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TI TLE OF THE DSf VENTI ON PROCESS FOR THE PREPARATI ON OF
PYRI DI NE HETEROCYCLE CGRP ANTAGONI ST | NTERVEDI ATE
WEAOKERGERIND OF THE | NVENTI ON | nt er nati onal pat BE/US2007/008701
appl i cations PCT/ US2004/ 010851, filed April 9, 2004
(published as WX2004/ 092166 on Cctober 28, 2004) and
PCT/ US2004/ 01 1280, filed April 9, 2004 (published as
W02004/ 092168 on, October 29, 2004), and U. S
application Serial Nunber 10/838,835 (issued as U.S.
Pat ent Nunber 6,953,790 on Cctober 11. 2005) disclose
conpounds useful for the treatnent of diseases or
condi tions of humans or other species which can be
treated with inhibitors, nodul ators or pronoters of

TITLE QE TEHE INVENHOBEne- Rel at ed Peptide (CGRP) receptor
PROCEYBEHOR TH]§PREP9HI§QP§§$ OF PeRIGINE mmebbmut leseep

nent i oned he referenced applications, and

ANTAQQHISTB&TEWE]EI@BE m grai ne and cl uster headache.
-[(3/?,65)-6-(2,3-Di fiuorophenyl)-2-oxo0-1-(2,2,2-trifl
uor oet hyl ) azepan- 3-yl ] - 4-

BACK@;@WNQ%'HHEMNH@M dazo[ 4, 5-b] pyri di n-1-yl) pi per
| di ne- %xtgrgrt?on)g?glxt% it apg{lwﬁt%on%ﬁ/@%tggﬁi : SdgilléHR 2004

The | aborat ory on o escr
(published lammnm4/o9m166pm @ctbbaRs, 20ok)i anu@cmuszenmnmmamd April 9,

2004 QBT o OO BIART 00588kl 14,2002} 5Pt S BobidbioR peral Number

10/83883 T @¢shed as UrS. rassd Nuinstser 6[938(790bni Octbber Ky 2008)sdisclode compounds

useful i%gﬁg g’ggqng'ﬁqlgcs) é{ﬁlé%\% a;('e %(?q%gtg{nlgbggm%lﬁe% gggt teJlQ g/peec{es Whlgl can be treated
with inhibitors, modulators or promoters of the Calcitonin Gene-Related Peptide (CGRP)

receptor function. Such diseases or conditions include those mentioned in the referenced
applications, and specifically include migraine and cluster headache.

N-[(3R,65)-6-(2,3-Difluorophenyl)-2-oxo-1-(2,2,2-trifluoroethyl)azepan-3-yl}-4-
(2-0x0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-yl)piperidine-1-carboxamide, 1:
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\ (o)
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'NH )\
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o =
N
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is a potent CGRP modulator. The laboratory preparation of compound 1 is described in
international patent applications PCT/US2004/010851 and PCT/US2004/011280, and in U.S
patent application Serial Number 10/838,835.

The laboratory preparation of certain intermediates employed in the synthesis of

compound 1 is likewise described in the above-listed applications. Such intermediates include
the intermediate (3R,6S5)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-triflucroethyl)azepan-2-one, 2:



the internedi ate
(3/7?,65)-3-am no-6-(2, 3-di fl uorophenyl )-1-(2,2,2-trifl

W@ eo0aardsys ) azepan- 2-one, 2:and the intermedi at BCT/US2007/008701
2- 0x0-1| - (4-pi peridinyl)-2,3-di hydro-|
-im dazo[ 4, 5-b] pyridipe, 3: 3 and salts thereof,
i ncl udi ng 2-oxo-1-(4-piperidinyl)-2,3-di hydro-
H i mi dazo[ 4, 5-b] pyri di ne di hydrochl ori de: Prior
techni ques for synthesizing compound 1, including
syntheses of internediates 2 and 3, are relatively
inefficient and costly fromthe standpoint of _
production and/or may result in suboptinmal salt  and/or
solvate fornms for further synthsis and/ or
devel opnent. Wth respect to ipfernediate 2, it has
been found that prior techniqggéFof synthesis require
an inordi nate nunber of stepsn-l
nunber of isolation steps,
synthetic process slo s costly. Thus there
remains a need for an i ved synthetic route to
compound 1 wherein the synthetic route to conmpound 2
is efficient and econonical. Prior téchniques for

making internediate 3 are |ikew se fly a .y .
and the HEETIREIATE-oXerJcli-RAGAIY D S Ao s S chlpyrdine. 3:
al kyl ati on of 2, 3-di am nopyridine ("DAP') foll owed by

cluding a large
e overal |

CDI - medi ated cyclic urea formatpomand, lastly, acidic
Boc- group deprotection/s foeﬁggkbn. Thi s " DAP"
route is characterized day hi cobt starting materials
and reagents as well as w -y NHyi el ding first

step, resulting in prohibitiveooverall costs. Thus,
there remains a need for an inproved synthetic route
to conpound 1 wherein the %ynthetic route to

and salts’ grrerg'ie,qlrxatIJSin?g’ j—gxoe-fl f(h%iﬁer}}dix?ﬁﬁ-z%gﬁi’&@o‘f f‘)—liimidazo [4,5-b]pyridine
dihydrochloride:

7

N

2HeI- HND—N»/NH
o .

Prior techniques for synthesizing compound 1, including syntheses of intermediates 2 and 3, are
relatively inefficient and costly from the standpoint of production and/or may result in sub-
optimal salt and/or solvate forms for further synthesis and/or development.

With respect to intermediate 2, it has been found that prior techniques of synthesis
require an inordinate number of steps, including a large number of isolation steps, making the
overall synthetic process slow as well as costly. Thus there remains a need for an improved
synthetic route to compound 1 wherein the synthetic route to compound 2 is efficient and
economical.

Prior techniques for making intermediate 3 are likewise costly and inefficient.
Such known routes start with a reductive alkylation of 2,3-diaminopyridine (“DAP”) followed

by CDI-mediated cyclic urea formation and, lastly, acidic Boc-group deprotection/salt formation.
This “DAP” route is characterized by high-cost starting materials and reagents as well as a low
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Finally, prior techniques for making conmpound 1, which

t echni ques enpl oy 4- nitrophenyl chloroformate as the
w@ a00ampbo source, result in I ess than optimal BCEUS®N7/008701

Such prior techniques further require that the neutra

form of conpound 1 be isolated prior to conversion to

preferred salt forns. Mreover, previous

| abor at ory-nade fornms of conpound 1, including free

base fornms and salt fornms, possessed |es than idea

properties with respect to stability and

bi oavai l ability. Thus, there remains a need for an

i mproved synthetic route to conmpound 1, and

pharmaceutically acceptable salts thereof, which is

yleldlr%”ﬂfﬁgltﬁ trgsdéﬁxﬂg‘ifn i)%ﬂx&lti% Qsligedll Qosts. OTTﬂﬁsath?él remains a need for an
improyYBELF ARES SomAPY hirboh Dy ieht relRKhlrtitaiE s is efficient
and ecommmaEpar ation of N

[(3i7? mﬂg ﬂr%r?tééiinf ude ‘f&ﬁﬁﬁﬂﬁé ):ox%p@iﬁ‘iﬁ 1-whicR tekhhiduls Bmploy 4-

o RS o i G T i s g, Suhprio

techniduees Lot reqmrdatyxat:tha pﬂeutmgl fotma of nompewrsl hbe ésolated prior to conversion to
preferted salt %'—i'}rls?’ “MGied0erd pf&l&sqhﬁdr%fﬁﬁfﬁe Ycln}nslof(c%ﬁ%)o%nﬂ 11 fdcluding free

base fc?@’&lgg\tgﬁflls lfcpréug) p8§s&§s(eﬁg?set§?n P(%ﬁ{jpr%%lt%r ies ¥v1{h respect to stability and
bioavaﬂabl)twy | Thiub; theperantiing/a hel for dn hygrqyed synthetic route to compound 1, and

i§ bt fahse
phann!éil h&é%lgg:ﬁb S?ngsr ot?%%vafg‘ﬁhﬁﬁ l§ - cgirl%géfﬁ)l dil rrslcggng?%ucgg "
formulatipthsigFRes it dstn

bEHEN Y, esent i nvention furt her
provi des an efficient preparation of potassiumsalt

SUMMARWOSTHE INVENTION
i V-[(3J7?,65)-6-(2, 3-di fluorophenyl)-2-oxo0-1-(2,2,2-tri

f 1 uor oghéptesemeadention provides r efficient synthesis for the preparation of N-

o L -
[GR6]EE; 3, ga(%lguo o%kgneylﬁ} Jléo f(é’ﬁﬁ tﬁ?‘lﬁl)%gl%)gjsage%arxnly}:e%ﬁ Lpgi bk b% 2,3
dihydrpolHimidazo[4, S—b]pyrldm- -yl)plpendme 1-carboxam1de , by couplmg the
intermediates (3R,6S5)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-trifluoroethyl)azepan-2-one, 2,
particularly the hydrochloride form thereof; and 2-oxo-1-(4-piperidinyl)-2,3-dihydro-1H-

imidazo[4,5-b]pyridine, 3, particularly the dihydrochloride form, with 1,1’-carbonyldiimidazole

as carbonyl source. The present invention further provides an efficient preparation of potassium
salt forms of N-[(3R,6S)-6-(2,3-difluorophenyl)-2-oxo0-1-(2,2,2-trifluoroethyl)azepan-3-yl]-4-(2-
0x0-2,3-dihydro-1H-imidazo{4,5-b]pyridin-1-yl)piperidine-1-carboxamide, 1 including the
potassium ethanolate form.

Additionally, the present invention provides an efficient syntheses for the
preparation of intermediates (3R,6S5)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-
trifluoroethyl)azepan-2-one, 2, particularly the hydrochloride form; and 2-oxo-1-(4-piperidinyl)-
2,3-dihydro-1H-imidazo[4,5-b]pyridine, 3, particularly the dihydrochloride form.

The invention additionally resides in the superior properties of the potassium salt
of N-[(3R,65)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-trifluoroethyl)azepan-3-yl]-4-(2-0x0-2,3-
dihydro-1H-imidazo[4,5-b]pyridin-1-yl)piperidine-1-carboxamide, 1, including the potassium
salt ethanolate and potassium salt hydrate.

DETAILED DESCRIPTION OF THE INVENTION

-3-



Addi tionally, the present invention provides an
efficient syntheses for the preparation of

WO paoe st at es PCT/US2007/008701
(3i?,65)-3-am no-6-(2, 3-di fl uorophenyl)-1-(2, 2, 2-
trifluoroethyl)azepan-2-one, 2, particularly the
hydrochl oride form and 2-oxo-I-(4-piperidinyl)-
2, 3-di hydro-| Himdazo[ 4, 5-b] pyridine, 3, particularly
t he di hydrochloride form The invention additionally
resides in the superior properties of the potassium
salt
of i V-[(3i7?,65)-6-(2,3-di fiuorophenyl)-2-oxo-1-(2,2, 2-t
rifluoroethyl)azepan-3-yl]-4-(2-o0xo0-2, 3-
di hydrDhé presenit Gmzntidn 5rdadupqsra' ptocess fyd thp ippeparaionefINV-f@ER,65)-6-(2,3-

dlﬂw@ﬁl*ﬁﬁ‘t T L R AT R REONs s R s I

imidazgi4s> hép?ﬂ@%‘*er‘ntcaﬂrw‘éﬂﬁl%ﬂ ARG 1s pefassiurp sgit gthanoate:
for the preparation of _V-[(3i?,65)-6-(2, 3-
di f1 uor ophenyl) - 2-oxo-1 £(2, 2, 2-trifl uoroethyl )azepan- 3
-yl ]-4-(2-0x0-2, 3-di hydr8e | Hi m dazo[
4,5-b]pyridin-l-yl)pip i-|ne I-ca boxam de, 1, and
its potassiumsalt et ano, m;heses of Lr-[(3
,6.8)-6-(2, 3-di fl (6 -(2, 2, 2-
trifluoroethyl)azepams3- yI 2 0 o- , 3-di hydro-1 Him
i dazo[ 4, 5- b]pyr|d|n=|-y|)p|per|d|ne carboxan1de 1,
and its potassiumsalt ethanoate, is depicted
i n-Scheme 1:Scheme 1 Sehene 1A Schenme 1B Schenme 1C
Schenme | A depicts an d ci ent method of synthesizing
the neutral formof c und 1 frominternediates 2

and 3 using I,1'-carljon |d$_l @a_zpl,gcas t he carbonyl
N

source; Scheme I NI~ ®EwoH
N
A [/

The syntheses of N-[(3R,65)-6-(2,3-difluorophenyl)-2-oxo0-1-(2,2,2-
trifluoroethyl)azepan-3-yl]-4-(2-oxo0-2,3-dihydro- 1H-imidazo[4,5-b]pyridin-1-yl)piperidine-1-
carboxamide, 1, and its potassium salt ethanoate, is depicted in-Scheme 1:
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an efficient method of synthesizing a potassiumsalt
formof conmpound 1 starting fromthe neutral form of
wa@oeosgaensdo 1; and Scheme 1C depicts the effici entT/US2007/008701

synthesis of a potassiumsalt form of conmpound 1
directly frominternmediates 2 and 3 using

|, r-carbonyl diimdazol e as the carbonyl source,
wi t hout isolation of the neutral form of conmpound 1.
.Thus, in one enbodi nent of the invention provides a
process for the preparation of
-[(3/7?,6S)-6-(2, 3-di fl uorophenyl)-2-oxo-1-(2,2,2-trifl
uor oet hyl ) azepan- 3-yl ] - 4- ( 2- oxo- 2, 3-
dihydro-lkkinidazo[4,5-b]é%@|d|n 1-yl) pi peridi ne-1-car
boxam de, 1, conprising r

, 65) -3-am no-6-(2, 3-di fl uo henyI)J

-(2, 2, 2- trifluoroethyl)aze - 2-one hydrochl ori de and

2- oxo-1| - (4- plperldlnyl ih dro-1/ -

r-imdazo[ 4, 5- gTb oyr i di hydrochlorlde i ncshe

presence of 1, car bon)éLdg krﬂ'gazol e. Anot héj }%
CesSS.

odi Mavent L orprovi des
preparat| he potaSS|un1saIt etﬁ form of 8tj>
Lr-[(3J7, - 6- (H&, 3-di fl uor ophenyl) - 2- -1-(2, 2, 2-

trifluoroethyl)azepan-3-yl]-4-(2-o0xo0-2,3-di hydro-I1 Him
i dazo[ 4, 5-b] pyridin-1-yl)pi peridine-Icarboxam dg, 1,
conprising the steps of: (1) reacting (3

{ 8
, 6S) - 3- am no-@s (2, 3- dl.f,l uor ophenyl )-1 -(2,2§2 ,,,N>,‘;N ! 'f:‘
Bt i de

trlfluoroeth Nane -

sadmEO- | I, 3- dihyongs ! * EOH
H-i mi dazb[ ¥, ]pyr|d| dlhydrochlorlde in the
presence of 1,1 ' - carbonyldiimdazole; (2) isolating

-[(3 ,6S)-6-(2,3-difluorophenyl)-2-oxo-1-(2, 2, 2-

NH

(cr, f\I:Fo 2HCH CFa o
N’ NOH ( 0 Q )
Scheme 1C \é/(jmw CDI, EtaN, THF. \é/@ >—NO—N NK®
F. 2 E -eNH éN
KO1Bu, EtOH _
e * EtOH R

Scheme 1A depicts an efficient method of synthesizing the neutral form of compound 1 from
intermediates 2 and 3 using 1,1’-carbonyldiimidazole as the carbonyl source; Scheme 1B depicts
an efficient method of synthesizing a potassium salt form of compound 1 starting from the
neutral form of compound 1; and Scheme 1C depicts the efficient synthesis of a potassium salt
form of compound 1 directly from intermediates 2 and 3 using 1,1’-carbonyldiimidazole as the
carbonyl source, without isolation of the neutral form of compound 1.

Thus, in one embodiment of the invention provides a process for the preparation
of N-[(3R,65)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-
dihydro-1H-imidazo[4,5-b]pyridin-1-yl)piperidine-1-carboxamide, 1, comprising reacting
(3R,6S5)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-trifluoroethyl)azepan-2-one hydrochloride and
2-ox0-1-(4-piperidinyl)-2,3-dihydro-1H-imidazo[4,5-b]pyridine dihydrochloride in the presence
of 1,1’-carbonyldiimidazole.
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trifluoroethyl)azepan-3-yl]-4-(2-oxo-2, 3-di hydro-
H i m dazo[ 4, 5- b] pyridi n-1yl) piperidine-|

wo ecarhgosaom de, 1; and (3) reacting said -[(3 PCT/US2007/008701
R, 65) - 6- (2, 3-di fl uorophenyl ) - 2- oxo-1-(2, 2, 2-
trifluoroethyl)azepan-3-yl]-4-(2-o0xo0-2,3-di hydro-1Him
i dazo[ 4, 5-b] pyridin-1yl) piperidine-| -carboxamde, 1,
with potassiumtert-butoxi de and et hanol. Yet another
enbodi nent of the invention provides a process for the
preparati on of the potassiumsalt ethanol ate form of
-[(3i7?,65)-6-(2, 3-di fluorophenyl)-2-oxo-1-(2, 2, 2-
trifluoroethyl)azepan-3-yl]-4-(2-o0xo0-2,3-di hydro-I1Him
i dazo[ 4, 5-b] pyridin-1-yl)piperidine-|carboxan de, 1,
Wi t houfnether mb@hmeﬂyog

the potﬁ%gq?ﬁggg r#’tﬁlg&l%{mfgh% 03 F(Egr%?) ;}ﬁgﬁz ﬁlﬂlfoz’oé:)hehgﬂcf LbR&1((3,2,2-

tnﬂuometliyl)azamataayl])4a(z2em22-<bhmdrhyuﬁomma@p[4d%bmdm- -yDpiperidine-1-

carboxg ‘?Fd?o ?’?’Ppilsﬁ%élz}zo‘f’é -'%] S;/ri di ne di hydrochl oride in

the presence of 1,1 *- carbonyl diim dazole; and(2)

G5 easm?%?%% 63 amingsfidarditomphenyy 1G22
tefiflubroREBgjabepanaz-opeRydroyhibride Gad lXﬁle -& ﬁipleyidma)uja+ m

bsﬁﬁif?r[aﬁkfégxglcﬁ%?dﬂé byl BvdimehiBEAs it ibe PR ChgR i b5

| ArBdigIdifAidazae, schenes and Exanpl es contai ned herein,
the potassiumsalt ethanolate formof //-[(3

, 65) - 6- (2, 3-di fl uorophenyl)-2-oxo-1 -(2,2, 2-
t(QB f%%ﬁg%;@ﬂ@ij@ alﬂlddroﬁhe(@rgozi@x&ﬁ(z% Bydro-1 Him

i dazo[ 4 yridin- 1l-yl) :ferl i ne-1-
tnﬂuoroethyl)azepan— -yl]-4-(2-ox0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-

yl)piperidine-1-carboxamide, 1; and

(3) reacting said N—[(3R,6S)-6-(2,3-diﬂuorophenyl)—Z-oxo-1-(2,2,2-
trifluoroethyl)azepan-3-yl}-4-(2-0x0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-

yl)piperidine-1-carboxamide, 1, with potassium fert-butoxide and ethanol.

Yet another embodiment of the invention provides a process for the preparation of

the potassium salt ethanolate form of N-[(3R,65)-6-(2,3-difluorophenyl)-2-0x0-1-(2,2,2-

trifluoroethyl)azepan-3-yl}-4-(2-oxo0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-yl)piperidine-1-

carboxamide, 1, without the necessity to isolate the neutral form of compound 1, comprising the

steps of:

(1) reacting (3R,6S5)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-
trifluoroethyl)azepan-2-one hydrochloride and 2-oxo-1-(4-piperidinyl)-2,3-
dihydro-1H-imidazo[4,5-b]pyridine dihydrochloride in the presence of 1,1°-

carbonyldiimidazole; and

the iRNSNEPR ProvEdesA RIPEESS ffor: e preparation of



carboxam de i s obtained under anhydrous conditi ons.
When the described reaction is perfornmed in the
w@e@sanseo of water, the reaction produces eitheeT/pszoe7/008701

et hanol ate, pure hydrate or a m xed ethanol ate /
hydrat e, depending on water content. The isol ated

pot assi um salt ethanol ate or m xed et hanol at e/ hydrate
converts to the hydrate over tine due to the presence
of water in the air. Another aspect the invention
provi des a process for the preparation of the
internmedi ate (3

, 65) - 3- Ami no- 6- ( 2, 3- difluorophenyl) 1-(2,2,2-trifluoro
ethyl)azepan 2-one, 2: and salts thereof, in

{2 tqaetmwflvt[@lhm-@ﬁmuhﬂa@onmrtyl)r%@xggﬂn(%%es of (3
etﬁ ﬁg}?‘;ﬁaz an- - oﬁ S 2 %{)}J&Wﬁ &]ﬁ%ﬂr ocC T‘%‘ﬁ%g?qs%:b?ﬁm

qd)piperidineg- b-cadloaamide, 1SeHthpotassiun rert-hutdeide angd@thanol.
isolatb trans Schene 2 depicts the direct formation of
t he chl or oacet ophenone from cheap and readily

5 avai | aks desdtibediiif thbeeateior schdmeesmkiaxta'mpéesfmnm'néd)h\ereih, the

,the%ﬁ | I hIC alcqgg h ﬂlum Sis;
potassiygsaffietianlaj€ fafpm o AR g DI31-tE-
mﬂuorbéﬁ@ﬁﬁﬁpﬁﬁlj-?l'}—éﬁ—&-&ﬁi-z Bhﬁh?d?oﬂ&l&h&faﬁ@ﬂﬂ&ﬂbﬁimdﬂrﬁlll)@){ﬁpimdme-l-

a cis-selectjve hydrogenatjon aﬂg epi ner| ion.to.
carboxgtgdqlp, ebtained\ynder anhydrous conditions. en'the described reaction is performed
in the presence of water, the reaction produces either pure ethanolate, pure hydrate or a mixed

10  ethanolate / hydrate, depending on water content. The isolated potassium salt ethanolate or
mixed ethanolate/hydrate converts to the hydrate over time due to the presence of water in the

air.

Another aspect the invention provides a process for the preparation of the

15 intermediate (3R,6S5)-3-Amino-6-(2,3-difluorophenyl)-1-(2,2,2-trifluoroethyl)azepan-2-one, 2:

RF
F
N O

F
'INH2
and salts thereof, in particular its hydrochloride salt:
20
R F
%
N O
F
F. -'"NH3"'CI'



stereocenter and trans geonetry. Thus, an enbodi nent of
the invention provides a process for the preparation
w@boorheospnt er nedi ate (3 PCT/US2007/008701
, 65) - 3-am no-6- (2, 3-di fl uorophenyl )-1-(2
>2,2-trifluoroethyl)azepan-2-one, 2, conprising the
steps of: (1) hydrogenating a
(3S)-6-(2, 3-di fluorophenyl)-2-oxo-
1-(2,2,2-trifluoroethyl)- 2,3,4,7-tetrahydro-
H azepi n- 3-anmonium salt, in the presence of a
cis-selective catalyst, to forma
(3S,6-9S)-6- (2 3-di fl uorophenyl)-2-oxo-1 -(2, 2, 2-
trifluoroethyl)azepan-3-amoni um sal t; é;? reactlnq
The sypﬁ@s«esa@ (68965%3(@@0&{2 autiByerenanyl)ol -633-2trifropoeshyl)azepan-2-one, 2
tul: vun salt Mﬁth R3N , :
and its g?ée‘%ﬁ?})&ggec%xfﬁgaéﬁ?%gé&p g'en%] y and a hydr oxyl
ni trobenzal dehyde, to form (3R 6S)-3-
am no- 6- (2, 3-di fl uorophenyégqeknn% 2,2-trifluoroethyl)a
zepan- 2-one, 2. An additio odlnent of the

ntion provides a rocess for the arati on of 0~
J'DM’S P ; i P E'O’CYNHI ?J 4g’ﬂmsc:Eth L i HY

ing internedi at @ dds Lo
—réﬁgﬁf-a o= -ggys—d' reﬁheﬂy++-y% Z—Q;EEEfkue
E;Lréf az - 2-6fe"hy hl ori cfé, c i si ner- the” st LR e
P of: (1) hydrogenating @& .
(3S)-6-(2,3-di fluorophenyl)-2-oxo-1-(Z 2, 2-trifl uoroet
hyl)- 2,3,4,7-tetrahydro-| -azepin-3-g@g@oniumsalt, in
the presence of a ets-selective catalyst, to form3j§3 l
(85,6R) - 6- (2, 3-di fl uor,ophenyl ) - 2- oxo-1-(2, 2, 2-
e W I"uor oet hyl ) azep
(35, 65) - 6- (2, 3di

‘dhmoni um sal t; dQ) reactlng o
oropheny!) - 2: 0% - (2 2, 2- LK

. StouopL- tartaric acid in toiuene i :fr
F -— . —
E CHO . ' nvcr,
OH F F
1:1 adduct £ F
a
tsolate OzN F
isolate
I Hz2, Pd/BaSO,
o]
Q NH2
NH4Tol . 0o
N - EtN, Foc N niPA Jree
Fy S —_— F;C/\ N
CHO MTBE, trans
OH F
F ¢cs £ solid
- O:N F .
trans

Scheme 2 depicts the direct formation of the chloroacetophenone from cheap and readily

available difluorobenzene; the selective formation of the Z-allylic alcohol using palladium
10 catalysis; the use of a crystallization driven asymmetric transformation to set the amine

stereocenter; followed by a cis-selective hydrogenation and epimerization to set the benzylic

stereocenter and trans geometry.
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trifluoroethyl)azepan-3-amoniumsalt with R3N,

wherein each Ris independently C ~alkyl, and a

to form (3R, 6S) - 3PCT/US2007/008701
)-1-(2,2,2-trifluoroethyl)a

wh @ axsbo ni t r obenzal dehyde,
am no-6- (2, 3-di fl uorophenyl
zepan-2-one; and (3) reacti
, 65) - 3-am no- 6- (2, 3-di fl uor

ng (3
ophenyl ) - |

(2,2, 2-

trifluoroethyl)azepan-2-one with HO . A further
enbodi nent of the invention provides a process for the

preparation of the internmed

i ate

(3/7?,6S)-3-am no-6-(2, 3-di fl uorophenyl )-1-(2,2,2-trifl
conprising the steps of : (

1) hydrogenating (3S)-6-(2,3-difluorophenyl)-2-oxo-

1- (2, ZThs; an ebediowenh9f the nzvesmspnm‘eé%amwm for the preparation of

uor oet hyl ) azepan- 2- one 2,

the mtéf"fn%ﬁfaal?é Qf S%— - hﬁ%ﬁls-gt SLh

presenc et er ogeneous

compnﬁmgﬂhé&ﬁpﬁeﬁ) 6-(2,3-difl uorophenyl) 2-

oxo-1-(2,2,2-trifluoroethyl
di -toluoyl tartrate salt; (

%PF%# ﬁ?}?c At gjriil/us%rb&P%ﬂ&epan-g_one 2,

) azepan- 3- anmoni um

2) reacting

((35hﬁc5)>gﬁraﬁﬂg 3(!457-544%&@3%)16@1)32@% -1-2,2,22riflubfdetiy)-

o AR R 12 R D A O

trlfluoroethyl azepan one

tartrate

-t | t .
i e e B Rt off pisplective
((ﬁfa?ysﬁ 5} formd ?S@-@(Q&-diﬁdot@lﬂﬁ?ﬁ%bﬁo-h 22,2, 2-

2. Astill

further

drifuerosty aéﬂmPﬁ%mPHVEﬁFpéﬂ’prOV|des a process for the
preparatlon of (3 ,6S)-3-am no-6-(2,3-difluorophenyl)-
2, 2- trlfluoroethyl azepan-2-one h drochlor|de

da}rfﬂap%mm@et(%@réﬁ% 3odifluprophery}-3up9at-(hd:2
@ﬁhox@eﬁ%ﬁﬁzéﬁay LY IR sAn AN  WherdirdedchiK {suor oet

mdependently Ci4alkyl, and a hydroxyl nitrobenzaldehyde, to form (3R,65)-3-

amino-6-(2,3-difluorophenyl)-1-(2,2,2-trifluoroethyl)azepan-2-one, 2.

An additional embodiment of the invention provides a process for the preparation

of the intermediate (3R,65’)-3-amino—6—(2,3-diﬂuorophenyl)-l-(2,2,2—tn'ﬂuoroethyl)azepan—2—one

hydrochloride, comprising the steps of:

(1) hydrogenating a (35)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-trifluoroethyl)-
2,3,4,7-tetrahydro-1 H-azepin-3-ammonium salt, in the presence of a cis-selective
catalyst, to form a (35,65)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-

trifluoroethyl)azepan-3-ammonium salt;

(2) reacting the (35,65)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-

trifluoroethyl)azepan-3-ammonium salt with R3N , wherein each R is
independently C, 4alkyl, and a hydroxyl nitrobenzaldehyde, to form (3R,6S5)-3-

amino-6-(2,3-difluorophenyl)-1-(2,2,2-trifluoroethyl)azepan-2-one; and

(3) reacting (3R,6S5)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-

trifluoroethyl)azepan-2-one with HCI.

-9.



2,3,4,7-tetrahydro-1 H azepi n-3-amoni um di -t ol uoyl
tartrate salt, in the presence of a heterogeneous
w@aloaekiseom cat al yst, to form PCT/US2007/008701
(35,6-S)-6-(2, 3-di fl uorophenyl) - 2-
oxo-1-(2,2,2-trifluoroethyl)azepan-3 -anmmoni um
di -toluoyl tartrate salt; (2) reacting
(35,65)-6-(2, 3-di fl uorophenyl ) - 2- oxo-
1-(2,2,2-trifluoroethyl)azepan- 3-anmoni um di -t ol uoyl
tartrate salt wwth Et N and 2- hydroxy- 5-
ni trobenzal dehyde to form (3
, 65) - 3-am no- 6- (2, 3-di fl uorophenyl )-1-(2, 2, 2-
trifluoroethyl)azepan-2-one; and(3) reacting (3
, 65) - 3- am no- 6- (2, 3-di f [ uorophenyl ) -1 -(2, 2, 2-
trifl ugr é}yéxﬁl?&ﬁlﬂ@ﬂt o tﬂ@ véhiidh ides 3 Béésh fGRE Bfébaration of
aspect t I nvention provi es a process t he
the intmlmﬂmta(iilbﬁg)eii -atrheo-6r2 - difltioeapbenyl)-1-(2,2,2-trifluoroethyl)azepan-2-one, 2,

i peridinyl)-2,3-di hydro-|
°°mpq§ﬂr}gry}885tf§f 2P5 b] pyri di ne d| hydrochl oride, 3: and salts
t hereof, including the dihydrochloride salt, and those

LRI SRR ERE PR R
., 4i Ttetrah gdro N -Qb&psin-3egmahoniuih di-hidy eaeateahlt, in the presence

I%?foafﬁ?‘ﬂ%-fg‘?%%ggg]r‘%dlwé %@?y |£h d(3(.)5',éS)-6-(2,3-dlﬂuorophenyl)-2-

2535012, 2{24n'ﬂld%€6étﬁiyl Narepar? 3 -%rrﬁ'h&ﬁdﬂh%ltoluoyl tartrate salt;
-i m dazol 4, 5- b] pyri di ne di hydrochl oride, is depicted

in Schenme 3: Schene 3 ACP In Schene 3, 3-Am no-2-
C@b Péa@{%{é (5, 619 é i\%lﬁuéra ﬁ&%cz-bxshy(zed tﬁﬁa&@em)azepan-

first step. - amno- 2-ch oro |ne|sreacted With

e3- Wmm@-lmlppﬂém’l%@éhwﬁb Nﬂl@ ?hydroxypresence of
Erﬁégbéﬁz'afde 9&@%%?%33@%%%@53 %dfzufrhlﬂuorophaen Re g 2 2-

triacetoxyboro formthe
trifluoroethyl)azepan-2-one, 2

A still further embodiment of the invention provides a process for the preparation
of (3R,6S)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-trifluoroethyl)azepan-2-one hydrochloride,

comprising the steps of:

(1) hydrogenating (35)-6-(2,3-difluorophenyl)-2-ox0-1-(2,2,2-trifluoroethyl)-
2,3,4,7-tetrahydro-1H-azepin-3-ammonium di-toluoyl tartrate salt, in the presence
of a heterogeneous palladium catalyst, to form (35,65)-6-(2,3-difluorophenyl)-2-
oxo0-1-(2,2,2-trifluoroethyl)azepan-3-ammonium di-toluoyl tartrate salt;

(2) reacting (38,65)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-trifluoroethyl)azepan-
3-ammonium di-toluoyl tartrate salt with Et;N and 2-hydroxy-5-
nitrobenzaldehyde to form (3R,6S)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-
trifluoroethyl)azepan-2-one; and

-10-
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4-[(2-chl oropyridin-3-yl)am no] pi peri di ne-1-car boxyl at
e. In a second step, a ureais forned in a reaction of
wo b@7anisse wit h chl orosul fonyl isocyanate (CSIPCT/US2007/008701
typically in the presence of H2O and THF. In a third
step, the urea is cyclized in the presence of a
pal | adi um catal yst. Typically, the urea is reacted in
the presence of NaHCO , i-PrOH, Pd(OAc)2 and bis-
(di phenyl phosphi no) but ane (dppb) to obtain the cyclic
urea. In a further ethyl carbamate deprotection step,
the bis-HO salt 3 may be accessed directly by
treatnment of the carbamate with concentrated

hydrochloric acid foll owed precipitation fromi -
Ry eachbg 60N dreimjno-SHE Y MPOPIFRRIIR AR r eact ed i n

t ;%ﬁgnﬁl g _ Qc"ufi‘rg: & OH and water, followed by
ﬁ%ﬁu?é)o talﬁ%%h pyri |ne "het erocycl e bi s-HO salt 3.
In this alternative procedure, other bases or

COTT 8406 s BAREP tls W LiloR bt 2RI diparacion of the

used ih Y I'n er acc pta I"'e” sa
intermédmiw-ﬁiﬁylk(é prpdﬁhbyl)-amgdmydmt-lldgnﬂmm&} 5ibjgyridinedihydrochloride, 3:
HBr, H, H2SO4, HNOG3 and ot her acids, for HO.As
descri bed above and in the Exanples which follow, this
ACP route conprises four synthetic¢sstyeps and features
a reductive al kylation, prinmary ugégﬁﬁornation usi ng
chl orosul fonyl isocyangeynPd- I'fzed cyclization of
the primary urea and hydrolysi/s ofj—NHe et hyl
carbamate. The starting material spreagents for the ACP
route are significantly | ess expensive than those
required for the DAP route add all the steps are high
yi el ding. Thus, in one aspect of the invention

rovi des a pyocess.for t he preparation of the ) .
and sajty\theraeidneluding the dihydrochloride salt, and those derived from reaction with

altema%v9§ dL s&cgi % l%@f&lgi)fﬁyé Amg l’%d%lgéﬁéragld /s{ll'ﬁhﬁe M q{lﬂ‘rcfhcm and other
pyri |ne ydrochlori de,” 3, r|S|n%{ he steps of

acids. The syntheses of 2-oxo-1- (4—p1pendmyl) -2,3-dihydro-1H-imidazo([4, 5-b]pyr1d1ne 3, and
2-ox0-1-(4-piperidinyl)-2,3-dihydro-1H-imidazo[4,5-b]pyridine dihydrochloride, is depicted in

Scheme 3:

-11-
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(1) reacting 3-am no-2-chloropyridine with G -4al kyl
4- oxo- | pi peri di necarboxyl ate, in the presence of

wo eoo7hiEp@acet i ¢ aci d and sodi um tri acet oxyborptmyusiod®008701
to form 4[ (2-chl oropyridin- 3-
yl ) am no] pi peri di ne-1-carboxyl ate; (2) reacting the
G -tal kyl 4[(2-chloropyridin-3-yl)am no] pi peridi ne-|
-carboxylate with chlorosul fonyl isocyanate to form
Cral kyl 4[ (am nocar bonyl ) ( 2-
chl oropyridin-3-yl)am no] pi peridine-1 -carboxyl at e;
(3) reacting the G -4al kyl
4[ (am nocar bonyl ) (2- chl oropyri di n- 3-
yl ) am no] pi peridi ne-1 -car boxyl ate in the presence of
NaHCOB, Pd(OAc)2 and bi s- 8ah¢fRERy| phosphi no) but ane to
form4 (2- oxo-2, 3-di hydro-| H m dazo|

H
NWH: di n-@. i peridiynealagar bo \
refictjlng the G Nal kjhs & WBH(ORE, _ O.Et
@imz 3- di hyur O-PRF mi daZBfa, 5- b] pyri dein Tyl 02
p| pacpdi ne-| -carboxylate with HO to form
2- 0x0- | -(4-pi peridinyl)-2,3- dihydro-|
-im dazo[ 4, 5-b] pyri di ne di hydrochloride. In another co,gt

aspect, the |ne5entmpn provides a process for the N
preparatl on of Fffe i’nt er nedi aPe(cmoku)zch is an acid salt

cs
2 O'XU—|—'( 4-
b] pyri di ne, %méﬁ@ tlgagggd’f (1) react >=o

3-am no- 2-chl oropyridine with G -4al kyl 4- oxo-

pi peri di necar boxyl ate, in hhe presence of
trifluoroacetic acid and _ smdiumtriacet oxyborohydri de
to form G -4al kyl 4[(2-c®o%rli di n- 3-

{(NaOH, H,0, EtOH)

: : N HC
HCl, i-PrOH (:[ =0
N N
H
3

In Scheme 3, 3-Amino-2- chloropyridine (“ACP”) is reductively alkylated in a first step. 3-

amino-2-chloropyridine is reacted with ethyl 4-oxo-1-piperidinecarboxylate in the presence of
IPAC, trifluoroacetic acid and sodium triacetoxyborohydride (“STAB”) to form the amine ethyl
4-[(2-chloropyridin-3-yl)amino]piperidine-1-carboxylate. In a second step, a urea is formed in a
reaction of the amine with chlorosulfonyl isocyanate (CSI), typically in the presence of H,O and
THF. In a third step, the urea is cyclized in the presence of a palladium catalyst. Typically, the
urea is reacted in the presence of NaHCOs;, i-PrOH, Pd(OAc), and bis-
(diphenylphosphino)butane (dppb) to obtain the cyclic urea.

In a further ethyl carbamate deprotection step, the bis-HCI salt 3 may be accessed directly by
treatment of the carbamate with concentrated hydrochloric acid followed by precipitation from i-
PrOH. Altematively, the cyclic urea may be reacted in the presence of NaOH and EtOH and
water, followed by HCI to obtain the pyridine heterocycle bis-HCl salt 3. In this alternative
procedure, other bases or combinations of bases including LiOH and KOH may be used in this
final step, and other acceptable salt forms may be made by substituting acids, including HBr, HI,
H,S0O4, HNO; and other acids, for HCL.

-12-
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yl ) am no] pi peri di ne-1-carboxylate; (2) reacting the
G Mal kyl

wd pqo2Azisbor opyri di p- 3-yl ) am no] pi peri di ne-| - cap@Dxyioat/as701
wi th chl orosul fonyl isocyanate to form Cl”al kMl
4[ (am nocar bonyl ) ( 2-
chl oropyri di n-3-yl )am no] pi peri di ne-1-carboxyl ate; (3)
reacting the G -4al kyl
4[ (amocar bonyl ) (2- chl or opyri di n- 3-
yl ) am no] pi peri di ne-|-carboxylate in the presence of
NaHCO3, Pd(QAc)2 and bi s-(di phenyl phosphi no) butane to
form G -4al kyl 4-(2-o0xo0-2, 3-di hydro- IHirridazo[

4, 5-b] pyr i di n- 1- yI ) p|£er| di ne- 1-carboxyl ate &
react i A@dg p)@pn in the Examples which follow, thlsA Proutc comprises

four sytitheic s ﬁ fQétH%Q ra‘}e&hﬂvg‘aﬂéﬁﬁ[o‘h ?nmapgy HGQ'fUmlléﬂo)n using

pi peri -carboxylate w th rong acid to form
chloroguifonyil @Sogmnatqgﬁ’dzca@mzqd_c(ynhzanon of the primary urea and hydrolysis of the

e ST o D R Sy s

expengivothadehbse rpqxn’tmls&r tlerDARgopteapd ratitthe steps amrhigic yetlding.t

of . . . . .
2- oxo- F¥S I PRRPIREFT S the Jventiem pravidss & RrpRisg AP s PEzPgfation of the
intermigiiiate2-BRo- 1c@AFIpESdiIAY) B dittydps 1 A imifdjo[4 Saslpiidine dihydrochloride, 3,
3- am no- 2-chl oropyridine with G -4al kyl
compnsing he(siP@F di necar boxyl ate, in the presence of
trifluoroaceti c aC| d and sodiumtriacet oxyborohydride
to form C ~al kyl 4] (2-chl oropyridi
y(l))a?ﬁ%]%ér%“Pd? oropygid s ¥ gt'-e*ﬂ{‘!l)“ P¥%dti ng the
4{,?&&%&&9&&&@' in-tRe pleseibeThRiNSohelitRacld £71 X at e

chl orosul fonyl 1Socyanate to form G “al kyl
Afriagetexvharphysiride)to form C,Lalkyl 4[(2-chloropyridin-3-

yl)aminoJpiperidine-1-carboxylate;

(2) reacting the C,4alkyl 4[(2-chloropyridin-3-yl)amino]piperidine-1-carboxylate
with chlorosulfonyl isocyanate to form C;4alkyl 4[(aminocarbonyl)(2-

chloropyridin-3-yl)amino]piperidine-1-carboxylate;

(3) reacting the C,4alkyl 4[(aminocarbonyl)(2-chloropyridin-3-
yl)amino]piperidine-1-carboxylate in the presence of NaHCO3, Pd(OAc)2 and
bis-(diphenylphosphino)butane to form C,4alkyl 4-(2-ox0-2,3-dihydro-1H-
imidazo[4,5-b]pyridin-1-yl)piperidine-1-carboxylate;

(4) reacting the Cy4alkyl 4-(2-0x0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-
yD)piperidine-1-carboxylate with HCI to form 2-oxo-1-(4-piperidinyl)-2,3-
dihydro-1H-imidazo[4,5-b]pyridine dihydrochloride.

In another aspect, the invention provides a process for the preparation of the
intermediate which is an acid salt of 2-oxo0-1-(4-piperidinyl)-2,3-dihydro-1H-imidazo[4,5-
b]pyridine, comprising the steps of:

-13 -
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chl oropyri di n-3-yl)am no] pi peri di ne-1-carboxyl ate; (3)
reacting the G -4al kyl

wd pgoasmeasoc ar bonyl ) (2- chl oropyri di n- 3- PCT/US2007/008701

yl ) am no] pi peridi ne-1 -carboxylate in the presence of
NaHCO3, Pd(OAc)2 and bi s-(di phenyl phosphi no) butane to
form 4-(2-oxo0-2, 3-di hydro-| H m dazo[

4,5-b] pyridin-1-yl)pi peridi ne-1-carboxyl ate; (4)
reacting the

4- (2-o0x0-2, 3-di hydro-1 Him dazo[ 4, 5-b] pyridin-1yl)

pi peridine-1-carboxylate with a strong base, foll owed
by a strong acid, to forman acid salt of
2-0x0-1-(4-piperidinyl)-2,3-dihydro-1//-imdazo[ 4, 5-Db]
pyridine. An additional enbodi nent of the invention
P(l?\%ﬁﬁg 3. hiA6 S entbRIpyHifeRViaPe] Hikpn-8%o-1he

i nfernedrate ’
2pipsmdineqagbey yhate iatithg presence.of pfhapreagetic_acid aAodmns .- b)
Py A ' leQr ) ge, eﬂpﬁ' ' 1@_Steps of:
( ab‘?{ggg‘%"?%@ -da%%gno- 56(2 ?lg%’logyrl Jpr:dg‘ ygi\}vldwget hyl
4ylpamoinb jppretinetil rackodylatssl ate, in the presence of
trifluoroacetic acid and sodi umtri acet oxyborohydri de
to form et hyl

4{2) Zeaztihg tlep@ 14 adk ) -43Rydhlenop ymadini ghamtinudpiperidine-1-carboxylate

o5 SBioplin Bovasaiid Bk O bl A Grmiaosarben iy | at e

WeH1Brop ki 8inos-4 Yamiind | pipeidinarat ebooylate; m et hyl

4[ (am nocar bonyl ) ( 2- chl or opyri di n-

3-yl)am no] pi peri di ne-1-carboxylate; (3) reacting the

e3) ¥éacting the C; 4alkyl 4[(aminocarbonyl)(2-chloropyridin-3- o

4] (anmi nocar banyl ) (2-chl oropyri di n-3-yl) am no]Pgl(;é?él di n

eYDamingnipsriding-d-Gapppyiatp i ReseRge @@ﬁ@ (@92 and

aﬁg-(mpﬁénylphosphino)butane to form C,alkyl 4-(2-0x0-2,3-dihydro-1H-
imidazo[4,5-b]pyridin-1-yl)piperidine-1-carboxylate;

(4) reacting the C;4alkyl 4-(2-0x0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-
yl)piperidine-1-carboxylate with a strong acid to form an acid salt of 2-oxo-1-(4-

piperidinyl)-2,3-dihydro-1H-imidazo[4,5-b]pyridine.

In yet another aspect of the invention there is provided a process for the

preparation of an acid salt of 2-ox0-1-(4-piperidinyl)-2,3-dihydro-1H-imidazo[4,5-b]pyridine,

comprising the steps of:

(1) reacting 3-amino-2-chloropyridine with C;4alkyl 4-oxo-1-
piperidinecarboxylate, in the presence of trifluoroacetic acid and sodium
triacetoxyborohydride to form C, 4alkyl 4[(2-chloropyrdin-3-
yl)amino]piperidine-1-carboxylate;
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(di phenyl phosphi no) but ane to form et hyl
4-(2- oxo- 2, 3-di hydro-1 Him dazo[ 4, 5-

wh@yneddn- 1- yl ) pi peri di ne-1-carboxyl ate; (4) reerUSIg7/008701

t he et hyl

4- (2-o0x0-2, 3-di hydro-1 Him dazo[ 4, 5-b] pyridin-1yl)

pi peridi ne-1-carboxylate with HO to form
2-0x0-1-(4-piperidinyl)-2, 3-

di hydro-1//-i m dazo[ 4, 5-b] pyri di ne di hydrochl ori de.
The invention is not limted to specific enbodi nents
described in this application, and in fact includes
addi tional features not expressly described above,
including but not limted to_the use of particul ar

s@) veasting theoCrealiof “iR-diprapyiidins3-yDaminpdeipgrdine-1-carboxylate
| OSHLyah et D €] SN RkhbSrbd - Of

%%F%gﬁgfgié?Z ar?’gg_s, _a_n(fﬂga}t forr?s(b?%it her tlﬁgr?l—ld

sctiloroppridin) 3-ybhautindipipedéinerl -epgberydatef parti cul ar

separation or isolation techniques, and ot her

features. For instance, one skilled in the art could

r @3 ekdcting tHec nalleyl dfantinarartomyt)(2-chlosopmidiro 3+ ng

I ] tp t ited. trifl ' i '

S SV A MBS a8l

(%E—Qﬂi@ﬁ&t){lﬁlﬂfs@hirﬂ@maﬁﬁb&bgﬂ d:t]sra]hlkgr ?]-f(m«taﬁu%d dibgdey-aH-
)reviatiqns, .acronyns . ot her orthand is

S@QW%&"%BV‘%‘#‘H?I‘KF%‘HSU%"TIH%EO’P@?% are known to

those skilled in the art, presented belowis a table
sunmari zing these terns: Exanpl e, 1 . i
L(4) regcting the G@lkyl &@rw%a@mry: Y-gmiflapo(455-blpyridin-{ 1
gﬁ?{ﬁﬁ&tﬁih}@m PESky By With’r {tdm@tase . f8Howed by a strong acid, to form
I hydro-I Hi m dazo[ 4, 5-b] pyridin-I-yl)piperidine-]|-car
k@ sadt q&axgﬂ-@-wpm@a&é-%i‘-é&ydé%Hﬁg@éaw[ﬂﬁ-blpmdm
overhead stirrer, thernocouple and nitrogen inlet was
charged Caprolactam HO salt 2 - MIBE solvate ( 412

cor r echedddiional embedimemigiithe inweatien pygyiides| 4 groges for k%@ preparation

el Bloxo T pliRaR)B02, 36811 F SR STRSb B e

dihydrochloride, 3, comprising the steps of:

(1) reacting 3-amino-2-chloropyridine with ethyl 4-oxo-1-piperidinecarboxylate,
in the presence of trifluoroacetic acid and sodium triacetoxyborohydride to form

ethyl 4[(2-chloropyridin-3-yl)amino]piperidine-1-carboxylate;

(2) reacting the ethyl 4[(2-chloropyridin-3-yl)amino]piperidine-1-carboxylate
with chlorosulfonyl isocyanate to form ethyl 4[(aminocarbonyl)(2-chloropyridin-

3-yl)amino]piperidine-1-carboxylate;

(3) reacting the ethyl 4[(aminocarbonyl)(2-chloropyridin-3-yl)amino]piperidine-
1-carboxylate in the presence of NaHCO3, Pd(OAc)2 and bis-
(diphenylphosphino)butane to form ethyl 4-(2-oxo0-2,3-dihydro-1H-imidazo[4,5-
b]pyridin-1-yl)piperidine-1-carboxylate;
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followed by triethylamne (194 ml; 1.2 eq). The slurry

was aged at roomtenperature. To a separate 22 L 4
wmewRaehsbd ask equi pped with overhead stirrer, PCT/US2007/008701

t her rocoupl e and nitrogen inlet was charged CD ( 233

g; 1.25 eq) and THF ( 2.3 L; 10 mM/g relative to CDI).

The solution was aged at room tenperature. The

caprol actam slurry sol uti on was added to the CDI

solution over 1 -1.5 h at roomtenperature then aged

at roomtenperature over 1 hour after which the

reacti on was assayed for conversion to the caprol actam

acyl imdazole internmediate ( >98.5 LCAP conversion).

The piperi dine heterocycle 3 (418.0; E Eﬂg s then

Afiesacting thevady! y(Ceexane S2dibydrp; I Hrisgidage(4. SrhiPyz:

};@Rfll%jl-tcgﬂﬁ)qé&% wnd I-i@ll td fQMﬁ Q%)&h&%lﬂelﬂﬂinyl) 2 3-

t'enperature. HPLC assay showed 97.4 LCAP conver si on.
\WihydrodEimidagol4shiblpyridow dilrydracidonide. o5 rel ative to

THF) and reaction m xture aged at 60 OC for an

additional 2.5 hours after which LC assay showed 99. 8

LC‘AP CBimvimventom is Tiot liméted to specific¢mbedimgntstdeseribeddh dhis application,

and in gaﬁ:a inclu %ﬁg%ﬁ&tlpﬁéﬁnﬁb}? gm)%\,%;brw gﬁ?éslcgibé% %Ibdp bﬁ’l m(cﬁrgg(but not limited

to the \&e;of partichtpr solMents@and aerctioh aymhumass thémese afpaetyoathrfreagent forms

e AL AL B 08 Z58 S5 Bl AR ) 1 o form). nd

the use( ot ﬂﬁ)us%%fﬁ:@ﬂidmﬂﬂrbbﬁz&ﬁﬁmnaﬁ golatibhitdchniques) and o&mféagjl)res For

NS IR TR S SN R —.

the reca&s ﬁmwrsidénc 98idl Seftura Uihdeyox ybEongMeide, NaI{ICOSde(OAc)Z bis-
uor ophenyl -oxo-| - .-tri fl uoroethy azepan-

(d‘PheUX)P\‘QSPhBB%b“med?‘MP?f feathies i dazo
[4,5-b] pyridin-1-yl)piperidine-|I -carboxam de
Caprol actam 2(8.23 kg =s 5.60 kg caprolactam HO salt
based on 68 wt % assay)) was charge to
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an inerted vessel Awith THF (66.4 L) and
triethylamne (1.90 kg). A vessel B was charged with

wER7(125963 kg) and THF (30 L). The contents oPCTEsS®E/008701

A were transferred to vessel B over 1.5h and the

m xture in vessel B aged for Ih. At that point HPLC

anal ysis showed the formati on of caprol actam

acylim dazole to be conplete. The piperidine

het erocycle 3 (5.0 kg) was charged to vessel B

followed by triethylam ne (4.12 kg). The batch was
heated to 600C and aged overni ght when HPLC anal ysi s
showed the coupling was conplete (<0.2 LCAP
caprolactawrCDI adduct remaining). MIBE (49 1) and 10%
aqueouleeralabbrexiatigng, AgronymAnd othersorthand is presqnied herein.

AlthoupBRAER 6%hs alB RnOWA 0 tHos BBPIEA VYR the RS B&@eﬁe@baow ish A%

aqueous citric acid (29 L) and then with 5% Na

summariging these tepmsc 28 L). The pH of the | ast aqueous phase

was 9 at that point. The organi c phase was washed wth
DI water (27 L) and the MIBE solution was _assayed for
conpound 1(IRMAth the agsagprgpyhacetate neutral conpound 1
equal to 8.%% kg, 96. 00l ﬂ%e HQLC assay al so showed
still 1.0 ‘é of the NV 5% P dazol e adduct

remai ni ng. | hiiexef or e, thehMEBHitlaﬁhuti on was washed
again with % aqueous [citric,acid (2 x 29 L), 5%
aqueous Na (2 x 28 E‘“@Wﬁk (27 L). HPLL assay
of the MIBEsmtution m@&dmmﬁ@mmyanag@un Assay |yield
neutral 454 = 8.27 kg, [93. 5% 8 <0.1 LCAP
N-acyl i mi dafdMe adduct. EEeénﬁ%fBO'@' i %‘e 6-S)-64(2
3-Di fl uor ophgBE) - 2- 0xg Meﬁ&?erebﬁtméthaor oet hyl yazepai
I -3-yl]-4-{2-0x0-2, 3-
di hydr o- | H iteli dazo[ 4, 5-|dpB¥] eF elueng| ) pi peri di n¢- | - car
boxani de, papgssi um saljty;eihghalyabospanssthdtesall t

Et hanol at e

dppb bis-(diphenylphosphino)butane
DMACc dimethylacetamide

TFA trifluoroacetic acid

ACP 3-amino-2-chloropyridine
STAB sodium triacetoxyborohydride
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of | The MIBE sol ution of conpound 1 (8.27 kg) was
charged to an inerted vessel through a 0.1mm cartridge
wo 2dovaeosand concentrated down to 30 L using papr¢i/ab2007/008701

vacuum and keepi ng T<40 OC. Ethanol (116 L) was

charged and the solution concentrated dowmn to 30 L

agai n under vacuum at <40 OC. Ethanol ( 116 L) was

added and the solution anal yzed for residual THF/ MIBE

content (none detected). Potassiumterf-butoxide

(1.720 kg) was charged as a solid to the vessel and

the m xture warned up to 45C to dissolve all solids.

The batch was then concentrated down to a final volune

of 58 L (7 m /g based on neutral 454) at <40C. The
_zﬂﬂuﬂgéultlng slurry was left cooling to roon1tenperature

overni ght_before filterin The filter cake was
NIGR PGP RBeRY S 0kod P P rifbiarae b Dae A -+ (2-0x0-2,3-
dihydm!:Huiimﬂhzd[@,Sgﬂpy'Fitﬁn-aeyll)pipBa‘ﬂimkel-lcummmeng a

comll. Yield = 7.97 kg, 84% Exanple 4

i V-[(3/7?, 6%F;6-(2,3-Di fluorophenyl) - 2- 0XQ- I-(2 2, 2- tr|

quoroethy{)Q;epall =4- (2- oxo- 23-
» 'dazo[z @xgﬁbyrldln I-yl)m(

S|1nn1mwf—efhanolate nec_gﬁfggs&:zzf;

9 1
d punctilious

thernncoupI@C'Cbnpound 1 .49 9)
et hanol (165 nL) wer d to the vessel. The
suspensi on was war e g€ 0i| bath

Et;,N

To a 12 L 4 necked flask equipped with overhead stirrer, thermocouple and nitrogen inlet was
charged Caprolactam HCI sait 2 - MTBE solvate ( 412 g corrected as HCl salt; MTBE solvate
typically 78-79 wt % HCI salt) . THF was then added at room temperature (4.1 L; 10 mL/g)
followed by triethylamine (194 ml; 1.2 eq). The slurry was aged at room temperature. To a
separate 22 L 4 necked flask equipped with overhead stirrer, thermocouple and nitrogen inlet
was charged CDI (233 g; 1.25 eq) and THF ( 2.3 L; 10 ml/g relative to CDI). The solution was
aged at room temperature. The caprolactam slurry solution was added to the CDI solution over 1
— 1.5 h at room temperature then aged at room temperature over 1 hour after which the reaction -
was assayed for conversion to the caprolactam acyl imidazole intermediate ( >98.5 LCAP
conversion). The piperidine heterocycle 3 (418 g; 1.25 eq) was then added followed by Et;N
(419 mL; 2.6 eq). The slurry was heated to 60 °C and held overnight at that temperature.
HPLC assay showed 97.4 LCAP conversion. Water was then added (190 mL; ~ 3 vol % relative
to THF) and reaction mixture aged at 60 °C for an additional 2.5 hours after which LC assay
showed 99.8 LCAP conversion. The reaction mixture was then cooled to 15 °C then quenched
with MTBE (3.1 L; 7.5 ml/g) and washed with 10 % (w/w) aq citric acid soln (4 x 2L; 5 mV/g).
The organic layer was then assayed for imidazole and piperidine acyl imidazole impurities (<0.2
LCAP) The organic layer was then washed with 5 % (w/w) aq sodium bicarbonate solution ( 2
L; S ml/g) then water (2L; S ml/g) then passed through an inline filter to give 620 g assay of
desired product. (95.3 % assay yield, 98 LCAP purity).
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and the suspension agitated. Al the solids dissolved
and a honogeneous sol ution was obtai ned when the
WO paoenmEbo t enper at ure reached 38 0C. The t enpePet/usmon608701
the oil bath was reduced to 50 OC and the internal
tenperature was brought to 44 0C. The potassium
tert-butoxide (2.72 g of 95% pure material) was then
charged (slight exothermto 46 OC observed). The
resulting solution was then seeded with authentic
Conpound 1 potassiumsalt ethanolate (20 ng). The
tenperature on the oil bath was reduced to 40 OC and
the batch was aged about 1 hr. The heating on the oil
bat h was turned off and the suspension was cooled to
Example 20C over about 1 h. The batch was then cooled in an

NGRS - D psoRien Yot b B2t oty DAZRR -y s 2-0x0-2,3-

dihydtdQEHemhdazb[msdb]pydelin-\layiDmpeadmml-tadgwmldnt until a
constant wei ght was obtained or until the anount of
residual EtOH present by NVR (DVSO d6) was about 80

mol % rel ative to Conpoung, %@g Compound 1

pot assi U BEHCLYMTBE 15) f}}f R as aotmg*hﬁq@.p%
et hapet—msolvate in 78% y&l d3(99. 4 L%&N
3

ee). Exanpye 5 L- [(3i ,

-Difluorényl) 2-0x0-1-(2,@2-trifluor E/I)azepan-
3-yl]-4-(Z-6x0- 23-

di hydr ozl Hi mi dazo[ 4, 5- b] pyri din-1-yl)piperi d| ne-| ycar
boxam de, potassiumsalt ethanolate 2HO . EtOH

Pot assi um Salt Ethanol ate of 1 Caprolactam HO salt 2
Caprola8amg2(3Q2.34kg)=cuff bE zepmiackidh Gl staltdasecﬂ on 6868t %ntagsay)) was charge to

o255 570 B 05 42 3RS L P Pl DT i area wi
CDI (1#83 kg) and THF (30 L). The contents of vessel A were transferred to vessel B over 1.5h
and the mixture in vessel B aged for 1h. At that point HPLC analysis showed the formation of
caprolactam acylimidazole to be complete. The piperidine heterocycle 3 (5.0 kg) was charged to
vessel B followed by triethylamine (4.12 kg). The batch was heated to 60°C and aged overnight
when HPLC analysis showed the coupling was complete (<0.2 LCAP caprolactam-CDI adduct
remaining). MTBE (49 1) and 10% aqueous citric acid (29 1) were added and the phases
separated. The organic phase was washed again with 10% aqueous citric acid (29 L) and then
with 5% NaHCOj solution (2 x 28 L). The pH of the last aqueous phase was 9 at that point. The
organic phase was washed with DI water (27 L) and the MTBE solution was assayed for
compound 1, with the assay yield of neutral compound 1 equal to 8.49 kg, 96.0%. The }iPLC
assay also showed still 1.0 LCAP of the N-acylimidazole adduct remaining. Therefore, the
MTBE solution was washed again with 10% aqueous citric acid (2 x 29 L), 5% aqueous
NaHCO; (2 x 28 L) and water (27 L). HPLC assay of the MTBE solution was performed again.
Assay yield neutral 454 = 8.27 kg, 93.5%, 98.9 LCAP, <0.1 LCAP N-acylimidazole adduct.
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10

15

( 11.53 g) and THF (110 m). The contents of vessel A
were transferred to vessel B over 50 m nutes and the
worRooraews9o n vessel B aged for Ih. At that poi nPCHBEIB07/008701
anal ysi s showed the formation of caprol actam
acyl i m dazole to be conplete. Piperidine heterocycle 3
(18.2g) was charged to vessel B followed by
triethylam ne (15.0 g). The batch was heated to 600C
and aged overni ght when HPLC anal ysis showed the
coupling was conplete (<0.2 LCAP caprol actam CDI
adduct remaining). MIBE (180 m ) and 10% aqueous
citric acid (105 m) were added and t he phases
separated. The organi c phase was washed again with 10%
aqueous citric acid (105 m) and then with 5% NaHCO 3
Example3;tjon (2 x 100 m). The pH of the |ast aqueous

N-[(3RJ685-6-@c3sDindropheiylpaioxo-1-12,2erifs roethiylaeepas 3-y1]-4-(2-0x0-2,3-
. ' . . {. d
L e e s

ethanglate he MTBE sol uti on gave an assay yield of neutral
Compound 1 of 31.95 g, 99.1% 98.8 LCAP. The MIBE
sol ution of neutral Conmpound 1 (31.95 g) was

concent r at @I&\é&lﬁo | ow vol ume usifg,paBtial -vacuum
g < :

and keef Et hanol (28" W Xhar%8l and
t he B9l on conbteht A% t o FICOW_yvbl une n under

parti al uum at <40 8®1 Et hanolA(f 116 L) was added
to brin e volune of the sol ut to 420 mM and the

sol ution assayed for neutral ConpailGfhsdecaRoad t: 30.3
g, 53.5 mml. Potassiumtertbutoxide (%3 g) was added
-and the m xture warmed to 45C to dissolve all the
solids. The solution was then concentrated down to a

The I\'fa'l't'ﬁ]%ﬁ%léﬂbﬂ A 4 c:agngéﬂlgd it (8.(277 l{EI)/ vgast@l%féédqg afl Sikirfed! veﬁéﬁ)through a0.1lym

The ting slurfy was cooled to room )
cartridgenfplteraangd eorfogntrated glovan 430t heusing patiol veenusn apg keeping T<40 °C.

T
<40 °@0 EikanoYi(El1 ALy w3P addegl arftl’fife solution analyzed for residual THF/MTBE content
(none detected). Potassium tert-butoxide (1.720 kg) was charged as a solid to the vessel and the
mixture warmed up to 45°C to dissolve all solids. The batch was then concentrated down to a
final volume of 58 L (7 ml/g based on neutral 454) at <40°C. The resulting slurry was left
cooling to room temperature overnight before filtering. The filter cake was washed with cold
ethanol (25 L) and the solid dried under vacuum at 40 °C. The solid was de-lumped using a co-

mill. Yield = 7.97 kg, 84%.
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Exanpl e 6
L'-[(3/7?,65)-6-(2"-Di fl uorophenyl)-2-oxo-1-(2,2,2-trif
wo e oastshy| ) azepai i - 3-yl | - 4- (2- oxo- 2, 3- PCT/US2007/008701
di hydro-1 Hi m dazo[ 4, 5- b} pyri di n-1-yl ) pi peridi ne-I-car
boxam de, potassium salt ethanol ate Potassi um Sal t
Et hanol ate of 1 Caprolactam HO salt 2 (8.23 kg s 5.60
kg caprolactam HO salt based on 68 wt % assay)) was
charge to an inerted vessel Awith THF (66.4 L) and
triethylamne (1.90 kg). To vessel B was charged CDI
(3.163 kg) and THF (30 L). The contents of vessel A
‘'were transferred to vessel B over 1.5h and the m xture
in vessel B aged for Ih. At that point HPLC anal ysis
Examplefhed the formati on of caprol actam acyl i midazole to

N-[(31%;gsy-sggl3elgmuo%phaiynmidﬁonﬁ(nmmﬂinmbet@lxaﬁeeﬁhd@y|mz-oxo-2,3-
ainyaf oS or A SHH B BRI b o st

ethangatey HPLC anal ysis showed the coupling was conplete
(<0.2 LCAP caprol actam CDI adduct remaining). MIBE (49

1) and 10% eBug. citric acid (29 Q) Be added andA 250 mL, 3-
the pha %&bﬁrﬂﬁd. The organi(O %aé& »: Kwaltted N d
agaimc Wit B 10% aguoukomut ri ecaldli d (29 L){3hd then " roun

with 5% 3 solutieon(2 x 28 J)r The pH of the bottom flask
| ast aq ys phase was 9 at that int. The organi ¢ was equipped
phase was washed with DI water (24 JnnsddiGaldileC plroofi I e

showed still 1.0 LCAP of the caprol acteim wi a
N-acyl i mi dazol e adduct inpurity remaining. The MIBE mechanical
sol uti on was washed again with 10% aqueous citric aciifrer and

s S S R AR PR, g s
ethano} i(&6 % ndf) wengtahatged to the vessel. The suspension was warmed in a 60 °C oil bath
and the suspension agitated. All the solids dissolved and a homogeneous solution was obtained
when the internal temperature reached 38 °C. The temperature of the oil bath was reduced to 50
°C and the internal temperature was brought to 44 °C. The potassium fert-butoxide (2.72 g of
95% pure material) was then charged (slight exotherm to 46 °C observed). The resulting solution
was then seeded with authentic Compound 1 potassium-salt ethanolate (20 mg). The temperature
on the oil bath was reduced to 40 °C and the batch was aged about 1 hr. The heating on the oil
bath was turned off and the suspension was cooled to 25 °C over about 1 h. The batch was then
cooled in an ice bath to <5 °C and aged about 2 h. The batch was filtered through a medium
porosity sintered funnel and the cake dried under vacuum and nitrogen tent until a constant
weight was obtained or until the amount of residual EtOH present by NMR (DMSO-d6) was
about 80 mol% relative to Compound 1. The Compound 1 potassium-salt (11.15) was obtained
as a tightly bound ethanol solvate in 78% yield (99.4 LCAP, 99.6 % ee).
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Compound 1 of 8.27 kg, 93.5% 98.9 LCAP, <0.1 LCAP
caprol actam N-acyl i m dazol e adduct. The MIBE sol ution
w@boaetsp@l Conpound 1 (8.27 kg) was charged tBCHEUS2007/008701
vessel through a O.1mmtartridge filter and
concentrated down to 30 L using partial vacuum and
keepi ng T<40 0C. Ethanol (116 L) was charged and the
sol ution concentrated down to 30 L again under partia
vacuum at <40 0C. Ethanol ( 116 L) was added and the
sol ution anal ysed for residual THF/ MIBE (none
detected). Potassiumferf-butoxide (1.720 kg) was
charged as a solid to the vessel and the m xture
warmed up to 45C to dissolve all solids. The batch was
Examplecs, concentrated down to a final volune of 58 L (7

- N-[(3R65p 62 3Difubropbiényl)-24x6)1-@2,2,24@ {fluokbethybapépan’§-yl}-4-(2-0xo0-2,3-

o Sl Yy Was c0ol.| . RT. overni r .
ainyafo-tfimilfifoid bl Rln Ky BinchidEl Rafbbxatiiad Popassium saie
ethan@ateanol (25 L) and the solid dried under vacuum at 40

0OC. Yield = 7.97 kg, 84% Exanple 7 (3
,65)-3-Anino-6-(2,3-dif&yorophenyl)-l-(2,2,2-t%ifluoro
et hyl ) agepandusie t %~ WH2n 2 K.

> Chl op AR ué\%ﬁpﬁ Y1)t hano "%*@L‘%ﬁa 25
L 4- Féc round bot t gipid,ask was ekaR \

1, 2-difl fobenzene (130-0 g) and dry (1.3 L).
Thi s sol ¥tron was codl“egu-get < - 60 whil i rring under
nitrogep. To this was added nhexyl |pohdimisin Eldamacdo: of
2.5 M hexane) dropwi se such that T < -60 (~ 15 m nute
addition). The solution quickly turned into a

Caprolactapy HE sals P (30 § = 2t greappedaciane dGlonlt basgd gn 64 pd% asgay)) was charge
to an lgﬁgﬂ HRR A_@g}g&,glr']%r {aﬁ‘tgghmd%eﬁ%l | i)k;e 86.99;52 g‘kﬁﬁ BSWadcharged CDI

urry qurc eca
(11.53hgayk TEGU 61 19oml). i The. cofitérds wh yessst dedvere tensferred |t oigestl B over 50

minutebsyaﬁci1 ﬁleag%i(t{xireopn QESS%P%OSQQ }'orC M.OM cél'i"‘at point HPLC analysis showed the

formation of caprolactam acylimidazole to be complete. Piperidine heterocycle 3 (18.2g) was

charged to vessel B followed by triethylamine (15.0 g). The batch was heated to 60°C and aged
overnight when HPLC analysis showed the coupling was complete (<0.2 LCAP caprolactam-
CDI adduct remaining). MTBE (180 ml) and 10% aqueous citric acid (105 ml) were added and
the phases separated. The organic phase was washed again with 10% aqueous citric acid (105
ml) and then with 5% NaHCOj solution (2 x 100 ml). The pH of the last aqueous phase was 9 at
that point. The organic phase was washed with DI water (100 ml) (5 ml saturated aqueous brine
added to give good phase separation). HPLC assay of the MTBE solution gave an assay yield of
neutral Compound 1 of 31.95 g, 99.1%, 98.8 LCAP. The MTBE solution of neutral Compound
1 (31.95 g) was concentrated down to low volume using partial vacuum and keeping T<40 °C.
Ethanol (240 ml) was charged and the solution concentrated to low volume again under partial
vacuum at <40 °C. Ethanol (116 L) was added to bring the volume of the solution to 420 ml and
the solution assayed for neutral Compound 1: Result: 30.3 g, 53.5 mmol. Potassium fert-
butoxide (6.3 g) was added and the mixture warmed to 45°C to dissolve all the solids. The
solution was then concentrated down to a final volume of 210 ml (7 ml/g based on neutral 454)

at <40°C. The resulting slury was cooled to room temperature for 2 hours and the solid
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( 11.3 g) and chl oroacetyl chloride (142 g) such that
T <5 0C. The reaction was assayed after 20 m nutes
waew7jiedged conpl ete by HPLC. The reacti on wasPquesmaaas7ol
with INHGA (2 L) and then the two phase system was
transferred to a seperatory funnel and diluted wth
| PAc (2 L). The aqueous was cut and the organi c washed
again with INHO (2 L) followed by IN NHAOH (2 x 2 L)
and finally with water (2 L). The organic was
concentrated to an oil. Assay yield = 78% The oil is
then diluted with heptane (800 nL - does not all go
into solution) and stirred while cooling to-30 OC
Durigg cooling the oil turns over to a crystalli

collected biydiltratien. Therfilier icgke yas wenkas- with colsipethaziol (194 gﬂ)efald the solid dried

mdere&%ﬁ@a%cg {O/l[}, (iﬂfq)%lgpggaep 2DeS| red product isol ated

2-(2,3-difluorophenyl)-2-vinyl oxirane A solution of
chl oro acet ophenone (40 g) in dry toluene (400 nL) was

ed to T < -60 while stirring under nitrogen. To
N-[(3R,b$ﬁ6%§-nﬂﬂﬁﬂ'ophéwl}westummmﬂtﬂ'GeMB@zéjian;B-yﬂ]-8-(2-oxo-2,3-

. Min THF) dropw se, such é -25 0C

dibydgos - Maaﬂdr bbryridia-Trx emeﬂﬂlw%lwarmweopﬁ%g?g@ssa“
ethanﬁﬂﬂ: assayed for conpletion. The reaction is quenched

with INHO (250 nL) and transferred to a seperatory

funnel and the aqueoug,l@ygr, cut. The organic s

Nz

Exam

washed &gaFHHMMITE | N HEHS) f ol loome: WK EIOH
sat ug,afT®d so0di um bi cakbonate (250 nangd wat er 50
nm.). TheJorganic is cEMenihted to an~oli|l and carried

forward @0 Lctly. To,q,30Lyfion of ter Ty al coho
(210 nmol) fin tol uene (400 m.) is added” I™N NaCH §400
m) and?the two-phase system agi t at"&@roi" B!
roomtenperature. The organic |layer is assayed by HPLC
for completion. At end of reaction the aqueous | ayer

Caproiaétaﬁph@@glt t2h@2:3r ﬂé‘%‘ §6m%grolactam HCI salt based on 68 wt% assay)) was
charge to an inerted vessel A with THF (66.4 L) and triethylamine (1.90 kg). To vessel B was
charged CDI (3.163 kg) and THF (30 L). The contents of vessel A were transferred to vessel B
over 1.5h and the mixture in vessel B aged for 1h. At that point HPLC analysis showed the
formation of caprolactam acylimidazole to be complete. The Piperidine heterocycle 3 (5.0 kg)
was charged to vessel B followed by triethylamine (4.12 kg). The batch was heated to 60°C and
aged overnight when HPLC analysis showed the coupling was complete (<0.2 LCAP
caprolactam-CDI adduct remaining). MTBE (49 1) and 10% aqueous citric acid (29 1) were
added and the phases separated. The organic phase was washed again with 10% aqueous citric
acid (29 L) and then with 5% NaHCO; solution (2 x 28 L). The pH of the last aqueous phase was
9 at that point. The organic phase was washed with DI water (27 L) The HPLC profile showed
still 1.0 LCAP of the caprolactam N-acylimidazole adduct impurity remaining. The MTBE
solution was washed again with 10% aqueous citric acid (2 x 29 L), 5% aqueous NaHCO; (2 x
28 L) and water (27 L). HPLC assay of the MTBE solution gave an assay yield of neutral
Compound 1 of 8.27 kg, 93.5%, 98.9 LCAP, <0.1 LCAP caprolactam N-acylimidazole adduct.
The MTBE solution of neutral Compound 1 (8.27 kg) was charged to a vessel through a 0.1um
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with water (400 nL). The organic is
concentrated/ azeotropically dried in vacuo and used
wo eoo7tisImext step. Typical assay yield over bethustoepss7ol

is 89 %Step 3: N[(32)-4-(2,3-dib

uor ophenyl ) - 5- hydr oxy-1, 1-di pr opi onyl pent - 3- en- |

-yl]acetamde Al liter 3-necked round bottom fl ask

equi pped with a vacuum N2 I nlet, tenperature probe,

addi tion funnel and septa was charge with Pd(QAc) 2

(392 ng, 1.75 mmol, 2 nol %, DPPE (835 ng, 2.09 mmol,

2.4 nmol% , N-acetodiethyl malonate (43.8 g, 201 nol,

1.15 equiv), NaOet (1.20 g, 17.5 nmol, 10 nol %, and

flushed with N . The addition funnel was charged with
cartridgp diltey @dr%ﬁr@emw depm fod 80 (I3 aismegpartizly vacuysp and j keeping T<40 °C.
Etham%lI asgt\kla ggﬂg&ie S%A(rlf_the gc%)lggo Sg%cgn%gteg:}g)ﬁ ?g:gb% agalg under partial
vacuumestu<#DNYC.m Ethanel f(1 16 hIe)‘j wast idddd amdl the i solwibnanalysach for residual

o SR b b S APy LB o BREALE s ot o e

vessel Mand he rhikhire edrag&] RipJ ld (45661&) Rtissplvat aﬂoﬁﬂids The batch was then

tenper.ature ( C e (140 nL) . and 1 o
concentg Hpymiiast A9AGH 1%1% e HEde il ek BRopeieL 159 at <40°C. The
resultlﬂg XturFyewhs 316 861t td RTE oSG RN befoYe fileriaL. THE ﬁlter cake was washed

rganic | ayer was separated and washed with 140

with cq»ldrqth@@m 1gand the solid dried under yagrum abd0 Yas ¥ield ~—rﬁr'éﬂ kg, 84%.
final organic |l ayer was treated with Darco-G0 (2-5
grans), stirred for 10 mn, and filtered. The

Examplesiil ti ng sol uti on was concentrated (T= 20-25 0C) to
about 300 nlL_volunme. The solution was heated to 40-45

(BR,6H3-AmingfH(Z:3-difluquephenyld- 143 fat teifluproathyh) szepap2-one
slurry is stirred at 40-45 OC for 30 mn and al | oned
t %0 t t 1r verni ght. The sol ution

Step 1\ & o o T AR RSN BEHEo RSt oW £ 2 x 120 . of
8 1 n- hept ane: t ol uene. The solids were dried with
vacuum and N2 sweep(70 % yi el d},o %l'ep 4.

N-{(32)- , 3- dlflulﬁro henyl ) edey 1- di_pr y -%-[(2,2
,2-trifl gthyl)a F bent - 3THRN-T -yl } am de
F

F

To a 5 L 4-necked round bottom flask was charged 1,2-difluorobenzene (130.0 g) and dry THF
(1.3 L). This solution was cooled to < -60 while stirring under nitrogen. To this was added n-
hexyllithium (455 mL of 2.5 M/hexane) dropwise such that T < -60 (~ 15 minute addition). The
solution quickly turned into a stirrable slurry, which was aged for 1 hour cold. To this was
added zinc chloride (2.3 L of 0.5 M/THF) such that T < -60 and the slurry quickly became a
homogeneous solution. This was warmed to 0 °C followed by the addition of copper(I) chloride
(11.3 g) and chloroacetyl chloride (142 g) such that T < 5 °C. The reaction was assayed after 20
minutes and judged complete by HPLC. The reaction was quenched with 1N HCI (2 L) and then
the two phase system was transferred to a seperatory funnel and diluted with IPAc (2 L). The
aqueous was cut and the organic washed again with 1N HCI (2 L) followed by 1N NH4OH (2 x 2
L) and finally with water (2 L). The organic was concentrated to an oil. Assay yield = 78%.
The oil is then diluted with heptane (800 mL - does not all go into solution) and stirred while
cooling to — 30 °C. During cooling the oil turns over to a crystalline solid. The slurry is aged 1
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The conpound of Step 3 (50.0 g, 125.2 mmol) in 400
toluene (was treated with Et3N (16.5g, 162.7 mmmol)
wo edozavesdo by a 25 nl tol uene flush foll owed byPtT52007/008701

(16.5 g, 162.7 mmol) in 120r1L tol uene followed by a 25

m flush making sure the tenperature did not exceed 3

OC . After a 30 mn age, the slurry was treated with

250n. H O and then warnmed to RT. The aqueous | ayer was

drai ned away (a black rag layer is observed) and the

organi ¢ phase washed with 1x200 nL I N NaOH and 1x150

mL of 15 % NaCl sol ution. The sol ution was

concentrated to -150 nL and flushed with 300

tol uene. Addition of 375 nL of DMAC (KF -400) afforded
hour at {30 ¥ filtdred ané adghédwithhold beptase. e Pesirdd prddecoisalated in 71 % yield
(154g)sol ution was added CF3CH2NH2 (37.2 g, 376 mmol, few

degree tenperature increase here) followed by LiBr

(2.17g9, 26 mml) and the solution aged for 13 hours at
Step 2:2B(B8-difluordpkeriybavingloxivase di | uted with 250 nL | PAC

and 150 nL H2O The aqueous | ayer was renoved. The

organi c | ayer was vvashed with 150 L | NNa and 150 ni
15 % aqueous Nad soLutl on. Assay of t | ayer
shows 92 %yi ' he Snait™qon wa ncentrated to

150 nL vol une F375 nL Diiereadded . 5:
N-[6-(2,3-di fl eorophenyl)-2-oxo-1-(2,2F2-trifl uoroethy
1)-2,3,4,7- tetrahydro | H azepi n- 3- yIJacetamde To the

Csol ution of 1 , 475 ni
A solupign E?ﬁﬁS‘ orp.alohsacns @0 Drip %‘a (Chrge GHhEL Hast 10 Sliltopy, < -60 while
stirringHA{def Gitloggn. T63his wanddded Vgl swignesiom ramidg@20atLl of 0.8 M in THF)
dropwi v\% §u<g‘1 %lrgte'g IQpTZ?rotCI ZAgt%rrr% M,%\%t z{él?fitgcg{) tlht1: BRY4ionat w%ilxgecpg @ degrees and
assayeAprePRlsiof éﬁxegﬁ@twﬁe‘s apPritegp s NORG Gafy m]énmd transferred to a
seperatBey finel and tHd eqidout dayer ke Ths ospatieds wiashed? 8gaimiwith 1N HCI (250
mL) followed by saturated sodium bicarbonate (250 mL) and water (250 mL). The organic is

concentrated to an oil and cammed forward directly.

' OH fo)
Cl NaOH
toluene

To a solution of tertiary alcohol (210 mmol) in toluene (400 mL) is added 1N NaOH (400 mL)
and the two-phase system agitated for 4 hours at room temperature. The organic layer is assayed
by HPLC for completion. At end of reaction the aqueous layer is cut and the organic washed
with water (400 mL). The organic is concentrated/azeotropically dried in vacuo and used for the
next step. Typical assay yield over both steps is 89 %.
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| PAC. The organic layer was split in half and cool ed
to 5-100C. Each half was treated with 118.5 nL H20
whe@pilmgod he t enperature -15-20 0C. The agqueouBCT¥ES2007/008701

back extracted with 165 nL | PAC and the organic | ayer
was washed with 220 mL IN NaOH, 2 x220 nL 15% Nadl
solution brine and 220 nL of water. The sol vent was
switched to toluene (450 nL vol une, 45g assay ). The
tol uene solution (45 g, 110 nmol of decarboxyl at ed
product) was treated with trifluoroacetic acid (143
mol, 1.3 equiv. and a yellow oil separated fromthe
tol uene solution. The reaction is aged at 85-90 0OC for
12- 15 hours overni ght under nitrogen. The sol ution was

Step 36 NO(87)-4-92, BUiftlosropheryl)c Shpéivicya} Baipropiontiplsy)3-adepl] avatamide
starting material and diluted with | PAC (338 nL) The
organic | gyer was washed with I N NaCH (225 nL Thi's
resul ted ilh ap enul sion, so the—patch was g
10 wt %gelPxije, f|PMEMeE amh,® hePeake was washe

180 C. The—= OUS_piTase was cut —at t hi
The or g§i Iayert§h§ 2EH WaOEt, tdterel
n. 1 prqueous NaCl s;mﬁijon and 5g Dar i
solution was filtered through Sol ka- Flo t he
sol ution concentrated to 4L/ kg (based on

product) and flushed with EPAC until KF<100. A total
of 4 volunes of heptane was added and the slurry

Al lﬁéfoi-ﬁgckteﬁ Bufé& boktbhd Haik equippsll Wamha %cﬂurﬁﬂNﬁ IIQQ ferhperature probe,

additiqgy g%ﬁfgteaé‘l ;’gﬁa&%gs%i}%%% tL‘Fd?SQc LGP W0SYCT s 332 mol%), DPPE (835
mg, 2(09Shn®l,( 243nd1%) ud¥-apdtedigthyl mabonmtd (4328 2, 200 rnpl, Ut Hequiv), NaOEt
(1.20 Y175 farrol? 16 mh104)2 byl ﬂﬁsﬁe’d‘@ﬁﬁ@l N-Th- RYAESH Fifinel was charged with the
sy ks BB b bR o HBIBERE o ge. To i
reacticpf fliskevat aided 500 b wiidol¢&& (F 3@Dppmjrand thevwgsultitg oux@re flushed with
N, an@ E’tﬁ‘réﬁ Afrodi témperam% (Q@J%t’Cber%Smﬂle qhe @n?)tl 5x1QQ sbRifion was added
over 5 mm mlértge resultlenrg r(r:l&(%tlxrlens%rrezi %%ex%?éhl'tlz 6 ‘1'6 hV}B}Sat room temperature (20-25°C).

Toluene (140 mL) and 1 N HCI (140 mL) was added to the flask and the biphasic mixture
transferred to a separatory funnel. The organic layer was separated and washed with 140 mL of
1 N NaOH, 140 mL of brine and 140 mL of water. The final organic layer was treated with
Darco-G60 (2-5 grams), stirred for 10 min, and filtered. The resulting solution was concentrated
(T=20-25 °C) to about 300 mL volume. The solution was heated to 40-45 °C and 600 mL of N-
heptane added over 20 min. The slurry is stirred at 40-45 °C for 30 min and allowed to cool to
room temperature overnight. The solution was filtered and the solids washed with 2 x 120 mL of
8:1 n-heptane:toluene. The solids were dried with vacuum and N3 sweep(70 % yield).
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with 230 nL MIBE added and the pH adjusted t08-10 with
| ON NaOH foll owed by IN NaOH After the phase cut, the
waoueasInas extracted with 230 nL MIBE and t heCT/US2007/008701
conmbi ned organi c |ayer washed with 390 nL 15% NaC and
assayed for product (25.4 g, 79.3 mol, 80 % assay
yield). The solution was concentrated to ~10 L/ kg of
am ne and then solvent switched to | PA (~762 niL total
volunme). The KF of the solution was adjusted to 4000
ppm and then 2-hydroxy- 5-nitrobenzal dehyde (7.9 nmol)
was added followed by (-)-O O -di-toluoyl-L-tartaric
acid (158.6 mmol) and the resulting slurry was aged at
65 OC for 130 hours. The slurry was then filtered and
Step 4t Ng/(3D)-4-¢2, 3adiftes-ophéry))} P Adifsoppnpi-5-[(2, 2, 2-trifluoroethyl)amino] pent-3-
en_,_y{ﬁ,g%m,gujg 3-di fl uorophenyl)-2-oxo-1-(2,2,2-trifluoroet
y 2,3,4, 7-tetrahydro-IH azepin- 3-anmmoni um
chloride The compound of_step 6 (10 g, 14.13 mmmol)
di -tol uoyl ggrtrate sal tsogl urried in i-Pr 9 oP3

Y »-10
NH

m./g and then diluted With MBE (100 m) aﬁd then I'N
NaOH (80 nL).  After the phase cut, the aqueous was

back extracted with 70 mL of MTBE he or %gnl C .
The caggnaynd &F Signs3 (AP 8l 3% mol) ine?Q0rel felpena Pyes teated withEt:N (16.5g,
162.7 mmimfomlfomus:yfa) QE’)nI&[tﬂu&fd fushtfoHuived be M4C (M6.6kg, 162.7lImmol) in

<59 o
120mL; %g&{}/{% Q{Iﬁﬁ%ﬂ‘ rﬁfu{@g g%r‘e‘r%r&é‘ie &r&{{IFe &b n#ﬁtta)lm\x/agd 3°C.
After 3 3 miin agqa rﬂm slamf wm@%ﬁﬂmk&b&w 'aléw@éme The
aqueouJayérGvas drained away (a black rag layer is observed) and the organic phase washed

with 1x200 mL 1N NaOH and 1x150 mL of 15 % NaCl solution. The solution was concentrated
to ~150 mL and flushed with 300mL toluene. Addition of 375 mL of DMAC (KF ~400) afforded
the solution ready for the next step .

To the orange solution was added CF3;CH>NH,; (37.2 g, 376 mmol, few degree temperature
increase here) followed by LiBr (2.17g, 26 mmol) and the solution aged for 13 hours at 28-30
°C. The reaction was diluted with 250 mL IPAC and 150 mL H;O. The aqueous layer was
removed. The organic layer was washed with 150 mL 1N NaOH and 150 mL 15 % aqueous
NaCl solution. Assay of the IPAC layer shows 92 % yield and the solution was concentrated to
150 mL volume and 375 mL DMAC added .
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nol % relative to cis forn). The solution was stirred
at roomtenperature for 20 hours which results in
wo-207h205a4i 0 of transrcis forns of the title cpoposzd7/008701

The solution was diluted with MIBE (100 niL) and then

IN NaOH (80 nlL) added. After the phase cut, the

aqueous was back extracted with 70 nL of MIBE. The

conmbi ned organi cs were then washed with 70 niL of

brine, cone to 25% volunme and filtered. The organic

solution was concentrated further and then MIBE was

added until volune was 30 nL. To this was then added

15 nmL of MeOH (KF ~1500ppm . After heating solution to

50 0C, 1% seed of the title copound was added fol |l owed
Step 51N-[ 6—@ 3hQiffiorsiilichylpR-daio- BIE, 2iCHriffnot dbky/Ip 2,8, 41E-tetPaldydro-1 H-azepin-3-
yUmxtgh relative to cis formassay). This was then aged

M4 r at 50 0C and then cool.ed to roomtenperature

over 3 hours. After aging overnight at RT, the sturry

was fiTTergg, and washed with 35l MIBE: MeOH (2 x 15

m). TQ§°~.k s then dried ZC)/under vacuum at 0

t enper at» &anpound?as an

‘ gi VBt tiy :
MTBEs/?vaelnSB%’—éigd(S 99%—ee—ﬁ!=élle8
2- X0 ’\-pIE ridi CZi)d'I ygiro I/7tOI FtA®dazo[ 4, 5N6LHY

n1no]p|per|d|ne | - car

ri di pe _Hehyl
()
e TO msk equi pped with a @l

hl or opyri di n- 3-
mechani cal agitator andlienperature probe was char ged

teL three-neck
To the%xg'}lcf‘ %) nﬁﬁ ?k‘l? 2 gH‘ﬁg :%12%%11 %%ﬁ( ggiugl%%a e@ LiCl (14.5g,
343.5 apiol) Solwerl by G (0. b gl by mae: TROBIMiGn wihases akil el 15 °C for 12-
14 hoﬁ@@ﬂ%'ﬁ‘ 1 MeuP §ENENUS a AfHiRprécipitdie ﬁg'hisatAﬁ& dobbin@€) RT, Sg of Darco was

added aﬁé ftﬁéj 1?1%8{?:]619er9&¥m?éé14sgfka§-80§99hé‘% ter @%Ma@w&éﬁéd with 285 mL

an 1 ncre
IPAC. Mep@m_gﬂygr was gplitdn helf@nd cooled to 5- 10°C ach half was treated with 118.5

mL H,0 keeping the temperature ~15-20 °C. The aqueous was back extracted with 165 mL
IPAC and the organic layer was washed with 220 mL 1N NaOH, 2 x220 mL 15% NaCl solution
brine and 220 mL of water. The solvent was switched to toluene (450 mL volume, 45g assay ).

The toluene solution (45 g, 110 mmol of decarboxylated product) was treated with trifluoroacetic
acid (143 mmol, 1.3 equiv. and a yellow oil separated from the toluene solution. The reaction 1s
aged at 85-90 °C for 12-15 hours overnight under nitrogen. The solution was cooled to RT and
then concentrated to 3 L/kg) based on starting material and diluted with IPAC (338 mL). The
organic layer was washed with 1N NaOH (225 mL). This resulted in an emulsion, so the batch
was charged with 10 wt % celite, filtered and the cake was washed with 180 mL IPAC. The
aqueous phase was cut at this point. The organic layer was washed with 1IN HC] (225 mL), 225
mL 1 % aqueous NaCl solution, and 5g Darco added. The solution was filtered through Solka-
Floc, and the solution concentrated to 4L/kg (based on assay of product) and flushed with IPAC
until KF<100. A total of 4 volumes of heptane was added and the slurry cooled to 0 °C.
Filtration and washing with 0 °C 7:1 heptane:IPAC (150 mL) afforded the product as an off-
white solid.

Step 6: (3S)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-trifluoroethyl)-2,3,4, 7-tetrahydro-1H-azepin-
3-ammonium 3-carboxy-2,3-bis[(4-methylbenzoyl)oxy] propanoate (di-toluoyl tartrate salt)
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cool i ng used). Sodiumtriacetoxyborohydride (75.0 g,
0.354 nol, 120 nol % was added as a solid over 5 mn
wa@ape7a2fse0 t her increase in tenperature to 56 OBCTVES2007/008701
observed. After 10 mn agitation, the m xture was
cl ear and honogeneous. LC anal ysis indicated
consunption (< 0.5 A% of 3-am no-2-chloropyridine and
formati on of the al kylated product. A solution of 10
wt % aqueous NaCOH was added to the m xture at 50 0C
over 10 min. Wen the pH of the m xture was 8-9, the
phases were allowed to separate. The organi c phase
washed with brine (200 nL). The separated aqueous
phase was 580 ni-100 nL sanple was diluted in 100 nL
MeOH and LC anal ysis indicated 0.23g, 0.3% of product
esent. The brine was assayed as above and
" g:lned negligible praoy ik, Azeotropic drying woh NH @
ph%l‘l c Pressure undep 00 o
Nonsy ant—vol ume_coftl t ions Ju d’ﬂ?en N
The s@wbuti on was é

00 pemaby. KF titrati Oy
cent MPEd to a vol upe\ofr 170 nL thgy, THF (35

(O.[230 nl) was added. il sol ution wis gsed dir
or'rt he subsequent step. LK anal ysi g gdve 84 g, 1 °a=
AY of the desired reductively allogatred product and KF
titration gave water content as < 500 ppm Step
1(alternate): Ethyl
4-[(2-chl oropyridin-3-yl)am no] pi peri di ne-1-car boxyl at
To a 288 hPL ﬁu?xal-.e E&hﬁsn Bedte Mep ts%xﬁﬁ&ﬁ?f(h%kwa%ﬂaﬁdm ddded 6 equiv of
5 3N Hcﬁh% arl‘tlgcog)rﬁv gﬁ?tofsg%‘&?rgﬁga u(rﬁgg o‘fing, t?le solution was diluted
with 230 odoMTBE yaddq:d:larrcbtharpﬁba@ghsmé 6811 0 ewithd1 By Nz@&l:folmd by 1IN NaOH.
After fikph 'dgl_eecﬁe ARRUREHPEAY %QH&t@J W?fr}]l @("Hd Lt RABR L@ dénbined organic
ri a was charge 0 ure o
laver e SOULSODRTSTS Sa e 45w e BBl ol 75 S 80 % assay
yield).(Tie sdotiomgas concentrated to ~10 L/kg of amine and then solvent switched to IPA
10  (~762 mL total volume). The KF of the solution was adjusted to 4000 ppm and then 2-hydroxy-
S-nitrobenzaldehyde (7.9 mmol) was added followed by (-)-O,0’-di-toluoyl-L-tartaric acid
(158.6 mmol) and the resulting slurry was aged at 65 °C for 130 hours. The slurry was then
filtered and the solid washed with IPA.

15  Step 7: (35)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-trifluoroethyl)-2, 3,4, 7-tetrahydro- 1 H-azepin-
3-ammonium chloride

1. FPrOH, HCl, Q  NH.*
N Pd/BaSO, ~ N
NH3 F:c~ N cl

00 o
2 G 2. NaOH
‘?b o OH 3. Et;N, MeOH

= 4.HC! F
E CHO
OH F
. _
ON

The compound of step 6 (10 g, 14.15 mmol) di-toluoyl tartrate salt was slurried in -PrOH (93
20 mL). To this mixture was added 1IN HCI (15.57 mL, 1.10 equiv) and the mixture became
homogeneous. After sparging with nitrogen, 5% Pd/BaSO4 (1.20 g, 4 mol%) was added and
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used). After 15 mn age, a caplet of NaBH (0.95 g,
0. 025 nol) was added. The tenperature was observed to
wo p@raas5e0t o 28 0C over a 30 m n period and t hecaptoet/008701

di ssol ved conpletely within this tinme. This nmethod of

NaB L addition was repeated, allow ng each caplet to

di ssol ve before adding the next, until a total of

ei ght caplets had been added over 7 h. At this tine,

LC anal ysis indicated > 95% conversi on of the

3-am no- 2-chl oropyridine. A solution of 10 wt % aqueous

NaOH was added to the m xture at 30-40 OC (no cooling)

over 10 min. Wien the pH of the m xture was 12-14, the

phases were allowed to separate. The separated aqueous
hydrogthatd 289 pkdof Mydidgen féF 2015 @y untitl all abashrhdd by HRTIGU Tiedsolution was

ﬁlteret? t?xﬁgﬁpl %II%ZOP% Rxl;lﬂ'g %EO&TESO oﬁ\i n{o r@nﬂ@&? é’é@ﬁ?&d The filtrate was

% ne separ nlc p ase was

concer&@é@wzﬂ nlrh& andh theat dilnterd P‘Wé‘ o apd thep INENaOH (80 mL).
After the phiisd difl] thatagfleduBiviastAdk 2k igsted agihl 0 ;L6 fAMTBE. The®rganic solution

was wg.i)lﬂ%m ﬁ)h G egﬁagm@% %?nsgye )()|f Icrl]sdk % at ed t Polvent switched to

MeOHpud &7 MEBE. andKF 546@Ippm withi an@tai mom;ne ¢ﬁé5 ;nﬂ m@ﬂ/\ﬁhen treated with
Et;N (QrggaxﬁLC 2PRREE x’éﬁﬁng@‘%ﬂsﬂfoﬁﬁ'} Qfd (2415ch d;aatrhtrobenzaldehyde (237 mg, 10

mol% \;gllanﬁ é lé'r,seéwnﬁ a,g%! 1813 gbll% gne d: ? {)eggase ature for 20 hours which

resultsy ipe{l: bdahAmtofItranﬁelsvfanm of the title om;ppom@ Hﬂ’/ems)htigpm@as diluted with
MTBE lt()U%LPHnd i 130 NADIP(BONRE.) GAASE N fickitRél ﬁ&e&:u’t’ Qhél B%ueous was back

e 2t BEVCOEE b B e B o o e

conc. 6t29P$ volume and filtered. The organic solution was concentrated further and then MTBE

was adielt l(@g Qeglgsjbaay B e CH RHi® Mg m%cgrew ﬂs?;f%mﬂ MeOsr a@r ~1500ppm).
After iaiine SORIRIAR 0T C oG o B oie e, e R oHBREd by a 2 hour

additiaphefr F¢ HOK inHPRHS.§ 880 22 equiF. Shtyyprto mrmmﬂay) This was then aged 1
hour aggg 0’%&%& ﬁf&gé@ogiedaggxggﬁﬁtggﬁ)%re(ﬂr 3 Hburs. Q\i?gi% ovemnight at RT,
the Sl“@'i?o‘f’ﬁ%#lrﬁred +pd W&qc{]\a’gh\%}sﬂfﬁm&%&e l(gq m?..)I € ca?(e was then dried
20h under vacuum at room temperature to give the title compound as an HCI salt = MTBE
solvate in 85% yield (5.37 g, 99% ee,).

Example 8
2-Oxo0-1-(4-piperidinyl)-2,3-dihydro-1 H-imidazo[4,5-b]pyridine

Step 1: Ethyl 4-[(2-chloropyridin-3-yl)amino] piperidine-1-carboxylate

H
N/ cl NCO,Et TFA N/ cl NCO,Et

IPAC, rt

To a 1 L three-neck RB-flask equipped with a mechanical agitator and temperature probe was
charged 3-amino-2-chloropyridine (37.9 g, 0.294 mol, 100 mol%) and ethyl 4-oxo-1-
piperidinecarboxylate (55.5 g, 0.324 mol, 110 mol%) followed by IPAC (500 mL). The mixture
became homogeneous after 5 min agitation (16 °C). Trifluoroacetic acid (44 mL, 0.590 mol, 200
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cooled to -10 OC using ice/ MeOH. The sol ution of am ne
prepared above in Step 1 (83.42 g, 0.294 nol, 100
woredohi2asmo THF © EPAC (-1:1) (400 ni, KF of thiBCT/US2007/008701
sol uti on was 500 ppn) was added over a 20 min period
via a dropping funnel. An exotherm was observed during
this addition (max. tenp. 2 0C). Upon conpl etion of
the ami ne solution addition LC anal ysis indicated
consunption of the amne (< 1.0 A% -sanple was
prepared by dilution in 0.1% H3PO / MeCN (70: 30) and
rapid injection on the LC instrunment indicated one
maj or conmponent. After 10 min, water (30 nL) was added
dropwi se over a 10 min period. A second exotherm was

mol%mﬁﬁéﬁéﬁgiedi@rthélﬁuitbﬁ: dWrSO saedlistrigth inbR¥se in@eipperhturd€d 25 °C (no
coohn% usef;ﬂ] §%qef&r§[t\é\aé%§‘g Lelg)%ro prr gi)e(:wg p] ét, 9 3%& mlcﬂdlﬁg%%l% wag' gdded asa

solid owgs5 punhé aduttkeringeagoin feraperatiraitac6 Y was ﬁ' i rAfitﬁr 10 min
agitatibf] Sh¥\Bfi Qure a4 &lbﬁrhxﬁﬁldmgeh@élﬁd L@’m’a@sﬁﬁﬁhﬂ:&ﬂe& coﬁhﬁnptlon (<05

> treated wi .
A%) of il 2 FlorpbgPriie bt SRR e b akels i Rafe ?*ewg@t?e of 10 wt%
aqueoys aOHhwaswided ¢ptheasixtwr @t 80 g cver ST WhemnthenH ofi the mixture was

8-9, the th&’s I\J'etré/ albwéd® &b%téc tThe bhgant€ é“v@ghélﬂi'*ﬁﬁ ®¥ine (200 mL). The

i oot A RS o L s 8 erd o s a1

analysis. le&cgt;edl) ZBE; OB‘Vppﬁpmdtlcm§ Iprlemﬁfhe was gssayedss above and

contaifSPrbEs l:fié pRIARYE A@@&r&;ﬁflgiﬂgﬁ Wlﬁﬁﬂ’lﬂd(gbvﬁé SortfuREbdCAt atmospheric
conduc

pressu; e FORant S Sninns wre) RSP Gt s on TN PRRLY KF

titrationnTh¢ selhBommiae comentrated tova yolun2éof Lifmpbathet-THE (3&tpiponH20, 230

mL) whb ﬁdagdeqh&rs\sﬁistﬁ»{nlr%&ge& Bﬁe&tﬁ‘ﬁfd’r'tﬂé mbs&@x%npgte]ts ant ahigsis gave 84 g,

re
101% 36 e AP ciosty By BiFroRtstand Ko e e oumtgg content as <
500 ppmansed with 2 bed vol unes BPAC. After drying for 12 h
at 50-60 OC under vacuum the product urea was

Step 1(alternate): Ethyl 4-[(2-chloropyridin-3-yl)amino] piperidine-1-carboxylate

To a 2 L three-neck Morton-type flask equipped with a mechanical agitator and temperature
probe was charged 3-amino-2-chloropyridine and ethyl 4-oxo-1-piperidinecarboxylate followed
by IPAC. The mixture became homogeneous after 5 min agitation (16 °C). Trifluoroacetic acid
was charged to the mixture over 30 s, causing an increase in temperature to 26 °C (no cooling
used). After 15 min age, a caplet of NaBH; (0.95 g, 0.025 mol) was added. The temperature was
observed to increase to 28 °C over a 30 min period and the caplet dissolved completely within
this time. This method of NaBH, addition was repeated, allowing each caplet to dissolve before
adding the next, until a total of eight caplets had been added over 7 h. At this time, LC analysis
indicated > 95% conversion of the 3-amino-2-chloropyridine. A solution of 10 wt% aqueous
NaOH was added to the mixture at 30-40 °C (no cooling) over 10 min. When the pH of the
mixture was 12-14, the phases were allowed to separate. The separated aqueous phase was 450
mL and LC éssay indicated this contained 0.5 g, < 1.0% of product. The organic phase washed
with brine then the separated organic phase was assayed. The separated brine wash was 275 mL
and LC assay indicated this contained neglible product. The organic phase was 690 mL and LC
assay indicated this contained 87.5 g, 97% AY of reductively alkylated product and 2.1 g, 5% of
starting amine. The yellow organic phase was concentrated (45 °C bath temperature) to
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obtained as a white solid (81.41 g, 85%i sol ated
yield, 96 % . Step 3: Ethyl

wd2q02A20500 2, 3- di hydr o-1 Hi m dazo[ 4, 5- b] pyri di nP¢F/ys30p7/m8701
eri di ne-1-carboxylate To a 500 nL three-neck

Morton-type flask equi pped with a nmechanical agitator,

refl ux condenser and tenperature probe was charged

NaHCC>3 (25.21 g, 0.300 nol, 300 nol %, urea of Step

2, above (32.69 g, 0.100 nol, 100 nol%, and /-PrOH

(KF 1415 ppm 320 nL). The heterogeneous m xture was

agitated and purged with N using an Mfritted gas

di spersion tube. After 1 h, the Pd(QAc) 2 (0.224 g,

0.001 nmol, 1 nol% and bis-(di phenyl phosphi no) but ane
approx{migtply)ori2-tiid ogigiral 06 FresB IPAICAyasveided add dlals psocess was repeated
until thg.Q«l/a{t Te) EE%LJEE 1'1\8 tugH'ﬂﬂ By 3 it ﬁg ’Ifh%:foﬁltifoﬂr\@ﬁed'onggm‘ated toa

n m xtare to 83 0C

mn. e gl nk s then heate ]
volumg ¢fek 70 ml- thep THE (330 myly)avas addsd . Thig solption wias pegdsdiggethy far the
subsequ@itlsey. M xture indicated > 99.5 : 0.5 A% ratio of

sep 2 A Hbagl Bt PPl SRR PRl e
until 200 nL i-PrOH distillate had been col |l ect ed.
| PAC (200 nlL) and water (100 nlL) were ad@eflf’*éh’aj t he

t enper at ur mai ntai ned at 60 0C. Aftern30 qin
agi t aff1 off, tYfe phases were!-#AYowed, t of seypar af e. Y The
or gan aﬁ QyEear yeRlHy® and th £0ts -NEO,E
col orl ess. “"The separated aqueous vol une was 75 nL -

100 nL sanple was diluted in 100 nL of MeOH and LC
To a 1 ANBlegSicek RBLfGSK @fhifpddBnih atnckHanitalpightdioe tand@anperature probe was

; 14 anthic
onargof AT 0] R34S 110 SO AN lfe (S5 07 L,
0.353 melyd 3 malta) w@é@@% & ropdempeiatirs frealigitlerexetberan) Thaixture was

cooled 61t 10 °C¢ isinpadeBVcOPN TR solitivn of hbindprepared aboedlintStelSF (83.42 g,
0294 30 iy JSERSBAC G BAIAE S b LR, Do 500 pom) s
added ensir @i#@sminperad vige drappieg Binneb An exedlicamevas ohggrved during this
additiohi(faR! R fhp2 D GCH NepsiBksinpREoNBE R dnihé boldtie 8ddi bk IESanalysis
indicateAg conisumption of the amine (< 1.0 A%) — sample was prepared by dilution in 0.1%
H3PO4/MeCN (70:30) and rapid injection on the LC instrument indicated one major component.
After 10 min, water (30 mL) was added dropwise over a 10 min period. A second exotherm was
observed during the water addition (max. temp. 17 °C). The mixture was allowed to warm to rt
and aged for 14 h. The pH at EOR was approximately 1. The hydrolysis was complete (< 0.5
A% intermediate) within 30 min of the water addition as monitored by LC analysis. The mixture
was treated with 10% aq. NaOH until pH 8-9 and the separated organic phase was washed with
brine (300 mL). The work-up was conducted at 50 °C to maintain solubility of the product. The
separated aqueous volume was 500 mL - 100 uL sample was diluted in 100 mL of above sample
diluent and LC analysis indicated 1.38 g, 1.4% of product was present. The brine was assayed as
above and contained negligible product. Azeotropic drying with IPAC was conducted at
atmospheric pressure under constant volume conditions until the water content was < 250 ppm
by KF titration. The urea crystallized and the slurry was concentrated to ~ 5 volumes then
allowed reach rt before the product urea was collected by filtration. The cake was rinsed with 2
bed volumes IPAC. After drying for 12 h at 50-60 °C under vacuum, the product urea was
obtained as a white solid (81.41 g, 85% isolated yield, 96 wt%).
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The solid was dried in a vacuum oven @ 50-60 OC under
an nitrogen sweep for 16 h. A cyclic urea was obtained
w@sood/1ud3vd e solid (27.4 g, 94% i sol ated, 96 wt BGT/BEBP7/008701

4.

J- pi peridin-4-yl -1, 3-di hydro-2Hi m dazo[ 4, 5-b] pyri di n-
2-one di hydrochloride To a 100 tnL three-neck RB-fl ask
equi pped with a nechani cal agitator, reflux condenser
and tenperature probe was charged the cyclic urea nmade
in Step 3, above (4.80 g, 16.48 mmol, 100 nol %
followed by EtOH (10 nL). To the resultant slurry was
added aqueous NaOH (13 niL of 50 wt % sol ution diluted
with 12 nL water, 246.0 nmmol, 1500 nol % and the

Step 3 Mtﬁ}”—?Z-WZ@&%ﬁdrd-DH&%x&ﬁo[4 &fb] pyridin Qr-yllfipéridine: 1-carboxylate
anal ysi's indicated consunption (< 0.5 A% of the
cyclic urea and formation of the am ne product 3 g
sanpl e wa @Hared by dilution in 0.1% H3PO4
(70:30). %&Te £25 nL) and pg@ael (25 nl) wer

and the was agltatedd&; 10 mnthent
phases e Q@ed to aqueous

vol uma NCOA£H0 mi ¥aHEPe was d| I|ute 400

nmL of above d| | uent and LC an&9Hdis indicC 26 g,
5% of product was present. The separated aque

To a 50@hilnthresaseckMatton-tyR(flask equippkd withs: mie¢hanew! agltalQ)O reflux

conderﬁ%r ﬂpﬂgﬁ] didniie Prott Wad- AP M211E0; 194 88620300 %%1930(33@1@{‘]%) urea of

Step 2, ove Q?dﬁésﬁf'iﬁaé’ il AL D ah Ek‘gaﬁé?&“ R gl e

hetero genetaemixror wasoapstatedtanid puhgdlwtth N> cwingemt Mvfmsted $as dispersion tube.
After lr'%gﬁﬁfﬁg).gg)f K('): 254 & @00 P ol fixo‘!’%b Hﬁ@bx‘é@ﬁlpﬁ’l@h%lghs%hﬁ& butane

erature a
(dppb) 554 5,90 05 24086 Were g FIS DOt 2 &R/&Q“tmued fora
furthers8ciaih. Tha paikughitarel wasettiemheated td &3 tﬁ €éeiflpk) ﬁiré4 bAfAtfeer this time, LC

analysﬁ%?ltllléqgelfogv ﬁﬁxtﬁ}é‘ﬁﬁgﬁaéﬁrg9d\@s 0f5 J\Waﬁg o?@gocfulegtoc ng material.

vol unes I -PrCOH sol.l
Atmosppericipreasars distillation ofithe - BFOKD wes iptiaird ?mo@fltlau?ﬁ it gOR mL i-PrOH
distillate'BRPbdealcoféctéd. IPAC (200/meL)patid watee (100 mL) were added and the

temperature was maintained at 60 °C. After 30 min agitation, the phases were allowed to
separate. The organic phase was clear yellow and the aqueous was colorless. The separated
aqueous volume was 75 mL - 100 pL sample was diluted in 100 mL of MeOH and LC analysis
indicated 0.03 g, 0.1% of product was present. The organic phase was washed with brine (3 x 75
mL). Azeotropic drying with IPAC was conducted at atmospheric pressure under constant
volume conditions until the water content was < 150 ppm measured by KF titration. The product
crystallized to produce a slurry at 90 °C. The slurry was concentrated to ~ 5 volumes and
allowed to cool to rt before it was filtered and the cake was washed with 2 bed volumes IPAC.
The solid was dried in a vacuum oven @ 50-60 °C under an nitrogen sweep for 16 h. A cyclic
urea was obtained as a white solid (27.4 g, 94% isolated, 96 wt%).
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het erocycl e bis-HO salt was obtained as a white solid
(5.54 g @78 wt% giving 89%isolated yield, with the
WO e®7deEbo wt % consi sting of NaCll ). Exanple 9 PCT/US2007/008701

2- Oxo-1-(4-piperidinyl)-2,3-di hydro-1li/-imdazo[ 4, 5-6]
pyridineStep | : Ethyl
4-[ (2-chl oropyri di n-3-yl ) am no] pi peri di ne-1-carboxyl at
e 'Ami ne Product' |PAc (369 kg) was charged to 300
gal l on vessel and KF was determ ned to be 180 ug/ni).
Next, 39.1 kg of 3-am no-2-chloropyridine (ACP) was
charged to the vessel, followed a 5 kg | PAc spraybal |
flush and a 20 kg | PAc sprayball flush. 57.2 kg of
| - car bet hoxy- 4- pi peri done was then punped to the

Step 4NEpiRyidinYhyDEEdikydreo-2H-ikdddZ0¢, 51h] peridint@sbne dihgdrochloride
m xture was aged 15 mnutes to ensure ACP was in
solution. Then, g8.& kg trifluoroacetic acig was
charged to the vgsdel followed by a 10 kg c line
flush. 79.7 kg/ STAB was then charged to tpe sse
over ~2.5 hrs, i ntai ni ng the tenperat ur e\bet Wan
22-27C. ( tg the ge t hydregemy f r orRGPTAB
reaction vt rp&du&ﬁ&g@m enmt):d)he
vessel waSnFenNed to & HEL&PA¥Ephere Dggfm ng with the
addi tion of STEB until the excess STAB wag’ guenched
with NaOH.) After all of the STAB was chatged to the

To a 100SHE! thrék-feck R BRRGk Rauipped ayitialal mbthaalvanagitaba refok cBndenser and
tempertPF%g ﬁ?(%ﬁﬁ\%éﬁé%%e?i‘éﬁ%&?&ig ulézfg n%gdelglg eﬁ%s gt%vef(gﬁlgg@éS mmol, 100

agea for ates a

mol%)sfotiewed by EtOM 0§ mhd Fethetrestanh slunyipiscadded ppeeanstNaOH (13 mL of
50 wtdiasoladhn! aileRdiwith 12eHL dlatdrH2h5.0a8kdidl] 05000 ol Yoyt HdNmSHnixture was

heatedﬁ,ﬁ §2§‘;}; ?%ﬁ]%goqﬁ&ﬁug¢taglflpysl_&sclgﬁltchteghc%nls&hﬁtligrll (Q 6'50 I\%) of the cyclic
urea and formation of the amine product 3 - sample was prepared by dilution in 0.1%
H:PO4/MeCN (70:30). Water (25 mL) and i-BuOH (25 mL) were added and the mixture was
agitated for 10 min then the phases were allowed to separate. The separated aqueous volume was
41 mL - 100 pL sample was diluted in 100 mL of above diluent and LC analysis indicated 0.26
g, 5% of product was present. The separated aqueous volume was 54 mL - 100 uL sample was
diluted in 100 mL of above diluent and LC analysis indicated 4.13 g, 86% of product was
present. Azeotropic drying with i-PrOH was conducted at atmospheric pressure under constant

volume conditions until the water content was 150 ppm measured by KF titration. The volume
was adjusted to 100 mL and the temperature allowed to reach 50 °C. HCl in i-PrOH (5-6 N, 20
mL, 0.100 mol, 600 mol%) was added, causing an immediate white precipitate. After cooling to
rt, the slurry was filtered and the cake was rinsed with 2 bed volumes i-PrOH. The white solid
was dried in a vacuum oven @ 50-60 °C under a nitrogen sweep for 24 h. The title pyridine
heterocycle bis-HCI salt was obtained as a white solid (5.54 g @ 78 wt% giving 89% isolated
yield, with the residual wt% consisting of NaCl).

Example 9
2-Oxo-1-(4-piperidinyl)-2,3-dihydro-1 H-imidazo[4,5-b]pyridine
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addi tion of 354.9 kg of 17wt % NaOH t he pH of the batch
was 9.7. The batch tenperature during the pH
wa@adjoagresent was mai nt ai ned bet ween 20-250C. TheCTUS1007/@€08701
was adjusted to a pH of 11 via addition of 16.7 kg
17wt % NaOH. Tenperature was then raised to 55-600C,
agitated for 25 mnutes, and settled for 1 hr. The
aqueous waste | ayer (464.7 kg) was cut to a 500 gallon
vessel. To the mixture was then added 224 kg 15wt %
NaCl followed by a 10 kg DI water line flush. The
m xture was nai ntai ned at 55-600C during a 15 mnute
age and 45 mnute settle. The waste, aqueous |ayer
(248.3 kg) was cut to a 500 gallon vessel. The am ne
Step 1:ftb e (2r¢h1¢@mndel -&vRBménalpipsridingel 'e@tbsmﬁ[ﬂé? vvas aged
overni ght prior to drumm ng. The drumed 'ay

(jikmduct Ow\u\:;\e1 t | PAC' %Iﬁél o:g ﬁ%@hed 5*&‘
concentratio h
16w % rhcgé’gﬁlng to 84A8 assay kg awrd &l #5%‘?

s-aminbl2! d (t acgmbtngiyel d 95- 10896 tee nol bal gRGR)Proddd K9
chloropyridinei ne*p%ﬂﬂm in wet | PAc' was charged to a 200

ol b PA h.,.khe
rec (8% ke Siangs 198 lloR Vebe a5 i el Bed ¥ 1580 mL).
Next, 3901 kges 3Aémlnm¢lﬂoﬂbb§rddmé)(A(}B) avdslehargedno thtevessdl, follewed a 5 kg

P syirbell theh ] el ka EACSREVAM 9g oS oot Treauodbty-4 piperidone

was théi btﬁh?éd% tReedsel pliotveliby a FkGIP A¢ Rk AhsH. "ThdWexdthiRdwvas aged 15
been fed to the vessel, the batch was azeaqtropically

minutegip gesugs ACPNRY i AON IR Thee. 88 K rHIHaEeRcEHS APl vies dfireed to the

vessel ‘fﬁli&vé&rﬁ& 4 Pf\kg IEROHnt IfRSR. 9017IKRETAR whsthén LirbQtoWRE Qessel over
vacuum and 47-54C. About 410 L (~2 batch

~2.5 hvommslm ¢ PRgperRiurs kegween 2427 Vesdave inthe ggnarplion efdydrogen
from SZTWi?F ﬁlaﬁﬁgn whthtrB4idipl Sdid N eHAGH VR olﬂe tv@?seijﬁvﬁﬁ ’véﬂt@& tcpﬂﬂe atmosphere

e tenperature naintained at 40-500C, 18
beginnitrg/with thecddditeor( of STAB| untik theexcess i TvsB pwdmenqheﬂa&lth NaOH ) After

all of tﬁpg"i‘ g%dwﬁsocﬂa?gedv oIne L'eésgl, QrS' lgthIAn:ePSL sprayball flush was charged to the

vessel, followed by a 20 kg IPAc vessel sprayball flush. The mixture was aged for 30 minutes at
20-25°C.

After confirming the reaction was complete, the batch was adjusted to a neutral pH by addition
of 17wt% NaOH while recycling around a pH cart. The initial pH of the system was 2.1. After
addition of 354.9 kg of 17wt% NaOH the pH of the batch was 9.7. The batch temperature
during the pH adjustment was maintained between 20-25°C. The mixture was adjusted to a pH
of 11 via addition of 16.7 kg 17wt% NaOH. Temperature was then raised to 55-60°C, agitated
for 25 minutes, and settled for 1 hr. The aqueous waste layer (464.7 kg) was cut to a 500 gallon
vessel.

To the mixture was then added 224 kg 15wt% NaCl followed by a 10 kg DI water line flush.
The mixture was maintained at 55-60°C during a 15 minute age and 45 minute settle. The waste,
aqueous layer (248.3 kg) was cut to a 500 gallon vessel. The amine product in IPAc is stable
after the cuts and was aged overnight prior to drumming. The drummed 'amine product in wet
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volunme to ~420 L (~ 5 volunes vs am ne product). The
batch in approxi mately 50:50 v:v | PAcr DVE was t hen
w@owhaghsh® 20- 250C. The batch was a slurry at PODDS2007/008701
tenperature, which was aged and stirred 144 hrs until
used in step 2. Step 2: Ethyl
4-[ (am nocar bonyl ) (2-chl or opyri di n- 3-yl ) am no] pi peri di
ne-1|-carboxyl ate After purging a 300 gallon vessel,
220 kg of Monoglynme (DVE) was charged to the vessel.
The sol vent was sanpled to check KF. After the
nmonogl yne was confirmed as dry, the contents of the
vessel vvere cooled to -12 to -14C. After cool i ng the
vessel , of chl orosul fonyl i soctyanat e was
G c

IPAC’ w\#pmwmh@m@ &gclhe concentitipind the batckg %gﬂuwﬁas measured as
% ] e HRAQOL D018, Hexd 1d $520063 040l balance).
IGWt/t’Iggﬁi%{ ndsdtggss'qgrlr{én% pro / m ugél%ei,\v\g% char g@% ol balance)
t he vessel over 95 m nut es. The batch tenperature |n
343 kg}(orfe Vﬁnﬁf’;’)%dqc Err% vr&]rg\;afsf’t)% ar gérggd ege@{\)/g 91? \Sc%’ggeﬁﬁlloxggd by a 50kg
IPAc lmsthrsh The hyﬁzhllh SAS3GF Wat Mchhcainnate'Bhe ﬁﬁthlu(’-é Sweslumes vs. amine

then ed 15 mn e at -8 : 100
productl, 54 i emamdRE At 1E g predp el 4% U] Hg) yaiieg to e vesselto
maintafs c@rﬁbﬁr@ lednﬁb dise1latiss alfted WMeS eritiféty @ thies'amixfe pAOduct in IPAc' had
se frq 12C to 14C

es. enperature ro d,th
been ) @il Bes5th Ao Wasaxepppisalbdon i ratisveHigsd and bleed
dlsnuattaﬁ maﬁh &9 [BAc: c%'é@ntﬁﬂld degifg thedisBRationWére 3 60200 min®lg vacuum and
ng for end of hydralysis reaction. After

47540 Koot T 6o edtevaliment el TRAGOT S 1 e Yersel dienghe feed and

bleed. @Q’le&" SieafingQaRuil Un'thé dREIRNoRGAiH iheRefberatité MabiRbded at 40-50°C,
| e recycl [ n(%oﬁaround a pHcart. The 1nitial pH of

183 kg qfeirxmre Yvees(205 Molupges . quﬂw:&wmatgqégo firyyessel to bring the

voum L85l IS IS, B 5050

IPAc.DME Wwas thlan ceolpd ta226°uiTha gatchewas a slurry at room temperature, which was
aged and stirred 144 hrs until used in step 2.

Step 2: Ethyl 4-[(aminocarbonyl)(2-chloropyridin-3-yl)amino]piperidine-1 -carboxylate

o
H
CI—S— ° NH2
(I 1. CSI (130 mol%) 2.H,0 (\/E
NCOoEt (I \Qqcoza c ~—-NCO:Et
"Amine ‘2"'°d“°t' of Step 1 Reaction Intermediate Urea Product
3 4
C43H15CIN3O, C14H19CIN,O3
283.75 326.78

After purging a 300 gallon vessel, 220 kg of Monoglyme (DME) was charged to the vessel. The
solvent was sampled to check KF. After the monoglyme was confirmed as dry, the contents of
the vessel were cooled to -12 to -14°C. After coeling the vessel, 55.5 kg of chlorosulfonyl
isocyanate (CSI) was pumped to the vessel, followed by a 10 kg monoglyme line flush. The
CSI/monoglyme mixture was then cooled to -16°C and the 'amine product' slurry was charged to

the vessel over 95 minutes. The batch temperature in the vessel during the reaction remained
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extraction was mai ntai ned at 55-600C. After pH reached
9.5 the mxture was agitated for 15 m nutes and
waeawhiedod or 45 m nutes. The aqueous waste | ayreT/(2807/008701
.1 kg) was renoved. 215 kg 15w % NaCl was added to the
vessel, followed by a 10 kg DI water line flush. The
batch was mai ntai ned at 55-600C during the 15 m nute
age and 45 mnute settle. The aqueous waste | ayer
(267.8 kg) was renoved and the vessel cooled to 15 -
25C. The mi xture was concentrated via distillation to
~422 L (~5 volunes vs. starting material). The
distillation condi tions during the concentration mere
0 mmHg vacuum and 45-46C. After the volune reache
below =if§2 30 kg pkmaneglyme waschaeged d thesygssed weﬁﬂledfem\émw%ﬁ" as a follow

flush. %Q%lﬁﬂﬁe Way ﬁlenfang%g 1@%&]&@%{1 ijos-tlb‘l’dl ation using 1299

I'PAc (3.5 bed volunes). Conditions during the feed
and bl eed dlstlllatlon mere 167 - 200 nmmHg vacuum and

After tﬁ? g?i g%gmﬁ%v\ég on S{l ant ev g)ﬁﬁ? e E%SE% g? QY%%{Z{‘QM}M dttB the vessel

over théicstx'rslelodﬂl)mnu@ntﬁm@mmmtmﬂe rosecfréml-127%C & MASC arel thewuixture turned
into a sgw e?ﬁ? %llagtblp%glgﬁ St o %g to IB = i?° alfldea V\@ 01I Z{Iﬂﬁmutef-s prior to

e supernatan con
samplitig €6r endathytrolgsis beagfién.(t arget - 5 g/ L) and t he batch
KF was < 100 ug/nm. Due to filter volune constraints,
the batch was filtered in two drops. The slurry and

After doﬁﬁn?idlgttﬁé rédetién ?ﬁ% h?ﬂipldﬁé ahewiktate Wik &f0dted v DnghalpH by addition
e | tratlon e I r r ere Omnutes

of 17w HNAOH WIS rsfgling arquad &Eﬁmﬁufi-‘ﬁﬂ f PR e es 04. After

additidR&fP. MBS 1 R%to% MaOHN HIE M4S 99 ST eivgserRtlréiniringdthd PPI &dJustment

PAc dlsp acenment mash followed by a 100 k | PAC

mcreas:;plﬁqr? 28es ke 386 withdhe gi;ilgorf phNpOHY g bateinfemperature during the
ex&ac@dﬂmmﬂﬁem 609 LRk RAcKRIS blll@ffﬁktmet Was agitated for 15

trogen for 40 mnutes prior to sanpling for cake
mmutqwndtsyttlecnﬁe Saminuiess Bieagequst waste layeye811loke)avas removed. 215 kg

lSwt%alngI &I%@Aded to the vessel, followed by a 10 kg DI water line flush. The batch was
maintained at 55-60°C during the 15 minute age and 45 minute settle. The aqueous waste layer

(267.8 kg) was removed and the vessel cooled to 15 — 25°C.

The mixture was concentrated via distillation to ~422 L (~5 volumes vs. starting material). The
distillation conditions during the concentration were 200 mmHg vacuum and 45-46°C. After the
volume reached ~422 L, the mixture was solvent switched to IPAc via constant-level feed and
bleed distillation using 1299 kg IPAc (3.5 bed volumes). Conditions during the feed and bleed
distillation were 167 — 200 mmHg vacuum and 46-51°C. Crystallization was observed
throughout this process. The constant level feed and bleed distillation continued until the full 3.5
bed volumes of IPAc had been distilled. The mixture was then cooled to 20-25°C . The
supernatant concentration of urea product was 5 g/L (target - 5 g/L) and the batch KF was <100
ug/mL.

Due to filter volume constraints, the batch was filtered in two drops. The slurry and the filter
were both maintained at 20-25°C throughout the filtration. The first drop filtered in ~10
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90 m nutes prior to discharging the cake into a
stai nl ess steel Heinkel can. 36.6 kg of urea product
wowdcaksonwas collected in the first drop. The BEmOSm07/008701
drop was filtered in -15 mnutes; the filtration flux
was -1900 L/ (nR*hr) and the cake height was 30 cm The
cake was washed with an 80 kg | PAc di spl acenent wash,
foll owed by an 80 kg EPAc slurry wash, followed by a
final 80 kg | PAc displacenment wash. The cake was then
blown with nitrogen for 20 mnutes prior to sanpling
for cake purity. The cake was blown with nitrogen for
an additional 35 mnutes prior to discharging the cake
into a stainless steel Heinkel can. 5 of urea

9.3 k
minutesy the ftratigs R wana260Q (et s and the rake beightwas &p o fe cake was
washed R PRSP AUCSIEASCortEln v BIRIBHEA By a0l doIY PN Hing Wksh,
followérbby 8 fipal 10 kpIRAGisplagerhent washy dilie calbswes thenAlown svidnnitrogen for

a0 il SR A SOLGH S rR e LB R B ol aiionl
90 miniiteR\pirir (¢ discletging@hSudldsintol sainjess MetlotleinkeifcaBA 36.6 kg of urea
producg ?Xeg:la.gg lgvg%( gﬂ@é}gtgﬁghg [rﬁg?q gﬁé%\é\?%%,ge%%é? g.gog) A gsgﬂéer\éﬁ %i ~15 minutes;
the filteabiou emki»g@ ~8149g5 m&gwﬂy@dxﬁe aakekeifint vids W) @ns aye kake was washed

. ure [o t { e . 1
with any 8¢ e fR.8¢ stglaaﬁwga%@%wﬁﬂm 3 80 kg [RAT S w3 fljgwed by a

final 8¢ ki IP A€ dispLRERedwadte ThetchkEwad Uhdn bISWARvith hitddgtn for 20 minutes
Car banat e Af ter,purglng a 300 gaILon,vesseéf 58

. . 5 kg .
prior to,samplge: fop GakepurBkol hegake dypg o Fhth nEoga g pn 2q¢iional 35 minutes

prior t& @s¥eRkin t@NnA Rhigtkst Keelfeinleak 5913 Kd6F urea product wetcake
I sopropyl” al cohol was 237 ppm After the KF
was collected in the second drop.

The urea product wetcake was transferred to tray dryer and dried with full vacuum and 35°C on
the jacket for 58 hours prior to sampling for solvent content. A loss on drying sample indicated <
0.2wt% solvent remaining. Tg assay confirmed the solvent content of the cake was < 0.2wt%
(target < 0.5wt% solvent). A total of 84.0 physical kg of urea product was packaged (97.5 wt%;
81.9 assay kg). The yield was 84.1% based on convérting 84.5 assay kg of amine to 81.9 assay

kg urea product.
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measurenent, 0.67 kg of water was charged to the
vessel followed by 62.8 kg of sodi um bi carbonate and
w@3od/1kgoof the urea product. |sopropyl al cohobC1/85S10g)/008701

was then charged to the vessel spray ball cap,
foll owed by a 15 kg charge of isopropyl alcohol to the
vessel spray ball. The vessel was then pressure purged
with nitrogen 7x using 20-25 psig and venting < 1 psig
bet ween purges. After the pressure purges, 2.2 kg of
|, 4- bi s(di phenyl phosphi no butane) and 0.56 kg of
pal l adium (1 T) acetate were charged to the vessel
Next, 5 kg of degassed isopropyl al cohol was charged
to the vessel spray ball cap _and 15 kg of degassed

Step 33 Ethpk 6ﬁ§rpxer|2c3oﬁréwdmawdm4c§ea4 & pyrédigelsyidnipeiding 1-carboxylate
bal . The isopropyl al cohol used for the followflush
was degassed with nitrogen purges in an agitated
bi owean prior to the charge to the veSQeft. Fol | owi ng

o Hasopr opyl gd(ﬁ fol l owfl UShsg(jj vessel was
essure purge nitrogen 7x usy 20-25 psig and
S My < 1 psi@PBRtween puyrges. het er ogeneous -
2N eagl L NCOREtXt INaHo@s t hen heat 2; 0C and aged for
N" X hr After t he g epct i on age, kt was cooled to
50 0C. The m xture was concentratedHvia distillation
Urea®Prodif@€ Steg 23. 7 vol umes vs. urea product). The

tenperature during the distil |ethylarbanmaged from 80- 83
0C, and the pressure was 760 nmmHg. After the batch

vol unme reached -300 L, 439 kg isopropyl acetate and Af
t (hg 450 ﬁhd@é{?s@h ggcﬁd EndfBLdoAhBL8Gel. Th
erpm?h%{atc ereature V\%pgn 60 65 OC Thdggém xture ¢ y

solventyargs thgh 1sameh=dffgr KfsThe KF ofitheisenrapy! slepholavaspd373mpng Avfter the KF

s, T S A B SO T Bt

bicarborcitelan:83/4 kguuf tlze wea pmxtu):t Sopropyhglechudl (5 kghwas then charged to the

vessel frey B4 EadbiPYed §5 o ske <l b tccipp R bray bt
The veSiel ik eheneressneopurgpd oathi nitrogancTk using 20-25psiznand venting < 1 psig
betwce%cpeutrges After the pressure purges, 2.2 kg of 1,4-bis(diphenylphosphino butane) and 0.56
kg of palladium (IT) acetate were charged to the vessel. Next, 5 kg of degassed isopropyl alcohol
was charged to the vessel spray ball cap and 15 kg of degassed isopropyl alcohol was charged to
the vessel spray ball. The isopropyl alcohol used for the follow-flush was degassed with
nitrogen purges in an agitated blowcan prior to the charge to the vessel. Following the isopropyl
alcohol follow-flush, the vessel was pressure purged with nitrogen 7x using 20-25 psig and
venting < 1 psig between purges. The heterogeneous reaction mixture was then heated to 83 °C

and aged for 24 hr. After the reaction age, the batch was cooled to 50 °C.

The mixture was concentrated via distillation to ~300 L (~3.7 volumes vs. urea product). The
temperature during the distillation ranged from 80-83 °C, and the pressure was 760 mmHg.

After the batch volume reached ~300 L, 439 kg isopropyl acetate and 249 kg water were charged
to ST-20A while maintaining the batch temperature hetween 60-65°C. The mixture was agitated

for 15 min, allowed to settle for 30 min, and the aqueous layer (225 kg) was removed.
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(1091 .4 kg, ~3 bed volunmes) via a constant-vol une
distillation. The ethyl carbamate product crystallized
wo boogugiseout the distillation. After ~3 bed vol poEESDD7/008701

i sopropyl acetate had been fed/bled during the
constant volune distillation, the m xture was cool ed
to 50 0C and KF of the sanple was determ ned to be 200
ppm (target <600 ppm). The batch was then cooled to 20
0C, aged for 3 hr. Concentration of the ethyl

car bamate product was 11 g/L (target < 6 g/L). The
batch was aged for -14 hr. Concentration of the ethyl
carbanmate product was 9 g/L. The batch was filtered
and washed in one drop and the cake height was ~30 cm
Both the slurry and the filter were nmmintained at

The mr M%CBH&&%%WI& Hﬁﬁllgﬂl&{ foaid» 9L (—E"@olﬁﬁx‘é@ v¥@Qiea pr2c)duct) The

I spl acenent washed twce wth |sopropyl acet at e;
temperatyre ardpresyure duriggtie digfillatian vezg 76:89¢ Clandd 60gnmitg; respectively.

Once ve e reag Cﬁo II hﬁ mktu?i)&ﬁi 2% gg ) 19 dﬁé@ wite! 1'3&propyl acetate

O gen wet ca
(1091 I ng faabemgoluﬁaﬁa via 880nStaatrgdume Wlhﬁ@ﬂ&)Thertbyleiaﬁ;plmate product

RN ST I T

fed/bleu{dr}]ﬁilngftﬁe dgﬂlstmt izal&ng:@lstﬂldtmhalheoﬁlxﬁge wapleysled ad 5@ §Cahd KF of the
t t w %, 63.6 o

sampl e Jrt R ned o T P SRR 7D SRR o g BT Y iheapleg t0 20 °C,

aged fﬁsﬁlﬁy kaﬁmcgﬁtrét[cﬁﬁoﬁtﬁe ethybcabaaytepiodicd Was Qargib (Rakget < 6 g/L). The
duct { e

batch asgeg (0T H B Slonpenstatiph pfs: i carkamase Brosdug! e &l

2-one di hydrochl ori de ethyl carbamate pyridine

het er ocycl e bi s-HCl After purglq%ﬁa 200 gal l on vesse
The bagh, Wa-‘k@ly teyed anchimashesip pngdEonend s sakebeight Wagyt3Q ¢fa. Both the slurry

and thé@ﬁWcreE‘ﬁnm%lt 2088 ¢ et uphGAeRE AltthtibA6 The |Egk@£vas displacement

was charged through the vessel sp ra%)n
washecrrvelce ea@tlsqmonylmeiate, VA8 kg lfwashh bhand P& p kg twash \!ler&g’édd for the

wash sra&fenge. Ji‘fne w/éu:ﬁ{e \LEEGth'éﬁ %fbthp%tﬁgﬁuogen for ~1 hr, with LC assay of the wet-
cake indicating LCAP > 98% (target LCAP >98%). The ethyl carbamate product wet-cake was
dried under full vacuum at 35°C for 85 hrs. TG analysis of a dry-cake gave 0.1 wt% loss up to
138 °C. A total of 66.7 physical kg of ethyl carbamate product was pacicaged (95.3 wt%; 63.6
assay kg). The yield was 88% based on converting 81.3 assay kg of urea to 63.6 assay kg ethyl

carbamate product.

Step 4: 1-piperidin-4-yl-1,3-dihydro-2H-imidazo[4,5-b] pyridin-2-one dihydrochloride

CO,Et H
C ”
2 HCI
N 1. HCI N
I >=0 I >=0
N/ N 2. IPA N/ N
H H
ethyl carbamate ) pyridine heterocycle bis-HCI
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the batch was cooled to 50 OC. LC assay determned 0.1
LCAP et hyl carbamate. |sopropyl alcohol was charged to
wWo b@7usssel in two segnents whil e maintaini ng pOEUSBDTING701
tenperature between 50-55 0C. The first segnent, 65.4

kg of isopropyl alcohol, was charged over 3 hr. The
second segnent, 615 kg of isopropyl alcohol, was al so
charged over 3 hr. After the isopropyl alcohol charges
were conpl ete, the batch was cooled to 20 0C, aged for
10 hr. LC assay indicated the supernatant
concentration of the pyridine heterocycle bis-HC
product was 0.78 g/L. After confirm ng the supernatant
concentration, the batch was filtered and washed in
one drop with an average flux of -2300 LMH The cake

After fLBla mdga"ﬂ%g \ﬁ:@el %t'hké BEethyPEdrbaraie »\tdslchﬁfgeu%%ugh the manway.
mal ntal ne 250C t hfoughout the filtration.

The vegsed pvaédbmmr/ggql and 9/3@7 écsqud neNtHGhwhs @@qmm@méhe vessel spray

ball ﬁi%?(g)?]&ﬁ’ was use f or eam&ﬁ% %‘Ei %{égg{(gpaéger 1%“" feaction age,

the batchevas cabled taiSO’6gdiC assay deterthined 00 hE€AR/etbyl darkamate.
wet - cake indicated LCAP > 99% The Pd level in the
i sol ated wet-cake was 7 ppm The cake was bl own with
Isoproﬁjrlt magm wias ichanged tlibicivessel irDtwo Segnpmisowhilomadintaining thédatch

ool e L P e LS B, VLG RS R v chares

over 3aﬂafms. is6conld sepmenl B15 RE Of HopRipy] GRBEoI)wds Ws8chQged Wh@ B hr. After
the sanpl e was heated from - 160

the isogeapy] 3lcohgh dtagges drere porppiste: ﬁf%gagcwé)s cooffklad Copeed for 101, L
assay faicafd tRE siptimaihtdetdnnatish of tHY pyridifd héidcydle 8is-Hal broduct was
vacuum wi th 50 OC on the jacket. KF results gave 0.0
0.78 g{lt-% wat er and residual sol vent analysis by GC gave
0.14 wt% | PA , isopropyl acetate was non detectabl e.

After confirming the supernatant concentration, the batch was filtered and washed in one drop
with an average flux of ~2300 LMH. The cake height was ~30 cm. Both the slurry and filter
were maintained at 20-25°C throughout the filtration. A displaccment/slutry/displacement wash
sequence was then used to wash the cake; 105 kg of isopropyl alcohol was used for each wash.
The wet-cake was then blown with nitrogen for ~1 hr. LC assay of the wet-cake indicated LCAP
> 99%. The Pd level in the isolated wet-cake was 7 ppm. The cake was blown with nitrogen for
an additional 0.5 hr prior to drying. The pyridine heterocycle bis-HCI product wet-cake was
dried under full vacuum at 50°C for ~14 hr. TG analysis of the dry-cake sample gave 0.2 wt%
loss when the sample was heated from 24 °C -160 °C. KF results gave 1.2 wt% water (target <
0.5 wt%). The wet-cake was dried for an additional 4 hr in FD-80A under full vacuum with 50
°C on the jacket. KF results gave 0.04 wt% water and residual solvent analysis by GC gave 0.14
wt% IPA , isopropyl acetate was non detectable.

A total of 64.7 physical kg of pyridine heterocycle bis-HCl product was obtained (96.6 wt%;

62.5 assay kg). The yield was 98% based on converting 63.9 assay kg of ethyl carbamate to 62.5
assay kg pyridine heterocycle bis-HCI product.
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A total of 64.7 physical kg of pyridine heterocycle

bi s-HCO product was obtained (96.6 W% 62.5 assay
w)o7/1343e0 yi el d was 98% based on converting 63POI/ASBAY008701

kg of ethyl carbamate to 62.5 assay kg pyridine

het er ocycl e bi s-HO product. Wi le the invention has

been described and illustrated with reference to

certain particular enbodi nents thereof, those skilled

inthe art will appreciate that various adaptations,

changes, nodifications, substitutions, deletions, or

addi tions of procedures and protocols my be nmade

wi t hout departing fromthe spirit and scope of the

i nvention. For exanple, effective dosages qther th

the paWhilethemveriondes bsen describsd apd Hisisaated dﬂ%’éﬁf‘?ﬁve to certain
particubif efRUIHARS fefo ARG SIGHULRGRe At WiRppidc RS tHal vmlsfadaptamns

responsi veness of the nmammal being treated for an
changes Jreodifi¢atierts; mthtmsxdeéetmﬁgdemom of hrocedures andmrotocols may be

-made "E‘ﬁg@?@%’rd“aggg fro th'o‘:I Wafig ’sc(bje ofthE ﬁivfehﬁon For exam de effective

responses observed may vary acco
dosagek otlmn thatiahe pakiticglan dosagedas mfdrﬂchéram abotve mydmmxpﬂma;tsle asa

el ected .or. whether there are e [ t
conseaigies afarialiont 15 P s ep S he REMmATRIAREEH £ aay of the
mdlcatﬁfns adth thie Sbimpouads Efithe ﬁmﬂtloxahdh&ttﬁl'hbexrp.e Liledvise, the specific
i ations or di ffe nces in the re uIt

pharmaaglaeion FerPRReeS P0STX e AN SBTFSCAIGING T ) LsPEnding upon the particular

active EdrASdndS Seleéted Be wﬂhegféﬁmeré mga&seﬁnphdmac@ticm &itded, as well as the
therefore, that the_.inventjon be defin t he co e

type ofgPrmRlaieh 2nhasisiof AUPULFEROR RPRIAYAC ﬁ“ \expftef yatiations or

dlffCl’Gh(EHS Qﬁ ﬂfeelte%tsaaﬁ'e %ﬂ@ﬁh&)lﬁt&ﬁm' atchrIanc Wwiith the/$dcts and practices of the
rocess for the preparation of

presentzngjqrglqn. (1211spp¥9§¢¢c§ ﬁh@rpi)breé tl;ptdhchwp@nqn be defined by the scope of the
claims WHidRfeRlod gixcﬁ&mgﬁ@'dcﬂ' ﬂﬁ“xpg bEYx? &la&"éé BfadfAdsds PEaRGRbTe.

conprising the steps o eact 1 ng

3-am no-2-chl oropyridine with

4- oxo- | pi peri di necarboxylate to form

4[ (2- chl or opyri di n- 3-yl ) am no] pi peri di ne-

.._)
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1-carboxyl ate; (2) reacting the G -4al kyl
4[ (2- chl oropyri di n- 3-yl ) am no] pi peri di ne-1 - car boxyl at e
wowvdaoh/1etsbor osul f onyl i socyanate to form G "al kptT/US2007/008701

4[ (am nocar bonyl ) ( 2-

chl oropyridi n-3-yl)am no] pi peridi ne-1-carboxyl ate; (3)

reacting the 4[ (am nocar bonyl) (2-chl oropyri di n- 3-

yl ) am no] pi peri di ne-1-carboxylate to form G "al kyl

4- (2- oxo0- 2. 3-di hydro-1 Hi m dazo[

4, 5-Db] pyridin-1-yl)piperidine- 1-carboxylate; (4)

reacting the

4- (2-oxo-2, 3-di hydro-| Him dazo[ 4, 5- b] pyri di n-1yl)

pi peridine-1 -carboxylate with HJ. 2. A process for
WHAT i@%pﬂbﬁlatl%n of

2- 0X0-1-(4-piperidinyl)-2,3-di hydro-I -

I m dazo[ 4, 5-b] pyri di ne di hydrochl ori de, said process

conpri ki ng Alpgoesse fior thé prepayationadi2-ewp-1-(4-piperidinyl)-2,3-dihydro-1H-

... 3zam no- 2. chl ' . . .
lmldazﬂ%g]gj]]?yndxﬁ:e di ra'&po\éfxfo ! ggsya}ma {)%c?%sr%)l(t)nrprﬁsg%%t)l}te steps of:

“pIpeéeridinecar
4[ (2-chl oropyri di n- 3-yl ) am no] pi peri di ne- 1- car boxyl at e

. (2) reactin he .et hyl. ,. .

410 SachiRe sehle B shISTopYBidine e, e ey -
-ﬁEéMiinaaﬁcﬁcymté to RIRMAT Ralktyl @2+ chlcropyrdiatie yl)amimipiperidine-
et hyl 4[ (am nocar bonyl ) (2-chl oropyri di n-

3L GRPaXYIAE pi peri di ne-1 - carboxyl ate; (3) reacting the
ethyl - R,

cl2) Tensiing e Pl BIE rEpIRin - Darkaro piperidine 1 carboxylate
Awith 'cﬁg,%s%n%hﬁi By aRatk b kM@fﬁlﬂyﬁ{MﬂMéé%wWh)

pi peridine- 1-carboxylate; (4) reacting the ethyl
4chloropyndin-Bybaminedpiperdingi ldearboxylaten] pyri di n- | yl )

(3) reacting the C,4alkyl 4[(aminocarbonyl)(2-chloropyrndin-3-
yl)amino]piperidine-1-carboxylate to form C,4alkyl 4-(2-ox0-2,3-dihydro-1H-
imidazo[4,5-b]pyridin-1-yl)piperidine-1-carboxylate;

(4) reacting the C,4alkyl 4-(2-0x0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-
yDpiperidine-1-carboxylate with HCI.

2. A process for the preparation of 2-oxo-1-(4-piperidinyl)-2,3-dihydro-1H-

imidazo[4,5-b]pyridine dihydrochloride, said process comprising the steps of:

(1) reacting 3-amino-2-chloropyridine with ethyl 4-oxo-1-piperidinecarboxylate
to form ethyl 4[(2-chloropyridin-3-yl)amino]piperidine-1-carboxylate;

(2) reacting the ethyl 4[(2-chloropyridin-3-yl)amino]piperidine-1-carboxylate
with chlorosulfonyl isocyanate to form ethyl 4[(aminocarbonyl)(2-chloropyridin-

3-yl)amino]piperidine-1-carboxylate;
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pi peridine-l1 -carboxylate with HO. 3. A process for
t he preparation of

WQ@20%0209¢ 4- pi peri di nyl) -2, 3-di hydro- | H m daze{T/US2007/008701

4,5-b] pyridine, said process conprising the steps of:

(1) reacting 3-am no-2-chloropyridine with ethyl

4- oxo- | - pi peridi necarboxylate to form et hyl

4[ (2-chl oropyri di n- 3-yl ) am no] pi peri di ne-| - car boxyl at e

7 (2) reacting the ethyl :

4[ (2-chl or opyri di n- 3-yl ) am no] pi peri di ne-| - carboxyl ate
wi th chl orosul fonyl isocyanate to form et hyl

4[ (am nocar bonyl ) (2- chl oropyri di n-

3-yl)am no] pi peri di ne-1-carboxyl ate; and (3; Leafting_
t(ﬁ{re@p“% the ethyl 4[(aminocarbonyl)(2-chloropyridin-3-yl)amino Jpiperidine-

A ABLRNSR D P 2thgt 41020k 02Y3-shyarcd 1 AL ihaahsbph BLEIBYH @Dl -
e- 1-carboxylate t0o form ethyl

alyprpesidine | Tagioxyletes- | H- i mi dazo[ 4, 5-b] pyri din-1yl)

pi peridine-1 -carboxylate. 4. A process for the
preparation of 2-oxo-I|-(4-piperidinyl)-2,3-dihydro-

i) Tedating the, €Bhyl |4p(R-oxati-A3-dihydrdr ddnotazdld,5-bipwiidin-deess

C ri si.ng,the steps wl) reacting ethyl
@[%E%hdl %&ﬁﬂ%%?’iﬂ?’?%‘y%)}grﬁ'no] pi peri di ne-|

-carboxylate with chlorosul fonyl isocyanate to form
et hyl

o1 ol o pavelen o-thd bERRADR SRS Mk ainerigpp s dibvdro-117

'imidazaFf,‘SUb]pyridine, said process comprising the steps of:

4[ (am nocar bonyl ) ( 2- chl oropyri di n-3-yl ) am no] pi peri din
e- l-carboxylate to form et hyl

41§ PeaRtifg 3-amiflbRYcHIGrobitdink daaPethyt-Bbk e piférdihydatbox ylate
pi peri di ne-| -carboxyl ate; and (3) reacting the ethyl
4o (formp gthyb 4H2whiprepygiding3- yhamipojnirerding raaghaxylate;

(2) reacting the ethyl 4[(2-chloropyridin-3-yl)amino]piperidine-1-carboxylate
with chlorosulfonyl isocyanate to form ethyl 4[(aminocarbonyl)(2-chloropyridin-

3-yl)amino]piperidine-1-carboxylate; and
(3) reacting the ethyl 4[(aminocarbonyl)(2-chloropyridin-3-yl)amino]piperidine-
1-carboxylate to form ethyl 4-(2-oxo0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-

yl)piperidine-1-carboxylate.

4. A process for the preparation of 2-oxo-1-(4-piperidinyl)-2,3-dihydro-1H-

imidazo[4,5-b]pyridine dihydrochloride, said process comprising the steps of:

(1) reacting ethyl 4[(2-chloropyridin-3-yl)amino]piperidine-1-carboxylate with
chlorosulfonyl isocyanate to form ethyl 4[(aminocarbony!)(2-chloropyridin-3-

yl)amino]piperidine-1-carboxylate;
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yl) pi peridine-1-carboxylate with HJ. 5. A process for
t he preparation of

WQ@20%0209¢ 4- pi peri di nyl) -2, 3-di hydr o- 1H m dazoPCT/US2007/008701
4, 5-b] pyri di ne di hydrochl ori de, said process
conprising the steps of: (1) reacting ethyl
4[ (am nocar bopyl ) (2- chl oropyri di n-3-yl ) am no] pi peri din
e-|1 carboxyl ate to form et hyl
4- (2-o0x0-2, 3-di hydro-1 Him dazo[ 4, 5-b] pyridin-1yl)
pi peridi ne-|-carboxyl ate; and (2) reacting the ethyl
4- (2- oxo- 2, 3-di hydro-1H i m dazo[ 4, 5-b] pyri di n- 1-
yl ) pi peridine-1-carboxylate with HJ. 6. A process for

L35 iR 20 Rlarmignseroem @ sprepyridip A digipolpiperidine-

4 5a:Bl)i@)‘ﬁﬁtedcb FSrm Sfhlytl4{P @%8S53-Ailydrd-3 Hnignidhso[ 8 5epyadin-1-
(1) reacting ethyl

ylppreridiet-dprranyiatg-apd) ani no] pi peri di ne-1 - car boxyl at e
wi th chl orosui fonyl i socyanate to form et hyl

4[ (am nocar bonyl) éé chl oro yr| di n- 3-

y(B) eeacting gierthyldh-(e0x0-2 3rdi Xﬂ}ﬂoal:}é*mah’@[@%bﬂmlilﬂg

t
A)Ffp ﬁ‘lr%%%\-r '°8‘FR/ xﬂaéewﬁﬁhoropyrl di n- 3-yl ) am no] pi peridin

e- 1-carboxylate to formethyl 4-(2-o0xo-2,3-dihydro-|

| m d? z0[ 4,5 rgl: rfJ)lidt!h? gl’éﬁ)a}aAlon of 2-0xo—¥-étrt-pti%eé'idinyl)-2,3-dihydro—1H-

p| peridi ne- ‘1\ car rocess
imidazo{4p-d]pyridine dihyaromhtoride( shici)pmessd:ion;ﬂr)sir% tBe steps of:

di hydro-| Him dazo[ 4, 5-b] pyri di ne di hydrochl ori de,

sai d process conprising the step of: reacting ethyl

4019 escting sthyDaf(hn(rdcatbony )@y ctilciopyadinl 3-glyaméqlpiperiditier -
ﬁg-afl xglzarzg O(i(&[ o e Ve -f O_%)F(g %%-thydro-l?l-lgr);?dazo& 9 leQ’ drd?n—l-

yl)piperidine-1- carboxylate, and

(2) reacting the ethyl 4-(2-0x0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-
yl)piperidine-1-carboxylate with HCI.

6. A process for the preparation of 2-oxo-1-(4-piperidinyl)-2,3-dihydro-1H-

imidazo[4,5-b]pyridine, said process comprising the steps of:

(1) reacting ethyl 4[(2-chloropyridin-3-yl)amino]piperidine-1-carboxylate with
chlorosulfonyl isocyanate to form ethyl 4[(aminocarbonyl)(2-chloropyridin-3-

yDamino Jpiperidine-1-carboxylate; and
(2) reacting the ethyl 4[(aminocarbonyl)(2-chloropyridin-3-yl)amino]piperidine-

1-carboxylate to form ethyl 4-(2-0x0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-
yl)piperidine-1-carboxylate.
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pi peridine-1 -carboxylate. 8. A process for the
preparation of an acid salt of

wQ@2@302059¢ 4- pi peri dinyl)- 2, 3-di hydro-| PCT/US2007/008701
H i m dazo[ 4, 5-b] pyri di ne, conprising the steps of: (1)
reacting 3-am no-2-chloropyridine wth
4- oxo- | pi peri di necarboxylate to form C - 4al kyl
4[ (2-chl or opyri di n- 3-yl ) am no] pi peri di ne-
1- car boxyl ate; (2) reacting the G ~al kyl
4[ (2-chl or opyri di n- 3-yl ) am no] pi peri di ne-| - carboxyl ate
Wi th chl orosul fonyl isocyanate to form
4[ (am nocar bonyl ) ( 2-

Chl oropy T a3 g kT ol DL PSL e s £ A DA 269

reacti

ﬁlﬁ?d'ﬂonm-%hhﬁﬂ&ﬂ@i—@]ﬁhﬂdﬁi&ﬂﬁ?&r@bﬁloﬁde said process compnsmg the
yl )am no] pi peri di ne-1 -carb %zate to formC a

igrpoty xgacting ethylyAftagmipogarbonyl)(2-chloropyridin-3 —yl)am%o]pxpendme—
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1-carboxylate;

(2) reacting the C;4alkyl 4[(2-chloropyndin-3-yl)amino]piperidine-1-carboxylate
with chlorosulfony! isocyanate to form C4alkyl 4[(aminocarbonyl)(2-

chloropyridin-3-yl)amino]piperidine-1-carboxylate;

(3) reacting the C,4alkyl 4[(aminocarbonyl)(2-chloropyridin-3-
yl)amino]piperidine-1-carboxylate to form C,4alkyl 4-(2-0x0-2,3-dihydro-1H-
imidazo[4,5-b]pyridin-1-yl)piperidine-1-carboxylate;

(4) reacting the C,salkyl 4-(2-0x0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-
yl)piperidine-1-carboxylate with a strong acid to form an acid salt of 2-oxo-1-(4-
piperidinyl)-2,3-dihydro-1H-imidazo[4,5-b]pyridine.

9. A process of claim 8, wherein said C, 4alkyl 4-oxo-1-

piperidinecarboxylate is ethyl 4-oxo-1-piperidinecarboxylate.

10. A process of claim 8, wherein said strong acid is selected from HCIl, HBr,
HI, HzSO4 and I‘INOJ.
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of—cﬁxlbaixmaﬂel wherein said strong base is select ed from
NaOH, Li OH and KOH, and wherein said strong acid is
selected fromHCO, HBr, H, H2SO4 and HNCS.

(2) reacting the C,4alkyl 4[(2-chloropyridin-3-yl)amino]piperidine-1-carboxylate
with chlorosulfonyl isocyanate to form Cj4alkyl 4[(aminocarbonyl)(2-
chloropyridin-3-yl)amino]piperidine-1-carboxylate;

(3) reacting the C;.alkyl 4[(aminocarbonyl)(2-chloropyridin-3-
yl)amino]piperidine-1-carboxylate to form C;4alkyl 4-(2-0x0-2,3-dihydro-1H-
imidazo[4,5-b]pyridin-1-yl)piperidine-1-carboxylate;

“4) reacting‘ the C;4alkyl 4-(2-0x0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-
yDpiperidine-1-carboxylate with a strong base, followed by a strong acid, to form

an acid salt of 2-oxo-1-(4-piperidinyl)-2,3-dihydro-1H-imidazo{4,5-b]pyridine.

12. A process of claim 11, wherein said C)4alkyl 4-oxo-1-

piperidinecarboxylate is ethyl 4-oxo-1-piperidinecarboxylate.

13. A process of claim 11, wherein said strong base is selected from NaOH,

LiOH and KOH, and wherein said strong acid is selected from HCI, HBr, HI, H,SO4 and HNO;.
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