WO 2007/122103PCT1EP20071053490 DIAZEPAM DERIVATIVES
MODULATORS OF CHEMOKINE RECEPTORS The invention is
r%%gmz Wlth novel diazepan derivatives of formula (1), (I). wherein Ais 00
orh eroaryl said aryl and said heteroaryl being optlong W&FE&H@P&&

by one to three substituents independently selected from the group
consisting of halogen, benzyloxy, heteroaryl-C:_6 alkoxy, C1_6 alkyl, Ci_6
alkoxy and halo C1_6 alkoxy, or said aryl and said heteroaryl being
optionally substituted by C1_6 alkylenedioxy; Xis -N(R1)(R2) or 12. and
R2 are, independently to each other, hydrogen, C1 6 alkyl, C3-6 alkenyl,

DIAZERRN, RERLVATI RS %?%‘%ﬂ%ﬁ €1 BEROBFCEGINGR C3-7 cycloalkyl,
C37 cycloalkyl C16 alkyl, C7-30 bicycloalkyl, phenyl Ci_3 alkyl, heteroaryl
Ci_3 alkyl, heterocyclyl or heterocyclyl Ci_6 alkyl, in which the cycloalkyl
of said C37 cycloalkyl and said C3-7 cycloalkyl C6 alkyl, the phenyl of said

Thephemlda isalduihevieiersandiolsaid heteroarnydGbanmlisyiiand the
heterocyclyl of said heterocyclyl and said heterocyclyl C1-6 alkyl are
optionally substituted by one to three sybstituents independently selected
from the group consisting of Rd; :_ R1 R2, together with the nitrogen

: ptionally substituted

R1 andfR2 gy be a ring

aligy? or heterocyclyl, one
or two ring carbon atoms of salcf%mothe rn ing optionally replaced by
a carbonyl group, and said another ring being optionally substituted by
C1_6 alkyl; R3 and R4 are, independently to each other, hydrogen,
hydroxy, C1_6 alkyl, C1-6 tory, C3-7 cycloalkyl, @37 cycloalkyl C1_6
alkyl, C1 6 alkoxycarbonyl carboxyl, hydroxy-C1_6 alkyl, CI-6

whergikoxy-C1_6 alkyl, halogen or halo C1_6 alkyl; or R3 and 124, together
with the carbon atom to which they are attached, form C3_7 cycloallcyl or

m%efoc gly! @8&' (f??ﬁt!}r% 1ed Y10 hreﬁb%“bStEHgﬁ%ﬁlyf] stifufed by one

epenc ecte rom the group COhSIStI
to thage quby Htﬁ%ﬂgég‘@ REEERYY lRsafgen, t&@lgéoamwregt%ﬂi&ﬂa@téeew Oxy;
hetertkyriy(;: lydiroxy Ci SRy (G ket oxyl Bdo6Calkylk &3, BropitbatlyinCaid

hetefo)B/DBHYS bridhalinduksndiddagyc|qaliylepb@pyy):C1-3 alkyl, heteroaryl
C1_3 alkyl, heterocyclyl or heteroc7yclyl C1_6 alkyl, in which the c-ycloalkyl

oFsaidscBI(R yRdalkyNaR)ERINRS: 7 cycloalkyl C1-6 alkyl, the phenyl of
said phenyl C1.3 alkyl, the heteroaryl of sald heteroaryl Cl 3 aIkyI and the

heier yelyl gt said f zfteroc%q l.and sai r&’%}é' %13 entl Ca

optiona Iy Subsfitutec one to three su stliugnts ndepen
from tREGEBYBASIStnP By R b RAkSfdro gl CrzavslRglod Lo Cvdoam'fl Cre
cydoalile3-% bimsidadkgl PhebyhiRyl, Halb hetrorhalc, Cale lakeptr Rk dr
R4, tog@f&%e&/&m the aﬁypgearﬁ@mh@c\wmn{!ﬁ 13 @t@@b%&b@@@dﬂmmd Cs.7
atom tgx\g gﬁg%cme aen ? S%ljd-z alk I t%% {eue@l glgamtlrop
atom and saic carBon atom’ it any, form hete oc T, |6t|on Obstitute
by ond fieirEE Subaliithand thiasierdurith P srd hederrswsih ﬁﬂa%hetemwdﬂ
consisfing ak arﬁ@lt{yhdm:iﬂbmﬁnwdﬁﬁ et R eesibdiepanisenddydadently
each afhereRyrsRoeR HbereotslnlkyRer &z cycloalkyl; R7 is C1-6 alkyl;
Rs, R9, RIO, RI I, ,-,12

R’ and R, together with the nitrogen atom to which they are attached, form

heterocyclyl optionally substituted by one to three substituents independently



K and R13 are, independently to each other, hydrogen, C1_6 alkyl or C3-7
cydoalkyl; WO 2007/122103PCT1EP2007/053490 3  Rd is hydroxy,
Rb, halogen, C1.6 allcyl, halo C1.6 alkyl, hydrogé%],g 1}%3490
@?&(ﬁ%ﬁ@ C16 alkoxy C16 alkyl, C3-7 cycloalkyl, C1.6 alkoxycargaonyl,
acyl, -C(0O)NRaRb, -NRaC(0)-Rb, -Kle-C(0)-ORb, -NIV-C(0)-NRb,
-NRa-S02-Rb, -NRa-S02-NRbR", -0C(0)NleRb, - OG(0)012% CL.6
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heteroaryl, he gr ary 1.%alkél r}ﬁ .heterg)czclyl, arld the tHencyl ﬁf sgldrm1 i
phenyISiHA ST RIS F Al g PR Eroup
said hatéieraryl C1-3 alkyl, and the heterocyclyl being optionally

substituted by one to three substituents independently selected from the
groupasnEistingrgichsanorioreyafibe MetrRadidiogend BT atid/R madp be a ring
C1.6 alkybwdrxy febifiealkih i AkOxysaTBARYI caByter§RINRARr two ring

-NR-C(0)-R", -NRa- -QRb, -NRa-C(0)- - -
B R S O G R SRR S
allcyItARS. saPBRSHVPAIG RRABHIR BEBHEHE R Iyl being
optionaBIIy replaceo_l with a carbonyl group; Ra, Rb and R are

indep&naahtly deef&@ﬁ@ﬂrﬂm%maﬁ HReamiroger ot Sneadlah Cre
integedid ), 10,3 ,chtalis At integendflo b akypodrelyeorarbonyl, carboxyl,
pharmageutically agcertablgsalte thengefh fduhes: gitygation ik

concerned with a process and an inteiniediate for the manufacture of the

above;ﬁ%g% E&E%%QQ%?@&%%QP@ArPé&HR%%%MH%&%{@&Heﬁ%Qm Cas

compoun of these compoungs for the production of . .
pharn%é@&%’éPb‘r’éHéPé‘(ﬁﬁs‘?pf‘HE%ﬁﬂ’rgéﬁﬂﬁgdo%‘?8ﬁ%fﬂ§kﬁzﬁafﬂébﬁ’eﬁ§“
recepiod¢SndmdlisseRed fporigronpeprsistisgriiactie orbtele £1.4 alkyl and
recepigibaatagonists and also CCR-5 receptor (Chemokine Receptor 5)
and/or CCR-3 receptor (Chemokine Receptor 3) antagonists. Chemokines

a{]e a fi@rtl:"w% @?ﬁﬁ%ﬂ%ﬂ@gﬁ Wﬁ@h@)&?ﬂﬂﬁ%ﬂﬂ?ﬁl ONINGLE Co.6
chemoattractan r Jeuko 4 The ra ng o c

from v%lﬁé% ar' B’éﬁé(sﬁin 0's %ﬁ%ﬂ%gggé%%i%ﬁé%%%&%B'Lﬁﬂ{%%?%%%? henyl
signal§1cHEPhAEIRTeA ts 17Y6H BRERIGKING HRaIRG e Cemdls tdipeid) the
by initiatifeglsjd néding Gatlaychydkin woll gl iGereasked b Giusalkyhithitiohapiyl of said
cAMPgyoduetionideaianaemnantsphibaayleskelelgniactmatipaterocyciyl of
integrins ANgel st metibiacessanant ALNGEANEILHIC BRIERARY one o
of adhesion protei s.a§r0|n amma%ryc emokines are consjdered to,b
involv&erin WS Hevalo HErar itk aESHIE F5am DR FITORESE &
disease3s with inflammatory components like rheumatoid arthritis, asthma,
multipR #dwessisnyrans it Fejeating i dGecrednaliid Sern idich hjaggmathale
specific, praiglnent effects in nephropathy and peripheral vascular

diseases. Monocyte 4 Chemotactic protein 1 is considered to be the

major rfigndlateehghemakinepadiatingdniamnmaicnyRitoersaes!jmhihesbon atom

diseases AeN M Clel A (fe ! AROANOGHIERARM AR-ERNSm and said

lymphocytes. In ad dé{f are ir;rﬁisclésslon e related to

the prGERAR BROr RS (B BHES AT AL Q3 e BURS B s
obesesahslitiatietinddizedsaty SERiHrmaibe reen firndding pliGhintstiond
and canggguently the course of autoimmune diseases, through its
heterodimerization with CCR5 which has a role as coreceptor for viral
eRiyidiB hostivdtrsrsnty oG etishErdtageetbroson Swskikdieiies fofycloalkyl
treatment of peripheral vascular diseases, and more specifically for

tr&atmanit, gfafiadients with critical limb ischernia, Furthermore, study results
and experiences from the development of a new CCR2 medicine for this
infcatiqnimay, keéilijate d fallavwypieneiopnast deidreat@eminoC, ¢ alkyl or Cs
athefosglerosis. There is a large body of information from animal models

of MEPT"and CCR2 ko mice in wt or apoE-/- or LDL-R-/- backgrounds
showing that the MCP-1/CCR2 pathway is essential for monocyte /
macrophage recruitment, and also for intimal hyperplasia and the

formation and stability of atherosclerotic lesions. In addition, numerous
reports describe involvement of the MCP-1 / CCR2 pathway in man post

injury and in various inflammatory processes, including such in vascular
hede The dierlnciire nrovidec the novel comnoiinde of formiila (1) which



Ais aryl or heteroaryl, said aryl and said heteroaryl being optionally
substituted by one to three substituents independently selected from the
‘%roug consisting of halogen, benzyloxy, heteroaryl-C1.6 aLk%ﬁy Cl.6
,%ligéaglkory and halo C1.6 alkoxy, or said aryl and sait @8?8‘5’/9?3490
being optionally substituted by C1_8& alkylenedioxy; X is -N(112)(R2) or
I)R' and R2 are, independently to each other, hydrogen, CIA alkyl, C3_6

l,C3-6 alkynyl, 26 | .6 al - kyl -7
ocenitest b CHE G BB GElier MO £y 9on
alkoxfhi, 1Mk Aryt B2 ARG RENSH by PO HOANGI N R
C(OWRIcHNRE@YR) 0k |- RS i@ 3R Gy DB, i -bEd TB-NBYRI0KY@ NEER”, -
OC(BNAILE PAETIE T PARN it T LGRS BIRATE ISFLT, 2l

hete o A s SRy 2 e ATy b e S ot wid phenyl
C1» dlstihadaterniad péridhairsamstiad it et ot cohsibing dierbgiegpeycyl
beind 2baochR2sagetinet wyitméhe thitco gers@tamtiontbpehdhely aceattabbedihe group
consi QY B G aptoRal Substiiuted MLANS O ANCBPLRFEIIENS ¢ alkyl, C.

independently s i0 e-groupsconsisting 0f R, n a
aofREBERIenty SCIBSEE e aIURCORRSINB RS, 130 016 OLRE
50 B OB PepIAcRd (AH VB P GHOLIO arorbre W ame ing dksisahfiny! and
C..¢ allotis @fathbohe terocy iyl fonmadabynir' einlde R2tenayyde belingpaveliyatpiaced
with & @RIBALLFAG,Which is C3-7 cycloalkyl or heterocyclyl, one or two ring

carbon atoms of said another ring being optionally replaced by a carbonyl

g apersal ' i jopally, stituted by C1-6 alkyl;

R%?’l;l%d R4 a?ek‘,g ﬁ]i%%%géﬁ%gﬁlg%p%gﬂgg?ﬁéérﬂgrogen, hydroxy, C1,6

alkyl, C16 alkox -7.cycloallcyl, C3-7 cycloalkyl C1..6 alkyl, C1_6

amoxy}?:g?b%%eﬁ%bar 38))(%/11 hydroxy-C1.6 alkyl, C1.6 alkoxy-C1.6 alkyl,

halogen or, halo Cg. .6 alkyl; or R3 and R4, together with the carbon atom

tomwhigha?h%§f%er%°a a2 éd, form C3. 7 cycloallcyl or heterocyclyl

optionally substituted by one to three substituents independently selected

frORY ARSI EMLi&iRt of CIA alkyl, halo C1-4 alkyl and halogen: or R1

is hydrogen, Ci..6 alkyl, C3_6 alkenyl, C3-6 alkinyl, hydroxy C1-6 alkyl,
or PredrisEa KoRACRE UL eEriablasdiRyheeeey cycloalkyl C1--6 alkyl,

C7-10 bicycloallcyl, phenyl C1.3 alkyl, heteroaryl C1-3 alkyl, heterocyclyl
Further e iReseipn ©E0BraiRed, Whtkvhrenaste Syt reuiRiABrainl &3 thapempeiire of
the dbiodesamich 534 By dbaliayt&ifical alicphrthmphehidiofsaithphenybpodmlkylhe use of
thesdBHELRERAN; QL S ISR IB Harnd @iLANddhe Agigrocyclyl of said

heterocyclyl and said heterocyclyl C1.6 alkyl are optionally substituted by
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consisting of Rd; R3 Is hydrogen, C1.6 3.7 cycloallgyl, C3.4
cherp ARSI  HRGTHARSERB RATaIs Q@r‘? FSRI L@ﬁylFfaa?@m&%xﬁmm 2
and/gre ik dgrereatoni Ghemialsn ARz s paorathadagha dar sdreadinee anidhoRly if
smaktiasled prdihen{adaiddkylekiab etiweambaiditiagen@iommandriaitlocytes.
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. three substituents independently selected from, the group consisting of
to I TRYT ARATRI P HER T T ST PR TR, IR LR KAPCRS) by
initiRDgpign e pethdansjni g intserchi/drgsnnibideaieficdMEproduction,
rear@y@laadeM of thRerisshyleiax\actyans NRaRRiRalegencd aowliyhrbadaes and an
i cr&é’e’@ﬂ%le%ggﬁ gpa-c@lgs%yllpgjceglglkoxy, C1-6 alkoxy C1.6 alkyl, C3.7
.cycloalkyl, C1,6 alkoxycarbonyl, acyl, - C(O)V\&eRb, Ygll:égé 0)-Rb,
Proi{eeaes B P KR A SRIE AR B E ThRGSEIRRBRY,
atheroClOYNR AR IRCIOBRan ClisGseikyish fotpnaataadrioarimg, ke theumatoid
arth Aty khiombhenytipphenrybss] thadidnheleranyinbeisioaty képtrusily lgog; with
' I ' the
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heterocyclyl being optionally substituted by one to three substituents
independently selected from the group consisting of hydroxy, cyano,
NRaRDb, halogen, C1"6 alkyl, halo C1-6 alkyl, hydroxy C1,6 alkyl, C1..6
alkoxycarbonyl, acyl, - C(O)NRaRb, -NRa-C(0)-Rb, -NRa-C(0)-ORb,
-NRa-C(0)-Nle, -NRa-S02-Rb, -NRa-S02- NRbRa, -0C(0)NRaRb,
0CIONOT122a C1 A alkvierilfonvy1 C1"A allevierilfmvl and 1 A allkvithin and



nis an integer of 0 to 3; mis an integer of 0 to 3; m+n is an integer of Ito 5;
or pharmaceutically acceptable salts thereof; wherein, unless otherwise
indicated, the term -aryl" means phenyl or naphthyl; 4d the tenn
"heterocyclyl" means non-aromatic mono- or bi-cyclic radicals of four to
nine ring atoms in which one to three ving atoms are heteroatoms
independently selected from N, 0 and S(0)n (where n is an integer from O

0 2), the remaining rin S bein the tenn "heteroaryl|” means a
C%H%%Ot&dtﬁﬁc@cﬂiﬂfb clit n;so ?f&gfd“}i‘h(ﬁ SO g Ot IR E g
ilﬁ@@r@@tm mﬁéﬁendéﬁﬁyﬂgoeété@tédér@intl\ﬁ OCBAkS ptive vemaindugteingd on
s@RITSBRINGCE:NR IRmicagyi Mears R G(O)n, dravhieh F& iﬁz@elaﬁe@%vlhe

n)aJx%SQOQ cﬁlhy ng:e?a-b%l? 1%15}{ eqro%ore @%fp %Itlgl ojf ?)e e Q’ lﬂdl(a?) tic diseases.
gastepo reacting compounds o ornitila 2 Ae r( f
C@&nﬁaiﬁ?a% GFIIIHiEEBY" M%)nowa@f’eﬁﬂnﬁe%eﬁ@ ‘fbﬁ cpesrsp@’ R IRGIUne
dinl@SF{thﬂ.QU,ngI.IZSﬁltgﬂleﬂiQermmVﬁfér@(d@demmb(ﬂeabw& as coreceptor for viral
entry into host cells,

Thus, CCR2 can be a target of a new medicine for treatment of peripheral vascular diseases, and
more specificaily for treatment of patients with critical limb ischemia, Furthermore, study
results and experiences from the development of a new CCR2 medicine for this indication may
facilitate a follow-up development for treatment of atherosclerosis. There is a large body of
information from animal models of MCP-1 and CCR2 ko mice in wt or apoE-/- or LDL-R-/-
backgrounds showing that the MCP-1/CCR2 pathway is essential for monocyte / macrophage
recruitment, and also for intimal hyperplasia and the formation and stability of atherosclerotic
lesions. In addition, numerous reports describe involvement of the MCP-1 / CCR2 pathway in

man post injury and in various inflammatory processes, including such in vascular beds.

The disclosure provides the novel compounds of formula (I} which are CCR2 receptor

antagonists, with some antagonist activity also at CCR-3 and CCR-5.



In a third aspect, there is provided pharmaceutical compositions
comprising a compound as defined above and a pharmaceutically
acceptable excipient. In a fourth aspec}, there is provided the compounds
as defined above for use as therapeutic active sustances. In a fifth aspect,
there is provided the compounds as defined above for use as therapeutic
active substances for the treatment and/or prophylaxis of diseases
treatable by a CCR-2 receptor antagonist, CCR-3 receptor antagonist or
CCR-5 receptor antagonist. In a sixth aspect, there is provided the use of
compoulndsias defieddixreve fonidedpreppeation of medieaihents for the
therapeutic and/or prophylactic treatment of diseases selected from the

used to describe the invention herein. The

fluorine, chlorine, bromine and iodine, With chigsine and fluorine being
preferred. The term "CL_6 alkyl", alone or in combination with other
groups, means a branched or straight-chain monovalent alkyl radical,
having one to six carbon atoms. This term is further exdnplified by such
radicals as methyl, ethyl, n-propyl, isopropyl, n-butyl, s-butyl, t-butyl. CI..
alky¥hsradn-3 alkyl is more preferred. The term "C26 alkyl" means the
same as "C1_6 alkyl", except that C26 alkyl has two to six carbon atoms.

The term" hyckspty i Seadisyd], ﬁh@ﬁﬂ@l@mﬁwﬁkﬁﬂm%% Qeﬁaﬂfr substituted

m drox Qroup(s r 'hal means
OE gﬁ%&%%%%%g%% one 0 rerjilc?rééI asr%ie orid%f?erenf" @%&éﬁéﬁﬁ%d halogen,

2@@%@3@@% Fhe 2piy 08 hiloyfanethnganssaid aryl
a |Imﬁb$a$tﬁihﬂt8ﬁ6d'}d Ib&iﬂ@bb&&ﬁ@ﬂﬁﬁb@ﬂmﬂé&ﬁﬁz Qfl Qa&ﬁ&ﬁe@&@bon

atoms, such as methylene, ethylene. The term "C37 cycloalkyl", alone or

in combmatlmwmlﬁ@ercgmfmlmm)a saturated monovalent
mono-cyclic hydrocarbon radical of three to seven rlng carbons, e.g.,

cyclop{ pyl, ﬁy%%ﬂglrec Eex énﬂTQS' etae‘:r}gln tE?ziig) ic cloaéjlkyl |Oﬁ5‘| Oﬂ\
in combination with othe’raro psS, m dans A saturated alkenyl,

hydrocarbori ety dterbil @ar@&%}’i%\aﬁ@qw&rmgéonﬁcyl Cs.z
which two owﬂeﬁ@ﬁ@&éﬁmﬁn@%&f&m@ﬂ'@ﬁeﬁw (Ulr!gaﬁ@ﬂbﬁ)&eﬂgmwf alkyl,

the other rin yclo[2.2. 1Ih I T, & term 1.6 ne or
in combinatigﬁgvrv%t %er%%ﬁ% alnﬁs e gro % %f%%iﬂ‘i—g s
C1..6 alkyl. tiﬁ@rélﬁ*haaéple%mmﬂ%@nea&wimmmémmwm@mﬁ ;

groups, meahis ke H&@&@U@&Mﬁ&@iﬁm'; EIUSh SAe Y %f@@e@é}’o%f%f said
three halog%ns The,t % |ox lg:jpeans -0-C6 aI
e

Methylenedioxy ociyfgr e&ti'li en F%(ISC/J ey préf% TPy glt“ted by one
alkenyl", aldf ?Qﬁléﬁ%%‘ﬁiﬁtiﬁmmth@m&@@ﬁ@sﬁmeahsgonp consisting of R%
straight-chadi or branched hydrocarbon residue comprising a

carbon-carbon double bond, having three to six carbon atoms, prowded

that the Carhggr@tﬂmt%f Uﬂﬁc@“ﬁﬁ%ﬂ&g int.af the, G glrmnat%%t ﬁ%tao.}?_cged, form

rest of the rﬂolecule | not bonded to another carbon at ) _

alkenyl by 4 CSTBOELPRBR BB HEHES AR €51 thacs Fesimirptdgendenty
2-propenyl s@hegiaéinorCRe Gratipyyitistigne & imdambisetionig da0iesoms of
groups, means a straight-chain or branched hydrocarbon residue

comprising a carbon-carbon triple bond, having three to six carbon atoms,
provided that the carbon atom of the attachment point of the C36 alkynyl

to the rest of the molecule is not bonded to another carbon atom of the

C3-6 alkynyl by a carbon-carbon triple bond. An example of C36 alkynyl is
2-propynyl. The term "acyl" means R-C(0)-, in which R is CI 6 alkyl, halo

C1_6 alkyl, C3-7 cycloalkyl or C3-7 cycloalkyl C1_6 alkyl. The term

"heterocyclyl”, alone or combination with other groups, means
non-aromatic mono-or hi-evelie radicale nf forir to nine rina atome in which



the remaining ring atoms being C. WO 2007/122103PCT/EP2007/053490
6 The term "aryl", alone or combination with other groups, means phenyl
or naphthyl. The term "heteroaryl", along,or combination with other
groups, means a monocyclic or bicyclic radical of 5 to 10 ring atoms
having one to three ring heteroatoms independently selected from N, 0O,
and S, the remaining ring atoms being C. The term "bicyclic radicals”
means radicalaihheing B Hagacdbwhicnddo bringoretinnalatsnisced ond a
ring are ring carbematerns; ahder other ring. The term, "C1.6 alkylsulfonyl”,
"C1.6 alkylsulfmyl" and "C1. allcylthio” means C1.6 alkyl-S02-, C1.6

alkyl-SO- and,£:1,6,alkyl; Eaﬂh%?pﬁg}%e& ﬂﬁrﬁ&%‘r‘?%@%ﬁgeﬁqéé%iﬁ?cd ]ﬁ;may bea ring

chemical groups whose defmitions are given abové dre those a
exemplified iﬁ%@ﬁﬁ&?@&ﬁfbm ifdr i ey el i9h heterocyclyl, one or
pharmaceuticaityrageeptableacibasdition Saitsidfztemplesiohsiicheplaced by a
pharmaceuti I ‘ )%I la. @

with physmm‘f%?%ﬁ%gw o L TR RPEMIRS SRR 01
hydrobromic & , Sulphuric acid, sulphurous acid or phosphoric acid; or

‘with organic acids, such as methanesulphonic acid, p-toluenesulphonic

acid, acetic acid, |dtiad&dawifndrpasbndntitadinthacilydovgearidabiory, Ci alkyl,
maleic acid, @rtalieaFid sHeeibinarid orcpaliaulis eciditede Moxycarbonyl,

"pharmaceuticcall)lg c«ﬁ,eﬁtablg alts” eﬁrs}gsug salts.," tional%% .
"optionally" nieans' that the subdéquenty deseribed & 08B G hces allovl
may but nee@™ot occur, and that the description includes instances where

the event or circumstance occurs and instances in which it does not. For

example, "aryf grd®S, opgicthal yidutistituteshwiitharn alkidgtaypraagansd)@m C.
the alkyl may E&ﬁ&g&q{&e@% %%%%&?eﬂ??ugﬁﬁ%@ RN JNE lt% a%é substituents

situations where the aryl group : with an alkyl grou

situations wHersRIESHIY §ebsisddtos Shstiarsammiting edhkykgrdupalo Ci alkyl
"Pharmaceutinallylageeptable excipient” means an excipient that is useful

in preparing a pharmaceutical composition that is generally safe, non-toxic

and neiifier idlogiaalyorcolharyise, yaesyrole, ARt neles, UCRIRY ..

at is acceptable for veterinary use as.well as human phaimaceutica

use. A "phar%@&ﬁi&aﬁ%@bﬁ%f’e € %ig?gnﬁﬂ%’frﬁfgg@ma}ggﬁ &‘m%‘cydoa}k’d’
specificationpiartGimalic e butit ondlahdetroreytidmohesucitlyl Cues alkyl,
excipient. Compriundsethat haye she:sames malaasiamaarmautg hutdifienie,

the nature or.seguence of banding, of thejr atgms or.the arrangement of

their atoms in gfqaﬂc]% %}%n éf’r%seagg'%hoe it (lafrsl." é% &hs %5?8ﬁ?é1rg§?é%eteroawl Crs
arrangementlétipedr theomsipcsgulef said tetarodrthioredisbiietetocyclyl Cy.q alkyl
Stereoisome thabak8 ADNIHAI HRASESIOTRRE ABNELA SR Mently selected

_ "diastereomg_%s“ %d trhose thattare -superimposable minor images of

each other aré termé&d "énantomers® When a WO :
2007/122103PCT/EP2007/053490 7 compound has an asymmetric

center, for eXaihprar %ﬁ“c&r’cf(ﬂ%ké{lo%ﬂs%g@@t’f @WF’&#%YEQI-@?BW&:@&EGH or
pair of enantigimé&rs #kyhssible. An enantiomer can be characterized by

the absolute configuration of its asymmetric center and is described by the

R- and S-sepughritigibsas ohGahhe lﬂg@?@%xﬁ 1218 Q! 1B%:{RRBAANEL carbon atom

in which the molecule rotates the plape of pola ize%ll ht and gdesignated
‘as dextrorot%%&%l%r%\}so?gfﬁ?‘c?% i.{(ie.t,ggé? (‘-?-f(io 35 8}%@?& ?3’9%83@58%?%‘ and
chiral compé&tifidacbeneatiznai asith &nmdivicngelydpamtismaliyouhstiamaiddyrene to
thereof. A mhdayr a6ON@IALE thesHeARHIPQEIRAS H JARIENBRUIBMB Sidfing of C, 4
called a "ra(%1 qi%lréw%t%rgséThe compounds of formula (I) can possess
one or more a ymme'f‘rlc cénters. Unless indicated otherwise, the
description or naming of a particular compound in the specification and
claims is intended to include both individual enantiomers and mixtures,
racemic or otherwise, thereof, as well as individual epimers and mixture
thereof. The methods for the determination of stereochemistry and the
separation of stereoisomers are well-known in the art (see discussion in
Chapter 4 of "Advanced Organic Chemistry", 4th edition J. March, John
Wiley and Sons, New York, 1992). While the broadest definition of this

invention is described before, certain compounds of formula (1) are
nrafarred 1N A nreferread comnoirind of the invventinn ic a2 comnniind nof



independently selected from the group consisting of halogen, benzyloxy,
heteroaryl-C1_6 alkoxy, C1,6 alkyl, C1-5 alkoxy and halo C1-6 alkoxy, or

A is phenyl optionally substituted by G1-6 alkylenedioxy. More preferably,

A is phenyl substituted by one or two halogen atoms independently

sele?ged ];ECHE 6th roup consisting of chlorine and fluorine. Further more
preférably, A'is phienyl substituted by two halogen atoms independently
selectsed gromoth ,9roup conisjjsting of chlorine and fluorine at its 3,4 or 3,5
posifonRiiRAnStheR prardried dsmpethiadshibe hyamiahss ABRssBunRts alkyl or
of fo&gy%&ga}/@grein Xis -N(12.")(R2), and R and R2, together with the
nitrogen atom to which they are attached, form heterocyclyl optionally

substituted by one to three substituents independently selected from the

grou%gco Hehsidepa W@M#ﬁg JHNEFInG ‘cafbor Qﬁil‘?né Iof as%?'d[ g%mxy Cis
aﬁ%‘@@l%’ﬁé%&?!f@ﬁg?%d%@ d; %ﬁéﬁ@tn%wﬂ%m,;egmm&ﬁtﬁwoﬁ@gmwu

group; and/or one of the ring,carbon atoms e hetgrocyc rme a
R et et i A e ST
NYgoalkyt@n Reterocyatyo R QIR G edehe) etQrs eikseaie anothelkylthio,

ring being optionally replaced by a carbonyl group, and said another rin

ol BpAIDAAlly DRSSP BYY B 6 RS e AR BRI RGP T phenyl
ofRg RAciRgathetnitthihe Nt Qe Aterm Hawhish Braviakeaiashednibsaid

preferably’ a mono-cyclic radical of five or six ring atoms in which one -

hetresnih G atafy irad drsdrebracechn Beas arsionathasrhet ik drnansp three

sibderendendysaieaigddremndy. foand SR WhRreinds aRy BRI dyem, VR R,
to 2), such as piperidyl, pyrrolidinyl, piperazinyl, morpholinyl,

hebassophotbiyt.dizio CaioathiBrisskifny Hkelneterdkoansathiondl syR-
%@WR@QQ%M@]W@@@)M INM@@)M@WB@@MSNR%SOT
rgfgrably piperidyl or pyrrolidinyl. More prefera I%/‘(,jthe heterocyclyl )
N&iﬁedqg@ﬁﬁmyh_ 20(o 1R whthetRE YRGS atorn s Witk pfe -« allyliio,
ARHBGD R s QRICOANY, S HRSHI e P Y. QB8 MO SHRSIIHBARSTy replaced with a
independently selected from the group consisting of hydrox-y, phenyl and
capark\2ere alkyl, and/or one of the ring carbon atoms of the heterocyclyl
formed by le and R2 may be a ring carbon atom of another ring which is
five gr st mamberedthmpeadeydiciiaiemaysiyt,; Qager two ring carbon
atoms of said another ring being optionally replaced by a carbonyl group.
In this group iii), m+n is preferably an integer of Ito 3, and R3, R4, R5 and
- R6 dre h%%d&fﬁ.gﬁfﬂ@()t\?gfin this group iii), preferably A is phenyl
optionally substituted by one to three substituents independently selected
frormthe greupegasisiiiérof;halogen, benzylox-y, heteroaryl-C1"6 allcoxy,
C1.,6 alkyl, C, 6 alkory and halo CI 6 alkox-y, or A is phenyl optionally
WOIﬁgﬁﬁja%%ﬁ%ﬁg}gf/ﬁ%@07/053490 9 substituted by C1.6
alkylenedioxy. Mdre preferably, A is phenyl substituted by one or two
halogen atoms independently selected from the group consisting of
Oém%ﬁfﬁ@%@l?ﬁib’rﬁ%?mhﬁeﬁaﬁﬁ)@ﬁ%@erably, A is phenyl substituted by
two halogen atoms independently selected from the group consisting of
vahdesinesandsfhipeingsatiigdid-edr 3,5 position. iv) Another preferred
compound of the invention is a compound of formula (I), which is 1- [
E)-3-(3.,4-Dichtoro-pheny1)- .-4-(4-piperidin- | -yl-butyl) - [ 1,4]
totfa){%léan- - %%a,ns Igi-i‘fin[%ES)%S%-%;-%EP]}‘?IJ(E)’ro-4-f|uoro-phenyl)-a\cryloyl] -4-
(3-piperidin-1 -yl-pro pyl) - [1,4]diazepan-5-one,  1-
[(E)-3-(4-Chloro-3-fluoro-phenyl.)-acryloyl1]-4-(3-piperidin-1-yl-propy1)-
[1,4]diazepan-5-one, 8 - (3-{ 4- [ (E)-3-(3,4-Dichloro-phenyl)-acryloyl] -7
-oxo- [ 1,4 ] diazepan- | -yl -propyl) - 1,3,8-
triaza-spiro[4.5]decane-2,4-dione,  1- [ (E)-3- (3,4-Dichloro-phenyl)
-acryloyl] -4- [3- (4-hydroxy-4-phenyl-piperidin- 1 -yl)- propy1]-
[1,4]diazepan-5-one,
(+1-)-1-RE)-3-(3,4-Dichloro-phenyl)-acryloyl]-4-[3-(3-hydroxy-piperidin-1-y
1)- propyl]-[1,4]diazepan-5-one,  843-14- [ (E)-3 -(3,4-Dichloro-phenyl)
-acryloyl] -7-oxo- [ 1,4] diazepan- 1-y1.1 -propyl)- 1- oxa-3,8-diaza-spiro
[4.5]decan-2-one, 1-
[(E)-3-(3,4-Dichloro-phenyl)-acryloy1]-4-[3-(tetrahydro-pyran-4-ylamino)-et

hvil- 11 A1dia7enan-5-Ane



(S)-1-[(E)-3-(3,4-Dichloro-phenyl)-acryloy1]-4-[3-(2-hydroxymethyl-pyrroli
din-1-y1)- e y1]-[1,4]diazepan-5-one, or, , 1-[ ( E) -3- (3,4-Dichloro

-phenyl) -acryloyl -4-(2-pyrrolidin- 1 -yI-e[t(fl]yI)-[ 1,4] diazepan-5- one, or
1-[(E)-3-(3-Chloro-4-fluoro-phenyl)-acryloy11-4-[3-((-,
cis)-3-hydroxy-4-methylpiperidin-1-y1)-propyl] - [ 1,4] diazepan-5-one. or

WO 2007/122103PCT/EP2007/053490 10  (cis) -1- RE)

-3- (e tirsm-befrorslphensans aonyloginatic mono- or bi-cyclic radicals of four to nine

[3-(3Rydieis brigthping iaiRe iy 3BoPYH ket 4t HaZRRANRIANE: Qlected from
1-[ @)63314%%hl%r0 -Phergl -acryloyl] -4- e .
[2-hydrosy- 3 (& A PRS- YRR R Lty B o B iaeging atoms being C;

diazepan-5-one, or 1- [ (E)-Dichloro-phenyl) -acryloyl] -4- [(S)

-2-hybieoxsnB i dteloaty hyanory Gaanacyshiror[Ri6ydit 16dich) oo Ryl 6 fh@htoms having
diaz 5 3 = = 3r(3- = - ).-ackyloyl] -4-. .
L pine e LS Cera oy g
diazé&P r?—tg%%lée,l?ﬁc; 1- [ (E) -3-(3-Chloro-4-fluoro-phenyl) -acryloy1] -4-
[(S)-2-hydroxy-3-(cis-3-hydroxy-5- methyl-piperidin-1-y1)-propyll - [1,4]
diaz8pdhmr offel gpeansiB{{E) 3 it i1 Euaisyb hehoyT)-aadkylfodl » 4ycloalkyl or
[4-((9s-Achygioxyeh-adryspiro [2.5 ] oct6-y1) -butyl] - [ 1,4] diazepan-5-one,

or  (cis) - 1- RE)-3-(3-Chloro-4-fluoro-phenyl)-acryloyll -4-
[4-(3-hydroxy-5-methylpiperidin- 1 -y1)-butyl] - [1,4] diazepan-5-one, or

1- Rir)3e(3+@higrevp ieny 19-peryidydld odSst(1br d=RyeiexyHza2a:5PlQls of formula
[2.5é%§)ct-6-yl)- propyl] -[ 1,4] diazepan-5-one, or  1- :

[(E)- -(5,6-Dichloro-pyridin-3-y?§acrymilll R [3-((-)-4-hydroxy-6-aza-spiro

[ 2.5] oct6-yl)-propyl1- [1,4]dia

[(E)-3-(3-Chloro-4-fluoro-phegyl) -acr
-4-hydroxy-6-aza-spirs [2.5Foc -ylL) -propyl] [ 1,4] diazepan-5-one, or
1- [ (E)-3-(3-Chjoréphg¢nyl)-acrylgyl] -4- [34( -}-4- y-6-8z iro
[2.5] oct-6-y1) - RLop ZNdiakkpan-5-one Mr  1- X
RE)-3-(5,6-Dichloro-pyridin-3-y}i)-a [3-( 2\
(-)-4-hydroxy-6-aza-spiro [2.5] 6tt6- [ 1.4] ﬁ?az@ban-S-one.
General Synthetic Procedures g e co ou q?s & the present invention
can be prepared, for example, by the gj%neFé] synthetic procedures
described below. Appropriate reaction conditions for the individual
reaction steps WO 2007/122103PCTIEP2007/053490 11 are known to a
person skilled in the art. Starting materials are either commercially
aveiablesiog catebef pregine divypmethodsikrowla (4) the art.




Scheme 1 In Scheme 1, PG means protecting group, such as
BOC(tert-butyloxy carbonyl), Z(benzyloxy carbonyl). Y1 means bromide,
iodide, mesylate or triflate, A, X, R3, R4, R5 and R6, m and n are as
defined before. The same reactions described in scheme 1 can be
performed with 1 being substituted with R5, R6, R8, R9, le), -11 -12 K R.
and RD, as defined before. Protected 5-oxo-[1,4]diazepanes 1 of scheme
1 are commercially available or cansbe synthesized by methods known in
the art (see e.g. Dickerman, S.SC.H_indvball, H. G. Piperidone chemistry. I.
Synthesis of 5-homopiperazi Joyrnal of Organic Chemistry (1949),
14 530-6). R5, R6 can bd ced oy a sultablyprotected 5-oxo-[ 1,4]
diazepanes through depr atton at lof¥-t¢m ur alkylation or
fluorination followed by a secétd deprg@tonatioita fkylation or
fluorination, or can also be synthegize the corresponding
piperazinone (see e.g. Desigﬁ%? disynthesis of combinatorial
scaffoldsdiazepinone and homopiperazine. Sun, Chung-Ming. Department
of Chemistry, National Dong-Hwa University, Hualien, Taiwan. Letters in
Drug Design & Discovery (2005), 2(1), Qﬁ-SO). Y' activated building block
2 is commercially available or can be s(y hesized as described below.
The corresponding none activated precursor amines can be synthesized
WO HBRS SR (Fdduction with methods known in the art,
followed optionally by quaternisation. The corresponding acids are
commercially available or can be hesized from epsilon-hydrox-y acids
via le and then le alkylation follow igpally. by [CH2].4 elongation. The
Y' for the amine can then be introdticed by activati
epsilon-hydroxyl group to WO 2007/1225)03ISCT/EP2007/053490 12 (Y'=
Cl, e.g. reaction of the alcohol with thionyl chloride in TI-IF OC to 50C
, givasitha cer @WDQ@R@W@“@RE@‘@E@ﬁﬁﬁOﬂ R RPIEGIER defined above.
5-oxo041,41diazepanes 1 in solvents like DMF with e.g. NaH as base at 0C

Iita mnﬂmwfd tbweapg@ndumpmmﬁa@mﬁcw@b%&os E@Iﬁ)?‘iﬂiﬁﬁ%pound
5 ives the protected intermediate 3 (step a). Deprotection (e.g. for
2 %%gf)roat%é%¥g§r§al il ik |oﬂ %%?%%%féﬁpg?ﬁ& methanol as

solvents) gives intermediate 4 as hydrochloride salt (step b) which can be’
Incauplediwirprattpdusiple auid®:do thivethpfinadcompotinet! (tep cloaid as
thrganheRaivateta:gs. With oxalyl chloride and catalytic amount of DMF to
the ciannamic acid chloride and then reacted with amine 4 in the presence
of a base like triethyl amine, or CDT activation DCC, HATU coupling are
In 3oEih RsRacér v asPiRyideds oo eyiihasidetntidabave Somespotidingeutic
actiidehydesces fianththecaorespeddingalaohelssvia &X@@f@ﬂe@%ie byha CCR-2
. jttig ' . Jent IChgevenagel reaction wit
R Sl IR AR
convened to X = -Nt(R")(R2)(R3) with le-halogenide in a solvent like
In methdholsesadedenibed nsdhemas stowh hetpouRsheme 2nd Lbie Y& the

X7 & rlp ' catment isea
L SR RN i f
Seifé%g / ‘ﬁ’ﬂ(ﬁ%ﬁ%ﬁ%ﬁﬁ% 76%% gﬁri%heral arterial occlusive disease, critical limb

ischemia, vulnerable atherosclerotic plague patients, unstable angina, congestive heart

failure, left ventricular hypertrophy. ischemia reperfusion injury, stroke, cardiomyopathy,
restenosis, rheumatoid arthritis, diabetic nephropathy, irritable Bowel Disease, Crohns’
disease, multiple sclerosis, neuropathic pain, atherothrombosis and/or burnsfulcers in
Diabetes/CLI or asthma.



In Scheme 2, Y1 means bromide, iodide, mesylate or triflate, A, 12', R2,
R3, -.4, KR5 and R6, m and n are as defined before. The same reactions
described in scheme 2 can be performed with 1 being substituted with
12.5, R6, le,Rn, R12 and le, as defined before. The free
5-ox0-[1,4]diazepane 1 of scheme 2 is commercially available. le, R6 can

be introduced on a syitable prateiad; 3-0xQill.Aldinrepangsrhcaughicfine the
Un}&%p())rtot%ﬁ\ﬁrésﬁcl){ﬁ%%%v’t%fr(hperoatur aag 1a£lz<¥la%%qh%riﬂg&rg%%%@efig[lowed by

mean SEEHHd IEp It ARbAEA RHAHAA GF fllofination, or can also be
synthesized from the corresponding piperazinone (see e.g: Design,a .

ThegyrthSeiateor Imkomsr st HOTRS AR 8 8“85:?8 ?%b(%g%dgfa%%‘r%?n%%"me and

flucBue behupe-iving. Department of Chemistry, National Dong-Hwa

- University, Hualien, Taiwan. Letters in Drug Design & Discovery (2005),

The&hn 48:30)kACigls 2 @gmlberﬁymm@dHthmesppmihgia@@ﬁ@%
orh%%?agl){ %}e%g{:!@akf)%épﬁigﬁ'?aéﬁraﬂ%‘ﬁ@ balshfollQwed by WAt teaetians further

SUARE an then ctivated e. ith oxalyl chlori talvii :
cxeBmBANE 15 WGP S0 RIS B e T mit o oo C:
alkB-0xG: {laki tinmepapeeria. thapiesente ot &b d8er ik idms Anine 217!
excafemative &Pl actisation ofdhenacidn?.or DCC or HATU coupling is

possible to give intermediate 3 (step a). Y' activated Weinreb build'kn%blV one
Thleaks hador S asalsyhthsanide fratv B e Bh AN AGEE by < b
hygfg@g%%yyjth N,0-dimethyl-hydroxyl- amine.hydrochl_oride with EDCI gnd

HOBT in CH2C12 at OC to room temperature. The acids are commercial

‘g%' %%18fc;f%@ﬂ?ﬁ”%@&h@éz§ﬁliwmiﬁﬁﬁu@a-bydmwxaeidsm B¢l ERMent

a

Th%f ylation followed optionally by [CH2I",_t elongation and activation of the

halpeeft338Pgroup to Y. The elongation reaction can also lead to aldehydes,
which can be transformed to acetals 4b. 17" activated acetals are also
commercial available. Deprotonation of the 5-oxo-[1,41diazepanes 3 in
the presence of 4a, 4b or 8a, 8b in solvents like THF with e.g. NaH as
base at OC to RT and then at 50C to 75C gave intermediate 5a, 5b or 9a,
9b respectively (step b or e). In case of 3-
bromo-N-methoxy-N-methyl-propionamide 4a, the first equivalent of NaH
is forming the corresponding acrylamide which reacts after additional
addition of NaH to the final amide 5a. An LAH- solution, preferable in THE
was added to the cooled (preferable at -30 C) suspension of amide 5a or
9a. After 5 to 15 min, the reaction was cooled (-78 C) and quenched with
acetone and acetic acid to give aldehyde 6 or 10. Aldehydes 6 and 10 are
also received from acetal-protected 5b or 9b after cleavage with e.g.
formic acid in a mixture of toluene water (step ¢ or 0. Reductive amination
with RI-R2NH in CH2C12 with a slight excess of acetic acid and
NaHB(0Ac)3 at room temperature gives the final compounds | (step d or
g). The compounds | with X = -N(R1)(R2) can optionally be converted to X
with R3-halogenide in a solvent like methanol as described in scheme 5
shown below. WO 2007/122103PCT/EP2007/053490 14 Scheme 3 In
Scheme 3, YI means bromide, iodide, mesylate or triflate, Y1 can be
additionally tosylate, Y2 is chloride or ester, or when mis 1, R3, together
with Y2 forms epoxy group or -0-C(CH3)2-0- group, Y2 can be additionally
bromide or iodide, A, X, RI, R2, R3, R4, Rs and R6, m and n are as
defined before. The same reactions described in scheme 3 can be
performed with 1 being substituted with Rs, le, R8, R9,1211), R11, 1212
and RD, as defined before. The acylated 5-oxo-[1,4ldiazepanes 1 of
scheme 3 (corresponds to compound 3 described in scheme 2) can be
reacted in two ways to the final compound I. Either directly, where building
block 1 was deprotonated e.g. with NaH or potassium tert-butylate in DMA
or THF at 0 C to 65 C and then reacted with the activated amine 2 (step
a). Deprotonation can be carried out with potassium tert-butylate, and THF
can be also used as a solvent. Amine 2 is commercially available or can
be synthesized by methods known in the art. Amines can be synthesized
from acids via amide and reduction to the corresponding amines 2 with

methods known in the art followed optionally by quaternisation. The
correcennndina acide are commeaercial availlahle nar can he evntheci7zed from



amines HNIeRb, with NH of heteroaryls or heterocyclyl in the presence of
a base. Alternatively, the Rd-substitution can also be introduced or
transformed on the appropriate protected amine NR1R2 bearing an ester
V&?&?BW WAeh on reaction with hydrazine at reflux in EtOH aﬂ%?a%m 071053490
corresponding hydrazide which cansbe then condensed with
alkoxyamidines to afford 1,2,4- triazoloyl derivatives. Esters can also be
eacted wi -hydroxy-atnidines in THFE. with e.d..NaH,as base to
e AR ROl L el A R WG Brane o oo
Cafbﬁ?d?ﬁ%ﬂé§°%ﬁ§c‘ﬁ%hﬁ%’é1@%i@éﬂ- with phosphoroxy chloride in acetonitrile
to [1,3,4]oxadiazol. Nitriles can be transformed to the corresponding
The Nrhy roxyralorbings2bong thidn aparsnstinp it el goaRsx axRpd saturated
mondediie aally helrppipaately paitacte hamiaNRLRY detivatives, catidpeopyl,
cycld¥ E.I&,glé the corresponding pyridine derivatives by reduction to the
piperidine under catalytic hydrogenation conditions e.g. PhO or Pd/C and
The JYH{OSEN %ﬁfgféﬁ[ééle}?' 300 AARHAGCL R RRSHRL REHEPO Rhared
the corfesponding pyridinium compounds WO ] L ,
monsgEen s3I DPErPRIE 9B 6T BRYSE ST (hIIbHNE Y Uiy AT B riines: in which
two pyridireeringhaabsni tibhes alkytating reagegtergobe ol dd) avithg -8
bicyduitablgKegring agent e.g. NaBH4. The resulting olefins can then be
hydroborated e.g. with borane and subsequent oxidative work up to
The RIFRYECE 41 %WW&@E@&%@&&HWM@&gﬁﬁ_gﬁa,eﬂxeanme_lg%hp R-O-,
h 200&, .41,%81 . Piperidines can also be prepared via condensation of
W eﬁ%%zyf%ﬁw &3 }1 formaldehyde and the required ketone as described in
WO Q1/00577A2. The resulting ket%piperidine can be further derivatised
The famge et BHEUS U TS AR A PRI RS FEEEERARTS Ve
substigirtascunels: lowitro e, prafibly) R 2 careoialoseny be converted to X =
-N-4(124)(R2)(P.8) with Rthalogenide in a solvent like methanol as
The dlesciilbed atkgehedived’ shamnn-elow. allysEhe edyRG divezins plottutienpdioxy
e Pg_Jé(péin@c;;;uch as BOC(tert-butyloxy carbonyl), Z(benzyloxy carbonyl). Xis
Gland A, 12.', le, R3, R4, Rs and 116, m and n are as defined before, The
The %@%@C@%Qﬂ%ﬁl@%ﬁgﬁ@%ﬂmﬁﬁl CAdh RenRe S WAIR 4 B8IBGk-chain or
brar O BT Tgr S P e carhan Sl BRUIRGANRIONS, ix
IR At ae Mo 161 the pre%arailon SFBIOXG T, [diazépanes [in
carbgm iR Ripvided i Hresera iBref ﬁlﬁé&@@@@&%@fﬁ%ﬁa@é}f@a}w the
rest pfoliectedeethyiene: Siamédada(edeterthotyldarhafyhe Ghietkaftbbredudiive
carb BRI, aldeydR R, Ditg-AwRdepRipadard conditions
(CH2C12, AcOH, NaBH(OACc)3) will generate amine 3 (step a in Scheme

The $riN€85€,050 f»P%E%E%Q%&&%gﬂaﬁ%mgﬂﬁ%@wﬁ&&ﬁ@%ﬁ%fgwchm or

aminated as déscr efore, or the intermediate imjne can be tregted .
branght{ld FERETEP R H"f‘r&‘HHBESf&géSf%ﬁ’Hg%%%ﬁ%‘%PA‘?ﬁé’%ﬂY% s i
carbohl etiuies dendvidide e Sohetem Baurdibecdiadhiome) riffora5the fdamldayl to the
rest defiativR&ulstendiboiieh vamdiien betwydise & thediaakgan byycarbon-

RAENNEN WR 20024221 QFRCHER 2007/053490 18 a base in a
Carb&lar@%lv%nt e.g. tBuCﬁ( in DMF (5tep C).%:orgfrggintroduction of R6, 6
(R6=H n be d nated,at,lqy t [ th allcylat
= RreLN , ' LRI AE, 19F G-
e O oS 6 P e B rSo g O Cs
CYCI%%E‘I’FEN@@‘@%Hier (e.g. scheme 1, compound 3 to 1) to the desired final

compounds | (step e and f).

The term “heterocyclyl”, alone or combination with other groups, means non-aromatic mono-
or bi-cyclic radicals of four to nine ring atoms in which one to three ring atoms are

heteroatoms independently selected from N, O and ${O)y, (where n is an integer from 0 1o 2),

the remaining ring atoms being C.



This reaction sequence can also be used with amines 2, where R4 and R2

do not form a heterocyclyl ring. The compounds! with X = -N(124)(R2) can

optionally be converted to X = with 125-halogenide in a solvent like

Wf?e%?%ﬂ % described in scheme 5 shown below. Scheme BETHEU/053490
Scheme 5, A, 22, R2, R3, R4, R5 @nd R6, m and n are as defined before.
The same reactions described in scheme 5 can be performed with 1 being
ubstituted with 11, R6,.R8, R9,.Rio,.RH. Ru and 1443, as define fore.

The B R B B SR BRI

Scheme 6, Y js bromide, iodide, mesylate, tosylate or triflate, A, X, R", .. .
The RN Texirps AREC [ SGRPEIEORIT P 15 8T8 kR ARl o bieyelic
radidgbgt feto) Alcarp ez ouad oBedikiirea Bng hgiieipnjdhscRAzrem Bl ppelected from
N, Caenylsjehwhishiiraag isnyitobroxétilg €1 diazepane 1 in the presence of NaH

in DMF or DMA at OC to RT to give intermediate 3. Reaction with amine 4

The BraceiRRHTl MR € s26RA3 AR 1givieg the finalGarpeundd,whiek ring atoms
ofor%’e"rtl‘}?né@r'@@ %S;a%o%eﬁérrﬁst%?t%‘o%]%@‘% column in the enantiomers.
A a ' a

mines 4 commercial available or gén be synthesized as described

above,.R4 ca introduced. at low temperatures via deprotonation an
The B e e e R e B son,
Crs BO® L 25kl Py Ny el F81H&ERith LiIOH in THF/ethanol to | (e.g. 123=

COO Lit) or reduction with NaBH4 in EtOH or LiBH4 in THF to | (e.g. R3=
Prefaiad opiyald {4 biahepurrisones whernikdicens tyagieralbornata thesan
speciieatiyrthesiraddiamxdmbRezylpiperidin-4-ones of formula 2, as illustrated

in Scheme 7. Compounds of formula 2 are either commercially available
Conﬁfoﬁﬁﬂs@t?%{ﬂ%%?%ﬁrﬁ%@ﬁfe 659%3&%@&&@@%9&%@!@@%13 :gﬂ@iﬁ’(ﬁh(ﬁhﬂuﬁxamples

eteracycles. , . Schmidt rearrangement or Be n
ofs I g L A SRR et e,
physiolggics i prorpaikkepinrsl grd s iR AL BIvA ARSI AIRMic acid,
sulpbubstititediipipendimddomghdstherieariding evik ot gericticlmmaytiead to a
metHIBAISHOLIE SISO IS BIAFHG!S c Wi heah ReisRparated &iflioAcetic acid,

citﬁ%)g% 231100, % CQ:EP&?:%E:?@I%‘P%Y&?E@&' %&'Eﬁéﬁ Ded

ﬁi‘ﬂ: SAAroMAN
ydrogenation at pressures q at room temperature, in

ar, pre
"phaziagciticely arcsRAhs R of s T tRSHO Sﬁﬁ)"fhe presence of a suitable

catalyst such as palladium on activated charcoal. Scheme 7
"Optional” or "optionally” means that the subsequently described event or circumstance may

but need not occur, and that the description includes instances where the event or circumstance
occurs and instances in which it does not. For example, "aryl group optionally substituted with
an alkyl group” means that the alkyl may but need not be present, and the description includes
situations where the aryl group is substituted with an alkyl group and situations where the aryl

group is not substituted with the alkyl group.

"Pharmaceutically acceptable excipient” means an excipient that is useful in preparing a
pharmaceutical composition that is generally safe, non-toxic and neither biologically nor
otherwise undesirable, and includes excipient that 1s acceptable for veterinary use as well as
human pharmaceutical use. A "pharmaceutically acceptable excipient” as used in the

specification and claims includes both one and more than one such excipient.

Compounds that have the same molecular Formula but differ in the nature or sequence of
bonding of their atoms or the arrangement of their atoms in space are termed "isomers.”
Isomers that differ in the arrangement of their atoms in space are termed "stereoisomers”.
Stereoisomers that are not mirror images of one another are termed "diastereomers” and those

that are non-superimposable mirror images of each other are termed "enantiomers”. When a



2 In Scheme 7, R5, R6, R8, R9, -10, KR11, 1212 and 12.13 are as
defmed before. [1,4] -diazepan-5-ones of general formula 1 can also be

synthesized as described in Scheme 8 from
-(f)ogwi%&ycarbony1)-13-amino acid esters 2 (R.' = methﬁ S?Igm /033490

Compounds of general formula 2 aré either commercially available or may

be synthesized according to literature methods (e. g., Tetrahedron 2005,

61, 8372). Reaction of 2 with ropriately sutifstitu ed 2,2-digx - if
com I SR AT oA BT e e et o iferen
groupsc PEO PER2NHBPCT IEPRODF/ 03 4vm BOIEk e heshargisizag by tiyaprelute
confiBErRieSONaS Q7R AR @nts Relassinter byukylate:pd Sadiumbiyidridrs it

a solvent such as 2.2-dimethylpropan:1-ol.or N,N-dimethylfatmamide,.at ;.
Can R B R B A R R B
lightpadeiss goried caiegroTH e oo AP BYE - cAIdr BT I REeRARPSiively)-
A cHirfluoropsaticasiekie dichtbromehana kiolloyes by dnlramolectarbnga

._closure (in the presence of a base such. tassium car N n
i N R LA TR ) SR CA B e

boiling point of the solvent), furnishes the

The b diaze pafobaaibethoarbposylic acidivenzyhigstercbidtatben Ayhiess indicated
othe%@@%ﬂ?%%%x%?ﬁrﬁ%@%Y%%MM%&Q%B@QQ&P iﬁ&?&%ﬁ@&f%?t%fnjmlf@clairns
. . par, prerer t room.te rature, In the presence of a suita cata
s infe Bl Bl ARG 0y EPIRE G2 RIR A RO Theror
as wel} apimkividpabepimess ppl mistyso thrrepb S ihavnotheds far Brdtsisraunpen of
sterdoefereis(d, diddinze panimonésatgeneeal Jormdlakboanialge be (see discussion in

Cha?@tbgp@%%ﬁéeq Abnﬁddﬂe%gg%ﬁ {ne BRoRetesiad Wiley and Sons, New

Vor ?9 jaminoethane derivative 2. Reaction of 2 with 2-propenoic acid ester
© 1%ierlv tive 3 (le = methyl or ethyl) in the presence of a base, e. g., sodium
sium tert-butylate, in a solvent such as

W RE B RGURAIATLR, JEAAE (1 R e SheEer B AR PRl
formpig(ibstinpediesrRE can be introduced as described in Scheme 1, leading

to 5. Finally, cleavage of the tert-butyl carbamate moiety in 5 (e. g., with
i) * hydrogemcdhiorigeundl o4 i axamb or itrifuonpacedefbiduimla (1), wherein A is
pheYCBiROMBIbanekearbyiant 2@dce QubsER M ifd SR i RARIs R NIZ5 N2
grou%%lolr:\i)sx%ing of halogen, benzyloxy, heteroaryl-C,s alkoxy, C,.s alkyl, C;.s alkoxy and halo
Ci. alkoxy, or A is phenyl optionally substituted by Cy.¢ alkylenedioxy. More preferably, A is
phenyl substituted by one or two halogen atoms independently selected from the group
consisting of chlorine and fluorine. Further more preferably, A is phenyl substituted by two
halogen atoms independently selected from the group consisting of chlorine and fluorine at its

3,4 or 3,5 position.

ii)  Another preferred compound of the invention is a compound of formula (I}, wherein X
is ~N{RH(RY. Preferably, at least one of R! and R is other than hydrogen. R'is preferably
hydrogen, C.s alkyl, or hydroxy C,. alkyl, more preferably hydrogen or Cys alkyl, especially
hydrogen, and R* is preferably Cs.; cycloalkyl, heterocyclyl, heterocyclyl Cy.¢ alkyl, Cr.10
bicycloalkyl, hydroxy Cs.¢ alkyl or Cy.¢ alkoxy C,.¢ alkyl, especially heterocyclyl, in which the
cycloalkyl and the heterocyclyl of said heterocyclyl and said heterocyclyl Cy 6 alkyl are
optionally substituted by one or two substituents independently selected from the group
consisting of C, ¢ alkyl, hydroxy, heteroaryl and C;s alkoxy. When Xis ~N(RMRY, m+n is
preferébly an integer of 1 or 2, especially 1, and/or R?, R%, R® and R® are preferably hydrogen.



H/ R R11 In Scheme 8, R5, le, R8, R9, R, RI', -12R13 are as defined
before. and Compounds of formula | can have one or more asymmetric
carbon atoms and can exist in the form of optically pure enantiomers,
HAPES 3 e nantiomers such as, for example, racemates, J&Mﬁ%ﬂﬁw@‘m
diastereoisomers, mixtures of diast@reoisomers, diastereoisomeric
racemates or mixtures of diastereoisomeric racemates. The optically
active far, bta ned.for ex by r utlon e rac tes
[hbs 5%1§})mrﬂqe)trr‘%(? ?bq mhesi en lo mnap]}&%r%m%at%ld 4 nﬁy ((E:Err%erﬁa gg%l
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critical limb ischemia, vulnerable atherosclerotic plague patlents unstable
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R béﬂﬁ@&pﬁ@m@@rrﬁ@lﬁﬁf@/@&ﬂpbﬁiﬁirﬁrttgfmabomﬁdewe diseases or
atherothrombosis is the preferred indication. The invention therefore also

relates to pharmaceuti MpOositio rising a. compoynd as
one G BBV BT M L e ol i Wi A ne carbon
atonpofatiathel o8P et RXOORSEARN orhptapRytikions Mfrumracrybandioms of
said atlefge Gigarsas, pasticllyadyasdherapabbiopllyrachvamsubsiancesfoinleing
optﬁrﬁﬂﬁ%ﬁﬁg Cp[; QQH xis of peripheral arterial occlusive disease,
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critical imb |scI|em|a vulnerable atherosclerotic plaque patients, unstable
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pyrmieamient of peripheral arterial occlusive disease, critical limb ischemia,
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asthma. Such medicaments comprlse a compound as descrlbed above.
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t e compounds of the present |nvent|on can be demonstrate
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Querexpr ssm the hum mb w red b
M‘“‘ﬁ olrgﬁﬁlzﬁg AR Rl LR A B ot
subsﬁéwza %m@ﬁ@ﬁﬁk@%ﬁ@%ﬁeﬁwaﬂﬁ&%ﬁ@ﬁ@%ﬁr&ém@ﬁe
- heternerylbfagekover € theikjsalatediatcl 80008g 0, 5@kdAyT s P phdpVgEignally
10mM, EGTA 1mM, glycerol 10%, benzamidine 0.05mM, leupeptine
6mg/I. For binding, CCR2 antagonist compounds were added in various
concentrations in 50mM HEPES pH 7.2, 1mM CaCl2, 5mM MgC12, 0.5%
BSA, 0.01% Na.Ni, together with 100pM 125I-MCP-1 (PerkinElmer,
2200Ci/mmol) to about 5 fMol CCR2 membranes and incubated for 1 hour

at room teambnaeratiirea Eor 1inenacifiec control 87 7 nM MCP21 (RLD



Test compounds were added to the assay plate and agonist activity was
monitored as fluorescence for 80 seconds with a FLIPR (488 nm

utagl%rzlmglo -570 nm emission; Molecular Devices). Afterfgé)r zrﬁb”f}eﬁfggg

|ncu Afieon At 30C, 20 nM MCP-1 (R&D; Roche) was added an
fluorescence was monitored again for 80 seconds. Increases in
intracellular calcium are reported as maximum fluorescence after agonist

. substf |§ f?g(?m ﬂ%f%ﬁt 8%%'%}“ Wforl Pé%@r?sﬁ{%%@?ﬂ&ﬁlﬂ E@lbéﬁ S AR

itor concentratio requwed or. 50% inhi |tlon of specific
haio%%&‘i?ﬁ%s adentihisle 9 PR BPSSERE #\]fen(flon exﬁsé)‘%ofﬁ*é’o
Furtlvalvesdpitie O mdbilsetid substiyedioy g flogegpoprefadspipdenib ygected
fromlif PP &G R dikalpliowing fableshowssmeasisrpestines for some

selected compounds of the present invention. WO
iv) 2607therprisRETRPoONT/H3RaBYRaonior compound of formula (I), which is
2007/122103PCT/EP2007/053490 25 WO

gg’g %i%%g%ﬁg‘#%g %087@ %@g@gé—%%ip eridin-1-yl-butyl)-{1,4} diazepan-3-

0ne,2007/122103PCT/EP2007/053490 28 WO
2007/122103PCT/EP2007/053490 29 WO L
2b0 1 3o PeErerprEdrotT Bs3Aragloyl]-4-(3-piperidin-1-yl-propyl)-

[1,4]diazepan-5-one,

1-[(E)-3-(4-Chloro-3-fluoro-phenyl}-acryloyl]-4-(3-piperidin-1-yl-propyl}-

f1,4]diazepan-5-one,

8-(3-{4-[(E}-3-(3,4-Dichloro-phenyl}-acryloyll-7-oxo-{ 1,4] diazepan-1-yl}-propyl)-1,3,8-

triaza-spiro[4.5]decane-2,4-dione,

1-[(E)-3-(3,4-Dichloro-phenyl)-acryloyl]-4-[3-(4-hydroxy-4-phenyl-piperidin-1 -yi)-
propyl]-[1,4idiazepan-5-one,

(+/-)-1-[(B)-3-(3,4-Dichloro-phenyl)-acryloyl] -4~ 3-(3-hydroxy-piperidin-1-y1)-
propyl]-[1,4]diazepan-5-one,

8-(3-{4-[(E)-3~(3,4-Dichloro-phenyl)-acryloyl]-7-oxo0-{ 1,4]diazepan-1-yl }-propyl)-1-

oxa-3,8-diaza-spiro[4.5]decan-2-one,

1- {(E) -3-(3,4-Dichloro-phenyl)-acryloyl]-4-[3-(tetrahydro-pyran-4-ylamino) -ethyll-
[ 1,4]diazepan-5-one,

{S)-1-[(E)-3-(3,4-Dichloro-phenyl)-acryloyl]-4- [3-(2-hydroxymethyl-pyrrolidin-1-yl)-
ethyl]-{1,4}diazepan-5-one, or

1-{(E)-3-(3,4-Dichloro-phenyl)-acryloyl]-4-(2-pyrrolidin-1-yl-ethyl)-[ 1,4] diazepan-5-

one, or

1-] (E)-3~(3~Chlord—4-ﬂu0ro~phenyl) -acryloyl]-4-[3-((-, cis)-3-hydroxy-4-methyl-
piperidin-1-yl)-propyli-[ 1,4] diazepan-5-omne. or

1-[(E)-3-(3-Chloro-4-fluoro-phenyl) -acryloyl}-4-{3-(3-hydroxy-4,4-dimethyl-piperidin-
1-yl}-propvt]-[1,4]diazepan-5-one, or



WO 2007/122103PCT/EP2007/053490 31 WO

2007/122103PCMP2007/053490 32 WO

2007/122103PCT/EP2007/053490 33 Chemotaxis assay The chemotaxis
‘%gggvméﬂﬁekformed with THP1-4x cells (Mirzadegan et al.P%%njé%M%

Journal of Biological Chemistry 278033, 25562-25571) similar as

described earlier (Kruszynski et al. 2005, Journal of Peptide Science, in -

press.). 5. THP1-4x were cultured in RPMI1640, 2mM L-glutamine, 0.15%
I Cncilederaok da e bl i e RRE e E Rl
pipergwi I3RS lotiarRa0%9PB ST Isolated cells were labelled in
culture medium with 2.5 pg/ml calcein-AM (Molecular Probes) for 60

niin (e dp it hireerlseanibemmival removed e cens Wers asktyn
pipeRdRBSH RecbR B[ 19 Gellepihxaaby, with or without various concentrations
of test compounds were loaded on the top of 8-pm polycarbonate filter in a

96-wejlmadifiseReydanspambanjeurcirohsliBansath) thefilerd G nbi-
spirog%%P'lg(%ngp%/gtﬁmﬁﬂrEls&%g Jwith or without test compounds or D-PBS,

)
asp aced in the ¢ responding well. The closed chambers were

incuhated for,1 hour at 37 C, 5%4.CO2, R 1ol ells in 15 t
b e o S QT LS Lo ba -6
dimgthpreiesitie- b Botn ebdisaraentdnca ¥LUOstar (Galaxy BMG) at

485 nm excitation and 530 nm emission. Specific migration is defined as

total Bhigrédiohimwdrds e phanmirmmsyie back§robhenmgiatio ez -5-
metitPB2ide FRS pidigiabiliy) dhiesircoropgunds to antagonize

CCR2-chemotaxis is reported as 20 concentration required to inhibit 50%

, of speriic mintating-f6H8) fawafs MR s The cpmpoaads-b akihgiro[2.5]oct-
‘- I)QB% W_t['in pgizonag@ibitelgso values in the chemotaxis assay of 1 nM to
b ;??' , pr eraﬁy 1'nM o 250 nM for CCR2. The following table shows-

T T g
piped pl Olf 4 ]diazepan-3-one, or

1-[(E)-3-(3-Chloro-phenyl)-acryloyl]-4-(3-((-) -4-hydroxy-6-aza-spiro{2.5]oct-6-yl)-
propyl]-{1,4]diazepan-5-one, or

1- [(E)—3»(5,6~Dichlor0—pyridin—B—yl)—acryioyil -4-{3-((-}-4-hydroxy-6-aza-spiro|{2.5]oct-
6-yl}-propyl]-[1,4]diazepan-5-one, or '

1-[(E)-3-(3-Chloro-4-fluoro-phenyl)-acryloyl] -4- [3-{(~)-4-hydroxy-6-aza-spiro[2.5]oct-
6-yl)-propyl]-{1,4]diazepan-5-one, or

1-[(E)-3-(3-Chloro-pheny})-acryloyl]-4-{3-((-)-4-hydroxy-6-aza-spiro[2.5] oct-6-yl)-
propyl]-{1,4]diazepan-5-one, or

1-[(E)-3-(5,6-Dichloro-pyridin-3-yl)-acryloyl] -4-[3-({-)-4-hydroxy-6-aza-spiro{2.5] oct-
6-v1)-propyl]-|[1,4]diazepan-5-one.

General Synthetic Procedures

The compounds of the present invention can be prepared, for example, by the general synthetic

procedures described below. Appropriate reaction conditions for the individual reaction steps



25 YN/19.01.2007 WO 2007/122103PCT/EP2007/053490 - 34 - The
compounds of formula (I) and/or their pharmaceutically acceptable salts
can be used as medicaments, e.g. in the form of pharmace tcﬁilz
%?gﬁgpﬁﬁ%)lﬁs for enteral, parenteral or topical administration. %’%3” &0
administered, for example, perorallyi e.g. in the form of tablets, coated
tablets, drawees, hard and soft gelatine capsules, solutions, emulsions or
are (3 SHRRSTSIONS: (EAAINY £ €0l 010 L SHAPOSIHESAARDISIRIN Skl or
the |nJect|on solutions or suspensions or infusion solutions, or
can g pieanyedby: msthee K ASIEY BiHtARERts, creams or oils. Oral administration
is preferred. The production of the pharmaceutical preparations can be
effected in a manner which will be familiar to any person skilled in the art
sdwedeinging the described compounds of 10 formula | and/or their
pharmaceutlcally acceptable sglts optionally in comblnatlon wlth other
ra utically valuable su , info a; galenicgl admi agon fQrm,

er W|th~su1t~ab+e non-toxic, i tR peuticay-eompatibl a@%ﬁ)}/x
uid arrier rﬁﬁﬁnals and, fdesired; tisialpharmaceutical'adjdvan

PG'SuitEble chr fials are not onIy inorganic carrier materials, but also
organic carrier 1 materials. Thus, fgor example, lactose, corn starch or
derivatives thereof, talc, stearic acid or its sal @ be used as arrler
materials for tablets, coated tablets, dragees g2 dtine apsules
Suitable carrier materials for soft gelatine capsules gre, ,- example,
vegetable oils, waxes, fats and semi-solid and liquid polyols (degending

on the nature of the active ingredient no carriers might, how bg® ot s
required in the case of soft gelatine 20 capsules). &uitable carrier X

materials for the production of solutions and syrups_argsfgse

water, polyols, sucrose, invert sugar. Suitable carrier materigi

injection solutions are, for example, water, alcohols, polyols, glycerol and

vegetable oils. Suitable carrier materials for suppositories are, for

example, natural or hardened oils, waxes, fats and semi-liquid or liquid
In SEOHRIS, BUilahle pastierinaierialsieh oical heeparatiatscarsoal), Z(benzyloxy
™
asd f%g@e ‘ﬁfﬁf@ "8%%\9&%655% §3&¥ §é}61f]zef;s rﬁr’e er\ga veés%vgfét ing mg
Sub%@@?m’rblﬁlbrf@ »é’geRtSRceﬁsmFen@?dlﬁwpr@i/#@%’é?ﬁ@rﬁavour |mprovmg

agents, salts for varying the osmotic pressure, buffer substances,
Prosotetbilizers] o) dramps eaad nfaskmgedgemgwmlmwmﬁwmmhm 30
smﬁ@ﬁ&a%aﬁfan@mhaﬂma@%@ﬁl@@H'é\gamﬁkamﬁtossagemctheu H.G.

P1pe§oc{nlllje CLH] s?f fqr@ s oq‘% “ﬁ%% é&ml 5%\% ancteﬁemzst
Isease to t ea e an he in V|du con ition of th atlent
(194899 %éﬁqo@e %f> %mmb&eafr& ugFHORif swﬁ%z}m@fﬂﬁ&e ited ot ‘%f Hazepanes

throingli\depialtoagiiiresh Brtssmp @20 87¢ 11 o3PoT lEERG0P E3k9Ed BBa-second

deprotonation and alkylation or fluorination, or can also be synthesized from the
corresponding piperazinone (see e.g. Design and synthesis of combinatorial scaffolds-
diazepinone and homopiperazine. Sun, Chung-Ming. Department of Chemistry, National
Dong-Hwa University, Hualien, Taiwan. Letters in Drug Design & Discovery (2005), 2(1),
48-50). Y' activated building block 2 is commercially available or can be synthesized as
described below. The corresponding none activated precursor amines can be synthesized from
acids via amide and reduction with methods known in the art, followed optionally by
quaternisation. The corresponding acids are commercially available or can be synthesized from
epsilon-hydroxy acids via R” and then R" alkylation followed optionally by [CH,]m.1 elongation.
The Y' for the amine can then be introduced by activation of the epsilon-hydroxyl group to Y



each particular case. For adult patients a daily dosage of about Ito 1000
mg, especially about | to 300 mg, comes into consideration. Depending on
webMRHBsAfshe disease and the precise pharmacokinetic prqm%ﬁﬁ%m/oss@e
compound could be administered with one or several daily dosage units,

e.g. in 1_to 3 dosage units. 5 Thelﬁharmaceutlcal preparations
conveniently contain about 1-500 mg, preferably 1- 100 mg, of a

(Y @m@g%&e&ﬁqrmweléthogwﬂﬁﬁﬂ%]ﬁtmgfﬁasia@mempwejaalﬁusa%teeme
resent ent e tai e e, nNowever t
e N D SRR S R T

DMFQ@@ Wﬁ, m%rﬁltoéﬁj I mfﬁﬂﬁuwhlbfﬂdmg block 2 at 0 °C to
75 *Cearbiorafiinitgots, tBH2GHR teddivkioreditt i twes D@ EDeprotection (e.g. for BOC

rote@t&i@'%@[@ﬁhﬁf@oﬁ%h"@%@ [l Qléﬁi@{ﬁm%gﬁbmfﬂg@@s Q@gntdiate 4 as

iimide, DM met ace
e DE K NDi Rt L 4
comw@émﬁ%& Ia‘?‘r‘f ép%b?ﬁ)aftwétﬁsl/earw&ta i ﬂﬁa@&%ﬂa@%ﬂ%&mm of
DMFEthylacetatepktdi <tithdneh &R0 reDiedmyitihenEt3 i thT fettvyleoinchase
like tﬁ@tﬁyféiﬁ'?{@l@p@ﬂ'ﬁeﬁwgtm@ﬁt‘@zﬂgwQ&h@?ﬁlg:hrﬁ%sai@e%ﬁe@@twes Acids 5

tetra eth roni hexalluor hospha E
di lcohol
e B o AT SrRgls U e e gpppein ool vi

oxid aatfgbtfréﬁybéﬁw@t M&Hl&%ﬂtt%?éﬁhﬁﬁ?ﬂam%ﬂﬂféﬂ&%ﬁ%{eﬁﬁﬂﬁmﬁth malonate.
The aifsppuopyfamide; +iBHR' X RitkameporokilidriceyvMedid to Methhd), IR (R)
with RO6iuGdRdicR, ReHl kS adinbis tneH i athawy csURinE Reiow.
hydride, TBDMSCI = t-Butyldimethylsilyl chloride, TFA = Trifiuoroacetic
acid, THE = Tetrahydrofurane, 25 quant = quantitative. General remarks
All reactions were performed under argon. WO
Schemd@7/122103PCT/EP2007/053490 - 36 - Intermediate 1 {4- RE 1-3-
(3,4-Dichloro-pheny1)-acryloyll oxo- [ 1,41dia zepan- 1-yl1l-acetaldehyde
A) 1-1(E)-3-(3,4-Dichloro-phenyl)-acryloyll -11,41diazepan-5-one A
sokitipn of 9.77 g (43.65 mmol) of (E)-3,4-dichlorocinnamic acid in 250 m|
of 12 5 was treated at RT with 3 rops of DMF. 4.15 ml (48.02
mmahb~1.1 eq) of oxalyl chlerit H2C12 were added deopwise
and stlrrlnfj WasTomﬁJed e sollition was evaporated,
' Ied (0C) and treeteq with a solution
q) of 3

2,3,637- t8trahydro- -;ermn-SMH)- one anc 1.1 Aot

mmol, 2 eq) of triethylaming:n,80-ml of CH2CI2. The reaction 10 was

warmed up ovgh night to PT, thgr-paditiepes between CH2C1 eOH 9:1
@Eﬁ? S04, thelBryafitvphases Were wask@%vlh

aque
@- ot Eaturated NaHCO3 and aqueous 10% N @ gried evéma2804
and evaporated. Tire residuewwns dissolved and evaporated withedpfuer@iveome]
and crystallized with" CISSE2/Et20 to give 7.99 g (58%) of the tiffB = CtCaklki
compound as White solid. MS: 312.8 (MFll , 2Cl). 15B12-14- 1(E)-3-(

(17.60 mmol) of 2- bromo N- methoxy N- methylacetamlde (mtergdlate ID)
in 110 ml of TH’Fl vy}as treated at 0 C with 0.84 g (19.20 g

(\{ o N ﬁ\/\ R
rlf &~ ~/ Y
o R



20 mmol) of NaH (55 % in oil) in two portions. The reaction was warmed

up to RT over night and stirred for 2.5 h at 75 C. The reaction was cooled
wilPRuYglzed with cold aqueous 10 % ICHSO4 and extragiedwith - o< 400

EtOAc (3x). The organic phases were washed with aqueous saturated

NaHCO3, aqueous 10 % NaCl1, driéd over Na2s04 evaporated and

purified by flash silica gel column (CH2C12/ MeOH 99:1 to 97.5:2.5) to
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was Stlrl'ed;i mm at %d é en cog E(i ? e reaction was
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was treat imet ydroxy amine
POSSIH%%&WFO‘:%%W%@ MSE%@ 18 m%ﬂ&%}eﬁf‘ﬁefﬁé@th MSP%B frésdheaboee
syntheitbe@ 4182 th¢180renproting EBIChaNdB0AGYRD MalnoftHOBFTHé-
amh&Q@ﬁ@QcHﬁhthﬂaﬁtI@E@%@%gg IFQ]SBS‘ j}@ &T,endajter 3&&%&&2@@&&%&%& acids

extracted wit ueg 0 X rganic as I
ere < %ﬁ’a%fque%fu%%%w RO R SR R e e Larion
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in thL]ﬁ“erQ ReePAL bl Q&%‘?H?&‘i'@*g(dﬁﬁﬁq%ﬂk@ KB RENYC 10 RT and

acry]ov 7-0x0-11,4 | diazepan-|
then ot (KR e tAYE BYSRS i de Fok T SHERRIBFLO%EP § pssipgn case of 3-
bronmrb iy ethoxf-iER8UB14rdichioro pleehy thabrytoghiviledtiofi diedparfosromg the
corr&ﬁm}%@ﬁﬁdﬁ]ﬂﬁml&a&gﬁ(aaeﬁ)gdﬂmmddmon of NaH to the final amide 5a.
C .
An L’iﬁr%@gtm ; 1%%‘(%@ tmﬁ-@&\#? I(?J%g“[gg &%ﬁ%‘gﬁ%&%ﬁ# ét) 36 % {)ensmn

Was ated at0 % in 0|
of argidls PHAIGAS ‘*ﬁ?éssﬁlsb’eﬁ%ﬁb%%%tﬁ?e‘ﬂaﬁ%%ﬁ‘r doulddanteReRdaith
acetcagaindacol wikh . 5%egpIB5 28 fmadl). ofiNEHdES 2640nmiRsa teweived from
acetddQliRASed NLJEACHAS Was armed: UprenRd Ruernighixiieateebathiahvater (step

cor B”gﬁe%hg&é’va'ztgu%aéén%ﬁ?rgﬁzﬁﬁi?tg@@%@Mﬁ? @&P&Qé&&‘é’@a?‘%ﬁ'%ﬁ and

stirred for 30 min at 50 C. A eaction was

NaHEL a7t d Wi BBt Bodralsm arms s kisiRetinith EtoAc
(3x). The organic phases were washed with aqueous saturated NaHCQO3,

The gifeowRds dorkacT, HBA GveFNreRISTsliaha pomisBakiNd saredtoy Ba(R)

with fRishabilieai dretrcotomm (G2 G RIMeGHI8Qribtal 97 s6H215) foslyietd Bebitvg
(65 0/0) of the title compound as an off-white foam. MS: 428.2 (MT, 2C1).
WO 2007/122103PCT/EP2007/053490 - 38'- B)
3-14-1(E)-3-(3,4-Dichloro-phenyl)-acryloyll -7-oxo0-11,41diazepan-1-v11-
propionaldehyde In analogy to the procedure described in intermediate
1C, 3-]4-[(E)-3-(3,4-dichlorophenyl) -acryloy11-7-oxo- [1,4] diazepan- | -yll
-N-methoxy-N-methyl-propionamide gave 5 the title compound as white
solid. MS: 368.9 (MEI% 20).



3-Bromo-N-methoxy-N-methyl-propionamide used in intermediate 2A] was
synthesized as follows: C) 3-Bromo-N-methoxy-N-methyl-propionamide
wi 23910 the procedure described in intermediate ID,  pep/mpasarosssso

3-bromopropionic acid gave 10 the title compound as a light yellow liquid.
MS: 195.9 (M1-11-, 1Br). Intermedldte 3 9- [( E)- 3-
(3-Chloro-phenyl)-acryloyl] -7-oxo- [ 1,9 ] diazepan- 1-yl1l-acetaldehyde

Schedd 1-F ( E )-3-(3-Chloro-phenyl)-acrylovll - 1,41diazepan-5-one In

analogy to the procedure described in intermediate IA, (E)-

3-chlorocinnamic acid 15 and

2,3,6,7- tetrabydro-(lH)-l,4-diazepin-5(4H)-one gave the titIeReompound

as a whlteﬁ '

1

.-}

R

1 4] dlazepan -5-one in 140 was treated at RT W|th 08649
(19.80 mmof) of 20 NaH (55 0/0 in oil) in four portions. After 1 h 3.72 ml
(21.60 mmol) of 2-brgme-1,1- diethoxy-ethane were added over 30 mllt
The reactibn Waé‘ﬁ{«%@éwér night and heated for | h at 75 Ce%he |

reaction was cooled and neutralized with cold aqueous saturated Mg

NaHCOBand extracted with Et20 (3x). The organic phases were washed
with ague ussaturated NaHCO3, aqueous 10 % NaCl, drieckover

Ng SO4 or& anq purified By 25 flash SI|I 3 eI colﬁ H2 1;2/
.0k 9 leld 1.87 87 g (26%) of the d
VISCOU 0|I MS 3954(M1 -1+, CI). -39 - C)14-

(E)-3- (3 -Chléro-phenyl)-acryloyll -7-oxo-11 4Id|azepan 1° 5

-v11- acetaldehyde A solution of 1.00 g (2.53 mmol) of 1-
In SENS3(F- ohlmmbtmrmﬂleramtdgyﬁewl@e@r triflate, Y* can be additionally tosylate, v?
is chidiela@xyeth ) -k eAld lﬂzteRérto%e@ﬁ'ﬁ Mt%@ﬂ&ﬁi@@%ﬁ}egﬂﬁﬁafé@a@twﬁﬁg O-

group, gp can%er%ldf 1%] 'Clﬁﬁ',go%ﬂaelo? lcr}?:ft \év,a}f - Tﬁe }L{{eaﬁﬁ% % figeed fordl 1‘15are as

f evaporate 5’neutralized with aquedus 'saturated 3an

definggpaicteed Wtﬁﬁ%ﬁeﬁ&?mrﬁeeﬂ i b%ﬁ&&%é@%ﬁ?ﬁ%@\ﬁﬁﬂt%b@&%

subs @96 NEE R’ dtfeB obe N aRE 4 evdddratediefitt pheffied by flash silica gel
column (EtOAc) to yield 0.37 g (45%) of the title compound as off-white

* The foemed\$S::82(11.3 |dvikkp@hes | htenriediaté @orresponds to compound 3 described in
Scheﬂté@jpm%éteﬁltﬁrﬂ%y@a M@ﬁﬁﬂ%ﬂ%@lhm{@&m@&ﬁ here building

biodg wlases er - 1%ltg§ )?%é 4lgf8r%1ep r}g tlylc?er 6\{\@6@&1{1& at 0 °Cto

IO O mmo

65 %aaﬂdhinmra%péﬁéh é&tﬁf@i@ﬂ.@w& TR SXRIONODBI B pparied out
with weisdrieatadab 0E st 60HF (50 62 alsmad D hiNadd(BS06Amike dil) tosmaltially

avaﬂ@aet&rts&nm%mett%w%tﬁéeg Knbvat meltemp%t%@ .cttﬂﬁst %tﬁe@zed from
_ Aoro%ro pcpe e in 200 néj toluene w 0] n(49.62 %
acids §]%\di ‘%@ rres on %ﬁ, %hf(i) X ownl the art

Ior plperldlne

foﬂoa*%%aﬁwﬂm@zw%mmﬁmoﬂ%wr@wg&@w mtﬁswm é?f@l‘(@@@atmyaw
can Iprganieyiastoras:ditdy poercidd 280d) - ke aeaationwead watihed Rpatlylation
follo@gd%gtﬁwﬁ?@}oﬁ@’{ﬂ ightidMiensnhhaR5h &aandicanling @d%@tBﬂ- othBe ester to the
alcols ﬁ%ﬁ? rEs 1neliltt %6}" ed (\}/\I%Tm %erﬁ%% ]é %’ Orral tecjoarna Ie(tz"non the
dis&oNRd in agtieus saturated 3 tY ferre extraction wi ﬁ
alcolb gntharBrefinnephsskmasdeberee syl gpomted a(PFd Tiystaifizegction
of thirelropentathe hayie ichib2id8ig TOF D)(0fd136 tileicompoumtessowndiie chloride,
folloWRSRIBoMBy BAB:kdMidH)reaction to the corresponding Y! = Bror Y' =1). Amine 2
can also be synthesized from building block 3 when Y? is more reactive than Y' (e.g. Y=Y but
preferred reactivity through steric control with the corresponding amine 6). Another
pessibﬂity is to react the deprotonated acylated 5-oxo-[1,4]diazepanes 1 with building block 3,



B) 4-(3-Piperidin-1-vl-propy1)-1-1,41diazepan-5-one-dihydrochloride 25 A
solution of 7.3 g (21.50 mmol) of 5-oxo0-4-(3-piperidin-l-yl-propyl)- (1,4 J
wiiagepaRgsL- carboxylic acid tert-butyl ester was dissolved ig-343.0) /053490
CH2C12, cooled to OC and treated with 54 ml (215.03 mmol) of 4M Ha in
dioxane, then warmed to RT. After éh 40 ml of MeOH were added to
dissolve the precipitation and stirring was continued over night. The

wherSHBNORWAS BMARO tt e %Qéﬁé?%%éﬁﬂ tﬁé@&ﬁ@ﬁlﬁ aﬁ@ @@9@&@&@@1@; t@tm
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an& e Brlirrien fodmgsst ppigar &éﬁéﬁ%nee RRiipeHStHwally by
introd)Bi0x o (2uyrholidiprduplethyl Jole edidizmigyahen I CafboBytivaitid of the
epsgdﬁ mﬁ%&&p@t@&p 12 armahegyst@&bmcz@M@ deserbrdvminiermedials YA,
synth SOX&) \)[11 ﬂ' :? Qeeac 9) &%a?oxgl Clgr}ee Ettt Qg% e%[eg ang und ‘“» c)
g pyrrofcflne gave lﬁ fitle compoun)J ngg% flow so e

In cagg éﬁz ssmm disdp herRfindn iféﬁﬁ"i“@ 8ivesdh a%m&r}&éw i HARRGEFd to
the ch@tl:r@ proteaurdfdegehibediny BitefmedidEl4Bo give 5 (Y =Cl) (step ¢). Chloride

can oétwfééiﬁ'@ﬂélﬁg%gﬂhﬂ-hw @m&@ é@&d?ﬁg @@iﬁﬂ%r ﬁﬂ%@é@@ﬁéﬂ@rﬁﬁﬂﬂms Reaction
tert-butyl ester gave the title ¢ und as offi MS: 212,

of s W) AR B R B LR B a g ﬁ S e e gttty o

EiaNf&l&Mﬁ@%@ﬁ%cﬁHé&ﬂﬁ%‘H@ﬁ@awm L3stgRd) Chem. 1987, 22 33 43,
15Intermediate 7 1-Pipefidin-4-yl-imidazolidin-2-one Prepared following

In cagp@irdedtol sbRHEdN iroreosriy eoew @y Yntdintadidtalging block 3'is an
epoxide DAN@ haal+d Wi 12 GMoripizoOldBebppiperidineibyd ebohtoxidee2®rresponding

ep oxﬁ):‘:ngEH‘%d f%lflﬁ': M;Idb :ﬁ?ﬂho'R%Qcﬁtgl?%ﬁ@é%l&”@ﬁ%ﬁangl (%r Iwzth
r zingcarbon ridine- 1-car, acid tert-bu
o e A e GRS AU B ALE R ER ST <o o
separe@eséflg avhﬁﬁhémﬁﬂe Wlx%eﬁﬂljltme&sﬁpezqﬁlﬂs i@rﬁw?ﬁmmﬁfé@%aﬁﬂlaﬁlﬁ@f can
be syrebhstiod fvan sticredrtapdndifienltiehtithe: heriio wpasraparatetinthe
dmhlB‘%%iFlH%z{Eéj'fE%Q'H?ech‘rﬁ% Qihand 8o.g:Af30HEMN %&@?&@4 fyaddedrngd
synthesuce CE['\ %%?2 dun Sé%d\l/t %28%%@3 ;ﬂ;ﬁ%ﬁ Wlté;%é ag’stuseg Acetal 4
(R? amléfzé@ql)—gh@émég%bfé@bqﬁéaved (Dowex H' mmethanol under reﬁux) mono

mesylated (4, R’=0H, Y’=0OMes) and in situ cyclised to the epoxide 5 (R and Y* form epoxy
group and m is 1; e.g. mesylchlorid and excess collidine, followed by addition of NaH in DMA
at 0 °C). Epoxide 5 was then reacted with amine 6 in ethanol or with Cs;CO35 in DMF or DMA
at 0 °C to 80 °C to give the final compound I. Compound I can further be modified (e.g. R'=
COOC; ¢ alkyl) by hydrolisis with LIOH in THF/ethanol to I (e.g. R’= COO" 1i") or reduction
with NaBH; in EtOH or NaBH, in THF 10 I (e.g. R’= CH,OH). The amines HNR'R” 6 are
commercial available or can be synthesized by methods known in the art. The R%substitution
can be introduced or manipulated on the appropriate protected amine NR'R®, Hydroxy groups
can be synthesized from ketones, both can be transformed either to mono or di -halogenides.
The ketone group in the protected NR'R? can be reacted with the metal reagent of Cy.galkyl,
phenyl, phenyl C;.5 alkyl, heteroaryl, heteroaryl C, 5 alkyl and heterocyclyl which are optionally
substituted to give the tertiary alcohol. The tertiary alcchol can optionally be eliminated and
the double bond hydrogenated to give the corresponding substituted protected NR'R’,
Alternatively, the ketone group in the protected NR'R* can be converted to an allylic alcohol
via a two step sequence of Witlig reaction to the exomethylene and subsequent allylic
oxidation using a suitable reagent e.g. SeO, to afford the allylic alcohol (as described in J.Org.
Chem. 2001, 66, 2487). The resulting allylic alcohol can then be cyclopropanated {e.g with



WO 2007/122103PCT/EP2007/053490 - 41 - residue was purified by flash
column chromatography (CH2C12:MeOH 1:0-9:1) to afford the tide

whragystifh149, 10%) as a colourless gum. MS: 267.4 (MHtpcp/mp2007/053490
B)4-(5-Methy1-4H-[1,2,41triazol-3-yl)-piperidine hydrochloride
4-(5-Methyl-4H-11,2,41triazol-3-y1 -?)iperidine-l -carboxylic acid tert-butyl
ester (0.12g, 5 0.5 mmol) was dissolved in a solution of HC1 in

EnZnlctiionanefsraih 4 dYogtspedden dbrradvheernsee iiatechtbeatinic.the

catahg R ggﬁé@l%ﬁ%%gﬁ&gg@s B é?ﬁ%?&v %‘@ﬁéw ;(grgézngé'ﬁ SuEaRNely the
cyclogrop g BAUR) GefcHiTEdiats & 10t Sl Al frele st Lo one
grouPrethansc foliohiiy Rﬁéﬁpm@mwbﬂxswau irsUith\iech Ghem g8, s @8ction
with §@8§b@@ﬁ@le@ﬁﬁﬂ@&dd@§@rfb@d4nﬁ¥d@ty pipeyiginesdrcarnxylienacidmidef

the keF%r%Qar%g fo"fsf\e/\fylﬁf g?gn%r otrf?ca% RS qlég%gtlge\!v%%éé%%f?ﬁ%g % derivatives
81

Int erme -Triaza- SpIFOI decane-2
can bse&a?%ﬁﬁg oo Rt R RIB IR FI9n G R %9 fi5a i . Org
Chen7.6506765 22\ fitéfhidibtad D Mle@ Hk@mdiaﬁsamiﬁbéﬁa%émx paaghe Crs
alkyl, G}QQQW“@B&@E@ W%E@rﬂ%ﬁ“%&@dﬂ%@??%{@%@ﬁé@&mﬂ can be further
mamgh ag@ts%l]ﬁ?eg %ni%vf} l?gaﬂgﬁ%b%éslgﬁ ge é.'% E%é% %‘? Bgsreig’R in the

ccording to roced din WO 060665 A2
NR? Y&w?;?%gw/@ygée%gg&géh od‘ﬁlogona protection s rateﬁ%e @61}% halo

Ci.s alltyll Hpsm-g, S-dialkal spiybbidatadahi@rough enolate alkylation of keton or
esters followed by optionally reduction of the ketone to the corresponding methylene group.
C(O)I\T‘;T"R'D groups are synthesized from acids and amines HNRRY, -NR™.C(O)-R® from
amines and acids HOOC-R®, -NR*C(0)-OR® from amines and chloro-formates Cl-C(0)-OR®,
-NR™C(0)-NR" from amines and isocyanates OCN-R® (which can also be used to generate
cyclic ureas as described in W(O2005/101989 (A2) where R bears a leaving group), -NR*-SO,-
R™from amines and sulfony! chlorides CISO,-R®, -NR®-$0,-NRPR® from amines and sulfamoyl
chlorides which can be synthesized in acetonitrile with R"R*NH and sulfuryl chloride at 0 °C to
65 °C. In case R” is an alkyl side chain, this group may be introduced with NaH, R” halide in
DMF at 0 °C 1o roomn temperature. The R%-substitution can also be introduced or transformed
on the appropriate protected amine NR'R* with hydroxy groups: the hydroxy group and
isocyanates OCN-R" gives -OC(O)NR'R", the hydroxy group and chloro-formates CI-C(O)-
OR® gives -OC(OJOR, the hydroxy group can be akylated. The hydroxy group can be
mesylated and reacted with C, ¢ alkylthiol, which can optionally be oxidized to C;
alkylsulfonyl- or C,_¢ alkylsulfinyl-substituents. The mesylate in NR'R” can also be reacted with
amines HNR'R®, with NH of heteroaryls or heterocyclyl in the presence of a base. Alternatively,
the R%-substitution can also be introduced or transformed on the appropriate protected amine
NR'R® bearing an ester group, which on reaction with hydrazine at reflux in EtOH affords the
corresponding hydrazide which can be then condensed with alkoxyamidines to afford 1,2,4-
triazoloyl derivatives. Esters can also be reacted with N-hydroxy-amidines in THF with e.g.
NaH as base to [1,2,4]oxadiazols. Acids can be reacted with hydrazides to di acylated
hydrazides which can be cyclised with phosphoroxy chloride in acetonitrile to [1,3,4]oxadiazol.
Nitriles can be transformed to the corresponding N-hydroxy-amidines and then transformed to
the [1,2,4]oxadiazols. Additionally, the appropriately protected amine NR'R® derivatives can
be prepared from the corresponding pyridine derivatives by reduction to the piperidine under
catalytic hydrogenation conditions e.g. Pt;O or Pd/C and hydrogen as described in
W02004/094371(A2) or by partial reduction of the corresponding pyridinium compounds



Prepared according to the procedure published in J. Med. Chem. 1995,
38, 3772-3779. Intermediate 15 5

wh Qa3 34;Y!-piperidin-4-ol hydrochloride A) CT/EP2007 m3490
4-Hydroxy-4-oxazol-2-'4-piperidine- | -carboxylic acid tert- bu ester

solution of oxazole (1g, 14 mmol) ||117anhydrous THF (10 ml) was added
borane. THF complex (14 ml, 1M in THF, 14 mmot) and the mixture stirred

(preﬁé}@&b}aﬂ@mﬁla%ﬁtmepmﬁ?@mw wgt%&@@ 1RG4y dﬁe@g@meth rgt Bitils Q%J@aémde)
agde WIS n cuon,siyre
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affords the title product (1.99, 44%) as a colourless gum, contaminated
with an unknown byproduct. MS: 269.2 (MFr) B)

sdidydroxy-4-oxazol-2-yl-piperidine-1-carboxylic acid tert-butyl ester (0.1g,
0.4 mmol) was dissolved in a solutlon of HCI in dioxane (5 mk 4 M in

dloxane) andistirred for |h. Ther acti *then ccmcentraxéd( r eSS

rstG afford m@i}?@’pr@dumgg uant) as White, sofid.M&_ 11 Ry
Intermediate 16 4-Methyl-piperidin-4-ol:Prepared rding to the
procedure published in J. Med. Chem. 1965, 8, 7 6 76. WO
2007/122103PCT/EP2007/053490 - 43 - Intermediate 17 2 8-‘[);}323. -Spiro
[4 5] qecane 1,3-dione Preparg%gcordlng to the procedure,. pu lished in

1995 38,8772 merntediate 18 5 2, mza@s
.]}5& éFPrepared atsordi t é‘procedure puhlis édﬁ
Med. Chem. 1995, 38, 3772-3779. Intermediate 19
4- Hydro y-piperidine-4-carboxylic aC|d amide Prepared accordlng to the
procedu e published in W02004/043925(A2) tolntermediate 20
(+/-)- C|5+63 -Methory-tetrahydro-pyran-4-y1) -amine PG protecting group

4m—~R X=Ct
@wruw“*

1

The compounds I with X = -N(R'}{R?) can optionally be converted to X = ANTRH(RHRY
with R*-halogenide in a solvent like methanol as described in scheme 5 shown below.

In Scheme 4, PG means protecting group, such as BOC(tert-butyloxy carbonyl), Z{benzyloxy
carbonyl). Xis Cland A, R', R%, R’, RY, R” and R®, m and n are as defined before, The same
reactions described in scheme 4 can be performed with 1 being substituted with R, RS RE RO,
R R", R and R™, as defined before.

An alternative method for the preparation of 5-oxo-{1,4}diazepanes I in which R* and R* are
attached to form a heterocyclyl starts from a suitably protected ethylene diamine 1 (e.g. tert-
butylcarbonyt), which after reductive amination with aldehyde of the type 2 under standard
conditions {CH,Cl;, AcOH, NaBH(OAC)3} will generate amine 3 (step a in Scheme 4). In case
of n = 0, ketone 2 {e.g. benzylpiperidone) can be reductively aminated as described before or
the intermediate imine can be treated with a metalo-R”, to introduce R’. Coupling of this
amine 3 with an acryloyl chloride derivative 4 (Schotten-Bauwmann conditions) affords

acrylamide derivative 5 (step b) which can then be ¢yclised to the diazepan 6 by treatment with



A slurry of 3-methoxy-tetrahydro-pyran-4-one (0.4g, 3 mmol-described in
'W003/093266(A1 )), ammonium formate (1.9g, 30 mmol), 10% palladium
weolLsPAeasd (19) in water:MeOH (1:5,6 ml) was stirred overnightafies-os3400
which time it was filtered 15 through Hyflo, the mixture concentrated to
remove the MeOH, the residue tak f up in Et20, dried (Na2S04) and
concentrated to afford the title product (0.2 g, 49%) as a yellow oil

a basé(iﬁ@tﬁﬁ‘df'%@gr@)é éqm of thertrans '@mﬁf)t%hﬁrm&&;ggw HZRe-H), can

be de{gf_)ﬁ:) é?fgsog%ﬂgw}u%oaﬁfﬁ?lin 1%‘,? ﬁn_’;l)dt%lgtgr 6@'{_' d, rg() oive 813 3
correspytl EWWJ@ QR aﬂgescmlggﬂﬁéﬁigtéezglscheme I, compound 3
to 1) (Q&d&e)sﬁeﬁfdmbxeyn@W@ptmlayﬂrﬂyrrol|d|ne Prepared according to
the procedure published in W092/03464. Intermediate 22 5
This (2&HED)sdqbatcheosayr 2Kayisl axydneithyinpiyieral, idihe Prépadett doalagotsly to
hetelg}tggg@ﬁ@te 21 from cis-4-hydroxy-L-proline. Intermediate 23
S)- 3 Hydroxy-pyrrolidine-2-carboxylic acid methyl ester Prepared

The JB%;‘B&E%&?Q&X@EQXYN‘@)F@@%&[ SHRNRH PSR EPR 22:89R ) (R*)(RY)

8574). 10Intermedjate

with sz&*@%ﬁey B Vﬁfﬁ;}&?d}&}h%?ﬁ%%ﬁf&ﬁ&%%f&%%a SHABJHRYY to
intermediate 21 from trans-3-hydroxy-L-proline. Intermediate 25
(cis)-(rac)-3,4-Bis-(tert-butyl-dimethyl-silanylox-y)-piperidine Prepared via
(cis)-(rac)-3,4-dihydroxy-piperidine-1-carboxylic acid benzyl ester
(Tetrahedron 2006, 62, 3284-3291), followed by silylation
Bt Batyl-chloro-dimethylsilane /imidazol in DMF) and hydrogenatlon
(10% Pd/C, f42 in ethanol) Intermediate 26

trans)- (rac?&q- |§=(t%st betyI dimethyl-s S|Iany plperld .
N
Noge R

w_\
1,

/\'

In Scheme 5, A, R', R%, R?, RY, R® and R®, m and n are as defined before. The same reactions
described in scheme 5 can be performed with 1 being substituted with R, RS R RO R RY,
R and RY, as defined before,

Scheme 6

R & QC,-galiyl
% —
R H
s N%Rm 0 OC,-galkyl
o g1 R R ¥ 10 13
1

1 2

b HN. 2

ﬂ}R



20 Prepared via (trans)-(rac)-3,4-dihydroxy-piperidine-l-carboxylic acid
benzyl ester (Tetrahedron 2006, 62, 3284-3291), followed by silylation
wiEIiaBysylyshloro-dimethylsilane /imidazol in DMF) and hydrpgenation esz4ec
(10% Pd/C, H2 in ethanol). WO 2007/122103PCTTEP2007/053490 - 45 -
Intermediate 27 1-Oxa—8-aza-spir6F4.5]decane triofluoroacetate Prepared
analogously to Bioorganic & Medicinal Chemistry Letters (2002), 12(13),
In SchdmOs Va2 hrIptaEMedialent8yid kdAdd azaid=ylDneriding R’ RY, R, R, R,
R, R\t/igggg's{\k)ri Brepared according,to-the procedure published in

4094371 intermediate 29 -Bff)'eridin-4-y|-methanesulfonamide

hygrochlaride 10 Prepared according.to the procedure published in . . _
I o O B o Pl R R R it 0
[1,4] fipaepemidriddhay (perars alidaty upipidams &L 3-g Eafb éx i ta ditye itksuprghiphe 3-
Reacostexidrathidcoste ncAiadlifionidf 242M0ak(RT Mvirs the final compound I, which
optiohblf/ BshePR@psiatviRenzent camn el LRAHSALM A I Wasmmerdal

. treated slowly at -78 C with 2.00.g (7.77.nmol) ethyl 1-BOC-3- .
v R BOASATA 7 BT PRIt SOl R Eo Sy
via depregg@@me plikviertahe Jvadsbdyéeroramaigrintie berifonadified (eg.
R’= QaDeallyaiiveirise Hyidr &RFispaitrddQin adliébieshbOeb i§H SQARSe!idn and or
redu@SEAGIBANYIR eiherdBKd: THeIergamigPhase Was'diigd, (p2S0O4) and
evaporated to give 2.81 g of a mixture containing 40% of 20 the desired
[1,4]9%@&89@%-%%%?%%&5&5@5&'%9 dE%[ !%'rﬁﬁ&%tﬁéﬂrgQE G HYIE b o
Y R L G S A S TGRSR
eithe(ren@ayaip Rysiehnyd-Samiettiyhihipenidine ardagiopkt adidirseribedyn the art
(e. g S51EO IdeMIoEl, 24/ ns )| Usienid3 éamimpthatD U3 Aktitvas deoppegiteat of 2
{(J.O ydﬁ%‘i%?z(i?é%{%ﬁe%s%'"ﬂi%ﬂﬂ19@ -%i@' %m% @.rul‘ijlethe case of
-meth@-plp%gﬁflne- ,3-d|%31;b£xyltc ach?l- tert-butyl ester 3-ehhgl st%r in
unsy B RS U R PR RIS WA WAR e d AT T B 1oR) T e RBP4 @
mixtgpohé degieBas)eandirentsd AejaihcwitheeBaraibdl Z2MPincoidhator ar WO
chroB (@B 0 BREIT B R2IHEFHIM 3 through hydrogenation at pressures of 1-10 bar,

preferably at room temperature, in a solvent such as methanol or ethanol, in the presence of a

suitable catalyst such as palladium on activated charcoal.

Scheme 7
9 L2 RS Q
5 R R 13 B O
R R R N =
e R RS
RE R" NH
2 N7 g R N R# ]e R
R11 R10 Rs N 13
H/ Rﬂ R10
Z 3 1

In Scheme 7, R®, RS, R%, R®, R'%, R, R and R* are as defined before.

[1,4]-diazepan-5-ones of general formula 1 can also be synthesized as described in Scheme 8
from N-{benzyloxycarbonyl)-B-amino acid esters 2 (R* = methyl or ethyl). Compounds of
general formula 2 are either commercially available or may be synthesized according to
literature methods (e. g., Tetrahedron 2005, 61, 8372). Reaction of 2 with appropriately
substituted 2,2-dioxo!1,2,3}oxathiazolidine-3-carboxylic acid tert-butyl esters 3 (Bioorg. Med.



- 46 - mmol) of DIBALH. After Ih the reaction was wanued up to OC and
neutralized with aqueous 10% KHSOA4 solution. The mixture was

whasied with ether (3x), the organic phases were washed yith @ 3594480
10% NaC1 solution, dried (Na2S04) and evaporated to give after flash

silica gel column (n-heptane/EtOA@ :1) 0.61 g (73%) of the title 5
compound as yellow oil. MS: 230.0 (M1-14). C)
Crenk(36)- bdelby DRl Brilme brarokRlipoiiaridend elian aé 020 gun
.(0.87 mmol) of (rac)-3s thy1-3- <pi -1 ic
g B o
temPEBIEPEFIEROT arskahEBreuss Wi Rrdinkshey sHasrrdbeBponrgtective
grouRE. Fheitthhpdacgiorciasdhanl cbdeentratedif aryrrestcanif ro-dichporansthane),
followdibiokienade affordnbadilecniadue bt dnt 8 ofiBitesag b itersalicn MSbonate,
in a sprodit ME '% inigrme éa%%ﬂ%loﬂ%??é%“é% &é&’ﬁ‘%‘{%'@ﬂ%ﬁ%ﬂ%ﬁﬂ%%m of
yéroc oride A ?rac)-g Methoxymet 1-3-metf1y -piperidine-1 -carbo %;I C
the sof¥sy e Bmyitss e A ShideHPaR O 97Y .%quar)c&f benzyl ester 5. The benzyl
carbafrae}-GdndedxynretiykBbmettyogipsiidineptessaroxylicl d diak tersfouly at room
tempBSiRE{nterpeeliatecS0R) ﬂiﬁ@e&@tﬁﬂ;"&%&ﬁ ﬁbrﬁﬂk)i@fﬁlhﬂdﬁmem@ﬁﬁ Ulla]r@dﬂll
thereﬁ_f %%Ii:nwgsl'greated at OC with 0.08 g (1.92 mmol) of NaH (55% in oil).
h

€ reaction was stirred for 2 h at 0 C, neutralized with cold aqueous 10

% KHSO4 and extracted with Et20 (3x). The organic phases were washed
with aqueous 20 saturated NaHCO3, aqueous 10% NaC1, dried over

sche®® S04 evaporated and purified by flash silica gel column (n-
heptane/EtOAc 95:5) to yield 0.25 g (64%) of the title compound as
colorless liquid. MS: 244k (MIT-). rac -3-Mgtha-methhydrochloride  In
a ¥ t§f the procédupe described fordnsermedialeé 30C, =

enc{fan)<3Rretboxymét yol%ﬁh%cmemw-piped{ e-ficar f/f]ic acid tert-butyl

ester §ave the title compgﬁ?\d as white powd@b/rgtkg: 144.0 (NM). WO
2007£122103PCT/EP2@07/053490 -47 - Intermgdiate 32
(4-Methyl-piperidin-4-y1)ymethanol trffluoro-acetate In analogy to the
procedure describegs or jhtermediate 30A t0:30¢, ethyl 1-BOC-4-
piperidinecarboxylgie gave'gfter TFA depr6§ﬁ§m@n§ztead of HC1 in
dioxane) the Title 5 % as colorless qip Int diate 33
4-Methoxymethyl-@ﬁgleg\hyl-@?peridine hydrgch,kg{%i i@n'fn analogy to the
procedure described fordntermediate 31A to 31B, 4-hydroxymethy1-4-
methyl-piperidine- 1-carBoxylic acid tert-butyl estér gave the title
compound as white insolid.

In Scheme 8, R%, R%, R®, R, R, RY, R and R" are as defined before.

[1,4]-diazepan-5-ones of general formula 1 can also be synthesized as described in Scheme 9
from Boc-protected 1,2-diaminoethane derivative 2. Reaction of 2 with 2-propenoic acid ester
derivative 3 (R® = methyl or ethyl) in the presence of a base, e. g., sodium hydride or potassium
tert-butylate, in a solvent such as N,N-dimethylformarnide, leads to [1,4]-diazepan-3-one-1-
tert-butyl ester 4. Substituents R® can be introduced as described in Scheme 1, leading to 5.
Finally, cleavage of the tert-butyl carbamate moiety in 5 (e. g., with hydrogen chloride in 1,4-
dioxane or triffuoroacetic acid in dichloromethane) leads to 1.



Intermediate 34 (rac)-(2-Methyl-piperidin-2-y1)-methanol hydrochloride In
analogy to the procedure described for intermediate 30A to 30C, ethyl

wh Bi$12s@iperidinecarboxylate gave the title compound as {ightyeleViseo
powder. 15Intermediate 35 (rac)-3-Hydroxymethyl-piperidin-4-ol
hydrochloride I:1 diast. Mixture A) er]ac)-B-HydroxymethyI-niperidin-4-o|
hydrochloride 1:1 diast. Mixture A solution of | g (4.52 mmol)

schertkag)-1-benzy1-3-hydroxymethyl-piperidin-4-ol (ca 1:1 diast mixture,

Synthesis (1999), 11, 1937-1943) in 25 ml of MeOH was treated with a 20
solution of HG! in dloxane (1.24 ml, 4 M ingdioxane, 4.97 mmol) and 95
mg of Ri lH)2/C (28 %P and was stirred QV tmosphere for 16h.
A& new Was added (95Mg ofRE(OH)21C (20 0/0))
and #tirréd over Hz-atriosphere for 2 days Afterdfitration, the solution was
evaporgted under redyced pressure to yler 0.66 g (86%) of the title
compound as a ca 1:1 cis/trans mixture, MS: 132. %(MH+) \We
2007/122103PCT/EP2Q®‘"’7/ 53490 - 48 - Intermediate 36
(rac)-3- Methoxymethyj? iperidji- 40I hydrochfg%éQ ) o1
(rac)-4-Methoxy-3-met -piperidine-gk -yllc acid tert-butyl
ester and 4-Hydroxy-3; métki’bw?nethyl plperldlng/ k*catboxylic acid
tert-butyl ester 5 A solutlon of 0.61 g (2.62 mmol) of
(rac)-4-hydroxy-3-hydrox- yf‘nethyl -piperidine-1- car%oxyllc acid tert-butyl

ester (Biqorganic & Medicinal,Chemistry Letters (2005), 15(5), 1375-1378)
In 8 }?‘F‘%én Rorvie Rak redted atBERvitT Wié‘"ﬁf?ﬁ%@mol) of NaH (55%

Com%bﬁﬂlié‘ﬂﬂf@ﬁﬁﬁﬁq EQIPh%k%VYJXeV\’H%QeS %ﬁ%&‘l@@@n%&ﬂ?ﬁ%@ﬁ?@x&@t in the

HF. The :eaction was stirred for 3 h at 0 C, neutralized with cold

form0f, s el FPYs 18P RSB Sa YRR AL EPRHHOBIZN {35, 2P0 oFgRaRRle: racemates,
opticplippesewiiganasivecwitmatuesos dds%dadndriedioverNadSdd racemates or

mixtfNEPO ARG ARG RUTIRA QY fash SilieR.06), GOMMA R NERIANGARIYRCaBRIRed for
to 1 1 to y|eId 0.073

examplg, o o,0558! Wl@fﬁo%g %ﬁylﬁfﬁ@ﬁ’é‘fﬁ’e fYca?BWﬁréﬁl&@Wﬁﬁftylaésté?%nemc
chrolightgrelibw (il Wi821260 thMFTH ) arntliGalG:ds(Tianisobr eluent). The invention

emb 8%z -DaQXYs3sthethoxymethyl-piperidine-1-carboxylic acid tart- 15
butyl ester as a light yellow oil containing ca 25% of

(rac)-3-hydroxyrnethy1-4-methoxypiperidine-1-carboxylic acid tert-butyl
As dessiared 8o 74 614 (URPOLNRY ¢fdeimuld dtheney/ielhy vrdpidaniagenists, with some
antagiydsoshioiidelda AnalCiyy tedheqiracetiwe desgrivedsosistgunaiatedoC,

migri@-6r MO Ve JBRLRNARRIRY 'fR}BS {Rehicakhexylieerld @ikl They

the ster ve th tleté:o ound as?ﬁ elowg @ Contamli%éS%if)
“?r%fé) -nieth xyrp X ﬁd“‘ ano ﬁ%‘x’&‘r‘d Riorge: ergic
diseagopsrehy atareriabipg agrﬁr(ﬁéeyshuwr@tWayescmwﬁdxyh@ﬂhyﬁmpéméble

athettydkactiloslague patients, unstable angina, congestive heart failure, left ventricular

hypertrophy, ischemia reperfusion injury, stroke, cardiomyopathy, restenosis, rheumatoid
arthritis, diabetic nephropathy, irritable Bowel Disease, Crohns’ disease, multiple sclerosis,

neuropathic pain, atherothrombosis and/or burns/ulcers in Diabetes/CLI, and asthma.
Prevention and/or treatment of inflammatory diseases, particularly peripheral arterial occlusive

diseases or atherothrombeosis is the preferred indication.

The invention therefore also relates to pharmaceutical compositions comprising a compound

as defined above and a pharmaceutically acceptable excipient.

The invention likewise embraces compounds as described above for use as therapeutically

active substances, especially as therapeutically active substances for the treatment and/or



25 In analogy to the procedure described for intermediate 30C,
(rac)-4-methoxy-3- methoxymethyl-piperidine-I-carboxylic aC|d tert butyl

W%ﬁ»}&ﬁﬁ@&%gﬁedlate 36A) gave the title compound as Ilght y Aﬂ\gﬁ%
160.2 (MF-1). WO 20071122103PCT/EP2007/053490 - 49 - Interme

38 Piperidin-4-yl-carbamic acid m@t%yl ester hydrochloride A)
4-Methoxycarbonylamino-piperidine-1-carboxylic acid tert-butyl ester A

propl%ﬂ%ﬂ@@@frﬂlrﬁﬁrﬁa@&?oaﬁwf&@|)a9&@1@fﬂi§l£asé B&%&!ﬁ%ﬁﬂd%etﬁag Jt?tin{/ active
subst% C frnl'% tre c%me % I’l(il' 51‘0 m fc)gszc%l%rw Sl"tell‘ a?itterla{iltagg SV@ f‘l:L CASE, érltlcal
R mmo fmeth ai Por%]fo?nYa?e ThETeactidnwas stirre (N
limb p@vh%@tran ahlﬁrﬁgﬁt@% otig phaRIESerieRE é}&?&&@ﬂﬂtﬁ%%@twe heart
failur(3XpfT hentigaaic Iptresespiverésvhashie depithaduecusd) $0NaCirdhedopathy,
resterfOSR] Hﬁg§gﬂi§\éﬁﬂﬁ@st@aﬁa¢c% H%E)ﬂﬁﬁ%ﬂt%lg%&%@i%@ Crohns’ disease,
mult}%;\v/e CLET gjsEtOAﬁC 1 é’l?n)t eld g 640/g)u %?célrts!eu(f OH]%J 4o g(f’;ﬁ and
te sond. M&: rfg@ |per| In-4- S/I carbamic acid met f
al e’f%!5?é'ihl"i'@gft‘zlrochlorlde In analogy to the procedure described for intermediate

30C, 4-methoxycarbonylaminopiperidine-l-carboxylic acid tert-butyl ester
The iggeiteaitieresinpbunt asemhitersphantaSs 158:3ed-Ahors ivesarigration of

medi3aridethik gipelicipd:yt-eadhapio gioithrie thyd mster df\idflaahionicls Ayd/or allergic
dmeaées%%m%u?rwem@mea{wqahmpﬁp%sﬂ%&ﬁr%w@ﬁ%@ RHN arterial

| teE_lAsoI : l h391mrEe[2 etho t ggg ; tabl
O IRG pipEtine-IHCA S a%‘l‘a‘%e i sf‘erfﬁ??é "b"aﬁe A5 eRkpnstable
angings ORIBANES theate ErOC I@frtwg}ge:@l@ok{ﬁ:’serﬁﬂhbl)lﬁlmaﬁ (5BO% MsioM) injury,
stroka,m:haiﬁtﬁﬁﬁ@ﬂh@,mtkeﬂo% mhle{Bla28 dambhiaf Hdemetane phiieyreagtida Bowel
D1seé§’@%l§yﬁ§%gtégga]s@ I%?E%tg Ter sréﬁ:'zjy@'ﬁ%%&ﬁggiﬂx§?£$90%%a§@§rns/ulcers
i D e e W g o
The %{@t@% C:Q&Hn}@k(&lgef@%ﬁ@ﬁé@&%%é’ﬁfﬂ&?%@%@ia(‘gg’(@rofﬂm'ﬁ;@urmg the

com less
COTRTE ||5n§ ;7138‘5 Amic BcioCieth é&%‘fé%‘ﬂ%}b‘}%éﬁidﬁ*&&?ﬁdé%%ﬁogy

to the procedure described for intermediate 30C,

CCR 2 ety P RIS m ey BTpRYidiife 0B BBRYR oA vty sgation can be
dem@ave thkbiitteedoitipdugdsaswhite solid. MS: 173.0 (MH+). WO
2007/122103PCT/EP2007/053490 - 50 - Intermediate 40

Receptor binding assays

Binding assays were done with membranes from CHOKI-CCR2B-AS5 cells (Euroscreen)
stably overexpressing the human CCR2B.

Membranes were prepared by homogenizing the cells in 10mM Tris pH 7.4, 1mM EDTA,
0.05mM benzamidine, leupeptin 6mg/l. and separating the debris at 1000g. The
membranes were then isolated at 100000g in 50mM Tris pH 7.4, MgCl; 10mM, EGTA
1mM, glycerol 10%, benzamidine 0.05mM, leupeptine 6mg/l.

For binding, CCR2 antagonist compounds were added in various concentrations in 50mM
HEPES pH 7.2, ImM CaCl,, 5mM MgCl,, 0.5% BSA, 0.01% NalNs, together with 100pM
51 MCP-1 (PerkinElmer, 2200Ci/mmol) to about 5 fMol CCR2 membranes and
incubated for 1 hour at room temperature. For unspecific control 57.7 nM MCP-1 (R&D
Systems or prepared at Roche) was added. Membranes were harvested through GF/B (glass
fiber filter; PerkinElmer) plates, equilibrated with 0.3% polyethylenimine, 0.2% BSA, air
dried and binding was determined by counting in a topcounter (NXT Packard). Specific



(rac)-Piperidin-3-yl-'carbamic acid methyl ester hydrochloride A)
(rac)-3-Methoxycarbonylamino-piperidine-I-carboxylic acid tert-butyl ester
w8 a3/pgy,to the procedure described for intermediate 38A’PCT?‘FP2‘F5|07/‘353 490
(rac)-3-amino- | -BOCS5 piperidine gave the title compound as off-white
gum. MS: 258.9 (MI-*). L31r ac -P etidin- 3 - 71- ¢ ar bhydrochloride chlo
dme In analogy to the procedure described for intermediate 30C, (rac)-3-
bind e W UGRIRORY I3 ERINAARIAE MFiREs AW IC K6 BT RUEYb RRIST 98M ents
b gh%égﬁo/con%pgynq as ff-vghite solid. MS; 959. g T-r). 1(9 Ir%t%rmedlageb.
abou - ?_0 e.oa.mmﬁ.._._talggis acliy. 15 7.1 %&’)!C as miubitor
1 Ethyl-carbarnic acid pipel din S)a/ ster hydrochloride
concon EROR SBERO RSN Bigaribiien {earbeiirrediainstingutyl ester A
solution of 1.50 g (7.45 mmol) of N-BOC-4-hydroxypoperidine in 20 ml of
DMF was 15 treated at RT with 0.74 (7.45 mmol) of copper(l) chloride and
0.59 ml (7.45 mmol) of ethyl isocyanate. The reaction was stirred for 4 h at
Calcigrg mpbilinetipariianed between aqueous 10 % NaCl and Et20 (3x). The
organic phases were washed with aqueous 10% NacCl, dried over
CHOYA2S O Bveporistd & end purnifiedrd s fiahositicagetstaduimnhuman chemokine
rece;f@'@QHE@.F%E%%@&BM%@M@%{{E%@BME hﬁ?@@g@fﬁﬁ%ﬁ'ﬂﬁ&ﬁ% _ f}fa@/o
[ w_Qil, ' : +). thyl- amic, a peridin-4-
EBS’e%?é?’ﬁ?grSSﬁi%%}%‘é I?ngngﬁ)/lglé o1 é’oﬁ%lggéldulf?gd(’jé’! rT/]rl le§ %{)C? i egrmaedlléj(ren :
PUTOBHEDA - ethylcarbamoyloxypiperidine-l-carbox-ylic acid tert-butyl ester gave
the title compound as white powder. MS: 173.0 (MEr). WO
For theariap 2alb3raTaRPr00v0sgHon Bii-Wellchinddiger 4t bottom polystyrene
plated-(GeMathyl-12 7,41 cradidrol-2Ayt wpibetidinaADMEM, 20mM Hepes, 2.5mM
probéﬁ@&'d',b‘@.qt’)_ﬂl'@g% rﬁ%@@&fé‘@gﬁ}y@tﬂ@?@Qi@%g%e‘?@%@&?(w{&ba&'ﬂ?@%émzﬁﬁﬁ%e
nsion.of 0. .04 mmol) of 1-[(benzyloxy)carbony
samd P AHIGH R & R AHeED 35 o (5% i A Pl pe
washrd yeghny MEAr asstiebvie rédeuchit ompatnd 7ites (SesoniapsElor EDBMEM
assayQOudfeniglots thedaisPensionrwasnaturalliouasmedriodidnpofited ofmpounds.
UsuAAGUBRIR HBOUHI QA SRIMIOM AN SXFRASS WIRIGH2C 12 (3X). The

organic phases were washed with aqueous saturated NaHCO3 and

Test %H‘&%Lﬁ%&so xgépé\lﬁﬁlfcg&? %Q\I% %ﬂtgrﬁc?v B’[ﬁtedgtltﬁ I\@dso lﬁélgtored as
0 : 320.2 (MHY)

(87% o; the title cgggpv%%daa&\ﬁl) ite solid. 10'MS

fluorkscenée for 80 seco R (488 nm excifation; 510-570 nm emission;
Molecular Devices). After 20-30 min. of incubation at 30 °C, 20 nM MCP-1 (R&D; Roche)
was added and fluorescence was monitored again for 80 seconds. Increases in intracellular
calcium are reported as maximum fluorescence after agonist exposure minus basal
fluorescence before exposure. Antagonist activity is indicated as inhibitor concentration

required for 50% inhibition of specific calcium increases.

The compounds I of the present invention exhibit IC50 values in the Ca mobilisation assay of 1

oM to 10 pM, preferably 1 nM to 1.5 pM for CCR2. The following table shows measured values

for some selected compounds of the present invention.



B 4- 5-Methyl- 1 3 4 oxadiazol-2- 1 - i eridine- 1-carbo lic acid benz 1 ester

A suspension of

wh Qi-acstyk-hydrazinocarbonyl)-piperidine-1- carboxylic ac
in 30 ml acetonitril was treated at RT with 0.69 ml (7.51 mm

2.00 g (6.26 mmol) of

ixgﬁ}gmr‘li}ﬂ;%ﬁ‘é%o

phosphoroxychloride. The suspensi%ﬁ was stirred 1 h at RT and the
refluxed is for 2 h, evaporated, dissolved in CH2C12 and neutralized with
agueous saturated NaHCO3 solution. The aqueous phase was extracted
with CH2C12 (2x). The organic phase was dried (Na2S04) and and
evaporated to give after flash silica gel column (EtOAc) 1.69 g (89%) of the
title compound as light yellow oil. MS: 302.1 (MH). C) 4-(5-Methyl-

Exanite @diazolr@mthg/ﬁ)eridine 20 A salésp-ension of 100 mg @ mmol)
of 4-(5-methyl-[1,3,4]oxadiazol-2-yl)-piperidine-1- carboxylic acid benzyl

] ester in 5 mleto d 10 mg Pd/IC 10J/g as hydrogénated ([T aetm) fort
h. The reaction was filtered (Celite) and evaporated to give 55.2“mg (99

3 %) of the titte compound as white solid [MS16 7.9 (MH+)Intermediate 43
25 4-(3-Methyl-11,Zp,ﬁioxadiazol-S-yl)-pﬁ}eridine hydrochloride'l*;& 4
4=(S=Methyl=11;24toxadiazol=5-y1)-pipe-difre--carboxytc-acigtert-butyl

4 ester A solution 1389 (17.49 mmgl) ofddetamide mdme in 55 M4PHF
was-treated-with:0-76-g-{1749-mmpol) oFNaH-(55-%-in-6i)-and-the

6 corresponding syudpdnsion stirred for 45 #din at RT. 3.00 g (11,68°h3mol) of
ethyl-1-tert-butoxycarbonylpiperidine-4-carboxylate 30 dissolved in 15 ml

7 of THE was added.a#l heated at 5 C fa#62 h. The solution wa.3850
2007/122103PCT/EP2007/053490|- 52|- cooled to RT, poured.on

9 agueous saturated.NHAC1 solution) and extracted with Eh() (3x).iBhe
organic phases were washed with aqueous saturated NaHCO3 and

10 aqueous 10% KHEEA, dried (Na2$04) ard evaporated to givepsd9 9
(70%) of the titlejcompound as orange liquid. MS: 268.2 (MH+). 5 B)

11 4-(3-Methyl- 1,2,4b%§diazol‘ -5-y1 ipip jigline hydrochloride Ihanalogy to
the procedure described for intermgdiate 30C,

13 4-(3-methyl[1,2,4 |azol-5-y1)-piper|c:l} e-1-carboxylic aci Bts-g)utyl
ester gave the tide compound as off-white solid. MS: 168.1 (MW).
Intermediaté 4417 (rac, Cis)-Z-Hydroicymethyl-piperidin-Z-ot fiydrochtoride

17 A) (rac, cis)-4-Hy(ﬁr'o&%-piperidine-z -car ;tg)(r:ylic acid methyl esteﬁo46

—hydrochioride Asotation of £:09-g{5.00immot)

25 (1RS,5SR)-2-benzy l-%-oxa-Z-aza-:)icycIéf?%.Z.l]octan-?- 0.441

27 0.248 54 0.747

32 1.466 55 0.098

33 0.343 56 1.077

34 1.394 57 0.217

36 0.725 58 0.546

37 0.265 59 0.014

38 {.121 60 0.023




one (Journal of Organic Chemistry (1996), 61(6), 2226-31) in 25 ml of
MeOH was treated with a solution of HC1 in dioxane (1.38 ml, 4 M in

w8, RP0 mmol) and 109 15 mg of Pd(OH)2/C (20%) apd-was sitiesien

over Hz-atmosphere for 2.5h. After filtration, the solution was evaporated

under reduced pressure and preci

ﬁﬁated from CH2C12/Et20 to yield 0.81

g (83%) of the title compound as an off-white powder, MS: 160.2 (M11).
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(rac, cis)-2-Methoxymethyl-piperidin-4-ol hydrochloride 25 A) (rac,
cis)-4-(tert-Butyl-dimethyl-silanyloxy)-2- methoxymethyl-piperidine-1-
weAIhonyligacid tert-butyl ester In analogy to the proceduresdgsesiagdsiQliog
intermediate 31A, (rac, cis)-4-( tert-butyl.-
dimethyl-siIanyloxy)-2-hydroxymet%@l-piperidine-l-carboxylic acid tert-butyl
ester (intermediate 44D) gave the title compound as colorless oil. MS:

136 360.3 (MT-1*): C, -ZF ethoxlgl eth_yl-niperidin-4- Db 201
hydrochloride W&%607/122103PCT/E 07/053490 - 54 - In a@nhalogy to
a8 the-procedure-described-forintermediate 44E; -

(rac)-cis-4-(tert-bdt§ﬁ:}imethyl-silan yloxy )l§9methoxymethyl-pipé’rﬂ%e-l-ca
h

/

rooxyhc-acic-tert-butyt-ester-gave-after precipitation-with-Meot/Et20-the
153 title compound ds™iffte solid. MS:|146/01f11-1). Intermediate (463 B (rac,

- trans)-2-Hydroxyrnethyl-piperidin-4-ol hydrochloride-A)

154 (rac,-Benzyt-4-hyth®i-uiperidine-2+-carlhdRylic acid methyl estefAKolution

of 4 35 g (20.00 mmal) (IRS 5SR)2-benzyl-6-axa-2-aza-bicyclo
155 [3.2.1loctan7-ongg3ournal of Orgapic Ghemistry (1996), 61(6), 2226-31)
in 100 ml of MeQF1 was treated at|{0C with a solution of HC1 in dioxane

157 (5.50 ml, 4 M in digxene, 220 mmoal) 10 agd was stirred for 24hpatsRT. The
solution was evaporated under reduced pressure, partitioned jn water

159 acidified with 0.1 j44E1 / Et20 andiwasheghwith Et20 (2x). The @egieous
phase was basifled with aqueous saturated NaHCO3 and exttacted with

o Et20 (3x). These gr%nic phases were washed with 1Q% NaCl, drigd over
Na2S04 and evaporated to give 4.25 g|(85%) of the title compound as a

16 VISCOUS YeTlow off, M5"250.0 15 (M H). 21 ac,

trans)-1-Benzyl4-tormyloxy-piperidine;2-Carboxylic acid methﬁ'%%%er A

mWii-termmm i 3T i
162 of THF was sIowI}Q‘ dded (during 1P mi 1,1%9<0thermic!) toaso Widhof 1.00

g (4-00-mmob-trac,cis)—t=benzyi=f-hydroxy-piperidine-2=cartyoxylicacid
163 methyl ester, 2.10%7%8.00 mmol) 20 triphEHylphosphine and 0;36°€8.00

mmall formie acid N 11 - ml. THE I'\nrin tho addition thaeraaction.aaac

'lllllull TOTTTITS WLAOT mr Ll Trnm LN ) » LU g are uuulLlUll’ TTCTCOCTACHUTT VTS

164 cooled to RT with @3#hter bath. The resulfidg suspension was|dtiffed at
RT for 16h, thenladded to diluted-aguequs-10% KHSO4-and w |
165 Et20 (3x). The aquedas phase was bas|fied with NaHCO3 and exttécted

with Et20 (3x).. The aorganic phases; wereé washed with aqueous 10% NaCl
166 dried over Na2SOdHand evaporated 25 tagive 0.93 g of crude|prashct.
Flash silica gel column (n-heptane/Et0OAc 95/5) gave 0.53 g (4/%) of the

167 title compound as dighg yellow oil. MS: 2i78@ (Mir). C) (rac, trans)xk3
-Benzy1-2-hydrokymethyl-piperidint4-ol|7.51 ml (1.2 M in toluene, 9.01

160 Mmot) of DIBALH yvas dropped to a dry|igg.cooled (-30 C) solutiogof 0.50
g (1.80 mmol) (rac, trans)-1-benzyl-4-formyloxy-piperidine-2- 30

carboxylic acid rreglM ester in 9 mllof THE.The reaction was yarmed up
1 . : 98 Wi
70 (0 C for 1 h), and stirred for |h at this temperature, then added {to diluted

was basified with ?FCO:%, saturated w!

Vo V-V NP W VW V-¥

171 aqueous 1U% KH §(34 and washed|with I:#%{L/)V(SX) I'he aqueOLlsl.%ggse
a It @)
201

0105 0.656

175 0.096 205 0.325

177 | 0.954 208 0.78




- 55 - NaCl and extracted with EtOAc (3x). The organic phase was dried
over Na2S0O4 and evaporated to give 0.34 g (85%) of the title compound
woSflbiig solid. MS: 222.0 (MW). D) (rac, PCT/EP2007/053490
trans)-2-Hydrorymethyl-pipertdin -4-ol hydrochloride 5 In analogy to the

procedure described for intermediate 35A, (rac, trans)-1-benzyl1-2-
hydroxymethyl-piperidin-4-ol gave after precipitation with CH2C12/Et20

209 (rac, cis)-4-Hydr in-3-¢l"hydrochloride 10 A) (r

r. M§;, I3Z.3 TMHHATThTErme gé%&-zm
o the

=0l hyarochioridetmamatogy
procedure descr ﬂe@?or mtermedlclte 3'3\33(rac cis)-1- benzyl-ﬁ'-3

|||||||

210

hty’drcxymethty’l I'JCIIUIII 3 UI \I ICIV .‘tlca Chlllllba Abla \V[UIUIII or, I\IUIIIIJe
211 10, 2629- 2661) [dav@sthe title compound?ad light brown solid. M$1432.3
- (MW)Intermediate 48-15 (ractrans)-4-Hydroxymethyl-piperidin-3-ol

212 hydrochloride A)| #d8/trans)-4-Hydrox-yi@&thyl-piperidin-3-ol | 0.565

hydrochloride Inlanalogy to the pracedure described for intermediate 35A,
213 (rac, trans)-1-benay?#4- hydroxymethyligigeeridin-3-ol (Helveti¢ca.Ghimica
Acta, Volume 87, Number 10, 2629- 2661) gave the title compound as

214 orange solid. MS:¢lg2.16 (MW). 2QIntermegliate 49 (rac, 0.105
cis)-4-Methoxymethyl-piperidin-3-o0f hydrochloride A) (rac,
215 Cis)-1-Benzyl-4-mefhoxymethyl-piperidin-g-ol (rac 0.765

cis)-1-Benzy1-3-methoxypiperidin-4-y1)-methanol and ((rac,

216 cis)-1-Benzy1-3-methoxy-4-methoxymethylpiperidine 25 A solytion of
0.80 g (3.63 mmrrig of (rac, cis)-1-benzyl-4-hydroxymethyl-pipgeridin-3-ol

(Helvetica Chimig fa, Volume 8|7, Numper 10, 2629-26()1) 4 mI of

17 THF was treated at 0C with 0.45 0(3.99 mmol) of potassium terflbutylate

and-after Tomimwith-stowly withr0.R5 mr(3;:99 mmof)-of fodomethnane

219 50 ml of THF. OVétHight, the WO p007/4%2103PCT/EP2007/05%290 - 56

| +. u 4 +O N
= SUIUUUIT WAS Tl diy wartimrcu 1o T, pal LILIUIIUU UCLVVUUII I:l._

T
aqueous saturate¢d-NFHCO3 and extractéééagain with Et20 (2 (P.'?He

e catriratad NakldCoOR  Arind Avar
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221 Na2s04 evapordt‘ééﬁénd gave aftef purjfiddtion on a flash isolufet13

NH2-column (n-heptane/Et0Ac 95:5 to 4. Y ac, cis)=.L.=
223 benzyl-4-methoxyriédhyl-piperidin{3-ol @&thight yellow oil, MS; 2384

(ME17), Rf = 0.30 on silicagel with h-heptane/Ft0Ac 1:1; 017 g (20%) of
224 (rac, cis)-1-benzyIx8tmethoxy-piperidin:44d)-methanol as lightiy&stow oil,
MS: 236.1 (MI-it); Rf = 0.19 on silicagel with n-heptane/EtOAc 1:1; and

225 0.09 g (10%) (rac¢,cia)1-benzyl-3-methoxy-4-methoxymethylipiggridine
as light to yellow|oil, MS: 250.2Rf =0.02 on silicagel with n-heptane/Et0Ac

226 1:1. B) (rac, cis)-#Mgthorymethyl-giperidiis3-ol hydrochloride A ggition of
0.31 g (1.39 mmol) (rac, cis)-1-benzyl-4-methoxymethyl-piperjdin-3-ol in 6

997 ml of EtOH was tiea gwnh a solution of %553 ml of aqueous Il\lgl 10 and
30 mg of Pd/C (3]0 %) and was stirred over H2-atmosphere for (]ilay After

filtration, te SO|U|II6)I’1]49

228 253 0.132
229 0.154 254 0.108
230 0.215 255 ‘ 0.561

231 0.218 256 ‘ 1.074




15 was evaporated, suspended in acetonitrile and evaporated again under
reduced pressure to yield 0.25 g (quantitative) of the title compound as a
wohig a9lids MS: 146.3 (MIT). Intermediate 50 (rac, Cis )-  per/EP2007/653490

(3-Methoxy-piperidin-4-y1)-methangl hydrochloride A) (rac,
cis)-(3-Methoxy-piperidin-4-yl)-mettianol hydrochloride 20 In analogy to
the procedure described for intermediate 49B, (rac, cis)-1-benzyl-3-

257

methoxy-piperid rh-z{é%l)-metnanol (intefmediate 49A) gave th Jule,
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C) (rac, cis)-4-Hydroxymethyl-4-methyl-nineridin-3-ol hydrochloride WO

2007/122103PCT/EP2007/053490 - 58 - In analogy to the procedure
wiEssihes for intermediate 49B, hydrogenation of (rac, Cis)'PcT/Epzoo /053490

1-benzyl-4-hydroxymethyl-4-methyl-piperidin-3-ol (intermediate 528.5 In

MeOH gave after 2.5 days the title %)é

146.1 (MH). Intermediate 53 5 (rac,

mpound as light yellow solid. MS:

Go—-
P

317

trans)-4-Hydroxymethyt-4-methyt-piperigin-3-ot hydrochtoride é@g’rdc,
trans)-4-Hydroxyr\qé? [-4-methyl-piperidi 5.0l hydrochloride In™ F\%Iogy

+. +la Ariralicl H P I 5 1t H Lo Y sl . W COWP | ' £
e MTUCTUUTT] escroearor-mtermedgrate DJIMA, IIyUIUgCllalIUII Ul \I ay,

318 trans)-1-benzy14H{droxymethyl-4-metiypiperidin-3-ol (inte[h&ttate

52B}-in-MeOH-gave-after-3-days-the titlg
319 solid. MS: 146.1|(M158+). 10Intermediate333 1- [ 0.011
(F)-Q-(Q-(‘hlnm- -fI|mm-phpnyl)-m‘rylo\ | [ 1,A]dia7ppnn-'§-nn A) 1-

320 (E)-3-(3-ChIoro-éL-fl@Sﬂo-phenyl)-a:ryloyﬁ44l1,41diazepan-5-oh@02161
analogy to the procedure described for [ntermediate 1A, (E)-3:chloro-4-

322 fluorocinnamic atidiand 2,3,6,7-tetftahydsas(1H)-1,4-diazepin-5@khsone
gave the title 15 compound as white solid. MS: 297.2 (MW, 1C1).

374 Intermediate 55 |13 {1(§)-3-(3,4-Diflboroiphagnyl)-acryloyll - 0.765
[1,41diazepan-5{one A) 1-

325 [(E)-3-(3,4-Difluorg-phienvl)-acryloyl14i,4ddiazepan-5-one |majaalogy to
the procedure described for intermediate 1A, (E)-4,4-difluorocinnamic acid

20 and 2,3,6,7-tet5a§'@§dro-(lH)-1,4-diaze -5(4H)-one gave th
326 compound as wHite solid. MS: 2812 (M\/%I.g - 59 - Intermediat 3%5%5?

[(E)-3-(3-Chioro- 4-7%% o-phenyl)-acryldg 3%,‘-74- ((R)-2-oxiranyl- ,tgglgé

;
327 [1,4Idiazepan5-on% A)

444\ N (D Ml A £l ) ] 4 44 A-A LD\ D) H ] +1 [AY
+=1(E)-3-(3-Chigro=4-fluoro-phenyl)-agrylot4=44(R)-2-oxra Ilﬁl-elllyl)-

328 5[1,4]diazepan-5-8:9§§n analogy tojthe p 38edure described fd z;’mple

1472040 12Z2C 1 [\ A l2.0Rlaoroe fl AaraeahervyB-aerndevd L 1
T T ZAR O 72, (=)~ o= (O*TTrmoro—Trr- yoro PTCTTy T aCryroy 1= 1

329 diazepan-5-one (iftétmediate 54) gnd mé#fanesulfonic acid | o

N

c;ol-A%
~J

2-(R)-2.2-dimethyl-[1.3ldioxolan-4-y1)-ethyl ester gave-the-title compound
330 as pink oil. MS: 3687004MI-It, ICI). 1DIntgrddediate 57 1- [ 0.179

(E)-3-(4-Chloro-3-fluoro-phenyl)-actyloyll-4-(4-iodo-butyl)-
331 [1,4ldiazepan-5-¢1Be)59 361 0.226
332 0.002 362 0.504
333 0.301 363 0.073
334 0.004 364 0.531
335 0.013 370 | 0.341
336 0.003 372 1.234
337 0.671 374 0.58
338 0.553 375 0.274

339 1.358 376 0416




A) 1-[(E)-3-(4-Chloro-3-fluoro-pheny1)-acrylovl1-11,41diazepan-5-one

In analogy to the procedure described for intermediate IA, (E)-4-chloro-3-
wiHPEMgic acid and 2,3,6,7-tetrahydro-(1H)-1,4-diazepigs5{4Ehie N8 3400
gave the title Is compound as white solid. MS: 297.3 (M1-11. B)
1-[(E)-3-(4-Chloro-3-fluoro- nhenyﬁ -acryloy11-4-(4-iodo-butyl)-
[1,41diazepan-5-one In analogy to the procedure described for example
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(intermediate 55
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Chemistry (1969

viscous oil. MS:

- Intermediate 59 3-14- [(E)-3-(3-C

34(12), 4060-5) gave
3624 (Mal), WO 2007
nloro

¥22103PCT/EP2007/

the fitle compound ag

-4-fluoro-phenyl)-acry

light yellow

53490 - 60
loyll -7-0x0-
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[1,4] diazepan-I-

3,14-[(E)-3-(3-Chloro-4-fluoro-phenyl

ybhliopropion aldehyde
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-acryloyl1-7-oxo-11 4

0.382
ldiazepan-1
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-yll5 propionalde

intermediate 2A

b the
3-Ch

hyde,4 In analogy t
and 2B, 1- RE)-3-
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loro-4- fluoro-pheny1)

Q199
racryloyll-

[1,4]diazepan-5-
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-0 H%ﬂintermedlate
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the title compound
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(E)-3-(4-CHhIoT0-3

propionaldehyde

éggro phenye-acryloy
)

15 0X0- [TA] diazep

T
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proplonaldehydleorﬁ
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388 11 4]diazepan-5-pRetintermediate 57A)

solidMS-353-1
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389 [1,4] diazepane-1
R-ﬂyn-d-(’%-nyn-p

TTTrTeeT

@é?l@oryllc acid te
opyl )-[1 ,A]din7epane-

350 20 In analogy to

Helpfocedure describe

ofg R1 l-_. ﬁvn /I (2_0o\
\U

ON

rt- bultﬁliéster A)
1-carboxylic.acid tert-Butyl.ester .|
d4figr intermediate 2A aridi2B,

PropyL)
0.011

title

5-0x0-[1,4]diaze|

anel-carboxylic acid t

pri-butyl ester gave the

392 compound as cologless oil. MS: 215.3 (Vitest-butyl). Intermediate262
393 0.878 420 0.052
394 0.551 421 0.064
395 0.996 422 0.07

397 0.944 423 0.016
398 1.065 424 0.119
399 0.72 425 0.089
400 0.264 426 0.07




WSl \VQ2007/122103PCT/EP2007/053490 -61 - and 8 b?r
suspension was filtered and evaporated to give an yellow oll.

(rac, cis)-2-Hydroxymethyl-piperidin-3-ol 25 A)
(rac)-3-Hydroxy-2-hydroxyrnethyl-Mperidine-1-carboxylic acid tert-butyl

C

1/862007/053490
The crude

product was treated with 8.78 g (4@.100 mmol) BOC20 and 12 ml (93.00
mmol) Hunig's base in 30 ml DMF under ice cooling for 25h. An extraction
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(Watert brine /A

gave 1.77 g (259
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096? he tide comy
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houn 43?& 5 a white solid. M5:"
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w oil
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13-(4-Methoxy-b
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/\ylllethyl 6-1
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JER2007/053490
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&shdi
rystallized

440

(AcOEt/n-n-

(.103

464

0.226

441

0.022

465

0.376

442

0.085

466

0.389

444

0.032

467

1.16

445

0.354

468

0.347

446

0.62¢

469

0.061

447

0.092

470

0.085

448

0.181

471

0.043




whsiylpygsline 1.55 g (6.00 mmol) of
[3-(4-Methoxy-benzyloxy)-6- methyl

THF (0 C) was treated 30 mm with™

5 heptane) to give 1.55 g (60%) of the title compound as a white solid.
MS: 260.0 (111-1"). B) 3-(4-Methoxy-benzyloxv)-2-methoxym e thy1-6-

PCT

- : 2067/053490
yridin-2-yll -methanol in co[fEdPlO ml
41 g (10.30 mmol) of NaH (55% in

oil), then 0.43 ml (6.90 mmol) of iodomethane was added and the yellow

472

suspension 103
chromatography

firred thAmextra
(Qﬂ‘i&% gel, AcOEt

n-nk{eﬁ%ne) delivered 1.41 8’?@%%) of

2 A LAALEEN
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A A =)
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-methyl-piperidin

D198)
rboxylic acid tert-butyllester and
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476

(rac, cis)-5-Hydroxys2shydrcoamet

tert-butyl ester 2

D 1.50 g (9.28 mm

Eendine-1-carboxylic acids1
[ 6-Hydroxymethyl-pyridin-3-ol

477

hydrochlorid wag pydeogenated un

intermediate 638.

The crude produ

heggonditions describedgnss
as dissolved in 5DMF,

5.60 ml

478

(32.00 mmol) of

—I(y_%g's base and

‘added and the yellow solution was

0;(36.00 mmol) of BOCZQyere
>d 18h at RT. Evaporation,

479

extraction (AcOEt %%gter/brlne)a
MeOH) gave 0.3% g 25 (i 5%)

1r5(brg1atography (silica §1%|0€100Et /

480

(Fac)-5-nydroxy-2 dgr%%%nyl pMeridine
- g (10%) (rac

216.4 (MH-) and

agggxync acld tert-putyl Oeg 6r, VIS:

481

L,ib)-5-'nydluxy-4-ﬁluxymuuyl P
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2NN 711991 0D ]

und as a ligh

'I'I: D2ONN7Z/OR2A40L0

ZUUTTLXZZ1 00T O
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{H=GEiS5)o-Hyal

yy 2 h\ Tal rnvymnf

LT ZUUTTUJIS I\

BBiéln 3-ol hydrg

tert-butyl ester g4

solid..MS:.132.0

MH+t), Sintermed

Mé)ﬂ:"re title compd

486 analogy to intermexidte 628, 5-hyd
acid tert- butyl egter (intermediate €

487 brown solid. MS:|1l$.8 (M1-11°).

488 0.618

490 0.026

491 0.216

492 0.026

493 0.015

494 0.006

495 0.019

idime=t=carboxyticacictert=butyt
nt yellow oil. MS: 232.1 (MI-1"). WO
- 63 - B) (rac, cis)-
chlorid In analogy to intermediate 62B,
yl-piperidine-1- carboxylic acid

und was obtained as a light brown

ate 66 (rac)-6-Methyl-piperidin-3-ol In
roxy-2-methyl-piperidine-1-carboxylic
b5A) gave title compound as a light




10Intelmediate 67 (rac)-5-Methoxy-piperidin-2-y1)-methanol In analogy to
the procedure described for intermediate 63B, (5-methoxy-pyridin-2-yl)-

wslgans,gave the title compound as a light yellow oil. MS: JAB3:6Mblds) 00

10

i5

20

25

Intermediate 68 15 4-Methoxy-6-methqgicymethyl-piperidin-3-ol;

hydrochloride 4-Methoxy-6- methoxymé’ffwyl -pyridin-3-ol [prepared from
5-benzylory-4-chloro-2- methorymethyl-pyridine (intermediate 63A) by
repshimwithsdyNaOMe, 2) 1VICPBA, 3) PdC/H2I was hydrogenated in
analogy to intermediate 638 to give the title compound as a white solid

Mge ég&%@@dﬁgs ?ﬁﬁg gﬂﬁgfﬁg';l? Q% TH?II -4x cells (erzadegatn et al 20{)0
e oxy, ethoxymethy acetami
S T R R e e S o B
gffﬁigﬁﬁﬁféwlﬁfﬂeﬁg@iyl%mé‘tﬁfﬁ%é 18R Saiine (prepared
by treatment of the 5-methoxy-2-methorymethyl-pyran-4-one with

abfdBbuds 2896 amienid R REMI06G) 3mdD melornos 2B rditddcathot
VoIt s & 26-ghilc 4.6 bommiol eaestybohlnfide: anehla2l, miGABE-mbrHprigisanol,
brse PAECTA0,0IN: A0S, SHSRRIRIE m%&@é%&mﬁh&!ﬂ%ﬁ?gﬂﬂﬂc\s@anem
% a2C03 and brine, The organic layers wéere dried
TS B o TR B vt GUF oo COMBOChY S
st s leshin PrBES UdYpidduct was hydrogenated in analogy to
intermediate 638. A WO 2007/122103PCT/EP2007/053490 - 64 -
chebsatdgrapi (silicshget, AGOEch Melttand efystadizapiomds were loaded
(6@%'[/{!;@ @gpt@ﬂe)pgw@r%%g £%) iaf ithlua@lPﬂm@@iéﬂdlB@§c@MElﬁfeﬁnber
t r ridin=3-0
21 oé%gée e %Péol“f?%'%ﬁﬂ%% N ué%e‘% i
cBiib gsa&%@ﬁsaa%%@rﬁ%ﬁa @fé)ﬁrféao el
gEheAbGEtch MeiRt) \t@rgmestlh@ledrfgr(lﬁ%yr@t e Gitle% siopoBrmiasingwiitein
Sﬂ’ﬂid tb@c@é@&tﬁ%\ﬂ) v&@fﬁrm@@tﬁtdﬁfﬁ ]ancll migrated cells were measured as
t t iperidi
(5 gé(r%z(% 1%5/‘6 d%%(%}rﬁe ﬁ%/?rl In- Zl%y%%ano %qr%ared rg%n485 i
A s ? ethyl eﬁi}ﬁﬂﬁi‘s op ﬁéﬁfﬁﬁéﬁ?@v%% BidfRifdnigration
KREOE iNIRC WO he 06 1Qs0s) mmfa@te:dvm@nar@@ﬁb 2% FBS. The
i@tﬂrmed;atee@fl&@;ﬂgdmgmwlaa@t@%d@ OVERD-BBanbh4de) of theplitied  as
COMPOUAYE BTl oD <8908 (AL SHIF Rt Mcp 1

methy plperldln -3-yloxy)-acétam
2 -(6- Hydroxyrnethyt -ovridin-3-ylory)-acetamide 1. 25 g (6 35 mmol) of
%Hey éfh%’gP d'@eé”e%'?né@n%‘% ?«1@&‘? e estel ﬁ%’é‘% a%%f!l‘ssay of

6- methy pyrl reaction with foro: acetlc acid methyl ester,

2) mMClipeibendoipreicidtand Wlﬂ@dﬁhc@ﬁcffaclﬂ(éﬂhhyﬁhd@lwas%efatéd shows

Wit 3 &g VLN R N e J&a%%ﬁ&td%ﬁem@sm‘@%% was

evaporated to give 1.19 g (100%) of the title compound as a white solid.

3.3-(MELE).

Xampﬁe 1C50{nM)
Example 48 13
Example 59 77
Example 81 |71
Example 160 | 101

YN/18.01.2007



10

[
8]

26

25

30

B) (rac)-2-(6-Hydroxymethvi-p peridin-3-yloxy)-acetamide
2-(6-Hydroxymethyl-pyridin-3-yloxy)-acetamide_was hydrogenated as

wiesgHReddn intermediate 63B, to give the title compound ag aryehRw g4k,

MS: 189.4 (M1-14). WO 2007/122103PCT/EP2007/053490 -65 -
Intermediate 73 (rac)-2- Methmcymethyf’ iperidin-3-ol In analogy to the

pfﬁé"@&l%%&1&%{%&{%'WF&H&\?&‘@1‘&%@&%@4@5&5&'&1}%&&;&%@@'D.aﬁs le be used

gave the title compound as yellow oil. MS:; 146.4 (MH+). 5Intermediate 74
(?églet?gﬁqgegt%gh &%gfﬁ% %flgléﬁg?ﬁcgumﬁ)pﬁ%ratmns for enteral, parenteral or
dis)iGmdondys3tivettitheymetthyl adiperidimed 1 foarsexylic, acidridit-bugtyh the form

w%rb%d HRG 1aRss) dﬁa&@égrﬁh‘fg %d@@ﬁ%@fxmﬁtbéﬂﬁlﬁegaﬁpgn; emulsions or
-carboxy lic acid éert butyl ester 10 In analc;%%mto the procedure descrﬁ:)egorm of

f&‘ﬁ%"t‘éﬁlﬁf@dfﬁféa i %rﬁ’dg‘fr 06%0%?89?8 éetﬁﬁaﬁ%’é‘ﬁa e
(infermedidtei63B)gavpeafienseparation bylsilicasget capinaliy(AgOEDhe form of
S Yor R e G s RO XY R eI e tyl-giperidine-1- carboxylic

acid tert- butyI ester and 6% of the (rac,

gié}tlr;}as 1 I(_Z;‘O;(y %IB%\]AEIBQ?J ceu 1(: fgég (l! I{j I 151%&?@9 %%flégtgf I]g te%g‘%&l which

tHEH) Eéamétﬁom%tﬂwwp%w&qﬁ . &%%ﬂb 6H%PPE Qﬁaﬁsw%%@mpwnds of
proeaduietiéserinad fhuiniexmedidie 2B atlacaltans)boajdraxye@bination with
Mty matay-pi ﬁ%ﬂl’&ﬁé &?JB%%%@%C ﬁ?&d t%%ﬁé%‘%&( 9&&%&%&%&9 &R together

compound as a white solid. MS: 1 Intermediate 75 20 (rac,
hlﬁflnﬁi‘bé?’i’aﬁﬂ inesh ﬁ%@@@ﬁ%ﬁ c,gméeble solid or 11qu1d carrier materials

mﬁﬁﬂdydmigyrﬁmhpﬂayhpmerﬂk&h&anmlcyl|c acid tert-butyl ester and

(rac,cis)-3-Hydroxy-5-hydroxymethyl-nipe d ne-I-carboxylic acid tert-butyl

eﬁﬁﬁ%ﬁei@@ﬁ@%@fe%@@@e@e@%m} fhr-Bysterymethyd; %Ql%%‘@amc carrier

J k L b L | Astrid
s e TR R SR IR ol S B e SR R U scaric acid

a@ru‘é‘bﬁﬁétgs% bm%@rs TR ORMEDH+ \f@astﬁgla?@g@ﬁmé@w% alBgdgs and hard
10%Re/Gatke. bewiamik 1:26-6r for ol %H%Bangam@lﬁeagggnewm,n@w example,

cataé}/%tlwnlg the same con |t|r%rlls angrp |ch as reacte namre of
vith di-tert-butyt-aicarbonate i asna 00y 10 ntlerPr?eyd) t\g ﬁﬁ@%‘ |ca 1on
b‘}l%ﬁré&f@&gm@W@m%fP@F/E%W@SS&@W@d in the case of soft gelatine
capsules). Suitable carrier materials for the production of solutions and syrups are, for
example, water, polyols, sucrose, invert sugar. Suitable carrier materials for injection
solutions are, for example, water, alcohols, polyols, glycerol and vegetable oils, Suitable
carrier materials for suppositories are, for example, natural or hardened oils, waxes, fats
and semi-liquid or liquid polyols. Suitable carrier materials for topical preparations are
glycerides, semi-synthetic and synthetic glycerides, hydrogenated oils, liquid waxes, liquid
paraffing, liquid fatty alcohols, sterols, polyethylene glycols and cellulose derivatives.

Usual stabilizers, preservatives, wetting and emulsifying agents, consistency-improving
agents, flavour-improving agents, salts for varying the osmotic pressure, buffer
substances, solubilizers, colorants and masking agents and antioxidants come into

consideration as pharmaceutical adjuvants.

The dosage of the compounds of formula (I) can vary within wide limits depending on
the disease to be controlled, the age and the individual condition of the patient and the

mode of administration, and will, of course, be fitted to the individual requirements in



10

15

20

25

- 66 - column (n-n-heptane/iso-propanol 95:5 to 1:1) gave 0.50 g (27%) of
(rac, cis)-3- hydroxy-5-methyl-piperidine-I-carboxylic acid tert-butyl ester

wasHehi ygllow oil, MS: 216.2 (MH+) and 0.15 g (8%) of
rac-3-hydroxy-5-hydroxymethyl-piperidine-1-carboxylic acid tgﬁ[ggtz){/}lggg%g?%
as light yellow oil. MS: 232.0 (AW). B) (r?éc cis)-5-Methyl-piperidin-3-ol

héégﬁ M&ﬁjﬁ- @n%J&ngﬁﬁ gtf%ﬁ%g fﬁ/ gl%% é( t?id a{) J,n ok n]%%@ ?S 6%s%%ecmily

(rac, oxy -5- methyl-piperi |ne- -car ic aci t-butyl

Eﬂé%t’i CBPBTTE B e Uhites SO NESPEAGTB (WAHFerity o the disease and
Imermenhatﬁﬂﬁm(takjn&idgﬁrﬁﬁymﬁthy}rmp@mwbﬁl@lﬂay@ﬂmﬂ‘ﬂiﬁém Ajth one or
(faQdza-vgreroethyd-ni ‘?rﬁ%@@ci glgggg In analogy to the

procedure ‘descfibed for | termedlate B rac-3-hydroxy-5-

eth eridine- I carboxylic acid tert-butyl ster aye the title
hﬁ({i p% %(.:Sé/%P 6% a%regara lonivlg)ﬁ/{?&t ‘??OI\W)M&HY out 9 %8 mg, preferably 1-
m@rmgdjﬁwom]pound of formula {1).
(rac)-1-1(E)-3-(3,4-Dichloro-pheny1)-acryloy11-3-rnethyl-[1,4]diazepan-5-
one A) (rac)-1-Benzyl1-3-methyl-11 41diazepan-5-one Sodium azide (1.58
g, 24.4 mmol) was added portionwise over 6 h to a solution of 1- 20

bﬂﬁ@f@f&ﬂ&ﬁ@@%ﬂﬂﬂ@ﬂ%ﬁf&t@ﬁlﬂ:ﬁﬁ@@ tHe b MMABAR G e dbgil. They are,
r a&%g& mngg}rig \gaétall%ﬂstgcreg%l room temperature over 16 h. The
réaction mixture was then poure%pupon ice/4095 0 ag. sodium hydroxide
solution/ethyl acetate, the organic layer was washed with brine, dried
(MgSO04), and evaporated. Recrystallization in n-heptane/ethyl acetate 2:1
(60 ml) produced the title compound (2.59 g, 49%). White solid, MS: 219.3
(MW). 25 B) (rac)-3-Methy1-11,41d a&@ﬁ&-one A mixture of
1-benzyl-3-methyl.-11,41diazepan-5-one (1.88 g, 8.62 mmol) and
palthuiviati¢16% on activated charcoal, 188 mg) in ethanol (50 ml) was
stirred at room temperature under a hydrogen atmosphere (3 bar). After
mcmﬂmmt&l)éSidNBS)mBﬁ@flbx}ﬁﬁfBﬂ@ﬂ WQi = Butyllithium, CDI= 1,1-
2 JILE d filtyate,e ted t
%%ﬁ%ﬁ%ﬁ%%e&é% n%e, §§Ir?§l %?%?ogérg%ih@%ltgagh d[?\zt/l 161{%906:% BALH
SRR IR ER GO A o
1AicidrkpanmbdarieM NP analDgy do thenpropeddie: dbSCFibad, N

”ﬁ%%ﬁgfﬁ)tﬁnlébﬁn(:ﬁ) Fef-flic NO(@ %%%ﬁ“&l@ﬁ%ﬁ gggi dNa eth}\fNCﬁtrboduf:ralde

3- meth};l [1,4]diazepan-5-one gave title co ite soli

I\}P@d@f or @f?‘i‘ﬁterﬁﬁ@d?&f’éﬁ% I%Fg)é; lethano Et;O = Diethylether, Et;N =
(E)i8H B MuDichigroHouerdracHIGN =7cmEtaykblidldiazepand-10ns,A)
("RekfdMe Mﬁﬁ%ﬂei&ﬁﬂdr@@ﬁ%ﬁ% lﬁ&oxﬁ'%ﬂ%ﬁ:ﬁ@ﬁ% EFIEEE O yenig’s

2,2-dioxo- [9‘1 2,31oxathiazolid oxylic acid tert | ester

50080 YSE 54 AR 0RO el A et H Ty dride, LDA =
3Libhayl iyadyyintadeiioBbityrichtithdtbyd leste ¢ ASR O ~Iv6Shmmblal =

agshRoiasiHm et Qu%%tﬁé%smgméﬁ&m% TheeagHoR M fﬁswscz
was gtlrred for 7 roo%tem%eratlﬁie and heated at 50 C for another

27 Fio AR RO Pt OR i B W8 f5aftitfre tF BeTwksiisup iepne:
cﬁnmsfamdmﬁhniv@n and ethyl acetate, the organic layer was washed with
brine, dried (MgS0O4), and evaporated. The residue was taken up in
dichiergmethare (10 ml), treated with trifluoroacetic acid (2.5 ml), stirred

at room temperature for 45 min, then evaporated. The residue was

digselyehin methanel:10mhathenr potassium carbonate (3.08 g, 22.3



mmol) was added and the reaction mixture was stirred at room
temperature for 16 h. 20 After evaporation, the residue was partitioned

weethegmathyl acetate and 1 M ag. sodium hydroxide solutiQ~Fh8 40753490
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organic layer was washed with brine, dried (MgSO4), and evaporated.
Chromatography (Si02; CH2C14MeOH/RRIOH 95:5:0.25) produced the
title compound (205 mg, 46%). Cglofessigum, MS: 263.2 (MFr). B) ( rac)
-7-Methyl -11,41 diazepan-5- onemm_re of 7-methyl-5-oxo- [1 4

]F? - oxylic aci ben er 0.77 32

o T 0 e Tt el D v

at room temgerature under a hydroen atmosphere 3 bar) After 20 h, the
4 Pishderasphapibaerioyiind ditehigenanigsvited to afford the

tlde compound (81 mg, 82%). Whlte SO|Id MS: 128 (Mt). WO

20 HRMEIPC B ER 0071083490 - 8- -dichlorocinnamic acid in 250 ml of CH.ClL

%M@@&enmriemb%k&fbm tatrametaglusanide), 1.1 eq) of oxalyl chloride
)f’%f ine, &lﬁi‘%}r%gdgl %v%eg ao.g{] mi(')rl W%ﬁés?%%%%ﬁt]gfﬁgro é%l.o’?h%fsolution

[Eam%rmpad»%ﬁrel(vrfﬁ m@?@ reborﬁ Mlaﬁqolrﬁm@tr@rm@#pmﬁﬁb@m

RBguddilommely ieg\t%d{memyléqrramrﬂ@@(ﬂemﬁya?@e re@criqndra%wﬁef) 4H)-

Afa G e

was St|rr r troo e then ar
B B P R A L R e remgrion

btitpevaieg W@%mg}aﬁa %Wa%mazt@ﬁrﬁawm@wwﬂ 9:1 (x3)/
Glizc d2iMeliifYEi4 Ol 89:5i0 28k adiceskHag title aqmpeuradu(rl&’a MZHCO;

98%})4 COlorlgﬁ %’Ig\ﬂ de%@: %\ig\/&lvlél zn e:ti_'\ergppoerg}l%yel 'Flg 4T851due was dissolved

-1- oro- p enyl acryloy lazepan-s-one
A@néaf)r@?ﬁ enlpene apraRepitd- el bBkille Blefd amvs 7 S9te1A%) of

m'%&’d&ﬁb&m@&?ﬂ‘hf@ siercribsdiriptemrediag. 78A,
3- benzyIoxycarbonylamlnopropan0|c acid methyl ester and
XQ 1 2 3loxath|azoI|d|ne 3- carbox I|c aud}te{t butyl

methoxinti- Qolylesosts elvls m/e 2631(M|r) B)
(R) 2- Methyl 11.41di Io rocedure des
m*.marﬁ%ararél st s S S e e
le@&@rﬂgﬁ@@ethedlﬂé(b@mpéﬂmmn@oloﬁléey@mmmemerﬂ%m
20- LRl 1&(&&&%&@@&&%9&%@%@ ol ed- Moty lyith 0.84 ¢ (19.20
[1, 41c1>9 aj%;éi-o ne In %t o the edure described in 4 up to RT
ifteinediatd 78 P it muc Sé?&%’ﬁ& was warmed up to [Lover
(Right prethiptepr, ﬂqa %rzéspﬁér?ﬁf ond lyarradiventities coehpsburbngs tabiotdrigdscold
EM§1(I'%Q@3 g@gﬁé%ﬂtéﬂtﬁfm%@ﬁﬁ@ @%{)25 he o j}amc phases weres washed
acryloy epan-
R (FcS %"ﬁ\ﬁgt MK c}04%1 gk azze érrélge& 1L’<I:§r oxy icacl e’rE}f GRES é?d and
%mﬁm? hydhﬁde%@%@@e@dﬁ&p%hm@éﬂ9%75crﬁ@ 56288 andr) fvitsg (53 %)

ageied atroRin e iRedpist eide ssqlutian oftedsautyMH", 2C1).
N-(2-aminoethyl)carbamate (1.00 g, 6.24 mmol), then after 30 min ethyl

methacrylate (712 mg, 6.24 mmol) was added. The reaction
Q) [47[(E)-3-{3,4-Dichloro-phenvl-acrvlovl]-7-oxo-[1,4|diazepan-1-vil-acetaldehvde

7.92 ml (7.92 mmol) of a LAH-solution (1.0 M in THF) was dropped 1o a cooled (-30 °C)
suspension of 3.28 g {7.92 muinol) of 2-{4-[(E}-3-(3,4-dichloro-phenyl)-acryloyl]-7-oxo-
[1,4]diazepan-1-yI}-N-methoxy-N-methyl-acetamide in 260 ml of THF. The reaction
was stirred for 5 min at -30 °C and then cooled to -78 °C. The reaction was stopped by
adding first 12.8 ml (174.24 mmol) of acetone and afterwards 0.9 mL (15.84 mmol) of
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WO 2007/122103PCMP2007/053490 - 69 - mixture was stirred at room
temperature over 16 h, then partitioned between ethyl acetate/n-heptane
wh langbwaier. The organic layer was washed with brine, d“ﬁ&ﬁm&%és 190
and evaporated. Chromatography (S|02 ethyl acetate, then
CH2C12/MeOH/NH40H 95:5:0.25) pro ced the title compound (51 mg,

4%%119/;(8&61%@9@#@4 YD g0 g 30) 8 MY b utlon o

diazepan-5-one y -5-0X |azepane 1-carboxy
AT fitde 2%01‘5% Hﬁﬂtﬂj"\%ﬁ éﬁ’éﬁ esyeRegeT dmssolved
c!ﬁl@?id@lsenﬁummmmm(EMMmcahé 10 S(AYcand bHiridd atmpommd as light yellow
temperatsies foy dvir than yvolatile material was removed by distillation, to
afford the 10 title compound (29 mg, 96%). Colorless gum, MS: 129.1
(ANree N @)ethaey -l -methyl-acetamide used in infermediate 1B was synthesized as
(Exi8w(3,4-Dichloro-phenyl)-acryloyl1-6-methyl-11,41diazepan-5-one In
analogy to the procedure described in intermediate 78C,
(E -3,4- dlchlorocmnamlc aC|d and 6- methyl [1,4]diazepan-5-one

Niirodnis Fret TElaTe % colorless gum, MS: 327.1
(M tuésélgtt%@@ %& g@eférAZ%a% il B a1 Y diaalonde e,

rac)-6-Aza-sp | Sloctane-6- c |c acid tert-butyl ester

sb‘?tﬁkﬁq%?fefzzﬂ)(s&%%ﬁ@@m’%m@ﬁ MG drEr Tla o ¢4 DEESO
(8ol af 0-Gantasnadgkrdlcll endieto Aiethds: (& 99 1B, BA8 Nufioh)CInehérs.07 L
Aaothisdniuieas R SETGR (i 2uDigles RET0IG ASOAN icr 5.5 b the

-hydroxy-4-methylene-piperidine-1- carboxylic aci tert uty ester
(56@5%@)@?@&?%@11 VBE1 2Py (49 8 B FIbIP - DEE (EaTHA plipass were
adakdeld afitr ayheohstiaterthaindatitn, wasstitselll fod Orkd at@Clartdiheield after
lawerdndsathl 0PI SRIAILS SURTIPNA (HIENBHIB TP AT clow
was then gquenche ition of saturated NRICI, separated, and
ot‘@éi‘rﬁc%ebg I\ia{%oﬁﬁ)rend 25 concentrated. Purfication by flash column
chromatography (EtOAc:n-heptane 2:8-1:1) afforded the title product (2.4

0, 54%) as a crystalline solid. MSy1228:%§MiH). B)
(rac)-6-Aza-spirol2.5loctan-4-ol hydrochloride Intermediate 81A (0.52 g,

23mineb vias dissielerb PR ML af-HGh 7 diQyan %&%)et%%e e onaldehyde

minutes. The reaction was then concentrated toa title product 30

pﬁeﬂg&qs% g?'f@'o%%%%@ﬂl%tn@mﬁﬁ')aﬁe 8LARMRS! %@m}( A%Rfloyl
d&p‘#@ (Isopropanaohn-heptane 5; 95) and subsequent a S ofgous

BB WRPPECA TSR B M &0 987180 mmol) of 3-bromo-N-

methoxy-N-methyl-propionamide (intermediate 2C}]) in 225 ml of THF was treated at 0
°C with 1.54 g (35.20 mumol) of NaH (55 % in oil} in two portions. The suspension was
stirred 4 h at RT, cooled and treated again at 0 °C with 1.54 g {35.20 mmol} of NaH (55
% in oil) in two portions. The reaction was warmed up to RT over night, treated a third
time at 0 °C with 1.54 g {35.20 mmol) of NaH (55 % in oil) in two portions and stirred
for 30 min at 50 °C. After 20h at RT, the reaction was neutralized with cold aqueous 10
% KHSO; and extracted with EtOAc (3x). The organic phases were washed with aqueous
saturated NaHCO;, aqueous 10 % NaCl, dried over Na,SO, evaporated and purified by
flash silica gel columm (CH,Cly/ MeOH 99:1 to 97.5:2.5) to vield 8.97 g (65 %) of the title
compound as an off-white foam. MS: 428.2 (MH", 2CL).



Intermediate 83 (-)-6-Aza-spiro[2.510octan-4-ol hydrochloride The title
compound was prepared by chiral separation of Intermediate 81A on a -

wellifRak AP column (Isopropanolm-heptane 5:95) and subseAEeNg/0s3490
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25

|c$ batp@

analogous 10 deprotection with HC1 in dioxane. MS: 128.1 (MH+).
Intermediate 84 (rac)-3-1-1ydroxy-4,4- a%éthyl -piperidine hydrochloride A)

(FC)-3-Hydrexy-Aa-dimaihv-pipgriding-1carboxylic apig terthutyl gster

Intérmeaqjate 8TA(0-43°g, 1.9 mmol)ywas dissolved in ACOH (7 ml) with
RRsgsEe 5 (0.4 g, 1.9 mmol) and stirred under hydrogen
atmos here (balloon) for 2d. The reaction was then filtered through Hyflo
RAnER HhhaRr a6ed s Bearetafe hrottioe fieke 1§, §496) (&3- S sidiere

(Mlehly)l) Briyhg)i3Hdydrioxyididagdianethyil-pipeddiney Hy dredhtbridepionamide gave
Intermedinin Sy wasdeRsniecias withiGkn digxane to afford the title
product as a 20 white powder. MS: 130.1 (MHt). Intermediate 85 (+,
cispameinyhpivetidhh3oh HyehewhiovitidAdsgdin intermediate 2A] was synthesized
transh3-Hydroxy-4-methyl-mueridine- | -carboxylic acid tert-butyl ester
(rac, trans)-1-Benzyl1-4-methyl-piperidin-3-ol (Tet. Lett. 2000, 5817) (13.0
g, 63 mmol) 25 was dlssolved in MeOH W|th Pd(OH)ZlC (4 g) and stirred

A sl ¥ HIYEEREY after which time Boc20

: 3! 3 ad ed h ra i |
%baﬁ%? 8“%%?%%&%58 %%E Q[‘G”‘rgtllerre(? For M, Pftere lom%aqd gave
HYfGihepEmeeedipatlnto %ﬂﬁmltﬁ@‘[{rﬂé’[éréaﬁ@t M5 58198%) as a
crystalline solid. MS: 216.2 (MH1). 13) (rac, cis)-4-Methyl-3-(4-n

o-benzoylory)-piperidine-1-carboxylic.acigi fertsbutyl ester 5 Intermediate
85A (6.0 g, 28 mmol) was dissolved in I HF (40 ml) with PPh3 (8.9 g, 34

S SRR ?@ﬁrﬁf’ ﬁé*i’é ateg%'eé’ e

dropW|se addi
da to room
5‘]8}1% 0= B ly absorbed onto

Ilca eI and urlfled mn chro%atog{j%p;’% t%}Ac 10 4
%BYSFF esﬁf HHH“cF(‘ZE §ra0% e Lamring
3@512 Mﬁ)te@ylemoa@)ihiwydwm phiithy R pisereife litasboryiitngeih white

tenthdutyl e grerd nieHnadiste 85B (5.0 g, 14 mrnol) was dissolved in MeOH
(70 ml.) and NaOH (4.5 ml, 6N in water, 27 mmoft was added. The

rgaction \@s3stiredifon hhafign whightime the- spivertemovedadespan-5-one
vacuum, the residue portioned between water and CH2C12 and 15 the

ofgeitien|id &8y gd ik a0narbodl) laHE criéertienedhorftoritHeritte
Produet ¢2-a:05 SA¥ohas hr vsialinesalickMa . 248 . Vit & (19.80 mmol) of

NaH (55 % in oil} in four portions. After 1 h 3.72 ml {21.60 mmol} of 2-bromo-1,1-

diethoxy-ethane were added over 30 min. The reaction was stirred over night and heated
for 1 hat 75 °C. The reaction was cooled and neutralized with cold aqueous saturated
NaHCO; and extracted with Et;O (3x). The organic phases were washed with aqueous
saturated NaHCOs, aqueous 10 % NaCl, dried over Na, SOy evaporated and purified by
flash silica gel column (CH,Cly/ MeOH 99:1 to 98:2) to yield 1.87 g (26%) of the title
compound as a vellow viscous oil. MS: 395.4 (MH", Cl).



D) (+, cis)-3-hydroxy-4-methyl-piperidine-I-carboxylic acid tert-butyl ester
Intermediate 85C was separated on a Chiralpak AD column (Isopropanol:

wor BeRIRISS:95) to afford the title compound. MS: 216.1 (Mg )@9 46} A£3400

1

o
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cis)-4-Methyl-piperidin-3-ol hydrochlorlde Intermediate 85D was
deprotected with HO in dioxane to affora the title compounds as a white

Rowdeg. MS: 5116 2, (I HRtemediare 866 s AMptbyl-pinariEioaRaehvae

|a e 85D [ d
t e tlt gopnrggl?gtg u@ '[Ielel%g%w er. %?1865%? 5‘\}%{ Ji%irré%%ﬁg a({7 rac
tﬁéﬁg%' )}|I ﬁl] mﬁ?fg%Pﬂ%‘F&&ﬂdr éo was treated at RT with 5
0074244088 CTEPR007/068480toT 2vaysared for 1.5 h, evaporated and
tm&%&%&%&m&@ﬂﬂa&ﬂ@iﬂ@@s Gﬁﬁbg%bd&eﬂ%ﬁ%tgwﬂﬁsm% organic

gaxdsf%g v (0.0, K mala dssa e nMal 4 Rrsea
with 5% ?1 um a Q) an ea eg ar 0
Wa&ﬂ&e é%%%wrﬁ%draé&%%w&%@ﬁ HiteroramoRghe off
nglﬂo% EmZM&.@ZgﬁIMHmGI) .added and the 5 reaction stirred for |h

before removing the solvent under vacuum. The residue was redissolved

in CH2CI2, washed with 10% citrimacidcitian, dried (Na2S04) and
concentrated. Purification by flash column chromatography
(EtGAEIpehigptang-prégyl) alitiedihe sitte: pditudidhiogdd 8%) of the title
product as a light yellow liquid. MS: 216.1 (Mfr). A small quantity of (rac,
cig)-3-sireoaye 2-prethyinpipgaristingr Licarmxdie 0 aeidbierbulyiastebutyl
(Q.06 9, 2%) was also obtained from the column. MS: 216.1 (M1-1). B)
(_a”C"‘trans) -2-Methyl-uiperidin-3-ol hydrochloride Intermediate 87A (0.7 g,
SARONHoY as stePs Becte ehtsin b M- pllggameegﬁﬁwdmgrmﬁ}tn@pﬁw&upbmyl
(est46§ & }%;) e?lﬁyl plhxl}rgs Pewcej lrzﬁ%lsc 11{%% gM_? -%)9 é@t%rd&f ?%eﬁ% (33 % in

(rac, cis Eerldln droc oride The'b
cRibLnspRRbRY oRet i}pmﬁ‘éﬁmﬁ*@ﬂ%‘gﬂ%&w Qem@ﬂ%%}twee%ﬁ* thsrfree 1-(3-
tlaﬁim@@@@lﬁ@p&ﬁlﬁ&%m@ﬂ&tﬁ&ﬁémﬂﬂg@@temeﬁwghﬂam mmol, 6.3

digxane;t rd t r '
(raX) #ggfl JSI??%) eri |n -3 gﬁ%}%@?&ﬁ?onj @/L\!x VJQH% %g%‘%ﬁ%& I%ng
and extracted with toluene (200 ml). The organic phase was dried over Na;SO4). The

reaction was warmed up to RT and stirred over night. After 2 hat 50 °C and cooling to
RT, the reaction was neutralized with water (50ml}, evaporated and then dissolved in
aqueous saturated NaHCO3/Et;O. After reextraction with Et,, the organic phase was
dried (Na,50,), evaporated and crystallized from pentane to vield 12.08 g (90 %) of the
title compound as white crystals. MS: 340.2 (MH").

B)Y  4-(3-Piperidin-1-vl-propvli-[1,4]diazepan-5-one-dihvdrochloride

A solution of 7.3 g {21.50 mmol) of 5-0x0-4-(3-piperidin-1-yl-propyl}-|{ 1,4]diazepane-1-
carboxylic acid tert-butyl ester was dissolved in 140 ml CH>Cls, cooled to 0 °C and treated
with 54 ml (215.03 mmol) of 4M HCl in dioxane, then warmed to RT. After 3h, 40 ml of
MeOH were added to dissolve the precipitation and stirring was continued over night.
The solution was evaporated, dissolved in toluene and evaporated (2x) to vield 7.7t g
{quantitative) of the title compound as a white solid. MS: 240.1 (MH").



A) (rac, trans)-4-Fluoro-niperidin-3-01-1-carboxylic acid tert-butyl ester
(rac)-7-Oxa-3-aza-bicyclo [4.1.0lheptane-3-carboxylic acid tert-butyl ester
wRIBl-b994, 39, 163) (2.0 g, 10 mmol) was dissolved in a RERGE.
(2.5 ml) and trisHF.Et3N (1.6 g, 10 mmolﬁ and heated to 80C for 12h after
which time the reaction was diluted 25" WH# CH2C12, washed with sat.

NaHCOS3, then sat. NH4AC1, dried (Na2s$4).and concentrated.
Purification by flash column chromatography (EtOAc:n-heptane 3:7)

aéﬂg%e Irtl r%p@ g‘iﬁ é1-5a9e 66°/§) as %X;eﬁor\%}ln%"g% MS: 220.1
P

SO (0] tayn e regl |somer rac
% car lft()_/ lagﬁt?ern(%utvi ester

569765 I?éﬁﬂrﬁfaﬁiﬁé&a?eos@;% ClvRER )
wa@deéme@téﬁtvhwmﬁ irndibxand effording trertiviédprogust 8. 8y,
9SY¥apasnd whitgpensesoMS MG L (Migrmtermediate 90 (rac,
trans)-3-Fluoro-piperidin-4-ol hydrochloride 5 The byproduct (rac,
trans)-Beflusreckhydraxeniperidine: toeatboxyic-agid ler-Ruylester ester
from the reaction to make intermediate 89A was deprotected with Ha in

Ok'ﬁ’)éﬁﬁ!l% t%fiﬁé%rt!i‘&:&!ﬂ% §QmRRHR Pt Atk IS0 INErMEAAIRRL 1 yi-

trans) -4- FI@éfg piperidin- -oI féochlorrde W

eridin-3-ol hy dro hIorr
@&roxﬁﬂ%‘% B PO R gr b, g gpmpound as of-

%Wﬂﬁmethylpyrrdrne (0.98 g, 9 mmol) was dissolved in a AcOH (50
?12 ﬁ\(,l 10 g) added. The mixture was heated to 100C under 100

bar o pressure for 20h. The reaction was then filtered through
Hyflo and concentrated. The residue was dissolved in CH2C12 (30 ml)
and Et3N (2.75 ml, 20 rnmol) andiBet2@d2i2 g, 15 10 mmol) added and
the mixture stirred for 1h. The reaction was then washed with 10% citric
asidisotgtopipdrigdh (NaRBDAdnd concentrated. Purification by flash
column chromatography (EtOAc:n-heptane 3:7) afforded the title product
(@:68:8: BRUwh S thPixtiec1gh MiRsteionars (cisdansiasiagoourdess oil.
MS: 216.1 (M1). B) (rac)-4-Methyl-piperidin-3-ol hydrochloride 20
Intermediate 91A was deprotectegwith, kit dp dioxane to afford the title
product as a white powder. MS: 116.1 (MH). Intermediate 92 4- [3-( (-

)*ﬁﬂ]{}{@;ﬁ@n% ﬁgfr@agglﬁilgg -6:y1)-propyll - [1,4] diazepan-5-one
dihydrochloride 25 A) 4- 1 -

oA SR SRI a'gsrﬁq%ﬁw%%o%f%s figjazepane-1 -

car oxy IC acr es e

5-0x0-4-(3-0x0- propyl) [1, 4]d|azepane -1- catrngylrc acid ten-butyl ester

(intermediate 61) (0.19 g, 0.7 m d with
¢ 2}-_%%%@&_!’%2 5]8 %E%Qago -3- )dgiggr'? Jdg,‘ hydrochloride

A) 4-{5-Methvl-4H-11,2,4riazol-3-vl)-piperidine- 1 -carboxylic acid tert-butvl ester

4-Hydrazinocarbonyl-piperidine-1-carboxylic acid tert-butyl ester (1.19 g, 5 mmol) was
mixed with ethylacetimidate hydrochloride (0.91 g, 7 mmol) in DMF (5 ml) and EtaN (2
mi, 15 mmol) was added. The reaction was stirred for 1h after which time the DMF was
evaporated, the residue redissolved int AcOH and 0.5 g of ammonium acetate added and
the reaction heated to 100 °C for a further 3h. The reaction was then concentrated,
redissolved in CH,Cl;, washed with NaHCOs, dried (Na,SO4) and concentrated. The



i0

20

WePIPRIeX, (8518 ml, 8M in pyridine, 1.4 mmol) for 20 minutes.

(intermediate 83) (0.12 g, 0.7 mmol) in DCE:EtOH (1:1, 6 ml), AcOH (0.18
ml) and WO 2007/122103PCT/EP2007/053490 - 74 - pyridine-borane
Eﬂ‘?ﬁ 5‘49.%}49
was then concentrated, redissolved in CH2C12 and Washecf with sat. ’
NaHCO3, dried (Na2S04) and concerittdtéd. The residue was purified by

f@gg&%&g&%’ %'B?E?ggsﬁag%h%n(% "l?r&%%tbg%?%%? zf‘fﬁe%i@? U1 1o afford
SLﬁ“PRfdPB 895%4%?.%/1&@%6?18%% BHoRV MY £ n-5-one

dlhydrochlorlde Interrr;edéllate 92A was deprotected Wlth HC1 in dioxane to

10Intermed|ate 93 (rac, CIS)3 Fluoro plperldln 4 oI hydrochlorlde A)
3-thadtesladrdfdrbh - pisereinert)-chrtesaic lackheriiagiddstebutyl ester (0.12g,
3-FluonotAvexatpipendiner kdathoaxyfiEario tertdiutyhesten(@Ghémstktsdfor 2h

$120H8n Portc Atbhidd Ry ra el as slissp et MeSH: (i aRigd tPrmr

i b %6“%%822‘%3.@5 b é?%'eﬁ SRR

anbrvihiéftinddltme) solvent was removed under vacuum, the residue
redissolved in CH2C12, washed with water, dried (Na2504) and
concentrated. The product was pilrifisnidsiatagh column chromatography
(EtOAc:nheptane 3:7-1:1) to afford the title compound (0.67 g, 67%) as a
vitite Bolide-spitdVIRIZO400:MHZ, DMSO) 8 1.19-1.68 (11H, m),

2.80-3.0 (1H, m), 3.06-3.17 (1H, m), 3.59-3.70 (2H, m), 3.90-3.97 (1H, m),
A Bpdidd fellpdbid, thHzo BYdrachliis Bk lubfedpipianainodn hyek oaddorsdes.
Intermediate 93A was deprotected with HC1 in dioxane to afford the title
compound as a white powder. M§i2AQe8itMI T(). 25Intermediate 94
(rac)-3-Methyl-piperidin-4-ol A) (rac)-1-Benzv1-3-methyl-piperidin-4-ol

LsBergyk3pethitipesdindiang (2:8:8d0mmol) was dissolved in MeOH
(20 ml), cooled to OC and scj)%rllum borohydride (0.2 g, 5 mmol) was added

PertRRI g8 oG WOLEABUILEANRREE RARRRR87/PR3480 5065 -

Intermediate 11

1,3,8-Triaza-spiro[4.5]decane-2,4-dione

Prepared according to the procedure published in J. Org. Chermn. 1996, 61, 22, 7650-7651.
Intermediate 12

4-(1H-Pyrazol-3-yl)-piperidine

Prepared according to the procedure published in W(2004/094371(A2).

Intermediate 13

trans-4-Amino-1-pyridin-2-yl-cyclohexanol

Prepared according to the procedure published in WO2005/060665{A2).
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reaction was allowed to reach room temperature and stirred overnight
after which time the solvent was removed under vacuum, the residue
wEHaseiven in CH2CI2, washed with water, dried (Na2504) 8aQl;ur097/053490
concentrated to afford the title compound (2.1 g, quant), a 3:1 mixture o
diasteriomers (trans:cis) as gum. MS: 2662 (MI-1"), 5 sitidin.-4-01
Intermediate 94A (0.93 g) was dgﬁg%$ inEf QH (20 ml) and Pd(OH)2/C
(0.2 g) and cyclohexen (2 ml) adde ion was heated to reflux for
]]6(5) hich trmj %%r/?as f||t2ered through Hyflo and concentrated,

aft
affoi%ngt 6 fide pr T quant) a brown oil. MS: 116.1 (MH*)

Inter ediat r c,trans e in- dro hlgrid
AR S SRR MRS Ao oIE el e bagp-277°
ester 1 Benzyl-5- methyl 1,2,3,6-tetrahydro plyrldlne (Tet. Lett. 1998, 39,
5417) (7.7 g, 41 mmol) was drssgﬂtégziﬁgﬁ-ﬁ:—éloo ml) and sodium
borohydride (2.6 g, 69 mmol) added. 15 The mixture was cooled to 0 C
dhthBerbrmtasa el e ATid mmol) added, the reaction

aIIowed to reach room temperature and subsequently stlrred for f|t The

any remarnrgborane and thena suspenS|on of Oxone (42 6 g 69 mmol)
if vatelufiooohTixavels Sddétimndihie rehedoriadall Slfowbdves rédchbasne.

tempesaiyle: (1h)mlhereattiom wasxe) filleled. axtactednamitd BIOACathe which

%%9&&99&%‘8%‘!‘%@&?&%@’7 gh%%ﬁi?t‘é’ Mﬁ?k‘r@ﬂ%@%@es, 14 mmol)
{ﬁ%égted with CH2C12, dried O4) and concentrated. The crude

@YY Wds SRR st Lot sghtied GhH@iveridone
réia%grdr@ swirreld untidF aH0anh asblsarelddd jieogeni¢baliond) fortetaitdh at -78

whitbréirneliBeais £41i3b 1 reath wasaddadina seastiomstimedstardh is then

b Bieed ool o AR (ORCSRIAIR, B2 SRR Uan R [ bnorae
mn chromato tOAC: n-he tane46 aft or egathe}tltle product

lﬁﬂ@ﬂ ﬂﬁé‘r@%ﬁ@ OO é’fé*féfavrar) BIFAE

ﬂm@wgtpgﬂﬁendﬁﬁt@@ I‘ﬁyat@mrﬁo? défonde ﬁ#ret!‘ikterQSWWéé’gleﬁﬂ%t@@ted

wishh t@sipdinxanedaiaffeie diileniaducbasradubitevpiweler. (M$17116.2

(MH). 30Intelmediate 96 (rac,cis)- 3-Methyl-piperidin-4-ol hydrochloride

WO 2@%&32&%@%@6@%@%@@%@ ~hboiracidais)-Brieticl #:1g, 0.4

i beddgepbeul et M e WIEdiA e S 9OAD.80ireq

mmol) ' was convert elg fo the 4-nitrobenzoic ester analogous y to

IR e dRAEBSHORBH RGP GHRIFBIOHUCD(0E & et@%ﬁ e Hgrmeadshd0-08s

M82868s5275iB)s(lat, ¥18)- Uy vty 3-methyl-piperidine-1-carboxylic acid

tert-butyl ester Intermediate 96A (0. 86 g, 2 mmol) was saponified

analogously to intermediate 85C affording the title product (0.5 g, 98%) as

a colourless oil. MS: 216.4 (MIT"). C) (rac,cis)- 3-Methyl-piperidin-4-ol

hydrochloride 10 Intermediate 96Basedepeatected with HC1 in dioxane

to afford the white powder. MS: 116.1 (MH?*). Inteintediate 97

4-Methyl-piperidin-4-ol

Prepared according to the procedure published in J. Med. Chem. 1965, 8, 766-776.



(rac)-3,3-Dimethyl-piperidin-4-ol A)
(rac)-1-Benzyl-3,3-dimethyl-piperidin-4-ol le product as a 15

wir BRRdykn3, 3-dimethyl-piperidin-4-one (WO 01/00577 A2) (5cQ-@p237/053490
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mmol) was dissolved in MeOH (25 ml), cqoled to OC and sodium
borohydride (1.0 g, 25 mmon was added portionwise. The reaction was
allowed to reach room temperatytg and gtirred overnight after which time
the solvent was removed under vacuum, the residue redissolved in

h ter d (Na2S04) and concentrated to afford
%E%é%%ggcﬁ)%m%%%d \A[fggl% d&ﬁ? ). MS: 220.4 (MW). B)

e B e e L Mo Sy ey
reaction was heated to reflux for éG h aféer w?%ch time it was filtered

through Hyflo and concentrated, itle product (0.5 g, quant) a
25 white crystalllne solid, MS: 130.1 (M1- 11 Intermediate 98

(AP BA RNl FETBREH o] A)

8-0x0-5-az iror2.5loctane-5-carboxylic acid tert-butyl ester WO
SRS i BOOTTOSSHGOPL IR ik Dl NI LSBT T
tert-butyl ester (1.0 g, 5 mmot) was dissolved i in tBUOH (10 ml) with
tBuOK (1.1 g, 10 mmo1l) and stirfaizsedBimidutes before portionwise
addition of (2-chIoro-ethyl)-dimethyl-suIfonlum iodide (Tet. Lett. 1984, 25,
ShBEyy(oxy -gimndmetteudrdhy ikheideantisn was stirred for 16h after which
time it was 5 partioned between water and CH2C12, the organic collected,
dPiega(iNbRS@dinand bercentdate gublabbddol YR o aREDYEHhy
(EtOAc:n-heptane 1:9-3:7) afforded the titled product (0.2 g, 19%) as a
colourless oil. MS: 130.1 (MFF]). IB}ermediate 20
(rac)-8-Hydrox-v-5-aza-spiro12.5loctane-5-carboxylic acid tert-butyl ester
IntermedisteRBholy- 2galyainohwas dissaived in MeOH (5 ml) and
sodium 10 borohydride (0.04 g, 1 mmol) added. The reaction was stirred

for dhonce mfﬁt@ 2@@5%&%%%9%«@%562%@ aksbvatesithe rroganic
a an onc e as
CQ\}@SE go fgr a\f gtlr@%) a‘%ﬁ‘%&f%@ﬁau dium n charcoal

roma gra e tane prou

((()Igya WSRY, é@r@%gl)gwﬁs' sm};:gdﬂgnil%m:ﬂ&ﬂ 1ch time it was ﬁ}’rered
(thoy A Zafspital2istioctam@utd&lntermediate 38R Wat depidteciéen up

VO diexsng) ihafford dhedtitled adudt as andite prwedes, M&) as a vellow

128 A M) INerMetialBedds he trans isomer). *H NMR (300 MHz, CDCL) (cis
isomer) & 1.60-1.80 (2F, m), 2.95-3.00 (1H, m), 3.22-3.43 (5H, m). 3.82-3.95 (1H, m),
4.01-4.13 (1H, m).



1- RE)-3-(3-Chloro-4-fluoro-pheny1l)-acryloy11-4- (4-iodo-butyl)-
[1,41diazepan-5-one A) 1- (E)-3-(3-Chloro-4-fluoro-phenyl)-aciyloyll

withidsiegesbutyl)- [1,41diazepan-5-one 20 In analogy to theﬁ%ﬁ%g%sﬁgo
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described for example 9A and 9B, 1- RE)-3-(3-chloro-4-
fluoro-pheny1)-acryloyll - [1,4]diazepan-5-one (intermediate 54) gave the
titte compound as yellow foam. M3-4/8:9,MIr11. Intelmediate 100 (rac,
trans)-4- Methyl piperidin -3-ol hydrochloride 25 The title compound was

ﬁ}) Hé/%% @;&(%—l -3-Hydro7-4-

Rﬁ%fhy -piperidin arboxylic %ter}%%)l ester, by deprotection with
CI In dioxan 1 W

RO Bl ol MO g 03464

2007/122103PCT/EP2007/053420 78 - Thg %itle compound was
prepared in analogy to intermedi = 6.2 (MI-It).

Intermediate 102 1-Oxa-4,9-diaza-spiro[5.5]undecan-3-one The title

dGriboh R R e e R eHBEERBEAtA™E Med. Chem. 1983, 26, 6, 855.
Example 1 1-

ﬁ’mpsrf(é aoHpgpREnAYTRRRS 21 -A9D-pyriolitinoriyl-atifing 4]diazepa
n-5-one A)1-1(E)-3-(3-Chloro-phenyl)-acryloy11-4-(2-py41diazepan-5- 10

one In analogy to the procedure BesExpdamZhtermediate 4A, 1-
[(E)-3-(3-chloro-phenyl)- acryloyll - [1,4]diazepan-5-one (intermediate 3A]
(2haS)-pHotdororethyh Lisimolidinb aalie thid thikiigdrspound as off-white
powder. MS: 376.5 (MH7, CI). Example 2 15

Pf2pided tetylipipeibbirdiont)-attohd (Tetrahedron Letters 2001, 42, 49, 8571-8574).
[(E)-3-(3-chloro-phenyl)-acryloyll[1,4]diazepan-5-one A)4-1244-Acetyl-
piperazin-lI-yl) -ethyl | -1- [(E)-3-(Bxehiasdiaabenyl)-acryloyll-
11,41cliazepan-5-one In analogy to the procedure described in

inter AR diate dbbxyl 2 (3B gpheyhe

Prepared analogously to intermediate 21 from trans-3-hydroxy-L-proline.

Intermediate 25
(cis)-(rac)-3,4-Bis-(tert-butyl-dimethyl-silanyloxy)-piperidine

Prepared via (cis)-(rac)-3,4-dihydroxy-piperidine- 1 -carboxylic acid benzyl ester
(Tetrahedron 2006, 62, 3284-3291), followed by silylation (tert-Butyl-chloro-dimethyl-
silane /imidazol in DMF) and hydrogenation (109% Pd/C, H; in ethanol).

Intermediate 26

{trans)-(rac)-3,4-Bis-(tert-butyl-dimethyl-silanyloxy)-piperidine

Prepared via (trans)-(rac)-3,4-dihydroxy-piperidine-1-carboxylic acid benzyl ester
{Tetrahedron 2006, 62, 3284-3291), followed by silylation (tert-Butyl-chloro-dimethyl-
silane /imidazol in DMF) and hydrogenation {10% Pd/C, H; in ethanol).
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25

20 acryloyl11-[1,4]diazepan-5-one (intermediate 3A]) and 1-
[4-(2-chloro-ethyl)-piperazin-1- ylLethanone gave the title compound as
wiiWhjig,hggm. MS: 433.2 (M1-1+, Cl). WO PCT/EP2007/053490
2007/122103PCT/EP2007/053490 - 79 - Example 3
1-RE)-3-(3,4-Dichloro-phen4,4)-acry|oyﬂ-'4-(2-piperidin-I-yI-ethyI)-[1,4]dia
zepan-5-one A)1-1 (E)-3- (3,4-Dighlarg:phenyi),-acryloyll-4-
(2-piperidin-1-yl-ethyl 1,41diazepan-5-one 5Th analogy to the procedure
bed.in inter te 4A. E 3 4 -dichlorophenyl)-acryloyll
[Fef%lgzgezpa [c{)l;%ﬂi(%ﬁ%ﬁ%%#la[t% %&3 and | -(2-chloro-ethyl)- piperidine
gave th tltl as wht 4.1 (Miff, 2ClI .
[;f@?r (f_“glc ﬁpro S-phensi)- acry ééplel}l yﬁtpﬁo%&@ﬂgﬁﬁ 1759
[ |azepan -5- 10 one
A)l 1(E)-3-(3,4-Dichloro-phenyl)- acryloyll -4-(3-piperidin-1-yl-propy1)-
[1,41diaze2an-5-one In analogy tatezngdeateddre described in
intermediate 4A, I-[(E)-3-(3,4-dichloro- phenyl)-acryloyl1-
[E;&]d&dﬁ}:iawsldd@'(ﬁmﬁinedmmboaidd 1-(3-chloro-propyl.)- 15
piperidine gave the title compound as light yellow solid. MS: 438.1 (MW,
28 tpateamplaibg fo the procedure published in W(02004094371.
RE)-3-(3-Chloro-phenyl)-acryloy11-4-(2-morpholin-4-yl-ethyl)-[1,41diazep
an-3-one A)14-1(E)-3-( 3-Chloro-phenmyéiaesdoyll -7- oxo- [1,4]diazepand
-ylt-acetic acid ethyl ester 20 A solution of 4.33 g (15.53 mmol) of 1-

REPF3dhIpra-phampbnacileylibtildAldiaganan-5-one (intermediate 3A)
in 80 ml of DMF was treated at OC with 0.75 g (17.09 mmol) of NaH (55

Tarinpil H&M@sﬂg{&%ﬁﬂ&@{%rﬁ@mmwm&%%g@&ﬁ%% mmol) of
acl

bromo-acetic ethyl ester in 1 ml of DMF. The reaction was stirred for

5 hat RT, cooled (0 C) and treatggdagain:with©.20 g (4.66 mmol) of NaH
(55 % in oil) and 25 after 20 min with 0.34 ml (3.11 mmol) of bromo-acetic

warme T over night, cooled
éj rﬁe%% Qh a%%zren%%a% ‘9 %Hgézf gnd extracted with Et20
T

6 s e v
0

m&sﬁt ot &?‘E?rf%* t@%‘éﬁ.@%’f@? i %’%é%% %’é%ég% i (520@ Lpgom

266t/ 122 wesPO TP 20674 06 39502 B {7.77 mmol} ethyl 1- BOC 3
piperidinecarboxylate in 7 ml THF., After 30 min at -78 °C, a solution of 2.42 ml (38.86
mmol) iodomethane was added. Over night, the solution was naturally warmed to RT,
poured on aqueous 10% KHSO, solution and extracted with ether {3x). The organic
phase was dried (Na;504) and evaporated to give 2.81 g of a mixture containing 40% of
the desired compound and 60% of starting material.

Repetition of the procedure above gave 2.81 g (quant.) of crude title compound
containing ca 10% of staring material. MS: 272.3 (MH").

B) (rac)-3-Hydroxymethvl-3-methvl-piperidine- 1 -carboxvlic acid tert-butvl ester

6.14 ml (1.2 M in toluene, 7.37 mmol) of DIBALH was dropped to a dry ice cooled (-30
°C) solution of 1.00 g (3.69 mmol) crude 3-methyl-piperidine-1,3-dicarboxylic acid 1-
tert-butyl ester 3-ethyl ester in 2 ml of THF. The reaction was warmed up (0 °C for 1 h),
continued for 3h, cooled (-15 °C) and treated again with 0.61 ml (1.2 M in toluene, 0.74
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B)1- E)-3- ( 3-Chloro-phenvn -acrylovil(2-hydroxy-ethvl) - | 1,4 diazepan-5
-one A solution of 2.16 g (5.91 mmol) of
wifsiE1231(3-chloro-phenyl)-acryloy11-7-oxo- [1,4]diazepan-kyd 66653490
acid ethyl ester in 30 ml of ethanol was treated at 0 C with 0.45 g (11.81
mmol) of sodium borohydride in 30 ml of%thanol during 20 min. The 5

rﬁﬁ‘ﬁﬂ%ﬁ’!ﬁ%ﬁﬁe%% i @;@Feﬂmﬁ%é?%%h %%Jr@ e, A9 with

0.45 sodiym borohydride. After at PT the reaction
ROVE é%"?zﬁﬁ%a% GOFRIFSEA B eR a&ﬁ%aﬁ%&ﬁ%ﬁeﬁ& paRgic
W%ﬁgﬁﬁmﬁmmermné@%uh&@hﬁqéeu@llé%imﬁ@zﬁO@l}ueuﬂ@veporated
NagcOdeviparalies @hebpurified-hyflashmsitioa gel columr 0 stiangie
t@&g&%&%@%@gi %) anygp&g{ﬁo g (79%) of the title 10 compound

as light white’foam. MS: 323.1 (MEI', Cl). C4- (2-Chloro-ethyl ) -1 - ](E) -

- hen Ie)rlch crqu Il- . L%hﬂlql%zg&r}]m@lgne To an ice-cooled

3- '| oot Joylld-(2-hyd
A E@i’% T —
oﬁelﬂa%"é‘#ﬁéﬂlféf?étxbéi?@ aitieredeo dFaBiBg mhﬁ%siﬁﬁ%ﬂﬁ%aﬁeé%r(ylm a
chibtice ohdel bisthaing withinl Siivinikéepging thederperaitghati®RT. The

r?@h@ﬂ@ﬂ %@Sﬁ%'ﬂ%gc@h{ﬁ%ﬂ {eNRREAYIR t@[élvefbéét@i ReiMY BRINAR ARDES he
angL.aft c'[uc K;%eﬁe é' Ds (0 the %}ti%’d‘id een ether and

aqu s sa e water phase was e racted again with
ether (2x), the organic phases were washed with aqueous 10% NacCl,
dried (Na2S04) and concentratemf%%g (87%) of the title
compound as yellow 20 viscous oil. MS: 341. Oél H+, 2C1). D)1-

(B33 mm@%@&%%&&eﬂ“{’?%ﬁfﬁ ‘Zfi‘éﬁazepan 5-one A

solutlon of O 085 g (0. 25 mmol of

+3 -carboxvlic acid tert-butvl ester

acryloyl] [1 41 dlazepan 5 -one in 13m| of DMA was treated with 0.04 ml
(050 ¢HpRoN BF D8 rhéRhalivie elrdestirdddoreneb P mahdtainstidae-1-
wasbagdedaad-atibing swas gondiniedthfos) And hereactiorn wasol) of

%ﬁ%@ﬂéﬂﬁhﬂ%ﬁ%@%@%@&%ﬂ@ﬁ'&@%E&%%(c?f?(% (ke H{&%B'%fNaH (55 %
has ere washed with 10% NaCl1, drie Jﬂ?i‘%ﬁ .
c%%o’“ nt "eﬁe"aﬁﬁ%’ﬁ%ﬁﬁ %ﬁ Bﬁl‘% g ST AR Oss Hi%e
26HIPome ryaveed. 0o §4L éﬁ@) ofmetmemmmwwaeﬁ%mél aqueous
visa0usOINIABC3 10 0MElR 2CHa G0 Exadmpler MNa,SO, evaporated and purified by
1alE):3:63 A Péﬁmﬁ{?rpfﬁ% MagtAayll é/ %ﬁ%@g f4(§4d3599¥ﬂé hdi

azepan-5- WOZ 07/12210 T
1<% Oﬁnéaﬁ Cﬁ}g %Fcl)l%lﬁ mn fa%%%l%@f‘ [3 (tetrahydro-mrran-2-vioxy)-

prpyl 11,4 dlazepan -5- one In analoy to the procegure described in

[1, 4]d|azepan -5-one (|ntermed|ate 1A and

SLpmHosIo Ry 48 fﬁaﬂlfy%swfrazﬁt@%{veqﬁe fifle-dstnpeunetaesiRidyl-3-
solidhylPeABBS (MrboR@lic B)ditefi(!EiryBesf8r gave the title compound as white
Apiciprorphenyllagrylovil-4- ( 3-hydroxy-propyl)- [ 1,41di azepan -5-
one A solution of 1.30 g (2.85 mmol) of
1-{(E)-3-(3,4-dichloro-phenyl)-acryloy11-4-13-
(tetrahydro-pyran-2-yloxy)-propyll - [ 1,4] diazepan-5-one in 6 ml of
methanol was treated



10 with 0.22 g (0.86 mmot) of pyridinium toluene-4-s ulfonate and stirred
at 55C for 30 mm. The reaction was cooled and extracted with agqueous

wiPKEbeR4/EL20 (3x). The organic phases were washed With- e OMS3 400

10

15

20

saturated NaHCO3, aqueous 10% NacCl, dried (Na2S04) and evaporated
to give after crystallization (Et20) 0.98 g (92%) of the title compound as
white solid. MS: 371.0 (MW, 2C1y, . C) Methagnesulfonic acid 3-14 -1( E)-3-
(3,4-dichloro-phenyl)-acryloyll 7"6)(“6[17H'diéﬁpan 1-v11-propyl ester In

the 5C, 1-
a@@- R e ooy D).
4 d| ar%h5 one and gwethgn(e%ulfon | ch%ortidg gatveégale (;[Elude ngc 4”
com ou d'as wﬁrf)eig‘érr% R B TR PRI MesymEd

zwméwaearwiamw@ﬁﬂz% deprgtespion. Eliit%idf'ﬁ lﬁéiﬁi’%fd i&w title
salutiomed & 50lerieksbll.mmol) of crude methanesulfonic acid
3-14-[(E)-3-(3,4-

dichloro-pheny1l)-acryloyll-7-oxo-{htéidiedensss 1-yll-propyl ester in 20 ml

of 2- butanone was treated with 0.33 g (2.23 mmol) of sodium iodide and

stivedaiPm fehiara2m S8yinpip Bl eREIRMGSR00led, evaporated,
suspended in 60 ml dichloromethane/Et20 (1:3), filtered and the organic

%%%QWWMDI&&J@&Q%@@%%&WQ AGAIH Wit 4-h droxymethyl -4-
dIC orome(;tg i L}?r e;;%% %tlo gfg{ g\r/%/éi 9{ % 95%?50%% as whife
COMpo as white so )

200 /122103PCT/EP2007/05349O 82 - EI_ALIELILDA-DicMoro- hen 1
-aclol.aylianoro .- f1,41diazepan-5-one In analogy to the procedure

described in example 5D, 1- [(E)-Bugmediebtcid-phenyl)acryloyll
-4-(3-iodo-propyl)- [1,4] diazepan-5-one and morpholine (with no

additid AcYisthplepipariditickey avethdrmr fiidhoshicaidel column purification
(CH2C12/Et0AC 99:1 to 96:4) the title compound as a tight yellow viscous
oih M3 odd  2hd\bkec R A) dEskaibrpl oY intermediate 30A to 30C, ethyl 1-BOC-2-

14k kidnkBedr RRaAYh-acHianbld-t3 RIREFGinidorieRyp-11,41diaz
e%g% 5- one%{lﬁ?@% (E)-3-(3,4- D?I%oro phem?lp)?acrylg;n -4-

(3-piperidin-I-yl-propvl)- [1,4]diazgpan:H-e06. 48 analogy to the procedure
described in intermediate 1A, (E)-3.4-difluérocinnamic acid and

AP EP NAdle gpgr% {f}a y4 Bﬁa’lh? %dmy&ﬁf%m

(mterme ate4 In CH2 12 WI 4 equiva ento Et3N) gave

}, 209 (E104g) g e

- od-ol NVaroc
SRR the ?Z%piz %ﬁ’é T ‘?ﬂ%’f'é SR Ko,
(Eest (3}1@%&%&&%[%8%#&&%%43 )zmzamiaﬁé/bﬁ%v@ﬁeeated with a
solution of HCl in dioxane (1.24 ml, 4 M in dioxane, 4.97 mmol) and 95 mg of
PA(OH),/C (20 %) and was stirred over Hy-atmosphere for 16h. After filtration, new
catalyst was added (95 mg of PA(OH)»/C (20 %)) and stirred over H;-atmosphere for 2
days. After filtration, the solution was evaporated under reduced pressure to yield 0.66 g
(86%) of the title compound as a ca 1:1 cis/trans mixture, MS: 132.3 (MH").




In analogy to the procedure described in intermediate 1A, (E)-3-
(trifluoromethypcinnamic acid and

wh GaaRipatigin-l-yl-propyl)-[1,4]diazepan-5- onedihydrochlon? P2007/053490
(intermediate 4B, suspended in CH2CI2 with 4 equivalent o N ) gave
after purification on catridges, Si-Aming, 450 mL, 20g (EtOAc) the title

compound as a 25 light yellow vi il 438.4 (1\41-11). WO
2007/122103PCT/EP2007/0534§§“83—E%TM%% a3 e9

) 57&3 chhl hen clr%Jl é{ iperidin-l-yl-buty1)-[1,4]dia
l(el[a(lj 33 one %ﬁqt%%e l)ht%ﬁy ’y% -dichloro-phenv1l)- acryloyll
- 41| epan -5-gne 5 In analpgy to the Drog ed re escrled in exiamp
Zn) {ya - methoxmethyi-pioe ding-Ir athoxylic acid-tert-hutyl este r and

gl 1_ acryioy L= A e

orange solid. MSI4O3 2 (Ml 1+ 3CI) |I|zI|E17 3n 3 4 DICh|0I| 4 dine
5 ahBloen dhleriaddgy tantelprddedtiire bisloryedtindexampetbydDiperidine-1-
Hﬁ;ﬁh}ﬁEth&lWﬂt)blrt}R@}eg(@&m&&lc & Medicinal Chemistry Letters (2005), 15(5)},

dighlora-p %PXJIQF&YB%J W %9{ SP@W{E@%@%%%WSB %'N’?—f%zs %

stirred at 0 IVG th et e compoun ran

4850 Wy @zé%m%m wﬁﬂam& %ti%l%’i’é‘ﬁ}éﬁf%ﬂ@@‘m%’&léémf
tff&lroBedurstimsenbetin éxaipe GTS, DR idichldrorpheny O

10 18rasnyloyd b4rbdriadath w&)fi}mfgﬁka@@ﬁ{tgmw @68 pipaddiner(Withous 10
L %%P%E’%h sRdivm, 5%‘ ‘2925%?‘%%&%%& {a&&%’@ IB? Yl ag:white RAWSt,.

§?W€fﬁ6¢(§‘%ﬁ%ﬁ§ﬂ} AHS?IW}F Qtofiag[%ét/hwf‘l methoxy-3-methoxymethyl-
(witreriidrol pyrdnsatiy Beidrindibutydsta bdighayepanod.0M8:260.0 (MH") and
A@lﬁé%?i@bﬁ%ﬂ@&m%ﬁim@’%ﬁ%wé{hﬁ plferidine-1-carboxylic ac:id tert-

15 o Si'ﬂs({%?tggg‘{%ﬁ? }%M %041 é/(gr?taﬂémg%ll bsgy 1 %acﬁ%%?&%éﬁqu -Mmethoxy-

of 0.10
Ffﬁse§<?§lérld ‘r&eaf Wéﬁ%t&ef%ﬁir - 28lifH)

[1,4|d|azepan -5-one (example 98)|n 3 1 ml of DMA was treated with free
Gskisfl - paheliBydiegprideene [0.035 g (0.22

mmol) methyl 25 (tetrahydro pyran -4-yl)-amine hydrochlorlde were

disserledrirale rperos fesatsd Wwaisxragied Hth teioehd(draiY)3The

Ofmm&phaﬁglvpmddlﬂd overiNadbQ4l andisifedtop22 hatiBd cdhiiound as

Q401 b of JniENivas; S finueghior t
T e
5 mmo% ?tetrahydro pyran-4-yl)-amine
hydrochloridewere dissolved in 0.5 ml 30 aqueous 10% NaC1 solution/0.4

ml of 1 N NaOH was extracted witht&h2@Gie @ m1). The WO
2007/122103PCT/EP2007/053490 - 84 - organic phase was dried over

NeZSadj e addeteanshheated-fop&idiat BOdechi@kaction was
extracted with aqueous saturated NaHCO3/Et20 (3x). The organic phases

25 In analogy to the procedure described for intermediate 30C, (rac)-4-methoxy-3-

methoxymethyl-piperidine-1-carboxylic acid tert-butyl ester {intermediate 36A) gave the
title compound as light yellow gum. MS: 160.2 (MH").



were washed with aqueous 10% NacCl, dried (Na2S04), concentrated and
evaporated. Purification by catridges, Si-Amine, 70 ml, 20g
WHHEPBRgHEIOAC 1:4 to 1:9) gave 0.004 g 5 (4 %) of the titl &HEEQ&‘H%?; 190
as a light yellow semisolid. MS: 482.3 (MEI', 2C1). Example 11
1-[(E)-3-(3-Chloro-4-fluoro-phenyl)- acr)ﬂ%yll 4-(3-piperidin-1-yl-propy1)-
[1,4]diazepan-5-one A)1- [ (E)-3- Iﬁegx%ﬂrﬁ’te 3féuoro phenyl) -acryloyl -4- (
3-piperidin-I- yI propyl) - 104 cf_,“hazgaat _1-5- one A suspension of

29093pan (;Bhr)ld?oa(gcﬁ)ngﬁ% ?f’elég)r% %%e{l} and 0.077 g (0.38 mmol)

=):3- hloro -4- quProclnnamlc aC|d in fCH Cl was treated with
: AR OXC AT { : & L —Cr 2 L1 FiH a2 0.085
(0.41 mmo% of N,N'- 15 dlcyclohexylcarbodumlde The reaction was
véafﬂ%\é%oaﬁ% ap ﬁ.@%ﬂ%ﬁﬂvl i PRRRINET Setedneent i 8ypl (3.00 mmol)
5 seltbtateid NaHCOSHTBe wrgtinitepha8es wishe Viashied wWithh agtiedusclido

NaGhogsiashevemnaisid aackemapdsaterhtagive riianRdficalan R us 10 %
cgegﬂ@egnd%mew&@h %99 %%%ﬁéﬂ@%%ﬁm r%&ég%%ogqueous

t etltecom oun as awh |eso

B ?yg%égmgﬁ%te%gndg%}ﬁ?ﬂ@& gafh silica gel column (n-
Hﬁmnﬁiﬁ%cméﬁ@ pridtinygld 338 eridéYl pahGipipeneutddspropy 1)lid. MS:
10 [2stidiagapgn-5-one 5 A)(E)-3-(5,6-Dichloro-pyridin-3-y1)-acrylic acid
methyl ester To a solution of (5,6-Dichloro-pyridin-3-y1)-methanol (1.8 g,
10 pmothin- G 1Gd7 (400 ias addechmangansse dioxide (4.4g, 50

mmol). The reaction was stirred for 16h after which time it was filtered

throngh,aRadef %@49@@9&%@&1fepmemédm@%%seé&a&%%%ﬂ}lmmo
20. mm dde the eac tlrred forﬁ}fur er 4k The manganese

d?o&ea* as 1é 8§‘é& By iltrt o”ﬁY OISy A TPt solid. MS:
cb’?ﬁtérwaﬁed affording crude 5,6-dichloro-pyridine-3-carbaldehyde (1.4q,

15 81%). This was then dissolved injighienrdit26 3wl) and
(methorycarbonylmethylene)triphenylphosphorane (4.1g, 12 mmot) added
apdie-pipdunenheatedriarabuxdan dmafterwhighiitpR iR mixture was
diluted 15 with CH2C12, silica gel added and the mixture concentrated to

dRyNessic sahad:piadustwas-then:purified by flash LoD L i ester
chromatography (EtOAc:Heptane 1:1) furnishing the title compound (1.5g,

g&%&%%ﬁ E‘f’l“@h X %imr%igﬁ’gfg%ﬁxf&@ogﬁammo piperidine- 1-carboxytic
i [ i
§@t tg 6%{11}*5?}' e % I’m|lg ac?aO MM s EF 5 e 26 8
20 \Aiasfié%wel%déd\ﬁﬁ\k%@% (rze%ﬁléﬂéteqié?éeusveéam? ﬁsl pd8agod) e,
61k dhrentiel}. adble ekadtien mixtiteraddsrhedtad ra refuxaltre2 O ihir@ftagueous 10
g s e e et o
thPéjn}E@%Q@féﬁ‘s HCh BT tﬁ% SRR (s F0Rage
ahkpirebifgAsist 29@191@9}9}3 Q@i of the title compound as colorless oil. MS:
25 273.1 (MH".

B) Methvl-piperidin-4-vi-carbamic acid methyl ester hydrochloride

In analogy to the procedure described for intermediate 30C, 3~methoxymethyl-3-methyl-
piperidine-1-carboxylic acid tert-butyl ester gave the title compound as white solid. MS:
173.0 (MH).
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20

(aEILLLS,_5.-1-ro- 1-1,41diazepan-5-one WO
2007/122103PCMP2007/053490 - 86 - To a suspension of

w&ndrp8Richloro-pyridin-3-yl)-acrylic acid (26 mg, 0.12 rpg:}%)m%mss 490

4-(3-piperidin-1-yl-propyl)-[1,4]diazepan-5-one-dihydrochloride
(intermediate 4) (24 mg, 0.1 mmol), O- (?— zabenotriazol-
l-y1)-1,1,3,3- tetramethyluronlumﬁe&%l&gggggh&sphate (46 mg, 0.12 mmol)

in DMF (1 ml) was added Et3N(41 ul; 0.I5 5 mmol) and the mixture

(?rabdmfro (h%'%eypre ction Was gyfl ecth/ y@u“ff{fd %y preparative HPLC

ro uctlfllf mg,

as awhite powder MS: 439.4
Vs g4l KBS edchioro 2 rupro phenyagryloyll -4-
[(E)-3-(4-Chlaro-3-flugro- hen acryloyll-4-(3 p eridin-|-yl-propvl)-
iﬂﬁ’al(ggéboaﬁ@s%%é Hranstd %of‘ihé“fffé‘?:%%‘ﬁ‘i"e s tibu o 1 B0C

imiperdidiogee AedifR-pipeddin ds-9fipsbpy Bam. MS: 258.9 (MH").
15[1 4]d|azepan 5 -one- dlhydrochlorlde (|ntermed|ate 4B) and

(x3)/saturated NaHO3 andpreC|p|tat|on (npentane) the title compound
%}@ﬁa%@ﬂ%&bh@r&d&kutﬁ@&e&(%d foilfintermediate 30C, {rac)-3- Examples

g&&fﬁﬁ% %@m@hﬁéﬁ%ﬁ% 3oition. LRG0,
0 1 mmol in D h t i he appropriate cinnamic acid
(6%n Rimor) Bl thé s?o on sh orl after which time a solution of

4-(2-pyrrolidin-1-yl-ethyl)- [1,41d| azepan -5-one-dihydrochoride
(intermediate 5) ( 0.027g, 0.1 mnietyrmtddgP8lul, 0.2 mmol) in DMF (0.5
ml) was added and the shaking 25 continued for 16h. The reactions were
theeny tliraeiynpugiie dipyridiaparhtiver HPd:Gc ekl 1. Example No.
Compound Name Cinnamic Acid MS: (WI')

A) 4-Ethylcarbamovloxy-piperidine-1-carboxylic acid tert-butyl ester

A solution of 1.50 ¢ (7.45 mmol) of N-BOC-4-hydroxypoperidine in 20 ml of DMF was
treated at RT with 0.74 (7.45 mmol) of copper(I} chloride and 0.59 ml (7.45 mmol) of
ethyl isocyanate. The reaction was stirred for 4 h at 0 °C and the partitioned between
aqueous 10 % NaCl and Et;O (3x). The organic phases were washed with aqueous 10 %
NaCl, dried over NasSOq evaporated and purified by flash silica gel column (n-
heptane/EtOAc 4:1 10 2:1) to yield 1.66 ¢ (82%) of the title compound as light yellow oil,
MS: 273.1 (MH").

B) Ethyl-carbamic acid piperidin-4-vl ester hvdrochloride

In analogy to the procedure described for intermediate 30C, 4-ethylcarbamoyloxy-
piperidine-1-carboxylic acid tert-butyl ester gave the title compound as white powder.
MS: 173.0 (MH").
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14 4-(2-Pyrrolidin-1-yl-ethyl)-1-[(E)-3- (4-trifluoromethyl-phenyl)-acryloyll-
4-Trifluoromethylcinnamic 410.5 WO 2007/122103PCT/EP2007/053490 -
woaethAldiazepan-5-one acid 15 4-(2-Pyrrolidin-l-yhethyl)i,%-{g@igﬁmss 490
(4-methoxy-phenyl)-aciyloyll[1,4]diazepan-5-one 4-Methoxycinnamic aC|d9

372.5 16 4-(2-Pyrrolidin -111-ethyl) -1- PE) -3-

(2,4-dichloro-phenyl)-acryloy11- @rg}i%gpa&&one 2,4-Dichlorocinnamic
acid 410.517 1- [(E)-3-(4-Benzy£§?§7—‘ﬁ—%‘a-p enyl)=acryloyl] -4- (2-pyrrolidin-1

ArE b AIRERRRR 205 4Bempyloycinnamic acid 445.6 18

A) 4-(N'-Acetvi-hydrazinocarbonvl) -piperidine-1 -carboxvlic acid benzvl ester

A suspension of 0.80 g (3.04 mmol) of 1-[{benzyloxy)carbonyl]-4-piperidinecarboxylic
acid and 0.25 g (3.34 mmol} in 28 ml CH,Cl; of N-acethyl hydrazine was treated at 0 °C
with 0.73 g (3.80 mmol) of EDCL. Over night, the suspension was naturally warmed to
RT, poured on aqueous 10% KHSO, solution and extracted with CH,Cl; (3x). The
organic phases were washed with aqueous saturated NaHCOj; and aqueous 10 % NaCl,

dried (Na;SOq} and evaporated to give 0.84 g (87%;) of the title compound as white solid.
MS: 320.2 (MH™).

B) 4-{5-Methvl-[1,3.4}oxadiazol-2-v])-piperidine- 1 -carboxvlic acid benzvl ester

A suspension of 2.00 g (6.26 mmol) of 4-(N'-acetyl-hydrazinocarbonyl)-piperidine-1-
carboxylic acid benzyl ester in 30 ml acetonitril was treated at RT with 0.69 ml (7.51
mmol} of phosphoroxychloride. The suspension was stirred 1 h at RT and the refluxed
for 2 h, evaporated, dissolved in CH,Cl; and neutralized with aqueous saturated NaHCO;
solution. The aqueous phase was extracted with CH,Cl; (2x). The organic phase was
dried {Na;SO,) and and evaporated to give after flash silica gel column (EtCAc) 1.69 ¢
(89%) of the title compound as light vellow oil. MS: 302.1 (MH").

C) 4-(5-Methvi-! 1,3,4loxadiazol-2-vl)-piperidine

A suspension of 100 mg (0.33 mmol) of 4-(5-methyl-[1,3,4]oxadiazol-2-yl)-piperidine-1-
carboxylic acid benzyl ester in 5 ml EtOAc and 10 mg Pd/C 10% was hydrogenated (1
atm) for 1 h. The reaction was filtered (Celite) and evaporated to give 55.4 mg (99 %) of
the title compound as white solid. MS: 167.9 (MH").

Intermediate 43

4-(3-Methyl-[1,2,4] oxadiazol-5-v1)-piperidine hydrochloride

A) 4-(3-Methvi-[1,2.4]oxadiazol-5-v])-piperidine- 1 -carboxvlic acid tert-butvl ester

A solution 1.30 g {17.49 mmol) of acetamide oxime in 55 ml THF was treated with 0.76 g
{17.49 mmot) of NaH {55 % in oil) and the corresponding suspension stirred for 45 min
at RT. 3.00 g (11.65 mmol} of ethyl i-tert-butoxycarbonylpiperidine-4-carboxylate
dissolved in 15 ml of THF was added and heated at 65 °C for 2 h. The solution was
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1-(E)-(3-Benzol[ ,3]clioxo1-5-yl- acryloyl)-4-(2-pyrrolidin-1-yl-ethyl)- [1,4]
diazepan-5-one 3,4- Methylenedioxyc nnamic acid 386.5 19

W@%Og}yﬁ%gﬂn -1-yl-ethyl)-1-[(E)-3- (2,4-difluoro-phenyl)- ac%l@,%mo&mss 490

[1,4]diazepan-5-one 2,4-Difluorocinnamic acid 378.5 20
1-[(E)-3-(3,5-Difluoro-phenyl)- acryloyI]-&-(Z pyrrolldln 1-yl-ethyl)-

[3'06 9&%6 Grﬁ% & ? a?el %;llgo e ractedm Et,O (3%).
RIS S I%ES) g

4-(2-Pyrr acry azepan -one

%%ﬁe*ae#aﬂ%eaz@@zﬁaﬁh@ aﬁaﬁ% Wléfﬁ and aqueous 10 %
(Hiveth onep iEmi donpibsvapofatet] diegiep i Hgd ﬁ@“@ Mettrorchonamind as
asith32q0id Is(26Byr(akidin): 1-yl-ethyl)-1-[(E)-3-
(4-fluoro-phenyl)-acryloy1]- [1,4]diazepan-5-one 4-F1luorocinnamic acid
36047 3-Methyl-11,2.4) oxadiazol-5-v1)-piperidine hydrochloride

In analogy to the procedure described for intermediate 30C, 4-(3-methyl-
[1,2,4}oxadiazol-5-y1)-piperidine-1-carboxylic acid tert-butyl ester gave the title
compound as off-white solid. MS: 168.1 (MH").

Intermediate 44

{rac, cis)-2-Hydroxymethyl-piperidin-4-o! hydrochloride

A) {rac, cis)-4-Hyvdroxv-piperidine-2-carboxvlic acid methvl ester hydrochloride

A solution of 1.09 g (5.00 mmol) (1RS,558R)-2-benzyl-6-oxa-2-aza-bicyclo[3.2.1]octan-7-
one (Journal of Organic Chemistry (1996), 61(6), 2226-31) in 25 ml of MeOH was
treated with 2 solution of HCl in dioxane (1.38 ml, 4 M in dioxane, 5.50 mmol) and 109
mg of Pd(OH),/C (20 %) and was stirred over Hy-atmosphere for 2.5h. After filtration,
the solution was evaporated under reduced pressure and precipitated from CH,Cly/Et,O
to yield 0.81 g {83%) of the title compound as an off-white powder, MS: 160.2 (MH").

B) (rac, cis)-4-Hydroxv-piperidine-1,2-dicarboxvlic acid 1-tert-butyl ester 2-methvl ester

A solution of 0.70 g (4.40 mmol) (rac, cis}-4-hydroxy-piperidine-2-carboxylic acid
methyl ester hydrochloride and 1.01 g (4.62 mmol) di-tert-butyl-dicarbonate in 10 ml
CH,Cl; was slowly treated with 0.77 mi (5.50 mmol) EtsN. The reaction was stirred for
30 min at RT, poured on ice cold aqueous 10% KHSO, solution and extracted with Et,O
{3x). The organic phases were washed with aqueous 10% KHSO, and aqueous 10 %
NaCl, dried (Na,SO4) and evaporated to give 1.09 g (96%) of the title compound as light
yellow oil. MS:259.9 (MH"}.

C) {rac, ds)-4-(tert-Butvl-dimethvl-silanvloxy)-piperidine- 1,2 -dicarboxviic acid 1-tert-
butyl ester 2-methvl ester

A solution of 1.00 g (3.88 mmol) (rac, cis)-4-hydroxy-piperidine-1,2-dicarboxylic acid 1-
tert-butyl ester 2-methyl ester and 0.87 g (12.79 mmol) imidazole in 2.5 ml DMF was
cooled to 0 °C and treated with 0.64 g (7.7 mmol, 1.1 eq) TBDMSCI. After 30 min, the
solution was stirred at RT for 1h. Additional 0.12 g (0.78 mmol, 1.1 eq) TBDMSCI were
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24 4-(2-Pyrrolidin-1-yl-ethyl)-1-[(E)-3- (3-fluoro-phenyl)-acryloy1]-
3-Fluorocinnamic acid 360.5 WO 2007/122103PCT/EP2007/053490 88

wo bb@ldiazgpan-5-one 25 1-(E)-(3-Naphthalen-2-yl-acryloy

(2- pyrrolldln -1-yl-ethyl)- [1,4]cliazepan-5-one 2-Napthyacrylic amé, %anﬂgmgﬂ
26 4-(2-Pyrrolidin-1-yl- ethyl) 1- [(E)-3- (5 chloro- phenyl) acryloyl]-

[%‘dﬂiégjlanz s%?r%c? f% ?dén? grg)%lnqg F&ﬁ%o%%f dge]d éo 1§e watelr and ex%racted

Examples enera Procedure or Exam A solu

M A Rl HIBFLISRBI ARG Y2rhss aﬂﬁ WFEZBRAALEIHS | 10% NaCl,
atitdidén§oe @ndervapoliatel 3) (v 3feg flesh silivotplindDOE (@ BepRwdgOAc 129
added tothe apprarinteiamise Bchmnalidaliawadiy. 3 fieshiyprepared

solution of pyridine-borane complex (25 ul, 8M in pyridine, 0.2 mmol) and

A5l ACIE) (2. BB M, TREVCAGHIAN WAS INRN SHeKBhe- 1-

ov%rnlg 123(&0({1& g ra,ltqu? S%&d the residue purified by preparative 10 HPLC.

4.46 ml (1.2 M in toluene, 5.35 mmol) of DIBALH was dropped to a dry ice cooled (-30
°C) solution of 1.00 g (2.68 mmol) (rac, cis}-4-(tert-butyl-dimethyl-silanyloxy)-
piperidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-methyl ester in 15 ml of THF, The
reaction was warmed up (0 °C for 1 h), continued for 1.5h, cooled (-15 °C) and treated
again with 0.45 ml (1.2 M in toluene, 0.54 mmol) of DIBALH. After 2h at 0 °C, the

reaction was neutralized with aqueous 10% KHSO, solution. The mixture was extracted

with ether (3x), the organic phases were washed with a aqueous 10% NaCl solution, dried
(NaySQOy4) and evaporated to give 0.98 g (quantitative) of the title compound as light
yellow waxy solid. MS: 346.2 (MH™),

E} (rac, cis)-2-Hydroxymethyl-piperidin-4-ol hvdrochloride

A solution of 0.16 g (0.45 mmol) of (rac, cis)-4-{tert-butyl-dimethyl-silanyloxy)-2-
hydroxymethyl-piperidine-1-carboxvylic acid tert-butyl ester dissolved in 1 ml of MeOH
was treated at 0 °C with a solution of HCl in dioxane {1.12 ml, 4 M in dioxane) and
stirred for 30 min at 0 °C. The reaction was then concentrated to dryness, re-evaporated
with toluene and precipitated with CH,CL/Et;O to give 0.05 g (68%) of the title product
as white solid. MS: 132.3 (MH")

Intermediate 45

(rac, cis)-2-Methoxymethyl-piperidin-4-ol hydrochloride

A) {rac, cis)-4-(tert-Butvl-dimethvi-sitanvloxy)-2-methoxymethvl-piperidine-1-
carboxylic acid tert-butvl ester

In analogy to the procedure described for intermediate 31A, (rac, cis)-4-(tert-butyl-
dimethyl-silanyloxy)-2-hydroxymethyl-piperidine- 1 -carboxylic acid tert-butyl ester
(intermediate 44D} gave the title compound as colorless oil. MS: 360.3 (MH™").

B) (rac, cis)-2-Methoxvmethvl-piperidin-4-ol hvdrochloride
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Compound Name Amine MS: (MH4-) 27 1- [(E)-3-(3-Chloro-phenyl)-
acryloyll -4-i 3- [4- (6-fluoro-1H- indo1-3-y1)-piperidin-1-yl]

wh %69 }zgﬂjglazepan -5-one 6-Fluoro-3-piperidin-4-y1-1H- |n

(intermediate 6) 522.8 28 1- [ (E)-3-(3-chloro-phenyl)- acrylo%tff%ﬂfgﬁﬁtm
(2- OXO- |m|dazoI|d|n 1-y1) -piperidin-1- 53?11 ethyl 1 41,4] diazepan-5-one

LB ESR el IR e e

a@w& }’48 S“Z( X5-AidtRih W“[ﬁﬂ?’hﬁ’ﬁ’éilé}@‘#ﬁ@ﬁ?ﬁéﬂéﬁ Actd (prj-bukyipster gave
[2ftidiagaptairornith AEMEthy)-tid ik, 2o4iipiazal-23 wiilie pibidritifel 46.0 (MH™).
hydrochloride (intermediate 8) 470.8 30 4- [2- (4-Benzyl-piperidin-l-y1) -
ethy11-1-[(E)-3-(3-chlorophenyl)kaerwesikte 44 ]diazepan5-one 4
-Benzylpiperidine 479.8 31

(rac, trans}-2-Hydroxymethyl-piperidin-4-ol hydrochloride.

Al (rac, cis)-1-Benzyl-4-hvdroxy-piperidine-2-carboxvlic acid methvl ester

A solution of 4.35 g (20.00 mmol) (1RS,55R)-2-benzyl-6-oxa-2-aza-bicyclo[3.2.1 ] octan-
7-one (Journal of Organic Chemistry (1996), 61(6), 2226-31) in 100 ml of MeOH was
treated at 0 °C with a solution of HCl in dioxane (5.50 ml, 4 M in dioxane, 220 mumol)
and was stirred for 24h at RT. The solution was evaporated under reduced pressure,
partitioned in water acidified with 0.1 N HCl / Et,O and washed with Et,0 {2x). The
aquéous phase was basified with aqueous saturated NaHCO; and extracted with E,O
(3x). These organic phases were washed with 10% NaCl, dried over Na,SO, and

evaporated to give 4.25 g (85%) of the title compound as a viscous yellow oil, MS: 250.0
(MH™).

B) {rac, trans)-1-Benzvi-4-formvioxy-piperidine-2-carboxvlic acid methyl ester

A solution of 1.84 ml (8.00 mmol) of di-tert-butyl azodicarboxylate in 3.1 m] of THF was

" slowly added {during 10 min, exothermic!) to a solution of 1.00 g (4.00 mmol) (rac, cis)-

1-benzyl-4-hydroxy-piperidine-2-carboxylic acid methyl ester, 2.10 g {8.00 mmol)
triphenylphosphine and 0.30 (8.00 mmol) formic acid in 11 ml THF. During the
addition, the reaction was cooled to RT with a water bath. The resulting suspension was
stirred at RT for 16k, then added to diluted aqueous 10% KHSO, and washed with Et,0
(3x). The aqueous phase was basified with NaHCOs and extracted with Et,O (3x). The
organic phases were washed with aqueous 10% NaCl dried over Na,SO,4 and evaporated
to give 0.93 g of crude product. Flash silica gel column (n-heptane/BtOAc 95/5) gave 0.53
g (47%) of the title compound as light yellow oil. MS: 278.0 (MH").

C) {rac, trans)-1-Benzvl-2-hvdroxymethvl-piveridin-4-ol

7.51 ml (1.2 M in toluene, 9.01 mmol) of DIBALH was dropped to a dry ice cooled (-30
°C) solution of 0.50 g (1.80 mmol) (rac, trans)-1-benzyl-4-formyloxy-piperidine-2-
carboxylic acid methyl ester in 9 ml of THF. The reaction was warmed up (0 °C for 1 h),
and stirred for th at this temperature, then added to diluted aqueous 10% KFHSO, and
washed with Et;O (3x). The aqueous phase was basified with NaHCO;, saturated with
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1-RE)-3-(3-Chloro-phenyl)- acryloy11-4-[3-(4-hydroxy-4-
phenyl-piperidin-1-y1)-propyl]- [1,4]diazepan-5-one

wh B9rexys4#-phenyl-piperidine 481.8 32 1- [ (E)-3-Chloro- p%&yk%@%gﬁgﬂ

- 4-12- [4-phenyl-piperidin-1-y1]- ethyl]- [1,4]diazepan-5-one
4-Phenylpiperidine 465.8 33 1- [(E) -3-( %Zhloro -phenyl)-

6}95 PXIH &%’?}c@é&(én&ug{gp@?w) 5{%!1@119: gﬂ%’;g EPéé]d’ned over Na:50, and

|aze§)an -5-one 4-(4-Fl uo o-p ine 48

1@(@@5)1@1%? t@ﬁ}‘é“rg ?)‘h% ‘Bj) the tltie compound as off-w Ite sohd MS: 222.0
ddHoy11-4-12-[4-(3-chloro-pheny1)-piperidin-1-y1]-ethyll-[1,4]cliazepan-5
-one 4 (3 Chloro phenyl) plperldlne 499 8 Examples

3[4 (E).3-(3 4-dichloro- heny) acryloyl]
-Ynm}@gﬂldiaagﬁaﬂdinyl&H@ﬁbﬂa}aﬂdehydezéhiﬁmémﬁdiafegzméﬁs@a?bgnﬂyn2-
Plﬁ’ 2 %{HR‘% Vst gad@%ﬁép@% @Pﬁ[gﬁ'&lﬁ{ﬁ é‘f‘fﬂ@ﬁ\;%é RN

owed by ep o pyridine-borane
2((?6“/}?5355 B[é fé‘%ﬁO@E&@%% ‘complex (25 ul, 8M in pyridine,
0.2 mmol) and acetic acid (25 ul)_in EtOH (0.5 ml). The reaction was then

shaken overnight, concentrated te purified by preparative

HPLC. Table 3. Example No.
(rac, cis)-4-Hydroxymethyl-piperidin-3-ol hydrochloride

A) (rac, as)-4-Hydroxymethvl-piperidin-3-ol hvdrochleride

In analogy to the procedure described for intermediate 35A, (rac, cis)-1-benzyl-4-
hydroxymethyl-piperidin-3-ol (Helvetica Chimica Acta, Volume 87, Number 10, 2629-
2661) gave the title compound as light brown solid. MS: 132.3 (MH").

Intermediate 48

{rac, trans)-4-Hydroxymethyl-piperidin-3-ol hydrochloride

A (rac, trans)-4-Hvdroxymethyl-piperidin-3-ol hvdrochloride

In analogy to the procedure described for intermediate 35A, (rac, trans)-1-benzyl-4-
hydroxymethyl-piperidin-3-ol (Helvetica Chimica Acta, Volume 87, Number 10, 2629-
2661) gave the title compound as orange solid. MS: 132.16 (MH").

Intermediate 49
(rac, cis)-4-Methoxymethyl-piperidin-3-ol hydrochloride

A (rac, cis)-1-Benzvi-4-methoxymethyl-piperidin-3-ol, (rac, cis}-1-Benzyl-3-methoxy-

piperidin-4-vl}-methanol and ({rac, cis)-1-Benzyvi-3-methoxyv-4-methoxymethvl-
piperidine

A solution of 0.80 g (3.63 mumol) of (rac, cis)-1-benzyl-4-hydroxymethyl-piperidin-3-ol
{Helvetica Chimica Acta, Volume 87, Number 10, 2629-2661) in 40 ml of THF was
treated at 0 °C with 0.45 g (3.99 mmol) of potassium tert-butylate and after 10 min with
slowly with 0.25 ml (3.99 mmol) of iodomethane in 20 ml of THF. Over night, the
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Compound Name Amine MS: (Ml-i+) 35 4- [3-(4-Cyclopropanecarbonyl-
piperazin-l-y1)-propyl]-1-[(E)-3-(3,4- dichloro-phenyl)-acryloy1]-

wid Ahidiazepan-5-one Cyclopropyl-piperazin-I-yl- methanone P oA 553200

[3-(Cyclopentyl-amino)-propyl1]-1- [(E)- 3é3 ,4-dichloro-pheny1l)-
acryloyl1]-[1, 4]d|azepan -5-one Cyclope lamine 438.2 37 4-

ér&ﬁééi E ¥ ”ﬂ?%ﬁﬁ‘éﬁ'&oﬁ %%M&J)rged[g':e}v?#%ﬁ @9%‘%580&@9&%&&

-acr azepan -5-one open tyl-methyl-amine

etg;* ?f[?‘%aﬁ'lﬁéﬁf- £ ‘81 3551111{ Rig)?_ o5 Y414 Was ed with
diQhﬂ)m-qghenyelgi eyl qlled]cd’lazlép@ﬁlﬁemrated and gave after purification on

(& hasB &2 Nerbenylanine.bydieehlonde 46402439 @33 ¢ (39%) of (rac, cis)-1-

RS gic R kg 5220 (MF, RE=039
@ﬂéﬂﬁ@%%@%ﬂﬁﬂ 24E

0.17 g {20%) of (rac, cis}-1-benzyl-3-methoxy-piperidin-4-yl)-methanol as light yellow
oil, MS:236.1 (MH"), Rf = 0.19 on silicagel with n-heptane/EtOAc 1:1;

and 0.09 g (10%) (rac, cis)-1-benzyl-3-methoxy-4-methoxymethyl-piperidine as light
vellow oil, MS: 250.2 {MH™), Rf = (.02 on silicagel with n-heptane/EtOAc 1:1.

B) {rac, ¢is)-4-Methoxymethyl-piperidin-3-ol hvdrochloride

A solution of 0.31 g (1.39 mumol) (rac, cis)-1-benzyl-4-methoxymethyl-piperidin-3-ol in
6 ml of EtOH was treated with a solution of 1.43 ml of aqueous IN HCl and 30 mg of
Pd/C (10 %) and was stirred over Hz-atmosphere for 2 day. After filtration, the solution
was evaporated, suspended in acetonitrile and evaporated again under reduced pressure
to vield 0.25 g {quantitative) of the title compound as a white solid. MS: 146.3 (MH").

Intermediate 50

(rac, cis)-(3-Methoxy-piperidin-4-yl}-methanol hydrochloride

peridin-4-yl)-methanol hvdrochloride

In analogy to the procedure described for intermediate 498, (rac, cis)-1-benzyl-3-
methoxy-piperidin-4-yl)-methanol (intermediate 49A) gave the title compound as light
yellow oil. MS: 1463 (MH™).

Intermediate 51
(rac, cis)-3-Methoxy-4-methoxymethyl-piperidine hydrochloride

A (rac, cisi-3-Methoxy-4-methoxymethyvl-piperidine hvdrochloride

In analogy to the procedure described for intermediate 49B, (rac, cis)-1-benzyl-3-
methoxy-piperidin-4-yi}-methanol {intermediate 49A) gave the title compound as light
brown oil. MS: 160.2 (MH™").
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40 1- [(E)-3-(3,4-Dichloro-phenyl)- ‘
acryloyll-4-[3-(1,1-dioxothiomorpholin-4-y1)-propyl]- [1,4]diazepan-5-one
whhigmesphgline-1,1-dioxide 488.1 41 1'[(E)'3'(3’4'DiCh|0r0'98¥&¥Q507/853490

acryloyl1]-4-{3- [(2-methoxy-ethyl)- methyl-amino]-propyll- '
(2-Methoxy-ethyl)-methyl- amine 442.2 WO 2007/122103PCT/EP2007/0

90 -91 - [1,4 ] diazepan-5-one gt%- !%}é§é@4-DichIoro-phenyl)-

acryloyl] -4-{3- [(2-hydroxy-ethyl) ] -propyll- [1,4]

Fé%sch() %ﬁ%@%%%gﬁnﬁ%?ftmﬁggﬁ%%l%%r@%%ghé?g gr-o{- ::J-henyl)

-%r%lgc){l_]l:égﬁﬂﬂiﬁggﬁﬁﬁ-one 2-(2-E_ydroxy- thylano). - ethanol

3-~oxo-piperidine-4-carboxviic adid ethvi ester

A milky solution of 7.75 g {69.02 mmol) of potassium tert-butylate in 125 ml of THF was
cooled (0 °C) and treated portion wise with 10.44 g (34.00 mmol) of ethyl-N-benzyl-3-
oxo-4-piperidin-carboxylate hydrochloride so the temperature did not rise over 5 °C.
After 1 h at RT, the reaction was cooled (0 °C) and ad treated slowly with 5.07 ml (35.70
mmol) of iodomethane in 4 m! of THF. After 4.5 h at RT, the reaction was cooled (0 °C)
and neutralized with 40 ml of aqueous saturated NILCl solution. The aqueous phase was
extracted with Et;O (3x). The organic phases were washed with aqueous saturated NaCl,
dried over Na,50, and evaporated to give 4.97 g (53%) of the title compound as orange
oil. MS: 276.1 (MH").

B) (rac, cis)-1-Benzvi-4-hvdroxyimethvl-4-methyl-pineridin-3-ol and {rac, trans)-1-
Benzyl-4-hvdroxymethvl-4-methvl-piperidin-3-ol

24.33 ml {1.2 M in toluene, 29.20 mmol) of DIBALH was dropped to a dry ice cooled (-
30 °C) solution of 2.01 g {7.30 mmol) {rac)-1-benzyl-4-methyl-3-oxo-piperidine-4-
carboxylic acid ethyl ester in 37 ml of THF. Over night, the solution was naturally
warmed to RT, cooled (0 °C) and treated again with 6.08 ml (1.2 M in toluene, 7.30
mmol) of DIBALH. After 4 h at RT, the reaction was neutralized with ice cooled aqueous
10% KHSOs solution. The mixture was extracted with ether (3x), the organic phases
were washed with aqueous 10% KHSO, and aqueous 10% NaCl solution, dried (Na;SQ4)
and evaporated to give after flash silica gel column (CH,Cl,/MeOH 99:1 t0 95:5) 0.28 ¢
{16%) of (rac, cis)-1-benzyl-4-hydroxymethyl-4-methyl-piperidin-3-ol as a viscous
orange oil, MS: 236.1 (MH"),

0.20 g (12%) of a cis/trans mixture of (rac)-1-benzyl-4-hydroxymethyl-4-methyl-
piperidin-3-ol

and 0.19 g {11%) (rac, trans)-1-benzyl-4-hydroxymethyl-4-methyl-piperidin-3-ol as a
viscous orange oil. MS: 236.3 (MH")

C) (rac, cis)-4-Hvdroxvmethyl-4-methvi-piperidin-3-ol hvdrochloride
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458.2 44 (+/-)-N-[1-(E)- (3-{ 443- (3,4- Dichloro-phenyl) -acryloyl] -7-oxo-
[1, 4]diazepan I-y11-propyl) - pyrrolidin-3-yl] -acetamide

widhds 23{E,réolld|n -3-yl- acetamide 481.2 45 1- RE)-3-(3,4- D'%@?;&f@?p@m

acry oy -4- [3- (4-ph enyl-piperidin-1 - yl) -propyl] - [ 1,4] diazepan
4-Phenyl- plperldlne 514.2 46 1- [(E)-3-(3%-Dichloro-phenyl)- acryloyl]

% el bp%% éhbye%de&%tea“ 2aone BU G AR Hirac, cio-
ki o& ot Yﬁ‘?eﬁfgfiﬂoﬁ@ﬁfw%%‘ﬁz@dﬁ&@{ geve

ﬁfmnmchasmeztaismmmﬁ(&;mﬁg}@m%mhwm Jptseid.}- (AcH/Tbyl] -7-oxo-
[1,4 ] diazepan-1-y11- propyl)-1,3,8-triaza-spiro [4.5] decane2,4-dione
1,3,8-Triaza- spiro [4.5] decane-2#«ginadadintrmediate 11) 522.2

(rac, trans)-4-Hydroxymethyl-4-methyl-piperidin-3-ol hydrochloride

A) (rac, trans)-4-Hyvdroxvmethvl-4-methvl-niperidin-3-ol hydrochloride

In analogy to the procedure described for intermediate 35A, hydrogenation of {rac,
trans)-1-benzyl-4-hydroxymethyl-4-methyl-piperidin-3-ol (intermediate 52B) in MeOH
gave after 3 days the title compound as light vellow waxy solid. MS: 146.1 (MH").

Intermediate 54

1-[(E)-3-(3-Chlore-4-fluoro-phenyl)-acryloyl]-{ 1,4]diazepan-5-one

A) 1-1{E)-3-(3-Chloro-4-fluoro-phenvl)-acrvloyl1-{1,4]diazepan-5-one

In analogy to the procedure described for intermediate 1A, (E)-3-chloro-4-
fluorocinnamic acid and 2,3,6,7-tetrahydro-(1H)- 1 4-diazepin-5(4H)-one gave the title
compound as white solid. MS: 297.2 (MH", 1Cl).

Intermediate 35

1-{(E)-3-(3,4-Difluoro-phenyl)-acryloyl]-| 1,4]diazepan-5-one

A} 1-[{E)-3-(3.4-Difluoro-phenvl}-acrviovli-[1,41diazepan-5-one

In analogy to the procedure described for intermediate 1A, (E}-4.4-difluorocinnamic acid
and 2,3,6,7-tetrahydro-(1H)-1,4-diazepin-5(4H)-one gave the title compound as white
solid. MS: 281.2 (MH™.
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49 4- [(E)-3-(4-Benzyl-4-hydroxy- piperidin-1-y1)-propyl]-1-[ (E) -343,4 -
dichloro-phenyl) -acryloyll - [ 1,4] diazepan-5-one 4-Benzyl-piperidin-4-ol

W@ W §2007/122103PCT/EP2007/053490 - 92 - 50 1- [peympa007/653490

(E)-3-(3,4-Dichloro-phenyl)- acryloyl] -4- és-(4-methyl-piperidin-1-
y1)-propyl] - [1,4] diazepan -5-one 4-Methyl-piperidine 452.2 51 1- |

(E)-3-(3,4-Dichloro-phenyl)- acryjayll:4A35thiemorpholin-4-ylpropy1)- [1,4]
diazepan-5-one Th|omorphoI|ne ZFSB'TS’Z‘(W:)"- - [

( Ior n [ 4] diox i

%1 ?/Iflrg’hlgf a%ﬁ'?r%% é/ pﬂf %J giézgep(g%f)]g- -%Xﬁga% théloxan- 1 cpan
mié®§lamine 484 2531-RE)-3- (3 4-Dichloro-phenyl) - aayloyl] -4-

{3 (4-hy droxy 3 4 56 tetrahydro 21H [4 4]h|pyr|d|nyl 1 -yl) - proPyII [1,4]

H 4}dlazepan 5-one

In analogy to the procedure described for example 172A to 172C, 1-{(E)-3-(3-Chloro-4-
fluoro-phenyl)-acryloyl]-[1,4]diazepan-5-one (intermediate 54) and methanesulfonic
acid 2-((R)-2,2-dimethyl-[1,3]dioxolan-4-y1)-ethyl ester gave the title compound as pink
oil. MS: 367.0 (MH", 1Cl).

Intermediate 57

I-[(E})-3-{4-Chloro-3-fluoro-phenyl)-acryloyi]-4-(4-iodo-butyl)-[ 1,4]diazepan-5-one

A) 1-HE)-3-(4-Chloro-3-fluoro-phenyl)-acrvlovl]-[1,4]1diazenan-5-one

In analogy to the procedure described for intermediate 14, {E}-4-chloro-3-
fluorocinnamic acid and 2,3,6,7-tetrahydro-(1H)-1,4-diazepin-5(4H}-one gave the title
compound as white solid. MS: 297.3 (MH").

B) 1-[{E}-3-{4-Chloro-3-flucro-phenyl)-acrviovl|-4-(4-ipdo-butvl)-[1,4] diazepan-5-one

In analogy to the procedure described for example 9A and 9B, 1-{(E}-3-(4-chloro-3-
fluoro-phenyl)-acryloyl}-{1,4|diazepan-5-one gave the title compound as light yellow
solid. MS: 478.8 (MH", 1Cl).

Intermediate 58

(rac)-1-[(E)-3-(3,4-Difluoro-phenyl)-acryloyl]-4-(2-oxiranyl-ethyl)-[ 1,4] diazepan-5-one

A

M-

(rac)-1-[{E)-3-(3,4-Difluoro-phenvl)-acrviovl|-4-{2-oxiranvl-ethvl)-[ 1,4 {diazepan-5-

o
E
%

In analogy to the procedure described for example 1704, 1-{(E}-3-(3,4-difluoro-phenyl)-
acryloyll-[1,4]diazepan-5-one (intermediate 55) and (rac}-2-(2-bromo-ethyl)-oxirane
(Journal of Organic Chemistry (1969}, 34(12}, 4060-5} gave the title compound as light
yellow viscous oil. MS: 351.3 (MH").
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54 cis/trans-1- [(E)-3-(3,4-Dichloro- phenyl) -acryloyll -4- {3- [methyl-(4-
methyl-cyclohexyl) -amino] -propylf - [1,4]diazepan-5-one
welshsansethyl-(4-methyl- cyclohexyl)-amine 480.3 55 1- [porepaoo/o53450
(E)-3-(3,4-Dichloro-phenyl)- acryloyl] -4- [3-(4,4-difluoro-piperidin - 1-y1)
-propyl] -11,41diazepan-5-one 4,4- D|qu?>(}orp|per|d|ne 474.2 56 1- |

(E)-3-(3,4-Dichloro-pheny1)- acryloyl] -4-1 3: 44-(2-oxo-

imidazolidin-l-y1)-piperidin-I-yl] - propyll - [1 4] diazepan-5-one

& f‘s"fﬁfi%@ 8! 'o'ri? e e At A

b‘émﬂﬂ?- WS ropyII [1,4] diazepan-5-one 4-(1H-Pyrazol-3-y1)-
plperldlne (mtermedlate 12) 504 2 58 1- [ (E) 3 (3 4- D|chloro phenyl) 1

-ﬁmﬁmm&eﬁﬂ&z

In analogy to the procedure described for intermediate 2A and 2B, 1-[(E)-3-(3-Chloro-4-
fluoro-phenyl)-acryloyl]-[1,4]diazepan-5-one (intermediate 54) gave the title compound
as colorless gum. MS$: 353.2 (MH", 1Cl).

Intermediate 60

3-{4-[(E)-3-(4-Chloro-3-fluoro-phenyl}-acryloyl]-7-oxo-[ 1,4] diazepan-1-yl}-
propionaldehyde

A) 3-14-I{E)-3-{4-Chloro-3-fluoro-phenvl)-acrvlovl]-7-oxo-[ 1,4 diazepan-1 -vi}-
propionaldehyde

In analogy to the procedure described for intermediate 2A and 2B, 1-[(E)}-3-(3-Chlore-4-
fluoro-phenyt)-acryloyl]-11,4]diazepan-5-one {intermediate 57A) gave the title
compound as white solid. MS: 353.1 (MH", 1Cl).

Intermediate 61

5-Oxo0-4-(3-oxo-propyl)-[1,4]diazepane-1-carboxylic acid tert-butyl ester

A) 5-Oxo-4-(3-oxo-propvl)-[ 1.4 1diazepane-I -carboxvlic acid tert-butyl ester

In analogy to the procedure described for intermediate 2A and 2B, 5-oxo-[1,4]diazepane-
1-carboxylic acid tert-butyl ester gave the title cornpound as colorless oil. MS: 215.3 (M™-
tert-butyl}.

Intermediate 62
(rac, cis)-2-Hydroxymethyl-piperidin-3-ol

A) (rac)-3-Hvdroxv-2-hvdroxymethvl-piperidine- 1-carboxvlic acid tert-butvl ester

A suspension of 5 g (31.00 mmol) of 2-hydroxymethyl-pyridin-3-ol hydrochlorid and
2.50 g 5% Rh/Alox in 100 ml AcOFt was stirred under hydrogen atmosphere 20h at 25°C
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WO 2007/122103PCT/EP2007/053490 - 93 - [1,2,4 1 triazol-3-y1)
-piperidin- 1 -y11- propyll- [1,4 ] diazepan-5 -one hydrochloride

winisrmedigte 8) 59 1- RE)-3-(3,4-Dichloro-phenyl)- acryloyllséed3in7 /053490

(4-hydroxy-4-phenylpiperidin-1 -y1) -propyl] - [ 1,4 ] diazepan-5-one
4-Phenyl-piperidin-4-ol 530.560 1 - ( - -%4‘- [(E)-3-(3,4-Dichloro- phenyl)
ﬁ?&ﬂ%ﬂ ’fﬁgéﬂsﬁeﬁs@n%?ﬂﬁ%d]anﬂ% EQ‘BYA}H give an yellow oil. The crude
-4-phenylpiperidine Aiécarbo itrile 4 Ph@r perl é?e -4- lc rbonltrlle1 ?;5;9 5.
&f ufl‘(EV?S gez&;@l ﬁlgﬁoggﬁ%ﬂ IT 95‘:]2 2 ml (93.00 mmol) Hunig’s
(hasnargRain A pipdsidas-deoliny fprail ﬁqrm]admebaﬁﬂsfdn@e / AcOEt) and
4RiRBREIMAtnNQIphBlNGH 2. BB 3/ gavel L RE) 23%) of the title compound as
(34 Richiorapnenyh naemyloyl] -4- [3- (2-methyl-piperidin-1- yl) -propyl] -
[1,4] diazepan-5-one 4 -2-Methylpiperidine

B) [rac, cis)-2-Hydroxymethvi-piperidin-3-ol hydrochlorid

0.80 g (3.46 mmol) of {rac)-3-hydroxy-2-hydroxymethyl-piperidine- 1 -carboxylic acid
tert-butyl ester in 10 ml dioxane was treated with 4M HCI / dioxane for 18h at RT to give
the title compound as white solid 0.15 g (100%). MS: 132.2 (MH").

Intermediate 63

(rac, cis)-6-Methoxymethyl-piperidin-3-ol

Al 5-Benzvloxy-4-chloro-2-methoxymethyl-pvridine

A solution of 9.30 g (172 mmol) of sodium methylate in 132 ml methanol was added
drop wise to a solution of 5-benzyloxy-4-chloro-2-chloromethyl-pyridine (Australian
Journal of chemistry, 1977, 30, 649} in 130 ml DMSO. The suspension was heated at 100
°C for 6 h, poured on ice, extracted with four portions of CHsCl. The organic phases
were dried (Na,SQ4), evaporated and distilled (Kp 0.2mm Hg, 150-152 °C) to give 12.80 g
(919%; of the title compound. MS: 264.0 (MH").

B) (rag, cis)-6-Methoxymethyl-piperidin-3-ol

A suspension of 1.00 g (3.79 mmol) of 5-benzyloxy-4-chloro-2-methoxymethyl-pyridine
and 0.20 g 5% Rh/Alox in 25 ml methanol was stirred under hydrogen atmosphere 20h at
50 °C and 8 bar. The suspension was filtered, evaporated and purified by silica gel
column (AcOE) to give 0.55 g (99%, 84% cis- and 16% trans-isomer) of the titled
compound as a light vellow oil MS: 146.3 (MH™}.

Intermediate 64

(rac, cis)-2-Methoxymethyl-6-methyl-piperidin-3-ol

A) [3-{4-Methoxy-benzyloxv)-6-methyvl-pyridin-2-vil~-methanol

1.39 g (10 mmol) of the commercial 3-hydroxy-6-methyl-2-pyridinemethanol in 15 mi
DMF was cooled (0 °C), treated with 0.52 g (13.00 mmol} of NaH (55 % in oil} and after
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452.4 63 1- [(E) -3- (3,4-Dichloro-phenyl) - acryloyl] -4- [3-
(tetrahydro-pyran -4- ylamino) -propyl] - [1,4] diazepan-5- on e

W‘Be}g@plg/ﬂmgpyran-&ylamine 454.5 64 cis/trans-l-[(E)-3-(3,?B’jf#%g,—? 053490

phenyl) -acryloyi] -4- [3- (2-methyl- cyclohexylamino)-propy
diazepan-5-one cis/trans-2- Methylcycidtexylamine 466.4 65 trans-1- [ (E)
-37 (3,4-Dichlaro- - acr 1] -4+ [3-,(4-h xy-A-pyridin- .
T e
tP&Ff§s¥témiﬁoC1%ﬂhiﬁ-§- VRGO ErERARR RBF et iietiited 1945 K ggnd
treasBed Wil ) MBNEEA Bichiione-phbayigardactyloyl|wére[@-i ¢4 -dwed roxynesium

tEaTSrd A&, QHﬁéé@?'sﬂQg-gbl Wmn (AcOEt) and crystallized (AcOEt/n-n-
31§

QAR RRC IR0

Of%gg' %%e_ c%érln_pound as a white solid. MS: 260.0 (MH™").

B) 3-(4-Methoxv-benzvioxy)-2-methoxymethvl-6-methvl-pyridine

1.55 g (6.00 mmol) of [3-(4-Methoxy-benzyloxy)-6-methyl-pyridin-2-yl]-methanol in
cold 10 ml THF (0 °C) was treated 30 min with 0.41 g (10.30 mmol} of NaH {55 % in
oil), then 0.43 ml (6.90 mmol) of iodomethane was added and the yellow suspension
stirred 1h. An extraction (water / CH,Cly) and a chromatography (silica gel, AcOEt/n-n-
heptane) delivered 1.41 g {86%) of the title compound as a yellow oil. MS: 274.3 {MH").

C) {rac, cis)-2-Methoxvmethvl-6-rmethyl-piperidin-3-ol

3-(4-Methoxy-benzyloxy)-2-methoxymethyl-6-methyl-pyridine was hydrogenated using
the method described in intermediate 63B to give the title compound as a white solid.
MS: 160.2 (MH).

Intermediate 65

(rac, cis)- 6-Hydroxymethyl-piperidin-3-ol

A) (rac)-5-Hydroxy-2-methvl-piperidine- 1 -carboxvlic acid tert-butyl ester and

(rac, cis)-5-Hydroxy-2-hvdroxymethvl-piperidine-1-carboxvlic acid tert-butyl ester

1.50 g (9.28 mmol) of 6-Hydroxymethyl-pyridin-3-ol hydrochlorid was hydrogenated
under the conditions described in intermediate 63B. The crude product was dissolved in
5 ml DMF, 5.60 ml (32.00 mmol) of Hunig’s base and 3.56 g (16.00 mmol) of BOC,O
were added and the yellow solution was stirred 18h at RT. Evaporation, extraction
(AcOEt / water / brine} and chromatography (silica gel, AcOEt / MeOH) gave 0.35 ¢
(15%) (rac)-5-hydroxy-2-methyl-piperidine-1-carboxylic acid tert-butyl ester; MS: 216.4
(MH")

and 0.24 g (10%) (rac, cis}-5-hydroxy-2-hydroxymethyl-piperidine- 1-carboxylic acid
tert-butyl ester of the title compound as a light yellow oil. MS: 232.1 (MH").
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w9 gggi@g) cyclohexanecarboxylic acid ethyl ester

cyclohex-ylamino)propyl] - [1,4] diazepan-5-one 67 4- (3- {4- [
(E)-3-(3,4-Dichloro-phenyl)- acryloyl1-7-oxo- [1,4]diazepan-I-y11 -
Piperidine-4-carboxylicacid ethyl ester 510.2 68 1- | PCTIRP2007/053490
(E)-3-(3,4- chhloro -phenyl)- acryloyll 23 3- [(3-hydroxy-propyl) - amino ]
| rogan Iiol §28 2691-[
(4 -hyaroxy-3',4',5',6'-

trah dr02H 24' 1-1'- y1)- 14 diazepan-5-ane
f nd){ t m’ilenl(‘j&_eél_ t%() X%%r P/al he)q%%fl%d%— —Rmydr &g?plpengme—l-
@) SAUAENCKIGrOLPh eHpN saEre Yille Lozl s ppiRinpdmse light brown
tetiahpdsor 22H- (fEHE L) bipyridiny1-1'- yl) -propyl] - [1,4 ] diazepan-5-one
4-Hydroxy-4-pd-3- yl(piperidine) 531.2 71
(+/-)-1-[(E)-3-(3,4-Dichloro-phenyigtaatyiopkd ob-
[3-(3-hydroxy-pyrrolidin1l-y1)-propyl] - [ 1,4] diazepan-5-one (+/-)
SotAydsony RyrpHiding #40e2

In analogy to intermediate 62B, 5-hydroxy-2-methyl-piperidine-1-carboxylic acid tert-
butyl ester (intermediate 65A) gave title compound as a light brown solid. MS: 116.3
(MH™).

Intermediate 67

(rac)-5-Methoxy-piperidin-2-yl)-methanol

In analogy to the procedure described for intermediate 63B, (5-methoxy-pyridin-2-y1)-
methanol gave the title compound as a light yellow oil. MS: 146.3 (MH™).

Intermediate 68
4-Methoxy-6-methoxymethyl-piperidin-3-ol; hydrochloride

4-Methozxy-6-methoxymethyl-pyridin-3-ol [prepared from 5-benzyloxy-4-chloro-2-
methoxymethyl-pyridine (intermediate 63A) by reaction with 1) NaOMe, 2) MCPRA, 3)
PAC/H;] was hydrogenated in analogy to intermediate 63B to give the title compound as
a white solid MS: 176.2 (MH™).

Intermediate 69

N-(2R,4S5,5R)-(5-Methoxy-2-methoxymethyl-piperidin-4-yi}-acetamide and N-
(28,4R,58)-(5-Methoxy-2-methoxymethyl-piperidin-4-yl)-acetamide

0.60 g (2.93 mmol) of 5-Methoxy-2-methoxymethyl-pyridin-4-ylamine {prepared by
treatment of the 5-methoxy-2-methoxymethyl-pyran-4-one with aqueous 25% ammonia
at 100 °C) in 10 mL CH;Cl; was treated at 0 °C with 0.26 mL (3.65 mmol) acetyl chloride
and 1.25 mi (7.30 ml) Hunig’s base. After 20 min, the suspension was diluted with
CHCl; and washed with aqueous 10% Na,CO; and brine. The organic layers were dried
over magnesium sulfate and evaporated to give 0.71 g of the title compound as a yellow
gum. The crude product was hydrogenated in analogy to intermediate 63B. A
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72 1- [(E)-3-(3,4-Dichloro-pheny1l)- acryloyl] -4-

[3-(4-trifluoromethylpiperidin-I-y1)-propyl] - [ 1,4] diazepan-5-one

vsfb-g Ul,l,ﬁ&gggethyl piperidine 506.2 73 1- [ (E)-3-(3,4- chhlorq)@gﬁgé(&w%&m

acwloyl] -4- [3-(4-methanesulfonyl- plperazm 1-y1)-propyl]-
[1 4]diazepan-5-one 1-Methanesulfonyl- fﬂperazme 517.274 1- [

[ y c 4- f [
rizrrlgto j‘;/gf% deg é‘X % rfl 2 Z&{u%é)gé en tE)BZ% n-heptane}
Yool P05 P8904 Y whi e sqligeMa.217.2 (M.
(3,4- chhloro phenyl)- acryloyl] -4- [3- (4-methyl-piperazin-1 - y1)-propyl]
-[1,4] diazepan-5-one 1 -Methyl-gierassiats 1¢ 2 76 4- [ 3-
(4-Methy1-4-hydroxy-piperidin- 1-y1) -propyl ] -1- [ (E)-3-
(Sracdramorépriethylh niesdbytP-qh 4] diazepan-5-one 4-Methyl-pmeridin-4
-01 456.2 77

1.00 g (9.16 mmol) of 6-Methyl-pyridin-3-ol was hydrogenated under the conditions

described in intermediate 638, then chromatographed {silica gel, AcOEt / MeOH) to give
161 mg (15%) of the title compound as a white solid. MS: 116.2 (MH™).

Intermediate 71
(rac)-2,6-Bis-methoxymethyl-piperidin-3-ol

2.00 g (8.15 mmol) of (5-benzyloxy-6-hydroxymethyl-pyridin-2-yl)-methanol (prepared
from 2,6-bis-hydroxymethyl-pyridin-3-ol by treatment with benzylbromide, K,;COs in
MeCN, WO 2006100305) was reacted in analogy to intermediate 64B and intermediate
64C to give 0.83 g (74%) of the title compound as a vellow oil. MS: 190.4 (MH").

Intermediate 72

(rac}-2-(6-Hydroxymethyl-piperidin-3-yloxy)-acetamide

A) 2-(6-Hydroxymethvl-pyridin-3-vioxv)-acetamide

1.25 g (6.35 mmol) of {6-Hydroxymethyl-pyridin-3-yloxy)-acetic acid methyl ester
(prepared from 6-methyl-pyridin-3-ol by reaction with: 1) Chloro-acetic acid methyl
ester, 2) m-Cl-perbenzoic acid and 3} trifluoroacetic acid anhydride) was treated with 31
ml 7M NHj in MeOH for 2.5h at RT. The suspension was evaporated to give 1.19 ¢
{100%) of the title compound as a white solid. MS: 183.3 (MH™).

B) (rac)-2-(6-Hyvdroxvmethvi-piperidin-3-vioxy) -acetamide

2-(6-Hydroxymethyl-pyridin-3-yloxy}-acetamide_was hydrogenated as described in
intermediate 63B, to give the title compound as a yellow gum. MS: 189.4 (MH"),
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443-14- [ (E) -3- (3,4-Di chloro-ph enyl) - acryloyll -7-oxo- [1,4] diazepan-
1-yll- propylamino) cyclohexanecarboxylic acid amide Piperidine-4

W53{ 9){ c:|d amide 481.2 78 1- [ (E) -3- (3,4-Dichloro- phe{&ill)fp%({.ﬂgy%

ethyl- (tetrahydro- pyran-4-y1) - amino ] -propyll-
dlazepan -5-one Methyl- (tetrahydro-pyr&i-4- yl ) -amine 468.2 79 1- [ (E)

-3- (3,4-Dichloro-pheny1)- acrylo*l! -4- L% (t4 %ethoxy piperidinl -y1)

-propyl] - [1,4] diazepan-5-one 4- idine 468.3 80 (+/-)- 1-
[ 4 chhlo o-phen onI] -4- [ 3- (3-methoxy-piperidinl -y1)
@g ]glI é’rﬁ%%{(ﬁi (Methoxy piperidine 468.1 81 ( +/-) -1 -
RE) -3- (3,4- chhlor henyl ) - acryloyll -4- [3- (3-hydroxy-piperidinl-y1)
Emsg? PET1o4P ARSI E RS o BN BSG Hip&tidi S A8y AYiErgin-3-ol
[ €EVe- @G@W@ﬂ@ﬂd%h‘é@bﬂ&%@% F {34 1,4]diazepan-1
-y1l1-propyl) - piperidin-4 -y1 ] -carbamicacidethyl ester

Intermediate 74

{rac, trans)-6-Methoxymethyl-piperidin-3-ol

A) (rac, cis)-5-hvdroxy-2-methoxymethvl-piperidine- I -carboxvlic acid tert-butvl ester

and

{rac, trans)-53-hvdroxv-2-methoxymethyl-piperidine-1-carboxvlic acid tert-butvl ester

In analogy to the procedure described for intermediate 65A, crude (rac)-6-
methoxymethyl-piperidin-3-ol (intermediate 63B) gave after separation by silica gel
column (AcOEt) 34% of the (rac, cis)-5-hydroxy-2-methoxymethyl-piperidine-1-
carboxylic acid tert-butyl ester and 6% of the (rac, trans)-5-hydroxy-2-methoxymethyl-
piperidine-1-carboxylic acid tert-butyl ester as a light vellow liquid. MS: 246.3 (MH"),

B) (rac, trans)-6-Methoxvmethvl-piperidin-3-ol hvdrochlorid

In analogy 1o the procedure described for intermediate 62B, (rac, trans)-5-hydroxy-2-
methoxymethyl-piperidine-1-carboxylic acid tert-butyl ester gave the title compound as a
white solid. MS: 146.4 (MH™).

Intermediate 75

(rac, cis)-5-Methyl-piperidin-3-ol hydrochloride

A) {rac, dds)-3-Hydroxy-5-methvl-pireridine-1-carboxvlic acid tert-butvl ester and

(rac,cis)-3-Hyvdroxyv-5-hydroxvinethvl-piperidine-1-carboxvlic acid tert-butyl ester

A solution of 1.20 g (9.59 mmol) of 5-hydroxymethyl-pyridin-3-ol (Jensen, Henrik
Helligso; Lyngbye, Laila; Jensen, Astrid; Bols, Mikael. Chemistry--A European Journal
{2002), 8(5), 1218-1226) in 1.3 ml of aqueous 25% HCl and 10 ml of MeOH was
hydrogenated with 0.60 g 10% Pd/C at 50 bar and 120 °C for 20h. Filtration and reaction
with new catalyst with the same conditions gave crude product which was reacted with
di-tert-butyl-dicarbonate in analogy to intermediate 44B. Purification by silica gel
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Ethylpiperidin-4-y1 carbamate 525.1 83 N- [1 - (3-{ 4- [ (E) -3- (3,4-D
chloro- phenyl) -acryloyl 1 -7-oxo[1,4]diazepan-1-y11-propyl)-
wi-Ripaydins4-yl-acetamide 495.1 WO 2007/122103PCT/EP%Q%Q%§%§3% 0
- 96 - piperidin-4-yl1l-acetamide 84 8-(3-{4- [(E)-3-(3,4-Dichloro-pheny ?
- acryloyl] -7-oxo- [1,4] diazepan-l-y11- é@opyl) 1-oxa-3,8-diaza- spire [4.5

5 (i jate 14
é%g%ﬁ% aQ@fﬁo p§ ghﬁ%%ﬁgﬁ yl[ib %@‘8‘6&’? L@‘?@o {ipfermedists. 14)

[3Yed strd’ii QEBﬁE‘ey‘rﬁ?ﬁ o Cf% Jepromnt-ptearslisd patey.ohdds
éPr@)éa@dlE@yl plperldln -4-ol hydrochloride

and 0.15 g (8%) of rac-3-hydroxy-5-hydroxymethyl-piperidine-1-carboxylic acid tert-
butyl ester as light yellow oil. MS: 232.0 (MH").

B} (rac, cis)-5-Methvl-piperidin-3-ol hvdrochloride

In analogy to the procedure described for intermediate 628, (rac, cis)-3-hydroxy-5-
methyl-piperidine-1-carboxylic acid tert-butyl ester gave the title compound as a white
solid. MS: 116.3 (MH™).

Intermediate 76

(rac)-5-Hydroxymethyl-piperidin-3-ol hydrochloride

A) {rac)-5-Hydroxymethyl-niperidin-3-ol hydrochloride

In analogy to the procedure described for intermediate 62B; rac-3-hydroxy-5-
hydroxymethyl-piperidine-1-carboxylic acid tert-butyl ester gave the title compound as
orange gum. MS: 132.2 (MH™).

Intermediate 77

(rac)-1-[(E)-3-(3,4-Dichloro-phenyl)-acryloyl]-3-methyl-[ 1,4]diazepan-5-one

A) (rac)-1-Benzyl-3-methvi-{1,4]diazepan-5-one

Sodium azide (1.58 g, 24.4 mmol) was added portionwise over 6 h to a solution of 1-
benzyl-3-methylpiperidin-4-one (5.00 g, 24.4 mmol) at 0 °C, then the reaction mixture
was allowed to reach room temperature over 16 h. The reaction mixture was then poured
upon ice/40% aq. sodium hydroxide solution/ethyl acetate, the organic layer was washed
with brine, dried (MgSQ,)}, and evaporated. Recrystallization in n-heptane/ethyl acetate
2:1 {60 ml) produced the title compound {2.59 g, 49%). White solid, MS: 219.3 (MH").

B) {rac)-3-Methvl-[1,4]diazepan-5-one

A mixture of [-benzyl-3-methyl-[1,4]diazepan-5-one {1.88 g, 8.62 mmol) and palladium
(10% on activated charcoal, 188 mg) in ethanol (50 ml) was stirred at room temperature
under a hydrogen atmosphere (3 bar). After 18 h, the catalyst was removed by filtration
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(intermediate 15) 521.0 86 1-(3-{4- [ (E) -3- (3,4-Dichloro-phenyl) -
acryloyl] -7-o0x0- [1,4] diazepan-1-y11- propyl)-piperidine-4-carboxylicacid
amigde Piperidine-4-carboxylicacid methylamide 495. 4
(E) -3- (3 4-Dichloro-phenyl) - acryloyl] -7-oxo- [1,4] dlazepar%?jf 2%0%4490

propyl) -2,8-diaza-spiro[4.5]decanel,3:dibne 2,8-Diaza-spiro [4.5 |

21 188 8- o
(E ﬁg f4&t %tlghlo o pﬂg?r%l%gfc%q mgoff"ﬁd% 836")1-"‘{‘1“6 solid, MS:

YMokaza- spiro [4.5] decan 3 one 2,8-Diaza-spirol14.51 decan-3-
one (|nte{med|ate 18) 507 4 89 843 14

(E -3- (3 4 chhloro phenyl)

ecan4one 1,3,8- Trlaza splro [4 5] decan " one(lntermedlate9) 508.2
Jdo anelygy4o Egﬁ(gmcg}@rﬁ@}@cphg@ﬂ)ﬁ@@@@ﬁtﬂﬂ@xéﬁ) [3,4)dichlorocinnamic acid

diazepaptiyl 114 epyhhr4-ydexy-pipatdinerdotahalisiacidiamics: 327.2
(MH™.

Intermediate 78

(rac)-1-{(E)-3-(3,4-Dichloro-phenyl)-acryloyl}-7-methyl-[ 1,4 diazepan-5-one

A) {rac)-7-Methvl-5-0x0-[1,4]diazepane-1-carboxvlic acid benzyvl ester

2,2-dioxo-[1,2,3}oxathiazolidine-3-carboxylic acid tert-butyl ester (WQ2002072584; 454
mg, 2.03 mmol) was added to a solution of 3-benzyloxycarbonylamino-butyric acid ethyl
ester {450 mg, 1.69 mmol) and potassium tert-butylate {228 mg, 2.03 mmol}. The
reaction mixture was stirred for 72 h at room temperature and heated at 50 °C for
another 24 h. After cooling, the reaction mixture was partitioned between 10% aq. citric
acid solution and ethyl acetate, the organic layer was washed with brine, dried {MgSOy)},
and evaporated. The residue was taken up in dichloromethane (10 ml), treated with
trifluoroacetic acid (2.5 ml), stirred at room temperature for 45 min, then evaporated.
The residue was dissolved in methanol (10 ml}, then potassium carbonate (3.08 g, 22.3
mmol} was added and the reaction mixture was stirred at room temperature for 16 h.
After evaporation, the residue was partitioned between ethyl acetate and 1 M aq. sodium
hydroxide solution. The organic layer was washed with brine, dried (MgSQy), and
evaporated. Chromatography (Si0; CH2Cly/MeOH/NH,OH 95:5:0.25) produced the
title compound (205 mg, 46%). Colorless gum, MS: 263.2 (MH™),

B) {rac)-7-Methvl-|1.4]diazepan-5-one

A mixture of 7-methyl-5-0x0-[1,41diazepane- [-carboxylic acid benzyl ester (201 mg, 0.77
mmol) and palladium (10% on activated charcoal, 80 mg) in ethanol (2 ml) was stirred at
room temperature under a hydrogen atmosphere (3 bar). After 20 h, the catalyst was
removed by filtration and the filtrate evaporated to afford the title compound (81 mg,
82%). White solid, MS: 128 (M™).

C) (rac)-1-[{E)-3-{3,4-Dichloro-phenvl)-acrvlovl]-7-methvi-[ 1.4l diazepan-5-one
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4-Hydroxy-piperidine-4- carboxylic acid amide (intermediate 19) 497.2 91
(R) -1 - [ (E)-3-(3,4-Dichloro-pheny1)- acryloyl] -4-134 3-hydroxy-piperidin-

“@go%rléﬂﬁgxyplpendme 454.2 WO 2007/122103PCT/EP2(},(&[Q:§,§%%%SS 190

97 - 1-yl)-propyll-[1,4]diazepan-5-one 92 (S)-1-
RE)-3-(3,4-Dichloro-phenyl)- acryloyl] 48 -

[% ((37 f}& (5)%%%91!91%@ ”{13/11) 1%%9%%341 ?gaj\;’%% c?exa@ﬁz?ltglpo osgha‘[e f(34-3 mg,

roxyplperl Ine 4542 Example enera ure

@5} ﬁ(& ‘g’ﬂ%ﬁﬁeééﬂmbﬂﬁ@ ¢f43,4-dichlorocinnamic acid (130 mg, 0.60 mmol),
[(Epekd:Aldibtivrpahenye - Eeryloydt0Troxol) [2p4] tiazdpimetpjbline (304 mg,
acetaldebyde 1(1‘%@@@@1@&4&@3@1%@ 1%@1@&%@%&%%&@& for3h
%qqg&ﬁqe&mge paronteleaming. beg“ el iolpus efeﬁg{ RES PRt

r ex

solution of Ine- ora e comp mmo

ACKHRTERRE ( zisew%‘f@féﬁm@ F?fi‘j@ﬁé?‘?é%ﬂ%%g/é%%@i’%ﬁé n
dviereriagivccamuelvifatedtand iMe CESib PUr et bysprepdratd eht GithRb@pound

Tabiendk 98%). Colorless gum, MS: 327.1 (MH").

Intermediate 79

(R)-1-[{E)-3-(3,4-Dichloro-phenvyl)-acryloyl}-2-methyl-| 1,4] diazepan-5-one

A) {R)-2-methyl-5-ox0-11,4]diazepane- 1 -carboxvlic acid benzvl ester

In analogy to the procedure described in intermediate 78A, 3-benzyloxycarbonylamino-
propanoic acid methyl ester and (S)-5-methyl-2,2-dioxo-[1,2,3] oxathiazolidine-3-
-carboxylic acid tert-butyl ester (Bioorg. Med. Chermn. Lett. 20086, 16, 1207) gave the title
compound. Colorless gum, MS: m/e = 263.1 (MH").

B) (R)-2-Methvl-[1 4ldiazenan-5-one

In analogy to the procedure described in intermediate 78B, (R}-2-methyl-5-0x0-

{1,4]diazepane-1-carboxylic acid benzyl ester gave the title compound. Colorless gum,
MS: m/e =128 (M™).

C) (R)-1-{{E}-3-(34-Dichloro-phenyl)-acryloyl]-2-methyl-[1,41diazepan-5-one

In analogy to the procedure described in intermediate 78C, (E}-3,4-dichlorocinnamic

acid and (R)-2-methyi-[1,4]diazepan-5-one gave the title compound as a colorless gum,
MS: m/e = 327.3 (MH").

Intermediate 80

(rac)-1-[(E)-3-(3,4-Dichloro-phenyl)-acryloyl}-6-methyl-1,4]diazepan-5-one

A) (rac}-6-Methvl-5-oxo-[,4]diazepane- 1 -carboxvlic acid tert-butyl ester

Sodium hydride {60% dispersion in mineral oil, 275 mg, 6.88 mmol) was added at room
temperature to a solution of tert-butyl N-{2-aminoethyl)carbamate (1.00 g, 6.24 mumol),
then after 30 min ethyl methacrylate (712 mg, 6.24 mimol) was added. The reaction
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Example No. Compound Name Amine MS: (Mir) 93
(S)-1-[(E)-3-(3,4-Dichloro-pheny1)- acryloyl] -4- [3-(2-methoxymethyl-

wiVisplidingdsy1)-ethyl]- [1,4] diazepan-5- one (S)-Z-Methoxyg@itmgiﬂwﬁﬂ 490

pyrrolidine 454.1 94 (R)-1-[(E)-3-(3,4-Dichloro-phenyl)- acryloyll -4-
[3-(2-methoxpnethyl- pyrrolidin-l-y1)- eth?/of]' [1,4]diazepan-5- one

(B}i?dw %W%&@Xh&% W&Hﬂé‘?ﬁé@%&?ﬁs h then partitioned between ethyl

,4-Dichlor 1 acr
B AERRE by R, THe B (T4 s i by i
(R)Lgs%d]n@rdtmnow 200pi2Eosh e (OB 2007 /083490198 - 96 1-
RE)TG}M@EZNHQQ}H%WQ)Z@CpVMCd4h£&ﬂe compound (51 mg, 4%). White
(%ﬁaq@@(%ﬁe p_hgm Jin-1 - yl) -ethyl] - [ 1,4] diazepan-5-one
4- Phenyl piperidin-4- oI 516.5 97

B) {rac)-6-Methvl-11,41diazepan-5-one hvdrochloride

6-Methyl-5-ox0-[1,4]diazepane- 1 -carboxylic acid tert-butyl ester (42 mg, 0.18 mmol)
was suspended in hydrogen chloride solution (4 M in 1,4-dioxane, 0.5 ml) and stirred at
room temperature for 4 h, then volatile material was removed by distillation, to afford the
title compound (29 mg, 96%). Colorless gum, MS: 129.1 ({M-CI] ).

C) {rac)-1-[(E)-3-(3,4-Dichloro-phenyl}-acrviovl]-6-methvi-[ 1 4] diazepan-5-one

In analogy to the procedure described in intermediate 78C, (E)-3,4-dichlorocinnamic
acid and 6-methyl-[1,4]diazepan-5-one hydrochloride gave the title compound as a
colorless gum, MS: 327.1 (MH™).

Intermediate 81
(rac)-6-Aza-spiro[2.5]octan-4-ol hydrochloride

A] {rac}-6-Aza-spiro{2.5]octane-6-carboxvlic acid tert-butyl ester

To a solution of Et;Zn (37.5 ml, 1.1IM solution in toluene, 0.04 mmol} in DCE (80 ml) at
0 °C was added chloroiodomethane (5.99 ml, 0.08 mmol) under Ar. This mixture was
stirred for 15 minutes before a solution of 3-hydroxy-4-methylene-piperidine-1-
carboxylic acid tert-butyl ester (J.Org. Chem. 2001, 66, 2487) (4.19 g, 0.02 mmol) in DCE
(10 ml) was added, after which time the reaction was stirred for 0.5h at 0 °C and then
allowed to reach room temperature, stirring for a further 1h. The reaction was then
quenched by addition of saturated NH.Cl, separated, and the organic dried {Na,50;,) and
concentrated. Purfication by flash column chromatography (EtOAc:n-heptane 2:8-1:1)
afforded the title product (2.4 g, 54%) as a crystalline solid. MS: 228.2 (MH").

B) {rac)-6-Aza-spiro 2.5 1octan-4-0l hvdrochloride

Intermediate 81A (0.52 g, 2 mmol) was dissolved in 10 ml of HCl in dioxane (4M),
stirred for ten minutes. The reaction was then concentrated to afford the title product
(0.38 g, quant.) as a white powder. MS: 128.1 (MH™).
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1- [(E)-3-(3,4-Dichloro-phenyl)-acryloyll - 4- [2-
(4-hydroxymethyl-piperidin-1-y1) - ethyl] -[ 1,4] diazepan-5-one 4-M

weihyd-pipgrigin-4-ol 454.4 98 1- [ (E)-3-(3,4-Dichloro- phenylg&g@g%%éwo

[3- (4 -hydroxy-3',41,5',6r-tetrahydro- 2'H- [2,41 bipyridiny1-11-y1)-ethyll -
[1,4] diazepan-5-one 4-Hydroxy-4- pyrld-7§- yl(piperidine) 517.5 99 1-

[(E)-3-(3,4-Dichloro-phenyl)- acryigyélmgfdﬁ 82
(4'-hydroxy-3',4',57,6'-tetrahydro- ZH- 3,4 jDIpyI’IdInyl 1'-y1) -ethyl] - [1,4 ]

n 5 on dro rid iperidine) 517.5 100 1- [(E) -3-
d&i‘j %&1 0 é"%i%%r %tagcry ?X §¥§ hydroxy-3,4,5,6-tetrahydro-2H-
r|d|n |aze an-5-
Pfyaf R w@ R iR B A AR PY g reigte gt p ona
lfé?@rf;%wﬁ?*- @ﬁﬁm[T A1 Hibzehairicgrtoamgingous
-4ephﬁagtifmp\et§d}m@1-m@hdslmmlrﬂes4iE’éhenM{ﬁT@erldme 4- carbonitrile
525.5 102 (+/-) -1- RE)-3-(3,4-Dichloro-phenyl)- acryloyl] -4- [3-

(2-methyl-piperidin -1-y1) - ethyl]in{dréhl-diadzegzan -5-one (+/-) -2-
Methylpiperidine

{-)-6-Aza-spiro[2.5|octan-4-ol hydrochloride

The title compound was prepared by chiral separation of Intermediate 81A on a
Chiralpak AD column (Isopropanol:n-heptane 5:95) and subsequent analogous
deprotection with HCl in dioxane. MS: 128.1 (MH™).

Intermediate 84

(rac)-3-Hydroxy-4,4-dimethyl-piperidine hydrochloride

A) {rac)-3-Hvdroxv-4,4-dimethyl-piperidine-1 -carboxvlic acid tert-butvl ester

Intermediate 81 A (0.43 g, 1.9 mmol) was dissolved in AcOH (7 ml) with platinum oxide
(0.4 g, 1.9 mmol) and stirred under hydrogen atmosphere (balloon) for 2d. The reaction
was then filtered through Hyflo and concentrated to afford the title product (0.41 g, 94%}
as oil. MS: 230.2 (MH").

B) (rac)-3-Hvdroxy-4,4-dimethvl-piperidine hvdrochloride

Intermediate 84A was deprotected with HCl in dioxane to afford the title product as a
white powder. MS: 130.1 {MH™").

Intermediate 85
(+, cis)-4-Methyl-piperidin-3-ol hydrochloride

A) (rag, trans}-3-Hydroxy-4-methyvl-piperidine-1 -carboxylic acid tert-butyl ester

(rac, trans)-1-Benzyl-4-methyl-piperidin-3-ol (Tet. Lett. 2000, 5817) (13.0 g, 63 mmol)
was dissolved in MeOH with PA(OH),/C {4 g} and stirred under a hydrogen atmosphere
(balloon) for 16h after which time Boc,O {13.8 g, 63 mmol} was added, the reaction
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438.4 103 1- [ (E) -3- (3,4-Dichloro-phenyl) -acryloyl] - 4-
[3-(tetrahydro-pyran-4-ylamino)- ethyl] - [1,4 ] diazepan-5-one

woelsgaigspyran-4- ylamine 440.4 104 cis/trans-1- RE) -3-bcqepaoe/o53490
3,4-Dichloro-phenyl)- acryloyl] -4- [ 3-(2-methyl- cyclohexylamino ) -ethyl]
-[1,4] diazepan-5- one cis/trans-2- Meth@lléyclohexylamine 452.4 WO

%%91%/&1%23193@@@/(?@39%/ %ﬁé%ﬁd Sheeh B MRRSaHord the title product (133 g,
)-3-(3,4- Ijl Ioroﬂﬁ g}/ ac;ﬂ -4-13-(4-hydroxy-4-pyridin-2-yl-

c%%c’f H Q}ﬁgﬁ% gjce Gl ‘J[ 208 %% i-5- one trans-4-Amino-1 -

P rldln 2 yI cyclohexanol mtermedlate 13) 531 .5 106 trans-1-

z- s515) A Mathvl-3{ doniiro-hengavl -PAD A wca,rboxvhc acid tert-butyl

cga@ohexylamlno) ethyl] - [ 1, 4]d|azepan -5- one trans 4 Amino-
cyclohexanol 454.4 107

Intermediate 85A (6.0 g, 28 mmol) was dissolved in THF (40 ml) with PPh; (8.9 g, 34

minol), 4-nitrobenzoic acid (5.7 g, 34 mmol) and cooled to 0 °C before dropwise addition

of diisopropyldiazadicarboxylate (6.9 g, 34 mmol). The ice bath was removed and the
reaction allowed coming to room temperature, stirring for 16h. The reaction was then
directly absorbed onto silica gel and purified by flash column chromatography (EtOAc:
n-heptane 2:8) to afford the title product (4.0 g, 40%) as a white solid. MS; 365,2 (MH").

C) (rac, cis)-3-Hvdroxy-4-methvl-piperidine-1-carboxvlic acid tert-butyl ester

Intermediate 85B {5.0 g, 14 mmol) was dissolved in MeOH (70 ml) and NaOH (4.5 ml,
6N in water, 27 mmol) was added. The reaction was stirred for 1h after which time the
solvent removed under vacuum, the residue portioned between water and CH,Cl, and
the organic collected, dried (Na;SO,) and concentrated toafford the title product (2.6 g,
87%) as a crystalline solid. MS: 216.1 (MH™).

D) {+, cis)-3-hydroxv-4-methvi-piperidine- | -carboxvlic acid tert-butvl ester

Intermediate 85C was separated on a Chiralpak AD column {Isopropanol: n-heptane
5:95) to afford the title compound. MS: 216.1 (MF™).

E) (+, cis)-4-Methvl-piperidin-3-ol hvdrochlornide

Intermediate 85D was deprotected with HCl in dioxane to afford the title compounds asa
white powder. MS: 116.2 (MH™).

Intermediate 86
(-, cis)-4-Methyl-piperidin-3-el hydrochloride

The title compound was prepared in analogy to Intermediate 85D and subsequently
deprotected with HCl in dioxane to afford the title product as a white powder. MS: 116.2
(MH™).

Intermediate 87

(rac, trans)-2-Methyl-piperidin-3-ol hydrochloride
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WoYsIBRmRMY-Piperazin- 1 -yl-methanone 493.2 108 4- [3-

4- [3- (4-Cyclopropanecarbonyl-pmera in- 1-y1)-ethyl] -I- [ (E) -3-
(3,4-dichloro- phenyl) -acryloy11- [1,4] diazepan-5-one

_ : PCT/EP2007/033490
(Cyclopentyl-amino) -ethyl ] -1-1(E)- 3- (3,4-dichloro-phenyl) -acryloy11-
[1,4]diazepan-5-one Cyclopentylamine 2.2 109 4- [-3-

(Eyclerantyimatov-aminghr stwthide RErBofdid-dishlargphemd) -

acryloyl1-[I,4]diazépan-5-one Cyclopentyl -methyl- amine 438.1 110 (

L SO\l

Ioro ) -acr aze -endo-2- amlne

M}Bﬁ‘ﬁé S pe heqs (eéﬁ ohékyrhatyit mﬂﬂsfne%ﬁg}ﬂs g or 2
Ejhsrc(@mdwhwt@xpﬁbm@ taonyby i 1B41diaZ éden 8-omeol) added and the
Gylephexirsaathylh aetihie ﬁﬁ%&ﬂgl@;ek&x(&bt Wd@ 4aRichlorpnpRanyh: was

?&%8}0(1& f}i (fi)’{ &Z,J\A%]g?l}ég t ch 3‘8‘ p ac é/ 12:[11% Y l]draed (S)Na2804} and
|azepan- -one T |om0rp ol ne-1 dIOXI de 2
concemrated Purification by flash column chromatography (EtOAc n-heptane 3:7-1:1)

afforded the title product (0.7 g, 18%) of the title product as a light yellow liquid. MS:
216.1 (MH™). A small quantity of (rac, cis)-3-hydroxy-2-methyl-piperidine- 1 -carboxylic
acid tert-butyl ester (0.06 g, 2%) was also obtained from the column. MS: 216.1 (MH").

B) (rac, trans)-2-Methvl-piperidin-3-ol hvdrochloride

Intermediate 87A (0.7 g, 3 mmol) was deprotected using HCl in dioxane affording the
title product (0.45 g, 91%) as a white powder. MS: 116.1 (MH").

Infermediate 88

{rac, cis)-2-Methyl-piperidin-3-ol hydrochloride

The byproduct {rac, cis)-3-hydroxy-2-methyl-piperidine-1-carboxylic acid tert-butyl
ester from the reaction to make intermediate 87A was deprotected with HCl in dioxane to
afford the title compound. MS: 116.1 (MH™).

Intermediate 89

(rac, trans)-4-Fluoro-piperidin-3-ol hydrochloride

A) {rac, trans)-4-Fluoro-piperidin-3-ol-1-carboxvlic acid tert-butyl ester

{rac)-7-Oxa-3-aza-bicyclo[4.1.0 heptane-3-carboxylic acid tert-butyl ester {Heter. 1994,
39, 163) (2.0 g, 10 mimnol) was dissolved in a mixture of DCE (1.5 ml) and trisHF.Et;N
(1.6 g, 10 mmol) and heated to 80 °C for 12h after which time the reaction was diluted
with CH»Cl,, washed with sat. NaHCQs, then sat. NH,Cl, dried {Na,50,) and
concentrated. Purification by flash column chromatography (EtOAc:n-heptane 3:7)
afforded the title compound (1.5 g, 66%) as a yellow liquid. MS: 220.1 (MH"). Also
obtained was the regioisomer (rac, trans)-3-fluoro-4-hydroxy-piperidine-1-carboxylic
acid tert-butyl ester (0.26 g, 12%) as a yellow oil. MS$: 220.1 (MH").

B] (rac, trans)-4-Fluorg-piperidin-3-ol hvdrochloride
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1- RE) -3- (3,4-Dichloro-phenyl) -acryloyll - 4-13- |
(2-methoxy-ethyl)-methyl-amino 1 - ethyl] -11,41diazepan-5-one

wdMpihaxysethyl) - methyl-amine 428.1 WO PCT/EP2007/053490

2007/122103PCT/EP2007/053490 - 100 - 114 1 - [(E)
-3-(3,4-Dichloro-phenyl) -acryloyl] - 4- 13? [(2-hydroxy-ethyl)-methyl-

%&ld&%“é’éh f#‘é %'%%86%’5 r;;?régebé/cg{ﬁﬁy%&? df&%}pg L}ﬁmﬂ?ﬁg the title

5 4-13 y-et

d’L ﬂi I{qamlnon{ -
AU PRy B SO e b 2.(2-Hyctoy-
ethylamino)-ethanol 444.2 116 (+/-)-N- [ 1 -4 (E)-3-14- [3-(3,4-Dichloro -
phenyl) -acryloyll -7-oxo- [1,4] dii%éﬁé&fﬁﬂ%éﬂethyl) pyrrolidin-3-yl]
-acetamide (+/-)N-Pyrrolidin-3-yl- acetamide 467.2 117 (S) -1 - [(E)

-89, Hprrdieephemidisctyadypracisrigay droxym ethylpyrrolidin-1
-y1l.) -ethyl] - [1,4 ] diazepan-5 - one (S) -Erohnol 440.1 118 843-14-

[(Ex 3@ HDichissdrpieriyiuatryioyifcrmgpptidhdidzapardioptid ethpity!
-3sB8driatansptio {ho]deeanek? dhdiontaleRBaATHRZAprotected with HCI in
dioxane to afford the title compound. MS: 120.1 (MH™).

Intermediate 91
{rac)-4-Methyl-piperidin-3-ol hydrochloride

A) 3-Hydroxy-4-methvl-piperidine-1 -carboxvlic acid tert-butvl ester

3-Hydroxy-4-methylpyridine (0.98 g, 9 mmol} was dissolved in a AcOH (50 ml) and
P1;0 {0.10 g) added. The mixture was heated to 100 °C under 100 bar of hydrogen
pressure for 20h. The reaction was then filtered through Hyflo and concentrated. The
residue was dissolved in CHCl; (30 ml) and Etz;N (2.75 ml, 20 mmol) and Boc;O (2.2 g,
10 mmol) added and the mixture stirred for th. The reaction was then washed with 10%
citric acid solution, dried (Na;SQO4) and concentrated. Purification by flash column
chromatography (EtOAcn-heptane 3:7) afforded the title product (0.63 g, 33%), a 3:1
mixture of diasteriomers {cis:trans) as a colourless oil. MS: 216.1 (MH™).

B) (rac)-4-Methvi-piperidin-3-ol hvdrochloride

Intermediate 91A was deprotected with HCl in dioxane to afford the title product as a
white powder. MS: 116,1 (MH").

Intermediate 92

4-{3-((-)-4-hydroxy-6-aza-spiro[2.5]oct-6-y1)-propyl}-[1,4]diazepan-5-one
dihydrochioride

A) 4-13-{{-)-4-hvdroxy-6-aza-spiro[2.5] oct-6-v1 -propvi]-5-oxo-] 1.4 ] diazepane-1 -
carboxyvlic acid tert-butyl ester

5-Oxo-4-(3-oxo-propyl)-[1,4]diazepane-1-carboxylic acid tert-butyl ester {intermediate
61) {0.19 g, 0.7 mmol) was reacted with (-)-6-Aza-spiro[2.5]octan-4-ol hydrochloride
{intermediate 83) (0.12 g, 0.7 mmol) in DCE:EtOH (1:1, 6 ml}, AcOH (0.18 ml) and
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spiro [4.5] decane-2,4- dione (intermediate 11) 508.2 119 4-
[(E)-3-(4-Benzyl-4-hydroxy-piperidin- 1 -y1) -ethyl] -1- [ (E) .
wa4shAidichlorophenyl) -acryloyl] - [ 1,4] diazepan-5-one CT[E 2007/053450
4-Benzyl-piperidin-4-M. 530.1 120 1- [ (E) -3-(3,4-Dichloro- p B
-acryloyl] - 4- [3-(4-methyl-piperidin-1 -)711) ethyl] [1 4] dlazepan -5-one

jp%%ﬁ%’k%rg :ﬁ%ﬁ%ﬁﬁ%g’@ JSM[ %zﬁ an 5 one |omor6ﬁmh?|%|4
153 HORESS %t‘(@%%%}% b H zP Sl wishshatiH 42 9%%5&% 5

- dried (Nt epands-omeriergholi h@rx&@@@ wWakpurified by flash column

200623 TIEERADAINTEAN 2lAQE thedle product (0.25 g, 91%) as a gum.

MS: 382.4 {MH").

B) 4-13-{(-)-4-hvdroxy-6-aza-spiro[ 2.5 oct-6-vl}-propvi]-[ 1,4 1diazepan-5-one
dihvdrochloride

Intermediate 92A was deprotected with HCl in dioxane to afford the title product asa
white powder. MS: 282.3 (MH").

Intermediate 93

(rac, cis)-3-Fluoro-piperidin-4-ol hydrochleride

A) 3-Fluoro-4-hydroxy-piperidine-1 -carboxviic acid tert-butyl ester

3-Fluoro-4-oxo-piperidine- 1 -carboxylic acid tert-butyl ester (Chem. Europ. J. 2005, 5,
1579) {1.0 g, 5 mmol) was dissolved in MeOH (5 ml), cooled to 0 °C and sodium
borohydride (0.2 g, 5 mmol) was added portionwise. The reaction was allowed to reach
room temperature and stirred overnight after which time the solvent was removed under
vacuum, the residue redissolved in CH,Cl,, washed with water, dried (Na250.) and
concentrated. The product was purified by flash column chromatography (EtOAc:n-
heptane 3:7-1:1) to afford the title compound (0.67 g, 67%) as a white solid. "I NMR
(400 MHz, DMSO) 6 1.19-1.68 (11H, m), 2.80-3.0 (1H, m), 3.06-3.17 (1H, m}, 3.59-3.70
{2H, m), 3.90-3.97 (1H, m), 4.55 {(1H, dt, ] 52, 4 Hz).

B) {rac, cis)-3-Fluoro-piperidin-4-ol hydrochloride

Intermediate 93A was deprotected with HCl in dioxane to afford the title compound as a
white powder. MS: 120.1 (MH"),

Intermediate 94

(rac)-3-Methyl-piperidin-4-ol

A) (rac)-1-Benzvl-3-methvi-piperidin-4-ol

I-Benzyl-3-methyl-piperidin-4-one (2.0 g, 10mmol) was dissolved in MeOH (10 ml),
cooled to 0 °C and sodium borohydride (0.2 g, 5 mmol) was added portionwise. The
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(+/-)-1-[ (E) -3- (3,4-Dichloro-phenyl) - acryloyl] -4- [3-( [1,4]
dioxan-2-ylmethyl- methyl-amino)-ethyl] -[1,4] diazepan-5 - one ( 1,4)

wH SR 4 methylamine 470.1 124 PCT/EP2007/053490

cisltrans-1-[(E)-3-(3,4-Dichloro-phenyl)- acryloyl] -4-13-
[methyl-(4-methyl- cyclohexyl)-amino] - t:hyl} - [1,4) diazepan- 5-one

Gis{transMetiyl - ety -6ygloba Dy ANING 4683 d0aksh(GheBwhich time
Et ,4-D|chloro-phen¥g

-acryloyl] - 4- 13- (4,4-difluoro-piperidin-1 -yl) -ethyl]

S ﬂé“lfi;?f-tﬁﬂ%?ﬂbr%]%@ -ﬁ%fa%la@fgéﬂ@%%ﬁé@a&eg with
(FAeDighidraNphéhyhndepployiiraid 3o pilotd-tiedilinicazpiidig (2-§ gy quant), a 3:1
pifierigioLddbreibyidrs [Lsdlscdiay epam®d Monzog.2Raerigin -4-yl-
imidazolidin-2-one (intermediate 7) 508.1 127 1- |
(B)33.4-RighiergrRaany)aacryloyl] - 4-13- [4- (1H-pyrazol -3 -y1)
-piperidin- 1.- yl] -ethyl} - [ 1,4] diazepan-5-one 4-( 1H-Pyrazol-3-y1) -
niperiding,(inieimediate ] 2)k0%d 28md8r 1y Erﬁ'%lﬁé?dgomz/c (0.2 ¢) and
3 41-Q}|10hlor8-1%ﬁe@élg - aﬁ{é'lo I .-7-oxo-h 1t4.]1‘§'azﬁﬁa?'l'¥ 6fH ettth}/lag]lrﬂo? it
SRSl Cbllsalc e Ciyrade; ice WERUILTCh A e
was filtered through Hyflo and concentrated, affording the title product {0.52 g, quant) a

brown oil. MS: 116.1 (MH"),

Intermediate 95

(rac,trans)- 3-Methyl-piperidin-4-ol hydrochloride

A) {ractrans)-4-Hvdroxy-3-methyl-piperidine- 1 -carboxvlic acid tert-butvl ester

1-Benzyl-5-methyl-1,2,3,6-tetrahydro-pyridine (Tet. Lett. 1998, 39, 5417) (7.7 g, 41
mmol) was dissolved in THF (100 ml) and sodium borohydride (2.6 g, 69 mmol) added.
The mixture was cooled to 0 °C and borontrifluoride etherate (6.2 ml, 49 mmol) added,
the reaction allowed to reach room temperature and subsequently stirred for 1h. The
reaction was recooled to 0 °C, a small quantity of water added to quench any remaining
borane, and then a suspension of Oxone (42.6 g, 69 mmol) in water (100 ml) was added
and the reaction again allowed to reach room temperature (1h). The reaction was
filtered, extacted with EtOAc, the aqeous phase made basic by addition of solid NaOH,
and then reextracted with CH,Cl,, dried (Na,SO4) and concentrated. The crude residue
(5.2 g) was redissolved in MeOH, Pd(OH),/C added and the reaction stirred under an
atmosphere of hydrogen (balloon) for 16h after which time Boc:O (5.5 g, 25 mmol) was
added, the reaction stirred for 1h, and then filtered through Hyflo and concentrated.
Purification by flash column chromatography (EtOAc: n-heptane 4:6) afforded the title
product (2.1 g, 39%} as a colourless gum. MS: 216.2 (MH").

B) (rac.trans)- 3-Methvl-piperidin-4-ol hvdrochloride

Intermediate 95A was deprotected with HCl in dioxane to afford the title product as a
white powder. MS: 116.2 (MH™).

Intermediate 96

(rac,cis)- 3-Methyl-piperidin-4-ol hydrochloride
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Piperidine-4 -carboxylic acid ethyl ester 496.2 129 1- [ (E)
-3-(3,4-Dichloro-phenyl) -acryloyl] - 4- [3 - (4-trifluoromethyl-piperidin-1
wisbboAdyls- [ 1,4 ] diazepan-5-one 4-Trifluoromethyl- piperigine 4921, .
130 1-[ (E) -3- (3,4-Dichloro-phenyl) -acryloyl] - 4- [3- (4-f|uoro-§f:pe(ﬁgl}g-i4
-y1) -ethyl] - [1,4] diazepan-5-one 4-Flu ?o‘-piperidine 442.1 131 1-1(E) -3-
(%)4(9&9H&@rmﬂfﬂ&fﬁa:P&-%Pa/—%éﬁ%bh&éﬂb@%@&i‘ﬁ@?%@f%'&a%i%%g%%ﬂl’ﬂu'tgl
1I-Methyl-pipéraz ne 4392 WO 2007/12ZI03PCT/EPZ007705 - -
[i—%diazepan-S-one 132 4- [3-(4-Methyl1-4-hydroxy-piperidin-1 - yl)
-ethyl] -1- RE)-3-(3,4-dichloro-phenyl) - acryloyl] -£1,4] diazepan-5-one
41}%%%1_16“33?@ .9 HP48pql) was converted to the 4-nitrobenzoic ester analogously
to Intermediate85B affording the titled product (0.9 g, 90%) as a white solid. MS: 365.2

(MH").

B) (rac, cis)-4-Hydroxv-3-methvl-piperidine- ! -carboxvlic acid tert-butvl ester

Intermediate 96A (0. 86 g, 2 mmol) was saponified analogously to intermediate 85C
affording the title product (0.5 g, 98%) as a colourless oil. MS: 216.4 (MH™).

C) (rac,cis)- 3-Methvl-piperidin-4-ol hvdrochloride

Intermediate 96B was deprotected with HCl in dioxane to afford the title product as a
white powder. MS: 116.1 (MH").

Intermediate 97

{rac)-3,3-Dimethyl-piperidin-4-ol

A) {raci-1-Benzyl-3,3-dimethvl-piperidin-4-ol

1-Benzyl-3,3-dimethyl-piperidin-4-one (WO 01/00577 A2) {5.0 g, 23 mmol) was

dissolved in MeOH (25 ml), cooled to 0 °C and sodium borohydride (1.0 g, 25 mmol)
was added portionwise. The reaction was allowed to reach room temperature and stirred
overnight after which time the solvent was removed under vacuum, the residue
redissolved in CH,Cly, washed with water, dried (Na;SO4) and concentrated to afford the
title compound (4.9 g, 97%). MS: 220.4 (MH™).

B) (rac)-3,3-Dimethvl-viperidin-4-ol

Intermediate 97A (4.9 g) was dissolved in EtOH (50 ml) and Pd(OH},/C (0.3 g) and
cyclohexene (6 ml) added. The reaction was heated to reflux for 16 h after which time it
was filtered through Hyflo and concentrated, affording the title product (0.5 g, quant) a
white crystalline solid. MS: 130.1 (MH™).

Intermediate 98

‘(rac)-5-Aza-spiro[2.5]octan-8-ol

A} 8-Oxo-5-aza-spiro[2.51octane-5-carboxylic acid tert-butyl ester
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whIRgHdingr#-carboxylic acid amide 467.1 134 |- [

133 443-14- [ (E)-3-(3,4-Dichloro-pheny1l)- acryloyi] -7-oxo- [ 1,4]
diazepan:-I-yll - ethylamino) -cyclohexanecarboxylicacid amide

(E)-3-(3,4-Dichloro-phenyl)-acryloyl] - 4-13- FCTIER20071053490
[methyl-(tetrahydro-pyran-4-y1) - amlnoﬁ -ethyl} - [1,4] diazepan-5-one
Meshyl: E?et!ﬁm’edi a%?d}l é‘&éi@ ARG fadf A3P! 5[x£'i)ol§ ﬁs‘&'&%&@k‘&r%
- heng - [(3-hydroxy-propyl) -amino | -ethy ][) -
a%g&% KT S . rbBah 14 749 156 O[r (St Betde

B8 eDiditiro Phermpleec oyt dingetiyl-sulfonium iodide (Tet. Lett. 1984, 25,
Glstspprapypinedidiovér YianiRerkaceitiylas[dutldiazermandepRaidh time it was

PR ORY L&W&eﬂ%’t@r MQ'@@%’&S&&)]L’%ZHQC éoﬂected drplﬁg é?ﬁéllgaq ) and

)-3-(3,4- heny1)-acryl 1-met 0
C%ﬁ%ﬁﬁm i) Z?aééﬁ meyp Ez%fnnz;hemﬁae‘?is@ pligrded the
didadaneduc](B)-8- (s%mmwmemmécmm (M4 8- [(4-methyl-
cycloheryl) - amino] -ethyl} - [ 1,4] diazepan-5-one Cis/trans-4-Methyl-

med52da-spiro! 2.5 octane-5-carboxylic acid teri-butyl ester

Intermediate 98A (0.2 g, 1 mmol) was dissolved in MeOH (5 ml) and sodium
borohydride (0.04 g, 1 mmol) added. The reaction was stirred for 1h, concentrated,
partitioned between CH,Cl; and water, the organic collected, dried (Na;5O4) and
concentrated. Flash column chromatography (EtOAcin-heptane 3:7-1:1) afforded the
titled prouduct {0.15 g, 68%) as colourless gum. MS: 228.1 {MH").

C! (rac)-5-Aza-spirol 2.5 octan-8-0l

Intermediate 98B was deprotected with HCl in dioxane to afford the titled product as a
white poweder. MS: 128.1 (MH™).

Intermediate 99

1-[(E)-3-(3-Chloro-4-fluoro-phenyl}-acryloyl]-4-(4-iodo-butyl)- [ 1,4]diazepan-5-one

A) 1-1{E)-3-(3-Chloro-4-fluoro-phenvl)-acrvlovli-4-(4-iodo-butvl)-[ 1.4 diazepan-5-one

In analogy to the procedure described for example 9A and 9B, 1-[(E)-3-(3-chloro-4-
fluoro-phenyl}-acryloyl}-[1,4]diazepan-5-one {(intermediate 54) gave the title compound
as vellow foam. MS: 478.9 (MH").

Intermediate 100

(rac, trans)-4-Methyl-piperidin-3-ol hydrochloride

The title compound was prepared from intermediate 85B, (rac, trans)-3-Hydroxy-4-
methyl-piperidine-1-carboxylic acid tert-butyl ester, by deprotection with HCl in
dioxane. M$:116.2 (MH™).

Intermediate 101

(rac)-3-Methyl-piperidin-3-ol hydrochleride
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139 1- [ (E)-3-(3,4-Dichloro-pheny1)-acryloyl] - 4-
[3-(4-hydroxy-piperidin-1-y1)-ethyl] - [1,4] diazepan-5-one Piperidin-4-ol

witdet A E+/-)-cis-1- [ (E)-3-(3,4-Dichloro-pheny1)- acryloyﬂ *ﬂ/}i}%ﬂ(}mss@ﬂ

[(3-methoxy-tetrahydro- pyran-4-y1)-amino | -ethyl} - [ 1,4 ] dlazepan-
5-one (+/-)-cis-(3-Methoxy- tetrahydro- p7 an-4 -yl1) - amine 470.1 WO

%%Q%(&@@Jﬁgﬁ&ﬁ’%ﬁ?pqg&{%ﬁ%ﬁ%% 3o infermediate @) bl drer).

E)-3- (3,4-Dichloro -phenyl.) -acryloyl] - 4- [24 (R)-3-hydroxy-piperi

din-1-y") - ethyl] - [ 1,4 ] dlazeparﬂ-g-onedé@ %%2 Hydroxypiperidine 440.2

142 1 [(E) -3-(3, 4 chhloro phe =4-[2-( (S)

P
cry

(%egzﬁ%%%“é%%ﬁé‘%”%é%% at F]C“ i%é&%ﬂ%ﬂb&é% 26, 6, 855.

Example 1
1-[(E}-3-(3-Chloro-phenyl)-acryloyl]-4-(2-pyrrolidin-1-yi-ethyl)-[1,4]diazepan-5-one

A 1-I{E)-3-{3-Chloro-phenvl)-acrvlovl|-4-(2-pvrrolidin-1-vi-ethvl)-[ 1,41 diazepan-5-
one

In analogy to the procedure described in intermediate 4A, 1-[(E)-3-(3-chloro-phenyl)-
acryloyl]-{ 1,4] diazepan-5-one (intermediate 3A]) and 1-(2-chloro-ethyl)-pyrrolidine
gave the title compound as off-white powder. MS: 376.5 (MH", Cl}.

Example 2

4-{2-(4-Acetyl-piperazin-i-yi)-ethyl]-1-[(E)-3-(3-chlore-phenyl)-acrylovi] -
[1,4]diazepan-5-one

A)  4-12-{4-Acewl-piperazin-1-vl)-ethyl]-1-[{E}-3-(3-chloro-phenyl)-acrvlovi]-
[1.4]diazepan-5-one

In analogy to the procedure described in intermediate 44, 1-[(E}-3-(3-chloro-phenyl)-
acryloyl]-{1,4]diazepan-5-one (intermediate 3A]) and 1-[4-(2-chloro-ethyl)-piperazin-1
yl]-ethanone gave the title compound as off-white foam. MS: 433.2 (MH", C1).



(R)-3-hydroxy- pyrrolidine 426.1 144 1-
[(E)-3-(3,4-Dichloro-phenyl)-acryloyll- 4- [ 2-(
wSlndhysiaxy-pyrrolidin-I-y1)- ethyl] - [ 1,4] diazepan-5-one ﬁé%@@x@@g%bﬂ
pyrrolidine 426.1 145 (S) -142-14- [ (E)-3-(3,4-Dichloro-pheny1)- acryloyll
-7-0x0- [ 1,4] diazepan-l-y11- ethyl) -py%ﬁdine-2-carboxylicacid
methylamide (S) -pyrrolidine-2- carggﬁzl!gq@gid methylamide 467.2 146
(6)-1-(2-14-[(E)-3-(3,4-Dichloro-phenyI)--acryloyl] -7-oxo-

1.4 'gé%?%&'%e \L;B%E%Qﬁ%kg

rrolidines2-carboxylic acid.ami )
-pyrraiiding-2 - carboxylic adia- gqrg%ﬁé_ﬂ%ﬁlﬁ%f?ﬂ?_()éje%%?égi’ﬂdmepm_s_one
-Dichlorg-phen L 'w(§ 6 l_'lto llrlléL - ethyl] -
[ L O RT=T O AW W |l s A6

In analogy to the procedure described in intermediate 44, 1-{(E)-3-(3,4-dichloro-
phenyl)-acrvioyl]-[1,4]diazepan-5-one (intermediate 1A) and 1-(2-chloro-ethyl)-
piperidine gave the title compound as white solid. MS: 424.1 {MH", 2CI).

Example 4

1-[(E}-3-(3,4-Dichloro-phenyl)-acryloyl]-4- (3-piperidin-1-yl-propyl)-[ 1,4] diazepan-5-

one

A)  1-I{E)-3-(3,4-Dichloro-phenyD-acrvlovil-4-(3-piperidin- L -vl-propvl)-

[1,4]diazepan-5-one

In analogy to the procedure described in intermediate 44, 1-{(E)-3-(3,4-dichloro-
phenyl)-acryloyl]-[1,4]diazepan-5-one (intermediate 1A) and 1-(3-chloro-propyl)-
piperidine gave the title compound as light yellow solid. MS: 438.1 (MH", 2Cl).

Example 5
1-{(E}-3-(3-Chlore-phenyl)-acryloyl]-4-(2-morpholin-4-yi-ethyl)-[ 1,4} diazepan-5-one

A} {4-T{E)-3-(3-Chloro-phenyD-acrvlovl]-7-oxo-[ 1,4ldiazepan-1 -vlt-acetic acid ethvl

ester

A solution of 4.33 g (15.53 mmol) of 1-[{E}-3-(3-chloro-phenyl)-acryloyl]-
[1,4]diazepan-5-one {(intermediate 3A) in 80 ml of DMF was treated at 0 °C with (.75 g
{17.09 mmol} of NaH (55 % in oil) in two portions and after 30 min with 1.89 ml (17.09
mmol) of bromo-acetic acid ethyl ester in 1 ml of DMF. The reaction was stirred for 5 h
at RT, cooled (0 °C} and treated again with 0.20 g (4.66 mmol} of NaH (55 % in oil) and
after 20 min with 0.34 ml (3.11 mmol) of bromo-acetic acid ethyl ester. The reaction
was warmed up to RT over night, cooled and neutralized with cold aqueous 10 % KHSO,
and extracted with Et2O (3x). The organic phases were washed with aqueous saturated
NaHCOs, aqueous 10 % NaCl, dried over Na,SOy evaporated and purified by flash silica
gel column (EtOAc/n- heptane 1:1 to 9:1) to yield 2.92 g {52 %) of the title compound as
light yellow viscous oil. MS: 365.0 (MH", Cl).
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1] (E)¥3-(3,4-DichIoro-phenyl)-acryloyl] - 4- [2-( (2S,4R)-4-hydrox-y-2-
hydroxymethyl-pyrrolidin-1-y1) -ethyl] - [1,4 ] diazepan-5-one

wé SR Adydroxy-2- hydroxymethylpyrrolidine (intermediatg 1) 406- 4. 100

149 1- [ (E)-3-(3,4-Dichloro-pheny1l)- ac%oyl | - 4- [24(2S,4S)
-4-hydroxy-2- hydroxymethyl-pyrrolidin -1-y1) -ethyl] - (2S,45)

f hydlr— %‘— @%ﬁ&‘y@%ﬁ@yﬁl‘@%ﬂ#i@(z hyzdro%—eihvl%_g_ gidiazevan 5-one

pywslidinecfiniespeiatenid)) d5011HE 333 Rickhergtpaeidylacriayll-
{%‘}&%ze%?& j‘{%&%‘g a%i F?Xs\é%?%%\é' sRYSFalid m)ilws}él)trel é('it O[lcfl\n]ith

azepan- -on OXY- droxymet pyrro

1%&5(@@1 13%1) mppol zl_gf 0495}7(‘5}{‘116‘? 30 ml of ethanol durmg 20 mm The
piaemd)raxas)dﬁgt&a%rmdt[éx 2jtliazepas :EC)/ifltd&H&y{):dagam with 0.45 g (11.81

Mswwﬂeﬁﬁ%%%ﬁ SRRROXYIC %&9 We%s%ﬁs%%éﬁ}aﬁgax%%m

pyrrolidine-2-carboxyl |c acid methyl ester 4
aqueous 10 % KHSO, and extracted with EtOAc (3x) The organic phases were washed

with aqueous 10 % NaCl, dried over Na,SQOy evaporated and purified by flash silica gel
column (EtOAc and then EtOA¢/EtOH 1 to 7.5%) to yield 1.50 g (79 %) of the title
compound as light white foam, MS$: 323.1 (MH", CI).

C)  4-(2-Chloro-ethvl)-1-[{E)-3-(3-chloro-phenvl) -acrvlovi]-[ 1,4 | diazepan-5-one

To an ice-cooled solution of 2.13 g (3.50 mmol) of 1-[{E)-3-(3-chloro-phenyl)-acryloyll-
4-(2-hydroxy-ethyl)-[ 1,4]diazepan-5-one and 0.73 ml (5.25 rmmol) of Et;N in 35 ml of
dichloromethane were added 0.29 ml (3.68 mmol) of methanesulfonyl chioride under
stirring within 5 min keeping the temperatue at 0 °C. The reaction was stirred at room
temperature for 1 h 45 min. Water was added and after 5 min, the reaction was then
partitioned between ether and aqueous saturated NaHCO;. The water phase was
extracted again with ether (2x), the organic phases were washed with aqueous 10% NaCl,
dried (Na,504) and concentrated to vield 1.22 g {87 %) of the title compound as yellow
viscous oil. MS: 341.0 (MH™, 2CL).

D) 1-[(E)-3-(3-Chloro-phenyl)-acrvlovl]-4-(2-morpholin-4-yl-ethyl)-1 1,4 {diazepan-
5-one

A solution of 0.085 g (0.25 mmol) of 4-(2-chloro-ethyl)-1-[(E)-3-{3-chloro-phenyl)-
acryloyl]-[ 1,4} diazepan-5-one in 1.3 ml of DMA was treated with 0.04 ml (0.50 mmol) of
morpholine and stirred for 8 h at RT, a crystal of Nal was added and stirring was
continued for 40 h. The reaction was extracted with aqueous saturated NaHCO3/EtOAc
(3%). The organic phases were washed with aqueous 10% NaCl, dried (Na,SO4),
concentrated and evaporated. Purification by catridges, Si-Amine, 70 ml, 20g (EtOAc)
gave 0.008 g (8 %) of the title compound as off-white viscous oil. MS: 392.0 (MH", Cl).

Exampie 6

1-[(E)-3-(3,4-Dichlore-phenyl)-acryloyl}-4-(3-morpholin-4-yl-propyl)-[ 1,4]diazepan-5-
one



Example 152 (+1- )-cis-1-[(E)-3- (3,4-Di chloro-phenyl)-acryloyl] -4-12-
[(3-methoxy-tetrahydro-pyran4-yl)-methyl- amino ] -ethyl] -

wa ﬁﬂ,gl' gRan-5-one 5 To the crude reaction mixture from @(:‘%75?5{90"}&)53499

18

20

25

(E)-3-(3,4-dichloro-phenyl)-acryloyll - 4-12-
[(3-methoxy-tetrahydro-pyran-4-y1)- am|§1]o] -ethyll- [1,4]diazepan-5- -one
(@xampiee D) 115 A0 2:09N=0f ARY- 294 QLR IITAIIAINC
and trﬁ e snaKen for IN. The reaction was then concentrated an

A IGERPRSSIESh column chromatography (CH2C12: MeGH
1 0-8:2) affording the titled product (21 mg, 44%) as a 10 colourless solid.
M@gwm_pr% yr Fﬁﬁ]giiggxgn@ e{QfA[( {g) -3-{3,4-dichloro-phenyl)-
(Bcaylojthldrblprenyl)s-aorloyhraiediate [2)4]adih2ealrdmdt ppropyi)8irahydro-
agthy o4 alione: Loginga 8saaaniacsairo4, sbgecans fosigg 15 To a

solution of

o(?]}/e ot

umol) in MeOH (0.5 ml) Was added |odomethane (20 uL, 95 umol) and the

reac on left for 2 ays at ro m ncentration of the mixtur

alfp Haftr?é kitfe r#gl @%3 %ﬁﬂs@oﬁ*}aﬁ%a%@@%n, :

2¢phwie zmnfﬁziqmmﬁistn@}ﬂ@mw @5t ExdmipketBacl y@s treated

[4«7’1{5{(3246@@ﬂﬁiﬁnﬂhGﬁyﬁ‘tcﬁﬁm}ﬁyﬂla@r@ms{;lﬁ&late and stirred at 55 °C for 30
epﬁ{é RN Lot natvipinedgininm lodide T, {% QP!%OJEPE)HX} The

-Dichloro cryloyl] -4-(3-piperidin-1-yl-propy
[f@fdt%szp S %eﬁwgp%ﬁayeﬁ aﬂjl‘(%srt?@“féﬂﬁﬁﬁﬁcﬁ?m%‘ﬁ‘tb%% Nkl dried

ad¥edQetivmethppre td0utive 20en mpiiedidtine BactidPlet (& Gy eiriyHitle
atsapautrlapetateseli ausentiasionaf thelmixture affording the title
product (35 mg, 98%) as a white solid. MS: 452.2 (Mt, 20). WO

2007/ 322 HORRGTAEL2A07/0634905- (306 de kaplee v D-acrvloyl1-7-oxo-

1|- E(gl)dtaz(eﬁan Q|C1Ior%doﬁt %/I) acryloy1]-4-(4-morpholin-4-yl-butyl)-[1,4]dia
zepan-5-one AJ1-T(E)-3-(3,4-Dichloro-phenyl)-acryloyll

(4-m n-4-yl-buty1)- 511 .41diaze the
oyl ghde R S e e R TR
aﬁwt?\yttrkr@h%r@%mwyi zf]h?éé@ﬁ@?ﬁ%%ﬁ@%é&éﬂﬁtéwéfﬁay chioride gave
mbephadingtiElGegouitha ovaddbhanad sbaliumiedice)igasvelthedittate and some

Campndas light yetiowgjl. MS: 454.2 (M1-1, 2Cl).

D) 1-[(E)-3-(3,4-Dichloro-phenvi)-acrvlovli-4-(3-iodo-propvl)-| 1 41 diazepan-5-one

A solution of 0.50 g (1.11 mmol) of crude methanesulfonic acid 3-{4-[(E)-3-(3,4~
dichloro-phenyl)-acryloyl]-7-oxo-[1,4] diazepan-1-yl}-propyl ester in 20 ml of 2-
butanone was treated with 0.33 g (2.23 mmol) of sodium iodide and stirred at 95 °C for
30 min. The reaction was cooled, evaporated, suspended in 60 ml dichloromethane/Et,0
(1:3), filtered and the organic solvent discarded. The residue was then washed again with
dichloromethane to give after evaporation 0.27 g (51 %) of the title compound as white
solid. MS: 481.0 (MH", 2C1).
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10Example 156 1-[(E)-(3-Phenyl-acryloyl)]-4-(3-piperidin-1-yl-propy1)-
[1,4] diazepan-5-one A)14 ( E) - (3 - Phenybacrvloyl)1-4-(3-piperidin- 1
Wd'i@é%%} @| 1,4 d iazepan-5-one In analogy to the procedy&&ﬁ&{%gg@a
in example 11A, 4-(3-piperidin-1-yl-propyl)-
[1,4]diazepan-5-one-dihydrochloride (intérmediate 4B) and (E)-cinnamic

3eid gtl‘t?ﬁ‘{‘? d4tie sampoundas offwhite solid, MS:370.2 (MELA).

N
M n-2-yl-acryloy1)-4-(3-piperidin-1-yl-propy1)-[1,41diazep
an-5-one A)1-((E)-3- Naphthalen -2-yl-acrvlos4)-4-( élperldln 1-0-prop
1 2pRieR e b Passivee Hearraled e arari Geb dol - aésGhibréirinass ?ﬂél)'

lacayiad(34pipesidirebadybrd pytl Hdde g didzepam: 8 seneptiihiydrocithonided ditional
(mwﬁem@@t@mzﬂa@ﬁtﬁx@aradteﬁe%m*{eﬁae fidercampeindas o

olid, MS: 420 -
%é@%yggfpceoﬁ % %EFE’S%?%VEC%‘%HWO 0 Lez”jhoyf) (%g%woﬁp [1,4]
diazepan-5- one A)12 [Acrvioyl-( 1 benzg-glpendln -4-yl)-a ino]
-ethyII carbamic acid te ester WO 103PCT/EP2007/053490 -
O - solutlon of benégélplperldone 54, 26 mmol

tﬂ et RRR AT Rl ddthepdsg Y %rmwt&t LHdiarana-5-

am (2 5 ml, 53 mmol) in C1-12C12 (50.0 ml) was slowly added
NaBH(OAc) 3 (6. 69 g, 32 mmol) On completlon of the addltlon the

cgu;g@gg gﬁigeglgu until the pH was ba5|c A solutlon of acrolyl chlorlde
(2.3 ml, 29 mmol) in CH2C12 (10.0 ml) was then added and the reaction

stttrﬁgt %ftttttt%t@dirtaeetg@ﬂt@A@Metmaﬂt@@&%@é}@t@ttlfﬁwtgcmmm acid
‘%‘%?? 1an co C nt;ate%rir %]%oduct was |s%ﬁ§ tg/ifla h Columnd e 4B
cﬁr |pa|5 t RG] ord T TR CorSSURE A F)(/’éﬂf)wm 1ate 45,
foatAcre! %%yt@g@egt(mqg_oﬁﬁﬁg) gave after purifi cation on catridges, Si-
ANbiBe rmy’npm%r(@s@A@lh&aﬁmdhﬁ&dﬁzepamﬁﬂmxﬂexyMSa@ﬂd& 2 (MH").
tert-butyl ester To a solution of {2-
|Acryloyl1-(1-benzyl-piperidin-4-y1)-gmingeghylf-carbamic acid tert-butyl
ester (4.6 g, 12 mmol) in DMF (40 ml) was added potassium tert-butoxide

(Q-1315 g mmol ogihe rashons stimas: ah A Atisewhich-ims it was
'\Fptg?ttrated ghe residue dissolved in CH2C12, washed with saturated

o5 pérled aZSO4) and concentrated The product was |solated by
fli h c&)_l J : X [
ébﬂﬂéi}&m yl) 1 -1(E) -3- (3 4.d|chloro .phenvl) acrylovl

I1,41diazepan-5-one

AtaRdmyioplsapidirdiagidesoked | Atigiarashetnd A-FarBoxylic acid

teehifibybesteri(tibgndcmpihwas slispelvesh in-ifjeropcetic] arie (16 mbne-

a@ﬂ}@t%éﬁﬂﬂ!ﬁ%ﬁ%fﬁl@éﬁ% Q'B, suspended in CH>Cl, with 4 equivalent of Et;N) gave
after purification on catridges, Si-Amine, 70 ml., 20g (EtOAc) the title compound as a
light yellow viscous oil. MS: 438.4 (MH™).
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25 The reaction was concentrated to dryness, portioned between CH2C12
(20 ml) and saturated NaHCO3 (20 ml) and a solution of

V@}ﬁ,@ﬁ@chloro phenyl)-acryloyl chloride (prepared by V%E?%OE% 490

reaction on the acid) (0.9g, 4 mmol) in CH2C12 (10 ml) was

dropwise. The reaction was stirred for 031 after which time the organic
was collected, dried (Na)SO4), and%% ;gggated to afford the title
compound (1.8 g, 30 92%) as a wh S:486.9 (ME% 2C1). WO

S B R A TR Iy bl s

rB’EJ’i/I][l 4]diazepan-5-one In analogy to examples 35-91,
3 14- [(E 31(3 4- dICh|OI’O phenyl) acryloyll 7 oxo 5

plperldlne 4 ol to afford the tlde product as a Whlte SO|Id MS 454 4
(MERalogOD)he paaplart G0st-il & (B pRich drotphéryi-dicitoyf]-phepyl)-
ZegyisolidinAJkein)s [dnd]dinzenanst 0ne tadn apaleoy o ®MmBlesve the
16128 ey IOl %%kﬁt%%}%#%‘éﬁ?ﬁp% pp-onedihydrochoride

(intermediate 5) was eacted wit 4-dichlorocinammic acid to afford the
S vlglhlte S%Id. le 161
- LC 0 O~

1azepan-5-one

ag : ibdo-
Effas ydrox%: | erl rleor % %%} ]éilll?aze 4anh?Or ngm%) L [(E)-3-(3.4-

dlzbiwu%ﬁw I?éﬂfk‘miihl)ﬂ ‘%‘@Wi}aﬂﬂ’ A1giRpe phBdndida *a?rawqud)at 90 °C
the pedcedgive desatibeanipoaxdnmpieabpy, thafiEVG5(394-aichtarozphenyl)-
acryloyl1-4-(3-iodo-propyl)- [1,41diazepan-5-one and
(@c)-3-hyeroxys pipsdaine (1029 equivala s i HRaddiionaksodium
i? i@%gg&&@ﬁgﬁguriﬁcaﬂon on a flash isolute NH2-column
(n-heptane C 1:4 to 1:9 and EtOAc) the title compound as a light

IIow oil, M : 468.1 Ch. Exam

e TR %é%e e

[i‘cﬁ?(b‘?éilie‘bé‘hls %’%ﬁ ‘é @@%Pa@ﬁéﬁ piperiipe y V@t (0o additional

Ssdddiohlodddep Igevwl)uatlﬁyl oyinpBild kelieziepranderone Snanal OighEo k).
procedure described in example 5A, 1-[(E)-3-(3,4-dichloro-pheny1)-

acryloyl]-[1,4]diazepan-5-one (inteBxneadida 4A] ) and
1-chloro-5-iodopentane gave the title compound as yellow oil. MS: 416.9

(MIGE3GA B AR EEAY (2 10 3Rk o P2Q0 1634 8 0ket 08 dro-pyran-4-y1)-amino]-
butyl}-[1,4]diazepan-5-one

A) _1-[(E)-3-(3 4-Dichloro-phenvl}-acrvlovl]-4-14-[methyl-(tetrahvdro-pyran-4-vl)-
amino!-butyl}-[1,41diazepan-5-one

A solution of 0.100 g (0.20 mmol) of 1-[(E)-3-(3,4-dichloro-phenyl)-acryloyl]-4-(4-iodo-
butyl)-[1,4]diazepan-5-one (example 9B)in 3.1 ml of DMA was treated with free methyl-
(tetrahydro-pyran-4-yl)-amine in 1 ml of toluene [0.035 g {0.22 mmol) methyl-
(tetrahydro-pyran-4-yl)-amine hydrochloride were dissolved in 0.8 ml of 0.5 N NaOH
was extracted with toluene (2 ml). The organic phase was dried over Na;SO4] and stirred
for 22 h at RT, 0.06 ml (0.40 mmol) of EtsN was added and stirring was continued for 18
h at 50 °C. Again methyl-(tetrahydro-pyran-4-yl)-amine in 1 m! of CH,Cl, [0.035 ¢ (0.22
mmol) methyl-(tetrahydro-pyran-4-yl)-amine hydrochloridewere dissolved in 0.5 mi
aqueous 10% NaCl solution/0.4 mi of 1 N NaOH was extracted with CH,Cl, (1 ml). The
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w85 Ahgdogy to the procedure described in example 6D

B)
1-[(E)-3-(3,4-Dichloro- phenyl) acryloyll-4-(5-iodo-pentvl)-11,41diazepan-5

' PCT
4-(5-chioro-pentyl)-1-[(E)-3-(3,4- PCT/EP2607/053490

dichloro-phenyl)-acryloy1]-[1, 4]d|azepa?145 -one and sodium iodide were

S&U%%ﬁ%}?%%&”d’r%@o@e%’%%e NS SRHIRMAG.BRARNYS A s SRk 2

e t@ﬂ%@ﬁféﬁﬁe}méﬁwwamdy@&ggﬁw B pRtfgepnic phascs
e ngiversbpdvits-snedms A dipClodteddideddulecdesorbedlianekanplmted.

SBrtd4Edr3hiSednclicBlos00hBRY Y ml, 20g (n-heptane/BtOAc 1:4 10 1:9) gave 0.004 ¢
AGYOYH;d 4&'99&%%%%9 [il‘%%%geﬁ%%pa%?c) &E??E&%ﬁ
itional S) gave t

equivalents, with no a ium iodi title compoun)d as

yellow oil. MS: 466.2 (MH7, 2C1). JEOExa[ng!? 163 1-

RE)-3-(3,4-Dichloro- phenyThacryI

3 dlhyd n-1- tyll - [1,4] |aze an-5-one
ﬁ%ﬁ?ﬁ}%‘l{?ff ﬁ@%) %ﬂ%@t}(yfév il fyi fothvran yloxy )

é Aoy oBatyl | 1 (E)-3-(3,4-dichloro-phenyl)- acryloyII4

Idlaze pan 5 -one 15 A solutlon of 0 279 g (O 56 mmol) of

ne;(emaégaﬂew&)em 2 mI of DMA was treated W|th0195 mI (056 mmol)

of (cis)-(rac)-3,4-Bis-(tert-butyl-dirnethyl-silanyloxy)-piperidine
(ﬁa@m@iareoééaoa?.a ®.28m00) 36 npiedyidincé silipreriibdhateligxfeam2526ne-
mmﬁhaazaxalwaﬁma@msﬁu@e@w@@mm&ﬂeﬁgmcan%w

trld es, Si-Ami AC|n he e 4. ave 0,300 5°
R B L e nr S R el Bk
éiTsF@éfi@(%P@Bmhltﬁ%%‘Xﬂh erftiil & 10-busyneljf MMzepan-5-one
rﬂﬁd?@ﬂh@ﬁd:afbmhﬂix@@ of . 1@@13)1@%11&\%&‘1@4}1 pr over night to RT, then

3R -3 t t on iperidin-I-
?Ef’“f%%“)%“ é(?f!\& %?1 oro- b}/ aeny 2%¢3§%yl ﬁ’f }z/%) §6§€ﬁ eé%‘éya%hed
YWHE STIROH ARl Edofb# {0 Ty, Nredted vritevapesied t2 duermiisol wilimion on

H@th@dﬁl@&&ﬁﬁ[ﬂ@d@ﬁﬁ%@@ﬂﬂﬁ@*ﬂzﬁbﬁﬂﬁ 90lytion NS LYARATREile

d&§ ged n t ) ield 0.053 g (73%) of the title
com ounal as I| rown #ﬁ%ﬁ éﬁeyl 1+, 2Cl). WO

2007/122103PCT/EP2007/053490 110 - Example 164 1-
[(E)-3-(3,4-Dichloro-pheny1l)-acryloy11-4-[44(3RS,4RS)-3,4-dihydrcory-pip
eridin-1y1)-butyll- [1,4jdiazepan-5-one hydrochloride A) 4-14-T
(3RS,4RS)-3,4-Bis-(tert-butyl-dimethyl-silanyloxy)-piperidin-I-yll-butyll -1-
5[ (E)-3-(3,4-dichloro-phenyl)-acrytoyl1-11,41diazepan-5-one In analogy
to the procedure described in example 163A,
1-[(E)-3-(3,4-dichloro-phenyl)-
acryloy11-4-(4-iodo-butyl)-[1,4)diazepan-5-one (example 9B) and
(trans)-(rac)-3,4-Bis(tert-butyl-dimethyl-silanyloxy)-piperidine (intermediate
26) gave the title compound as colorless oil. MS: 712.5 (WI', 2Cl). 10 B)
1-1(E)-3-(3,4-Dichloro-phenyl)-acryloyll -4-
4-((3RS,4RS)-3,4-dihydroxy-uiperidinl-y1)-buty11-11,41diazepan-5-one
hydrochloride In analogy to the procedure described in example 163B,
4-(4-[(3RS,4RS)-3,4-bistertburyl-dimethyl-silanyloxy)-piperidin-lI-y11-butyll-
1-[(E)-3-(3,4-dichloro-phenyl)- acryloy1141,41diazepan-5-one gave the
titte compound as off-white solid. MS: 484.4 152C1).
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Example 165 I-
[(E)-3-(3,4-Dichloro-phenyl)-acryloy1]-4-[4-((3RS,4RS)-3,4-dihydroxy-pipe
wéfigsdn phiputyll- [1,4]diazepan-5-one  A) 1- f(E)-3-(3 PCT/EP2007/053490
4-Dichloro-phenyl)-acryloy11-4-144(3RS,4RS)-3,4-dihydroxv-piperidin20

1-14)-buty11-[1,4]diazepan-5-one A soﬁ.?uon of 0.025 g (0.05 mmol) 1-

(E)-3-(3,4-dichloro-pheny1l)- acryloyﬁlxjarél
(3RS,4RS)-3,4-dihydroxy-piperidin-T- T)E%[Vu 11 - [1,4]diazepan-5-one was
dissolved in EtOAc and washed with aqueous saturated NaHCO3. The
Vialel) phase DvirhlexdrpeiRlinadthi EX0AGA) 4 tle mpeadia phasaspyashed
ll'[q]%(ilaté%(?US ;aturated NaHCO3, dried over 25 Na2S0O4 and evaporated

togive O ?7:5%) of the title compound as colorless foam. MS: 484.2
(MEI+, 2CI), WO 2007/122103PCTIEP2007/053490 - 111 - Example 166

(reic)- JIED(E)%é&:@}ﬂmﬂ@srﬂdghenm)aa@rylayiaﬂmhw ester
@’J‘ dr %ﬁgcﬁ*?&' 3’1%)313’1 1]% rlﬁne Ac}l ) in CH:Cla (20

(rac -1-1(E oro hemil y11 OXI
ﬁ@a@@ﬁréw’@&éﬁéﬁ"cﬁr iﬂswr@ed 7§hﬁﬁ¢efpeﬂ jeas tired for 16h after

F%E])e:& (3rd-tliehidliepliahyd):gicrybay b H4|dirzefack poatien(sfiarmgshiaie
Ié)o'}ﬂd%q OE‘PIMEIO g@dgﬁg &6 ?é'a 4)(1 reﬁ‘l ﬁil:l'%()%srt@ Oll)l‘i%ar%a anese

stirred for 30 mm at OC an en treat 5 75 mmo

%%WF%&W%HP%W‘BWY%@X% e feaf Epe coRecrasisd Al ding
wasdesiradicd withadlieedscsdiickiedNaHeE @ Blrt O (326 thEhelvsgiRaicin

%ﬁ?&é %rﬁl\j\’gﬁéﬂ ?fqéﬁ‘l&ﬁgl’b%% ﬁ%@ﬂnj\ﬁ%?&% %gaﬁg ?Ji 1 12 mmoi)

Na2S04 and evaporated to yield 2.79 uant e crude ti

cﬁﬁ%%fag%mﬁﬂée%%ﬁ%ﬁ%umrc Qgraé@ahd?r@eﬂ%ﬁltﬁ%éy&s diluted
SteSCRIEGHA (M IdAATA} the Bjtae)dnl)dded SodirfliehloThe absorbed

Wgﬁﬂxmﬁﬂrﬂé gy%gﬁ%‘fuﬁlﬂ 'Hﬁfd%ég%» ﬂ"% %EtOAc Heptane 1:1)

F[ {ﬁ )-11,41diazepan-5-gne A soolutlon of O 1 mmol)
(AL s o BIERRS Aoty oy sl
wdtapyiméyl-[Laliazepan-5-one in 0.3 ml of DMA was treated with
0.19 ml (1.22 mmol) of piperidine and 0.265 g (0.81 mmol) of cesium
cg bonat. Th reac,tlo was stjrred ver nlght at RT, CH2C12 was added,
fift vaporatett ERSERzaR R PHEERE 12/E120) gave 0.16 g
(@E@&@h@xmﬂem@mpduna ﬂs mmﬂzc@tgﬂamaé}é@hukr NIS3 452 R1EMEE bwgs
2& eRMPIRART :kU[l(fﬁ ﬁlé%ﬁﬁlgﬁmgigj&hdﬁ IQ(@E qyl:lﬂ-z élN( 7 mmoi)
Y, eridin iazepan-5-one
g{[}ﬁeﬁ%ﬁl&% C&ﬁ &ﬁi iﬁ?Fﬁllﬁ étamo%{ﬁ}glftunet e reacﬁon was
[x@m@mm&alnthe wm;akemupm zepandSiorEPediviutio o df g, 2édgtion of 1M
(mommgdléfcﬂcdﬁ%ﬁﬁe@b@ ﬁﬁtﬁﬂt‘g@vmﬁ'ﬁﬂﬂgnaﬁl ffB_I{QI the ti{tle C(t)m 0?16%
n-5-one (inte e of Ti-IF was treated a

v& %4.;796 ?fﬁ ?)8%@8 g}‘ﬂ%‘%&&%m%ﬁ %ﬁwlate and after 10 mm with
5.73 (20.00 mmol) of

9] E}-3-(5,6-Dichloro-pyridin-3-vl}-acryloyll-4-(3-piperidin-1-vl-propvi} -

[1,4]diazepan-5-one
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i3

20

25

30 toluene-4-sulfonic acid (S)-2,2-dimethyl-[1,3]dioxolan-4-ylmethyl ester.
The reaction was stirred for 14 h at RT, 28 h at reflux temperature, cooled
wahsesagted with aqueous WO 2007/122103PCTIEP2007¥9§@%§6)07 /&%g%
- saturated NaHCO3/ Et20 (3x). The organic phases were wa with’
agueous saturated NaHCO3, aqueous’ 0 % NaCI dried over NaZSO4

ey@&g&@ﬁ@ ARG P f'??bé’ﬂf‘%'ﬂo% F?run Lo guvl&%t'ggé 87125/2 5%]0,

to y| 27 g (50%) o the title co hite pow

ol Paeyidis) o1-preyyia- [t Sldimrnmrtoops ety achipyia (_qaermediate 4) (24
(a)g,ma dihwwy{pmpty&)m[&l,éﬂmazﬁmamﬂ @netrﬁreﬁwttﬁerﬁﬁﬁa 16 g (9.72
naehA S dedighiong I% YRR f AR BRI 0,15

[1,3] dIOX y me zepan -5-0 e '35 m ol'd

i) o eﬂrwagfﬁé%& ewﬁmhﬂi é%i@%@@@%@%@m@wamaf@m
aqepmus@ﬁ%l&[@ifdzﬁmgmwaﬂhe%ﬂeut(ahwngyﬁatﬁb)aﬂefmrm@aewams 439.4
stirged for0 h at reflux temperature, cooled, evaporated, dissolved in

CH202, dried over Na2S04 and evaporated to yield 3.37 g (89%) of the

titte compound as light yellow foam. MS: 387.1 (Mlit CI). C)

1-1(E)-3-(3,4-Dichloro-phenyl)- acr)ég?%%}ﬁg?) -1-oxiranylmethyl-
[1 4Id|azepan -5- one is An |ce COOIET'S of 0.50 g (1.30 mmol) of

|chI hen
oyl%iz Py sy RS Sl R 72
( 13 ?ﬁ?ﬁb‘?}%@% 6- trlmethyl pyridine in 5.2 ml of DMF was treated with
011 mI 1.36 mmol of methanesulfonyl chIorlde in O 3 mL of DMF The

(21 gﬁ ghpeﬁf - (55 % |n0|I)Wasadded and the20 react|on was
continued at this temperature for 16 h. The solution was poured on cold
anuenUsl Q4K bidPQdrane e XeaGeEMIACELZQ (AX)-TH8isrgania pasesyl)-

Q3and.aqueous'10% NaCl a{% oncentrated to

8‘8‘&8??%%?15 BOW (OB RS SHCY b 583 Y ety
ceitpRtmtaslighryeibbegdledempsSndegdi(vitte sy, 265: 422 2 (MH*, Ch.
12)1.2Ejt3A-Dichioro- henvl 11,4 | diazepan-5-one A suspension of 0.10
g (0.27 mmol) of 1- [(E)-3-(3,4-dichloro-phenyl)-acryloyll -4-(R)-1-
oxiranylmethyl- [1,4]diazepan-5-one in 0.27 ml of EtOH was treated at 0C
with 0.04 ml (0.40 mmol) of piperidimeplEhe4-@action was stirred for 20 h at
RT, then evaporated, 30 suspended in toluene and evaporated again.
Reesipiiaiione(GH 26124305 npEntane) gave 0.10 g (84%) of the title
compound as off-white powder with 90% ee. MS: 454.1 (MH+, 2Cl). (The

enatRmesicpu(iy Yggs()dleﬁ%Emmﬁld[W (@ thml%kaﬁ@eld PP propriate

2 *4 6 DL1 30% 9% (EtOH
R B AT b T BT i M Bl i o
THE PRty HRdsParthE o %ﬁé%amwr?o%@r@lwereﬁw s&atermediate 5) (

(81272-ditmethyl |13 6XdldrP2-yimethid B3 OBxahple 168:d dbd the shaking

[@hﬁn@&f@@bipr@iﬂh@ﬁﬁ))nﬁwm&ﬂdfrecﬂy purified by preparative HPLC.
(R)-2-hydroxy-3-piperidin-l-yl-propyl)- 5 [1,41diazepan-5-one
ALL-j1E1-1,134-Dichloro- helldroerldmgfg 1 - [1,41diazepan-5-one 135 mg
of

g@nﬂ aye%ias@ é"’%&:ﬁH&%ﬁ&Q"ﬁkﬁﬁ%ﬁ 2@4%%‘;?@ SAlyrated

(AU )33, dlaatlgre-phenyl)-acryloy Ll 4+((3):2-hyatoxy-3-piperidify ¢,
[-y]-propyl)- [1 ]diazepan-5-one (example 166) were separated with a .
c ﬁ’alpak ADH (MH")
14 4-(2-Pyrrolidin-I-yl-ethyl)-1-[(E)-3- 4-Trifluoromethylcinnarmic | 410.5
{4-triftuoromethyl-phenyl)-acryloyl]-




10 column, 5uM, 25cm*20mm, Daicel, Cat.-No. 19345 and 25%
n-heptane + 75% (EtOH/MeOH 25:75v/v) as eluent. 48.9 mg (36%) of
wis s )B4 -dichloro-pheny1)- acryloyl] -4-( (S)-2-hydroxy-3pistigiviksase
-yl-propyl) - [1,4]cliazepan-5-one (99. 40/0ee) (example 167D) and 50 mg
(37%) of 1- RE)-3-(3,4-dichloro- pheny1§ acryloyl] -44(R)-2-

OO

(rac) -1

18

) -3-(3,4- chhloro phenyl) acryl

oyll -4-

IyUIU)KY' I|JCIIuIII I yl }JIU}JYJ.) |_J. ’-I-JuIaLCIJ = J one \UU UUIUCC} was
isolated a b%‘?ﬁé%ﬁh&ﬁ? MS: 454.1 (MHH, ¥&1). (The enatiomeric
paFy-was-determined-with-a—ehiralpalkAbH-column,-Dateet-Cat-No-

19325, 2544 prekdianth33% h-Hefan3+ 65% Mk asiakenty 2Edampl|e72.5
169  (raq)tindfl)x3-{BeiDickiorephenyl)-a¢ryloyl1-4-

[3-(4-flu %5%}1_\51))1%0 hydroxy-propyl]: [1,41diazepan-5-one A)

(4 -fluo

so ution %O@)ég

(rac)-1-[(E} 2§(§1¢g@ﬁ9ﬁmﬁﬁéﬁ§71‘)¥5€ryloyl]
1,4]diazepBn MHoneéexample 166A) in 0.5 m
25 0.038/(0.26 mmol) of 4-fluoropiperidine_hy

rldll’l(il. y} 1 dfO[)&{ pgoml

A DR 90e A
-4- oxiranylmethyl-

drochloride and 0.15 ml

of MeOH was treated with

410.5

(1708 m
atRT, p
with Et20
evaporate

rgy

of) [OE FE530-Ie 025150y @MgOH. The r

be ted
hﬁ‘%g’%%&p%”a%ﬁf?%ﬁd

cagiionasdsiinesidacidd h
] NaHCO3 and extracted
bver Na2S04 and
%e%aff’eﬁ?ﬁh silica gel colump

(CH2C12/MeOH 98:2)

448.6

0:0099¢
2X81). w
(rac)-1-[(E
[-butyl)- |
-acryloyll

J.U“/O) UI LIIC lIlIC LUIIIPUUIIU as Wnite-roamnt: IVIO ’-|-IJ. U \IVIF\ y

OlAGdAArBones b TiEb001053490 2414 - Example 170

¥3IviByll-Bichioroghideny h)k-adrylby 1| MeBshyahdryydipiperidin-|
sooaRe  A) (rac)-1-F (B=3t( 3,4-D ichloro- phenyl

1L #ldinzepan
-4-( 2-oxiranyhethyl ) -11,41diazep

n -5- 5 one In analogy to th¢

A\1%4

388.5

gcedure
acryloyl] -

(rac)-2-(2+
34(12), 4

COMPOL
SHo ool

Q?ﬁf%@léﬂ{ eXAAlE) 166 - [ (

[é%h% m%DPSOp nter edlate

%fyahé“(ﬁt?d’mal ot O

DD igesramftedisxtraction with Et2
H low-oil-MS:.383 2 (M1-1 1_

2C1) 10 B)
=

Fy B dishiorospbenyl)-
) and

ganic Chemistry (1969),
0 instead of EtOAc the title

378.5

(Pdc)-1-[(E
yl-buty1)-
example
(rac)-1-[(E)-

A AL e

E3(B4- Eﬁéhlélfblphepyir)yé)eryloyll
]&&w@w@%ﬁr@r@w -analegy-to

fgﬂz ?éﬁlorop%enyl) -aciyloyll-4¢

-343rehroxynaapipesiciin- 1
the procedure described fol

L(2-oxiranyl-ethyl)-[1,4]diazs

378.5

+,2¢
(rac)-1-[(E

r\innrirlin
|P\.¢| T™ATY

E)él#:-lb-on(

l% gggé%glil%lne q? f I[IFE?%m 8]t
P@ewizamm&élﬁﬁéﬁwaénﬂaw

\/1\ hllf\lﬂ r1 /I'Irha-/nnnn 5-one A\

L&’ld a%yello, oll. M>T406.11
NNANC act

-4-[3-hydroxy-4-(3-hydroxyt

3425

(Rec)-1-[(&
iperidin-1

procedure
(rac)-1-[(K)

MAAD Dihiotorb b))y by 11
Vi meubdl-phildiazepan-5-one 2

s?i?éﬁig%ga%fo mple 167D,

enyl)-acryloyl]-4+

2 BecHydnexysantB- hsidroxy

0 In analogy to the

-(2-oxiranyl-ethyl)-

D372.5

Jdlaze
ye?low oil{ M
RE)-3-(3,4
y1)- 25[1,
A-Dichlor

%Ine

pfgz 55%2% mple

TS PR

4] IdiddepanbionecA) 1- [(E)-3-(3
-phenyl-acrylov11-4-[ 2-((R)-2 2-di

ﬂﬁ)]@H%PoP&ﬁ%ﬁW%ﬂ){Byll -44R)-3

the title compound as

1‘%—?110%)_&1111&1’1’1& Cl
3-hydroxy-4-piperidin-I-yl-buf

methy1-11,31dioxolan-4-

360.5

vil-ethvll

-l (4 Ipkiazepani5y08eyl)-1-[(E)-3-

3.Fluorocinnamic acid

360.5

(3-fluoro-phenyl}-acryloyl]-
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dimethyl-[1,31dioxolan-4-y1)-ethyl ester (prepared from

w& dR)adimethyt[1,3]dioxolan-4-y1)-ethanol and methaneg f%
chEoride) gave after reaction at RT, the title compound as angg@ Dabarios3490

foam. MS: 441.1 (MI-11, 2C1).

N2

B)1~88

I:} fo ) \O,
utyl)-11,4

nla

akhla /11.44
= LIIL,IIIUIU pIICIIVJ.} a\.;lleVJ.J. = \ T

1di4kEprarss20peeIn analogy to the

V2.4 nhhunlrr\vu h
TyTTronRy

TOTAt

procedure described for

example
dryloy11]
5-one ga
401.2 (MH
R)-2-0xir4

anyl- et

1&:7!:2 ] f(l:) 2 (’2 /1 dichloro- nhnn\/1\

&@(@N@Etﬂametwlu{@@]d}fbk

/egqﬁggf(ﬁlmlant@ﬂ@&ﬁne title compo
1(E)3 (3,4-D ich
Iﬁlazepan 5- 10 onsg

m§% %

11 41

it 4%8;%2&);;

6I~an%4=l%pdtmcli4ik]a¢i]ﬂiazepar
ind as a white foam. MS:
loro-phenyl )-acryloy11-44

In analogy to the procedur:

D

-392.5

Cribeq
acryloyl]-4
compoun
1-1(E)-3-
(R)=3-hyd

1T(?@

d4rs ﬁféfflb\ﬂwb)

3 4 pliehtpro-phery 1)-aculey11-44
roxr4-piperidin-1-14-butyl)- 15[1,41]

rgxy%ﬁgh (i

'S: 383.

Z-di
d|a¢

n|0é%ipne

B naga}éftﬂé title

0 (VH+, 2C1). D)

diazepan-5-one In analogy

3762

to the procedure described for example 167D, I-
[(E)-3-(3,4-dichloro-phenyl)-
acryloyl]-44(R)-2-oxiranyl-ethyl)-[1,4]diazepan-5-one the title compound
as an white foam with 94% cc. MS: 368.3 (MFt, 2Cl). (The enatiomeric

purity was determined with a chlrﬂg

No.DL182 and 50% n-heptan +

lumn, 25cm*4.6mm

IrlpalGiRDA gglumn, .6mm,
+0.01M NH4ACOH) as

QDL e, PHLIYGPHESRANSS o, the puiy of 24(R)-2,2- dmethyl

[T 3|a|ox'_r“‘7r“1T‘Th_"%L“o an-4-y ano

Iagkigh

one

91:%

(Rtemediats,

compoun

A

T N

Example 173

DY TR RRY

-QX0~

1

pzep

(HI@II}FS&HHH Q3L NIPERY 1 iHiRsE S 51 rTeesied to the
aariogyitt: theipr¢Gédureclichdiibed boréxahiplerdibRed solution of pyridine-borane

%&%ﬂ@e(rz@lﬂrlsw - epYdihdoAldiazapan ane-AHvdah IR IE (0.5 ml). The

at
S
as |g

AN (&3,

yé€llow

ith

; n%@hthalffgﬁ%‘?ﬁﬁ g)hamd

ave th

7122103PCT/EP200/053490 - 116 - Example 174 1-
RE)-3-(3,4-Dichloro-phenyl)-acryloyll -4-
(2,2-dimethy1-3-piperidin-l-yl-propy1¥abied} diazepan-5-one A)

2.9 thﬁn
| =4 )

ue pun?ec':l lby preparative

[=ry =

rﬁm})bf

potassiun

pieridine,

%mm@ﬂdmtethyl-propan-l-
2.48 g(17.96 mmol) of K2CO3
n iodide in 20 ml of DMA were st

hyd-3-pineridi PR .
Wi-3-piperidin-1-yl-pro—pan-1-gl.5.A solution 0f 3.00.g (17.96

DAMiAF8 ml (179.59 mmol) of
and 2.69 g(17.96 mmol) of
rred at 70 C for 20 h. After

MS:
(MH")

fijtration g
in diluted|a
aqueous
and extr
and evap

282-dime
of 2,2-di
was treat
and stirre|
saturated

agueous.

lnd @gpgq@a@nopg% lvents, 1

o t| nan ashed
% “' Y Ld@w PkElco3 &

%@Mﬂsﬂmwm)lme@r&ém
fardditaagire D&% g (18%) of th
: E). B) Methanesul

hy@égimﬁeﬂﬁlmﬂcyﬂm@@yl ester

h@ FH&{%B %@%&ﬂérﬁhgﬁ%@'ve‘

%ff EtO

d‘%?ﬂ@e BISLOf IN NaO
C phase was dried (Na2S04)

e title compound as yellow

nic acid

i 522.8

H

A selitien:Pf Q58842 ARimmo

nda

d,@ gllggngre Igjccpropan 1-
&t %"%

E{; Z'ml (179,59

saturated NaHCQ3 dried aver

)|dr1]1§ of 13195091

(0] me anesu

oromethane
% fonyl chloride

5V -PRETEREdon was extracted with aqueous

NatqboB/ E#ddigzprFhenrganic phases were washed with

)473.8

a2S04 and evaporated to give

0.85 g (quantitative) of the title compound as light brown oil. MS: 249.2

(MY).




[

- 20do -2 2 dfiSidine In analogy to the procedure described for example 6D,
methanesulfonic acid 2,2- dimethy1-3-piperidin-l-yl-propyl ester and

wePsisingdide stirred at 95C for 3 h gave the title compoun %},Q{,%g%y% 490

MS: 282.1 (MW).

2,2- dimethyl -3- piperidin -l-v1- propyl)

D) 1- [ (E)-3-(3,4-Dichloro-phenyl)-acryloy11-4- (

1,4] diazepan -5-one In analogy

Oemdld

lU LIIC IJIL
[E8)-3-(3,

IA]) and 1
the title cp
2007/122
1-[(E)-3(

PN H
L-CUUIC UCDL:IIUCU IUI IIILCIIIICuIa

n1dichlictdpiety19-akepdyil- [1,4]
4%13@&1-2 zsenmahyhmwm)-plr

J.»Hdll}ﬁ 466
35(’@‘71 iﬁ;l%%

lazcpan - 10)115(:ry|c

-yipropyt
flltoro-phe
analogy t
1-[(E)-3-(
(intermed
dioxolan-

ro-pheny
n-%ne—"—ﬂr)—l—f
ARSIV Pazfréslﬂf &iranyl
pethil plod&dtird edoribed for ex
BroRlgIP-Arflupror ARy AGTYI0

iate p4) and toluene-4-sulfonic &
4-ylmethyl ester gave the title co

34 0-117
Ay[% J.Clldze
)

C“I‘I_\I

o DEgbLRE (Imdiiiagite
eridineistirididehhdab Rigrghve
5.3 (M1-if, 2C1). WO
fExaenplelhids)

yll -4- ((S) -2-hydroxy-3- plperldqn

470.8

(8-Chiorg-4-
ﬁ%éﬁ%ﬂé’{ PpeiiZenan-5-one Ir
ample 167A to 167C,
yl]-[1,4]diazepan-5-one
cid (S)-2,2-dimethyl- [1,3]

479.8

pr{)pyl) -(L
example
-4-(R)-1-¢
compoun
RE)-3-(3,

[ MST35

aé(ér’vge an- %ong nyl Jogy

1alogy
7o) ﬁzé% é‘l(éYéﬁWo44 quor(
sphanylmesnydifl Kid)azepat)-5-o

diag Ribite fogme. MS: 4383 (N
/-Dichloro-pheoyl)-acryloyli-4- (4

mpound as Iight yeIIow viscous
oy

-Tlu rldln -1-
e S e REG,
pphenyl)- acryloyll

ne and piperidine gave the title
Al-it ICI). 15Example 176 (rac)-
-hydroxy-2-methyl-3-piperidin-

1-
1-

481.8

yigropyl);

s f‘é Iazenan;:

dine

465.8

3 ( i
)ro enyl) a %%ﬁl goé() é" é@e%‘ﬁﬁ% eridin-

141 43%‘?8% Bﬁ’hr@é’n}s YEO In nalogy to the procedure
ﬁbh}ékéhﬁdrbarwrﬁﬂﬁ) 3-(3,4-dichloro-pheny1)- acryloy1]-

:pnn-ﬁ-nnp (in'rnrmprlia'rp 1A) a

3,4-Dichlq
1-14-pr0|:
describeo
[1 ,A] diaz

Zahloroni
gave the
-4-(2-met
no work u
yellow 25

20 ZL12D

dthiar2-Mietiytoxignawith 0.3 edujvdibntrofpetadsipipriotide
n}gm@ﬁ@@gl@[(@fﬁ]&@@éf -dichlarophenyl)-acryloyll

oxir e&f;lyll) zepan -5-one which was reacted with
F¥W| SB ne in ‘e han to give the title compound as light
whklF ?@ﬁaafm%oa%s 2 (MH+, 2G1). WO

1n’JDf"TII:D’)nn7Inl:Q/lOn 1’1Q nl

483.8

-

~VVUTT L1

(Pee)-1-[(E:
-propy1)-

[Alditzepan-b-Cngioro-
phenyl)-piperidin-1-yl}-ethyl}-
[1,4]diazepan-5-one

)LS‘(@;@:@fFQ@mipﬁb@mi)ﬁacrylo

Examnpla
XS HPIC J.l 1

yiiﬁ-’nciélalwwmy;@lmwéﬂdmel-

y499.8

Examples 35-92

General Procedure for Examples 35-92

A solution of 3-{4

-[(E}-3-(3,4-dichloro-phenyl}-acryloyl]-7-ox0-[ 1,4} diazepan-1-yl}-

propionaldehyde (intermediate 2) (0.037 g, 0.1 mmol) in DCE (0.5 ml) was added to the
appropriate amine (0.1 mmol) followed by a freshly prepared solution of pyridine-borane




A) (rac)-1-1 (E)-3-(3,4-Difluoro-pheny1)-acryloyll -4-oxiranylmethyl-11,41
diazepan-5-one 5 In analogy to the procedure described for example

Wby 1r1(E)-3-(3,4-difluoro-phenyl)- acryloyl]- [1,4] dlaze%r,},é 908 053490

(intermediate 55) and 2-bromomethyl-oxirane gave the title compound as

yellow oil.

MS: 337.2 (MH+). rac - E3 4-Blfiuo

ro- he

W&Hﬁilﬂ%&dﬁﬁ%’ﬁ%&%%t@ Annplaa e dhe prosedurs deseribed e e

exam

(FERs: 1’[(1’:35 éhfé‘ AR STSEHERy 9 eRaiT Anddhstgtinus i fipieparative
5-6ne and piperidine gave the title compound as light yellow viscous oil.
MS: 422.2 (M1-1+). Example 178

1-[(E)-3-(3,4-Dichloro-phenyl)-acrylo¥alleB((S)-3-hydroxy-4-piperidin-I-yl-b

uty1)- 15

[1,4] diazepan-5-one..A) 1-1(E)-3-(

JERistpbr
3. 4-dit

described
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ydroxy-butyl)-11,41diazepan5-one |
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80C over

equivalent gf £83
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4(]?;?“'2;% Eienﬁ’ 2%3{@’ yzbutyle

ﬂ%@ohlﬁ@ﬁ’u veldBY of Gedium ca

datboadtehnil Bt 6QI0He Bpbxide g
e Garbonate was added ar,

stdl 8 W cata R e BRBNRE
Boeagebigidds equivalent of
s intermediate. A further
d the reaction heated at
g colorless gum with 99% ee

464.2
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diazepan-

purity of 2-
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-pisyd ) 2aelivethyllj4] fdioxoiars-4-y|

I-y11-5- piperidin- 1-yl-pentanoic ac

L4I\{I§E cf&!)xe%bﬁlgeg fiomeric_purity w.

0 No.DL
The |

-diz)-3- (3,4-Di chloro-phenyl)-acryld

?%0%%&%[%%% h@

82 and 50% n-heptane H
purity corresponds to the
ethanol). Example 179
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d methyl ester 15 A) (
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A solution of 0.501 g (1.60 mmol) of
1-[(E)-3-(3,4-dichloro-pheny1l)-acryloyll[1,4]diazepan-5-one (intermediate

Wi eaneh O 7 9 (1.60 mmol) of methyl 2,5- dibromopentans,
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Example No. Compound Name [1,4]-diazepan-5-one derivative MS: (MB')
184 (rac)-1-[(E)-3-(3,4-Dichloro-phenyl)- acryloyl] -3-m
welhyar st dpiperidin-1- yl-propyl) - [1,4] diazepan -5-one PCTIEP2007/053490
(rac)-1-[(E)-3-(3,4-Dichloro- phenyl)-acryloyl] -3-methyl[1,4] '
dlazepan -5-one (Intermedlate 77) 452. :?t85 (rac) 1-

ninaridin
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phenyl) cpthl} [0 m&tdmﬂ}[ﬁmwmpan 5 -one (Intermedlate 78) 452.1
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(#-1-[(E)-3-(Gix-DigHidrahpherptsadiyloyl] -2-treblayifl phjatidzepan-5-ong 530.5
(Intermediateyi )4@@3]{4&}4{@,@ 4.}38@,)5,—13 (3,4-Dichloro-phenyl) -
acryloyl] 6-me ﬁ?o din-1- yl-propy1)- [1,4]diazepan-5-one
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acryloyll-4-[3-(4-morpholin-4-yl-
piperidin-1-yl)-propyl]-
[1,4}diazepan-5-one
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63 1-1(E)-3-(3,4-Dichloro-phenyl)- Tetrahydro-pyran-4-ylamine | 454.5
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[1,4}diazepan-5-one

65 trans-1-[(E)-3-({3,4-Dichloro-phenyl)- | trans-4-Amino-1-pyridin-2- | 5455
acryloyl]-4-[3-(4-hydroxy-4-pyridin- | yi-cyclohexanol
2-yt-cyclohexylamino)-propyl]-

{1,4]diazepan-5-one (intermediate 13)

66 trans-1-[(E)-3-(3,4-Dichloro-phenyl)- | trans-4-Amino-cyclohexanol | 4685
acryloyl]-4-[2-(4-hydroxy-




To a suspension of (E)-3-(3-Chloro-phenyE-acrylic acid acid (26 mg, 0.12
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acryloyl]-4-[3-(4-fluoro-piperidin-1-

yh)-propyl]-[1,4]diazepan-5-one

cis)-4-Met dln ol 452.4 WO 2007/122103PCT/EP2007/053490
_73024 -9 [(E)-3-(3,4-Dichloro-phenyl)- 4-Hydroxy-4-pyrid-3- 531.2
acryloyl}-4-[3-(4’-hydroxy-3',4’,5",6'- | yl{piperidine}
tetrahydro-2"H-[3,4’bipyridinyl-1’-
vi)-propyli-[1,4idiazepan-5-one
71 {(+/-)-1-[(E)-3-(3,4-Dichloro-phenyl}- | (+/-) 3-Hydroxy-pyrollidine | 440.2
acryloyl]-4-{3-(3-hydroxy-pyrrolidin-
I-yl)-propyl]-| 1,4]diazepan-5-one
72 1-[(E)-3-(3,4-Dichloro-phenyl)- 4-Trifluoromethyl-piperidine | 506.2
acryloyl]-4-[3-(4-trifluoromethyl-
piperidin-1-yl)-propyl]-
| 1,4]diazepan-5-one
73 1-[(E)-3-(3,4-Dichloro-phenyl)- 1-Methanesulfonyl- 517.2
acryloyl}-4-[3-(4-methanesulfonyl- piperazine
piperazin-1-yl)-propyl}-
[1,4]diazepan-5-one
74 1-{(E)-3-(3,4-Dichloro-phenyl)- 4-Fluoro-piperidine 456.2




methyl-piperidin-1 -y1) -propyl J - [1,4 ] diazepan-5-one (intermediate 86)

192 1- [(E)-3-(3-Chloro-4-fluoro-phenyl)- acryloyll -4-

wiaMhdydroxy-6-azaSpiro [2.5] oct-6-y1)-propyl] - [1,4] dl@gﬁ@%@@%ﬁ%
()-6-Aza- Spiro [2.51 octan-4-ol (intermediate 82) 464.4 193 1-
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[(E)-3-(3-Chigtoyd-fiidrOt phehylt)saeryloy]-7-oxo- [1,4]
diazepaniyynseyd)-t.3;8: 14 pifpd4.5] dgcane2,4-dione 1,3,8-Triaza-
spiro [4.5] decane 2,4- dlone intermediate 11) 506.2 195 8-(3-{4- [ (E) -3-
(FsChloro-4 (g ORIV RGN s drax0- (1440l Wiyl Prepy) "
-1-oxa-3,8 égzaSplr L[ g%%’cé%u- me 2,8- )laza-ﬁﬁg%gﬁfﬂdecan 1 4362
-one (inte rrln [Eitsié) 9 )Z%é%zl chlord:
phenyl)-acryloyl]-{1,4]diazepan-5-one
77 4-(3-14-[(E)-3-(3,4-Dichioro-phenyl)~ | Piperidine-4-carboxylic acid | 481.2
acryloyl]-7-oxo-(1,4]diazepan-1-vi}- amide
propylamino)-cyclohexanecarboxylic
acid amide
78 1-[{E)-3-(3,4-Dichloro-phenyl)- Methyl-(tetrahydro-pyran-4- | 468.2
acryloyl]-4-{3-[methyl-(tetrahydro- yl)-amine
pyran-4-vl)-amine]-propyt}-
[1,4]diazepan-5-one
79 1-[(E)-3-( 3;44Dichlo1"o—phen3fl)— 4-Methoxy-piperidine 468.3
acryloyl]-4-]3-{4-methoxy-piperidin-
1-vl)-propyl]-[1,4]diazepan-5-one
80 (+/-)-1-[(E)-3-(3,4-Dichloro-phenyl)- | 3-Methoxy-piperidine 468.1
acryloyl]-4-{3-(3-methoxy-piperidin-
1-yl)-propyl]-[1,4]diazepan-5-one
81 {+/-)-1-{{E)-3-(3,4-Dichloro-phenyl)- | (+/-) 3-Hydroxy-piperidine | 454
acryloyl]-4-[3-(3-hydroxy-piperidin-
I-yl)-propyl]-[1,4|diazepan-5-one
82 [1-(3-{4-[(E)-3-(3,4-Dichloro- Ethyl piperidin-4-yl | 525.1
phenyl}-acryloyl]-7-oxo- carbamate
[1,4]diazepan-1-yt}-propyl)-
piperidin-4-yl]-carbamic acid ethyl
ester
33 N-{1-(3-{4-[(E)-3-(3,4-Dichloro- N-Piperidin-4-yl-acetamide 4951
phenyl)-acryloyl]-7-oxo-
[1,4]diazepan-1-yl}-propyl)-




1- [(E)-3-(3-Chloro-4-fluoro-phenyl) - acryloyl] -4- [3-(4-hydroxy-piperidin-
1- y1)-propyl] - [ 1,4 ] diazepan-5 -one piperidin -4-ol 438.2 197 1-
wiiRl7{3:felloro-4-fluoro-phenyl)- acryloyl] -4- [3-(tetrahydrgeRVEahidhiossasn
ylamino)-propyl] - [1,4] diazepan-5-one Tetrahydro-pyran-4- ylamine 438.2 .
198 843-14- [(E)-3-(3-Chloro-4-fluoro- pﬂ%nyb -acryloyt] -7-0x0- [1,4]

drazepant=-yii=propyh)=2;8-diaza=-spirot4-5tdecan3-one-2;8-Diaza=—spirof
4.5] dec Ff’értlﬁitéﬂﬁ?é%f?é{% £8) 491.2 194 143-1‘4- [(E)-3-(3-Chloro-4-
. ‘F||| aronh '\n\l1\ ﬁr\r\l|n\l|| 7 X6 [1 A1d |’\-lnn .
™™ UIU'\I T II J. u\;] .I.,_l' ul .

18% propy&)(-’pﬁﬁei Eh&@é%ﬁwwﬁpﬁ?} 0 |ﬁéﬂiaéa$tfém¢ﬂ~ile 447.2 WQ509.3

2007/12213R&TIER200 T [0REA90n 1128}~ 200 sMidd431H4can-2-one

[(E)-3-(3- @%gl ﬁfl&&rg -phenyl)-acryloyl1-7-oxo- [1,4]

diazepanl- Enﬂaﬁ% “piperidin-4-y1]- metha ide)
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HAS=H{(E ) 3=(3=Chioro=-4=fltuorophenyt)=acryto 7=oxo-114}

didzepanf] yl(}Ebr%ﬁ;i)LbF&éwalmw carbamit fé&?a%%mw@gfé#m 4-ol | 5210
acryloyl|-4-[3-(4-hydroxy-4-oxazol-2- | hydrochloride
yl-piperidin-1-yl)-propyl]- _ .
(1,4]diazepan-5-one {intermediate 15)

86 1-{3-{4~{(E)-3-(3,4-Dichloro-phenyl)- | Piperidine-4-carboxylic acid | 485.0
acryloyl]-7-ox0-{1,4]diazepan-1-yl}- methylamide
propyl)-piperidine-4-carboxylic  acid
methylamide

87 8-(3~{4-[(E)-3-(3,4-Dichloro-phenyl)~ | 2,8-Diaza-spiro[4.5]decane- | 521.1
acryloyl]-7-0x0-[1,4]diazepan-1-yl}- 1,3-dione
propyl)-2,8-diaza-spiro{4.5]decane-
1.3-dione {(intermediate 17}

88 8-(3-{4-[{E)-3-(3,4-Dichloro-phenvl)- | 2,8-Diaza-spiro{4.5]decan-3- | 507 .4
acrylovl]-7-oxo-{1,4]diazepan-1-yl}- one
propyl)-2,8-diaza-spiro[4.5]decan-3-

(intermediate 18)
one

89 8-(3-{4-[(E)-3-(3,4-Dichloro-phenyl)- | 1, 3 8-Triaza-spiro[4.5]decan- | 508.2
acryloyl}-7-oxo-[1,4|diazepan-1-yl}- 4-one
propyl)-1,3,8-triaza-spiro{4.5]decan-
doone {(intermediate 9}

90 .1-(3-{4-{3-(3,4-Dichloro-phenyl)- 4-Hydroxy-piperidine-4- 497.2
acryloyl]-7-oxo-[1,4]diazepan-1-yt}- | carboxylic acid amide
propyl)-4-hydroxy-piperidine-4- _ .
carboxylic acid amide (intermediate 19)

g1 (R)-1-[(E)-3-(3,4-Dichloro-phenyl)- (R)-3-Hydroxypiperidine 454 2
acryloyl]-4-|3-(3-hydroxy-piperidin-
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Piperidin-4-yl-carbamic acid methyl ester . (Intermediate 38) 495.2 202
Ethyl-carbam c acid 1 -( 3-14- [(E)-3- ( 3- chloro-4-fluoro-phenyl)-acryloyl]
wil 2005324 diazepan-1-y1}-propyl)- piperidin-4-y1 ester BRylrea5aRiGeq

acid piperidin-4-y1 ester (intermediate ;17) 509.2 203 1- |
(E)-3-(3-Chloro-4-fluoro- phenyl) acry"l I] -4-13- [4- (3 methyl [1 2 4] oxa

diazot=5=y1)-pipericn-= J. 7H=propyt-{TAdiazepan-5-one4=(5=Methyt-

[1,3,4] oXadiAy8ranyh)- &»‘b@lﬁiﬁ%@l{rﬁ@%ed.ate 42) 504.2 204 1-

HEY 2 (R IChlAara 4 fllionrao-nhaon Aneadavl A 1’3 [4A(5 athvvl..[1

m 2 11
(o (oS rmoro—STaoro—prcmy yi o et lyl L7975

Kadiazo @&bifﬂbe”n@ﬁ-ll?ﬂm%ﬁbplyﬁﬂ;{@ 4]_rc |é‘%)e%éf¥@>ﬂ@ﬁ@i@€(ﬂ’5#ﬂéthyl- 454.2
[1,3.4] oXadiaraiR4y 13- pipadidine (riaamediate 43) 504.2 205

(rac)-1-[( r )-acryloyl] -4- [3-(3-hydroxy-3-
methyl-pi %jg('n I &f)} g%?géﬂg%mg%

Examples 93-151

General Procedure for Examples 93-151

A solution of 3-{4-{(E}-3-(3,4-dichloro-phenyl)-acryloyl]-7-0oxc-[1,4] diazepan-1-vl}-
acetaldehyde (intermediate 3) {0.036 g, 0.1 mmol) in DCE (0.5 ml) was added to the
appropriate amine (0.1 mmol) followed by a freshly prepared solution of pyridine-borane
complex (25 ul, 8M in pyridine, 0.2 mmol) and acetic acid (25 ul) in EtOH (0.5 ml}. The

reaction was then shaken overnight, concentrated and the residue purified by preparative
HPLC.

Table 4.
Example | Compound Name Amine MS:
No. (MH")
93 (S)-1-{(E)-3-{3,4-Dichloro-phenyl)- (S)-2-Methoxymethyl- 454.1
acryloyl}-4-[3-(2-methoxymethy!- pyrrolidine

pyrrolidin-1-yl)-ethyl}-[1,4]diazepan-5-

one

94 (R)-1-[{E)~3-(3,4-Dichloro-phenyl)- (R)-2-Methoxymethyl- 454 1
acryloylj-4-[3-(2-methoxymethyl- pyrrolidine
pyrrolidin-1-yl)-ethyl]-[1,4]diazepan-5-
one

95 (R)-1-[{E}-3-(3,4-Dichloro-phenyl)- (R)-Prolinol 440.1

acryloyl]-4-[3-(2-hydroxymethyl-
pyrrolidin-1-yl)-ethyl}-[1,4]diazepan-5-

one




[1,4] diazepan-5-one (rac)-3-methyl-piperidin-3-ol (intermediate 101)
452.2 206 1- [(E)-3-(3-Chloro-4-fluoro-phenyl.)- acryloyll
widriAadigaethylamino- piperidin-l-y1)-propyl] -[1,4] diazepa-3:896 #isz400

dimethylaminopiperidine 465.2 207 1-1(E)-3-(3-

Chloro-4-fluoro-pheny1)-

acryloyl1-4- [344 [1 2 4] triazol-1- y1 b eridin-1- yl)-propyl]

[HAldiazepan-5-4 t1; 241 rrazol=1=y1)-piperidine{intermediate-28

F89.2 wdéé%ﬁh@z‘&@ﬁ@r@%@?rm@éﬂ Léé?beaﬁew%wa‘b ol 5165

trans) -1 | $(B)(43k{&Ghidrpkénflupnephieny1)-acryloyll -4- [3-(3-

hydroxy-2 }rneettlwﬂ; -pipgHdiNdaryd)onpropyl] - [ 1,4 ] diazepan-5-one (rac,

trans)-2-Methylpiperidin-3-ol (intermediate 87) 452.2 209 (rac, cis) -1- |

(&-3-(3-Chlgrec4- fdslgfﬁl?&&%)pﬁ&{%%ﬂryfeyﬁ?( AWV A peridin-4-0ol | 454.4

methyl-plpg fgl ]H}}/(ili% le}j‘xyl -piperidin-1-yl)-
ethyl]-{1,4]diazepan-5-cone

98 1-[(E)-3-(3,4-Dichloro-phenyl)-acrylovl]- | 4-Hydroxy-4-pyrid-2- 517.5

4-[3-(4'-hydroxy-3',4",5",6'-tetrahvdro- yl(piperidine)

2'H-[2,4']|bipyridinyi-1'-yl1}-ethyl]-
[1,4]diazepan-5-one

99 1-[(E)-3-(3,4-Dichloro-phenyl)-acryloyl]- | 4-Hydroxy-4-pyrid-3- 517.5
4-[3-(4'-hydroxy-3'4,5",6'-tetrahydro- | yl{piperidine)
2'H-[3,4'|bipyridinyl-1'-vl)-ethyl]-
{1,4]diazepan-5-one

100 1-[(E)-3-(3,4-Dichloro-phenyl)-acryloyl]- | 4-Hydroxy-4-pyrid-4- 517.56
4-[3-(4-hydroxy-3.4,5,6-tetrahydro-2H- | yl(piperidine)
[4,4'|bipyridinyl-1-vl)-ethyl]-
[1,4]diazepan-5-one

101 1-(-3-{4-[(E)-3-(3,4-Dichloro-phenyl) - 4-Phenyl-piperidine-4~ 5255
acryloyl]-7-oxo0-[1,41diazepan-1-yl}- carbonitrile
ethyl)-4-phenyl-piperidine-4-carbonitrile

102 {+/-)-1-{(E}-3-(3,4-Dichloro-phenyl)- (-+/-)-2- 438.4
acryloyl]-4-[3-(2-methyl-piperidin-1-y1)- | Methylpiperidine
ethyl]-[1,4]diazepan-5-one

103 1-{(E}-3-(3,4-Dichloro-phenyl)-acrvloyl]- | Tetrahydro-pyran-4- 440.4
4-[3-(tetrahydro-pyran-4-ylamino)- vlamine
ethyl]-[1,4]diazepan-5-one

104 cis/trans-1-{(E)-3-(3,4-Dichloro-phenyl)- | cis/trans-2- 452 4
acryloyl}-4-[3-(2-methyl- Methylcyclohexylamine
cyclohexylamino)-ethyl]-[1,4] diazepan-5-
one




[1,4 ] diazepan-5-one (rac, cis)-2-Methylpiperidin-3-ol (intermediate 88)
452.2 210 (rac)-1- RE)-3-(3-Chloro-4-fluorophenyl) -acryloyll -4- [3-(2-

whysexymeihyl-piperidin-1 -y1) -propyl] - [1,4] diazepan-5-0p-£283407/65349¢
-2-hydroxymethylpiperidine 452.2 211 (E%c)-l- [(E)
-3-(3-Chloro-4- fluorophenyl) acryloyl 1-4- [3 (3-

hydroxymethyt=piperidin=t propytt=1i1; L+ thazepan=5=—one-{
r%-s-hdeer geﬁ&h@%@hﬁfﬂz 1- [| trans-4-Amino-1- | 5315
(E)-3-(3-<3MMHMWQ%WWWM}MVEE» pheifidrongmetnyl-
piperidin{leyddtRegmmiindd-4hoinzepanRprone Ahydrepemeshylpiperiding
452.2 213 ( rac, trans) -1 - [(E)-3-(3-Chloro-4- fluoro-pheny1)-acryloyl] -4¢
[3- (4-flu DI03- hydroxy-piperidin-l-y1)-propyl] - [1|4}diazeR@no-9ne (rac,
trans)-4-k Iuoroplperldln -3-ol (mtermedlate 89) 456.2 214 (rac, trans) -1 -
[ﬁ%%—g-(f-;- Eol AIU*E uo! r(% Q%ﬁ ?%@Q gﬂ ns-4-Amino- 454.4
[3-(3-fluo y roxyaprferl pro - [1 félazepan l5 one (rac,
trans)-3-KItor |?1’f§rmed|ate 90) 4g@Ysiohexano

cyclohexvlammo} ethyl]-[1,4]diazepan-5-

one

167 4-[3-(4-Cyclopropanecarbonyl-piperazin- | Cyclopropyl-piperazin- | 493.2
1-yl)-ethyl]-1-[(E)-3-(3,4-dichloro- 1-yl-methanone
phenyl)-acryloyl]-[1,4]diazepan-5-one

108 4-[3-(Cyclopentyl-amino)-ethyl]-1-[(E)- | Cyclopentylamine 4242
3-(3,4-dichloro-phenyl)-acryloyl]-

[1,4]diazepan-5-one

169 4-[-3-{Cyclopentyl-methyl-amino)- Cyclopentyl-methyl- 438.1
ethyl]-1-[(E)-3-(3,4-dichloro-phenyl)- amine
acryloyl]-[ 1,4]diazepan-5-one

110 {+/-)-4-[3-(Bicyclo{2.2.1]hept-2- {+/-}-endo-2- 450.2
ylamino)ethyl]-1-[(E)-3-(3,4-dichloro- Norbonylamine
phenyl)-acryloyl}-[1,4] diazepan-5-one hydrochloride

111 4-13-(Cyclohexy-methyl-amino)-ethyl]-1- | Cylcohexyl-methyl- 452.1
[(E)-3-(3,4-dichloro-phenyl)-acryloyl] - amine
[1,4]diazepan-5-one '

112 1-[(E)-3-(3,4-Dichloro-phenyl)-acrvloyl]- | Thiomorpholine-1,1- 474.0
4-{3-(1,1-dioxo-thiomorpholin-4-yi)- dioxide
ethyl]-|1,4]diazepan-5-one

113 1-[(E)-3~(3,4-Dichloro-phenyl)-acryvloyli- | (2-Methoxy-ethyl)- 428.1
4-{3-[(2-methoxy-ethyl)-methyl-aminol- | methyl-amine
ethyl}-[1,4]diazepan-5-one




215 (rac) -1 - [(E)-3-(3-Chloro-4-fluoro- phenyl) -acryloyl] -4-
[3-(cis-3-hydroxy-4- ( rac,cis) -4- hydroxymethyl- 468.3 WO
wePR64224Q3PCT/EP2007/053490 - 127 -

hydroxymethyl-piperidin-1-y1)-propyl I -
piperidin -3-ol (intermediate 47) 216 (’r

PCT/EP20071053499

1,4 ] diazepan-5-one
-1- RE) -3-(3- Chloro 4-fluoro-

pl 511 J.) [
méthoxyr
methoxyr
-3-(3-Chl

- |-hydroxyn

= bID 9 lIyuIU "-I"

DLQLHHOrRa RRgRY-acyloyll -4- [3-(trans

nét{{ﬁ{pﬁﬁgr%dm@gm pREpY e ie Y dia
nétd 1 pipetidiy-3tolifmberhyediated9) 4

nethyl-piperidin - 1 yl) -propyl] - [1,4] dig

ZepBrdsoshethrhc, cis) -4
182G @ ladr(imac) -1- RE)
5-3- hydroxy-4
izepan-5-one ( rac,trans

1414.1

-41ydro

[(E)-3-(3-Ch|oro-4-f
[3-(cis'-3-m€et{H’

SR

acryloyl] -

ISPORBTL

SRR

- -&Lyntgﬁm% iate 48
-y]_

f‘:.@?.-ﬁ}%}%!ac) -1-
etwﬁijpp)mﬂ%?ol

444 2

4-(2-morpholin-4-yl-ethyl)-
[1,4]diazepan-5-one

diazepan{3ane aﬁé@%ﬁﬂm%ﬁyeplpendm 4-yhmethanol (intermediate
Rn) 482

116 {(+/-)-N-[1-((E}-3-{4-[3-{3,4-Dichloro- {(+/-)N-Pyrrolidin-3-yi- | 467.2
phenyl)-acryloyl]-7-ox0-[1,4]diazepan-1- | acetamide
1} -ethyl)-pyrrolidin-3-yl] -acetamide

117 (S)-1-[(E)-3-(3,4-Dichloro-phenyl)- (S)-Prolinol 440.1
acryloyli-4-[3-(2-hydroxymethyl-
pyrrolidin-1-vl)-ethyl]|-[1,4]|diazepan-5-
one

118 8-(3-{4-[(E)-3-(3,4-Dichloro-phenyl}- 1,3,8—Triaza». 508.2
acryloyl|-7-oxo-{1,4] diazepan-1-yi}- spiro[4.5]decane-2,4-
ethyl)-1,3,8-triaza-spiro[4.5]decane-2,4~ dione
dione

(intermediate 11)

119 4-[(E)-3-(4-Benzyl-4-hydroxy-piperidin- | 4-Benzyl-piperidin-4-ol | 530.1
1-y1)-ethyll-1-[(E)-3-{3,4-dichloro-
phenyl)-acryloyl]-[1,4}diazepan-5-one

120 1-[(E)-3-(3,4-Dichloro-phenyl)-acryloyl]- | 4-Methyl-piperidine 438.2
4-[3-(4-methyl-piperidin-1-y1)-ethyl]-
[1,4]diazepan-5-one

121 1-[(E}-3-(3,4-Dichloro-phenvi}-acryloyl]- | Thiomorpholine 442 1
4-(3-thiomorpholin-4-yl-ethyl)-
[1,4]diazepan-5-one

122 1-[(E)-3-(3,4-Dichloro-phenyl}-acryloyl]- | Morpholine 428.1




219 (rac)-1- RE)-3-(3-Chloro-4-fluoro- phenyl)-acryloyl] -4- [34

cis-3-hydroxy-4- hydroxymethyl1-4-methyl-piperidin-1 y1)- propy1] -[1,4]

wdiagepanyazone ( rac,cis) -4- hydroxymethy1-4- methyl-pipegg@ﬁz@msﬂgo

(intermediate 52) 482.4 220 (rac) -1- [(

-4- [3-(trans-3- hydroxy-4-hyali

-3-(3-Chloro-4-fluorophenyl)

-acryloyl] gzy'methyl-4-methyl-
piperidin=t=yI)=propyli=tt4tdiazepan-5=onetrac;trans)=4- )
rloxymlekhiyi-1s| Hhisthl b SThlsisHosRbe e rme ik 5B i 3 ¥ | 4701
(rac)-1- [ (E)8logBl-@Hbio it diopelylpabmiloy] elBGHrydroxy-2 -
methyl-pipegigint knyidaopranyl] -1 [ fisiagenan-5-pne (rac)
-6-methylpiperidin-3-ol (intermediate 66) 452.3 292 (rac)-1- [
(E)-3-(3-Chloro-4-fluorophenyl) -acryloyl] -4- [3-(%-hydroxy-2 -
nydroxymethyl-piperndin--y1)-propyl] - [L,4] djiazepan-5-one (T

g droxyfffgt{ﬁPWﬁ?ﬁmihﬁfé%}#é ﬁ?éﬁ%'ﬁ%@’@?) 4@&%3%8[ byt (4- 466.3
2007/122{163PCTEP200m s 400netns - 223 (raghethg-Elohexyl)-
-3-(3-Chlgrerdetiuornphenyl) casiyloyi daid:63-hydiaxe-4,4-
dimethyl-piperidin-1-y1)-propyll - [1,4] diazepan-3-one (rac)
-4,4-dirnethylpiperidin-3-ol .

125 1-[(E)-3—(3,4~Dichiqr0~phenyi)—acryloyi]~ 4, 4-Difluororpiperidine | 460.1
4-]3-(4,4-difluoro-piperidin-1-yl)-ethyl]-
[1,4]diazepan-5-one

126 1-[{E)-3-(3,4-Dichloro-phenyl)-acryloyl]- | 1-Piperidin-4-yl- 508.1
4-{3-[4-(2-ox0-imidazolidin-1-yl)- imidazolidin-2-one
piperidin-1-yl}-ethyl}-[1,4]diazepan-5-

(intermediate 7)
one

127 1-[(E}-3-(3,4-Dichloro-phenyl)-acrylovl]- | 4-(1H-Pyrazol-3-y1)- 490.2
4-{3-[4-(1H-pyrazol-3-yl}-piperidin-1- piperidine
vi]-ethyl}-[1,4]diazepan-5-one

{(intermediate 12)

128 4-(3-{4-[(E)-3-(3,4-Dichloro-phenyl)- Piperidine-4-carboxylic | 496.2
acryloyl]-7-oxo-[1,4]diazepan-1-yl}- acid ethyl ester
ethylamino)-cyclohexanecarboxylic  acid
ethyl ester

129 I-{(E)-3-(3,4-Dichloro-phenyl}-acryloyl]- | 4-Trifluoromethyi- 492.1
4-13-(4-trifluoromethyl-piperidin-1-yl)- | piperidine
ethyl]-[1,4]diazepan-5-one

130 1-[{E)-3-(3,4-Dichloro-phenyl)-acryloyl}- | 4-Fluoro-piperidine 4421
4-]3-(4-fluoro-piperidin-1-yl)-ethyl] -

[1,4}diazepan-5-one

131 1-{(E)-3-(3,4-Dichloro-phenyl)-acryloyl]- | 1-Methyl-piperazine 438.2

4-[2-{4-methyl-piperazin-1-yl})-ethyl]-




(intermediate 84) 466.3 224 ( rac,cis) - 1- [(E) -3- (3-Chloro-4-fluoro-

phenyl) -acryloyll -4- [3- (3 -hydroxy-5 - methyl-piperidin-1 -y1) -propy11 -
wé Abdiazapan-5 -one (rac, cis)-5-methyl- ..

75) 452.3 WO 2007/122103PCT/EP20(¢§/053490 129 -

Examples 225 279 General Procedure’

r Examples 225-279 A solution

. pmendin-3-ol (ipterpemigiBssson

\o A-dictioro-phenyt=acrytoyt=7=gxo=tt4tdiazepan—1—=yhr
proplonal yé@fﬁ?ﬁé} i&dfate 2) (0.1 mmol) in PCE (0.5 ml) was added
to the 5 appropriate amine (0.1 mmol) which are|either commercially
agilable of. ?srezméiﬂ eflipdhe, nigimadiate SeCﬂ%EI@nggﬂm ol | 4541
freshly pre qu fsyrl i c? bor ne complex (2
pyridine, P }aée( (5‘(’28 “WETOH (0.5 ml). The reaction
was then sfh?éi’%e}’i]o{/bﬂfﬂg%ﬁpéér{tenwmed and the residue purified by
preparative HPLC. 10 Example No. Compound Name Amine. MS: (MI-Er
205 (rac, IrarS){d- [RE)3343,.Didichiordpheiy1)-dchyleyMise f3ciBoxylic | 467.1
hydroxy-2 aa%rubvﬂypm%d mdm;!a)zeesgpul;}n 11,41digzanande-one (rac,
trans)-2-m ,&Q}){ Ipiper dlnd?b interm edl?te 872 468.2
amide
134 1-[(E)-3-(3,4-Dichloro-phenyl)-acryloyl}- | Methyl-(tetrahydro- 454.2
4-{3-methyl-(tetrahydro-pyran-4-y1)- pyran-4-yl}-amine
amino|-ethyl}-[1,4]diazepan-5-one
135 1-[{E)-3-(3,4-Dichloro-phenyl)-acryloyl]- | 3-Amino-propan-1-ol 4141
4-{3-[(3-hydroxy-propyl)-amino]-ethyl}-
[1,4]diazepan-5-one
136 I-[(E}-3-(3,4-Dichloro-phenyl}-acryloyll- | 1-Isopropyl-piperidin-4- | 481.2
4-[2-(1-isopropyl-piperidin-4-ylamino)- | ylamine
ethyl}-[1,4]diazepan-5-one
137 1-[(E)-3-(3,4-Dichloro-phenyl)-acryloyl]- | 1-Methyl-piperidin-4- 453
4-{2-(1-methyl-piperidin-4-ylamino)- vlamine
ethyl]-[1,4]diazepan-5-one
138 cis/trans-1-[(E)-3-(3,4-Dichloro-phenyl)- | Cis/trans-4-Methyl- 452.1
acryloyl}-4-13-[{4-methvl-cyclohexyl)- cyclohexylamine
amino]-ethyl}-{ 1,4|diazepan-5-one
139 1-[(E)-3-(3,4-Dichloro-phenyl)-acryloyl]- | Piperidin-4-ol 440.1
4-13-(4-hydroxy-piperidin-1-yl}-ethyl] -
[1,4]diazepan-5-one
140 (+/-)-cis-1-[(E)-3-(3,4-Dichloro-phenyl)- | (+/-)-cis-(3-Methoxy- 470.1
acryloyl}-4-{2-[(3-methoxy-tetrahydro- tetrahydro-pyran-4-v1)-
pyran-4-yl}-amino]-ethyl}-[1,4]diazepan- | amine
5-one




226 (rac,cis)-1-[(E)-3-(3,4-Dichlorophenyl)-acryloyll-4-[3-(3-hydroxy-2-

methyl-piperidin-1-y1)-propyl][1,4]diazepan-5-one (rac,

wolShrpataylpiperidin-3-ol (intermediate 88) 468.2 227

PCT/EP2067/053490

(rac)-1-[(E)-3-(3,4-Dichloro-phenyl)- a %onll -4-13-(2-hydroxymethyl-
plperldln -1-y1)- propyll - [1, 4]d|azepan- -one
{rac)-2-hydroxymethytpiperidime468-2-228(rac)71- }
RE)-3-(3|4-Dichloro-phenyl)- acryloyll -4- [3-(3-h1y8|‘5§§}ﬁ‘?§fﬁ§ﬂ-20)
piperidini1-y1)-propyl]-[1,4]diazepan-5- one
(73¢)-3-hyqroxyymetylpiperdin é@?t %Jy R)-3- 440.2
[(E)-3-(34 ét)(%fl o?g enyl) a%ry ?;?c%ﬁ (4- r%# ymethyl- '
piperidin{l% JIT f&fa.géaﬁa%- e hydrox JisTRFi 468.2
WO 200"/@?22&63@@#@%@?#@53490 130 - one 230 (rac, trans) -1-
[(E)-3=(34-Dichlorophenyl) -acryloyl] -4- [3-(4-fluoro-3- hydro'-piperidin-1
-4 -propyH ¢B1- 2 sliaZedan:o-pinmyl)-acryloyl]- | (S)-3-Hydroxypiperiding | 440.2
4-[2-((S)-3-hydroxy-piperidin-1-yl}~
ethyl}-{1,4]diazepan-5-one
143 1-[(E)-3-(3,4-Dichloro-phenyl)-acryloyl]- | (R)-3-hydroxy — | 4281
4-[2-((R)~3-hydroxy-pyrrolidin-1-yl}- pyrrolidine
ethyl]-[1,4]diazepan-5-one
144 1-[(E)-3-(3,4-Dichloro-phenyl}-acryloyll- | (S)-3-hydroxy -1 4261
4-[2-((8)-3-hydroxy-pyrrolidin-1-vl)- pyrrolidine
ethyl]-[1,4]diazepan-5-one
145 (S)-1-(2-{4-[(E)-3-(3,4-Dichloro-phenyl)- | (S)-pyrrolidine-2- 467.2
acryloyl|-7-oxo-[1,41diazepan-1-yli- carboxylic acid
ethyl)-pyrrolidine-2-carboxylic acid | methylamide
methylamide
146 (S)-1-(2-14-{{E)-3-(3,4-Dichloro-phenyl)- | (S)-pyrrolidine-2- 4531
acryloyl]-7-oxo-[1,4|diazepan-1-yli- carboxylic acid amide
ethyl)-pyrrolidine-2-carboxylic acid amide
147 1-{(E)-3-(3,4-Dichloro-phenyl)-acrylovl]- | (5)-3-ethoxy-pyrrolidine | 454.2
4-[2-((8)-3-ethoxy-pyrrolidin-1-vi)- ‘
ethyl]-[1,4]diazepan-5-one
148 1-[(E}-3-(3,4-Dichloro-phenyl)-acryioyl]- | (25,4R)-4-hydroxy-2- 456.1
4-12-{(2S5,4R)-4-hydroxy-2- hydroxymethyl-
hydroxymethyi-pyrrolidin-1-yl)-ethyl]- pyrrolidine
[1,4]diazepan-5-cne
{intermediate 21)
149 1- [(E)-3-(3,4-Dichloro-phenyl)-acryloyl}- | (25,45)-4-hydroxy-2- 456.1
4-12-((25,45)-4-hydroxy-2- hydroxymethyl-
hydroxymethyl-pyrrolidin-1-vl) -ethyl |-
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15

20

(rac, trans)-4-Fluoropiperidin-3-01 (intermediate 89) 472.2 231 (rac, trans)

-1 - [(E)-3-(3,4-Dichtorophenyl) -acryloyl] -4- [3-(3-fluoro-4-
woysiexy-péperidin-1 -y1) -propyl] - [1,4] diazepan-5-one (raCpcpppaserossson
72.2 232 (rac)-1- RE) -3-(

trans)-3-
3,4-Dich

Fluoropiperidin-4-ol (mtermedlaég1 90) 4
loro- phenyl) acryloyll -

[(E)-3-(3,

3-Fluor

=4=13=(3=h
(rac) -3-n

hydroxy-

UIU)\y O IIICLIIyI}JIPCIIUIII I yJ.} pIUPyIJ

pmnndm 4-0l /mfnrmnrh

-pHenyl) ¢

nnnnnnnnn

[1,4] diaz
RE) -3-(3,
y1)-propyl
(rac) -1- [

hize

AT

1. 7Z.0n9.08

Al
I J."f UTaAZ T oArl J UIIC

Wt IBR5EPRIIM38E (intermediate 101) 4
A-D chlorophenyl) -acryloyl] -4- [3-(3-fluoro-4-
piperidin-I-y1)-propyl] - [1,4] diazepan-5¢

ethyl
Y- 53(‘8%%%?118?5 pheny1)- acryloyl] -#- [3-(3-methoxytnethyl-

P
(tAfdiazepan-5-one

r joay ac, cis)-1-

oHecraediels)22)
34 1- RE\ =3- (Q A Dichlo

0.
o

iate 93) 47232
M(ﬂbﬁﬂ(%@@ﬂ@}mmhﬁxw} gl[ﬁél?a&fiﬁlwmpm@'” -
epan-32R38) 13- Rvathoxy-ethyl) - piperazing498335 (rac)-1

neth Blggridin 1-
erl Ine 452.3 236

458.1

'JIPCIIUIII
151

(st 35)-1-(2-{4-[(E)-3-(3,4-Dichloro-
phenvl)-acryloyl]-7-oxo-|1,4]diazepan-1-
yl}-ethyl)-3-hydroxy-pyrrolidine-2-

(2S,358)-3-hydroxy-
pyrrolidine-2-carboxylic
acid methyl ester

484 1

carboxylic acid methyl ester

Example 152

{+/-)-cis-1-1(E)-3-(3,4-Dichloro-phenyl)-acryloyl}-4-{2-[(3-methoxy-tetrahydro-pyran-
4-yl)-methyl-amino]-ethyl}-[ 1,4]diazepan-5-one

To the crude reaction mixture from (+/-)-cis-1- [ (E)-3-(3,4-dichloro-phenyl)-acryloyl|-
4-{2-[{3-methoxy-tetrahydro-pyran-4-yl)-amino | -ethyl}-[ 1,4 |diazepan-5-one (example
140) was added 2 drops of 36% aqueous formaldehyde solution and the mixture shaken
for 1h. The reaction was then concentrated and the residue purified by flash column
chromatography (CH:Cla: MeQH 1:0-8:2) affording the titled product {21 mg, 44%) asa
colourless solid. MS: 484.1 (MH", 2C1).

Example 153
8-(3-{4-
methyl-2,4-dioxo-1,3-diaza-8-azonia-spiro[4.5] decane iodide

[(E)-3-(3,4-Dichloro-phenyl)-acryloyl]-7-oxo- [ 1,4]diazepan-1-yl}-propyl)-8-
To a solution of 8-(3-{4-[(E)-3-(3,4-Dichloro-phenyl)-acryloyl]-7-oxo-[ 1,4 diazepan-1-
yli-propyl)-1,3,8-triaza-spiro{4.5]decane-2,4-dione (example 48) (10 mg, 19 umol) in
MeOH (0.5 ml) was added iodomethane (10 ul, 95 umol) and the reaction lefi for 2 days
at room temperature. Concentration of the mixture affording the title product (13 mg,
98%) as a white solid. MS: 536.1 (M*, 2C1).




5

(rac) -3-methoxymethylpiperidine 482.3 237 1-
[(E)-3-(3,4-Dichloro-phenyl)- acryloy11-4- [3-(3-0x0-piperazin-1-y1)-

wiBRFagPg-one 453.3 WO 2007/122103PCT/EP2007/0534Q0G ned 3k Tin53490

propyll- [1,4] diazepan-5-one 238 (rac}r- -[(E) -3-(3,4-Dichloro-phenyl)-
acryloyl] -4- [3-(3-hydroxy-4-methylpipetidin-l-y1)-propyl] - [1,4]

diazepan-5- one (rac)-4- methylplp% 1y (intermediate 91) 468.3 239

1- [ (E)-3-(3,4-Dichloro-pheny1)- acryloyl] -4-3- (5-oxo- [1,4] diazepan- 1-

vl @tengi] 3 nitidiaveplamone;ibyd]-Diazepnn}Bine6l @) 240 - 1-methyl-
(= g’n@n‘%u@x'%ﬁ?é@ phenyl)- acryloyll -4- [3- (4-isopropyl-piperazin-1-

y1)-propyl] - [1, 4l] dlazegan -5-one 1-lIsopropyl-piperazine 481.3
To a so utlon of 1-[(E)-3-(3,4-Dichloro-phenyl)-acryloyl}-4-(3-piperidin-1-yl-propyl}-

[1,4]diazepan-5-one (example 4) {27 mg, 62 umol) in MeCH (0.5 ml) was added

iodomethane (40 uL, 620 umol) and the reaction left for overnight at room femperature.

Concentration of the mixture affording the title product (35 mg, 98%) as a white solid.
MS: 452.2 (M", 2C1).
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241 1- [(E)-3-(3,4-Dichloro-phenyl)- acryloyl] -4-
[3-(4-cyclopropyl-piperazinl-yl)-propyl] - [1,4] diazepan-5-one

whGyElepRRYlpiperazine 479.3 242 1- [(E)-3-(3,4-Dichloro-pbemyhag/os3490

acryloyl] -4- [3-(4-cyclopentyl-piperazin- é y1)-propyl] - [1,4]
diazepan-5-one 1-Cyclopentyl- plperazm1 %07.3 243

(rac)-1-[(E)-3-(3,4-Dichloro-phenyly; qyLl-4-
[3-(4-hydroxy-3-methylpiperidin-I-yTI)- propyl|- [1,4] diazepan-5- one

(E)F% % ) E‘)E?(Zﬂgﬁgl%}g GP%)I}%J ﬁm@%{%ﬂﬁ -ﬁo%%gr%% %]]]%%g ep;}?' iil'ﬁ Jﬁ dIaZepan-S_

p‘?BE)yl) -piperidin-4-y1]-carbamic acid methyl ester Piperidin-4-yl-carbam ¢
aC|d meth I ester ntellmedlate 318) 511 3 245 143 14- [(E) 3-

dﬁm,-fﬂdlﬂzememw)mrbamlc acid methyl ester Methyl plperldln 4 ylcarbamlc
acid methyl ester (intermediate 39) 525.3 WO
200:4/41224 3R T RA00 AUBIUADIn example 5D, 1-{(E)-3-(3,4-dichloro-phenyl)-

acryloyl]-4-(4-iodo-butyl)-[1,4] diazepan-5-one (example 9C) and morpholine (10 eq,

with no additional sodium iodide) gave the title compound as light yellow oil. MS: 454.2
(MH", 2Ch).

Example 156
1-{(E)-(3-Phenyl-acryloyl)]-4-(3-piperidin-1-yl-propyl)-[ } ,4] diazepan-5-one

A)  1-U{E)-(3-Phenvl-acrvlovl}i-4-(3-piperidin- 1 -vl-propvli-[ 1,4 1diazepan-5-one

In analogy to the procedure described in example 11A, 4-(3-piperidin-1-yl-propyl)-
[1,4]diazepan-5-one-dihydrochloride (intermediate 4B) and (B)-cinnamic acid gave the
title compound as off-white solid. MS: 370.2 (MH ™).

Example 157
1-((E)-3-Naphthalen-2-yl-acryloyl)-4-(3-piperidin-1-yl-propyl)-{1,4]diazepan-5-one

A) 1-{{E)-3-Naphthalen-2-vl-acrylov))-4-{3-piperidin- 1-vi-propyl) -1 1,4 | diazepan-3-
one

In analogy to the procedure described in example 114, 4-(3-piperidin-1-yl-propyl)-
[1,4]diazepan-5-one-dihydrochloride (intermediate 4B) and 2-naphthylacrylic acid gave
the title compound as white solid. MS: 420.2 (MH")

Example 158

4-(1-Benzyl-piperidin-4-y1)-1-[(E)-3-(3,4-dichloro-phenyl}-acryloyl]-{1,4}diazepan- 5-
ane

A) 12-[Acrvlovl-( 1 -benzvi-niperidin-4-vl) —amin0§ ~ethvl}-carbamic acid tert-butyl

ester
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- 132 - 246 (rac) -1- [ (E) -3-(3,4-Dichloro-phenyl) - acryloyl] -4- [3-
(4-isopropyl-3-methyl- piperazin-1-y1)-propyl] - [ 1,4] diazepari-5- one

wifpsn7h isppropyl-2- methyl-piperazine 495.7 247 1- POT/EP2007/053450

[(E)-3-(3,4-Dichloro-phenyl)- acryloyl] -4- gs-(4-methoxymethyl-
piperidin-1-y1)-propyl] -[1,4] diazepan-5-"6ne 4-methorymethylpiperidine
4?@:1%0%44%)@@?%6112}(5 e @?%%%ﬁw&d @CWH - X[) -carbamic acid
hy roxymethy -3- mett’?l piperidin-1 th%/ 0 ml)
éﬁgﬁﬂ Bione ¢y BmtHyIDssHaRS {ﬁ? LGNt g0 md
3@954@2'\@’ 24%(rbe B2 3-(8.20 Bichlonophefyiderapistioyloi4he addition the
([j%ééf%}?tl?&}%)’l%&@éﬁlo%ﬁn%Htiij)]{mélaﬁlf'ﬂités XQUB{Q Ryl ﬂ{éigl‘]autlously added
ia -5-one ( rac) ethoxme per idi
e BT o s 2R R Fero e S A ok cHlorg SRRy CTCl (100
aoly oy then [ﬁﬁﬁdwd@wmsﬁrm@eﬂw pipdiry-151k)opgapigijayer was then
[l@ﬂhﬂh@&ﬁ RERDQRS0,) and concentrated. The product was isolated by flash column
chromatography (E1QAc) to afford the title compound as a light yellow foam (6 g, 58%;).
MS: 388.2 (MH"),

B 4-{1-Benzyl-piperidin-4-v1)-3-0x0-[ 1,4 | diazepane-1 -carboxylic acid tert-butyl

ester

To a solution of {2-[Acryloyl-(1-benzyl-piperidin-4-yl}-amino]-ethyl}-carbamic acid
tert-butyl ester (4.6 g, 12 mmol) in DMF (40 ml) was added potassium tert-butoxide (0.1
g, | mmol) and the reaction stirred for 2h after which time it was concentrated, the
residue dissolved in CH-Cl; , washed with saturated NaHCO;, dried (Na,504), and
concentrated. The product was isolated by flash column chromatography (CH,Cl:
MeOH 9:1) to afford the title compound (3.5 g, 75%) as a white solid. MS:
388.3 (MH")

) 4-{1-Benzvl-piperidin-4-v1)-1-[{E}-3-(3 4-dichloro-phenvl)-acrvligvl -

[1,4]diazepan-5-one

4-(1-Benzyl-piperidin-4-yl}-5-oxo-[1,4}diazepane-1-carboxylic acid tert-butyt ester (1.5
g, 4 mmol) was dissolved in trifluoroacetic acid (10 ml} and the reaction stirred for 1h.
The reaction was concentrated to dryness, portioned between CH>Cl; (20 ml) and
saturated NaHCO; (20 ml) and a solution of {E)-3-(3,4-dichloro-phenyl)-acryloyl
chloride {prepared by Vilsmeier-Heck reaction on the acid) (0.9g, 4 mmol) in CH,Cl; (10
ml} was added dropwise. The reaction was stirred for 0.5h after which time the organic
was collected, dried (Na,SO4), and concentrated to afford the title compound (1.8 g,
929%) as a white solid. MS: 486.9 (MH", 2Cl).
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( rac) -(2-methylpiperidin-2-y1) methanol (intermediate 34) 482.3 251 (rac)
-1- [(E)-3-(3,4-Dichloro-phenyl)- acryloyl] -4- [ 3-(4-hydrory-6-aza- spiro

wa RPe6rsL)-propyll- [1,4] diazepan-5-one ( rac) -6-Aza- SRk [pabo /053490

octan-4-ol termeate 81) (indi 480.3 252 ric)-l- RE) -3-
(3,4-Dichloro-phenyl)- acryloyll -4- [3-('8-hydroxy-5-aza- spiro [2.5]

oct-5-y1)-propyl] - [1,4] diazepan-5:0R8.{LaG&)go-Aza- Spiro [2.5] octan-8-ol
(intermediate 98) 480.3 253 (rac)-1- :EE) -3-(3,4-Dichloro-ph enyl) -

A R IR B Lt

??f%ﬁ@%?DCT/EP2007/053490 133-

In analogy to examples 35-91, 3-{4-{(E)-3-(3,4-dichloro-phenyl)-acryloyl]-7-oxo-
[1,4]diazepan-1-yl}-propionaldehyde (intermediate 2) was reacted with piperidine-4-ol
to afford the title product as a white solid. MS: 454.4 (MH", 2Cl).

Example 160
1-1(E)-3-(3,4-Dichloro-phenyl)-acryloyl]-4-(2-pyrrolidin-1-yl-ethyl)- [ 1,4]}diazepan-5-
one
In analogy to examples 14-26, 4-(2-pyrrolidin-1-yl-ethyl)-{1,4]diazepan-5-one-
dihydrochoride (intermediate 5) was reacted with 3, 4-dichlorocinammic acid to afford
the title compound as a white solid. MS: 410.3 (MH", 2CD).

Example 161

1-[(E}-3-(3,4-Dichloro-phenyl)-acryloyl]-4-[4-(3-hydroxy-piperidin-1-yl)-butyl]-
{1,4]diazepan-5-one

A) (rac)-1-[(E)-3-(3,4-Dichloro-phenvi)-acrvloyl]-4-[4-(3-hydroxy-piperidin-1-vi}-
butvi]-[1.4idiazepan-3-one

In analogy to the procedure described in example 5D, 1-[(E)-3-(3,4-dichloro-phenyl)-
acryloyl}-4-(3-iodo-propyl)-[1,4]diazepan-5-one and (rac)-3-hydroxy-piperidine (10
equivalents, with no additional sodium iodide) gave after purification on a flash isolute
NHs-column (n-heptane/EtOAc 1:4 to 1:9 and EtOAc) the title compound as a light
yellow oil. MS: 468.1 (MH", 2Cl).

Example 162

1-[{E)-3-(3,4-Dichlero-phenvl)-acryloylj-4-(5-piperidin-1-yl-pentyl)- [ 1,4] diazepan-5-
one

A) 4-(5-Chloro-pentvl)-1-1(E)-3-{3,4-dichloro-phenvl)-acrviovil-| 1 4] diazepan-5-one

In analogy to the procedure described in example 54, 1-[(E)-3-(3,4-dichloro-phenyl)-
acrytoyl]-{1,4}diazepan-5-one (intermediate 1A]) and 1-chloro-5-iodopentane gave the
titte compound as yellow oil. MS: 416.9 (MH", 3Cl).
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one 254 1- [(E)-3-(3,4-Dichloro-phenyl)- acryloyl] -4-

[3-(4-hydroxymethy1-4- methyl-piperidin-I-y1)-propyl | - [1,4]
welagPRane-one (4-methyl-piperidin-4- yl) methanol (mterm%%&%&)msz’ 90

482.3 255 (rac)-1- RE)-3-(3,4-Dichloro-phenyl)- acryloyll -4-

[3-(2- hydroxymethyl -2- methyl pyrrolld -9|-y1) propyl1-

A2 e 498,:3.256
gt x%e oy %&%ﬁeg Ao JQB”HC cighy methzﬂﬁﬁﬁl.{@ 5

rac r|d|n- -y - amlc aci ster (in ermecﬁa

&byliﬂm%)agq@ﬁ Dichl éﬁgeﬁﬁgrﬁ??ye MWTJ@ iodide were stirred at 90 °C

[Bx(20Hy trgiey-G\Stdienetiyipiperidinsdngt )opraghd] 504 4MIAZesaN-5- one
(rac)-3,3- dlmethylplperldln -4-ol (intermediate 97) 482.4 258 1-
. ] ] , h& =

( Acndoydd 4 [3-tirisohiuty - pipenaint 1,4]diazepan-
ﬁlMyopyl] [1, 4]d|azepan -5-one 1-Isobutyl-pmerazine 495.4 259 1-
[(E)-3-(3,4-Dichloro-phenyl)- acryloyl] -4- [3-((+, cis)-3-hydroxy-4-

W&Hﬂé@;ﬂ%r{g%%X&%ﬁ%%&!}ibgl’ﬂg@ﬁ%ﬁ@@&?—r{?@—3-(3,4—dichloro—phenyl)—
acryloyl}-4-(5-iodo-pentyl)-[ 1,4]diazepan-5-one and piperidine {10 equivalents, with no
additional sodium iodide} gave the title compound as vellow oil. MS: 466.2 (MH", 2Cl).

Example 163

1-[(E)-3-(3,4-Dichloro-phenyl)-acryloyl]-4-[4-((3RS,4SR}- 3,4-dihydroxy-piperidin-1-
y1}-butyl]-[1,4]diazepan-5-one hydrochlorid

A) 4-{4-1(3RS,4SR)-3,4-Bis-{tert-butyi-dimethyl-silanyloxy)-piperidin-1-yl] -butyl}-1-
1 (E}-3-(3,4-dichloro-phenvl}-acrvloyl]-[1.41diazepan-5-one

A solution of 0.279 g (0.56 mmol) of 1-[(E)-3-(3,4-dichloro-phenyl)-acryloyl}-4-(4-iodo-
butyl)-[1,4]diazepan-5-one (example 9B) in 2 ml of DMA was treated with 0.195 ml
(0.56 mmol) of (cis)-{rac)-3,4-Bis-{tert-butyl-dimethyl-silanyloxy)-piperidine
(intermediate 25) and 0.184 g (0.56 mmol) of cesium carbonate. After 2.25 h at RT,
CH,Cl; was added, filtrated and evaporated. Purification by catridges, Si-Amine, 50 g,
{EtOAc/n-heptane 4:1) gave 0.300 g (75%) of the title compound as light brown foam.
MS: 712.6 (MH, 2C).

B) 1-[(E}-3-(3,4-Dichloro-phenvl)-acrvlovi]-4-[4-({3RS,45R)-3,4-dihvdroxy-piperidin-
1-vD)-butyl]-[1.4]diazepan-5-one hydrochlorid

A solution of 0.100 g (0.14 mmol) of 4-{4-{(3RS,48R)-3,4-bis-(tert-butyl-dimethyl-
silanyloxy)-piperidin-1-yl]-butyl}-1-[(E}-3-(3,4-dichloro-phenyl}-acrylovl]-
[1,4]diazepan-5-one in 2 mL of MeOH was cooled (0 °C), treated with 0.35 m} (1.40
mmol} of 4M HCl in dioxane and stirred at RT for 2h. The solution was evaporated,
dissolved in toluene and evaporated (2x} to yield 0.053 g {73%) of the title compound as
light brown foam. MS: 484.2 (MH", 2CL.



(+, cis)-4-Methylpiperidin-3-ol (intermediate 85) 468.3 260 1-
[(E)-3-(3,4-Dichloro-phenyl)- actyloyl] -4- [34( -, cis)-3-hydroxy-4-

wielyhpirgridin-l-y1)-propyl] - [1,4] diazepan-5-one (-, PCT/EP2007/053490
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cis)-4-Methylpiperidin-3-ol (intermediate 86) 468.3 261 1- |
(E)-3-(3,4-Dichloro-pheny1)- acryloyl] -3,-([3 -((+)-4-hydroxy-6-azaspiro

[2.5] oct-6-y1)-propyll - spiro [2.5] petan-Ad-Ql 480.3 WO
2007/122103PCTlEP20071053490‘2 %zr‘ﬁ 4] diazepan-5-one

(in 82) 262 1 I a 34
eI R R ol
(HPry- gﬁ}élféesf% éwezt byl éauate 83) 4803 263 (rac)-4-(3-{ 4-

[(E) 3 (3 4 chhlorophenyl) acryloyl -7-0x0- [1,4] diazepanl -yl]
2 inpidipileasdexy) -piperidin- 1 -vii-butyl}-1

I E)—3 (3, 4 dxchloro phenvl) acrvlovl"i 14]diazepan-5-one

In analogy to the procedure described in example 163A, 1-[(E)-3-(3,4-dichloro-phenyl)-
acryloyl]-4-{4~iodo-butyl)-[1,4}diazepan-5-one (example 9B) and (trans)-(rac)-3,4-Bis-

(tert-butyl-dimethyl-silanyloxy)-piperidine (intermediate 26) gave the title compound as
colorless oil. MS: 712.5 (MH", 2Cl).

B) 1-[{E}-3-(3,4-Dichloro-phenvl)-acrvioyl]-4-14-({3RS$,4RS) -3, 4-dihydroxy-piperidin-
1-vl)-butyll-[1,4]diazepan-5-one hvdrochloride

In analogy to the procedure described in example 163B, 4-{4-[(3RS,4RS)-3,4-bis-(tert-
butyl-dimethyl-silanyloxy)-piperidin-1-yl}-butyl}-1-[(E)-3-(3,4-dichloro-phenyl)-
acrytoylj-{1,4}diazepan-5-one gave the title compound as off-white solid. MS: 484.4
{MH", 2CD.

Example 165

1-[(E)-3-(3,4-Dichloro-phenyl)-acryloyl}-4-[4-((3RS,4RS)-3,4-dihydroxy-piperidin-1-
yi)-butyl]-[1,4]diazepan-5-one

AY 1-[{E)-3-(3,4-Dichloro-phenyl}-acrvliovi]-4-14-((3RS,4R$)-3,4-dih vdroxv-piperidin-
1-vD)}-butvl]-[1,4]diazepan-5-one

A solution of 0.025 g (0.05 mumotl) 1-[(E)-3-(3,4-dichloro-phenyl}-acryloyl]-4-{4-
({3RS,4RS)-3,4-dihydroxy-piperidin-1-yl}-butyl]-{ 1,4]diazepan-5-one was dissolved in
EtOAc and washed with aqueous saturated NaHCQO;. The water phase was extracted with
EtOAc(2x), the organic phases washed with aqueous saturated NaHCOQOs3, dried over

Nay50; and evaporated to give 0.017 g (73%) of the title compound as colorless foam.
MS: 484.2 (MH", 2C1).
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( rac) -Piperazine-2- carboxylic acid methyl ester 497.3 264 1-

- [(E)-3-(3,4-Dichloro-phenyl)- acryloyl] -4- [3-(4-methy1-3-oxo-
WRIPRE3Z M hay1)-propyl] - [ 1,4] diazepan-5- one 1 -Methyl-pi &)TBQI%QG

467.3 265 (rac)-(3-14- [ (E) -343,4 -Dichlorophenyl) -acryloyl] -7-oxo
diazepanl -yl11-propyl) -1 -oxa-4,9- dlaz]al-lsplro [5.5 ] undecan-3-one (

rac) -1 -Oxa-4,9-diazaspiro [5.5] u one (intermediate 102) 523.4
266 (rac,cis)-1- [(E)-3-(3,4- chhloro-_%%éﬁyg_-acryloyl] -4- [3-(3-hydroxy-4-

% ?y@?}r}?’é p%/Iplperl m%l-elpﬁ ‘ryFn(g(}tl ](g%fﬁ) g?’?%{%%% f’)“)PYU'

[(E IS Z8HDPISr0- phenyl) -acryloyl] -4- [3- (3-hydroxy-4-
methoxymethyl plpendln -1- yl) propyl] [1 4] dlazepan -5- -one (rac CIS) -4-

(@@343 4 chhloro phenyl) acryloyl] 4 [3 (3- hydroxy -4-
hydroxymethyl-piperidin-l-y1)-propyl] - [ 1,4] diazepan-5-one ( rac,trans
)Asdivdepymathylriperisins-of (intesmediatdd®hbro-phenyt)-acryloyll-
i 1,4]diazepan-5-one (intermediate 1A) in 30 ml of DMF, with 0.29 ¢ {(6.71 mmol) of
NaH (55 % in oil) was stirred for 30 min at 0 °C and then treated slowly with 0.47 ml

(5.75 mmol) of 2-bromomethyl-oxirane in 15 ml DMF. After 3.5 h at 0 °C, the reaction
was extracted with agueous saturated NaHCO; / EtOAc (3x). The organic phases were
washed with aqueous saturated NaHCO;, dried over Na,SO, and evaporated to yield 2.79
g {quantitative) of the crude title compound as off-white semisolid, which was used
directly in the next steps. MS: 368.9 (MH", 2Cl).

B) (rac}-1-[(E)-3~(3,4-Dichloro-phenyl) -acryvlovl1-4-{2-hvdroxy-3-piperidin-1-vl-
propyl)-i1.4]diazepan-5-one

A solution of 0.30 g {0.81 mmol) of (rac)-1-[(E)-3-(3,4-dichloro-phenyl)-acryloyl]-4-
oxiranylmethyl-[1,4|diazepan-5-one in 0.3 ml of DMA was treated with 0,19 ml (1.22
mmol) of piperidine and 0.265 g (0.81 mmol) of cesium carbonate, The reaction was
stirred over night at RT, CH,Cl, was added, filirated and evaporated. Crystallization
(CH,CL/EtO) gave 0.16 g (43%) of the title compound as pink crystalline solid. MS:
454.2 (MH", 2Cl).

Example 167

1-[(E}-3-(3,4-Dichloro-phenyl)-acryloyll-4-((8)-2-hydroxy-3-piperidin- 1-yl-propyl)-
[1,4]diazepan-5-one

A) 1-{E}-3-(3,4-Dichloro-phenvl)-acrvlovli-4-({R)-2,2-dimethvl-[ 1,3] dioxolan-4-
vlmethvl)-11,4]diazepan-5-one

A solution of 6.26 g (20.00 mmol) of 1-[(E)-3-(3,4-dichloro-phenyl)-acrylovl]-
[1,4]diazepan-5-one (intermediate 1A]) in 200 ml of THF was treated at 0 °C with 2.47 g
(22.00 mmol) of potassium tert-butylate and after 10 min with 5.73 (20.00 mmol) of
toluene-4-sulfonic acid ($}-2,2-dimethyl-[1,3]dioxolan-4-ylmethyl ester. The reaction
was stirred for 14 b at RT, 28 h at reflux temperature, cooled and extracted with aqueons
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WO QA2 1A3PCT/EP2007/053490 - 135 -

484.3 269 (rac,cis) -1- [(E)-3-(3,4-Dichloro- phenyl)-acryloyl] -4-
[3-(3-methoxy-4- ( rac,cis) -3- methoxyrnethyl- 498.3 WO

o , PCT/EP2007/053490
hydroxymethyl-piperidin-l-y1)-propyl.] - [11,4] diazepan-5-one piperidin-4-ol

(intermediate 50) 270 (rac,cis) -1- RE) _§2(3 4-Dichloro- phenyl)-acryloyll
%at@a@awgm 43{1@(5& YARgL a% U}ﬁ{{@@ QJ‘Ql%rWAEhegi WYIIi)L [RBR%d s]aturated
rlﬁﬁé#rl\ anSO%ﬁﬁl% h thy14 plp (Pé g
( 498955 Ho# 3187 P prasessiedaiaiaro oy §}1*)S
-aekyRinpMQﬁ-:%IMﬂﬁ?b&?ﬁﬂ %yﬁ?@mﬁe&ﬁﬁgbm%thyﬁbmﬁd pmipoynyg as off-
-propyllowdsd] Biszepandmane dac, trans) -4- hydroxymethy1-4-
methyl-piperidin-3 -ol (intermediate 53) 498.3 272 (rac)-1- RE) -3- (
3-Dichosa-phenyi) o raGMIoWD -4erdBovi] -4-((R)-2,3-dihvdroxy-propyl)-
( h Qr% 2- @etheylplperldm -I-y1)-propyl] -[1,4]diazepan-5- one (rac)
E_f@étﬁv%rp‘e‘mqﬁ%-ol (intermediate 66) 468.3
A solution of 4.16 g (9.72 mmeol) of 1-[(F)-3-(3,4-dichloro-phenyl}-acrvloyl]-4-({R)-2,2-
dimethyl-[1,3]dioxolan-4-ylmethyl)-[1,4]diazepan-5-cone in 35 ml of methanol and 3.8
ml of water was treated with 1.95 g of Dowex 50WX8 (activated with aqueous 25% HCl

and washed neutral wit water). The reaction was stirred for 10 h at reflux temperature,

cooled, evaporated, dissolved in CH,Cls, dried over Na,SO, and evaporated to yield 3.37
g {89 %) of the title compound as light yellow foam. MS; 387.1 (MH", CL}.

C) 1-I(E)-3-(3,4-Dichloro-phenyl) -acrvlovll-4-{ R)- | -oxiranvlmethyl-[ [,4] diazepan-5-

one

| An ice-cooled solution of 0.50 g {1.30 mmool) of 1-[{E)-3-(3,4-dichloro-phenyl)-
acryloyl]-4-{(R)-2,3-dihydroxy-propyl)-[ 1,4]diazepan-5-one and 1.72 ml (13.00 mmol)
of 2,4,6-trimethyl-pyridine in 5.2 ml of DMF was ireated with 0.11 ml {1.36 mmol) of
methanesulfonyl chloride in 0.3 mL of DMF. The reaction was stirred 2.5h at 0 °Cand 1
h at RT. After cooling (0 °C), 0.13 g (2.86 mmol) of NaH (55 % in oil) was added and the
reaction was continued at this temperature for 16 h. The solution was poured on cold
aqueous 10% KH;POy and extracted with Et;O (3x). The organic phases were washed
with aqueous 10% KH.PO, (2x), aqueous saturated NaHC(: and aqueous 10% NaCl,
dried (Na;SOy) and concentrated to yield after precipitation (CH,Cly/n-pentane) 0.38 ¢
(78 %) of the title compound as light yellow powder. MS: 368.9 (MH", 2CD).

D) 1-[(E)-3-(3,4-Dichloro-phenvl)-acrvlovil-4-( {8)-2-hvdroxy-3-piperidin- 1 -vi-propyl)-
[1,4|diazepan-5-one

A suspension of 0.10 g (0.27 mmol) of 1-[(E)-3-(3,4-dichloro-phenyl)-acryloyl]-4-(R}-1-
oxiranylmethyl-[1,4]diazepan-5-one in 0.27 ml of EtOH was treated at 0 °C with 0.04 ml
(0.40 mmol) of piperidine. The reaction was stirred for 20 h at RT, then evaporated,
suspended in toluene and evaporated again. Precipitation (CH»Cl/Et,O/-n-pentane)
gave 0.10 g (84%) of the title compound as off-white powder with 90% ee. MS: 454.1
(MHT, 2CD). (The enatiomeric purity was determined with a chiralpak-ADH column,
25cm™4.6mm, No.DL182 and 30% n-heptane + 70% (EtOH+0.01M NH:AcOH) as
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273 (rac)-1- RE) -3-(3,4-Dichloro-phenyl) - acryloyl] -4- [3- (5-hydroxy-2-
hydroxymethyl-piperidin-1 -y1) -propyl] - [1,4 ] diazepan-5-one

wdag)r-Privsdsoxymethylpiperidin-3-ol (intermediate 65) 484.3 gAdpa6) nlsa00

[ (E)3 -(3,4-Dichloro-phenyl) - acryloyl] -4- [ 3- (3-hydroxy-4,4-dimethyl-
piperidin-I-y1)-propyl] - [ 1,4] diazepan -5-'one ( rac)

Gutsglimelh l%@ﬁélﬁ&@géa%@'EG%H@ﬁgﬁ%ﬁo??aiﬁ&?eﬁx%ﬁﬁoﬁ@%&éﬁks}:ii@methyl-

& £ fl_D'lCn!%[%}iggﬁT%lt)ér f:ryloy -4-[3- (3.-methoxy-

tetk y%ﬁ%f’py an-4-y Ao ‘propyl]- [1,4] diazepan-5-one
rac,cis)-3-Methoxytetrahydro -pyran-4 - ylamine (intermediate 20) 484.2

(276 (ra():) -1 - RE) ¥3- (3,4¥Dichg(§%ﬂgﬁgﬁ%@%cryl(oy| | )

-4;13-{3:dimet_h Iami_no- pi ?ridin-l- 1)-prop3 }lé 1,4]_ qiazepa,n-mSZ one ( )

radfB-dniietidHarbpiantiie gyl b AWS)-2-hydroxy-3-piperidin-1-yl-propyl)

0o Al22pe3REHEP2007/053490 - 136 - 277 (rac)-1-

[(E)-3-(3,4-Dichloro-phenyl)- acryloyl] -4- [3- (3-dimethylamino-

pyralidi)-By(B)Hiviepidie-picd}idiazeban S0B8-2-hydroxy-3-piperidin-1-yl-propyl)-

(g@%@ﬂ%ﬁyminopyrollidine 467.2 278 (rac)-l_- _

-3-(3,4-Dichloro-pheny1)- acryloy11-4- [3-(3-diethylamino-

PY9 Uﬁ%' gy (Ya%'ﬁ roRY u3:E%;ﬁlﬂ@ﬁgﬁéghé{ﬁﬂ%cryloyl] -4-((8)-2-hydroxy-3-piperidin-
1-vl-propyl)-[1,4]diazepan-5-one {example 166) were separated with a chiralpak-ADH
cotumn, 5uM, 25cm*20mm, Daicel, Cat.-No. 19345 and 25% n-heptane + 75%
(EtOH/MeOQH 25:75v/v) as eluent. 48.9 mg (36%) of 1-[(E)-3-(3,4-dichloro-phenyl)-
acryloyl]-4-({S)-2-hydroxy-3-piperidin-1-yl-propyl)-{ 1,4} diazepan-5-one {99.4%ee)
{example 167D) and 50 mg (37%) of 1-1(E)-3-(3,4-dichloro-phenyl)-acryloyl]-4-({(R)-2-
hydroxy-3-piperidin-1-yl-propyl)-[ 1,4]diazepan-5-one (99.6%ece} was isolated as a white
foam. MS: 454.1 (MH", 2Cl). (The enatiomeric purity was determined with a chiralpak-
ADH column, Daicel, Cat.-No. 19325, 25cm*4.6mm and 35% n-heptan + 65% EtOH as

eluent}.

Example 169

(rac)-1-[(E)}-3-(3,4-Dichloro-phenyl}-acryloyl]-4-[3-(4-flucro-piperidin-1-yl)-2-
hydroxy-propyl]-[1,4|diazepan-5-one

A) {rac)-1-[(B)-3-(3,4-Dichlorg-phenyl)-acryloyl]|-4-13-(4-fluoro-piperidin-1-yi)-2-
hydroxy-propyl]-[1,4|diazepan-5-one

A solution of 0.080 g (0.22 mmol) of {rac)-1-[{E)-3-(3,4-dichloro-phenyl)-acryloyl]-4-
oxiranylmethyl-{1,4]diazepan-5-one (example 166A) in 0.5 ml of MeOH was treated with
0.038 {0.26 mumol) of 4-fluoropiperidine hydrochloride and 0.15 mi (1.08 mmol) of EtsN
in 0.5 ml of MeOH. The reaction was stirred for 24 h at RT, partitioned between
aqueous saturated NaHCO; and extracted with Et;O (3x). The organic phase was dried
over Na,SO, and evaporated to give afterl flash silica gel column (CH,Cl,/MeOH 98:2)
0.0099 g (10%) of the title compound as white foam. MS: 471.9 (MH", 2C1).



(rac)-3-diethylaminopyrollidine 495.2 279 (rac,cis)-1-[(E)-3-(3,4-Dichloro-
phenyl)-acryloyll -4- [3-(3-hydroxy-5- methyl-piperidin-1-y1)-propyl ] -

wid #lgiazapan-5-one (rac,cis)-5-methylpiperidin-3-ol (intermeggigte, 78) ws3400
468.3 Examples 280-326 General Procedure for

Examples 280-326 A solution of (rac)- 1-f(4E)-3 -(3,

4-Dichloro-phenyl)-acryloy1]-4- 0@5@(#@1 qthyl[1,4]diazepan-5-one
(example I66A) (0.1 mmol) in DMAT0.5mI) Was added to the appropriate

re of her Qm iall avall le or
escr éélj %?r%iermeé] te seztlo %I}E %% rou %ﬁﬁa olflcegl_bum}

%aéH’eThe reaction was then shaken overnlght at 80 C,

flltered and dlrectly purlfed purlfled by preparative HPLC. Example No.
0 : L5 lexHy41(2faxiranyi-ethvl) - 1,41diazepan-5-

5 3_)_D|chloro phenyl) acryloyll 4 [2 hydroxy -3-(3- hydroxy -4-
methyl-piperidin- | -y1)-propyl]- [1,4] dia zepan-5-one ( rac) -4-methyl"
ﬁﬂﬂ@ﬁkﬂﬁgﬁr@tﬁﬂ'@%ﬂ&&dﬁ&t&&ﬂﬁ)éﬁﬂeﬁemm 1664, 1-](E)-3-(3,4-dichloro-phenyl)-

%Z ]1O4§ ng-%:aﬁ) %091'74 91?1%4’%9&&13’%%?\ §r]rd (S?:ﬁt)) % {2- bromo e*rhyl) -oxirane

chhlor phenyl) acr, 0XY-
gygjé]ﬁ]& %ﬁn}ﬁr 4]](?3%@}% 1%) 0%%6)6 5) gave a(ger iraetion with Et,0

instead of E1OAc the tltle compound as vellow oil. MS: 383.2 (MH', 2Ch.

10 B) (rac)-1-1(E}-3~(3.4-Dichloro-phenvl)-acrylovl] -4-(3-hvdroxy-4-piperidin-1-yl-butyl)-
[1.4]diazepan-5-one

In analogy to the procedure described for example 167D, (rac)-1-[{E)-3-(3,4-dichloro-
phenyl}-acryloyl]-4-(2-oxiranyl-ethyl)-{1,4]diazepan-5-one and piperidine gave the title
compound as vellow oil. MS: 468.1 {MH", 2Cl).

15 Example 171

(rac)-1-[(E)-3-(3,4-Dichloro-phenyl)-acryloyl]-4-[3-hydroxy-4-(3-hydroxy-piperidin-1-
yl)-butyl]-[1,4]diazepan-5-one

A ( réc} -1-1(E)-3-(3,4-Dichioro-phenyl)-acrvlovi]-4-[3-hydroxv-4-(3-hvdroxy-
piperidin-1-v1)-butvii-11,4!diazenan-5-one

20 In analogy to the procedure described for example 1671), (rac)-1-{(E)-3-(3,4-dichloro-
phenyl)-acryloyli-4-(2-oxiranyl-ethyl}-| | 4] diazepan-5-one and 3-hydroxypiperidine
gave the title compound as yellow oil. MS: 484.2 (MH", 2Cl).

Example 172

1-{(E}-3-(3,4-Dichloro-phenyl}-acryloyl]-4-((R}-3-hydroxy-4-piperidin-1-yl-butyl)-
25 [1,4]diazepan-5-one

A) 1-[(E)-3-(3,4-Dichloro-phenvi)-acrvlovl]-4-] 2-((R)-2,2-dimethyl-{ 1,3 | dioxolan-4-
vl -ethvli-f1,41diazenan-5-one

In analogy to the procedure described for example 167A, 1-[{E)-3-(3,4-dichloro-phenyl)-
~acryloyll-[1,4]diazepan-5-one (intermediate 1A]) and methanesulfonic acid 2-({R)-2,2-
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(rac) -3- hydroxypiperidine 470.2 282 (rac) -1- [(E) -3-(
3,4-Dichloro-phenyl) - acryloy11-4-

W@ﬁyg@iﬁ;g(trans) -3-hydroxy-2-methyl-piperidin-1-y1)- PCT/EP2007/053490

propyl]-[1,41diazepan-5-one (rac, trans)-2-methylpiperidin-3-0
(intermediate 87) 484.3 283 (rac)-1- Rﬁ:‘ﬁ-Ss'-(B 4-Dichloro-phenyl)-

m&%%;ﬁq &?olgaigﬁosz é%we%&hp g/ Q%d‘}l%r% X ngl%m thyl-

aze an-5- on -3- me peridine 48

thfﬂl%o PicHicr gﬁﬁaﬁ SPF ARG A2 FHSHILE) YRS Wit RT, the
Hijtrexyapiped diroleff1yhepenn Xyl prdpyl (MHL, 4(dlazepan-5-one (rac,
trans) -4-Fluoropiperidin-3-ol (intermediate 89) 488.2 285 1-
RIE)-3([3:4-BighD uidephehyiyh agryloyll -4 (R)-3.4-dihydroxy-butyl)-[1 4] diazepan-
[2-hydroxy-3-(4-hydroxypiperidin-1-y1)-propy1] -[ 1,4]diazepan-5- one
Piperidin-4-ol 470.2 286 (rac)1- RE) -3-(3,4-Dichloro-phenyl) - acryloyl ]
ﬁl A0 ane dillysosdu P YREYERIREidin | ieYPth? -y 93H@Pldlchioro henyl)-

1. Aiazepan sione, (Ac . frang)s3fluoropineridinga ol (nieimediate. on.f

after 3 h at reflux, the title compound as a white foam. MS: 401.2 (MH?, 2CD.

gave

C) 1-{E)-3-(3,4-Dichloro-phenvl)-acrvigvl|-4-{(R)-2-oxiranvi-ethvl)-[ L. 41diazepan-5-
one

In analogy to the procedure described for example 167C, 1-[(E}-3-(3,4-dichloro-phenyl)-
acryloyl]-4-((R)-3,4-dihydroxy-butyl}-{ 1,4]diazepan-5-one gave the title compound as
an off-white foam. MS: 383.0 (M, 2Cl).

D 1-[{E)-3-(3,4-Dichloro-phenyD) -acrvlovi]-4-( (R)-3-hvdroxy-4-piperidin- 1 -vl-butyl)-
[1.41diazenan-5-one

In analogy to the procedure described for example 167D, 1-{(E)-3-(3,4-dichloro-phenyl}-
acryloyl]-4-((R)-2-oxiranyl-ethyl}-[ 1,4 idiazepan-5-one the title compound as an white
foam with 94% ee. MS: 368.3 (MH", 2Cl). (The enatiomeric purity was determined with
a chiralpak-ADH column, 25¢m*4.6mm, No.DL182 and 50% n-heptan + 50%
(EtOH+0.01M NH.AcOH) as eluent. The purity corresponds to the purity of 2-((R)-2,2-
dimethyl-[1,3]dioxolan-4-yl)-ethanol).

Example 173
1-({Z)-3-Naphthalen-1-yl-acryloyl}-4-(3-piperidin-1-yl-propyl)-[ 1,4]diazepan-5-one

A) 1-{(Z)-3-Naphthalen-1-vl-acrvloyl}-4-(3-piperidin-1-vl-propyl)-| 1 ,41diazepan-5-one

In analogy to the procedure described for example 11A, 4-(3-piperidin- 1-vl-propvl)-
[1,4]diazepan-5-one-dihydrochloride (intermediate 4B) and (Z)-3-naphthalen-1-yl-
acrylic acid gave the title compound as light yellow foam. MS: 420.1 (MH™).
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488.3 287 (rac)-1- RE) -3-(3,4-Dichloro-phenyl) - acryloy11-4- [3-
(cis-4-fluoro-3-hydro xy- piperidin-1-y1)-2-hydroxy-propyl1-

wa Algiazgpan-5-one (rac, cis)-3-fluoro.. pipe nclin-4-ol ('nte%‘?ﬁﬂﬁo%&wu

488.2 288 (rac) -1 - [ (E) -3- (3,4-Dichloro-phenyl) - acryloyl11-4-
[2-hydroxy-3-(3-methylpiperidin-1-y1)- pH)?)yI] [1,4]diazepan-5-

(rac)-3-methylpiperidine 468.3 Wg %QI%QJIQNBPCTIEP2007/053490 -

138 - one 289 (rac)-1-[(E)-34 -pheny1l)- acryloyl] -4-

d% ag 5430%% rgéoi%ﬂgij Q@ﬁ%‘i{hy%iéerﬁ Z(lfgjy ép%%hi]rag Propyl)-

@W%Rﬂ% pheny1)- acryloy11-4- [2-hydroxy-3(2-
hydroxymethyl plperldln_l yl) propyl] [1 4] diazepan-5-one

A solution of 3.00 g (17.96 mmol} of 3-bromo-2,2-dimethyl-propan-1-ol, 17.78 ml
(179.59 mmol) of piperidine, 2.48 g (17.96 mmol) of K,COs and 2.69 g (17.96 mmol) of
potassium iodide in 20 ml of DMA were stirred at 70 °C for 20 h. After filtration and
evaporation of the solvents, the crude product was dissolved in diluted aqueous HCl
solution and washed with EtOAc (3x). The aqueous phase was basified with KHCO; and
some drops of 1IN NaOH and extracted with EtOAc¢ (3x). The organic phase was dried
{Na;SO,) and evaporated to give 0.57 g (18%) of the title compound as vellow liquid.
MS: 172.0 (MH").

B) Methanesulionic acid 2,2-dimethvl-3-piperidin-1-vl-oropvl ester

A solution of 0.51 g (2.99 mmol) of 2,2-dimethyl-3-piperidin-1-yl-propan-1-ol in 7 mi of
dichloromethane was treated at 0 °C with 0.24 ml (179.59 mmol) of methanesulfonyl
chioride and stirred at RT for 2.5 h. The reaction was extracted with aqueous saturated
NaHCO;/ Et;O (3x). The organic phases were washed with aqueous saturated NaHCOs,
dried over Na,SO4 and evaporated to give 0.85 g {quantitative) of the title compound as
light brown oil. MS: 249.2 (M").

C) 1-(3-Iodo-2,2-dimethvi-pronvl -piperidine

In analogy to the procedure described for example 6D, methanesulfonic acid 2,2-
dimethyl-3-piperidin-1-yl-propyl ester and sodium iodide stirred at 95 °C for 3 h gave the
title compound as brown oil. MS: 282.1 (MH").

D) 1-[{E)-3-(3,4-Dichloro-phenvh)-acrvlovii-4-(2,2-dimethvl-3-piperidin- 1-vl-propyl) -
L4ldiazepan-5-one

In analogy to the procedure described for intermediate 4A, 1-[{E)-3-(3,4-dichloro-
phenvyl)-acrylovi]-[ 1,4]diazepan-5-one (intermediate 1A]) and 1-{3-iodo-2,2-dimethyl-
propyl)-piperidine stirred 2 h at RT, gave the title compound as white solid. MS: 466.3
(MH", 20).
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484.3 291 (rac)- (1- [ (E)-343,4-Dichloro-phenyl)- acryloyl] -4-
[2-hydroxy-344- hydroxymethyl-piperidin-1 -y1)-propyl] - [ 1,4 ]

wadagepanpsone Piperidin-4-ol 484.3 292 (rac) -1- [ (E) PCT/EP2007/053490

-343,4-Dichloro-phenyl) - acryloyl] -4- [2 7ydroxy 3(3-hydroxy-
pyrrolidin-lI-y1)-propyl] - [1,4] diazepan- 13 %one ( rac)-3-hydroxypyrrolidine

456.2 293 (rac)-1- [(E)-343,4-Dichigro-phemml )- acryloyl] -4-
[2-hydroxy- 3(3 methoxymethyl piperldin-I‘-yl) propyll - [1 4]

eth yme 0ip 4 i
diiéﬁfir*é’ e PR B
ierhyd Bii}ﬂ% O61ﬁ¢=,\r|d|n 4-yll - carbamic acid methyl ester
Plerldln 4 yI carbamlc aC|d methyllester ( Ttelmedlate 38) ?273 1295

di aaédl&rﬁwﬂi-&alaydroxy propyl) piperidin- 4yII methyl-carbamlc acid
methyl ester Methyl-piperidin-4-yl-carbamic acid methyl ester

(interaegiatazDr04did-286:dre) {br HEmnd B147RichiarEphe(m)h3 -astoyd-4-
'ﬁﬁg{’)%%ﬁé%%ﬂ?ﬁquEP@iazepanm5—on.e (intermediate 54) and toluene-4-sulfonic
acid {5)-2,2-dimethyl-[1,3]dioxolan-4-ylmethyl ester gave the title compound as light

yellow viscous oil. MS: 353.1 (MH", 1ClL).

B) 1-{E)-3-(3-Chloro-4-fluoro-phenyl)-acryiovl | -4-({S)-2-hvdroxv-3-piperidin-1-vi-
propyl}-{1.4|diazepan-5-one

In analogy to the procedure described for example 16713, 1-[(E)-3-(3-chloro-4-fluoro-
phenyl)-acryloyl]-4-(R}-1-oxiranylmethyl-[ 1,4]diazepan-5-one and piperidine gave the
title compound as off-white foam, M$: 438.3 (MH", 1Cl).

Example 176

(rac)-1-[(E)-3-(3,4-Dichloro-phenyl)-acryloyl]-4- (2-hydroxy-2-methyl-3-piperidin-1-yl-
propyl)-|1,4}jdiazepan-5-one

A) (rac)-1-[{E)-3-(3,4-Dichloro-phenvli-acrviovl]-4-{2-hvdroxy-2-methyvl-3-piperidin-
1-vl-propvl)-[1,4]diazepan-5-one

In analogy to the procedure described for example 166, 1-[(E)-3-(3,4-dichloro-phenyl)-
acryloyl]-[1,4]diazepan-5-one (intermediate 1A) and 2-chloromethyl-2-methyloxirane
with 0.3 equivalent of potassiumn iodide gave the intermediate 1-[{E)-3-(3,4-dichloro-~
phenyl}-acryloyl]-4-(2-methyl-oxiranylmethyl}-[ 1,4] diazepan-5-one which was reacted
with no work up with piperidine in ethanol to give the title compound as light yellow
waxy solid. MS: 468.2 (MH", 2Cl).
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1-Isopropyl-piperazine 497.4 WO 2007/122103PCT/EP2007/053490 -
139 - piperazin-l-ye -propyl] - [ 1,4 ] diazepan-5- one 297 (rac)-1- RE)

wodaAriighloro-phenyl) - acryloyl 1 -4- [3-(4-cyclopropyi- pl%%pz007/0534%

1-y1)-2-hydroxy-propyl] - [ 1,4] diazepan- 5-one 1-Cyclopropylpiperazine
495.3 298 (rac)-1- [(E)-3-(3,4-Dichlorg-pHenyl) - acryloy11-4- [3-
(4-cyclopentyl-piperazinl-y1) -2-hydroxy-propyl] - [1,4] diazepan5-one
1-Cyclopentyl-piperazine 523.4 299‘(?210 -T-RE) 343 4 -Dichloro-phenyl) -

Pi‘"i&i S R R e e

I%Z‘(Baﬂ PR#foro- phenyl) acryloyl] -4- [2-hydroxy-3-(4-hydroxy-3-
methyl plperldln -1 yl) propyl] [1 4] diazepan-5-one ( rac)
( Srii i v zmlovﬂ -4-oxiranvimethyl-{1,41diazepan-5-one

In analogy to the procedure described for example 166A, 1-{(E)-3-(3,4-diflucro-phenyl)-
acryloyl]-[1,4] diazepan-5-one (intermediate 55) and 2-bromomethyl-oxirane gave the
title compound as yellow oil. MS: 337.2 (MH").

B) (rac)-1-[(E)-3-(3,4-Difluoro-phenvl)-acryloyl | -4-(2-hydroxy-3-piperidin-1-yl-
propyvl)-{1.4]diazepan-5-one

In analogy to the procedure described for example 1668, (rac)-1-{(E)-3-(3,4-difluoro-
phenyl)-acrvloyl}-4-oxiranylmethyl-| 1,4]diazepan-5-one and piperidine gave the title
compound as light yellow viscous oil. M$: 422.2 (MH").

Example 178

1-[{E)-3-(3,4-Dichloro-phenyl)-acrylovl]-4-((§)- 3-hydroxy-4-piperidin- 1-yl-butyl)-
[1,4]diazepan-5-one

A) 1-[(E)-3-(3,4-Dichloro-phenvl) -acrvlovi] -4-((8)-3,4-dihvdroxy-butyl)-[ 1 4idiazepan-
5-one

In analogy to the procedure described for example 167A and 1678, 1-{(E)-3-(3,4-
dichloro-phenyl)-acrvloyl}-[1,4]diazepan-5-one {intermediate 1A]) and methanesulfonic
acid 2-({8)-2,2-dimethyl-{1,3]dioxolan-4-yl}-cthyl ester (prepared from 2-((S)-2,2-
dimethyl-[1,3]dioxolan-4-y1)-cthanol and methanesulfonyl chioride} gave the title
compound as an white foam. MS: 401.3 (M, 2CH).

B) Methanesulfonic acid {S)-4-14-[(E}-3-(3,4-dichloro-phenvl)-acrvlovl | -7-oxo-
I1.41diazepan-1-vli-2-hvdroxy-butyl ester

In analogy to the procedure described for example 167C, 1-{(E)-3-(3,4-dichloro-phenyl}-
acrylovl]-4-((S)-3,4-dihydroxy-butyl)-[1,4]diazepan-5-one with 2,4,6-trimethyl-pyridine

and methanesulfonyl chloride in CH>Cl, gave the intermediate mesylate as an white

" foam. MS:479.0 (MHT, 2Ch).
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484.3 301 (rac) -1- RE) -3-(3,4-Dichloro-phenyl) - acryloyl] -4-
[2-hydroxy-3-(4-isopropyl- 3-methyl-pi perazin-1 -y1) -propyl] - [ 1,4]

W@@mgigjone (rac) -1 -Isopropyl-2- methyl-piperazine 51%&%007/953490

(rac)-1- RE) -3- (3,4-Dichloro-phenyl) - acryloyl] -4-
[2-hydroxy-3-(4-methylpiperazin-1 -y1) = b?opyl] [1,4] diazepan-5- one 1

-Methypinerazine 489 SR93:6 Ashch LR s3-S RISHora: pReaY )= butvi)-
acn : -4~ [Z-Nydroxy-3-(3-Nydroxy-3- metny -piperidin-1-yI) -propyl] -

Af-gtazepan-5-one (rac)-3-methylpiperidin-3-ol (mtermedlate 101) 484.3
WO 2007/122103PCT/EP2007/053490 - 140 - 30 >JS\§[rac -1-

é@?@ @y@qj%m%eﬂﬁ%sl/ﬁcg@w&mﬂam@%m qh(%ﬁesuifomc acid (S)-4-{4-
riéthdxprtetiollepipeticintkagy)oprepyio-[1.4]dhazspah-Biehydroxy-butyl ester
Asmethrxm §W@W%@ﬁrﬂ9§d§i§q52(ééﬁ%&ent of ces1um carbonate and 5

RE 1V3ai(en’t O r#céyé) 4 hz? v a)fte?’ar |0é/ éb ge: drodxﬁy $in ermed%te A further
roxymethy plperld -propyl ]adlazepan
eqmvalent of cesium carbonate was adde and the reacnon heated at 80 °C over night to

give the title compound as a colorless gum with 99% ee. MS: 368.1 (MH", 2Cl). (The
enatiomeric purity was determined with a chiralpak-ADH column, 25cm*4.6mm,
No.DL182 and 50% n-heptane + 50% (EtOH+0.01M NH4AcOH) as eluent. The purity
corresponds to the purity of 2-((S)-2,2-dimethyl-[ 1,3]dioxolan-4-yl}-ethanol).

Example 179

(rac)-2-{4-{(E)-3-(3,4-Dichloro-phenyl)-acryloyl]}-7-oxo0-{1,4]diazepan-1-yl}-5-
piperidin-1-yl-pentanoic acid methyl ester

A {rac)-5-Bromo-2-14-[ (E}-3-(3.,4-dichloro-phenvl)-acrviovl]-7-oxo-[ 14| diazepan-1-
vil-pentanoic acid methvl ester

A solution of 0.501 g (1.60 mmol) of 1-{(E)-3-(3,4-dichloro-phenyl)-acryloyt]-
{1,4]diazepan-5-one (intermediate 1A) and 0.447 g (1.60 mmol) of methyl 2,5-
dibromopentane in 7 ml of DMF was treated at 0 °C with 0.077 g {1.76 mmol) of Nal
(55 % in oil). The reaction was stirred for 20 h at RT, cooled {0 °C) and treated again
with 0.224 g (0.80 mmol) of methyl 2,5-dibromopentane and 0.038 g (0.88 mmol) of
NaH (55 % in oil). After I hat 0 °Cand 3 h at RT, the reaction was neutralized with cold
aqueous 10 % KFHSO; and extracted with E;O (3x). The organic phases were washed
with aqueous 10 % KHSOy, aqueous 10 % Na(l, dried over Na;SO4 evaporated and
purified by flash silica gel column (CH,Cly/Et;O 95:5 to 70:30) to yield 0.39 g (48%) of
the title compound as white foam. MS: 505.1 {MH", 1Br).

B) (rac)-2-14-1(E)- 3 (3,4-Dichloro-phenvl)-acrviovi]-7-oxo-[ L4 ldiazepan-1-yl1-5-i0do-
pentanoic acid methvl ester

In analogy to the procedure described in example 6D, 4-(5-chloro-pentyl)-1-[(E)-3-(3,4-
dichloro-phenyl)-acryloyl]-{1,4]diazepan-5-one and sodium iodide were stirred at RT for
4 h-to give the title compound as yellow foam. MS: 552.2 (MH", 2Cl).
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( rac) -(3-methyl- er pipidin-3-y1) methanol (intermediate 30) 498.3 306
(rac) -1- [(E)-3-(3,4-Dichloro-phenyl)- acryloyl] -4- [2-hydro-3-(3- '

wisihaamsthy1l-3-methyl-piperidin- 1- y1)-propyl] - [ 1,4 ] digzepabserebEso

(rac)-3-methoxmethyl- y 3-methyl-piperidine (intermediate 31) 512.3 307
(rac)-1- RE)-3-(3,4-Dichloro-phenyl)- acifloyl] -4- [2-hydroxy

SRS IR Y RIPN 4 Bl Aban-1-

PARSXanslapepeplaga 8 2B hloro-phenyl) - acryloyll -4-
[2-hydroxy-34 cis-4- hydroxy-2-hydroxymethyl-piperidin-1- yl) -propyl] - [
PAPHEIBSAR-E one ey -%i)éh%ﬁg%féﬁq‘%ﬁé?mmﬁ%ﬂ)-aCWB{OY“-’7-0X°-
(intéidediate U ) -500R -BOY{rat) aki] (EJByl(GurDichtor of fheytyas treated at 0
acryanlh-ob1 [Rihydomimd (8t bysheauSaraispEc §2:hh act 6cydnPrRRYRT .
[5&150' g'%%%‘ﬁ?dﬁ%? c.(ers%ﬁ}ﬁfjcfaAr%gﬁate was added at 0 °C and stirring was continued

for 2h. After additional 3 h at RT, the reaction was extracted with aqueous saturated

A

NaHCOs/Et,O (3x). The organic phases were washed with aqueous saturated NaHCOs,
aqueous 10 % NaCl, dried over Na,SQ, evaporated and precipitated with CH,Cly/n-
pentane to vield 0.86 g (84%) of the title compound as a white foam. MS: 510.3 (MH",
2ChH.

Example 180

Lithium; (rac)-2-{4-[(E)-3-(3,4-dichloro-pheny!)-acryloyl]-7-oxo-[ 1,4} diazepan-1-vl}-5-
piperidin-1-yl-pentanoate

A) Lithium; {rac

B)-3-(3.4-dichloro-phenyl)-acrviovil-7-oxo-[1,4]diazepan-1-
vit-53-piperidin- I -vl-pentanoaie

A solution of 0.041 g (0.08 mimol) of the above prepared (rac)-2-{4-[(E)-3-(3,4-dichloro-
phenyl)-acryloyl]-7-oxo-[ 1,4 |diazepan-1-yl}-5-piperidin- 1 -yl-pentanoic acid methyl
ester in 4 m} of THE/MeOH (1:1), treated at 0 °C with 0.084 mL (0.08 mmol) of IN
LiOH, and kept at ambient temperature for 20 h. Water (0.32 ml) was added and heated
for 1h at 40 °C. The reaction was evaporated and precipitated with CH,ClL/ErO to give
0.028 g (70%) of the title compound as white powder. MS: 494.2 (M-H’, 2CI).

Example 181

(rac)-1-[(E)-3-(3,4-Dichloro-phenvl)-acryloyl}-4- (1-hydroxymethyl-4-piperidin- 1-yl-
butyl)-[1,4]}diazepan-5-one

A) {rac)-1-1{E)-3-(3,4-Dichloro-phenvl}-acrviovl]-4-( I -hydroxymethvl-4-piperidin-1-vl-
butvl}-[1,4]1diazepan-5-one

A solution of 0.041 g (0.08 mmol) of (rac)-2-{4-[(E)-3-{3,4-dichloro-phenyl}-acrylovil-
7-0x0-[1,4]diazepan-1-yl}-5-piperidin-1-yl-pentanoic acid methyl ester in 0.5 ml of
ethanol was treated at 0 °C with 0.006 g (0.16 mmol} of sodium borohydride in 0.5 ml of

cthanol during 5 min. The reaction was stirred for 21 h at RT, cooled (0 °C) and treated
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spiro [2.5] octan-4-ol (intermediate 81) 496.5 310 (rac)-1- [
(E)-3-(3,4-Dichloro-pheny1)- acryloyl] -4- [2-hydroxy-3- (4-hydroxy-3-
wdsesngihyl-piperidin-I-y1) -propyl] - [1,4] diazepan-5-0n%,&;z;!&)mﬁ_m}53 190
-3-hydroxymethylpipern-4-01 (intermediate 35) 500.5 311
(rac)-1-[(E)-3-(3,4-Dichloro-pheny1)- acryloyl] -4-

[ggt}%d&%’ﬁyﬁ%tfé" %@r@é}éh%l)%?fsﬁ%}ﬁﬁ?ﬁ&%ilﬁpd%ﬁ Wy Y MR ey 5 b at RT
(rac)-3-methoxymethylpiperidin-4-ol (intermediate 35) 514.5 WO_

266 7S PIOEB EYE ?66)7‘76%@]@(?‘1‘1@4’115-1?1?&]‘%%%&%-@‘-‘6%%“3‘?@601(1
ree)edtedREY HB(B/BtDich|brd-(ih e oyl niashdoilivete washed with aquecus 10 %

[ v 7504, vabo BRRSHICL IO Y ¢ 1] -
%ﬁiﬁi&@n@%@%@%@i%ﬁ%@%ﬁ“@%ﬁ‘%@?ﬁﬁiﬁgnﬁ%“’fy

a7y dog:% andsthene 19 ctyte e pyodesicidko-pheny1)- acryloyl]
-ﬂiﬁhﬂd@@%$§€m hrydroxye 3ihlydrivay mretipplapiperitin CEL ¢ /n-penatne
-BIERYl (Lot SHARSRRN:-GrANRind as white foam. MS: 482.3 (MH, 2C1).

Example 182

(rac)-3-{4-[(E)-3-(3,4-Dichloro-phenyl)-acryloyl]-7-oxo-[ 1,4] diazepan-1-yi}-2-
piperidin--ylmethyl-propionic acid ethyl ester

A) 2-14-1(E)-3-{3.4-Dichloro-phenyD -acrvliovi]-7-oxo-] 1,4 ]diazepan-1-vimethvll-acrylic
 acid ethyl ester

A suspension of 2.50 g (7.98 mmol} of 1-[{E)-3-(3,4-dichloro-phenyl)-acryloyl]-
[1,4]diazepan-5-one (intermediate 1A) and 1.15 ml {7.98 mmol} of ethyl 2-
{bromomethylacrylate) in 80 ml of DMF was treated at -20 °C with 0.38 g (8.78 mmol) of
Nal (55 % in oil) and warmed up naturally to 18 °C (2.5 h). After cooling (0 °C)
additionally 0.12 ml (0.80 mmol) of ethyl 2-(bromomethylacrylate) was added and after
30 min no starting material was left, based on TLC. The reaction was extracted with
aqueous 10% KHSOy/ether (3x), the organic phases were washed with a aqueous 10%
NaCl solution, dried (Na,SQ,) and evaporated to give 3.51 g (quantitative, 90% purity) of
the crude title compound as light yellow viscous oil, which was used directly in the next
step, MS: 425.1 (MH", 2C).

B) (rac)-3-{4-[{E}-3-{3,4-Dichloro-phenvl}-acrvlovil-7-oxo-[ 1 ,4]diazepan-1-vl}-2-
piperidin- I-vimethvl-propionic acid ethvi ester

A suspension of 0.80 g (1.88 mmol) of 2-{4-[(E)-3-(3,4-dichloro-phenyl)-acryloyl]-7-
oxo-[1,4]diazepan-1-yimethyl}-acrylic acid ethyl ester, 0.56 m] (5.64 mmol} of piperidine
and 1.83 g (5.61 mmol) of cesium carbonate in 32 ml of acetonitrile was stirred over night
at RT. Additional 0.37 ml (3.76 mmol) of piperidine were added and after 1 h, cesinm
carbonate was filtrated and the solvent evaporated. Purification by flash silica gel column
{CH:Cl/MeOH 98:2 to 96:4) gave 0.43 g (44%) of the title compouhd as colorless foam.
MS: 510.4 (MH", 2Cl).
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( rac,trans) -2- hydroxymethylpiperidin-4-ol (intermediate 46) 500.5 314

(rac) -N- [ 2-(3-{ 4- [ (E) -3-(3,4-Dichlorophenyl) -acryloyl] -7-oxo- [ 1,4]
weiagenRidsY!l -2-hydroxy-propyl)-piperidin-4 -yl] - acetamiggl?kg’j&e” di 00

n-4-ylacetamide 511.5 315 (rac)-1- RE) -3-(3,4-D chloro-phenyl) acry oy

1 -4- [2-hydroxy-3-(trans-3- hydroxy-4- hyI piperidin-lI-y1)- propyl] - [1,4

] diazepan-5-one ( rac,trans ) -4-mej l&l in-3-ol (intermediate 100)

484 5316 (rac) -1 - [ (E)-3-(3,4- DIC’IOFO pnenyl) acryloyl] -4-

droxy-3s idin L
a%pr:h%’cgg%? ri&ﬂt)r gﬂ? -antlemet |pe eni}!r oqslzkﬁ%r}%oggj é%![ pfé4 5Y1} x
Fiperiyl rioyetay Homéﬁo phenyl) - acryloyl] -4-

[2 hydroxy -3- (8 hydroxy

-5- aza splro [ 2. 5] oct 5 y1) propyll -

hydroxy -3- methyl plperldln -1 -y1) - propyl 1-11, 4] dlazepan 5 -one
(raceis)s3-meibylpipdidinicd-obdinieunediale 80) 4348 @19E)-3-(3,4-dichloro-

phenyl)-acryloyl]-7-oxo-[1,4] diazepan- 1-yl}-2-piperidin-1-ylmethyl-propionic acid ethyl
ester gave the title as colorless solid. MS: 480.1 (M-H, 2Cl).

The following examples were produced from the appropriate {1,4]-diazepan-5-one

derivative and 1-(3-chloropropyl}piperidine in analogy to the procedure described in

Examples 184-187

intermediate 4A:

Example | Compound Name [1,4]-diazepan-5-one MS:
No. derivative (MH™)
184 (rac)-1-{(E)-3-(3,4-Dichloro-phenyl)- | (rac)-1-[(E)-3-(3,4-Dichloro- | 452.2
acryloyl]-3-methyl-4-(3-piperidin-1- | phenyl)-acryloyl]-3-methyl-
vl-propyl)-[1,4]diazepan-5-one |1,4]diazepan-5-one
{Intermediate 77)

185 {rac)-1-[{E}-3-(3,4-Dichloro-phenyl)- | (rac)-1-{(E)-3-(3,4-Dichloro- | 452.1
acryloyl]-7-methyl-4-(3-piperidin-1- | phenyl)-acryloyl]-7-methyl-
yl-propyl)-|1,4]|diazepan-5-one [1,4]diazepan-5-one

(Intermediate 78)

186 (R)-1-{{E)-3-(3,4-Dichloro-phenyl)- (R)-1-{{E)-3-(3,4-Dichloro- | 452.1
acryloyl}-2-methyl-4-(3-piperidin-1- | phenyl)-acryloyl]-2-methyl-
yl-propyl)-[1,4]diazepan-5-one [1,4]diazepan-5-one

{Intermediate 79)

187 {rac)-1-{{E}-3-{3,4-Dichloro-phenyl)- | (rac)-1-{{E)-3-(3,4-Dichloro- | 452.2
acrylovl]-6-methyl-4-(3-piperidin-1- | phenyl)-acryloyl]-6-methyl-
yl-propyl)-[1,4}diazepan-5-one {1,4]diazepan-5-one

(Intermediate 80)
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wePR6h1:2293PCT/EP2007/053490 - 142 -

(rac) -1 - RE) -3-(3,4-Dichloro-phenyl) - acryloyl] -4- [2-hydroxy-3- (4-
(4-methyl-pipendm-4- yl) methanol 498.3 WO

NS . PCT/EP2007/53490
hydroxymethy1-4-methyl-piperidin-1- yl g)ropyl] [1,4] diazepan-5-one

(intermediate 32) 320 (rac)-1- RE)-3- ( -Dichloro-phenyl)- acryloyll

-4-12-hydroxy-3- [ (2-hydroxyethyh-methyliamino]-propy11-
[1,4]diazepan-5-one 2-Methylamino-etharnol444.3 321 (rac)-1-

ichl 1 th
S A e AR S P e %ﬁﬁ.@éﬁ‘% ﬂ*? 5-one
8.3 322 )- hI I
hydfoxy en(frac %n? %hgﬁ yrro?oo{) ins @rll)xcédacﬁgy%‘ﬁ %Fazg %r% m" 405
(P&Eﬁfgﬁ/ﬁy&%w ;ﬂé%ﬁ@ﬂ%ﬁr@ﬁérﬁ&u@w Briierde) @fﬁTﬁé}&i‘n‘D (24 g,
[(B)13:(3|4-Dichard-phenyipaerijiayll, 3 A-oxoa fisdlytiarepanhexafluorophosphate

(46 mg, 0.12 mmol) in DMF (1 ml} was added Et;N (21 ul, 0.15 mmol) and the mixture
shaken for [h. The reaction was then directly purified by preparative HPLC affording the
title product (28 mg, 69%) as a white powder. MS: 404.2 (MH"),

Bxamples 186-224

General Procedure for Examples 189-224

A solution of 3-{4-[(E)-3-(3-Chloro-4-fluoro-phenyl)-acryloyl]-7-oxo-[ 1,4 ] diazepan-1-
yl}-propionaldehyde (intermediate 59) (0.1 mmol) in DCE (0.5 ml) was added to the
appropriate amine (0.1 mmol), which are either commercially available or are described
in the intermediate section, followed by a freshly prepared solution of pyridine-borane
complex (25 ul, 8M in pyridine, 0.2 mmol) and acetic acid (25 ul) in EtOH (0.5 ml}. The

reaction was then shaken overnight, concentrated and the residue purified by preparative
HPLC.

Example | Compound Name Amine MS:
No. (MH")

1-[(E)-3-(3-Chloro-4-fluoro-phenyl)-

loyl]-4-[3-((-)-4-hydroxy-6 (-)-6-Aza-
189 :;:0?;5}0&-6-)@ —pro};yz)jiy s spirof2.5]octan-4-ol 464.4
. {intermediate 83)
i 1,4]dlazepan-5-one
-[(E}-3-(3-Chloro-4-fluore-phenyl) -
aciiflciyi] | 4-[3-({+, cis)-3~ hydljoxy—if (35, 45))-4-Methyl-
190 piperidin-3-ol 452 .4

methyl-piperidin-1-v1)-propyl}- (intermediate §5)
[ 1,4]diazepan-5-one

1-{{E)-3-(3-Chloro-4-fluoro-phenyl)- (-, cis)~4-Methyl- 4524

acryloyl]-4-[3-({-, cis)-3-hydroxy-4- piperidin-3-ol




1 -y11-2-hydrox-y-propy1l)-piperidin-3 -yl] - carbamic acid methyl ester
(rac)-Piperidin-3-yl-carbamic acid methyl ester (intermediate 40) 527.3
wozAdfagi1ds[(E)-3-(3,4-Dichloro-phenyl)- acryloy1]-4- PCT/EP2007/053490
[2-hydroxy-3-(4-hydroxy3,3-dimethyl-piperidin -1 -y1) -propyl ] -
[1,4]diazepan -5- one (rac) -3,3- dimethy]r?% eidin- 4 ol (mtennedlate 97)

V. NaValllaWaYal
498-33251( [3=(3:4=Dichtoro-phenyi)=acrytoytt=4-

[22Rydroxy @?‘i‘ %@Bﬁﬁﬁifbibérgilﬁr?@'ﬂ) -propyl]- [i%}%ﬁﬁ%ﬁﬁrﬁ@ one
1-Isobutyl |pl pérdizirp&it1-4n826 (rac)-1- RE)-3-(3,4-llichloro-phenyl)-
acryloyll -4- 12-hydroxy-3-(1-oxa-8-azaspira[4.51dec-8-y1)-propy1]-

[194]d|azepar{@psleal@m@@ﬁa@ﬁppbewmdec Ane (|ntermed|ate 27)
510.3 WQ 20071241630 CT/ER Q%/QS(QQ% - 143)-E4&Mples 327-335

General Proced for %] ﬂné)les 335 A solutignroef2ls|octan-4-ol 464.4
[(E)-3-(3,4+ ﬁgﬁl 8 %ﬁ Q/’ ?W 1 (intermediate 8§2)
-4-(R)-1-oxirbAlirmetpaib-4tHazepan-5- -one (exa mple 167C) (0.1 mmol) |

_)

DMA (ﬂ 5 I\ was re

either comrrhefr(tﬁhlﬁy availkbteofl avecedsaribed injthe intermediate section
and a genereHs ajlu g.gfpgegsj sarbonate added. The reaction was
thesh shaken ove EYI SI%C l gﬁ]d} and dir ctl;i%hﬁ@ﬁfﬁhﬁf%éﬂby 438.2
preparative pélfﬁﬁ_ & LPnd ame Amine

one

8-{3-{4-[(F)-3-(3-Chloro-4-fluoro-

. 1,3,8-Triaza-
phenvyl)-acryloyl]-7-oxo-[1,4]diazepanl-

194 | _ i . spiro{4.5]decane-2,4- 506.2
vl}-propvl)-1,3,8-triazaspiro|4.5]decane- | _ ,
i dione (intermediate 11)
2,4-dione :
8-(3-{4-[(E)-3-(3-Chloro-4-fluoro- .
henyl)-acryloyl]-7-oxo-[1,4]di . | oD
-acryloyl]-7-oxo0-[1,4] diazepanl- ) ‘
195 phery Riats o P spirof4.5)decan-1-one 493.2
yl}-propyl)-1-oxa-3,8- ) .
. . {intermediate 14)
diazaspiro[4.5|decan-2-one
1-[(E}-3-(3-Chloro-4-fluoro-phenyl) -
acryloyl]-4-{3-(4-hydroxy-piperidin-1- | piperidin-4-ol 438.2
196 v)-propyl}-[1,4]diazepan-5-one
1-{(E)-3-(3-Chloro-4-fluoro-phenyi) -
HE)-3+ oro-4-fluoro-phenyl) Tetrahydro-pyran-4-
acrvloyl}-4-{3-(tetrahydro-pyran-4- . 438.2
197 . . ylamine
yiamino)-propyl]-[1,4}diazepan-5-one
8-(3-{4-[(E)-3-(3-Chloro-4-fluoro- _
henyl)-acryloyl]-7-oxo-[ 1,4]di 28-Diaza-
198 PRERyL-acTyiovts ,_OXO_ o aEepat spiro[4.5]decan-3-one 491.2
1-yl}-propyl)-2,8-diaza-spiro[4.5|decan- " ]
{(intermediate 18)
3-one
1-(3-14-[{E)-3~(3-Chloro-4-fluoro-
phenyl)-acryloyl]-7-oxo-[1,4]diazepan- | Piperidine-4-carbonitrile 447.2
159

1-yl}-propyl)-piperidine-4-carbonitrile




MS: (MN') 327 1- [(E)-3-(3,4-Dichloro-pheny1)- acryloy11-4-

[(S)-2-hydroxy-3-((-)-4- hydroxy-6-aza-spiro[2.5]oct-6-y1)- propyll -
wdlagepanigsone (-)-6-Azaspiro[2.5]octan-4-ol (intermediate §3 %ﬁ%@oﬁﬁ%&%

[1.4]

1- [(E)-3-(3,4-Dichloro-phenyl)- acryloyl1]-4- [(S)-2-hydroxy-3-(cis-3-

hydroxy-4- hydroxymethyl plperldln -1- y 5propyl] [1 4] dlazepan -5-one
(l ab,blb) =7 ulU}\ylllCLll IPIIJCIIUIII O UI IIILCIIIIC TAlT "I'l} JUU Q QLU J-'
[(E)-3-(3,4+ Eﬂyéﬁré?oi‘bﬁ v Hehs9 - ﬁkﬂga =2- ;k;f?rp gd&%
hydroxy-4- rphth@!)}ym@dbyﬂ}fﬂpﬁmd 4] did)egpropyl dla n-5-one
(788 cis)-4 Ripefidinip-ol (intermedid Q‘ﬁ@‘)r’% 93"31%@6 215.2
1-1(E)-3-(3,4 lalchlorﬂC ?? gl) acryloyl] -4-[(S)-Rhyenoryid 8k)-3-
hydroxy-4- hygrox et methyl-
iperidin=1-y 1)-prop; Zepan-5-one (rag,cis)-4-
hydroxymeﬁy'&gﬁ'rg@tiiél-si i %’%I“(fﬁtermedipﬁgegg;ﬁg@l?tawgpnic
2007/122108PTTIEPZO0W/053490 Aldiaze38t 14 .. 4952
[68)-3-(3,4} Dighlprorphepyaaniayl L-dd(&R-hydroxy-3- {S’Eran -3- '
hydroxy-4-hydigxymgthyl-4-methyl- piperidin-l-yil Slb%ﬁiﬁl iate 38)
[1,4]diazepan-5- oné (rac,trans)-4- hydroxymethy1-4- methyl-piperidin-3-¢l
’ (IntermecI%E[%y?gc)afbamic acid 1-(3-{4-[(E)-3-(3- o
. Ethyl-carbamic acid
chloro-4-fluoro-phenyl)-acryloyl!-7- .
202 ) piperidin-4-yl 509.2
oxo-[1,4]diazepan-1-yl}-propyl)- , .
o ester {(intermediate 41)
piperidin-4-yl ester
1-[(E)-3-(3-Chloro-4-fluoro-phenyl)- 4-(5-Methyl-
acryloyl]-4-{3-[4-(3-methyl- [1,3,4)oxadiazol-2-vi}- 5042
203 [1,2,4]oxadiazol-5-yl}-piperidin-1-yl]- piperidine {intermediate ’
propyli-[1,4]diazepan-5-one 423
1-[{E)-3-{3-Chloro-4-fluoro-phenyl)- 4-(5-Methyl-
acryloyl]-4-{3-[4-(5-methyl- [1,3,4]oxadiazol-2-yl)- <042
204 (1,34 oxadiazol-2-yl)-piperidin-1-yl]- piperidine (intermediate T
propyll-|1,4]diazepan-5-one 43)
(rac)-1-[{E}-3-(3-Chloro-4-fluoro-
(rac)-3-methyl-
phenyl}-acryloyl]-4-[3-(3-hydroxy-3- o
205 L piperidin-3-ol 452.2
methyl-piperidin-1-vl)-propvl]- . X
; (intermediate 101)
[ 1,4]diazepan-5-one
1-[{E)-3-(3-Chloro-4-fluoro-phenyl)-
acryloyl]-4-{3-(4-dimethylamino- 4-dimethylamino-
206 T . - L 465.2
piperidin-1-vi)-propyl]-[1,4]diazepan-5- | piperidine
one
1-[(E)-3~(3-Chloro-4-fluoro-phenyl)- | 4-(2Hi-11,2:4] Triazol-1-
207 acryloyl]-4-[3-(4-[1,2,4]triazol-1-yl- yl)—lin1per1d1 _ 489.2
piperidin-1-yl)-propyl]-[1,4} diazepan-S— ne (intermediate 28)




514.3 332 1-[(E)-3-(3,4-Dichloro-phenyl)acrytoyll -4- [(S)-2-hydrox-y-3-( ( +
)-4- hydroxy-6-aza-spiro[2.5]oct-6-y1)- propyl1141,41diazepan-5-one (+

wobligs[2alactan-4-o01 (intermediate 82) 496.3 3 33

PCT/EP2007/053490

1-[(E)-3-(3,4-Dichloro-pheny1)- acryloyl1-4-[(S)-2-hydroxy-3-(trans-3-
hydroxy-4-hydroxymethyl-piperidin-l-'y%éﬁropyll-[lAldiazepan-5-one

tranrno

1D

{rac;transy4=hydrox-ymethylptperidin=-3-o{intermediate 48) 5663334
1-[(E)-3-(3,4"Dichloro-phenyl)- acryloy1J-4-[(S)-2-hydroxy-3-(3-
hydrory-4 J4-dimethyl-piperidin-1-y1)- propyl]-[1,4]diazepan-5-one
(rac)-4,4-dimethylpi ?ﬂ(lf. @% L(ptermediate 84)[498.3 335
1-[(E)-3-(3,g%?§ic%%%-p ter%y])cf(gcr gg 1-4-[(S)-2- liyeds aveyrs3 - Golgtadhyl -
t%%roxy-S-rﬂ‘é‘t?’lf’i%%}ﬁ_)‘é’rlib’ﬁ?-]‘i-_?/735_2%5|L Byi-[1,4]dia patfrang (rac, 452
CIS)-5-methykpiperidimSiol (interimiediard -75) 484. i 07
Examples %g@pgﬂéfgﬁgra@gﬂpagoy%%re for Examp %i%-%*ﬁfg A solution
of 1-[(E)-3+(3-Chloro-4-fluoro-phenyl)-acryloyll-4-((R)-2-oxiranyl-ethyl)-
[1,4]diazep%-c'§-(9 @I(WE@%@@%?@}(@%JQWO' in DMA (0.5 ml) was
added to the a}%%gfjogria]te I’Qi?g § 15 mmaq)), wh|dhaareigithddethyl-
mercia)};l IrSETE O faldr é??béﬁxi’ﬁ he int digtessaction, and g 4532
generous spEiild-oirsslinm sAHeartE added. The: WO - diate 53
2007/122103RGH{ER20874053490 - 145 - reaction was then shaken
overnight at 80 C, filtered, and directly purifed purified by preparative
HPLC. {rac)-1-[(E)-3-(3-Chloro-4-fluoro-
phenyl)-acryloyl]-4-[3-(2- (rac)-2-hvdroxymethyl- 4522
210 hydroxymethyl-piperidin-1-yl)-propyl}- | piperidine '
[1,4]diazepan-5-one
{rac}-1-{(E)-3-(3-Chloro-4-fluoro-
phenyl)-acryloyl]-4-[3-(3- (rac)-3-hydroxymethyl- 4522
452.
211 hydroxymethyl-piperidin-1-yl)-propyl]- | piperidine
(1,4]diazepan-5-one
1-{(E)-3-(3-Chloro-4-fluoro-phenyl)-
acryloyl}-4-[3-(4-hydroxymethyl- 4-hydroxymethyl- 4502
212 piperidin-1-yl)-propyl]-{ 1,4]diazepan-5- | piperidine ’
one
{rac, trans)-1-{{E)-3-(3-Chloro-4-
(rac, trans)-4-Fluoro-~
fluoro-phenyl)-acryloyl]-4-[3-(4-fluoro- | |
213 ‘ B, piperidin-3-~ol 456.2
3-hydroxy-piperidin-1-yl}-propyll- , ]
) (intermediate 89)
[1,4]diazepan-5-one
(rac, trans)-1-[(E)-3-(3-Chloro-4-
(rac, trans)-3-Fluoro-
fluoro-phenyl}-acryloyl|-4-{3-(3-fluoro- L : i}
214 4-hydroxy-piperidin-1-yl)-propyl] - piperidin-4-ol 6.2
¥ i XyPp YUPrORY (intermediate 90)
{1,4]diazepan-5-one :
215 (rac)-1-{{E)-3-(3-Chloro-4-fluoro- (rac,cis)-4- 468.3
phenyl)-acryloyl]-4-[3-(cis-3-hydroxy-4- | hydroxymethyl-




Example No. Compound Name Amine MS: (MI-111) 336 1-
[(E)-3-(3-Chloro-4-fluoro-phenyl)- acryloyl | -4- [ (S)-2-hydroxy-3-( (-)-4-
woysE8sgza-spiro [2.5] oct-6-y1)- propyll- [1,4]diazepan-Ssepeksiabdadasn
spiro [2.5] octan-4-ol (intermediate 83) 480.3 337 1- |
(E)-3-(3-Chloro-4-fluoro-pheny1)- acry|b%/T]‘ 4-  (S)-2-hydroxy-3-(cis-3-

hydroxy=4y ||yuuu1\y||| thytpiperichtn=t=—yt)-propytir=ti;4fd wachcul S-one

(rac,cis)-4t B shssarE- 315 PEREHneRiRs Iy Asal 3 -1 338 1}
[(E)-3-(3-C kﬁﬂoﬁ@dﬂ#&paneaph&nyl) acryloyl] -4- [($):iRtmydediaye3-(Lis-3-

hydroxy-4+m ethoxymethyl-piperidin-1- y1)-propy1]- [1,4] diazepan-5-on

(rac,cis)-4r methoxymeathygluipesidia-BuolfintermediateA91498.3 339 1-
(€3 Sharepiareheny ool A o rans >

hmdroxy-4thydroxymethyl-piper 1)-propy1]- [1, 4] dl zepan-5-one | 4823
(rac,trans)-4 mﬁw <§HM %ﬁo(%l rmé’éﬁ’ﬁ’f 484.3 340 1-
(E)-3-(3- Ch[éaﬂd;anem@mﬁyl) acryloyl] -4- [($)ipthydessye 3 cis)-3-

—

hvdroxv-4ihvdroxvmethvl-4-methvl- nineridin-1-\y1)-nronvI] -
J J P 7 ~ 7 J | il 7 ~J71

[1,4]diazepéreS- oHE 1a€ TisSHardfidooxymethy 1t 4rac,trans)-4-

phenyl)-acryloyl]-4-[3-(trans-3- hydroxymethyl 468.3
217 hydroxy-4-hydroxymethyl-piperidin-1- | piperidin-3-ol o
yb)-propyl]-[1,4]diazepan-5-one (intermediate 48)

(rac)-1-{{E)-3-(3-Chloro-4-fluoro-

. (rac,cis)-3-methoxy-
phenyl}-acryloyl]-4-(3-(cis-3-methoxy-

218 L piperidin-4-yl-methanol 482.3
4-hydroxymethyl-piperidin-1-yl)- , )
. . (intermediate 50)
propvl]-{1,4|diazepan-5-one
{(rac)-1 —[(E)—3—(3—Chloro—4—ﬂu0ro— (rac,cis) -4~
phenyl)-acrylovl]-4-{3-(cis-3-hydroxy-4- | hydroxymethyl-4- 4804
219 hydroxymethyl—4—methyl-pipendm— 1vl)- | methyl-piperidin-3-ol '
propyl}-{1,4]diazepan-5-one (intermediate 52)
{rac)-1-[(E)-3-(3-Chioro-4-fluoro-
heml) toyl]-4-[3-(t 3 {rac,trans)-4-
-ac 413 §-3-
276 PRemy ey ran hydroxymethyl-4-

hydroxy-4-hydroxymethyl-4-methyl- L 482.3

! _ methyl-piperidin-3-ol
piperidin-1-yl)-propyl}-[1,4])diazepan-3- | i
(intermediate 53)
one

(rac)-1-[(E)-3-(3-Chloro-fluoro-

phenyl)-acryloyt]-4-[3-(5-hydroxy-2- L
221 L piperidin-3-ol 452.3
methyl-piperidin-1-yl)-propvl]-

{rac)~6-methyl-

imtermediate 66
[1,4]diazepan-5-one ( )

{rac)-1-{(E)-3-(3-Chloro-4-fluoro-
phenyl)-acryloyl]-4-[3-{5-hydroxy-2-
hydroxymethyl-piperidin-1-yl)-propyl]-

(rac)-6-hydroxymethyl-
piperidin-2-ol 468.3
{intermediate 65)

222

[1,4]diazepan-5-one




methyl-piperidin-3-ol . (intermediate 52) 498.3 341 1- |

(E)-3-(3-Chloro-4-fluoro-pheny1)- acryloyl] -4- [(S)-2-hydroxy-3-((trans)-3-

wiydiAdRydroxymethyl-4-methylpiperidin-I-y1)-propyl]-[LAldiazgRaR3900

- one (rac,trans)-4- hydroxymethy1-4- methyl-piperidine-3-ol (intermediate

53) 498.3 WO 2007/122103PCT/EPZ007/053490 - 146 - 342 1-

VA ek W o WY Lo T o

]I:t]\cd)-o-\o-g_,'1=U| u-4_-ﬂuw L;-phCI |y=)]-)au yiuyi]]-?]: i](;\-%gg%yé%sé(}gg)-fr
ydroxy-6+aza-spiro[2.5) gct-6-y1)- propyl]-[1, -6
(+)-6-Aza- 2‘]&%"[%ﬂ%%ggfé%"-éﬁ%ﬁﬁ%gﬁ%hte 82) ppesBA3-ol
PHE)-3-(3-Soro-aciierd-phérhsbribyit-4-1(§h2-ydraws-(3-
hydroxy-4 jJAdieiingspipeiidinad y fkpppiiopyll - [ 1|,4]diazepan-5-one

(rac)-4,4-dim§4wg%l%gﬁdg05§éol (intermediate 84) 482.3 344 1-
[(E)-3-(3-Ghloro-4-fluoro-phenyl)- acryloyl1]-4- [($)-2-hydroxy-3-( cis-3-

466.3

32%%_357 phenyl)-acryloyl]-4-[3-(3-hydroxy-5-
methyl-piperidin-1-yl)-propyll-
[1,4]diazepan-5-one

ydroxy-5imethyl-piperidin-1 -y1)- propyll- [1,4]d zepanso:=0
(rac.cis)-5|mattpipiparicinsd-Linsesmariads.75) 4053 =

'xaﬁ{%?é%’

ptperidin-3-0
(intermediate 75)

452.3




1G

General Procedure for Examples 345-357 A solution of 3-14-[
(E)-3-(3,4-dichloro-phenyl)-acryloyl]-7-oxo-[1,4]diazepan-1-yll - 5

wacaipldehyde (intermediate 3) (0.1 mmol) in DCE (0.5 ml) V\Iﬁéﬁﬂ%ﬂlﬁ%mgg

the appropriate amine (0.1 mmol), which are either commercially available
or are described in the intermediate seéﬁgn followed by a freshly

prepared solution of pyridine- bo&% %‘8@9?&@5 ul, 8M in pyridine, 0.2

mmol) and acetlc acid (25 ul) in he reaction was then
C CQ cent[atgg ang. the residue purified by preparative in
N TP OTTERRAT eAmlne MS: (Mir) 345 (rac)-I-

| | 3- |
p.p%rf?’& y%@ et Q%%dla?er.d.né
A4B91PO @G@M?zm P@?ﬂéﬁé@@ﬂ@%ﬁd@%&%@@%ﬁﬁdq foethe

-Bp(BopichisiocdbanybroBomilioylkrdeijRer 3acimethiplanaindalpy ral litéddscribed

Bﬁigl&mlnehﬁaﬁ]sgaagapg&ﬁeg% Q%@E@%ﬁﬁ%@d@@&%&@%@%@%@ne
[

(goané{a aml ﬁo yr dm %% I%HB jX ha&f‘iaga Z%Cé) ((J‘Z:. é in Et H (0 5ml). The

one

-BRARfetRyA ﬁ@m‘@m hb gz;g:entrated and the residue purt 1ed by preparative
HPLC.
Example | Compound Name Amine MS:
No. (MH™)
t -1-[(E)-3-(3.,4-
(ractrans)-1-[(E)-3( (rac, trans)-2-methvl-
Dichlorophenyl)-acryloyl]-4-{3-(3- L
225 hydroxy-2-methyl-piperidin-1-y1}- piperidin-3-ol 1682
X ) - (intermediate 87)
propyl]-[1,4]diazepan-5-one
226 (rac,cis}-1-[{E}-3-(3,4-Dichloro- .
heny) ovl]-4-[3-(3-hyd 5 (rac, cis)-2-methyl-
P iEyI e ZY '1_ D' ) ygm‘"’r' ) piperidin-3-ol 468.2
methyl-piperidin-1-yl)-pr -
1 4]§iaie};an—5—oney o (intermediate 88)
(rac)-1-[(E)-3-(3,4-Dichloro-phenyl)-
acryloyt]-4-{3-(2-hydroxymethyl- (rac)-2-hydroxymethyl- 4682
227 piperidin-1-y1)-propyl]-[1,4]diazepan-5- | piperidine )
one
(rac}-1-{(E}-3-(3,4-Dichloro-phenyl}-
acrylovl]-4-[3-(3-hydroxymethyl- (rac)-3-hydroxymethyl- 14682
228 piperidin-1-yl)-propylj-[1,4]diazepan-5- | piperidine o
one
1-[{E)-3-(3,4-Dichloro-phenyl)- 4-hydroxymethyl- s
225 acryloyl]-4-|3-(4-hydroxymethyl- piperidine '
piperidin-1-yl)-propyll-{ 1,4 }diazepan-3-




(rac) -1 - [(E)-3- (3,4-Dichloro-phenyl) - acryloyl] -4- [2-
(2-methyl-pyrrolidin- 1 - yl) -ethyl ] - [1,4] diazepan-5-one ( rac)

wé hetiapyrolidine 424.3 349 (rac)1- RE) -3- (3,4-Dichloros
acryloyll -4- [2- (trans-2,5-dimethyl- pyrrolidin-1-y1)-ethyl] - [

diazepan-5- one ( rac,trans) -2,5-dimetHyfyrrolidine 438.3 350 ( rac) -1-

%T/E}(L)OO?/OSM%

I\E). 3 (3, DluhILuC phbllyd-) acrylnyﬂ 4 r’) /') h\lrlrnvurnnfh\l’l 2
methyl-pyrréiidin-l-y1) -ethyl] - [1,4] dlazepan -5- ohe (rac)
-2-hydroxymethyl2-methyl-pyrrolidine 454.3 351 (rac)- [1-(2-{ 4- RE)-3-
(3,4 -Dichlpro nen X0- [ 1,4]diazepant-yI1 -ethyt)
-piperidin- ﬁéléﬁ i}éi g’nééi‘lg %1 &ster (rac) Pri&eﬁgﬂgj&tym%p@mic
aci methyl}éﬁ@f%ﬁf@ﬁ%%@ﬁ) 033352 ( rac) -1 El?-o?r (3,4 R
Bichloro-ptheiyty- ioeyidi} 44 Brogfiydroxy-3,8 éﬁ’ h%cy{ '
piperidin-I-y1)-gthylks /4.4l fliazepan-5- one (rac) 4ilgimediie 89)
pipendin-4+ol (mtermedlate 97) 468.3 353 1- [ (E) -3- (
3,4-D|(_:hloro(IBhe[né@) aey ﬁl)oxla 19 C}(ﬁ)]%obutyl piperazin-1- yl) -ethyl] -
[1,4] diazepa (rac, trans)-3-Fluoro-

phenyi) acryloyi} -13-{3-fluoro-4- .

231 ‘ piperidin-4-ol 472.2
hydroxy-piperidin-1-yl)-propyl]- . )

) {imtermediate 90)
[1,4]diazepan-5-one
(rac)-1-[{E)-3-(3,4-Dichloro-phenyl)-
{rac)-3-methyl-
acrylovl}-4-|3-(3-hydroxy-3-methyl- R
232 peridin-1-v1) 1-11.414 _ | piperidin-3-ol 468.2
iperidin-1-yl)-propyl]-[1,4]diazepan-5-
PP Vi PIopY pan=> (imtermediate 101)
one
(rac, cis)-1-[(E)-3-(3,4-Dichloro- .
{rac, cis)-3-Fluoro-
phenyl)-acrvloyl]-4-[3-(3-fluoro-4- I

233 T piperidin-4-ol 472.3
hydroxy-piperidin-1-yl)-propyl}- _ _

) ) {intermediate 93)
[1,4]diazepan-5-one
1-[{E)~3-(3,4-Dichloro-phenyl)-

234 acryloyli-4-{3-[4-(2-methoxy-ethyl) - 1-(2-Methoxy-ethyl)- 4973
piperazin-1-yl]-propyl}-{1,4]diazepan-5- | piperazine |
one
{rac)-1-[(E)-3-{3,4-Dichloro-phenyl)-

o (rac)-3-methyl-
235 acryloyl]-4-[3-(3-methyl-piperidin-1- . 452.3
. ~ piperidine
vh-propyli-{1,4]diazepan-5-one
(rac)-1-[{E}-3-(3,4-Dichloro-phenyl)-

236 acryloyl}-4-[3-(3~-methoxymethyl- (rac)-3-methoxymethyl- 4803
piperidin-1-yl)-propyl]-[1,4]diazepan-5- | piperidine ’
one

237 1-[{E)-3-(3,4-Dichloro-phenyl}- Piperazin-2-one 453.3
acryloyl]-4-]3-(3-oxo-piperazin-1-yl)-




1-Isobutyl-piperazine 481.3 WO 2007/122103PCTTEP2007/053490 - 148

- 354 (rac)-N-[1-(2-14-[(E)-3-(3,4-Dichloro-phenyl) -acryloyl] -7-oxo- [1,4]
weiagenanidsy!l -ethyl) -piperidin-3-y1 ] -acetamide

(rac)-N-Piperidin-3-yl-acetamide 481.3 355 (rac,trans)-1-

RE) -3-(3,4- chhlorophenyl) acryloyl] 435 -(2-hydroxy-

diazaonan

PCT/EP2047/053490

’ byblul Icl\yl ||IIII CLI Iylj I_J. "I'JUIQ.LC'JGII J UIIC
(rac,trans) 23Ry %arﬁﬂ?e 454.2 356
4-(2-Cyclo exylamlno ethyl)-1-1(E)-3- (3,4-dichlgro-phenyl)-acryloy1l-
[1,4]d|aze -9- Y. @ ne 4}154 i 357rac,cis)-1-
[(E)-s-(g,JL : @ﬁéé %%(%@1 e jwaye s
oygohexyl & feZe gﬁi -one iperidin-3- 01 468.3
(rac,cis)-24 mlﬂeoﬁym:yckbhgmbaﬂﬂﬁ%%éﬁp@@mbfes 358- d3 g?neral
Procedure|fgg Examples 358-381 intermediate
-{(E}-3-(3,4-Dichloro-phenyl)-
239 acryloyl]-4-[3-(5-oxo-[1,4]diazepan-1- [1,4]Diazepan-5-one 467.2
1 yl)-propyl}-[1,4]diazepan-5-one
1-{(E)-3-(3,4-Dichloro-phenyl)-

240 acryloyl]-4-[3-(4-isopropyl-piperazin-1- | 1-Isopropyl-piperazine
yl)-propyl]-{1,4]diazepan-5-one 481.3
1-[(E)-3-(3,4-Dichloro-phenyl)-

[(B)-3-¢ ooy eny)- _ 1-Cyclopropyl-

241 acryloyl}-4-[3-(4-cyclopropyl-piperazin- | | _

. ) piperazine
1-yl)-propyl]-|1,4}diazepan-5-one 479.3
1-{(E}-3-(3,4-Dichloro-phenvi)-

242 acryloyl]-4-[3-(4-cyclopentyl-piperazin- | 1-Cyclopentyl-piperazine
1-yl)-propyl]-[1,4]diazepan-5-one 507.3
{rac)-1-1(E)-3-(3,4-Dichloro-phenyl)-

{rac)-3-methyl-
acryloyll-4-[3-(4-hydroxy-3-methyl- L
243 _ | piperidin-4-ol
piperidin-1-yl)-propvl]-{1,4]diazepan-5- | ° X
{intermediate 94}
one 468.3
[1-(3-{4-{(E)-3-(3,4-Dichloro-phenyl}- L .
loyl]-7-ox0-[1,4]diazepan- L-yl}- | | peridin--yl-carbamic

244 acty f; = eridi ’4 N pb .} ” acid methyl
propyl)-piperidin-4-yl}-carbamic aci ester (intermediate 38)
methyl ester 511.3

1-(3- E 3,4-Dichloro-phenyl)-
: {i {” {7( )3 ({md'lc 0“’}; ei?y) Methyl-piperidin-4-yl-

245 acyioy —, —0%0-‘ ’ .mzepan— el .| carbamic acid methyl
propyl)-piperidin-4-yl]-methyl-carbamic , _

_ ester {intermediate 39)
acid methyl ester 525.3




A solution of (rac)-1-
(E)-3-(3,4-dichloro-phenyl)-acryloy1]-4-oxiranylmethyl-

wabfidiazepan-5-one (example 166A) (0.1 mmol) in DMA (Opéfmi’%@‘ﬁosswﬁ

added to the appropriate amine (0.15 mmol), which are either

commercially avallable or are describéd A the intermediate section, and a

genetrous—Sp Guuua ef-eesium-carbonate-added—Fhereaction-was-then

shaken ov fm@hidﬁ@@d%ﬂt@r‘é@%‘ﬁ@}éﬂ%bhy plirifed purified by

preparative ddiloel] 40 E)(ampiﬁdwl-@ﬁmmmd ame -Arhisye ddga: IMW)

(rac)-1-4{Br3n3 ¥5 f@% Wbl RORVIOW 7dehyi-piperazine
Y Pip

[3-hydroxyr4-(4- hydroxy met yI plperl in-l- yl)-butyl - 4957

3-methylpi &tidin-4-ol (intermediate 94) 498.3 WO '

2007/1221103PCUEP2007/053490=149 {1 4} ui 5= 9

(rac)-1- RE')II&%QL‘-@%TQ&%%KHWWD‘ xy-4- acryloyl] -4

[3;5ydro-4; (@iaio-4{ iriéthydhipericitsi--y1)-bu Jtylﬂme{th@tﬂrnefh}’i 4823

lazepan-5-giperidacir41maiiynine i 2ain (ntermediaie:91) 498.3 '
one
(rac}-1-[(E)-3-(3,4-Dichloro-phenyl}-

loyl]-4-[3-(3-hyd thyl-3 (rac)-(3-methyl-
acryloyl]-4-[3-(3-hydroxymethyl-3-

248 oy o yeroxymery piperidin-3-yl) methanol 482.3
methyl-piperidin-1-vl)-propyl]- X )

) (intermediate 30)
[1,4]diazepan-5-one
-1-1{E)-3-(3,4-Dichloro-phenyl)-
(rac; 11“4 }[3 {(3 tic oro i eln;f) (rac)-3-methoxymethyl-
249 AoV Lo S ETHORymERy 3-methyl-piperidine 496.3
' methyl-piperidin-1 -yl)-propyl]- ) i
; (intermediate 31)
[1,4]diazepan-5-one
-1-{(E)-3-(3,4-Dichloro-phenyl) -

250 oy . _—. TYCrORymEtyS piperidin-2-yl} methanol 482.3

methyl-piperidin-1-yl)-propyl}- , )
o {intermediaie 34)
[1,41diazepan-5-one
(rac;—1.;}[(j){:~((j,f}—3ichlo;o—phenyl}— (rac)-6-Aza-
. . - - -5 Z -

251 aci'y Y yaroxy-braz spiro{2.5]octan-4-ol 480.3

spiro[2.5]oct-6-y1)-propyl]- : ,
] (intermediate 81)
[ 1,4]diazepan-5-one
(rac)-1-[{E}-3-(3,4-Dichloro-phenyl)- .
1oyl}-4-[3-(8-hydroxy-5 (rac)-5-Aze-

252 aCTY (g 5] _t ; ;) Y rox;;—] s spiro[2.5]octan-8-ol 480.3
"PHo B OckTYLTPToRYH” (intermediate 98)
[1,4}diazepan-5-one
(rac)-1-[(E)-3-(3 4-Dichloro-phenyl)- | (rac: ¢is)-3-methyl-

253 acryloyl}-4-[3-(cis-4-hydroxy-3-methyl- phiperldm—fi-ol 468.3
piperidin-1-yl)-propyl]-{ 1,4]diazepan-5- (intermediate 96)




360 (rac) -1- [ (E)-3-(3,4-Dichloro-pheny1)- acryloyl] -4- [3-hydroxy-4-(4-
methoxymethyl-piperidin-1 -y1)-buty1] - [1,4] diazepan-5-one -
whnethexypethylpiperidine 512.3 361 (rac) -1 - . PCT/EP2007 /05340
[(E)-3-(3,4-Dichloro-phenyl) - acryloyl] -4- [3-hydroxy-4-(3-
methoxymethyl piperidin-1-y1)-buty4] - l[33’4] diazepan-5-one (rac)

C192 92 2609 1 FIE\’)I’)/I

B'methcl\ IIICLI IyIPIPCIIdIIIC [ N WAFIU g AU F. A N L\ } \ y T DIthUIU lJIIUIIyI}
acryloyl] -4 |-B3~hydroxy-4-(trans-3- hydroxy-2-methyl-piperidin-1 -y1) -
butyl.] - [1,4]diazepan-5-one (rac, trans) -2-methylpiperidi n-3-01

(ntermed [(E)=3-(3#~Dichioro-phenyl)
acryloyl] 4- TSRy 43.55?5%%0&% Setny1.2- mem';e.él;;g@?ﬁmw)
-butyl] - [1 Zﬁcﬂﬁ'clﬁ’ébé %(%MQ‘W@%%thyl v -methanol|. 45 4

(mtermediatec8d)- HiR:34864 -FPapjopidi(4-14- 1(E - -(39_f$]0hlorophenyl)

-acryloyll -7f@>gq)dlggeﬁjlpgag§pan 1-yll-2- hydrox&‘Hﬁ}f ?)tﬁ) idin-4 -yl
carbamic acid methyl ester Piperidin-4-yl-carbamic acid methylester

(intermed'd@a%?)l [{(E)-3-(3,4-Dichloro-phenyl)-

555 acryloyl]-4-[3-(2-hydroxymethyl-2- (rac)-2-hydroxymethryl- 168.3
-t methyl-pyrrolidin-1-yl)-propyl]- 2-methyl-pyrrolidine '
[1,41diazepan-5-one
1-(3-{4-[(E)-3-(3,4-Dichloro-
(rac)-[1-{3-44-[(E)-3-( rerioro (rac)-Piperidin-3-yl-
phenyl)-acryloyl]-7-oxo-[1,4]diazepan- o
256 O carbamic acid methyl 511.3
1-yl}-propyl)-piperidin-3-yl]- ) )
o ester (intermediate 40)
carbamicacid methyl ester
-1-[(E)-3-{3,4-Dichloro-phenyl)-
(raci i][(é )[3 ((4 h dic 0203}?&'6 nyti} . | (rac)-3,3-dimethyl-
acryloyl]-4-[3-(4- -3,3-di -
257 oy yarexy ey piperidin-4-ol 482.4

iperidin-1-vl)- Al-11,4]di -5-
piperidin-1-yl)-propyl}-{1,4]diazepan (intermediate 97)
one

1-{(E)-3-(3,4-Dichloro-phenyl}-
258 acryloyl]-4-{3-(4-isobutyl-piperazin-1- 1-Isobutyl-piperazine 495.4
vl)-propyl}-11,4}diazepan-5-one

1-[{E)~3-(3,4-Dichloro-phenyl)-

' +, cis)-4-Methyl-
acryloyl]-4-(3-((+, cis)-3-hydroxy-a- | i) -4 Methy

259 . piperidin-3-ol 468.3
methyl-piperidin-1-yl)-propyl}- o _
: {intermediate 85)
i 1,4]diazepan-5-one
1-1{E)-3-(3,4-Dichloro-phenyl)-
(B3 0aDiclowshend) | .
acryloyl]-4-[3-((-, cis}-3-hydroxy-4-
260 ey o YR piperidin-3-ol 468.3
methyl-piperidin-1-yl)-propyl]- _ .
. {intermediate 86&)
[1,4]diazepan-5-one
1-[(E)w3—(3,4-Dich10r0~phenyl}— .
261 (+)-6-Aza- 480.3

acrquyl} -4-[3-((++)-4-hydroxy-6-aza-

‘ iro[2.5]octan-4-o0l
spire|2.5]oct-6-yl)-propyl] - spiro[2.5]




541.3 365 (rac)-1- RE) -3-(3,4-Dichloro-phenyl) - acryloyl] -4- [4-(
trans 4-fluoro-3- hydroxy-piperidin-1-y1)-3-hydroxy- butyl] - [1,4]

proyone (rac, trans)-4- Fluoroplperldln -3-ol (intermedjate, 89 3025300
366 (rac) -1 - [(E)-3-(3,4-Dichloro- phe - acryloyl] -4-

[3-hydroxy-4-(4-hydroxy-3- (rac)-3- hyd ymethyl piperidin-4-ol 514.5

\VAVIO ")f'\ﬁ_l ")")’I OAPCT/IFPD20AZ2/0R2.400

LZUVUTTHL 1LUOT U T T Z200U0TI'O90%JU ~ 1\JU' A .
hydroxym =iﬁ;ﬁ16197@ﬁe|m51091) -butyl 1 - [1,4] dlazefb%ﬁfii'glﬁﬁ"}étii?ﬁérmedialie
35) 367 (fac)-1- [(E)-3-(3,4-Dichloro-phenyl) - acryloyll -4-
]3-hydroxy rﬁ@ (lr ethgX thyl-pipeiidin-1-yl)-butyl] -
[1,4]diazepa ﬁlﬁ: -%e qleWrﬁethyl pipendirs4al-(intermediate
34) 528.5 388" %5)41[—3[ k)4 Q%%Ycﬁré%é-phenyg biro[2.5] ool 480.3
acryloy1114#8gdioxi-ats{Z-methidxy-3- methoxy ethyl I-%W 1-yl)
-butyl] - [1,4} dipgeRam5sQne (rac)-4-methoxy-3- BWCW( 5:)lperldlne
(intermediate 37)
(rac)-4-(3-{4-1(E)-3-(3,4-Dichloro- ] i
henyl) fovl]-7 L4]di (rac)-Piperazine-2-
263 phenylj-acty OY, O:XO ' 1;1;ep;atn carboxylic acid methyl 497.3
1-yl}-propyl}-piperazine-2-carboxylic .
ester
acid methyl ester
1-{(E)-3-(3,4-Dichloro-phenyl)-
264 a?ryloyl] »4~{3—(4—methyl—3—oxcr~« 1-Methyl-piperazin-2- 467-.3
piperazin-1-yl)-propyl]-|1,4]diazepan-5- | one
one
-(3-{4-[(E)-3-(3,4-Dichloro- ,
(1:6) (1) { [l( )1] 7{ [11(:4](2_0 (rac)-1-Oxa-4,9-diaza-
-ac -7-0x0-~[1,4]diaz -
265 PRETY/acryioylin/=o%o ) cpan spiro[5.5]undecan-3 523.4
1-yl}-propyl)-1-oxa-4,9-diaza- . _
o -one {intermediate 102}
spiro[5.5]undecan-3-one
(rac,cis)-1-[(E)-3-{3,4-Dichlore- {rac,cis)-4-
266 ph.enyi)—acryloyl]—4~[3—(3whydro>cy-4— hydroxymethyl-
hydroxymethyl-piperidin-1-yl)-propyll- | piperidin-3-of
[1,4]diazepan-5-one {intermediate 47) 484.3
{rac,cis)-1-1{E}-3-(3,4-Dichloro- {rac,cis)-4-
267 phenvl)-acryloyl]-4-{3-{3-hydroxy-4- methoxymethyl-
methoxymethyl-pipenidin-1-yl)-propvl]- | piperidin-3-ol
[1,4]diazepan-5-one (intermediate 49) 498.3
{rac,trans)-1-[{E)-3-{3,4-Dichloro- {rac,trans}-4-
268 phenyl)-acryloyl]-4-[3-(3-hydroxy-4- hydroxymethyl-
hydroxymethyl-piperidin-1-yl}-propyl]- pip.eridin—S—ol
[1,4}diazepan-5-one {intermediate 48) 484.3
269 (rac,cis)-1-[(E)-3-(3,4-Dichloro- (rac,cis}-3- 4983
phenyl}-acryloyl}-4-{3-(3-methoxy-4- methoxymethyl- .




542.5 369 (rac)-1- RE)-3-(3,4-Dichloro-phenyl)- acryloyl] -4-
[3-hydroxy-4-(trans-4- hydroxy-2-hydroxymethyl-piperidin - 1- yl) -butyl] - [
wbddiazapan-5-one (rac,trans) -2- hydroxymethylpiperidin-ge9lppaoo7/053490

(intermedi

ate 46) 514.5 370 (rac) -N- [1- (4-14- [

(E) -3-

(34 chhlorophenyl) acryloyl] -7- oxo [ﬁ Idlazepan-

=yit=2=hydroxy-butyl)-pipericin-4=-yli—acetamige— '

N-Piperidihtxdjpaesthie posdimy viiraryerl () pperdindidhioro-pheny)

- acryloyl] -4+ B3 raap-bi(trans-3- hydroxy-4-rébiglpipkaidisnil -yl)-

butyl] - [ 1/4] diazepan-5-one (rac,trans) -4-methylpiperidin-3-ol

(intermedia(eia,eﬁ)-49{8}5~37(3 frasilofo(E)-3- (3,4 Dichdarosphenyl) -

acryloyl] -4 Iraxy-44 trans gl—h yeroxy-3-met Jﬁ% QL Aleyl)-

Batyl] - [1,4 dlétgf ggM %((;ﬁne trgns )9% methyl B%?rﬁl Ch |

(intermedifx %5"’25%“@’ %ﬂﬁﬁeﬁf HPPY &3* 4. BBy -©

acryloyll -4 Bapetibixy. 4 (diazreahdxghtethyl-pipe ﬁmrmny@uﬁgﬁaﬁ [1,4] | 4983

diazepan :5-0one.{rac)-2-methoxymethylpiperiding 512 3. WO

2007/122103RERHSPRQUFIG5348Michblo-374 | (rac,trans)-4-

71 phenyl)-acryloyl]-4-[3-(3-hydroxy-4- hydroxymethyl-4-
hydroxymethyl-4-methyl-piperidin-1- methyl-piperidin-3-ol
yl)-propyl]-{1,4]diazepan-5-one (intermediate 53) 498.3
{rac)-1-{(E)-3-(3,4-Dichloro-phenyl)-

(rac)-6-methyl-
acryloylj-4-{3-(5-hydroxy-2-methyl- o
272 R _ piperidin-3-ol
piperidin-1-yl)-propyl]-[ 1,4]diazepan-5- | )
(intermediate 66)
one 468.3
-1-[{E)-3-(3,4-Dichloro-phenyl)-
(rac)-1-[(E)-3+( ichloro-phenyl) {rac)-6-hydroxymethyl-
acryloyl}-4-[3-(5-hydroxy-2- o

273 o piperidin-3-ol
hydroxymethyl-piperidin-1-yl)-propyl]- .~ .

) (intermediate 65)
[1,4]diazepan-5-one 484.3
(rac)-1-[{E)3-(3,4-Dichloro-phenyl)-

V74 acryloyll-4-[3-(3-hydroxy-4,4-dimethyvl- | (rac)-4,4-dimethyl-
piperidin-1-yl)-propyl|-[1,4]diazepan-5- | piperidin-3-ol
one (intermediate 97) 482.3

(rac,cis)-1-[{E)-3-(3,4-Dichloro- {rac,cis)-3-Methoxy-

275 phenyl}-acryloyl}-4-{3-(3-methoxy- tetrahydro-pyran-4- 4842
tetrahydro-pyran-4-ylamino)-propyl}- ylamine (intermediate '
[1,4]diazepan-5-one 20)
(rac)-1-[(E)-3-(3,4-Dichloro-phenyl)-

76 acryloyl]-4-[3-(3-dimethylamino- {rac)-3-dimethylamino- 1812
piperidin-1-yl}-propyl]-[ 1,4]diazepan-5- | piperidine '
one




v

(rac)- 1- RE)-3-(3,4-Dichloro-pheny1)- acryloyll -4- [3-hydroxy-4- (2-
hydroxymethyl-piperidin-1-14)-butyl] - [ 1,4 ] diazepan-5-one (rac)

witydroxymethylpiperidine 498.3 375
(rac)-1-[(E)-3-(3,4-Dichloro-phenyl)- acryloyl] -4- [3

-hydroxy-4-(2-methylpiperidin-1 -y1) -Bu

PCE/EP2007/653490

]“ [1 4] diazepan -5-one

(2 A

(ran)_2
\I ab}'L'I LIL|

&4

acryloyl] -4
diazepan-
-Dichlp
(4-methylpi er|d|n 1-y1)-butyl] -
482.3 378 g

LII PCIIUIIIC ‘-I'ULOOIU \Iab} J.

el
T [ 1,4] diazepan-§
racf3 1-[(E)-3- (3 4-Dichloro- phen

HKE-3

1&@%&@%4@%@%@#@?&:@&@ =1 -y
aa@nb}@hé)é&methyéﬂlpmm 482.3 3T7a(iab)ditne
1141 Baydray-4-»

\C) == Lllbl IIUI U= IJI ICI Iy )‘
1) -butyl] - [ 1,4]

0«,
yrollidine S
- one 4 -methylpiperidin
yl) - acryloyl] -4-

(1%

467.2

one (rac) -

[3-hydroxy

g)ro-phe
hydroxyme

o e BBA e B 270

rgiyloabrgioyt{3-diBatyroxy-4- (4-

ihxbpigeridichloydpybutylhidbApeinze
4-hydroxymethylpiperidine 498.3 380 ( rac) -1 - [
(3,4-Dichloro-phenyl) - acryloyll -4- [3-hydroxy-4-

utytt =1 L4 diazeparn-
rac) -1- [(E) -3- (3,4-Di
(rac)-3-diethylamino-
pafrsitne:

E) -3-

(3-

495.2

279

methoxymethyI-3-methyl-piperid n-1- ylI) -butyl] -

(rac,cis)~1-[(E)-3-(3,4-Dichloro-
phenyl)-acryloyl}-4-[3-{3-hydroxy-5-
methyl-piperidin-1-y1}-propyl]-
{1,4}diazepan-5-one

I(Ji'a4 c1s?261%a1[l11? one

piperidin-3-ol
{intermediate 75)

468.3

Examples 280-326

General Procedure for Examples 280-326

A solution of (rac)-

1-{(E)-3-(3, 4-Dichloro-phenyl)-acryloyl] -4-oxiranylmethyl-

[1,41diazepan-5-one (example 166A) (0.1 mmol) in DMA (0.5 ml) was added to the

appropriate amine {0.15 mmol), which are either commercially available or are described

in the intermediate section, and a generous spatula of cesium carbonate added. The

reaction was then shaken overnight at 80 °C, filtered, and directly purifed purified by

preparative HPLC,
Example | Compound Name Amine MS:
No. (MH")
(rac)-1-{(E)-3-(3,4-Dichloro-phenyl)-
loyl]-4-(2-hydroxy-3-(3-hydroxy-4- | "o A mem
acrylovl]-4-{2-hydroxy-3-(3-hydroxy-4-
280 o) yaron ey piperidin-3-ol 484.3

methyl-piperidin-1-yl)-propyli-
[1,4]diazepan-5-one

{intermediate 91)




(rac)-3-me

thoxymethyl- 3-methyl-piperidine , (mtetmediate 31) 526.4 381

(rac) -1- [ (E) -3- (3,4-Dichloro-phenyl) - acryloyl] -4- [3-hydroxy-4- (2-

%Wm&thyl-zmethyl-pyrrolidin -1-(rac)-2

PCT/EP2007/653490

-hydroxymethyl2-methyl-pyrrolidine 498.3 WO
2007/122103PCT/EP2007/053490 - 15337 -
v -butyH-[1-41diazepan-5-onreWO-2004/122103RCTHER2004/053490
153 - Exarhples-382H 65 (Gérididilropbaure for Examples 382-409
f&sé%lutiono Ledy(&3) F3- (23hadre-4-{sorairphenyl) - @aykoy11-44 4- iodo-b 0
'[1’4]E51' RRAN-SIPRE g rmgtiale 99) 0. dPé%Rra&' RMGL0.5 mi} =
was addeg oi%r%e appr%é)r%a? %Erﬁgln’e (O.lSPmmoI), {/lv};]ich r% either
commercialff*available or are described in the infermediate section, and &
generous-spatuta-of cestum-carbonate-and-soditm-iodicde-added—Fhe
reaction was'thenh-sHaken ht-oshicermiardiare f%{zjatl’ gm)r_ai_%gﬁﬂ_soc
1|‘§>r§ ga furthgratrykilperee] 2ahpticiveeth( e purified by’ p&epgraﬁtive HPLC. 4843
; : ' ridin-3- .
mple NoyGompoundiVamp-Amine MS: (MK') 3827
) {intermediate 87)
propylj-[1,4]diazepan-5-one
(rac)-1-[(E)-3~(3,4-Dichloro-phenyl)-
283 afrylc?}rii]~4-{2~hydmxy—3-(3l—m‘ethoxy— {rac)-3- o 4843
piperidin-1-yl)-propyl]-{1,4]diazepan-5- | methoxypiperidine
one
(rac)-1-[{E)-3-(3,4-Dichloro-phenyl)-
{rac, trans)-4-Fluoro-
acrvloylj-4-{3-(trans-4-fluoro-3- L
284 o piperidin-3-ol 488.2
hydroxy-piperidin-1-yl)-2-hydroxy- . )
) (intermediate 89)
propyl]-{1,4]diazepan-5-one
1-[(E)-3-(3,4-Dichloro-phenyl)-
loyll-4-[2-hydroxy-3-(4-hyd -
285 acty ?Y,I [2-hydroxy-3-( ooy Piperidin-4-ol 470.2
piperidin-1-yl)-propyl]-|1,4]diazepan-5-
one
(rac)1-[(E)-3-(3,4-Dichloro-phenyl)-
(rac, trans)-3-fluoro-
acryloyl]-4-{3-(trans-3-fluoro-4- o
286 L piperidin-4-ol 488.3
hydroxy-piperidin-1-yi)-2-hydroxy- . .
‘ . {(intermediate 90)
propyll-|1,4]diazepan-5-one
{rac}-1-{{E)-3-{3,4-Dichloro-phenyl}- )
. . {rac, cis)-3-fluoro-
acryloyl]-4-[3-(cis-4-fluoro-3-hydroxy- o
287 o piperidin-4-ol 488.2
piperidin-1-yl)-2-hydroxy-propyl]- _ )
. {intermediate 93)
[1,4]diazepan-5-one
(rac)-1-{(E)-3-(3,4-Dichloro-phenyl)- S
288 acryloyl] -4-[2-hydroxy-3-(3-methyl- (rac)-3-methylpiperidine | 468.3
piperidin-1-yl)-propyll-{ 1,4]diazepan-5-




1-[(E)-3-(3-Chloro-4-fluoro-pheny1l)- acryloyll -4-(4-piperidin-1-yl-buty1)-
11,4ldiazepan-5-one Piperidine 436.3 383 (rac)-1-

R

loro-4-fluoropheny1)-acryloyl]-4- [4-(3-hydroxyp
4| diazepan-5- one (rac)-piperidin-3-ol 452.3 384

(E) -3-(3-Chloro-4-fluoro-pheny1)- acrylbif1]-4-[4-(4-hydroxy-piperidin-1-

1 [1

Al diazonan-b

na Dlnnnrhn 4 nl /IL_."

%%efmblé%gs@o

)"/ ”u‘YJ L
(rac)-1-[(E
hydroxyme

iy urazcoarmTo CII\.; LI A

3 QQE
T I

-33¢3-Chloro-4-fluorophenyl)-acryloy1]-4-[4-(3-
thyl piperidin -l-y1)-buty1]- [1, 4]diazep

An-5-one

acryloyl]-4-| 2-hydroxy-3-(4-isopropyl-

(rac)-3-hydr e libbd

[(E)-3-(3-Ch or @ S %éh}:i Z [4-(4-hydroxymethyl-

piggridin- |-y&9wbmw i Aydresepar=5- one 4-hygfesgrictifiopemine | . .
166.3 WO 3@&%%%&&200}%%3@9@- 198peddindrac) -1- o
RE)-3-(3- Cmpg%da; gﬁog)i;g%@yl) -acryloyl | -4- [442-
hydroxymaethyl-piperidin-1-y1)-butyll - [1,4] diazepan-5-one

(rac)-2-hy rPxéXf“FEhé’ﬂPép%r fglﬁ ¢hloro-phenyl)-

590 acryloyl}-4-{2-hydroxy-3-(2- {rac}-2-hydroxymethyl- 4345
hydroxymethyl-piperidin-1-yl)-propyl]- | piperidine '
[1,4]diazepan-5-one
(rac)-(1-[(E}-3-(3,4-Dichloro-phenyl)-

loyl]-4-{2-hydroxy-3-(4-

291 acryloyl]-4-| y‘r())%y. ( Piperidin-4-ol 484.3
hydroxymethyl-piperidin-1-y1)-propyl}-
[1,4]diazepan-5-one
(rac)-1-[(E)-3-(3,4-Dichloro-phenyl)-

™ acryloyl]-4-[2-hydroxy-3-(3-hydroxy- (rac)-3-hydroxy- 4562
pyrrolidin-1-yl)-propyl}-{ 1,4]diazepan- | pyrrolidine '
3-one
(rac)-1-[(E)-3-(3,4-Dichloro-phenyl}-

203 acryloyl]-4-[2-hydroxy-3-(3- {rac}-3-methoxymethyl- 498.3
methoxymethyl-piperidin-1-y})-propyl]- | piperidine '
[1,4)diazepan-5-one

-[1-(3-{4-[(E)-3-(3,4-Dichloro-
(rac)-{1-(3-{4-{(E)-3 erore Piperidin-4-yl-carbamic
phenyl)-acryloyl]-7-oxo-[1,4]diazepan- )

294 acid methylester 527.3

L-yl}-2-hydroxy-propyl)-piperidin-4-yl]- { _
o ‘ (intermediate 38)
carbamic acid methyl ester
-{11-(3-i4-{(E}-3-(3,4-Dichloro-
(rac)-[1-(3-14-1(E)-3-( < . ore Methyl-piperidin-4-yl-
phenyl)-acryloyl]-7-oxo0-[1,4]diazepan- o

295 . carbamic acid methyl 541.3
1-yl}-2-hydroxy-propyl)-piperidin-4-yl]- ) _

. ester {intermediate 39)
methyl-carbamic acid methyl ester

296 (rac)-1-[(E)-3-(3,4-Dichloro-phenyl)- | 1-Isopropyl-piperazine | 497.4




466.3 388 (rac, trans)-1- [(E)-3-(3-Chloro-4- fluoro-phenyl) -acryloyl] -4- [4

-(3- hydroxy-2-methy1-piperidin-1-y1)- butyl] - [1,4] diazepan-5-one (rac,

witARa) 12 pethylpiperidin-3-ol (intermediate 87) 466.3 389 (rp&¢ 3tk k3490

[(E)-3-(3-Chloro-4- fluoro-phenyl) -a cryloyl] -4- [4-(4-fluoro-
3-hydroxy- piperidin |- yl) butyl] [1, 4]'di épan -5-one (rac

== U|up|pc||uu| 3-ot IIIILCIIIICUIQLC UU A416-3—396 (ra c; IS) 1= [
(E)-3-(3-C métmﬂubaébﬁwbl éb@faw?an[a -(B-fluoro-4-
hydroxy-plparédin-l-y1) -butyl] - [1,4] diazepan-5-pne (rac, cis)
-3-fluoropiperidin-4-ol (intermediate 93) 470.3 391 (rac) -1-
[(E)-3-(3-Chlatg- A{ﬁﬂpﬂamﬂﬁﬂét@&w@hﬂnﬂ) [4-(8-hydro'-3-
methyl-pipe gﬁb‘}l -341 Pztlté?liogr %§%9&5'09%%@&%m 1-
-39ﬁ1ethylp|pe din- 3 oI (intefm %&% 466.3 B92 (rac 1_3{ 495.3
(E)-3-(3-Chlot8-4-RUSrSRARINY! %r? feh2fa-(gPiperarine
methomethytpiperidin-1 -y1) -butyl] - xy
{rac)-1-[(E}-3-(3,4-Dichloro-phenyl)-
lovl]-4-[3-(4~cycl 1-pi int-

298 acryloyll-4-{3-(4-cyclopenty pi.perazm 1-Cyclopentyl-piperazine | 523.4
1-y1)-2-hydroxy-propyl}-{1,4]diazepan-
5-one
(rac)-1-[(E)-3-(3,4-Dichloro-phenyl)-

299 acryloyl]-4-{2-hydroxy-3-[4-(2- I-(2-Methoxy-ethyl)- 5134
methoxy-ethyl)-piperazin-1-yl]-propyl}- | piperazine '
i1,4]diazepan-5-one
(rac)-1-[(E)-3-(3,4-Dichloro-phenyl)-

toyl]-4-[2-hydroxy-3-(4-hydroxy-3- | o > M

300 acri;lf . : 'd'yl )g J & piperidin-4-ol 484.3
me yl«pipen i iympropya (intermediate 94)
(1,4]diazepan-5-one
(rac)-1-{(E}-3-(3,4-Dichloro-phenyl)-

301 acryloyl]-4-[2-hydroxy-3-{4-isopropyl- | (rac)-1-Isopropyl-2- 5113
3-methyl-piperazin-1-yl)-propyl]- methyl-piperazine '
[1,4]diazepan-5-one
(rac)-1-[{E)-3-(3,4-Dichloro-phenyl}-

lovl]-4-[2-hydroxy-3-(4-methyl-

302 ac‘:ry OY_] [2-hydroxy _{ .m.e Y 1-Methyi-piperazine 469.3
piperazin-1-yl)-propyli-{1,4]diazepan-5-
one
(rac)-1-[(E)-3-(3,4-Dichloro-phenyl)-

loyl|-4-[2-hydrosy-3-(3-hydroxy-3- | (00> el

303 acrzho’{‘ , ';1"Y :0}3_ ] ”J T piperidin-3-ol 4843
me Y_—pipen T YTPIOPY (intermediate 101)
[1,4]diazepan-5-one




[1,4] diazepan-5-one ( rac) -3-methoxymethylpiperidine 480.3 393 (rac) -1-

[ (E) -3-( 3-Chloro-4-fluorophenyl) -acryloyl] -4- [4-(3-hydroxy- pyrrolidin-1

wiY ddoPubyll; [1,4] diazepan-5- one (rac)-3- hydroxypyrroliding&%&,ﬁlﬁg%fswo

(rac, trans)-1- [(E)-3-(3-Chloro-4- fluoro-

4-hydroxy-

plperldlnlyl) -butyl] - (rac,

fq;r)henyl) acryloyl] -4- [4- (3-flu oro-
%ns) 3-fluoropiperidin-4-ol

"@ﬁt@ﬁ’ﬁeﬁhﬁtc :7u 470-3—WO-200+122103PCHEP2067053496-155~

[1,4] diaze ;fé%ﬁ)sloH@ 3954rRigbiaro-phenyl)-

RE)-3-(3- (,lalmylm*yfl}%@ldmdemy}i)—a@ryloyl] -4- [4+(3-medhoxyacthyl-

pieridin- e thyfbdiazenan . one ipc) 3 metixypiperidine

466.3 396 IC.:IQa oro 4-flu oro-phenyl) 4 acryloyl] -4- 498.3

[4-(4-isoprio y plpe VATy yl) butyl] - [1,4] diazepan-5-one '

-1-[{E}-3-(3,4-Dichloro-phenyl)-
(rac)-1-[(E}-3-( ichloro-phenyl) (rac)-(3-methyl-
. acryloyl[-4-[2-hydroxy-3-(3- o

305 R piperidin-3-vl) methanol

hydroxymethyl-3-methyl-piperidin-1- . )
_ {(intermediate 30)
yl)-propyl]-[1,4]diazepan-5-one 498.3
~1-[(E)-3-(3,4-Dichloro-phenyl)-
(rac)-1-1(E)- 3¢ ichloro-phenyl) (rac)-3-methoxymethyl-
acryloyl]-4-[2-hydroxy-3-(3- .
306 S 3-methyl-piperidine
methoxymethyl-3-methyl-piperidin-1- , i
. i {intermediate 31)
yl)-propyl]-{1,4]diazepan-5-one 512.3
(rac)-1-[(E)-3-(3,4-Dichloro-phenyl)-
loyl]-4-[2-hydroxy-3-(2-hydroxy-2. | (20 {2 methyl-
acryloyl]-4-[2- -3-(2- -2-

3067 oY Y.I"O}?Y. YOy piperidin-2-yl) methanol | 498.3
hydroxymethyl-piperidin-1-yl)-propyll- | . )

. (intermediate 34)
[1,4]diazepan-5-one
(rac)-1-[{E)-3-(3,4-Dichloro-phenyl)- {rac,cis)-2-

308 acryloyl]-4-[2-hydroxy-3-{cis-4- hydroxymethyl- 5003
hydroxy-2-hydroxymethyl-piperidin-1- | piperidin-4-ol '
yl)-propyli-{1,4]1diazepan-5-one (intermediate 45)
(rac}-1-{{E}-3-(3,4-Dichloro-phenyl)-

foy1]-4-[2-hydroxy-3- (4-hydroxy-6- | \2< 6 A%
acrylovlj-4-[2-hydroxy-3-{4-hydroxy-6-

309 R ! yaroxy yaroxy spiro{2.5]octan-4-ol 496.5
aza-spiro[2.5]oct-6-y1)-propyl}- X _

‘ . (intermediate 81)
[1,4]diazepan-5-one

-1-{(E)-3-(3,4-Dichloro-phenyl)-
(rac)-1-(E)-3~( ichloro-phenyl) (rac)-3-hydroxymethyl-
acryloyl]-4-{2-hydroxy-3-(4-hydroxy-3- e

310 L0 piperidin-4-ol 560.5
hydroxymethyl-piperidin-1-yl)-propyll- | . .

) : {intermediate 35)
{1,4]diazepan-5-one
{rac)-1-{(E}-3-(3,4-Dichloro-phenyl)- (rlac} i%methoxymethyi-

311 acryloyl]-4-{2-hydroxy-3-(4-hydroxy-3- p}peﬂdlnfl-ﬂl 514.5

methoxymethyl-piperidin-1-yl)-propyl]- (intermediate 35)




1-Isopropyl-piperazine 479.4 397 1- [(E)-3-(3-Chloro-4-fluoro-pheny1)-
acryloyl] -4- [4-(4-cyclopropyl-piperazin-1-y1)-butyl] -[1,4] diazepan-5-one

wh Soys/enigpyIpiperazine 4773 398 1- ] (E)-3-(3-Chloro-4-flugrorphemvls406
acryloyl] -4- [4- (4-cyclopentyl-piperazin- 1-y1)-butyl] -[1,4] diazepan-5-one

1-Cyclopen 1- pmerazine 505.4 399 1-

)-3- (3 -Chloro-4-fluoro- phenyl)

auyiuyi] =4 \L MEMNOXY Clllyl) = p.perazm Hy - UuLyJ.J. |_J. '-rj
diazepan- )*bﬁ@@@%ﬂéﬂﬁ’&y -ethyl)- piperazine{495.4 400 -
(rac)-1-[(E)-3-(3-Chloro-4-fluoro-phenyl)-acryloyl] -4- [4-(4-hydroxy-3-
methyl-plp |d| - gﬁ j 4 éh]odlazgg -5-0ne,
¢

(rac)-3-met -Elp)e( d)l # termediate ¢ 4) 466 %%8)1 ﬂ](tﬁmi{y[ (E)-3-
(§I§:hloro-4aﬂ9’ PERHER DY S ioy 7 ‘-T&BEB"’EX 4] | methoxymethyl- 585
diazepanl}ytlethayppibelidipedidih~carbamizyikid mpthyiestartermediate
Piperidin-4-yi-gpihas,agig-pagthylester (intermedipte)38) 509.3 402

(rac)1-[(E)-3-{3,4-Dichloro-phenyi)- {rac,trans)-2-

313 acryloyl]-4-{ 2-hydroxy-3-(trans-4- hydroxymethyl- 500.5
hydroxy-2-hydroxymethyl-piperidin-1- | piperidin-4-ol .
yh-propyl}-{1,4]diazepan-5-one (intermediate 46)
(rac)-N-[1-{3-{4-[(E)-3-(3,4-Dichloro-

314 phenyl)-acryloyl]-7-oxo0-i 1,4}diazepan- | N-Piperidin-4-yl- _
1-yl}-2-hydroxy-propyl)-piperidin-4-yl]- | acetamide T
acetamide
{rac}-1-{(E)-3-(3,4-Dichloro-phenyl)-

lovl]-4-(2-hyd 3-(t 3 (rac,trans)-4-methyl-

315 actyioy yEroRyTomA Hanhs piperidin-3-ol 484.5

hydroxy-4-methyl-piperidin-1-yl)- -, .
{intermediate 100)
propyl]-[1,4]|diazepan-5-one
-1-{{E)-3-(3,4-Dichloro-phenyl)-
(rac)-1-[(E)-3-( ichloro-phenyl) (rac,trans)-3-methyl-
acryloyl}-4-[2-hydroxy-3-{trans-4- L

316 R piperidin-4-o} 484.5
hydroxy-3-methvl-piperidin-1-y1)- . _

. ) (intermediate 95)
propyl]-[1,4]diazepan-5-one
(rac)1-[{E)-3-(3,4-Dichloro-phenyl)-

loyl]-4-[2-hydroxy-3-(8-hydroxy-5- | 0> AR

317 acryroylimSri ey drony FEIORY™" 4 opiro[2.5]octan-8-ol 496.3
aza-spiro{2.5]oct-5-y1}-propyl}- ' ]

L (intermediate 81)
{1,4]diazepan-5-one

-1-{3-(3,4-Dichloro-phenyl)-
(rac)-1-[3-( eoroTp 'eny) {rac,cis)-3-methyl-
acryloyl]-4-[2-hydroxy-3-(cis-4- o

318 R piperidin-4-ol 484.3
hydroxy-3-methyl-piperidin-{-yi}- i i

, ] (intermediate 96)
propyl]-[1,4}diazepan-5-one

316 (rac)-1-{{E)-3-(3,4-Dichloro-phenyl)- {4-methyl-piperidin-4- | 4983
acryloyl]-4-[2-hydroxy-3-(4- vi} methanol




[144-14- [ (E)-3-( 3-Chloro-4-fluoro-pheny1)-acryloyl] -7-oxo- [1,4]
diazepanl-yll -butyl)-piperidin-4-yl] -methyl carbamic acid methyl ester

widethyirpipgridin-4-yl-carbamic acid methyl ester (intermediaie 399 radads490
WO 2007/122103PCTIEP2007/053490 - 156 - 4

RE)-3-(3-Chloro-4- quorophenyI) acryfoﬁ

03 (rac)-1-

-4-[4-(4-isopropyl-3-

methyt-pigerazin=t-y vit=t1 4t diazepan=5-pne-(rac)=t=tsopropy=2r
methy|-p.pe@&%”ﬁ@%ﬁlﬁomthrl(gseeﬂéﬂchoro ATiREPRE ) -
acryloyll -4¥{%p(drmetHadidretryh-pipeeidin-I-y1)i-butyl] -[1,4] diazepan-5+
one 4-methoxymethylpiperidine. 480.4 405 (rac).31-
[(E)-3-(3-Chilaw-A-fapmpheryl} heoytayhyi- [4-(3-hydroxy-3-
methyl-pipefidinshwl) Z*?HE}{%WL% Hdigaepan-5-pne (rac)

-t30methylpi er lin- 3%, me';j‘uanol Pﬁ medlate 3N 48006 (tho)oll -| 444.3

[(E)-3-(3- Ch rophenyiF-ag yFoyl] -4- [44B-
methoxymiet d@#?ié‘lﬁ}ﬁ -piSendl- ye -butyl] -[1,4] diazepan-5-one (rac)

3 methnv’/mafh\/l'l mnfh\ll mnr:-rmhnn {mfc\rmnrhslh:\ Q1\ 494.4
(rac)-1-[{E)-3- (3 4 chhloro phenyl)~

loyl}-4-{3-[ethyl-(2-hvdroxy-ethyl)-

321 acrg’z oyli-A-{3-{ethyl-(2-hydroxy-ethyl) 2-Ethylamino-ethanol 458.3
amino]-2-hydroxy-propyl}-
[1,4]diazepan-5-one
{rac)-1-[3-(3,4-Dichlero-phenyl}-

32 acryloyl|-4-(2-hydroxy-3-(2- (rac)-2-hydroxymethyl- 4843
hydroxymethyl-2-methyl-pyrrolidin-1- | 2-methyl-pyrrolidine ‘
y)-propyl]-[1,4]diazepan-5-one

-[1-(3-{4-[(E)-3-(3,4-Dichloro-
(:C) E) ( {i [1(1)7 ( [141]1, ore (rac)-Piperidin-3-vl-

323 prenyL-actyloyLl-/-oxo- ] '1a.zepan— carbamic acid methyl 527.3
1-yl}-2-hydroxy-propyl)-piperidin-3-yl]- . _

o ester (intermediate 40)
carbamic acid methyl ester
-1-[(E)-3-(3,4-Dichloro-phenyl) -~
(rac)-1-[(E)-3-4 ichloro-phenyl) (rac)-3,3-dimethyl-
acryloyl]-4-[2-hydroxy-3-{4-hydroxy- .

324 , o piperidin-4-ol 498.3
3,3-dimethyl-piperidin-1-yl}-propyl}- " .

‘ ) (intermediate 97)
[1,4]diazepan-5-one
(rac)-1-[3-(3,4-Dichloro-phenyl)-

loyl 2-hydroxy-3-(4-isobutyl-

325 acryloyl]-4-[2-hydroxy-3-(4-isobuty L-Isobutyl-piperazine | 511.4
piperazin-1-yl)-propyl}-{1,4]diazepan-5-
one
(rac)-1-[(E}-3-(3,4-Dichloro-phenyl)-

loyl]-4-[2-hyvdroxy-3-(1-0xa-8-aza 1-Oxa--aza-
ac -4-{2-hydroxy-3-(1-oxa-8-aza-~

326 W b L yarexy spiro{4.5]decane 510.3
spiro{4.5]dec-8-yl)-propyl]- A .

] {intermediate 27}
[1,4]diazepan-5-one




i0

407 (rac) -1- [(E)-3-(3-Chloro-4-fluorophenyl) -acryloyl] -4- [4-(2-
hydroxymethy1-2-methyl-piperidin- 1- yl) -butyl] - [ 1,4] diazepan-5-one
wWRshHZngthyl- piperidi n-2-y1) -methanol (intermediate 34)4804 40853490
(rac)-1- [(E)-3-(3-Chloro-4-fluoro- phenyla -acryloyl] -4-[4- (cis-4-hydroxy-2-
hydroxymethyl-piperidin-1-y1) -butyl] - [i 3]d|azepan 5-one (rac,cis) -2-
hydroxymethylpiperidin-4-ol) (intermediate 45) 482.3 409 (rac) -1-1(E)

-3-(3-Chloro-4-fluorophenyl) -acryloyl] -4- [4- (4-hydroxy-3-

methyl-piperidin-1 -y1) -butyl] - [%X%]ni'!ﬁgggg%-%one (rac)
-4-methylpiperidin-3-ol (intermediate O

20 g}%g%{g)ggCﬂEP 007/, 2 ?Q 157 - Examples 410-421 General

OF £.X4.
qutlonofl-

[( --4C 1luo nyl)-acr yII44 y

155%3.5?&%? GRS n%%&ﬁoa%e@%% RN B ehe:
diggetria 5-apprstameadfife (© 15mion Wfﬁéh@r%‘éliﬁéﬁﬁ added to the

corprpriialyrévailabienamale dkktribe dinetheinterraielljate: Agdt on aandkaribed

ORNBEQHE SRattR gcﬁ@ﬁ'u%ﬁaargm%@s@gtﬁﬁxdé@ @asmm%@q@fé 28B&. The

reaction was.the aken at.room ratu e fo é1 en raised to.
RS TR PRy Dt Bl SRl by
B@ﬁﬁ?ﬁ@%@%@l‘npound Name Amlne

Example | Compound Name Amine MS:
No, (MH™)

1-[(E)-3-(3,4-Dichloro-phenyl)-
loyl]-4-[(S)-2-hydroxy-3-((-)-4 ()-6-Aza-
acrylo roxy-3-{{~)-4-

327 troy yeroxy spiro[2.5]octan-4-ol 496.3
hydroxy-6-aza-spiro[2.5]oct-6-yl)- _ _

i {intermediate 83)
propyl]-[1,4]diazepan-5-one
1-[{E)-3-(3,4-Dichloro-phenyl)- (rac,cis}-4-

378 acryloyl]-4-[(5)-2-hydroxy-3-{cis-3- hydroxymethyl- 5003
hydroxy-4-hydroxymethyl-piperidin-1- | piperidin-3-ol '
vi)-propyt]-[1,4]diazepan-5-one {intermediate 47}
1-[(BE)-3-(3,4-Dichloro-phenyl)- {rac,cis)-4-

329 acryloyl]-4-{(8)-2-hydroxy-3-(cis-3- methoxymethyl- S143
hydroxy-4-methoxymethyl-piperidin-1- | piperidin-3-ol T
yl)-propyl]-[1,4]diazepan-5-one (intermediate 49)
[-[(F)-3-(3,4-Dichloro-phenyl)- )

, (rac,cis)-4-

acrylovl}-4-[(S)-2-hydroxy-3-({cis)-3-

hydroxymethyl-4-

330 hydroxy-4-hydroxymethyl-4-methyl- o 514.3
e ) methyl-piperidin-3-ol

piperidin-1-vi)-propyl]-{1,4]diazepan-5- | .

{intermediate 52)
one




MS: (M1-11-) 410 (rac)-1-[(E)-3-(4-Chloro-3-fluoro-pheny1)-acryloyl] -4-
[4-(cis-3-methoxy4-hydroxymethyl-piperidin-l-y1) -butyl] -

wa Algiazapan-5-one (rac,cis)-(3-methoxy-piperidin-4-y1)-meiRaRebesr/o53490
(intermediate 50) 496.4 411 (rac)-1-[( jg-(4 -Chloro-3- quoro-
phenyl) acryloyl] -4- [4 (CIS -3- hydroxy-

llyUlUXYIIIﬁ‘LII 1=4- met II I pIpEIIUIII T 1) UUlyIJ =TT Ll-] UId.LB[JdII'5'UIIC
(rac,cis)-4 jf Qyﬁ 2 LP}‘"PnBIH‘?i}P’Iélperidin 3+ egiate 52)
496.4 412 (aanfjeyl[(E-)-@)(ﬂﬂ@i’dm@y@ﬂmwphényﬁ ch [4 (trans-3-
haglroxy-4- W@@xym%&:&rmﬁwl; pipegidin- 1 PR

diazepan- eblé))%zln I;Mq Ry %th)él-ﬂfﬂ”ﬁfé yHLpHBEY féh?r@ ol
(intermedi iPepgél? 42413 {intermediate 53)
RE)-3-(4-CHidro-3- quorophenyl) acryloy11-4- [4-(5-hydroxy-2-

314.3

mefhyl-pfpe..u... -3 J. uut H 1 Adiazepan-5-on
(rac)-6meth Wb%e’?n@ﬁ%l( ﬁf@r;ﬁ#@ﬂiéfe 66) 466.4
(rac)-1-[(E) @rAe@hioros3-fugtopkenyl) aetyloyl -44}4 é(%SZhydrox y-2-
oxyme: ;ieg idin-Ly -p é}-(,(g@)c) “6-ydroSBFRER APt din-3-0| 4963
pr{)py

482.4 WQ 2 %?cﬁaz%ga EP%%%?/ 53490 - | $@termediate 82)
1-{(E)-3-(3,4-Dichloro-phenyl)- (rac,trans)-4-

333 acryloyl]-4-1(S)-2-hydroxy-3-(trans-3- hydroxymethyl- 500.3
hydroxy-4-hydroxymethyl-piperidin-1- | piperidin-3-ol
yl)-propyl}-[1,4}diazepan-5-one (intermediate 48)

(rac)-4,4-dimethyl-
I-[{E)-3-(3,4-Dichloro-phenyl)- piperidin-3-ol

334 acryloyl]-4-{(8)-2-hydroxy-3-(3- (intermediate 84) 498.3
hydroxy-4,4-dimethyl-piperidin-1-yl)-
propyl]-[1,4]diazepan-5-one

(rac, cis)-5-methyl-
1-{{E)-3-(3,4-Dichloro-phenyl}- piperidin-3-ol

335 acryloyl] -4-[(S)-2-hydroxy-3-(cis-3- {(intermediate 75) 484.3

hydroxy-5-methyl-piperidin-1-yl)-
propyl]-[1,4]diazepan-5-one

Examples 336-344

General Procedure for Examples 336-344

A solution of 1-{{E)-3-(3-Chloro-4-fluoro-phenyl)}-acryloyl]-4-((R}-2-oxiranyl-ethyl)-
[1,4]diazepan-5-one (intermediate 56) {0.1 mmol} in DMA (0.5 m!l) was added to the
appropriate amine (0.15 mmol), which are either commercially available or are described

in the intermediate section, and a generous spatula of cesium carbonate added. The



[1,4] diazepan-5-one (intermediate 65) 415 1-
[(E)-3-(4-Chloro-3-fluoro-phenyl)- acryloyl] -4- [4-((+)

wid RHEexNH-azaspiro [2.5] oct-6-y1) -butyl] - [1,4] diazepan; 5;aR8uq
(+)-6-Aza- spiro [ 2.5] octan-4-01 , (mtermedlate 82) 478.4 416 1- RE

-3-(4-Chloro-3-flu oro-phenyl) - acryloyl} - [44( -)-4-hydroxy-6-azaSpiro

[fedeRRH05Y ek 3 L%‘%L%‘ﬁ'?ﬁ%”’@fﬁ{é?e({) a&dﬁﬁ%c
478.4 417 (rac) -1 - RE) -

ronyI] -4- [442- hydroxymethy1-5-methoxy-piperidin- 1-

octan-4-ol

fRIGPBRHER

rmedlate 83

4-Chlotro-3-

yl) butyl] [1, 4] diazepan-5-one ( rac)-(5-methoxy- piperidin-2-y1)

3/053496

(Hl?rii%cﬂrxunﬁed by

-methanol , (intermediate 67) 496 3 418
rac) 1 I:\ QALACHhlara2Afluaranboany A Ao A AE v rasa
\Ia\.;) L L\I_L\J \"f A2 R 1LV AV iute) IIUUIUPIICIIyll a\..lylu_yl =T I‘._f \\J IIyUIU/\y z
gty mictiyrpmyaddiame.y1) -butyl] - [1,4] diazeas-one ( rac) MS:

-Brmethoxymethyl- (MH™)
-{(E}-3-(3-Chloro-4-fluoro-phenvl )-
o141 prpdrona (ot | O

acrylo roxy-3-((-)-4-

336 ryloyl yaroxy spiro{2.5]octan-4-0l 480.3
hydroxy-6-aza-spiro[2.5)oct-6-v1)- , _

. (intermediate 83)
propyl]-[1,4}diazepan-5-one
1-[(E}-3-(3-Chloro~4-fluoro-phenyl) - (rac,cis}-4-

337 acryloyl]-4-[(S)-2-hydroxy-3-{cis-3- hydroxymethyl- 1843
hydroxy-4-hydroxymethyl-piperidin-1- | piperidin-3-ol '
yl)-propyi]-[1,4] diazepan-5-one (intermediate 47)
1-[{E)-3-(3-Chloro-4-fluoro-phenyl)- (rac,cis)-4-

338 acryloyl]-4-1(8)-2~hydroxy-3-(cis-3- methoxymethyl- 1983
hydroxy-4-methoxymethyl-piperidin-1- | piperidin-3-ol '
yl)-propyl]-{1,4] diazepan-5-one (intermediate 49)
1-[(E)-3-(3-Chloro-4-fluoro-phenyl) - {ractrans)-4-

339 acryloyl]-4-1(S)-2-hydroxy-3-{trans-3- hydroxymethyl- 4843
hydroxy-4-hydroxymethyl-piperidin-1- | piperidin-3-ol ’
yl)-propyl]-{1,4]diazepan-5-one {intermediate 48)
I-[(E)-3-(3-Chloro-4-fluoro-phenyl)- ,

) {rac,cis)-4-
acryloyli-4-[(S)-2-hydroxy-3-((cis)-3-
hydroxymethyl-4-
340 hydroxy-4-hydroxymethyl-4-methyl- o 498.3
o , methyl-piperidin-3-ol
piperidin-1-yl)-propyl]-{1,4]|diazepan-5- | .
(intermediate 52)
one
1-[(E)-3-(3-Chloro-4-fluoro-phenyl) -
(rac,trans)-4-
acryloyl]-4- [(§)-2-hydroxy-3-{{trans)-3- 498.3
hydroxymethyl-4- )
341 hydroxy-4-hydroxymethyl-4-methyl- o
0 ) methyl-piperidine-3-ol
piperidin-1-yl)-propyl]-[1,4]diazepan-5- | .
{(intermediate 53)
one
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piperidin-3-ol , (intermediate 74) 496.4 419 (rac) -1 -
[(E)-3-(4-Chloro-3-fluoro- phenyl) -acryloyl] -4- [4- (cis-3-hydroxy-2-
woysRieil "4-piperidin-1 -y1) -butyl] - [1,4] diazepan-5- ong-¢@ae&s) a0
hydroxymethylpiperidin-3-ol (intermed_ialt 66_2) 482.3 420 (rac) -1 - [
(E)-3-(4-Chloro-3-fluorophenyl) -acryloyl] -4- [4-(3-hydroxy-4,4-

AV

-piperid-in=1=y=butytt={t;41=diazepani5-one(rac)-4;4-

dimethylpipitih-34ar titteigaiateiem 28018421 ( 1a5.¢i5):1.- RE)

-§4%4-Chlo @@ﬁhydré-{@h@ﬁb{}ﬁ{&wﬁeyﬂ}m-m-@-hédr?a%%-S- .
NSRS

méthyl-pipexidinndy ¥ dhLpior § 814L digepan-5-c iyl |40

pmeridin-E-oléi%nr f jate 75%?_ 66.3 WO (intermediate 82)
2007/122103 ‘/g;%%t%?&?% 4%8“-6159 i Examples

4722-490 General Procedure Tor EXamples 422-49
1-[(E)-3-(3-Chloro-4-fluoro-phenyl ) -
343 acryloyl]-4-[(5)-2-hydroxy-3-(3-

hydroxy-4,4-dimethyl-piperidin-1-y1)-

rac)-4,4-dimethyl-
piperidin-3-ol
{intermediate 84) 482.3

propyl]-[1,4]diazepan-5-one

(rac,cis)-5-methyl-
1-[(E)-3-(3-Chloro-4-fluoro-phenyl)-

piperidin-3-ol
344 acryloyl]-4-{(5)-2-hydroxy-3-(cis-3-

{intermediate 75) 468.3
hydroxy-5-methyl-piperidin-1-yl)-

propyli-[1,4]diazepan-5-one

Examples 345-357

General Procedure for Examples 345-357

A solution of 3-{4-[(E}-3-(3,4-dichloro-phenyl)-acryloyl]-7-ox0-[1,4]diazepan-1-yl}-
acetaldehyde (intermediate 3) (0.1 mmol} in DCE (0.5 ml) was added to the appropriate
amine (0.1 mmol), which are either commercially available or are described in the
intermediate section, followed by a freshly prepared solution of pyridine-borane
cormplex (25 ul, 8M in pyridine, 0.2 mmol) and acetic acid (25 ul} in EtOH (0.5 ml). The

reaction was then shaken overnight, concentrated and the residue purified by preparative

HPLC.
Example | Compound Name Amine MS:
No. (MH")

(rac)-1-[(E)-3-(3,4-Dichloro-phenyl)-
345 acryloyl]-4- [2-(3—dimethylan'1in0— (rlac) —.3~Idimethy1amin0— 4692
piperidin-1-yl)-ethyl]-{1,4]diazepan-5- piperidine

one




A solution

of 1- .

[(E)-3-(3,4-Dichloro-phenyl)-acryloy1]-4-(4-iodo-butyl)-[1,4]diazepan-
wreng/Ex@sple 9B) (0.1 mmol) in DMA (0.5 ml) was addedgeth&1067/053490

appropriate amine 5 (0.15 mmol), Whlcgt%re either commercially available
or are described in the intermediate se

and a generous spatula of

cesiumcarbonateand-sodivm-iodide addedThereactionwas-then
shaken at (Sﬁﬂtb'ﬂrﬁ%ésréﬁﬂléqwmﬁ?tﬂié?wé]%d 0 80 C for a further th,
fi tﬁged, andedivéstl- piriféddpurfiatt bynpreparativie HPEEdEainyplaiNoe; 14530
ompound NaseiAming M&s1(MITd)4@2epah(B)-3- BiAiRighioro-phenyl)- '
acryloy1]-4- 14 (4 hydroxymethyl- piperidin-1-y1) rbutyl] -[1,4] diazepan-5;
one 4- hydnoxymethylplperldlne 482 3 423 1 [(E)13-(3,4-Dichloro-phenyl)
ACTyIOyIT-4H4=( ypety et 1)- Uyl =[1;4] diazepan-5 -
one (rac)-E- rzj'(—:jh f@ ijf? ﬁ n% 424 1-[ (E) -3 _
-%%,ﬁ-DichlaFéfﬁﬁYéhﬁY— hi:rwywamlm (4 hydro cyrpiperidhtibagipgutyl] o o
-[1,4] diazepaobidinel pipesiail-4101|468:3425- | pyrollidine ’
(rac)-1-[(E)-35(3,4-Dichloro-pheny1)- acryloy11-4;[4-(3-hydroxymethyl-
piperidin-l-y1)-butyl] - [1,4] diazepan -5- one
(rac)-3-hydroxymely IR 418 185 -Bead1)- (r20) 2-methy]
rac)-2-methyl-
348 acryloyl]-4-[2-(2-methyl-pyrrolidin- 1~ L v
) pyrrolidine
yh)-ethyl]-[1,4]diazepan-5-one 4243
(rac)1-[(E)-3-(3,4-Dichloro-phenvyl)-

349 acryloyl}-4-[2-(trans-2,5-dimethyl- (rac,trans)-2,5-dimethyt-
pyrrolidin-1-yl)-ethyl]-[ 1,4]diazepan-5- | pyrrolidine
One 438.3
(rac)-1-[{E)-3-(3,4-Dichloro-phenyl)-

350 acryloyl]-4-[2-(2-hydroxymethyl-2- (rac)-2-hydroxymethyl-
methyl-pyrrolidin-1-yl)-ethyl}- 2-methyl-pyrrolidine
[1,4]diazepan-5-one 454.3
{rac)-[1-(2-{4-[(E)-3-{3,4-Dichloro- o

heny) lovl]-7 LAl (rac)-Piperidin-3-yl-

351 PRenyL-asy (_)Y ) TOXD' ’ 1,azep‘an— carbamic acid methyl 497.3

1-yl}-ethyl)-piperidin-3-yl]-carbamic . .
. ester (intermediate 40)
acid methyl ester
-1-[(E)-3-(3,4-Dichloro-phenyl)-
{raci l][(4)[2 ((4 h dlc Ozo3pd'enyti1 1 (rac)-3,3-dimethyl-

352 ac.:ry 03; . .I} ;hyl}n;i.]c; me PY— piperidin-4-ol 468.3
pipenidin-L-yl-etiyli-i LAl tazepaitor {intermediate 97)
one
1-[(E)}-3-(3,4-Dichloro-phenyl)-

353 acryloyl]-4-[2-(4-isobutyl-piperazin-1- 1-Isobutyl-piperazine 481.3
yi)-ethyli-{1,4]diazepan-5-one
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1- [ (E)-3-(3,4-Dichloro-phenyl)- acryloy1]-4- [4-(4-hydroxymethyl-
piperidin-1 -y1) -butyl] - [ 1,4] diazepan-5 - one 4-hydroxymethylpiperidine
wS03/1¥¥Q32007/122103PCT/EP2007/053490 - 160 - 427 (5@€)eb>dB5s3490
-3-(3,4-Dichloro-phenyl) - acryloyl] -4- [ 8(2 hydroxymethyl- piperidin-1
-yl) butyl] [1,4] dlazepan -5-one (rac)A‘ -2- hydroxymethyl plperldlne

482:3428 Uou, lellb) -1 3, 4-Dichioro=phenyt)=acrytoyli=4-
(5 hych DU SO ICharL PR [] flipRepRBrRane 1
(#a¢,trans) @methybrxjméhamxs -ol, @}dsms@iate 87% 482d3 429 (rac trans 481.3
)-1- [ (E)-3 @3y Risiprapeplaany)tpsedamlad-[4{A-TI5H0
hydroxy-piperidin -1 -y1) -butyl] - [1,4] diazepan-b-one
(rac,trans)-4:Eluoros Ripegidingg-ofintgrmediate B9) 486.2 430
355 phenyl)-acryloyl]-4-{2-(2-hydroxy- (rac,trans)-2-hydroxy- 4542
cyclohexylamino)-ethyl]-[1,4]diazepan- | cycdohexylamine
5-one
4-(2-Cyclohexylamino-ethyl)-1-[{(E}-3-
356 (3,4-dichloro-phenyl)-acryloyl]- cyclohexylamine 454.2
[1,4]diazepan-5-one
(rac,cis)-1-[(E)-3-(3,4-Dichloro-
357 phenyl)-acryloylt]-4-[2-(2-hydroxy- (rac,cis)-2-hydroxy- 4542
cyclohexylamino)-ethyl]-[1,4|diazepan- | cyclohexylamine
5-one

Examples 358-381
General Procedure for Examples 358-381

A solution of (rac)-1-[(E)-3-(3,4-dichloro-phenyl}-acryloyl|-4-oxiranylmethyl-

[ 1,4]diazepan-5-one (example 166A) (0.1 mmol) in DMA (0.5 mi) was added to the
appropriate amine {0.15 mmol), which are either commercially available or are described
in the intermediate section, and a generous spatula of cesium carbonate added.- The
reaction was then shaken overnight at 80 °C, filtered, and directly purifed purified by
preparative HPLC,

Example | Compound Name Amine MS:
No. (MH")

(rac)-1-[(E)-3-(3,4-Dichloro-phenyl)- | (rac)-3-methyl-
piperidin-4-ol 498.3

{intermediate 94)

308 acryloyl]-4-[3-hydroxy-4-(4-hydroxy-3-

methyl-piperidin-1-yl)-butyl]-




(rac,cis)-1- [ (E) -3- (3,4-Dichloro- phenyl) -acryloyl] -4- [4-(3-fluoro-4-
hydroxy-piperidin -1 -y1) -butyl] - [1,4] diazepan-5-one (rac,cis) -3-fluoro-
wioRgidinrdol (intermediate 93) 486.2 431 (rac)-1- PCT/EP2007/053490

[(E)-3-(3,4-Dichloro-phenyl)- acryloyl] - 39
[4-(3-hydroxy -3- methylpiperidin -1 yl) utyl] [1 4] diazepan 5- one (

ac)=3=mett peridim=3=ot-(intermediate 101) 482:83432rac) =1
[(E)-3-(3,4- I‘bﬁ% freepHmiycacryloyl] -4- [4-(3- nTethoxymethyI-
piperidin-1-y1) -butyl] - [1,4 ] diazepan- 5- one ( rac)

-3-Methoxy I rd 43
RE)-3-(3,4- %f?grlgﬁ? %n@iﬁ%%%éyl?hgﬁa -hydeoley-pykkofidin-1- yl)

byl - [ 1, ﬁc]wé?é’ye‘é)a{ﬁ A BYRSTE 3-0{)&5&@1&@4@(@0 trans) | 4983
-1- [(E)-3-(3uzebithimayidynd righadwloyl] -4- [4-(B-fluoro A )
hydroxy-piparigdifizkepa) skhatyl] - [1,4] diazepan-5- lﬁee rac ’transl) -3-fluorg
piperidin-4-ol (intermediate 90) 486.2

o
—_"'

(rac)-1-{{E)-3-(3,4-Dichloro-phenyl)-
360 acryloyl]-4-[3-hydroxy-4-(4- 4-methoxymethyl- 5123
methoxymethyl-piperidin-1-yl)-butyl]- | piperidine '

[1,41diazepan-5-one

(rac)-1-{{E}-3-(3,4-Dichloro-phenyl)-
361 acryloyl]-4-{3-hydroxy-4-(3- (rac)-3-methoxymethyl- 5123
methoxymethyl-piperidin-1-yl)-butyl]- | piperidine '

{1,4]diazepan-5-one

1-[(E)-3-(3,4-Dichloro-phenyl)-

, (rac, trans)-2-methyl-
acryloyl]-4-|3-hydroxy-4-(trans-3-

362 R piperidin-3-ol 498.3
hydroxy-2-methyl-piperidin-1-yi)- (intermediate 87)
inter ‘
butyl]-[1,4}diazepan-5-one
{rac)-1-[{¥)-3-(3,4-Dichlore-phenyl) -
acryloyl]-4-[3-hydroxy-4-(2- o (rac)-{2-methyl-
363 ey Yaroxy I piperidin-2-vl}-methanol | 512.3
hydroxymethyl-2-methyl-piperidin-1- (int diate 34)
intermediate
vl)-butyl]-[1,4]diazepan-5-one
{rac)-11-(4-14-[{E}-3-(3,4-Dichloro- L _
enyl)-acrylovi]l-7-oxo0-[1,4]diazepan- Piperidin-4-yl-carbamic
364 phenyl)-acryloyl]- 7 acid methylester 541.3
1-yl}-2-hydroxy-butyl)-piperidin-4-yl]- (int diate 38)
intermediate
carbamic acid methyl ester
(rac)-1-{{E}-3-(3,4-Dichloro-phenyl)- (rac, trans)-4-Fl
rac, trans)-4-Fluoro-
acryloyl]-4-{4-(trans-4-fluoro-3- L
365 hd teridin-1-vl)-3-hyd piperidin-3-ol 502.3
ydroxy-piperidin-1-yi}-3-hydroxy- . _
intermediate 89
butyl]-[1,4]diazepan-5-one ( )
366 {rac)-1-[{E}-3-({3,4-Dichloro-phenyl}- {rac)-3-hydroxymethyl- 514.5

acryloyl]-4-[3-hydroxy-4-(4-hydroxy-3- | piperidin-4-ol




WO 2007/122103PCT/EP2007/053490 - 161 - 435 _
(rac)-1-[(E)-3-(3,4-Dichloro-pheny1)- acryloyl] -4- [4-(3-methoxy-piperidin-
wir 268)rpylyd - [1,4] diazepan-5-one (rac) -3- methorypiperidg@rfﬁg{%ﬁ%@%
1- RE) -3-(3,4-Dichloro-phenyl)- acryl -4- [4- (4-isopropyl-piperazin-1-

yI) butyl] [1 4] dlazepan -5-one 1- Isody yl-piperazine 495.3 437 1- |

(I:} O \O '-|' LIIL;IIIUIU PIICIIyJ.} ablleyll "-I-' . . .
[4-(4-cyclaprsByRpRaREREERG LI -PrYd ) dindepamelsiesd)
-Cyclopropylpipdicazine 4938 438 1- [(E)-3-(3,4-Dichloro-phenyl) -
acryloyl] -4- [4-(4-cyclopentyl-piperazin- 1-v1)-bLtvI] - [1.4]diazepan-5-on
1 -CyclopeniybpipfEiznesH2hida-phfH) -3- (3,4-Dichloro- phenyhl)i
acryloyl] b1l ZeeihaRRRN RSP P U et
dié@Zzepan-b- r‘h piperidin-4-ol 528.5

methoxymethyl-piperidin-1-yl)-butyl }- _ _

{intermediate 36)

[1,4]diazepan-5-one

(rac)-1-[(E}-3-(3,4-Dichloro-phenyl)- (rac)-4-methoxy-3-

268 acryloyl]-4-[3-hydroxy-4-(4-methoxy-3- | methoxymethyl- 5
methoxymethyl-piperidin-1-yl)-butyl]- | piperidine (intermediate '
{1,4]diazepan-5-one 37)
(rac)-1-[(E)-3-(3,4-Dichloro-phenyl)- (rac,trans)-2-

369 acryloyli-4-[3-hydroxy-4-(trans-4- hydroxymethyl- s145
hydroxy-2-hydroxymethyl-piperidin-1- | piperidin-4-ol B
yl)-butyl]-[1,4]diazepan-5-one (intermediate 46)
{(rac)-N-{1-(4-14-[(E)-3-(3,4-Dichloro-

370 phenyl}-acryloyl]-7-oxo-{1,4]diazepan- | N-Piperidin-4-vl- —_
1-yl}-2-hydroxy-butyl)-piperidin-4-yl]- | acetamide ’
acetamide
(rac)-1-[(E)-3-(3,4-Dichloro-phenyl)-

(rac,trans)-4-methyl-
acryloyl]-4-[3-hydroxy-4-(trans-3- L

371 L piperidin-3-ol 498.5
hydroxy-4-methyl-piperidin-1-yl)- . _

_ {intermediate 100}
butyl]-[1,4]diazepan-5-one
{rac)-1-[(E)-3-(3,4-Dichloro-phenyl)-

(rac,trans)-3-methyl-
acryloyl]-4-[3-hydroxy-4-(trans-4- o

372 o piperidin-4-ol 498.5
hydroxy-3-methyl-piperidin-1-yl)- . .

] (intermediate 95)
butyl]-[1,4]diazepan-5-one
{rac)-1-{(E)-3-(3,4-Dichloro-phenyl)-

373 acryloyl]-4-[3-hydroxy-4-(2- (rac)-2-methoxymethyl-
methoxymethyl-piperidin-1-yl)-butyl]- | piperidine
i1,4]diazepan-5-one 512.3




1 -(2-Methoxy-ethyl) - piperazine 511.3 440 (rac) -1- RE)
-3-(3,4-Dichloro-phenyl) - acryloyll -4- :

- widdyeaxy-3-methylpiperidin-I-y1) -butyl] - [ 1,4 ] diazepagy-27:0064@S)se
-3-methylpiperidin-4-ol (intermediate 94) 482.3 441 [1 -(4-{4- [ (E)

-3- (3 4-Dichloro- phenyl) acryloyl] -7-oxo- [1,4] diazepan-I-yll -

Uutyl) plpt richn=4- yl =carbamicactc |||cu|y| ester ipcfidi||-4-y=-bal bamtie

acid methj/fédter (iterimbtitalei Saym ez [144-14-

[%E%G-(P) 4-iciotb4pehydjegetyloy] -7-oxo- [14rhdiczbpadaydiabutyl)

TE .\ 498.3

-piperidin-Anyll < AahRMicAciH mebM-estepiperidine

Methyl-pid rlq%f- - Icar amlcamdmethyl ester (intermediate 39) 539.3 443

(rac)-1 - R - - BICAISIG- phenyl) acryloyl] 4- [4-

(g-1soprop, yl) Du =114 diazepan-5-(Tac)-1

-Isopropyl é ‘rwétmspgpga )

2007/1221 @g@@mtmwmmdz B&zhylone o

T i (rac)-2-methylpiperidine 482.3
piperidin-1-y1)-butyl]-[1,4]diazepan-5-
one
(rac}-1-{{E)-3-(3,4-Dichloro-phenyl)-
ioyl]-4-[3-hydroxy-4-{3-methyl-

376 ac?ry {,’y,] 3-hydroxy-4-4 Tne t (rac)-3-methylpiperidine 482.3
piperidin-1-yl)-butyl]-[1,4]diazepan-5-
one
(rac)-1-[(E)-3-(3,4-Dichloro-phenyl)-

ioyl]-4-[3-hydroxy-4-{4-methyl-

377 a?ry c?y-] |3-hydroxy-4- fne i 4-methylpiperidine 482.3
piperidin-1-vl)-butyl]-{1,4]diazepan-5-
one
{rac)-1-{{E)-3-(3,4-Dichloro-phenyl)-

378 acrylovli-4-{3-hydroxy-4-(3- (rac)-3-hydroxymethyl- 498.3
hydroxymethyl-piperidin-1-yl}-butyl]- piperidine '
[1,4]diazepan-5-one
{rac)-1-[{E)-3-(3,4-Dichloro-phenyl)-

579 acryloyl}-4-{3-hydroxy-4-(4- 4-hydroxymethyl- 1983
hydroxymethyl-piperidin-1-yl}-butyl]- piperidine '
{1,41diazepan-5-one

rac)-1-[(E)-3-(3,4-Dichloro-phenyl ) -
(rac)-1-[(E)-3-( ichloro-phenyl) {rac)-3-methoxymethyl-
acryloyl]-4-[3-hydroxy-4-(3- L

380 R 3-methyl-piperidine 526.4
methoxymethyl-3-methyl-pipenidin-1- . .

. (intermediate 31)
vl)-butyl|-[1,4]diazepan-5-one
{rac)~1-[(E)-3-(3,4-Dichloro-phenyl)- {rac)-2-hydroxymethyl-

381 lovl hvd - 498.3
acryloyl]-4-[3-hydroxy-4-(2- 2-methyl-pyrrolidine
hydroxymethyl-2-methyl-pyrrolidin-1-




444 1- [ (E)-3-(3,4-Dichloro-pheny1l)- acryloyl] -4-14- (4-methoxymethyl-
piperidin-1-y1) -butyl] - [1,4] diazepan-5- one 4-methoxymethylpiperidine
wiPR Ah3edac)-1- RE)-3-(3,4-Dichloro-phenyl) - acryloyll -44lAsepano7/053499
(3-hydroxymethy1-3- methyl-piperidin-1_-y1) -butyl] - [1,4] diazepan-5-one
(rac) (3- methylpiperidin -3- y1) methdnloﬁg(l’ntermediate 30) 496.4 446

4

\ld.l.,) J.' h )' '\O ’-l' L}IL;IIIUIU PIICII I) ablleyIJ '4 == \O IIIULIIU}\yIIICLIIyl'ﬁ'

methyl-pi eﬁ&?f*@@l)l-ﬁﬂ?]mpff [H#azepan-5-ane (rac)
-3-methoxyrnethyl3-methyl-piperidine (intermediate 31) 510.4 447 (rac)-1

(E)-3-(3,4-Dichloro-phenyl)- acryloyll -4- [4- (2-hydroxymethy1-2-
methyl -piperidin-1 -y1) -butyl] - [1,4]diazepan-5-one
(rac)-(2-methylpiperidin-2-y1) -methanol (intermediate 34) 496.3 448 (rac)
- 1- RE) -3-(3,4-Dichloro-phenyl) - acryloyl] -4- [4-
(3-hydroxy-4-methylpiperidin-1 -y1) -butyl] - [1,41diazepan-5- one ( rac)
-4-methylpiperidin-3-01 (intermediate 91) 482.3



449 (rac) -1 - ] (E) -3- (3,4-Dichloro-ph enyl) - acryloyl] -4-
i4-(2-methorymethyl- piperidin-1 -y1) -butyl] - [1,41 diazepan-5- one ( rac)
wa neingxymethylpiperidine 496.4 450 (rac) -1- [ (E) -3 perep2067/053480

(3,4-Dichloro-phenyl.)- acryloyl] -4- [4- (4,£1ydroxy -3-
hydroxymethyl-piperidin-1 -y1) -butyl] - ﬂ‘ 4]diazepan-5-one
(rac)-3-hydroxymethylpiperidin-4-gl (irderigedjase 35) 498.5 451 (rac) -1 -
[(E) -3- (3,4- chhloro phenyl) acryloyl] -4-T4-(4-h.ydroxy-3-
d 2.5 WO

52163 - methoxymethyl piperidin-1 -y1)

utyl diazepa termediat N ]
(Baﬂ)%-%‘? E’é') %-(3 i r}ﬂ @E h %ﬁ’?ﬂz&ry “‘ﬂ’%&‘ SR/ M %V‘% (4-iodo-butyl)-
W?@%%%ﬁéﬁ&ﬁmﬁﬁ%‘%& W 1[1“41]1 L DA ha mi} was added to the
5 (rapyodraethoye3ritethoxymethivi: pipstidinecfintennidtiataiBib) S@6:6: described
in the intermediate section, and a generous spatula of cesium carbonate and sodium

iodide added. The reaction was then shaken at room termperature for 1h, then raised to
80 °C for a further 1h, filtered, and directly purifed purified by preparative HPLC.

Example | Compound Name Amine MS:
No. (MH™)

1-[{E)-3-(3-Chloro-4-fiuoro-phenyl ) -
382 acryloyl]-4-(4-piperidin-1-yl-butyl)- Piperidine 436.3
i1,4]diazepan-5-one

{rac)-1-[{F)-3-(3-Chloro-4-fluoro-

henyl)-acryloyl]-4-[4-(3~-hydroxy-
183 phenyl)-acrytoyl]-4-[4-(3-hydroxy (rac)-piperidin-3-ol 452.3

piperidin-1-yl)-butyl]-[1,4]dtazepan-5-

one

1-[{E)-3-(3-Chloro-4-fluoro-phenyl)-
384 acryloyl]-4-{4-(4-hydroxy-piperidin-1- | Piperidin-4-ol 452.3
yh-butyll-[1,4]diazepan-5-one

(rac)-1-[{E)-3-(3-Chloro-4-fluoro-
phenyl)-acryloyl]-4-[4-(3- (rac)-3-hydroxymethyl-

385 e , i 466.3
hydroxymethyl-piperidin-1-yl)-butyl]- | piperidine
[1,4}diazepan-5-one
1-[{E}-3-(3-Chloro-4-fluoro-phenyl }-

386 acryloyli-4-{4-(4-hydroxymethyl- 4-hydroxymethyl- 663

piperidin-1-vl)-butyl|-[1,4]diazepan-5- | piperidine
one




453 N- [144-14- [(E)-3-(3,4-Dichloro-phenyl)-acryloyl] -7-oxo- [ 1,4]
diazepan- 1-y1}-butyl)-piperidin-4-yl] -a cetamide

wi-Riperidipgs4-yl-acetamide 509.5 454 ( rac) -1- PCT/EP2007/053490
[(E)-3-(3,4-Dichloro-phenyl) - acryloy11-4- [4-(trans-3-hydroxy-4-
methyl-piperidin-1 -y1)-butyl] - [1,4] diazeépan-5-one

(rac; trans)fd-methy ipiperidin=3-o(intermediate-100) 4825455 (rac) -1-

[(E)-3-(3,4-L(ﬁ%ﬂrdri( “éﬁ?l)@%}ewréyﬂ&%'[4-(trans-4-hyd roxy-3-

rgg,pyl-pip eridtinyl) -artylasliegh] 4 {G41diazepan-5-pfe(rachydrsiymethyl- 466.3

-3-methylpipeddigArah {intasersiate 9Ph 48215 456 fracdink -

RE)-3-(3,4tDj hlcf"?' he;gyl}j— acryloyl] -4- [4-(4-hydroxy-6-aza- spiro [2.5 ]

oct-6-y1) :E‘t% l[ale aaiaz%pean- 5-one (rac) -6-Aza - Spiro [2.5] octan-4-0l

T(ntermediate 1) 494,345 -1- RE)-3-(3,4-Dichioro-phenyT)-

acryloy11- 4-& f&(%ﬁ%%bﬁéégéégéa-e @Of‘r%?z.Sloct- 5qd) mantylb-rhdud -

djgzepanstdneraarBriAsrdpilo f2|$)(éctan-8-0 L (iptermedigte 98) 166.3
hydroxy-2-methyl-piperidin-1-yl)-
yaroxy m? yl-piperidin-i-yi) {intermediate §7)
butyl}-{1,4]diazepan-5-one

, T -1-[(E)-3-(3-Chloro-4-
;rac rar:) 1)[( ) l(llc4 [ZHZ"} q (rac, trans)-4-Fluoro-

o |t acylofl i (oo | s 703
e 1toxy—p1per1 0 L-y-butyl- {intermediate 89)
[1,4]diazepan-5-one
{rac, cis)-1-[(E}-3-(3-Chloro-4-fluoro- .
henyl)-acrylovl]-4-[4-(3-A 4 (rac, cis)-3-fluore-

390 i SHY)'&_W 0_’:1_' 1 1') k; “T}r o piperidin-4-ol 470.3
Y rO).cy-piperi -l-yl-butytl- (intermediate 93)
[1,4]diazepan-5-one

-1-[(E)-3-(3-Chloro-4- ;
(1;1(:) i [(E) 13 (S Z [:rc;if'z;oro 3 (tac)-3-methyl-

391 P eiyl)‘a,cry,? &1—11- 3{} 2T ] piperidin-3-ol 466.3
met Y'-plperl in-1-y1)-butyll- (intermediate 101)
[1,4]diazepan-5-one
(rac)-1-[(E}-3-(3-Chloro-4-fluoro-

392 phenyl)-acryloyl]-4-[4-(3- (rac)-3-methoxymethyl- 4803
methoxyinethyl-piperidin-1-yl)-butyl]- | piperidine '
[1,4]diazepan-5-one
{rac)-1-[{E)-3-{3-Chloro-4-fluore-

393 phenyl)-acryloyl]-4-[4-(3-hydroxy- (rac)-3-hydroxy- 438.3
pyrrolidin-1-yl}-butyl}-{1,4]diazepan-5- | pyrrolidine '
one
{rac, trans)-1-[(E}-3-(3-Chloro-4- (rlac, Jfr%ns) -3-fluoro-

394 fluoro-phenyl)-acryloyl]-4-[4-(3-fluoro- p-1perzdm-fl—01 470.3
4-hydroxy-piperidin-1-yl}-butyl]- (intermediate 50)




494.3 458 (rac)-1- RE) -3-(3,4-Dichloro-phenyl) - acryloyl] -4-
[4-(cis-4-hydroxy-3-methyl- piperidin-I-y1) -butyl] - [1,4) diazepan-5- one (
W'Ss§is1apethyl- ...-4-ol pmeridm (intermediate 96) 482.3 4583607453400
RE) -3-(3,4-Dichloro-phenyl) - acryloyl] -4- [4-(4-hydroxymethy1-4-
(4-methyl-pipendm-4- yl) -methanol 4963°WO

laYaYalw A WataX - WatalmYai ol nYaVYaValwd/aYufeW.Fa¥al

0671122303PCTHEP2007/053496=164=methylpiperidin=t=y1)=butyt}r
[1,4] diazepdrtigiRsRRafimetitediate 32) 460 1-
[(E)-3-(3,4tDichloro-pheny1)- acryloyll -4-14- [(2-hydroxy-ethyl)-
szthgm PJC;H‘!EH;)‘_BJ(B‘I&HE%?B 11-051,-0 one 2-Methylamino-ethanol

395' phenyl)-acryloyl]-4-[4-(3-methoxy- {rac)-3~ 1663
piperidin-1-yl)-butyl]-[1,4]diazepan-5- | methoxypiperidine ’
one
1-[{E)-3-(3-Chloro-4-fluoro-phenyl) -

396 acryloyl]|-4-[4-(4-isopropyl-piperazin-1- | 1-Isopropyl-piperazine 479.4
vl)-butyl]-[1,4]diazepan-5-one
1-[(E)-3-(3-Chloro-4-fluoro-phenyl) -

. _ 1-Cyclopropyl-
397 acryloyl]-4-14-(4-cyclopropyl-piperazin- | | . 477.3
: piperazine
1-yl)-butyl]-{1,4]diazepan-5-one
1-[(E)-3-(3-Chloro-4-fluoro-phenyl) -

398 acryloyl|-4-{4-(4-cyclopentyl-piperazin- | 1-Cyclopentyl-piperazine | 5054
1-yi)-butyl]-1,4]diazepan-5-one
1-{(E}-3-(3-Chloro-4-fluoro-phenyl)-

199 acryloyl]-4-{4-[4-(2-methoxy-ethyl)- 1-(2-Methoxy-ethyl)- 195.4
piperazin-1-yi]-butyl}-[1,4]diazepan-5- | piperazine B
one

ac)-1-{{E)-3-(3-Chloro-4-fl -
{tc) U{( }l (I] : [;)r(z y ;oro . (rac)-3-methyl-
- s . - - 1’ - -

400 P etzy; a‘cryq:l/ Lv)-b }lr} Xy piperidin-4-ol 466.3
{ne y.mglpeu -loyl-buly {(intermediate 94)
[1,4]diazepan-5-one

1-(4-{4-[{E)-3-(3-Chloro-4-fl -
[h( i 3 )i 1(] . or; 4];101“0 Piperidin-4-yl-carbamic
401 11) elr}!yb%at;l)'y ?Y «»-d»-.oxz- 1]’ ' izep.am acid methylester 509.3
_‘ff “outyl-piendin-a-yl-carbamic (intermediate 38)
acid methyl ester
1-(4-14-[{E)-3-(3-Chloro-4-fl - :
[h( f) K )1 1(] : Or; 4};“0 Methyl-piperidin-4-yl-

402 plenyl-acty (?Y —. _.OXO_ Hidazepan: carbamic acid methyl 523.3
1-yl}~butyl)-piperidin-4-yl]-methyl . )

o ester (intermediate 39)
carbamic acid methyl ester




1- [ (E) -3-(3,4-Dichloro-phenyl) - acryloyl] -4+1- [(2-hydroxy-ethyl)-ethyl-

amino] -butyl}- [ 1,4] diazepan-5-one 2-Ethylamino-ethanol 456.3 462
wibasd 2R -3-(3,4-Dichloro-phenyl)- acryloyl] -4- [4- (2-hydgnexpaiyokase
methyl-pyrrolidin-1 -y1) -bury!]- [ 1,4] diazepan-5-one ( rac)
-(2-methylpyrrolidin-2-y1) - methanol(intéfiediate 34) 482.3 463 (rac) -N-

FH4=-HA(E)-3=(34-Dichtoro=phenyl)=acrytoyir7oxo=-{i:4}-tiazepan-
1yll-buty1) ipstciEsy Préduetanidegrar)
-P&)eridin-Spymaﬂbam&aydﬁdmB?tﬁﬂl«iespeolﬁm{érmedéme) 40)sb6Rfmeyd64 ( rag) 4934
-L- =9 ¥ . a4 methyl-piperazine o
[(E)-3-(Gréabichigerapha oy s agtylovll -4 yl-pip
[4-(4-hydr()ﬁ-ﬁ;é-%maentgﬂplgendm-l -y1) -butyl]|- 1,4] diazepan-5- one
(rac)-3,3-dimé yﬁpld)en in-4-ol (intermediate 97)496.4 465 1 - [ (E)
-3-(3,4-Didhtoro-ptreny L) a cryjoyli=4- {4-(2-isobutyt-piperazin-—1="yt)
“butyl] -[1, ]lo@zg?)gﬁét e 14 e PR azine 509.4 466

404 acryloyl[-4-[4-(4-methoxymethyi- 4-methoxymethyl- 180.4
piperidin-1-yl)-butyl]-{1,4]diazepan-5- | piperidine '
one

| (rac)-1-[(E)-3-{3-Chloro-4-fluoro-
{rac)-(3-methyl-
phenyl)-acryloyl}-4- [4-(3-hydroxy-3- o

405 o piperidin-3-yl)-methanol | 480.4

methyl-piperidin-1-yl)-butyl ]~ ) ,
. (intermediate 30)
[1,4]diazepan-5-one
-1-[(E}-3-{3-Chloro-4-fluoro-
(rac)-1-L(E)-3-( oro HOTO (rac)-3-methoxymethyl-
phenyl)-acryloyl]-4-[4-(3- e

406 L 3-methyl-piperidine 494.4
methoxymethyl-3-methyl-piperidin-1- . )

. (intermediate 31)
yi)-butyl}-[1,4]diazepan-5-one
(rac)-l_—{(E)—3—(3—Ch10r0»4~ﬂu0r0—

(rac)-{2-methyl-
phenyl)-acryloyl]-4-[4-(2- .

407 L piperidin-2-yl)-methanol |  480.4
hydroxymethyl-2-methyl-piperidin-1- . X

o {intermediate 34)
W)-butyl]-[1,4]diazepan-5-one
(rac)-1-[(E)-3-(3-Chloro-4-fluoro- (rac,cis}-2-

108 phenyl)-acryloyl}-4-{4-(cis-4-hydroxy-2- | hydroxymethyl- 482.3
hydroxymethyl-piperidin-1-yl)-butyl]- piperidin-4-ol) '
[1,4]diazepan-5-one {intermediate 45)
{rac)-1-[(E)-3-(3-Chloro-4-fluoro-

{rac)-4-methyl-
phenyl)-acryloyl]-4-[4-(4-hydroxy-3- .

409 o piperidin-3-ol 466.3
methyl-piperidin-1-yl)-butyl]- . .

. (intermediate 91)
[1,4}diazepan-5-one




(rac) -N- [144-14- [(E)-3-(3,4-Dichlorophenyl) -acryloyl] -7-oxo- [1,4]
diazepan-1 -y11 -butyl)-piperidin-3-yll -acetamide (rac)
wiiperigin-3-ylacetamide 509.4 467 (rac) -1- [ PCT/EP2007/653490
(E)-3-(3,4-Dichloro-phenyl) - acryloyl] 4{ 4-( 1 -oxa-8-aza- spiro [4.5]
dec-8-yl)-butyl] - [1,4]diazepan-5-one 1-Uxa-8-aza- spiro [4.5] decane
(intermediate 27) 508.4 WO 209//122103F.GJ;TEP2007/053490 - 165 -
468 (rac)-1-[(E)-3-(3,4-Dichloro-phenyI)-acryloyl] -4- [4-(cis-3-hydroxy-4-

hySrexymetyd-piperdin in

hydroxynaethylpiperidin-3-

!] [1,4] diazepan-5-one (rac,cis)-4-
mediate 47) 498.4 469 (rac) -1- [(E)

3,4-Dichl | 3- h
Ry é’.ﬁiﬂ’é.ﬁfﬁ‘ kT T efav%c e
r@ﬂe‘ﬁﬂn@%ﬁ*ﬁé‘fﬁ%vn Plisetifizras a@%t%% diarerad) 511 70 6raE) Wasrgyed to the

5 -ppRd-bichione phéhybdiryloyl ade {thcisBamethally dmilable or are described

mﬁmwmﬁﬁaxta@épﬁﬂgml 1% q

80 °C for a further 1h, filtered, and directly purifed purified by preparative HPLC.

%@Hélﬂoul'slsﬂ]agiﬁngpé&iér&rﬁﬁrbonate and sodium
z{?{ S eq{gxyeacnone%cs’ﬁen Alpipgridine §

e?ﬁ%gpg:%lraetﬁ) }l);. gen raised to

Example | Compound Name Amine MS:

No. (MH")
(rac)-1-[{E}-3-(4-Chloro-3-fluoro- )

) (rac,cis)-(3-methoxy-
phenyl}-acryloyl]-4-[4-(cis-3-methoxy- o

410 o piperidin-4-yl)-methanol | 496.4

4-hydroxymethyl-piperidin-1-yl)-butyl]- | . .
) (intermediate 50)
[1,4]diazepan-5-one
(rac)-1-[(E)-3-(4-Chloro-3-fluoro- (rac,cis)-4-
A1 phenyl)-acryloyl]-4-[4-{cis-3-hydroxy-4- | hydroxymethyl-4- 1964
‘hydroxymethyl-4-methyl-piperidin-1- methyl-piperidin-3-ol '
yl)-butyl]-[1,4]diazepan-5-one (intermediate 52)
(rac)-1-[(E)-3-(4-Chloro-3-fluoro-
‘ (rac,trans)-4-
phenyl)-acryloyl]-4-[4-(trans-3-
. hydroxymethyl-4-
412 hydroxy-4-hydroxymethyl-4-methyl- . 496.4
T . i methyl-piperidin-3-ol
piperidin-1-yl)-butyl]-{1.4]diazepan-5- ) )
(mtermediate 53)
one
(rac)-1-[{E)-3-{4-Chloro-3-fluoro-

413 phenvl)-acryloyl|-4-[4-(5-hydroxy-2- (rac)-6methyl-piperidin- 466.4
methyl-piperidin-1-yl)-butyl]- 3-ol {intermediate 66) '
[1,4]diazepan-5-one
{rac)-1-{{E)-3-{4-Chloro-3-fluoro-

414 (rac)-6-ydroxymethyl- 4824
phenyl)-acryloyl]-4-{4-(5-hydroxy-2- o

piperidin-3-ol
hydroxymethyl-piperidin-1-yl}-butyl]-




(rac) -1- [(E) -3-(3,4-Dichloro-ph eny1) - acryloyl] -4- [4-(trans-3-hydroxy-4-
hydroxymethyl-piperidin- 1--y1)-butyl] - [1,4 ] diazepan-5-one (rac,trans)-4-
wyvsigihylpiperidin-3-ol (intermediate 48) 498.4 472 ( ragksdumaa1/053490
[(E)-3-(3,4-Dichloro-phenyl) - acryloyl] -4- [4-( cis -3-methoxy-4-

hydroxymethyl-piperidin-1 -y1) -butyl] - 34 ] diazepan-5-one

{rac;eis)-(3-methoxy-—pipetidin-4-ye-methanot—intermediate 565124
473 ( rac) F11HEjaz8pe8; a-2iehloro-pheny1)- acrylgyiqraediate 65)
[4-(cis-3-hydrox"7-4- hydrox-ymethy1-4-methyl-piperidin- 1- yl) -butyl] -
[1,4] d 1azé a@% I g ,m?: - hydroxymethy1-4- methyl-piperidin-3-0
(intermedia?e gg% %{:%P raf(t: Pf-é Fg% R -( 3,4+ Digkoreaphenyl) -
agryloyl] -zl-afﬁkﬂ%%:é‘iH&iﬂ?o‘%&yﬂr‘?ﬁ’dﬁoﬁheth) %—%m@_@mk&@gﬂgin- 1- 4784
yl) -butyl] { kbid didrepanyb-onel rdciiding)pat-Hydroxym ,thy%-24-
methyl-pipesidins3-ol (intermediate 53) 512.4 475 (FAETFHE J
-3-(3,4-Dichloro-phenyl) - acryloyl] -4- [4-(5-hydrpxy-2-methy1- piperidin-{L
-y1) -butyl] 11[g,@_gj_?&%@l%%%_fﬁf(ﬁg)%@;ggﬁglylpiperidin-3-o| (intermediatg
66) 482.4 (W O(? A(]I%Z&QSECT EP2007/05349( -) 166.2a~

acryloyl[-4-14-{(-)-4-hydroxy-6-aza- _
416 ) . spiro(2.5]octan-4-ol 478.4

spiro[2.5]oct-6-y1)-butyl}-[1,4 | diazepan- | ]

{intermediate 83)
5-0ne
{rac)-1-{{F)-3-(4-Chloro-3-fluoro-
) (rac)-{5-methoxy-

phenyl)-acrvloyl]-4-[4-(2- T
417 L. piperidin-2-yl)-methanol

hydroxymethyl-5-methoxy-piperidin-1- | )

. (intermediate 67)
vl)-butyli-[1,4]diazepan-5-one 496.3
(rac)-1-[(E)-3-(4-Chloro-3-fluoro-

(rac)-6-methoxymethyl-
phenyl)-acrylovl]-4-{4~(5-hydroxy-2- R
418 L piperidin-3-ol
methoxymethyl-piperidin-1-yi)-butyl}- _ )

_ {intermediate 74)
[1,4]diazepan-5-one 496.4
{rac}-1-[(E)-3-{4-Chloro-3-fluscro- {rac,cis)-2-

415 phenyl)-acryloyl]-4-{4-(cis-3-hydroxy-2- | hydroxymethyl-
hydroxymethyl-piperidin-1-yi)-butyl ] - piperidin-3-ol
[1,4]diazepan-5-one {intermediate 62) 482.3
{rac)-4,4-dimethyi-
{rac)-1-{(E)-3-(4-Chloro-3-fluoro- piperidin-3-ol
420 phenyl}-acryloyl}-4-{4-(3-hydroxy-4,4- (iﬁterme diate 84)
dimethyl-piperidin-1-yl}-butyl}-[1,4]-
diazepan-5-one 480.3
(rac,cis)-5-methyl-
(rac,cis)-1-[(E)-3-(4-Chlore-3-fluoro- piperidin-3-ol
421 phenyl)-acryloyl]-4-[4-(3-hydroxy-5- (intermediate 75) 466.3
: methyl-piperidin-1-v1)-butyl}-
[1,4]diazepan-5-one




one 476 (rac) -1 - RE) -3-( 3,4-Dichloro-phenyl) - acryloy11-4-
[4-(5-hydroxy-2- hydroxymethyl-piperidin-I-y1) -butyl] - [ 1,4 ]

wdl33epanR1gzone (rac)-6-hydroxymethyl- piperidin-3-ol . (Integpegiade 9993490
498.4 477 (rac)-1-[(E)-3-(3,4-Dichloro- p§§nyl)- acryloyl] -4-
[4-(2-hydroxymethy1-5- methoxy-piperidin-l-y1)-butyl] - [1,4]
diazepan-5-one (rac)-(5-methoxypipeiidigo2:3k) -methanol. (intermediate
67) 512.3 478 (rac) -1 - [ (E)-3-(3,4-Dichloro-pheny1l)- acryloyl] -4-

[4 e?ﬁ%@dﬂrﬁ%@é&?k%@%ﬁfmethyl piperidin-1 -y1) -butyl] -

[T, ZTd1azepan-5-one (rac) -4-me oxy6 methoxymethylplperldln -3-ol

@ ten ediat 4 rac hloo

o o% ?ﬁ%%@ i hﬁ?’fiﬁiﬁq o PR tpgepar

Bl HEtHoy ILU& %aéﬂe%uméhﬁé%f@%@ty amine

({) 15 mmol), which are either commercially available or are described in the intermediate

section, and a generous spatula of cesium carbonate and sodium iodide added. The
reaction was then shaken at room termperature for th, then raised to 80 °C for a further
1h, filtered, and directly purifed purified by preparative HPLC.

Example | Compound Name Amine MS:
No. (MH")

1-{(E)-3-(3,4-Dichloro-phenyl)-
22 acrvloyl]-4-[4-(4-hydroxymethyl- 4-hydroxymethyl- 1823
piperidin-1-yl)-butyl]-[1,4] diazepan-5- | piperidine o

one

i-[(E)-3-(3,4-Dichloro-phenyl)-
03 acryloyl]-4-{4-(3-methoxymethyl- (rac)-3-methoxymethyl- 196.5
piperidin-1-yl)-butyl]-[1,4]diazepan-5- | piperidine )

one

1-[(E)-3-(3,4-Dichloro-phenyl)-
424 acrylovl]-4-[4-(4-hydroxy-piperidin-1- | piperidin-4-ol 468.3
vl)-butyl]-[1,4]diazepan-5-one

(rac)-1-[(E)-3-(3,4-Dichloro-phenyl)-
05 acryloyl}-4-[4-(3-hydroxymethyl- (rac)-3-hydroxymethyl- 4823
5 .

piperidin-1-yl)-butyl]-[1,4]diazepan-5- | piperidine

one

1-{(E}-3-(3,4-Dichloro-phenyl)-
426 acryloyl]-4-[4-{4-hydroxymethyl- 4-hydroxymethyl- 4823
piperidin-1-yl)-butyl]-] 1,4]|diazepan-5- | piperidine '

ong




512.3 480 ( rac) -1 - RE) -3-(3,4-Dichloro-phenyl)- acryloyl] -4-
[4-(cis-3-hydroxy-2- hydroxymethyl-piperidin-1 -y1) -butyl] - [1,4] di
wa7SRI12ieNe (rac,cis) -2- hydroxymethylpiperidin-3-ol (int gﬁggﬁ[ﬁ%g 490

498.3 481

[4-(4- hydroxy -4,4- dlmethyl plperldln -I-

(rac)-1- [ (E) -3-(3,4-Dichloro-phenyl) -

acryloyl] -4-

nf‘")ll

9) butyl] [1, 4]d|azepan -5- one (

4 A=dimethylpipericin=-3-of \ii’iLei’lncwaLc 84)496-3-482(rac;eis)~t

RE) -3- (3 4"BiéHidisprietiA RieknsyiPhenh(3-hydroxy- 5 -

methyl plp wehiteyl] - DHI it dr dlydddihgie pan-5-greag yaclsidjoxymethyl - 1823
?%é@ﬂ&'r&ﬁ (EE% gfaltﬁxz 48253 Qpendme )

CT/EP 007/053490 - 167 - 483 (rac) -N- [
) -1- (4-14- [(B) -3- (3,4-Dichloro-pheny1l)-acryloyl]
=5methoxy-24

methoxym HVP piperilfiiH-yn HdetdiiidENere2 REASR. 8RR -Pimethyl-

hoxy-2- imelllﬂ’dW@Wf‘bliﬁ@ﬁdﬁﬂ‘y&)zacetdmjde (Cg]tesrmledlate 69) 4893

583.3 484 (raaranspeddif (EY33(14 -Dichloro] pHENyT)-actyloyl] -4- [4 =

(5-hydroxy-%ﬂ&@gﬁgﬁggﬂt@@-piperidin-l—yl)-but ljineTegdtiepan-5-one
(rac, trans)-1-{(E)-3-(3,4-Dichloro-

(rac,  trans)-4-Fluoro-
phenyl)-acryloyl]-4-[4-(4-fluoro-3- .

429 o piperidin-3-ol 486.2

hydroxy-piperidin-1-yi)-butyl]- ] _
) (intermediate 89)
[1,4]diazepan-5-one
{rac, cis)-1-{(E)-3-(3,4-Dichloro- .
henv) loyl]-4-[4-(3-f A {rac, cis)-3-fluoro-
-ac -4-{4-(3- -4-

430 prenylmacryfoyliz-a-ouore piperidin-4-ol 486.2

hydroxy-piperidin-1-yl)-butyl}- ) _
. (intermediate 93)
[1,4]diazepan-5-one
(rac)-1-[(E)-3-(3,4-Dichloro-phenyl}-
(rac)-3-methyl-
acryloyl]-4-[4-(3-hydroxy-3-methyl- o

431 eridi '1 D)-butyl]-[1,4]di 5 piperidin-3-ol 482.3
iperidin-1-yl)-butyl]~{1,4]diazepan-5-

PP y RAN pa (intermediate 101)
one
{rac)-1-[(E)-3-(3,4-Dichloro-phenyl)-

432 acryloyl]-4-[4-(3-methoxymethyl- (rac)-3-Methoxymethyl- 1496.3
piperidin-I-yl)-butyl]-{1,4]diazepan-5- | piperidine '
one
{rac)-1-[(E)-3-(3,4-Dichloro-phenyl)-

433 acrylovlj-4-[4-(3-hydroxy-pyrrolidin-1- | {rac)-Pyrrolidin-3-ol 454.2
vl)-butyl}-{1,4]diazepan-5-one
{rac, trans}-1-{{E}-3-{3,4-Dichloro-

, (rac, trans)-3-fluoro-
phenyl}-acryloyl]-4-[4-(3-fluoro-4- o

434 T piperidin-4-ol 486.2
hydroxy-piperidin-I-y1)-butyl]- X )

. (intermediate 90)
t1,4]diazepan-5-one




(rac,trans) -6- methoxymethylpiperidin-3-ol (intermediate 74) 512.3 485 (
rac) -2- [1- (4-{ 4- [ (E) -3- (3,4 -Dichloro-phenyl) -acryloyl] -7-oxo- [ 1,4]
waiagppanhy11-butyl) -6-hydroxymethyl-piperidin3-yloxy] -agetamide 4@,

-2- (6- Hydroxymethyl-piperidin-3-yloxy)-
555.3 486 (rac) 1- RE) -3- (3 4-Dichloro-

e“nyl)

acetamide (intermediate 72)

acryloyl] -4-[4-

(S'hydrUA 2= IIICLIIU)\yIIICLII = plpcuuul .L | bt Ilylj = |_ 1 '+J uiachan

-5-one ( radyaMettfoxsriibt fﬂ@?ﬁjﬁh (lntermg @te 73) 512.3 487

@ax)-1- [(EreBAdy84HMetHarethbenyiperideryloyll -4 4823

n

(5-hydroxy-d ;nas Ipipgrdinshyd s -Breyl] - [1,4] di ‘b%?ﬁ’%l’%"ﬁ%‘ ¢

(rac,trans) -6-Methyl- piperidin-3-ol (intermediate 70) 482.3 488 (rac, CIS)

-1- RE) -3t ( @Péchi%%l&ﬁ%w (} g@ﬁlnyll -4- [4- (3-hydroxy- 2-

methoxyﬂeth Elﬂ -me@; yl-piperi I) -butyl] - 14 diaze an- -5-one 465.3

a8 cis)-2} Wity e fsepm@fhyrpﬁrﬁé%h 3- i?ﬁfé’ﬁﬁ BieEsy | 19

526.3 489 (rhchutylRE)4Bliga:nabittioeo-phenyl) + acryloyl] -4- [4-

(3:-hydroxy-2 6-his- methoxymethyl-piperidin-1 -y1) -butyl] - [ 1 4] diazepan

-5-one (ra :)l-z(ﬁasmetlmjxkylm@tiw}zﬂmperidin-&al (mtgrom%ilalte 71) 556.3

437 acrylovyt]-4-[4-(4-cyclopropyl-piperazin- Cydopropy 4933

: piperazine
1-y1)-butyl]-[1,4]diazepan-5-one
1-{{E}-3-(3,4-Dichloro-phenyl)-

438 acryloyt]-4-[4-(4-cyclopentyl-piperazin- | 1-Cyclopentyl-piperazine | 521.3
1-yl)-butyi}-[1,4]diazepan-5-one
1-[(E)-3-(3,4-Dichloro-phenyl)-

139 acryloyl]-4-{4-{4-(2-methoxy-ethyl)- 1-(2-Methoxy-ethyl)- 5113
piperazin-1-yl]-butyl}-{1,4]diazepan-5- | piperazine -
one
(rac)-1-[{E)-3-(3,4-Dichloro-phenyl)-

loyl]-4-4-(4-hydroxy-3-methyl (rac)-3-methyl-

440 ac?ry OZ ) 1— }-) b~ YI]T?TY;]C‘I@C ¥ 5 piperidin-4-ol 482.3
piperidin-t-yl-butyl]-1 1,4l dlazepan-o- {intermediate 94)
one
(1-{4-{4-{(E)-3-(3,4-Dichloro-phenyl)- . _

fovl]-7 L4]di - Piperidin-4-yl-carbamic
441 Actyioy . _(?Xf)_ ’ 1azepant v .| acid methylester | 525.3
butyl)-piperidin-4-vl]-carbamic acid | | ,
{intermediate 38)
methyl ester
1-(4-{4-{(E)-3-(3,4-Dichloro-phenyl)-
[ (1 {l] [7( ) (,1 41(;: 01‘0}3 ix;y) Methyl-piperidin-4-yl-

442 actyloy i (_)Xf)_i Hanazepanias , carbamic acid methyl | 539.3
butyl)-piperidin-4-yl}-methyl-carbamic . _

) ester (intermediate 39)
acid methyl ester
(rac)-1-[(E}-3-(3,4-Dichloro-phenyl)- (rac)-1-Isopropyl-2-

443 : . L 509.3
acryloyl]-4-[4-(4-isopropyl-3-methyl- methyl-piperazine
piperazin-1-yl)-butyli-[1,4]diazepan-5-




WO 2007/122103PCT/EP2007/053490 - 168 - 490

(rac)-1-[(E)-3-(3,4-Dichloro-pheny1)- acryloyl | -4- [4- (3-hydro xy-5-
wosthoxymgthyl-piperidin-1 -y1) -butyl] - [1,4]diazepan-5- -ON&, 1/EP2007/053450

(rac)-5-Methoxymethylpiperidin-3-ol(intermediate 76) 498.3

Examples 491-494 General Proceduré fér Examples 491-494 A solution of

4P\ QA (A (hlare

[1..Aldiazaonan

r"J."f' r\l_) To \"I‘ oTToro 3 f:uUIU Phcllyl) ablyluyll 7 U/\U I_J. hI‘J\..IIQ.LCFJQ.II 1 5
yll-propiona®é€hyde (intermediate 60) (0.1 mmol} in DCE (0.5 ml) was
added to the appropriate amine (0.1 mmol), whidh are either commercially
availlable qr S the Intermediate se¢tion, followed by a
freshly prepa Igdgs?o tlon 6 Siﬁ her rg'rane complex (25 ul,.-8M in
nwidine, 0L 25ABly %ﬁﬁ%&%ﬂ?%@%) in EtOI—f*(G‘@l’rﬁ’i?}mFHédreactlor 196.3
was then shageidovérvightitgdridetittatedaantt the pgsiddiegurified by
preparative ijgHPLC. Example No. Compound Name Amine MS: (MW)
491 1-1(E)-3-(4-Chloro-3-fluoro-phenyl)- acryloy11-4- [3-((+,
cis)-3-hydroeg(cf,-1 pgl @IQ%IQ}QJYX][}EQE yll[l 4]diazepan-5-one (+,
cis)-4-Methy£P§er |n -3- pl in rmedliﬁe 8 ) 4523492 (B-methyl-
[43-3-(4-q By11-4-[3{(fipeisda-Hygrotidimol | 496.4
methyl-plpeﬁlﬁth#?mﬁp@pyﬂ[ﬂl /Ajdiadepan-5-one (- mediate 30)
cis)-4-Methylpipgitgipasd-gl diatermediate 86) 4523 %%F
-1-[{E}-3-(3,4-Dichloro-phenyl)-
(rac)-1-[{E)-3( ichloro-phenyl) {rac)-3-methoxymethyl-
acryvloyl}-4-[4-{3-methoxymethyl-3- o _

446 R 3-methyl-piperidine 510.4

methyl-piperidin-1-y1}-butyl}- ) ;
: {intermediate 31)
{1,4idiazepan-5-one
-1-[(E}-3-(3,4-Dichloro-phenyl)-
NP [

447 actroy o yETORymEy piperidin-2-yl)-methanol | 496.3

methyl-piperidin-1-yl)-butyl]- ) ]
) (intermediate 34)
{1,4]diazepan-5-one
(rac)-1-[(E)-3-(3,4-Dichloro-phenyi)-
(rac)-4-methyl-
acryloyl]-4-[4-(3-hydroxy-4-methyl- L

448 S . . piperidin-3-ol 482.3

piperidin-1-yl)-butyl]-{ 1,4} diazepan-5- ) .
(intermediate 91}

one

(rac)-1-{(E)-3-(3,4-Dichloro-phenyl}-

449 acryloyl]-4-[4-(2-methoxymethyl- (rac)-2-methoxymethyl- 4964
piperidin-1-yl)-butyt]-[1,4]diazepan-5- | piperidine -
o1ne

~1-[(E)-3-(3,4-Dichloro-phenyl)-
(rac)-1-{(E)-3-( ichloro-phenyl) (rac)-3-hydroxymethyl-
acryloyl]-4-[4-(4-hydroxy-3- L

450 S piperidin-4-ol 498.5
hydroxymethyl-piperidin-1-ylj-butyl]- , _ _

) {intermediate 35)
f1,4]diazepan-5-one

451 (rac)-1-{(E}-3-(3,4-Dichloro-phenyl)- (rac)-3-methoxymethyl- | 5125
acryloyl}-4-[4-(4-hydroxy-3- piperidin-4-ol




1- [ (E)-3-(4-Chloro-3-fluoro-phenyl)- acryloyl | -4- [3- ((+)
-4-hydroxy-6-azaspiro[2.5]oct-6-y1)-propyll- [ 1,4]diazepan -5-one
wiiRlg2)9gtan-4-ol (intermediate 82) 464.3 WO

2007/122103PCT/EP2007/053490 - 169 - 494 1-

PCT/EP2007/853490

RE)-3-(4- Chloro 3- quoro -phenyl)- acryld§fi =4- [3-((-)-4-hydroxy-6-azaSpiro

2 Elaet-Bur

Z-5leet-6-yiy-propylt—{4tdiazepan-5-ene{)-6-Azaspire[2-5lectan-4-ol
(mtermedldt@%@?M’GZP@YER@mﬁl@s U9b-hoB GenpFiltProedtaaior
Examples #5488 daasygpension of 4- [34 |
(-)-4-hydroxy-6-aza-spiro[2.5]oct-6-y1)-propyl] - [1,4]diazepan5-one
-dihydrochl 3(@@)(&”?%@?@@4@&1@3‘% @H@xﬂl}% : (rac) 4-tnethoxy-3-
0-(7-azabenotriazal-1- %; ke 3zt tramethylurgniur
h@mﬂuorop?ﬁ rgpﬁ te} mg, mmol) the app o rlatxg%ahgoxyllc acid 526.6
in DMF (1 pibsivs BN b A mo )fﬁi’ﬁi‘ﬂﬁﬁenﬁ%ﬁ%@’%ﬂ’ék’e
for 1h. The féddtiprenasthen directly purified by p¥@parative HPLC.
Example No. Compound Name Acid MS: (MH) 495 1-
RE)-3-(3,4+Difluofo-phenyl)- @criayhodo-]3-((-)-4t I’ley%rox 3{1 6- %za- spiro
[%%éogt-f-y ﬂera x&h&f@%ﬁ%réaﬁa%sn- t‘p‘*f; in-4-yl- 509.5
(B)-3-(3 4Dy YIS A e tamiqe | ™
-1-[(E)-3~(3,4-Dichloro-phenyl)-
(rac)-1-1(E)-3-( ichloro-phenyl) (rac,trans)-4-methyl-
acryloyl}-4-{4-(trans-3-hydroxy-4- L
454 R piperidin-3-ol 482.5
methyl-piperidin-1-yl)-butyl}- . .
) {intermediate 100)
'1,4]diazepan-5-one
-1-[{E}-3-(3,4-Dichloro-phenyl)-
(rac)-1-1{E)-3-( ichloro-phenyl) (rac,trans)-3-methyl-
acryloyl]-4-[4-(trans-4-hydroxy-3- o
455 . piperidin-4-ol 482.5
methyl-piperidin-1-yl}-butyl]- ) ]
. ) {(intermediate 95)
{1,4]diazepan-5-one
{rac)-1-[(E)-3-(3,4-Dichloro-phenyl)- (rac)-6-Aza-
acryloyl]-4-{4-(4-hydroxy-6-aza- _
456 ) , spiro[2.5]octan-4-ol 494.3
spiro[2.5]oct-6-yl)~butyl}-[1,4]diazepan- | )
{intermediate 81)
5-one
(rac)-1- {{E}l—3—(3,4—Dich}.oro-phenyl) - (rac)-5-Aza-
acryloyl]-4-[4-(8-hydroxy-5-aza- ,
457 ) ) spiro[2.5]octan-8-ol 4943
spiro{2.5]oct-5-yl)-butyl]-{1,4]|diazepan- | .
N {intermediate 98)
5-one
(rac)-1-[(E)-3-(3,4-Dichloro-phenyl)- .
) {rac,cis)-3-methyl-
acryloylj-4-{4-(cis-4-hydroxy-3-methyl- | =~
458 iperidin-1-y1)-butyl]-[ 141 s piperidin-4-ol 482.3
iperidin-1-yl}-butyl}-[1,4]diazepan-5-
PP Y w pan {(intermediate 96)
one
459 (rac)-1-{{E)-3-(3,4-Dichloro-phenyl)- {4-methyl-piperidin-4- 496.3
acryloyl] vl)-methanol

-4-[4-(4-hydroxymethyl-4-




448.4 496 I- f (E)-3-(3-Chloro-pheny1l)-acryloyl] -4-
[3-((-)-4-hydroxy-6-aza-spiro [2.5]oct-6- y1)-propyll-[1,4]diazepan-5-one

W@}ﬁﬁﬁﬁ@oroenyl phyl)-acric acid 446.4 497 1- |

(E)-3-(5,6-Dichloro-pyridin-3-y1)- acryl;g%A [3-((-)-4-hydroxy-6-aza-

spiro [2. 5]oct 6 yl) propyl] [1 4]d|aze

(EN D2 (C O

-5-one (Example 12B)

401 .2 40Q. 1

PCT/EP2047/053490

P |

\I_} J \\J,U I\JI IIUIU'JyIIUIII U yJ. u\.olyllb a\.alu “fU

(E)-3-(4-Chreedhphaingndaen idytbayl|s- ( (-)-4- hyd%&«;neﬁéﬁéf:sﬁ}o

[2.5]oct-6- | (F)43d{4=Ehtotopheny1)-acrylic acid 446.4 WO

2007/122103PCT/EP2007/053490 - 170 - ' .
- |y4)-propyli-[1 4&dmzepanbions ph¥@) 2007/122103PCT/EP2007/05349D
-171 - . .
loyll-4-{4-[(2-hydroxy-ethyl)-

460 acryloyl] ,{ {2-hydroxy e. 7 2-Methylamino-ethanol | 442.3
methyl-amino|-butyl}-[1,4|diazepan-5-
one
1-[{E)-3-{3,4-Dichloro-phenyl}-

461 acrylovi]-4-{4-{(2-hydroxy-ethyl)-ethyl- | 2-Ethylamino-ethanol 456.3
aminoj-butyl}-[1,4]diazepan-5-one
{rac)-1-[(E)-3-(3,4-Dichloro-phenyl)- ‘{rac)-{2-methyl-

162 acryloyl}-4-{4-(2-hydroxymethyl-2- pyrrolidin-2-yl)- 4823
methyl-pyrrolidin-1-yl)-butyl]- methanol {intermediate '
[1,4]diazepan-5-one 34)
(rac)-N-{1-(4-{4-{{E)-3-(3,4-Dichloro- | (rac)-Piperidin-3-vl-

463 phenyl)-acryloyl]-7-oxo-[1,4]diazepan- | carbamic acid methyl | 525.4
[-yl}-butyl)-piperidin-3-yl]-acetamide ester (intermediate 40)

-1-[(E)-3-(3,4-Dichloro-phenyl)-
(mi 1}[(4)[4 ((4 h dlc Ogospd'e nytl; (rac)-3,3-dimethyl-

464 ey OZ; ) 11) b' Y};‘:ﬁ}(’i,' me SY piperidin-4-ol 496.4
piperidin-i-yl)-butyli-{ 1,21 dlazepan->- {intermediate 97)
one

-[{E)-3-{3,4-Dichloro-phenyl)-

465 acryloyl]-4-14-(4-isobutyl-piperazin-1- 1-Isobutyl-piperazine 509.4

yl)-butyl}-{1,4]diazepan-5-one

-N-{1-(4-{4-1(E}-3-(3,4-Dichloro-
(rac)-N-[1-(4-14-[(B)-3-( . ,lc oro {rac)-N-Piperidin-3-yl-

466 phenyl)-acryloyl]-7-oxo0-{ 1,4 ] diazepan- ) 509.4
g . acetarmide
1-yl}-buiyl)-piperidin-3-yl]-acetamide
(rac)-1-{(E)-3-(3,4-Dichloro-phenyl )~
doyl]-4-[4-(1-0xa-8-aza- -Oxa-8-aza-

467 acz-'} QY spiro{4.5]decane 508.4
spiro{4.5]dec-8-yl)-butyl]- . . _

. {(intermediate 27)
[1,4]diazepan-5-one




Examples 499-501 Ge eral Procedure for Examples 499-501 A solution of
(rac)-4,4-dimethyl-piperidin-3-ot hydrochloride (intermediate 84) (0.15

woRehifMA (0.5 ml) was added to the appropriate epoXidg-(Qed9,a3mese
and a 5 generous spatula of cesium carbonate added. The reaction was
then shaken overnight at 80C, filtered, é%l'directly purifed purified by

Lipl el LN AL

prcparativ, N E)\alllplc NG CunlpuUi"ld Name E“qudc MS: (vrvy
299 (rac)-1{RE)IUE ArsmibHshingheEblyloy| recis)-4- ’
[Zéhydroxysse(ﬁd)&/bﬁewﬁ-dim@hiwdypiperidin-1-y}]1y€hr1xpyl]aﬁ1y1— 198.4
(18] diazepanone dias)sksd (6343 4nifjuord-phenyi-agryloy1]-4- | 7

oxiranylmethyl- [ 1 Aldiazepan-5-one (Example 177A) 466.3 5
1-[(E)-3-(3-Qhﬂlr]ci)%z ﬂ?ﬁ}c')%:-%ﬁenyl)- acryloy11-4- [E#P)‘gé ‘g%d?%ex%?h-(s-

hyaroxy-4 Z4-aimethyt-piperdimn-ty )= butyti=[1,2]di M-5-0NE 1-
RE) 3. (3. QTGRS . Botd pHAPAP HERICOMA (R) S B aITaT ety
[% |diazepan-Bahed(idtéemddiated8)496.3 501 methoxymethyl-

[ E -3-(3,41 Riehororphienyiyeaanyloyd L (R)-3t hyskadir4-(S-

hydrOXY'414[gﬂﬁ]1<ﬁ£9¥ﬂ>ﬂ%@5i9é”‘|'yl)' butyl]-[l,4]dJime§gé§1—8Qq91)-
[(E)-3-(3,4tDichlorophenyl)-acryloyll -4- ((R)-2-okiranyl-ethyl)- [1,4]

5124

1"

diazepan-%-one (E 6, 172C)512.3 - 172 - . Examples
500.605 GURAT J%Te%ﬁ% o%“@é‘%%?é@yﬁ%z-s ) fa&%f&ﬁ‘ﬁg}?tgp{,yé%}
Gis)5-methyFpHeEhding- St hyridemtotide (intermBEREBF Y15 mmol)| 5, ,
in DMA (0 Jsrmathovasettiglei perttin dppioirigté- e popipke i@rik0 (mot)edinden
5 generous gpatulaeheesiywa carbonate added. Thereaction was then
shaken overnight at 80 C, filtered, and directly pyrifed purified by

preparative Hﬁ:&»@[(E)—3~(3,4~Dichloro—ph.enyl)~ (rac,trans)-4-

71 acryloyl}-4-[4-(trans-3-hydroxy-4- hydroxymethyl- 4984
hydroxymethyl-piperidin-1-ylj-butyl]- | piperidin-3-ol .
[1,4]diazepan-5-one (intermediate 48)

(rac)-1-[{E)-3-(3,4-Dichloro-phenyl)-

] i)~ 3' th -
acryloyl]-4-[4-(cis-3-methoxy-4- (raccis)-(3-methoxy

472 o piperidin-4-yl}-methanol | 512.4
hydroxymethyl-piperidin-1-yl)-butyl]- . .

) (intermediate 50)
{1,4]diazepan-5-one
(rac)-1-[{E)-3-(3,4-Dichloro-phenyl)- (rac,cis}-4-

473 acryloyl]-4-[4-{cis-3-hydroxy-4- hydroxymethyl-4- 5124
hydroxymethyl-4-methyl-piperidin-1- methyl-piperidin-3-ol .
yl)-butyli-[1,4]diazepan-5-one (intermediate 52}
{rac)-1-[(E}-3-{3,4-Dichloro-phenyl}- {rac,trans)-4-

74 acrylovl]-4-[4-(trans-3-hydroxy-4- hydroxymethyl-4- 5194
hydroxymethyl-4-methyl-piperidin-1 - methyl-piperidin-3-ol '
yb)-butyl]-[1,4}diazepan-5-one {intermediate 53)
(rac)-1-[(E)-3-(3,4-Dichloro-phenyl)- | (¥ac)-6-methyl-

475 piperidin-3-ol 482.4

acryloyt]-4-[4-(5-hydroxy-2-methyl-

piperidin-1-yl)-butyl}-[1,4]|diazepan-5- (intermediate 66)




Example No. Compound Name Epoxide MS: (MW) 502 1-

[(E)-3-(3-Chloro-4-fluoro-phenyl)- acryloy1]-4-[(R)-3-hydroxy-4- (CIS -3-
whyRiazsethyl-piperidin-l-y1)- butyl]-[1,4]diazepan-5- -onepl: 07/053

[(E)-3-(3-Chloro-4- fluoro-phenyl)-acryloyl]- 44(R)-2- cuaranyl et ?

d iazepan-5-one (intermediate 56) 482.5803 1-

\_2A (2.4 ohle nhao At dJLFRN2 Al LD

L\I_} I \O = LII\.;IIIUIU PIICIIyJ.} ablleyJ.J e L\I\} J IIyUIGXTy’ 4 (L;IO J
hydroxy-5ifigthyl-piperidin-l-y1)- butyl] -]1,4]diazepan-5-one 1-
[(E)-3-(3,4rDichlorophenyl)-acryloyl]-4- ((R)-2-cutiranyl-ethyl)- [1,4]

diazepan-b- on(:i %gf?n lﬁyﬁi 2983504

hygroxy-5 rﬁ‘é’ﬁﬁ?f}’lﬂ)rﬁxéﬁdiﬁ p%opyl] 11, 4]0"3{;&,%?@1% 9%? (rac)-1- [ | 4os.4
(E)-3-(3,4{ bifluarpsphieriyiipesidiyioyil}-buokiranyimethyl-
diazepan-5ngdExamniedhé’A) 452.3 505 Incrtnebid 65
(rac)-1-[(E)-3-(3,4-Difluoro-pheny1)- acryloy1]-4-[{3-hydroxy-4-(cis-3- (rac

- RE)-3-(3,47,Diffugio-ghenyby 466.3 WQu1-
2007/122103%%2: {Eﬁ%d}g%gs 1?190 73 3}.) (rac)-(5-methoxy-
477 ey yeroxymetay- piperidin-2-yl)-methanol | 512.3

methoxy-piperidin-1-vl}-butvi]-
‘ XY PP v-butyl (intermediate 67)
[1,4]diazepan-5-one

{rac)-1-[(E)-3-(3,4-Dichioro-phenyl)- (rac)-4-methoxy-6-
478 acrvloyl|-4-[4-(5-hydroxy-4-methoxy-2- | methoxymethyl- 423
methoxymethyl-piperidin-1-yl)-butyl]- | piperidin-3-ol N

[1,4]diazepan-5-one {intermediate 68)

{rac)-1-[(E)-3-(3,4-Dichloro-phenyl)-

-6-meth thyl-
acryloyl]-4-{4-(5-hydroxy-2- (rac)-6-methoxymethy

479 L piperidin-3-ol 512.3

methoxymethyl-piperidin-1-yi)-butyl]- . .
_ (intermediate 63)

(1,4]jdiazepan-5-one
(rac)-1-[(E)-3-(3,4-Dichloro-phenyl)- {rac,cis)-2~

480 acryloyl]-4~ {4w(ci-s—3—1:1}tdr0xyv2w h?rdre)q'fmethyb 498.3
hydroxymethyvi-piperidin-1-yl)-butyl}- | piperidin-3-ol
[ 1,4}di,azep_an-5—one (intermediate 62)
(rac)~1-[{E}-3-(3,4-Dichloro-phenyl)-

481 acryloyl]-4-[4-(4-hydroxy-4,4-dimethyl- | (rac)-4,4-dimethyl-

piperidin-1-yl)-butyl]-[1,4]diazepan-5- | piperidin-3-ol
one (intermediate 84) 496.3

(rac,cis)-5-methyl-
{rac,cis)-1-[{E)-3-(3,4-Dichloro-~

482 phenyl}-acryloyl]-4-{4-(3-hydroxy-5-
methyl-piperidin-1-yl}-butyl]-

piperidin-3-ol
(intermediate 75) 482.3

[1,4]diazepan-5-one




hydrox-y-5-methyl- piperidin- 1 -ye - acryloyl] -4- (2-oxiranyl- butyl] -[1,4]

diazepan-5-one ethyl) - [1,4 ] diazepan-5- one (intermediate 58) - 5

woRTRlS A1 coated tablets containing the following ingr
manufactured in a conventional manner: Ingredients Per tab

ernel.

‘gf&?é&&%%’ﬁm

Compound of formula (I) 10.0 mg 200:0'fig Microcrystalline cellulose 23.5

|y

ol

ma-Aa2 m
IIIu b L PR R | 9
, N-((2R§,4SR,5RS)-5-
(rac)-N-[(2RS,45R,5RS}-1-(4-{4-[(E)-3- M (t(h ) )
(3,4-Dichloro-phenyl)-acrvloyl]-7-oxo- oy
- methoxymethyl-
483 [1,4]diazepan-1-yl}-butyl}-5-methoxy-2- |
C g piperidin-4-yl)-
methoxymethyl-piperidin-4-yl]- . . .
. acetamide (intermediate
acetamide
69) 583.3
(rac, trans)-1-[{E)-3-(3,4-Dichloro- | (ractrans)-6-

484 phenvl)-acryloyl]-4-[4-(5-hydroxy-2- methoxymethyl-
methoxymethyl-piperidin-1-y1)-butyl]- | piperidin-3-ol
[1,4]dtazepan-5-one (intermediate 74) 512.3

rac)-2-(6-
(rac)-2-{1-(4-{4-[{E)-3-(3,4-Dichloro- (rac)-2-(
X Hydroxymethyl-
phenyl}-acryloyl]-7-ox0-| 1 4] diazepan- A

485 . piperidin-3-yloxy)-

1-yl}-butyl)-6-hydroxymethyl-piperidin- X _ ,
] acetamide (intermediate
3-yloxy]-acetamide
72) 555.3
rac)-1-[(E)-3-(3,4-Dichloro-phenyl)-
(rac)-1-[(E)-3-( phenyl) (rac}-2-Methoxymethyl-
acryloyt]-4-{4-(3-hydroxy-2- . -

486 o piperidin-3-ol 512.3
methoxymethyl-piperidin-1-vl)-butyl]- , i
. . {intermediate 73)
{1,4]diazepan-5-one

rac)-1-[{E)-3-(3,4-Dichloro-phenvl)-

(rac)-1-[{E)-3-( phenyl) (rac,  trans)-6-Methyl-

acryloyl]-4-14-(5-hydroxy-2-methyl- .

487 iperidin-1-y1)-butyl] - [1.4]di 5 piperidin-3-ol 482.3

iperidin-1-yi)-butyl]-[1,4]diazepan-5-

pipent Y R P (intermediate 70)

one

(rac, cis)-1-[(E)-3-(3,4-Dichloro- | (rac, cis}-2-

488 phenyl)-acryloyl]-4-[4-(3-hydroxy-2- Methoxymethyl-6- 5263
methoxymethyl-6-methyl-piperidin-1- methyl-piperidin-3-ol
ylI)-butyl]-[1,4]diazepan-5-one (intermediate 64)
(rac)-1-[(E)-3-(3,4-Dichloro-phenyl)- (rac)-2,6-Bis-

489 acryloyl]-4-[4-(3-hydroxy-2,6-bis- methoxymethyl- 5563
methoxymethyl-piperidin-1-yl)-butyl]- | piperidin-3-ol
[1,4]diazepan-5-one {intermediate 71)




]

" Lactose hydrous - 60.0 mg 70.0 mg Povidone K30 12.5mg 150 ma0
Sodium starch glycolate 12.5 mg 17.0 mg Magnesium stearate 1.5 ma -0

wh 20098 4¢gfnel Weight) 120.0 mg 350.0 mg Film Coat:  HyQrapsaPWsa400
methyl cellulose 3.5 mg 7.0 mg Polyethl)ggne glycol 6000 0.8 mg

(rac)-5-Methoxymethyl-
{rac)-1-[(E)-3-(3,4-Dichloro-phenyl)-

piperidin-3-ol
490 acryloyl]-4-14-{3-hydroxy-5-

(mtermediate 76) 498.3
methoxymethyl-piperidin-1-vi)-butyl]-

[1,4ldiazepan-5-one

Examples 491-494

General Procedure for Examples 491-494

A solution of 3-{4-[(E}-3-(4-Chloro-3-fluoro-phenyl)-acryloyl}-7-oxo-[ 1,4 diazepan-1-
yl}-propionaldehyde (intermediate 60) (0.1 mmol} in DCE (0.5 ml) was added to the
appropriate amine (0.1 mmol), which are either commercially available or are described
in the intermediate section, followed by a freshly prepared solution of pyridine-borane
complex (25 ul, 8M in pyridine, 0.2 mmol) and acetic acid (25 ul) in EtOH (0.5 ml). The

reaction was then shaken overnight, concentrated and the residue purified by preparative
HPLC.

Example | Compound Name Amine MS:
No. (MH")

1-[(E)-3-(4-Chloro-3-fluoro-phenyl)-

+, cis)-4-Methyl-
acryloyl]-4-[3-((+, cis)-3-hydroxy-4- | > 694 Methy

491 thyl-piperidin-1-v]) N piperidin-3-ol 452.3
-piperidin-1-yl)- -
me Y. pipe YUproRY (intermediate 85)
[1,4]diazepan-5-one
1-[{E)-3-(4-Chloro-3-l -phenyl )~
o) (. o bt | (Mt
—L) - - "y - i’o il
492 AETYIOVLmEniarils, s oy croxy piperidin-3-ol 452.3
methyl-piperidin-1-yl)-propyl}- . .
i (intermediate 86)
[1,4])diazepan-5-one
1-[(E)-3-(4-Chloro-3-f1 -phenyl)-
{(}) 1] (4 3 (2(})4 hu;ro p;m " s
acryloyl]-4-{3-((+)-4-hydroxy-6-aza-
493 TYIOV, yaroxy spiro[2.5]octan-4-ol 464.3

spiro[2.5}oct-6-yb)-propyl]- (intermediate 82)
{1,4]diazepan-5-one




10

1.6 mg Talc 1.3 mg 2.6 mg Iron oxyde (yellow) 0.8 mg 1.6 mg Titan
dioxide 0.8 mg 1.6 mg The active ingredient is sieved and mixed With

waissesristgline cellulose and the mixture 10 is granulated
of polyvinylpyrrolidon in water. The granulate is mixed with so |um star
glycolate and mageswmstearate and ¢

9%;@90

pressed to yield kernels of 120

AP Y sl a
" oOI0U Illg

tﬁ%4foII0W|
Ingredients

ICD}JCL;LIVCIY I IIC r\CI L ICID are labunI

solution / suspénstor-stieecabdnererehtaded f|Ir
2007/122108BGTER 200053480 G4zaExamp

ingredisnts %nlj?gﬁ}nﬁnmactured in

,4](?1%?%’:!1'1? s Gompound of formula

Szt ranHe
e Or-wHtA—an aqucuua

tWO

éP&SH% SRR RAnner:
ljipE&0nwhakadiose

e B Caéj;j]sules containing

464.3

Examples 495-498

General Procedure for Exarnples 495-498

To a suspension of 4-[3-((-)-4-hydroxy-6-aza-spiro|2.5]oct-6-yl}-propyl]-{ 1,4]diazepan-
5-one dihydrochloride (intermediate 92, 0.1 mmol), O-{7-azabenotriazol-1-y1)-1,1,3,3-

tetramethyluronivm hexafluorophosphate (46 mg, 0.12 mmol}, the appropriate
carboxylic acid in DMF (1 ml) was added Et:N (21 ul, 0.15 mmol) and the mixture
shaken for 1h. The reaction was then directly purified by preparative HPLC.

Example | Compound Name Add MS:
No. (MH™)
1-1{F)-3-(3,4-Difluoro-phenvl)-
L(E)-3-¢ phenyl) {E)-3-(3,4-Difluoro-
acryloylj-4-13-((-)-4-hydroxy-6-aza- ]
495 i phenyl)-acrylic 448.4
spiro{2.5}oct-6-y1)-propyl|- 4
aci
[1,4]diazepan-5-one
1-[(E)-3-(3-Chloro-phenyl}-acryloyi]-4-
[(E)-3~( p Y). rTY vl (E}-3-(3-Chloro-
496 {3-({-}-4-hydroxy-6-aza-spiro|2.5]oct-6- . 446.4
; . phenyl}-acrylic acid
vl)-propyt]-[1,4]diazepan-5-one
1-{(E)-3~(5,6-Dichloro-pyridin-3-y1)-
{(E)-3-(5,6-Dichloro-pyrdin-3y)- 1 oy 5 < ¢ bichtoro-
acrvloyli-4-[3-({-)-4-hydroxy-6-aza- L o
457 . pyridin-3-yl)-acrylic acid | 481.3
spiro{2.5]oct-6-y1}-propyl]-
. (Example 12B)
[1,4]diazepan-5-one
498 1-{(E}-3-(4-Chloro-phenyl)-acryloyl]-4- (E)—3m(4-(3hlero—. . 446.4
[3-({-)-4-hydroxy-6-aza-spiro{2.5]oct-6- phenyl)-acrylic acid




150.0 mg Maize starch 20.0 mg Talc 5.0 mg 5 The components are

sieved and mixed and filled into capsules of size 2. Example C Injection
wePhdhions an have the following composition: Compound ofgfeiia {hh 3693456

mg Polyethylene Glycol 400 150.0 mg Acetic Acid g.s. ad pH 5.0 Water

for injection solutions Ad 1.0 ml The aiclt?\g’e'ingredient is dissolved in a

mixture-ofPolyethylene-Glycot460-and-water-fort6-injection(part)—The
pH is adjusiHReBYH ﬂ&»ﬂga%marar% volume is adjusted to 1.0 ml by
addition ofi the residual amount of water. The solution is filtered, filled intd

vials using an appropriate overage and sterilized. Example D  Soft
gelatin capsules containing the following ingredients can be manufactured
in a 15 conventional manner: - 175 - Capsule contents



Compound of formula (I) 5.0 mg Yellow wax 8.0 mg Hydrogenated Soya
bean oil 8.0 mg Partially hydrogenated plant oils 34.0 mg Soya bean oil

wblidd/medyeight of capsule contents 165.0 mg Gelatin capsigpRlatiageg
75.0 mg Glycerol 85 % 32.0 mg Ka on 8:73 8.0 mg (dry matter) Titan

dioxide 0.4 mg Iron oxide yellow 1.1 m

Examples 499-501

General Procedure for Examples 499-501

A solution of (rac)-4,4-dimethyl-piperidin-3-ol hydrochloride (intermediate 84) (0.15

mmol) in DMA (0.5 ml) was added to the appropriate epoxide {0.10 mmol) and a

generous spatula of cesiuim carbonate added. The reaction was then shaken overnight at
80 °C, filtered, and directly purifed purified by preparative HPLC.

Example | Compound Name Epoxide MS:
No. (MH")
{rac)-1-{(F)-3-{3,4-
Difluoro-phenyl)-
acryloyl]-4-
oxiranylmethyl-
(rac)-1-{{E)-3-(3,4-Difluoro-phenyl}- [1,4]diazepan-5-one
acryloyl}-4-{2-hydroxy-3-(3-hydroxy- (Example 177A) 466.3
4,4-dimethyl-piperidin-1-yl)-propvi] -
499 [1,4]diazepan-5-one
1-[{E)-3-(3-Chloro-4-fluoro-phenyl)- 1-[(E)-3-(3-Chloro-4-
acryloylj-4- [{}?} —B—hydrc?xy—f} "'(3_ fluoro-phenyl)-acryloyl]-
hydroxy-é,é—clhmethyl—plperldm— 1-yl)- 4-((R)-2-oxiranyl-ethyl)-
butyl]-[1,4]diazepan-5-one [1,4]diazepan-5-one 496.3
500 (intermediate 56)
1-[{E}-3-(3,4-Dichloro-
1-{(E)-3-(3,4-Dichloro-phenyl)- phenyl)-acryloyl]-4-
acrylovl]-4-[{R)-3-hydroxy-4-(3- {{R)-2-oxiranyl-ethvl}- 512.3
hydroxy-4,4-dimethyl-piperidin-1-yl1)- [1,4]diazepan-5-one
501 butyl]-{1,4]diazepan-5-one (Example 172C)




The active ingredient is dissolved in a warm melting of the other

ingredients and the mixture is filled into soft gelatin capsules of
woPRPBRHAE size. The filled soft gelatin capsules are treated gepeaing 493490

the usual procedures. 5 Example E Sac(l)%ts containing the following

ingredients can be manufactured in a corniventional manner: Compound of

formula (1)50.0 mg Lactose, finegpowdertpissesmg - 176 - Microcnstalline
cellulose (AVICEL PH 102) 1400.0 mg Sodium carboxymethyl cellulose

](F?egeggfgg#;le@yrﬁ%g}g&&gg 40,0 mg Magnesiumstea rate 10.0 mg
avoring addiives € active ingredient is mixed with lactose,
microcristalline cellulose n “sodiu llulose an

1
e e B SR B e 0

Vin
MR WP MAg FR St srantdie %/Hﬁé‘}fﬁ\?@ﬁﬁﬁgea%ﬁﬁl& 198 ped 2
5 igtosacherstilOoMEIE0071224i10 3R ET/ERRORZ(ODB480 tht7 ZhalBlminvsrnight at

80 °C, filtered, and directly purifed purified by preparative HPLC.

Example | Compound Name Epoxide MS:
No. (MH")
1-[(E)-3-(3-Chloro-4-
1-[{B)-3-(3-Chloro-4-fluore-phenyl) - fluoro-phenyl)-acryloyl]-

502 acryvlovl}-4-[{R)-3-hydroxy-4-(cis-3- 4-({R)-2~oxiranyl-ethyl)-
hydroxy-5-methyl-piperidin-1-yl)- [1,4]diazepan-5-one
butyl]-{1,4]diazepan-5-one (intermediate 56)

482.3

503 1-[{E)-3-(3,4-Dichloro-
1-{{E)-3-(3,4-Dichloro-phenyl)- phenyl)-acryloyl]-4-
acryloyl]-4-{(R)-3-hydroxy-4-{cis-3- {{R)-2-oxiranyl-ethyl}- 498.3
hydroxy-5-methyl-piperidin-1-yl)- {1,4]diazepan-5-one
butyl]-{1,4]diazepan-5-one (Example 172C)

504 {rac)-1-[{E)~3-(3,4~

Difluoro-phenyl)-
(rac)-1-[(E)-3-(3,4-Difluoro-phenyl)- acryloyl]-4- .
acryloyl]-4-[2-hydroxy-3-(cis-3- oxiranylmethyl- 4523
hydroxy-5-methyl-piperidin-1-yl)- {1,4]diazepan-5-one
propyli-[1,4]diazepan-5-one (Example 177A)

305 (rac)-1-[(E)-3-(3,4-Difluoro-phenyl)- {rac)-1-[(E)-3-(3,4- 466.3
acryloyl]-4-[3-hydroxy-4-(cis-3- Difluoro-phenyl)-




i0

Compounds of formula (1) (1) 5 wherein Ais aryl or heteroaryl, said aryl
and said heteroaryl being optionally substituted by one to three
wihsiiyens independently selected from the group consistipg-pf-Pa9gRA90
benzyloxy, heteroaryl-C1-6 alkcnry, C1_6 alkyl, C1-6 alkory and halo
Cl6 alkmry, or said aryI and said hete?ggryl belng optlonally substituted

DIANLD.Z)

uy €i-6a
are, indepg
alkynyl, hy
cycloalkyl

C1_3 alkyk,
of said C3

i

1 ICUIU)\y, J.U/\ID |\|\ru.)\r(

Syt BeEH GtiRsF idiydtoten, C1-6 &
dbaryl IC2-6] dikadpais6oatkoxy C2-6 alkyktiB8+-7 cybloatpyh-63-7

C1_6 alkyl, C7_10 bicycloalkyl, phenyl Gi. 8:athDRlier8YI
heterocyclyl or heterocyclyl C1-6 alkyl, in which the cycloalky

7 15cydoalkyl and said C3..7 cycloalkyl C1_6 alkyl, the phenyl

of said phenyl C1-3 alkyl, the heteroaryl of said heteroaryl C1_3 alkyl and

)
Ul IbVI\r\

Riptsd i

F\J. allu r\

‘é‘ﬁ%ﬂY‘CS

@M

the heterocyclyl of said heterocyclyl and said heterocyclyl C1_6 alkyl are
optionally substituted by one to three substituents independently selected
from the group consisting of Rd; Or 20R™ and R2, together with the
nitrogen atom to which they are attached, form heterocyclyl optionally
substituted by one to three substituents independently selected from the
g¥sep@lersisting of Rd, and one of the ring carbon atoms of WO
2007/122103PCT/EP2007/053490 - 178 - said heterocyclyl formed by le
arithR24deingbdptionatiyniep theddlwiting ingrbdiytgraupe andideanediihe
ring, carbon, atomgs.ef the heterocyclyl formed by le and le may be a ring
carbon atom of another ring WhICh iIs C3_7 cycloallcyl or heterocyclyl, one

a

nfhor ring hnmg nnh

on

byn%t%a%on é‘l'yl group, and said anothef

rlng abelriqg optlonally

su bstituted by

(ereddkyl; R3 and R4 are, indepe

ndently to each other

hydrogen,

Rt o EbRIKOYY, , 37 Tycl

C1 ﬁalknY\/rarhnn\/l 10r‘arhm(\/l hvr

)qlij(@in.%fj‘ =7 cyctoatky
lroxy-C1.6 alkyl C1.6

S0 S AKYT

)-allcoxy-C1 6

M%&Y&j&%?%ﬁ 6 alkyl: or R

2 And e, together W

vithithe Brbon

atenioke hmirdruihey are attached, forn

@(Mﬁrlg/cloallcyl or h

eterdcyglyl

optignaily gulstituted-by one to-three
from the group consisting of C1-4 alk

titrents-independ

| halo C1-4 alkyl 15

RPEuyarIGRaEA% s alkyl, C3-6 alke

hyI>-€328 alkinyl, hydr

et I%Y()ﬁigc"’tc"d
oxy’ 196 alkyl,

Oﬂh@&lkﬁnys@\arﬁﬁlkyl C3 ! cycloalkyl CBfﬁoCYCIOalkyl L 1-G.alky,
2.2 ha haotaraevehvyl
i érﬁéf (%l f\_yl lJIICII_yI JTJ cur\_yl, Il‘ifo I \./J. \J our\_yl g bl_yl
eterocv CIA alkyl, in which the cydo f@\ﬁy of said C3-7 cydoalkyl and
sgiib‘“@?tcycloalkyl C1-6
Hydroxypropyl methyl cellulose 3.5 mg 7.0 mg
Polyethylene glycol 6000 0.8 mg 1.6 mg
Talc 1.3 mg 2.6 mg
Iron oxyde (yellow) 0.8 mg 1.6 mg
Titan dioxide 0.8 mg 1.6 mg

The active ingredient is sieved and mixed with microcristalline cellulose and the mixture

is granulated with a solution of polyvinylpyrrolidon in water. The granulate is mixed

with sodium starch glycolate and magesiumstearate and compressed to yield kernels of

120 or 350 mg respectively. The kernels are lacquered with an aqueous solution /

suspension of the above mentioned film ¢

oat.




wheissoeysly C1_6 alkyl are optionally substituted by one to ffr
substituents mdependently selected from the group consisting
yl, C3_7 cycloalkyl C1_6 alkyl,

10

15

20 alkyl, the phenyl of said phenyl CL-3 alkyl, the heteroaryl of said
heteroaryl Cl 3 alkyl and the heterocyclyl of said heterocyclyl and said

R3is hydrogen, C1_6 alkyl, C3_7 cydoéTI%

(ﬁlﬁ%ﬂ'fﬁ’ﬂSS@(}

f.@r 25halo C1.6 alkyl; R2 and R4, together with the nitrogen atom

to which It2 is attached, the carbon atom to which It4

Ikylene hetwee ald nitrogen atom
R B e e by

is attached and the

d said grbc%?satom if any

tga i éﬁ&ventional

irefeeridently selected from the group consisting of C1_6 30alkyl and

fluorine; 179 R2is Ci_6 alkyl; R8, R9, R18, R", R12 a

nd R13 are,

maepekdantly to each other, hydrogen, C1-6 alkyl or

Cor dapygtoalkyl;

NS Rd P
C1..6 alkoxycarbonyl, acyl, - C(O)NRaRb, -NRa-C(0)-
Pn CLON_NPRKh MNRA_S QR Dh

Rd is hydroxy, cyano, NRaRb, halogen, C1,6 alkyl, halo C1..6 alkyl,
B BikYhIcATp atkoxy, Ci6atkoxy CI-6atkyhz357 cyctoatkyt;

Rb, -NRa-C(0)-ORDb,

COYNRaRh

|\|Dr| Qn’) |\|Dth
(YT — NI Owe—t

Al
38 6Ra C1"6 alkylsulfonyl, Cl 6 alkylsulfuayl, Cl

BRERYFDE said phenyl and said phenyl C1.3 alkyl,

heteroaryl and said heteroaryl C1.3 alkyl, and the heterocyclyl being

LI =)

éﬁky’i%o phenyl,
t#HeHaferoaryl of said

from the group consisting of hydroxy, cyano, NRaRb,

bptienally substituted by one to three substituents indépgengently selected

halogen, C1-6 alkyl.

alo C1..6 alkyl, hydroxy C1,6 alkyl. C1,6 alkoxycarbonyl, acyl, -

C(0)NRallb, -NRd-C(0)-Rb, -NRa-C(0)-ORb. -NRd-C(

0)-NRb,

-NiRacRgoRis e 20t MRRRE&d A QINRARD: /0GQORA 6 1.6
alkylsulfonyl, C1.6 alkylsulfinyl and C1.6 alkylthio, and one or two ring

CQ:EQ;%B atems of the heterocyclyl being optionally repl
group; Rd, Rb and R." are independently hydrogen or

f 0,to. 3;
i B B el e iR

indicated, the terml” means phenyl or naphthyl; WO

aced with a carbonyl
Cl,6 alkyl; isan

of.0 to 3: m+n is an integer of 1 to 5; or

nless otherwise

eprR B ERHH07/053490 - 180 - the term "H
hon-aromatic mono- or hi-cyclic radicals of four to nin

St8rddyclyt’ means
e ring atoms in which

o e ibleas tihgatlids are heteroatoms independen
and S(0)n (where n is an integer from 0 to 2), the rem

ly>$dlented from N, O
aining ring atoms

to 10 ring atoms having 5 one to three ring heteroatot

&iagcicithe term "heteroaryl” means a monocyclic of JicyehgTra@ical of 5

nsindependenﬂy

‘acyl" means R-C(0)-, in which R is C1_6 alkyl, halo (

DWQMJI]HJ&{%IQS%%% theremaining ring-atoms-heing

Blrﬁllc LCIIII
C1..6 alkyl, C37

unds ar-r-nrrhnn to

uyuloalktyl oF CQ 7 r-yr-lcafl/\l! ClL R D"/\II 2 Tha r‘nmp

claim 1, wherein 10 R3 and R4 are mdependently to
dro gen, C1 6 alkyl, C3-7 cycloalkyl, C3_7

each other,

cIoaIkyI CI-6 alkyl, halogen

Bt B4 BRSPS RV A DTG SERAIRES 876 Hyidrbgahand water for

mjec:non (part). The pH is ad)usted to 5.0 by Acetic Acid. The volume is adjusted to 1.0
ml by addition of the residual amount of water. The solution is filtered, filled into vials

using an appropriate overage and sterilized.
Example D

Soft gelatin capsules containing the following ingredients can be manufactured in a

conventional manner:



Rd is hydrox-y, cyano, NRaRb, halogen, C1-6 alkyl, halo C1-6 alkyl,
hydroxy C16 alkyl, C1- 6 alkoxy, CI 6 alkoxy-C1-6 alkyl, C1-6
walkguyeaionyl, acyl, -C(0)MeRb, -Nle-C(0)-Rb, - 15 NW-CD)SBag7/653400
-N-Ra-C(0)-NR", -NW'-s02-R", -Nle-S02-NRbR", -0OC(0)Nn’, - 0C(0)01e,
C1_6 alkylsufonyl, CI 6 alkylsulfinyl, clis aIkyIthlo phenyl, phenyl C13

%%Sbuiéﬂégh?&f%l IICLUIUd.IyI \/J.O alr\yl dAl IU IICLCIUbybI I d.llu lIIC pIICI Iyl UI
said phenyl and said phenyl C1_3 alkyl, the heteroaryl of said heteroaryl

’ i II\/
Gby ree substltuents independently %ﬁg%%lected from

the drouo consisting of hydroxy, cyano, NleRb, halogen, C1_6 alkyl, halo
Ctllgaman, hydroxy C1_6 alkyl, C1_6 alkoxycarbonyl 84§ -C(0)Nab,
-Nr-C(0)-Rb, -NRaC(0)-012", -NW'-c(0) .-NR",-NW'-302-NRbR",

-Dg{0) R, SFTIIORT, C16 alkylsulfonyl, 6 alkyls|#fhylgand C1-6
alkylthio, and one or two ring carbon atoms of the heterocyclyl being
phGaaEplReeah GarboNnyl group. 25 3. The qaiperindS according
to any one of claims 1 and 2, wherein A is phenyl optionally substituted by
Lgél?a@tgééﬂ%\ﬁ substittents-independentty-setectedfrot 'ﬁ@()&h‘guf}
consisting of halogen, benzyloxy, heteroaryl-C1-6 alkoxy, C1-6 alkyl, C1-6

:\ll/nvu and hala.Ca 6 allkaya. .o A is-nhanvli.antionally stihstity |fnd . C1

LS AR =

SR SR I BB557/122103PCT/EP2007/05349D XS 4. The
ompounds according to any one of claims Ito 3, wherein A is phenyl
s%f:%ﬂﬁﬁéﬁsw one or two halogen atoms independently selected from the
group consisting of chlorine and fluorine. 5. The compounds according to
dnsladie of claims Ito 4, wherein A is phenyl 5 substitutéd bygtwo halogen
atoms independently selected from the group consisting of chlorine and
Wbuaelalits 3,4 or 3,5 position. 6. The compounds agr.orging to any one
of claims Ito 5, wherein Xis -N(121)(R2). 7. The com pounds according to

ins§swhereimat teastone of tt-amd-R2 s other tharg yg O miter)
8.The compounds according to any one of claims 6 and 7, wherein R. Is

hy rnﬂnn & alley Ar h\lrlrnvu f") 6 a||/\1| and R2 Q Z.eveloallow
‘f I— J ull\yl IT ||-y ‘y - J T ‘yl UATTU T\ |_’ U \.’y\.’luull\‘yl
eterocyt):dfyf: heterocyclyl C1-6 alkyl, C7-10 blcycloalkyl, hy%lroxy C2-6

lkyl or C1-6 alkoxy C2-6 alkyl in which the cycloalkyl and the
r%é?éerWWF%?‘@a.d heterocyclyl and said heterocyclyl Eh76 alkyl are
pptionally substituted by one or two substituents independently selected
from the group 15 consisting of C1.6 alkyl, hydroxy, heteroaryl and C
alkoxy. 9. The compounds according to any one of claims 6 to 8, wherein
Rrhisagide dgaadind Raiisoheteioeyciyin heltifye Compouwndgadiordiagdthe
Ry Ale foﬁ'@dfﬁﬁo 5Lt el@%ﬂ?&&ﬂa@d@? Hf IS8R éEtkf(x)%&%}%f bRt gnaPsdit gllQ{?n

compounds according tg any ane of claims 10, wherein R3, R4, R
ARG ﬁ%%lgaéﬁmﬁ“a*ﬁé%‘ﬁﬁ%l?ﬁ‘d?ﬁ‘éﬁedrdmg to claim 6, whereln
R™ and R2, together with the nitrogen atom to which they are attached,

5 f&ﬁ’fﬁ“ﬁéﬁeﬁocyclyl optionally substituted by one to three substituents
independently selected from the group consisting of Rd, and one of 25 the
risvg leasbontatonystof SdicWheténgoytiylticrmdd hyRifandrRRibeingiventional
optignally replaced with a carbonyl group; and/or one of the ring carbon
atoms of the heterocyclyl formed by It' and R2 may be a ring carbon atom

er rino \All"\l!"l"\ T 7 r\\lr\lnnllr\\ll oF hafornr\\/r\ \/| oRne-or-twe rlnm

ULIIOLII d() uuuuu Gyt =3 A4 llu TtV

,aﬂ)o%eg oms ofsald gnother ring being optionally repl%ced-n%y a carbonyl

jroup, and said 30 anather ring being aptionally substituted by C16 alkyl
“Lactose, fine powder 1015.0 mg
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WO 2007/122103PCT/EP2007/053490 - 182 - 13. The compounds
according to claim-12, wherein the heterocyclyl formed by le and R2,
wi9ggiesLith the nitrogen atom to which they are attached,IL%{fafm,:m,;,},&,,)3 490
mono-cyclic radical of five or six ring atoms in which one more ring atom,
in addition to the nitrogen atom, may bé’% heteroatom independently
saeet MmN BRe RArH ey isaninteger & framyaiio-2)
The compounds according to any one’of claims 12 apd 13, wherein the

Nt D) 14
Gunl L}- L.

ana. R
; 18891, pyrrolidinyl, piperaziny
thiomorpholinyl or 1,1-dioxothiomorphlinyl 10 15. The compounds
ABrAGTIEoNSY RSB claims 12 to 14, wherein the |H8t8meycly1 formed
by 12." and R2, together with the nitrogen atom to which they are
dttaghedmstpipearidyl or pyrrolidinyl. 16. The compouhdi&@agording to any
one of claims 12 to 15, wherein the heterocyclyl formed by Ice and R2,

TOReTE: Wiknhe Nitrogen atom to which they are attaqieghglS 15 optionally
substituted by one or two substituents independently|selected from the

A atatin ey ~F

grotup-consisting-of-trydroxy, phenyland-hydroxy-€16-atkylandfor-one-of

the ring carbon atoms of the heterocyclyl formed by 121 and R2 maybe

spr?redt.b .anot ertrjn%vyhcich.tig five or six membered nLlorl]o-c céic :
helefS Y R SRS B i HR B o oM BF S ARt F i befsg ™
optioraierep edbddsy e grboryiegroiip 220Xy hERsdHvG LAY bdeo fdingter-

TR RS RIS W3tkonlHn WhareIR. Ptk i1 aR AIRBEF AL 3d@iBeskBdIRG

c}gp]po%régs according to any one of claims 12 to 17, wherein R3, R4, R5

and K6 are hydrogen. 19. The compounds according to claim 1, which is
251-[(E)-3-(3,4-Dichloro-phenyl)-acryloy1]-4-(4-piperidin-1-yl-buty1)-

[1,4]diazepan-5-one,  1-

[(E)-3-(3-Chloro-4-fluoro-pheny1l)-acryloy11-4-(3-piperidin-1-yl-propy1)-

[1,4]diazepan-5-one, WO 2007/122103PCT/EP2007/053490 - 183 -  1-

[ (E) -3- (4-Cl-doro-3-fluoro-phenyl) -acryloyl] -4- (3-piperidin- 1 -yl- propyl)

- [1,4 ] diazepan- 5-one, 8- (3-{4-[(E) -3-

(3,4-Dichloro-pheny1l)-acryloyl] -7-oxo- [1,4] diazepan-1-yll -

- propy1)-1,3,8-triaza-spiro [4.5] decane-2,4-dione, 51- [ (E) -3-
(3,4-Dichloro-phenyl)-acrybyl] -4- [3- (4-hydroxy-4-phenyl-piperidin-I-
y1)-propyl I- [1,4] diazepan-5-one, (+/-)-1-[(E)-3-

(3,4-Dichloro-phenyl) -acryloyl] -4- [3- (3-hydroxy-piperidin-l-y1)- propyl] - [

1,4] diazepan-5-one,




10

15

20

843-14- [ (E) -3- ( 3,4-Dichloro-phenyl) -acryloyl] -7-oxo- [ 1,4] diazepan-1
-y11- to propyl) -1 -oxa-3,8- diaza-spiro [4.5] decan-2-one, 1-[ (E) -3-

“@ mf?f 1%0 phenyl) - acryloyl] -4- [3- (tetrahydro-pyran-4 ¥(§%ng 053490 :

dlazepan -5-one, (S)-1-
[(E)-3-(3, 4-Dichloro- -phenyl)-acryloyl] 41T§
(2-hydroxymethyl-pyrrolidinl-y1) -eth 1 ,4] diazepan-5-one, or 151-
RE) -3- (3,4-Dichloro-phenyl)-acryloyt{=#= (2 pyrrolidin-1 -yl-ethyl) - [1,4]
diazepan-5-one. 20. The ¢ ounds according to claim 1, whichis  1-]
(E) -B- (3- cfi%}fapﬂ“ﬁ#ﬁ&fof%ﬁéﬁ%)l Lacryloyl] -4- [3- ( (-, cis)"
-3-hydroxy-4-methylpiperidin-1-y1) -propyl] - [1,4] diazepan-5-one, 201- [
(E) -3- (3 -Chlor0-4-fluoro- phenyl) anyloylj -4293- ;Q’E hydroxy-4,4-dimethyl-

3- Chloro 4 quoro phenyl) acryloylg -4- |
-hydroxy -5- methylplp idin> yl) jB

-(3-Chloro-4-fluoro-pheny1)- acryloyl]©4 v
[(S)-2-hydroxy-3-(3-hydrory4,4- dlmetﬁyiplp r|d|n I;le"propyl] [1,4]
diazepan-5-one, 1- RE)-3-(3-Chloro-4- flugro- -pRenyl)-acryloy1]-4-
[(S)-2-hydroxy-3-(cis-3- hydroxy-5-methyl-piperidin- 1 -y1)-propyll- [1,4
diazepan-5 -one, 51-1(E)-3-(4-ChIoro-3-f|uoro-phenxlﬂ)acryloyl] -4- [4-(
( ) -4-hydroxy-6-aza- Spiro [2.5]oct-6-y1)-butyl ]-[1,4] diazepan-5-one, (

|- RE) -3-(3-Chloro-4-fluoro-phenyl)-acryloyl] -4-
[4 § %ydroxy 5-methylpiperidin-1-y1)- butyI] [1,4] diazepan-5-one, 1-
[(E)-3-(3- Chlor nyl)- ac yloy11-4- [a )-4- hydro 6 -aza-spirg [2.5
oct-6-10 yff)aﬁf caDi)f irgﬁm fglgeﬁxiygag éal eteiozt eéng option ysu stituted
(sﬁ;@achImmqwbdink@miﬁdcpfmﬂél&fw@ﬂ@hydr@gsoﬁpmsptmg[afﬁ}alogen,
o&;n@ é '}Pcl?é’xu)ar[ﬂ: é] diagepa-p-one:, g%s%ﬁpmﬁgfo@?nmrﬁgald aryl

compautic ) i 1) (s e s e fctng comoound:

X is=N(RY(R?) or -NT(RHRI(R);

i) R' and R” are, independently to each other, hydrogen, C. ¢ alkyl, Cs s alkenyl, -
Ca_6 alkynyl, hydroxy Co alkyl, Cy¢ alkoxy C,¢ alkyl, Cs.7 cycloalkyl, Cs;
cycloalkyl Cy.6 alkyl, Cy.10 bicycloalkyl, phenyl C;.5 alkyl, heteroaryl C, 5 alkyl,
heterocycly!l or heterocyclyl Cy. alkyl, in which the cycloalkyl of said Cs.7
cycloalkyl and said Cs.7 cycloalkyl Cy.6 alkyl, the phenyl of said phenyl Ci.5
alkyl, the heteroaryl of said heteroaryl C,.; alkyl and the heterocyclyl of said
heterocyclyl and said heterocyclyl Cy ¢ alkyl are optionally substituted by one
to three substituents independently selected from the group consisting of RY

or

R' and R, together with the nitrogen atom to which they are attached, form
heterocyclyl optionally substituted by one to three substituents independently

selected from the group consisting of RY, and one of the ring carbon atoms of
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185 (4) with compounds of formula (5) OH (5) , wherein A, X, R3, R4, R5,
R6, Rs, R9, R10, RI', R12, -13, in and n are as defined in claim I. 22.

jtical compositions comprising a compound accortdi ny of
"gﬁa?rél@%%%&and a pharmaceutically acceptable excipient. 2%%%%80%7/&34%
compounds according to any of claims 1780 for use as therapeutic active

ancesfor the treatme or
diseases treztabig ByeapCORY receptor antagonist, CCR-3 receptor
antagonist or CCR-5 receptor antagonist. 25. Use of compounds
according torany ik clajmsrhe2Gionthd prdperationigiftredicmRis dd they be a ring
therapeutic gndieL eigraste ERMAN R clseasen tiGrIREINI RS ne or
[

group consisting ot peripheral arterial occlusive diseaseé, critical lim
ischemia, VitfRFabfaTAREHSERRA b ARRIIE At PRAGBIE AT IRced bY 2
congestive heashfadtoep | eftidvaitriaothehype ticophyptischibnizbsgpectlisyoy.
injury, strolg‘%qqgrdiomyopathy, restenosis, rheumatoid arthritis, diabetic
nephropathy, irritable Bowel Disease, Crohns' disease, multiple sclerosis,

neuropathic pain 2thgrainiambpsis, andior bureicers i Rabstes/CL o

bst ..24.Th [ : f claj -20 for,
2% thorapo T BRSSO S aE R RATR] ERERFSTANLF

Ci¢ alkoxy , Cs.y cycloalkyl, Cs.7 cycloalkyl Cyg alkyl, C,.¢ alkoxycarbonyl,
carboxyl, hydroxy-Ci s alkyl, C;.¢ alkoxy-C,.¢ alkyl, halogen or halo Cy¢ alkyl;

or

R® and R, together with the carbon atom to which they are attached, form Cs.
7 cycloalkyl or heterocyclyl optionally substituted by one to three substituents
independently selected from the group consisting of Cy_4 alkyl, halo C,_4 alkyl

and halogen; or

i) R'is hydrogen, Cy.¢alkyl, Cs.6 alkenyl, Cs.¢ alkinyl, hydroxy Cy.¢ alkyl, Ci6
alkoxy Cy.¢ alkyl, Cs.7 cycloalkyl, Cs 7 cycloalkyl Cy.6 alkyl, Cr.10 bicycloalkyl,
phenyl C;.; alkyl, heteroaryl Ci.5 alkyl, heterocyclyl or heterocyclyl C,¢ alkyl,
in which the cyeloalkyl of said Ca.7 cycloalkyl and said Cs 7 cycloalkyl Cy.s
allkyl, the phenyl of said phenyl C, 5 alkyl, the heteroaryl of said heteroaryl C; 5
alkyl and the heterocyclyl of said heterocyclyl and said heterocyclyl C, ¢ alkyl
are optionally substituted by one to three substituents independently selected

from the group consisting of R%;

R? is hydrogen, Cy.s alkyl, Cs.; cycloalkyl, Cs.; cycloalkyl C, 4 alkyl, halogen or
halo C, ¢ alkyl;

R? and R?, together with the nitrogen atom to which R” is attached, the carbon atom
to which R* is attached and the C,; alkylene between said nitrogen atom and

said carbon atom, if any, form heterocyclyl optionally substituted by omne to

three substituents independently selected from the group consisting of Ci.s

alkyl and fluorine;



179
R’ is Cypalkyl;

RE R’ R, R R¥ and R are, independently to each other, hydrogen, C;.¢ alkyl or
C3-7 CyCiO&Ik}’l;

R  is hydroxy, cyano, NR*R", halogen, Cy alkyl, halo Cy. alkyl, hydroxy Ci.
alkyl, Cy.¢ atkoxy, C alkoxy Ci. alkyl, Cs7 cycloalkyl, Cy alkoxycarbonyl, acyl, -
C(O)NR®R?, -NR*-C(0)-R”, -NR*-C(0)-OR", -NR*-C(0)-NR", -NR*-S0,-R’, -NR*-S0>-
NRPRS, -OC(ONRR", -OC(OYOR?, Ci4 alkylsulfonyl, Cy alkylsulfinyl, C.¢ alkylthio,
phenyl, pheny! Cy.; alkyl, heteroaryl, heteroaryl Ci5 alkyl and heterocyclyl, and the phenyl
of said phenyl and said phenyl C, 3 alkyl, the heteroaryl of said heteroaryl and said
heteroaryl Cy.3 alkyl, and the heterocyclyl being optionally substituted by one to three
substituents independently selected from the group consisting of hydroxy, cyano, NR'R”,
halogen, Ci. alkyl, halo C;. alkyl, hydroxy Cis alkyl, Cj alkoxycarbonyl, acyl, -
C(O)NR?R®, -NR*-C(O)-R", -NR*C(0)-OR®, -NR*C(O)-NR", -NR*-S0>-R’, -NR"-§0,-
NRPR, -OC(ONRR?, -OC(O)OR?, Cy.6 alkylsulfonyl, Ci.¢ alkylsulfinyl and Cy. alkylthio,
and one or two ring carbon atoms of the heterocyclyl being optionally replaced with a

carbony! group;
R® R® and R¢ are independently hydrogen or Cy.6 alkyl;
n  isaninteger of 010 3;
m is aninteger of 0 to 3;
m-+n is an integer of 1 to 5;
or pharmaceutically acceptable salts thereof;
wherein, unless otherwise indicated,

the term “aryl” means phenyl or naphthy};
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the term “heterocyclyl” means non-aromatic mono- or bi~cyclic radicals of four to nine
ring atoms in which one to three ring atoms are heteroatoms independently selected from

N, O and $(O);, (where n is an integer from 0 to 2), the remaining ring atoms being C;

the term "heteroaryl” means a monocyclic or bicyclic radical of 5 to 10 ring atoms having
one to three ring heteroatoms independently selected from N, O, and §, the remaining

ring atoms being C;

the term “acyl” means R-C(O)-, in which R is C,.¢ alkyl, halo Cy¢ alkyl, Cs.v cycloalkyl or

Ca.7 cycloalkyl Cy 6 alkyl.

2. The compounds according to claim 1, wherein

R’ and R? are, independently to each other, hydrogen, C; s alkyl, Cs.7 cycloalkyl, Csy
cycloalkyl Ci¢ alkyl, halogen or halo C, ¢ alkyl;

RE R R RM, R™ and RP are hydrogen;

R?  is hydroxy, cyano, NRR", halogen, C s alkyl, halo C, ¢ alkyl, hydroxy C, 6 alkyl, C,.
¢ alkoxy, Ci s alkoxy Cy¢ alkyl, C; s alkoxycarbonyl, acyl, -C(O)NR’R”, -NR*-C(0)-R”, -
NR®-C(0)-OR®, -NR*-C(0)-NR”, -NR*-SO,-R", -NR*-$0;-NR'R", -OC(O)NR'R", -
OC({O)OR?, Cy alkylsulfonyl, C, 4 alkylsulfinyl, Ci.¢ alkylthio, phenyl, phenyt C,_; alkyl,
heteroaryl, heteroaryl C;3 alkyl and heterocyclyl, and the phenyl of said phenyl and said
phenyl C, .5 alkyl, the heteroaryl of said heteroaryl and said heteroaryl C,.5 alkyl, and the
heterocyclyl being optionally substituted by one to three substituents independently
selected from the group consisting of hydroxy, cyano, NR'R”, halogen, C, ¢ alkyl, halo C;.
¢ alkyl, hydroxy C, ¢ alkyl, C, alkoxycarbonyl, acyl, -C(O)NR'R®, -NR:-C(0)-R®, -NR*
C(0)-OR®, -NR*-C(0)-NR’, -NR*80,-R”, -NR*-S0,-NRR’, -OC{O)NR'R’, -
OC(O)OR’, Cy alkylsuifonyl, Cy.s alkylsulfinyl and C, ¢ alkylthio, and one or two ring
carbon atoms of the héterocyclyl being optionally replaced with a carbonyl group.

3. The compounds according to any one of claims | and 2, wherein A is phenyl
optionally substituted by one to three substituents independently selected from the group
consisting of halogen, benzyloxy, heteroaryl-C,.¢ alkoxy, Ci¢ alkyl, Cy.¢ alkoxy and halo
Cie alkoxy, or A is phenyl optionally substituted by C,.4 alkylenedioxy.
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4. The compounds according to any one of claims 1 to 3, wherein A is phenyl

substituted by one or two halogen atoms independently selected from the group

consisting of chlorine and fluorine.

5. The compounds according to any one of claims 1 1o 4, wherein A is phenyl
substituted by two halogen atoms independently selected from the group consisting of

chlorine and fluorine at its 3,4 or 3,5 position.
6.  The compounds according to any one of claims 1 to 5, wherein X is ~N(RHRY.

7. The compounds according to claim 6, wherein at least one of R" and R is other

than hydrogen.

8.  The compounds according to any one of claims 6 and 7, wherein R' is hydrogen,
Cy.6 alkyl, or hydroxy Cy. alkyl and R* is Cs.7 cycloalkyl, heterocyclyl, heterocyclyl Ci6
alkyl, Cy.10 bicycloalkyl, hydroxy Ca.¢ alkyl or Cy atkoxy Cy.6 alkyl, in which the
cycloalkyl and the heterocyclyl of said heterocyclyl and said heterocyclyl C, 4 alkyl are
optionally substituted by one or two substituents independently selected from the group
consisting of C,.¢ alkyl, hydroxy, heteroaryl and C,_¢ alkoxy.

9. The compounds according to any one of claims 6 to 8, wherein R' is hydrogen and

R? is heterocyclyl,

10. The compounds according to any one of claims 6 to 9, wherein m+n is an integer of
lor2.

11.  The cofnpounds according to any one of claims 6 to 10, wherein R’, R!, R> and R®

are hydrogen.

- 12.  The compounds according to claim 6, wherein R' and R%, together with the

nitrogen atom to which they are attached, form heterocyclyl optionally'substituted by one
1o three substituents independently selected from the group consisting of R%, and one of
the ring carbon atoms of said heterocyclyl formed by R’ and R’ being optionally replaced

with a carbonyl group; and/or

one of the ring carbon atoms of the heterocyclyl formed by R' and R® may be a ring
carbon atom of another ring which is Cs.7 cycloalkyl or heterocyclyl, one or two ring
carbon atoms of said another ring being optionally replaced by a carbonyl group, and said

another ring being optionally substituted by Cy.¢ alkyl.
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13.  The compounds according to claim 12, wherein the heterocyclyl formed by R'and
R’, together with the nitrogen atom to which they are attached, is a mono-cyclic radical of

five or six ring atoms in which one more ring atorm, in addition to the nitrogen atormn,

- may be a heteroatom independently selected from N, O and ${(O);, (where n is an integer

from 0 to 2).

14, The compounds according to any one of claims 12 and 13, wherein the heterocyclyl
formed by R' and R, together with the nitrogen atom to which they are attached, is
piperidyi, pyrrolidinyl, piperazinyl, morpholinyl, thiomorpholinyl or 1,1-dioxo-
thiomorphlinyl.

15.  The compounds according to any one of claims 12 to 14, wherein the heterocyclyl
formed by R' and R?, together with the nitrogen atom to which they are attached, is
piperidyl or pyrrolidinyl. |

16.  The compounds according to any one of claims 12 to 15, wherein the heterocyclyl
formed by R' and R?, together with the nitrogen atom to which they are attached, is
optionally substituted by one or two substituents independently selected from the group
consisting of hydroxy, phenyl and hydroxy C, ¢ alkyl, and/or

one of the ring carbon atoms of the heterocyclyl formed by R' and R’ may be shared by
another ring which is five or six membered mono-cyclic heterocyclyl, one or two ring

carbon atoms of said another ring being optionally replaced by a carbonyl group.

17.  The compounds according to any one of claims 12 to 16, wherein m+n is an integer
of 1 to 3.

18. The compounds according to any one of claims 12 to 17, wherein R’, R*, R® and R’

are hydrogen.

19.  The compounds according to claim 1, which is

1-[{E)-3-(3,4-Dichloro-phenyl)-acryloyl]-4-(4-piperidin-1-yl-butyl)-
[1,4]diazepan-5-one,

1- [(E)-3-(3-Chloro-4-fluoro-phenyl)-acryloyl]-4-(3-piperidin-1-yl-propyl)-
[1,4]diazepan-5-one,
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1-[(E}-3-(4-Chloro-3-fluoro-phenyl)-acryloyl] -4- (3-piperidin-1-yl-propyl)-
[1,4]diazepan-5-one,

8-(3-{4-[(E)-3-(3,4-Dichloro-phenyl}-acryloyl]-7-oxo-{ 1,4] diazepan-1-yl} -
propyl)-1,3,8-triaza-spiro[4.5]decane-2,4-dione,

1-[(E)-3-(3,4-Dichloro-phenyl)-acryloyl]-4- {3-(4~hydroxy—4thenyl—piperidin—1 -
yI}-propyll-[1,4]diazepan-5-one,

(+/-)-1-[{E)}-3-(3,4-Dichloro-phenyl)-acryloyl]-4-[3-(3-hydroxy-piperidin-1-yl)-
propyl]-[1,4}diazepan-5-one,

8-{3-{4-{(E)-3-(3,4-Dichloro-phenyl}-acryloyl}-7-ox0-[1,4]diazepan-1-yl}-
propyl)-1-oxa-3,8-diaza-spiro[4.5)decan-2-one,

1-[{E)-3-(3,4-Dichloro-phenyl)-acryloyl]-4- [ 3-(tetrahydro-pyran-4-ylamino) -
ethyl]-[1,4]diazepan-5-one,

(5)-1-](E)-3-(3,4-Dichloro-phenyl)-acryloyl]-4-13-(2-hydroxymethyl-pyrrolidin-
1-yl)-ethyl]-[1,4]diazepan-5-one, or

1-[{E)-3-(3,4-Dichloro-phenyl}-acryloyl]-4-(2-pyrrolidin-1-yl-ethyl)-
[1,4]diazepan-5-one.

20. The compounds according to claim 1, which 1s

1-[{E)-3-(3-Chloro-4-fluoro-phenyl)-acryloyl]-4-[3-((-, cis)-3-hydroxy-4-methyl-
piperidin-1-y1)-propvl]-[1,4]}diazepan-5-one,

1-{(E)-3-(3-Chloro-4-fluoro-phenyl}-acryloyl]-4-[3-(3-hydroxy-4,4-dimethyl-

piperidin-1-yl}-propyl]-[1,4]diazepan-5-one,

{cis)-1-[(E}-3-(3-Chloro-4-fluoro-phenyl)-acryloyl]-4-{3-(3-hydroxy-5-methyl-
piperidin-1-yl}-propyl|-{1,4]diazepan-5-one,

1-{(E)-3-(3,4-Dichloro-phenyl)-acryloyt]-4-[2-hydroxy-3-(3-hydroxy-4-methyl-
piperidin-1-yl)-propyl}-{1,4]diazepan-5-one,

1-[(E)-3-(3,4-Dichloro-phenyl)-acryloyl]-4-[(S)-2-hydroxy-3-({- }-4-hydroxy-6-
aza-spiroi2.5]oct-6-yl)-propyl]-|1,4]diazepan-5-one,
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1-[(E)-3~{3-Chloro-4-fluoro-phenyl)-acryloyli-4-[(S)-2-hydroxy-3-(3-hydroxy-
4,4-dimethyl-piperidin-1-yl)-propyl]-{1,4]idiazepan-5-one, '

1-{(E)-3-(3-Chloro-4-fluoro-phenyl)-acryloyl]-4-[(S)-2-hydroxy-3-(cis-3-
hydroxy-5-methyl-piperidin-1-yl)-propvl}-{ 1,4]diazepan-5-one,

5 1-[{E)-3-{4-Chlorc-3-fluoro-phenyl}-acryloyl]-4-14-((-)-4-hydroxy-6-aza-
spiro[2.5]oct-6-yl)-butyl]-[1,4]diazepan-5-one,

(cis)~1-[(E)-3-(3-Chloro-4-fluoro-phenyl}-acryloyl| -4~ {4-(3-hydroxy-5-methyl-
piperidin-1-yl)-butyl}-[1,4]diazepan-5-one,

1-[(E}-3-(3-Chloro-phenyl)-acrylovl]-4-{3-((-)-4-hydroxy-6-aza-spiro{2.5] oct-6-
10 yl)-propvll-[1,4]diazepan-5-one, or

1-[(E)-3-(5,6-Dichloro-pyridin-3-yl)-acryloyl]-4-{3-({-)-4-hydroxy-6-aza-
spiro[2.5Joct-6-yl)-propyl]-[ 1,4} diazepan-5-one.

21. A process for manufacturing compounds of formula (I)

87 Rﬁ 5
R O
Mx
R s
o S R
R R R'2
N

15 comiprising a step of reacting compounds of formula (4)
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with compounds of formula (5}

OH
-

5y ©

., wherein A, X, R, R R® RE RY, R%, R' RY, R, R, m and n are as defined in claim 1.

22. Pharmaceutical compositions comprising a compound according to any of claims

1-20 and a pharmaceutically acceptable excipient.

23. The compounds according to any of claims 1-20 for use as therapeutic active

substances.

24. The compounds according to any of claims 1-20 for use as therapeutic active
substances for the treatment and/or prophylaxis of diseases treatable by a CCR-2 receptor

antagonist, CCR-3 receptor antagonist or CCR-5 receptor antagonist.

25, Use of compounds according to any of claims 1-20 for the preparation of
medicaments for the therapeutic and/or prophylactic treatment of diseases selected from the
group consisting of peripheral arterial occlusive disease, critical limb ischemia, vulnerable
atherosclerotic plaque patients, unstable angina, congestive heart failure, left ventricular
hypertrophy, ischemia reperfusion injury, stroke, cardiomyopathy, restenosis, rheumatoid
arthritis, diabetic nephropathy, irritable Bowel Disease, Crohns’ disease, multiple sclerosis,

neuropathic pain, atherothrombosis and/or burns/ulcers in Diabetes/ CLI or asthma.



