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These data support that conpounds that inhibit the proteolytic activity of
10 human cathepsin S be proposed as candidates in the treatnent of chronic
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rheumatoid arthritis, and asthma, and for the prevention, inhibition, or treatment
of tissue transplant rejection. U.S. Patent 6,953,793 further discloses a
process for the preparation of said substituted pyrazoles. However, the
20 process disclosed is not suitable for large scale manufacture. Therefore, there

remains a need for a process for the preparation of substituted pyrazoles.

SUMMARY OF THE INVENTION

The present invention is directed to a process for the preparation of

25 compounds of formula (I)
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0, NR9, NR1O, N, S@2, 0=0 and S; which ring nmay be saturated, unsaturated
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of hydrogen, Ci.salkyl, Cssalkenyl, phenyl, benzyl, phenethyl, naphthyl, and C;.

sheteroaryl; alternatively R* and R*' can be taken together to form an

optionally substituted 4- to 7-membered ring carbocyclic or heterocyclic ring,

which ring may be saturated, unsaturated or aromatic;

25
R* is H or OH and the dashed line is absent; or R* is absent where the
dashed line is an sp? bond;
R® and R°® are each independently selected from the group consisting of
hydrogen and Ci.salkyl,
30 n is an integer selected from 0, 1 or 2;

R” and R® are each independently hydrogen, Cysalkyl, Ca.salkenyl, C;.

salkoxy, Ci.salkylthio, halogen, or a 4-7 membered carbocyclyl or heterocyclyl;
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20substituted with between 1 and 3 substituents independently selected from
the group consisting of hal ogen, Cl_5al koxy, Cl _5alkyl, C2_ 5al kenyl, cyano,
azi do, niwoapiRA2R23N, R24S02, R24S0, R2400=0, R22R23NCeOT/US2016/0ai20al Kyl ,
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R* is H, Cysalkyl, Ca.salkenyl, C1sheterocyclyl, (C1.sheterocyclyl)Ci.
salkylene, phenyl, benzyl, phenethyl, NH2, mono- or di(C1.salkyl)N-, (Cx.
15  galkoxy)carbonyl- or R*?OR*-; wherein R*? is H, Cy.salkyl, Cosalkenyl, phenyl,
benzyl, phenethyl, C1.sheterocyclyl, or (C1.sheterocyclyl)Cy.salkylene- and R* is

Cisalkylene, phenylene, or divalent Cy_sheterocyclyl;

Ar represents a monocyclic or bicyclic aryl or heteroaryl ring, optionally
20 substituted with between 1 and 3 substituents independently selected from the
group consisting of halogen, Cq.salkoxy, Cy.salkyl, Co.salkenyl, cyano, azido,
nitro, R*?R*N, R*S0,, R**S0, R*0C=0, R*?R**NC=0, C;.shaloalkyl, C;.
shaloalkoxy, Ci.shaloalkylthio and C1.salkylthio;

R?2 is hydrogen, C1.salkyl, Cssalkenyl, phenyl, phenethyl, benzyl, C;.

25  sheterocyclyl, Cogacyl, aroyl, R*®*0C=0, R°R®NC=0, R*S0, R*®*s02, R*S, or
R®R*NSO;;

R? is hydrogen, C1.salkyl, Cs.salkenyl, phenyl, benzyl or C1-
5heterocyclyl; alternatively, R*? and R?® can be taken together to form an
optionally substituted 4- to 7-membered heterocyclic ring, which ring may be

30 saturated, unsaturated or aromatic;
R* is Cy.salkyl, Cssalkenyl, phenyl, benzyl, or Cy.sheterocyclyl;
R? and R? independently are hydrogen, C+.salkyl, Cs.salkenyl, phenyl,

benzyl or Cy.sheterocyclyl; or alternatively, R® and R? can be taken together to
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R7(VI) 15(V) reacting a conpound of formula (V) with a conpound of
formula (VI), wherein LGL is a leaving group; in the presence of an organic
or i norgampeotizaes42i n an organi c solvent; to yield the eornss@ondng
conmpound of forrmula (VI1); WD 2011/019842PCT/ US2010/ 045204 ()

ting t d of f VI1) with of f la (X); i
i or gani ¢ 106 AERBIRrnY sUSETHIG 4-Prisaibarrray TEUBBURS 119 FEFRRAE8 (1) 51 n

an enbodi MgALy bR tIEESE MinshiMSidd SHarbmaticr ected to a process for the
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3- 1 0c] pyr GO 3{’-propy| | -pi peridin-4-y1)-1 -methyl-1 ,3-d

i hydr o-gm dazo[ 4, 5-b] pyrid in- WD 2011/ 019842PCT/ US2010/ 045204 2-one) or a
pharmaceutically acceptable salt, am de or ester thereof; or a

st er eoi soneri c fwhereirheadoef thedavedidgoearoUrdetemearoyEgraups, unless
otherwise indicated, and in addition to any specified substituents, is optionally
and independently substituted with between 1 and 3 substituents selected from
the group consisting of methyl, halomethyl, hydroxymethyl, halo, hydroxy,

10  amino, nitro, cyano, Cy.salkyl, Ci.salkoxy, -COOH, Casacyl, [di(Cs.-
salkyl)amino]C,.salkylene, [di(Cq4alkyl)amino]C,.salkyl-NH-CO-, and C;.
shaloalkoxy;

or a pharmaceutically acceptable salt, amide or ester thereof; or a

stereoisomeric form thereof; comprising
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. V) (VII)

reacting a compound of formula (V) with a compound of formula (V1),
wherein LG'is a leaving group; in the presence of an organic or inorganic
base; in an organic solvent; to yield the corresponding compound of formula
(vi);



(V-S)(VI 1-S) reacting a conpound of formula (V-S) with a conpound of
formula (VI- 5E), wherein LGL is a |eaving group; in the presence of an
or gani ¢ owoiznorigesizc base; in an organi c sol vent; to yi ecu/usheo/ 45204
correspondi ng conpound of formula (VII-S) WO
2011/ 019842PCT/ US2010/ 045204 reacting the co
(MI'1-5) with a conmpound of formula (X-S); in an org
t he correspondi ng conpound of forrmula (IS). 5The pr
further directed to a process for the preparation
formula (1) RS whereinAfr2 is a nonocyclic or [Di

unsat urated, saturated or ,
i ncl udi ng between 1 and 5 om ri ngAfm et j r_)endent ly sel ected
, N, s andM=6; erein said Ar2 ring

fromthe group consistingg o
systemis optionally sulystit ted w th between 1 Bﬂd % substituents;
>

ound of formula
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sent invention is

he conpounds of

H ring system
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eter

(X)

reacting the compound of formula (VII) with a compound of formula (X);

in an organic solvent; to yield the corresponding compound of formula (1).
5 In an embodiment, the present invention is directed to a process for the

preparation of a compound of formula (I-S)
CF;

HC

(also known as 5-dimethylamino-3-(1-{2S-hydroxy-3-[5-

N—s0,CH;
(I-S)

methanesulfonyl-3-(4-trifluoromethyl-phenyl)-4,5,6,7-tetrahydro-pyrazolo[4,3-
10  c]pyridin-1-yl]-propyl}-piperidin-4-yl)-1-methyl-1,3-dihydro-imidazo[4,5-b]pyridin-



15Wrepresents 0, S, NR27, 0=0, (C=0)NH, NH(C=0), CHR28, or a coval ent bond,
R27 is hydrogen, Cl 5alkyl, C3_5al kenyl, phenyl, naphthyl, benzyl,

phenet hylwoQGb11Bhes4er ocycl yl , C2_8acyl, aroyl, R2900=0, R8OIR31NC00520R2950,
R295, R29502 or R30R31N502; or alternatively, R27 and part of Ar2 can be
taken 20together to form an optiona ubstituted 5- 6- menber ed

ot or ooyc! L EOREHG GPPATBREHSRAIY GOReRIbR SHupricn ar St OB i et es i n
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sel ected fr the group consisting of H 01 3alkylFs@nd -0H2002(01_4alky1l);

25R28 is hydrpgen, 01 5alkyl, C3 5al kenyl, hydroxy, pnyI benzyl, G
5het er ocycl yl 90, eR31N0=0, R295, R2950 R29502 q 1N502 RO s
01 5alky1l, kenyl , phenyl, benzyl or Cl_5hetero A, WO

2011/ 019842PET/ Y2010/ 045204 R8'and R31 are eact |ndepend t I

sel ected from op@H§t| ng ol\,h ogen, Cl_5alkyl, (R 5 k’en)fl

hy} $\ napht hyl , and Shet er oaryl 7 a
et\djer to nal ly sulistilfuted 4- to
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pocyclic or heterocyeFic ring, 5 whi g may be
sat ur at ed, unsat{ilrat &d or aromati c; Rz is Houar, and the gﬁt%hed l'ine
is absent; or Rz is apsgnt where the dashed line i /& s sp2 bond
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10hydr ogen and CgastiikgTompaundaat formegdl/-Skwilk veapmpeundef forroulax(V1-

C1sal k31 ¢ oo e ot eavpS SRl e Rt AT oM boreS) | o
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substituted 5- to 7-nenbered carbocyclyc or heterocyclic ring, which ring

may be unsa(f/dr%l ed or aromatic, and may be optionally substituted with

bet ween one af_td three substituents independentlyysel ected fromthe group
consi sting of 'B¥l o, cyano, amino, hydroxy, nitro,° R4, R40, R4S,

R40(Ci _5al kyl ene}s, 20 R40(C=0)-, R4(C=0)-, R4(C=9)N; (C=0) 0-

R40( C=0) ( C=0) - 2, NHR44(C=NH)-, NHR44S02-, a NHR 4(C=0) - R4 is
H, Cl_5alkyl, enyl, Cl1 5heterocyc| yl, ( )ClGaI kyl ene,
phenyl, benzyl , “phéhet hyl, Nh2, nono- or dl(O 6a|k
6al koxy) car bonyl - Q&r R420R43-\ pbsein R42 is A\_C 5a1ky , CZN?—F" kenyl ,
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25benzyl, phenethyl, Cl_5heterocyclyl, or (G _5heterocyclyl)C _6al kyl ene-
and R43 is Cl_5al kyl ene, phenyl ene, or dival ent Cl _5heterocyclyl; Ra4
is H Clweablkulnd2 5al kenyl, Cl _5heterocyclyl, PCT/US2010/045204

(G _5heterocycl yl) Cl6al kyl ene, phenyl, benzyl, phenethyl, NH2, nono- or

di (C1_6alkyl)N-, (G al koxy) carb |- o OR43-; wherein R42 is H,

&' SaTiy1 ) & supkeign Pe e bt RhmyIe MRSRaA coBpouraisapA ' o
(G _Sheter QWS};le)aﬁ)o:gé‘ﬁiEBébﬁ)@ﬁt; BYkIE4e bar iy C8ABOURL A YA AL (T

di val ent Cl 5heterocyclyl; WD 2011/019842PCT/ US2010/ 045204 Ar
represents Q).nonocyclic or bicyclic aryl or heteroaryl ring, optionally
substituted with between 1 and 3 substituents independently selected from
the group consisting of hal ogen, Cl_5al koxy, Cl1 5alkyl, C2_ 5al kenyl, cyano,
azido, itro, RIARZSNseRRATRRIioRRAGRNCFENONEA to BARBESAOR inehrhabosd kyl
C _ 55hal oal koxy, C1_5hal oal kylthi o and C1_5al kylt hi o; 21s

hydr ogen, ©f tBeeRppounds Dafacai@ () phenyl , phenet hyl, benzyl, G _

5het erocycl yl, C2_5acyl, aroyl, 800=0, R25R26NC=0, R38S0, R38S02, R38S,
or R25R26NS02; R23 is hydrogen, €1 _5alkyl, C3_5al kenyl, phenyl, benzyl or
Cl- 105heterocyclyl; alternatively, R22 and R23 can be taken together to
forman optionally substituted > ed _bhBterocyclic ring, which
ring may be saturated, unsatufated N™RoR\i s Al _Salkyl,

C3_5al kenyl, phenyl, benzyl, ¢ et eppeycl y1; 5 and R26 i ndependently
are hydrogen, Cl_Salkﬁ?\% zyl or Cl_5heterocyclyl;
or alternatively, R25 and 62cah be taken p@gethel to forman optionally
substituted 4- to 7-menbered Ret gocyclic ring, whiBA ri n% may be
saturated, unsaturated or aromati‘c; R38 is H, Cl _b5a I)<y1, C3_bal kenyl
phenyl , benzyl, \@q@g hyl or Ci 5heterocyclyl; 20 wherein each of the
above hydrocarbyl or heterocarbyl groups, unless otherw se indicated, and
in addition to ahy ispecoriocydlisobbicytlicnng systengpinsatuahiey, eatdratedependent | y

substityuted with betwee and 3 substjtuents sel ected fromthe group
consist15ng %P”Wé'?h?@t,'oﬂ?gv%%%% PPLORYIH Bk %Q?t,""%lﬁ?”ﬂ?d?%matgm

ring moieties independently selected from the group consisting of O, S, N, SO>

and C=0; wherein said Ar; ring system is optionally substituted with between 1

and 4 substituents;

15 W represents O, S, NR*’, C=0, (C=0)NH, NH(C=0),CHR®, or a
covalent bond;

R*" is hydrogen, C1.salkyl, Cssalkenyl, phenyl, naphthyl, benzyl,
phenethyl, Cysheterocyclyl, Ca.sacyl, aroyl, R°0C=0, R®R*NC=0, R*S0,
R¥S, R¥®S0, or R°R*'NSO;; or alternatively, R?” and part of Ar, can be taken

20 together to form an optionally substituted 5- to 6-membered heterocyclic ring
with optionally 1 to 3 additional heteroatom moieties in the ring selected from
0, NR?, NR'?, N, SO,, C=0 and S; which ring may be saturated, unsaturated or
aromatic; wherein R? and R'® are independently selected from the group
consisting of H, Cy_salkyl, and —CH2CO2(C14alkyl);

25 R? is hydrogen, C1.salkyl, Cs.salkenyl, hydroxy, phenyl, benzyl, Ci.
sheterocyclyl, R®0, R*R*'NC=0, R¥S, R*S0, R¥S0, or R°R*'NSO;;

R* is Cy.salkyl, Cssakenyl, phenyl, benzyl or Cysheterocyclyl;



25am no, nitro, cyano, Cl_5alkyl, Cl_5al koxy, -COOH, C2_6acyl, [di(Cl-
4al kyl ) am no] C2_5al kyl ene, [di (G _4al kyl)am no] C2_5alkyl-NH 00-, and G _
5hal oal kowg;2011/0198420r a pharmaceuti cal ly accept abl e sal PCTasc@e/ 0ax20€st er
thereof; or a stereoisonmeric formthereof; conprising WD 2011/019842
PCT/ US2010/ 0452045, 31 reacting a compoun formul a wth a
Compound of 1 or d 2R e daan RUSHR RSBy BaRte roll HesPup SPRSSHS, gani ¢
sol vent;  t oyyivatshddI & 280 &SRAKENGI pheRPOBBAZAT phaidtHyiankMhthl), and-d® Ar) NH
SOWITR A NYRHSHANIE 36061 TSRAENDY phRYOBBAZA! phéieTHyiPnbihhli and G
sheteroaryl; alternatively R* and R*' can be taken together to form an
optionally substituted 4- to 7-membered ring carbocyclic or heterocyclic ring,

5 which ring may be saturated, unsaturated or aromatic;

R* is H or OH and the dashed line is absent; or R* is absent where the
dashed line is an sp? bond;
R® and R°® are each independently selected from the group consisting of
10  hydrogen and Cq.salkyl;
n is an integer selected from 0, 1 or 2;

R” and R® are each independently hydrogen, Cysalkyl, Ca.salkenyl, Ci.

salkoxy, Ci.salkylthio, halogen, or a 4-7 membered carbocyclyl or heterocyclyl;

15 alternatively, R” and R® can be taken together to form an optionally
substituted 5- to 7-membered carbocyclyc or heterocyclic ring, which ring may
be unsaturated or aromatic, and may be optionally substituted with between
one and three substituents independently selected from the group consisting of
halo, cyano, amino, hydroxy, nitro, R*, R*0O-, R*S-, R*O(C1.salkylene)-,

20 R*O(C=0)-, RYC=0)-, R*(C=S)-, R}(C=0)0-, R*O(C=0)(C=0)-, R*S0,,
NHR**(C=NH)-, NHR*SO,-, an NHR*(C=0)-;

R*is H, Ci.salkyl, Co.salkenyl, Cqsheterocyclyl, (C1.sheterocyclyl)Cy.
salkylene, phenyl, benzyl, phenethyl, NH2, mono- or di(C1salkyl)N-, (C1-
salkoxy)carbonyl- or R*?OR*-; wherein R*? is H, C1.salkyl, Cz.salkenyl, phenyl,

25  benzyl, phenethyl, Cysheterocyclyl, or (C1.sheterocyclyl)Cysalkylene- and R* is
Cisalkylene, phenylene, or divalent Cy_sheterocyclyl;

R* is H, Cysalkyl, Ca.salkenyl, C1sheterocyclyl, (C1.sheterocyclyl)Ci.
salkylene, phenyl, benzyl, phenethyl, NH,, mono- or di(Csalkyl)N-, (C1.
salkoxy)carbonyl- or R*?OR*-; wherein R*? is H, C1.salkyl, C2.salkenyl, phenyl,

30 benzyl, phenethyl, Cisheterocyclyl, or (C1.sheterocyclyl)Cysalkylene- and R* is
Cisalkylene, phenylene, or divalent Cy_sheterocyclyl;



- (1) reacting the compound of formula (M II) with a conpound of
formula (X); in the presence of an organic or inorganic base; in an organic
sol vent ; wo 29i1al198420t he correspondi ng conpound of for mulPaT(UsSp010/045204 | n an
enbodi nent, the present invention Is direct ed to a process for the
preparation of a co oumEI of fo h éé 20%1 019842PCT/ US2010/ 045204
(al so known as B %ﬁw"ﬂ%”%cye ¢ pHRIGYGliG 3R orNgroaryl ring, optionally

et hanesul fQmtinded dithddtven qn@{dﬁz BSOS |ﬁd§pe§1d76rﬁl?t§e4’ébfé|6 %ﬁyf@zol o[ 4,
- c]pyridin-111]-propyl | -piperidin-4-y1)- 3-d 1 hydro-im

i dazo[ 4, 5- tgrpyp iconsisting 2f balegeor Casqdh@xm:aesathybéldsyalk@@wbpyam,eezsm,t am de
eacting a TERPSRa SrRT S e 19 & QTR B donpous SrrsaiCov TRy i n
the presencearfalkoxyed, §h@©am¥|tma il @{@Km@ol vent; to yield the
10correspondi ng cgrrpoun ormula (VIII-S); WO 2011/ 019842
is hydrogen, Cq.salkyl, 03 salkenyl, phenyl, phenethyl, benzyl, C1.
sheterocyclyl, Co.gacyl, aroyl, R®®*0C=0, R®R*NC=0, R¥S0, R*s02, R*S, or
R®R*NSO;;
R? is hydrogen, C1.salkyl, Cs.salkenyl, phenyl, benzyl or C1-

10  Sheterocyclyl; alternatively, R*? and R?® can be taken together to form an
optionally substituted 4- to 7-membered heterocyclic ring, which ring may be
saturated, unsaturated or aromatic;

R* is Cy.salkyl, Cssalkenyl, phenyl, benzyl, or Cy.sheterocyclyl;
R? and R? independently are hydrogen, C+.salkyl, Cs.salkenyl, phenyl,

15  benzyl or Cysheterocyclyl; or alternatively, R® and R? can be taken together to
form an optionally substituted 4- to 7-membered heterocyclic ring, which ring
may be saturated, unsaturated or aromatic;

R* is H, Cysalkyl, Cssalkenyl, phenyl, benzyl, phenethyl or C;.
sheterocyclyl;

20

wherein each of the above hydrocarbyl or heterocarbyl groups, unless
otherwise indicated, and in addition to any specified substituents, is optionally
and independently substituted with between 1 and 3 substituents selected from
the group consisting of methyl, halomethyl, hydroxymethyl, halo, hydroxy,

25 amino, nitro, cyano, Ci.salkyl, Cisalkoxy, -COOH, Casacyl, [di(C1-
salkyl)amino]Ca.salkylene, [di(C1-salkyl)amino]Co.salkyl-NH-CO-, and Cx.
shaloalkoxy;

or a pharmaceutically acceptable salt, amide or ester thereof; or a

stereoisomeric form thereof; comprising

10



(R(MI1I-S) d PCT/US2010/ 045204 (X-S) (1-9) reacting the

conpound of forrmula (MI1-S) with a conpound of formula (X-S); in the
presence wb 2an/mmpggani ¢ or i norgani c base; in an organi c PEDIUSRNM/043204 Vi el d
t he correspondi ng conpound of forrmula (I-S). 5 The present invention

Is further directed to processes for the preparation of a conpound of
formula (V-A) Ar (V-A) wherein 10Ar represg¢gnts a nonocycl 'A or bicycl
aryl or heterdaryl ring, optionally substitluted with betwgen 1 and 3

substituents ipdependent|y~pgel ected fromthe WO
2011/ 019842P S201Q? 04528\%%%?’) g\ﬂnﬂ stilng of hal og«?\l/ 5 Fkgoxy,
enyl, cyando, bd L \ /
L HO N

Cl 5ailky1l,
HN Lewis Acid 7
R’ * R
Cl

(V) (VI

c

reacting a compound of formula (V) with a compound of formula (VI-A);
in the presence of a Lewis acid; in an organic solvent; to yield the

5 corresponding compound of formula (VIII);

reacting the compound of formula (VIIl) with a compound of formula (X);
in the presence of an organic or inorganic base; in an organic solvent; to yield

10  the corresponding compound of formula (1).

In an embodiment, the present invention is directed to a process for the
preparation of a compound of formula (I-S)

11



nitro, R22R23N, R24S02, R24S0, R2400=0, R22R23NC=0 Cl1_5hal oal kyl, C _

5hal oal koxy, Cl1 5hal oal kylthi o and Cl1_5al kyl t hi o; R22 is

hydr ogen,wGRofalsst, C3_5al kenyl, phenyl, phenethyl, beRrzyAIS2@0/045204
55heterocyclyl, C2_8acyl, aroyl, R3800=0, R25-26 F< NC=0, R38S0, R38S02,
R38S, or R25R26NS02; R23 is hydrogen, Cl 5al , C3_bal kenyl ,

phenyl, benzyl or Cl 5heterocyclyl; alternatively, RZZ and R23 can be t aken
t oget her to forman an optionally substituted 4-_tg 7-nmenbered heterocyclic

ring, which ring mal;leﬁie sat lrat ed, 10unsat ur at e aromatic; .-.24 r<is
Cl_5alkyl, C3_5al kenyl N‘g'?b benzyl , or Cl_ g ocycl y1; R25 and
y -

R26 i ndependently are ogen, Cl 5alkyl, C3 53edyl, phenyl, benzyl or
Cl_5heterocyclyl; Ite,\patl vely, R25 and R26 /can be taken together to
forman optionall - menbexee\het erocyclic ring, which
ring 15may be sat R38 is H,

Cl 5alkyl, C3 5al k Ci S5heterocycl y1,;
wherein each of th eter ar by ﬂé@&?’[ unl ess
ot herw se i ndi care'ﬁhéand in addition to any spet&ifi#d s uents, is

optionally 20and i ndependently substituted with between 1 and (-S)

substituents sel e t} of, et , hal onet hyl ,
hydr oxymet hyl , gq(i%o ﬂﬂé\gﬁ%ﬁggﬁétﬁxgnﬁﬁﬁ% a?&gﬂ éro&’%@ikyl Cl1_5al koxy,
-COOH, 2 GﬁéMhneBdllfd Aksyif| herOnheth (A2ptsen iyd B 7 -tetrahydro-pyrazolo[4,3-

[di (G _4al kyl ) am no] é?lggolk 1- NH Oo-gzpand))é{:l)y 5hal oal k%xy y250r a

phar maceut i Wﬂ@}nécﬁdbm@dl}é)'@@ﬂ"ﬂm Aemi)-demethyé31 E6inyREe-éBidazel4, arb]pyridin-
t | Sch d
Exant e2 wh-fiel ] ThAfthaducafly SESENREAIE aff6E of Bsiinerol 1 2R ETES 2

di rect ed t ctpreoistmseric foomn thbreqlr @papddingn of the corrpound of formula (V-9S)
WO 2011/ 019842PCT/ US2010/ 045204 (V-9S)

—

~Nto
, uns turated ’ :Q'?Bnratlc

FaC
FaC
-CHa
cl s
N -CHs \>(R<(|) (VI-RA) N ] o)
2\ - \
Y e L OH N
N Lewis Acid Ham
H R (VIII-S)
(V-S) Cl

reacting a compound of formula (V-S) with a compound of formula (VI-
RA); in the presence of a Lewis acid; in an organic solvent; to yield the

10  corresponding compound of formula (VIII-S);

12



or a pharmaceutically acceptable salt, am de or ester thereof; or a

stereoi soneric formthereof; as described in nore detail in the Schenmes and
Exanpl es wibi2oti/ofigd4bow herein. 5 The present i nventcoruseeofous20her
directed to a process for the preparation of a conpound of formula (VI) LGL
\ *<1 0 (VI-A) wherein LGl is a suitably selected | eaving group a such as
4- 10ni troppenyleul fonyl, 3-nitrophenyl -sul fonyl ,Hy@syl, tosyl,
trifluoronefhane sul fonyl, 3-fluoro-benzensul fonyl, \ O
3-(trifluorpnethy enzene sul fonyl, 4-chl orobenzen
3-chl oro- bepzenes yl, but not chlorfo or brono
(VI') are usgful ernedi gyes in thg synthesi
fornula (1)]| In an elbodi nent \ t&&lpregent inventNon,{s di
process for|the prepg~atior @*Q@ conpoynd of for a (VI-9S)
(VI-9) wherein LGl is p s@tably|sel ected Lgaving group a suitably
sel ected | epvi ng as 4-nitropghenyl - sul f oyl ,

3-ni trophenyl - sul£onyl, nesyl, tosyl, trifl .

3-fl uoro-bepze nyl, 3-(trifluoromgthyl)- 20beqig$e sul f onyl ,

4- chl or o- behzenesiiPf onyl or 3- €¥ilot)o- banzenesul fonyl'. 1'n anot her

enbodi ment , | t#le present invention is directed to a process for the
preparation| of a conpound of formula (YI-S), wherein LGl is selected from
the group consisting of 4-nitrophenyl -sul fonyl and 3-nitrophenyl -sul fonyl.
In WO 2011/ 019842PCT/ US2010/ 045204 anot her enbodi nent, the present
invention is directed to a process for the preparation of a conmpound of
formula (M-R) LGL \nu..< (R) 0 (VI-R) wherein LGl is a suitably selected

| eaving group a suitably selected CF3
H
G o)
N\(
N
/ N Hy (OH ’,\"
=N N SN 0
Q i
—N N\S§O
N\ /
H,C

(I-S)
reacting the compound of formula (VIII-S) with a compound of formula
(X-S); in the presence of an organic or inorganic base; in an organic solvent; to
yield the corresponding compound of formula (I-S).

5
The present invention is further directed to processes for the preparation
of a compound of formula (V-A)
O
Ar \\S/CH3
NI
N | O
\
N
H (V-A)
wherein
10 Ar represents a monocyclic or bicyclic aryl or heteroaryl ring, optionally

substituted with between 1 and 3 substituents independently selected from the

13



5 | eaving group such as 4-nitrophenyl-sul fonyl, 3-nitrophenyl-sulfonyl,
mesyl, tosyl, trifluoronethane sul fonyl, 3-fluoro-benzensul fonyl,

3-(trifl uwoanatiysdy benzene sul fonyl, 4-chl oro-benzeneserarsgé10015204

3-chl oro-benzenesul fonyl. I n another enbodi ment, the present invention is

directed to a process for the preparation of a compqund of formyla (VI-R),
wher oi ' LGO'PYP SISEte of PaREeRCC rogkoth oRlyb g ks, Cyans, aidd,
4- ni t r ophemyiro SR¥ARBAY| R&ED 3RS HORPERYLOS RFHRAINC=0 c1-5ha|ba|kgn@f1her
enbodi nent, the present invention is directed to a process for the
pr epar at i onshaloatkaxynpasmaloalkylitiue randsC (AdlRylihicsrein LGL is -0-S02-( 3-

it h ). | h nbadi t .~ th t i ti ' [ ted t
Dt ocans 1ot i he TRr oy aiooBh ot AR, Factan s Do [ speladrGin tar s
-0-  155S0Zheferbéydiaptsrady) - arbyl, ®Ia0EeD, RPPRENTD, R¥D RESEOM R¥Pges | on

Is directed jo0 rocess for the preparation of a conpound of formul a
(VI -R V\her%zltsﬁzﬁ‘éoiz;s - 0- S02- (3- ni tropheny1). The present

compound of -t or (1 db PSURBENGE A BeGERER, Bhem HEEARBLE: AR, o
R5 and R6 ailerestblely, Rfépeddeiitday relakehedgdthertd foemgroap optiosalt i ng of

hydr ogen and Cl 5alkyl; _25R5 and R51 are each independently selected from
the group cWsiiBechd- ix 7myRmbgEad helgrasychiaiRgiwhigh rigsmay hesatwraiete det ai |

in thegchefmsiMtddor aromatic;

R* is Cy.salkyl, Cssalkenyl, phenyl, benzyl, or Cy.sheterocyclyl;

R? and R? independently are hydrogen, C+.salkyl, Cs.salkenyl, phenyl,
benzyl or Cysheterocyclyl; or alternatively, R® and R% can be taken together to
form an optionally substituted 4- to 7-membered heterocyclic ring, which ring

15 may be saturated, unsaturated or aromatic;

R* is H, Cysalkyl, Cssalkenyl, phenyl, benzyl, phenethyl or C;.
sheterocyclyl;

wherein each of the above hydrocarbyl or heterocarbyl groups, unless
otherwise indicated, and in addition to any specified substituents, is optionally

20 and independently substituted with between 1 and 3 substituents selected from
the group consisting of methyl, halomethyl, hydroxymethyl, halo, hydroxy,
amino, nitro, cyano, Ci.salkyl, Ci.salkoxy, -COOH, Casacyl, [di(Cs.-
salkyl)amino]Ca.salkylene, [di(C1-salkyl)amino]Co.salkyl-NH-CO-, and Cx.
shaloalkoxy;

25 or a pharmaceutically acceptable salt, amide or ester thereof; or a
stereoisomeric form thereof; as described in more detail in the Schemes and
Examples which follow herein. In an embodiment, the present invention is

directed to processes for the preparation of the compound of formula (V-S)

14



WO 2011/ 019842PCT/ US2010/ 045204 foll ow herein. In an enbodi nent, the
present invention is directed to a process for the preparation of a
conpound WO 2bawvares4a (VII1-S) HIC\0 N (X-S); as descri bedtius2emnes2det ai | in
t he Schenes and Exanpl es which foll ow 5herein. The present invention
is further directed to a prpqyct prepared according to any of the processes
descri bed herein. The preseniyiinvention is further directed to a
crystalline salt of the 10conpaund of formula (1-S). In an enbodi nent, the
present invention is directeg § crystalline HCI salt of the conpound of
formula (1-S). In another enk pnt, the present invention is directed to
a crystalline HCl salt of the y'-ound of gormula (1-S), wherein the
crystalline HCl salt of the conppund of fo&nyKd*ﬁl-S) is a hexahydrate. In
anot her enbodi ment, the present i S \15d|rected to a crystalline
sulfate salt of the conmpound of -S In a further aspect,
the invention relates to pharnaceut gonposi tions each conprising an

ef fective anmount of a product prﬁrare- according to any of the processes
described herein and a pharnaceu caIIy acceptabléVé%cipient 20l n an

enbodi nent, the present inv on is ed t met reating a
G Sor dor medi at &8 S A EL T RRbCR e e e Sel i Bt ecler Mstroher 8r oup
consi sti ng Néreoiditserid fopmRbrRict é’é&l@ééﬂbe‘éj |ﬁf|"ﬁ|or@déiﬂﬂi)n FRDENShEY and

adm ni stering to a subject in need thereof a therapeutically effective
amount of dxaroples whiekfellowdhereior di ng to any of the processes descri bed
herein @r a 25pharnaceuti cal conposition as described herein. |In another
enbodi ment, the present invention is directed to nethods of treating,

i nhi biting or prewepidsegt inveatien Iy BB iRéctedjte et probeSPRIP thE prebaration
adm ni steri ng to a subject in need thereof a therapeutically effective

anount of PfFEemeeunt epredlaacddrding to any of the 17 processes

descri bed herein or a pharmaceuti 4 conposition as described herein. In an
enbodi ment of the present inventi nmet hgd, the di sease, disorder, or
medi cal condition nediated by the c sin S enzynme is rheumatoid

arthritis or asthma. 5In another aspect, Qlpgl-pjesent invention is directed

to a method for |
wherein LG’ is a suitably selected leaving group a such as 4-

10  nitrophenyl-sulfonyl, 3-nitrophenyl-sulfonyl, mesyl, tosyl, trifluoromethane
sulfonyl, 3-fluoro-benzensulfonyl, 3-(trifluoromethyl)-benzene sulfonyl, 4-chloro-
benzenesulfonyl or 3-chloro-benzenesulfonyl, but not chloro or bromo. The
compounds of formula (V1) are useful as intermediates in the synthesis of the
compounds of formula (I). In an embodiment, the present invention is directed

15 to a process for the preparation of a compound of formula (VI-S)

LG’

]

O (VI-S)
wherein LG' is a suitably selected leaving group a suitably selected
leaving group such as 4-nitrophenyl-sulfonyl, 3-nitrophenyl-sulfonyl, mesyl,
tosyl, triluoromethane sulfonyl, 3-fluoro-benzensulfonyl, 3-(trifluoromethyl)-
20 benzene sulfonyl, 4-chloro-benzenesulfonyl or 3-chloro-benzenesulfonyl. In
another embodiment, the present invention is directed to a process for the
preparation of a compound of formula (VI-S), wherein LG' is selected from the
group consisting of 4-nitrophenyl-sulfonyl and 3-nitrophenyl-sulfonyl. In

15



nmodul ating cathepsin S enzyne, conprising exposing the cathepsin S enzyne
to an effective anbunt of a product prepared according to any of the

processeswdestwiibsad herei n. Anot her exanpl e of the inverCirars2018/083284 use of
a product prepared lOaccording to any of the processes described herein in

t he preparati gn of rredl ment for treatin sorder nedi ated by the
cat heper n SnsgrmBodTier BpdesSH MuSHiore BsPledingt RtCesz e of ¢ he

i nvention Hﬁebg,%tlgﬁ%f%fccﬁn&Wgfo%g%a(r\ggh)accord| ng to any of the
processes described herein in the preparation of a nmedicanent for treating,

inhibiting or preventing tissue 1%i@'ansplant rejection, in a subject in
need t hereof. An obj ect of th\gI e invention is to overcone or
aneliorate at | east one of the disa vavﬁg?@ I3 t he conventi onal

met hodol ogi es and/or prior art, or to prov s useful alternative thereto.

Addi tional enmbodinEisLG! %4 %Uﬁébl}/%@fb&éﬁ’%ﬂ/ﬁf@;e@o% d §i@tdonysabty W 11 20be

apparent fromthe follow ng detailed descripti"on and through practice of
the invént |Ieavm@rgr@rpEESCRsHmlmmyrﬂﬁlfgmyhﬁmromewﬂéu_ﬁonyumgsylat es a

represent at t he 25 non

henanyar ar 4088 PRIBRmERARERETRAM, p Mook henZne BRSOl Nr ot os o
represent atbéﬁeﬁ@%ﬁbn%@dﬁmtbﬁz’éﬂésmIftShy(FbVSIcﬁiildrbftférf‘z@hégltllﬂ) | in of the
conmpound of forrmula (1-S). DETAILED DESCRI'PTI ON OF THE | NVENTI 30The

present i nagtherembodimentsvg nr@swtpnw@w ipslirectas forapeacess &or 16 conpounds
of formula drlaéaratloa of a 86[5}%&512?0{ ep@g%\fh@@em Gﬁg ise! @tgﬂ]ﬂoﬁ‘ft € as

herei n defi harnaceu i cal € sSal , es or esters

t her eoflp argioapebaglsaogref Amuﬁr@mhimeealf@mjl an@(ﬂmmnmpdenyrﬁsdlmmyul a (1) are
inhibitors of the 5 cathepsin enzynme, and sone of them have beenﬁgoposed

as candi dates i MN@OHE" *Pi%ﬁ"lfneé‘it tH?QS?%Fé’rté”Yﬁfﬁ'Qpa{? SHeRiRd<QiaPOeEF P s uch
and | o prioararaatofol i MoEph @Luheer L i R SBRE: vent i on
i s further rdirogtared).tlo amabrwsembocﬂlmerﬁ hibepregemtanvertion is directed to a
process for the preparation of a compound of formula (VI-S) wherein LG is -O-
15  SO,-(3-nitrophenyl). In another embodiment, the present invention is directed
to a process for the preparation of a compound of formula (VI-R) wherein LG’

is -O—S0O2-(3-nitrophenyl).

The present invention is further directed to a process for the preparation

20 of a compound of formula (X-A)
H,C
A

NH
50 _—N
R \R51 (X-A)
wherein
R® and R°® are each independently selected from the group consisting of
hydrogen and Ci.salkyl,
25 R* and R*' are each independently selected from the group consisting
of hydrogen and C4.salkyl; as described in more detail in the Schemes which
16



10of internmediates in the synthesis of the conmpounds of fornula (1). Mre
particularly, the present invention is directed to a process for the

pr epar at iwo 20fr/maesspounds of formula (V-A) Ar (V-A) PCT/US2010XMe20€1 N Ar
s as herei n defined; a process for the preparation of 15 conpounds of

formula (V ic<l 0 (VM s as herein defin
and a procd é@%ﬁ“%‘ﬂe"b?@&&? q%;}gngfthemﬁ&qug%p(ﬁ H'ﬁ?%te@)%%)proce%% A)
wher ei n R5,{oRhe ﬁ%pgmwﬂ%aﬁé@rnaguﬁ@bﬁfd’pw@%i] Afds) The conmpounds of formula
(V-A), the conmpounds of fornula (VI- and the conpounds of formula (X-A)
are useful as internediates in Hb@ synt sis of the conpounds of fornula
5(1). In an enbodi nent, the p se i nvention is directed to a
conmpound of formula(l), wherein Ar *?(&elected from5-7 nmenbered
nmonocyclic rings, and [5, 6], , and [5,5] fused bicyclic ring
systens, said ring or ring sy targocyclic or heterocyclic,
saturated, unsaturated, or ar and optignally substituted with hal o,
Cl_4alkyl, Cl1_4hal oal kyl, Cl1_4h iNWMo, hydroxy, am no, nono- or

i -(Cl_6alkyl)am no, C1_4a|kox& C2_4al koxy€ar bonyl, C2_6acyl, C2_6acyl oxy,
Ci _5al kyl sul fonyl, C1_5al koxyctakbonyl Cl1_4al koxy, cyano and nono- or

-(C1_ 6a1ky1)carbanny| 151 n an t her enbodi ment (Xt$k present invention is

X
S" 5o (C 1.6 al W1 Jermafyh ARy st oBRGE R Bho Siimifed ARk ng o

f or mul aé: /rwreIRS\ S

The present invention is further directed to a product prepared according
to any of the processes described herein.
The present invention is further directed to a crystalline salt of the
10  compound of formula (I-S). In an embodiment, the present invention is directed
to a crystalline HCI salt of the compound of formula (I-S). In another
embodiment, the present invention is directed to a crystalline HCI salt of the
compound of formula (I-S), wherein the crystalline HCI salt of the compound of
formula (I-S) is a hexahydrate. In another embodiment, the present invention is
15 directed to a crystalline sulfate salt of the compound of formula (I-S).

In a further aspect, the invention relates to pharmaceutical compositions
each comprising an effective amount of a product prepared according to any of
the processes described herein and a pharmaceutically acceptable excipient.

20 In an embodiment, the present invention is directed to methods of
treating a disorder mediated by the cathepsin S enzyme (selected from the
group consisting of lupus, rheumatoid arthritis and asthma) comprising
administering to a subject in need thereof a therapeutically effective amount of
a product prepared according to any of the processes described herein or a

25 pharmaceutical composition as described herein. In another embodiment, the
present invention is directed to methods of treating, inhibiting or preventing
tissue transplant rejection comprising administering to a subject in need thereof

a therapeutically effective amount of a product prepared according to any of the
17



WO 2011/ 019842PCT/ US2010/ 045204 (d)(e)(f) wherein in the formula (a),
(b), (c), (d), (e) and (f) as defined above: each dashed line is absent or
may be arwepBilmassd2 mis an integer fromO or 1; and p iPSTAIS20100¢32e4 O oOF
1; 5Xc is 0, S3 or Ny and Xd iSO or S; Ye is nitrogen or RROC, and Ze is
nitrogen or =N-3 NH wherein
Rif is hydr%@?ﬁseﬁaﬁ‘%?géhed@f@ﬁl%&@ﬁarmﬁ&e&ﬁl ! %Osif%?s d@CRé%ﬁdkenyl

cyano, ni t riyrefR39n B Ein®a ok th ezt PRRANGS l’Hethod the disease,
(G _5het erocyclyl)O 5al kyl ene, 10es, R41s0, R415-23 0 R3900=0, R39 N39

R4c=0, R - mezwrm@oal-cmdltmemed@)t@d byxhbh@caiihuepsmg‘s@ndyrm iare each
I ndependent hé selte tr% grom hydr ogen, 01 5alkyl, C3_bal kenyl, phenyl,
benzyl , er 'HWIO' Argn sgrﬁg %aryl and wherein R4l is 01_5alkyl,

C3_5al ksnyl PhaRnotiE Hapect, mﬁ@p@ééehlt m@ht@h@&i@é&é@%@'méiholff?ﬁf i's CH23
CHR2f 3 CR2f3 0, or NR2f, wherein R2f is H3 01 _5al t 5al kenyl ,
%’élekcﬁ

02 8acyl, @IOGWatiag caliePgin S EOLYBIee COMBESEICyAXIOSG Relsin Srenzyaay | |

ey o ogen i gt SN S LA BBl s080 B PRSS B RS T

cyano, nitraescRe&Nerdld, 8acyl, Cl_5heterocyclyl, (Cil-
Sheterocycl y1) Cl_5al kyl ene, R1153 R1' SO R11 8023 Rc0C=0, RcRdNC-O or
RCRANS02; Ra i s Awtaet %%ﬁmplérﬁfﬂk}%t'@@é‘ﬁor‘@ H‘%‘PWPfa@SO% REPRATedpheny! |

10  according to any of the processes described herein in the preparation of a
medicament for treating a disorder mediated by the cathepsin S enzyme, in a
subject in need thereof. Another example of the invention is the use of a
product prepared according to any of the processes described herein in the
preparation of a medicament for treating, inhibiting or preventing tissue

15 transplant rejection, in a subject in need thereof.

An object of the present invention is to overcome or ameliorate at least
one of the disadvantages of the conventional methodologies and/or prior art, or
to provide a useful alternative thereto.

Additional embodiments, features, and advantages of the invention will

20 be apparent from the following detailed description and through practice of the

invention.

BRIEF DESCRIPTION OF THE FIGURES
Figure 1 illustrates a representative powder XRD spectra for the

25 crystalline, mono-HCL, hexahydrate salt of the compound of formula (I-S).
Figure 2 illustrates a representative powder XRD spectra for the
crystalline sulfate salt of the compound of formula (I-S).

DETAILED DESCRIPTION OF THE INVENTION
30 The present invention is directed to a process for the preparation of

compounds of formula (1)

18



benzyl, phenethyl, Cl_5heterocyclyl, 02_8acyl, aroyl, RJIOC=0, RI RINC=0,
25R12503 R125023 R1253 and Ri Ri NSO2; wherein R and R are each

i ndependewol2gittiessegen, 01 5alkyl, C3 5al kenyl, phenyl, pogrnmsgéip/opszenet hyl ,
or Cl 5Sheteroaryl; alternatively, R and R can be taken together to form
an optionally substituted 4- to 7z membered heterocyclic ring, which ring
may be saturated, unsaturated orRaromatic; and wherein R12 is Cl_5alkyl,
C3_bal kenyl phenyl benzyl, phepethyl, or C _5heterocyclyl;

Rb is selected fron1hydrogen, _5 aNkenyl, phenyl, 5benzyl,
phenet hyl , and Cl_5het eroaryl N pd Rb can be taken
together to forman optionall ered heterocyclic
ring, which ring may H¥2sat romatic; Rc and Rd are
each independently are hydNogen, YCL _5alkylp 1§ 5al kenyl, phenyl |
benzyl, phenethyl, or C1_5 heRer Fryl alternativel g8 Rc and Rd can be

t aken together to forn1an optlonB Iy substituted 4- to 7- (Ienbered

heterocycli e ring. ol & (41 1Y FR%, LML et Wnsal weatied progromtico

phenet hyl , ar@ace&ﬁc%?l?tﬁcégbéﬂlé/ dalts, amldes B? ebferb Ysirageandhal ogen,
Cl 5al koxy hydr oxy 1, C2- '5al kenyl, cyano, ni'tro, ReRfN,

C1 5heterocgtenepnsormrlco@rmadpereof Compmdspfs‘@nr@daéa are dnhibijers e éne

02 sacys. 4Py RS SksneASRB e RATRTE praflss A BARGHG oK n

R32R33NS02; theﬁn@a@henfﬁﬁdm@e@&o@mm@@@b datlengpriersutl aselged,ed from
hydr ogen, 01 5alky C3__ 5al kenyl, phenyl, benzyl, phenethyl, and

Cl_5heter od’h?PmaéCHG améfélaﬁdli'ﬁéhm§ Eﬂjﬂ-fgr H]%Vﬁat”@%@hl@tﬁeﬂ an%ﬁ@hyl benzyl ,
phenet hyl , &évﬁq{wﬁfggt%ggw Harﬁfred ? &el ected from hydrogen, 01_5a1ky1,

C3_b5al kenyl enzy and Cl1 _5heteroaryl;
alternatively, %eapntibs@ht menb@n tsﬂ’vaethet dgetttbdrtobcodes;seséo‘r thetprepaﬂaltipn

substituted 4- to red eterocyclic rin ich ri may be

Satur afi D QiEIHedPIE Brig YRESS o the compoundsgs oD dBRe hal ogen,

Cl-5 al koxyparné’tﬂé@%%he GreseritlifEntioA4s directed to a process for the preparation of
compounds of formula (V-A)

0
Ar \\S/CH3
N7\
N/ | 0]
\
N
H (V-A)

wherein Ar is as herein defined; a process for the preparation of
15 compounds of formula (VI)

LG’

*
O (VI-A)
wherein LG is as herein defined; and a process for the preparation of
compounds of formula (X-A)
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305al kenyl, cyano, nitro, RgRbN, 02 _8acyl, Cl_5heterocyclyl, RbOC=0,
RgRONC=0, or RgRbNS02; Rg i s hydrogen, 01 5alkyl, C3_bal kenyl,
phenyl , beozgiyoipssenet hyl, Cl_5heterocyclyl, 02_8 acyl, parmgko10Ri20L£=0,
Rl7r<'-'1 8N C= 0, R16S, R16SO, WD 2011/019842PCT/US2010/ 045204 Ri 6s-23
u or RI7R18NS02; and Rh is hydg_g en, Cl_5 al kyl, C3_5al kenyl, phenyl,
benzyl, phenethyl or Cl 5heter 3\%qu1; %Iternatively, Rg and Rh can be
taken together to forman optionalN stituted 4- to 7- nenbered
heterocyclic ring, which ring may/be saturated, unsaturated 5or aromatic;

wherein RL7 and R18 are each i enggnt |y drogph, Cl 5alkyl,

C3_5al kenyl, phenyl, benzyl, CI)5het cyc ; alternatively, R17 and
R18 can be taken together to Rorman optjonally substituted 4- to 7-
menber ed heterocyclic ring, whi in be Npfurated, unsaturated 10or

aromatic; and wherein R16 js Gl 5 alRyf, ~5al kenyl , phenyl, benzyl,
phenet hyl , or Cl1_5het erodycly1n 51 R2 i s hydrogen, hal ogen, Cl_5al koxy,
Cl_5alkyl, C2_5al kenyl, cyano, Mtro, RnRaN, C2_8acyX;ARnOC=0, R14S, R14S0,

or R14S02; Rmis sel ected d rom h fgen,. Cl 1kyl, 5al kenyl henyl ,
Tsbenzyl - phenetKITETER: Retor ety ore @ Terapetheg Pred Biyad OF
R34R35NC=0, fofaiaqV-AY, 388 2omigbahds @ forfRARPBINGPZnd Whet@inpoiidds anfdrindta ar e
each independently sel ected from hydrogen, Cl 5alkyl, 5al kenyl , phenyl,

benzyl, phdXefhgie usaidl asiintgrarediaigryin theapynthpds &f Heaempeuads ghfoikiula
C3_bal kgnyl(1 phenyl, benzyl, phenethyl, or Cl_5heterocyclyl; 20Rn is
sel ected f o)m hydr ogen, Cl_5alkyl, C3 _b5al kenyl, phenyl, benzyl, phenethyl,
and Cl_5heteroaryl; alternatively, Rmand Rn can be taken together to
forman opti onﬁl |y supstituted 4- to 7I mepber ed heterocyclic ri whi ch

t

ring may be satDER@HOOUMAAUNGRIBSSM IBYRHON I8 dirssteghion Qoﬁngowicigg’lkyl, _
o sgon HaT RIS T i SRR 67 S ARAgL g ang "L
C2_8acyl, R&M)O6EMK], R13]San&k1d,Shfused HRiyicBO2ing systems, said ring or ring system
10  being carbocyclic or heterocyclic, saturated, unsaturated, or aromatic, and
optionally substituted with halo, Cy4alkyl, Cshaloalkyl, Ci4hydroxyalkyl, nitro,
hydroxy, amino, mono- or di-(C.salkyl)amino, Ci.4alkoxy, Casalkoxycarbonyl,
Casacyl, Cosacyloxy, Cqsalkylsulfonyl, C.salkoxycarbonylC1.salkoxy, cyano,
and mono- or di-(C4salkyl)carbamoyl.
15 In another embodiment, the present invention is directed to a compound
of formula (l), wherein (a) Arz is selected from 2,5-di(C 1.6 alkyl)aminopyrrolyl or

a structure of one of the following 6 formulae:
N>> RS RN
b\
SNV
J R20 XC

(a) (b) ()

20



R is selected from hydrogen, Cl1_5alkyl, C3_5al kenyl, phenyl, 30benzyl,
phenet hyl , Cl _5heterocyclyl, 02_ acyl, aroyl, R3600=0, R36R37NC=0, R19S0,
R19S02, RY0O3p11zne84R36R37NS02; wherein R36 and R37 are each/usaadepesrdent |y
sel ected from hydrogen, Cl_b5alkyl, C3_ 5al kenyl, phenyl, benzyl,

phenet hyl, and Cl_5heteroaryl; and whergin R19 is Cl_5alkyl, C3_5al kenyl,
phenyl , benzyl phenet hyl , or Cl_5het eRocycl y1; RP s selected from
hydr ogen, Cl 5a1ky1 C3 aIkenyI phenyl, nzyl , pb | ;7 and
Cl_5heteroaryl; 5alt&haki vety, R aNd” R™€an be tak n together to form an
optionally substltute ta) 7- ‘/ﬂ\eg,heterocyclﬁ ri gg-Rehi ch ring may
be saturated, unsa or aromifcz R16 i 5a1ky1,

C3_5al kenyl, phenyl, benz%P phenethyl or “Ci 5het er ocyclpdl;

10al ternatively, R3 and R2 or R3 and R21 can be taken together to forman
optionally substituted‘ii or 6-nenber§%)carbocyclic &5 het erocyclic ring,
whi ch ring may be satu( unsaturated or aromatic, /and wherein said ring

CL 5l kowy: 188 L%‘”?E?%@M 3,3 EJQ@P&%E%%@%WQ ohomyl
napht hyl , benzyl, phe&mhhjﬂs,hed]hnﬁheta@senmeyb@er spyiondgr oyl , R2900=0,

R30R31NC—0 R2980 R29S, R29S02 t t | R27
oL ot eon’t oodni ahaaiedat om0 gne: SRapis 2o pesel D el Mo VS Y

6- membeged het erocycly Cisld g, dHN: fbrq-pkl aeldns:l to 3 addi t| onal 20het er oat om
noieties in the ring selectedfrom2 NR9, NR10, N, SC@ 0=0, and S; which
ring may be sat ur at edfe igmitsegeraoeld *¥; andofeisinitrogereeeRA GRoand RL ar e

i ndependent |y sel ect 1H ¢l _y 910) Itk and
wherein each of the 2@6%/ ?\ﬁ@ é ﬁggeq;@ﬁ Wzﬁegr%ﬁ% é/unl ess

ot herw se i ndi caiyeido dg@rndwalcb'ge’ltﬁ@ tstam@xyorwmwxgﬁr@pgélkﬁdcggmémyluww@ is
250ptionally and independently substituted wth between 1 and

substituents seldE@ed ﬁd}hfﬁmacyl Cretareeysly!, (Gnanetsrored Wb - 5&#@'@79

Pé?g%xxgaﬁwylnfanﬁ@r%]r %;1%161%/' er12é @(é \%31'% alkyljan no%ﬁ%ﬁ%é& and

Cl_5hal oal koxy. R*(C=0)0-; wHewede?QtarmhRf angtebhnrdésenddmtly wetsated fromvent i on

:‘2r(rjrijlrggt (eg)'fo(gi) co ou dsi@Ltcte’tﬁamél a f( g W"]g)té%%}r}l g)ﬁ%nethz/l c|)rscs;_§l ected from

heteroaryl, and wherein R*' is Cy.salkyl, Cs.salkenyl, phenyl, benzyl,

phenethyl, or Cisheterocyclyl,

15 Y; is CHz, CHR?, =CR#, O, or NR*, wherein R* is H, Cy.salkyl,
Cssalkenyl, Cosacyl, Cqsheterocyclyl, (Cisheterocyclyl)-Cqsalkylene, Cy.
shaloalkyl, Ci.scyanoalkyl, (Ci.salkoxycarbonyl)C4.salkylene or
(phenylcarbonyl)NH-;

R'is hydrogen, halogen, Ci.5 alkoxy, hydroxy, C4.s alkyl, Co.

20 salkenyl, cyano, nitro, R?R°N, C,.gacyl, Cqsheterocyclyl, (Cs.
sheterocyclyl)Cy.salkylene, R''S, RS0, R''S0O,, R°OC=0, R°R°NC=0,
or R°RINSO;

R?is selected from hydrogen, Ci.s alkyl, Cssalkenyl, phenyl,
benzyl, phenethyl, C1.sheterocyclyl, Cosacyl, aroyl, ROC=0, RRINC=0,

25 R'?SO, R'?S0;, R'S, and RRINSO,; wherein R' and R’ are each
independently hydrogen, Ci.salkyl, Cs.salkenyl, phenyl, benzyl,
phenethyl, or Cy.sheteroaryl; alternatively, R' and R’ can be taken
together to form an optionally substituted 4- to 7- membered
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(c) Ar2 is selected fromformula (a)-(d); (d) R1L is halogen, Cl-5
al koxy, hydroxy, C1-5 al kyl, cyano, nitro, RaRbN or is taken together with
R27; woO(2e)1/0R4842s t aken together with R27; () PRI/Usna 082204 aken
together are selected fromthe group consisting of 5 (1) -CH2NRO- (C=0) -,

R B R s ©
- CH2NR9S02-,  (1lgng WREEHR R, a1 - SSHRk&R) phienyl, benz I,{)(f)@heﬂﬁjyl Fpd R27

t aken together are selected fromthe group consisting o - CHZ-(C=0) -,
(2) -0(C=0)-, (3yrshete@aepelyl;(4) -S(C=0)-, (5) -N=N-, (6) - 10 NR9S02-, (7)

-N=CRO-, (8) -NR9(C=Q)». an 9) .- CH . h s _hydrpgen, hal ogen,
01 5 al koxy, 01 5 al %ﬁ; ',SS(F ‘8‘} fr8?”§¥:‘?€PH?”mﬂé? 8'&%%?13'%?”%% BREMY; ¢ 15
al kyl, gr are taj@ﬁgt,%@h@ﬂfyughdf@{_gﬁeaer@a? lmenber ed heterocyclic ring;

(I R3 is hydrogen, halogen, "Cl_5 alkoxy, Cl_5 alkyl, cyano, nitro, or
RgRoN, 15 where Re arfiterpatiiedy, iR canddR1can sekgken geshes todRen anoget her to

forma 5-7 nenb r INCq T+ BT L i ; ntly
selected from h)e/dcpﬁféagw glﬁ@&éqﬁ_eg 4a|tt2yni|9;me%r‘lggy-erggieﬁ%{grcgg/cgéﬁn%r\ﬂﬁgﬁEﬁﬁ( 1) RS
and R6 are each rhby Bé(saturate, ainsBiUrated df&romaticand the other is 5-7
menber ed carbocyclyl or heterocycl and R8 are taken

[ n) R7
together to form an JdptahE &€ §asgﬂn4qme@éeaﬁy gre hydregrBeresflk¥r bocycl i c or

het er ogpcl i ¢ ring; 7 RNk n r c
Si x- rre(riger ed hetsglrkgggléIp;ble;nyl2é%§ﬁR9 an&ﬁ%SB?gﬁ'gnbﬁggée&ﬁgrltfe%%ﬂr\ﬁ%{yyﬁ di nyl,
g}érz [ rF121'4di nyl , ((c):r_ 0@$§4aam bpltakerptdgmtadrz]ﬂ tpffN:RrglmbmsmFEbttam'aéyd subtlthléte.(d@:apm,

-R4, or -(C= , . eac , Re, a i s
Cndependent | y sdMecbeted helerogiicgoe. wBicrsh wy besRufEt i Satiatethe
respective ROC=Qyr JAlBNGHE; RSO RS02, and RRNSO2 groups; 30(r) each of Ra,
Re, Rm R Rb, Rf, Rn,ﬂand RP i s independently selected from hydrogen and
G _5 alkyl; or, indefg@ndeRubglkyR&sankery, pRengnbemtyl, paereiayl R, Cand R and
RP, tab n toget hgggé&é?{lan optionally substituted 4- to 7- nenbered

carbocytlic or M ic ring;

R?is hydrogen, halogen, Ci.salkoxy, hydroxy, Ci.salkyl, Co.
salkenyl, cyano, nitro, R°R'N, Cy.sheterocyclyl, or Casacyl;

R® is selected from hydrogen, Cq.salkyl, Cs.salkenyl, phenyl,
benzyl, phenethyl, Cy.sheterocyclyl, Casacyl, aroyl, R**0C=0,

20 R¥R¥NC=0, R™*S0O, R"*S0,, RS, and R**R*NSO,; wherein R** and
R* are each independently selected from hydrogen, Ci.salkyl, Cs.
salkenyl, phenyl, benzyl, phenethyl, and Ci.sheteroaryl; and wherein R™
is Cs alkyl, Cs.salkenyl, phenyl, benzyl, phenethyl, or Ci.sheterocyclyl;

R'is selected from hydrogen, C+.salkyl, Cs.salkenyl, phenyl,

25 benzyl, phenethyl, and Cq.sheteroaryl,

alternatively, R® and R" can be taken together to form an
optionally substituted 4- to 7- membered heterocyclic ring, which ring
may be saturated, unsaturated or aromatic;

R%is hydrogen, halogen, Ci.s alkoxy, hydroxy, C1.s alkyl, Co

30 salkenyl, cyano, nitro, R9R"N, C..gacyl, Cisheterocyclyl, R"OC=0,
RIR"NC=0, or R°R"NSO;;

RY is hydrogen, Cq.salkyl, Cssalkenyl, phenyl, benzyl, phenethyl,
Ci.sheterocyclyl, Cogacyl, aroyl, R'70C=0, R""R'®NC=0, RS, R'®S0,
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WO 2011/ 019842PCT/ US2010/ 045204 (s) (1 )Ra and Rb taken together
are i ndependently norpholinyl, piperidinyl, or pyrrolidinyl; (2) Re and Rf
t aken t ogwoheri/aesss2nor phol i nyl, piperidinyl, or pyrroliacmus2oion4328) both
(1) and (2) apply; (t) each of Rc and Rd R and R is independently

Mdopendent . ~dhaSbk: OuROR TUGEENERS K 1 DY o8 oft+ B (G- 2liS8 )  ut ed 4.

to 7- nmenbered , fat ur at ed
or aromati c; W@PQ&)&&W phéﬁ@thy}"@r‘ Glﬂsﬁét&%c%lgle%gﬁﬁﬁi;&éy Rgraerkﬂ '[]gken

together to forma@rbebt&heodaget%estmﬁlrmam egtianallysubstitvéed ér &ai7het er ocycl i c
ring, which ring nmay be l0sat ur ted saturated or aromatiC: (v)
Cach of Rb. R TRATOEEE SRRORE P, WRRALMAED s ALRIRY. Ginstusated

i ndependent |y H@ar6dafical kyl ; (w) each of R11, R123 R133 R143 R153
R163 R19 3 R38, and R4l is i epen%ntly H or Cl1-8 aIkI 15(x is 01_8
al kyl , 028 acyl, R170v€reirRR7RABNB=Oarera®h) InFt@agmderFQIydsyObgg@n ngsoz;

and Rh hydrogen 8
together to for rr(?%ﬁgﬂoeﬁlj?ﬁa%% b%h%@fl ut é@é%rocﬁgyi}naqte% thﬁettagfhggycl iC
ring; (y) R17 archrRiStdkedepgeithentd forar an bpﬂmm@rsumtumlematdql 20(z) nis
1; (aa) nis O0; (bb) each of R2 and R21 is independently sel ected from

hydr ogen, hal ogdREMELEEGHNRIGKICYCH &ing) wipich ragaﬁ@y be satyratad NSRRI RRPN,
e a8l S rORER A B L 42 BRGP L BRh BRLAFS o
phenethyl, or C1_5heterocyclyl
R? is hydrogen, halogen, Ci.salkoxy, Cisalkyl, Ca.salkenyl,
cyano, nitro, R"R"N, C.sacyl, R"OC=0, R™S, RSO or R"*S0;
R™ is selected from hydrogen, Ci.salkyl, Cs.salkenyl, phenyl,
15 benzyl, phenethyl, C;. heterocyclyl, C,sacyl, aroyl, R*0C=0,
R*R¥NC=0, R™*SO, R'*S0,, RS, and R**R*NSO;,; wherein R* and
R* are each independently selected from hydrogen, Ci.salkyl, Cs.
salkenyl, phenyl, benzyl, phenethyl, and Ci.sheteroaryl; and wherein R'®
is Cysalkyl, Cs.salkenyl, phenyl, benzyl, phenethyl, or Ci.sheterocyclyl;
20 R" is selected from hydrogen, Ci.salkyl, Cs.salkenyl, phenyl,
benzyl, phenethyl, and Cq.sheteroaryl,
alternatively, R™ and R" can be taken together to form an
optionally substituted 4- to 7- membered heterocyclic ring, which ring
may be saturated, unsaturated or aromatic;
25 R™ is C.salkyl, Cssalkenyl, phenyl, benzyl, phenethyl, or C;.
sheterocyclyl;
R*' is hydrogen, halogen, Ci.salkoxy, Cisalkyl, Co.salkenyl,
cyano, nitro, R°RPN, C,sacyl, R'°0C=0, R"'S, R"'SO or R"'S0,;
R° is selected from hydrogen, Cq.salkyl, Cs.salkenyl, phenyl,
30 benzyl, phenethyl, Cy.sheterocyclyl, C.. acyl, aroyl, R¥*0C=0,
R*R¥NC=0, RS0, R"S0,, RS, and R**R*NSO,; wherein R*® and
R% are each independently selected from hydrogen, Cy.salkyl, Cs.
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(dd) Ar represents a nonocyclic ring, optionally substituted with 1 to 2
substituents selected from hal ogen, 01 _8 al kyl, cyano, nitro, R22R23N,
hal onet hywo 2andbibsskonet hoxy; (ee) Ar is a six nenbered PCmgssubssizout ed
with between 1 and 2 30 substituents independently selected from nethyl,

hal , CF3, and 00F3, said substit i fuents being at 4-
posi L1 on, o at PREME. PARAYADSHRL; DigrEhyl, Badeenolaroa e WaeR R Roz.
R23, and R24 is | ; 200 A8 45204
(a0 R25 and Rod: FRISRERGaRel v oy ENEh) pelii e iR pr O e mecten)

alternatively, R25 arff iRz®lecied fiem bikadnogeogei.kalkylt Gstakemdnplgnylonal |y
substituted 4- to 7- mhered heterqcyclic ring; (hh) each of R25
and R26 is indeﬁ@rﬁ%hﬁ?‘?”ﬁ@hdﬁc?@@néb% %8I kyl; 5(ii) Wis NRR7; (jj) Wis
CHR28, gnd R28 is hydjeeeatively, (F ndBRRYbh be taken (ddeth&2® fofm@n_5 al kyl; or
R3 and R31 are independently sel ected from hydrogen and C s al kyl, or R3

and R31 are takeptionghy Repstitetedot-ripd - me@mperastheiaratycke sagcvhich rng(11) Ar2
is formula (e) j | . hydroxy, C1-5 al kyl, cyano,
nitro, and RaRbﬂlﬂg%rB(L’I%f%%%ﬁécg%%Egkue?%fetéocgreeﬁﬁé%’t%th R27 as provided bel ow,
R2 is hydrogen, hal ogel,is G salklk@syalkéhgl, hinyl, benzyRestidvetiRa, dsChydr ogen,
hal ogen, C1-5 al koxy, hydroxy, Cl-5 alkyl, cyano, RgRoN, RS and R6 are

i ndependent | y sehetareeyd¥lom hydrogen and 01_3 alkyl; 15(mm) R7 and R8

indepquently are takgfe b QARINHES 4Ry ReT & R“aﬁg(ﬁfﬂ’?lﬁhg}\é BRET tddethedod- to 7-

menber ed carbocyclic or heterocyclic ring, ng may be Sat urat ed,
unsat urated or doomani aptiohaly sebstituted HReor 6-Rerkperaddalfbosydiodependent | y

sel ected from hydrogen, Cl-5 al kyl, 028 acyl, and the respective
R00=0, RRNC=0, HSIeBYRII G 1RY TeKBE S 6l LBy BS BPMRICR | re,

and RP, is indepgpoRAtlen §§ib%ﬂa&rmwa%%ﬂbémﬂtéblwﬁh%B{'dii( ach of
R11, R123 R133 R143 R153 R163 I1% -193 and 8 i s independently s al kyl;

each of Rc and Ralkil)aenib,R;-saRgR aadCR3KOXR34 and R35 R36 and R37 are
et SR gon Tl 3R S SRR B0 o
phenethyl, Cysheterocyclyl, Ca.sacyl, aroyl, R°0C=0, R®R*NC=0, R*S0,
R¥S, R®S0,, or RR*'NSO,;
or alternatively, R and R' are taken together to form an optionally
substituted 5- or 6-membered heterocyclic ring with optionally 1 to 3 additional
20  heteroatom moieties in the ring selected from O, NR?, NR', N, SO,, C=0, and
S; which ring may be saturated, unsaturated or aromatic; wherein R%and R
are independently selected from H, Cq.salkyl, and -CH2CO2(Cq.4alkyl);
and wherein each of the above hydrocarbyl or heterocarbyl groups,
unless otherwise indicated, and in addition to any specified substituents, is
25 optionally and independently substituted with between 1 and 3 substituents
selected from methyl, halomethyl, hydroxymethyl, halo, hydroxy, amino, nitro,
cyano, Cqsalkyl, Ci.salkoxy, -COOH, Casacyl, [di(Ci4alkyl)amino]Ca.salkylene,
[di(C1.4alkyl)amino]C,. alkyl-NH-CO-, and C4_shaloalkoxy.
In additional embodiments, the present invention is directed to
30 compounds of formula (I) wherein
(a) Ar is selected from formulae (e);
(b) Ary is selected from formulae (f);

(c) Arz is selected from formula (a)-(d);
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(pp) Rg is hydrogen, 01_5 al kyl, 028 acyl, R1700=0, R17R18N0=03 R16s3
R16s03 Ri 6s-23 u or R17R18NS02; Rh is hydrogen or C 5 al kyl;

al ternatiwelzyll/d%@mnd Rh can be taken together to form aoTapsteionad2by
substituted 4- to 7- rrerrbered het erocycl icri ng, R17 and R18 independently

are hydrogen 300 1-5 i e is n|tr R200; Ze
is nitrogen or g is halog ’r9)5§i§0@hg1 ﬁﬁqua?:é aﬁ@éd@’ﬁd@nf‘\@’ &%e@t%d from
hydr ogen, hgké}&eﬂo @the?vﬂimq?@y C s alkyl, cyano, nitro, and RvRnN or RRPN,
respectively; al te|9nat|ve ly, R3 and R2 or R3 and R21 can be taken together

to forman opti dexR!' jsakbsttd)gethedWHh RiY; 6- menbered car bocyclic or

het | t | bi | |

o ety onrv TIBR' and RE %?%ep toghERf BEF ShRaRa IR g arsuS hodeigie of &Y

substi tgents)LcﬂeMﬂ’\?ﬁeﬁd Zd@%(@id&r q%h@m@eﬂgc% 5(@1@*5&0(@:0; al kyl
cyano, nitro, R22R23 450 R2400 SR26NC=

01-5 al kyl t(R) oCHBCFO) (R d9&=O kL (M -BHe(G=Oph & tNR QTQ/)I', (%henet hyI

Cl 5 heter 0Y{4, Rgﬁ\@ 4 5 R24802 or
R25R26N802%%§§82% ﬁ(%?rog orszt% (1511 %I'gz %SR%?A; natl Iy, 'R22 and R23
can be taken togg) Rérandd?%7aammfogaﬂﬁemelsleyecsetﬂnﬁbrrt thieegtodip dopsiEting®fber ed
heterocyclic ring; R24 is hydrogen or Cl 5 al and R26 are

i ndependent(1y— m/'gr(g@@?*) de) Cbéca yI(3) D@H_@HPEI(%ET$ ) 5N @6 can be
t aken ygget\jgy op o 7- menbered

het er oc;e/cl |rt|(;|Q %/9 %R H@O%EZ(XP%'P (gg |-tsl "al kyl , R2900=0,
15R30R31N0=0, RZ(B)SR, Imﬁgenma|WWRoxprC1 gaalkydm;aano;eﬂrﬁ lem and Rl
can be takenh her to f|Q| @2 |onaII subtstl b};ﬂﬁ - menber ed
het er ocycl i¥§® YRR 5 4 so(;tque KeJ) ogRNgr Pé‘?re%la ar omati c;
R28 is hydrrﬁgﬁ%eréd’ﬂé%c C@bﬂﬁ heterocycl yl, phenyl or Gs alkyl; R29is cl1
al kyl ; R30 and R31 _are mdepengently sel ect ed from hydrogen ClL 5 %I kyl ;

20al ternativel y,(I R§lmlmdragend:saio@ew,t@mkeaikonsgéwseﬁrlkylocyafmnaro apR%GIBIL 1 y
substi Hgt € wheretF?e and%?e ﬁ 1_5 SN % , or are\taken together to form a 5-7
membered heterocyclic ring;
(j) R® and R® are independently selected from hydrogen and Ci.z alkyl;
(k) one of R® and R® is H;
(I) R®> and R® are each H;
20 (m) one of R” and R® is H and the other is 5-7 membered carbocyclyl or

heterocyclyl;

(n) R” and R® are taken together to form an optionally substituted 5- to
7- membered carbocyclic or heterocyclic ring;

(0) R” and R® taken together form a six-membered heterocyclyl;

25 (p) R” and R® taken together form pyridinyl, pyrimidinyl, or piperazinyl,
optionally N-substituted with -(C=0)R*, SO.-R*, or -(C=0)NHR*;

() each of R? ,R®, R™, and R° is independently selected from
hydrogen, Cy.5 alkyl, C ».g acyl, and the respective ROC=0, RRNC=0, RSO,
RSOz, and RRNSO2 groups;

30 (r) each of R, R®, R™, R°, R, R", R", and RP is independently selected
from hydrogen and Cq.salkyl; or , independently, R* and R?, R® and R, R™ and
R", and R°® and RP, taken together, form an optionally substituted 4- to 7-

membered carbocyclic or heterocyclic ring;
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(uu) one of R5 and R6 is H R7 and R are taken together to form an
optionally substituted 6- nenbered carbocyclic or heterocyclic ring;, and Ar
repr esentwoaomumes#gcl i ¢ ring, optionally substituted w POTASR@0D45204
substituents 25sel ected from hal ogen, Cl1_5 al kyI cyano, nitro, R22R23N,
CF3 and COCF3; and Ar is a siXx

h R6 .
membered ring suBf ﬁ)%\é@&q%?hggé%éeﬁr @Lrae;ﬁgegegq%g bvi PaEheinylndependent | y
sel ected frpﬁﬁéﬁ‘tﬁhﬂgéﬂp¥ﬂ&§d?ﬂyll (298 arRNAf @&Fe?nt t@%&rﬁ%r%@%éﬁolﬂlérﬁylor

substituent's bein osItion, or at - positions; 30(ww)
R7 and R tamperldlszeoheyrrolmmxyu@t(&mﬂr ghyaniddiZngbplyopt i onal |y N- subst i t ut ed

W th C=0 R4 =0) NHR4:;, i . . s, C=0 CHRI f,
and Vi s 0 or NAGECNGIEFAIER £ RO fs icgPRitertly biusoRgh aF Syaft. ci- 5
cyanoal ky! 1alt‘<7errnéti§l ERCKWRQVIQ%M RE m@e@d@é'nﬂ e¢anB& taken together to
2011/ 019842PCT/ US2010/ 045204 %/@)_4} o iI's H C l 3 alkyl, or a C 2-5

n

het er ocycl yfprm an optionally sxbstity dnemberechhetergyclio FingiRahichingr e R2f

is H C1- 5 cyanoal kyl, or (GCs
al koxycar bon§¥ %fa%&?ﬁeq g’rﬁ‘gswéfaég)&ﬁ%ma%ho and Yf is 0; 5(bbb) mis 0 and
pis0 misO a(ugil'x’ﬁahdl?dfj R(bantmR‘ihd]ep@ndeptly Sar@ taKerc@getheérdoGornf ddd) Rz is

H (eee) Rz is OH i s _absent; g{ R2 and R3 taken together are
a six- marrbqui'@n@ﬁ)( 56*&151“@@ %rtoﬁetr%@’ﬁt?:'?@q e ?I’Q?Q{CB?)E'PGm‘é(h'ICD rgIBaY P8t ed wit h

bet weengl (a%qLir%éédéltg@gP &gfgosoﬁé}gﬁ_%%edently sel ected fromhalo, C1 3

al koxy, d| am no 2-5 ac hhh) each of R2 and R3 is H;
and 15(iii) cont(whaach)o’sRBfR‘i RS, BhARE, R Rfﬁd? eR°&R6dRITeand Rfiés present

invention is dir ds of formula (1) wherein Ar or Ari is
sel ected fr' ?ﬁ%{ﬁ%ﬁbﬁﬁ%@m@"g@&yrng of 4- trifluoronethyl phenyl,
4-bronmophenyl,  4pgliaehQRIRENYRY? /' TR'6r QU BRIBIRY| Ry Rf1ds

3, 4- dlchlorophenyl 20l n additional embodi ments, the present invention is
di rect ed ton@emertdently H or C1.5 alkyl,

15 (x) R%is Cy.salkyl, C -5 acyl, R0C=0, R"R'"NC=0, RS, RS0,
R'S0,, or R"R™®NSO,; and R" hydrogen or Cys alkyl; alternatively, R? and R"
can be taken together to form an optionally substituted 4- to 7- membered
heterocyclic ring;

(y) R" and R independently are hydrogen or C1.salkyl;

20 Z)nis 1;

(aa) nis O;

(bb) each of R® and R?" is independently selected from hydrogen,
halogen, C+.5 alkoxy, C1.5 alkyl, cyano, nitro, and R"R"N or R°RPN, respectively;

(cc) each of R® and R?' is independently selected from hydrogen,

25 halogen, C 1.3 alkyl, and R"R"N or R°RPN, respectively;

(dd) Ar represents a monocyclic ring, optionally substituted with 1 to 2
substituents selected from halogen, C1s alkyl, cyano, nitro, R“R*N,
halomethyl, and halomethoxy;

(ee) Ar is a six membered ring substituted with between 1 and 2

30 substituents independently selected from methyl, halogen, CF3, and OCFs3, said
substituent or substituents being at the 4- position, or at the 3- and 4- positions,
respectively;

(ff) each of R%, R%, and R* is hydrogen or Cy.salkyl;
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nmor e conpounds i ndependently selected fromthe group consisting of 1-(1-{2-
Hydr oxy- 3-[ 5- nmet hanesul fonyl-3-(4-trifluoronethyl -phenyl)-4,5,6, 7-tetrahydr
opyr azol oyo,28t10jipsaei di n- 1- A- propyl | - pi peri di n-4-yl) - 1, 3rdirhysdeioskeenzoi m daz
ol - 2- one;

3-(1-{2-Hyd 345-41et | -(4-t f| h |
boa 5 b 7t ot v aleEl B e R Bideb ey ik Ruoreas BF g BV Rer L n- 4-y1) - 2-
0x0- 2, 3-  di )y &n}éﬁnwraheaﬁlcaﬁ b@lﬂakaﬁ%@éthter td %rm[a%w 6§ndr?aug'ydroxy 3-[5-

met hanesul fonyl-3-(4-trifluoronethyl-phenyl) -t et rahydr o- pyrazol of 4,
3- substituted 4- to 7- membered heterocyclic rlng,
?] gé/relt ?'Cnacl:llé] ef(hﬁ}ogggqg R@Jéﬁjc'l Redish méiepen ently’ hydrogh d5e glﬁ?l‘; m dazol - 111]

5-Chl org- 3-(1- {41|j1v\;jrsqx5{27345 met hanesul f onyl- 3- ( 4-

30trifluoromethyl - phenyl 4,5 t et rahydro- pyrazol o[ 4, 3-c] pyridin-1-A-pro
pyl | - piperi di n-() WMis-GH 32%35 BYWPQEB-%&%ZS@'KM'daZOI 2-one;
3-(1-{2-Hydroxy- 30 31

met hanesul f ony1- (g )[é t'Fit1580 (l)’rPert%ylanSh%nyaf? |r}1deé>eé1d§n¥ tS cteéirf(gorgyr azol o[ 4,

3- hydrogen and C1.s alkyl, or R* and R*' are taken together to form a 5-6
c]pyridin-111]- prggﬁél | - pi peridin-4-yl)-1,5-dinethyl-1, 3-di hydro- benzoi m daz
ol - 2- WO 201¢MEesADEEPSH10/ 045204 one;

3-(1- d h 1 5,6, 7-
et a0 pyr 0] AT ST Ll i, Ol e B O A i i
i dazo[ 4, 5- dypyoi ditno; 2ndRRFR"N, or R' can be taken together W|th R* as prowded
3-(1-{343-(4-B 1)-5-meth | fonyl 4 | o[ 4, 3
N pyti d 1 (EeIOYTI 1 RBR) BRBBS Cot PPRY & realkygpt RERRIDRRY - Pyrazel ol

55- met hoxy- rﬂyd?ogiérh%ﬂdgzérﬂ‘cﬂ%ﬂ{&y?h{?diww di DaikyP@fano, RR"N; R® and R®

3- (4- Br ono- phenyl) -

hydr oxy- 3- [ae(@demnd@mvyget@ctﬁdlfrgnmmdgm ant dazalyl5- b] pyri di n-3-y1) -
iplcpg(r:: gl’éam dé- pr(PrPrX)lﬂf’ hé I@ dégérﬁdaehr}fﬁi/raorquk@nz%g%[(her‘qfo%rw ahddprfl%ngll gar boxyl

3- (1-{ 2- Hy dyusHtuded 5- f&?hm@ﬁﬂ}dré@@}éﬂb&yéﬂc bf hétersdyenetiny! whkemnidg may
4,5, 6, 7-t et rahydr o- pyrazol of 4, 3- c]pyrld in-111] - propyl | -piperid

i n-4-y1) - 5-kfes#yraied 1wsatetatgd onamraatisydr o- i ni dazo[ 4, 5- b] pyri di n- 2- one;

5- Di et hyl am no a, pe
hydr oxy- 3-[ 5- met(ﬁag gérfpgﬁle?,, (4~ tarrﬁdf|l?ug'rlggreg%nqentlx sel%teqlfrgrrb 7-tetrahydr
0- hydrogen, Cis alkyl, C 25 acyl, and the respective ROC=0, RRNC=0, RS,

razol |d|n1A- ropyl | -pi peridin-4-yl 13d|hdr0|mdazo45-
b{pyr|a ﬁ%ﬁl %02, and RRN p&?’oupg P y) Yy [

1-(1-{2- Hydroxy [ agf?Bf'RneﬁJ'F’Q’o I%Qéllntd% ?}Eég&leel}ﬁiml) 4,5,6,7-te

trahyd ro- pyrazo pyrid’in- 2Drog) I n-
153, 4- di hy dnalrddgergand &1ise KA ;crech erRl , and R

4-(1-{2-Hyd 345- h |
tl’l(f I fjorgiyné{‘ﬁ?ﬁ/ H%1 5??“]@%“ ?{]é%? ﬂéqiﬁ) ﬁ/raggﬁjo %n%% M dleﬁ‘d R pr opy
I'l pi peri di n-g#Syshly Péﬂéwénﬁd&derﬁ]e% 2@ h$diden or C; salk‘-‘x)mérh@ﬁel tak8®t hodol ogi es

and other features according to t%l s 1nvention include the following: 201. A
pr ocesg5f ortogétbepiefpimaan optioially stbspied 4oto 7omembered heRgocyclighégsi n

(pp) R%is hydrogen, Cisalkyl, C 2.5 acyl, R""OC=0, R'"R'"®*NC=0, R'®s,
RS0, R'S0,, or R"R"™NSO,; R"is hydrogen or Cy.s alkyl;
alternatively, R% and R" can be taken together to form an optionally substituted
4- to 7- membered heterocyclic ring; R'” and R'® independently are hydrogen
30 orCisalkyl;nisOor1;
(qq) Ye is nitrogen or R?°C; Z is nitrogen or R*'C;
(rr) R* and R?' are independently selected from hydrogen, halogen, C.s

alkoxy, C+.5 alkyl, cyano, nitro, and R™R"N or R°RPN, respectively; alternatively,
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Ar2 is a nonocyclic or bicyclic ring system unsaturated, saturated or
aromatic, optionally fused, optionally including between 1 and 5 heteroatom
25 ring meoebileassadependently sel ected fromthe group eomdissaiomgs2ei 0, S,
N, SO2 and 0=0; wherein said Ar2 ring systemis optionally substituted with

bet ween 1 a[ggj 4 sypst Ltuent s, 20 1/?19842PCT UsS2010/ 045204 w
represents ang ﬁNRQWh @ﬂa RQZ(@‘@V\%Q-? k E;H;f%m A} ORI ent bond;
R27 i's hydrélﬂb%ﬂtut&%%%%em%c&%%%ilcl|0Wér’oc é‘lﬂmrﬁ% benzyl ,

phenet hyl, Cl_5heterocyclyl, C2_8acyl,  aroyl, 6R31NC=0, R29S0,

5RS, R29S02 or Rse)%amm%erﬁs aahoeomljlc\mlb;qycmarﬁm hgta&roatyn rlAgz can be

t ak t th f bst t o, 6-
hgt :Pocsgflcﬁp b 'tﬁtﬁpo\gmg?ﬁl% ﬁggagdﬂi'thﬁ%gmts % e@pﬁﬁ?gﬁ){ noieties in
the ring Sedeﬂ?é‘dté@'fr‘bh@ﬁh@)geh‘%qsbméﬁy,(f}l, 8, c anfdoSazzwﬁ?WR%sm may be

saturated, upsaturated or aromatic; wherein are 2Endependent |y

and
sel ected f riIMGROgROMS NOTOh SiFst OFF 30 LS, and @ail@*ﬂy”héhcﬁ is hydrogen,

oot 2 berG i Akl phanyt ber R drbobi i A haRioaRor, AT L DY o O
R30R31NS02; RARE 4G, REFSINE Y0, RESOaREGM,, op REPRISNI® R iwhydrogen or

C1_5heteroc é%%l R3 and R31 are each independently selected fromthe group
consi sting ydrogen 01 5alkyl, C3 b5al kenyl, phenyl benzyl ,

phenet Ry ”aph%ﬁZBPteﬁ%ﬂvég ?gﬁ%ﬁh? céh bgrtﬁl?éd seyiyl rjorEﬁBHaﬁ’s? t aken

together tofor n optional ubstitute - ta
car bocycl i csubstitueecAotoy/ ¢ membangd hﬁt&robycllcrrgwg:rﬁf tsehyxﬁt)gerabedh slahglat ur at ed

t' =20 S H. H he dashed_l t b t
o 2oL G0 hen Sl A LG ASTSLLG |5 ahsenty, o 2 g 2bsen
i ndependent® @l RCtA&enfid bhfb ﬂfrﬁl% 691"@(\3‘-!@/' s”tﬂ)sﬁﬂ(utékyﬂf RO mantbddd Salkyl;

nis an integer selected TrogmO 2 and R8 are each

i ndependenthejetogyeclixdM is MR?amﬂ? [12 aalhyérqgen G15all4yb>8' "OCE®al kyl t hi o,

a1 o7 ndBi iRy R AR R S0k B R oy b o el R3] £y

substi t ut edhebtakkbn tdgERBPRY RAMCAT bﬁw@llyf‘su@étlt*ﬂﬁécﬁﬁoéfyslrh@rnbbfw which ring

Y heterocyclic ring, which ring may be saturated, unsaturated or aromatic; R?® is
hydrogen, hydroxy, C1.s heterocyclyl, phenyl, or Cy.s alkyl; R* is C1.5
alkyl; R* and R*' are independently selected from hydrogen, C1.s alkyl;

20 alternatively, R* and R*' can be taken together to form an optionally
substituted 4- to 7-membered heterocyclic;\

(uu) one of R® and R® is H; R” and R® are taken together to form an
optionally substituted 6- membered carbocyclic or heterocyclic ring; and Ar
represents a monocyclic ring, optionally substituted with 1 to 2 substituents

25 selected from halogen, Ci.salkyl, cyano, nitro, R”R*N, CF3 and OCF3;

(vv) both R® and R® are each H, and Ar is a six membered ring
substituted with between 1 and 2 substituents independently selected from
halogen, methyl, CF3;, and OCF3, said substituent or substituents being at the
4-position, or at the 3- and 4-positions;

30 (ww) R” and R® taken together form tetrahydropyridinyl, optionally N-
substituted with -(C=0)R*, SO.-R*, or -(C=0)NHR*;

(xx) Xt is C=0, SO,, or CHR", and Y;is O or NR¥, where R¥is H, C 1.5
alkyl, C 25 heterocyclyl, C1.5 cyanoalkyl, or (C1.5 alkoxycarbonyl)C4.s alkylene;
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30be unsaturated or aromatic, and nay be optionally substituted with
bet ween one and three substituents independently selected fromthe group
consi sti nyoabiiabsa2z cyano, am no, hydroxy, nitro, R4, ReQT/USBMSA45204
R40( C1_bal kyl ene) -, WD 2011/ 019842PCT/ US2010/ 045204 R40(C=0)-, R4(C=0)-,

R4(C=S)-, R4(C=0)0-,RA0(C=0) (C=0)-, RASO2 NHRAA(C=NH)-, NHR44S02-,

NH(R44( )C:O) - ( (V) Ra i$ %( &1-é@la)i’k9152€%f?ipﬁ f le)_Shet erocycl yl , o
(C1_shet er ocycl yb) CkGaldah eary YPREDYEHREESZMR?, RRBRERAYS H, 12, 2N ,Of
di (G _6al kyl )N-," (G _ 56al koxy) carbonyl - or R420R43-; wherein R42’is H,

Cl_5alky1l, sdretewicyelyl/IGisptyanpalkybaidGhs atkaxyeatbonyl)Cls Blkgteneocycl yl, or
(G _5Sheterocyclyl) 6.alﬁ_\/ ene-., and, R43 is Cl 5al kyl ene, phenyl ene, or
di val ent Cl_5het(§%él§b'§ _;d) and Yrigphh | H, Cl1_5ailkyl, C2_5al kenyl,

Cl_5het grocycl yl(bbbm isltehed pay of i is©@LaRd k)s @ner nPigenyhd pheozy! , phenet hyl,
NH2, nono- or di (G _6al kyl)N-, (G _ 106al koxy) car bonyl - or R420R43-;
wherein R42 is HCC@P Bdlkyl, C2 5al kenyl, phenyl, benzyl, phenethyl,

Cl _5heterocyclyl dd8f Ré %1H5het erocycl y1) C1_6al kyl ene- and R43 is

Cl1_5al kyl ene, ph(eny ene, or divalent Cl_5heterocyclyl; Ar represents a
monocyclic or bi(ege) REisaDW; or heteroaryl ring, optionally 15substituted

w th between 1 and 3 substituents independently selected fromthe group
consi sting of hdffBddns a%eBkl koxy, C1 5alkyl, C2 5al kenyl, cyano, azido,

Shal oal'Roxy. CL GRaT Ral 107 L 3 GnaSRT R A T oo pp s GRbARIEN © -
%_gal k)l/ 1, mgt;myklm%’nég_opﬁmwlllgésgﬂNusﬁgmedl;%\AithOMWegg (; 2arid_3 g(sl b§ﬂ(i)t?emso%g :\é 52
k03 1s” byl BRRENdSNTY SEEFted BORARRBnD 1 BIKeHy B CorndiIgming: and C s o'

5het er ocyclét;g,]; alternatively, R22 and R23 can be taken together to form an
optionally substituted 4- to 7- negbered het erocyclic ring, which ring may
be 25saturat ed, (bhbheactnokR” oancRomati endR24 is Cl1_5alkyl, C3_5al kenyl,

phenyl ., benzyl, or Cl1 5hetero | yl; R25 and R26 independently are
hydrogéﬁ_, Cl_SafH\}f,gn'@gl%Qnﬁeﬁiﬂﬁe,%é%‘ﬁyl, benzyl or Cl_5heterocyclyl; or
alter nati vely, RAnattbrhbEdimdpe, théifﬁésérﬂgméiﬂibntis? dfr@ét!@datﬂ c@lﬁr‘ipcﬁﬂ@'s' y
substituted 4- to 7-menbered heterocyclic ring, which ring 30may be

sat ur at ed, affemiulpdtleheseinahoaiafiiids selected fram the grueossistina of €3 5al kenyl ,
phenyl, beqaﬁlhorombefﬂﬁbﬁ%yl,Oii-bg)rﬁgﬁﬁgﬁﬁf:z(-cc'h}'o]rbphenyl, 4-chloro-3-methylphenyl
and 3,4-dichlorophenyl.

20 In additional embodiments, the present invention is directed to one or
more compounds independently selected from the group consisting of 1-(1-{2-
Hydroxy-3-[5-methanesulfonyl-3-(4-trifluoromethyl-phenyl)-4,5,6,7-tetrahydro-
pyrazolo[4,3-c]pyridin-1-yl]-propyl}-piperidin-4-yl)-1,3-dihydro-benzoimidazol-2-
one; [3-(1-{2-Hydroxy-3-[5-methanesulfonyl-3-(4-trifluoromethyl-phenyl)-

25 4,5,6,7-tetrahydro-pyrazolo[4,3-c]pyridin-1-yl]-propyl}-piperidin-4-yl)-2-ox0-2,3-
dihydro-benzoimidazol-1-yl]-acetonitrile; [3-(1-{2-Hydroxy-3-[5-
methanesulfonyl-3-(4-trifluoromethyl-phenyl)-4,5,6,7-tetrahydro-pyrazolo[4,3-
c]pyridin-1-yl]-propyl}-piperidin-4-yl)-2-oxo-2,3-dihydro-benzoimidazol-1-yl]-
acetic acid ethyl ester; 5-Chloro-3-(1-{2-hydroxy-3-[5-methanesulfonyl-3-(4-

30 trifluoromethyl-phenyl)-4,5,6,7-tetrahydro-pyrazolo[4,3-c]pyridin-1-yl]-propyl}-
piperidin-4-yl)-1-methyl-1,3-dihydro-benzoimidazol-2-one; 3-(1-{2-Hydroxy-3-[5-
methanesulfonyl-3-(4-trifluoromethyl-phenyl)-4,5,6,7-tetrahydro-pyrazolo[4,3-
c]pyridin-1-yl]-propyl}-piperidin-4-yl)-1,5-dimethyl-1,3-dihydro-benzoimidazol-2-
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wherein each of the above hydrocarbyl or heterocarbyl groups, unless
otherwi se indicated, and in addition to any specified substituents, is

opt i onal lwoand/dipsiependent | y substituted with between 1pramas30ismigRdst uent s
selected fromthe group consisting of nethyl, halonethyl, hydroxymnethyl,

hal hyd C
G 6acyl, [ é5ﬂ”?zaﬁx9%y&[a°m@?§zqs®p@ﬂémtnﬂu%r-?me Ybhenyl)-4.5,6,7-
[di (G _4al lfté{ré rﬂodﬁzéé%lkﬂ-%jd\gl'hﬂ@‘layd]e s .@atﬁpm -dihydro- Of @

pharmaceutical |y acceptab ter t her'eof
st er eoi sonemidazoi4 orb]perdinfs- one@ﬂé&f@(%mmo phenyﬂ)e@mmh@n@swf@npbund of

oo 2 Vi Be Qs RG A taeioh oL By B L 2Bl obBr ks BpRein B B

cor r espgndi feh RO U BAdIRY d oA R[4 B- H)])pyrldthQ oheagi(tBrohitepls@ippung.- of
formula (M) wth a conmpound of formula (X); in an organic_solvent; to

yiel d the dbtdre@epdddi(dgnebasudrexef, 2[-6'!‘1%'1061”7@11?20[5 52b]NYﬂ¢t51c%fé/B for the

D eber ot origbngn OBt ey o Shrfidors ¢ HESEF R eapone °

st er eoi sonefdi¢ afriden 3-(e{BbfydragrP[b-pigtbanesulfonyl-3-(4- trlfluoromethyl phenyl)-
4,5,6,7-tetrahydro-pyrazolo[4,3-c]pyridin-1-yl]-propyl}-piperidin-4-yl)-5-methoxy-

10  1-methyl-1,3-dihydro-imidazo[4,5-b]pyridin-2-one; 5-Dimethylamino-3-(1-{2-
hydroxy-3-[5-methanesulfonyl-3-(4-trifluoromethyl-phenyl)-4,5,6,7-tetrahydro-
pyrazolo[4,3-c]pyridin-1-yl]-propyl}-piperidin-4-yl)-1,3-dihydro-imidazo[4,5-
b]pyridin-2-one; 1-(1-{2-Hydroxy-3-[5-methanesulfonyl-3-(4-trifluoromethyl-
phenyl)-4,5,6,7-tetrahydro-pyrazolo[4,3-c]pyridin-1-yl]-propyl}-piperidin-4-yl)-

15  3,4-dihydro-1H-quinolin-2-one; and 4-(1-{2-Hydroxy-3-[5-methanesulfonyl-3-(4-
trifluoromethyl-phenyl)-4,5,6,7-tetrahydro-pyrazolo[4,3-c]pyridin-1-yl]-propyl}-
piperidin-4-yl)-4H-benzo[1,4]oxazin-3-one.

Synthetic methodologies and other features according to this invention
include the following:

20 1. A process for the preparation of a compound of formula (l)

Ar2 ~

(1)
wherein
Ary is a monocyclic or bicyclic ring system, unsaturated, saturated or
aromatic, optionally fused, optionally including between 1 and 5 heteroatom
25 ring moieties independently selected from the group consisting of O, S, N, SO,
and C=0; wherein said Arz ring system is optionally substituted with between 1
and 4 substituents;

30



(V-9 reacting a conmpound of formula (V-S) with a conmpound of formula
(VMIE), wherein LGL is a leaving group; in the presence of an organic or

i nor gani cwbasg;yo1pss2yi el d t he correspondi ng conpound of fPoTrusb@o(¥42b4 S) ;
reacting the conmpound of formula (VII-S) wi th a conmpound of fornmula (X-S);

in an organic sqlvent Jhe res onpo HOf formula (19).
WO 2011/ 019842P /@8@??@?%@5%@%“53 ’AC e @9@9 \(eS gﬁ](;'ngo\?é wherei n LGL
i's select edcd‘vrégﬁtbgedlgroup consi sting of 4-nitrophenyl-sulfonyl,

3-ni trophenyl ony mesyl, tosyl, trifluoronethane sul fonyl,

3-f 1 uor o- benzensRﬁ ﬂs)hydrogen( Er balkyloEasalkapyl) phemd enephiny's bam:yl
4-chl or o- benz s and 3- chl or g- ben f 4 rocess as
initem3 ﬁhé?gf%eroa(:ly%%‘gsﬂ?ﬁ 8%@%@6?117(?3%0 "= 9 g%ﬁBocess as

initemp2 ab%?seR%@g et R3WéNSQ)EP@NQI@erﬂfatl\fléWnN*7aar(o\/ﬂ)a|EbfA$2 Cdre6€fdkdm an
amount in the range of fromabout 0.5 to about 3.0 nolar 10equivalents. 6.

A process de9ether iefarm amepeonalyesudishiule’ oSc khpauembered beteipqycliering) i s
present in ghoy mhtlc;nac?lxtfhai?g%ltlg)ngl AL A atG by Rt Qﬁr?thelﬁlégelgﬁ%ﬁémas i n

item 2 above, erei e organi ¢ or 1 norganic ase | romthe

group consi®fNRS, NR'TEASD), IEEO apir$ divinien riN@h*na%% -FAturabal) tunBatur8@aas3,
K2003, Na2003 and CsF. A process as in item 7 above, wherein the

organi c or qrﬁ%‘&nWEe'@é%B |9§‘d2|6 @'QO@@epe@enﬂyﬁﬁlﬁP&%ﬁag‘ th§ 9Pk 2 above,
wher ei Rowhed, oY gl eacted with the conmpound of
f or mul I;]0( VI - E)%tgﬁﬁgan olrﬂq1 oA e/l SO d\%?zé&ﬁ@1 4Iaﬁ(gﬁl c solvent is DW. 10.
A process as in R?tgesrhgdmigemec1meyleoa ﬁlhenyclohwdmmd pierfybrbanzzl, O4: S) is
reacted wt he C 3 a_6y/ )}@9 nper i ‘the range
of from ab {395@% qp%w&? |§ch q\bclsmbmgd&lb §§)[ ||%g§§é°5 e#?hjp Zre in the
range of from alitis CQQANKYEMSHRE |eprﬁéhya%zyﬁeﬁc1 sHekerobyBkpcess as in
item 2 above, whe e| n the’ conpound of formla’(X- I's present i n an anount
in the range of RY@nddB0are@aBhtindeprndertyGelasted frequiheegreuwonsstmg
15  of hydrogen, Cqalkyl, Cs.salkenyl, phenyl, benzyl, phenethyl, naphthyl, and C;.
sheteroaryl; alternatively R* and R*' can be taken together to form an
optionally substituted 4- to 7-membered ring carbocyclic or heterocyclic ring,

which ring may be saturated, unsaturated or aromatic;

20 R* is H or OH and the dashed line is absent; or R* is absent where the
dashed line is an sp? bond;
R® and R°® are each independently selected from the group consisting of
hydrogen and Ci.salkyl,
n is an integer selected from 0, 1 or 2;
25
R” and R® are each independently hydrogen, Cysalkyl, Ca.salkenyl, Ci.
salkoxy, Ci.salkylthio, halogen, or a 4-7 membered carbocyclyl or heterocyclyl;
alternatively, R” and R® can be taken together to form an optionally
substituted 5- to 7-membered carbocyclyc or heterocyclic ring, which ring may
30 be unsaturated or aromatic, and may be optionally substituted with between
one and three substituents independently selected from the group consisting of
halo, cyano, amino, hydroxy, nitro, R*, R*O-, R*S-, R*O(C/.salkylene)-,
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WO 2011/ 019842PCT/ US2010/ 045204 12. A process as in item 11 above, wherein
the conmpound of formula (X-S) is present in an anount of about 1.1 nolar
equi val enw®.206/01884A process as in item 2 above, wherei nramars2taiei2onpound
of formula (MII1-S) is reacted with the conpound of fornmula (X-S) in an

of 'O, ot G- TBGRI-dR Bbrmen- Bl TR0 76 I CA N Ge0%s WSt om 15~

above, whengir*4bBeNy) lquRMagbéLeg,q NHR®Ibang.. 15. A process as in item 2
above, wherein the corrpoun formula (VI -S) is reacted with the conpound

of formula (X S)REs Fh%uaall%l@mkefyl |ensshietarpeyelylut@y.sheterocydgl)CA process
as initem?2 ove |nth of fornu reacted with

t he conpour?@lkgfenfeomﬁpglr %(ngjl eﬁﬁﬁgﬁg@e%@%f’r 9%9( Vllb'ﬁ%’l’(géé’el ected from
the grosgp %@n@x?)daﬂgom i R‘é?mmﬁﬁ: RVHepexi RE is (O ThIG|, adaeny0 Phedyl, 17. A

process as in item 16 above, wherein the Lewis acid i's present in %
siSof

catal yti c dangit phegethxl, &@@@IﬁOWﬁWH ﬁé(%r@ﬁéﬁFQ@Y@W)@f sét"ﬁée@%rﬁﬁﬂﬁ

formula (1)~R c bicyclic ring system
unsat ur at e %Hiyleﬁ@g)@ ar Oma?wﬁlerﬁ? |5ﬁ§1ar§c§ﬁr dsed optionally including
between 1 and 5 kaétuszHo&hkaymz%@mg)ﬂ,QB%BE@T«SW;@LQA&@&WWWJMl eties

I ndependent I}/ sel ected fromthe group consisting S22 and 0=0;

wher ei n saie@/kxiene; |pH8n¥|y§?@¥ﬁ|1%h%'lﬁthﬂn%!HZy”@lﬁ‘Bstfjlﬁ@e@?”b\)"m ketween 1 and 4
Subst i %gg}ﬁgg@xg Joarbanyl- W ﬁ@@ﬁﬁgﬂ%rgm R2 iSRRG, B, .S, phenyl,

NH( C=0) oval ent
benzyl, phenethyl, Cy.sheterocyclyl, or (Cy.sheterocyclyl)Cysalkylene- and R* is

Cisalkylene, phenylene, or divalent Cy_sheterocyclyl;

Ar represents a monocyclic or bicyclic aryl or heteroaryl ring, optionally
15  substituted with between 1 and 3 substituents independently selected from the
group consisting of halogen, Cq.salkoxy, Cy.salkyl, Co.salkenyl, cyano, azido,
nitro, R*?R*N, R*S0,, R**S0, R*0C=0, R*?R**NC=0, C1.shaloalkyl, C1.
shaloalkoxy, Cq.shaloalkylthio and C1.salkylthio;

R?2 is hydrogen, C1.salkyl, Cssalkenyl, phenyl, phenethyl, benzyl, Cs.

20 sheterocyclyl, Cosacyl, aroyl, R*®*0C=0, R°R®NC=0, R*S0, R*®*s02, R*S, or
R®R*NSO;;

R? is hydrogen, C1.salkyl, Cs.salkenyl, phenyl, benzyl or C1-
5heterocyclyl; alternatively, R*? and R?® can be taken together to form an
optionally substituted 4- to 7-membered heterocyclic ring, which ring may be

25 saturated, unsaturated or aromatic;

R* is Cy.salkyl, Cssalkenyl, phenyl, benzyl, or Cy.sheterocyclyl;

R? and R? independently are hydrogen, C+.salkyl, Cs.salkenyl, phenyl,
benzyl or Cy.sheterocyclyl; or alternatively, R® and R% can be taken together to
form an optionally substituted 4- to 7-membered heterocyclic ring, which ring

30 may be saturated, unsaturated or aromatic;

R* is H, Cysalkyl, Cssalkenyl, phenyl, benzyl, phenethyl or C;.

sheterocyclyl;
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R27 is hydrogen, Cl1_5alkyl, C3_5al kenyl, phenyl, naphthyl, benzyl,
phenet hyl, Cl 5heterocyclyl, C2 _8acyl, aroyl, R2900=0, R36R31NC=0, R29S0,
R29S, R298020or01PRABGR31N502; or alternatively, R27 and pact/ustoidnzs2ean be
taken together to forman optionally substituted 5- to 6-nenbered

heterocyclic ring 10w th optjonally 1 to 3 additional heteroatomnoieties

' the 11 ng sel SEIEAN $aRH B NARPAMRNRearaRr NEBRREP 60Tt K4S may  be

saturat ed, JRSRYiYE Hdchted, MPMPadditioReaRy) BpsBiiaddubiitgéms RAsRRRAMt | Y

sel ected fromthe group consisting of H 01_3alkyl, and -0H2002( G _4al kyl ) ;

SRR i o e e et
eter ocyc , = S I ; IS

o1 Sakyr. s SR RoRSERA Moty RS e RsranaR s By el VPSS g and

R31 ar eSEG%inBQﬁW@?@rﬁé,)Céﬁl@@,t@ﬁsdcll(cﬁm t@é@ﬁ,%a@?ﬂ%i@i-ng of hydrogen,
01 5alkyl, C3_b5al ken\ﬁl\@, @henyl .benz?/I phenet hyl, napht hyl, and
G Bhet er oaraplkyl)amirelrasatksiene Rel CanalkrlamingiCrea lkWkdH-CQgeanseE -t o f or m an

20opti onal | Al ituted 4- to 7-nmenbered ring carbocyclic or heterocyclic
ring, which ring Yy be saturated, unsaturated or aronmatic; Rz is H
or OH and the dagheghaimnecdusicalbsatdeptatile Balt] smidisenéstehtezesfher dashed |i ne
is an sp2 bond; . , R5 and R6 are each independently selected from
the group OAEOSOMYIGIOMSAGRBGEIMBIRING1 5alkyl; n is an integer selected
fromO, 1 or 2 R7 and R8 are each independently hydg{ogen, 01_5alkyl,

C2_b5al kenyl, C 5&rkoxy, Cl1_5al kylthi o, halogen, or a 4-7 nber ed
e taken together

carbocycl yl or hetljerocyclyl; alternatively, R7 and R8 can
to forman optiongd\ly 3 bstitu%o 7- menber ed cg|#oc or

het er ocyclic riNg, } ring may *¢fdat urated or aronati and may be

optional 'y substitutjed with between one@nd three substif S
i ndependently s ed from the—group—eonswsti ngm, cyana, am no,
hydroxy, nitro, R4, G-, R45-, R4Q(/f.)‘,i _bal kyl ene)l~ R

2011/ 019842PCT/ US2010/045204 R40(C=0)-, R4(C=0)-, R4(C=S)-, R4(C=0)0-,
R40(C=0) (C=0)-, R4S02, NHR44(C=NH)-, NHR44S02-, an NHR44(C=0 1f) R4 is
H, Cl1 _381kyl, C2 5dVkenyl, Cl 5heterocyclyl, (Cl_5heterocycl ISClGaI kyl ene,

e yronzyt . RBeR BbmdlPu dmata gLl s faladior dfua, oy, | o1

phenyl , benalyéreirpb@hés ayeavir@glgsher er theypregence®of an organic or inorganic

(G _Sheterqcyclyl) G . 6al kyl ene- and R43 is C 5alt<éi/lg e, phenyl ene, or
(i val ent - ChaReleyEly R mTesponaigeeiaoyid efosaula il Barkeny!

Cl_5heterocyclyl, (C _5heterocyclyl)Cl6al kyl ene, phenyl, benzyl, phenethyl,
NH2, rmono- or di (G _6al kyl )N, (G _
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106al koxy) car bonyl - or R420R43-; wherein R42 is H, Cl_5alkyl, C2_5al kenyl,
phenyl, benzyl, phenethyl, Cl 5heterocyclyl, or

(Cl_5het ewvoayrlpd4el 6al kyl ene- and R43 i s Cl_b5al kyl ene pCcphiseyioonep4 or

di val ent Cl_5heterocyclyl; Ar represents a nonocyclic or bicyclic
aryl or heteroaryl ring, optionally substituted with between 1 and 3
substituents independently selected fromthe 15grofgp consisting of hal ogen,
Cl_b5al koxy, Cl_5alkyl, C2 5al kenyl, cyano, azido, pitro, R22R23N, R24S02,

R24S0, R2400=0, R22R23NC=0, Cl1_5hal oal kyl, G _ al koxy,
Cl_5hal oal kyl thi o and Cl_5al K%/I t hi o; R22 (s hydiblgen, C1_5ailky1,
C3_5al kenyl, phenyl, phenethyl, benzyl, C _ 5heteroc yl, C2_8acyl, aroyl,

R3800=0, R25-26 F< NC=0, R38%0, R38§02,AR885, 20 6NS02; R23
i s hydrogen, Cl1_5ailkyl, enyR” phenyl Whemzyl™ or Cl- 5heterocyclyi;
alternatively, R22 and R2 e taken toget heR™t cforman optionally
substituted 4- to 7-nmenber terocyclic ring, whiRch ring may be

sat ur at ed, unsaturagig%%L/aro ic, 25-24 r<1s Cl_balkyl, t%_SaIkenyI,
phenyl, benzyl, or ~ eterocydR§1; R25 ang@()R26 i ndependently are
hydr ogen, Cl_5alky1l, CB_Sak&gﬂyl, phenyl, benzyl or Cl_5heterocyclyl; or
alternatively, R25 and R26 be taken together to forman optionally
substituted 4- to 7-nmenbered heterocyclic ring, which ring my be
saturated, unsaturated or aromatic; 30R38 is H, Cl_5alkyl, C3_5al kenyl,
phenyl, benzyl, phenethyl or Ci - 5heterocyclyl; wherein each of the
above hydrocarbyl or heterocarbyl Rgroups, unless otherw se indicated, and
in addition to any specified substfituents, is optionally WO

2011/ 019842PCT/ US2010/ 045204 an e an subpiituted with between 1
and 3 substituents selected fr @MMi ofA t hyl ,

Sxy, % no,| ni cg‘;no, Cl 5ailky1l,
I’Ryl )am no

hal onmet hyl , hydr oxynet gél , hal
ey, =
and G Rg7565hal

Cl_b5al koxy, -000H, C2_
[di (G _4al kyl ) ani no] C2_5a1k¥1-

gm de or ester thefRgof; or a
stereoi soneric formthereof; corrpﬁ Si né;)

phar maceutical |y acceptabl e saR¥,

reacting the compound of formula (VII) with a compound of formula (X);

in an organic solvent; to yield the corresponding compound of formula (1).

5 2. A process for the preparation of a compound of formula (I-S)
CF;
H,C
A 0
N\(
H \\\OH |

—=N N N/ 0

() Il
N\ /

H:C o (1s)

or a pharmaceutically acceptable salt, amide or ester thereof; or a

stereoisomeric form thereof; comprising
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- 10reacting a conpound of formula (V) with a conpound of forrmula (VI-A);
in the presence of a Lewis acid; in an organic solvent; to yield the
correspomaipngiioapsaound of formula (VII1); RS (1) PCTIUSa@ionipo0d he
compound of formula (VMII1) with a conpound of formula (X); 15optionally in
t he presence of an organic or inorganic base; in Egjorgani c solvent; to
yield the correspondi ng conpound of forrmula (1). 7\A process for the
preparation®f a conpound of formula (I-9S) o .

accept abl e sad.__am de or ester thereof; or a sterg
conpri sing acti ng a conpound of fornula (V-S)

formula (VI- in the presence of C?J Lew s acid; rmfan or

; . L
to yield the Te c ound forarula (VI -
(R (MI1I-9) Q/\QS\/ems) xllu...<Iu N

N™ N\ >

0
(VI-E)

1 pharmaceutically
eric formthereof;
a conpound of
gani s ent;
0 2(%@%’8%%842
N7 Y

O//ll.(R) (V”_S)
(V-S)

reacting a compound of formula (V-S) with a compound of formula (VI-
E), wherein LG is a leaving group; in the presence of an organic or inorganic

base; to yield the corresponding compound of formula (VII-S);

FsC HaC
N
[N
Q
N ~CHs =N NH
\ AN (X-S)
N
O,
\}R)H (VII-S)
CF,
H,C
A 0O
N
N
/ H, OH 5\1/
=N \)é\/
NN / ,(,)
N—
AN /
5 (I-S) H,C

reacting the compound of formula (VII-S) with a compound of formula
(X-S); in an organic solvent; to yield the corresponding compound of formula (I-
S).
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G PCT/US2010/ 045204 (X-95) (1-S
formula (VII1-S) with a conpound of forrmula (X-S5);

to yi el d wbeonansssgpondi ng conmpound of forrmula (IS).
item 19 above, wherein the conmpound of fornula (V- s present in an

anount

21. A proce
i s present dd?ls%'f'ln T U0kitrbPheMA-SLRBAR, Binifrd Qufforlyl Omlegyi2Rayt, 1.1 mol ar
equi val ent s. gpr ocessBasﬁ&lqn |teﬂ ab ;gr\ﬁ/@erﬁ@- erriy n th% @ W's acid is
sel ected fdrlﬂmqrsrrmh@mbaplf@mhs?p ﬂuori@gbmzetnsuﬁnmylnsﬁVﬂpomMethyWﬂxmeme and
Al (0Tf) 3. 42|fV\q Jhi 9842PCT/I 810/ 45 04 3A ﬁas initem19
above, wher®RNYhd CENCONAeRSPUTYNE 801 -F bEnZerRdstfiss
5
4. A process as in item 3 above, wherein LG is 3-nitrophenyl-sulfonyl.
5. A process as in item 2 above, wherein the compound of formula (VI-E) is

int

10

15

20

25

30

reacting the conmpound of

e ra/Q e of fram.abo

as A Bfoqiss asgnigay 2 atiiver uh %ﬁ&bdﬁﬁ%@ﬂ%ﬁ%ﬁb\%@ﬁ

present in an amount in the range of from about 0.5 to about 3.0 molar

equivalents.

6. A process as in item 5 above, wherein the compound of formula (VI-S) is

present in about 1.0 to about 1.5 molar equivalents.

7. A process as in item 2 above, wherein the organic or inorganic base is
selected from the group consisting of TEA, DIPEA, pyridine, NaH, KOt-Bu,
NaOt-Bu, CSzCOg, KzCOg, N32003 and CsF.

8. A process as in item 7 above, wherein the organic or inorganic base is
Cs,CO:s.
9. A process as in item 2 above, wherein when the compound of formula

(V-S) is reacted with the compound of formula (VI-E) in an organic solvent, the

organic solvent is DMF.

10. A process as in item 2 above, wherein the compound of formula (V-S) is
reacted with the compound of formula (VI-E) at a temperature in the range of
from about 0°C to about 5°C, followed by heating to a temperature in the range

of from about room temperature to about 60°C.

11. A process as in item 2 above, wherein the compound of formula (X-S) is
present in an amount in the range of from about 0.5 to about 3.0 molar

equivalents.
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amount in the range of from about 0.01 to about 3.0 nolar equival ents.
524. A process as in item 23 above, wherein the Lewis acid is present in an
anount i rwoheiwasgge of from about 0.01 to about 0.5 nol acTageewaknts. 25.
A process as in item 24 above, wherein the Lewis acid is present in a
catalytic amount. 10 26. A process as in item 19 above, wherein when the
compound of formula (V-S) is reacted with the conmpound of formla (VI-RA)
in an organfg Sqd\b?dﬂesstdé%(?tre%ﬁ‘ﬂ%b%@év\ﬁﬁérélﬁtﬁé)é&ﬁeéunééf%?mﬁlspg 69SS as
initem19 above, wherein the conpound formul a is reacted with the
conpound ofis poegant én @K}’IanW\)nt@tfaboubirﬁeﬂatatuleeuwﬂlem’ﬁ% range of from about
roomtenperature to about 80C 28. A process as in item 19 above,
wherein the conmpound of forrmula (X-S) 20is present in an anmount in the

range of fr@n amptodess dstnaeyp Me”ﬁhéfelﬁqmeh&h@%&apound cﬁ%rnﬁhl@r ocess
as in item 28 above, wherein the conpound of formula (X-S resent in an

amount i n t(V8-$hisgeastedrwisiihgreampaund oblosmyla (&Sglmamrg@rs@@g veahdhe s .
30. A proceo\?\r??ﬁ]% éo’\/én&%%%«%c@ Hdm t%ﬁ{@%&érﬁﬁst K ag af han%! q%’érﬁgé 111-9)

is reacted a co formila pr ésénce o ani c
or inor ganiaicdmjs@ndam\/lFSl A process as in item 30 above, wherein the
organic or inorganic base is selected fromthe group consisting of TEA

Dl PEA, pyridine, C52CC8, K2CO8 and Na2CO8. WO 2011/019842PCT/ US2010/ 045204

32, A PHgPesh: 2 A BrddBRinael G Gk ShlefdiP il GRR: 85vaIGE Sffliroibase s

K2003 33. Aprocess as Initem abo erern en the conpound of
formula (MI11-S) is reacted with the conpound of formula (X-S) in an

RN A G AT R AR I A (S
wher ei n t hgg QEABH WihathE&¥im pourdSERBARARAX-S) at about solvent reflux
temperature,
15
16. A process as in item 2 above, wherein the compound of formula (VII-S)
is reacted with the compound of formula (X-S) in the presence of a Lewis acid
selected from the group consisting of titanium propoxide, Yb(OTf); and
Al(OTH)s.
20
17. A process as in item 16 above, wherein the Lewis acid is present in a

catalytic amount.

18. A process for the preparation of the compounds of formula (1)

Ar2 ~

25 (1)
wherein
Ary is a monocyclic or bicyclic ring system, unsaturated, saturated or

aromatic, optionally fused, optionally including between 1 and 5 heteroatom
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35. A process as in item 19 above, wherein the conpound of formula (M11-Y5)
Is reacted with the conmpound of formula (X-S) at a tenperature in the range
15 of frowoabowti9e@C t o about sol vent refl ux tenperatur @T/US286/04720HCI sal t
of a compound of formula (1-S) 20 37.An HCI salt of the conpound of

f I | -S Ny it 36 in.th It is,. [
o e O e S e Rb bR ST T B I0: o
In item 36 meo‘é)‘g&h%rr&h%a‘id‘ﬁrf@#d systef! iﬁﬁp@ibhblﬁkﬁsutﬁgﬂﬁ%b‘%tfﬁﬁ@tw%en 1

hexahydrate. 25 . A crystalline,” hexahydrate 'nono-HCl salt of a conpound
of fornul a qnd4pubgitBeMBC \ N (s) ..---N---SROH3 \(I1-S) conprising the

follow ng X-ray \R/i rfe]E)Fe%%tnitSOB, %eﬂﬁm éggl, ?Cga%H?Niﬂégd}%}lilﬁ%,%r?é?’ 20.42 7.58
5 covalent bond;

R*" is hydrogen, C1.salkyl, Cssalkenyl, phenyl, naphthyl, benzyl,
phenethyl, Cysheterocyclyl, Co.gacyl, aroyl, R°0C=0, R®R*NC=0, R*S0,
R¥S, R¥®S0, or R°R*'NSO;; or alternatively, R?” and part of Ar, can be taken
together to form an optionally substituted 5- to 6-membered heterocyclic ring

10  with optionally 1 to 3 additional heteroatom moieties in the ring selected from
0, NR?, NR'’, N, SO,, C=0 and S; which ring may be saturated, unsaturated or
aromatic; wherein R? and R'® are independently selected from the group
consisting of H, Cy_salkyl, and —CH2CO2(C1-salkyl);

R? is hydrogen, C1.salkyl, Cs.salkenyl, hydroxy, phenyl, benzyl, Ci.

15  sheterocyclyl, R®0, RR*'NC=0, R¥S, RS0, R¥S0, or R’R*'NSO;;

R* is Cy.salkyl, Cssakenyl, phenyl, benzyl or Cysheterocyclyl;

R* and R*' are each independently selected from the group consisting
of hydrogen, Ci.salkyl, Cssalkenyl, phenyl, benzyl, phenethyl, naphthyl, and Cx.
sheteroaryl; alternatively R* and R*' can be taken together to form an

20 optionally substituted 4- to 7-membered ring carbocyclic or heterocyclic ring,
which ring may be saturated, unsaturated or aromatic;

R* is H or OH and the dashed line is absent; or R* is absent where the
dashed line is an sp? bond;

R® and R°® are each independently selected from the group consisting of

25 hydrogen and Cq.salkyl;

n is an integer selected from 0, 1 or 2;

R” and R® are each independently hydrogen, Cysalkyl, Ca.salkenyl, Ci.
salkoxy, Cy.salkylthio, halogen, or a 4-7 membered carbocyclyl or heterocyclyl;

alternatively, R” and R® can be taken together to form an optionally

30 substituted 5- to 7-membered carbocyclyc or heterocyclic ring, which ring may
be unsaturated or aromatic, and may be optionally substituted with between
one and three substituents independently selected from the group consisting of

halo, cyano, amino, hydroxy, nitro, R*, R*O-, R*S-, R*O(C1.salkylene)-,
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11.67 8.39 10.54 8.80 10.04 9.16 9.66 12.71 6.96 13.30 6.66 13.69 6.47
14.69 6.03 15.55 5.70 15.96 5.55 18.44 4.81 18.69
WO 2011/019842 PCT/US2010/045204

R*O(C=0)-, RYC=0)-, R*(C=S)-, R(C=0)0-, R*O(C=0)(C=0)-, R*S0,,
NHR**(C=NH)-, NHR*SO,-, an NHR*(C=0)-;

R*is H, Cy.salkyl, Co.salkenyl, Cqsheterocyclyl, (C1.sheterocyclyl)Ci.
salkylene, phenyl, benzyl, phenethyl, NH2, mono- or di(C1.salkyl)N-, (Cx.

5 galkoxy)carbonyl- or R*?OR*-; wherein R** is H, Cysalkyl, Ca.salkenyl, phenyl,
benzyl, phenethyl, Cy.sheterocyclyl, or (C1.sheterocyclyl)Cy.salkylene- and R* is
Cisalkylene, phenylene, or divalent Cysheterocyclyl;

R* is H, Cysalkyl, Ca.salkenyl, C1sheterocyclyl, (C1.sheterocyclyl)Ci.
salkylene, phenyl, benzyl, phenethyl, NH2, mono- or di(C1.salkyl)N-, (Cx.

10  ealkoxy)carbonyl- or R*?OR*-; wherein R*? is H, Cy.salkyl, C2.salkenyl, phenyl,
benzyl, phenethyl, Cy.sheterocyclyl, or (Cy.sheterocyclyl)Cysalkylene- and R* is
Cisalkylene, phenylene, or divalent Cy_sheterocyclyl;

Ar represents a monocyclic or bicyclic aryl or heteroaryl ring, optionally
substituted with between 1 and 3 substituents independently selected from the

15  group consisting of halogen, Cysalkoxy, Cq.salkyl, Cy.salkenyl, cyano, azido,
nitro, R*?R*N, R*S0,, R**S0, R*0C=0, R*?R**NC=0, C1.shaloalkyl, C1.
shaloalkoxy, Cq.shaloalkylthio and C1.salkylthio;

R?2 is hydrogen, C1.salkyl, Cssalkenyl, phenyl, phenethyl, benzyl, Cs.
sheterocyclyl, Ca.gacyl, aroyl, R®®*0C=0, R®R*NC=0, R¥S0, R*s02, R*S, or

20 R®R®NSOy;

R? is hydrogen, C1.salkyl, Cs.salkenyl, phenyl, benzyl or C1-
5heterocyclyl; alternatively, R*? and R?® can be taken together to form an
optionally substituted 4- to 7-membered heterocyclic ring, which ring may be
saturated, unsaturated or aromatic;

25 R* is Cy.salkyl, Cssalkenyl, phenyl, benzyl, or Cy.sheterocyclyl;

R? and R? independently are hydrogen, C+.salkyl, Cs.salkenyl, phenyl,
benzyl or Cysheterocyclyl; or alternatively, R® and R% can be taken together to
form an optionally substituted 4- to 7-membered heterocyclic ring, which ring
may be saturated, unsaturated or aromatic;

30 R® is H, Cisalkyl, Cs.salkenyl, phenyl, benzyl, phenethyl or C1.
sheterocyclyl;

wherein each of the above hydrocarbyl or heterocarbyl groups, unless

otherwise indicated, and in addition to any specified substituents, is optionally
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4.75 19.07 4.65 540. A process for the preparation of a crystalline,
nono- HCl , hexahydrate salt of a conpound of formula (1-9) conpri si ng,
reacti ng wocompassid of fornmula (1-S) with HCl acid in waCens201Wo45204
2011/ 019842PCT/ US2010/ 045204 41. A sulfate salt of a conpound of formula

(1-8) SC. .)2CF13 (1-9), 42. An sulfate salt of fhe conpound of faqrnula
(179 as; it BReadndgiye tsiiledinihitavaan ! s BbsRpRSeIagetdiom
crystall i ngnhgyrd@ Bosabiindbf RetyTAIBH eyl fdRkyEnéthy Shaf Wtk&iNg t he
fol | owi ng X—rgy La:isffract ig(;n peakKs: Anglee y(’zr% ynstnyhatc Eroxy!

amino, nitro, cyano, Csalkyl, Cq.salkoxy, -COOH, Cysacyl, [di(Cs.

salkyl)amino]Ca.salkylene, [di(C1-salkyl)amino]Co.salkyl-NH-CO-, and Cx.

5 shaloalkoxy;
or a pharmaceutically acceptable salt, amide or ester thereof; or a

stereoisomeric form thereof; comprising

Ar Ar
*
N \_<é) (VI-A) N\ /
HN . .
Lewis Acid \)\/ 7
R’ * R
Cl
(V) (VI
10 reacting a compound of formula (V) with a compound of formula (VI-A);

in the presence of a Lewis acid; in an organic solvent; to yield the

corresponding compound of formula (VIII);

reacting the compound of formula (VIIl) with a compound of formula (X);
15  optionally in the presence of an organic or inorganic base; in an organic

solvent; to yield the corresponding compound of formula (1).

19. A process for the preparation of a compound of formula (I-S)
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d-spacing (A) 4.50 19.66 5.56 15.91 6.96 12.67 8.86 9.98 10.82 8.18 11.25
7.86 11.86 7.46 12.33 7.18 14.
WO 2011/019842

10 6.28 14.76 6.00

16. 11
PCT/US2010/045204
CF,
H,C
A O
N\(
H, OH
— S\
(S) N
__—N —~SO,CH;4
\ (I-5)
or a pharmaceutically acceptable salt, amide or ester thereof; or a
stereoisomeric form thereof; comprising
— o —
FsC
0
Cl \\S/CHS
N\
P - SREVEN T
N Lewis Acid Hamz
H R) (VIII-S)
(V-S) Cl

reacting a compound of formula (V-S) with a compound of formula (VI-

RA); in the presence of a Lewis acid; in an organic solvent; to yield the
corresponding compound of formula (VIII-S);
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5.50 17.94 4.95 19.55 4.54 20.88 4.25

WD 2011/ 019842PCT/ US2010/ 045204

22.263.99 25.223.53 44. A process for the preparation of a crystalline

sul f at e sabt2oofo1es4eonpound of formula (I-S)

conpri si RGT/USe@o#Izgs a

conmpound of forrmula (I-S) with sulfuric acid. 45. A process for the

preparation_of a compound of fornmula (V-A) (V-A)
FSC H3C
\ O
N\(
N
O cn [
,S/ 3 N NH
74 NI
NG 0 —N
OH N N _
Ha:
ﬁ (VIII-S) (X-5)
Cl

10

15

CF3
HSC\ o
N\\/
N
e etV
—=N &
N\>(S)\/N / 0
—N N\S§O
AN /
H,C

(I-S)
reacting the compound of formula (VIII-S) with a compound of formula

(X-S); in an organic solvent; to yield the corresponding compound of formula (I-
S).

20. A process as in item 19 above, wherein the compound of formula (VI-

RA) is present in an amount in the range of from about 1.0 to about 2.0 molar
equivalents.

21.  Aprocess as in item 20 above, wherein the compound of formula (VI-
RA) is present in an amount in the range of from about 1.0 to about 1.1 molar
equivalents.

22. Aprocess as in item 19 above, wherein the Lewis acid is selected form

the group consisting of titanium propoxide, Yb(OTf)s and Al(OTf)s.
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10wherein Ar represents a nonocyclic or bicyclic aryl or heteroaryl
ring, optionally substituted with between 1 and 3 substituents

i ndependewol2zgi1igabsget ed from the group consisting of hal egenis2@Go/os2bkoxy,

Cl _5alkyl, C2_5al kenyl, cyano, azido, nitro, R22R23N, R24S02, R24S0,
R2400=0, R22R23NC=0 Cl1_5hal oal kyl , C _ 155hal oal koxy, C1_5hal oal kyl thi o and

Cl_5al kyl t hi o; R22 is hydrogen Cl 5alkyl, C3 5al kenyl, phenyl,
phenet hyl, denzyq r&bss%%‘?tre?r?ygla}ﬁbve%héw ihe E‘é\ﬁbé' acu@%S%s@ 329‘3(1?26'\‘0—0
R38S0, R38802 R38S, or hydrogen, Cl1_5alkyl,

C3_5al kenylamtpmtnmthe lmm@ffmm@bowh@t@rtooqmlyﬁOmaart@qmmlemsl y, R22 and
R23 can be taken together to forman an optionally WO
2011/ 019842PCT/ US2010/ 045204 substituted 4- to 7-nenbered heterocyclic

ring, wgichpging Embeb,e as;ahutrem 2d.abeie alvHERE theOl eRIsatd iCpresentith dr< 1S
Cl_5alkyl, C3_b5al ken phen benz I, or Cl 5heterocyclyl; R25 and R26

i ndependentaryOitdn I’ﬁ%f@@ﬁﬂpf &mm@ 019 a0 &g molareanivalesisenzyl or
Cl_5heterocyclyl; or alternatively, R25 and R26 can be taken together to
forman optionally substituted 4- to 7-menbered heterocyclic ring, which

ring may be25at Uk ptaasbss wissiatitehale boke alwhomdin (e Lewis acidRB8preseht inGl_S5alkyl,
C3_5al kenyl, phenyl, benzyl, phenethyl or C 5heterocyclyl; 10wherein each
of the abo/&® @Jymam&umu or heterocarbyl groups, unless otherw se
|nd|catgd and in addition to any specified substituents, is optionally and
i ndependent|y substituted with between 1 and 3 substituents selected from
the group &fhsi s‘tpmgpes{s aseih htei 18abone} Whereimwheoxtieeomdounkdadfdornyldr oxy,

15400 kyl ) ariiS] E753510R RIS SmpRI 8L R TAAIOY ob o RIBPG FOETE anc

Shal oal kOXMhe%‘P@"Mlb %bR@nt is toluene.

15 27. Aprocess as in item 19 above, wherein the compound of formula (V-S)
is reacted with the compound of formula (VI-RA) at a temperature in the range

of from about room temperature to about 80°C.

28. A process as in item 19 above, wherein the compound of formula (X-S)
20 is present in an amount in the range of from about 0.5 to about 3.0 molar

equivalents.

29. A process as in item 28 above, wherein the compound of formula (X-S)
is present in an amount in the range of from about 1.0 to about 1.5 molar

25 equivalents.

30. A process as in item 19 above, wherein the compound of formula (VIII-
S) is reacted with a compound of formula (X-S) in the presence of an organic or
inorganic base.

30
31. A process as in item 30 above, wherein the organic or inorganic base is
selected from the group consisting of TEA, DIPEA, pyridine, Cs2CO3, KoCOs3
and NayCOs.
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- reacting the 1-nethanesul fonyl -piperidin-4-one with

4-met hyl - pi peridine; in the presence of a catalytic anount of an acid; with
heati ng twoaaaatissapi cal |y 20renove any water; to yield trhe/usermwoszondi ng
1' - met hanesul f ony1- 4- net hyl -
3,4,5,6,1',2",3,6"-octahydro-2H-[1, 41bi pyridinyl; -- reacting

11- nmet hanesul fonyl-4-nethyl-3,4,5,6,1',2",3",6'-octahydro-2H

[ 1, 41bi pyrigh nyla prddesd asUhti@ph 31 Hpbse! WHERSh HTBRIRE & inbRIAAK Baded) : 1N
t he presence of an organic base; I n an organic solvent to yield the
corr espondikgBgonpound of formula (XI1); 0 0 NH2N-NH2 salt SQ2CH3 (Xl 1)
1 reacting the conmpound of fornmula (XIl) wth hydrazine or its
corresponding salt; in the presence of an inorganic or organic base; in a

sol vent 50r 38.Xt UK Brafess @lsVifififedi 19 @bvive! @héren ablehahe @oei pttindBTHeMAG aof

formula (V-A). 46. A process for the preparation of a conpound of fornmula

(V-S) F3C (VlIiE-eniss reddtes with the compound of formula (X-S) in an organic solvent, the
organic solvent is selected from the group consisting of ethanol, methanol and

isopropanol.

10 34. Aprocess as in item 33 above, wherein the organic solvent is

isopropanol.
35. A process as in item 19 above, wherein the compound of formula (VIII-
S) is reacted with the compound of formula (X-S) at a temperature in the range

15  of from about 50°C to about solvent reflux temperature/

36. A HCI salt of a compound of formula (I-S)

CF;
H.C
A o)
N\(
\ N
/ OH  N=
—=N N\Agj\/N /
N—
N SO

CHs (I-s).

20 37. An HCI salt of the compound of formula (I-S) as in item 36 above,
wherein the salt is crystalline, mono-HCI crystalline.

38.  An HCI salt of the compound of formula (I-S) as in item 36 above,
wherein the salt is crystalline, mono-HCI and a hexahydrate.
25

39. Acrystalline, hexahydrate mono-HCI salt of a compound of formula (I-S)
44



WO 2011/ 019842PCT/ US2010/ 045204 - - reacting the

1- met hanesul f onyl - pi peridin-4-one with 4-nethyl-piperidine; in the presence
of a cat avptzooi/apsaant of an acid; with heating to azeot popiusadiop432enove any
water; to yield the correspondi ng 11-net hanesul f onyl-4-net hyl -
53,4,5,6,1',2",3,6' -octahydro-2H-[1, 41bi pyri di nyl ; -- reacting
11- et hanesul fonyl-4-nethyl -3,4,5,6,1',2',3",6"-oct afiydro- 2H 1, 41bi pyri di ny
| with a suitably substituted conpound of formul 2 Kl -S); in the presence
of an organi c base;H3® an opganic solvent; to yj he correspondi ng
10conpound of formula Xl I ;WO 2011/019842" 010/ 045204

reacti ng the conpound/of The conpound of formul &&=41-S) with hydrazi ne or
its correspondi ng i N the resence of an igorganic or organic base; in
a solvent or m xt i el d tlge=xorrespondi ng conpound of

formula (V-95). : roces th *@H’érlatl of a compound of fornmula
(V-A)  (V-A) wher ey rep W
heteroaryl ring, optionally 10sUbstituted ™w th

bi cyclic aryl or
i ndependently s

\é &?_' 3 substituents

(I-S)
comprising the following X-ray diffraction peaks:

Angle (°20) d-spacing (A)
4.33 20.42
7.58 11.67
8.39 10.54
8.80 10.04
9.16 9.66
12.71 6.96
13.30 6.66
13.69 6.47
14.69 6.03
15.55 5.70
15.96 5.55
18.44 4.81
18.69 4.75
19.07 4.65

5 40. A process for the preparation of a crystalline, mono-HCI, hexahydrate
salt of a compound of formula (I-S)
CF,

HaQ
N—s0,CH,

N
()

comprising, reacting a compound of formula (I-S) with HCI acid in water.
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group consisting of hal ogen, Cl_5al koxy, Cl_5alkyl, C2_5al kenyl, cyano,
azido, nitro, R22R23N, R24S02, R24S0, R2400=0, R22R23NC=0 Ci1 5ha|oa|ky|

G _ 5ha|oabn0myn9@n_5haloalkylthlo and Cl_5al kyl t hi 0; RPERTIGS200908320€N,
Cl_b5alkyl, C3_b5al kenyl, phenyl, phenethyl, benzyl,-Cl_ 15 5heterocyclyl,
C2_8acy1l, oyl 5R26NC=0 8S0 S02, R38S, or R25R26NS02;
R23 is hydr{ﬂgenA@iﬁ%t&ﬁ%}lo aCeOBRPYR G Or@HJﬂ]GG benzyl or

Cl 5Sheterocyclyl; alternatively, R22 and R23 can be(3@¥en together to form
an an optionally substituted 4- to 7-membered heterpcyclic ring, which ring

may be saturat ed, %% saturated or aromati c; R27 NCL_5alkyl, C3_5al kenyl,
phenyl , benzyl, or iAﬁhetecpcyclyl R25 s RP6 | ndependently are
hydrogen, C1 5a1ky1 B~ enyl, phenyl, benz Cl_5het erocycl y1; or

alternatively, R25 an
substituted 4- to
saturated, unsatujf/ated}or ar
phenyl , benzyl, p
above hydrocar byl het er oca
in addition to anyyspecified substltuents i s optionbldg d
i ndependent |y subst\tuted wi th between 1 and 3 ol ituents sed_ ted from
WO 2011/ 019842PCT/ US2010/ 045204 t he group consi sting of nethyly “Hal onet hyl ,
hydr oxynet hyl , hal o, hydroxy, am no, nitro, cyano, Cl_5alkyl, Cl_5al koxy,
-COCH, C2 6acy1 [th Cl4a|ky|%an1no]C2 5al kyl ene
[di (C1_4alld2t) arimsVitatesaitiaft prmoun'dmf@mlaél Rb&§ In toMAT 8boNg. 0 /L N
I

SQ2CHZ  \wherein the salt is crystalline.

can be taken t oget her
erocycllc ring,

0 forman optionally
which ring 25may be

43. A crystalline sulfate salt of a compound of formula (I-S)
CF,

HC

comprising the following X-ray diffraction peaks:

N—s0,CH,
(I-S)

Angle (°20) d-spacing (A)
4.50 19.66
5.56 15.91
6.96 12.67
8.86 9.98
10.82 8.18
11.25 7.86
11.86 7.46
12.33 7.18
14.10 6.28
14.76 6.00
16.11 5.50
17.94 4.95
19.55 4.54
20.88 4.25
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5-- reacting 1-net hanesul f onyl

magnesi um in the presence of a base;

-pi peridin-4-one with a source of

I n an organi c solvent;

1- met hanewol2bowabss2 2, 3, 6-t et r ahydr opyi di n- 4- ol at e;
1- met hanesul fony1-1, 2, 3, 6-t et rahydropyi di n-4-ol ate W|th a conpound of

formula (XI); in t he prese
yield the correspondi ng co
sal t

ca nf an

nlt"

haca- |

to yield

- PCIAISe@O#I2G4

1'm||n422r*1"6

o643
J

for

1lLa

(3PP -0

25.22

'3.53

n organic solvent; to
H2N- NH2 or

HON- N H2

44. A process for the preparation of a crystalline sulfate salt of a compound

of formula (I-S)

HC

&@
N/

comprising, reacting a compound of formula (I-S) with sulfuric acid.

CF3

N—s0,CH;

45. A process for the preparation of a compound of formula (V-A)

10 wherein

Ar

\

N/l

N
H

O
\\S/CHs

N/

\
\O

(V-A)

(I-S)

Ar represents a monocyclic or bicyclic aryl or heteroaryl ring, optionally

substituted with between 1 and 3 substituents independently selected from the

group consisting of halogen, Cq.salkoxy, Cy.salkyl, C,.salkenyl, cyano, azido,

nitro, R*?R*N, R**S0,, R**S0, R*0C=0, R*?R**NC=0 C.shaloalkyl, C;.
15  shaloalkoxy, Cishaloalkylthio and Cq.salkylthio;

R?2 is hydrogen, C1.salkyl, Cssalkenyl, phenyl, phenethyl, benzyl -C1.

sheterocyclyl, Co.gacyl, aroyl, R®®*0C=0, R®R*NC=0, R¥S0, R*s02, R*S, or

R®R*NSO,;

R? is hydrogen, C1.salkyl, Cssalkenyl, phenyl, benzyl or Ci.sheterocyclyl;

20 alternatively, R¥ and R® can be taken together to form an an optionally
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reacting the conpound of formula (XIl) with hydrazine or its
15corresponding salt; in the presence of an inorganic or organic base; in a
sol vent owormnktaupsa2of sol vents; to yield the correspondipng/useompousrds of
formula (V-A). WO 2011/ 019842PCT/ US2010/ 045204 48. A process for the

5t cact  ng et RerEE T Biyemprl Herorslhan which TEGUPE bBSAFRS | um i n
t he presenqﬁs%iurgtébe@,earohqht%n organic solvent; to yield
1- met hanesul fonyl , 2, 3, 6-t et rahydr opyi di n- 4- ol at e;

R?'is C1 5alkyl Cs.salkenyl, phenyl, benzyl, or C4sheterocyclyl,

R? and R? independently are hydrogen, C+.salkyl, Cs.salkenyl, phenyl,

5  benzyl or Cysheterocyclyl; or alternatively, R* and R* can be taken together to
form an optionally substituted 4- to 7-membered heterocyclic ring, which ring
may be saturated, unsaturated or aromatic;

R* is H, Cysalkyl, Cssalkenyl, phenyl, benzyl, phenethyl or C;.
sheterocyclyl;

10 wherein each of the above hydrocarbyl or heterocarbyl groups, unless
otherwise indicated, and in addition to any specified substituents, is optionally
and independently substituted with between 1 and 3 substituents selected from
the group consisting of methyl, halomethyl, hydroxymethyl, halo, hydroxy,
amino, nitro, cyano, Ci.salkyl, Ci.salkoxy, -COOH, Casacyl, [di(Cs.-

15 salkyl)amino]C,.salkylene, [di(Cq.4alkyl)amino]Cy.salkyl-NH-CO-, and C;.

shaloalkoxy; comprising

CH — —
° CH,
0
N
H .~ N
\ S
SO,CHs
\
SO,CHs

reacting the 1-methanesulfonyl-piperidin-4-one with 4-methyl-piperidine;
in the presence of a catalytic amount of an acid; with heating to azeotropically
20 remove any water; to yield the corresponding 1'-methanesulfonyl-4-methyl-
3,4,5,6,1",2',3',6'-octahydro-2H-[1,4"bipyridinyl;
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-- reacting 1-nethanesul fonyl-1, 2, 3,6-tetrahydropyidin-4-olate with a
10conmpound of formula (XI-S); in the presence of an organic base; in an

or gani ¢ swbwventaios4e yi el d the correspondi ng conpound of pCoruseéia/ngdbd - S) ;

WO 2011/ 019842PCT/ US2010/ 045204 F3C reacting the conpound of fornula
(XI'1-8) with hydrazine or its corresponding salt; in the presence of an

i norgani c or organic se; in aj|solvent or mxture of solvents; to yield

t he corresponding co @nd of fdrmula (V-S). 5 49. A process for the
preparation of 3 und of forfmula (VA (V-A) wherein Ar represents a
nonocycl i c or bi|cy ryl or Heteroaryl ring, opti ¥ 10substi t ut ed
with between 1 gnd (3 substituent|s indep#ndently seledted f|fomthe group
consisting of haglo 1 5al kody, @&k ba 1, .5 ?“E azi do,
nitro, R22R23N, |R24S0 R24S0, H2400=0_RP2R23NC=0| Cl_5 al oa G _

5hal oal koxy, Cl1_|5hal o I kylthio gnd Cl1 5(§<: )kyl t hi o; L.$ hydr ogen

Cl 5alkyl, C3 54lk SXxyphenyl, |phenet hy benzyl, - 1\1 15 5Sheterocyclyl,
C2_8acyl, aroyl, R25R2GNC=0, R38SO R38S02, 8C§;I or R25R26N802
R23 is hydrogen.| CX 1, C3 Hal kenyl, phenyl, ben XI)
Cl_5Sheterocyclyl; alt®rnatively,| RR2 and R23 can be taken toget her to form
an an optionally subs ?{:1 d 4- [to 7-nmenbered heterocyclic ring, which ring
may be saturat ec, 20unsarurat ed or aromati c;

reacting 1'-methanesulfonyl-4-methyl-3,4,5,6,1',2',3",6'-octahydro-2H-
[1,4']bipyridinyl with a suitably substituted compound of formula (XI); in the
presence of an organic base; in an organic solvent; to yield the corresponding
5 compound of formula (XII);
O O

o)
H,N—NH, AT \._CHs
Ar or Y N/S\\
. N | O
,}, H,N—NH, salt N
SO,CH; (X1) H (V-A)

reacting the compound of formula (XIl) with hydrazine or its
corresponding salt; in the presence of an inorganic or organic base; in a solvent

or mixture of solvents; to yield the corresponding compound of formula (V-A).

10
46. A process for the preparation of a compound of formula (V-S)
F1C
@)
\\S/CHs
N7\
N | O
\
N
H (V-8).

comprising
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R24 is Cl_5alkyl, C3_5al kenyl, phenyl, benzyl, or Cl_5heterocyclyl,;

R25 and R26 i ndependently are hydrogen, Cl _5alkyl, C3 b5al kenyl, phenyl,
benzyl orwGQhoflmapseocyclyl; or alternatively, R25 and RPETamroilbm4i2aken
together to forman optionally substituted 4- to 7-nmenbered heterocyclic
ring, which ring may be saturated, unsaturated or aromatic; R38 is H,

Cl 5alkyl, C3_5al kenyl, phenyl, uemgyl phengt hyl B 5hetero yclyl;
Swherei n each of the above hydroc rbyl or hetlerocaybyl groupd, unless

ot herwi se indicated, and in addi to any d4pecified substitfuents, is
optionally and indepe dently sybstitjuted with bgtweey 1 and substituents
sel ected fromthe groyp consistling of nethyl,| hglonetlhyl, hydroxynethyl,
hal o, hydroxy, am no, Jni R Cl_5alkyl,
[di (C1- 104al kyl ) arg _5al kyl ege, [di (G _4al kylYani no] C2_Halky1- NH 00-,
and G - 5hal oal koxy; rising reacting 1;nathanegul fonyl -pilperidin-4-one
with a conpound of | a (XI11); in the
correspondi ng salt; iN an organi ¢ 15solvent; [to|yield a m xtyre of the
correspondi ng conpouné EFfornula (XI'V) and tlhe sgrrespondi ng conpound of
formula (XV); P€acting the mxture qf theNcorrespon i ng conpound
of formula (XV) and the correspondi ng conpoynd of | Epéﬁrla ( with an
activating agent; in 20an organic solvent; tdg yleI§ Bxt urg of the
correspondi ng conpound of fornula (XVI) and the correspondi conpound of

formula (XVII), Lﬁ. i

reacting the m x% rﬁ)ﬂw t %@?'ﬁ%ﬁ'ﬂ@ﬁ& 88898% ‘?%”E%}H ?or nu?PB'PQWTeand t he
cor r espondiinghe prazencd offa darallyud: anfoxvit by ansicid) with lesag g t© azreotrbprogayn c

base; in an organic sol vent; gl eld the correspondln? ound of

5f or nul a ( VEROVEFNY water; to yleld th corresponding 1'-methanesu fonyI -methyl-

5 3,4,5,6,1',2",3',6'-octahydro-2H-[1,4'|bipyridinyl;

CHj

N d ﬁ%@
NN (XI-S)

SOZCHs (XII-S)

\
SO,CHj

reacting 1'-methanesulfonyl-4-methyl-3,4,5,6,1',2',3",6'-octahydro-2H-
[1,4'1bipyridinyl with a suitably substituted compound of formula (XI-S); in the
presence of an organic base; in an organic solvent; to yield the corresponding
10  compound of formula (XII-S);

F4C
0 0
H2N_NH2 O
or \\S/CHs

g / N
N CF; H,N—NH, salt N, | o)
I

N

SO,CH3 (XII-8) H (V-S)
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subject the m xture of the of the correspondi ng conpound of formula (XVI)
and the correspondi ng conpound of formula (XVII1) to thermal conversion by
heati ng tWe 2mintigs4e to a tenperature in the range of fr ecraseun/ 082040 about
10sol vent refl ux tenperature to yield the correspondi ng conpound of

formula (V- A). ocess for t preparatjo und of formula
(V-S) 15conpri S|rﬁ60 ‘f/{ compound ?gé% Pfﬂrmu%é@ggwgﬁl- NH2 or
HZN- NH2 Sa|ﬁydrazme or its corresponding salt; in the presence of an inorganic or organic

base; in a solvent or mixture of solvents; to yield the corresponding compound

of formula (V-S).

5
47. A process for the preparation of a compound of formula (V-A)
@)
Ar \\S/CH3
N\
N | O
\
N
H

(V-A)
wherein
Ar represents a monocyclic or bicyclic aryl or heteroaryl ring, optionally
10  substituted with between 1 and 3 substituents independently selected from the
group consisting of halogen, Cq.salkoxy, C4.salkyl, Co.salkenyl, cyano, azido,
nitro, R*?R*N, R**S0,, R**S0, R*0C=0, R*?R**NC=0 C.shaloalkyl, C;.
shaloalkoxy, Ci.shaloalkylthio and C1.salkylthio;

R?2 is hydrogen, Cy.salkyl, Cssalkenyl, phenyl, phenethyl, benzyl,-C;.

15  sheterocyclyl, Co.gacyl, aroyl, R®®0C=0, R®°R*NC=0, R*¥S0, R*s02, R*S, or
R®R*NSO;;

R? is hydrogen, C1.salkyl, Cssalkenyl, phenyl, benzyl or Ci.sheterocyclyl;
alternatively, R* and R can be taken together to form an an optionally
substituted 4- to 7-membered heterocyclic ring, which ring may be saturated,

20 unsaturated or aromatic;

R* is Cy.salkyl, Cssalkenyl, phenyl, benzyl, or Cy.sheterocyclyl;

R? and R? independently are hydrogen, C+.salkyl, Cs.salkenyl, phenyl,
benzyl or Cy.sheterocyclyl; or alternatively, R*® and R? can be taken together to
form an optionally substituted 4- to 7-membered heterocyclic ring, which ring

25 may be saturated, unsaturated or aromatic;

R* is H, Cysalkyl, Cs.salkenyl, phenyl, benzyl, phenethyl or C;.
sheterocyclyl;

wherein each of the above hydrocarbyl or heterocarbyl groups, unless
otherwise indicated, and in addition to any specified substituents, is optionally

30 and independently substituted with between 1 and 3 substituents selected from
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-- reacting 1-net hanesul fonyl -pi peridin-4-one wth a conmpound of
formula (XII1-S); in the presence of hydrazine or its corresponding salt;
i n an orgwoi2olizabssent; to yield a m xture of the correspomndisagomeszpound of
formula (XIV-S) 5 and the correspondi ng conpound of forrmula (XV-S);

1 SO2CH3

tgélg\r/c_)usg Cél‘)](S\i/étISRg of methyl, halomethyl, hydroxymethyl, halo, hydroxy,
amino, nitro, cyano, Ci.salkyl, Ci.salkoxy, -COOH, Casacyl, [di(Cs.-
salkyl)amino]C,.salkylene, [di(C4alkyl)amino]C,.salkyl-NH-CO-, and C;.

shaloalkoxy; comprising

@) O MgZ+
fﬁ B
—-
.N w
5 - —
reacting 1-methanesulfonyl-piperidin-4-one with a source of magnesium;

in the presence of a base; in an organic solvent; to yield 1-methanesulfonyl-
1,2,3,6-tetrahydropyidin-4-olate;

o o) Q 9

M92+ )J\
N Ar” >l Ar
e

\ (1) N

I

SO,CH, SO,CH; (XN

10 reacting 1-methanesulfonyl-1,2,3,6-tetrahydropyidin-4-olate with a

compound of formula (XI); in the presence of an organic base; in an organic

solvent; to yield the corresponding compound of formula (XII);

0 0 o
H,N—NH, Ar \,~CHs
Ar or <
- | NN
N H2N_NH2 Salt \N
(XIl) H (V-A)
SO,CH,4

reacting the compound of formula (XIl) with hydrazine or its
15  corresponding salt; in the presence of an inorganic or organic base; in a solvent

or mixture of solvents; to yield the corresponding compound of formula (V-A).
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reacting the m xture of the correspondi ng conmpound of formula
(XI V-5) and the correspondi ng conpound of formula (XV-S) with an activating
agent; i nwerroowigesizc sol vent; to yield a m xture of thePcomsespomting
conmpound of 5 formula (XVi -S) and the correspondi ng conpound of formula

(XVI1-9), in LGL is the correspon | eavi

5011/ 010B43RET] USPERSEB LS PrepartRe R caeom S BE R M8 cor r espondi ng
conmpound of forrrul a (XVI-S)F @d the correspondi ng compound of fornmula
(XVI'1-8); with an organic or’ norgani ¢ base; in an organic solvent; to
yield the correspondi ng conpogresof 5fornula (V-S); or subj ect t he

m xture of the of the corres@ g conpound of fornmula (XVI-S) and the
correspondi ng conpound of f o\ ¥ (XVII-S) to t hermal conversion by heating
the m xture to a tenperature he range m about OC to about sol vent
reflux tenperature; to yield the correspon 55 npound 10of formula (V-9S).
51. A process as in item 50 aboves~where Nt activating agent is Br2 and

wherein LGL is Br. 15 52. A protess for the pfeparation of a conpound of
formula (V-A) WO 2011/019842PC‘I‘N S2Q10,045204

H (V-S).
comprising
O o
Mg?*
x
.
.N w
SO,CHj,4 SO,CH,4
5 reacting 1-methanesulfonyl-piperidin-4-one with a source of magnesium;

in the presence of a base; in an organic solvent; to yield 1-methanesulfonyl-

1,2,3,6-tetrahydropyidin-4-olate;

o) . < > <
M92
AN
r}l (XI-S)
SO,CHjs 302CH3 (XII-S)

reacting 1-methanesulfonyl-1,2,3,6-tetrahydropyidin-4-olate with a
10  compound of formula (XI-S); in the presence of an organic base; in an organic

solvent; to yield the corresponding compound of formula (XII-S);
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(V-A) wherein Ar represents a nonocyclic or bicyclic aryl or
heteroaryl ring, optionally substituted with between 1 and 3 substituents

i ndependewol2y11gabsaet ed from the 5group consisting of halPogars201@b4Baed koxy,
Cl_5alkyl, C2_5al kenyl, cyano, azido, nitro, R22R23N R24S02, R24S0,
R2400=0, R22R23NC=0 Cl1_5hal oal kyl , 5hal oal koxy, _Cl_5hal oal kyI thio and

Cl 5al kyl thio; R22 is hydrogen, Cl _5alkyl, C3 55I3enyl, phenyl, phenet hyl,
benzyl,-Cl_ 5Sheterocyclyl, C2R25-26 _8acyl, aroyl, K }R380C=0, F< NC=0, R38S0,
R38S02, R38S, por 18 R25R26N802 R23 is hydr® Cl_5alky1,

C3_bal kenyl , benzyl or EP@ cycI y1l; W 7, natively, R22 and R23
can be take S forman a ﬁally sub tuted 4- o((Zj menber ed
het erocycl i ing may be Qfaturat ed, unsat\urat ed or\ H‘étl C;
15-24 r< is\Cl_Balkyl_ C3J5al kenyT, phenyl, Benzyl, g% SNt/eR\ocycIyl
R25 and R26 |hldependent Y arGFhydrtderNHe1satalkyl, K3 5§l kenyl, Bhenyl,
benzyl or %bﬁq&gr ocycl yl or alternatively, R25 an}N R26. C2 be t aken

t oget her to f B od?(f cﬁ?ally substituted 4- to 7-mrbered heterd¥y®lic
ring, which rin saturate nsa aromatic; 20R38 is H,

" Saaky. ca sdeReig hessapRUbar ol hkSS nih icteRne ShiBer ocych v
uher ei n_eacllspbRingRaNeiMid Seseid opénnﬁir §59E2) Brdardt 8488, inunb&eent
othervmselndlcated In addition to any peC| substituents, is
optionally errdlxtmdenenbllents yo yighd thet mreesmmmgowmpeundoﬁfmmla(lbﬁ)l tuents
sel ected from 25t he group consisting of nethyl, halonethyl, hydroxynethyl,
hal o, hydroxy, amno, nitro, cyano, Cl 5alkyl, Cl 5al koxy, -COOH, C2_6acyl,
[ di (Cl4al kydg, ammg}dé%séabkﬂhleqmpa.[aﬂubh%kﬁ@dw&)Mbﬂ@}@alsﬁ@/lk\y1 NH- 00-,
and5hal oal koxy; conprising reacting 1-nethanesul fonyl-piperidin-4-one with
a conpound of formula (X I1);Ain the pr \enCGHof hydrazine or its
corresponding salt; in an organ c so ventS'fo yield a nmixture of the
correspondi ng corrpound of for I Nan&t

H (V-A)
wherein
Ar represents a monocyclic or bicyclic aryl or heteroaryl ring, optionally
10  substituted with between 1 and 3 substituents independently selected from the
group consisting of halogen, Cq.salkoxy, C4.salkyl, Co.salkenyl, cyano, azido,
nitro, R*?R*N, R**S0,, R**S0, R*0C=0, R*?R**NC=0 C.shaloalkyl, C;.
shaloalkoxy, Ci.shaloalkylthio and C1.salkylthio;

R?2 is hydrogen, Cy.salkyl, Cssalkenyl, phenyl, phenethyl, benzyl,-C;.

15  sheterocyclyl, Ca.gacyl, aroyl, R®®*0C=0, R®°R*NC=0, R*S0, R*s02, R*S, or
R®R*NSO;;

R? is hydrogen, C1.salkyl, Cssalkenyl, phenyl, benzyl or Ci.sheterocyclyl;
alternatively, R* and R can be taken together to form an an optionally
substituted 4- to 7-membered heterocyclic ring, which ring may be saturated,

20 unsaturated or aromatic;
R* is Cy.salkyl, Cssalkenyl, phenyl, benzyl, or Cy.sheterocyclyl;
R? and R? independently are hydrogen, C+.salkyl, Cs.salkenyl, phenyl,

benzyl or Cy.sheterocyclyl; or alternatively, R*® and R? can be taken together to
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5 the correspondi ng conpound of forrmula (XV); - reacting the m xture
of the correspondi ng conpound of forrmula (XIV) and the correspondi ng
conpound wb 2barared4a (XV) with an oxidi zi ng agent; in anporgsoeio/os2byent ;
foll owed by thermal conversion at a tenperature in the range 10of from

about OC tq _about solvent reflux te rature; to yield. the cqrresponding
compound offorBAMAstpRRpubutel 40T EaRmbered Retdrogyica g, Wiigh Thg

cor r espondifigy 6@ERAYALPNSaUR drd¥natied the correspondi ng conpound of
formul a (XV) vvith38an oxi di zing agent; in an organic solvent; followed by
treatment with dR"ds ghficalkyl, iGrernt@nyt phbasy, benzynphswmthdrdCsol vent; to
yield the c%rFesgon I ng conpound of formula (V-A). 53. A process for the
preparati orf R ound of formula (V-5 cornprising (V-5).

(XI'11-8Sp C F3  wherein each of the above hydrocarbyl or heterocarbyl groups, unless
otherwise indicated, and in addition to any specified substituents, is optionally
and independently substituted with between 1 and 3 substituents selected from
the group consisting of methyl, halomethyl, hydroxymethyl, halo, hydroxy,
amino, nitro, cyano, Ci.salkyl, Ci.salkoxy, -COOH, Casacyl, [di(Cs.-

10  salkyl)amino]Caz.salkylene, [di(C1-salkyl)amino]Ca.salkyl-NH-CO-, and C;.

shaloalkoxy; comprising

Q 0o N—NH H
J\ Xl |
H > K Ar
> + H
N
I H2N_NH2 I [I\]
SO,CH
23 or SO,CH, SO,CH;
H2N_NH2 Salt
— (XIv) (XV) -

reacting 1-methanesulfonyl-piperidin-4-one with a compound of formula
(XI); in the presence of hydrazine or its corresponding salt; in an organic
15  solvent; to yield a mixture of the corresponding compound of formula (XIV) and

the corresponding compound of formula (XV);

B N—NH NH ] /LG1
— N—NH H
I N—N H
Ar Ar I
H + Ar
H + H
N N
| | N
SO2CH3 SOzCH3 I I
SO,CH,4 SO,CH;
(XIV) (XV) (XVI) (XVII)

reacting the mixture of the corresponding compound of formula (XIV)
and the corresponding compound of formula (XV) with an activating agent; in
20 an organic solvent; to yield a mixture of the corresponding compound of
formula (XVI) and the corresponding compound of formula (XVII), wherein LG'

is the corresponding leaving group;
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....... N | SO2CH3 H2N-NH2 or H2N-N H2 sal 't CF3 + CF3 (XIV-S) (XV-5)
-- reacting 1-nethanesul fonyl -piperidin-4-one with a conpound of fornmula 5
(XI11-9S);wonottmasgaeesence of hydrazine or its corresponegcmgss@bis2oa an
organic solvent; to yield a m xture of the correspondi ng conpound of
formula (XIV-S) and the correspondi ng conpound of fornmula (XV-S); WO

2011/ 019842 [PCT/ US2010/ 045204
LG’ LG'
/ /
N—N N—N H HN—"\{
/ =z CAr / Ar A Ar
H H + H - -
! )\ !
SO,CHs SO,CHj4 SO,CH,4
(XVI) (XVI1)
(V-A)

reacting the mixture of the corresponding compound of formula (XVI)
and the corresponding compound of formula (XVII); with an organic or
inorganic base; in an organic solvent; to yield the corresponding compound of

5 formula (V-A);
or

subject the mixture of the of the corresponding compound of formula
(XV1) and the corresponding compound of formula (XVII) to thermal conversion
by heating the mixture to a temperature in the range of from about 0°C to about

10  solvent reflux temperature; to yield the corresponding compound of formula (V-
A).

50. A process for the preparation of a compound of formula (V-S)

FsC
0
\\S/CHs
N7\
N/ | 0]
\
N
H

(V-S).
15 comprising
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CF3 + CF3 (XIV-S) (XV-95) reacting the m xture of the correspondi ng
conpound of fornmula (XIV-S) and the correspondi ng conpound of fornula
(XV-S) wiwb 2an/ma984di zi ng agent; in an organi c sol vent; faolriusemd/olszos her nal
conversion at a tenperature in the 5range of from about OC to about sol vent
reflux tenperature; to yield the corrgspondi ng conpound of formula (V-S);
or reacting the mxture of the orrespondi ng conpound of fornula
(XI'V-S) and the correspondi ng conmpounf{ of formula (XV-S) with an oxidi zi ng
agent; in an organic s%vent; follg 2at rent with an organic or

i norgani c base; in 1l0anyorganic sol vent; el XI5 correspondi ng
conpound of fornula (V- e _preparation of a conpound
of formula (X-A) (XA 2011/ 019842PCT/US20¥03/3045204 wherein R5

and R6 are each independerntly setected—fromthe—group™consi sting of
hydrogen and Cl_5alkyd R5 aﬁdN@hHa\re each i ndependently

sel ected fromthe grouﬂ?l consi sting 5of Hydrr ogeén and Cl-4alkyl; conprising
SO,CH;

(0]
H2N_NH2 Salt

N—NH H

/
+ H CF;
| \
SO.CH3 SO,CHj4

(XIV-S) (XV-S)

reacting 1-methanesulfonyl-piperidin-4-one with a compound of formula
(XII-8); in the presence of hydrazine or its corresponding salt; in an organic
solvent; to yield a mixture of the corresponding compound of formula (XIV-S)

5 and the corresponding compound of formula (XV-S);
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R5 IDGG-- NO2 G O (XX) reacting 2,6-dichloro-3-nitro-pyridine with a
conpound of fornmula (XX), wherein PG5 is a nitrogen protecting group; in

the presewoeonfoissizor gani c or i norgani ¢ base; in amrCoOrUsaNmoo4R04 vent ;
to yield the correspondi ng conmpound of 10formula (XXI); 1 yN R6
......... e . " N.....RG Hi R50R51 (XXI1) _NO2
N—NH H
|
+ H CF3
——
)
SO,CH3
(XIV-S) (XV-S)
LG
/
N—N H
/
L CFs
|
SO,CHj
(XVI-S) (XVII-S)

reacting the mixture of the corresponding compound of formula (XIV-S)
and the corresponding compound of formula (XV-S) with an activating agent; in
an organic solvent; to yield a mixture of the corresponding compound of

5 formula (XVI-S) and the corresponding compound of formula (XVII-S), wherein

LG'is the corresponding leaving group;
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INy 1 yN6 /\ N5 -
conpound of forrmula (XXI1);
correspomaionglioapsaound of formula (XXII11);

reacting the compound of fornmula (XXI) wth a
I n an organi c solvent;

to yield the
NO2 H NR5 PCINURB010/045204

?".", ... N.,RG RS0 'R61(XXI11) 15 NH2 NrH R5 yN R6N F, G5 R50 "R51( XXl V)
LG’
/
N—N H
|
o, CF,
)
SO,CHs SO,CH,
(XVI-S) (XVII-S)
HN—N
\
AN
> CF3
)
SOZCHg (V-S)

reacting the mixture of the corresponding compound of formula (XVI-S)
and the corresponding compound of formula (XVII-S); with an organic or
inorganic base; in an organic solvent; to yield the corresponding compound of

5 formula (V-S); or

subject the mixture of the of the corresponding compound of formula
(XVI-S) and the corresponding compound of formula (XVII-S) to thermal
conversion by heating the mixture to a temperature in the range of from about

0°C to about solvent reflux temperature; to yield the corresponding compound

10  of formula (V-S).
51. A process as in item 50 above, wherein the activating agent is Br, and
wherein LG is Br.

15 52. A process for the preparation of a compound of formula (V-A)
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WO 2011/ 019842PCT/ US2010/ 045204 reacting the conmpound of fornula
(XXI'l'l) with a reducing agent; in the presence of a catalyst; in an organic
sol vent; wo 2itgligg4ehe correspondi ng conpound of fornmul aPCXXISY)10/043264 yN
R6,"-?",","N,,pG R50 "'R51(XXIV) R50.N N R51(XXV) -- breacting the
conmpound of forrmula (XXIV) with a reagen(t) sel ected fromthe group
consisting of CD', N nethyl caMhodi i ni de, \\Qhogggne and tri phosgene; in an
organic solvent; to yield the rre ndi conmpound of forrmula (XXV); 0
(CH30)2C0 y N R50 ' R51( XXV) rd&ct?\ag t he conpound of fornula (XXV)
wi th carbonic acid dinethyl lﬁgst r or 17 in the presence of an

I norgani ¢ base; in an organic S¢ ~to yield the correspondi ng conpound
of formula (XXVI); 0 \N-< N PGH (V-A)

wherein

Ar represents a monocyclic or bicyclic aryl or heteroaryl ring, optionally
substituted with between 1 and 3 substituents independently selected from the

5 group consisting of halogen, Ci.salkoxy, Ci.salkyl, Czsalkenyl, cyano, azido,
nitro, R*?R*N, R**S0,, R**S0, R*0C=0, R*?R*NC=0 Cshaloalkyl, C;.
shaloalkoxy, Ci.shaloalkylthio and C1.salkylthio;

R?2 is hydrogen, C1.salkyl, Cssalkenyl, phenyl, phenethyl, benzyl -C1.
sheterocyclyl, Ca.gacyl, aroyl, R®®*0C=0, R®R*NC=0, R¥S0, R*s02, R*S, or

10 R®R®NSO;

R? is hydrogen, C1.salkyl, Cssalkenyl, phenyl, benzyl or Ci.sheterocyclyl;
alternatively, R* and R* can be taken together to form an an optionally
substituted 4- to 7-membered heterocyclic ring, which ring may be saturated,
unsaturated or aromatic;

15 R* is Cy.salkyl, Cssalkenyl, phenyl, benzyl, or Cy.sheterocyclyl;

R? and R? independently are hydrogen, C1.salkyl, Cs.salkenyl, phenyl,
benzyl or Cy.sheterocyclyl; or alternatively, R*® and R? can be taken together to
form an optionally substituted 4- to 7-membered heterocyclic ring, which ring
may be saturated, unsaturated or aromatic;

20 R* is H, Cysalkyl, Cssalkenyl, phenyl, benzyl, phenethyl or C;.
sheterocyclyl;

wherein each of the above hydrocarbyl or heterocarbyl groups, unless
otherwise indicated, and in addition to any specified substituents, is optionally
and independently substituted with between 1 and 3 substituents selected from

25 the group consisting of methyl, halomethyl, hydroxymethyl, halo, hydroxy,
amino, nitro, cyano, Ci.salkyl, Ci.salkoxy, -COOH, Casacyl, [di(Cs.-
salkyl)amino]C,.salkylene, [di(Cq4alkyl)amino]C,.salkyl-NH-CO-, and C;.

shaloalkoxy; comprising
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de-protecting the conmpound of formula (XXVI);
15 55. A process for
PCT/US2010/045204

R50 N. R5-i ( XXVl ) R50' R51
to yield the correspondi ng conpound of fornula (X-A).
t he prepawvetzoomigdsza conpound of formula (X-S) WO

2011/ 019842PCT/ US2010/ 045204 conprising (X-S) HN21vyNy0 NCO
(XXI-S) - _ _
O —NH —NH
0 N N H
oy [ D—ar P
H™ SAr Z r
» H H H
N H,N—NH, ||\1 II\I
| or
H
SO,CH3 H,N—NH, salt SO,CH3 SO,CH3
= XIv) (XV) —

reacting 1-methanesulfonyl-piperidin-4-one with a compound of formula

(X11); in the presence of hydrazine or its corresponding salt; in an organic
solvent; to yield a mixture of the corresponding compound of formula (XIV) and

5 the corresponding compound of formula (XV);

10

15

—NH —
T Pd N
z Ar Ar § Ar
H H + H
\ \ N
|
SO,CHs SO,CH, $0,CHs
XV
(XIV) (XV) (V-A)

reacting the mixture of the corresponding compound of formula (XIV)

and the corresponding compound of formula (XV) with an oxidizing agent; in an

organic solvent; followed by thermal conversion at a temperature in the range

of from about 0°C to about solvent reflux temperature; to yield the

corresponding compound of formula (V-A); or

reacting the mixture of the corresponding compound of formula (XIV)

and the corresponding compound of formula (XV) with an oxidizing agent; in an

organic solvent; followed by treatment with an organic or inorganic base; in an

organic solvent; to yield the corresponding compound of formula (V-A).

53.
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A process for the preparation of a compound of formula (V-S)



reacting 2,6-dichloro-3-nitro-pyridine with a conpound of formula (XX-S),
S5wherein PG is a nitrogen protecting group; in the presence of an organic
or i norgampeotizaes42i n an organi c solvent; to yield the eornss@ondng
conmpound of formula (XXI-S); reacting the conmpound of formula
(XXI-S) wth a compound of fornmula 10(XXII-S); in an organic solvent; to

yi el d the correspondi ng compound of forrmula (XXI11-S); WO

2011/ 019842PCT/ US2010/ 045204 reacting the conpound of formula
(XXI'11-S) with a reducing agge (N the presence of a catalyst; in an
organic solvent; to yield thg espondi ng conpound of formula (XXl V-S);
reacting the conpound of formn (XXI'V-S) oM th a reagent selected fromthe
group consisting of CU, N-nethylarbodiim¥e, Gitwosgene and triphosgene; in
an organic solvent; to yield the : @ \Qg conmpound of formula (XXV-S);
0 10reacting the conmpound of fg 3 -S)oM th carbonic acid di net hyl
ester or CH31; in the presence af al i noggani c base; in an organic solvent;
to yield the corresponding conpoHnd 0 ormula (XXVI-S); 0 \N4 N (XXVI-S)

(V-S).
comprising
0
H
O (XIII-S)
CF,
N H2N_NH2
or
SO,CH, H,N—NH, salt
N—NH H
/
+ H CF;
| \
SO,CH; SO,CHj4
(XIV-S) (XV-S)

reacting 1-methanesulfonyl-piperidin-4-one with a compound of formula
5 (XIlI-S); in the presence of hydrazine or its corresponding salt; in an organic
solvent; to yield a mixture of the corresponding compound of formula (XIV-S)

and the corresponding compound of formula (XV-S);

62



de-protecting

conpound of formula (X-S)
of for mulwoQViH0AYs4eG1l0 5( VI - A)

consi sting of

trifluoronmethane sul fonyl,

3-(trifluorong
3-chl oro- benzsg
reacting oxirg
racemate or ir
enanti oners;
(VIA); whereirn
reagent. 15 §
reagent is 4-

| eavi ng group
reagent is 3-r
| eavi ng group
56 above, wher

i

t he conpound of fornula (XXVI-S);

4-ni trophenyl sul fonyl, 3-nitrophenyl-sul fonyl,
3-fl uorobenzensul f onyl ,

t hyl)-benzene sul fonyl, 4-chloro-benzenesul fonyl

nesuNFdWill ;. conpri si ng N—NH OO

7/ Wigrein the oxira pl- 17

excess of one [

mesyl ,

and

7. process as in item56 abovgy wherein the activa
ni t fophenyl - sul fonyl chloride apd wherein the corres
LGL1SCeCani t r ophenyl - sul fonyl ; 80,@hkrein the activa
i trophenyl sul fonyl chloride and wherein the correspo

L I,5%3- 20ni trophenyl -sul fonyl. 58. A process as
ei(itjﬁ’(Nt/Fs@ conpound of fornula (VI-A)MX\&Sprepared in an

to yield the correspondi ng
56. A process for the preparation of a conpound
wherein LGL is sel ecrag2dwomnizbhe group

tosyl,

t as a

ormul a
vati ng
i ng
ondi ng
i ng

di ng
nitem

enanti oneri ¢ gxcess of
in item 56 above,
enanti oneri c excess of

its corresponding (S) enantioner.

wherein the conpound of forrmula (VI-A)

its corresponding (R) enantioner.

25 59. A process as
is prepared in an
60. A process for

the preparation of a conpound of fornHkﬁ_$yl-P)

\

X
CF;

N
éochg (V-S)

reacting the mixture of the corresponding compound of formula (XIV-S)
and the corresponding compound of formula (XV-S) with an oxidizing agent; in
an organic solvent; followed by thermal conversion at a temperature in the
range of from about 0°C to about solvent reflux temperature; to yield the
corresponding compound of formula (V-S); or

reacting the mixture of the corresponding compound of formula (XIV-S)
and the corresponding compound of formula (XV-S) with an oxidizing agent; in
an organic solvent; followed by treatment with an organic or inorganic base; in
10  an organic solvent; to yield the corresponding compound of formula (V-S).

54. A process for the preparation of a compound of formula (X-A)

NH
(X-A)
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WO 2011/ 019842PCT/ US2010/ 045204 o Il S-0 11<10 \ nil, (s) O (VI-P)
cornpri sing reacting (R -glycidol with

3- ni tr ophwoybtizubdsonyl chloride; in the presence 5o0f anPOTg®sRe10/0e3204
i norgani ¢ base; in an organic solvent; to yield the correspondi ng
3-nitro-benzenesul fonic acid (S)-oxiranyl nethyl ester. The foll ow ng
ternms are definé@“ﬂgﬂbm/and by their usage throughout this disclosure.

10" Al kyl " i ncl udgSapRO@paleain %Hé}iénﬁ%hﬁfi' sélecRiphbmanaiglods doRsianed e¢
hydrocarbons with at | east one hydrogen renoved to form a radical “group.

Al kyl grougiydrog¢ruded fatsalkyl; et hyl, propyl, isopropyl, butyl, isobutyl,
t-butyl, 1- nmethydopropyss, pentyl., isopentyl, sec-pentyl, hexyl. heptyl,
octyl | and so ol AR (B i asRe BN el et MO0 HoiargP soppisthG

cycl obubyl ,ofty@teqenand C'dadyll e phismgXy! . “Al kenyl " includes
optionally sﬁ%gtituted straiéht gﬁgiﬁggnd branched hydrocarbon radical s as
above with at |east one carbon-&rbon doubl e bond (sp2). Alkenyls include
et henyl (or vinyl), prop-1-enyl, prqg?é-enyl (ar allyl), isopropenyl_(or
1- met hyl vi nyl }p, but - 1-enyl, b Nyl , butadilenyl g4 pentenyls,
20hexa- 2, 4-di €nyl , _and so on. | Hydrlocar bon radi|cal s [hdvitng a m xture qf
doubl e bond iple b : h as 2-pent gn-4.

al kynyl s hefein| Al kenyl ifcludgs cycl oal kenyl

qQ | ,Nar [Q Iibsed gs
. [ nd tfans lor (E) |and
(z) forms ake_ihcl uded within tR& invention. N N .
> R PG

’ o

Cl (XX) Cl

(XX1)

reacting 2,6-dichloro-3-nitro-pyridine with a compound of formula (XX),
wherein PG® is a nitrogen protecting group; in the presence of an organic or
inorganic base; in an organic solvent; to yield the corresponding compound of

10  formula (XXI);

N02 H H NOZ H
N R® | N R®
OO | e OO
N N » N N
ZN 6 ~p A5 F RS ~pG®
R PG (XXIl)
Cl
(XXI) R SR (XXIIN)

reacting the compound of formula (XXI) with a compound of formula

(XXII); in an organic solvent; to yield the corresponding compound of formula

(XXI1);
NO, H NH, H
5 N R®
x N R AN
| N N | N N
. RS ~pG° P RS NpGt
N 50.-N< 51
R50~NRS! (XXIIT) R R (XXIV)
15 — —
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"Al kynyl " includes optionally substituted straight chain and branched
25hydrocarbon radicals as above with at | east one carbon-carbon triple bond
(sp). WWRQLWAIRB42PCT/ US2010/ 045204 Al kynyl s i ncl ude perhyseyio/o4200pynyl s,
butynyls, and pentynyls. Hydrocarbon radicals having a m xture of double

bonds and triple bonds, such as 2-penten4- ,.are grouped as al kynyls
nerei n- Al kynyl TEBRS e SarEPGRT o) BraalaRRI) Wil TaRadie8 By
optionally subshdd ot £datlysti ifn &ldahle SYivéHtaR)eR) tﬁéldﬁyrlesgbﬁ@i-agw th a

term nal oxygen 11 nking the al kyl “group to the rest of the nol écule. A koxy
i ncl udes nexdmepgyndeotforyulapPO@d¥Xy, i sopropoxy, butoxy, tbutoxy, pentoxy and
so on. "Am poal kyl ", "thioalkyl", and "sulfonylal kyl" are anal ogous to

al koxy, rep| acing e term nal oxygeh atom of al koxy witlh) respectively, NH
(or NR), S,|and ) 2 Heteroal kyl includes al koxy, arj kyl , 10tRj oal kyl ,

and so on. hpht hyl ,  bi phenylfyl , N

t et rahydron whi ch may be (enall\y sufstituted.
Aryl also i such—as hengyl || phgnet h na PG
phenyl propy] . stem cont ai ni opkd onal | 'y

substi t ut ed| 6- omatic 15ring, gaid system nmay be
bicyclic, bfidges arilor fusedXIVihe $ystem may i ncl usie r1i ngs tR%(V re
aromatic, of partially or conpletely|saturated. errplé’é3 of ri sgstems

i nclude indenyl, pental enyl, 1-4-dihydronaphthyl, indanyl, benzi m dazolyl,
benzot hgophenyl ,rehsi] e cdBpE@d6RRYMuld GOUVI) Rath 1ydagenn der@tedtfrom _
20" Het erocycl y1" includes optionally substituted aromati c and nonaromatic
ri ngs havi rfhe €&t Ronrgisting ahdDatNineetsylcarwdijgtide qaiasge(e ang, triphosgene;

het er oat om.nqj.e , ' ri I hSE

i ndi cat ed, A necéréraégyc I\I/e((:ﬁ?:rtg |cQIIth%n%g}rﬁgg%ﬁ@ﬁggPQﬂJggH@ocﬁﬁé%nﬁélgngto t he
rest of the nolecul® through a carbon atom such as 3-furyl or
2-imdazolyl, gf rough a 2&heteroatom such as NP pergdyl or 5

1- pyrazolyl. Foy exanpl nonocyclic heterocyclyl h et we 4sand 7 ring

atons, or bet Narnd 6 i ng gtoms; Eﬂgr@ ARy be bgtwesl and 5
het er oat om fsIOT"BGI es i 3 an exal | e Ibe.tF;@,e:en 1

het er oat ons

and 3. A heterocyml! yl¢may be sat urat ed, #rﬁ_‘a;urate , agomat e.g.,
heteroaryl ), nofiaromatic, or fused. 30Heterocyclyl i il udes fused,
e.g., bicyclic,nrings, such as those optionally condensed with an

optional | y gUBst TRt ed caﬁ@&\@ycl ic or heterocycl hso,ff'l\‘v 51 Or Si Xpoemper ed
aromatic ring. For exanple, "heteroaryl"” includes an optionally substituted

si x- menber ed hetreaotingthet campounyd obfotrmurd G\ wizh earlibnic acid dimethyl
10  ester or CHal; in the presence of an inorganic base; in an organic solvent; to

yield the corresponding compound of formula (XXVI);

0 N O
5
N N N
| N Nepgs —> | NH
N _
RS0~ N1 (XXVI) R%07 RS XA)

de-protecting the compound of formula (XXVI); to yield the
corresponding compound of formula (X-A).
15
55. A process for the preparation of a compound of formula (X-S)
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WO 2011/ 019842PCT/ US2010/ 045204 ni trogen atons condensed with an optionally
substituted five- or sixnmenebered carbocyclic or heterocyclic aromatic
ring. Saiwohetianessgclic five- or six-nenbered aromatic PCm@Scandeizeed w t h
the said five- or six-nenbered aromatic ring may contain 1, 2 or 3 nitrogen
atons where it is a six-rns*rr‘oere;ii_| ing, or 1, 2 or 3 heteroatons sel ected
from oxygen, nitrogen and sulfu ere iy is a five-nmenbered ring.

Exanpl es of heterocyclyls include umigfﬁylyl furyl, pyranyl,

i sobenzofuranyl, pyrrolyl, imdazgfyl,|pyrazolyl, isothiazolyl, isoxazolyl,
pyridyl, pyrazinyl, pyrimdiny rigdegzin |ndoI|Z|nyI i soi ndol yI,

i ndol yl', indazolyl, 10puri nyl, , nyl , pyrrolldinyl,
pyrrollnyl, |ndazolld|nyl i m azalj nyl, Iidinyl, pyrazolinyl,

pi peridyl, piperazinyl, |ndolin , and no yl . For exanpl e,

het erocycl yl s or heterocyclic rnpdi cal s include norpholinyl, piperazinyl,
pyrrolidinyl, pyridyl, cycldﬁéky{inino, cyclohep%§g$ i no, and nore for
exanpl e, piperidyl. 15Exanples illustrating heter\oa g] are thienyl,

furanyl, pyrrol yYomprgiggzol yl, oxazolyl, thiazolyl, benzothienyl,
benzofuranyl benzi m dazol yl , benzoxazol yl, benzot hi azol yl .

"Acyl " refers to a carbonyl nDiet attached [ro either a hydrogen atom
(i.e., a fornyl group) or to tlgpq\ly ubgyd,t uted al kyl or al kenyl
chain, or 20hggerocyclyl. "halogenH i ncl udes fl uoro,
chl oro, bromp| and iodo, add fo exanpl e chl S a substi tluent.

"Al kanedi yl " o &l kyl enR” repfesents straig chai n optijonal |y
substi tuted]|bival ent alkane radicals such as ; Byl ene,
25et hyl ene, "Al Kenedi yl "

pyl ene, butyl PQE% pentyl ene d
represents, ahal ogous to the 8’?/ strai ght| oClbranched chabn opti oraIIy

substituted bgyval ent al kene radi cal s such aq, for exanple, pr og%ay ne,
but enyl ene, pentenyl ene or hexenylene. In sych radicals, the c rbo agtom
linking a nitrogen for exanple should not be unsaturated. 30"Aroyl" refers
to a carbonyl rru‘ieectyﬁga?ﬁadihblormﬁ raaitroenytriidmmWItly astwmmcbunﬂeﬁfoanyla ©¢X-S),

het eroarLyl grou ere ar and heteroar have finitions provided
Dbove. Bh JEERLPE T Bl pB G DR YpE Bresggte S an Bigan s
2011/ 01984 36rhaHR2A044Y: @4-8R Uganic solvent; to yield the corresponding compound of

formula (XXI-S);

NO, .
O @
| CH3
N N__O_~
\[( (XXII-S)
Cl 0

(XXI-S)

(XXIII-S)

reacting the compound of formula (XXI-S) with a compound of formula
10  (XXII-S); in an organic solvent; to yield the corresponding compound of formula
(XXNI-S);
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As defined herein, two radicals, together wwth the aton(s) to which they
are attached may forman optionally substituted 4- to 7-, 5 - to 7-, or a
5- to 6- werbawmes4ei ng car bocyclic or heterocyclic ringpCrhiSednoniszgs may be
saturated, unsaturated or aromatic. Said rings nay be as defined above in
the Sunmary 5of the Invention section. Particul ar exanples of such rings
are as foll OVﬁOi n the next section. 'Phar gpgeutical |y acceptall e
salts, esters}, and anmides" include carboxyl ate s&lts C 1 8 al kyl,
cycl oal kyl, | -Nketexgaryl, or non-aromat am no acild
addition s and am des which ar in a 10reasonabl e
jeally effecti i P~gentlact
with the tissphes of patientfs wthout undue toxicity, irritatipn, or
al |l ergi c respogse. Represemtative salts inc|ude-Nydrobronide,©

hydr ochl ori de,\SUI fate, bisulfate, nitrate,|acetate, oxalate, wghegatle,
ol eate, palnmtate, OQdlearate, |laurate, borate, benzoate, |actate, phosphate,
tosylate, citrate, maleate, fumara 15s inate,, tartrate, naphthyl ate,
reayl ate. ol ucolBRebILE carmedhAbRumae Ul edbrifhS 2oBiRd e my
include al kitbse®d 8 a 2BI@tKAldn GRBhit SoNéMN® ydrthaTop@3poAingOt assi um

cal cium and magnesium as well as non-toxic anmoni um quaternary anmoni um
and ani ne caMpANGeidarmasla@dYr®t hyl amoni um net hyl ami ne,

trimethylanmine, and ethylam ne. See_exanple, S.M Bergg, et 20al.,
"Pharmaceutjcal adts,” J. Pharm Scfi., 1977, 66:1-19ywhich is incorporated
herein by referepce. (Representative [pharmaceuti calilNy
t he i nventipn gncC e 0 derived [from amoni a, _Rri
am nes and secpndagy di_ (Cil1l-6 @l kyl|) _am nes._Sefon i {ncl ude 5-
or 6- nenbefed erocyckc erjoaromatic ri ieti i ni ng at

| east one 2bnitrpgen atom and optionally between and 2 additional

het er oat ons| Ex€my ary anmi des are derived froma nia, C 1-3 alkyl primary
am nes, cand| di (C 1_2 al kyl ) af¥#ée8). |Repr esent ative phar macedtX¢al Iy

accept agl e esters of the invention include C1 7 alkyl, C 6_7 cycl oal kyl,
phenyl, and phergb¢tihdlthe garhpgunaet iormuleF¢XIExapite a reagentsélacteddeomet hyl

esters. 30"Patient" or. "subj "include | s .such _as hunans and

ool s Cadne orall cotisiibe! EPL N MEbiEE IR britsgent it RNy
need of ObSﬁra‘ﬁ_aéerﬁic ORI 8éld thé%@?r@gﬁéndﬂhgQbthQijbﬂn@lQ'(ﬁ(WSﬂn With
the relevant di sease or condition. For exanple, the patient or subject is a

human. WO 2011/ 842PCT/ US2010/ 045204 "Conpogi ti on" includes a
product conpHNst+Ng the specified ingredients in e gpecified anmounts as
wel | as any pyodug [ re%JI\t/s’ directly or indireatly m conbi nati ons
of the specifi i ngy edi gt/ 1 n"t he spHPEEEd a

N—5 Thek ape-zal | y
" or “e¥f ecli ve anmount—eans tlhat Anmount_ of Na'cﬁ/e
compound or Nraceutical dyent that er¢dilts tle bwol ogical or gredi ci nal
response in ajtissue system animl or human that]is being sought by a
resear cher, x¥terinari apxx\yegi cal doctor or otheryclinician, which includes
all eviation of the synptons of the disease or d’sonder bei ng €85t )ed.

10 reacting the compound of formula (XXV-S) with carbonic acid dimethyl

effective a

ester or CHjsl; in the presence of an inorganic base; in an organic solvent; to
yield the corresponding compound of formula (XXVI-S);
O O

AN AN
A -

| x CN\( | AN \CNH
=N o) =N

N (XXVI-S) AN (X-S)
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10Concerning the various radicals in this disclosure and in the clains,
three general remarks are nade. The first remark concerns valency. As with
al | hydr oserbomwissdi cal s, whet her saturated, unsaturategCorusarionei2o€, and
whet her or not cyclic, straight chain, or branched, and also simlarly with
all heterocyclic, radic each radi ¢ inclu substit d radical s of
that type and ntﬂﬁﬁ@t%%’tng EHATRQHd O aHJal(f;?ﬂ"”\'iﬁl(Sﬂgséh ? s as indicated
by the cont(@ﬁtesggngmg Dribdtind a'ﬂgrrﬁg%t(gegg)vm Il indicate that t he
substituent is an al Kyl ene or hydrocarbon'radical with at |east two

hydr ogen atons renoved (bivalent) or nore hydrogen atoms renmoved

(mul tival er]iei. %c ond, rfadl cal s _or tst cture fra %C\ﬂ i ned herein
are 20undertood® PEPGERE ﬂﬁtgeﬁfﬁg?ﬁ '89 ar%?i?@%‘r‘% gf”P Q fragnents.
Hydr ocar byl s i ncl ude nonoval ent radi cal contalnlng carbon and hydrogen
such as al kyl, al kenyl, al kynyl, zl/gﬁ , and cycl oal kenyl (whet her
aromati g or unsaturated), as wel I drres j)gl ng di val ent radicals such

as al kyl ene, al kenyl ene, phenyl ene, and so on Het er ocar byl s i ncl ude
monoval ent and dilvereink G isdselatteddton die group@rmsthj@rpf %ymnap@enyl and at

hen oy alhRhSeprrogR aR spRe S, MRash RSy eaBhRReR AR G0

di al kyl am ngsnz@yeul |3¢Ythﬂué\%é1ﬁyl?—'benzene sullsryngs- cﬁlbdebenEéné’éUI@N?I”W e,
"al kyl " shoul d be understood to include substituted al kyl having onée or

mor e subst iang 3-GhorovepreassHioNYESOMPrigNg 5, 1 30 and 3, or 2 and 4

substituents. The substituents nmay be the sane (di hydr xy, dinmethyl)
sim lar (chlorofluoro), diffarent (chl orobenzyl1
ami nonet hyl substi t ut ed) y 7)flcnrpuéjof—strbst-rr'ut ed i?cl ude hal oal kyl
(such as fluoronethyl, nmet hyl , difl uoronet hy per chl or onet hyl ,

2- bromj thyl, WO 2011/ 019842PCT/ USZOlO/ 045204 per {y Hgf onet hyl , and

3-io0do @clopentyl) hydr oxyal kyl (such as hydroxynet hy hydroxyethyl

2- hydr oxypr opyl ,reamurrg)eklleﬁywﬁethbnasm@rémm inranﬂ-rﬁ@l’hGQ@ltlb)ﬂresent as

3-am nopropyl, and 2-am nopro ,. nitroal kyl, al kylal kyl, and so on. A

di (C 1-6 al%@(')egﬂﬁtﬁ@rd? éﬂﬁr‘iaﬁ Pm@é@ qxgi%i)ewa@%pms §@'[r8%@@“tﬂ'%ﬂl Kyl groups, to

form for SexamBhfors; rertméhF%{cﬂ{?é{tjlrque%geﬁpqo'y%?@‘ﬂ?é)%@ﬁbn% ¥l dé Q\éladd' tion

di al kyl ami no groups 'havi ng two p such as

am no or diA) Iwyieaemmd@ is the cofﬂaspohdlnglIIQGM@gwwpcfommdhe@stlmtmg rmagad’ed For
exarrplq where there is an NR R' group, and R can be an al kenyl group, the
doubl e 'Bond is at |east 10one carbon removed from the nitrogen to avoid

enam ne forgmti %Pro%é%la%nhytenvvesra%o@ed@ﬁe@ih 'tHé‘@ctiv%ltlﬁg re@@ém@h sp2 bond,
if it is absent he appropri ate hydrogen ato Is(a I ncl uded. In an

exanpl e, sub@;oﬁ)menwﬁuﬁom}drchmﬂd@raw wherain maecmemndlmgatemng goupd:@et hyl |
di f1 uoromet, h%fl mtrgsrrmérhy su?fonythr wfwteFellﬁ It#eoggtrlr\}a élrzaag%ntfl'ls 2N ropﬁgnyl- 2-
sulfonyl chloride and wherein the corresponding leaving group LG' is 3-

20 nitrophenyl-sulfonyl.

58. A process as in item 56 above, wherein the compound of formula (VI-A)

is prepared in an enantiomeric excess of its corresponding (S) enantiomer.

25 59. Aprocess as in item 56 above, wherein the compound of formula (VI-A)

is prepared in an enantiomeric excess of its corresponding (R) enantiomer.

60. A process for the preparation of a compound of formula (VI-P)
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15f | uor oet hyl , ethoxy, fluoro, chloro, and bronpo, and particularly nethyl,
bronmo, chloro, perfluoronethyl, perfluoronethoxy, nmethoxy, and fluoro. In

anot her ewergpligniosiabstitution patterns for Ar or Ari arecdAsadsoii2od ed or

3,4- disubstituted phenyl. Reference to a chemical entity herein by nam ng
one of its forms stands 20%2{ a reference to any one of: (a) the actually

recited form of such chem entity, and (b) any of the fornms of such

chem cal entity in the nedium whi ci¥) t he conpound is being considered
when nanmed. For exanple, ref eher LQE;O a conmpound such as R-000H,

enconpasses reference to any xanmpl &, R-COOH(s), R-COOH(soo,
and R-000-(s0o0. In this exanpl 5k 2%900 It!;') ers to the solid conpound,
as it could be for exanple in a tablet or sor® (var-%ol i d pharnmaceuti cal
conposition or aration; R COOH(soo refers to the undi ssociated form of
t he conmpound m%’”gQﬂ'S\Végtt and R-000-(sOo refers to the dissociated form of
the conmpound in a sol vento guch as the dissociated formof the conpound in
an aqueous environnent, whét Rer suchOSO di ssoci ated formderives from
R-000H, froma salt thereof, 0 ronjjany ot herogntlty that yields R 000-
upon di ssociation in the ned D ng-consi dere I n anot her exanple, an
expressi on such as "exposing gntifly to conpoung | a R-000H"
refers to the exposyxe of such entit§ to the for oof WO

2011/ 019842R4H/ US 45704 The conpound 'R- 000H Y exi it s.\or exist, in
the mediumin Wh ﬁ) such exposure takes place. In stril a@ot het"'@ﬁ%l e, an
expression such as "reacting an entity with a conpound of formula RFO00H'
refers to the reagatiimg (R)-gl@ldd waih Bhitidphengl-Sieorehemoeae] v thelpeesarcef or m
or forms, of such entity that 5exists, or exist, in the mediumin which
such reﬁct|Q‘fg?nt%{Eé§'C|tﬂr36@r9€W(tha5(€b)'nﬁﬁ@rgﬁ@ms@hllelnir t@éﬂ'@@éfﬁﬁ form or formns,
of the co n whi ch such
reacting ta %%858%‘% ﬁ}?%ﬁ%e@%%%c?ﬁm?&o%%? 6)anrta| pﬁn or Fexarrpl e in an
aqueous environnment, it is under stood that the corrpound R-000H is in such
same nedium and_therefore the entjt bei n 10 exposed to species such
2o R GaoHoco andinst HOWAS, 6655 7R sebives ek e by Rof aapoe HrahaGoHor
"aqgueous" afﬁ%od,gﬂa 0 its conventional meanl ng in chemstry and

bi ochem stry. A c oxylic acid functional group has been chosen in these
nonench@t ure exatMlkydé indudes coﬂtmnaéy ssbstdutedrﬂteatgltetobheﬁmaed@trandmda
limtation but it is ration,. {s under s dthat

|
Lnal oaoue” EhmaiooRs Wbt fedl aedBaroden Bnaves IO OHBRE FaHicA Q5o Alk¥ups.
i ncl uding_ bytbupoindidde el othyEIbRIL, isbirebg, Bulyl AgeBLE RBety, 1Such as
those in am nes, and an ot her rOU InteraCtS or transfornE accordlng
to known mene@yipropylt h@ntu’emﬁqmn%ytaseccmmtal ﬂi@xvlhéeptyhmtwtdancsgown Alkyl

i scoet at | G0 0GES GRAGISH SEbA B Bvb BRI ot fUr ot b g hyar ot i s

sol vat itgn, dyapinestyng hydration, protonation, and deprotonation. In another
exanple, a zwitterionic cor%eund i's encorrpassed herein by referring to a

conpound that i sAtRW 6! Riionglly sebstiHied Hiaightghain and bﬁ@td’@,@pl icitly
d f d
named in 't@rg@\%érb ﬁ'rQ&bgls Y éBov-Ee\R/@t? ftécagt 81 gndﬁar d&%r%@g\e%‘ﬁ'ggé ns, an

their synon Wtterionic co are s orsed

nanes that (ap®. woekény{mawmmdthpayt(ootnrryt)apdm tl-emt, $>ro;b 2daiy| r(l@dallw entific
i S assi nane

nanes. In this re the n teri

i denti fi catiPeHO I(OQJI:{BchM 'M)e\gléﬁ irl?q’—fr?t -eRYyleBU g @&Pﬁly'%r est
ChEBI bhndi | r i ne

\(/er Si o)r%oat ‘}Léx%”?ﬁyc\llww\}/ ng,ﬁ@gg oﬁ]k %citd[isﬁl? tré s hggfnﬁer al bF é?L?.)(mﬁnown

zwitterion tmﬂds and triple bonds, such as 2-penten-4-ynyl are grouped as alkynyls

for

herein. Alkenyl includes cycloalkenyl. Cis and trans or (E) and (Z) forms are
included within the invention.
“Alkynyl” includes optionally substituted straight chain and branched
25 hydrocarbon radicals as above with at least one carbon-carbon triple bond (sp).
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30 zwitterionic conmpound is a neutral conmpound that has formal unit charges
of opposite sign. Sonetines these conpounds are referred to by the term

"i nner sawD2O11/0@psIer sources refer to these conpounds a®CTdispabars2nons”,

al though the latter termis regarded by still other sources as a m snoner.

As a specif] 1 2011/ 019842PCT/ US2010/ 045204 exanpl e, ) noet hanoi ¢ acid
(the ant no AEYUGITFRFTHEL, PROWSmaHY MENERE GG A HrOGPSR s | 1 sone
nedia (in trBH%af@%ih@'aﬂﬁb&dré'of%ﬁb@bérﬁbsté‘r‘f‘d frﬂﬂ@beﬁdé,%cﬁvést?-%reh%h-
+H3NCH2C00-. Zwtterions, zwitterionic conpounds, i1nner salts and dipolar

i ons in thed-kngwareagroupet lascalkyiyls beksin.mbdwngigdoesf nattinelsdeoycloalkyngl. wi t hi n
h f thig,.nventi ul d i \ b ' b

those.of or i nar RN MFRdes 81 gifion gy Sy BTk 3D RS thefe "ach
and evepy eqlo@qy mwthfwterr«faﬁwll@xp i REKIEG ItES dIKYYglolpse thé réstdifimey skill in

the art, no structures of the zw ??erl oni ¢ conmpounds that are associ ated
wi th the cdnplegH@s AdfoxyHngudes srathexy, StROXY:, PEIPAXYpISOOTARGXYhBEHOXN. t-10They

are, homyed%t%%r&en?éxyaé}gdr E%Rﬁi“gﬁ{ehééﬂgﬂ’ i alié Veéﬂ"%ﬂlfoh‘{ﬂaﬂ‘kgf”ta%’r

exanples in rega e prov €i n because the irnteractions and
t ransf or matareisgdus te akosgn rexsidcingthd éérmliealcoxygeh tomasfiadkisxyf witms of a gi ven
conpound are known by any one of ordinary skill in the art. 15Abbrevi ations
ised in t haoSpREIVEN MH 687 NBRiSi 2l &Ppy HeteroalbIRELIdRs A kSoprkoclkrle as
fol I owsp A'tﬁBHQy? andid'ghnumtriflate CU = Carbonyl diin dazole Chloranil

“Aryl” includes phenyl, naphthyl, biphenylyl, tetrahydronaphthyl, and so
on, any of which may be optionally substituted. Aryl also includes arylalkyl
groups such as benzyl, phenethyl, and phenylpropyl. Aryl includes a ring
system containing an optionally substituted 6-membered carbocyclic aromatic

15  ring, said system may be bicyclic, bridge, and/or fused. The system may
include rings that are aromatic, or partially or completely saturated. Examples
of ring systems include indenyl, pentalenyl, 1-4-dinydronaphthyl, indanyl,
benzimidazolyl, benzothiophenyl, indolyl, benzofuranyl, isoquinolinyl, and so
on.

20 “Heterocyclyl” includes optionally substituted aromatic and nonaromatic
rings having carbon atoms and at least one heteroatom (O, S, N) or heteroatom
moiety (SO2, CO, CONH, COO) in the ring. Unless otherwise indicated, a
heterocyclic radical may have a valence connecting it to the rest of the
molecule through a carbon atom, such as 3-furyl or 2-imidazolyl, or through a

25 heteroatom, such as N-piperidyl or 1-pyrazolyl. For example a monocyclic
heterocyclyl has between 4 and 7 ring atoms, or between 5 and 6 ring atoms;
there may be between 1 and 5 heteroatoms or heteroatom moieties in the ring,
and for example between 1 and 3. A heterocyclyl may be saturated,
unsaturated, aromatic (e.g., heteroaryl), nonaromatic, or fused.

30 Heterocyclyl also includes fused, e.g., bicyclic, rings, such as those
optionally condensed with an optionally substituted carbocyclic or heterocyclic
five- or six-membered aromatic ring. For example, “heteroaryl” includes an

optionally substituted six-membered heteroaromatic ring containing 1, 2 or 3
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nitrogen atoms condensed with an optionally substituted five- or six-
memebered carbocyclic or heterocyclic aromatic ring. Said heterocyclic five- or
six-membered aromatic ring condensed with the said five- or six-membered
aromatic ring may contain 1, 2 or 3 nitrogen atoms where it is a six-membered
ring, or 1, 2 or 3 heteroatoms selected from oxygen, nitrogen and sulfur where
it is a five-membered ring.

Examples of heterocyclyls include thiazoylyl, furyl, pyranyl,
isobenzofuranyl, pyrrolyl, imidazolyl, pyrazolyl, isothiazolyl, isoxazolyl, pyridyl,
pyrazinyl, pyrimidinyl, pyridazinyl, indolizinyl, isoindolyl, indolyl, indazolyl,
purinyl, quinolyl, furazanyl, pyrrolidinyl, pyrrolinyl, imdazolidinyl, imidazolinyl,
pyrazolidinyl, pyrazolinyl, piperidyl, piperazinyl, indolinyl, and morpholinyl. For
example, heterocyclyls or heterocyclic radicals include morpholinyl, piperazinyl,
pyrrolidinyl, pyridyl, cyclohexylimino, cycloheptylimino,and more for example,
piperidyl.

Examples illustrating heteroaryl are thienyl, furanyl, pyrrolyl, imidazolyl,
oxazolyl, thiazolyl, benzothienyl, benzofuranyl, benzimidazolyl, benzoxazolyl,
benzothiazolyl.

“‘Acyl’ refers to a carbonyl moiety attached to either a hydrogen atom
(i.e., a formyl group) or to an optionally substituted alkyl or alkenyl chain, or
heterocyclyl.

“‘Halo” or “halogen” includes fluoro, chloro, bromo, and iodo, and for
example chloro or bromo as a substituent.

“‘Alkanediyl” or “alkylene” represents straight or branched chain
optionally substituted bivalent alkane radicals such as, for example, methylene,
ethylene, propylene, butylene, pentylene or hexylene.

“‘Alkenediyl” represents, analogous to the above, straight or branched
chain optionally substituted bivalent alkene radicals such as, for example,
propenylene, butenylene, pentenylene or hexenylene. In such radicals, the
carbon atom linking a nitrogen for example should not be unsaturated.

“Aroyl” refers to a carbonyl moiety attached to an optionally substituted
aryl or heteroaryl group, wherein aryl and heteroaryl have the definitions
provided above. In particular, benzoyl is phenylcarbonyl.
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As defined herein, two radicals, together with the atom(s) to which they
are attached may form an optionally substituted 4- to 7-, 5 —to 7-, or a 5- to 6-
membered ring carbocyclic or heterocyclic ring, which ring may be saturated,
unsaturated or aromatic. Said rings may be as defined above in the Summary
of the Invention section. Particular examples of such rings are as follows in the
next section.

“‘Pharmaceutically acceptable salts, esters, and amides” include
carboxylate salts (e.g., C 1s alkyl, cycloalkyl, aryl, heteroaryl, or non-aromatic
heterocyclic) amino acid addition salts, esters, and amides which are within a
reasonable benefit/risk ratio, pharmacologically effective and suitable for
contact with the tissues of patients without undue toxicity, irritation, or allergic
response. Representative salts include hydrobromide, hydrochloride, sulfate,
bisulfate, nitrate, acetate, oxalate, valerate, oleate, palmitate, stearate, laurate,
borate, benzoate, lactate, phosphate, tosylate, citrate, maleate, fumarate,
succinate, tartrate, naphthylate, mesylate, glucoheptonate, lactiobionate, and
laurylsulfonate. These may include alkali metal and alkali earth cations such as
sodium, potassium, calcium, and magnesium, as well as non-toxic ammonium,
quaternary ammonium, and amine cations such as tetramethyl ammonium,
methylamine, trimethylamine, and ethylamine. See example, S.M. Berge, et
al., “Pharmaceutical Salts,” J. Pharm. Sci., 1977, 66:1-19 which is incorporated
herein by reference. Representative pharmaceutically acceptable amides of
the invention include those derived from ammonia, primary C 1. alkyl amines
and secondary di (C 16 alkyl) amines. Secondary amines include 5- or 6-
membered heterocyclic or heteroaromatic ring moieties containing at least one
nitrogen atom and optionally between 1 and 2 additional heteroatoms.
Exemplary amides are derived from ammonia, C 1.3 alkyl primary amines, and
di (C 12alkyl)amines. Representative pharmaceutically acceptable esters of
the invention include C 1.7 alkyl, C 5.7 cycloalkyl, phenyl, and phenyl(C 1.6 )alkyl
esters. For example, esters include methyl esters.

“Patient” or “subject” includes mammals such as humans and animals
(dogs, cats, horses, rats, rabbits, mice, non-human primates) in need of
observation, experiment, treatment or prevention in connection with the

relevant disease or condition. For example, the patient or subject is a human.
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“Composition” includes a product comprising the specified ingredients
in the specified amounts as well as any product which results directly or
indirectly from combinations of the specified ingredients in the specified
amounts.

5 “Therapeutically effective amount” or “effective amount” means that
amount of active compound or pharmaceutical agent that elicits the biological or
medicinal response in a tissue system, animal or human that is being sought by a
researcher, veterinarian, medical doctor or other clinician, which includes
alleviation of the symptoms of the disease or disorder being treated.

10 Concerning the various radicals in this disclosure and in the claims,
three general remarks are made. The first remark concerns valency. As with all
hydrocarbon radicals, whether saturated, unsaturated or aromatic, and whether
or not cyclic, straight chain, or branched, and also similarly with all heterocyclic
radicals, each radical includes substituted radicals of that type and monovalent,

15  bivalent, and multivalent radicals as indicated by the context of the claims. The
context will indicate that the substituent is an alkylene or hydrocarbon radical
with at least two hydrogen atoms removed (bivalent) or more hydrogen atoms
removed (multivalent).

Second, radicals or structure fragments as defined herein are

20 understood to include substituted radicals or structure fragments. Hydrocarbyls
include monovalent radicals containing carbon and hydrogen such as alkyl,
alkenyl, alkynyl, cycloalkyl, and cycloalkenyl (whether aromatic or unsaturated),
as well as corresponding divalent radicals such as alkylene, alkenylene,
phenylene, and so on. Heterocarbyls include monovalent and divalent radicals

25 containing carbon, hydrogen, and at least one heteroatom. Examples of
monovalent heterocarbyls include acyl, acyloxy, alkoxyacyl, heterocyclyl,
heteroaryl, aroyl, benzoyl, dialkylamino, hydroxyalkyl, and so on.

Using “alkyl” as an example, “alkyl” should be understood to include
substituted alkyl having one or more substitutions, such as between 1 and 5, 1

30 and 3, or 2 and 4 substituents. The substituents may be the same (dihydroxy,
dimethyl), similar (chlorofluoro), or different (chlorobenzyl- or aminomethyl-
substituted). Examples of substituted alkyl include haloalkyl (such as

fluoromethyl, chloromethyl, difluoromethyl, perchloromethyl, 2-bromoethyl,
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Carbonyl Chloride (i.e d2C0) Pt/C = Platinumon carbon (catalyst) p-T50H =
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perfluoromethyl, and 3-iodocyclopentyl), hydroxyalkyl (such as hydroxymethyl,
hydroxyethyl, 2-hydroxypropyl, aminoalkyl (such as aminomethyl, 2-aminoethyl,
3-aminopropyl, and 2-aminopropyl), nitroalkyl, alkylalkyl, and so on. A di(C 16
alkyl)amino group includes independently selected alkyl groups, to form, for
5 example, methylpropylamino and isopropylmethylamino, in addition
dialkylamino groups having two of the same alkyl group such as dimethyl
amino or diethylamino.
Third, only stable compounds are intended. For example, where there is
an NR'R” group, and R can be an alkenyl group, the double bond is at least
10 one carbon removed from the nitrogen to avoid enamine formation. Similarly,
where a dashed line is an optional sp?bond, if it is absent, the appropriate
hydrogen atom(s) is(are) included.
In an example, substitutions for Ar or Ary include methyl, methoxy,
fluoromethyl, difluoromethyl, perfluoromethyl (trifluoromethyl), 1-fluoroethyl, 2-
15  fluoroethyl, ethoxy, fluoro, chloro, and bromo, and particularly methyl, bromo,
chloro, perfluoromethyl, perfluoromethoxy, methoxy, and fluoro. In another
example, substitution patterns for Ar or Arq are 4-substituted or 3,4-
disubstituted phenyl.
Reference to a chemical entity herein by naming one of its forms stands
20 for a reference to any one of: (a) the actually recited form of such chemical
entity, and (b) any of the forms of such chemical entity in the medium in which
the compound is being considered when named. For example, reference
herein to a compound such as R-COOH, encompasses reference to any one
of, for example, R-COOHs), R-COOHs0)), and R-COO (sq). In this example, R-
25 COOH4 refers to the solid compound, as it could be for example in a tablet or
some other solid pharmaceutical composition or preparation; R-COOH s
refers to the undissociated form of the compound in a solvent; and R-COO " sq)
refers to the dissociated form of the compound in a solvent, such as the
dissociated form of the compound in an aqueous environment, whether such
30 dissociated form derives from R-COOH, from a salt thereof, or from any other
entity that yields R-COO" upon dissociation in the medium being considered. In
another example, an expression such as “exposing an entity to compound of

formula R-COOH?” refers to the exposure of such entity to the form, or forms, of
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excess of greater than or equal to about 95% for exanple, at an
enant i omer i hesxealbsralgvagt &b orierms, ¥ tegygampoynd R-COOH that exists, or

exist, in the medium in which such reacting takes place. In this regard, if such
entity is for example in an aqueous environment, it is understood that the
compound R-COOH is in such same medium, and therefore the entity is being

10  exposed to species such as R-COOHaq) and/or R-COOQO 5q), where the subscript
“(aq)” stands for “aqueous” according to its conventional meaning in chemistry
and biochemistry. A carboxylic acid functional group has been chosen in these
nomenclature examples; this choice is not intended, however, as a limitation
but it is merely an illustration. It is understood that analogous examples can be

15  provided in terms of other functional groups, including but not limited to
hydroxyl, basic nitrogen members, such as those in amines, and any other
group that interacts or transforms according to known manners in the medium
that contains the compound. Such interactions and transformations include,
but are not limited to, dissociation, association, tautomerism, solvolysis,

20 including hydrolysis, solvation, including hydration, protonation, and
deprotonation. In another example, a zwitterionic compound is encompassed
herein by referring to a compound that is known to form a zwitterions, even if it
is not explicitly named in its zwitterionic form. Terms such as zwitterion,
zwitterions, and their synonyms zwitterionic compound(s) are standard IUPAC-

25 endorsed names that are well known and part of standard sets of defined
scientific names. In this regard, the name zwitterion is assigned the name
identification CHEBI:27369 by the Chemical Entities of Biological Inerest
(ChEBI) dictionary of molecular entities. (See, for example its on line version at
http://www.ebi.ac.uk/chebi/init.do). As generally well known, a zwitterion or

30 zwitterionic compound is a neutral compound that has formal unit charges of
opposite sign. Sometimes these compounds are referred to by the term “inner
salts”. Other sources refer to these compounds as “dipolar ions”, although the

latter term is regarded by still other sources as a misnomer. As a specific
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DDQ = | 2,3-Dichloro-5,6-dicyanobenzoquinone

DIPEA or DIEA = | Diisopropylethylamine

DMA or DMAc = | N,N-Dimethylacetamide

DME = 1,2-Dimethoxyethane

DMF = N,N-Dimethylformamide

DMSO = | Dimethylsulfoxide

Et,O = | Diethyl ether

EtOAc = | Ethyl acetate

EtOH = | Ethanol

HPLC = | High Pressure Liquid Chromatography

IPA = | Isopropyl alcohol (Isopropanol)
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In an

embodiment, wherein the compound is present as an enantiomer, the

enantiomer is present at an enantiomeric excess of greater than or equal to

about 80%, for example, at an enantiomeric excess of greater than or equal to

about 90%, for example, at an enantiomeric excess of greater than or equal to

about 95%, for example, at an enantiomeric excess of greater than or equal to
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20amount Y. It is understood that wherein a range is recited, the range is
not limted to the recited upper and | ower bounds, but rather includes the
full rangeofzoomigdaout anount X through about anmount Y, @CTAsgom0amires

t her ei n. Exanpl es of suitable solvents, bases, reaction tenperatures,

and ot her reacti araneters and conponents are ovided, in the detailed
Gaacri pit orabbu 980 Tar VTPl Re cORNICBREC SKEFsSl §Taatdrdngn o dpf o

recogni ze tébautbb%.lsﬁﬁiidgg/_, whéahdh@étaWo%di@ Rdent a&%g&#ggtﬁr@&ﬂeﬁhﬁél d not

be construed, as limting’in any way e invention set forth in the clains
whi ch f ol | cliasteegaraén isrpresent at anddipstereareenic axeesscafrgrester dearvor pgualip sone

of the quantitatl.ye .expressjion iven herein are no ualified with the
er m » abourabo g0Fe SoBiERlsy bat et ke Al ofab o tuil e
explicibly teraboot 00%Y esyexsapibl hyadietereeiriria dxeebEanrdater thhArort 0 the
actual given value, and it is also nmeant to refer to the approximation to

such given eaalito abeut %%11 @rleéagtﬂ_h%\tﬂtfn wtgmqmeﬁ@e&m L%Q@tﬁmﬂMZQ4 be
| nferred bagedy aiid D60 ASHRAY xbilde 14t Hifladklerh 85 LA FRREGN ML ons
due to the experi mehtal and/ or neasuréement conditions fof su gi'ven val ue.
Where t he phacesegaaltoragdue 990 par ati on of the conpounds according to the
invention give rise to m xture of stereoqjsoners, these isoners may be 5

separat ed by corEHIErBREE: SURH AT HieSysiatineforpp dprangtGorePUndsRIta r aphy .
The conpou i i r@@ﬁﬂ? Lngiavi i oners
may ber{gr e;tg\?%%ﬁép\?ﬁg?fnﬁﬁég%gﬁt?g peci fbggg{/dr?t%ééélljésmg’;e Flggéﬁaeeso Sﬁton. The
conpounds nagludédin theapnelsent ingentasol WMeatdditdrg soned of henqgorneoundsnaiitheoner s by
st andard technirﬂues such as t he fogmti on of dia t‘aFaE{O”E” C pairs by salt

10f or mat i orPT&PEM BRI 10aY 19 Selversaitty wali(he 4 hiydrates) or commion
(-)-di-p-t carggmb-s%mﬁé,aériocs&w $b1peds Qe Gigl iflterRicab WaVéndenhddsaii ¢ aci d

followed by Tractional crystallization and regeneration of the free base.
The conpoundithindye atere bethiskyerden.by formation of di astereoneric esters or

am des,, fol | owed- by chr t ographi c s rati on_and, repoval of t chiral
B 1 2Py- At ereraieyS Sehie BEsCeRSRRS e e e BB B drdfa o T
HPLC col umpresent invéMidn@agxist bistgtdyriopresirbad SliclPaRPAteHdedntode t he
conpounds of the present invention, it may be necessary and/or desirable to

prot ect seriBeludee@ inthe prgsent/iavgniinrpsinoaddilign.sonmeef el crupeydseideened.

TS T2 D6 BEHRHSE B AE 93RS 2l BECHSELLED B e

t hose descri 0 oups i n em’s

MOm e, Pl esrganiersebeents, B suohdsolvatés Grearse idtendedtb balkisconiadsedt | ve
G oups .in Or,ggni C Sznt hesi s, John Wley & Sons, 1991. The protecting groups
may be 2PemViEHN de oMo IVeRid equent stage using methods known from

H‘gt 22% : nés usedhdge&d Reret! Giigs CHPRNHsES 0104 Be thiE “isBidted Tol®8RAI
mean that the compound is present in a form which is separate from any solid
mixture with another compound(s), solvent system or biological environment.
In an embodiment, the present invention is directed to a process for the

25 preparation of a compound of formula (1), wherein the compound of formula (I)
is prepared as an isolated form. In another embodiment, the present invention
is directed to a process for the preparation of a compound of formula (I-S),
wherein the compound of formula (I-S) is prepared as an isolated form.
As used herein, unless otherwise noted, the term “substantially pure
30 form” shall mean that the mole percent of impurities in the isolated compound
is less than about 5 mole percent, for example less than about 2 mole percent,
more for example, less than about 0.5 mole percent, most for example, less

than about 0.1 mole percent. In an embodiment, the present invention is
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25 group” shall nean a group which may be attached to a nitrogen atomto
protect said nitrogen atomfrom participating in a reaction and whi ch nmay
be readi Iwonenmaesi2f ol | owi ng the reaction. Suitable nitPogas2@ooieti ng
groups incl ude, but are not limted to carbamates - groups of the fornula

B L
wherein R thg cbﬂtpo%arﬂtlf&nrtahfwhs pRASAY asanSbdthiAIQTAFE R : 1+ sul T onyl

derivatives - groups of formu - wherein I's for exanple
tolyl, phergnotherrembq@lmﬁrétﬂh;alpreserzt iByemt®npie wtirestachipl & hraness o~ ttne- and

2,3,6-trimethyl-4-net.hoxybenze 01 842P /[ US2010/ Q4 her
Cultonl e miBgarAtol AR ET Sl (50 PRGN e papetind o i
G eene & P.(Ggllis Plbparedasesitisvntidllg pde fdimdr gani ¢ Synthesi s, John Wley &
Sons, 1991. As used herein, unless otherwi se noted, the term "I eavi n?

S

group” shal|l 5 rfiaHsed bReiamIess ehenaisgaoted.dhe dermysupstantiaHy degee
d i ncl ude,
but - are not EPireERERRIRS st TBAtH"RNen RAB odfbscbg 8 BofibBIRORE | 01

herein, unlfeaﬁulet(h)es“hulls'rﬁemtmi m@lbepetreermofam oburres;s@tdmglsaltﬁr&i(b) imetae any
sol vent t hat does not %I eld a proton. Suitable exanples include, but 10are

not 11 m t edSelatespaSenherIvia U} 5 sroinanigbous Sanele: RATEHR, Tg5yBPgiRle fess
di chl onget *tﬁQﬁ;abBbFE'r@cIS @% Emold Birextath sﬂ?r\%sé’tha?tc%&rt%5mole The

present invention Is to a proces or the preparation of the
conmpounds qgferéemtnuricst (dr)emsnmeﬂessrtedmabostﬂélnmoﬂe pérekeaty. Infan 15 (1)
Scherre 1 embodiment, the present invention is directed to a process for the preparation
of a compound of formula (1), wherein the compound of formula (1) is prepared
as form which is substantially free of corresponding salt form(s). In another
15 embodiment, the present invention is directed to a process for the preparation
of a compound of formula (I-S), wherein the compound of formula (I-S) is

prepared as form which is substantially free of corresponding salt form(s).

As more extensively provided in this written description, terms such as
20 “reacting” and “reacted” are used herein in reference to a chemical entity that
is any one of: (a) the actually recited form of such chemical entity, and (b) any
of the forms of such chemical entity in the medium in which the compound is
being considered when named.
One skilled in the art will recognize that, where not otherwise specified,
25 the reaction step(s) is performed under suitable conditions, according to known
methods, to provide the desired product. One skilled in the art will further
recognize that, in the specification and claims as presented herein, wherein a
reagent or reagent class/type (e.g. base, solvent, etc.) is recited in more than
one step of a process, the individual reagents are independently selected for
30 each reaction step and may be the same of different from each other. For
example wherein two steps of a process recite an organic or inorganic base as
a reagent, the organic or inorganic base selected for the first step may be the

same or different than the organic or inorganic base of the second step.
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WO 2011/ 019842PCT/ US2010/ 045204 Accordingly, a suitably substituted
conpound of forrmula (V), a known conpound or conpound prepared by known
nmet hods iwonresnatigsd2wi th a suitably substituted conpound pPafi/usesmiokzzo{ VI ) ,
wherein LGl is a suitably selected | eaving group such as

T LoPo e Rt Qi Flied in el sR I aseabizedlEt HRBTEN 8rERETaT SEPQany ! ) -

benzene sul fragyht inderftinoigy %@a@ﬂ@é Buf Py ban‘?éty%f%h)%@s Qﬁéﬁlﬁé'ﬁt%ysfé?ﬁé" for
exanpl e 3-nitrophenyl-sulfonyl; a known conmpound or conpound prepared b

known met hadid redotionistep myoaiatpbemrmd Dutmﬂ anixturg of @emtetebtetsolmerata anount
in the range of fraom about 0, Q .ab ar e UI val ent.s, for exanple,
the 10 comBtirart SThEEE O 3uliRa o i aity R B0 Flitunsstih 5 To
about 155 rfwbadon%@lv,lut\r’\?lal @%ﬁonb@br@é@%@ﬁﬁt@ps hRerpONBIRBIGsS1htidrPbMmHea (V1) s

present in about 1.0 to about 1 nol ar equival ents, for exanple, the
conpound oflmﬁﬁmﬁdlaée eradugt §i. Q)rtbg ereduch ok thexfirst At thertwenearsecu e Fﬁﬂcﬁpn

Dipen 16 yree SREER R el YA R g B BB BB S E o
exanpl e Cs2(0RBn thersamemohasmt or solveansysiemh opaltenayilelgeraypbe rubviE, DVF, DVAc

or THF, for exarrEIe DVF; at a tenperature in the range of from about OCto
about 60C, diberes §%ﬁ6tseﬁr S&"{eé}?ﬁé‘?t&mﬁ@”PW'Q%@'YWCBWQ%W'&ch@y BE to

about 3@, fégrh;%f‘e% é’é&o?&ﬁ%'té‘%é%nq?éﬁ%@r ature in the range of from about

20 roomtenperature t or exanple to about 30C, over about 12
hours; to yiel d Thprovide aspaediongisectgsetiptionfsdroe wiitre uartitative One

killed in the art will hat i dinent_of th t
nvent 1 on. RESTURA AenrStRN s ot dgei st i FEF Bro epeud ot i) 1 oact i ve

center on 1 heraBBa NSt Wﬁetﬁ@l‘fﬁé‘t%rrhvbbouts%bséd‘ékplmﬁﬂortﬁ& epemound of

formula (VI) 25is reacted with the conpound of fornula , any undesired
coupl i ng byquendtcgiseahereinns meaed to Mefer to()tnl‘ngcam@alglverovaiueaarqd/ltlls alse react ed

compoudd prrERal R TeF i Sl CaB BRI adl GVRr o ae R BRRE sPSBRAL

I's present peninfdtr@&BEsdd bR tﬁ@@rdlﬁé}geskﬂfmﬂh@@rﬁhfdkﬁdlﬁ?6Fbﬁb>@4ﬂ9tlén§d9e”0| ar
equi val ents, for exanple in an anount in the range o romabout 1.0 to

about 1.5 rf@|t|3.$ eég@”m§n@llﬁ§d/qr@ewﬁme@t Pﬁnﬁho%ﬁlﬁﬁucbfgl\éﬂfbmm@_ 1 nol ar
equi val ents; To provide a more concise description, some of the quantitative

expressions herein are recited as a range from about amount X to about
20 amountY. ltis understood that wherein a range is recited, the range is not
limited to the recited upper and lower bounds, but rather includes the full range
from about amount X through about amount Y, or any range therein.
Examples of suitable solvents, bases, reaction temperatures, and other
reaction parameters and components are provided in the detailed descriptions
25 which follows herein. One skilled in the art will recognize that the listing of said
examples is not intended, and should not be construed, as limiting in any way
the invention set forth in the claims which follow thereafter.
To provide a more concise description, some of the quantitative
expressions given herein are not qualified with the term “about”. It is
30 understood that whether the term “about” is used explicitly or not, every
quantity given herein is meant to refer to the actual given value, and it is also

meant to refer to the approximation to such given value that would reasonably
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WO 2011/ 019842PCT/ US2010/ 045204 optionally in the presence of a Lew s
acid such as titani um propoxide, A (0Tf)3, or Yb(OTf)3; wherein the Lew s
acid i s pvexemntoipsazan anount in the range of from about POTAK2¢10/08320ut 1.0
nol ar equi valents, for exanple in an anount in the range of from about 0.01

to about 0.5 | ar i val ents, ,.for anmple,. in an amount . of .aboyt 0.04
ol ar - equi 1R Bireed ParedRa e ardiney Sl A De p RIS APPTOXITRHORR O gani o
sol vent suqg tRs eQéErim@ﬁ:Ml aRBIdt @@ sure@ichBBhditibSORIrARth gﬂé‘rp\%?he. Et OAc,

THF, N, N-di net hyl fornmam de or DMAc, for exanple in ethandol; at a
tenperature in t\Wbeeraihgeprotessasnioabrrprapasatiarepiplbe aompeounsisansordisg ta ent

10r ef | ux t3 erature, .for. eiagﬁl e atfatbout. 78C (et hanol refl ux

t enper at ur E‘TB MVENTIoRIgVE RS S P PEU ALY R AIPSTh IS 'POMRIY 958

Al t er nabi velaparsted byt cdHvEnGoRSttbEiigles SUEIPHE BréparbBierth@nialbgraphiynown
conpound of conpound prepared by known nethods, is reacted with a suitably

15 subst i t (ERRICQIBRPVIFRIMGY Heopiamased W racpMigfRsision iNdieduangrAm®MSrst or nul a
VI | i ' f t 3.0
ol ar ' qui JaFbp St etBR ol briafobatdfe SlteST BitbsOfah TR0 % e

range of freympdumds rha, fop eadopte, Delregohvad itatthgilcentgdnehbenantomeés, t he
conpound of formula (VI-A) is present in about 1.0 to about 1.5 nolar

equi val ent LY $tapdargl technigles. sued aphedernaben pheirgiereeveyicinginglysw @t in an
anmount 4gf ; F=Ton iual 5 Iy th P af Lew s
2ei d s(8h F0Rtaucn Rin H RcBR 2R L, such g (VRGP BYRTRBErRladk UL
acid is presahor (+)-dup-talomyht -tariatib ecdaoteved by riaatiabalutrystadization abdut 1. 0
nol ar equi val ents,. for n amount |n the 25range r om about

) | i f
0001 1 L SanSaeRting o S RER baskn de CBRbalndsngy 50 Ba resavir bk hhout

0.04 nol ar BRHANGH 8NdiBsterE@bmBXE@BLeRs P athidéd, 3bNdwed BRHRImatographi¢ N an
organi ¢ solvent such as toluene, THF, DCE or nethyl ene chloride, for

exanpl e i n seplacetion ard remowahed the ahigaliauxillaey.r Agenativelyy the edropoundsom

t enper gture_t o, ah C.for gx out 65C, to yield the 30
corresggndirﬂéy P%ﬁ%gﬂxggb’?'%? ﬁﬁ'@%\/ﬁ?lcﬁu ich compound, in an exanpl e of
the present invendriigany &f thel progessdseldr phiépataildn BiLeRACIREOWRROG 845204

The conpound of formula (VII1) is reacted with a suitably substituted
conpound ofPresemtngention, itana&nBRMeSeRPIY RNANRT ARFHFEIN® poEgsdseasibye Rfiown

met hods; I .oyl LS. Pr I in the
range of :‘Mr}g%ﬁzli Oéjr{b%&%?ﬂ)%ﬁggfotﬁ% rﬁ&g%ﬂjg?ac{r(%éatrfe\%lﬁggﬁa# @?%EQ%W%Sye%S’i n an
Sanmount i n rhbang ahgenv@tibnanpratenting groups, stiehuts thoSe wekatibextin RPatestive, f or

Cha Boun SN eBh oo P e meresn B3R i
'pa. ot hancl 1 TREhERal - B AT o o S A O S R e or
exanpl e i n Whgy &%ors, t11&9d e rldteupmteciinglgroups geayolbe feroavebaud cbdnientibout
Smer st of GBS SFRE SR gl e ATk g Yot o (1]
As used herein, unless otherwise noted, the term “nitrogen protecting
25 group” shall mean a group which may be attached to a nitrogen atom to
protect said nitrogen atom from participating in a reaction and which may be
readily removed following the reaction. Suitable nitrogen protecting groups
include, but are not limited to carbamates — groups of the formula —-C(O)O-R
wherein R is for example methyl, ethyl, t-butyl, benzyl, phenylethyl, and
30 CH2=CH-CH>-; amides — groups of the formula —C(O)-R’ wherein R’ is for
example methyl, phenyl, and trifluoromethyl; N-sulfonyl derivatives - groups of
the formula —SO,-R” wherein R” is for example tolyl, phenyl, trifluoromethyl,

2,2,5,7,8-pentamethylchroman-6-yl-, and 2,3,6-trimethyl-4-methoxybenzene.
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One skilled in the art will recognize that wherein the process as outlined
15in Schene 1 above, the conpound of forrmula (VI) is present in an

enant i omewpeoexesia of one of the enantioners (as defi nedThis2elom45204
stereo-center denoted by the "*" synbol), then the conpound of forrmula (1)

ill be prepared in an._enantionerjc excess of the correspondin ntioner.
For exanl a0 SHEA b TVES G R NG PO IS pefquran eEBamcn s Eae

enant i ONer i GrRpees P.aIMI Wit Proflenart o8 in eré’rﬁ‘ictSf@tWé%@owhﬁ Wiiey & mul a
(1) will be prepared in an enanii OmMeri c €xcess O € correspondi ng (S)

enant i oner .Sons, 1991n an enbodi nent, the present invention is directed to a
process for the preparation of the conpoun f,, formul |-S) as oytlined in
Sehens 2 bel ow ASREhES, fiedq GERRR e ne friRavingbedii e
conpoung ofméan BLdrairgdd & un%&@@%t&ﬂ@@#@@p%i&@ﬂ@@é@d@ﬁ@ar ed by known
methods is reacted wth a suitably 5 substituted conpound of formnula

(VI -E), whaubstituticn arglisplacareani ngastorc Bedablegxentples s1ehdau bt age not

4-ni trophenyl. f @ny - Rl -sul fonyl, mesyl, tosyl,

trifluor omg h'%e;dé‘lOs%Pfgwﬁ?aﬁ'?%ﬂ%}é Ig?lézj'ensul fonyl, 3-(trifluoronethyl)-
benzene sul f onylAs dsedherein henesehierhiseyioted, tBe tbinor aproticzssieent fshayll , f or
exanpl e 3-nitrophenyl -sul fonyl; a known conpound or conpound prepared by
known net hdBgan @A selvent H@t@%ﬁﬁmwedﬁ amspien Y AREpXaiaprsdeelvge; hutan
anount 4o, (418 deRNAfelio T BRIE 1 0-Giok e belalil@rp 2l ents, Tor 5
exanpl e, the conpound I's present in an anount in the range of from about
1.0 t o abouticHofmetindraa, dichioroahethise, MdBEe xalophe or aoetabeut 1.0 to about 1.1
nol ar equi val ents, for exanple, in an anmount of about 1.05 nol ar

equi val ent s; in the presence of an organic or inorganic base such as
TEA. DI PEA - pyriTidigrosbatinvERlios aibedid Bia grRo@AFror R0 pahARANG tAE_CSF
for exanple 10 Cs2 ; In an organi c solvent such as ethyl acetate, DVE,
DVF, DVAc atonTdrndsqef fescaupl (b asneytlingd & Sengreedt beow.n t he range of from
about OC to about 60C, for exanple at a tenperature inghe range of from
about OC to abounr 5C, followed by heating to a tenperatjure in the range of
from about roomtenperature to abegt 60C, for exanple abeut 30C, over
about 12 15hour sz %o _yRel d the corkespendi ng conpoundl”of fornula (M 1-S).
One skilled in I\t'\he rt wll recognize tpat in an, enboyi ngnt of the present
invention, theH ng group TGI 15 sSetect®d tOL%MV e a\\hi gh}”y reactive
center on the conpodnd of formula (M)XE): such that when the conpound of
formula (MI-E) is reacted with the conpound of fornmula (V-S), any undesired
coupl i ng 20byprod(ts are mni m zed. The conpound of fornula £VI [-S) is
reacted with a suiitably substituted conpound of fornmula (X-SF, a known
conpound or conpou prepared by known nethods; where|ln the ¢onpound of
formula (X-S) is prgsent,in an 25 anount in the range|of f
about 3.0 nol ar equi ts, for exanple in an amount |in the rdnge of from
about 1.0 to about| V) nol ar equi valents, for exanple|in mt of about
1.1 nol ar equival gnts; optionally in the presenge’jofi-alLew s acid

such as titani um prepascde, Al (0Tf)3, or Yb(OTf)3; vvhareiant e Lewd)s acid
RS

is present in an gnount in the
Y

Ar
NZ R"
o\ / T N/N\ A
CI\)*\/ = OH I~ r
B vy | R R®

15
Scheme 1
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30range of from about 0.01 to about 1.0 nolar equivalents, for exanple in
an anount in the range of fromabout 0.01 to about 0.5 nolar equival ents,
for exanpwe,2oiwmigsszanount of about 0.04 nol ar equi val enPsT/Usesioexopl e in a
catal ytic anount; WD 2011/ 019842PCT/ US2010/ 045204 in an organic

sol vent such as . net.hanol , .ethanol, isqpr | al cohol Et OAc,
T NN O et oy RS HREY 8 At BRUDSHER oS SatnoHne o doia  d ifpwin

tenper at ur &dmpduiR 6rPEsHp&lind pRIPAEPBY KNBAM hetREaS HEStE@ wAloHEuissly ent
reflux tenperature, for exanple at about 78C (ethanol reflux tenperature);

to 5yield tsubstivitedspmpoung of derpuladVf whereiule ' (s asuitably seledied er nat i vel y,

i t abl bst i d f | 4 k d of
compound. brEndnagrayS RuaRAS At franteretiteRul Kateriba et Deshst  ut ea
conpoung oftoéwﬁmuérdﬁv/éthaﬁé;suwbﬁyl,eisrﬂubh@b@ﬁﬂ@w%ngf, I @ifdremE@M-- RA) is

present in an anmount in the range of from about to about 3.0 nol ar

equi val ent fenezenesuianyle4-chisodsnzenasulianypped«lorprpenzearsulfAnyl.fof he range
of from abq t L ar ' ' anount
inther angéggagt}p I$r36|‘r?#]tr§§@§|{1yl%ugoﬁ@ ’ gbkgﬁw 1&@]“@@?@4 °£§%ﬁ“§§?ﬂ% E?péfrgg"’b xanpl e,

in an anourknown miethdds] whzréinltage compovabasitfermulai(W)tis prepeds énae apiountLew s
acid such as titani umTpropoxi de, Al (0Tf)3, or Yb(QTf)3; wherein the Lewi s
acid i s predddie rangesf fEem@hout A8 ipabau el atolar efnivlsals. Frexamplanhst 1. 0

ol ar %UBV@ thd §PreSSRR G érﬂo@r‘?‘t iAioe! ndé‘oﬁ#&nraﬁ&%%%ofé tapgut 0. 01

t o about ar equival ent's or exanple,”1n an anount of about 0.04
nol ar equi vableneguivatentexXanpkample, the edrabpund ohfaromula (\2)ispreaseot mani ¢

I t t .. JHF, DOE hyl | oride, f le i
ol uone; - at#bou drble SRGH- | ARGORHRENE [ AL GBI ot ur ¢ 1o
about 80C, hehuRXYIPL DresintdR QHlarfiGint dfRaRBLEH D5 MBIcf FoUREMSHIS Ng conpound

of formula (VII1-3), which conpound, in an exanple of the present
invention, is ndothgpregende of anTirgasicrqydnerganic basensuch @s/TEA, BIPEA, r eact ed

compourla priopies N AGAS SBRERL GREAT KRHS. DBieBucli ol 1B SR o)
I's present TGO, MHBHBrgaMlc sBRehaBdéh 8§ ety acaee!t DIES DMF abMAc ¢ 0 nol ar
equi val ents, for 30 exanple in an anmount in the range of fromabout 1.0 to

about 1.5 nidtilarfoeguampleehMy; at artempenpiuse imtherraage wifrops abowid°Cltol ol ar
equi val ent s; ~optionally in the presence of an ani.c or. inorganic
base such ADOHERD Gy BERXIRPI i AeMBEHIS Nibooa % ONSHEPOR S Canpl e
K2003; in i : , THF,
DVAc or N, ﬁ%&? ﬁdyil ]feo(l)lré%pﬁ eﬁé‘#{@g @%a%ﬁer?%m%gx?hea@%%@EP%QE in the
range @0 f rroomateengerafie t® abbold0ER fyeatamplkl toxabosBOT@ ave? ablodt 12xanpl e at

about solvent reflux tenperature; to yield the correspondi ng conpound of
formul a (I-hgurs;go yield the corresponding compound of formula (Vﬁ).
One skilled in the art will recognize that in an embodiment of the present
invention, the leaving group LG’ is selected to provide a highly reactive center
on the compound of formula (VI); such that when the compound of formula (V1)
25 s reacted with the compound of formula (V), any undesired coupling

byproducts are minimized.

The compound of formula (VII) is reacted with a suitably substituted
compound of formula (X), a known compound or compound prepared by known
30 methods; wherein the compound of formula (X) is present in an amount in the
range of from about 0.5 to about 3.0 molar equivalents, for example in an
amount in the range of from about 1.0 to about 1.5 molar equivalents, for
example in an amount of about 1.1 molar equivalents;
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One skilled in the art will recognize that wherein the conpound of fornula
(I), the (S) enantioner at the starred position is desired, the conpound

may be prwpanadissieording to the processes as outlined PoTSSh@o®ss204 and 2
by using the suitably sel ected enantioner of the corrpound of formula (VI).

10 The present L%nventlon IS fu t her . di rgcte to.a Brocess for the
preparation of PROGHF Hhthﬁfprﬁﬁ?'?ﬁﬁﬁ 2 VRYVIS\REF SURN Be&titRRIUD RIAPOXIgey

sel ected | %F’(D erWO@Mﬁhwﬁéréin e Lé\MSYacﬁ@'lseEFe%@n{ P Q&o@hPHPth%UCh as
4-ni tropheny sul'f ony - nitrophenyl -sul fonyl, nesyl, tosyl,

trifl uor oneBhgaef ﬁom abgtut 0.81 fto aboot 1 Qanolenzque/ale‘nbm;for example in an

fl b Lo hi |19
3~ chl or o- bARIOHRLUIIRITOR SLT0 RGPS R S o dedhirARlisa i schere 3
bel ow. 5 i dxani¥iB) in ar dnobht SCassR %@ﬁméroé@l@@bms i dx@fflle e hanol

(either as a racemate or in an enantioneric excess of one of its
cor r espondiGRial¥iaAMOsREr s), a known conpound, is reacted with a suitably

sel ected activatjng I 6@%;{3@0“{&“% ﬁ%sﬁCIq:' bm%g}f-loap%rl Lon ?ﬁbl ?%i%%bﬂ/ner o n

according to known ne oun brmu

LGL is the aleshictsSPOAE,MTHEF SN dgnghymrma?ﬁldlécrsr BMaArpfer exahegieimethaeol;
activating reagent is 3-nit rophen | -sul fone; chl ori de then LGL (the

cor r espondiH@ CaRArAKIrgIn S raneetqfér%ﬁﬁeu Popi tarppeRal e tgapoug solvent

3-ni trqphe QN IS
di rect 29 tgléjguﬂgorﬁé ltlfre fOtr exah{rbéél%F gﬁgon éc’f?f‘gethém rQ{@F{%?ﬁ Qécgrgﬁrrﬁgil t(?VI -9,

wher ei n LGlyigld t%@otregp@mmgcoaﬁmwhﬁmybnmmla (Bn enbodl nment, the present
invention is directed to a process for the preparation of a conpound of

formula (M-S), wherein LGL is 3-nitrophenyl -

VO
20111 019842PCT] USRD1GH (5204, 54 o0yLaR8 AFESIrR S ErBaERYInd KEhupor il 2

(MI-S) is present 1n enantl omeric excess o enanti greater
t han about d¥hpdwrd examppeund prepased byikeowo regibes’s, isfregctedtveith arsantalallyout
50% f r exanp

oo 1 35 ORI red Retmalhi EELhE S (IERS. WHerdl e Torh SSUh S B v ©"

is present in an amount in the range of from about 0.5 to about 3.0 molar
equivalents, for example, the compound is present in an amount in the range of
from about 1.0 to about 2.0 molar equivalents, for example, the compound of
formula (VI-A) is present in about 1.0 to about 1.5 molar equivalents, for
20 example, the compound of formula (VI) is present in an amount of about 1.05
molar equivalents;
in the presence of a Lewis acid such as titanium propoxide, Al(OTf)s, or
Yb(OTf)s; wherein the Lewis acid is present in an amount in the range of from
about 0.01 to about 1.0 molar equivalents, for example in an amount in the
25 range of from about 0.01 to about 0.5 molar equivalents, for example, in an
amount of about 0.04 molar equivalents, for example in a catalytic amount;
in an organic solvent such as toluene, THF, DCE or methylene chloride,
for example in toluene; at a temperature in the range of from about room
temperature to about 80°C, for example, at about 65°C; to yield the
30 corresponding compound of formula (VIII), which compound, in an example of
the present invention, is not isolated.
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5 greater than about 85% for exanple, in enantioneric excess of greater
t han about 90% for exanple, in enantioneric excess of greater than about
95% for weanplmEes4en enanti omeri c excess of greater tharcahsai100892p4 f or
exanple, in enantioneric excess of greater than about 99% In anot her

nbodi t, th t t 0
Sr egalr g?lnon of ea gw‘ﬁ%ﬂﬂﬂ”%f’%%on I g\/lﬂuserl%a% Fré@‘r)?rqc_)té% b:?t FH]f ophenyl
sul fonyl . ldynad OO RO 04 NE kﬁb\ﬁﬁ%bmﬂ Rg)éurﬂ'! bi%bta?éh E()ﬁ kﬁg%OCGSS

for the preparation of a conmpound of formula (VI- wherein L
3-nitr ophenvemﬂsowperemm@m@meound béfarmtﬂm%)jlscﬁresmtmm laa groum)initise pr esent

in enantlorrerlc cess of nt i rrer of ter than about 0% for
exanpi o, | HoR88RLNERoRRTYd e BbuER BJblY B RSBt et Tt exanpi o

i n enangi O@ﬁO@nﬁKQ@éﬁar@e @frﬁa@h%lbdu'ﬂdﬂ) Wutﬁ@mdl@ﬁe@ﬁﬁ@l@h% forn
enantioneric excess of greater than about 85% for exanple, in enantioneric

excess of dPé@atie in RARNRGIO! 200t ﬂdrm@%rﬂgué/aﬁmsenant i omeri c excess of
greater than ab |0%?Fe(§/ Wﬂﬁ ‘of 2} oqggﬂlrc'oqqﬁéﬂg%n%aest% Lﬁ',{h A pgher than
great er

about 98% for eXanp enang onerit excess han about

99% DIFE A rgsieine, lowemgl KPCOs o INseCR(Ifdr@xanpl@ eSO sf ibran bryanic
preparation of t he compound of for wherein LGL |s

3- ni t r opherfpl\@nteyRl@s 184, quriohéﬁeﬁhﬁnﬁéféoﬁét ahF. DMAcReMeNZ pel ow.  LO
HC et Ry 0 difetnyfotthbinfide, fof EkdRple?RIPRE TBa demperature in the range of from

about 50°C to about solvent reflux temperature, for example at about solvent

reflux temperature; to yield the corresponding compound of formula (I).

One skilled in the art will recognize that wherein the process as outlined
15 in Scheme 1 above, the compound of formula (VI) is present in an enantiomeric
excess of one of the enantiomers (as defined by the stereo-center denoted by
the “*” symbol), then the compound of formula (1) will be prepared in an
enantiomeric excess of the corresponding enantiomer. For example, wherein
the compound of formula (V1) is present in an enantiomeric excess of the (S)
20 enantiomer, then the compound of formula (I) will be prepared in an

enantiomeric excess of the corresponding (S) enantiomer.

In an embodiment, the present invention is directed to a process for the
preparation of the compound of formula (I-S) as outlined in Scheme 2 below.
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Accordingly, (R -glycidol, a known conpound is reacted with 3-

ni trophenyl - sul fonyl chloride, a known conpound, in the presence of an

or gani ¢ owoiznarigesizc base such as Cs2003, TEA, DI PEA or ppynisdemmé¢szbor
exanpl e an organic base; in an organic solvent such as DCM DCE or DMA; for
exanpl e at f._% a tenperature in the range of fromabout 0 to about 5C,

yi el d the cotfespondi ng 3-nitro-benzenesul fonic aci 8:¢S)-oxiranyl net hyl
ester. One ski
(R)-gl yci dol
outlined abo
(S) - oxi ranyl nmet

’ N\l oride, as
o yielg the 5correspqndiig 4-nitro-benzénesul f(S)ni c acid
Wyl ester ~CHs I n_an_enbadi nent of the\presenty pgantion,

in any of the glo ‘ N”descri bed here'én t he conpound ¢ kg (M) is
present in an &égantiongri ¢ excess (of iTher t he correNFodi ng| (SP or (R
et than or 10 equal to about 0%e. IN er

enantiomer) of %

enbodi ment, the ‘Conpqyngl of formula (VI) is preseng,in an enantioneric
excess (of either the (S) or (R) enantioner) of greg¥@ than or (¥4ahl to
about 50%e. In another enbodi ment, the conmpound of for a (VlI) is present
in an enantioneric e %f either the (S) or (R enanyiomer) of greater
than or equal tbewbolt I n anot her enbodi nent, 15the conpound of
formula (V) isApfesent in S@n enantioneric excess (of eifther the (S) or (R
enanti onmer) of great r YN or equal to about 85%e. |n/ another enbodi nent,
t he conpound of forngyla (VI) is present in an enantiongric excess (of
either the [S) we (R) enantioner) Of greater than or equal to about 90%e.
I n anot her pnbodi t he conpound| of fornula (VI) ig present in an
20enanti onefic es (of either the (S) or (R enantjomer) of greater than

(VI) is prepent i n enantg o i c pxcess (of either/the I\B),()r (R

l(} o ot her enbodi ment,
either the [S) or gnanti oner) of greater than o
W 2011/ 019B42 BT/ US2010/ 04%3

enanti omer)| of grea N
W) Yys pregent in an enantjomfri ekoessof
al t bout
99%ee. Hgg present” invention | s further diregted fo processe or the
| — (X-S)
H3C\ 0
N
\( CF5
N
[ G
=N NH N\(
—N \ N
N\>(S)\/N

or equal to| abou Yee. | n another| enbodi nent, the onﬁtﬁ(md of formula
an gt €qual] to about 98%e.
t he conpounfd of fq?(m
pr epar at i on| of Cerpounds of formul a (V-A), as outlj ned—l\Kn Schenme 5 bel ow.
(X-S)

(I-S) H,C
Scheme 2
Accordingly, a suitably substituted compound of formula (V-S), a known
compound or compound prepared by known methods is reacted with a suitably
5  substituted compound of formula (VI-E), wherein LG’ is a suitably selected
leaving group such as 4-nitrophenyl-sulfonyl, 3-nitrophenyl-sulfonyl, mesyl,
tosyl, triluoromethane sulfonyl, 3-fluoro-benzensulfonyl, 3-(trifluoromethyl)-
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Scheme 5 Accordingly, piperidine-4,4-diol HC, a known conmpound, is reacted
with 5 net hanesul fonyl chloride, a known conpound; wherein the

pi peri di rwo4ptiydpsak HCl is present in an anount in the Pramgs2@b/ofs2om about
1.0 to about 3.0 nolar equival ents, or any range therein, for exanple at

about 1.5 | ar e al ent the re f ani c or inorganic
bose such TerRepEAUINAICAEH N RsEenBRAToT Bk GiorpheTanesTTaRbnml o i n

t he presen Iﬂ@% anount
in the ran;ég(agéplégo@nggggg?yll}%o to g‘@@éﬁﬁ)EAﬁSéborﬁbngurgféga%rﬁegﬁgﬁﬁ%pd&@da y range

t herein, fdmowmmﬂptfmdsawr@n@nrthemmplwndaﬁ@@rmilaf(k/bli\)aaometseetifnarb about 4.0
nol ar eqU|vaIents for exa e _abhou 4 ui ents; 92

2011/ 01934 ARSI i Fsasahrom Fbott 0% o Sk T R edifvalitls. i

acet oni B |e§oanﬁméhmb%@ﬁny§61]rﬁflb€tﬁeséﬁt i6 RhrRb@itTh the FarRyeddPrémidbout 1.0
acetonitrile, to yield the corresponding 1-

met hanesul ftgrﬂhoub'l @mp&ﬁr@wwtsm@xamm haabsut 1 8ripiabeupdrt enokara- one is
react ed W' t 112407 e% & 9k %‘?\ arfolfio %b%ﬂﬁ?ﬁ?ﬂolé%?{ ﬁth

4- et hyl - ne I'S erit iI'n an-ano range $''am about 1.0

to about 2 0 rmluarth@pt:eseaberuf%n argaaicyorriacvganicisasy moﬁasTEAamPEAn n an
anount in the range of fromabout 1.0 to about 1.1 nol ar e%w val ents, for

exanpl e, i rPYAid Kt _ﬁHoN?OI By, &ﬁjp@ﬁb Kat S, 'fﬂ@ilcﬁoﬁ RECs dOBRYAMBIE a
catal ygpe Q’iaﬁ id SBH/%Et 8GcPat RtF3 e%‘t‘éfQI?I'EC [ﬁ\ﬁFdDMAQ: §n organic

sol vent SUC etate, enzene or ‘toluene or exahpl e 1n tol uene;

wherein t heTI-HIéafot' e&ampiexDMRa ata tbameealtut@lraﬂm%hgalotfabMabelmW@ ny wat er;
to yield the correspondi ng 11-net hanesul fonyl-4- net

h
3,4,5,6,1" ,3bout60sC, @éteéam%abwqmpamﬁuwmtheﬁ@mge @%ﬁr@m 3hpua9° Gxtarrm e of

h I | ed h
R P For Tl R e N U o e e
mor phol i ne robrteftbrafurghd BobulBo 4y lre SeshBiNBlabclisbits, dichepee 1of a

catal ytic anount of an acid such as p-toluene sulfonic acid, in an organic
sol ventl5sudtouss; tbenaldriee coregpaiding lsempopmhd of formula (VII-S).

ggg‘:% ihf?ﬂfzgl ;gpy¢%%3%|1led in heet ér r\}\yﬁjreco%}{]|rz|edt'hat in gnlgmrtg%rdprrqé%t' or}%hevp\)/{r]éscemtmy be

11- et haneSHbérﬂl@)hltr‘Fe F@Wﬁg]g@uﬂ L%@s%ele’etec?to Srovisd 2Ry preddtile 4thtdpyri di ny

| in the next step of T%I_ocess
11- met hane<ai lmrr;mnmomm Bulp G/,IGE,)lst,chh treat wéhendbeaoppaieief formula

(VI-E) is reacted with the compound of formula (V-S), any undesired coupling
20 byproducts are minimized.

The compound of formula (VII-S) is reacted with a suitably substituted
compound of formula (X-S), a known compound or compound prepared by
known methods; wherein the compound of formula (X-S) is present in an

25 amount in the range of from about 0.5 to about 3.0 molar equivalents, for
example in an amount in the range of from about 1.0 to about 1.5 molar
equivalents, for example in an amount of about 1.1 molar equivalents;

optionally in the presence of a Lewis acid such as titanium propoxide,
Al(OTf)s, or Yb(OTf)s; wherein the Lewis acid is present in an amount in the

30 range of from about 0.01 to about 1.0 molar equivalents, for example in an
amount in the range of from about 0.01 to about 0.5 molar equivalents, for
example, in an amount of about 0.04 molar equivalents, for example in a
catalytic amount;
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25[ 1, 41bi pyridinyl is reacted with a suitably substituted conpound of
formula (Xl), a suitably substituted acid chloride, a known conpound or
conmpound Wwoepareesddy known net hods; wherein the conpoundcmesfzmmBzm(Xl) is
present in an amount in the range of fromabout 1.0 to about 3.0 nolar

equi val ents, or a range the for a an a unt of from about
195 Vo about 1. 4N A oiBBgE et suke 8% DEE: @E‘-Aﬁﬁns%%% AD0h1S9RORY out
1.05 nol ar 86K AERAS THF, N,N HWnéth?lf@Kn@a?ﬁl&%eor%Mﬁ% Rfr%h?pl@%éth%%h as
TEA, DI PEA or pyridine, for exanple’in the presence of wherein the

base is pr @awhem\perawranmmetranletdfércmageublfoom temaer@mreﬁocabput a@laamt 3.0
nol ar equi va any,range there in an a in the
fange of 1 EAIRTENGS! Hrajaniid okenpitS Gy FAT rp L eBodRRR o an

amount gf 30Hthd cbrrBBbadiRGebIROBRLSGS formula (-8)an or gani ¢ solvent such as
t ol uene, or DCM Tfor exanple, in toluene; for exanple in the same

sol vent as used in the previous reaction step; 5to yield the correspondi ng
conmpound of for

o hancoul f onviteinbdiata sutabte SUASTHIRE fayne of ormulaviSha kngwa

source of NRGMSSIATDF SoePo@sd pebared b ﬁb@m rﬁ@t‘ho@é&%ﬂbéctem% afsQthaISI;ya”m €,
wherein the source of magnesiumis I\@ , then the weight 10 % of er is

about 0. 1%Sl@ﬁtjtuﬁ@ﬂ cemﬁpn@ of {gfetua (VERE)swhered Bte eampewidial IosMMVR 12, then
th t wh
1 v GBS 4 35 RN o PRSI R BollE8 gt el

0.75 to abonblaBequWeleatﬂs eguexanpre tshe( cempbunéss prestheinnan emooht i the

met hanesul f onyl - pi peri di n- 4- one exanple, in an anount in the range of
15f r om abou@ange @f fremupbert ©0¢o Pbl?2@cfﬂPk?éleSHtV@erF%rf%%@mp@ i ANan anount

of about 1.4,g0hdh ﬁ’éﬂ’%ﬁ’ &Sm aqout%&fb %\ﬁtﬁﬂwgﬁ‘?‘cﬂﬁﬁ%@jlvﬁeﬁ@%ﬁucr‘ as

TEA, DI PEA or pyri |ne or exa erein se I's for exanple
present i n exangteuintar ambhat ofaatngtdfOFo nuotaradquivalént®; t o about 5.0 nol ar
equi val ents (rel.atives to the noles of ,1- 20, . :

et hand2ul f ony ! -IBiURE PIRAERH 5 Adyewip GHRICL 4GRS ek praneiise: AHOTRe Fange of
from about vh@f; WH@%m‘ﬂh@L@Ws%cu&%b?@eﬁmrﬁan BHfOL@%WeerenH@ o?"ﬁro?ﬁmunt of

about 3.0 nolar equivalents; in an organic sol vent suc
or chl or of atgut Od}1 t@@bquté Ooalar equiexlens, é)ra&xaanplemmenmmtnmnthme r ange

of from about 20 t ield the. correspondi ng, magnesi um
. et hanes PraaT o A58L0 6710 Shont b sipiRsieHCiy BBE B RRerD e Bha B und. i n
an exanpl e grhotiMtefRIDBYEDI04 MvRIMdRIald1fs, foﬁ@kaﬁr@qb mTéﬂea fReFhot;

1- rrethanesulfonyl 1,2, 3, 6- tetrahydro-pyrldln -olate is 30reacted with a

sui t abRP substi t'Ota@cprgaﬁﬁcﬁ%\tﬁrﬁﬁUﬁbraﬁfdpbleom THFaD&E QémQ}hldaib%@thu*ﬂéd acid
he compourd SFBEAT A ESes & & VREHR el R FohcR ol A HdeEh rang; of from
S50 s B A ik, sy ras b .
corresponding compound of formula (VIII-S), which compound, in an example
of the present invention, is not isolated.
25
The compound of formula (VIII-S) is reacted with a suitably substituted
compound of formula (X-S), a known compound or compound prepared by
known methods; wherein the compound of formula (X-S) is present in an
amount in the range of from about 0.5 to about 3.0 molar equivalents, for
30 example in an amount in the range of from about 1.0 to about 1.5 molar
equivalents, for example in an amount of about 1.1 molar equivalents;
optionally in the presence of an organic or inorganic base such as TEA,

DIPEA, pyridine, Cs2COs3, Ko2CO3 or Na2COs, for example KoCOs; in an organic
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for exanple, in an anount of from about 1.0 to about 1.5 nolar equival ents,
for exanple in an anmount in about 1.2 nolar equival ents; in the

presence wb 2an/mpggani ¢ base such as TEA, DI PEA or pyri dipaog/uskaw/oeseadpl e i n
the presence of TEA, wherein the base is present in an amount in 5the range

of fromabo 1.0to a nmol ar equi val en y ge therein, for
exanpl e, rﬁﬁﬂﬁﬂ@sqﬁx‘t ﬁ%e}‘%d@ ehen gﬁ&@ I]_F'Flﬁw"lg Oéi}@gt 4.0 nol ar
equi val ent Sd|mfeﬁ‘}’€ I%ﬁ'ﬁh@e'far éfbrﬂﬁleUthIPﬁf aﬂQQ&hﬁérﬁuf@lh%he%h@éé{’ ﬁ’Bi‘nS I'n an
organi ¢ sol vent such as tol uene, DCM or chloroform for exanple, in

DCM for exabopit 80P to hbosbs@vet reﬁux taepememreg fortexampleat absutlsblesdt i on
step; to yie e correspondi ound of formula The
conpound ofre¥‘§f£ﬁm%er@%l'rp) q3§'eld2tg€ GO eRPPRd 'Wcﬁoé%?%do‘g‘)%f%u'@o@ spondi ng

salt, fgr exanple hydrazine, hydrazine hydrochloride, hydrazine

di hydr ochloride or hydrazine sulfate, for exanple, hydrazi ne hydrochl ori de,
a 15known conpoudile shed én thet dvd will cacagnize that wberailsrﬂmldd)mgtosadpfi s present
in an anpu e, range of .from ahout, 0.5 to.about | ar e Ients
oy rondbrblal @y e R e Bhuhh TR B Sahed Adi P T aedirBa s S R L bous
0.5to abOLHna)?b@ p?@bé‘ﬂed%ﬁo\/cﬁhgfﬂéﬂ)e b@foe@%@é@é@utli’he@ﬂn@ﬁh@ﬁies@f apgaut 1.0
nmol ar equi val ent; 20in the presence of an inorganic or organi c base such as

NaOH, NaOCH®, usag tsusuitably selepted @ﬂarﬁgﬂmemféhe p@mp@waﬁmféormulawl)pr esence
of 1IN ggueous NaCH, wherein the base is present in an anpunt in the range
of fromabout 1.0 to about 3.0 nolar equivalents, or any range therein, for

exanpl e, the basknhd pregeasienention Mu&ﬁeudtrectedabglﬁro&eéb fdbtraé)ptepalaﬁomnl ar
equi val ents, for 25exagPI e in an anount of, about 1 nol ar equi val ents;

o Vet aformpaund BT orml DANPECEIaN G Ay sHHtably SHREREHGIING BFoGH
The. cor reepo B SaRabll iKbb R A A ey P 2 o
D oy eoctre ““’“‘*““&%‘-ﬂi‘;‘.ﬂ";’( o ey

| | | S u |
| f R eSS S O TR DPB A Sl 1 BT bR RSSO ey
or by 1 eCr ystabhbasbbFoncsRoAIELOANBETAUSAALY 84520fed i Schbe

enbodi ment, the present invention is directed to a process for the
preparati orb&b@Wa conmpound of forrmula (V-S), as outlined in Schene 6, bel ow

1
HO\/*AO - LG% O

(VI-A)
Scheme 3
20 Accordingly, oxiranyl-methanol (either as a racemate or in an
enantiomeric excess of one of its corresponding enantiomers), a known
compound, is reacted with a suitably selected activating reagent, such as 3-
nitrophenyl-sulfonyl chloride, according to known methods, to yield the
compound of formula (VI), wherein LG'is the corresponding leaving group.
25 For example, wherein the activating reagent is 3-nitrophenyl-sulfonyl chloride,
then LG' (the corresponding leaving group) in the compound of formula (V1) is
3-nitrophenyl-sulfonyl.
In an embodiment, the present invention is directed to a process for the
preparation of a compound of formula (VI-S), wherein LG' is 3-nitrophenyl-
30 sulfonyl. In an embodiment, the present invention is directed to a process for

the preparation of a compound of formula (VI-S), wherein LG' is 3-nitrophenyl-
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Schene 6 Accordi ngly, piperidine-4,4-diol HCl, a known conpound, is
reacted wi th net hanesul fonyl chloride, a known conpound; wherein the

pi peri di rwo4ptiydpsak HCl is present in an anount in the Pramgs2@b/ofs2om about
1.0 to about 3.0 rml ar 10equi val ents, or any range therein, for exanple at
about 1.5 rmI];;l entﬁ?ﬁ) o) 201% gé)% &l 82010/ 045204 |p t he
presence ofSUiR n)sl W e MHOPYARPENB R KSSSeRHNEABNIRASHE 3,
TEA, DI PEA @Jceeybrm@@) drintiBNRIR Grédtet HArPASSRNOE, BF eRaBRS, NaHCOS,
wherein the base is present in an anount In the range of fromabout 1.0 to
about 5.0 mmlomuc\ﬁmceasgf gt&atarnt}nanaahg)@tﬁﬁ% éornexampleane&mniloaénermw anount
in the range of t 3. r,[g 4.0 Im)l ar erﬂw val ent s (ﬂ%r exanpl e
about 3.4 §§|° ﬂf%a han aqu R ??‘ad“BSr e OO XSS it ri | e,
net hyl ege cjrbafdrdean Qbo@ﬁ%fi%ofd@re'%brrfm?é |ﬁ>éﬁ@ﬁh@rn'eﬂc%€<§é§§1bigﬂe|a€er thQn yield
the correspondi ng 1- nethanesul fonyl - pi peri di n one. 10

1- net hanesLﬂtf%llﬁ)‘t)%/p|f9|éﬁ3¥&mﬁle4lrbﬁ'éant@m@%€b@é@sﬁiQf@rﬂatﬁéihﬂﬂ @bcmira&% ner a
known conp r I S unt in
the range o#& i (%\nh@b%u t@ﬁ%r@o aég%tdgh%%'l tlﬂgﬁeaeaoﬁjltggﬁéngﬁe*%&ghg{?ange

therein, fanaxXiemerie éxtess ohgrasmer nhanterbbuwe%a of fromabout 1.0 to about
151.1 m)l ar eqw val ents for exanp in an anount. of about 1.0

equi val ent s; In ang Qrf%n%?@g@rﬁ‘éethﬁfprﬁs%ﬁt'%\f%tp@ is fiygRiedde aaﬂroc%ﬁ%f%ruch as
p-tol ugge StH!a &')é:ra?r h & al Lf?fog@f”fb g3l (& \%) HeRiAE FLBNiRG

héxh
benzene or toI uene, or exa ein to ene erein the reactloﬁ mxture is
heated to amﬁonylopncaﬂ ¢mbodimand, meypmaemrlnvermqn isldireichesd twoa pexgesadong

11-meth | f 1-4-
3054, £ o 3he YORaTaRon B AXHaRRANSRTTermulg: (X R)aMAeTeIn 3 R 3TN eIl & of

the processgjifgn{iodnd $AEASISthe compoufB®f fdrUISVILR) IshsredEht Wi dnantiBRfegiRi Z€
that the 1-nethanesul fonyl -pi peridi n4-one may al ter natively be reacted with

nor phol i ne €xXcass ehtheofR )wenantipmertaigreatee than akgyt Q%, fphexwrrmn@e of a

o oant o5 or Aoath YheBa s tktef el il B, 467 4kerle” i dhtion e
rre:) h?nfsrl B@gbéstbﬁgré’at@rmwaﬁwvgwm dxamﬁmy%m@ménm@ceebl&h may be
supstitute or e

11 net hanedieaghyhanakeyt3o 3far example, in'engntigmere €xreeH of Fepier4nan pyri di ny

1+ et haneotio BT Jor ey oS B BIVIR: exgesg of grpay g appt 9% for

[ 1, 41bi pyr igkiamydle] in errmmbmérwesxicees ofigtesteythankziout 98¢4 fooexaroplé, of fornul a
(X1), % sui t abl y supstituted acid hI ori de g known conpound or conpound
prepar €8 byENANGRMEHEG1588S OhAEGASM H@Q%lﬁ% hd of formula (XI-S) is

present in an  The present invention is directed to a process for the preparation of the
compound of formula (VI-S) wherein LG'is 3-nitrophenylsulfonyl, as outlined in
more detail in Scheme 4 below.
O-N

HO

0
. S—O
N\WR) g

\Iluu(-s)<(|)
25 Scheme 4
Accordingly, (R)-glycidol, a known compound is reacted with 3-
nitrophenyl-sulfonyl chloride, a known compound, in the presence of an organic
or inorganic base such as CsxCOs, TEA, DIPEA or pyridine, for example an
organic base; in an organic solvent such as DCM, DCE or DMA; for example at
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anount in the range of fromabout 1.0 to about 3.0 nolar equival ents, or
any range therein, for exanple, in an anount of fromabout 1.0 to about 1.5
nol ar equwoabamtigss2f or exanple in an anmount in about 1. @BTrISk@w/045204

equi val ents; in the presence of an organic base such as TEA, D PEA or

pyridine, for 5 exanple in the (%resence of TEA, wherein the base is present
in an anourﬁtqmpqrﬁ@r?é@@@ BINgerfriTorn sleut 0 6o eBouL G, Yield the ar equi val ent s,

O (30 ! AN idigbRlfg I AicuATRl BouliBCRTRY Kty HEN|ABGEr OBkl O abou

1.0to abou equi val ent’s le in’an a about 1.1
nmol ar eqw vakdilleatia the lartamllcuegagmz;e Hdtweah asatdyoas probe&sjéR) DiEidu rT[i@M for
exanple, in 10tolu e.int ane so t as used |

rovtous 1 DEtEAGHONER A-FoRRaNUS SR 6FIPERBoRRIDHY " E8 ABONR O g R a
(XI1-9) 5 Al dpidapbhdfigys- n&rdrsémz%?%%uIfef)mexéc:ToO(saecwyngrrﬁetﬂ Fedtérreacted with a
suitably sel ected solrce of magnesium such as Ml Br2, for exanple,
15My12; for exanple, wherein the source of magnesiumis I\/gBrZ then the

wei ght % of vvateir i S aE 8 t\bﬁ and fo exag&l e vvhergl n the source of
magnesi umis My 12" THER @%Pr%eé? INY&DEP" R AW PTG PECESE hmgnesi um

i's about 1%eseABedMherdh Ntheh®rasolirkEolbriBIRINGA) BPreSemie @dndntiopferRmount i n
the range of from about 0.75 to about 3.0 nolar equivalents (relatives to

the nol es dixcess $0f eithen e canressnding () ordiRy-enastiemery ofgrertarninan or n an

amount 4N t f o v for
exanpl eb mé@r?l ?61”%80 Oo%égbcl)'ﬁ?%&?} pfigé’;a'@gﬁﬁ% 8%@?8[1% O?M“Lﬁ%ﬁ\z)g? esence
of a base gireSeratsin BrrendoltiBhrerier exvess doheither aiie €Xpom(R) etafitionteeyef n t he base
is for exanple present in an anmount in the range of 25from about 1.0 to

about 5.0 rAsPaler e 95@@%@0@@%59%@@ {18 apihafaragodment, the compotind
et hanesul gtk REY S ofedbrein drhBHRARIRoeld GURBPHY (Shfbrig r ande of

from about ar equi val ent n"anount of
about 3.0 r&ﬂmrtloamn)ofagreata thannoaeqoalgamtcowGBV&H Irsanbtrm eDddddieRt,or
xanpl e a ate erature in.the range

hi f f
o T o it B LB0E ARG AV kIS PySaaT T B hgnHeg DR s b RL
1- et hanesqhéqg{gzér @R)zer?’arﬁrorﬁe% 6?5%@[&'@55'&@%&@ %(ﬁbt L&D FPAMSHAA, 1N

an exarrpl e of e pr esent |1 nventron, not i sol at ed
2011/ 01984zammz>djsmmhe4@mmundeofrfagn@l@| (Vi) is present ln an enantiomeric

1- met hanesul f an 3.6-tetr dro ridin-4-9 is reacted w

sui t abl y SL%@FF%/&?H—%%&SP‘R)%@ ra(%fe&aﬂ?d %‘e( fgs‘?a{eétg?ﬁ pLBfYal te&&%ﬁ ut ed
acid chlorigiBeed knanothep eRboHMEent, W@Mbduﬁd@PﬁirﬁﬂJlé)WIB@wesénﬂmtéWdS
wherein the conpound of fornula XI- resent in an anount in the range

S
of frorPabgiantiomeri exsees (o @thﬂﬁlﬂéﬁ ( )qu (\%IW@OW) efrgreptaidean Rérei n, for
exampl e, 1 1y QNG @iy 66 O BRGMEr LrfbdkfinBhOWle AoRoBBhA RIHINEY LS, for

exanpl e in ah anoun ar equrvalents
is present in an enantiomeric excess (of either the (S) or (R) enantiomer) of

greater than or equal to about 98%ee. In another embodiment, the compound
of formula (VI) is present in an enantiomeric excess (of either the (S) or (R)
25 enantiomer) of greater than or equal to about 99%ee.

The present invention is further directed to processes for the preparation
of compounds of formula (V-A), as outlined in Scheme 5 below.
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in the presence of an organi c base such as TEA, DI PEA or pyridine, for 10
exanple in the presence of TEA, wherein the base is present in an anmount in
t he rangewofofwss4sabout 1.0 to about 5.0 nol ar equi val eRCI/USRI104M3204 ange
therein, for exanple, in an anount in the range of fromabout 1.0 to about
4.0 nmol ar equival ents, for exanple in an anmount of about 3.0 nol ar
equi valents; in an organi c sol vent such as toluene, DO DCM or chlqroform
for 15 exanplé_ﬁ D(S:E(l for exanple int sanme solvent as|use@ in the
op-ste

previ ous rea p; te ¥%§k£ t he qorrespondi ng conppund of MBrmll a
(XI1-S). The ¢ und of ¥d (X1 is reacted with zine qr its
correspondi ng|sal t, Qg exanple ﬁyd azi ne, hyara2|nb hygdr pchl qri de,

hydr azi ne 20d ochl ori de or hydrazi sul fate, for eka N 7 hydr gzi ne
hydr ochl ori de, known conpound; ergin the hydrazine pr cerresponding

salt is present 'in an anount in tHe r&dgeHof from about| 0. 5S0¢Clabout| 3.0
mol ar equival ents, or any range/fiherein, for exanple, ip an anount ijn the
range of from about 0.5 to abgut 20 nol ar equi val ents, for exanple in an
amount of about 1.0 nolar 2%equiwal ent; in the presencd of an

i norgani ¢ or organi c base as OH, NaOCH3, KO -Bu, TEA, |DI PEA or
pyridine, for exanple in/the esence of 1N aqueous NaOH, whgreinithe base
is present in an amouny in the rMinge of fromabout 1.0 to abqut 2\Q nvol ar
equi val ents, ar any r#nge _thereih, for exanple, the 30base iq/resert in an
anount of abqut 1cf,to aboyt 1.5 nolar equivalents, for exangle gﬂ an
anount of abqut 1|1 nolar dquival ents; WO 2011/ 019842PCT/ US2(Q10/ 4%204

in a solvent [or _atxiure of |solvents sucQ)as et hanol , net hanolY, | PA or

et hanol / wat er] xturle, for |exanple in anyethanol/water m xture; to yield

t he correspondi npound |of formul a LDL@ . 5The conpoung@ of dormula (V-S)
is optionally isolNated accdrding to K¥own t hods, for exdnpl el by
filtration. The canmpound of| for 8 i her optr0 AMrt her
purified accqrdyng o knowrl net hods, fqxl)exanple by col hr omat ogr aphy
or by recrystlal |izat)ion. 1(QThe present invention is fur R directed to a
process for tlhe pgeparatiorl of conpounds of fornula (V-A) jas outlined in

nmore detail iln Schene 7 bellow. SO,CH
OuCH, 2LH3 (X1
Ar @)
H,N—NH, N s
or N7\
> N/ I @)
H,N—NH, salt N
H (V-A)
Scheme 5

Accordingly, piperidine-4,4-diol HCI, a known compound, is reacted with
5 methanesulfonyl chloride, a known compound; wherein the piperidine-4,4-diol
HCl is present in an amount in the range of from about 1.0 to about 3.0 molar
equivalents, or any range therein, for example at about 1.5 molar equivalents;
in the presence of an organic or inorganic base such as KoCOs,
NaHCOs, NaxCOs, TEA, DIPEA or pyridine, for example in the presence of
10 aqueous NaHCOg3, wherein the base is present in an amount in the range of
from about 1.0 to about 5.0 molar equivalents, or any range therein, for
example, an amount in the range of from about 3.0 to about 4.0 molar

equivalents, for example about 3.4 equivalents;
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LGILGL // NNNNHTrA NI SOQ2CH3 (XVIl) (V-A) - Schene 7 Accordingly,
1- met hanesul f onyl - pi peri di n-4-one, a known conpound or 15 conpound prepared
accor di ngvoaofianszanpl e, the process outlined i n SchempCTASalIOWeE204 S
reacted with a suitably substituted compound of fornula (XI11), a known

conpound or conpound prepared known t hods, wherein the, conpound of
o X1 TS TR bR Yoot S Ao e et g e G S BBy 10"t o

about 2.0 r@h%f&ﬁﬂ}f&a&@a}ﬁ.ﬁn&(@ @lcBtdnitfile, %o bR AR &6rrédpohifRy fianesul fonyl -

5pi peridin-4-one), for exanple, in an anount in the range of from about 1.0
to about 2.roetnanesuléanyil-piesdirs4-dne. exanpl e, in an anount of about 1.0
nol ar equi val ent s; I n the presence of hydrazine or its correspondi ng

salt, for exanple, hydrazine, hydrazine hydrochl oride, hydrazine

di hydroghl or i de e hyéthahasulfdsibipriiglin-4 @heax agmdted Withd-a7étRe- _
hydrochl ori de, a known conpound; wherein the hydrazine or corresponding

salt is preadeeriding aknewssemaayndnwhesgigdhef-metyi-pipslidine i§ aresedaens. o
nmol ar equi v, Y t I - -
e neou) ARG WAt atde'r fn\ Ao I E® Mok 2.0 molar equivalents, of A, 2 ge of

from about ran@e tiveralgtidr dxdmpreliaanegtbwst ietihe rarfge ofefkampliut 110 enasaiunt  of
15about 1.0 nol ar equijval ents; I n an organi c solvent such as

met hanol , eb-haRRIAr sAUVRIRNS: dor xaiRpieeNeAmampLNt phabaikahBieduialeteenper at ur e
o oo LSRR B (donle ol e gt dbrat bRt e
formul a ( X\8ulfonic acid; in an organic solvent such as ethyl acetate, benzene or toluene,
for example in toluene; wherein the reaction mixture is heated to azeotropically
remove any water; to yield the corresponding 1'-methanesulfonyl-4-methyl-
3,4,5,6,1',2',3",6'-octahydro-2H-[1,4"bipyridinyl, which in an example of the
15  process is not isolated.

One skilled in the art will recognize that the 1-methanesulfonyl-piperidin-
4-one may alternatively be reacted with morpholine (instead of with 4-methyl-
piperidine), in the presence of a catalytic amount of an acid such as p-toluene
sulfonic acid, in an organic solvent such as benzene, to yield the 4-(1-

20 methanesulfonyl-1,2,3,6-tetrahydro-pyridin-4-yl)-morpholine, which may be
substituted for the 1'-methanesulfonyl-4-methyl-3,4,5,6,1',2',3',6'-octahydro-2H-
[1,4']bipyridinyl in the next step of the process.

The 1'-methanesulfonyl-4-methyl-3,4,5,6,1',2',3',6'-octahydro-2H-

25 [1,4'bipyridinyl is reacted with a suitably substituted compound of formula (XI),
a suitably substituted acid chloride, a known compound or compound prepared
by known methods; wherein the compound of formula (XI) is present in an
amount in the range of from about 1.0 to about 3.0 molar equivalents, or any
range therein, for example, in an amount of from about 1.0 to about 1.5 molar

30 equivalents, for example in an amount in about 1.05 molar equivalents;

in the presence of an organic base such as TEA, DIPEA or pyridine, for
example in the presence of TEA, wherein the base is present in an amount in

the range of from about 1.0 to about 3.0 molar equivalents, or any range
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20l n an exanple of the present invention, the conpounds of fornula (XIV)
and (XV) are not separated. In another exanple of the present invention,
t he conpowodstiafisdser mul a (XIV) and (XV) are not i sol at e@dCT/iseowiox32o4 e of
t he conpound of fornula (XIV) and the conmpound of 25 fornmula (XV) is

converted tp the correspondi ng co undg of formyla (V-A),accordin 0 any
of the fol IBsiely PESkRTBR. Lol AL M saosoirealn bl 56aau Rt
detai | bel oyp|aMahlREIeMts, fGPBxaplcuh@rPAmblRt SCIRAHAN RoldedqiN ekt V) and

t he conpound of fornula (XV) I1s reacted wth a suitably selected activating

agent 30such as iB@p,orgapicisplvert/sush@sHglueher D&taapDEMIfr ek@mplenin he

oo e L AR MR s e85l o ETDARRY ohudedicst 2 5

to aboup 2.tg yiglH #ie eatEYFRING cofmPouRd dTRbrenuld XAN amount of about 1. 25
nol ar equi val'ents; in an organi c solvent such as nethanol, ethanol

or isopropanol, for exanple ethanol; for exanple at a tenperature in the

range of from abahgdfife o ARRkANdSREh QUBEFARY Bne'OrAldlyiid Xt ure of

t he correspondi ng conpou or mu € ‘cor respondi ng conpound

of formul a duidbly)seledted goorca Glmagnésiens sucie apMglh vg MgBry] fog egamipie, Wer ei n
the m xture of the conmpound of formula (XIV) and the conpound of fornula
(XV) is reddgledfoniexamaie Whereh thesquscept mgapgsiondis MaBre then the weighbr with
12 or / N X3y I o/ ] - Q&R& | a
(XVI) éﬁd t he coaé%#c:ﬁnrhéjoc%Ofﬁéha?%@ﬁ%%é@ﬁ%g@gh&wt go%?é@;rﬁr{:e%gn

i nor gani ¢ haddglsuban dze sedjhidt DO wmetdraritde sosms afm agmegioxiid@bopbl dssi um

met hoxi de,%%ta Si ur’r}t-butoxi e, KOH, NaOH K2003 Na200§, %52003
pyri dine, I WBPISEAING %Qurem?rpmneg'%% RISSSAbIN 41 8BIAWY BhNrTa888(%m
met hoxi de; pkiRTRiolt biTe t@'&dﬂ"u@b'.@w%%duﬁvé?érf@e(%laﬂi%s% tAEPHGIEs o 11 he range

of fromabout 1.0 to about 5.0 nolar equivalents, for exanple in an anount
i n the rangseiblanesdiforheiner@indtanegbionexaswld imanameuyliindhe rangd ofr

Cor vent SsudFHBRBY Tl 8 20l g, B BlasPls. 8150 e dp anmrBufliafor ™"t o

exanpl e, ataROYL2 FRPHR 4 émstre; to yield the correspondi ng conpound of
formula (V-A). 20 thod B: The m xture of the conpound of fornula

(XIV) and the cdfeuptEssNceabasesoeh as TEAaDIRBAGTIYTEiInsuTer@aMBlel ect ed
oL e o PR naat Ao e (Pl kel ARy FAEREAORER 1oL,
3.0 nol ar empm\adoatt © tofavout 5.0 molar equivalents (relatives to the moles of 1-
20 methanesulfonyl-piperidin-4-one), for example, in an amount in the range of
from about 2.0 to about 4.0 molar equivalents, for example, in an amount of
about 3.0 molar equivalents;
in an organic solvent such as DCM, DCE or chloroform, for example
DCM; for example at a temperature in the range of from about 20°C to about
25 40°C; to yield the corresponding magnesium 1-methanesulfonyl-1,2,3,6-
tetrahydro-pyridin-4-olate, which compound, in an example of the present

invention, not isolated.

The magnesium 1-methanesulfonyl-1,2,3,6-tetrahydro-pyridin-4-olate is
30 reacted with a suitably substituted compound of formula (XI), a suitably
substituted acid chloride, a known compound or compound prepared by known
methods; wherein the compound of formula (XI) is present in an amount in the
range of from about 1.0 to about 3.0 molar equivalents, or any range therein,
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25 exanple, in an amount in the range of fromabout 1.0 to about 2.0 nol ar
equi val ents, for exanple, in an anount of about 1.25 nolar equival ents;

i n an or gaoieligabssent such as net hanol, ethanol or i sopProparsedip/ofznd exanpl e
et hanol; for exanple at a tenperature in the range of from about 10C to

about roomtenperature; to yvield a mxture of the rrespondin onpound 30
of T or mul & PRGRIMAISH T R CETLp SRET AEO AR A0 T BUPRET SOURGTS. Tner ei n
LGL is the S@mRQsROBAIdMSoURAY aBEUET QURolaYegURKEHtSe m xture of the conmpound
of formula (XIV) and the conpound of fornmula (XV) is reacted with Br2, then

LGL is Br; with inize presence@f ansorghnicdrasgi suehlss deAlRIRBACHDYritmenfarGl i s
. WO 2011/0Q19842PCI/ US2010/ 04 . e mxture of the caonpound of
Formil a (OETIRG T RS REIEOERAT SEA BRIFE 0RUPRS 15 resteb Koea by Ror nal
conver sgon;th&@an @ffﬁbmat@duta.@Wﬁ@é@tsl.o(?nd)l@rbb@ivél@ﬂ%d?fan?fréﬁg@bOUt 0Cto
about solvent reflux tenperature, for exanple at a tenperature in the range

of from abdberesdor gxamples irsan \@@ﬂﬁurﬁﬂﬁéfhmwrlgérﬁfém apeut 1 9 tarpbeug4d ¢
sol vent - such ap eﬁEhQ?éﬁ?%,’foFéQﬁrﬂgie iR'an SHBLAE out’3% n?df&ﬂ‘éédmﬁv%ﬂ%“o' , for
at abou enpératur o yreldt i

exanpl e, room e, e corresponding cofpound of

formula (V-A). Netamastg@niclduiventsuioh asabluche, DOR®ON @fcHigofarha féeXl V) and
the 10conpound of fornmula (XV) is reacted with a suitahly sel ected

oxi di zi ng &yempleupPeaY: fprosxantpie,in 8 seakiso/vans @ used(i Brepfious

K3[ Fe( 6] g\nﬁ{ i ingli Z ' I unt in the
range o frrg?né oﬁﬂtegowgﬁte gf‘ﬂg%ocﬁitrr%%p gggr@padr&%%{ﬂ?@g efr?th@?%&?ﬁgxarrpl e, in an
anmount in the range of fromabout 1.0 to about 2.0 nolar equival ents, for

exanple, in an unt of abo 1.25 l.ar _15equi.yal ents; . in an

or gani ¢ sof ven: - Uromgonas phlesmiuf2 R B redred Wiloekaghne arde exanpl e
ethanol ; f orREABRUR gl fIraiRe e WBrdZhd, M dF 9E hPdrochRIRd@PAYdrakife to
about roomtenperature; followed by treatment with an organi ¢ and I norganic

base such aﬁhsgugohllbtidemmdmzmm sléate uier exaompds inydrazios as@mmgﬁshehaxi de,
i - ide, K K2 Na2 i di TEA,
Dy pea. TPor Koo RanBEendotbebRbie ebetine BB SO Psaf tment B3 Bieser Mty vi

the al coholdrhol@sig thé raisenfrormmbdut M dbdn 3.0 endlaneguitdlehtsoBr arput 1. 0
to about 5.0 nolar equivalents, for exarTFI e in an amount in the range of
0

from about range therabier @eraple, ormAMeyHE aiherfesge of MernapPe, 0-pioan anount
of about 2. JIpbs i ¢liENbs for exanidle AaR BRI of BbYEN 0GR, 28
, for exanple ethanol; e, at

nmet hanol , et'handl™ or 1 sopropanol or ‘exanp

about roomeqigzdedture; to yield the corresponding conpound of fornula
(V-A). 30 Method D. The m xture of the conpound of forpmula (XIV) and
the coffound of PESRIESENRE)OT 28 IPQEISNIORMPTORNIS qw@%@a@?{{ed oxi di zi ng

agent such 2 % % qh Ip—lirq% ( D3I t &6d5 1 \vher ei n
the WO 20115 %2%2% 52 /02?2%%0 i P%’iﬁﬁg ageﬁtéjlpsﬁ[é)we?%ént |6(ln an anount
i n the rangeusbusMNaEbaberdn the basd mupre3edt imdraameqgat wahemasge bbfroexanpl e,
in an anount,_in,t ran f fromabout 1.0 to about 2.0 | ar equi yal ents,
For - exampl &b A8 SmaaoRadvaishisar ahy e nedatts PrsrAne o Gan <
sol vent suqdhsss RELEM aniniéiflof @bolif PRY ORI 1.5 Rlolar equivalents, for
25 example in an amount of about 1.1 molar equivalents;
in a solvent or mixture of solvents such as ethanol, methanol, IPA or
ethanol/water mixture, for example in an ethanol/water mixture; to yield the

corresponding compound of formula (V-A).

30 The compound of formula (V-A) is optionally isolated according to known
methods, for example by filtration. The compound of formula (V-A) is further
optionally further purified according to known methods, for example by column

chromatography or by recrystallization.
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exanpl e ethanol; for exanple at a tenperature in the range of from about
10C to about room tenperature; foll owed by thermal conversion; for
exanpl e, WO a1ttapgaer ature in the range of from about OCPCO/imb@wn4z0d vent
reflux tenperature, for exanple at a 10 tenperature in the range of from
about 25C to about solvent reflux tenperature; in an organic solvent such
as net hanol, ethanol or isopropanol, for exanple ethanol; for exarrple at
about room te”p%%tnuérﬁbo&i?néﬁteﬂh@ 488 SR UERRATIYI NG CRRIROH BEbcss o

(V-A). 15The conpound of fornmula (V-A) is optionally 1solated and further
opt i onal | y prepanaivsdffareampbigndchoikionmela @eSorati outlined knSahenretth dadqw f or
exanple by filtration. In an enbodi nent, t present invention is
directed to a process for the 20preparati on of a conpoungt of forjmula (V-S),
as outlinedH e detail in Scheng 8, bel ow. N[...|].. MEDN-INH2 | or
S2CH3H2N- N al t St 8 Accor di ngly,
1- met hanesul f onyll- plkmr‘_d‘lnﬁl_'ﬁne a knowr—Tompotnd |or ound |pr epar ed
accordi ng tolfor exarrpl e, the pro outlined in Sgh abovle, is
reacted with aNsuitably substituted| conpound of fornmula (Xl II-S)|, a known
conpound or co'ﬁ‘pound prepared by kn®sWtHyet hods, wherlei n SGy€Hgonmpound of
formula (XII1-S) is present ipan anobunt in the range of fromabout 1.0 to
about 2.0 nolar equival ents fpgl,ative to the noles of 1-
met hanesul f onyl - pi peri di n-4-one), for exanple, in an anount in the range of

Cl 0

CHs; o) (XI-8)

CF;

Cl

N FsC

N (XI-S)
N CF,
SOCH;  (XII-S)

FsC

H2N_NH2

0]
CH
or e

H,N—NH, salt \
; H (V-8)
Scheme 6
Accordingly, piperidine-4,4-diol HCI, a known compound, is reacted with

methanesulfonyl chloride, a known compound; wherein the piperidine-4,4-diol

HCI is present in an amount in the range of from about 1.0 to about 3.0 molar

10 equivalents, or any range therein, for example at about 1.5 molar equivalents;
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WO 2011/ 019842PCT/ US2010/ 045204 from about 1.0 to about 2.0 nol ar
equi val ents, for exanple, in an anount of about 1.0 nolar equival ents;

in the prweentigfs2hydrazi ne or its correspondi ng salt, pPCOruSexiamgs2e4

hydr azi ne, hydrazine hydrochloride hydrazi ne di hydrochl oride or hydrazine

5sul fate, for exa hydr azi ne hydrochl ori de,, a known c nd; wherein
The hodrazi ve oin g5 Prsabia ot anBEN Sl TGENE Fase B RECOR  he. ance. of

from about Nafcty, RBQ@@B?'TI@A”DWEA%(HWVQM%“?& a3 iy e resBRcaBf €s of 1-

met hanesul fonyl - pi peridi n-4-one), for exanple, in an anount in the range of
f rom about agueous Mﬁdﬁ@s,lwaermmel@aﬁﬂﬁapreae@t infaor aregenpindhe irangmobmount  of

10about 1. val.e in gn_organic _sol vent Sug h as

met hanol , 3’5 ﬁg’P gﬁuq bqugl% %Q}ﬂﬁﬂ%ql@(‘ﬂgﬂt& of pRY T Ieée'gt 05 t enperature
in the san@mprérmmr inlfe rafg él@ﬂ%r’rﬁﬁgoutt@mtb%'b@umf@ mblgre of the
correspondi ng conpound of fornula §XI V-S) and the correspondi ng conpound of

fornmul a ( X\e®yvalamsniosexarie BBOWf ﬂrﬂﬂtwaé@@ﬁt i nvention, the conpounds of

A X ¢ n AR Jo e sOgh o .ﬁ@@@f@%ﬁ@gwe of the
present invention oun S of orrru are not

i sol ated. Tdmorotort)fer @famhe in @eptomitdleyfto §i@ldrtHeacdridspobdirgnt- t he conpound
of 20 fornul a (XV- converted to the correspondi ng conpound of formula
(V-9) accorrﬁﬁh‘@nﬁéu@W' HiParidn-fNwi ng reacti on sequences, Methods A
throughgD as outlined in detail below. Mthod A: The mxture of the
conpound of forrmula (XIV-S) and the conpound of formula (XV-S) is reacted
with a suitably He tenetianesulicatyi-pgpenigens-anesiaceacied Brith, 4-Gigthyl?, 12/

NaOCH3, for .exa ErZ wherein the bram ne is sent. in an ano in the
Nange ot | § IR ENBGta BhgwhgonRsnds e aps dutefi Biuiciia R bRt an ' o
amount in té?ﬁourﬂﬂﬁ@hé’?arfdé’d? AUkt 9. G&’) A @r’rQ)Ié‘Pé@hvéﬂGHtsvér any s, for

exanpl e, in an anount of about 1.25 nolar equivalents; in an organic
sol vent sudhnge therelma il exasoplariolanEMmogripgn dpereige ®fd°r0rB(Bb@Uéﬁ'rﬂ © ahadidnol ;

tarmer abor ot T (ot ERGRARHIS, Fon kBier BT pRloupb AR Rt AR or mur

(XVI-9) and the i6 Wi pRiRRIMGE T Vﬁﬂ@dnﬁunﬁ@fﬁﬁ'a@rdé@% aSprtolleaeei n LGL is
t he correspondi ng | eavi ng group. erein the mxture of the 106 WO

2011/ 01984 Zptfpnigsxadon eaer@anicsghriieush assthvl acetateybeyzenrior intuei®pound
f f I
of T ormul a (G4 Sholsin'i EAELE bl B oA ABR rifurk s Flatetfih hBfopllfy L1

or W
remove any water; to yield the corresponding 1'-methanesulfonyl-4-methyl-

20 3,4,5,6,1",2',3',6'-octahydro-2H-[1,4'|bipyridinyl, which in an example of the
process is not isolated.

One skilled in the art will recognize that the 1-methanesulfonyl-piperidin-
4-one may alternatively be reacted with morpholine (instead of with 4-methyl-
piperidine), in the presence of a catalytic amount of an acid such as p-toluene

25 sulfonic acid, in an organic solvent such as benzene, to yield the 4-(1-
methanesulfonyl-1,2,3,6-tetrahydro-pyridin-4-yl)-morpholine, which may be
substituted for the 1'-methanesulfonyl-4-methyl-3,4,5,6,1',2',3',6'-octahydro-2H-
[1,4']bipyridinyl in the next step of the process.

30 The 1'-methanesulfonyl-4-methyl-3,4,5,6,1',2',3',6'-octahydro-2H-
[1,4']bipyridinyl is reacted with a suitably substituted compound of formula (XI),
a suitably substituted acid chloride, a known compound or compound prepared

by known methods; wherein the compound of formula (XI-S) is present in an
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The m xture of the conpound of formula (XVI-S) and the conpound of 5
formula (XVI1-S) is reacted wth organic and inorgani c base such as sodi um
met hoxi dewo=odiuss4e - but oxi de, potassi um net hoxi de, pot agsirmsearobui2oxi de,
KOH, NaOH, K2003, Na2003, 052003, pyridine, TEA, DI PEA, for exanple, a 30%
al coholic solutian of sodi um net hoxi de; erein the alcaoholic base is

o esent 1 n AROUHIN e ranaee! Famgonk 110 BrASREO et S igants O ans ar

10equi val enpage tRéref dmdgarhPedih ATBHYUNt Bf £H% A9 Oto AR ABOKGlar- O o
about 4.0 nolar equivalents for exanple, in an amount of about 2.5 nol ar

equi val ent sgquivalentsj for gxampd@iti @an solowshin giedt wE5 molaneglivalentsanol or

i |, for | e et hanal ; fo le, b . ture;
to yield the 15 BIe BLENARY A0SMBERIIAE Tsian LEpvOBEA LY ByHaE iy b
The m xBur ex@impl8en erpreidecObf TERMWhRréirltNe Bhsans pidsent praedntbuet irf or mul a

(XV-S) is reacted with a suitably selected activati ngﬁ agent such as Br2,
012, 12, 12hexaurHef frodrakotdpd & BoQuinhBmelar eakivBlepts. 9 any reR@8ent 20i n an
anount int - or - t ival egts, for
exanpl e, i r;[ngrner'@ﬁgﬁﬁ%rinhret’ ﬂ%eaﬁg%%%éfn #&o%@%ooﬁ ro%_]gB g{ é@ggta\@.ugqf?ol ar

equi val ent anolapeqakalgits, for examprnipwn ambuaboldbout 251 Mulareqavaleaisent s; in
an organi c solvent such as nethanol, ethanol or isqgpropanol, for exanple

et hanol ; for exdm@NeOraanis SObyRM sHED A8 tPivepgeDEEgeDEMfPhAX@MBI®: iNoC 25 to

about rgom r . Viel } : L ound of
f or mul 219( X\}{)Fﬂ@ @éﬁ}é%{xﬁgn pt(':%ﬂ%%p%r@le %K’%ﬁrﬁ%ﬁ%ﬁa rc']f tﬁér’ﬁﬁﬁg@?@ X?/ﬁ%rg . Wherein
LGL i s the togieléd sipendiragporetng cgmgpoang .of Wrerwda ©XH+8. m xt ure of the conpound

of formula (XIV-S) and the conpound of formula (XV-S) is reacted with Br2,
then LGL is Br; with 012, then LGL is C; or with 12 or 12/NaOCH3, then

30LGL is I. A|teTH§ti\fél;T,f1le®tﬁ%nééwoﬁ?mmeéﬁ@#nﬂf-oﬁ@"éﬂ&ﬁté&%th%) and the

|
conpound of formula (XVI ) is subjected to thermal conversion; for
exanpl e, atsuitablyrgaieciedseurce ofvagaesjemotuth amMdlo or MuBr ofoakbsampinl vent

terer dvur 8105 Krexeilifie e el SERegbRaRALe wBReh R foioft
t enper at ur e dfiva8r R4t ©. PR ¥fdforsiein@e, WRbRaNtHe s®lirda P maygnesium
i sopropanol, for exanple ethanol; for exanple, at about roomten%)erature;

to yield tH&MdertBepdirimeidtSmebuaterdn the saurce qfimagnesum is abonket od C. The
m xture of é@g%%ﬁWs%rcé%?% Se%fﬂr%ss redBft NGy é%ﬂ?pﬂh%frﬁhgé%gz

(XV-S) is re a surtabl el'ected ©OXIdizing agent suc

DDQ, Chl orafrtirh,abldaﬂe.75lzte(dm%t13.0)mdl@{d%fﬂ(i\?\\&ﬁb;(rbedb’w' e to thben%es@ifzing agelnt
is present in an anpunt in the range o rom about 0.5 to about 103.0 nol ar
equi vakent srneW@Peésrﬁg?ﬁaﬁ-@,'pqrw'raﬂ-Qi}?guﬁw SXAMPHR Tp FRAMBYNLIP e EHAR Of1. 0

from about 1.0 to about 2.0 molar equivalents, for example, in an amount of
about 1.2 molar equivalents;
in the presence of a base such as TEA, DIPEA or pyridine, for example
TEA; wherein the base is for example present in an amount in the range of
25 from about 1.0 to about 5.0 molar equivalents (relatives to the moles of 1-
methanesulfonyl-piperidin-4-one), for example, in an amount in the range of
from about 2.0 to about 4.0 molar equivalents, for example, in an amount of
about 3.0 molar equivalents;
in an organic solvent such as DCM, DCE or chloroform, for example
30 DCM; for example at a temperature in the range of from about 20°C to about
40°C; to yield the corresponding magnesium 1-methanesulfonyl-1,2,3,6-
tetrahydro-pyridin-4-olate, which compound, in an example of the present

invention, not isolated.
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to about 2.0 nolar equivalents, for exanple, in an anount of about 1.25

nol ar equi val ent s; in an organi c sol vent such as nethanol, ethanol
or isopropenolioipsae exanpl e et hanol; for exanple at a tecparsatnes2dh the
range of from about 10C 15 to about room tenperature; foll owed by treatnent
wi th an organi c and i norgani c base such as sodi um net hoxi de, sodi um

t - but oxi de, potassi um net hoxi de, potassi um tbutoxi de, KOH NaCH, K2CGB,

Na2CB, C52CCB, 1 indigRBsiufEAmEhBREsulfdyI-HRIR-RiraRyd OB A dIRA0bIRE O uti on
of sodi um net hoxi de; Wwherein the al coholi’'c 20base is present in an anount

i n t he rangeactedfwitnasbdablysubstivited oampsuod ob fFermude (KkhG), enswtablyor exanpl e

in an anount i he ran of fromabout 2.0 to about 4.0 npl ar_eqguival ents
For - exampl auasHuie aRBTode. 2,8T508rgr e € cBrPaar derRed oy oy o

or gani ¢ 5s0lpethlods URersin RS Bampbun@bhfsralul® (XILSPRIBsds in dnodmabeiamml e

et hanol; for exanple, at about roomtenperature; to ¥| el d the corresponding

conpound ofthe sange af remgybout 1.0 to seewcHO molaheqwivalenis asRNYHaNgenpound of

formul a ( Xl\- or f i t ith a

sui tably séﬁ%@%gegﬁ%%ﬁgfenéwgg%ﬁ%&%gﬁrﬁmagbéﬁgfz&%BEPDEﬁ?’o@gﬁlﬁ , H202,
Fe(NGB) 3 oredtdfdfeftcNoplexanpts &1 an bheouwexirdaBoug! .2¢esibr equipaesent in an
anmount in the range of fromabout 0.5 to about 3.0 nplar equival ents, for
exanpl e, in an dRdh@Presencre! eaRyeanic bassrushas TeAoDIRBA @y Rvfidnep fofpl ar
equi valygnt f I i ts;

in an gr@ga?\elxg cl \%m@éﬁgﬁhgesaﬁgtﬁ E\gwgfe,ré’iéttﬁg‘%%eisr 8?'58%3& g{)%ﬁgl_}!o\@gﬁpexarrpl e
et hanol ; f dheeamgebéefram abawrp@tabboet 5.6 ndlar equigeleots, foramyabogé 10C 5 to
about room tenperature; , foll owed by thermgl conversion; for anpl e,
208 t cpertEiE PhOKAEPIEayEn NI HEYASS O TEaBBR S0 DaRoU 411 i

t enper at ur GnofapegBiABNS, 1B eRarhBIERATM ABuhof Akout @Mk édavaigraut 25C to
about solvent reflux tenperature; in an organi c sol vent such as nethanol,
et hanol or i sopriogampaniceaant sxuahgisdokienanblCE, fLieMeoraghioreforat, fabout room

The. contgourabipboPior s anbBIRINS sahe PR e fond AT eftites
optional | y regpsrases; o pield the dorespbAdingcmisburd sokmamnaeshods, for

15exanpl e by filtration. The present invention is further directed to a
process for the preparation of conpounds of formula (X-A), as outlined in

more detail in %eg&ngogﬁé BorfRRild B@?—S} i &R whth hydrazine or its

corresponding salt, for example hydrazine, hydrazine hydrochloride, hydrazine
20 dihydrochloride or hydrazine sulfate, for example, hydrazine hydrochloride, a
known compound; wherein the hydrazine or corresponding salt is present in an
amount in the range of from about 0.5 to about 3.0 molar equivalents, or any
range therein, for example, in an amount in the range of from about 0.5 to
about 2.0 molar equivalents, for example in an amount of about 1.0 molar
25 equivalent;
in the presence of an inorganic or organic base such as NaOH,
NaOCHs;, KOt-Bu, TEA, DIPEA or pyridine, for example in the presence of 1N
aqueous NaOH; wherein the base is present in an amount in the range of from
about 1.0 to about 3.0 molar equivalents, or any range therein, for example, the
30 base is present in an amount of about 1.0 to about 1.5 molar equivalents, for

example in an amount of about 1.1 molar equivalents;
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in a solvent or mixture of solvents such as ethanol, methanol, IPA or

ethanol/water mixture, for example in an ethanol/water mixture; to yield the

corresponding compound of formula (V-S).

5 The compound of formula (V-S) is optionally isolated according to known

methods, for example by filtration. The compound of formula (V-S) is further

optionally further purified according to known methods, for example by column

chromatography or by recrystallization.

The present invention is further directed to a process for the preparation

N—NH H

[ Ar
H

N

|
SO,CHs

(XV)

10
of compounds of formula (V-A) as outlined in more detail in Scheme 7 below.
0] N—NH
O J\ (X1l [ =~Ar
H Ar 4
_ H
HaN—NH, '}l
N or SO,CH,4
I H2N_NH2 Salt
SO,CH;
(XIV)
LG’ /LG1
N—N N—N H
/ =z CAr / Ar

Wl B+ H - .

.N v

(XVI) (XVII)

Scheme 7
Accordingly, 1-methanesulfonyl-piperidin-4-one, a known compound or
15 compound prepared according to for example, the process outlined in Scheme
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(CH30)2C0 or CH3l R50...-N-.R51(xxvi) Schenme 9 Accordingly,
2,6-dichloro-3-nitro-pyridine, a known conpound, is reacted 5 with a
conpound wb 2hawvared4a ( XX), wherein PG5 is a suitably sel ecras2eoorzzgen
protecting group such as -0(0)0-ethyl, -0(0)0-methyl or -0(0) met hyl, for

l e -0(0)0-ethyl Kk ] d
e, b o SRR R TR LR i
the range QnoirPEdABAld Br éombBuAd Prépated t{]yglrﬁfwrﬁﬁ*é'trY@dseWr%relﬂrthény range

therein, 10 for exanple, 1n an amount 1nt range of from about 0.95 to
about 1.1 rnﬂrmowquvfarreutas(xllﬂ)ols mgmll@anr&ra@umrmmm rayfgeadidoom mbdutol ar

eqU|vaIent the presen r.gani ¢ I c b uch as
oPEN Ten 1By PaPHE o8P L ERERALD el GH We rdife b PisdAeBe S B B anp! o
in the gr eéﬁ pé&edinfs-Gh&Efor aseene Nintdicakasnt in&h@rrgﬁ@@bffrarraéb@jfmuoitol n the
range of 15from about 1. 0 to about 5.0 nol ar equival ents, or any range

therein, fd %&grﬂ)mﬂar&ﬂl&\(ﬁ@%ufﬂf eXamae lﬂé#ﬁ‘g@“@ﬂmf@f(ﬂ)ﬁoalﬁ)dtﬁ”@@’ to about
2.5 nol ar % gts for exanple in an anount of about 2.35 equival ents;
in an orga vent such as acetonitrile, DWF, DME or THF, for exanple in

acetonitrile,; atmahé prasenat Wwidydraifeor s gerre$pdridimg abiofor 8xample?0about 25
C, or any range therein, for exanple at about 20C, to vyield the

corres pond|h‘V@r%%&maﬁf‘emﬂmﬂhéor(@é(lwdrqzr'ﬁ%lﬁ'hélg%F?PBI'CE“d(ﬁ0rt medraziggess, the
compoung ofsyfialaTid e aoind SRBLS8ds VAR KBHIBIZRCTAERANIAL 045204

The conpoun fornu I'sr with a suita substituted
conpound ofhyfdmzamea)r cmesponmngsamrs pmspotjmdaroarrmmpcmhme nangearf é&@nby known

T ok RS o SF R G T ROGZE 5 5,
Samount in rh@@lahé@@l%rﬂfl pﬁﬂé?l@n?—b%ﬁe)?fo?%xbﬁlp?éZQHtanQarﬁoﬂWﬂ|ﬁrth@?éhg@61e”t s, for
from about 1.0 to about 1.5 molar equivalents, for example, in an amount of
15 about 1.0 molar equivalents;
in an organic solvent such as methanol, ethanol or IPA, for example
ethanol; for example at a temperature in the range of from about 10°C to about
65°C; to yield a mixture of the corresponding compound of formula (XIV) and
the corresponding compound of formula (XV).
20 In an example of the present invention, the compounds of formula (XIV)
and (XV) are not separated. In another example of the present invention, the
compounds of formula (XIV) and (XV) are not isolated.

The mixture of the compound of formula (XIV) and the compound of
25 formula (XV) is converted to the corresponding compound of formula (V-A)
according to any of the following reaction sequences, Methods A through D as
outlined in detail below.
Method A: The mixture of the compound of formula (XIV) and the
compound of formula (XV) is reacted with a suitably selected activating agent
30 such as Bry, Cly, I, 1o/ NaOCHs, for example Bro wherein the bromine is present
in an amount in the range of from about 0.5 to about 3.0 molar equivalents, for
example, in an amount in the range of from about 1.0 to about 2.0 molar

equivalents, for example, in an amount of about 1.25 molar equivalents;
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exanple, in an anmount in the range of fromabout 1.0 to about 1.6 nolar
equi val ents, for exanple in an anount of about 1.15 nolar equival ents;

i n an or gaoieligabssent such as acetonitrile, THF, DCM mpCharsed1p/0a5204

m xture of organic solvents, for exanple in acetonitrile to yield the
10cor respondi ng .conpound. of f or nul he conpound of formula

XXLLT) .
(XXI11) is reactB@NRBANE ssqj\{qrggpgﬁép‘ggtp@%;ok &’Eﬂﬂﬂ%&r PPARHOLs H2 gas
in the pre f i i | ect ed
catalyst, ToPnpIS etierith bERUTRE 600 RmpaiaAlith e F3 egii%ﬁfgé@fé@ié%’i‘?yu ¢
anount of Ro/aBout roan temgeradtares to y'aentd asuigtura®f Hiehgodrrespeingirey cenpeaaod ,

t ol THF, th t at di
compaund_ ofoTeIR XA e dprigsibpalia eorbrpoutbobieuia Py RewemBund  of
Formul as( X{l) isithie %Frebé@rﬁd’ih feariiy ghm;mmwﬁ tRé rﬁu%u?élbﬁtr@%r?«(bourﬁﬁﬁ ed

with a suitably selected reagent su | carbodi i m de,
phosgene oroftfonnmhies{éjéh)eand the eorapplired of fonmaial (X\@herre:aq:ted Nethléragttmn is

present in gy unt r e qf fr mab 2 0 nol ar

equi val ent é‘aél 'Sr rewtﬂp(?lé* tF ﬁqﬁéﬁn?rw M@Ehgp ni&lout 1.1 to
about 1.5 nolar ﬁwm\bah@ﬂ@ﬁthefc@rm@mpéfaorrﬁu@r(xwm tHef cdrhpsumdpert 1.25 to
about 1.3 nolar equivalents; in an organic solvent such as ethyl acetate,

THF, for exafpule (P<Nlléﬂ9r15ﬂacé@deweth@rg@@0>an@l|Iaorgaél%@aseegtpﬁihw ﬁ@dlélﬁhpound of

aci o i et nypodtE, SoCF B He, pRidR fnapdihcts, BRSO PUBE )1 cot e
| s Present KOHANZDRURICON NACOATsR0R byddingDEA, DIREApTcsfesatgle & ol ar

equi val ent s for WD 2011/ 019842PCT/ US2010/ 045204 exanp in an anount in
the range cl0% AsAhalEE0ILoD of SosEERMEoXAe) \e{he@mmﬁa@l@ﬁb@“c bave Exanpl e in

iazo?ggﬁinf: Biasgél@ﬂ@ha%a%mgg%%@,tﬁﬁla%%%é&s%@?o%gmpoor {beég&nﬁtﬁémgg Ofl\lng::]el n
the base i ssquidents, fon exangi®iman amdume i tregangé diffroomabbot2.0Go &boud about
0.5 1o 12nodt 0 Ia" RoisaleBl Bl REMELe. F 6P ASRaniel ank 2Bl anount of about
1.0 nol ar Q%ylz\)@é@tgt S; in an organic solvent such as DMF or DVA, for
exanple in at a tenperature in the range of from about 50C to about
sol vent refl ux 10ta@rqrgaalcm<:é\4erft@ucma§rme@aaol &branol solisppnopar | fox
tenperatur %ix ampl¥ e?hanol f%r example, at about room temperature; to yield the
corresponding compound of formula (V-A).
20
Method B: The mixture of the compound of formula (XIV) and the
compound of formula (XV) is reacted with a suitably selected activating agent
such as Br, Clz 2, I/ NaOCHs, for example Bre wherein the bromine is present
in an amount in the range of from about 0.5 to about 3.0 molar equivalents, for
25 example, in an amount in the range of from about 1.0 to about 2.0 molar
equivalents, for example, in an amount of about 1.25 molar equivalents;
in an organic solvent such as methanol, ethanol or isopropanol, for
example ethanol; for example at a temperature in the range of from about 10°C
to about room temperature; to yield a mixture of the corresponding compound
30 of formula (XVI) and the corresponding compound of formula (XVII); wherein
LG’ is the corresponding leaving group. Wherein the mixture of the compound
of formula (XIV) and the compound of formula (XV) is reacted with Bry, then

LG' is Br; with Cly, then LG" is CI: or with I, or Io,/NaOCHs, then LG' is I.
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correspondi ng conpound of formula (XXVI). Al ternatively, the conpound
of formula (XXV) is reacted with CH31, a known conpound, wherein the CH31
i s presemwointiansaount in the range of from about 1.0 troTAalsea®/085204 nol ar
equi val ents, for exanple in an anount in the 15range of fromabout 1.0 to

about 1.2 nol ar uivalents; in the presence o base such as KHMDS or
NrNDS, wher e n TRMIUE PEBI DS SIAMARBURYN 74 e SaHEaTR Of  om abou
1.0 to aboubrdyl@d (X®NIBs SGBIe¥RHEB RernATcoP¥rSMIE fofledmai@PYns i n the range
of fromabout 1.1 to about” 1.5 nolar equival ents; 1n an organi c sol vent

such as THRempeFatare methiyrbage of frioor abeyt G°0r toeatzoyiselVERFreflux t2hperatude,t he
correspondi nhg conpound of fornula ound of fornula

XXVI) . Th
(XXV1) is det ﬁﬁmg@t%tda EFRRRIAIYE IR &)hekfﬁﬂ)ﬂr@ QHFQFB@?P& gg%éq abeyfesolvent
di f.f (X i G i
7000y or S nyPFuf RERGELE, o & Bliahic Sodpot it S AERGOL BB S i ¢ abi y

sel ect ed baseprepaholaforkRdnmple Ma@hol ffor erampld, @t bbbt @gue temspdi@krentoer ei n
the base is present in an anount in r e of fromabout 5.0 to about 10.0
mol ar equi W& 'erw%POFF@?D%%P@{ﬂWHQﬁE&%ﬁ@ (Vif*k he range of from about 7.0
to about 9.0 nol ar equivalents, for exanple in an anount of about 8.7 nolar
equi valents; in an organi c sol vent such as ethanol, nethanol or

30i sopropanol , fMetheddopltee Mixtatehahibie; canopgure of fohpuleopd ¥l poadieng conpound

f f | X-A). 2011/ 842PCT/ US2010/ 045204 | bodi , h
o eoondt! o sekibding & af Pl Qs Ferdle O NADE pufetfy seliloflRRY 45t "
conpound ofg fcArd8ACLXDBIQ, ashiekdil ne@rilz Fe(ND 8; 8eKAFE(CR)Paliesrainltebel ow.

i
Accordingly, 2,6-dichloro-3-nitro-pyridine, a known conmpound, Is reacted 10
with a conpiigigingfagest iupreserdingn aaosst knbariaage o1 EpMabitibp itelirheuts -

car boxylic i | : 0, X rei f
Formi 3 (o0 8yl BUERNE o iR, FERasEm: KiEeTaop O rERTREONG B5 o
about 2.0 rnolaboueglld malaEugivaientsor exageld, e aaiamolintrofexaph £5 moblarn
anount in the, WO 2011/019842PCT/ US2010/ 045204 range of from about 0.95 to
about 151 rmAulraleRfsi val ents, for exanple in an anmount of about 1.0 nol ar

DIPEA TEA. pyr i ne OB SRR SEEn B AR BR et et of RSB oL BET el o
in the example ethanol; for example at a temperature in the range of from about 10°C
to about room temperature;
followed by treatment with an organic and inorganic base such as
20 sodium methoxide, sodium t-butoxide, potassium methoxide, potassium t-
butoxide, KOH, NaOH, K>CO3s, NaxCOs, Cs2COs pyridine, TEA, DIPEA, for
example, a 30% alcoholic solution of sodium methoxide; wherein the alcoholic
base is present in an amount in the range of from about 1.0 to about 5.0 molar
equivalents, for example in an amount in the range of from about 2.0 to about
25 4.0 molar equivalents for example, in an amount of about 2.5 molar
equivalents;
in an organic solvent such as methanol, ethanol or isopropanol, for
example ethanol; for example, at about room temperature; to yield the
corresponding compound of formula (V-A).
30
Method D: The mixture of the compound of formula (XIV) and the
compound of formula (XV) is reacted with a suitably selected oxidizing agent
such as MnO,, DDQ, Chloranil, H2O2, Fe(NO3s)s or Ks[Fe(CN)s]; wherein the
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5 presence of DI PEA, wherein the base is present in an anount in the range
of fromabout 1.0 to about 5.0 nolar equivalents, or any range therein, for
exanpl e, wo?an/apsaant in the range of from about 2.0 toPabaistoido$s2oml ar
equi val ents, for exanple in an anount of about 2.35 equivalents; in an
organi ¢ sol vent. such as acetopitrile, ... DME or F, for 10exanple in
Bcatoni tr 1 1GK0IZS PaRh Sb 2RI 4N PRIOURIBESPNGE ShIGHLAROWE 45 288t 25
or any rangeothehebiuivhRhtSte@tamale, AP bRkt id Metafb df idneaps@spendi ng
conmpound of forrmula (XXI-S). In an exanple of the procéess, the conpound of
fornmul a ( Xt0-aBput 2.0hooldr ssjuanadents 1T iesacpigp duad arhodrirahidbaut X5 18plars
reacted with a (iorrtgpund of formula (XXI1-S), also known as di nethylam ne, a
known conpoqﬂlrﬂ\{a% rein the conmpound of formula (XXI1-S) nay be present as
a gas og in sol Uhigdorghpic sonalsech Bsand®dndlletissiol bl Adpeépand OfYr wat er

sol ution; wherein the conmpound of formula (XXI1-S) is present in an anount
i n the rangxagiple etmmdaiooexamplesat @ tethpenaturedn g sangeyel vemeaosit 104
exanpl e, ig an aFrDunt in thet\ range of fromabout 1.0 to about 1.6 nolar
equi val ent <0 APGH BOMSPUPRIRMUS: arpunt of about 1.15 mol ar equi val ents;

in an organi c sGbN@Réd BY thermsal 2oaleridr; ibeexathible, BCAteripbRANR! in thE a

m xture of organic solvents, for exanple in acetonitrile, to yield the
25cor r esporfdngg of repoabeutdl°G torahaud spient reflex. temperatumh docexgropiedatcs

f | XXI11-9) is. ted with i tabl | ect dyci t h
ne Tp 485 TAmPRErSLREdese & bam aboy Zorhed sobepEetiich asca ¢
sui tabl'y SqbciepshRaliRLNShgah RIsoRHTBLEN oirhBHBHEE BURIRGIBE doré ol

30presence of a catal yti mount . in an organi c solvent such as
et hyl acet doeexanhkenethanolo faren@mple TiRbdub roexdepiperatoresttbyleléites ate; to

yield the correspondi ng conpound. of fo a W
2011/01984%9@5@':[‘@/ 5@‘%‘?&1#@&9@% .(I\)I%S'an exanpl e of the process, the

conmpound of forrmula (XXIV-S) is not isolated. The conpound of fornula
(XXI'V-S) reacted with a suitably sel ected 5reagent such as CD',

N- et hylbcar bodi i Tieleompadrg ehtoraula (V-4 dés getienallydsolateshgndefusines, cD!
wherein the ng_J (Y t f,.frgm about 1.0
o about 2. ROPLY Serfrelif T net R ERE RS hiPobBfBeRigs: 1™, ange of
from about gikaingle bylfimdstioh. 5 mol ar equi val ents, for exanple in an anmount of
fromabout 1.25 to about 1.3 nolar equivalents; in an organic sol vent

In an embodiment, the present invention is directed to a process for the
20 preparation of a compound of formula (V-S), as outlined in more detail in

Scheme 8, below.

O
0 H
XI-S
CF; ( )
N H2N_NH2
| or
SOZCHg HoN—NH, salt
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10such as ethyl acetate, THF, for exanple in ethyl acetate, to yield the
correspondi ng conpound of fornmula (XXV-S5). The conmpound of formula
(XXV-S) iwonenatigsd2wi t h carboni ¢ acid di net hyl ester, aPkmasroioomground,;
wherein the carbonic acid dinethyl ester is present 15in an anount in the
range of fromabout 1.0 to about 5.0 nolar equivalents, for exanple, in an
anmount in the range of| fromabout 1.0 to about 3.0 nolar equival ents, for
exanpl e in an amount of akbubH2. 2 nolar equi vahentis;y in tthe presence
of an inorgani c base s chllas 2 K2CGC3;
wherein the base is pr about 0.75
to about 1.5 nolar equ : M
fromabout 0.8 to about tnZ5 nol ar equival en -1 or exanple, the in an
amount of about 1.0 nDIar|8%ﬁ¥valents+ in an organi c sol yent such as
DMF or DMA, for exanpl i A ; at a tenperatu$@dH the range of from about

50C t o about solvent reflux 25tenperature, for exanple at aboutl sol vent
reflux tenperature, to|l yi*&¥-8 the corresponding cpfpeund of fornula
(XXVI -9). Al ternatively, the conpgund of formula (XXV-S) |[is reacted

wi th CH31, a known co und, wherein t
the range of fromabout 1.0 to about /AB.0 nolar equival ents,] for exanple in
an amount in the 30range of fromabdut 1.0 to about 1.2 nvoljar equival ents;
in the presence of a base such ag/KHVDS or NaHMWDS; wherein |the base is
present in amount Lgh the range of frq_rq1about 1.6qto about 2.0 nol ar

equi val ents| for Ne_>_<,q(rrp| e in an amount ipthe range of fromlabout 1.1 to
about 1.5 | ar g@quiyval ents,;, in an MO 019842PCT/ US201§0/ 045204 or gani c
sol vent such as A4E/zDN for [exanpl g THF;, to yield

t he corresppndi ng 0H=rpo 0T ~GFor rl g ae,conpound of fornula
(XXVI-S) is|relacted with a suitabllysel ect ed~& base’|such as KOH or NaCH,
for exanple vvith'l\‘aqueous KCQH, whereinNT t he base is pnesent ijn an anount in
range of frpm abgwjcHh. O to "about 10.&8) g@l ar equival gnts, fgr exanple, in an
amount in the range of from about 7.707tY0®about 9.0 nol ar equival ents, for
exanpl e in gn anmount of about 8.7 nolar equivalents;| in an |organic sol vent
such as et hpnol , %¥Bhanol or isopropa¥ttS for 10exanple in [ethanol; to
yield the cprrespondi ng conpound_of fornula (X-S). _] The present
invention is further directed to stalline salts of the gonmpound of
formula (1-S), nore particularly, crystalline nono-HCI and 'crystalline

sul fate salts of the conpound of fornul I-S). HN—N

\
X

e CH3l is present in aranount in

CF3

N
éOZCH3
(V-S)
Scheme 8
Accordingly, 1-methanesulfonyl-piperidin-4-one, a known compound or
compound prepared according to for example, the process outlined in Scheme
5 5 above, is reacted with a suitably substituted compound of formula (XIlI-S), a
known compound or compound prepared by known methods, wherein the
compound of formula (XIII-S) is present in an amount in the range of from
about 1.0 to about 2.0 molar equivalents (relative to the moles of 1-

methanesulfonyl-piperidin-4-one), for example, in an amount in the range of
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151 n an enbodi nent, the present invention is directed to a crystalline
nono- HCl salt of the conmpound of fornula (1-S). In another enbodi nent of
t he presewD 20mvapdd2on, the crystalline nono-HC salt of pchaScawopaeiznd of
formula (1- §) is a hexahydrate. The HCl salt of the conpound of formula

S m a b re t'n t he conpound of fornmula (I h HCl
aC|d) |nya %ﬁ@gﬁy %g)s % r‘?-ﬁLH\éﬁqgnt%ogorr?é(@ %ﬂn%“g%mea le in

wat er . cﬁl'i”?@hf&‘é}{e Jlme@t@esent invention is directed to a crystalline
sulfate salt of the corrpound of formula (I-S). The sulfate salt of the

conpound of f or rinltke pressncawy hydrazirgpar é@lcwessmlnmgalt Her exampplend of

formula (I w.th sul] furi ol vent.s ) r, .ethanol or
met hanol . é’g)drazme a%'P?ikygr%?}%%f'G[}Fe%@ d%ﬁ ﬁh%i”dééa?rehwa%'ﬁs conmpound
of formgl a uifle, br &XmPleehdvazinevgiiroeilonas, & Racwa cofpeRfddWhieRsih the
respective X—ray powder di ffraction (XRD) patterns utilizing a powder X-ray

di f f r act ongtyerazige pﬁgoaresm@img galtippiesentinen amesinhin be repae & froMs406A,

4KV, A0m R 138 PLedf 20 HMEEAENRNR (Lo R RYMIRldsOsR, 220 10 3520 at

scan speed o scan A representative

powder XRD mmheaulfmfyl@ugeewrreaama; fov @xampie, én ah etm@umnmh@kéngmof
hexahydrate nono-HCl salt of the conpound of fornula (I-S) is

2011/ 01984z‘mﬂ99951@/@@m 1s$16Whaf‘ fAUtYants. orgxerple dPIaé\/\%mﬁHFteOf The
crystalypi ”eatfb%’fﬁk%ﬂ{o"l’éree salt of the conpound of formula (1-S) may

be character| zed by Its ray iffracti on pattern, conprising the follow ng
peaks: Tabl e 1: iXRD drgakic,samend-sHCh as riethahol estandbar 1P Af fof ex&npleAngl e ( 20)
FWHM (20) de_trsw r‘?‘c?lI 1%? e&A?*npllqee la?% Itgr%plepgtgpesllnttxeﬁ'g/%gg bfg %’om about 10°C to about
65°C; to yield a mixture of the corresponding compound of formula (XIV-S) and
the corresponding compound of formula (XV-S).
15 In an example of the present invention, the compounds of formula (XIV-
S) and (XV-S) are not separated. In another example of the present invention,

the compounds of formula (XIV-S) and (XV-S) are not isolated.

The mixture of the compound of formula (XIV-S) and the compound of
20 formula (XV-S) is converted to the corresponding compound of formula (V-S)
according to any of the following reaction sequences, Methods A through D as
outlined in detail below.
Method A: The mixture of the compound of formula (XIV-S) and the
compound of formula (XV-S) is reacted with a suitably selected activating agent
25 such as Bry, Cly, I, 1o/ NaOCHs, for example Bro wherein the bromine is present
in an amount in the range of from about 0.5 to about 3.0 molar equivalents, for
example, in an amount in the range of from about 1.0 to about 2.0 molar
equivalents, for example, in an amount of about 1.25 molar equivalents;
in an organic solvent such as methanol, ethanol or isopropanol, for
30 example ethanol; for example at a temperature in the range of from about 10°C
to about room temperature; to yield a mixture of the corresponding compound
of formula (XVI-S) and the corresponding compound of formula (XVII-S);

wherein LG' is the corresponding leaving group. Wherein the mixture of the
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compound of formula (XIV-S) and the compound of formula (XV-S) is reacted
with Bry, then LG is Br; with Cl,, then LG is Cl; or with I, or 1,/NaOCHs, then
LG is I.

The mixture of the compound of formula (XVI-S) and the compound of
formula (XVII-S) is reacted with organic and inorganic base such as sodium
methoxide, sodium t-butoxide, potassium methoxide, potassium t-butoxide,
KOH, NaOH, K,COs, Na,COs, Cs,CO3 pyridine, TEA, DIPEA, for example, a
30% alcoholic solution of sodium methoxide; wherein the alcoholic base is
present in an amount in the range of from about 1.0 to about 5.0 molar
equivalents, for example in an amount in the range of from about 2.0 to about
4.0 molar equivalents for example, in an amount of about 2.5 molar
equivalents;

in an organic solvent such as methanol, ethanol or isopropanol, for
example ethanol; for example, at about room temperature; to yield the
corresponding compound of formula (V-S).

Method B: The mixture of the compound of formula (XIV-S) and the
compound of formula (XV-S) is reacted with a suitably selected activating agent
such as Br, Clz 2, I/ NaOCHs, for example Bre wherein the bromine is present
in an amount in the range of from about 0.5 to about 3.0 molar equivalents, for
example, in an amount in the range of from about 1.0 to about 2.0 molar
equivalents, for example, in an amount of about 1.25 molar equivalents;

in an organic solvent such as methanol, ethanol or isopropanol, for
example ethanol; for example at a temperature in the range of from about 10°C
to about room temperature; to yield a mixture of the corresponding compound
of formula (XVI-S) and the corresponding compound of formula (XVII-S);
wherein LG' is the corresponding leaving group. Wherein the mixture of the
compound of formula (XIV-S) and the compound of formula (XV-S) is reacted
with Br,, then LG' is Br; with Cl,, then LG' is CI; or with I, or 1/NaOCHs, then
LG'is I.

The mixture of the compound of formula (XVI-S) and the compound of
formula (XVII-S) is subjected to thermal conversion; for example, at a

temperature in the range of from about 0°C to about solvent reflux temperature,
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for example at a temperature in the range of from about 25°C to about solvent
reflux temperature; in an organic solvent such as methanol, ethanol or
isopropanol, for example ethanol; for example, at about room temperature; to
yield the corresponding compound of formula (V-S).

Method C: The mixture of the compound of formula (XIV-S) and the
compound of formula (XV-S) is reacted with a suitably selected oxidizing agent
such as MnO,, DDQ, Chloranil, H2O2, Fe(NO3s)s or Ks[Fe(CN)s]; wherein the
oxidizing agent is present in an amount in the range of from about 0.5 to about
3.0 molar equivalents, for example, in an amount in the range of from about 1.0
to about 2.0 molar equivalents, for example, in an amount of about 1.25 molar
equivalents;

in an organic solvent such as methanol, ethanol or isopropanol, for
example ethanol; for example at a temperature in the range of from about 10°C
to about room temperature;

followed by treatment with an organic and inorganic base such as
sodium methoxide, sodium t-butoxide, potassium methoxide, potassium t-
butoxide, KOH, NaOH, K,COs3;, Na,COs, Cs,CO3 pyridine, TEA, DIPEA, for
example, a 30% alcoholic solution of sodium methoxide; wherein the alcoholic
base is present in an amount in the range of from about 1.0 to about 5.0 molar
equivalents, for example in an amount in the range of from about 2.0 to about
4.0 molar equivalents for example, in an amount of about 2.5 molar
equivalents;

in an organic solvent such as methanol, ethanol or isopropanol, for
example ethanol; for example, at about room temperature; to yield the

corresponding compound of formula (V-S).

Method D: The mixture of the compound of formula (XIV-S) and the
compound of formula (XV-S) is reacted with a suitably selected oxidizing agent
such as MnO,, DDQ, Chloranil, H2O2, Fe(NO3s)s or Ks[Fe(CN)s]; wherein the
oxidizing agent is present in an amount in the range of from about 0.5 to about

3.0 molar equivalents, for example, in an amount in the range of from about 1.0
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equivalents;

in an organic solvent such as methanol, ethanol or isopropanol, for
example ethanol; for example at a temperature in the range of from about 10°C

5 to about room temperature;

followed by thermal conversion; for example, at a temperature in the
range of from about 0°C to about solvent reflux temperature, for example at a
temperature in the range of from about 25°C to about solvent reflux
temperature; in an organic solvent such as methanol, ethanol or isopropanal,

10 for example ethanol; for example, at about room temperature; to yield the

corresponding compound of formula (V-S).

The compound of formula (V-S) is optionally isolated and further,
optionally separated from the mixture, according to known methods, for

15  example by filtration.

The present invention is further directed to a process for the preparation
of compounds of formula (X-A), as outlined in more detail in Scheme 9 below.

R5
PG°® — -
NOZ N/ N02 H
Cl 5
~ H,N | N Nj:j/R
6
/N R - /N R6 N\PGS
Cl (XX) Cl
(XX
H NO,
l N R
R R >
> /N R6 N\PGS
(XXII)
N
20 R*7 SR (XXIll)
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10Tabl e 2: XRD Peaks,
(20) d-spacing (A Relative Intensity (% 4.33 0.07 20.42 31.88 7.58 0.08

nono- HCl , Hexahvdrate Salt of (1-9S)

11. 67 24.Wh 2811389€3210 10. 54 15.06 8.80 0. 10 10. 04 52. 79 PETAB2010/045204
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A W
\ N
(CH:0),C0 N N—p® = N NH
or CHgl | N g6 =N R®
N (XXVI) RO~ N~gst (X-A)

Scheme 9

Accordingly, 2,6-dichloro-3-nitro-pyridine, a known compound, is reacted
with a compound of formula (XX), wherein PG’ is a suitably selected nitrogen
protecting group such as —C(O)O-ethyl, -C(O)O-methyl or —C(O)-methyl, for
example —C(O)O-ethyl, a known compound or compound prepared by known
methods; wherein the compound of formula (XX) is present in an amount in the
range of from about 0.75 to about 2.0 molar equivalents, or any range therein,
for example, in an amount in the range of from about 0.95 to about 1.1 molar
equivalents, for example in an amount of about 1.0 molar equivalents;

in the presence of an organic or inorganic base such as DIPEA, TEA,
pyridine, potassium carbonate or cesium carbonate, for example in the
presence of DIPEA, wherein the base is present in an amount in the range of
from about 1.0 to about 5.0 molar equivalents, or any range therein, for
example, in an amount in the range of from about 2.0 to about 2.5 molar
equivalents, for example in an amount of about 2.35 equivalents;

in an organic solvent such as acetonitrile, DMF, DME or THF, for
example in acetonitrile; at a temperature in the range of from about 0°C to
about 25 °C, or any range therein, for example at about 20°C, to yield the
corresponding compound of formula (XXI). In an example of the process, the

compound of formula (XXI) is not isolated.
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The compound of formula (XXI) is reacted with a suitably substituted
compound of formula (XXII), a known compound or compound prepared by
known methods; wherein the compound of formula (XXIl) may be present as a
gas or in solution; wherein the compound of formula (XXIl) is present in an
amount in the range of from about 0.75 to about 2.0 molar equivalents, for
example, in an amount in the range of from about 1.0 to about 1.6 molar
equivalents, for example in an amount of about 1.15 molar equivalents;

in an organic solvent such as acetonitrile, THF, DCM, methanol, or a
mixture of organic solvents, for example in acetonitrile, to yield the
corresponding compound of formula (XXIII).

The compound of formula (XXIII) is reacted with a suitably selected
reducing agent such as H gas in the presence of a suitably selected catalyst
such as a suitably selected catalyst, for example, with hydrogen gas in the
presence of a catalytic amount of Pt/C;

in an organic solvent such as ethyl acetate, ethanol, toluene or THF, for
example in ethyl acetate; to yield the corresponding compound of formula
(XXIV). In an example of the process, the compound of formula (XXIV) is not

isolated.

The compound of formula (XXIV) reacted with a suitably selected
reagent such as CDI, N-methylcarbodiimide, phosgene or triphosgene, for
example with CDI, wherein the reagent is present in an amount in the range of
from about 1.0 to about 2.0 molar equivalents, for example in an amount in the
range of from about 1.1 to about 1.5 molar equivalents, for example in an
amount of from about 1.25 to about 1.3 molar equivalents; in an organic solvent
such as ethyl acetate, THF, for example in ethyl acetate, to yield the
corresponding compound of formula (XXV).

The compound of formula (XXV) is reacted with carbonic acid dimethyl

ester, a known compound; wherein carbonic acid dimethyl ester is present in

an amount in the range of from about 1.0 to about 5.0 molar equivalents, for
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in the presence of an inorganic base such as K,COs, Na,CO3, Cs,COs3,

for example KoCOs; wherein the base is present in an amount in the range of

5 from about 0.75 to about 1.5 molar equivalents, for example, in an amount in
the range of from about 0.8 to about 1.25 molar equivalents, for example, the in
an amount of about 1.0 molar equivalents;

in an organic solvent such as DMF or DMA, for example in DMF; at a
temperature in the range of from about 50°C to about solvent reflux

10 temperature, for example at about solvent reflux temperature, to yield the
corresponding compound of formula (XXVI).

Alternatively, the compound of formula (XXV) is reacted with CHsl, a
known compound, wherein the CHsl is present in an amount in the range of
from about 1.0 to about 3.0 molar equivalents, for example in an amount in the

15 range of from about 1.0 to about 1.2 molar equivalents; in the presence of a
base such as KHMDS or NaHMDS; wherein the base is present in an amount
in the range of from about 1.0 to about 2.0 molar equivalents, for example in an
amount in the range of from about 1.1 to about 1.5 molar equivalents; in an
organic solvent such as THF, DMF or methylene chloride, for example THF; to

20 yield the corresponding compound of formula (XXVI).

The compound of formula (XXVI) is de-protected according to known
methods, to yield the corresponding compound of formula (X-A). For example,
wherein PG’ is —C(0)0-ethyl, the compound of formula (XXVI) is reacted with a

25 suitably selected base such as KOH or NaOH, for example with aqueous KOH,;
wherein the base is present in an amount in range of from about 5.0 to about
10.0 molar equivalents, for example, in an amount in the range of from about
7.0 to about 9.0 molar equivalents, for example in an amount of about 8.7
molar equivalents; in an organic solvent such as ethanol, methanol or

30 isopropanol, for example in ethanol; to yield the corresponding compound of
formula (X-A).
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In an embodiment, the present invention is directed to a process for the
preparation of the compound of formula (X-S) as outlined in more detail in
Scheme 10 below.

0] —_ —
~ H2N ﬁ/\[\]( \O\l O~
- [ T
o] (XXI-S)

N
o |,
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(CH30)2CO: AN N\CN\()\/ N N\CNH
or CHjl | N |
z e}

=N

NG (XXVI-S) N (X-S)

Scheme 10
Accordingly, 2,6-dichloro-3-nitro-pyridine, a known compound, is reacted
10  with a compound of formula (XX-S), also known as 4-amino-piperidine-1-
carboxylic acid ethyl ester, a known compound; wherein the compound of
formula (XX-S) is present in an amount in the range of from about 0.75 to about
2.0 molar equivalents, or any range therein, for example, in an amount in the

113



100.00 14.69 0.10 6.03 21.44 18.69 0.12 4.75 35.05 The crystalline
sulfate salt of the conpound of fornmula (I-S) of the present invention was
char act erwpediiyogsbei r respective X-ray powder diffractipom/uSxRDp43284t er ns
utilizing a powder X-ray diffractonmeter, using a long fine-focus 10Cu Ic,

I
o S b my 3% BRI BheE el SRR LI L 11 e
of 19.68 sefmount Ofa%u[¢m%pd’}te’%$ul|\)éﬁ!erﬁgmer XRD spectra for a

representative sanple of the crystalline sulfate salt of the conpound of
formula (1-9) ignéhepresenceicja@nergan®ariicorgrold kage siaheas DirRESr JEAal | i ne

Sl 52l 1SR Wl L B Lo B Y P RSBl 200 P
rﬁ?t\?\m tS;' ‘Ep?/()b@erﬁiﬁobf DIPEA ~#erdiotre ks isAEBEA30)andkridast iRdhé fanddebrt i ve
from about 1.0 to about 5.0 molar equivalents, or any range therein, for
example, in an amount in the range of from about 2.0 to about 2.5 molar
equivalents, for example in an amount of about 2.35 equivalents;
in an organic solvent such as acetonitrile, DMF, DME or THF, for
10 example in acetonitrile; at a temperature in the range of from about 0°C to
about 25 °C, or any range therein, for example at about 20°C, to yield the
corresponding compound of formula (XXI-S). In an example of the process, the

compound of formula (XXI-S) is not isolated.

15 The compound of formula (XXI-S) is reacted with a compound of formula
(XXII-S), also known as dimethylamine, a known compound; wherein the
compound of formula (XXII-S) may be present as a gas or in solution, for
example in a 10% THF solution or a 60% water solution; wherein the
compound of formula (XXII-S) is present in an amount in the range of from

20 about 0.75 to about 2.0 molar equivalents, for example, in an amount in the
range of from about 1.0 to about 1.6 molar equivalents, for example in an
amount of about 1.15 molar equivalents;

in an organic solvent such as acetonitrile, THF, DCM, methanol, or a
mixture of organic solvents, for example in acetonitrile, to yield the

25 corresponding compound of formula (XXIII-S).

The compound of formula (XXIII-S) is reacted with a suitably selected
reducing agent such as H gas in the presence of a suitably selected catalyst
such as a suitably selected catalyst, for example, with hydrogen gas in the

30 presence of a catalytic amount of Pt/C;
in an organic solvent such as ethyl acetate, ethanol, toluene or THF, for

example in ethyl acetate; to yield the corresponding compound of formula
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(XXIV-S). In an example of the process, the compound of formula (XXIV-S) is

not isolated.

The compound of formula (XXIV-S) reacted with a suitably selected
5 reagent such as CDI, N-methylcarbodiimide, phosgene or triphosgene, for
example with CDI, wherein the reagent is present in an amount in the range of
from about 1.0 to about 2.0 molar equivalents, for example in an amount in the
range of from about 1.1 to about 1.5 molar equivalents, for example in an
amount of from about 1.25 to about 1.3 molar equivalents; in an organic solvent
10  such as ethyl acetate, THF, for example in ethyl acetate, to yield the

corresponding compound of formula (XXV-S).

The compound of formula (XXV-S) is reacted with carbonic acid dimethyl

ester, a known compound; wherein the carbonic acid dimethyl ester is present
15 in an amount in the range of from about 1.0 to about 5.0 molar equivalents, for

example, in an amount in the range of from about 1.0 to about 3.0 molar

equivalents, for example in an amount of about 2.2 molar equivalents;

in the presence of an inorganic base such as KoCOs, NaxCOs3, Cs2COs3,
for example KoCOs; wherein the base is present in an amount in the range of

20 from about 0.75 to about 1.5 molar equivalents, for example, in an amount in
the range of from about 0.8 to about 1.25 molar equivalents, for example, the in
an amount of about 1.0 molar equivalents;

in an organic solvent such as DMF or DMA, for example in DMF; at a
temperature in the range of from about 50°C to about solvent reflux

25 temperature, for example at about solvent reflux temperature, to yield the
corresponding compound of formula (XXVI-S).

Alternatively, the compound of formula (XXV-S) is reacted with CHzsl, a
known compound, wherein the CHsl is present in an amount in the range of
from about 1.0 to about 3.0 molar equivalents, for example in an amount in the

30 range of from about 1.0 to about 1.2 molar equivalents; in the presence of a
base such as KHMDS or NaHMDS; wherein the base is present in an amount
in the range of from about 1.0 to about 2.0 molar equivalents, for example in an
amount in the range of from about 1.1 to about 1.5 molar equivalents; in an
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organic solvent such as THF, DMF or methylene chloride, for example THF; to

yield the corresponding compound of formula (XXVI-S).

The compound of formula (XXVI-S) is reacted with a suitably selected
5 base such as KOH or NaOH, for example with aqueous KOH; wherein the base
is present in an amount in range of from about 5.0 to about 10.0 molar
equivalents, for example, in an amount in the range of from about 7.0 to about
9.0 molar equivalents, for example in an amount of about 8.7 molar
equivalents; in an organic solvent such as ethanol, methanol or isopropanol, for

10 example in ethanol; to yield the corresponding compound of formula (X-S).

The present invention is further directed to crystalline salts of the
compound of formula (I-S), more particularly, crystalline mono-HCI and
crystalline sulfate salts of the compound of formula (I-S).

15 In an embodiment, the present invention is directed to a crystalline
mono-HCI salt of the compound of formula (I-S). In another embodiment of the
present invention, the crystalline mono-HCI salt of the compound of formula (I-
S) is a hexahydrate. The HCI salt of the compound of formula (I-S) may be
prepared by reacting the compound of formula (I-S) with HCI acid, in a solvent

20 such as water, ethanol or methanol; for example in water.

In an embodiment, the present invention is directed to a crystalline
sulfate salt of the compound of formula (I-S). The sulfate salt of the compound
of formula (I-S) may be prepared by reacting the compound of formula (I-S)
with sulfuric acid, in a solvent such as water, ethanol or methanol.

25

The crystalline hexhydrate mono-HCI salt of the compound of formula (I-
S) of the present invention was characterized by their respective X-ray powder
diffraction (XRD) patterns utilizing a powder X-ray diffractometer, using a long

fine-focus Cu K, radiation source 1.5406A, 45KV, 40mA; optics of 1°
30 divergence slit; scanning from 3°26 to 35°26 at a scan speed of 0.0170°26 and

a scan step time of 10.16 sec.
A representative powder XRD spectra for a representative sample of the

crystalline hexahydrate mono-HCI salt of the compound of formula (I-S) is
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shown in Figure 1 which follows here. The crystalline hexahydrate mono-HCI
salt of the compound of formula (I-S) may be characterized by its X-ray
diffraction pattern, comprising the following peaks:

Table 1: XRD Peaks, mono-HCI , Hexahydrate Salt of (I-S)

Angle (°20) | FWHM (°20) | d-spacing (A) | Relative Intensity (%)
4.33 0.07 20.42 31.88
7.58 0.08 11.67 24.01
8.39 0.10 10.54 15.06
8.80 0.10 10.04 52.79
9.16 0.10 9.66 20.10
11.02 0.08 8.03 6.00
12.71 0.15 6.96 18.31
13.30 0.08 6.66 100.00
13.69 0.12 6.47 14.02
14.69 0.10 6.03 21.44
15.55 0.10 5.70 15.11
15.96 0.10 5.55 13.36
16.40 0.08 5.40 7.98
18.44 0.10 4.81 14.30
18.69 0.12 4.75 35.05
19.07 0.10 4.65 10.32
5
In an embodiment, the present invention is directed to a crystalline
hexahydrate mono-HCI salt of the compound of formula (I-S) as characterized
by its XRD peaks, whose relative intensity is greater than or equal to about
10%, as listed in Table 2 below.
10 Table 2: XRD Peaks, mono-HCI , Hexahydrate Salt of (I-S)
Angle (°20) | FWHM (°260) | d-spacing (A) | Relative Intensity (%)
4.33 0.07 20.42 31.88
7.58 0.08 11.67 24.01
8.39 0.10 10.54 15.06
8.80 0.10 10.04 52.79
9.16 0.10 9.66 20.10
12.71 0.15 6.96 18.31
13.30 0.08 6.66 100.00
13.69 0.12 6.47 14.02
14.69 0.10 6.03 21.44
15.55 0.10 5.70 15.11
15.96 0.10 5.55 13.36
18.44 0.10 4.81 14.30
18.69 0.12 4.75 35.05
19.07 0.10 4.65 10.32

117



In an enbodi ment, the present invention is directed to a crystalline
sulfate salt of the conpound of fornula (I-S) as characterized by its XRD
peaks, wweeorigliggtseve intensity is greater than or equalPCrwsSamowss280% as
listed 5in Table 5, below. Table 5: XRD Peaks, Sulfate Salt of (I-S) Angle
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hexahydrate mono-HCI salt of the compound of formula (I-S) as characterized

by its XRD peaks, whose whose relative intensity is greater than or equal to

about 20%, as listed in Table 3, below.

5 Table 3: XRD Peaks, mono-HCI , Hexahydrate Salt of (I-S)
Angle (°20) FWHM (°20) | d-spacing (A) | Relative Intensity (%)
4.33 0.07 20.42 31.88
7.58 0.08 11.67 24.01
8.80 0.10 10.04 52.79
9.16 0.10 9.66 20.10
13.30 0.08 6.66 100.00
14.69 0.10 6.03 21.44
18.69 0.12 4.75 35.05
The crystalline sulfate salt of the compound of formula (I-S) of the
present invention was characterized by their respective X-ray powder diffraction
(XRD) patterns utilizing a powder X-ray diffractometer, using a long fine-focus
10  Cu K, radiation source 1.5406A, 45KV, 40mA; Optics of 0.25° divergence slit;
scanning from 3°26 to 40°26 at a scan speed of 0.0170°26 and a scan step
time of 19.68 sec.
A representative powder XRD spectra for a representative sample of the
crystalline sulfate salt of the compound of formula (I-S) is shown in Figure 2
15  which follows here. The crystalline sulfate salt of the compound of formula (I-S)

may be characterized by its X-ray diffraction pattern, comprising the following

peaks:
Table 4: XRD Peaks, Sulfate Salt of (I-S)

Angle (°20) FWHM (°20) | d-spacing (A) | Relative Intensity (%)
4.50 0.20 19.66 14.28
5.56 0.54 15.91 10.02
6.96 0.12 12.67 28.72
8.86 0.13 9.98 58.69
10.82 0.20 8.18 23.82
11.25 0.23 7.86 31.50
11.86 0.20 7.46 31.97
12.33 0.15 7.18 48.66
14.10 0.08 6.28 100.00
14.76 0.20 6.00 48.17
16.11 0.27 5.50 20.13
17.94 0.27 4.95 66.31
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In an embodiment, the present invention is directed to a crystalline
sulfate salt of the compound of formula (I-S) as characterized by its XRD
peaks, whose relative intensity is greater than or equal to about 20%, as listed

5 in Table 5, below.

Table 5: XRD Peaks, Sulfate Salt of (I-S)

Angle (°26) FWHM (°26) | d-spacing (A) | Relative Intensity (%)
6.96 0.12 12.67 28.72
8.86 0.13 9.98 58.69
10.82 0.20 8.18 23.82
11.25 0.23 7.86 31.50
11.86 0.20 7.46 31.97
12.33 0.15 7.18 48.66
14.10 0.08 6.28 100.00
14.76 0.20 6.00 48.17
16.11 0.27 5.50 2013
17.94 0.27 4.95 66.31
19.55 0.20 4.54 58.68
20.88 0.23 4.25 65.80
22.26 0.20 3.99 36.52

The present invention further comprises pharmaceutical compositions

containing a product prepared according to any of the processes described

10 herein with a pharmaceutically acceptable excipient. Pharmaceutical
compositions containing one or more of the compounds of the invention
described herein as the active ingredient can be prepared by intimately mixing
the compound or compounds with a pharmaceutical excipient according to
conventional pharmaceutical compounding techniques. The excipient may take

15 a wide variety of forms depending upon the desired route of administration
(e.g., oral, parenteral). Thus for liquid oral preparations such as suspensions,
elixirs and solutions, suitable excipients and additives include water, glycols,
oils, alcohols, flavoring agents, preservatives, stabilizers or coloring agents; for
solid oral preparations, such as powders, capsules and tablets, suitable

20 excipients and additives include starches, sugars, diluents, granulating agents,
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adm ni st ratv'vl usually consist of sterile water and other ingredients may be added to
5 increase solubility or preservation. Injectable suspensions or solutions may
also be prepared utilizing aqueous excipients along with appropriate additives.
To prepare the pharmaceutical compositions of this invention, one or
more products of the present invention as the active ingredient is intimately
admixed with a pharmaceutical excipient according to conventional
10  pharmaceutical compounding techniques, which excipient may take a wide
variety of forms depending of the form of preparation desired for administration,
e.g., oral or parenteral such as intramuscular. In preparing the compositions in
oral dosage form, any of the usual pharmaceutical media may be employed.
Thus, for liquid oral preparations, such as for example, suspensions, elixirs and
15  solutions, suitable excipients and additives include water, glycols, oils,
alcohols, flavoring agents, preservatives or coloring agents; for solid oral
preparations such as, for example, powders, capsules, caplets, gelcaps and
tablets, suitable excipients and additives include starches, sugars, diluents,
granulating agents, lubricants, binders or disintegrating agents. Because of
20 their ease in administration, tablets and capsules represent the most
advantageous oral dosage unit form, in which case solid pharmaceutical
excipients are obviously employed. If desired, tablets may be sugar coated or
enteric coated by standard techniques. For parenterals, the excipient will
usually comprise sterile water, through other ingredients, for example, for
25 purposes such as aiding solubility or for preservation, may be included.
Injectable suspensions may also be prepared, in which case appropriate liquid
excipients or suspending agents may be employed. The pharmaceutical
compositions herein will contain, per dosage unit, e.g., tablet, capsule, powder,
injection or teaspoonful, an amount of the active ingredient necessary to deliver
30 an effective dose as described above. The pharmaceutical compositions
herein will contain, per unit dosage unit, e.g., tablet, capsule, powder, injection,
suppository or teaspoonful, of from about 0.01-1000 mg or any range therein,

and may be given at a dosage of from about 0.01-300 mg/kg/day, or any range
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met er ed aereﬂ:?l% (fx-rorléxgl'ﬂpq]e SRE e gtr&ﬂ%’ana%)rﬂp |§§’a %n&dﬁs%gteoinod{? i ces or

supposi tories, aren tera i nt'ranasa r Tec
30 outer dosage component the latter being in the form of an envelope over the

former. The two components can be separated by an enteric layer which
serves to resist disintegration in the stomach and permits the inner component

to pass intact into the duodenum or to be delayed in release. A variety of
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10 adm nistration, or for admnistration by inhalation or insufflation.
Alternatively, the conposition may be presented in a formsuitable for
once- weekwg 20r1/apsie- nont hl y adm ni stration; for exanpl epcamscoisokizd e sal t
of the active conpound, such as the decanoate salt, may be adapted to
provi de a depot. preparati for intramuscul ar injection. For preparing
Sol 1 o conpdBRiEBhSTEReRSEd TPBIet ENteIRIVRD T AR, SUEN RARHESed! ent i s
m xed Wi t h jgcIDhRGNERAGHIDEF 8f DS fileRicoRids it SUERMABHERNA sialbketétpo _

i ngredi ents such-as corn starch, |actose, sucrose, sorbitol, talc, stearic
aci d, magnestaehol endaelitiwsedicetdtei um phosphate or guns, and ot her

har maceuti cal dil uent. e.g. ter, to forma solid ef ornul,ati on.

P ommosr £1 on_eont e orfistiogdRieB ine Ry Hothgrsitorstofthe rE S e Bions ent
20i nvensi OrrnaQbeané&‘rébfmé@%Héq&hi!ni‘sh%@i@ﬁﬁiraw 6r I§y?1|rﬁedtf6fﬁriﬁ_@mde,\/%1®rbdlfsf erring
to these prefornul ati on conpositions as honpbgeneous, it is neant that the
active i ngreoditians, pditahly favewedsyauns, adheeugRoot staeeraps ANd avoseed hat

t he conpositi.on: - I Y j_nt Ly.. A osage
o me_sion SThOBiRYyEFe BRI G PA Kofdisdel o, SuRnG oI EhEGINAR, o2

conposi ti ompdahul bil ! dwel Wb dlixird @ddisivhdaruphdrrdreagealfvehitlienf Stitebley pe
descri bed ahove containing fromO0.0l1 to about 1000 ng of the active
i ngr edi ent BEPYTREIRISUSRENTINGAGANEH for AYLIEPHH SHERERHFONS | INGUde SyRBetiByel

conposithi ON,y ey i [ a~dosage form
af f or di1pg {}:he adl\ggarl ageseo %?%Frgﬁéééﬁgctg%ﬁguﬂgrﬁggéx;ar?gpgﬁ tgﬁdéartngbl et or
pill can cagbdeaethyicehepseovetiylcaidicse, BOlyuinykEpyriolshpe araygdatrent , t he

| atter being in_the formof an envel ope over the former. The two, conponents
can be separ at ediymaadisplord e Rrpar Luiepien fisvyalse BE Carithr at | on
in the stonpgly apAaRREcEUTRal MPEYRRIN ESTPAIST By Bf PRSSoMBBUMS dsidtinkhe
duodenumor to be delayed in release. A variety of WO

2011/ 01984 ZrROFiNgGRIA phansr@tioalitysrdceptatémexaipiage dl feopharmacesticalr i ¢ | ayers

mat or  dpo oS e cBBir PEE it BYTRER 5B8 RAE B Bedoriettich”s or e
in which t hg ag+ahgs AEpein! ior erample AtRSutArEEEB00 RVSMhé eBripdaKd s any

i ncorporated for adm nistration orall Y or by injection include, aqueous

sol uti ons, rgnge ?ﬂﬂ@'nf f%%@m@&ﬁéﬁpyb@ GgsPHOgng 6f thesm@@m%@s aN¥nd
flavoured erggé%rhé}@ﬁ],?h&%é’sﬂbé’h‘?nﬁ‘i{tdtéd%ﬁ%n@%ﬁ%gﬁ’éﬁ& L nodiSgrame oi l,
coconut oil "or "peanut oil,” as wel'l as elixtrs and simlar pharnaceuti cal
veh: cljes. &dﬁniabtratidh sglec&idngzﬁupiaus freohed heﬁgeweatysarid)ihﬁﬁw@macewtﬁwnsi ons,
inclu synt hetic 10and natural gunms such as tragacanth, acacia, alginate,
dext r aR? s@aqcm%arlagwwﬁt h%@&“ﬁutpeg@,b'ﬂ%%rﬁww dingsagents, lubricants,

pol yvi nyl - i bRl td W néi!é,'b@rbéé}vativeds, dxéfé‘,earﬁeédé‘ﬁﬁgﬁd%ﬁcpo%ﬁ%nb%u&g'&e
present invention may also be carried out using a pharnaceuti cal

conposi t i orfocomrgadsimsiration in¢luddé eolabiopms nsischeas pits,i tabldtsh eaplets, aapswaes

phar maceutical | ccept abl e excipient.. The pharmgceutical 15 conposition
may cont ai rioaer eBREEbinegat i imedasioRge o e AL GRSIRASE o any range
therein; faprreaions), gRAuleslafd F@w@@%, BHd QhuitiTerms seeH 28 sofitioRBYsyraps e
therein, for exanple, about 10 to about 500 ng of the conmpound, or any rage

t her ei 25 arelixatsy epwisionss tendpusgensions. ahgrmisusefgiior patestdrak admigistiation of
adn ni ot r &t hQa Slerhd ElundR ERIATbSs RELUGSARsRssary and i nert
Advantageously, compounds of the present invention may be administered
in a single daily dose, or the total daily dosage may be administered in divided
doses of two, three or four times daily. Furthermore, compounds for the present
30 invention can be administered in intranasal form via topical use of suitable
intranasal vehicles, or via transdermal skin patches well known to those of

ordinary skill in that art. To be administered in the form of a transdermal delivery
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20exci pients, including, but not limted to, binders, suspending agents,

| ubricants, flavorants, sweeteners, preservatives, dyes, and coatings.
Conposi t iwo0suilv@ERl e for oral adm nistration include secrastawmgs2osuch as
pills, tablets, caplets, capsules (each including i nmediate rel ease, tined

rel ease and sustajned rel egse formul ations), granul es, and, powders, and
e o Ihe5esedr SGH B s i peror TRy e

suspensi onspichafiEht #e6lidHout Be BGIRR RERhemdm ni stration include sterile
sol utions, enulsions and suspensi ons. Advant ageously, conpounds of

t he present i nvdmariingianes; foreorabadministeatiod in thesfosnmjladabiet bycapssis, the t he
total daily dosage may be adm nistered in.divided doses. of two, three or
four t1 mes 205 P 5 UG-G RaReHE BN Reonrpoaad Wil ot sPEaeRE PraArekeRgn can
be adm gi stRjcegtabie inBHexBRRt shiet B etiariob R drolWrSvatér. SMotetlvee whdr anasal
vehicles, or via transdermal skin patches well known to those of ordinary

skill in tHgsirgdor ngeesranadvitabletindars; IHbticants shsinteoratingragesteanthl del i very

cCourse,  he CRTTEIE ral RSP Than PR b ARt SRR BR0R e |+

regi men.  includéawithious tiduitation, fstdrcloy gelatirg matural sudfaro sutcnas hricbee or bétaa
tabl et or capsule, the active drug conponent can be conbined with an oral,

non-t oxi ¢ PREPHR.IR SWERIRNEER AEBHEEAIESTHBRIC QP SHEMES S68H2lEaGAGRAHD |
gl ycerqh Ororgﬁgiﬁfm o2& RbBIum %{%?atg,eﬁfagﬁgsiﬂfn él@&%%é,%fo{ﬂiurﬁ Bbﬁg%ltg,eb' nders;

| ubri cants, I ntegrating agents and oring agents can a
i ncor por at exbdiumh acetaée ar sadivrm. chBurideadDisinkegretors inchuleyddhowd lintitadion,

limtation, starch elatin, natural sugars such as glucose or
bet a- | act os%?rcgomﬁt@&é%ﬁé%?9%#@}%“93?5&‘3@%}%@1: gums such as acaci a,
tragacanth 10 orTHefuididPhi3ah Suitasly vBrel 8aEeERIingBPARPEMAGEGEH§EBeh SOdi um

benzoate, sodium acetate or sodiumchloride. D sintegrators include,
wi t hout | i rasttheisynthetic andmaturet giyns cfer exarople, tragagantineatasia ergmeihykant han

Juch ad: netlkshoFBErhtkatelal Afainisyalen, FErRSARRIUES fhg ShERSHS B2 o75 or
met hyl - 15cRisiral 03®tomie brélrirairiy @hich d@hBiaiy cahiaMNsuitioRs blcsehlstings aieons and

solutions are desired. Isotonic preparations which generally contain
sui t abl e presBelpyed Mhes infravespps adetnigiation ifdesietous admini stration is

e o e L L el R
| ar ge 20unifomnef liggsonts delivesy systemepsiudH asembhuniaaeldrassiclasplzegeres can be
for med 212)r Rl a%aerlljare \t/gsic%s,%m%srgnl%llairﬁeilgﬁ ’vegigl(ég. ilspocsgpnlegséa%rgel forr%teg rro¥r|1 grri ne
or
variety of phospholipids, such as cholesterol, stearylamine or
phophatidylcholines.
Compounds of the present invention may also be delivered by the use of
monoclonal antibodies as individual excipients to which the compound molecules
25 are coupled. The compounds of the present invention may also be coupled with
soluble polymers as targetable drug excipients. Such polymers can include
polyvinylpyrrolidone, pyran copolymer, polyhydroxypropylmethacrylamidephenol,
polyhydroxy-ethylaspartamidephenol, or polyethyl eneoxidepolylysine substituted
with palmitoyl residue. Furthermore, the compounds of the present invention may
30 be coupled to a class of biodegradable polymers useful in achieving controlled
release of a drug, for example, polylactic acid, polyepsilon caprolactone,

polyhydroxy butyeric acid, polyorthoesters, polyacetals, polydihydropyrans,
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phophati dyl chol i nes. Conpounds of the present invention may al so be
delivered by the use of nonoclonal antibodies as individual excipients to
whi ch t hewoanpaussd2nol ecul es 25 are coupl ed. The conpoumrd3/uskoinioes2ps esent
invention may al so be coupled with soluble polyners as targetable drug
excipients.Qiych 80%§ rs can inilkd Olﬁ inﬁgg%rrglidone, g%¥an

- lymer:
copol yrer , ROYGYRYRRSH FiroRYd asrABkSy abpeepintius block copoly
poIyhydroxyﬁgmﬂﬁggspartanidephenol, or pol yet hyl eneoxi depol yl ysi ne
substituted 'wth pal mtoyl residue. Furthernore, the conmpounds of the
present invention nmay 30be coupled to a class of biodegradable polymers
useful in achiewn rcontrolledarcella e of andru . fo? ex ﬂpleT. olylactic
acid, polyepsilo é%%%?ﬁé% & ﬁB §8PH§? 50 Poraes ,\5%\9 rfhoesters,
pol yacetal roQaétstepiidomtonding to RAk o7 Yies prstesbas B8saisbCharesir hs teed or
anphipathig)blogﬁﬁcgpolyngps o? hyd?ogel$? To prepare a pharnmaceuti cal
conposi t i orfGivetngregiens enintimajeladorixed withi pliictagauéipalr@iriesdlor di ng to any
of the proc i - i i i et .S Wt mately
i xed wi (10 PG EehTtonR! B iediteaRErhiR it St yest il
phar maceut i x@ipiettmay takieng wide hatietyesf forhd dependingoétiie foriy dfalteparatiode
variety of forns depending of the ftormof preparation desired faor
adni ni st r atdesiregdogadmnisiraionyere iral @ paresigaralip SyitgRigrPharEacerieally
10accephabl P S o ; hpL A ome of
t hese gﬁar @ggﬁﬁ@%ﬁ?@%@@ig%ﬂ@ﬁ%& ghnét gﬁm?{/ésﬁgaﬁgﬁlgp‘f‘dr{ﬁ%’é ér?dbook
of Phar nmac qataroakce iiaallyi anceptabbeibkecipteats maythbdesfodndrin déne Hpiadbordkenft | cal

As iati d t he P {i | Society of G.eat Britain..Mthods of
foroe) ot obtmacatnca o med b oSt e Ametral ERGEuareHisT N aumr ous
publ i cat | onfssEietioh T EERHABalicHRSAGEy i areat BTighh et s, Second Edi tion,

Revi sed and Expanded, Volunes 1-3, edited by Lieberman et al;

Phar maceut i cal [Ddsthgdsmdforsnul@ing phamaacautidalceanpositionmhayebean 2, edited by
Avi s et -al ;, and, Pharmaceuti cal Forms:.o,. Di rse st Vol. unes
5% cdpr e By PR L IR s BuorRaTANE sheh oh pnalpRElity Deapl o

The fol | owi Tib|&bsagBLEsd Eﬁﬂioﬁe? Refv@rewhrtopE]@% shded, Mturveslarstaundang of the

I nvention, and are not | ntended and _shou not be construed to l'imt in any
way the im;_éﬁlpermarg@ttalf Bhamnaeeuytieal Ppaaggﬁmnswarﬁmtgr@,l Mesicaiipnsy . 251 n t he
Exanpl es WR)§0rfe@l4.9Weqif By RV NER) SnPPRAHALSetlcI DbELEE FPms:

Disperse Systems, Volumes 1-2, edited by Lieberman et al; published by
20 Marcel Dekker, Inc.

The following Examples are set forth to aid in the understanding of the
invention, and are not intended and should not be construed to limit in any way
the invention set forth in the claims which follow thereafter.

25 In the Examples which follow, some synthesis products are listed as
having been isolated as a residue. It will be understood by one of ordinary skill
in the art that the term “residue” does not limit the physical state in which the
product was isolated and may include, for example, a solid, an oil, a foam, a
gum, a syrup, or other form.

30 Examples 1 through 11 describe recipes / procedures for the synthesis
of the title compounds. Several batches of the said compounds were prepared
according to the recipes / procedures as described below. Physical properties

listed at the end of said experimental descriptions correspond to physical
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havi ng been isolated as a residue. It will be understood by one of ordinary
skill in the art that the term"residue" does not |limt the physical state
i n whi ch wbeorwmaedsset was i sol ated and nmay include, for exarmst@p/oas28olid, an
oil, a foam a gum a syrup, or other form 30Exanples 1 through 11

descri be reci Eeﬁ. / rFrOCEd res for the nt hesi ff t he tlt|£ (ﬁnds
Several batRIRBEMISE MERSWEH OTcd FrRERTalks 82 l%a 08 CARRUIG Y EPRhE
recipes / RheGRBHFMRNAS dé%@ﬁﬂsﬁdhewhraﬁlawcea’éwcal properties listed at the
end of said experinental descriptions correspond to physical WD

2011/ 019842PCT/ US2010/ 045204 properties neasured for a representative

AL e o ESa B2 BB oS 6 P 1S Bl SRS St

4- (6- Di get hyl am no- 3- ni t rgipBkitikt-N-carbbReli®vkid efhiyiR&tédi ne- 1- car boxylic
acid ethyl ester NO2 N AcetoniiriTe (I.00Z L) was added to a 3L
flask. To the flask was then add¥d22,,6-di chl oro-3-nitropyridine (188.26 g,
0.878 mo) and DI PEA (353 niL), 2.[/007 r’r,‘QI) and the reaction mxture cooled to
0-5C. To the resulting m xtur ani no- | - pi peridine carboxylic
acid ethyl ester (150.0 g, 0. {36 I), ropwifse over 10 m nutes. The
resul ting susenstion was agit d bt 0- QC f o] hour and then allowed to
warmto roomtenperature over aPput 90 m nY Theffesulting m xture was
agitated at roomtenperature overnight. To the fesulting mxture was added
dropwi se over about 20 m nutesy t hyl am ne (660 m., 1.32 nol) in 2M
THF. The resulting m xture was separated into two pqual portions. To each
portion was then added distilled water (760 nL) over about 15 min. The

resulting ol urt ypYBSugL LRGBS ) Yasleddeth DAVt HEnobdLRpn poyiel d

yel low solid. Al & 6f - acat ant T was used to

rinse the fddueld 206dithlbieesaitkepyrithree (1!8&% gaeemaﬂoﬂam@mlaEAE(Gsstr@Lyl el d
the title 20 conpound as a yellow solid 2. Preparation of

4- (5- Di et HPQATHA) 2ndihe neaetign myiyiuse cooled ton(P5°C To the resulting mixture

o011 0185 S S s BB Bire tABo kA B €5 (TG0 o688 o VO

mol), dropwise over 10 minutes. The resulting susenstion was agitated at O-

5°C for one hour and then allowed to warm to room temperature over about 90
min. The resulting mixture was agitated at room temperature overnight. To the
resulting mixture was added dropwise over about 20 minutes, dimethylamine
15 (660 mL, 1.32 mol) in 2M THF. The resulting mixture was separated into two

equal portions. To each portion was then added distilled water (760 mL) over
about 15 min. The resulting slurry was agitated for 4 to 24 hours, then filtered
to yield a yellow solid. A1:1 mixture of acetonitrile:water (400 mL) was used to
rinse the flask and filtercake. The filtercake was dried at 50°C to yield the title

20 compound as a yellow solid.

Example 2: Preparation of 4-(5-Dimethylamino-2-0x0-1,2-dihydro-

imidazo[4.,5-b]lpyridin-3-yl)-piperidine-1-carboxylic acid ethyl ester
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To a 1 Lvessel was added 4-(6-D nethyl am no-3-nitro-pyridin-2-

yl met hyl ) - pi peri di ne-1-carboxylic acid ethyl ester (120.0 g, 0.355 nol) and
et hyl acevet2e11(l@@2320 nl) and the resulting m xture stir Petd/USTaobR04
resulting slurry was 5added Engl ehard Catal yst 43191 (1A) Pt/ C, 40.42%
water, 32.8 g) and the reaction vessel was purged with nitrogen (3x) and

t hen hydrogen. The reaction m xtu was pressurlze 40 psi and heated at
45C unti|l no nore hydrogen Wﬁg ion m xture was then
purged with nitrogen (3x). N nsion was filtered through a
CELI TE(r) pad (120g, 2" hei ght)s ch was shed wth ethyl acetate
(120 m., 2X). The filtrate wa hed with sat@ated brine (once with 300
mL, once with 150 nL). The ethyl Bcetate solvent (-300 nL) was renoved
under vacuum (40C bath tenperatqre) and the resulting resi due was stored at
4C overnight. The residue was thgn added to a 1L flask and stirred. To the
m xture was then added 1,1'- 15tarbonyldiimidazole (71.9 g, 0.430 nmol) in
si x equal portions over tine and the reaction mxture was stirred at room

tenperature for tha Thow@sset wa agded-45(6-PaneBylasuine:3-mive-pyilin £ ng

the resul ¢ MTRLbIHABERne " Soronb AAERHTRRI (Lobh SariRuRITead st he
'ZI EgeDCOHP?UIthé%a?LmL and%&@mlr@ r&:xt@fe%mf@i | Pan tredf resulting slurry was
met hy| ani no- 1-

di hydr 0di nidfes] Efn@ebqr&y@?tﬂ)fﬁi §3993 (b?/Op%V@dﬂQéz% Waio%18 @ ad Weet hyl
ester N ctlon %e%/as%ﬂg&e@%tﬁ Nirdders®x)asd #ifaf drogen. The reaction

4- (5-di math am no-
di hydro-i mrdahm{a&ve&-;brbpwnz@dm%yiahdmepmd ali 452 Clurtinbargie kryd?fogeln Wd&;yl

(300 ) ar@raUEISsec A reakipb ey §a% Fion ourasg Wil roén(hdednEl g mixt ur e
vas heated kg fifd shipd RioPRaYNit dPtioudi8 CEATE QhdT 10 © d%gqﬁtgeh cool ed

to roomterrperat e I‘ESU'[II'I Xture wa opwi se over
about 18 rﬁVmicM/a\taasrwem with etimgd acktte ¢$20 hiln@X3udperfiirate waohedheo 0- 5C

using an ice vvater The col nsi on S and the filter
cake washedil EHUEBRAERe 858S Mif) SHRET poe Bl e TneGad atstaler ary
for 30 m nWpgant] b@(ﬁb?rf %é F&n ﬁéer%@uuﬁﬂ@b%tﬂdth@lﬁﬁéfﬁt&‘é BRRght, to

yield the title corrpoun as are e 4:" Preparation of
5- Di et hyl athémesmtim@rémduémsmonedlmmgdyeln@ht The residue was then added

15di hydro- | madﬁf%sk an P%relddLI% t%e mlxturé \A\/as then added 1,1’-

15  carbonyldiimidazole (71.9 g, 0.430 mol) in six equal portions over time and the

sune Jhe r

reaction mixture was stirred at room temperature for one hour, then at 0-5°C for
3 hours. The resulting suspension was filtered, the filtercake washed with n-
heptane (120 mL) and the resulting solids dried at 50°C under full vacuum
overnight to yield the title compound as a solid.

20

Example 3: Preparation of 4-(5-Dimethylamino-1-methyl-2-0x0-1.2-

dihydro-imidazo[4,5-b]pyridin-3-yl)-piperidine-1-carboxylic acid ethyl

ester
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----- \' NI NN......-- Avessel was charged with KOH (3.085 kg) and water
(2.2 L) and the exotherm c m xture cooled in an ice bath. To the m xture
was t hen woded/abvdsanol (8.8 L) and the m xture agai n coeCedSaiiosznd i ce
bath. 20To a 22 L round bottom fl ask (RBF) equi pped with nechani cal
agitation, heating mantle and a th8r nocoupl e, was added the m xture

pr epared above and N

4- (5-di met hyl am no- 1- net hyl - 2* 1, 2-di hydro-i m dazo[ 4, 5- b] pyri di n-3-yl) -
WO 2011/ 019842PCT/ US2010/ 0452(04 pi\peri 1-carboxylic acid ethyl ester
(2.20 kg) and resulting susp i heafted t ux (84-85C) for about
10.5 hours The reaction m s then ¢ to roomtenperature

overnight. The reaction m N Whi ch forked a suspensi on, was
transferred to a 50 L phase a'\tlator. Water (676 L) was 5added and the
solids dissolved. The m xture|was agitated for 10 m nutes, then allowed to
split for 30 mnutes. The a N%fs | ayer was renoved, and discarded. The
dark red organic layer was fransferred to a 20 L rotary evaporator and the

et hanol / wat er sofy gr¥ SrolREDORBrAAEK whS 2lddad d-(AgiEm i AmiHoe2-Bxa-152Ls pensi on.
The suspension was filtered using a stainless steel filter 10with filter

paper to yidn@radmidazp[4dd-bimyeidindiv-piegridineri qredbaytia gcigh athyhester(100.04 L) in

0 2L e B e PR T PR BB S
i.tm), Bhe diiktgl cambnate@oad, 0B8N niblx Pherdsuming riixiurd waseraited Ehe

resulting solids were air dry on the funnel for 30 m nutes. The wet cake
was 15 t herfeflwaiesebpretihpdr a %@ﬁ@ﬁ%wﬁweawaaﬁm@o%d BpWOORhd 45 Torr

ol 1 d. “BxaneigeLANED B FRttesl i i s Was then FudRiolisetuer RS0y |
min, water (800 mL) and the resulting suspension cooled to 0-5°C using an ice
water bath. The cold suspension was filtered and the filter cake washed with
10  water (300 mL). The filter cake was allowed to air dry for 30 minutes, then dried
in vacuo at 25°C under full vacuum overnight, to yield the title compound as a red

solid.

Example 4: Preparation of 5-Dimethylamino-1-methyl-3-piperidin-4-yl-1,3-

15 dihydro-imidazo[4,5-b]pyridin-2-one
@)

Nt
” NC“”

N

PN

A vessel was charged with KOH (3.085 kg) and water (2.2 L) and the
exothermic mixture cooled in an ice bath. To the mixture was then added
ethanol (8.8 L) and the mixture again cooled with an ice bath.

20 To a 22 L round bottom flask (RBF) equipped with mechanical agitation,
heating mantle and a thermocouple, was added the mixture prepared above

and 4-(5-dimethylamino-1-methyl-2-oxo-1,2-dihydro-imidazo[4,5-b]pyridin-3-yl)-

127



SO2CH 3 20To a 20 gallon reactor vessel was added acetonitrile (20 L) and
with stirring, 4-piperidone nonohydrate hydrochloride (4 kg, 25.5 nol) and
sol i d NaHE€OoRo(17/018842g, 89.25 nol). The reaction m xture wag/ushen/ ket ed to
65C. Over about 5-6 hours, CH3S02Cl1 (2.96 L, 4.38 kg, 38.25 nol) was

d h .. Th ' h d
for 1 hour FReSes oK aTnb o8 %ﬁ?@f&én@aﬂﬁéﬂﬁlﬁa%eémﬁgﬂﬁ@% “ture
vess 11 Cer ocbapadld K bl e346: ARNA0 MONs2TREQBREIG Epheblas it

col T ect

acetonitrile rmt uors returned to t e reaction vessel
and concentcmila:dtd r@onemmplerymﬁesnvemghr e“éhé teaggionesixtlre, waikchdwa fodmed room

tenperature. To the resi 1 19842PCT/ us [/ 045204 added
|sgBropyI FRYSRESIR, p_/\jastt&arg,q rrﬁdgo\%@p PSR SeRATaLer- §?‘°§t(é E’g'ehwf*'%r about

30 mn. Addddde@irb?r{d IeoieR\ispRiAt Bnd ﬂrﬁxth}e Was & B9 ot uiB e ke

stirred for about 30 mnutes. Two portions of heptane (12 L each) were
added to tmélor/\@aldolscw fﬂrﬂQmmutwt]ﬁhalaqueo@@lay;enmaésremovedt apdafter each

addi ti on. e 5r.e n I xture was filtered to vi e |tIe conmpound
2 sl o ORgaTERAabearR S yet SR Befardiehon of

1- Met haneSLé\fa@avétoBaﬁdtﬁé eftlamel/ Erirsoivenhs reravldd Bheer hehtimé wieunPtdcF3 N\
00\ 10 To a 5L RB 3-necked flask eqe pped with a mechani cal

stirrer, adﬁ@'ﬂ@%&ﬁﬁﬁ‘ﬁ@n Hiisdsmnsioswvas il g lp staitassstefiligas added

bi peri dgne 1400 P RO BRI PP Sad Sné sBl wastheid piia B ERE G 65"
ol ). The rigsnwod N@LMortoi flasles. Wise hesulltrty sesperisions wed aditateat er was
renoved azeotropically by a Dean-Stark trap. After about 5-6 hours, no nore

H20 was di SMermight.of hE sHERRNTIRNS WaEA filtaredion waesiniered sinse foonels (yPerpo was
col | ected. (801, SACHORD UL SRR 5% 39 U ARF1HM £ &fth! 1AL | PA bath.

To the reactlon m X
resulting solids were air dry on the funnel for 30 minutes. The wet cake was

15 then transferred to a vacuum oven for drying at 50°C and 45 Torr overnight

w/nitrogen bleed, to yield the title compound as a pink/rose solid.

Example 5: Preparation of 1-Methanesulfonyl-piperidin-4-one
O

N
éOZCHg
20 To a 20 gallon reactor vessel was added acetonitrile (20 L) and with
stirring, 4-piperidone monohydrate hydrochloride (4 kg, 25.5 mol) and solid
NaHCOs3 (7.5 kg, 89.25 mol). The reaction mixture was then heated to 65°C.
Over about 5-6 hours, CHsSO.Cl (2.96 L, 4.38 kg, 38.25 mol) was metered into
the reaction mixture. The reaction mixture was then stirred for 1 hour at 65°C,
25 then cooled to room temperature. The resulting mixture was filtered and the
filter cake washed with acetonitrile (4 L). The acetonitrile mother liquors were
collected, returned to the reaction vessel and concentrated to near dryness.

The resulting residue was cooled to room temperature. To the residue was

128



added TEA (151.9 ni, 1.09 nol) over about 15 m nutes, followed by sl ow
20addition of a solution of 4-trifluoronethyl benzoyl chloride (216.90 g,

1. 04 nol )wonotialigssre (160 nl), over about 90 mi nutes. TIireTiUSR@0O3204 eacti on
tenperature was mai ntai ned at about -20C by adjusting the addition rate.

After additi ,. the reaction ensign was stjrred.at -20C for 2 nd
Cher war e A b SoRy s OR i 8 B S eRion: Widtas Stirhg foraiadl ng

brown suspestshH )Naaiti%ﬁﬁltiisbbr%‘égﬁécé@@cﬁzq_n)ﬂﬁé@bé!ﬂ@d bR tRE Aiktule sediour s.
The reaction mxture was then diluted Wwth i sopropyl acetate (0.5 L) and

t he reacti dar goewickehinites. TWoapeidons oHIeptanel() 2 LTérch) earetddagdriother e was
stirred at roomtenperature for hour. then transfe re%.to al.separatory
{51 X addition. "The

funnel and BAFYHLPHIG ML QU S0SHERLEES pliiDg affgheac
2011/ 01884 2B&ItiG20%Qr8 had0fiters@ taryield Deitle) caiound 8% a(sblibl) whibhewagsul ting

m xture was stirred for 5 mnutes and then left to stand for about 1 hour.
The | ayers alenedsteir @ved, the organic | ayer containing sone fine solids
was washed with water (1 L, 2X), concentrated to al nost dryness on a

rot o-evaporator to yield a thick slurry. The 5slurry was diluted with MIBE

(1 L) and stirEgdmple6niPggparativh of$WéthanesalforypBqdtteiflugrentathybct ed by
vacuum filtration, washed wth MIBE [0._3 L), and air-dried overnight to
yield the title conpound as a -piperidm-4roNQ 7: preparati on of

4- Met hanesul fonv1-3-(4-trifluoronmeghyl - phen
104, 5, 6, 7-tetrahydro- 1H pvrazol o[ 4,R- blp dnne HN N CF3 N | SO2CH3

To a 22 L RB 4-necked flask ed \ Ecitdrd cal stirrer and addition
funnel was charged with 95% et h¥ (4. and 1, 3-di ketone (868.4 g, 1.87
nol) and the resulting m xture xtirred for 15 mnutes. To the
15resulting m xture was added Y\ (2 L) and a solution of hydrazi ne HCl

(130 g, 1.87mpl) in water (800 )N To the resulting suspension at room
tenperature was added 1N aqueous Na(%@Z.OG L, 2.06 nol) slowy over 20
e
ut

m nutes. A slight exotherm was obsef¥%ed and the resulting suspension was
stirredOat roomtenperature for abo 1 hour. A solid product was then

(2 1y The ol bp s TAEHR Mok REliFhdd i3 hetndhibt it addib g ™
suspended ifonMiIBENnd 2 Dedn-S2att tkdrewite SUbdridegiset Wi laeidedsolsiehe (8L), ynder
reflux for 45 mnutes, then at roomtenperature for about 6 hours. The

sol i d produBethyidpendine ¢18.8 stled B¢ mMelb Nmethapesiiionyl Piradaere (4Qh0 orse
0.99 mol) and p-TsOH ¢ 5 H20 (5% mol, 9.51 g, 0.05 mol). The resulting

15  mixture was heated to reflux and the water was removed azeotropically by a
Dean-Stark trap. After about 5-6 hours, no more H,O was distilled off from the
reaction mixture and about 20 mL of H2O was collected. The reaction mixture
was cooled to —20°C in a chilled IPA bath. To the reaction mixture was then
added TEA (151.9 mL, 1.09 mol) over about 15 minutes, followed by slow

20 addition of a solution of 4-trifluoromethylbenzoyl chloride (216.90 g, 1.04 mol)
in toluene (160 mL), over about 90 minutes. The internal reaction temperature
was maintained at about -20°C by adjusting the addition rate. After addition,
the reaction suspension was stirred at —20°C for 2h, and then warmed slowly to
room temperature over about 4 hours. The resulting brown suspension was

25  stirred at room temperature for about 12-18 hours. The reaction mixture was
then diluted with isopropyl acetate (0.5 L) and the reaction quenched with 1N
aqueous HCI (1 L). The resulting mixture was stirred at room temperature for 1

hour, then transferred to a separatory funnel and further diluted with isopropyl
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25(100 nL) and then air-dried overnight (Ca 18 hours) to yield the title
conpound as a solid. WD 2011/019842PCT/ US2010/ 045204 Exanpl e 8:

Pr epar at iwo 20f1/@98Rt hanesul f onvl- 1( R) - oxi r anvl net hvl - 3- P4T/US2010/045204
trifluoronethvl-phenvl)-4,5,6,7-tetrahvdro-1H pvrazol o[ 4, 3-cl pvridine CF3

SO2CH3 A 22 L. thr neck . f| ui th a cham cal |rrer rgon
Sl et/ out 15 HBADR Erh PR ey THRdCsbpgar e RS GRS (o BT o4
L), 5- and then left to stand for about 1 hour. The |ayers were separated, the organic

met hanesul fonyl-3-(4-trifluoronethyl-phenyl)-4,5,6, 7-t et rahydr o- THpyr azol o[
4, 3-c] pyri dayer qBBanng mrﬁeﬂnelsplld&wa(ssya@eﬂcwrﬂlywa@er {ilt.r9enzenesul fonate
Theresultl%?] f(féet ﬁg ed to 8C in anleﬁ bathldTot Ireac

m xture wasdRERTEESGS @ Ties YOPPY PR APt (BB ka Uiy T8 mol ) .

The i cesbatdlumpaseimrRiwith MTBE$1 19 afdrstines serhight. aveé résutidngolide
resulting mxture was stirred for about 22 hours at anbient tenperature

under ar gorRrogideti was pallected by vpeaymdiiaaton; Mh@d with b5 B (0.3 hasardiaisd and
the resul ti rr ours, then cooled in an

i ce bath. 'Idd%tdh%e\}%rﬁ{gﬂ W’eﬁr#lhﬁttﬁrréeéo\%a &Fﬁgn Sl O\I\ﬁy added col d dei oni zed
water (10.8 L). 15athe ice bath was renoved and the resulting m xture
stirred at anbi ent tenperature for about 1-2 hhours The reactlon m xture
was then fiExample 7; Reenaration ofid-Mgtbangsylfonylyd(ddrilugromethvicphenvlin,g i r
dried tg yield the tit lyes gm@ﬂ{m_m@%%%t he solid was
further recrystallized Tsopropyl

acet at e/ hept ane accordi ng to twaNa+Ner nate net hods as outlined bel ow.
Recrystal lization A: 5- Mt hanesfl f ofyy1- S\ anyl met hyl - 344-
trifluoronethyl-phenyl)-4,5,6, Apyrazol o[ 4, 3-c] pyridine (54.5
g) was stirred in isopropanol A uxChe yield a clear solution.
To the 25 resulting mxture ywas then adde i spropyl acetate (100-150 nl)
wi th continued heating to conplMgy® dissolution. To the resulting m xture
was added n-heptane (200 nL) and the resulting reddsh-brown m xture all owed
to cool to room SO,CHj4

To a 22 L RB 4-necked flask equipped with a mechanical stirrer and
addition funnel was charged with 95% ethanol (4.5 L) and 1,3-diketone (868.4
g, 1.87 mol) and the resulting mixture was stirred for 15 minutes. To the
15  resulting mixture was added water (2 L) and a solution of hydrazine HCI (130 g,
1.87mol) in water (800 mL). To the resulting suspension at room temperature
was added 1N aqueous NaOH (2.06 L, 2.06 mol) slowly over 20 minutes. A
slight exotherm was observed and the resulting suspension was stirred at room
temperature for about 1 hour. A solid product was then collected by vacuum
20 filtration, washed with a 1:1 mixture of 95% EtOH/H;O (2 L). The solid product
was air-dried for 3 days.
The solid was suspended in MTBE (2.7 L) and the resulting mixture was
stirred under reflux for 45 minutes, then at room temperature for about 6 hours.
The solid product was then collected by vacuum filtration, washed with MTBE
25 (100 mL) and then air-dried overnight (ca 18 hours) to yield the title compound

as a solid.
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tenperature. The resulting precipitate was filtered and washed with a cold
sol ution of 20% n- heptane/i sopropanol to yield a solid, which was air dried
to yi el d wbheotitibss2conpound as a tan col ored solid. Recrpsyiuskéonaiznon B:

5- Met hanesul f ony1- 1- oxi r anyl nmet hyl 3-(4-

Strifluoronmephyl - pher 4, h
g) was sl urrEae dle ;8

3 PRa otha i e ¥ )
to reflux. TOtrifnfoMﬂ%gh@ﬁgntwia,os,mwdhﬂfmHLg\ggze%{uEﬁegﬁkﬁneZOO m.)
to yield a cl

tenperature, resulting in the formation of a preftfpitate, The precipitate
was filtered, washed with cold 10i sopropanout 50 nL) and then air

dried to yield the title conpound as a lid W solid. Exanple 9:
Preparati on of 5-Di nethylamino-3-(1- {2(S) OXV-3-1. 5-

met hanesul fonv1-3-(4-trifl uoy ﬁ )-#,5, 6] -tetrahydro-
150vrazol o[ 4, 3-clpyrid in-1 -y -provaT'plperld in-4-vl)-1 -nethyl-1 ,3-d
i hvdro- i m dazo[ 4, 5-blpyrid ini3 A 50 L reactor vessel was
charged with ethanol (34 L),
5-di net hyl am nol- net hyl- 3- pi peridi n-4-y1-1, B-di hydro-i m dazo[ 4, 5-b] pyri di n-
2-one (856 g, 3.11 20mol) and N

5- met hanesul f ony1- 1( R) - oxi ranyl met hy1- 3- ‘4tr|$@ﬂ%H©nethyl phenyl) -

Ceoulting pi ke agat R ReCk fadk SaSkBYD Wi miekfBlicY sivdn sl nours,
t hen al bovseflet/outietddeptor, dRsmicengter ahd rstopett W chiargdediwittnDVEN(G.4 efEer at ur e
for an additional 1 to 2 hours. The reaction mxture was filtered and the

filter cak@ﬁﬁ‘@ﬁ@éumﬂ%%d&ﬂﬁo'@@n@b)" Rehot..q hdatraydrarifed to yield the

oL o CorPaBEaRs RhRl (o 40 SPIN PAREIPGLegLo) Gas20 Examle 10

met hanesul frﬂmﬂer&e(n/ésmforﬁdtaorT@m’ebultmgh&meWaéccﬁ)Ied & sedyrtian-ce bath.
ovrazolo[4,3-clpyrid in-1 -vll-propvl}-piperid in-4-vl)-1 -nmethyl-1 ,3-d
i hvdro- i mmm reastion pyixtue was tag@ added, with stirring cesium carbonate (520 g,

10  1.59 mol). The ice bath was removed within 5-10 minutes of the addition and

the resulting mixture was stirred for about 22 hours at ambient temperature
under argon. Additional cesium carbonate (132 g, 0.405 mol) was added and
the resulting mixture was stirred for about 2-4 hours, then cooled in an ice bath.
To the resulting mixture was then slowly added cold deionized water (10.8 L).
15  athe ice bath was removed and the resulting mixture stirred at ambient
temperature for about 1-2 hhours. The reaction mixture was then filtered, the
filtercake washed with deionized water (2 L) and air dried to yield the title
compound as a solid.
A sample of the solid was further recrystallized from a solution of
20 isopropanol/isopropyl acetate/heptane according to two alternate methods as
outlined below.

Recrystallization A: 5-Methanesulfonyl-1-oxiranylmethyl-3-(4-

trifluoromethyl-phenyl)-4,5,6,7-tetranydro-1H-pyrazolo[4,3-c]pyridine (54.5 g) was
stirred in isopropanol (600 mL) at reflux to yield a clear solution. To the

25 resulting mixture was then added ispropyl acetate (100-150 mL) with continued
heating to complete dissolution. To the resulting mixture was added n-heptane
(200 mL) and the resulting reddsh-brown mixture allowed to cool to room
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5- Di et hyl am no- 3- (1-{2(S) - hydr oxy- 345- net hanesul f ony1- 3- (4-
trifluoronethyl-phenyl)-4,5, 6, 7-tetrahydro-pyrazol o[ 4, 3-c]pyridin-1-yl]-pro
pyl | pi perwadizntiayssp- 1- et hyl - 1, 3- di hydr o-i m dazo[ 4, 5- b] pgriuseoro@420€ (50 g,
91.3 wt% 0.067 nol) was slurried in a m xture ethanol (95% 600 nm.) and
acetone (200 10 res ti ture ref fth
Stirring. - ARTERTabiR: THp s ing e ieast Hsrd apdvabepiwtn ool

| ncrement S )siforaeidnshe ﬁéﬂ)t@\ﬁ’éﬁ'sdbfo%’r%ltto 1Rd 2 ganaurvﬁrchqx/aetarrrdrreaqo unt |

all of the solid was observed to dissolve.” A total of about 800
acet one wayielddee litlFlcompolundeasod tarheolpeasisalidag mi xt ure was reduced to

appr oxi mat el 1200 then th ved and the.resulting 15 brown

sglouti on all gmd@%ﬁ?@%@ﬁawegﬁ?”‘?s ﬁﬁ@ﬁ BNy, g@ﬁ%’(%as obsgrved to
recipi gat et h@n4®6 Fitamah 1H 4 yrrdrﬁeurra W

Pr I terloetd5 tﬂgﬂ?‘r?l teer?mggseﬂ\%ag%d \?\n?hﬁggl d 0%22?!1 8 abou 5% as and

air dried tduyipdiniisopeopane| ©&50drkbbule I(GISH”PWI()SM@WSJEB%GQ foyeflugpi WQ solid.

£o0 Sy ir dlle nkERENAR ih QowRad e bRy e BDa T O lelt o e 5 % .1‘

t et r ahvdr o-goyutiono THedscbutidrpyas dilowdd to]docﬂnt@pam}temde%rturb negtitiiy inthaet hyl -

3- di hydro-imdazo[ 4, 5-blpyridin-2-one WO 2011/ 019842PCT/ USZOlO/ 045204
5- Di net hyl efﬁ'i'“ﬂ%tloswfla P@G@Wﬂrdﬂ&ﬁ@e@wﬁﬁe‘t"%ﬁ%@@ﬂf wagnedwith cold

triflugpo 1] - pro
oyl | pi Aot 1 arap g Reaarbcind dnd Slerfay dric Ryfiaeth Site BompRibt SRk L™

0. 0827 5noltanwsabd.slurried in dristilled water (1 L) with heating. To the
resulting mxture was added 1N HCl (160 ni, 0.16 nmol). On addition of the
acid, nost of the solid dissolved and then a pink solid prepcipitated . The
resultrng m Xt B &m I i i a3.fs-of the
solid was observe .

The rei,| [ ting soI
stirri é ve <

The resul t| ng m xture was f| I Iimlidﬁihommb]ﬁdvrw-ﬁ&@ vvashed W t h coI d vvater
(300 nL) and air dried to yield the titTe conpound as a pi nk solid.

15Exanpl e 12 through 25 were conpl eted as described, w
procedures and pararret ers as |listed bel ow. GCeneral
O

\G \\\OH
AN

A 50 L reactor vessel was charged with ethanol (34 L), 5-dimethylamino-
1-methyl-3-piperidin-4-yl-1,3-dihydro-imidazo[4,5-b]pyridin-2-one (856 g, 3.11
20 mol) and 5-methanesulfonyl-1(R)-oxiranylmethyl-3-(4-trifluoromethyl-phenyl)-

~S0,CH;

4,5,6,7-tetrahydro-1H-pyrazolo[4,3-c]pyridine (1457 g, 3.11 mol). The resulting
pink recation mixture was heated at reflux for about 6 hours, then allowed to
cool to room temperature and stirred at ambient temperature for an additional 1
to 2 hours. The reaction mixture was filtered and the filter cake washed with

25 cold (6-8°C) ethanol, then air dried to yield the title compound as a pink solid.
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Unl ess otherw se noted, the follow ng general experinental paraneters
and procedures were utilized in connection with Exanple LJ1 through LJ14
20whi ch fwbl20m/ties4ei n. Mel ting points (np) were deCEruseoea4iengd a
El ectrot hermal Mel - Tenp appar atus. Mass Spectra was obtained on a Hew ett
Packard LC/ MSD instru :
1100 Seri es GXampledl; allizat a0 -3o(1 (roxys345+ 50 ym

col um, X at 25 n?@tﬂaﬂ@k&lfgﬁﬁ %-tmmoidrﬁw%ﬁeﬁ%mgﬁzmétmmsdwoth 0.1 %
TFA. Gradient c mn 1% -
99% acet oni t EVIra: > pifichi A igi , : -l i

d 12.0 min 1%aceton|trlle 5Tot td ne. 12 mn Chlral HPLC runs were
recorded using a Chiral pak AD—-@@&MM X at 220 & 254 nm flow
rate at Im/mn with 95/5 EtOH hexane. NWVR spectra were asured in the

i ndi cated solvent wwth TMS as the internal standard on/a Bruker 400 MHz
instrument. 10 Exanple 12: reparation of

4-(6-Chl oro-3-nitro-pyridign-2-ylam no)- piperidi :@ boxylic acid ethyl
ester N@OInadrieN%eck 500 m round-bottor Ask with a magnetic
stir bar, 152,6-dichlgro-3gnitrepyridine (97.0 g, @. 4625 nol) and
K2003(66.0 g, 0.477 '8 gd | 1) then chilled to OC

e carboxylate (74 m,
saction mxture (to

4227 ol ) in DVF (&0 was

~S0,CHj
5-Dimethylamino-3-(1-{2(S)-hydroxy-3-[5-methanesulfonyl-3-(4-

trifluoromethyl-phenyl)-4,5,6,7-tetrahydro-pyrazolo[4,3-c]pyridin-1-yl]-propyl}-
piperidin-4-yl)-1-methyl-1,3-dihydro-imidazo[4,5-b]pyridin-2-one (50 g, 91.3 wt%,
0.067 mol) was slurried in a mixture ethanol (95%, 600 mL) and acetone (200

10  mL). The resulting mixture was heated to reflux, with stirring. After about 10-15
minutes, additional acetone (in 100 mL increments) was added, followed by about
10-15 minutes of stirring, until all of the solid was observed to dissolve. A total of
about 800 mL of acetone was added. The volume of the resulting mixture was
reduced to approximately 1200 mL, then the heat was removed and the resulting

15  brown solution allowed to stand at ambient temperature. A solid was observed to
precipitate out of solution on standing. The resulting mixture was filtered, the filter
cake washed with cold 95% ethanol (about 100 mL) and air dried to yield the title
compound (in two crops) as a light pink solid.

20 Example 11: Preparation of HCl Hexhydrate Salt of 5-Dimethylamino-3-(1-
{2(S)-hydroxy-3-[5-methanesulfonyl-3-(4-trifluoromethyl-phenyl)-4,5.6,7-
tetrahydro-pyrazolo[4.3-c]pyridin-1-yl]-propyl}-piperidin-4-yl)-1-methyl-1,3-

dihydro-imidazo[4,5-b]pyridin-2-one

133



reaction). The reaction was allowed to stir up to roomtenperature for 18
h, 20 then treated with H20 (400 m ). The aqueous | ayer was washed with
Et 0Ac (3 wo=20D/ah§42and extracted. The conbi ned organi ¢ lPayarS2ea®43tni ed with
MySO4, filtered and concentrated to a yellow solid. The yell ow solid was
purified by filtration chromatography (silica gel cglum: 14 cm OD, 10 cm
in height and eluting with CH2A 2 increasing to 95/ p"CGH2C12/ MeOH. ). The
desired fractions 25containing the title conpoupd—fere conbined. O her
.h ;

fractions contaiRing ippurities in a mxture w Nge title conmpound were
conbi ned and filtMat chromat ogr aphy was repgated/again to recover

addi ti onal conpoungd. e titJ e conpound was isofaréd as residue. M5

(el ectrospray), 1 1N494 +\NQ_A63. 0 1H NWVR (400 MHz,
CDCl 3) 68.37 -8f35 J 3 8.5 W9 8,28\ 8.26 (br d, J = 7.58 H,
1H), 6.64 - 6.60(d, J = 8.89 \1;}\4}41 231 (m 1H), 418-4.13(br
q, J= 7.07, 14. N aH), 3709 3931, 3 o2 2.06 (br
d, J= 13.14 Hz, , 1.58 - 1.48 (m 2H), 1.]p9- 1l 267{1Ch= §7°"derHz, 3H).

HPLC retention time: 9.8 mn Exanple 13: Prepars NQ f
4- ( 6- D|rrethyl am/ﬁo”sxnltro pyr|d|n 2- Yl am no) - pi pe%cgﬁ%l-carboxylic acid

ethyl, ester N2 4bhdoMaing ool nyarogbllsdndibRbburbngesteL |

round- bottomflas a magn t

chl or o- 3- nittiflwerpyetisil-phnyl)-ars, &G)tewawoqhym[@@%]pwmd -AEpdpghhyl ester
(69.45 g, 0.2112 Mzwas slurrjed in CH2 Clzgélllo ml/ 20 m@)’sa Usi ng an

addi tion fUHpRIdin4- '@'I]%WIWTWW'T@%O o-bIpygYiBe FPBP)(5§\IQS Wy added
to the 5slpl Wa'%‘s?ﬁﬁd’\éﬁ in E%tm?a \Wtelr (161?6)%trpﬁbéﬂn§ U Lthaasimti hg?WxtGPéOt herm c

and devel oped’into a clear solution.” After stirring overnig room
t enper at ur evdaddsyi hiN H(hle(16@emd1 it mokt e atditioe df thetamlda, rpest afthe balid y

solution. The resultj m Xt sco ntrated t eIIowso t hen
it ed o astes i Bard PaK soldBina TAtE <aneres i ieu s hedted: (5 x
300 m). Thﬁitr%ﬂrﬁﬁ@tt@%ﬂlb@@ﬂt.reu?&'tﬁé!§6|d\@és@b*s@@e&ﬂté GlS’é’éR/@%hefrbbulﬁﬁgd and
concentrated to yield the title conpound as a yellow solid. The product was

used in t hesohdion washotdilieredithrough a@artpdgefflltﬂitald)ﬁhewagbe@mthmpw@gr rn/ z
Por Cﬁjbﬂ?&é@% TheNBLumRY sdiutbh WS 416024 %00 B rbah &fiptraturd with (d: I =

7.07
stirring, overnight. A solid was observed to precipiate out of solution. The

resulting mixture was filtered, the filter cake washed with cold water (300 mL) and
air dried to yield the title compound as a pink solid.

15 Example 12 through 25 were completed as described, with general
procedures and parameters as listed below.

General Experimental Parameters

Unless otherwise noted, the following general experimental parameters

and procedures were utilized in connection with Example LJ1 through LJ14
20  which follow herein.

Melting points (mp) were determined on a Electrothermal Mel-Temp
apparatus. Mass Spectra was obtained on a Hewlett Packard LC/MSD
instrument. All HPLC runs were recorded on a Hewlett Packard 1100 Series
Instrument using a Zorbax Eclipse XDB-C8, 5 um, 4.6 x 150 mm column, A at

25 220 nm & 254 nm, and flow rate at 0.75 mil/min with 0.1 % TFA. Gradient

conditions:
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258.19 (d, J = 9.35 Hz, 1H), 5.96 - 5.98(d, J = 9.60 Hz, 1H), 4.30 - 4.21
(m 1H), 4.17 - 4.12 (q, J= 7.07, 14.15 Hz, 2H), 4.05 -4.07 (br d, J = 9.85
Hz, 2H), wWoR811(mE9s46H), 3.10 - 3.04 (br t, J= 11.12 Hz, 2PHIUS201094520£. 06 (br
d, J= 11.12 Hz, 2H), 1.61 - 1.52 (m 2H), 1.29 - 1.25 (t, J = 7.33 Hz, 3H).
HPLC retention tinge, 9. m WO 2011/ 019842PCT/ US2010/ 045204 Exanpl e 14:
Preparati on of @)EQW#&’G-%VW@F%W& €no- pyri di n- 2-

vl am no) - pi peri di)ngy d nGia'doox vkbonfhled ethyl ester NH2 N 5in a 2 L

hydr ogenati on flask, 4-(6-dinethylam no-3-nitro-pyridin-2-

yl ami no) - pi peri di)ié-9miarBorgeionitelei d et hyl ester (71.3 g, .2112 nol) in
EtOH (500 m ) an Ac (,150 was carefully treated with 10% Pd/ C

catal yst (9.75 1?1@5‘?'”@%@5&4”#@% hydr ogenat ed overni ght for 18 h

mai nt ai Bi Ng pr espdtaEruattinm®13mipsi - The catal yst was filtered through a pad
of CELITE and 10t hen washed w th EtOH Et OAc (100/ 100 % The resulting
dark filtrate wdshieaihtHe ranewere eqosded Hpingd phep@akD 14-b1e22dmMfdund as a

dark solid. TJhe_p i | a gn. i t hout
further purqol_qrﬁgt%;%ﬂ_ﬂﬁ%m?@ QW@%%%%J[ wﬁ@”'?&'{h@ﬁi%pggég%\ﬂ\g+ H) 308.1
HPLC retention N sfedd@ Were feab@dinhehd dicktea3oAldnwithfTMS as the

4- (5- Di et hyl am no- 2-oxo0- 1, 2- di hydr oi m dazo[ 4, 5- blpyri di n-3-y1) - pi peri di ne-
1- car boxy! iigtesralstandagrd ansa BrulkeridQUMHzZIngtrgmegt, 1-neck, 1 L round bottom
flask whath a magnetic stir bar, 4-(3-

20am no-'6- di met hyl am no- pyri di n- 2-yl am no) - pi peri di ne- 1-carboxylic acid

et hyl Example 12: Preparation of 4-(6-Chloro-3-nitro-pyridin-2-ylamino)-

piperidine-1-carboxylic acid ethyl ester

NO, H
N N

| 2N N\"/O\/
Cl O

In a dried, 1-neck, 500 ml round-bottom flask with a magnetic stir bar,
15  2,6-dichloro-3-nitropyridine (97.0 g, 0.4625 mol) and K.CO3(66.0 g, 0.4775

mol) were mixed in DMF (150 ml) then chilled to 0°C. Using an addition funnel,

ethyl-4-amino-1-piperidine carboxylate (74 ml, .4227 mol) in DMF (50 ml) was
slowly added to the reaction mixture (to minimize the amount of exotherm in the
reaction). The reaction was allowed to stir up to room temperature for 18 h,

20 then treated with H.O (400 ml). The aqueous layer was washed with EtOAc (3
x 500 ml) and extracted. The combined organic layer was dried with MgSOsa,
filtered and concentrated to a yellow solid. The yellow solid was purified by
filtration chromatography (silica gel column: 14 cm OD, 10 cm in height and
eluting with CH2Cls increasing to 95/5 CH2Clo/MeOH.). The desired fractions

25 containing the title compound were combined. Other fractions containing
impurities in a mixture with the title compound were combined and filtration
chromatography was repeated again to recover additional compound. The title
compound was isolated as residue.

MS (electrospray), m/z for C13H17CIN4O4 (M* + K) 363.0
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ester (64.94 g, 0.2113) in THF (600 M) was treated with CD (38.0 g,
0.2343 nol) in 4 portions. A mld exothermwas observed after addition was
conpl et e.wOhelwoaes#2i on m xture was refluxed at 98C for PéThistéiens®bs rred at
roomtenp for WD 2011/019842PCT/ US2010/ 045204 another 36 h. The dark

wae.then ol urri bt RRECBRENAZ (Bci) 80 o818 ¢ B0 et ot er d the

title compaqypg (1868d. 2 Eeshalppe. 1Fq|5',96.6h U@EBQRL‘{\Pé gvss e di M’},%M@ah%a(frﬁ,d NaHCC3
(200 M) and NaCl (200 m) solution. The extracted organic |ayer was 5dried

wi th Na2SOMH) #itder d 3dbdacdmceltr .48 Hao 4H)eBD%d8iA3 dhal= d3riBddnd. The

product fr the t isolatjo C in n | urried,Ln (L) for
D b then 14Tk &rea 500 Jef o THE U ATE5tng Sa T ey fi2d Tl 28 dheer
was useg i 17 pneA8x). step without further purification. M5 (el ectrospray),
rniz for CL6H23N503 (Mt - H) 332.1 101H NWR (400 MHz, CDCl3) 68.85 (s, 1H),
7.16 - 7.13 (d, HPECgetontipp time)9.8@ine - 6.14 (d, J = 8.34 Hz, 1H), 4.51
-4.43 (m 1H), 4.36 -4.29 (br d, J = 27.8 Hz, 2H), 4.19 - 4.13 (q, J =
7.07, 14.15 Hz, 2H), 3.02 (s, 6H), 2.89 (br s, 2H), 2.76 - 2.66 (m 2H),

1.80 - 1.77 (dExampleliBPrdparatibn of 43@-Dimetyldinind-3-nifrddgyHdin-2+H) . 15HPLC
retention tine: 6.88 mn Exanple_ 16: Preparation of
4- (5- Di et hyl ami no- 1_Wﬁd inezl-carboxylic acid ethyl ester
di hydro-i m dazo[ 4, 5- blpyridin 2yl) - pi peridi ne-1-carboxylic acid ethyl
ester 20 In a dried, 1-necH, 1 Hround bottomflask with a magnetic stir
bar, 4-(5- N
Di net hyl am no- 2- oxo- 1, 2-di h drﬁ' m dayo[ 4, %- b] pyri di n- 3-yl) - pi peri di ne-1-
carboxylic acid ethyl ester 2 g, 0.198¢% nol b in THF (600mM) was treated
with KHVDS (46.0 g, 0.2191 ’'n 4 pox Sorfma slurry nmixture.
Usi ng an 25addition funnel, (25 m O.Za[g nol) was slowy added to
the reaction mxture (to mniN_ze the anount @f exothermin the reaction)
and thdOresulting m xture was shirred at roomtenperature for 1 hour. The
reaction m xtur o uRsgidennE80F oL AEM AlsIOhith aSAbbHetidbliabhrvaset hen
dilited into Et O,r&\c??rzlléo n??éw YolRbi&sbtioth #fs aSRbbHetiBiShr'as6
chloro-3-nitro-pyridin-2-ylamino)-piperidine-1-carboxylic acid ethyl ester (69.45
g, 0.2112 mol) was slurried in MeOH/CH,CI, (110 ml/20 ml). Using an addition
funnel, 2 M (CHs)2NH in THF (325 ml, 0.6250 mol) was slowly added to the
15  slurry mixture. The slurry reaction mixture was mildly exothermic and

developed into a clear solution. After stirring overnight at room temperature for
18 h, the reaction mixture turned into a yellow slurry solution. The resulting
mixture was concentrated to a yellow solid, then diluted in CH2Cl2 (400 ml) and
washed with saturated NaHCO3 solution (2 x 300 ml). The extracted organic

20 layer was dried with NaxSOg, filtered and concentrated to yield the title
compound as a yellow solid. The product was used in the next step without
further purification.

MS (electrospray), m/z for C1sH23N504 (M* + Na) 360.1
"H NMR (400 MHz, CDCl3) 58.75 — 8.74 (d, J = 7.07 Hz, 1H), 8.17 —

25 8.19(d, J=9.35Hz, 1H), 5.96 — 5.98(d, J = 9.60 Hz, 1H), 4.30 - 4.21 (m, 1H),
417-412(q,J=7.07,14.15 Hz, 2H), 4.05 - 4.07 (brd, J = 9.85 Hz, 2H), 3.18
(s,6H),3.10-3.04 (brt, J=11.12 Hz, 2H), 2.09 - 2.06 (brd, J=11.12 Hz,
2H), 1.61 -1.52 (m, 2H), 1.29 - 1.25 (t, J = 7.33 Hz, 3H).

HPLC retention time: 9.19 min
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138 WD 2011/ 019842PCT/ US2010/ 045204 and washed wi th saturated NaHCO3
solution (400 mM). Thus, the aqueous |ayer was extracted based on vol une
(400 M) wocdowzabssd with Et OAc (2 x 100 mi). Al the orgamius20iapes?e4 wer e
conbi ned, dried with Na2SO4, filtered and concentrated to yield an oily

bl ack solid. The solid was diluted in mnimal 5CH2CI 2 then purified by
filtration chromatography (silica gel colum: 14 cm OD, 10 cmin height and
eluting with 4|‘:‘)3-arﬁ ﬂa“\‘i?llhp )atloﬁf‘tﬁﬂ Nn@i‘ﬁd‘é-%ﬁﬁie Iaﬁﬂﬁb idip-2he title
conmpound were S Wn solid.
The solids were slurr' 2thing! &1iig Jaeidog tther/hexane (175
m/ 175 m), filtered and dri to vyi eId t he t|tIe conpound as 10a resi due.
M5 (el ectrospray), mz for Cl 5NpP3 (M+ + Na) 370. 2 1H
NVR (400 MHz, CDClI 3) 67.04 -7.02 J =8.34 Hz, 1H), 6.17 - 6.15 (d, J =
8.34 Hz, 1H), 4.52 -4.44 ( .28(brd J = 27.8 Hz, 2H), 4.18
-4.13 (g, J = 7.33, 14.40 : 3H), 3.02 (s, 6H), 2.88 (br
15s, 2H), 2.73 - 2.62 (m 2 N( A\J~ 11.62 Hz, 2H), 1.29 -

1.25 (t, J = 7.07 Hz, 3H). HPIC retention ti 7.92 mn Exanpl e
17: Preparation of 5-Di net hyI 1 no- 1- net hvl - ?Opl peri di n-4-vl-
201, 3- di hydr o-i mi dazo[ 4, 5- bkpyriNdi n- 2- one O \N4 --CNNN N I n

G met hyPam no- 1. et w1 SERed RS R S A RAR AR s U 1y
pi peridine gﬂarﬁ&fd)@ip’éridin@m(ﬁhrbbkwic a5 emw\@gedl(wtsegd 2111 ) i6250H1 ) ! 20%
25 NaOH (250 then heated to 90C for ction m xture was

cool ed to r(é@@hnﬂ'ée g1 éﬂdnﬁM@S\Rﬂr@My\R@@te%wﬂbé@"/v|PQ/@&?EEM§$ The

ST 8 T 461 A B Pl 0

pressure at 30-35 psi. The catalyst was filtered through a pad of CELITE® and
10 then washed with EtOH/EtOAc (100/100 ml). The resulting dark filtrate was
concentrated via rotovap to yield the title compound as a dark solid. The
product was immediately used in the next step without further purification.
MS (electrospray), m/z for C15H25N502 (M* + H) 308.1
HPLC retention time: 6.56 min
15
Example 15: Preparation of 4-(5-Dimethylamino-2-0x0-1,2-dihydro-

imidazo[4.,5-b]lpyridin-3-yl)-piperidine-1-carboxylic acid ethyl ester
@)

HN’{

O
/N N O\/
N T

PN

In a dried, 1-neck, 1 L round bottom flask with a magnetic stir bar, 4-(3-

20 amino-6-dimethylamino-pyridin-2-ylamino)-piperidine-1-carboxylic acid ethyl
ester (64.94 g, 0.2113) in THF (600 ml) was treated with CDI (38.0 g, 0.2343
mol) in 4 portions. A mild exotherm was observed after addition was complete.

The reaction mixture was refluxed at 98°C for 24 h then stirred at room temp for
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washed with H20 (100 m ). The extracted aqueous |ayer was washed with Et 0Ac
(3 x 100 m ). The conbi ne organi c phase was dried with Na2SO4, filtered and
concent r aveadotiowiys4el d a solid. The solid was slurried i RCENR20102@2041 ) for
2 h, then filtered to yield the title conpound as a pink solid. 5M5

(el ectrospra Cl4 21N50 (Mt + (400
MHz, CDCl 3)2 %;fh%f%f’z'? 8&‘9( J"eaCtQ“s@'Wrel%ﬁ CO%CG;L”frate%V@roé%"apﬁoﬂ'gﬁm He,
%::DI) g gg (asélatgkgscﬂlﬁl wH@n w§s %r{ §urr?éd) in @to?‘!éc (13I_Z)201'Ké3§olﬂis \r}ere ﬂ%?eré@ té"z

(br s, 2H) ylaldrtmntle@:)mﬂquod aa msu@u@ﬂherﬁntatarvaewamedeabaaaxrated of

o 1 ety AR o A BB ey T sy arpgaiasever was

rovr azoko[ 4rigaClvity NaQS(m ik d RharohiceRiraed tdlyblé'a‘db)trohanﬁéﬂﬂbbuﬁd 3-Teighydr o-
15i m dazo[ 4, 5- bl pwi di n-2-one HCl salt CF3 - \N--- " ()HiNINAN

(s) N produyief féprﬂrth%BNO igclatingenvas ggm@medramwalumﬁd B RPAI KNP B ha
magneti c st
5 o met y1 e SRbreg i ieidsng e comeougap 4 sqic T matetieluagiuped 1 o i

-2- one (12h8megt st@p%ﬂﬂ)umur)her‘iaurﬁt:ba@esul fonyl 1(R) - oxi ranyl met hy1- 3- (4-
20tri fl uor onet hyl ghenyl )-4,5,6,7-1tetrahydro-1H.p ?{FBazol o[4, 3-c]pyridine (12

g, 0.0299 nol) M (?quG’OﬁDrﬁy}w(Zmr@ al2sNeOg 480 - AH1332-h cHeal 2 (200 )
were cqpbi ned. They f\/ﬁ-‘@‘fci(b(})ﬂl/ﬂr)@[btﬁ@) W%sﬂéaiﬁ?ﬁ%G%é g, $2 glsg Hren cool ed

to roomtenperature he réaction m xt'ure was t en treate "With
sat ur at ed N&HCE3!q 2501419, ,J 1 8IBANEIDHI K1 ), 305 Tk ¥ .48 CHR)CI423Q 5@.20 Jbr &std Fri ng

OVerni ONt . o7 8 Hz, 2H), 4.19 - 4.13 (q, J = 7.07, 14.15 Hz, 2H), 3.02 (s, 6H), 2.89 (br s,
2H),2.76 — 2.66 (m, 2H), 1.80-1.77 (d, J=11.84 Hz, 2H),1.30-1.26 (t, J =
7.07 Hz, 3H).
15 HPLC retention time: 6.88 min
Example 16: Preparation of 4-(5-Dimethylamino-1-methyl-2-0x0-1,2-
dihydro-imidazo[4,5-b]pyridin-3-yl)-piperidine-1-carboxylic acid ethyl
ester
O
"
N
N
N N\"/O\/
O
20 /N\

In a dried, 1-neck, 1 L round bottom flask with a magnetic stir bar, 4-(5-
Dimethylamino-2-oxo-1,2-dihydro-imidazo[4,5-b]pyridin-3-yl)-piperidine-1-
carboxylic acid ethyl ester (66.2 g, 0.1986 mol) in THF (600ml) was treated with
KHMDS (46.0 g, 0.2191 mol) in 4 portions to form a slurry mixture. Using an

25 addition funnel, CHsl (25 ml, 0.4016 mol) was slowly added to the reaction
mixture (to minimize the amount of exotherm in the reaction) and the resulting
mixture was stirred at room temperature for 1 hour. The reaction mixture was

then concentrated to an oily solid, which was then diluted into EtOAc (400 ml)
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25 The precipitated salts were filtered and washed with CH2Q 2(150 nL). The
organic layer in the filtrate was extracted, washed with saturated NaCl

sol uti on w0 P0m384019842PCT/ US2010/ 045204 (150 nli), dri edTwistétoNa2604, t hen
filtered and concentrated to yield an oil. The oil was purified via flash

cl'uting w AeGepSed B sPRarC NPHOGradivheh (4o e B diisoa 1o

yield an OI|byerfmérbxtm&eelda%ea%W@@et(aeetr@gam%%wm RIORERL) to form

a white slurry after stirring fo ite solids were I't ered and
washed wi t hl Q& m@Q). tAll thea)rganlndayerslveerecnqmneld acﬁledwnthcblazsgaoﬁlmrag dndeebase.

The freebase was 2/ CHCl 125 [ 125 then treated with
1T gy SpnsRiueiebiedn SR EEHCEAIT, TaE Rolr bs il i PRinel oo &)
wher eupgn [CRSCIPiHEH p@mfuébewhmmdnIdhrdmatdgraarkge(snﬁ;% dlicBinih Xt41E@ ©BS
10concentrated via rotovap yield a white solid, en stirred in Et20

(450 nL) ovét wngnﬁwelgrﬁ@ngcﬂlum Wéhé’r/i:ﬁlt@é@fh@dalﬁ?) fT'ﬂ@ dasireh fragtions i ed under

house vacu i I lt, as

oSt 2l B AgHEahg R BB b A8 HERER ARl

Cal cul at ed lightt bfRWAHSEINE FBRE Solids tverd®slumied dbdvinaghtired/1 Gikiure didtHyl] .

Titl e Conpound Freebase: 1H NVR é 00 Mz, CDCI3): 6 7.73 - 7.65 (dd, J =

16.9, 8.1 Hgherjpgxang @75. miy 162 rply, filtered gng dred teyyeld ghq gtle C@”‘PPU(‘Q as) = 8.6
Hﬁ 4Ja'5?es@1e62(dd J=14.7, 9.3 Hz, 2H), 4.32 - 4.40 (m 1H), 4.20 -

424(8 2.5 Hz, 1H),413(brs 1H, 3.99 - 4.07 (m 2H), 3.62 -

3.77 (m 202H), I\ZSS(eIe(cﬁrpand)y,) m12618)rC1a-l;§5515()m(M6H)Na)33m2(s 6H), 2.88 (s,

321174 R, 2i M MR Clag P ndiofey - 001 26 K e Dhel 7 veody o

7.66 -7.87 dﬁfs(éHJ 873435#2('?[4%5452"1)4:445(%61(4?435—14'@8 (E}r§5J 2%?9-1 br t, J
12.2 He, br t, J

14. 4 Hz, Zzﬂ) 4, 1:-:8 6@ 13 Q. 9E 7. £h3 QMQ)HZ 2H)9 3- 343(846H()n$ 02((91)6H)1. 29&8 {br2. 11
(m 2y Exarplicols_Breopgraipn pf 3 M RSO0y o g 2t 120 1250

ester (Req-At7 szl 8H). conpound) and
4-(6-Chloro-5-nitro- pyrl di n- 2-yl am no) - pi peri di ne-1- 30carboxylic acid

ethyl ester (ReddREC rgteméiontiste:dodsiind)

Example 17: Preparation of 5-Dimethylamino-1-methyl-3-piperidin-4-yl-

20 1,3-dihydro-imidazo[4.5-b]pyridin-2-one

0
\N,{N
| N \CNH

2N

NS
In a dried, 1-neck, 1 L round bottom flask with a magnetic stir bar, 4-(5-
dimethylamino-1-methyl-2-oxo-1,2-dihydro-imidazo[4,5-b]pyridin-3-yl)-
piperidine-1-carboxylic acid ethyl ester was diluted in EtOH (250 ml) / 20%
25 NaOH (250 ml), then heated to 90°C for 36 h. The reaction mixture was cooled
to room temperature and 2 volume was removed via rotovap. The resulting

mixture was transferred to a separatory funnel, treated with EtOAc (400 ml) and
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WO 2011/ 019842PCT/ US2010/ 045204 N2 CI  yN HNTh N O(Reg-A2) In a
dried, 1l-neck, 500 ml round-bottomflask with a magnetic stir bar,

2, 6- di chlwoaeB/mbgseopyri dine (42.0 g, 0.2187 nol) and KPOOA[S3@0A432p4 0. 2185
5 nmol) were mixed in DM (75 m) then chilled to OC. Using an addition

f | th i di b | at 25.0 nml i DIVIF
e e atased i dD ol e TRe Sttt pqishus BV Was MHSHEO K wroun: of
exot her m i Eig (3%‘%0%1) Tﬁe%w@@brda% (RS s BRAAIRIP R SOLNe T eact on

to i npr ove stirri ng. The'reaction m xture was allowed to stir up to room
t enper at ur dileced asd conbentraiadto yiicdd selidh THeosqlidogassiurriethie BigOd@08 | ayer

was washed 2 extracted. The combi ned organic
ver was. AP S Menyssed f§ V'Fgr%‘c?atﬁ%dc%ﬂ% P2t SOffel d a yel T ow
oil. Thg oil \A/aqwgqyg‘ctr@gp,@y)fmyztmmgqmmlg It -ogn&yBY3 (silica gel colum:
14 ¢cm OD, 10 cm.in height and el utin 2C12|ncrea5|n to 95/5

CH2C12/ MeOH) . Thél MR F4QP W%Q%ls)géﬁé—iw&fﬂs dedd-afdisd eﬁt1r7ated to
yield an oi Qid s Va8, SLhT I N o n,ice
bath for 3 15;{&\/\%1erée%pon L{Q?tad't?%h% é&il%gcsgkg ?;Il_lh)g:ﬂefu tl n@raéll
solids were=12/38eeRHNG. %ﬁew)MVB-QIZIﬁMZQmeZ&Be- 235y ngl2H)a 1 mdxt ure of
about 85:15 of the conpounds (Reg-1) : (Reg-2) as a yellow solid. The

m xt ure of 1p7 6rr%(?|@0npounds was used in the next step without further
20puri fjpcati on. for CL3HL7CINAO4 (M+ + K) 363.0 WD
2011/01 842PCT/ U@O@g%%%g%jm@)@%%ﬁ 1H NWR of (Reg-1): (400 WMHz, CDCl 3)
6837-835(dJ 8.59 Hz, 828-826(brd J = 7.58 Hz, 1H)
6.64 - 6. 62(d : : ) :

7.07, 14.15 Hz

13.14 Hz, 2H), rﬁeﬁ?aneshlﬂﬁnﬂm (@ﬁ]ﬂuém%?eth*fl%%hvl)\]f55677-Qgtr'§ﬁvd|?6'-‘)
pyrazolo[4,3-c]pyridin-1-yl]-propyl}-piperidin-4-yl)-1-methyl-1,3-dihydro-
15 imidazo[4.5-b]pyridin-2-one HCI salt
CF5

« HCI 3.3 H,0

AN ~S0,CH;

In a dried, nitrogen-flushed, round-bottom flask with a magnetic stir bar,
5-dimethylamino-1-methyl-3-piperidin-4-yl-1,3-dihydro-imidazo[4,5-b]pyridin-2-
one (12.35 g, 0.0448 mol), 5-methanesulfonyl-1(R)-oxiranylmethyl-3-(4-

20 trifluoromethylphenyl)-4,5,6,7-tetrahydro-1H-pyrazolo[4,3-c]pyridine (12 g,
0.0299 mol) and Ti(O-/-Pr)4 (13.4 mL, 0.0450 mol) in CH2Cl2 (200 mL) were
combined. The reaction mixture was heated to 60°C for 65 h, then cooled to
room temperature for 1 h. The reaction mixture was then treated with saturated
NaHCO;3 (150 mL), 1 N NaOH (150 mL) and CH,ClI, (50 mL), stirring overnight.

25 The precipitated salts were filtered and washed with CH2ClI, (150 mL). The

organic layer in the filtrate was extracted, washed with saturated NaCl solution
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HPLC retention time (Reg-Al ): 9.81 mn HPLC retention time (Reg-A2): 9.05
mn Exanpl e 20: Preparation of M xture of

4- (6- D mewbybamiigsa23- ni t ro- pyri di n- 102-yl am no) - pi peri ecmarsieioasizoxyl i c
acid ethyl ester (Reg-Bl: desired conpound) and

et hyl et et RG-SR BB b dfea IEFS and GHIGERIPAo Vicl THe0. D5 1 n
2 dried, L-oks bubié@URRIREIIGRKONY (eI RI0SH (OB i b ik

m xture prepared as In anpl e 19 above nol) was slurried
in MeOH CHZEln (eigbt and Emtmg)WIthJ@ﬁ:fﬁgClaJaCbMe@I-bnThardealredlraW'QWeZNH in

fercti on mOIRES0MR R Al preRTHerHeco Brigeauvar spatrd i MEdHER ool tti'on
20Af t er 5st i(@ri)ng fevea it sI@Fryraﬂ’t@mstl@ﬁﬁ@%ﬁQlH EThOWhiB Jolids heré ERgtdd ng
m xture was concentrated to yiel %/el | ow solid. The yellow solid was
di | ut ed i n anwpshed with Et,O to y|eId the fitle compound as its corresponding
freebase. The freebase was diluted in CH,CI,/CHCI3 (125 mL/125 mL), then
treated with 1.1 equiv of 2M ethereal HCI. The resulting mixture was stirred for
4 h, whereupon precipitation developed in 1.5 h. The resulting mixture was
10 concentrated via rotovap to yield a white solid, then stirred in Et,O (450 mL)
overnight. The solids were collected by filtration and dried under house
vacuum to yield the titte compound as its corresponding HCI salt, as a solid.
[0]®s89 — 6.9 ° (¢ 0.01, CH2Cl2)
MS (electrospray): Calculated for C31HsgNgF304S, 676.70; m/z
15  Measured: 677.5 [M+1]".
Title Compound Freebase: "H NMR (400 MHz, CDCI3): 8 7.73 - 7.65 (dd,
J=16.9, 8.1 Hz,4H),7.03-7.04 (d, J= 8.6 Hz, 1H),6.15-6.17 (d, J = 8.6 Hz,
1H), 4.52 - 4.62 (dd, J = 14.7, 9.3 Hz, 2H), 4.32 — 4.40 (m, 1H), 4.20 — 4.24
(dd, J=11.1,2.5 Hz, 1H), 4.13 (br s, 1H), 3.99 — 4.07 (m, 2H), 3.62 — 3.77 (m,
20 2H), 3.34 (s, 3H), 2.68 — 3.15 (m, 6H), 3.03 (s, 6H), 2.88 (s, 3H), 2.42 — 2.53
(m, 3H), 2.17 —-2.23 (t, J=10.1 Hz, 1H), 1.73-1.76 (d, J = 11.4 Hz, 2H).
Title Compound HCI Salt: '"H NMR (400 MHz, MeOD) § 7.66 — 7.87 (m,
4H), 7.35 (br s, 1H), 6.46 (br s, 1H), 4.65-4.71 (brt, J=12.2 Hz, 1H), 4.57 (br
s, 3H), 4.19-4.30 (m, 2H), 3.76 — 3.83 (br t, J = 14.4 Hz, 2H), 3.62 - 3.71 (m,
25 2H),2.99 - 3.40 (m, 20H), 1.97 — 2.11 (m, 2H).

Example 19: Preparation of a Mixture of 4-(6-Chloro-3-nitro-pyridin-2-

lamino)-piperidine-1-carboxylic acid ethyl ester (Req-A1: desired

compound) and 4-(6-Chloro-5-nitro-pyridin-2-ylamino)-piperidine-1-

30 carboxylic acid ethyl ester (Reg-A2: undesired compound)
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(250 M) and washed with saturated NaHCO3 solution (2 x 180 ml). The
extracted organic layer was dried with Na2SO4, filtered and concentrated to
yi el d a mvetarieigds2zabout 85: 15 of the conpounds (Reg- BPLT/USEReg48BB). The
m xture of prepared conpounds was used in the next step w thout further
Spurification. M (el ectﬁﬁzgray) rniz for C15H23N504 (Mt + Na) 360.1

1H NWR of (Reg-Bl): (400 HCDCI 3) 68.75 - 8.74 (d, J = 7.07 Hz, 1H),
8.17 - 8.19 (d, J = 9. .96- 5.98(d, J = 9.60 Hz, 1H), 4.30 -
4.21 (m 1H), 4.17 - , 14.15 Hz, 2H), 4.05 - 4.07 (br d, J
= 9.85 10Hz, 2H), 3.1 6H) , 3.04 brt J= 11.12 Hz, 2H), 2.09 -

2.06 (br d, J= 11.12 , 1 -N.5 @w 1.29 - 1.25 (t, J = 7.33
ime of (Reg- B1) mn HPLCretentlontlne of

Hz, 3H). HPLC retention
(Reg-B2): 8.70 mn 15Ex |l e 21: Preparaion of UL 9

4- ( 3- Ami no- 6-di net hyl am no- pyridi n-2-ylam no) - p;\(%ngl’%i )n%nq -carboxylic acid
ethyl ester (Reg-Cl: desiref@onpound) and

4- (5- Am no- 6-di net hyl am no- pyri di n- 2-yl am no) - pi peridine-I-carboxylic acid
ethyl ester (Reg-C2): undesj ound) WO 2011/ 019842PCT/ US2010/ 045204
In a 2 L hydrogenation fl the m xture prepared as in Exanple 20 above
(39.14 g, 0.1160 nol) in 50 m) and Et0Ac (250 m) was carefully
treated with 10% Pd/ C cat al 4.0 g) under N2 (g) then hydrogenated
overnight for 18 h maintaining pressure at 30-35 psi. The catal yst was
filtered 5 through a pad ofH R and washed wth Et0Ac (300 m ). The

35\ Hz

Kk,

: (F%g C2) as a dark solid. ). The
m xture of prepared conpounds wa te-fext step without further
purification. M5 (electrospray), mz f C15H25N502 (M+ + H) 308.1 10HPLC
retention tine (Reg-Cl): 6.68 min HPLCQetenti or’(gé'gnﬁzf Reg-C2) 6.34 mn

In a dried, 1-neck, 500 ml round-bottom flask with a magnetic stir bar,
2,6-dichloro-3-nitropyridine (42.0 g, 0.2187 mol) and K2CO3(30.2 g, 0.2185
5 mol) were mixed in DMF (75 ml) then chilled to 0°C. Using an addition funnel,
ethyl-4-amino-1-piperidine carboxylate (25.0 ml, 0.1457 mol) in DMF (25 ml)
was slowly added to the reaction mixture (to minimize the amount of exotherm
in the reaction). Additional DMF (25 ml) was added to the reaction to improve
stirring. The reaction mixture was allowed to stir up to room temperature for 18
10  h then treated with H,O (100 ml). The aqueous layer was washed with CH2Cl,
(3 x 150 ml) and extracted. The combined organic layer was dried with MgSQOs,
filtered and concentrated to yield a yellow oil. The oil was purified by filtration
chromatography (silica gel column: 14 cm OD, 10 cm in height and eluting with
CHxCl2 increasing to 95/5 CH2Cl./MeOH). The desired fractions were
15 combined and concentrated to yield an oil. The oil was stirred in Et2O (150 ml)
and placed on an ice bath for 30 min whereupon precipitation developed. The
resulting yellow solids were filtered and washed with 4/1 Et:O/hexane to yield a
mixture of about 85:15 of the compounds (Reg-1) : (Reg-2) as a yellow solid.
The mixture of prepared compounds was used in the next step without further
20  purification.
MS (electrospray), m/z for C13H17CIN4O4 (M* + K) 363.0
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Exampl e 22: Preparation of

4- (5- D met hyl am no- 2- oxo- 1, 2- di hydr oi m dazo[ 4, 5- blpyri di n-3-y1) - pi peri di ne-
1- car boxyWwoconaiigB4et hyl ester 0 HN-4 N 1INO NO 15 In a drpcediS2diomeszky 500 nmi
round bottomflask with a magnetic stir bar, the m xture prepared as in

le 2 b 2 0. ' 0 d with CD
(20,0 g, 0. 1235 HONMR A BResi i BH Mk Boaipat fir i va obs Brtotzai Hbr |
ﬁddit Lie(rjlncov@ol'%%mt@dbrgtégrrg’}ze 7 58HA QPI)”@S.BHU—V 6.6065 29 g1y }-fi%?lqz,%A@&@.épr 24
, nmperature. 'The resulting dark reaction nixture was

concent r at dth,viiky), #dt8ovap 3t(or qi Fd .67 abd RS, i4dH), BiOch3viss (& Hen12118rhiz,ed i n

Et 0Ac (300 for The, sol,i ds, we filiere 0 ¥i.el he, t,L.t,] e, _
compound a2t 8ol TR ONHE $ii 7 o Hhe a2 Qa2 NeBth Y250 )
and NaCp (2507 M2, 3spl ution. The extracted organic |ayer was dried with 25
Na2504, filtered and concentrated to yield additional title conpound as a
solid. The prodddl?L@ﬂemtlanélmﬁ%eMi%a MiAd purified by filtration

chr omat ogr aphy (;$b] ¢ VN .10 cmin height and el uting
with 9/1 EtOAc/ h'ia%%gﬁgtegﬁhgq@%é;@%%&}%p%@ containing the title conpound
wer e conbi ned and concentrated to yield a solid. The solid was stirred in
hot Et OAc (EOO m ) _n allowed to (_:otol to rogom tenperature overnight. The

solids were AITERS S5 A L c Qo) pe iy I A Ng MY 'i3f'n|tmevr|d|n'
S b Syt i,
6.14 (d, idif ipdridine= 27. 8

(t, 3 = 107.07 Hz, 3H. KELC retention time: 6.88 nin Exanple 23:
Preparation of (S)-qlvci¢ol" néthvl benzesul fonate HO Il O SN2 pll 0 15The

title conpound was pre d abl de {bed below, with reference to
\G\"/O\/

o)
N (Reg-B1) and

O (Reg-B2)

15 In a dried, 1-neck 1 L round-bottom flask with a magnetic stir bar, the
mixture prepared as in Example 19 above (38.15 g, 0.1160 mol) was slurried in
MeOH/CHCI, (150 ml/20 ml). Using an addition funnel, 2 M (CHs);NH in THF
(180 ml, 0.3600 mol) was slowly added to the slurry mixture. The slurry
reaction mixture was mildly exothermic and developed into a clear solution.

20  After stirring overnight at room temperature for 18 h, the resulting mixture was
concentrated to yield a yellow solid. The yellow solid was diluted in CH,CI>
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the procedure as disclosed in J. Og. Chem 1989, 54, 1295-1304 Al-L
3-necked round-bottoned flask was charged with (R)-glycidol (15.0g, 202.7

nmol ) andwarthyidriesss net hyl ene chl oride (225 nli). The regalrttisagonisedur e was
cool ed to about -20C then triethylamne (22.5g, 223.0 20 nmol) was added.

por i ons. oép0 TH) erflivesieawithgebiazaAbCChsd Ben et bothe 'sC Tor o

The reacti %ktr’é'c@dlér%aWﬁ,Slaﬁ/Bﬁ\Waé 'd'rlbarvﬂfh NBEQ@QWuIt@ré@QhH%H%&%t{eM tS' aSS
frit. The filtrate wWas uted w th anhydrous net hyl ene chloride (175 ni),

washed wi t lyideheanpirdanesofiE®nd 85146 aithe compoumed(lﬁgg@ét) u(2eed2)5 Tdgueous

dth b h dried
anhyar ous VSEe S PrEuARd CeRiseuR ey eed Mg ep URQOBRNES, br oun

solid. %he sigfficdtigyds di ssol ved in anhydrous tol uene (250 m.) and the

resulting suspension warmed to about 55C. To the resulting clear solution,
hexane was added\ﬂﬁr(ﬁl@C\VﬁO%FWDIm/ﬁﬁécsdﬂuf\lis@n (Miriida) ebGddy. The resulting

I h
Cosul Ling sl urry baus BE(FRE B PO AE DRI B e B e TR e i

146 WO 201MH)) 89642BCTH Qd1$2D=19/3545/2014H§t5 96 l—rﬂ;l98(fdQU 29. 60'%2 THB)$ 4l30 ng
preC|p|tate was col | ected YSUCtIOﬂthI’atlon r ough di um porosity

glhass fr: t 4 2héms 1) et 1€ a1 9é@ HT di@h é‘nd? {'ﬁeZHf)’fAfQ/ﬁl‘t‘eOBd%@era%% "
5fLC
"0, 5.0 g3 AR o A BEBRLD WLPREA Bk b PR 205 S0 0.y ¢

2.85 (t, 1 1—1).123-12221—8 281(-+1.52 (H),,2H), 029 dd,25L(tHY = 433817, 8¢). 1 H),
8.13-8.15 (m 2 41- 3 Retention tine: 8.21 mn
10Exanpl e 24: Pr'lé;P’EQé? HOB#@%(FE%HE%@E%\/ D1(R) - oxi ranvl net hvl - 3- (4-
trifluoronethvl mﬂagg\féae-rﬁl]oﬁ t@ngof Geabogr 7 khigvr azol o[ 4, 3-cl pvridine CF3
A 1-L 3-necked round-bottoned flask was charged with 5-

net hanesul f ony1- 3- (4- trlfl uor onet hyl - phenyl) 4,5,6, 7- tetrahydro 1H

15pyr aéﬁl o[ 4, N 25. ] .
added aithydr otrSSH e At ‘ N0 : cool ed

to about -5C igyrilig- Vlammﬁ)lfﬁé@ﬁ'di?@f-’ﬂ-c%ﬁbxma@id @thﬁi/‘l leéférr(ReorACIQIr e-cool ed
sol ution (OC oT RO - Bu (9 : 1 N ﬁmhydrous di met hoxyet hane (50

A pre-cool ed S
g, 77.2 mol) in anhydroNBIzdl rret hoxyet hane (60 m_) was added drop W se via

an addition funnel over BO m ut es. The reaction m xture was then stirred
at 0-5C for about 4h. xture was then filtered through a
glass frit and

(Reg-C1) and
NH2 |

20 O (Reg-C2)
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25 concentrated on a rotary evaporator to yield a tan colored solid. The
solid was dissolved in EtOAc (250 nL) and the organic |ayer was washed with
sat ur at edwequamus4blaHCO3 (2 X 100 ni), foll owed by H20 @LTXS:@0/0842p4 The
resulting WD 2011/019842PCT/ US2010/ 045204 m xture was filtered and

concentrated to Vvie a anclor d solid, The soli dvvas uspend i n Et OAc
o o v e LMo iaton Tslieis Ve PRBRiLAS BERaTPRal added. o
50C and theatfo%l{bgwmggmwwn&j inmt%otmw al@ERDRE $2%50 htjhgsat ure over
16h. Hexane (50 nml) was added drop w se and the 5resulting suspensi on was

stirred at mfuwttreambwrtbﬂ@f’/e Pdde catadyat (#19. g)rwacimé\lz((gasthm hy@regandated dr op

w se, the sus oled to.0C and main th| e er ure, for
e st OVERTERLAR 183 bt R e S e A P e e b TR Tt ough
a gl 61335f“throil@;‘Flnéj !a@%fUELWE@%nHQNdér%od\NFtHEt@AU(QOG%TPOWHQ ré§1|ﬁfﬁg off-white
powder. Fol |l owng preC| pitation, the filtrate was concentrated to yield

10an oily sdﬂrk diltrareé avasi ¢qn®otrattdmaa ret;umapcto gield @ ixtureaf gdbut 85U mof
chr omat ogr

Et 0Ac/ d.ad le . d

ol o b 188 eorethle TRBER) (80'ePhds Tachedii (ShedofBIBRIL) 3o i ve
mode) , Mk 4&8 é@%&%dmmsem@n&(t sl’e;flanthddtfuhhé} puﬁﬂ@a‘i.ohdd 1 H),
2.92 (m 2H), 3.36 (m dd .52 (dd, 1H),

4.53-4.57 (2H), MSd\%lexctrw@pr’(aalm)m/ZH{)[@Rézs’bannéIMI t('hlrﬁs30%178 m n 20Exanpl e 25:

Pr epar |on of roxv-3-1.5-
met hang ul fonvlq%lg(‘q‘?’{9 chgfrﬁg éh@?\?%{(h 5, 6] -t et rahydr o-

ovrazol o[ 4, 3-cl n’!IPLOIreteh{Mﬁ;lmm qmrg.}::z:)laa@:t hdhn- 4-v1) - 1-net hyl - 1, 3- di hydr o-
i m dazo[ 4, 5- bl pyri di n-2-one 25l n a dried, nitrogen-flushed, round-bottom
flask with a magnetic stir bar,

5- di et hy | am s b pAsphrdibh b fs-Bhibefy ShiikG SokBl 13afhdas P Py i di 1

imidazo[4.,5-b]lpyridin-3-yl)-piperidine-1-carboxylic acid ethyl ester
@)

HN’(
YO
N N\H/OV

O

15 /N\
In a dried, 1-neck, 500 ml round bottom flask with a magnetic stir bar,

the mixture prepared as in Example 21 above (35.62 g, 0.1159 mol) in THF
(250 ml) was treated with CDI (20.0 g, 0.1233 mol) in 2 portions. A mild
exotherm was observed after addition was complete. The reaction mixture was

20 refluxed at 98°C for 24 h, then cooled to room temperature. The resulting dark
reaction mixture was concentrated via rotovap to yield a dark solid, which was
then slurried in EtOAc (300 ml) for 3 h. The solids were filtered to yield the title
compound as a solid. The filtrate was washed with saturated NaHCO3 (250 ml)
and NaCl (250 ml) solution. The extracted organic layer was dried with

25 NaxSOy, filtered and concentrated to yield additional title compound as a solid.
The product materials were combined and purified by filtration chromatography
(silica gel column: 14 cm OD, 10 cm in height and eluting with 9/1

145



148 WD 2011/ 019842PCT/ US2010/ 045204 one (12.35 g, 0.0448 nol),

5- Met hanesul f ony1l- 1- oxi ranyl net hy1- 3- (4-

trifl uor owetzhylloipdaenyl) -4, 5, 6, 7-t et rahydr o- 1H pyr azol o[ 2C3Aispyouztpne (12
g, 0.0299 nmol) and Ti (0-/-Pr)4 (13.4 m., 0.0450 nol) in dichloroethane (200

mL Th d 60C f 65 h, h
Ton ea' & ¢ R mna, TRerdesian Taqiong cnraumes Lo e eOMPOUAAVETReR 11 eat ed
Wit sat ur aisebNaERA dobBBntibibd b b0 FhicAes SFEL Ty hEOE e

stirring overnight e precipitated salts were |tered and washed with
CH2Cl 2( 150 (209 mITlaed@ilgweddo Icagkto oom te@nmerlatufatce/evmghtexTh@eolw, wekeshed

W th satur | ut.ion (15 dri. dvm'th Na2SO4, then filtered and
concentr at ﬁje{%a\l%) t@eemleoqq(m G\‘Hﬁ%?? “purified via flash

chr omat ggr aphy (MS mtroégeaggrh%r ClsH&Ns06 (R l-ilpas3ei in hei ght and
eluting with 95/5 2C12/ desired fractions were conbined to

yield the title Jfb%(ﬂp(h%’”'ém Cly) 8&8M(sThe). di- 1§ ohdn(thas= t&@%i‘@d with

CH3OH Et 20 t t f The whit
sol i ds wer eﬁy ﬁt er egwazﬁgld #34 FlthHL&'@ 4ﬁ(9rﬁ’dhf”:‘ll4n§%t?{ 6(}odn‘pj(;ﬁnd :’;ISe
ﬁmfzr egggsg)msaizsampm 19r-649b3$@ er71(45 ﬂcﬁsz 2H), 3.02 (s, 6H), 2189(%:‘% (400
8.6 Hz, 1H)2H)621756 2666Nn(%|H)J1 808 %ﬂdd J_L|=|)11 %%%H)ew@dﬁ 2§ (t—J(m 7. 9.3
Hz, 2 m 1 4.20 - 4.24 (dd, J =11.1, 2.5 Hz, 1 204. 13
(br sH)19 73§75_ﬂ57é9|3( |r_nl) 2H), 3.62 -3. (77 (m 2H), 3.34 (s, 3H)!_|)2.68 -
3.15 (m 6|—|) 3HDBL@3’eteﬁS1H))n tenB . 88miBH), 2.42 - 2.53 (m 3H), 2.17 - 2.23
(t, J =10.1 Hz, 1H), 1.73 - 1.76 (d, J = 11.4 Hz, 2H). [a]20589 _ 6.- ",
,e U ( 0.01, CHC12) Hewl ett Packard Ms (el ectrospray):

Cal culated for EHSNYEGepatafidh o?gs?-gigt@(i&’sﬂﬁwrtﬁ@beﬁzzséuBNhﬂe 1.
The title conpound as a 1reebase was ure m./ 125

m.), then treated with 1.1 equipy of et heeeg| HCl . The resulting m xture
was stirred for 4 h, whereu@pnppore p_ S Bed in 1.5 h. The
30resulting m xture was conqgg%‘tgg [ a Yield a white solid,
whi ch was then stirred in Et2

g . The solids were
collected by filtration and dri ed under house vacuumto yield the title
conpour®, as it slhelitteepopaind wasipreaared asdeseriwaddelew wihirefergnce®. 230C

I 00 e DRy deB00 § FI0AT i B3 Roogobl), 5 40,0 .
2H) 3.76 - 3. 83A(Ih_r 3tnecked rddncﬂbbi’é’toméd)ﬂasﬂ Vi cﬁ’ar@éd Wwhh @hgly@d89 - 3. 40
(m 5208, (15907 _202 7 mmong and anhydrous methylene chloride (225 mL). The
resulting mixture was cooled to about —20°C, then triethylamine (22.5g, 223.0
20 mmol) was added. 4-Nitrobenzenesulfonyl chloride (47.2 g, 212.8 mmol) was
added in about 5g portions over 1h. The resulting suspension was stirred at
about —5°C for 6h. The reaction mixture was then filtered through a medium
porosity glass frit. The filtrate was diluted with anhydrous methylene chloride
(175 mL), washed with 2% aqueous H2SO4 (150 mL), followed by saturated
25 aqueous NaHCOs (150 mL) and then brine (150 mL). The organic layer was
dried over anhydrous MgSOQ., filtered and concentrated to yield a pale yellow-
brown solid. The solid was dissolved in anhydrous toluene (250 mL) and the
resulting suspension warmed to about 55°C. To the resulting clear solution,
hexane was added drop wise till the solution turned cloudy. The resulting
30 solution was cooled to ambient temperature over 16h, with stirring. The
resulting slurry was cooled to 0°C and maintained at this temperature with
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Exanpl es 26 through 30 describe procedures for the synthesis of the titled
conpounds. Unl ess otherwi se noted, the identity and purity of the isolated
product pwepariadessa t hese exanpl es was nmeasured by HPLCPCOiSess/01204 her wi se
not ed, the physi cal properties (e.g. 1HNWR, M5, etc.) listed at the end of

Exarrpl es 26, throygh,30 i sting of the er measur ed
for o 1 opr SUGHGHEVE s TREIESUHNG RESCPEAte WEHERteRtrd by BUHE hlsghord: o 56:

5- Met hanes yhfpinla ﬁtéﬁjr’hrddcrbélﬁfﬁﬁ% ! T%emté'r)caﬂe@ra%groken and the off

15t et rahydr o- 1H pvrazol o[ 4, 3- c1pyri di ne Q2CH3 A 500 ni,

4- neck rounvhitsopoweder was kh@rasgblryatr@eldnwachodﬁ) gtﬂ@ttmmtteha@repomd g% ,a

N- et hanesul f nyl- 4-piperidine (15 g), 4-(trifluoronethyl)-benzoyl chloride
(21.15 9) (H' magnesi um i odi de (28.26 g, 1% H20), under a nitrogen

20at nospgher e, thﬂc@&ormg Sid9, dthgt dcRgateyi ng mi xture was then added
triethylam ne (25 6M{-%9 dropwi se over about 25 minutes, while naintaining
"bF NMiR (480«

the tenperature 7z GDClhe 2&¥g@Edofl Hp 2380, THY, 3£9ud .28,

Uhen adaed ah 408 08t PO 25 mdi 17D SR 38y 2ol e & A T bnar 15

m nutes. 25 ConggpPLCR&EntEA titeD8DA%ninl7 gn) was added dropw se at 25-30C,
to a mxture pH of about 1. The resulting biphasic m xture was separ at ed,

the aqueous | ayer extracted with drchloronethane (3 X 135 g). The conblned
organrq | ays WRIC248 r v ; ),
11/018842F““ svEnv/mvL A f -
was di still edtrtfmdremythvt bhedlvnm smmtramdmh HWrazb!bMt:Bb]b\mdlﬁel due. To
t he resi due was added deil oni zed water (100 ni) and e resulting mxture
was again distilled under vacuumto renove ygf® 3nL). Ethanol (60 g)
and hydrazine 5 nonohydrochloride (8.43 @) gi oni zed water (10 m) were
added and the resulting m xtureHheateg to Jo the resulting m xture was
added sodi um hydroxi de ((5. %%, i n . Aafey” ( ) at 55-60C. The resulting
m xture was then heated to ( 1 hour, then cool ed to bel ow
5C, and stirred at this tenperature an additional 30 m nutes. The
resulting mxture 10 was then filtergd,

thhe filtercake washed wth water (3
X 10 nL) and then dried at 50-55C foN 2

burs at 700 mmto yield the title
conpound as a solid. Recrvstallization \10(8 ni. 4-neck round bottom fl ask

was charged with the solid prepared as des?Pefelds above (18.59g) and
acetonitrile QGA%%J— Wit SEiED h&;goﬁ&q] gﬁ&g%vg &térjggg rwf(#_ure heated to

reflux (80C) for m nut és. Peglis ure tered hot, the

filtrate CQﬂem@n'eeulﬂﬁrw-md(mtﬂlﬂdorﬁiméth?lcphe!myﬂm 50, Vrte’t’rl@h)fdlb 1H-hour. The
resul ti ng m xture was_filter the tiltercake washed with cold
acet onilPri IRYrazajold. 3rgjovsaine (@&t @r 72@ M- 39¢he 7e3tRE PU¥tue Wesrs, to

yield the tidded SHRPARtRoRRthshe (250 mL). The reaction mixture was cooled
to about -5°C in a salt / ice water bath with magnetic stirring. A pre-cooled
solution (0°C) of KOt-Bu (9.0 g, 80.8 mmol) in anhydrous dimethoxyethane (50

mL) was added drop-wise over 0.5h via an addition funnel. The resulting pale

A

20 yellow colored solution was maintained at about —5°C for 15 minutes. A pre-
cooled solution (0°C) of the (S)-glycidol methylbenzesulfonate (20.0 g, 77.2
mmol) in anhydrous dimethoxyethane (60 mL) was added drop wise via an
addition funnel over 30 minutes. The reaction mixture was then stirred at 0-5°C
for about 4h. The reaction mixture was then filtered through a glass frit and

25 concentrated on a rotary evaporator to yield a tan colored solid. The solid was
dissolved in EtOAc (250 mL) and the organic layer was washed with saturated
aqueous NaHCOs3 (2 X 100 mL), followed by H-O (1 X 100 mL). The resulting
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201H NMR (300MHz, CD3CN): 6 1.94 (t, 2H), 2.88 (s, 3H), 3.58 (t, 2H), 4.52
(s, 2H, 7.73 (d, 2H), 7.81 (d, 2H), 11.13 (br s, 1H). \S3

(el ectroswoayiyoi@abcul ated for Cl4H14 F3N3025:, 345. 3, mCz/Use@sonds [ Mrl]
346. 2 25Exanmpl e 27: (R)-2-ql vcidvl-5-nethanesul fonvl-3-(4-trifluoronethyl-

ggﬂy(%)lggﬁp%rtg%@y%%af@g% %’:1’(%% t?c’) yﬁélayr{aﬁlc%?ore so_li\d LDT)hel\ls_olﬂd vo
1- Cnl or o- 345541 %tfé?ﬁ%ﬂ'uﬁ 547 H 'W@Qﬁﬁ@%k ?b@tl'i‘YriL% V\fatérgatg% i

t et rahvdro-ovraz |n- - 1 pr opan-

4-necked ddddptame @OkaL) @basrmdeawﬁo ecandouhedewltuhgwgrune@dowedm@coolatb
stirrer, funnel, syringe np and thernoneter was charged with 5-

5met hanesul aBpigNt mmrﬁquﬁlqmr dhBt thigxapRda() mLlwvas added drormyas and e
I g[ 4, 1.4 g,
> 35 il ) SR g LERE TR e e Proipf I Bl o R Y Bk o v

to 60-61C. (Q8enLphasibdded wiropw viss, tlﬁé&?u@@ér@‘tbmwdﬂlédrtoI®°C@1‘é9|&%nt§|nédg%t 6. 96
mol ) was added dropwi se to the stirring m xture. The resultlng m xture was
10stirred ftBis tQ”HR@u@té’re faredh Wit sldinge BrropraeiPiteiR Wagiqalieelgdvian $Hction

i opui se. & A et adalmL 2l SPEYERHEbe Iy b &5 S

resul ti ng soféwhitsipowdsas Fwﬂowm@ pbrec@ﬁiaﬁﬂr@ thé tirate svdd corgebitrapdtate yiekfi xt ur e
was segarated ase washed with water (2 X 10

0 yqrbtpw §<§|@ hﬁbe;ﬁnlegtﬂa;da\gor a j Cfﬁ]wgsnlca gel column chromatogﬂ'aphy

1 Ch' or o- 3- 1 ¥t abdiftonal titl d id.
trifluorone (tEﬁOF@ pheny ) , 6, 7- tletr}aahlygrcg &yoruerl]zo 0 203 c]pyridin-1-y1]-pro

pan2(R)-ol, Whl A PvigO- %@@l n the next step without further purification or

i sol ati on. STEP
(R)-2-gl ycidyl- 5&%&%@9&% f%@?'lE@A(Q? trifluoromethyl-phenyl)-4,5,6,7-

t et rahydro-1Hp gani ¢ phase isolated in STEP
A above was cooIM\g g@ﬁr%@ﬁl\ég*gﬁr}?ﬁggWQ%S mol ) was added dropw se,
with stibrring (Vi NMR(actﬂﬂ ls/le&dz |OD®I@)8nQr4e§h®ej |1rH), érﬁﬁa(cbd, une) t209:htmut 400) ,
and the resulting m xture stirred resul tin

m xt ure wastitodr (M olBhE3-64km; ?Hérf‘ ﬁ%&@'(ﬂ, 1H)zéo6% @'%ﬂiﬁ? 6%’«4 R 4ekihti on of
sul furic act g717 ?4%’1 water (14.4g). The 25solvent fromthe resulting

m xture was disti of to yield a residue. The residue was added to

wat er (57 g) andiPhé R@eullmr'n tiopes Bsffeméi on stirred for 12 hours at 25C, then
filtered. The filtercake was pressed, washed with water (10 g) and dried
for 5 hrs at 60C, 3 nbar to yield the title conpound as a bei ge solid.

20 Example 25: Preparation of 5-Dimethylamino-3-(1-{2(S)-hydroxy-3-[5-
methanesulfonyl-3-(4-trifluoromethyl-phenyl)-4,5,6,7-tetrahydro-

pyrazolo[4.3-clpyridin-1-yl]-propyl}-piperidin-4-yl)-1-methyl-1,3-dihydro-
imidazo[4.5-b]pyridin-2-one

CF,

PN ~S0,CH;
25 In a dried, nitrogen-flushed, round-bottom flask with a magnetic stir bar,
5-dimethylamino-1-methyl-3-piperidin-4-yl-1,3-dihydro-imidazo[4,5-b]pyridin-2-
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30STEP 3: Recrystallization A 350mL3- neck round bottomed fl ask was
charged with (R)-2-glycidyl-5-

met hanesuwWwoan101884¢4-tri f | uor omet hyl - phenyl) - 4, 5, 6, 7- t ecalugdeio/iide4
pyrazol o[ 4, 3-c] pyridine (24.32 g, prepared as in STEP B above) and

Caded o op N 2b BrR ol indl) e ene ordL Rur e TR AR & then |
stirred foriddhomethyaienyfoesies %t?éH}@iréMWﬁ%%‘z@lb[M@sc %ﬂ.d.ﬁé e gt he

precipitate was 5 collected on a gl ass I ter funnel and
pressed wel0.029%endl] aneil{ekePyas hvdshle QASQ nerd) mrtﬂlzhiorcmth@me (ZLQQ ng) t hen

d d 5-10 nb 5h | d d
ot ot e grercornpined ) T reabion & ek beal o 4 R SRR EoB0 o606
1H NMR 640Q,M5Bm ¢ e?étu@e fo?r 149 Q‘Fﬂ@ reéct*‘c')n n‘@xt&% \(vggihén {‘r‘bate%l v%’h(m 102H),

3.36 (m 1H), 3.67 , 4.53-4.57 (2H),
7.67-7.72 (saﬂ)rate(zBNebiC@i (1(505rp|r_;1y1 Nﬂé@@Hn(ﬂéOrmld)eand MH2%2(50 mL), sﬂwmgal e 28:

1- Chl 345- | f 3- (4 f| h
T4 5.6 - AVEATOAF “F*E%Ps%éaa?%ge&%%r% ERTAR WaSREh Wb GhieGl (159
------ - -1 2"mL).- The Drdéridyet mth@ ﬂfrate-wé@extréct@bBwashed whthldatghaedd e-j acket

gl ass vessel was char ed vmth - met hanesul f ony1- 3-

(4-trifl uoriafek $plutighekd@ mLy, CHIGG wyith N@ﬁ@ydﬂ“@nfﬁe@ﬂ QBQBIC@DQGFZ'#&,{P§W| di ne

132.5 : d
gol uengo(?&ﬁ(gﬁ g %l )Th%é&ﬁ#o&fmg ereéﬁl%ﬁ] EKPJr%@gFaZohﬁ/g(scg Y @J@lé%, o
dropw se OV{e)D}abﬁlﬁm Bﬂsmalgér:‘lﬁ he(@)t &l @Ihtn@g ohthad5/6 GHSIIRIBOME. Te g, 456
nmol ) in tol uene ( . The resulting m xture heated to 60C and stirred at

this tenperdfsied ffqgtloagmre@oglt}mq to Viglshtheitigeaasneeing ayenQily feam; he
ol urry was T QRbent BES fedted WA LRGP G Wk R N Spfybater Xi e
was then addiedhg tr@pi Jee vehite s@lldlseNerb fBfevedHehd (\Bishe6 vaith EOnent wield(thB0 g) .
'rIT']_h)e(t Lrezgl Erlﬁlg'% %{L@Fens on gqsf@gggia%%ééjlﬁbom 65-67C to yield a biphasic
Freebase mp 145°-150°C.
"H NMR (400 MHz, CDCl3): 8 7.73 - 7.65 (dd, J = 16.9, 8.1 Hz, 4H), 7.03
-7.04 (d, J=8.6 Hz,1H), 6.15-6.17 (d, J = 8.6 Hz, 1H), 4.52 —4.62 (dd, J =
14.7, 9.3 Hz, 2H), 4.32 — 4.40 (m, 1H), 4.20 — 4.24 (dd, J = 11.1, 2.5 Hz, 1H),
20 4.13 (brs, 1H), 3.99 -4.07 (m, 2H), 3.62 — 3.77 (m, 2H), 3.34 (s, 3H), 2.68 —
3.15 (m, 6H), 3.03 (s, 6H), 2.88 (s, 3H), 2.42 — 2.53 (m, 3H), 2.17 -2.23 (t, J=
10.1 Hz, 1H), 1.73 -1.76 (d, J = 11.4 Hz, 2H).
[0]®s89 — 6.9 © (¢ 0.01, CH2Cl2)
Hewlett Packard MS (electrospray): Calculated for C31H3gNgF304S,
25 676.70; m/z Measured: 677.5 [M+1]".

The title compound as a freebase was diluted in CH>Clo/CHCI3 (125
mL/125 mL), then treated with 1.1 equiv of 2M ethereal HCI. The resulting
mixture was stirred for 4 h, whereupon precipitation developed in 1.5h. The
30 resulting mixture was concentrated via rotovap to yield a white solid, which was
then stirred in Et2O (450 mL) overnight. The solids were collected by filtration
and dried under house vacuum to yield the title compound, as its corresponding
HCI salt, as a solid.
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WO 2011/ 019842PCT/ US2010/ 045204 separated, and the residual organic phase
washed three tines with water (180 g). Approximtely 352 g (410 nlL) of

sol vent wa® 2ditgtips4bed of f from the organi c phase at aborCcTAB@10/DEs20he
resulting slurry was then added isopropanol (495 g) to a final volune of
about 810 nL and the resulting m xture heated to about 5 73C. The resulting
mi xture was therfi@l $Le® 4% cg%@ Go roomterrperature over about 7 hours,

then stirred for1H31H {Lﬁﬁ) Wi/l ?éjl% %J{ :(%t r-;agg%ltglt d)W%S Eﬁbserved

to form The precipitate was eolq washe

| sopr opanol (bf §184d), ,4615|-e4d7i QbrtZJhﬂmiﬁz 17r®)C4 8Y0¢0z sntaair) 4 hen-48other dried
for 3 hours_at 85C, mhar to |eId the title co ound as a solid. 101H NMR
(300|sz Db?é@&éjfi @@%t(%r 4.4 713 2H), @@2(3,3@% 3A9 (M3. 72 (dd,

4.Q7 021,_12 53(5 2H), 5.60 (d, 1H), 779(d 2H), 7.84
(d 2H) I\/g e?l’ ctro sprgy, positive node), rniz for CL7HL9CIF3N3035 (M+):
438 15Exanpl e 29:

T e risarnls 2By o aTes0 Heserin apgenyartr kb Sinthegis ofine 1-v11-
Pr 0pV1) - i Rgfl i)ty HTELSchverh ! el BbANg ok Rrl) By n-2- one

] acket gl ass vess ed wth
1 ChI or o- 3 if@lated product prepared in these examples was measured by HPLC Unless

4,5 cifyr ineSs Rpledh e oy Frbpeia 5 o R G LElab g ' ©

exarml e aseﬁbeéﬁEXé?ﬁgleb'?@h?éﬁféf%@%r@B%ﬁhg of the physical properties
5-di net hyl am no- 1- net hyl - 3- pi peri di n-4-y1-

1, 3- di hydr dneaswied dpua sepypsoniative samphe: of e, title ¢pmpours8d nol ), pot assi um
carbonate (20.763 g, 0.150 nol) and warm (25C) isopropanol (786 g); and the
25resulting m xture heated to about 65C and stirred for about 5.5 hours,

over WO 2011@@@3%/54%@&@%%@#Imwhmumme JHyryAl-4, 5§ 3- obser ved
to form The resulting mxture was then allowed to cQol to roomtenperature
over ad8ut 8 hours, then tetrahydrosiHpyrazelo[4.3jelpyridine resulting mi xture
was then filtered usi ng a glass, fiLL\er funnel and the solid collected. The
filter cake was washed with isopjopagol (228.9) and Spressed well. The
resulting white / off-white wet e ed with water (900 g) and the
i i otcpWM th stirring. The
resul ting warm suspension was|filteg 2 gl as% filter funnel, the

vessel washed with warm (50-60€), wat er (1100 g) and the wash water filtered
over the collected material. Th%\l conbi ned coll ected solid was dried at 85C,

2-50 SO,CH,

A 500 mL, 4-neck round bottom flask was charged with dichloromethane
(20 g), N-methanesulfonyl-4-piperidine (15 g), 4-(trifluoromethyl)-benzoyl
chloride (21.15 g) and magnesium iodide (28.26 g, 1% H20), under a nitrogen

20 atmosphere, with stirring. To the resulting mixture was then added
triethylamine (25.6 g), dropwise over about 25 minutes, while maintaining the
temperature of the mixture in the range of 25-35°C. The resulting mixture was
stirred at 27-30°C for 50 minutes. Deionized water (60 mL) was then added
and the resulting mixture stirred at 27-30°c for an additional 15 minutes.

25 Concentrated HCI (35-37%, 17 gm) was added dropwise at 25-30°C, to a
mixture pH of about 1. The resulting biphasic mixture was separated, the
aqueous layer extracted with dichloromethane (3 X 135 g). The combined
organic layers were washed with dichloromethane (3 X 40 mL) and dried on
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10nbar for about 18 hours to yield the title conpound as a solid.

1H NVR (400 MHz, MeOD) 6 7.66 -7.87 (m 4H), 7.35 (br s, 1H), 6.46 (br s,
1H), 4.65ve u11fdogadr t, J = 12.2 Hz, 1H), 4.57 (br s, 3PFCT/v$20198/045244 30 (M
2H), 3.76 - 383(brt J = 14.4 Hz, 2H), 362 -3.71 (m 2H), 2.99 - 3.40
(m 20H), 1.97-

5" Vet hanes GOt SUTAER0 G} L BFS AR RPIA FivdHicy s disties fo remove the

tetrahydro éréhl@hﬂrﬁétﬁbﬁé%oﬁreﬁ't H&Sry'uéibl %eresHNeN T theYebido@ha® a@ddd

doubl e-j acket reaction glass vessel was flushed with argon 20at nosphere,
and then, fde@ra;ded\mhen\mQ@trhbhmmeomublngmwra ~wasagai( igilisg unded. 6 nol )

R S 155 e FonSha e T b o Xt

honogenpgzatrmeRo®fdro&flontd (8148.q)WhdeRnidd Wakd (1@ i) dte 80864 BAdhE reaction
was observed. After about 20 m nutes of stirring at 25C, the internal

terrpfar at ur gegaitng mmétur@aetatemdté)rﬁ&mr“éo H}za&jreamdirr@a@etluuwa?gddednsod@m To the
i 4 103. 47 g,
08 ol ) chiide Bt abimsgrd Qm@reété;;r%é‘%ﬁﬁ‘rﬁ% i é%w Pri ng the
Feoul t1 ng WeBGEERs SR pERs (B Pe Tt et el o;&ang%fCEe. o sol uti on

was stirredtied dt.this. tefﬁperatesalfdrlangaddlb«malemvamultésenTbeoésaﬂtmg)rrﬂmom 10C,
observed. to

euspendBon Was Feasdierabibe alief ey %w%hw%erf@?éﬁdnfhgen aed ©"
resul 1 ek o 3 s aAdes AR B3 Bugs el ropu se

whi |l e malntalnlng I'rring an nal era ure greater than
about 20C. Réarystefiizbtiomg m xture was then all ovved to warmto about room
tenperature and stirred for 1 hour. The_resulti Eg@/ell wora e suspensi on

was neutral i zed Ay 08Bl din&EkIQHN |b6’|q°”hft|a Wae coagedayi fét@?) t hanol i c
| ut f 7 i
i xtur o vadrEpAeUBTTeC ol 18 an dhfdecBiiic 2P Q] BRH B aRE 9° ¢

and st i16r edhatresuitisg tréxtpes beated tboeflab(B0°C)lorrdindnuteselhehestitingme a
precipitate was observed to form The precipitate was collected on a glass

filter funrixiyregvasitiiarey habdhprisaiesopled ioddE ame held atd éo@pw&hétlwga
bei ge soli g, ?%%VYStrﬂUrbélﬂ |h8metB?J WasGilel&s 1hE iElcakBSY AR edQli b4 87 9.

0.24 nol) was di $Sol vVad
acetonitrile ( 3 X 4g) and then dried at 50-55°C, 760 mm for 2 hours, to yield

the title compound as a solid.
20 "H NMR (300MHz, CDsCN): & 1.94 (t, 2H), 2.88 (s, 3H), 3.58 (t, 2H),
4.52 (s, 2H), 7.73 (d, 2H), 7.81 (d, 2H), 11.13 (br s, 1H).
MS (electrospray), Calculated for C14H14 FsN3O.S:, 345.3, m/z
Measured: [M+1]" 346.2

25 Example 27: (R)-2-glycidyl-5-methanesulfonyl-3-(4-trifluoromethyl-

phenyl)-4,5.6.7-tetrahydro-1H-pyrazolo[4,3-clpyridine

O/III.
Y
\
AN

CF4

SO,CH,

151



0.5 L double jacket reaction glass vessel in acetone (2158.4 g) and
dei oni zed water (133.0 g) and the resulting m xture heated with stirring to
70C. Aftewo2boutiof® min all of the solid material was olpsersedonas2ds ssol ve
and a bi phasic m xture was forned. The b| phasic m xture was stirred

cont i nuousl ' pt ai ned at
this tenpers ok = : : A - pfecipitate
was obser vagdirh (i,gr raZél8[403- 26 ,ldqraq ﬁlj R_Toqad on a gl ass filter

funnel (D3, 9 presse 0 € conmpound. The precipitate
was washed with /&abemhlzédweoésedrdo(ubm)la@kgyglaaalvae@elmeur(rw wntfgpvemeaéd at
about 5-10nbar, and 5 25t hen at 80C far

f
100C for 5 MegAYalirtendupiel sVindibiia Al BempiieidufpgcRifoed vith 5

1H NVR 630QtvEthanebaitavyi- 36(§f1¢rl%on(dmet8§7|) 3}5)846% 73ébrah@r581 H1, 2H) 4.52
(s, 2H), 7.73 (d, 2H &0 1H) .
(el ect r ospry3zole), %@irmrldmer %, Q*BB@@QCSUTT@I]J@E@ hygratenida ar 3@3‘2 30[ Mt1]

ambodi mont BTNt et B 8E25 Too B v i SEuuBind R ol L

Exanpl e 7 igp- é@“‘(ﬂ“mb?@b%tt’mﬁ%utb@' Weéubtﬁl@?dhﬂ'rm éd9©%CBQﬁ§ 69peprovi de a
total anmount of 580 to 590 to size O ar capsule. 5Wile the

f oregoi ng srpmgl)rwaaadded dmfﬂee to HE ﬁmrrlng|rp|lxtweoﬂ'hel”resplmeg@mmturewaﬁ;t i on,

\tgmnélgr gﬁg 'ﬁ@%rfgﬁé Bce %%}é%g? hg%ﬁﬁ 4 &Wﬁ@%ﬁﬁgé t a\IN: | Iof btehe usual
T
2011/ 01984@0}1%[882&)mﬂxtonﬁaf)zi%mydrachbrlaaAldecfbg)sm water (tegpr €par ati on of a
compound C)frefsultlng susge%swn was warmed to 65-67°C. The resulting bi-phasic mixture

was separated, and the residual organic phase washed with water (2 X 10 mL),
15 to yield the organic phase containing 1-chloro-3-[5-methanesulfonyl-3-(4-

trifluoromethyl-phenyl)-4,5,6,7-tetranydro-pyrazolo[4,3-c]pyridin-1-yl]-propan-

2(R)-ol, which was used in the next step without further purification or isolation.

STEP 2: (R)-2-glycidyl-5-methanesulfonyl-3-(4-trifluoromethyl-phenyl)-4,5.6.7-

tetrahydro-1H-pyrazolo[4,3-clpyridine

20 The organic phase isolated in STEP A above was cooled to 30°C, 30%
NaOH (11.5 g, 295 mmol) was added dropwise, with stirring (which resulted in
an increase in temperature to about 40°C), and the resulting mixture stirred for
12 hours at 40°C. The resulting mixture was cooled to 25°C, and then
neutralized to pH=7.0 with addition of sulfuric acid (1.2) in water (14.4g). The

25 solvent from the resulting mixture was distilled off, to yield a residue. The
residue was added to water (57 g) and the resulting suspension stirred for 12
hours at 25°C, then filtered. The filtercake was pressed, washed with water (10
g) and dried for 5 hrs at 60°C, 3 mbar to yield the title compound as a beige
solid.

30 STEP 3: Recrystallization

A 350ml 3-neck round bottomed flask was charged with (R)-2-glycidyl-5-

methanesulfonyl-3-(4-trifluoromethyl-phenyl)-4,5,6,7-tetrahydro-1H-
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R5 wherein 5Ar2 is a nonocyclic or bicyclic ring system unsaturated,
saturated or aromatic, optionally fused, optionally including between 1 and
5 het er oavormriyngs4aoi eti es i ndependently sel ected from Prhe/use@op420hsi st i ng
of 0, S, N, SO2 and 0=0; wherein said Ar2 ring systemis optionally

substrtuted wrt e n, 4 substituents reresetsO S,
o7, 0m0, RSN S RREE a3, Gerar e Ta bt B above) AT t3elve

hydr ogen, %é%%r (1@@%%%& Dréhﬁ%d wa?d?RgﬁbrkI;&Im}é%ﬁﬁéh adaBgnet hyl
Cl_5heterocyclyl, C2_8acyl, aroyl, OR3INC=0, R2950, 15R295,
R29502 or RBOEWIBNE@TQ trmrreaUttregrwﬂutmquoleRﬂtb 20 puet 3 of thiarpstireed foe t aken
together to forman optional substituted 5- to 6-nmenbered heterocyclic

ring with o@chr%ﬁ‘é?pﬁ 1TPg rQSl&gGQ SHBRANSIoR WS JBieHPH:HBP SreERIFR Wake i ng
e et I oML g0 0005 S 1 181 P BORBLY o0

unsaturate r aroma ed from

the group Z0gvnaskéd Mthcderd)hrz@dv\@érkmbOgndherﬁ)d%@%&@lmlaﬂda)’bhd 60°C R28
i's hydrogen 01 5alkyl, C3 5al kenyl, hydroxy, phenyl, benzyl, G
5het erocycl9[ h'ﬁZtQO/'e@FﬂQQNﬂQ@O”H@Q'B gan0off W%&M'd@r eR31N502; R29 i's

01-Salkyl, C3_Sqerlo. ABRHe ishefiy hoRlidr b b8 0RUd ok, and R31 are

each i ndependently s omt group consi s I'ng hydrogen,

01_5alkyl, C3_5dHkRMR (4ommrrd r:mele)zarl 2. 4l@hgidet1 ryy, 2.88a@lt, HyH), 2002l (ra) -
S5heteroaryl; alternative can taken together to form an

I
optiondlly i Si36 (JmeH*)zrg%(m %Weﬂ%&d@l i HY), 81Dty dH)c4 8-her é2bbycl i ¢
ring, whi 027 gz__ry?]gwe saturated, unsaturated or aromatic; WO
2011/ 019842PCT/ ( 7045204 Rz is Hor OHand the dashed line is
absent; or Rz i M8hskttrowdpeay, ddsitivdanbeed),IN'n402s an sp2 bond,;

Example 28: 1-Chloro-3-[6-methanesulfonyl-3-(4-trifluoromethyl-phenyl)-

15 4,5,6,7-tetrahydro-pyrazolo[4,3-c]pyridin-1-yl]-propan-2-(R)-ol
c- N\ _N
N CF
HO ~ °
\
=0
0=3
CHj

A 1L double-jacket glass vessel was charged with 5-methanesulfonyl-3-
(4-trifluoromethyl-phenyl)-4,5,6,7-tetrahydro-1H-pyrazolo[4,3-c]pyridine (132.55
g, 380 mmol), ytterbium triflate hydrate (9.43 g, 15 mmol) and toluene (347 g)
20 at25°C. To the resulting mixture was then added, dropwise over about 20
minutes, (R)-epichlorohydrin (ee<99%, 43.05 g, 456 mmol) in toluene (52 g).
The resulting mixture heated to 60°C and stirred at this temperature for about
4.5 hours. Approximate 59 g (70 mL) of the mixture solvent was then distilled
off at about 75°C to yield a slurry. The slurry was diluted with 2-methyl-THF
25 (125 g). To the resulting mixture was then added, dropwise, a mixture of 37%
HCI (37.46 g) in water (150 g). The resulting suspension was heated to about
65-67°C to yield a biphasic mixture. The lower acidic aqueous phase was
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R5 and R6 are each independently selected fromthe group consisting of
5hydrogen and Cl1_5alkyl; n is an integer selected fromO, 1 or 2; R7
and R8 arwoeatinipsaidependent|y hydrogen, Cl _5alkyl, C2_5LalCharsgé10/0@26al koxy,
Cl1_5al kyl t hi o, hal ogen, or a 4-7 nmenbered car bocycl yl or het er ocycl yI

10al ternati vel R7 an nbetake er toforma t|on

subst i t ut edHa }%tﬁd’?a% %PBQ%’}}EPG@S% R ?Qrﬂ&r@?ctlm%sw r| ng
nmay be unsgjyu ,ﬁi;ﬁgxﬁ’faté‘l‘&/@@tq 41 (ﬁﬁfﬂ) BRYONENORES AR IBY ofifRsh 'tlﬁé'b?%aﬁ%t h
bet ween one 'and three substituents i ndependently selected fromthe group
consi sti ng pifaskat@bocy Z6C. éfmthe resylting shurrynvas thenRddddtiBoprdpésol (495

Ra0( C-3) ?'oﬁyd)tg %e‘?ﬁz?éd@ﬁi T iR 0 ML iagstiTan TpguIANeaT 1o about gy o
H Cl_5a1kyh SEMo My E AR Elofleq (FhodihotaE ARG GOl ene,

phenyl, benzyl pheneth nono- or
6al koxy) cardjmw I7-hours R Rdiged fmhabcmntrﬂ&%i@rssower \ﬂilcﬁalmelﬁ pré&dpiatekenyl ,

e et o S PoseRa 88 %94% eﬁ%pg%ﬁél 18 WS dallestic by Eivationmaryyashed or

(lellvglhg?fargcygf BF&%YH%K drle Zb(ﬁ%a?kyl gﬁéaébmeﬁz*%w #ﬁﬁﬁ& grﬁ%?\et hyl ,

NH2, rono- for3¢ho@£§ 36854(5/@ hdbar(@ualoﬁmiektﬁbeydomdeEd/bs aCHoI|B420R43- vvherel n
R42 is H Cl_5alkyl C2 5al ken% henyl , 25benz phenet h?gl
Cl_5het!8r ocycl yI'H §MR (S0CMidze Mﬁigdﬁh)ﬁ@ 984Ky | e3 OQr(Q 843 3.88 (¢,

2 Tonooyct 14 ob 7 (kT SP7 SRR oPDaAsE & A5 S B0ty SdeETCa

wi th betweeng4 (@nzHB substituents independentl y sel ected fromthe 30group
consi sting of halo en, Cl1_5al koxy, Cl_5alky1l, 5al ken cyano, azido,

o Tro. ROIROIN, MBSBRIOREIED PaRHE0HO0e RO RIONGb oG sbHanS Ay 438G

5hal oal koxy, Cl_5hal oal kylthi o and Cl_5al kyl t hi o; WO

2011/ 019842PCT/ US2010/ 045204 R22 is hydrogen, Cl _5alkyl,

C3_5al Kenyl Ex P9: piDinmsthylaminna3 1 -{2 ! bry-36 hak@s #éeoml-3-ar oyl ,
R3800=0, R25R26\|C-0 R3880 R38802 R388 or R25R26N802 R23 IS 11ydrogen,
Cl_5alkyl, d4-teflupromethylrphenyl)-Aen6./it

al ternatively 2
substituted ‘“M ”
sat ur at ed, unsahubat eg,Qb’rg aronntic;

N/
A\
L y

A 1L double-jacket glass vessel was charged with 1-Chloro-3-[5-

20 methanesulfonyl-3-(4-trifluoromethyl-phenyl)-4,5,6,7-tetrahydro-pyrazolo[4,3-
c]pyridin-1-yl]-propan-2-(R)-ol (66.71 g, 150 mol; prepared, for example, as
described in Example 29 above), 5-dimethylamino-1-methyl-3-piperidin-4-yl-
1,3-dihydro-imidazo[4,5-b]pyridin-2-one (43.75 g, 0.153 mol), potassium
carbonate (20.763 g, 0.150 mol) and warm (25°C) isopropanol (786 g); and the

25 resulting mixture heated to about 65°C and stirred for about 5.5 hours, over
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R24 is Cl_5alkyl, C3_5al kenyl, phenyl, benzyl, or Cl_5heterocyclyl; R25 and
R26 i ndependently are hydrogen, Cl 5alkyl, C3_5al kenyl, phenyl, 10benzyl or
Cl _5het erwoyoilios4er alternatively, R25 and R26 can be trakas2tiogeizber to
forman optionally substituted 4- to 7-nmenbered heterocycl ic ring, which

ring may be sat urated, turated or aropnti 5alkyl,
0 Ll R wREh SR & Dhestaiite Vit aesatyed ke s e resuing mixtuie was Ferpper o1 h

each of t he,ahREo e RFHI terf er‘%%r%r&fe"f‘ea?}ﬁbt HRURS theR B Sd &t DE5 a@ey and

indicated, and in addition to a y specifi stitdents, is option
[ ndependent2 gapsibshe reﬂ@mmﬂutmmaneriﬂMdmw@atgﬂassa‘nm femiet@ndd from

20am no. | ni DF 30T GARREIe ToRTIdpE Sats s WesheS WRbSKPeBaneh 4990 5] andca.

4al kyl ) gm rﬁ}b%&%hy hﬂ@eresillﬂhé@lmﬂaa/' dﬁ‘ﬂ%ﬁ@m@k@ﬂd%ﬁhk&%@r@mt&ﬂd G

5hal oal koxy; or a pharmateutically acceptable salt, am de or ester
t her eof ; or(980 ) @anddhs oesuliing froxtore heamdfto 65@por abogt 1Ahouwr ettt stimgng.
corrpound of__for

eavi g or oIS MRV BTE SRS A" B3 3&&%# RSN @“r%%éhg tV§%¢"e{Sda
Egﬁpgﬁﬁéezf reQﬁfvﬁ ww@%ﬁ%@r@% ung %?f r@the Wééri %BE in an or gam c
sol vent ; t ahgicellectbbensterinke sPon dompireengmieatbdodolidorasiteied b} 85°C, 2-50
10  mbar for about 18 hours to yield the title compound as a solid.
"H NMR (400 MHz, MeOD) & 7.66 — 7.87 (m, 4H), 7.35 (br s, 1H), 6.46
(brs, 1H), 4.65-4.71 (brt, J = 12.2 Hz, 1H), 4.57 (br s, 3H), 4.19 — 4.30 (m,
2H), 3.76 —3.83 (brt, J = 14.4 Hz, 2H), 3.62 — 3.71 (m, 2H), 2.99 — 3.40 (m,
20H), 1.97 — 2.11 (m, 2H).
15
Example 30: 5-Methanesulfonyl-3-(4-trifluoromethyl-phenyl)-4.5.6,7-

tetrahydro-1H-pyrazolo[4,3-c]pyridine

HN—N
\
X

CF,

N
éOZCHg
A 1L double-jacket reaction glass vessel was flushed with argon
20 atmosphere, and then, filled with N-Methanesulfonylpiperidin-4-one (106.33 g,
0.6 mol) and hydrazine monohydrochloride (41.11 g, 0.6 mol). The resulting
mixture was suspended at ET = 25°C with methanol (240.0 g). During the
homogenization of the mixture, while stirring, a light endothermic reaction was
observed. After about 20 minutes of stirring at 25°C, the internal temperature
25 of the reaction mixture had increased to about 47-48°C. To the resulting
mixture was then added, 4-trifluoromethylbenzaldehyde (103.47 g, 0.6 mol),
dropwise by means of syringe pump, while vigorously stirring the reaction

mixture at about 50°C. When the addition was complete, the resulting
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2. A process for the preparation of a conpound of forrmula (I1-S) H3C(I-YS)
WO 2011/ 019842PCT/ US2010/ 045204 or a pharmaceutically acceptable
salt, amwe0ori/ass4er thereof; or a stereoi soneric form Proesedip/oe2oPpri si ng
H (V-9 reacting a conmpound of formula (V-S) with a compound of

formula (M -5E), wherein LGL is a |eavin r - _in_the presence of an

or gani o or GRSSEA Crafeseies Spl dion T otens EUpbRR GoCERBIRA ELS of mul a
(VI'1-9); en cddiaFid BBolM-EOBREHAich tirh ! I rfifb hwad) oédred g omPound
of fornmul a"t’%%}, I'n an organic sélvent; to yie tlﬁ(e correspondi ng
conmpound ofbdcomaid ausp&)siod3vichrsyspahsionéncreasehypalbsttptiatyno-deGkitgal t of a

Sggﬁg?ningr@%cjli%g.( I'I:oSt)neCr';:;’uIting ?rcl)i%rrie %A}a%gthgﬁ%d%%hlb?gmﬁ?rge ( -1r9<'.ig gdbf;g action
5 mol), dropwise, while maintaining stirring and an internal temperature of no

greater than about 20°C. The resulting mixture was then allowed to warm to
about room temperature and stirred for 1 hour. The resulting yellow-orange
suspension was neutralized by dropwise addition, at about 20°C, of a 30%
methanolic solution of sodium methoxide (377.3 g, 0.21 mol). The resulted

10  Dbeige mixture was stirred for 1h at about 20°C, then slowly cooled to about -
8°C and stirred at this temperature for about 10 hours, over which time a
precipitate was observed to form. The precipitate was collected on a glass filter
funnel (D3, 90 mm) and pressed to yield the title compound as a beige solid.
Recrystallization

15 The collected wet, beige solid (165.87 g, 0.24 mol) was dissolved in a
0.5 L double jacket reaction glass vessel in acetone (2158.4 g) and deionized
water (133.0 g) and the resulting mixture heated with stirring to 70°C. After
about 30 min all of the solid material was observed to dissolve and a biphasic
mixture was formed. The biphasic mixture was stirred continuously rom and

20 cooled to 20°C over about 4 hours, then maintained at this temperature, with
stirring for 11 hours; over which time a precipitate was observed to form. The
precipitate was collected on a glass filter funnel (D3, 90mm) and pressed to
yield the title compound. The precipitate was washed with deionized water
(120.0 g) and acetone (55.4 g), dried at about 5-10mbar and 50°C for 3.5 h,

25 then at 80°C for 6.5 h and finally at 100°C for 5 h to yield the title compound as
a white solid.

"H NMR (300MHz, CDsCN): & 1.94 (t, 2H), 2.88 (s, 3H), 3.58 (t, 2H),
4.52 (s, 2H), 7.73 (d, 2H), 7.81 (d, 2H), 11.13 (br s, 1H).
MS (electrospray), Calculated for C14H14 FsN3O.S: 345.3, m/z Measured:

30 [M+1]"346.2

Example 31: Oral Formulation — Prophetic Example
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d-spacing (A) 4.33 20.42 7.58 11.67 8.39 10.54 8.80 10.04 9.16 9.66 12.71

6.96 13.30 6.66 13.69 6.47 14.69 6.03 15.55 5.70 15.96
WO 2011/019842 PCT/US2010/045204

As a specific embodiment of an oral composition, 100 mg of the
compound prepared as in Example 7 is formulated with sufficient finely divided
lactose to provide a total amount of 580 to 590 mg to fill a size O hard gel
capsule.

5 While the foregoing specification teaches the principles of the present
invention, with examples provided for the purpose of illustration, it will be
understood that the practice of the invention encompasses all of the usual
variations, adaptations and/or modifications as come within the scope of the
following claims and their equivalents.

10
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5.55 18.44 4.81 18.69 4.75 19.07 4.65 10 4. A process for the preparation
of a conpound of fornmula (X-S) WD 2011/019842PCT/ US2010/ 045204 conpri si ng

(X-9) WOHO0N/(19842 PCT/US2010/045204
We claim:
1. A process for the preparation of a compound of formula (l)

Ar2 ~

(1)
wherein
5 Ary is a monocyclic or bicyclic ring system, unsaturated, saturated or
aromatic, optionally fused, optionally including between 1 and 5 heteroatom
ring moieties independently selected from the group consisting of O, S, N, SO,
and C=0; wherein said Arz ring system is optionally substituted with between 1
and 4 substituents;
10
W represents O, S, NR*’, C=0, (C=0)NH, NH(C=0),CHR®, or a
covalent bond;
R?" is hydrogen, Cy.salkyl, Cssalkenyl, phenyl, naphthyl, benzyl,
phenethyl, Cysheterocyclyl, Ca.sacyl, aroyl, R°0C=0, R®R*NC=0, R*S0,
15  R®S, R®S0, or R R*'NSO,; or alternatively, R*” and part of Ar, can be taken
together to form an optionally substituted 5- to 6-membered heterocyclic ring
with optionally 1 to 3 additional heteroatom moieties in the ring selected from
0, NR?, NR'’, N, SO,, C=0 and S; which ring may be saturated, unsaturated or
aromatic; wherein R? and R'® are independently selected from the group
20 consisting of H, Cyzalkyl, and —CH2CO2(C14alkyl);
R? is hydrogen, C1.salkyl, Cssalkenyl, hydroxy, phenyl, benzyl, C;.
sheterocyclyl, R0, R*R*'NC=0, R®S, R®S0, R¥S0; or R®R*'NSO,;
R* is Cy.salkyl, Cssakenyl, phenyl, benzyl or Cisheterocyclyl;
R* and R*' are each independently selected from the group consisting
25 of hydrogen, Cysalkyl, Cs.salkenyl, phenyl, benzyl, phenethyl, naphthyl, and C;.
sheteroaryl; alternatively R* and R*' can be taken together to form an
optionally substituted 4- to 7-membered ring carbocyclic or heterocyclic ring,

which ring may be saturated, unsaturated or aromatic;
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yNyo NCO (XXI-S) - reacting 2,6-dichloro-3-nitro-pyridine
with a conpound of forrmula (XX-S), 5 wherein PG5 is a nitrogen protecting
group; i nwohelipnesience of an organi ¢ or inorgani c base; PCH/Us2010/0g204 C
solvent; to yield the correspondi ng conpound of formula (XXI-S);

reacting the conpound of formula (XXI-S) with a conmpound of formula
10(XXI'1-S); in an organic solvent; to yield the correspondi ng conpound of

formula (XXI11-Rzjs H‘@r@ﬁ%h@%ﬂi’@égﬁ% M%%lé)és%%?&‘h is absent wheaeieng the

compound of formula XXIT1-S w th a reducing agent; in the presence of a
cat al yst; |d1asmddlngaa|aa spolbmdt to yield the correspondi ng conpound of
formula (XXIV-S);s

a reagent sel ect%da'fliq1 B%na{ﬁgaﬁﬁ Lé)eipn ﬁ]tgﬁ Cogpgq% ftké?gré{’ru%élla%é% fs’in e

phosgeng an@d&ég@hgﬁgm%am R an organic solvent; to yield the correspondl ng
compound of fornmula (XXV-S); O
n is an integer selected from 0, 1 or 2;

R’ and R® are each independently hydrogen, Cisalkyl, Casalkenyl, Ci.

salkoxy, Ci.salkylthio, halogen, or a 4-7 membered carbocyclyl or heterocyclyl;

10 alternatively, R” and R® can be taken together to form an optionally
substituted 5- to 7-membered carbocyclyc or heterocyclic ring, which ring may
be unsaturated or aromatic, and may be optionally substituted with between
one and three substituents independently selected from the group consisting of
halo, cyano, amino, hydroxy, nitro, R*, R*0O-, R*S-, R*O(C1.salkylene)-,

15  R*O(C=0)-, R¥C=0)-, R*C=S)-, R*C=0)0-, R*O(C=0)(C=0)-, R*SO,,
NHR**(C=NH)-, NHR*SO,-, an NHR*(C=0)-;

R*is H, Ci.salkyl, Co.salkenyl, Cqsheterocyclyl, (C1.sheterocyclyl)Cy.
salkylene, phenyl, benzyl, phenethyl, NH2, mono- or di(Cisalkyl)N-, (C1-
salkoxy)carbonyl- or R*?OR*-; wherein R*? is H, C1.salkyl, C2.salkenyl, phenyl,

20  benzyl, phenethyl, Cysheterocyclyl, or (Cy.sheterocyclyl)Cysalkylene- and R* is
Cisalkylene, phenylene, or divalent Cy_sheterocyclyl;

R* is H, Cysalkyl, Ca.salkenyl, Cysheterocyclyl, (C1.sheterocyclyl)Ci.
salkylene, phenyl, benzyl, phenethyl, NH2, mono- or di(Cisalkyl)N-, (C1-
salkoxy)carbonyl- or R*?OR*-; wherein R*? is H, C1.salkyl, Cz.salkenyl, phenyl,

25  benzyl, phenethyl, Cysheterocyclyl, or (C1.sheterocyclyl)Cysalkylene- and R* is
Cisalkylene, phenylene, or divalent Cy_sheterocyclyl;

Ar represents a monocyclic or bicyclic aryl or heteroaryl ring, optionally
substituted with between 1 and 3 substituents independently selected from the
30 group consisting of halogen, C4.salkoxy, Ci.salkyl, Co.salkenyl, cyano, azido,
nitro, R*?R*N, R*S0,, R**S0, R*0C=0, R*?R**NC=0, C;.shaloalkyl, C;.
shaloalkoxy, Cq.shaloalkylthio and Cq.salkylthio;
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10reacting the conmpound of forrmula (XXV-S) with carbonic acid dinethyl

ester or CH31; in the presence of an inorganic base; in an organic solvent;

to yi el d wbeonanssagpondi ng conmpound of formula (XXVI-S) PCO/USkH4/0R20KXVI - S)

de-protecting the conmpound of formula (XXVI-S); to yield the corresponding

compound of formyba (X kien, Cr.salkyl, Cs.salkenyl, phenyl, phenethyl, benzyl, Cr.
sheterocyclyl, Ca.gacyl, aroyl, R*®*0C=0, R®R*NC=0, R¥S0, R*s02, R*S, or
R®R*NSO;;
R? is hydrogen, C1.salkyl, Cs.salkenyl, phenyl, benzyl or C1-

5 5heterocyclyl; alternatively, R*? and R? can be taken together to form an
optionally substituted 4- to 7-membered heterocyclic ring, which ring may be
saturated, unsaturated or aromatic;

R* is Cy.salkyl, Cssalkenyl, phenyl, benzyl, or Cy.sheterocyclyl;
R? and R? independently are hydrogen, C1.salkyl, Cs.salkenyl, phenyl,

10  benzyl or Cy.sheterocyclyl; or alternatively, R® and R? can be taken together to
form an optionally substituted 4- to 7-membered heterocyclic ring, which ring
may be saturated, unsaturated or aromatic;

R* is H, Cysalkyl, Cssalkenyl, phenyl, benzyl, phenethyl or C;.
sheterocyclyl,

15

wherein each of the above hydrocarbyl or heterocarbyl groups, unless
otherwise indicated, and in addition to any specified substituents, is optionally
and independently substituted with between 1 and 3 substituents selected from
the group consisting of methyl, halomethyl, hydroxymethyl, halo, hydroxy,

20 amino, nitro, cyano, Cq.salkyl, Cssalkoxy, -COOH, Cygacyl, [di(C4.
salkyl)amino]Co.salkylene, [di(C1-salkyl)amino]Cosalkyl-NH-CO-, and Cx.
shaloalkoxy;

or a pharmaceutically acceptable salt, amide or ester thereof; or a

stereoisomeric form thereof; comprising

N Ar
J =8 LG’ N7 R®
N\ / \_*<é ] \N /
HN . " > >/ 7
o5 V) (VII)
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reacting a compound of formula (V) with a compound of formula (VI),
wherein LG'is a leaving group; in the presence of an organic or inorganic

base; to yield the corresponding compound of formula (VII);

reacting the compound of formula (VII) with a compound of formula (X);
in an organic solvent; to yield the corresponding compound of formula (I).

2. A process for the preparation of a compound of formula (I-S)
CF,
H,C
A 0
N\(
H \\\OH |

=N N\>“\/N / o)
(S Il

AN /
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or a pharmaceutically acceptable salt, amide or ester thereof; or a

stereoisomeric form thereof; comprising

FsC
FsC
o)
LG" \ _CHj

O P
A\ /CH3 \Illu--<| Vi N/S\\
A O N | O

/4 N™ N\ > \

N | O N

\ (VI-E)

H O\W (VII-S)

(V-S)

reacting a compound of formula (V-S) with a compound of formula (VI-
5 E), wherein LG'isa leaving group; in the presence of an organic or inorganic

base; to yield the corresponding compound of formula (VII-S);

F3C H3C

't

o)
\, ~CHs =N NH
Vi N\
O /N
N, | N\ (X-S)

N o
O,
W (VII-S)

CF,

HeOH V&
= D\
AN NN P
N\ /
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reacting the compound of formula (VII-S) with a compound of formula

(X-S); in an organic solvent; to yield the corresponding compound of formula (I-

S).
5 3. A crystalline, hexahydrate mono-HCI salt of a compound of formula (I-S)
CF;
H,C
3™ o
N\(
H OH
=N N\){/I!l /
(S)
_N N—s0,CH,
AN (I-S)
comprising the following X-ray diffraction peaks:
Angle (°260) d-spacing (A)
4.33 20.42
7.58 11.67
8.39 10.54
8.80 10.04
9.16 9.66
12.71 6.96
13.30 6.66
13.69 6.47
14.69 6.03
15.55 5.70
15.96 5.55
18.44 4.81
18.69 4.75
19.07 4.65
10 4. A process for the preparation of a compound of formula (X-S)
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H,C
\ O
N\(
[N
=N NH
N
/
N\ (X-S)
comprising
0 _ _
NO /O\IJ\O/\ NO2
2 N
AN
! H,N | L \Q\‘ .
> P \/
N (XX-S) L \"/
Cl (XXI-S)

reacting 2,6-dichloro-3-nitro-pyridine with a compound of formula (XX-S),
5 wherein PG’ is a nitrogen protecting group; in the presence of an organic or
inorganic base; in an organic solvent; to yield the corresponding compound of
formula (XXI-S);

NO, NO, |,
N N
T o | o, CY o
L \([)r (XXII-S) PR \([)r
| (xXI-S) | (XXI1I-S)

reacting the compound of formula (XXI-S) with a compound of formula
10  (XXII-S); in an organic solvent; to yield the corresponding compound of formula
(XXHI-S);
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N02 H NH2 H
N . NN
Y, T
g b b
NG PN
(XXIV-S)

(XXI11I-S) — —
reacting the compound of formula (XXIII-S) with a reducing agent; in the
presence of a catalyst; in an organic solvent; to yield the corresponding
compound of formula (XXIV-S);

7 0
HN’(
N
@ O
N — X
N O
_N
5 L (XXIV-S) | ~ (XXV-S)
reacting the compound of formula (XXIV-S) with a reagent selected from
the group consisting of CDI, N-methylcarbodiimide, phosgene and triphosgene;
in an organic solvent; to yield the corresponding compound of formula (XXV-S);
O
\N%
CH30),CO N
\C\ (CH30) _ | N \CN\(O\/
or CH3| P N o
(XXV-S) AN (XXVI-S)
10 reacting the compound of formula (XXV-S) with carbonic acid dimethyl

ester or CHjsl; in the presence of an inorganic base; in an organic solvent; to
yield the corresponding compound of formula (XXVI-S);
O O

Nt Nt
% o/ N
 —— [ "
N 0O N
PN (XXVI-S) AN (X-S)
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de-protecting the compound of formula (XXVI-S); to yield the
corresponding compound of formula (X-S).
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