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TI TLE OF THE | NVENTI ON PROCESS FOR THE PREPARATI ON OF
CAPROLACTAM CGRP ANTAGONI ST | NTERMEDI ATE BACKGROUND OF
wORE)7IBMAEINTI ON | nt er nati onal patent appli cati oR6T/US2007/008700
PCT/ US2004/ 010851, filed April 9 2004 (published as
W02004/ 092166 on Cctober 28, 2004) and PCT/ US2004/ 01
1280, filed April 9, 2004 (published as WO2004/ 092168
on, Cctober 29, 2004), and U.S application Seri al
Nunber 10/838,835 (issued as U. S. Patent Number
6, 953, 790 on Cctober 11, 2005) discl ose conmpounds
useful for the treatnent of diseases or conditions of
humans or ot her species which can be treated with

i nhibitors, nodul ators or pronoters of the Calcitonin
TITLE@E@’%M@NTFI@@{lde (CGRP) receptor function. Such

BROCHSS e RSPA PRIV O LA QDR AR SARSHFA s

INTERMEDIAAE and cl uster headache.
[(3| ?,6S)-6-(2J3-Di fl uorophenyl)-2-oxo0-1-(2,2,2-trifl

uor oet hyI ) azepan- 3-yl ] - 4-
BACKGROWDH? OF "HHH)IHNENHCDNi dazo[ 4,5-b] pyridin-1-yl) pi per

i di ne-J]-car box m de, nodu] at o

e T AR B AR P LINAONE 01 OF 21 JUEd P8, 2004
(publish&d b HEDPEI4/9TA66 mt@abbm QQGA)I m@ﬁ?ﬁ%@ﬂﬂﬁ@é@ &Rdd April 9,
2004 gd PCT/ US2004/ 01 1280, and S patent application

ished AfMHe4004H) 3468 #950ctper 2%6’&051,@9 S apalieatiogrSerial Number
10/83 8‘8‘35(‘(%%{1@(! 5.’5 Ur§ ?‘af@x@l\ﬁhﬁ)%r S0 BcloBEr FIY be?)sﬁﬁclgge compounds

ound I i kew se des¢ribed in the abdve-
useful 5953% gaam@ngof dgedses on @qqﬂetmr@toééxurms gdether species which can be treated

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

N-[(3R,65)-6-(2,3-Difluorophenyl)-2-oxo0-1-(2,2,2-trifluoroethyl)azepan-3-yl}-4-
(2-0x0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-yl)piperidine-1-carboxamide, 1:

RF
O
O

N 0
~uNH -
O
O —_—
S|
1
is a potent CGRP modulator. The laboratory preparation of compound 1 is described in

international patent applications PCT/US2004/010851 and PCT/US2004/011280, and in U.S
patent application Serial Number 10/838,835.

The laboratory preparation of certain intermediates employed in the synthesis of
compound 1 is likewise described in the above-listed applications. Such intermediates include
the intermediate (3R,6S5)-3-amino-6-(2,3 ~difluorophenyl)-1-(2,2,2-triflucroethyl)azepan-2-one, 2:
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the internediate (3

, 6S) - 3-am no- 6- (2, 3-di fl uorophenyl)-1 -(2,2 2-tri
woOloavieesshy| ) azepan- 2-one, 2:and the internedi ®C&US2007/008700

2-0x0-1-(4-piperidinyl)-2,3-di hydro-1|#-im dazo[ 4, 5-b]p

yridine, 3: and salts thereof, including

2- 0x0-1-(4-piperidinyl)-2,3-dihydro-|

H i mi dazo[ 4, 5-b] pyri di ne di hydrochl ori de: Prior

techni ques for synthesizing compound 1, including

syntheses of internediates 2 and 3, are relatively

inefficient and costly fromthe standpoi nt of

production and/or may result in suboptinmal salt and/or

solvate fornms for further synthesis and/or

devel opnent. Wth respect to fnFernediate 2, it has

been found that prior techni%9%§=of synthesis require

an inordi nate nunber of steps) i@cluding a |arge

nunber of isolation stepg, Ip gw%ge over al

synt heti c process sl ow @ ‘ stly. Thus there

remains a need for an i oved synthetic route to
compound 1 wherein the synthetic route to conmpound 2
is efficient and economnical. “Prior techniques for
making internmediate 3 are |ikew se costly and
and theiimefrhediater?t-ox sl ad-pipeidiny ;e dihyder-1 Hrimidazo[# Schlpytidias, 3:
al kyl ati on of 2, 3-di am nopyridine ("DAP') foll owed by
CDI - nedi ated cyclic urea formatj and, lastly, acidic
Boc- group deprotection/salt fornat on. This " DAP"
route is characterlzenggiﬁzg_ cogt starting materials
and reagents as wel | wyhelntitng first step
resulting in prohibitive overaffl costs. Thus, there
remai ns a need for an inproved synthetlc route to
compound 1 wherein the synthetic route to internediate
3 is efficient and econom cal. Finall ri.or .
and salts¢hémp indudiog 2rsd-hdd-Pinasidimg)-2,3- W%W f@dﬁﬂ#ﬂf&&‘?"ﬂpyﬂm@
dihydrBRIrRpe: Ani trophenyl chlorofornate as the carbonyl

source, result in less than optlfff;ylelds Such prior
2 HCI - HN<:3>—

)/NH

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

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

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

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

-2
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techni ques further require that the neutral form of
conpound 1 be isolated prior to conversion to
wonef7anessd salt fornms. Mreover, previous PCT/US2007/008700
| abor at ory-nade fornms of conpound 1, including free
base fornms and salt fornms, possessed |es than idea
properties with respect to stability and
bi oavai l ability. Thus, there remains a need for an
i nproved synthetic route to conmpound 1, and
pharmaceutically acceptable salts thereof, which is
anenable to | arge scal e production fornul ation,
storage and distribution. SUVWARY OF THE | NVENTI ON The
present invention provides an efficient synthesis for

yielding ersP Et%ﬁafe%hltﬁig of de;hlE[n(lge overall costs. Thus, there remains a need for an

lmprove? éy‘%hﬁtlé ?o‘u?ei g)o?f lgxgé)ciwﬁ) azié%%nnn @%&Sfﬁhﬁhf Eoute to E&t%}medlate 3 is efficient
and ecationyigzlo- | H-i mi dazo[ 4, 5- b] pyri di n~I -yl ) pi peri di ne-1 -car

b 0 xam Iqﬁalla}l prioY t&chH b§‘ SoridhifihH LS PBEE1 8%hich techmques employ 4-
am no i fl uor o

nitrop lcfél?(ﬁ)g c)rgjfgep%‘sn E c é’ny so%%er, 1S, |1ﬂ¥?{7 t%%optlrhgl ylelds Such prior
techniguysl fiother orquire thatrthe neeral doym afidompound 1 be isolated prior to conversion to

preferrgd Qe?f ok 41\&@@6&%&“&5 gal%rgtngﬁi] 28z ornd1bl¥A%ound 1, including free
pyr1.di ne, rtl?c1 a[{?l}/ the dih rochlgrldeté. d
base fOFIBF P i f?ransrp%%?%ﬁs JasdhpidgabryPretties @AthgRRACt o ipkility an
bioavaildtglify: €Rleu] thererentaimn heedtfoean pmproved syathetd fauté ntompound 1, and
phm&%ﬁ?@%d&%&t%% %th?tgx% O whikch i 258802 to large scale production

I uor ophenyl ) - 2- oxo- |
formulation, stoyage4nd; dj l‘—:‘f‘ﬂﬂ}*l )azepan- 3-yl ] - 4- ( 2-
0Xx0- 2, 3-di hydro-I Hi m dazo[ 4, 5-b] pyridin-1-yl) pi peri di

S[nuNﬂQqugpq@g;ﬁqxqﬁwTﬂmﬁncIuding the potassium et hanol ate
form Additionally, the present invention provides an

ef f i ciEny presemt BseRsioh Provilles 4iv effigieat syanthexds for the preparation of N-
[(3R, 6.%)%&-@ ggf;ﬁ%prgﬁ%xeﬁlad)esz (050 31 g % Futgﬂuohoeth)}il aztapa(ln2 51]24 (2-0x0-2,3-
dihydro-1H-imidazo[4,5-b]pyridin-1-yl)piperidine-1- carboxam1de by coupling the
intermediates (3R,65)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-trifluoroethyl)azepan-2-one, 2,
particularly the hydrochloride form thereof; and 2-oxo0-1-(4-piperidinyl)-2,3-dihydro-1H-
imidazo[4,5-b]pyridine, 3, particularly the dihydrochloride form, with 1,1’-carbonyldiimidazole
as carbonyl source. The present invention further provides an efficient preparation of potassium
salt forms of N-[(3R,65)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-trifluoroethyl)azepan-3-yl]-4-(2-
0x0-2,3-dihydro-1H-imidazo [A,S-b]pyridin- 1-yl)piperidine-1-carboxamide, 1 including the

potassium ethanolate form.

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

The invention additionally resides in the superior properties of the potassium salt
of N-[(3R,6S8)-6-(2,3-difluorophenyl)-2-oxo0-1-(2,2,2-trifluoroethyl)azepan-3-yl}-4-(2-oxo0-2,3-
dihydro-1H-imidazo[4,5-b]pyridin-1-yl)piperidine-1-carboxamide, 1, including the potassium
salt ethanolate and potassium salt hydrate.



trifluoroethyl)azepan-2-one, 2, particularly the
hydrochl oride form and 2-oxo-I-(4-piperidinyl)-
wa@ 2807di208gdr o-1 r-im dazo[ 4, 5-b] pyridne, 3, parpCcTaisangos700

t he di hydrochloride form The invention additionally

resides in the superior properties of the potassium

salt ofiv -[(3

, 6Z2?)-6-(2, 3-di fl uor ophenyl ) - 2-oxo-1-(2,2,2-trifluoroe

t hyl ) azepan- 3-yl ] - 4- (2- oxo- 2, 3- di hydro-

1H i m dazo[ 4, 5-b] pyridi n- 1-yl)piperidine-

1-carboxam de, 1, including the potassiumsalt

et hanol ate and potassium salt hydrate. DETAI LED

DESCRI PTI ON OF THE | NVENTI ON The present invention
DETAIRED/DESSCRIPPIONEIE TEE INWENIIOMr at i on of

-[(3i?,6Sr)-6-(2, 3- i _

di f | udhepeseyt inventinroprovides 2 ppogess forthe peapRIAtPE AL HEH3E,65)-6-(2,3-
diﬂuoro'{:‘i‘ngl'l Lo X Q2 2, Bustilbr By idephl3zd]-4-(2-0x0-2,3-dihydro-1H-

f‘ -

.. , o dj nsd s yl).pi peridi ne-Lz:carhbo ' . .
imidzqlp3-ppbHdier Lo obieR icahoaionidss T g Lk Hssigin o Eanoate
iy-[(3/7?,65)-6-(2,3-difluorophenyl)-2-oxo-1 -(2,2, 2-
trifluoroethyl)azepan- 3§l ]-4-(2-o0x0-2,3-di hydro-1Him
idazo[4,5-b3pyridin-I-¥}¥ I peridi ne-I|carboxarnide, 1
and its potassium salt neyhanoate, ¢s depicted in
Schene 1: Schene 1 g 1ﬁ%§gﬁ§¥?)13480hene 1C Schene
| A depicts an effi ey "Syht hesi zi ng the
neutral form of compoand 1 fromintermedi ates 2 and 3
using |, 1" -carbonylfdii m dazol e as the carbonyl source;
Scherme 1B depicts an efficient nmethod of synthesizing
a potassiumsalt fornggg compound 1 starting fromthe

neutral form of conpo f 1 and Schene 1C depicts the
efficient synthesis g pot assi wn sal t

NH -
N N, o EtOH
FOS
N
F
The syntheses of N-[(3R,65)-6-(2,3-difluorophenyl)-2-oxo0-1-(2,2,2~
trifluoroethyl)azepan-3-yl]-4-(2-oxo-2,3-dihydro-1H-imidazo[4,5-blpyridin-1-yl)piperidine-1-

carboxamide, 1, and its potassium salt ethanoate, is depicted in Scheme 1:
10



formof conpound 1 directly frominternediates 2 and 3

using |.1"-carbonyl diimdazol e as the carbonyl source,
woi0dTaaessp sol ati on of the neutral form of conpeanasio07/008700

Thus, in one enbodi nent of the invention provides a

process for the preparation ofiV-[(3i2 65)-6-(2

3-di fl uorophenyl)-2-oxo0-1-(2,2,2-trifl uoroethyl)azepan

-3-yl]-4-(2-o0xo0-2, 3-

di hydro-1 Him dazo[ 4, 5-b] pyridin-1-yl)

riperidine-|-carboxam de, 1, conprising reacting (3i

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

fl uoroet hyl ) azepan- 2- one hydrochloride and

2-0x0-1-(4-piperidinyl)-2,3-di hydro-1/z

r-imi dazo[ 4, 5- b] pyri di ne c§QHFHFbEhIoride in the

presence of 1,1'-carbonyl di+tnm dazol e. Anot her

enbodi nent of the inventiogtg}ovides a process for the

preparatlon of he pot Ym, s f et hanol ate form of

[(3i?,6 9)- 6 3d|f| wphenyl ) - 2- oxo- | - (&, 2, 2- o

trlfl uor oet:hyl epan- 3y tN4ng 0xo- 2, 3- CI{h 0- | M
Schefe@aZ O[ yrpoiva- | ne- §- farhoya N L

1, conp??éiﬁlE%:E steps of: (1) react| &

(3i ?, 65) - 3-am nate6- (2, 3-di fl uor ophenyl

trifluoroethyl)azepan-2-one hydrochloride and

2- 0x0-1-(4-piperidinyl)-2,3- dihydro-|

H i m dazo[ 4, 5- b]pyrldlne di hydrochloride in thé o

presence of '- carbponyl diimdazole; (2)Fi

-[(3 ,6.9)- 6i MOP faNoTH Z C
Sctiedieit | U t I a«'ze'\gz_E i ] - 4- (£5.0%85 2, 3 di ydro I * EtOH

H i m daz , 5- b] pyri di yl) piperidine-|

-carboxam de, 1; and (3) reacting said

-[(3i7?,65)-6-(2, 3-di fl uorophenyl)-2-oxo-1-(2,2 2-
NH

CF. ~rN
( s CX =0 zna CFa
NN

O

o
£ N N r(u °Q »\N'K*
Scheme 1C - My CDI, EtsN, THF. E >\-—N<:>._N
E <nNH / \N
KOtBu, EtOH —

HCI
* EIOH

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

Thus, in one embodiment of the invention provides a process for the preparation
of N-[(3R,65)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-trifluoroethyl)azepan-3-yl]-4-(2-0x0-2,3-
dihydro-1H-imidazo[4,5-b]pyridin-1-yl)piperidine-1-carboxamide, 1, comprising reacting
(3R,65)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-trifluoroethyl)azepan-2-one hydrochloride and
2-oxo-1-(4-piperidinyl)-2,3-dihydro-1H-imidazo[4,5-b]pyridine dihydrochloride in the presence

of 1,1’-carbonyldiimidazole.

-5



trifluoroethyl)azepan-3-yl]-4-(2-o0xo0-2,3-di hydro-1Him

i dazo[ 4, 5-b] pyridin-1yl) piperidine-| -carboxamde, 1,
woRodT/ipessassi um t ert - but oxi de and et hanol . Yet panaiShmr/008700

enbodi nent of the invention provides a process for the

preparati on of the potassiumsalt ethanol ate form of

-[(3 ,6S)-6-(2,3-difl uorophenyl)-2-oxo-1 -(2, 2, 2-

trifluoroethyl)azepan-3-yl]-4-(2-0xo0-2,3-di hydro-1Him

i dazo[ 4, 5-b] pyri di n-1-yl)pi peridi ne-1carboxam de, 1,

wi t hout the necessity to isolate the neutral form of

conpound , conprising the steps of: (1) reacting

(3i ?,65)-3-am no-6-(2, 3-di fluororhenyl)-lI -(2,2,2-

trifluoroethyl)azepan-2-one hydrochl ori de and .

2- 0x 0-Anothbsr pnpredirdentyaf theoingentgithyuvidas a process for the preparation of

-i.m dazo[ 4, 5- [ di j ' '
e pr LAy A SRS DA Ie i St om0 1022
trifluorée2BylddzegaeB-yll-4-(2-0x0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-yD)piperidine-1-
N-[.(3].,65)-6- 3-di fl uorophenyl)-2-oxo-1-(2, 2, 2-
cafb°xat“in;‘1g4 Lo?‘ae%‘ﬂwéﬁ}ee%%%fyl 1 -4-(2-2)xo- 2, 3-di gydro-l Him
i dazo[ 4, 5-b] pyridin-1yl) piperidine-I|-carboxamde, 1,
wi th potassium/erf-butoxi de and %éganol. descri bed
(D reprtingdd R0 -amHon®€2-aritlusrepprad)-Lddrned herein,
bl %g&ﬁr}?@ & A bnLhNREM8tiG 501 MR- 1-(4-piperidinyl)-2,3-
I V- 1 ?, 6-

\ 6-S)-6-(2s3-di fluorophenyl)-2-o0xo0-1-(2 %% 2-
diltyidrerd Hoimidgzol4Schippriding dibydrochipside m the gresehee,ed 1l i-m
[ - . din-1-yl)piperidine-Icarboxamde is
ggﬁéﬁké%ﬁﬂﬁ%gg&anhydrous condi ti ons. Wen the
descri bed reaction is performed in the presence of

$ SO SRS LR D p R ot panol ate.
teflenrdithyl)erepanteyl] do@-exd-2,31dibydme | Htipddarol A8 $ilpyridin-1-

%ﬁlrﬁpe%d?naer-] L3 Sxamide, 1; and

(3) reacting said N-[(3R,6S5)-6-(2,3-difluorophenyl)-2-oxo0-1-(2,2,2-
trifluoroethyl)azepan-3-yl]-4-(2-0x0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-

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

Yet another embodiment of the invention provides a process for the preparation of
the potassium salt ethanolate form of N-[(3R,65)-6-(2,3-difluorophenyl)-2-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, without the necessity to isolate the neutral form of compound 1, comprising the

steps of:

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

carbonyldiimidazole; and



m xed et hanol ate/ hydrate converts to the hydrate over
time due to the presence of water in the air. Another
weazpEarosshe i nvention provi des a process for tReT/US2007/008700
preparation of the internedi ate
(3i?,6"-3-Arni no-6-(2,3-di fluorophenyl)-1-(2,2,2-trifl

uor oet hyl )azepan-2-one :, 2: and salts thereof, in
particular its hydrochloride salt: The syntheses of
(3i?,6

) - 3-am no- 6- (2, 3-di fl uorophenyl)-1-(2,2,2-trifluoroeth
yl )azepan-2-one, 2 and its hydrochloride salt is
depicted in Schene 2: Schene 2 Schene 2 depicts the
direct formation of the chloroacetophenone from cheap

a(ahrqaeamg P§ N 3R 6842 dr difluerapbenydrieoxe-hd2ded-ect i ve
@Hpéds g@lﬁ&ﬁﬁé}ﬁs @]%-'(2’ k6208 aahako YH. iqb Jlé%dﬂﬁ%dm-l-

a crydta i 'zat 1 on
ad)mparidine- 1t qaghsfaondatli omith pomumhertdmtwéde and ethanol.
stereocenter; followed by a cis-selective
hydr ogenati on and epinerization to set the benzylic
5 st er ecAedegtribad dn theansctip@mehémys ankhB2ampales eotathedwetein, the

potass%];x}a%gfﬁbﬁn@ﬁ ntts:.fol?lp] gi‘ &.fl(gl? ﬁé'g6 é%écgfgﬁmrophengﬁa 0x0-1-(2,2,2-
trlﬂuor,oéﬁ)y‘l)izéﬁ'ﬁh@yﬂ 4- @—BX&Qfﬂ-diB@ﬂﬂP hHﬁ)ﬁl)laioM 5-b]pyridin-1-yl)piperidine-1-
carbongné(ééfsz tta{u%cl \lle%? 1A ?ll?%gop r1]t1c>2nso r{%hen theccﬁengrrﬂlaesdl rrégctlorxll 1s performed
in the ﬁr@@ﬁcé D@%a%rdﬂfehé&ﬁi%ﬁ@%’ﬂ/dc)ss iRt Grire EhaBoldtd] plifel }Lﬁhﬁ@br a mixed

tetrahydro-| -azep i n- 3- ammoni um sal t

10 ethanolqﬁe f Mﬁ%é@ﬁ@én@orhweﬁeg copRic t'f]%?e‘s%lﬁEeQI npdassiupsaligthagelate or
mixed e8Rn8Rle/Rydrite 3ot 8NRE NEdkte over Bh due t()%hg Ipl?esenqe of water in the

) trlfluoroethyl)azepan 3-anrnonium sal t; eacti ng
ar.  the (35,65)-6-(2, 3-difluorophenyl)-2-oxo- I-(2 2, 2-

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

15
RF
x
N O
F
F. - NH,
2
and salts thereof, in particular its hydrochloride salt:
R F
%
N O
F
F “NHz*CI"
20

The syntheses of (3R,65)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-trifluoroethyl)azepan-2-one, 2
and its hydrochloride salt is depicted in Scheme 2:

-7-
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trifluoroethyl)azepan-3-amoniumsalt with R3N,

wherein each R is independently Cral kyl, and a
woydr7azgdso ni t r obenzal dehyde, to form (3R, 6S) - 3PCT/US2007/008700

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

-(2,2,2-trifluoroethyl)azepan-2-one, 2. An additiona

enbodi nent of the invention provides a process for the

preparation of the internediate (3 ,65)-3-am no-6-(2

3-di fl uorophenyl) - |

-(2,2,2-trifluoroethyl)azepan-2-one hydrochl ori de,

conprising the steps of: (1) hydrogenating a

(35)-6-(2, 3-di fluorophenyl)-2-oxo-1-(2,2,2-trifiuoroet

hyl)- 2,3,4,7-tetrahydro-1 H azepin-3-arnrnoniumsalt,

in the presence of a cis-selective catalyst, to forma

(3S,65)-6-(2,3-difluorophepybise 0xo-1 -(2,2, 2-

trifIuoroethyl)azepan-3-ann0n|un1salg% (2) reacting
Lhe, (35r,65)-6-(2,3-difluor envl.) - 2-wre-1 - (2,2, 2-

apheny) & ok

2% f | uor oet byl ) gmepan- 3-amoni yp) sal to
l 20toliNaO] 5 .l y—ahd J h dr‘é?i:yaiznznwz.
¢ (P EP8ben ehy §&™F rm (3i 7¢65) - 3- Liar,
am no- 6- (2, 3-di fl uor ophenyl ) -1-(2, -trifluoroethyl
zepan-2-one; and (3) reacting (3 F
, 6S) - 3-am no- 6- (2, 3-di fl uorophenyl ) - | w2, 2, 2-
trifluoroethyl)azepan-2-one with HC . A further 3uct, l
enbodi ment of the invgntion provides a process for the
ne~Pr€paration of the inpegtredi ate o=
/., 65) - 3-ani no- 6°°( 2, 37di f | uor opheny] Ji § (2,2, 2-trif_
roetdryi-axegin- 2- ond, 2, clftprisifigthg s i -
hydr ogesat i ng

F
I

% h £ . NVCF3

(3 )-6-(2@@:4“ uor ophefyl ) - 2- oxo-1- (&, p2-trifl uor dgy
L) - o ot F F
sotais
' H2, Pd/BaSO,
Q
(o} NH_
| 8 [o]
F:C/\N NH;To EN, Fy N ::CllpA PN ‘\Nchl
CHO MTBE, ? trans
F cis /©/OH F F sohd
- O:N F -

trans

Scheme 2 depicts the direct formation of the chloroacetophenone from cheap and readily
available difluorobenzene; the selective formation of the Z-allylic alcohol using palladium
catalysis; the use of a crystallization driven asymmetric transformation to set the amine
stereocenter; followed by a cis-selective hydrogenation and epimerization to set the benzylic
stereocenter and trans geometry.

Thus, an embodiment of the invention provides a process for the preparation of
the intermediate (3R,6S5)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-triflnoroethyl)azepan-2-one, 2,

comprising the steps of:



2,3,4,7-tetrahydro-1i -azepin-3-amm oni um di -t ol uoyl
tartrate salt, in the presence of a cis-selective
woabd7adoisen cat al yst, to form (3"S,6 S) PCT/US2007/008700

-6-(2,3-difluororhenyl)-2-
oxo-1-(2,2,2-trifluoroethyl)azepan-3-amoni um

di -toluoyl tartrate salt; (2) reacting

(3, Sr,65)-6-(2,3-di fluorophenyl)-2-oxo-
-(2,2,2-trifluoroethyl)azepan- 3-anmmoni um di -t ol uoyl

tartrate salt with Et3N and 2- hydroxy- 5-

ni trobenzal dehyde to form

(3i ?, 6S)-3-amm-6- (2, 3-di fl uorophenyl)-1 -(2, 2, 2-

trifiuoroethyl)azepan-2-one, 2. A still further

enbodi nent of the invention provides a process for the
reparation o (2.2 rocthyl)-
Eohoaosyanan G9-6-Ca-dHPTRISRAReR - Twrpeiby]

219 ﬁoﬁ{e@xﬁh}%eﬂ@-ﬁzgplﬁmaﬂﬁ%ﬂﬁﬂ sk, | ifl €he prREGICeIf AT d-Hsdective
St’eps of : " (1) hydrogenating

C(a.%ystﬁiq for®s &(35.0Hr %éﬂﬂn}orgpbwl)-%ozo-) 227 f | uor oet
%) cfe%ho’é a%{“g —?%ﬂﬂ&ﬂfl& gahl- azepi n- 3-amm oni um

Tirate salt, ih the presence of a
CIS sel ectlve palladi um catal yst, to form (3

@S gﬁcgf‘é%? ﬁl)-ﬁg{lér o{é‘?‘ry?‘%‘i f‘s/r?a 1037 1 22_um

ﬁifhioﬁddmylbaz'epmt—B amenemiity salyith BaNt,uwigerem eachR is-

S,6.S di f ]
ispopishiy by oarh By SEAF o e B e, 9 o R 503
irafdo- 648, 3 sdhfliorophényE)-1 -Nz,amitrﬂldmdtthxl)a&pan-z-one, 2.
ni trobenzal dehyde to form
(3i 2,65)-3-am no-6-(2, 3-di fl uorophenyl)-I -(2,2, 2-
trifi ugy LRitbia) amBpdifteit oNthe iAvkhtiod)proeides & pepcess for the preparation

3i ?, 65)-3-anm no- 6- di f 1 uor gphe -] .- 2, 2-
of the 1n(termed1at23 (3R,65)- 3-am1n(()-6' ?2 3 dEtJluorop eny y %2,.12,2-tg'l%luotoethyl)azepan-Z-one

hydrochloride, comprising the steps of:
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(1) hydrogenating a (3S)-6—(2,3—diﬂuorophenyl)—2-oxo—l—(2,2,2—tn'ﬂuoroethyl)-
2.3,4,7-tetrahydro-1H-azepin-3-ammonium salt, in the presence of a cis-selective
catalyst, to form a (35,65)-6-(2,3-difluorophenyl)-2-oxo0-1-(2,2,2-

trifluoroethyl)azepan-3-ammonium salt;

(2) reacting the (35,65)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-
trifluoroethyl)azepan-3-ammonium salt with RzN , wherein each R is
independently Cialkyl, 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.



trifluoroethyl)azepan-2-one with HC . Yet another
enbodi nent of the invention provides a process for the
wonrepaeesy on of the internediate PCT/US2007/008700

(3JR, 65) - 3-ami no-6- (2, 3-di fl uorophenyl )-1-(2,2,2-trifl

uor oet hyl ) azepan-2-one >2, conprising the steps of:

(1) reacting 3-am no-6-(2,3-difluorophenyl)-|

-(2,2,2-trifluoroethyl)-1 ,3,4,7- tetrahydro-2

-azepi n-2-one with 2-hydroxy-5-nitrobenzal dehyde and a

chiral acid to forman

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

thyl)-2,3,4,7- tetrahydro-| -azepin-3-anmoni xi msalt;

(2) hydrogenating. .a

( 3<S) - H-fugther embodimentpicthy iyventign provides pprocess; for therrygparation of
the 1nt$rmé|d)ate BR68)-3- a?nﬁhﬁwdj QifluoEbHRR)Ir-62, QMQIuHFBeﬂ?}Lljazepan-Z-one 2,

he présence of a czs-selective catalyst, to forma

C°“K”§B@HBFSE?§2f3 dlfluorophenyl) 2-oxo0-1-(2,2, 2-

trifluoroethyl)azepan-3-amoniumsalt; (3) reacting

t he (35,65)-6-(2,3-dif|uorophenyl)-2-oxo-| -(2,2, 2-

t(ﬂD hb’dl@lg@mthﬂ (B&EY-61(2s3-Gflmpraphicuyl)-Ladxo-hi(2)2, ReMiyoroethyl)-

d’r Oxyei {irr Eblgﬁazze lg?_ﬁm 1 ’o'?nﬁﬂgx #ig-ﬁc?lr:ulégélk’ r@e(_:j éafit, in the presence
ot °§sﬁs_e¢e?‘«tﬁe dodlladieo Pc’ﬂelwﬂ, Jo fork2(3B, GHG-{43-dihad iy
PR e el b PR B BRaPR oie o el St

interrredi ate

(B Eesene SRR Gt erpahel paal A LPhpthHsepan-

s3 ﬁﬂﬁn&{lum(d]i)toﬁl% Clatthde salt with Et;N and 2-h droxy-5-

3-.am no- i_‘ 3d|f|uoro henyl ) -1 - (( trifluor ehI
)nitrobengaide yde to form (3R,65)-3-amino-6-{2,3- dlﬂuorophenyl) -(2,

oot

trifluoroethyl)azepan-2-one, 2.

A still further embodiment of the invention provides a process for the preparation
of (3R,6S5)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-trifluoroethyl)azepan-2-one hydrochloride,

comprising the steps of:

(1) hydrogenating (3.5)-6-(2,3-difluorophenyl)-2-oxo0-1-(2,2,2-trifluoroethyl)-
2,3,4,7-tetrahydro-1H-azepin-3-ammonium di-toluoyl tartrate salt, in the presence
of a cis-selective palladium catalyst, to form (3.5,65)-6-(2,3-difluorophenyl)-2-
0x0-1-(2,2,2-trifluoroethyl)azepan-3-ammonium di-toluoyl tartrate salt;

(2) reacting (3.5,65)-6-(2,3-difluorophenyl)-2-ox0-1-(2,2,2-trifluoroethyl)azepan-
3-ammonium di-toluoyl tartrate salt with Et;N and 2-hydroxy-5-
nitrobenzaldehyde to form (3R,685)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-

trifluoroethyl)azepan-2-one; and

(3) reacting (3R,6S)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-
trifluoroethyl)azepan-2-one with HCI.
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tetrahydro-2 /-azepin-2-one wth
2- hydr oxy-5-ni trobenzal dehyde and a chiral acid to
woOQanom1aess9 PCT/US2007/008700
(35)-6-(2, 3-di fluorophenyl)-2-oxo0-1-(2,2,2-trifluoroet
hyl)-2,3,4,7- tetrahydro-| -azepin-3-amoniumsalt; (2)
hydr ogenating a
(3S)-6-(2, 3-di fluorophenyl)-2-oxo-1-(2,2,2-trifluoroet
hyl)- 2,3,4,7-tetrahydro-1 H azepin-3-amoniurn salt,
in the presence of a cis-selective catalyst, to forma
(35,65)-6-(2, 3-di fl uorophenyl ) -2-oxo-1-(2, 2, 2-
trifluoroethyl)azepan-3-amoniumsalt; (3) reacting
the (3,6S)-6-(2,3-difluorophenyl)-2-oxo-1-(2, 2, 2-
trifluoroethyl)azepan-3-amoniumsalt with R3N,

\r/]\'; g: gly% EI?HC ?I'Rﬂﬁfgl ;qsﬂfigﬁnn dsgﬁ%gg ﬂ{vlg}/qa%? R{O(Vé@géléjl%gggs For the preparation of
. the 1nteﬁx'i@di‘&te gﬂé 259 3dinhinb @-@yhamiorophenyl)-1-(2,2,2-trifluoroethyl)azepan-2-one, 2,
trlfluoroethyl)azepan 2-one; and (4) reacting
Compl’lsellg th@@}%-ogm no- 6- (2, 3-di fi uorophenyl)-1 -(2, 2, 2-
trifluoroethyl)azepan-2-one with HC . A further
enbodi nent of the invention provides argrocess for the
i) egmtlaglmmo -6-6231di fleprephienyt )z 1-(2,2,2-trifluoroethyl)-1,3.4,7-

&Z@r?h}'cg%) 3H-a; e{l% Slié ith 29 dr -QHH,&BUé&aid'eﬁgde and 2 chiral

azepan-2-o0 onprising t
sﬁém farin ar (L’a)S’)JfGe@;}idr@lorophenyl)-Z -ox0-1-(2,2 Z—mﬂuoroethyl) 2,3,4,7-

fluorephenvl)-1-(2,2,2-trifluoroethyl
e— aﬁ?&&,’%’%@‘?’%ﬁ?ﬁ “f%’azn%’pl n-2-one with

2 hydr oxy- 5-ni tr obenzal dehyde and dit ol uoyl -
L-tartaric.aci

o f .an .
e S LA T Pronhgyl-3-oxpt .52 wifuorostiy-
b 3l|,4f b 14e% ARV I FRazepih-F-ahehordhyiéalt in the @pésende afa cisselentive
cataltyst to form a (35,65)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-

trifluoroethyl)azepan-3-ammonium salt;

(3) reacting the (35,65)-6-(2,3-difluorophenyl)-2-0x0-1-(2,2,2~
trifluoroethyl)azepan-3-ammonium salt with R;N , wherein each R is
independently Cjsalkyl, and a hydroxyl nitrobenzaldehyde, to form (3R,65)-3-
amino-6-(2,3-difluorophenyl)-1-(2,2,2-trifluoroethyl)azepan-2-one.

An additional embodiment of the invention provides a process for the preparation
of the intermediate (3R,6.S’)-3-amino-6-(2,3-diﬂuorophenyl)-1-(2,2,2-triﬂuoroethyl)azepan-2-one
hydrochloride, comprising the steps of:

(1) reacting 3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-trifluoroethyl)-1,3.4,7-
tetrahydro-2H-azepin-2-one with 2-hydroxy-5-nitrobenzaldehyde and a chiral
acid to form an (35)-6-(2,3-difluorophenyl)-2-ox0-1-(2,2,2-trifluoroethyl)-2,3,4,7-

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

-11 -



(2) hydrogenating (3S) -6-(2,3-difluorophenyl)-2-oxo-
-(2,2,2-trifluoroethyl)- 2,3,4,7-tetrahydro-
woaaEpess3- ant noni um di -t ol uoyl tartrate salt, PCI/USE®7/008700
presence of a cis-selective palladiumcatalyst, to
form (3, 65)-6-(2,3-difiuorophenyl)-2-
oxo-1-(2,2,2-trifluoroethyl)azepan-3-amobni um
di -toluoyl tartrate salt; (3) reacting
(35,65)-6-(2, 3-di fl uorophenyl )-2-oxo-1-(2,2,2-trifluor
oet hyl ) azepan- 3-ammoni um di -tol uoyl tartrate salt
with Et N and 2-hydroxy-5-nitrobenzal dehyde to form (3
.6"S)-3-am no-6-(2, 3-di fl uorophenyl)-I -(2, 2, 2-
trlfluoroethyl)aze an-2-one, 2. A still further

@)ﬁlydrmnatucg a (39-6-Rdiflerophaniizoxer IpiobeEiipproethyd)-

€ t on .
%),gi,zp Al é% m no §p1(|23 W?Tﬁ%lrsgghlélntgf })ﬁsence of a cis-selective
cdtZlyat, 2o fd’rh'fzi (BSLEDHLEH(D, 3 -aliwanpRenyhe2JoxdrlohE.3r i de,

ising th t f: ti
s %thgﬁ%zgpgn- T%E%Bg%%é‘%@il ;?Ia?( Ian 2-trifluoroethyl

) l,3,4,7- tetrahydro-2 -azepin-2-one with
ro 5n|trobenzalde de and_dit ol
Casating the G0 B aditggrophonyh 2 oxo -t

m Qe&?l)&e%hﬁh%ﬁﬁﬁl@ﬁﬁﬁﬂ kalt RN - \Qﬁer&n?each R is
r|quoroethI&FN234 -tetrahydro-|

indeppadendy mehiy Lisnd Ao iRhepglydsgto form (GR6S)-3-
ﬁé'% 82& ?&f@bﬁdé’?‘ 5 hecmd 240108 %ed: y)gze%a%-ifbhé,l as@r oet

dro-1" -azepi n- 3-ar nnoni um
di -toluoyl tartrate salt, in the presence of a

IS-.sel echinv [
o8 ORI 2L D p 2l Bty 1 2222
QXﬂJudro(emyBa@paan—dmﬁJwﬁhtH@l ) azepan- 3- anmoni um
di -toluoyl tartrate salt; (3) reacting
(35',65)-6-(2, 3-di fl uorophenyl ) - 2- oxo- |
- (2, 2,2 filirthier leodRhdntlof alzeipanntion provides a process for the preparation of

the intermediate (3R,65)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-trifluoroethyl)azepan-2-one, 2,

comprising the steps of:

(1) reacting 3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-trifluoroethyl)-1,3,4,7-
tetrahydro-2H-azepin-2-one with 2-hydroxy-5-nitrobenzaldehyde and ditoluoyl-
L-tartaric acid to form an (35)-6-(2,3-difluorophenyl)-2-0x0-1-(2,2,2-
trifluoroethyl)-2,3,4,7-tetrahydro-1 H-azepin-3-ammonium salt;

(2) hydrogenating (35)-6-(2,3-difluorophenyl)-2-0x0-1-(2,2,2-trifluoroethyl)-
2,3,4,7-tetrahydro-1H-azepin-3-ammonium di-toluoyl tartrate salt, in the presence
of a cis-selective palladium catalyst, to form (3S,65)-6-(2,3-difluorophenyl)-2-
0x0-1-(2,2,2-trifluoroethyl)azepan-3-ammonium di-toluoyl tartrate salt;

(3) reacting (38,65)-6-(2,3-difluorophenyl)-2-ox0-1-(2,2,2-trifluoroethyl)azepan-
3-ammonium di-toluoyl tartrate salt with EtsN and 2-hydroxy-5-
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3-amonium di -tol uoyl tartrate salt with Et N and
2- hydroxy-5- nitrobenzal dehyde to form
w0 2002/18&389 3- ami no- 6- (2, 3-di fl uorophenyl ) -1 - ( 2P2T/A252007/008700
trifluoroethyl)azepan-2-one; and (4) reacting
(3#, 6S) - 3-am no- 6- (2, 3-di fl uorophenyl)-1-(2, 2, 2-
trifiuoroethyl)azepan-2-one with HJ. It wll be
recogni zed by one skilled in the art that chiral acids
ot her than Lditoluoyl tartaric acid, may be enpl oyed.
Simlarly, it will be recognized that the purpose of
t he hydroxyl nitrobenzal dehyde is as an epinerization
agent, and thus alternate conmpounds capabl e of
epi meri zing the appropriate substituents on the
mﬁrammhbhydmg) fmlyn (BB,653-8camino- G2, B-daflaeropbenydl by Az d

S Ied n that salts other than the
T e

nﬁe ‘formed. Thus, inthe several
enbodi nment s reC|ted above wherein the flnal step

Sl A i B

of (3R, 6lsp30amselel2, §Qilﬂﬁeroblib1@ﬂ)-lJ(Zﬂ[mtrl’fb.foreﬂhﬂ()izephm-z one hydrochloride,
i nvention prOV|des a process for the preparation of
comprisingethe §tePs Rdi at e 2- oxo- | - (4- pi peri di nyl ) - 2, 3- di hydr o- |
-i m dazo[ 4, 5- b] pyri di ne d|hydrochlor|de 3: and salts
t her eof |nclud|n t he di hydrochl ori de_ salt

T
@9 feastingS-Bnim-Grk 3+d1@uorep Wk 16942)2- tfzﬂ@ra?thyﬁ'ﬁé ofh7-
%&?%%zanmzo d \g}tﬂ QLh)%rcé?gﬂ-g-mtrobenzaldehyde and ditoluoyl-

prperiai ny dro-| H m dazo

14 tadcduj@gmdm Mamm@c@%mm@mm@nwﬁ exed-2-Bchene
%ﬂ@&%ﬂﬁﬁé‘%ﬁc ST et R e PR 5L

am no- 2- chl oropyrl dme is reacted with ethyl

é)?’l g.rogepxatri) 3%1’%@&83" Hcﬁ(ly lrglglleenly i-hﬁoﬁté?ff—%ﬂgéroethyl)—
2.3,4,7-tetrahydro-1H-azepin-3-ammonium di-toluoyl tartrate salt, in the presence
of a cis-selective palladium catalyst, to form (3S,65)-6-(2,3-difluorophenyl)-2-
ox0-1-(2,2,2-trifluoroethyl)azepan-3-ammonium di-toluoyl tartrate salt;

(3) reacting (3S,65)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-trifluoroethyl)azepan-
3-ammonium di-toluoy! tartrate salt with EtsN and 2-hydroxy-5-
nitrobenzaldehyde to form (3R,65)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-

trifluoroethyl)azepan-2-one; and

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

It will be recognized by one skilled in the art that chiral acids other than L-
ditoluoyl tartaric acid,may be employed. Similarly, it will be recognized that the purpose of the
hydroxyl nitrobenzaldehyde is as an epimerization agent, and thus alternate compounds capable
of epimerizing the appropriate substituents on the azepinone ring may be used. It will also be

recognized by the skilled artisan that salts other than the chloride salt may be formed. Thus, in
-13 -



| PAC, trifluoroacetic acid and sodi um
triacet oxyborohydride ("STAB") to formthe am ne et hyl
wo-2)(722¢e38b or opyr i di n- 3-yl ) am no] pi peri di ne-| - cacbasyioanos70o
e. In a second step, a urea is forned in a reaction of
the am ne with chlorosul fonyl isocyanate (CSl),
typically in the presence OH Oand THF. In a third
step, the urea is cyclized in the presence of a
pal | adi um catal yst. Typically, the urea is reacted in
the presence of NaHCCb, ?-PrOH, Pd(OAc) and bi s-
(di phenyl phosphi no) but ane (dppb) to obtain the cyclic
urea. In a further ethyl carbamate deprotection step
the cyclic urea is reacted in the presence of NaOH and
the sevefd Shbbairp&itaiatited ebey whitrein the fimabstye rezites theriGle of &I ¢ to form a

3. As_described abgve in Ex [
chloridorsal QT FHSSUREES FitR ECRONBH LR U LR e it frgpusoful salts
and features a reductive al kylation, primary urea
formati on using chlorosul fonyl isocyanate .
Pa- ¢ alnetiy e sy arpor TGV BN RIOFIEN A PP (65 fpr fhgypreparation of the
i rLysh Sa%i _dARMPATELBniddg4 SLEIpYHOTe dihydrochloride, 3:
> mtmne&r%%ei? %’%‘?%/S@ g%g%%tﬁgﬁ??ré td he ACPmHFout gﬂgr e @?gﬂ. fi can}; ly
| ess expensive than those required for the DAP route
and all the steps are high yield gg~Thus, in one
aspect of the invention providesjgigkocess for the
preparation of the inter rate /3
2- 0x0- | - (4- pi peri di 1Y 5Ng- drhyr o
H- i rai dazo[ 4, 5- b] pyri di ne di hydrgchl ori de, 3,
conprising the steps of: (1) reacting
3-am no- 2-chl oropyridine with G "al kyl
4- oxo- | pi peri di necar boxyl ate, in the presence of
trifluoroacetic acid and sodiumtriacetoxyborohydride
and saltk Sher@fMnChiligy/the 4l Rirotiloridpsali. dThe §mtheses of 2-oxo-1-(4-piperidinyl)-

I n i perjdjne-1-cgr I ; e .
10 2.3-dihgdr 3B Dol Bard Sl St 3T DY o35 8- (4-piperidinyl)-2,3-dihydro-1 H-
imidazo[4,5-b]pyridine dihydrochloride, is depicted in Scheme 3:
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(2) reacting the Cral kyl

4[ (2- chl oropyri di n- 3-yl ) am no] pi peri di ne-i - car boxyl at e
wai2047/1e6880r osul f onyl i socyanate to form Q‘al kyPCT/US2007/008700

4[ (am nocar bonyl ) ( 2-

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

reacting the Cral kyl

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

yl ) am no] pi peridi ne-1-carboxylate in the presence of

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

form C al kyl 4-(2-oxo0-2, 3-di hydro-| H m dazo|

4,5-b] pyridin-I-yl)piperidine-I|-carboxyl ate; (4)

reacting the Ctal kyl

4-(2-0x0-2, 3-di hydro-| Hi nfehemse 3, 5-b] pyridin-lyl)

p| reridine-1 -carboxylate with HO to form y

-Nq-lgpl yI)ZS-SEéEol
t4 gf b% ﬁe“ E%?Ffon prov des a%@8$%|é

prep@patl on of the internedi ate
2-0x0-1-(4-piperidinyl)-2,3-di hydro-1|/

-im dazo[ 4, 5- b] pyri di ne di hydrochloride, 3, conprising g
the steps of él) acting 3-amino-2-chl oropyridine p 2
W th ethyl perldlne @pw)ylate in the

preggnce of acetic aci F;g,nd sodi um
tri—ace’c—c'xyb I‘O y HE(E%?/to fOI‘lllctll
4[ (2-chl oro Qefif noft ?T'ﬁépl di ne- 1- ca |box a):eo

;(2) reacting the et hyl
4[ (2-chl oropyridi n-3-yl)am no] pi peridi ne-I-car boxyl"é\te
wi th chl orosul fonyl isocy te to form et hyl
4[ (arri nocar bonyl ) ( 2- chl ofopyy i di n-
) am nog‘ferl di ne-1-cC odylate; (3) reacting the
et hWNaOH Hy HCI
4] (amongeeoonyl ) (2@ ropyoi di n- 3-yl ) ani no] pi peridin
e N H
3

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

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

expensive than those required for the DAP route and all the steps are high yielding.
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1-carboxyl ate in the presence of NaHCO3, Pd(OAc)2 and
bi s- (di phenyl phosphi no) butane to form et hyl

wWa-202/106589 2, 3- di hydro-| H i m dazo[ 4, 5- PCT/US2007/008700

b] pyri di n-1-yl) pi peridi ne- 1-carboxylate; (4) reacting

t he et hyl

4-(2- oxo- 2, 3-di hydro-1 Him dazo[ 4, 5-b] pyridin-I -

yl ) pi peridine-1 -carboxylate with HJ to form

2- 0x0-1| - (4-piperidinyl)-2,3- dihydro-|

f-im dazo[ 4, 5-b] pyri di ne di hydrochl oride. The

invention is not limted to specific enbodi nents

described in this application, and in fact includes

addi tional features not expressly described above,

i ncl udthfig) ik bhe Aect ofthe @iventioh peovides a);bropeastfonﬂieanreparation of the

mermogie a0 S Eurgig inyerochionc, .

Cmnpnﬁﬁgt B esafes 2 and 3, and salt forms other than HC

ns) and the use or no-use of particular
separation or isolation techniques, and ot her

Qﬁ%é&'ﬁ% Sﬁﬁﬁfoai-cﬂﬁpé;?ﬂd%é PREC A|Q§1k9ﬂ¥f&oalrld ot her

rth a I's presented herein. t hough these terns
piperidimovarboxylateoieths prdsEees ¢ﬁtnﬂneroap@tlc arid §e¢1 sediupe| ow

PR ge T BRI ety 5@2‘50 (2,2, 2-tr

yharaiedpipytijiazdpemb@ylate; 4- (2- oxo-
di hydro-1 Hi m dazol 4, 5- b] pyri di n- I-yI)p| peri di ne-|-car
boxam de To a 12 L 4 necked flask equi pped with

Glb%ﬁﬁﬁl@ thé Oy halkyl 4[(Rehiveenypidén-and)aniinepiesriding-étcathox ylate

iy Siiretti e et opge Sarlal TelsiifheTs

%lHE%py@ﬂhﬁ B-yl)ahtifio aseridings 1 adebostyhite;r oom t enper at ur e
(4.1°L; 10 rrL/g) followed by triethylam ne (194 m ;
1.2 eq). The slurry was aged at room tenperature. To a

(3) reacting the Cy4alkyl 4[(aminocarbonyl)(2-chloropyridin-3-
yl)aminopiperidine-1-carboxylate in the presence of NaHCO3, Pd(OAc)2 and
bis-(diphenylphosphino)butane to form Cj4alkyl 4-(2-ox0-2,3- dlhydro-lH-
imidazo[4,5-b]pyridin-1-yl)piperidine-1-carboxylate;

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

dihydro-1H-imidazo[4,5-b]pyridine dihydrochloride.

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

of the intermediate 2-oxo-1-(4-piperidinyl)-2,3-dihydro-1H-imidazo[4,5-b]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)amino]piperidine-1-carboxylate;
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separate 22 L 4 necked flask equi pped with overhead
stirrer, thernocouple and nitrogen inlet was charged
weD07(128838 g; 1.25 eq) and THF ( 2.3 L; 10 m /gCT/US2007/008700
relative to CDI). The solution was aged at room
tenperature. The caprolactamslurry solution was added
to the CDI solution over 1 - 1.5 h at roomtenperature
then aged at roomtenperature over 1 hour after which
the reaction was assayed for conversion to the
caprol actam acyl imdazole internediate ( >98.5 LCAP
conversion). The piperidine heterocycle 3 (41 8 g;
1.25 eq) was then added followed by Et3N (419 raL; 2.6
eq). The slurry was heated to 60 0C and hel d overni ght
ea) rbiaingttheptyat{(2ehldiBh@idissay) ahnwdpiperidiseticidboxylate

nv rS|o ter ma h add 190 nlL. -~ \Y; 00 ...
estEoraspoxfies it g v so Shperitoeppbyridin
B%ﬂ)a&ﬁn@ hdriddnell -cArboxiytisg;s af ter which LC assay
showed 99.8 LCAP conversion. The reaction m xture was
t hen cooled to 15 0C then quenched with MIBE ( 3.1 L;
gB)El'emt{r@thé@ﬁly\l\’a%Qﬁgnd&a}ﬁbn%g(f@ﬁl&d@yrﬂﬁ%&}lﬁdxﬁm@ﬁhﬁ%ndme-

he” or gani c %er was then

és@alwcvlatern thﬁmmp@OBNaHﬁ%Pﬂ@Aé) &4 bisni dazol e
R AR L e s

blpyridin-ityQpiperidineledagboxy®ate; 5 nl/ g) then passed
through an inline filter to give 620 g assay of

desired product. (95.3 % assay yield, 98 LCAP
mdl)’nehg't)ngi‘haﬂsﬂiyé 42-0x0-2,3-dihydro-1H-imidazo[4,5-b]pyridin-1-

fyﬁs@: -?‘fgg’géélr??%wﬂ‘?@rtggh Sensl %(031 U Yiperdddud) 23t "

@EHW&-QH—hhihﬁid{&;i@b]@yﬁdbiepﬁhydiomlbngé ) pi per
di ne-| - car boxam de Caprol actam 2(8.23 kg 5.60 kg
caprol actam HO salt based on 68 w % assay)) was

char gerfeGnaéntionds heelineea e speciid étnﬂ_drlﬁn(eﬁfs ckshﬂbeﬁhd this application,

triethylamne (1.90 kg). A vessel char
and in fact mclu)ées add1t101(1a1 feature%)not expressly descnwa(? above, 9110?11&/“ ing Eut not limited

to the use of particular solvents and reaction conditions, the use of particular reagent forms
(including neutral forms of intermediates 2 and 3, and salt forms other than HCl salt forms), and

the use or no-use of particular separation or isolation techniques, and other features.
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CDl (3.163 kg) and THF (30 L). The contents of vesse

A were transferred to vessel B over 1.5h and the
woiad7aressph n vessel B aged for Ih. At that poi nPCHRISE07/008700

anal ysis showed the formati on of caprol actam

acyl i m dazole to be conplete. The piperidine

heterocycle 3 (5.0 kg) was charged to vessel B

followed by triethylam ne (4.12 kg). The batch was

heated to 600C and aged overni ght when HPLC anal ysi s

showed the coupling was conplete (<0.2 LCAP

caprol actam CDI adduct renmaining). MIBE (49 1) and 10%

aqueous citric acid (29 1) were added and the phases

separated. The organi c phase was washed again with 10%

aqueoBeveral pblremiahigng, 20ranymsragidtotizer shprtharBbiswaes@aRd herein.

Atou L Yo et ikl g aBlicfln b5 BRbCAGH BN, RSt
summabzingahese te@i7s:L) and the MIBE sol uti on was assayed for

compound 1, with the assay yield of neutral conpound 1
equal to 8.49 kg, 96.0% The HPLC assay al so showed

still 1.0 [ @Ak of the N-asubpylhékazel € adduct
remai ni ng. | Therefore, tjhe E sol uti on was washed
agai n wit h| % aqueous |[dFRIPP&4cid (2 x 29 L), 5%
aqueous NaHEEBxi(2 x 28 gghégmh“gﬁgg (27 L). HPLQE assay
of the MIBE sol ution wgds performed again. Assay |yield
neutral 45uTHER 27 kg, |deiramdrafgrap | CAP, <o 1 LGAP
N-acyl i m dpgejce adduct . ﬁéqqm_ émb&& i
)-6-(2,3-Dj fl uorophenylj) Eﬁ?%¥ y@ trlfluoroethyl
) azepan- 3- CPI4 (2- oxo- 21 B’ carbonyl 111dazole
di hydro-1 Ht zo[ 4, 5- peridi ne-1| -car
boxam de, po gggiun1sal angﬂnhgy%£%233|un8alt
Et hanol at e| tofl | toluoyl or toluene

dppe bis-(diphenylphosphino)ethane

dppb bis-(diphenylphosphino)butane

DMAc dimethylacetamide

TFA trifluoroacetic acid

ACP 3-amino-2-chloropyridine

STAB sodium triacetoxyborohydride
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The MIBE sol ution of conpound 1 (8.27 kg) was charged
to an inerted vessel through a 0.1 mmcartridge filter
wand7aeessent rat ed down to 30 L using partial vacuwse@mndos7oo

keepi ng T<40 0C. Ethanol ( 116 L) was charged and the

sol ution concentrated down to 30 L agai n under vacuum

at <40 0C. Ethanol (116 L) was added and the solution

anal yzed for residual THF/ MIBE content (none

detected). Potassiumter/-butoxide (1.720 kg) was

charged as a solid to the vessel and the m xture

warnmed up to 45C to dissolve all solids. The batch was

then concentrated down to a final volume of 58 L (7

m /g based on neutral 454) at <40C. The resulting
Exaﬂuﬂﬂmrry was | eft coollng to roomtenperature overnight

before filterin The filter cake was washed with col d
N-ICRAN A3 DiklupyophemyDni-oxpil-@. %2 rtriflugraethyhasenan-atylli¢- (2-0xo-2,3-
dihydroQH-Thad sl S-Wridm-luymﬁgeﬂamm@aﬂ%ﬁdxﬁideYl eld =

7.97 kg, 84% Exanple 4 iV-[(3 6

) - 6- (2, 3- Ogd | uor ophenyl ) - 2- oxo-1-(2, 2, 2- tcglfluoroethyl
3

) azepan- 3-(y| 4-(2
di hydreqo- | h1 dazof%‘%3 2‘] pyridin-1-yl) pl(
boxagiided pot'&s'si um-satt—ethanol at e

stir and cl ai sen adapter™With n i nI et and //
t her nocoupl 8¢t Conmpound 1 .49 9) punct|1| i ous

et hanol (165 nL) wer ed to the vessel. The
suspensi on was war e 8 B 0i| bath and the
suspension agitated. Al ’the sol i ds dissolved and a

honogeneous sol uti on Was obt ai ned

To a 12 L 4 necked flask equipped with overhead stirrer, thermocouple and nitrogen inlet was
charged Caprolactam HCI salt 2 - MTBE solvate ( 412 g corrected as HC] salt; MTBE solvate
typically 78-79 wt % HCI salt) . THF was then added at room temperature (4.1 L; 10 mL/g)
followed by triethylamine (194 ml; 1.2 eq). The slurry was aged at room temperature. To a
separate 22 L 4 necked flask equipped with overhead stirrer, thermocouple and nitrogen inlet
was charged CDI ( 233 g; 1.25 eq) and THF ( 2.3 L; 10 ml/g relative to CDI). The solution was
aged at room temperature. The caprolactam slurry solution was added to the CDI solution over 1
— 1.5 h at room temperature then aged at room temperature over 1 hour after which the reaction
was assayed for conversion to the caprolactam acyl imidazole intermediate ( >98.5 LCAP
conversion). The piperidine heterocycle 3 (418 g; 1.25 eq) was then added followed by EtzN
(419 mL; 2.6 eq). The slurry was heated to 60 °C and held overnight at that temperature.
HPLC assay showed 97.4 LCAP conversion. Water was then added (190 mL; ~ 3 vol % relative
to THF) and reaction mixture aged at 60 °C for an additional 2.5 hours after which LC assay
showed 99.8 LCAP conversion. The reaction mixture was then cooled to 15 °C then quenched
with MTBE ( 3.1 L; 7.5 ml/g) and washed with 10 % (w/w) aq citric acid soln (4 x 2L; 5 ml/g).
The organic layer was then assayed for imidazole and piperidine acyl imidazole impurities (<0.2
LCAP) The organic layer was then washed with 5 % (w/w) aq sodium bicarbonate solution ( 2
L; 5 ml/g) then water (2L; 5 ml/g) then passed through an inline filter to give 620 g assay of
desired product. (95.3 % assay yield, 98 LCAP purity).
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when the internal tenperature reached 38 0C. The
tenperature of the oil bath was reduced to 50 0OC and
woOheo7inesy nal tenperature was brought to 44 C. PTinaIS2007/008700

pot assiumtt-butoxide (2.72 g of 95% pure naterial)

was then charged (slight exothermto 46 0OC observed).

The resulting solution was then seeded with authentic

Compound 1 potassiumsalt ethanolate (20 ng). The

tenperature on the oil bath was reduced to 40 0C and

t he batch was aged about 1 hr. The heating on the oi

bath was turned off and the suspension was cooled to

25 0C over about 1 h. The batch was then cooled in an

ice bath to <5 0C and aged about 2 h. The batch was
Exampleid tered through a medi um porosity sintered funnel and

the cake dried under vacuum and nitrogen tent until a
N-[(3R,6sp§x(a;3lt.nmi<gbphum)ab¢m-mmaatxﬁﬁwroethné)mam?’-ﬂl-4-(2-oxo-2,3-

. o5l 1 tq1l - o] bout SO

ainyard SR e B B

potassiumsalt (11.15) was obtained as a tightly bound

et hanol solvate in 78% éllqu’d 99.4 LCAP, 99.6 o
Y%ee) . Exgnpkigu@mmie( (3 N NH2HCI o HN?LQ_N)LNH
\f I 0 I

) - 6- (243" fIuorophenyl@-og(o-l-(Z,Z,;;

) azépani3-yl | - 4- ( 2- oxo- 2,3- FsC

di hydr o- A& mi dazo[ 4, 5- b] pyidi n-1 -yl ) pi irdi ne-1 - car
boxam d tassium salt ethanolate 2 Po i um Sal t

Ethanohpte of 1 Caprolactam HO salt 2 (30 g =s 20,4 ¢
caprol actam HCl salt based on 68 w % assay)) was
charge to an inerted flask Awith THF (240 m) and

2oy bRIELNE 5 (B bAGsd 61 88GRYs Gl h
Cal.)mla%gdf?ggy%?ﬁzgnd 5'IQE@F ¢ 1%1%1&3{ h%f’]g "_lgo nt ent s@o%w%/essel}l))ﬁv\V =e arge,to
an inerteé vesset Anwitk TEBU(G04 13 e ghyeains(-9R kek ésvessel B pas charged with

CDI(3 Zhgﬁcéi gn(i Q‘Efgev\égellr)h é!’h@%ggtefx&rof | RssefMA HBAL trRARiEedBlfessel B over 1.5h

I'S S
and the mixture in vessel B aged for 1h. At that point HPLC analysis showed the formation of

caprolactam acylimidazole to be complete. The piperidine heterocycle 3 (5.0 kg) was charged to
vessel B followed by triethylamine (4.12 kg). The batch was heated to 60°C and aged overnight
when HPLC analysis showed the coupling was complete (<0.2 LCAP caprolactam-CDI adduct
remaining). MTBE (49 1) and 10% aqueous citric acid (29 1) were added and the phases
separated. The organic phase was washed again with 10% aqueous citric acid (29 L) and then
with 5% NaHCO; solution (2 x 28 L). The pH of the last aqueous phase was 9 at that point. The
organic phase was washed with DI water (27 L) and the MTBE solution was assayed for
compound 1, with the assay yield of neutral compound 1 equal to 8.49 kg, 96.0%. The HPLC
assay also showed still 1.0 LCAP of the N-acylimidazole adduct remaining. Therefore, the
MTBE solution was washed again with 10% aqueous citric acid (2 x 29 L), 5% aqueous
NaHCOs (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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formati on of caprol actam acylim dazole to be conplete.
Pi peridine heterocycle 3 (18.2g) was charged to vessel
w8 220wiihessed by triethylamne (15.0 g). The bat eoTWE2007/008700

heated to 600C and aged overni ght when HPLC anal ysi s

showed the coupling was conplete (<0.2 LCAP

caprolactam CDI adduct remaining). MIBE (180 nl) and

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

phases separated. The organi c phase was washed again

with 10% aqueous citric acid (105 m) and then with 5%

NaHCO3 solution (2 x 100 m ). The pH of the | ast

aqueous phase was 9 at that point. The organi c phase

was washed with DI water (100 ml) (5 m saturated

aqueous brine added to give good phase separation).
ExampPBC assay of the MIBE sol uti on gave an assay yield of
N-[(3 1-@,3-@%9H5§h&yﬂ-2%oﬁ5(292,2&9iﬂ]u%ro&%gga%—3-9i‘]§4-(2-0x0-2,3-

. MIBE .sql ut 1 neutral. Co ﬁgpd 1 (31. ,dg) Was -

aiydreg g agoh SApyridin L YD RIBP R L AP oY amidd) Pofassium salt
ethanodatd keepi ng T<40 OC. Ethanol (240 m) was charged and

the solution concentrated to | ow vol une agai n under

partial vacuum at <40 OC. Ethanol (116 L) was added to

bring the ol ume of the solution t® 420 gl and the
sol ut i chHNIs @e:i;%fbr neutral Corppune .y RekulmeH 30. 3
P

g, ¥ | . Si wmsh,er t ytyxi)de L P was added
and the ju xture war medgdd 45C to d%ssolve all the

sol i ds. e solution was then c entrated down to a
final voldhe of 210 m (7 m/g baséd on neutral 454)
at <40C. The resulting slurry wa& €88REF" 8" oom
tenperature for 2 hours and the solidcollected by
filtration. The filter cake was washed with cold

The Mig Ssgl)tlt' éq%gcgnr‘néagrg{j bf(gg;%g B%g%%r%g% %cp gl? Ene\xl't%ﬁl'\l/légnseﬂhrough a0.lpm
cartridgeVfiflteB iaftd GBhcéntlaled dBivhl 1603® 1D @Binlg) pattioX Qadiui® add Aeeping T<40 °C.
Ethanoi l(lul% f)e\wg/ Lﬁa?’éee gx?ci S{eyslolu_tid&l c%_ngé(n%;a%édsc_iown 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 ters-butoxide (1.720 kg) was charged as a solid to the vessel and the
mixture warmed up to 45°C to dissolve all solids. The batch was then concentrated down to a
final volume of 58 L (7 ml/g based on neutral 454) at <40°C. The resulting slurry was left
cooling to room temperature overnight before filtering. The filter cake was washed with cold
ethanol (25 L) and the solid dried under vacuum at 40 °C. The solid was de-lumped using a co-
mill. Yield = 7.97 kg, 84%.
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di hydro-1 H i m dazo[ 4, 5-b] pyridin-1-yl)piperidnme-|-carb
oxam de, potassium salt ethanol ate Potassium Sal t
wéabhenedsabe of 1 Caprolactam HC salt 2 (8.23 RgT/US200/008700

kg caprolactam HO salt based on 68 wt % assay)) was

charge to an inerted vessel Awith THF (66.4 L) and

triethylamne (1.90 kg). To vessel B was charged CD

(3.163 kg) and THF (30 L). The contents of vessel A

were transferred to vessel B over 1.5h and the m xture

in vessel B aged for Ih. At that point HPLC anal ysis

showed the formation of caprol actam acylim dazole to

be conpl ete. The Pi peridine heterocycle 3 (5.0 kg) was

charged to vessel B followed by triethylamne (4.12
Examigd The batch was heated to 600C and aged over ni ght
N.[(snﬁgs-t%%mwﬁmﬁmsm—f SOt d18e M-Bém (F-ox0-2,3-

] aprol acta [duct _renal ni

dibydroy1 HrmidaggldacRipycidin bﬁgwae'r ginexbreayboyama dﬂ%‘as%mﬂ‘ salt

ethanoldéte phases separated. The organi c phase was washed
again wth 10% aqueous citric acid (29 L) and then

O

wi th 5% NaRICC>3qsol ution (2 x 28 L) The pH of the }
| ast a "%Ch@h was 9 at thaR | K'd A 250 mL, 3
phasg ™ Was t hxBBu,wat g&~§ 2 LC proflll@k round
showed sfi} . LCA g t he caprol ct am bottom  flask
N-acyl i azoI e adduct i mpurity ITB.I ning. The MIBE .

sol ution was washed agai n with 10% aqueous citric aci & equipped
(2 x 29 L)5 5% aqueous NaHCCB (2°%*2851) "aRE* wat¥r (with a
L). HPLC assay of the MIBE sol uti on gave an assay . mechanical

yield of neutral Conpound 1 of 8.27 kg, 93.5% 98.9 stirrer and
LCAP, <0.1 LCAP C%Eﬁto' actam N-acyl i m dazol e adduct. n
claisenaiapigr pritls eHitgegesninst a9 therno (rrmpoyrgl 2A1R4P eand punctilious

ethanoC(I@50aL) twera cmgs@ o tthy O&K361. The-shspernt wWhel8Rrhkd €6 60 °C oil bath
and thq(gg 81944 géléa%%cg Al(‘iI WL sohds?’cﬁssolvesdI aa p %Bao%enevo%(s: fntlonqvas obtained
when the mternal temperature reached 38 °C. The temperature of the oil bath was reduced to 50
°C and the internal temperature was brought to 44 °C. The potassium zert-butoxide (2.72 g of
95% pure material) was then charged (slight exotherm to 46 °C observed). The resulting solution
was then seeded with authentic Compound 1 potassium-salt ethanolate (20 mg). The temperature
on the oil bath was reduced to 40 °C and the batch was aged about 1 hr. The heating on the oil
bath was turned off and the suspension was cooled to 25 °C over about 1 h. The batch was then
cooled in an ice bath to <5 °C and aged about 2 h. The batch was filtered through a medium
porosity sintered funnel and the cake dried under vacuum and nitrogen tent until a constant
weight was obtained or until the amount of residual EtOH present by NMR (DMSO-d6) was
about 80 mol% relative to Compound 1. The Compound 1 potassium-salt (11.15) was obtained
as a tightly bound ethanol solvate in 78% yield (99.4 LCAP, 99.6 % ee).
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Et hanol ( 116 L) was charged and the sol ution
concentrated down to 30 L again under partial vacuum
wakowadoBC. Et hanol (116 L) was added and the BOTwS2@M008700
anal ysed for residual THF/ MIBE (none detected).
Pot assiumtert-butoxide (1.720 kg) was charged as a
solid to the vessel and the m xture warnmed up to 45C
to dissolve all solids. The batch was then
concentrated down to a final volume of 58 L (7 m/g
based on neutral 454) at <40C. The resulting slurry
was left cooling to RT overnight before filtering. The
filter cake was washed with cold ethanol (25 L) and
the solid dried under vacuum at 40 O0C. Yield 7.97 kg,
Examp8d806 Exanple 7

- R602)3-Pifilll n{B:230£8-1. ithy z3-41i{4-t2-0x0-2,3-
oS OGRSl S et el i
dibydrerd FE R[4 S hAREHEIT L YD PP ¢ridins s farp oxamidl Mot ssipm salt
ethanofat@sk was charged 1, 2-difl uorobenzene (130.0 g) and

dry THF (1.3 L). This solution was cooled to < -60

‘whil e stirring under nifrogen. To this was added
nhexyl lithi um (455 mmek _@H{M hexane) dropwi sg %US’EQ)H

that T %LGFVTE5 Aindut'e 1% Fon) . H@%
qui &I Wedrned into a>s %grh%bl e slyem™y, Mwhich aged
for 1 h rcol d. To -5 wes-added zin ghloride (2.3

L of O. THF) suchwkdmiech < - 60 and e slurry
qui ckly became a honpgeneous sol ut ipggsiungf,Lﬁha\qmeoypr med
to 0 0C fol | owed by the addition of copper(l) chloride
( 11.3 g) and chl oroacetyl chloride (142 g) such that
Caproldctain FICOIGalt ThS Or g2 @0I40g capps] aatrea i€l salfi besed2th 68 wilbessay)) was charge

o an g RO AR TR L B Bl SETRALRLY S SR s o
(11.53 Eg)%g&f'gﬂfﬁ)f@ 1§|)_ Egﬁ. 68 odfeatsyof vesel Aandrdirhndfetledvitd Wessel B over 50
minutes and tge mixture in vessel B aged for 1h. At that point HPLC analysis showed the
formation of caprolactam acylimidazole to be complete. Piperidine heterocycle 3 (18.2g) was
charged to vessel B followed by triethylamine (15.0 g). The batch was heated to 60°C and aged
overnight when HPLC analysis showed the coupling was complete (<0.2 LCAP caprolactam-
CDI adduct remaining). MTBE (180 mi) and 10% aqueous citric acid (105 ml) were added and
the phases separated. The organic phase was washed again with 10% aqueous citric acid (105
ml) and then with 5% NaHCOj solution (2 x 100 ml). The pH of the last aqueous phase was 9 at
that point. The organic phase was washed with DI water (100 ml) (5 ml saturated aqueous brine
added to give good phase separation). HPLC assay of the MTBE solution gave an assay yield of
neutral Compound 1 of 31.95 g, 99.1%, 98.8 LCAP. The MTBE solution of neutral Compound
1 (31.95 g) was concentrated down to low volume using partial vacuum and keeping T<40 °C.
Ethanol (240 ml) was charged and the solution concentrated to low volume again under partial
vacuum at <40 °C. Ethanol (116 L) was added to bring the volume of the solution to 420 ml and
the solution assayed for neutral Compound 1: Result: 30.3 g, 53.5 mmol. Potassium terz-
butoxide (6.3 g) was added and the mixture warmed to 45°C to dissolve all the solids. The
solution was then concentrated down to a final volume of 210 ml (7 ml/g based on neutral 454)

at <40°C. The resulting slurry was cooled to room temperature for 2 hours and the solid
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aqueous was cut and the organic washed again with IN
HO (2 L) followed by IN NH4OH (2 x 2 L) and finally
woizodr/meesser (2 L). The organi c was concentr at eBCTWS2007/008700

oil. Assay yield = 78% The oil is then diluted with

hept ane (800 nL - does not all go into solution) and

stirred while cooling to - 30 OC. During cooling the

oil turns over to a crystalline solid. The slurry is

aged lhour at -30 0C, filtered and washed with cold

hept ane. Desired product isolated in 7 1 %yield (154

g). Step 2: 2-(2,3-difluorophenyl)-2-vinyloxirane A

sol ution of chloro acetophenone (40 g) in dry tol uene

(400 nL.) was cooled to T < -60 while stirring under
collected by Wlonrg‘hp Kilter gake gg@jgf@shﬁdnwynh ealfeibinah(BP®mlband the solid dried

fo L ) opwi se such that T < -25

under ‘%?é&&)‘lifr%“‘e ccgrr% M '30?(;&8'73/” the reaction is warned to

O degrees and assayed for conpletion. The reaction is
Exanliggnched with INHO (250 nL) and transferred to a

eratory funnel and the aqueous |ayer cut. The
N-[(3mgw(zgsimmsm§e@m)amxm1ttz,i Mt’n’ﬁutﬁ‘g@ﬁy%ieﬁdﬂ-bwg—(z-oxo-z 3-
sat urat ed sodi um_bi car bonate (250 nmL) and wat

dlhydr@zla‘éflﬂts‘azﬂﬁé-wwgmle-lrxl)waﬁeémq-htceabwrwhomtamum salt
ethandiate’ i €d forward directly. To a solution of tertiary

al cohol (210 mmol) in toluene (400 n.) is added IN

NaOH (400 nL) and the ase systen1aq)tateg for 4
hours a€ bﬂﬁ#MEﬁpem %@rganlg,hay L, &vK* . EOH

assayeth by HPLC for Isetlon At e ct t he
aqueous Jayer is cut @m,dlEtaHEF or ganf® ed wi t I wat er
(400 wLi’l he organlc S, &9nhcentrat ed/ tropically
dried in vicuo and used Tor the next s : Typi ca
assay \ield over both steps is 89 ¥iSfigpSalEthanolate of1

N-[(32)-4-(2,
3-di fl uorophenyl)-5-hydroxy-1, | -di propi onyl pent -3-en-|

Caprolaéf&rh%%@%@%f\} ?38 Q3|k L X n§(}§g? a%ta{ng%@r b tfjl%a% lsEE%Fwt% assay)) was
charge to an inerted vessel A w1th 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% NaHCOs; solution (2 x 28 L). The pH of the last aqueous phase was
9 at that point. The organic phase was washed with DI water (27 L) The HPLC profile showed
still 1.0 LCAP of the caprolactam N-acylimidazole adduct impurity remaining. The MTBE
solution was washed again with 10% aqueous citric acid (2 x 29 L), 5% aqueous NaHCOs (2 x
28 L) and water (27 L). HPLC assay of the MTBE solution gave an assay yield of neutral
Compound 1 of 8.27 kg, 93.5%, 98.9 LCAP, <0.1 LCAP caprolactam N-acylimidazole adduct.
The MTBE solution of neutral Compound 1 (8.27 kg) was charged to a vessel through a 0.1pm
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addi tion funnel and septa was charge with Pd(QAc) (392
mg, 1.75 mmol, 2 nol %, DPPE (835 ngy, 2.09 mmol, 2.4
woub#h12058N- acet odi et hyl nal onate (43.8 g, 201 poOI/US1001508700

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

flushed with N2. The addition funnel was charged with

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

100 nL of toluene (KF < 300 ppm. To the reaction

flask was added 500 nmiL of toluene (< 300 ppm) and the

resulting mxture flushed with N2 and stirred at room

tenperature (20-250C) for 10 mn. The vinyl epoxide

sol ution was added over 5 mn and the resulting

m xture stirred overnight( 6-10 hrs) at room
cartridge fidter @mdr@n@mﬂ@@@pwrﬂm d6nke ysing) paitipl yackuim NodCkeeping T<40 °C.

e inC . .

mthanch K1 T wHE PR tnd Phd Bl Bop@frel Qg R 1RO again under partial

vacuurﬁrgarecno ¢(ayeEﬂms1 qepere) @fhsaaauamah@okhw $duticd aﬁhlyeéd for residual
of brine an wat er .

THFMT%(HB?@ aﬁtieetefihfé#awagn t‘?ré'é’tlwl%? £h7%9akgbwes @helzsé as a solid to the

vessel HndMBe niikhre eFaféd 19 ms°@ﬂ‘i|ofd1§§(ﬁ&@%l I@l@ds The batch was then
resul ting solution was concentrated (T= 20- 00 t

concengigingk dawn taia Figpl yelummef $8| Lit (7Tomgabasad aqneaeutcal 4@44@ <40°C. The
resultn%:sﬁpxqr #9918 Bb1i ﬁpkqngwé@q@? b@ch% fan&n na‘h r}ﬁter cake was washed

urry i1s stirredat 40

with cald e&wbl €25 Ir)oowh the apléd dtied enderomminghtat 4TRE. ¥odldit= D97 kg, 84%.

was filtered and the solids washed with 2 x 120 nL of

8:1 n-heptane:toluene. The solids were dried with
Examplaguum and N sweep(70 % yield). Step 4:

N-{(32)-4-(2,3-difluorophenyl)-I
(BR,65)-B-Amino$-s3-diftu grophengh)1-(262, 2arifhionyé thyhnzepamerong -

en-1 -yl }acetam de The corrpound of Step 3 (50.0 g,

ne (was treated with Et3N
Step 1. %?hzogwé# f(ffPJPJY 7 Fﬁ«ﬁea%y a 25 nL tol uene flush
followed by MsCl (16.5 g, 162.7 mmol) in 1201l tol uene
followed by a 25 ml flush rmklnrexs'ure the te@perature

di d not eed 3 0C o CuCl ¢
E:L Cl/.u\/CI THF
F

F F

To a 5 L 4-necked round bottom flask was charged 1,2-difluorobenzene (130.0 g) and dry THF
(1.3 L). This solution was cooled to < -60 while stirring under nitrogen. To this was added n-
hexyllithium (455 mL of 2.5 M/hexane) dropwise such that T <-60 (~ 15 minute addition). The
solution quickly turned into a stirrable slurry, which was aged for 1 hour cold. To this was
added zinc chloride (2.3 L of 0.5 M/THF) such that T < -60 and the slury 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 complete by HPLC. The reaction was quenched with 1N HCI (2 L) and then
the two phase system was transferred to a seperatory funnel and diluted with IPAc (2 L). The
aqueous was cut and the organic washed again with 1N HCl (2 L) followed by 1N NH4OH (2 x 2
L) and finally with water (2 L). The organic was concentrated to an oil. Assay yield = 78%.
The oil is then diluted with heptane (800 mL - does not all go into solution) and stirred while
cooling to — 30 °C. During cooling the oil turns over to a crystalline solid. The shurry is aged 1
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After a 30 mn age, the slurry was treated with 2501L
H O and then warnmed to RT. The aqueous | ayer was
wdneinessaway (a bl ack rag | ayer is observed) aad/usk®7/008700
organi ¢ phase washed with 1x200 nL I N NaOH and 1x150
mL of 15 % NaCl sol ution. The sol ution was
concentrated to -150 nL and flushed with 3001L
tol uene. Addition of 375 nmL of DMAC (KF -400) afforded
the solution ready for the next step. To the orange
solution was added CF3CH2NH2 (37.2 g, 376 mmol, few
degree tenperature increase here) foll owed by LiBr
(2.17g, 26 nmmol) and the solution aged for 13 hours at
28-30 OC. The reaction was diluted with 250 nL | PAC
hour ataf °C;@iltered-bfd whbieedawithaiotd heyane WBesit@hpioduct {EBRited in 71 % yield
(154 g)°Or gani ¢ | ayer was washed with 150 mL I NNaOH and 150 ni
15 % aqueous NaCl solution. Assay of the EPAC ayer
shows 92 % yield and the solution was concentrated to
Step 2: D5Q@, 3vUifludr oprrenshP-AfPlomiraAC added . Step 5:
N-[6-(2,3-di fluorophenyl)-2-oxo0-1-(2,2,2-trifl uoroethy
1)-2,3,4,7-tetrahydro-| H azepi n-3- yl]acetam de To the

DMAC sol uti on of (55 g, 114.49 mol 475 mL
vol une) was r¢ (148 \343. 5 DI 1 oved by
H20 (6.1 g, = MD| ). Theewol utio aged at

113-115 OC forfl1l2- 14 hours (after 1 ur at 112 0C a
white precipitate forns). After cooling to RT, 5g of
Darco was added and the solution filtered through
A solutten gEclipracetophenpna 40 gatecdnidelugas KA wiL) twazg®okd to T < -60 while

stirring HRAG: niﬁ&gemrE Ta ghiﬁ vdra%)éﬂﬂeﬂ\?ﬁlﬁ tau eéiﬂxﬁflifliﬁmidstn@nlfgaﬁié ?40.8 M in THF)
1.0 a S rea . WM L9 .

dropwig i T 5 REnGe e e e R g afiad to 0 degrees and

assayedyfor|cogipletian: efhoreastionss aiermbad veithl 1NHEICH (2fhimd.)| anyldransferred to a

seperatygSfunashadd Wiet dquddts Myet bufNaPhe ofgadd & Whasted’ad@with 1N HCI (250

mL) foﬁg\!v&ll Ibgrgaturated sodium bicarbonate (250 mL) and water (250 mL). The organic is

concentrated to an oil and carried forward directly.

I OH l o
cl NaOH
toluene

To a solution of tertiary alcohol (210 mmol) in toluene (400 mL) is added 1N NaOH (400 mL)
and the two-phase system agitated for 4 hours at room temperature. The organic layer is assayed
by HPLC for completion. At end of reaction the aqueous layer is cut and the organic washed
with water (400 mL). The organic is concentrated/azeotropically dried in vacuo and used for the
next step. Typical assay yield over both steps is 89 %.
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brine and 220 nL of water. The solvent was switched to

tol uene (450 nL vol une, 45g assay ). The tol uene
weabarizessy (45 g, 110 mmol of decar boxyl at ed preduais)007/008700
was treated with trifluoroacetic acid (143 mmol, 1.3
equiv. and a yellow oil separated fromthe tol uene
solution. The reaction is aged at 85-90 "C for 12-15
hours overni ght under nitrogen. The sol ution was

cooled to RT and then concentrated to 3 L/ kg) based on
starting material and diluted with EPAC (338 nL). The
organic | ayer was washed with IN NaOH (225 nlL). This
resulted in an enul sion, so the batch was charged with

10 Wt %celite, filtered and the cake was washed w th

- h®. W hoa ) j 1 L B QL) acetamide

Step 3:3f g(jg?é’l Ly o RGOS I aRs. 1A0a: Nbgﬁ%ﬁjtl{’%'gfm_) Mace
m. 1 % agyeous NaC solution, and 5g Darco added. The

sol ution sfi | tered through /Sel ka- Fl oc, E@gz heHAC

sol uti gn_csagent r giggdad)9 4k (ppsed on assay

pr odu fl ' ' 100. ot al
QLR

s of Cabt afidegt, aisknbhe sl u Iy

cooled to 0 0C. Filtrgdtian and washing
hept ane: EPAC (150 nlL) aftorded the produ
offwhite solid. Step 6:
(3S)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2, Ftrifluoroet
hyl)-2, 3,4, 7-tetrahydro-| H azepi n- 3-ammoni um

.3- xY-2, 3:his[ (4 :

A 1 g SHRREY ot o5l ol BYLS0e Reb) e ULBORENBALE temperature probe,
additiog diunel grd eptetreashargesvith RF6AG)2 382 ge, do7 ymmel; § i), DPPE (835
mg, z.%sd d?ﬂoﬁ 13341 Whal1%6)f , &bhddﬁldiedilm_en&wﬂaté 4B8.8q5 J0eamel] RS &quiv), NaOEt

r [ So Al . the s 0 .

020 71y [P 8B, ORI g charsed with e
substratey Binyd eppxide (BR6 N A4S Mrpol dn PO L efciplueng t(EEF €300 ppm). To the
reactioR TRASE widtaddtdSoA e oP IR EX30@ppAYand tHe rR3QtiAk mifEire flushed with

s BB S GELEERETAL ShBr U O o s e
over 5 g apd the resulting mixture stirred overnight( 6-10 hrs) at room temperature (20-25°C).
Toluene (140 mL) and 1 N HCl (140 mL) was added to the flask and the biphasic mixture
transferred to a separatory funnel. The organic layer was separated and washed with 140 mL of
1 N NaOH, 140 mL of brine and 140 mL of water. The final organic layer was treated with
Darco-G60 (2-5 grams), stirred for 10 min, and filtered. The resulting solution was concentrated
(T=20-25 °C) to about 300 mL volume. The solution was heated to 40-45 °C and 600 mL of N-
heptane added over 20 min. The slurry is stirred at 40-45 °C for 30 min and allowed to cool to
room temperature overnight. The solution was filtered and the solids washed with 2 x 120 mL of
8:1 n-heptane:toluene. The solids were dried with vacuum and N, sweep(70 % yield).
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yield). The solution was concentrated to ~10 L/ kg of
am ne and then solvent swtched to EPA (~762 niL tot al
woaburne)sso The KF of the sol ution was adj usted POTABAD7/008700
ppm and then 2-hydroxy- 5-nitrobenzal dehyde (7.9 nmol)
was added followed by (-)-O O -di-toluoyl-L-tartaric
acid (158.6 mmpol ) and the resulting slurry was aged at
65 0C for 130 hours. The slurry was then filtered and
the solid washed with IPA. Step 7:
(3S)-6-(2, 3-di fluorophenyl)-2-oxo0-1-(2,2,2-trifluoroet
hyl)-2, 3,4, 7-tetrahydro-| H azepi n- 3-ammirhe conpound
of step 6 (10 g, 14.15 nmol) di-toluoyl tartrate salt
was slurried in .-PrOH (93 nL). To this m xture was
Step 4: RGHSE) N AT ifsilsoppienyl); 1, 1-diffkop tpkiy¥-F-[a1)2, Zt-zhg‘hﬁb'détktﬁlﬁzmmo]pent—.?—
en-1-yl Ak ponogeneous. After sparging with nitrogen, 5%
ZBaSO (1.20 g, 4 nol %9 was added and hydrogenated at
80 psi_of hydrogen for 2Ch, or until all consumed by

HPLC. THe &g uti on was fl\l\tqggd t hrough Sol kKa\ Flpe
with Mgy SML) to rerrg yst. The filPrgt S
concentoatediH o ang t mq di | ut ed Wlth MIBEI{ 100
m.) aﬁthnll\l"‘ !jSOO Af t erbigrRM clit, the
aqueo S yas back ed racred 'th 70 GA;ClafN E..~The

or garig i on was o8 wht rine (70 ' ( HPLCCFs
ass or y| el d of ci osol vent ched to
MeO <5% MIBE a ~1500ppm wi t h

vol ure of 45 nL and then treated with Et3N(3.95 nL, 2

equiv. relative to cis form and

2- hydr oxy-5-ni t robenzal deh)l/de (237 , 10 nol %
The corppound ¢leStep 3(59-0r g -2 mmelsip| 490mIntalpenes (was teeiterd with EtsN (16.5g,
162.7 mimolnfokowed by dr E5 fudl tofldnb leh@ﬁ folivedd BeRisCh %16 5g; 2@2 31 mmol) in

120mL 585 BB £45 o PR et !GP RRIR ot B3
After a &an(asea the plupwas trmtp@mwomiageom therhwargedsuBT. The
aqueoud\Ryeb@aK drained away (a black rag layer is observed) and the organic phase washed
with 1x200 mL 1N NaOH and 1x150 mL of 15 % NaCl solution. The solution was concentrated
to ~150 mL and flushed with 300mL toluene. Addition of 375 mL of DMAC (KF ~400) afforded
the solution ready for the next step.

To the orange solution was added CF3CH,NHS, (37.2 g, 376 mmol, few degree temperature
increase here) followed by LiBr (2.17g, 26 mmol) and the solution aged for 13 hours at 28-30
°C. The reaction was diluted with 250 mL IPAC and 150 mL H,O. The aqueous layer was
removed. The organic layer was washed with 150 mL 1N NaOH and 150 mL 15 % aqueous
NaCl solution. Assay of the IPAC layer shows 92 % yield and the solution was concentrated to
150 mL volume and 375 mL DMAC added .
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extracted with 70 nL of MIBE. The conbi ned organics
were then washed with 70 nL of brine, cone, to 25%
woaburneosand filtered. The organi ¢ sol uti on wasPCT/US2007/008700
concentrated further and then MIBE was added unti |
volunme was 30 nL. To this was then added 15 nL of MeCOH
(KF ~1500ppm . After heating solution to 50 0C, 1%
seed of the title copound was added followed by a 2
hour addition of 5N HCO in IPA (5.6 nL, 2.2 equiv.
relative to cis formassay). This was then aged 1 hour
at 50 OC and then cooled to roomtenperature over 3
hours. After aging overnight at RT, the slurry was
filtered and washed with 3:1 MIBE: MeCH (2 x 15 nlL).
Step 5: N‘fti eRK MBS oph&IADI0RE- 12@12 PRAAL NI, 34, 5 @é?mhydro—IH-azepsz-
eratldre to give the title conpound as an HO sal
yl]acet solvate in 85%vyield (5.37 g, 99% ee,). Exanpl e 8
2- Oxo-1-(4-piperidinyl)-2,3-di hydro-l

ff-inmdqazg]4, 5-A] pyridine Step.1: Ethyl

4-1(2- %Iﬂ qgf?,y.rl di n- 3-yl )ar@noff,l,peri di ne- | -carbo@’lﬁ{
eTo a tguee- neck RB-fl gkk gAui ppe th a NH
nmecharPca agltat_d]‘_éiﬂig. npdr at ure T Char ge

3- ami po- 2<chl or opyDM#iChe (3¢9 g, 0. 29uenfol , 100 Z)

HoxFate (55.5 g, 0.324
199 followe | PAC (500 nmL). The m
nogeneous aft gin agitation (16 O).
Trif lzuor oacetic aC|d (44 m., 0.590 nol, 200 rml% vva%

oo BRSO 00 1 S B PSR RE 08sict145
343.5 Imlan(fGﬂO)WdebY (H)Qﬂﬁ He, 34355 tngol).(lgSsblwbin waf Ggadodtl)l 3-115 °C for 12-
14 houf’ga(ﬁﬁé’rdfi 13250 & qr ‘é%‘i’eépﬁ%@ fGe) @kﬁé&r Jo‘@)‘ﬁhé't@ RIEZ2%f Darco was

nperature to served
added %rgﬂ mwwwq Eidterpdt @é@ﬁ%

t hyll 4Hg>5,@F£ pi peri

Flog- %ﬁﬁmg‘%&awash@ with 285 mL
IPAC. Thabyghie lapet wad @dit dio hslfiapd cosled to §-19°C. Each half was treated with 118.5

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

The toluene solution (45 g, 110 mmol of decarboxylated product) was treated with trifluoroacetic
acid (143 mmol, 1.3 equiv. and a yellow oil separated from the toluene solution. The reaction is
aged at 85-90 °C for 12-15 hours overnight under nitrogen. The solution was cooled to RT and
then concentrated to 3 L/kg) based on starting material and diluted with IPAC (338 mL). The
organic layer was washed with 1N NaOH (225 mL). This resulted in an emulsion, so the batch
was charged with 10 wt % celite, filtered and the cake was washed with 180 mL IPAC. The
aqueous phase was cut at this point. The organic layer was washed with 1N HCl (225 mL), 225
mL 1 % aqueous NaCl solution, and 5g Darco added. The solution was filtered through Solka-
Floc, and the solution concentrated to 4L/kg (based on assay of product) and flushed with IPAC
until KF<100. A total of 4 volumes of heptane was added and the slurry cooled to 0 °C.
Filtration and washing with 0 °C 7:1 heptane:IPAC (150 mL) afforded the product as an off-
white solid.
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A% of 3-am no-2-chloropyridine and formation of the
al kyl ated product. A solution of 10 w % aqueous NaCH
woaeo7adassd to the mixture at 50 OC over 10 m nPCYWUSZ007/008700
the pH of the mixture was 8-9, the phases were all owed
to separate. The organi c phase washed with brine (200
m.). The separat ed agqueous phase was 580 nL- 100 mh
sanple was diluted in 100 mL MeCH and LC anal ysi s
i ndi cated 0.23g, 0.3% of product was present. The
brine was assayed as above and contai ned negligible
product. Azeotropic drying with | PAC was conducted at
at nrospheri c pressure under constant vol une conditions
until the water content was < 500 ppm by KF titration.

Step 6.-T(BS)-sqp,mdmnom&eﬁﬂmmnpﬁ d,ztﬁy‘nlog%étgytf-Tz_g; 4, Jﬂtgzl‘rﬂ%ydro-lH—azepin-
. s, added. .S,_sol pt’i on
3-ammbBSh by REBS T (R BRI P Sose Midoliul e saty
gave 84 g, 101% AY of the desired reductively
al¢r~y(at ed product and KF titrati on gave water content
ay_<N80Q ppm Step 1(al ter nat,e) : Et hyl
Foc” M- [(\2- chlor o ¥ di B3 W) aki nalRbpelidrdid e | 'Céébﬂﬁ
a =neck Mrtgn-type—ftask—egurpped W
aJmechagheg™ agitator anfl tenper®Pure probe was
WA di ne and etdy|

X0- | - pi peri di necarbdxy ate follo gH| PAC. @

m xfure became honpgeneousF after 5 agitation (16F
0C). Trifluoroacetic acid was ch&Ned™to the m xture

over 30 s, causing an increase in tenperature to 26 0C
(no cooling used). After 15 min age, a caplet of

NaBELi (0.95 g, 0.025 nol) was added. The tenperature
To a 2§EmLodiosancesblution of theltep 5 xofpotfid (Y@K, 99.3Gnmiol) W&y adidd 6 equiv of

N HOM 45801 5 P ALl et o s e
with 230 o @Hﬁ:@dqeg Zldbe prbadaied 8-10 With 10N NaOE followed by 1N NaOH.
After the phase cut, the aqueous was extracted with 230 mL MTBE and the combined organic
10 layer washed with 390 mL 15% NaCl and assayed for product (25.4 g, 79.3 mmol, 80 % assay
yield). The solution was concentrated to ~10 L/kg of amine and then solvent switched to IPA
(~762 mL total volume). The KF of the solution was adjusted to 4000 ppm and then 2-hydroxy-
5-nitrobenzaldehyde (7.9 mmol) was added followed by (-)-0,0’-di-toluoyl-L-tartaric acid

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

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

’ 1. -PrOH, HCI,
P
NHL d/BaSO,
Pl
FaC~ N 2 Q 2. NaOH
. -?b OH 3. Et;N, MeOH

OH

O
4. HCI
F CHO

O,N
20
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addi ng the next, until a total of eight caplets had
been added over 7 h. At this tine, LC analysis
wondi7aaese > 95% conversi on of the PCT/US2007/008700
S-am no”-chl oropyridine. A solution of 10 wt % aqueous
NaOH was added to the m xture at 30-40 OC (no cooling)
over 10 mn. Wen the pH of the m xture was 12-14, the
phases were allowed to separate. The separated aqueous
phase was 450 nL and LC assay indicated this contained
0.5 g, < 1.0%of product. The organi c phase washedw th
brine then the separated organi c phase was assayed.
The separated brine wash was 275 nL and LC assay
i ndicated this contained neglible product The organic

The co@gééﬁ‘d 8P 3B V(g D815 nRBH R "ge@atrﬁgte SitSwEONhAIAH i-PrOH (93

mL). Ta fhiy Hristirefvas aidadngNaRGIdLSAtener 10 Siintnd Sifamixtire became

homogdidus. Oﬂﬁeﬁs]ﬁa’igﬁ@ with fiffopai, 5% ePgyBasOy r(eﬁOt g 4 mol%) was added and

hydroggxpa!gercf) %t'déé%})g éqlf lpﬂﬁoéé}) f‘oq 2?)51' 91' Hﬂ!ll Xl?l Fﬁ%ﬂn @'f?{ﬂL%cI‘he solution was

Cess’ was
filteredyghrenghe (Salisht Flaaswitho MepHL (1) TRE t{pt Femp\ih cafahyst. The filtrate was

concen et ttb PN mIX aﬁﬂrtﬁéﬁlfdﬁlateﬁdwttﬁ MTBH mme) oiL)land thitn tINENaOH (80 mL).
After tt-geHQFlba%% %gt 5 aqueQu add g;aclgg)féasc?egi % %@Sof@?%E The organic solution

was washgd arithhbeiae (6 ym;)( QHBIquatsg@y fq>rdmld30 |C)Safﬁrm)]qadp%alvfmt switched to
MeOH @itil <69 RIPBH aﬁ&mpsob pprt WitBQ-tBRE kolfnd bASK nilandpee treated with

Etz;N (ﬁl\%%“nélgdfm \ﬁﬁ{fiﬁm uzez tatf%n&ﬁa%%&%%?@o?-rﬁﬁgﬂe%gld\éﬁﬁde (237 mg, 10
mol% refdtvrectoutis domh)- ﬂ@@;ﬂpﬁmx@m@@gh}‘m@% Tpomy tenmpegaBrenfor 20 hours which
results 3 Q200! StiovarStratdas fédmd 6P et t@ﬂl@@é@bﬂﬁﬁl ( Mgl SoliittInewas diluted with
v ) B 0 ) SEE AL RS A S5 e aqugs was o
extractgd w@B 7APm, of MPBE. bk combxmq@n@uupﬁ wEFfFthen|vrgslied with: 70 mL of brine,
conc. té 499 VotumKan@fildeRids THE |o¥§dn%sd&@t§or5%s E&f@enﬁ@&dﬁmﬂﬁ& and then MTBE

was adg‘?{gt‘ﬂ@rqu\}glg Q@%@ V’g‘d aﬁh?ﬁqggﬁo a%decl'f qg mL o%eOH (KF ~1500ppm).

After heating solution to 50 °C, 1% seed of the t1t1e copound was added followed by a 2 hour
addition of 5N HCIl in IPA (5.6 mL, 2.2 equiv. relative to cis form assay). This was then aged 1
hour at 50 °C and then cooled to room temperature over 3 hours. After aging overnight at RT,
the shurry was filtered and washed with 3:1 MTBE:MeOH (2 x 15 mL). The cake was then dried
20h under vacuum at room temperature to give the title compound as an HCl salt « MTBE
solvate in 85% yield (5.37 g, 99% e¢,).

Example 8
2-0Oxo0-1-(4-piperidinyl)-2,3-dihydro-1 H-imidazo[4,5-b]pyridine

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

H
O N
“\/\/ENHZ . NaBH(OAc)s “\/j
o~ NCO,Et TEA N/ cl NCO,Et

N™ Cl
IPAC, rt
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addition (max. tenp. 2 0C). Upon conpletion of the
am ne solution addition LC anal ysis indicated
woangunpRsp on of the amine (< 1.0 A% -sanpl e WRET/US2007/008700
prepared by dilution in 0.1% HaPO ZMeCN (70: 30) and
rapid injection on the LC instrunent indicated one
maj or conponent. After 10 mn, water (30 nL) was added
dropwi se over a 10 mn period. A second exotherm was
observed during the water addition (max. tenp. 17 0Q).
The m xture was allowed to warmto rt and aged for 14
h. The pH at EOR was approximately 1. The hydrolysis
was conplete (< 0.5 A% internediate) within 30 mn of
the water addition as nonitored by LC analysis. The

Toal mhtg}égre&cw@% té‘fagl?&gﬁl ppéd \k}ltﬂx Q%@&mm%%&lt ehadﬁtﬁn%ex%ﬁﬁ-@ grobe was
chargeﬁsréymvﬂ- - P¥P—H¥b‘g G2 8acadiml 136 TR bomdarin droro-t-
piperidgmicatbiokylaje (5.5 5&.324iot 1110 hel Yb)cpilvakd bydBAEH(EH0 mL). The mixture

b‘ecamé’HJnH?E i3 280 ﬂmn égl@é?loﬁt(lﬁagﬁ’ Bt o éétféta%f’d ¢4’3 ri’zﬂoo 590 mol, 200

Qve -sa l'uent* an ysis I nd
mol%) pagghgraed ta%eomlwef scwmmcrm%e B PRECTRES 0 25 °C (no
coolingssedy. 6Sbdasm atisoetoxabdratydtide (B0 geglssg 1910 AdIK) was added as a

solid o&gre.ioltxﬁlﬁ QllxcP a %ﬁ.’ﬂe{? gnc%gsg lg?é%iéég%%{ A VK(F %gas %%servec% Aﬁer 10 min

eric pressure _un cond
agitatiogn e PR, S Io PG ARMAREBCQUSP 5 q@slﬁswnmcateﬂtcpawrawlon (<05
A%) ofThantinea-chlyebatiding afld &nehdtion oflthis 1% ylaRs] HroacaNArsdheibn of 10 wi%

aqueouts(NaOI§ Wl WAES tottlﬂ b 56 6@%%et 91% eh lﬁ% %? & mixture was
HFE 0 G5 MRl Bl 5 (Ol 10,8, et te gl S

was CO tl
8-9, th%\ph%eiwwalmm§emm@ The p&anmmqsg wa@heqwth baine (200 mL). The

separat5@ aftedde phasteRay/ SE0LIMI — 1 OF 1 Drs?.ﬂlhﬂ-‘é whs$ 83uted $n 200 HINPROH and LC
analys1 Ia}g’lcéli%? 533§% E?%éﬁgproéuct%vas p5re/§e|nt¢' oﬂ'h%tbnnél\kr% as’saye% as above and
containgd G‘Zgb&ﬂ?le&)@d‘dq?th%?@fqm Arsitaz witbAPB.(h vy cortlustdd-at|ajmpgpheric
pressur€fhundér '@)ﬂstaﬁﬁfz@l@iﬁé' cdnQitits %nﬁpﬁlefﬁtatémcﬁﬁerﬂ% <500 p;gm by KF

t e at or
tiration) PR ECeRi e RRE St SR b apdas o 1.0, 230
ml) wagadded. This solutign ves 3ned dﬁbcﬂ}S’(@@ thepgubipequentstepfLC analysis gave 84 g,
101% AY of the desired reductively alkylated product and KF titration gave water content as <
500 ppm.

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

To a 2 L three-neck Morton-type flask equipped with a mechanical agitator and temperature
probe was charged 3-amino-2-chloropyridine and ethyl 4-oxo-1-piperidinecarboxylate followed
by IPAC. The mixture became homogeneous after 5 min agitation (16 °C). Trifluoroacetic acid
was charged to the mixture over 30 s, causing an increase in temperature to 26 °C (no cooling
used). After 15 min age, a caplet of NaBHj, (0.95 g, 0.025 mol) was added. The temperature was
observed to increase to 28 °C over a 30 min period and the caplet dissolved completely within
this time. This method of NaBH, addition was repeated, allowing each caplet to dissolve before
adding the next, until a total of eight caplets had been added over 7 h. At this time, LC analysis
indicated > 95% conversion of the 3-amino-2-chloropyridine. A solution of 10 wt% aqueous
NaOH was added to the mixture at 30-40 °C (no cooling) over 10 min. When the pH of the
mixture was 12-14, the phases were allowed to separate. The separated aqueous phase was 450
mL and L.C assay indicated this contained 0.5 g, < 1.0% of product. The organic phase washed
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Step 2, above (32.69 g, 0.100 nol, 100 nol %, and
[-PrOH (KF 141 5 ppm 320 ni). The heterogeneous .
waoiai7ueessmnas agitated and purged with N2 usi ngpram/uskdor/008700
tted gas dispersion tube. After 1 h the Pd(OAc)2
(0.224 g, 0.001 nol, 1 nol% and
bi s- (di rhenyl r hosr hi no) but ane (dppb) 0.854 g, 0.002
mo, 2 mol % were added as solids and the N2 purge
continued for a further 30 min. The pink mxture was
then heated to 83 C (reflux) for 24 h. After this
time, LC analysis of the yellow m xture indicated >
99.5 : 0.5 A%ratio of product to starting material.
At nospheric pressure distillation of the i-PrOH was

with brird thie tieckepaithtetiotizhutit Hasenwad asd dT‘rrhé s&’ﬁa@ﬂeé ibpink Wadh Svas 275 mL

o P ALl e R a0t
assay ipdicatpg this comtaivied 8 g,@ﬁf‘/@AY vfiedpbiaedy aligiatedploduettarid®.1 g, 5% of
startingS@featihe yENewsrgatit 9h§’sfé5\$£§ é’@r%ex?t'rﬁ@& Lo gﬂhquﬁggﬁﬁlre) to

ueous_ Vvo

approx B el hika Fotgii SEiiimg SFedidPAC vesa (?w aghifpragess was repeated
until thgp@terpeatanCwan d § gigdml i KR tigetion.OBhegsoltidiivasd cicemtisttd to a

AY |

O B oy e, TS s b iy for e

subseq eintg{’e%s heric pressure under constant vol une

Step 2: dahedi4-[(c QWSIIWbénﬂ)ﬁé—cbbrmyrtzﬁmﬁ%anmﬁjﬁpw&nBﬂm:arboxylate
nmeasured by KF titration. The product crystallized to
produce a slurry at 90 OC. The slurry wag, co,q,qentrat ed
to ~ 5 volgnes and allowed to cool to rt or |t vvas

filte N ake was pesfed W|th

1 PaC. TE} sol i d jyas ov n } 50- 60 0C
under &h n€lt r 0gen §vveep for h. A c cur

obtained as a white solid (27.4 g, 94%|solated 96

Toal %fe é‘F‘s“gFﬁ ~Hash equipped;withip sresheniselgitetor 28d kqmperparmprobe was
chargedowh @ HH (BArroLhK&risdepnd H,0) then chlorosulfonyl isocyanate (CSI) (30.7 mL,

0.353 mol, 120 mol%) was added at room temperature (negligible exotherm). The mixture was

(D

(DH

cooled to -10 °C using ice/MeOH. The solution of amine prepared above in Step 1 (83.42 g,
0.294 mol, 100 mol%) in THF : IPAC (~1:1) (400 mL, KF of this solution was 500 ppm) was

"added over a 20 min period via a dropping funnel. An exotherm was observed during this

addition (max. temp. 2 °C). Upon completion of the amine solution addition LC analysis
indicated consumption of the amine (< 1.0 A%) — sample was prepared by dilution in 0.1%
H3PO4/MeCN (70:30) and rapid injection on the LC instrument indicated one major component.
After 10 min, water (30 mL) was added dropwise over 2 10 min period. A second exotherm was
observed during the water addition (max. temp. 17 °C). The mixture was allowed to warm to rt
and aged for 14 h. The pH at EOR was approximately 1. The hydrolysis was complete (< 0.5
A% intermediate) within 30 min of the water addition as monitored by LC analysis. The mixture
was treated with 10% aq. NaOH until pH 8-9 and the separated organic phase was washed with
brine (300 mL). The work-up was conducted at 50 °C to maintain solubility of the product. The
separated aqueous volume was 500 mL - 100 pL sample was diluted in 100 mL of above sample
diluent and LC analysis indicated 1.38 8, 1.4% of product was present. The brine was assayed as
above and contained negligible product. Azeotropic drying with IPAC was conducted at
atmospheric pressure under constant volume conditions until the water content was < 250 ppm
by KF titration. The urea crystallized and the slurry was concentrated to ~ 5 volumes then
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To a 100 nL three-neck RB-flask equi pped with a
mechani cal agitator, reflux condenser and tenperature
wonoeiya2ess charged the cyclic urea nmade in St epCBUS2007/008700
above (4.80 g, 16.48 mol, 100 nol % foll owed by EtOH
(10 nL). To the resultant slurry was added aqueous
NaOH (13 nL of 50 wt% solution diluted with 12 nL
wat er, 246.0 mmol, 1500 nol 9% and the m xture was
heated to 82 OC (reflux) for 14 h. LC analysis
i ndi cated consunption (< 0.5 A% of the cyclic urea
and formation of the am ne product 3 - sanple was
prepared by dilution in 0.1% H3PO4ZMeCN (70: 30). Water
(25 nmL) and /-BuOH (25 nlL) were added and the m xture

allowed\/.i@a%clm bbaks the frodid@ uidawideslldehad ihkesioneTke edkeovwsdinsed with 2
bed vohfaﬁs ﬁané a‘%‘ﬁf’r J%Zgggsgf ?E %t E%Daéﬁlj‘gg Hﬁn%er%fa%qgm%@l% aﬁl?%ué:ﬂlrea was

obtainechagia WBitarsalig {8541 adS%étl%Sdaf@dZ'@l@ 9694%)- pr oduct was
present. The separated aqueous volunme was 54 ni - 100

S 5. RSP IBSr SHS  BEe Bl B SRl 0o

Azeotropic drying with /-PrOH was conducted at
at mospheric pressure under constant volune condCfebhs

until theo > content was 50 ppm neasur ed NKF
titration. he vol ume was adj'dSPed to 100 ni &nd/t he
t enper d to reachd® 0C. HJ in /-PFOH (5-6

i mredi aNe viHi t & precipitate. iplder cooli , the
slurry was filtered and the cake was rin WH h 2 bed

Toa SOé%éf Q%%g 63&%80-@%8@@3& %iehn%&élgﬁé%g}ﬁc%l fé@&rui'gﬁux
condenser pné teppsraiufRPIASEaTSCh aveedpy 2571 24300 prol %930‘“01%)’ urea of
Step 2, aﬁo@ (\MaJd%g, 90150065 168 ngh198) 7dhdnt DHQE \(KiFdl 48 3 Yipins 32Atrek). The

hetero ggneous m1V\4urQ v}ag %gltgtgd gﬂ@kuﬁ@ed"v&iﬁpﬁg ﬁEﬁ;Q%n‘M fﬁ@t@h )gas dispersion tube.
After 1 h, the PA(OAc), (0.224 g, 0.001 mol, 1 mol%) and bis-(diphenylphosphino)butane
(dppb) 0.854 g, 0.002 mol, 2 mol%) were added as solids and the N2 purge continued for a
further 30 min. The pink mixture was then heated to 83 °C (reflux) for 24 h. After this time, LC
analysis of the yellow mixture indicated > 99.5 : 0.5 A% ratio of product to starting material.
Atmospheric pressure distillation of the i-PrOH was initiated and continued until 200 mL i-PrOH
distillate had been collected. IPAC (200 mL) and water (100 mL) were added and the
temperature was maintained at 60 °C. After 30 min agitation, the phases were allowed to
separate. The organic phase was clear yellow and the aqueous was colorless. The separated

N, 20 omaeoo naAcoas added@ ng. an
s

aqueous volume was 75 mL - 100 uL sample was diluted in 100 mL of MeOH and LC analysis
indicated 0.03 g, 0.1% of product was present. The organic phase was washed with brine (3 x 75
mL). Azeotropic drying with IPAC was conducted at atmospheric pressure under constant
volume conditions until the water content was < 150 ppm measured by KF titration. The product
crystallized to produce a slurry at 90 °C. The slurry was concentrated to ~ 5 volumes and
allowed to cool to rt before it was filtered and the cake was washed with 2 bed volumes IPAC.
The solid was dried in a vacuum oven @ 50-60 °C under an nitrogen sweep for 16 h. A cyclic
urea was obtained as a white solid (27.4 g, 94% isolated, 96 wt%).
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VWil e the invention has been described and illustrated
wWth reference to certain particular enbodi nents
woOheracéssot hose skilled in the art will apprecparastianos’oo
vari ous adaptati ons, changes, nodifications,
substitutions, deletions, or additions of procedures
and protocols mybe made w t hout departing fromthe
spirit and scope of the invention. For exanple,
ef fective dosages other than the particul ar dosages as
set forth herein above nay be applicable as
aconsequence of variations in the responsiveness of
the manmal being treated for any of the indications
with the conmpounds of the invention indicated above.

Step 4.4 bz%\éh@ﬁa-tﬂﬂ-q SRER-QHONREARTS B%bﬁﬁllzn[? PN Udrochloride
observed may vary accordi ng to and dependi ng upon the
particul ar activ ounds sel ected or whether there
are present phargﬁ%g ical carriers, as welldas the

type of fornmul and node of adnrnrstr ti

enpl oyed, and expected variations or i emances

in the results,are cqpiegg g gg :B acc rd h t he
obj ect s arz?t_,l |n is

i nt ended, ore, Qhﬁilf*ﬁﬁrnventr |ned by

the scope of the clains which foIIOM/and ﬁhat such
cl ai ms be interpreted as broadly as i s reasonabl e. WHAT

To a 108 &M[}lécﬁ RB- ﬂa% péq%ﬁﬁy%ﬁl vith ot ﬁ%c&h?&@ra%hhﬁp Rflux condenser and

no- -
tempef?lm(%p?%i oS g YF %Eeﬁaﬂa%e Brep SaPROYH @il g, 1648 mmol, 100
mol%)dolipwed by@EtGﬁ:’E(HImm D6 the(réjultayd sloggnais adiled aqueous NaOH (13 mL of

50 wt‘%e’so tidd ﬁéuédd\kfmll'@ h%Yr%r) 245 %Xﬁ’mlrog( 1560 %ndl"/‘) &ﬁ) f:Cmixture was

-aze
heated |t‘h¥‘?h°§ Fedushis b haLé/agmb'érSelefhoaedc@mawgtlon (5 OrpA¥eRof the cyclic
urea afid- Ao -df2thd- didihe proquizersy|-) sa&npl)eowlas -frépaed-by dilution in 0.1%

H3P0Mééhﬁb%th%%éggal%I§ fﬁﬁ%(ﬁffoﬁ,ﬁg r%nL?}%Y (%e %(Q%e(% aTrd the mixture was
agitated é’eLr 19 min then the phases were allowed to separate e separated aqueous volume was
41 mL - 100 gL sample was diluted in 100 mL of above diluent and LC analysis indicated 0.26
8, 5% of product was present. The separated aqueous volume was 54 mL - 100 uL sample was
diluted in 100 mL of above diluent and LC analysis indicated 4.13 g, 86% of product was
present. Azeotropic drying with i-PrOH was conducted at atmospheric pressure under constant

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

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

dosages other than the particular dosages as set forth herein above may be applicable as a
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trifluoroethyl)azepan-3-amoniumsalt with RN,
wherein each R is independently and a hydroxyl
waoibo7abesszal dehyde. 2. A process for the preparariusmocos7oo

(3 ,65)-3-am no-6-(2, 3-di fl uor ophenyl) -

l-(2,2,2-trifluoroethyl)azepan-2-one hydrochl ori de,

sai d process conprising the steps of: (1)

hydr ogenati ng a

(35)-6-(2, 3-di fluorophenyl)-2-oxo0-1-(2,2,2-trifluoroet

fiyl)- 2,3,4,7-tetrahydro-1//-azepin-3 -amoni um sal t,

in the presence of a e/s-selective catalyst, to forma

(3S, 6- S>6-(233-di fl uorophenyl ) -2-oxo-1-(2,2 2-

trifluoroethyl)azepan-3-amoni um sal t; iZ) reacting
consequbtiee c(ﬂfa?l,aﬁﬁyls B the r&sponsivensse pﬁdwm)mmab eing tyeated fgr any of the

1ndlcat1%}:§|ev{11g%'| oet %)"?é SIP ﬁ% elg‘é ng%ﬁ'?{uﬁg@% & tﬂkggbﬂe the specific
pharmadaﬂ@gl@ai)tbspﬁmkémnﬂ&kldﬂmvm abmrﬂmgrto (aSR d@@mﬁng upon the particular

active C?@B‘&‘ng %ﬁa&tedaq{d;vleéggx rqg%g %f';)h%r sén% ’p%alzmattcrelu 1caHogm‘?erP yas)\%ll as the

type of fodindlbidh-add3Hbd¥o Sadrinitrdiién e@plbyetcand Quch expéhted s?anatmns or

fl hyl 2- h
dlffereng;énﬁﬁggpgshg Mpﬁe%glpted glg)?ccvgr anclélgvﬂ:h the ob erc(t)sca?ndS practlces of the

present inveRfoMIOnt§s {remted! feHIbRPIMAMHe)invention be defined by the scope of the
f f 2,2~trifluoroethyl)azepan-2-one, said process

claims wlish foliowi gnd Heat snelnelaimms be injerpieipdosdiraadly s is reasonable.
(3S)-6-(2, 3-difluorophenyl)-2-oxo-
1-(2,2,2-trifluoroethyl)- 2,3,4,7-tetrahydro-
Hr - azepi n- 3- anmoni um di -tol uoyl tartrate salt, in the
presence of a cis-selective palladiumcatalyst, to
form(3 ,6 S)-6-(2,3-difluorophenyl)-2-
oxo-1l-(2.2,2-trifluoroethyl)azepan-3-amobni um
di -toluoyl tartrate salt;

-36 -



(2) reacting (35-65)-6-(2
3-di fl uorophenyl)-2-oxo0-1-(2,2,2-trifl uoroethyl)azepan
wo 2807anos3ni um di -t ol uoyl tartrate salt w th EtBSTanse07/008700

2- hydr oxy-5- nitrobenzal dehyde. 4. A process for the
preparation of
(3i?,6,S)-3-ainino-6-(2, 3-di fl uorophenyl) -
l-(2,2,2-trifluoroethyl)azepan-2-one hydrochl ori de,
sai d process conprising the steps of: (1)
hydr ogenati ng (35)-6-(2,3-difl uorophenyl)-2-oxo-
1-(2,2,2-trifluoroethyl)-
2,3,4,7-tetrahydro-| #-azepi n- 3- anmoni um di -t ol uoyl
tartrate salt, in the presence of a cis-selective

WHAT g3 JLdMEDJSt al yst, to form (3 ,6S
-6-(2,3-di fluorophenyl)-2-
oxo-1-(2,2,2-trifluoroethyl)azepan-3-anmoni um
di -t oluoy| A prdcesst for ted preparafion eB(3R,68)-3-amino-6-(2,3-difluorophenyl)-

dif | h fl
R L e TS L s A

with Et 3N and 2- hydroxy-5- nitrobenzal dehyde to form

s 5 e T o
231477 @é?ﬂ@d%ﬂﬂoaz@ ﬁﬁB-%nﬁ%(fﬂdﬂxfﬁrﬁﬁhﬁﬂ}ib ))résenée'zoi?a &is-selective

trlfluoroethl

% one grocess for
saielyphs dp dpwm RERSE o1t 3r¢+ﬂ@?¥?@&?%¥1é-2 o1 2]
{FHvorSethy Iﬁaz%ﬁhﬁ‘- 3- Snfénidin salt; an

di I uorophenyl)-1-(2, 2, 2- trlfluoroethyl)azepan 2-one
hydr ochl ori de, conpr|3|ng the steps of: (1) reacting

é()g%cq%gqﬁé S’g 65' I ?ﬁ%‘géilén)é)a—oxo -1-(2, 2 2-

tri uoroet tetrahydro- 2
mgwmmybmpmﬁhammhym salt withiR:Pbbeherginkash &etsand a

r al Pr
r@%eltdfnéyg:‘f“%k gﬁ‘ﬁ dfoxgl 3&% qen%zgd%hyél trifluoroethy
1)-2,3,4,7-
2. A process for the preparation of (3R,6.)-3-amino-6-(2,3-difluorophenyl)-

1-(2,2,2-trifluoroethyl)azepan-2-one hydrochloride, said process comprising the steps of:

(1) hydrogenating a (3.5)-6-(2,3-difluorophenyl)-2-0x0-1-(2,2,2-trifluoroethyl)-
2,3,4,7-tetrahydro-1H-azepin-3-ammonium salt, in the presence of a cis-selective
catalyst, to form a (35,65)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-

trifluoroethyl)azepan-3-ammonium salt;

(2) reacting the (35,65)-6-(2,3-difluorophenyl)-2-ox0-1-(2,2,2-
trifluoroethyl)azepan-3-ammonium salt with R3N , wherein each R is
independently C;4alkyl, and a hydroxyl nitrobenzaldehyde, to form (3R,68)-3-
amino-6-(2,3-difluorophenyl)-1-(2,2,2-trifluoroethyl)azepan-2-one; and

(3) reacting (3R,6S5)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-
trifluoroethyl)azepan-2-one with HCI.
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tetrahydro-1iy-azepi n-3-amoni um salt; (2)
hydr ogenating a
w028}7160582, 3- di f | uor ophenyl ) - 2- oxo-1 - (2, 2, 2- t r PCTWSL@ED08700

hyl)- 2,3,4,7-tetrahydro-| Hr-azepin-3-ammoni um sal t,
in the presence of a ci?-selective catalyst, to forma
(3&6S)-6-(2, 3-di fluorophenyl)-2-oxo-1-(2, 2, 2-
trifluoroethyl)azepan-3 -anmonium salt; and, (3)
reacting the (3S,6S)-6-(2,3-difluororhenyl)-2-oxo-
-(2,2,2- trifluoroethyl)azeran-3-amoniumsalt with R
N, wherein each Ris independently C -4alkyl, and a
hydr oxyl nitrobenzal dehyde, to form (3R, 6S)- 3-
amo- 6- (2, 3-di fl uorophenyl )-1-(2,2,2-trifluoroethyl)az
epan- 3.one. Afrogesp faubs prdparatione |8 R5&)-8taminoad-(2, Beifluorophenyl)-
bnt.er medi at.e (3i 2, 6. S) -3-an no-6-(2, 3- .

2. PSR DRn 2 P Yo PR AT OTBEE R ERAE 2- one
hydrochl ori de, conmprising the steps of: (1) reacting

-anm 1 £1 uor gpheny 2,2,2-trifluoroethyl
{1 eerintipi {3 Sk - SRicmp bt 2 el wiuoroetny)-
5 &' 1y Cﬂ-t@ﬁ'ﬁhﬁhﬁl 1H-9b§E-BL AR HRNA ARt A S thrdlateAGltdin Be presence
forma

©3 B)CJ%S%I@twﬁdaailﬁ%ﬂb%@m j0 g Si6.5)-9- (2,,3zdtﬂqor¢nh§nwét2-
3 /
Qx‘:kb)r éd?cz)gugﬁrz:\lto f%ﬁsgw%& 3 a?{m&ﬁgﬁfcputgr orE Eeny‘?&)@sgl ’0X0-

1 (2 , 2- trlfluoroethyl)

okl G bl A0 3 b

10 Searginogiun® dtadudylu um@;ﬁmﬂw ith Bt D tmd 2-hydRyxy-5-
g%ﬁé%g%&@gggyg)azepan 3 -amoni um sal t; (3) Eeacting
(2, 3-difluorophenyl)-2-oxo-1-(2,2,2
4. A process for the preparation of (3R,65)-3-amino-6-(2,3-diflucrophenyl)-
1-(2,2,2-trifluoroethyl)azepan-2-one hydrochloride, said process comprising the steps of:
15
(1) hydrogenating (35)-6-(2,3-difluorophenyl)-2-oxo0-1-(2,2,2-trifluoroethyl)-
2,3,4,7-tetrahydro-1H-azepin-3-ammonium di-toluoyl tartrate salt, in the presence
of a cis-selective palladium catalyst, to form (35,65)-6-(2,3-difluorophenyl)-2-
oxo-1-(2,2,2-trifluoroethyl)azepan-3-ammonium di-toluoyl tartrate salt;
20
(2) reacting (35,65)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-trifluoroethyl)azepan-
3-ammonium di-toluoyl tartrate salt with EtsN and 2-hydroxy-5-
nitrobenzaldehyde to form (3R,6S)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-
trifluoroethyl)azepan-2-one; and
25
(3) reacting (3R,6S8)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-
trifluoroethyl)azepan-2-one with HCI.

5. A process for the preparation of the intermediate (3R,6S)-3-amino-6-(2,3-
30  difluorophenyl)-1-(2,2,2-trifluoroethyl)azepan-2-one hydrochloride, comprising the steps of:
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trifluoroethyl)azepan-3 -amoniumsalt wth R3N,
wherein each R is independently C al ky-, and a

woydr7azgdso ni t r obenzal dehyde, to form (3R, 6S) - 3PCT/US2007/008700

am no-6- (2, 3-di fl uorophenyl ) - |
-(2,2,2-trifluoroethyl)azepan-2-one; and (4) reacting
(3i?,6"S)-3-am no-6-(2,3-di fl uorophenyl)-1-(2, 2, 2-
trifluoroethyl)azepan-2-one with HJ. 7. A process for
the preparation of the internediate (3i

, 6S) - 3-am no-6- (2, 3- difluorophenyl)-
1-(2,2,2-trifluoroethyl)azepan-2-one hydrochl ori de,
conprising the steps of: (1) reacting

3-am no-6- (2, 3-di fiuorophenyl) -
1-(2,2,2-trifluoroethyl)-1 ,3,4,7-

t

(0 S SRt 48 Bl GO 12 2 grot 15,47
[tetrahydae-261-aasipin-2 eoneovith 24hydroxy-5-nitrobenzaldehyde and a chiral

t(a% oﬁfg% é‘?‘ﬁyﬁ lsgﬁgo&iﬁnl\’qufpxgﬁ%@%{-i{(3,2,?z-gfﬂﬁoroethyl)-z,3,4,7-

-tetraipidro-3 Haazepini-Aammahium §al} hydr ogenati ng
(3<S)-6-(2, 3-difluorophenyl)-2-oxo- |
-(2,2,2-trifluoroethyl)- 2,3,4,7-tetrahydro-|
r(?_)ihﬁhbger&ﬁagmi@ﬁ‘)lﬁl(gl} amhumﬂhehﬂolzt@&m%@ btz-uiﬁh&l?&hyl)-
ence of cis-sel ective palladium catal yst
%f?h h‘a]@g}roél{-gz@lm%m@pab% f3lf.)iv she presence ofa czs—selectlve

Qém&st (@ fordrd (3s{43%- %Mﬁ&éﬁ% 1)32-6523‘1%%%

d|-toluoyl tartraté salt; and reacti
tgflagrogttiyhazensns 3 %F%h@ﬁ)ﬁ?? zEldrs)xo |-(2,2,2-trifluoroe
t hyl ) azepan- 3- ammnl umdi-toluoyl tartrate salt with
Et 3N and 2- h%/drox -5- nitrobenzal dehyde to form (3
(B5pading;thg §35.68» 642 S-diflugmpbphgt-oxd-1+(2,2,22, 2-

fifihdrd O BRI ah 2 ERA AR WGt with RN , wherein each R is
independently C;_alkyl, and a hydroxyl nitrobenzaldehyde, to form (3R,65)-3-
amino-6-(2,3-difluorophenyl)-1-(2,2,2-trifluoroethyl)azepan-2-one.

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

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

(1) reacting 3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-trifluoroethyl)-1,3,4,7-
tetrahydro-2FH-azepin-2-one with 2-hydroxy-5-nitrobenzaldehyde and a chiral
acid to form an (35)-6-(2,3-difluorophenyl)-2-ox0-1~(2,2,2-trifluoroethyl)-2,3,4,7-
tetrahydro-1H-azepin-3-ammonium salt;

(2) hydrogenating a (35)-6-(2,3-difluorophenyl)-2-oxo0-1-(2,2,2-trifluoroethyl)-
2,3,4,7-tetrahydro-1H-azepin-3-ammonium salt, in the presence of a cis-selective
catalyst, to form a (35,65)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-
trifluoroethyl)azepan-3-ammonium salt;
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8. A process for the preparation of the internediate

(3 ,65)-3-am no-6-(2, 3-
wdizbd7ueessphenyl ) -1-(2, 2, 2-trifl uoroet hyl ) azepar€2A62®7/008700

hydrochl ori de, conprising the steps of:(1) reacting

3-amo- 6- (2, 3-di fl uorophenyl )-1-(2,2,2-trifluoroethyl)

-1,3,4,7- tetrahydro-2H azepi n-2-one with

2- hydr oxy-5-ni trobenzal dehyde and dit ol uoyl -

L-tartaric acid to form an

(3_5)-6-(2,3-difluorophenyl)-2-oxo-1-(2, 2, 2- _

trifluoroethyl)-2,3,4,7-tetrahydro-1i/-azepi n-3-amoni

un1sa|t (2) hydrogenating

) - 6- (2 3- dlfluoropheﬂyl) 2- 0X0-
(?irezwng ther GBS SS¥ér @F3-yiitflupraphenyl)t 2 oxedly@: 2524

S ST A

presence ‘of a cils-selective p y
findencadentlys6)sadkyl2aml g hjdrosybpirehshaldhyde, to form (3R,6S5)-3-

N R e o LT e

5 (35", 65)-6-(2, 3- dlfLuF;opgenyl) 2- oxo-| n1d|-toluoyl
i repsig G 6500 B o A Biomgae ok g lst2,2.2
nriflaoRetRd)adeinde ohe with HC].

(3i ?, 65) - 3-am no-6- (2, 3-di fl uorophenyl)-1 -(2,2,2-
trifluoroethyl)azepan-2-one; and (4) reacting

(3i 2, 61.5) - 3A%ﬁi>€lé§s GortBe %rxﬂdaf‘étib?lr%ﬂcgﬂﬁéx}nédlaté ?31@6.?) 3-amino-6-(2,3-
|quoroeth )azepan- 2-one wt
10 dlﬂuorophenyl) 1-(2,2, mﬂuoroethyl)azepan-z-one hydrochlonde comprising the steps of:

(1) reacting 3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-trifluoroethyl)-1,3,4,7-
tetrahydro-2H-azepin-2-one with 2-hydroxy-5-nitrobenzaldehyde and ditoluoyl-
L-tartaric acid to form an (35)-6-(2,3-difluorophenyl)-2-ox0-1-(2,2,2-

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

(2) hydrogenating (3.5)-6-(2,3-difluorophenyl)-2-oxo-1 -(2,2,2-trifluoroethyl)-
2,3,4,7-tetrahydro-1H-azepin-3-ammonium di-toluoyl tartrate salt, in the presence
of a cis-selective palladium catalyst, to form (38,685)-6-(2,3-difluorophenyl)-2-

20 ox0-1-(2,2,2-trifluoroethyl)azepan-3-ammonium di-toluoyl tartrate salt; and,

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

25 trifluoroethyl)azepan-2-one.

8. A process for the preparation of the intermediate (3R,65)-3-amino-6-(2,3-
diﬂuorophenyl)-l-(2,2,2—triﬂuoroethyl)azepan-2-one hydrochloride, comprising the steps of:
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(1) reacting 3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-trifluoroethyl)-1,3,4,7-
tetrahydro-2H-azepin-2-one with 2-hydroxy-5-nitrobenzaldehyde and ditoluoyl-
L-tartaric acid to form an (35)-6-(2,3-difluorophenyl)-2-oxo0-1-(2,2,2-
trifluoroethyl)-2,3,4,7-tetrahydro-1 H-azepin-3-ammonium salt;

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

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

(3) reacting (38,65)-6-(2,3-difluorophenyl)-2-oxo-1-(2,2,2-trifluoroethyl)azepan-
3-ammonium di-toluoyl tartrate salt with Et;N and 2-hydroxy-5-
nitrobenzaldehyde to form (3R,6.5)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-

trifluoroethyl)azepan-2-one; and

(4) reacting (3R,6.5)-3-amino-6-(2,3-difluorophenyl)-1-(2,2,2-
trifluoroethyl)azepan-2-one with HCIL.
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