WO 2007/120591 PCT/US2007/008702 TITLE OF THE INVENTION
PROCESS FOR THE PREPARATION OF CGRP ANTAGONIST
wBAGKEROUND OF THE INVENTION International patent applicadi@nsoes 7oz
PCT/US2004/010851, filed April 9, 2004 (published as W02004/092166
on October 28, 2004) and PCT/US2 004/0 1 1280, filed April 9, 2004
(published as W02004/092169 on, October 29, 2004), and U.S application
Serial Number 10/838,835 (issued as U.S. Patent Number 6,953,790 on
October 11, 2005) disclose compounds useful for the treatment of
diseases or conditions of humans or other species which can be treated
with inhibitors, modulators or promoters of the Calcitonin Gene-Related
Peptide (CGRP) receptor function. Such diseases or conditions include
TITLEHOBE HBIHONEN TA@Me referenced applications, and specifically include
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receptor function. Such diseases or conditions include those mentioned in the referenced

applications, and specifically include migraine and cluster headache.

N—[(3R,6S)—6—(2,3-Diﬂu0ropheny1)-2foxo—1—{2,2,2-triﬂu0roeﬂzyl)azapan-3~yi]-4-
(2-0x0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-yl)piperidine-1-carboxamide, 1
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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,65)-3-amino-6-(2,3-difluorophenyly-1-(2,2,2-trifluoroethyl)azepan-2-one, 2:



~F O NF FINH2 r2 and the intermediate
2-0x0-1-(4-piperidinyl)-2,3-dihydro-IH-imidazo[4,5-b]pyridine, 3: N
widhahiNiky® 3 and salts thereof, including PCT/US2007/008702
2-0x0-1-(4-piperidinyl)-2,3-dihydro-IH-imidazo[4,5-b]pyridine
dihydrochioride: /~~ N 2 HCI k HN }-Ne 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 gFMerein the synthetic route to
compound 2 is efficient and econfgmica Pyior techniques for making

CDI-mediated cyclic urea formatiesand, lastly, acidic Boc-group
deprotection/salt formation. 2 ;

and the intermediate 2-oxo-1-(4-piperidinyl)-2,3-dihydro-1H-imidazo[4,5-blpyridine, 3:

7
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and salts thereof, mcluding 2-oxo0-1-{4-piperidinyl)-2,3-dihydro-1 H-imidazo[4,5-b]pyridine

dihydrochloride:
7
. N
2 HCl- 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 technigues 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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This "DAP" route is characterized by high-cost starting materials and

. ... reagents as well as a low -2 yielding first step, resulting in prohibitive
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ffici apd conomical. Finally, prior techniques for making compound 1, which
S it |§ﬁ%%oemrﬁ:§}0y 4- nitrophenyl chloroformate as the carbonyl source,
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osure provides an efficient synthesis for the preparation o
compiuiBR,&8)Brarmaceutically acceptable salts thereof, which is amenable to large scale

produlZeiHAIRRNENY:2:0%0d (R 2iButiifluoroethyhazepan-3-yi]-4-(2-0x0-2,3-
dihydro-IH- imidazo|[4,5-b]pyridine-1.-yl)piperidine-I-carboxamide, 1, by
coupling the intermediates

SUMNBRRES)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-trifluoroethyl)azepan-2-on
e, 2, particularly the hydrochloride form thereof, and
2-0x0-I-(4-piperidinyl)-2,3-dihydro-IH-imidazo[4,5- b]pyridine, 3,

paticuai e %M@%Mﬁr%é%ﬁ?’s%tﬂﬁegié'ﬁﬁ‘rﬁ@}ﬂgﬂ&‘a‘g@ﬁ%? AS[(3R.6S)-6-

carbonyl source. In a first aspect, there is provided a process for the
(2_,3ndpﬁgﬁg}glg@waf%@Kle1é%,)Z§:(§%u01'oethyl)azepan-B-yl]-4-(2-0x0~2,3~ dihydro-1H-
imidagiyaropnenyhet oxNgriséd d-tiluareethyiazenany3-ylndi{Ra0%Re2 Frdiiediates

dro-IH- imidazo[4,5-b pyridine-l-){l) iperidine-l-carboxamide, said process,
(3R,6@6—&]—6%}%q-égaﬁgluorophenyi}n -P2,2,2-tr1ﬂuoroethyl)azepan«-2~0nc~:, 2, particularly

the h{BrbOFPrdtaminarbiies-difiuarophrayl)-4(gidedrdifinpmeth)azenanidiaazo|4,5-
e _hydrgchloride and

Olpyrigigo f(4PBIHERARY 1) Be3 HIRHRS R0 d28Ts, 528y tiding bonyidiimidazole as

carboghihydr@ehloride in the presence of 1,1'-earbonyldiimidazole. The
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difludi(@R&5)y8+ax3-AHILAD Rt Soytp-eiox mrbdehid:2- Wfldatbetivyl) Azeibanr3-yir4-
imidag:%_[az(ﬁqﬁps;ridine—]—yl)piperidine-l-carboxamide, said process comprising reacting
(3R,68)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-trifluoroethylyazepan-2-one  hydrochloride
and 2-oxo-1-(4-piperidinyl)-2,3-dihydro-1H-imidazo[4,5-bjpyridine dihydrochloride in the
presence of 1,1 -carbonyldiimidazole.

The disclosure further provides an efficient preparation of potassium salt forms of N-
[(BR,68)-6-(2,3-difluorophenyl)-2-0x0-1-(2,2,2-trifluoroethyl)azepan-3-yil-4-(2-ox0-2,3-
dihydro-1H-imidazo[4,5-b]pyridine-1-yDpiperidine-1 -carboxamide, 1 including  the
potassium ethanolate form.

In a second aspect, there is provided a process for the preparation of the potassium
salt ethanolate form of N-[(3R.68)-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]pyridine- | -yl)piperidine-

]-carboxamide, said process comprising the steps of: (1) reacting (3R,65)-3-amino-6-(2.3-



dihydro-lH-imidazo[4,5-b]pyridine-l-yl)piperidine-l-carboxamide, I including
the potassium ethanolate form. In a second aspect, there is provided a

difluopBhersd rdrthe-prap LS 8P iensBasdiim JaitQrdAbikte o of 2-oxe-1-(4-
piperilr{BR. 8) 1By (Re3 1git iR b pNY b rex@nde (@iRsdrochloride in the presence of 1,1°-
tri[l oro thyl)azepan-3-_y|]-47(2-0xo;2 3-dihydro- 1
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,2,2-trifluoroethyl)azepan-2-one hydrochloride an _
(Z2-oxoprolihydrpipEridingdrol 3 diMparslinglimibapeidischjpaitiinamide  with  a
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reacting

and ppjeRERIBS ek U g drsprsET- o1 - (2,2, 2-trifluoroethyl)azepan-3-yl]

-4 a fourth aspect, there is provided a process for the preparation of a potassium salt
(2-ox0-2,3-dihydro-IH-irnidazo[4,5-b]pyridine-I-yl)piperidine-l-carboxamide )
solvalgitfPEC o pBTMRseTeded- Aot poieris i tertikide 2potausigathyazepan-3-

yl]4@@@@@@@&@%@@&%&&%@,@@@9@@&9%@5&%@&1U&%Q&ﬁﬁ@ace said
of ethanal. In a fourth aspect, there is provided a process for the

Proces IR %ﬁ)o‘iﬁ@éi&ﬁ At SHNARE 16 Ry BF -2 -amino-6-(2,3-difluorophenyl)-1-
(2,2, 2Nr[(BR:6 &P Pralifiorep g ayb-Arevidel-Ghd - 2 tokbaroetmlazapanBs.-dinydro-
o S SN S Lot s
isolat{BR, 8S)c Srassine-G-R Blifueiephenyodo-1-(2,2,2-trifluoroethvl)azepan-3-yl]-4-(2-
0x0-2,3-dihydro-1H-imidazo{4,5-b|pyridine-1-yl)piperidine-1-carboxamide; and (3) reacting
the  N-[(3R,65)-6-(2,3-diftuorophenyl)-2-ox0-1-(2.2,2-trifluoroethyl)azepan-3-yi]-4-(2-oxo-
2,3-dihydro-1H-imidazo[4,5-bipyridine~1-yl)piperidine-1-carboxamide with a compound
selected from potassium ferf-butoxide, potassium hydroxide, potassiom methoxide and
potassium ethoxide, in the presence of ethanol and water.

In a fifth aspect, there 1s provided a process for the preparation of the potassium salt
solvate form of N-[(3R,65)-6-(2,3-diftuorophenyl}-2-oxo-1-(2,2,2-trifluoroethyl}azepan-3-
vi}-4-(2-ox0-2,3-dihydro-1H-imidazo[4,5-b|pyridine- 1 -yl)piperidine- | -carboxamide, said
process comprising the steps of: {1) reacting (3R,6S)-3-amino-6-(2.3-difluorophenyl)-1-

(2,2,2-trifluoroethyl)azepan-2-one hydrochloride and 2-oxo-1-(4-piperidinyl)-2,3-dihydro-
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(2 2,2-trifluoroethyl)azepan-2-one hydrochloride and
0X0-1-(4-piperidin i) Zﬂés dihydro- 1H-imidazo[4,5-b]pyridine
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droxide, potassium methoxide and potassium ethoxi.de, in the
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difluorophenyl)-2-oxo-1-(2, 2 2 trifluoroeth aze an- -3-yl]-4-(2-0x0-2,3-di
dihydegeipiidtnidazbls, 5-b Sy HdRe- 1-ypi @ﬁév#)e aié(‘\%a.a Br%%%és(” 2:2-
mﬁu&@mgﬂ%@aﬂmga; -(2-ox0-2,3-dihydro-1H- 1m1dazo 4,5-b} pvr;dme 1-yDypiperidine-

(3R, 6%) -3-amino-6-(2,3- dlfluoro hen{ﬁ? £2%2 ,2-triflugroethyl azepan -2-Qn .
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irlﬂudfﬁﬂﬂﬁﬂ%edpdﬁl?m?qlat@@id theniirgasdingisaiddintermedipteiwite- 1 -yl )piperidine-
0XO: erldlnyl -2,3-dihydro IH i dazo 4,5- h)pyridine
! Cart%ﬂh%i‘é% e An LERA gg;@e&? thef&ls bP E‘i%){ BF oG hgotassium
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salt -yl)piperdise-  form of N-{(3R,68)-6-(2,3-difluorophenyl}-2-oxo-1-(2,2,2-
trifluoroethyljazepan-3-yl|-4-(2-0x0-2.3-dihydro- | H-imidazo[4,5-b]pyridine- 1 -yDpiperidine-
I-carboxamide, said process comprising the steps of: (1) reacting (3R.68)-3-amino-6-(2.3-
difluorophenyl)-1-(2,2,2-trifluoroethylazepan-2-one hydrochloride and 1,1°-
carbonyldizmidazole to form a caprolactam acyl imidazole intermediate, (2) reacting said
intermediate with 2-0x0-1-(4-piperidinyl)-2,3-dihydro-1 H-imidazof{4,5-b|pyridine
dihydrochloride; and (3) reacting N-[{(3R,68)-6-(2,3-difluorophenyl)-2-ox0-1-(2,2,2-
triftuoroethyl)azepan-3-yl}-4-(2-ox0-2,3-dihvdro-1 H-imidazo[4,5-blpyridine-1-yi)piperidine-
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1-carboxamide, said process comprising the steps of: (1) reacting
(3R,6S)-3-amino-6-(2,)-
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2-0x0-I-(4- plperldlny )-2,3-dihydro- 1Himidazol[4,5- b]pyridine
dﬁﬁy@ﬁé%m@ﬁﬁ%‘?taﬂ@r@)sr@éﬁﬁﬁéd a process for the preparation of the potassium salt
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trlfluoroeh%l)azepan 2-0x0-2,3-dihydro-IH- |m|dazo[4 5-b]pyridine-|
VI-4-Gryprprarittingy 3t 1 darBisieamite- Wit smpo IRt safibtel fop amide.  said
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potassium ethoxide, in the gyesence of ethanol. In a ninth aspect, there is
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caproMcEﬁ%Rf@%) Enla3-6lif uatopheanvl; 2(2’}(@65&{212 Eaiﬂﬂﬂﬁéﬁﬁﬁi\ﬂﬁézﬁmnﬁoxo 1-(4-

[]-4-(2-0x0-2,3-dih dro I.H- |m|d b]pyr pi erldlne I-carboxa
PiPer TG, e s ORI T PR, and () reaeting
[(3R, ((SE@@)ﬁd@i@ﬂt@@;ﬁr&ﬂﬁ)@fWQpﬂellyl)riﬁuorocthyl)azepan 3-y1]-4-(2-0x0-2.3-

trifluo laze e.hyd and
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Additionally, the disclosure provides an efficient syntheses for the preparation of
intermediates  (3R,68)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-trifluoroethyl)azepan-2-one,
2. including salts thereof and particularly the hvdrochloride salt form; and 2-oxo-1-(4-
piperidinyl)-2,3-dihydro-1H-imidazo[4,5-b}pyridine, 3, including salts thereof and
particularly the dihydrochloride salt form.

The disclosure additionally resides in the superior properties of the potassium salt of
N-[(3R,68)-6-(2,3-difluorophenyl)-2-ox0-1-(2,2,2-trifluoroethyl)azepan-3-yl}-4-(2-ox0-2,3-
dihydro-1H-imidazo[4,5-b]pyridine-1-yDpiperidine-1-carboxamide, 1, including the

potassium salt ethanolate and potassium salt hydrate.
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[(3R,6S)-6-(2,3-difluorophenyl)-2-oxo0-1-(2,2,2-trifluoroethyl)azepan-3-yl]-4
-(2-ox0-2,3-
woibydrodsi-imidazo[4,5-b]pyridine-1-yl)piperidine-l-carboxamiges ag@dHes 702
reacting said N-
[(3R,6S)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-trifluoroethyl)azepan-3-yl]-4-
(2-ox0-2,3-
dihydro-IH-imidazo[4,5-b]pyridine-I-yl)piperi.dine-I-carboxamide with a
compound selected from potassium tent-butoxide, potassium hydroxide,
potassium methoxide and potassium ethoxide, in the presence of ethanol
and water. In a tenth aspect, there is provided a process for the

| tassi te f f
DETA%%RE? e@%ﬁ@ﬁl &%@?ﬁ% )-%%\ﬁigzl;triﬂuoroethyl)azepan-3-
yI}-4-(2- e ébinshaniténrpidareld s RlowichoprlaIRedncoFRRFPOKEs) 6.0

dif] 0| id_froge MPKIS| e.steps of, (1),r in .
i;i::ffR%" 3;6— %‘? 14 52%@5’{?%3%%@2%%@6-y?]-iaé-o 0-2,3-dihydro-1H-

% 422 OV Sethy R PERaRe-bivar hgtrBErf fd@shids potassium salt ethanoate:
1,1'-carbonyldiimidazole to form a caprolactam acyl imidazole

intermediate, (2) reacting said fmtermediate with 2-oxo-I-(4-
piperidinyl)-2,3-dihydro-1H-imidaZp[45-b]pyridine dihydrochloride; and (3)

reacting N- N . CiL
[(3R,6S)-6-(2,3-difluoro =2/0Xp=d (2,2-2¢trifluoroethyl)azepan-3-yl]-4
-(2-0x0-2,3--dihydro-IH- o[4 © =y '

5-b]pyridine-l-yl)piperidine-l-earboxamide with ’ompound selected from
potassium tent-butoxide, potassium hydroxide, potassium methoxide and
potassium ethoxide, in the prgsence of ethanol and water. Additionally,
the disclosure provides an efficignt syntheses for the preparation of

N

intermediates o
(3R,6S)-3-amino-6-(2 or pwgnﬁ_(g»z nriﬂté%rlﬁethyl)azepan-Z-on
e, 2, including salts t and parti rlyéﬁwdroc loride salt form;
and 2-oxo-I-(4- piperidinyl)-2,3-dihydro-IH-imda%Zo[4,5-b]pyridine, 3,
includini;hsalts hereof and particularly the dihydrochloride salt form. The
_ disclosureeSdGHEHEIRE LS d e dodiibrosreperids b tve G Assium
mitluorggfgpazepan-3-y1)-4-(2-0x0-2,3-dihydro- 1 H-imidazo[4,5-bIpyridin-1-ylpiperidine-1-
CafboxMgmwﬁt@%mﬂhmww&ﬁﬁqﬂd@@&tmlseﬁe%»ﬂ)azepan-fﬂ-yll
-4-(2-0x0-2,3-
dihydro-IH-imidazo[4,5-b]pyridine-l-yl)piperidine-1-carboxamide, 1,
including the potassium salt ethanolate and potassium salt hydrate. 3c
WO 2007/120591 PCT/US2007/008702 DETAILED DESCRIPTION OF
THE INVENTION : -




The present invention provides a process for the preparation
ofN-[(3R,63)-6-(2,3- difluorophenyl)-2-oxo-1-(2,2,2-trifluoroethyl)azepan-3
weybedr(2eaxo-2,3-dihydro-IH- PCT/US2007/008762
imidazo[4,5-b]pyridin-I-yl)piperidine-l-carboxamide, 1, and its potassium
salt ethanoate: F F NO..NH~NH FFF F N~\W\..INHNV ~-NN
EIOH F/ON F The syntheses of
N-[(3R,6S")-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-
trifluoroethyl)azepan-3-y1]-4-(2-oxo-2,3-dihydro-IH-imidazo[4,5-b]pyridin-I-
yl)piperidine-I - carboxamide, 1, and its potassium salt ethanoate, is
depicted in Scheme 1: -4 WO 2007/120591 PCT/US2007/008702
Scheme 1 NH ~OF30 I N H>O 2Hq OF, 0 F N CM, Et3N, THF. N 00 \\
Schempd N~NH Scheme to F' Hg F ""NHZ\ - /1 .. NH N

NH

g N
CFy li\/I =0 zHol
( N° N CF;
0 K (

Q
N 00
DI, EtaN, THF. N N N»\NH
Scheme 1A "ONH i i
F. / n
—e

Fx

@]
: o ey
% C}' M CDI, EtN, THE. F B @N
F ! =
Scheme 18 NH
=
OQ

Y KOtBy, BIOH " Eon

ot

MNH

(CFa @;ﬁo ZHCH cF, o

. o /
N £ Q )L .
Scheme 1C 3 . CDl, EtoN, THF. . N ‘>—ND—N L
£ NH / B N
KOBY, EIOH o
HCH

Scheme 1A depicts an efficient method of synthesizing the neutral form of compound 1 from

intermediates 2 and 3 using 1,17 -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-trifluoroethyiazepan-3-yl]-4-(2-ox0-2,3-
dihydro-1H-imidazo[4,5-b}pyridin-1-yDpiperidine-1-carboxamide, 1, comprising reacting
(3R,68)-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.
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I'/CF3 0O (OF, O FN O O NiaN}LJ,N'M 00\ CDI, Et3N, THF. FNHN F N

~-N N NH Scheme'IB F MH N KOtBu, EtOH / EIOH 17 % F3NCN O
waHEhCIe3¢© N O N 00 Scheme IC \F NHz CDI, EI3N, THF ple-NosNuMsosoz

fffN'K' .,,NH /~ N F IV'r / KOIBU, EtOH 't Hq EtOH Scheme 1A depicts

an efficient method of synthesizing the neutral form of compound | from

intermediates 2 and 3 using 1,1'-carbonyldiimidazole as the carbonyl

source; Scheme 18 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 neut/s8en Bnbedpsuhal tha HusTosr @rils6 di Presewt pretherigRamtion of

the poR QWAL SR RIRGESEHOfE HraRArAHSR).8L(2,3-diflnorophenyl)-2-oxo-1-(2,2,2-
Mﬂuo{-\'g_ig’}ﬁj;?g o3 R Y R e S A G Y S TR P I e e 1
carboxdilydeoliHavmgeazold theodpyprsdifi- 1-yl) piperidine-l-earboxamide, 1,

comprising reacting

(3R,6S)-3-amino-6-(2,3-difluorophenyl)-1-(2,2, 2-trifluoroethyl)azepan-2-on
e (ﬁ}d%%mkgr{ég,gﬁ'&&amino-&( S3-difluorophenyi}-1-(2,2,2-

Z@m&déﬁwgeiﬁiiw&%&dimwmbhi@iQ@dg%a'é_u_bﬂRmﬂﬁiﬁ@idmyl)-z,s-
iy drpchonde I e e SeNCe i iy ARy imidazole. ce of 1,1°-

carbonyldiimidazole;

(2) isolating N-[(3R,65)-6-(2,3-difluorophenyl}-2-ox0-1-{2,2,2-
trifluoroethyl}azepan-3-yl}-4-(2-ox0-2,3-dihydro- 1 H-imidazo[4,5-blpyridin-1-

yhpipernidine-1-carboxammde, 1; and

(3} reacting said N-[(3R,65)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-
trifluoroethyl)azepan-3-ylj-4-(2-ox0-2,3-dihydro- 1 H~imidazo[4,5-b]pyridin-1-

yhpiperidine-1-carboxamide, I, with potassium terz-butoxide and ethanol.

Yet another embodiment of the invention provides a process for the preparation of
the potassium salt ethanolate formn of N-[(3£.68)-6-(2,3-diflnorophenyl)-2-0x0-1-(2,2,2-
trifivoroethylyazepan-3-yl]-4-(2-ox0-2,3~-dihydro-1H-1midazol4,5-bpyridin-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-diflucrophenyl}-1-(2,2,2-
trifluoroethyl}azepan-2-one hydrochloride and 2-oxo-1-(4-piperidinyi}-2,3-
dihydro-1H-imidazol4,5-b]pyridine dihydrochloride in the presence of 1,1°-

carbonyldiimidazole; and



-5 WO 2007/120591 PCT/US2007/008702 Another embodiment of the
invention provides a process for the preparation of the potassium salt

wethanglate form of N-[(3R,65)-6-(2,3-difluorophenyl)-2-oxo-1p25r&;22007/008702
trifluoroethyl)azepan-3-y1]-4-(2-oxo-2,3-dihydro-1
H-imidazo[4,5-b]pyridin-I-yl)piperidine-| - carboxamide, 1, comprising the
steps of: (1) reacting (3R,6%$)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-
trifluoroethyl)azepan-2-one hydrochloride and 2-oxo-1-(4-piperidinyl)-2,3-
dihydro-IH-imidazo[4,5-b]pyridine dihydrochloride in the presence of 1,I'-
carbonyldiimidazole; (2) isolating
N-[(3R,6S)-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
@kﬁm@iﬁéﬂﬁfd@&@%@é&ﬁ@ﬁhﬁwm&@%d-l-(2,2,2~

Nef{@iR2 1016223 Oyﬁ?pﬁQﬁy&gl@éodﬂhfi%@quMazo&4 ,5-b]pyridin-1-
trifluoroethyl) azepan -3 2-0x0-2,3-dihydro-IH-imidazo[4,5- b'gyrldln | -

yypREsHes- L1188 %ﬁ‘i%%e’ - WHHBORRLASSIHAR tert- BRI AR R AP

Yet another embodiment of the |nvent|on prowdes a process for the

Kﬁ&?ﬁégﬁé’ fatx%l &20?13'”%555;' s )% éeoéozg%\p des a process for the preparation of
N~[(%ﬁt@bﬁo@%ﬁé&éﬁ%ﬁﬂﬂl@@@%@;@%ﬁy‘é\a@rmeﬂlyl)azepané -y1]-4-(2-0%0-2,3-
dihydfd= m%mkézé{:b,m%iﬁdwmiwﬁﬁﬂa&e_qaémﬁe 1 V\/Jﬂh@k&mk 68)-3-amino-
6 B oS LS el O O PR LGRS0 (e SRS 1,1
Carbowﬂwmémyl)azeﬁmnzmﬂmmidmmca%nm@hptpeﬁdinwww the

reactiG WER %ﬂ@!ﬂ@&%@@@ﬂ@%@éﬂﬁgﬂ}%ﬁg@mﬁ! dhEHeIeNEE Ablots,
carbonyldjimidazole; and -6 WO 2007/12059 CT/U82007/008702 ( )

bIPyridiaRHEYSrREHIREBS)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2 trifluoroethyl)
azepan-3-yl]-4-(2-oxo-2,3-dihydro- | H-imidazo [4, 5- -b ] pyridin- | -

As described in the reaction schemes and Examples contained herein, the
potassium salt ethanolate form of N-[{(3R,65)-6-(2,3-difluorophenyl)-2-oxo-1~(2,2,2-
trifluoroethyl)azepan-3-yi] ~4—(2~;oxo~2,3—dihydrou1H-1’midazo[4,5—b]pyridin—1 -yDpiperidine-1-
carboxamide is obtained under anhydrous conditions. When the described reaction is performed
in the presence of water, the reaction produces either pure ethanolate, pure hydrate or a mixed
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 humidity in

the air.

Another aspect the invention provides a process for the preparation of the
intermediate (3R,65)-3-Amino-6-(2,3-difluorophenyl)-1-(2,2,2-triflucroethyljazepan-2-one, 2:



yl)piperidine-I-carboxamide, 1, with potassium tert-butoxide and ethanol.
Additional embodiments of the invention provides a process for the

wpraparatiesn of PCT/US2007/608702
N-[(3R,6S)-6-(2,3-difluorophenyl)-2-oxo-I-(2,2,2-trifluoroethyl)azepan-3-yl]-
4-(2-ox0-2,3-

dihydro-IH-imidazo[4,5-b]pyridin-I-yl)piperidine-I-carboxamide, 1, wherein
(3R,6S)-3-amino-
6-(2,3-difluorophenyl)-1-(2,2,2-trifluoroethyl)azepan-2-one hydrochloride is
reacted with 1,1'- carbonyldiimidazole to form a caprolactam acyl
imidazole intermediate, followed by the reaction of this intermediate with
2-0x0-1-(4-piperidinyl)-2,3-dihydro-IH-imidazo[4,5- b]pyridine

and salliperechoridatitsldoselipéhitridesidtion schemes and Examples
contained herein, the potassium salt ethanolate form of
N-[(3R,68)-6-(2,3-difIuorophenyl)-2-ox%-1-(2,2,2-
trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-gihydro-IH-imidazo[4,5-b]pyridin-1-
yl)piperidine-| - carboxamide is obtain&%der anhydrous conditions.
When the described reaction is perfoptted in the presence of water, the
reaction produces either puge pur{igtrate or a mixed
ethanolate / hydrate, dependi ) Water content. The isolated potassium
salt ethanolate or mixed ethanotate/hydrate converts to the hydrate over

The s AR IQIRG PIESeReRo0f Mg HiR A% Aneh el asRestdatyazepan-2-one, 2

_invention pravides a process.for the preparation of the intermediate
and itg Spdpednlondsisaitds GBI B SIMEMA)E-(2, 2, 2-trifluoroethyl)azepan-2-on
e, 2. FF OFNF .-INH2 -7 WO 2007/120591 PCT/US2007/008702
and salts thereof, in particular its hggﬁoe%éoiide salt: F F O

1. n-HexLl Et0,C._.NHAC o
2. ZnCly 1, viny! MgBr

o b
3. Cult a © 4 a COEt o
CICHCOC 2, IoUNalH pd )
F F F
F

1<

[e12)
T MsCLERN,
wik

2, CF3CHaNHg,
LiBr,

isofate

3 Hy0,
o
¢ HHaTo =]
NH2
o~ £ o
N
Pt FQCAN [} %NH
o
s - TEA
ditoiuoyl |- tartaric adid HC: ECT N in tohsene
F s -
CHO
F OH F £
111 adduct F
tsolate QN o
isotate
{ H2, PBass,
Q
NH2
NHaTol v & mHC
4N, N HCT i
R SR SO F;C"\. IPA o Ee TN
LR MTEBE, rans
F ols ’(j c solid
O, 4
F N £



F N F -"NH3+C1 The syntheses of

(3R,6S)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-trifluoroethyi)azepan-2-on
we,280and3s$ hydrochloride salt is depicted in Scheme 2: Scheei2 o7/008702

+.n-HexU EtOCNHAC O Op (7F0 3. CuCl 0 G tolvinyA M66r C a ICOZEt

I0 NH +. MSG.EtaN, H 0 GCH3COG 2. toVNaOH \/ 2. CF3CHaNH"H F |

FPdOH2N,CF, FFF Fisolate 31JG, 3H30, ONH3 F3CnNH 0,

NH3Td FC'9-x a 00 NH O ,i., TFA O ditoluoN L. tartaric add HG F3C N in

tduene F FICHOF'MNCF OHF JI~'\ +:+ Adduct'/F F Is late OaN

F

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
catalysis; the use of a crystallization driven asymmetric transfonnatio'n to set the amine
stereocenter; followed by a cis-selective hydrogenation and epimerization to set the benzylic
stercocenter and frans geometry. |

‘Thus, an embodiment of the invention provides a process for the preparation of
the intermediate (3R,65)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-trifluoroethyl}azepan-2-one, 2,

comprising the steps of:

(1) hydrogenating a (35)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-trifluoroethyl)-
2,3,4,7-tettahydro-1H-azepin-3-ammonium salt, in the presence of a cis-selective
catalyst, to form a (3.5,65)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2~

trifluoroethyl)azepan-3~-ammonium salt;

(2) reacting the (35,65)-6-(2,3~difluorophenyl}-2-0x0-1-(2,2,2~
trifluoroethyl}azepan-3-ammonium sakt with RaN , wherein each R is
independently Cj.4alkyl, and a hydroxyl nitrobenzaldehyde, to form (3R,65)-3-
amino-6~(2,3~diﬂuorophenyl)-1-(2,2,2-triﬂuoroethyl)azepan—"l—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)-1-(2,2,2-trifluoroethylyazepan-2-one
hydrochloride, comprising the steps of:

(1) hydrogenating a (35)-6-(2,3-difluorophenyl)-2-ox0-1-(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 (BS,65’);6{2,3-diﬂuorophenyl)-Z—exg-1—(2,2,2-

trifluoroethyl)azepan-3-ammonium salt;

(2) reacting the (35,65)-6-(2,3~-difluorophenyl)-2-0x0-1-(2,2,2-

trifluoroethyl)azepan-3-ammonium salt with RaN , wherein each R is
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isdatd H2,PdMaS04 0 F'a~NO NH3TOi Et3N. F,C'N NH3 na A NH,G
CHO MTBE, trans F3C-N FcisfOHF J/F solid FO4 F F trans -8 WO
w3d0H122591 PCT/US2007/008702 Scheme 2 depicts the ditegtis2007/008702
formation of the chloroacetophenone from cheap and readily available
difluorobenzene; the selective formation of the Z-allylic alcohol using
palladium 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. Thus, an embodiment of the invention provides a process
for the preparation of the intermediate
(3R,6S)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-trifluoroethyl)azepan-2-on
ehRleponiprityrQ thdkste psdf: {Yroysiogesiatimpkichyde, to form (3R,6S5)-3-
(3R)iR(8: AT A OnBERULA-0X8 3422 RGN 2-0ne; and

2,3,4,7-tetrahydro-IH-azepin-3-ammonium salt, in the presence of a
cis-selective catalyst, to form a -

(39) @&l Grlbiopropheryb-2oxarinctobRenyl)-1-(2,2,2-

g g, O o

trifluoroethyl)azepan-3-ammonium salt with R3N , wherein each R is

i(ch'{egg;‘%@_m%@}'éﬁw&iﬁﬁﬂt%mfm%ﬂ&? Berzalde¥AR:R B e preparation of

the IngrmRgieg S8 AHdremiRMi - S D rARRTBsthy i dzegaridugHe by Kyepan-2-one, 2,
compagdiianadtepshatiment of the invention provides a process for the
preparation
(1) hydrogenating (35)-6-(2,3-diflucrophenyl)-2-oxo-1-(2,2,2-trifluoroethyl)-
2,3,4,7-tetrahydro-1 H-azepin-3-ammonium di-toluoyl tartrate salt, in the presence
of a heterogeneous palladium catalyst, to form (35,65)-6-(2,3-difluorophenyl)-2-
oxo-1-(2,2 2-trifluoroethyl)azepan-3-ammonium di-tolnoy! tartrate salt;

(2) reacting (35,65)-6-(2,3-diflucrophenyl}-2-ox0-1-(2,2,2-trifluorcethyl}azepan-
3-ammonium di-toluoyl tartrate salt with Et;N and 2-hydroxy-5-
nitrobenzaldehyde to form (3R,68)-3-amino-6-(2,3-difluorophenyi)-1-(2,2,2-
trifluoroethyl)azepan-2-one, 2.

A still further embodiment of the invention provides a process for the preparation
of (3R,65)-3-amino-6-(2,3-difleorophenyl)-1-(2,2 2-trifluoroethylazepan-2-one hydrochloride,

comprising the steps of:

(1) hydrogenating (35)-6-(2,3-difluorophenyl)-2-0x0-1-{2,2,2-trifluoroethyl}--
2,3,4,7-tetrahydro-1 H-azepin-3-ammonium di-toluoyl tartrate salt, in the presence
of a heterogeneous palladium catalyst, to form (35.68)-6-(2,3-difluorophenyl)-2-

oxo-1-(2,2,2-trifluoroethyl)azepan-3-ammonium di-toluoyl tartrate salt;

-10-



of the intermediate
(3R,6S)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-trifluoroethyl)azepan-2-on
we 2hydraghloride, comprising the steps of: (1) hydrogenating &r/us2607/008762
(35)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-trifluoroethyl)-
2,3,4,7-tetrahydro-IH-azepin-3-ammonium salt, in the presence of a
cis-selective catalyst, to form a
(3S,6S)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2
trifluoroethyl)azepan-3-ammonium salt; (2) reacting the
(3S,6S)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2- trifluoroethyl)azepan-3
-ammonium salt with R3N , wherein each R is -9 WO 2007/120591
PCT/US2007/008702 independently Cl.aalkyl, and a hydroxyl
n(@b%ﬁg&@@%@@ﬁ%%g@mwpg}yl)a—oxouI-(2,2,2—mﬂuoroethyl)azepan-
amm&:f&a&ﬂﬂiﬂ&ﬂﬁﬂﬂhmﬂhb@gﬁiﬁ@%m&ﬁ?ﬁ)ﬁ&@ﬂﬁ@%ﬂne; and (3)
reacting (3R,4S)-3-amino-6-(2,3-difluoto -1:(2,2,2-
B PR G T RO BN B A 222
invéhenctrpldepangraeessifdr the preparation of the intermediate
(3R,6S)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-trifluoroethyl)azepan-2-on
e, 2, comprising the steps of: il) hydrogenating
(38) BRSSP RAT IR SIS B s R RISk HR-2-
213 My érisitahydien Hd-azapiredtaii@honium di-toluoyl tartrate salt, in the
presence of a heterogeneous palladium catalyst, to form
(3S,6S)-6-(2,3-difluorophenyl)-2-
oxo-I-(2, p2ditiflnel sethytimepaai3bsinrorivn ritwilogiaerssarcfonthe @yeparation of
the inf@adinge (3R,65)-3~amino-6~(2,3-difluorophenyl)-1-(2,2,2-trifluoroethyljazepan-2-one
hvd $§6 —6-é2,3-,dlfluoro herp/‘?-z-oxo-l- 2,2,2-triflugroethyl)azepan-
yarog e R oriPHIBR YT TARREE SARDRT ERRGha2:Ay ophenyl)-1-(2,2,2-
trifluomitetiiy@n1 ddehyeetoyfbor H-azepin-2-one with 2-hydroxy-5-nitrobenzaldehyde and a

chirai(a%%Q@b@ﬁ?ﬁﬂQ95§:62§;9JHHM&BBEQX%12(%£@ZI-(2,2,2-n-iﬂuome,my})-2.,3,4,72»

trifluoroethyl)azepan-2-one, 2. A still further embodiment of the invention
te&ahﬁw&@saaeﬁfat%wfﬂ% FéBaPé‘ﬁ’éﬁo gpdrogenating a (35)-6-(2,3-difluorophenyt)-2-
oxo-1{BROSBrasrienrfr 2,3 difluerephery) il 4Z:3id-yiflieroat )ade Ramhd Rsence of 2

e seFHESRI, Fom SR Sepasl, B spenain

It will be recognized by one skalied in the art that chiral acids other than L-
ditoluoyl tartaric acid,may be employed. Similarly, it will be recognized that the purpose of the
hydroxyl nitrobenzaldehyde is as an epimerization agent, and thus alternate compounds capable
of epimerizing the appropriate substituents on the azepinone ring may be used. It will also be
recognized by the skilled artisan that salts other than the chloride salt may be formed. Thus, in
the several embodiments recited above wherein the final step recites the use of HCl to form a

chioride salt, other acids such as HBr, HaSO4 and HNO; and others may also form useful salts.

In still another aspect the invention provides a process for the preparation of the

intermediate 2-oxo-1-(4-piperidinyl)-2,3-dihydro-1 H-imidazo[4,5-b]pyridine dihydrochloride, 3:

-11-



2,3,4,7-tetrahydro-IH-azepin-3-ammonium di-toluoyl tartrate salt, in the
presence of a heterogeneous palladium catalyst, to form
wEHHBI26542,3-difluorophenyl)-2- PCT/US2007/008702
0Xx0-1-(2,2,2-trifluoroethyl)azepan-3-ammnonium di-toluoyl tartrate salt;
-10 WO 2007/126591 PCT/1JS2007/008762 (2) reacting
(3S,6S)-6-(2,3-difluorophenyl)-2-oxo-I1-(2,2,2-trifluoroethyl)azepan-
3-ammonium di-toluoyl tartrate salt with Et3N and 2-hydroxy-5
nitrobenzaldehyde to form
(3R,65)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-
trifluoroethyl)azepan-2-one; and (3) reacting
(3R,6S)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-
trifluoroethyl)azepan-2-one with HCI. Additio bodiments of the
invention provide processes for the arati Nthe intermediate
(3R,6S)-3-amino-6-(2,3-difl@édtSpHéxyl)- P= Eaé/zy\ﬁgiﬂuoroethyl)azepan-2-on
e hydrochloride, comprising the steps of reagting
3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-
trifluoroethyl)-1,3,4,7-tetrahydro-2H-azepin-2-one with
2-hydroxy-5-nitrobenzaldehyde and a chiral acid to form an
%5 -6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-trifluoroethyl)-2,3,4,7- o
and s r‘éﬁ%%-’l‘i’@&?é&ﬁﬁk@- Hardeshincdasaliior i PyRsSenat A ao-1-(4-piperidinyl)-
2,3-dik38ye61@ drdifizafambmihdme, 3, and 2-oxo-1-(4-piperidinyi)-2,3-dihydro-1H-
..o oxg-1-(2 2 2-triflugroethyl)-2.3.4,7-tetrahydro-IH-azepin-3-ammonium salt,
o e R M R SR
(3S,6S)-6-(2,3-difluorophenyl. It will be recognized by one skilled in the art
that chiral acids other than L- ditoluyldaydaric acid,may be employed.
Similarly, it will be recognized that the purpose of the hydﬁ)xyl

nitWhyde (3.as-an epimerization agent, and_thus glternate
confipou ds capable %f epimeri ingﬂﬁfﬁﬁbﬂa titu nts gn. the
azeplNGneaiing may be !e\@agf%@ill also be* recogniZad byche ==t

artisathat salts other than the chloride salt may be formed. Thus, in the
. several embodiments recited above wherein the final step recites the use
of HCI to form a chloride salt, other acids such as HBr, H2SO4 and CO,Et

HNO3 and others Mjdeform useful Egg Ln still another aspect
inverg' n provides a pfpcess for the prepa atAo?? of the intermediat
2-0x9§—(—4-pip fidi )-ZT@hydro-lH-' i i

e
) ) ’ N
dihydrochloride}3;* NCO.Et  NaHCO; @ =0
N7 TN

t
O

HCI
1. NaOH, H,0, EtOH

2N HC
2. HCY, i-PrOH (I =0
NTTN
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-carhoxylate. 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

-12 -



WO 2007/120591 PCT/US2007/008702 N 2 HC! HND-NNH O 3 and

salts thereof, including the dihydrochloride salt. The syntheses of
wd-moAAgspiperidinyl)- 2,3-dihydro-IH-imidazo[4,5-b]pyridinep8rasdoo7/008702

2-0x0-1-(4-piperidinyl)-2,3-dihydro-IH- imidazo[4,5-b]pyridine

dihydrochloride, is depicted in Scheme 3: Scheme 3 H ' NHZ O\ ON

NaBH(OAC)3 N N CI + CO2Et TFA N CI NCO2Et ACP CO2Et O-Y NH2

N Pd(OAc)2 (YJ CS1-Ndppb _g I N CINCO2Et NaHCO3 N>=O NN H

H N HCI 1. NaOH, H20, EtOH N ~ N HCI 2. HCI, i-PrOH >=ONH 3

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 cyclic urea is reacted in the presence of NaOH and EtOH to obtain the
pyridine heterocycle bis-HCl salt 3. In practice, 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, HoSO4, HNO; and other acids, for HCI. Alternatively, the
acid salt may be accomplished in two sub-steps, whereby a base is introduced first to deprotect
the pyridine moiety, followed by introduction of the acid to form the acid salt.

As described above and in the Examples which follow, this ACP route comprises
four synthetic steps and features a reductive alkylation, primary urea formation using
chiorosulfonyl isocyanate, Pd-catalyzed cyclization of the primary urea and hydrolysis of the
ethyl carbamate, The starting materials/reagents for the ACP route are significantly less
expensive than those required for the DAP route and all the steps are high yielding.

Thus, in one aspect of the invention provides a process for the preparation of the
intermediate 2-0x0-1-(4-piperidinyl)-2,3-dihydro-1 H-imidazo[4,5-blpyridine dihydrochloride, 3,

comprising the steps of:

(1) reacting 3-amino-2-chloropyridine with Cy_salkyl 4-oxo0-1-
piperidinecarboxylate, in the presence of trifluoroacetic acid and sodium
triacetoxyborohydride to form Cisalkyl 4[(2-chloropyridin-3-

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

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

(3) reacting the C;.salkyl 4[(aminocarbonyl)(2-chloropyndin-3-
yl)amino]piperidine-1-carboxylate in the presence of NaHCO3, Pd(OAc)2 and

-13-



In Scheme 3, 3-Amino-2- chloropyridine ("ACP") is reductively alkylated in
a first step. 3- amino-2-chloropyridine is reacted with ethyl

wé-exaqeperidinecarboxylate in the presence of IPAC, triflugepeeticiaeidor
and sodium triacetoxyborohydride ("STAB") to form the amine ethyl

4-[(2-chloropyridin-3-yl)amino]piperidine-I-carboxylate. In a second step, a
urea is formed in a reaction of the amine with chlorosulfonyl isocyanate
(CSlI), typically in the presence of H20 and -12 WO 2007/120591
PCT/US2007/008702 THE. In a third step, the area is cyclized in the
presence of a palladium catalyst. Typically, the area is reacted in the
presence of NaHCO3, i-PrOH, Pd(OAc)2 and bis- :
(diphenylphosphino)butane (dppb) to obtain the cyclic area. In a farther
etiTERBERYIRROTIIROIBEIE LeclytRcCoyaidridioreadduiihveie- 1 H-
piesdaes 05NaBHHEND EfGHibteiebkiain-thsakyigiee heterocycle bis-HC1
salt 3. In practice, other bases or combinations of bases including LIOH
and KOH may be used in this final step, and other acceptable salt forms

midy trating e isubiark diitfgaxcich 3 1oy ding HHBImidhzbZSOU psil®3 nd
OGS BEiiantol HEbAYRIRANNE Y ASiE %@Hﬂ@%ﬁ%ﬁ%@&ﬂ@&?_@eﬁ in

twQ sub-steps, whereby a base is introduced first to deprotect the pyridine
mSR 9ot WEHBTaHtrodIEHE A BE HEXERFROFEHR the acid salt. As

described above and in the Examples which follow, this ACP route

compriseg,, {9 .t%/ntpgti% ieps and-features reductive alkylation, .
primary aregéglrmgﬁon%s(l%né gﬁggt.){sﬁtﬁflgr‘ﬁc/ |§%%%?\‘é’t¥iefs c}%;c% 8y Safthe preparation

of the iptsmaeiiate Les Piirtfhninaadinyior Bydddny sroof Hhiniskian[daT BanyaidinEhe

dihydSSaRIRGIR HErivlsireraanisd effheoACP route are significantly less
expensive than those required for the DAP route and all the steps are high

yielding. Thus, in one aspect of the invention provides a process for the
pképarationscy-teeinmohkdigteridine with ethyl 4-oxo-1-piperidinecarboxylate,

210%Rel5tds RRE UGS 3T E%?ng%‘xl éfg&xg%%%ohydﬁde to form
dihydrochloride, 3, comprising the steps of: (1) reacting
3F&%ﬁhﬁ@r&ﬁi&rawﬂé%ﬂéw&}?@m%lkwwésw1ﬁﬁaéﬂwfh@@arboxylate, in

the presence of trifluoroacetic acid and sodium triacetoxyborohydride to

form C1 alkyl4[(2- ropyridin-3- yhamjnq]piperidine- | -carb_oxylate; (2
reg_g tll.ﬁ%cﬁ'ln g hﬁ%{%ﬁg%ﬁg%ﬁqomp Am—é ~}91¥Da§nn%p1pendmenIwca){*boxyl(atz?,
A[v2teisldhespyaidamd sy axamatpip dodinetidati{onyilatearbonyl)(2-chloropyridin-

3-ylamino]lpiperidine-1-carboxylate;

(3) reacting the ethyl 4[(aminocarbonyl)(2-chloropyridin-3-yl)amino]piperidine-
1-carboxylate in the presence of NaHCQ3, PA(OAc)2 and bis-
(diphenylphosphino)butane to form ethyl 4-(2-0x0-2,3-dihydro-1H-imidazo[4,5-
blpyridin-1-yDpiperidine-1-carboxylate;

(4) reacting the ethyl 4-(2-0x0-2,3-dihydro-1H-imidazo[4,5-b}pyridin-1-
yl)piperidine-1-carboxylate with HCI to form 2-oxo-1~(4-piperidinyf)-2,3-
dihydro-1H-imidazo[4,5-bipyridine dihydrochloride,

The invention is not limited to specific embodiments described in this application,

and in fact includes additional features not expressly described above, including but not limited
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with chlorosulfonyl isocyanate to form Cl14alkyl 4[(aminocarbonyl)(2-
chloropyridin-3-yl)amino]pip eridine-I -carboxylate; (3) reacting the
w6 dallybHi(aminocarbonyl)(2-chloropyridin-3- PCT/US2007/008702
yl)amino]piperidine-l-carboxylate in the presence of NaHCO3, Pd(OAc)2
and -13 WO 2007/120591 PCT/US2007/008702
bis-(diphenylphosphino)butane to form C1Aalkyl 4-(2-oxo-2,3-dihydro-IH-
imidazo[4,5 -b]pyridin-1-yl )pip eridine-I -carboxylate; (4) reacting the
Cl4alkyl 4-(2-oxo-2,3-dihydro-IH-imidazo[4,5-b]pyridin-I-
yl)piperidine-1-carboxylate with HC1 to form 2-oxo-1-(4-piperidinyl)-2,3-
dihydro-IH-imidazo[4,5-b]pyridine dihydrochloride. An additional
embodiment of the invention provides a process for the preparation of the
to the jpge pheartr Rrordven(s pig epriifgn -coaditindsdhieiiniobrelicsly pgaasineforms
(includiBY rghioiden 3 COMPHRIBRIRS 18RS nlldNe 8GR other than HCI salt forms), and

3-amino-2-chloropyridine with ethyl 4-oxo-I-piperidinecarboxylate, in the

the UsE o RS RATITIAT STRAGEI L ISYRRAR Hi¥Eio AU 6 m
ethyl 4[(2-chloropyridin-3-yl)amino]piperidine-I -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-I -carbox ylate; (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-oxo-2,3-dihydro-IH-imidazo[4,5- b]pyridin-I-yl)pip eridine-
| -carboxylate; (4) reacting the ethyl
4-(2-o0x0-2,3-dihydro-IH-imidazo[4,5-b]pyridin-I- yl)piperidine-l-carboxylate
with HCI to form 2-oxo-1-(4-piperidinyl)-2,3-
dihydro-1H-imidazo[4,5-b]pyridine dihydrochloride, The invention is not
limited to specific embodiments described in this application, and in fact
includes additional features not expressly described above, including but
not limited

-15-



-14 WO 2007/120591 PCT1us2007/008702 to the use of particular
solvents and reaction conditions, the use of particular reagent forms
woneludingneutral forms of intermediates 2 and 3, and salt fopgys0ther:eog702
than HCI salt forms), and the use or no-use of particular separation or
isolation techniques, and other features. -15 WO 2007/120591
PCT/US2007/008702 Several abbreviations, acronyms and other
shorthand is presented herein. Although these terms are known to those
skilled in the art, presented below is a table summarizing these terms:
IPAe isopropylacetate IPA ispropanol nHexLi n-hexyl lithium THE
tetrahydrofuran BOC tert-butyloxycarbonyl CDI 1,1'-carbonyldiiidazole
MTBB Methyl tort-butyl ether tol toluoyl or toluene dppe
bis-(diph&FKALh SEBHE AR feTapEB LB @dse Aystvoghinp)rstiné herein.
Altholl AechitRethylaceiainig o TRALERIRIOACBIC ACiIF:ACRd below is a table

Summ3-amin -2-chloropyridine STAB sodium triacetoxyborohydride -16 WO
S04 S0 1B 1US2007/008702 Example 1
N-[(3R,6S)-6-(2,3-Difluorophenyl)-2-oxo-1-(2,2,2-trifluoroethyl)azepan-3-yl
ldm;(/zlrgfozlfn dlgiéf)cm,5-b[pyricjir%f)(l)l-j)l/.ﬁ%%%cr%%%-l-carboxamide
iPA ispropanol
nHexli n-hexyl Lithiom
THF tetrahydrofuran
BOC tert-butyloxycarbonyl
CDI 1,1’-carbonyldiiidazole
MTBE Methyl tert-butyl ether
tol toluoyl or toluene
dppe bis-(diphenylphosphine)ethane
dppb bis-(diphenylphosphine)butane
DMAc dimethylacetamide
TFA trifluoroacetic acid
ACP 3-amino-2-chloropyridine
STAB sodium triacetoxyborchydride
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CF3 CF, O 0CDI, EtNTHF. 00 FNNH -NH, FNNNHF ~.~NH/~N 2
HClIY 1 N>=0 2HCI NN H 3 Et3N To a 12 L 4 necked flask equipped
wyyitheeneskaad stirrer, thermocouple and nitrogen inlet was charge9e07/008702
Caprotactam HCI salt 2 - MTBE solvate ( 412 g corrected as HCI salt;
MTBE solvate typically 78-79 wt % HCI salt). THF was then added at
room temperature (4.1 L; 10 niLIg) 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 mug relative
to CDI). The solution was aged at room temperature. The caprolactam
slurry solution was added to the CDI solution over | - 1.5 h at room
Exammpdmperature then aged at room temperature over | hour after which the

ti SS for conversion tq the caprolactam acyl imidazole
N"l<3%€é$ﬁ?-&%v@f’(§§§’ée%wﬁc%m&éﬁa SR B RFRAHE HarsRst e -t oxo-2,3-
&lhydge-ﬁ%slwslw&ewamwéﬁﬁmww ca1boxamds eq). The slurry
was heated to 60 C and held overnight at that temperature. HPLC assay
showed 97. I_h:C@AP conversion. Water was then adde@190 mL; - 3 vol %
relative fo T nd reaébRtMikitire aged at 60 C fo:é am%&ﬁ
hours_aftier er

mllg) and wash&8 with 10 % (w/w)yaq citric aci In (4 x 2L;15 mug). The

organic layer was then assam ir’gidaz%le and piperidine acyl
imidazole impurities (<0.2 ~w"~N 3 e
Etgid

‘To a 12 L 4 necked flask equipped with overhead stirrer, thermocoupls and nitrogen inlet was
charged Caprolactam HCI salt 2 - MTBE solvate ( 412 g corrected as HCI salt; MTBE solvate
typically 78-79 wt % HCl salt} . THF was then added at room temperature (4.1 L; 10 mL/g)
followed by triethylamine (194 m1; 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 EtsN
(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 mlL; ~ 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 ml/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; 5 mi/g) then water (2L; 5 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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LCAP). The organic layer was then washed with 5 % (w/w) aq sodium
bicarbonate solution ( 2 L; 5 mug) then water (2L; 5 mug) then passed
wihsestgh@aiinline filter to give 620 g assay of desired produgtc§96s3u%/008702
assay yield, 98 LCAP purity). -17 WO 2007/120591 PCTIUS2007/008702
Example 2
N-[(3R,6S)-6-(2,3-Difluorophenyl)-2-oxo-1-(2,2,2-trifluoroethyl)azepan-3-yl
]-4-(2-ox0-2,3-
dihydro-IH-imidazo[4,5-bjpyridin-1-yl)piperidine-l-carboxamide a HN O O
O NHZ HCLMTBE HN N NH 2HC1 O HN-LND_NNH F3C-N3FC_Nt3
~CDIF FF 21 Caprolactam 2(8.23 kg = 5.60 kg caprolactam HCI salt
based on 68 wt% assay)) was charge to an inerted vessel A with THE
Exam(@624 L) and triethylamine (1.90 kg). A vessel B was charged with CDI
’é,3.163 k é\?ng THE (30 L). The contents of vessel A were transferred to
N-{CRESS Hoiuporien ket {Reods S arpaib A e R Rriy Potnte-ox0-2,3-
dihydrePiIC-midgeii G hdvippridéntd riapipeitinaphotathexriidmidazole to be
complete. The piperidine heterocycle 3 (5.0 kg) was charged to vessel B
followed by triethylamine (4.12 kg). d he batch was heated to 60C and

aged overgig%&eg@ﬁlfLC an%’sﬁs owgg.the couplin ﬂa;;}ofhmgte

prolactam-CDI ajjdyct gemaining). MT %
ie’acid (29 1) were added and the phasésh
as washed again witlkxd{0% aqueous ci
then with 596 NlaHCO3 solution (2 x 28 L). The pH of t
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

ssay yield of neut a% mpound 1 e %jo 8 4,9?%k 96.0‘? The HP
CoproffS it K aihiec o e TN R B TR A Ao vay) was charze o
an inerexhaivised) Al hetie fBHE (6.4 L) and triethylamine (1.90 kg). A vessel B was charged with
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 HPILC 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 ovemight
when HPLC analysis showed the coupling was complete (<0.2 LCAP caprolactam-CDI adduct
remaining). MTBE (49 1) and 10% aqueous citric acid (29 I) 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) and the MTBE solution was assayed for
compound 1, with the assay yield of neutral compound 1 equal to 849 kg, 96.0%. The HPLC
assay also showed still 1.0 LCAP of the N-acylimidazole adduct remaining. Therefore, the
MTBE solution was washed again with 10% agueous 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 vield neutral 454 = 8.27 kg, 93.5%, 98.9 LCAP, <0.1 LCAP N-acylimidazole adduct.
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MTBE solution was washed again with 10% aqueous citric acid (2 x 29 L),
5% aqueous NaHCO3 (2 x 28 L) and water (27 L). HPLC assay of the
wiYldobt sghaition was performed again. Assay yield neutral 454-78s 206 #ahs702
93.5%, 98.9 LCAP, <0.1 LCAP N-acylimidazole adduct. -18 WO
20071120591 PCT/US2007/008702 Example 3 N-
[(3R,6S)-6-(2,3-Difluorophenyl)-2-oxo-1-(2,2,2-trifluoroetbyl)azepan-3-y11-
4-(2-o0x0-2,3-
dihydro-IH-imidazo[4,5-blpyridin-1-yl)piperidine-l-carboxamide, potassium
salt ethanolate 0 O O HN-k OY-NH .~} N~- O HN N~NK" -EtOH F;
C~NN KOtBu, F,C*N r! F EtOH F F F PotassiumSalt Etbanolate of | The
MTBE solution of compound 1 (8.27 kg) was charged to an inerted vessel

Examtrlgo%:gh a 0.1 pm cartridge filter and concentrated down to 30 L using

| vacuum and keeping T<40 C. Ethanol (116 L) was charged and
MG RS idnfRohRErerapirenydoivhne- BEA.2:2raimUntertadiurapan-34A04-(2-0x0-2,3-

dihyd EtidRdh(iied as) pelethand Narotdios aahEek iRl desifialsium salt
ethandlie/MTBE content (none detected). Potassium tert-butoxide (1.720 kg)

was charged as a solid to the vessel and the mixture warmed up to 45C
to dissolve all solids. The batch was then concentrated down to a final
volume of 58&(7 mq_%gased on neutral 454) §%<40C0 The resulting

slurry waS#ft %room temperatuf Bve l@%bi &e filtering. The
filter Bakelwas washethwith i -ethamndl 125 L) and the gblid dried under

vacuum fC. The solid wdsde-lumped ysing a co- mill. Yield = 7.97

kg, 84%. “¥9°F F

! PotassiumSalt Ethanointe

of 1

The MTBE solution of compound 1 (8.27 kg) was charged to an inerted vessel through a 0.1um
cartridge filter and concentrated down to 30 L using partial vacuum and keeping T<40 °C.
Ethanol (116 L) was charged and the solution concentrated down to 30 L again under vacuum at
<40 °C. Ethanol (116 L) was added and the 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 1o 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 overmnight 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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WO 2007/120591 PCT/US2007ro08702 Example 4 N '

[(3R,6S)-6-(2,3-Difluorophenyl)-2-oxo-1-(2,2,2-trilluoroethyl)azepan-3-yl[-4

wol200%02858r PCT/US2007/008702

__dihydro-IH-imidazo[4,5-b)pyridin-1-yl)piperidine-l-carboxamide,

potassium salt ethanolate O 0 0 HN-KND-N 0 HN?N~ N- + EtOH F,CX1

KOIBu, F,CrN\ F EtOH F ~I F F t PotassiumSait Etbanolate oft A 250

mL, 3-neck round bottom flask was equipped with a mechanical stirrer and

claisen adapter with nitrogen inlet and thermocouple. Compound 1 (12.49

g) and punctilious ethanol (165 mL) were charged 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
Examiile 4nternal temperature reached 38 C. The temperature of the oil bath
N-[(3RaS)ecacRbiodi6phedihe-Biernabie/pein iy uay DiaLHR 10 At 42(2-0x0-2,3-
__ dibydl 09 BRI IS RWOXIAS (2980l 300 RULE - PRUGHA WA A0GHm saxt

ethans arged (slight _exotherm to 46 C observed). The_ resulting solution was

& 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 abogt 1 hrqaThe heating on the oil bath was furned off and the
suspensian:y éd"fb 25 C over about ki e hatohmvastiaen
coolegdfm™anjice bath @5 Cramd ag u2 It, Thepgtch was filtered
through a mhedium porosity siatered funnel &nd the cake dried under
vacuum a itrogen tent until a constant ht was obtained or until the
amount of residual EtOH present by NMR (RMSa&:=d6)wasabout 80 mol%
relative to Compound 1. The Compound 1 potassidfi-salt (11.15) was
obtained as a tightly bound ethanol solvate in 78% yield (99.4 LCAP, 99.6
% ee). -20
A 250 mL, 3-neck round bottom flask was equipped with a mechanical stirrer and claisen
adapter with nitrogen inlet and thermocouple. Compound 1 (12.49 g) and punctilious ethanol
(165 mL) were charged 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
infernal 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 tert-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 I 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 nifrogen 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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WO 2007/120591 PCT/US2007/008702 Example 5
N-[(3R,63)-6-(2,3-Difluorophenyl)-2-oxo-1-(2,2,2-trifluoroethyl)azepan-3-yl
wh4@roxB92,3- PCT/US2007/008702
dihydro-IH-imidazo[4,5-b]pyridin-1-yl)piperidine-I-carboxamide, potassium
salt ethanolate O p 0 NHi HCI.MTBE I) HN N CNH2HC! o0 i{fNND-N ~"N'K
.EtOH - NN I3iFCC CDI, NEt3, THE F3C~Nr FF F 11) KOtBu, EtOH
-~ | F 2 Potassium Salt Ethanotate or 1 Caprolactam HCl salt 2 (30 g =
20.4 g caprolactam HCI salt based on 68 wt% assay)) was charge to an
inerted flask A with THE (240 ml) and triethylamine (6.91 g). To flask B
was charged CDI (11.53 g) and THE (110 ml). The contents of vessel A
were transferred to vessel B over 50 minutes and the mixture in vessel B
Exampled for |h. At that point HPLC analysis showed the formation of
N-[G EdFpladtairlbitpomgdealpl & b cdrp |22t FiflecichechlyBieraeyeia-3li-4-(2-0x0-2,3~
dihydeb3130)iMRRANA 8 oriessel R fllewas by Liatbyaaningel o ehubSait
cthapdBigh Was boated to 60C and aged overnight when HPLC analysis
showed the coupling was complete (<0.2 LCAP caprolactam- CDI adduct
remaining). MTBE (180 ml) and 30% aqueous citric acid (105 ml) were

added andD tr;q(;:-[ %ggﬁre% sepamté(dﬁﬂozﬁ%anic phase was waghed again
with 10%_aktiebus citric acio gs and then wit"Bv% @%s‘&fﬁﬁon
(2 x 166 mh~The pH of the a3 aguegus phasewdk Yat that peiit. The
organic phasg-was washed With DI'watér (100 ml) F saturated
aqueous briieFadded to give'§5§Phase separationy~HPLC assay of the
MTBE solttion gave an assay yield of neutral BofripotnidtiagfR82L05 g,
99.1%, 98.8 LCAP. The MTBE solution of neutral Compound 1 (31.95 g)

CaproNRE60REENEAtedionn i@.by&&ﬁ@&@tb&ﬂ PONIHIRb YRS GANAKERRING) was charge
T<40 C, Ethanol (240.ml) was c arggd and the solution concentrated to

to an 1BERGHITATE agaithaHdBApatiab sadatrhylamis e Bl ol (2 TBEY Rggs charged CDI
(11.53hdeddoTiiRg the wolumMaoktieestiuiDneted28 mkandransferred to vessel B over 50

minutes and the mixture in vessel B aged for 1h. At that 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
ovemigﬁt 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% NaHCO; solution (2 x 100 mi). 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 ters-
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 slurry was cooled to room temperature for 2 hours and the solid
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the solution assayed for neutral Compound 1: Result: 30.3 g, 53.5 mmol.
Potassium tert- butoxide (6.3 g) was added and the mixture warmed to
whrleotossissplve all the solids. The solution was then concenpiaiaek sipvwhog7o2

to a final volume of 210 ml (7 mVg based on neutral 454) at <40C. The

resulting slurry was cooled to room temperature for 2 hours and the solid

-21 WO 2007/120591 PCT/US2007/008702 collected by filtration. The

filter cake was washed with cold ethanol (100 ml) and the solid dried

under vacuum at 40 C. Yield = 30.2 g, 87%. Example 6 N-[(3.R,6S

-6-(2,3-Difluorophenyl)-2-oxo-1-(2,2,2-trifluoroethyl)azepan-3-yl]-4-(2-oxo-

2,3- dihydro-IH-imidazo[4,5-b]pyridin-1-yl)piperidnue-I-carboxamide,

potassium salt ethanolate 0 O NH HCI.MTBE HNA' NH ZHCi O oY-
colleqterby flfratiag. \The filiencarmenvashod kithmeidiebooNERS, mhieng the solid dried
undefviedot @B BQb = 4d— %’F}gt@,ssium Salt Ethanolate of | ‘

Caprolactam HCl salt 2 (8.23 kg 5.60 kg caprolactam HCI salt based on

68 wt/o assay)) was charge to an inerted vessel A with THE (66.4 L) and

Exapipéilgy/lamine (1.90 kg). To vessel B was charged CDI (3.163 kg) and THE

T nts of ve r s d to vessel B ov
D T R e DR 1 oxo-2.-
dshy@mamdméammwmﬁbmwaMmMaowmmmmumu
ethardoiaesidine heterocycle 3 (5.0 kg) was charged to vessel B followed by

triethylamine (4.12 kg). The batch was heated to 60C and aged overnight

when HPLC anala/ss showechm Wq was completg (<0 HLCAP

caprolactat B SUEEE red BE“(49 1) ang %ﬂsﬁéﬁhc
acid (Z@C 1) g cm NEt;, THF £
. i) KOtB, EOH .
F Potassium Sait Ethanotate of 1

Caprolactam HCI salt 2 (8.23 kg = 5.60 kg caprolactam 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% agueous citric
acid (29 L) and then with 5% NaHCOs 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 adduet.
The MTBE solution of neutral Compound 1 (8.27 kg) was charged to a vessel through a 0.1pm
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added and the phases separated. The organic phase was washed again
with 10% aqueous citric acid (29 L) and then with 5% NaHCO3 solution
w28 de50] he pH of the last aqueous phase was 9 at that pQiRtydhg7 /008702
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 NaHCO3 (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 0.1m 22 WO 2007/120591
cmdg&ﬁﬁ@ﬁag@ﬂ&%ﬁ%t@aﬂwetﬁlm@ ancgapcentiatedhcmmn tm3kkepiiggT<40 °C.

artial vacuum T<4 Ethanol was charge
Ethano h@ g%lb‘?o%aéo?%éﬁ r‘gf’%p (?8 uté%“f%%%?ﬁ un%gerh%)a rtia ?’gc%‘ug%gﬂg upger partial
vacuunE.dE thanoP (116 Efarad a(ddédlandvdae@dmomdné‘kyse@ﬂtﬁ@memaﬁea f01‘ residual
TI—IF% gl\gTBE g%?e g?t%%tt%@ngr? @?F%)E%E%tg%@ﬁé)’l'@@&ﬂ} Sas a solid to the

as a so | to the vessel and the mixture warmed up to
vessel cisdole b, THEIBALCIPWas TAEH o REANAR ORI A Fbach was. then

concen‘ff&lé@%@@?%é Q7ﬂliﬁug QﬁRﬁﬁ%Qﬁ rﬂ%ﬂa{f%ﬂ’ ﬁtbﬁé&i:of[ hbeIt%Ung at <40°C. The
slurry was left cooling.to ernl t it te as
i e

soli der vacuum at 4
with céld ¥iglts! ?Zglkgn&ﬁ%.seﬂﬁi w&mmmzrmdémasmﬁ kg, 84%.
' Example 7
(3R,6S)-3-Amino-6-(2,3-difluorophenyl)-I-(2,2,2-trifluoroethyl)azepan-2-on
e Step 1: 2-Chloro-I-(2,3-difluorophenyl)ethanone n-HexLi 0 O ZnC12 C1
+ ClI CuCl 1-(2-F CI/vTHE F F To a5 L 4-necked round bottom flask
was charged 1,2-difluorobenzene (130.0 g) and dry THE
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(2.3 L). This solution was cooled to < -60 while stirring under nitrogen. To
this was added n- hexyllithium (455 mL of 2.5 Mlhexane) dropwise such
whthalet/206Q (- 15 minute addition). The solution quickly turnedtnto:aa7/008702
stirrable slurry, which was aged for 1 hour cold. To this was added zinc
chloride (2.3 L of 0.5 MM-1F) such that T < -60 and the slurry quickly
became a homogeneous solution. This was warned to 0 C followed by
the addition of copper(l) 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 IN 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
ExampleA Wlth IN HCI (2 L) followed by IN N1140H (2 x 2 L) and finally with

ic was d tq.an oil. ield = 78%.
G&, 6‘ﬁw ol )P’i Qgi?f%@] flgirhe éoaéez nE USRS e%?i?ﬁ%g ﬁﬁ& SHibition)
and stlrred while cooling to - 30 C During cooling the oil turns over to a
Step Igrgdidliare-dofidl 3 Hikushappasydlysttoneur at -30 C, filtered and washed

with cold heptane. Desired product isolated in 71 % yield (154 g). Step 2:
2-(2,3-difluorophenyl)-2-vinyloxirane 0 @-H@rih/lgh cl F toiuene F FFA

solution ofvm;ce*toph ne (40 g) wmﬁiﬁ toluene

to T <-60 tirring rogen. Tethis was a vinyl

. magnesium kromide (420 mL of 0.8 M in TIFF) -24 WQ-2007/120591
PCT/US2007/008702 dropwise such that T < -25 C. After complete
addition the reaction is warmed to O degrees and assayed for completion.

To a I heaeaction isuidenahad Witk |Na4§|€1h£?g‘iq mb)ﬁméfaﬂéﬂ‘ﬁéﬁ?éi(ﬁ%@o g) and dry THF
(1 3 L%epﬁﬁ?st%&{JHQH%L@ ﬂgfdat%ug QK§ \%Mekra %ﬁ%}% l}lrITl'l ?%‘1 5 Was?gzgt(? g as added n-

turat
e e e . 1o

501““‘?&%1@‘-&”de@@@ stirrabie shurry, 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 shurry quickly became a
homogeneous solution. This was warmed to 0 °C followed by the addition of copper() chloride
(11.3 g) and chioroacetyl 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 IN NH,OH (2 x 2
L) and finally with water (2 L). The organic was concentrated to an oil. Assay vield = 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
hour at -30 °C, filtered and washed with cold heptane. Desired product isolated in 71 % yield
(154 g).

Step 2: 2-(2, 3-difluorophenyl)-2-vinyloxirane
o v |

c Briig” X ¢l
E toluens £
F

F

A. solution of chloro acetophenone (40 g) in dry toluene (400 mL) was cooled to T < -60 while
stirring under nitrogen. To this was added vinyl magnesium bromide (420 mL of 0.8 M in THF)
- 24 -



Cl NaOH toluene FF F F To a solution of tertiary alcohol (210 mmol) in
toluene (400 mL) is added IN NaOH (400 mL) and the two-phase system
wegietadikai 4 hours at room temperature. The organic layer igaasayedodsys?
HPLC for completion. At end of reaction the aqueous layer is cut and the

organic washed with water (400 mL). The organic is
concentratedlazeotropically dried in vacuo and used for the next step.
Typical assay yield over both steps is 89 %. Step 3:
N-[(32)-4-(2,3-difluorophenyl)-5-hydroxy-1,1-dipropionylpent-3-en-1
ylJacetamide EtO2C NHAc EtO2C O Pd(OA0)2 Ph2 PPh2 F
EtO2CyCO2Et NaOEt, toluene OH F NHAc F F A 1 liter 3-necked round
bottom flask equipped with a vacuum/N2 Inlet, temperature probe,

dropvAGelien fupnel-anssseptaAnas shaptadlRtiUONC {3 MOwdhied10ldegrees and
assaygdr?gll%g Ee%gn(s%%emgac%&? i %&édm\%l{’ﬁ’h\f\%ﬁ‘ﬁ eﬁt&’ and t:ansferred 1o a

malonate (43.8 g, 201 moI 15 equiv aOEt mmo
R 3@8 BRHTRS. 3r¥ﬁ£ Emgﬁlef&ﬁﬁ%’i‘ oaﬁﬂiﬂ ﬂﬁ% IN HCL (250
mL) f@&h@wé@mmﬁ@ﬁ.éed@m@ga@mstm mLﬁcrglﬁwwﬁtd@@@mF Zhe organic is
concedBatppmo)ad oiftmdreaciiginféiskrdvdiseatdged 500 mL of toluene (< 300

ppm) and the resulting mixture flushed with Nz and stirred at room

temperature (20-25@j) for 10 min. The vinyl epoxide splution was added

over 5 min and t ' =10 hrs) at room

temperature (20 . 2007/008702

Toluene (140 mL)jand 1 N HCI (140 mL) was add d td the flask and the

biphasic mixture F

To a solution of tertiary alcohol (210 mmol) in toluene (400 mL) is added IN 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 %.

Step 3: N-{(3Z)-4-(2,3-diflucrophenyl)-5-hydroxy-1, 1 -dipropionyipent-3-en-1-yl] acetamide

EtO.C

| o ™\ EtO,Go NHAC
PA(OAC), PhaP PPhy

. EtOQC\rCC‘*zEf NaQEt, toluene L OH

NHAC

A 1 liter 3-necked round bottom flask equipped with a vacuunm/N2 Inlet, temperature probe,
addition funnel and septa was charge with Pd(OAc), (392 mg, 1.75 mmel, 2 mol%), DPPE (835
mg, 2.09 mmol, 2.4 mol%) , N-acetodiethyl malonate (43.8 g, 201 mol, 1.15 equiv), NaOEt
(1.20 g, 17.5 mmol, 10 mol%), and flushed with N2>. The addition funnel was charged with the
substrate vinyl epoxide (33.6 g, 174.8 mmol) in 100 mL of toluene (KF < 300 ppm). To the
reaction flask was added 500 mL of toluene (< 300 ppm) and the resulting mixture flushed with
N, and stirred at room temperature (20-25°C) for 10 min. The vinyl epoxide solution was added
over 5 min and the resulting mixture stirred overnight( 6-10 hrs) at room temperature {20-25°C).
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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.
whhedinadpnganic layer was treated with Darco-G60 (2-5 graps)ssifke@os7e2

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 N2 sweep(70

% yield). Step 4:

N-{(32)-4-(2,3-difluorophenyl)-1,1-dipropionyl-5-[(2,2,2-trifluoroethyl)amino
Tolue}f%eﬁﬂ»%' &yl éﬂlﬁqe‘?@rﬁ@? PO P03 Qude® ﬁ:rQhJ:\l HAHNE & asic mixture

TG i
1 N NefEittantwih 2R ﬁ% k@f’p 8207 MRl fa%fé%a yrgazﬁaqﬂﬁmmﬁeated with
Darcoff(jéR {3Hdgrsdrisy MsCH(18, 3 Yrislaidificfdn TROmshdthe relfitibovved: concentrated
(T=20y5 25) mal sk BUEKIAY Solextbe Ty pehatorevid nelexeead-330°C MIBEGD mL of N-

hepta@a%@cﬁgfeﬁgg lﬁﬂﬁ; y mssn%?ga?g eégi%@%@ ﬁﬂ-bafiz‘% qgfjiitbglrthlisiv %ﬁrcgeg?o@ed to cool to
room g:mop%a‘%ur B ﬁ!‘ yﬁx ut on Wi fiyéa%‘g? ﬁ\l %aﬁ%lél?% el b é‘{ 120 mL of

e organic pfiase Wash
8:1 n-hepinestel %angr HB‘%‘O‘KR%H%%(Y@W&%E“@&‘MWW(%& yield).
flushed with 300mL toluene. Addition of 375 mL of DMAC (KF -400)
Step Affoyted)-thezsolaiinp ey for theapxstepl-Fqihe, Qfﬂmﬁmw&waﬁa]pemdu
en-1-3MIRLHEBCH2NH2 (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 :
o O(_’) jo OO \\O OO
» o
NH NH
MsCl, EtzN LiBr, DMAC ©
0°C CF3CHNH, /
OH M N CTe

The compound of Step 3 (50.0 g, 125.2 mmol) in 400mL toluene (was treated with EtsN (16.5g,
162.7 mmol) followed by a 25 mL toluene flush followed by MsC1(16.5 g, 162.7 mmol) in
120mL toluene followed by a 25 mi flush making sure the temperature did not exceed 3 °C .
After a 30 min age, the slurry was treated with 250mL H>O and then warmmed to RT. The
aqueous layer was drained away (a black rag layer is observed) and the organic phase washed
with 1x200 mL IN 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 CF3CH,INH; (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 TPAC and 150 mL H,O. The aqueous layer was
removed. The organic layer was washed with 150 mL 1N NaQOH 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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C. The reaction was diluted with 250 mL IPAC and 150 mL H20. The
agueous layer was removed. The organic layer was washed with 150 mL
whiba@irsand 150 mL 15 % aqueous NacCl solution. Assay efthedRboos 702
layer shows 92 % vyield and the solution was concentrated to 150 mL
volume and 375 mL DMAC added. -26 WO 2007/120591
PCT/US2007/008702 Step 5:
N-[6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-triiluoroethyl)-2,3,4,7-tetral:ydro-I
H-azepin-3- ylJacetamide O 00 J O O OH O NH UCI_H20 0 NH TFA F3C
g DMAC J toluene N~./CF3 N_/CF3 F FF F F F To the DMAC solution of
6 (55 g, 114.49 mmol assay, 475 mL volume) was added LiCl (14.5g,
343.5 mmol) followed by H20 (6.1 g, 343.5 mmol). The solution was aged
at 113-115 C for 12- 14 hours (after 1 hour at 112 C a white precipitate
Step SHNOPB 0000 BT2 5001 PsCo DG G SOWON. /ot i s
B SR e M T 5
(PAC  The organic layer was split in half and cooled to 5-10C. Each half
was treated with 118.5 mL H20 keeping the temperature -15-20 C. The
aqueous ack extracted with 165 mlg IPAC and the organic Iay&r as
- washed with 2 20 m % NacCl solution brirg
220 mL afwWatel The soli@ritmasswiteh¥ to toludhe (450 Myl
45¢g ass,at'y). he toluenemhﬂion/MS g, 110 mmabm&deCa'r:B%xylted
i tic Hcid€E43 mmol, 1.3 equivyand a

cooledrto RT and then concentrated to 3 L/kg) based on starting matérial

To m@m%gdad%ih H%g_%@é?llmihd%cﬁf%% W@%\fﬂ%ﬁo%%ﬁ%é’%ﬁd% iCl (14.5g,
343.5 MaQ )??TI ét, .nemiz so,the batch was ¢ g@é‘o _
141 with go 3{(; % celite Fiéteg gnd t %e ca & la?g %vsa%ﬁté%nwvﬁ?\s fgﬁ%ﬁ%tllg,& 0 °C for 12

ORI UBRIE Bhddd vad WIS RIFSIPURE FPHEDdHRE tagkina iR Rasiaef Darco was
added \iRA fRerseiutiors fltered Abrough Solka-Floe. The filter cake was washed with 285 mL
IPAC. The organic layer was split in half and cooled to 5-10°C. Each half was treated with 118.5
mL H;O keeping the temperature ~15-20 °C. The aqueous was back extracted with 165 mL
IPAC and the organic layer was washed with 220 mL IN NaOH, 2 x220 mL 15% Na(l solution

brine and 220 mL of water. The solvent was switched to toluene (450 mL volume, 45g assay ).

The toluene solution (45 g, 110 mmo! of decarboxylated product) was treated with trifluoroacetic
acid (143 mmol, 1.3 equiv. and a yellow oil separated from the toluene solution. The reaction is
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 HC1 (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.
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mL | % aqueous NaCl solution, and 5g Darco added. The solution was
filtered through Solka- Floc, and the solution concentrated to 4L/kg (based
woen@ssaysef product) and flushed with IPAC until KF<100. Agotadiofod7o0s702

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. -27 WO 2007/120591 PCT/US2007/008702 Step 6:
(3S)-6-(2,3-dii
luorophenyl)-2-oxo-1-(2,2,2-trifluoroethyl)-2,3,4,7-tetrahydro-1H-azepin-
3-ammonium 3-carboxy-2,3-bis[(4-methylbenzoyl)oxyJpropanoate
(di-toluoyl tartrate salt) 0/ 0 NH t F3CN F3CN ditoluoL- taric acid F3CN
EtO MTBE FFCHOF FF\OHF 02N To a 288 mL dioxane solution of

Step 6. EIIP ?JPZ%C&WBQM gg_%g ]W@?I) ¢9¢9ﬂ}§)9ﬂ9|¥ ?fte%'&lbl%f H-azepin-
he so utlo Was te t 85 C or 12!hOUf mfter cooigrq e s%ar}or}e salf)
- G S R R A LB e A A g
ION NaOH followed by IN NaOH. After the phase cut, the aqueous was

e t?fa(ted with 230 mL MTBE and the combined organic layer washed
Yor product (25.4 g, 79.3 mmo 8ENs

F:¢” Hssay yield). The solutidaSvadconsentiftery to 2141 P9g of maTin c(a)byo'\ﬁoﬁ
solventswitched to IPA (<762 mL tota'onlume) The KF of they= 040

tian w¥&%djusted to 4000
trobenzaldehyde (7.9 m as added foIIo ed Jay
(-)-OF0'-di-toluoyl-L-tartaric acid (¥58.6 mmol) ihe resulting slurry®

was aged at 65 C for 130 hours. The slurry #&s thien filtered and the solid
washed with IPA. Step 7:

(3S)-6-(2,3-difluorophenyl)- 2 oxo 1 -(2,2,2-trifluoroethyl)-2,3,4,7-tetrahydro
Toa 2§|§| afeggxa%eagpggy 0 gn?pﬁ?u%ﬁ'?% &B—Ig Immol) was added 6 equiv of
3N HCL. The solution was heated at 85 °C for 12 hours. Afier cooling, the solution was dihited
with 230 mL MTBE added and the pH adjusted to8-10 with 10N NaCOH followed by IN NaGH.
After the phase cut, the agueous was extracted with 230 mI. MTBE and the combined organic
layer washed with 390 mL. 15% NaCl and assayed for product (25.4 g, 79.3 mmol, 80 % assay
vield). The solution was concentrated to ~10 L/kg of amine and then solvent switched to IPA
(~762 mL total volume). The KF of the solution was adjusted to 4000 ppm and then 2-hydroxy-
5-nitrobenzaldehyde (7.9 mmol) was added followed by (-)-0,0’-di-toluoyl-L-tartaric acid

(158.6 mmol) and the resulting slurry was aged at 65 °C for 130 hours. The shury was then
filtered and the solid washed with IPA.

Step 7. (38)-6-(2, 3-diffuorophenyl)-2-oxo-1-(2.2, 2-triftucroethyl)-2, 3,4, 7-tetrahydro-1H-azepin-
3-ammonium chioride

1. HPrOH, HG, Q  NH.*
~ 3
O - Pd/BaS0, . _
 NHa @ Xogliy ci
P o0 o
Fa¢” N 2. NaOH
_ B5TOH 3l EtN, MeOH

4. HCl F
- CHO
F
O,N
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0+ 1S Pd/BaS04 NH3 x _ F3C"N CI F3C~N o OH NaOH 3. Et3N, McOH
4. HCIF FCHO OH F F 02N -28 WO 2007/120591
wBGIAAS2097/008702 The compound of step 6 (10 g, 14.15 swialk2067/008702

di-toluoyl tartrate salt was slurried in i-PrOH (93 mL). To this mixture was

added iN HCI (15.57 mL, 1.10 equiv) and the mixture became

homogeneous. After sparging with nitrogen, 5% PdBaS0O4 (1.20 g, 4

mol%) was added and hydrogenated at 80 psi of hydrogen for 20h, or

until all consumed by HPLC. The solution was filtered through Solka Floc

with McOH (50 mL) to remove catalyst. The filtrate was concentrated to 2

rnL/g and then diluted with MTBE (100 mL) and then IN NaOH (80 mL).

After the phase cut, the aqueous was back extracted with 70 rnL of MTBE.
The camparh ol ssautidh0 \gad 4ves hed aijtidibdhe (7 Garnla)d ki kéaashayd0Nin -PrOH (93

mL). Yieldhos @iﬁﬁﬁﬁ@)&@d&daﬁﬂa@mwmeﬁig’ﬂvﬁnguf@"eﬁﬁ% Egan lﬁPure became

homogek@QQ?pﬂh\éf‘tE}) C|sk5#rc?rﬁnt1§)) %hm:g agrgé@e.%?tﬁn %g Wlt?de t?l(%) Sx %3$ added and

hydro%%:nétfae gu% SIJe? %%8{8% §8H:Jlt nglgﬂﬁ%&}é_ﬂ%%ﬁr e solution was
ﬁlwrei‘erﬁﬁ@%r@‘ﬁ?%@ ’r%uﬁé’%hléﬁe%iu(@lrﬁnm Tratiorofteansteisdorfseoffiltrate was
concenbrettitietcdmpbindndThersdiltien weith GMBE Wibo MTBEA1 M UNBLOH (80 mL).

After thepHiNag hh%ﬁ@eh@%%aéﬁ%%@ﬁ%% A0€ SANEAYE WaR Q@é ic solution
was “%H@&WQHYLO% 191}(LIY|6%£~ negompined dlall nICS#eri Earlllens\cl)vl%em switched to

Yo voﬁame n erecf

weo L giute e i Bl ULl HEME e
EtN Gorttnielwdseqoim retpgithitonas faan)aded-h Bk ot MoQMegidaidehyde (237 mg, 10
mol% -138opp ) cid\fente diing ssolitiion wad &G ed % 306th ok g diliRORAUDE hours which
resultsnas-addedial ored A 2hont GoUiiemol NG IRA:(RSulbs %3s giiluted with
MTBE?%& r'fﬁi?%@ Eﬂeﬂﬁfgméﬁ %gb T!Eéf' agis thgﬁ’&a%gd %Qs%ugu tﬁ?g < agous was back
perature ov ours ter INg ovet h%qé&
extrac{sc? tﬁq}ﬁ m‘f o??\gjf%]g] The combined organics were then Washed with 70 mL of brine,
cone. to 25% volume and filtered. The organic solution was concentrated further and then MTBE
was added until volume was 30 mL. To this was then added 15 mL of MeOH (KF ~1500ppm).
Adfter heating solution.to 50 °C, 1% seed of the title copound was added followed by a 2 hour
addition of SN HCl in IPA (5.6 mL, 2.2 equiv. relative io cis form assay). This was then aged 1
hour at 50 °C and then cooled to room temperature over 3 hours. After aging overnight at RT,
the slurry was filtered and washed with 3:1 MTBE:MeOH (2 x 15 mL). The cake 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
2-03:0—1-(4~piperidinyl}-2,3~dihydro-lH—imidazn{d,S-b} pyridine

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

H
M Q
L O e L0
N/ Ci . NCOEt TFA N/ cl NCO,Et

IPAC, it
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the slurry was filtered and washed with 3:1 MTBE:MeOH (2 x 15 mL). The
cake was then dried 20h under vacuum at room temperature to give the

wiitleorgound as an HCI salt MTBE solvate in 85% yield (»S37ak289008702
ee,). Example 8

2-Oxo0-|-(4-piperidinyl)-2,3-dihydro-IH-imidazo[4,5-b]pyridine Step 1: Ethyl
4-[(2-cliloropyridin-3-yl)aminojpiperidine-l-carboxylate H NH 2 2 +
NaBH(OAc)3 N N CI NCOZEt TFA N CI NCOZEt IPAC, rt 29 WO
2007/120591 PCT/US20071005702 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

To a (30 heltRRBiKME HEGREWBAGMNOGCHAUEA ST D P EhATURIRR(LE probe was
charg&d 3T£H&%r-‘%§&%3‘éo%g§§{ﬁé ({j’}*wi”g?8,9é&%ﬁ??@%@%}é&?ﬁ%ﬁ"%ﬁj@%ﬁ‘?

.__.mixture over 30 u n increase in t ratu 25 C (ho caaqli )
piperifais SO (Sc i el TRl TP 5 0 GBS e 1136 e e mixture
becamypiigaepeatiitfigt Srsimagisien fethel ihciincaseimparkitdenb.£650 mol, 200
mo%svestisepaicoAlte ifimao-agittioandm ilire wase de@ngrdature to 25 °C (no
cooliﬁiﬂﬁﬂ&g@ Realifn %@%L}{%ﬂw (@@Hﬁﬂﬂlf?ﬁ@ﬂfﬁ)@-@ﬁ%l% was added as a

.o 3- -2- r idi .
solid ﬁ?ﬁ?gﬁxé o %V%% ﬂ?craqu %@ﬁia%%ﬁ'?ﬂa%y %‘WB%@HR% o“&:ﬁS‘Q é? min

(=]
ueous, Na ed to the mixture at

@sitating i TOHEFFHTHERY TR HTRORSTRAL -6, e e spisd somswerign (< 05
A%) ebpamtecPheiptani Prasedfasmetioiot Brmelzbtethpyodie. Sejsdnbiriof 10 wi%
aqueoniq edDE plaselivasd 8 mixt i Atpi0 Sahapler Wa scdid UV Han tHAPM bf the mixture was
2-9, MRt andd-Laidnabiss Rgiealedrh 303 YnabtPrrduehWas 8800 mL). The
separatB§ QG O%%&%%X%@Q?@BQV?O%“ <N 'Q%}jasngﬁ'i%'@,'x% RPN MeOH and LC
Azeotlopic Ing with IPAC was conducted at atmospheric pressure
anaty 8 RN ot S5ATTAOR U W R A L Gy v end
contaippkregligiblspronecsoharoronis domes i dBAC wslconeustad et gimospheric
pressithennikife(a35stppmoiag @3diteh) wes! sidded:ckhisrsatitiors wadtipeeh by KF
titratiGH ELHY JorifiehSHBSBSMRRtSIeR 14 & ANaliSis OBXS1RA then THF (35 ppm H,O, 230
L) was added. This solution was used directly for the subsequent step. LC analysis gave 84 g,
101% AY of the desired reductively alkylated product and KF titration gave water content as <
500 ppm.

Step I(alternate): Ethyl 4-[(2-chloropyridin-3-yljamino]piperidine-I-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 afier 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 NaBH4 (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,4 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 wi% 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 assay indicated this contained 0.5 g, < 1.0% of product. The organic phase washed
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101% AY of the desired reductively alkylated product and KF titration gave
water content as < 500 ppm. Step I(alternate): Ethyl

wér bog-ehlgrepyridin-3-yl)aminojpiperidine-I-carboxylate To a Zpk{hreanamiroz
Morton-type flask equipped with a mechanical agitator and temperature
probe was charged 3-amino-2-chloropyridin and ethyl
4-oxo-I-piperidinecarboxylate followed by IPAC. The mixture became
homogeneous after 5 nun 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 NaBH4 (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

with H#Be ﬁéﬂwe&be&e&l}i% pHaiioRvassoneated eliaming 9acdwal8has 275 mL
and Le %3% xe&%&%raueggma&ha ﬁ‘eé}b géo%& d{I felg%%lo plets.nad %%fnm]; and LC

ver tt IS time, cat ed Y% COﬂVGrSIOn (0] o
assay fRgisaigd tis 5"&}8’?859#&7?& A’%@m“n P YR GHOORS NPERSHh AR 21 & 5% of
startingeiite Hhe YeHQFeosEBEC4N ST me@nﬁg}mﬁi 165mitA batin tavmprrpRrofto
approfiisamiytone-ihs bdidatveiphasazsasie i atllowed dtdsd parbikis Paecess was repeated

until t8ERARIChAMEHS @h@?m%‘iﬁpm&aml Lﬁem&aﬁ icated tRisitrated to a

volmrgc%%g’}fgdg% ﬁg&i’%‘oé% Wltﬁd% leJi) SE \\nlfva‘?ssl?see% (? rer\;/\{ for the

fine then the separate org
subseqent S16Bs assayed. The separated brine wash was 275 mL and LC
assay indicated this contained neglible product. The organic phase was
Step DXV 4afidruGioasdayindicardo thisr-ahntaintd B b]girkridineY 1 odarboxylate
reductively alkylated product and 2.1 g, 5% of starting amine The yellow
organic phase was concentrated (45 C bath temperatu
approximately Hne -third original volume. Fresh IPAC wa ded and this
processf epm until the watér@®ntent was n’r@
titration @E@p Wae £oncentraed:t» a volu RemEHE
(230 mL) was added. This solution was used directly ort e subsequent
step. Step 2: Ethyl
4-[(aminocarbonyl)(2-chloropyridin-3-yl)amino]piperidine-I-carboxylate O
To a NiHBrte-G&k RN-QiEOQERed120 a mechanical agitator and temperature probe was
charged with THF (250 L, K¥ 35 ppm H,O} then chlorosulfonyl isocyanate (CSI) {30.7 mL,
0.353 mol, 120 mol%) was added at room temperature (negligible exotherm). The mixture was

cooled to -10 °C using ice/MeOH. The solution of amine prepared above mn Step 1 (83.42 g,
0.294 mol, 100 mol%) in THF : IPAC (~1:1) (400 mL, KF of this solution was 500 ppm) was
added over a 20 min period via a dropping funnel. An exotherm was observed during this
addition (max. temp. 2 °C). Upon completion of the amine solution addition L.C analysis
indicated consumption of the amine (< 1.0 A%) — sample was prepared by dilution in 0.1%
H3POyw/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 exothernm 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% ag. NaOH until pH 8-9 and the separated organic phase was washed with
brine (360 mL). The work-up was conducted at 50 °C to maintain solubility of the product. The
separated aqueous volume was 500 mL - 100 gL 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
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N CI NCOZEt To a 1 L three-neck RB-flask equipped with a mechanical
agitator and temperature probe was charged with THE (250 mL, KF 35

wppsy H2eRethen chlorosulfonyl isocyanate (CSI) (30.7 mL, Og35geai3d@702
mol%) was added at room temperature (negligible exotherm). The mixture

was cooled to -10 C using ice/MeOH. The solution of amine prepared

above in Step 1 (83.42 g, 0.294 mot, 100 mol%) in THE : IPAC (-1:1)

(400 mL, KF of this solution was 500 ppm) was added over a 20 min

period via a dropping funnel. An exotherm was observed during this

addition (max. temp. 2 C). Upon completion of the amine solution addition

LC analysis indicated consumption of the amine (< 1.0 A%) - sample was

prepared by dilution in 0.1% H3PO4/MeCN (70:30) and rapid injection on
atmosfieliCpimsturmend indieatedtantumajaseiitipeneni] tAfRELR MBileVaT8E < 250 ppm
e s ok et X W then

ng the water a : . .
fg‘*’%ﬁaau?;gégt R PR S ihbiroh AR R s rnscd with 2
¢ VapRSkintately T AR Rt ihalebhfeteder oy munme, e pradaiditayea was

obtainggpfaIohiin et vhtes, 458itionlatsdnoeido BEAg)C analysis. The

mixture was treated with 10% aqg. NaOH until pH 8-9 and the separated

Step 30MRANCNNASENAS W ﬁ?@ﬁdmmn gdgg{yff?.@ Q f{B}:)idn‘ﬁ EW%%%%&V By -Cézrboxyi’ ate

conducted at 50 C to maintain solubility of the produc separate
aqueous volume was 500 mL - 100 ILL sample was diluted in 10 0"% of
above sampleg, dilq@[%t and LC analysis indicated 1.38 g, 1.4% roduct
was present. Tﬁgbrine was assayedFagOabive and contained negligible
product. ' ing with IPAC wiastconducted at -31 W

2007112 CE: US200.£008702aimespheric pr der
constant vélumé&'conditions until the watepgpntent wasls 280 pprt by KF
titration. The urea crystallized and the slurry was concenttatedito -- 5

To a 506lurhebttrenceiidieethreagh fdkfefaifped o6ty rRNREIGRRER0 B ux
condefitalion t%ﬂﬁeﬁ&'&%ewnmm% ﬁ%@@%‘ @%%2']!3@%3%8%%9 Y H@ﬁ&%ﬁ%}, urea of
Step 21 100 T0K0D 80 M Rl e R PR BE0. %00 o) e
heterosghdo@ 41 9,785% |sé?até ylerflc?, ’WM% tep 3TEthyl .P , nl). T

BE o Uiy R AR S By i= 1356 e At dsoséplomesion tube.
After Hig dims PG K224 g, 0.001 mol, 1 mol%) and bis-(diphenylphosphino)butane
(dppb) 0.854 g, 0.002 mol, 2 mol%) were added as solids and the N purge continued for a
further 30 min. The pink mixture was then heated to 83 °C (reflux) for 24 h. After this time, LC
analysis of the yellow mixture indicated > 99.5 : 0.5 A% ratic of product to starting material.
Atmospheric pressure distillation of the i-PrOH was initiated and continued until 200 ml. i-PrOH
distillate had been collected. IPAC (200 mL) and water (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 < iSO ppm measured by KF titration. The product
crystallized to produce a slurry at 90 °C. The slurry was concentrated to ~ $ volumes and
allowed to cool to 1t 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 wit%).
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\' N~ dppb N CI NCO2Et NaHCO3 N}} 0 i-PrOHN N H To a 500 mL
three-neck Morton-type flask equipped with a mechanical agitator, reflux
woaneensesand temperature probe was charged NaHCO3 (2B¢atig28-30@702
mol, 300 mol%), urea of Step 2, above (32.69 g, 0.100 mol, 100 mol%),
and i-PrOH (KF 1415 ppm, 320 mL). The heterogeneous mixture was
agitated and purged with N2 using an M-fritted gas dispersion tube. After
I h, the Pd(OAc)2 (0.224 g, 0.001 mol, 1 mol%) and
bis-(diphenylphosphino)butane (dppb) 0.854 g, 0.002 mol, 2 mol%) were
added as solids and the N2 purge continued for a further 30 min. The
pink mixture was then heated to 83 C (reflux) for 24 h. After this time, LC
analysis of the yellow mixture indicated > 99.5: 0.5 A% ratio of product to
Step 45\BBPEANS D). 1AABOSHREIISINIRssIE 4B IRleRIoL NerRri)idrd@Foride
initiated and continued until 200 mL i-PrOH distillate had been collected.
IPAC (200 mL) and waigy,£100 mL) were added and the temperature was

maintained at 60 C. After 30 min agitation, the phases werétallowed to
separate. The orga ase was clear yellow and the ague us was

colorless. The separated aqueous volume was 75 mL - uL sample
was diluted if HVeOHNAHY HOaRENS]s 4 06)3‘-318 0.1% of
product was ty The orgaiiy, phede was wa brine (3 x 75

mL). Azeotropic drylfhg with JPAC was conducted at atméﬁspheric pressure
under constant volume conditions until the water contefit was < 150 ppm

To a hivasiiratirby-KdckitrEoeskheyprgshidciviihy atallixeddigragitewn sty abndenser and
tempedfhire El%élbbféé/ t‘ﬁ’é?g@ﬁﬂﬁ@ Ripaird.iQ, &yﬁt&mg&%@ a@]&\gﬁg 48 609k @ tnmol, 100
mol%?ﬁ l::aewle S tﬁi? l%nmf. o8 eeV\éas%%gng %%rvt\rl: g bc?éj X G Iﬁp&i (13 mi of

e soli W s dried |n a vdcuum ove UI’] erann rog

>0 Wfs/w@%lwl%lwt%c%ﬂt Lraahnaetehiatied aaaahnielSomelsm Ay, Gippguixture was
heatedsiol 2 JCOGHt08). [B21W D 360 ABPOBO NP SAOOHO0BTAE Biop%) f the cyclic

urea pidetsmatiyhldFdify dienabl-pridazo[®, 5-BlauptinvZaonasilmsdrasplaridéon in 0.1%
H,PONRERNH R 3 Cvater (25 mL) and i-BuCH (25 mL) were added and the mixture was
agitated for 10 min then the phases were allowed to separate. The separated agueous volume was
41 mL - 100 uL. sample was diluted in 100 mL of above diluent and LC analysis indicated 0.26
g, 5% of product was present. The separated agueous volume was 54 mL - 100 yL. 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 fltered and the cake was rinsed with 2 bed volumes i-PrOF. 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 wit% giving 89% isolated
yield, with the residual wt% consisting of NaCl).

While the invention has been described and illustrated with reference to certain
particular embodiments thereof, those skilled in the art will appreciate that various adaptations,
changes, modifications, substitutions, deletions, or additions of procedures and protocols may be
made without departing from the spirit and scope of the invention. For example, effective

dosages other than the particular dosages as set forth herein above may be applicable as a
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N 1. NaOH, H20, EtOH N HCI N >=0 2. HCI, i-PrOHNN~-OHH 3 To a
100 mL three-neck RB-flask equipped with a mechanical agitator, reflux
woongensesand temperature probe was charged the cyclic upeg maderivs7oz
Step 3, above (4.80 g, 16.48 mmol, 100 mol%) followed by EtOH (10
mL). To the resultant slurry was added aqueous NaOH (13 mL of 50 wt%
solution diluted with 12 mL water, 246.0 mmol, 1500 mol%) and the
mixture was heated to 82 C (reflux) for 14 h. LC analysis indicated
consumption (< 0.5 A%) of the cyclic urea and formation of the amine
product 3 - sample was prepared by dilution in 0.1% H3PO4/MeCN
(70:30). Water (25 mL) and i-BuOH (25 mL) were added and the mixture
c “was a$iétated for 10 min then the phases were allowed to separate. The
OnS e Pt BB R BIG FrSRABY vaRess of heomegumm kevadehtné domargef the
indicatiipphatiote dingrivadd dGheralysisindieatesd 26, SebroHEWEI e
ted aqueous volume was 54 mL - 100 ILL sample was
P Y R o i femeag 15 i ccut
active SpRRIRds el ciné serthabeothepican yiregemithlidPr@Etwizsloondunted atell as the

type oRIGIQRARGHE HEIAYIR YPNEGL ARSI, ¥RIHDEE0RGHIaNS %QB%E@@@‘W%“ ions or
contentt%\éas 1?%2%11 measuyed by KF titration. The volume™ was adjuste

ATergCTHE i IRH @ R APLTRRIHIBAStri RS D B Hdsc PmoRRHs® o the
preseniim@ntien, (116 0mteol 6D Gharofboy wias dedded-aauaing afiBmediateswiite s the
; 3ol I0Q.40. Lt ry was filtered and the cake w,
AT R e
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). While
the invention has been described and illustrated with reference to certain
particular embodiments thereof, those skilled in the art will appreciate that
various adaptations, changes, modifications, substitutions, deletions, or
additions of procedures and protocols may be made without departing
from the spirit and scope of the invention. For example, effective dosages
other than the particular dosages as set forth herein above may be
applicable as a -33
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WO 2007/120591 PCT/US2007/008702 consequence of variations in the
responsiveness of the mammal being treated for any of the indications
wwildythesgeempounds of the invention indicated above. Likewigertiw2eo7/008702
specific pharmacological responses observed may vary according to and
depending upon the particular active compounds selected or whether
there are present pharmaceutical carriers, as well as the type of
formulation and mode of administration employed, and such expected
variations or differences in the results are contemplated in accordance
with the objects and practices of the present invention. It is intended,
therefore, that the invention be defined by the scope of the claims which
follow and that such claims be interpreted as broadly as is reasonable. -34
WHAWS Shd7M38383: PCT/US2007/008702 WHAT IS CLAIMED IS: I. A
process for the preparation ofN-[(3R,65)-6-(2,3-difluorophenyl)-2-oxo-

I-(2,2,2-trifluoroethyl)azepan-3-yl]-4-(2-0x0-2, 3-dihydro- .

I midabo s SRR oG PRSI AR A SR figgpnensD 2-ono-
1-(2,2 goimfisieg oAy BR; 5543 2nomee263(@iBydro- 1 H-imidazo[4,5-blpyridin-1-
yhpipiiipeopheai iz 2 iporosthwliazapan: 2006 bydiogbiosidg.ands. 2 3-

. 2-oxo-I-(4-piperidinyl)- 2,3-dihydro-IH-imidazo[4,5-b py_rldlne o
crfluoggrbEmy Slectka HresERtE TP ETZ CRMBIIN R e d 2-axprbddsgipenidiny)-

2,3-difoydtoel prepadatiop: st theypidiasslitipdsaliethaiolatentopresete of 1,17-
b é g&g}% -()(]%,B-dlfluorophenyl)-Z-oxo-l-(Z,2,2-tr|fluoroethyl)azepan-3-yl]-4
cArbon 2-gxo-2, - dihydro-IH-imidazo[4,5-b]pyridin-l-yl)piperidine-l-carboxamide,
said process comprising the steps of: (1) reacting

(3_;3,65)'Q{haminﬁtﬁr%%ﬁfﬂﬂr?{éd’@@%b}téﬁﬂ%%t%e pOtaiSililm salt c_aél_lanloiztes form of N-
oro azepan-zZ-one ro Il an -0OX0-1-(4-piperiainyl-2,o-
R T S T BBy AT OREA Ve B o 0 2.3

dihydeaibbmyldism{ 487oley @) isbighiniperidine-1 -carboxamide, said process comprising the
steps M:[(3R,65)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-
trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-dihydro- | H-imidazo[4,5-b]pyridin-|
- yl)piperidine-I-carboxamide; and
(1) reacting (3R,65)-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-blpyridine dihydrochloride in the presence of 1,1~

carbonyldiimidazole;

(2) isolating N-[(3R,65)-6-(2,3-difluorophenyl)-2-ox0-1-(2,2,2-
trifluoroethyljazepan-3-yi]-4-(2-ox0-2,3-dihydro-1H-imidazo[4,5-bpyridin-1-

yDpiperidine-1-carboxamide; and

(3) reacting said N-[(3R,68)-6-(2,3~difluorophenyl)-2-ox0-1-(2,2,2-
trifluoroethyl)azepan-3-yi}-4-(2-oxo-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-
yl)piperidim—l-carboxamidé with a compound selected from potassium tert-
butoxide, potassimm hydroxide, potassium methoxide and potassium ethoxide, in

the presence of ethanol.
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(3) reacting said N [(3R,6S)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-

trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-dihydro-1 H-imidazo[4,5-b]pyri din-
wa-ybpipetidine-I-carboxamide with a compound selected frogr-patessiigns o2

tert- butoxide, potassium hydroxide, potassium methoxide and potassium

ethoxide, in the presence of ethanol. -35 WO 2007/120591

PCT/US2007/008702 3. A process for the preparation of the potassium

salt ethanolate form of N-

[(3R,6S)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-trifluoroethyl)azepan-3-yl]-4

-(2-ox0-2,3-

dihydro-IH-imidazo[4,5-b]pyridin-1-yl)piperidine-l-carboxamide, said

process comprlsmg the steps of: (1) reactlnfg

(3R,6S): B ami o Qo8 dRrUSoPEATASian @Iz potassium salt ethanolate form of N-

[(3R, Wedm?ewli@zeaﬂmﬁammdt@mQnﬁmaaﬁbaﬁ@f%e&xpmmmw&&z 3-
dlhydrglhyrg%} g%z d]ﬁ()%{) ? e%e cgrr}xg}réq?hlor e in the presence of 1
lmi

carbony ézo ~car oxarmde satd process compnsmg the

steps Q. [(3R,65)-6-(2,3- dlfluorophenyl) -2- oxo 1-(2,2,2-
trifluoroethyl)azepan -3-yl]-4-(2-o0x0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1

g/3 erldl - xamlde with a compound selected from potassium
t %‘(g& iBRIAYdrdkidedifurieRkeR Mt &:dek and potassium

etnﬁnm:eethyﬂwqgmémmhaamnée &ogrocess fouthe-errraration.of a
[(3R 6??)2%}%% dn‘luorophjgnylfi\lil %‘)i(%“idf‘icé‘lﬁ’fﬁ,ﬁ&%%8&’%39%%%!3‘@}4
tidazol e and

dlhydro IH-imidazo[4,5-b]pyridin-1-yi)piperidine-I-carboxamide, said

B el e

%@Wﬁ@p&w&ﬂ&éﬂ%mﬂ@d@%&ﬁmﬂd%ﬂ@mﬂmﬂm}%&m

dﬁ%@dhﬁﬂ@l@é&%%ﬁl@éf{@m%@H}XQB%B'%E&&'& S RIRRENE SOl sl -
ﬁgrbon Idiimidazo Ie (2) isalating

Ry ﬁ%‘i‘f’fﬁﬂ@n%t@%% methoxple and potassium ethoxide, in

the presence of ethanol.

4. A process for the preparation of a potassium salt solvate form of N-
[(3R,65)-6-(2,3-difluorophenyl)-2-ox0-1 -(2,2,2-triflucroethyl)azepan-3-yil-4-(2-0x0-2,3-

dihydro—1H—imidazo[4,5~b]pyridjn~1—yl}piperidine~1—carboxamide, said process comprising the
steps oft ‘

(1) reacting (3R,65)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-
trifluoroethyl)azepan-2-one hydrochloride and 2-0x0-1-(4-piperidinyi)-2,3-

ditrydro-1 H-imidazo{4,5-blpyridine diliydrochloride in the presence of 1,1°-
carbonyldiimidazole;

(2) isolating N-[(3R,65)-6-(2,3-difluorophenyl)-2-oxo-1 -{2,2.2-
trifluoroethylazepan-3-y1}-4-(2-0x0-2,3-dihydro-1H-imidazo [4,5-blpyridin-1-

yDpiperidine-1-carboxamide; and
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trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-dihydro-1

H-imidazo[4,5-b]pyridin-I- yl)piperidine-l-carboxamide; and -36 WO
weld7420591 PCT/US2007/008702 (3) reacting said PCT/US2007/008702

N-[(3R,6S)-6-(2,3-difluorophenyl)-2-oxo-I-(2,2,2-

trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-dihydro-1 H-imidazo[4,5-b]pyridin-I

- yl)piperidine-I-carboxamide with a compound selected from potassium

tert- butoxide, potassium hydroxide, potassium methoxide and potassium

ethoxide, in the presence of ethanol and water. 5. A process for the

preparation of the potassium salt solvate form of N-

[(3R,6S)-6-(2,3-difluorophenyl)-2-oxo0-1-(2,2,2-trifluoroethyl)azepaih-3-yl]-4

-(2-0x0-2,3-

difydraainmimd 26{4355 by Prdth 31 djf prperiameli-2arsoxbididel said

PEEEROT: @Wymwxc@)ﬁf@ﬁyaﬁ) 1H-imidazo{4,5-b]pyridin-1-

(33}’ 3am|06 2,3-difl é%%g é

i Po&%ﬁ?azgpan%ﬁ h o%ﬁ? Afelesis. Fm pRERR ert3-

dimyidrodied poticairoidSdipydicipotdisirnonkthrigzinatideppressnecetickille, in

C%Q%&é@ﬁ@%‘@%@l&ﬁ%é%é&@c“”9
N-[(3R,6S)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-

trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-dihydro-IH-imidazo[4,5-b]pyridin-I-
yl)piperidine- 1- gqymmamim@mwwm@g@@g@mmw% of N-

SSI S|um X|de an ssium
L3R, é;?{)htsgi”i?ﬁ%gﬁ? %es l{r?:b Ofﬁ n’ol’ an 3f8F QD FEiRy 23
dihy%%%ﬂ@&ﬁﬁ?[éﬂﬁ@@@@i’mﬁ sé)wemmmequbmde, mlmmmedompnsmg the
steps gthanolate. | hydrate form of N-[(3R,6S)-6-(2,3-difluorophenyl)-2-oxo-1-
cp
(2,2,2-trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-dihydro-1
H-imidazo[4,5-b]pyridin-I yl)piperidine-I-carboxamide. -37 WO
200 HE:RE5E K TADH S 20670 0H8T, 6 217t hidrengiacasd gh daim 3, further
CHERISHSROSRA- 53U SHANOMRIBAT and 2-ox0-1-(4-piperidiny})-2,3-
dihydro-1H-imidazof4,5-blpyridine dihydrochloride in the presence of 1,1°-

carbonyldiimidazole; and

(2) reacting N-[(3R,68)-6-(2,3-diftuorophenyl}-2-0x0-1<2,2,2-
trifluoroethyl)azepan-3 ~yl}-4-(2-0%0-2,3-dihydro-1H-imidazo[4,5-blpyridin-1-
yDpiperidine-1-carboxarnride with a compound selected from potassium rerz-
butoxide, potassium hydroxide, potassium methoxide and potassium ethoxide, in

the presence of ethanol and water.

6. The process of claim 2, further comprising exposing said ethanolate to
water to forim a mixed ethanolate / hydrate form of N-[(3R,65)-6-(2,3-difiuorophenyl}-2-0x0-1-
(2,2,Z-ﬁiﬂuoroeﬂayl)achan%-yl]-4-(2-0xo-2,3-dihydm-1H-imidazo[4,5—b]pyridin~1~
yDpiperidine-1-carboxamide.
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water to form a mixed ethanolate / hydrate form of
N-[(3R,6S)-6-(2,3-difluorophenyl)-2-oxo-1- (2,2,2-trifluoro
wethyazepan-3-yl]-4-(2-oxo-2,3-dihydro-IH-imidazo[4,5-b]pynidinsis2e07008 702
-~ yDpiperidine- | -carbox amide. 8. A process for the preparation
ofN-[(3R,6S)-6-(2,3-difluorophenyl)-2-oxo-
1-(2,2,2-trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-dihydro-1
H-imidazo[4,5-b]pyridin-I - yl)piperidine-l-carboxamide, said process
comprising reacting (3R,6S)-3-amino-6-(2,3-
difluorophenyl)-1-(2,2,2-trifluoroethyl)azepan-2-one hydrochloride with 1,1'-
carbonyldiimidazole to form a caprolactam acyl imidazole intermediate,
and then reacting said intermediate with
2-0x0-1-(4-piperidinyl)-2,3-dihydro-IH-imidazo[4,5-b]pyridine
dihydrochioridel’s: propersesscienth;, firdpearatampobihe poiassjymidalthanolate to
water @f R8s T 4 ~6-(2 3-di

e (3@8‘%’;)?Ef%‘%fﬂ?ﬁ%%"g%%;ﬁggﬁﬁ%%;f%?ﬁfz%?&%ﬁfﬁg%g%s%h@.sla%%%rgmpf—oxo-1—
(2.2, 2 T IpREIstaY iR GRAB-fr etz St 5B oY phpedrripkbis colnidimitte,
yhpipaddihprdcessoampiising the steps of. (1) reacting

(3R,6S)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-
trifluoroethyl)azepan-2-one hydrochloride and 1,1'-carbonyldiimidazole to
form a &aproladtamsyifimibazokrimsmediaté(1R)68a6HAg% sillorophenyl)-2-oxo-

1-(2,2 ORI Y1 D raxa-1r{4riRerdin ) ddsdrdlividiogll blpyridin-1-

1( . im'daz?é4,5-t})§§aygr1iﬁg%j);ne ol_l';!r'nj/-drﬁgchIorideyfAl (%%k%%g*%q— I!rh'aazo[4’5 b]_p:mdm !
3PP S5 B THO AHEST. STBRA S T P R saf- -
difluorgphdai@)oh(22, 2 -ditaooocitsinisazel4 phipyiithoyipipeddine- |

5 igle; = 7/120591.R'CT/US2007/Q08702 . (4 : .
L ’N"?%?’e?‘é’,"?é’\%é?ﬁz?a- T LA S BT tnd ok reacting said
Intermpdhipfs Wath g s -3 bxd » Sharipd i -bmidand b 554 Bybifivyeidin-
dihydrbeyipiiaeridine-l-carboxamide with a compound selected from potassium

tert- butoxide, potassium hydroxide, potassium methoxide and potassium

ethoxide, in the presence of ethanol.
9. A process for the preparation of the potassinm salt ethanolate form of V-

[(BR,6S8)-6-(2,3-difluorophenyl)-2-oxo-1 -(2,2,2-trifhroroethyl}azepan-3-yl]-4-(2-ox0-2,3-
dihydro-1H-imidazo[4,5-blpyridin-1-yDpiperidine-1 -carboxamide, said process comprising the
steps of}

{1) reacting (3R,65)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-
trifluoroethyljazepan-2-one hydrochloride and 1,1°-carbonyldiimidazole to form a

caprolactam acyl imidazole intermediate,

(2) reacting said intermediate with 2-0x0~1-(4-piperidinyl)-2,3-dihydro-1 H-
imidazo[4,5-b]pyridine dihydrochloride;

(3) isolating N-{(3R,68)-6-(2,3-difluorophenyl}-2-ox0-1-(2,2,2-

trifluoroethyDazepan-3-ylj-4-(2-ox0-2,3-dihydro- 1 H-imidazo[4,5-b lpyridin-1-

yl)piperidine- 1 -carboxamide; and
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10. A process for the preparation of the potassium salt ethanolate form

ofN-
wil(3R:68)6(2,3-diftuoropheny1)-2-oxo-1-(2,2,2-trifluoroethylazepsrd-yik 02

4-(2-0x0-2,3-

dihydro-IH-imidazo[4,5-b]pyridin-I-yl)piperidine-I-carboxamide, said

process compri sing the steps of. (1) reacting

(3R,6S)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-

trifluoroethyl)azepan-2-one hydrochloride and 1,1'-carbonyldiimidazole to

form a caprolactam acyl imidazole intermediate, (2) reacting said

intermediate with 2-0x0-1-(4-piperidinyl)-2,3-dihydro-IH-

azo é\gme dih drochlorlde and (3) reacting

gﬁa% -G w&p@@yg 2-0)\0 -1-(2,2,2-
trﬁiﬂmme%%zmmn—B-y[}A-(Z-oxe—MﬁW@ 1Im1mmmﬁ455b@&@ﬁﬂﬁint -
y 110 amide with a compound from otassmm
(? f?}%ﬁ toxi 8 p%{%%um ﬁyélV roxi é’“‘ﬁl&a‘é‘éﬁlusrﬁe éom n%gpc‘)lfﬁs‘élum
eh%méemomerp}reéeﬁm@mwm m@@@ésmmhemepmmmd@f in
atpotassiHa: salkgplyate form of N - [(3R,6S)-6-(2,
3-difluorophenyl)-2-oxo-1-(2,2,2-tri fluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-
dihydro-1H-imidazo[4,5-b]pyridin-1-yl)piperidine-1-carboxamide, said
process ddmpridipgotives Sefscafre3oaue 20O 120453um salt ethanolate form of N-

3R,6 320G 1) ggacti . L .
K %ngé - -am%%gg%é glfﬁ)ﬁgrgpgezngllylfgf tpglylazepan-3-y11-4-(2-0x0-2,3

d*hydff?uﬂﬁbm@ %ép%h?}? nYRPERHIGH R lafaraoramidse sgidinTreesssienprising the

steps d6rm a caprolactam acyl |m|dazole intermediate, (2) reacting said
intermediate with 2-oxo-1-(4-piperidinyl)-2,3-dihydro-IH-
imidazo[4,5-b]pyridine dihydrochloride; (3) isolating
NI Zreesy (R S Diffuertphrdn(d) Spdbfuctopheng Brith@rdéthyl)

a&m&%ﬁ%%fﬁ%%ﬁ%%%&%h‘a%@@ﬂ éaﬁggﬂpﬁﬁmhﬁazole to form a
y ridine-I-car mide; and (4) reacting said
r\igﬁgé B OpIERESI8R0-1- (2,2, 2-

(2) reacting said intermediate with 2-oxo-1-(4-piperidiny?)-2, 3-dihydro-1H-
imidazo[4,5-blpyridine dihydrochloride; and

(3) reacting N-[(3R,6S5)-6-(2,3-diflucrophenyl)-2-0x0-1-(2,2,2-
trifluoroethyt)azepan-3-yl}-4-(2-ox0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-
yDpiperidine-1-carboxamide with a compound selected from potassium rert-
butoxide, potassium hydroxide, potassium methoxide and potassium ethoxide, in

the presence of ethanol.

11. A process for the preparation of a potassium salt solvate form of N-
[(3R,65)-6-(2,3-difluorophenyl}-2-0x0-1-(2,2,2-tri fluoroethyl}azepan-3-yl1-4-(2-0x0-2,3-
dihydro-1H-imidazo[4,5-b]pyridin-1-yl)piperidine-1-carboxamide, said process comprising the
steps of:
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trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1
- yl)piperidine-1-carboxamide with a compound selected from potassium

wieshobutgadge, potassium hydroxide, potassium methoxide apgpotassiumg oz
ethoxide, in the presence of ethanol and water. 12. A process for the
preparation of the potassium salt solvate form of N-
[(3R,6S)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-trifluoroethyl)azepan-3-yl]-
-(2-ox0-2,3- -
dihydro-IH-imidazo[4,5-b]pyridin-1-yl)piperidine-I-carboxamide, said
process comprising the steps of: (1) reacting
(3R,6S)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-
trifluoroethyl)azepan-2-one hydrochloride and 1,1'-carbonyldiimidazole to
forhh igaeliped G Jephinvdatb e difionrmdiatey]2) (2ading said
infermediate Vi ZaR X0k 4IRS 23 diIRYRH b vidiimidazole to form 2
imidazp[4,5-b]pyridine dihydrochloride; and -40 WO 2007/120591
RS BB TG o

N-[(3R,6S)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-
tri kA= (G70x9-3:.3-dihydro- IH-midazq .. i
[4@%9 %Bﬂgrﬁléﬁla%e %1&19 gx q@( Vg: erid r}ﬁ af’(_g’ glgxér%r&elé;{

,5-b]pyridin-I- yl)piperidine-l-carboxamide with a compaoun

frifidsgeiésidmrigiipaisoparidsum hydroxide, potassium methoxide

and potassium ethoxide, in the presence of ethanol and water. 13. The
process of cla fugher ISing exposing said ethanolate to water
T A G T BB RRRr o v (225
otNfjiRroed)ba2Betifiudicplizoyl-2,dxbhydro- | H-imidazo[4,5-b]pyridin-1-

(%,glgpg{ﬁlgig@@l%@;{%@égéﬁa]-4-(2-ox0-2,3-dihydro-l
H-imidazo[4,5-b]pyridin-1 yl)piperidine-I-carboxamide. 14. The process of
claim 10, further comprising exposing said ethanolate to water to form a
miKecathiag eadeV- (Rl s -©y 3-difluorophenyl)-2-oxo-1-(2,2,2-

0 -(2,3-di ophenyl)-2-0x0-1- .. <
O B A o oot lpyridin1-
HYPRIBSZE{AS InfRTRRACKy YDiberienmerpresk soikatedd@ond potassium fers-

butoxide, potassium hydroxide, potassium methoxide and potassium ethoxide, in

the presence of ethanol and water.

12. A process for the preparation of the potassium salt solvate form of N-
[(3R,6$)-6—(2,3~diﬂuoropheny1)—2-ox0~1-(2,2,2«triﬂuoroethy1)azepan—3~yl]—4—(2-oxo—2,3~
dihydro-1H-imidazo[4,5-bJpyridin-1-yDpiperidine-1-carboxamide, said process comprising the
steps oft

(1) reacting (3R,65)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-
trifluoroethyl)azepan-2-one hydrochloride and 1,1’-carbonyldiimidazole to form a
caprolactam acyl imidazole intermediate,

(2) reacting said intermediate with 2-ox0-1-(4-piperidinyl)-2,3-dihydro-1H-

imidazo{4,5-blpyridine dihydrochloride; and
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(3) reacting 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-
ylypiperidine-1-carboxamide with a compound selected from potassium feri-
butoxide, potassium hydroxide, potassium methoxide and potassium ethoxide, in

the presence of ethanol and water.

13. The process of claim 9, further comprising exposing said ethanolate to
water to form a mixed ethanolate / hydrate form of N-[(3R,65)-6-(2,3-difluorophenyl)-2-oxo-1-
(2,2,2-triflucroethylyazepan-3-yi}-4-(2-ox0-2,3-dihydro-1 H-imidazo[4,5-b]pyridin-1-

yi}piperidine-1-carboxamide.

i4. The process of claim 10, further comprising exposing said ethanolate to
water to form a mixed ethanolate / hydrate form of N-[(3R,65)-6-(2,3-diflucrophenyl)-2-oxo-1-
(2,2,2-trifluoroethylazepan-3-y1}-4-(2-oxo-2,3-dihydro-1 H-imidazo[4,5-b]pyridin-1-

ylpipendine-1-carboxamide.
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