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WD 20071120590PCT/ US20071008701 TI TLE OF THE
I NVENTI ON PROCESS FOR THE PREPARATI ON OF PYRI DI NE
HETEROCYCLE CGRP ANTAGONI ST | NTERVEDI ATE 5 BACKGROUND
WO CRTTRIEY NVENTI ON I nt er nat i onal PEEAUSR107/008701
appl i cati ons PCT/ US2004/ 010851, filed April 9, 2004
(publ i shed as WO2004/ 092166 on Cct ober 28, 2004) and
PCT/ US2004/ 011280, filled April 9, 2004 (published as
W)2004/ 092168 on, October 29, 2004), and U. S
application Serial Nunber 10/838,835 (issued as U.S.
Pat ent Nunber 6,953,790 on Cctober 11, 2005) disclose
conmpounds 10 useful for the treatnment of diseases or
conditi ons of humans or other species which can be
TITI Eeﬁgﬁrwté Pricahi bitors, nodulators or promoters of
EP e Ci omIn ne- Rel ated Peptide (CGRP) receptor
PROCHSSTROR GTHE BRERARAHARE OFRYRUNNE HERERCEYUHE GGBREe
ANT j Eﬁ?ﬂz R ferenced applications, and
A‘E@E@.fi calrty |I§c t%e m grai ne and cl uster headache.
" NR3R, 6S)-6-(2, 3-Di fluorophenyl)-2-0zo-1-(2,2,2-trifl
= 2. - 4- :
BACK#%{’%%‘%%%‘@: df hr‘g‘yl":;jﬂiof- i ni dazo[ 4, 5- b} pyri dni -1 -yl ) pi
per i dimemidticoml pazatrmpghcatibns PCT/US200400851, fib&RARpril 9, 2004
. du l.ab £.0I Ko P rat i .
(pubiisteg a8 S0P s RUANR BT L LIRS GG e aprit o
2004 (philisheBa0 WODHAABL 1 68 dn, FEROS 290 20B1), 1260 . SaapglicatiogSepidl Number
nt i 1O eri a r .
105838 858 GRhed REDes Pl PU NIRRT 5557 00 op PR 1200 fisslgre compounds
useful famht aathennof disesynitheaidsion ofinpmsa ofher spdcidsovitishecan be treated
.. - described.in the above-|i st licati .. Su
with int{ e OB o e Rt GrsRRl Rk 1eiea Pk (coRP)
receptor( fabtich). - Sichiiseases-of 2o:3litdons incndptheny mentierfed i@ it refarérdced
appicati A RO BER FoRI0 5t AN clipte headache.
N-[(3R,65)-6-(2,3-Diflucrophenyl)-2-oxo-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:

%F
N O
O
NH »\
O
O -/N
F \]

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-difluorophenyl)-1-(2,2,2-trifluoroethyl)azepan-2-one, 2:
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and the internediate
2- 0X0- 1- (4-pi peridinyl)-2,3-di hydro-1H i m dazo[ 4, 5- b]
pyridine, 3: 3 5and salts thereof, including
WO20@0130300 ( 4- pi peri di nyl ) -2, 3-di hydr o- 1H i m d@0afus2&71ops701
pyri di ne di hydrochl ori de: )r NH 21-1C1 |-INO
Prior techniques for synthesizing conpound 1,
i ncl udi ng syntheses of internmediates 2 and 3, are 10
relatively inefficient and costly fromthe standpoint
of production and/or may result in suboptinmal salt
and/ or solvate forns for further synthesis and/or
devel opnent . Wth respect to
internediate 2, it has been found that prior
t echni ques of synthesis requige an inordinate nunber
of steps, including a large n er of isolation
steps, nmaking the overall syfithgtic process slow as
wel | as costly. Thus there r®ngins a need for an
i mproved 15 synthetig rgutg to eswdgound 1 wherein the
synthetic route to conpouyrrd s efficient and
econoni cal . Prior technirques for making
internediate 3 are |ikew se2costly and inefficient.
Such known routes start wth a reductive al kyl ation
and the Rkerfedid 2TxBARM hidldEn{t) PAdh HﬂJ—iHﬂﬁﬁH&MH S-b]pyndme,
CDI -medi ated cyclic urea formafion and, |astly,

aC|d|c Boc- group deprotection/ t fornatlon
\

)KNH
3

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

— =y
ZHG'HNC::}—Nh/NH

O

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

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

Prior techniques for making intermediate 3 are likewise costly and inefficient.
Such known routes start with 2 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

-2 -



20 This "DAP" route is characterized by high-cost
starting materials and reagents as well as a | ow -2-
yielding first step, resulting in prohibitive overal
costs. Thus, there remamins a need for an inproved
synthetic route to conpound 1 wherein the synthetic
route to internediate 3 is efficient and econom ca
Finally, prlor t echni ques for maki ng_conpound 1,
yicldingfirst seprespliing iamsplohitize oxeral sptienhuse Hicst wmsinge reed for

an ASprbi8l SAMREOWutSBULABoudES WhEreintht 8Efhdidabute R infBkediate 3
el ds. “Such prjor techniques further require that
mf%%%@ﬁéH@P%W°P6PL1of conpound 1 be isolated prior to
conpiaslsy, Qiiok cechnigher foednadlg cdnopawed ll;/tvrln'acdn/echniques employ 4-

t
eV P OFPRARL I eyT SR, Ry RN chm . Such
prigrelschoaas futhar regpiap Eet thegreyirglforra op EePPRRIsk bepisplpteg prior to
corRBEidAl RAYAIEARI kit YormEhUMork & e pfed bk I’le(&atﬁgelﬂadeO fforms of

an [ rov Sy, thet rout
F.lglcpg bg%e BP%?ﬂde sa, tg?@gsn‘?%sg?sgecﬂ les ﬁk’ﬁ" é(heal %ropertws
w1th mmped:ﬁlte sﬁablht}aargielnsmiléalbiryo diwss,i there fremaing anc@rfor an improved

syn 895 Q&‘fte %"gorg]g S £Yhl PRarmMRRYy acce tabl-g%lts thereﬁf which is

I scl osure es an-efficient sy esi.s for
amenagledp éqrg%wa@fprqﬂl{ctlgp fogrgylagion, storage and distribution.
(2, 3-di fl uorophenyl ) -2-oxo0-1-(2, 2, 2-trifl uoroethyDaze
Rﬁ?@ I']-4-(2-o0x0-2, 3-di hydrolH i m dazo[ 4, 5- b] pyri di
SURL ﬁP%/piperidine 1- car boxam de, 1, bycoupl i ngt he

i nt ﬂﬁ géléstu?esprowdes an efﬁc1ent synthes1s for the preparatlon of N-[ (3R 6S) -6-

t
@, %élrﬂ@@mm}@z%ﬁé?rli 2811%1 ugroe%aﬁﬁeeg‘%% ]y4'E 23 drlhydm-
1Hhmﬂfa@/@[hl5015]p91@d1ﬁ41£ﬁ)ﬁ1ﬂmﬁde&ﬁ], ca@bekamide, I, by coupling the
mteémﬁa(lates ]_(é'{{,i%mo a}nqlong éﬁ %%E)t?’uor%phenyl) é -2.2 ~ttnﬂu0ﬁoethpzl)azepan—2~

dazo

ongt e m;rthguéhrbfcﬂieohydd@chﬂq;m ofint thereofy' and 2-0x0-1- (4-p1per1dmyl)—2 3-
d1h§;(§’r6 benyhidh) -%E;%Jrﬁhrﬁﬁ 3Cparbanlly gRWiRRIrochgide fonn with 1,1°-

carmnyg%lglg gqolﬁ#sgtg@rgomg ;sﬁﬁxlcgfe }%ndlgglf)sl:u% %u%he?r egv% 3 an Cfficient
prepér[itﬁcﬁﬂ)fﬁlﬁ)fasﬁiuﬁn&aﬁ -fdinfid ofoV-BReISHON 2 B-bRoerbpleRyD-220x0-1-(2,2,2-
tr1ﬂ§:1‘gtoe h@@%?egbg{% %]6‘1— 2 0 3 3-&51&1&3 1HEmdLops, SoiyRda Q-

yl)wperrwrﬁehcabwd@drleﬁhe@ﬁg éhe potaspingn qtnalgte fem.

pot AgStiLMALS! fh@lﬂﬁﬁcﬁis&efp%\ﬂﬁes an efﬁcléﬁicbyhﬂhes’é@ftbmhe bRParation of
mtegzlinsc%lgtr?egg |(g‘ﬁ %g}—g :aﬁ]?rzor—ﬁ-g%ﬁ C(Jrg eny (9 3§et%1ﬂ];18rroe{hyﬁazepan~2-
one{ 3RYBE)ulBhathic hyd®ciiipride firft amdr dpher yypigeridnyd-23-diiyflto-14-
e i PRNR: , i 1164 ' the
ng%f%% %?’ﬂa%rilﬁglg, ?,g)r rr;cu%_glg thezdlhﬁﬁﬁéﬂl&ﬁﬂeqf)}rﬂ

2- 0X0- 1- (4-pi peridinyl)-2,3-di hydro-1H m dazo[ 4, 5-b] p

yridine, 3, particularly the dihydrochloride form

In a first aspect, there is provided a process for

the preparation of an acid salt of 2-

0x0- 1- (4- pi peridinyl)-2, 3-di hydro- 1Hi m dazol[ 4, 5- bl py

ridine, said process conprising the steps of: (1)

reductively al kyl ati ng 3-am no-2-chl oropyridine with

Cmal kyl 4-oxo- 1 - piperidinecarboxylate to form

C Aal kyl 4[ (2-chl oropyri di n- 3-yeam no] pi peri di ne- 1-

carboxyl ate; (2) reacting the Cnal kyl

4[ (2- chl or opyri di n- 3- ypam no] pi peri di ne- 1-

carboxyl ate with chlorosul fdnyl isocyanate to form

Cmal kyl 4[ (am nocar bonyl ) ( 2-

chl oropyri di n- 3-ypam noThi peri di ne- 1- car boxyl ate; (3)

reacting the Cl-4al kyl

4[ (am nocar bonyl ) (2-chl or opyri di n- 3- yeam no] pi peri di n

e-1-carboxylate with Pd catal yst to form Cl-4al kyl

4- (2-oxo- 2, 3-di hydro-1Hi m dazo[ 4, 5- b] pyri di ne-1-yQp

peri di ne- 1car boxyl ate; and (4) reacting the Cl-4al kyl

4- (2-o0xo0-2, 3-di hydro-1Hi m dazo[ 4,5- b]pyridin- 1



WD 2007/ 120590PCT/ US2007/ 008701 The

present invention provides a process for the

preparation of N-[(3R 6S)-6-(2, 3-

di f | uor ophenyl ) -2-oxo-1-(2, 2, 2-trifl uoroethypazepan-3

-yl ]-4-(2-0x0-2, 3-di hydro- 1H m dazo[ 4, 5-b] pyridin-1

-yl ) pi peridine-I-carboxamde, 1, and its potassium

S a|lh aGirRapat, diere is rov1ded a process b theydpiaheion s od acid salt of 2-

{ R 69) fl uorophenyl) - 2- oxo- 1- (2, 2, 2-
oxot l-¢4f IP@%IFB@(DT%%&E ‘Prlé[ ipjqazaldeob X‘édlée 359 rara?ess pomprising
the H‘eﬂ#ﬁfd gﬁ]%éjucﬁvglr Q}ﬂgl g'SJamlM(L b%ﬁ)%ﬂyngin@%ﬂl € alkyl 4-oxo0-1-
0X

otassi um salt ethanoate, is
pipatigpiccarboxyilatSc tre nfiern : CMMI)Q 08[12-thoBPYRETAEI0TT [PaBTidine-1-

o SSERE L2, S e 00 S BL b RO

carboRylefemagihatigsroduldng Iseeghmge ko lformaChaiiyl oi[(amidacaeioryl)(2-
as the carbonyl source; Schene 1B ge picts, an
chlce@ﬁyrlérré%fﬁfl)ﬁ@m&rap%fdlrseyhfﬁewﬁﬁg £ hot Kadingm g ¢ Craalkyl

4[(a%d&%n§li@%ﬂlﬂ?gp§%1d§{§fybbﬁgm pigendier -Babdfadte WothnPddatalyst

compound heme " I'C depicts the efficient
to Syt rié&ra&ybfél é2-pm~a,§s:hlwdrtséHtmﬁdﬁmﬁ%b]@MWo@rﬁdfl)Plperldme 1-
carb%lx{ilgt%t | %’ r{&’f‘ ' Qét%rgg‘glg' 2&1‘?4511«{/1'1@!‘@ &bg%‘s Dhydeo-1E-imidazo[4,5-

b]py&vidﬁﬂlwlyﬂ)plp&ﬁﬂﬂtﬂ]Ocnarlﬂfxylattawiﬂew ttralg ot o @fth a Glmmghuée followed
10Thus,. .in one enbodi nent of the invention provides a

by asirgpgadds or the preparation

The disclosure additionally resides in the superior properties of the potassium salt
of  N-[(3R,65)-6-(2,3-difluorophenyl)-2-ox0-1-(2,2,2-trifluorocthyl)azepan-3-yl]-4-(2-
0x0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-yl)piperidine-1-carboxamide, 1, including

the potassium salt ethanolate and potassium salt hydrate.

DETAILED DESCRIPTION OF THE INVENTION

3a



of
N- R3R, 65) - 6- (2, 3-di fl uor ophenyl) - 2-oxo-1-(2,2,2-trifl
' uoroetthazepan 3-yl]-4-(2-oxo-2, 3-
WAPMYAEB?UH- i mi dazol 4, 5- b] pyri di n-1 - yOpi per i dPREVI200%¢08761

boxam de, 1, conprising reacting

(3R, 6S) - 3-am no-6- (2, 3-di fl uorophenyl)-1-(2,2,2-trifl

uor oet hyDazepan- 2- one hydrochl ori de and

2- 0X0- 1- (4- pi peridinyl) -2, 3-di hydro- 1H—|n1dazo[4 5- b]

pyri di ne di hydrochloride in the presence 15o0f

1,1 -carbonyl diimdazole. WO

2007/ 120590PCI YUS2007/ 008701 Anot her

enbodi nent of the invention provides a process for

the preparation of . .the potassiums ethan ‘

of N IR TSR Sution PP S RSy Tt Bedraaied s MofloRl6s)-6-2.3-
diﬂuorbpheﬁlbd)fﬁ-om-ﬂly@ézkmml)welé@rlﬂfﬂ-@(@m—ﬁ,ﬁdhb)‘dlﬂlﬁﬂ
imidazb@25Bipriai2] RYpibiide: LuRbELIhdEE add AE PoV4MNIA 8alt dthancate:

conpri1sSing the steps of: 5 (1) reactlng

(3R, 6S) - 3-am no-6-(2, 3- dlfluorophenyl) 1-(2, 2, 2-

trifluoroethypazepan-2- ﬁe hydr ochl ori de and

2- 0x04- (4- plperldlnyl)NZ

~di hydro-1Him ttwo[ 4, pyrldlneodlhydrochlorlde in
* the presence of 1 4

K[ﬁ}L ﬁzole 10 (2)
i sol ati ng

N- R3R, 6S) - 6- ( 2, 3- dpfluorophenyl) o 1-(2, 2, 2-
trifluoroethypazepan-3-yl]-4-(2-oxo- 2,3-dihydro-1FLir
ni dazo[ 4, 5-b] pyri dm 1, yOpi peri di ne-1-car boxamn de, 1;
and 15(3) reacting siedy

N[ (3R, 65)-6-(2,3-dif rophenyl -2-o0x0-1-(2, 2, 2-

trifluoroethyDazepang3-\ld,-4- 2-%50-2,3-dihydro-lH—im

i dazo[ 4, 5-b] pyri p ri et - eawboxam de, 1

Wi th potassi um tept~but o¥i de anaggipanol. Yet anot her

enbodi nent of therlnventlon provi®es a process for

the preparation of

The syntheses of N-[(3R,65)-6-(2,3-difluorophenyl)-2-oxo-1 (22,2~

mﬂuoroethyl)azepan—?:-yi] ~4~(2-oxo-2 3-dihydro-1H-imidazo[4,5-b]pyridin-1-yl)piperidine-1-

carboxamide, 1, and its potassium salt ethanoate, is depicted in-Scheme 1:




20 the potassium salt ethanolate form of
N-[ (3R, 68)-6-(2,3-di fl uorophenyl)-2-oxo-1-(2, 2, 2-
trifluoroethyDazepan-3-yl]-4-(2-o0xo0-2,3-di hydro-1Hir
WOroekrzed94, 5- b] pyri di n-1 - yDpi peri di ne-1- car b@<anisgden7/008701

1, without the necessity to isolate the neutral form
of conpound 1, conprising the steps of: 25(1)
reacting
(3R 65) - 3-am no-6- (2, 3-di fl uoropheny1)-1-(2, 2, 2-

- trifluoroethypazepan-2-one hydrochl ori de and
2- 0X0- 1- (4-pi peridi nyl)-2, 3-
di hydro-1H i m dazo[ 4, 5- b] pyri di ne di hydrochloride in
the presence-of 1,1 - carbonyldiimdazole; and WO
2007/120590PCT/USZOO?/OO%% %ﬂ&%) reacting of
N R3R, 63) - 6- (2, 3-di fi uor ophéenyl’) - 2- oxo- 1- (2, 2, 2-
trifl uoroethypazepan- 3-ylA™- (2- oxo- 2, 3-di hydro- 1H i m
i dazo[ 4, 5-b] Pyriclin-1I- i%giperidine-l - car boxami de,

1, with potassium tert{hUbexige and ethanol. 5As

react Norf schenes and Exa

es o
. the pefmesium salt eth (ﬁsﬂc’a&e,@_mxm
Scheppf 14 - P8 gt uoropheny 1) 2-40xh- 13t 27 @N
trifluor hyl ) azepan- 3-y1] - 4- ( 2- oxo0 3- di hydr o- 1H i=
nidazo[4,5-bbyf?ﬁin-I-yl)piPeridine-l- carboxam de is
obt ai ned under anhydrous conditions. Wen the
descri bed reaction i.s perfornmed in the preseq@e of o
wat er, the rgaction produces either pure gth %ﬂ@i}w*ww
pure hydrat ¢ & i x§d 10 ethanekate / F e Ej}
i _ &nt . isotared dt assi um o
m &edl et hafffu&t%/ hydrate converts

described in

th
cont ai ned ehep&i

sneaft ef

to the rate over tinme due to the presence of water

in the air. Another aspect the invention provides a

process for the preparati wof the 15 internedi ate

(3R, 65) - 3- Am no- 6- (2, 3-di orophenyl)-1-(2,2,2-trifl

uor oet hypazepapf2- one, 2r"-2 c s '

. CF o @”IH ( oq ()jL
chems 1C _F by CDI, EtyN, THF. o z-NO—N _T'K‘
KO1Bu, EtOH C/N
HO

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

Thus, in one embodiment of the invention provides a process for the preparation
of N-[(3R,65)-6-(2,3-difluorophenyl}-2-oxo-1-(2,2,2-triflucroethyl)azepan-3-yl}-4-(2-oxo-2,3~
dihydro-1H-imidazo[4,5-b]pyridin-1-yl)piperidine-1-carboxamide, 1, comprising reacting
(3R,65)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-trifluoroethyl)azepan-2-one hydrochloride and
2-oxo0-1-(4-piperidinyl)-2,3-dihydro-1 H-imidazo[4,5-b]pyridine dibydrochloride in the presence
of 1,1’-carbonyldiimidazole. '

-5-



and salts thereof, in particular its hydrochloride
salt: 20 WD 20071120590PCT/ US2007/ 008701 The
synt heses of
WO(28R/B8396 3- am no- 6- (2, 3-di f| uor opheny1l) - 1- ( 2 PETAS2e07/008701
uor oet hyDazepan-2-one, 2 and its hydrochloride salt
is depicted in Schene 2: Schene 2 Isolate 3 |ief.
3H2 fsolate |HZ. POA3aSO4 train '

Another embodiment of the invention provides a process for the preparation of
the potassium salt ethanolate form of N-[(3R,65)-6-(2,3-difluorophenyl)-2-ox0-1-(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, comprising the steps of:

(1) reacting (3R,6S)-3-amino-6-(2,3-diflucrophenyl)-1-(2,2,2-
trifiuoroethyl)azepan-2-one hydrochloride and 2-oxo-1-(4-piperidiny1)-2,3-
dihydro-1 H-imidazo[4,5-b]pyridine dihydrochloride in the presence of 1,1~
carbonyldiimidazole; ‘

(2) isolating N-[(3R,6S5)-6-(2,3-difluorophenyl)-2-0x0-1-(2,2,2-
trifluoroethyl)azepan-3-yl]-4-(2-ox0-2,3-dihydro-1H-imidazo[4,5-b]pyndin-1-

yDpiperidine-1-carboxamide, I; and

(3) reacting said N—[(3R,63}-6—(2,3—diﬁuorophenyl)—Z—oxo—I-t2,2,2~
trifluoroethyl}azepan-3-yl]-4-(2-0x0-2,3-dihydro- 1H-imidazo[4,5-b]pyndin-1-

yDpiperidine-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—diﬂuorophenyl)—2~ox0-1 ~(2,2,2-
trifluoroethyl)azepan-3-yl}-4-(2-oxo0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-yDpiperidine-1-
carboxamide, 1, without the necessity to isclate the neutral form of compound 1, comprising the

steps of:

(1) reacting (3R,65)-3-amino-6-(2,3-diflucrophenyl)-1-(2,2,2-
trifluoroethyl)azepan-2-one hydrochloride and 2-oxo-1-(4-piperidinyl)-2,3-
dihydro-1H-imidazo[4,5-b]pyridine dihydrochloride in the presence of 1,1°-
carbonyldiimidazole; and
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5 Schenme 2 depicts the direct formation of the

chl or oacet ophenone from cheap and readily avail abl e

di f 1 uorobenzene; the selective formation of the
wo2oeid2939c al cohol using pall adium 10 cat al ySHGI/US208/008701

use of a crystallization driven asynmetric

transformation to set the am ne stereocenter,

foll owed by a cis-selective hydrogenati on and

epi merization to set the benzylic stereocenter and

trans geonetry. WO 2007/ 120590PCTf US2007/ 008701

Thus, an enbodi nent of the invention provides a

process for the preparation of the internediate

(3R, 65) - 3-am no-6- (2, 3- difluorophenyl) 1-(2,2,2-trifl

tji’gr Oct ggs éﬁgﬁgﬁé’) gQS'S tﬁﬂuorop cny If—gxgq 2§t ps of: 5

a&eﬁtnf-:% mpﬂnamiﬁ-(ﬁhm-lﬂ-&ﬂx&zéﬁtm]ﬁ)wmen

y?i
th 1) tetr, drq- 1H aze
rlkplpﬂédlﬁ? é@m%as?g%xc .Vﬁﬂk@t@é&%@"%‘%ﬁ nd ?‘Z‘a‘i“ﬂr m
a (3,1,65)-6-(2, 3-difluorophenyl) - 2- oxo- (2 2, 2-

trifl uoroethyl)azepan-3-anmmoniurn_salt:
r eact AR g wy 211 thee'eactlon schemes and Examples contg.lrzed herein, the

potassidnd salPahado14d f&ndbfﬂ@}@@i}eslm13~daitﬁ%éphlen9@ 220:2:-1-(2,2 2-

trlfluoroethﬁﬁaazepan annonlun1salt w t.h Sg
trifiuoragtilarepanz il Zoxmd Splihvrrp HreidazgliprbIpymgm{ - y)piperidine-1-
carboxafi@d Q)%Itmﬁ&f ERRe Eﬂ%}c@&ﬁ%ﬁdﬁiﬁﬁs f Wheh ﬁﬁﬁi&&ibéﬂ reactlon is performed

am no- 6- (2, 3-di fl uor opheny1l (2,2 trlfluoroet

in the Peespnss. oF sifs;, the reactan PERIAFAS eas#slr P‘é‘ﬁﬁ@’&!"ﬂ‘é‘m PR TREHe br a mixed

ethanozéte)’ﬁ?d:?ﬁndafeﬁa%n@%‘n Watlf Qness. ThE isbhtdpRasidl saretRdnolate or
he 1 nternedi ate

- mixed cffgroBybysiraificABY SISt tie hydrate gy gifieh g tothe preseneeaf pyafer in the

air. uor oet hyDazepan- 2- one hydrochl ori de, conprising the
steps of:

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:
R F
F
O
N
E thHz

and salts thereof, in particular its hydrochloride salt:
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(1) hydrogenating a

(3S)-6-(2, 3-di fl uorophenyl)-2-o0xo0-1-(2,2,2-trifluoroe

thyl)- 202, 3,4, 7-tetrahydro-| H azepi n- 3- antoni um
wosabtizedon t he presence of a cis-sel ective catralTyEg071008701

forma (3S,6S)-6-(2,3-difluorophenyl)-2-oxo0-1-(2, 2, 2-

trifluoroethypazepan-3-amoniumsalt; (2) reacting

the (33,65)-6-(2, 3-di fluorophenyl)-2-oxo-1-(2, 2, 2-

25trifluoroethyl)azepan-3-ammoniumsalt with R3N ,

wherein each Ris independently Chal ky], and a

hydr oxyl nitrobenzal dehyde, to form (3R, 65) - 3-

am no-6- (2, 3-di fl uorophenyl)-1-(2, 2, 2-trifluoroethypa

zepan- 2- one; and (3) reacting
The s ?Rs;eg % @2%,(255‘% gnfge%-g’iiiéilél on %ﬁﬁwﬂ,%\yéﬁﬁor’oethy})azepan-2-one
and its BARSEnIsREPRRGT 6655200 1 BOferhkl 2: A further -

enbodi nent of the invention provides a process for
the preparation of the internediate

(3R, 63) - 3-am no- 6- ( 2, 3- diddneste@henyl)-1-(2,2,2-trifl
uoroethypazepan 2-one, 2, conpr|S|ng\the s,teps of: 5 o

L hydrogenatlng NHAC 0.£ oV
3) - 6 - d, &IY8Poph 1) 2 Lap0- 1 'Efémir?*luorge g
[;1~“Eﬁ&£3‘” . T -TH epln) anmoeh, M o
FdhthoIﬁaHrMes ,|nt e”6f a e
het er ogeneous palladlun1catalyst «form 1

(3S,6S)-6-(2, 3-di fl uorophenyl)-2- *
ox0-1-(2,2,2-trifluoroethyl)azepan- 3*&hmoni tun ,,q
di -toluoyl tartrate salt; 10 (2) reacting 340,
#B3) - 6-(2,3-diflu oﬁhenyl) 2- oxo 1-(2,2,2-trifluo
r ogt hypazepan3- anwomi um di -t ol uoyl °#nate salt vao H
3N m&&mr oXy- 57 Hal 2o o towane

F — .
' }

Re

oH F ) F

:1 agduct 0N F F

| H2, PdABaS0,

D NHgTol

3w QU e
Et. N HEt K
F,c/" N F;c/\ in A E N

CHO MTBE, trans
. " .

F os D/Q F sofkt
OaN F
trans

Scheme 2 depicts the direct formation of the chloroacetophenone from cheap and readily
available difluorocbenzene; the selective formation of the Z-allylic alcohol using paltadium

catalysis; the nse of a crystallization driven asymmetric transformation to set the amine

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

stereocenter and trans geometry.
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ni trobenzal dehyde to form
(3R, 6.5)-3-am no-6-(2, 3-di fl uorophenyl) - 1- (2 2, 2-
trifluoroethypazepan-2-one, 2. 15 A

wosbeAizodovr t her enbodi nent of the invention prpo:\rmi;em}mosml

process for the preparation of

(3R, 65) - 3-am no-6- (2, 3-di fl uorophenyl)-1-(2,2,2-trifl

uor oet hypazepan- 2- one hydrochl ori de, conprising the

steps of: 20(1) hydrogenating

(38)-6-(2, 3-di fluorophenyl)-2-ox0-1-(2, 2, 2-tdfl uoroet

hyl)- 2,3,4,7-tetrahydro- 1H azepi n- 3- anmoni um '
di-toluoyl tartrate salt, in the presence of a

het er ogeneous palladlun1catalyst to form

(3S,63)-6-(2, 3-di fl uorophenyl) - 2-

0x0- 17 %znzmbwhﬂeab?%t@?ﬁwﬂebawvgdeammﬁﬁwr the preparation of

- the mtcrqﬂlecﬁ W ‘S')tﬁﬁﬁﬁlﬂ;—@ ﬁ@dﬁu&%ﬁ@ngl)eﬁ-@ .2 RGrifluoroethyl)azepan-2-one, 2,

2, 3-di f | uor opheny1) 0x0-1-(2,2,2-trifluo

COﬂﬂﬂmﬂééﬁﬁﬁ %@ an- 3-anmoni um di -t ol uoyl tartrate sal t

wi th Et3N and 2- hydroxy- 5- nitrobenzaldehyde to form
(3R, 63)-3-am no-6-(2, 3- dlfluoroPhenyl) 1-
1-(2, 2,2 tnﬂuoroethyl)-

1o hyinggerating p 3tiflpqrophamy
29 Q7'ﬂ-geglg§9cg'g’ %%Qgﬂagg@grg&m(éﬁ) nqRE ie@éhce of a czs—selectwe
(3R 65 - am no- di f1 uorophenyl) -

qatalm@q M&%ﬁzg 'élﬂelowpbﬁﬂﬁt?ﬂxprﬂ getz PT anot her
@ithofdertyifaz W@%&%nﬁﬁ&mges’ a process for the
n

preparat’i o 5 i nternediate
2- 0X0- 1- (4- pi peri di ny0- 2, 3-di hydro-1Hi m dazo[ 4, 5-b] p

&5 kB Bty S 69LEY 2B difuordphenyt)-2-ox0-1-(2,2,2-
trifluoroethyl}azepan-3-ammonium salt with R;N , wherein each R is
independently Cy.4alkyl, and a hydroxyl nitrobenzaldehyde, to form (3R,65)-3-
amino-6-(2,3-diflucrophenyl)-1-(2,2,2-trifluoroethyl)azepan-2-one, 2.

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

of the intermediate (3R,65'}-3-amino—6—(2,3-diﬂuorophenyl)-l-(2,2,2—-txiﬂuoroethyl)azepan-2-one
hydrochloride, comprising the steps of:

(1) hydrogenating a (35)-6-(2,3-difluorophenyl)-2-ox0-1-(2,2,2-trifluoroethyl)-
2,3,4,7-tetrahydro-1 H-azepin-3-ammonium salt, in the presence of a cis-selective
catalyst, to form a (35,65)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-

trifluoroethyl)azepan-3-ammonium salt;

(2) reacting the (35,65)-6~2,3-difluorophenyl)-2-oxo0-1-(2,2,2-
trifluoroethyl)azepan-3-ammonium salt with R3N , wherein each R is
independently C.salkyl, and a hydroxyl nitrobenzaldehyde, to form (3R,65)-3-
amino-6-(2,3-difluorophenyl)-1-(2,2,2-trifluoroethyl)azepan-2-one; and

(3) reacting (3R,65)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-
trifluoroethyl)azepan-2-one with HCL.
-9.



and salts thereof, including the dihydrochloride

salt, and those derived fromreaction with 10

alternative acids such as hydrobrom c acid,
worpererisdi c acid, sulfuric acid, nitric aci dPamdrseedTens7ot

aci ds. The synt heses of

2- 0X0- 1- (4-pi peridinyl)-2, 3-di hydro-1H i m dazo[ 4, 5- 13

}pyridine, 3, and

2- 0X0-1- (4-pi peridinyl)-2,3-di hydro-1Hirni dazo[ 4, 5-b

] pyridi ne di hydrochloride, is depicted in Schenme 3:

WO 2007/ 120590PCT/ US2007/ 008701 Schene 3 NH2

NaBH( OAc) 3 WA (NaOH. H20. EtOH) HCl, i-PrCH ctsil

A further embodiment of the invention provides a process for the preparation of
the intermediate (3R,65)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-triflucroethyl)azepan-2-one, 2,

comprising the steps of:

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

(2) reacting (3S5,65)-6-(2,3-diflucrophenyl)-2-oxo0-1-(2,2,2-trifluoroethyl)azepan-
3-ammonium di-teluoyl tartrate salt with Et;N and 2-hydroxy-5-
njfrobenzaldehyde to form (3R,65)-3-amino-6-{2,3-difluorophenyl)-1-(2,2,2-
trifluoroethyhazepan-2-one, 2.

A still further embodiment of the invention provides a process for the preparation
of (3R,68)-3-amino-6-(2,3-difluorophenyl}-1-(2,2,2-trifluoroethyl)azepan-2-one hydrochloride,

comprising the steps of:

{1} hydrogenating (3.S')-6—(2,3-diﬂuorophenyl)~2—oxo-—1-(2,2,2-txiﬂu0roéthyl)—
2,3,4,7-tetrahydro-1H-azepin-3-ammonium di-toluoyl tartrate salt, in the presence
of a heterogeneous palladium catalyst, to form (35,65)-6-(2,3-difluorophenyl)-2-
oxo-1-(2,2,2-trifluoroethyl)azepan-3-ammonium di-toluoyl tartrate salt;

(2) reacting (385,65)-6-(2,3-difluorophenyl)-2-oxo0-1-(2,2,2-trifluoroethyl)azepan-
3-ammonium di-toluoy! 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

~-10-
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HCl HCl In Scheme 3, 3-Am no-2- chloropyridine

("ACP") is reductively alkylated in a first step. 3-

am no- 2-chl oropyridine is reacted with ethyl
wO46wxaesbe pi peri di necar boxyl ate in the preseneeTafs2a7/008701

| PAC, trifluoroacetic acid and sodi um

triacet oxyborohydride ("STAB") to formthe am ne

et hyl

4-[(2-chl oropyri di n- 3- yDam no] pi peri di ne- 1- car boxyl at

e. In a second step, a urea is forned in a reaction

of the amne with chlorosul fonyl isocyanate (CST),

typically in the presence of 1120 and THF. In a third

step, the urea is cyclized in the presence of a

Iladlu yst.. i.call he u .S reacted in
éeaﬁF‘E% g“E)G'Jf ét(g $ﬂl§¥‘®qherﬁ@(‘ ¥2-and bis- 10
ﬁihmﬁﬁmﬂwp@gﬁﬁmma@éhuh&ﬂm_(dppb) to obtaln the cyclic
urea. In a further ethyl carbanmate deprotection step,

the bis-HCl salt 3 may be accessed directly by

t r eat gEdAN Dotieh 9?‘631‘ e TiMeRtivh bhw&ma @§bdeas R the preparation of the

hydr ochl ori c  acj ol I_.owed, by |tat|on from,
intermeihia L Ol AP OB 1

in the presence of NaOH and EtOH and water, followed
by HC1 to obtain the pyridine heterocycle bIS HC1
salt 3. In this alternative 15 pfockdure, other bases
or conbi nati ons of bases udi i OH and KOH may
be used in this flnahcét%ﬁT:;MdNot
forms may be made by substiTuti aci ds, |nclud|ng

r acceptable salt
HBr, H , H2SO, HNO3 and ot her CIdS for
2007/120590PCT/USZOO?/OOS?O;

and salts thereof, including the dihydrochloride salt, and those derived from reaction with

altemative acids such as hydrobromic acid, hydroiodic acid, sulfuric acid, nitric acid and other
acids. The syntheses of 2-oxo-1-{4-piperidinyl)-2,3-dibydro-1 H-imidazo{4,5-blpyridine, 3, and
2-0x0-1-(4-piperidinyl}-2,3-dihydro-1H-imidazo[4,5-b}pyridine dihydrochloride, is depicted in

Scheme 3:

-11 -

Mb]g@ngh@g%&rochlonde 3:
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As described above and in the Exanples which foll ow,

this ACP route conprises four synthetic steps and

features a reductive allcylation, prinmary urea
wofemmbiseon usi ng chl orosul fonyl isocyanate, PCT/US2007/008701

Pd- cat al yzed cyclization of the primary urea and

hydrol ysis of the ethyl carbamate. The starting

mat eri al s/ reagents for the ACP route are

significantly |l ess 5 expensive than those required

for the DAP route and all the steps are high

yi el di ng. Thus, in one aspect of the

i nvention provides a process for the preparation of

the internediate

- 2- 0x0-1-(4-piperidinyl)- % é di Qydro-1 Hi m dazo[ 4, 5- b]

pyridine di hydrochl ori de, nprising the steps of:

10(1) reactl ~3-ami no- 2- chl oropyri di ne m@?h Ci alicyl

4- -2p|p carboxy@g”mmﬁg1t
hf} or oacet i cl acigog a t
3-N

cy of
ber o ,Efle
to ¥orfl G al |l cyl 4[(2 chloropyrldln !

yl Y4 nol pi peri di ne-1-carboxyl ate; 15(2) reactihg-the
Cl 4] (2-chl or opyri di n- 3- yDam noThi peri dine- 1
-carboxyl ate with chl orosul fonyl isocyanate to forﬁXhEt

G al kyl 4[ (anppoaasbonyl ) ( 2-
chloropyrldln 3 yflarnlnoTh|B@$VﬁPne 1- carboxyla<;;)

(3FSteact i dppb
Cl 4Rani no ( 2neblar omaHodi,N- 3- S N

20yHan1nOJprer dlne | -carboxylate in the p é?
NaHCO3, Pd(OAc)2 and bi s- (dlphenylphosph|no)butame to
form G allcyl

4- (2-oxo0-2, 3-di hydro-1 nP azo[ 41, 5-b] pyridin-1
-yI)piperidine- 1 - car bexy)f ayei (4) reacting

thaa@;k U, yobHyd- ( 2- oxo- dro 1H i m dazo

3-dj
ﬁj§—q;§grrdrﬁ‘I é I ne-|-carboxylate with
Hdi t'c Torm 2 oxo-&jizz ?Qérldlnyl) 2, 3-

di hydro-1H i m dazo[ 4, 5- B] pyri di ne d|hydrochlor|de I n
anot her aspect, the i nYenti on provi des a process for

In Schein'@% QI&‘:Bﬁfoai | @ibrBhyhdifie (“ACP”)liSAh B PLIRyMIIGH aifEstabep. 3-

aci d

am‘“‘*zzdﬁ%wﬁ%e F-ﬁ rsartpdi Attt} 450k rpinesidinacarhp gt i ths presence of
PAC, tfudtb Rtk dLidGmd GoaRM ﬁﬁ&oﬁ%éﬁ}@ﬁﬁe *STAB™) to form the amine ethyl

4-[(2-chloropyridin-3-yl)amino Jpiperidine-1-carboxylate. In a second step, a urea is formed ina
reaction of the amine with chlorosulfonyl isocyanate (CSI), typically in the presence of H,O and
THF. In a third step, the urea is cyclized in the presence of a palladium catalyst. Typically, the
urea is reacted in the presence of NaHCOs3, i-PrOH, Pd(OAc); and bis-
{diphenylphosphino)butane (dppb) to obtain the cyclic urea.

In a further ethyl carbamate deprotection step, the bis-HCI salt 3 may be accessed directly by
treatment of the carbamate with concentrated hydrochloric acid followed by precipitation from i-
PrOH. Altematively, the cyclic urea may be reacted in the presence of NaOH and EtOH and
water, followed by HCI to obtain the pyridine heterocycle bis-HCI salt 3. In this alternative
procedure, other bases or combinations of bases including LiOH and KOH may be used in this
final step, and other acceptable salt forms inay be made by substituting acids, including HBr, HI,
H280,4, HNO; and other acids, for HCL

-12-
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WD 2007/ 120590PCT/ 11S2007/ 008701 (1) reacting

3-am no- 2-chl oropyridine with CL. 4al kyl

4- oxo- 1pi peri di necar boxyl ate, in the presence of
wotzoéF1z20890 0acet i ¢ aci d and sodi um tri acet oxybecahysdeordas7e1

to form C ancy' 4[(2-chloropyridin-3-

5yfl am no] pi peri di ne-1-carboxylate; (2) reacting the

Cl4al kyl

4[ (2- chl or opyri di n- 3- yDami no] pi peri di ne- 1- car boxyl at e

with chlorosul foriyl i socyanate to form CI-al kyl

4Ram nocar bonyl ) ( 2-

chl oropyri di n- 3-yfl am ncdpi peri di ne- 1- car boxyl ate; 10

(3) reacting the G allcyl

4[ (am noc yl)(2-chlo ridjin

yOani m]dﬁfﬂgaﬂﬂcﬁlb ¢ i the Koy i@s“’i“%fgﬂswe@éﬁfé‘épa?“‘e comprises

four S}fl?‘ﬂag% 499?:&@9&)1%5 aledddtise alkypitionRy iR as e ok GNesih®
orm a

chlorosylipnyl é%‘m%e-s Rl Eeti gy RizioB ol e BTy ivraAnE Byfyqlysjs of the
ethyl c:ﬁﬁzhﬂét@ FHe $a4iRR Yyt @i as/rehBentd b the ACPIrBGtetabesifatificantly less
expensige (mifheszoquitnd-ya s DAR roule aad ol bestepgs Highwiciding

yPPi pehbdiin f‘méa%b@&ué fvenibd Proidet b PRibesClof tHeQrégiration of the

an acid salt of 2-oxo- ﬁéu
intermegiagepIo8P Iy Peri G 2y YA | Frimmidgple. S bigppiglinedfipgirochloride, 3,

compriffg thelsfdps@pOt her aspect of the invention there is
provided a process for the preparation of an acid
salt of

R Qaihe BarRinB el bﬂbf&bﬁ;é&e%ﬁd{ oy, lkhbd'oni-d azo[ 4, 5- _b]

pyridine, conprisin e ste reactin

amgﬁﬂwecazb@wlﬁwww Brieschiof %@Qr%%epe #id and)
APRERSLH bR RIS salk i qmcmal%ﬁmﬁ-aof

trifluoroacetic acid and sodi um
yhaminoJpiperidine-1-carboxyiate;

(2) reacting the C;_salkyl 4[(2-chloropyridin-3-yl)amino]piperidine-1-carboxylate
with chlorosulfonyl isocyanate to form C;salkyl 4{{(aminocarbonyl}(2-
chloropyridin-3-yl)amino]lpiperidine-1-carboxylate;

(3) reacting the Cy4alkyl 4[(aminocarbonyl){2-chloropyridin-3-
yl)amino}piperidine-1-carboxylate in the presence of NaHCO3, Pd(OAc)2 and
bis-(diphenylphosphino)butane to form C,4alkyl 4-(2-oxo-2,3-dihydro-1H-
mmidazo[4,5-b]pyridin-1-yl)piperidine-1-carboxylate;

(4) reacting the C; qalkyl 4-(2-0x0-2,3-dihydro-1H-imidazo[4,5-b]pyrnidin-1-
yhpiperidine-1-carboxylate with HCl to form 2-oxo-1-(4-pipenidmyt)-2,3-
dihydro-1H-imidazo[4,5-b]pyndine dihydrochloride.

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

-13-



tri acet oxyborohydride to form G -iallcyl

4[ (2- chl oropyri di n- 3-

yOam no] pi peri di ne- 1-car boxyl ate; = WO
WO02007124s20590PCT/ US20071008701 (2) reacti ng threT@k2007/008701

al kyl

4 ( 2- chloropyrldln 3-yfl am no] pi peri di ne- 1- car boxyl at

e wth chlorosul fonyl isocyanate to form Cl4al kyl

4Ram nocar bonyl ) ( 2-

chl or opyri di n- 3- ypar ni no] pi peri dt he- 1- car boxyl at e;

5(3) reacting the G all cyl

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

yDam nol pi peri di ne- 1-carhoxyl ate in the presence of

NaHCO3, Pd(OAc)2 and bi s-(di phenyl phosphi no) butane to

formC _aallcyl 4-(2-oxo-2,3-di hydro-111-

{1)reabting Bda:ﬁnb}zaymbﬂipbﬁd&ewm (Qesildi seoxb-Gar boxyl at e;

10(4). reacting the, Chaal ) .. )
B oG e e 1) SR EEREt A BELSFORCRtS pg AP pofigm
m&mywbmﬁhﬁeqarf&@:xszk_adlmw{(abcmompymg-abase,

cid, tto forman acid salt of
QIJ%}%@°1P1?%’¥‘}5%&?&6?‘%9’%:2 3- di hydro- | Hi ni dazo[ 4, 5- b]
pyri di ne. An addi tional enbodi nent of

therﬁéchg e r@ﬁ{?g\ék@[%ﬂomgwﬁg %-yl{a%m&l}npg’ldu%a{ ar&)oxylate

%@&ﬁk&osﬁﬂfoﬁﬁﬂ%éﬁhﬂ)ﬂa fozmi%c}daanw BRakbhdcaibdazipg4, 5- b]
pyrldlrte d| droch] ori de, r|S|ng t he steps
giploropyridin-3-yh) B‘PF‘H‘&‘“@' a‘i"i‘fl??&y MShl oropyridine with
et hyl 4-oxo-1-pi peridi necarboxylate, in the presence
of trifluorgacetic_acid and sodi um ...

Conanciing Bfor-aiiph A1 GEinsSRoRFS Gotherppyridin--
ﬂ)ﬁrﬁmﬁ!ﬁlﬂe&ﬂﬁf{é deﬂaﬂm%ywiamtﬁ@imahmé ol NABFCIO3; PAOAY)2aindG

reacting the e

s (GO P eI ey e S Al A o33 Flat o
whilibzd} hbcgjg%?]%& ¥i) E&&ﬁﬁ@-@%ﬁ)d}( 1akr m et hyl

4Ram nocar | oropyridin -yflanino]piperidine
- 1- car boxyl at e; _

(4) reacting the C, _4a1ky1 4-(2-oxo-2,3-dihydro-1H—imidazo{4,5~b]pyridin— 1-
yhpiperidine-1-carboxylate with a strong acid to form an acid salt of 2-oxo-1-(4-
piperidinyl)-2,3-dihydro-1H-imidazo[4,5-blpyridine.

" In yet another aspect of the invention there is provided a process for the
preparation of an acid salt of 2-oxo-1-(4-piperidinyl)-2,3-dihydro-1H-imidazo[4,5-b]pyridine,
comprising the steps of:

(1) reacting 3-amino-2-chloropyridine with C,4alkyl 4-oxo-1-
piperidinecarboxylate, in the presence of trifluoroacetic acid and sodium
triacetoxyborohydride to form Craalkyl 4[(2-chloropyridin-3-
- yDamino]Jpiperidine-1-carboxylate;

-14 -
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(3) reacting the ethyl

4Ram nocar bonyl ) (2-chl oropyri di n-1-yfl am no] pi peridin

el-carboxylate in the presence of Nall CO3, Pd(QAc)?2
woangt/hi¢ di phenyl phosphi no) but ane to form et lpgir/us2007/008701

4- (2- oxo- 2, 3-di hydro-1H-i m dazo[ 4, 5-

b] pyri din-1-yl) pi peridine-1-carboxylate; 30 WO

2007/ 120590PCT/ 1 JS2007/ 008701 (4) reacting the ethyl

4- (2- oxo0- 2, 3-di hydro-1Hi m dazo[ 4, 5- b] pyri di n- 1-

y1) pi peri di ne-1-carboxylate with HC1 to form

2- 0X0- 1- (4-pi peridinyl)-2, 3-

di hydro-1H i m dazo[ 4, 5- b] pyri di ne di hydrochl ori de.

5The invention is not limted to specific enbodi nents

described in thi plicatiop, .a in fact.includes

G dractign dhe Cosliog é&gFF&’(‘“@R’&?‘Q%‘S:’T%"}%G%@E{H‘M%i)'\?%",%"xylate
e Uirb g1 fouY] ROéyahhtditd efint O, Jaligy/l URamidiocpiohi/H@-ar

sol vents_and_reaction conditions, the use of
piprapyTidier 3y b3 ]P‘Pﬁ?ﬂ‘ﬁle'(ll“??ﬁmﬁ‘é'ﬂaﬁﬁ neutral forms of
internediates 2 and 3, and salt fornms other than HC
salt forns), and the use or no-use of partjcular

GIpeachine &if Gr+aliod piemirpcatomb Goedorommidigr e r

{Bahitofiperidihe-1 Lal by RACE:, the PRsérde|df SAHTDI, IFRI(OAL)2 and
could readily alternate reactiqgn conditions, e L3¥Lng

hist(€iphandphesphingdbytans to dormg Lipallid Aoele@iq-&- >y
L tst};]sgﬁaiaxwggf)@ea&t&deoarmm, Pd( OAc) 2,

bi s( di phenyl phosphi no) but ane and ot her features.
Several abbreviations, acronyns and ot her shorthand

(49 rBACERERELS, DREs ol HouRKY O BeinkiREBha SpdeRiton -

0 those ski in the art, presented belowis a

vhpiperidinenterarbaydpte abe siong base, follgwed by a strong acid, to form
20044 14059 BEDR2Q0ip A4 P3-23<amPiR - - imidazo[4,5-bIpyridine.

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

of the intermediate 2-oxo0-1-{4-piperidinyl}-2,3-dihydro-1 H-imidazo[4,5-b]pyridine
dihydrochloride, 3, comprising the steps of:

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

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

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

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

(3) reacting the ethyl 4[(aminocarbonyl)(2-chloropyridin-3-yl)amino]piperidine-
1-carboxylate in the presence of NaHCO3, Pd(OAc)2 and bis-
(diphenylphosphino)butane to form ethyl 4-(2-oxo-2,3-dihydro-1H-imidazo[4,5-
b]pyridin- 1-ylpiperidine- 1-carboxylate;
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N- R3R, 65) - 6- (2, 3-Di fl uoropheny1l) - 2- oxo-1-(2, 2, 2-trifl
uor oet hyDazepaa- 3-y11- 4- ( 2- oxa- 2, 3-
di hydro- M i m dazo[ 4, 5- bl pyri di n-1-yppi peridine-|-earb
WOaoenizo®e SEtaN To a 12 L 4 necked fl ask equitgpseoh7/008701
wi th overhead stirrer, thernocouple and nitrogen’
inlet was charged Caprolactam I Cl salt 2- MIBE
‘'solvate ( 412 g corrected as HCl salt; MIBE sol vate
typically 78-79 wt % HC1 salt) . THF was then added
at roomtenperature (4.1 L; 10 nL/g) 10 foll owed by
triethylamne (194 m; 1.2 eq). The slurry was aged
at roomtenperature. To a separate 22 L 4 necked
fl ask equi pped with overhead stirrer, thernmocouple

Gt PSP 8 IR S

yloﬂnpémmﬁemmgmhtawmdﬁm tb efmueﬁamcurb@—ﬁipmdmyl)-z 3-

rol actam sl ur sol uti ed to the CDI
é@‘g @%’Lﬁ’%zoﬂflgxkygdw &X‘%’%" V&perature then aged
roomtenperature over 1 hour after which the
react n. 15 was. assayed.for caqnver,sion to.th
capr ohﬁ & PYRPUQR As 1of ﬁ%&tﬁg & g’mﬁin CSTIESTHFES Eesggge%lﬁt&ﬁppl ication,
and in fEARNEHEdsAiitiohhlefepiupa ot expeelBl ddsablyeel #boSe (1ﬂdlﬁd:gg but not limited
was. t hen gdded foll rriL

1.25 e
to the g f DAL A ROV AP VRGN BSR B S OES RhAHEN g Feagent forms
(includiQy @élitr) iﬁnﬁ oﬂ hdrniedparadndry andRiHcams avhes ﬁmmmn@mns), and

LCAP con on. WAt er was .t hen
the use G P TR AR ST ANER DR O AR MR LR For
instancd, @he aillaUHi th aRabould Radibusi®refd eactidt ednditona espoyRil alternates to

the reci | S oo iy e S N HAtORe e

(duphen}lpﬁoéﬁhbﬂ;)}bﬁﬂﬂam&tﬁ& fehtutes10 % (W w) aq citric acid
soln (4 x 2L; 5 mJg). The organic layer was then
assayed for im dazole and piperidine acyl imdazole
inmpurities (<0.2 LCAP) The organic |layer was then
washed with 5 % (w w) aq sodi um bi carbonate sol ution
( 2 L; 5 nug) then water (2L; 5 m/g) then passed
through an inline filter to give 620 g assay of 25
desired product. (95.3 % assay yield, 98 LCAP
purity). WD 2007/ 120590PCT/ US2007/ 008701
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Exanpl e 2 '
N- K3R, 6S)-6-(2, 3-Di fl uorophol y1) - 2-exo0-1-(2, 2, 2-trifl
uor oet hypazepaa- 3-y11- 4- ( 2- oxo- 2, 3-

wodioodmeosvo- 1H-i m dazo[ 4, 5- bl pyri di n- 1- yl ) pi perrcdiusesdtoes7o1

ar boxam de 25 OCa NH 2HCI 0"--NH Caprol actam
2(8.23 kg 5.60 kg caprolactam HC1 salt based on 68

wt % assay)) was charge to an inerted vessel A wth
THF (66.4 L) and triethylainine (1.90 kg). A vessel B
was charged with CM (3.163 kg) and THF (30 L). The
contents of vessel A were transferred to vessel B
over 1.5h

Several abbreviations, acronyms and other shorthand is presented herein.

Although these terms are known to those skilled in the art, presented below is a table

summarizing these terms:

IPAc 1sopropylacetate

IPA ispropanol

nHexLi n-hexyl lithium

THF tetrahydrofuran

BOC ' tert-butyloxycarbonyl

CDI 1,1’-carbonyldiiidazole.
MTBE , Methyl tert-butyl ether

tol tohioyl or toluene

dppe bis-(diphenylphosphimo)ethane
dppb bis-{diphenylphosphino)butane
DMAc dimethylacetamide

TFA trifluoreacetic acid

ACP 3-amino-2-chloropyridine
STAB sodium triacetoxyborohydride
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10 and the m xture in vessel B aged for I h. At that
poi nt HPLC anal ysis showed the fornmati on of
caprol actam acyl i mi dazole to be conpl ete. The
wopbgeni®bne heterocycle 3 (5.0 kg) was char gedTius2007/008701
vessel B followed by triethylanaine (4.12 kg). The
batch was heated to 60C and aged overni ght when HPLC
anal ysi s showed the coupling was conplete (<0.2 LCAP
caprol actam CDI adduct remaining). MIBE (49 1) and
10% aqueous citric acid (29 1) were added and the
phases 15 separated. The organi c 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
: | ast agueous phase was 9 at that point. The organic
Examplgkse was washed with DI water (27 L) and the MIBE

t s assayed,for .c ' t S
1RGSR ool B3R Hoh R M abroh e 335 2 -2
dihydral 8-Hpidazedsah I pyridind hdyripendine:1-¢arpogamiderf t he
N-acyli m dazol e adduct remai ning. Therefore, the 20
MIBE sol utsfon was washed again with 10%aqueous

citric acf,dd2 x 28,dN 5% agueous NaHCO, (2 8 %)

and te -ZmJ;)- HPLC assay of theg MIBESS i ORN
peffy ai h. Assay yield neutyal A54)=N8 >7 kg s
93. 5%-98. 9 | CAP, <0.1 LCAD N-acylj g dazol evadduct ~=

WO 20072120590PCT/ US2007{1008701 Exanple 3

N- R3R, 65) - 6- (2, 3- Di ffl upr opbemyut) - 2- oxo-1-(2, 2, 2-trifl
uor oet hyl ) azepan- 3- yIM- 4%} ( 2 oxo- 2, 3-

di hydro-1H i m dazo[ 4&8- b] pyri di n- 1- y9pi peri di ne- 1-car
boxam de, potassiumsalt 5 ethanol ate Pot assi urnSalt

Et hanqt ate oil The MIBE sol ution of conpound 827 .
To 5 12T DpekeaiesK GRUPRS. Wb PYPEHLFtT RO bpna PO g nrogem et was

chmgemmammrcl@@l fsalt 2e MEAR sobate(r il extragtedrastiiCI30nIt] MTBE solvate
ol K18 FBEl A HEI AR LB ek ol (AL
tollowed lyy G 10R Wb o A DG VAR B oD ERPRrafdg To a
separateaZRiBd mavkied fiasksghipped withroieshead stuer, thegin dq:ajp. le and nitrogen inlet
was chaIﬁt é%t (bfgi ;(rﬁf.?» %Pﬂﬁ% 9«5}2&3%@k detzect ﬁﬁﬁﬂf% RahBaSto l('T“EI). The solution was
ert-put oxi de . S cnaj.ged as Ol,l . .
sged a 9 ARVt T8 HP RS S TGO SOG4 iy CDFsofution over
— 1.5 h afiroow| tempeiafure tiep @ged atireoipdempematuse phar] ket which ghe reaction
was assENBdok l@mglgis@nf ﬂ'orﬂaéz1 %égﬂd)lﬂéﬁrﬂcy5ﬁni!da£cﬂe HignidaBes 998.5 LCAP
heutf.al . .al < : es | ,
comerilh pgtndinctings L0 e AR B RtESulRA vy .
(419 mE;j 2.6 eq). nghe seyrasihested k60 fagndhsayemish ¢ fatitemperature.
HPLC Rédiahoed 23 40 CAPdotesion! Whtelrwadthemaited\( 220, 313 vi) % relative
to THF )%.qsl et ﬁctﬁﬁ@ﬁ it B'xg,eﬂr U3 hB& 804 2.9 hddrs affd ST LC assay
showed 9'9.8%2%13 c%%\{grsio\r(i) g S{Zajctlgg ISH?;)({)tFL)erIB 9:58 %gr(:) Zéc?lg t700il.5 °C then quenched
with MTBE ( 3.1 L; 7.5 ml/g) and washed with 10 % (w/w) aq citric acid soln (4 x 2L; 5 mV/g).
The organic layer was then assayed for imidazele and pipendine 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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Exanple 4 N[

(3R, 63)-6-(2,3-Di |l uorophenyl)-2-ox0-1-(2,2,2-trifluo

roet hyl ) azepau- 3-yl ] - 442- oxo- 2, 3-di hydro-111-i m dazo|

‘wo4dp@ydpyri di u- 1-y1) pi peri di ne- 1- ear boxam de PCT/US2007/008701

pot assi um salt ethanolate 5 A 250 nL, 3- neck round

bottom fl ask was equi pped Pot assi unfal t

Et hanol at elOw t ha oil mechani ca

stirrer and cl ai sen adapter with nitrogen inlet and

t her nocoupl e. Conmpound 1 (12.49 g) and punctilious

et hanol (165 inL) were charged to the vessel. The

suspensi on was warnmed in a 60 C oil bath 15 and the

suspension agitated. Al the solids dissolved and a

honogeneous sol uti on was obtai ned when the interna
Exampletperature reached 38 C. The tenperature of the o

et GREL S SSH D P 00 DA BB P YLA B ono 2.
dnhydrq-zmgn-gam[4§5bmaﬂ@ﬂatlm-pw§mmdscarmﬁmeﬁkr ged
(slight exothermto 46 C observed). The resulting

sol ution was then seeded WIth authentlc Compound 1
potaSS|un}saIt ethanol The te¢R§rat e 20
on the SN Was req cb and? N Was
aged:caBbuf 1 hr. The h né on thepgrm Y th was &
turned off rand the suspEﬁSTUﬂ“mHS cool edTtqQ 25 C over
about 1Lpl The batch was tHeh cooled in i ce bath
to <5 C and aged about 2 h. The batch wa¥ Filtered

t hrough a medi um porosity sintered funnel and thé
cake dried under vacuun1and nitrogen tent until a

copon G5 £ 5 VERNISLAET By e B v coree o

an inertéd OeselBh) with PHF ¢G4 i) enﬂ méfbyipnumﬂ(l:lf)o El'g)eAG@Bm Brwasicharged with
o . 581 BRE o b T AT 588 bl st ovr L5
and the @@ikture WOvERAITH L26d Q&P[EF/MSB&O;YdlﬂOHFD(D analysis showed the formation of
caprolactam acyiimidazole to be complete. The piperidine heterocycle 3 (5.0 kg) was charged to
vessel B followed by triethylamine (4.12 kg). The baich was heated to 60°C and aged overmight
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% NaFCO; 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 L) and the MTBE solution was assayegl 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 Néacyiirnidazole 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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Exanpl e 5
N R3R, 65) -6- (2, 3-Di fl uorophenyl) - 2-oxo-1-(2, 2, 2-trifl
uor oet hyl ) azepan- 3-y11-4- ( 2- oxo- 2, 3-

wodbdwidesoe 1H i m dazol[ 4, 5- bl pyri di n-1-y1) pi per irdirneszd7oes701
rboxam de, potassium salt ethanol ate 2Pot assi um
Salt Ethanelate of 1 Caprolactarn HClL salt 2 (30 ¢
20.4 g caprolactam HC1 salt based on 68 wt % assay))
was charge to an inerted flask Awith THE (240 m)
and triethylamne (6.91 g). To flask B was charged
CDT 10 (11.53 g) and THE (110 m ). The contents of
vessel A were transferred to vessel B over 50 m nutes
and the m xture in vessel B aged for 1h. At that
poi nt HPLC anal ysis showed the formation of

£ aprol actam acyli m dazole to be conpl ete. Piperidine
———Hi%g"am erocycle 3 (18.2g) was charged to vessel B

N-[(3R§65)-6cfRctiDifjuaropbenxi)l-Zrrixad (252 grifnorqathyhagepaniagl-4-(2-oxo-2,3-
dibydrbad-nslid2o A b AR idio ady Dyipe Fidid-1 -whdoxthide, Potdsyiins salt
thanogaEO\ABd the coupling was conplete (<0.2 LCAP

€ f)rol actam 15 CDI adduct remaining). MIBE (180 m)

and 10% aqueous citric acid (105 m) were added and

the phases, sepgrated. The organic phase was washed

agai n -@m@%gieous citric Q}Ndk\(é%%m “EiOH

P N _xomu e y
F EtOH F
F F
1 PotassiumSalt Ethanolate

of1

The MTBE solution of compound 1 (8.27 kg) was charged to an inerted vessel through a 0.1um
cartridge. filter and concentrated down to 30 L using partial vacuum and keeping T<40 °C.
Ethanol (116 L) was charged and the solution concentrated down to 30 L again under vacuum at
<40 °C. Ethanol (116 L) was added and the solution analyzed for residual THF/MTBE content
(none detected). Potassium tert-butoxide (1.720 kg) was charged as 2 solid to the vessel and the
mixture warmed up to 45°C to dissolve all solids. The batch was then concentrated down to a
final volume of 58 L (7 ml/g based on neutral 454) at <40°C. The resulting slurry was left
cooling to room temperature overnight before filtering. The filter cake was washed with cold
ethanol (25 L) and the solid dried under vacuum at 40 °C. The solid was de-lumped using a co-
mill. Yield = 7.97 kg, 84%.
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m) and then with 5% NaHCO3 solution (2 x 100 ml).

The pH of the | ast aqueous phase was 9 at that point.

The organi ¢ phase was washed with DI water (100 m)

wo(2oo7mizbseg at ur at ed aqueous brine added to gi vecgasdoo7/008701

phase separation). HPLC assay of the MIBE sol ution

gave an assay yield of 20 neutral Conpound 1 of 31.95

g, 99.1% 98.8 LCAP. The MIBE sol uti on of neutral

Compound 1(31.95 g) was concentrated down to | ow

vol ume using partial vacuum and keeping T<40 C

Et hanol (240 m ) was charged and the sol ution

concentrated to | ow vol ume agai n under partial vacuum

“at <40 C. Ethanol (116 L) was added to bring the

volume of the solution to 420 ml and the sol ution
Exampled sved for neutral Conmpound 1: Result: 30.3 g, 53.5
N-[(3RyGSH6-(2Be Difmiropheey}-2-25-13(R, 22 itdiflupodh g azepan-deylb-d-(2-ex0-2,3-
i i bt i irfe01 €} d&| fam salt
R a4~ R o R e i
ethanofate o) yol une of 210 ml (7 nug based on neutral 454)

at <40C. The resulting slurry was cool e‘%Qto roo A 250 mL 5

t enper gt 0y hours and th al.i + y 3=

2007/ Hl'4'360115&7‘ 007/.008701 o3 “%ec?gz' Filtrati gk  round

s—wWatHed

The™fi r cake ikt hdol d et hehol (100 B‘I%) flaskc
and th lid dried uHdfer vacu t 40C. Yield = 387°™

g, 87%>"r F was equipped

: 1 potmiumSnrul Ethanalste 10 with a

mechanical

stirrer and

claisen adapter with nitrogen inlet and thermocoupie. Compound 1 (12.49 g) and punctilious
ethanol (165 mL) were charged to the vessel. The suspension was warmed in a 60 °C oil bath
and the suspension agitated. All the solids dissolved and a homogeneous solution was. obtained
when the internal temperature reached 38 °C. The temperature of the oil bath was rednced to 50
°C and the internal temperature was brought to 44 °C. The potassium tert-butoxide (272 g of
95% pure material) was then charged (shght 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 potassinm-salt (11.15) was obtained
as a tightly bound ethanol solvate in 78% yield (99.4 LCAP, 99.6 % ee).
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Exanple 6 5
N- R3R, 65) - 6- (2, 3-Di f| uor opheny1) - 2-oxo-1-(2, 2, 2-trifl
uor oet hyl ) azepan- 3-y11- 4- ( 2- oxo- 2, 3-
wOiob1/12d590- 114- i m dazo[ 4, 5- blpyri di n- 1- yDpi peracdirsedr7mas7o1
rboxam de, potassiumsalt eat auol ate - 2Pot assi um
Salt Ethattolate of 10 Caprolactam HCl salt 2 (8.23
kg 5.60 kg caprolactam HC1 salt based on 68 wt %
assay)) was charge to an incited vessel Awth THF
(66.4 L) and triethylam ne (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 mxture in vessel B aged for I h. At that
Exam oLnt HPLC anal ysis showed the formation of
rol actam acylim dazole to be conplete. The

' N-[GRESH6-(26A-Dillirgophenyl) 2o xe-1-2,21giflupsosthxhatepry ddyll 9-(2-0x0-2,3-

dihydr$ S emidhzb I 4-8Y R idii- 1Lyl pipeyidaib-Neakibx i tas8Rim salt
e tch vva; é%te to 6056)2%% aged overrfi tht!av\)'ﬁen nglig:a

ethanolfe | v si's showed the coupling was conplete (<0.2 LCAP

O
N4 o %g .
NH; HCIMTBE )Y N NH 2HC) HNJL NK" . EtOH
~N . % : ND.
EoC 3 F N ' g
CDI, NEt,, THF 3
F . - F
F #) KOtBu, EtOH F
2 Pomséium Salt Ethanotate of 1

Caprolactam HCl salt 2 (30 g = 20.4 g caprolactam HCI! salt based on 68 wt?% assay)) was charge
to an inerted flask A with THF (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 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 caprelactam acylimidazole to be complete. Piperidine heterocycle 3 {18.2g) was
chérged to vessel B followed by tnethylamine (15.0 g). The batch W;’?.IS heated to 60°C and aged
overnight when HPLC analysis showed the coupling was complete (<0.2 LCAP caprolactam-
CDI adduct remaining). MTBE (180 ml} and 10% aqueous citric acid (105 ml) were added and
the phases separated. The organic phase was washed again with 10% agueous citric acid (103
ml) and then with 5% NaEHCO; solution (2 x 100 mil). The pH of the last aqueous phase was 9 at
that point. The organic phase was washed with DI water (100 ml) (5 ml saturated aqueous brine
added to give good phase separation). HPLC assay of the MTBE solution gave an assay yield of
neutral Compound 1 of 31.95 g, 99.1%, 98.8 LCAP. The MTBE solution of neutral Compound
1 (31.95 2) was concentrated down to low volume using partial vacuum and keeping T<40 °C.
Ethanol (240 ml) was charged and the solution concentrated to low volume again under partial
vacuum at <40 °C. Ethanol (116 L) was added to bring the volume of the solution to 420 ml and
the solution assayed for neutral Coinpound 1: Result: 30.3 g, 53.5 mmol. Potassium ters-
butoxide (6.3 g) was added and the mixture warmed fo 45°C to dissolve all the solids. The
solution was then concentrated down to a final volume of 210 mli (7 ml/g based on neutral 454)
at <40°C. The resulting shury was cooled to room temperature for 2 hours and the solid

-22 -



IO

15

20

25

caprol actatn-CDI adduct |einaining). MBE (49 1) and
10% aqueous citric acid (29 |I) were added and the
phases separated. The organi c phase was washed again
wowni2d080 aqueous citric acid (29 L) and therCaitsho3868701
NaHCO3 solution (2 x 28 L). The pH of the | ast
aqueous phase was 20 9 at that point. The organic
phase was washed with DI water (27 L) The HPLC
profile showed still 1.0 LCAP of the caprolacthn
N-acyl i rni dazol e adduct inpurity remaining. The MIBE
sol ution was washed again with 10% aqueous citric
acid (2 x 29 L), 5% aqueous NaliCO3 (2 x 28 L) and
water (27 L). HPLC assay of the MIl3E solution gave

coef bS5t e L SRR et ' s e sl i

under vDb@EY bi 40 ¢ STRli@—adugts7925 The MIBE sol ution of
neutral Conmpound 1 (8.27 kg) was charged to a vessel

through a 0.11.tm WD 2007/ 120590PCT/ US2007/ 008701

Exampffg{ridge filter and concentrated down to 30 L using
xam partial vacuum and keeping T<40 C. Ethanol (116 ]

N-[(3Rmﬁdﬂ&gé@%nﬂh9w}§mxmh-@|¥ Edrflaproeth insgBap-3rgl-4d2-oxe-2,3-
dlhydrt-)l i aag{;]%?-a ridigl1-¥/ ?&P%f—é&beﬁnﬂﬁ%ﬁmﬁﬂ@ﬂt

the so ion anal ysed for residual
ethanolfte | F/ MTBE (none detected). Potassiumtert-butoxide
(1.720 kg) was charged @S a solid to the 5 vessel and

the mixtype, uaraed upy p‘@g{;ﬂg] di ssol v%%g}a ds:

The bat Was then c ed down$ H@i}

vol &ire 58 L (7 mk ,@asrg,d on nedt 454) <40C.
The resghtti ng sl urry"was—l'ef‘t coolin RT over ni ght
bef ore #ering. TH&EOPyBPer cake wa shed with
cold ethanol (25 L) and the soli drédsdvedaneac@rateacuum
at 40 C. Yield = 7.97 kg, 84% 10 Exanple 7

Caprolactam HCI salt 2 (8.23 kg = 5.60 kg caprolactam HCI salt based on 68 wt% assay)) was
charge to an inerted vessel A with THF (66.4 L) and triethylamine (1.90 kg). To vessel B was
charged CDI (3.163 kg) and THF (30 L). The contents of vessel A were transferred to vessel B
over 1.5h and the mixture in vessel B aged for 1h. At that point HPLC analysis showed the
formation of caprolactam acylimidazole to be complete. The Piperidine heterocycle 3 (5.0 kg)
was charged to vessel B followed by triethylamine (4.12 kg). The batch was heated to 60°C and
aged overnight when HPLC analysis showed the coupling was complete (<0.2 LCAP '
caprolactam-CDI adduct remaining). MTBE (49 1) and 10% aqueous citric acid (29 1) were
added and the phases separated. The organic phase was washed again with 10% aqueous citric
acid {29 L) and then with 5% NaHCO; solution (2 x 28 L). The pH of the last aqueous phase was
9 at that point. The organic phase was washgd with DI water (27 L) The HPLC profile showed
still 1.0 LCAP of the caprolactam N-acylimidazole adduct impurity remaining. The MTBE
solution was washed again with 10% aqueous citric acid (2 x 29 L), 5% aqueous NaHCO; (2 x
28 L) and water (27 L). HPLC assay of the MTBE solution gave an assay yield of neutral
Compound 1 of 8.27 kg, 93.5%, 98.9 LCAP, <0.1 LCAP caprolactam N-acylimidazole adduct.
The MTBE sclution of neutral Compound 1 (8.27 kg) was charged to a vessel through 2 0.1pm
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(3R, 63) -3- Am no- 6- (2, 3-di fl uorophenyl1)-1-(2,2,2-trifl
uor oet hyDazepan-2-one Step |I: '
2- Chl oro-1- (2, 3- 4t 7Tuor-ophenyl ) et hanone n-HexLl ZnQ2
woQoBuGksedHF 15 To a 5 L 4-necked round bot t eaorfisasmkoos7o1
was charged 1, 2-difl uorobenzene (130.0 g) and dry THF
(1.3 L). This solution was cooled to < -60 while
stirring under nitrogen. To this was added n-
hexyl I'ithium (455 nil, of 2.5 M hexane) dropw se such
that T <-60 (-- 15 mnute addition). The 20 sol ution
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 MTHF) such that T < -60 and the slurry
quipckly becane a

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 partial
vacuurn at <40 °C. Ethanol (116 L) was added and the solution analysed for residual

THF/MTBE (none detected). Potassium fers-butoxide (1.720 kg) was charged as a solid to the
vessel and the mixtute 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 shurry was left cooling to RT overnight before filtering. The filter cake was washed
w‘itﬁ 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-diffuorophenyl)-1-(2,2,2-trifluoroethyl)azepan-2-one

Step 1: 2-Chloro-1-(2,3-diftuorophenyl)ethanone _

n-Hext i o]
ZnCla ot
+ J?\/Cl CuCl @
E Ci THF E
F F

To a 5 L 4-necked round bottom flask was charged 1,2-difluorobenzene (130.0 g) and dry THF
(1.3 L). This solution was cooled to < -60 while stirming under nitrogen. To this was added n-
hexyllithium (455 mL of 25 M/hexane) dropwise sich that T < -60 (~ 15 minute addition). The
solution quickly tumed into a stirrable shurry, which was aged for 1 hour cold. To this was
added zinc chloride (2.3 L of 0.5 M/THF) such that T < -60 and the slurry quickly became a

" homogeneous 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 assayed after 20
minutes and judged comp}eté by HPLC. The reaction was quenched with IN HC1 (2 L) and then
the two phase system was transferred to a seperatory funnel and diluted with IPAc (2 L). The
aqueous was cut and the organic washed again with 1N HCI (2 L) followed by INNH,OH (2x 2
L) and finally with water (2 L). The organic was concentrated to an oil. Assay yield = 78%.
The oil is then diluted with heptane (800 mL - does not all go into solution) and stirred while
cooling to — 30 °C. During cooling the oil turns over to a crystalline solid. The slurry is aged 1
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honbgeneous solution. This was warnmed to 0 C fol | owned
by the addition of copper(l) chloride (11.3 g) and
chl oroacetyl chloride (142 g) such that T < 5 C. The
woreacnoon was assayed after 20 mnutes and | wdgathz007/008701
conplete by |i FLC. The reacti on was quenched with 1N
HO (2 L) and then 25 the two phase system was
transit-Lied to a seperatory funnel and diluted with
|FAc (2 L). The aqueous was cut and the organic
washed again with INHCL (2 L) followed by 1N NI -140H
(2 x 2 L) and finally with water (2 L). The organic
was concentrated to an oil. Assay yield = 78% The
oil is then diluted with heptane (800 nL - does not
all go into solution) and stirred while cooling.to
hour at 330 C\% fllered gné @ﬁqshﬁ:bwthé:o@r hentanen Pesieed pradupt :solated in 71 % yield
(is4g)crystalline solid. The slurry is aged I WO :
20071120590PCT1US20071008701 hour at -30 C, filtered
and washed with col d heptane. Desired product
Step 2: %éﬁamfeprpnheml)e/g-w@loefve&es4 g). Step 2:
2-(2,3-difluorophenyl)-2-vinyloxirane 5
- Ho, |
Gt Bevg™ > Ci
toluene £

A solution of chioro acetophenone (40 g) in dry toluene (400 mL) was cooled to T < -60 while
stirring under nitro gen. To this was added vinyl magnesium bromide (420 mL of 0.8 M in THF)
dropwise such that T < -25 °C. After complete addition the reaction is warmed to 0 degrees and
assayed for completion. The reaction is quenched with 1N HCI (250 mL) and transferred to a

“seperatory furnmel and the aqueous layer cut. The organic is washed again with 1N HCI (250

mL) followed by saturated sodium bicarbonate (250 mL) and water (250 mL). The organic is

~ concentrated to an oil and camied forward directly.

[ OH o
Cl NzOH
toluene

To a solution of tertiary alcehol (210 mmol) in toluene (400 mL) is added 1N NaOR (400 mL)
and the two-phase system agitated for 4 hours at room temperature. The organic layer is assayed
by HPLC for completion. At end of reaction the aqueous layer is cut and the organic washed
with water (400 mL). The organic is concentrated/azeotropically dried in vacuo and used for the
next step. Typical assay yield over both steps is 89 %.
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A solution of chloro acetophenone (40 g) in dry

toluene (400 rrilL) was cooled to T < -60 while

stirring under nitrogen. To this was added vi nyl

wommgriesssam br om de (420 inL of 0.8 Min THE) PLA/US2007/008701

dropwi se such that T <-25 '"C. After conplete addition

the reaction is warned to O degrees and assayed for

conpl etion. The reaction is quenched with 1N HCl (250

m.) and transferred to a seperatory funnel and the

aqueous layer cut. The Organic is washed again with

INM (250 inL) followed by saturated sodi um

bi carbonate (250 nL) and water (250 nlL). The organic

is concentrated to an oil and carried forward

directly. 15 To a-solution of tertiary al cohol
Step 3: Q4G ZirelR3-diffuersipbend)-§4pdrony). I-dipeatiertyidat ReaH -y acetamide

mL) and the two-phase systemagitated for 4 hours at

roomte rature. The organic layer is assaygg 20 by

FI PLC for wpl eti on. At end/of\ reacti on gbeCaghEdas

td and THEABkgafte® walBed wi t h wat er] (400

organl co rat ed/ azeotropl cajfTy dried
in vactjo anhd usg%@%\ﬁ%%e% OB} Bfyenery |
yield dver both stepdNHA® 89 % WD
2007/ 120590PCT/ USZOO?/ 008701 Step 3:
N-1(32) - 4-(2, 3-di fl uoropheny0-5-hyliroxy¥l, 1 di propi o
nyl pent-3-en-1-yl | acetam de

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); (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 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 fask was added 500 mL of toluene (< 300 ppm) and the resulting mixture flushed with
N3 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 HClI (140 mL) was added to the flask and the biphasic mixture
transferred to a separatory funnel. The organic layer was separated and washed with 140 ml of
1 N NaOH, 140 ml. of brine and 140 mL of water. The final organic layer was treated with
Darco-G60 (2-5 grams), stirred for 10 min, and filtered. The resulting solution was concentrated
(T=20-25 °C) to about 300 mL volume. The solution was heated to 40-45 °C and 600 mL of N-
heptane added over 20 min. The shurry is stirred at 40-45 °C for 30 min and allowed to cool to
Toom temperature overnight. The solution was filtered and the solids washed with 2 x 120 mL of
8:1 n-heptane:toluene. The solids were dried with vacuum and N, sweep(70 %.yield}.
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5 A1 liter 3-necked round bottomflask equi pped with

a vacuuni N2 Inlet, tenperature probe, addition funnel

and septa was charge with Pd(OAc)2 (392 ng, 1.75

woreoeeizpse? nol %9, DPPE (835 ngy, 2.09 nmol, 2. 2Cmalsyo7,008701

N-acet odi ethyl malonate (43.8 g, 201 nol, 1.15

equiv), NaOEt (1.20 g, 17.5 nmmol, 10 nol %, and

flushed with N2. The addition funnel was charged with

the substrate vinyl epoxide (33.6 g, 174.8 mmol ) in

100 raL of toluene (KF < 300 ppn). To the 10 reaction

“flask was added 500 niL of toluene (<300 ppn) and the

resulting mxture flushed with N2 and stirred at room

tenperature (20 25C) for 10 mn. The vinyl epoxide

sol uti on was added over mn and the resulti % )
Step 4: Mi(ﬁ%{éﬁrﬂftﬂwoe@@wﬁrlgM@vrepfmyh%g? %?—%moef ylaminof pent-3-
en-1-yllaRpiaidd ure (20-25C). Toluene (140 nL) and 1 N }ICl

(140 m.) was added to the flask and the biphasic

m xture_transferred to-a\separatory funneIﬁThe

organi ¢ ¢ H QI_was separ afeg nd washed vvlthd.O of

151N0 e /and 140 inL ofS .

cool 'to roomtenperature.overni ght The sol uti on was
filtered and the solids washed with 2 x 120 nL of 20

The corﬁp&ma Mygd [OLUSB2 midE) HI006d . Whice (fniag tretivel Brith ELN (16.5g,
an

162.7 mgfidiy Wil ?geggtowe&égﬁ lf%%c*;wedvg} MsCI (16.5 g, 162.7 mmol) in

120mL F@lgqr@zj)llqw@bgaaﬁ ol fhish M§m§_ tlr:—: temperature did not exceed 3 °C .
After a 30/ nfin 0pé, ARy sinfry Bad prdated twith 2900610 £, 0)an aldnnejrpetdtte BT. The

aqueousl@gér Yl %ﬁf)%‘e&‘ Q‘wgg &asb%g?ra% Qg&tiéim%sgﬁ‘{eﬁse %ItRi c§ Q?%%HP% ase washed
with IxPGglN N7 and RSP rbiof 56N SO HOm e eplajemaas concentrated
to ~150frthU ahid flosHeaweith BYORE €5lin kb AT ditionldd33'S nmin b DMAC ZKF MH400) afforded

thcsoluhgkmgtfé%ggg%ds%{ a 25 n fI ush making sure the

exceed C After a 30 m.n age,

To the th’éges‘% olptiop Wasadded GF el FoliEn 32"’5%)&1 oameh dev ﬁ%ﬁeﬁéﬁ’%am"
increasd kerBTolidived b9 LiBti2olvg, 2 yenollasd thesohgidn agayfo@ a3 bbamlet 28-30
°C. The/ rBStoA%RLs dilitddRpis Y51 ath ¢ BSd P5EANI 1§ cmzh% @8ber was

vt A St o T A N 01’§g]1r?1_"' aquecus

NaCl scdutibrf. Assdyenf the IRAG G0rt shaotfh% yidldding ithssalifticg pgasiongéntrated to

150 mL¥iEné fa 3APRY. pifaar dedkdt he sol ution ready for the
next step. To the orange solution was added CF3CH2NH2

(37.2 g, 376 nunol, few degree tenperature
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15 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 a | PAC and 150 naL H20.

woObh@&/aggeeous | ayer was renoved. The organi c lrayars2e0a908701

washed with 150 nL I N NaOH and 150 niL 15 % aqueous

NaCl sol ution. Assay of the EPAC | ayer shows 92 %

yield and the solution was concentrated to 150 nil,

volume and 375 nL DM AC added. 20 WO

2007/ 120590PCT/ US2007/ 008701 Step 5:

N46- (2, 3-di fl uor ophenyl) - 2- oxo-1-(2, 2. 2-trifl uoroethy

1)-2,3,4.7-tetrahydro-1 H azepi n-3- ylJacetamde 5 To

the DVAC solution of 6 (55 g, 114.49 nunol assay, 475

m. vol une) was added LiCl (143g, 343.5 mmol) foll owed
Step 5: Ny 64R20diflaotorgeniB ) 3-dxoinB 3, 2-titfleorvetfpl)t 205 4 \letetralpaito-diti-azepin-3-
yllacetahfige 115 C for 12- 14 hours (after 1 hour at 112 C a

white precipitate forns). After cooling to RT, 5g of

Dar co.was added and the solution filtered through

Sol ka?Rooo The filter cake s washed with 285
| PAC. o‘ﬁg‘énic | ayer ‘ \sAg“i’t_in hal f and capl ey

to 5- . h halid, myas eatd Wit hTA48. 5 10 20
keepi jg the tenp 15J20 C. TRE.agtieds wa

back “exir agf eqp t 657ruft | RACcand the organi

| a I S8 wi t o220 MNARGOH, 2 X220 b

Na olution brine a P20 rnL of water. The ent
was Bwi fched to toluend (450 trilL vol une, 45g &

). The toluene solutiof (45 g, 110 nmol of
To the iR balxtibmabEd (§5 gdlick4? masi tssayf €15 mitvvlume) was added LiCl (14.5g,

343.5 mfnicﬁ k&l%%@%g‘ﬁz‘b o1 86344 £ db 1T Ble solbtidn $lldia¥ed AN 32115 °C for 12-

ow.oi Il Separated. fromthe {olue sol ytran e
14 hour{ (afier § SR & AR, & POEE PRI 1oV TS: Teh Ge hag) & T g Darco was
added anddbe sofution goteredTtheouphl Stlka#loa S hedditerd-ake W wasiied with 285 mL
eAC. RABERPLSE V8 il LGl Past10t st b ot v 10
L. i Ry eing b (SRS Cho 2R i SPRONE Jios HAFE PhedA S 165 mL
IPAC andithgergamit Byenwaswashied vtht 220 mds1 N MNaQib R ¥320mhiG 50k Nagl sotution
brine an82bD 6L of Watce ! Bl Bnt R8s SRltehedas tRSRIASWMAINVAIBR e, 45g assay ).

reiL I PAC. The 20 aqueous phase was cut at this
point. The organic | ayer was washed with IN HO (225

The tolyeng solptien (A5 g, 19 semelrfierprbpxgated presct) avrs tgtedayigptrifivoroacetic
acid (14338961, 1Th e?lﬁol_ atid Hpelds ofl iskpited Hidht thegblusad kaldiqt The reaction is
t u . _
st 880 RErAa S RIS ST o] RS R ppp o e o
then concepsptat tof L'kghbaned Suotatipg maierialaad falwtad Wil IPAE (338 mL). The
organic $dyef was Gaahedl with 1N BaOH (22Saini priTlEs desaitad iingn wintlsidh, € the batch
was chafgel Qﬁﬂmf%i I‘%”%Qﬁ%}ﬁﬂe:reﬁ Lhadtht QGRS ol RBasRES UHE! 1 RSmANPAC. The
of.f- 2bwhite soll .ﬁ%ep 6!, ) 5 L) 225
aqueonsphage faf Sutgsl b RSP hTGPEFRlS: 1o v1as gk it Y BG 4225 m),
mL 1 %dndueels Bial) Selubom,amidigobideo axidpd. ritheSsadutioarivemfiltered through Solka-
Floc, 2nd th@bd1RN%Y Lompehiraibd f5 AEABYbRLRA 2RVt XY RO ARYNARL Bushed with IPAC
until Klg<dl|0_0F aIAu ?c}/tlal E}fa Ett\rroqttugess %lf )eptane was added and the slurry cooled to O °C.
Filtration and washing with 0 °C 7:1 heptane:IPAC (150 mL) afforded the product as an off-

white solid.

Step 6. (35)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2, 2-trifluoroethyl)-2,3,4, 7-tetrahydro-1 H-azepin-
3-ammonium 3-carboxy-2,3-bis[(4-methylbenzoyl)oxy] propanoate (di-toluoy! tartrate salt)
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PCM S2007/ 008701 To a 288 nL di oxane sol ution of

the Step 5 conpound (36 g, 99.4 rmol) was added 6

equiv of 5 3N HCL. The solution was heated at 85 C
wohoo7/1ddsotour s. After cooling, the sol ution wesTtdiskateds7ol

with 230 nL MIBE added and the pH adjusted to8-10

with 10N NaOH foll owed by 1N NaCH After the phase

cut, the aqueous was extracted with 230 niL MIBE and

t he conbi ned organic | ayer washed with 390 nL 15%

NaCl and assayed for product (25.4 g, 79 3 xnnol, 80

% acsay yield). The solution was concentrated to -10

L./ kg of amine and then solvent switched to WA 10

(-762 nL total volune). The KF of the solution was

adj usted to 4000 ppm and then

2- hydr oxy5-ni t robenzal dehyde (7.9 nmmol) was added

f wed by (-)-0,0"-di-toluoyl-L-tartaric acid @

5846 mml) and the résuliH,ng slurry was aged af 65,,[.;3
PN r 136" AoErs. ';tbe'\e;.] u
? d -w&s-hed——w—t—h PA. 15

©3. di Thor ophenyT) - 2- ox‘?Pl (2,2,2-triflu
4 7-tetrahyd iFl - azepi n3-awmoni um ¢
e conpound of step '8 0 g, 14.1 di -t

taftrate salt was slurridd in i-Pr 93 20 nL). T&

this mxture was added IN 1Cl (P8Y57 xxxL, 1.10

equi v) and the m xture becane honbgeneous. After

sparging with nitrogen, 5% Pd/BaSO4 (1.20 g, 4 nmol %

was added and WD 2007/ 120590PCT/ US2007/ 008701
To a 288 mL dioxane solutiocn of the Step 5 compound (36 g, 99.4 mmol} was added 6 equiv of

5 3N HCL. The solution was heated at 85 °C for 12 hours. Afier cooling, the solution was diluted
with 230 mL MTBE added and the pH adjusted to8-10 with 10N NaOH foliowed by 1N 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
yicld). The solution was concentrated to ~10 L/kg of amine and then solvent switched to IPA

10 (~762 mL total volume). The KF of the solution was adjusted to 4000 ppm and then 2-hydroxy-
S-nmitrobenzaldehyde (7.9 mmol) was added followed by (-)-0,0’-di-toluoyl-L-tartaric acid
(158.6 mmol) and the resulting slurry was aged at 65 °C for 130 howrs. The slurry was then
filtered and the solid washed with IPA.

070 o
'O'OH

y m@l%oyt D@ Radk bddt € g

bt Sy)

oet

15 Step 7: (3S)—6—(2,3-dzﬂuorophenyl)—2-oxo—!—(2,2,2-:nﬂuoroe:hyl)—2,3,»4, 7-tetrahydro-1H-azepin-

3-ammonium chioride

: 1. #PrOH, HCY,
Pd/BaSC
0 NH-: @ 4
o~ 070 o
FoC” N A% 2. NaOH
_?b S OH 3 EtN, MeOH

= 4, HCH
. CHO
Cf ”

ON

The compound of step 6 (10 g, 14.15 mmol) di-toluoyl tartrate salt was siurried in i-PrOH (93
20  mL). To this mixture was added 1IN HCl (15.57 mL, 1.10 equiv) and the mixture became
homogeneous. After sparging with nitrogen, 5% Pd/BaSO4 (1.20 g, 4 mol%) was added and
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hydr ogenated at 80 psi of hydrogen for 20h, or until

all consuned by HPLC. The solution was filtered

t hrough Sol ka Floc with MeOH (50 trilL) to renove

wocabalysh. The filtrate was concentrated to 2crakge@mackrel

then diluted with MIBE (100 nL) and then I N NaOH (80

m.). After the phase cut, the aqueous was back

extracted with 70 rnL of MIBE. The organic solution 5

was washed with brine (70 nL) (IPPLC assay for yield

of cis fornm) and solvent switched to MeOH until <5%

MIBE and KF -1500ppmwth a total volunme of 45 nL and

then treated with Et3N (3.95 L, 2 equiv. relative to

cis forn and 2-hydroxy-5-nitrobenzal dehyde (237 ny,

-10 nmot% relative to cis forn). The sol ution was
hydrog&iatad st B apsi rod diyittogep dera2@iy, er uatil A0 cvounsdwlyl BALC. The solution was

ﬁ!tered[ﬁﬁ{ﬁll Cogorkau%q)ocl wigh 'ﬂe@fl BENRISIS f’éﬁrxcmé Qgtafygﬁ The fiitrate was

conceniggtet ¢ 208 s pyd iheh G Figh V‘@fgg) ;f Grdlgien 1 NAOHE (80 D).
After ﬂtet;ﬂxapﬂ]aﬁeﬂxempemisevaqueb ustramsl With KOank 04 M BEEvThehorganic solution

was waehé%eﬁm'\ﬂ:ﬁ'é gﬂ}%L Qi e sksey 3Nkl BPER fbhﬁp AP SNt switched to
conc o VOI U

MeOH it &5 %M T Hing 35;359 Pt (AL e BE ok gnd then treated with

Et;N (39 tiier2 equiv. trhlrvachEisv@smhdu@@ ~hydrody-volttpbenzgddeh3de (237 mg, 10

mol% rléianvér Qo ﬁa SThO 6MuAeH Skhs Loiredl at r66m BpdrafkE for 20 hours which

PP erh tin olution to 1% eedo
reslts 230 P o8 satEVREPRAGR Y4t PoRERmS, @’%S‘#’ G s diloted with
MTBE £} mip pnd thepN N-2O-h(80RALY 5d®dnﬁﬂe2ﬂ@ Riiges ¢ut, the aqueons was back

extractddhk 79 enlt 0f Mmﬁ OFHY cdhiaNod orphhiss Wafe ﬂ'lﬁeﬁraﬁgﬁdmih 70 mL of brine,

tn?.ﬁ}a o mn%ﬂ(c:l @p%re Eﬁle 0(1:'OO| ed%{lt?or{ Qf%rr%r;nt%ﬁ ac{ Gl an%rthen MTBE
was added| yngil efelwmwmé eteL Wa ﬁnss%s frerdiedip ml szf &@CﬁﬂKF ~1500ppm).

~ After hddtigGkaionas 00T [kiseeh 3Dheltiviecopoand wis alidéd isllowed by a 2 hour

B

hour at p@ o I@p?’éfl then cooled to mom temperature over 3 hours. er aging ovemnight at RT,
the slurds ﬁwﬁ&cx&:é 2pd peshdd witd B 1I2MITBH MaOID (A kH 5 mhida The 4aleddas then dried

20 undd:! ‘%lfﬂ Sh€Rot t fuse to ¢ d Cl salt + MTBE
Oh unger S'ﬁ']oroo %ﬁn- Y Ram gleptlhfnelrﬂled?or?épofncaarsbagxy ate

S°1V3te¥b8%/"f“f_ldl($7? §=?1%/éb?3128 fI ask equi pped with a

nmechani cal agitator and tenperature probe was charged
ExampR-@&M no- 2-chl oropyridine (37.9 g, 0.294 not, 100

mol % and et hyl 4-oxo-1- 30 piperidi necarboxyl ate
-Oxo-I—%pﬁ)mdlﬁyﬂ%-ﬂlﬂy,dré—]ﬂﬂ—imidkﬁm[lehg/ | PAC (500

The m xture becane hom)geneous after 5 mn

s 1 B T S oA PSS 5
H
D i (OAC)s SN
(NIQ ¥ mcoza NaB:;iA Qm\oqcoza

IPAC, it

To a 1 L three-neck RB-flask equipped with a mechanical agitator and temperature probe was
charged 3-amino-2-chloropyridine (37.9 g, 0.294 mol, 100 mol%) and ethyl 4-oxo-1-
piperidinecarboxylate (55.5 g, 0.324 mol, 110 mol%) followed by IPAC (500 mL). The mixture
became homogeneous after 5 min agitation (16 °C). Trifluoroacetic acid (44 mL, 0.590 mol, 200
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aqueoug NAOKT s

nmol %9 was charged to the m xture over 30 s, causing

an increase in tenperature to 25 -C (no cooling used).

Sodi um tri acet oxyborohydride (75.0 g, 0.354 nol, 120

womb?74839owas added as a solid over 5 mn and prifuszbdr@ns7ol

increase in tenperature to 56 C was observed. After

10 mn agitation, the m xture was clear and

honobgeneous. LC anal ysis indicated consunption (<0.5

5 A% of 3-am no-2-chloropyridine and-formation of

the allcylated product. A solution of 10 wt % aqueous

NaOH was added to the m xture at 50C over 10 m n.

When the pH of the mixture was 8-9, the phases were

all owed to separate. The organi c phase washed with

brine (200 nL). The separated aqueous phase was 580
mol%) Rtal charged Al ths aniptuee vees 30is| cdusthgian iidGasatih tdviattrhtareto26 °C (no
wolmgelﬂ%s)y §b§1%a€é&%o@o§%ﬂe Q'?S’s@/ 06 39& Ry CltZOV}ﬁél%) was added as a

brine wa ssa e a
solid o\es B A ATOEPTUPHICE P SRR Bt B NS5 Yeg: (iteR10 min
agitatioh W€ nwatire eagl ukeaedacbltomugmscpheﬂ?@nplryss sachenterhclmsumption (< 0.5
A%) of@M—cﬂBhﬁ PRIk b Rkt onrithe :maﬂat\éﬂb%dtﬁﬁ) K dllation of 10 wt%

PRSP g TRt "G Puer i QYR e Pcot s uixture was

8-9, thﬂ-ﬂﬁseszeﬁe mlhw)ved\assmm Thlorgangophase wnslwdsmi;ts@dne 200 mL). The
separatél &?ﬁb{lé’pl{z@é wab 886 HISLqUE P saiPR whs difuned msmoe 8B Wee(B# and LC

analysig gt G Dl B PR ot R TH B oS Kp L o e and

containgd) geglille Sraguct (Aaqepgqamggjg)mg E{lﬂhﬁ’AC was conducted at atmospheric
pressurd ubdet-c6httQRYrhe bcﬁhc@tmﬁ@rﬁnﬁ!)m&lvﬁméﬂ ddntent a0 EKF

tltratlonT solu\"j 1t1 erag %? aeCE'atl\cfa ercg ?Qoflﬁ(tpe l?@%‘% By '%Eﬁ&zﬁ%ﬁrn I-f"zO 230

or an enpera ure prooe

- mL) W@waﬂgbmwm‘zaserﬂeé E5pSHhY 197 Hhe suhspauentystep LC analysis gave 84 g,

101% Al X ehrel deBirfBreddeespalkorapdairedicd thd KEdithyioh [BAGE wiiee content as <
500ppxg' xture becane honobgeneous after 5 min agitation (16
). Trifluoroacetic acid was charged to the mixture
over 30 s, causing an increase in tenperature to 26C
Step 1(4Irenaop|A:hg MR EhlAbietidid B-yamiaghpipaaidirepl -eturbafoy MeBHA
(0.95 g, 0.025 nol) was added The tenperature was
observed t o I ncrease to 28 eriod and

er
To 2 2 L fhree-negkMogordyp Wfqhaﬂlcg%aﬁlﬁf% apfl frguperature
probe whkichanged hanhmé—ZNa‘Eb%pmiﬁnt iaxch eﬂwh4-neqz}é giipefidinddadwixylpte followed
by IPAC2EH: HBRLRbekEmE 'h§§18Fé&§‘eoQ§ Lpdss Adtidi@rnbh @16’“12(} TridBbioacetic acid

et s. had .been

ed
was chfeciogihe e 508, Gulind 1RGERe "@%}1 SO 828 C o cooting
used). Afier 13-min a8s, 2capietmfNfABILAORS. 2. A.02§|moel) vrs eddet The ygmperature was

observe@Qy %&SM Y@ Dvasl 90l nlif pbhiet iddhe E@)l&td@&iﬂﬁ domiphsiely within

this hmi‘gﬂl %}H%V‘%ﬁ%@‘ av'dvehrlté V\gen ! hgatgcrl aﬂowgnrga ac) X%.;ﬁ Ftovéﬁssolve before
adding themertuot! atpiel odsizhheanletahad hem @dﬂtﬂrpvcréﬂd Atthigdigagy LC analysis
indicatdd<D SRAtRHvérkion of @Y Ramerb--chlogopyfidined 20 RiutfnastUdtwi% aqueous

NaOH J;Qse acﬁire? e ]thc rﬁlqc%g Y‘ﬁ&%d %L Qo?l'i%ggg é{?ﬁﬂn‘xﬁ Shen thg pH of the

ed O Rﬁ% was as arat e
mimrewme? i she ewsrerﬁl}?%?ﬁdo Bepagatealpy ﬁ%ﬂ#&@@é&uwg’hﬁe was 450

mL anddaD hﬁ:lai} @ﬁi‘hfﬂ@ﬂ thid ﬁarmme;ﬂm.ﬁ g, FHe0% rogpfudncip Ths erguaic 16 washed

with bri&% #8 eﬁgﬂﬂi Eﬁﬂ ﬁnb £1%9:a§e7d Bire wgsi;’@as 275 mL

and LC g'nfsc@p'tqqugatgqlﬁl]ﬂ}%coqtﬁg g? e wWas %90 ml and I.C
assay wglimcethisapathinedB 715 b1 tﬁéﬁ‘pﬁl’dtlctl\e)y aloylaia® product and 2.1 g, 5% of

starting 2884¢. 1RO VARG bigarie pha808 49doncentrated (45 °C bath temperature) to
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approxi mately one-third original volunme. Fresh | PAC
was added and this process was repeated until the
wat er content was 110 pg/nL by ICF titration. The
woedubkem was concentrated to a vol une of 17@cmtus2ésieos7ot
THF (230 naL) was added. This solution was used
directly for the subsequent step. 5 Step 2: Ethyl
4-f fam nocar bonyl ) (2- chl or opyri di n- 3- Aam nel peri di ne-
1- car boxyl ate To a 1 T., three-neck RB-flask
equi pped with a nechani cal agitator and tenperature
probe was 10 charged with THF (250 nalL, I CF 35 ppm
H20) then chl orosul fonyl isocyanate (CSI) (30.7 ni.,
0353 nol, 120 nol %9 was added at room tenperature
(negligible exotherm). The m xture was. cooled to -10C
approximsichgonecdirtbeigihal Folamso Fresh ShAGTwasmdded prdothiimadessh yips repeated
until the Watet &ﬁ(t% g?a_s 470 Qg/éﬁr-. fagtm&ah_ tiok) tQ‘_hSBJ»l%iort grgi EBhcentrRéCto a
-1 [ ut i Qn. was I
volume ¢ byt T 30 i e afrd i i bRty BREHy for he
subsequéhtatapel . An exot herm was observed during this 15
Step 2: B *—'[FkﬂniﬁWborlyg@cﬁlgrgyﬁmgvaEWJﬁ%ﬁﬂi&fl-l:&}@oxylate
am ne solution addition LC analysis 1ndicated

consunption of the amne (< 1.0 A% - np was
prepared py dilution in O.1%>H3PO4/NBC§iﬁ7gE§O) and

rapi d eict on the LG idstrument 4ndi one
maj ol c npgﬁggﬁ. Al te%—%@équr—vﬂ&e | (30 ayL)
adde£;:§;Qw “EVEEta 10 Fi'&peri od. W Sexo 2t
exot herm was observed during the water addition (nax.

-tenmp. 17 Q). The m xture was all owed to rmto rt 20
To s 1 Lefpesnysh RbTasusquPPAcviSL P FecBRe A A8 AT AR PRRE RS Brobe was
charged With THE (DS ¢/mil s KiFe3S pronl0 ehepchorssubinyhisesyasatic 4€8)) (30.7 mL,
09 w10k e led o g Lo TRt v
g . . 0 .
cooled thaid G HEPE 5AMEOB. 108 P REOR BE AP E R R GLAIYe phaeR | 532 &
0.294 moh 408 dnolf4) fn THFRdPAZDE-11 HLG00 ile Kipefithigsolntion was 500 ppm) was
added og&rﬁgﬂﬁ% %Iod\"—\@a th{f:}pﬂ?g MI”A%@XF@;’&H s Gf)s%'b&i during this
...__proauct. arateaq aqueous vol u S WAS - -
sdditonl Epn, ) SRR ERIN0] e BT 2O s
indicate@ Soniumption of tie: dn@ing (&1 yIsA %o)i—rreimple was arepged by thintepm 0.1%
HdePﬂEgﬁL@b?Wﬁn@faﬁﬁﬁ:ﬁ]ecﬁgﬁ 8n tid Ié@ iNSInRR6 RiieAtadon2iaier component.
an cO e ne 1.9l e [ <] [ C
ner 1, SRS A5l L ogBiNEL s 1898081 B0 Gsoterm wos
observed duanathe wattn additomr{(iaxi torp- dACC)- Theanixgire vas gHewed to wam to rt
and agedBst 192D Thi p RECE was tappiloix@fiatelli e The RRdysist wibd datqelete (< 0.5

A% integ,p,g%itagg “géggn{:icyrrnga@gg @g s,gﬁﬁargaggogl dafsqmsn%oyé& %Eé 2h6Bs. The mixture

\ uct urea .
was treaged| Wik 1 €% agy NeOE paftlipkh3-mnd ther@arpied renie ghgictpspvashed 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 crysfallized and the slurry was concentrated to ~ 5 volumes then
allowed reach rt before the product urea was collected by filtration. The cake was rinsed with 2
bed volumes IPAC. After drying for 12 h at 50-60 °C under vacuum, the product urea was
obtained as a white solid (81.41 g, 85% isolated yield, 96 wi%s).
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30 bed volunmes | PAC. After drying for 12 h at 50-60 C

under vacuum the product urea was obtained as a

white solid (81.41 g, 85%isolated yield, 96 w%.

wo\Mhd 7200580 120590PCT/ US2007/ 008701 Step 3: Et hylcT/US2007/008701

4- (2-cao-2, 3-di hydro-111-i m dazo[ 4, 5- Npyri di n-1-311) p

i peridine-I|-carboxyl ate CO2Et To a 500 nil

three-neck Mrton-type flask equipped with a

mechani cal agitator, reflux 5 condenser and

tenperature probe was charged NaHCO3 (2521 g, 0.300

nmol, 300 nol %, urea of Step 2, above (32.69 g, 0.100

mol, 100 nmol %9, and i-PrOH (I CF 1415 ppm 320 nl).

The het erogeneous mixture was agitated and purged

with N2 using an Mfritted gas dispersion tube. After
Step 3: Ethyl 44(hexdd(3biby2rot DH 2R age{405-0yridet-{-ylpipsridinealhdarboxylate

bi s- (di phenyl phosphi no) but ane (dppb) 0. 854 g, 0.002

mol, 2 nol % were added as solids and the N2 popge

contlnueq)fo a 10 further 30 m n. The pink ture
was. t hen h ated to 83C (rePd@AFRfor 24 h. Af{er/this

tlrreif is of the yehﬂmbwmxturelndl ed >

99.5 5 A r pro fo start terial _

At nosphf icl p ssmfge di st ?rozgn of t%@l was
initiated and contlnued unt OrrLi-PNCHH

‘ distillat'ehdbeenc ect.ed. C gOnL Qtn

To 2 SOQ e res gk Mo on s TR ERaR VA S Renan il seux

condensgpamt @impechtae pdaie. way dharged NaHGOa (iS5t 2t E,&rﬁﬂq mel, éﬂ‘&s@é%) urea of

Step 2, X&Jv@ (8. ww 1@@::11-,5 1900A6184)2andlIB-OH gARI181 PBRGE3IBAL). The

a3 RS, 5 S5 s dpion e

After 1 hﬁbe i d(%@d ﬁziﬁm 891 gol.Neopl”ahand) bas- gjqa]zw;gaosphmo)butanc
(dppb) 0.854 £.30.662 Mo 2 1He1%) e @ AT Bkalills MASthp N PeAge cobliftued for 2

further $}f S5 Thel b ‘}?ux"‘ﬁ; %Egrf %«ﬂ B %e%éfg?g 53524 RlA fer this time, LC
analyszsatfrth%nﬂgw @ﬁ\d@s@é&c@e@ TS c A% TEI o BIREOE S FrEingFaaterial.
Atmosp!iéklid breksh;@e WetiRitichuT RO -PHOH was 1biflaiep ahdreastitiued ubsil 200 mL i-PrOH

distiliate hac{ é‘ %gllec;w(? Iﬁfk&dﬁﬁb 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
agueous volume was 75 mL - 100 pL. sample was diluted in 100 mL of MeOH and LC analysis
indicated 0.03 g, 0.1% of product was present. The organic phase was washed with brine (3 x 75
mL). Azeotropic drying with IPAC was conducted at atmospheric pressure under constant
vohmme 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 Wi%).
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20 crystallized to produce a slurry at 90C. The
slurry was concentrated to - 5 volunes and allowed to
cool tort before it was filtered and the cake was
wowasieesomi th 2 bed vol unmes | PAC. The solid wasTtdrstedoos7ot

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%. WO
2007/ 120590PCT/ US2007/ 008701 Step 4:
1-pi peridin-4-y1-1, 3-di hydro-211-i m dazo[ 4, 5-Wyridin
-2-one di hydrochloride To a 100 niL three-neck
RB-fl ask equi pped with a mechanical ragitator, reflux
condenser and 5 tenperature probe was charged the
cyclic urea made in Step 3, above (4.80 g, 16.48

Step 4: { yiperidin I%Irﬁad%fdzfceﬂﬂﬂmm&%‘ Eblpyridint 2iame dilviiooahbaride
resultant slurry was -added aqueous NaOH (13 niL of 50
wt % sol ution di tgbed with 12 nL water, 246,0 rrunol,
1500 nol %9 ang-tNphe m xture was heated to-82 C
(refhuc) for w LC anal ysi s indi cate l#&rptl on

0

(< 0.5 A% of e cyclic urea and formatijor

am ne pr N3 - sanmRkeHVE®, Braspar Ndi | ut¥lon in
0. 1% 10 [ NEON T GTHcEPE-oarer (&5 >&Rd i - BuCH
(25 i) vveNe ﬁdded m xture w&s agitated for

10 mn then the phases were allowed to geparate. The

separ at ed aqueous vol unme was 41 nL - 100 /IL sanple
To a 1Q0amiqthren-erki RBtask|aapipped Wity 8 veehanigglAgiging. 1e8ux condenser and

temperahite|prsieswidchizegddatie @y @;ea&%cbfm [Stepdiicibova ¢4.R0 gsBEh48 mmol, 100

mol%) Hﬁﬁﬁ%&aﬁb%ﬁ RHES %xg e ud Wik a0 ues&s hs NaOH (13 mL of

of above dllue

50 wﬁftaﬁ%lpygn dilpied; wish dd mblg'a&f %%@Mma SR mele gl e mixture was
heated tpr&ﬁﬁm(reﬂﬁz}aﬁirn@tph cL rapalysis indibated Eoﬂ&nm&ncismiﬁ @t%)of the cyclic

urez an?gﬁ or | | ﬁf{ﬁiu@?%gr ﬁﬁgﬂ Y8 by dilution in 0.1%
HsPO%gghé?@@oay%wt (25 ELY P RO %ﬁ%%greﬂgﬁﬁ”m theymixture was
agitated f001@ niin dred thdiphasesipereatilovedab sepeeaie: The sspalatefGQuedi® volume was
41 mL 1 fod aF's ?ggfg%& Mlutg@mliie ﬁlioamg, Whﬁu&ﬁ%m@/ﬁnﬂ% indicated 0.26
& 5% oF Gt Vet PRepent, Rb° STTATHON ARECapt VPP oo {1 0% BL sample was
diluted \Wwad0pimEexf atiovh tﬁlugetjamblnmalwprlmat%é it 86%o0pf product was

present.zﬁzé%% 2 d:9thg! ‘thﬂ zmﬂy%@%m@é—ﬂoﬂ%&ﬂﬁﬁe tprésure under constant
en s | e I'

votume fobiPED wi B aralec o0t Wisd sDispaf il B et pigason. The volume

was adjsged & !@9 84 @d@ﬁmwwwaﬂ@v@%m@ %R &d- K& imyi-PrOH (5-6 N, 20

mL, 0.100 bkbll §00 meBhbplwat addd) EARGigSA igmediatadiije prEzipigit.eAfer cooling to

rt, the s%éar waslﬁ tﬁreglagcelrtlhe cake Svaingseél Wﬂa efl_tolume alZ_PTOLE{ 5t whlte solid
was drigg iz @jvissmumpOven @ 1%&5@%0329@%@0% for @@ h- ‘The utle pyridine
heterocydlé Pis-HC1 salt was obtained as a white solid (5.54 g @ 78 wt% gwmg 89% isolated

yield, wﬁé%@&%ﬁuﬂ@f%%ﬁéi&nﬁ'&f‘ﬁéﬁﬁ.m' pi peri di ne-1-car boxyl a

Exampie 9
2-Oxo-1-{4-piperidinyl)-2,3-dihydro-1 -imidazo[4,5-b]pyridine
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NaBH(0Ac) 3 (STAB) TFA IPAc, ft N CINCO2Et ' Am ne
Product | PAc (369 kg) was charged to 300 gall on
vessel and KF was determ ned to be 180 ug/nlL). Next,
woB07l12kgoof 3- ami no- 2- chl oropyri di ne (AC?) wasTalisasgecs7o
to the vessel, followed a 5 kg 5 | PAc sprayball flush
and a 20 kg EPAc sprayball flush. 57.2 kg of
1- car bet hoxy- 4- pi peri done was then punped to the
vessel followed by a 10 kg I PAc line flush. The
m xture was aged 15 minutes to ensure ACP was in
solution. Then, 68.6 kg trifluoroacetic acid was
charged to the vessel followed by a 10 kg I PAc |ine
flush. 79.7 kg STAB vvas t hen charged to the vessel

over -2.5 his, nmaint [ thete ture bet ween
Step I Bvb4d(2-chigreerygaiméyile é’f"i?ﬁpsrﬁd’&? €10 from

géAB reaction with residual water in the s9l vent, the-

> ssel “ne nted t AR, (Psgher e ' y t h

Qt he addi 1 0 |@5 ST edtBaBh d sﬁs @Coﬁ

Guenched Wrih NaOH.) Aft[gFA Il of the STANFwa
3-aminehar ged 4t¢P c?j'i'exstressel e Iztg | PAc PSL ssyineapiaiutt
chioropptidins, A2 PERN Ged to the vessel, followed by a 20 kg

IPAc (36%@) MS.«S@:&& 2L A00 aluoﬁ bbissbL anfiner wa&éﬁnm t@gaeﬂao‘ WYmL).
m nut es at 20-25C.. 15 After confirmn

Next, 3? ééf&t"if drmiae-Zc g pIoRyEding KA B Map chiggehly; %t’%‘i&ele fllgwed 2 Skg

IPAc Spﬁfi}%.ﬂ HustPhdPY 26 GiTP AL BpibaiV bt NrGHc f i-@aﬂb@%ﬁ}hftﬂpendone
around Hcart, The 1nitial Hof t st em was
was thep pympegd Pé?le yeeret fOHH“’Gfl byl Ogkg Ad’flmfﬁbls% %*(Héeﬁut‘h‘ée bofai aged 15

mmuteSQE ehiiﬁe ReircRavaSsobition. Thén, BBI60: tHeBRaSLHY RidWad Hrged to the

ad] ust ment was mai nt ai ned bet ween 20-25C. The

vessel f%‘%qsirle« Q kg P delies fpsh. 7% kg § 148 wes then chiergrd fathe ypssel over

~2.5 brsl fhaintiiflink AWk $iRtttare REPEMAIE POVEDUE RS el g’th@:%ﬂoﬁ ef hydrogen
55-60C, agitated for 25 minutes, and settled fo

from STHAB repREOT Wik Ser Ay Featerin e sobvepl the vessel s veated%ﬂlg atmosphere
beginnimPWitd Bid LHAIUSSSEITAB until the excess STAB was quenched with NaOH.) After

all of the STAR was charged to the vessel, 2 5 kg IPAc PSL sprayball flush was charged to the
vessel, followed by a 20 kg IP Ac vessel sprayball flush. The mixture was aged for 30 minutes at
20-25°C.

After confirming the reaction was complete, the batch was adjusted to a neutral pH by addition
of 17wt% NaOH while recycling around a pH cart. The initial pH of the system was 2.1. After
addition of 354.9 kg of 17wt% NaOH the pH of the baich was 9.7. The batch temperature
during the pH adjustment was maintained between 20-25°C. The mixture was adjusted to a pH
of 11 via addition of 16.7 kg 1’I.lw1;% NaOH. Temperature was then raised to 55-60°C, agitated
for 25 minutes, and settled for 1 hr. The agueous waste layer (464.7 kg) was cut to a 500 gallon
vessel. |

To the mixture was then added 224 kg 15wt% NaCl followed by a 10 kg DI water line flush.
The mixture was maintained at 55-60°C during a 15 minute age and 45 minute setile. The waste,
aqueous layer (248.3 kg) was cut to a2 500 gallon vessel. The amine product in IPAc is stable
after the cuts and was aged ovemight prior to drumming. The drummed *amine product in wet
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To the m xture was then added 224 kg 15wt % NaCl
followed by a 10 kg DI water line flush. The m xture
was mai ntained at 55-60C during a 15 nminute age and
womomizeivwe settle. The waste, 25 agueous | ay@CTB2&:7808701
kg) was cut to a 500 gallon vessel. The am ne product
in IPAc is stable after the cuts and was aged
overnight prior to drumm ng. The cinunned 'amni ne
product in wet WD 2007/ 120590PCT/ US2007/008701 1PAc’
sol ution wei ghed 530.1 kg. The concentration of the
batch after the cuts was neasured as 16w %
correlating to 84.8 assay kg and a -100% yield
(target yield.95-100% see nol balance). 343 kg of

, @A ne 0 i,n | PAc' 0 0
rac soffoteGhelaro 1 i LRkl Y et et B AP yapmeasurcd a
16wt%, doerehilihg fo 808 Sdsay g ands: L1008, giehi{entetatield o5a OO%I, @ed mol balance).
(-2.5 volunmes vs. am ne product), and the renai nder
of the 'am ne product in wet |PAce (187 kg) was fed

343 kg bD'aknlif pHOGELIn Wet Imidmab Bhag DR 200 galloh t@ssel followed by a 50°kg
distillation, After%l‘i ntlre of .the f
IPAc lnﬂﬁ iRl tihe rl?aicp AR S TR ep gcongegirpted 1Q, 5 e%g(gﬂ (~%-f golumes vs. amine

product?’ )@ hoRfmadRPbl ﬂié"ﬁﬁinlebr&ﬁicﬁﬁ Wd:thABT(Q BRARE) WeYRH to the vessel to
eed and bl eed dIStl lation wth dr% PAC.. Cbnd|t|ﬁ§zsqmd

maintaig g,copgiant yelume distiflafqn, A fige e SREER Y BHtRTAIRNG REAYA 1
been feleJ thé vedel, A ath ¢iDadeofropicify dileddh UoBGIntOEvel RAD and Hieed

fed to the vessel during the d and bl eed, Aft
distllatigplh Sy 104G GPPGIHAPR EVGRE (e s Wers FOL 700 mimbl vacuum and
47-54°¢ . ABEAL10 TS~ AoV Al RkleHlof 4PA S Was fkBRB thgvakeldiuying the feed and
nonogl yme (2.5 vol unes vs, roduct) was char

blecd. A reipasiERm SIhT GO ey RS (g posre rgimgined 4 40-50°C,

183k Mﬂi FESo M (208 veIuaieY ¢, Jaminé Brddat Brak Bhaped %W&s%l:lyto bring the
8 Igo V: é | PAc: DVE was t hen cgoledgto 20- 25C. £

volume B‘ar@f) Tds S yolmes Y5 aming gEane@ng bF hetgh in awwa\&e‘éx 5Q30 viv
IPAc: Dm@a@ﬂﬁn sbbikd €5124-94°0r ThéBitbh wias 84k £ r6dn Zempdr@iire, which was

age‘ianﬂs‘fﬂﬁ‘h%/ﬁ’o}é‘ﬁﬂl%hweﬁ(%s?ﬁl%ropyr| di n- 3-yl ) ani nol pi perid
i ne- 1- car boxyl ate H 0 Ol

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

DHO

CI— NHZ
O romemem "y e oy
cl NCO,Et OCQ LEt cl NCOEL
“Amine 'z’“’d“ct' of Step 1 Reaction Intermediate Urea P4ro=iuct
: 3
C13H45CIN, O, C14H15CIN,O,
283.75 326.78

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

the vessel over 95 minutes. The batch temperature in the vessel during the reaction remained
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N Reaction Internediate 3 20 After purging a 300
gal l on vessel, 220 kg of Monoglyne (DVE) was charged
to the vessel. The solvent was sanpled to check 1CF
woAbtErz09he nono gl ynme was confirnmed as dry, tP@a/US2007/0687¢1
contents of the vessel were cooled to -12 to -14C
After cooling the vessel, 55.5 kg of chl orosul fonyl
i socyanate (CSI) was punped to the vessel, foll owed
by a 10 kg nonoglyne line flush. The CSI/nonogl yne
m xture was then cooled to -16C and the 'am ne
product' slurry was charged to 25 the vessel over 95
m nutes. The batch tenperature in the vessel during
the reaction remained WO 2007/120590PCM S2007/ 008701

' gl oy - 5C. 30 of nonogl yne .was_charaged to the
below 3% o8 kg pLmpes Yaboutt aey Bt xe el FRRF st vl s follow
flush, THeamiXmeE Wae thidSagel 5 naigeds A5-8tbAl°€s at -8 to - 10C.

After the CSI reaction was confirnmed as conplete, 31
kg DI water was charged to the vessel 5 over the

After the @S15€actibn As Ebiiind&] as MathplaeBdrial DY eated 9as tharped tbahe vessel

to 14C and the mixture turned into g slurry. T .
over the GORFY6AS 2MTRInBIRSn O FFHPGTARY® Stre o c‘a%?rj&f’éaeﬁ o e gicure tumed
into a sKIQUITRS niikiugé whe tarpdrineg «d 00 —@88C ahd Ayslr fok $6 kfinutes prior to
.reaction, After. confirmng the reaction was conpl ete,
sm“phqﬂﬂ¥ﬁﬂ@RﬁH%¥WQ§Sﬂﬁ?ﬁ%%ed to a neutral pH by addition
10 of 17w NaOH whil e recycling around a pH cart. The

Ao ok e L P Sl P sesion
of 17wttdRa0H whkld &t p@Me around a pH cart. The initial pH of the system was 0.4. After
addition of 274.1 kg 17wt% NaOH, pH was 9.5. Temperature during the pH adjustment
increased from 22°C to 58°C with the addition of NaOH. The batch temperature during the
extraction was maintained at 55-60°C. Afier pH reached 9.5 the mixture was agitated for 15
minutes and settled for 45 minutes. The agueous waste layer (281.1 kg) was removed. 215 kg
15wt% NaCl was added to the vessel, followed by a 10 kg DI water line flush. The batch was
maintained at 55-60°C during the 15 minute age and 45 miﬁutc settle. The aqueous waste layer
(267.8 kg) was removed and the vessel cooled to 15 — 25°C.

- The mixture was concentrated via distillation to ~422 L (~5 volumes vs. starting material). The

distillation conditions during the concentration were 200 mmHg vacuum and 45-46°C. Afier the
volume reached ~422 L, the mixture was solvent switched to IPAc via constani-level feed and
bleed distillation using 1299 kg IPAc (3.5 bed volumes). Conditions during the feed and bleed
distillation were 167 — 200 mmHg vacuum and 46-51°C. Crystallization was observed
throughout this process. The constant level feed and bleed distillation continued until the full 3.5
bed volumes of IPAc had been distilled. The mixture was then cooled to 20-25°C . The

'supernatant concentration of urea product was 5 g/L (target - 5 g/L) and the batch KF was < 100

ug/mk..

Due to filter volume constraints, the batch was filtered in two drops. The shury and the filter
were both maintained at 20-25°C throughout the filtration. The first drop filtered in ~10
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increased from22C to 58C with the addition of NaCOH
The batch tenperature during the extraction was
mai nt ai ned at 55-60C. After pH reached 9.5 the
wonpxtizo®owas agitated for 15 minutes and set tAdcadusherr/00s701

45 m nutes. The aqueous waste | ayer (281.1 kg) was
renmoved_ 215 kg 15 15wt % NaCl was added to the
vessel, followed by a 10 kg DI water line flush. The
bat ch was mai ntai ned at 55-60C during the 15 mnute
age and 45 mnute settle. The aqueous waste | ayer
(267.8 kg) was renoved and the vessel cooled to 15 -
25C. The mi xture was concentrated via distillation to
-422 L (-5 vol unes vs. starting material). The 20

ng t he concentratlon

dlstlllatl n condltlo r re
mirnitess 85 RHFPRPR ABETRT 2RE00 et AP W e Fm B e 22t cake was

washed Withéa 100 k%l@m KbplaberiE vwish vrenbwsa\by 160 kk 0P AP MY wWash,
constant-1evel feed and bleed distillation using 1299

followe gy préal 160 ke (A 5 {aRESst vashTEE G WA e bIoRe it gitrogen for
40 mmlﬁwpﬁar% anﬂmﬂ% fok Bkl PUrg Fhelke wad B WAL Viedpe ek h additional

C. Crysta Ilzatlon was observed throughout this
90 mlmps?mfecgéo Gishear Goa e keI 8\pe StHBleEs HFr) il can. 36.6 kg of urea

product%e%t.dﬂe htls icBlect QM th %t CF | The Robrd drop was Zierdd8d ~15 minutes;

vol unes of 1PAc h been stilled. The m xture was

the filratipafluowpedl 208 I orhe andithe cakgdieighi 2R 80 €8h cBif Gake W washed
with an@b k‘érlﬁﬁc B§s‘ﬂﬂé9ﬁneﬂ@\§a§1 %Iiﬂv‘eﬁ%@@@@@ s?iﬂ'gy w&:, followed by a

was <1 Due to filter wvol une

final SGMN M@cmhrewm gfbw&e piap thendiowm Withaitgeaspsor 3¢ mmutes
prior m%%:ﬁé%ﬁég ft?sﬂ gaﬁJ‘;ﬁx t#r | F1R caRB WAR 'Bﬁwhp'ﬁvﬂh 'f&e.gl Aditional 35 minutes

rou the filtration. I rst drop
prior to flischargmg thec gnto astainlesygteel Heinkel ca.n 593 kg of urea product wetcake

was colRBd il 8RR GEHH$2007/ 008701 minutes; the filtration
flux was -2600 L7/ (m*hr) and the cake hei ght was 22

cm The cake was washed with a 100 kg | PAc

The ureggﬁﬂu@f‘:@&@ﬁe %&%QME ?)YQ[(&‘ and Qn&gwitﬁ A6t $hdlfufrYand 35°C on

[ owed by a tinal Ac di spl acenent
the jackeifon 58 Tipers @atr@e tomnplingfopsadyant ﬁmtmtnﬁtlpﬁgmfirmg sample indicated <

0. ZM%%Mﬁﬁeé 1~ afsap%hﬁ%,e‘d%e cak&t raHﬁdeLe/of J@@ﬂ&% <0.2wt%

h nitro or an additional

(target 9, ﬁuftt%ssomem)r Att@tabw%%a physepl kaef em@@rwu%was packaged (97.5 wi'%;

81.9 “Sag?‘%ﬁ aﬁéﬁi?@‘ﬁ éggit‘}gg)%%erﬁpt eor%% l%r op. The secoﬁg(t’ 81.9 assay

kguﬁﬁuﬂn®WMas filtered in -15 minutes; the filtration flux
was -1900 U(nR*hr) and the cake height was 30 cm The
cake was washed with an 80 kg | PAc di spl acenent wash,
foll owed by an 80 kg I PAc slurry wash, followed by a
final 80 kg | PAc displacenment wash. The cake was then
-blowmn with nitrogen for 20 mnutes 10 prior to
sanpling for cake purity. The cake was bl own with
nitrogen for an additional 35 mnutes prior to
di scharging the cake into a stainless steel Heinke
can. 59.3 kg of urea product wetcake was collected in
the second drop. The urea product wetcaice was
transferred to tray dryer and dried with full vacuum
and 35C on 15 the jacket for 58 hours prior to
sanpling for solvent content. A loss on drying sanple
i ndi cated < 0.2w % sol vent renmi ning. Tg assay
confirnmed the solvent content of the cake was <
0.2m % (target < 0.5wt % solvent). A total of 84.0
physi cal kg of urea product was packaged (97.5 w %
81.9 assay kg). The yield was- 84. 1% based on
converting 84.5 assay kg of amne to 81.9 assay kg
urea product.
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20 WD 2007/ 120590PCT/ US2007/ 008701 Step 3: Ethyl
4- (2- oxo- 2, 3-di hydro-1H i m dazo[ 4, 5-b] pyridin-1
-yl ) pi peridi ne-1-carboxyl a,te CO2Et Al ter purging
woaodhi2ogal | on vessel, 585 kg of isopropyl al eghats2ve@®os7ol
charged to the vessel. The 5 solvent was then sanpled
for KF. The KF of the isopropyl alcohol was 237 ppm
After the KF neasurenent, 0.67 kg of water was
charged to the vessel followed by 62.8 kg of sodi um
bi car bonate and 83.4 kg of the urea product.
| sopropyl al cohol (5 kg) was then charged to the
vessel spray ball cap, followed by a 15 kg charge of
i sopropyl alcohol to the vessel spray ball. The
vessel was then pressure purged with nitrogen,_ 7x
Step 3: GIDRG-Boroe-Dem il ALY S T R PREr lent-carborylate
purges. After the pressure purges, 2.2 kg of
1, 4- bi s{di phenyl phosphi no butane) an .56 kg of
pal | adium (11) acetate were charged FHhe vessel
W2 5 kg of of iﬁed i sopropyl cohol was charged

o the vessel s ray ball cap and g of degassed
Ejﬁj:|§EEf§pyl alsehéf—masﬁehapged o tHie vessel spray -
N B NUGRET sofats§ssd al cohol ﬂﬁeZ[fq;=@hefoIIOMFflush
Wwas degassed w ¢#ORi trogen purg€S-®n an agitated
bl owcan prior to the charge to thélvessel. Foll owi ng
UreaRraduct3¥fRBy| 15 al cohol fol l owflush, the vessel was
pressure purged with nitrogeft @RI 0- 25 psig and
venting < 1 psig between purges. The heterogeneous Af
reaction mxture was then heated to 83 C and aged for
ter purgihg ©B00 gdltoarvesdvh 586 &gtafasopaepy! alchbolpmascihavged te thylvessel. Th

solvent Ws ﬁ%g'sampled for KF. The KF of the isopropyl alcohol was 237 ppimn. After the KF
measurement, 0.67 kg of water was charged to the vessel followed by 62.8 kg of sodium
bicarbonate and 83.4 kg of the urea product. Isopropyl alcohol (5 kg) was then charged to the
vessel spray ball cap, foliowed by 2 15 kg charge of isopropy! alcohol to the vessel spray ball.
The vessel was then pressure purged with nitrogen 7x using 20-25 psig and venting < 1 psig
between purges. After the pressure purges, 2.2 kg of 1,4-bis(diphenylphosphino butane) and 0.56
kg of palladium (II) acetate were chargecf to the vessel. Next, 5 kg of degassed isopropyl alcohol
was charged to the vessel spray ball cap and 15 kg of degassed isopropyl alcohol was charged to
the vessel spray ball. The isopropyl alcohol used for the follow-flush was degassed with '
nitrogen purges in an agitated blowcan prior to the charge to the vessel. Following the isopropyl
alcohol follow-flush, the vessel was pressure purged with nitrogen 7x using 20-25 psig and

venting < 1 psig between purges. The heterogeneous reaction mixture was then heated to 83 °C

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

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

After the batch volume reached ~300 L, 439 kg isopropy! acetate and 249 kg water were charged
to ST-20A while maintaining the batch temperature between 60-65°C. The mixture was agitated
for 15 min, allowed to settle for 30 min, and the agueous layer (225 kg) was removed.
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The m xture was concentrated via distillation to -300
L (-3.7 volunmes vs. urea product). The 20 tenperature
during the distillation ranged from80-83 C, and the
wopbEsistsve was 760 nmmHg. After the batch vol umeTnsamhed7o1
-300 L, 439 kg isopropyl acetate and 249 kg water
were charged to ST-20A while nmaintaining the batch
tenperature between 60-65C. The m xture was agitated
for 15 min, allowed to settle for 30 mn, and the
aqueous | ayer (225 kg) was renoved. WO
2007/ 120590PCT/ US2007/ 008701 The m xture was
concentrated via distillation to -410 L (-5 vol unes
vs. urea product). The tenperature and pressure
during the distillation were 75-89 C and 760 ninHg,
respectively. Once volune reached -410 L, the m xture

The mbWEe WkQOhEQRaEAl Jiy difiilatbnwot-11 bws%ydm@o@t a@ite@ pPoduct). The

1091. 4 kg, -3 .bed voluy via a_co
temperajirs pnq PEEsTisH Jurthg el e BEFR IS5 P08 ad 060 Hintlg respectively.
Once vcﬁﬁﬂié tachédz o4 d Nras ahionte Wibazdbabpibaint ditsd with isd rop?l acetate

vol unes of |sopropyl acet ate had been fed/

(1091 4&‘& ‘r-"haefi FrluggrsiaAcoRsinie ane distillangn, A be pigyl ?ﬁﬂawt% product

crystalli‘é‘.@cﬁﬂﬁ&%h 86k the drSifiadait Afteraf Heﬁ@oﬁﬂﬁ&%'cﬂ ispfopit h&iate Redibeen
00 ppm (target <600 The batch was then

fed/blectdpimg i eoTsE! valyes qaeﬂﬂagowﬁe BHHEB VP00 1850 frgnd KF of the
sample %baétemﬁaﬂm;eezw;ﬁﬁy Bihr g8BS6 ;S}A)L ThASBN wabtheh haoled to 20 °C,

he 10 batch_ was_ aged for -14 Concentration of

aged fmt hiar. W@W@M%ﬂb%@mn%gr@u&/ was hg/Liftarest &gl The
batch whe 43e816F- ANEL. WRabSHkation 8P Eic SHBP caBEmhitSHrodice wasbGnt.

was -30 cm Both the slurry and the filter were
mai nt ai ned at 20 25C throughout the filtration. The

‘The bat@f%8s ¥iced bSPLAGRABA bndBIPedItHE s&emel t WRORBOBM. Both the slurry

acet at e; 215 kg (wash 1) and 98. aé@mash 2) were
and the fYerwersmainging %%S‘éﬂé&ue%@ut th?éi are ok Grks ah difplacement

washed ’é\bﬂ%&f ibdprbpyiraaae s, ﬁps“ 8%& 02 [8GepA&RAY 29Ivete\Bed for the
t-cake indicating LCA > 896 target LCAP >989@ The

wash seewp The waherke wsdher blowarwishrisroges forri1du, withdC 4550y  of the wet-
cake mdfé"a@lﬂg rﬂ(ﬁ'ﬂ’ 33fgof &&g@ﬁ@@ >9-§%)a e )ty c%aﬂ:aﬂ:r _}M’B&lﬂ:lf Qet-cake was

wt % | 0SS "up A total of

dried uqdhs/@lﬂoapuwg apP5uE fw|85 éﬁf HM%%% %m@w-%&g gp‘és‘c%g@%ﬁ loss up to
138 °C. ( A%081 ¥4 88.7 gﬁyﬁcéﬁ%\f el cmﬁk&ﬁa%'p%cﬂm%@%s §&Y&§@ﬁ@§ 30Wt%; 63.6

converting assay kg urea to . assay %
assay kgdt Ale yidd gvap g&%Ehaéecb?@nge%; aassay kg of urea to 63.0 assay kg ethyl

cmtmnéggkﬂﬁaldln 4-yl -1, 3-di hydro-2Hi m dazo[ 4, 5- bi pyridin
-2-one di hydrochl ori de

Step 4: 1 -prperidin#—yld, 3-dihydro-2H-imidazo{4,5-b] pyridin-2-one dihydrochloride

CO,Et H

Q QN
2HC
N 1. HCI N
(o - (X =e
N ) 2. IPA N/ N
H H
ethyl carbamate ’ pyridine heterocycle bis-HCI
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 over 3 hiet

et hyl carbamat epyri di ne heterocycle bis-HCL WO
2007/ 120590PCT/ US2007/ 008701 After purging a 200
gal l on vessel, 66.7 kg of ethyl carbamate was charged
woldoooughet he manway. The vessel was then pur ged/@nehroos7or
1363 kg of 12.1 N HC1l was charged through the vesse
spray ball. The reaction m xture was then heated to
82C and aged for 24 hr. After the reaction age, 5 the
bat ch was cooled to 50C. LC assay determ ned 0.1 LCAP
et hyl carbamate. |sopropyl alcohol was charged to the
vessel in two segnents while nmaintaining the batch
tenperature between 50-55 C. The first segnent, 65.4
kg of isopropyl alcohol, was charged over 3 hr. The
second segnent, 615 kg of isopropyl alcohol, was al so
charged over 3 hr. After 10 the isopropyl alcoho
After pﬁi&ﬂ{dﬁfﬁom&ﬂﬁmﬁ&ﬁwl 8667 ki BEthall Clfbatgde WEMg&@I’hﬁ&@h the manway.
10 hr. LC i.ndi ﬁﬁfd th er nat.ant
The veSat PR PR 3P LF6 S AP e RIS rs peret Brgugicae vesse spray
ball. THe RAMEdn MRGuR Wi tBér-heafd t8I82C0 Yridr 48ef Gorl Ja6hr. A fter the reaction age,

upernatant c qQncentration, the batch was filtered and
the batgRpeaspoisd G?r i assaydetermined O, LigAPefliy} cabamsiso g
LMH. The cake hei ght was -30 cm Both the slurry and
filter were maintained at_ 20-25C throughout, the
Isopropy] plcphaliveas charsgd g thg vepsehiny %‘Mﬁeg@ﬁaﬁsg’@'&mﬁfmmgﬁ batch

temperstE e &enV$i85 4 Jr@ NTHS Bkt Eé@ﬂ@ﬁ he4. ‘hﬁﬁ 69&3%1”0%?1531&%0@ fwas cha:rged _

|so§ opyl al cohol was used for_ eac

Sreonssempaty 6bF baAL itrpiory] dleehipdyivaspise chapged qver 3 hr. After
the 150;@5@@3&1&&0; dargietwerESnpreell ﬁﬁ&tlﬁ@cﬂ-\w«:oﬁlﬁ%&o@o_ﬁ@a e@i for 10 br. LC

l evel in the 1sol ated wet-cake was m The ca
assay ingicates the AURGTRHAH CORSSRERLIPRHPL g Pa'ﬁda’&dwefqﬂeﬁa'ale EBS-SK‘H jproduct was
Q78gﬂpr|or to drying. The pyridine heterocycle bis-HCl
product wet-cake was dried under full vacuum at 50C
for -14 hr. TG analysis of the dry-cake sanple gave

After c%fa%mg/weg ,?eam% &B@e@%ﬁeh,%%&ﬁ SRl %ﬂtefera%u 24&11@%1@1%3 drop

results gave 1.2 wt % water (target < O.
with an?ﬂeraaeﬂuze aR@%%ﬁ e’8h<f ke highd wias -3 am- ZBCWP theyplurry and filter

were m %5"% l{%}fugﬁ&ﬂ BB Hfnafor OAQII&{]&JCH‘%HUQGK‘?MISP!Q%&DJCH{ wash

resu ts gave Wt % wat er and residual sol venht
scquencermtybirsuisg 16D 2gh the @K 03tk BioaEApy atsopp IOy used for cach wash

The weBCedr& thBSHIBRA oS ﬁﬁlto%@xll for ~1 hr. LC assay of the wet-cake indicated LCAP
> 99%. The Pd level in the isolated wet-cake was 7 ppm. The cake was blown with nitrogen for
an additional 0.5 hr prior to drying. The pyndine heterocycle bis-HCl product wet-cake was
dried under full vacuum at 50°C for ~14 hr. TG analysis of the dry-cake sample gave 0.2 wt%
loss when the sample was heated from 24 °C -160 °C. KF results gave 1.2 wt% water (target <
0.5 wt%). The wet-cake was dried for an additional 4 br in FD-80A. under full vacuum with 50

°C on the jacket. KF results gave 0.04 wt% water and residual solvent analysis by GC gave 0.14
wt% IPA | isopropyl acetate was non detectable.

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

62.5 assay kg). The yield was 98% based on converting 63.9 assay kg of ethyl carbamate to 62.5
assay kg pyridine heterocycle bis-HCI product.
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A total of 64.7 physical kg of pyridine heterocycle
bi s- HC1 product was obtained (96.6 wt% 62.5 assay
kg). The yield was 98% based on converting 63.9 assay
wolkgorobkemb hyl carbamate to 62.5 assay kg pyri GiCrEAIS2007/008701
het erocycl e bis-HC1 product. 30 WO
2007/ 120590PCT/ US2007/ 008701 Wil e the
i nvention has been described and illustrated with
reference to certain particul ar enbodi nents thereof,
those skilled in the art will appreciate that various
adapt ati ons, changes, nodifications, substitutions,
del etions, or additions of procedures and protocols
may be -made wi thout departing fromthe spirit and

Sco f. the inventio r e ffective .
dosng s e PN 1 Pem e L epue S Fgprenee to cortain
particulirQnitbaiaEfh theedVBosPekillel iaphd it sl Eppﬂ'écxﬂeahms;eqtiﬁmiaptanons
of variations in the responsiveness of th
changesp O GIcEReR, SR BRG0P B3R P RCHETR A grotocols may be
-made wiRSR Aepin froh'@eispiviR Bhd SddpeiitesihechtivhOFer e)tdnk{ﬁwl effective

the specific pharnacol ogi cal, respanses obsefrv
dosagenire; thEl BRRGMR BB R e AT SR RSO Rs Py FeRCable as a

consequifidd HSaFaRRRUN e R8pdhReRof einBRinal BERE trdsied for any of the

present pharnmaceutical carriers, as, well _as the 10
mdwathryva@ﬂbﬁwfcem}l%&% ity RRRIL Al APRAYSS ke the specific
pharma&@/iBSioN 86kpoAitd obskiieEmi ¢ hsthckaidini! to@R8 degendirsf Woankeparticular

he results are_contenplated in accordance with
active coMEOWISF SeIeSH ALPRET WISEATe PreshE RIRERARLGR) G RoRE Wl as the

type of fo‘i‘mbﬁmbﬂtaﬁ@ﬂﬁ)@e off B&h&fi AFaion ehdloyel Sarldvien bx 3 ted6 ariations or
defined by the scope of the clainms which foll ow and

differenggsip tha repitles 417 RRtEEPlaHISR Frenrderos sily e gPipotsgnd prachices of the
present InY8RRANL & inte)lAT ﬂlc%at@#d“%@le]ﬁvémﬁn%%ﬂﬁ&l bwihelsBSpe of the

preparation of an acid salt of
claims v@ngt;( fnllpwy andrthatesuch clapns be inferpreted as broadly as is reasonable,
di hydro- 1Hi m dazo[ 4, 5- b] pyridine , said process
conprising the steps of:

-42 -



i0

15

20

25

30

5 (1)reductively al kyl ati ng 3-am no-2-chl oropyridi ne
wi th Cl1- 4al kyl 4-o0xo-1-piperidinecarboxylate to form
Cl- 4al kyl 4-[(2-chl oropyri di n- 3-

yDam no] pi peri di ne- 1- car boxyl ate; 10(2)reacting the

G al kyl 4-[(2-chl oropyridin-3-

yl ) am no] pi peri di ne- 1-carboxyl ate with chl orosul f onyl
i socyanate to form Cl- 4al kyl

F(RrAi nyl ) (2-chl oropyri di n- 3-yl ) am ni noThi pe
W RO XS

-car boxyl at e; (3) reacting the
Cl- 4al kyl 4-[(am nocar bonyl ) (2-chl oropyri di n-

oSy AT RLE L A RRPOIIPLS 0t Nod biperidinyi)-23-

ditude- A7 yneaeo[4 19-0 1pintazo, darl, froceld d@yipriding tHe steps of:
-yl )piperidine-1 -carboxylate; and (4)
reacting the Cl-4alkyl o
4- (2- oxo¢13, 3- @'édﬂw&e@%&khmiﬁgasl%m&-&mﬁﬁmﬁgﬁm Cy

-yl ) pi peridi ne-1-carboxylate with a strong ac

_ irdin 1d, or
aligitdoxe-Doipstidiopygrisaglaterts foravieaabiyl £lGtchismpyading- 2. A
>cof di .claim1 wherein said strong base
ﬂ*%ﬁ%ﬂ?@%ﬁ@%:¥gg§%ﬂ%%ﬁ, Li OH and KOH, and wherein said
strong acid is selected fromHC1, HBr, H, H2SO4 and
HNGB3. 25 3.. roc rdi ng.t.o.any previous
clain1mhgpeinﬂ?f%ﬁf%€§gé ﬁ%@%@ﬂ?QB%Téﬁa'
yh@mdipiperdtinehl -e4rbeydtelvitd cotdsulEdnylt Bbhatd toofem I, -
i peridinecarboxylate in the presence. of )
alfy 4r[(WB%%?W@(%E‘?@OEW%@flgfﬂ“?‘ﬁi’laﬁfé‘?%z§/'Carb°"yla*‘3’
bor ohydri de. 30 :
(3) reacting the Cy salkyl 4-[(aminocarbonyl)(2-chloropyridin-
3-y1)aﬂlin0]piperidine—l -carboxylate with a Pd catalyst to form Csalkyl 4-(2-0x0-
2,3-dihydro-1H-imidazo[4,5-blpyridin-1-yl)piperidine-1-carboxylate; and

(4) reacting the Ci4alkyl 4-(2-0x0-2,3-dihydro-1H-
imidazo[4,5-bJpyridin-1-yl)piperidine-1-carboxylatc with a strong acid, or with a

strong base followed by a strong acid.

2. A process according to claim 1 wherein said strong base is selected from
NaOH, LiOH and KOH, and wherein said sirong acid is selected from HCI, HBr, HI,
HzSO4 and HNOg.

3. A process according to any previous claim wherein step (1)

* comprises reacting 3-amino-2-chloropyridine with C; salkyl 4-0x0-1-

piperidinecarboxyiate in the presence of trifluoroacetic acid and sodium triacetoxy

" borohydride.

4. A process according to any previous claim wherem step (3)

comprises reacting the C;alkyl 4-[(aminocarbonyl)}(2-chioropynidin-3-
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4. A process according to any previous claimwherein
step (3) conprises reacting the Cl-4al kyl

4-[ (am nocar bonyl ) (2- chl or opyri di n- 3-

yl ) am noThi peri di ne- 1-carboxyl ate in the presence of
NaHCO3, Pd(OAc)2 and bi s(di phenyl phosphi no) but ane.

5. A process according to any previous clai mwherein
sai d Cl-4al kyl 54-oxo-1 -piperidinecarboxylate is
yl)gﬂlﬂ%lpié R0 e BbOE A HinNRS BBy bAkSHCO3, Pd(O ﬁ)zf%nd
process according'to any previous claimwhich is for

bis{diphgmylpbesphinoghwtant. 2- oxo-1 - (4-pi peridinyl)-2,3
-di hydro-1Him dazo [4,5 -Db] pyridi ne di hydrochl ori de.
10
5. A process according to any previous claim wherein said C; 4alkyl

4-ox0-1-piperidinecarboxylate 1s ethyl 4-oxo-1-piperidinecarboxylate.
6. A process according to any previous claim which is for the

preparation of 2-oxo-1-(4-piperidinyl}-2,3-dihydro-1 H-imidazo[4,5-b]pyridine
dihydrochlaride.
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