selected from the group consisting of: methanol, ethanol, propanol,
_isopropanoi; butanol, sec-butanol, pentanocl, hexanol, heptanol, octanol, and mixtures
thereof, said base is selected from the group consisting of: KOH, NaOH, NH,OH,
LiOH and CsOH, and said pH is adjusted to about 10 to about 11, ,

in step (e), in the reaction {o produce the compound of formula X from

20  the compound of formual IX, the resulting solution is cooled to about 0 °C to about 15 O

°C, and said R* is a (C1-Ca)alkyl; and

in step (e), in the reaction to produce the compound of formula Xl from
the compound of formula X, said compound of formula Xl is dissolved in a solvent
selected from the group consisting of: toluene, xylene, chlorobenzene,

25 dichlorobenzene, diethyl ether, dipropyl ether and dibutyl ether, 1,2-dimethoxyethane,
1,2-diethoxyethane, diglyme, 1,4-dioxane, tetrahydrofuran and mixtures thereof, said
acid in said acid solution is selected from the group consisting of: paratoluene sutfonic
acid and alkylsulfonic acids, and said temperature is about -20 °C to about 20 °C.

Embodiment No. 14 is directed to a process as described in Embodiment No.

30 13 except that:

in step (a), the preparation of the compound of formula {V, said

compound of formula Il is dissolved in acetonitrile and thionyl chloride, said



said catal ytic base being selected fromthe group consisting of, pyridine
and -N(R3)3 wherein each R3 is independently selected fromthe group

consi sting of ‘ethyl, igopropyl, propyl, butyl, ph |, tolyl and benzyl, and
said tenperature of s resulting solution with * conpound of fornula
XI'l bei ng vwdouisy@bpayt 40 C to about 80 C, in step (e

), i [on to
produce the conpound of formula VI from 25 the corrpoundp%#lﬂg%}rﬁrﬁ}ﬁlqgézl I,
said R 2-(-)-phenylglycinol is in a concentration of about about 0.5 to
about 1.5 nolar equivalents, and said sqlvent for said R 2-(-)-

phenyl gl ycinol is selected fromthe grd@ﬁ tonsi sting of. benzene, toluene,
di chl or onet hane, net hyl ene chl ori de, chl orobenzene, nethanol, ethanol,
propanol, isopropanol, n-propanol, butanol, acetonitrile, THE and

t - but yl metemyperatuze js 300ut655Celp dbeut 76°C henid eimétholantine s didy6letiie conmpound

of formula VII. from, the coppound of forrmual VI, said silylating reagent is
sel ect ed 25RNITHE. ﬁﬁ"glﬁiﬁ“e&ﬁ%@?&ﬁﬂ"%@t%6Q%¢ﬂtwpﬂi0§iabﬁﬂhé§, moMB chl ori de,

and TMSOIE,, /Ns" TANS] 3 -36:, chl ori de

or s gu YNt ik RepEY ot IR G, KRR A e gt 8 <

sel ect ed reactioh hexigreispatson §°€tio mpoaf 10%4TEId rractioh phiatee iQBBEATIcA Y brat e
acid at a concentration of at | east about 0.4

and ammoni ym | oride, sai, a. ) } _
mol ar> edﬁi#’ﬁ‘é%ﬂ_@ E\HOPHSr%'gé’&PePBS?ﬁ'@ ’%Nzﬁ&m@n?)ﬁaldo‘fmlﬁleﬂt?'@ B ﬁt ep
Cemound. bt or oot oteh PEPS R RABRRTHe SO e " i

concent r a6 iKpTOaiseabaiud cdndemtrationtof aboul ROS5 edubual £1tmoldrdauivesditss4i@ t he

conmpound of formula VI, aid solvent is selected fromthe group consisting
of . THF, catist 'gﬂ?cfﬁ% §@'dr5@i\f%é%@fBﬁPObﬁadﬁmhy@ﬁg@m@r@ﬁwress abouit 10{bisut 10
C to abo bo‘%@@o ¥ 10 in step (e), in the reaction to produce the conpound
of fornula rdam't he conmpound of fornula VIII1, said cooled aqueous acid is

at aig enperat ure ofinabspc), heCehctiaboithe Lonfpousdi of faghdali @ withl thet ed from t he
group consi sting of. H2SO4, HC '
compound of formula IV{i), the compound of formula Q is used at a concentration of
about 1.3 to about 1.5 molar equivalents, said temperature is about 25°C to about 35
°C, R is ethyl, and said optiona_\l base is K2COg;
in step (d1), the reaction of the compound of formula V with the
15 compound of formula Xl, the compound of formula Xl is used in an amount of about
1.1 molar equivalents, said base is triethylamine used in an amount of about 1.3 to
about 1.5 molar equivalents with respect to the compound of formula V, said solvent
is acetonitrile, said temperature is about 60 °C to about 70 °C, and said pH is about 4;
in step (d2), the reaction of the compound of formula V with the
compound of formula XII, said solvent used with said compound of formula Xl is t-
butyl meth)“/I ether, said mixture with said compound of formuta XI is basified with
NaOH to a pH of about 12.5 to about 13.5 at a temperature of about 20 °C to about 30
°C to produce said compound of formula X1, said compound of formula V is dissolved
in the solvent n-propanol, said compound of formula XlI being used at a concentration
25 about 1.1 molar equivalents with respect to the compound of formuia V, said catalytic
base being diisopropylethylamine, said temperature of said resulting solution with the
compound of formula Xl being about 60 °C to about 70 °C
in step (e), in the reaction to produce the compound of formula VI from
the compound of formula 1ll, said R-2-(-}-phenylglycinol is in a concentration of about
30 0.9 to about 1.1molar equivalents, and said solvent for said R-2-(-)-phenyliglycinot is

THF;



H3PO4, and m xtures thereof, said acid is in a concentration of about about
about 2.5 to about 3 nplar equivalents with respect to the conpound of
formula VIIl, said Is ¢ | vent is selected fromt roup consisting-of:

met hang] , _et hanol, propanol, isopropanol, butanol, : I ent anol ,
hexanol‘yoﬁg‘ﬁf 3#'3’%, octanol, and m xtures thereof, sa?&@%@lﬁéi%sgl ect ed
fromthe group consisting of. KOH NaCH NH4OH, LiOH and CsOH, and said pH
is adjusted to about 10 to about 11, in step (e), in the reaction to produce
t he conpound of fornula X from 20 t he38enpound of forrnual 11X the resulting

solution is cooled-to about OC to about 15 0 C, and said R4 is a
(G-C3)alkyl; and in step (e), in the reaction to produce the conpound of

f la Xl f . : i Xl i
i ssol ved in o sB SERLETRNELeattion i icRuts tELOBOIRE oMy Vil '°
xy| enethebdmpobed otfoemuadbyLisaid siyibimy eagentisdidndmehiRiisiladhpe oayd seidher and

di butyl ether, 1,2-dinethoxyethane, 1,2-diethoxyethane, diglyne,
1, 4- di asigie anneppiRy svibhaieAt peneaniatial @k lgasaboub0 & melarequivalants aci d

sol utigp, i , nsi sting of: paratol uene sulfonic
acid aﬁ@hiﬁﬁég(ggﬁ@%f:é&gg}!ﬁ?fg‘@n saaivg' tenperature is about -20 C to about
205T. Enmbodi ment il\step 14), iistith rezrtion td @reduvedbesongsoutri of fob@dld VIIErba ment

No. 30 13 except that: in step (a), the preparation of the conpound of
f or nul the sompaird ot teimulmyll osaid erganemeteliicsreggesbis\eibyimagnasiwnibromide and

| o abopSaitain i bpeat SRt e e e St BlrespRce 8L 11

sai d dpaRipouhadf Renitks Vi, shidasohasraes TBME cahdéaid iemipedatarad® aboutezniP@al ent s
with respect to the conpound of fornula Il, said tenperature of said o

r eacEi &ahﬁ)utt?uﬁc@;i s about 5C to about 10C, said reaction mxture is
b e e uaa pB e WP Ye GbfoRlF Bhodheenfb boRARER PR A OLERRE oo
for mul the dbmpaintd BR@emula VIII, said cooled aqueous acid is at a temperature of about
0 °C to about 10 °C, said acid is H2SQ4, said acid is in a concentration of about about.
2.5 molar equivalents with respect to the compound of formula VI, said cosolvent is
sec-butanol, said base is NH4OH, and said pH is adjusted to about 11,

15 in step (), in the reaction to produce the compound of formula X from
the compodﬁd of formual [X, said compound of formula IX is dissolved in ethanol and
the resulting solution is cooled to about 0 °C to about 10 °C, said R*is methyl, and
said agent is NalOy; and .

in step (e), in the reaction to produce the compound of formula Xl from

20  the compound of formula X, said compound of formula Xl is-dissolved in THF, said
acid in said acid solution is paratoluene sulfonic acid, and said temperature is about 0
°C to about 10 °C.

The protecting group G is selected from the group consisting of: silylating

25  reagents and esters (i.e., moieties having the formula R‘-C(O)—O-.). Suitable silylating
reagents include hexamethyldisilazane, TMS chloride, TMSOTF, and the like,
wherein the TMS chloride or TMSOTF is used in combination with an aryl or alkyl
base. Preferred sil'ylating agents include hexamethyldisilazane, TMS chioride,
TMSOTF, wherein the TMS chloride or TMSOTEF is used in combination with

30 triethylamine. More preferably, the silylating agent is hexamethyldisilazane. R'is
selected from the group consisting of: alkyl (e.g., methyl, ethyl and isopropwl), aryl
(e.g., phenyl), and cycloalkyl (e.g., cyclopropyl and cyclohexyl). When and ester is



is K2CO3 used at a concentration of about 1.05 to about 1.1 nolar

equi val ents, said catglyst is Pd/C, said solvent gas ethanol, and said
hydr ogen pressure is ut 100 to about 120 psi ;ﬁ in step (c), the
reaction oWotzbeyweswpound of forrmual Q with the conpoundpefytaii]@sd V(i) .
t he conpound of fornula Qis used at a concentration of about 1.3 to about
1.5 nol ar equivalents, said tenperature is about 25 Cto about 35 C, Ris
ethyl, and said optional base is K2CO3; in step (dl), the reaction of the
conpound of formula V with the 15 conpedfd of fornula X, the conmpound of
formula XI is used in an anount of about 1.1 nolar equivalents, said base
is triethylam ne used in an anmount of about 1.3 to about 1.5 nol ar

equi val enjsedwhbh didthyiesic isUsdattogromesetheorhpdund of YrmeRi VIISRONERE 1S
acetonitrile, said tenperature is about 60 Cto about 70 C, and said pHis
about 4; campatngofifaunulafb Theestesprefectinggeppeimmbe sempyediiybagion t h t he

o T buterigkR s pe Y8R 4 el WBRRE, e Bbriob BRI aSi ot KO8
basi fi ed MOHand\BSXOHP. 2 pH of about 12.5 to about 13.5 at a tenperature of

about 20 C to about 30 C to produce said corjr])ou_nd of formula XII, said
conpouind of f drempeund KkisthedR)issunen. nThase skdleddintthe apkwillappreciste that §rpound

of formul . bei ng used.,at a ncentration_ 25 out 1.1 [ ui val ents
o ther oo BedS Hsomet iR a8 bRt e Sl HantBnfet ot Aty 1 olli B Eingd.
di i sopropyl et hyl am ne, said tenperature of said resulting solution with the

conpound of formula Al being about 60 Cto about 70 Cin step (e), in the
reaction to pridduprecessescefitpisundentiont feranample the pracesses b ment f or mul a

111, said R 2-(-)- | gl yeinol (is in . a gapcentrati of about 30 0.9 to
bbout 1 Mo 8. Ao TS il 46) Bk adshryda e SEREFR A fip8low>ot

R-2-(g) -phenyl glycinol is THF; WD 2004/ 094398 PCT/ US2004/ 011882 -38- in
step (e) in the reaction to produce the conmpound of formula VII from
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Step 1: .
15 The compound of formula i is dissolved in a suitable solvent and a suitabie

acid chloride. Non-limiting examples of suitabie solvents preferably include



L

t he conpound of fornual VI, said sitylating reagent is hexanethyl di sil azane,
and said acid is anmoni sul phate at a concentration of at |east about 0.5
nol ar equivalents wth spect to the conpound of @nmula VI; 5 in step
(e), i I ion to produce the conmpound of for a Vlill from the
conpouﬁﬁbgiuigﬁﬁéla VI1, said organonetal lic reagent iBCEVRAIMRYHESi um
brom de wused in a concentration of about 2 to about 3 nolar equival ents
with respect to the conmpound of formula VII, said solvent is TBME, and said
tenperature is about 20 C to about 3%0G 3 10 in step (e), in the reaction
to produce the conpound of fornmula I X fromthe conmpound of formula VIII,
sai d cool ed aqueous acid is at a tenperature of about O C to about 10 C

ol ar 2ot o SV udfuger B IGRRIINAL 1pBRo, SRS = °
cosol vigthylethers eRlotfoRfChnd tishd)an®l mdré\prsfbvabiy dostainitrilet Mendiftitisg ed to
about 11,715 in step (e), in the reaction to produce the conpound of formula

X f r oexampes ofipeilaile ariddieridas infludedhipnybeipoide aped axalyhehleride,i s di ssol ved

. et R0 hioh Pl AaRELAb 8 i eSO £l i Gy DiR ROt 10 C
" 6aCt i prRfBaRYaSed. Phe pEUNIINAkIIBtive bt 4 tempeRRuicangERURd. of

formula X, sai npound of fornula Xl is-dissolved in THF, said acid in

sai d abodi 24°G tooabow 1 ArGt prefrrablysiiemartiait 467G, toabheut S0C: w@strat ure i s
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hexanet hyl di si'l azane, TM5 chl oride, TMSOTF, and the |i1ke, wherein the T,
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riorroogh 10 < B fdhiog B5s 657 STRRFEL YiiseBluoRiREBha a8, W h 20
tri et Ryhvapt Readdéd slomeforoabl dbolitthes hbit Gt tiritd thE pddctioh is complete. Non-
hexanet hél disilazane. RO is selected fromthe group consisting of: alKkyl

(e.qg. i thexamplas,of saitablessgiyaspy whichhegn be added to the dimethylamine
include acetonitrile, THF, t-butylmethylether, methylenechloride, toluene, ethylacetate,
diethylether, and chloroform, and preferably acetonitrile. The dimethylamine can be

15 used generally at a concentration of at least about 1 molar equivalent with respect to
the compou_r;d of formula ll, preferably at least about 2 molar equivalents, and even
more preferably about 2.5 molar equivalents. The reaction mixture is then adjusted to
a temperature ranging from about -20°C to about 50°C, preferably from about 0°C to
about 25°C, more preferably from about 5°C to about 10°C, for about 3 hours or until

20  the reaction is complete. The mixture is then acidified with an aqeous acid to a pH O
ranging from about 0 to about 7, preferably from about 1 to about 5, more preferably
from about 2 to about 3. Non-limiting examples of aqgeous acids include HCI, H,SO,4
or H3POg4, and the like, or mixtures thereof, preferably HCl, H,SQ,, or mixtures
thereof, more preferably H,SO4. The product of step 1 is the compound of formula 1V

25 which can be purified preferably by crystaliization.

Preparation of the compound of formula V

Step 2:
A mixture is prepared containing the compound of formula IV from step 1, a

30 base, a hydrogenation catalyst, and a solvent. Non-limiting examples of suitable
bases include KOH, NaOH, Na,COj3, K2CO3, NaHCO3, KHCO,, tetramethylguanidine,
DBU, diisopropylethylamine, and the like, or mixtures thereof, more preferably



(e.g., phenyl), and cycloal kyl (e.g., cyclopropyl and cycl ohexyl). Wen and
ester is WO 2004/ 0943 PCT/ US2004/ 011882 -39- us then diethyl zinc is
used to produce the ¢ ound of forrmula VIII fro conmpound of formula
VI'1. The &« mo4pscdecting group can be renmoved by baS|c mhereln
the base is a netal hydroxide, such as, for exanple, Ci?ﬁﬁ%&bn®i

Ba(OH)2. 5 Conpound XI is the (R)-isoner Those skilled in the art mAII
appreciate that if the (S)-isomer were to be used the other enantioner of
formula | would be obtained. The procégses of this invention (for exanple
t he processes of Enbodinment Nos. 1, 3, 4, 7, 8, 9 and 10) are described in
Schenes | and Il below. 10 Schene | A A I \ Step I I I Step 2. N N HO2C

NO2 NO2 NECOHKC@¥H 0D nﬂlfturdas theéreof( most ﬁreﬁem\bﬂf b(2®®t3 hokbnBimiting eRanfPiéR / N \
%/EI hg;egofm?gmagpn r‘atalysts mcﬁBde P% '\L’UC Pd H or Ranaeilf r?ckel pre?erabi 12N
Pd/C or PAdOH, and more preferably Pd/C.  Non-limiting exarnples of suitable
solvents include THF, methanol, ethanol, propanol, isopropanol, acetonitrile, ethyl
5 acetate, and the like, or mixtures thereof, preferably methanol, ethanol, propanol,
isopropanol, or mixtures thereof, and more preferably ethanol. The base can be used
generally in at least about 1 molar equivalent with respect to the compound of formuta
IV, preferably from about 1.05 to about 1.5 molar equivalents, and more preferably
from about 1.05 to about 1.1 molar equivalents. The mixture is pressurized under

10 hydrogen generally from about 10 to about 500 psi, preferably from about 20 to about
200 psi, and more preferably from about 100 to about 120 psi for about 10 hours, or
until the reaction is complete to yield the intermediate compound of formuia IV(i}. The
intermediate compound of formula IV(i) need not be isolated and can be used in the
next step directly.

15
| To the solution containing the compound of formula V(i) from step 2 is added
the compound of formula Q (3,4-dialkoxy-3-cyclobutene-1,2-dione}, wherein R
represents (C4-Cqo)alkyi, preferably (C4-Cg)alkyl, and even more preferably {Cs-

w0 Caalkyl (e.g., methyl, ethyl, propyl and isopropyl, and preferably ethyl). The
compound of formula Q can be used generally in at least 1 molar equivalent with
respect to the compound of formula IV(i), more preferably from about 1 to about 2
molar equivalents, most preferably from about 1.3 to about 1.5 molar equivalents.
The solution is stirred at a temperature ranging from about 0 °C to about 80 °C,

25 preferably from about 20 °C to about 50 °C, more preferably from about 25°C to about
35 °C, for about 2 hours, or until the reaction is complete to yield the compound of
formula V. The reaction is preferably catalyzed by a base. Non-limiting examples of
suitable bases include KOH, NaOH, Na,COs, K2CO3, K2COs3, NaHCO3, KHCO;,
tetramethylguanidine, DBU, diisopropylethylamine, and the like, or mixtures thereof.

30  Preferred bases include Na;COjz, K.CO3, or mixtures thereof, more preferably K2COs.
To maximize the yield at the end of the reaction, the reaction mixture is acidified with
a suitable acid to a pH of about 5 to about 6. Suitable acids include, for example,



Aci dH2N 10~ Conmpound V. NN O O OHH XI Method A Step 1: 15 The conpound
of formula Il is dissolv in a suitable solvent and a suitable: acid
chloride. Non-limting e | es of suitable sol vent ngeferabI y include 0 .
WO 2004/, PG/ US2004/ 011882 -40- acetonitrile, t-hutyl met hyl et her,
met hyl er@@%ﬁ%%s’f)e, tol uene, ethylacetate, diethylet herp,CT 2OHEN LB and

tol uene, and nore preferably acetonitrile. Non-limting exanples of
suitable acid chlorides include thionyl chloride and oxal yl chloride,
preferably thionyl chloride. If oxaly#2ehloride is used, a catal ytic anount
of DMF is s also preferably used. The resulting mxture is stirred at a
tenperature ranging from about -20C to about 110C, preferably from about
40C to : : I t inabout 2
hour s @&n 'ljﬁgggﬁie;@g@c?}&gﬁi ?ﬁﬁhé%ﬁgpgtﬁee.éa%?em?g%ée&%? E{Efg,r%gcrpgr{oa ée}gc above
can vaayiddd€paridasdooexamplh Hx8I04ehiClj andipkdsphittie aad); withnacstict acie being hen
cooled tg a tenperature ranging fromabout 5Cto 3 to about 10C, and

di et hPIeigi®d gas or a solution of dimethylamine in a suitable solvent is
added slowy for over about one hour or until the reaction is conplete. Non-
limting exanpl es of suitable solvents which can be added to the

di net hpreparation otthedeompeumd of fdrequldHF, t - but yl net hyl et her,

met hyl enechl ori de, toluene, ethylacetate, diethylether, and chloroform and
pr ef erm&toni trile. The dinethylam ne can be 15 used generally at a
concentrati t; o irh ﬁ@@,’, ALY e
conpound of ﬁ%ﬁn‘i‘ﬂ%zﬁs f?p*egregg gﬁgag:"{/@gﬂgélbga t gg%?ﬂ%ﬁmn%?gﬁgﬁﬁ}g#)gnat@q and
even Xhrebasehred abdolvartio Mor2lirhitingl examgries vhbeitalsie blises imcdode pyridingf ure i s

o dbigihsneian DA S aten a2 BV e e o AR St 1 oD
abgut dHfeh cgaﬁfbéh%léarﬁffelglmﬁer%t,t.l@ﬁaelseﬁe; é;gf\ ddrfn%‘aéiag’lﬁ(l.' PréRmdifesThe

mXture 1s en aci di w th an ageous a
include -N(Rz)a, wherein each R? represents alkyl or cycloalkyl, such as, for example,

triethylamine, tributylamine and the like. A more preferred base is triethylamine.
Suitable solvents include nitrile (such as, for example, acetonitrile), ether {such as, for
example, diethylether, THF, dibutylether, and t-butylmethylether), and alcohol

15 solvents (such as, for example, methanol, ethanol, isopropanol, n-propanol, n-butanot,
and. sec—buténol), more preferably alcohol and nitrile solvents, and even more
;Sreferably acetonitrile. The compound of formula XI can be added in any molar ratio,
preferably in about 1 molar equivalent with respect to the compound of formula V,
more preferably in about 1.1 molar equivaients. The base can be used generally in at

20 least about 1 molar equivalent with respect to the compound_of formula IV, preferably Q
from about 1 to about 2 molar equivalents, and more preferably from about 1.3 to
about 1.5 molar equivalents. The mixture is heated to a temperature preferably
ranging from about 20 °C to about 150 °C, more preferably from about 40 °C to about
80°C, and even more preferably from about 60 °C to about 70 °C. When the reaction

25  is complete, the reaction mixture is acidified (with, for example, a carboxylic acid,
such as, for example, acetic acid and benzoic acid, or an inorganic acid, such as, for
example, H2S0;, HC) and phosphoric acid, with acetic acid being preferred) until the
pH of the mixture is preferably from about 3 to about 7, more preferably from about 3
to about 5, and even more preferably about 4. The compound of formula 1 can be

30  purified preferably upon crystailization.



rangi ng fromabout 0 to about 7, preferably fromabout 1 to about 5, nore
preferabl'y from aboutg? to about 3. Non-linting,exanpl es of ageous acids

i ncl ude HC, H2SO4 o.—13P04, and the |ike, or m'q”es t hereof, preferably
HCl, H2SO4vo asosfabichgir es thereof, nore preferably H2SO4. The product of step
1 is the conpound of fornula IV 25 which can be purifieJ%?’H?g’Pﬂ%‘I‘WZby
crystallization. Preparation of the conpound of formula V Step 2: A

m xture i s prepared containing the conpound of fornmula IV fromstep 1, a 30
base, a hydrogenation catalyst, and a sb3vent. Non-limiting exanpl es of

sui tabl e bases include KOH, NaCH, Na2CO3, K2C03, NaHCC3, KHCGCS,

t et ranet hyl guani di ne, DBU, diisopropylethylamne, and the |ike, or m xtures
t her eof , MuathedB:ef erably ~r w WO 2004/ 094398 PCT/ US2004/011882 -41 Na2CCB,
K2C03, or m'x%ures t hereof, nost preferably K2CO3. Non-limting exanples of
hydrogenﬁ?%ﬁ Pat al ysts include Pd/C, Pt/C, PdOH, or Raney nickel,

preferably P o rg pref Pd/ Non-limtin anpl es of
suitable sol gé%tcgh}ﬂégﬁﬁ{%w@ﬁgt lﬁdﬁ%‘%ﬂﬂ‘%’gﬂ n_,%%?BB%l?IISIS,OE“fe@gpg nol ,
acet oni t Hinlting ednyples obeuitatiie soledts iRelubit kegame sBivshty &scH B8 ears (@S er abl y
met hanol , et hanol, propanol, isopropanol, or m xtures thereof, a nor e

|
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From aboc e aBprafl S Chck? el raREBLRT eyl §URY, g ecRagrgiine
about 1. 8Ddsifierbinuhorgaficridser atefitdnyserafiirs rarddifg Prefertly FdnPhBSGIACZRA under
10 hydrogen generally from about 10 to about 5% si, preferably from about
20 to ab@mutgsﬁ)@,wr,e riaterably drosm eébeuttd \C to ahwttfﬁh‘%c,m eeemtmone 120 psi

f b . kI ' ' | ' .eld the,
e nedbisreraDi i eout 2700 to Sl 87C 1§ Bct 2B IRInEl A B The afirtion is
formul a ¢ofhpletéieThe Redction rixlratieBasifidd ¢ Preratgity prefbRibly i alSe @Y to

directly. 15
yabc:ut 14, more preferably from about 10 to about 14, and even more preferably from

about 12.5 to about 13.5. Non-limiting examples of suitable bases include inorganic
bases such as NaOH, KOH, Mg(OH)., NazCOs, KoCO3, preferably NaOH and KOH,
and even more preferably NaOH. The product of step 4(a) is the free amine

15 compound of for_mula Xil.

Step 4(b):

The compound of formula V from step 3 is dissolved in a suitable solvent and

mixed with the compound of formula XII from step 4(a). Non-limiting examples of

oy suitable solvents include alcohol solvents (such as, for example, methanol, ethanal,
isopropanol, n-propanol, n-butanol, and sec-butanol), nitrile solvents (such as, for
example, acetonitrile), ether solvents (such as, for example, diethylether, THF,
dibutylether, and t-butylmethylether), and foluene, more preferably alcohol solvents
and nitrile solvents, and more preferably alcoho! solvents. The alcohol solvent is

25  preferably n-propanol. A catalytic amount of base is optionally added to the reaction
mixture. Suitable bases include organic bases, pyridine or -N(R®)s wherein each R? is
independently selected from the group consisting of: alkyl (such as, for example,
ethyl, isopropyl, propy! and butyl), aryl (such as, for example, phenyl and tolyl (e.g., p-
tolyl)), and aralky! {such as, for example, benzyl). Preferably, the base is -N(R¥);3.

30  Even more preferably, the base is diisopropylethylamine, The reaction mixture is kept
at a temperature ranging preferably from about 10 °C to about 150 °C, more preferably
from about 40 °C to about 80 °C, and even more preferably from about 60 °C to about
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triethylamne, tributylamne and the like. A nore preferred base is
triethylamne.” Suita solvents include nitrilegsuch as, for exanple,
acetonitrile), ether *ch as, for exanple, diet et her, THF,

di but yl et &0, 20e4#p4398but yl net hyl et her), and al cohol is SOHL"?R&?MQB%EZ as, for
exanpl e, methanol, ethanol, isopropanol, n-propanol, n-butanol, an
sec-butanol), nore preferably al cohol and nitrile solvents, and even nore
preferably acetonitrile. The conmpound ofsfornula XI can be added in any
nolar ratio, preferably in about | nolar equivalent with respect to the
conpound of forrmula V, nore preferably in about 1.1 nolar equivalents. The
base can ﬁe ;iz_ed generally in at 20 | east about 1 nolar equivalent with
respect conmpound-of forrmula IV, preferably O fromabout 1 to about 2
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equi val ents. The m xture iIs to a tenperature p g from
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Lpon CrYSAALIBINIR, folfa AR SRR RO AR SR, o 7
Non- | i msu¢ings enethphels etifansl)ipropdrel sebpreptasol, nepraganol; batzinel, spid@etiikesuch as
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benzene, toluene, THF, dichloromethane, or mixtures thereof, more preferably THF.
The solution is heated at reflux for about 2 hours or until the reaction is complete.
Step 1 provides the imine compound of Formuia VI.
15
Step 2:
7 The solution containing the compound of Formula VI from step 1 is mixed with
a silylating reagent and an acid. Suitable silylating reagents include
hexamethyldisitazane, TMS chloride, TMSOTF, and the like, wherein the TMS |
chloride or TMSOTF is used in combination with an aryl or alkyl base. Preferred
silylating agents include hexamethyldisilazane, TMS chloride, TMSOTF, wherein the
TMS chioride or TMSOTF is used in combination with triethylamine. More preferably,
the silylating agent is hexamethyldisilazane. Non-limiting examples of suitable acids
include ammonium sulphate, ammonium nitrate, ammonium chloride, H,S0,4, HCI,
25  HsPOq, citric acid, mesyl chloride, paratoluenesulfonic acid, paratoluenesulfonic acid
pyridinium salt, alkylsuifonic acid, and the like, or mixtures thereof. Preferred acids
include weaker acids such as ammonium sulphate, ammonium nitrate, or ammonium
chloride, more preferably ammonium sulphate. The acid can be used generally in at
least about 0.2 molar equivalent with respect to the compound of formula VI,
30 preferably at feast about 0.4 molar equivalents, even more preferably at least about

0.5 molar equivalents. The mixture is heated at reflux for about 2 hours or untit the



about 50 C, nore preferably fromabout 10 C to about 40 C, and even nore
preferably from about 20 to about 30 C for about 20 m nutes or unttl the
reaction is io conplete. e reaction mxture is basg ed to a pH ranging
prefera [ On out 7 to about 14, nore preferabl Yirom about 10 to about
14, andwe(\ylzeofr(\”@rg}r:’gppreferabl y from about 12.5 to about P¢E/USZ0OMEMSE? i ti ng
exanpl es of suitable bases include inorganic bases such as NaOH, KOH,
My(OH) 2, Na2CO3, K2CO3, preferably NaOH and KOH, and even nore preferably
NaOH. The product of step 4(a) is theggree am ne 15 conpound of forrmula XI.
Step 4(b): The conpound of fornmula V fromstep 3 is dissolved in a suitable
solvent and mxed with the conpound of formula XII fromstep 4(a).

L IR T BRI Re SMBLR h
sec- buﬁ,,@ﬂgdtéd irfink! ¢dripsad/ enFsmigda. as, for exanple, acetonitrile), ether
sol vents (such as, for exanple, diethylether, THF, dibutylether, and

t-butyl met hyl ether), and toluene, nore preferably al cohol solvents and
nitrilg, solvents, and nore preferably al cohol solvents. The al cohol sol vent
s 25 g&&-é'-rabl y n-propanol. A catalytic anount of base is optionally added

tosthe reacthdimingl Sundi Faidta bmeémigté‘;mg dideanbGrpgganonmetAligi ne or
-N(R3) 3 wherein each I's independently selected fromthe group consisting
of . alfepgelbinehsuitgble solverbiapd éhen workad up o prafige a qenepsundaaid-armula) , ar vyl
(such , f.or, exanple enyl d tolyl . 9., . P-. hekyl) Y ratkyl (such
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pr ef erﬂ@\‘é&ab{yhﬂ:rﬁ%uk 304Ci t5QoRPHY CChr8ipreferdig ffotA GbolnN20PE e ous kept
at a tenFera ure rangi ng preferably fromabout 10°C to about 150 C, nore

pr ef er3bl'g. Nondimiing examples obsuitaile osgrromelallicaeagents iscluderfdiethyl Ziner on
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be addgfiofide anythymitialn, préferabiy BtHyRRAgAEsIlM Bletideemdnrinbsium! a V,
chloride, more preferably ethylmagnesium bromide. The organometallic reagent can
be used from about 0.1 to about 5 molar equivalents with respect to the compound of
formula VI, more preferably from about 1 to about 5 molar equivalents, most
15 preferably from about 2 to about 3 molar equivalents. Non-fimiting exampies of
suitable sol\}ents for the organometallic reagent include benzene, toluene, ether
solvents such as TBME or THF, DME, dimethoxyethane, and the like, or mixtures
thereof. Preferred solvents include ether solvents such as THF, TBME, and the like,

or mixtures thereof, more preferably TBME.

Step 4:

The compound of formula VIl from step 3 was slowly added to an aqueous
acid cooled to a temperature ranging from about -5 °C to about 20 °C, preferably from
about 0 °C to about 15 °C, more preferably from about 0 °C to about 10 °C.

25 Non-limiting examples of suitable acids include H,SO4, HCI, HaPQy, citric acid,
ammonium chloride, and the like, or mixtures thereof. Preferred acids include H>SOq,
HCI, H3PO4, and the like, or mixtures thereof, more preferably H.S0,4. The amount of
acid that can be used can range from about 2.5 to about 5 molar equivalents with
respect fo the compound of formula VIl preferably from about 2.5 to about 3 molar

30 equivalents, even more preferably about 2.5 molar equivalents. Water and a co-
solvent were then added to the reaction mixture. The co-solvent is preferably an

alcohol. Non-limiting examples of suitable co-solvents include methanol, ethanol,



preferably in about 1 nolar equivalent wth respect to the conmpound of
formula V; nore preferably in about 1.1 nolar equivalents with respect to

t he compound of 5 for V. The product is the c ound of formula 1, which
can be crystallized up addi tion of water. The apound of formula Xl is
prepared f®aGW#0Y38chenme I1: rr~~ Schenmell ~/ Ph ~% Hpdrs0081e8321 0 |\
1 H\VH Il VI PhPh N-/OHN-~OG | Step 201 H\ ~H VI VI Ph OG Ph
OGPh OH N~ HN\~~ HN~~ \ ' | HStep 3 \ + "//Et Step 4 _\ J',,/Et WVII
VIII IX PhPh ~~ CH-J// r HNStep 5N Step 6 O! ~Et 0 —~Et O\ \ Acid

HZN~; \- 10 IX X XI !

propanol, isopropanol, butanol, sec-butanol, pentanol, hexanol, heptanol, octanol, and
the like, or mixiures thereof. Preferred co-solvenis include propanol, isopropanal,
butanol, sec-butanol, pentanol, hexanol, or mixtures thereof, more preferably sec-
butanol. The mixiure is stirred for 0.5 hours or until any salts are dissolved. A base is
5 then added to the mixture to adjust the pH of the aqueous phase to obtain the
compound of formula IX. The pH of the aqueous phase is preferably adjusted to
about 9 fo about 13, more preferably to about 10 to about 11, and even more
preferably to about 11. Non-limiting examples of suitable bases that can be added
include an ammonium hydroxide, metal hydroxide, metal oxide, metal carbonate,

10 metal bicarbonate, and the like, or mixtures thereof, wherein the metal is se!edted
from the group consisting of lithium, sodium, potassium, rubidium, cesium, beryilium,
magnesium, calcium, strontium, barium, aluminum, indium, thallium, titanium,
zirconium, cobalt, copper, silver, zinc cadmium, mercury and cerium. Non-limiting
examples of suitahle bases also include bases wherein the base is a metal salt (e.g.,

15 Li, Na, K, and Mg, a'nd'breferably Na) of a (C4-C4z)alkanol (e.g., methanol, ethanol,
propanol, and isopropanol, and preferably methanol), or a (C;;-C1z)cycloalkanol (e.q.,
cyclopentanol, cyclohexanol and cyclooctanol, and preferably cyclohexanol), and the
like, or mixtures thereof. Preferred bases include a metal hydroxide, and more-
preferably KOH, NaOH, NH,OH, LiOH and CsOH.

Step5:

The compound of formula IX from step 4 is dissolved in a suitabie solvent

(such as, for example, water, methanol, ethanol, propanol, isopropanc!, butanol, sec-

butanol, pentanol, hexanol, tetrahydrofuran, 1,2-dimethoxyethane, 1,2-diethoxy-

25 methane, diglyme, 1,4-dioxane, or mixtures thereof, and preferably ethanol) and
cooled to a temperature ranging from about -5 °C to about 20 °C, preferably from
about 0 °C to about 15 °C, more preferably from about 0 °C to about 10 °C. To this
solution is added R*NH,, wherein R* is selected from the group consisting of alkyl
(such as, for example, methyl, ethyl, propyl and butyl), cycloalkyl (such as, for

30 example, cyclohexyl), heterocycloalkyl (such as, for example, piperidinyi and

pyrrolidinyl), aryl (such as, for example, phenyl), heteroaryl {such as, for example,

pyridyt), and aralkyl (such as, for example benzyi). Thus, examples of R*NH; include,



WD 2004/ 094398 PCT/ US2004/ 011882 -45- Step 1: The conpound of formula I11
Is mxed with R 2-(-)-pRenylglycinol in a suitable solvent. The ’
R-2- (-) - phenyl gl yci nol be used generally in at st about 0.01 nwul ar

equi va{aﬁg%?mh% espect to the conpound of formula JJCT/EE%%ﬂ)ﬁ%y from

about out 1.5 nol ar equival ents, nore prefera omabout 0.9
to about 1.1 nolar equivalents. Non-limting exanples of suitable solvents
i nclude aromatic solvents such as bgr zene, toluene, and the |ike,

hal ogenat ed sol vents such as dichl orgnet hane, nethyl ene chl ori de,

chl orobenzene, and the |ike, alcohol solvents such as nethanol, ethanol,
propanol , isopropanol, n-propanol, butanol, and the like, 10 nitrile

sol vefmrse)sampleameihydamma eﬁh;daaneE,pramyiam Ih'«lﬁéaﬂmme%(%-ol vents such as t-
but yl met.h JHFE, d the |i mxt hereof.. .Preferred :
sol veﬁ‘f‘%’"gﬂ@WBB@e“%‘ﬁzé?{g'amﬁpﬁh?@pyﬁrﬁﬁgmﬂi ¥ﬁ UG anlinep; «t ur es

t her eolaminy Inarrﬁf %fﬁﬁinlﬁPTﬁ.'i_‘ne ll%ﬁmﬁ@{awid;ﬁ@ ard B@ﬁi}ﬂénﬁﬁe rpféfafsmgra‘about 2
hours or un e reactfon 1s co St ep 1 proyi des the 1 mne conpound
of FoIST(EﬁCMaJkyLB'n&aep‘eteramYG(CédEﬂaikgh 'Ebenaddmon@fﬁélmﬂaﬁoﬁom@byﬁberml a Vi

fromste mxe gept _and _an acid.. Suitable

sidl yl é@pﬁﬁ’"r |S|¥8f'@§ﬁa'ﬁ%x§rl?z¢) F' @aﬁ@aqﬁ%k@h? [gnPddresTvsorF, and
the | 'tljﬁ%eon’“ r@aétf&ﬁ h re(iﬁhﬁfrbﬁ??loéb&if@cﬂézurb%r‘dﬁﬁﬁt dé‘re"a%ﬁ@h fgtion with an
aryl or alkyl ase. Preferred ating agents inclu

hexamebvhypletiedo| predue:; theMemidwrd dfaformMF wherein the TMS chloride or
TMSOTF is used in conbination with triethylamne. Mre preferably, the
silylating agent is hexanethyldisilazane. Non-limting exanples of suitable
aci ds gthg@: ude amoni um sul phate, anmmoni um nitrate, ammoni um chloride,
H2SO4; ; 25 H3PO4, citric acid, mesyl chloride, paratoluenesulfonic d,
pmr at ol uenddwl dampwm:bmfdormyla)drfmmstesmﬁ is diasmdyedin 2o0Qiml af acguitable t he |i ke,

O e A Eling RSBl S5l s eh RGeS dtiSn S4RBnfS ammon um
such as toluene, xylene, chlorobenzene, dichiorobenzene, and the like, or ethers such
as C4-Cy2 alkyl ethers (e.g., diethyl ether, dipropy! ether and dibutyl ether}, 1,2-
dimethoxyethane, 1,2-diethoxyethane, diglyme, 1,4-dioxane, tetrahydrofuran, and the

15 like, or mixtures thereof. This solution is added to a solution of an acid to form a salt
at a temperature ranging preferably from about -50 °C to about 80 °C, more preferably
frotﬁ about -20 °C to about 20 °C, even more preferably from about 0 °C to about 10
°C. Non-limiting examples of acids include sulfonic acids, tartaric acids, HoSO4, HCI,
H3PQy4, HBr, carboxylic acids (e.g., acetic acid, benzoic acid and camphoric acid), and

20 the like, and mixtures thereof. Preferred acids are sulfonic acids. Non-limiting o
exémples of suffonic acids include paratoluene sulfonic acid (pTSA) and atkylsutfonic
acids (e.g., methane sulfonic acid and ethane sulfonic acid), with pTSA being
preferred. The compound of formula Xl formed is preferably crystallized from an
organic solution.

25 For the process described in Embodiment No. 2, the compounds of formulas
IV(i), XI, and XH are prepared according to the procedures in Schemes { and Il. The
compound of formula Xl is reacted with Q to obtain the compound of formula X/t
using the same reagents and reaction conditions described in Scheme I fo react the
compound of formula V with the compound of formula XH. Then the compound of

30 formula IV(i} is reacted with the compound of formula XIlI to obtain the compound of
formula 1 using the same reagents and reaction conditions described in Scheme | to
react the compound of formula V(i) with the compound of formula Q.



chl oride, nore preferably anmoni um sul phate. The acid can be used generally
in at |east about 0.2 nolar equivalent with respegt to the conpound of
formula.Vvl, 30 prefer at | east about 0.4 nol a*qui val ents, even nore
preferablyvﬁiz(ﬁﬁgﬁ t 0.5 nolar equivalents e mxture is heated at
reflux for abo %ours or until the WD 2004/ 094398 PCT/RS/EPHAI82 - 46-
reaction is conplete. The mxture is preferably filtered and concentrated to
provide a protected imne conpound of Formula VI|. Step 3: s The imne
compound of Formula VII fromstep 2 is_agded to an organonetal lic reagent
in a suitable solvent and then worked up to provide a conpound of Formul a
VIIl. The tenperature of the reaction can range fromabout 0 C to about 80
C, preferably fromabout 10 C to about 50 C, nore preferably from about 20
Cto about 35 C Non-limting exanples of suitable organonetallic reagents

i nclude di et hyfhe fdllbw;Ng néﬁhrﬁﬁlhg'e&*amblé% arg %wd@dhwow@ﬁmh%k ﬂréatra;e the |
et hyl magnesi um br om de, magnesi um chl oride or ethyllithium preferably
et hyl magnprsisent inventieie vallégaﬂppamw thaseclilted iddhe mortbapmefnyr abl y

et hyl magnesi .The or, noneta [ d from about
0. 1"t o SoRE TSR AEiiPYSREH EEBGERRS o i pEABET st By SR Eomate By
VI, gor em%pﬁ:fo%réﬁ& vedctiomcBhaitbng, rhé’y B@%éctﬁ:eraolm s@SHRIRRkIBNs Wtlatiohs
preferably rom about 2 to about l'ar equival ents. Non-limting exanpl es
of suit ahdaltedations sré tendeasl ’mlwwdhntthe|ap¢r|tra@dgmmpe|of¢me@ee$mﬁmm1tuon

t ol uene, ether solvents such as TBME or THF, DME, di net hoxyethane, and the
| i ke, or mxtures thereof. Preferred solvents include ether solvents such
as THF, TBME, and the like, or mxtures thereof, nore preferably TBME. 20 -
3 Step 4. The conmpound of formula VIII fromstep 3 was slowy added to an
aqueeus acid cooled to a tenperature ranging fromabout -5 C to about 20 C
preferably from about 0 Cto about 15 C, nore preferably fromabout 0 Cto
about 10 C




25 Non-limting exanples of suitable acids include H2SO4, HCI, H3PO4, citric
acid, ammniumchlorid and the like, or mxtures thereof. Preferred acids
i ncl ude H2S™4, HCI, H3 , and the like, or m xtur t hereof, nore ,

pr ef er aQbypd¥aPbs The anmount of acid that can be us n.ran e f rom about
2.5 to about 5 nolar equivalents with respect to the c'ﬁﬁﬁﬁﬂﬂ #8% or mul a
VIIl, preferably fromabout 2.5 to about 3 nolar 30 equival ents, even nore
preferably about 2.5 nolar equivalents. Water and a co- solvent were then
added to the reaction m xture. The c®&fpsol vent is preferably an al cohol.
Non-limting exanples of suitable co-solvents include nmethanol, ethanol, r
WO 2004/ 094398 PCT/U82004/011882 -47- propanol i sopr opanol , butanol,

sec-b i and the like, or
ﬁlXtu%iSE% ] ge opanol , isopropanol,

but anol , S%ebwmp@hnd pﬁf@rﬁﬂm& }il(a)ewaaqirepaxredrfbn@wrr@ss&h@m@qih nor e
preferably sec- butanol. The m xture is stirred for 0.5 hours or until any
salts are dissolved. A base is s then added to the m xture to adjust the pH.
of the aqueous phase to obtain th nd of fornmula I X. The pH of the
aqueous phase is preferably adjusggggﬁggﬁtbout 9 to about 13, nore

preferably to about 10 to about 11, and &hen npre preferably to about 11.
Non-limting exanpl es of suitable bases tPﬁ.L,Z% be added include an

anmoni um hydr oxi de, get al  hydr oxi de, netnl oxid nmetal carbonate, 10 netal
bi car bonabe nd th&ég’fi@fc’"ﬂﬂ mxtur&s t frer eof wherein the metal is

sel ected m™Hh ti i M|un1 sodi um potassi um rubidi um
cesi um ryllium Tﬁegne3|un1 calc\u strontium barium alum num i ndium
thallium ftani um i rconi um coba , copper, silver, zinc cadm um
mercury and cerium Non-limting | es of suitable bases also inclu
bases wherein the base is a netal salt (e.g., is Li, Na, K, and My, and

preferably Napnof a (Cl-Cl2)al kanol (e.g., nmegppanol, ethanol, propanol, and
i sopropanol, ard prad erably nmethanol), or a (C3-Clydmec! oal kanol (e.qg.,

cycl opent anol /Wt/lohexa]gﬂqind cycl ooct anol , .&nd-pref erably cycl ohexanol ),
r

and the lik ] m Xt u ereof Preferre |bases i ncl ude a net al
hydr oxi d&) (Jrore o
N\ | (NH4),80, \ H
THF

VI
Vil
Ph Ph Ph
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preferably KOH, NaOH, NHAOH, LiOH and CsOH. io Step 5: The conpound of
formula | X fromstep 44 s dissolved in a suitable | vent (such as, for
exanpl e; water, met ha., et hanol , propanol, isop anol, butanol, sec-

but anol , pmmﬁybgubsexanol, tetrahydr of uran, 1, 2-di net hox,;@t, 06 11882

1, 2-di et hoxy 25 nethane, diglyme, 1,4-dioxane, or m xtures thereo
preferably ethanol) and cool ed to a tenperature ranging from about -5 Cto
about 20 C, preferably from about 0 C tg about 15 C, nore preferably from
about 0 Cto about 10 C. To this soluti®h-is added RANH2, wherein R4 is
selected fromthe group consisting of alkyl (such as, for exanpl e, nethyl,
ethyl, propyl and butyl), cycloalkyl (such as, for 3o exanple, cyclohexyl),
heterocycB@@d:_ylPl(ggamﬂmofi:m cexaraed oﬁF@mﬁth and pyrrolidinyl), aryl

(such as, for exa phenyl ), heteroar (such as, for exanple, pyridyl),
and aral kyl (sU8HR ngst 31“@%%31 %llaskrﬁqglppéséém BsapfHansapparetusde,

VD 2004/ 043 TR -‘geﬁw@@%@ fqﬁgl G RIRb anfioiodd AT THiEt Ylag ne.

propyl am né am p| peri | ne,

1-(2-ami neemﬁgsh)fmsraduecuﬁmthpmﬁfmbmxhemgweosanmbl)r(sedoak@mmmtﬁl2116
3-arninop_yridine, 4-amnopyridine, and benzylam ne. Preferably, IS

(G - C8) al Kinancedrive, DanbugniGl {3@51%)ET'&?P'U“?H@V%QWQtﬁérﬁtdﬁﬂtmwélz | s
fol | oned Qéeétt’cg%lﬁ r@nﬂﬁb&!'d?’ﬂveﬂ%r o)y g}?ﬂﬁ% %Qe N?r?'g e ISt ﬁrov?cf éﬁﬁﬁ&g

and the | ur es ere e reac fon mxture 1s stirre

about 2 hgfiFsrrtilaWit i'H KKK (@oaciiHenCOL! )canmph@tseowspmyim%v% @anmqynd of
formula X. Step 6: 3 10 The corgpound o? formula X fromstep 51is di ssol ved

in 200 nlL6&8 @, Jn 85611@ H’&J)L 6% (ddNd i 8. Bnﬂt& iz, Hﬂhﬂp‘lféédd)fJ 81&9 dbEd&zxdH)ent s

R 3 R v T A I RS s T L S S T R S
di et hyl espgr 'S@NWR)E%OE? ez, ad el BYppin) 958X 15138,450.2, 140.9, 128.9,
127.9, 127.8, 117.5,108.7, 77.8, 67.9, 14 4.

Step 2. Preparation of the compound of Formufa Vlii{(a):

The solution of Formula VI was added to ammonium sulphate (12 g, 21 mmol).
15 Hexamethyl_disaiazané'(73.3 g, 454 mmol) was added over 0.5 hour. The mixture

was heated at reflux for 2 hours. The mixture was filtered and concentrated to an oil
to provide TMS protected imine of Formuta Vii(a). 'H NMR (400 MHz, CDCl;) &
{ppm) 8.01 (s, 1H), 7.43-7.18 (m, 5H), 6.60 (d, J = 3.3 Hz, 1H), 6.01 (dd, J=3.3,0.9
Hz, 1H), 4.29 (dd, J = 7.3, 5.8 Hz, 1H), 3.88 (br, unresolved d, 1H), 3.86 (d, J = 2.4

0 Hz, 2H), 2.32 (s, 3H), 0 (s, 8H). *C NMR (100.62 MHz, CDCla) 5 (ppm) 155.9, 151.7,
150.6, 141, 128.7, 127.9, 127.6, 116.9, 108.5, 77.3, 68.0, 14.4, 24, 0.

Step 3. Preparation of the compound of Formula Vili{a):
To a 5 L 3-necked round bottomed flask containing EtMgBr 1 M in TBME (2270.5 mL,
25  2.27 mol ) at 20 °C was added imine of Formula Vli{a) while maintaining the

temperature below 35 °C. After addition was completed, an aliquot was removed and
quenched into a saturated solution of ammonium chloride, extracted with TBME, and
concentrated to an oil to provide an imine of Formula Vill(a). *H NMR (400 MHz,
CDCl3) § (ppm) 7.23-7.09 (m, 5H), 5.81 (d, J =3 Hz, 1H), 5.67 (dd, J = 3, 1 Hz, 1H),

30 3.77 (dd, J = 8.1, 4.6 Hz, 1H), 3.56 (dd, J = 10.1, 4.6 Hz, 1H), 3.5 (br, unresclved dd,
2H), 2.11 (s, 3H), 1.73 — 1.62 (m, 2H), 0.74 (t, J = 7.4 Hz, 3H), O (s, 9H).



di et hoxyet hane, 1, 2-di et hoxyet hane, diglyne, 1,4-dioxane, tetrahydrofuran,
and the 15 like, or m xtgres thereof. This solution is added to a solution
of an acid to forma sal at a tenperature rangi ng&ferably from about

-50 C C, nore preferably from about -2 C, even
nore pre era@%§§ romabout 0 C to about 10 C. Non- |.nf§%%%aﬁ§3 es of
acids include sulfonic acids, tartaric acids, H2SO4, HC, H3PX, HBr,
carboxylic acids (e.g., aceti c acid, benzoic acid and canphoric acid), and
20 the like, and mixtures thereof. Pb2ferred acids are sul fonic acids.

Non-limting exanples of sulfonic acids include paratoluene sulfonic acid
(pTSA) and al kyl sulfonic acids (e.g., nethane sulfonic acid and et hane

Sl 1 083, AC1¥flpathibnF e Berioul S ¥igritia TRe _corpound of for mul a X

forme nic solution. 25 For the -
process degcgolbioh bhthierdmithercemhpdimd &f memladﬂﬂ(a)mias sibwiyaddédover V(i ), X,
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XIli to obtain the conpound of formula I usi ngﬁahfosane reagent s, and
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- 49- OW ng non |mt|n exanpl es are prov art her

i '] usivagtiel. The ha:rt&mranuemrephamwalstse\pardlteu@rmlahercﬂgank:qohdwaeasied led in
the art, that ma X’l nmpdi fj cati ons, |at|ons nd alterations to the prepﬂ
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PCT/ U&Qﬁﬁn‘d‘)ﬂcﬂeﬂgﬁ amine compound of Formula IX. 'H NMR (400 MHz, CDCls) & (ppm)
7.22-7.12 (m, 5H), 5.84 (d, J = 2.99 Hz, 1H), 5.69 (dd, J =2.99, 1 Hz, 1H), 3.72 (dd, J
=7.3, 4.6 Hz, 1H), 3.62 (dd, J = 10.8, 4.6 Hz, 1H), 3.49-3.43 (m, 2H), 2.07 (s, 3H),
1.73-1.62 (m, 2H), 0.7 (t, J = 7.4 Hz, 3H). °C NMR (100.62 MHz, CDCls) § (ppm)
15 154.9, 151.4, 141.8, 128.9, 127.8, 127.7, 107.8, 106.1, 66.4, 62.3, 56.4, 27.6, 14,

11.1.

Step 5. Preparation of the compound of Formula X:

The amine of Formula IX was dissolved in 500 mL EtOH and cooled to 0 °C.

20  To this solution was added MeNH; (40% by wt. In H20) (80 mL, 928 mmot) followed o
by addition of a solution of NalO4 (200 g, 934 mmoal) dissolved in 1000 mL H,0. After
stirring 2 hours at room temperature, the reaction is filtered and the inorganic solids
rinsed with 600 mL methy t-butyl ether (TBME). The filtrate was separated and the
organic phase washed with 1000 mL H,O and then with 1000 mL of 5 % NaCl

25 solution. After concentration of the organic phase an oil was obtained of intermediate
of Formula X. The oil is dissolved in 200 mL THF. 'H NMR (400 MHz, CDCls) &
{ppm) 8.17 (s, 1Hj, 7.64-7.62 (m, 2H), 7.27-7.24 (m, 3H), 5.96 (d, J =3 Hz, 1H), 5.75
(dd, J =3, 0.9 Hz, 1H), 4.09 (dd, J = 8.1, 5.8 Hz, 1H), 2.11 (s, 3H), 1.97-1.78 (im, 2H), -
0.79 {t, J = 7.4 Hz, 3H).

30



- 50- Preparative Exanpl e 1: Preparation of Conmpound Xl (a) The conpound of

formula 2{(1(a) was prep red followng Schene Ill: Schenme IIl Ph ~fOH OR
| .H phenyl gl yci nol Ké-rE’\ 11 VI V. Ph POTMS HVDS HTHE)ZSO4 H Vi

VIl Ph P Ogyy%? H2.5eq EtMyBr HN 1. H2SO"N Hin TBME O "//Et O
JEt TBMEA 'S OH\ Vil(a) VIlI(a) I X Ph Ph HN NaRSF/USROGH318827 Mo NH2

THE <j).,,, Bt H2ZOEtOH TBME pTSA' H2N 5 | X X kol (a) WO 2004/ 094398
PCT/ US2004/ 011882 -51 53

Step 6. Preparation of the compound of Formula Xi{a):

The solution containing the compound of formula X from step 5 was added to a
solution of p-toluene sulfonic acid (160 g, 840 mmol) dissalved in 400 mL THF at 0
°C. This solution was stirred at 25 °C for 1-4 hours and then diluted with 600 mL
5 TBME. After stirring at 25 °C for 6-14 hours, the heterogeneous reaction mixture was
filtered and the solids were washed with 800 mL 3:1 TBME/THF and dried in a |
vacuum oven at 40 °C for 6 hrs to provide the compound of formula X%l{(a) 75-80 %
yield, The compound of formula Xl(a) was used to prepare the compound of formula
| as described earlier. "H NMR (400 MHz, CDCl3) & (ppm) 8.09 (brs, 3H), 7.68 (d, J =
10 7.4 Hz 2H), 7.15(d, J=7.6 Hz, 2H), 6.22 (d, J = 3.2 Hz, 1H), 5.82 (dd, J = 3.1, 1 Hz,
1H), 4.05 (dd, J = 8, 6.5 Hz, 1H), 2.38 (s, 3H), 2.14 (s, 3H), 1.9-1.83 (m, 2H), 0.74 (t, J
= 7.4 Hz, 3H). C NMR (100.62 MHz, DMSO-ds) § 152.2, 148.3, 145.6, 137.8, 128 1,
125.5, 110.2, 106.8, 47.9, 24.9, 20.8, 13.3, 9.9. Mp 117 °C. HRMS calcd for
CgH14NO (FAB+ m/z M+H) 140.1075, found 140.1072. Anal. calcd. for CisHz¢NO4S:
15 C:57.86; H: 6.80; N: 4.50. Found: C: 57.90; H: 6.93; N: 4.26.

Preparative Example 2: Preparation of Compound Xlii{a)

o) 0
N

— - O

EtO N N
Xtii(a) “/\@/

20 To a mixture containing 3,4-diethoyl-3-cyclobutene—1 ,2-dione (diethyl squarate,
2.53 g, 14.88 mmol, 1.05 eq), and compound Xi{a) (4.41g, 14.16 mmoi, 1.0 eq) in
ethanol (27 ml) was charged triethyalmine (2 ml, 14.23 mmol, 1.0 eq). The batch was
stirred at ambient temperature for 3 hours, filtered through a silica gel pad, washed

with ethanol and concentrated. The resulting oil was purified via column

25 chromatography fo afford compound XHil(a), thick colorless oil, in 97.2% yield (3.625
g). 'HNMR (400MHz, DMSO-ds) & (ppm) 9.16 (br d, 0.5H), 8.97 (br d, 0.5H), 6.17 (s,
1H), 6.01 (s, 1H), 5.02 (br m, 0.5H), 4.67 (m, 2H), 4.54 (br m, 0.5H), 2.22 (s, 3H), 1.92
(m, 0.5H), 1.82 (m, 0.5H), 1.37 (t, J=7.0Hz, 3H), 0.90 (t, J=7.3Hz, 3H). *CNMR
(DMSO-de) 5 (ppm} 189.14, 188.94; 182.41, 182.09; 177.11, 176.62; 172.42, 171.76;



Step 1. Preparation of the conpound of Fornula VI: To a 2-L 3-necked

round- bottonmed flask equjipped with Dean-Stark apparatus was added

R-2- (-) phenyl gl yci nol ( .6 g, 908 mmol ) and 1000 of THE To this - .
sol uti d 5-nethylfurfural 111 (100 g, 908 i.an
Resear %?\Qg@@gggi nance Drive, Danbury, CT 06810). Tm’)é%ézﬁﬁq@ﬁ%s heat ed
at reflux with azeotropic renoval of water for 2 hours. Concentration of the
solution provided imne of Formula VI. "H NWR (400 MHz, CDCI3) S (ppn) 8.04
(s, 1H), 7.44-7.25 (m 5H), 6.68 (d94¥y = 3.3 Hz, 1 H), 6.09 (dd, J = 3.3,
0.8 Hz, 1 H, 4.42 (dd, J =8.9, 4.2 Hz, 1 H, 4.08 (dd, J =8.9, 4.2 Hz, 1
H, 3.91 (dd, J =11.4, 4.2 Hz, 1 H), 3.12 (br, s, 1 H, 2.39 (s, 10 3H).
13C NNR+( . . 158. -9 8. 9,

127, o St B el o 1 080G, B e "the
conpoudd22;f10ebt. b AB AL 264 . 2TlhétH)ol uti on of Fornula VI was added to ammoni um
sul phate (12 g, 91 mmol). 15 Hexanet hyi di sai azane (73.3 g, 454 mmol) was
added over 0.5 hour, The m xture was heated at reflux for 2 hours. The

m Xt uks, off | tered and concentrated to an oil to provide TM5 protected
imne%ﬁﬁﬁ—'%!rr?ula VIl(a). 111 NWR (400 MHz, CDCI3) S (ppm 8.01 (s, 1 H),
7.43-7. 18 (lime Gimpodndbof fadmuda Fwas prepared fellowisg @chedee M: = 3.3, 0.9 Hz, 1
H, 4.29 (dd, J =7.3, 5.8 Hz, 1 H), 3.88 (br, unresolved d, 1 H), 3.86 (d,
J =2.40 Hz; 2H), 2:32 (s, 3H), 0 (s, 9H. 13C NWR (100.62 MHz, CDCI3) 3
(ppm 155.9, 151.7, 150.6, 141, &2Reihe #27-9, 127.6, 116.9, 108.5, 77.3,
68.0, 14.4, 2.4, 0. Step 3. Preparatrom of the conpound of Forrmula VIII(a):
To a 5 L 3-necked round bottomed flask containing EtMgBr 1 Min TBME (2270.5
n, 25 2.27 mol ) at 20 C was adged imne of Formula Vil(a) while

mai ntai ningjthe tenperature below 35 C. After addition s conpl et ed,

al i quot was wenoved and quench to a sabpdaced sl uty of "ammoni um

chl ori de, ract el S¥%n_TB concengf@yed to. provi de an

i M ne HB{C” FOY mulne, Vb I, 1H 400NM0Hz, —€bBEP3) S (lbpmi 7. 8% 7.09 (m

5H), 5.81 (@ J = 3 Hz, 1 H, %.6P4(dd, J = 3, 1 Hz, FH OH30 3.77 (dd, J =

8.1, 4.6 I—m(a)lH), 3.56 (dd, J = Ma)l, 4.6 Hz, 1H), 3.5 (WW(i}unresol ved dd,
= 7.4 Hz, 3H), O (s, 9H).

2H), 2.11 (s, 3H), 1.73 - 1.62 (m 2H), 0.74 (t, J

o, 0 B
j;( o ' Q o 0 o)
; -PrOH | -
EtOy,. Ot N j\::/[ LA N j\;( F
[ “/Q\N OEt ) /N“/@N NSO
O oH H : O OH H H’\@/
{

via) w7 |

Xt
T ] 5
/

o
PTSA - sz’\U/

Xi(a)

"l

10
Step 1: Preparation of 2-Hydroxy-N,N-diemethylbenzamide {IVa)

To a three neck flask was charged (50.0 g, 190.8 mmol) of 5-bromo-3-nitro-
salicylic acid (Davos, 464 Hudson Terrace, Englewood, NJ 07362), 200 ml of
acetonitrite and 14 ml (191.9 mmol} of thionyl chloride. The resulting mixture was

15 heated at 70°C for 2 hours. The mixture was then cooled to 5-10°C and a solution of
dimethylamine in THF (2M, 210ml, 2.2 eq.) was added slowly over one hour. The
reaction mixture was then warmed to ambient temperature and stirred for another 3
hours. The mixture was mixed with 100 ml of water and acidified with suffuric acid



WO 2004/ 094398 PCT/ US2004/ 011882 -52- Step 4. Preparation of the conpound of
Fornula I'X: A 'solutio f the am ne conpound of Fgrmula VIII(a) was slowy
added over | hour to 00 nmL of 2.5M sulfuric ac cooled to 10C. After
addi ti on Wab2t9sfip1388 ed, 500 nL of sec-butanol and 500 ni~p LS%F éﬁ,as added
and the m xture was stlrred 5 for 0.5 hours to dissolve any sa orrred

The m xture was then transferred to a separatory funnel and the bottom
aqueous | ayer separated. To the top or i c phase was added 250 niL of 25%
amoni um hydroxi de until the pH of thé“ajueous phase was 11. The bottom
aqueous phase was separated and the organi c phase washed twice with 500 nL
of 5 %brine solution. The organi c phase was then treated with 20 J 10 g of
Dar co an@M@iEgnl(bto agH ofez aAddmoham@mm dheater geas adgdddswipeversseRbiat ed to
an oil to ow(%e an a orrpoum} of Formyla IX. 1H NVR (400 MHz, CDCl3) S
(ppm bl S0l pradus feG@'tétﬁd(wt tora the guxiyge. Thepuspergon wes olediog, 1

HZ1 % A':%S ;é 4?3?%6@?_0%&65:1!89‘%? a‘f‘mglg%hed]w%w %%?bﬂﬂ)zghe ;/:ﬁ{qe p;?dﬂé% A

Hz 3H) . was GxoiyRallizeq fden N/Bﬁml(dbﬁbB)atr&n()pm:véaclJZSQ (SO%T)EiftHe céﬂ'nboﬁndja?B 9,
1278 127.7 1078 106.1, 66 q 6, 14, 11.
Pr epar atoanuG M@k M@Hﬁgm%ﬂsto@nﬂlﬁé & MMMMMHzFBMﬁmhwpms

eice [SBL U BT fofy. AT 1 O 20

sol uti on(100.6%MEE, OMSOY. 16337, 19705 )134.6 S185/8.01 315 19PP.4mk 1 RO 7AS ¢

stlrrlng 2 hours at roomtenperature, the reaction is filtered an
i nor ganiAnalocalgd. for QBHQ@TNHQMZ%@@BMCrﬂ&% M- Bddy N, &68Fqurave), 371423 H
filtrat e%l}jﬁ sg@rat ed and the organic phase washed with 1000 niL H20 and
thel wit ’OHO of 5 % NaC 25 solution. After concentration of the
orgagmi ¢ phase an oil was obtained of internmediate of Forrmula X. The oil is
di 550! veskelpp: A8 arafibh of '3-D¥A6 2Ry Mdkey- SRR 3IN R-dfRR M yiBepZatid
7.64-7.6Z (M 2ZF),” 7. 27- 7. 24 (M dl-if 5.96 (O, J =3

A mixture of 25.0 g {86.5 mmol) of compound IV{a), 5590f5% Pd/C (50%

water), 12.3 g (88.8 mmol) of potassium carbonate and 200 mi of ethanoi was

pressurized under hydrogen at 105 psi with agitation at room temperature for 10

15 hours. The reaction mixture was analyzed by *H NMR (400MHz, CDCN): 8 (ppm) 2.9
(s, 6H), 3.9 (Br. 2H), 6.47(q, 1H), 6.55(m, 2H). If the conversion of compound IV(a) to
intermediate IV(i) was found not complete, additional 0.5 g of Pd/C catalyst was
charged and the mixture was kept under hydrogen pressure at 105 psi for 5 more
hours. The mixture was then filtered through a Celite bed and the cake was waéhed

«.  with 30 ml of ethanol. Caution should be taken to ensure minimum exposure of the
product sol-ution to air during the filtration. The filtrate was immediately transferred into
one-liter three neck flask fitted with a reflux condenser, mechanic stirrer, and nitrogen
inlet. The solution was cooled to 5 °C and a solution of 19.9 g (116.7 mmol, 1.35 eq.)
of 3,4-diethoxy-3-cyclobutene-1,2-dione (diethyl squarate) (Compound of formula

25 Q(a)) (Lonza, Inc. Corporate Headquaters, 17-17 Route 208, Fair Lawn, NJ 07410) in
80 ml ethano!l was added in one portion. The solution was slowly warmed up to 25 °C
in 2 hours. If there were no product solids precipitating from the reaction mixture, a
small amount (~100 mg) of potassium carbonale was added. The suspension was
stirred for another 5 hours at room temperature. The mixture was then slowly heated

30 to reflux over 1 hour before it was slowly cooled to 10 °C over 2 hours. During the
heating, a small amount of compound V(i) trapped inside the product solids was
released and converted to the product V(a). The solids were collected by filtration



(dd, J =3, 0.9 Hz, 1H), 4.09 (dd, J =8.1, 5.8 Hz, 1H), 2.11 (s, 3H),
1.97-1.78 (m 2H), 0.79 (t, J =7.4 Hz, 3H). 30 S WD 20041094398 ‘
PCT/ US2004/ 011882 -53- p 6. Preparation of the ound of Formula.

Xl (a): n contal ning the conpound of fornu ep 5 was
added t-cgbg &B P%Jj?ipon of p-toluene sulfonic acid (160 gééjﬁ'és%ﬂﬁ'i’z *Psa. ssol ved
in 400 mL THE at 0 C This solution was stirred at 25 C for 1- 4 hours and
then diluted with 600 mL s TBME. After stirring at 25 C for 6-14 hours, the
het er ogeneous reaction mxture was §b6tered and the solids were washed with

800 nL 3:1 TBME/ THF and dried in a vacuumoven at 40 Cfor 6 hrs to provide
the conmpound of formula ?"-1(a) ,75-80 % vyield. The conpound of fornula

TH TG Rt YA i #?’O@P Gty Bindrf T8 sclig8 e e RS °5r ) o
2H) 7vé§uu.6ﬁ|l ovbn—atB(ﬁ%ﬁor PhbursGove 21.3%y BRI )t the khiipoRididst, fdrlrﬁlélhl é?,HZ,

: d ,
(m 2H)!(ab 1£blti\ia\ﬁici (QOOMHZ @D@N)sﬁl)(pprm)stml-b;.é?(azﬁwémgd)d@)g 6 152. 2,

o o AT 2R P 6 ) S Bon ks TergerdPy iy 1 ts, “Pong

14% 10¢#p0. éﬁ%thCBMSb) f198 muzm%s) 17%93,G6724; %9H12§ BAas, 15P.
Found: "C. 57.90; H: . Preparative Exanp I5reparat|on of

Conpouf@5:6] 1100, 68C1/ 3. 6.EB4DBN15{6 knan(ca}cdHftBOCiEbhd\lzﬁlsdaﬂ%&bﬁ &X2HH,

?. g5d;§§£ﬂﬁgiﬁ%€ﬂ%t§@aﬁﬁi’dﬁg NfL '. %h%/lmlsquitr gt 2q) i2n53e'?,haﬁgl 8%(32r7mﬁ1l )

was charged triethyalmne (2 m, 14.23 nmmol, 1.0 eq). The batch was

Step 3: Preparation of 2-Hydroxy-N,N-dimethyl-3-[{2-[[1(R)-{5-methyl-2- O
10 furanyl)propyllamino}-3,4-dioxo-1-cyclobuten-1-yllaminolbenzamide

(compound [}

Method A: )
A mixture containing 10.0 g (32.9 mmol) of compound V{(a), 11.1 g (35.6 mmol,

15 1.08eq.) of compound Xi{a) from Scheme 1ll, 6.2 ml (44.4 mmol, 1.35eq.) of
_triethy’laminé and 120 mi of acetonitrile was heated at 65 °C with agitation for 4 hours.
The mixture was then cooled to 50 °C and 2.0 g of charcoal was added. The resulting
suspension was heated at 70 °C for 1 hour. The reaction mixture was cooled to 40 °C
and filtered through a Celite bed. The Celite cake was washed with 30 ml of

20  acetonitrile. The filtrate was charged back to a three neck flask and about 12 mi of 1N o
sulfuric acid was added slowly until the pH of the mixture was about 4. Water (180
mil) was added slowly at 50 °C over one hour and the resulting suspension was
cooled to 15 °C over 1 hour. The solids were collected by filtration and the cake was
washed with 50 m! of water. The 'H NMR of the wet cake showed that the product

25 was contaminated by about 15% p-toluenesulfonic acid. The wet cake was charged
back to a three neck flask along with 130 m! of acetonitrile. The mixture was heated
to 70 °C to dissolve all solids. Water (150 ml) was added slowly over half an hour at
55 °C with good agitation. The resulting suspension was cooled to 10 °C over one
hour. The solids were collected by filtration and the cake was washed with 40 mi of

30  water. The product was dried in a vacuum oven over night at 60 °C, to give 10.6 g
(77.6%) of the title compound 1, Mp: 83 °C. 'H NMR (400 MHz, DMSO): 8 {ppm) 1.0
(t,3H), 1.9 (m, 1H), 2.0 (m,1H), 2.3 (s,3H), 3.0 (S, 6H), 5.2 (dd,1H), 6.1(d,1H), 6.3 (d,



stirred at anbient tenperature for 3 hours, filtered through a silica gel
pad, washed -with ethanol and concentrated. The resulting oil was purified
via colum 25 chroma raphy to afford conmpound I (a), thick colorless

oil, in .625 g). "HNWVR (400MHz, O dg) 16 (brd,
0. 5H), %z%{%{)%ﬁbg 6.17 (s, | H), 6.01 (s, | P‘%é@)@?llw 0.5H),
4.67 (m 2H), 454(br m 0.5H), 2.22 (s, 3H), 1.92 (m 0.5H), 1.82 (m
0.5H), 1.37 (t, J=7.0Hz, 3H), 0.90 (t, J=7.3Hz, 3H). i3CNMR (DMBO d6) 5
(ppm) 189.14, 188.94: 182.41, 182.09: -B= 11, 176.62; 172.42, 171.76; 0 WO
2004/ 094398 PCT/ US2004/ 011882 - 54- 152. 45, 152.01: 151.15: 107. 34, 106. 38;

68.91; 53.92, 52.99; 26.08, 25.90; 15.59; 13.22; 10.44. FAB+ m z 264.2

(MrH) . ExENS.2 (kh, 2HINE.8c@mBy,Bsl7 o8 @ir! a ' herre
(L4 E1EIIE.9 i, SEOP.Soknemyel . fh9y 1 o190 QRIS CeRgp SaeTe
OH OH O €Rs@h):a183.% 3@2 M?) 8, 6701, 1!)6@60163 41680 1M8\9 /129&2,o1m,N12_239a N

CEt H O 45158, PobH, HoY Pea#@NsX! beQ, 135, 10.6.

5  Method B:

To a three neck round bottom flask were charged 41.2 g (132.4 mmol) of
compound Xl(a}, 200 mi of water and 100 mi of t-butyl methylether. The solution was
agitated and a 25% sodium hydroxide solution (18 ml) was added slowly over 20 min
while maintaining the temperature of the reaction mixture below 30 °C. The resulting

10 solution was transferred into a separation funnel and the aqueous was extracted
another two times with 100 ml of t-butyl methylether. The combined organic was
washed with 100 mi of saturated sodium chloride solution. The solvent was removed
under vacuum and the residue containing free amine Xll was dissolved in 360 m! of n-
propanol. The resulting solution was mixed with 40.0 g (128.5 mmol) of compound

15 V(a)and 0.4 g (3.1 mmol, 0.024 eq.) of diisopropylethylamine. The mixture was
heated at 65"°C for 12 hours. Another 120 mi of n-propanoi and 400 mi of water was
charged. The mixture was then heated up to about 70 °C and slowly cooled to 10 °C.
The solids were collected by filtration and washed with 80 ml of aqueous solutien
containing 50% of n-propanocl. The resulting wet cake was dried in a vacuum oven at
60 °C over night, to give 44.7 g (81.9%) of the compound of formula 1.

Fof the process described in Embodiment No. 2, the compounds of formulas
IV(i), Xi(a), and Xll are prepared according to the procedures in Schemes lll and IV.
The compound of formula Xl is reacted with Q to obtain the compound of formula XUl
using the same reagents and reaction conditions described in Scheme | to react the

25 compound of formula V with the compound of formula Xll. Then the compound of
formuia IV(i} is reacted with the compound of formula XIH to obtain the compound of
formula I using the same reagents and reaction conditions described in Scheme I to
react the compound of formula V(i) with the compound of formula Q.

30



PTSA H2N 1 Xi(a) 10 Step 1: Preparation of

2- Hvdr oxy- N, N- di enet hyl bepnzam de (IVa) To a three neck flask was charged
(50.0 g, 190.8 mmol ) of iyrom) 3-nitro- salicylic (Davos, 464 Hudson
Terr ace, , NJ 07362), 200 ml of acetonitri ﬁﬂ% 91.9 ’
mol ) of tghlgdony ghl oride. The resulting m xture was 1 %zé “é%c for 2
hours. The m xture was then cooled to 5-10C and a solution of dinethylam ne
in THE (2M 210mL, 2.2 eq.) was added slowy over one hour. The reaction

m xture was then warmed to anbient tedSerature and stirred for another 3
hours. The m xture was m xed with 100 ml of water and acidified with

sul furic acid WO 2004/ 094398 PCT/ US2004/011882 -55 (2N, 45m ) to a pH of 2.
Addi ti geAMBIE o1 of water was added slowy over one hour while solids

product—preciprtated out fromthe m xture. The suspension was cooled to 5
C. The sol i d= awsobtionl afd).28 g2 sl Hofarnpowingd X1 (2) On25 . mitbanet weraude

] SRS o o s BBR R el 5,5
( 400 M@@@f% ofﬁ‘r?grﬁelé)!v(n}% 2% éci)/R" Yot ofgelﬂén&IdWHe %sukr@ﬁ'd&hre \Kva?ﬁ (d, 1

(100. 62 Mz, , 147.5, 137.6,
1355 9, hbdtedat BQTC for abbuut 3,5 Bau&, BdorBcompledion afahedeacttmn %
(289.08): C,  37.39; H 3.14; N, 9.69. Found: C,
10 St epvas isplated via thersame progesiwe as mm&o@%m ﬁ'ﬁﬂ'lﬂfﬁﬂ%ﬂiﬂ r@%myb@ﬁ&m de
(va) A mxture of 25.0 g (86.5 mml) of conpound IV(a), 5.5'g of 5% Pd/C
(50 % water), 12.3 g (88.8 nmol) of potassium carbonate and 200 m of

et hanol was it willdss understbothihet vasiciogedifiettids caaibewnbliedgithat i on at room
tenperature for 10 15 hours. The reaction_m xture was anal zed by 1H NWR

(400 M@mbmqpntssa(ng,gﬁmleﬁ d{sglosgmyercgng Tpgrefomthe@ e esgnpyon 6. 55( mo
25 Hsnblifs SBEESH QRS o€ RRRHY Bul MePdly 58 exemplifications of preferred

embodiments. Those skilled in the art will envision various modifications within the

scope and spirit of the claims appended hereto.



internediate 1V(i) was found not conplete, additional 0.5 g of Pd/C catal yst
was charged and the m xture was kept under hydrogen pressure at 105 psi for
5 nore I WemM xture was then filtered through a i bed and the
cake vvasr‘\ags?ﬂoe“é) JEE’\C/’i»&th 30 m of ethanol. Caution should g@*@é%@ﬂg{laszensure

m ni mum exposure of the product solution to air during the filtration. The
filtrate was inmmedi ately transferred into one-liter three neck flask fitted
with a reflux condenser, nmechanic stir®b8r- and nitrogen inlet. The solution
was cooled to 5 C and a solution of 19.9 g (116.7 mml, 1.35 eq.) of

3, 4-di et hoxy- 3-cycl obut ene- 1, 2-di one (di ethyl squarate) (Conpound of formula
25 Qa)) (Lonza, Inc. Corporate Fbadgﬂgﬂﬁﬁ§, 17-17 Route 208, Fair Lawn, NJ
07410) in 80 nl ethanol was added imonme portion. The solution was siowy
war med Uf¥hiat ILClaimechis? hours. If there were no product solids precipitating
fromthe reaction mxture, a small anount (-100 ng) of potassium carbonate
was added. The suspension was stirred for another 5 hours at room
tenperature. 4The m @ﬁﬁf .reflux over 1 hour
before it was1'sl ovra‘g'}%t{)e%ﬁ\g%s?gglﬁ%@néhwerﬂp oﬁ&gﬁﬂ%ﬁi ng the heating, a
smal | amount of - conmpound V(i) t
rel eased and converted to [he
filtration WO 2004/ 094398 WCT.
with 40 m of cool ethandl.

i nsj%e e product solids was
. T

fe solids were collected by

t
4/ 0 -56- and e cake was washed
g0l 1 as” wer eNdr i i fy’a vacuum oven at 60 C
for 5 hours to give 21.3 g (& ), ofl t he cHnpou f formula V(a). 1H NWVR

(400 , CD3CN): S (ppm 1.4(t, , 3.1(s, 6H), 4.8 (q,2H), 6.9 (dd, 3H),
7.2(d,1H), 7.6 (d,1H), 8.1(br, 1H), 10.b (br,1H). Mp: 180-183 C. 13C N\R 5
(100. 62 %MO) : 188.2, 184.1, 178.0, 171.3, 167.9, 146.9, 125.9, 125.8,
125. 7, -0, 219.3,68.1,37.6,34.6, 15.6. Anal. calcd. for CL5H16N205
(304.30): C, (&P 2%onkerting.tR8 cotpodindlof fe@mngda C 59.12; H, 5.29; N, 9.14.
Step 3: Preparation of 2-Hydroxy-N, N-dinmethyl-3-ff2-ff1(R)45-nmethyl-2- V to
furanyl ) propyl | am nol - 3, 4-di oxo-1| - cycl obuffen- 1-yl I am nol benzam de (conpound
1) Method A

HO.C NO,
OH
]
10  to a compound of formula IV:
A
l
N
NO,
) OH
v
wherein A, in compounds of formulas Il and IV, is selecied from the group consisting
of Br, Cland I;
15 (b)  hydrogenating the compound of formula IV with a suitable
hydrogenation catalyst under hydrogen pressure, to form the intermediate compound
of formula IV(i):
!
d NH5
o OH

V(i)



A m xture containing 10.0 g (32.9 mmol) of conmpound V(a), 11.1 g (35.6 mol,
15 1.08eqg.) of conmpound Xl (a) from Schene 11, 6.2 mM (44.4 nmmol, 1.35eq.)
of trietW{plo6 nd 120 m of acetonitrile was heated '

agitati onwfbozr@midgﬁsggr S. The mxture was then cooled to Eg}lggg)r@o%%{]g of
charcoal was added. The resulting suspension was heated at 70 C for 1 hour.
The reaction m xture was cooled to 40 C and filtered through a Celite bed.
The Celite cake was washed with 30 m -60-20 acetonitrile. The filtrate was
charged back to a three neck flask and about 12 ml of 1 N sulfuric acid was
added slowy until the pH of the m xture was about 4. Water (180 nml) was

f0 15 C over @ noyprciEeltinpala ABnnitE IVET Wb BppRRRd B Rt o 00 2

was washed with 50 M of water. Th&IH of the wet cake showed that the
product 25 was contam nated by about % p-tol uenesul fonic acid. The wet
cake was charged back to a three neck sk along with 130 m of

acetonitrile. The mixture was heategy to Y C to dissolve all solids. \Water
(150 M) was added slowy over half an Qour at 55 C with good agitation.
The resulting suspension was cooled to ¥0 C over one hour. The solids were
col | ect if ol i ; i .of 30 water. The
pr oduct q@’aés%h%égbféﬁeg&v@c}%%%% &%@%ﬂ?@rﬁ?@@gd"gﬁfb&ﬁﬂ tlegv ive 10.6 g
(77.6% of the title conpound 1, M C.SgH MR (400 MHz, DVBO): 3 (ppm
1.0 (t,3H), 1.9 (m 1 H, 2.d (m] 2.3Y35Y3H), 3.0 (S, 6H), 5.2 (dd
H, 6.1(d,1 H, 6.3 (d, W 2004/ 094398 RCT/ LUs2004/ 011882 -57 1 H),
2H), 7.8 (d, 1 H, 8.7 (d, 1 H,[j9.3 (dr,r;i H, 10RO (br, 1 H).
13CNVR(100. 62, CD3CN): 185.2, 1B2.004l17148, 170.1, 164.6, 153.4, 15
148.9, 129.2, 124.1, 122.9,

1,19.4,119.0, 108. 4, -107.2,54.8, 38.7, 28V 0,13.5,10.6. 5 Method B: To a three
neck_round bottom flask were charged 41.2 g (132.4 mmol) of conpound Xl (a),
200 M of water and 100 m of t-butyl nethylether..The solution was.
agitated and G)) 25%or8tting th ¢ompotiad o7 ferfbRa i 18 m ) was added slowy over
20 mn while maintaining the tenperature of the reaction m xture bel ow 30
T. The resulting Q

© o

H
\ |
it
o a compound of formula VI:
P OH
A~
N
o |
H
\ |
Vi

10
(e} adding a protecting group to the compound of formula Vl to yield a
compound of formula VII:

15 wherein G represents a protecting group;



to solution was transferred into a separation funnel and the aqueous was
extracted another two tines with 100 m of t-butyl nethylether. The
conbi ned ' s washed with 100 ml of saturated sggdi hl or|de
sol uti on.w'lb%gmé%lﬁ\{/%nt was renmoved under vacuum and theggt}élg%of%’loglgﬁ ai ni ng
free amne Xl was dissolved in 360 ml of n- propanol. The resulting
solution was mxed with 40.0 g (128.5 nmmol) of conpound 15 V(a) and 0.4 ¢
(3.1 mol, 0.024 eq.) of diisopropylet®ylam ne. The m xture was heated at
65 C for 12 hours. Another 120 ml of n-propanol and 400 m of water was
charged. The m xture was then heated up to about 70 C and slowy cooled to
10 C.  The solids were collected by filtration and washed with 80 m of
aqueous sol ution containing 50% of n-propanol. The resulting wet cake was
dried in a vé@uumreastingahe cofhpoundaf formalia Vil witlyiavauithble/ogahBietillic of t he

conpound of formil a For the process describ i n Eppodi nent No. 2, the
conpound?qgﬁnfvégkﬁﬂébymyp-KW’ﬁbd,a ﬁ%PWFdﬁ’%gwﬂ?‘-ﬂ% 'gd according to the

procedures in Schenes Il and IV. The pgnpound of forrmula XIl is reacted
with Qto obtain the conpound of fornula=Xl1}OGusing the same reagents and
reaction conditions described in Sche t0“react the 25 conmpound of fornula

V wth the conpound of fornmula XIiI. T
reacted with the conmpound of for

n the conmpound of formula IV(i) is
4)_to obtain the conpound of formula
| using the sane reagents and n cdiditions described in Schene Ito
react the conpound of fornmula IV( ith the conpound of formula Q 30 WO
2004/ 094398 PCT/ US2004/ 011882 -58- EMHMPLE 2 To a solution of 0.58 g (2.20
mol ) of conpound XlilIl1(a) in 25 m ethanol were added 20 ng potassium
carbonate (-0.02 eq.) and a solution of 3 mml of active conpound of

heat ed at 509} or aRUOAne Brtoelio Gou' G TRim, thEariBuird Ofofiptia VR & B

| was iy atcagnpound diforaak [Xr ocedure as the nethod B, in simlar yield
(83% by assay). It will be understood tplﬂat .various nodifications can be

made to the /_\/OH
» HN
0 oy
.<\/\”/‘ Et
IX .
10 (h)  converting the compound of formula IX into an imine intermediate
compound of formula X:
Ph
/
N
0 Uy
\ |
X

(i) converting the imine intermediate compound of formula X into the salt of

15  formula Xi:

-utl\

Acid .HZN/\LO)/

Xl



enbodi nents and exanpl es di scl osed herein. Therefore, the above description
3 10 should not be construed as limting, but nerely as exenplifications of

pref err edwoeshpslissmnt s. Those skilled in the art wll gﬁggj@g@é)éﬁﬁéf
eto. a

nodi fications within the scope and spirit of the clains

WD 2004/ 094398 PCTI US2004/ 011882 -59- CLAIMS Wiat Is Cainmed Is: 1. A
process for preparing a conpound of formula l: o N5 r?HHY conpri sing:
(a) converting the compound of fornmula62- A H®RC\ N2 OHIlI 10 to a
compound of formula IV: ANR2 O CHIV wherein A in conmpounds of formulas
Il and 1V, is selected fromthe group consisting of Br, C and |I; 15 (b)

hydrogenat | ng@t Es J‘r”egg@?g‘ﬂfé &fmé&&ﬁﬂt‘%ﬁfp?ﬁ{u}& Xfwith 4 &%P@un@%ﬁf&?ﬁﬁ%ﬁl Q"

catal yst unde pressure ormthe I nter ate compound
fornul a yisidithe compound of formula I; or

(k) converting the compound of formula Xl to the free amine:

5 ' Xil
and reacting the compound of formula Xl with the compound of formula V to yield the
compound of formula 1.

2. The process of Claim 1 wherein said compound of formula Xl in step (i)
10 s converted to the compound of formuia XII:

ulll\

o)
ZN/V
Xit

by reacting said compound of fermula Xl in a suitable solvent with a suitable base,

and then the compound of formula Xl is reacted with the compound of formula V to

produce the compound of formula 1.
15

3. The process of Claim 1 wherein substituent A is Br.

4. The process of Claim 1 wherein G represents a protecting group
selected from the group consisting of: silylating reagents and esters.
20
5.  The process of Claim 1 wherein the acid in said compound of formula Xi
is selected from the group consisting of: sulfonic acids, tartaric acids, H280;, HCI,
HsPOy4, HBr, and carboxylic acids, and mixtures thereof.



NH2 0 OH IV(i) WD 2004/094398 PCTn520041 011882 -60 (c) reacting the
conpound of forrmula I'V(i.) with a conpound of formula @ 009 ROOR Q

wherei n RypoRisasigs (G -Co)al kyl, to yield a conpound V. q0 |
~( NNOR O GHHV (d) converting the conmpound of forﬁﬁ%%’fsﬁo??dh%ﬁ—i 11 to
a conmpound of forrmula VI: Ph OH NH V, VI 10

-63-

6. The process of Claim 1 wherein step (a) comprises reacting said
compound of formula Il with a suitable acid chloride in a suitable solvent at a suitable
temperature, and then reacting the resulting reaction mixture with dimethylamine.

5 7. The process of Claim 1, wherein step (b) comprises making a mixture of
said compound of formula IV, a hydrogenation catalyst, and a suitable base, and
pressurizing the mixiure under H; pressure.

8. The process of Claim 1 wherein step (¢) comprises adding 3,4-dialkoxy-
10 3-cyclobutene-1,2-dione fo said compound of formula IV(i) from step (b), adjusting the
temperature to about 0°C fo about 80°C to yield a compound of formula V.

9. The process of Claim 1 wherein step (d) comprises mixing a solution of
R-2-(-)-phenyiglycinol with said compound of formula If}, and heating the resulting
15 solution at reflux with azeotropic removal of water to provide the imine compound of
Formula V1.

10.  The process of Claim 1 wherein step (e) comprises mixing an acid and a
silylating reagent with the compound of formuila VI from step (d), and heating the
20  solution at reflux to provide a protected imine compound of formula ViIl.

14.  The process of Claim 1 wherein the organometallic reagent, in step (f),
is in a suitable solvent, and said organometallic reagent is selected from the group
corisisting of: diethyl zinc, ethylzinc bromide, ethyizinc chloride, ethylmagnesium

25  bromide, ethylmagnesium chioride and ethylithium.

12.  The process of Claim 1 wherein step (g} comprises deprotecting the
imine 7compound of formula VI from step (f) with an acid, followed by treatment with a
base to form said compound of foﬁ'nula IX.
30
13.  The process of Claim 1 wherein step {h) comprises dissolving the
compound of formula IX in a suitable solvent, adding R*NH,, and, foliowing the



(e) adding a protecting group to the conpound of formula VI to yield a
conpound of fornmula VII: Ph 50G N H el 1 15 wherein G represents a

prot ecti ngo@nmwpize¥O 2004/ 094398 PCT/ US2004/ 011882 -61 LG the
conmpound of forrmula Vii with a suitable organonetallic Pé{élgaieoﬁf}?ﬁ#%l | owed by

wor k-up, to yield a conpound of fornula VIII: Ph /OG HN'Et VIII s (Q)
renmovi ng the protecting group (G fromthe conpound of formula VIII to
yield a conpound of fornmula I X2 Ph H-®WN-"Et X 10 (h) converting the
conmpound of formula I X into an imne intermediate conpound of fornmula X Ph
J

addition of said R*NH,, adding an additional agent selected from the group consisting
of: NalO,, Pb(OAc)s, HslOg, and mixtures thereof, wherein R* is selected from the
group consisting of alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, and aralkyi, {o
provide the intermediate compound of formula X.

14,  The process of Claim 1 wherein step (i) comprises (1) dissolving said
intermediate compound of formula X from step (h) in a suitable solvent, and (2)
adding a suitable acid to provide a compound of formula XI.

10 15.  The process of Claim 1 wherein step (j) comprises combining the
compound of formula Xl from step (i), the compound of formula V from step (c), a
suitable base and a suitable solvent, and heating the resulting reaction mixture to
producé the compound of formula L.

15 16.  The process of Claim 1 wherein in step (k) a catalytic amount of base is
" used in the reaction of the compound of formula V with the compound of formula XIl.

17.  The process of Claim 1 wherein: -
(1)  Substituent A is Br;

20 (2) G represents a protecting group selected from the group
consisting of: silylating reagents and esters;

(3)  Step (a) comprises reacting said compound of formuia Il with a
suitable acid chloride in a suitable solvent at a suitable temperature, and then reacting
the resulting reaction mixture with dimethylamine;

25 (4)  Step (b) comprises making a mixture of said compound of
formula IV, a hydrogenation catalyst, and a suitable base, and pressurizing the
mixture under Hz pressure;

(5)  Step (c) comprises adding 3,4-dialkoxy-3-cyclobutene-1,2-dione
to said compound of formula IV{i) from step (b), adjusting the temperature to about

30  0°C to about 80°C to yield a compound of formula V;



| /Et X (i) converting the imne internmedi ate conpound of formula X into
the salt of 15 formula XI: Acid H2N XI WO 2004/ 094398 PCT/ US2004/ 011882

-62 (J) rReSbédiRsdoge conpound of fornula XI with the cogﬁﬁlﬁgg’#%&uﬁ%rnul aVv

to vyield the conmpound of forrmula 1; or (k) converting of
formula X1 to the free amne: HZN' Xl11 and reacting the conpound of
formula XIl with the conpound of formula V to yield the conpound of fornula
|. 2. The process of Claim1 wherein §§%d’ conmpound of forrmula XI in step (i)
10 is converted to the conmpound of formula XIl: O H2N XIl by reacting said
conpound of forrmula XI in a suitable solvent with a suitable base, and then
t he conpound of f dBjul &5tspl(d) somprsesmixing b softionooiiiR2@)-phefylglytinel V t o

e ST of R Bt BsbiBpactiion dyPhareits + "
D oot SRl SR Oy e OB SN B ot v 9 oager
of formula Xl (7)  Step (e) comprises mixing an acid and a silylating reagent with
5 the compound of formula VI from step (d), and heating the solution at reflux to provide
a protected imine compound of formula VIi;

(8) The organametallic reagent, in step (f), is in a suitable solvent,
and said organometallic reagent is selected from the group consisting of: diethyl zinc,
ethylzinc bfomide, ethylzinc chloride, ethylmagnesium bromide, ethylmagnesium

10 chioride and ethylithium;

(9)  Step (g) comprises deprotecting the imine compound of formula
VIl from step (f) with an acid, followed by treatment with a base to form said
compound of formula 1X;

(10) Step (h) comprises dissolving the compound of formula X in a

15 suitable solvent, adding R*NHa, and, following the addition of said R*NH,, adding an
additional agent selected from the group consisting of: NalO4, Pb(OAc)s, HslOg, and
mixtures thereof, wherein R* is selected from the group consisting of aikyt, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, and aralkyl, to provide the intermediate compound
of formula X; |

20 (11) Step (i) comprises (1) dissolving said intermediate compound of
formula X from step (h) in a suitable solvent, and (2) adding a suitable acid to provide
a compound of formula XI;

(12) Step (j) comprises combining the compound of formula X1 from
step (i), the compound of formula V from step (c), a suitable base and a suitable

25 solvent, and heating the resulting reaction mixture to produce the compound of
formula I; and |

(13) Step (k) comprises using a catalytic amount of base in the
reaction of the compound of formula V with the compound of formuia XIL.

30



I's selected fromthe group consisting of sulfonic acids, tartaric acids,
H2SO4, HCI, H3PO4, HBr, and carboxylic acids, and m xtures thereof. WO

2004/ 094988200%0945532004/ 011882 -63 6. The process of GI@’I%SE g{)sﬁ n step
(a) conprises reacting said conpound of fornula Il w th asui acid

chloride in a suitable solvent at a suitable tenperature, and then reacting
the resulting reaction mxture with dinethylamne. s 7. The process of Caim
1, wherein step (b) conprises making &%t xture of said conpound of fornula

IV, a hydrogenation catal yst, and a suitable base, and pressurizing the

m xture under H2 pressure. 8. The process of Claiml| wherein step (c)

conprises adqgng Fhé-pbcddsONClaiR 13-whetbpbut ene- |, 2-dione to said conpound
of fornmula I'V(i) fromstep (b), adjusting the tenperature to about OC to

about 80C to yiel {l)a coaig mmsedrwﬁhmld/acndc epinostep{apis sElemiad |

wh t 24 | with
Sara colfbuie GpupaRaeEg of dtalihifus ik, e nattiictieg biSinalhipeg,
refl ux m[lt_,@n@z&ﬁgrég@hfe dRitRIBthe?! aN@ESIbrdfrmRy ovi de the inine conpound of
Forrmul a VI rocess  of daim1 wherein step (e) conprises mxing an

aci & and a silyl ez). ngsatdmmlﬂnda in stepdahiscaiectod fioon the group donsistingep

(d), at i n 20 sol,u reflux to provide a protected am ne
corrpoun gﬁlopgl ‘P% °§51'Y‘tﬁ‘ﬂ8”§‘?’ocess of Claiml wherein the

organonetal lic r e@e”tsald'ﬂlrﬁbﬂﬁ/lémhe m'sfe(d Qs 8 WolidIntofSdime ﬁg)iamﬁﬁd sai d

organonetal | ic reagent is selected fromthe group consisti di et hyl
zinc, ewigreinitie solyentisediniagid ﬁmeﬂamamm@lepluaonya; relgates fiomabe gravm de,

R T A T A - SHHBUROSERONgPolEer | | Trom
stefp (f pthyiddetae, aiéitl@letﬁ@tl Ia@,wqq-"@,y,fdrheat ment with a base to formsaid
conmpound of fornula I'X. The process of Claim1 wherein step (h)
conprises dissol v(‘Hg t a@d su1table base in step (b) is selected from the group
consisting of: KOH, NaOH, Na;CO3, K.CO3, NaHCO3, KHCO3, tetramethylguanidine,
DBU, diisopropylethylamine and mixtures thereof;
(5) said hydrogenation catalyst in step (b) is selected from the group
15  consisiing of: Pd/C, Pt/C, PdOH, and raney nickel;

(6) said 3,4-dialkoxy-3-cyclobutene-1,2-dione in step (c) is 3,4-
diethoxy-3-cyclobutene-1,2-dione;

(7) said acid in step (e) is selected from the group consisting of:
ammonium sulphate, ammonium nitrate, ammonium chloride, H2S0s, HCI, H3POy,

20 citric acid, mesylchloride, paratoluenesulfonic acid, paratoluenesuifonic acid pyridium
salt, alkylsulfonic acid, and mixtures thereof; |

(8) said silylating reagent in step (e) is selected from the group
consisting of: hexamethyldisilazane, TMS chloride, and TMSOTF, wherein said TMS
chloride is uséd in combination with triethylamine , and said TMSOTF is used in

25 combination with triethylamine;

(9) said suitable solvent in step (f) is selected from the group
consisting of: benzene, foluene, TBME, THF, DME, dimethoxyethane, and mixtures
thereof;

(10) said acid in step (g) is selected from the group consisting of:

30 H.SO4, HCI, HaPOy, citric acid, ammonium chioride, and mixiures thereof;

(11) said base in step (g) is selected from the group consisting of: '

ammonium hydroxide, metal hydroxide, metal oxide, metal carbonate, metal



compound of fornmula I X in a suitable solvent, adding RANH2, and, follow ng
t he WD 2004/ 094398 PCT/ US2004/ 011882 -64 addition of said RANH2, addi ng an

addi ti onakypaeiiesswl ected fromthe group consisting of ?Jﬁ 4 c)4,
H5106, and m xtures thereof, wherein R4 is selected frorﬂlr)1C egﬁé"rog@ég

consi sting of alkyl, cycloal kyl, heterocycl oal kyl, aryl, heteroaryl, and
aral kyl, to provide the internedi ate conpound of formula X. 5 14. The
process of Claim!| wherein step (i) cefrdises (1) dissolving said

i ntermedi ate conpound of formula X fromstep (h) in a suitable solvent, and
(2) adding a suitable acid to provide a conpound of formula XI. 10 15. The

process kA | [ | i bl nd of
Blcaffoniaa, an\g*‘r?l{@rﬁf Eﬁ@r@oﬁwh&giﬁgdl RfetagReRichst o tgﬁgg?t,%a

formula XI' fromste , e comnpoun ormula V fromste
sui t abl ectnrsistingaf: ithium t sodiumspbdiassitim, subidhwt dasiino eerylivm, rhagnesiam} i on

1 Xt to . th d of fornmul . 15..16. Th , f C ai I
A A L N T
th 9@‘5% g ' f f la XIl. 17. Th
of eOCgimr; [ rﬁ%ﬂev;eﬁ,:riﬁ?%)éadsfﬂiggﬁ,!}{\%en{fb\ﬁﬁg%%ﬂgngo ((Z);mCJS ?epr esent's a preofregtcie;i;
group sel ected froft2) hesaid acid incstep (isisi seleciéd from theggronp coasiséing ©of:and

t ; St ' t ] | d d,of { | [ i th
i £ ab] eSHHANE SRS RHETF Ao niaCh ot T HEF B GRS P ndh ur e, and
t hen reaﬁﬁﬂﬂﬁbs_tﬁ@?edf; ting reaction mxture with dinmethylamne; 25 (4)

Step (b) conprises nmaking a m xture of said conmpound of fornula IV, a
hydr ogenati on cat a{1g3t , saithbase sustephkpistsedected frbnp thesgroup xongisting ofim xt ur e

d H2 €; S . ' d
3. 4. i ol RIS A0 32k Gherih Shelt 8 hiSheRdanteagissied Toam e AERYR 1 V(i ) 1 rom
st eno( b) corfisti o 8IkyiN aryl BRBYARIKYE 0 about

19.  The Process of Claim 18 wherein said acid in step (i) is a sulfonic acid
selected from the group consisting of; paratoluene sulfonic acid and alkylsulfonic acid;

15 20.  The process of Claim 19 wherein said acid is paratoluene sulfonic acid.

21.  The process of Claim 18 wherein:
(1)  said acid chioride in step (a) is thionyl chloride;
(2) said solvent used with said acid chioride in step (a) is acetonitrile;
20 | (3) said hydrogenation catalyst in step (b) is Pd/C;
(4) said acid in step (i} is paratoluene sulfonic acid; and
(6) said base in step (k) is diisopropylethylamine;

22. The process of Claim 18 wherein step (c) further comprises adding a
25  base to the compound of formula IV{i), wherein said base is selected from the group
consisting of: KOH, NaOH, Na;CO3, K2CO3, NaHCO3, KHCO3, tetramethylguanidine,
DBU, diisopropylethylamine and mixtures thereof.

23. The process of Claim 20 wherein step (c) further comprises adding a
30  base to the compound of formula IV(i), wherein said base is selected from the group
consisting of: KOH, NaOH, Na,COj3, KzCO3, NaHCO3, KHCO3, tetramethylguanidine,
DBU, diisopropylethylamine and mixtures thereof.



30 0OC to about 80C to yield a conpound of fornula V, WD 2004/ 094398
PCTI US2004/ 011882 -65 (6) Step (d) conprises mxing a solution of

R-2-(-) - pRenydoysegnol  with said conpound of fornula I*,é fU?ﬂ) 4Bf8d g the
resulting solution at reflux with azeotropic renoval water 10 prow de

the imne conmpound of Formula VI; (7) Step (e) conprises mxing an acid and
a silylating reagent wwth s the compoun, gof formula VI fromstep (d), and
heating the solution at reflux to provi a protected imne conpound of
formula VII; (8) The organonetal lic reagent, in step (f), is in a suitable
sol vent, and said organonetallic reagent is selected fromthe group

consi sting of24.di ethgpracess of C&lmwztw?ier&m stapdée) fwﬂlgnmrrmaelsladdm@a

t hyl ma b d 10. chl, d I t 9) St
Coy” comtaseds e spareting 5 Rmbe AL Whsteincanic brSs i solpSiotirar e g )ep (1)
th sl t
:‘Mormj?g (%i(iS%(tlln ) Sﬁggp lﬂ(r)ﬁ%érq:?gsK |0;£(I;\Fa v@%gt%gcgjé:r?émé{gw ?ormj a IX I n
a 15 sL[DBHbd&ScnnbpﬁethylamideragidRmMHB'ﬁasdhﬁreofoI | owi ng the addition of said

RANH2, adding an additional agent selected fromthe group consisting of:
Nal O, Pb(QAc) 4, H5106, and mixtures thereof, wherein R4 is selected from

the group consg sti efocébgbf C’éimg)t@'ﬁ%yé'“ het erocycl oal kyl, aryl,
el

heteroaryl, and ara to provid nt er medi at e corrpound of formula X;
20 (11) st ep (|) o(dbrprumdmgthtyaamem sigpda} is atra eonnemitration cbapleasti1 of

07 o o BB ol RS By A7) 00 2. L & g
Step (o). a sui tabrh bac HepRESUt M glepl) IS TR oRr] 18 abbf S00 gy’ 1 r o
resubting reacti on(3ki xtsmick3dedipthmtkmey-3-epclobuieoe+l] Zdionbdn steps(c) is aind
least 1 molar equivalent with respect to the compound of formula IV(i);
(4) said R-2-(-)-phenyiglycinol in step (d) is at least about 0.01 molar
equivalent with respect to said compound of formula lil;
(5) said acid in step (e) is at least about 0.2 molar equivalent with
15 respect to the compound of formula VI; and
(6) said organometallic reagent in step (f} is from about 0.1 to about

5 molar equivalents with respect to said compound of formula Vil.

26. The process of Claim 21 wherein:
20 (1) said dimethiyamine in step (a) is at a concentration of at least 1
molar equivalent with respect to said compound of formula ii;
(2) said Hx pressure in step (b) is from about 10 to about 500 psi;
(38) said 3,4-diethalkoxy-3-cyclobutene-1, 2-dione in step (c) is at
least 1 molar equivalent with respect to the compound of formula IV(i);
25 (4) said R-2-(-}-phenylglycinol in step (d) is at least about 0.01 molar
equivalent with respect to said compound of formula HI;
(5)  said acid in step (e) is at least about 0.2 molar equivalent with
respect to the compound of formula VI; and
(6) said organometallic reagent in step (f) is from about 0.1 to about
30 5 molar equivalents with respect to said compound of formula VII.



(13) Step (k) conprises using a catal ytic amount of base in the reaction of
the conmpound of formula V with the conpound of fornula XIl. 30 WO

2004/ 094398 PCT/ US2004/ 011882 -66 18. The process of Caim 17 wherein: (1)
said solvent used with said acid chloride in step (a) is selected fromthe
group consisting of. acetonitrile, THF, t-butyl nethylether,

nmet hyl enechi ori de, toluene, ethylacetate, diethylether, and chloroform s
(2) said acid chloride in step (a) is-88ected fromthe group consisting

of : thionyl chloride and oxalyl chloride; (3) said dinmethylamne in step (a)
is a solution of dinethylamne wherein the solvent used in said

di net hyl am | ufp ' : : i sti f:
i et hyl am neygo uwé)gﬁqc%lsrém%tf%%@f%%w{&n%lpe group consisting o

acetonitrile, THF, hyl enechl ori de, toluene, to

ethyl acetate, diet{1yl etsaid diraethlyanine i step (a) 4 alsatonsahtiatiohoflzt fsastn step
(b) is selegcted, fé[qcl)_g t'{?ﬁf roug consi sting of, KOH, NaOH, Na2CO3, K2QC03,
NaHCos, R quiy, FetRRspeshiogait compaund of fasgiMa | et hyl ani ne and

i xt th f; j5 i t il , i .ected
fromthe group  1820onerld HAERARER) aib R ifinintatols 108 abBlt B B8l °° &)
sai d53, 4- di al koxy-(3) cy cdaid G{4-dietialkoxdi-8eyclobutdnept,(Z-Yione iR sfep (c) is at
di et hoxy- 3-cycl obutene-1, 2-dione; (7) said acid in step (e) is selected from
the group coﬂ@?%ttfﬂ'@l@ﬁe.qu“éﬂﬁﬂhwmf%ﬁﬂeﬁha the Wﬂﬂﬁﬁﬁpﬂﬂdﬁdy(mni um
par at of uenesul foni@) aci o0 ssrgudimaitiorh stER RoeafCapout 0 g1 molar
al kyl sul f oni cecuivalentawith resgact kssditl eoagfound®r fommeladii] vl ating reagent in

step (e) is select eg/sf romthe group consjsting of: hexanethyldisilazane,
TMS chloride, and (PhsOm2id @ik iBistes ()ds alisastabanti 2 majaneauivalentwibi nat i on

W thgtriethyl am neoq386 (§3hd SMpGLRa'oF fétiiffa VE: and
(6) said organometallic reagent in step (f) is from about 0.1 to about
5 molar equivalents with respect to said compound of formula VII.

28. The process of Claim 21 wherein the compound of formula | is produced
15 in step (k) by reacting the compound of formula Xil with the compound of formula V.

29. The process of Claim 25 wherein the compound of formula ! is produced
in step (k) by reacting the compound of formula Xl with the compound of formula V.

20 30. The process of Claim 26 wherein the compound of formula 1 is produced
in step (k) by reacting the compound of formula X!l with the compound of formula V.

31. The process of Claim 27 wherein the compound of formula 1 is produced
in step (k) by reacting the compound of formula XII with the compound of formula V.
25



25 conmbination wth triethylamne; (9) said suitable solvent In step (f) is
selected fromthe group consisting of. benzene, toluene, TBME, THF, DME,

di mret hoxyet hane, and m xtures thereof; (10) said acid in step (g) is
selected fromthe group consisting of: 30 H2SO4, HCI, H3P04, citric acid,
amoni um chl ori de, and m xtures thereof; (11) said base in step (g) is
selected fromthe group consisting of: _apooni um hydroxi de, netal hydroxide,
nmetal oxide, netal carbonate, netal WO 2004/094398 PCT/ US2004/011882 -67

bi carbonate, and m xtures thereof, wherein said netal is selected fromthe

group consi sti ofy: 1 ithl odi 0 S| r.ulyjdi . cesium

beryl lium mg%ggi uh} pﬂokéﬁﬁ?ﬁ?%?g é%ﬂ%§a¢f#@rﬁm|§%rﬂr i ndi um
thallium titanium zircogum cobalt, copper, silver, zkfic cadm um
mercury and cerium 5 (1% said acid instep (i) is selecfed fromthe group
consi sting of. S\ulfcﬁ" ido, tartaric acids, H2SO4, H& gBPO4, HBr, and
carboxylic acids ity %%ﬁereof; and (14) sai BMase @x ep (k) i1s
selected fromthe group consgfing of: pyridine and N R3) 34 fherein each R3
is independently selected fromthe group 10 consisting of. alkyl, aryl and
aryl al kyl. 19. The Procéds of C aim 18 wherei n said acidllin step (i) is a
sulfonic acid selected fromthe group consisting of: paratol uene sulfonic
acid and al kyl sul fonic acid; 15 20. The process of Caim 19 wherein said
acid is p%,ﬂf)ﬁgmgpe sul fonic acid. 21. The process of Caim 18 wherein: (1)
said acid chlorite in step (a) is thionyl chloride; (2) said solvent used
with sai d aci d(zyhi oconkeriing fiteeporfppund obfoemnoki llrile; 20 (3) said
hydrogenation catalyst in step (b) is Pd/C (4) said acid in step (i) is

par at ol uene sulfonic acid; and (5) said bage in step (k) is
di i sopropyl et hyl am ne; ‘<0IiH
\

to a compound of formula VI

P OH
" A~
o I
H
\ |
Vi .
10 (b)  mixing a protecting group with the compound of formula VI to yield a
compound of formula VII:
"2 0G
y A~/
o I
H
\ | .
Vil

15 wherein G represents a protecting group;



22. The process of Claim 18 wherein step (c) further conprises adding a 25
base to the conmpound of formula I'V(i), wherein said base is selected from
the group consisting of: KOH, NaCH Na2CO3, K2C03, NaHCO3, KHCOB,

t etramet hyl guani di ne, DBU, diisopropylethylam ne and m xtures thereof. 23.
The process of Caim20 wherein step (c) further conprises adding a 30 base
to the conpound of fornmula I'V(i), whereiyn_said base is selected fromthe
group consisting of: KOH, NaOH, Na2CO3, K2CC3, NaHCO3, KHCCS,

t etramet hyl guani di ne, DBU, diisopropylethylam ne and m xtures thereof. WO
2004/ 094398 PCT/ US2004/ 011882 -68,24, Th ocess of aim 21 wherein step
(c) further cWnpri ?@scﬂaaﬁ\%%ompoaaé of f%mq?ﬁs%dﬂﬁbﬁ r%“tgﬁef(ﬁﬂﬁﬂp@emq ),

wher ei n j ' f I Std .of : KOH, NaCH,
azoos, RoERE RGBSy Sty kfRlodboiha STl I

di i sopropyl ethyl amine and mixtures theredi. 5 _25. The process of Claim 18
wherein: (1) said dinmethlyamne in step @\yg’ t a concentration of at

|l east | nolar equivalent with respectyf® said conpound of formula 11; (2)
said H2 pressure in step (b) is frgmabput 10 to about 500 psi; 10 (3) said
3, 4-di et hal koxy- 3-cycl obut ene-1, Ot é’f'p step (c) is at least | nolar
equi valent with respect to the coRpoynd o formula IV(1); (4) said
R-2-(-)-phenyl glycinol in step (d)“s \?@ | east about 0.01 nol ar equival ent
W th respect to said compound of formnu I11; (5) said acid in step (e) is
at | east about 0.2 nolar equivalent with 15 respect to the conmpound of
formula VI; and (6) said organonetallic reagent in step (f) is from about
0.1 ts0 about (dj notemoviagilv@protécting droup ¢SPfoim tthe sanpoundfdonuiéa Vilktoul a
VI1. 26. The process of Caim21 wherein: 20 (1) said dinethlyamne in step
(a) is avield zcpwppundffornylaX: | east |

Ph
= OH

A~

HN

‘W ",,/Et

IX

(e) converting the compound of formula IX into an imine intermediate

10 compound of formula X:

(f) converting the imine intermediate compound of formula X into the salt of

formula XI:

Acid *HzN

= <2....1\

15 ; or



nol ar equivalent with respect to said conpound of fornula Il; (2) said H2
pressure in step (b) is fromabout 10 to about 500 psi; (3) said

3, 4-di et hal koxy- 3-cycl obutene-1, 2-dione in step (c) is at least 1 nolar
equi valent with respect to the conmpound of fornmula IV(i); 25 (4) said
R-2-(-)-phenylglycinol in step (d) is at |east about 0.01 nolar equival ent
with respect to said conpound of fornmulg 111; (5) said acid in step (e) is
at | east about 0.2 nolar equivalent wt respect to the conmpound of formula
VlI; and (6) said organorretallic reagent in step (f) is fromabout 0.1 to
about 30 5 |.ar e |vr{31 gﬁs with respect to iald conmpound of fornmula VII.
-69- 27. TherTEQ JoceSenys Srompaped & % Xkt thedreg@MiRini ne in step (a)

is at a concentration of at least 1 | ar equivalent with respect to said
conpound of formula 11; (2) said H2 gressure in step (b) is fromabout 10 to

about 500 psi; 5 (3) sald 3, 4-diet koxy- 3-cycl obutene-1, 2-dione in step
(c) is at least 1 nolar eqU|vaIéhN W ect to the conpound of formul a
IV(i); (4) said R-2-(-)-phenylglycinol n/step (d) is at least about 0.01
nol ar equivalent with respect to said conmpound of formula Ill; (5) said
acid in step (e) is at |least about Kll2 nolar equivalent with 10 respect to

the conmpound of formula VI; and (6) said organonetallic reagent in step (f)
is fromabout 0.1 to about 5 nolar equivalents with respect to said

compound of fermula, V| T wher el t he conmpound of
formula | is %?’odu aprq@zqsnof (19%15'?( k)%ﬁweﬁ %?@Prﬁaepﬁs agg)q}s Q'a“Pf ormul a
X1 wi t hsplagtaiqro Une ghdug 86MBISthgof: sﬂ%@aﬂnﬂt@a@éﬁ%eéﬁd @btefb.ai m 25 wherein the
conmpound of forrmula | 7is produced in step ( by reacting the conpound of

formula X'l with the conpound of fornula V. 20_ 30. The process of O aim 26
et e 9Pl Bhod B Qal 2 yHAGHIEY gl il oo FESHADY 1
Xl is selected from the group consisting of: sulfonic acids, tartaric acids, H280,, HCI,
HsPOy, HBr, and carboxylic acids, and mixtures thereof.
10
35.  The process of Claim 32 wherein step (a) comprises mixing a solution of
-2-(-)-phenylglycinol with said compound of formula Ill, and heating the resulting
solution at reflux with azeotropic removal of water to provide the imine compound of
Formula V.
15
36. The process of Claim 32 wherein step (b) comprises mixing an acid and
a silylating reagent with the compound of formula V1 from step (a), and heating the
solution at reflux to provide a protected imine compound of formula VI.

20 Y1,  The process of Claim 32 wherein the organometallic reagent, in step (c),
is in a suitable solvent, and said organometallic reagent is selected from the group
consisting of: diethyl zinc, ethylzinc bromide, ethylzinc chloride, ethylmagnesium
bromide, ethylmagnesium chloride and ethylithium.

25 38.  The process of Claim 32 wherein step (d) comprises deprotecting the
imine compound of formula VIl from step (c) with an acid, followed by treatment with
a base to form said compound of formula IX.



31. The process of Caim27 wherein the conmpound of formula | is produced
in step (k) by reacting the conpound of formula XIl with the conpound of

formula V. 25 -10 _ 32. A process for making a conpound of forrmula XI or
X11: Acid H2N 1 % H2N % XI or X11 conprising: 5 (a) converting the
compound of formula Il O HIIlI to a compound of fornmula VI: Ph OH NH
V1io (b) mxing a protecting group with the conpound of forrmula VI to yield
a conpound of fornula VIl: Ph OG O-ITBH VIl is wherein Grepresents a
protecting group; _|I1 (c) reacting the conpound of formula VIl with a

sui tabl e organonetal lic
39.  The process of Claim 32 wherein step (e) comprises dissolving the

compound of formula IX in a suitable solvent, adding R*NHz, and, following the
addition of said R*NH,, adding an additional agent selected from the group consisting
of: NalQy, Pb(OAc)s, H510s, and mixtures thereof, wherein R? is selected from the

5  group consisting of alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, and aralkyl, to
provide the infermediate compound of formula X.

40. ~ The process of Claim 22 wherein step (f) comprises (1) dissolving said
intermediate compound of formula X from step (e) in a suitable solvent, and (2)
10 adding a suitable acid to provide a compound of formula XI.

4. The process of Claim 32 wherein: .

(1)  Step (a) comprises mixing a solution of R-2-(-)-phenylglycinol

with said compound of formula [ll, and heating the resuiting solution at reflux with
15 azeotropic removal of water to provide the imine compound of Formuia VI;

(2) Step (b) comprises mixing an acid and a silylating reagent with
the compound of formula V1 from step (a), and heating the solution at reflux fo provide
a protected imine compound of formula Vii;

(3) The organometaliic reagent, in step (c), is in a suitable solvent,

20  and said organometallic reagent is selected from the group consisting of: diethyl zinc,
ethylzinc bromide, ethylzinc chioride, ethylmagnesium bromide, ethylmagnesium
chloride and ethylithium;

(4) Step (d) comprises deprotecting the imine compound of formula
VIl from step (c) with an acid, followed by treatment with a base to form said

25 compound of formula IX;

(5)  Step (e) comprises dissolving the compound of formula IX ina
suitable solvent, adding R*NH>, and, following the addition of said R*NH,, adding an
additional agent selected from the group consisting of: NalO4, Pb{OAc)s, HslOs, and
mixtures thereof, wherein R is selected from the group consisting of alkyl, cycloalkyl,

30 heterocycloalkyl, aryl, heteroaryl, and aralkyl, to provide the intermediate compound
of formula X; and



reagent, followed by work-up, to yield a conmpound of fornmula VIII: Ph OG HN
"Et VIIlI 5 (d) renoving the protecting group (G fromthe conpound of
formula VIIl to vyield a compound of forrmula I XX Ph OH. HN/Et [|X (e)
converting the conmpound of formula I X into an imne internediate io0
compound of formula XX Phh NJ \ | "Et X (f) converting the !mne

I nt ermedi ate conpound of formula X intg the salt of fornmula Xl: Acid HzNO
15 XI ; or -12 (g) converting the '(:O'rrgbund of formula XI to the free am ne:
0O H2N XI'l 33. The process of Claim3)- wherein Grepresents a protecting

group
(6)  Step (f) comprises (1) dissolving said intermediate compound of

formula X from step () in a suitable solvent, and (2) adding a suitable acid to provide
a compound of formula Xi.

5 42 The process of claim 4! wherein:

(1)  said acid in step (b) is selected from the group consisting of:
ammonium sulphate, ammonium nitrate, ammonium chloride, HaS04, HCI, HaPO,,
citric acid, mesylchloride, paratoluenesulfonic acid, paratoluenesulfonic acid pyridium
salt, alkylsdlfonic acid, and mixtures thereof;

10 (2) said silylating reagent in step (b) is selected from the group
consisting of: hexamethyidisilazane, TMS chloride, and TMSOTF, wherein said TMS
chloride is used in combination with triethylamine , and said TMSOTF is useéd in
combination with triethylamine;

(3) said suitable solvent in step (c) is selected from the group

15 consisting of: benzene, toluene, TBME, THF, DME, dimethoxyethane, and mixtures
thereof;

(4)  said acid in step (d) is selected from the group consisting of:
H280y4, HCI, HaPO4, citric acid, ammonium chiloride, and mixtures thereof;

(5)  said base in step (d) is selected from the group consisting of:

20  ammonium hydroxide, metal hydroxide, metal oxide, metal carbonate, metal
bicarbonate, and mixtures thereof, wherein said metal is selected from the group
consisting of: fithium, sodium, potassium, rubidium, cesium, beryitium, magnesium,
calcium, strontium, barium, aluminum, indium, thallium, titanium, zirconium, cobal,
copper, silver, zinc cadmium, mercury and cerium; and

25 (8) said acid in step (f) is selected from the group consisting of:
sulfonic acids, tartaric acids, H.804, HCI, HaPQy4, HBr, and carboxylic acids, and
mixtures thereof; and



s selected fromthe group consisting of: silylating reagents and esters. 34.
The process of Caim32 wherein the acid in said conpound of formula Xl is
selected fromthe group consisting of, sulfonic acids, tartaric acids,
H2SO4, HCI, H3PO4, HBr, and carboxylic acids, and m xtures thereof. 10 35-
The process of Caim32 wherein step (a) conprises mxing a solution of
R-2-(-)-phenyl gl ycinol with said conmpound of fornula IIl, and heating the
resulting solution at reflux with azeotropic renoval of water to provide
the imne conmpound of Fornula VI. 15 36. The process of Caim 32 wherein
step (b) conprises mxing an acid and a silylating reagent with the
conpound of formula VI fromstep (a).qgnd heating the solution at reflux to
provide a protected i m ne conpound of forrmula VII. 20 31. The process of
Claim 32 wherein the organonetallic reagent, in step (c), 1is in a suitable

sol vent, and, sai -d,gf)r anonet ?Hﬂlc reaﬂent Is selected fromthe group
consi sting of* di ﬁhlgﬂo%ﬁﬁe, AL WHErS oni de, et hyl zi nc chlori de,

t hyl [ i 4y | ' ' i 8. Th
b osess of O a mi2 whaid 2LV EREFREI T Sl g) RS IBvadd PRI mefar® Th

conpound of dquivalért with fespechiossad cOmpound lof formadadil; f ol | owed by treat nent
wth a base to fosmsai_d conpound ?f_ formula | X. -13, 39, -The process of

d ai m 31 wher ei n @1 ep S84 aclgip stepdd) i aklepst akput b2 melaneaHivalent Wik nul a 1 x

in sui t abl e sol i f’bﬁ‘ﬂwﬁl lowng the addition of said
RANH2, addi ng an rég@%?titggg% B‘%@?ﬁ%@fec e(ijé?!’omthe group consisting of
Nal04, Pb(QAc)4, (BplOGaidiorhanonielaltis rédyentai steph@e) & fromdabosit Ol wcatsslitf rom
the s group consisting of al kyl, cycloal kyl, heterocilcl oal kyl , aryl,

I
het er oa? folarRativalenteywith mpe%w@\aadfbcemeoum of e ¥ 8Rgound of formula X.
46. The pr ocessnpo@LrC]:Idaég?a ?&d\m%ﬁ@#?%ﬁ]grsat@tg%e@%gg%ﬁig%cgdl) di ssolving said

internmedi ate co or mu sui't abl e sol vent, and

(2)



io adding a suitable acid to provide a conpound of forrmula XI. 41. The
process of Caim32 wherein: (1) Step (a) conprises mxing a solution of
R-2-(-)-phenyl glycinol wth said conmpound of forrmula IIl, and.heating the
resulting solution at reflux with is azeotropic renoval of water to provide
the i mne conpound of Formula VI; (2) Step (b) conprises mxing an acid and
a silylating reagent with the conpound of formula VI fromstep (a), and
heating the solution at reflux to provide a protected im ne conmpound of
formula VII; (3) The organonetallic reagent, in step (c), is in a suitable
solvent, 20 and said organonetallic reagent is selected fromthe group
consisting of: diethyl zinc, ethylziﬁg brom de, ethylzinc chloride,

et hyl magnesi um brom de, et hyl magnesi tn¥ “chl ori de and ethylithium (4) Step
(d) conprises deprotecting the imne conmpound of forrmula VIII fromstep (c)
with an acid, followed by treatnment wwth a base to formsaid 25 conpound of
formula I X; (5) Step (e) _.conprises dissolviq%w%he conpund of forrmula I X in
a suitable &8l veMhProcesaferPIRRRIDY aLRMPOWd gdorpda®Mli t i on of said
RANH2, adding an additional agent selected fromthe group consisting of.
NalO4, Pb(QAc)4, H5106, and m xtures thereof, wherein R4 is selected from
t he group consisting of aIkyI,Ochhgﬁlkxb, 30 heterocycl oal kyl, aryl,

het eroaryl, and aral kyl, to prowd& t heZI nternedi ate conpound of formula X;
and (6) Step (f) conprises (1) d ol ving s@j d internedi ate conpound of
formula X fromstep (e) in aRQitabl ‘§§P§§i2r’énd (2) adding a suitable
acid to provide a conpound of fornulth A 2 The process of claim4l
wherein: (1) said acid in step (Iis selected fromthe group consisting
of ., ammoni um sul phate, amoni um nitrate, amoni um chl oride, H2SO4, HCl,
H3PO4, c@mnphsgiedaci d, nesyl chl ori de, paratol uenesul fonic acid, -

par at ol uenestél)f On&&‘\\féﬂil’% ﬂ%rdoglilﬁgUndsgllftonnﬁiakml sul fonic acid, and m xtures

t her eof ;
. 9]

A




10 (2) said silylating reagent in step (b) is selected fromthe group

consi sting of: hexanethyl disilazane, TM5 chloride, and TMSOTF, wherein said
TMS chloride is used in conbination with triethylamne , and said TMSOTF is
used in conbination with triethylamne; (3) said suitable solvent in step
(c) is selected fromthe group 15 consisting of: benzene, toluene, TBMNE,
THF, DVE, di net hoxyet hane, and m xtur thereof; (4) said acid in step (d)
is selected fromthe group consisting 'of: H2SO4, HCl, H3PO4, citric acid,
ammoni um chl ori de, and m xtures thereof; (5) said base in step (d) is
selected fromthe group consisting of. 20 ammoni um hydr oxi de, netal

hydr oxi tea comippund>dfdermurdtgl carbonate, netal bicarbonate, and m xtures

t hereof, wherein said netal is selected, fromthe group consisting of:
l'ithium sodium potassium rubidium ébiuwb eryllium nagnesium

calcium strontium barium alumnum ipé~um thallium titanium zirconium
cobalt, copper, silver, zinc cadm umRNnercury and cerium and 25 (6) said
acid in step (f) is selected fronkfhe roup consisting of. sulfonic acids,
tartaric acids, H2SO4, HC, H3 4 r, -and carboxylic acids, and m xtures
thereof; and -'15 - 43 The proceds of Caim1 wherein: (1) said
R-2-(-)-phenyl glycinol in step (a) is MWt | east ;about 0.01 nolar equival ent
with respect to said conmpound of forrmula Il1; (2) said acid in step (b) is
at | east about 0.2 nolar equivalent with s respect to the conpound of

about s ot & cqfi@nPeRRg dradn ERRmbck S 91 BkETa Vi 1 Tand

(4) ssai dompbdnd of forauld VII: i s paratol uene sulfonic acid. _ ,_ 4y-. A process
for preparing a conpound of the formula XiII

N o~
O I H
\ |

VI

wherein G represents a protecting group;
10
(c)  reacting the compound of formula VII with a suitable organometallic
reagent, followed by work-up, to yield a compound of formula VIIl:

Ph 0G
HN/\/
O W’Et
\ |
Vil

15



o0 ROHI XIll conprising: (a) converting the conmpound of forrmula Ill O
~~H I1Il to a conpound of formula VI: Ph H N VI (b) adding a protecting
group to the conmpound of formula VI to yield a 5 conpound of fornula VII:
Ph OG Nomi H VII wherein Grepresents a protecting group; 10 (c) reacting
t he conpound of fornmula VIl wth a suitable organonetallic reagent,

foll owed by work-up, to yield a conpouﬂ? of formula VIII: Ph G HN/E WVII

(d)  removing the protecting group (G) from the compound of formula Vil to
yield a compound of formula IX:

5 (e) . converting the compound of formula IX into an imine intermediate
compound of formula X:

) converting the imine intermediate compound of formula X into the salt of
10 formula XI:

ulll\

Acid .HZNW

Xl

and reacting said compound of formuia Xl with a compound of formula Q:

__Z

]

RO OR

Q
wherein R represents (C4-C1p)alkyl to produce the compound of formula XII; or

i5



15 --J8- (d) renpbving the protecting group (G fromthe conpound of formula
VIIl to vyield a conmpound of fornmula IXX Ph H HNJ /Et 1X 5 (e) converting
t he conpound of fornmula I X into an imne internmediate conpound of formula
X2 Ph N I /EE X (f) converting the imne intermedi ate conpound of fornula
Xinto the salt of io forrmula XI: Acid HZNO XI and reacting said conpound
of formula XI with a conpound of formula Q 0 0 ROOR Q wherein R
represents (G -C o)al kyl to produce th.g conmpound of forrmula X111; or 15
-119- (g) converting the conmpound of T Wiula XI to the free amine: H2N XI |

()  converting the compound of formula Xl to the free amine:

Xi
by reacting the compound of formula XI in a suitable solvent with a suitable base, and
reacting said compound of formula Xil with Q:

o\ J //o
, RO OR
5 Q

wherein R represents {(C1-Cyg)alkyl to produce the compound of formula XIIl.

458.  The process of Claim 44 wherein:

(1)  Step (a) comprises mixing a solution of R-2-(-)-phenylglycinol

10 with said compound of formula Ill, and heating the resulting solution at reflux with
azeotropic removal of water to provide the imine compound of Formula VI;

(2)  Step (b) comprises mixing an acid and a silylating reagent with
the compound of formula VI from step (a), and heating the solution at refiux to provide
a protected imine compound of formula ViIl;

15 (3) The organometallic reagent, in step {c), is in a suitable solvent,
and said organometallic reagent is selected from the group consistihg of: diethyl zinc,
ethylzinc bromide, ethylzinc chloride, ethylmagnesium bromide, ethylmagnesium
chioride and ethylithium;

(4)  Step (d) comprises deprotecting the imine compound of formula

20 VIl from step (c) with an acid, followed by treatment with a base to form said
compound of formula IX;

()  Step (e) comprises dissolving the compound of formula [X in a
suitable solvent, adding R*NHz, and, following the addition of said R*NHz, adding an
addiﬁonal agent selected from the group consisting of: NalO4, Ph(OAc)s, HslOg, and

25 mixtures thereof, wherein R* is selected from the group consisting of alkyl, cycloalkyl,



by reacting the conpound of fornmula XI in a suitable solvent wwth a suitable
base, and reacting said conmpound of fornmula XIl with @Q 00 ROOR 5 Q
wherein R represents (-G o)alkyl to produce the conpound of formula Xl I1I.
45. The process of Claim4,4 wherein: (1) Step (a) conprises mxing a
solution of R 2-(-)-phenylglycinol 10 with said conpound of formula I,
and heating the resulting solution at reflux with azeotropic renoval of
water to provide the imne conmpound ofCror mul a VI; (2) Step (b) conprises
mxing an acid and a silylating reagent with the conpound of formula Vi
fromstep (a), and heating the solution at reflux to provide a protected
im ne cbetpmﬂydloafkyl a@rgh hetevbaryl, End(@@lkyih o praehe iRt lﬂférhfédfaﬁé%m ound St ep
(c), @ftﬂ table solvent, and said organonetallic reagent | s selected
from t h BF"BUB yonsi sting of: diethyl zinc, ethyizinc bromde, ethylzinc

() step’ (6 rommeleec BRI nife (Y 4R B4Ry BB URE Sheplid ob 1T
f rom stiepm(la) X Worhsiep (8% irfa stithblewetlehl, dnde@) Bebing §Lﬁita’blé’aéﬁl fo‘erQﬁ@ sai d

compound of for rrul alX (5 Step (e) conprises dissolving t onmpound of
f or ful a8 PRMPRURd Of farmuia lsaﬂd/félﬁfla mMMamy-3a¢wlom@nem2aglmadoaddut|on

const st carpoffl sfforii i ABB L8 ERhe SR kel S BB G 0 1 e

i s sel eyaeldchtmmmmﬂiwoﬂfcamlasﬁnﬁlaﬁtjl ng of alkyl, cycloal kyl - go-

het er ocycl oal kyl, _ary het eroaryl, and aral ky| , to provi de the internediate
conpound of for ) a ﬁtepdg) @@B"?Q% regeHng thaecomppuid Qﬁfﬂl‘mulﬁgxﬂalma

i nt ' f bl I t, d
'(g) o r'n%ba i %ggggél Oc%ﬂqgg/ﬁiagef LR b5E, with 8 34430 vent. an

10  cyclobutene-1 ,2-dlone to yield a compound formula XIil.

4.  The process of claim 45 wherein:

(1)  said acid in step (b) is selected from the group consisting of:
ammonium suiphate, ammonium nitrate, ammonium chloride, H2S04, HCI, HsPOy4,

15 citric acid, mesyichloride, paratoluenesulfonic acid, paratoluenesuifonic acid pyrid'ium
salt, alkylsulfonic acid, and mixtures thereof;

(2) said silylating reagent in step (b) is selected from the group
consisting of: hexamethyldisilazane, TMS chloride, and TMSOTF, wherein said TMS
chloride is used in combination with triethylamine , and said TMSOTF is used in

20  combination with triethylamine;

(3) said suitable solvent in step (c) is selected from the group
consisting of: benzene, toluene, TBME, THF, DME, dimethoxyethane, and mixtures
thereof;

(4) said acid in step (d) is selected from the group consisting of:

25 H28Q4, HCI, H3PO4, citric acid, ammonium chioride, and mixtures thereof;

(6) said base in step (d) is selected from the group consisting of:
ammonium hydroxide, metal hydroxide, metai oxide, metal carbonate, metal
bicarbonate, and mixtures thereof, wherein said metal is selected from the group
consisting of: lithium, sodium, potassium, rubidium, cesium, beryliium, magnesium,

30 calcium, strontium, barium, aluminum, indium, thallium, titanium, zirconium, cobait,
copper, silver, zinc cadmium, mercury and cerium; and



s a conpound of formula X, and then addi ng

3, 4-di al koxy- 3-cycl obut ene-1, 2-dione to said conpound of forrmula X,
adjusting the tenperature to about 0C to about 80C to vyield a conpound of
formula XliIl;.and (7) Step (g) conprises reacting the conmpound of formula
X11, in a suitable solvent with a catalytic anount of a suitable base, with
a 3, 4-di al koxy-3- io cycl obutene-1, 2 ione to yield a conmpound fornmula XII1.
46 The process of cl ai m 45wherein: 1¥'<aid acid in step (b) is selected
fromthe group consisting of. ammnl um sul phat e, amoni um nitrate, ammoni um
chloride, H2SO4, HCI, H3P04, 15 citric acid, nesylchloride,

par at ol uenesul f or(B¢ acsiait audnastﬂmﬁhlssadléoteﬂ froarthe gmubdjonaistllsgbf

al kyl sul fonjc a and xt th ( silylating reagent in
step (b4 |f8§‘°s%q"iscq@aa'?9 3qds HHZ%SGJJ'[B& %&@sééﬁ 'Efca"ﬁé’ @k | azane,
TNVS chl @TF, wherein said TMS chI oride is used i n conbi nati on
with trrﬁg{%l'ﬁ’éfgﬁlé}%gﬁ-%and said TMSOTF is used in 20 conbination with

triet hyI am ne; (JY) salsgldsbaseabi stepdyysreelected from M)gmapamhssﬁﬂgiof r (ﬁm t he .
rou slst enzene, yen i,met hoxyet hane, an
O oD abmameans RuRE; WG aevla&?aﬁ W@Be@@snﬂysseé%crtgg'?w HECSO0RE gr oup
d, hli d d
consi stdd?lghs%g széw é?ﬁ?ﬁ@%?sew citri c aci ammoni um chl ori de, an

m xtures t nstep(d) is selected fromthe group
consisting of: anmoni um hydroxi de, netal hydroxide, netal oxide, netal

car bonat e, L' bi car bona {]é and xtur es thereof, wherein said netal is
sel ected frofit helhg IegeseE 8 B Tere'nl t hi um sodi um pot assi um

rubi di um - cesi Umyper ayd . .rj&%‘ﬁmwno?% SBH1RY8 aThh Oy D

al um num i ndi um I um | tani Zi rconi copper, silver,
zi n¢ cadm urgquinaientrwitharegpect fousaid ohpofitd of ©rmada Hi; aC| din step (f) is

o5, P | Toro !} SRR i ebd AP sl
respect to the compound of formula VI, -
(3) said organometallic reagent in step (¢) is from about 0.1 to about
5 molar equivalents with respect to said compound of formula Vi;
.15 (4) said acid in step (d) is paratoluene sulfonic acid; and
(6) said base in step (g) is diisopropylethylamine.

48 A process for producing a compound of the formula I:

L/

eI avs

OH

I=

20

comprising:
(@) converting the compound of formula 1i{
0
0
H
\ |

25



m xtures thereof; and (7) said base in step (g) is selected fromthe group
consisting of: s pyridine and N(R3)3, wherein each R3 is independently
selected fromthe group consisting of: alkyl, aryl and arylal kyl. 41. The
process of Claim46 wherein: (1) said R-2-(-)-phenylglycinol in step (a) is
-at | east about 0.01 nolar 0 equivalent with respect to said conmpound of
formula 111; (2) said acid in step (b)_is at |east about 0.2 nolar

equi valent with respect to the conpouﬁ%l of formula VI; (3) said
organonetal lic reagent in step (c) is fromabout 0.1 to about 5 nolar

equi valents with respect to said conmpound of forrmula VII; 15 (4) said acid
i n step toad) campauardhafdbrmule ¥l f oni ¢ acid; and (5) said base in step (g) is
di i sopropyl et hyl am ne. 48. A process fog, produci ng a conmpound of the formula
t: /1 o010 N\ O HH 20 OH 1 ngglswg_l (a) converting the conpound
of formula Il 0 \~ H 111 25 _sz. g-a~ebnpound of fornula VI: Ph

\ |
Y/

(b)  adding a protecting group to the compound of formula VI to yield a
5 compouhd'of formula VII:

Vil

wherein G represents a protecting group;
10
(c) reacting the compound of formula VIl with a suitable organometallic

reagent, followed by work-up, to yield a compound of formula VIII:

Ph
= oG

HN/\/
O ‘q,Et
\
Vi

15



~10H NH VI VI (b) adding a protecting group to the conpound of formula
Vi to yield a 5 conmpound of fornmula VII: Ph OG H VII wherein G represents
a protecting group; 10 (c) reacting the conmpound of formula VII with a

sui tabl e organonetallic reagent, followed by work-up, to yield a conpound
of formula VIIl: Ph G HN'Et WVIII 15 -Rs3- (d) renoving the protecting

group (G fromthe conpound of formula VIIl to vyield a conpound of fornula
IX: Ph OH HNI /E [IX _g3.

(d)  removing the protecting group (G) from the compound of formula VIII to
yield a compound of formula IX:

5 (6)  converting the compound of formula IX into an imine intermediate
compound of formula X:

) converting the imine intermediate compound of formula X into the salt of
10 formula X

(@) reacting the compound of formula Xl with the compound of formula Q:

O‘%T "//O
RO OR

Q
15



5 (e) converting the conpound of fornmula I X into an imne internediate
conpound of fornmula XX Phn N) i/Et \ I X (f) converting the imne

i ntermedi ate conpound of formula X into the salt of 1o fornmula XI: 0 Acid
HzN XI (g) reacting the conpound of fornula XI with the conpound of fornmula

Q O009- ROOR Q 15 - to yield a conmpound of fornmula XIll: oo 0O RO H I
XII'l wherein Rrepresents (G -Go)alkyl in fornmulas Q and X111; or 5 (h)
converting the conmpound of fornmula XI to a conpound of formula XlI: HZNO

XI'l and reacting the conpound of formdfa XI1 with a conmpound of formula Q

to yield a compound of formula XIII:

0 0
%\ _14, /

— : O

RO N W

Xil
wherein R represents (C4-Co)alkyl in formulas Q and XHI; or

5 (h)  converting the compound of formula Xl to a compound of formula XIi:

HZN/IO/}/

Xi

and reacting the compound of formula X!l with a compound of formula Q:

O
N’

ll([[\

RO OR
Q

to yield a compound of formula XIII:

L

[— > O

v
10 Xin

wherein R represents (C-Cip)alkyt in formulas Q and XIII;

RO

"

)] converting the compound of formula Il
A

HO.C NO,
OH



0O 0O ROOR Q toyield a conmpound of formula XIIl: 00 O RO):tH 10 X 11

wherein R represents (Cl-Clo)al kyl in formulas Qand XIl1; (i) converting
t he conpound of fornula 11 A HO20 NO2 COH 11 - 35 wherein Ais selected
fromthe group consisting of Br, d and I, to a conpound of forrmula V. A

\' NOZOOH IV s (j) hydrogenating the conpound of formula IV with a
sui tabl e hydrogenation catal yst under %drogen pressure, to formthe
i ntermedi ate conpound of formula IV(TP?-.1 N\ ~ NHZ O CH

wherein A is selected from the group consisting of Br, Cl and |, to a compound of

formula IV:
A
_N
NO,
0 OH
v :
5 () hydrogenating the compound.of formula IV with a suitable
hydrogenation catalyst under hydrogen pressure, to form the intermediate compound
of formula IV(i):
|
_N
NH;
0 OH
V(i)
10 (k)  reacting the compouhd of formula V(i) with the compound of formula

XHl to yield the compound of formula L.

4.  The process of Claim 48 wherein:
(1}  Step (a) comprises mixing a solution of R-2-(-)-phenylglycinol
15 with said compound of formula lll, and heating the resulting solution at reflux with
| azeotropic removal of water to provide the imine compound of Formula Vi;
(2) Step (b) comprises mixing an acid and a silylating reagent with
the compound of formula Vi from step (a), and heating the solution at reflux to provide
a protected imine compound of formuia VII;

20 | (3) The organometallic reagent, in step (c), is in a suitable solvent,
and said organometallic reagent is selected from the group consisting of: diethyl zinc,
ethylzinc bromide, ethyizinc chloride, ethylmagnesium bromide, ethylmagnesium
chloride and ethylithium;



V(i) 10 (k) reacting the conmpound of fornmula IV(i) wth the conmpound of

formula X Il to yield the conpound of fornmula |I. 41c The process of Claim
48 wherein: (1) Step (a) conprises mxing a solution of
R-2-(-)-phenylglycinol 15 with said conpound of formula Ill, and heating

the resulting solution at reflux with azeotropic renoval of water to
provide the imne conpound of Formula VI; (2) Step (b) conprises m xing an
acid and a silylating reagent with t& conmpound of formula VI from step
(a), and heating the solution at reflux to provide a protected im ne

conpound of formula VII1; 20 (3) The organometal lic reagent, in step (c), is
in a suitable solMgnt St d) eainprifc HaserRicting the "gﬁ%e&;m Sus 4 romthe
group consi sting M? dlee'?r( mgc et hyi zi r?(k:; bro Ph Iz*m“r?fcezJ cﬁ‘ oride,

et hyl rraﬁmefsﬁ?mmtw (ﬂ-‘hmﬁ] a@taﬁyll ftﬂlgwedl mntreatmant ivdih abaseitdnf(bn'n $aidm - 86- (4)
Step ( %P'ﬁﬁ%ﬁfe F‘;aogéectl ng the imne conpound of formula VIII fromstep

(c) wt d by treatnent with a base to formsaid conpound

of formula IX; (3))St eﬂebqbéé&ﬁgﬁééseélsgbﬁrfr@tﬁg rﬁoﬁ}ﬁj rie aggq ihgrmula I'X

in a s suitable soOlven RANH2, an tion of said
RANBL2, sa.ﬂtablagswlmenhaddmgd% aNHxgad; following the aidt:hunrt oksaid RiplHxoaddingiang of .

NabO4, OAC xt ures thereof el ected from
the or G AoeF §oBpteditiam B giubeanpietingit: Nakey cibGhel Hallby an

het ero%%ure@?ﬁer@o?'%ﬁérenﬁ R“ " redled e Hﬂég CBO?I%%U %‘H@‘i’ mg@lfoa fm“ aXx
10 (6) Step (f onprises (1) dissolving nterrre te oun

f or nul shetefacy aikyb arg) hetenaalyuandlaralkybmpmwdeaﬁm 1(1123mmdhhteg;ommlndabl e
acid to rowlge)sva conmpound of forrmula Xl, and then addi ng

3, 4- di TG cl obut ene-1, 2-dione to' said conpound of fornula X,

?(cj)Jr P'ralt :ingq T Ihe tenpsr atgkep (F)Q:o?tﬁ?}ébsqq;) HRs8RRIY s SntbRnediatd QOIﬁp&S’r‘fﬂ)SI““d of
formula X from step (e) in a suitable solvent, and (2) adding a suitable acid to provide
a compound of formula XI, and then adding 3,4-dialkoxy-3-cyclobutene-1,2-dione to
said compound of formula Xl, adjusting the temperature to about 0°C to about 80°C to
yield a compound of formula XIII;

15 (7)  Step (g) comprises reacting the compound of formula Xl|, in a
suitable solvent with a catalytic amount of a suitable base, with a 3,4-dialkoxy-3-
cyclobutene-1,2-dione to yield a compound formula XIII;

(8) Substituent A is Brin step (i);
(9) Step (i) comprises reacting said compound of formula ll with a

20  suitable acid chloride in a suitable solvent at a suitable temperature, and then
reacting the resulting reaction mixture with dimethylamine;

(10) step (j) comprises making a mixture of said compound of formula
IV, a hydrogenation catalyst, and a suitable base, and pressurizing the mixture under
Ha pressure;

25 (11) Step (k) comprises reacting the compound of formula Xlll with the

compound of formula IV(i) at a suitable temperature fo yield the compound of formula

L



15 (7) Step (g) conprises reacting the conmpound of fornmula X11, in a
suitable solvent with a catalytic anount of a suitable base, with a

3, 4-di al koxy-3- cycl obutene-1,2-dione to yield a conpound forrmula XIl1; (8)
Substituent Ais Br in step (i); (9) Step (i) conprises reacting said
conpound of forrmula If with a 20 suitable acid chloride in a suitable
solvent at a suitable tenperature, and then reacting the resulting reaction
m xture with di nethylam ne; (10) step conprises making a m xture of said
conmpound of formula 1V, a hydrogenation catalyst, and a suitabl e base, and
pressurizing the m xture under H2 pressure; 25 (11) Step (k) conprises
reacting the conpound of formula XIlIl with the conmpound of fornula IV(i) at
a sui tabl e t&hper ahepeocassyifdidim #& whergiound of fornula L -Si 50 The

process of Claim)Mwherein:, (1) said acjd,ip step (b) is selected fromthe
group consi sting SITIYI %ﬂ&rﬁ‘?f%&\ %tﬁ'P &)dﬁé?'%ﬁ?ﬂﬁ%ﬁﬁia@@ gongigtimetim
chlorid nﬂﬁﬁ@ﬁ . oGl ik ' ; A

par at ol grennesul osrlfilﬂ?‘ ae&g':_%ﬁﬁgoe?r'%rﬁorf'%éet%égﬁll é’ﬁ‘?@%ﬁé‘?@‘%f rziﬁg?“l’) Hcg’ EI%FI,?“

al kyl sutitrinacid aviedylchlodde; paratelsendsaifonic;acid )pasaictuendsylfaticagid pyidimn i n

step (b)_is,.selected f.romthe gro cansi sting of: hexanet hyl di sil azane,
TVB Schl %?I#’@éky?%ﬁ@”ﬁﬁﬁf@nwgr%u‘gﬁm??-TNB chloride is used in combination
with triethyl am ngy, e+ ' ' ' ' |
triethyl am ne; 10&()3) a@?ﬁﬂgggg o) egn:tﬁ %@ﬁg%%ﬂ#ﬂ?ﬁ@g?@%ﬁ%&\?@ﬁi n a

sui t abl eorsistingnaf; hexamndthytdisilaman e AT MScchier@des rind TSSO T, tvetseréinasaid MeISr oup

OO ot LBaL I vk o S a2 Bring o s S RO S sai d
benzonce o e Wil el et hoxy et hane, and | L5 m xt ur 9.t her eof
10 (3) said organometallic reagent in step (c) is in a suitable solvent,
said organometallic reagent is selected from the group consisting of: diethyl zinc,
ethylzinc bromide, ethylzinc chloride, ethylmagnesium bromide, ethylmagnesium
chioride and ethylithium, and said suitable solvent in step (c) is selected from the
group consisting of: benzene, toluene, TBME, THF, DME, dimethoxyethane, and
15 mixtures thereof;

(4) said acid in step (d) is selected from the group consisting of:
H.S0,, HCI, H3POy, citric acid, ammonium chioride, and mixtures thereof;

(5) said base in step (d) is selected from the group consisting of:
ammonium hydroxide, metal hydroxide, metal oxide, metal carbonate, metal

20  bicarbonate, and mixtures thereof, wherein said metal is selected from the group
consisting of; lithium, sodium, potassium, rubidium, cesium, beryllium, magnesium,
calcium, strontium, barium, aluminum, indium, thallium, titanium, zirconium, cobalt,
copper, silver, zinc cadmium, mercury and cerium; and

' (6) said acid in step (f} is selected from the group consisting of:

25 sulfonic acids, tartaric acids, H2SO4, HCI, H3PO4, HBr, and carboxylic acids, and
mixtures thereof;

(7}  said solvent used with said acid chloride in step (i) is selected
from the group consisting of: acetonitrile, THF, t-butylmethylether, methylenechloride,
toluene, ethylacetate, diethylether, and chloroform;

30 (8)  said acid chloride in step (i} is selected from the group consisting

of: thionyl chloride and oxalyl chloride;



(4) said acid in step (d) is selected fromthe group consisting of. H2SO4,
HCl, H3PO4, citric acid, amoni um chloride, and m xtures thereof; (5) said
base in step (d) is selected fromthe group consisting of, amonium

hydr oxi de, netal hydroxi de, netal oxide, netal carbonate, netal 20

bi carbonate, and m xtures thereof, wherein said netal is selected fromthe
group consisting of: lithium sodium _potassium rubidium cesium
beryllium magnesium cal cium stronmtPam barium alum num i ndium
thallium titanium zirconium cobalt, copper, silver, zinc cadm um
mercury and cerium and (6) said acid in. step (f) is selected fromthe

group consisting (@) Qéldstﬂh‘feﬂiylmmelldsteﬁ ﬁ)mﬁmet arfiihe gaS6Ma sbigtion H3PO4,
HBr, and car boxyl i,c a%@f% tand m Xt ur es er eof sai d sol vent used with
B

sai d acPfd mtbvlaaww b@ﬁongn%@QSl:meﬁﬁld dmﬁhvlﬁm@e@gwt@anssglemgi of :

ot ny acdon) fro bl sbnabiite F ARG, T BUBRERVEeR nerbrteBbre.

step (I}olu§n§@tnyla@@tafémthwgtmoarm@ﬁlbﬁoféﬁhﬂg of : thionyl chloride and
oxal yl chloride; -88- (9) said di met hyl amine in step (i) is dinethylamne

gas or a sol ution(¥) desuitabledaseds wsed in atepr@amlsmﬁ aaeesjselﬁct@d. tm

acet ot U pRGPTREYIAG af 1 OEL RAHpdC R NERIGORRIELRD) Une,

et hyl ac gdtrdmethdigabhidines, IDBL, disbpeshyistAlRiihe and kRiktiures tdrabf; @nBase is used
in step Q and said base |s sel ected from the group consisting of., KOH,

NaOH, Na2Co3, K2cHdl) ddw/dregenation ceéalysiiestap Guissetrated fromuhe group

cat 2?52?85%5@{%98@632@' BB R B BRypt s (1) s 0 hydrogenation
qu-(; and raney nickel. 10 5~ The process of Caim50 wherein: (1) said

2-(-)- phenyl gI ycinol in step (a) is at |east about O. 01 nol ar
The process of Claim 20 wherein:

(1)  said R-2-(-)-phenylglycinol in step (a) is at least about 0.01 molar
equivalent with respect to said compound of formula llk;
(2) said acid in step (b) is at least about 0.2 molar equivalent with
15 respect to the compound of formula VI, |
(3) said organometallic reagent in step (c) is from about 0.1 to about
5 molar equivalents with respect to said compound of formula VIi; |
(4) said acid in step (d} is paratoluene sulfonic acid;
(6) said acid chloride in step (i) is thionyl chloride;
20 (6) said solvent used with said acid chloride in step (i) is acetonitrile;
(7)  said dimethlyamine in step (i} is at a concentration of at least 1
molar equivalent with respect to said compound of formula II;
" (8) said hydrogenation catalyst in step (j) is Pd/C; and
(8) sald Hy pressure in step (j) is from about 10 to about 500 psi.
25



equi valent wth respect to said conpound of fornmula II1l; (2) said acid in
step (b) is at |least about 0.2 nolar equivalent wth 15 respect to the
conmpound of forrmula VI; (3) said organonetallic reagent in step (c) is from
about 0.1 to about 5 nolar equivalents with respect to said conpound of
formula VII; (4) said acid in step (d) is paratoluene sulfonic acid; (5)
said acid chloride in step (i) is thionyl chloride; 20 (6) said solvent used
with said acid chloride in step (i) i~Facetonitrile; (7) said di methlyanine

in step (i) is at a concentration of at least | nolar equivalent with
respect to said conpound of fornula Il; (8) said hydrogenation catalyst in
step 0) is PELC Ampfotsds RprepdfingeeesHpSund offdifufd ): 1S from about 10 to
about 500 psi. 25 52 A process for 8r¢par|ng a conmpound of formula I: Oo

N\ 1 O HH O OHS5 conprising.:
A HX®2c 4 N2 CH 11 in:|io
of : acetonitrile, THF, tNbut
et hyl acetate, diethyl et I’(er,
fromthe group consisting of

a) Y ssprving the compound of formula 11:
ent ected fromthe group consisting

I . peth neehl ori de, tol uene,
r of orrq an a7 acid chloride sel ected
chl orl de

s comprising:
(a) - dissolving the compound of formula Il:

A
HO.C NO,
OH
il
in:
10 a solvent selected from the group consisting of: acetonitrile, THF,

t-butylmethylether, methylenechloride, toluene, ethylacetate, diethylether, and
chloroform, and ‘

an acid chloride selected from the group consisting of: thionyl chloride and
oxalyl chloride, wherein a catalytic amount of DMF is optionally used when oxalyl

15 chloride is used;

and adjusting the temperature of the resulting reaction mixture to a about
-20°C to about 110°C;
| cooling the reaction mixture, when the reaction is complete, to a temperature
of about 5°C to about 10°C;

20 adding dimethylamine gas or a solution of dimethylamine, at a concentration of
at least about 1 molar equivalent with respect to the compound of formula Il, wherein
the solvent used in said dimethylamine solution is selected from the group consisting
of: acetonitrile, THF, t-butylmethylether, methylenechloride, toluene, ethylacetate,
diethylether, and chioroform;



oxal yl chloride, wherein a catalytic anmount of DMF is optionally used when
oxalyl 15 chloride is used; and adjusting the tenperature of the resulting
reaction mxture to a about -20C to about 110C, cooling the reaction

m xture, when the reaction is conplete, to a tenperature of about 5Cto
about 10C, 20 addi ng di nethylam ne gas or a solution of dinethylamne, at a
concentration of at |east about | nolgr equivalent with respect to the
conmpound of forrmula 11, wherein the~stl'vent used in said di nethylam ne
solution is selected fromthe group consisting of, acetonitrile, THF,
t-butyl met hyl et her, nethyl enechl oride, toluene, ethylacetate, diethylether,
and chl or of cadjustingithedtdmpetatogs bhibetrespitingredctionfmixberertd sehpidatipa6f | on

m xture to.a éoe erature of about -20C to about 50C, acidifying the

resul t | FRPULs2R TG EMabRUkBX & wi t h an aqueous acid to a pH of about 0 to about

7, to producg.;aaG f X : \ : 5 1 wherein Ais
in the como%ﬁ%gﬁw&%ﬂﬁﬁa’g rg%.g@r{gm ?)@quﬁwgigg&qyg%pﬁ%ﬂ%ea Byéﬁﬁbou{a

consi st( fegaloduttr, to Groduws a cofhBolifd ohftdnugenat i ng the conpound of fornula IV
by m xing said conpound of fornula IVwith: a base selected fromthe group
consisting of. KOH, NaCH, Na2CO3, K2COg NaHCGO3, KHCGB,

t et ranet hyl guani di ne, DBU, dii soprop Y

wherein said base is in a concertrat
15 with respect to the conmpoungns

wherein A is in the compounds of formulas If and IV is selected from the group
consisting of Br, Cl and |;

10 (b)  hydrogenating the compound of formula IV by mixing said'compound of
formula IV with:
a base selected from the group consisting of: KOH, NaOH, NaxCQOj3, KoCOs3,
NaHCO3;, KHCO3, tetramethylguanidine, DBU, diisopropylethylamine and mixtures
thereof, wherein said base is in a concentration of at least about 1 molar equivalent
15 with respect to the compound of formula 1V,
a hydrogenation catalyst selected from the group consisting of: PdlC, Pt/C,
PdOH, and Raney nickel; and '
a solvent selected from the group consisting of: THF, methanol, ethanal,
propanol, isopropanol, acetonitrile, ethyl acetate, and mixtures thereof; and
20 pressurizing the resulting mixture under hydrogen at a pressure of about 10 to
about 500 psi to produce the intermediate compound of formula IV(i):
,L

s
NH;

V(i)



a hydrogenation catal yst selected fromthe group consisting of. Pd/C, Pt/C,
PdOH, and Raney nickel; and a solvent selected fromthe group consisting of.
THF, met hanol, ethanol, propanol, isopropanol, acetonitrile, ethyl acetate,
and m xtures thereof; and 20 pressurizing the resulting m xture under
hydrogen at a pressure of about 10 to about 500 psi to produce the

I nt ernmedi ate conpound of formula I'V(i),,/N\ NHZ' OOHIV(i) -gq\- (c)
addi ng the conpound of formula Q@ O o“qho OR Qin a concentration of at

| east | nolar equivalent with respect to the conpound of formula IV(i), to
the reaction m xture conprising the conmpound of formula IV(i) 5 obtained in
step (b), andcladj addingthereompaupdrafformulad:about 0 C to about 80 C to
produce a conpound of formula V. N9 N-@R O OH HYV wherein Rin said
compound of formula Qis selected frRam#he group consisting of: methyl,
ethyl, propyl and isopropyl, and whereip said reaction is optionally
catalyzed io by a base selected fromt group consisting of: KOH NaCH,
Na2C03, K2CO3, K2CCB8, NaHCO3, KHBQ@3, tetarRanet hyl guani di ne, DBU,

dii sopropyl ethyl am ne, and m xtures tgereof;

in a concentration of at least 1 molar equivalent with respect to the compound of
formula IV(i), to the reaction mixture comprising the compound of formula V(i)

5  obtained in step (b), and adjusting the temperature to about 0°C to about 80°C to
produce a compound of formula V:

| N/

N —
N OR

-~

wherein R in said compound of formula Q is selected from the group consisting of:
methyl, ethyl, propyl and isopropyl, and wherein said reaction is optionally catalyzed

10 by a base selected from the group consisting of: KOH, NaOH, NazCOs, KzCO3,
K2C0Os, NaHCO3, KHCO3, tetramethylguanidine, DBU, diisopropylethylamine, and
mixtures thereof;

(d1) mixing: the compound of formula V from step (¢} with the compound of
15 formula XI

-ul\

Acid -HaN/\E}/

Xl

and a base in a solvent, heating the resulting reaction mixture to a temperature of
about 20 °C to about 150 °C, and then acidifying the reaction mixture to a pH of about
20 3toabout 7, to produce a compound of formula {; said base being selected from the
group consisting of; pyridine, dimethylaminopyridine (DMAP), diisopropylethylamine
and -N(R?);; wherein each R? is independently selected from the group consisting of;



(dl') mxing: the compound of fornmula V fromstep (c) with the conpound of
15 fornmula XI Acid HZNO Xl and a base in a solvent, heating the resulting
reaction mxture to a tenperature of about 20 C to about 150 C, and then
acidifying the reaction mxture to a pH of about 20 3 to about 7, to produce
a conpound of fornula |I; said base being selected fromthe group consisting
of : pyridine, dinethylam nopyridine (DMAP), diisopropylethylamne and
-N(R2) 3; wherein each R2 is independenhtty selected fromthe group consisting
of : -qg'2- alkyl and cycloal kyl; and said base being used in a concentration
of at least about I nolar equivalent with respect to the conpound of
f or nul a alky) and ¢yslaatkyk ahd esaid basmgeingejsedtmdz doreentratioy bpableasinaiigiitiing of .
nitrife, ther %nd alCOhokmffl ents; or 5 (d2) m xing the conpound of
HthGeRmp

f or nul a“)@ ar eqiiivaje L With regp Qg @ Hla WopBgisaid selventbringr oup
e L 8RRl i YReJrl BRSNS il Bitlfiand BIcBAG! o diflsl e+ K1 1

reacti on mxture e Sse e’ group con
KOH, My(OH)2, Na2CO3 and K2CO3, to a pH of about 7 to about 14, sald

basification@in ,d.ong at ate erg}ture of about 0OC to about 50 Cto
produce a co g the ramRownd of formyaXk| | 15 dissol ving said compound

of formula V fromstep (c) in a solvent selected from the group consisting
of : al cohol solvents, nitrile solventsz ether solvents and toluene; mxing

the resulting solution with the corrpo ofp formula XiI, and optionally
Acid *HzN \ /

Xl

with water and solvent selected from the group consisting of: ethers and methylene
chioride; |

10 basifying the resulting reaction mixture in a base selected from the group
consisting of: NaOH, KOH, Mg(OH)2, NaxCO3 and K,COQs3, to a pH of about 7 to about
14, said basification being done at a temperature of about 0°C to about 50 °C to
produce a compound of formula XII:

15
dissolving said compound of formula V from step (¢) in a solveﬁt selected from
the group consisting of: alcohol solvents, nitrile solvents, ether solvents and toluene;
mixing the resulting solution with the compound of formula Xli, and optionally
adding a catalytic amount of a base to the resulting solution, wherein said base is
20 selected from the group consisting of: pyridine and -N(R®)s, wherein R? is selected
from the group consisting of: alkyl, aryl, aralkyl, and arylalkyl, and wherein the
temperature of the resulting solution is about 10 °C to about 150 °C, to produce a
compound of formula |;

25 (e)  wherein said compound of formula Xl is prepared by:



adding a catalytic amount of a base to the resulting solution, wherein said
base is 20 selected fromthe group consisting of: pyridine and - N(R3) 3,
wherein R3 is selected fromthe group consisting of: alkyl, aryl, aralkyl,
and aryl al kyl, and wherein the tenperature of the resulting solution is
about 10 C to about 150 C, to produce a conpound of fornmula I; 25 (e)
wherein said conpound of forrmula Xl is prepared by: -913- mxing the
conmpound of forrmula IIl1: O \ H 111 §q§ith 0.01 nol ar equivalent, with
respect to the compound of fornmula Il'l,”of R-2-(-)-phenylglycinol in a

sol vent selected fromthe group consisting of: aromatic solvents,

hal ogenat ed sol vents, al cohol solvents, nitrile solvents, ether solvents,
and ni xt ur efnixingrtBecompeyndefiformyla B resulting nmixture at reflux to
produce a conpound of formula VI: Ph H NH 10 VI mxing the solution
conprising the conpound of formula VI with a silylating reagent selected
fromthe group consisting of: hexanethyl dDsil azane, TMS chloride, and
TMSOTF, wherein the TMS chl oride or TAVEOT is used in conbination with an 15
aryl or al kyl base, and an acid in ation of at |east about 0.2
nol ar equivalent wth respect to t npound of fornula VI, said acid
being selected fromthe group consis I g of : ammoni um sul phat e, anmoni um
nitrate, amonium chloride, HSO4, HC, H3PO4, citric acid, mesyl chloride,
par at ol uenesul foni-c acid, paratoluenesulfonic acid pyridiniumsalt, and

al kyl sul fonic acid, and heating the resulting reaction m xture
5 with 0.01 molar equivalent, with respect to the comnpound of formula Hll, of

R-2-{-)-phenylglycinol in a solvent selected from the group consisting of: aromatic
solvents, halogenated solvents, alcohol solvents, nitrile solvents, ether solvents, and
mixtures thereof, and heating the resulting mixture at reflux to produce a compound of

formula VI:
P[l OH
" A~
o |
H
\ |
10 Vi :

mixing the solution comprising the compound of formula VI with a silylating
reagent selected from the group consisting of: hexamethyldisilazane, TMS chiloride,
and TMSOTF, wherein the TMS chloride or TMSOTF is used in combination with an
15 aryl or alkyl base, and an acid in a concentration of at least about 0.2 molar equivalent
with respect to the compound of formula VI, said acid being selected from the group
consisting of: ammonium sulphate, ammonium nitrate, ammonium chloride, HxSOy,
HCI, H3PO,, citric acid, mesyl chloride, paratoluenesulfonic acid, paratoluenesulfonic
acid pyridinium salt, and alkylsulfonic acid, and heating the resulting reaction mixture

20  at reflux to produce an imine compound of formula VIi:
Ph

_ Vil
wherein G represents a protecting group that is the silylating reagent used;



20 at reflux to produce an imne conpound of formula VII: Ph G NH VI
wherein G represents a protecting group that is the silylating reagent used,
-qy- mxing said imne conpound of formula VII with an organonetal lic
reagent in a solvent at a tenperature of about 0 Cto about 80 C, said
organonetal lic reagent being selected fromthe group consisting of: diethyl
zinc, ethylzinc brom de, ethylzinc chlqride, ethylmgnesi um brom de,

et hyl magnesi um chl ori de and ethyl litht ﬂ]‘ said 5 organonetal lic reagent
being used in a concentration of 0.1 to about 5 nolar equivalents with
respect to the conpound of formula VII, said solvent being selected from
the group comikisgisad hineisempenmd afdormeula, VIMBItE anTi§andivietallic rezidepk res hane,
and m xt U" es

t f f la VII1: Ph/0G HN. V
e\ S50ER ol S S SRAGEACOP FRBLRAP 2C\pH QespomtalieregsBbus. aci d

sai d ackdiPed -1 ﬂ@g rald f . &W%l anl .
equi val gg{r@eévé] ?ﬁefagrsoﬁ)%ct @“ﬁ’h@“i@#@&&ﬁ@gw %gllré’rr%ﬂg #’r&%@% %V\%&"er and
a cosol ebloridanethylmagnesiuma bresidd, ietiyylmagresium chidddeand dinyikthium sgdi@ m xture
to adjust the pH of the yeous phase to agbqut 9 to about 13, to produce a
conpoun@En tallicyepgentbieing usgg in a concentration of 0.1 to about 5 mélar

equivalents with respect to the compound of formula VI, said solvent being selected

from the group consisting of: benzene, toluene, TBME, THF, DME, dimethoxyethane,

and mixtures thereof, to produce a compound of formula VIIi:

" 0G
w7
O '.r,l
\ , ‘Et
VIl
10 adding the compound of formula VIII to a cooled aqueous acid, said acid being

at a concentration of about 2.5 to about 5 molar equivalents with respect to the
compound of formula Vill, adding water and a cosolvent and mixing the resulting
mixture, adding a base to said mixture to adjust the pH of the aqueous phase to about
9 o about 13, to produce a compound of formula 1X:

P OH
HN /\/
O '1,,/
\ , Et
15 IX

said co-solvent being selected from the group consisting of: methanol, ethanol,
propanol, isopropanol, butanol, sec-butanol, pentanol, hexanol, heptanol, octanol, and
mixtures thereof, )

said base being selected from the group consisting of: ammonium hydroxide,

20 metal hydroxide, metal oxide, metal carbonate, metal bicarbonate, and mixtures

thereof, wherein said metal is selected from the group consisting of: lithium, sodium,
potassium, rubidium, cesium, beryllium, magnesium, calcium, strontium, barium,
aluminum, indium, thallium, titanium, zirconium, cobalt, copper, silver, zinc cadmium,

mercury and cerium, or



& '"/i | Et 15 I X said co-solvent being selected fromthe group consisting
of nethanol, ethanol, propanol, isopropanol, butanol, sec-butanol,

pent anol, hexanol, heptanol, octanol, and m xtures thereof, said base being
selected fromthe group consisting of. amoni um hydroxi de, 20 netal

hydr oxi de, netal oxide, nmetal carbonate, netal bicarbonate, and m xtures
thereof, wherein said netal is selected fromthe group consisting of.
lithium sodium potassium rubidi um?Resi um beryllium magnesi um

calcium strontium barium alumnum indium thallium titani um

zirconium cobalt, copper, silver, zinc cadmum nercury and cerium or

-05- sai d basgidibsisedetn] selberd Fomthd graupensistingy oft angetal salbong{e)- salt of
a (Cl1 Cl2).al kano - C!:12|£cycl oal kanol, wherein the nmetal is selected
oa

| and_a (C3 ! .
from t h&1zalsgpol %%@r%z}cﬂf». anolwherein dhe majal igiselasted frgm the grewpound of
formul a 1 lLeatied. fromthe group 5 consisting of: water,
nmet hanoP%’ﬁ(%'%lﬂﬁ% ?Ebwfadzgr?g'ﬁ,m%opropanol , butanol, sec-butanol, pentanol,

hexanol , t et disbyleingfthe @ompbuaddififeirhghaXtinaokent sdledieeit romthe ghaupe, _
di gl yme, 1,4-dioxane, and m xtures thereof, cooling the result |tgg sol ution
@

to & tefpRyisting o wetelmmethanol csthangb prrpargl.dsoprapanelgbieneh ses-tisanpl,
20h ot BB, SRR AT S8R BEAHD AU RBBRES 1"
Ph NI Highlrhe, ?4-digdathepand ehirturds tiseresf, sel ected from the group consisting of
alkyl, eyel Ogcl)cl;h}l/'llg’the resulting solution to a temperature of about -5 °C to about 20 °C,

adding R4NH2 to said solution, and then adding an agent selected from the group

10 consisting of: NalO,4, Pb(OAc)s, HslOg, and mixtures thereof, to produce a compound
of X:
Ph

~
N

o

\ ’ K Et
| X ; and
wherein R* is is selected from the group consisting of alkyl, cycloatkyl,
heterocycloalkyl, aryl, heteroaryl, and aralkyl; '
15 dissolving the compound of formula X in a solvent and adding the resulting
solution fo an acid solution at a temperature ranging preferably from about -50 °C to

about 80 °C to produce the compound of formula Xi:

Acid -ng/\t},

Xl

-ull\

said compound Xl being a sal,
20 wherein said solvent is selected from the group consisting of: hydrocarbon
solvents and ethers and mixtures thereof, and
said acid is selected from the group consisting of: sulfonic acids, tartaric acids,
H,S04, HCI, HsPOy4, HBr, carboxylic acids and mixtures thereof.



het er ocycl oal kyl, aryl, heteroaryl, and aral kyl; 15 di ssol ving the conpound
of formula X in a solvent and adding the resulting solution to an acid
solution at a tenperature ranging preferably fromabout -50 Cto about 80 C
to produce the conpound of formula XI: Acid HZN XI said conpound Xl being a
salt, 20 wherein said solvent is selected fromthe group consisting of:

hydr ocarbon solvents and ethers and m xtures thereof, and said acid is
selected fromthe group consisting of, Aul foni ¢ acids, tartaric acids,

H2SO4, HCI, H3PO4, HBr, carboxylic acids and m xtures thereof. - gb- 53 The
process of Caim Slwherein: in step (a), the preparation of the conmpound of
formula 1V, tie r&hetprocesstdfeClapaciwinersingt ure of said conpound of fornula
Il and said acid ¢chloride.is 40C tQ g%&ét 90C, said dinmethylamne is at a

concentration of HtSteR4a} theprrpraration IRQHNcPE formuta Vs digrmaction t he

0C o aRt oasBpMARULE of SAMtoh Ao oM AN saie ol AR 40RSHE 1700
about 5 absat 90°; isdid dimethyldmisisoats esncbnitiation of et eistdbbai@midier g oup

consiting of HC , H2SO4, H3P04, and m xtures thereof; in step (b), the
hy drfoge RAHValeNES With e3Rsint & e 6empaving: phiormmulasl; said fempenajuresofssidct ed from

the gro LSt ; ) . | d se is
used at P%aéé@ﬁggﬁdrrgﬁsl %&OL&%} g‘gﬁ%b#&? ?bgé;‘gég%’&ﬁﬁﬁ‘%ﬁgk?%'@a Ent f Ffas aid
cat al ysbf abowtel eecatssltfs; saidt duid dorossid aquedws acid iols feléCtedrfrbrRdidgratpi d

solvent is _ sel d framthe group consisting, of: nethanol, ethanol,
propanoPP“$'§6%P§§‘§1§|OH?é§ﬂdH3%@x’t btueedBereofind sai d hydrogen pressure is
about 20 to about; ' be WP G ' ound
of formual Q wit h'ﬁgp?gkﬁ@%h}é%@?h?%@]@rﬁfﬁ'% @Wé%igﬁ@ghn@o%uﬁé S%{bq?%érwrrﬁl aQ
I s 1sediss$elected i theagiowp cinsistingwf: HasCD;, IKJ0OD A laodtmktures dhereaf)isal] ent s,

said t egggé ?sf Hsreed ia’tsa ggﬁgéntrza io% otf%b%a? LII.tOS to about 1.5 molar equivalents, said
catalyst is selected from the group consisting of Pd/C and PdOH, said solvent is
selected from the group consisting of: methanol, ethanol, propanol, isopropanol, and
mixtures thereof, and said hydrogen pressure is about 20 to about 200 psi psi;

15 in step (c), the reaction of the compound of formual Q with the
compound of formula IV(i), the compound of formula Q is used at a concentration of
about about 1 to about 2 molar equivalents, said temperature is about 20 °C to about
50 °C, and said optional base is selected from the group consisting of: Na;COs,
K2CO3 and mixtures thereof;

20 in step (d1), the reaction of the compound of formula V with the
compound of formula Xl, said base is used in an amount of about 1 to about 2 molar
equivatents with respect fo the compound of formula V, said solvent is selected from
the group consisting of alcohol and nitrile solvents, said temperature is about 40 °C to
about 80 °C, and said pH is about 3 to about 5;

25 in step (d2), the reaction of the compound of formula V with the
compound of formula XII:

said mixture with said compound of formula Xl is basified with
NaOH or KOH to a pH of about 10 to about 14 at a temperature of about 10°C to
about 40 °C to produce said compound of formula XII,

30 said compound of formula V is dissolved in an alcohol solvent,

said compound of formula XlI being used at a concentration about

1 molar equivalent with respect to the compound of formula V,



50 C, and said optional base is selected fromthe group consisting of:
Na2CO3, K2COB8 and m xtures thereof; 20 in step (dl), the reaction of the
conmpound of forrmula V with the conpound of fornula Xl, said base is used in
an anmount of about 1 to about 2 nolar equivalents with respect to the
compound of fornula V, said solvent is selected from the group consisting
of al cohol and nitrile solvents, said nperature is about 40 Cto about 80
C, and said pHis about 3 to about 57 “in step (d2), the reaction of the
conpound of forrmula V with the conpound of fornmula XliI: said mxture with
sai d compound of fornmula Xl is basified wth NaOH or KOH to a pH of about
10 to about 14 at a tsaipeatalyticchase oy selbetad foomahe groud consistimy efduce sai d

a1 conol Peine AT Y wastistiech R FOPHEPardantSiseieed doin 1S GouBncent rat i on
ard cat TG TthlsBRrontl bR BFL Arepl R i a0 O % by i

sai d catal yti ¢ base’ bei hg roup consr’'sting of. pyridine
and - N(R3) 3 wher ei n esithteRBpemtunedd saittimsultingsaldicnedith thercompogndup
consistin f hyl , i sqpropyl ropyl, |, phenyl, tolyl and benzyl, and
sai d tefﬂf&\“%lﬁﬁb%?g %%‘?"garb@ﬁﬁpioﬁ O%ng@%\éi/vith the conpound of 5 fornula
XI'| being about & g il i Lon to
produce the conpglﬁ%éé%@f @r%'%Q%'}ﬁ%@d%'hgt@%ﬁg’g&ﬁg"%ﬁf%ﬁdﬁQfﬁb , said
?— g (- l)’el‘rdmpcgjr}cbdnfrfohnma lllnsaiid%@;a(eppha?ylgiycinbld iem@gtcior@@ﬁtrﬁti&lﬁf ?tﬁmﬁbort _

.5 nol. al ents, _and sai d. sol yent for sai enyl glycinol is
sel ect egg?‘ﬁmh@g@‘l‘tohé g ﬁEPg'E'i"ﬁ@"{ﬁv angsiid salveq Pﬁéﬁd Ri'%(‘)ﬁ chl or onet hane,
nmet hyl e il : . ol ,
eopt optraPUEeRs seIRERBRF AR brolE bbARling & AZonoBRRBRY ) et hyl et her
i n 19t epdichloromethaae; rethyleme tblopdedchderabeazenenstidinet, dthamsl] groaholf rom t he

CO”F’OU”%OBFOJa%B , n%ro\élahof %iufjansé.ﬁ,lﬁlcle%r{itrtli?e.r SR& t-ibsutﬁ%e(tal%lgt e];';r om the group
in step (e) in the reaction to produce the compound of formula VII from
the compound of formual VI, said silylating reagent is selected from the group
consistiﬁg of: hexamethyldisilazane, TMS chloride, and TMSOTF, wherein the TMS
15 chloride or TMSOTF is used in combination with triethylamine, and said acid is
selected from the group conéisting of. ammonium sulphate, ammonium nitrate and
ammonium chloride, said acid at a concentration of at least about 0.4 molar
equivalents with respect to the compound of formula Vi;
in step (e), in the reaction to produce the compound of formula VIII from
20  the compound of formula VI, said organometallic reagent is used in a concentration
of about 1 to about 5 molar equivalents with respect to the compound of formula VI,
said solvent is selected from the group consisting of; THF, TBME, and mixtures
thereof, and said temperature is about about 10 °C to about 50 °C;
in step (e), in the reaction to produce the compound of formula IX from
25 the compound of formula VII, said cooled aqueous acid is at a temperature of about
0 °C to about 15 °C, said acid is selected from the group consisting of: HoSO,, HC,
H3POs, and mixtures thereof, said acid is in a concentration of about about about 2.5
to about 3 molar equivalents with respect to the compound of formula Vill, said
cosolvent is selected from the group consisting of: methanol, ethanol, propanal,
30 isopropanol, butanol, sec-butanol, pentanol, hexanol, heptanol, octanol, and mixtures
thereof, said base is selected from the group consisting of: KOH, NaOH, NH,0H,
LiOH and CsOH, and said pH is adjusted to about 10 to about 11,



consi sting of. hexanethyldisilazane, TMS chl oride, and TMSOTF, wherein the
TMS 15 chloride or TMSOTF is used in conbination with triethylamne, and
said acid is selected fromthe group consisting of., amoni um sul phat e,
amoniumnitrate and ammonium chloride, said acid at a concentration of at

| east about 0.4 nolar equivalents with respect to the conpound of fornula
VI; in step (e), in the reaction to prgguce the conpound of formula VIII
from 20 the conpound of fornula VII, said organonetallic reagent is used in
a concentration of about 1 to about 5 nolar equivalents with respect to the
conpound of fornmula VI1, said solvent is selected fromthe group consisting
of : THF, TBME, andn gtept(@.d8 the reaction to preduse thetcampround efdormulantfromabout 10

For mui = WsePBhng s? ity hEsnr s aiiFg bBSh § 1SeB 15 5856 &6 SRHBENES aci o
I s at a°c§gﬁ@@;_améisoé g@@@sl)‘alk r dpd 0 about 15 C, said acid is selected from
the group consisting of: H2S04, HC, H3PO4, and mixtures thereof, said acid

is in a concentrain 8®pde).db & reandion tapseduce. the compmugt oformularXldtamval ent s

' onf 1 ndne FompBubir EAHARY st dhbimuR s fighieBen sQudRopano
but anol sefrtedftbatak. gro@d tensbtind 6% asinkne hetdrd) @hlorebéRAsHe, and m xtures

t hereof, said base is selected fromthe group consisting of: KOH NaCH,

NHACH, dighiwobanzensodiethyietber, diprmpylether and dibuiy elivenad, 2-dimathakyetivane,,  19-

In step | e i roduc nd of.formul a X fromthe
corpound StetPnlstiars 8, L3 RorRaE Sk RPeR Ee bt FEE idee sl o
about  1%cidGn sl agidi SOWIkbN i selddted ﬁ@hﬁﬂh@dr@uﬁ&énsiﬁtiﬁé 8P gaRatolucheldifffohRACt i on
to produce the conpound of fornmula XI from ‘s the conpound of fornula X

sai &0 comsisliart sikylsulfenic acids, apdsiaid temeeratuie is sbovie?) “Gtol akaus 20r°Com t he
group consisting of: toluene, xylene, chlorobenzene, dichlorobenzene,

di et hyl ether, dipropyl ether and di-butyl ether, 1,2-dinmethoxyethane,

1, 2- di et hoxy&shanghedirotadsef GlaindBoxagein;t et rahydrof uran and m xtures
thereof, said acid in said acid solution is selected fromthedgroup

consi sting of: paimsiepdahdhe greparation of the compound of formula IV, sai
compound of formula Il is dissolved in acetonitrile and thionyl chloride, said

15 temperature is about 65°C to about 75°C, said dimethylamine is dissolved in
acetonitrile, said dimethylamine beiné at a concentration of about 2.5 molar
equivalents with respect to the compound of formula Il, said temperature of said
reaction mixture is about 5°C to about 10°C, said reaction mixiure is acidified to a pH
of about 2 to about 3, said aqueous acid is H>S04, and said substituent A is Br,

20 in step (b}, the hydrogenation of the compound of formula IV, said base
is K2COj3 used at a concentration of about 1.05 to about 1.1 molar equivalents, said
catalyst is Pd/C, said solvent is ethanol, and said hydrogen pressure is about 100 to
about 120 psi;

in step (c), the reaction of the compound of formual Q with the

25  compound of formula IV(i), the compound of formula Q is used at a concentration of
about 1.3 to about 1.5 molar equivalents, said temperature is about 25 °C to about 35
°C, R is ethyl, and said optional base is K;COs;



10 acid and al kyl sul fonic acids, and said tenperature is about -20 Cto
about 20 C. 54 The process of Claim53 wherein: in step (a), the
preparation of the conpound of formula IV, said conpound of fornmula 11 is
di ssolved in acetonitrile and thionyl chloride, said 15 tenperature is
about 65C to about 75C, said dinmethylamne is dissolved in acetonitrile,
sai d di net hyl am ne being at a concentration of about 2.5 nolar equivalents
with respect to the conpound of fornu 1, said tenperature of said
reaction mixture is about 5C to about C, said reaction mxture is
acidified to a pH of about 2 to about 3, said aqueous acid is H2SO4, and
said substituent Ais Br 20 in step t he hydrogenati on of the conpound

of formula IV, san®tepdd!), tfwmgétm compouachobiormata Wiwitf thebout 1. 05 to

ot nanol “OmRRALFRALLEE: R cBfctend 3 Rnfile X 05 b Ariimboapedt o ot cp

(c), theqrasky eqnw@ferﬁ@esai@@sa@@ Mn@fhyfa?ﬁiﬁ%se@ i drharhBEnLer AMAUNe Of

formul a IV(£ he corrpound of formul'a Qis used at a concentration of
about 1abpouid.apmlar quval@nﬁwmmwgcbtﬂthe cemnpbunehpfdformulesV| saidisolvent5 C to

Feacti oft Pl sET P ARt B BhaRp o ARRR A et PHFTO & < ne
conpound of for myhastep (43), H&?fbabﬂorﬁﬂfﬁh@%!ﬂﬁ SlindBOWmula ¥ il e equi val ent's,

said base is triethylam ne used Iin an am)un of gglgut 1.31to about 1.5
mol ar ecumpalinchetfoRnula Kﬂsﬁa!dtsowent uwctwﬁbmrdjcmmmunwfﬁormuia&ltsisol vent 5

! npal bl " Ve
5 aboubttt Mol effi seid TRIKkS Wi Aol BampPupl oF comuiR X o pasitea il Vit b
the CcoNBOW @ﬁchSffadeLﬂ 1%'5 to St 189 ateélterﬁéé.%twdf a‘-b%'u‘i' 29@('5&8%:1930

forrrula Xl is t- but met hyl ether, said mXxture with said conmpound
f ortdul a°Ckto produge ishi aompohnd niformtita Xl psaigicompaundiof fermuiaabam:sacﬂv@d at a

L ermer ahihg <BlgPhRinAau, e iR oo dR281SE B 4 LRS!
n- pr opagisdut 1Sﬁnﬁ>|§roé@ﬂvaldn£§wmfé§abat ﬂthb%dﬁ%dﬁ%ﬁbnﬂuwcﬁlﬂ "céidlﬁi& about -
1.1 nolar equivalents with respect to the conpound of formila V, said
cat al yt base being dusopropylethylamme said temperature of said resulting solution with the
compound of formula Xll being about 60 °C to about 70 °C
15 in step (e), in the reaction to produce the compound of formula V1 from
the compound of formula lll, said R-2-(-)-phenylglycinol is in a concentration of about
0.9 to about 1.1molar equivalents, and said solvent for said R-2-(-)-phenylglycinol is
THF;
in step (e) in the reaction to produce the compound of formula Vil from
20 the compound of formual VI, said silylating reagent is hexamethyldisilazane, and said
acid is ammonium sulphate at a concentration of at least about 0.5 molar equivalents
with respect to the compound of formula VI
in step (e), in the reaction to produce the compound of formula VIl from
the compound of formula VI, said organometallic reagent is ethylmagnesium bromide
25 used in a concentration of about 2 to about 3 molar equivalents with respect to the
compound of formula VI, said solvent is TBME, and said temperature is about 20 °C
to about 35 °C;
in step (e), in the reaction to produce the compound of formuia IX from
the compound of formula VIII, said cooled aqueous acid is at a temperature of about
30 0°C to about 10 °C, said acid Is H280y, said acid is in a concentration of about about
2.5 molar equivalents with respect to the compound of formula Vi, said cosolvent is
sec-butanol, said base is NH4OH, and said pH is adjusted to about 11,



base being diisopropyl ethylamne, said tenperature of said resulting
solution with the conpound of fornula XI|I being about 60 Cto about 70 Ci5
in step (e), in the reaction to produce the conmpound of formula VI from the
compound of formula Ill, said R 2-(-)-phenylglycinol is in a concentration
of about 0.9 to about 1.1 nolar equivalents, and said solvent for said
R-2-(-)-phenylglycinol is THF;, in ste’%o(e) in the reaction to produce the
conmpound of forrmula VIl from 20 the~conpound of fornual VI, said silylating
reagent is hexamet hyl disilazane, and said acid is amonium sul phate at a
concentration of at |east about 0.5 nolar equivalents wth respect to the
compound of f or nuirestep;(e),rin #ierpactipn o pradueernkacbmpound offotmda X fremconpound

f f la M1 f h d of f la VI i d [1i
OO T bl Skl BBOU SL LR M b gL rgrnapela e
b 3 | it he o . I, id
obout 3l BRGNS Tl R E°C © ARG agresa R S | 5ot

(e), inghideagesid NalO4; @ngdr oduce the conpound of formula IX from the
conmpound of forrmula Vil sai d coql ed aqueous, acid is at a tenperature of

I
abodt 30 0 C to Eb¥ap (2h irthergagtian fepraducedhe compayindgfdormaula X from
concent i f t o Lyval ; 1 he
compoun oWB@%‘?QPW?’Ega?%dC%g@%Hﬁ itﬂs)'xﬁql'élg%‘gﬁmagﬁgf\},’eazgﬁ?%?%'e&i S
NHAOH, aoid ifdail adidiseludidinus pasatbiuenbautfodit acid, tand sald $¢émperadie is abbbto
reaction to produce the conpound of formula X from the conpound of fornual
| X, sai &Cdempouh#0cE.fornmula IX is dissolved in ethanol and the resulti ng
solution is cooled to about 0 Cto about 10 C, said R4 is nethyl, and said
agent is NalO4; and 5 in step (e), in the reaction to produce the conpound
of fgor mul a XEEf-romcdmlgomtdmhadonhulﬁpr mul a X, said conpound of formula X1
is dissolved in THF, said acid in sai haci d solution is paratol uene
sul fonic acid, and said tenperature is aboutgff C to about 10 C
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Be. A compound of the formula:
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5. A compound of the formuia:
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10 55 A compound of the formula: Ph "OH N H 00 56. A conmpound of the
formula: Ph OTM5 N H 15 51, A conpound of the formula: Ph OTMS HN 'Et fol
A conpound of the fornmula: Ph H HN I Et 91. A conpound of the formula: Ph
N/Et 5, 10 ’

- ol o

5. A compound of the formula:

P OH
O e
\ |
%. A compound of the formula;
Ph
P

10

0. A process for preparing a compound of formula |
‘ O\\\ //,O =/
AN N

15

from compounds of formulae Il and lI;



co. A process for preparing a conpound of formula |l I r 0 0O OHHH 15 from

conpounds of fornmulae Il and I1l: AO HXC N2 H 1l IIl wherein Ais
selected fromthe group consisting of Br, C and 1, the process conprising:
(a) converting the conmpound of formula Ii to a conpound of fornmula IV: A A

N2 O OH 51V (b) hydrogenating the conpound of fornmula IV with a suitable
hydr ogenati on catal yst under hydrogen‘ essure, to formthe internediate
conpound of formula IV(i): /10 1V(i) d%(":) reacting the conpound of formula
V(i) with a conpound of formula @Q 0 O RO Q OR wherein R represents
(Cl-Clo)al kyl, to yield a cgnpound of formula V: 0 O /NNOR O OHH 15 V

HO,C

wherein A is selected from the group consisting of Br, Cl and |, the process
comprising:

(a) - converting the compound of formula It to a compound of formuia [V:
A

(b)  hydrogenating the compound of formula IV with a suitable

hydrogenation catalyst under hydrogen pressure, to form the intermediate compound
of formula IV(i):

" V()

(¢) reacting the compound of formula V(i) with a compound of formula Q:

0\ //,O
RO Q OR

wherein R represents (C4-Cqg)alkyl, to yield a compound of formula V:
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-133- (d) converting the conpound of formula Il to a conpound of fornula

VI: Ph OH HWVI s (e) adding a protecting group to the conpound of fornula

VI to yield a conpound of fornula VII: Ph G NOH VII wherein G

represents a protecting group; 10 (f) reacting the conmpound of forrmula VII

with a suitable organonetallic reagent, followed by work-up, to yield a

conpound of forrmula VIII: P OG HN "'ﬁ&%_VIII 15 (g) renoving the protecting
awv

group (G fromthe conmpound of fornmul

I X: 104 -

Il to vyield a conmpound of formula
P13 HN ""Et

(d)  converting the compound of formula Ill to a compound of formula VI:
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(e) = adding a protecting group to the compound of formula VI to yield a

compound of formula VII:
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wherein G represents a protecting group;

10

1) reacting the compound of formula VII with a suitable organometallic

reagent, followed by work-up, to yield a compound of formula VIil:

15
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(g) removing the protecting group (G) from the compound of formula Vil to

yield a compound of formula IX:



| X (h) converting the conpound of forrmula I X into an imne internedi ate
conpound of fornmula XX RPh 5 (1) converting the !'mne internediate
conpound of forrmula X into the conpound of fornmula XI: Acid HZN O X 10
wherein compound Xl is a salt; and Q reacting the conpound of fornula Xl
wi th the conpound of fornula Vto vyield the conpound of forrmula I. 15

- 10y .

(h)  converting the compound of formula IX into an imine intermediate

compound of formula X:

-
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() converting the imine intermediate compound of formula X into the

compound of formula XI:

N\

Acid » HzN/\EC},
XI

10
wherein compound Xl is a salt; and

) reacting the compound of formula X1 with the compound of formula V to
yield the compound of formula 1.
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