Eno- and Di astereo- Sel ective Syntheses of Hinbacine Analogs S Field
of the Invention 10This application discloses a novel process for the
preparation of hinbacine anal ogs useful as thronbin receptor

ant agoni sts. The process is based in part on the use of a

base- pronoted dynami c epinerization of a chiral nitro center. The
invention disclosed herein is related/to those disclosed in

co- pendi ng patent applications corresponding to the 15 foll ow ng
provi si onal patent appllcatlons Serlal No. 60/643,932; Serial No.

60/ 643; 927; and,Ex% ‘ ~ inbgplihe ahategs havi ng
been filed on the same date Background of the Invention 20

Thronmbin is known to have a variety of activities in different cel
types and thrombin receptors are known to be present in such cel
types as hdman pl atel ets, vascular snmooth nuscle cells, endothelial
cells, and fibroblasts. Thronbin receptor antagonists may be useful
in the 25 treatnment of thronbotic, inflammtory, atherosclerotic and
-2 - fibroproliferative disorder; as well as other disorders in which
thronbin and its receptor play a pathol ogical role. See, for exanple,
U S. 6,063,847, the disclosure g@fjaWR s idvend;fgOr porated by reference.

10 This application discloses a novel process for the preparation of
himbacine analogs useful as thrombin receptor antagonists. The process
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

15 following provisional patent applications: Serial No. 60/643,932; Serial
No. 60/643;927; and, Serial No. 60/644,428, all four applications having

been filed on the same date.

Baclkpround of the Invention

20
Thrombin is known to have a variety of activities in different cell
types and thrombin receptors are known to bé present in such cell types
as human platelets, vascular smooth muscle cells, endothelial cells, and
fibroblasts. Thrombin receptor antagonists may be useful in the

25 treatment of thrombotic, inflammatory, atherosclerotic and



One thronbin receptor antagonist is a conpound of the fornmula: 511

This conmpound is an orally bioavailable thronbin receptor antagoni st
derived from hi nbaci ne. Conpound 11 may be synthesi zed from Conpound
1: 10 ,J402 wherein Rs and R6 are each independently selected from

t he group consisting of H alkyl,

cycl oal kyl ,

Processes for the synthesis of simlar

aryl,

all cylaryl,

al kenyl ,

al kynyl ,

al koxy,

aryl al ky#:

and heteroaryl

groups.

hi mbaci ne anal og t hronbin

fibroproliferative disorders, as well as other disorders in which thrombin
and its receptor play a pathological role. See, for example, U.S.
6,063,847, the disclosure of which is incorporated by reference.

One thrombin receptor antagonist is a compound of the formula:

%,\Nﬂcooa
0 2
me H ij
N
v .
F
5 11
This compound is an orally bioavailable thrombin receptor
antagonist derived from himbacine. Compound 11 may be synthesized
from Compound 1:
;&hjm,
C 9
( 0 .
1
wherein Rs and Rs are each independently selected from the group
consisting of H, alkyl, alkenyl, alkynyl, alkoxy, cycloaltkyl, aryl, alkylaryi,
arylaikyl, and heteroaryl groups.
15

Processes for the synthesis of similar himbacine analog thrombin

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

-3



publication no. 2003/0216437, nethods of using thronbin receptor

ant agoni sts are disclosed in U S. publication no. 2004/0192753, and
the synthesis of the bisulfate salt of a particul ar hinbaci ne anal og
is disclosed in U S. publication no.2004/0176418, the discl osures of
which 5 are incorporated by reference herein. The present application
provi des a novel process for preparing Conpound 11 from Conpound 1,
whi ch process provides an inproved yield and the elinination of the
need for a chiral internediate. 10Sumary of the Invention One
aspect of thepPiiRE8S nb MR DATEARY OMORAs 8f PHRE BSSmbRY rePIRBAT | NG
Compound 1: 151 said process conprising the steps of: (a)
cyclizi ng Congetagshists iafe disélbseitin SRS Malicationat,. @beyai1ed7sSmparas ure -
4 - wherein R5 and R5 are each independently selected fromthe
group consi stsymghasis ¢f thableylfateakk eny partrhley Mythbackhdaaleg isycl oal kyl ,
aryl, allcylaryl, arylalkyl, heterocyclic and heteroaryl groups, or
R5 and R6, t odjetlbead inil.f. piidicatisn og &0t M0 Werid thé disclasereatof arbitkd,
forma 3- to 6-nenbered 5 heterocyclic conpound containing 1-4

het er oat ong, 2% ipgospereéedabyfiefesencgiberain.c The presentiappligation 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.

10 Summary of the Invention

One aspect of the present invention provides a process for

preparing Compound 1:

S o
e
15 1
said process comprising the steps of:
{a) cyclizing Compound 2 in a first solvent at an elevated

temperature

O

o = NO,
)’1
0" "NR:Rg
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trans 0 H5+5 NO2 said isomers having a trans-[5,6]-ring-junction and
endo isoners: (b) epinerizing said trans-[5,61-ring-junction
I n Conmpound 29 by treating said first mxture with a first base to
produce a second m xture conprising cisib5,61-ring-junction-nitro-a

i somer and cis-[5,6-ringjunction-nitro- 13 isonmer of Conmpound 30:

(c) treating said second m xture with a second sol vent, causing said
a-isonmer of Conpound 30 to precipitat@g.to produce Conpound 1.

wherein Rs and Rs are each independently selected from the group
consisting of H, alkyl, alkenyl, alliynyl, alkoxy, cycloalkyl, aryl, alkylary),
arylalkyl, heterocyclic and heteroaryl groups, or Rs and Rg, together with
the nitrogen to which they are attached, form a 3- to 6-membered
5 heterocyclic compound containing 1-4 heteroatoms, to produce a first

mixture of exo isomers

Irans
Q y o+p
o
HEIA
i

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

cis
2

NO;
o)
H:iH
" NReRs
10
(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-[$,6]-ring-junction-nitro-a isomer and cis-[5,6}-ring-
junction-nitro-f isomer of Compound 30:
cls
o .
H G+BN02
o}
H A
15 o NRRy  and

(c) treating said second mixture with a second solvent, causing said

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



- 5 - I n anot her enbodi nent, the above process further
conprises the step of treating said second m xture with a second
base, resulting in a dynam c resolution of said second m xture, in
whi ch said A-isonmer of Conpound 30 is converted to a-isomer of
Compound 30, and a -isonmer of Conpoungs 30 is precipitated to produce
Conmpound 1. I n anot her enbodi nent, said first solvent is

sel ected fromthe group consisting of xylene, N-nethylpyrrolidinone,
Di rnet hyl sul f oxiléncdiep geppdimanicthe abpyrepregtsedatther eranprined the xt ur es
of 2 or nore thereof. ) | n anot her enbodi ment, said tenperature
i s between #BBOf rrating gaidisstandivptare wigh aresqns Basbetoppingamsut 80 and
about 1700C, nore preferably_ between about, 100 and about 1600C, still
more prefer %Wﬁéﬁﬁﬁé@ﬁ“‘éﬁ%’?ﬁd gengnd FexEp s n g eaid B-isomer ¢y anot her

enbodi nent, _said first. base i g selected fromthe group consisting of
Lri ot hyl am FEROREA DS EPRFERS 2 Sdsepicnt dsmpend 50, and o omer of

1, 4-di azabi gycl o] 2 21oct ane dl, 8-di azabi c o[ 5, 4, 0lundec- 7- ene,
and m xtureég oé“%énﬂﬁp’éecfm@eéﬁgpmguce 80??\°”Hﬁ%i'her enbodi nent, said
second solvent is selected fromthe group consisting of al cohols,

et hers, ketones, esters, xylene, Nnethylpyrro]idinone, and m xtures

O 2, 00T € Lneyehier Bpaable8UOLNAE: SODR STk ool BUSHLLE"

provi des a process tor preparing

and R6 are gachunpdeRsRdent YetfbaciRnd SO Wil Bey M 8 ide, diphenyl

ether, Dimethylacetamide, and mixfures of 2 or more thereof.

In another embodiment, said temperature is between about 70 and
¢ gbout 190 0C, preferably between about 80 and about 1709C, more
:‘prei‘era'bly between about 100 and about 1600C, still more preferably

between about 120 and abouit 1500C.

In another embodiment, said first base is selected from the group
consisting of triethylamine, 1,5-diazabicyclo[4,3,0lnon-5-ene,
1,4-diazabicyclo|2,2,2]octane, and 1,8-diazabicyclo[S,4,0]undec-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.



consisting of H, alkyl, alkenyl, alkynyl, alkoxy,

al kylaryl, arylallcyl, heterocyclic and heteroaryl

cycloal lcyl, aryl,
groups, or Rs and

R6, together with the nitrogen to which they are attached, forma 3-
to 6-nmenbered heterocyclic conmpound containing 1-4 heteroatons, said
process 10 conprising: (a) converting (R)-butynol

A% ., ".
15NR5R6 4; and,

to Compound 3: OH

CONR5RB 3; (b) reducing Conmpound 3 to yield Conmpound 4: HQO
(c) reacting Conpound® wth Conpound 6: O

In another embodiment, the invention provides a process for preparing

Compound 2:
8}
o = NO,
2
0% “NRRRy
2
5 wherein Rs and R are each independently selected from the group

' consisting of H, alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, aryl, alkylaryl,

arylalky), heterocyclic and heterparyl 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

10 comprising:

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

(b} reducing Compound 3 to yield Compound 4

H0—<=\=o
15 NRsRq
4: and,
{c] reacting Compound 4 with Compound 6:
o
H0&='\0N02

to yield Compound 2.

20



HONO2 to yield Compound 2. - 7 - In yet anot her enbodi nent,
the invention is directed to a process for preparing Conpound 2: 0
NR5112 2, 5wherein Rs and R6 are each i ndependently selected fromthe
group consisting of H alkyl, aLkenyl, allcynyl, alkoxy, cycloalkyl,
aryl, alkylaryl, arylalkyl, heterocyclic and heteroaryl groups, or Rs
and 126, together with the nitrogen tg which they are attached, form
a 3- to 6-nenbered heterocyclic conpoﬁhd containing 1-4 heteroatons,
sai d process 10 conpri si ng:

In yet another embodiment, the invention is directed to a process

for preparing Compound 2:

5 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 hetercatoms, said process

10 comprising:
(a} converting {R)-butynol to Compound 3:
OH

N
3;

CONR;Ry

(b} reacting Compound 3 with Compound 6 to yield Commpound 7:

0

s HO’%ONO,

6;

{¢) reducing Compound 7 to produce Compound 2:

0

o) NOz

0

20 07 "NRsRs
7.



(a) converting (R -butynol to Conmpound 3: OH CONRZR2 3; (b) reacting
Compound 3 with Conpound 6 to yield Conpound 7: HONO2 15 6; (c)
reduci ng Conpound 7 to produce Conpound 2: 20 N2 7.

-8~

In another embodiment, the invention provides the following

compounds:
0
OH OSMe,y o — NO, Q — NO;
PN A =
32 CONPhy CONPhy n o
' * 7a O 2 . NPhy .
2
0 o] . 1]
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I n anot her
conmpounds:

10

enbodi nent, the invention provides the foll ow ng
OSl Me, CONPh2 NO2 HH HH 00 i HO SG3Na H SGsNa 6 OAnd6

.\\NOE : O H H \NH2 O H H

. NH P(O)(OEt)Z
g .
T o] COEt P
H|A P ~7 18
NP X HAH
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O . Ow
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HEifm and
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¥ "ORy P~on
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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
definitions apply throughout the specification and claims. Chernical
names, cormon 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



-0-

OH HO -K \ff21 COOR7R70 28 and 2H 0O

10

15

20

25

-10 -

other terms, unless otherwise indicated. Hence, the definition of “alkyl"
applies to “alkyl" as well as the "alkyl" portions of "hydroxyalkyl,"
"haloallyl,” "alkoxy,” ete.

Unless otherwise known, stated or shown to be to the contrary, the
point of attachment for a multiple term substituent (two or more terms
that are combined to identify a single moiety} to a subject structure is
through the Jast named term of the multiple term substituent. For
example, a cycloalkylalkyl substituent attaches io a targeted structure
through the latier “allyl” portion of the substituent {e.g., structure-alkyl-

cycloalkyl}.

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

forrula.

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



bt a 0 OH 20 17

will be had fromthe 5 follow ng detail ed description of the

i nventi on.

definitions and terns are used herein or

Description of the Invention The foll ow ng
are otherw se known to a

skilled artisan. Except where stated otherw se, the 10 definiti
apply throughout the specification anggclains. Chem cal nanes,
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t he sane structure
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to determine the presence or absence of double (and triple bonds) in a
covalently-bonded molecule. For instance, it is readily recognized that a
carboxyl functionality may be represented by ~COOH, -C(O)0OH, -C{=0)OH
or -COzH.

The term “heteroatom," as used herein, means a nitrogen, sulfur or
oxygen atom. Multiple heteroatoms in the same group may be the same

or different,

As used herein, the term "alkyl' means an aliphatic hydrocarbon
group that can be straight or branched and comprises 1 to about 24
carbon atoms in the chain. Preferred 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 alkyl groups such as methyl, ethy! 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, cyctoalkyl, cyane, hydroxy, alkoxy, alkylthio, amino, -NH(alkyl), -
NH{cycloalkyl), -N{alkyl)e {(which alkyls can be the same or different},
carboxy and ~C{O]JQ-alkyl, Non-lixiting examples of suitable alkyl
groups inchude methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, n-
pentyl, heptyl, nonyl, decyl, ﬂuorométhyl, trifluoromethyl and

cyclopropylmethyl.

A further understanding of the invention

ons
conmon

ed interchangeably to describe
These definitions apply regardl ess of whether a



ot her terms, unless otherw se indicated. Hence, the definition of
"align" applies to "alkyl as well as the "allryl" portions of
"hydroxyal I cyl," "hal oal kyl ," "al koxy," etc. 5Unl ess otherw se known,
stated or shown to be to the contrary, the point of attachnent for a
mul tiple termsubstituent (two or nore terns that are conbined to
identify a single noiety) to a subject structure is through the | ast
nanmed termof the nultiple termsubstil®uent For exanple, a

cycl oal kyl al | cyl substituent attaches t-o a targeted structure 10

through the |atterg élljhyllneansoﬂ{ &kﬁh@ns?&y&#aem%u@g}olu%%@&

struct ure-al kyl cycl oalkyl") dent %te?/rg” abl e

appeari ng nor grahbRed &a&@@nbﬁaﬁé ﬂﬂéh%bdm%r%rbﬂgl?ﬂg%gﬁcﬁgﬁqy g€l ect ed
fromthe definition for that 15 vari a unl ess ot herw se I ndi cat ed.

Unl ess st at edghasid ait) wiicHEIEbdcafudetdet drRoigdtie CRaI Ak¥ayial | at ons
illustrated in chem cal fornulas for coval ent conpounds possess

nor mal val encgresps Fusompnist Dipeaboat 08Barbdaabdnts iahd Shaihl pr¥ealipnds
and 20 ring structures need not be expressly depicted in a general
chemi cal f&r n@ifkmabout 12 carbqdoatbing ity trdshaimtier enap prafprblyteto avayt be
represented by the presence of parentheses around an atomin a

cheni cal f or nUFREPOFGHODS inctherphp. Theclirayghgrpup gae be onkstiteted byCO-, may

al so be represented in % .chem cal faormula be/ C(=0)-. One
sk| Iled in thePeRtmese Jubsitugpisdrdependentbyiclss e@ﬁ@%%‘@s@ﬂ% or absence

doubl e (and tri ond i cCoVv nt | d rm ec l e, For
st ance, Fogs ?sgg B cfy‘flﬂél‘}% ffgy may
be represente %ﬁ ]g 9;1E term
"het er oat om "Q(aa%)%%e ietradél n, %@ s‘% @rdgﬁtehﬁnylsﬁf enylblf‘l bg 5gn

atom Ml tip pI @Mﬁg@@gmﬁ%_ﬁ&g&@@m group may be the sane or
different.

Where an alkyl or alkenyl chain joins two other variables and is
therefore‘bivalent, tﬁe terms alkylene and alkenylene‘, respectively, are
used. |

15
"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 ta about 6 carbon atoms. Non-limiting
examples of suitable alkoxy groups include methoxy, ethoxy and
20  isopropoxy. The alkyl group of the alkoxy is linked to an adjacent moiety

through the ether oxygen.

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

25 carbocyclic ring having preferably from three {o fiffeen carbon atoms,



As used herein, the term™"allcyl" nmeans an aliphatic hydrocarbon
group that can be straight or branched and conprises 1 to about 24
carbon atons in the chain. Preferred al kyl groups conprise 1 to about
15 carbon atons in the chain. More preferred al kyl groups conprise 1
to 15 about 6 carbon atons in the chain. "Lower al kyl" means allcyl
groups of 1 to 6 carbon atons in the chain. "Branched" nmeans that one
or nore | ower al kyl groups such as nethyl, ethyl or propyl, are
attached to a |inear alkyl chain The al kyl can be substituted by one
or nore substituents Bend ﬁ)lglected fromthe group conS|st|ng

of halo, 20 ar§f® Q?fi{?r%g?' Wm GIL) e °IHFk8§‘§/°Y°51&MF
am no, -NH(al l%%%)adu‘ta)l 15 sga%'é( ate%agnlgy c)iy laf(%‘l)(saé ﬁ%’&%ﬁ%m%:l?g#? l S Can be

t he sane or ren car oXy an

exanpl es of syids aﬁalt@o%g r%&%ﬁbr‘:%t%g%{ ﬂ;&bﬁém r,mg%f %X'

i sopropyl, n-buty nt y1 nonyl

f I uor oMet hyl , dykls pﬁfag%Mac@eadat%iyexss&ai@o%&?mw %?t res&%s i

"Al kenyl" neans an aliphatic hydrocarbon group (straig ranched

carbon chai §) < @Bl sth@u@N PréérrdDEL LU Bn fiokh &R GhRal n and
whi ch can be conjugated or unconjugated. Useful al kenyl groups can

conprise 2 to ibets. IExaeelexos] chtledIByliraditdle irtide tyclopRipel, afdlobudyl? t o
about 12 carbon atons in the chain, and nore preferably 2 to about 6

carbon at ons igyclohentyhayelohekigh crdiddepil, grbepkean be substituted by
one or nore substituents independently selected fromthe group
consi sting of halo, alkyl, aryl, cycloallcyl, cyano and al koxy.
Non-limting exanples of suitabl e al kenyl groups include ethenyl,
propenyl, n- butenyl ngn??élstﬁ!%’ﬁpﬂéﬁwdfa??dbwE@H?éﬁwnsmgat Wher e

an al kyl or, alke |ns I ot her. vari abl nd_is therefore
bi val ent, ﬂ%e]f% ﬁ§e§ rﬁ?mbﬂgﬁgﬁﬁ$ﬁﬁﬁ§ Tare used.

15 Al kox I%be éﬁé@r&%ﬁ'}g a%oklgﬁ%J Qbélﬂ l\ghcar ngg.h& P | s

as previously déscr oXy~ groups Can ¢ nprlse %P8 about

12 carbon atorﬁefaweefa@m@i Yrohpd ﬂa\«%bcﬁa'dﬁt ét&%mriom QBQH{L‘%”' ng

exanpl es of suitable al’koxy groups 1 nclude nethoxy, oxy an
chain, and more preferably about 2 to about 6 carben atoins in the

chain. Branched means tk.aat one or more lower alkyl groups such as
15 methyl, ethyl or propyl, are attached to a linear alkynyl chain, 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

20 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

25 moiety will generally have from 6 to 14 carbon atoms with all available



20 i sopropoxy. The al kyl group of the alkoxy is linked to an adjacent
noi ety through the ether oxygen. The term "cycl oal kyl" as used
herei n, means an unsubstituted or substituted, saturated, stable,
non-aromati c, chem cally-feasible 25 carbocyclic ring having
preferably fromthree to fifteen carbon atons, -13 - nore
preferably, fromthree to eight carbqp4atons'. The cycl oal | cyl carbon
ring radical is saturated and nay be fused, for exanple, benzofused,
with one to two cycl oal kyl, aronmatic, heterocyclic or heteroaronmatic
rings. The cy%%%&i/%?blerﬁé’jb%eﬂ%ti ateard magly beindduieotietacpassible at om
that results in 5 a stable structure, Preferred carbocyclic rings

have from fi \RORG &ritachmenin Repmsgpiptivsexgrmpispdpelais pheivhdplhl s
i nclud | | | tyl, tyl,. | oh |,
cyel onepryl | sl cnst sl s R aRRR i i S Re Ty i ar bon
i S 10 | - b t.ripl.e. d d which
Tey Do orrai it dFbesbita BRTL ARSI E M IRY SR O BB RS 38 ar bon

atoms in the &Qﬁ,’b%receﬁglifﬂg{gngﬁa%ﬂl}é&q}{&e%g%% %aﬁégn@%go%lgg to about 10

carbon atons 1 n the nore pre out 0 about 6

carbon atons ;Lém&mo,%? NerinRbARCSA, jlnﬁayﬁh&&&% O pRRLEy, | Over

al kyl groups such as 15 nethyl, ethyl of propyl, aré attached to a

| i near al | cynythinehaioRoalkiplamliadyidialingrea g 186 1igE. suitable allrynyl
groups include ethynyl, propynyl, 2- butynyl, 3-nethylbutynyl,

n- pentynyl, and decynyl. The al kynyl group may be substituted by one
or nore substituents which may be the sane or different, each
substituent bei ng"Hatekopohtuprisa mehertistbrimulticydlie 20mgtioupe consi sti ng
of al kyl, aryl and cycl oal kyl . . The term'aryl,"” as used herein,
means a substPEiREREf OV RIAFEeRE 1t v atamsnprefesablyghent Dt dhoel/E | ¢,
chernically-feasible caxgggyclic ringwﬁgstenLh%ﬁing fromqne to two

aromatic ri ng%:?g smgmsa}rwv one or more atoms in the ring system is/are

atoms other than carbon, for example nitrogen, oxygen or sulfur, Mono-
and polycyclic (e.g., bicyclic] heteraaryl groups can be unsubstituted or
substituted with a plurality of substituents, preferably, one to five

15 substituents, more preferably, one, two or three substituents {e.g., mono-
through pentahalo, alkyl, trifluoromethyl, phenyl, hydroxy, alkoxy,
phenoxy, amino, monoalkylamino, dialkylamine, or the like}. Typically, a
heteroaryl group represents a cheniically-feasible cyclic group of five ar
six atoms, or a chemically-feasible bicyclic group of nine or ten atoms, at

20  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 (hetercaromatic) groups are pyridinyl, pyrimidinyl, pyrazinyl,
pyridazinyl, furanyl, benzofuranyl, thienyl, benzothienyl, thiazolyl,

25 thiadiazolyl, imidazolyl, pyrazolyl, triazolyl, isothiazolyl, benzothiazalyl,




25 noiety will generally have from6 to 14 carbon atons with al

avai l able - 14 - substitutable carbon atons of the aryl noiety being
i ntended as possi ble points of attachnent. Representative exanpl es
i ncl ude phenyl, tolyl, currenyl , -napht hyl, tetrahydronaphthyl,
i ndanyl, indenyl, or the like. If desired, the carbocyclic noiety can

be substituted with fromone 5 to five, preferably, one to three,
moi eti es, such as nono- through penta¥al o, al kyl, trifluoronethyl,
phenyl , hydroxy, al koxy, phenoxy, am no, nonoall cyl am no,

di al I cyl am N@enRkatdif, &%Xb}’%?f’ %%o'iyl,”ﬁ@,‘%striéziﬁglbr%&ﬁ%ﬁh%?l or

mul ticyclic aromatic ring system of about” 5 to out 147ring
atons, prefepakipg. about 5 to about 10 ring atons, in which one or
nore of the atons in the ring systemis/axe atons other than carbon,
for exanple nitrogen, oxygen or sulfur. Mno-and polycyclic (e.g.,

bi cyclic) heteroaryl groups can be unsubstituted or substituted with
a plurality of sUbstietoémitsrocyniiefrimgadl heteorvgcled abnaeed hérebybst i t uent s,
nore preferably, one, two or three substituents (e.g., nono-through
pent ahal 0,5 almeprs anpjrsubetitias arysubstiitedy batupateid, npatigbtedoy, phenoxy,
am no, nonoal |l cyl am no,  dial kyl am no, or the like) Typically, a

het eroaryl grRERIFAG%REGAHE g sibifaing spppusedLS carhen@jemns engprriyy of
five or six atong, O .a chemical ly-feasible bicyclic group of nine or
ten atons, af®3HRFERACTRE G W CRERCYREP FgS TR PEHBRANECISEOT | east
one oxygen, sulfur. or _nitrogen atominterruptin carbocyclic ring
havi ng” a suf £ F%%“%ﬂﬁﬁg$9%fmﬁfPﬁgka§P§8??§h%° 5gﬁFo°Fﬁ§¥§Pgﬁatic
character. R j i C) are

oy dinyl | p e Arb B RS Bk ol e b BT PRl GHRE

benzof ur afiy| rink R 8B¥s coRSRERE B 188 ngs i@l ¥bntaZpabil @diAgaby] |

i m dazol yl, pyrazolyl, triazolyl, isothiazolyl, benzothiazolyl,

afoms, most preferabiy, ten to twelve atoms, Polycyclic ring systems

consisting of thyee 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
15 may each be independently selected from the group consisting of

nifrogen, sulfur and oxygen atoms.

Famad

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

20 and fluorides are preferred halides.

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

bicarbonates.




- 15 - benzoxazolyl, oxazolyl, pyrrolyl, isoxazolyl, 1,3,5-triazinyl
and indolyl groups. The term "heterocyclic ring" or "heterocycle," as
used herein, 5 nmeans an unsubstituted or substituted, saturated,
unsaturated or aromatic, chem cally-feasible ring, conprised of
carbon atons and one or nore heteroatons in the ring. Heterocyclic
rings nmay be nonocyclic or polycyclipﬁ_wbnocyclic rings preferably
contain fromthree to eight atons in {he ring structure, nore
preferably, five to seven atons. Polycyclic 10 ring systens

consi sting of twfheitags “pewber abhsedderdimiinuhdantest Xo i@asiont een at ons,
nost preferably, ten to twelve atons. Polycyclic ring systens

consi sting offtwe ar merg felpsuies reving thyr wfmermiphyerfandrkind of 4tems and
seventeen atons, nore preferably, fourteen or fifteen atons. Each

het er ocycl i c PERsfgthRSamEmeleadar Wrighth Btditieringin repnesst heher wi se
stated, the heteroatons 15 nmay _each be independently selected from
the group coATPEETRG AT AMEFHFRME oldhE Ai9M™Sand oxygen” at ons.

The terns S'Hal ," "halo,"” "hal ogen" and "halide," as used herein, nean
a chloro,:%ronn, fluor or iodo atomradical. Chlorides, brom des 20

and f1Uof i des. ar oy grelees sl Al LIS sed rererd 18 LSLTSHALDRAAT " 25

used herein, is understo . . I carbonatées. -
term " i SONer conRstisRomMleqidinerits 2HOHET WHQR%h £9s ﬁ?eaﬂgla%@p%'tit%]ﬂm or
nore nol ecul es having the same nunber and ki nd of atons and hence t he

sanme nol ecul af am@itgdHed 1 dhatdiifdre bitigen thetRSROtert,0 the arrangenment or
configuration of the atons. 5

The

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

fall out of solution as a solid.

The terml “dynamic resolution”, as used herein, is vunderstood to
mean & process in which a conversion from a first isomer to a second
15 isomer of the same compound in a solution is thermodynamically driven
by the d¢pletion of the second isomer from the sclution by precipitation

of the second isomer.

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

25 BusNBr is tetrabutylammonium bromide; n-BusNOH is



The term "epinerizine, as used herein, is understood to mean
converting fromone isoner to another, wherein it is the relative
position of an attached H that differs between the two isoners. 10The
term'precipitate”, as used herein, is understood to nean to fall out
of solution as a solid. The termijdynam c resol ution”, as used
herein, is understood to nean a process in which a conversion froma
first isomer to a second 15 isoner of the sane conpound in a solution
i s t her mody FATRDCRYIRSPRARI ROt 288 pFBIT0RT G- eSSBS ner
fromthe solution by precipitation of the second isoner. The
foll owi ng abbreviations are defined: EtOH is ethanol; Me is 20

met hyl ; Et is ethyl ;. i s.butyl;. n-Bu is normal-butyl t-Bu i

Fort butyl , onc Ta Radtpaed b ds SndeisitodlGitern Bleebnhetiae nstitees | <
N-brorno sugcinbni de. NMP,is 1-net. =2-pyrralidinone: DNA? is 4-

0 1 net hyl anfiss SRS i e Tar o SR BHE SRRy Pty ol 4

di azabi cycl n 4 eyl - oy | i_et c 1de, R- 25
Bu4NBr is tg{“f?a liﬁgl g%nllzol}%q%?agm 8e#§?1%§'é%%%6§9i02ﬂ3%3%57%%’d1’ 2’3

t et rabutyl agagoni um hydroxi de, and "equiv." or "eq." neans
equi val ents.” "n", as it is used herein, is understood to be an
i nt eger, having a value that is inclusive of the range recited

thereafter. Thus "n is between 0 and 4" and "n ranges 0-4" both nean
that n may have any of the values 0, 1, 2, 3 or 4.

0



-18 - Ceneral Syntheses The foll ow ng scheme sumari zes the
dynam c resol ution-based approach to synthesizing Conpound 11 from
(R -butynol: - 19 - (R)-butynol may be converted to atnide 3 by

ei ther of Methods A or Preparation of Am de-Method A OH OH (R
Butyn-2-olLl O 18

General Syntheses

The following scheme summarizes the dynamic resolation-based

approach to synthesizing Compound 11 from (R}-butynol:

o]
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{(R})-butynol may be converied to amide 3 by either of Methods A or

B:
Preparation of Amide-Method A
Q
oH OH 1 XJLNIFTS O
—_—— 6 S
/\\\: [)\u /'\-(D
(R} Butyn-2-gl ’ 2 NRsRg
N op | OP /
)\\\\ /\ . XJJ\N:Rﬁ
L Li Rg
3A 3B
P = prolecting group such as THP, SIR'R?R3
Preparation of Amide-Method B:
Q
OH XJLN,'R5 OH
/\ Rs
X =0
PdL/CuY/base
NRsRg
0
OP
x)kN;Rs PdL/CuY/base
* Re

In each of methods A and B, P is a protecting group, for example
THP or SiRIR2R3, wherein RI-R? may be H, alkyl, atkenyl, cycloalkyl, aryl,
arylalkyl, alkylaryl, heterocyclic, and heteroaryl groups, Y is selected from
the group consisting of Cl, Br, I, and R”™COOQ, 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 C}, Br,

or I. As another example, X can be selected from heterocyclic rings, such



Lile6 3A3B P = protecting group such as THP, S1RLR2R3 Preparation of
Am de- Met hod B: 10l n each of methods A and B, P is a protecting
group, for exanple THP or Si RIR2R3, wherein 121-R3 may be H, al kyl,
al kenyl, cycl oal kyl, aryl, aryialkyl, ailcylaryl, heterocyclic, and
heteroaryl groups, Y is selected frompghe group consisting of CI; Br,
I, and RC00, wherein 1R " is selected fromthe group consisting of
alkyl, aryl, allcylaryl, and arylalkyl and X is a 15 | eaving group.
By way of e&%lmdé?d%-iéﬁ agigangdleagen selecsed ERenit evkagreingy Is gplecied As
anot her exanple, X can he selected fromheterocyclic rings, such -
20 - as ilm HaPolky, apyl alkgaryl, AN s §rqurss ene & isgselqcta iope allidr ei n R
is selected fromalkyl, aryl, alltylaryl, and NR's groups, and R' is
sel ect ed f r SWhaANEAYIBR) Brovpsgr SRR yFEeForg Oofyrind Ere%af%bl EHHES fiom
0-8, and prﬁferably ranges fromO to 4. The butyn-2-ol is

di scl osed | F’%zg., U S. 6,063,847, and Methods A and B may be
performed on either the racem c or enantiopure btxtynol. The butynol
may be conbined with a mneral acid, for exanple sulfuric acid, in an
or gani ¢ sol vent

hﬁxyl di met hyl si I %i’?fﬁ%@?ﬁ?ﬁa&ﬁ% . -.S-ﬁ%}ﬁé?%%% %}?Vﬁ?“’gié‘bhol .

T . ' ith . a Syi DA
or et b red- e SARPHE el B\l e AU G Y blbothoBlitd BRARRRRF | ot e
coMpound rr%@hem%; bR EhABLRD With gmgﬂ ggdi }oa\rél%élﬂgl% SSRLHE 88, n

containing, e.g., diphenylcarbanylim e, protected, to

yiel d the diphepwladiia: cENReuaT haheehdufdSsiithsRe are both

phenyl ). he am de may then be converted to Conpound 2 via

ei ther of tMEIdIeasisilabagpreviayla prbeehnd stbupn hBksabl. ahai de 7.
For exanple, amde 3 may be conmbined with nitro acid 6. In one

enbodi ment , pwpadiel Smpanidcmeal therabsitoosicinad byt 4 sieitafle bdxe. Aitro acid 6
(prepared from6 and pival oyl chloride in the presence of a

tert-am ne p&sEyed purledpkilpr basens bexgflitbhVaR. The fesuhin€ongiallaied 7. The

am de is subsequently subjected to hydrogenation conditions to yield
Conpound 2. corppduand ey Byl byamidaterhby errabining i withcd sadation essuri zed
hydrogen in the presence of a hydrogenati on catal yst. The.hgdrogen
pressure neSPHARGE Ei€orfiphenyirarbamylimidazole, and deprotected, to yield the

diphenylamide (Compound 8 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



-21- 500 psi, and a pressure of 100 psi is preferred. The

hydr ogenati on catal yst may be a noble netal catalyst, for exanple

Li ndl ar catal yst. The hydrogenation is suitably conducted in the
presence of a solvent, preferably an aronmatic sol vent such as
toluene. 5 The yields in the above-descri bed syntheses of
Conmpound 3 can be inproved by suppresdi-ng side- or over- reactions
that can occur as the product (Conpound 3) cones in contact with its

precursors. ﬁ&?}%g ;%gggggﬁsﬁyeesnfo@g?@ 9&@9@% oygdggggn%geed by

decreasing t Ime o nal P (the step

resul ting | nc£aROMag b3k nobly éeﬁ?&&é&l&éﬂbr@hﬂiﬁéiﬂﬁ%&dﬁ@ &ap be

achi eved by using a suitable flow opéeration rather than a batch

operati on at wjdvogeriitiRp. is Iﬁ@aﬁl_ﬂ,eﬁ&icﬁefe& A He prodenedurLdolldhtl ndi vi dual
reactant streams which are conbined and i mediately mxed in a

f 1 ow t hr oughpsfepbly Hil omatic bevankuey esltdpenaonbi ni ng the 15

i ndividual flow streans at a point near the inlet of a punp, and
punpi ng tkle conbi ned reactant streamthrough a static m xer, followed
by i mmedi ate quench. Al ternatively, am de 3 nay be reduced to
t he correspondi nghevields inghe pboisalesgibed manihhsesaf €opiound 3tdaaber eact ed
with nitro acid 6 to yield Conpound 2. Conpound 2 is subsequently
cyclized to W@Ptﬂe%ﬁwmassrng St or over- gaastionsdhpbearppeenr pgtheonduct ed

s GO B S TR S,
thereol) - at COTEY aRBE T 0 P e OB S BSIER0PRRE” abou
et woon Bouri0E B -Shate adie Cafiif B hAi T, TR AuRiEke
about 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 strearn 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



5 120 and about 1500C), to produce a m xture of exo- and endo-
isoners. This mxture is treated with a suitable base to conplete the
epi nerization at the trans (5,61-ring-junction (29) to the cis-isoner
(30). The resulting m xture conprises the a- and 13-isonmers of each
Compound 29 and 30, for a total of four isoners. The a-isoner of
Conpound 30 is a desirable 10 internediate in the synthesis of

hi mbaci ne anal ogs, and i s herei n desi2gnated Conpound 1. The resulting
m xture is dynanically resolved by treatment with a suitable base and

prefer ent ] al SEYHALLLALL 0L B eshiad Aulaor, 15-4sl 10

sui tabl e solveﬁ F Fum concentrati ons a- and (3-

| somers In Sme?édgog ngé@at?d feH%%Pth?:% (g.lg.étb &egk'a%u ar%ﬂt%&gx‘t% whi ch

can be nodi fied t1on sulta ase i soners can

be convert edsd %&f@@bwt&e& Aot 88hd abxutap!v@obl &er@ﬁreﬁrmt abl e base.
Slnultaneously, in the presence of a suitable solvent, the a-isomer

20 preci pi t abg@sveét aB3tNID0SEKHbLEN1ERCA s8I0 kiods pleferitlp bgw%aﬂ’laﬁout

resol ution process, this precipitation tends to deplete the a-isoner
fromthe sol ugd enrd abfhitviSegC], e peodiiceiafictiffe @f exdianp ehdo-aisomersar Si on
process fromthe 13-isoner towards the a-isonmer in the solution.
-23- 04 ThiSumikbirt & tyeded withra suisbltbeps td curipiecte thd epimexzatiohe,
triethylamne, 1,5-diazabicyclo [4,3,0]non-5-ene,

1, 4- di azabi C?tqhg[tgmg S,Q]_-g@g-awuoarﬁ@g} to the cis-iscmer (30] The resulting

1, 8-di azabi cycl 0j 5, 4, 0] undec- 7-ene, or m xtures of or nopre thereof.
Siii t abl e sol FWHAErE ‘Eﬂmltffi?éti%ﬂ 9 38k GisamerRYf faek CH%P‘&)‘E%?%éﬁd 39| cohol s,

th ket | N- et h |
enbod rents. T RIOBLPLERE i egsgf%t%ﬁgw%ﬁpﬁ%@ 88355 Pl cohol
aryl al 001*60' choer& tginﬁ'xt her fesis, o’i‘ﬁur ST og:‘s a.r%lllg[ﬁ?%er cof .

N-nethylpyrr I none, es of nore

Advant ageous} gggﬁ ratlo for Conpound 1 may exceed 90: 107
and may al so éﬁ%} ﬁigéﬁg € a:3 ratio at the nitro position my

exceed 95:5, and for exanple may be 98.1:1.5.

The resulting mixture is dynamically resclved by treatment with a

suitable base and preferential crystallization of the desired a-isomer

15 using a suitable solvent. The equilibrium concentrations of the a- and B-
isomers in solution are a function of the pH of the solution, which can be
modified by addition a suitable base. Thus, the ff-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, ddving the equilibrium of the § to a conversion process from the

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



2 tor, 1,102 OM; 14 " CaProripllecoti I it "RA a;l3 = about
70:30 30 29 NRety a isoner precipitates preferentially a:13 >98: 2
insolid 1

-23.

Sudtable bases for the steps include, for example, triethylamine,
1,5-diazabicyclo[4,3,0]non-5-ene, 1,4-diazabicyclo[2,2,2]octane, and
1,8-diazabicyclo[5,4,0lundec-7-ene, or mixtures of 2 or more thereof.
Suitable solvent for crystallization includes hydrocarbon, alcohols, ethers,
ketones, esters, xylene, N-methylpyrrolidinone. In some embodiments, the
solvent is selected from ethanol, isopropyl alcohol, aryl alcohol alcohols,
ethers, ketones, esters, xylene, N-methylpyrrolidinone, and the mixtures of 2
or more thereof. Advantageously, the exc-endo ratio for Compound 1 may

( exceed 90: 10, and may also exceed 95:5. The a:B ratio at the nitro position

may exceed 85:5, and for example may be 98.1:1.5.

O ? 3_.1
O"%OND; Setvort m‘“m Basy
P R BT a -

HRsRs /” NRRy

2 29
i“m\ ORI G
B Y ft iy
1RFs o7 Hrgts

a:p = about 70:30 a isomer precipitates

preferentially
( 30 a:p >98:2 in solid

1

The carbon-carbon double bond and the nitro group of Compound 1
may then be reduced under suitable reduction conditions to yield amine 12.
Suitable reduction conditions may include coniact with a hydrogenation
catalyst, such as one selected from standard noble metal catalysts {e.g.,

palladium on carbon, platinum on carbon, and rhodium



The carbon-carbon double bond and the nitro group of Conpound 1 may

t hen be reduced under suitable red-uction conditions to yield am ne
12. Suitable reduction conditions may include contact with a

hydr ogenati on catal yst, such as one sel ected from standard nobl e
netal catalysts {e.g., palladiumon carbon, platinumon carbon, and
rhodium -24 - on carbon, or a mxture thereof). The source of
hydrogen can be hydrogen gas, fornic2deid, formates, and conbi nations
thereof. Miultiple catalysts nay al so be used Am ne 12 may then be

converted to formate
(e.g., 5 et h?/ﬂg@%‘{%gga Igar“&rr%ftgye {h%ﬂegf’b?g?m or mat g%l‘%he?ﬁ i odof ormat e) .
Car bar nat e 1%&%%3& DA fRAICAIN, %&&Qeé Qn& H&n@ﬁ%ﬁ@:@&ﬁr&f' ﬂluiln%léoy

reaction with a base such as, for exanpl e, a metal oxide or

hydroxi de, cadihgstBapsdo bE e 0RAle, 1zwhﬁmlehhﬁ daBlated s sel ected
fromthe group consisting of lithium sodium potassium and

magnesi um f odsbawett 1 by ecactibn withiahtulie] hlofirmetee.ggci d. Sodi um
hydroxide is a preferred base. The acid 14 is subsequently converted
t o the cofr esipolttioneforhatehsttiplbidbnofmimadd) or sthybaddfechatell [Capbasaior us
ester 16 to |eId Compound 1. Conpound 6 may be prepared from

acrol ein and ﬁ|m%Ydﬂ?énnE>aﬁen%teﬂdP Hovdanepmdie acid Hdniey teetidon with &r onet hane
is treated vvlth an |norgan|c base such as netal hydroxide (e.g.,

L10H, KOH, @@—602)”‘3-‘{3@?:&? mé‘é# %ﬁ%ﬁrehb(dé%de» ey anete anda 2 CoB,
| C2CQO8, CsZ %ﬁhand ac n in Ci | cohol g g t hanol ,
et hanol , prop% °naTe58’ ﬁ(.’)‘fetalﬁﬁfﬂ?f’&d ﬁ’% RESHB CONEiS tEﬂFt noI ,

pent anols a t r xtyre of . al to 2 crude
Compound 8 g“%ﬁfgﬁl%b dtin &ér u%%"sﬁiéﬂrr%gg"ﬁ%f 8byreac g e% as its

metal bi syl | e sPddiq Osbhubd 6:&& 2l efé‘rr&%é‘ée B cld i‘?i&r eagent
sel ected from Na_ HSOs, 1 CHS03, Na2S20s, and 1(25205. The bisulfite

conpound 9 ISum&u@{tty%nm-tédﬁ@ tﬁ%@&és@@n&n Md&ﬁﬁﬁtiﬂlgfuﬁ&éﬂi@ a | ower
al kyl carbonyl conpound (e.g., acetal dehyde, acetone, glyoxylic 25

acid, or a sadakctedfwied ym@phai-lg)estamﬂ ta yleRt bapderdonse (e.g., Li HCGB,
NaHCO3,
Compound 6 may be prepared from acrolein and nitromethane
15 following the scheme below. Nitromethane is treated with an inorganic
base such as metal hydroxide {e.g., LiOH, KOH, NaOH, Ca{OH}s}, metal
carbonate (e.g., Li2CO3, NaaCOQs, K2COQs, Ca2COs) and acroleinin a Cy to
Cg alcohol {e.g., methanol, ethanoel, propanol, isopropano], butanol, sec-
butanol, t-butanol, pentancls, and octanols} or a2 mixture of alcohols to
20 give crude Compound 8. To purify Compound 8, crude Compound 8 is
isolated as its metal bisulfite salt 9 by treating w:ith-a metal bisulfite
reagent selected {rom, NaHS0s, KHSOs, NazS:0s, and K2820s. The
bisulfite compound 9 is converted to the purified 8 by treating with a
lower alkyl carbonyl compound (e.g., acetaldehyde, acetone, glyoxylic

25 acid, or a salt of glyoxylate), and a carbonate base {e.g., LiHCO3, NaHCOs,



- 25 - KHCO3, Na2C(O3, 1C2CO3) in a biphasic system containing water
and a water-inm scible solvent. The conpound 8 is cyclized by
treating with a secondary amne 5 (e.g., piperidine, pyrrolidine,

pi perazine, diallcylarnines, and diaryl al kyl arai nes) and a carboxylic
acid (e.g., aliphatic and aromatic carboxylic acids) in an organic
solvent (e.g., CH2Cl12, chl orobenzene, tbutyl nmethylether, or tol uene)
to produce Conmpound 10. 10There are two nethods to convert Conpound
10 to Compound 6, designated herein agsMthod C and Method D. In

Met hod C, Conpound 10 is first converted to Conpound 6A by reacting

10 with a Wtgigr t. e RS in the Wttig.reagent given in the
schene bel ow %gg%ﬁ%gﬁéﬂ I’Fgg:g)rﬂ (o ke %lghﬁlcosyg%?&g nﬁ%y‘f’%ﬁ‘g?ﬁ Yr oups.

The Conpound i verted to Conpound 6 via an inorganic
base- or acidgﬁ%%?% g?%%§ﬂ§ﬁ$%1ysis. The applicabl e i norgani c bases

i nclude, but are not limted to, alkaline hydroxi de, carbonate, and
phosphate bases. The applicable acids include, but are not limted to

mneral and. orgath€codpditnd Pl YRl b9 dreblin SR QWREHA SmiRNVer t ed
directly to Compound 6 by reacting 10 with malonic acid in a suitable

sol vent or 5 sole\g ipedidicd) herroBdige, pipetadias; Aldlamrs@ky aid i ncl udi ng
hal ogenat ed sol vent, aronmatic solvent and nitrogen-containing

sol vent s) . | disgiadkeahbssmant s carbleslis akidgay., aiptaiticher gymiatd ne or
toluene, or a mxture thereof. Optionally, a
carboxylic acids} in an organic solvent {e.g., CHaCls, chlorobenzene, t-

{
butylmethylether, or toluene) to produce Compound 10.

10 There are two methods to convert Compound 10 to Compound 6,
designated herein as Method C and Method D. In Method C, Compound
19 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 Cioalky!l or arylaliyl groups. The Compound 6A is

15 then converted to Compound 6 via an inorganic base- or acid- catalyzed

hydrolysis, . The applicable inorganic bases include, but are not limited

P

to, alkaline hydroxide, carbonate, and phosphate bases. The applicable

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

20 In method D, Compound 10 is converted directly to Compound 6
by reacting 10 with malonic acid in a suitable solvent or solveﬁt 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, Optionally, a



-26- catalyst (e.g., piperidine, pyrrolidine, piperazine, pyridine,
and triethylam ne) can be introduced to accelerate the reaction.
NOzNt 1/ 4 Hri nnELCVLThel HO SO4Na HO OONO AMMOa + CH3NO2 6A

Conmpound 16 can be prepared follow ng the schene bel ow starting from
5- brono- 2- net hyl pyri di ne N-oxi de. Thesp-brono-2-net hyl pyridi ne
N-oxide is first converted to Conmpound 35 by treating with an
anhydride (e.g., aromatic_acid anhydride, acetic _anhydride, or

t ri hal ogenatatalyatied dinemdise. peyolidine pingprine apidingotydnt (e. g. ,
esters, C3. to Cl O hydrocarbon solvent, or aromatic solvents, or a
i xt ure t heFieshyle B kg Inimoduced 4o aeslesatertbe trasiedind 36 by
treatnment with an al cohol (e.g., nethanol, ethanol, propanol,

i sopropanol , but s, and pent anolw el evat@g\ﬁ'é,n;gerature of
about 20 to about 0C, preferabl'y, @abouté30 to abgitw 7@€ nore
preferably about 4%*% 0. alim0,5500. ®  The synthesis of Conpound 37
(with X being d) is disclosed in van den Heuvel, Marco eta], J:Ogqg.
Chem , 69, 250-262 (2004). According to the present inve(%épgl}cozﬂs

Conpound. 36 is converted t@ogonpound 37 accofdi ng fot .erg?pgnrae
bel ow, by reacting tHxF\bgam'\ﬂd‘ group reagsh 2 oo -

) z Methiod G

Maloeie agld
,Mcmlu

8
o]
o
] Ry — NO3 e m—— H%1 10,
(_ ‘
6A

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 ireating with an anhydride
(e.g., aromatic acid anhydride, acetic anhydride, or trihalogenated acetic
anhydride] in an applicable solvent (e.g., esters, C1 to Cio hydrocarbon
solvent, or aromatic solvents, or a mixture thereof). Compound 35 is
converted to Compound 36 by treatment with an alcohol (e.g., methanol,

( ethanpl, propanol, isopropanocl, 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 559C,

The synthesis of Compound 37 (with X being CJ) is disclosed in van
den Heuvel, Marco et al, J.0rg. Chem., 62, 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



i ncludi ng a hal ogenating reagent (e.g., SOC 2, Sa3r2, Pas, PBra, Pas,
or PHrs) or another proper |eaving group reagent. In the schene
below, X is a leaving group selected from Hal ogens, esters,

sul fonat es, and phosphat es. 5Conpound 37 is converted to Conpound 38
by treating with a phosphite reagent. The phosphite reagent can be
prepared froma diallcyl phosphite or a diaryl phosphite (e.qg.,

(R90) 2P(0) H, wherein R9 is selected f5pm G -Co al kyl, aryl,

het eroaryl, and arylallcyl groups) and a strong base (e.g., netal
hydrides, RioLi, and ((R0)3Si)2Li, wherein Rois 10 selected from
c to G 9 al klypluém ahglpzegatinprepgent (e.g., BERBoERBrB8ChsPBBNIEst®d t 0
Conmpound 16 reacting with a fluoroaroraatic borate reagent,

3- FOB1- 14H( oﬁyﬁrf Jongmathsr pramsr leavis g |BEPagagenbninethg sehgne biie.sf isng of
Cl to Go al ) et er.oar and hydro The reactl on is
catal yzed um%{faﬁmﬁ q"&’o‘?eg’ﬁ‘?eéa{f%égﬁ’?elﬁdfﬁersﬁﬂ\%ﬁ’é fsi®4 is a ligand
sel ected from,PR V\/nerel n R is selected fromal kyl, aryl,

al kyl aryl, nlal Viherein R' is selected fromall cyl, aryI and

al | cyl ar yI Al ter J adi . used as
the catal y3t. The%%r éP + ?gllévlr% ngr g%ﬁﬁﬂnd(ﬁ lICr %f)l%g g
bi pyricline. phaspife reafONCPHEInpnAR reagent can be prepared from a

dialkylphosphite or a diarylphosphite (e.g., (Rs0)2P{O)H, wherein Rg is

{ selected from C1-Ciq alkyl, aryl, heteroaryl, and arylalkyl groups) and a
strong base (e.g., metal hydrides, Rioli, and {{R10)3Si)2L4, wherein Rjo is
10 selected from C; to Cip alkyl and aryl groups).

Compound 38 is converted to Commpound 16 by reacting with a
fluoroaromatic borate reagent, 3-FCsH4B(OR11)2, wherein Ri1 is selected
from a group consisting of C; to Cio alkyls, aryls, heteroaryls and
hydrogen. The reaction is catalyzed using a palladium catalyst, PdLn,

15 wherein L is a ligand selected from PR’ wherein R’ is selected from alkyl,
aryl, alkylaryl, and NR"z 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 PPh3, P(o-Tol)3, and bipyridine.



Br 36 -29 - The following illustrates a general schene for the
synt hesi s of Conpound 11 via the nitro-oxazole route: -30 -

(R) -butynol may advant ageously be protected -with, for exanple,

TI-1F. The THP-protected al cohol may then be permitted to react with
a substituted benzothi azol e, for exanple 2-chl orobenzothi azole, to
yield Conpound 23 (where X is S). The geaction may be conducted in a
5 solvent, for exanple an organic solvent such as DMF, and in the
presence of a base, for exanple triethylamne. Conpound 23 may then
be converted to Conmpquad 22 by eit B two routgﬁ t hr ough vi nyl

al cohol 25, or thr ©Conpoun Thel | atter e may be conducted
by reacting Conpo 23 wirttrnift o _acid 6_in.t gg%&g&ce of 10 an
aromati c sol vent su h as, for dxanple, ftoluene,t ] Conpound 24.
Compound 24 is subsequently reduc&d under hydroggnation conditions,
for exanple in. the presence of hydrogen and a l8rngy ar catal yst, to
yi el d Conpound 22. Conpound 22 is then cyclized via a Diels-Alder

reaction, followed by treatnment with a base to |eId 15 ?ﬂﬁﬂ%ﬁnd 21.
The cyclization of 221$ condycted J nRiC)$eHLEbI %dhve
hydr ocar bons such as xyl dne, [N-neth “ﬁérroli one, ~y
Di met hyl sul f oxi de;—dpphgnyft et heg |f t hyl de{a the like as
wel | mxtures of 2 or tkmem, at el evated-tenpdrature (e.qg.,
fromabout 70 to about|1l pt,Jpref ably from adbut 8 0 about 170' C,
nor e B
p 37 8 F

16



20 preferably from about 100 to about 160t, still nore preferably
fromabout 120 to about 150t), to produce a m xture of exo- and

endoi soners. This mxture is treated with a suitable base to conplete
t he epimerization to produce the cis-i-#8mer (21). Suitable bases

i nclude, for exanple, triethylanm ne,

and 1, 6-di azabi oyPloPLo R G fenetia EHERRNAUE futndyig o7 O
il ustrat es ?83%2@%’?%%?% 1{18{; QEESOIEX-&%QBS' s of Compound 11 via the

nitro-ester I's"converted to a benzyl ester 28
(where R7 is benzyl). 5 Conpound 28 regacts wi th the m xed anhydride
of the nitro acid 6 (prepared from Gysu rl:dg’i' oyl. chloride in the
presence of a tert-am ne bagﬁ in the | ptesence §pf DMA?, to form
Conpound 19. Cgipound 19 isifeduced uhider hydr o N oR@ndi t i ons,
e.g., in the pr nce of hydr e@(andaLlnaIar : , to yield
ester 18. Ester 18 is 10 subseqlept| yBe§e¥i zed to yyeld Conpound 17
as follows. THPUSPE! i zation 332X 0P 18 is conduct etl a suitable
solvent (e.g., hydrocarbons:suodu,as kyl_ene, N- met hyl¥y+f ol i di none,
D net hyl sul foxi de, di phenyl ether, Hy-¢et agetarai de and the |ike as
well mxtures of 2 or nore t ereof) aty evated tenperature (e.g.,
from about 70 to about 230HC prefieea from about 80 to about
170C, nore preferably, from about /16/81/{ bout 160€, 4still nore
preferably, fromabout 14 to about 11&f#kec to prod «wNOz

\ NOz 2. pBU R

. o =

Lindlar/H, )—j 3. Dynamic crystal. B
N/
f g 21

s (L

P

QY QL NH
NRz cico,Et 3
PdICIHz . » Bt g COzEt 1. Dlute NaOH
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a m xture of exo- and endo- isoners. This mxture is treated with a

suitabl e base to conplete the epinerization to the cis-isoner

17 as

descri bed previously. The carbon-carbon doubl e bond and the nitro tO

group of Compound 17 may then be reduced under suitable reduction
conditions to yield am ne 20. Suitable reduction conditions may

I nclude contact with a hydrogenation catal yst,
from standard nobl e net al

peri nme f sclose

erein
f ' el | .art can
nodi fy them as necessar3”?%&53%32381?%£&§§%é¥5rogﬁgggﬁﬁ%gg§i

Exanpl e 1 - PagRanatd 88nRthidzold 1o dbRpeVetinheXerkotil

NPLES
g&ﬁquygkﬂc aci d

such as one sel ected
catal ysts. -NOktiple catal ysts may al so be
used. A preferred reduction catalyst is palladiumon carbon. The

. source of 15 hydr , ¥ C..ackd, formates,
: golrjrbi nations t%erggﬁg#ﬁogn%g aﬁxgﬁtgg@gfgggﬁa@t@%tg%gmg i‘o‘ij o Hleh o
are preferredrgpngid rap

and

" Conpound 61 and its Salt: A Preparation of Conpound 9 from Acrol ein

-33 -
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15

20

25

Compound 23 {where X is 8). The reaction may be conducted in a
solvent, for example an organic solvent such as DMF, and in the
presence of a base, for example triethylamine. Compound 23 may then
be converted to Compound 22 by either of two routes: through vinyl
alcohol 25, or through Compound 24. The latter route may be
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[4,3,0lnon-5-ene, 1,4-

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



To a solution of potassium hydroxide (3.1 g, 0.05 nol) in nmethanol 5
(450nl) were added nitronethane (39 m, 0.69 nol) and isopropanol
(450mL) under nitrogen atnosphere. The resulting m xture was cool ed
to a tenperature between -200C and -250C. Acrolein (120 m, 1.74 nol)
was then added slowy in about 3 to 3.5 hours while maintaining the

t enperature between -200C and -250C. ter stirring at the sane 10
tenperature for 1 hour, the reaction Was quenched with acetic acid (4
m). The reaction m xture was warned up to roomtenperature and a

sol uti on of sodi ufthedllagitgfiither4td3s generd. s6ienlo} thdspidibes 4£700 )
was sl owy added at about 25C. After stirring the resulting

suspensi on f ofoipthrnd 11 viaghemitretegenva@sitecool ed to 100C and stirred for
anot her hour. 15 Wiite solid was obtai ned after filtration and drying
under vacuum The product was carried th he .next step w thout
further purlflcatlon Yi el d: 219@ 83% 15@7@5(40 MHz, Dmso-do) 5

141164(m2H) 6199(| 6H), 3.79-3.85 @ D, 63 (M
111), 5.44 (t, ’é\%Hz Prepar ation of/ Xy
4-Ni tro- hept anedl al  -34- To 8% usB¥A%i on of satiaem

1, 7- di hydr oxy- 4- nft¥¥°hept ane- 7' 7- disul fonate, 9, (239 g, 0.57 nol)
in methylene chloride (1.614 was added a sol ution of glyoxylic acid
(160 g, 1.7 nol) and sodi um bi carbonate (150 g, 5 1.78 nol) in water
(214. The resulting m xture was stlrrqugg”fﬂﬁoomto Hper ataure for 30 to

60 minutes until al F&®}tids 4 | 3ugrehic cTRE ¢ »h@,yer was
split and the aqueous Tayer acted w th net helzerie chlori de
twice (2 x 400 m). Conbined racts were then cor&é‘ejﬁ;rated to give
a colorless oil. The product wgs carried to next step 10 w t hout
further purification. Yield: 85g, 86% I11-1 NVR (400 MHz, CDC13) 8
2.09-2.24 (in, 414), 2.58 (in, 4H) 4.61 (in, 1H), 9.77 (s, 214) . 13C
NVR 8 26.2, 39.9, 86w, 3 IS5 a &

5-Ni tro-cycl ohex- 1-eneca& wﬂe.—r’s"' 0 “NHCOEL

o~ OH Q%OH
14
20 P{O}CEl),
N Q
- 18 P .,\NHCOZEI
OH H . ! |
HER
~ 1
o \ b

' F .
(R)-butynol is converted to a benzyl ester 28 {where Ry is benzyl).

5 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

10 subsequently cyclized to yield Compound 17 as follows. The cyclization



To a solution of 4-Nitro-heptanedial (35.2 g, 0.2 nol) in methylene
chloride (0.7L) were added pyrrolidine (2 m, 0.024 nol) and benzoic
acid 20 (1.46 g, 0.012 nol), and the resulting m xture was refl uxed
for 10 to 15 hours. The reaction m xture was cooled to room
tenperature, washed with 1IN HC1L (170 m ), saturated with NaHCO3 (170
m) and water (170 m ) and concentrated to give brownish oil with a
purity of about 80% The product was .garried to the next step w thout
further purification. -35- Yield: 32.2g, 75% 1H NMVMR (400 MHz,
CDC13) d 2.29-2.34 (in, 2H), 2.46- 264f|n H)285288(|n 2H) ,
4.74 (in, 1H % B Beopdyetedn aiiwt@laswh(%t eghydepcaphoos sngk pon of

3-(5-Ntro- Cy:%lrlgxpeeﬁ met?ngﬁjyl)'rol?c%xtl ne, %1methylsulfox1de, d1pheny1 ether,
Dimethylacetamide and the like as well mixtures of 2 or more thereof), at
elevated temperature {e.g., from about 70 to about 230°C, preferably,

5 from about 80 to about 170°C, more preferably, from about 130 to about

160°C, still more preferably, from about 140 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 the cis-isomer 17 as
described previously. The carbon-carbon double hond and the nitro

10 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

15 hydrogen can be hydrogen gas, formic acid, formates, and combinations
thereof.

The experimental conditions disclosed herein are preferred

K

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

necessary to achieve the same products,

20 EXAMPLES

Example 1 - Preparafion of 3-(5-Nitro-cyelohex-1-enyll-acrylic acid

(Compound 6] and its Salt:

A. Preparation of Compound 9 from Acrolein

25



To a solution of 5-nitro-cydohex-1-enecarbal dehyde (18g, 0.116 not)
in pyridine (36 m) was added mathnic acid (41 g, 0.394 nol). The 10
resul ti ng suspension was heated to 60 OC for about 7 hours. After
cooling to a tenperature between 150C and 200C, 6N HCL [72 m) was
slowy added into the reaction mxture to adjust the pH to between
1.5 and 2 while maintaining the tenperature between 200C and 250C.
The m xture was then extracted with nethylene chloride three tines
(1X180 15 m, 2X90 ml). The conbi ned extracts were washed with 1N HCl
(48 m), water (48 nﬁﬁﬂ}m cpncentrted to.a vol une of 3%2m . The
concentrate su ancwas C HAnavBOC f ~kilght
yell ow solid was @btatned—afteg filtratigpon a,mdqsaryﬁngsowndernw W m
Yield: 109, 60%crdda 158-160 OC. JLHNVR (400" MHz, DMBO- d62: 6 2.10 -
2.33 (m 4H), 2.73 20(in, 211), 4.96 (nu, 1H), 5.83 (d,”J = 20 Hz,
1H), 6.28 (s, 1H, 7.27 (d, J = 20 Hz, 11-1), 12.3 (s, 1H). Exanple 2
- Alternative Method for Preparing 3-15-Nitro-cycl ohex-1-env1l-

acrylic acid (?QmBan%}pgﬂa&lﬂtﬁyldg)m%a(gqné, 0.05 r%.gl-) in methanol
5 (450ml) were added nitromethane (39 ml, 0.69 mol) and isopropanol

{(450ml) under nitrogen atmosphere. The resulting mixture was cooled to
a temperature between -200C and -250C, Acrolein (120 ml, 1.74 mol) was
then added slowly in about 3 to 3.5 hours while maintaining the
temperature between -209C and -250C, After stirring at the same

10 temperature for 1 hour, the reaction 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 susPIension for 1
hour, the mixture was cooled to 10%C and stirred for another hour.

15  White solid was obtained aiter filiration and drying under vacuum,. The
product was carried to the next step without further purification. Yield:
219g, 83%. 1H NMR (400 MHz, DMSO-de) 6 1.41-1.64 (m, 2H]J, 1.76-1.99

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

20 B. Preparation of 4-Nitro-heptanedial

0

oz HJ\[rOH
HO  S0iNa g

HO S0O;Na 0 o
] 8




To a solution of 10 (67 g, 432 mol) in 1 L of methanol at 0 OC was
added 144.4 g (432 mmol) of the Wttig reagent. The resulting m xture
was agitated at 0 OC for 3 hrs. The solvent was renoved under reduced
5 pressure, The residue was extracted with MeOBu-t twi ce. The extract
was filtered to renove any solid, washed with brine, and
concentrated. The residue was chromat ographed on a silica gel colum,
eluting with hexane/ethyl acetate (1Q£g) to give 9.2 gcis and 55.1 g
(60.4% trans product. 1H NWMR (CDC13)"d 7.31 (d, J = 11.3 Hz, 1H)
6.18 (in, 1H), 5.84 10(d, J = 15.9 Hz, 1H), 4.74-4.68 (it, 1H), 3.76
(s, 3H, 2.81-2.74 (m 2H), 2.50-2.04 (in, 4H). Next, to a flask
were added 2.1 g ﬁagﬁs%eﬁa%m scs-a%&rﬁr1,,7-8139dr§1q.9tm&§,ﬂ\4§9%13§1nﬂ 2.4 m _of
e S .

water. To the mi xture at about 5C was add ci ropw 96 m of 50%

NaCH. The m didiRn¥RsS9ai2h9wed.sh uilfihThitRylER0MISEAPEA) Uhsagmd Stirred
at this tenperature for about 24 hrs. The reaction m xture was

neutral i zed wolufich-of @¥Gxiie 4oid (R6d werRn ndljard odiing bicathoratdanmg, was
renoved under reduced pressure. The residue was 20 extracted with 3 X
50 m Et OAc. ITHemel) Gi\eratex)2l). Mas resmitbrghizaire dvak Gtirred At room
temperature for 30 to 60 minutes until 21 solids were dissolved. The
organic layer was split and the aqueous layer was extracted with
( methylene chioride twice (2 x 400 ml). Combined extracts were then
concentrated to give a colorless ¢il. The product was carried to next step
10 without further purification. Yield: 85g, 86%. 'H NMR (400 MHz, CDCla)
8 2.09-2.24 {m, 4H), 2.58 (m, 4H), 4.61 {m, 1H), 9.77 (s, 2H}. 13C NMR 6

26.2, 39.9, 86.9, 200.0.

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

15
NG, - o
Pyreolidine
Hj R /Benzoic Acid H NO,
(0] 8 Q 10

To a solution of 4-Nitro-heptanedial (35.2 g, 0.2 mol) in methylene
chloride (0.7L) were added pyrrolidine {2 ml, 0.024 mol) and benzoic acid
20 {1.46 g, 0.012 mol), and the resulting mixture was refluxed for 10 {0 15
hours. The reaction mixture was cooled to room temperatu're, washed
with 1N HC1 (170 ml}, saturated with NaHCO3 (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.



give 1.5 g of nitroacid 6 (76.5% . Exanple 3 - Preparation of
Compound 3a: 5 The foll ow ng procedures can be operated on
either the racem c or the enantiopure starting butyn-2-ol. To a
stirred solution of sulfuric acid (conc., 40 itL) in THF (240 nL)
were sequentially added (R)-3 butyn-2-ol 10 (40 g, 0.57 nol) and then
hexyl net hyl di si | azane (49. 6g, 0.31 nol t)] at room tenperature. The

sol ution was refluxed for 3-4 hours ard"then slowy cooled to -40C
The resulting m xture was slowy charged in hexyllithium (2.5Min
hexane, 249 ntield)382gnd$%. WHINMER (MDONTHE, GDQL) idR29-enpergtom) e2.a8- - 40 C
This solution and a solution of 15 di phenyl carbarayli m dazole (180 g,
0,68 nol ) in 26fi{medH) Gl8EABSdM, THE 47THORE Lk),)6.86 (Int tI)uRse (§,439. r aL)
were m xed using punps through a chilled static mxer and directly
guenched into 5N sul furic acid (560 nL, -5C). The quenched sol ution
was war nmed top2 Gos ok 8186k I i c | ayer was

separ at ed, vvashg‘gp{%ﬁh ?Ngéﬁﬁl%?:&%é%}%?éh flgéh%ﬂ&%)%mand then tw ce
with 10% bPi ne (200 nL each tinme). The pH of the final brine wash was
adjusted to 5-7 with a 5% NaHCO3 sokution. The organic | ayer was then
distilled and replacgd with tol uene (%40 nL). The tol uene sol ution
was added to heptane (400rrL)N0at 85;& ®bol ed sl gyjey to 20C a

filtered. The filt ered WAs i a m xetFsSokdi e

- toluene (80 nL) and K ane (80 niFyineThe cake was th ied in
vacuum oven at 50C td%afford the title conpound in 84%nolar yield
(120.6 g, purity 99%. M 105 C.NVR (400MHz, DMSO-de) 5 1.04 (d,

To a solution of 5-nitro-cyclohex-1-enecarbaldehyde (18g, 0.116

r¥a

mol) in pyridine (36 ml) was added malonic acid {41 g, 6.394 mol). The
10 resuiting suspension was heated to 60 C for about 7 hours. After
cooling to a temperatire between 159C and 209C, 6N HCl {72 ml) was
slowly added in;;o the reaction mixture to adjust the pH to between 1.5
and 2 while maintaining the temperature between 209C and 259C. The
mixture was then extracted with methylene chloride three times (1X180
15  ml, 2X90 ml). The combined extracts were washed with 1N HC! (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 °C. 'HNMR (400 MHz, DMSO-ds): § 2.10 - 2.33 (m, 4H), 2.73
20 (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-cyclohex-1-enyl)-

acrylic acid [Compound 5] via Wittig Reagent:




J=6.4Hz, 3H), 5 4.27 (dq, J=5.6 Hz, 6.4 Hz, 1H), 5 5.49 (d, J = 5.6
Hz, 5 1H), 5 7.2-7.5 (in, 10H); 13C NVR (DVMSO-ds) 5 23.7, 56.3, 76.09,
96. 4, 126.8, 127.0, 128.5, 129.2, 129.4, 129.6, Exanple 4-

Preparation of Conmpound 7a: 141.5, 142.2, 152.09. 02N, M, COCH 0
«36 .
0
Q COzMe
Phgp=-""2
H NG, [Wiltig reagent) MO “— NG,
16 6A

To a solution of 10 (67 g, 432 mmol) in 1 L of methanol at 0 *C was
added 144.4 g (432 mmol) of the Wittig reagent. The resulting mixture
was agitated at 0 °C for 3 hrs. The solvent was removed under reduced
5 pressure. The residue was extracted with MeOBu-t twice. The extract

was filtered to remove any solid, washed with brine, and concentrated.
The residue was chromatographed on a silica gel column, eluting with
hexane/ethyl acetate (10/1) to give 9.2 g cis and 55.1 g {60.4%) trans .
product. 'H NMR (CDCls) d 7.31 [d, J = 11.3 Hz, 1H), 6.18 (m, 1H), 5.84

10 (d,J = 15.9 Hz, 1H), 4.74-4.68 (m, 1H}, 3.76 (s, 3H), 2.81-2.74 (m, 2H),

2.50-2.04 (m, 4H).

MG o= no, NaOH HO' =< NO,

1

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

15 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 S and
the methanol was removed under reduced pressure. The residue was

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



HO 6 N102 0 /N . CONPh2 , CONPh2 10 3a

-37-

give 1.5 g of nitroacid 6 {76.5%).

Example 3 - Preparation of Compound 3a:

a OH
i 7 PhyNTTN
QH 05eqHMDS  .SiC Hewli  ooic 2 AN /‘\WNPh
/'\ el —_ i
H,50, Y /'\\\Q 0

Li

(R)-3-Butyn-2-01 3a

The following procedures can be operated on either the racemic or
the enantiopure starting butyn-2-ol. To a stirred solution of sulfuric acid
(conc., 40 ul) in THF {240 mL) were sequentially added (R}-3 butyn-2-ol

10 {40 g, 0.57 mol} and then hexylmethyldisilazane (49.6g, 0.31 mol) at
room temperature. The sohation was refluxed for 3-4 hours and then
slowly cooled to -40°C. The resulting mixture was slowly charged in
hexyllithium {2.5M in hexane, 249 mL, 0.62 molj 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 {(S60 mL,
~5oC). The quenched solution was warmed to 25 oC and stirced 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 splution. The
organic layer was then distilled and replaced with toluene (440 mL). The
toluene solution was added to heptane (400mL} at 85°C, cooled slowly to

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



7a To a flask were charged sequentially Conpound 6 (90 g, O0.46
nol e) and toluene (500 m.). The suspension was cool ed to about 0 C
and Nnet hyl norpholine (91 m ., 0.83 nole) and trinethyl acetyl
chloride (56 15 nL, 0.46 nole) were slowy added whil e keeping the
reaction tenperature below 5 C. The reaction m xture was agitated for
1 hour at 0 C and assayed for conpletion of formation of m xed
anhydride (< 10% of Ul3 remains). A s6Pliti on of 3a (100 g, 0.38 nole)
in toluene (400 xrilL) and THF (220 nalL) was added whil e keeping the
reaction tenpepohiens GrLpimbhelate SOMIS. MRS chie! . 2\8dn AYie@ddi tion of a
solution of 4- diinethylam nopyridine (5.5 g, 0.046 nole) in THF (45
m.). The ni xt weenwasveyit 80 e taitfoad tie il GrffRindid Bahausis: ek |
reaction conpletion (<0.2% EB remai ns). Reaction was quenched by

addi ng a sol ut(il8h6af pRrify 99%3Mp 108 442 3B HMRI GROOMHz, DMBOTRE U4 @, 25 0C
and filtered through a pad of celite. The | ayers were separated and
the organi c | alférHea8Hhdbshad (de, 5.6 HekKR.GT.:, 38, bts.0M (d, 366 m2L) to
renove excess 6 (<1%of 6 remamins). The m xture was washed with 5%
NaCl sol uti®&n ¥B007.:27.5 (foj LOH); & BMRHDYISGRds s pad, 66.3 @bi e6.4and
concentrated to about 500 nL final volume. Solution yield 90-95%
1HNMVR ( CDC13, W§eB.NR7)0,328351%9.35199.4, 12081416, 182.0b152.2H), 5.62 (dd,
J =16, 4 Hz, 1H), 5.31 (g, J =7 Hz, 1H), 4.67 (in, 1H), 2.62-2.78
(m 2H), 2.58 (in-, 211), 2.05 (m 211), 1.22 (d, J = 7 Hz, 311). 10

Exanple 5 - Prparatjon of Compound 2a:

O
HO . O)V\Q/NOZ
N /'\

CONPh, CONPh,
10 Ja 7a
To a flask were charged sequentially Compound 6 (90 g, 0.46 mole)
and toluene (SO0 mL). The suspension was cooled to about 0 °C, and N-
methylmorpholine (91 mL, 0.83 mole) and trimethylacetyl chloride (56
{ 15 mkL, 0.46 mole) were slowly added while keeping the reaction temperature
below 5 °C. 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 helow 5
20 9C. 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 0C for 8-12 hours until reaction completion

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



To a solution of 7a in toluene (200 nL, 50.0 g active, 112.5 mol )
were charged Lindlar catalyst (2.5 g of 5% Pd / CaCO3 with 5% Pb 15
poi soned, 1.2 nunol) and quinoline (1.5 nL, 11.6 nmoll. The m xture
was hydrogenat ed using 100 psi hydrogen at 25-30C until reaction
conpl etion as judged by HPLC. After renoval of catalyst by
filtration, toluene was replaced w thygethyl alcohol by regul ated
vacuum di stillation of about 40C. The product was dynam cally
crystallized fromethyl 20 alcohol (180 nL) at 40C in the presence of
triethyl am AbHEFH4AD mL) Thvarmesla odd® % sndulerevairghghnvk patabl ed to 5C
over a period of 4 hours. After stirring at 5C for 3 hours, the
product was fCEltcerTEg e WasHreHasAt # oxephig| ladr edisorashahwithr oduct
was dried at 60C in a vacuumoven with -40 - nitrogen purge

over ni ght t o gf Fe-Ousclationp PLPPQTpLL orsmars $icessR (§1de oG esmping3. 705 M

113-115 C. N 400, MHz, CDC13) 8 4 d, . J. =6.4 Hz, 3H), 2.21-2.46
(m 4H), 2,8 h%i“ﬁ’?‘“’iﬁb“fasz‘t‘{af%e% ‘rﬂthjﬂ’—’b{ga .Sgﬁ%t‘e?‘éﬁoct%%ﬁtf;),d 6.19 (m
111), 6.29 ( = 6 . 7.28-7..37. ( . le 5-
Prepar at i gSH gpro%lglrirg O%af]ﬂ ﬁﬁgl}t%ggﬂd coricentratéd to amou% %&é )mL Eri(a? r\’;}J)lmne.

Solution yield 90-95%. !H NMR (CDCl, 400 MHz) & 7.05-7.35 {m, 11H),

6.13 (br, 1H), 5.62 (dd, J = 16, 4 Hz, 1H), 5.31 (g, J = 7 Hz, 1H), 4.67 (m,

1H), 2.62-2.78 (m, 2H), 2.58 {br, 2H), 2.05 (m, 2H), 1.22 (d, J = 7 Hz, 3H).

10 Example S -~ Preparation of Compound 2a:

0 (o]
ojmwg Lindtar/H; O)%@Noz
)’\\k — )}

o NPhy
7a

0% “NPh;
2a

To a solution of 7a in toluene (200 mL, 50.0 g active, 112.5 mmol )
were charged Lindlar catalyst {2.5 g of 5% Pd / CaCQ3 with 5% Pb
15 poisoned, 1.2 mimol} and quinoline (1.5 mL, 11.6 mmol. The mixture
( was hydrogenated using 100 psi hydrogen at 25-30°C until reactic;n
completion as judged by HPLC. After removal of catalyst by filtration,
toluene was replaced with ethyl alcohol by regulated vacuum distillation
of about 40°C. The product was dynamically crystallized from ethyl
20 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



Into a 2 L 3-neck round bottom flask was placed 2a (25 g, 0.056 nol)
and ethyl acetate (210 mL). The contents were stirred until Conpound
2a conpl etely dissolved. The solution was washed with 0.25 15 M H2SO4
(75 m) and with water (3 x 75 nL). The organi c phase was
concentrated under reduced pressure to about 200 m,, and 1-nethyl -
pyrrolidinone (50 nL) was added. The sglution was heated under
distillation node until a tenperature of 145 C was attai ned. The
solution was held at this tenperature for 3.5 h. The sol ution was
cool ed 20 to PiSOEEH ERfESreYemight tamive @B@S(aOFEBW piystaflir® sobi %yielas added.
The sol ution t|rred for 1 h and uenched with 0.1 M H2804
(125 ni) and '\(Aﬁ@ BridBadd 8- MadTe XHMNMR 40 Mﬂa Pl & b8t 68%82, L) .

cvecd 50 (/45 %?%g%?s,“swéqmm“@ iR o B Taten .
- T
so}u:?gg mgsp%gn ehtrLte%gﬁQ %%2§h§$ gt ?g?fﬁggln n tgt38 n?... The

remai ni ng ethyl acetate was replaced wi th isopropyl alcohol by
azeotropic distillation. The volume of the solution was adjusted to
225 m .. The 5 solution mas diluted with ethyl al cohol (denatured
with 0.5% t ol Eeasaet ¢pgratign of Gempeunshlaras sl owl y cool ed to about
65 C, and DBU (0. 29 nL 3. 4 nol 99 was added. The suspensi on was
slowy cooled to 15 C and held at this tenperature for 5 h. The
product was filtered and washed with a 2:1 m xture of isopropyl
al cohol arid ethyl al cohol Q(50 nL) 10 19. 3 g was obtained upon
drying for 24 h. at 50 C ty, 17 tive, 3. 5%
4% 156

yield). M 151.8 C. 1H N (400 CDClB
(d, J=6.0 Hz, 3H), 203 25231(| -2.53 (m

oH), 2.62-2.76 (in, ]86291(|n 1H), 2.95-
4.28-4.36 (m 1H), #hzﬁ(@ 4 gin, 1H), 5.42 (br s,

H‘)( NRH2- 7. 53 (in,

Into a 2 L 3-neck round bottom flask was placed 2a (25 g, 0.056
mol) and ethy! acetate (210 mL). The contents were stirred until
Compound 2a completely dissolved. The solution was washed with 0.25

1S M H2804 (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 teroperature for 3.5 h. The solution was cooled

20 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 H280s {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



15101-1). Exanple 7- Preparation of Conpound 13at 20 To a

t hree-neck flask equi pped with an agitator, thernoneter and nitrogen
I nlet were sequentially added |a (100g), THF (600 m ), 10% pal | adi um
on carbon (50% wet, 35g) and water (400 m). The m xture -42- was
agitated for about 10 m nutes at roomtenperature and then heated to
about 50C. Formic acid (70 m) was atded slowy while the tenperature
was mai nt ai ned between 45 and 55C, The reaction m xture was agitated

for 4 hours %ﬂroﬂgﬁé%gd d%@eﬁfe&ﬁ]ﬁt%?@@ﬁh&?ﬁ%%ﬁné%ﬁg‘hg cRiphet e by

HPLC, the reacti Xture was co A*as adj ust ed

1- 2 2222 € i
to Wt Bad Bl 20 (0 on i ANABL Yo WBSRdfRG el

reaction mxture, which was then filtered throug

renove the catgh YedtateAvds B cSOkih [8Propil Aol 8P Qzedlebpicat er (300 m)
and 25% 142804 (5 nL) was used to rinse the flask and catal yst, and
distillation. The volume of the solution was adjusted to 225 mL. The
5 solution was diluted with ethyl alcohol (denatured with 0.5% toluene,
100 ml). The solution was slowly cooled to about 65 °C, and DBU (0.29
mL, 3.4 mol%)} was added. The suspension was slowly cooled to 15 °C
and held at this temperature for 5 h. The product was filtered and
washed with a 2:1 mixture of isopropyl alcohol and ethyl alcohol {50 mL).
10 19.3 g was obtained upon drying for 24 h at 50 °C (90.2 wt % purity,
17.4 g active, 72.5% yield). Mp 151.8 °C. 'H NMR (400 MHz, CDCly): &
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 frn, 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,

15 10H].
( _ Example 7 - Preparation of Compound 13a:
0
LH WNO, SR, BB WNHCooE
0 I —<
HIH HEiH HiH
CONPh2 CONPh, CONPhg

20 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



10 filtered through the Celite. The conbi ned sol uti on contai ning
conpound 12a was charged back into a clean flask and the m xture was
cooled to bel ow 10C. The pH was adjusted to about 9 with 25% NaCH t ao
m.). at bel-ow 10C and NaCl (150 g) was then added. The m xture was
warmed to 20C and two phases were separated. The aqueous phase was 15
extracted with THF (400 nL) and the conbi ned organi c phases were
washed with a brine solution (40 g of “MaC1 in 200 niL of wat er). The
organi c |l ayer was cooled to 5C and triethyl am ne (56 nlL) was added.
Then et hyl chhaiseiiawatier {bdat 80 Mifht:s WefooatdatherdtOM aha Fg neAd uUr e
was warnmed to 20C and stirred for 30 mnutes. After the reaction was
20 judged conpd eb@yt 5000. Forrok aMBY3E man@aslfletisioadly wallethewer e added to
the reaction mxture, followed by the slow addition of 100 mL of 25%
H2S0. 1. The t wenpérabes wiererisepeddiebieeard@ ardd5S6€gahe cedotiye mixtas
washed with 200 m of 12% 142804. The organic | ayer was then
concentrat ed &g agitelsddeopt baﬂlﬂs)ﬁtdﬁﬁlqllégel\/\ﬁhphe@goemarimgednd 250 m

wat er was added af 25 70-80C. The conmpound 13a vvasAﬁ{ eci pitated out
from et hano! - faPelete by HP LCvWW@‘é’@HM@”&?“’ESC‘G%@t ernddre Biti ng for

1 h 55- 65C, 15 d d h d held
formir thr APESPIES g‘fﬁglm?% ﬁéﬁﬁwﬁu"@fﬁ&gpm%?’%g% P or :n
dditi | d, th f d

o e e e

FE:OD\S g)e gn7of2f§e,§qlg¢78t%§%9{aujg t(lgq%‘ dYé"%tg"(“ ésrﬁ%:%fﬁgﬁ”%% BEQ%MR) 4.09

(d, J =6.98 dﬁdz%bzbm@A()Qn(}?hﬁam&k&toﬁnélmé%sﬁhﬂdc%a@& Ghad, 1H),
2. 06 (d J = 10.8 Hz , , 37°(ddd, J =

13.5, 6.090 2 filtdreddzhroukh)the Lefid( The thhbinkd edlubibn cdntainndcdifondt) |
101.23 (in, ai), 1.17 (q, J = 11.5 Hz, 2H), 0.92 (g, J = 11.5 Hz,
1H). M5 (ESI) 1Rarwavkchacmddeck 484 afetrandiasd 94d the mixture was cooled to
below 10°C. The pH was adjusted to about © 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 agueous phase was
15 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

organic Jayer was cooled to 5°C and triethyl amine (56 mL) was added.

L

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
20 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% HzSOa.
The two phases were separated and the organic layer was washed with
200 ml of 12% HaS04. The organic layer was then concentrated and
azeotropically distilled with 2B ethanol and 250 m} water was added at

25 70-80°C. The compound 13a was precipitated out from ethanol-water



Exanpl e 8- Preparation of Conpound 1l4a: To a 250-nL 3-neck
flask equi pped with an agitator, thernmoneter, and a reflux condenser,
were added 10 g of 13a (20.4 mmol) and THF (50 m,). To this solution
was added an aqueous sol ution of 5% (w w) sodi um hydroxide (50 nL).
The reaction m xture was then heated to and 20 agitated at 40 OC for
about 4 hours. When the hydrolysis reagti on was judged conpl ete,

tol uene (50 ra) mas added and the m xture was agitated at a rather

the. by-productia dm%af’s? B et Rkt B B B8 Sl%ﬁtﬂﬁ' "o
product. The QLAY a% aﬁla Qﬁe&t‘@g %q{e?&jfoWItk{BmE’ #g% i ce

solution (50 ng. e co ous so ut1ons were ex

with tol uene 40219)&2542: rﬁaéuﬁ‘ﬁq é@ss ggﬂ@d@ﬂ&%&&@ﬁ&&a\@%ﬁ{éaﬂécar ded.

To the aqueous solution were added a solvent m xture of toluene (25

nL) and THF (26r0mja thERehE geddukt Rgs HlterbdIBL: WasheaoRieBiHaRoibeiteen 0 to
5C. A 2 N hydrochloric acid aqueous sol ution (about 59 nL) was added

to adj ust theThHpaidutheastiNEdIaEesd-60MD to ptridcaroffwitite Qokid(88gO. The
aqueous phase was then separated fromthe organic phase and
Yield: 85%). Mp 188.2°C 'HNMR (CDCla) 8 7.25 - 7.55 (m, 10 H}, 4.89{m,
1H), 4.51 (bs, 1H), 4.08 (d, J = 6,98 Hz, 2H), 3.49 (brs, 1H), 2.41 {m, 2H),
2.25 (m, 1H), 2.06 (d, J = 10.8 Hz, 2H), 1.96 (d, J = 10.9 Hz, 1H), 1.83
(ddd, J = 13.5, 6.09, 2.51 Hz, 1H), 1.63{m, 1H), 1.52 (4, J = 5.8 Hz, 3H},
10 1.23 {m, SH), 1.17 (g, J = 11.5 Hz, 2H), 0.92 {g, J = 11.5 Hz, 1H). MS

{ESI) for M+H calcd. 491 Found: 491.
Example 8 — Preparation of Compound 14a:

SNHCO,E

$%aq NaOH
THF

_wNHCOZEL

il
E R

COoH
14a

i5
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 agueous solution of 5% (w/w)
sodiumn hydroxide (50 mL). The reaction mixture was then heated to and
20 agitated at 40 oC for about 4 hours. When the hydrolysis reaction was
judged complete, toluene (S0 ml] was added and the mixture was

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



10 extracted with a solvent m xture of toluene (25 nL) and THF (50
mL). The organi c phase and organi c wash were conbi ned and dil uted
with THF (50 ail). The m xture was then concentrated atnospherically
to a final noisture content of < 0.05% by repeated distillations, if
necessary. The crude product was used in the next step w thout
further isolation 15 and purification (containing 6.80 g, 99%yield).
11-1-NWR (CD3CN) 8 9.72 (bs, 1H), 7.1 7. m (Ph in toluene), 5.45
(bs, 1H), 4.68 (at, J = 5.90, 16.0, 1H), 4.03 (q, J = 7.10, 2H), 3.45
- 3.50 (in, 1lkbptathih@the B-plod(ie)wadtepadiddbrddhe dqueohs §lasell. 5, 1H),
2.36 (nmethyl in toluene), 1.83 (in, 4 protons), 1.34- 1.50 (qt, J =
2.91, 11,0, 1lkhpptaini@@pfaduct Thebrfdnic Bhise WastmcR@xtradte? withi3¥% 6H),
0.95- 1.05 (in, 2H). Exanple 9 - Preparation of Conpound 36: -45-

To a sol uti onaafedisyiashn solupen [BP pik i Thesemkinsdiaduegusisoutipns SegP
romol) in EtOAc (50.0 ml) at O C was_added dropw se trifluoroacetic 5
anhydri de (9. gxiypcted taige i tolpeng, (4 25G mdpand) therps senippiiragtawerebel ow 50
C. After the conpl et.i f the addition, the m xture was heated to
bet ween 75 *and? ng'déda Gtg? PATSOYS pERtige Wetsrdded apolvgpf mixiaedl of t he

mxture | ndl caheehd 83%h1) Ma RPlsB A rhE Blbuniny RERas VR do¥klYs | 1 e
hetween O to 5°C, A 2 N hydrochloric acid aqueous solution (about 59
/ mL) was added to adjust the pH of the mixture from ~ 13to 2.5at0to 5
oC. The agueocus phase was then separated from the organic phase and
10 extracted with a solvent mixtire of toluene {25 ml) and THF (50 mlL).
The organic phase and organic wash were combined and diluted with
THF (50 mL). The mixture was then concentrated atmospherically to a
final moisture content of £ 0.05% by repeated distillations, if necessary.
The crude product was used in the next step without further isolation
15 and purification (containing 6.80 g, 99% yield}. 'H-NMR (CD3CNj § 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 (q, 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

20 - 1.25 (m, 6H), 0.95 - 1.05 [m, 2H).

Example 9 - Preparation of Compound 36:




10Upon conpl etion, the m xture was cool ed bel ow 50 C and Me011 (10.0
m ) was added. The m xture was heated for at least 1 h at 50 C. The
sol ution was concentrated under vacuum and MeOl.1 was renoved by

di spl acenent with EtOAc (40.0 m) and concentrated to a volunme of 30
m . To the concentrate was added tol uene (20.0 m) and the solution
15 cooled to -10 C over 2 h. The crystalline solid was filtered and
washed with cold toluene and dried_gyernight under vacuumat 35 Cto
provide 10.1 g (63% of 36. M 89 - 92C. ,I1-INWR (DV5O-d5) 5 4.56 (s,
2 H, 7.49 (d, 1 H, 81 (dd, J 2.3, 2.3 H, 1 H, 8.64(d, J =2.1H,
1 H. 20 Exanpl e |10 & Preparati.on ound 16: oPr epar at i on of
37: A slurry of (d0.£20, 83]1 1) TEINIE (10 was treated
5 with 20% pot gfsi yim carbonate| (70 M ) spl ut'i%n a H Tob&d, at room
tenperature for . The | ayer sepgr ated—an t/h or ganMoot@yer
was washed with water. The TEM and] water|were renov¥d by atnospheric
distillation and azeatropic distil¥aeon Wth acetonétrile (100 m)
and further concentrated under vacsumto a volunme o#s 40 m, A Karl

Fi scher 10 was performed to confirmthe renoval of water (K5 s 0.2).

To the acetoni t4d i WE ‘ j: S.€ i chl ori de
(5.2 m 2407 e aRgraReREs o ¥R AUKPRARE ROMLATUDR ER%°C “The

reaction Mgl e WRSAS (501D 82k e catartided Bfpwisdrithobalz time an

| i PLC assay indicated conplete reaction. Thé reaction nbthre was

cool ed t» 2mh§ddde @Bin &z hasblihne Waimhg (FRQemplietliveRwkaepi Ng t he
ténperature below 40 C. The reaction m xture was slowy poured into a
i nhchar e of°C20%ses digk comlatidiooicthe addifion) thy néinidird ehsieaged 400 ),
stirred for 10 mm. and the layers were partitioned. The tol uene
extract wadebwreretit and 8¢ °Caud stired fnsed lgases buPLCesaawolthere of about

20 M. A KF was perforned to 20 confirmthe renoval of water (HP s
0.2). maixture indicated reaction completion when 5-bromo-2-methylpyridine

N-oxide is < 5%.

10 Upon completion, the mixture was cooled below 50 °C and MeOH
(10.0 ml) 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

15 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 Hj,

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).

20 E=xample 10 - Preparation of Compound 16:



B. Preparation of 38 -47- To a dry reaction vessel was charged a
solution of lithiumbis(trinethylsilyl) amde 1.3Min THF (51 nl,
66.2 mmol) and di ethyl phosphite (13 ml, 101.6 mml) whil e keeping
the tenperature under 25 C. The solution was stirred at 25 C for at
least 1 It The toluene 5 solution containing 37 fromabove was added
over 3. h and the resulting mxture was stirred at 25 C for at | east
2 h at which time an HPLC assay indicated conplete reaction. Upon
conpl etion, the solution was quench@gbinto 5% sodi um chl ori de (50
mL) . The aqueous | ayer was extracted with toluene (50 nml). The

conbi ned organic |ayer was 10 concentrated under reduced q;gﬁ%#%e to
a volune of about 20 . Tol uen ni L) wagohflen tatided A

sol ution was washed 'L%mg 20% sokutfon of otassgﬁ%&car ate to
renove di et hyl phosppiat e *tonti | (<2 | % % The tol uene

solution was then hed with ohcent rjated tn reduced
pressure to a vol ungs of about 4@ %5 fmenp und 38 ion. C
Preparation of 16: (001] To & reactiontdvessel was chgrged sodi um

carbonate (8 g; 75.5 mmol), 30 m of water and stirred until

di ssol ved. To thi Bregpitibhiot8y: wer e added 3-fl uorophenyl boronic acid (6
g; 42.9 mol) and 5% Pd/ C 50% wet 20 QQ.S . The tol uene sol ution of
Conmpound 38 from abfb¥&ed80 &% Stirrepl AnBMHEOmlk wasrtesattds heated to

75 C o at Iseagh fsbpdieshiotolald B kb Caiaile kilheat ed compl et e

reaction. Upon conpl etion,
! temperature for 1 1. The layers were separated and the organic Iayer was

washed with water. The TEME and water were removed by atmospheric
distillation and azeotropic distillaton with acetonitrile (100 m}) and
forther concentrated under vacuum to a volume of 40 ml, A Karl Fischer
16 was perfonmed to confirm the remaoval of water {KF < 0.2}, .'I'o the
acetonitrile concentrate was added dropwise thionyl chloride (3.2 ml,
43.7 mnmol) while keeping the temperature below 45 °C. The reaction
mixture was then heated at 45 *C for 2 h at which #me an HPLC assay
indicated complete reaction, The reaction mixbare was cooled to 25 °C
15 and quenched with water (20 ml) while keeping the temperature below 40
°C, The reaction mixtare was slowly poured into a mixture of 20%
sodium carbonate (40 ) and toluene {100 ml), stirrad for 10 min and
the layers wers partitioned. The toluene exiract was concentrated under
reduced pressure to a volume of about 20 ml. A KE was performed to

20 confinn the removal of water (KF s 0.2).

B. Preparation of 38



reaction m xture was cooled to 25 C and filtered to renove the Pd/C
catal yst. The |ayers were separated and the organic | ayer was washed
25 and concentrated under reduced pressure to about 20mlL. Heptane (20
-48 - m) was slowy added, seed crystals were added, and the

m xture was cooled to -10 C over 2 K The crystalline solid was
filtered, washed with heptane and dri eg.overni ght under vacuum at 30
Cto provide 8 g (75%. Nb 61 63 C 51.3 (t = 7.08 Hz, 3H), 3.42
(s, 111, 3.49 (s ﬁ%ﬂ% f =7.08 H 2H), 7.04 - 7.11 (in,
1H), 7.23 - 7, ii‘f)'-‘ffe%C%“z* vessel wap ghargeq) a sqiuon offlitgimi n, 1H)

115580 il B ity Pyt dsn © 1,
(o5t vere atiadhats 330mol o SloZofhl pLobeoii sRole chlonite, S0t

and 118 m of °6.He‘h9%91§1%9£%5@%-e9% ?@Q%éorsag?e\?glnﬁfkur’[%e e esdirred at

roomtenperature for 18 hrs was rréBved under 15
reduced pr assybRtioNihtainte s 8 AR v SARLOUE L BR EXLLARLE Wi th
a mxture of t-BuOWwe and hexane. The organic |ayer was was
brine and conceantureiad stfe@b¥es a0 iRizk lealh®hQit i@l 38 Hptedsidy 250”“
of MeOH and treated with TsOH for the deprotection. The m xture was
heated at 50 Gdicatedicémepleterrgactibhe Uddnwaspidionsthedofi@iohaiaseen 7 and 8

quenched into 5% sedium chloride (50 ml}. The aqueous layer was

extracted with toluene (50 mi), The combined organic layer was

10 concentrated under reduced pressure to a volume of about 20 ml.

Toluene (80 ml) was then added and the solution was washed with a 20%

solution of potassium carbonate to remove diethyl phosphate, confirmed

by 1H NMR (< 20 mol%). The toluene solution was then washed with

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

15 miof 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

20 (0.5 g). The toluene sclution of Compound 38 from above was then
added and the mixture was heated to 75 °C for at least S b 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

25 and concentrated under reduced pressure to about 20m!l, Heptane (20



20 with NaOH Mst of the solvent was renoved. The residue was
chr omat ogr aphed on a silica gel colum, eluting with Et0Ac/ hexane to
give 19.7g of 23a (78%. 11-1 NWMR (CDCl3) 87.98-7.96 (in, 1H)
7.76-7.74 -49- (M 1H), 7.45-7.33 (m 1H), 4.82-4.76 (m
11-1), 3.43 (d, J = 5.4 Hz, 111), 1.55 (d, J = 6.7 Hz, 3H). Exanple
12- Preparation of Conpound 24a: OH _lq’hQNOz 233 4.4C

ml} was slowly added, seed crystals were added, and the mixture was

cooled to -10 °C over 2 h. The crystalline solid was filtered, washed with

heptane and dried overnight under vacuum at 30 °C to provide 8 g [75%),

Mp 61 - 63 °C. 6 1.3 {t, J = 7.08 Hz, 3H), 3.42 (s, LH), 3.49 (s, 1H), 4.1 (g,

5 J=7.08 Hz, 2H), 7.04 ~7.11 (m, 1H), 7.23~ 7.3 (m, 1H), 7.32-7.3 (m,
1H), 7.32 -7.36 {m, 1H), 7.39 -7.48 (m, 1H), 7.81 {ddd, J = 8.08, 2.3, 0.41

Hz, 1H), 8.74 (d, J = 2.36, 1H).

Example 11 — Preparation of Compound 23a:

OTHP s
+
A @:N&—Cl — /\ﬁ’s
N
10 THP-(R)-Butynol 23 “{t:)

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 shrred
at room temperature for 18 hrs. Most of the solvent was removed under
15 reduced pressure. Water was added and the product was exftracted 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 °C for a few hirs. The pH was adjusted to between 7 and 8
20 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



24a The sane procedure for the preparation of 7a described
above in Exanple 4 was followed starting with 15 g of 23a to give,
after columm purification, 17g of 24a. 1H NMR (cpcia) 5 7.99-7.97 (m
1H, 7.79-7.77 (in, 1H), 7.48-7.35 (m 2H), 7.31 (d, J = 15.9 Hz,
1H), 6.15 (bs, 1H), 5.80- 5,74 (m 211), 4.72-4.58 (m 11-1),
2.82-2.65 (m 2H), 2.50-2.05 (i.n, 4H) 4¢l.61 (d, J = 6.7 Hz, 3H).
Exanpl e 13- Preparation of Conpound 22a: The sanme procedure
for the conversion of 7 to 2 (Exanple 5) was followed starting from
15g of 24a to give, 1 tmsmﬂw ) rnfsrzaafrs 18y, %. Gl NVR
(CDC13) 5 8. 18 (}S ) Hﬁ i ﬁﬁ‘d;!&l ‘Pﬂﬁ; I}IY @Sgu 5]1-]{-‘121
7.45-7.37 (inH;,Jll—Bs(dZﬁQ(sj‘;ﬁﬁmn 1H) 7 24 (d 15 8 Hz, 1H) 6. 59
-50 -

Example 12 — Preparation of Compound 24a:

(o]
5 ~ HO = Ny ——
T TTT NS
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 (CDCls) § 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
= -y
)—\h’rs NP s
240 @ 2=

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. 1H NMR (CDCl3) § 8.18 (d, J = 8.4 Hz, 1H), 7.98 (4, 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



(dd, J = 11.8, 1.3 Hz, 1H), 6.55-6.40 (m 11-1), 6.15-6.08 (m 1H),
6.00 (dd, = 11.8, 8.2 Hz, lii), 5.76 (d, J = 15.8 Hz, 111), (in, 1H),
2.80-2.65 (m 211), 2.46-2.05 (m 4H), 1.50 (m 3H). 5 Exanple 14 -
Preparati on of Conpound 21la via Diel s--Abder Reaction: ©  The
sanme procedure for the conversion of 2a to |la (Exanple 6) was
followed starting fromO0.34g of 22a. The ratiao of exo;endo wa

det er m ned bﬂﬂCH LTl Wzaﬁﬁ)’f%ﬁ‘?’r@ 1 {Bellh 64b5 505 Blath é %dd

Preparation of Conpound 19 HONO2 NO2 _CQOOBnt . BuCOCI. OBn 28a0 19a
J=11.8, 82Hz lH) 5.76 (d, J = 15.8 Hz, 1H},(m 1H), 2.80-2.65 (m,

2H), 2.46-2.05 (ma, 4H), 1.50 (m, 3H).

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

[0} o
Q — NO, AN 02
N o]
1. Solv/150°C £ 151
N* 2, DBU 3

N/

21a

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

10 Example 15 - Preparation of Compound 1i9a:

o)

Ho)\=\O NC, 0
/OH\ _°® 0)%@,1402
X N
~ COOBn  rBucoct )—Xos
28a o e
( 18a
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 EfsN to dissolve
all solid. To the cooled mixture at between 0 and 5 °C were added 0.9 ml
15  of pivaloyl chloride and 30mg of 4-dimethylaminopyridine {DMAP). The
resulting mixture was stirred at between 0 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 NaHCOz and water and

concentrated under reduced pressure, The residue was chromatographed



To a flask under nitrogen were added 1.48g of nitro acid 6 and 9 nl
of toluene. To this m xture was added dropwise 2.4 m of EtsNto

di ssolve all solid. To the cooled m xture at between O and 5 DC were
added 0.9 m 15 of pivaloyl chloride and 30ngy of

4- di met hyl am nopyridine (DVAP). The resulting m xture was stirred at
between 0 and 50C for 18 hrs. The reaction m xture was poured into 10
m of water. The | ayers were separat ed' and the organi c | ayer was
washed with NaHCO3 and water and concentrated under reduced pressure.
The residue visa silitdgetcoRinaf RRcting withl Hexa08 /BtOiclth 6Rre 083652 19AM,
eluting with Hexane/ EtOAc to give 1.56g of 19a (81%. II1-1 NMR
(CDC13) 87.4581%6B1H(INMR (GB{ls) &7 28-763 11 fn,(6H}, 6.28%6, 1581 H)d5.8d (& J15. 9
Hz, 1H), 5.62 (g, J = 6.8 Hz, 1H), 5.20 (s, 21:1), 4.78-4.68 (in,
111), 3.88-3.=715.p iz, 2H})S,62(q52~X4.8 Bz HH), 84D (s, RH,74.78:4.68 =618, Hz,
311). Exanple 15 - Preparation of Conpound 18a: | eal8a . To a.
100 nil Parr $$&8K Oier @Hdda?211 g, $H), 19%7 (428 =8 8tz 8H).uene, 0. 14 g
of Lindlar_catalyst (AlIfa Chenm), and 0.1 m of quinoline. The flask
10 was evatuat ed 3 times with nitrogen and vacuumand filled wth
hydr ogen to at room tenperature for 3.5
hrs. The m xt#e—we 5 of celite and washed with
t ol uene. The f||trate was vvashed vvlth 3X30 m 1N Ha sol ution and 30
m brine. The |ayers werepseparated and the organic | ayer was dried
over 15 My304 and concent ted t Q.01 Vendla36 g Z9 f nasel I ow oi l .
11-1 NWR (COON 87.45-7.10. 4 N ;_f‘) —-6—41+6~31 : , 6.28-6.15
(m 211), 5.905,78 (m 211)3 8 (s, 211) (i'n, J1 288-2.70 (m
211), 2.50-2.15 (m 611), 19141‘_’ (d, 3 =6.5H, FLH"

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
10 was evacuated 3 times with nitrogen 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
m} brine. The layers were separated and the organic layer was dried over
( 15 MgS0s« and concentrated to give 1.36 g (97%) of yellow oil. 'H NMR

{CDCls) 6 7.45-7.10 (i, 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),

20 Example 16 - Preparation of Compound 17a:



20 Exanple 16 - Preparation of Conmpound 17a: -52 - To a
flask were added 0.17 g of 18a and 3 m of xylene. The m xture was
heated to 150 DC for about 6 hrs and cooled to between 30 and 35 DC.
To the cooled m xture was added 1.5 ml of DBU. The 5 resulting
solution was heated at between 30 and 35 DC for Ih to conplete the
epi nerization of the initial trans product at the [6,51 junction to
the cis product. There were a total of %¥-our i somers generated. The
exo:endo ratio of the Diels-Al der reaction was about 78:22 and the

a:3 ratio was about 80:2® The sol vent was renpvey Hunder reduced
pressure and the 10 resi rrmunfﬂéd"”é?f? a silfc wgol um to
gi ve 0.082g (48% of th d exo—5 88uet—and ) (11’50/() of the
endo product. Exo-isoner ;13 mixture): 1 NVR (CDC 7.45-7.32
(m 5H), 5.51 (bs, 1H), 9 5 10(m 2H), 4.65(bs1;H alson‘er)

4.46-4.30 (m 2H), 3.37-3.3 3-isoner),
2.94-2.89 (m 1H),T %ﬁ%ﬁklwefsaéﬂidefﬁ%gﬁéﬁaﬁd@dn@@eaeﬂh& 3H,

oot ki el B e e L SR W

3555 25 (m “HEPS G g i ok t?ﬁwas“aqaﬁeg‘lfl@éb&ﬁ@?% Oié”‘ .

i 2 g (2d 50 ) (O5mJ r%éﬂ)é{vil_inzgzs&%i&l §950 é{_;gtecil-la_g beh%e%%@ar%% é b for jlll:pto cgllnBl’etez 11),

a the epimerization of the initial trans product at the [6,5] junction to the
\ cis product. There were =z total of four isomers generated. The exo:endo
ratio of the Diels-Alder reaction was about 78:22 and the a:f ratio was
about 80:20. The solvent was removed under reduced pressure and the
10 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): } NMR (CDCla) 6 7.45-7.32 {(m, 5H), 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],
15 1.12 (d, J = 6.1 Hg, 3H, a-isomer), 1.11 {d, J = 5.0 Hz, 3H, B-isomer].
Endo-isomer 'H NMR (CDCls} & 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 (d,

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

Example 17 - Preparation of Compound 20:




Exanple 17 - Preparation of Conpound 20: To a Parr flask were
added 0.47 g of 1'7a, 35nml of EtOAc, and 0.51 g of Pt/C. The flask
was evacuated with nitrogen and vacuum 3 tines, filled with hydrogen
to 100 psi and was shaken for about 24 hrs as 5 nonitored by NVMR The
m xture was filtered and washed with MeOH The filtrate was
concentrate to give 0.29 g of a gray -gelid. Il-1 NWVR (Acetic acid-d4)
8 (a:13 = 78:22) 4.80-4.68 (in, 1H, 3.78 (bs, 1H, P-isomer), 3.41-
3.28 (m 1H, a-isomer), (m 3H), 2.20-1.00 (in, 10H), 1.33 (d, J =
5.81-1z, 311). 10Wile 3] egent invention has @scribed in
conj unction with the s_'érwbodi mefd® set fogtm/@?z many
alternatives, nodificati¥ohsszand variations there ny/iFl | be apparent
to those of ordinary ski |&m the art. Al such al ®8f%Hati ves,

nodi fications, and variatitas are intended to fall wthin the spirit
and scope of the pr nt ,lavention. . . -54- at,, J Led isi..1. A
process for prepa?? ngﬁa&%sé{u%eaefg&gooﬁfﬁ? s"f?(\g’?’ 3645‘?1 Lﬂr‘g{g ?’ﬁad%'51

5&) Pr{) o Zég?ggéﬁ AYE Ara%alt L dGacihlel A DAY L 9800 BLQLUCe

filled with hydrogen to 100 psi and was shaken for about 24 hrs as

5 monitored by NMR. The mixture was filtered and washed with MeQF.
The filtrate was concentrate to give 0.29 g of a gray solid. 'H NMR (Acetic
acid-ds) 6 [a:B = 78.22) 4.80-4.68 [m, 1H]|, 3.78 (bs, 1H, B-isomer}, 3.41-
3.28 [m, 1H, a-isomer), {m, 3H), 2.20-1.00 (m, 10H}, 1.33 (d, J = 5.8Hz,
3H).

10 Whils 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.



“f'N OocOF3 Br (b) treating Compound 35 with an al cohol at an el evat ed
tenperature to produce Compound 36: OHITT, 9 1 - NH O0OCCF3....-- Br

10(c)treating Conmpound 36 with a | eaving group reagent to produce

Conmpound 3% : .eating Conmpound 37 with a phosphate reagent
to pr oduce@%ﬁ)sﬁﬁaﬁ%dt&%' a salt thereof: 38

i. A process for preparing Compound 16 comprising:

{a) treating 5-bromo-2-methylpyridine N-oxide with an

5 anhydride to produce Compound 35: 35
OOCCF;
()
L
Br
( ’ (b)  treating Compound 35 with an alcohol at an elevated

temperature to produce Compound 36:

OH

)
[ SNH OOCCF;
£

Br
10 () treating Compound 36 with a leaving group reagent to
produce Compound 37: 37
X
( | =N
( e
Br
(d) treating Compound 37 with a phosphate reagent to produce
Compound 38 or a salt thereof: 38
P(O} (ORg)2
@
Z

15 Br ;and,



:90) (OR9)2 15Br; and, - 55 - (e)treating Compound 38 with
3- FC6H4B(01211) 2, to produce Compound -B§.using Pdl. or Pd/C:. 16
P(0)(0V2 wherein: 5Rii is H G to Co alkyl, aryl, or heteroaryl;
Lis PR3 or NR'3, wherein Rs is selected fromal kyl, aryl and
al kyl aryl, and @ i streetipgt@aimppomdt IR vatloGpF Cdiidd (©Rnp, 66 paddyte
aryl, and alkylaryl; and n is between 0 and 8. 10

Compound 16 using PdL, or Pd/C: 16

P(O)(CRg)2

B

wherein:

5 Ri1 is H, Ci1 to Cio alkyl, aryl, or heteroaryi;

L is PR3 or NR”3, wherein R’ is selected from alkyl, aryl and
alkylaryl, and R” is selected from the group consisting of alkyl, aryl, and
alkylaryl; and

n is between O and 8.

10

2. The process of claim 1, wherein said anhydride is selected

from the group consisting of aromatic acid anhydride, acetic anhydride,

and trihalogenated acetic anhydride.

15 3. The process of claim 1, wherein said alcohol is selected from
the group consisting of methanol, ethanol, propanol, isopropanol,
butanol, sec-butanol, t-butanol, pentanol, and octanol, and mixtures of 2

or more thereof.

20 4. The process of claim 1, wherein said temperature is

between about 45 and about 55°C.



* 2. The process of claim1, wherein said anhydride is selected fromthe
group consisting of aromatic acid anhydi-de, acetic anhydride, and
tri hal ogenat ed acetic anhydride. 153. The process of claim1l, wherein
sai d al cohol is_selected fromtrtlebggro p consj sti_gﬁ of, nmet hanol , .
et hanol , propanét, i BIRATSE O Gidihob WISERIRAIGABRVINE- BAVRAGREENT 1S
pentanol, and octanol, and m xtures of 2 or nore thereof. 204.The
process of seleated fromuibe greur &f gonsintingtQChk, iSOBe, Wsds BBoUPCIS and
about 55C. - 56 - 5. The process of claim1, wherein said

| eavi ng gr 8Bws,r ReQOM, asd SeSenidafidonhdédetn Bedspelictabisns thagr&iyl2,
SOBr2, PCl3, PBr3, Pas, PBrs, R3COCl, and R8S(2C1l, and wherein R8 is
sel ect ed fconsishigsWROOPLE CNS bEGINEGAS afdl 4rol 1al kyl, aryl, and
arylal kyl. 5 gng The pr%%égss 1(.))1? cl ai%?f%mherei n sai d phosphate
reagentsis prepared froma strong base and (R90)2P(0)H, wherein R9 is
selected fromthe group consisting of C-Cl0 al kyls, aryls,
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prepared from a strong base and (RyO)2P(O)H, wherein Ro is selected from

the group consisting of C1-Cio alkyls, aryls, heteroaryls, and arylalkyls.

10 7. The process of claim 6, wherein said strong base is selected
from the group consisting of metal hydrides, Rioli, and {(R10)aSi)2Li,

wherein Rjo is selected from Ci to Cip alkyl and aryl groups.

8. The process of claim 1, wherein R;; is H.
15
9. The process of Claim 1, wherein L is PPhs.
(
(
10.  The process of claim 1, wherein n is between 0 and 4.
20 11. A compound of any of the following formulae:
OP OH OH
CONR;3Rg, CONRsRs, and CONRsRs

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 Rs, together with



) fr'om t he group consisting of netal hydrides, RioLi, and
((12103Si)21,i, wherein Rio is selectePromC to Co alkyl and aw
groups. S.The process of claiml1l, wherein Rl is H 15 9

The process, of .G aim 1, wherein L is, PPhs, 10. .The ,process
of “chai m 1 P amireBHT S e R el s HArHHL. forrn & % i RpBEPSFiany. of
the follow, ng forml ae: wherein R5 and R6 are each ]

i ndepende\rqnﬂ’ﬁgeré’éygé‘% EAMMOHRG pRNIGBING tunBeisreaigmay. Biis aintptecting

al kenyl, al kynyl, al koxy, cycloal kyl, aryl, alkylaryl, arylalkyl,

het er ocycl Browupdnkeisesadestpt fprouibe, grompREoreistinigg of ToFeoh8iRMRA, - 57
- the nitrogen to which they are attached, forma 3- to 6-nenbered

het er ocycl whereinpByNE: aadtRd ara thdepbriiRhelyoalated Rirhshe goobect i ng
group and is selected fromthe group consisting of THP or Si RLR2R3,

wher ei ns RncbhsigfishgRE 1r @%,dﬁ%ﬂ?grts&}baiﬂleahqg alwlamjl h&u%ﬂ%’, S

consisting of H, alkyl, alkenyl, ~cycloalkyl, "aty aryl al

al kyl aryl, h@?ér%&?&}’éfld-rﬁi h@&%gﬁhf&r oaryl.

12. A compound selected from the group consisting of:

OH
)\WNth

O
3a

OSiMe;

.

CONPhy,

o]
R ( 9] === NO,,
{
\
I WPhy
Q
Q —— HNOy,
.
Q

NPh

7

10



1'2‘. A conpound sel ected fromthe group consisting of: OH "-j--f,NPh2 O
3a OSi Me3 CON1111, -58-

i

138

o NHCO;EI,




