Exo- and Di astereo- Sel ective Syntheses of Hi nbacine Analogs 5 Field
of the Invention 10This application discloses a novel process for the
preparation of hirnbaci ne anal ogs useful as thronbin receptor

ant agoni sts. The process is based |n_Rprt on the use of a

base- pronoted dynami c epinerization of' a chiral nitro center. The
invention disclosed hereinis related to those disclosed in

co- pendi ng pat ent appllcatlons correspondlng to the 15 follomﬁng
provi si onal pati&f-afishDiasievegn§elechi Ripeses f AimaRine Sealogs No.
60/ 643;927; and, Seri al hb 60/644 428, all four applications having
been filed on the sane date. Background of the Invention 20

Thr onbi n gs known to have a variety of activities in different cel
types and t hronmbi n receptors are known to be present in such cel
types as human pl atel ets, vascular snmooth nuscle cells, endothelial
cells, and fibroblasts. Thronbin receptor antagonists may be useful
in the 25 treatnment of thronbotic, inflammtory, atherosclerotic and
-2- fibroproliferative disorders, as well as other disorders in
which thrombin and its recepto%.ghag g Pathqlogical role. See, for
exanple, U S. 6,063,847, the d h is incorporated by

r ef erence.

10 This application discloses a novel process for the preparation of
himbacine analogs useful as thrombin receptor antagonists. The process
is based in part on the use of a base-promoted dynamic epimerization of
a chiral nitro center. The invention disclosed herein is related to those
disclosed in co-pending patent applications corresponding to the

15 following provisional patent applications: Serial No. 60/643,932; Serial
No. 50/643;927; and, Serial No. 60/644,428, all four applications having

been ﬁlgad on the same date,

Backpround of the Invention

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

25 treatment of thrombotic, inflammatory, atherosclerotic and



One thronbin receptor antagonist is a conpound of the formula: 511
This conmpound is an orally bioavailable thronbin receptor antagoni st
derived from hi nbaci ne. Conpound 11 may be synthesi zed from Conpound
1: 10 ,J402 1 wherein Rs and Rs are.gach i ndependently sel ected
fromthe group consisting of H alkyl, alkenyl, alkynyl, alkoxy,

cycl oal kyl , yl, allcylaryl, arylalkyl, and heteroaryl groups. 15
Processes f o?igf‘f?éogfﬁﬁtﬁ@éﬂrl%oréﬁ ss ArivEr As ihes sisonderarialvdgctt Hrrombim
recept or antgggnists are disclosed in U S. Pat. No. 6,063,847, and

U S. its receptor play a pathological role. See, for example, U.8.
6,063,847, the disclosure of which is incorporated by reference.
One thrombin receptor antagonist is a compound of the formula:
Q H

H
ANHCOOE
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{1
I

A 4

5 11

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

from Compound 1:

10 o]

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.
15
Processes for the synthesis of similar himbacine analog thrombin

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



-3- publication no. 2003/0216437, nethods of using thronbin receptor
ant agoni sts are disclosed in U S. publication no. 2004/0192753, and
the synthesis of the bisulfate salt of a particul ar hinbaci ne anal og
is disclosed in U S. publication no. 2004/0176418, the disclosures of
which 5 are incorporated by reference.ferein. The present application
provi des a novel process for preparing Conpound 11 from Conpound 1,
whi ch process provides an inproved yield and the elimnation of the
need for a cHPgIaqati"ﬁtfé?r- #@Qﬁzg%l.ﬁ‘@@smmdy obxsingehFonybimt ieosptor One
aspect of the present invention provides a process for preparing
Conmpound 1: 23tgorigisrisrhedeseddnihPi Biligatioe ngt QR4 /8192753, and(thy
cyclizing Conmpound 2 in a first solvent at an el evated tenperature -

4 - wherehesins! tiedbireliate sakt o b PeriéeYerisracinessladeg isd from t he
group consistjng of . H_ alkyl, alkenyl, allcynyl, alkoxy, cycloalkyl,
aryl, allcyl disglosediy Vel |Reiplicatinn; ae-AOPGY 9 L7641S, Hea disdasyiesof wbisd,  or

Rs and 126, together with the nitrogen to which they are attached,
form a 3-7t oG IREHPEFaigd 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 pfesent invention provides a process for
preparing Compound 1:
cis
[») = 4
() NO,
o}
HiR
oj\NRsRe
15 1
said process comprising the steps of:
{a) cyclizing Compound 2 in a first solvent at an elevated
temperature
o)
o = NO,
!
07 “NRsRg

20 2



5 heterocyclic conpound containing 1-4 heteroatons, to produce a
first mxture of exo isoners trans 0O HO 0.11 H H oNR5SR6 NO2 said
| soners having a trans-[5,6]-ring-junction and endo isoners: cis 10
(b) epinerizing said trans-[5,6j-ring-junction in Conpound 29 by
treating said first mxture with a first base to produce a second
m xture conpri sing cis-[5,61-ring-junﬁ%ion-nitro-a | somer and
cis-[5,6]-ringjunction-nitro-0 isoner of Conpound 30: 15

wherein Rs and Rs are each independently selected from the group

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

5 heterocyclic compound containing 1-4 heteroatoms, to produce a first

mixture of exo isomers

Irans
whf

9
g NO,
5
H A

7 NRRs

said isomers having a trans-[5,6]-ring-junction and endo isomers:
cis
QH
i I: : ~NO;
0
H:H
o7 NReRs
10
(b} epimerizing said trans-[5,6]-ring-junction in Compound 29 by
treating said first mixture with a first base to produce a second mixture
comprising cis-[3,6]-ring-junction-nitro-a isomer and cis-[5,6]-ring-

junction-nitro-f§ isomer of Compound 30:

15 o “NRsRy and
(c) treating said second mixture with a second sclvent, causing said

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



and (c) treating said second m xture with a second sol vent,
causing said a-isomer of Conpound 30 to precipitate to produce
Compound 1. -5 - I n anot her epbodi nent, the above process
further conprises the step of treating said second nmixture with a
second base, resulting in a dynam c resolution of said second

mxture, in whiqh sRitedsdnbsdiRht,0fhe RO YAk fith &Y ESHERL the
a-isonmer of Conpound 30, and a -isomer of Conpound 30 is precipitated

to producestep rwew&dm? said second! Ab@RR HBR L4HERH FBEE 7re§t§2’1'tiﬁg ih [aSt
solvent is selected fromthe group consisting of xylene,

N- met hy| pyagrelhii Reseiion dfRaidWdcoHt imi@ein ahmmm petbekr of
D met hyl acetam de, and m xtures of 2 or nore thereof

anot her enbebEBRAH. 30PRI GnbETRE ERhUESESoNES £Rgu X ut
190 0C, pref e;)abl y bet vveéln about 80 andoab M?&%Ogd érrlr%rg‘e?ég?n%tea?abl y

bet ween_ atiobipdQRayisatoutiil6aYG piskiikd CBRBuRRES er abl y between

about 120 and about 15 I n anot he odi ment, said first
base is selected fromthe group consisting of
triethylarnine, 1, 5-di azabi cycl o[ 4, 3, 0] non- 5- ene,

1, 4-di azabi cycl ‘B£%ngﬂ?ér%ﬁ@&ﬁmeﬁf‘%@ﬁ@t%ﬁ:@hﬂé%e%[c@ecﬂﬁg:]nu@g ?&f) ene,

and m xt ur es of or nore thereof sai d

second sol dpRlsting W@-ﬁk&@lﬁ%@oﬂﬁﬁ%&,%ﬁtﬁ 1518 ogidehgﬁ%&a s

et hers, ketones, "estérs, xylenée et hyl py none ures

of 2 or mMgBed, Ilﬁh%ylacetaﬁude | h PR SEs &@&dh{S?@EherE&e i nvention
provi des a process for preparing Conpound 2:
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°0C.

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

mixtures of 2 or more thereof.

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

methylpyrrolidinone, and mixtures of 2 or more thereof.



O NR2R6 2 5wherein Rs and R6 are each independently selected from

t he group consisting of H aLkyl, alkenyl, allcynyl, allcoxy,
cycloallcyl, aryl, allcylaryl, arylallcyl, heterocyclic and

het eroaryl groups, or Rs and Rs, together with the nitrogen to which
they are attached, forma 3- to 6-nmenhkgred heterocyclic conpound
containing 1-4 heteroatons, said process 10 conprising: (a)
converting (R)-butynol to Conpound 3: OH CONR2126 3; (b) reducing
Conpound 3 t'8 o8¢ aabgsbmsat, 4he gryerENREReyides a process for preparing

Compound 2:
0
g = NOy
P!
O “NRsRg
2
5 wherein Rs and Rg are each independently selected from the group

' consisting of H, alkyl, alkenyl, alkynyl, atkoxy, 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,

CONR¢Rg

(b} reducing Compound 3 to yield Compound 4:
no~ Y=o
1 5 —<_\N-:5Ru
4; and,
[} reacting Compound 4 with Compound 6:
Q

HOK=KON02

to yield Compound 2.

20



4; and, (c) reactlng Compound 4 with Conpound 6: 0 HONO2 to yield

Compound 2. - 7 hi yet another enbodi ment, the invention is

directed to a process for preparing Conpound 2: O NRsRg 2,

S5wherein RS and R6 are each independently selected fromthe group
-7-

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

for preparing Compound 2:

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

{b} reacting Compound 3 with Compound 6 to yield Compound 7:

Q

HO%O NO,
15

6;

{c) reducing Compound 7 to produce Compound 2:

o]

o NO,

3
20 07 “NRsRs
7.



consisting of H alkyl, alkenyl, allcynyl, alkoxy, cycloalkyl, aryl,
al kyl aryl, arylal kyl, heterocyclic and heteroaryl groups, or Rs and
R6, together with the nitrogen to which they are attached, forma 3-
to 6-nmenbered heterocyclic conmpound containing 1-4 heteroatons, said
process 10 conprising: (a) converting (R)-butynol to Conpound 3: CH
N . S ,...". CONR5R6 3; (b) reacting Conpound 3 with
Conmpound 6 to yield Conpound 7. o H®-NO6 15 6; (c) reduci ng Conpound
7 to produce Compound 2: o 20

In another embodiment, the invention provides the following

compounds:
0 o}
/?H\ OSIMa, 0%,“02 o == NO;
=Y )\
= R N %
! ' 7a 0 2 . o NPh, R
2
Q o]
() oNO, 4 NGy A . 9 u o
Q a 05‘ :I ] ] o :
i ﬁ Wi Fl H: l-:'] N ﬁ
o,/’\Nth ' OANH"! ' O%NPhi . O%NPHI '
1a
) Q Ay H Q
S WNO2 H NO;, NHy ] WNHCOEL
c 0 | fa) i
Nrh H:H HiHA RiA
0’/"\ NPh, f Q%Nf’hz ' QJ\NPHZ , D/"“Nphz f
12a 133

O;g H[ NH,
0 0
[#) hy . Io) NPhy . /\NPhg
NO; NO, o)
HMH HMH H)‘@,NO; HOOC. & N0,
0 0 ., HO S0O4Na HO 503Na \/Tj
]

9 »



NC2 I n another enbodi ment, the invention provides the follow ng
-0.

conmpounds: 5910and6 - 9 -

NH P(O)(QEt),
CQ:Et gf N
= 15
F '

O ow

A further understanding of the invention will be had from the

5 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 chermical 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



2627 18 20 A further understanding of the invention
will be had fromthe 5 follow ng detail ed description of the

I nvention. Description of the Invention The foll ow ng
definitions and terns are used herein or are otherwi se known to a
skilled artisan. Except where stated otherw se, the 10 definitions
apply throughout the specification andlél-ai ns. Chem cal nanes, conmon
nanmes and chem cal structures may be used interchangeably to descri be

t he same stru r se definitiaon rdl ess. of whet her a
termis used %Ehlér %é %n ess ot%er%ﬁeﬁgﬁﬁcaﬁg X—[ gath d%?imtwn of “alkyl
applies to "alkyl" as well as the "alkyl" portions of "hydroxyalkyl,"

"haloalkyl," "alkoxy," etc.

5 Unless otherwise known, stated or shown to be to the contrary, the
point of attachment for a multiple term substituent (two or more terms
that are combined to identify a single moiety) to a subject structure is
through the last named term of the multiple term substituent. For
example, a cycloalkylalkyl substituent attaches to a targeted structure

10 through the latter “alkyl” portion of the substituent {e.g., structure-alkyl-

cycloallkyl).

The identity of each variable appearing more than once in a
formula may be independently selected from the definition for that

15 variable, unless otherwise indicated.

Unless stated, shown or otherwise known to be the contrary, all
atoms illustrated in chemical formulas for covalent compounds possess
normal valencies. Thus, hydrogen atoms, double bonds, triple bonds and

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



- 10 - other terms, unless otherw se indicated. Hence, the definition
of "allcyl" applies to "alkyl" as well as the "al kyl" portions of
"hydroxyal l cyl,"” "haloallcyl,"” "al koicy," etc. 5Unl ess otherw se
known, stated or shown to be to the contrary, the point of attachnent
for a nmultiple termsubstituent (two Od-nore terns that are conbined
to identify a single noiety) to a subject structure is through the

Lgif OQiF‘;’§| Lﬁeﬁigéufé????ﬁ%%ﬂéﬁ b ool o i Pl il B b
St uotur e al Byl ger agihypyeoet bPRbahed BRI IRl debelllin s o

appearing ”D(fo%afeﬂ@lﬁ}—t%@fa%dirﬁ'oléc Qrm%@eﬁgﬁ I[%gg%feﬁ%ggfﬁlg%/d el ected

fromthe definition for that 15 vari €s’s Pcat ed.
Unl ess st at ‘ | e c Yyl at ons
iIIustratedQ%gbgﬁg#?ggkngggﬁﬁﬁgggfo %%3%?8ﬁtc@?ﬁ%oﬁﬂﬁéﬁéagggﬁéH

nor mal vai engl eg,yThus, hydrogen atons, double bonds, triple bonds
and 20 ring structures need not be expressly depicted in a general
chem cal fornula. Doubl e bonds, where appropriate, nmay be
represented by the presence of parentheses around an atomin a

cheni cal for Ml aThEes Rt RXAIRYE " 28 vSad H@%y&gﬁ&%@ﬁ?&gw’s&l: o &ag

al so be represented in a chemcal fornu
skilled in téigead hioth! MbEpRHLerbOtoHRL Bk REmb gRanEaARSENCe
of double (and triple bondg) in a é%valently-bgﬁgg%.nglecu?ggagor
i nstance, i toridsffér@acli |y recogni zed that a carboxyl functionality may
be represented by -COOH, -C(0)0OH, -C(=O0H 5 or -CO2H.

10

As used herein, the term "alkyl" means an aliphatic hydrocarbon

group that can be straight or branched and comprises 1 to about 24
carbon atoms in the chain. Preferred alkyl groups comprise 1 to about
15 carbon atoms in the chain. More preferred alkyl groups comprise 1 to

15 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,

20 aryl, eycloalkyl, cyano, hydroxy, alkoxy, alkylthio, amino, ~-NH(aikyl], -
NH{cycloalkyl), -N{alkyl)z (which alkyls can be the same or different},
carboxy and -C(Q)0O-alkyl. Non-limiting examples of suitable alkyl
groups include methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, n-
pentyl, heptyl, nonyl, decyl, fluoromethyl, trifluoromethyl and

25 cyclopropylmethyl.



The term "heteroatom ™ as used herein, neans a nitrogen, sulfur or
oxygen atom Miltiple heteroatons in the sane group may be the sane
or different, 10 As used herein, the term"al kyl" neans an aliphatic
hydr ocarbon group that can be straight or branched and conprises 1 to
about 24 carbon atons in the chain. Preferred allcyl groups conprise
1 to about 15 carbon atons in the chain, Mre preferred al kyl groups
conprise 1 to 15 about_ 6 carbon atonms in the chain. "Lower alkyl"
means al kyl group8lksnyl mearg arpglihatiatydecarbonrhgrouhdstraighBrranched”
means that one or nore |ower alkyl groups such as nmethyl, ethyl or
propyl, are &iFubRegatrprachaineomnyisig onsher moreTdmibi¢ kythdcianthbe
substituted by one or nore substituents independently selected from
the group co gV ichisande oiugaiad orcyrdopalgaidd. sefnbalkbydr oxy,

al koxy, al kylthio, am no,_ -Nl-1(alkyl), - NH(cycloal kyl), -N(allqgl)2
(whi ch al kyl 8798RA BB CORPTSSMeloF Oaitgﬁéw)a}m@arim&qcbﬁd, preferably
-C(0)0-al kyl Nog-l imting exanpl es of suitable al kyl groups include
met hyl, ePhyP 1 APBHohy FarbPacted s thechsipyand o piperablychioydbout
heptyl, nonylL, decyl, fluoroMethyl trifluoronmethyl and 25

cycl opropyl tcﬁ&lqn atoropin the chain. Theadigiyt erarrende subssivated by

hydr ocar bon ‘gﬂou stra]ij ht or .branched_carbon_chain) conprising one
or nore doub eB‘SWgEe FrPTBeRisdndensndesibi waectethirpm et ed or
unconj ugat ed. Useful al kenyl groups can conprise 2 to about 15 carbon
atons in theTHEHS 063’@1‘% lyalgﬂfy?%%ﬂ%?l%w'a%%@m‘ﬁn& he
chain, and nore 2.to about 6 carbon atons in _the chain.

f |
The al kenyl Gt 2% gﬁéﬁga%% BYEPYLE Bﬂpfbﬁpcﬁlﬁ% ebpenyb Rropemd P-HussYS

i ndependeptly s ted fromthe group consisting of halo, alkyl,
aryl , cyg oal I?%i%(@gﬁgf%r%nﬁeﬁgw.ﬂ Non-1imiting exanpl es of

sui tabl e al kenyl groups include ethenyl, propenyl, n-butenyl,

Where an alkyl or alkenyl chain joins two other variables and is
therefore bivalent, the terms alkylene and alkenYIené, respectively, are
used.

15

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

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

through the ether oxygen.

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

25  carbocyclic ring having preferably from three to fifteen carbon atoms,



10 3-net hyl but -enyl and n-pentenyl . Where an al kyl or al kenyl
chain joins two other variables and is therefore bivalent, the terns
al kyl ene and al kenyl ene, respectively, are used. 15 "Al koxy"
means an al kyl-0- group in which the alkyl group is as previously
descri bed. Useful al koxy groups can cqutise 1 to about 12 carbon
atons, preferably 1 to about 6 carbon ons. Non-limting exanples of
sui tabl e al koxy groups include nethoxy, ethoxy and 20 isopropoxy. The
al kyl group ofnctdpreddublyy fiom thirek edeifit @Rb@daREANt THOGRIMANEN EQWAR t he
et her oxygen. The term "cycl oal kyl" as used herein, neans an
unsubst i t ut edriog radibsitis sahedtedsaidmay e fusstipll exapR; BEQPALeS, with
chem cal | y-feasi ble 25 carbocyclic ring having preferably fromthree
to fifteen caodotw tatcorysloallyl,ldomativ) lectproefcticak ieterbaomdtir ez oriei ght
carbon atons. The cycloallcyl carbon ring radical is saturated and
may be fused, cifchrallept ampt b attedimdiaisag endbdyilioberbon oA tBXCrealtk iy .
aromatic, heterocyclic or heteroaromatic rings. The cycl oal kyl may be
attached af aayptabirisicyctiuire Eefdyoed arboeychatingekavd Bomtive ta s&d abl e
structure. Preferred carbocyclic rings have fromfive to six carbons.
Exanpl es of cgarbors.| Eyémphkdiof eydodlkyg radiealsyotlage opaldpropyls bypdiehutil,

cycl opentyl, cycl ohexyl, cycloheptyl, or the like. "Alcynyl" neans
an al i phatic ¢¥ethrsosd baelaperylpesbotepigi orghatiké0 | east one
carbon-carbon triple bond and which nay be straight or branched and
conprising about 2 to about 15 carbon atons in the chain. Preferred
al kynyl groups have about 2 to about 10 carbon atons in the chain;
and nore pref er abf4lkapdlimeans enaiphetichydropaihon e tomptisiegeahai n.

Branched neans that one or nore |ower al kc?/ groups such as
10 least one carbon-carbon triple bond an i

\!Vhlch may be straight or
branched and comprising about 2 to about 15 carbon atoms in the chain.
Preferred alkynyl groups have about 2 to about 10 carbon atoms in the
chain; and more preferably about 2 to about 6 carbon atoms in the
chain. Branched means tﬁat one or more lower alkyl groups such as

15 methyl, ethyl or propyl, are attached to a linear alkynyl chain. Non-
limiting examples of suitable alkynyl groups include ethynyl, propynyl, 2-
butynyl, 3-methylbutynyl, n-pentyny!, and decynyl. The alkynyl group
may be substituted by one or more substituents which may be the same

or different, each substituent being independently selected from the

20 group consisting of alkyl, aryl and cycloalkyl.

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

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



15 nmethyl, ethyl or propyl, are attached to a |inear al kynyl chain.
Non-limting exanples of suitable al kynyl groups include ethynyl,
propynyl, 2- butynyl, 3-methyl butynyl, n-pentynyl, and decynyl. The
al kynyl group nay be substituted by one or nore substituents which
may be the sanme or different, each subétit uent bei ng i ndependently
selected fromthe 20 group consisting of alkyl, aryl and cycl oal kyl .
The term  ar woghcata b st agliis o BNy s LS hY AR os possible
unsubstituted, aromatic, nono- or bicyclic, "chenica ?yf%eagﬁ%fe

carbocycl i ¢ pding: SYRt@MDAY] RApidsOmaNeciRub b RIMBbhG,L 1BYE.  The
aryl 25 noiety will generally have from6 to 14 carbon atoms w th al
avai | abl e -yl comRall, hubalys teRARRRALTRYIOIn g1 Mddnyii-ahy bei ng
i ntended as possi ble points of attachment. £Epresentat|ve exanpl es

i ncl ude phenytke, ¥dkyked, XHb vhrbabpiRMydietynARNM Y bstibeka aRMOEGRaRAT hy! |
i ndanyl, indenyl, or the like, If desired, the carbocyclic noiety can

be substi but @dival bhefé0M, 0ne tdthree fhyictiePctERhaRldho- PGuLA t hree,
noi eties, such as nono- through pen tahalo, allcyl, trifluoronethyl,

phenyl, hydrpeatahabkalkyl, tieqoexieiha iy, Myaoaly] s fienoxy,

di al kylam no, or the |like. "Heteroaryl"™ means a nonocyclic or
mul ticycli c anomgmaonikygaridosyalletamihopbotte 1fket 0 about 14 ring

atons, preferably about 5 to about 10 ring atons, in which one or
nore of the atons in the ring systemis/are atons other than carbon,
for exanple nitrogen, oxygen or sulfur. Mno-and polycyclic (e.qg.,
bi cyclic) het er odlgtlerqarplipscacar loenenyslibet milticgdlioarosndisd dihgit ed wi t h
a plurality of substituents, preferably, one to five 15 substituents,
mor e pr efler abisiem ohehouiid toabdtirideaingiastist peitrablyealgput Sombatthi®ugh
pentahal o, aJkyl, trifluoronmethyl, phenyl, hydroxy, alkoxy, phenoxy,
am no, nonoaihg gtomrd, i whithaphe gt miord eidhe atomhin thckadg ssRppndsiary, a
het eroaryl group represents a chenmically-feasible cyclic group of
five or six Heewether thencieshers £p1 sxamnde pBragebi expeen ©r gnfap dMongine or
ten atons, at ) o

and polycyclic (e.g., bicyclic) heteraaryl groups can be unsubstituted or

substituted with a plurality of substituents, preferably, one to five

15 substituents, more preferably, one, two or three substituents [e.g., mono-

through pentahalo, alkyl, trifluoromethyl, phenyl, hydroxy, alkoxy,

phenoxy, amino, monoalkylamino, 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

20 least one of which is carbon, and having at least one oxygen, sulfur or

nitrogen atom interrupting a carbocyclic ring having a sufficient number

of pi {n) electrons to provide aromatic character. Representative

heteroaryl (heteroaromatic) groups are pyridinyl, pyrimidinyl, pyrazinyl,

pyridazinyl, furanyl, benzofuranyl, thienyl, benzothienyl, thiazolyl,

25 thiadiazolyl, imidazolyl, pyrazolyl, triazelyl, isothiazolyl, benzothiazolyl,



20 | east one of which is carbon, and having at |east one oxygen,

sul fur or nitrogen atominterrupting a carbocyclic ring having a
sufficient nunber of pi (n) electrons to provide aromatic character.
Representative heteroaryl (heteroaromatic) groups are pyridinyl,

pyri mdinyl, pyrazinyl, pyridazinyl,.-fswanyl, benzofuranyl, thienyl,
benzot hi enyl, thiazolyl, 25 thiadiazolyl i m dazol yl, pyrazolyl
triazolyl, |soth|azolyl benzot hi azol y - 15 - benzoxazol

oxazol yl , pyERBIHEOY]: SFR2pld) Hyrrolyl, 35°§a%°f1¥ lak By friazey] |aﬁédp9¢1ﬂg r oups.
The tern1"heterocycllc ring' or "heterocycle,"” as used herein, 5
nmeans an un&ABHS tuted or substituted, saturated, unsaturated or
aromatic, chem cally-feasible ring, conprised of carbon atons and one
or nore heteroatons in the ring. Heterocyclic rings may be monocyclic

| ycycti , bl tain fromthree t
Gl ght tome i n T FFR "ELTROElS BPEih SoePE ot et BEoFy ceven

t Pal ycyclic 10 t £t f er abl
Contai n 1 oMErE PORTT RN AR D s%@%afegbm“;‘s’a*{n'aﬁg%piﬁeﬂi ’
or of o7 abl y P SEEri PR DLEER T R A B, b B PR 2 e o
fourt h h t t
vt e o LSRR AT BREhHUALARNSL R, a%fg‘c’ﬁ!ﬁ{?/‘%%écﬁnge
| ndependent 'g)é aéngél%?tﬁgnécye%t heegxfe?é%ﬁ C%@% a%%;ﬁo r.eﬁ;cr %lggteat’ogl%gl

and oxygen

“halide,” ag, ‘ti?eelan%B‘ﬂ tre? %%oﬁra%%@? bivel o 38hen Louey OPo%chahﬁqlo at om

radi cal. Chlorides Uorl es aré preéefer al i des.

The termy' CQ{;—;%%@-@&%;S_ c&&léﬁﬁfg%f h&E ?fngs pi“e?eﬂ%@eéﬁlttgﬂq'rcgﬂ shi ! $€en

bi car bonat es
atoms, most preferably, ten to twelve atoms. Polycyclic ring systems

consisting of three rings contain preferably from thirteen to seventeen

atoms, more preferably, fourteen or fifteenn atoms. Each heterocyclic ring

has at least one heteroatom. Unless otherwise stated, the heteroatoms
15 may each be independently selected from the group consisting of

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

20 and fluorides are preferred halides.

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

bicarbonates.



The term "isonmer”, as used herein, is understood to nean one of two
or nore nol ecul es having the sanme nunber and kind of atons and hence
the sanme nol ecul ar weight, but differing in respect to the
arrangenent or configuration of the atonms. 5 The term

"epi merizing", as used herein, is undérstood to nean converting front
one isonmer to another, wherein it is the relative position of an

Torecipitater s UeER Rorern e os heP SRS adt et A obut of

- S " n, is
preci pltate , aS use erel I"i, i'S under st oo [0}

sol ution asg,$Phidle énolecules-rﬂgvittx D sanfRAILE arétﬁf%n%t

herein, is understood to nean a process in i

of
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is thernodynam cally driven

seécond i somer

from the sOluiongBmBN: B iRkl Aldnd 18E alhie Second i somer. The

foll ow ng abbreviations are defined: EtOH is ethanol;

Me is 20

methyl; Bt is ethyl; Buis butyl; n.-Bu is nonna/-butyl, t-Buis

tert-butyl, OAc is acetate; KO t-Bu is potassiumtert-butoxide; NBS
i s N-bromo succifhenRideepidhdeizng ladlederdn Py diler 408
di met hyl am nopyri di ne; fﬁF ighﬁiirahydr5¥u?gn; DEUQFS

di azabi cycl ebfvettifd tHodL6n e 1s8RRT tdMhthsr
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BudNOH is - 17 -
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equi val ent s.

10 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

15  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

20 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[5,4,0lundec-7-ene; DMA is N,N-dimethylacetamide; n-

25 BusNBr is tetrabutylammonium bromide; n-BusNOH is



"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, 2,3 or 4. - 18- Ceneral Syntheses The

foll owi ng scheme sunmari zes the dynam c resol uti on-based approach to
synt hesi zi hefrdorphomdodif: tgdt oxidR), dmdt “gqaiv.’ or "e R hidaE@givhlerks.2

Cl CO2Et 0. 1% NR5R5 12 -19-

"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, 3

or 4.



(R) -butynol may be converted to am de 3 by either of Methods A or
Preparati on of Am de- Met hod A XicR5 \ '"1R6 SA3B P = protecting
group such as THP, S1R1R2R3 5 Preparation of Am de- Met hod B:

0 OHXAN, R50H -18-

General Syntheses

The following scheme suminarizes the dynamic resolution-based

approach to synthesizing Compound 11 from (R})-butynol:
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10l n each of nethods A and B, P is a protecting group, for exanple
THP or Si RIR2R3, wherein RI-R3 may be H, alkyl, alkenyl, cycloal kyl,
aryl, arylalkyl, allcylaryl, heterocyclic, and heteroaryl groups, Y
is selected fromthe group consistingisef C; Br, I, and R'COQ
wherein R'' is selected fromthe group consisting of al kyl, aryI,

al kyl aryl, and al k and X is 5 | eav group By way o
exanpl e, X can nghﬁba‘éseﬁfayf Coé’%ea"%‘iﬂl@ o e ?H;hqr OfA@eﬂé‘PféﬁfhéF
exanple, X an be sel ected fronrheterocyclrc rrngs, such - 20 - as
irnidazoles."L is a ligand and is selected fromPR wherein R is
sel ect ed fronra&kgl g é%f aLEy&Er%I! and NR'3 groups, and R' is
sel ected from al yl groups, n can range from
0-8, and preferably ranges fromO to 4. The butyn-2-ol is
disclosed in, e.g., US. 6,063,847, and Methodg A and B nay be
perforned on either_the racemc or, nantiopurgﬂgu&ynol. Tha butyno
may be conbined withh a nmineral a ig fo exanpl ergul furi Qid in an
organi ¢ solvent such>as THF and|a und such as
hexyl di r net hyl si(R)@en2olt 0 provi de a pr ecting group on the aN&&ho
The protected conmpound may then be conbrned mnth a sui | e 3pbase. A
preferred nucl eophilic basg S hexyllrtE hee re );%n net al | at ed
k
oIe %

coMpound may then be arnida by conb tion

contai ning, e.g., diphenylcarbanylimda d deprotecﬁ%d to
yi el d the di phenyl am de (Conpound 3 wherei 8ARs and 126 are both
phenyl ). The am de maypr t heBctiharapavested grorEnmpound 2 vi a
either of two routes: through vinyl al cohol 4, or through am de 7.

For exanple, amde 3 may be conbined with nitro acid 6. In one

enbodi nent, amde 3 reacts with a m xed anhydride of the nitro acid 6
(prepared from6 and pivaloyl chloride in the presence of a
tert-amne base), in the presence of DVAP to form Conpound 7. The

am de i s subseqgoem : Hyer ogenation conditions to yield
Compound 2. Preferred hydrogenatron conditions include pressurized
hydrogen in the presence of a hydrogenation catal yst. The hydrogen
pressure may range from20 0 -21 - 500 psi, and a pressure of 100
psi is prefe ed. The hydr? tion catal ygt, may be a noble netal
catal yst, o exanple Li ndl'ar mgat al yst. The_ hydrogenation is suitably
conducted in e presenc%dL(:YmSO|vent pref Ply an aromatic

sol vent such as tolue\\\\ NRsRg
0

OP
x5 PdLy/CuYibase
X Re
10 In each of methods A and B, P is a protecting group, for example

THP or SiR!IR?R3, wherein RI'R? 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”COQ, wherein R”™ is selected from
the group consisting of alkyl, aryl, alkylaryl, and arylalkyl and Xis a

15 leaving group. By way of example, X can be halogen, for example Cl, Br,

or 1. As another example, X can be selected from heterocyclic rings, such



S The yields in the above-descri bed syntheses of Conmpound 3 can
be i nproved by suppressing side- or over- reactions that can occur as
t he product (Conpound 3) cones in contact with its precursors. These
si de-or over- reactions can be suppre@Qed by decreasing the residence
time of 10 the final process step (the step resulting in Conpound 33.

This reduc %&zoreesmea%aﬁa@ﬁdqéeem&ea%mn%wﬂ Yor i R0 EL &@f&& abl e

fl ow operation rather than a batch operation at this step.

reactants "

Combi ned o Uk A Alo! 4321% d“?‘m%méﬁ%%@ﬂﬁhﬁst%%#ém i e
achi eved 0, ]%lﬁ QYVgS

the inlet %?@ai%%rgrip fc}&&!} in ﬁ%g%lo [ ne %égiggfnfabsf tﬁf} ugh

a static % foll oned by i rmedl at e quench. Al ternatively,
anm de 3 may be reduced to the corresponding vinyl 20 al cohol 4, and
the al cohol is then reacted with nitro acid 6 to yield Conpound 2.
Compound 2 is subsequently cyclized to yield Conpound 1. The

cyclization of ghﬁhﬁﬂ—@gfz%eﬂs&g Sg{ﬁgggtt;;%r Beelly éa%dgMéthodsA

hydr ocar bons 2 as xylene
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. g., 7/ 80
nd about  1TEGePRRS v e AR A 1R oBl S Bl AN Ao
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produce a i exo- & endo- $*@Pxture is treated
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for a tot our soners e a-1 somner
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compound may then be amidated by combining it with a solution

containing, €.g., diphenylcarbamylimidazole, and deprotected, to vield the

diphenylamide (Compound 3 wherein Rs and Rs 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 niiro 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



The resulting mxture is dynamcally resolved by treatnent with a

sui tabl e base and preferential crystallization of the desired
a-isoner 15 using a suitable solvent. The equilibriumconcentrations
of the a- and (3- isoners in solutiomare a function of the pH of the
sol ution, which can be nodified by addition a suitable base. Thus,
the {3-isoners can be converted to the desired a-isoners by addition
of a suit abPBCIpebendSi massarcedidPypsi isprefeeregr 8befydradfenatisni t abl e
solvent, the a-isonmer 20 precipitates fromthe solution as a solid.

I n the dynasmtielyséswyied anopleouetebcatalysts fqyreaginpla bindm chtais. The
deplete the a-isonmer fromthe solution, driving the equilibrium of
the 13 to ahgéreerafiounispiudedlyscdndantediia ti@piesomsy oftzoswdveans, t he
a-isoner in the solution. -23 - Sui t abl e bases for the steps

i ncl ude, foPT¥sEaRPH & argmatihgdleamtsach as toluene.

1, 5-di azabi cycl o[ 4, 3, 01lnon-5-ene, |, 4-di a2abicycl o[ 2, 2, 21oct ane, and
1, 8- di azabi cycl o[ 5, 4, 0l undec-7-ene, or mxtures of 2 or nore thereof.
Sui tabl e solvent _for crystallization includes hydrocarbon, alcohols,
et hers, ket ones,ThestigfsIn e ahpve-deseredyavpiheset P eroneund B cenbe
enbodi nents, the solvent is selected fromethanol, isopropyl alcohol,
aryl al cohol™BI%¥ 6‘; 8Y SUPBTS3EIE, 5196 106 AB% - Teastians thatympppecur as the

N- et hyl pyrrol j dinone, and the m xtures of 2 or nore thereof.

Advant ageou?ﬁ}:{,ucf HeP BRI BCqmeS 18 Patactyipdimereturiays ckeesedidso: 10,
and may al so exceed 95:5. The a:13 ratio at the nitro position_ may
exceed 95: 5% iy~ FRACUERAMPE Be FHyPIsEsasgby decreasingihy residgnegime gh oyt

70: 30a ilﬁor’rﬁge pr cipitates (%eferenti al |

process step {the step resulting in Compound 3). This reduction
of residence time can be achieved by using a suitable flow operation
rather than a batch operation at this step. The reactants are introduced
in individual reactant streams which are combined and immediately
mixed in a flow-through step. This can be achieved by combining the
15  individual flow streams at a peint near the inlet of 2 pump, and pumping
the combined reactant stream through a static mixer, followed by

immediate quench.

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

Compound 2.

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

25  such as xylene, N-methylpyrrolidinone, Dimethylsulfoxide, diphenyl



30a:p >98:2 in solid 1 The car bon-carbon doubl e bond and the
nitro group of Conmpound 1 may then be reduced under suitable
reduction conditions to yield amne 12. Suitable reduction conditions
may include contact with a hydrogenation catal yst, such as one

sel ected from standard nobl e net al caztzal ysts {e.g., palladiumon
carbon, platinumon carbon, and rhodilim - 24 - on carbon, or a

m xture thereof). The source of hydrogen can be hydrogen gas, formc
aci d, formakesr, bithorbénatidonsd therleods wiliitpke st ad w5t may al so
be used. Am ne 12 nmay then be converted to carbonate 13 by reaction
w th an al kyherbal,cit etcvatesl tetpgratule (@ldydethéaar g8t v@tend about 190

et hyl bronof ormate, or ethyliodoformate). Carbanmate 13 may then be
converted teC}irefecarlhdratenatiott 84 dayl abeact 7OrC whbf prelaggysuch as,
for exanple, a netal oxide or hydroxide, carbonate and bicarbonate,
wher e t he mbtiateehsbset 800 eddfabont t&Ekeq)rstillpnarengefetdlilyg befwekh tabbuim

sodi um potassium and magnesium followed by reaction with a 10

m neral aci d208odiapeuhy 80 o), tde predwepr ebdnred drasend théo-atiothelsdl i s
subsequent|ly converted to the correspondi ng al dehyde 15, which is
react ed wi t Ahjphoigphierisdreededewith 6. sritapiehate Conpaphde the ompdeatibné may
be prepared fromacrolein and nitronmethane 15 foll ow ng the schene
bel ow. Ni t r ehBichiaams [S6itrieafwttinht(R%)dn thaoisgamner {383.e The cerwdisngret al
hydroxide (e.g., 110H, KOH, NaCH, Ca(CH)2), netal carbonate (e.g.,

Li 2CC8, Na2@dgturd GXaERse RO nddhiborerbitdaghiGrrapd@ing 28 €8d &0¢ohol
(e.g., nethanol, ethanol, propanol, isopropanol, butanol, secbutanol,
t-butanol , Farh @iR|of foutridomersarfdiesd-isomes ofiCsmppendf3Giscotietizableo 20

gi ve crude Conpound 8. To purify Conpound 8, crude Conpound 8 is

i sol at edQasinteEnegiatginghe gytiheais ohhimicadiye aradegs, ngdus herein net al
bisulfite reagent selected from NaHS03, KHS03, Na2S20s, and 1(25205.
The bi sul fi fesigeatpdGeanreuns kbonverted to the purified 8 by treating
with a |l ower al kyl carbonyl conpound (e.g., acetal dehyde, acetone,

gl yoxylic 25 acid, or a salt of glyoxylate), and a carbonate base

(e.g., LiHC3, HCGs, . . . :
The resulting mixture is dynamically resclved by treatment with a

suitable base and preferential crystallization of the desired a-isomer

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

20 precipitates from the sclution as a solid. In the dynamic resolution
process, this precipitation tends to deplete the a-isomer from the
solution, driving the equilibrium of the p to a conversion process from the

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



KHCOs, Na2C0s, K2CO3) in a biphasic systemcontaining water and a

wat er-i mm sci bl e sol vent. The conpound S is cyclized by treating with
a secondary amne 5 (e.g., piperidine, pyrrolidine, piperazine,

di al kyl am nes, and di aryl al kyl ar oi ne<¥-and a car boxylic acid (e.g.,
ali phatic and aromatic carboxylic acids) in an organic solvent (e.g.,

a2, (1000 SanEene habhuY IHELRKL Ei08d. BF kahyRDBlehapieg Ce

Conmpound 10. 10There are two nethods to convert oun

Conmpound 6; L {_AS 196k & .o ;Met hod C,
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may exceed. 95:5, and for example may be 98.1:1.5.
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a:p = about 70:30 a isomer precipitates
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30 a: >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 & hydrogenation
catalyst, such as one selected from standard noble metal catalysts {e.g.,

palladium. on carbon, platinum on carbon, and rhodium



Raz Ho SO4Na HO SC3Na 9 6A Compound 16 can be prepared

foll owi ng the schenme bel ow starting from 5-brono-2-net hyl pyri di ne

N- oxi de. The 5-brorno-2-xnethyl pyridine Noxide is first converted to
Compound 35 by treating with an anhydride (e.g., aromatic acid
anhydri de, acetic anhydride, or trihajogenated acetic anhydride) in
an applicable solvent (e.g., esters, G to G e hydrocarbon sol vent,
or aromatic solvents, or a mxture thereof). Conpound 35 is converted
t o Conpound o86aplyort, rog &t mettreviiheteodn Taksohole of dydragenethanrol , et hanol ,
propanol , isopropanol, butanols, and pentanols) at an el evated

t enper at ur e hpfiraghno gas 20 @lid for800E, andreiwriadions thlepisf. BRIdme about
70 OC, nore preferably about 45 to about 550C The synt hesi s of
Conpound 37 cgiatishs Rayeilsmbehijed. sAnirecl ey then banotertaddauvel , Marco
et al, J.Og. Chem, 69, 250-262 (2004). According to the present

i nvention, Ceihgoaie 1360y acto witheo: albylCmigfoumate3Z.ggccording to the
schene below, by reacting with a | eaving group reagent - 27 -

i ncl udi ng ac¢hulddenviarmage redhybrnmgierrgate, SQChAjod80R Bra2e). REIBamAtes,
PC15, or PBrs) or another proper |eaving group reagent. In the schene
bel ow, X is1d Meathangbyroysrisd te theearbanatetaic §é oy, reasicer ith a

sul fonat es, _and phosphates. 5Conpound 37 is converted to Conpound 38
by treating bage sch as, for example, a metal oxide or hydroxide, carbonate and

bicarbonate, where the metal is selected from the group consisting of

lithium, sodium, potassium, and magnesium, followed by reaction with a
10 mineral acid. Sodium hydroxide is a preferred base. The acid 14 is

subsequently converted to the corresponding aldehyde 15, which is

reacted with phosphorus ester 16 to yvield Compound 1.

Compound 6 may be prepared from acrolein and nitromethane

15 following the scheme below. Nitromethane is treated with an inorganic
base such as metal hydroxide {e.g., LiOH, KOH, NaOH, Ca{OH)2), metal
carbonate (2.g., LiaCO3, NaaCQs, K2CQa, Cs2C03) and acroleinin a Cy to
Cg alcohol (e.g., methanol, ethanol, propanol, isopropanol, butanol, sec-
butangel, t-butanoel, pentancls, and octanols) or a mixture of alcohols to

20 give crude Compound 8. To purify Compound 8, crude Compound 8 is
isolated as its metal bisulfite salt 9 by treating With-a metal bisulfite
reagent selected from, NaHS03, KHSO3, NazS:0s, and K2820s5. The
bisulfite compound 9 is converted {o the purified 8 by treating with a
lower alkyl carbonyl compound {e.g., acetaldehyde, acetone, glyoxylic

25 acid, or a salt of glyoxylate}, and a carbonate base (e.g., LIHCOz, NaHCOs3,



phosphite reagent. The phosphite reagent can be prepared froma

di al I cyl phosphite or a diaryl phosphite (e.g., (1290)2P(0)H, wherein
RO is selected from G -Cl10 al kyl, aryl, heteroaryl, and aryl all cyl
groups) and a strong base (e.g., metal hydrides, RioLi, and
((1210)33i)2Li, wherein Rois 10 selected fromC to Co alkyl and
aryl groups). Compound 38 is cqra}/erted to Compound 16 by
reacting with a fluoroaromatic borate“féagent, 3-FC61-14B(CRI 1) 2,
wherein Ru is selected froma group consisting of G to G o alkyls,
aryls, het er KHCObSNa@DHKICOGER. o TiPRadi€ afftéDRoh iRt H&ethdISi N a
pal | adi um catal yst, PdL,,, 15 wherein L is a ligand selected from
PR s wher ei nwiRerimangediveteteht.om al kyl, aryl, alkylaryl, and NR'3
wherein R' is selected fromalkyl, aryl, and alkylaryl. Aternately,
pal | adi um on carbon ("Pd/C') nmay be used as the catal yst. The

preferred liga _nds are PPhs, P(o-Tol)3, and bipyridine. -29 -
The fol | owi ng il Thstomipesnd Sjiergeied dohemEng fith £ ecmnabReshmeof
Compound 11 via the nitro-oxazole route: -30 - (R) - but ynol

may advani agle@ustipetdingy pireqlidigk, widtazii@rdigkAenlites, BHB. The
THP-protected al cohol may then be permtted to react with a

substi t ut ed dientadkpliaadots anticr cakaxmkeacit (e, eliphenz ahhiza@ehtes to
yi el d Conpound 23 (where X is S), The reaction may be conducted in a

5 sol vent, farbegdnpkelshin angagintc sovare (¢.g.50ERCRScHEMobeanghe]| B t he
presence of a base, for exanple triethylam ne. Conpound 23 may then
be convert edouigln@dhpletinat, @2tdhyere) tderodate Covapoand @9: t hr ough vi nyl
al cohol 25, or through Conpound 24. The latter route may be conducted
by reacting Conpound 23 with nitro acid 6 in the presence of
10 There are two methods to convert Compound 10 to Compound 6,
designated herein as Method C and Method D. In Method C, Compound
10 is first converted to Compound 6A by reacting 10 with a Wittig
reagent. The Rs in the Wittig reagent given in the scheme below is
selected from Cj to Cioalkyl or arylaikyl groups. The Compound 64 is
15 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 inciude, but are not limited to mineral and organic acids.

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

solvent is either pyridine or toluene, or a mixture thereoi, Optionally, a



10 an aromatic solvent such as, for exanple, toluene, to yield
Conmpound 24. Conpound 24 is subsequently reduced under hydrogenation
conditions, for exanple in the presence of hydrogen and a Lindl ar
catal yst, to yield Conpound 22. Conpodd 22 is then cyclized via a
Di el s-Al der reaction, followed by treatment with a base to yield 15

?2?5.":“?&%%% PEARES PRIdg8 it RN B, %«%ﬁi;" el ?‘:' ver
Di met hy Suhﬁ&ﬁg@%ﬂg}r@4}?9&/kr%tgsmée;)@agﬁélgg%ggfé lgggcglgﬁan the Iike as

wel | m xtures nor e ereo e erature (e.qg.,
fromabout 70 to about 190.C, preferably fromabout 80,0 about 170C,
more 20 preferabkgyfrom about _10Q tmga.b%ulﬁﬂL,_,,stWe
preferably from gctggegnt 120 to about 1%0t), °t o producd®=a= nioéetir e of
exo- and endoi soners. AKEENGaxture is freated with a s@itable base to
conplete the epinerization to produce the cis-isoner (21). Suitable

bases include, for exanple, triethylam ne, __COoRy

1, 5-di azabi cycl o[ 4, 3, g_] non- 8ogene, 1,4- 25 di azgbi cycl of ¥ a.PZ'I/oct ne,
and 1, 8- di azahi cyclo[ 3¢ -ene.__ 5 3M- “OzTﬁ?ﬂﬂfﬁﬂ g
illustrates a general sg¢henme fop the synthesis nmpoundetied @i a t he
nitro-ester route: (R -butynol is converted to a benzyl ester 28

(where R7 is benzyl). 5 Compound 28 reacts with|Bé&" ni xed anhydride
of the nitro acid 6 (prepgred. from.6-—and—pivallayl ghloride in the
presence of a tert-am ne base) ,noihe presence DVAP, to form
Conpound 19. Conpound 19 is redwced under hydrdgenation conditions,
e.g., in the presence of hyd ggen and a Lindlar catalyst, to yield
ester 18. Ester 18 is 10 subsSequently cyclized to yield Conpound 17

as follows. Th%o%){l%ﬁr%c? &é%gn be prepared following the scheme below starting

from S-brome-2-methylpyridine N-oxide. The 5-bromo-2-methylpyridine
N-oxide is first converted to Compound 35 by ireating with an anhydride
{e.g., aromatic acid anhydride, acetic anhydride, or trihalogenated acetic
anhydride] in an applicable solvent (e.g., esters, Ci 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, propanel, isopropanol, butanols, and pentanocls) at an elevated
termperature of about 20 to about 800C, preferably, about 30 o 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



-32- of 18 is conducted in a suitable solvent (e.g., hydrocarbons
such as xyl ene, N-nethyl pyrrolidinone, D nethylsulfoxide, diphenyl

et her, D nethylacetam de and the like as well m xtures of 2 or nore
thereof), at elevated tenperature (e.g., fromabout 70 to about 230C,
preferably, 5 from about 80 to about 170C, nore preferably, from
about 130 to about 160C, still nore pr@terably, from about 140 to
about 150C), to produce a m xture of exo- and endo- isoners. This

mxture is treated with a syitable base to conplete the

epi ni eri zat | elyding ﬁ&%‘?@?%&r&?ﬁgﬁpﬁéﬁud‘}é&?ﬂ 2pPebi BB YClsTRe
car bon- car bo dj:)ubl etplond and . the nitro 10 group of Conpound 17 may
t hen be redug%%f D BRFTIEL PIRST VRGP HRFFAEE iR ithh §ch g PEPY: K4 ne

20. Suitable_ reduction condjti.ons i nclude contact with a
hydr ogenat i O%EE@M &fERP Sglﬁﬁﬁ?da{?%ﬁ%?‘ééP%fﬁ@ﬂsrfﬁ’%Pgﬁn%@ d nobl e

nmetal cat al Yk Senh elsti ple catal ysts may al so be used. A preferred
reduction caka )?sf“ i's pall adium on carbon. The source of 15 hydrogen

can be gt ouen, el ST SEbe s e T B ARG e
con {1905, ASEAE LB ittty SRR o
o epar 2t Lon St B LN RSO RGPl B ©
selected from Ci1-Cyg alkyl, aryl, heteroaryl, and arylalkyl groups) and a
strong base (e.g., metal hydrides, Rioli, and ({Ri0)aSi}zLi, wherein Rio is
1¢  selected from C; to Cip alkyl and aryl groups).
Compound 38 is converted to Compound 16 by reacting with a
fluoroaromatic borate reagent, 3-FCeH4B{OR11)2, wherein Ri1 is selected
{rom a group consisting of C; to Cig alkyls, aryls, heteroaryls and
hydrogen. The reaction is catalyzed using a pailadium catalyst, PdL,
15 wherein L is a ligand selected from PR’s wherein R’ is selected from alkyl,
aryl, alkylaryl, and NR”3 wherein R” is selected from alkyl_, aryl, and
alkylaryl. Altemately, palladium on carbon (“Pd/C”) may be used as the

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



To a solution of potassium hydroxide (3.1 g, 0.05 nol) in nmethanol 5
(450nl) were added nitronethane (39 m, 0.69 nol) and isopropanol
(450mL) under nitrogen atnosphere. The resulting m xture was cool ed
to a tenperature between -20C and -25C. Acrolein (120 m, 1.74 nol)
was then added slowy in about 3 to 3:B-Hours while maintaining the
tenperature between -20C and -25C. After stirring at the sane 10

tenperature for 1 hour, the reactioao@g% quenched with acetic acid (4

m ). The reaction ;aﬁire was warngd upqjto roomtepperature and a
solution of sodiu tasulfite NG, 0.67 nol) fin water (700 nml)

(
was slowy added at#about 25C. |Afltef stirring.thesf§Buhting
suspension for 1 hgur, the nixtur& was ¢ooled t@ 10C and’stirred for
anot her hour. 15 White solid s &btainkd after ffiltration and drying
under vacuum The product was car8sed to the nex®rsigep w t hout
further purification. Yield: 21% 83% 1H NWVR (400 MHz, DVBO cl15) 6

1.41-1.64 (m 21-1), 1.76-1.99 (m 6H), 3.79-3.85 (in, 2 3 (m
(0 3= T20 B[ Pri 2 1 SR Recr o

1H), 5.44 (t, J =6.2Hz, 24 . |20 B.[ Preproas; pn BRdz Ni t

- 34- To a suspegnsion ¢f sod m gi:b SN

1, 7- di hydr oxy- 4- ai-tme- hgptane- 1, £-}fdifSul f onaf 8,29 (209 Jg, 0.57 nol)
was

d a sol of glfyoxylic acid
(160 g, 1.7 nol) and sodgum bi car bogate (150 gpar> 1. 783 ol ) in water
(21). The resulting m'xture -was stirred at room tenpe ure for 30 to
60 minutes until all sol37ds were di ssgl ved. The organi € layer was
split and the aqueous |ayer was extracted with methyl edé chloride
twice (2 x 400 nl). Conbined extracts were then concentrated to give
a colorless oil. The product was carried to next step




10 without further purification. Yield: 85g, 86% NVR (400 MHz, CDC13)
52.09-2.24 (m 41!), 2.58 (m 41!), 4.6k (m 11-1), 9.77 (s, 2H). 13C
NVR 8 26.2, 39.9, 86.9, 200.0. C. Preparation of

5-Ni tro-cycl ohex-1- enecar bal dehyde: To a sol ution of

4-Ni t ro- hept anedThk $bGwiggllubirdtesd pemerairethythe fier £ GiitHesiEQ17L)
wer e added pyrrolidine (2 m, 0.024 nol) and benzoic acid 20 (1.46 g,
0.012 nol), Ghfpéhed nasviktthlhiffoxddEelewastéef | uxed for 10 to 15
hours. The reaction m xture was cooled to roomtenperature, washed
with 1IN HC1 (170 m), saturated with MpBCO3 (170 ml) and water (170

m ) and concentrated to give browni shosi ioLbh a purity of about 80%
The product V\%% carried to the next step-without further
purification. 35 - Yieldf 32.2g, 785% 11-1 N Q2 CDC13) d

2.29-2.34 ( 1), 2.46-72) in, 2H), 2.85-2
1H), 6.86 (in, 1H), 9.50 (s, 1 W@Q&fatlon of
3- (5-Ni tro- d§kiwmek- 1- eny1) - agr aci d To a hsc@| on of

5-ni tro-cycl ohex- 1- enecar bal-defusdern ( 189, O. 116 mol ) ri dine (36

(g 2H), 4.74 (m

nil) was added nmalonic acid (41 g, | by The 1 resulting
suspensi on was heated to 609C for abo t,? hours. After cooling to a
t enperature between 15C anidC NOBN %72 m) was slowy added

into the reaction m xture togadjus
mai nt ai ni ng the tenperat

to betvve&n 1.5 and 2 while
25C. Tha i r&owas then

extracted with rgfi yl engy s (1X18 2X90 ni).
The conbi ned eXt¥%4tEs d VMStbynlaiNic]:rstth (48 TN R wat er (48
m ) and concentr at ed to a vjlu of 736 ml. The conceny®ate suspension
was cooled to OC and 50C #&6rx 1 hour. Light yell ow sol j-&{ was obt ai ned
after filtration and dryi under vacuum Yield: 10g,\60% M 158-160
0C. 1HNWR (400 MHz, DMBO- : 82210 - 2.33 (in, 4H), 2.73 20(in,

2H), 4.96 (in, 1H),5,83,(d, J = 20 Hz)Ol.H)H628(s 1H), 7.27 (d, J

’ WNH
PAICH, 2 CICOEt g COgEt 1 Dilute NaOH
: ! N 2. Hel
= &
O 2
26 ) Z(O)(OEt)z
<4 16
0
NHCO,Et B NHCO,E
S - F
H:A
o H
15
On H



20 Hz, 1H), 12.3 (s, 1H). -36- To a solution of 10 (67 g,
432 mmol) in 1 L of nmethanol at 0 DC was added 144.4 g (432 mmol ) of
the Wttig reagent. The resulting m xture was agitated at 0 DC for 3
hrs. The sol vent was renoved under reduced 5 pressure. The residue
was extracted with MeOBu-t tw ce. The gxtract was filtered to renove
any solid, washed with brine, and concentrated. The residue was
chromat ographed on a silica gel colum, eluting wth hexane/ et hyl
acetate (10/1) tdRpbugnsl thag advantapebushy. te groldabed¥gth] foaRgapreduct 41
NWVR (CDC13) d 7.31 (d, J = 11.3 Hz, 1H), 6.18 (m 1H), 5.84 10(d, J
15.9 Hz, 111THP4 Ti4-PHBBrdtavted Hicohl by (tsen B-Perndit8d t@rebdt (ith 22H) |
2.50-2.04 (m 4H). Next, to a flask were added 2.1 g of the nethyl
ester, 9.6 nbulpftituted benzothiazole, for example 2-chlorobenzothiazole, to yield
Compound 23 {where X is 8). The reaction may be conducted in a
5 solvent, for example an organic solvent such as DMF, and in the
presence of a base, for example triethylamine. Compound 23 may then
be converted to Compound 22 by either of two routes: through vinyl
alcohol 25, or through Compound 24. The latter route may be
conducted by reacting Compound 23 with nitro acid 6 in the presence of
10 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
15 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
20 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-diazabicycio[4,3,0]lnon-5-ene, 1,4~

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



15 MeOH and 2.4 m of water. To the m xture at about 50C was added
dropwi se 0.96 nml of 50% NaOH. The m xture was allowed to warmto room
tenperature and stirred at this tenperature for about 24 hrs. The
reaction m xture was neutralized with HOAc to pH between 4 and 5 and
t he net hanol was renoved under reducedlpressure. The residue was 20
extracted with 3 X 50 m Et OAc. The Et OAc | ayer was concentrated to

- 37 - give 1.5 |tro i d 76. 59 mple 3 - Preparatlon of
Conpound 3a: K% OW’?ﬁgﬁlf%Tagﬁéf\P ﬁ@neﬁ/%]oicggﬁeé%r E¥rsséhepedfat ed on
either the racem ¢ Hgn opure starting butyn-2-ol. To a
Stirred sol ubPBiosrEd u’1‘Pﬁ gn 8& e 40 T1L) in THF (240 ni)
were sequentially added (R)-3 butyn 2- ol c,10 (40 g, 0.57 nol) and then
hexyl met hyl di si |l azane (49.6g, 0.31 noll 4 LQASMN ter’rBerat ure. The

sol ution was reflueg,gd for 3-4 hgurs and thkeR’sl ow yjcool ed to -40C.
The resulting m xtlire was—slow y charged in hexyllRt MM i n
hexane, 249 ni, 06 m)II whi | e Raln thete%e at -40 C.
Thi s sol ution an% ql ution of,, 15 ﬁhe’r‘?ﬁﬂ% Car banyl i n e (180 g,
0,68 nol) in a mxe "Sol vent of "THE 11088 m.) and tol ygne (435 ral)

were m xed using punps through a chilled static m xer and directly
quenched into SN sul furic aC|d (560 rrilL,

1. SolvM50C
[ 2. DBU
Lndlan’Hz M@Noz 3. Dynarnic crystal.
H i

/\OR
18 7
pacH, QH H o CICOEt {4 _H
HEIA REg
OJ\OH Q”J\OH
1
20 P{O){OEL), 4
N O
S A~ NHCOE
Oy H : g |
HER
~
o/‘H !N 11
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15

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

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



-5C). The quenched solution was warnmed to 25 00 and stirred for 1
hour. The organic | ayer was separated, washed with 5N sulfuric acid
(80 20 nL) and then twice with 10% brine (200 nL each tinme). The pH
of the final brine wash was adjusted to 5-7 with a S% NaHCO3
solution. The organic |ayer was then distilled and replaced with
toluene (440 nlL). The tol uene sol ution2was added to heptane (400mni)
at 85C, cooled slowy to 20C and filtered. The filtered cake was
n.) and hept ane

(53T BB it R T A R
G R e L
G e o AT
125 5 20 SR gt d 8k MR 38R Ry
5 irom about 80 fo about 170°C, more preferably, from about 130 to about
160°C, still more preferably, from about 140 to about 150°C), to produce
a mixture of exo- and endo- isomers. This mixture is treated with a
suitable base to complete the epimerization to the cis-isomer 17 as
described previously. The carbon-carbon double bond and the nitro
10 group of Compound 17 méy then be reduced under suifable reduction
conditions to yield amine 20. Suitable reduction conditions may include
contact with a hydrogenation catalyst, such as one selected from
standard noble metal catalysts. Multiple catalysts may also be used. A
preferred reduction catalyst is palladium on carbon. The source of
15 hydrogen can be hydrogen gas, formic acid, formates, and combinations
thereof,
The experimental conditions disclosed herein are preferred
conditions, and one of ordineary skill in the art can modify them as

necessary to achieve the same products.

20 EXAMPLES

Example 1 - Preparation of 3-(5-Nitro-cyclohex-1-envyll-acrvlic acid
{Compound 6) and its Saltf:

A. Preparation of Compound 9 from Acrolein

25



CONPh2cONPh2 3a7a To a flask were charged sequentially Conpound
6 (90 g, 0.46 nole) and toluene (500 nL). The suspension was cool ed
to about 0 0C, and Nnet hyl norpholine (91 niL, 0 83 nole) and
trimethylacetyl chloride (56 15 nL, 0.46 nole) were slowy added

whi | e keeping the reaction tenperat¥dre below 5 C. The reaction

m xture was agitated for 1. hour at 0 OC and assayed for conpletion
of formation of m x nhydride (< J0% of UB remains). A J | ution of

3a (100 g, 0.38 nol ﬁjuhutol ene (400 L) and TH-1TE (220 i) was

added while keeph ¢ AR reac W}rﬂ MyBPsQw . has
fol |l onwed by addi tfon—of—a—siol ugi on of 4-g5di|netahyel af NnGPyei di me §@nd
g, 0.046 nol e) adrdkeislHF (45 nl). The m xture was agitated at about 0 0C
for 8-12 hours until reaction conpletion (<0.2% EB renmihs). Reaction

was quenched by adding a solution of 2.0 -39 - N H2SO4 1400 mi4,
warnmed up to 25 0C and filtered through a pad of celite. The |ayers

Sol ut  on (3308 M E PERG S wpiShonty G153o1-08 rahim Refianthe
Through o SaAToPag atobd mke EmE Bod b B0 PP L isbBowhe 1 nal
IR Sl e e
(i Ay ades e bhideen S0 asafsdd resdiiliaognd ik Sibon of
Cormpound ¢a;, adgg@%loiwﬁg L?gﬁ?uteé ko' S.I'S\hours while maintaining the

temperature between -20°C and -25°C, 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 25°C. After stirring the resulting susp-ension for 1
hour, the mixture was cooled to 10°C 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-ds) 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

o]
NO2

NO
2 HJ\{(OH
HX\)\/Y“ s iaHCOD, H\ﬂ/\/l\/\[rH
HO  'SOzNa .
]




NPh2 00 NPh2 7a2a To a solution of 7a in toluene (200 n., 50.0
g active, 112.5 mmol ) were charged Lindlar catalyst (2.5 g of 5% Pd
/ CaCC8 with 5% Pb 15 poisoned, 1.2 nmol) and quinoline (1.5 nm., 11.6
mol i. The m xture was hydrogenated using 100 psi hydrogen at 25-30C
until reaction conpletion as judged by HPLC. After renoval of
catalyst by filtration, toluene was replaced with ethyl alcohol by
regul ated vacuumdi stillation of about 40C. The product was

dynam cally crystallized fromethyl 20 al cohol (180 m.) at 40C in the
presence of triethyl amne (8.5 ng. The reaction m xture was slowy
cool ed to 5C oveTo a spepemo®bf Sodhdurls7-dMyidesxysd inkttbMapakne5C7f or 3
hours, the product was filtered and washed with cold ethyl al cohol.
The product dimsifobmitgd,d2150®.5M molViacueityRve dhiride (1:61#%as afidd #gen
purge overnight to give 2a as a yellow crystalline solid. Yield: 73.7
% M 113- 16idtHan\MRIyekhc btid, (16D 1.78nd]) 48d 6Hiuth Ficlrvbnkie (1861,
2.21-2.46 (m 41-1), 2.80 (m 2H), 4.71 (In, 1H), 5.81-5.91 (m 3H),
6.19 (m SH1.78028) ihgratdr 21§. Fhelzesulilg mxidB: WaSEifrdl al dcbd) .

temperature for 30 to 60 minutes until all solids were dissolved. The
organic layer was split and the aqueous layer was extracted with
methylene chioride twice (2 x 400 ml). Combined extracts were then
concentrated to give a colorless oil. The product was carried to next step
10 without further purification. Yield: 85g, 86%. 1H NMR (400 MHz, CDClj)
6 2.09-2.24 (m, 4H), 2.58 (m, 4H), 4.61 (m, 1H), 9.77 (s, 2H). 13C NMR &

26.2, 39.9, 86.9, 200.0.

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

15
NO, 0
Pyrrolidine
o j H /Benzoic Acid H NO,
o] 8 0 10

To a solution of 4-Nitro-heptanedial (35.2 g, 0.2 mol) in methylene
chloride {0.71) were added pyrrolidine (2 ml, 0.024 mol) and benzoic acid
20 (1.46 g, 0.012 mol), and the resulting mixture was refluxed for 10 to 15
hours. The reaction mixture was cooled to room temperatu.re, 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.



Exanpl e 6- Preparation of Conpound | a: Into a 2 L 3-neck
round bottom fl ask was placed 2a (25 g, 0.056 nol) and ethyl acetate
(210 mL.). The contents were stirred until Conpound 2a conpletely

di ssol ved. The sol ution was washed with 0.25 15 ML12804 (75 nlL) and
with water (3 x 75 nL). The organi c phase was concentrated under
reduced pressure to about 200 niL, and 1-nethyl-2- pyrrolidinone (50
m.) was added. The sol ution was heated under distillation node until
a tenper at ur 8ichd: 324%g, @ Silas AR (A9. MAReCBGIsut i2020-8et (gl Aig)ae.46hi s
tenperature for 3.5 h. The solution was cooled 20 to room

t enper at ur e, 2&4duDRY)( B.8572.88,(m6 28], o 44rantis), &diteih, TH)eo S0l (8tirn was
stirred for 1 h and was quenched with 0.1 M H2804(125 mL) and the
product was extracted into ethyl acetate (125 nL). The organi c phase
was washed wht b, (T 1 freat i.t h. DARCO- G0 (2.5 Q)
at 65 Cfor 1 E.%ﬁ%%%é%%r&eﬁ%tﬁé%%igrgﬁjgg{ywﬁfc{dthr ough a pad of
Celite whfle the solution remained hot. The sol ution was concentrat ed
by atnospheric distillation to 38 nlg . The remai ning ethyl acetate
was replaced with i Sppr opy!l al cohol azeotropic distillation. The
vol une of the solutijpn was adjusted }xeq4225 nm,. The 5 solution was
diluted with ethyl,a~cotol Benatur®d with Q. 559 QMNgk) . The
solution was slowy co to about gghin, and DBU (0. 29 3.4 nol %
was added. The suspeqfosi was slowy cooled to 15 C apd at this
tenperature for 5 h. The product was filtered and washed with a 2:1
m xture of isopropyl alcohol and ethyl alcohol (50 ni).

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
10 resulting suspension was heated to 60 °C for about 7 hours. After
cooling to a temperature between 159C and 20°C, 6N HCl (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 259C. The
mixture was then extracted with methylene chloride three times (1X180
15  ml, 2X90 ml}. The combined extracts were washed with 1N HCI (48 ml),
water (48 ml) and concentrated to a volume of 36 ml. The concentrate
suspension was cooled to 0°C and 59C for 1 hour. Light yellow solid was
obtained after filtration and drying under vacuum. Yield: 10g, 60%. Mp
158-160 °C. !HNMR {400 MHz, DMSO-ds): 5§ 2.10 - 2.33 (m, 4H), 2.73
20 (m, 2H), 4.96 {m, 1H}, 5.83 (d, J = 20 Hz, 1H), 6.28 (s, 1H), 7.27 (4, J =

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

Example 2 - Alternative Method for Preparing 3-[S-Nitro-cyclohex-1-envl)-

acrylic acid [Compound 5] via WitHg Reagent:




10 19.3 g was obtained upon drying for 24 h at 50 C (90.2 wt %
purity, 17.4 g active, 72.5%vyield). M 151.8 C. 1H NWR (400 MHz,
CDC13): 8 0.99 (m 1H), 1.56 (d, J=6.0 Hz, 3H), 2.03 (in, 111),
2.25-2.31 (m 1H), 2.42-2.53 (in, 2H), 2.62-2,76 (in, 3H, 2,86-2.91
(in, IH), 2.96-3.00 (in, IH, 4.28-4.36 (m 1H), 4.67-474 (in, 1H),
5.42 (br s, 1H), 7.22-7.53 (m 1510H)L3sExanple 7 - Preparation of
Compound 13a: To a three-neck flask equipped with an agitator,

t hernoneter and nitrogen inlet were sequentially aéjded la (100g), THF
(600 m), 10% pal |l gdi um on carbon (50%wet, 35g) apd water (400 m).
The nixture -42 - fphas agitated pep=ab6Ht¥e10 m nuyss at roo
tenperature and t 4°e o abparig ré=04at) For m"&Caci 0K

NQgas

added slowy while t nper at tre was naintai ned bet we 5 and 55C.
The reaction m xture agitated for 4 hours at 45-? C. er the

reacti on was judged 3econplete by HPLC, the reaction xtﬁre was
led to 20C j-ust t - i th, 25%i- 04
(om). THF (20000 aeBF s Eied et b lranohan e e ¢ hen
filt d th it . t h tal yst. A m xed
LG Lo Laugh gaped £ GELUL 8 A0S a5 BhNaL e,
o L0 08t dfcklinko B0 G0 bAL Lo <ML Ml LLLE S A0 LY QAR N

Celite. The co ned solution containing co %rdged
ot vias 2] udt S0 TS Hhast Bew T BB B R Bl erBE - ctany naca
wer'e Sbpar atd e SR SRALh e Bat S e 00 o)
and the combinaedsi@hd HUsCHRBASETr WHeR on a silica gel column, eluting with
hexane/ethyl acetate (10/1) to give 9.2 g cis and 55.1 g (60.4%) trans
product. 'H NMR (CDCls) d 7.31 (d, J = 11.3 Hz, 1H), 6.18 (m, 1H), 5.84
10 (d, J = 15.9 Hz, 1H), 4.74-4.68 {(m, 1H), 3.76 (s, 3H), 2.81-2.74 (m, 2H),

2.50-2.04 (m, 4H).

Med” Ne— No,  NaOH HO == NG,

Y

6
Next, to a flask were added 2.1 g of the methyl ester, 9.6 ml of

15 MeOH and 2.4 ml of water. To the mixture at about 5 °C was added
dropwise 0.96 1l 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

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



washed with a brine solution (40 g of NaCl in 200 nL of water). The
organic |l ayer was cooled to 5C and triethyl am ne (56 nlL) was added.
Then ethyl chloroformate (23.6 nLm ) was added slowy. The m xture
was warnmed to 20C and stirred for 30 mnutes. After the reaction was
20 judged complete, 200 m of MIBE and7100 nL of water were added to
the reaction mxture, followed by the slow addition of 100 nmL of 25%
H2804. The t e re. ted and the organic | ayer was washed
with 200 m %ﬁéﬁg€%f§§%§9m?§§Q2§g%ﬁic | ayer was then concentrated and
azeotropically distilled with 2B ethanol and 250 ml water was added
at 25 70-80C. The conmpound 13a was precipitated out from

et hanol - wat - -pW th seedi at 55-65C. After agitating for 1
hour at 55- ‘é’%&@.ﬁ% Pf@na.ﬁ'at%n cg" d}rcx’nﬁguﬁi ga.

O water was this tenperature and hel d

for 1 hour. After cooling to 15-25C, the m xture ﬁ@s agi ppted for an
N

addi tional 3 hours 15+, 1206 mithen,th Aor odys s filtered and
washed with ethanoléaateL_,S qu brﬂﬂﬁhlcﬁﬁs d[ied‘§? 50- Oh,
provide an off-white | 0,2, (8 g,\\ield:zéS%%. Mp 188.2C 1HNMR ( CDC13)
8 7.25 - 7.55 (mmdButida 4.89(m 1H), 4.51 (¥s, 1H), 4.09 @4, J =
.98 Hz, 2H), 3.49 (bra, 1H, 2.41 (m 2H), 2.25 (in, 1H), 2.06 (d, J
10.8 Hz, 2H), 1.96 (d, J = 10.9 Hz, 1H), 1.83 (ddd, J = 13.5, 6.09,

6
2.51 Hz, 1H), 1. 98¢ BloWilg plocedurted cad te opefté®on Bither +@Yad3n® 5H) .
1.17 (g, J = 11.5 Hz, 2H), 0.92 (q, J 11.5 Hz, 1H). M5 (ES!') for M+H
cal cd. 491 RasrdandShireEamplgeniym-2R5enaradtiedn MnGHBesMat ridaid
(conc., 40 pl) in THF (240 ml) were sequentially added (R}-3 butyn-2-ol
10 {40 g, 0.57 mol) and then hexylmethyldisilazane (49.6g, 0.31 mol) at
room temperature. The solution was refluxed for 3-4 hours and then
slowly cooled to -40°C. The resulting mixture was slowly charged in
hexyllithium (2.5M in hexane, 249 mL, 0.62 mol] while maintaining the
temperature at -40 °C. This solution and a solution of
15 diphenylcarbamylimidazole (180 g, 0,68 mol} in a mixed solvent of THF
{1088 ml) and tohiene (435 ml) were mixed using pumps through a
chilled static mixer and directly quenched into SN 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
20 mlj 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% NaHCOj3 solution. The
organic layer was then distilled and replaced with toluene (440 mL). The

toluene solution was added to heptane {400mL) at 85°C, coocled slowly to

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



To a 250-ink 3-neck flask equi pped with an agitator, thernoneter, and
a refi-ux condenser, were added 10 g of 13a (20.4 mml) and TI-IF (50
m.). To this solution was added an aqueous sol ution of 5% (w w)

sodi um hydroxi de (50 nlL). The reaction m xture was then heated to and
20 agitated at 40 OC for about 4 hours..,\Wen the hydrolysis reaction
was j udged conplete, toluene (50 ink) was added and the m xture was
agitated at a rather fast rate for about 10 m nutes. The organic
phase -44 - tobrnai{B0 myl)tane Hgptareo@0chl)wahesapanakaded Bopy e aqueous
phase contai ni ng product. The organi c phase was back-extracted with
5% aqueous Na@eusol onenoat FEC widfford tiee titerbimeshalie®as Sahtic@Ns were
extracted twice with toluene (2 x 50 nlL) and the organic extracts
were 5 di scar(d@e.6 geurtie %ate)e Mis 16HICQITHOMRES GO MHEE SOMBCS04) $end4 (d,

m xture of toluene (25 nL) and THF (50 nmL). The resulting m xture Wwas
cool ed to betdsestif) IH), 58Q7 [@q2J+5.8)HH echiiorif, asidh @iyeoys ol ution
(about 59 m,) was added to adjust the pH of the mxture from- 13 to

2.5 at 0 t9 51H}, 5 TIB7a8|ueoL0H)p FasRMRED MATR A ePay as6d, %S.Q%F.Q?
organi ¢ phase and 10 extracted with a solvent m xture of toluene (25

m) and THF (fk.8iL)27.0heasgeey.g, pinse1 e nfgen4 wesdh gver e conbi ned
and diluted with THF (50 nL). The m xture was then concentrated
at nospherically to a final noisture content of < 0.05% by repeated
distillations, if necessary. The crude product was used in the next
step wi thout Exanipler 4 Bedpatdtom dfToadisbupurd:i cation (containing 6.80
g, 99%yield). 11-1-NWR (CD3CN) 8 9.72 (bs, 113), 7.17 -7.41 (Ph in
tol uene), 5.45 (bs, 113), 4.68 (dt, J = 5.90, 16.0, 113), 4.03 (q, J
7.10, 211), 3.45 - 3.50 (m 1?’3‘)’ 2. 50 -%@5 (n, 211), 2.45 (dd, J
5.64, 11.5, 113), 2.36 (nethyl? H 3, 83 (m 4 protons),

1.34- 1.50 (qt, J = 2.91,H 1.0, 11 1.32 (d, A 2-9no,3H), 1.15 20
- 1.25 (in, 613), 0.95- 195 (m 213 . Exanmplg§ 9 - paration of
Conmpound 36: N [
CONFh, CONPh;
10 3a 7a

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

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

15 ml, 0.46 mole) were slowly added while keeping the reaction temperature
below 5 °C. The reaction mixture was agitated for 1 hour at 0 °C and
assayed for completion. of formation of mixed anhydride {< 10% of UB
remiains). 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 °C., 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



To a solution of 5-brono-2-nethyl pyridine N-oxide (10.0 g, 5.32 nmol)
in EtOAc (50.0 m) at 0 C was added dropwi se trifluoroacetic 5
anhydride (9.8 m, 6.92 mpl.) while keeping the tenperature bel ow 50
C. After the conpletion of the addition, the m xture was heated to
between 75 and 80 C and stirred for atgleast 1 h. HPLC assay of the
m xture indicated reaction conpl etion when 5-brono-2-net hyl pyri di ne
N-oxide is < 5% 10Upon conpletion, the m xture was cool ed below 50 C
and MeOH (10 H2%P3 (ARRsmik eameti 19135 & endviersddbecighor pad of east 1 h
at 50 C. The solution was concentrated under vacuum and MeOH was
removed by eS8t alden@rersWwarn sepgated(@ang. the gr gardn thyeowee mashedwitho a
volume of 30 m . To the concentrate was added toluene (20.0 nl) and
the sol uti orp% XaCPpsplddond3z3Qy wlblpgiempyve excpie 6dr§ ¥t efd Tomaisdl | d was
filtered and washed with col d toluene and dried overni ght under
vacuum at 357 ?&Wo@?ﬂ?a&#dlwﬁh@%@%%wl@@n (@g0goL), fifoed 11-1 NWVR
(DIVBOd6)84565 7.49 (d, H, 81 (dd, J= 2.3, 2.3 Hz, 1
H), 8.64 Y d,Housha Ra'ihff C@.&ltﬁoaﬂdzfépnrz%&ﬁﬁ?é tqebouqﬁ@pw«aﬁqaémd@me

Conmpound 16: 13 q H 36__A Preparatiaon of 37:
Solution yield 90-95%. 'H NMR (CDCls, 400 MHz) § 7.05-7.35 {m, 11H),

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

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

10  Example 5 ~ Preparation of Comnpound 2a:

O
Lmrilarle a = NO,
)’\\, 2
G 07 "NPhy
7a 2a

To a solution of 7a in toluene (200 mL, 50.0 g active, 112.5 mmol )

were charged Lindlar catalyst (2.5 g of 5% Pd / CaCO3 with 5% Pb

15 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 reactién
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 ethyt

20  alcohoi (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



A slurry of 36 (10.0 g, 83.1mmol) in TBMB (100 m) was treated 5 with
20% pot assi um carbonate (20 m.) solution and stirred at room
tenperature for 1 h. The | ayers were separated and the organic |ayer
was washed *with water. The Tl 3MB and water were renoved by
atnospheric distillation and aceotropigq-distillation with
acetonittile (100 m ) and further concentrated under vacuumto a.

vol unme of 40 , A Karl Fischer 10 was perforned to confirmthe
renoval of vvﬁfté?ge(‘ﬂ’}fge gvenight tygive Ha agcetedlamarystallinsrobiat Yield was

dded d hloride (3.2 437 1) while k th
emper at ure Barolh 98t HE wetINER (HRobiecCRES) Srofe bat £8.4H45 C

for 2 h at i i | | PLC assay i ndi cated conplete reaction. The
reaction ni ;\?hﬁgé\iageatfg&'eﬂﬂtg SHng 2, 44 ( ’&uéﬁbrgglvﬁ Thimaidr (20

m ) while keepi.ng t ture pbelow 40 *C. The reaction m xture
was sl owy pgwég"i&ﬁoég%x?ﬁr%”'@ﬁ SBba7 X847 rh (mariB&hat e (40 ral) and
toluene (100 m ), stirred for 10 mn and the |layers were partitioned.
The to/lréene extract was concentrated under reduced pressure to a

vol une of about 20 ml. AK? was perforned to 20 confirn the renoval of
wat er (KF 5 Bx@hpleth ~ Prapastén oNCo@bod® 1a: 47 - To a dry reaction
vessel was charged a solution of lithium bis(trinmethylsilyl) am de
1.3Min THF (51 m, 66.2 mnol) and diethyl phosphite (13 m, 101.6
mmol ) while keeping the tenperature under 25 C. The sol ution was
stirred at 25 C for at least 1 h. The toluene 5 solution containing
37 from above was added ovigr 1 h and the resultiQ 1 Xture was
stirred at 25 C for at |@asts? 1 [
i ndi cated conpl ete reactfon. Upc
guenched i nto 5% sodi unrf chyj ori de
extracted with toluene (50 ml). The conbi ned orgnl
concentr gt ed under Ph2¥{(3€d pressure to a vol ume of 321
Tol uene 0 mM) was then added and the solution was washed vvlth a 20%
sol ution of potassium carbonate to renove di et hyl phosphate,

confirmed by 1H M35 L20ne8t WundbRtde@ L@@ S ldebd 24 (985S, 66‘3@ washed
with water and concentrated under reduced pressure to a vol unme of
about 40 mol} and ethyl acetate (210 mL). The contents were stirred until

N \/

e S?Ier was 10

Compound 2a completely dissolved. The solution was washed with 0.25
15 M HzSO4 (75 mL) and with water (3 x 75 mL). The organic phase was
concentrated under reduced pressure to about 200 mL, and 1-methyl-2-
pyrrolidinone {50 ml) was added. The solution was heated under
distillation mode until a temperature of 145 °C was attained. The
solution was held at this temperature for 3.5 h. The solution was cooled
20 to room temperature, and DBU (0.57 mL, 6.8 mol%) was added. The
solution was stirred for 1 h and was quenched with 0.1 M H2S04 {125
ml) and the product was extracted into ethyl acetate {125 mL), The
organic phase was washed with water (125 mL} and was treated with

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



15 mM of Conpound 38 solution. C. Preparation of 16: [001] To a
reacti on vessel was charged sodi um carbonate (8 g; 75.5 =nai), 30 m
of water and stirred until dissolved. To this solution were added
3-fl uorophenyl boronic acid (6 g; 42.9 ) and 5% Pd/ C 50% wet 20
(0.5 g). The toluene solution of Corrb%ﬂ'.gg 38 from above was then
added and the m xture was heated to 75 C for at least 5 h at which
time an HPLGRegAY patibretied viorRrhe tautieasthaned YRON TRORBLELLON, the
reaction mxture was cooled to 25 C and filtered to renove the Pd/C
catal yst. Theslcayesnraed dysepasphad @sdidie 838381 C Thakemanase Washed
25 and concentrated under reduced pressure to about 20mil. Hep%ane (20
-48 - nil) ‘easlskeateywas eiacednsith Wopsdpd slcvedl dyagdedepiand t he
m xture was cooled to -10 C over 2 h. The crystalline solid was
filtered, washdidiivhl Thiephanebd sdnitecth WxeidihgRE tynd8myacysm at 30
Cto provide 8 g (75%. M 61 -63 C. 5 1.3 (t, J =7.08 Hz, 3H), 3.42
(s, 1H), 53. 48lutisn vidd) dihdted wlith ethylaleohbl QRnbityred With @584 toludde, (M 1H),
7.23-7.3 (in, 1H, 7.32 - 7.3 (m 1H), 7.32 -7.36 (m 1H), 7.39 -7.48
(m 1H), 7.800(agd,ThE solticiBwa® sBwlPcebledn, abbl} 658C7 4nd B (022 36,
1H). Exanple 11 - Preparation of Conpound 23a:

mL, 3.4 mol%) was added. The suspension was slowly cooled to 15 °C

and held at this temperature for 5 h. The product was filtered and
washed with a 2:1 mixture of isopropy! alcohol and ethyl alcohol (50 mL).
10 19.3 g was obtained upen drying for 24 h at 50 °C {80.2 wt % purity,
17.4 g active, 72.5% yield). Mp 151.8 °C. 'H NMR (400 MHz, CDClj): §
0.99 {(m, 1H), 1.56 {4, J=6.0 Hz, 3H), 2.03 (m, 1H}, 2.25-2.31 {m, 1H),
2.42-2.53 (m, 2H), 2.62-2.76 {m, 3H), 2.86-2.91 (m, 1H), 2.96-3.00 {m,
1H), 4.28-4.36 (m, 1H), 4.67-474 (m, 1H)}, 5.42 {br s, 1H}, 7.22~7.53 (m,

15 10H).

Example 7 - Preparation of Compound 13a:

0 Q
4 WNO, A~ N, B S~ NHCOoOE
S0 SIO™) —<1
HiA HIA HifA
GONPh, CONPh, CONPh,
20 1a 12a 13a

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

palladium on carbon {50% wet, 35g) and water (4060 ml). The mixture



To a flask were added 21g (124nmmol) of 2-chl orobenzot hi azol e
chloride, 30g of 1U, 150nl of DWMP, 2.7g of Cut, 8.4g of Pd(PPh3)4,
50ml of Et3N, and 118 ml of THP protected (R)-butynol. The m xture
was stirred at roomtenperature for 18 hrs. Mst of the solvent was

- renoved under 15 reduced pressure. Watgr was added and the product
was extracted with a m xture of t-BuOW and hexane. The organic | ayer
was washed with brine and concentrated to give an oil. The oil was

di ssol ved i nv25Cgitatdd ive@boanto biiratee At wWoddh tehafdtafie dofdethen heated
deprotection. The m xture was heated at 50 CC for a few hrs. The pH
was adj ust ed tb abbret 5@°€n Horarid a8idZ00 will wadafdtd Nowly wihild iR sol vent was
renoved. The residue was chromat ographed on a silica gel colum,

el uti ng wit h tEnpdetirexenentamigined Hed4genofs 23058789 hd\MAcliGahdire

67.98-7.96 (m 1H), 7.76-7.74 - 49 - (M 1H), 7.45-7.33 (m
111), 4.82- 4wWa6 agrptetilfoy 4 IS af 45-535°C. Bitédr Hiw redfidn waspdded, J = 6.7
Hz, 311). Exanple 12- Preparation of Conpound 24a: 24a The

sanme pr oceédurcemplate brd1fls phe atdctinn ofixfae descobloddo 206V end nh&gHNpl e 4
was followed starting with 15 g of 23a to give, after columm
purificati onwasPgiwdte@dal -1 withiAR% BB s60MIPOTAFIZ0QmL) dad hdded
7.79-7.77 (m 111), 7.48-7.35 (m 2H), 7.31 (d, J = 15.9 Hz, 111),
6.15 (bs, 1119 theregogor migiure, whith was then fite&d(thyough) 2 pad 82CAIE%0 (m
211), 2.50-2.05 (in, 4H), 1.61 (d, J = 6.7 Hz, 3H). Exanple 13 -
Prepar ati on &¥™eshsEaialyst: A mixed solution of THF (300 ml), water (300 ml)

and 25% H2SO4 (5 mL) was used to rinse the flask and catalyst, and

10 filtered through the Celite. The combined soluti.orl containing compound
12a was charged back into a clean flask and the mixture was cooled to
below 10°C. The pH was adjusted to about 9 with 25% NaOH {30 ml) at
below 10°C and NaCl (150 g) was then added. The mixture was warmed
to 20°C and two phases were separated: The aqueous phase was

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 mixhire
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% H2S04.
The two phases were separated and the organic layer was washed with
200 ml of 12% H2804. 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



The sane procedure for the conversion of '7 to 2 (Exanple 5) was

foll owed starting from 15g of 24a to give, after columm purification,
17g product. NWR (CDC13) 5 8.18 (d, J = 8.4 Hz, 1H), 7.98 (d, J = 8.4
Hz, 1H), 7.45-7.37 (m 111), 7.32-7.28 (m 111), 7.24 (d, 15.8 Hz,
111), 6.59 (dd, J = 11.8, 1.3 Hz, 11%3,' 6.55-6.40 (m 1H), 6.15-6.08
(m 1H), 6.00 (dd, J = 11.8, 82Hz 576(d J = 15.8 Hz, 1H),

1 2.8 4
(EQ]anp:_De 14 - %%e%g?g{@l%?% ° %on%?)%r?%ﬁ%%gé fflq‘g)kﬁlél ag%a(gée g&eagfll on:

The same progggiead Q-xdeam% tﬁf%rﬂéﬁ?\%}aﬁﬁre%@fi’elﬁ%lj ﬁhg@am@é co@méﬂﬂs

followed starting fromO.34g of 22a. The ratio exo: end

determ ned by, HBloGe @%e%ﬁ%%i%té&opgnggdﬂ%naﬂg Hot R £5 15 -

Preparation of Corrpound 19a: To a flask under nltrogen wer e

added 1.48g of-ihaenarind Soans @amné}édhﬁéi%@ﬁe I&hhté%hén@ th & was
added dropwise 2.4 m of EtsN to dissolve all solid. To the cool ed

mxture at behypennfitand HiBGrWRLED @dt@%oﬁdgamofflxﬁh@é saldv(@lsgy'
chl oride and 30nmg of 4-di net hyl am nopyri di ne ( DVA
Yield: 85%). Mp 188.2°C 1HNMR (CDCla) 6 7.25 - 7.55 (m, 10 H), 4.89(m,
1H), 4.51 {bs, 1H), 4.09 (d, J = 6,98 Hz, 2H), 3.49 [brs, 1H), 2.41 {m, 2H),
2.25 (m, 1H), 2.06 (d, J = 10.8 Hz, 2H}, 1.96 (d, J = 10.9 Hz, 1H), 1.83
(ddd, J = 13.5, 6.09, 2.51 Hz, 1H), 1.63{m, 1H), 1.52 (d, J = 5.8 Hz, 3H),
10 1.23 {m, 5H), 1.17 (g, J = 11.5 Hz, 2H), 0.92 {q, J = 11.5 Hz, 1H). MS

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

Example 8 — Preparation of Compound 14a;

_NHCOE

5%aq NaOH
THF

_wNHCOE

Z Tnm

co
15 13a
To a 250-mL 3-neck flask equipped with an agitator, thermometer,

Phy

and a reflux condenser, were added 10 g of 13a (20.4 mmol} and THF (50
mL). To this solution was added an aqueous solution of 5% {w/w)
sodium hydroxide (50 mL]. The reaction mixture was then heated to and
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



resulting mxture was stirred at between 0 and 5C for 18 hrs. The
reaction mxture was poured into 10 m of water. The |ayers were
separated and the organic | ayer was washed with NaHCO3 and water and
concentrated under reduced pressure. The resi due was chromat ographed
-51 - on a silica gel colum, elutingth Hexane/EtOAc to give
1.56g of 19a (81% . 1HNMR (CDC s) 57.4%-7.31 (m 6H), 6.28-6.18 (in,
1H), 5.81 (d, J = 15.9 Hz, 1H), 5.62 (g, J = 6.8 Hz, 1H), 5.20 (s,
2H), 4. 78- 4. 68ntdiningThy byhr8@aQ. Wi depprra2td) frod th2-22utbud phastH), 1. 57
(d, J = 6.8 Hz, 3H. Exanple 15 - Preparation of Conpound 18a:
19al8a Tontridipg prpdudRarihefdrgsilic nbase waleakldextgnméd 48H,59%25 m  of
toluene, 0.14 g of Lindlar catalyst (Alfa Chem, and 0.1 m of
qui nol i ne. ThguttesNaQl svhstieyv@Oualled'l® doiiBsed\bdqieonistsohgipns arte
vacuum and filled with hydrogen to 20 psi. The flask was shaken at
room t enper atuiractedrtwid:eSvith soludire{2m 5@ mle andshé bigemicekttdutowege a pad
of celite and washed with toluene. The filtrate was washed wi th 3X30
m 1N HC1 Ssoldigceptedanth B® aduebns nelutivh evekagddesi aveoleergapatated and t he
organic |l ayer was dried over 15 MgSO4 and concentrated to give 1.36 g
(979 of yel tdwens (25 Ml an/RHFCECTEY). Thesssulting niinturd Mps coldd 46, 31
(m 1H), 6.28-6.15 (in, 2H), 5.90- 5.78 (in, 211), 5.18 (s, 211),
(in, 111), 2Dbgbreen/@tq prC. 212N hyrahlgricrid apues)solution] (about 39 = 6. 5
Hz, 3H). 20 Exanple 16 - Preparation of Conpound 17a:

ml) was added to adjust the pH of the mixture from ~ 13to 2.5at0to 5

°C. The agueous phase was then separated from the organic phase and

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 fusther isolation

15 and purification (containing 6.80 g, 99% yield}. 'H-NMR (CD3CN) 6 9.72
(bs, 1H}, 7.17 - 7.41 (Ph in toluene), 5.45 {bs, 1H), 4.68 (dt, J = 5.99,
16.0, 1H), 4.03 (q, J = 7.10, 2H), 3.4S - 3.50 (m, 1H), 2.50 - 2.65 (m, 2H),
2.45 |d4d, J = 5.64, 11.5, 1H), 2.36 (methyl in toluene), 1.83 (mn, 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:




-52 - 1. Solv/150C 2. DBU HHOlI?0Bn 0 OBn 18al73 To a fl ask
were added 0.17 g of 18a and 3 ml of xylene. The m xture was heated
to 150 OC for about 6 bra 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
heated at between 30 and 35 OC for |h to conplete the epinerization
of the initial trans product at thes46,51 junction to the S product.
There were a total of four isoners generated, The exo:endo ratio of
the Diels-Al der reaction was about 78 .22 and the a:13 ratio was about
80:20. The sol vgnt was renoved_undei retuced pressure-@&hd the

&
R N/O TFAA

AN MeOH ® o
| — l N “NNH ooCCF; +
A _ — | P MeOOCCF,
Br
Br Br
35 35

To a solution of 5-bromo-2-methylpyridine N-oxide (10.0 g, 5.32
mmol) int EtOAc (50.0 ml) at 0 °C was added dropwise trifluoroacetic
5  anhydride (9.8 ml, 6.92 mmol.} while keeping the temperature below 50
°C. After the completion of the addition, the mixture was heated to
between 75 and 80 °C and stirred for at least 1 h. HPLC assay of the
mixture indicated reaction completion when 5-bromo-2-methylpyridine
N-oxide is < 5%.
10 Upon completion, the mixture was cooled below 50 °C and MeOH
(10.0 ml) was added. The mixture was heated for at least 1 h at 50 °C.
The solution was concentrated under vacuum and MeOH was removed by
displacement with EtOAc (40.0 ml) and concentrated to a volume of 30
ml. To the concentrate was added toluene (20.0 mlj 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 (DMSO0-ds) 8 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 residue was purified on a silica gel columm to give 0.082g (48%
of the desired exo product and 0.025g (15% of the endo product.
Exo-isoner (a:13 mxture): 1 NVWVR (CDCl1l3) 67.45-7.32 (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 (in, 1H), 3.14-3.09 (in, 1H, 13-isomer), 2.94-229 (m
1H), 2.75-1.75 (in, 7H), 151.12 (d, J = 6.1 Hz, 3H a-isomer), 1.11

(d, J 5.0 Hz, 3H, f3-isoner). EndqQzisonmer 1H NMR (CDC13) 6

740730(m 5H) 5.80 (bs,. 1H), 5.25 (d, j = 11.9 Hz, 460(d

J =11.9 Hz, 1H), 4.58-4.48 (in, 1H), 415405(m 1H) %5(%&

(m 1H, 3. 06 (t, J BH5.7 Hz, 1 2] 95- 2. (o((m3 lOH) %

211), -2.40-2.30 (ipx,1 . 28- 8 rn, MZ(d 20
= 6.5Hz, 3H), 1.05J0795* atl

J
Conpound 20: -53 -1 a "NO2 Pc /HHaOINH2

38

a7 33

A. Preparation of 37
A slarcy of 36 (10.0 g, $3.Immol) in TEME {100 mi) was teeated
5 with 20% potassium cachonate (20 mi) salntion and stirred at room
temperature for 1 h. The layers were separated and the organic layer was
washed with water. The TBME and water were removed by atmospheric
distillation and azeotropic distillation with acetonitrile (100 i) and
forther concentrated under vacuum to a volume of 40 ml. A Karl Fischer
1¢  was perforrned to confirm the removal of water (KF < 0.9). .'[‘o the
acetonitrile concentrate was added dropwise thionyl chloride (3.2 mi,
43.7 mmool} while keeping the temperature helow 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
35 and quenched with water {20 ml) while keeping the temperature helow 40
°C. ‘The reaction mixhare was slowly poured into a mixture of 20%
sodium carbonate (40 mi) and toluene (100 ral), 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 XF was performed to

20  confinm the removal of water {KF < 0.2).

B. Preparation of 38

r



20 To a Pan flask were added 0.47 g of 17a, 35nl of EtOAc,
and 0.51 g of Pt/C. The flask was evacuated with nitrogen and vacuum
3tinmes, filled wwth hydrogen to 100 psi and was shaken for about 24
his as 5 nonitored by NMR The m xture was filtered and washed with
MeOH. The filtrate was concentrate to-¢ive 0.29 g of a gray solid. 1H
NVR (Acetic acid-d4) 6 (a:13 = 78:22) 4.80-4.68 (m 111), 3.78 (bs,

(in 100 1 ab (B Amgteiion Byt YoolbrdolRkpriaiaricbivgent | on has
above, many o LRETPUART R Fiobli DR ERR At p PR e v 11
Al tof nat ves PSR Ty Lot TB ik s R iEed reeiaset vetr a6
Wi thin the sparidhaRd iiOREs kDG B5 SE SN ot VE N, O t51151§r_13
5 solution containing 37 from above was added over 1 h and the resulting
mixture was stirred at 25 °C for at least 2 h at which time an HPLC assay
indicated complete reaction, Upon completion, the solution was
quenched into 5% sodium chloride (50 ml}. The aqueous layer was
extracted with toluene (50 mi). The combined organic layer was
10 concentrated under reduced pressure to a volume of about 20 ml.
Toluene {80 ml) was then added and the solution was washed with a 20%
solution of potassium carbonate to remove diethyl phosphate, confirmed
by 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 m! 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 fiitered 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



What is clainmed is: 1. A process for preparing Conpound 2: 2
wherein Rs and R6 are each independently selected fromthe group
consisting of H, alkyl, alkenyl, alkynyl, alkoxy, cycloal kyl, aryl,
al kylaryl, arylal kyl, heterocyclic and heteroaryl groups, or Rs and
R6, together with the nitrogen to whigcfy they are attached, forma 3-
to 6-nmenbered heterocyclic conpound containing 1-4 heteroatons, said
process conprising: (a) converting (R)-butynol to Conpound 3: 3 OH
CONR5R6 . ( byirwauelond addesosertl Gysielswerk ddCedipouinthednixdutdQoas

cooled to -10 °C aver 2 h. The crystalline solid was filtered, washed with
heptane and dried overnight under vacuum at 30 °C to provide 8 g {75%).
Mp 61 -63 °C. § 1.3 (t, J = 7.08 Hz, 3H), 3.42 (s, 1H}, 3.49 (s, 1H), 4.1 (q,
5 J=7.08 Hz, 2H), 7.04 ~ 7.11 (m, 1H), 7.23 - 7.3 (m, 1H), 7.32-7.3 (m,
1H), 7.32 -7.36 (m, 1H), 7.39 -7.48 (m, 1H}, 7.81 (ddd, J = 8.08, 2.3, 0.41

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

Example 11 — Preparation of Compound 23a:

OH

OTHP s
+
A8 @:Nb—m -— /\Ts
N
10 THP-(R)-Butyno 23a @

To a flask were added 21g (124mmol) of 2-chiorobenzothiazole
chloride, 30g of KI, 150ml of DMF, 2.7g of Cul, 8.4g of Pd{PPha)s, 50ml of
EtsN, and 118 m! of THP protected (R}-butynol. The mixture was stirred
at roomn temperature for 18 hrs. Most of the solvent was removed under

15 reduced pressure. Water was added and the product was exfracted 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 250m] of
MeOH and treated with TsOH for the deprotection. The mixtire was
heated at 50 °C for a few hrs. The pH was adjusted to between 7 and 8

20 with NaOH. Most of the solvent was removed. The residue was
chromatographed on a silica gel column, eluting with EtOAc/hexane to

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



NR5Re ; and (c) reacting Conpound 4 with Conpound 6: 6 o0 - 55 - to
produce Conpound 2. 2. The process of claiml, wherein Conpound 3 is
prepared by a process selected fromthe group consisting of:(a)
and, wherein:

-49.

(M, 1H), 7.45-7.33 (m, 1H), 4.82-4.76 (m, 1H), 3.43 (d, J = 5.4 Hz,

1H}, 1.55 (4, J = 6.7 Hz, 3H).

Example 12 — Preparation of Compound 24a:

O

OH o P NOZ
/!\rs * HO%NOZ _— R =
O
23a 6 |~L©
24a

The same procedure for the preparation of 7a described above in
Example 4 was followed starting with 15 g of 23a to give, after column
purification, 17g of 24a. H NMR (CDCIls) § 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 (&, J = 6.7 Hz, 3H).

Example 13 — Preparation of Compound 22a:

Q
o e NO, Lindlar/t, D%'Noz
I e Ly
NN =
24a @ 2=

The same procedure for the conversion of 7 to 2 (Example 5) was
followed starting from 15g of 24a to give, after column purification, 17g
product. *H NMR (CDCls) & 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



Pis a protecting group; X is a leaving group sel ected

fromthe group consisting of d, Br, |, and heterocyclic rings; L is
sel ected fromthe group consisting of P@E and NR'3, wherein R
is selected fromthe group consisting of alkyl, aryl, alkyl aryI and

S arn - B0 SRR SR e, Ao 50
R' COO, R

Syl aryl aaﬁ”ﬁa@?é%z msésﬁ &fk\? 1545 o 174 et 002t s

3. The process of cla und 6 is prepared by a process
conpri si ng: 284)2 ﬁ@a@tQ%Ena%Hblleﬁs(ﬁ (%E’%JWNOZ in the presence of an

I norganic base in a Cl-C8 al cohol to produce crude Conpound 8: 8

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

QS H
g = NO, ANOs
N o]
1, Solv/150°C B ﬁ
N 3 2. DBU L N.f S
o
D o

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

10 Example 15 - Preparation of Compound 19a:

o

HO% NG, (o}
OH 8 Q — NO,
/x \\
COOBn -BuCoC! 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 EtsN to dissolve
all solid. To the cooled mixture at between 0 and 5 ¢C were added 0.9 ml
15  of pivaloyl chloride and 30mg of 4-dimethylaminopyridine (DMAP). The
resulting mixture was stirred at between 0 and 5°C for 18 hrs. The
reaction mixture was poured into 10 ml of water. The layers were
separated and the organic layer was washed with NaHCO3 and water and

concentrated under reduced pressure, The residue was chromatographed



(b) reacting crude Conpound 8 with a nmetal bisulfite to produce
Compound 9: 9 (c) treating Compound 9 with a | ower al kyl carbonyl
conpound and a carbonate base in a biphasic solvent systemto produce
purified Conpound 8; (d) reacting said purified Conpound 8 with a
secondary am ne and a carboxylic acid_n a first solvent to produce
Compound 10: - 57 - N ; and, (e)’étherting Conmpound 10 to
Conpound 6.

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

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

Example 15 - Preparation of Compound 18a:

o o}
o - NOz Lindiar)H; [o] — NOZ
N !
of ©bn 07060
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
10 was evacuated 3 times with nitrogen and vacuum and filled with
hydrogen to 20 psi. The flask was shaken at room temperature for 3.5
hrs. The mixture was filtered through a pad of celite and washed with
toluene. The filtrate was washed with 3X30 ml 1N HCI solution and 30
ml brine. The layers were separated and the organic layer was dried over
15 MgS04 and concentrated to give 1.36 g (97%} of yellow oil. 'H NMR
(CDCls) & 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).

20 Example 16 ~ Preparation of Compound 17a:



4. The process of claim3, wherein said inorganic b
fromthe group consisting of MOH, KOH, NaOH, Ca(OH)
K2C3, and Cs2C(B. 5. The process of claim3
al cohol is selected fromthe group consisting of ne

ase is sel ected

2, Li2C03, Na2CCs,
, wherein said

t hanol , et hanol,

propanol , isopropanol, butanol, sec-bgg nol, t-butanol, pentanol,

octanol, and mixtures of 2 or nore thefeof.

claim3, wherein said | ower al kyl carbonyl conpound
t he group consisting of §cetal dehyde, acetone,

ul oxyl at e. 7. Thg p=ogs

bisulfite is selected f

6. The process of
is selected from

B gl $omylic acid, and
vopf °gf C whergi et al
QVOUD Rl o g o "Hs03,

Na2S20s, and K2S20s. 8.” The process of claln#jJ*mherein sai d

carbonate base is selectéﬁi??on1the group consistin
NaHCO3, KHCO3, Li2C0a, Na2 , and K2CC3. -58 -

§,0f " Li Hoos,
9. The process

of claim3, wherefhadiisy WsrphdddidcO.46lsvaddBanyst 2mlobryensetheaat er and

a water-inmmscible solvent. 10. The process

of claim 3,

wher ei n sai d BigBgsd@syheatehio 130 Yefos@beyt 6 bowrprheoged tpbetmisen $0i ng of

pi peridine, pyrrolidine, piperazine, dialkylamnes,

and

di aryl al kyl afPfe¥ °C. To the gopledmixtpreoves adéid bPaimfHBWhahei n sai d

secondarysanine i.,s pyrrolidine.

resulting solution was heated at between 30 and 35 °C for 1h to complete

10

15

20

the epimerization of the initial {rans product at the [6,5] junction to the
cis product. There were a total of four isomers generated. The exo:endo
ratio of the Diels-Alder reaction was about 78:22 and the a:p ratio was
about 80:20. The solvent was removed under reduced pressure and the
residue was purified on a silica gel column to give 0.082g (48%) of the
desired exo product and 0.025g (15%) of the endo product. Exoc-isomer
{a:B mixture): ! 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 {d, J = 6.1 Hz, 3H, a-isomer], 1.11 (d, J = 5.0 Hz, 3H, B-isomer}.
Endo-isomer 'H NMR (CDCl3) § 7.40-7.30 (m, SH), 5.80 (bs, 1H), 5.25 (d,
j=11.9 Hz, 1H), 4.60 (d, J = 11.9 Hz, 1H), 4.58-4.48 (m, 1H), 4.15-4.05
{m, 1H}, 3.35-3.25 (m, 1H), 3.06 (t, J = 5.7 Hz, 1H]}, 2.95-2.88 (m, 1H),
2.65-2.50 (m, 2H}, 2.40-2.30 (m, 1H), 2.28-2.20 {m, 1H), (m, 2H}, 1.42 {4,

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

Example 17 - Preparation of Compound 20:



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

aci d. 14. The process of claim 3, wherein said first sol vent
is selected fromthe group consistingf CH2CL12, chl orobenzene,

t- butyl met hyl et her, and tol uene. 15. The process of claim 3,
wherein said step of cqp\{%erti ng Conpound 10 to Cogpound 6 conprises
the steps of: -59 - Feacting, ound 1 f Ph31) =CHCOOR3
to produce Conpound GAw"N%(b) hydr él yzi ng lupd™MBA to
Compound 6 by treating g/;\)@und 6A with a base ca a}sgltLi or an acid

o

catal yst: ¢” OH
17a 20

To a Parr flask were added 0.47 g of 1'7a, 35ml of EtOAc, and 0.51
g of Pt/C. The flask was evacuated with nitrogen and vacuum 3 times,
filled with hydrogen to 100 psi and was shaken for about 24 hrs as

5 monitored by NMR. The mixture was filtered and washed with MeQH.

The fltrate was concentrate to give 0.29 g of a gray solid. 'H NMR (Acetic
acid-da} & (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).

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

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



wherein Rs is G to Cmal kyl or arylal kyl . 16. The process of
claim15, wherein said base catalyst igyselected fromthe group
consi sting of al kaline hydroxi de, carbdnate, and phosphate bases.

17. The process of claim 15, wherein said acid catalyst is selected
fromthe gpodr gasiséd g of mneral and organic acids. - 60 -

18. The process of claim 3, wherein said step of converting Conpound
10 to Conpound 6 conprises reacting Conpound 10 with malonic acid in
a second sol vent. 19. The process of claim 18, wherein said

second solvent s se t I caonsisting ©of hal ogenated

sol vents, ar oma;li o s‘lc\)ﬁj\%éﬁesss %ﬁﬁﬁ%ﬁggﬁ?f@gﬁp&ﬁn@ng sol vents.

20. The process of claim 18, wherein soai d second solvent is selected
fromthe group consisting of pyridinejand tol uene. 21. The
process of claim 18, further conpri siohg ®20f a nitrogen-based
catal yst to accelerate the reaction, e sai d nitrogen-based
catalyst is selected fromthe group congi sting of piperidine,
pyrrolidine, piperazine, pyridine, and®trRethyl ami ne. 22. A

process for preparing Conmpound 11: 11
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 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:

3
OH
A
CONRgR; -
{b} reducing Compound 3 to yield Compound 4:
4
Ho— ‘=0
NRsRg ; and
(c) reacting Compound 4 with Compound 6:
6

0

HO% NO,



conprising the steps of: (a) reducing Conpound 1 to Compound 12
using a noble nmetal catalyst: (b) reactdsng Conmpound 12 with an al kyl
hal of ormate to produce Conpound 13: 13

to produce Compound 2.

2. The process of claim 1, wherein Compound 3 is prepared by
a process selected from the group consisting of: (a)
X
OH OH . X N.'RRs e
—— . § \
0
Li - NRsRs
/ 3
oP [ OP 0
\ /\ /l\ XJLN Rs
A A . R
- Li 6
3A 3B .
and,
(b)
X
OH N A OH
AR Re
X =0
PdL/CuY/base
NRsRs
oP i
)\ X2 NRs PdLCuYibase
X Rs
wherein:

P is a protecting group;
X is a leaving group selected from the group consisting of C},
Br, I, and heterocyclic rings;
L is selected from the group consisting of PR’s and NR”3,
wherein R’ is selected from the group consisting of alkyl, aryl,
alkylaryl, and R” is selected from the group consisting of alkyl, aryl, and
alkylaryl;

Y is selected from the group consisting of Cl, Br, I, and R”CQO,



(c) reacting Conmpound 13 with a base to produce Conpound 14: 14 (d)
converting Conpound 14 to Conpound 15: 5462 - ONHCQ2Et ; and, (e)
reacti ng Conpound 15 with Conmpound 16 16 P (0 )(0 EO2 to produce
Conmpound 11;
wherein R” is selected from the group consisting of alkyl, aryl, alkylaryl,
and arylalkyl; and

n is between 0 and 4.

3. The process of claim 1, wherein Compound 6 is prepared by
a process comprising:
(a) reacting acrolein with CH3sNOz in the presence of an inorganic base in

a C1-Cs alcohol to produce crude Compound 8:

8
NO,
HMH
0 0
(b) reacting crude Compound 8 with a metal bisulfite to produce
Compound 9:
9
NO,
H H
HO  SOsNa HO 8OsNa,

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

(d) reacting said purified Compound 8 with a secondary amine and a
carboxylic acid in a first solvent to produce Compound 10:

10



wherein R5 and R6 are each independently selected fromthe group
consisting of H alkyl, alkenyl, alkynyd, alkoxy, cycloalkyl, aryl,

al kyl aryl, arylal kyl, heterocyclic and heteroaryl groups, or R5 and
R6, together with the nitrogen to which they are attached, forma 3-
to 6-nmenbered heterocyclic conpound cantai ning 1-4 heteroat ons.

23. The process of claim22, wherein daid noble netal catalyst is

sel ected fromthe group consisting of ps { on carbon, platinum
on carbon, and rhodiumon carbon, or a e thereof. 24. The
process of claim 22, wherein said al kyl formatgnds selected from
the group consisting of ethylchloroformate, ethylbronoformte, and
ethy|'OdOf@ﬂﬁﬁkﬁmrﬂng(hnﬁﬁouﬁdﬂﬁpﬁﬁé%ngﬁ§rﬁigpar'ng Gormpound 17: - 63
- sai d process conprising the step 3%: (a) cyclizing
Compound 18 in a first solvent at an el evated tenperature

4, The process of claim 3, wherein said inorganic base is
selected from the group consisting of LiOH, KOH, NaOH, Ca{OH)a,

LiaCO3, NagCO3z, K2COs, and Cs2CO03.

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

more thereof.

6. The process of claim 3, wherein said lower alkyl carbonyl
compound is selected from the group consisting of acetaldehyde, acetone,

glyoxylic acid, and gyloxylate.

7. The process of ¢claim 3, wherein said metal bisulfite is
selected from the group consisting of NaHSOz, KHSO3, Na2820s, and

KoS20s.

8. The process of claim 3, wherein said carbonate base is
selected from the group consisting of LIHCO3z, NaHCO3, KHCO3z, LioCOg,

Na2COs3, and Ka2COa.



wherein R7 is selected fromthe group consisting of H, alkyl,

al kenyl, al kynyl, al koxy, cycloal kyl, agyl, alkylaryl, arylalkyl, and
het eroaryl groups to produce a first mxture conprising a and [3 of
the exo isonmers of Conpound 17A: 17A and a and p of the endo isoners
of Conmpound 173: - 64- (b) epinerizing said
trans-[5,6]-ring-junction of Conpound 17A by treating said first

mxture with a dirst HRsgrdcesPoPElER 3, Waenld dHidiBipRaseEIMIEtNY stem
cis-[5,6]-ring-junction-nitro-a i somer and

cis-[5,6]- H%Hﬂ:lfg%‘%tdvﬂa?eﬁglﬁd 9 @aﬂe?gﬁisgfblg%gﬂeﬁqm ound 17C and

Compound 17 reating said second m xture
with a second sol vent, causing said a-isonmer of Conpound 17C to
precipitate to produce Conpound 17.

10.  The process of claim 3, wherein said secondary amine is
selected from the group consisting of piperidine, pyrrolidine, piperazine,

dialkylamines, and diarylalkylamines.

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

pyrrolidine.

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

acids.

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

benzoic acid.

14.  The process of claim 3, wherein said first solvent is selected
from the group consisting of CH2Cly, chlorobenzene, t-butylmethylether,

and toluene.

15.  The process of claim 3, wherein said step of converting

Compound 10 to Compound 6 comprises the steps of:



26. The process of claim25 further conprising the step of treating
said second m xture wth a second base,;gresulting in a dynamc
resolution of said second m xture, in which said |I3-isonmer of
Compound 17C is converted to a-isoner of Conpound 17C, and a-isoner
of Conpound 17Cd) seaciing fidmpednd d (witdBle; FBaICOORY o produce 27. The
process of claim 25, wherein said first solvent is selected fromthe
group consiCeihpeed of¢l ene, N-nethyl pyrrolidinone, Di methyl sul foxide,
di phenyl ether, and D net hyl acetarnide, and m xtures of 2 or nore

t her eof . 28. The process of claim 25, wherein said tenperghure
is between about 70 and about 190C. - 65 - 29. The process of
claim25, wherein sgid tenperature is between about 80 and about

170C. 30. THe process of claim25, wherein said tenperature is

bet ween about 1 \J about 160C. 31. The process of claim 25,
wherein sai d tenberat |8 Ween about 120 and about 150C.

32. The process of claim erein said first base is selected from
the group consisting of t yl am'é}gd

1, 5- di azabi cycl o[ 4, 3, 01non-5-ene; 1, 4-di azabi cycl o[ 2, 2, 2] oct ane; and
1, 8-di azabi cycl o[ 5, 4, 0] undec-7-ene; and m xtures of 2 or nore

t her eof . 33. The process of claim?25, wherein said second

solvent is (b) hydrolyzing Compound 6A to Compound 6 by treating

Compound 6A with a base catalyst or an acid catalyst:

HO™ \__ NO,

wherein Rg is C1 to Cip alkyl or arylalkyl.

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

phosphate bases.

17.  The process of claim 15, wherein said acid catalyst is

selected from the group consisting of mineral and organic acids.



selected fromthe group consisting of alcohols, ethers, ketones,
esters, xylene, and N-nethyl pyrrolidi naope, and m xtures of 2 or nore
t her eof . 34. The process of claim25, wherein said second
solvent is selected fromthe group consisting of nethanol, ethanol,

propanol s, and hgfanofge pfﬁb@é,},e@f&ia{fﬁtwbn@weﬁﬁlsaﬂw @f@d}ﬁreﬁfhﬁgw es
of 2 or nore thereof. . The process of claim?26, wherein

tsf: gt ﬁsfgnm@r?gﬁﬁguhmg fﬁ?i@@%ﬁgﬁa@rg t«{/b&qgflgé’g %Ug% gg H—%Jocﬂnd 10 with

1, 4-di azabi oY cl 9422%1%1 .2] oct ane; I azabi cycl o[ 5, 4, 0] undec- 7- ene;
and mxturgé of ?’56?%?;88% 6. A process for preparing
Conmpound 18: 0 oR

19.  The process of claim 18, wherein said second solvent is
selected the group consisting of halogenated solvents, aromatic solvents

and nitrogen-containing solvents.

20. The process of claim 18, wherein said second solvent is

selected from the group consisting of pyridine and toluene.

21.  The process of claim 18, further comprising the use of a
nitrogen-based catalyst to accelerate the reaction, wherein said nitrogen-
based catalyst is selected from the group consisting of piperidine,

pyrrolidine, piperazine, pyridine, and triethylamine.

22. A process for preparing Compound 11:

11
o H H H
" OEt
o T
= o
= H
H\
)
o
F

comprising the steps of:



wherein R7 is selected fromthe group consisting of H, alkyl,

al kenyl, al kynyl, al koxy, cycloal kyl, ayl, alkylaryl, arylalkyl, and
het eroaryl groups, said process conprising the steps of: (a)
converting (R)-butynol to Conpound 28: OH COOR7 wherein R7 is
sel ected fromt kd gdoeng Cospsdurigd 1of H, al kyl, al kenyl, al kynyl,

al koxy, cycloal kyl, aryl, alkylaryl, arylalkyl, and heteroaryl

groups; (b) reacting Conpound 28 with Conpound 6: - 67 - 0 1

12

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

Compound 13:

13

Q
H

N NHCO,E
o

HEA

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

Q
H H
JNHCO,Et
g
H:A

Of\OH

14

(d) converting Compound 14 to Compound 15:



to produce Conpound 19: (c¢) reducing Conpound 19 to produce
Conmpound 18: 37. The process of claimgz36, wherein Conmpound 6 is
prepared by a process conprising: (a) reacting acrolein with CHINO2
to produce Conpound 8: 8

15
QH oH
tm..\NHcozEt
O
o’ H ; and,
(e) reacting Compound 15 with Compound 16
i6
P(O)(OEL),

“N
)

to produce Compound 11;

wherein Rs and Re are each independently selected from the group
consisting of H, alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, aryl, alkylaryl,
arylalkyl, heterocyclic and hetercaryl 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.

23. The process of claim 22, wherein said noble metal catalyst is
selected from the group consisting of palladium on carbon, platinum on

carbon, and rhodium on carbon, or a mixture thereof.
24.  The process of claim 22, wherein said alkyl haloformate is
selected from the group consisting of ethylchloroformate,

ethylbromoformate, and ethyliodoformate.

25. A process for preparing Compound 17:



(b) reacting Conmpound 8 with Na2S205 to produce Conpound 9: 9 (c)
reacting Conpound 9 with an acid to prqguce Conpound 10: - 68 -

(d) converting Conpound 10 to Conpound 6. 38. The process of
claim 37, wherein said acid is glyoxylic acid. 39. The process
of claim37, wherein the step of converting Conpound 10 to Conpggnd 6
conpri ses reacting Conpound 10 with mal onic acid. 40. The
process of claim 37, wherein the stef gf converting Conpound 10 to
Conmpound 6 conprises reacting Conpo 't,JGIOthti g reagent.

said process comprising the steps of:
(a) cyclizing Compound 18 in a first solvent at an elevated
temperature

18

0% “OR;
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:

17A

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

17B

Sy

NO,
0]
H:H

Oj\’0 Rz

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



41. A process for preparing Conmpound 11: 11 conprising: (a)
reduci ng Conpound 17 17 to produce Cggpound 20: (b) converting
Conmpound 20 to Conpound 14:

(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 178:

17C

Gis
Q H H-!-ﬁ

NO,
o
H:A

7
o ORy ; and,

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

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

26. The process of claim 25 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
17C is converted to a-isomer of Compound 17C, and a-isomer of

Compound 17C is precipitated to produce Compound 17.

27. The process of claim 25, wherein said first solvent is
selected from the group consisting of xylene, N-methylpyrrolidinone,
Dimethylsulfoxide, diphenyl ether, and Dimethylacetamide, and mixtures

of 2 or more thereof.

28. The process of claim 25, wherein said temperature is

between about 70 and about 190°C.



HHO "' NHCO2Et H R OR7 (c) converting Conmpound 14 to Conpound 15:
(d) converting Conpound 15 to Conpound 651 wherein R7 is
sel ected fromthe group consisting H, alkyl, alkenyl, alkynyl,

al koxy,
groups.

cycl oal kgl , arﬁl , alkyl-aryl, arylallryl, and heteroaryl
- Thg p

70 -2 rppespeioclats 1, wherom 42id treperaturtés st ep

of converting Conpound 15 to Conmpound 11 conprises reacting Conpound
15 wit h Cobptuech 8dout @0 and about 170°C.

30. The process of claim 25, wherein said temperature is

between about 100 and about 160°C.

31. The process of claim 25, wherein said temperature is

between about 120 and about 150°C.

32. The process of claim 25, wherein said first base is selected
from the group consisting of triethylamine;
1,5-diazabicyclo[4,3,0]non-5-ene; 1,4-diazabicyclo[2,2,2]octane; and

1,8-diazabicyclo[5,4,0]undec-7-ene; and mixtures of 2 or more thereof,

33. The process of claimm 25, 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.

34. The process of claim 25, 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.

35. The process of claim 26, wherein said second base is

selected from the group consisting of triethylamine;



P(0) (0 EO2 to produce Conpound 11. 43. The process of claim
42, wherein Conmpound 16 is prepared by.g process conpri sing: 35Br
36 44. A process for preparing Conmpound 21: 21

1,5-diazabicyclo[4,3,0]non-5-ene; 1,4-diazabicyclo[2,2,2]octane;

1,8-diazabicyclo[5,4,0]undec-7-ene; and mixtures of 2 or more thereof.

36. A process for preparing Compound 18:

18

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

said process comprising the steps of:

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

28
CH

N

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

COOR;

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

(b} reacting Compound 28 with Compound 6:



21 NX conprising cyclizing Conpound 22: 22 O wherein X is

selected fromthe group consisting of 7.0, and NH. 45. The
process of claim44, wherein the cyclization is conducted at an
el evated tenperature, and then a base is added. 46. The

process of claim44, wherein said base is selected fromthe groudp
consi sting of organic, inorganic, and organonetal lic bases.

HO&_\O NO,

to produce Compound 19:

19
0
o = NOa
)“ﬁ§>\
o ~ORy
(¢} reducing Compound 19 to produce Compound 18:
18
0
¢ = NO,
P!
0% OR; )
37. The process of claim 36, wherein Compound 6 is prepared
by a process comprising:
(a) reacting acrolein with CH3NOz to produce Compound 8:
8
NO,
H H
0 O
(b) reacting Compound 8 with Na;S,05 to produce Compound 9:
9
NO,
H H
HO  SOzNa HO SO3Na

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



47. The process of claim46, wherein said base is selected fromthe
- 72 - diazabicycl o[ 2,2, 2]octane; and -68-

1, 8-di azabi cycl o[ 5, 4, Ol undec- 7-ene. 48. A process for preparing
Compound 21, conprising: (a) converting (R)-butynol to Compound 23:
01-1 (b) reacting Conpound 23 with Conmpound 6: to produce Conpd@nd
24: N2 ; o

NO,

»and,

{d) converting Compound 10 to Compound 6.
38. The process of claim 37, wherein said acid is glyoxylic acid.

39. The process of claim 37, wherein the step of converting
Compound 10 to Compound 6 comprises reacting Compound 10 with

malonic acid.

40. The process of claim 37, wherein the step of converting
Compound 10 to Compound 6 comprises reacting Compound 10 with

Wittig reagent.

41. A process for preparing Compound 11:

11

comprising:

(a) reducing Compound 17



(c) reducing Conmpound 24 to Conpound 22: 12 NOX2; and ; and, - 73 -
(d) cyclizing Conpound 22 to produce Cgwound 21, wherein X is

sel ected fromthe group consisting of S, 0, and NH 49. A process for
prepari ng Conpound 21:

17
0y o
H I A
o “OR;
to produce Compound 20:
20
/\OR,
{(b) converting Compound 20 to Compound 14
14
m “NHCO,Et
o,
(c) converting Compound 14 to Compound 15:
15

Fl

H

(d) converting Compound 15 to Compound 11
wherein Ry is selected from the group consisting H, alkyl, alkenyl,
alkynyl, alkoxy, cycloalkyl, aryl, alkyl-aryl, arylalkyl, and heteroaryl

groups.



to Compound 23: (b)

(a) converting (R)-butynol
- 74 - 6 0 HO-N® to

21 conpri sing:
reduci ng Conpound 23 to produce Conpoungh.25:
produce Conpound 22: 22 12
42. The process of claim 41, wherein the step of converting
Compound 15 to Compound 11 comprises reacting Compound 15 with

Compound 16:
16

P(O)OEl),

=N
oy

to produce Compound 11.

The process of claim 42, wherein Compound 16 is prepared

43.
by a process comprising:
OOCCF3
® 8 OH
SN TRAA SN MeOH 6 o
P I z —_— I ~NH OOCCF,
Br Br o
35 Br 36
_ _ P(O)(OEL),
o Po) (0Et), 7 O
S N | > N
— | =N — |l F
o = ———-
Br Br
= - F
37 33 16

44. A process for preparing Compound 21:



NC2; tad ; and (d) cyclizing Conpound 22 to produce Compound 21,
wherein X is selected fromthe group cotisisting of S, 0, and NH.
50. The process of claim49, wherein Conpound 6 is prepared by a
process conprising: (a) reacting acrolein with CH5GNO2 to produce
Conpound 8: 8 ; (b) reacting Conpound 8 with Na2S205 to produé&d

Compound 9: - 75 -

2t

comprising cyclizing Compound 22:

22

2

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

45.  The process of claim 44, wherein the cyclization is

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

46. The process of claim 44, wherein said base is selected from

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

47. The process of claim 46, wherein said base is selected from the

group consisting of triethylamine; 1,5-diazabicyclo[4,3,0]lnon-5-ene; 1,4-



(c) reacting Compound 9 with an acid to produce Conmpound 10: (d)
converting Conpound 10 to Conpound 6. .73 51. The process of claim
50, wherein said acid is glyoxylic acid. 52. The process of

cl ai m 50, wherein the step of converting Conpound 10 to Conpound 6
conpri ses dismebicyridenloctane; and i ,fedianakicaciofs,4,0Jundec3Benghe
process of claimb50, wherein the step of converting Conpound 10 to
Conmpound 6 conprises reacting Conpound 10 with Wttig reagent.

54. A process for preparing Conpound 11: 11

48. A process for preparing Compound 21, comprising:
(a) converting {R)-butynol to Compound 23:

23

OH

Y4

H]

(b) reacting Compound 23 with Compound 6:

to produce Compound 24:

24

(¢) reducing Compound 24 to Compound 22:
22
2

o}
0

!

N he

NO;: and
S
&N, .

; and,



conprising: (a) reducing Conpound 21 to produce Conpound 26:

(b) converting Conmpound 26 to Conmpound B~ - 77 -

(d) cyclizing Compound 22 to produce Compound 21,

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

49. A process for preparing Compound 21:

2]

_‘\\NO;

comprising:

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

OH

4

?

(b} reducing Compound 23 to produce Compound 25:

(c) reacting Compound 25 with Compound &:

21

23

25



(c) converting Conpound 27 to Conpound 14: (d) converting Conpound
14 to Compound 15 (e) converting Conpbund 15 to Conpound 11.
wherein X is selected fromthe group consisting of S, 0, and NH.
55. The process of claimb54, wherein the step of converting Conpound
15 to Conpound 11 conprises reacting Conpound 15 with Conpound ¥6: 16

o
HO)\—\O NO,

to produce Compound 22:

22

2

4] NOz; end

; and
(d) cyclizing Compound 22 to produce Compound 21,

wherein X is selected from the group consisting of S, O, and NH.
50. The process of claim 49, wherein Compound 6 is prepared by a

process comprising:

(a) reacting acrolein with CH3NO2 to produce Compound 8:

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



- 78- 56. The process of Caimb55, wherein Conpound 16 is prepared by
a process conprising: Br 57. The proéess of claim2, wherein the

step of 58. 59. xA NR5 3B R6 ON

9
NO,
H H
HO  SO;Na HO SOsNa
(¢) reacting Compound 9 with an acid to produce Compound 10:
10
Q
’ NO,

; and,

(d) converting Compound 10 to Compound 6.

51. The process of claim 50, wherein said acid is glyoxylic acid.

52. The process of claim 50, wherein the step of converting

Compound 10 to Compound 6 comprises reacting Compound 10 with

malonic acid.

53. The process of claim 50, wherein the step of converting

- Compound 10 to Compound 6 comprises reacting Compound 10 with

Wittig reagent.

S54. A process for preparing Compound 11:



-76 -

11
0
Wb ~NHCO,Et
0 0
H i H
ZN
<
F
comprising;
{a) reducing Compound 21
21
11
Ny
26

(b) converting Compound 26 to Compound 27:

27



3 NR5R6 is a flowthrough step in which Conpounds 3A and
3B are individually contained in reactaft- streams, which streans are
conbi ned near the inlet of a punp, which punps the conbi ned stream
through a static m xer.

a“NH\

2, (+]
X o
[ [[T5 ko
2
g

7

z
t]

X

(c} converting Compound 27 to Compound 14:

14
ANHCOEt
)Et:p
7™0H
(d) converting Compound 14 to Compound 15
15

QH H
H:R
0‘//-\OH

(€} converting Compound 15 to Compound 11.

; and,

wherein X is selected from the group consisting of 8, O, and NH.

55. The process of claim 54, wherein the step of converting
Compound 15 to Compound 11 comprises reacting Compound 15 with
Compound 16:

16

P(O}(OEt),

N
o)

to produce Compound 11.



58. A process for preparing Conpound 2: - 79 - o0 rlR5R5
wherein Rs and Rs are each independentlygselected fromthe group
consisting of H, alkyl, alkenyl, alkynyl, alkoxy, cycloal kyl,

al kyl aryl,
R6, together with the nitrogen to which they are attached,
to 6-menmbered heterocyclic conpound containing 1-4 heteroatons
process compti si B¢ nrayesonl/@laiim§s( Rhebtihy@ohpoando 1 ey

CONR5SR6 .
7:

aryl,

axyl al kyl , heterocyclic and heteroaryl groups, or Rs and

forma 3-

sai d

dePired 1GH

(b) reacting Conmpound 3 with Conpound 6 to vyi epd Corrpound

process comprising:

o OOCCF,
.0
N TEAA I =N MeOH
P / N I “NH OOCCF;
Br
- F(O)(OEt
[ P(O)(OEt), 7 FOMk (OXOELY
-~
N
x =N I
o —_—————
| Br i Br
F
S7. The process of claim 2, wherein the step of
0
oP XJ\N;: X 1§
B
/'\ > )\fo
X
Li

3 ’ NR5Rg

is a flow-through step in which Compounds 3A and 3B are

individually contained in reactant streams, which streams are combined

near the inlet of a pump, which pumps the combined stream through a

static mixer.

58. A process for preparing Compound 2;



6 0 HO N ; and, (c) reducing Conmpound 7 to produce Conpound 2:
59. A conpound of any of the follow ng-f®rnul ae: -80 -

i}\g@,m

0”7 “NRsRg
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 Rg, together with
the nitrogen to which they are attached, form a 3- to 6-membered
heterocyclic compound containing 1-4 heteroatoms, said process
comprising:

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

OH

X

CONR;R; .
>

(b} reacting Compound 3 with Compound & to yield Compound 7:

8
O
; and,
(c) reducing Compound 7 to produce Compound 2:

7

O

Qo "= NO,
3N
0% “NRsRs

59. A compound of any of the following formulae:



0 OF1 NO2 HH, andoR wherein Rl is selected fromthe group
consisting of OR2, and R2 is selected T¥bm the group consisting of H,
al kyl, al kenyl, al kynyl, al koxy, cycloal kyl, aryl, alkylaryl,
aryl al kyl, and hgteroaryl groups. 60. A conpoun% of ei t her of the

fol | owi ng formul NO, £ NO, NO2
a g 0 |
H:A HIR HZHA
R R

W A A
O‘/\ 1 , O/\R'l , O
o] 0
}5* NO, i NO,
o ]
H : Fi H /_ H
0/\ R’ , and R’

wherein R;: is selected from the group consisting of OR», and R is
selected from the group consisting of H, alkyl, alkenyl, alkynyl, alkoxy,

cycloalkyl, aryl, alkylaryl, arylalkyl, and heteroaryl groups.

60. A compound of either of the following formulae:

0 0

o = NO» o == NO»
07 "R! and 0% R ,

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

arylalkyl, and heteroaryl groups.

61. A compound of any of the following formulae:

/\
NR5R6 %NRsRs , O NRsRs s 5R6 s



0 Rand o R wherein Rl is selected fromthe group consisting of
OR2 and NR3R4, and R2, R3 and R4 are eath-independently selected from
the group consisting of H alkyl, alkenyl, alkyn.yl, alkoxy,

cycloal kyl, ayl, alkylaryl, arylalkyl, and heteroaryl groups. 61. A
conmpound of a &g ol | ow ng fornul ae: wherein Rs and R6 are
each i ndepen | | ect ed ¢ am the %8(5'? consisting of H, alkyl,

al kenyl, alk i mal koxy, cy ~aryt’? al kyl azyl, aryl al kyl,

het erocyclic a efrer oar yl e~~0f RS and Rs, together with the
nitrogen to which they are a tatt}lé‘d, forma 3- to 6-nmenbered

het erocyclic corfpound cortdd ni ng FB&Fshet eroat gns, and wherein Rio is
selected fromC to Co alkyl and aryl groups. 62. A conpound of

ei ther of thewhsrtiovRngntioRgrat@each indepentieensi sel&ted oMoy groegch

i ndependently selected fromthe group consisting of H alicyl,

al kenyl , aldsyRidtingabikax sliealk VAl 2 apydia
1 e ey echon iy,

het erocyclic and heteroaryl groups, t oget her " wi t

ni trogen f Gy, Wiekotl QidhhaHEerol Bk, b ROAAETCHSE ther with

het er ocycl i ¢ conpound cohtalining 1

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

g

heterocyclic compound containing 1-4 heteroatoms, and wherein Rio is

selected from C; to Co alkyl and aryl groups.

62. A compound of either of the following formulae:
o O
A NO, 5& NO,
O™ "NRsRg 2 and 7

b

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.



