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WO 2007/120589 PCT/US2007/008700 TITLE OF THE INVENTION
PROCESS FOR THE PREPARATION OF CAPROLACTAM CGRP
wANAGONMST INTERMEDIATE 5 BACKGROUND OF THEMNMESHObH@M 700
International patent applications PCT/US2004/010851, filed April 9, 2004
(published as W02004/092166 on October 28, 2004) and PCT/US2004/0
11280, filed April 9, 2004 (published as W02004/092168 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 10
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
TITLEIRBASEE eNGOIEISHS |nclude those mentioned in the referenced
PrROCHRYISIORG AN EpoG il iR ehide AVRKSING Apd Haiathaagdrshtongs
IF}(HC%R %%6 (2,3- D|quorophenyI) -2-0x0-1-(2,2,2-trifluoroethyl)azepan-3-y

(2-ox0-2,3-dihydro-IH- |m|dazo[4 5-bjpyridin-I-yl)piperidine-l-carboxamide,

}ﬁﬂ EOT,#% ON F\~i Fis a potent CGRP
BACK’IG 05 ulator $ e laboratory preparatlon of compound 1 is described in
|nternatlbﬁammmmtﬂmmﬂw@@W@M@%mﬁﬁﬂ, filed April 9, 2004

(publiRGT A SPO0E(IPAVAR RS, 26 E@&G%ﬁ@@%@z‘é@%ﬂ%ﬁ’?ﬁed 1 April 9,

,835. The laborator reparatlon of certain intermediates employed

2004 (R S o 2% SO0 R0 1 . EPRL oS el Number

10/83 %Rl catsond 2SULH. iRteemadiatds:i ﬁgﬂﬁdg%emmlate 2005) disclose compounds
useful %Btﬁ@%gaaﬁgﬁpé dRe3:dUIOLORRRINI LRt IR eths\fylgglzeespw &AL be treated

with mhlbztors modulators or promoters of the Calcitonin Gene-Related Peptide (CGRP)
receptor function. Such diseases or conditions include those mentioned in the referenced
applications, and specifically include migraine and cluster headache.

N-[(3R,65)-6~(2,3-Difluorophenyl)-2-oxo0-1-(2,2,2 -triflucroethyl)azepan-3-yi]}-4-
(2-ox0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-yl)piperidine-I ~carboxamide, 1:
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i
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-difluorophenyi)-1 ~(2,2,2-triflnoroethyl)azepan-2-one, 2:
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-1 WO 2007/120589 PCT/US2007/008700 F F OF N FINH2 2 and
the intermediate
wa-axorbd&kgiperidinyl)-2,3-dihydro-IH-imidazo[4,5-b]pyridinep 3t MNs diNabkreo

NH 0 35 and salts thereof, including
2-oxo-i-(4-piperidinyl)-2,3-dihydro-IH-imidazo[4,5-b]pyridine
dihydrochloride: 2 HCI HN }-NNH P~N Prior techniques for synthesizing
compound 1, including syntheses of intermediates 2 and 3, are 10
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 st&pg, making the overall synthetic
process slow as well as costly. Thus t Femains a need for an
improved 15 synthetic route to compouynd &£ wherein the synthetic route to
compound 2 is efficient andFecd:nom cal. Riiggdechniques for making
intermediate 3 are likewise inefficient. Such known routes start
with a reductive alkylation of aminopyridine ("DAP") followed by
CDI-mediated cyclic urea formation arid, lastly, acidic Boc-group
deprotection/salt formation. 20 This "DAP" route is characterized by

and theRigbrerst sfagisgoviataridisdtttybagsntthgdwel Fasadewo[425-bjpyridine, 3:

7 X
HND_NVNH
o

3

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

20
N

Q
2 HCI - HNQ—N)/ .

o

Prior techniques for synthesizing compound 1, including syntheses of intermediates Z 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/ot development.

With respect to intermediate 2, it has been found that prior techniques of synthesié
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

-9-
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yielding first step, resulting in prohibitive overall costs. Thus, there
remains a need for an improved synthetic route to compound 1 wherein
the synthetic route to intermediate 3 is efficient and economical. Finally,
prior techniques for mating compound 1, which techniques employ 4- 5
nitrophenyl chloroformate as the carbonyl source, result in less than
optimal yields. Such prior techniques further require that the neutral form
of compound 1 be isolated prior to conversion to preferred salt forms.
Moreover, previous laboratory-made forms of compound 1, including free
base forms and salt forms, possessed les than ideal properties with
respect to stability and bioavailability. Thus, there remains a need for an

yleidzﬂrgpQf&Yesq?ﬁy%ESEﬁléoﬁfp%]ﬁ@mume}al?@%Qﬁg AN AESUICRYins a need for an

acce e salts thereof, which.is amenable to es uc

mpro SR S e P A E A S R 3 i cencien

and e@ﬁ@’@ﬁ%@i{)sure provides an efficient synthesis for the preparation of N 15
[(3R,6S)P&:¢2,3-pliftrarcphime -Riomaitx(@ Zyd:pofludrbetiykhzeganagey paploy 4-

nitropi‘f&‘r@@‘i%ﬁ)formate as the carbonyi source, result in less than optimal yields. Such prior

techm(%l@édltrlg'dﬁrl{g%%zeoﬁ &E’ tgép}yéllﬂl’gi[ IfXHB' B?@Qiﬂﬁo%&ﬁ”i’%ai@yﬁ?e& ):ﬁ%r to conversion 1o

termediates .

pre er(%ﬁ%%?%nafn.%anfz%a@ﬁﬂa?&ﬁr\%‘ﬁgﬁ?tif(ﬁaﬁﬁrfﬁuoro°étﬁ RIS aR: NG < ne Free
base ferms purelifpRmetyarsthishidergnsaherestiasdvith respect to Suability and

bioavaiakiii-(4-pipeticiniyR Badinydrd- bl mnidapoit:8-hipialiney@g to compound 1, and
phms&@iﬁwﬂw dhe:ghifwdreatienide dorw withs bihegarbony idiisidarelsradhason

form 1:ﬁa{m tIcsrgu %%dw&r%%? ggure further provides an efficient preparation of
potasél Salf torms

R,65 2,3-difluorophenyl)-2-oxo-I-(2,2,2-trifluoroethyl)azepan-3-
g (Y %m-:(n\rvs rop yl) ( yhazep y

ox0-2.3 gy dianttiidazalt csplopiding ga esrg d?%am 1085 &
PP, A

gt e potassium eth anoa Jform., Additio M8 oxo-2,3-

LR rotices d BRUERESHICORS o 257 REHD
dihydeRl BSirgdanmifeSeoip)3idifivord pHemyRings! scarboxamide, 1, by coupiing the
mtentﬁéﬂjﬁlr@e(mﬁ’/bﬁzepmiﬁeeﬂﬂfzz ~eticubatiyrthie-hy@d chiorteforthybatpan-2-one, 2,
parti QIR¥e %hé‘h %ﬁ%&%&ﬂ'@@é@ﬂmﬂmﬁiﬁbﬂﬁy&%ﬂ@y}% 3-dihydro-1H-

mid ar[tli:: !51 ! IF dlhg/d rm%h g E%rerﬁm %ﬁ?&%ﬁw%éﬁ%‘lﬂ%”}’ r@é’ﬁ'&%ﬁ&mxdazoie

tassm

as Caﬁ%@‘g?%@f% ([fglg éuﬁ 8?‘(51&{ 7@316))26 es an efﬁc:ent preparation of potassium

salt fqn Q&Nﬂﬁ@&;@fhﬁ)&éﬁ&ﬁl@gﬂpﬁ@{gj@;@b@(g—l@,@ﬁ,Z—mﬂuoroathyl)azepan-3-y1}~4—(2—
oxo-Hitnwidhedhd-irHidarapdd-hpilisindiypipbrdinedicarboxamicendsincodingng the
potadfieRARSSMAe form.

Additionally, the disclosure provides an efficient syntheses for:
preparation of intermediates (3R,65)-3-amino-6-(2,3~difluorophenyl}-1-(2,2,2-
trifluoroethylazepan-2-one, 2, particutarly the hydrochioride form; and 2-oxe-1-(4-piperidinyl)-
2,3-dihydro-1 H-imidazo[4,5-blpyridine, 3, particularly the dihydrochloride form.

The disclosure additionally resides in the superior properties of the potassium salt
of N-[(3R,68)-6-(2,3-difluoropheny)}-2-oxo-1 (2,2, 2-frifluoroethyljazepan-3-yi}-4-(2-ox0-2,3-
dihydro-1H-imidazo[4,5-b]pyridin-1-yl)piperidine-1-carboxamide, 1, including the potasstum
salt ethanolate and potassium salt hydrate,



salt ethanolate and potassium salt hydrate. -3 According to a first aspect,
there is provided a process for the preparation of
(3R,6S)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-trifluoroethyl)azepan-
2-one, said process comprising the step of: (1)hydrogenating a (35} 6 (?
3-dafluorapizenyl} 2-oxo-1-(2, 2-tEiuuorcethyl}-
23,4,7-tetrahydro-IH-azepin-3-ammonium salt, in the presence of a
cis-selective catalyst, to form a (3S,6S)-6-(Z3- dlfluorophcnyl) -2-0X0-1
trlfluoroethﬂ)&zﬁdmgﬁemmtsahcm@ pzwé&&m@rméss for the

- %8% gﬁgg orophenyl-2 axgriddrddhenyl)-1-(2.2 2-trifluoroethylyazepan-

noroetn

)azepan-3-ammonium salt with R:N whereln each B. is
2t FRABERRRF CCOBBISNREG eI?yt?lr‘?oxyl nlmobealzaldehyde According
to a second aspect, there is provided.a process for ﬂ%ﬂ’ﬁ e{ ratlog of1
(PR RV &- 6 S-S PRI Y 2 - ¥R ST e
22 ANy aoshiotidR 2 5aith FFoeassEmpEin grlie-stepsnot: ¢ cis-selective

cfés'lirogenarlnc é?§§§ é%g 33d c{lﬂgr gng}) f?)é |- {2 2 2rifluoroethyl)-

ammonium sa In the presence of a
mﬁmﬁnd@m@yétmmm salt; and

(3S,6S)-6- (23 difluorophenyl}-2-oxo- 1 (2 2,2-
tnfluoroeth az an-3- ammonlum s %reactln ];I%'g

ré% PhenyBREREs OXOm I,
ﬁﬂﬂé@d&eﬁmyé)ﬂ:wﬁ Wwﬂmﬁtwmswbmméeﬁh Ris

independents O Sk Ao dslenbalisbanealgebyoe. t form

amino-6-(2,3-difiuorophenyl)-1-(22,2-t:rifluoroetnyl)azepan-2-one; 1{1%)
- reacting (3R, é@?—@'—%ﬂﬁﬁ% %Lls?ﬁgnéléﬂ?ﬁ%ﬁﬁ@f’ﬁ/}f provias a process 101

w&maaeﬂw)(ﬁem-zmmmh(ﬂmmmmm@-tb@,ﬂmmpmm@p@epm
e&z{eﬂ{%‘f&mﬂeg hiRESIERRALGN he sieps of

(3R6S)-3-amino-6- ifluorophenyl)-1-(2.2,2- trlfluoroethyl)azepau-
%ﬁ)ge SalengzracﬁceS%f&%{f&@;ﬁﬁ%\:%%ﬁéﬁ%}—%oxo-l ~(2,2 2-iflnorosthyl)-
2.3,4,7-terahvaro- 1 H-azepin- 3-ammontium salt, in the presznce of a cis-geiective
catalyst, 1o form 2 (35,65)-6-(2.3-difluorophenyl)-2-ox0-1-(2,2.2-

ﬁﬂuems&yl}azspéné-mmium salt;

(2) r=acting the (35,65)-6-(2,3-diflucrophenyly-2-oxo-1-(2.2.2-
uifluoroethylyazepan-3-ammonium salt with RaN , whersin each R is
independently C;.ealiyl, and a hydroxyl nitrobenzaldenyde, to form (3R,65}-3-

amino-6-(2,3-difinorophenyl)-1-(2,2 2~gifiuorostnyhazepan-2-one; and

(3) reacting (3.R,65)-3-amine-6-{2 3-difiucrophenyl-1-(2,2.2-

yrifiworoetnylazepan-2-one with HCL

3a'



(1) hydrogenating (3S}'6(2,3-difluorophenyl)-2-oxo-I-(2,2,2-trifluoroethyl)-
2,3,4,7-tetrahydro-1H azepin-3-ammonium di-toluoyl tartrate salt, in the
presence of a cis-selective palladium catalyst, to form
(3S,6S)-6-(2,3-difluorophenyl)-2-
oxo-1-(2,2,2-trifiuoroethyl)azepan-3-ammonium di toluoyl tartrate salt; (2)
reacting (38,63)-6-(2,3-difluc_)mphenyl)-2-oxo-l-(2,1_ 1-t fluoroethyl)azepan-
3-ammoniundareBiies ke Rite SMEGHFEENSARVIEhpdseyss for the

pRipakesrAIteIRds) Acealnling-(0, > fifitbraspesy] Hef2 1L prifiidesk thy] Jazepan-

~process for ghgs PIeD: {_%g%ltgg %%Sﬁgf)-?:-am|no-6-(2,3-d|fluorophenyl)-l-(2
Z,E-Uﬁ?ﬁo?oe Ean- -

yhaze one hydrochloride, said process comprising
the steps of: (1) hydrogenating (3S} 6 (2 3 diftuorophenyl)
(DansiperdagiRHrodhiiilemphert alydro-i4a2ehiniugmetiayiiom

A okigyLiay §§La£&,)gﬂ§.ﬂass§§aﬁ@m%f @&&ﬁ?@%@é&ﬁﬁﬂ% presence
catalyst,, to form (3S,6f)-6-(2,3-difluorophenyl)-2-

Do BT DR LARRF- SRR e Sh-fotaoy FHPERER Ry 3y
seacting. (35163 mbridirdifizepap/ leapixaixer] ¢21didsyiftuaraetsyitlazepan-
3-ammonium dt toluoyl tartrate salt with Et3N and 2-hydroxy-5-
nitrobenzaldehyde to form (3F 6S}-3-amino-6-(2,3-difluorophenyl}-1-(22-2-
(A)freerseth(BasEpar 2 ofdlranpndiding¢SR(58-23nfuproshyljazepan-
fRaBaaitinnmrriemitisl: Gres WifluQteetyhazepatsdaeng with HCI. 3b

According to_ a fifth aspect, there is provided a process for the preparation
BITRBSATEITRItRe (3R,6S)-3-amino-6-(2,3-difluorophenyl)-1-(2 2,2-
trifluoroethyl)azepan-2-one hydrochloride, comprising the steps of: (1)
reacting 3-amies@:d 3 difiionsib 2epsd). Ingr e prigideroetngtess $p4 fhe
intrabyd e Sz enin2-ema Mt Zshyeliexysiraivobenzaldehyde:886 @ yazepan-
hiral ag%t(&forgl AN s comprising the st N

R A R IR T S 8 . RS- 2,3.4.7-

~ tetrahydro-LFl-azepin-3-ammgnpium salt; (2) hydrogenating a
@éﬁ%@(ﬁ%@%&w&wﬂ%ﬁwﬁ Thytys=-Tiuorostyl-

2.3,4.7-tetranyaro-1H-azepin- 3-anmmonimn di-toluoyl tartrate salt, in the presence
of a cis-selective paliadimm catalyst, to form (3.5,65)-6-(2,3-diflucrophenyl}-2-
oxo-1-{2,2 2-trifinoroetbyljazepan-3-ammonium di-toluoyl tarirate salf;

{2} reacting (3.5,65)-6-(2. 3-diflunrophenyli-2-oxo-1-(2,.2 2-rifluoroethylazepan-
3-zgmmoniuvm di-toluoyl tartrate salt with TN and 2-bydroxy-5-
nitrobenzaldehyds to form (3R,65)3-amino-6-(2 3-diflnorophsnyl -1-{2.2.2-

triflnorosthylazepan-2-one; and

{3) reacting (3R,65)-3-amino-6-(2.3-difinorophenyl}-1-{2,2,2-
wiflucroethylyazepan-2-one with HCL

3b



2,3,4,7- tetrahydro IH-azepin-3-ammonium salt, in the presence of a
cis-selective catalyst, to forma
(3S,6S5)-6-(2,3-difluorophenyl)-2-oxo-I-(2,.2,2-
trifluoroethyl)azepan-3-ammonium salt; and, (3) reacting the
(3S,6S)-6-(2,3-ditluorophenyl)-2-oxo--1-(2; 2; 2-
trifluoroethyl)azepan-3-ammonium salt with R3N , wherein each R is
independentlyACsosalizglican diabhaapenty timteolsgnzalded pdeptesofon the
{35 Bactr GNANR Qrifofd i (?@Llaﬂ%j(&% (2 3-difluorophenyl}-1-(2.2.2-

-th oroe aze aS|xth as ect, thére is provided
aprocess 5? gﬁ%ﬁgé% o%@lf%e "SE’P sof

(3R,6S)-3-amino-6-(2,3- d|fluorophenyl) 1-(2,2,2-

teifluroathybazen §f )-
r(eacbuﬁag 3- a%)nlno (?r(BZ 3-difiuorophen I) -1-(2 E%?rf%ﬁjﬂo%%%ﬁl 9’3@
mwaﬁa"%ﬁ%%femm%ﬁmﬁ HS%y- SRR enga!

(id'raltommﬁqm&q(’? B-Muorcphenyl}—z—axo-l-(z,z 2—mﬁuemet‘nyl}-2,3,4,’?-
-6 hf_%_‘;,fluorc:lgh,\e X 2 -2- -0X0- -l g%rz ,2-t=ifluoroethyl)-2,3,4,7-
tet

azenin-s-anmionium Saf: (2) hydrogenating a
(39)- 6 (2 3-difluorophenyl)-2-oxo-I-(2 ;2-trifluoroeEhyl)-

268 hatepahveio-IHsazepin3ampienim,Iak. dadhe rosencs Qf fumyr).

cis-selective catal st to form a

(§S7’ é’g) %‘%ﬂﬂaﬁr r W%BTF‘W?L in the presence of a cis-selective
trﬁmmetw&mawmmmmﬁm@m%ﬁm The -
fﬁx%}a roRRGNe0 X0l (5,2 2-

uoroe ﬁlazeg an-3-ammonium sat with Rsly, wherein each R is
mdependently Ci-4alkyL and a hydroxyl nstrobenzaldehyde, to form

(%B), esakidng the (35,65}-6-(2,3-diflnorophenyl)-2-0x0-1-(2,2,2-
3-diftuorophenyl)-1-(2,2,2- trlfluoroetbyl azepan-2-gne; and (4)
ﬁﬂ?&’%ﬁ' BB AT DS ARIG BHRE ). B each R is

trmdepeaéla;d)aiepah:ﬂ Gungl wwmmhﬂ@&mymmﬁsms}@-

there is pravid r ion f.the inter. edlate
(3R, 6%%%%%%%833 jglro%leny -| 2%3 t@ f]horeowﬁlw azepan -2-one

hydrochloride, ompris e of: reacting 3-ammo-6-(2,

dl);tu oronhenyl éﬂfffﬁ %Fgﬁé%}] igre 15 prcgwded a proce(ss for the
preparation of the intermediate (3R,68}—;> ammo-fi (2,3-difluorophenyl)-1-(2.2.2-
trifinoroethyl)azepan-2-one hydrochloride, comprising the steps of:

(1) reacting 3-amino-6-(2,3-diflucrophenyl)-1-(2.2,2-frifluorosthyl}-1,3,4,7-
tetranydro-2F-azepin-2-one with 2-hydroxy-5-nitrobenzaldehyde and 2 chiral
acid te form an (35)-6-(2,3~diflucrophenyl}-2-oxo-1-(2,2,2-wiffuoroetayl}-2,3,4,7-
tetrabydro-1 H-azepin-3-ammonium salt;

(2) hydrogenating 2 (35)-6-(2,3~diflnorophenyl}-2-0x0-1-(2,2,2-trifluorostiryl}-
2,3,4,7-tetranydro-15-azepin-3-ammonium salt, in the presence of a cis-selective
catalyst, 1o form a (35,65)-6-(2,3-difluorophenyl-2-o%0-12,2,2-

trifiuoroethyl)azepan-3-ammonium salt

3c



tetrabydro-2H azepan-2-one with 2-hynroxy-5-nitrobenzaidehyde and
ditoluoy'. L-tar-tatic acid to form an (3Sj 6 (2,3-difluorophenyl}
tzifluoroethyl)-2,3,4,7-tetrahydre-IH-azepin-3-ammonium salt; (2)
hydrogenating (3S)-6-(2,3-difluorophenyl)-2-oxo-1 -(2,22-trifluoroetnyl}-
4,7-tet-abydro-IH-az é}ln -3,-2mmonium di- tomogll tartrate salt, in the

AP S RSB ARy e P
(ﬁﬂmﬁﬁ@ﬁzmgﬁhﬁﬁﬂ}ﬁa m—hﬁ&&&\ wherein each R is

GBS A oy i e

tamia@eﬁs%ﬂﬁvmﬁmwlﬁh@rbiyﬁﬁumem@zmmdétﬁarm
(38,63)-3-amino 6 (2 3 difluoropitenyl)-1-(2 trifiuoroetryl)azepan-2-one. 3d
According to an eighth aspect, there is provided a process for the

1§fe FRaRER SRAE rmARIRe--difiuorophenyl-1-(2.2.2-
(B ESpsi-ainineser(2 Sriftgroglienyl)-1-(2,2.2-trifluoroethyl)azepan-2-on
e hydrochloride, comprising the steps of. (I) reacting

3-amino-6-(2, %@M@B@%ﬁ@lﬂx %pgeg ﬁéﬂé’gr \I’ng brb:(;:f:e%m the D. aration of

trah dro-2F in-2-one with 2 hydroxy-5-nitrobenzal
s R AR A Eerooneny 22 sehurostoy saeps-2-or
(Bﬂ}%hémdmmpﬁémmrﬁsoxo I-(2,2,2-
trifluoroethyl)-2,3,4,7-tetrahydro-If-azepin-3-ammonium salt; (2)

hildnegetiedingA38)-6-(2. 3-difuainpheny-2-0x0: -2 Zurtilugroathyl)s.
2‘:@&%1:7 -tetrapydro-L aze'pm% monium_di-toluoyl tartrate salt, in the

preserice of a m?se ective pa LY Areatan s ehyds and diwolaoyi-
(3smEr6(oiddifmroph@Hie A2, 3-difinorophenyl}-2«cxo-1~(2,2,2-
%ﬁxh@é&tpﬂ@%ﬂ%&@&qﬁﬂg@%@rgn%wlstﬁmate salt; .(3)

reacting
(3S,6S)-6-(2,3-difluorophenyl)- -2-0x0-I- -(2,2,2- trlfluoroethyl)azepan-

3ezmmnmdngojﬂ@ymm@tﬁﬁaﬂmaﬁbﬁy$j\bma hrydroxyiBuoroethyi)-

I§ s S) %%’gneh%oé forr uoro Rnlx)u? &-—éuéuoyl tarirate salt, in the presence
tﬁ?@?&eﬁhﬁpﬁ%ﬁ@paﬁa@msmmy@mgw 68)-6-{2,3~Gifnorophenyvl}-2-

(FRHB)3 E@E’i‘ﬁu@r@aﬁﬂﬁ heayhslde [ di-tolnoy] tarirate salt and,
tnfluoroethyl)azepan -2-0ne Wlth HC1. 3e

D

(3) reacting \35‘,65}-6-(2-&dzﬂuoropnanyi}&-oxo-1-(Zi.i-t:iﬁuuroeﬁnyl}azepaﬁ-
S-ammonium di-toluoy] tartrate salt with Bt:IN and 2-hyvdroxy-5-
nitrobenzaldshvde to form {3R,65)-3-aminc-6~(2, 3~difinorophenyl-1-(2.2 2-

rifiuoroethylyazepan-2-one.

3a



WO 20071120589 PCT/1JS2007/005700 DETAILED DESCRIPTION OF
THE INVENTION The present invention provides a process for the
preparation ofN-[(3R,65)-6-(2,3-
difluorophenyl)-2-oxo-1-(2,2,2-trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-dihy
dro-1 H- imidazo[4,5-b]pyridin-l-yl)piperidine-1-carboxamide, 1, and its
potassium salteiting Geae cEH MpeciNEes: M Broidd Apresesy i tnprepetigp of the

ix&rruy&_ihfé'gs‘lR,Yd\é)ly-«éﬁiﬁ&@@,‘Ediﬁ%ﬁ)ﬂ_ﬁéﬁﬁym,eﬁﬁ&iﬂuoroethyl)azepana-one
ofN-[(3R,65)-6-(2,3-difluorophenyl)-2-oxo-I-(2,2,2-
RS hyIRPREER S SPA 90 -0x0-2, 3-dihydro-IH-imidazo[4,5-b]pyridin-1-

yl)piperidine-I- carboxamide, 1, and its potassium salt ethanoate, is

RIS LRGN '2%%&3%%%&9&? 40889 ReH R l198708.
g@heme J‘? ‘NH'N Cc])(x’)-:o 2HCI CFgﬂr— .@;8,2 P _
tetrahvdro-2H-azepin-2-one with 2-bydroxy-5-nitrobenzaldehyde and ditolmoyl-
I ~tartaric acid to form an (35-6-(2,2-difluorophenyi)-2-oxo-1-(2,2,2-

wifluoroathyl)-2,3,4,7-tetrahydro- | H-azepin-3-ammonium salt;

{2) hydrogenating (35)-6-(2,3-diftucrophenyl}-2-oxo-1-(2,2,2-triflucroethyl)- .
2,3,4, 7-tetrahydro-1H-azepin-3-ammonium di-toluoyl tarirate salt, in the presence
of a cis-selective palladium catalyst, to form (38,68)-6-(2,3-diflnorophenyl)}-2-
oxo-1-{2,2 . 2-triflncroethyl)azepan-3-anmnoninm di-tooyl tarate salt;

(3) reacting (38,68)-6-(2.3-difiucrophenyl}-2-ox0-1-(2,2, 2-triflucrosthyl)azepan-
3-ammomitm di-toluoyl tartrate salt with Bu:N and 2-hydroxy-5-
nitrobenzaidehvde to form (3R,65)-3-amino-6-(2,3-diflnorophenyl-1-(2,2.2-
trifinoroethyl)azepan-2-one; and

* {4) reacting {3R,6S5)-3-amino-6-(2,3-difinorophenyl}-1-(2,2.2-
trifluoroethyljazepan-2~one with HClL.

3e



H O 00 y*-N"aN~NH Scheme IA F F N '~ CDI, Et3N, THE NH2 \F HG
CF3 O CF300 O F N-ND--N~N.K. 00 CDI, Et3N, THF. F\'PNH -N F N
wOIBimNrzobdIH Scheme to F NH / "N KOtBu, EtOH ELOH NJdiNH2d6Hds 700
(}-) 11 - KO2HCI CF3 O N NO N H N Do Scheme IC F F "NIi3 COlI, Et3N,
THF. FAN N N N-K' NH \ ~. KOtBU, MOH N HCI/ EtOH Scheme 1A
depicts an efficient method of synthesizing the neutral form of compound
1 from 5 intermediates 2 and 3 using 1,1'-carbonyldiimidazole as the
carbonyl source; Scheme IB 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
DET AUSDYHERCRIPAHONI D dEEal &a¥ eI Karbonyl source, without isolation of

the neutral form of compound 1. .
The present inven%on provides a process for the preparation of N-[(3R,65)-6-(2,3~

difluorophenyl)-2-oxo-1-(2,2,2-trifluoroethyl)azepan-3-yli]-4-(2-oxo-2,3-dikydro-1H-
imidazo[4,5-b]pyridin-1-yl)piperidine-1-carboxamide, 1, and its potassium salt ethanoate:

x

wNH )"
® T )

F s

RF
%F
o
T
.anH’ e
}—NC)—N K e mom
o) =
N, A

&€

N
F

The syntheses of N-{(3R,65)-6-(2,3-difluorophenyD)-2-ox0-1-(2,2,2~
trifluoroethyl)azepan-3-yi}-4-(2-0x0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-ylpiperidine-1-
carboxamide, 1, and its potassium salt ethanoate, is depicted in Scheme 1:

10



10 Thus, in one embodiment of the invention provides a process for the
preparation
wofb{3R&h)-6-(2,3-difluorophenyl)-2-oxo-i-(2,2,2-trifluoroethydyazepa:yroo
[]-4-(2-ox0-2,3-
dihydro-IH-imidazo[4,5-b]pyridin-I-yl)piperidine-I-carboxamide, 1,
comprising reacting
(3R,6S)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-trifluoroethyl)azepan-2-on
e hydrochloride and
2-0x0-I-(4-piperidinyl)-2,3-dihydro-IH-imidazo[4,5-b]pyridine
dihydrochloride in the presence 15 of 1,1'-carbonyldiimidazole. -5 WO
2007/120589 PCT/US2007/008700 Another embodiment of the invention
provides a process for the prepara?iﬁﬁﬁéﬁﬁe potassium salt ethanolate
form of N-[(3R,6S)-6-(2,3-difluorop [)-2-ox0-1-(2,2,2-
trifluoroethyl)azepan-3-y1]-4-(2-oxg-2;3-dihydro-IH-imidazo[4,5-b]pyridin-|
-yl)piperidine-| - car@gxamide, @omprlsuag the steps of. 5 (1) reacting
(3R,65)-3-amino-6{(2 3-difluorophenyl)-1-(2,2,2-
rlflqgroethyl) epan-2-qpe hydfécRrride and 2- or%@znﬁm@-@
dlhydro -IH-i : -b]pyrldlne dihydrochlorid€® e 0 b
carbonyldiimidazole; 44 (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-IH-imidazo [4,5 pﬁ]pyndm-
I- yl)piperidine-1-carboxamide, 1; and 15 (3) reacting said 5

}\“N
N-[(3R,6S)-6-(2, QCBJIgoro?hegxl) -2-0X0z]- @'g%;:tnﬂuopgfg]méeﬁ\é@‘ N

sm%/ 4 -(2- ox0r-2 tlazo{4;5-blpyridin=t- e
plpendl oxamlde th potat%%ﬁurﬁ*@ért butoxide and ethanol.

Yet another@mbodiment of the invention provides a process for the
preparation of 20 the potassium salt ethanolate form of
N-[(3R,6S)-6-(2,3-difluorophenyl)-2-exe-1-(2,2,2- trifluoroethyl)

azepan-3-yl]-4-(2- 0XQ- -2,3-dihydro-1H-imidazo [4,
5-b]pyridin-1- yI)plpe(ld’Qe | - ca@}@ﬁlcﬁéc'l without the cessﬁy to o

sdsplate the neutral of compg&r@,@,r,q;pmpnsmg the st D_N)LN.K*
F o &
KOtBu, EOH i 0 - C/N

HCl
* EtOH

Scheme 1A depicts an efficient method of synthesizing the neutral form of compound 1 from
intermediates 2 and 3 using 1,1’-carbonyldiimidazole as the carbonyl source; Seheme 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’-carbonyldiimidazoie as the
carbony! 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-diflucrophenyl)-2-ox0-1-(2,2,2-triflucroethyl)azepan-3-yl}-4-(2-0x0-2,3~
dihydro-1H-imidazo[4,5-b]pyridin-1-yl)piperidine-1-carboxamide, 1, comprising reacting
(3R,65)-3-amino-6-(2,3-diflucrophenyl)-1~(2,2,2-trifluoroethyl}azepan-2-one hydrochloride and
2-ox0-1-(4-piperidinyl)-2,3-dihydro-1 H-imidazo[4,5-b]pyridine dihydrochloride in the presence

of 1,1’-carbonyldiimidazole.

-5.
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25 (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-
wdibyarorddskrimidazo[4,5-b]pyridine dihydrochloride in the pregenas:aifodabsroo
carbonyldiimidazole; and -6 WO 2007/120589 PCT/US2007/008700 (2)
reacting ofN-[(3R,6S)-6-(2,3-difluorophenyl)-2-oxo-I-(2,2,2-
trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-dihydro-IH-imidazo[4,5-b]pyridin-I-
yl)piperidine-1-carboxamide, 1, with potassium tert-butoxide and ethanol.
5 As described in the reaction schemes and Examples contained herein,
the potassium salt ethanolate form of
N-[(3R,6S)-6-(2,3-difluorophenyl)-2-oxo-I-(2,2,2-
trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-dihydro-IH-imidazo[4,5-b]pyridin-1-
yl)piperidinerbr canbodonzide iobiaimet amperadts e roasees fififbppreparation of

the porl3AE (1% BREIIRR FACURRIT BRIERICE Y1 ANRBISRRACAIENAIRE. (hD.2-
reaction produces either pure ethanolate, pure hydrate or a mixe

d10 L
tifluoreetartirateTngorid: Gopndiin Bh e CORILFE Y e MBI o BdRsFidine 1 -

carboxSataethanQiaigrRinpixediegpamolate/hydrate converts to the hydrate over
time due to the presence of water in the air. Another aspect the invention

provides a process for the preparation of the intermediate
(AREBHNE-ARHD-6-@BadiffB:dptiBryir @2l 2-tribRoethyl)azepan-2-
Qﬁau&o&aﬁ)&e?anbbfmlé O UHERTRAE SAHS (BereOfcdn,RRREMIAN 1S3
hydrochloridé salt: F L Lo ,
cﬁhydro— 1 H-imidazo[4,5-b]pyridine dihydrochloride in the presence of 1,17~

carbonyldiimidazole;

(2) isolating N-[(3R,65)-6-(2,3-diflnorophenyl)-2-oxo0-1-(2,2,2-
trifluoroethyl)azepan-3-yi]-4-(2-oxo-2,3-dihydro- 1 H-imidazo[4,5-blpyridin-1-

yDpiperidine-1-carboxamide, 1; and

(3) reacting said N-[{3R,68)-6-(2,3-difluorophenyl}-2-0x0-1-(2,2,2-
trifluoroethyl)azepan-3-yij-4-(2-ox0-2,3-dihydro-1H-imidazo[4,5-blpyridin-1-

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

Yet another embodiment of the invention provides a process for the preparation of
the potassium salt ethanolate form of N-[(3R,68)-6-(2,3-diflucrophenyl)-2-oxo0-1-(2,2,2-
trifluoroethyl)azepan-3-yl}-4-(2-ox0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-yl}piperidine-1-
carboxamide, 1, without the necessity to isolate the neutral form of compound 1, comprising the

steps of:

(1) reacting (3R,65)-3-amino-6-(2,3-difluoropbenyi)-1-(2,2,2-
trifluoroethyl)azepan-2-one hydrochloride and 2-oxo0-1-(4-piperidinyl)-2,3-
dihydro-1H-imidazo[4,5-b]pyridine dihydrochloride in the presence 0of 1,1°-

carbonyldiimidazole; and



F ON F -NH3'CI' 1\ 20 The syntheses of
(3R,6S)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-trifluoroethyl)azepan-2-on
w8,230ands¢s hydrochloride salt is depicted in Scheme 2: -7 WQt/us2007/608700
2007/120589 PCT/US2007/008700 Scheme 2 1.e-H.U 0 0o 000”- EtO2C
NHAC \\" H 3. CuCl 0 1tul vinyl M96r COY 2Et 0 NH t.MSCI,EtaN, O N~
ClO 0 F CICH2COCI 2-t.YNsOH F Pd OM 2. C!FaCH2NH2, ryWCFa F F
FF F Fisolate 3uC, 3 H20, NH,Toi0NH2 FyCN Fac"NONHroeH

TFA F tlitoluoyl L- instant: acid Hoi FaG~N In toluene J F

(2) reacting of N-[(3R,65)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-
trifluoroethylazepan-3-yl]-4-(2-ox0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-

ylipiperidine-1-carboxamide, 1, with potassinm reri-butoxide and ethanol,

5 As described in the reaction schemes and Examples contained herein, the
potassium salt ethanolate form of N-[(3R,65)-6-(2,3-difluorophenyl)-2-ox0-1-(2,2,2-
triflucroethylyazepan-3-yl]-4-(2-oxo-2,3-dihydro- 1H-imidazo[4,5-b]pyridin-1-yI)piperidine-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

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

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

intermediate (3R,65)-3-Amino-6-(2,3-difluorophenyl)-1-(2,2,2-trifluoroethyl)azepan-2-one, 2:

15
RF
F
<
- N
2
and salts thereof, in particular its hydrochloride sait:
ROF
%
N O
F +
F "“NHa Cci
20

The syntheses of (3R,6.5)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-trifluoroethyl)azepan-2-one, 2
and its hydrochloride salt is depicted in Scheme 2:

-7 -



10

\F CHO F NCFa OH F 1:1 addict f F F Jf isolate O2N F s lato H2,
PdBaS0O4 O Fa~ NHaTOI Et,N, F3C"N NH2 H IPA OI NH,CI FoC~N
wGH@NmBR, trans FFIsOM 1 J F F sells 02N F\ J F vansgrpeResmeodsioo
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 transformation to set the amine stereocenter; followed by a
cis-selective hydrogenation and epimerization to set the benzylic 10
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
e, 2, comprising the steps of: -8 WO 2007/120589 PCT/US2007/008700
(1) hydrogenating a Scheme 2
(35)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-trifluorgethyl)-
1&&;«4,7 -tetrahydro-IH-azepin-3- amm&mu\gpnﬁadt in Rresence of a
3f}rs:lselectlve cStalysht"?rm a{ Co,mt N MESE

68)-6- 2, 3-diflucrephen “0x0-1-(2.2.2 2, CRCHpNHz,
F F on HEn
F F
E
isolate ’
31,
3 Ha,
NH;To! o
NH,
o
Roe” N R e QkMH LO 7 H
= o TEA H
. dtoluoy Letertaric acid HEA PN In tojuene g/
£ s et _— i rr— L m————vrsa T
| H
cHO N, _AF3
F CH F =
1:1 adduct F F
"inolate OzH ot F
S0fal
l M2, PdBasC,
Q
a HH
NHsTal R o
EtN, N HEl y O
F'_-,c/\ N ....................i...................._........m... Fal m__. Fgc/\N
CHO HMTBE, trans
Ok g
F s /@’ salid
QN B

trans

Scheme 2 depicts the direct formation of the chioroacetophenone 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 eﬁabodiment of the invention provides a process for the preparation of
the intermediate (3R,68)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-trifluoroethyljazepan-2-one, 2,

comprising the steps of:
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5 trifluoroethyl)azepan-3-ammonium salt; (2) reacting the
(35,65)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-
wisiflsoroptayl)azepan-3-ammonium salt with R3N , wherein eachy/Bsisa7/008700
independently C14alkyl, and a hydroxyl nitrobenzaldehyde, to form
(3R,6S)-3 10
amino-6-(2,3-difluorophenyl)-1-(2,2,2-trifluoroethyl)azepan-2-one, 2. An
additional embodiment of the invention provides a process for the
preparation of the intermediate
(3R,68)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-trifluoroethyl)azepan-2-on
e hydrochloride, comprising the steps of: 15 (1) hydrogenating a
(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 catal . e
e PR AT ey B -ovo-1-(2.2,2ifloroctbyD
uBldcTaetpydeepah@apmiomunraiim seltoindwcarrgames of a cis-selective
mﬁ]% R %%o?rﬁ’ﬁ'kh%%‘?@@ia%ﬁo}o@p&%a oxo-1-(2,2,2-

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

Eﬁ@@ﬁé‘;ﬂi@h@%ﬁ@%”é‘%yl nltrobenzaldehyde to form
3R,6S5)-3-

6 d | -2- d2

LR mo-af.‘rf%%?ﬁﬁ%‘r%@ﬁé%%?im o °
mhmrmthyl)mmﬁ’zﬁ@ﬁéﬂm

rQJﬁHﬁ%Q@W@P&KQQAaﬁﬂf&ﬂ&m@@mmﬁmﬂamehy&ana%mmmm

process for the reparatlo nte e )
EIRISY:- ézaﬁw‘ﬁ S e Efﬂ[;% e}%']l)raﬁu%ro %hy’f)ézépan-z-on

e, 2, comprising the steps of: 5 (1) hydrogenatlng
(35) -6- (z%t;lg qg 85%?@%@6&&%0&%%&«%&%@%{ B%bidks a Process for the preparation
a

2,3,4,7-tetr ro IH-azepin-3-ammonium di-toJuoy! tartrate alt, i

of the infuRA B SO AT B i [ b ot ot ezepan-2-one
hydrockbstifie)-Botdpréliiitiero phenyy:2-

(1) hydrogenating a (33}-6—(2,3mdiﬂuorophenyl)—2~oxo~1—(2,2,2~triﬂuoroethyl)—
2.3.4,7-tetrahydro-1H-azepin-3-ammoniwm salt, in the presence of a cis-selective
catalyst, to form a (35,65)-6~(2,3-difluorophenyl)-2-oxo-1-(2,2,2-

trifluoroethylazepan-3-ammonium salt;

(2) reacting the (35,65) -6-(2,3~difluorophenyl)-2-oxo-1-(2,2,2-
trifluoroethylazepan-3-ammonium salt with R3N , wherein each R is
independently C,.alkyl, and a hydroxyl nitrobenzaldehyde, to form (3R,65)-3-
amino-6-(2,3-difluorophenyl}-1-(2,2,2-triflucroethyl)azepan-2-one; and

(3) reacting (3R,65)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-
trifluoroethylazepan-2-one with HCL
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oxo-I-(2,2,2-trifluoroethyl)azepan-3-ammonium di-toluoy! tartrate salt; 10
(2) reacting

wESEDEdR,3-difluorophenyl)-2-oxo-1-(2,2,2-trifluoroethyl) agefnamkzo07/008700

3-arnmonium di-toluoyl tartrate salt with Et3N and 2-hydroxy-5-
nitrobenzaldehyde to form

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

trifluoroethyl)azepan-2-one, 2. 15 A still further embodiment of the

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

hydrochlofide, comprising the steps of. (1) hydrogenating
(35)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-trifluoroethyl) 20
2,3,4,7-tétdanisrembedepint 3ighmyariohveainoitsiastanraressaferifeareparation of

the intBfERENAS é@fﬁﬁﬁ@l}sﬁﬁlﬁ%@\lg—@ﬂﬂﬂiﬁi‘ﬁ@z%%i?éﬁ%}1@—fQ[ﬁ[@triﬂuoroethyi)azepan&-one, 2,

(35,65)-6-(2,3-difluorophenyl)-2-

compriyipg 2 5585 fifioroethyl)azepan-3-ammonium di-toluoy! tartrate salt; (2)

reacting

e e e

n%@,ﬁéﬁiﬁﬁ@,{%% faFapin-3-ammonium di-toluoyl tartrate salt, in the presence
(AR HVsFaeinoctpAidadifivesepiamd)dri2 32:65)-6-(2,3-diflucrophenyl)-2-

trifluoro an-2-one: and (3) reactin . )
R TR g g flgghuovt tartate salt
trifluoroethyl)azepan-2-one with HCI. -10 WO 2007/120589

PET 2200 #0808 et angthesaiabasdisnent of the INveRHRRRIBYISSSn-

process for the preParatlon of the intermediate

(RIS B8 RS FOBeR - £ 2 Pritisroay azepan-2-on
e n2robenaittihgdbh e teps (BR 6L B reathing - (2,3-diflucrophenyl)-1+2,2,2-
3-aminQ-6-(2.3-difl [Qph%n¥l)-1-(2,2,2-trif|uoroethyl)-1,3,4,7-

teﬁﬁ%? (r)gfé -gzz%%%l%-z-%%é with 2-hydroxy-5-nitrobenzaldehyde and a
chiral acid to form an

(35)-6-(23difluarpRRemuydaxe: bf(the idiionqethilied Stdtess for the preparation

of (31%%5%'}@&%}{5-2&%28[ i haorpop oé'ﬂ?r{?- f&giﬁgu‘iﬂuomeﬁlyi)azepanmzmone hydrochioride,

comprising the steps of:

(1) hydrogenating (35)-6-(2,3-difluorophenyl}-2-oxo-1-(2,2,2-trifluoroethyl)-
2,3,4,7-tetrahydro-1H-azepin-3-amumonium di-toluoy! tartrate salt, in the presence
of a cis-selective palladium catalyst, to form (35,65)-6-(2,3-diflucrophenyl)-2-
oxo~1-(2,2,2-trifluoroethylyazepan-3-ammonium di-toluoyl tartrate salf;

(2) reacting (335,68)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-frifluoroethyl)azepan-
3-ammonium di-toluoyl tartrate salt with EtsIN and 2-hydroxy-5-
nitrobenzaldehyde to form (3R,65)-3-amino-6-(2,3-diflucrophenyl)-1-(2,2,2-

triflaoroethyl)azepan-2-one; and

(3) reacting (3R,65)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-
trifluoroethyl)azepan-2-one with HCL

-10-



(2) hydrogenating a
(35)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2, 2-trifluoroethyl)-
wo, Xd7detsahydro-1H-azepin-3-ammonium salt, in the presence/ofmo7/008700
cis-selective catalyst, to forma
(3S,6S)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-
trifluoroethyl)azepan-3-ammonium salt; 15 (3) 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
independently Cidalkyl, and a hydroxyl nitrobeuzaldehyde, to form
(3R,6S)-3-
amino-6-(2,3-difluorophenyl)-1-(2,2,2-trifluoroethyl)azepan-2-one. 20 An
additional embodiment of the invention provides a process for the
prepargtion of the intermedi . . : :
(SR 69 ST A Sp o Bigyidcs 2 prossss or the preparation of
. the integnhg@tgc{am%@nipﬁsﬁr@{h@iﬁé@@@hﬁgglh})ugga’@aﬁ@lﬁuoroethyl)azepan»Z-one, 2,
Ccmpﬁgmcg@gg&diﬂu_orophenyl)-l-(z,2,2-trif|uoro_ethyl)-1,3,4,7-
tetrahydro-2H-azepin-2-one with 2-hydroxy-5-nitrobenzaldehyde and a
chiral acid to form an

@9 xR Gifludiophen )R iumep{R 2y D-T {0 Sethiiy 2@ dyh)-1,3,4,7-
tetr ro-lH-azepin-3- i - - and a chira
SR, 786%‘58‘023‘?3’?@%30%@?&?%”%&%&9‘7&4@§ﬁg a & chira!
(@5§LB)(@m&é@&&@r)dglaszmhezaﬁ,%z%mwﬂo@%zmﬂuoroefhﬂﬁﬁ,4»7~

A ldRI ahyvaiesibl-naeni-Shamearnium salt, in the presence of a

cis-selective catalyst, to form a
(3S,6S)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2- ‘
t(ifiioyoatpstrarapali S drthdnlifnarairhsnd) Rammlr fRe 2-rifluoroethyl)-

(’2?’? 89104, 301y RIQPRG V) 2O Ok ihe 6232 in the presence of a cis-selective
triffioroethyl)azepan-3-ammonium salt with R3N, Where%g%ch Ris

* ifigfabahd énthre £ RHEH St MY HSETPRfFODERZEI ekt 1 form
(8B168béhyl)azepan-3-ammonium salt;
amino-6-(2,3-difluorophenyl)-1-(2,2,2-trifluoroethyl)azepan-2-one; and 10

(3) reacting the (35,65)-6-(2.3-difluorophenyl)-2-ox0-1-(2,2,2~
trifluoroethyl)azepan-3-ammonium salt with RsN , wherein each Ris
independently Caalkyl, and a hydfoxyl nitrobenzaldehyde, to form (3R,65)-3-
amino-6-(2,3-difluorophenyl)-1-(2,2,2-triflucroethylyazepan-2-one.

An additional embodiment of the invention provides a process for the preparation
of the intermediate (3R,65)-3~amino-6-(2,3-diflucrophenyl)-1-(2,2,2-trifluoroethyl)azepan-2-one

hydrochloride, comprising the steps of!

(1) reacting 3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-trifluoroethyi)-1,3,4,7-
tetrahydro-2 H-azepin-2-one with 2-hydroxy-5-nitrobenzaldehyde and a chiral
acid to form an (38)-6-(2,3-diﬂuoropheny1)-2-oxo-1-(2,2,2—triﬂuoroethy1)—2,3,4,7~

tetrahydro-1H-azepin-3-ammonium salt;

w31 -
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(4) reacting (3R,6S)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-
trifluoroethyl)azepan-2-one with HCI. A further embodiment of the
winventignrovides a process for the preparation of 15 the intermedigi®oos7oo
(3R,6S)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-trifluoroethyl)azepan-2-on
e, 2, comprising the steps of: (1) reacting
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
ditoluoyl- 20 L-tartaric acid to form an
(35)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2
trifluoroethyl)-2,3,4,7-tetrahydro-IH-azepin-3-ammonium salt; (2)
hydrogenating (33)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-trifluoroethyl)-
223 Bydrteteahiidpo (FhRoaRid-8ifmmmptiony i 2aiwoyl-(2: Bardrshigtieethyl)-

%Esgg) &]{g%,g(géi 2 &%ﬁﬁtlngﬂw %a{}{%é 9rfé§gﬂce of a cis-selective

|ﬂuor

henyl)-
eREYR 1R, ﬁurmla&?»é aéebéﬁ*ﬁ@%ﬁﬂhﬁﬁ%tﬂ%ﬁc@ﬁa?ﬁrate salt; (3)

eaniifi@ethyl)azepan-3-ammonium salt;
(3S,6S)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-trifluoroethyl)azepan-
3-ammonium di-toluoyl tartrate salt with Et3N and 2-hydroxy-5 -12 WO
Zﬁpﬁdaﬁﬂf@&@c$m%@ﬁeﬁgﬁ@®0m¢obﬁr&amﬁy@eﬁe@+orm

'&%‘ T %M%Qﬁh%ﬁ’&fiﬂ@@ﬁ wherein each R is

trlfluoroet azepan “2-one, 2. A still further embadiment of the inven on

ﬁf{ﬁ\ﬁ%gdg §1H}stﬁ%dﬁ-@b’§fgﬁ8hngr8’?enza dehyde, to form (3R,6
(@RS ABBNHR BediflyaropRenyt i Gmitiinopaetiyd)as epdn-2-On

e hydrochloride, comprising the steps of: (1) reacting
3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-trifluoroethyl)-1,3,4,7-
téammﬁ%é&ﬁr&%%{%%ﬁ%%@@wﬁ %a?dehyde and

ditgineyded hatrbatio aeid daforTRn

(35)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2

trifluoroethyl)-2,3,4,7-tetrahydro-IH-azepin-3-ammonium salt; (2)

hydrogeaaiing{3&y6e@Beifhiciophenytic?- proviiée Riarifhsdrodtnieparation of
the mté‘l%é%hat@@ggf % 'Qnﬂ%@B'Qz%a&%B Bﬂhf?ﬁ@@%b@fmﬁéﬂﬁ}ﬁg&pm -one, 2,

presence “15 of a cis-selective palladium catalyst, to form

comprB88y- 8PS difluorophenyl)-2

{1) reacting 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 ditoluoyl-
I-tartaric acid to form an (35)-6-(2,3-difluorophenyl}-2-0xo0-1-(2,2,2-
trifluoroethyl})-2,3,4,7-tetrahydro-1 H-azepin-3-ammonium salt;

(2) hydrogenating (38)-6-(2,3-difluorophenyl)-2-o0x0-1-(2,2,2-trifluoroethyl)-
2,3,4,7-tetrahydro—1H—azepin-3-armn0nium di~toluoyl tartrate salt, in the presence
of a cis-selective palladium catalyst, to form (3.5,65)-6-(2,3-diflucrophenyl)-2-
oxo-1-(2,2,2-trifluoroethyl)azepan-3-ammonium di-toluoyl tartrate salt;

(3) reacting (35,68)-6~(2,3-difluorophenyl}-2-oxo-1-(2,2,2-triflucroethylazepan-
3-ammonium di-toluoy! tartrate salt with EtsN and 2-hydroxy-5-

-12 -



o0x0-1-(2,2,2-trifluoroethyl)azepan-3-ammonium di-toluoyl tartrate salt; (3)
reacting '

w{BeBrE&£2,3-difluorophenyl)-2-oxo-I-(2,2,2-trifluoroethyl)azepanrs2607/008760

3-ammonium di-toluoyl tartrate salt with Et3N and 2-hydroxy-5 20
nitrobenzaldehyde to form
(3R,6S)-3-anuno-6-(2,3-difluorophenyl)-1-(2,2,2-
trifluoroethyl)azepan-2-one; and (4) reacting
(3R,6S)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-
trifluoroethyl)azepan-2-one with HCI. 25 It will be recognized by one
skilled 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
ﬁyﬁ@a«;&mﬁm@éazatﬁimiw@éajéééﬁmm@@@ﬁéiﬂamgn@tht@ 2,2-
Iaggt Q ﬁg§ %%gaf)le of epimerizing the appropriate substituents
on the azepinon ring may be used. It will also be 30 recognized by the
skilled artisan that salts other than the chloride salt may be formed. Thus,

in -13 Wi 0Ah? Qasih MM/ GABE HORBT0A thekever aimdﬂmabﬂm:eparaﬁon

. cited abov erejn the final step e use to for
5 of GR’%%F&H@@@S&?’%%?%@ é)ugﬁy %gﬁz?{? Om V\?_| andgotgr%ﬁgyr%?; ploride,

10

15
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compriatgptherstenseflil salts. In still another aspect the |nvent|on provides a

process for the preparation of the 5 intermediate

2-oxo-I-(4-piperidinyl)-2,3-dihydro-IH-i ridin
glhyarctRBAdEEe W 3244%)?/} hlj'(soz[é tg’ R%Oﬁflé?[ o?‘ ?ﬁ%’lﬂdlng
tb&aiwﬂfm@fmsalb&hmsymhmwﬂmmummﬂdmw ddoluoyl-
; d'QfgdrO i timidaze A%;%b ig'ﬁ%ﬂéo X‘%Z -0%0-1-(2,2,2-

0XO- ?E piperi nyI ro -IH- imi azo b]pyrldlne

ﬁi@éﬂ&ﬂbﬁh@ﬁ#ﬁeﬁ@@d@%@%@@"ﬁ%‘?@@ﬁi%S%
PCT/US2007/008700 Scheme 3

(2) hydrogenating (35)-6-(2,3-diflucrophenyl)-2-ox0-1-(2,2,2-trifluoroethyl)-
2,3.4,7-tetrahydro-1H-azepin-3-arnmonium di-toluoyl tartrate salt, in the presence
of a cis-selective palladium catalyst, to fdrm (35.65)-6-(2,3-difluorophenyl)-2-
oxo-1-(2,2,2-trifluoroethyl)azepan-3-ammonium di-toluoyl tartrate salt;

(3) reacting (35,65)-6-(2,3-difluorophenyl)-2-ox0-1-(2,2,2-trifluoroethyl)azepan-
3-ammonium di-toluoyl tartrate salt with EGN and 2-hydroxy-35-
nitrobenzaldehyde to form (3R,68)-3-amnino-6-(2,3-difluvcrophenyli)-1-(2,2,2-
trifluoroethyl}azepan-2-one; and

(4) reacting (3R,65)-3-amino-6-(2,3-difluorophenyl}-1-(2,2,2~
trifluoroethyl)azepan-2-one with HCL

It will be recognized by one skilled 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

-13 -



H NH2 + NaBH(OA )~ I N fr~ N~ CI NCO2Et TFA N CI NCO2Et ACP
CO2Et O NH2 ( Pd(OAc)2 N N CSI N dppb ONCO2Et NaHCO3 N ClI |
wl foNMNsgd HN HCI 1. NaOH, H20, EtOH N HCI 2. HCI, pLr@kbda@dN¥700
H 3 In Scheme 3, 3-Amino-2- chioropyridine ("ACP") is reductively
aikylated in a first step. 3- amino-2-chloropyridine is reacted with ethyl
4-oxo-I-piperidinecarboxylate in the presence of 5 IPAC, trifluoroacetic
acid and sodium triacetoxyborohydride ("STAB") to form the amine ethyl
4-[(2-chloropyridin-3-yl)amino]piperidine-l-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 THF. In a third step, the urea
is cyclized in the presence of a palladium catalyst. Typically, the ureais
the sevdiafGigshiniiaRresarensNarieRd ineniidl RefOAHR dntisisdfHHCI to form a
chloﬂdeg%]%%pag%?ghs@& ta).ls'nﬁg% &qué) 2 %?1(9 gﬁ%@g,ﬂa]ueuf Xﬁl!?%su@a%’ érl]sg 1%%19 Gleful salts.

e

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

5  intermediate 2-0x0-1-(4-piperidiny!)-2.3-dihydro-1H-imidazo[4,5-b]pyridine dihydrochloride, 3:

2
N

)
2 HCl HND—N)/NH

O

74}

and salts thereof, including the dihydrochloride salt. The syntheses of 2~ox0-1-(4-piperidinyl)-
10 2,3-dihydro-1H-imidazo[4,5-b]pyridine, 3, and 2-oxo-1-(4-piperidinyl)-2,3-dihydro-1H-
imidazo[4,5-b]pyridine dihydrochloride, is depicted in Scheme 3:

14 -
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i3

deprotection step the cyclic urea is reacted in the presence of NaOH and
EtOH to obtain the pyridine heterocycle bis-HC1 salt 3. As described

wabeoveasrddn the Examples which follow, this ACP route conprisesofang7oo
synthetic steps and features a reductive alkylation, primary urea formation
using 15 chlorosulfonyl 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. - 15
WO 2007/120589 PCT/US2007/008700 Thus, in one aspect of the
invention provides a process for the preparation of the intermediate
2-0x0-1-(4-piperidinyl)-2,3-dihydro-IH-imidazo[4,5-b]pyridine
dihydrochloride, 3, comprising theSslegrao® 5 (1) reacting
3-amino-2-chloropyridine with Cl4aiky14-oxo-1- piperidinegarboxylate, in
therga'rjiﬁﬁ‘& of tri tic acid a%‘;{?gm tri B ride to
Eg; ég t_?%(){lhq'(z-chl ropyeein=s- y‘)anypg‘]‘prpendl ?\E -Cgir OXYhte; zép

reacti e

C14&E§?14[(2-chIoropyridin-3-yl)amino]piperidine-I-carboxyIate with
chlorosulfonyl isocyanate to form Cl4alkyl4[(aminocarbonyl)(2-
chIoropyridin-3-yl)amino#)iperidine-l-carboxylate; (3) reacting the gozaz
Cl-aalkyl 4[(amino W(Z-chloropyrﬂjmg,g

yhampigo]piperidiag-l-carboxylate in the prgsgnce of NaHCO3, Pd(O
anmheﬁmcg ?W NN
4-(2-0x0-2,3-dihyrdro-i- | 'azé%% -b]pyri inf‘l-yl)piperidinei P =0
-carboxylate; (4) reacting the Cl4alkyl N ﬁ
4-(2-0x0-2,3-dihydro-IH-imidazo[4,5b]pyridin-1- 20
yl)piperidine-I-carboxylate with H form 2-oxo-1-(4-piperidinyl)-2,3-
dihydro-1H-imidazo[4,5-b]pyriding, dibydneghloride. An additional
embodimiEgnt-oiEdvention proyides agprpcess for the preparation of the
inteemediter2iexo-1-(4-piperidiny=2¢3-dihydro-IH-imidazo[4,5-b]pyridine
25 dihydrochloride, 3, comprigingi{he steps of:

3

In Scheme 3, 3-Amino-2- chloropyndine (“ACP”) is reductively alkylated in a first step. 3-
amino-2-chloropyridine is reacted with ethyl 4-ox0-1-piperidinecarboxylate in the presence of
IPAC, tifluoroacetic acid and sodium triacetoxyborohydride (“STAB™) to form the amine ethyl
4-[(2-chloropyridin-3-yamino]piperidine-1-carboxylate. In a second step, a urea is formed in a
reaction of the amine with chlorosulfonyl isocyanate (CSI), typically in the presence of HO and
THF. In a third step, the urea is cyclized in the presence of a palladium catalyst. Typically, the
urea is reacted in the presence of NaHCQ;, i-PrOH, PA(CAc); 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-HC1 salt 3.

As described above and in the Exariples which follow, this ACP route comprises
four synthetic steps and features a reductive alkylation, primary urea formation using
chlorosulfony! 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.
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(1) reacting 3-amino-2-chloropyridine with ethyl
4-oxo-I-piperidinecarboxylate, in the presence of trifluoroacetic acid and
weogiynntagecetoxyborohydride to form ethyl PCT/US2007/008700
4[(2-chloropyridin-3-yl)amino]piperidine- I-carboxylate; 30 -16 WO
2007/120589 PCT/US2007/006700 (2) reacting the ethyl
4[(2-chloropyridin-3-yl)amino]piperidine-1-carboxylate with chlorosulfonyl
isocyanate to form ethyl 4[(aminocarbonyl)(2-chloropyridin-
3-yl)amino]piperidine-1-carboxylate; 5 (3) reacting the ethyl
4[(aminocarbonyl)(2-chloropyridin-3-yl)amino]piperidine- 1 -carboxyl ate in
the presence of NaHCOS3, Pd(OAc)2 and his- (diphenylphosphino)butane
to form ethyl 4-(2-oxo0-2,3-dihydro-IH-imidazo[4,5- b]pyridin- |
'y|)pipeﬂﬂi@ﬁn'aﬁ@ﬂ%ﬁ@&ﬂ@i@h&&%}m@@qﬁmm atpydcess for the preparation of the

4-(2-gx0-2,3-dihydro- b din:l: ypiperidine- 1-carboxyla
mtenne%.ﬁ,?ﬁ% }f(-)g éj}i r&ggﬁ)%{lrl c])pté? madéégﬂi 5! E}S’pyn&ine cﬁl% c%oéﬁlonde, 3,
compnaiﬂg/tlr@slbbﬁrmﬁazoM 5-b]pyridine dihydrochloride. The invention is not

limited to specific embodiments described in this application, 15 and in

fact includes additional features not e tgoessly described above, including

bUtisaERg Rd e tRlowPyEdCH M CorertE Hritr¥88dton conditions,
ﬁi@dﬂﬁﬁr@tﬂ%@dbﬁémﬁgﬁﬁrﬁ{wﬂ& Ginaifitiorp aettcaddiormsl abdium

mtermedl tesz ofs ?ﬂecthb Qé;&éﬁag forms), and the
use 81:(0?1{ 0S8 ﬁn |cu ar separatr% ﬁ |solat?o tecﬁmlques and other
ﬁé&amw}mmm%emm%q?cwu52007/008700 Several
abbreviations, acronyms and other shorthand is presented herein.

Although these ter éﬂo nto tho ed in the art res Nt g
AR oY S&%ﬁ% E%rms )&mllsog? aceEf capBxylate
ispophobsnHexyl imdegxyhtithiuform C;alkyl 4{(6mm00arb0n3’1)(2-
chloropyridin-3-yl)amino]piperidine-1-carboxylate;

(3) reacting the Cy4alkyl 4[(aminocarbonyl)(2-chloropyridin-3-

yDamiino Jpiperidine-1-carboxylate in the presence of NaHCO3, PA(OAc)2 and
bis~(diphenylphosphino)butane to form Ci.4alkyl 4-(2-0x0-2 S‘dahydro-lﬁw
imidazo[4,5-blpyridin-1-yl)piperidine-1-carboxylate;

(4) reacting the C;alkyl 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-piperidinyl)-2,3-
dihydro-1H-imidazo{4,5-blpyridine dihydrochloride.

An additional embodiment of the invention provides a process for the preparation
of the intermediate 2-oxo—1—(4—piperidinyl)-2,3~dihydro~1H—imidazo[4,5~b}pyﬁdine
dihydrochloride, 3, comprising the steps of:

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

ethyl 4[(2-chloropyridin-3-ylamino]piperidine-1-carboxylate;

~-16 -



THE tetrahydrofuran BOC tert-butyloxycarbonyl CDI
1,1'-carbonyldiiidazole MTBE Methyl tort-butyl ether tol toluoyl or toluene
weppehs{giphenylphosphino)ethane dppb bis-(diphenylphosphinestaneos

DMACc dimethylacetamide TFA trifluoroacetic acid ACP
3-amino-2-chloropyridine STAB sodium triacetoxyborohydride 5 -18 WO
2007/120589 PCT/US2007/008700 Example I N-[(3R,6S)-6-(2,3-Diflu o
roph enyl)-2-oxo-1-(2,2,2-trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-
dihydro-1H-imidazo [4,5-b] pyridin-1-yl)piperidine-l-earboxamide CF3 CF3
0 /0N COl, Et3N, THF. 00 W\ F N H-NO-NrNH F + ...N.{2 NH F .,N}.1 N
HCI17 2N >=0 2HCI NN 35 Et3N

(2) reacting the ethyl 4[(2-chloropyridin-3-yDamino]piperidine-1-carboxylate
with chiorosulfonyl isocyanate to form ethyl 4{(aminocarbonyl}(2-chloropyridin-
3-yl)aminolpiperidine-1-carboxylaie;

(3) reacting the ethyl 4[(aminocarbonyl)(2-chloropyridin-3-yhaminoJpiperidine-
1-carboxylate in the presence of NaHCO3, Pd(QAc)2 and bis-
(diphenyiphosphino)butane to form ethyl 4-(2-ox0-2,3-dihydro-1H-imidazo[4,5-
blpyridin-1-ylpiperidine-1-carboxylate;

{4) reacting the ethyl 4-(2-0x0-2,3-dihydro-1H-imidazo{4,5-blpyridin-1-
yDpiperidine-1-carboxylate with HCI to form 2-ox0-1~(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
to the use of particular solvents and reaction conditions, the use of particular reagent forms
(including neutral forms of intermediates 2 and 3, and salt forms other than HC1 salt forms), and

the use or no-use of particular separation or isolation techniques, and other features.
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To a 12 L 4 necked flask equipped with overhead stirrer, thermocouple
and nitrogen inlet was charged Caprolactam HCI salt 2 - MTBE solvate (
wbbdg cargcted as HCI salt; MTBE solvate typically 78-79 wic%oHtGdosakiiion
THF was then added at room temperature (4.1 L; 10 mL/g) 10 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 - 1.5 h at room temperature then aged at room
temperature over 1 hour after which the reaction 15 was assayed for
conversimvdmthblrepriaotarcaoyimdazoth snsboribaiatés(pR@8chtkChdPen.
AttmodE NSRRI TN PIRSHEINRICIANAIG A B Sorb 2R RIS et
added followed by Et3N (419 mL; 2.6 eq). The slurry was heated to 60 C
SUIh SVETRGht at that temperature. HPLC assay showed 97.4 LCAP
conversion. Water was then added (190 mL; - 3 vol % relative to THF)
and reaction rpj it after which
LC assay 20 § \ n mixtyre was
then cooled td IBAC then quengimdomathiIMTBE ( 3.1 L; 7.5 mug) and
washed with 1Q,26.(iw) aq cit iﬁ-ﬁ‘é@@rﬁﬁ%ﬂiﬁ‘fr)‘ 2L; 5 mug). Theg organic

layer was thep assayed for imidazole and piperidine acyl imidazple

impurities (<0

AP) The o

JEHRIMERER then washed wit

iBOCarbonate sotetichuyRorscatmatg)ithen water

(w/w) aqg sodit

15 %
2L: 5

25 desired
0589

mug) then pasg
product. (95.3
PCT/US2007
N-[(3R,6S)-6-
]-4-(2-ox0-2,3
[4,5-blpyridin-
N-CNF12HCI

hrough an inline fijter jve.620Q g assay of
oi/f%gsay yield, 98{50/%5%&%’%”@%%0 2007/17
OYEIAYE Exampl

h I ethyt tert-butyl ether
4¢3-Difluorophenyido9xer kofdehg-trifluoroethyl)a
 ibiperidine A BARHER B RE AT
Odpitd11. .Na FIOMN(ERICnNpBREphmo)butane
DMAc dimethylacetamide
TFA

ACP
STAB

vepan-3-yl

trifluoroacetic acid
3-amino-2-chloropyridine
sodium triacetoxyborohvydride
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FF 21 5 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 (66.4 L)

wangdriethsdamine (1.90 kg). A vessel B was charged with CREB kb kads 700
and THE (30 L). The contents of vessel A were transferred to vessel B

over 1.5h 10 and the mixture in vessel B aged for |h. 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 60C and
aged overnight when HPLC analysis showed the coupling was complete
(<0.2 LCAP caprolactam-CDI adduct remaining). MTBE (49 1) and 10%
agueous citric acid (29 1) were added and the phases 15 separated. The

Exampigdnic phase was washed again with 10% aqueous citric acid (29 L) and
then with 5% NaHCO3 solution (2 x 28 L). The pH of the last aqueous

NG RIS S BHITASPRTAY e B afic phddnnro s Ragerith Brdtep-oxo-2,3-

dikydyo 7 Br-bnifdare KT Bipssidied whpnssidied-foreadepomide], with the
assay Yyield of neutral compound 1 equal to 8.49 kg, 96.0%. The HPLC
assay also shBwed still 1.0 LCAP of the N-acylimidazaie,adduct

ore, thERFMTBE solutio_n was washe ainAwith 1%)9/0H
Firs
N

aqueQugd citfic agich@ x 29.1),.5% aqueous NaHCO '\{

(27 Q. IHE Cassay of the MTBE ion was ag;iulin. Assdy _

yield neutral 454 8.27 kg, 93.59 9 LCAP=0.1 LCAP

N-acylimidazole adduct. -20 9007/120589 PCT/US2007/008700

Exarr{ple 3N @{f?z{ ane

[(3R,6S)-6-(2,3-Difluorophemyh-2-oxo-1-(2,2,2-trifluoroethyl)azepan-3-yll-4

-(2-ox0-2,3-

. e biovridin-1-vDoioeridine-l-carboxami ium

R L e B ke b e
chargeﬁ@@gg]ag@m\ﬁ(}l 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 mL/g)
followed by triethylamine (194 ml; 1.2 eq). The slurry was aged at room temperature. To a
separate 22 1 4 necked flask equipped with overhead stirrer, thermocouple and nitrogen iniét
was charged CDI (233 g; 1.25 eq) and THF ( 2.3 L; 10 mV/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 afier 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.
HPI.C assay showed 97.4 LCAP conversion. Water was then added {190 mL; ~ 3 vol % relative
to THF) and reaction mixture aged at 60 °C for an additional 2.5 hours after which LC assay
showed 99.8 LCAP conversion. The reaction mixture was then cooled to 15 °C then quenched
with MTBE ( 3.1 L; 7.5 ml/g) and washed with 10 % (w/w) aq citric acid soln (4 x 2L; 5 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 ml/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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EtOH F F F 1 PotasslumSn[t Ethanolate ON The MTBE solution of
compound 1 (8.27 kg) was charged to an inerted vessel through a 0.1m
waQearingge filter and concentrated down to 30 L using partiacvagstimy angroo

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 TB F/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 15 final volume of 58 L

(7 ml/g based on neutral 454) at <40C. The resulting slurry was left

cooling to room temperature overnight before filtering. The filter cake was
Exampl¥ashed with cold ethanol (25 L) and the solid dried under vacuum at 40
__—%‘The solid was de-lumped using a co- mill. Yield = 7.97 kg, 84%. -21
N-[GRAR) SARA IO FOTUTE SOTIObEI o xalIRpRo gty Dazepan-3-yi}-4-(2-0x0-2,3-
dihydrOIEEREE)r6HS5 B Difliatiaph-yl) piperidine-1-carbexamide

enyl)-2-oxo-1-(2,2,2-trifluoroethyl)azepan-3-yll-4-(2-oxo-2,3-

dihydro-1H-imidazo[4,5- b]pyridin 1eyl)piperidine-l-carboxamide, potassium

salt ethanol

Fﬂg‘(&;\l RiQ HN-Nal-3N,
250 mL, %;?\TKOtEu F3cn _Qck round F B &k@t@q
flask 4 P Was equipped PotassiumSalt Ethanslgtel 10 with a™

cm

Caprolactam 2(8.23 kg = 5.60 kg caprolactam HCI salt based on 68 wi% assay)) was charge to
an inerted vessel A with THF (66.4 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 HPLC analysis showed the formation of
caprolactam acylimidazole to be complete. The piperidine heterocycle 3 (5.0 kg) was charged to
vessel B followed by triethylamine (4.12 kg). The batch was heated to 60°C and aged overnight
when HPLC analysis showed the coupling was complete (<0.2 LCAP caprolactam-CDI adduct
remaining). MTBE (49 1) and 10% aqueous citric acid (29 1) were added and the phases
separated. The organic phase was washed again with 10% aqueous citric acid (29 L) and then
with 5% NaHCO; solution (2 x 28 L). The pH of the last agueous phase was 9 at that point. The
organic phase was washed with DI water (27 1) and the MTBE solution was assayed for
compound 1, with the assay yield of neutral compound 1 equal to 8.49 kg, 96.0%. The HPLC
assay also showed still 1.0 LCAP of the N-acylimidazole adduct remaining. Therefore, the
MTBE solution was washed again with 10% aqueous citric acid (2 x 29 L), 5% aqueous
NaHCO; (2 x 28 L) and water (27 L). HPLC assay of the MTBE solution was performed again.
Assay yield neutral 454 = 8.27 kg, 93.5%, 98.9 LCAP, <0.1 LCAP N-acylimidazole adduct.
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15

mechanical stirrer and claisen adapter with nitrogen inlet and
thermocouple. Compound 1 (12.49 g) and punctilious ethanol (165 mL)
wveserahagged to the vessel. The suspension was warmed inga Q@ 008700
bath 15 and the suspension agitated. All the solids dissolved and a
homogeneous solution was obtained when the internal temperature
reached 38 C. The temperature of the oil bath was reduced to 50 C and
the internal temperature was brought to 44 C. The potassium 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 1 potassium-salt ethanolate (20 mg). The temperature 20 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
Exampig & over about | h. The batch was then cooled in an ice bath to <5 C

N-[(3 raeshap e Rbefitiddephbayipichwas- (U2 pdriifoupketh MRt nPORaBIRL (2 -0x0-2,3-

aihydr I eIGehidg 43§‘%fﬁ?ﬁ&i@l@ﬁﬂ:ﬂ@%ﬂ@ﬁ%’ﬂmml&g?Bt‘&@ﬁHﬂ@a@t

ethan ciopstant weight was obtained or until the amount of residual EtOH
present by NMR (DMSO-d6) was 25 about 80 mol% relative to Compound
1. The Compound 1 potassium-salt (11.15) was obtained as a tightly
bound ethan solva&e in 78% yield (99.4 LCAI%, 99.6 %0 ee). -22 WO

2007/120%88 6071008700 Exampl :ﬂ). NNK® - E©OH
N-[(3R;68)-6-(2, “Diflkyg ophenyh)-2-0xe~1¥( 2, ,2-t thyl)azepan-3-y
[]-4-(2-ox0:R,3- EtOH

dihydro-I idazo[4,5-b]pyridin-1-yl)piper -I carboxamide, potassium

salt ethanolate 500 NH2 HC.MTBE H CNHSMQI:Q:;LAM:& EtOH Pa
CANh3 FC~'NCDI,NEt"THF a FF

The MTBE solution of compound 1 (8.27 kg) was charged to an merted vessel through a 0.1pm
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 to a
final volume of 58 L. (7 ml/g based on neutral 454) at <40°C. The resulting shury was left
cooling to room temperature overnight before filtering. The filter cake was washed with cold

ethanol (25 L) and the solid dried under vacuum at 40 °C. The solid was de-lumped using a co-

mill. Yield = 7.97 kg, 84%.
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F 1) KOSBO, EtOH F 2 Potassium Salt Ethanolate of | Caprolactam HC1
salt 2 (30 g - 20.4 g caprolactam HCI salt based on 68 wt% assay)) was
wohangaéesan inerted flask A with THE (240 ml) and triethylagina 8% @k7o0

To flask B was charged CDI 10 (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 aged for Ih. 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 60C and aged overnight when HPLC analysis

showed the coupling was complete (<0.2 LCAP caprolaestam 15 CDI

adduct remaining). MTBE (180 ml) and 10% aqueous citric acid (105 ml)
Exammilere added and the phases separated. The organic phase was washed
N-[(3 868906\ EB A0 AU RURYIICARIY (105 200D ARSI W SANAREL S -0x0-2,3-
l:iihydrstgllyﬁfgn %z)z(z%gép W Tlhi%i%t!l%{,ighe l@%ttha l-J~l§9a:u:alsr' Q REsS 2 %gstgi;n?sizlt

point. Yhe orgariic Ase was wasHed with DI wa er (10 rﬁlf?% mi
ethanqlate ated aqueous brine added to give good phase separation). HPLC

assay of the MTBE splution gave an assay yie|d of 20 neutral Compound

1 of 31.9% g 18 LCAP. The MT%@N@O&Q@t[@[&omp&JﬁO mL, 3-
? 2 <N .

1 (31:25'§) was concéniategtslgyvn tq lowVolume-usi rtial vacuuneck round

and keeping T<40 C. Ethano],{Z40 nils wasgCharged and the solutiongottom  flask

concentraiglf to low volume again under p&tial vacuum at <40 C. Ethanol

ipped
(116 L) was added to bring the volume of ”il%néFQ,!H. 040,420 mlﬁzd t e, equippe
solution assayed for neutral Compound 1: Result: 80.3 g, 53.5 ol. ™! a

Potassium tert 25 butoxide (6.3 g) was added and the mixture warmed tomechanical
45C to dissolve all the solids. The solution was then concentrated dosvirrer and

claisedGachna! weldnerobed Qri: (dninugehaseshpienetirabded A 426 .oIhed punctilious

i | f | o 3
emano[iz l%gg% tgc%vo &d &ﬁg@@@e&epﬁﬂg@ggs QL2 ﬁgg}ﬁ%ﬁ%@ C oil bath

and iSRRI ASTERe W SO AT Chobr i FORETEANY apegion wes obtained
when thsdaierapsmasrae _re,q@pad:%‘fg.g’l"lgqmﬁmﬁaoé the oil bath was reduced to 50
°C and\NtSR65)b(213-Diftuer splscmyhghionio 44 (X2, THriffuosss thy| yazehan:3dl(2.72 g of
95% pritel d:@06gial)Bwas then charged (slight exotherm to 46 °C observed). The resulting solution
was then seeded with authentic Compound 1 potassium-salt ethanolate (20 mg). The temperature
on the oil bath was reduced to 40 °C and the batch was aged about 1 hr. The heating on the oil
bath was turned off and the suspension was cooled to 25 °C over about 1 h. The batch was then
cooled in an ice bath to <5 °C and aged about 2 h. The batch was filtered through a medium
porosity sintered funnel and the cake dried under vacuum and nitrogen tent until a constant
weight was obtained or until the amount of residual EtOH present by NMR (DMSO-d6) was
about 80 mol% relative to Compound 1. The Compound 1 potassium-salt (11.15) was obtained
as a tightly bound ethanol solvate in 78% vield (99.4 LCAP, 99.6 % ee).
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dihydro-IH-imidazo[4,5-b]pyridin-1-yl)piperidine-I-carboxamide, potassium
salt ethanolate 0 Q O NHZ HCI.MTBE NNH 2HCi O FN' 'NO- 1-N'K" .
wioteh 3d=8C "N CDI,NEtu,THF F3C*N " F F F ii) KOtBu, Et@thk2¢47/008700
Potassium Salt Ethanolate of | 10 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 THE (66.4 L) and triethylamine (1.90 kg). To vessel
B was charged CDI (3.163 kg) and TIC' (30 L). The contents of vessel A
were transferred to vessel B over 1.5h and the mixture in vessel B aged
for Ih. At that point HPLC analysis showed the formation of caprolactam
acylimidazole to be complete. The Piperidine heterocycle 3 (5.0 kg) 15
was charged to vessel B followed by triethylamine (4.12 kg). The batch
Exampias heated to 60C and aged overnight when HPLC analysis showed the

Kmﬁ@ W%ﬁem e $59:3- h%g’{’r Igfé%%?ﬁiﬂm&ﬁéﬁgﬁg%@?ﬁ A-0x0-2,3-
amyasg TRt H2 BSOS G 360 09 ot o G000 BOCATS ot

ethanodgigeous citric acid (29 L) and then W|th 5% NaHCOS3 solution (2 x 28 L).
The pH of the last aqueous phase was 20 9 at that point. The organic

phase was washed with DI WaLﬁ”r fi The HPLC pro(glle shqued still 1.0

LCAP of theltaprotam N #cadduct ¢ h@SFhe
MTBE,c$3{utibn was washed-edjain with 10% U3 citric’acld {2 x 29
L), 5% aq NaHCO3 (815 %ad water (277). HPLC assay of the

MTBE sol gave an assawogiedaof neutral Co nd 1 of 8.27 kg,
93.5%, 98.9 LCAP, <0.1 LCAP caprolactam Nyaggglmg;@gglenagduct 25
The MTBE solution of neutral Compound 1 (8.27 kg) was charged to a

T AL RN S T
to an hepindpTicAOGth THE (240 ml) and triethylamine (6.91 g). To flask B was charged CDI
(11.53 g) and THF (110 ml). The contents of vessel A were transferved 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 iriethylamine (15.0 g). The batch was heated to 60°C and aged
overnight when HPLC analysis showed the coupling was complete (<0.2 LCAP caprolactam-
CDI adduct remaining). MTBE (180 ml) and 10% aqueous citric acid (105 mi) were added and
the phases separated. The organic phase was washed again with 10% aqueous citric acid (105
ml) and then with 5% NaHCQO; solution (2 x 100 ml). The pH of the last agueous phase was 9 at
that point. The organic phase was washed with DI water (100 ml) (5 m} 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 vacowmn 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 meutral Compound 1: Result: 30.3 g, 53.5 mmol. Potassium Zert-
butoxide (6.3 g) was added and the mixture warmed to 45°C io dissolve all the solids. The
éolution was then concentrated down to a final volume of 210 ml (7 ml/g based on neutral 454)

at <40°C. The resulting shury was cooled to room temperature for 2 hours and the solid
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Ethanol (116 L) was charged and the solution concentrated down to 30 L
again under partial vacuum at <40 C. Ethanol (116 L) was added and the
woaaluttonaealysed for residual THFIMTSE (none detected). Botassitum,/0os700

tert-butoxide (1.720 kg) was charged as a solid to the 5 vessel and the
mixture warmed up to 45C to dissolve all solids. The batch was then
concentrated down to a final volume of 58 L (7 ml/g based on neutral 454)
at <40C. The resulting slurry was left cooling to RT overnight before
filtering. The filter cake was washed with cold ethanol (25 L) and the solid
dried under vacuum at 40 C. Yield = 7.97 kg, 84%. 10 Example 7
(3R,6S)-3-Amino-6-(2,3-diflu
orophenyl)-1-(2,2,2-trifluoroethyl)azepan-2-one Step 1:
collectad(biy Grip-4i{or3-Hhedidiph erls?) etiraneshed yddkico®l @hzng (200 ImOWEE 6hé solid dried

under Rl HEE. 5pidia 2 Solodsnesked round bottom flask was charged
1,2-difluorobenzene (130.0 gJ and dry THE (1.3 L). This solution was

cooled to < -60 while stirring under nitrogen. To this was added n-
Exampryg/llithium (455 mL of 2.5 M/hexane) dropwise such that T < -60 (- 15

inut ition). The, 20 solytion qui turned into irrable slurry,
N1 B e DT e o B BB 0 Groo-2.3-
dihyd S K/ieki B sridhSthd p¥ridi6 o evitpiperifling- fuiskbobenddwe potassium salt
ethandl@fgogeneous solution. This was warmed 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 a\ssgg(@ﬁ%;earl 20 minutes and,judged complete
by HPLC. +BECHGH wals ghigtiched WAt IN HCIo(2n-}af BAsE S

two phﬁgN stem was trans @ﬁ%i seperateryfunnel and {ited with

IPAC (2 Q. agueous e organic washed again with IN
HCI (2 L) ed by IN NI-14@4 £21% 2 L) and finalylwith water (2 L).
The orgamic was concentrated to an oil. Assayryigthas#i88bancldaeil is
then diluted with heptane (800 niL - does not all go into solution) and
stirred while cooling to - 30 C. During cooling the oil turns over to a

CaproRRfafaliifng Selith, THe SULL 5 898¢Y Laprolactam HCI salt based on 68 wi% 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 mixtfure 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 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 1) were
added and the phases separated. The organic phase was washed again with 10% aqueous citric
acid (29 L) and then with 5% NaHCOj; solution (2 x 28 L). The pH of the last aqueous phase was
9 at that point. The organic phase was washed with DI water (27 L) The HPLC prefile 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 NaFICO; (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 sclution of neutral Compound 1 (8.27 kg) was charged to a vessel through a 0.1pm
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25 WO 2007/120589 PCT/11S2007/008700 hour at -30 C, filtered and
washed with cold heptane. Desired product isolated in 71 % yield (154 g).
wOlBR2i2ds62,3-difluorophenyt)-2-vinyloxirane 50 HO OI BrMgit/b€lodFoasoo

toluene F 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 TBF) 10 dropwise

such that T <-25 C. After complete addition the reaction is warmed to O

degrees and assayed for completion. The reaction is quenched with IN

HCI (250 mL) and transferred to a seperatory funnel and the aqueous

layer cut. The organic is washed again with IN HCI (250 mL) followed by

saturated sodium bicarbonate (250 mL) and water (250 mL). The organic
cartridige ddrmeatdtadhteraraed alrdhoatietif drvwaiek glipactiyl &ECn@hth@d(kieeping T<40 °C.

FE.T moI

Emm&teﬁe%u&g%i 5 a'ctijdmell:ai %e?\l%%ﬁb 48%%%‘%&? %gé two-phase s zgt%r%nder partial
vacuugiphteddord- ho@tba@PﬁoélﬁﬁeMae’fasu paldtte andyathic lﬁa}éhwass@lye@ﬂ Aor residual
THENY B ol SRR OPL Al SR 9&5%%9&%@%1%&?%? VHELIS S M, solid to the

the or%ﬁ:nlc washed with water (400 mL). The organic |
vessel -apd e BRSO ahR Sy Wrida .ﬁ%&%d& AiF0de ft% {ffids. The batch was then
concentrated down to a final volume of 58 L (7 ml/g based on neutral 454) at <40°C, The

resulting shury was left cooling to RT overnight before filtering. The filter cake was washed
with cold ethanol (25 L) and the solid dried under vacuum at 40 °C. Yield = 7.97 kg, 84%.

Example 7
(3R,65)-3-Amino-6-(2,3-difluorophenyl)-1-(2,2,2-triflucroethyl)azepan-2-one

Step 1: 2-Chloro-1-(2,3-difluorophenyl)ethanone

n-HexLi O

O ZnCly cl
Culll
.
F cx/U\/C‘ THF .

£ F

To a 5 L. 4-necked round bottom flask was charged 1,2-difluorobenzene (130.0 g) and dry THF
(1.3 L). This solution was cooled to < -60 while stirring under nitrogen. To this was added n-
hexyllithium (455 mL of 2.5 M/hexane) dropwise such that T < -60 (~ 15 minute addition). The
solution quickly turned into a stirrable slurry, which was aged for 1 hour cold. To this was
added zinc chloride (2.3 L of 0.5 M/THF) such that T < -60 and the slarry quickly became a
homogeneous solution. This was wanmed to 0 °C followed by the addition of copper(l) chloride
(11.3 g) and chloroacetyl chloride (142 g) such that T <35 °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
agueous 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 yield = 78%.
The oil 15 then diluted with heptane (800 mL - does not all go into solution) and stirred while
cooling to — 30 °C. During cooling the oil turns over to a crystalline solid. The slurry is aged 1
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next step. Typical assay yield over both steps is 89 %. -26 WO
2007/1.20589 PCT/US2007/008700 Step 3:
wl4487)24542, 3-difluorophenyl)-S-hydroxy-1,I-dipropionylpent-3€nais2007/008700
yljacetamide Et02C HHAC Et02C O Pd(OAc)2 Ph2P PPh2 F
EtO2CyCO2Et NaOEt, toluene OH F NHAc F F 5 A 1 liter 3-necked
round bottom flask equipped with a vacuum/N2 Inlet, temperature probe,
addition funnel and septa was charge with Pd(OAc)2 (392 mg, 1.75 mmol,
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 (IU <
hour a3 pmiilkpcthentiOwedaiinn ftastowaseptard 30Qirl pfdalueneolsddth 71 % yield
(154 g)opm) and the resulting mixture flushed with N2 and stirred at room
temperature (20-25C) for 10 min. The vinyl epoxide solution was added
over 5 min and the resulting mixture stirred overnight( 6-10 hrs) at room
Step 2: rfmdrdtine et ondy 2 YBIHE ¢80 mL) and 1 N HCI (140 mL) was
added to the flask and the biphasic mixture transferred to a separatory
funnel. The organic layer was separated and Washequit 140 mL of 151
N NaOH, 140 mL, d 140gmis-ofwater. Thedi banic layer
was treated with @ﬁ.ﬁ (2-5 grams), Stirred min, and filtered.
The resulting solution was concentrated (T= 20-25C) to about 300 mL
volume. The solution was heated to 40 45 C'and 600 mL of N- heptane

Asoluagg%%ep{fo @%c%w ratuttgbf ngst'f b0y G O‘gﬁg‘ a”?eﬁ”o d 60 while

to cool to room te rnlg e SO| |on W

stirring pRder LM WA %Wé@%%%ﬁa%érméﬁ&%mm 8 M in THF)
dropwigpacdriddtith x?ai:ﬁmz”aﬁ@r qugp&e@ﬁ(cm%ly@myeagﬁon is warmed to O degrees and
assayed for completion. The reaction is quenched with TN HCI (250 mL.) and transferred to a

seperatory funnel and the aqueous layer cut. The organic is washed again with 1IN HCI (250
mL) followed by saturated sodium bicarbonate (250 mL) and water (250 mL). The organic is
concentrated to an oil and carried forward directly.

OH I
QO
Ci NaOH
toluene

To a solution of tertiary alcohol (210 mmol) in toluene (400 mL) is added 1N NaOH (400 mL)
and the two-phase system agitated for 4 hours at room temperature. The organic layer is assayed
by HPLC for completion. At end of reaction the agueous layer is cut and the organic washed
with water (400 mL). The organic is concentrated/azeotropically dried in vacuo and used for the
next step. Typical assay yield over both steps is 89 %.
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WO 2007/120589 PCT/US2007/008700 Step 4: N-((32)-4-(2,3-dii
luorophenyl)-1,1-dipropionyl-5-[(2,2,2-trifluoroethyl)amino]pent-3- en-1
wyllaeetaiige O O 4FI 00 0 0o O 00 NH MsCI, Et3N O NH Ligtr RMAC W00
NHOCMeCFa22HCF3 OHOON,./-FF FFF 5 The compound of
Step 3 (50.0 g, 125.2 mmol) in 400mL toluene (was treated with Et3N
(16.5g, 162.7 mmol) followed by a 25 mL toluene flush followed by MsCI
(16.5 g, 162.7 mmol) in 120mL toluene followed by a 25 ml flush making
sure the temperature did not exceed 3 C . After a 30 min age, the slurry
was treated with 250mL H20 and then warmed to RT. The 10 aqueous
layer was drained away (a black rag layer is observed) and the organic
phase washed with 1x200 mL 1N NaOH and 1x150 mL of 15 % NaCl

Step 3 SR"(?’P% —I }?’g §%%L9¢W}5§§ g%@ IQT— ?Qé}) r@eﬂz‘t‘—glgg Whgt}acetamzde

00mL toluene. Addition of 5 mL o MAC afforded the
solution ran for the next step. To the orange solution was_added
CF3CH2NH2 (372 g, 376 mmol, few dggrae temperaturgti%c NESe
here) followee’by LiBr (f"i@@c% mftfef} an8fhe solution aged for 13
BO C.Th tion iluted with 250 mL IPA and 150
mL H20. The Equeou?ﬁg?/gr zﬁd@%ﬁ}o ST iRY6RGaniea
washed with 150 mL 1N NaO¥4fid 150 mL 15 % agug NaCI solution.
Assay of the IPAC layer shows 92 % yield and the solutibn wis
concentrated to 150 mL volume and 375 mL DMAC added . 20 -28 WO
2007/120589 PCT/US2007/008700

A 1 Hter 3-necked round bottom flask equipped with a vacuum/IN2 Inlet, temperature probe,
addition funnel and septa was charge with PA{OAc); (352 mg, 1.75 mmol, 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 N,. 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).
Toluene (140 ml) and 1 N HCl (140 mL) was added to the flask and the biphasic mixture
transferred to a separatory funnel. The organic layer was separated and washed with 140 ml. of
1 N NaOH, 140 mL of brne and 140 mL of water. The final organic layer was treated with
Darco-G60 (2-5 grams), stirred for 10 min, and filtered. The resulting solution was concentrated
(T=20-25 °C) to about 300 mL volume. The solution was heated to 40-45 °C and 600 mL of N-
heptane added over 20 min. The slurry is stirred at 40-45 °C for 30 min and allowed to cool to
room femperature 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 N, sweep{70 % yisld).
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Step 5:
N-[6-(2,3-djuorophenyl)-2-oxo0-]-(2,2,2-trifluoroethyl)-2,3,4,7-tetrahydro-IH-
wazepingsydacetamide 00O O OI1_0! O NH O NH LiCl, HzQ QP76 oo

F3C N DMAC toluene N.../.CF3N/CF3 FItFFFF 5 Tothe 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 forms). After cooling to RT, 5g of Darco was added and the

solution filtered through Solka-Floc. The filter cake was washed with 285

mL IPAC. The organic layer was split in half and cooled to 5-10C. Each

half was treated with 118.5 10 mL H20 keeping the temperature -15-20 C.
Step 4: TG @IPEOLE WNAFHIHSHRINALIE WIS WIS JPAL BNYANG QEBRMEIYS pent-3-
en-1-yMWasWashed with 220 mL 1N NaOH, 2 x220 mL 15% NaCl solution brine

and 220 mL of water. The solvent was switched to toluene (450 mL

vqume,A.';g assay). The tolueng solution (45 g, 110 mmal_of

I

decarboxylgted@roduct) was treatgd @uth trifluoroacetic 15 agidgi43
V)

mmol, 1.2gq iv.}_land a yellow oiPg ated from the toluen®g so ut&)ﬁ The
reaction dat &eQ0=Crfor & rs ovggnigiakgnderni n. The
solutionsag-cooled o0 XL and oncentr ased on

with 180 mL IPAC. The 20 agfieous phase was cut at thi point. The
organic layer was washed with 1IN HCI (225 mL), 225 mL | % aqueous

The coh&@'&hﬁc@ts{ti@&p@t%eé@ %‘1{ 92-%%%%9252%%‘*9&% f&f&?ﬂég{sé;&‘%l? Et:N (16.5g,
o e A e e G R e 3 e
120mlyighigRe RHE LY A e Stig oBRE S Gretemperature did not exceed 3 °C .
After a 30 min age, the shury was treated with 250mL HQ and then warmed to RT. The
aqueous layer was drained away (a black rag layer is observed) and the organic phase washed
with 1x200 mI. IN NaOH and 1x150 mL of 15 % NaCl solution. The solution was concenirated
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,NH, (37.2 g, 376 mmol, few degree temperature
increase here) followed by LiBr (2.17g, 26 mmol) and the solution aged for 13 hours at 28-30
°C. The reaction was diluted with 250 mL IPAC and 150 mL H,0. The aqueous layer was
removed. The organic layer was washed with 150 mL 1N NaOH and 150 mL 15 % aqueous
NaCl solution. Assay of the TPAC layer shows 92 % yield and the solution was concentrated to
150 mL volume and 375 ml. DMAC added .
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Filtration and washing with 0 C 7:1 heptane:IPAC (150 mL) afforded the
product as an off- 25 white solid. -29 WO 2007/120589
wBGhAIS2R07/008700 Step 6: PCT/US2007/008700
(3S)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-triuoroethyl)-2,3,4,7-tetrahydro-|
H-azepin- 3-ammonium
3-carboxy-2,3-bis[(4-methylbenzoyl)oxyJpropanoate (di-toluoyl tartrate
salt) NH + O O :::rO F3CN ditoluoyi L- ric acid F3CN OH EtOO MTBE F
FCHOF \I\.~OHFF/F 02N 5 To a 288 mL dioxane solution of the
Step 5 compound (36 g, 99.4 mmol) was added 6 equiv of 3N HCL. The
solution was heated at 85 C for 12 hours. After cooling, the solution was
diluted with 230 mL MTBE added and the pH adjusted to8-10 with ION
Step 5: '}lﬁ%ﬁ%“%%}%éﬂwﬁ%xﬁt b 119_BhAse; Culnie AGUCRUS WhRro- 1 H-azepin-3-
; ext}?cted with 230 mL MTBE and the combined organic 10 layer washed
yijacer #2390 mL 15% Nacl and assayed for product (25.4 g, 79.3 mmol, 80 %
assay Yield). The solution was concentrated to -10 L/kg of amine and
then solvent switched to IPA (-762 mL total volume). The KF of theO
solution was'e }Sfed to 4000 ppm &

5-nitrobs de (7.9anmol) wes agded followéﬁ%
(-)-O,0'di-toluoyl-L-tartap@acid }}15. mmol) anclse resd’ltlng
was aged 3 fmr130 hours Th!sluﬁxyasthen 15 filtered a
solid edWwith IPA. Step

0-1H- azepln 3-ammonium chloFide +
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 H>O (6.1 g, 343.5 munol). The solution was aged at 113-115 °C for 12-
14 hours (afier 1 hour at 112 °C a white precipitate forms). After cooling to RT, 5g of Darco was
added and the solution filtered through Solka-Fioc. The filter cake was washed with 285 mlL.
IPAC. The organic layer was gplit 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 exiracted with 165 mL
[PAC and the organic layer was washed with 220 mL 1N NaOQOH, 2 x220 mL 15% NaCl solution
brine and 220 mL of water. The solvent was switched to toluene (450 mL volume, 45g assay ).

The toluene solution (45 g, 110 mmol of decarboxylated product) was treated with trifluoroacetic
acid (143 mmol, 1.3 equiv. and a yellow oil separated from the toluene solution. The reaction is
aged at 85-90 °C for 12-15 hours overnight under nitrogen. The solution was coocled to RT and
then concentrated to 3 L/kg) based on starting material and diluted with TPAC (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 HCl (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 velumes of heptane was added and the slwry cooled to 0 °C.
Filtration and washing with 0 °C 7:1 heptane:TPAC (150 mL} afforded the product as an off-
white solid.
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1. i-PrOH, HCI, 0 NH3 0 + Pd/BaSO4 NH3 F3CnN CI FOC N 00 Y Ohi 2.
NaOH O 3. Et3N, McOH 4. HCI F IF CHO\ IOHF F OZN 20 -30 WO
weF420889 PCT/US2007/008700 The compound of step 6pck@ddbdbs700
mmol) 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% Pd/BaS0O4 (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 5 filtered through Solka
Floc with MeOH (50 mL) to remove catalyst. The filtrate was concentrated
to 2 mL/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 mL of

Step 6 MIBE-The oraanispRIiInn- yaswashed,WikbRsng (1O ml) i'fg?zlugéﬁ‘f@?)ﬂaazepin»
a

—ammiEYIS'S. 08 Sisform) gnd s witched 10, MCOR until 55/ MTBE and
>4 é“’gg o P 800 B ep I et ?’G’E&ﬁ ”f‘

F -1 500ppm with a total volume o hen tre wi
(3.95 mL, 2 equiv. relative to cis form) and 2-hydroxy-5-nitrobenzaldehyde
( ng, 10 mol% relative to cig form). The solution was stirred at oom §>
Pperaturecionaéhdiours whic iits in -20:1 ratio of trans:cis fohms/t:

e compound.. The8Blutipn wa it eR @MY an %9\,,9
&N IN N% 80 mL) added. After the phase cut, the agueous w ck -
agted with 70 mL of MTB rcombined orgaics were the shed 5.)

withh, 70 mL of brine, 15 conc. ¥9.25% volume and filtersel. The or
solufion was concentrated further &nd then MT as added until F

volume was 30 mL. To this was then added®t8 mL_ of MeOH (KF

-1500ppm). After heating solution to 50 C, 1% seed of the title copound

was added followed by a 2 hour
To a 288 mL dioxane solution of the Step 5 compound (36 g, 99.4 mmol) was added 6 equiv of
3N HCIL.. The solution was heated at 85 °C for 12 hours. After cooling, the solution was diluted
with 230 mI. MTBE added and the pH adjusted to8-10 with 10N NaOH followed by IN NaOH.
After the phase cut, the aqueous was extracted with 230 mL MTBE and the combined organic
layer washed with 390 ml. 15% NaCl and assayed for product (25.4 g, 79.3 mmol, 80 % assay
yield). 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~toltoyl-L-tartaric acid
(158.6 mmol) and the resulting slurry was aged at 65 °C for 130 hours. The slurry was then
filtered and the solid washed with TPA.

Step 7: (35)-6-(2,3-difluorophenyl)-2-0x0-1-(2,2,2-trifluoroethyl}-2, 3,4, 7-tetrahydro-1H-azepin-
3-ammonium chloride

' 1. FPrOH, HC, Ot
Q  wut Pd/BaS0, —~ Sl
o~ * ol 0 o
FaC” N By 2. NaOH
_ Z5ton e, MeoH
4. HCl F
F CHO
OH =
F
ON
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addition of 5N HCI in IPA (5.6 mL, 2.2 equiv. relative to cis form assay).
This was then aged 1 hour at 50 C and then cooled to room temperature
wOovean3ieyss. After aging overnight at RT, 20 the slurry was fitteveshaqchos76o
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 25
2-Ox0-1-(4-piperidinyl)-2,3-dihydro-1H-imidazo[4,5-b]pyridine Step 1:
Ethyl 4-j(2-chloropyridin-3 yl)amino]piperidine-I-carboxylate H NH 2
NaBH(OAc)3 N N CI2 + NCO2Et TFA N CI NCO2Et IPAC, rt 30 -31 WO
2007/120589 PCTIUS2007/008700 To a 1 L three-neck RB-flask
equipped with a mechanical agitator and temperature probe was charged

The co Igzé%kg% ecal%?@ ¥6'(§”‘i’4(?f§ hehdhaRAM ﬂ%@&%‘@i@%@%‘rﬂa@m +-PrOH (93

oXy ate m foIIo ed y

06 B %u?g %nclgg %‘g-g a?ﬂ{¢>§ ?mn arfatlto (Tg( ture became
homog@yeonf’ffllfeﬁf@a@mga&dm mlﬁrq&ﬂsgo’irﬁo?dﬁ@%csmﬁm cHYged W added and
hydrogtiamihdu 80 eee b8 0 wiroausitfig 0inoreasid] intarmparated ooI2BLE (e solution was
ﬁlteredcwsgghc§q@ﬁw Miﬁ?%@é@@@f@wdﬁ@g (¥5- Q@m@v356dﬁglrst12@he fillrate was

concentracil(y Hgsgn?tﬁeﬁ (Héﬂlp\ée(k 1@&% & gn!nlN NaOH {80 mL).
tem eraturet was observed er10 atl
After i EBOER SO SRS KR AL ot P rganic soluion

was wadhdowaiabine- £76ntekopihibide amsroﬁ%aﬂswcﬁftwékm@%mt Awitched to
MeOHsaitili e % MY WEaild KHuaE0 ppaOw ivasatidevinthefriktork aibhea treated with

Et:N (9487 49 mindWhertherHObeombstuna wasy &k hemheses Matyde (237 mg, 10
moi% rél Wegto g%p%rr%]ig iﬂg %ER{HS RE@S&}Q‘Q&*L?@M pJ e@&gen%? Zﬂqﬁoms which

separated aque

ase was 580 mL-100 tL sa s dilyted in 100
msultsrm_"ﬁ%gd ﬁ%ﬁdf&%ﬁ&f‘sf?mﬁlé’&gﬁ é@ é)fgp;%g‘ O&l res@ndfﬂuted with
MTBETHSbrHe wats thes N AaO B fomahb amgsrﬁbgng}sfé s%oraetaquwus was back
extractdd eattopicrabytfgMI IR PRE westtontiurgediat ateno gpdrevieshed 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).
After 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 to 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 sait - MTBE
solvate in 85% vield (5.37 g, 99% ee,).

Examnle 8
2-0Oxo-1-(4-piperidinyl)-2,3-dibydro-1 H-imidazo[4,5-blpyridine

Step I1: Ethyl 4-[(2-chloropyridin-3-yl)amino]piperidine-1-carboxylate

H
N
N NCO,E TFA N -NCOE

IPAC, 1t
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15 pressure under constant volume conditions until the water content was
< 500 ppm by KF titration. The solution was concentrated to a volume of

wbAddethgn THE (35 ppm H20, 230 mL) was added. This s@lgiianovasisioo
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. 20 Step ((alternate): Ethyl 4-[(2-chloropyridin-3
yl)amino]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-I-piperidinecarboxylate followed
25 by (PAC. The mixture became homogeneous after 5 min agitation (16
C). Trifluoroacetic acid was charged to the mixture over 30 s, causing an

Toa 1'%‘3&%‘2@%&&%@0%@‘5@%@%& aciggy %ﬁéﬁf&#ﬁé‘e%{? 42 probe was
let of \Was a e tempe rature was
charg g RRE & TERETIA ok A0 PN pEEI e -1
Piperifipssarhse ata biatdigfithirt mab dAferpie feinvedndBAL 43Rfitiohwake mixture
becameehwatagnatiosvifigreholircagiet fmdisS 6 Deiftmedacadding dieaeXt, asth mol, 200
mol%pvataliatelahb eapletshad Reenadded S¥eh 1&&&%&%&@%&&@%&8% °C (no
e INO-45 o ution
cooin LRI S A IR e 005 OB AP o
s01d o5 Sa TR R0 A R S BF e AR o 16 o AR PHEGLS iR 10 min
agitati %oWé@lw‘ﬁé?Jméith anstipimaeenaeifedis m@m@m@@d Hinsmdption (< 0.5
A%} cdiScamnindiz atieid thysyd dinta meldfGcingtionh bDMeof pyided thrbdacrgagitution of 10 wt%
aqueoRd BROWASRCLHRE W@;@Q@ﬂlt%oé%% F’@N&%@D&%&G&ﬂ% With BrieHb 8l ture was
&-9, i SRSENARGANANIGPIARE AT ASSRYEM. TRSSSPABISA OIS NASNAR ). The

assa Icated IS C ntal g%ﬂ e pro

SEP ma&?‘é&ﬂ‘i@%‘ﬁa@:‘éﬁ@%ﬁ' Pn‘E Gid E& e Bbﬁ%ﬁ@d MrpQijand LC
analysgrpgdigntest Oethastidly afigredastyred ws&n@ The priswvwhs osetirg asaiprve and

contaifi¢renpeligib erpemicgphasecvasic dngiipt ek Cihatbotarape pat ehtafheric
pressu&pﬁﬁ@émaiﬁm Reytbid &ﬂﬁ'ﬁﬁlﬁé%ﬂmﬁhg (e Bhikeian Added s kF
ntratzo%mﬁ?e??o Q?S?E%gcé‘x’;ﬁl&t&?té’)" QG me'%tl\’y(‘?s 1y %%.%hf]y% PPm L0, 230

titrat] tion was Concentrate toa VOlume
mL) w s selHy

HEE™ TS WS HER WAL USES SRR I6+ HrP- ddbaBefeisigave 84 &,

101% Mpof the desmad reductively alkcylated product and KF titration gave water content as <
500 ppimn.

Step I(alternate): Ethyl 4-{(2-chloropyridin-3-yl)amino] 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 after 5 min agitation (16 °C). Trifluoroacetic acid
was charged to the mixture over 30 s, cansing an increase in temperature to 26 °C (no cooling
used). After 15 min age, a caplet of NaBH, (0.95 g, 0.025 mol) was added. The temperature was
observed to increase to 28 °C over a 30 min period and the caplet dissolved completely within
this time. This method of NaBH, addition was repeated, allowing each caplet to dissolve before
adding the next, until a total of eight caplets had been added over 7 h. At this time, LC analysis
indicated > 95% conversion of the 3-amino-2-chloropyridine. A solution of 10 wt% agqueous
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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Step 2: Ethyl 4-[(aminocarbonyl)(2-chloropyridin-3
yl)amino]piperidine-I-carboxylate 10 OYNH2 H 1. CSI (,NCOZ2Et 2. H20
wit 0b1/Nd¥6O02Et N NCTo a 1 L three-neck RB-flask equippeg-witixmgs7008700
mechanical agitator and temperature probe was charged with THE (250
mL, KF 35 ppm H20) then chlorosulfonyl isocyanate (CSI) (30.7 mL, 15
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 in Step 1 (83.42 g, 0.294 mol, 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

with bs@kition addilpa-kCianalysis 'awser&qagxmmg%mtéﬁ%ﬁgg%? 543275 mL
%)~ red Dy dilution in.0.1%._ H3P04IMeCN (70:30) and

o R el Chrieh S ScohoNan oA e nc L

assay lfﬂp‘ﬁ%tﬁ, FOBETRIO) Wasaddét tropivisdisierly sliriedatiodust and 2.1 g, 5% of

starting ap3iRg. ekbeiehe wasssheohasd Wasingriten wattet Gidditiobatmaxaperrdizo

‘approxihaidiy onbdihiedweigalid weltlic Waeh TP K ARG S8et S0l s ThepH /i repeated

until RORMASARBIQKHN 21 ' omplete (5.0.2 25 A%
Vol SIS MRS ﬁ%ﬁﬁﬁﬁ‘%’%@%ﬁ%ﬁw A
subsecAnalysis. The mixture “was tr ated Wi B3 SO RUBIHPER s ireptly for the
qt‘ﬁeénsgﬁgrated organic phase was washed with brine (300 mL). The
Step 25feifvd iy ifarsivopenksradl 62 5010 ayymislintio Sohibitifp dfidips auetb FH2ase
separated aqueous volume was 500 mL - 100 L sample was diluted in 100
mL of above sample diluent and LC analysis indicateebiz&lg2 1.4% of

prodchesent. The brine was assayed as 30 aboye and contained
negligitife produdt. Adeotropic dryirly @#th IPAC was dthﬁﬁ?t
atmosp 1’0'\p_1,fp tRefer constahtBlume conbit] Sniltheomer
content was < 250 ppm by KF titration. The urea crystallized and the

Toa Iﬁ% rﬁ?vyé%% E%eg%%gdugo -eECSi VQ!:llimes tk}llen_ -33 WO 2007/120589

0 quipped Wil a mechanical agitator and temperature probe was
charged with THF (250 mL, KF 35 ppm H>O) then chlorosulfenyl 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 in Step 1 (83.42 g,
0.294 mol, 100 mol%) in THF : IPAC (~1 :1) (400 mL, KF of this solution was 500 ppim) was

added over a 20 min period via a dropping furmel. 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%
H3PO./MeCN (70:30) and rapid injection on the LC instrument indicated one major component.
Adter 10 min, water (30 mL) was added dropwise over a 10 min period. A second exotherm was
observed during the water addition (max. temp. 17 °C). The mixture was allowed to warm to rt
and aged for 14 h. The pH at FOR was approximately 1. The hydrolysis was complete (< (.5
A% intermediate) within 30 min of the water addition as monitored by LC analysis. The mixture
was treated with 10% aq. NaOH until pH 8-9 and the separated organic phase was washed with
brine (300 mL). The work-up was conducted at 50 °C to maintain solubility of the product. The
separated aqueous volume was 500 mL - 100 uL sample was diluted in 100 mL of above sample
diluent and LC analysis indicated 1.38 g, 1.4% of product was present. The brine was assayed as
above and contained negligible product, Azeotropic drying with IPAC was conducted at
atmospheric pressure under constant volume conditions until the water content was < 250 ppm
by KF titration. The urea crystallized and the slurry was concentrated to ~ 5 volumes then
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allowed reach rt before the product urea was collected by filtration. The
cake was rinsed with 2 bed volumes IPAC. After drying for 12 h at 50-60
wg tindesagsuum, the product urea was obtained as a white gpliciB8ds4d9s700
g, 85% isolated yield, 96 wt%). 5 Step 3: Ethyl
4-(2-ox0-2,3-dihydro-IH-imidazo[4,5-b]pyridin-1 yl)piperidine-I-carboxylate
CO2Et 0Y NH2 /P Pd(OAc)2 (Y/ N dppb N CI NCOZEt NaHCO3 N>=0
i-PrOH N N To a 500 mL three-neck Morton-type flask equipped with a
mechanical agitator, reflux condenser and temperature probe was
charged NaHCO3 (25.21 g, 0.300 mol, 300 mol%), urea of 10 Step 2,
above (32.69 g, 0.100 mol, 100 mol%), and i-PrOH (KF 1415 ppm, 320
nmL). The heterogeneous mixture was agitated and purged with N2 using

allowedPFM ?{t@%&@%ﬁf s%m&u@m&a&&% the AdEahe) ?‘1&98@& %a20.88ded with 2
%) an n .
bed vohunf:sélggﬂ#o /AE % i{g) ﬁﬁﬂpﬁé%%:g s %% Ie Vzgg&lﬁg % L?IA"DQ!’I&‘ gpt,za wWas

Were s soli e continued for a
obtained g PaeFRPRd R ﬁhl&wﬁ&(ﬁﬁé%%dtmdhé)é@ﬁ 83 C (reflux) for 24 h.

After this time, LC 15 analysis of the yellow mixture indicated > 99.5: 0.5
Step 3: AYayPHGDEREOR YR Sl NG Avatesidl, SNROsRlier i jpasute; distilati®axylate
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 addggiand
the temperaﬂﬁ,mazs maintained at 60 C. After 30 min agitatior’*the
phases were owed to separate. T‘?ﬂ%‘%ﬁ‘@anic phase was clear yellow

and the g6itraoll olorless. The S&f8rated 20.aquequs vgiume was
75 mL - I NusspEiluted inNEGEER. of McOHfian ‘aoglysis
indicated 0.03 g, 0.1 % of product was-present. The o ase was
washed with brine (3 x 75 mL). Azeotropic drying with IPAC Ras
To a 5@bnduthest arcaknidepherisns 8sskirauinter vobmmeduivind astigitongiux
condendetibiiiasngiercontpribyasas dbpgepVaikzOued.by KPiltation], B mol%e), urea of

Step 2 &@&G&%ﬁﬁ[&?'@?@b‘%t 0%@&@1%5’%@53@&1’(].&% SWTBYIAS 320 mL). The

e T YA BB G i
After RS dD.Rh %&HO@%ab@%ﬁ&P%ﬁlﬁ.%@%%W&g Rpappane
{dppb) A-8§dlig. 0.002 mol, 2 mol%) were added as solids and the Nz purge continued for a
further 30 min. The pink mixture was then heated to 83 °C (reflux) for 24 h. Afier this time, LC
analysis of the yellow mixture indicated > 99.5 : 0.5 A% ratio 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
agqueous volume was 75 mL - 100 pL sample was diluted in 100 mL of MeOH and L.C analysis
indicated 0.03 g, 0.1% of product was present. The organic phase was washed with brine (3 » 75
mL). Azeotropic drying with IPAC was conducted at atmospheric pressure under constant
volume conditions until the water content was < 150 ppm measured by KF titration. The product
crystallized to produce a slurry at 90 °C. The shurry was concentrated to ~ 5 volumes and
allowed to cool to rt before it was filtered and the cake was washed with 2 bed volumes IPAC.
The solid was dried in a vacuum oven @ 50-60 °C under an nitrogen sweep for 16 h. A cyclic
urea was obtained as a white solid (27.4 g, 94% isolated, 96 wt%4).
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urea was obtained as a white solid (27.4 g, 94% isolated, 96 wt%). -34
WO 2007/120589 PCT/US2007/008700 Step 4:1
wpipgrigin<yl-1,3-dihydro-213-imidazo[4,5-b]pyridin-2-one dinydragharidas oo
CCO2EtH IP QHCI N 1. NaOH, H20, EtOH N HCI N N 2. HCI, i-PrOH
NNHH 3 Toa 100 mL three-neck RB-flask equipped with a mechanical
agitator, reflux condenser and 5 temperature probe was charged the cyclic
urea made in 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 oC (reflux) for 14 h. LC analysis
indicated consumption (< 0.5 A%) of the cyclic urea and formation of the

S PIOFUEL 3 1 Sample WasDh
rep 433 %?04/Mecg (7630). Water (2'5§ %af'_rz)%gﬁpdy i gu%%z(}gé) r%nl_@ %’v%?‘érgﬁiggﬁlde

and the mixture was %t%tted for 10 min then the phases were allowed to
separate. The sepa ted’ aqueous volume was 41 mL - AL sample
was diluted in 100 g_g above diluent and LC analysis{indicated 0.26 g,
5% of product was preésent. The separated aqueous volupte w 54 mL -
100 pL sampté iluted 1nNe@B-HitOf Eid8ve di d LC¥ralysis
indicated 4.2 0 o?prqﬂwutiwa&% present. |cquy|ng with
i-PrOH was conducted at atmospheric pressure unBer canstant volume
_conditions until the water content was 150 ppm measur@d by KF titration.

To a TKTeMDuRee WaskarBteskiedRphed wnd H‘%@Mﬁéﬁibﬁ aHOWeEH®x condenser and
tempe@t@? dpﬁ%b@\ﬂgéﬂ&!ggcf % @cﬁé\lm%g ﬂﬂhqu‘gg 'ag Qenefi) |8/8) g Wag 48 mmol, 100

e S

50 M%Mﬁl%‘s@ﬁﬂt%%% drettin Walauith-Bverng. 5theD malbdesnd the mixture was
heatednitrégeTCsvepdofa24 . 1T Hetittea pysiiclindidaeterooycienbisohl G1 64ltARaY of the cyclic
urea RMAIBAGIADA Whitesalidith Y@t 78 Wik iNinod%splated wielfiution in 0.1%

HgPOM@&? {WWIWLQI'C% &%tﬂ}ga.gg\lag&)ﬂ {25 mL} were added and the mixture was

agitated for 10 min then the phases were allowed to separate. The separated aqueous volume was
41 mL - 100 gL sample was diluted in 100 mL of above diluent and LC analysis indicated 0.26
8, 5% of product was present. The separated agueous volume was 54 mL - 100 uL sample was
dijuted 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. HCI in i-PrOH (5-6 N, 20
mL, 0.100 mol, 600 mol%) was added, causing an immediate white precipitate. After cooling to
rt, the slurry was filtered and the cake was rinsed with 2 bed volumes ~-PrOH. The white solid
was dried in a vacuum oven @ 50-60 °C under a nitrogen sweep for 24 h. The title pyridine
heterocycle bis-HCI salt was obtained as a white solid (5.54 g @ 78 wi% 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

~-35.



While the invention has been described and illustrated with reference to
certain 25 particular embodiments thereof, those skilled in the art will
wapphegltgdhat various adaptations, changes, modificationspct/us2007/008700
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 -35 WO 2007/120589
PCT/US2007/008700 consequence of variations in the responsiveness of
the mammal being treated for any of the indications with the compounds
of the invention indicated above. Likewise, the specific pharmacological
responses observed may vary according to and depending upon the
consequpRBicoaratatives tampoestsiseiacietdtvehetvemtidreing drpataseior any of the
indicati) ham}%ct%lété%%%&%gg ARG AT YRR P LERBYRiaR.andmadr Gk

dministration e oyed, and such expected variations or differences in

phmam@@@@n@wsﬁwm@me@bmﬂe@%m e eRsiding dns die garticular
active CQHB&MQ%%'te&%tmtﬁdﬁm&%%e@r&baﬁeiﬂrmﬁhamﬁeajmmm bewell as the

deflned the sco e .claims WhICh fo an t such cI ims
type of; ﬁ‘?ﬂ@?ﬁ g‘g%% g%}g agrcr)lcn opEnRy a?ﬂd 8%%3653 tlg VERalons or
dlfferedu:sm')ﬂﬁ@%ﬁm%ﬁfﬁd@i@@d\inﬁ@m@agcﬂmtbcﬁég@mqh@rpciéﬁwaﬁ@ﬁof the
present%&gﬁig@ B-RNIRG:8:62 L ARRERY avention be defined by the scope of the

2 2,2-trifluoroethyl)azepan-2-one, said process com rlslng the steps of

claims W%W%ﬁéﬁ%m@témh claims be interpreted as broadly as 1s Yeasonable.
(33)-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 forma
(3S,6S)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-
trittuoroethyl)azepan-3-ammonium salt; and 10 (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
independently C,a.alkyl, and a hydroxyl nitrobenzaldehyde.
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1-(2.2, - mA vttt areRpR 2 epf By

15 2. A process for the preparation of
(3R,68)-3-amino-6-(2,3-difluorophenyt)-

w-tZBdsuoroethyl)azepan-2-one hydrochloride, said procgss;us2o07/068706

comprising the steps of. (1) hydrogenating a
(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 20 catalyst, to form a
(33,63)-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 25

WHATIIRIejentdnily ISt 4alkyl, and a hydroxyl nitrobenzaldehyde, to form

(3R,6S)-3-
amino-6-(2,3-difluorophenyl)-t-(2,2,2-trifluoroethyl)azepan-2-one; and (3)
reacting-(3R, 68 PRaR SRR PIsaRA B MRS S ssino-6-(2,3-difluorophenyl)-

1-(2,2, Ariflaeeaetin)paeanir2-0ne, with f16de S pNEnBART L ER500

PCT/US2007/008700 3. A process for the preparation of
(3R,6S)-3-amino-6-(2,3-difluorophenyl)-

K121 @etifnotvet iy} &rSpEn XidherepitprbeésaxeohBrdbimndr tHucsasbzybr
oL) hysliagenaiing (3S):65(2-3-4iflverepheny) #axplstm Loriflunestindye

5°2.3,4,7-tetrahydro-IH-azepin-3-ammonjum dj-toluoyl tagtrage salt, in the

(R PR & S G rd NPT SBRERAY 5 I 2
(BBedEHA, Beiflarorophemyd)i?n salt; and

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

@3 teg e ffbTosHarsfifusxerhend pdsotoityPazepan- 10
Irammenisn sidolyoyldarisiasaiewiiia @anslysleaxy-R-is

USSR O Rt e aishasien

I-(2,2,2-trifluoroethyl)azepan-2-one hydrochloride, said process

comprising the Steps of 45 &) ﬁ%ﬁﬁ?&%}?g@%&éﬁ;3—amin0—6~(2,3-diﬂuor@phenyl}-
(35)-6-(2,3-difluorophenyl)-2-oxo- -EZ,Z,Z-trlﬂuoroet yl)-

PRl R0 BRANES P RTBR I iR gteps of

presence
(1) hydrogenating a (35)-6-(2,3-difluorophenyl)-2-oxo0-1-(2,2,2-trifluoroethyl)-
2,3,4,7-tetrahydro-1/-azepin-3-ammeoniurn salt, in the presence of a cis-selective
catalyst, to form a (35,65)-6-(2,3-difluorophenyl}-2-ox0-1-(2,2,2~

trifluoroethylazepan-3-ammonium salt;

(2) reacting the (35,65)-6-(2,3-difluorophenyl)-2-ox0-1-(2,2,2-
trifluoroethyl)azepan-3-ammonium salt with RyN , wherein each R is
independently C;4alkyl, and a hydroxyl nitrobenzaldehyde, to form (3R,65)-3-
amino-6-(2,3-diflucrophenyl)-1-(2,2,2-triflnoroethylazepan-2-one; and

(3) reacting (3R,6S)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-
trifinoroethyljazepan-2-one with HCI.
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of a cis-selective palladium catalyst, to form
(35,65)-6-(2,3-difluorophenyl)-2-

woxand(Bas@rtrifluoroethyl)azepan-3-ammonium di-toluoyl tartpate-sedts26us 700

(2) reacting

(3S,65)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-trifluoroethyl)azepan-

3-ammonium di-toluoyl tartrate salt with Et3N and 2-hydroxy-5-

nitrobenzaldehyde to form

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

trifluoroethyl)azepan-2-one; and 25 (3) reacting
(3R,6S)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-

trifluoroethyl)azepan-2-one with HCI. 5. A process for the preparation of

the intenediata (BR:68)f0r @mipekn(@idn 3@ (3R,6.5)-3-amino-6-(2,3-difluorophenyl)-

iflugrophenyb-1-(2,2.2-trifluoroethylazepan-2-one hydrochloride,
1'<2=2%a%%ﬁé?ﬁ§%s% a5 "-%%W%pgﬁ%)&?fl BEPERTSS85 7bos700 (1)

reacting 3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-trifluoroethyl)-1,3,4,7-
teirhylnaldaepin 4 90 e Withe:ByAtayy- 2 iloRenzalsehyds A0 @)

chiral acid to form_an . i i )

(35) b R oA 528 9 2 difabiodiisesalty 5 the presence
tetf ahysiseltckizzqpitiadiameuatiyem isafbr (2) hydeeqaagi uorophenyl)-2-
(3S)-5-(2,3-i N:2-0%0-1- -triflugroethyl)- i

SRR e L S R TR
cis-selective catalyst, to form a

(3D, 6apin@( Sschltyrgpheayiirpiedy(P2 &40 tiflooragivilazendpan-
-gn moniu}m s%gt_; a&% £3 rec cting th%l d 2 hvdroxvs

(3 BBy BB RIS S pRERGHS: 5288 L (T And 2-hydroxy-5-
tifiobgaradrzEsan-3-ammonium salt with R3N, wherein each R is
independently C14alkyl, and a hydroxyl nitrobenzaldehyde, to form
(3R,6S)-3 15 ) i )
amino-64(2,3-aftaSRSEHE I She @ P 2 #ittR b EHRyH Rz &rapineh. &-difluorophenyl)-

1-(2,2 procass:tatihb preparation: ofdrednlende diale (3R B H3rpmine: h&sBps of:

difluorophenyl)-1-(2,2,2-trifluoroethyl)azepan-2-one hydrochloride,

comprising the steps of: 20 (1) reacting
3C&M%Q&W@éﬁo@ﬁ%ﬁﬂﬂ“@%@ﬂﬁﬂh@r@éwl)@,%?zﬁcﬁﬂuoroethyl}-

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

oxo0-1-(2,2,2-trifluoroethyl)azepan-3-ammonium di-toluoyl tartrate salt;

(2) reacting (35,65)-6-(2,3-difluorophenyl)-2-o0x0-1-(2,2,2-triflucroethyl)azepan-
3-ammonium di-toluoyl tartrate salt with EisN and 2-hydroxy-5-
nitrobenzaldehyde to form (3R,65)-3-amino-6-(2,3-diflucrophenyl)-1-(2,2,2-

trifluoroethyl)azepan-2-one; and

(3) reacting (3R,65)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-
trifinoroethyl)azepan-2-one with HCI.

5. A process for the preparation of the intermediate (3R,65)-3-amino-6-(2,3-

difluorophenyl)-1-(2,2,2-trifluoroethyl)azepan-2-one hydrochloride, comprising the steps of;
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tetrahydro-2H-azepin-2-one with 2-hydroxy-5-nitrobenzaldehyde and a
chiral acid to form an

wESo1t8s8edifluorophenyl)-2-oxo-1-(2,2,2-trifluoroethyl)-2,3,4¢fr/0s2007/008700

tetrahydro-IH-azepin-3-ammonium salt; 25 (2) hydrogenating a
(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-anmnonium salt; -39 WO 2007/120589
PCT/US2007/008700 (3) reacting the
(3S,6S)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-
trifluoroethyl)azepan-3-ammonium salt with R.3N, wherein each R is

I(g%?ig%@giggtﬂagﬁn%@s%%&?@/ﬁk&%b%”@i@@l%ﬁw&n iylory 7.

a?ﬁ%b@&%ﬂ?&amﬁﬁeﬂwﬁ*@ bylierirsitrazelsehviomd astis!
(@zmeanfmga(&mﬁs»@«(ammﬁd&&dﬂmwhenwazlz@%ﬁmmemm 2,3,4,7-

gg Qr @Q}i %an- one with HC% 7. A process for the preparation of
thelglntgrme iate S) A minG-6 5310

dlfluorpphenyl) -1-(2,2,2-trifluoroethyl)azepan-2-one hydrochloride,
C@Pﬁﬁ&*ﬁgeﬁh%ﬁg@%a f@&ﬁ?ﬁ‘ﬁmghenlyl)-z 0x0-1-(2.2 2-tri fluoroethyl)-
Zgjnf%?) 6-(2.3: d|f| henyl) 1-(2,2,2-trifluoroethyl)-1,3,4,7

tétrafydid! f-3emin Wt APHERH: mﬁs\sémﬂawae gprgelective
citshipstl- tot@wm(éﬁiﬁﬁb-ﬁe{mahﬂuorophanyl) 2-0x0-1-(2,2,2~
(EEhe-Agiumionnenh:2s 24415

trifluoroethyl)- 5 2,3/4,7 %etrahyél% I—]F'ag?czepm 3-ammonium salt; (2)
hydrogenating (35)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-trifluoroethyl)-

A 3)4=teiptyommsisisacepin-mnenaivigitaluayl jarate salt, in the

pre ence of CIS sel ctive aIIadlum catalyst, to form
agepan: §p eny &?‘%aN wherein each R is

omﬂp@@ezﬂw%eﬁlbmwate bardr@xatriorbenz didtdivdy| taftrate( SR|6.S .,

(rescing - -difluorophenyl)-1-(2,2,2-trifluoroethyl)azepan-2-one
(3S,6S)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2, 2- trlﬁ’uoroethy azepan-

3-ammonium di-toluoyl tartrate salt with Et3N and 2-hydroxy-5-

nitrobenzaldehydertoderfof 3R, fiparatain 01612 idteiiunrarNe R b5 2 ho-6-(2,3-

diftuorophenyl)-1-(2,2,2-triflnoroethyl)azepan-2-one hydrochloride, comprising the steps of:

(1) reacting 3-amineo-6-(2,3-diflucrophenyl)-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 (38)-6-(2,3-difluorophenyl)-2-oxo-1 ~(2,2,2-triflaoroethyl)-2,3,4,7-
tetrahydro-1H-azepin-3-ammonium salt;

(2) hydrogenating a (35’)—6-(2,3~diﬂuorophenyl)-2-oxo-l—(2,2,241'iﬂuoroethyl)—
2,3,4,7-tetrahydro-1H-azepin-3-ammonium salt, in the presence of a cis-selective
catalyst, to form a {35,65)-6-(2,3-difluorophenyl)-2-oxo0-1-(2,2,2-

triflucroethyl)azepan-3-ammonium salt;

-320.



25 trifluoroethyl)azepan-2-one. 8. A process for the preparation of the
intermediate (3R,6S)-3-amino-6-(2,3-

wdifluarepkenyl)-1-(2,2,2-trifluoroethyl)azepan-2-one hydrochlatiges2o07/008700
comprising the steps of- -40 WO 20071120589 PCT/US2007/008700 (1)
reacting 3-amino-6-(2,3-difluorophenyl)-I-(2,2,2-trifluoroethyl)-1,3,4,7-
tetrahydro-2H-azepin-2-one with 2 hydroxy-5-nitrobenzaldehyde and
ditoluoyl- L-tartaric acid to form an
(3S)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-
trifluoroethyl)-2,3,4,7-tetrahydro-1H-azepin-3-ammonium salt; 5 (2)
hydrogenating (35)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-trifluoroethyl)-
2,3,4,7-tetrahydro-IH-azepin-3-aimnonium di-toluoyl tartrate salt, in the
ptesErRetng e dibSseRdiiva paifummpbeatalyst-cader2.2,2-

(3260 thg 1S EfRrOnheAWYdm salt with RsN , wherein cach R is

oxo:1-(2,2,2-trifluorgethyl)azepan-3-ammonium di-toluoyl tartrate salt; 10
(ﬁc}%%ea atly Cigalkyldnd a hydroxyl nitrobenzaldehyds, to form (3R,65)-3-

(8885 B3 tilvesphhely - NX-uiflZa2dtliyDroeta)azepaind
5 3-ammonium di-toluoyl tartrate salt with Et3N and 2-hydroxy-5-
nitrobenzaldehyde to form

(8R BIREEARAE - aneimersrédAedifinarqplzmyl)- 1-(2,2,2-

tHABEEHMY HERPAR-2-0nEwadHG (4) reacting
(3R,6S)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-
trifluoroethyl)azepan-2-one with HCI. -41

7. A process for the preparation of the intermediate (3R,68)-3-amino~6-(2,3~

10 difluorophenyl!)-1-(2,2,2-trifluoroethyl)azepan-2-one hydrochloride, comprising the steps of:

(1) reacting 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 ditoluoyl-
L-tartaric acid to form an (35)-6-(2,3-difluorophenyl)-2-oxo0-1-(2,2,2-

15 trifluoroethyl)-2,3,4,7-tetrahydro- 1 H-azepin-3-ammonium salt;

(2) hydrogenating (35)-6-(2,3-difluorophenyl}-2-0xo0-1-(2,2,2-trifluoroethy!)-
2,3,4,7-tetrabydro-1H-azepin-3-ammonium di-toluoyl tartrate salt, in the presence
of a cis-selective palladium catalyst, to form (35.68)-6-(2,3-difluorophenyl)-2-

20 oxo-1-(2,2 2-triflucroethyl)azepan-3-ammonium di-toluoyl tartrate salt; and,

(3) reacting (35,65)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-triflucroethyl) azepan-
3-ammonium di-toluoyl tartrate salt with EtsN and 2-hydroxy-5-
nitrobenzaldehyde to form (3R,65)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-

25 trifluoroethylazepan-2-one.

8. A process for the preparation of the intermediate (3R,65)-3-amino-6-(2,3-
difluorophenyl)-1-(2,2,2-trifluoroethyl)azepan-2-one hydrochloride, comprising the steps oft
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(1) reacting 3-amino-6-(2,3-diflucrophenyl)-1-(2,2,2-triflnoroethyl)-1,3 4, 7-
tetrahydro-2H-azepin-2-one with 2-hydroxy-S-nitrobenzaldehyde and ditoluoyl-
L-tartaric acid to form an (35)-6-(2,3-difluorophenyl}-2-oxo0-1-(2,2,2-
trifiuoroethyl)-2,3,4,7-tetrahydro- 1 H-azepin-3-ammonium salt;

(2) hydrogenating (3.5)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-trifluoroethyl)-
2,3,4,7-tetrahydro-1H-azepin-3-ammonium di-toluoy! tartrate salt, in the presence
of a cis-selective palladium catalyst, to form (35,68)-6-(2,3-diflucrophenyi)-2-

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

(3) reacting (35,65)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-triflucrocthyljazepan-
3-ammonium di-toluoyl tartrate salt with Et;N and 2-hydroxy-5-
nitrobenzaldehyde to form (3R,65)-3-amino-6-(2,3-difluorophenyl}-1-(2,2,2-

trifluoroethyl)azepan-2-one; and

(4) reacting (3R,65)-3-amino-6-(2,3-difluorophenyl)-1-(2,2.2~
trifluoroethylazepan-2-one with HCI.
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