WD 2006/ 076415 PCT/ US2006/ 000954 . Exo- and Di astereo-
Sel ective Synt heses of Hi nbacine Analogs 5 Field of the

\NohﬁM@mggon 10 This application discloses a gov zmphggges

10

15

20

25

for the preparation of hinbacine anal ogs use
thronbi n receptor antagoni sts. The process is based in
part on the use of a base-pronoted dynam c
epi nerization of a chiral nitro center. The invention

di s Iosed hereln is related to those disclgsed in
CO- PR LA Astereos Selectiy _:n S

515
follow ng provisional patent applications: Serial No.
60/ 643,932; Serial No. 0/643;927; and, Serial No.

60/ 644, 428, all four applications having been filed on
the sane date. Background of the Invention 20 Thronbin
is known to have a variety of activities in different
cell types and thronbin receptors are known to be
present in such cell types as hunman platelets,
vascul ar snooth nuscle cells, endothelial cells, and
fibroblasts. Thronbin receptor ant agoni sts nmay be
useful in the 25 trd3 I tic, inflamuatory,
at heroscl erotic and WO 2006/ 076415 PCT/ US2006/ 000954

-2 fibroproliferative disorders, as well as other

di sorders in which thronbin and its receptor play a
pat holBHi applicagipa disdesesfapnovek arsless fay, the prepaGdios st
the di sclosure of which is incorporated by reference.
bimbeginsnanalogeeegfubas tmoggunirstepter antagemistsdTlnd prdsess
formula: O HH M~ NHCOOEt M H N

is based in part on the use of a base-promoted dynamic epimerization of

a chiral nitro center. The invention disclosed herein is related to those
disclosed in co-pending patent applications corresponding to the
following provisional patent applications: Serial No. 60/643,932; Serial
No. 60/643,927; and, Serial No. 60/644,428, all foﬁr applications having

been filed on the same date.

Background of the Invention

Thrombin is known to have a variety of lactivities in different celt
types and thrombin receptors are known to be present in such cell types
as human platelets, vascular smooth muscle cells, endothelial cells, and
fibroblasts. Thrombin receptor antagonists may‘be useful in the

treatment of thrombeotic, inflammatory, atherosclerotic and



F 5 11 This conmpound is an orally bioavail abl e
thronmbin receptor antagoni st derived from hi nbaci ne.

wofqoﬂgg)ound 11 may be synthesized from Conmpound
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0 p NRSR6 1 wherein R5 and R6 are BGl32006/000954

i ndependently sel ected from2t-he group consisting of H,
al kyl, al kenyl, al kynyl, al koxy, cycloal kyl, aryl,
%ﬁgﬁlarﬁl, _arylal kyl, and heteroaryl groups. 15 ,
Rdiaratiye dispadgypnpmas! asgithey disprdeTn inddshthrambiing
thronbin receptor antagonists are disclosed in U S
pad ithgecepterprlay 2pathplgigakrolanSonder evampk, U S.
PCT/ US2006/ 000954 -3 publication no. 2003/0216437,
RePPrd§e 7 otha disalysurs ofhishria ivgerperatethbugefarestos. ar e
disclosed in U S. publication no. 2004/0192753, and the
synt hPsiethgpmpierasepior famtagosisttis efcompaund efthgrformula:
hi nbaci ne analog is disclosed in U 'S. publication no.
2004/ 0176418, the discl osHréas of mhh@E E ire
i ncor porated by reference N 4 8 ESent
application provides a K pss for preparing
Compound 11 from Conpound 4,5 Wy process provi des an
i mproved yield and the eM®ni naty on of the need for a
chiral internediate. 10 Summary| of the |Invention One
aspect of the present inventi provi des a process for
prepari ng Conpound 1: P

11

This compound is an orally bioavailable thrombin receptor
antagonist derived from himbacine. Compound 11 may be synthesized

from Compound 1:

o]

y WNO
o)
HIA

Oj\NRsRs
1

wherein Rs and R are each independently selected from the group
consisting of H, alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, aryl, alkylaryl,

arylalkyl, and heteroaryl groups.

Processes for the synthesis of similar himbacine analog thrombin

receptor antagonists are disclosed in U.S. Pat. No. 6,063,847, and U.S.



ds H NO H=F1 O NR R 15 1 said process conprising
the steps of. (a) cyclizing Conpound 2 in a first
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R5 and R6 are each independently selected fromthe
group consisting of H alkyl, alkenyl, alkynyl,
al koxy, cycloal kyl, aryl, alkylaryl, arylalkyl,
het erocyclic and heteroaryl groups, or Rs and RG,
trodpdication wiot RO08 /@2 14370 geathods ofmaihg thwmbingeatptached,
forma 3- to 6-nenbered 5 heterocyclic conpound
comagams tsqre -dsdiesedrind{ .Snprblicatpmonie 20 0 /I1B8Y 53 nand thee
of exo isonmers Trans ONO O ;tP Z ONR Rs said
isgotiersss biathierly salfateasal-df 3, Erticiiag-Himbatineraredag sndo
isoners: cis O H
disclosed in U.S. publication no. 2004/0176418, the disclosures of which

are incorporated by reference herein. The present application provides a
novel process for preparing Compound 11 from Compound 1, which

process provides an improved yield and the elimination of the need for a

chiral intermediate.

Summary of the Invention

One aspect of the present invention provides a process for
preparing Compound 1:

ci
s a

G o
s,
1
said process comprising the steps of:
(a)} cyclizing Compound 2 in a first solvent at an elevated
temperature

o]

;JK;@,NO,

0% “NRsRs

2



/ 1~ HNO2 O ONRSRs 10 (b) epinerizing said
trans-[5,6]-ring-junction in Conpound 29 by treating

wo%ﬁhﬂl‘m rst mxture with a first base to progﬂugzot%mowﬂ
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econ mxture conpri sing
cis-[5,6]-ring-junction-nitro-a i somer and
cis-[5,6]-ring- junction-nitro-a isonmer of Conpound 30:
cis OHN+Q | ONOZ H =% 15 O NRSRB and (c)
treating said second mxture with a second sol vent,
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| ene, .N-net hyl pyrrolidi none, D nethyl sul foxide,
’a‘%/"ﬁﬁé?lﬁ?fe’éq W’BFyer%i met hyl acet ami de, and mixtures of 2 or
more thereof. 10 In anothgr enbodi ment, said

tenperature is between aloyt 70.,and about 190 C,
preferably between aboutO ut 170 C, nore

HiA
o7 " NRsRs

said isomers having a trans-[5,6]-ring-junction and endo isomers:

cis
2y

NO,
0
H:H

o7 ~NRsRg

(b) epimerizing said trans-[5,6]-ring-junction in Compound 29 by
treating said first mixture with a first base to produce a second mixture
comprising cis-[5,6]-ring-junction-nitro-a isomer and cis-[5,6]-ring-

junction-nitro-B isomer of Compound 30:

o’ "NRRs  and
(c) treating said second mixture with a second solvent, causing said

a-isomer of Compound 30 to precipitate to produce Compound 1.



preferably between about 100 and about 160 C, stil
nore preferably between about 120 and about 150 0C. 15
In anot her enbodi nent, said first base is se
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1, 5-di azabi cycl o[ 4, 3, 0] non-5-ene 1, 4-
diazabicyclo[2,2,2] oct ane;Sand
1, 8-di azabi cycl o[ 5, 4, 0] undec-7-ene, and m xtures of 2
or nore thgreof 20 I n anot her enbodi nent, said second
sol veRtatYheEPBRPEE Tty et%‘éOVeé%TB%SSJBﬁ@i%FPW@”&FS
al cohol s,  ethers, ketones esters, xyle

ItERALNG saif sErRnd MRS Wit 2 seqpmdbbaste, ﬁ‘iﬁ*—‘éﬁ%é? 8of .
VWO 2006/ 076415 PCT/ US2006/ 000954 -6 I n anot her
arpERGESTOIM Hoeof e AEcN BREVTGdR Whigh saiskR-igqgper of
preparing__ Conpound 2: O, ONO _ 0 NRSR 2 5 wherein Rs
SeERRIngy 30 é%equtrélpf@rmeﬁqmey 0§ Slosrramd 3@nancha -HoBIes
consisting of H alk al ken al kynyl , al koxy,
el erepoK y‘% 3%F%IPTGCH-?1K’=\}¢%H/PT° ugelompaund het er ocycl i ¢
and heteroaryl groups, or R5 and Re, together with the
nitrogen to which they are attached, forma 3- to
6- menbered heterocyclic conpound containing 1-4
het erlvaarotber smibgdprerde said st eplpentsis sglectes) fremrtber t i ng
(R)-butynol to Conpound 3: OH CONRSR 3;
group consisting of xylene, N-methylpyrrolidinone, Dimethylsulfoxide,

diphenyl ether, Dimethylacetamide, and mixtures of 2 or more thereof.

In another embodiment, said temperature is between about 70 and
about 190 °C, preferably between about 80 and about 170 °C, more
preferably between about 100 and about 160 °C, still more preferably

between about 120 and about 150C,

In another embodiment, said first base is selected from the group
consisting of triethylamine, 1,5-diazabicyclo[4,3,0]non-5-ene 1,4-
diazabicyclo[2,2,2]octane, and 1,8-diazabicyclo(5,4,0Jundec-7-ene, and

mixtures of 2 or more thereof.

In another embodiment, said second solvent is selected from the
group consisting of alcohols, ethers, ketones, esters, xylene, N-

methylpyrrolidinone, and mixtures of 2 or more thereof.



(b) reducing Conmpound 3 to yield Conmpound 4: HO{ NRO
15\ NRyR 4; and, (c) reacting Conpound 4 with

wo Seapeird 60 O HO NO= to yield Conpound 2pcw8s:¥¥000954
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enbodi nent, the invention is directed to a process for
preparing Conpound 2: 0 NOZ2¢_ OO NRSRB 2, 5 wherein R5
and R6 are each independent?y sel ected fromthe group
consi sting of H, alkyl, alkenyl, allcynyl, alkoxy,
by ehotddek eimbaadimlent, ahk yheemyion pravidesbipyrbeedsdbe pospagingc
and heteroaryl groups, or Rs and R6, together with the
Cotopogerd 2.0 whi ch they are attached, forma 3- to
6- menbered heterocyclic conpound containing 1-4

het er oat ons, said process 40 conprising: (a) converting
(R -butynol to Conpound 3; CONRSRa 3;  (b)

reacting Conpound 3 with 0 6 to yield Conmpound
7. 1110
07 “NRyRy
2

wherein Rs and Rs are each independently selected from the group
consisting of H, alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, aryl, alkylaryl,
arylalkyl, heterocyclic and heteroaryl groups, or Rs and Rs, together with
the nitrogen to which they are attached, form a 3- to 6-membered
heterocyclic compound containing 1-4 heteroatoms, said process
comprising:
(a) converting (R)-butynol to Compound 3:

OH
/l\
CONRsR,

3;

(b} reducing Compound 3 to yield Compound 4:

NRsR,
4; and,

(c) reacting Compound 4 with Compound 6:

(o]

HO’\=W:! NO,

to yield Compound 2.



HO~-~~=%fJO, V 15 6; (c) reducing Conpound 7 to
produce Conpound 2: 0 O~ A""NOz \\ 20 0 NRRB 7. WO
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i nvention provides the followng conp
OH CSIMey ONOXx ONOy \\ I y Ja CONPhx CONPh, 7a O
NPhx O NPhy 2 O /\yH ~~yl sNO, O1/ yy7HNg ~HM OHNG,
O/\yHH W NOx d HH.e O {7 ~{ O H;-H 0 NPhy O
NPhx Q' /-NPha 0 NPh2 l1la OH NOx O H NO O NHx "NHCOXEI
00 H khydilndithtr ddfhadi@eNPhthe(niiitbroisNRbected Raa pBacess
NHx O H NHx OH
for preparing Compound 2:

wherein Rs and Rg are each independently selected from the group
consisting of H, alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, aryl, alkylaryl,
arylalkyl, heterocyclic and heteroaryl groups, or Rs and Rg, together with
the nitrogen to which they are attached, form a 3- to 6-membered
heterocyclic compound containing 1-4 heteroatoms, said process
comprising:
(a} converting (R)-butynol to Compound 3:
OH

/\
3;

CONRsRg

(b) reacting Compound 3 with Compound 6 to yield Compound 7:

0

HO’%O NO,

6;
{c) reducing Compound 7 to produce Compound 2:

O
o) r— NO;
N

0% “NRsRs
7.
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In another embodiment, the invention provides the following

compounds:
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28 OORSOOR7 1918 Oa \ OHH O"NO2 O"NH2 and
p/-OR7 H6 17 p/-OH 20 A further understandi ng of the
invention will be had fromthe follow ng detailed
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I nvention The follow ng definitions and terns are used
herein or are otherwi se kngwn to a skilled artisan,
Except where stated otherwi se, the 10 definitions
apply throughout the specification and clainms. Chem ca
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A further understanding of the invention will be had from the

following detailed description of the invention.

Description of the Invention

The following definitions and terms are used herein or are
otherwise known to a skilled artisan. Except where stated otherwise, the
10 definitions apply throughout the specification and claims. Chemical
names, commeon names and chemical structures may be used
interchangeably to describe the same structure. These definitions apply

regardless of whether a term is used by itself or in combination with



that are conbined to identify a single noiety) to a
subj ect structure is through the |ast naned tern1of
the nultiple termsubstituent. For exanple

wo 20¢0b@ad kyl al kyl substituent attaches to aPFEM@EP@ﬂM%4

10

15

20

25

structure 10 through the latter "alkyl' portion of the
substituent (e.g., structure-al kyl- cycloal kyl). The
identity of each variable apmearing nore than once in a
formul a may be independently selected fromthe
definition for that 15 variable, unless otherw se

| RURETAEERS: Whleas Stharmisedndicatish denes Kb deSeitionciiakiol’
be the contrary, all atoms illustrated in chem ca

f @PRliente tadkylc 8¢ avellms Werpluhdeergens es Sydiexrediyl,”

val enci es. Thus, hydrogen atons, double bonds, triple
bohdleaberd” 2gkeshgest ruct ures need not be expressly
depicted in a general chenical formula. Double bonds,
where appropriate, nmay be represented by the presence
of parentheses around an atomin a chem cal fornula.

For 2Ynissamphewise kuobonsthtedurcstioomatd be fo tHeGantrey, the
al so be represented in a WD 2006/ 076415
PEDISHCOBTHEGI8Jor a hiulthentietal substituere (byo oCa@re terors
-C(=0)-. One skilled in the art will be able to

dehetr aMenmminacp te sdnady arsisdis endetypfo deubjeet fandtureiipl e
bonds) in a coval ently-bonded nol ecul e. For instance,

i threagheddi 1byt naaodnerme df tHeamuitiple a¢ino sybstitueat. &oal i ty
may be represented by -000H, -C(OOCH -C(=0OH 5 or

- ExRirplel hectobralkyiaidye sobdtitent atadctsadohetapeted waarsu@
nitrogen, sulfur or oxygen atom Miltiple heteroatons
I nhidighsAigeagep ki pobitort betheastbstibert (Biggreenictudddalhsgl-
used herein, the term"al kyl" neans an aliphatic
hyglelogBsyjon group that can be straight or branched and
conprises | to about 24

The identity of each variable appearing more than once in a

formula may be independently selected from the definition for that

variable, unless otherwise indicated.

Unless stated, shown or otherwise known to be the contrary, all
atoms illustrated in chemical formulas for covalent compounds possess
normal valencies. Thus, hydrogen atoms, double bonds, triple bonds and
ring structures need not be expressly depicted in a general chemical

formula.

Double bonds, where appropriate, may be represented by the
presence of parentheses around an atom in a chemical formula. For

example, a carbonyl functionality, -CO-, may also be represented in a



carbon atons in the chain. Preferred al kyl groups
conprise 1 to about 15 carbon atons in the chain. Mire
preferred al kyl groups conprise 1 to 15 about 6 carbon

wo 2@6@MR19 n the chain. "Lower alkyl" neans aP&kYUSHPGIWRE of
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1to 6 carbon atons in the chain. "Branched" neans that
one or nore |ower alkyl grBbups such as nethyl, ethyl
or propyl, are attached to a linear alkyl chain. The

al kyl. n be, substituted one or re ubstituents
Fha‘éb‘é‘i 3%%’6‘11’;9‘%%1@95"(98%?%{3)? h&ng P&%%B@Fs’?ﬂ Wyl Be able
hal.o, 20 aryl, cycl oal kyl, cy?no, hydr oxy, alkoxy,

3 RS 1erfins e Prisencpy abepes of donpie 3d Sapleyhonds! in a

- é | k Iéﬁ (whi ch al kyls can be the sanme or different),
€9 636& y-2radedreylesue k for ngiangs; & isiraadibkEseprRiged that a

sui tabl e al kyl . groups include nmethyl, ethyl, n-propyl,
CatiFSp{HuctRnglity may theggpiasenipd %rﬁ@@,}i. h@é?]ﬂH,: -Etﬁﬁﬁ%ﬁ
dec¥l, fluoromethyl, trifluoronmethyl and 25

&c Qﬂﬁopylnethyl. WD 2006/ 076415 PCT/ US2006/ 000954
-12 "Al kenyl" neans an aliphatic hydrocarbon group
(straight or branched carbon chain) conprising one or
nore doubl e bonds in the chain and which can be

conj ubeg Eanbrheierosigrogasaedirretin), meansray/hitragesupelficraer
conprise 2 to about 15 carbon atons in the chain,
prEgesy algny.  §lultipls haterpatags dmthrsame gnenp mayhze idisaiame
and nore preferably 2 to about 6 carbon atons in the
ehdiffereMhe al kenyl group can be substituted by one or
nore substituents independently selected fromthe group
consi sting of halo, alkyl, aryl, cycloal kyl, cyano and
al koxy. Non-limting exanples of suitable al kenyl

gr oupAs used hdecint thererm "plyfenmyéns an lalipbatit hydid@arbon
3-net hyl but -enyl and n-pentenyl. Were an al kyl or
grdenihatolaa be pobrht bowbratdred amr ¢cabpesesahdo Rbout 24
therefore bivalent, the terns al kyl ene and al kenyl ene,
cegpechioned in tter chains @defedrbd alkyl groups comprise 1 to about

15 carbon atoms in the chain. More preferred alkyl groups comprise 1 to
about 6 carbon atoms in the chain. “Lower alkyl” means alkyl groups of
1 to 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 alkyl chain. The alkyl can be substituted by one or more
substituents independently selected from the group consisting of halo,
aryl, cycloalkyl, cyano, hydroxy, alkoxy, alkylthio, amino, -NHalkyl), -
NH(cycloalkyl), -N{alkyl)z {(which alkyls can be the same or different},
carboxy and ~-C{0)O-alkyl. Non-limiting examples of suitable alkyl
groups include methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, n-
pentyl, heptyl, nonyl, decyl, ﬂuorométhyl, trifluoromethyl and

cyclopropylmethyl.



" Al koxy" nmeans an al kyl-O group in which the alkyl
group is as previously described. Useful al koxy groups
can conprise 1 to about 12 carbon atons, preferably 1

wo 2bfRpdfedt 6 carbon atoms. Non-linmiting ex RAPIUSLIOGH00I5+
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sui t abl e al koxy groups include nethoxy, ethoxy and 20

I sopropoxy. The al kyl group;pf the al koxy is Iinked to
an adjacent noiety through the ether oxygen. The term
"cycl oaf cyl™ as used herein, neans an unsubstituted or
subst lAlienyl musnsrat aliphadicifdrocarbnn group{steaight or

chem cal | y-feasi bl e 25 carbocyclic ring having
prefiehebtarHonorh i) @enprisifig bhe en noae kion bid bomds WW0Ohe
20061076415 PCT/ US2006/ 000954 -13 nore preferably,
fahain khdeehitbh candie caxdqugzded at ansonjligetedy Al sefhkylkeagr bon
ring radical is saturated and nay be fused, for

egraups ean bempofsaseth, abwittli 5 @aboh atdme i yitd oldiky breferably
aromatic, heterocyclic or heteroaromatic rings. The

¢y td sladdtyl2 omboheatainisdahie chhinaaydencecyeldrablar fogbout
atomthat results in 5 a stable structure. Preferred
@cdbeycltomslinitfs chaie ThemkkhyieproQpSak bEaihdiated by
Exanpl es of cycl oal kyl radicals 1 nclude cycl opropyl,
el sbid subgiitakansAtYbendenel GBRXE fr@ﬁﬁ%ﬁ@@ﬁ%' , or
the like. "A kynyl" neans an aliphatic hydrocarbon
g:ro@l'dﬁti%grﬁlﬂ’i_a&cb,nagkﬂt, aryd Ocylc@asikyl ORRAnGHRPAIKERY b Ndntlirh RIng
bond and which may be straight or branched and

CBRTISd BOsabié aﬁ(etnzl Rk idduadelRhydl FBeh, hhfitenyl,

chain. Preferred al kynyl groups have about 2 to about

HnGahPeRtRH9End B-pdifen@hai n; and nore preferably
about 2 to about 6 carbon atons in the chain. Branched

means that one or nore | ower al kyl groups such as 15
nmet hyl, ethyl or propyl, are attached to a |inear

all cy [ l\gma]zil - f oS -
al kynw111 eé?%%pilkylncl u Iéﬁﬂ%ﬁ%ﬂ%@pgﬁ‘ﬁ@@ b&%t%ﬁylls,

SR Qv&%ﬂx'me NeREO LN Ydne aﬁ‘ﬂfja.]ﬂ@ﬁ%gﬁé; re E@ct@;leiap,wl
group nmy be substituted by one or re substituents
Whiggh nmay be the sane or different, each substituent

bei ng i ndependently selected fromthe

"Alkoxy" means an alkyl-O- group in which the alkyl group is as
previously described. Useful alkoxy groups can comprise 1 to about 12
carbon atoms, preferably 1 to about 6 carbon atoms. Non-limiting
examples of suitable alkoxy groups include methoxy, ethoxy and
isopropoxy. The alkyl group of the alkoxy is linked to an adjacent moiety

through the ether oxygen.

The term “cycloalky!l” as used herein, means an unsubstituted or
substituted, saturated, stable, non-aromatic, chemically-feasible

carbocyclic ring having preferably from three to fifteen carbon atoms,



20 group consisting of alkyl, aryl and cycl oal kyl. The
term"aryl," as used herein, neans a substituted or
unsubstituted, aronatic, nono- or bicyclic,

wo 2abevisesal | y-f easi bl e carbocycllc ring sysPERUNA0HES
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fromone to two aromatic rings. The aryl 25 noiety wll
generally have from6 to 14 carbon atons with al
avai | abl e N O 2006/ 076415 PCFUS2006/ 000954 - 14
substitutabl e carbon atons of the aryl noviety being

i %&Qdﬁ@féﬁbﬂo%hph‘?ree ROk %I’@ cQfboatdt eraltri'%) >;/cloall%/l ca.rbon

Representatlve exanpl es i ncl ude pheny

g?gnb%dtceﬁqu%a%b’fedkﬂd ataygte %épttbyhxmgggﬁthmsed with

sired rbocyc

me; 1% (GAL REHHRS Lo higtﬁ:dh‘éfeﬁ'g?fcﬁgg} %@?ﬁ%éa}omttcvlemgs The

pre erabl’y,” one to t

t?:Eﬁ.’lbgﬁcy %‘IEEJ ﬁ‘g‘éttgﬁ neél gtyény éﬁd ity Qﬁ%topyaltf;m ng?-. ¥e5u1ts in

r oxy, enoxy , onoa

gl sy by ttt@mti %srboc o { Have fEA se?tgm%f

nnnocyc 1 C OL e A na it rlng
5t 4 b b
aboutmtse ki §Vegt°éfr<sg&'°€%y iR R Bt B85k ieSgbiny
t / h h b f
Hakgpeh ”gw%érw%“%@aatepowf‘ Eﬁﬁheﬁéné-agnéar o

pol ycyclic (e.g., bicyclic) heteroaryl groups can be
unsubstituted or substituted mﬁth a plurality of
substlt refera ve 15 substituents,
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character. Representative heteroaryl Sheteroaronatlc)

grioeisy . athyhyr piapwy lare gitachsdiiong finedyy hain. Non-
limiting examples of suitable alkynyl groups include ethynyl, propynyl, 2-
butynyl, 3-methylbutynyl, n-pentynyl, and decynyl. The alkynyl group
may be substituted by one or more substituents which may be the same
or different, each substituent being independently selected from the

group consisting of alkyl, aryl and cycloalkyl.

The term “aryl,” as used herein, means a substituted or
unsubstituted, aromatic, mono- or bicyclic, chemically-feasible
carbocyclic ring system having from one to two aromatic rings. The aryl

moiety will generally have from 6 to 14 carbon atoms with all available
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pyridazi nyl, furanyl, benzofuranyl, thienyl,
benzot hi enyl, thiazolyl, 25 thiadiazolyl, imdazolyl,

razolyl, triazolyl, isothiazolyl, benzothiazolyl, WO
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independently selected fromthe group consisting of

ni trogen, sulfur and oxygen atons The terns "Hal,

"hal o,." "hal ogen” and "hal i as_used herein,  nmean a
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brom de Iuorldes are preferred halides.
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wei ght, but differing in respect to the
and polycyclic (e.g., bicyclic) heteroaryl groups can be unsubstituted or

substituted with a plurality of substituents, preferably, one to five
substituents, more preferably, one, two or three substituents (e.g., mono-
through pentahalo, alkyl, trifluoromethyl, phenyl, hydroxy, alkoxy,
phenoxy, amino, monoalkylamino, dialkylamino, or the like). Typically, a
heteroaryl group represents a chemically-feasible cyclic group of five or
six atoms, or a chemically-feasible bicyclic group of nine or ten atoms, at
least one of which is carbon, and having at least one oxygen, sulfur or
nitrogen atom interrupting a carbocyclic ring having a sufficient number
of pi (n) electrons to provide aromatic character. Representative
heteroaryl (heteroaromatic) groups are pyridinyl, pyrimidinyl, pyrazinyl,
pyridazinyl, furanyl, benzofuranyl, thienyl, benzothienyl, thiazolyl,

thiadiazolyl, imidazolyl, pyrazolyl, triazolyl, isathiazolyl, benzothiazolyl,
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converting fromone isoner to another, wherein it is
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between the two isonmers. 10 The term "precipitate", as
used herein, is understood;to nean to fall out of
solution as a solid. The term "dynam c resol ution", as
used herein, is understood to mnean a process in which
kercoremlygl, orafaldparrblyt,ssoxagolykrl,$ - iszéndmehdlibdblsbner
of the same conpound in a solution is thernodynam cally
giopen by the depletion of the second isoner fromthe
solution by precipitation of the second isonmer. The
foll owm ng abbreviations are defined: EtOH is ethanol;
Meis 20 nethyl; Et is ethyl; Bu is butyl; n-Bu is
nor mahebatyl “heterBeydlis rirgy” tor BhitgtacycleXcas Ssarkéreie;

KO -Bu is potassiumtert-butoxide; NBS is N brono
sigass Bh e bshiirtedsorlsumstibyted 2sanyrdiel ] dhsatueateBMAP i s
4- di met hyl am nopyridine; THE is tetrahydrofuran; DBU
avmatl, ctefadedliycieakibidridg Qoniisteed ofeaehoDMdm$ and one or
N, N- di met hyl acetam de; n 25 Bu4NBr is
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and equiv." or "eqg." nmeans equivalents. "n", as it is

ﬁ&%@trﬁctdr% He hedfeRmbly, GivbRo BBvdrNARAE. Palyéylica S
vaIu

is inclusive of the range recited
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both nean that n may have any of the values 0, 1,
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consisting of three rings contain preferably from thirteen to seventeen
atoms, more preferably, fourteen or fifteen atoms. Each heterocyclic ring
has at least one heteroatom. Unless otherwise stated, the heteroatoms
may each be independently selected from the group consisting of

nitrogen, sulfur and oxygen atoms.

The terms "Hal," “halo,” “halogen” and “halide,” as used herein,
mean a chloro, bromo, fluoro or iodo atom radical. Chlorides, bromides

and fluorides are preferred halides.

The term “carbonate”, as used herein, is understood to include

bicarbonates.



General Syntheses The follow ng schene summari zes the
dynam c resol uti on-based approach to synthesi zing
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Nitro-acid 0 NO2 GONR6Ra f-BuCOd NRSRs (R)-Butynol
07 O0HO O 4 H%N® \\ NRSRO 6 0 12. . Soly/150C O H
DBU , NO2 LlindlarM2 0 A""NO®-3. Dynanmic crystal. OH =
HONRSRG O _~ NRSRs 2 1 O Pd(C(HCOO—IOHHNHZ

El co H H NHCO2Ft
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t’x\lvl;)lcc?ranltorg mHoletzc‘Llilcle_éC %Et %e same number and kind of atoms and

hence the same molecular weight, but differing in respect to the

arrangement or configuration of the atoms.

The term "epimerizing”, as used herein, is understood to mean
converting from one isomer to another, wherein it is the relative position

of an attached H that differs between the two isomers.

The term “precipitate”, as used herein, is understood to mean to

fall out of solution as a solid.

The term.“dynamic resolution”, as used herein, is understood to
mean a process in which a conversion from a first isomer to a second
isomer of the same compound in a solution is thermodynamically driven
by the depletion of the second isomer from the solution by precipitation

of the second isomer.

The following abbreviations are defined: EtOH is ethanol; Me is
methyl; Et is ethyl; Bu is butyl; n-Bu is normal-butyl, t-Bu is tert-butyl,
OAc is acetate; KO#Bu is potassium tert-butoxide; NBS is N-bromo
succinimide; NMP i1s 1-methyl-2-pyrrolidinone; DMAP is 4-
dimethylaminopyridine; THF is tetrahydrofuran; DBU 1s 1,8-
diazabicyclo[5,4,0lundec-7-ene; DMA is N, N-dimethylacetamide; n-

BusNBr is tetrabutylammeonium bromide; n-BusNOH is
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tetrabutylammonium hydroxide, n-BusNH2804 is tetrabutylammonium
hydrogen sulfate, and “equiv.” or “eq.” means equivalents.

“n”, as it is used herein, is understood to be an integer having a
value that is inclusive of the range recited thereafter. Thus “n is between
0 and 4” and “n ranges 0-4” both mean that n may have any of the values

0,1,2,30r4.



R6 10 In each of nethods A and B, P is a protecting
group, for exanple THP or SiR R2R3, wherein R7-R3 may

be H alkyl, alkenyl, cycloalkyl, aryl, aﬂ'(:)ﬁjfl?’sl wooog_ﬂ
I'S

WO 204474Py | | heterocyclic, and heteroaryl groups:
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consi sting of alkyl, aryl, alkylaryl, and aryl al kyl and
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hal ogen, for exanple C, Br, or I. As another exanple,
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sel ected from al aryl, allcylaryl, and NR' groups,
and R' is selected from gl kyl, aryl, and al kyl aryl
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pi val oyl chloride in the presence of a tert-am ne
base), in the presence of DMAP to form Conpound 7. The

wlhdsei,s subsequently subjected to hydrogenation

conditi'ons to yield Conpound 2. Preferred RI¥Esgeniaensin
condi tions include pressuri%ed hydrogen in the presence
of a 25 hydrogenation catal yst. The hydrogen pressure
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he hydrogenation catalyst may be a nobl e netal
catal yst, for exanple Lindlar catalyst. The

hydr enathon IS _Syi 4 onducted in the presence of
a sogg%ﬁ?%—g%#%2¥¥%%é@§%é—g§onatic sol vent such as

toluene. 5 The yields in the above-descri bed syntheses
of Conpound 3 can be inproved by sugpressing side- or

over- reactions that can occur as tp&wjgroduct OH
( Conpounfl’ 3) cones inic Hta:j with TtSRprecur sops 5

These or over- atly ons Tan pbe suppressed b

decr gasuirga-tihe residence tiHe' of 10 the final proces®sr,
step (the step resulting in Conpound 3). ThisA"eduttion
of residence tymeoean be achifeved by usigg/a/gzitable
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step. The reactantsare intradduced™id indivi duak
reactant streams which are conbigged and i medigately

m xed in a flowtprough step. Thi _ achieved by
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near the inlet of a punp, and punping the conbi ned
reactant streamthrough a static m xer, followed by

i mredi at e quench. Alternatively, amde 3 may be reduced
to the corresponding vinyl 20 alcohol 4, and the

al colppdndratibAen Agacihednlitgr nitro acid 6 to yield
Cbnpouné 2. Conpound 2 1s subsequently cyclized to

yi el d Conpound 1. The «cyclization of 2 is conducted in
a suitable solvent (e.g., hydrocarbons
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In each of methods A and B, P is a protecting group, for example
THP or SiR!R2R3, wherein R!-R3 may be H, alkyl, alkenyl, cycloalkyl, aryl,
arylalkyl, alkylaryl, heterocyclic, and heteroaryl groups, Y is selected from
the group consisting of Cl, Br, I, and R”CQQ, wherein R is selected from
the group consisting of alkyl, aryl, alkylaryl, and arylalkyl and Xis a
leaving group. By way of example, X can be halogen, for example Cl, Br,

or I. As another example, X can be selected from heterocyclic rings, such
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el evated tenperature (e.g., @etmeen about 70 and about
190 C, preferably between Hhout 80 and about 170 C
nore preferably between about 100 and about 160 C

sdd iblidames. PL ef gnahhi JRativeerR-REGW M PR 2286 hgut 150
C), to produce a mxture of exo- and endo- isoners.
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resulting "m xture conprises the a- and O-isoners of
Rr&oRaHps #8nPhe, 30, for a total of four isomers.
he a-isomer of Compound 30 is a desirable 10
intermediate in the synthesis of hinbacine anal ogs, and
is herein designated Conpound 1. The resulting m xture
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diphenylamide (Compound 3 wherein Rs and Rg are both phenyl).

The amide may then be converted to Compound 2 via either of two
routes: through vinyl alcohol 4, or through amide 7. For example, amide
3 may be combined with nitro acid 6. In one embodiment, amide 3
reacts with a mixed anhydride of the nitro acid 6 (prepared from 6 and
pivaloyl chloride in the presence of a tert-amine base}, in the presence of
DMAP to form Compound 7. The amide is subsequently subjected to
hydrogenation conditions to yield Compound 2. Preferred hydrogenation
conditions include pressurized hydrogen in the presence of a

hydrogenation catalyst. The hydrogen pressure may range from 20 to



di azabi cycl o[ 5, 4, O undec-7-ene, or mxtures of 2 or
nore thereof. Suitable solvent for crystallization

i ncl udes hydrocarbon, al cohols, 5 ethers, ‘
wo :@sheass, xyl ene, N-methyl pyrrolidinone. | np&@h@ﬁ&?ﬂowy

enbodi nents, the solvent Lg selected froni ethanol,
i sopropyl al cohol, aryl alcohol alcohols, ethers,
ket ones, esters, xylene, N nethylpyrrolidinone, and
30%epsi andrepresfur? afrl Ofpse is hrefeyodd. Rie hwtengeoatdy, t he
exo-endo ratio for Conmpound 1 may exceed 90:10, and
aabaiy st mey decendbleinéial Falyst far ¢8amplei londlar tchtalystt rihe
position nmay exceed 95:5, and for exanple nay be
98lrdgenabionHs NGtably ¢BRIuSHHd/enthe Bassendel dfl aGdNRHRS 0
NRERe 2 29 O H pNO2 ease and OHa O.,NXx
Pefcaiplytaat ammadiclsdlverdtisuch'as ihikeRe. O Pf°_NR6R8 a: 5 =
about 70:30 a Isomer precipitates preferentially 30
5 ap >98:2in solid 1 The carbon-carbon doubl e bond and
the nitro group of Conpound 1 may then be reduced
undefThs yidiabire thecabisiet duscibedlsim ihases of Fopoudd 3agtinnie:
12. Suitable reduction conditions may include contact

inigrbveal by gdp PR sitle-Catdky-Steactsattlag canecsert as tiad
fromstandard noble netal catalysts (e.g., palladium

Frodasy [Tmpdimt BNesthegircesiia willh dsijredhtydr Y 0rhese side-
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or gver- reactions can be suppressed by decreasing the residence time of
10 the final process step {the step resulting in Compound 3). This reduction
of residence time can be achieved by using a suitable flow operation
rather than a batch operation at this step. The reactants are introduced
in individual reactant streams which are combined and immediately
mixed in a flow-through step. This can be achieved by combining the
15  individual flow streams at a point near the inlet of a pump, and pumping

the combined reactant stream through a static mixer, followed by

immediate quench.

Alternatively, amide 3 may be reduced to the corresponding vinyl
20 alcohol 4, and the alcohol is then reacted with nitro acid 6 to yield

Compound 2.

Compound 2 is subsequently cyclized to yield Compound 1. The
cyclization of 2 is conducted in a suitable solvent (e.g., hydrocarbons

25 such as xylene, N-methylpyrrolidinone, Dimethylsulfoxide, diphenyl
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hydr ogen can be hydrogen gas, formc acid, formates,

and conbi nations thereof. Miultiple catalysts may also
wo 208604$8d. Anine 12 may then be converted t%ﬁ“’é%?%ﬁ’ﬂ‘ﬁ’?“b

13 by reaction with an al kyl haloformate (e.g., 5

et hyl chl or of or mat e, ethylp‘fnnfornate, or

et hyl i odof ormate). Carbamat® 13 may then be converted

to the carbamate acid 14 by reaction with a base such
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and bicarbonate, where the netal is selected fromthe
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magnesi um followed by reaction with a 10 m neral acid.
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ubsequently converted to the correspondi ng al dehyde
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Conpound 1. Conpoun e prepared from acrol ein
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Nitromethane 1s treated with an inorganic ase such as
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acid, or a salt of glyoxylate), and a carbonate base
(e.g., LiHCG3, NaHCO3, WO 200 6/0 764 15

el R W WL WL

svt\ﬁ%a%lie_ | Lns:g 31(1: %lrgfe?e%lﬁ\éf gxt')istallization of the desired a-isomer

15 using a suitable solvent. The equilibrium concentrations of the a- and f3-
isomers in solution are a function of the pH of the solution, which can be
modified by addition a suitable base. Thus, the B-isomers can be
converted to the desired a-isomers by addition of a suitable base.
Simultaneously, in the presence of a suitable solvent, the a-isomer

20 precipitates from the solution as a solid. In the dynamic resolution
process, this precipitation tends to deplete the a-isomer from the

solution, driving the equilibrium of the B to a conversion process from the

B-isomer towards the a-isomer in the solution.



The conpound 8 is cyclized by treating with a secondary

amine 5 (e.g., piperidine, pyrrolidine, piperazine,

di al kyl am nes, and diaryl al kyl am nes) and a car box I iC
wo 28%iskf£. 9., al i phatic and aromatic car boRGT/HE208Y

In an organic solvent (e.g., CH2C12i chl orobenzene, t-

butyl net hyl et her, or tol uen®)- to produce Conpound 10.

10 There are two nmethods to convert Conpound 10 to
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10 pi:Beaticiahshe pitre Bosition anay exqee@ Ohyd, anidhey egamplremay be
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;
The carbon-carbon double bond and the nitro group of Compound
1 may then be reduced under suitable reduction conditions to yield
15 amine 12. Suitable reduction conditions may include contact with a
hydrogenation catalyst, such as one selected from standard noble metal

catalysts {e.g., palladium on carbon, platinum on carbon, and rhodium
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6A 6 Conpound 16 can be prepared foll owi ng the schene
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N- oxi de. The 5-brono-2-nethyl pyridine N-oxide is first
converted to Conpound 35 bysfreating with an anhydride
(e.g., aromatic acid anhydride, acetic anhydride, or
tri hal ogenated acetic anhydride) in an applicable
@otardon, pragnixberst dvessof)Cl Theosairee hiybydmogebhean kol vent ,
or aromatic solvents, or a mxture thereof). Conpound
B&irpgerl Bas doueict sdd t forrGatep pamdl c@8bmationeabeeof. WMultiplan
al cohol (e.g., nethanol, ethanol, propanol,
desalysiEpany lajscbiod aped. sAmand 1R endyaticdrshe abnentedl @vat ed
tenperature of about 20 to about 80 CC, preferably,
@ivbain a8 18 hyadeautior Oithods) alieyt Ralpf@hextalb.y., about 45 to
about 55 OC. The synthesis of Conpound 37 (with X being

éthyichiordios flats edhilbrotaoforhate] @f etgthodbforMaut€)0 ®irbamate
JOg. Chem, 69, 250-262 (2004). According to the

18 essnthenrbeetdivefed €0 RO Wathadhtt ScROIM &ytredctich Gampound
37 according to the schene below, by reacting with a

bVl 4, ddidexLagleNd mdhiZo:0806Ohy&bxided carbonate and
PCT/ US2006/ 000954 -27 including a hal ogenati ng reagent

fi€abonabOWliere SaBhst aRek3leclar BomRGd 2ro@p coltBEfng of
anot her proper |eaving group reagent. In the schene
ehey, sedittn, potassium, and magnesium, followed by reaction with a
mineral acid. Sodium hydroxide is a preferred base. The acid 14 is

subsequently converted to the corresponding aldehyde 15, which is

reacted with phosphorus ester 16 to yield Compound 1.

Compound 6 may be prepared from acrolein and nitromethane
following the scheme below. Nitromethane is treated with an inorganic
base such as metal hydroxide (e.g., LiOH, KOH, NaOH, Ca(OH)2), metal
carbonate {e.g., Li2CO3, NaxCQOs, K2CO3, Cs2C03) and acrolein in a C; to
Cs alcohol (e.g., methanol, ethanol, propanol, isopropanol, butanol, sec-
butanol, t-butanol, pentanols, and octanols) or a mixture of alcohols to
give crude Compound 8. To purify Compound 8, crude Compound 8 is
isolated as its metal bisulfite salt 9 by treating with. a metal bisulfite
reagent selected from, NaHSO3, KHSO3, NazS20s, and K2520s. The
bisulfite compound 9 is converted to the purified 8 by treating with a
lower alkyl carbonyl compound {e.g., acetaldehyde, acetone, glyoxylic

acid, or a salt of glyoxylate), and a carbonate base (e.g., LiHCO3, NaHCOs3,



a | eaving group selected from Hal ogens, esters,
sul fonates, and phosphates. 5 Conpound 37 is converted
to Conmpound 38 by treating with a phosphite reagent.

woz@!@}ﬁ?dQEOSphi te reagent can be prepared froRCEHUS2006/000954
Ia

| cyl phosphite or a diaryl phosphite (e.qg.,
(RgO 2P(O H, wherein RO is selected fromC -C o al kyl,
aryl, heteroaryl, and aryl_aisk_yl groups) and a strong
base (e.g., netal hydrides,”RioLi, and ((R 0)3Si)2Li,
wherein Riois 10 selected fromC to Co al kyl and
AHEOH MES)s, KEORORNIhPBakis Fevetdedidiag GRAROHAL 216
by reacting with a fluoroaromatic borate reagent,
v Fe OB I le)sdiveplerein Rii is selected froma group
consisting of G to G o alkyls, aryls, heteroaryls and
hydr ogen. The reaction is catalyzed using a palladium
catalyst, PdL,,, 15 wherein L is a ligand selected from

i e eRolind isSGBREY LEMMEWIH 2 seliiflacy amine

al kylaryl, and NR'3 wherein R' 1s selecte

g Gt b g o oo o

10

15

20

R B S Pa UE 3Po i
ek bty PEE ety Bt (%, E1:cl BB Berk )2

butylmethylether, or toluene) to produce Compound 10.

There are two methods to convert Compound 10 to Compound 6,
designated herein as Method C and Method D. In Method C, Compound
10 is first converted to Compound 6A by reacting 10 with a Wittig
reagent. The Rs in the Wittig reagent given in the scheme below is
selected from C; to Cipalkyl or arylalkyl groups. The Compound 6A is
then converted to Compound 6 via an inorganic base- or acid- catalyzed
hydrolysis. The applicable inorganic bases include, but are not limited
to, alkaline hydroxide, carbonate, and phosphate bases. The applicable

acids include, but are not limited to mineral and organic acids.

In method D, Compound 10 is converted directly to Compound 6
by reacting 10 with malonic acid in a suitable solvent or solvent mixture
(e.g., hydrocarbon solvent including halogenated solvent, aromatic
solvent and nitrogen-containing solvents}. In some embodiments, the

solvent is either pyridine or toluene, or a mixture thereof. Opticnally, a



Br j L Br J PdLn F 37 38 16 WD 2006/ 076415
PCT/ US2006/ 000954 -29 The following illustrates a

eneral schene for the synthesis of Conpound 11 v
WO{% y nmp
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AEO7A1¥r 0- oxazol e route: O HO(c)NC2 O ()4"(93’652??6’!({6’25‘
t-BuCOCl | Xi (R -Butynol 23 NN 24 X =SorO or, NH
HOO 25 0 HO NO2/V X 6V/26\/1 DyCCOHLIndIar/HZ
ONO2.  DBUONX® 2 3 3. Dynamc crystal. HH O N X O
NX \ 22- 210 Pd/CH2O0HHNH EtCO2A1 HH
NERES (elp., Pipktitmep@Holi@ine Holpefazhe, pyridine, and

triethylamine) can be introduced to accelerate the reaction.

NGO,

NO,
/YH + CH3NO HMH - . HMH

0 0 ) HO SONa HO SOaNa

Acrolein
9

Ph3P=/COZRE

NOa i Witt i
H\[(\)\/\n,H H’“\ONOz (Wittig reagent)
—_————r——— a -
o 0 Method C
8

l Malonic acid

0 Method D

0
> = NO,

6A

6

Compound 16 can be prepared following the scheme below starting
from 5-bromo-2-methylpyridine N-oxide. The 5-bromo-2-methylpyridine
N-oxide is first converted to Compound 35 by treating with an anhydride
(e.g., aromatic acid anhydride, acetic anhydride, or trihalogenated acetic
anhydride} in an applicable solvent (e.g., esters, C; to C1o hydrocarbon
solvent, or aromatic solvents, or a mixture thereof). Compound 35 is
converted to Compound 36 by treatment with an alcohol {e.g., methanol,
ethanol, propanol, isopropanol, butanols, and pentanols) at an elevated
temperature of about 20 to about 80 °C, preferably, about 30 to about 70
°C, more preferably about 45 to about 55 °C.

The synthesis of.Compound 37 (with X being Cl) is disclosed in van
den Heuvel, Marco et al, J Org. Chem., 69, 250-262 (2004). According to
the present invention, Compound 36 is converted to Compound 37

according to the scheme below, by reacting with a leaving group reagent



01l XHONf HXN/ \ P(O(CEt)2 26 27 N 16
yHHHHNHCO2Et F 0:1:1::J.NHCORPEt HO H Oe-OH p H 14
H H NHCO2Et O N 11 y WD 2006/ 076415

Wo?ﬂéﬁf?%éooa/ 000954 -30 (R)-butynol may advankSHe¥Hery?
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be protected with, for exanple, THP. The THP- protected
al cohol may then be permtted to react wth a
substituted benzothi azol e,~¥or exanpl e

2 chlorobenzothiazole to yield Conpound 23 (mhere Xis

Heindis %ﬁ%ts'a%%%g st &?‘#ﬁgs‘s@ﬁﬁzﬁp R ¥E, pelstr d
DB e WbEL IR eéﬁgp edkeib i e SR Pﬁg s

t rout es: rou V|n alc ol or, thro

elfmttharoip SrgeH i i FropsuliERHaE by

aﬁactlgﬁ Compound 23 MAth nitro acid 6 in the presence
Saromatic sol vent such as, for exanple,

toluene, to Xigld Conmpound 24. Conpound 24 is |
subse&lﬁ’é‘%ﬁq‘&ﬁ dde é@ltﬁﬁtfértor%%@@{g?ﬁ&y treaiies Mibms,
for exanple in the presence of hydrogen and a Li ndl ar
PREEPRSE reassnyi Ehe phgaRRitmEragent @anpo RFPared from Ren
cyclized via a D els-Alder reaction, followed b
@#%Hﬂﬁbﬁ@plwq At @ driytphosplitel@ld.) (ReO)2P(O)H, wherein
selected from C;-Ci¢ alkyl, aryl, heteroaryl, and arylalkyl groups) and a
strong base (e.g., metal hydrides, RigLi, and ({Ri10)3Si)2Li, wherein Ry is
selected from C; to Cig alkyl and aryl groups).

Compound 38 is converted to Compound 16 by reacting with a
fluoroaromatic borate reagent, 3-FC¢H4B{OR11)2, wherein Ry is selected
from a group consisting of C; to Cig alkyls, aryls, heteroaryls and
hydrogen. The reaction is catalyzed using a palladium catalyst, PdLn,
wherein L is a ligand selected from PR’s wherein R’ is selected from alkyl,
aryl, alkylaryl, and NR”s wherein R” is selected from alkyl, aryl, and
alkylaryl. Alternately, palladium on carbon (“Pd/C") may be used as the

catalyst. The preferred ligands are PPhs, P(o-Tol)s, and bipyridine.



15 Conmpound 21. The cyclization of 22 is conducted in a
sui tabl e solvent (e.g., hydrocarbons such as xyl ene,
pyrrolidinone, D nethylsulfoxide, ,di ,
Wo %Ogjg?GQY§D nmet hyl acet am de and the |ike as &Qlﬁ%ﬁ%{{o&o&s
of 2 or nore thereof), at elevated tenperature (e.g.,
from about 70 to about 190%&, preferably from about 80
to about 170'C, nore 20 preferably from about 100 to
about 160' C, still m)re RIE rably from about 120 to
about 1%Q €), to pr “Hixture of ex ¥ and endo-
i soner \NTF?ls mxture ' treted W th ui t abl e base

to conpl te-Hﬁe——epl rizati to pro et he

cis-iso (21). Suilt ab¥e ba es i ncT upe, Y1 8PCChsxanpl e,
triet hyﬁ’fam ne, 1,5-dj azabi cyql o[ 4, 3, O]¥6n- 5-ene, 1,4
25 di azabi cycl of 2, 2, 2] qect ane, and Br

1, 8- di azabi cycl o[ 5, 4, O tindec- 7- ene. WD 2086/ 076415
PCT/ U82006/[_000954 - 31 The following illustrates a
general scHenme fof the ynt@fd%f e@qqppund R(_‘D)(OEI@

the nitro-ast rput e: 0 NO=
COORS t - BW( ORE ~ ( Rut ynol @ 19 N

Sol v1T50C O |H 2. DPBU—tt r/ HZ p |- w m c
crystal . O|\ O(PSp(PS 18

Br Br PdLn

37 38 F
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Pd/CH2 0O HHo EECO2C HHONH2 O NHCO2Et H HF O
C]—|pC]—|20 P(O(CElI)2 14 0 16 HH NHCO2Et O HH O O
HCOZEt F H\ H / OHkKN 11 F (R -butynal is

WO’@%’WWPed to a benzyl ester 28 (where R7 iFETHEADGP§0954 5

Conpound 28 reacts wth the m xed anhydride of the
nitro acid 6 (prepared fra@h-6 and pival oyl chloride in
the presence of a tert-am ne base) in the presence of

underT}}ﬁ/@ﬁlor & Cﬁ{r"g%%]%n%%??%ﬁgg q_@n flor th tsﬂﬁgtﬁse% nce

of hydroigen and a L| ndl a{ cat alyst, to y| eld ester 18.
ESfraoupg] CHAFPISY O i zed to yiel d Conpound
17 as follows. The cycI i zati on WO 2006/ 076415

PCT/ US2006/ 000954 -32 o 8 |§l conducted in a suitable
sol vent (e.g., hydrocar bons TRz as

t hyl pyrrol i &none, Di set hyl sul f '
e D et h tam de—and—the | i keyas [l m xtures
of 2 or nore thereofp® _at teuweloevated’te CK ture (e.g.,
flR}@Butymbout 70 to bé’ 0C, preferably, N om about
80 to about 170C, )9 referably, fromg 130 to
about 160C, stil m)re HE bl,y, from“about 140 to
about 1500), to produce avnmyxture of exo- and endo-
i soners. This rm }Sd}} atfed with a suitable base

to conplete the epi to the cis-isonmer 17 as

0 1. Soiv/150C

0
Lindlar/H NO 2. DBV " ANO,
Tt Q= 2 3. Dynamic crystal. O, |
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descri bed previously. The carbon-carbon doubl e bond and
the nitro 10 group of Conpound 17 may then be reduced
under suitable reduction conditions to yield am ne

wo ’§B‘?"Wéb‘l°e reduction conditions may include PQéWQ\Q?f””W‘t h
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a hydrogenation catal yst, such as one selected from
standard noble netal catalygs. Miultiple catalysts nay
al so be used. A preferred reduction catalyst is

pal | adi um on carbon. The source of 15 hydrogen can be
hydr ofrbwggapl fmeay rideaniagdou lp bawtrets ctealnsith pfob ierainipbs) s
thereof. The experinmental conditions disclosed herein
arteP . pThé @HFepr otecpd ialdobiob magntenive petmiited bareacs kitH a i n
the art can nodify themas necessary to achieve the

satetipited zhso thidkoleXAbPeEm plEvarilbs bl nzo i £408¢, ab iytdid of
3-15-Nitro-cvcl ohex-1-envll-acrylic acid (Conmpound 61

a0uin pdrnS2BL(vhAre RrieERr aht efacdionGaap bendnluttedin a
Acrolein 25 WD 2006/ 076415 PCT/ US2006/ 000954 -33

(SoBN2, DIORxNBle dh KEAE S¥lvéntheutd 43 DME, HnNarS$seS H H
f OL OO orNaHSC3 HO SO-Na HO SG3Na Acrolein B 9 To a

kst cennf@f b4et BySdxdmply eh@kiBenihd. Eothpdu}P29Bhdy iHen
net hanol 5 (450nl) were added nitronet hane (39 m,

G 6B RHkd 30 CInSRRIIRPEA By eitttp 8fklo HAHLS: @lhltdfdéﬁaﬁnyl

at rmsphere The resulting m xture was cooled to a

OIS 26U bE tRRIMBPomBPn@Rd. ~BRGatthE tALRiRaf 20 N,
1 74 m)I was

conducted by reacting Compound 23 with nitro acid 6 in the presence of
an aromatic solvent such as, for example, toluene, to yield Compound
24. Compound 24 is subsequently reduced under hydrogenation
conditions, for example in the presence of hydrogen and a Lindlar
catalyst, to yield Compound 22. Compound 22 is then cyclized via a
Diels-Alder reaction, followed by treatment with a base to yield
Compound 21. The cyclization of 22 is conducted in a suitable solvent
(e.g., hydrocarbons such as xylene, N-methylpyrrolidinone,
Dimethylsulfoxide, diphenyl ether, Dimethylacetamide and the like as
well mixtures of 2 or more thereof), at elevated temperature (e.g., from
about 70 to about 190°C, preferably from about 80 to about 170°C, more
preferably from about 100 to about 160°C, still more preferably from
about 120 to about 150°C), to produce a mixture of exo- and endo-
isomers. This mixture is treated with a suitable base to complete the
epimerization to produce the cis-isomer (21). Suitable bases include, for
example, triethylamine, 1,5-diazabicyclo[4,3,0]non-5-ene, 1,4-

diazabicyclo[2,2,2]octane, and 1,8-diazabicyclo[5,4,0]undec-7-ene.



then added slowy in about 3 to 3.5 hours while
mai ntai ning the tenperature between -20C and -25C

woNok@sspd irring at the sane 10 tenperature Eﬁugz%wﬁg%e

10

the reaction was quenched with acetic acid

reaction m xture was warnmed up to roomtenperature and
a solution of sodiumnetasylfite (135 g, 0.67 nol) in
water (700 mM) was slowy added at about 25C After
stirring the resulting suspension for 1 hour, the

m xt uFkee {plovcop lbtsttaied @ Generdl stlheme thrfthe synthdsés ofhour .
15 White solid was obtained after filtration and drying
Wedepowat ddma Tenitpr-estactowtas carried to the next step
wi t hout further purification. Yield: 2199, 83% 1H NWR
(400 MHz, DMBO-d6) S 1.41-1.64%(m 2H), 1.76-1.99 (m
6H), 3.79-3.85 (m 2H), 4.63"(0 %" 5. 44 (t, J

=6. 2Hz,9"°2H) . 20 B. *eparation of 4-Ntrg- t anedd,al O
NO2 Ar-CHNOZ F A H HOOZ—H-H—HEO-S03NaHO[SCBNA. -
YA--~ 0D 9 8 WO 2006/ @P641550R63/ USZO(PG?&);LQO -34
To a mempensi on of <8di um "

1, 7-di hydroxy-4-ni tro-heptane-1, 7- disul fondfe, 9, (219
g, 0.57 nmol) in nethylene chloride (1.6L) was added a
solution of glyoxyic acid (1 1.7 | ) and sodi um
bi carbopat e (150 v 5 1.78 én%i’?ff%l’cn vvatH .2 The
resul ting mextur ngP?eamemwn e "IN@z for
30 to 60 m nut eszunyi | | solids were di$3q

organi c | ayer was okf and the aqueous | &er, was
extracted with netfpylene chloride twice (2Zyx 400 nl).
Combi ned extracts were then concentrated to give a

colorless oil. The product was carried to next step 10
Wi t houtegdamyr t I uri fi catk@n. Yie) dH 85g, 86% 1H NWR
(400 NMHz; 3 Fp9-2-24 = TY ik H8—(m—
41-1), 4.61 - 9.77 (s, 3¢ NMR 6 26. 2,
39.9, 86.9, 20040, on

20 P(O}OE); "
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0
HOH
5 16 NHCO,E
O H H . O I
. H :
cﬁ:m "NHCO,EL F

I
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=z
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{R)-butynol is converted to a benzy! ester 28 (where Rz is benzyl).

Compound 28 reacts with the mixed anhydride of the nitro acid 6
(prepared from 6 and pivaloyl chloride in the presence of a tert-amine
base), in the presence of DMAP, to form Compound 19. Compound 19 is
reduced under hydrogenation conditions, e.g., in the presence of
hydrogen and a Lindlar catalyst, to yield ester 18. Ester 18 is

subsequently cyclized to yield Compound 17 as follows. The cyclization



C. Preparation of 5-Ntro-cycl ohex-1-enecarbal dehyde:
15 N0O2 0 Pyrrolidine HH/Benzoic Acid HI N02 0 8 O

Wwo I’rlpg?iél'?%?lg sol ution of 4-Nitro-heptanedi al (ég:é%us%%%nﬂ%m
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nmet hyl ene chloride (0.7L) were a
pyrrolidine (2 m, 0.024 nol) and benzoic acid 20
(1.46 g, 0.012 nol), and the resulting m xture was
refluxed for 10 to 15 hours32-The reaction m xture was
cooled to roomtenperature, washed wth 1IN HO (170

L e M p s
i b B RL AR BRI B bl Uther " P
R O PR RS R YO
%e,lﬁfsv_sa&edege%Hﬁeg%g}zrg?(F.gﬁ'fg(?m (a@oug' 17_% 'to 6ab§161t &%"CS]; 'igréfe?ét?lo, (s,
T
e o G R R
FOPPEBETIO! S A REPAT G E30l TGS E O RGBA tHE S
bs%tit\gx%?enb&ssectoacnognglg‘% thg Nepl_mlcljeriéat?txzonnéo)th\é%?s-isomer 17 as
described previously. The carhon-carbon double bond and the nitro
group of Compound 17 méy then be reduced under suitable reduction
conditions to yield amine 20. Suitable reduction conditions may include
contact with a hydrogenation catalyst, such as one selected from
standard noble metal catalysts. Multiple catalysts may also be used. A
preferred reduction catalyst is palladium on carbon. The source of
hydrogen can be hydrogen gas, formic acid, formates, and combinations
thereof.

The experimental conditions disclosed herein are preferred

conditions, and one of ordinary skill in the art can modify them as

necessary to achieve the same products.

EXAMPLES

Example 1 - Preparation of 3-[5-Nitro-cyclohex-1-envl]-acrvlic acid
{Compound 6} and its Salt:

A. Preparation of Compound 9 from Acrolein
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slowy added into the reaction mxture to adjust the pH
to between 1.5 and 2 while maintaining the tenperature
bet ween 20C and 25C. The mixture was then extracted

WO 0e/W76H8t hyl ene chl oride three tines (1X180PCIEUSHI6/000280
m ). The conbi ned extracts were washed with IN HO (48
m), water (48 m) and Concentrated to a vol ume of 36
m . The concentrate suspension was cooled to 0C and 5C
for 1 howfyelight yellowsolid was obtained af ygy

f||trat§_|aowr&nﬁi driyi n un er vac Y| elq 109, 60%
15ﬁgo e 1HNNFr : %

4H), 2. 2Hy, 4.96 (mp 1 ,Na@ogg*o(dsog«a— 2 GiOHEP:Na
1H)AcroBin28 (s, 1H), 7.27 (d, J 20 Hz, 12.3 (s,
1H). Exanple 2 - Alternative I\/bthod for Prepar?ng
3-[5-Nitro-cycl ohex-1-enyl)- acrylic acid [ Conpound 51
via Wttig Reagent: WD 2006/ 076415 PCT/ US2006/ 000954
- 0 CO.Me | Ph3P= H NO2 th| reagent) MeO NO2
510 36O QRARTIORY S 15 5 £595 Ml P TRl of
lﬁhanol t. 0. 0C was 3dded 144 .4 g (432 mol ) of the
(45%1 ﬂege ped g pitromaangd3? rlng 6% welledd inprropgpelhat ed at
C for 3 hrs. The solvent was_renoved under reduced 5
(450;5?%%51?& nitrpgen, FEQspBeitas s resMiRgIMM e MaeBaokedtiqi ce.
The extract was filtered to renove any solid, washed
a teperRyre RetwesRd208h ceftrat@d Acrofeie (1é8 .nallué Tfagrol) was
chromat ogr aphed on a silica gel colum, eluting with
therhasiderbslophy In abettad to 8. foRours whileginainteiming the s and 55. 1
g (60.49% trans roduct. 1H NMR (CDC13) d 7.31 (d, J =
temmqrasumbetmelyn %0°£§a(1¢h 25134]) Afwr giirniog @ the)sames5. 9 Hz,
1H), 4.74-4.68 (m 1H), 3.76 (s, 3H), 2.81-2.74 (m
tempefaturepfos - lj_m(m thigrreagtpn was quenched with acetic acid (4

ml). The reaction mixture was warmed up to room temperature and a
solution of sodium metasulfite (135 g, 0.67 mol) in water (700 ml) was
slowly added at about 259C. After stirring the resulting suspénsion for 1
hour, the mixture was cooled to 10°C and stirred for another hour.
White solid was obtained after filtration and drying under vacuum. The
product was carried to the next step without further purification. Yield:
219g, 83%. 'H NMR (400 MHz, DMSO-de) 6 1.41-1.64 (m, 2H]), 1.76-1.99

(m, 6H), 3.79-3.85 (m, 2H), 4.63 (m, 1H), 5.44 (t, J =6.2Hz, 2H).

B. Preparation of 4-Nitro-heptanedial

0]

NO, H)J\H,OH
HMH o INaHCO H\[(\/I\/\H/H
HO” “SO,Na -
9

HO SO;Na 0 o




0 O NaCH HO NO2 MO NaCH 6 Next, to a flask were
added 2.1 g of the nethyl ester, 9.6 m of 15 l\/b(]—| and
4 M of water. To the m xture at about 5 OC was

wo H?%Nlée 0.96 M of 50% NaOH. The mi xturep\ﬁggjsé?“%?/%ﬁ
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to warmto roomtenperature and stirred at this
tenperature for about 24 hrs. The reaction m xture was
neutralized with HOAC to pPébetween 4 and 5 and the
nmet hanol was renoved under reduced pressure. The

resi due was 20 extracted with 3 X 50 ml Et OAc. The

Et OAc | ayer was concentrated to WO 2006/ 076415

PCT/ U249 864063901 of s@llumgi ,Vealilydrogy ef-nit d-heptind-57-
(76.5%, Exanple 3 - Preparation of Conpound 3a: 0 OH
disdifth Se, BV 95, P52 M-\t lerdeahibtid®{ Hi6l) MBBAdded a
H2SO- \ i" fI (R -3-Butyn-2-ol Li 3a 5 The foll ow ng
polaciod W gBroaalic BEidqPe0 @ e ®Bl) eindhsydidMehitatRkhte QS0 g,
the enantiopure starting butyn-2-ol. To a stirred

$ T8Unlol) Ain @fatst| YT The @6ddting GIRGire Wi dt)rréd af Horh 240
nm.J were sequentially added (R)-3 butyn-2-ol 10 (40 g,

erdBloe fANdotth a0 Mexptksahhy hilisshdawanedis4Oved, The 31
nol) at roomtenperature. The solution was refl uxed

bffant: thyBPUWaS s30flahdRe aGhOMMNaaOkEH ekRactlGittT he

resulting mxture was slowy charged in hexyllithium

fretaikh 8 cﬁt%%ﬂ@ecmé’e‘l@ )Uhoo ingzcgﬁlb}né@énltﬁad{@ k@i g
the " tenperature at -40 C. This solution and a solution

Bdncentrated to give a colorless oil. The product was carried to next step
without further purification. Yield: 85g, 86%. 'H NMR (400 MHz, CDClj)
6 2.09-2.24 (m, 4H), 2.58 (m, 4H), 4.61 (m, 1H), 9.77 (s, 2H). 13C NMR &

26.2, 39.9, 86.9, 200.0.

C. Preparation of 5-Nitro-cyclohex-1-enecarbaldehyde:

NO o
2 Pyrrolidine J
H j H /Benzoic Acid H NO,
° 8 ° 10

To a solution of 4-Nitro-heptanedial (35.2 g, 0.2 mol} in methylene
chloride {0.71) were added pyrrolidine (2 ml, 0.024 molj and benzoic acid
(1.46 g, 0.012 mol}, and the resulting mixture was refluxed for 10 to 15
hours. The reaction mixture was cooled to room temperatufe, washed
with 1N HCI (170 ml), saturated with NaHCQOj3 (170 ml] and water (170
ml) and concentrated to give brownish oil with a purity of about 80%.

The product was carried to the next step without further purification.



15 di phenyl car banyl i m dazole (180 g, 0,68 nol) in a
m xed solvent of THE (1088 nlL) and tol uene (435 nl)

wo MRHBITIEer 1y quenched i nto SN sul furic aci L TeE0 S
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-5C). The quenched sol ution was warnmed to 25 C and
stirred for 1 hour. The or3anic |ayer was separated,
washed with SN sul furic acid (80 20 rrL) and then tw ce

Shofe aden ot Shruet b, bR o S260) g, 218"

[ was hen distilled and
26 oot 4 RSO PR e SEhab T T Spammelth: SoUe: B9
was added to heptane (400nL) at 85C, cooled slowy to
200C and filtered. The filtered cake was washed with a
. edpsltishl & -- N -2086h8/-0 4k BleH 154606/ 000954 - 38
toluene (80 nL) and heptane (80 nlL). The cake was then
dried in vacuumoven at 50 Cto afford the title
compound in 84%nnolar yiedd (120.6 g, purity 99%9. M
105 C. 1H NWVR (400Mz, OHde) S 1.04 (d, J=6.4Hz,
3H), 5 40127 (dq, J=5.6 Hz»06.4 Hz, 1 S 5 49 (d J =
5.6 s NP, 2-7.5%(m_10H); 1 :
23. 7, 5'63 9, 96.4, dafe8, 127.0, 128 5.
129. 4, 129.X 41.5, 142.2, 152.9. Exanplegz4
Preparation of Conpound 7a: 02NOOOH O HO 6 0 NO2
CONPh2 CONPh2 10 3a 7a To a flask were charged

(500 0 7 HolfistE BPS o 2y ebheut BB a1 Be 51148
mmﬂgrf E%/ql ac gﬁiﬁ rélﬂmlwoa %??gn%g%aqumnﬁflé gtpl %ngng Py ol &he
3elihe ESBenH0h slas Rt b0 e AT hERRST B our

actoolgng to aQemperature between 159C and 209C, 6N HCI (72 ml) was

L]

slowly added into the reaction mixture to adjust the pH to between 1.5
and 2 while maintaining the temperature between 209C and 25°C. The
mixture was then extracted with methylene chloride three times (1X180
ml, 2X90 ml}). The combined extracts were washed with 1N HCI (48 ml},
water (48 ml) and concentrated to a volume of 36 ml. The concentrate
suspension was cooled to 0°C and 59C for 1 hour. Light yellow solid was
obtained after filtration and drying under vacuum. Yield: 10g, 60%. Mp
158-160 oC. IHNMR (400 MHz, DMSO-ds): 6 2.10 - 2.33 (m, 4H}, 2.73
(m, 2H), 4.96 (m, 1H}, 5.83 (d, J = 20 Hz, 1H), 6.28 (s, 1H), 7.27 (d, J =

20 Hz, 1H), 12.3 (s, 1H).

Example 2 - Alternative Method for Preparing 3-[5-Nitro-cyvclohex-1-enyl]-

acrvlic acid [Compound 5] via Wittig Reagent:




WO 2o/
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assayed for conpletion of formation of m xed anhydride
(< 10% of UB remains). A solution of 3a (100 g, O0.38
nol e_) in toluene (400 nL) and THE (220 rrLl) was added
&*®eeping the reaction tenperature bel B/ S2/089954
This was followed by addition of a solution of 4-
di met hyl am nopyri di ne (5. 53}2' 0.046 nole) in THE (45
m.). The mixture was agitated at about 0 C for 8-12
hours until reaction conpletion (<0.2% EB renains).
Reacti on was quenched by addi ng a sol uticon of 2.0 WO
2006/ 07@415 PCT/ US2006/ 0009%4.ms 39 N H2904 (400 ni),
war ned to 25,6, and PhiFered t hr oughya \ad_of
celite ers wer @itdepasenlt ed and t he or g3
was washe h 5% K2CO3 sol ution (3x300 ni)
excess 6 (<t%of 6 remains). The mxture gRs
with 5% NAT solution (300 m.), filtered 5 through a

Dol une, & Stfeon, 1D FANECHR BREA B RrRteehldy ™ 0 e,
§odg TP o o bl Pt sy e Lol
Faaghat 4D Sl s o ton el gl 2ot
SRR el AR Ui, SO0 RN
e B Y oS0 ER  fy SHl*
SRk B T 1t
A SO H T sh T DTS E A PR
SRk TR 3L A5l ) Rl

495 ks, 1m), 4.74-4.68 (m, 1H), 3.76 (s, 3H), 2.81-2.74 (m, 2H),

2.50-2.04 (m, 4H).

0 (0]
Meo)k_—_\O/No2 NaOH HO)L__\U'NW
6

Next, to a flask were added 2.1 g of the methyl ester, 9.6 ml of

MeOH and 2.4 ml of water. To the mixture at about 5 °C was added
dropwise 0.96 ml of 50% NaOH. The mixture was allowed to warm to
room temperature and stirred at this temperature for about 24 hrs. The
reaction mixture was neutralized with HOAc to pH between 4 and 5 and
the methanol was removed under reduced pressure. The residue was

extracted with 3 X 50 ml EtOAc. The EtOAc layer was concentrated to



20 al cohol (180 nmL) at 40C in the presence of triethyl
amne (8.5 n.). The reaction mxture was slowy cool ed
W to 5Chover a period of 4 hours. After stlrrlﬂg at 5C
0 $89%4Kours, the product was filtered and YekHRAOHMR
cold ethyl alcohol. The prpoduct was dried at 60C in a
vacuum oven with WO 2006/ 076415 PCT/ US2006/ 000954 - 40
nitrogen purge overnight to give 2a as a yell ow
gfwest. Bl g bnAitseldidle Yﬁ@%; 73.7 % M 113-115 0C. 1H
NVR (400 MHz, CDC13) 6 1.48 (d, J = 6.4 Hz, 3H)
2.21-2.46 (n] 4H), 2.80 (n] 2H), 4.71 (m 1H),
5.81-5.92 (m 3H), 6.19 (m 1H), 6.29 (g, J = 6.4 Hz,
Blhmple 88 Fro3Zrdilon c;fjd'@mpé.uﬁi(g gole 6 - Preparation of
npoun Ph2N(O)C 2a |l a C(5NPh2
10 Into a 2 L 3-neck r9und bot t om f | ask{ jwas plaaed 2a
(25 g, Q5Bscamiy apbicethyl acefat eP’(zfilq\/wL)
cont ent sl \wer e—st.i rr/%% t_|_§y_> nﬁ ound—2a coapl et NPh;
di ssol ved.™Thesosol ut was dwth 0.25 15 M RSO4
(75 nmp)3-mmd-2wi th water (3 x 75 an“ The organi c phase
s was concentrated under reduced pressure to about 200
m., and 1-nethyl-2- pyrrolidinone (50 nL) was added.
The %@bﬂ@%ﬂ@?r&@aﬁ% dAROEY opddhfdd drl Bfth&NtHEDGReMEH bd

a tenperature of 145 C was attained. The solution was

loigd dnattid r% wiihe bortd a%‘u?redTQﬂu§91|1 'éf h@fi‘uf’i@ﬁmd

cooled 2 room enperature and DBU ( m.,

2 f_ d
@?%uen%‘ﬁi‘%d?ﬁ ﬁmmL’Kﬂﬁé“‘s%%“‘f%?l§taaaé‘@ ‘F'%? ?ﬁ&%‘?&ﬁ‘ﬂct

e %%W%Bﬁ%Hﬂhgn%Wh&ﬁﬁEﬂﬂ%zéﬂ@@d%g 0.3 E“?nolPéQan' c

phase was washed wth water™ (125 nL was treated

Whdh te%%@ 0748 sBh@onAaSreilaxb@Torl3 A ndlIR SHEARDST ON

was filtered
slowly cooled to -40°C. The resulting mixture was slowly charged in

1

o

hexyllithium (2.5M in hexane, 249 mL, 0.62 mol] while maintaining the
temperature at -40 °C. This solution and a solution of

15 diphenylcarbamylimidazole (180 g, 0,68 mol} in a mixed solvent of THF
(1088 ml} and toluene (435 mL) were mixed using pumps through a
chilled static mixer and directly quenched into SN sulfuric acid (560 mL,
~50C), The quenched solution was warmed to 25 °C and stirred for 1
hour. The organic layer was separated, washed with SN sulfuric acid (80

20 ml) and then twice with 10% brine (200 mL each time). The pH of the
final brine wash was adjusted to 5-7 with a 5% NaHCO3 solution. The
organic layer was then distilled and replaced with toluene (440 mL}. The
toluene solution was added to heptane (400mlL} at 85°C, cooled slowly to

20°C and filtered. The filtered cake was washed with a mixed solution of



WO 2006/ 076415 PCT/ US2006/ 000959 -41 through a pad of
Celite while the solution remai ned hot. The sol ution
was concentrated by atnospheric distillation to 38 mi.

WO 3e0%04ai ni ng ethyl acetate was repl aced P HS2006/000954
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i sopropyl al cohol by azeotropic distillation. The

vol unme of the solution was afj-usted to 225 nL. The 5

soI ution was di I ut ed vvith et hyl al cohol (denatured with
5% t ol uene, The soI ution was slowy cool ed
601358668%51%&1115%8@@&? (69 2b). Hpe cakeywas|thgn daicdanded.

The suspension was slowmy cooled to 15 C and held at

t HRSURBRYEP ARG by afford the fidlemommasind ims84%| melee sicithd

washed with a 2:1 m xture of isopropyl alcohol and

el hsA-6 & pyRdY 9P%0. M1 1030C191 IMR (RO Mz, D NED-dpdnl .04 (d,

drying for 24 hat 50 C (90.2 wt % purity, 17.4 g

adtbyidiz, BH) 58/dyd7e(dd) J=8)6 H51¥6 .8 HZ, 1HH NVRY @00 M5B, Hz,

CDC13): S 0.99 (m 1H), 1.56 (d, J=6.0 Hz, 3H), 2.03

(i1e1), dAF)2-72 @6 DR)] KANMRADMSD-d? 52353, $6TB 2609, 96.4,
2.62-2.76 (m 3H), 2.86-2.91 (m 1H), 2.96-3.00 (m

1hip6.8}.128-d,. BB 6 M 24.b) ,12é4612%4 1415, 142, BsAg (br s,
1H), 7.22:7.53 (m 15 LOH). Exanple 7 - Preparation of
Compound 13a: OH OH  jjNH2 HH NHCOCEt O 1 No2 f O
O- 1 | CONPh2 L CONPh2 CONPh2 20 la 12a 13a To a

t g g£ak bl atfSHb PP WA 78N agi tator, thernoneter
an nitrogen inlet were sequentiially added la (1009),
THE (600 m ), 10% palladiumon carbon (50% wet, 35Q)
and water (400 m). The m xture WO 2006/ 076415

PCT/ US2006/ 000954 - 42N for about 10
m nutes at room tenperat and thenohe;at ed F@ about
50C. Formic aci@ (70 n) pas added e&vﬂ'}@( 2t he
x
CONPh, CONPhZ
3a 7a

To a flask were charged sequentially Compound 6 {90 g, 0.46 mole|
and toluene (500 mL). The suspension was cooled to about 0 °C, and N-
methylmorpholine (91 mL, 0.83 mole) and trimethylacetyl chloride (56
mL, 0.46 mole) were slowly added while keeping the reaction temperature
below 5 9C. The reaction mixture was agitated for 1 hour at 0 °C and
assayed for completion of formation of mixed anhydride (< 10% of UB
remains). A solution of 3a (100 g, 0.38 mole) in toluene {400 mL} and
THF (220 mL) was added while keeping the reaction temperature below 5
O0C. This was followed by addition of a solution of 4-
dimethylaminopyridine (5.5 g, 0.046 mole) in THF (45 mL). The mixture
was agitated at about 0 9C for 8-12 hours until reaction completion

{<0.2% EB remains]. Reaction was quenched by adding a solution of 2.0



tenperature was mai ntai ned between 45 and 55C. The
reacti on mxture was agitated for 4 hours at 45-55C.

n mxture was cooled to 20C and th

he reacti on was judged 5 conpl ete ,
wo Bt m PoaffRalpggbo
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adjusted to 1 - 2 with 25% H2S04 (60nL). THE (200mL)
was added to the reaction3fixture, which was then
fiIteredthroughapad of Celite to renove the

xed s o TH 30 wat er, (300
m%%@%nlao%&%ea&l 3%‘2 DT8R tibien Rpsi by
al and 10f|| t hr ou the Celite.

Stes Tu8 e TR sEomrthng S Rad b S was e sBd it
C to .a .cl andthe m Xt ur.e. was cooledto
B Qoteitisin BrpdR. oLl s et PRest Bt LS Bhet FrmSashao
30 nL bel o 0C. and _NadCl was then added

R T s WSk WA % 250 eoliant (40 SRl

separ at ed. . The aqueous phase was 15 extract ed W|th THE
tlzr@egma) paghat gelite %F%“Bﬁ%ﬁ%‘iﬂﬁ’éé@@ Mérinal valineg
Wth a brine soLutlon ]gof NaCl in 200 nL of

watodion. vigide?0-8ptantie NIME rDinlis 4€0 M4 & '605¢7 -gRdm, 11H),
triethyl am ne éﬂ? n.) was added. Then et hyl

EHi3olbsf bilhet-@2 (98 b= dont)Handsl) attdédasy owl ylz THb hb%lmr e
was warmed to 20C and stirred for 30 m nutes, After the
ABhcE-P8rZ-WAdmp BH).ud§8dbo Fipl 2408, (mp@d) il . 25% (ANFBEY &k 3500
nm. of water were added to the reaction m xture,

foI | owed by the sl ow add|t| on of 100 nL of 25% H2S04.
A AR ena and the organl c layer was

Nes f T 04. The organic | ayer was
t hen concentg at ed and azeotropicably distilled with 2B

et hanol and 250 V\Q,ter NRR, added at_ 25 7Q-80C. The
npound 15 BCl |tat ed out Af ror an’ol-vvater WO
2006/ 07641;}% 006/ 000954 -43@ seedi ng at
55-65C. After afgihffati ng for 1 hou N.5§- 65C, 150 ni

wat er was addedaat this tenperature gnd held for 1

hour. After cooling to 15-25C, the m xture was
agitated for an additional 3 hours at 15- 25C and then

the produstutidsofl Td rftddeerdn@onasbesh vid dctelehangls waidds -
were charged Lindlar catalyst (2.5 g of 5% Pd / CaCO3 with 5% Pb
poisoned, 1.2 mmol} and quinoline (1.5 mL, 11.6 mmol]. The mixture
was hydrogenated using 100 psi hydrogen at 25-30°C until reaction
completion as judged by HPLC. After removal of catalyst by filtration,
toluene was replaced with ethyl alcchol by regulated vacuum distillation
of about 40°C. The product was dynamically crystallized from ethyl
alcohol (180 mL) at 40°C in the presence of triethyl amine (8.5 mL). The
reaction mixture was slowly cooled to 5°C over a period of 4 hours. After
stirring at 5°C for 3 hours, the product was filtered and washed with cold

ethyl alcohol. The product was dried at 60°C in a vacuum oven with



5 The product was dried at 50-60C to provide an
off-white solid (86g, Yield: 85%. M 188.2C ' HNWR

Wofﬂgg&%? 7.25 - 7.55 (m 10 H), 4. 89(m '}‘gjefgﬂf‘ﬂﬁi@“%*
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4.09 (d, J = 6.98 Hz, 2H), 3.4
2.41 (m 2H), 2.25 (m 1H), 2.06 (d, J :108 Hz,
1. 96 (d, J—109Hz 1H), -4083 (ddd, J = 13.5, 609
2.51 Hz, 1.63(m 1H), 152(d J =5.8 Hz, 3H), 10

ﬂg%g‘%\}mpui% ovehaehe Seih i ety caande Bt dvdel
el WU SR S T A%Débﬂﬁﬂz“%@zﬂ 1948
148, 0203 D A3 4oRRE WAL 608 40T
Bl TRt R s 8 S Eber 3B B3 (@ W H) Sod um o

hydroxi de (50 nL). The reaction m xture was then heated
to and 20 agitated at 40 C for about 4 hours. Wen the
hydrol ysis reaction was judged conplete, toluene (50

MEariie AdBecha0604 BECHivHURE 1BS agitated at a rather
fast rate for about m nut €S. The organi ¢ phase WO
2006/ 076415 PCTI US2006/ 000954 -44 contai ning the

by- product was separated fromthe agqueous phase
cont ai ni ng produyct. The organi c phase was
back-extracted With 5% aqueous NaOH sl ution (50 niL).
The conbi ned LiNEls were ext -cted tW @
with toluene §2 x 50 and the orgapy CE qcty ‘were
5 di scarded. the a W
sol vent mixturg|of toluene (25 ni) and ¥
The resghtleﬁ %ure was cool ed to betwegq

A 2 N hy ?oc ?orl 2aci d aqueous solutlon1iabout

p@bS CC.

Into a 2 L 3-neck round bottom flask was placed 2a (25 g, 0.056
mol) and ethyl acetate (210 mL). The contents were stirred until
Compound 2a completely dissolved. The solution was washed with 0.25
M HzSO4 (75 mL) and with water (3 x 75 mL). The organic phase was
concentrated under reduced pressure to about 200 ml, and 1-methyl-2-
pyrrolidinone {50 mL) was added. The solution was heated under
distillation mode until a temperature of 145 °C was attained. The
solution was held at this temperature for 3.5 h. The solution was cooled
to room temperature, and DBU (0.57 mL, 6.8 mol%) was added. The
solution was stirred for 1 h and was quenched with 0.1 M H2804 [125
ml) and the product was extracted into ethyl acetate (125 mL). The
organic phase was washed with water (125 mL} and was treated with

DARCO-G60 (2.5 g) at 65 °C for 1 h. The suspension was filtered



nm.) was added to adjust the pH of the m xture from- 13
to 2.5 at 0to 5 C The aqueous phase was then

separated fromthe organi c phase and 10 ext i1 h
WOLQ“‘Q‘HW@M m xture of toluene (25 nL) and ?éﬂ%ﬁ%})r%g‘
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The organi c phase and orgagic wash were conbi ned and
diluted with THE (50 nL). The m xture was then
concentrated atnospherically to a final noisture
doought wd of Ccli&%Hile themehttach winstinéd abt.oMhe sbfution
necessary. The crude product was used in the next step
wid hemderftruted @y dtsokphérdndikhllation poBBfmatihetemaining
(containing 6.80 g, 99%yield). "HNVR (CD3CN) 6 9.72
€thg] addthte Wad replackdddith Rkvpropflcllesdine by sbed®ogies, 1H),
4.68 (dt, J = 5.90, 16.0, 1H), 4.03 (g, J = 7.10, 2H
disfatiors. Fle Woluméibi the &hutioR wes adjastedto 228.145. (ad, J
= 5.64, 11.5, 1H), 2.36 (nethyl in toluene), 1.83 (m 4
sylation Was dihddd with &yl Blcohd! ([deRatdted 0. 5% Holudnad2

(d, J =5.91, 3H, 1.15 20 - 1.25 (m 6H), 0.95 - 1.05
{00 mah) TheEohnidewls sIdWIgRGIRHItO RbEHL £9TROHAL [ 1(0/\@3
20061076415 PCT/ 0S20061000954 -45 OOCCF3 OH N TFAA N

MECHL 4 fnlol%) Wels QAREE, The sMeFEXSHn waBls1d¥ly Booledod °cTo a
sol ution of 5-brono-2-nethyl pyridine N-oxide (10.0 g,

2nBRel® thid BerfbAureTBr § H1 ’i‘h@grcgiu@t\@@t% Aeded adropw se
trifluoroacetic 5 anhydride (9.8 m, 6.92 mMmol.) while

KSR G thne211eaPanal Bf RoBRIpIVaRBholand ¥t alddBol (59 mL.

conpletion of the addition, "the mxture was heate

P@.bv%@a? 68t4R6 8ol d@PeeShi b4 ¢0ad £ *@fod. 98t o loultieyHPLC
assay of the mxture |n_|pated reaction conplieti on
P18 RetRfe0 P05 TRIAY | Y9! £'8c. 1H NMR (400 MHz, CDCl3); &
0.99 (m, 1H), 1.56 (d, J=6.0 Hz, 3H), 2.03 (m, 1H), 2.25-2.31 {m, 1H),
2.42-2.53 (m, 2H), 2.62-2.76 {m, 3H), 2.86-2.91 (m, 1H), 2.96-3.00 (m,

1H), 4.28-4.36 (m, 1H), 4.67-474 (m, 1H), 5.42 (br s, 1H), 7.22-7.53 [m,

~ 10H).

Example 7 - Preparation of Compound 13a:

Q
WK NO, QE N, A~ \NHCOOE!
IO O™ —<1C
HIH HiH H:H
GONPh, GONPh, EONPh,
1a 12a 13a

To a three-neck flask equipped with an agitator, thermometer and
nitrogen inlet were sequentially added 1a (100g}, THF (600 ml}, 10%

palladium on carbon (50% wet, 35g) and water (400 ml}. The mixture



N-oxide is < 5% 10 Upon conpletion, the m xture was
cool ed below 50 C and McCH (10.0 m) was added. The

' re was heated for at least 1 h at 50 s
WO éﬂgf%‘}dfﬁ dﬁ\%gzﬁ%@om
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ution was concentrated under vacuum an
renmoved by displacenent with EtOAc (40.0 nl) and
concentrated to a volune of-430 m . To the concentrate
was added toluene (20.0 m) and the solution 15 cool ed
to -10 C over 2 h. The crystalline solid was filtered
awas wathted foriabput &9 drinblesertaoamdtesrpasature el igien heatkst
vacuumat 35 Cto provide 10.1 g (63% of 36. M 89 -
otCabouy NNVR. (IDwBte @6l B0mBavassaddediglowlyawviade e, 1 H),
8.1 (dd, J =23, 223 Hz, 1 H, 864 (d, J=21H, 1
Hyempdra Bxrgrph erkdntairRdepriwaen ¢ aofd To'hh olinei reegtio@nixture
2006/ 076415 PCT/ US2006/ 000954 -46 B(OH) 2 P(O (COEt)
OwWatClaghtatyd foOBgrouts aCASCEYS. \ MterBheBeact3sh Basfudged38 16
A. Preparation of 37: A slurry of 36 (10.0 g, 33.1nmol)
i omBleEe by HPLE,)theasadtivmahedurswas £hol2d % ROt @esdutihe pH
carbonate (20 m) solution and stirred at room
t eapedaisted té dr- A with 2376 Ho80ar80mef. eTHEHa0amE ) wan cidtibed
organi c |l ayer was washed with water. The TBME and
wed e mwarcgon enened, bhich was gy fikeredithioudiah ipad odd@lite to
azeotropic distillation wwth acetonitrile (100 mM) and
f terhdvey theotatelyst. ah edlixed detutioaGfMHE (808 MmO, wreted{3040miyl .
A Karl Fischer 10 was perfornmed to confirmthe renoval

Ohni\@6es HeKD.4 5 i Jwashisedn® rirdethe MdskidrRl €naket)tandt e
was added dropwi se thionyl chloride (3.2 m, 43.7

:rﬁnbxze_der?irb@gﬂs eiepCopte!l Mhe!t @RHISIHAE WoR 1R WM t4Dikg cdfifound
ig: “Ifa(?s charged back into a clean flask and the mixture was cooled to
below 10°C. The pH was adjusted to about 9 with 25% NaOH (30 mL) at
below 10°C and NaCl (150 g) was then added. The mixture was warmed
to 20°C and two phases were separated: The aqueous phase was
extracted with THF {400 mL) and the combined organic phases were
washed with a brine solution (40 g of NaCl in 200 mL of water}. The
orgamnic layer was cooled to 5°C and triethyl amine (56 mL) was added.
Then ethyl chloroformate {23.6 mLml) was added slowly. The mixture
was warmed to 20°C and stirred for 30 minutes. After the reaction was
judged complete, 200 ml of MTBE and 100 mL of water were added to the
reaction mixture, followed by the slow addition of 100 mL of 25% H2SQa.
The two phases were separated and the organic layer was washed with
200 ml of 12% Ha804. The organic layer was then concentrated and

azeotropically distilled with 2B ethanol and 250 ml water was added at

70-80°C. The compound 13a was precipitated out from ethanol-water



WO KAt er (20 M) whil e keeping the tenpér
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m xture was then heated at 45 C for 2 h at which tine

an HPLC assay indicated conplete reaction. The

reacti on mxture was cooled to 25 C 15 and guenched
HREOD 5,

40 C. The reaction nixtur94¥@s slowy poured into a

m xture of 20% sodium carbchate (40 ml) and tol uene

(100 M), stirred for 10 mn and the |layers were

paith iskéDRg it SHRESIN | ARACagEtinadbr WafHue R @6, adouader

reduced pressure to a volunme of about 20 ml. A KF was

pedted IR thdded2Q BNk pgeritiee bRACH fR1 Weber AftkFcsoling
0.2). B. Preparation of 38 WO 2006/ 076415

RET/SL 620 0o ARREIE waddgifled féH 3h A&AEHIhANS YRSEEht W8S
charged a solution of ITthium bis(trinmethylsilyl)

a8°deardd 8Mr thelfloatied wil fitefdladiWhinad dith &haMbl-water.
phosphite (13 , 101.6 mmol) while keeping the
UEHIPBFRIUE QradNRId £4550-60°d BEpRREdE A0 BIIWRSItS bbiid gbgat 25
Cfor at least 1 h. The toluene 5 solution containing

. {1 b o i ' m
Sield: @DARE1 IS AURMPIGICIY) 8780 ¥ 1S oS B, Wsom,

m xture s stirred at 25 C for at |east

tq L S i ndi i OnR.

LR 4201 S SR 08 (o 16198 56, 0P RORut AT, BAL (PR,
[ Th I g t h

ARSI 5% 8 o oAcaEos | sle W Lomriasied s

he "co or gani ayer ‘was

SRIEED 4 8darerst sdugl PEsgEl, L8RS IS 6
Sf’.bggb" %H’}f‘?. 1“)‘3@2§d= M5 ”ﬁz@ﬁﬂ"/&@ﬁgﬁfg 1.0y 8f.p %@SHE; ml H

carbondte’'to renmbve di'et hosp , confir

(£ | 24,. Lu solution was then washed
&#ﬁ%jﬁﬁégggggﬁ%'éggggﬁggaggg'under reduced pressure to
a volunme of about 40 15 ml of Conpound 38 solution. C
Preparation of 16: 10011 To a reaction vessel was
charged sodi um carbonate (8 g; 75.5 mml), 30 m of
Wt ShpRNS - Hrk f4adoHf idontlicts@l ¥441. To this solution

wer e

WNHCO,EL

5%aq NaOH
THF

_WNHCOE

Ph,

To a 250-mL 3-neck flask equipped with an agitator, thermometer,
and a reflux condenser, were added 10 g of 13a (20.4 mmol) and THF (50
mL). To this solution was added an aqueous solution of 5% (w/w)
sodium hydroxide (50 mL). The reaction mixture was then heated to and
agitated at 40 oC for about 4 hours. When the hydrolysis reaction was
judged complete, toluene (50 mL) was added and the mixture was

agitated at a rather fast rate for about 10 minutes. The organic phase



added 3-fl uorophenyl boronic acid (6 g; 42.9 nmmol) and
5% Pd/ C 50% wet 20 (0.5 g). The tol uene sol ution of

Conmpound 38 from above was then added an ' e
WO’\Rﬁ(g&ﬁ‘b‘at ed to 75 C for at least 5 h at m&éﬁﬂfﬁz%}éz’@%

10

15

20

HPLC assay i ndi cated conplete reaction. Upon
conpletion, the reaction nmgture was cooled to 25 C
and filtered to renove the Pd/C catalyst. The |ayers
were separated and the organic | ayer was washed 25 and
cenirtaiting thel byredusteyas sepappieddiam the agyeews pbage

Hept ane (20 WO 2006/ 076415 PCT/ US2006/ 000954 -48 m)
WeRNt§ining prodrid Thecargagicynhase vasdraskaerieartechmitht 3

m xture was cooled to -10 C over 2 h. The crystalline
safiiepusaNa@H) sodwizen (Shamihb dTh combirest agreossdolittiang were
overni ght under vacuumat 30 Cto provide 8 g (75%.
Mpxtgacted a@iag wigh 1olgeqe (2 3 5O mLDandHthe GifpniGextpaqts wetdd) |
3.49 (s, 1H), 4.1 (q, 5J = 7.08 Hz, 2H), 7.04 - 7.11
(dscatded. 7Tpthe agedugmphutign wire3Rlded7 Solpent middhre gt 32
-7.36 (m 1H), 7.39 -7.48 (m 1H), 7.81 (ddd, J = 8.08,
2tBuete @6 mby and AAHF 074 L) dThe resultil3omittdre wWasawpleel th1l
- Preparation of Conpound 23a: OTHP OH + 0 >--CI S N
~bitwk@nTHE § R} - Bu2 Wloydradblori€amcl adpasta sveletiard kdbdul 5§
(124mmol ) of 2-chl orobenzot hi azole chloride, 30g of
Kinl) 3&Gnddded tOMdjust. thg pif of0He, mBitdee fbmPel (BRh2).3 at BAo1B
of Et3N, and 118 mi of THP protected (R)-butynol. The
mct The agagoas iphhsdlwaathéwsgpdrargdeianuthe drganit hass and
Most of the solvent was renoved under 15 reduced
peasatcted witdhbasolvens nigddad ofnsiuehe (45 el ehd WaF (SO mapLt ed
with a mxture of t-BuOwve and hexane. The organic

| By e br M@fic Wasbe dniMor fanibiia3A vadid cofbited hal edluteal githe
an oil. The oil was dissolved in 250nl of MeOH and

t TH&t (80 MLt hTHe Biktiee wahehee pbatantiten atrhbdephénidaly@o\was

final moisture content of < 0.05% by repeated distillations, if necessary.
The crude product was used in the next step without further isolation
and purification (containing 6.80 g, 99% yield}. 'H-NMR {CDaCNj § 9.72
(bs, 1H}, 7.17 - 7.41 (Ph in toluene), 5.45 (bs, 1H), 4.68 (dt, J = 5.90,
16.0, 1H), 4.03 (g, J = 7.10, 2H), 3.45 - 3.50 (m, 1H), 2.50 - 2.65 {m, 2H),
2.45 (dd, J = 5.64, 11.5, 1H), 2.36 (methyl in toluene), 1.83 (m, 4
protons), 1.34 - 1.50 (qt, J = 2.91, 11.0, 1H), 1.32 (d, J = 5.91, 3H), 1.15

- 1.25 (m, 6H), 0.95 - 1.05 (m, 2H).

Example 9 - Preparation of Compound 36:
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heated at 50 C for a few hrs. The pH was adjusted to
between 7 and 8 20 with NaOH Most of the sol vent was
The residue was chronat ographed '

wo {oﬁ{m\égs eluting with Et QAc/ hexane to }étf’r\,;@szidg}_ol}(gﬁof
23a(78% "1H NVR (CDC13) 6 7.98-7.96 (m 1H),
7.76-7.74 WD 2006/ 076415 PCT/ US2006/ 000954 -49 (M
1H), 7.45-7.33 (m 1H), -4582-4.76 (in, 1H), 3.43 (d, J
= 5.4 H, 1H), 1.55 (d, J = 6.7 Hz, 3H). Exanple 12 -
Preparation of Con'pound 2dkcr,0 OH O ONX2 +HONOIIS

t S Zésa@N/ \ 6 The -sanme procedu % or the
pre QPPonTm 7a d scr ed above, in Exanple &4 was
foll owgd stacting, 18V g of| 234" to gi Y&, taf tagccr, +

col purlflcatlo
7.9947.97 (m 79777 : :
2H) , 731(d J—l .9 Hz, 615(bs H, 5.80 10
5.74 (m 2H), 4. 72- 4. 5835(m 1H) 2.82-2.6%8(m 2H),

250205(m 4H), 1.61 (d, J = 6.7 Hz, 3H). Exanple

R e TR oA
mmcrﬁ?u:? %”Eﬁic %C()) 8 m_{) 0t % waé Ecyidgﬁ) Idreop?mse trifluoroacetic
anhydride (9.8 ml, 6.92 mmol.) while keeping the temperature below 50
°C. After the completion of the addition, the mixture was heated to
between 75 and 80 °C and stirred for at least 1 h. HPLC assay of the
mixture indicated reaction completion when 5-bromo-2-methylpyridine
N-oxide is < 5%.

Upon completion, the mixture was cooled below 50 °C and MeOH
(10.0 m}) was added. The mixture was heated for at least 1 h at 50 °C.
The solution was concentrated under vacuum and MeOH was removed by
displacement with EtOAc (40.0 ml) and concentrated to a volume of 30
ml. To the concentrate was added toluene {20.0 ml} and the solution
cooled to -10 °C over 2 h. The crystalline solid was filtered and washed
with cold toluene and dried overnight under vacuum at 35 °C to provide
10.1 g (63%) of 36. Mp 89 - 92°C. 'H NMR (DMSO-ds) 6 4.56 (s, 2 H],

7.49 (d, 1 H), 8.1 (dd, J = 2.3, 2.3 Hz, 1 H), 8.64 (d, J = 2.1 Hz, 1 H).

Example 10 - Preparation of Compound 16:
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foll owed starting from 15g of 24a to give, after colum
purificati on 17g product. 1H NMR (CDC13) S 8.18 (d, J
: 7.98 (d, J =8.4 Hz, 1H), 7.45-7.37 (m
wm°&’°4'9 N (m 1H)..7.24 (d, 15.8 Hz. FPOTUSE0S000YE
2006/ 076415 PCT/ US2006/ 068854 -50 (dd, J = 11.8, 1.3
Hz, 1H), 6.55-6.40 (m 1H), 6.15-6.08 (m 1H), 6.00
(dd, J = 11.8, 8.2 Hz, 1H), 5.76 (d, J = 15.8 Hz, 1';')6
(m 1M 2.80-2.65 [m 2. 6-3(0955@1 f9r). 1. 50-TCHOE
(m H). 5 Exanpl e |14 -C'Pepar [ D d 2la4yj a
Di elfs-"\ gecoReact i on: ,10 t Jj NO - NOP . |
Sa 0C 2. DBUTHHAS \VA a 2la| The sane
proceggdure for the cbnVersiion of| Za to | a| (Exanple
was sfollowed start|n§ fromO.34g of 22a] The rati
exo: endo was determ ned by HPLC aamd NVR and found
be 60:40. 10 Exanple 15 - Preparation of Conpound 1
HO NO2 O OH O N2 COOBn f-BuCOCl OBn 28a O 19a
ATgf%PaFTBBQROQQEer nitrogen were added 1.48g of nitro
acid 6 and 9 ml of toluene. To this m xture was added
dr opv#lsEyoiBel 0o sEB3Nmmokin $8ME: (100 ml) was treated

with 20% potassium carbonate (20 ml} solution and stirred at room
temperature for 1 h. The layers were separated and the organic layer was
washed with water. The TBME and water were removed by atmospheric
distillation and azeotropic distillation with acetonitrile (100 ml} and
further concentrated under vacuum to a volume of 40 ml. A Karl Fischer
was performed to confirm the removal of water (KF < 0.2). .To the
acetonitrile concentrate was added dropwise thionyl chloride {3.2 ml,
43.7 mmol) while keeping the temperature below 45 °C. The reaction
mixture was then heated at 45 °C for 2 h at which time an HPLC assay
indicated complete reaction. The reaction mixture was cooled to 25 °C
and quenched with water {20 ml) while keeping the temperature below 40
°C. The reaction mixture was slowly poured into a mixture of 20%
sodium carbonate (40 ml} and toluene {100 ml), stirred for 10 min and
the layers were partitioned. The toluene extract was concentrated under
reduced pressure to a volume of about 20 mi. A KF was performed to

confirm the removal of water {KF < 0.2).

B. Preparation of 38



wo 200887&1s rred at between 0 and 50C for 18 hPST

10

15

20

25

all solid. To the cooled m xture at between 0 and 5 C
were added 0.9 ml 15 of pival oyl chloride and 30ng of

4-di met hyl am nopyri dine (DVMAP). The resulti n%q_m%g;&wgy

reaction m xture was poured into 10 m of water. The
| ayers were separated and “Bhe organi c | ayer was washed
with NaHCC3 and water and concentrated under reduced

press BT
2006/ c%ogifg’h%ipg% 8%%%)06/ 5’8%{39 g 2568 g}r?m’?‘g" ;ﬁqf‘}ué%\

(Bl R datie 1 PSRN, 8. Fllott anfih %tfhf%ga
(Fgl’i Sﬁzgl’fe @38&1 (&1 éﬁsmoliléryg Zlég%&?)the ﬁ%el(a‘;mgesugd%fs
SO ’Sfﬁ“‘r*’%p‘?%%g%‘é’??&ﬁ'i’)g%"%? sl dan e Bendey
p%??**?f" ghesih g%ga%g o i%fia s h&fﬁt%lmsmm
QUl ﬁtu?l %SL&FE%C?? g@ﬁ@( %va%{}a?tt 3¢ 1§h \];dﬁﬂg: assay
i B BT
g?j(‘ﬂ?é?ﬁe‘g}‘i‘/w%? de%ﬂféﬂ%ﬂc?%ﬁig’ ﬁﬂﬂr L a8 et ¢
@sw“%t Gl dithr a»srﬁ%%miﬁ‘%?%aﬁéc WFedByer 15
AR e b 1
(Brugpd 61 weg thes agde 7 e sngion svastmbshed vish e
Liolitb S or botaxsium 2arbaate to remove diethy] phosphate, confirmed
by 'H NMR (< 20 mol%). The toluene solution was then washed with

water and concentrated under reduced pressure to a volume of about 40

ml of Compound 38 solution.

C. Preparation of 16:

[001] To a reaction vessel was charged sodium carbonate (8 g; 75.5
mmol], 30 ml of water and stirred until dissolved. To this solution were
added 3-fluorophenylboronic acid (6 g; 42.9 mmol) and 5% Pd/C 50% wet
(0.5 g). The toluene solution of Compound 38 from above was then
added and the mixture was heated to 75 °C for at least 5 h at which time
an HPLC assay indicated complete reaction. Upon completion, the
reaction mixture was cooled to 25 °C and filtered to remove the Pd/C
catalyst. The layers were separated and the organic layer was washed

and concentrated under reduced pressure to about 20ml. Heptane (20



L 120C 0 NO 2. DBU O'Nz < 0 OBn p
wofpghéga%:l@
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20 Exanple 16 - Preparation of Conmpound 17a: WO
2006/ 076415 PCT/ US2006/ 000954 -52 O0O\" H _ - a NO 1.
/

ask were added 0.17 g of 18a and 3 0 ﬂ‘%?i"ﬁ@ﬁ‘e.
The m xture was heated to 150 oC for about 6 hrs and
cooled to between 30 and 38 C. To the cooled m xture
was added 1.5 m of DBU. The 5 resulting solution was
heated at between 30 and 35 OC for | h to conplete the
é'B'ﬁ e 538&”?3’0?1 » Shed F’ﬁﬁ#ﬁﬁ%f“’er ¢ afded Ao R mxtarewRS, 5)
junction to the cis product. There were a total of
f‘i?ﬁfedi Wi 'S gEter Bt ddpe cridialling: sohd ovas filtsrsdovashed with
D el s-Al dgr reaction was about 78:22 and the a: (3 ratio
viiPtang ARt dipdayernight UBAGRYRCUNR 2 RS rindse & g R
pressure_and the 10 residue was purified on a silica
géP Ot BANCt § 1B e Jom BBgHZ.4HT) 32 tshdH) d24PriedlBx4-1 (g,
product and_O. 02591# 159% of the endo product.
k57 QO Fer 2H)a? 08 i A Uime )LH).17 RRR {-80mIH)6 7.35-7.38m,
(ﬁ][ 5)—:?, 5.51 (bs, 1H), 5.22- 5.10(m 2H), 4.65 (bs,
1HD: £-3%omdf)m, AH)67.2933-46m,2Hyj), 7R 13(Mdd, 9o- i08, 2.3119.41
3.14-3.09 (in, 1H (3-isoner), 2.94-2.89 (in, 1H),
HzgH), 354 {daJ 7836, 18)1. 12 (d, J = 6.1 Hz, 3H,
a-isoner), 1.11 (d, J = 5.0 Hz, 3H, (3-isoner).
Endo-i somer 1H NMR (CDC13) 6 7.40-7.30 (m 5H), 5.80

(bs, 1H), 5.25 (d, j = 11.9 Hz, 1H), 4.60 (d, J = 11.9
Hizample 114- BeeparaBon of Compoudd ZBad. 05 (m 1H),

3.35-3.25 (m 1H), 3.06 (t, J = 5.7 Hz, 1H), 2.95-2.88
(m 1H), 2.65-2.50 (m 2H), 2.40-2.30 (m 1H),

2.28-2.20 (mypH), (m 2H), 1.42 (d, 20 $H= 6.5Hz,
3H), 1.05-0,95 (m 1@:/ mple 17 - Pre i on of
Conpound ZO{K :gxa 7S

N
THP-(R)-Butynol 23a O

To a flask were added 21g (124mmol) of 2-chlorobenzothiazole
chloride, 30g of KI, 150ml of DMF, 2.7g of Cul, 8.4g of Pd(PPha)s, 50ml of
EtsN, and 118 ml of THP protected {R)-butynol. The mixture was stirred
at room temperature for 18 hrs. Most of the solvent was removed under
reduced pressure. Water was added and the product was extracted with
a mixture of t-BuOMe and hexane. The organic layer was washed with
brine and concentrated to give an oil. The oil was dissolved in 250ml of
MeOH and treated with TsOH for the deprotection. The mixture was
heated at 50 oC for a few hrs. The pH was adjusted to between 7 and 8
with NaOH. Most of the solvent was removed. The residue was
chromatographed on a silica gel column, eluting with EtOAc/hexane to

give 19.7g of 23a (78%). 'H NMR (CDCls} 6 7.98-7.96 (m, 1H), 7.76-7.74



WD 2006/ 076415 PCT/ US2006/ 000954 53 OO0 HHa a NXZ
PtITCMV- ONz H=H H~-"Ap OHOOH 17a 20 To a

wo@a{éﬁ_‘,ﬁj ask were added 0.47 g of 17a, 35rrfl 4{”% @%ﬁ'““égpd

10

15

Sof Pt/C. The flask was evacuated wit

and vacuum 3 tinmes, fillediowith hydrogen to 100 psi
and was shaken for about 24 hrs as 5 nonitored by NVR

he. nm xture |tered and washed with MeOH.  The
FYH Vilht'e 4%?33%%:% raf &4 gy e 3248 {0t = & 4 Hay 1H),
solid. 1H NWVR (Acetic acid-d4) 3 (a:(3 = 78:22)
A5§dﬁ4J6’86(7n¥Z:1$l)ﬂ 3.78 (bs, 1H, 3-isomer), 3.41- 3.28
(m 1H, a-isoner), (m 3H), 2.20-1.00 (m 10H), 1.33
(d, J =5.8Hz, 3H). 10 Wile the present invention has
been descrl bed |n conj unction W|th t he specific

VS e P4 ORI h. al ternatives,
m)dl f| cations and variations thereof will be apparent
to those of ordinary skill in the art. Al such
al ternatives, nodifications, and variations$are

i ntend to fall withHn the spirit and scope NO,
pr eserftq\ﬁi/yq}t i on. H%\HOL s_clainmed j S)‘&/
process fo pari ng Co und 2: 2 O O NOL S

23a 6 N@

24a

The same procedure for the preparation of 7a described above in
Example 4 was followed starting with 15 g of 23a to give, after column
purification, 17g of 24a. 1H NMR (CDCla) 6 7.99-7.97 (m, 1H), 7.79-7.77
(m, 1H), 7.48-7.35 (m, 2H), 7.31 (d, J = 15.9 Hz, 1H), 6.15 (bs, 1H), 5.80-
5.74 (m, 2H), 4.72-4.58 (m, 1H]}, 2.82-2.65 (m, 2H), 2.50-2.05 (m, 4H},

1.61 (d, J = 6.7 Hz, 3H).

Example 13 - Preparation of Compound 22a:

o 0
0 = NO, Lindlar/H, O%Noz
i\ I N
S 07y S
O O
24a 22a

The same procedure for the conversion of 7 to 2 (Example 5] was
followed starting from 15g of 24a to give, after column purification, 17g
product. 'H NMR (CDCls) 6 8.18 {d, J = 8.4 Hz, 1H}, 7.98 (d, J = 8.4 Hz,

1H), 7.45-7.37 (m, 1H), 7.32-7.28 (m, 1H), 7.24 [d, 15.8 Hz, 1H), 6.59



O NR5R6 wherein R5 and R6 are each independently
sel ected from the group consisting of H, alkyl,

WO %Og@m‘i( al kynyl,  al koxy, cyc]oal kyl aryl Pcﬁbl‘ﬁﬁé/do 54
aryl al het erocycl ic and heteroary] groups, 23
and R6, together with the _hitrogen to vvhlchthey are
attached, forma 3- to 6-nem bered het erocyclic
compound containing 1 -4 heteroat- orns, said process

(EDNPEI1L AL 3(1), 199NEF5L6 A0 )frnuwBOé ququrmom@(éd
OH CONRSRG; (b) reduci ng mpound 3 to yield Conpound

JA 14.8, 162 QNRBIRGS. 7ér(d J 555.4 §z, 1 BRGH], NG Corgenyng ﬁz‘nW' th
Corrpound 6: 6 0 HO N, to produce Corrpound 2.
1) 02 2%S2 06qhaian 1y . 5@]1 Conpound 3 is prepared by a
process sel ect ec] fromthe group consisting of (e) 0 OH
Rs

5 Example 14 - Preparation of Compound 21a via Diels-Alder Reaction:

QH
Q= NO; g NGO,
N 1. Solv/150°C 7
S 2. DBU s
O | O IJ
8 <
22a 21a

The same procedure for the conversion of 2a to 1a (Example 6) was
followed starting from 0.34g of 22a. The ratio of exo:endo was
determined by HPLC and NMR and found to be 60:40.

10 Example 15 - Preparation of Compound 19a:

0

Ho’¥\‘(j NO, o

OH 6 o = NO,

/’\ AN
COOBn  tBucOC
28a o

19a

CBn

To a flask under nitrogen were added 1.48g of nitro acid 6 and 9 ml
of toluene. To this mixture was added dropwise 2.4 ml of Et3N to dissolve
all solid. To the cooled mixture at between 0 and S °C were added 0.9 ml
15  of pivaloyl chloride and 30mg of 4-dimethylaminopyridine {DMAP). The
resulting mixture was stirred at between O and 5°C for 18 hrs. The
reaction mixture was poured into 10 ml of water. The layers were
separated and the organic layer was washed with NaHCO3 and water and

concentrated under reduced pressure. The residue was chromatographed



wo Fedot9Yf bme NRsR6, OP O J~ ,R6 X \ PdL,
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OHOHXN-1R6 0 Li NRSRG; 3 OPOPIO /\ -Rs Li X
N

\

N3AR6 3B and, (b) O Rs OH -Ilk X OHO
dL, /fe)iRoaeRo0s k0

a

-s6- wherein: Pis a protecting group; Xis | eavi ng
group selected fromthe group consisting of d, Br, I,
and heterocyclic rings; =51 -

on a silica gel column, eluting with Hexane/EtOAc to give 1.56g of 19a
(81%). 'H NMR (CDCl3) 6 7.45-7.31 (m, 6H}, 6.28-6.18 (m, 1H), 5.81 (d, J
= 15.9 Hz, 1H), 5.62 (q, J = 6.8 Hz, 1H), 5.20 (s, 2H}, 4.78-4.68 (m, 1H),

3.88-3.70 (m, 2H), 2.52-2.15 (m, 4H), 1.57 (d, J = 6.8 Hz, 3H).

Example 15 - Preparation of Compound 18a:

o N NO, Lindtar/H, O% NOC,
)'X )")

o Obn 0% ~0Bn

19a 18a

To a 100 ml Parr flask were added 1.4g of 19a, 25 ml of toluene,
0.14 g of Lindlar catalyst {Alfa Chem)}, and 0.1 ml of quinoline. The flask
was evacuated 3 times with nifrogen and vacuum and filled with
hydrogen to 20 psi. The flask was shaken at room temperature for 3.5
hrs. The mixture was filtered through a pad of celite and washed with
toluene. The filtrate was washed with 3X30 ml 1N HCI solution and 30
ml brine. The layers were separated and the organic layer was dried over
MgSO4 and concentrated to give 1.36 g (97%} of yellow oil. 1H NMR
(CDCls) 6 7.45-7.10 (m, 7H}, 6.41-6.31 (m, 1H), 6.28-6.15 (m, 2H)], 5.90-
5.78 (m, 2H), 5.18 (s, 2H), {m, 1H), 2.88-2.70 (m, 2H), 2.50-2.15 (m, 6H),

1.41 (d, J = 6.5 Hz, 3H).

Example 16 - Preparation of Compound 17a:



L is selected fromthe group consisting of PR 3 and
NR', wherein R is selected fromthe group consisting

WO Hfowﬁ%l.@é] aryl, alkylaryl, and R' is sel¢g ﬁgszlfmgﬁgmggpe

5
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group con- sisting of aIkyI aryl, and al ky]ary
selected fromthe group consisting of O, Br I, and
R'' COO, wherein R'"'" is seleghed fromthe group consi st -
ing of alkyl, aryl, alkylaryl, and arylalkyl; and n is
bet ween 0O and 4. 3. The process of clalq11 wher ei n

Conpound 6 isprepared by a process CORp i Sings (a)
reacting acrrh?zCI—ngau "% he prg fNogin

inorganic b C -GCs pr gdioee~ef ude Com
pound 8: - S71 HO, HH 0 O (b) reagilng crude
Conmpound 8 w Ph1 rret al bisulfite to prody ae Compound
9. 9 NO HH SBNa HO SOB8Na; (c) trealng

Corrpod"r@da ask were atided. 14] &9l 18anhdByinl obrylepeuidtieand a
carbonate base in a biphasic solvent system to produce
poLkifire avaBdmpderh o 850 £Q forr dzmttitniyr ssandi cpaled fto bdtween 30
Conpound 8 with a secondary am ne and a carboxylic
agnd 35rPCa T thxt caped enkture wascdided 1.5 ml of DBU. The
resulting solution was heated at between 30 and 35 °C for 1h to complete
the epimerization of the initial trans product at the [6,5] junction to the
cis product. There were a total of four isomers generated. The exo:endo
ratio of the Diels-Alder reaction was about 78:22 and the a:p ratio was
about 80:20. The solvent was removed under reduced pressure and the
residue was purified on a silica gel column to give 0.082g {(48%) of the
desired exo product and 0.025g (15%) of the endo product. Exo-isomer
(a:B mixture): 1 NMR (CDCl3) § 7.45-7.32 (m, S5H), 5.51 (bs, 1H), 5.22-
5.10(m, 2H]), 4.65 (bs, 1H, a-isomer), 4.46-4.30 (m, 2H]), 3.37-3.30 (m
1H), 3.14-3.09 (m, 1H, B-isomer)}, 2.94-2.89 (m, 1H), 2.75-1.75 (m, 7H],
1.12 (d, J = 6.1 Hz, 3H, a-isomer], 1.11 (d, J = 5.0 Hz, 3H, B-isomer].
Endo-isomer 'H NMR (CDCl3) 6 7.40-7.30 (m, SH), 5.80 (bs, 1H), 5.25 (d,
j=11.9 Hz, 1H), 4.60 (d,J = 11.9 Hz, 1H), 4.58-4.48 (m, 1H), 4.15-4.05
{m, 1H), 3.35-3.25 {m, 1H), 3.06 {t, J = 5.7 Hz, 1H), 2.95-2.88 (m, 1H),
2.65-2.50 (m, 2H}, 2.40-2.30 (m, 1H), 2.28-2.20 (m, 1H), (m, 2H), 1.42 (4,

J = 6.5Hz, 3H), 1.05-0.95 (m, 1H).

Example 17 - Preparation of Compound 20:




Conpound 10: 10 O NO,; and, (e) converting Conpound
10 to Conmpound 6. 4. The process of claim3, wherein
.4 jnorganic base is selected fromthe | ,

Woé’gﬁg’i‘%%i ng of LiOH, KOH NaOH, Ca(OH)?2, PR pRonso0usss

Na, C03, K2CO3, and Cs, CCB. The process of claim 3,

wherein said al cohol is selgtted fromthe group

consi sting of nethanol, ethanol, propanol,

i sopropanol ,o hutanol , sec-butanol, t-buganoly,

Qentanol,

o
octanol , an gs of 2 afcppre therg "%EF
process of NMherein said | gwer roo- nyl

conpound i s seleited fromthe group condi®gifng
of acet al - dehyfe%H acet one, gl yoxylic acid® &Hd
gl yoxyl ate. 7. 1Mhe process of claim 3, whexein said

L R i r SN P LPD Be RR S E L
AR NI eI T R )

' .. Na2CO3, and K2CO3. 9. The process of claim3,
ﬁéﬁg‘gﬁh é’é’%&oﬂﬁnptl?a]sqocp§cﬂl\¢e‘ﬂ?s SE@%%%’%@%BF PEdYS Rt er
and a water-inmm scible solvent. 10. The praocess_of

5 dpapitersd RINEME- nThe mixawe srgdHieretrne washedapith Ms®Hr om
%Fe %roup consi sting of piperidine, pyrroli- dine

- . I .
seAte Was FORERYI A theive @R vl §Tavatokigh JFhNNES (Bogtic
The process of claim3, wherein said secondary am ne
iacighdlnk &(9:BimEB:22p 4. 8Pt 68r(Bu ddH, B78cPai HI3P-iopraedi 3r41-
said carboxylic acid is
3.28 (m, 1H, d-isomer), (m, 3H), 2.20-1.00 (m, 10H), 1.33 (d, J = 5.8Hz,
3H).
10 While the present invention has been described in conjunction with
the specific embodiments set forth above, many alternatives,
modifications and variations thereof will be apparent to those of ordinary

skill in the art. All such alternatives, modifications, and variations are

intended to fall within the spirit and scope of the present invention.



sel ected fromthe group consisting of aliphatic and
aromatic carboxylic acids. 13. The process of claim 3,
wherein said carboxylic acid is benzoic acid. 14. The
process of claim3, wherein said first solvent is
selected fromthe gr oup‘—%&n‘si sting of CH C,,

chl oroben- zene, t-butylntethylether, and tol uene. S$-
15. The process of claim 3, wherein said step of
converting Conpound 10 to Conmpound 6 conprises the
steRs i981afAed feacting Conmpound 10 wi th Ph3P=CHCOORs to
pro; duce ound 66@ 6A RgO0 NO,: and, (b)
h;d‘?‘d’l@%sﬁg&%ﬁﬁ%% AR ound 6 by treating
Conmpound 6A with a base catalyst or an aci,d catal yst:
6 OHO No,-gwherein Re is C, to Ga alkyl or

arylalkyl. 1§. The process of claim 15, wherein said
base cat al ys sel ected fromthe group consisting of
al kal i ne ~ bonat gp, and phosphat e bases.
17. The pricess of C & wherein said acid catal yst

is select group consisting of mneral and
or gani c [ .
said step ofconyerting onpound 10 to Conpound 6
[ i ng Conmpound

NRsRg
wherein R and R, are each independently selected from
the group consisting of H, alkyl, alkenyl, alkynyl,
alkoxy, cycloalkyl aryl, alkaryl, arylaikyl, heterocyclic
and heteroary! groups, or R and R, together with the
nitrogen to which they are attached, form a 3- to 6-mem-

bered heterocyclic compound containing 1-4 heteroat-
ons, said process comprising;

(a) converting (R)-butynol to Compound 3:

OH

A

CONRsRs;

(b) reducing Compound 3 to yield Compound 4:

HO —=0
NR:sR¢: and




10 with malonic acid in a second sol vent.
process of claim 18, wherein said second sol vent

19. The
i s

sel ected the group consisting of hal ogenated sol vents,

aro- matic solvents and

%%Lr
20. The process of cl ai m™18,

sel ected fromthe group consisting of pyridine and
21. The proccss of claim18,

i s
t ol uene.

ogen-cont ai ni ng sol vents.
wherein said second sol vent

further

ConpyrestiRACIhRuls £ wath Campédnt@gen- based catal yst to

accel erate the reaction,

wherein said nitrogen-based

catalyst is gelected fromthe group cdon- sisting of

pi peridine, pyrrolidine,

pi perazi ne, pyridine, and

3 e. 22. A process for preparing Conpound

11: x x ™ Q «MOA N 59 conprising the
steps of: (a) reduci pnpound 1 to Conpound 12 using
a noble netal catal 12 OHNH; OH ONRSRG (b)
reacti ng Conpound 12 w'th an al kyl hal oformate to

to produce Compound 2.

2. The process of claim 1, wherein Compound 3 is prepared
by a process selected from the group consisting of:

0
JJ\ R T
OH x” SN
OH \
AL — NS
R
> O
Li NRsRg;
3
N op OoP
/'\ — i
N /U\ R
% N L X N~ 5
! \
3A Rg
3B
and,
b)
0
/JL\ R OH
X N
OH \
Rs
,/J\\\\\\ PdL,/CuY/basc X 0
x
NRsRs,
\\
oP o
) J\ ~Rs
X X N, PdL/CuYfose

R¢



produce Conmpound 13: 13 OHHYWNHCOR2Et; OHI R O
NRS5R6 (c) reacting Conpound 13 with a base to produce
Com pound 14: 14 OHH ,NHCO Et; OH M=4R O M
-60- (d) converting Con @nd 14 to Conmpound 15: 15 OMH
H 9%NTHCO, Et; and, OMH H (e) reacting Conmpound 15
wi th Conmpound 16 to produce Conpound 11: 16

P(O(CEt),. NF

wherein:

P is a protecting group;

X is a leaving group selected from the group consisting of
Cl, Br, 1, and heterocyclic rings,

L is selected from the group consisting of PR'; and NR",
wherein R’ is selected from the group consisting of alkyl,
aryl, alkylaryl, and R" is selected from the group con-
sisting of alkyl, aryl, and alkylaryl;

Y is selected from the group consisting of Cl, Br, 1, and
R"COO, wherein R" is selected from the group consist-
ing of alkyl, aryl, alkylaryl, and arylalkyl; and

n is between 0 and 4.

3. The process of claim 1, wherein Compound 6 is prepared

by a process comprising:

(a) reacting acrolein with CH;NO, in the presence of an
inorganic base in a C, -Cg alcohol to produce crude Com-
pound 8§:



23. The process of claim 22, wherein said noble netal
catal yst is selected fromthe group consisting of

pal | adi um on carbon, pt2th fium on carbon, and rhodi um
on carbon, or a mxture thereof. 24. The p¥ocess of
claim 22, wherein said al I"é)il] hal ofor- mate is sel ected
fromthe group consi stin f hyl ehl orof or- mate,

et hyl br onof or mat e, [ formate. 25. A process
for preparing Conpgund 16 conpriding, (a) treating

5- brono- 2- net hyl pyridine N-oxide with an anhydride to
produce Cofpowniche3Bide S8mp@BCERFh aphetaBpisulfg 10 (b)
treating Compyerd-®Bowidt®h an al cohol at an el evated
tenperature to produce Conpound 36: 36 OH 0O

NHOOCCF3; Br (c) treating: Conpound 36 with a | eaving
group reagent tq, producg Co oun% 37: 37 XN Br (d)
treati ng Conmpoun i h ate reagent to

HO  SO;3Na HO  SO3Na;

(c) treating Compound 9 with a lower alky] carbony! com-
pound and a carbonate base in a biphasic solvent system
1o produce purified Compound 8,

(d) reacting said purified Compound 8 with a secondary
amine and a carboxylic acid in a first solvent to produce
Compound }0:

(e) converting Compound 10 to Compound 6.

4. The process of claimn 3, wherein said inorganic base is
selected from the group consisting of LiOH, KOH, NaOH,
Ca(OH),, Li,CO,, Na,C0,, K,CO,, and Cs,CO,.

5. The process of claim 3, wherein said alcoho] is selected
from the group consisting of methanol, ethanol, propanol,
isopropanol, butanol, sec-butanol, t-butanel, pentanol,
octanol, and mixtures of 2 or more thereof.

6. The process of claim 3, wherein said lower alky] carbo-
nyl compound is selected from the group consisting of acetal-
dehyde, acetone, glyoxylic acid, and glyoxylate.

7. The process of claim 3, wherein said metal bisulfite is
selected from the group consisting of NaHSO,, KHSO,,
Na,S,0, and K,8,0;.

8. The process of claim 3, wherein said carbonate base is
selected from the group consisting of LiHCO,, NaHCO,,
KHCQ,, Li,C0,, Na,CO,, and K,CQO,.

9. The process of claim 3, wherein said biphasic solvent
system comprises water and a water-immiscible solvent.

10. The process of claim 3, wherein said secondary amine
is selected from the group consisting of piperidine, pyrroli-
dine, piperazine, dialkylamines, and diarylalkylamines.

11. The process of claim 3, wherein said secondary amine
is pyrrolidine.

12. The process of claim 3, wherein said carboxylic acid is
selected from the group consisting of aliphatic and aromatic
carboxylic acids.

13. The process of claim 3, wherein said carboxylic acid is
benzoic acid.

14. The process of claun 3, wherein said first solvent is
selected from the group consisting of CH,Cl,, chloroben-
zene, t-butylmethylether, and toluene.



produce Conpound 38 or a salt thereof: 38 P(O (OR9),;
and, N By -62- (e) treating Conpound 38 with
3- FC6H4B(OR11)2, to pro dg\%e Compound 16 using PdL" or
Pd/C. 16 P(O(OCP 9)z, N F . wherein: RI1 is H C,
to C10 al kyl, aryl, or heteroaryl; Lis PR3 or NR'3,
wherein R 3 is selected fromalkyl, aryl and
al kyl agyJrne R0 ofiaih § whdpdifiGik 88 of bR NE group consi st -
i Ng Ofon@blt 10 10 @8mpbund @EbEhpAdkddd s@fswt ; and n is between 0
and 8. (a@actinkllempicess Fafp=alHabor 25y0-Wher ei n sai d
anhydr i dieceiCgmpogr@léact ed from t he group consi sting of
aromatic acid anhy- dride, acetic gphydride, and
tri hal ogenat aceti c anhydride. 27. The process of
claim25, whdgrein said alcohol is selected fromthe

b ' { hamg! »det hanol , pro- panol,
i sopropanol , butano] bc- but anol, t-butanol, pentanol,
and octanol, and m} es of 2 or nore thereof. -63-
28. The process of claim 25, wherein said tenperature
i s bet (MledrolatrgGempbindan e Cabputd 65hre@ing 29. The process of
cl ai m 25omeRpneodiMih shapeathleshay Prragid eprayelp

4

o)

HO a— NO,..

wherein R is C, to C,, alkyl or arylalkyl.

16. The process of claim 15, wherein said base catalyst is
selected from the group consisting of alkaline hydroxide,
carbonate, and phosphate bases.

17. The process of claim 15, wherein said acid catalyst is
selected from the group consisting of mineral and organic
acids.

18. The process of claim 3, wherein said step of converting
Compound 10 to Compound 6 comprises reacting Compound
10 with malonic acid in a second solvent. -

19. The process of cleim 18, wherein said second solvent is
selected the group consisting of halogenated solvents, aro-
matic solvents and nitrogen-containing solvents.

20. The process of claim 18, wherein said second solvent is
selected from the group consisting of pyridine and toluene.

21. The process of clain 18, further comprising the use of
a nitrogen-based catalyst to accelerate the reaction, wherein
said nitrogen-based catalyst is selected from the group con-
sisting of piperidine, pyrrolidine, piperazine, pyridine, and
triethylamine.

22. A process for preparing Compound 11:




reagent is selected fromthe group of consisting SCLI"
SOoBr,, PCI31 PBr3, PCl.,—B¥ts, R8000], and RSSO C], and
wherein R3 is selected fromthe group consisting of C
to C1O alkyl, aryl, and arylal kyl. 30. The process of
cl ai m 25, wherein said phosphate reagent is prepared
froma strong base and (R90),P(OH, wherein RI is
selected fromthe group consisting of C1 -C10 alkyls,
aryls, heteroaryls, and arylallyls. 31. The process of

' ity said strong base is selected from
?ﬁ%ﬂgﬁ%&}h\gﬁ%ﬁsﬁg of t al Hy&rides, R%%nl and
(( FUOPIE B GEamPQUEF bt CRIPGuSdelcd Wb 0B C, o C10
al | ypesri¢atalyst: gr oups. 32. The process of claim 25,
wherein R11 is H 33. The process of claim25, wherein
L is PPh3. 8;4. The process of claim25, whErein nis
bet ween 0O ang 4H 35 HA process for preparing Conpound

ORANEi d process conpri sing

Conmpound 18 in a first
perature 18 0 0 NO 0 OR

the steps o
sol vent at g

(b) reacting Compound 12 with an alkyl haloformate to
produce Compound 13:

13

N NHCO,EL;

NRsR¢

(c) reacting Compound 13 with a base to produce Com-
pound 14:

14

WNHCO,EL;




wherein R7 is selected fromthe group consisting of H,
al kyl, al kenyl, al kyny], al koxy, cycloal kyl, aryl,

al ky- laryl, arylalkyl,~ahd -heteroaryl groups to
produce a first mxture conprising a and (3 of the exo
i somers of Com pound 17A: 17A trans O NO2 O HH O
OR, -65- and a and (3 of the endo isoners of Conpound
17B: 17B 0 NO, OH=H OOR said isoners of

(STEPRBSE gl P B EPEREINIR, et onof com

pound 17A by treating said first mxturg with a first

. basgy to produ&e a second m xture conpri sing
Ci s-Np, 6§-ring junctiQpcBig 0sA, i somer and
ci s-[B6 - MOn-ni= tro 1 isomer of each
Conmpbund pound 17B: 17C

(e) reacting Compound 15 with Compound 16 to produce
Compound 11:

16
P(O)(OED,.

/ \

23. The process of claim 22, wherein said noble metal
catalyst is selected from the group consisting of palladium on
carbon, platinum on carbon, and rhodium on carbon, or a
mixture thereof.

24. The process of claim 22, wherein said alky] halofor-
mate is selected from the group consisting of ethylchlorofor-
mate, ethylbromoformate, and ethyliodoformate.

25. A process for preparing Compound 16 comprising,

(2) treating 5-bromo-2-methylpyridine N-oxide with an

anhydride to produce Compound 35:

35
OOCCF3;



cisOHaVNQ; and O H=H OOR -66- (c) treating
said second m xture mﬁth_zbsecond sol vent, causing said
a-i soner of Conpound 17C \ precipitate to produce
Compound 17. 36. The process of claim35 further
conprising the step of treating said second m xture
Wi th a second base, resulting in a dynanic resol ution
f. sai.d second nmnj ich said -i soner of
@qar%be&uﬁa EPTUIG, S aE e Al Wﬂal ﬁ”saé’n@?"’aé? Conpound 17C,
arfémperaigiedp pspdwsrfpounauaddSi s precipi- tated to
produce Conpound ] 7. 37. The process of clai m 35,
wherein said first solvent is selected fromthe group
consi sting of xylene, N nethylpyr- roligdnone,

Di ntt hyl sul f oxi de;@ phenyl et her, and Di ntethy-

| acet am de, and{m xtures of 2 or nore thereof. 38. The
process of claim 35, wherein said tenperature is

bet ween about C%%%qt 190 C. 39. The process of
clai m 35, wh@rein énperature is between about 80
and about 1700 C. 40. The process of claim35, wherein
sai d tenperat I's between about 100 and about 160 C
41. The process| of claim 35, wherein said tenperature
is between abogit 120 and about 150 C. 42. The process
of claim 35, wherein said first base is

(c) treating Compound 36 with a leaving group reagent to
produce Compound 37:

3

Br

(d) treating Compound 37 with a phosphate reagent to
produce Compound 38 or a salt thereof:

38
P(O}ORo)2; and,



selected fromthe group consisting of triethylam ne;

1, 5-di - azabicycl o[ 4, 3, 0] non- 5-ene
1,4-diazabicyclo[Z,Z,Z]otﬁé%é; and

1, 8-di azabi cycl o[ 5, 4, 0] undec- 7-ene; and m xtures of 2
or nore thereof. 43. The process of claim 35, wherein
sai d second solvent is selected fromthe group

consi sting of alcohols, ethers, ketones, esters,

xyl ene, and N-nethyl pyrrolidi none, and m x- tures of 2
or nore thereof. 44. The process of claim 35, wherein
sai d gaeeRghSCbMERuntSS Wwith §HEH B@M | e 1ghupP
conS|gathcéi%ﬁﬁﬁﬁﬁﬂ9h?]gﬁggpéﬁpégip- ﬁahé?g, and

but anol's, "Xy e, et h I'pyfrolidinone, and m xtures
of 2 or nore thereof. 45. The process of claim 36,
wherein said second base is selected fromthe group
consisting of triethylamne; 1,5-di-

azabi cycl o[ 4, 3, 0] non- 5-ene 16

1, 4- di azabi cycl o[ 2, 2, 2} e ERes

1, 8-di azabi cycl o[ 5, 4]0] undec- 7-ene; and m xtures of 2
or nore thereof. 46{ A process for preparing Conpound
18: is 0 ONO, C wherein R7 is selected from

t he group consi sti , al kyl, al kenyl, alkynyl,

al koxy, cycl oal kyl , alky- laryl, arylalkyl, and
het eroaryl groups, s@d process conprising the steps
of . (a) converting (R -butynol to Conpound 28: 28

wherein:

R,,1s H, C, to C,, alkyl, aryl, or heteroaryl;

Lis PR, or NR";, wherein R'; is selected from alkyl, aryl
and alkylaryl, and R" is selected from the group consist-
ing of alkyl, aryl, and alkylaryl; and

n is between 0 and 8.

26. The process of claim 25, wherein said anhydride is
selected from the group consisting of aromatic acid anhy-
dride, acetic anhydride, and trihalogenated acetic anhydride.

27. The process of claim 25, wherein said alcohol is
selected from the group consisting of methanol, ethanol, pro-
panol, isopropanol, butanol, sec-butanol, t-butanol, pentanol,
and octanol, and mixtures of 2 or more thereof.



OH -61 wherein R is selected fromthe group consisting
of H alkyl, alkenyl, alkynyl, alkoxy, cycloal kyl,
aryl, alky- laryl, arylal kyl, and heteroaryl groups;

(b) reacting Conmpound 28 with Conmpound 6: 6 O HO 11
NO2 to produce Conpound 19; 19 0 0J- NO; end, OR

0 (c) reducing Conpound 19_%$%produce Conmpound 18: 18

0 0 N2. ~\\i\ 1 OR 47. e process of claim 46,
wherein Conpound 6 is pre- pared by a process

conpri sing: (8) The3RddebdoPERLRNEIS) WidrBin NS Qature is
produce Corpayndh At 45 a¥Pabbufbse & 0 O
29. The process of claim 25, wherein said leaving group
reagent 15 selected from the group of consisting SOCI,,
SOBr,, PCl;, PBr,, PCl;, PBrs, RgCOCI, and RgSO,CI, and
wherein Ry is selected from the group consisting of C, to C,
atkyl, aryl, and arylalkyl.
30. The process of claim 25, wherein said phosphate
reagent 1s prepared from a strong base and (RyO),P(O)H,
wherein Ry, 1s selected from the group consisting of C,-C,,
alkyls, aryls, heteroaryls, and arylalkyls.
31. The process of claim 30, wherein said strong base is
selected from the group consisting of metal hydrides, R;,Li,
and {(R,4)331),NLI, wherein R, 1s selected from C, to C,,
alkyl and ary] groups.
32. The process of claim 25, wherein R ; is H.
33. The process of claim 25, wherein L is PPh,.
34. The process of claim 25, wherein n is between 0 and 4.

35. A process for preparing Compound 17:

17

",
"NO,,

OR,



(b) reacting Conmpound 8 with Na2S20s to produce Com
pound 9: 9 NO HH HO SGBNa HO SOBN4 68 (c) reacting
Compound 9 with an acid to produce Com pound 10: 10 O
NC2; and, x | -a (d) converting Conpound 10 to
Compound 6. 48. The process of claim47, wherein said
acid is glyoxylic acid. 49. The process of claim47,
wherein the step of convertélpg- Compound 10 to Conpound
6 conprises reacting Conpound 10 with malonic acid.

50. The process of claim47, wherein the step of
converting Conpound 10 to Conpound 6 conpri ses
reacting Conpound 10 with Wnig reagent. 51. A process
for, preparing Conmpound 11: 11 O Hgg "~NOEt OO0 vy
said process compnsing the steps of:

(a) cyclizing Compound 18 in a first solvent at an elevated

temperature

18

0 — NO,

ORy

wlerein R, is selected from the group consisting of H,
alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, aryl, alky-
laryl, arylalkyl, and heteroaryi groups to produce a first
mixture comprising o and 3 of the exo isomers of Com-
pound 17A:;

174

OR-



N conprising: (a) reducing Conpound 17 to produce
Conmpound 20: 20 O HO NH2; H _ H O OR7 (b) converting
Compound 20 to Conpound 14: 14 0 HH O NHCQer HFI O
ORS - 6g- (c) converting Conpound 14 to Compound 15. IS
O HHO "NHCO Et; end, HHOHY(d) converting Conpound
15 to Conmpound 11. 52. The_ cess ofclaimb51, wherein
the step of converting Co nd 15 to Conpound 11
conprises reacting Com pound 15 with Conpound 16: 16
P(O(OEv), I NF _

and o and f§ of the endo isomers of Compound 17B:

17B

said 1somers of Compound 17A having a trans-[5,6]-ring-
junction;

(b) epimerizing said trans-[5,6]-ring-junction of Com-
pound 17A by treating said first nuxture with a first base
to produce a second mixture comprising cis-[5,6]-ring-
junction-nitro-c. 1somer and cis-[5,6]-ring-junction-ni-
tro f isomer of each Compound 17C and Compound
17B:

17C

cis




to produce Conpound 11. 53. The process of claim 52,
wherein Conpound 16 is prepared by a process
conpri si ng: OOCCF7 TEASI_I\%@A 9i0\ NBr Br 35 OH
Cl OONHOOCCF3y \ N-y Br 36 77 B(OH),
P(O(CEt),. [oxoEo2 \ FN T Br 38 F 16 54. A
process for preparing Corrpound 2]: 22 O,ENO OH?H
Nz\ X\ () Cishei S§idr1&jcqz>)¢dn1kzlrmylt1®@ ufh golgen,

causing said a-isomer of Compound 17C to precipitate
to produce Compound 17.

36. The process of claim 35 further comprising the step of
treating said second mixture with a second base, resulting in
a dynamic resolution of said second mixture, in which said
f-isomer of Compound 17C is converted to a-isomer of
Compound 17C, and a-isomer of Compound 17C is precipi-
tated to produce Compound 17.

37. The process of claim 35, wherein said first solvent is
selected from the group consisting of xylene, N-methylpyr-
rolidinone, Dimethylsulfoxide, diplienyl ether, and Dimethy-
lacetamide, and mixtures of 2 or more thereof.

38. The process of claim 35, wherein said temperature is
between about 70 and about 190° C.

39. The process of claim 35, wherein said temperature is
between about 80 and about 170° C.

40. The process of claim 35, wherein said temperature 1s
between about 100 and about 160° C.

41. The process of claim 35, wherein said temperature is
between about 120 and about 150° C.

42. The process of claim 35, wherein said first base is
selected from the group consisting of tnethylamine; 1,5-di-
azabicyclo{4,3,0]non-5-ene 1,4-diazabicyclo{2,2,2]octane;
and 1,8-diazabicyclo{5,4,0Jundec-7-ene; and mixturesof 2 or
more thereof.

43. The process of claim 35, wherein said second solvent is
selected from the group consisting of alcohols, ethers,
ketones, esters, xylene, and N-methylpyrrolidinone, and mix-
tures of 2 or more thereof.

44. The process of claim 35, wherein said second solvent is
selected from the group consisting of methanol, ethanol, pro-
panols, and butanols, xylene, N-methylpyrrolidinone, and
mixtures of 2 or more thereof.

45. The process of claim 36, wherein said second base is
selected from the group consisting of tnethylamine; 1,5-di-
azabicyclo[4,3,0]non-5-ene  1,4-diazabicyclo|2,2,2]octane;
1,8-diazabicyclo[5,4,0Jundec-7-ene; and mixtures of 2 or
more thereof.

46. A process for preparing Compound 18:

o

0 S— NO,,

OR;

wherein R, is selected from the group consisting of H,
alkyl, alkenyl alkynyl, alkoxy, cycloalkyl, aryl alky-
laryl, arylalkyl, and heteroaryi groups,

said process comprising the steps of:

(&) converting (R)-butynol to Compound 28:

OH

A



22 22 0 ON®2, N X wherein Xis selected fromthe
group consisting of S, 0, and NH 55. The process of
cl ai m 54, wherein the cy i,zation is conducted at an
el evat ed t enperature, ftien a base is added. 56.
The process of claim 54, wherei n said base is sel ected
fromthe group consisting of organic, inorganic, and
PHeQSH0-is Bl rbe RIS/ comidiing bhA, process of clai m 56,
WHIRY] £dllany8 adlifiny) ai@xy, Sychalkecl@dikyf rom t he group

c ons iagtalkpigand hetérsdng ploydsam ne; 1, 5- di azabi cycl o
(PrreRting)CGampouad Hreth Comgougd &zabi cycl o[ 2, 2, 2) oct ane; and
1, 8-di - azabicycl o[ 5,4, 0]undec-7-ene. 58. A process for
preparing Conpound 21, conprising: (a) converting
(R -butymol to Con'pound 23: 23 OH X (b) reacting
Conpound 23 W th Corrpound 6: 6 OHO NGO ; to produce

Conpouia 4

to produce Compound 19:

J_
}/\ﬁ

(c¢) reducing Compound 19 to produce Compound 18:

@]
Q — NO
y
(8]
OR,

47. The process of claim 46, wherein Compound 6 is pre-
pared by a process comprising:
(a) reacting acrolein with CH;NO, to produce Compound

8
NO;
HY\)\/Y H
0 0

{b) reacting Compound 8 with Na,S,0; to produce Com-
pound 9:

A

HO SOJNE SO;N&.,

NO:; B.l'ld,

18



0" N2 X N/ \; (c) reducing Conmpound 24 to Conpound
22: 22 00 _ NX®2; and, N J (d) cyclizirng Conpound
22 to produce Conpound 21, erein Xis selected from
the group consisting of S, 0, and NH 59. A process

for preparin mgngljg i@ Lo 2k OHH N\X
conpri si ng: a%pa)ndq:@nveﬁl ng “flR mbur‘3‘/)?#?)“)%'0(a %orrpound 23:

23 OH X (b) reduci ng Corrpound 23 to produce Compound
25: 25 //]"-"\ HOB-(g-

NO,; and,

(d) converting Compound 10 to Compound 6.

48. The process of claim 47, wherein said acid is glyoxylic
acid,

49. The process of clain1 47, wherein the step of converting
Compound 10 to Compound 6 comprises reacting Compound
10 with malonic acid.

50. The process of claim 47, wherein the step of converting
Compound 10 to Compound 6 comprises reacting Compound
10 with Witlig reagent.

51. A process for preparing Compound 11:

comprising:
(a) reducing Compound 17 to produce Compound 20:

" NHCO:Ex;




\' N (c) reacting Conpound 25 with Conpound 6: 6 O HO

NO, to produce Conpound 22: 22 22 0 0 - NO; nod N X

(d) cyclizing Conpound 22 to produce Compound 21,

wherein X is selected from§®Re group consisting of S,

0, and NH 60. The process of claimb59, wherein

Conpound 6 is pre- pared by a process conprising: (a)

(:F\%a@wugemﬁfowlqu&campmd%m to produce Conpound 8: 8
, HH 0 0 (b) reacting Conpound 8 with Na2S,05 to

progucq{ Com pound 9: 9 N2 H HO SO Nt HO SO3Na;

(c) eactin npound 9 with an acid to produce Com

"'NHCO:E; and,

(d} converting Compound 15 to Compound 1].

52, The process of ¢laim 51, wherein the step of converting
Compound 15 to Compound 11 comprses reacting Com-
pound 15 with Compound 16:

16
P(O)(OEx):

7\

F

to produce Compound 11.

53. The process of claim 52, wherein Compound 16 is
prepared by a process comprising;

00CCE,
)
® _0
- =
SN TFAA N MeOH
S F
Br Br
35
OH B ¢l ]
® ©
“SNH 0OCCF, | Y
P F
Br L Br _
36 37
B(OH), P(O)(OEs,.

P(O)OEn); |

F ,\N N,
@ = N
=
Br a
38

—

16



pound 10: 10 O H)__~U NO2; and, (d) converting
Conpound 10 to Conpound 6. 61. The process of claim 60,
wherein said acid is g|y0Xﬁ|'C acid. 62. The process
of claim®60, wherein the™s ég“of converting Conpound
10 to Compound 6 conprises reacting Conpound 10 with
mal oni ¢ acid. 63. The process of claim®60, wherein the
st of c nvert.in ound 10 to Compound 6 conpri ses

Sg iﬁﬁ%Wﬂ?l th Wttig reagent. 64. A
process for preparing Conpound 11: Il 0 x "INHCO2Et H

ngrlsing (a) reduci ng Cosipound 21 to produce

Cbnpound 6226 OH Hdg HH N X -74- (b) converting
nd=27:

compnsing cyclizing Compound 22:

i
v}

0 — NO;,

wherein X is selected from the group consisting of S, O,

and NH.

55. The process of claim 54, wherein the cyclization is
conducted al an elevated temperature, and then a base is
added.

56. The process of claim 54, wherein said base is selected
from the group consisting of organic, inorganic, and organo-
metallic bases.

57. The process of claim 56, wherein said base is selected
from the group consisting of trethylamine; 1,5-diazabicyclo
[4,3,0]non-5-ene; !,4-diazabicyclo[2,2,2]octane; and 1,8-di-
azabicyclo{5,4,0Jundec-7-ene.

58. A process for preparing Compound 21, comprising;

(a) converting (R)-butynol to Compound 23:

OH



27 OHHCOE OHH NX/(c) convening Conpound 27
to Conpound 14: 14 O HH ONHCO Eq HHO OR (d)
conveni ng Conpound 14 to Conpound 15: IS O HHO
NHCO Eq and. P -0 H (e) cop\_ﬁf_eyi_ng Compound 15 to
Compound 11. 65. The process ‘of cl ai m 64, wherein the
step of convening Conpound 15 to Conpound 11 conpri ses
reacting Com potund IS with Conpound 16: 16

) @ @EEImpoNdR3 witloCopmoadée Conpound 1 | . -75- 66. The
process of claim65, wherein Cogrpound 16 is

o

to produce Compound 24:

(c) reducing Compound 24 to Compound 22:
0
0) — NO;; and.

),
O

(d) cyclizing Compound 22 to produce Compound 21,

Tt
(]

/

z
N

wherein X is selected from the group consisting of S, O,
and NH.

59. A process for preparing Cowmpound 21:

2

a N03




prepared by a process conprising: 000CF3 NCO Y TTAA I
B(OHh [ (OXOEG J

N Br P(O)(CEr).. 67. The-pgQeess of claim 2, wherein

the step of 0 x NN Rs OP\ RQ 3B _

MOH Br Br OHC 0 OOCCF3 Br Br

Li

BACHO

NRSR4 3 is a flowthrough step in which Conmpounds 3A

anpl SBpadng. 1 ndi vi dual | y cont ai ned i n reactant streans,
V\,h! CE)CO%,;I- I lg@gfgﬁon,%dnnear the inlet of a punp,
whi ¢ punps ?he conbi ned streamtqzrough a static

m xer. oH :

(b) reducing Compound 23 to produce Compound 25:
N ;

{c) reacting Compound 25 with Compound 6:

§
0
HO% NO;

1o produce Compound 22:

22

22
0

O

{d) cyclizing Compound 22 to produce Compound 21,
wherein X is selected from the group consisting of §, O,
and NH.
60. The process of claim 59, wherein Compound 6 is pre-
pared by a process comprising:
(a) reacting acrolein with CH,NQ, 1o produce Compound

8:
NO,
H MH;

0 O



68. A process for preparing Conpound 2; 2 0 ONX2 O
NR5R6 wherein R5 and R are each independently sel ected
from the group consistin %g H, al kyl, al kenyl,
al kynyl, al koxy, cycloalk aryl, al kylaryl,
aryl al kyl, heterocy- clic and het eroaryl groups, or R5
and R6, together with the nitrogen to which they are

f nExhered heterocyclic
(%%%%Eﬁgﬂ%gngsam%ﬁ qﬁ%prgﬂjeet eroatonts, said process
conprising: (a) converting (R)- butynol to Conmpound 3: 3
OH CONRSR6; () reacting Compdund 3 with Conpound 6 to

yield Com po nd 72 6 OHOJ" NO ; and, (c) reducing
Conpdh r HConmpound 2: 7 0 O NO2. O NR5R6
69. A £¥npound of of the followng fornulae: O H"
o N@Z’S%Na HO “SO.Ng

(c) reacting Compound 9 with an acid to produce Com-
pound 10:

10

NO;; and,

(d) converting Compound ]0 10 Compound &.

61. The process of claim 60, wherein said acid is glyoxylic
acid.

62. The process of claim 60, wherein the step of converting
Compound 10 to Compound 6 comprises reacting Compound
10 with malonic acid.

63. The process of ¢laim 60, wherein the step of converting
Compound 10 to Compound 6 comprises reacting Compound
10 with Wittig reagent.

64. A process for preparing Compound 11;

WNHCO;Bt

comprising;
(a) reducing Compound 21 to produce Compound 26:

L NHa;




OH_H OR -continued UHNO OH}I OR 0 NXR
OH_H OR ONO, and OHH OR OHNO, OHH
OR wherein R, is selected fromthe group consisting

of OR, and NR R' and R'" RZ4and R are each

i ndependently selected fromthe group consisting of H,
al kyL al kenyl, al kynyl, al koxy, cycloal kyl, aryl,

al kyl @yibverigrddhdubyds.i canelnhiet eroaryl groups.

{¢) converting Compound 27 to Compound 14:

""NHCO,Et;

“/NHCO:Et; and.

(e) converting Compound !5 to Compound 11.

65. The process of claim 64, wherein the step of converting
Compound 15 10 Compound 11 comprises reacting Com-
pound 15 with Compound 16:

PIOYOEh

ZZY

to produce Compound 11.



70. A conpound of either of the following fonm ae: O
0J- NO and OR O ONX® . R whherein R is
selected fromthe group consisting of OR, and NR-, R’
and R® R and R are eachzAdependently selected from
the group consisting of H, alkyl, alkenyl, alkynyl;

al koxy, cycloal kyl, and, al kyland: arylalkjd, and

het eroarvl groups. S 71. A conpound of any of the
FolTheavdcery of drimgb.agreren oj@ed 16® H }1 0 NRGNRy 0 NO' O
PrERIEER bY 4 QORRSRRISEH NO,, O

OGCCE,
¢
a
] TFAA , : MeOH
/ /
Br Br
OH ,’ 1
oY)
‘ S NE00CCF3 l N
ZF P
Br | Br 2
BIOH)
f P(OYOEx), |
=N
| i
/
BI '
P{O)OEth.
=y
/
¥

67. The process of claim 2, wherein the step of

Joa

X N
oP \
Rg
3B
A=t
Li
3A
QH
N °

NRRy
3

is a flow-through step in which Compounds 34 and 3B are
individually contained in reactant streams. which
streams are combined near the mnlet of a pump, which
pumps the combined stream through a static mixer.



H3}l O-"NRSNRy O HNOL, OH ONRCNRy O HH"NH,,
and O Hki ONRSNRs 12 0O HH"NHCOR" OH O
NksNR& wherein RS and R6 ar_e:fgach i ndependent |y

sel ected from the group consisting of H, alkyl.

al kenyl , al kynyl, al koxy, cycloal kyl, aryl, alkylaryl,
aryl al kyl, heterocy- clic and heteroaryl groups, or RS
and R6, togétAmecesaildrpreparineComipoyndgden to which they are
attached, forma 3- to ti-ntentbered hetgrocyclic
conmpound cont ai ninge1l-4 heterontons, and wherein R20
is selected fromCJj[to C, o alkyl and aryl groups. 72.
A conpound of ei tdrer i ng formulae: 0 O
NO2 and

A

0] NRsRg

wherein R and R, are each independently selected from
the group consisting of H, alkyl, alkenyl, alkynyl,
alkoxy, cyclealkyl, aryl, alkylaryl, arylalkyl, heterocy-
clic and heteroaryl groups, or R and Ry, together with
the nitrogen to which they are attached, form a 3- to
6-membered heterocyclic compound containing 1-4
heteroatoms, said process comprising:

{a) converting (R)-butyno! to Compound 3:

OH

X

CONRyRg:

(b} reacting Compound 3 with Coinpound 6 to yield Com-
pound 7:

]

HO — NQ;  and,
{c) reducing Compound 7 to produce Compound 2:

\

o) NRRg
69. A compound of any of the following formulae:

W NOZ)




O NRGR6 0 O N2, O NRSR6 7 wherein R and R are
each independently selected from the group consisting
of H, alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl,
aryl, alkylaryl, arylal kW +*heterocy- clic and
| eteroaryl groups, or R, and R6, together with the
nitrogen to which they are attached, forma 3- to
6- menber ed hetwrnegycli ¢ compound containing 1-4
heteroaﬂp g, 73. A conpound of any of the follow ng
f or mul ag) @NR5R6, CONRSR6, and  OH CONRSRS,
mhere|n>R5 and re each i ndependently selected from

M8TES g of H, alkyl, alkenyl, alkynyl,
al koxy, cyeleahkyl aryl, al kylaryl, arylal kyl,
het er ocy- gk?sRand het eroaryl groups, or RS and R6
togethes, wizth the nitrogen to which they are attached,
forma 3 renhered heterocyclic conpound
cont ai ny eroatons, P is a protecting group
and is ¢ m the group consisting of THP or
Si Rl R=K wheﬁeln R' R and R3 are independently
sel ect ed frgﬁkthe group consisting of H alkyl,
al keny! , c?cloélkyl aryl, aryla- |kyl, alkylaryl,

d i d hesepparyl . 74. A conpound sel ect ed

fromg &6 fisi sting of:

NOg,

wherein R, is selecred from the group consisting of OR,
and NR, R,, and R,, R, and R, are each mdependemiy
selected from the group counsisting of H, alkyl, alkenyl,
alkynyl, alkoxy, cycloalkyl, aryl, alkylaryl, arylalkyl,
and heteroaryl groups.

70. A conpound of either of the following formulae:

and

o) — NO..

wherein R, is selected from the group consisting of OR,
and NR; R and R,, R; and R, are each independently
selected from the group consisting of H, alkyl, alkeny],
alkynyl, alkoxy. cycloalkyl, aryl, alkylary]_. aiylalkyl,
and heteroaryl groups.



3a OR CONPh,, -80 -c
NO, O NPh, ' 0 N0O2, O NPh2 |l a

2 0
HH ONFh2 0 HNO2, O H 0" NPh,
~-FR-

71. & compound of any of the foilowing formulae:

NO,,

NO,,

2, and

O/\\ NRsNRg

wherein Ry and R are each independently selected from
the group consisting of H, alkyl, alkenyl, alkynyl,
alkoxy, cycloalkyl, aryl, alkylaryl, arylalkyl, beterocy-
clic and heteroaryl groups, or R, and R, ogether with
the nitrogen (o which they are anached, form a 3- to
6-membered heterocyclic compound conraining 1-4
hetercatoms, and wherein R 5 s selected from C, 10 C,

alkyl and aryl groups.

0 H\
0O HO

ontinued OSIMe3 CONPh2, 7a 0 O

,a NO2,

0



H}{ 0 NPh2 O HNO OH O NPh, -continued 0 ~
,ONOz, OH _H o NPh, O NX®, OHH NPh, 12¢e 0 HH
,NH2, OHH O NPh, lle Q]ﬁH"NHCO,Et, O H4

72. A compound of either of the following formulae:

o)
) —— NO,
}——'> and
) NRsRs
o
c’;}i\@/m
K NR;R4
7

wherein R, and R are each independently selected from
the group consisting of H, alkyl, alkenyl, alkynyl,
alkoxy, cycloalkyl, aryl, alkylaryl, arylalkyl, heterocy-
clic and heteroary! groups, or R and R, together with
the nitrogen to which they are attached, form a 3- to
6-membered heterocyclic compound containing 1-4
heteroatorns.

73. A compound of any of the following formulae:

QP OH
X xR
CONR4Rs, CONRsRq, and
OH
x
CONRsRg,

wherein R and R, are each independently selected from
the group consisting of H, alky!, alkenyl, alkynyl,
alkoxy, cycloalkyl, aryl, alkylaryl, arylalkyl, heterocy-
clic and heteroaryl groups, or R, and R together with
the nitrogen 10 which they are attached, form a 3- to
é-membered heterocyclic compound corntaining 1-4
heteroatoms, P 15 a protecting group and is selected from
the group consisting of THP or SiR | R,R,, wherein R,
R, and R, are independently selected from the group
consisting of H, alkyl, alkenyl, cycloalky], aryl, aryla-
Ikyl, alkylaryl, heterocyclic, and heteroaryl.

74. A compound selected from the group consisting of:

Ja

V4

CONPh,



0 NPh2 0 NH2,

O HH O-NPh2 0 a, NHn

0 HFI

O NPh2

O HNH2, O H O-NPh, NO HH OO -continued 9 N
HH HO SO2Na HO SO3Na, _lQOONOZ H1 and 6

-continued
OSiMc;

Py

CONPh,,

0

o) %/ NO,
AN

0
0 ——— NO,,

)_\/L
o NPh;

“.\\ Noln

NO,,

N0,

e



HOOC ~ NO2. 1Y 23 OHX N-~bl X -Sor0 or, NH/”™ 25
HOB X N24 JOONQO, X N22 00 N®2, NX
-conti nued >1 OOH5}i%{\IL\\ 26 O HH"NN., O

-

-continued

12a

138

_WNHCO:EL,



H N\ 27 0 HHO0111\ p COEt, HHNX \ / 16

H5
P(O(CEt) . NF 26 OH COOR,, HO~0. \\ R O -continued
019 0NO, OOR OIS ON@_.OOR 017 a 0 'NXR
end
-continued
9
NO;
P
HO SO;Na HO  SO;Na,
10
0
H/LO/Noz and
HOGC NO ¢
= ¥
il
CH
\
/l\/X
|
N
X=S0or0or, NH
25
HO X
—<_>.
N
24
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X
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H- }I OOR -95- continued 0 20 HHa ONH= H_HO
OR NO HH OO0 NOZ 9 H HO S03Na HO SG3Na, 0 10
NO2 H 1 and NOZ. HOOC\\‘_B%-

-continued

26

\\\NHL

wNH
CO,EL

P(OYOELh.

& N

/

F

CH
/’\

COCR5.

HO—<-\:0__
R0



- 84

-continued
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