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process for the preparation of hinbaci ne anal ogs
useful as thronbin receptor antagonists. The process
is based in part on the use of a base-pronoted dynam c
epi nerization of a chiral nitro center. The invention

di scl E%ﬁ-daﬂﬁ rﬁ'agtél%or-ge%&qvé %ytntEBQSes gk‘ gtecqngl rhl n%_lggs
Co-p C dpprrcatrons correspormar n

follow ng 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. Background of the Invention 20

Thronmbin is known to have a variety of activities in
different cell types and thronbin receptors are known

to be present in such cell types as hunman platelets,
vascul ar snooth nuscle cells, endothelial cells, and
fibroblasts. Thronbin receptor antagoni sts may be

useful in the 25 treat¥ighd ofthe Inyention

i nfl ammat ory, atherosclerotic and WO 2006/ 076415

PCT/ US2006/ 000954 -2 fibroproliferative disorders, as
wel |l as other disorders in which thronbin and its

r ecept orhiglappligapaniiisdgbenh noykkpragess fdrotheareparation of

U S 6,063,847, the disclosure of which is

i nbbnpaciatethdlggs vbefiénasdhr@nbin hewmpbimanegepisis. The process
antagoni st is a conpound of the formula: H H \ NHOOOEt

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

pad

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

been filed on the same date.

Background of the Invention

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

treatment of thrombotic, inflammatory, atherosclerotic and



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

w@vpouads 11 may be synthesized from ConpoundpPdT/US2006/000954
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,»NO2 O HFi 10 0 NRSR6 1 wherein R5 and R6 are each

i ndependently selected fromthe group consisting of

H, al kyl, al kenyl, al kynyl, al koxy, cycloal kyl, aryl,

al fiydopryliferatavey fimbkddrs, asvdiledeoOr\is@idev®sn wifich thrombin
Processes for the synthesis of simlar hinbacine _
anald fstreeeptoir hlay 8GRRhTogaRl 261N SdeS f6¢ @xrﬁh%fél gsgd in

U S. Pat. No. 6,063,847, and U S. WO 2006/ 07 415
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met hods of using thronmbin receptor = antagoni sts are
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hi nbaci ne anal og is discloged,in U S. publication no.
2004/ 0176418, the discl osurég pochNBicanet
I ncorporated by reference hg
application provides a nove}yprocess for preparing
Conpound 11 from Conpound Iye WhilcH process provides
an inproved yield and the elimnafi on of the need for
a

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

from Compound 1:

QH

.\\N02
O,
H:A

o;\NRsRs
1
wherein Rs and Re are each independently selected from the group
consisting of H, alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, aryl, alkylaryl,

arylalkyl, and heteroaryl groups.

Processes for the synthesis of similar himbacine analog thrombin

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



chiral internediate. 10 Summary of the Invention One

aspect of the present invention provides a process for
w@e@pard4sny Conpound 1: cis 0 Ha NO2 0//"' NRBERBUIH0A/000954

sai d process conprising the steps of. (a) cyclizing

Compound 2 in a first solvent at an el evated

temperature 0 0 NO2 O NR5R6 320 2 WO 2006/ 076415

PCT/ US2006/ 000954 -4 wherein R5 and R6 are each

i ndependent | fy-om the .grQup. cgonsisting of
PR e A0S S et Bnd B epror
al kyl aryl aryl al kyl_,. erocycl j.c and t eroaryl
ripeortists aéf disdlosbe indGey mapeptifn w332k bpsand the
whi ch they are attached, forma 3- to, 6-nenbered 5,
hevathesse of the @hﬁiﬁ%ﬁe salii# pertipudenhiebasipsianalos iv
produce a first mxture of exo isoners trans OMH
a.d(lgclomm g.S. publication no. 2004/0176418, the disclosures of which
5 are incorporated by reference herein. The present application provides a
novel process for preparing Compound 11 from Compound 1, which

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

chiral intermediate.

10 Summary of the Invention

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

cis
(SR «

NO,
o
H:A

o “NReRs
15 1
said process comprising the steps of:
(a) cyclizing Compound 2 in a first solvent at an elevated

temperature

20 2
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0/ _NR5R6 sai d isonmers having a

trans-[5,61-ring-junction and endo isoners: c¢cis OHW
OlBw6/0041NRSR6 10 (b) epinerizing said PCT/US2006/000954
trans-[5,6]-ring junction in Conmpound 29 by treating
said first mxture with a first base to produce a

second m xture conprising cig- [5,6]
-ringjunction-nitro-a i soner and cis-[5, 61-ring-
junction-nitro-(3 isonmer of Conpound 30: cis O H a+(i

NO2 Gvhefdin RkSar{d NR2RE eadll ifdgpdandeatiyngledaed fseaahd group
m xture with a second solvent, causing said a-isoner

ofort15BAN E HE ke, RIRGIyD d1&yeyl alky:§degeloamoail dikylaryl,
WD 2006/ 076415 PCT/ US2006/ 000954 -5 I n anot her

eFRASILTE Hetetdt§chO AYE IEEERES] Ertfildae br RRMHA REStdgBther with
step of treating said second mxture wwth a second

basenitk&si {d RBid IRy SENATAGIE I HE ONtPb-Rainbered
second m xture, in which said Risomer of Conmpound 30

BRI A S0TRL e SEMMAUABhn A0Sk a
111}&9_}&3)@6@{%%?%;%9@ nment, said first solvent is
sel'ecte €

from group consisting of xylene,
N- et hyl pyrrol i di none, Di et hylssul f oxi de,

o+p

0

H RO,
o

HEIA

oi\NR5R6
said isomers having a trans-[5,6]-ring-junction and endo isomers:

cis
QH

NO,
o)
H:H

& NRgRs

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

junction-nitro-p isomer of Compound 30:

cis
(0] H (X+B

NO,
o
HIAf
0" NRsRs  and
(c) treating said second mixture with a second solvent, causing said

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



di phenyl ether, D nethylacetam de, and m xtures of 2
or nore thereof. 10 I n anot her embodi ment, said

W0 e0wpeTEture i s between about 70 and about 19BCDTS2006/000954
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preferably between about 80 and about 170 OC, nore
preferably between about 100 _gnd about 160 0C, stil
nore preferably between about 120 and about 150 C. 15
I n anot her enbodi nent, said first base is sel ected

from t icagothdy erfboGinsddtNthobbbvd pidtgb8fiitBer comprises the
1, 5-di azabi cycl o[ 4, 3, 0] non-5-ene 1, 4-

dls@e?@ﬁbf G¥61iAk 2a?d dbcotfd ARLUraRAth a second base, resulting in a
8- di azabi cycl o[ 5, 4, 0] undec- 7-ene, and m Xt ur es o%

ord ARkfc FBsd188bn AQalid sedHalixQIROH Bt SR G'-1§<§‘rﬁ@f‘ Eif

vent s selected fromthe group consisting o

élf‘md r&nv'é?ﬁeﬁ Stl-:l&ﬁﬁ&r GfC ;)%ﬂ?ld iﬂ) and a -isomer

pyrro I none, m xtures o mor’e

t@? o3 3908 05035, PET,LE2A0R b0pat 6 1

anot nvent 1 on provi s a process
for preparlng Conmpound 2: 0 ONO2 O NRSR6 2 5
wherein Rs and R6 are each i ndependently sel ected from

the gr onsi s H, . alLkyl, al kenyl al kenyl
oy B Boofitaabodtdtt, S g nt §0 Spteefid BOK the
het erocycl ] c, an teroaryl oups, ..or an , )

t GGERRSPRFISHRS éjfﬁaf T Db é%‘?’fhb’[PWﬁltqﬁn?ﬁ%yDHP%thR?smedee’
attached, forn1a 3- to 6-nenbered heterocycllc

cShpREm kBt Pimeilyiacetarsids sadometuses af Brosaaees thereof.

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

between about 120 and about 150 °C.

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[5,4,0lundec-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.



10 conprising: (a) converting (R)-butynol to Conpound
3: OH CONR5R6 3; (b) reducing Conpound 3 to yield

w@eovpouads 4: HO O 15 NRSR6  4; and, (c) reackCTiysS2006/000954
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Compound 4 with Conpound 6: 0 HO N2 to yield
Conpound 2. 20 WD 2006/ 076415 PCT/ US2006/ 000954 -7 In
yet anot her enbodi nent, the i-svention is directed to a
process for preparing Conmpound 2: 0 O N02 O NR5R6

2, 5 wherein R5 and R6 are each mdependently

s & @ayosiaer ewhetivaent dhp NI PIOVEdeT amroegssyfor preparing
al kenyl, al kynyl, al koxy, cycloal kyl, aryl, alkylaryl,
a@ﬂnapdxlyﬂlt,i %eterocycl ic and heteroaryl groups, or R5
and R6, together with the nitrogen to which they are

attached, forma 3- to 6-nenBered heterocyclic
conmpound contai ning 1-4 het gﬁ‘sa&\()@/mai d process 10
conpri si ng: N\
NRsRg
2
wherein Rs and R 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 Re, together with
the nitrogen to which they are attached, form a 3- to 6-membered
heterocyclic compound containing 1-4 heteroatoms, said process
comprising:

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

OH

/‘\
CONRsRg

3;

(b) reducing Compound 3 to yield Compound 4:

HO><—\1:O

NRsRg
4; and,

(c) reacting Compound 4 with Compound 6:

0o

to yield Compound 2.



(a) converting (R)-butynol to Conmpound 3: OH CONRS5R6

3; (b) reacting Conpound 3 with Conpound 6 to yield
w@ewpouads 7 0 HO NO2 15 ~~ 6; (c) reduci ngp@oOpmoeianoos4

7 to produce Conmpound 2: 0 0 NO2 20 0 NR5R6 7. WO

2006/ 076415 PCT/ US2006/ 000954 | n anot her enbodi nent,

the invention provides the fol7l~ovvi ng conpounds: 0 O

O—IOSII\/ESO NOZ - NO2 \ \ \\ | | 3a CONPh2 CONPh2

72 o s PN e 0BG R Ref prgpess

NPhZ la H HéIHZ OH I-&l\/NHCOZEt

for preparing Compound
0
qQ = NO,
)’)
07 “NRsRs
2,
5 wherein Rs and Re are each independently selected from the group

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

OH

)\
3;

CONR3Rg

(b) reacting Compound 3 with Compound 6 to yield Compound 7:
0
Ho)\=\Cr NO,
15
6;
(c) reducing Compound 7 to produce Compound 2:

O
(@) — NOg

"X
07 “NRsRs

7.

20
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9 10 and 6 WD 2006/ 076415 PCT/ US2006/ 000954 -9 OH - O
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Ol-b N/ 252422 0 HNXHH\NHR OH H ,\NHCO2Et
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In another embodiment, the invention provides the following

compounds:

Q
OH OSiMe; o NO, O%NOZ
3a ,
! O . f

CONth

o
WNO, 4 WNO;
g d
HiA
/\Nth . /\NPh?_ . o NP, . /\Nth
0 0
. B oH e, NHCOE
NGz g
H A /\
/\Nth , /\Nth o’ “NPh, ) NF’hz :
12a 3a
Q Q
}%I wNH; tl NHz
d g
iR HIA
/\Nth %NPhZ i j\Nth )

NO, 0]
H\[(\)\/\m"l M H NO; HOOC = NO,
0 o , HO SOaNa HO SOsNa

8

10 and 6
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under standing of the invention will be had fromthe
following detailed descriptiongf the invention. 5
Description of the Invention The follow ng definitions
and terns are used herein or are otherwi se known to a

ski ldyed arti san whereo st ated otherw ge, the

10 initions m@uoug t he sggzm figatic nqloz
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A further understanding of the invention will be had from the

following detailed description of the invention.

Description of the Invention

The following definitions and terms are used herein or are
otherwise known to a skilled artisan. Except where stated otherwise, the
10  definitions apply throughout the specification and claims. Chemical
names, common 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



WD 2006/ 076415 PCT/ US2006/ 000954 -10 ot her terns,
unl ess otherw se indicated. Hence, the definition of

wO 200kpre415 applies to "al kyl" as well as the "aP&yU852006/000954
portions of "hydroxyal kyl," "hal oal kyl," "al koxy, "
etc. 5 Unless otherw se known, stated or shown to be
to the contrary, the point of_gftachment for a
multiple termsubstituent (two or nore terns that are
conmbined to identify a single noiety) to a subject
st r GEhaurterins, untessughettiselindicanatredehes Mtef déhation of "alkyl”
multiple termsubstituent. For exanple, a
cychppliksy/talddig)l" sisbs¢ll byehe " BCH%iohe A "h ﬂﬁgrgﬂqr "
structure 10 through the Iat?%? ﬁgﬁkyl' portion o lhe
sub%dlbaikknl," (&kgxy," ste.uct ure-al kyl - cycloal kyl). The
identity of each variabl e appearing nore than once in
a formula may be independently selected fromthe
definition for that 15 variable, unless otherw se
3 ndi cat gdn1eys! : o) rwi se . knpwn t
be the cont rbl gro ?/ﬁ &gﬁlgéﬁ{gl? gnn'lgg?%\q%gsc{rrsg{()g%‘ %%Eﬁgﬁﬁgﬁpn%ary’ the

et e T —

val ‘enci es. rogen

bongs, | tructures. need not. be expressly _
depi cttzaggicﬁg}a&%g% é?é éjr(l:%%rﬁ Eléllg?e ol g) a & Boeyre is
wh ropniate y._be represented by the presence
of e SRt 8 et mRe et e rRuLiinln svae aRbpBRReN s, For
For__ 25 exanpl e, .a .carbonyl functionality, -CO, may

o <5 B BB i Buiahy? 3 st asvehes 0 a argeted Structure

CT/ US2006/ 000954, -11 chem cal formula by -C(OQ-, or

lo?qtbé?llgh%{:}s lkey falkyl porfien of thesibstituest] (e.9.4 structure-alkyl-
deterg;ge he presence or absence of double (and
t ri PG s) in a covalently-bonded nol ecul e. For
instance, it is readily recognized that a
The identity of each variable appearing more than once in a

formula may be independently selected from the definition for that

15  wvariable, 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

20 ring structures need not be expressly depicted in a general chemical

formula.

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

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



carboxyl functionality may be represented by -000H,
-C(OOH, -C(=0CH 5 or -CO2H. The term "heteroatom"

w@g0068Bd1herei n, means a nitrogen, sulfur or PEHYEIW06/000954
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atom Miltiple heteroatons in the sane group may be
the same or different. 10 As-used herein, the term
"al kyl" nmeans an aliphatic hydrocarbon group that can
be straight or_ branched and conprises 1 to about 24
caf BTG SR PReCtPai oF -G er Pae¢ shiltlsd imgtiotipst will be able
conprise 1 to about 15 carbon atoms in the chain.
MoFedpiearine e aresencgrasaiseoonpf deable (20 dlFifb®dhds) in a
carbon atons in the chain. "Lower al kyl" neans al kyl
gr eRifpderfly-bpnded gnelerbln Bemimstamed, heischaidn recognized that a
"Branched" nmeans that one or nore |ower alkyl groups
s uearbggyhbutoonadithylayobe pempyéntedrisy atbath e@(@bg, -C(=0)OH
i near al kyl chain. The al kyl can be substituted by
oner €?Omidre substituents independently selected from
t he group consisting of halo, 20 aryl, cycloal kyl,
cyano, hydroxy, al koxy, al kylthio, am no, -NH(alkyl),
- NH(cycl oal kyl), -N(alkyl)2 (which alkyls can be the
sanme OoITHé fel-ff G¥teroat&Rl"D +&HhO, | Kyl .
Non-1initing exanpl ess%f %%?ﬁtsg(g & alky gsr%abtgogen’ sulfur or
| nsydeR JBENY M - 1,0 sonropyl., n-bugyl
t-butyl, n- pgrﬁlfjﬁ?yﬂﬁeetgﬁ/#?ﬂ%glnhyﬁﬂ,e é(}gnciz‘f/ Ig,¥ oup may be the Same
flarodieerd Ayl . trifluoromethyl and 25
cycl opropyl net hyl . WD 2006/ 076415 PCT/ US2006/ 000954
-12 "Al kenyl" neans an aliphatic hydrocarbon group
(straight or branched carbon chain) conprising one or

nds in the chaip and which can be

con; ugateres BlYetn, fsiitd 20T rieng we Apphate dugsocahon

oREPap3ieg caf SR bl of Patarsbandicomrivest heo ohaih24

arg%r orrl %tgrrn%figrtﬁglc)ﬁa%n.t %rgfggruetd 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, ethyl or propyl, are attached to a
linear alkyl chain. The alkyl can be substituted by one or more
substituents independently selected from the group consisting of halo

aryl, cycloalkyl, cyano, hydroxy, alkoxy, alkylthio, amino, -NH(alkyl), -
NH(cycloalkyl), -N(alkyl)2 (which alkyls can be the same or different),
carboxy and -C(0)O-alkyl. Non-limiting examples of suitable alkyl
groups include methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, n-
pentyl, heptyl, nonyl, decyl, fluoromethyl, triffluoromethyl and

cyclopropylmethyl.



6 carbon atonms in the chain. The al kenyl group can be
substituted by one or nore substituents independently

wa@edoeot@ds from t he group consisting of hal o, BERYE2006/000954

aryl, cycloal kyl, cyano and al koxy. Non-limting
exanpl es of suitable al kenyl gypups include ethenyl,
propenyl, n-butenyl, 10 3-nethyl but-enyl and
n-pente§¥l. Where an al kyl or al kenyl chain joins two
ot her veMKkaBYlgneans wg aliphetieftyrzrobantnegrionpt (R6-ai &1t

al kyl ene and al kenyl ene, respectively, are wused. 15

" APRIxshedheaonachaihk ybmPrisfiigone ioh mbtiecdoti ke R in the
group is as previously described. Useful alkoxy

gr 6bpin aad vdunhrdasebd comjughesdt oddncsafiRakedt OB alkenyl
preferably 1 to about 6 carbon atons. n-limting

exarmimscat conipridel 2 tahkevy 19/caHPSH Lsth Y48 +1E!
et hoxy and 20 i sopropoxy. The alkylagroup oggfﬁ%ﬁxlneﬁxabw

5 al Ramyabosit] INkathohoa dth A BREM 21D hﬁhho}é“%f’#%agﬁ%hﬁ to about
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et her oxygen. The term "cycl oal kyl ™ "as use

[rofarbon deskibsh hy B! TS UIRLALL B SATML 3B hruted by

stabl e, non-aronmatic, chem-c

cag ' J1G); ' Ly fr hree to

[ Ttean carnon At RARbB AN Holt Rl e Bpionposa

- : , om three to eight carbon o
at ST L SR 3R 2Ll B0 Sl fkens. Non-timiting

S . be fused, for exanpl e, benzofused,
vm'a%)h %g O?géq‘f{\/%‘nﬂ%g%egé’f giHuPsinglads ethemal. ayropgari, @-butenyl,

het ¢ tic.rings. The cycloalkyl may be attached
afé gé}éy}% n oc?/%YliaémgBF%{}feﬁYlomthat results in 5 a

stabl e structure. Preferred carbocyclic rings have
fromfive to six carbons. Exanples of cycl oal kyl

radi cal s, i ncl ude cycl opropyl, cyclobutyl,

cycl opéfﬁlfl?ie, an gling Wé@ﬁ?nﬂma@m gging|twooytheheatinkkes and is
" k¥nyl" means an al i phati c hydrocarbon group

c erfglr‘enBlvg%ent, the terms alkylene and alkenylene, respectively, are

used.

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

isopropoxy. The alkyl group of the alkoxy is linked to an adjacent moiety

through the ether oxygen.

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

carbocyclic ring having preferably from three to fifteen carbon atoms,



10 | east one carbon-carbon triple bond and whi ch may
be straight or branched and conprising about 2 to

W@bwen764s car bon atons in the chain. PreferrePlCHUR006000954

groups have about 2 to about 10 carbon atons in the
chain; and nore preferably about 2 to about 6 carbon
atoms in the chain. Branched mtans that one or nore
| ower al kyl groups such as 15 nmethyl, ethyl or propyl,

are linear al kynyl chain, Non- limting
ex ann'gt% %ﬁ?&g&&, gﬁ B i?,ﬁ‘%ﬁ‘%ﬁ 1 g9iRte Theyklgalkyl carbon
pro |, ..2--.butynyl , 3-nethyl butynyl, n-pentynyl, and
decg g radical 1§Iﬁ9§‘ﬁ%}//‘}teﬁ FB‘E&“""XH@F isedyfosteemnle, éqnmfesed, with
or norg %%pstk%%ﬁ ts which may be the sanme or
di f PEF Rt VOSH, fremete. Beterecyoligapdmierndrpmatic rings. The
sel ecteed. fromthe 20 group consisting of alkyl, aryl
and CE?BF%‘%(ﬁ KBAY, bqﬁ@tchpﬁ]atw ertdopyclis edriirer etom theanssults in
g substjtuted or wunsubstituted, aromatic, nono- or

i cfAtpble $Hapiugal [Rrefesesst eardocyeidicings hiave ffiog fgsh ek
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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.

25

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

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



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

thiadiazolyl, imidazolyl, pyrazolyl, triazolyl, isothiazolyl, benzothiazolyl,



15 may each be independently selected fromthe group
consisting of nitrogen, sulfur and oxygen atons. The
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herein, nean a chloro, brono, fluoro or iodo atom

radi cal . Chlorides, brom des_4;20 and fluorides are
preferred halides. The term "carbonate", as used
herein, is understood to include bicarbonates. WO
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consisfing of ree rings contain preferably from thirteen to seventeen

atoms, more preferably, fourteen or fifteen atoms. Each heterocyclic ring
has at least one heteroatom. Unless otherwise stated, the heteroatoms

may each be independently selected from the group consisting of

nitrogen, sulfur and oxygen atoms.

The terms "Hal," “halo,” “halogen” and “halide,” as used herein,

mean a chloro, bromo, fluoro or iodo atom radical. Chlorides, bromides

and fluorides are preferred halides.

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

bicarbonates.
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t et rabut yl ammoni um brom de; n-Bu4NOH i s WO 2006/ 076415
PCT/ US2006/ 000954 -17 tetrabutyl ammoni um hydr oxi de,
n-BU4NHQSO4 IS tetrabutylanﬁﬂﬁrun1 hydr ogen sul f at e,
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The term “epimerizing”, as used herein, is understood to mean

converting from one isomer to another, wherein it is the relative position

of an attached H that differs between the two isomers.

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

fall out of solution as a solid.

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

of the second isomer.

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

Bu4NBr is tetrabutylammonium bromide; n-BusNOH is



Lindlar/H2 O N0O2 3. Dynamc crystal. OH O NRSR6 0O
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(R) - butynol may be convertldd to amide 3 by either of
Met hods A or B: Preparation of Am de-Method A0 O

tetrabutylammonium hydroxide, n-BusNH2SO4 is tetrabutylammonium

hydrogen sulfate, and “equiv.” or “eq.” means equivalents.

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

0,1,2,30r4.
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NRSRs - R5 X' kN, Li Rs 3A 3B P = protecting group
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5 PdL"/CuY/ base R6 10 In eaet8of nethods A and B, P

is a protecting group, for exanple THP or Si RILR2R3,
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butyn-2-ol is disclosed in, e.g., U.S. 6,063,847, and
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DVAP to form Conpound 7. The ami de is subsequently
subjected to hydrogenation conditions to yield
Compound 2. Preferred hydrogenation conditions
i ncl ude pressurized hydrogen in the presence of a 25

hydr ogeaahigfsat Abuak-MdledBdr ogen pressure may
range from 0 006/ 076415 PCT/ US2006/ 000954 -21

500 psi, and a pressure of 100 psi is preferred. The
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In each of methods A and B, P is a protecting group, for example
THP or SiR!R2R3, wherein R!-R3 may be H, alkyl, alkenyl, cycloalkyl, aryl,
arylalkyl, alkylaryl, heterocyclic, and heteroaryl groups, Y is selected from
the group consisting of Cl, Br, I, and R”COO, wherein R’ is selected from
the group consisting of alkyl, aryl, alkylaryl, and arylalkyl and Xis a
leaving group. By way of example, X can be halogen, for example Cl, Br,

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



catal yst may be a noble netal catal yst, for exanple
Li ndl ar catal yst. The hydrogenation is suitably

w@eovdod4exl i n the presence of a solvent, prefBCHDE00&000954
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aromati c sol vent such as toluene. 5 The yields in the
above- descri bed syntheses of CHhpound 3 can be
i nproved by suppressing side- or over- reactions that
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contact with its precursors.
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the 15, ndjvidual flow streans at a point near the

inl et ofl&bPbmr2-elis dGeetpserin,teg., EbBLE 6B, 8eACAAN Methods A
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correspondi ng vinyl 20 al cohol 4, and the al cohol is
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Compound 2 i s subsequently cyclized to yield Conpound

1. 2GHein epcirgaatd mivait Sidsas TRIUEAE S ddinBosHi kakhes
solvent (e.g., hydrocarbons 25 such as xyl ene,
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or nore thereof), at elevated tenperature

bepretane @BRideofhiBdI 6o gb o G P rably between
about 80 and(g%%ﬁt 1%0 oC?e%gggng?éfg§g§F§E“ Vﬁﬁﬁﬁned
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containing, e.g., diphenylcarbamylimidazole, and deprotected, to yield the

diphenylamide (Compound 3 wherein Rs and Re 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



5 120 and about 150 oC), to produce a m xture of exo-
and endo- isoners. This mxture is treated with a
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trans [5,61-ring-junction (29),to the cis-isonmer (30).
The resulting mxture conpris%s the a- and a-isoners

of each Compound 29 and 30, for a total of four
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whi ch can be nodified by addition a suitable base.
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the combined reactant stream through a static mixer, followed by

immediate quench.

Alternatively, amide 8 may be reduced to the corresponding vinyl

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

such as xylene, N -methylpyrrolidinone, Dimethylsulfoxide, diphenyl
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ratio for Conpound 1 may exceed 90:10, and may al s¢
exceed 95:5. rT.'?he 10 a: (3 ratio at the nitro position

woreyeoxaeed 95:5, and for exanple may be 98. 1PAT/BS2005/@0954
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H O NO2 Solvent NOZ Base H O NRS5R6 p NRSR6 2 29 H'
2J5! NO2 Base and O H NO- OPrSmpltatl_on ,, O HH'-
- ONRSR6 0 NR5R6 a: (3 = abodf70: 30 a | somer .
precipitates preferentially 30 a:(3 >98:2 in solid 1

Thethenrbiofe bR b8P 8 BROGLANG .58 nﬁk{tgrgeg%rg%ugr Prfore
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e e R
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¢ RS BuSesRToided o7 aratrle beae by crpitiedhewriincazation
ala% ¥l|’1€ Qra}e{nosf [%r, —ltirelg—(jghgfic’)n (29) to the cis-isomer (80). The resulting
mixture comprises the a- and B-isomers of each Compound 29 and 30,
for a total of four isomers. The a-isomer of Compound 30 is a desirable

intermediate in the synthesis of himbacine analogs, and is herein

designated Compound 1.

The resulting mixture is dynamically resolved by treatment with a
suitable base and preferential crystallization of the desired a-isomer
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 B-isomers can be
converted to the desired a-isomers by addition of a suitable base.
Simultaneously, in the presence of a suitable solvent, the a-isomer
precipitates from the solution as a solid. In the dynamic resolution
process, this precipitation tends to deplete the a-isomer from the
solution, driving the equilibrium of the B to a conversion process from the

B-isomer towards the a-isomer in the solution.
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pent anol s, and octanols) or a m xture of aIcohoVs to '

20algbhel alcalelsCottpars NRe®ned OefAbfd, f}&lﬁ@@f@ﬁf@h?lpggf#ggnone,

Compound 8 is isolated as its netal bisulfate

byand éla¢ imigtudestoi® sRiratre Bherdof '
(rom NaHSes, Kacs. Nassate ot e Eaes s theeksing,
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aceBalatiowddie 968 86 tiod! M ' dz% Idq @ a salt of

gl yoxyl ate), and aﬁcarlgonat%é)é %\és:ee %‘.%g.a,ndﬁgﬁéﬁ%{nple may be
NaddC08;, sWO 2006/ 076415 PCT/ US2006/ 000954 - 25 KHCOS,
Na2CO3, K2C03) in a biphasic system contai ni ng water

and a ter-inmm sci bl e sol veng. HThe conpound 8 is
cycliz treatging Wth a segapéds am,ne 5 (e.g.,
pi peri g) I(\)lijzi di érlwéjlleve,"h[gi perfazi di al kyP4ni nes,

and d'far?i alyl am nes) and a ai c acid (e-g.,
al i phat i ,aromati c carboxyl bé\mugieds) in an

or gani c solzvent (e.g., CH2C12, chlgrobenzene, t-

o ot
) BNOZ Base and Q H a

(¢ Precipitation O;\:Iito‘“NOz
A H:A

S
0~ NRsRg O/\NRsRG
o:p = about 70:30 o. isomer precipitates
preferentially
30 o:f >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 contact with a
hydrogenation catalyst, such as one selected from standard noble metal

catalysts (e.g., palladium on carbon, platinum on carbon, and rhodium
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10 ¥here gre two nmet hods to convert Conpound 10 to
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D. In Method C, Conpound 10 is first converted to
Conmpound 6A by reacting 10 wiibh a Wttig reagent. The
Rs in the Wttig reagent given in the schene belowis
selected fromCl to Clo alkyl or arylalkyl groups. The

Cop BRI ArissmiStiirh dherofly eTHe ot GITRHBGeD zﬁ%ﬁb

i norgani ¢ base- or acid- catalyzed hydrolysis.

appidrogdh eabnforganbeid)36:@6aieRs hHd @onithafbls Qﬂ%reof Multiple
limted to, alkaline hydrOX|de car bonat e,

pivasplatsemagaso bEhSseAPPAIGADNS magiifs, HRAR A

are not limted to mneral and organic aci

oaimBy I
ggﬁgound %Cngﬁpgggg%?zzﬁ%gﬁpaﬁﬁﬁ%gFg%ﬁggéc2§7In a

Seth@bhRroRIrueit, Ohydo Brrﬂlcl 2;6[56 élﬁ%}f%cgofglgpg‘@)ﬁ Carbamate

hydrocar bon sol vent i nc |ng conta|n| sol vt s, In
I )0€N;
22@?%%3?%6’3?%“‘%%@* SeHbamatg) atcwlﬂlﬁ 45 r%cﬁ@nowh a
ther . na a

Doss oen e %d‘%%%%é%%ﬁﬁ@%@@m%@r g@m%@ g and

di erazi ne, pyridine ‘
P PREFpOhAR, vdE The gﬁaﬁﬁa@a@@e frohdeedenR onsising of

; HHHH-r~ 1O 0 0 HO
s@@%@d\%a %%ﬁiﬂé’% asﬂdgma&ezsmnphf@ﬁom@macﬂou with a
NR gVVttL gfnt) OO~ 1 Method C 8 10

neral aci m hydrox1de is a preferred base. The acid 14 is

subsequently converted to the corresponding aldehyde 15, which is

reacted with phosphorus ester 16 to yield Compound 1.

Compound 6 may be prepared from acrolein and nitromethane
following the scheme below. Nitromethane is treated with an inorganic
base such as metal hydroxide (e.g., LiOH, KOH, NaOH, Ca(OH)2), metal
carbonate (e.g., LiaCOs3, NazCOsz, K2COs, Cs2C03) and acrolein in a Ci to
Cs alcohol (e.g., methanol, ethanol, propanol, isopropanol, butanol, sec-
butanol, t-butanol, pentanols, and octanols) or a mixture of alcohols to
give crude Compound 8. To purify Compound 8, crude Compound 8 is
isolated as its metal bisulfite salt 9 by treating with a metal bisulfite
reagent selected from, NaHSOs3, KHSO3, Na2S20s, and K2S20s5. The
bisulfite compound 9 is converted to the purified 8 by treating with a
lower alkyl carbonyl compound (e.g., acetaldehyde, acetone, glyoxylic

acid, or a salt of glyoxylate), and a carbonate base (e.g., LIHCO3, NaHCO3,



O Malonic acid Method D M0 O NOZ HO NO2 6A 6
Conpound 16 can be prepared foll ow ng the schene bel ow

wG@r@shi@eys 5 from 5-brono- 2- net hyl pyri di ne N- oRCTES20061600954

5- brono- 2- met hyl pyri dine N-oxide is first converted to
Conmpound 35 by treating with an anhydride (e.g.,
aromati c acid anhydri de, acetJ%Sgnhydrlde, or
tri hal ogenated acetic anhydri'de) in an applicable
solvent (e.g., esters, O to Co hydrocarbon solvent,
or KEHnmt NaxCiod, eiGy) ink t&pﬁaxfbtﬁy%térﬁ%ﬁ%ﬁﬁnmgﬁ&qd a
35 is 10 converted to Cbnpougd 3? by treatren w th7an
| wabhed-inimisciblen®ilt@nol , et hanol, propanol,
?sopropéﬁol?:butanols, and pentanol s) at an el evated
tenperature of about 20 to about 80 OC, preferably,
about 30 to about 70 OC, nore preferably about 45 to

' f 37 (with X .
Peing OF) 1o e b T by R o s mine

i . 250~ (20Q4). According to
7 e g e e R S oA e OB B0 1
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a‘'l'eaving

PR LI R s R abla e s R e o enzene, ¢

reagsnt (e 9 | eavin roup reagent. In the

B EaRI, pRiEhe o tdea orerent 481 rom

Hal ogens, esters, sulfonates, and phosphates. 5

Conmpound 37 is converted to Conpound 38 by treating

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

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

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

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

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



phosphite reagent. The phosphite reagent can be
prepared froma dial kyl phosphite or a di aryl phosphite

W@ 200g/0764(RgO) 2P(O H, wherein RO is sel ected fPONUIS2006/000954

10

15

C-Co alkyl, aryl, heteroaryl, and arylal kyl groups)
and a strong base (e.g., netal hydrides, R oLi, and
((Ri0)3Si)2Li, wherein Ro is20 selected fromG to
C o al kyl and aryl groups). Conmpound 38 is converted

| IR0 Aol ST T O SR ATRL LS
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catal yzed using a pall adi um %t alyst, PdL., 15 whergin
L | ILf%and sel ected fram PR s pherein R i%MH
seé@/.tmed F‘?ﬂﬂm—kyl—,’ ar¥l,”alkylaryl7—and™NRj SONa  HO S0gNa
whesGbki R s selected from.al ky?, aryl, and

al kylaryl. Alternately, pall’adium on carbon ("Pd/CB9)

may be used as the catalyst. The preferred |igandsos,

are PPh3, P(o-Tol g, and bi pyridi ne.9 WD 2006/ Q78715

PCT/ US2006/ 00Q954.1.-28 HOOCCF3  (r) @ oN _{VWittig repoeRfy
OOCCF3 Br Br B35 Br 3¢ r X P(O (OR9) ( OR11) 2Method C
P(O(CEt)2 \ N 8~ 1 N-~N(/ F Br 1§r PdLn F 37 38

16

l Malonic acid
(0]

Method D
MeO™ \—. NO, Q
HO/%O/NOZ
6A

6

Y

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

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

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



WD 2006/ 076415 PCT/ US2006/ 000954 -29 The fol | owi ng
illustrates a general schene for the synthesis of

w@ewpouads 11 via the nitro-oxazole route: 0 HETAUSNGR000954
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0O OHOH6 ~JJ 0 NOz t-Bu000l X (R)-Butynol 23 N/ \

N X=SorQor,NH _ 24 HOO 25 0 HO -~NO2N X 6 "J [/ [/

0 1. Solt'/150C 0 HNO2 2. DBl Lindlar/H2 O- | NOz

3. Dynamc crystal. 0O _ HH O XN 22 N/ \ 21

Pd/C/HOHHECOZC OHH2 NHz \NHCO2Et 1. Dilute

Nageluding ahalei@inaddingreagent (dg/, SOClz, SOBr2, PCls, PBrs, PCls, or
PBrs) or another proper leaving group reagent. In the scheme below, X is
a leaving group selected from Halogens, esters, sulfonates, and
phosphates.

Compound 37 is converted to Compound 38 by treating with a
phosphite reagent. The phosphite reagent can be prepared from a
dialkylphosphite or a diarylphosphite (e.g., (RoO)2P(O)H, wherein Ro is
selected from C;-Cjo alkyl, aryl, heteroaryl, and arylalkyl groups) and a
strong base (e.g., metal hydrides, RioLi, and ((R10)3Si)2Li, wherein Rio is
selected from C; to Cio alkyl and aryl groups).

Compound 38 is converted to Compound 16 by reacting with a
fluoroaromatic borate reagent, 3-FCsH4B(OR11)2, wherein Ri: is selected
from a group consisting of C; to Cip alkyls, aryls, heteroaryls and
hydrogen. The reaction is catalyzed using a palladium catalyst, PdLy,
wherein L is a ligand selected from PR’3 wherein R’ is selected from alkyl,
aryl, alkylaryl, and NR”; wherein R” is selected from alkyl, aryl, and
alkylaryl. Alternately, palladium on carbon (“Pd/C”) may be used as the

catalyst. The preferred ligands are PPhs, P(0-Tol)s, and bipyridine.



'~ P(O(CEt)2 N26 27 N16 0 H H Jj NHCO2Et O H H
NHCO2Et | FO O O HOH OOH 14 15 OH H NHCO2Et 1HH
wWORME/07¢H13N0 2006/ 076415 PCT/ US2006/ 000954 - 30PCT/US2006/000954

(R) - butynol may advantageously be protected with, for
exanple, THP. The THP-protected al cohol may then be
permtted to react with a suB8tituted benzothiazol e,

for exanpl e 2-chl orobenzot hi azole, to yield Conpound

23 (where X is S). The reaeidcer, ™y be conducted in a

5 sol vent efgw exanpl an organy ¢ sol vent sy¢h as DWVF,

and in th presence Nase, | for exanple
triethy ne.” Compbu d 123 may fhen Qe bggF
Compound 122 by either |of Ywo routes: t hrlough' Vi nyl

al cohol 5‘5, or through Cdirpound 24. The [ftter route
may be conducted by reagki ng Conpound 23Bwisgh nitro
acid 6 in the presence of 10 an aromatic sol vent such
as, for exanple, toluene, to yield Conpound 24.
Conpound 24 [s sybskquently & BRY, YNdBOR11); P(O)(OEt),
hydr ogenat i op nd| tions,
of hydrogen Anek g L| ndl ar
22. Conpound 2/|s hemTygl ized via|a Difel s-
reaction, fol d py treatfirent with|a bas& to
15 Corrpound P1BrThe| cycl i zalion of 2 itdlgondu
a suitable solvent ~ (e.g., hydrocarbons such a
xyl ene, N net h97pyrro| i di nones

al yst, [t Feld




Di et hyl sul f oxi de, di phenyl ether, Di nethyl acetam de

and the like as well mxtures of 2 or nore thereof),
wa@eooelwsat ed tenperature (e.g., from about 70PCDUSIN0E000954

190C, preferably from about 80 to about 170C, nore 20

preferably from about 100 to _aggout 160C, still nore

preferably from about 120 to about 150C), to produce

a mxture of exo- and endo- isonmers. This mxture is

t r eat ed'hal followrirsg ilhadtt etebasgeriepaLoshpingd fortthe synthesis of

epi meri zation to produce the cis-isonmer (21). Suitable

bas&spbl@dUDE vid e nB¥a@Rheole trbhgd: hyl am ne,

1, 5-di azabi cycl o[ 4, 3, 0] non-5-ene, 1,4 25

di azabi cycl o[ 2, 2, 2] oct ane, aid

1, 8- di azabi cycl o[ 5,4, 0] undeto 80, WO 2006/ 076415

PCT/611$2006/ 000954 31 The { wng il ustrat es a

genet al schene. f orl the syn he§| s of NQ: a
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W@ Roshouayhol is converted to a benzyl ester 28PCTHIS2086/000954
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R7 is benzyl). 5 Compound 28 reacts with the m xed
anhydride of the nitro acid 6 (prepared from®6 and
pival oyl chloride in the preséfice of a tert-anine

base), in the presence of DVAP, to form Conpound 19.

Conpound, 19 .j i 00:

condi 1 1Slg deiglel 8 WEFRabIREhMEE BRRRRN, for eragnpe,

Li ar..,C yst, to.yiel.d.ester. 18, Ester 18 is 1 .

subkG R TRt P i i B Eas t Spaain @

The cyclization 2 03/076415 PCT/ US2006/ 000954 - 32

o St ET heeebipai dos Grediie -sthfe@%ﬁnegt azole, i6 yield

hydr ocar bons_such as . xyl ene, N-nethyl pyrrolidinone,

Di HEd FBATBETS & 15%nﬂhee&eﬁél:19n BRYBEIRPrdtstehinia

and the |like as well mxtures of 2 or nore thereof),

at SOlE¢ 1y deTeerarBRiscqa pganic solyent stgh asMF, 2od i Hbout

230C, preferably, 5 from about 80 to about 170C, nore

priefesenpe ¢f athese Eycwample tristhydemine.1 0@ p@ind R3mmeay then

preferably, from about 140 to about 150C), to produce

a bt xouvatel teLompmtid R0y ekberostwdtistesi xhurwsh ginyl

treated with a suitable base to conplete the

epaloeholz25) ontluigheCampouindn®d. Thedatter 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[4,3,0]non-5-ene, 1,4-

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



descri bed previously. The carbon-carbon doubl e bond
and the nitro 10 group of Conpound 17 may then be

wo edaoadiiinder suitable reduction conditions POI/YSB®0E000954
am ne 20. Suitable reduction conditions may include
contact with a hydrogenation catal yst, such as one
selected from standard nobl e3hetal catalysts.
Miul tiple catalysts may also be used. A preferred
reduct j catal yst i s palladi um on car bon. The source
of 15 iﬁﬁ 6‘3% UskrafistiR GERTYash emsy ior ¢he Eygthesis of
formates, and conbi nati ons thereof. The experi nental
cSreampownd 1di wel thsautioce PRIt  preferred conditi ons,

and one of ordinary skill in the Art can nodlfy t hem
necessary to achi eve the sa r oqj gcts
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(R)-butynol is converted to a benzyl ester 28 (where Ry is ben23;1).

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



(450mL) under nitrogen atnosphere. The resulting
m xture was cooled to a tenperature between -20C and

W0 288076dc¥ ol ein (120 m, 1.74 nol) was then apdEUS2006/000954

slowly in about 3 to 3.5 hours while maintaining the
tenperature between -20C and -25C. After stirring at

the same 10 tenperature for 1lskour, the reaction was
guenched with acetic acid (4 m). The reaction

m xture was warnmed up to roomtenperature and a

sodfut8 i cafdsadd imarstiasblefsolventldy., rydrobdrbmls) sudh as
water (700 m) was slowy added at about 25C After
stiylehs|ON rhethydsyrblidig oae sDenstgNstisxide, diphenyt biger,

m xture was cooled to 10C and stirred for another
houfmethy 1 MWth@iOhhd thadikeivBRhBthRSs dfid bf atdrennapsby), at
dryi ng under vacuum The product was carried to the
nextvaibgReMigeeifre f( Bt esmPdfti Zatd QBoutlb8be:, pretdQnly,
83% 1H NVR (400 MHz,” DMSO-d6) 6 1.41-1.64 (m p2|—|),

1. ¢£6- : :
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tenperature for 30 to 60 mnutes until all solids were
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aqueous | ayer was extracted with nethylene chloride

t vinditions ta yipldiamine i Sedtable reduciiogeeenditiens may include
contact with a hydrogenation catalyst, such as one selected from
standard noble metal catalysts. Multiple catalysts may also be used. A
preferred reduction catalyst is palladium on carbon. The source of
hydrogen can be hydrogen gas, formic acid, formates, and combinations
thereof.

The experimental conditions disclosed herein are preferred
conditions, and one of ordinary skill in the art can modify them as

necessary to achieve the same products.
EXAMPLES

Example 1 - Preparation of 3-(5-Nitro-cyclohex-1-envl)-acrylic acid

(Compound 6) and its Salt:

A. Preparation of Compound 9 from Acrolein



concentrated to give a colorless oil. The product was
carried to next step 10 without further purification.
wOe@bai764859, 86% 1H NVR (400 MHz, CDCl3) 6 ZrOPU2086/000954

(m 4H), 2.58 (m 4H), 4.61 (m 1H), 9.77 (s, 2H). 13C

NVR 6 26.2, 39.9, 86.9, 280 0. C Preparation of

5-Ni tro-cycl ohex-1-enecar bal dehyde: 15 N02 O

Pyrrolidine H /Benzoic Acid HNOZ 0 8 O10 To a

sol ution of ¥:zNitro- hept angdfal (35,2 g, 0.2 nol) iNge

met 281 ori dgHEQ- Nagyas r oMl H

m, 0.024_pol) and bepzoic acid 20 W,H . a HO 504N
refluxed for 10 to

nol ) crgﬁ;'g the resultihg m xture S
15 ours. The reaction8mi xture was cooled to room
tenperature, washed wth 1IN HO (170 m ), saturated
wth NaHCO3 (170 m) and water (170 nl) and
concentrated to give brownish oil with a purity of
abomb BMutiohhsT dotasHIGn WaGrAddd (£ dgt 9.05endfid nidtBRnol
wi thout further purification. WO 2006/ 076415

5 (4582h) 2200 RROQRAmedRing @btn1, 3P 68%nolf 24 1%5%%{0400
MHz, CDC13) d 2.29-2.34 (m 2H), 2.46- 2.64 (m 2H),

(4%%1%5 illg_lbn@é" I%%O&r%hb athszﬁie(rg.} Tfl'él)resgltﬁ% H&tul‘gl)wasgco%%d to

eparation o

a Wg%ﬁ%«gﬁéfekﬁggéob W 1 Js0fC rXérjo‘feiﬁc(ilgO E?'nl(,) 1Fh rr%lhwas

then added slowly in about 3 to 3.5 hours while maintaining the

——p—

temperature between -200C and -259C. 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 suspension for 1
hour, the mixture was cooled to 100C and stirred for another hour.

15 White solid was obtained after filtration and drying under vacuum. The
product was carried to the next step without further purification. Yield:
219g, 83%. 'H NMR (400 MHz, DMSO-d¢) 6 1.41-1.64 (m, 2H), 1.76-1.99

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

20 B. Preparation of 4-Nitro-heptanedial
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Pyridine 10 6 To a solution of
5-nitro-cycl ohex-1-enecar bal dehyde (18g, 0.116 nol)

WO poopPrd4t ne (36 m ) was added nal onic acid (4BRCTUS2006/000954
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0.394 nol). The 10 resulting suspension was heated to
60 OC for about 7 hours. After <cooling to a
tenmperature between 150C and_2)C, 6N HO (72 nml) was
slowy added into the reaction m xture to adjust the
pHto between 1.5 and 2 while maintaining the
tenperature between 200C and 25C. The m xture was

Egigsg*ti%‘aﬁﬁgg%%%'? o 5o ez eliilse g ﬁ%@?ﬁ%ﬁ%ﬁ%&l%
1 48
LR oraog SR 08 n@obflngeefﬁayﬁex%enghles?@siﬁmtv@s added a

sus enS| on was cooled tg OIC and 50C for 1 hour.
WP 8F By oslc agisk @oRe T trapl) prd: sogivsnb Jatﬁabmayqer{é% g

under vacuum Yield: 10g, 60% M 158-160 0C. 1HNWR
( 4006° VrpY) IDPREEHEL)- é“hzz regulting BExiure WAy stllzretﬂsatZQO(Im
2H), 4.96 (m 1H), 5.83 (d, J = 20 Hz, 1H), 6.28 (s,

1#gmppratpre dor 30 40 @m@uteﬁmn’cﬂl@ll solids wekp digsodsredl. eTIZe
- Alternative Method for Preparing
3-organictlapecyek sk ahddihgl dqueatsybyer weas éxtr@otgubwitth 5)
via Wttig Reagent: WD 2006/ 076415 PCT/ US2006/ 000954
- 36etbylénCziveidehsee- (2 ¥400NDD . (Wdhbimged eagadis)wédeQhen
NO2 10 6A To a solution of 10 (67 g, 432 mvol) in 1 L
ofcorethanodd & give @Ccoladesaidile dhkddhodiugt (whdZarmet)toaiext step
the Wttig reagent. The resulting m xture was
a@igtl@é@@%ﬂth%* $¥xrifiesticn N yseld T8Sg, S84 %6E NMH WAER (400 ¥4z, CDCls)
under reduce

8 2.09-2.24 (m, 4H), 2.58 (m, 4H), 4.61 (m, 1H), 9.77 (s, 2H). 13C NMR &

26.2, 39.9, 86.9, 200.0.

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

Pyrrolidine
H H /Benzoic Acid H NO,

10

Y

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
(1.46 g, 0.012 mol), and the resulting mixture was refluxed for 10 to 15
hours. The reaction mixture was cooled to room temperature, washed
with 1N HCI1 (170 ml), saturated with NaHCOs (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.



5 pressure. The residue was extracted wth MeOBu-t
twice. The extract was filtered to renpbve any solid,

wok®heeth4rd t h bri ne, and concentrated. The r esPCIES2086000954

10

15

20

chr omat ogr aphed on a silica gel colum, eluting with
hexane/ et hyl acetate (10/ 1) 59 give 9.2 g cis and
55.1 g (60.4% trans product: |H NVR (CDC13) d 7.31
(d, J =11.3 Hz, 1H), 6.18 (m 1H), 5.84 10 (d, J =
15{i81dﬂ62.2 75%. 14t mvﬁ@g(cm M), C3CF: 3§d(§29321134 ém 2 I\&246-
2.81-2.74 (m 2H) , 2.04 (m 4H). 00

). YD) t I :
t he met hyI est%ueggémmgkgf‘ﬁ??g&n O—lﬁgriiggggﬁzlrlﬂa” gfﬁ s, 1H).
water. To the mi xture at about 5 oC was added
dropwi se 0.96 ml of 50% NaOH. The m xture was all owed
t P wBreparation ©f - (SeNgeo-ayalobeanttenyl) racerliaacidhi s
tenperature for about 24 hrs. The reaction mxture
was neutralized with HOAc to pH between 4 and 5 and
t he nmet hanol was renoved under reduced pressure. The
resi due wag 20 extracted WI%PI—E X 50 m EtQCAc. The
Et OAc | ayell was coplcentrat% Qb WO 2006/ /6415

PCT/ US2006 ©37. give 1 5 g gf ni t Fodeid

806954
(76.5% . Exa3 - Prepar afitign of Conpound 3a:
OH 0.5 eq 3 Si Ph2N N--,\N 0" \ Hex-Li 0
H2SO4 Li 3a0 (R)-3-Butyn-2-of 5

To a solution of 5-nitro-cyclohex-1-enecarbaldehyde (18g, 0.116
mol) in pyridine (36 ml) was added malonic acid (41 g, 0.394 mol). The
resulting suspension was heated to 60 °C for about 7 hours. After
cooling to a temperature between 15°C and 20°C, 6N HCI (72 ml) was
slowly added into the reaction mixture to adjust the pH to between 1.5
and 2 while maintaining the temperature between 20°C and 25°C. The
mixture was then extracted with methylene chloride three times (1X180
ml, 2X90 ml). The combined extracts were washed with 1N HC1 (48 ml),
water (48 ml) and concentrated to a volume of 36 ml. The concentrate
suspension was cooled to 09C and 50C 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): 6 2.10 - 2.33 (m, 4H), 2.73
(m, 2H), 4.96 (m, 1H), 5.83 (d, J = 20 Hz, 1H), 6.28 (s, 1H), 7.27 (d, J =

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

Example 2 - Alternative Method for Preparing 3-(5-Nitro-cyclohex-1-envl)-

acrvlic acid (Compound 8) via Wittig Reagent:




The follow ng procedures can be operated on either the
racem c or the enantiopure starting butyn-2-ol. To a

wa@riosoadisol uti on of sulfuric acid (conc., 40PC/UBIN06/000954

10

15

20

THE (240 nmL) were sequentially added (R)-3 butyn-2-o0
10 (40 g, 0.57 nol) and then hexyl nmet hyl di sil azane
(49.6g, 0.31 nol) at roomtesperature. The solution
was refluxed for 3-4 hours and then slowy cooled to
-400C. The resulting m xture was slowy charged in
hexyllithium (2. 5M in hexane, 249 nL, 0.62 ) while

nai nt ai ni 'y t enper g e abOMO C. Thi s{sol uti on
and a S0 N N@5 di ph,ém leadpanyl i mMd@zo NO,
0,68 mol') i i xed s (1088 L) an

t ol uene (43t were m xed using punps through a
chilled st a{ c nmixer and directly quenched i n6A 5N

sul furic acl d (560 nm., -5C). The quenched sol ution

was waTowedsdlutidh of Hn(b7%g, 432duhol) id 1 befitnethadol at 0 °C was
organi c | ayer was separated, washed with 5N sulfuric
aeidded 831420 gnieB2amehdlhentHeWeigtcaedf) YThe irbgulti2@0miture
each tine). The pH of the final brine wash was
agjassd@ehtb@ 2-07°Qd3 dr§YoNaHEHRRGhaK t@Roved Bnder reduced
organi ¢ layer was then distilled and replaced with

t Preenfre( #A0 rBbitiue s eﬁt@!aé't%ﬂewftﬁll\%(')Bﬁ ﬁ’\ﬁ)ﬁc@dm dfract
hept ane (400nm.) at 85C, cooled slowly to 20C and

f t
S A OO RS P

MBI\ 5k 0 B0, T e s, o
TR AR MG 0D e B LYt

oo R 850, Je 1 20 e ) o
'3l S, 375 B e %%

Pregg a(t)4?n %fH)Corrpound 7a: 02NCOOH

0 0
eO%NOZ NaOH HOK—\O‘NOZ
6

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

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

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



~ O HO 6 0 N0O2 CONPh2 CONPh2 10 3a 7a To a flask
wer e charged sequentially Conmpound 6 (90 g, 0.46 nole)

wapaehod4uene (500 nl). The suspensi on was cool BCI/US2006/000954

10 5

15

20

about 0 C, and N- nethyl norpholine (91 niL, 0.83 nole)

and trimethylacetyl chloride-856 15 nmL, 0.46 nole)

were slow y added whil e keeping the reaction

t enpe ure bel ow e reaction m xture was

a n‘Peaigfj gf‘?frmirol%tﬂga{%ogg/ ‘and assayed for conpletion

of formation of m xed anhydride (< 10% of UB

remains). A solution of 3a (100 g, 0.38 nole) in

toI uene (400 rrL) and THE (220 nL) was added while
SR Prepgueition efpem S3%el ow 5 20 C. This

vvasfollovved by addition of a solution of 4- 0

di met hyl am nopyri di ne ( g, 0.046,mlg)\H*y~THE

m.). The E%/@ HMR& s (agf\t ateedi ato- %iboutﬁpﬁ Cﬂ\*én')"r :

hours un \re’arct"l’on | ettofr X <0.2% EBTenti ns) .

React i on was qtigfithed bySaddi ng a Selution of 2.0 WO ©

2006/ 0TOABSYPET/ US2006/ 000954 -39 N H2SO4 (400 nl), 32

warmed up to 25 C and filtered through a pad of

celite. The | ayers were separated and the organic

| ayer Was foBswag pradedubés ¢2C08 apeiratedom ¢B3ka0thertdcemnoic or

renove excess 6 (<1%of 6 remains). The m xture was

wath b ethanit iolpup8oshia@in gSioh tytni-2rol ( 3@0a stijredf sditiEbadfSulfuric acid

through a pad of celite, and concentrated to about 500

M{cédndah0oval) THF B Qi1 Rvete Bedu8tidfiyadiied NlRR3 butyn-2-ol

(CDC13 400 MHz) 8 7.05-7.35 (m 11H), 6.13 (br, 1H),

gé @57 Jmﬂ) 4Ad tﬁeHZhexgrhﬂlet 1dibilbghne ((@ é’gw 3 1%!)38 at
467 2.62-2.78 (m 2H), 2.58 (br

( %oﬁf"@emﬂer%@uféj THe soﬁlﬁ'&l w%E')reﬂuQ:Qd Ea&a@nul ﬁoérs and then
Preparation of Conpound 2a:

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

NPh,

hexyllithium (2.5M in hexane, 249 mL, 0.62 mol) while maintaining the
temperature at -40 °C. This solution and a solution of
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 5N sulfuric acid (560 mL,
~5°C). The quenched solution was warmed to 25 °C and stirred for 1
hour. The organic layer was separated, washed with 5N sulfuric acid (80
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% NaHCOs3 solution. 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



0 - N2 Lindlar/H2 0 NO2 NPh2 O O NPh2 7a 2a To a

solution of 7a in toluene (200 nL, 50.0 g active,
waisB7¢m®dl ) were charged Lindlar catal yst (2.BCTUS00&5000954

Pd / CaCO3 with 5% Pb 15 poi soned, 1.2 mmol) and

quinoline (1.5 m, 11.6 nmol)_sdhe m xture was

hydr ogenat ed usi ng 100 psi hydrogen at 25-30C until

reaction conpletion as judged by HPLC. After renoval

of tohtealey(80 1Y) hihtthaithoe (30 hil)udne was waplnes drvd i

et hyl al cohol by regulated vacuumdistillation of

abaulcud@Covdih et FoodUet afi@sl theaink ¢ gbuﬁdyﬁzt @444 #Bhr yield
fromethyl 20 al cohol (180 nL) at 40C in the presence

of (1209 BYhuBR) 9689 8 M Tob-oCThE NIEaE ?ogvg%rs Nﬁ@d@’%lm (d,

ovvly cooledto 5 over a period of

St I vva e’déf\/{\f%I}COI @ Htglhgo ﬁ%ﬂ%ﬁfeé%ﬂ d@c:‘]e\:/\gs6 Hz,

dr| in a vac i 2006/ 076415

Crittis0087 0808 a 0! 4%@{%{1 SRS aasEs el b 7060, 96.4,
glve 2a as_a yellow crystalline solid. Yield: 73.7 %

Mp 120381157 HT 128-P NVRO 24 381 26DCE4Y -5 11243, 192.9) =
64Hz 3H), 2.21-2.46 (m 4H), 2.80 (m 2H), 4.71
(m 1H) 5.81-5.92 (m 3H), 6.19 (m 1H), 6.29 (q, J
:64Hz 1H) 728737(m11|—|) 5 Example 6 -

Riszie: gu@el TaH O % N2 10
Ph2N(O)C 2a la C(ANPh2 Into a 2 L 3-neck round bottom
flask was placed 2a (25 g, 0.056 nol) and et hyl
acetate (210 nL). The cd)zﬂtents @Egoﬁti rred until

HO - OJ\/\@/NOZ
)\ )\
AN 3
CONPh, CONPh,
10 3a 7a

U\

To a flask were charged sequentially Compound 6 (90 g, 0.46 mole)

and toluene (500 mL). The suspension was cooled to about 0 °C, and N-
methylmorpholine (91 mL, 0.83 mole) and trimethylacetyl chloride (56

15  mL, 0.46 mole) were slowly added while keeping the reaction temperature
below 5 0C. The reaction mixture was agitated for 1 hour at 0 °C and
assayed for completion of formation of mixed anhydride (< 10% of UB
remains). A solution of 3a (100 g, 0.38 mole) in toluene (400 mL) and
THF (220 mL) was added while keeping the reaction temperature below 5

20 OC. 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 °C for 8-12 hours until reaction completion

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



Compound 2a conpl etely di ssolved. The solution was
washed with 0.25 15 MH2SO4 (75 nL) and with water (3

WO 2006/0md4)5 The organi ¢ phase was concentrat ed RPCTES2006/000954
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20

reduced pressure to about 200 ni, and 1-nethyl-2-
pyrrolidinone (50 nmL) was addegl. The sol ution was

heat ed under distillation node until a tenperature of
145 C was attained. The solution was held at this

t eNThieSal; #@0 fak), Jvdnted Tpeo D ¢ hat flksed abt@es2d J of
roomtenperature, and DBU (0.57 nL, 6.8 nol% was

adetk. The layeek Widre %ﬁgﬁﬁa@&ia&{deﬂlef &rgaiaichlaﬁfeg wWiSwashed with
guenched with 0.1 M H2SO4 (125 nl) and the product

Ve, 8% CIACSRAtbA L Sx SO DKL) ap kAl Re(ckéasdb)(< 1?/31@1“ % rs\rélsz’ains).

organi ¢ phase was washed with water (125 ni) an

t Rt 8okt l@vas%gﬁgér e 29N Q&l} %t%lg%f%gQBb@rmﬂ),mltJQ&

suspensi on was fi WO 2006

PGh{ Q%a@gigéeé}ite,' agr}% %pflgé#ﬁgal%d]pt%daﬁgut%d L. ﬁ@llai Solume.

the sof ution renmal ne solutron  was

- SRR S Y oS A aCTIa 4adhR 4.7 Eigrh 11,
<6 G 3 S5 (8 efi 5 Solion {10 a1 050 T M e ¥ e,
tartlens?216n e ¥ TS Br. e EERBGES AN J 2 eb= otz om0,

about 65 C, and DBU (0.29 ni, 3.4 nmol% was added.
The suspension was slowy cooled to 15 C and held at
U Sk SIRRSL #rbp£ratRn of BombaGnRrggluct was filtered and

washed wth a 2: 1T m xture of 1sopropyl alcohol and
et hyl al cohol 50 nL). 10 19.3 g was ebtai ned upon

drying for 2 _at 50 (9 ; % purity, 17.4 ¢
active, 72. Sf‘l)kzl\@lﬁ/% MJW%%
CDC13): 8 O% H, 1.56 (d, ng.’%, H, 2.03
(m 1H), 2.25-2.&Tm 1H), 2.42-2.53Am,2H),
2.62-2.76 (m 3Hya 2.86-2.91 (m 1H), 2.96-3.00 (m
1H), 4.28-4.36 (m 1H), 4.67-474 (m 1H), 5.42 (br s,
1H), 7.22-7.53 (m 15 1CH).

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

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



Exanple 7 - Preparation of Conpound 13a: OHOHHOMH
HNO2 NH2 ,NHOOOEt O OO0 HF H=F HF CONPh2

wWaEaNRl24CGONPh2 20 la 12a 13a To a three-neck PCEHER2006/000954
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equi pped with an agitator, thernonmeter and nitrogen
inlet were sequentially added jya (100g), THE (600 ni),
10% pall adi um on carbon (50% wet, 35g) and water (400
m ). The m xture WO 2006/ 076415 PCT/ US2006/ 000954 -42
wasitadpiehabh @eel Sieradp@itto ko2 dkeSydllow efstiIEReaIoRiU M Bield:
and then heated to about 50C. Formic acid (70 nml) was

adped @l oW Y 190 1ot hen NRIFORIGY ML, WaSCIipE Nt 88 3&,% = 6.4 Hz,
bet ween 45 and 55C. The reaction m xture "was agitated

forer& mwzs.z;agffé?nﬁ%-.sd\gﬁlea he 7 ﬁ‘f,te 1‘13;; é’.‘@‘f-q.éﬁ?'%g 3%1),

conpl’ete by H t'he reaction m xtur s cool'ed 't

Casro i PR Y S B e T gl o

m xture, which was then filtered through a pad of
Celite to renove the catalyst. A m xed solution of
THE (300 mL), water (300 ml) and 25% H2SO4 (5 nL) was
usEglam@le 6 rsPrepaeatidiask Cantbanidiiyst, and 10 filtered
through the Celite. The conbi ned sol uti on containing
compound 12a was charged back into a clean flask and
the m xture was cooled to below 10C. The pH was
adjusted to about.9 with 25% NaOH (30 nlL) at bel ow
10C and Nad (1500g) was

warmed to 20C K b#o
aqueous phase
t he conbi ned ¢

Into a 2 L 3-neck round bottom flask was placed 2a (25 g, 0.056
mol) and ethyl acetate (210 mL). The contents were stirred until
Compound 2a completely dissolved. The solution was washed with 0.25
M H2SO04 (75 mL) and with water '(3 x 75 mL). The organic phase was
concentrated under reduced pressure to about 200 mL, and 1-methyl-2-
pyrrolidinone (50 mL) was added. The solution was heated under
distillation mode until a temperature of 145 °C was attained. The
solution was held at this temperature for 3.5 h. The solution was cooled
to room temperature, and DBU (0.57 mL, 6.8 mol%) was added. The
solution was stirred for 1 h and was quenched with 0.1 M H2SO4 (125
mlL) 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



organi c |l ayer was cooled to 5C and triethyl amne (56
nm.) was added. Then ethyl chloroformate (23.6 nim)

wor®oadderl sl owly. The m xture was war med to POIZUS2006/000954
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20

stirred for 30 mnutes. After the reaction was 20
judged conplete, 200 m of MMBE and 100 nlL of water
were added to the reaction m xture, foIIovved by the

e Al ma
A T

d 250 m_ wafer was added. at 25 70- 8OC The
ﬂ&a gf‘éa‘”%’éera%fé Wﬂf#ﬂal@@ar%g alGohel by RgseiroRin er
V\g %6/ 076415 PCT/ US2006/ 000954 -43 with seedin
tiogy-t The yglume jof ghe gplutigrowps gdivstedso 22f5m "The
wat er was added at this tenperature and held for 1
heaRution was diliipd wgth egwlsloBo! (dereatiired writh @ead% toluene,
altat ed for an additional 3 hours at 15- 25C and then
€0pnbHudhewabntion wasedowhucameh taabbuh65 °C, and DBU (0.29
et hanol -water. 5 The product was dried at 50-60C to
prol;i 34 mnlo6f Waskidded s diedsy G sionyimelsdlo8l%aolddto 15 °C
188.2C 1HNWR (CDC13) 6 7.25 - 7.55 (m 10 H), 4.89(m
1Ehd Hel8ht(thss tebhperadufiOfcrds hJ FhebpABludzs wadH)lterdd4thd
(brs, 1H), 2.41 (m 2H), 2.25 (m 1H), 2.06 (d, J =
1aBhkid, wizhlle, 2.1 R6xtidte of 1sop1~@p§31 diéohdiHind 31183 al&cﬂﬁﬂ 5(3 mlL).
= 13.5, 6.09, 2.51 Hz, 1H), 1.63(m 1H), 1.52 (d,

518. atfed 7
2H) | % “SSS}L%EE ) =11 n( r%‘ﬂor W ﬂl\}églt(s(DEs(lé 79 2 erE /{%umy ’

it AT A P B el goc-s

510 RO, TH8 @, Hod Bz, BH)! 2.03 (m, 11), 2.25-2.31 (m, 1),

2.42-2.53 (m, 2H), 2.62-2.76 (m, 3H), 2.86-2.91 (m, 1H), 2.96-3.00 (m
1H), 4.28-4.36 (m, 1H), 4.67-474 (m, 1H), 5.42 (br s, 1H), 7.22-7.53 (m,

10H).

Example 7 - Preparation of Compound 13a;

Q o) Q
Y ~NO; Wb NH, W \NHCOOE
of | o | _— |
H:H H:H H:iH
CONPh, CONPh, CONPh,
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



CONPh2 CO2H 15 13a 14a To a 250-nL 3-neck flask
equi pped with an agitator, thernoneter, and a reflux
w@eondenses , were added 10 g of 13a (20.4 mmol ) PErUS20bEZ000954

(50 nlL). To this solution was added an aqueous

solution of 5% (ww sodium hydroxide (50 nL). The
reaction m xture was then heat®d to and 20 agitated at

40 oC for about 4 hours. Wen the hydrol ysis reaction

t ol ue

(i A S G #: b 198t aﬁi ?%L%I%Paeig ﬁrgt:%@? fifen heated
u The as
O3 586 6POR0 dRmic ae Bl bl PAS a%ﬁl\é\gb%‘?‘ﬁlryoﬁﬂg? e

separ ated fromthe, aqueo phase ont ai ni ng product.
ThéCHPEERTIEE prass rb%ifﬁ gL Ee é& - 5@!516 SRS mixture
NaOH sol uti on The conbi ned aqueous sol utions

weMes agitatgd @64tfwucré afi 4 SPoF u diter (thexesption wagigdgad

organi c extracts were 5 discarded. To the aqueous
Ssolcgrirdeteer EFAdddbie acadivemixiHietwascesledtto 2Rear@the pH

m.) and THE (50 nl). The resulting m xture was cool ed

t 0 wiseadjustedta ¢ -2 with 20% B3 d(@bhLor THF4@POmdq weamugdded

solution (about 59 nlL) was added to adjust the pH of

t heo th& reactidn onxture3 whicl? wasatef fileerbd thébudie pad of Celite to

aqueous phase was then separated fromthe organic

phasmoaadhéd @aexdysacA edixetitdol@ticon lof TMF (BOO tilf, Whter (300 ml)

toluene (25 nmL) and THE (50 nL). The organic phase

ane&nar 259 B.3@$ (6 Wl evapabed eslriard tHe flasREoM EdtalydtlEand
(50 nm.). The m xture was then concentrated

102t IERpEE thedl dhy thocalitel i T cHRibshaH §ol€1@fbheé5nt9fmﬁﬁ compound
0.05% by repeated distillations, if necessary

Cr yadm Rhe @H‘é}%é’@ﬁaé@ &okol Nl MK a3l $Re WhikRO Y was cooled to

further isolation 15 and purification (containing 6.

3 TR
m %?ﬁ:ﬁ/ :!1%28 Wﬁcgépfbn%ﬁ%% ’tﬁelz a%l(&!ed.z |=Phe énxt?lre v§as \%armed

to 20°C and two phases were separated. The aqueous 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 layer was cooled to 5°C and triethyl amine (56 mL) was added.
Then ethyl chloroformate (23.6 mLml) was added slowly. The mixture
was warmed to 20°C and stirred for 30 minutes. After the reaction was

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% H2SOa.
The two phases were separated and the organic layer was washed with
200 ml of 12% H2SO4. The organic layer was then concentrated and
azeotropically distilled with 2B ethanol and 250 ml water was added at

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



2.45 (dd, J = 5.64, 11.5, 1H), 2.36 (nethyl in

toluene), 1.83 (m 4 protons), 1.34 - 1.50 (qt, J =
wQ28%/076415 0, 1H), 1.32 (d, J = 5.91, 3H), 1.15rPQDUS2006/000954

1.25 (m 6H), 0.95 - 1.05 (m 2H). Exanple 9 -

Preparati on of Conpound 36: W332006/ 076415

PCT/ US2006/ 000954 -45 OOCCF3 OH N O TFAA N I\/EC]—| m e

;Z)iVEFHSoe:»?da?g S RTeReN {S&w %%Pa.f%l Gooiz e‘?t% 6§°6, 450 mi

5.32 mml% EEtOAc( at C was adde
erﬁWrs‘ga s P@@F&%&ana%wa beld tprgl hpurﬁ Adter cooling

25 whi | e keeping the ten&gdat ure below 50 C.

Af meil t4ve Ce shp ikt wie whs egiateddioriesnaddienal Rthaursvatsl 5-
heated to between 75 and 80 C and stirred for at
| e331C ang. thigp| thegwodiichvasHdterailangr washetl sattedthanol-water.
reacti on conpl eti on when 5-brono- 2- net hyl pyri di ne

5 N- e gwodgcwasdried apddrcOsatbatrovite dreffrivhiteselidd86g,
cool ed below 50 C and MeCH (10.0 ml) was added. The
m Xield:e85ap Mpalt83d21©rHAMMR ¢@BICld) h7 &5 59.55 (m,The H), 4.89(m
sol uti on was concentrated under vacuum and MeOH was
r ewHy,etl shy(bsdil Hpl 400neny 26198 EEC@H) (3189Qbrd,) 11 Nd .41 (m, 2H),
concentrated to a volunme of 30 . To the concentrate
wag, xlded 1t oeoee (d,20= Q(ms)Hz’i@(Ht me;esfd Ut +am.4 1L 0ae4)ed.83
to -10 C over 2 h. The crystall|ne solid was filtered
angiaashed 3,94 ¢ ocolsh 1) uener @wmdrl'fﬁd @Qé‘gdﬂughts 8 Hz, 3H),

under vacuumat 35 C to provide (63%

10 188 (m 936, ﬂWWBJ(%@ﬁQ) 28) ,‘b.éﬁ &,SJ =211 Hz, 1H). MS

(ESI) for M+H calcd. 491 Found: 491.

Example 8 — Preparation of Compound 14a:

WNHCOEt

5%aq NaOH
THF

WNHCO,E

15
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
mlL). To this solution was added an aqueous solution of 5% (w/w)
sodium hydroxide (50 mL}. The reaction mixture was then heated to and
20 agitated at 40 °C for about 4 hours. When the hydrolysis reaction was
judged complete, toluene (50 mL) was added and the mixture was

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



7.49 (d, 1 H, 81 (dd, J =2.3, 2.3 Hz, 1 H, 8.64

(d, J =2.1 Hz, 1 H. 20 Exanple 10 - Preparation of
w@0vpouaes 16: WO 2006/ 076415 PCT/ US2006/ 000954PCFU&06/000954

B(OH2 P(O (OEt) ) OHCL [P(O(CEt)21 1 ~ N N

CFSCO2ZH NN/ F Br Br 36 F 374§8 16 A. Preparation

of 37: A slurry of 36 (10.0 g, "33.Ilmmol) in TBVME (100

m) was treated 5 with 20% potassi um carbonate (20

n )coﬁeéjmﬂgv&@Bygbaﬁae@agtsebgpﬁbdtf%m%@tﬁt@%gpe r&rgas@-

The layers were parat ed and the organic
wa : . I )
At noagHae PHah T | TR ork e, AR B e S R S
Wi t | AL .10 a further. concentrated
unddr BG5BT oS aR St "2 F SRR SRR atums were
was _perfo d to firmithe_renpval . of water. (KF <
0 3R e B SFteP & ot Bho B Rggracts were
dr opw s hionyl chloride (3.2 m, 43.7 mpl) while

ke ?‘"ﬁ‘gg?ﬁe Tt%e%ﬁe‘?cﬁ’tw ﬁ?é\gtiw.%ereadﬁ?é % galvpippixture of
m xt ure s then heated at 45 C for 2 h at which tine
an tﬂ#@é@ﬁ%é&w R TEH &P ednpIThearesuliéng grxtumggvas cooled to
reaction m xture was cooled to 25 C 15 and quenched
wi tistweeR P 10X ey Y (A hedrashintie acideaqusayes salutiendabemt 59
40 C. The reaction mxture was slowy poured into a
m welrwasfddedsto sishii sinihwap P od ahe niixturd fromnd 13otouBeat O to 5
(100 m), stirred for 10 mn and the |ayers were
parti tTioneduedihe phebeigme thehrmpbraied fcomabetarghet phase and
under

10  extracted with a solvent mixture of toluene (25 mL) and THF (50 mL).

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 (CDsCN) § 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:




reduced pressure to a volunme of about 20 ml. A KF was
performed to 20 confirmthe renoval of water (KF <_
w@2@y5/0764B5 Preparati on of 38 WO 2006/ 076415  PCT/US2006/000954
PCT/ US2006/ 000954 -47 To a dry reaction vessel was
charged a solution of lithium bis(trinmethylsilyl)
amde 1.3Min THE (51 m, §% 2 mol ) and di et hyl
phosphite (13 m, 101.6 nmo % whi | e keepi ng the
tenperature under 25 C. The solution was stirred at
25 Cfpr at least 1 h. The PBf&ene 5 solution ou
contaiidmg37 from abgve s addgd over 1 h afid the
m Xbre was stiwged at| 25uéHf or at | east 2
h at{whikh t+me—ar-HPLC assay indicated corfpl efié ©0CCHs *
react ™N6n. Upon conpl efi om¢#t he sqgl ution was nched MeOOCCE;
into 5% sodi um chloride (%0 m ). |The aqueous layer was
extracted with toluen& (50" m ). Fhe combi ned Brganic
| ayer was 10 concentrat edsunder reduced pressthe to a
vol une of about 20 ml. Toluene (80 m) was then added

ot ald %usfﬁ‘i%%ﬁoi 80%%%%@%@%&%@?3 ‘K%ﬂ;%‘él'sﬁibg?ﬁ%-w
i ' < 20 9 . . A
58D ihdractsO iy K U sraided dromins bl armep o

redyced pressure to a volu of about 40 15 nm of
S aabyaRdOghmlop 3 Bk, While aPREGR eI ey 59
Jeaction vessel was charged sodi um carbonate (8 g;
¢5. Afteiths gomplption offthgaadditigRgtha mixtage yas heated to
di ssolved. To this solution were added
between r Spteh PP 6r ard stisngdifof etdeastol b. MABLY asndy 9¥ghe
Pd/ C 50% wet 20 (0.5 g). The tol uene solution of
ngzfpesumglicgefl roattidn cempietioh sinenabtde dmmn?-mbthyhpxitidine
was heated to 75 C for at least 5 h at which tine an
NHPkideassa§%.ndi cat ed conpl ete reaction. Upon
conpletion, the reaction mxture was cooled to 25 C
10 and Uipohesardpletione ti enikhereRed£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-de) 6 4.56 (s, 2 H),

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

20 Example 10 - Preparation of Compound 16:




10

15

20

catal yst. The | ayers were separated and the organic
| ayer was washed 25 and concentrated under reduced

WEe@soUHes t o about 20m . Heptane (20 WD 2006/ OFGELS2006/000954

PCT/ US2006/ 000954 -48 nml)_xgas slow y added, seed

crystals were added, and the m xture was cooled to

- 10thov§rh2 R The crystalline solid was filtered,

washed w t ept ane and dr4 ed overni ght under P(O) (OEY)
at 30 Ao provide 8|g (269 . M| 627 &5, T

J = 7J08 Hz, 3H), 3.42 (s, , 3 s, 1
5 J F A08FPH 2H) | 7. o7 Iii)-(—mr il ,(72

1H), 9932-7.3 (m 1H)L_2.32 -7.36Fm 1H),

(m 1k, 7.81 (ddd, J =]8.08, 2.3 41 Hz, 1H), 8.7

(d, Js3& 2.36, 1H). npl e - Preparation of F
Conpound 23a: OTHP OH #7S}-C 1 S N?10 18

ITZ( R)l-)But%/noI ﬁSa To a flask were added 21g
mol ). of 2-chl orobenzot hiazole chloride, 30g of
A Prqwmtlo&fofz i 2.79 of Cul, 8.4g of Pd(PPh3)4,g 50mil

of Et3N, and_118 m of_T -
i xtih féluxﬁg oLaRrR0d ot IowmeD Ry S0 gl AP kealétf
BB otrRaiBm GaRbaRe (AR PSRRI EUGGES. . roor

extrapted with a mxture of t-BuOwe an exane., The
tengeeTiatuteafperl haLhedletiers WetehsenarpfRel %g tgs QEGHUF ¥ Was

to give an oil. The oil was dissolved in 250mL of .
Wathtandtit meatre dThe TBME G watarEeTgsPEE: DoAImapRheTic
m xture was heated at 50 C for a few hrs. The pH was
arljilistied 41nd hetoveepic Aistilthtorewith atetratrile (kAN ik apde

sol vent was renoved. The residue was chromat ogr aphed

At tReS bohEhtaedanidsmacelum ito g wiltmeRiGA: e xakert Bischer
give 19.7g of 23a (78% . 1H NWR (CDC13) 8 7.98-7.96

(8 peflornfed & dorfdrm the removal of water (KF < 0.2). To the
acetonitrile concentrate was added dropwise thionyl chloride (3.2 ml,
43.7 mmol) while keeping the temperature below 45 °C. The reaction
mixture was then heated at 45 °C for 2 h at which time an HPLC assay
indicated complete reaction. The reaction mixture was cooled to 25 °C
and quenched with water (20 ml) while keeping the temperature below 40
°C. The reaction mixture was slowly poured into a mixture of 20%
sodium carbonate (40 ml) and toluene {100 ml), stirred for 10 min and
the layers were partitioned. The toluene extract was concentrated under

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

confirm the removal of water (KF < 0.2).

B. Preparation of 38



WD 2006/ 076415 PCT/ US2006/ 000954 -49 (M 1H), B
7.45-7.33 (m 1H), 4.82-4.76 (m 1H), 3.43 (d, J = 5.4
woH2006/0F415 1.55 (d, J = 6.7 Hz, 3H). Exanpl e 1PCF/US2006/000954
Preparati on of Conpound 24a: 0 OHO O NOz S + HO NO2
N~1 ~s 23a 6 N/ \ 5 24a The473a_rre procedure for the

preparation of 7a descri bed above in Exanple 4 was

fol l owe i {th 15,9 of 23a to give, after
col um ot 1T Eatr i Vosndt BB iited At Gemet byhiom
7. 9% llﬁ) 7 7?- 77 1H)l, 7.48-7.35 (m.
2i_|) S&T%{etﬁ’x&!m Y ):aipigd_eg ﬁz\’l 1 gl n15_1111!51 (932 mEyol) sn8alidihyl
5. 7: 2y 4,72:4.58 (m 1H), 2.82-2.65 (m 2H),
5 5@1% e(’_h]S 129,1_') ’Ol@_rgp()(l)dwh\lje kegpingthe t3H)perBxaretigder 25
13 o~ Pregparation of Conpound 22a: 0 0 0 NO2
Ui St aﬁ‘ﬁgﬁogxtmwag Sfirsedat 26 °Q for\at 1@st RRa THbtolhene
ane procedure for _the conversion of 7 to 2 (Exanple
52) %\Etl?% CPBiRgIng g?tfmﬂrg ghoymwidigadde®dvert D OANE the resulting
after colum purification, 17g product. 1H NMWR
( Cm@)quswg_s Bgirrer ay 25 °8 #ridt leddt)? hat9Bhic, tie B HPLC assay
Hz, 1H), 7.45-7.37 (m 1H), 7.32-7.28 (m 1H),.7.24
( d indiagedigompifte réasiGon. Upon completion, the solution was
quenched into 5% sodium chloride (50 ml). The aqueous layer was
extracted with toluene (50 ml). 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 *H NMR (< 20 mol%). The toluene solution was then washed with

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

15 ml of Compound 38 solution.

C. Preparation of 16:

[001] To a reaction vessel was charged sodium carbonate (8 g; 75.5
mmol), 30 ml of water and stirred until dissolved. To this solution were
added 3-fluorophenylboronic acid (6 g; 42.9 mmol) and 5% Pd/C 50% wet

20 (0.5 g). The toluene solution of Compound 38 from above was then
added and the mixture was heated to 75 °C for at least 5 h at which time
an HPLC assay indicated complete reaction. Upon completion, the
reaction mixture was cooled to 25 °C and filtered to remove the Pd/C
catalyst. The layers were separated and the organic layer was washed

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



WD 2006/ 076415 PCT/ US2006/ 000954 -50 (dd, J = 11.8,
1.3 Hz, 1H), 6.55-6.40 (m 1H), 6.15-6.08 (m 1H),

w@2®60tddy J = 11.8, 8.2 Hz, 1H), 5.76 (d, J BCIWBSB06/000954

10

15

20

Hz, 1H), (m 1H), 2.80-2.65 (m 2H), 2.46-2.05 (m

4H), 1.50 (m 3H). 5 Exanple g Preparation of

Conpound 2l1a via Diels-Alder B4ction: O OH O NO2 ~
,N02 1. Solt'/150C O=2.DBUHHS S O N6 Lb 22a

21 e [ f
(AL AL M CSAL 90 g S o

InEpQIEIHS - ?‘2 @“"58@% “@%‘ YSHERAL 366l Wad Blcee "B wien
?%%%%%‘3 S peforEghE et i dui dhie, 9(%08 Sgisle 8 & (75%).
Mﬁgﬁ—fﬁ%*ﬁ‘@qﬁgﬂ ?@200%?%%& Gogsmelys gk 18, 4.1 (

E’%é{%&% ?dé%ér %qét t ﬁ%glﬁ?d?’ g%t% %ﬁll%bh:)g%-%ggn7-3 (m
; eﬁﬂi,%a‘)fm’% e Lhhe? 38 TR e 188: Gl cidari 89833, 0.41

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

Example 11 — Preparation of Compound 23a:

OTHP 5
+
/v\ @[N/}—CI /‘\“/
N
THP-(R)-Butynol 23a @

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)4, 50ml of
EtsN, and 118 ml of THP protected (R)-butynol. The mixture was stirred
at room temperature for 18 hrs. Most of the solvent was removed under
reduced pressure. Water was added and the product was extracted with
a mixture of t-BuOMe and hexane. The organic layer was washed with
brine and concentrated to give an oil. The oil was dissolved in 250ml of
MeOH and treated with TsOH for the deprotection. The mixture was
heated at 50 °C for a few hrs. The pH was adjusted to between 7 and 8
with NaOH. Most of the solvent was removed. The residue was
chromatographed on a silica gel column, eluting with EtOAc/hexane to

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



reaction m xture was poured into 10 m of water. The
| ayers were separated and the organic |ayer was

wo®heth4rd t h NaHCO3 and water and concent r at ePCTIRZONG6/000954

10

15

reduced pressure. The resi due4§/vas chromat ogr aphed WO
2006/ 076415 PCT/ US2006/ 000954™ =51 on a silica gel
columm, eluting with Hexane/ EtQAc to give 1.56g of 19a

(%194%1 )WMMVR;@B@@{ 64 éz%% Hl)IJi‘jl gﬁzgﬁz 8 2?9%%‘81}1

5.81 (d,

5. 478468(m1H) 388370
(Hrz[n'S% J %géé%g)(m 4H), 1.57 (d, J = 6.8 Hz, 3H).
5 Exarrpl e 15 - Preparation of Conmpound 18a: 0 0 O NO
Lindlar/H2 ONO2 OBn OBh O O 19a 18a To a 100 m
25 m of tol uene,

0 f Hem, and 0.1 m of
qui nol i ne. The fI ask 10 was evacuat ed 3 tinmes with
nitrogen and vacuumand filled with hydrogen to 20
psi. Thepdl ask was shaken at room tenperature fjor 3.5
hrs. Thelm xture was fiftered through a pad off ceti NO,
and washe i t 3l udde= NOJ t+ate—was-wa
3X30 mM 1IN HE1 /) sel ution an 0 m brine. The | ayefs
wer e sepaes ed the olganic | ayer was dried ove\
MySO4 and concentrated to give 1.36 g (97% of yello
oil. 1HNWVR (CDC13) 6 7.45-7.10 (m 7H), 6.41-6.3P4a

( m 1::g‘he (Guagt?e EBo]cégﬁg% f(%'% I%fﬁggﬁ?o gf gg].df%%bf 'a})%ve in

6@)(‘8_1’1‘11:;]16 Ahlwgd ’foﬂowed St H%l’ng v'v_gth 15 g of 23a to give, after column

purification, 17g of 24a. 1H NMR (CDClg) § 7.99-7.97 (m, 1H), 7.79-7.77

(m, 1H), 7.48-7.35 (m, 2H), 7.31 (d, J = 15.9 Hz, 1H), 6.15 (bs, 1H), 5.80-
5.74 (m, 2H), 4.72-4.58 (m, 1H), 2.82-2.65 (m, 2H), 2.50-2.05 (m, 4H),

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

Example 13 — Preparation of Compound 22a:

o 0
o = NO, Lindiar/H, O)K‘_‘\O'N%
N\ — b
S 07N S
\ -0
24a 22a

The same procedure for the conversion of 7 to 2 (Example 5) was
followed starting from 15g of 24a to give, after column purification, 17g
product. 'H NMR (CDCl3) 6 8.18 (d, J = 8.4 Hz, 1H), 7.98 (d, J = 8.4 Hz,

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



10

15

20 Exanple 16 - Preparation of Conmpound 17a: WO
2006/ 076415 PCT/ US2006/ 000954 -52 O 0 H N2 1.

WG 1E0C 2. DBU O NO2 PHZ O OBn 0 OBn 18a BGHUS2D06/600954

flask were added 0.17 g of 18a and 3 ml of xylene. The
m xture was heated to 150 oGCsfor about 6 hrs and
cooled to between 30 and 35 oC. To the cooled m xture
was added 1.5 m of DBU. The 5 resulting solution was
liddt & blt.8bétdwen 180, a:5G-8300(@,f UH), I6h15-6.08 iy, ), 6100k (dd,
epi merization of the initial trans product at the

V65 3].8,uhetianl H) S.7e (dcif s 15.8dict 1H)T ey @ HMeR 80a2168 @h,
of four isomers generated. The exo:endo ratio of the
Rty 2-48-d€05 (rRAGH) 0N 50w, dut 78: 22 and the a: (3
rati o was about 80:20. The sol vent was renoved under
reduced pressure and the 10 residue was purified on a
silica gel colum to give 0.082g (48% of the desired

exanpsleduct P%x@t@%&q (félrﬁv@uﬂa dhevianIR1LAR Reaction:
TNVR (CDCTS) 6 7 257 52

Exo-1 soner a:[3 mxture):

(m 5H), 551(bs 1H), 5.22- 5.10(m 2H), 4.65 (bs,
1H, a-ison€r), 4.46-4.30 (m 2H), 3.37-3.30 4m 1H),
3. 14- 3. 09

d 5£somar) 2.94-2.89 (ngwoz
2.75-1.75 15 1.12 ¢ donAseech- 1 Hz )
a-isoner); 1.J11 , J = 5.0,H#g, 3H, (3-is
Endo-isorreﬂ@iﬂ&(CDClS)—S—?—&@—?—»so (m 5 N

(bs, 1H) 523\lj=119Hz 1H), 4.60 (d,

11.9 Hz 1H)22 8-4.48 (m 1H), 4.15-4.05 (ma 17y,
3.35-3.25 (M™“@H), 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-The Gafmg ptédedufenforrthe cdnva2sipd, of 20td 1la (BEx5himle 6) was

%(HldWéLd Osr’faﬁlﬁ%g ergm 15'? 34g of 22a. The ratio of exoiendo was
determined by HPLC and NMR and found to be 60:40.

Example 15 - Preparation of Compound 19a:

o)

OH 6 o = NO.
/v\ %
CO0Bn t-BuCOCI OBn
28a ©

19a
To a flask under nitrogen were added 1.48g of nitro acid 6 and 9 ml

of toluene. To this mixture was added dropwise 2.4 ml of Et3N to dissolve
all solid. To the cooled mixture at between O and 5 °C were added 0.9 ml
of pivaloyl chloride and 30mg of 4-dimethylaminopyridine (DMAP). The
resulting mixture was stirred at between O and 5°C for 18 hrs. The
reaction mixture was poured into 10 ml of water. The layers were
separated and the organic layer was washed with NaHCO3 and water and

concentrated under reduced pressure. The residue was chromatographed



Exanpl e 17 - Preparation of Conpound 20: WO
2006/ 076415 PCT/ US2006/ 000954 -53 Oa 0 HH 0 N2

w6310 ' NH2 H = H 0117*~OH p OH 17a 20 HACI/ES1086/000954

10

15

20

flask were added 0.47 g of 17a, 35mL of Et QAc, and

0.51 g of Pt/C. The flask was evacuated with nitrogen
and vacuum 3 tines, filled wsth hydrogen to 100 psi

and was shaken for about 24 hrs as 5 nonitored by NWVR
The mxture was filtered and washed with MeOH  The

f o0 2 Silicagel cobwesn eheting withyHesage A QAGto givgrla§bg of 19a
solid. 1H NWR (Acetic acid-d4) 6 (a:(3 = 78:22)

4.(80%). B8 NMR (CACL)P 78t3-B31 (l.rﬁla 6H}3-6.88rneAB, (n8. YH}), 5.81 (d, J
3 28 (m 1H, a-isoner), (m 3H), 2.20-1.00 (m 104,
1.335(Hz) 1I=I),55.6E!z(q, J3H).8 He, VH),|20Hs, DiHEp3en8-4.68 (m, 1H),
i nvention has been described in conjunction with the
S[8813.¢0dnmhatt)pens 3255 (thoAH), Al5avEel, Jrabys Hz, 3H).
alternatives, nodifications and variations thereof
wi |l be apparent to those of ordinary skill in the
art. Al such alternatives, nodifications, and
V aHsaah hRNES AlFeephRitRMISOCt@pbahl ¥84:hi n the spirit and
scope of the present invention. WD 2006/ 076415
PCT/ US2006/ 000954 -54- CLAIMS What is clainmed is: 1.

A process for preparing Conpound 1: cis® H

o e NO, Lindlar/H, 0" == NO,
N B!

g OBn O~ "0OBn

19a 18a

To a 100 ml Parr flask were added 1.4g of 19a, 25 ml of toluene,
0.14 g of Lindlar catalyst (Alfa Chem), and 0.1 ml of quinoline. The flask
was evacuated 3 times with 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
ml brine. The layers were separated and the organic layer was dried over
MgSO4 and concentrated to give 1.36 g (97%) of yellow oil. 1H NMR
(CDCl3) & 7.45-7.10 (m, 7H), 6.41-6.31 (m, 1H), 6.28-6.15 (m, 2H), 5.90-
5.78 (m, 2H), 5.18 (s, 2H), (m, 1H), 2.88-2.70 (m, 2H), 2.50-2.15 (m, 6H),

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

Example 16 - Preparation of Compound 17a:




N2 OH M~A 5 O~NR5R6 1 said process conprising the
steps of: (a) cyclizing Conpound 2 in a first solvent

wa@eooan7@hevated tenperature 0 0 NO2 10 O NRBERBUR2006/000954

10

15

20

wherein R5 and R6 are each independently selected from
the group consisting of H alkyl, alkenyl, alkynyl,

al koxy, cycloal kyl, aryl, al ky$2aryl, arylal kyl,

het erocyclic and heteroaryl groups, or R5 and R6,
together with 415 the nitrogen to which thgy are

attached, formja 3- to 6-nenbergdheterocydlic a
conpound cont )%@ANCHeter@_a)b@nB, to [@® o"'No2
first m xturesfNex soners trans O H a+g \302~ O
H=Fi O NR5R6 2 ., said isomers having a ¢ oen
trans-[5, 6] -ring-jgyincti on; WO 2006/ 076415 17a

PCT/ US2006/ 000954 - 55- and endo i soner
To a flask were added 0.17 g of 18a and 3 ml of xylene. The

mixture was heated to 150 °C for about 6 hrs and cooled to between 30
and 35 °C. To the cooled mixture was added 1.5 ml of DBU. The
resulting solution was heated at between 30 and 35 °C for 1h to complete
the epimerization of the initial trans product at the [6,5] junction to the
cis product. There were a total of four isomers generated. The exo:endo
ratio of the Diels-Alder reaction was about 78:22 and the a:B ratio was
about 80:20. The solvent was removed under reduced pressure and the
residue was purified on a silica gel column to give 0.082g (48%) of the
desired exo product and 0.025g (15%) of the endo product. Exo-isomer
(a:p mixture): 1 NMR (CDCls) 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),
1.12 (4, J = 6.1 Hz, 3H, a-isomer), 1.11 (d, J = 5.0 Hz, 3H, B-isomer).
Endo-isomer 1H NMR (CDCl3) 6 7.40-7.30 (m, 5H), 5.80 (bs, 1H), 5.25 (d,
j=11.9 Hz, 1H), 4.60 (d, J = 11.9 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,

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

Example 17 - Preparation of Compound 20:




cis OHNX®2 H=HONRRG 29A; 5 (b) epinerizing
said trans-[5,6]-ring junction in Conpound 29 by

WO e@abrags said first mxture with a first baseP€DUS2006/000954

5

10

produce a second m xture conprising cis- [5,61
-ring-junction-nitro-a. isonersdand cis-[5, 6}-ring-
junction-nitro-(3 isonmer of Conpound 30: cis H a+(3
NO, O 10 0 NRBR6 30; and, (c) treating sgu d second
m xture with § Becondqsol vent, causing sai @_}adj somer
of Conmpound 3 pr aejq)i t at e P¥produce 6@ ':1NH2
15 2. The proged cl ai m urther—eonpr ySpuG,
step of treatin / |d second m xture with aéem.pnd
base, resulting |12 a dynam c resolution of sal d
second m xture, dwhi ch said -isoner of Con‘p%fhnd 30

| S convey b &dhrt fadk vRQERIdARH GAMOYN78035a06f BrOAS 18hd 0.51
of Conpound 20 30 is precipitated to produce Conpound

3f PINE, %%Cﬁacssk bs GhatE, t%d WHEHHD éﬂ'agldfx9d<§fum 3 times,

SO vent' 1's selecte fromthe group c nS|st|ng

thﬁ@c? with H?&Méeﬂy{or Pdd Skﬁ%‘?& was shaken for about 24 hrs as

monitored by NMR. The mixture was filtered and washed with MeOH.

The filtrate was concentrate to give 0.29 g of a gray solid. 'H NMR (Acetic
acid-d4) & (a:p = 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).

While the present invention has been described in conjunction with
the specific embodiments set forth above, many alternatives,
modifications and variations thereof will be apparent to those of ordinary
skill in the art. All such alternatives, modifications, and variations are

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



Di et hyl sul f oxi de, di phenyl ether, Di nethyl acetam de,
and m xtures of 2 25 or nore thereof. WO 2006/ 076415
wWEAmLBA006/ 000954 -56 4. The process of cl ai PELPS2006/000954
wherein said tenperature is between about 70 and
about 190 oC. 5. The process o% claim1, wherein said
tenperature i s between 5 abol 480 and about 170 oC
6. The process of claim1l, wherein said tenperature is
be%?bout 100 and about 160 oC. 10 7. The process
of 1, wherein said tenperature is between about
120 and .8. The process of claim1,
wher ei n“;ﬂ%&g{sfcl}ar%g?eo e is selected 15 fromthe group
consi sting of triethylam ne,
1, 5-di azabi cycl o[ 4, 3, Q non-5- ene
1, 4-di azabi cycl o[ 2, 2, 2] oct ane nd
1, 8- di aZabi c’écﬁrfi[:%é,‘sfo@]ﬂfﬁa%ré?g-&@?}1%0,“%(?1&: m xtures of 2
or nore thereof. 9. The procegs of claim1l, wherein
said second solvent is 20 sedected fromthe group
consi sting of ethers, ketong 8% ani des,
sul foxi des, aliphatic hydroCsg aromatic
hydr ocar bons, and m xtures ‘fH 2Hor nore thereof. 10.
5The process of claim1, wherei® $8Rd second solvent is
25 selected fromthe group consisting of xylene,
N- net hyl pyrrolidi none, dinethyl 1acet ani de, DVSO, and
m xtures of 2 or nore thereof. 11. The process of
cl ai m 2, seideprsicass spapssdemthoatedsiof: sel ected from
the group consisting of triethylam ne,
1, 5- di atalbivsliging doRpohmdr2 tn Wiirs0eelvensal sn clevated
PCT/ US2006/ 000954 -57 ene
1, Zedipgzabireycl o[ 2, 2, 2] oct ane, and
1, 8-di azabi cycl o[ 5, 4, 0] undec- 7-
o}

Qo = NO,

10 o} NR5R6

wherein Rs and R 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 Re, together with

15 the nitrogen to which they are attached, form a 3- to 6-membered

heterocyclic compound containing 1-4 heteroatoms,

to produce a first mixture of exo isomers

trans
Q H o+B

NO,
Q,
HEIA

O//\NRSRS
20 29,

said isomers having a trans-[5,6]-ring-junction;



ene, and m xtures of 2 or nore thereof. 12. A process
for preparing Conmpound 2: 0O O NO 5 0 NRS5R6 2

wab@serda1RS and R6 are each independently sel ertBUSIN@M0954

10

15

20

25

the group consisting of H akkyl, alkenyl, alkynyl,
al koxy, cycloal kyl, aryl, alkylaryl, arylalkyl,
heterocyclic and heteroaryl groups, or R5 and RG6,

t oget hahdwritdo isbthdrBe nitrogen to which they are
attached, forma 3- to 6-nenbered heterocyclic
conmpound contai ning 1-4 heteroatons, said process
conprising: (a) converti ng ER) - butynol to Compound 3:
OH CONRSR6 15 3; (b) Ricd

Conpound 4: HO fO NR5R6 4 @“ teacting Conpound
4 with Conmpound 6: O

PCT/ US2006/ 000954 -58- 6

Wgound 3toyield

ONB 221 WD 2006/ 076415
tkbf/\ﬁkgduce Conpound 2.

29A;

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

junction-nitro-p isomer of Compound 30:
cis
Q H o+p

NO,
o
H:HA

o “NRsRs
30;
and,
(c) treating said second mixture with a second solvent, causing said

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

2. The process of claim 1 further comprising the step of treating
said second mixture with a second base, resulting in a dynamic
resolution of said second mixture, in which said B-isomer of Compound
30 is converted to a-isomer of Compound 30, and a-isomer of Compound

30 is precipitated to produce Compound 1.

3. The process of claim 1, wherein said first solvent is selected
from the group consisting of xylene, N-methylpyrrolidinone,
Dimethylsulfoxide, diphenyl ether, Dimethylacetamide, and mixtures of 2

or more thereof.



13. The process of claim 12, wherein Conpound 3 is
prepared by 5 a process selected fromthe group

weonsiai4ifhig of: (a) 0 OH OH XAN, RR5 CH R6 O BCT/NRBRS000954

10

15

20

25

3 OPOPOR5 Li R 3A3B and, (b) 0 OHXAN, RS CH
R6 PdLn/ CuY/base NRGR6 OP O & X N, 5 PdLr,/CuY/base
10 R6 wherein: Pis a protecting group; X is a

| eavi ng group selected fromthe group consisting of

G, Ba, |, TeOgrdRiseofekahd ¢, whegsin shid kethpertlies i€between
fromthe group consisting of PR3 and NR', wherein R

I aboft oot s Bent tbe oar oup consi sting of alkyl, aryl,

5. The process of claim 1, wherein said temperature is between

about 80 and about 170 °C.

0. The process of claim 1, wherein said temperature is

between about 100 and about 160 °C,

7. The process of claim 1, wherein said temperature is

between about 120 and about 150 °C.

8. The process of claim 1, wherein 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[5,4,0Jundec-7-

ene, and mixtures of 2 or more thereof.

9. The process of claim 1, wherein said second solvent is
selected from the group consisting of ethers, ketones, esters, amides,
sulfoxides, aliphatic hydrocarbons, aromatic hydrocarbons, and

mixtures of 2 or more thereof.

10. The process of claim 1, wherein said second solvent is
selected from the group consisting of xylene, N—methylpyrrolidinone’,

dimethyl acetamide, DMSO, and mixtures of 2 or more thereof.

11. The process of claim 2, wherein said second base is selected

from the group consisting of triethylamine, 1,5-diazabicyclo[4,3,0]non-5-



al kylaryl, and R' is selected fromthe group
consisting of alkyl, aryl, and WO 2006/ 076415

wERADEAND6/ 000954 -59- al kylaryl; Y is sel ece@€dU$20061000954

10

15

20

the group consisting of d, Br, 1, and R .. COQ
wherein R'" is selected fromthe group consisting of
al kyl, aryl, alkylaryl, andgylalkyl; and 5 n is
between 0 and 4. 14. The process of claim 12, wherein
Conmpound 6 is prepared by a process conprising: (a)

r eae tli, Agliac ot ilo]2v2 LivtidediGhd 1,8-deazpbisens, Qbjwatidec-7-
inorganic base in 10 a Cl-Cs al cohol to produce crude

Conpoaid nBixtiNeR oftd bk nfbr tBereofb) reacting crude
Compound 8 with a netal bisulfite to produce Conpound
9: N2 HH 15 HO SGB8Na HO SG3Na 9; (c) treating

Conpoupsl, 9 Mint-bcds! BWBEeRriyd copliRmd 2conpound and a
carbonate baSe in a biphasic solvent systemto produce
purified Conmpound 8; 20 (d)oreacting said purified
Conmpound 8 with a secondary Aagi ne an oa car boxylic
acid in a first solvent to r\_d"urr‘pound 10:

0% NRsRs
2
wherein Rs and Rg are each independently selected from the group

consisting of H, alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, aryl, alkylaryl,
- arylalkyl, heterocyclic and heteroaryl groups, or Rs and Rs, together with

the nitrogen to which they are attached, form a 3- to 6-membered

heterocyclic compound containing 1-4 heteroatoms, said process

comprising:

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

CH

BN

CONR3Rs
3;

(b) reducing Compound 3 to yield Compound 4:

H0—<_—\]:O

NRsRg
4; and

(c) reacting Compound 4 with Compound 6:

o

HO)\—R@ NO,



WD 2006/ 076415 PCT/ US2006/ 000954 -60- O H N0O2 10;
and, (e) converting Conpound 10 to Conpound 6. 5 15.

wab®@epracess of claim 14, wherein said i nor ganPCI/bsxe6/000954

10

15

is selected fromthe group consisting of LiOH KOH,
NaOH, Ca(OH)2, Li2COB, Na2TfB; K2CO8, and Cs2CC8. 16.
The process of claim 14, wherein said alcohol is

sel ected 10 fromthe group gonsisting of nethanol,

et hanol , propanol, isopropanol, butanol, sec-butanol,

- I n , octanol, and m xtures of 2 or
&%?%Bgﬁg?gﬁgﬁx%sgP#he process of claim 14, wherein
said | ower al kyl carbonyl 15 compound is sel ected from
t he group consisting of acetal dehyde, acetone,

gl yoxylic ,acid, and gylaxylate, 18. The progess of

0 a0 l5aS BepbedR abRati 48, Whelivni GunpBuRdEs Bupinpared by
fromthe group consisting of NaHSO3, KHSO3, Na2S20%6,
grigrocops Rolsotssl frem thpgrogipransistyne ef ai m 14, wherein

said carbonate base is selected fromthe group

Bhsi sting of Li HOOB, NaHCOB, KHCCB, Li2C0O3, Na2CCs,

and K2CO3. 25 WD 2006/ 076415 PCT/ US2006/ 000954 -61

20. The process of claim 14, whgrein said bijphasic

s@Hvent system ri sgs wateX ald a wat er-li mi sci bl e
%nt%. : Thef ces% M@_ﬂgzl_\m : ere/i'N@%'aj
secondary amne i s N

Li NRsRg

3
~. %P { OoP } /j\(,Rg,
Li

)\\

X~ N
Re
3A 3B ;
and,
(b)
1
OH x~ N OH
)\ R6
X X0
, PdL,/CuY/base
OP 7
X/LkaRf’ PdL,/CuY/base
A Re

wherein:
P is a protecting group;
X is a leaving group selected from the group consisting of Cl,
Br, I, and heterocyclic rings;
L is selected from the group consisting of PR’z and NR”,
wherein R’ is selected from the group consisting of alkyl, aryl,

alkylaryl, and R” is selected from the group consisting of alkyl, aryl, and



5 selected fromthe group consisting of piperidine,
pyrrolidine, piperazine, dialkylamnes, and

waelr@spralikyl am nes. 22. The process of clai m 1BCT/US2006/000954

10

15

20

wherein said secondary amine is pyrrolidine. 10 23.
The process of claim14, wherédn said carboxylic acid
is selected fromthe group consisting of aliphatic

and, aromatic carboxylic acids. 15 24. The process of

cl ; wherein said carboxylic acid is benzoic

acid. 25. The process of claim 14, wherein said first
sol vent! issseleqipd drasy the grewpeoysistinecdnsi Bri hgust R”COO,
CH2C12, chl orobenzene, t- 20 butyl net hyl ether, and

t ovipeniean RV6is Stflectpd doms dheferennicansistingrdradkyl, sayld alkylaryl,
step of converting Conpound 10 to Conpound 6

conpt agdslkyliearsd eps of 1 (a) reacting Conpound 10 with
Ph3P=CHCOORs to produce 25 Conpound 6A: 0 Rao N02 WO
2006/ OtosletREENUB20A6Y.000954 -62- 6A;, and, (b)
hydrol yzi ng Conpound 6A to Conpound 6 by treating
Conmpound 6A with a base catal yst or an acid catal yst:

0 HO N2 5 6,

14.  The process of claim 12, wherein Compound 6 is prepared

by a process comprising:

(a) reacting acrolein with CHzNO:z in the presence of an inorganic base in

a C;-Cg alcohol to produce crude Compound 8:
NO,
H H
0 o)
8;

(b) reacting crude Compound 8 with a metal bisulfite to produce
Compound 9:

NO,

HO  SO3Na HO SO;Na
9;
(c) treating Compound 9 with a lower alkyl carbonyl compound and a
carbonate base in a biphasic solvent system to produce purified

Compound 8;

(d) reacting said purified Compound 8 with a secondary amine and a

carboxylic acid in a first solvent to produce Compound 10:



wherein Rs is O to Co alkyl or arylalkyl. 10 27. The
process of claim 26, wherein said base catalyst is

w@edoent@ds from t he group consisting of al kal i NBCT/US2006/000954

5-

10

15

20

25

hydr oxi de, carbonate, and phosphate bases. 28. The
process of claim 26, wherein said acid catalyst is 15
selected fromthe group consisélng of mineral and
organic acids. 29. The process of claim 14, wherein
said step of converting Conpgund 10 to Conpound 6
conprises reacti ng Conpound 1P with malonic acid in a
second sol vent. 20 30. The C ofNei ai m 29,
wherei n said second sol vent ected the group
consi sting of hal ogenated sol ver aromati c sol vents
and ni trogen-containing solvents. 25 31. The process
of claim29, wherein said segogdqsol vent is selected
fromthe group consisting of pyridine and tol uene. 32.
Thee) RoAGESEOLoRIRNALT0 thubBbusATBRI | STNO the use of
a nitrogen-based catal yst to accelerate the reaction
wherein said nitrogen WO 2006/ 076415 PCT/ US2006/ 000954
63 basggl capal ?fl%ce5§ of ‘éia?ﬁlt f#j \Lﬁ&?ﬂg Igglcgfrf)og*g%%cnl%ase is

consi sting of eri di ne, yr’ro I ne

ISR A Lk AT B0 SYPRBRESoSE. o

F LisCOs, NaxCOs, K2COs, and CsaCOs.

16. The process of claim 14, wherein said alcohol is selected
from the group consisting of methanol, ethanol, propanol, isopropanol,
butanol, sec-butanol, t-butanol, pentanol, octanol, and mixtures of 2 or

more thereof.

17.  The process of claim 14, wherein said lower alkyl carbonyl
compound is selected from the group consisting of acetaldehyde, acetone

2

glyoxylic acid, and gyloxylate.

18. The process of claim 14, wherein said metal bisulfite is
selected from the group consisting of NaHSOgz, KHSO3, NazS20s, and

K2S20s.

19.  The process of claim 14, wherein said carbonate base is
selected from the group consisting of LiIHCO3, NaHCO3, KHCO3, LisCOs3,

NasCOs3, and KoCOs.



11 conprising the steps of. (a) reducing Conpound 1
to Conpound 12 using a noble nmetal catalyst: 0 HH

w0 biME/07@1HF 10 O NRBR6  12; (b) reacting Conpong202&000954
with an al kyl hal oformate to produce Conpound 13: 0 H
H NNHCO2Et O H O NRSR6 15 13;, (c) reacting Conpound
13 with a base to produce Conpound 14: WD 2006/ 076415
PCT/ US2006/ 000954 -64 O HH ,,\NHCO2Et O H- H 0 OH

14;  (d)2@onvens iphgcdsanieidich 14, whetannaeud hig®asic solvent

system comprises water and a water-immiscible solvent.

21.  The process of claim 14, wherein said secondary amine is
5 selected from the group consisting of piperidine, pyrrolidine, piperazine,

dialkylamines, and diarylalkylamines.

22.  The process of claim 14, wherein said secondary amine is
pyrrolidine.
10
23.  The process of claim 14, wherein said carboxylic acid is
selected from the group consisting of aliphatic and aromatic carboxylic
acids.
15 24.  The process of claim 14, wherein said carboxylic acid is

benzoic acid.

25.  The process of claim 14, wherein said first solvent is
selected from the group consisting of CH2Clz, chlorobenzene, t-

20 butylmethylether, and toluene.

26. The process of claim 14, wherein said step of converting
Compound 10 to Compound 6 comprises the steps of:
(a) reacting Compound 10 with PhsP=CHCOORs to produce
25 Compound 6A:

0]

RgO NO,



O HHjJ11JYNHCO2Et O HF 0 H5 15; and, (e)
reacti ng Conpound 15 with Conpound 16 to produce

w@oupouads 11: P(O) (OEt)2 N F 16. 10 34. The PCDTE286/000954

10

15

20

25

of claim 33, wherein said noble netal catalyst is
selected fromthe group consigting of palladi umon
carbon, platinumon carbon, and rhodi um on carbon, or
a mxture thereof. 15 35. The process of claim 33,
wherei n sai@®@adkg] hal oformate is selected fromthe
group consisting of ethylchl orof ormate,

et hyl bfo)iydoolyaire;, CamgoeiklybA dd Ganpeted 636y theptringess
for preparing Conmpound 16 conprising: 20 (a) treating
5 Jomopma2d 6 Withpy badé eetdilystxorden eeidhcamlysanhydri de to
produce Conmpound 35: WD 2006/ 076415 PCT/ US2006/ 000954
-65 OOCCF3 N Br 35; b) treating Conpound 35 with
an al cohol at an el evat ¢d

HO™ N\ NO,

6,
wherein Rs is C1 to Cio alkyl or arylalkyl.
27. The process of claim 26, wherein said base catalyst is
selected from the group consisting of alkaline hydroxide, carbonate, and

phosphate bases.

28. The process of claim 26, wherein said acid catalyst is

selected from the group consisting of mineral and organic acids.

29. The process of claim 14, wherein said step of converting
Compound 10 to Compound 6 comprises reacting Compound 10 with

malonic acid in a second solvent.

30. The process of claim 29, wherein said second solvent is
selected the group consisting of halogenated solvents, aromatic solvents

and nitrogen-containing solvents.

31. The process of claim 29, wherein said second solvent is

selected from the group consisting of pyridine and toluene.

32. The process of claim 29, further comprising the use of a

nitrogen-based catalyst to accelerate the reaction, wherein said nitrogen-



tenperature to produce Conmpound 36: OH (D e NH OOCCF3

5 Br 36; (c) treating Conpound 36 with a | eaving
w@emap7aengent to produce Conpound 37: X N HROI/B8208&000954

(d) treating Conmpound 37 with a phosphate reagent to

produce 15 Conpound 38 or a-sal-t thereof: P(O (OR9)2

N Br 38; and, 20 (e) treating Conpound 38 with

3- FC6HAB(OR11) 2, to produce Conpound 16 using PdL" or

Pdragednoatdps! i§ Aelacte pEpytee 667 Wp 0oBEistingef piperidine,

P(O(OR9)2 NF 16, 5 wherein:

pyrrolidine, piperazine, pyridine, and triethylamine.

33. A process for preparing Compound 11:

H
wN—_—~OEt
o T
- z O
HRH

11
comprising the steps of:
(a) reducing Compound 1 to Compound 12 using a noble metal

catalyst:

QH H

n\N HZ
(0]
H:IA

10 o NRRq
12;

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

0

o~ NHCOE
0

HIA

o7 NRsRs

Compound 13:

15 13;

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



R11 is H Cl to Co alkyl, aryl, or heteroaryl; L is
PR 3 or NR'3, wherein R 3 is selected from al kyl, aryl
w@nwe/0x4ky| aryl, and R' is selected fromthe grOUIPS2006/000954

consisting of alkyl, aryl, and 10 alkylaryl; and nis
between 0 and 8. 37. The process, of claim36, wherein
said anhydride is selected fromthe group consisting

of aromatic acid anhydride, acetic anhydride, 15 and
trihal ogenated acetic anhydride. 38. The process of

claim 36, wherein said al r§-NepLcted fromthe

group consisting of neth
i sopropanol, butanol, sel-

let panol , propanol ,
jtranol , t-butanol,

pent anol, and octanol, and XtHures of 2 20 or nore
t hereof. 39. The process of claim 36, wherein said
tenmperature is between about 145 and about 55 OC. 25
40. The process of claim 36, wherein said |eaving

gr ol coemgeirig Cbmmﬁir&i:l4dof05cﬁﬂgbﬁﬁd arsup  of

consi sting SOC12, SOBr2, PC13,

Br3, PC15, WO

2006/ 076415 PCT/ US2006/ 00@954 ,-67 PBr5, R8000I, and
RsSC2Cl, and wherei n R8 i s)debdetednidogn t he group

consisting of ClL to Cio aPky

jl , and aryl al kyl .

41. The process of claim 36,5 Wierein said phosphate

reagent is 5 prepared from g/St4rong base and

(ROO)2P(O H, wherein RO is selected from the group

gonsi sting of Cl1-d o al kyls, i?ygﬁd het eroaryl s, and
'C

arylal kyls. 42. The process o

aim4l, wherein said

et S o st E 8 bt ol i 16, o ertdrapand 11
Riois sebpgbgygd fromCl to G o alkyl and aryl groups.

43. The process of claim36, wherein Rii is H 44,
The pro s of Claim36, wherein L is PPh3.

10

15

20

F
16.

34.  The process of claim 33, wherein said noble metal catalyst is

selected from the group consisting of palladium on carbon, platinum on

carbon, and rhodium on carbon, or a mixture thereof.

35.  The process of claim 33, wherein said alkyl haloformate is
selected from the group consisting of ethylchloroformate,

ethylbromoformate, and ethyliodoformate.

36. A process for preparing Compound 16 comprising:
(@) treating 5-bromo-2-methylpyridine N-oxide with an

anhydride to produce Compound 35:



15 45. The process of claim 36, wherein n is between 0
and 4. 46. A process for preparing Conpound 17: OHO
w@RhooMIEE1s O - OR7 20 17, said process conpri siPQI/Uk®06/000954
steps of: (a) cyclizing Conpound 18 in a first sol vent

at an elevated tenperature WO 2006/ 076415

PCT/ US2006/ 000954 -68- OO - N&Z O OR7 18 wherein
R7 is selected fromthe group consisting of H, alkyl,
al kenyl , al kynyl , al koxy,o@geHzoal kyl , aryl, alkylaryl,
aryl al kyl, and 5 hetergaryl groups to produce a first
m xture conprising a MR of the exo isoners of
Compound 17A: trans O cJ02 O 4" OR7 10 17A and a
and (3 of the endo iso Bl[s of Compound 17B: OMH

35;
(b)  treating Compound 35 with an alcohol at an elevated

temperature to produce Compound 36:

OH

@ e
I “NH OOCCF3
F

5 Br
36;

(c) treating Compound 36 with a leaving group reagent to
produce Compound 37:
X
N
| Z
10 Br
37;
(d) treating Compound 37 with a phosphate reagent to produce
15 Compound 38 or a salt thereof:
P(O) (ORg)2
)
&
Br
38; and,
20 (e) treating Compound 38 with 3-FCeH4B(OR11)2, to produce

Compound 16 using PdL, or Pd/C:



N2 OH? H OORS 17B, 15 said isoners of Conpound
17A having a trans-[5,6]-ring junction; (b)
we@piogerd4rs ng said trans-[5,6]-ring junction of PADDRIOEIEH0954
17A by treating said first mxture with a first base
to produce a second m xture conprising cis-[5,6]-ring
junction-nitro-a isomer and ciséq=5,6]-ring 20
junction-nitro R i soner of each Conpound 17C and
Compound 17ﬁbé$§5 OHa+(3 N2 H=Fi 0 OR7 WO
PCT/

2006/ 0764
treati ng—s8i
causi ng '

2006/ 000954 -69 17C, and, (c)
d second m xture with a second sol vent,
5 a-isoner of Conpound 17C to

preci pitafe to produce Conpound 17. 47. The process of

claim 46
second
dynami c

FUrther conprising the step of treating said
ure with a second base, resulting in a
esbl ution of said second mxture, in which

said (3-isomer of Conpound 10 17C is converted to
a-isomer of Compound 17C, and a-isomer of Conpound 17C
i s preci pl®ated to produce Conpound 17. 48. The
process of claim46, wherein said first solvent is

sel ect edwhexait he group consisting of xyl ene,

N- et hyl pyrrol i di none,

10

15

20

25

Ri1is H, C1 to Cio alkyl, aryl, or heteroaryl;

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

n is between 0 and 8.

37.  The process of claim 36, wherein said anhydride is selected
from the group consisting of aromatic acid anhydride, acetic anhydride,

and trihalogenated acetic anhydride.

38.  The process of claim 36, 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.

39. The process of claim 36, wherein said temperature is

between about 45 and about 55 °C.

40.  The process of claim 36, wherein said leaving group reagent

is selected from the group of consisting SOClz, SOBr3, PCls, PBr3, PCls,



15 Di net hyl sul f oxi de, di phenyl ether, and
Di met hyl acet am de, and m xtures of 2 or nore thereof.

wa@2006/0a1pr ocess of claim46, wherein said tenper/as290€000954

is between about 70 and about 190 O0C. 20 50. The
process of claim46, wherein s%%cé tenperature is
bet ween about 80 and about 170 51. The process of
clai m 46, wherein said tenperature is 25 between

abdiBrs 1 BeCa, ahd RsSBO1,Und GherdiReRPIOSASS AT dthal
46, wherein said tenperature is between abgutr128£hg1r%oup

abaohsihg0ét CY 2O0SNGT 641D RATAHP2MAPP/ 000954 - 70
53. The process of claim4b,” wher€in Said first base
is selected fromthe group consi sting of

triet hyham neghelpry | [
1, 4-di azabi cycI61If chégépgg%ﬁée@ \ﬁh%e@l ggﬁ&ms&law reagent is

51, §reba%bir6HCh %[;r%n kg#nﬂ?c? 750 g%ﬂ%&{ mﬁ1])1§1t4 : 5 seqected from

15

20

or nore thereof.

wh d h
or o ok |Cg?|§%%%%fd0fscﬁléoﬁo %lkyf‘emg CRfLoSHIE A petstions

xyl ene, and N-rret hyl pyrrol i di none, and mi xtures of 2
or more,hher 10 55._.The pr.ocess of cl|aim46
wher ei n éal d secporrﬁ’ﬁeSé,so?{/‘élf‘ﬂm‘{s1 Vgl'é?r&?t 831 $t5eRg hase is selected
nS| Sti n of et hanol , ethanol  propanols, and
bu? anol eg}Z?/lll}%r‘f ns tlf’?@t‘?? SgﬂimfiF’&eﬁoR@Llaﬁ%ﬂ R0 ePided A,
t her The process of claim47,

rﬁmsngiodlssst?&?ﬁ#gg 5‘5’%’% qlsto Goladkyleand psyh grhupgr oup

conS|st|ng of triethylamne; 1, 5-
di azabi cycl o[ 4, 3, 0] non-5-ene
1, 4- di a%@bi cyBEII2CESDYipdam@s, Wigsrein Ri1 is H.

44.  The process of Claim 36, wherein L is PPhs.
45.  The process of claim 36, wherein n is between O and 4.

46. A process for preparing Compound 17:

Q H

H:IA

7 OR,
17,
said process comprising the steps of:

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

temperature



di azabi cycl o[ 5, 4, Q undec-7-ene; and m xtures of 2 or
nore thereof. 20 57. A process for preparing Conpound

WA B006/0W4INO2 O ORS 18, wherein R7 i s sel ect edPET/O820061600954

10

15

20

group consisting of H, alkyl, alkenyl, alkynyl,
al koxy, cycloal kyl, aryl, alkylaryl, arylalkyl, and
25 heteroaryl groups, WO 2006/076415 PCT/ US2006/ 000954
-71 said process conprising the steps of: (a)
converting (R)-butynol to Conmpound 28: OH COOR7 28,
S wherein R7 is selected frogrihe consi sting of
H, al kyl, al kenyl, al kynyl, cytl oal kyl, aryl,
al kylaryl, aryl al kyl, and heter groups; (b)
reacti ng Conpound 28 with Co pe, 6: 0 HOAI-0 NO2
10 6 to produce Conmpound 19: 0 N0O2 OR-, O

18

wherein Ry is selected from the group consisting of H, alkyl,

alkenyl, alkynyl, alkoxy, cycloalkyl, aryl, alkylaryl, arylalkyl, and
heteroaryl groups

to produce a first mixture comprising a and B of the exo isomers of
Compound 17A: |

trans

o]
H O+
: Ro,
(o]
H:H
o OR,
17A

and a and B of the endo isomers of Compound 17B:

QH

NO,
o}
H:H

O//\OR7
178,

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

(b) epimerizing said trans-[5,6]-ring-junction of Compound 17A by
treating said first mixture with a first base to produce a second mixture
comprising cis-[5,6]-ring-junction-nitro-a isomer and cis-[5,6]-ring-

junction-nitro B isomer of each Compound 17C and Compound 17B:

cis
@] H o+p



19; and, (c) reducing Conpound 19 to produce Conpound
18 0 ONO2 15 0 OR, 18. 58. The process of claim
w6 Igosih@iei n Conpound 6 is prepared by a procBSEUS2006/000954

conprising: 20 (a) reacting acrolein with CH3NO2 to
produce Conpound 8: WO 2006/ 076415 PCT/ US2006/ 000954
-72 N2 HH 00 8; (b) reacdang Conpound 8 with
Na2S2C6 to produce Conpound 91 NO2 H H HO SO3Na HO
SO 3Na 5 9; (c) reacting Conpound 9 with an acid to
produce Conmpound 10: 0 H N02 10; &d€; (d) converting
Compounghd0 to Conpound 6. 10 59. The process of
claimb58, wherein said acid is gl yoxylic acid. 60.
The process of claimb58, wherein the step of

conver t(icﬁﬂ"eating said second mixture with a second solvent, causing said

5 a-isomer of Compound 17C to precipitate to produce Compound 17.

47. The process of claim 46 further comprising the step of
treating said second mixture with a second base, resulting in a dynamic
resolution of said second mixture, in which said B-isomer of Compound

10 17C is converted to a-isomer of Compound 17C, and a-isomer of

Compound 17C is precipitated to produce Compound 17.

48. The process of claim 46, wherein said first solvent is
selected from the group consisting of xylene, N-methylpyrrolidinone,

15 Dimethylsulfoxide, diphenyl ether, and Dimethylacetamide, and mixtures

of 2 or more thereof.

49, The process of claim 46, wherein said temperature is
between about 70 and about 190 °C,

20
50. The process of claim 46, wherein said temperature is

between about 80 and about 170 °C.

51. The process of claim 46, wherein said temperature is

25 between about 100 and about 160 °C.

52. The process of claim 46, wherein said temperature is

between about 120 and about 150 oC.



Conmpound 10 to Conpound 6 conprises reacting Conpound

10 with 15 malonic acid. 61. The process of clai m58,
wob@serais he step of converting Conpound 10 tBCT/US2006/000954

Compound 6 conprises reacting Conpound 10 with Wttig

reagent. WO 2006/ 076415 PCT/ US2006/ 000954 -73 62. A

process for preparing Corrpound7QLl: OHHH O %\rCet

O H'" HINF 11 conprising: 5 (a) reducing Conmpound

17 to DEQQUCGI‘EQCgPG’éng éﬁ %631{%4@0{[?}3%618@%% ﬁ?ﬁt(ﬁﬁsﬁz%; selected

(b) converting npoun (1 Sun N

" NIHGK = F i ORS 10. 14: .C). nyertin =

Conp our%e filﬂtl]% C&%ﬁ%g?; dofitgl:eahylam rie; f,% g1azafo1cg'clo[4,3,0]non 5
ene 1,4-diazabicyclo[2,2,2]octane; and 1,8-diazabicyclo|[5,4,0Jundec-7-

ene; and mixtures of 2 or more thereof.

54. The process of claim 46, wherein said second solvent is
selected from the group consisting of alcohols, ethers, ketones, esters,

xylene, and N-methylpyrrolidinone, and mixtures of 2 or more thereof.

10 535. The process of claim 46, wherein said second solvent is
selected from the group consisting of methanol, ethanol, propanols, and

butanols, xylene, N-methylpyrrolidinone, and mixtures of 2 or more

thereof,

15 56. The process of claim 47, wherein said second base is
selected from the group consisting of triethylamine; 1,5-
diazabicyclo[4,3,0]non-5-ene 1,4-diazabicyclo[2,2,2]octane; 1,8-

diazabicyclo[5,4,0lundec-7-ene; and mixtures of 2 or more thereof.

20 57. A process for preparing Compound 18:

o)
Q == NO,
)’z
07 OR,
18,

wherein Ry is selected from the group consisting of H, alkyl

alkenyl, alkynyl, alkoxy, cycloalkyl, aryl, alkylaryl, arylalkyl, and
25 heteroaryl groups,

H



O HHO ""NHCOZEt HFi 0 H 15; and, (d) converting
Conpound 15 to Conpound 11. WD 2006/ 076415

wWEAmLB2006/ 000954 -74 63. The process of cl aPer/622006/000954
wherein the step of converting Conpound 15 to
Compound 11 conprises reacting fanpound 15 with
Conmpound 16: P(O(CEt)2 N F 5 16 to produce Conpound
11. 64. The process of claim63, wherein Conmpound 16
i s prepamseitl phyceas poogessngdhpstepsgf: e OOCCF3 N
TFAA N MeOHe e ->1 NHOOCCF3 Br Br 35 Br 36
B( Otd) 2o etk (R)2bupinoP (ot faiyrit] B8:

OH
X
COOR;
28,

5 wherein Ry is selected from the group consisting of H, alkyl, alkenyl,
alkynyl, alkoxy, cycloalkyl, aryl, alkylaryl, arylalkyl, and heteroaryl
groups;

(b) reacting Compound 28 with Compound 6:

0

HO% NO,

10 6

o)
o = NO,
)’X
o ~OR

19; and,

to produce Compound 19:

(c) reducing Compound 19 to produce Compound 18:

0
OJ‘E\O,NOZ
P!

15 0~ "ORy

18.

58. The process of claim 57, wherein Compound 6 is prepared
by a process comprising:

20 (a) reacting acrolein with CH3NOz to produce Compound 8:



NNI FBr Br 10 37 38 16 65. A process for
preparing Conpound 21: O H,N02 OHF ,X N21 WO
WQ2D6NDAEX 15 PCT/ US2006/ 000954 - 75 conpri si ngPCT/US2006/000954

cyclizing Conpound 22: O O N02 O ~X 41, N/ \ a 22
wherein X is selected fromthe gyroup consisting of S,

O, and NHA 5 66. The process of claim®65, wherein the
cyclization is conducted at an el evated tenperature,

and then a base is added. 67.NOfhe process of claim 65,

wherein said base isysel ected from the group
consi sting of organic,f norganic, organonetal lic
bases. o 0

8;

(b) reacting Compound 8 with NasS20s to produce Compound 9:

NO,

HO SOzNa HO SO;Na
5 9;
(c) reacting Compound 9 with an acid to produce Compound 10:

0
NO,

10; and,
(d) converting Compound 10 to Compound 6.

10
59. The process of claim 58, wherein said acid is glyoxylic acid.

60. The process of claim 58, wherein the step of converting

Compound 10 to Compound 6 comprises reacting Compound 10 with

15 malonic acid.

61. The process of claim 58, wherein the step of converting

Compound 10 to Compound 6 comprises reacting Compound 10 with

Wittig reagent.



68. The process of claim67, wherein said base is

sel ected from the group consisting of triethylam ne;
wa 200640di4ez abi cycl o [4,3, 0] non- 5-ene; PCT/US2006/000954

1, 4-di azabi cycl o[ 2, 2, 2] oct ane; and

1, 8-di azabi cycl o[ 5, 4, O] undec-7-eng3 . 15 69. A process

for preparing Conpound 21, conprising: (a) converting

(R -butynol to Conmpound 23: OH X N/ \ 23, 20 (b)

reacting CBApoundAZ3oggsshiocprppariae Songpoued id2 WO

2006/ 076415 PCT/ US2006/ 000954 -76 6; to produce

Conpound 24: 0 N0O2 IX N/ H244 5 (c) reducing

Compound 24 to Conpound 22: \N~ﬁ»NEt/ \ 22

o}

and, °

11

comprising:

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

QHy H
[v]
HIf
O//-\OR7

20;

(b) converting Compound 20 to Compound 14:

QH H
H A
O//\OR7

10 14,

(c) converting Compound 14 to Compound 15:

QH H
o;\:m"'wcoza
HEf
o H

15; and,

(d) converting Compound 15 to Compound 11.



(d) cyclizing Conpound 22 to produce Conmpound 21,

wherein X is selected fromthe group consisting of S,
w@200a0th4NH. 10 70. A process for preparing Copr@DUSIH06/000954

21: H NO2 0 PHZN / \ 21 conprising: 15 (a)

converting (R)-butynol to Comp@dnrd 23: OH X N/ \ WO

2006/ 076415 PCT/ US2006/ 000954 -77 23; (b) reduci ng

Corrpoun roduce und 25: HO N X 0 25
g (c) % gt i ngh%ﬂlfﬁ j 22 o %le?nfdle(sstep@f cpaveing
roayc oun
éomBounH 1e5 to r(E%mpouncl 11 comprises reacting Compound 15 with
Compound 16:

P(O)(OEt),
N
. 1]

F

to produce Compound 11.

64.  The process of claim 63, wherein Compound 16 is prepared

by a process comprising:

. OOCCF,
® OH
.0
| SN-Y TFAA | SN MeOH 6o
A T P — [ “NH00CCF
35 Br 36
_ P(O)(OEt
[ P(O) (OEt), 7 FOH) (O)OE:
N
N
— || N — ] °N F | =
= F —_—
Br Br
- - F
10 37 38 16

65. A process for preparing Compound 21:

QH

\NO,
0
HIA

O/\NTX@

21



O N2 0 X N/ \ 10 22; and and cyclizing Conpound 22
to produce Conpound 21, wherein X is, selected from

Wo b@sgraup consisting of S, 0, and NH. 71. ThePQ@I/USE8&000954

of claim 70, wherein Conpound %IS prepared 15 by a
process conprising: (a) reactl a acrolein with CH3NO2
to produce Conpound 8: HOO 8, W

20 QQ% -78 (b) reacting
@%xﬁ%ﬁi&%@\ﬁ?ﬂ&%@@%&o produce Compound 9: NO2 H

H HO SO03Na HO SO 3Na 9; (g) reacting Conpound 9 with
an acid to produce Conpound/l10: O HNOX2 5 10; and,
(d) converting Conmpound 100{10%}%@0'86 6. 72. The
process of claim 71, vvhere)ﬁiarl cidis glyoxylic
acid. 10 07N X

O

22

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

66.  The process of claim 65, wherein the cyclization is

conducted at an elevated temperature, and then a base is added.

67. The process of claim 65, wherein said base is selected from

10 the group consisting of organic, inorganic, and organometallic bases.

68. The process of claim 67, wherein said base is selected from
the group consisting of triethylamine; 1,5-diazabicyclo[4,3,0]non-5-ene;

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

15
69. A process for preparing Compound 21, comprising:
(a) converting (R)-butynol to Compound 23:
OH
= X
O
23;
20 (b} reacting Compound 28 with Compound 6:

0}

HO)\mNOZ



73. The process of claim71, wherein the step of
converting Conpound 10 to Conpound 6 conpri ses
w0 e@ed7ags Conpound 10 with malonic acid. 15 7BCT/Ukm®06/000954

process of claim 71, wherein the step of converting
Compound 10 to Conpound 6 conprisggs reacting Conpound
10 with Wttig reagent. WO 2006/ 076415
PCT/ US2006/ 000954 -79 75. A process for preparing
Conpound 11: O H H "NHCO2Et H Fi6N F 11 conpri sing:
5 (a) reducing Conmpound 21 to produce Conpound 26: H
H NH2Zo @rotibice Gomypoudd 24: 26; (b) converting Conpound
26 to Compound 27: OHHJINHCO2EE OHFi OX N/
\ 0

o = NO,

N

5 (¢} reducing Compound 24 to Compound 22:

22; and,
(d) cyclizing Compound 22 to produce Compound 21,
wherein X is selected from the group consisting of S, O, and NH.

10
70. A process for preparing Compound 21:

o)
H NO,
O O
HIA
Y-
e

21

comprising:

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



10 27; (c) converting Conpound 27 to Conpound 14: O
HH ONHCO2Et O -0OH 14; (d) converting Conpound 14 to
w@ovpouads 15: WO 2006/ 076415 PCT/ US2006/ 000954PCF/882006/640954

HO 'NHCO2Et H MRH 0/-H 15; and, (e) converting
Compound 15 to Conpound 11. 5 76. The process of claim
75, wherein the step of convertihg Conpound 15 to
Compound 11 conprises reacting Conmpound 15 with

Compound 16: P(O (OEt)2 N F 16

0 to produce

1
Compound 11. 77. The process ofzé’ain176, wherein

Cowrr:@)fu ne%,%?%%&%&ﬁgéar |ga_’fk())y1(r% rcg CCeoSrrslpgSgg r2i58:i ng- €

5

10

15

HO><=fO
‘s

N7 X

25;
(c) reacting Compound 25 with Compound 6:

o)

HO% NO,

to produce Compound 22:

22; and
and cyclizing Compound 22 to produce Compound 21,

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

71. The process of claim 70, wherein Compound 6 is prepared
by a process comprising:

(a) reacting acrolein with CH3NOz to produce Compound 8:



NH OOCCF3 Br Br Br B(O)2 P(O(CEt)2 C P(O (Cet)2

N N-~1 N(LF Br Br F 15 78. The process of claim
waoeharei n the step of WD 2006/ 076415 PCT/US2006/000954

PCT/ US2006/ 000954 -81- 0 xAN, R OH OP 3B R6 \ \ O

Li 3A 3 NR5R6isarow—through7 step in which _
Conpounds 3A and 3B are indivi dual | y contained in
react ant streans, which streans are conbined 5 near

t he(H) rbaéting ConRveRad 8aH 1RWES b ggg@;@ @%91 OHII?C?B‘

through a static mxer. 79. A proc parin
Conpound 2: 0 O NO2 10 ON#PR6 2

H H

HO  SOgNa HO 'SOs;Na
9;

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

0
" NO,
5
10; and,
(d) converting Compound 10 to Compound 6.
72. The process of claim 71, wherein said acid is glyoxylic acid.
10
73.  The process of claim 71, wherein the step of converting
Compound 10 to Compound 6 comprises reacting Compound 10 with
malonic acid.
15 74. The process of claim 71, wherein the step of converting

Compound 10 to Compound 6 comprises reacting Compound 10 with

Wittig reagent.



wherein R5 and R6 are each independently selected from
the group consisting of H, alkyl, alkenyl, alkynyl,
wa@bkdenyd1tycl oal kyl , aryl, al kylaryl, aryl al KyPCT/US2006/000954

het erocyclic and heteroaryl groups, or R5 and RG,
together with the nitrogen to 15 ich they are
attached, forma 3- to 6-nenbered heterocyclic
compound contai ning 1-4 heteroatons, said process
conprising:7s.(a) [ - ound 3:
o consre 5 a8 ?g%/&:stgaf@?}oﬁ aéo%%ﬁ%&’ oyd PP
Conpound 6 to yield Conpognd 7; 0O HO NO2 WO

9h4 SNHEO,BiNd, (C)

reduci ng Conpound 7 to p .npound 22 0 N 50
NRSR6 7. 10 80. A conpoundq@fg any of the follow ng
formulae: 2 O H,\NOQ2 O Hr OHNOOOO HHHH
HH ORORL ORLaa OH\2QH

|

A

11

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

QH H

NH,
O 0
HZH «
oY
0
26;

(b) converting Compound 26 to Compound 27:

o)
N \NHCO,E

10 27;

(c) converting Compound 27 to Compound 14:

HEIA

14;

(d) converting Compound 14 to Compound 15:



N2 N2 OO0 OHHRTR 1 and O1 a, wherein R is

sel ected fromthe group consisting of OR2 and NR3R4,
w@anwe/01d31R2, R3 and R4 are each independent |y Bel/E810861000954

fromthe group consisting of H alkyl, alkenyl,

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

aryl al kyl, and heteroaryl groubé.'Sl. A conpound of

either of the following fornulae: OO0 O NO2 O NO2 20

O RL and ORL wherein Ri ispselegcted fromthe group

consisting of OR2 and NR3R4 6/ 076415

PCT/ US2006/ 000954 - 83 andi%%EfEé?inmﬁﬂ are each

i ndependently selected fro t/gﬂgroup consi sting of

H, al kyl, alkenyl, alkynyl, atktxy, cycloal kyl, aryl,

al kylaryl, arylalkyl, and heteroaryl groups. 5 82. A

conmpound of any of the foll ow ngsfanaulae: 0 H NOZ O
HyNO2 OHNO®Z OH N2 OO0OOO HHH H M1 ~NR5R6

0 NRiRonvBRHRE COnihiRd 16 td tbmbdHEd 11.

10

15

76. The process of claim 75, wherein the step of converting

Compound 15 to Compound 11 comprises reacting Compound 15 with
Compound 16:
P(O)(OE),

9

N

16

to produce Compound 11.

77.  The process of Claim 76, wherein Compound 16 is prepared

by a process comprising:

OOCCF;
° 0 Traa on
\ -
I N I \N MeOH ® e
= -  — I “NH OOCCF;
Br
_ - P(O)(OEt),
g P(0) (OEY), | O
A N
— ) F P
o & —_—
Br Br
- - F

78. The process of claim 13, wherein the step of



OO0 HH ,\NHCO2RIO H O 0 NR5R6 12 , and 0O NR5R6
wherein R5 and R6 are each independently selected from
wWo b@egra@aup consisting of H al kyl, al kenyl, aP&yng1006/000954

al koxy, cycloal kyl, aryl, alkylaryl, 10 arylal kyl,
het er ocycl i ¢ and heteroaryl gr% ps, or R5 and R6,
together with the nitrogen to ich they are
attached, forma 3- to 6-nenbered heterocyclic
conmpound contai ning 1-4 heteroatons, and wherein Rio
is selected fromGC to QJbailskyl and gpyl groups. 15
83. Ac Bund of either rhe fol |l owlng forrrul ae:. O
O - N %O NRSR6__ 0 EIESRG and 7 whe R5 and R6
are each indepe dently selected fromthe g ?

consi st iLnggsof al kyl, al kenyl, al kynyl g al'kéxy,

cycl oal kyl, aryl, alkylaryl, W 2006/ 076415

PCT/ USZ@QQ/MQEFoug}ﬁQtegﬁW \@Maal CoMPOBRACKA LA™K are

het er oaryl ar ou%ﬁ R6, toget er W
ni tRYRRay ?Ch@}'l‘%ﬁféaat ﬁ‘ﬁ@h@@, witielnstre@ms are combined

56- R ahednidd %tf% 4[9§&A1‘f)|c cl‘;‘ﬁrrlﬁglg ?g&g}?&l & g&?ﬁbﬁ%&g ?élrF]el owthr{é)ugh a

het er oat ons.
for%ﬁééﬂl}ie@ OH OH CONR5RS, CONR5R6 and CONR5R6

79. A process for preparing Compound 2:

10

wherein Rs and Re 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 R, together with the nitrogen to
15 which they are attached, form a 3- to 6-membered heterocyclic compound
containing 1-4 heteroatoms, said process comprising:

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

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



wherein R5 and R6 are each independently selected from
the group consisting of H alkyl, alkenyl, alkynyl,
wa@bkdenyd1tycl oal kyl , aryl, alkylaryl, 10 aryled®&yk2006/000954
het erocyclic and heteroaryl groups, or R5 and RG,
together with the nitrogen tagghich they are
attached, forma 3- to 6-nenbered heterocyclic
compound containing 1-4 heteroatons, P is a protecting
group and is selected fromthe §¢teug, consisting of THP
or SiRIR2R3, wherein R, R2 and R3 are independently
sel ect(ebredunimng Konypoupd Tstocpresivet iGrgmpbuttl 2al kyl |
al kenyl , cycl oal kyl, aryl, arylal kyl, alkylaryl,
heterocyclic, and heteroaryl § 85. A conpound sel ect ed
fromthe group consisting o#: N2P06/ 076415
PCT/ US2006/ 000954 -85 0 O @ 3NO p- N2 O
NO, 3a CONPh2 CONPh2 7a ONPh2 O NPhz 2 OHpHOO
H O NO2 0 NOz .ON0O2 N0O2 O HIMNR&FI H' Fi p NPhz p
NPh2 p NPhz H ~NPh 1a 02 OH .7- NO2 p HN0O2 OH H
,NH2 OH H ,,NHCO2Et O O HHHHHF H=Fi

10 80. A compound of any of the following formulae:
o} 0 H
H \N02 H N02 NOZ
o) o} 0,
H:H H:H H:IA
Oi\R1 , O/\R1 , Oj\R1
Q H
= NO, ) NO,
o} o
H:H H:H
R , and &R

wherein Ri is selected from the group consisting of OR2 and NR3R4, and
15 Re, Rz and R4 are each independently selected from the group consisting
of H, alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, aryl, alkylaryl, arylalkyl,

and heteroaryl groups.

81. A compound of either of the following formulae:
0 0
O%Nog P 1o,
)’) )’j\L
20 07 °R! and 07 R

wherein R; is selected from the group consisting of OR2 and NR3R4,



O NPhz p NPhz p NPh2 O NPh2 12a 13a NH2 O H,,NH2 O
HNH2 00 O H-Hfi Hp NPh2 O NPh2 NPhz NO 2 NO2 O
wohddemrddist ~ /NO2 HOOC / NO2 O O HO SC3Na HCPEI88m06/000954

l g 9\~ 10 and 6 5 WD 2006/076415
PCT/ US2006/ 000954 -86 OH O HBPO ONR O NRZ X N~ X
N\ I X / 23\ N/ \ pl X X=SorOor,NH N 25 24 22

p ﬁnd’ ROZROH ey ar R HdEpe MEKRP K1 B AT 12 £ 3u8
consisting of H, alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, aryl, alkylaryl,
arylalkyl, and heteroaryl groups.

5 82. A compound of any of the following formulae:

WNO, i I : :

O
/ NR R /\
578 NRsRg O NR5R5 , O NR5R5

wNH;

WNHCOZR1g
H
O 7 NRsRg
12 o NRsRe

wherein Rs and Re are each independently selected from the group
consisting of H, alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, aryl, alkylaryl,
10  arylalkyl, heterocyclic and heteroaryl groups, or Rs and Rs, together with
the nitrogen to which they are attached, form a 3- to 6-membered
heterocyclic compound containing 1-4 heteroatoms, and wherein Rio is

selected from Ci: to Cio alkyl and aryl groups.

15 83. A compound of either of the following formulae:
0
0 o = NO;
Q = NO2 );X
)’1 o NReRs
0% "NR;Rg and 7

wherein Rs and Re are each independently selected from the group

consisting of H, alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, aryl, alkylaryl,
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arylalkyl, heterocyclic and heteroaryl groups, or Rs and Re, together with
the nitrogen to which they are attached, form a 3- to 6-membered

heterocyclic compound containing 1-4 heteroatoms.

5 84. A compound of any of the following formulae:
OoP OH OH
CONRGRs, CONRsRs, and CONR:Rs |

wherein Rs and R are each independently selected from the group
consisting of H, alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, aryl, alkylaryl,
10 arylalkyl, heterocyclic and heteroaryl groups, or Rs and Rs, together with
the nitrogen to which they are attached, form a 3- to 6-membered
heterocyclic compound containing 1-4 heteroatoms, P is a protecting
group and is selected from the group consisting of THP or SiR1R2Rs3,
wherein Ri, Rz and R3 are independently selected from the group
15 consisting of H, alkyl, alkenyl, cycloalkyl, aryl, arylalkyl, alkylaryl,

heterocyclic, and heteroaryl.

85. A compound selected from the group consisting of:

20
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0 o !
NO, Q" = NO,
N
NPh; : O weh,
2
o}
~NOz d NO,
o}
Vi

0]

HMH H NO, Hooc / NO,
HO 8O3Na  HO 'sOsNa
’ and

10 6
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OH = Q Q
H°’<_>FO o = NO, Qo = NO,
N_x N7 X N N
N N\ X
23 Nl o I X
X =8 or O or, NH ' , N
25 ’ 22 ,
SNHCO,Et P(O)(OEt),
N
N 16

NO,




